


1. O0mue mos10:KeHus
PesynabTaToM OCBOCHMS MPOGECCHOHATBHOTO MOJYJIS SBJISETCS TOTOBHOCTH CTYJICHTA
K BBITIOJIHEHUIO BHJIa TPO(ECCHOHANTBHON e TENPHOCTH
MOHTaX TPHOOPOB U AJIEKTPUYSCKUX CXEM CHCTEM aBTOMATHKH B COOTBETCTBUHU

C Tpe60BaHI/I§IMI/I OXpPaHblI TPpyJda U 9KOJIOTMYECKOM 0€30ITacCHOCTH

U COCTaBISIOMIMX €ro MpOoQEeCcCHOHANIBHBIX KOMMETEHIUMN, a Takke oOIue KOMIETEHIIUH,
dbopmupyrommuecs B mporecce ocBoeHus [IITKPC B riemom.

dopmoit  arTecTanMu 1O NPO(ECCHOHANBHOMY  MOAYJIO  SIBISETCS  SK3aMeH
(kBanuukanonusiii). MTorom 93TOro sK3amMeHa SBISETCA  OJHO3HAYHOE  pEIICHUE:
«BUJ NTpo(heCcCHOHATBHON IEATEIbHOCTU «OCBOEH / HE OCBOCH).

2. Pe3yJbTaThl 0CBOCHHUS MOYJIS, MO/JIeKANIHE POBEPKe
2.1. lIpodeccuonanbHbie U 00IME KOMIIETEHIUH

B pe3ynbrare KOHTpPOJISI W OLEHKH MO NMPOPECCHOHATBHOMY MOJYIIO OCYIIECTBISETCS
KOMIIJIEKCHAsI POBEPKA CIEAYIONIUX MPO()EeCCHOHAIBHBIX U OOIIUX KOMITETCHIIHI

IIpodeccronanbHbIe KOMIIETEHIIUA IToka3zaTesin OLIEHKH pe3yJibTaTa

IIK 1. OcyiecTBasiTh HOATOTOBKY 1. BriOupats 1 3aroTaBiIMBaTh MPOBOJA
K HUCIIOJIb30BAHUIO UHCTPYMEHTA, Pa3IMYHBIX MApPOK B 3aBUCUMOCTH OT
000pyI0BaHUS M MIPHUCIIOCOOTICHUN B BUJIOB MOHTaXa.

COOTBETCTBUH C 33/IaHUEM B 2. Tlonb3oBaThCs U3MEPUTEIHLHBIMU

3aBUCHUMOCTH OT BHJ0B MOHTaXa. npuOoOpaMu U AUarHOCTUYECKOU
annaparypoi /Ui MOHTa)ka MpUOOPOB U
CUCTEM aBTOMATHKHU Pa3IMYHBIX CTETICHEN
CJI0KHOCTH.

[IK 2. Ompenensarh Mociaea0BaTeIbHOCT U 1. YuraTh cXeMbl COCTMHEHUH,
ONTUMAJIbHBIE CITIOCOOBI MOHTaXa IIPUHLMIIAAIBHBIE JIEKTPUUYECKHE CXEMBI.
pUOOPOB U IEKTPUUECKUX CXEM 2. CoCTaBIsTh pa3IMYHBIE CXEMBI
Pa3IUYHBIX CUCTEM aBTOMATHUKH COEJIMHEHUH C UCII0JIb30BAHUEM
B COOTBETCTBUHU C 3a/IaHUEM AJIEMEHTOB MUKPOAJIEKTPOHUKH.

U TpeOOBaHUSIMU TEXHUUECKON 3. PaccuuThiBaTh OT/AEIBHBIE 3JIEMEHTHI
JOKYMEHTAIMH. PETYIHUPYIOMINUX YCTPOUCTB.

1K 3. ITpou3BouTh MOHTAX NPHOOPOB U 1. Hcnonb30BaTh MOHTaKHBIA MHCTPYMEHT U
ANEKTPUUYECKUX CXEM Pa3IUUHbIX MPUCTIOCOOIEHHUS.

CHCTEM aBTOMAaTHKHU B COOTBETCTBHUHU C 2. TlpumensTs Ge3omacHble MPUEMBI
3aJlaHueM ¢ COOJI0JCHHEM BBITIOJTHEHHUS] MOHTaXa.
TpeOOBaHUI K KaueCTBY 3. be3zonacHO BBHINOIHATH MOHTAXKHbIE
BBITIOJTHEHHBIX paboT, TpeboBaHU paboThL.
OXpaHbl Tpy/1a, 0EpexINBOTO 4. TIpou3BOAMTH OLIEHKY KayecTBa
MIPOU3BOJICTBA U SKOJIOTHUECKOMN BBITIOJTHEHHON pabOThI B COOTBETCTBUU
0€30MacHOCTH. C 3a/IaHUEM.
5. CoOxrogaTh HOPMBI M ITpaBUIIa OXPaHbl
TpyJa.

OO0umue KOMNETEHIMHU Iloka3aTesin OLICHKH pe3yJibTaTa

OK 1. Beibupath crmocoOb! pemieHus 3a1aq 1. Pacno3HaBaHME CIIOKHBIX TPOOIEMHBIX
npoeCcCUOHATIBLHOM 1eATeNbHOCTH, CUTYyallUll B Pa3JINYHBIX KOHTEKCTAX.
IIPUMEHUTEIBHO K Pa3INuHbIM 2. IlpoBeneHue aHanM3a CIOXKHBIX CUTyallUi
KOHTEKCTaM. IIPU pelIeHrH 3a7a4 MpodhecCuOHATHLHOM

JIESITEIBHOCTH.
3. OmnpezneneHue 3TaroB peuIeHNs 3a1a4u.
4. Ormpenenenue NoTpeOHOCTU B




uHpOpMaLUH.

5. OcymectBienne 3pPEeKTUBHOTO TTOUCKA.

6. BrleneHne Bcex BO3MOKHBIX HCTOYHHUKOB
HYKHBIX PECYPCOB, B TOM YHCIIE
HEOUYEBU/HBIX.

7. Pa3paboTka qeTanpbHOro IiaHa JeHCTBUM.

8. OreHka pUCKOB Ha KaXXJIOM IIIary.

9. OueHuBaeT IIIOCHl U MHUHYCBI
[I0JIy4E€HHOT'0 pe3yJbTaTa, CBOEro IIaHa
U €r0 peanusaliu, peajgaraeT KpuTepuu
OLICHKU M PEKOMEH/IALlUU 110 YJTy4lIICHUIO
JIaHa.

OK 2. Ocy1iecTBiATh IOUCK, aHAJIN3 1. TIlnanupoBanue HHPOPMALMOHHOTO MTOUCKA
Y UHTEpIIpeTanuo nudopmanuu, U3 HIUPOKOT0 Habopa UCTOYHHUKOB,
HEOOXOAUMO JJIs1 BBITTOJTHEHHS 33124 HE0O0X0IMMOT0 ISl BBIITOJIHEHUS
npodeccnoHanbHOM 1eATEIbHOCTH. npodeccHoHaNbHBIX 3a/1au.

2. IlpoBenenue aHanm3a Mory4YeHHON
uH(pOpMalInH, BBIJIEISIET B HEl TTIaBHbIE
aCIIEKTBHI.

3. CtpyKTypupoBaTh OTOOPAHHYIO
MH(}OpPMAaLIMIO B COOTBETCTBUU
C TIapaMeTpaMHu MOMUCKa.

4. HWntepnperanys NoJy4eHHOU
uH(pOpMaIIUU B KOHTEKCTE
pohecCHOHAIIbHOM JeSITEIbHOCTH.

OK 3. IInannpoBath U peaqn30BbIBATH 1. Hcnonb30BaHue akTyabHOW HOPMATUBHO-
coOCTBEHHOE MpoeccnoHaIbHOE IIPaBOBOM JIOKYMEHTAIIMIO 110 PO eccuu.
U JINYHOCTHOE Pa3BUTHE. 2. IlpumeHeHHE COBPEMEHHOM HAayYHOMH

poeCCUOHAIIBHONW TEPMUHOJIOTHH.

3. OmnpeneneHue TpaeKTOPUH
MPOPECCUOHAIBHOTO Pa3BUTHS
U CaMO0O0Opa30BaHMsL.

OK 4. PaboTaTh B KOJUIEKTUBE U KOMAaH]IE, 1. VYyacrtue B 1e10BOM OOIIEHUH IS
3¢ dEKTUBHO B3aUMOJIEHICTBOBATH C 3 GEKTUBHOTO PEIIEHUS JIeIOBBIX 3a/1a4.
KOJIJIEraMHU, PyKOBOJICTBOM, 2. IlnanmpoBanue mpodecCHoOHATEHON
KJIMEHTaMHU. JESITEIIBHOCTH.

OK 5. OcymiecTBiIsATh YCTHYIO M TUCBMEHHYO 1. I'paMOTHO yCTHO M MUCHMEHHO H3JIaraTh
KOMMYHHUKAIMIO Ha TOCYapCTBEHHOM CBOM MBICIIH N0 PO ECCHOHATIBHON
SI3BIKE C YUETOM 0COOEHHOCTEN TEMaTHKe Ha rOCYJapCTBEHHOM SI3BIKE.
COLIMAJIBHOTO U KYJIBTYPHOTO 2. TlposiBieHue ToNepaHTHOCTH B paboueM
KOHTEKCTA. KOJIJIEKTHBE.

OK 6. IIposBIsAT rpaXaaHCKO- 1. TloHumaTth 3HAYMMOCTbH CBOEH Ipodeccuu.
MaTPUOTHUYECKYIO MTO3ULHUIO, 2. JleMOHCTpanus MOBEJCHHUS HA OCHOBE
JEMOHCTPUPOBATh OCO3HAHHOE 00111e4eTOBEYECKUX [IEHHOCTEH.
MOBE/ICHUE HAa OCHOBE
00111€4eTI0BEYECKHMX [IEeHHOCTEH.

OK 7. ConeiicTBOBaTh COXpaHEHUIO 1. CobmoneHne mpaBwl SKOJIOTHIECKON
OKpYKaroIllel Cpepl, 0€301acHOCTH NpU BEICHUHU
pecypcocoepexkeHnio, 3PGHEeKTHBHO poeCCHOHAIBHON JEATEIHHOCTH.
JIEHCTBOBAThH B UPE3BbIYAHBIX 2. OOecnieunBaTh pecypcocOepereHne
CUTYaITUsX. Ha paboyem MecTe.

OK 8. Mcrnonb30oBaTh cpeacTBa (hpru3nueckon 1. CoxpaHeHue u yKperuieHue 310pOBbs

KYJbTYPBI JJI1 COXPaHEHHUS U

MOCPEACTBOM MCIIOJIB30BaHUA CPCIACTB




YKpEIUJICHUs 3/I0pOBbsI B IIpoLIecce (bU3HYECKOI KYIbTYpPHI.

npodeccnoHalbHOM 1eATEIbHOCTH U 2. Tlognep:xanue ypoBHS (GU3HUECKON

MoJIep>)KaHue HEOOXOAMMOTO YPOBHS MOATOTOBJICHHOCTH JUIs YCIICUTHOM

(bu3nyecKoil MOAroTOBIEHHOCTH. peanuzanuu npodeccuoHaIbHOMI
JIeATEITLHOCTH.

OK 9. Hcnonp3oBaTh HHOOPMAITMOHHBIC 1. Tlpumenenue cpencts HHGOPMATU3AIUN U
TEXHOJIOTHH B MPOdeccHOHATBHON WH(OPMAIIMOHHBIX TEXHOJIOTUI
NeSITeIbHOCTH. JUTSL pealin3aiuu npodeccuoHalIbHON

JIeATEITbHOCTH.

OK 10. ITons3oBarbcs mpodeccuoHaaIbHOM 1. Tlpumenenue B mpodeccHOHATBHON
JOKYMEHTAlEW Ha rOCYAapCTBEHHOM JIEATENIbHOCTU UHCTPYKIUH
Y UHOCTPAHHOM SI3bIKE. Ha TOCYJJapCTBEHHOM M HHOCTPAHHOM

SI3BIKE.
2. Benenue o0meHus Ha mpodecCHOHAIbHBIC
TEMBI.

OK 11. [InmanupoBath 1. OmnpeneneHne UHBECTULIMOHHYIO
MPEANPUHIMATEIHCKYIO MIPUBJIEKATEILHOCTH KOMMEPUYECKUX UCH B
JeSITeNIbHOCTD pamkax npodeccruoHalIbHON
B nipodeccnoHabHOM chepe. NI TeTLHOCTH.

2. CocraBnsTh OU3HEC IJIaH.

3. IlpesenroBarb OH3HEC-UJEIO.

4. Omnpenenarb UCTOYHUKU (PUHAHCUPOBAHUSI.

5. IlpumeHsTH rPaMOTHBIE KPEAUTHBIC
MPOJYKTHI JJIsl OTKPBITHSI JIeJa.

1.2. UMeTh NPaAKTHUYECKHUIl ONBIT — YMETh — 3HATH

B pesynbrare uzydenus npohecCuOHAILHOTO MOYJIS CTYACHT JOJIKEH:
HMETh NPAKTUYECKUI ONBIT:
I[TO 1. | B HOATrOTOBKE K UCMOJIb30BAaHUIO MHCTPYMEHTA, 000py10BaHHS U
pUCOCO0IEHUH B COOTBETCTBUU C 33JaHUEM B 3aBUCUMOCTH OT BUJOB MOHTAXa;
[10 2. | ompeneneHuu MocieA0BATENLHOCTH U ONITUMANIBHBIX CUCTEM MOHTaXka IPUOOPOB U
ANEKTPUYECKUX CXEM Pa3IMYHbBIX CUCTEM aBTOMATHUKU B COOTBETCTBHUHU
C 3aJlaHMeM U TpeOOBaHUIMU TEXHHUUECKON JOKYMEHTAINH;
ITO 3. | MoHTaxxe NPUOOPOB U IEKTPUUECKUX CXEM PA3TUUYHBIX CUCTEM aBTOMATUKU
B COOTBETCTBUHU C 33/IaHUEM C COOJII0/IeHHEM TpeOOBaHMM K KaueCTBY BBIIIOJIHEHHUS paloT.
yMeTh:
Y 1 | BeIOMpaTh M 3aroTaBIMBaTh MPOBOJIA PA3IMYHBIX MAPOK B 3aBUCHMOCTHU OT BHJIOB MOHTaXa;
VY 2 | nonap30BaThCs U3MEPUTENHHBIMU NPUOOPAMH U MATHOCTHUYECKON ammaparypou Juis
MOHTa’ka IpUOOPOB M CUCTEM aBTOMATUKH Pa3IMYHOM CTENEHH CI0KHOCTH;
Y 3 | unTaTh CXEMBI COEIMHEHUN, IPUHIMINAIBHBIE dJIEKTPUUECKUE CXEMBI;
VY 4 | cocTaBisATh pa3an4HbIE CXEMBbI COEAMHEHUN C UCIIOJIb30BAaHUEM DIIEMEHTOB
MHUKPO3JIEKTPOHUKH;
Y 5 | paccuuThIBaTh OTAEJIbHbIE 3JIEMEHTHI PErYIHPYIOUINX YCTPOUCTB;
Y 6 | npou3BOANUTH PACIIMBKY IPOBOAOB U KTYTOBAHHUE;
Y 7 | npou3BOIUTS JIY)KEHHE, TAHKY ITPOBOJIOB;
Y 8 | cBapuBath IpoBOAA;
Y 9 | npou3BOAUTH 3IEKTPOMOHTAXKHBIE PA0OTHI C AIEKTPUUECKUMH KaOeNsIMU, TPOU3BOAUTH
MIEeYaTHBIA MOHTAX;
Y 10 | mpou3BOAUTH MOHTAX 2JIEKTPOPAIN0IIEMEHTOB;
Y 11 | mpoxyagpIBaTh MEKTPUYECKUE POBOJIKH B CUCTEMAaX KOHTPOJISL M PETYJIMPOBAHUS U




IIPOU3BOJUTH UX MOHTAXK;

Y 12 | npou3BOAUTH MOHTaX TPYOHBIX IPOBOJOK B CUCTEMaX KOHTPOJISI U PETyJIMPOBAHNUS;

VY 13 | npou3BOAUTH MOHTAXK IIUTOB, IMYJIHTOB, CTATUBOB,;

Y 14 | onieHMBaTh Ka4e€CTBO PE3yJIbTATOB COOCTBEHHOM IS TEIBHOCTH;

VY 15 | 06e30omacHO BHIIOJIHITH MOHTQ)XHBIE Pa0OTHI;

Y 16 | odpopMIIATh CIATOYHYIO TOKYMEHTAIIUIO.

3HATH:

31 | KOHCTPYKTOPCKYIO, TPOU3BOJCTBEHHO-TEXHOJIOTHUECKYIO0 1 HOPMATHUBHYIO JOKYMEHTAIHIO,
HE0OXOIMMYIO JIJIsl BBITIOJIHEHUS padoT;

32 | HHCTPYMEHTHI U MIPUCTIOCOOICHHUS ISl pA3IUYHBIX BUJIOB MOHTAXa;

33 | XapakTepUCTUKH U 00IaCTU IPUMEHEHUS AIEKTPUICCKIX KaOeeid;

34 | aneMeHTbl MUKPOIJIEKTPOHUKHU, UX KIIACCU(DUKALINIO, TUIIBI, XapaKTEPUCTHKU U Ha3HAUYCHUE,
MapKHUPOBKY;

35 | KOMMyTalMOHHbIE NPUOOPHI, MX KIacCHU(PHUKAIUIO, O00JacTb MPUMEHEHHUS W MPUHLUII
JEHCTBUS; COCTaB M Ha3HAUYCHUE OCHOBHBIX OJIOKOB CHCTEM aBTOMATHYECKOTO YIIPABJICHHUS
U PEryJIUpPOBaHUS;

3 6 | cocTaB M Ha3HAUYEHHUE OCHOBHBIX AJIEMEHTOB CUCTEM aBTOMATHYECKOTO yIPaBIICHHUS;
KOHCTPYKLHIO MUKPOIPOIIECCOPHBIX YCTPOKCTB;

37 | NIpUHIHUIIHATBHBIE JIEKTPUYECKUE CXEMBI M CXEMbI COCJIMHEHUM, YCIIOBHBIC U300PaKEHHS 1
MapKUPOBKY IIPOBOJIOB;

3 8 | 0COOEHHOCTH CXEM MPOMBIILICHHON aBTOMATHUKH, TEJIEMEXaHUKH, CBS3H;

39 | pyHKIHOHATBHBIC U CTPYKTYPHBIE CXEMBI IPOTPAMMHPYEMBIX KOHTPOJLIEPOB;

3 10 | OCHOBHBIC IPHHIIMITEI IIOCTPOCHHS CHCTEMBI YIIPABIICHUS Ha 0a3¢ MUKPOTIPOIIECCOPHOM
TEXHUKH;

311 | cmocoObI MAKETHPOBAHHUS CXEM;

3 12 | MeToasl pacy€Ta OTAENbHBIX AIEMEHTOB PErYJIUPYIONINX YCTPOUCTB;

3 13 | Ha3HaueHHe U 00IaCTU NPUMEHEHUs NaNKH, JIyKEHHUS;

3 14 | BUABI COEANHEHUS IPOBOIOB;

3 15 | TeXHOJIOTHIO Mpollecca YCTAHOBKH KPETJICHUSI U TaKU PaIn03JIEMEHTOB;

3 16 | knaccudpuKaIuio MEKTPUIECKUX MPOBOJAOK, X HA3HAUYCHHUE,

3 17 | TpyOHBIE MPOBOJKHU, UX KIACCU(PUKALINIO U HA3HAYCHHE, TEXHUUECKHE TPeOOBaHUS K HUM;

3 18 | KOHCTPYKIHIO U pa3MelieHrne o00pyaoBaHus, Ha3HAYEHHUE, CIIOCOOBI MOHTaXa Pa3InYHBIX
pUOOPOB M CUCTEM aBTOMATH3AlINH,

319 |o0mme  TpebGoBaHUS K  aBTOMAaTHYECKOMY  YIPABICHHUID H  PETYIMPOBAHHIO
MIPOU3BOJICTBEHHBIX U TEXHOJOTHUYECKHUX MPOIIECCOB;

320 | MeToasl W3MEPEHHsS KAa4eCTBEHHBIX TIOKa3aTeleld paboThl CHCTEM aBTOMATHYECKOTO
YIpaBJICHUS U PETYJIUPOBAHNUS;

321 | OpUHUUIBI YCTAHOBJIEHUS PEKUMOB PaOOTHI OTJAEIBHBIX YCTPOICTB, MPUOOPOB U OJIOKOB;

3 22 | TeXHOJIOTHIO COOPKH OJIOKOB anmapaTypsl pa3InYHbIX CTETIEHEH CI0KHOCTH;

3 23 | ciocoObI MPoBEPKH pabOTOCTIOCOOHOCTH IIEMEHTOB BOTHOBOW TEXHUKH,

3 24 | TpeboBaHUs 0€30HAaCHOCTH TpyJAa U OEpexIIMBOrO IPOU3BOJCTBA MPU MPOU3BOJCTBE
MOHTaXka;

3 25 | HOPMBI U TIpaBUJIa TTO’KAPHOI OE€30MACHOCTH MPU MPOBEICHUA MOHTAXXHBIX PadoT;

3 26 | mocienoBaTeNbHOCTh U TpeOyeMble XapaKTePUCTUKH CIaYH BBHITTOTHEHHBIX padoT;

3 27 | npaBuna ohopMIIEHUS CIATOUYHON TEXHUYECKON JOKYMEHTAIIIH.




2. ®opMbI NPOMEKYTOUYHOM ATTECTAIUY MO MPO(PECCHOHATHHOMY MOTYJIIO

DJIeMeHT MOYJIsl dopma KOHTPOJISI U OLlEHMBAHUS
IIpomeskyTOouHAs aTTecTALMS Texkymuii KOHTPOJIb
M/IK 01.01 OK3amMeH BrinonHenue npakTu4ecKux
3aJaHuN
MK 01.02 OKk3amMeH BrinonHenue npakTUu4ecKux
3aJaHun
MJZIK 01.03 JuddepeHunpoBanHbIi 3a4ET BerlnosiHeHUE NpaKTUYECKUX
3aJaHun
VIL.O1 JuddepeHnnpoBaHHbBIN 3a4ET BrinonHenue TeCToBbIX U yueOHO-
IPOU3BOJCTBEHHBIX paboOT
[111.01 JlnddepeHnmpoBaHHbIN 3a4ET BrinosiHEHNE TECTOBBIX 3aIaHUHI
I[IM.01 Dk3aMeH (KBaTH(PUKAITUOHHBIH ) Brinonnenue yueOHo-
IPOM3BOJICTBEHHBIX pabOT

3. OneHKa 0CBOCHHUS MEKIMCUUIIMHAPHBIX KyPCOB

MJIK.01.01 Cpencta aBTOMaTHU3ALMKM M U3MEPEHHUS TEXHOJIOTHYECKOTO Ipolecca
MJIK.01.02 MoHTa) cpe/iIcTB aBTOMAaTU3allUH
M/K.01.03 Cucrema oxpaHsl TpyZa U IPOMBILIUICHHAS DKOJIOTHS

3.1. OcHOBHbBIE MOJIOKEHUS

[IpeaqmeTom OlIEHKHU SIBISIOTCS YMEHHS W 3HaHUSA. KOHTPOJb M OIlEHKAa OCYIIECTBIISIETCS
C MCIOJIb30BAaHHUEM CIICIYIOMUX (OPM M METOJOB: JJIS MPOBEACHUS TEKYIIEro M PyOeKHOTO
KOHTPOJISI — MIPAKTHYECKUE 3aJaHus, JJI POMEXKYTOUHOM aTTECTAIlMU — DK3aMEH.

3.2. KoMILIeKTbI KOHTPOJIbHO-O0IIEHOYHBIX CPEACTB MO

MJIK. 01.01 CpenctBa aBTOMATU3alUA U U3MEPEHUS TEXHOJIOTMYECKOTO Mpo1ecca




T'ocynapcrBenHoe npogeccuoHaibHOEe 00pa30BaTeIbHOE YUpeKIeHne
«CBIKTBIBKAPCKUH JIECONPOMBILILJIEHHBIH TEXHUKYM))

Fe
‘ /)2
N C «CBIKTBIBKapca BOP MPOMBIIUIEHHOCHT TEXHUKYM»

el YIDKCHUKACO BEJIOJAH KaHMY YUYPEXKICHUE

PACCMOTPEHO

Ha 3acenannu MK «IIpodeccnonanbHOTo IUKIIaY
ITpotokon Ne 1 ot «30» aBrycra 2019 1.
[Ipencenarens MK O.B. UcakoBa

Komimuiekr KOHTPOJ/IBHO-OIICHOYHBIX CPEACTB 110

MJIK 01.01 Cpencrtea aBTOMaTU3ALMU U U3MEPEHHUSI TEXHOJIOTUYECKOTO Mpolecca
dopma KOHTPOJIA: TEKYLIUN

THN KOHTPOJILHOTO 3aJaHUS: npakTH4eckas pabora
IIpoBepsiemble pe3yJIbTATHI 00y4YeHUA: IIK.1, IIK.2, TIK.3

OK.1, OK.2, OK.3, OK .4, OK.5, OK.6, OK.7,

OK.8, OK.9, OK.10, OK.11

Kpurepun ouenku

Onenka Kpurepun

«OTnuyHO» - 5 1. naH MOJHBIN OTBET HA OCHOBE N3YUYEHHBIX TEOPUI;
2. MaTepua MOHAT U OCO3HaH;

3. MaTepHal U3JI0KEH B ONPEAETICHHOMN JIOrHUecKon
IMOCJIEI0BATEILHOCTH JIUTEPATYPHBIM SI3BIKOM;
4.0TBET CaMOCTOSITEIIbHBIM.

«Xopomio» - 4 1. maH mpaBUIIBHBIN OTBET HA OCHOBE U3YUYEHHBIX TEOPUN;

2. Marepuai HOHST U OCO3HaH;

3. Matepuai U3J0KEH B OMPEICIICHHON JTOTHYECKOM
MOCJIEA0BATEIBHOCTH JINTEPATYPHBIM S3bIKOM;

4. nomymieHsl 2-3 HECYIIECTBEHHBIE ONIMOKH, UCITPABICHHBIC 110
TpeOOBaHUIO MPETOAaBaTeNsl, HIIM HEKOTOPasi HETIOJIHOTA OTBETA,
IEPOXOBATOCTh B U3JI0KEHUU MaTepHaJIa.

«Y TOBJIETBOPUTETHLHOY - 3 1. MaTepuan B OCHOBHOM H3JI03KEH MOJIHO, HO MPHU 3TOM JIOMYIIEHbI 1-
2 CyIIECTBEHHBIE OINOKH,

2. OTBET HEMOJHBINA, TOCTPOEH HECBSA3HO, C TOMOIIIbIO HABOASIINX
BOIIPOCOB MPEMNO/IaBaTENsL.

«HeynoBneTBOpUTENBHO» - 2 | OTBET OOHApPYKUBAET HE3HAHUE WM HEMTOHUMaHue O0bIel U
Han0oJiee CyNeCTBEHHOW YacTH y4eOHOTO MaTepraia

CocraBurein:
Hcakosa O.B. npenojaBaTesb JUCHUILTUH 00IIenpoeccHoOHaAIbHOTO U MPO(eCcCHOHAIBHOTO
IIUKITa

CrixThIBKap, 2019




IIpakTuyeckas padora Ne 1
HccaenoBanue padoThl 3JIeKTPONHEBMATHYECKUX MPUBOAHBIX MEXaHU3MOB

Hean padoTbi [IpuoOperenne  0Oy4arOIIMMHUCS  HABBIKOB  YTEHUS  MPUHUMIHAAIBHBIX

IMHCBMATUYCCKUX H JBJICKTPUUCCKHUX CXCM CHUCTCM YIIpABJICHUA HPHUBOIAOM, a
TAaK)XXC MX MOHTa>xa U HaJJaJKHu.

HopmaTuBHbIe [Marent http://www.findpatent.ru/patent/236/2367827.html

AOKYMEHTbI

Cocras KOMITpeccop, OJIOK MOATOTOBKU BO3/lyXa, TaHeNu AJi1 Habopa MHEBMAaTUYECKUX
J1a00paTOPHOIO CXEM U KOMIUJIEKT MTHEBMAaTHYECKHUX U AJIEKTPOMHEBMATHUECKUX
cTeHja YCTPOMCTB.

3ananue:

1. BHuMATENbHO U3YUYHUTE U MPOAHATU3UPYUTE MaTepra Mo TeME.

2. OtBeTbTE HA BOIPOCHI (B MUCbMEHHOM (popme):

a.
b.

Ha3nauenue 371eKTponHEeBMaTHYECKOrO IPUBO/IA.

Nzyunte cxemy asnekTponHeBMaTrueckoro npusoga (®dur.1, dur.2) u paiite onucanue ero
YCTPOUCTBA.

K kakoii 0051acT TEXHUKHA OTHOCHUTCSI IAaHHOE U300pETEHHE.

N3yunre BUABI 3JIEKTPONHEBMATHYECKUX IPHUBOJIOB MPEAUIECTBYIONIUX MOJEIEH, OIUIINTE
UX TEXHUYECKUE HEAOCTATKHU.

[lepeuncnure TeXHUUYECKHUE 3a/adll U UX PEIIEHUE, KOTOPble ObUIM YCTPaHEHbI B JaHHOMU
KOHCTPYKLHHU 3JEKTPONMHEBMAaTUYECKOIO IPUBOJA.

[lepeuncnure pe3ynbTaThl KOTOpPbIE OBLTH AOCTUTHYTHI MPH MPUMEHEHHH NaHHOTO THIIA
JJIEKTPOITHEBMATUYECKOIO IIPUBOJA.

CocTtaBbTe anropuT™ paboThI 3JEKTPOITHEBMATUYECKOTO IPHUBO/IA.


http://www.findpatent.ru/patent/236/2367827.html
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[TpuBon mpenHasHa4YeH A YOPABICHHS PETYIMPYIOIIMX OPraHOB apMaTypbl, B YaCTHOCTH
I_HapOBLIX KpaHOB Fa3OHp0BOI[OB.

HpI/IBOI[ CO,[[Cp)KI/IT 3HCKTpOHHCBMaTI/I‘-ICCKOe yr[paBJ’IHIOH.ICe YCTpOﬁCTBO, HHCBMaTI/IqCCKI/Iﬁ
CTPYHHBIN ABUraTelNb, pIyKTOP, KyJINCHO-BUHTOBOM MOBOPOTHBIN MexaHu3M. IIpuBoa conepKuT Takxe
KOMHpeCCOp, BXOI KOTOpOFO COCINHEH C BJ'ICKTPOI[BI/IFaTeJ'IeM, a BbIXOd - C peCI/IBepOM, BBIXO/ KOTOpOFO
COEIMHEH CO BXOJIOM AJIEKTPOITHEBMATHYECKOTO YIIPABIISIONIETO YCTPOHCTBA.

OO6nacTh TEXHUKH, K KOTOPOH OTHOCUTCS U300peTeHne
N300peTeHne OTHOCHUTCS K OOJIACTH IHEBMOMAIIMHOCTPOCHHUS, B YAaCTHOCTH K MeEXaHU3Maw,
NpeJHa3HAuYCHHBIM I OCYIIECTBJICHHUS MEPECTAaHOBKM (ITOBOPOTA) 3aTBOPOB IIAPOBBIX KPAHOB IpPHU
JUCTAaHIIMOHHOM U MECTHOM YIIPaBJICHUMU.



[IpenmecTByronuii ypoBEHb TEXHUKH

W3BecTeH NHEBMAaTUYECKUI TPUBOJL C MOPIIHEBBIM JABUTATENEM, COACPKAILUN THEBMOLMIINHIPSI,
IIOPILIHYU, MOBOPOTHBIM MEXaHU3M, KOHEYHbIE BBIKJIIOUaTenu (cM., Hampumep, A.D. ['ypeBuu u ap.
CripaBOYHUK 110 apMaType JUIs ra3o- u HedrenpoBoaos, Jlenunrpan, «Heapay», 1988 r., ctp.346).

TexHuuecKUMH HeJOCTaTKaMH 3TOTO MPHUBOJA SIBIISIOTCS HAIMYKME BTOPOro padbouero Tena (Macia
WIA CHELMATbHOM JKHIKOCTH); HAJMYWe MSTKUX IOJBMXKHBIX TPYIIUXCS YMJIOTHEHHUH (TOPLIHEBBIX
KOJIell), BO3MOXXHOCTh HECAHKLIMOHHPOBAHHOI'O IIOBOPOTa BBIXOJHOIO Bajla IpHUBOAA (3aTBOpa
IIapOBOT0 KpaHa) I0J JeHCTBHEM IOTOKAa TPaHCHOPTUPYEMOIro raza. TeXHHYEeCKMM HeI0CTaTKOM
IIPUBOJA SIBJIAETCS TaKXKe TO, 4YTO paboumii ra3, 3a0upaeMblii HEIIOCPEACTBEHHO U3 I'a30IPOBOJIA, IOCIE
POX0/1a Yepe3 MPUBOJ BHIOPACHIBACTCS HEMOCPEICTBEHHO B OKPYKAIOLIYIO Cpely, YTO HAaHOCHUT yIIepo
9KOJIOTUHU.

W3BecTeH MHEeBMaTU4YECKUI PUBOJ CO CTPYWHBIM JiBUraTeseM (Hanpumep, nateHT PO Ne2131065
«IIneBmatnueckuii mnpuBon CasnuMHa W 3JIEKTPOIIHEBMATUYECKOE YIPABIAIOLIEE YCTPOHCTBOY),
COJIEpIKAIMM 3JIEKTPOITHEBMATUYECKOE YIIPABIIAIOIIEE YCTPONCTBO, CTPYWHBIN ABUIATElb, PELYKTOD,
KYJINCHO-BUHTOBOM MMOBOPOTHBIN MexaHu3M. [IpuBoa, B oTiMuue OT npenplayiero, He TpedyeT BToporo
paOouero Teyna, He HUMEET IMOJABMXKHBIX TPYUIMXCS YIIOTHEHUH. OCHOBHBIM €ro TEXHUYECKHM
HE/I0CTAaTKOM, KaK U y MPEeIbIAYIIEero IPUBOA, SBJISETCS TO, YTO BBIXJION OTPaOOTAHHOIO rasa, TaKxke
3a0MpaeMoro HETOCPEACTBEHHO M3 Ta3ONpOBOAA, MPOMCXOJUT B OKPYKAIOIIYIO CPEAy, YTO HAHOCHUT
y11ep0 3KOJIOTHH OKPY KAIOLIEH cpeibl.

N3BecTeH Takke 3JIEKTPOrMAPABINYECKUNM IPHUBOJ, COACPIKAIIMN NOPIIHEBOW TMIAPABIMYECKUI
nBUrarenab. VICTOUHUK TMAPONUTAHUS IMPEACTABISET COOON TI'MAPOIHEBMOAKKYMYJISITOP, COAEp KALUN
JIB€ TOJOCTH: OJHY, COJEpXKallyl0 pabouyro *HJIKOCTb, BTOPYIO, COAEPXKALIYI0 CXaTblii ra3 (azor);
TMIPOHACOC, TPUBOAUMBIA B JAECWCTBHE DJIEKTPOJBUTATENEM; CUCTEMY YIIPABICHHUS HCTOYHUKOM
MIUTaHUS U TUAPOJIBUTATENIEM.

TexHn4yeckuMHU HETOCTaTKAMH JaHHOTO MTPUBOJIA SIBJISIOTCS!

e HaJIu4Me ABYX pabouux Tell, raza 1 *HUJIKOCTH;

® HaJM4Me NOJBMKHBIX TPYIIUXCS YIUIOTHEHUI;

e HajgMuMe [JBYX IIOJIOCTEM C mepeMeHHbIM 00beMoM (Ta30BOM UM THJIPaBIMYECKOH) H
HEO0OXOUMOCTh 00€CIeYeHHs] TepPMETUYHOCTU MEePEMEHHOM ra30BOM MOJIOCTH IMPH BBICOKOM
naBieHuu ra3a B Hel (10 30 MITa);

® CJOXHOCTb cHCTeMBbI yrpasieHus npuojom («IIpuBosast u ycrpoiicta ynpasnenus. Tun SST»,
pekiamMHble MaTepuansl Gpupmbl Schuck).

Packpvimue cywgnocmu uzoopemenus

Texaudeckoit 3agadeit U300pETEHUS SIBIISICTCS:

- CO3JIaHHME SKOJOTWYECKH YHCTOTO NPHUBOJAA JUIS 3alOPHO-PETYIMPYIOLIEH apmaTyphl raso-,
HedTe- U MPOYKTOMPOBOJIOB;

- pacuIMpeHue auana3oHa IMPHUMEHEHUs MPUBOJOB KAaK HA ra30HANOPHBIX CTAHLHAX, TaK U HA
MarucTpajlbHbIX ra30MpoBOax;

- TIOBBIIIEHUE HAJISKHOCTH paboThI MPUBOJIA.

Ora TexHUYecKas 3a/1aya perraeTcs TeM, 4TO B 3JEKTPOIHEBMATUYECKOM MPHUBOJIE, COAEpIKAIEM
MOCJIEI0BATENBHO COEAMHEHHbIE UCTOYHUK MUTAHUS U HUCIIOJHUTENbHBINA MPUBOJ, BBHIXOJHOM AJIEMEHT
KOTOPOTO COEJIMHEH C BXOJHBIM D3JEMEHTOM apMaTypbl, UCTOYHUK MHUTAHMUS BBHIIOJHEH B BHJE
IIOCJIEZIOBATEIBHO COCIMHEHHBIX JJIEKTPOJBHIaTels, ITHEBMOHACOCA M PECHBEPA, BBIXOL KOTOPOTO
COCUHEH CO BXOJOM HCIOJHHUTEIBHOIO INPUBOAA, KOTOPBIA BBIIOJHEH B BHJE ITHEBMAaTUYECKOTO
IpUBOJA  CO  CTPYHHBIM  JIBUraTelieM,  COJAEPXKALIUM  IIOCJIEIOBATEIbHO  COEAMHEHHBIE
JJIEKTPOIIHEBMATUYECKOE YIIPABIISIONIEE YCTPONUCTBO, CTPYUHBIN IBUTaTelIb, MEXaHUYECKUN PELYKTOP C



PYYHBIM AyOJepOM, KYJUCHO-BUHTOBOW MOBOPOTHBIA MEXAHW3M, BKIIOUAIOIINNA B ce0s XOJI0BOM BHHT,
COCAMHEHHBIM C YCTPOMCTBOM IIOTJIOIIEHHUS KWHETHYECKOM SHEPrUM MOABMKHBIX YacTE€ IPUBOJA,
KYJMCY, BXOJ KOTOPOH CBSI3aH 4YE€pPE3 XOJOBYIO TI'aliKy C XOJOBBIM BHHTOM, @ BBIXOJ - C BBIXOJHBIM
BaJIOM IIPUBOJIA.

OTa TeXHUYECKas 3aJadya PeraeTcs TakKe TeM, YTO MPHUBOJ] CHAOKEH YCTPOWCTBOM OrpaHHYCHHUS
MaKCHMaJIbHOW BEJIMYMHBI IBHKYILIErO MOMEHTA IIPUBOJIA.

TexHuueckuil pe3yabTar, 10CTUraeMblid HACTOSIIIUM H300pETEHUEM, COCTOUT B
CJIEYIOILEM.

DKoslornyeckas YMCTOTa MPUBOJA 00ECHEUnBACTCs 3a CYET TOr0, YTO PabOYMM TEJIOM MPHBOJA
SBJIETCS CHKATBIM BO3/YyX.

Pacmmpenne o6nacTu mMpUMEHEHHs MPHUBOAOB JOCTHTAeTCs 3a CUET TOTO, YTO pabO4YMM TEIIOM
IIPUBOJIA SIBJIAETCS CXKAThl BO3YyX, YTO IO3BOJISIET IPUMEHATH NPUBOAA KaK HAa MarucCTpalbHBIX
ra3onpoBoJiaX, TaK U B 3aKPBIThIX IOMEILEHUSAX, HE YXY/IIasi COCTOSHUS OKPY KaIOUIeH cpebl.

[ToBbllieHNE Ha/IEKHOCTU PpabOTHI AEKTPOITHEBMATUYECKOTO IIPUBOA IOCTUTAETCS 33 CUET TOTO,
YTO UCIOJHUTEIIBHBIN IPUBOJ BHIIIOJIHEH B BU/I€ THEBMAaTUYECKOIO IIPUBOJIA CO CTPYHHBIM JBUTATEIIEM,
KOTOpPBII He TpeOyeT HaJIMuus BTOPOro paboyero Teja (Macia Uil CHelUanbHOM )KUKOCTH), HE UMEeT
MOJIBWKHBIX TPYLIUXCA YIUIOTHEHMM. [IOBBIIIEHNE HAE)KHOCTH IOCTUTAaeTCs TAKXKE 3a CYET TOTO, YTO B
BOCCTAaHABIIMBAEMOM HMCTOYHHKE SHEPrHMHM €MKOCTh, COJAEpKamias padbodee Teno (CHKaThlid BO3IYyX),
BBITIOJIHEHA B BUJIE pecuBepa (OayoHa).

[ToBbllIEHNE HAJEKHOCTH 3JIEKTPOIHEBMATHUECKOIO NPUBOJA JOCTUrAETCA 3a CUET TOro, YTO
UCTOYHUK TIMTAaHHUS BBINOJIHEH B BHUJAE IOCJIEIOBATEIbHO COEIMHEHHBIX 3JEKTPOJBUIATES,
ITHEBMOHacoca (KOMIIpeccopa) U pecuBepa, BbIXOJ KOTOPOI'O COEJMHEH CO BXOAO0M HCIOJIHUTEIBHOTO
IIPUBOJIA, KOTOPBIM BBINOJIHEH B BHUAEC ITHEBMAaTHYECKOIO IIPUBOAA CO CTPYWHBIM JIBUTATEIIEM,
COJIEpIKAIMM TIOCJIEJOBATEIBHO COEAMHEHHBIE DJIEKTPOIHEBMATUYECKOE YIPABISAIOLIEE YCTPONCTBO,
CTPYWHBIN BUTATENIb, MEXaHUUECKUI PEIYKTOP C PYUYHBIM JTyOnepoM, KyJIHCHO-BUHTOBON OBOPOTHBIH
MEXaHU3M, BKIIOYAIOIUH B ce0s XOJOBOW BHHT, COEIMHEHHBIM C YCTPOHCTBOM IOTJIOLICHHUS
KMHETUYECKOM dHEPruM IMOJBHUKHBIX 4acTed NMPHUBOJA, KYJIHCY, BXOJ KOTOPOHM 4Yepe3 XOAOBYHO TalKy
CBSI3aH C XOJOBBIM BUHTOM, @ BBIXO/] - C BBIXO/IHBIM BaJIOM IPUBOJIA.

N300perenune noscHsAeTcs Aajnee ONMCaHUEeM MpPUMEpPa OCYIIECTBIEHUS CO CCHUIKOM Ha YEpTEexH,
r7ie U300paXKEHBI:

Ha @ur.] - cxema 3JIeKTPONHEBMATUYECKOTO IPUBOA;

Ha Pur.2 - cxema yCTpONCTBAa OTpaHUYEHUs MAKCUMAJIBHOM BEJIWYMHBI JBIKYILIETO MOMEHTA
IIPUBOJIA.

OnexTponHeBMaTn4eckuil npuBoa (Pur.l) cogepKuT nocner0BaTeIbHO COEAIUHEHHbBIE HCTOUHUK
ITHEBMOIIMTAHMSA |, 3JIEKTPOITHEBMATUYECKOE YIPABIISIFOLIEE YCTPOMCTBO 2, THEBMAaTUYECKUN ITPUBOJ] CO
cTpyitHbIM nBurateneM 3. Mctounuk mutanus 1 BkiIrodaeT B ceOsl MOCIEIOBATENbHO COEIUHEHHBIE
JJIEKTPOJIBUraTeap S5, MHEBMOHAcoc 6, pecuBep 7, CUCTEMY YIPABIECHUS DJJIEKTPOABUTATENEM .
DNEeKTPOTHEBMATHYECKOE YCTPOMCTBO yMpaBlIeHHWs 2 BKIIOYAET B ceOs dJIEKTpoIrHeBMoKIanansl 10 u
11, perynsarops! naBienus rasa 12, 14, HopManbHO 3aMKHYTBIE T€PKOHBI 15, 16, TOCTOSTHHBIE MarHUTHI
17, 18, coennHEHHBIE C BBIXOJHBIM BajioM IpuBoaa 19. IIHeBMaTHueckuil NMPUBOA CO CTPYHHBIM
nBurareneM 3 BKJIOYaeT B ceOs cTpyiHbli asurarens 30, pexyktop 31 ¢ pyuyHeiM aybrmepom 32,
XOJ0BOH BUHT 33, yepe3 XOAOBYIO TaiiKy 34 COEAMHEHHBIN ¢ KyJIucoi 35, yCTpONCTBO MOTJIOLIECHUS
KUHETUYECKON SHEPruM MOABUKHBIX YacTell npuBoa 36, coleprkaiiee yupyru 3iemMeHT 37, mpu 3TomM
XOJI0BOM BUHT 33 CO€IMHEH Yepe3 MEXaHMUYECKYIo mnepenady 38 C YCTPOWCTBOM
OTpaHWYCHUS JBIKYIIErO MOMEHTa cTpyiHoro nsuratens 39 (dwur.l, 2), BBIIIOJIHEHHOTO B BHIIE
3osioTHUKa 40, moMmenieHHoro B ruwib3y 41 ¢ oknamm 43, 44, 45, 46, coeIMHEHHBIM C BXOJaMH B



CcTpyWHbIH nBuratenb. Ha dwur.l m3o0pakeHbl Takke 3amaromiee ycTporcTtBo 40 ¢ «ximrodom» 41,
KOHTakTamu 42, 43, kieMMbl BHEIIHEHN aiekTpocetu 42, 43, 44, 45. O603HaueHO Takxke JaBiieHue P B
pecusepe 7.

DNEeKTPOITHEBMATHYECKUI MPHUBOJ PabOTaeT cIeayromuM o0pa3oM. B HCXOTHOM MOJIOKEHUH
AJIEKTPOJABUraTeNb 5 MOJAKIIOUEH K kieMMaM 44, 45, a pecuBep 7 3al0JIHEH CXKATbIM BO3AYXOM [0
nasneHus P, u xirod 41 HaxomuTes B cpenHeM (HEHTpaibHOM) MOJIoKeHHH. [Ipu moBopoTe Kirrova Ha
KiIeMMmy 42 (kak mokazaHo Ha @wur.l) mocTymaeT 3JIEKTPHYECKHH CUTHAN (HANpsDKEHHUE), KOTOPBINA
nojiaeTcsi Ha 0OMOTKY 3JIeKTporiHeBMoKIanan 10 u nanee yepe3 HOpMaIbHO 3aMKHYTHIM repkoH 16 Ha
kiemmy 43. B pesynpTaTe npoTeKaHUs TOKa IO LENH cpadaTblBaeT HOPMAJIbHO 3aKPBITHII
aneKTponHeBMoOKIanad 10 u OTKpbIBaeT AOCTYIl CXKAaTOMY BO3AYXY M3 pecuBepa 7 4epe3 peryisTop
naBiieHUs 14 1 HOPMaJIbHO OTKPBITHIA OFPaHUYMUTENb JIBUXKYILIETO MOMEHTa CTpyHHOro asurareis 39 B
neuratenb 30. Porop nBurarens (He moka3aH) HauMHAET BpallaThCa U 4epe3 penykrop 31 mepemaet
BpallleHUEe XO0JI0BOMY BUHTY 33 W uepe3 XO0J0BYI0 raiky 34 moBopauuBaeT Kyiaucy 35 u uepe3 Hee
BBIXOAHOM Baj mpuBoja 19. OnHoBpeMeHHO ¢ BajioM 19 moBopauuMBarOTCs MOCTOSSHHBIE MAarHUThI 17 1
18 (B manHOM ciy4ae - mo 4acoBoil ctpenke). [Ipu moBopore Bana 19 nHa 90° u mocagke Kynuchl Ha
MEXaHUYECKUWA YNOp MarHuT 18 MOAXOAUT K IepkoHy 16 M pa3MbIKaeT €ro KOHTAKThl, pa3pbiBas
aneKTpouens Mexay kiemvmamu 41 u 43. B pesynbprare snmekTponHeBMokianaH 10 3akpbiBaercs,
mpekpamas JOCTYIl CKaroro rasa B CTpydHbiid asuratens 30. Ilpum  «mocaake» KyJaucel Ha
MEXaHUYECKUH yrop (He IOoKa3aH) pOTOp CTPYMHOIrO ABHUraTess M XOJOBOM BHUHT 33 MpOJOSIKAIOT
Bpamiarbcs Mo uHepuuu. [Ipy 3TOM XOAOBOH BHHT IEpeMellaeTcs B OCEBOM HAIIpaBICHUU BHYTPHU
HENOJIBUKHOM XO0/10BOM rallku M CoKMMaeT ynpyruil ajnemMeHT 37 A0 TeX Mop, MoKa BCS KMHETHYecKas
SHEPrus MOABIKHBIX YacTel He MpeoOpasyeTcs B MOTEHIUAIbHYIO SHEPTHIO YIPYroro sjaemeHta 37.
HavanbHas cuna nomkarus ynpyroro snemMeHTa 37 COOTBETCTBYET YCHIIMIO Ha OCH XOJ0BOIO BUHTa 33,
HE0OXOUMOMY JJIsl CO3IaHUs TpeOyeMoro ABUXKYIIEr0 MOMEHTA Ha BEIXOJAHOM Bajly MTHEBMOMPUBO/A.

Ecnu mo kxakuM-mu0o mpuyMHaM, HAmpuUMeEp, BCIEACTBHE HapYLIEHUS pabOTHI PEryisTOpOB
naBineHus 12 wu 14, cTpyiHBI [ABHWraTeNb HAYMHAET pPAa3BUBATh MABWXKYIIMH MOMEHT OoIbIie
JOMYCTUMOIO, IMPOUCXOJUT JAOIMOJHUTENBHOE MOJKATHE YNPYroro sjieMeHTa 37 W IepeMelleHue
3om0THUKA 40, KOTOPBIN MEpEeKphIBAET OJHO M3 OKOH, HampuMmep, 45, 4TO MPUBOIUT K YMEHBIIICHUIO
MoJauu CXXaToro Bo3ayxa B nBurarens 30, U TEM caMbIM K yYMEHBIIECHUIO BEJIMYUHBI JBUKYIIETO
MOMEHTA JIBUTATEIIS.

[Ipu paboTe mNHEBMOMpPHBOJA BCIEACTBHE pacxoJa ra3a B TEUYEHHE HECKOIbKUX CEKYH]
MIPOUCXOAUT NaZieHue AaBieHus B pecusepe 7. [Ipu 3ToM cuctema 8 ynpaBiieHUs 3JIEKTPOABUTATENEM S
(YCTpOHCTBO CHCTEMBI B 3asBKy HE BXOJHUT) BKIIOUAET DJIEKTPOJBHUTATENb S5, KOTOPHI MPHUBOIUT B
JeiicTBre TMHEBMOHAcOC 6 (MUHH KOMIIpECCOp), KOTOPBIM 3aKauuMBaeT CXKaThlii BO3IAYX B PECHUBEp B
TEUEHHWE BPEMEHU MEXIy padounMMH [HMKJIAMH ITHEBMONPHBOAA J0 BEIUYHHBI MaKCHMaJIbHOTO
JaBJICHUs, TIOCIE Yero cucremMa § OTKIoyaeT jBuratens 5. Takum o0pa3oMm,  IPOUCXOTUT
BOCCTAHOBJICHHE PHEProcojiep>kaHueM MCTOYHMKa nmuTaHus 1. Macca cxaroro Bozayxa B pecuBepe
IIPU TIOJIHOM JIaBJIEHUU o0ecreunBaeT 3-4-KpaTHYI0 epecTaHOBKY PETYJIHUPYIOIIEr0 OpraHa apMaTyphl.

1. DnexkTponmHEeBMAaTUYECKUI MPHUBOJ, COJEpKAIIM MOCIEeT0BATEIbHO COEIMHEHHBIE MCTOYHUK
MUTAHUSI U UCTIOJIHUTENbHBIN MPUBO/I, BBIXOJAHOW 3JIEMEHT KOTOPOTO COEAMHEH C BXOAHBIM AJIEMEHTOM
apMaTyphl, OTIMYAIOUIUMNCA TE€M, YTO MCTOYHUK IUTAaHUS BBHIIOJHEH B BHJIE MOCIEAOBATEIIBHO
COEMHEHHBIX IEKTPOJBUIraTellsl, THEBMOHACOCA M PECHUBEPA, BBIXOJ KOTOPOTO COEJUHEH CO BXOJOM
HCIIOJTHUTENIBHOTO TPUBOJAA, KOTOPBIA BBIIIOJIHEH B BHJIE€ MHEBMAaTHYECKOTO NPHUBOJA CO CTPYHHBIM
JIBUTATEJIEM, COJEPKAIMM IIOCIEN0BATEIBHO COEINHEHHBIE AJIEKTPOITHEBMATHUYECKOE YIIPABISAIOIIEE
YCTPOUCTBO, CTPYHHBIN JBUTATENh, MEXaHUYECKUN PEIYKTOP C PYYHBIM JyOJIepOoM, KyJHCHO-BUHTOBOM
MMOBOPOTHBI MEXaHW3M, BKJIIOYAIONIMH B Cce0S XOJAOBOM BHHT, COCIUHEHHBI C YCTPOMCTBOM



MOTJIOIEHUS! KMHETUYECKOW DHEPIrHU IOABMKHBIX 4YacTeW NPHUBOJA, KYJHCY, BXOJ KOTOPOH Yepes3
XOJIOBYIO FaliKy CBSA3aH C XOJOBBIM BUHTOM, a BBIXOJI - C BBIXOJAHBIM BAJIOM IIPUBOJA.

2. IlpuBox mo m.l, OTIMYAIOUIMICA TEeM, YTO OH CHAOXEH YCTPOHCTBOM OTrpaHHYCHUS
MAaKCUMaJIbHOM BEJIMYMHBI ABUKYILETO MOMEHTA IIPUBOJIA.

IIpakTuyeckas padora Ne 2
HccnenoBanue padoThl JIEKTPOrHAPABIMYECCKHX NPHBOIHBIX MEXaHH3MOB
Lenp padoTsl [TpuoOperenne  0OydarOLIMMMCA  HABBIKOB ~ YTEHHMsS  NPUHLUIIHMAIBHBIX
ITHEBMAaTUYECKUX U DIEKTPUYECKUX CXEM CHCTEM YINPAaBICHUS IPUBOIOM, a
TaK)K€ UX MOHTaXa ¥ HAJIAJKH.
3ananmue:
1. BHuMATENbHO U3YUYHUTE U MPOAHATU3UPYUTE MaTepra Mo TEME.
2. OrtBeTbTe Ha BOMPOCH (B MUCBMEHHOH (opme):
a. dyHKIMU ¥ HaA3HAYEHUE T'MIPOIIPUBOJIA.
Bunbl ruaponpruBoaoB U UX IPUMEHEHNUE.
Knaccudukanus ruapoasurareneil 1o XxapakTepy ABHIKEHHUS BBIXOJHOTO 3BEHA.
HaueprtuTe cxeMbl U ONULINTE IPUHIMIT PAOOTHI CAMOPETYIUPYEMBIX THAPOIIPHUBO/IOB.
JlaiiTe IOHATHE KABUTALIMK U IIPUBEIUTE IPUMEPBI.
Onumure paboTy THAPOIPUBOJIOB C 3aMKHYTON U Pa30MKHYTON CXEMOM LIMPKYJISILIUHU.
Knaccudukanus rTuAponpuBo0B 0 UCTOYHUKY MTOAa4YH paboueii )KUAKOCTH.
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Haueptute cTpyKTypy rHIpONpPHUBOIA M YKAXKHUTE HAa HEH Bce pabovre OpraHsbl.
HaueptuTe yepTex U ONUIINTE NPUHLIKI paOOThI 30JJ0THUKOBOI'O THAPOPACTIPEAETUTE.

Nt

[Tonsarue crenens cBoOOAbl. KonmmuecTBO crernereii cBOOOIBI.
k. TIpeumyiecTBa U HEJOCTATKH THAPOIPHUBOIOB.

Hcropus pa3sBuTHs IrHAPONPHUBOIA

[M'uapaBnuyueckre TEXHUUECKHUE YCTPOUCTBA U3BECTHBI € TIIyOOKOM IpeBHOCTH. Hampumep, Hacockl
JUISL TYIIEHUS MOKapOB CYIIECTBOBAIM ellé BO BpemeHa J[peBHeit ['pennn.

OpHako, KaK 11eJI0CTHAasl CUCTEMa, BKIIOUYarolas B ce0s U HacocC, U TUPOBUTATENb, U YCTPOICTBA
pacrpeeneHus )KUIKOCTH, THAPOTPUBO]T CTal pa3BuBathes B nocneanue 200—250 ner.

OnHUM U3 MEpBBIX YCTPOMCTB, CTaBIIMX MPOOOPa3OM THAPOIPHUBOIA, SBISAETCS T'MIPABIMUECKUI
npecc. B 1795 roay mateHT Ha Takoe ycrtpoictBo monyuwn Jxozed Bpama (anrm. Joseph Bramah),
KoTopomy nomorain ['eapu Mogenu, u B 1797 rony nepBblif B UCTOPHM THAPABIMYECKHIA Mpecc ObuI
IIOCTPOEH.

B konne XVIII Beka mossBMIIMCH NIEPBBIE TPY30N0IbEMHBIE YCTPOKWCTBA c
THIPaBIMYECKUM TPUBOAOM, B KOTOPBIX pabouel >KUIKOCTHIO Ciykuia Boza. llepBblit moabEMHBIN
KpaH C THJIpaBIMYECKUM MPUBOJOM ObLI BBEIEH B AKCIUTyaTanuio B AHriauu B 1846—1847 rogax, u co
BTOpOM mosoBUHBI XIX Beka TMApPONPHBOJI HAXOAWT IIMPOKOE IPUMEHEHHWE B TPY30IOJABEMHBIX
MalIlHaXx.

Cozanue mepBBIX T'MAPOJMHAMUYECKMX II€pefad CBsI3aHO C pa3BUTHEM B KoHLe XIX Beka
cyldocTpoeHus. B 1o Bpemst B MOpcKkoM (h0Te cTanyd MPUMEHSATh OBICTPOXOJIHBIE APOBBIE MAIIMHBI.
OnHako, H3-3a KABUTAIlMM, MOBBICUTH YHCIO OOOPOTOB TpEeOHBIX BHUHTOB HE YIaBajoCh. ITO
noTpe0OBaI0 NMPUMEHEHHUs JIOMOJHUTENIBHBIX MeXaHU3MOB. II0CKOJIIBKY TEXHOIOTMH B TO BpeMs He
MI03BOJISUIA U3rOTaBJIMBATh BBICOKO 0OOPOTUCTHIE MIECTEPEHHBIE TTEPEelaun, TO MOTPEOOBATIOCH CO3/1aHUE
IIPUHLMIIAAIBHO HOBBIX Nepenad. I1lepBsIM TakuM yCTpocTBOM C OTHOCHUTEIIBHO
BbicOKUM KIIJI siBuscst n300peT€HHbI HEeMEnKuM mpodeccopom I.
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déErmnrepom ruapaBaudeckuii  Tpancdopmarop (mateHt 1902  roma), TPEACTaBIABIIMA  COOOM
00beTUHEHHBIE B OJHOM KOpPITyCe HAcoC, TypOMHY M HENOABWXKHBIH peaktop. OnHako mnepsas
IIPUMEHEHHAs Ha NIPAKTUKE KOHCTPYKLMS THAPOAMHAMUYECKON niepenaun Oblia co3nana B 1908 roay, u
umena KIIJI okono 83 %. IlozgHee ruapoavHaMHuYecKue Iepeadd HalUIM I[PUMEHEHUE B
aBToMOOMWIsIX. OHM TOBBINIATM TUTABHOCTh Tporanus ¢ mecra. B 1930 romy Iaponsn Cunkiep
(amrn. Harold Sinclair), paboras B xommanuu [aiimMiaep, pa3pabotan ajisi aBTOOyCOB TPaHCMHCCHIO,
BKJTFOYAIOITYIO THAPOMY(PTY M IJIaHeTapHyro Tmepeaady. B 1930-x romax mpoM3BOAMINCH TIE€PBBIC
JM3eIbHbIC JIOKOMOTHUBBI, UCIIOJIb30BABILNE THIPOMY P THI.

B CCCP nepBas rugpanudeckas mydra Oblia co3aana B 1929 rony.

B 1882 rogy kommaHus ApMCTpPOHT  YHUTBOpC IIpe/CTaBuia 3KCKaBaTop, B  KOTOPOM
BIIEPBBIC KOBII UMEJN THApaBIndeckuidl npuBoA. OQUH U3 MEPBBIX THAPO(YUIIMPOBAHHBIX YKCKaBATOPOB
Obul mpom3BeACH (paniy3ckoil kommanuen Poclain B 1951 romy. Opnako sTa MammHa HE MOTJIA
noBopauuBarh OamiHi0 Ha 360 rpagycoB. IlepBblil MOTHONOBOPOTHBIN 3KCKaBaTOp € T'MJIPOIPUBOIOM
ObUT mpezacTaBieH ATou ke ¢upmoit B 1960-m romy. B nauane 1970-x romoB rumpoduimpoBaHHbBIE
9KCKaBaTOPbI, 00JaAaBIIne OOJNbIICH MPOU3BOIUTENLHOCTHIO U MPOCTOTON YIPABJICHHUS, B OCHOBHOM,
BBITECHUIIU C PhIHKA CBOUX MPEANIECTBEHHUKOB — DKCKAaBaTOPbI HA KAHATHOI TATE.

[lepBpiii MaTEeHT, CBS3aHHBIM C FHAPABIMYECKUM YCHIEHHEM, ObUl moiydeH Openepukom
Jlanuectepom B BenukoOputanuun B 1902 romy. Ero wu3o0pereHue mnpeAcTaBisuio  coOoit
«YCWJIMTEIbHBIH MEXaHU3M, INPUBOAMMBIN MOCPEACTBOM TuapaBiIndeckoid sHeprum». B 1926 romy
WH)KEHEp  MOApasfeiicHuss  TPY30BUKOB  kKommanuu  [lupc  Dppoy  (amri. Pierce  Arrow)
IIPOJEMOHCTpUpOBal B KoMmaHuu "JxeHepas MoTOpc" TUIPOYCHIMTENb Py C XOPOIIUMHU
XapaKTepUCTHKAMH, OJHAKO AaBTOIPOU3BOJAUTENb IMOCYUTAN, YTO 3TH YCTPOMCTBA OYIyT CIHIIKOM
JOpPOrMMH, 4YTOOBI BBIMYCKAaTh HX Ha pbIHOK. [lepBbIil mNpeqHa3HaueHHBIH A KOMMEPUYECKOTro
HCIOJIb30BAaHUS THAPOYCHIIUTENDb Py ObUT co3qaH kommnanuel Kpaiiciaep B 1951 rony, u cenyac
OOJIBIITMHCTBO HOBBIX aBTOMOOMJIEH YKOMIUIEKTOBBIBAETCS MTOJIOOHBIMU YCTPOCTBaMHU.

®dupma XoHJ1a 1oclie MpeicTaBlIeHus ruapocTaTndeckoit Tpancmuccuu B 2001 roay juist cBoei
Mojiesii MoToBe3aexoaa FourTrax Rubicon, anoncupoBana B 2005-m roay motorukia Honda DN-01 ¢
THIPOCTaTUYECKON TpaHCMMCCHEH, BKIIIOYAIOLIEH Hacoc U THIpOoMOTOp. Mozens Havana npoaaBaThCs
Ha peiHke B 2008 romy. D10 ObUIa TIEpBasi MOJENIb TPAHCTIOPTHOTO CPEACTBA JIJIsl aBTOJ0POT, B KOTOPOM
HCIO0JIb30Bajach TUAPOCTATUYECKAS TPAHCMUCCHSL.

IlepcnekTUBBI pa3BUTHA

IlepcnekTHBBI pa3BUTHs TUAPONPHUBOJA BO MHOTOM CBSI3aHBI C pPa3BUTHEM 3JIEKTPOHUKHU. Tak,
COBEPLICHCTBOBAHUE JIEKTPOHHBIX CUCTEM MO3BOJISET YIPOCTUTh YNPABICHUE JBUKEHHEM BBIXOIHBIX
3BEHbEB TUApolnpHBoJa. B wactHocTtH, B mocineanue 10-15 ner cramm mnosiBiAThCS Oylib03€pHl,
yIpaBlieHUE KOTOPHIMU YCTPOEHO 0 MPUHIUIY JHKOWCTHKA.

C pa3BuTHEM DJJEKTPOHUKM M BBIYMCIUTENBHBIX CPEICTB CBsI3aH Mporpecc B o0nacTu
JIMarHOCTUpPOBaHUs TuipornpuBona. Ilporecc AuarHoCTUpOBaHUS HEKOTOPBIX COBPEMEHHBIX MAalIuH
MPOCTBHIMU CITIOBAMHU MOXKET OBITh OMHUCaH CIAeAYIOMHM o0pazoM. CEIMaIuCT MOIKII0YaeT MePEHOCHOM
KOMIIBIOTEpP K CHENUAIBHOMY pa3béMy Ha MamuHe. Yepe3 3TOT pa3béM B KOMIIBIOTEP IOCTYIAET
uHpoOpMalKsi O 3HAYEHUSAX AMArHOCTHUECKUX IMapaMeTpoOB OT MHOXECTBa JAaTUYMKOB, BCTPOCHHBIX B
runpocucremy. [IporpaMma minm cnenuamicT aHATU3UPYET MOJTyUYEeHHbIE TaHHbIE U BBIIAET 3aKII0YCHHE
0 TEXHUYECKOM COCTOSIHUM MAIWHBI, HAIWYUU WIM OTCYTCTBHM HEUCHPABHOCTEH M MX JOKAJIM3alUU.
[To Takoii cxeme OCYLIECTBISIETCS TUAarHOCTUPOBAHUE, HATIPUMED, HEKOTOPBIX COBPEMEHHBIX KOBIIIOBBIX
MOTPY34MKOB. Pa3BuUTHE BBIUMCIUTEIBHBIX CPEJICTB MO3BOJIUT  YCOBEPIICHCTBOBATH  IMPOLIECC
JMarHOCTUPOBAHUS TUAPONPUBOA U MAIIHMH B LIETIOM.
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Baxxnyio ponb B pa3BUTHM THAPONPUBOAA MOXKET ChIrpaTh CO3JIaHUE M BHEAPEHHE HOBBIX
KOHCTPYKLUHMOHHBIX MaTepHalioB. B YacTHOCTH, pa3BUTHE HAHOTEXHOJIOTMH TIO3BOJMUT IOBBICUTH
MIPOYHOCTh MATEPUATIOB, YTO MO3BOJUT YMEHBIIUTh MAcCy THAPOOOOPYIOBAHUS U €r0 TEOMETPUUYECKUE
pa3Mepsbl, MOBBICUTh €ro HaA&KHOCTh. C JApyrod CTOPOHBI, CO3JaHHE MPOYHBIX U OJHOBPEMEHHO
AJACTUYHBIX MAaTEpPUAIOB I103BOJIUT, HAMpPUMEpP, YMEHBIIUTHh HEJOCTATKH MHOTHUX THUIPABIMYECKUX
MalIlH, B YaCTHOCTH, YBEJIMYUTH pa3BUBaeMoe quadparMeHHbIMU HACOCAMU JIaBJICHHUE.

B nocnennue roapl HaOMIOJAETCsl CYIIECTBEHHBIA MPOTpecc B MPOU3BOJICTBE YINIOTHUTEIbHBIX
ycTpoiictB. HoBble MaTepuanbl 00€CIeurnBaOT MOJHYI0 TePMETHYHOCTh NpU AaBieHusX 1o 80 Mlla,
HU3KHE KO3()PUIIMEHTHI TPEHHS U BHICOKYIO HaJI&KHOCTb.

I'mapaBauvecknii npuBoj (TUIPONPUBO]T) — COBOKYITHOCTh YCTPOMCTB, MPEIHAZHAUYCHHBIX JIJIsI
MIPUBEJICHUA B JIBM>KCHHE MAILIMH U MEXaHU3MOB MOCPEACTBOM T'HIPABIUYECKON IHEPTHUU.

I'unpornpuBox npeacTaBisieT co00i CBOEro pojia «BCTaBKY» MEKIY IPUBOHBIM JBUTATEIEM U

Harpy3koi (MaImuHOW WM MEXaHU3MOM) U BBITIONHSET T K¢ (DYHKIIMH, 9YTO ¥ MEXaHUYeCcKasl

nepefaya (peayKTop, peMEHHas repeaada, KpUBOIIUIHO-IIATYHHBIA MEXAHU3M H T. [1.).
DOYyHKIUH THAPONPUBOAA

OcHoBHast (yHKUIMS THUIPONPHBOJA, KaK M MEXaHMYECKON mepenadu, — MpeodpazoBaHUE
MEXaHMYECKON XapaKTEepPUCTUKH MPUBOJHOIO JBUTATEISl B COOTBETCTBUU C TPEeOOBAHMSIMH HATPY3KU
(npeoOpa3oBaHue BHJa JABW)KECHHUS BBIXOAHOIO 3BEHA JBUIATENs, €ro IapaMeTpoB, a TaKxke
peryiupoBaHue, 3aluTa OT Meperpy3ok u np.). Jpyras ¢GyHKOHS THIPONpPUBOIA — 3TO Tepeaaya
MOIIIHOCTH OT IPUBOJHOIO ABUTaTels K padoyuM opraHam MalllMHbI (HampuMep, B OJHOKOBIIOBOM
JKCKaBaTOpe — IIepejada MOILIHOCTU OT JBUTaTelsl BHYTPEHHErO CropaHusl K KOBILY WX
K TUAPOJIBUTATENSAM IIPUBOJIA CTPEIbI, K TUIPOABUTATEISIM IIOBOPOTA OAIllTHU U T.J1.).

B 00mux ueprax, nepesada MOLUTHOCTH B THIPONPUBO/IE TPOUCXOIUT CIETYIOLUIMM 00pa3oM:

1. IlpuBonHON nBUTaTeNb NepeAaéT Bpallarolliii MOMEHT Ha BaJl HAcoca, KOTOpPbIM cooOIaeT
SHEPTHUI0 pabouei )KUIKOCTH.

2. Pabouass >KUIKOCTbH MO TUAPOIMHUSIM YEPe3 PETYIUPYIOLIyI0 amnmaparypy IOCTymaer B
TUIPOJIBUTATENb, TJI€ THPaBINYECcKasi SJHEPTUs IPeodpa3yeTcsi B MEXaHUYECKYIO.

3. Tloce »atoro pabodas KUAKOCTH MO THIPOJIMHHSIM BO3Bpamaercs Jmbo B Oak, Iu00
HEIMOCPEACTBEHHO K HAcoCy.

Buabl rugponpusoaos

I'uponpuBOABI MOTYT OBITH IBYX THUIIOB: TUAPOJMHAMHUYECKHUE U O0OBEMHBIE.

e B ruapoamnamuyeckux MIPUBOJAX UCTIOIb3YETCS B OCHOBHOM KHMHETHYECKast
SHEprus MOTOKa JKUAKOCTH (M COOTBETCTBEHHO CKOPOCTH  JIBWXKEHHS  JKUAKOCTEH B
THIPOJIMHAMUYECKUX TPUBOAAX BEIMKA B CPABHEHHH CO CKOPOCTSMHU JBIDKEHUS B OOBEMHOM
THAPOIIPUBOJIE).

e B 00BEMHBIX THAPONPHUBOJIAX UCIIONB3YETCS MOTEHIIMAIbHAs SHEPTUS AaBlIeHUsT paboueit
KHUAKOCTU (B 0OBEMHBIX THIIPONPHUBOJIAX CKOPOCTU JBHMKEHUS >KMJIKOCTEH HEBEJIMKH — IOPSJIKa
0,5-6 m/c).

OOBEMHBII  THAPONPHUBOA — 3TO THAPONPHBOA, B KOTOPOM HCHOJB3YIOTCS OOBEMHBIE
THIPOMAIITUHBI (HAcOCHl U ruapoaBuratTenu). OOBEMHON Ha3BIBAETCS TUAPOMAIINHA, PA0OUUil TPOIIecc
KOTOPOH OCHOBAaH Ha IOINEPEMEHHOM 3allOJHEHUU paboyell Kamephl KHUJIKOCTbIO U BBITECHEHUHU €€ U3
paboueii kamepsl. K 0O0BEMHBIM MalIMHAM OTHOCST, HaIpUMeEp, MOPIIHEBbIE HACOCHI, aKCHAIBHO-
MTOPILIHEBBIE, PATUATILHO-TIOPIIHEBBIE, IIECTEPEHHBIE THIPOMAILIMHBI U JIP.

OnHa W3 0COOEHHOCTEH, OTiaMYaroias OObEMHBIA THUAPONPHUBOJA OT THUAPOIAHAMUYECKOTO, —
OosbIne JTaBJICHUS B TUAPOCHUCTEMAX. Tak, HOMUHaJIbHbIE JTABJICHUS B
THAPOCUCTEMAX IKCKABAaTOPOB MOTYT jgocturath 32 MIlla, a B HEKOTOpHIX ciydasx pabouee


https://ru.wikipedia.org/wiki/%D0%94%D0%B8%D0%B0%D1%84%D1%80%D0%B0%D0%B3%D0%BC%D0%B5%D0%BD%D0%BD%D1%8B%D0%B9_%D0%BD%D0%B0%D1%81%D0%BE%D1%81
https://ru.wikipedia.org/wiki/%D0%A3%D0%BF%D0%BB%D0%BE%D1%82%D0%BD%D0%B8%D1%82%D0%B5%D0%BB%D1%8C%D0%BD%D0%BE%D0%B5_%D1%83%D1%81%D1%82%D1%80%D0%BE%D0%B9%D1%81%D1%82%D0%B2%D0%BE
https://ru.wikipedia.org/wiki/%D0%A3%D0%BF%D0%BB%D0%BE%D1%82%D0%BD%D0%B8%D1%82%D0%B5%D0%BB%D1%8C%D0%BD%D0%BE%D0%B5_%D1%83%D1%81%D1%82%D1%80%D0%BE%D0%B9%D1%81%D1%82%D0%B2%D0%BE
https://ru.wikipedia.org/wiki/%D0%9C%D0%9F%D0%B0
https://ru.wikipedia.org/wiki/%D0%93%D0%B8%D0%B4%D1%80%D0%B0%D0%B2%D0%BB%D0%B8%D0%BA%D0%B0
https://ru.wikipedia.org/wiki/%D0%9C%D0%B5%D1%85%D0%B0%D0%BD%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D0%BF%D0%B5%D1%80%D0%B5%D0%B4%D0%B0%D1%87%D0%B0
https://ru.wikipedia.org/wiki/%D0%9C%D0%B5%D1%85%D0%B0%D0%BD%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D0%BF%D0%B5%D1%80%D0%B5%D0%B4%D0%B0%D1%87%D0%B0
https://ru.wikipedia.org/wiki/%D0%9C%D0%B5%D1%85%D0%B0%D0%BD%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9_%D1%80%D0%B5%D0%B4%D1%83%D0%BA%D1%82%D0%BE%D1%80
https://ru.wikipedia.org/wiki/%D0%A0%D0%B5%D0%BC%D1%91%D0%BD%D0%BD%D0%B0%D1%8F_%D0%BF%D0%B5%D1%80%D0%B5%D0%B4%D0%B0%D1%87%D0%B0
https://ru.wikipedia.org/wiki/%D0%9A%D1%80%D0%B8%D0%B2%D0%BE%D1%88%D0%B8%D0%BF%D0%BD%D0%BE-%D1%88%D0%B0%D1%82%D1%83%D0%BD%D0%BD%D1%8B%D0%B9_%D0%BC%D0%B5%D1%85%D0%B0%D0%BD%D0%B8%D0%B7%D0%BC
https://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D0%B2%D1%88_(%D1%80%D0%B0%D0%B1%D0%BE%D1%87%D0%B8%D0%B9_%D0%BE%D1%80%D0%B3%D0%B0%D0%BD)
https://ru.wikipedia.org/wiki/%D0%93%D0%B8%D0%B4%D1%80%D0%BE%D0%B4%D0%B2%D0%B8%D0%B3%D0%B0%D1%82%D0%B5%D0%BB%D1%8C
https://ru.wikipedia.org/wiki/%D0%9F%D0%BE%D0%B4%D1%8A%D1%91%D0%BC%D0%BD%D1%8B%D0%B9_%D0%BA%D1%80%D0%B0%D0%BD#.D0.9A.D0.BE.D0.BD.D1.81.D1.82.D1.80.D1.83.D0.BA.D1.82.D0.B8.D0.B2.D0.BD.D1.8B.D0.B5_.D0.BE.D1.81.D0.BE.D0.B1.D0.B5.D0.BD.D0.BD.D0.BE.D1.81.D1.82.D0.B8
https://ru.wikipedia.org/wiki/%D0%9D%D0%B0%D1%81%D0%BE%D1%81
https://ru.wikipedia.org/wiki/%D0%A0%D0%B0%D0%B1%D0%BE%D1%87%D0%B0%D1%8F_%D0%B6%D0%B8%D0%B4%D0%BA%D0%BE%D1%81%D1%82%D1%8C
https://ru.wikipedia.org/wiki/%D0%93%D0%B8%D0%B4%D1%80%D0%BE%D0%BB%D0%B8%D0%BD%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%93%D0%B8%D0%B4%D1%80%D0%BE%D0%B1%D0%B0%D0%BA
https://ru.wikipedia.org/wiki/%D0%93%D0%B8%D0%B4%D1%80%D0%BE%D0%B4%D0%B8%D0%BD%D0%B0%D0%BC%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D0%BF%D0%B5%D1%80%D0%B5%D0%B4%D0%B0%D1%87%D0%B0
https://ru.wikipedia.org/wiki/%D0%9A%D0%B8%D0%BD%D0%B5%D1%82%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D1%8D%D0%BD%D0%B5%D1%80%D0%B3%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%9A%D0%B8%D0%BD%D0%B5%D1%82%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D1%8D%D0%BD%D0%B5%D1%80%D0%B3%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%9E%D0%B1%D1%8A%D1%91%D0%BC%D0%BD%D1%8B%D0%B9_%D0%B3%D0%B8%D0%B4%D1%80%D0%BE%D0%BF%D1%80%D0%B8%D0%B2%D0%BE%D0%B4
https://ru.wikipedia.org/wiki/%D0%9F%D0%BE%D1%82%D0%B5%D0%BD%D1%86%D0%B8%D0%B0%D0%BB%D1%8C%D0%BD%D0%B0%D1%8F_%D1%8D%D0%BD%D0%B5%D1%80%D0%B3%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%9E%D0%B1%D1%8A%D1%91%D0%BC%D0%BD%D1%8B%D0%B9_%D0%B3%D0%B8%D0%B4%D1%80%D0%BE%D0%BF%D1%80%D0%B8%D0%B2%D0%BE%D0%B4
https://ru.wikipedia.org/wiki/%D0%9D%D0%B0%D1%81%D0%BE%D1%81
https://ru.wikipedia.org/wiki/%D0%93%D0%B8%D0%B4%D1%80%D0%B0%D0%B2%D0%BB%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9_%D0%B4%D0%B2%D0%B8%D0%B3%D0%B0%D1%82%D0%B5%D0%BB%D1%8C
https://ru.wikipedia.org/wiki/%D0%93%D0%B8%D0%B4%D1%80%D0%BE%D0%BC%D0%B0%D1%88%D0%B8%D0%BD%D0%B0
https://ru.wikipedia.org/wiki/%D0%9F%D0%BE%D1%80%D1%88%D0%BD%D0%B5%D0%B2%D0%BE%D0%B9_%D0%BD%D0%B0%D1%81%D0%BE%D1%81
https://ru.wikipedia.org/wiki/%D0%90%D0%BA%D1%81%D0%B8%D0%B0%D0%BB%D1%8C%D0%BD%D0%BE-%D0%BF%D0%BB%D1%83%D0%BD%D0%B6%D0%B5%D1%80%D0%BD%D0%B0%D1%8F_%D0%B3%D0%B8%D0%B4%D1%80%D0%BE%D0%BC%D0%B0%D1%88%D0%B8%D0%BD%D0%B0
https://ru.wikipedia.org/wiki/%D0%90%D0%BA%D1%81%D0%B8%D0%B0%D0%BB%D1%8C%D0%BD%D0%BE-%D0%BF%D0%BB%D1%83%D0%BD%D0%B6%D0%B5%D1%80%D0%BD%D0%B0%D1%8F_%D0%B3%D0%B8%D0%B4%D1%80%D0%BE%D0%BC%D0%B0%D1%88%D0%B8%D0%BD%D0%B0
https://ru.wikipedia.org/wiki/%D0%A0%D0%B0%D0%B4%D0%B8%D0%B0%D0%BB%D1%8C%D0%BD%D0%BE-%D0%BF%D0%BB%D1%83%D0%BD%D0%B6%D0%B5%D1%80%D0%BD%D0%B0%D1%8F_%D0%B3%D0%B8%D0%B4%D1%80%D0%BE%D0%BC%D0%B0%D1%88%D0%B8%D0%BD%D0%B0
https://ru.wikipedia.org/wiki/%D0%A8%D0%B5%D1%81%D1%82%D0%B5%D1%80%D1%91%D0%BD%D0%BD%D0%B0%D1%8F_%D0%B3%D0%B8%D0%B4%D1%80%D0%BE%D0%BC%D0%B0%D1%88%D0%B8%D0%BD%D0%B0
https://ru.wikipedia.org/wiki/%D0%9D%D0%BE%D0%BC%D0%B8%D0%BD%D0%B0%D0%BB%D1%8C%D0%BD%D0%BE%D0%B5_%D0%B4%D0%B0%D0%B2%D0%BB%D0%B5%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%AD%D0%BA%D1%81%D0%BA%D0%B0%D0%B2%D0%B0%D1%82%D0%BE%D1%80
https://ru.wikipedia.org/wiki/%D0%9D%D0%BE%D0%BC%D0%B8%D0%BD%D0%B0%D0%BB%D1%8C%D0%BD%D0%BE%D0%B5_%D0%B4%D0%B0%D0%B2%D0%BB%D0%B5%D0%BD%D0%B8%D0%B5

naBiaeHue Moxket ObiTh Oosiee 300 MIla, B To Bpemsi Kak TMAPOJWHAMHUYECKHE MAIIMHBI paOOTAIOT
OOBIYHO TPH JIABJICHUSAX, He mpeBbimatonmx 1,5—2 Mlla.

OOBEMHBII  TUAPONPHUBOJ HAMHOTO Oojiee KOMIIAKTEH UM MEHbIIE 10 Macce, 4YeM
THIPOIMHAMUYECKHH, U TI0O9TOMY OH IMOJIyYHJI HAaHOOJIbIIIEe pacCIIPOCTpaHEHHE.

B 3aBUCMMOCTM OT KOHCTPYKIIMM W THUIA BXOJSLIMX B COCTaB THUJPOINEpPEIaYd 3JIEMEHTOB
00BEMHBIE THIPOMIPUBO/IBI MOKHO KJIACCU(PUIIMPOBATH 110 HECKOJIBKUM MPU3HAKAM.

Ilo xapaxkmepy 0susicenus 6b1X00H020 36€HA 2UOPOOBULAM N

I'maponpuBoa  BpamiaTeJbLHOr0  JIBMJKeHHsI, KOorja B  KayecTBe  TUIPOABUTATENS
MIPUMEHSIETCS THAPOMOTOP, Y KOTOPOTrO BEIOMOE 3BEHO (BaJl MJIM KOPITYC) COBEPILAET HEOrPAaHUYCHHOE
BpaliaTeIbHOE JBUKEHUE;

I'maponpuBoa moCTyNnaTeJIbHOTO0 JABM:KEHHsl, y KOTOPOrO B KadeCTBE TUJIPOJIBUTATENS
MIPUMEHSETCS TUAPOLUIUHIP — JABUTATENb C BO3BPATHO-TIOCTYIIATEILHBIM JBUKEHUEM BEIOMOTO 3BEHA
(rToka mopIIHS, MIyHXKepa Wik KOpITyca);

I'uaponpuBoa  NOBOPOTHOrO  JABU:KEHHsl, KOrJa B KauyecTBe  TUIAPOIBUTATENS
MIPUMEHEH MOBOPOTHBIN TUIPOJBUTATEb, Y KOTOPOrO BEIOMOE 3BEHO (Baj WJIM KOPIYC) COBEpIIAECT
BO3BPATHO-TIOBOPOTHOE JIBIYKEHUE HA YTOJI, MeHbIHiA 270°;

Ilo BO3MO:KHOCTH PperyJMpOBAaHHS €CIH CKOPOCTb BBIXOJHOTO 3BeHA (TUIPOLMIMHIPA,
THAPOMOTOpA) PETYJIHUPYETCS M3MEHEHHWEM 4YacTOThl BpAICHUS JBUTATENS, MPHUBOMASIIETO B PaboTy
HAacoC, TO THAPOIPHUBOJI CYUTACTCS HEPETYIUPYEMBIM.

Pezynupyemulit 2udponpueoo

B KOTOPOM B IPOIIECCE €ro IKCIUTyaTallMl CKOPOCTh BBIXOJHOTO 3BE€HA TUJIPOJIBUTATENS MOKHO

U3MEHSATH 10 TpedyeMoMy 3akoHy. B cBOIO odepeab peryinpoBaHie MOXKET ObITh:
e JIpOCCENbHBIM
e 00BEMHBIM
e 00BEMHO-IPOCCENbHBIM.

PerynupoBanue MOXKET ObITh: PYYHBIM WM ABTOMATHYECKHM.
B 3aBucuMocTH OT 3371a4 peryJIMPOBaHUSI TUAPOIPUBOI MOKET OBITh:
. CTa0MIN3UPOBAHHBIM

e  IPOTrPaMMHBEIM
e cueasmuM (TUAPOYCUTTUTENN).
Camopezynupyemwlit 2uoponpugoo
aBTOMAaTHYECKH U3MEHseT MoJAady XKUAKOCTH MO (HaKTUYeCKOH MOTpeOHOCTH THUIPOCHUCTEMBI B

pexuMe peansHOro BpeMeHu (0e3 (azoBoro casura).
ITo cxeme nMpKyJIAUMU padodeid sKMIKOCTH

I

a) OTEpbITAd 0) 3aKpeITad
THAPOCHCTEMA T poCIcTeMA


https://ru.wikipedia.org/wiki/%D0%9D%D0%BE%D0%BC%D0%B8%D0%BD%D0%B0%D0%BB%D1%8C%D0%BD%D0%BE%D0%B5_%D0%B4%D0%B0%D0%B2%D0%BB%D0%B5%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%9D%D0%B0%D1%81%D0%BE%D1%81#.D0.94.D0.B8.D0.BD.D0.B0.D0.BC.D0.B8.D1.87.D0.B5.D1.81.D0.BA.D0.B8.D0.B5_.D0.BD.D0.B0.D1.81.D0.BE.D1.81.D1.8B
https://ru.wikipedia.org/wiki/%D0%93%D0%B8%D0%B4%D1%80%D0%BE%D0%BC%D0%BE%D1%82%D0%BE%D1%80
https://ru.wikipedia.org/wiki/%D0%93%D0%B8%D0%B4%D1%80%D0%BE%D1%86%D0%B8%D0%BB%D0%B8%D0%BD%D0%B4%D1%80
https://ru.wikipedia.org/wiki/%D0%A8%D1%82%D0%BE%D0%BA
https://ru.wikipedia.org/wiki/%D0%9F%D0%BB%D1%83%D0%BD%D0%B6%D0%B5%D1%80
https://ru.wikipedia.org/wiki/%D0%9F%D0%BE%D0%B2%D0%BE%D1%80%D0%BE%D1%82%D0%BD%D1%8B%D0%B9_%D0%B3%D0%B8%D0%B4%D1%80%D0%BE%D0%B4%D0%B2%D0%B8%D0%B3%D0%B0%D1%82%D0%B5%D0%BB%D1%8C
https://ru.wikipedia.org/wiki/%D0%94%D1%80%D0%BE%D1%81%D1%81%D0%B5%D0%BB%D1%8C%D0%BD%D0%BE%D0%B5_%D1%80%D0%B5%D0%B3%D1%83%D0%BB%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5_%D0%B3%D0%B8%D0%B4%D1%80%D0%BE%D0%BF%D1%80%D0%B8%D0%B2%D0%BE%D0%B4%D0%B0
https://ru.wikipedia.org/wiki/%D0%9E%D0%B1%D1%8A%D1%91%D0%BC%D0%BD%D0%BE%D0%B5_%D1%80%D0%B5%D0%B3%D1%83%D0%BB%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5_%D0%B3%D0%B8%D0%B4%D1%80%D0%BE%D0%BF%D1%80%D0%B8%D0%B2%D0%BE%D0%B4%D0%B0
https://ru.wikipedia.org/w/index.php?title=%D0%9E%D0%B1%D1%8A%D1%91%D0%BC%D0%BD%D0%BE-%D0%B4%D1%80%D0%BE%D1%81%D1%81%D0%B5%D0%BB%D1%8C%D0%BD%D0%BE%D0%B5_%D1%80%D0%B5%D0%B3%D1%83%D0%BB%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5_%D0%B3%D0%B8%D0%B4%D1%80%D0%BE%D0%BF%D1%80%D0%B8%D0%B2%D0%BE%D0%B4%D0%B0&action=edit&redlink=1
https://ru.wikipedia.org/w/index.php?title=%D0%A1%D1%82%D0%B0%D0%B1%D0%B8%D0%BB%D0%B8%D0%B7%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%BD%D1%8B%D0%B9_%D0%B3%D0%B8%D0%B4%D1%80%D0%BE%D0%BF%D1%80%D0%B8%D0%B2%D0%BE%D0%B4&action=edit&redlink=1
https://ru.wikipedia.org/w/index.php?title=%D0%9F%D1%80%D0%BE%D0%B3%D1%80%D0%B0%D0%BC%D0%BC%D0%BD%D1%8B%D0%B9_%D0%B3%D0%B8%D0%B4%D1%80%D0%BE%D0%BF%D1%80%D0%B8%D0%B2%D0%BE%D0%B4&action=edit&redlink=1
https://ru.wikipedia.org/wiki/%D0%A1%D0%BB%D0%B5%D0%B4%D1%8F%D1%89%D0%B8%D0%B9_%D0%B3%D0%B8%D0%B4%D1%80%D0%BE%D0%BF%D1%80%D0%B8%D0%B2%D0%BE%D0%B4

I'aapocucTeMbl ¢ 3aMKHYTON CXEMOM ITUPKYIISAIMU paboyelt )KUAKOCTH (CIpaBa) M C pa30MKHYTOM
cxemoii (cieBa). Ha cxeme cieBa BcachlBaroIias M CIHMBHAs TUAPOJUHHM COOOHIAIOTCA C OakoM
(pa3oMKHyTasi cxema); Ha CXeMe copaBa OaK HCIOJIB3YeTCd TOJBKO JUIS BCIOMOTATENIbHOU
ruapocucrteMsl  (cucrembl  noamutku). H u HI —mnacocsr; M —rugpomorop; P —
ruapopacnpenenurens; b —ruapodak; HI — Hacoc cucrembr mnoamutkm;, KII1, KII2, —
[Ipenoxpanutenbubie kiaanaHa; KO1 u KO2 — obparnbie kinamana. [Ipenoxpanurensupie kinanana KI1T
(ma cxeme cneBa), KII1 u KII2 (Ha cxeme cripaBa) cpabaThIBalOT B TOT MOMEHT, KOT'/Ia Harpy3Kka Ha Bally
THIPOMOTOpA CJIMIIKOM BEJIMKa, U JaBJICHHE B THUAPOCHCTEME IMPEBBIINIAET JOMYCTUMYIO BEIUYHHY.
Oo6parnbpie knanana KO1 u KO2 cpabaTpiBaroT TOT/Ia, KOT/a JAaBJICHHUE CIIMIIKOM Majlo, U BO3HUKAET
OIIACHOCTb KaBUTAL[UU

KaBuranusa - npouecc mapooOpazoBaHUsi U IOCIEAYIOIIErO CXJIONBIBAHUS IY3BIPHKOB Iapa C
OJIHOBPEMEHHBIM KOHJ/ICHCUPOBAHHWEM I1apa B IOTOKE >KHUIKOCTH, CONPOBOKIAIOLIMICS IIyMOM H
TUIPaBIMYECKUMHU yaapamH, oOpa3oBaHUE B KHUAKOCTU IOJIOCTEH (KaBUTALMOHHBIX ITy3bIPbKOB, WIIH
KaBepH), 3aMOJHEHHBIX MapoM caMoil kuakocTu. KaBuTanus BO3HHMKAaeT B pe3yJbTaTeé MECTHOTO
MOHIKEHUSL JIaBJICHUSI B JKUAKOCTH, KOTOPOE MOXKET MPOUCXOAUTh JHOO TpU YBEIHUYECHUU
e€ ckopocTu (TUIPOAMHAMUYECKAS KaBHUTallUA), 6o npu MPOXOXKACHUN aKyCTHYECKON
BOJIHBI OOJIBIIION MHTEHCHMBHOCTH BO BpeMs MONyIEpHoJa pa3pekeHus (aKkycTHueckas KaBHUTaIlus),
CYIIECTBYIOT M JpYrHe NPUYMHBI BOHUKHOBeHHS 3(pdekra. [lepememascy ¢ moTokoM B 001acTh €
Ooiiee BBICOKMM JaBJICHHEM WJIM BO BpeMs MOJYIEPHOAA CXKAaTHS, KABHTAIMOHHBIA ITy3BIPEK
CXJIOTIBIBAETCS, U3JIydas [IPU 3TOM YJapHYIO BOJIHY.

SIBneHMe KaBUTALMM HOCHUT JIOKAJIbHBIN XapaKTep U BO3HUKAET TOJILKO TaM, I'Ji€ €CThb YCIJIOBHS.
[lepememaTbcsi B cpefie BO3HUKHOBEHHUS He MoOkeT. KaBuTamus paspyliaeT MOBEPXHOCTb IPeOHBIX
BUHTOB, TUAPOTYPOMH, aKyCTHYECKMX H3JIydareleil, jaeraneil aMopTU3aToOpoB, THAPOMY(DT U Ap.
KaBurtanusa takxe TPUHOCUT MOJb3Y — €€ MPUMEHSIOT B IPOMBIIUIEHHOCTH, MEIUIMHE, BOEHHOMN
TEXHHUKE U IPYTUX CMEXKHBIX 00JIaCTsIX.

T'uoponpueoo c 3amMKHYymoil cxemoi YupKyaayuu

B kxotopom pabouas KUAKOCTb OT TUAPOJBMUraTelis BO3BpAILla€TCs BO BCACHIBAIOLIYIO
THJIPOJIMHUIO HAacoca.

I'unporpuBoa ¢ 3aMKHYTOM ILUPKYJSAUEN paboyeil >KMIKOCTH KOMIIAKTeH, UMEET HEOOJIBbIIYIO
MacCcy U JIOMycKaeT OOJbIIyIH0 4YacTOTy BpalleHHss poTopa Hacoca 0e3  OMacHOCTH
BO3HUKHOBEHMSI KABUTAIIMM, MMOCKOJbKY B TaKOW CHCTEME BO BCACHIBAIONICH JIMHUM JABJIEHUE BCEr/Aa
npesbimaer armocepHoe. K HemocratkaM creayeT OTHECTH IUIOXHE YCIOBHS IS OXJIAXIEHUS
paboueil KHUIKOCTH, a TaKkKe HEOOXOJUMOCThb CIyCKaTh M3 THUAPOCHUCTEMBI pabodyl0 KHJIKOCTb IPH
3aMEeHE WJIM PEMOHTE THIpOANNapaTypshl.

T'udoponpueoo c pazomkHymoil cucmemou YupKyIAuuu

B KOTOPOM padouast )KUJIKOCTh MMOCTOSTHHO COOOIIAETCs ¢ TUIPOOAKOM MK aTMOC(hepoil.

JlocTOMHCTBa TakoOM CXeMbl — XOpOIIME YCIOBUS MJSl OXJXKACHUS W OYUCTKU paboueit
xuakoctu. OJIHAKO TaKHe THIPOIIPUBO/IBI TPOMO3/KU U UMEIOT OOJIBLIYI0O MAcCy, a 4acTOTa BpalleHUs
pOTOpa Hacoca OrPaHMUYMBAETCS JIOIIyCKaeMbIMU (u3 ycnoBHii OECKaBUTAIMOHHON
paboThI Hacoca) CKOPOCTSIMU ABMIKEHUS pabouel )KUJAKOCTH BO BCACHIBAIOILEM TPYOOIIPOBOIE.

ITo ucTtouHuKy nmopaum padoyeii KUAKOCTH
Hacocnwtii c2uoponpueoo

B HacocHOM ruIpOmNpHBOJE, TMOMYYHBIIEM HauOOJbIIEe pacIpoOCTpaHEHHE B TEXHHKE,
MeXaHHUYecKas 3Heprusi npeoOpa3yercs HacocOM B TMIPABINYECKYI0, HOCUTENIh dHEPrUu — pabouas
KHUJKOCTh, HarHeTaeTcs uepe3 HaMOpHYI MarucTtpaidb K TUIPOABUTATENIO, TJI€ SHEPrus IMOTOKa
KHUJKOCTH TpeoOpasyercs B MexaHHueckyro. PalOodas IKHOKOCTb, OTIAaB CBOIO JHEPIHIO


https://ru.wikipedia.org/wiki/%D0%9D%D0%B0%D1%81%D0%BE%D1%81
https://ru.wikipedia.org/wiki/%D0%93%D0%B8%D0%B4%D1%80%D0%BE%D0%BC%D0%BE%D1%82%D0%BE%D1%80
https://ru.wikipedia.org/wiki/%D0%93%D0%B8%D0%B4%D1%80%D0%BE%D1%80%D0%B0%D1%81%D0%BF%D1%80%D0%B5%D0%B4%D0%B5%D0%BB%D0%B8%D1%82%D0%B5%D0%BB%D1%8C
https://ru.wikipedia.org/wiki/%D0%93%D0%B8%D0%B4%D1%80%D0%BE%D0%B1%D0%B0%D0%BA
https://ru.wikipedia.org/wiki/%D0%9F%D1%80%D0%B5%D0%B4%D0%BE%D1%85%D1%80%D0%B0%D0%BD%D0%B8%D1%82%D0%B5%D0%BB%D1%8C%D0%BD%D1%8B%D0%B9_%D0%BA%D0%BB%D0%B0%D0%BF%D0%B0%D0%BD
https://ru.wikipedia.org/wiki/%D0%9E%D0%B1%D1%80%D0%B0%D1%82%D0%BD%D1%8B%D0%B9_%D0%BA%D0%BB%D0%B0%D0%BF%D0%B0%D0%BD
https://ru.wikipedia.org/wiki/%D0%9A%D0%B0%D0%B2%D0%B8%D1%82%D0%B0%D1%86%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%9F%D0%B0%D1%80
https://ru.wikipedia.org/wiki/%D0%A1%D0%BA%D0%BE%D1%80%D0%BE%D1%81%D1%82%D1%8C
https://ru.wikipedia.org/wiki/%D0%90%D0%BA%D1%83%D1%81%D1%82%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D0%B2%D0%BE%D0%BB%D0%BD%D0%B0
https://ru.wikipedia.org/wiki/%D0%90%D0%BA%D1%83%D1%81%D1%82%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D0%B2%D0%BE%D0%BB%D0%BD%D0%B0
https://ru.wikipedia.org/wiki/%D0%A3%D0%B4%D0%B0%D1%80%D0%BD%D0%B0%D1%8F_%D0%B2%D0%BE%D0%BB%D0%BD%D0%B0
https://ru.wikipedia.org/wiki/%D0%93%D1%80%D0%B5%D0%B1%D0%BD%D0%BE%D0%B9_%D0%B2%D0%B8%D0%BD%D1%82
https://ru.wikipedia.org/wiki/%D0%93%D1%80%D0%B5%D0%B1%D0%BD%D0%BE%D0%B9_%D0%B2%D0%B8%D0%BD%D1%82
https://ru.wikipedia.org/wiki/%D0%93%D0%B8%D0%B4%D1%80%D0%BE%D1%82%D1%83%D1%80%D0%B1%D0%B8%D0%BD%D0%B0
https://ru.wikipedia.org/wiki/%D0%90%D0%BC%D0%BE%D1%80%D1%82%D0%B8%D0%B7%D0%B0%D1%82%D0%BE%D1%80
https://ru.wikipedia.org/wiki/%D0%93%D0%B8%D0%B4%D1%80%D0%BE%D0%BC%D1%83%D1%84%D1%82%D0%B0
https://ru.wikipedia.org/wiki/%D0%9A%D0%B0%D0%B2%D0%B8%D1%82%D0%B0%D1%86%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%9C%D0%B5%D1%85%D0%B0%D0%BD%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D1%8D%D0%BD%D0%B5%D1%80%D0%B3%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%9D%D0%B0%D1%81%D0%BE%D1%81
https://ru.wikipedia.org/wiki/%D0%A0%D0%B0%D0%B1%D0%BE%D1%87%D0%B0%D1%8F_%D0%B6%D0%B8%D0%B4%D0%BA%D0%BE%D1%81%D1%82%D1%8C
https://ru.wikipedia.org/wiki/%D0%A0%D0%B0%D0%B1%D0%BE%D1%87%D0%B0%D1%8F_%D0%B6%D0%B8%D0%B4%D0%BA%D0%BE%D1%81%D1%82%D1%8C

THAPOJBUTATEINIO, BO3BpAIIaeTcs MO0 00paTHO K HAcOCy (3aMKHyTas cXxeéMa THIPOINPHUBOJA), MO0 B
0ak (pa3oMKHyTasi WJIM OTKpBITash CXeMa THApPOnpuBojaa). B obmem ciydae B COCTaB HAaCOCHOTO
THIPONPUBOJIA BXOIAT THApOIEpeaaya, THUAPOANIaparbl, KOHIUIIMOHEPHl pabodyeld IKUIKOCTH,
THIPOEMKOCTH M THIPOJIINHUH.
Haubonpiiee npuMeHeHHE B THAPOIPHBOAC TMONYYMIH AKCHAIBHO-TIOPIIHEBBIC, PaaUabHO-
MOPIUIHEBBIE, TUIACTUHYATHIC U IIECTEPEHHBIE HACOCHI.
Mazucmpanoustii 2u0ponpueoo
B maructpanpHOM ruaponpuBoje padodasi KUIKOCTb HArHETaeTcss HACOCHBIMU CTAHIMSAMH B
HAMOPHYIO MarucTpalib, K KOTOPOU MOAKIIOYAIOTCS MOTPEOUTENN THAPABIMYECKOM s3Hepruu. B oTianuune
OT HACOCHOI'O THIPOINPHUBOAA, B KOTOPOM, KaK MpaBUJIO, UMeEeTcs OJuH (pexe 2-3) reHeparopa
THJIPABINYECKOM SHEPruM (Hacoca), B MaruCTpajabHOM THIPONPUBO/IE TAKUX T€HEPATOPOB MOXKET OBITh
O0JbIIIOE KOJMYECTBO, W TOTPEOHTENeH THUAPABINYECKONH SHEPTHMHM TAKKE MOXKET OBITh JOCTaTOYHO
MHOTO.
AKKYyMynsamopHbwlii 2u0ponpueoo
B akkyMynaTOpHOM THAPONPUBO/E KUIKOCTh MOJAETCS B TUIPOIMHHUIO OT 3apaHee 3apsHKEHHOTO
THIPOAKKYMYJISITOpa. DTOT THUII TUAPOINPUBO/IA UCTIOIB3YETCS B OCHOBHOM B MAIlIMHAX U MEXaHHU3MaxX C
KpaTKOBPEMEHHBIMH peXHUMaMH PabOThlI.
ITo THMY NPUBOJSIIIET0 ABUTATEIS
I'uaponpuBOIBI OBIBAIOT C J1EKTPONPUBOIOM, NPUBOAOM 0T JABC, TypOuH u 1. 1.

Cmpykmypa 2udponpueooa
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OO0s13aTeNbHBIMU  DJIEMEHTAMH THAPONPUBOJAA SBISIOTCS HAcoc W TUApojaBUTaredb. Hacoc
SIBIIIETCS MCTOYHHUKOM THJPABIMYECKONW DHEPTUU, a TUAPOABHUTATENh — €€ MoTpeduTenem, TO ecTh
npeodpa3yeT TUIPABIMYECKYIO SHEPTUI0 B MEXAHMUYECKYIO. YTpaBiIeHHE JBUKEHHUEM BBIXOJHBIX
3BEHbEB TUJPOJBUTATENCH OCYyIIECTBISETCS JMOO C IOMOIIBI0 PEryIHpyIoie ammaparypbl —
Ipoccened, TuapopacupefenuTened u  ap., Jubo MyTéM H3MEHEHHs IapaMeTpoB  CaMOro
TUIPOJIBUTATENISl U/UIIM HACOCA.


https://ru.wikipedia.org/wiki/%D0%90%D0%BA%D1%81%D0%B8%D0%B0%D0%BB%D1%8C%D0%BD%D0%BE-%D0%BF%D0%BB%D1%83%D0%BD%D0%B6%D0%B5%D1%80%D0%BD%D0%B0%D1%8F_%D0%B3%D0%B8%D0%B4%D1%80%D0%BE%D0%BC%D0%B0%D1%88%D0%B8%D0%BD%D0%B0
https://ru.wikipedia.org/wiki/%D0%A0%D0%B0%D0%B4%D0%B8%D0%B0%D0%BB%D1%8C%D0%BD%D0%BE-%D0%BF%D0%BB%D1%83%D0%BD%D0%B6%D0%B5%D1%80%D0%BD%D0%B0%D1%8F_%D0%B3%D0%B8%D0%B4%D1%80%D0%BE%D0%BC%D0%B0%D1%88%D0%B8%D0%BD%D0%B0
https://ru.wikipedia.org/wiki/%D0%A0%D0%B0%D0%B4%D0%B8%D0%B0%D0%BB%D1%8C%D0%BD%D0%BE-%D0%BF%D0%BB%D1%83%D0%BD%D0%B6%D0%B5%D1%80%D0%BD%D0%B0%D1%8F_%D0%B3%D0%B8%D0%B4%D1%80%D0%BE%D0%BC%D0%B0%D1%88%D0%B8%D0%BD%D0%B0
https://ru.wikipedia.org/wiki/%D0%9F%D0%BB%D0%B0%D1%81%D1%82%D0%B8%D0%BD%D1%87%D0%B0%D1%82%D0%B0%D1%8F_%D0%B3%D0%B8%D0%B4%D1%80%D0%BE%D0%BC%D0%B0%D1%88%D0%B8%D0%BD%D0%B0
https://ru.wikipedia.org/wiki/%D0%A8%D0%B5%D1%81%D1%82%D0%B5%D1%80%D1%91%D0%BD%D0%BD%D0%B0%D1%8F_%D0%B3%D0%B8%D0%B4%D1%80%D0%BE%D0%BC%D0%B0%D1%88%D0%B8%D0%BD%D0%B0
https://ru.wikipedia.org/wiki/%D0%9D%D0%B0%D1%81%D0%BE%D1%81%D0%BD%D0%B0%D1%8F_%D1%81%D1%82%D0%B0%D0%BD%D1%86%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%93%D0%B8%D0%B4%D1%80%D0%BE%D0%B0%D0%BA%D0%BA%D1%83%D0%BC%D1%83%D0%BB%D1%8F%D1%82%D0%BE%D1%80
https://ru.wikipedia.org/wiki/%D0%AD%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%BF%D1%80%D0%B8%D0%B2%D0%BE%D0%B4
https://ru.wikipedia.org/wiki/%D0%94%D0%B2%D0%B8%D0%B3%D0%B0%D1%82%D0%B5%D0%BB%D1%8C_%D0%B2%D0%BD%D1%83%D1%82%D1%80%D0%B5%D0%BD%D0%BD%D0%B5%D0%B3%D0%BE_%D1%81%D0%B3%D0%BE%D1%80%D0%B0%D0%BD%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%9D%D0%B0%D1%81%D0%BE%D1%81
https://ru.wikipedia.org/wiki/%D0%93%D0%B8%D0%B4%D1%80%D0%BE%D0%B4%D0%B2%D0%B8%D0%B3%D0%B0%D1%82%D0%B5%D0%BB%D1%8C
https://ru.wikipedia.org/wiki/%D0%93%D0%B8%D0%B4%D1%80%D0%BE%D0%B0%D0%BF%D0%BF%D0%B0%D1%80%D0%B0%D1%82
https://ru.wikipedia.org/wiki/%D0%93%D0%B8%D0%B4%D1%80%D0%BE%D0%B4%D1%80%D0%BE%D1%81%D1%81%D0%B5%D0%BB%D1%8C
https://ru.wikipedia.org/wiki/%D0%93%D0%B8%D0%B4%D1%80%D0%BE%D1%80%D0%B0%D1%81%D0%BF%D1%80%D0%B5%D0%B4%D0%B5%D0%BB%D0%B8%D1%82%D0%B5%D0%BB%D1%8C

Taxxke 00s3aTeTBPHBIMU COCTABHBIMU YacTSIMM THUAPONPHUBOJA SABJISAIOTCS TUAPOIMHHUH, IO
KOTOPBIM JKUJAKOCTh IIEPEMEIIAETCS B THAPOCUCTEME.

Kputnuecku BakHOHM [uisi ruaponpuBoia (B HEPBYIO ouepellb OOBEMHOIrO) SIBISETCS OYMCTKA
paboueil KUAKOCTH OT COAEP)KAIIMXCS B HEH (M MOCTOSHHO 00pa3yromuxcs B mporecce paboThl)
abpasuBHBIX uacTHil. [l03TOMy CHCTEMBI THAPONPHBOJA OO0SM3aTENBHO COAEPXKAT (UIBTPYIOIIHE
yCTpoHCTBa (HalpuMep, MACsiHbIE QUIBTPbI), XOTA NPUHLUUIHUAIBHO THAPOIPHUBOJ HEKOTOPOE BpeMs
MOXKET paboTaTh 1 0€3 HHX.

ITockonbky paboune napameTpsl THAPOIIPUBOA CYILIECTBEHHO 3aBUCAT OT TeMIepaTypbl padoueit
KHMJIKOCTH, TO B THAPOCUCTEMAx B HEKOTOPBIX CllydasiX, HO HE BCEI/la, YCTaHABIMBAIOT CHCTEMBI
peryIupoBaHHs TEMIIEPATyphl (II0JOTPEBAIOIINE U/WIIH OXJIQJAUTEIbHBIE YCTPOICTBA).

[TpuHIMN AEHCTBUS 30JIOTHUKOBOTO THAPOPACIIPEICIUTENS YIPABISAIOUIETO JIBUKECHUEM IITOKA
THIIPOIMIINH/IPA.

Todaua 30/10THUKOBBII ruUApoOpacHpeneIuTeb
Ol HACOCH - THAPABIMYECKU  paclpeienuTellb, B
J T KOTOPOM 3aMOPHO-PErYIUPYIOUTIM
9JIEMEHTOM  CIy’)KUT ~ 30JI0THHK. B
TIDETETHTEN KauecTBE  30JO0THMKA  Yallle  BCEro

BBICTYIIACT IUTYHXXEP MNEPEMCHHOTO
[ HII

nuametrpa (puc. 1). OgHako HU3BECTHBI U

. - JApyrue KOHCTPYKUUHM 30J0THHKOB. B
I (3] Tiil
KOpIycCce 30JIOTHUKOBOT'O pacClpCACIUTECIIA

MOXKET TAKKC pacClojiaratbCqa HepeHHBHOﬁ

KJIaIlag.
B mpocreiiiem cinydae 30J0THUK
i MOJKET 3aHUMATh 3 MO3ULIUH.

_____________________________________ B HEUTPaIbHOM [IOJIOKECHUH,

MOKa3aHHOM Ha puc. I, KaHaJIbI
pacnpenenuTenst 3anepTbl M OKMJIKOCTh He IIOCTyNaeT oOT Hacoca HM B OJHY M3 MOJOCTEH
TUIPOLMIINH/IPA — IITOK OcTaércsl B mokoe. [lpu cMmemennn 3010THUKA BIEBO paboydast )KUIKOCTh 110
KaHalaM B KOpIyce pachpeienuTesass M Mo TpyOompoBoJaM IIOCTyNaeT B JIEBYIO I0OJIOCTh
TUAPOLMINHAPA, U IITOK BbIIBUTAETCH.

Ecnu jxe 30JI0THUK CMECTUTBH BIPAaBO OT HEUTPAJIBHOTO MOJIOKEHUS, TO paboyasi )KUIKOCTh OyaeT
MOCTYTATh YK€ B MPaBYIO MMOJIOCTh THAPOLMIMHIPA, A U3 JIEBOM MOJOCTH MOMAET HA CIMB B THAPOOAK.
B sTOM nonoxeHuu 30J0THUKA IITOK BJIBUTAETCS.

Cmoum ommemums, Umo npu nooave HcUOKOCMU 6 JIeGyH) NONOCHIb 2UOPOUUTUHOpA (8
HOPUWIHEBYI0 NOJIOCMY), WIMOK OBUNCENMCA C MEHbUiell CKOpOCMmblo, YeM Npu nooaue é npagyro
nonocms (WMOKOGYI0 NONOCHL). MO 00bACHAEMCA MeEM, YMO YACHb 00bEMA WIMOKOBOI NOIOCHMU
3aHUMaem wimox, u I3ma NOI0CHMb 3anoaHAemcan dvicmpee. Imu GbIKIAOKU 6EPHBL, eciu nooaua
HCUOKOCMU 0CMAEMCcA NOCMOAHHOU.

I'uapounianinap (rugpaBIdvYecKuii HWIAHAP) — OO0BEMHBIN
THIPOJIBUTATENIb  BO3BPATHO-TNIOCTYNATENBHOIO ABM)KEHHA. [IpmHumn
NEHCTBUS TUAPOLMIUHAPOB BO MHOTOM CXOX C MPUHIUIOM JEHCTBUS
[THEBMOITWJINH/POB.

KounyecTBO cTeneHei cB000AbI THAPOCUCTEM


https://ru.wikipedia.org/wiki/%D0%93%D0%B8%D0%B4%D1%80%D0%BE%D0%BB%D0%B8%D0%BD%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%93%D0%B8%D0%B4%D1%80%D0%BE%D1%81%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D0%B0
https://ru.wikipedia.org/wiki/%D0%A0%D0%B0%D0%B1%D0%BE%D1%87%D0%B0%D1%8F_%D0%B6%D0%B8%D0%B4%D0%BA%D0%BE%D1%81%D1%82%D1%8C
https://ru.wikipedia.org/wiki/%D0%9C%D0%B0%D1%81%D0%BB%D1%8F%D0%BD%D1%8B%D0%B9_%D1%84%D0%B8%D0%BB%D1%8C%D1%82%D1%80
https://ru.wikipedia.org/wiki/%D0%97%D0%BE%D0%BB%D0%BE%D1%82%D0%BD%D0%B8%D0%BA%D0%BE%D0%B2%D1%8B%D0%B9_%D0%B3%D0%B8%D0%B4%D1%80%D0%BE%D1%80%D0%B0%D1%81%D0%BF%D1%80%D0%B5%D0%B4%D0%B5%D0%BB%D0%B8%D1%82%D0%B5%D0%BB%D1%8C
https://ru.wikipedia.org/wiki/%D0%93%D0%B8%D0%B4%D1%80%D0%BE%D1%86%D0%B8%D0%BB%D0%B8%D0%BD%D0%B4%D1%80
https://ru.wikipedia.org/wiki/%D0%93%D0%B8%D0%B4%D1%80%D0%B0%D0%B2%D0%BB%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9_%D1%80%D0%B0%D1%81%D0%BF%D1%80%D0%B5%D0%B4%D0%B5%D0%BB%D0%B8%D1%82%D0%B5%D0%BB%D1%8C
https://ru.wikipedia.org/wiki/%D0%97%D0%BE%D0%BB%D0%BE%D1%82%D0%BD%D0%B8%D0%BA_(%D1%80%D0%B0%D1%81%D0%BF%D1%80%D0%B5%D0%B4%D0%B5%D0%BB%D0%B8%D1%82%D0%B5%D0%BB%D1%8C)
https://ru.wikipedia.org/wiki/%D0%9F%D0%BB%D1%83%D0%BD%D0%B6%D0%B5%D1%80
https://ru.wikipedia.org/wiki/%D0%97%D0%BE%D0%BB%D0%BE%D1%82%D0%BD%D0%B8%D0%BA_(%D1%80%D0%B0%D1%81%D0%BF%D1%80%D0%B5%D0%B4%D0%B5%D0%BB%D0%B8%D1%82%D0%B5%D0%BB%D1%8C)
https://ru.wikipedia.org/wiki/%D0%97%D0%BE%D0%BB%D0%BE%D1%82%D0%BD%D0%B8%D0%BA_(%D1%80%D0%B0%D1%81%D0%BF%D1%80%D0%B5%D0%B4%D0%B5%D0%BB%D0%B8%D1%82%D0%B5%D0%BB%D1%8C)
https://ru.wikipedia.org/wiki/%D0%93%D0%B8%D0%B4%D1%80%D0%BE%D1%86%D0%B8%D0%BB%D0%B8%D0%BD%D0%B4%D1%80
https://ru.wikipedia.org/wiki/%D0%A0%D0%B0%D0%B1%D0%BE%D1%87%D0%B0%D1%8F_%D0%B6%D0%B8%D0%B4%D0%BA%D0%BE%D1%81%D1%82%D1%8C
https://ru.wikipedia.org/wiki/%D0%93%D0%B8%D0%B4%D1%80%D0%BE%D0%B1%D0%B0%D0%BA
https://ru.wikipedia.org/wiki/%D0%93%D0%B8%D0%B4%D1%80%D0%BE%D0%B4%D0%B2%D0%B8%D0%B3%D0%B0%D1%82%D0%B5%D0%BB%D1%8C
https://ru.wikipedia.org/wiki/%D0%9F%D0%BD%D0%B5%D0%B2%D0%BC%D0%B0%D1%82%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9_%D0%BF%D1%80%D0%B8%D0%B2%D0%BE%D0%B4

KonnuecTBo creneHeil cBOOOIbI THIPABIMYECKON CUCTEMBI MOKET OBITh OMPENEIEHO MPOCTHIM
MOACUYETOM KOJIMYECTBA HE3aBUCUMO YIIPABJISIEMbIX THAPOIBUTATEIICH.

Crenienb CBOOOJABI - 39MO COBOKYNHOCMb HE3ABUCUMBIX KOOPOUHAM Nepemeujerus u/uau
8pawetUsl, NOTHOCIbIO ONPeOeNaIouas NOJIONCEHUEe CUCIeMbl UTU Mela (a emecme ¢ UX npou3800HbIMU
no 8peMeHU — COOMBEMCMEYIOWUMY CKOPOCMAMU - HNOJHOCMbIO ONpedesiowds COCMOSHUE
MEXAHUYEeCKOU cucmemvl Ul meia - mo ecmv UX NoaodiceHue u 0sudiceHue). Imo ynoamenmanbHoe
nousAmue  NPUMEHAemcs 6 MeopemudecKol MeXaHuke, mMeopuu  MexXaHusMo8 U  MAUlUH,

MAWUHOCMPOCHUU, A8UAYUU U Meopuu JeMmamelbHblX annapamos, pobomomexHuke u Opyaux
obracmsx.
O0J1acTh IPpUMEHeHHUs

OOBEMHBII THAPONPUBOA TPUMEHSETCS B TOPHBIX U CTPOUTENIBHO-IOPOKHBIX MamInHax. B
HacTosiee BpeMmsi Oonee 50% oOmiero napka MOOMIIBHBIX CTPOUTENIBHO-I0POKHBIX MAIIUH SBISETCS
THIPOGUIIMPOBAHHON. ITO CYIIECTBEHHO OTINYaeTcs oT cutyanuu 30-x - 40-x romoB 20-ro Beka, Koraa
B 3TOI 00J1aCTH NPUMEHSITUCh B OCHOBHOM MEXaHMUYECKHUE MepeIayu.

B crankocTpoeHUM ruiponpUBO TAKKE HIMPOKO IMPHUMEHSETCs, OJHAKO B 3TOW 00jacTu OH
VCITBITEIBAET BBICOKYIO KOHKYPEHIMIO CO CTOPOHBI IPYTHX BUAOB puBoall,

HIupokoe pacnpocTpaHeHHE MOIYy4WI I'MIPONPUBOJA B aBHaLuU. HachIIIEHHOCTh COBPEMEHHBIX
caMoJIETOB CHUCTEMaMHU THUIPONPHUBOJA TaKOBa, YTO oOOmIasg uiMHA TPYOOIPOBOJOB COBPEMEHHOTO
[IaCCaKUPCKOT0 aBrallalHepa MOXKET JOCTUTATh HECKOIBKUX KUJIOMETPOB.

B aBTOMOOWIIBHON NPOMBIIIIEHHOCTH CaMO€ MIMPOKOE MPUMEHEHHWE HallUId TUAPOYCUIUTEIU
pyJis, CyIIECTBEHHO IMOBBIIIAIOIINE YI0OCTBO YIPABJICHHUS aBTOMOOWJIEM. DTH yCTPONCTBA SIBIISIOTCS
Pa3sHOBUJHOCTBIO CIEIAIIUX TUAPONPUBOJOB. ['MIpOycHIMTENH NPUMEHSIOT U BO MHOTHX JPYTHUX
00JIaCTSIX TEXHUKU (aBUALIMH, TPAKTOPOCTPOSHUH, IPOMBIIIIIEHHOM 000pYIOBAHUU U JP.).

B HekoTophIX TaHKaX, HampuUMep, B AMOHCKOM TaHke Tun 10, mpuMeHsieTcs TuApocTaTHYecKas
TpaHCMHUCCHS, TPeJCTaBIsAoNIas co00H, MO CyTH, CUCTEMY OOBEMHOIO TI'MJIPONPUBOJA JIBUKHTEIEH.
Takoro xe THIa TPaHCMHUCCHUS YCTaHABIMBAETCS U B HEKOTOPBIX COBPEMEHHBIX OyJib03epax.

B nesiom, rpanuiel 061acTv NpUMEHEHUs! THAPONPUBO/IA ONIPENEISIOTCS €ro MPEenMyIlecTBaMU U
HEeJ0CTaTKaMHU.

IIpenmymecrsa

1. BO3MOXHOCTH YHHBEPCAJIBHOIO MPEOOpPa30BaHUSI MEXAHUYECKOW XapaKTEPUCTUKH MPUBOJIHOTO
JIBUTaTelsl B COOTBETCTBUM C TPEOOBAHUSIMU Harpy3KH;

2. TpOCTOTa yHpaBJieHUs U aBTOMATU3alUHY;

3. MpOCTOTa MNPEJOXpaHEHHs NPHUBOJHOTO JBUTATENS U MCIOIHHUTEIbHBIX OPraHOB MAIlMH OT
NEpPErpy30K; HANpUMEp, €CIM YyCWINE Ha IUTOKE T'HAPOLMIMHAPA CTAHOBUTCS CIHIIKOM
00JbIIUM (TaKOE BO3MOYKHO, B YaCTHOCTH, KOT/Ia IITOK, COCAUHEHHBIH C pabOYMM OpraHOM,
BCTpEUYaeT MPENATCTBUE Ha CBOEM IyTH), TO JABJICHHE B THIPOCHUCTEME JOCTUTaeT OOJIbIINUX
3HaYeHUN — Tor/a cpabaThiBaeT MPEAOXPAHUTENbHBIN KiIallaH B TUAPOCUCTEME, U TIOCTIE ITOTO
XKHUJKOCTh UAET Ha CIIMB B 0akK, U JIaBJICHUE YMEHBIIIAETCS;

4. HanE&XKXHOCTh SKCILTyaTalllu;

5. HIMPOKHH JHMana3oH OeccTyNeH4YaToro peryjJupoBaHUs CKOPOCTH BBIXOJAHOTO 3BEHA; HAIpUMep,
JIMara3oH peryJMpoBaHus YaCTOTHI BPALIEHUS THIPOMOTOPA MOXKET COCTaBIATh oT 2500 06/MuH
1o 30-40 oOG/MuH, a B HEKOTOPBIX CIy4asX, y THUIPOMOTOPOB CIEIHAIBHOIO HCIOJIHEHUS,
JI0XOAMT A0 1-4 06/MUH, 4TO I 3JIEKTPOMOTOPOB TPYAHO PEalIn3yeMo;

6. Oonbluas mepegaBaeMas MOIMHOCTh Ha E€IMHMIYy MacChl NPUBOJA; B YACTHOCTH, Macca
TUJPaBINYECKUX MalIMH npuMmepHo B 10-15 pa3 MeHbIe Macchl ANEKTPUUYECKUX MAIIUH TaKOW
K€ MOIIIHOCTH;


https://ru.wikipedia.org/wiki/%D0%A1%D1%82%D0%B5%D0%BF%D0%B5%D0%BD%D0%B8_%D1%81%D0%B2%D0%BE%D0%B1%D0%BE%D0%B4%D1%8B_(%D0%BC%D0%B5%D1%85%D0%B0%D0%BD%D0%B8%D0%BA%D0%B0)
https://ru.wikipedia.org/wiki/%D0%93%D0%B8%D0%B4%D1%80%D0%BE%D0%B4%D0%B2%D0%B8%D0%B3%D0%B0%D1%82%D0%B5%D0%BB%D1%8C
https://ru.wikipedia.org/wiki/%D0%A1%D1%82%D0%B5%D0%BF%D0%B5%D0%BD%D0%B8_%D1%81%D0%B2%D0%BE%D0%B1%D0%BE%D0%B4%D1%8B_(%D0%BC%D0%B5%D1%85%D0%B0%D0%BD%D0%B8%D0%BA%D0%B0)
https://ru.wikipedia.org/wiki/%D0%A2%D0%B5%D0%BE%D1%80%D0%B5%D1%82%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D0%BC%D0%B5%D1%85%D0%B0%D0%BD%D0%B8%D0%BA%D0%B0
https://ru.wikipedia.org/wiki/%D0%A2%D0%B5%D0%BE%D1%80%D0%B8%D1%8F_%D0%BC%D0%B5%D1%85%D0%B0%D0%BD%D0%B8%D0%B7%D0%BC%D0%BE%D0%B2_%D0%B8_%D0%BC%D0%B0%D1%88%D0%B8%D0%BD
https://ru.wikipedia.org/wiki/%D0%9C%D0%B0%D1%88%D0%B8%D0%BD%D0%BE%D1%81%D1%82%D1%80%D0%BE%D0%B5%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%90%D0%B2%D0%B8%D0%B0%D1%86%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%A0%D0%BE%D0%B1%D0%BE%D1%82%D0%BE%D1%82%D0%B5%D1%85%D0%BD%D0%B8%D0%BA%D0%B0
https://ru.wikipedia.org/wiki/%D0%A1%D1%82%D1%80%D0%BE%D0%B8%D1%82%D0%B5%D0%BB%D1%8C%D0%BD%D0%BE-%D0%B4%D0%BE%D1%80%D0%BE%D0%B6%D0%BD%D1%8B%D0%B5_%D0%BC%D0%B0%D1%88%D0%B8%D0%BD%D1%8B
https://ru.wikipedia.org/wiki/%D0%A1%D1%82%D0%B0%D0%BD%D0%BA%D0%BE%D1%81%D1%82%D1%80%D0%BE%D0%B5%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%93%D0%B8%D0%B4%D1%80%D0%B0%D0%B2%D0%BB%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9_%D0%BF%D1%80%D0%B8%D0%B2%D0%BE%D0%B4#cite_note-autogenerated1-1
https://ru.wikipedia.org/wiki/%D0%90%D0%B2%D0%B8%D0%B0%D1%86%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%93%D0%B8%D0%B4%D1%80%D0%BE%D1%83%D1%81%D0%B8%D0%BB%D0%B8%D1%82%D0%B5%D0%BB%D1%8C_%D1%80%D1%83%D0%BB%D1%8F
https://ru.wikipedia.org/wiki/%D0%93%D0%B8%D0%B4%D1%80%D0%BE%D1%83%D1%81%D0%B8%D0%BB%D0%B8%D1%82%D0%B5%D0%BB%D1%8C_%D1%80%D1%83%D0%BB%D1%8F
https://ru.wikipedia.org/wiki/%D0%90%D0%B2%D1%82%D0%BE%D0%BC%D0%BE%D0%B1%D0%B8%D0%BB%D1%8C
https://ru.wikipedia.org/wiki/%D0%A1%D0%BB%D0%B5%D0%B4%D1%8F%D1%89%D0%B8%D0%B9_%D0%B3%D0%B8%D0%B4%D1%80%D0%BE%D0%BF%D1%80%D0%B8%D0%B2%D0%BE%D0%B4
https://ru.wikipedia.org/wiki/%D0%A2%D0%B8%D0%BF_10_(%D1%82%D0%B0%D0%BD%D0%BA)
https://ru.wikipedia.org/wiki/%D0%A2%D1%80%D0%B0%D0%BD%D1%81%D0%BC%D0%B8%D1%81%D1%81%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%94%D0%B2%D0%B8%D0%B6%D0%B8%D1%82%D0%B5%D0%BB%D1%8C
https://ru.wikipedia.org/wiki/%D0%91%D1%83%D0%BB%D1%8C%D0%B4%D0%BE%D0%B7%D0%B5%D1%80
https://ru.wikipedia.org/wiki/%D0%93%D0%B8%D0%B4%D1%80%D0%BE%D1%86%D0%B8%D0%BB%D0%B8%D0%BD%D0%B4%D1%80
https://ru.wikipedia.org/wiki/%D0%9F%D1%80%D0%B5%D0%B4%D0%BE%D1%85%D1%80%D0%B0%D0%BD%D0%B8%D1%82%D0%B5%D0%BB%D1%8C%D0%BD%D1%8B%D0%B9_%D0%BA%D0%BB%D0%B0%D0%BF%D0%B0%D0%BD
https://ru.wikipedia.org/wiki/%D0%93%D0%B8%D0%B4%D1%80%D0%BE%D0%BC%D0%BE%D1%82%D0%BE%D1%80
https://ru.wikipedia.org/wiki/%D0%AD%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%BC%D0%BE%D1%82%D0%BE%D1%80
https://ru.wikipedia.org/wiki/%D0%AD%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B5_%D0%BC%D0%B0%D1%88%D0%B8%D0%BD%D1%8B

7. caMOCMa3blBAEMOCTb  TPYLIUXCSA IOBEPXHOCTEW IpU NPUMEHEHHMM MHUHEPAIBHBIX U
CUHTETHYECKHX Macel B KauecTBE pabdouyux KHUAKOCTEH; HYKHO OTMETUTh, YTO IIpH
TEXHUYECKOM OOCITY>KUBAaHHH, HAIpPUMEpP, MOOHIBHBIX CTPOUTEIILHO-JOPOKHBIX MAIIMH Ha
cMa3ky yxoaut 10 50% Bcero BpeMeHU 00CTy>KMBAaHUSI MAILIMHBI, TO3TOMY CaMOCMa3bIBA€MOCTb
THJIPOTIPUBO/IA SIBIISIETCS CEPBE3HBIM IPEUMYILECTBOM;

8. BO3MOYKHOCTh IOJIyuy€HHMs] OOJbIIMX CHJI W MOIIMHOCTEH IpU MalblXx pa3Mepax M Bece
NepeaaTOuHOr0 MEXaHU3Ma;

9. mpocTOTa OCYIIECTBIECHUS Pa3IMYHBIX BUJOB JABMKEHMS — IOCTYNATEIbHOIO, BPallaTeIbHOTO,
IIOBOPOTHOTI'O;

10. BO3MOXXHOCTh YacTbIX M OBICTPBIX NEPEKIIOYEHUH TMpH BO3BPATHO-TIOCTYNATEIbHBIX U
BpaIaTeIbHBIX MPSIMBIX U PEBEPCUBHBIX IBUKCHUSX;

11. BO3BMOXHOCTh PaBHOMEPHOTO pACHpPElENICHNUs YCWIMKA IpU OJHOBPEMEHHOW Iiepenadye Ha
HECKOJIBKO ITPUBOJIOB;

12. ynpoum€HHOCTh KOMIIOHOBKM OCHOBHBIX Y3JI0B TMAPONPHBOJA BHYTPU MALIMH U arperatros, B
CPaBHEHMH C IPYTMMHU BUJAAMU IPUBOJIOB.

HenocraTkn

1. yreuxku pabGoueil )KMIKOCTH yepe3 YIUIOTHEHHUS U 3a30pbl, OCOOEHHO IPU BBICOKUX 3HAYEHUSX
JaBJI€HUS B TUIPOCUCTEME, 4YTO TpeOyeT BBICOKOH TOYHOCTU HW3TOTOBJIEHMS JeTaneu
THAPOOOOPYIOBAHMUS;

2. HarpeB paboueil >XKMAKOCTH MpH padoTe, YTO NPUBOIUT K YMEHBIICHHIO BS3KOCTH paboueit
KHUJKOCTH W YBEJIWYCHHUIO YTEYEK, IO3TOMY B psj€ CIy4yaeB HEOOXOJUMO IPUMEHEHHE
CHELUAIbHBIX OXJIAJAUTENIBHBIX YCTPOMCTB U CPE/ICTB TEMJIOBOM 3alllUTHI,

3. 6onee Huzkuit KI1/[ yeM y conmocTaBUMbIX MEXaHHUUECKUX Nepeaay,;

4. HeoOXoaMMOCTh oOecreyeHHss B THpollecce SKCIUTyaTallud YUCTOThI paboded KUIKOCTH,
MOCKOJIbKY HaJMuue OOJBIIOro KOJUYecTBa aOpa3suUBHBIX YaCTHI[ B pabodel KUIKOCTH
IPUBOAUT K OBICTPOMY H3HOCY JeTaned ruapooOOpyroBaHMS, YBEJIWYEHUIO 3a30pOB U yTEUEK
4yepe3 HUX, U, Kak CJIeICTBHE, K CHIKeHHI0 00bémMHOoro KIT/I;

5. HEO0OXOAMMOCTH 3alllUThl THIPOCUCTEMBI OT MPOHUKHOBEHHS B HEE BO3/yXa, HAIMYUE KOTOPOTO
MPUBOJUT K HeCTaOWIbHOW pabdoTe TUAPONPHUBOJA, OOJBIIMM THIPABIUYECKUM IOTEPSIM U
HarpeBy paboyeil )KUJIKOCTH;

6. MOXapooINacHOCTh B Cllyyae NPUMEHEHHUS TOpIOYUX pabouux JKUAKOCTEH, YTO Hajaraet
OrpaHUYEHUSs, HAIIpUMep, Ha MPUMEHEHHE I'HJIPONPUBO/Ia B TOPSUMX LI€Xax;

7. 3aBHCHUMOCTH BS3KOCTH paboueil )KMIKOCTH, a 3HAUUT U pabounx MmapaMmeTpoB THIPONPUBOJIA, OT
TEMIIEPATYPbl OKPY’KAOLIEN CpEbl;

8. B CpaBHEHHWH C THEBMO- M DJIEKTPOIPHBOJIOM — HEBO3MOXXHOCTH 3()()EKTHBHOW Tepenadn
TUIPaBIMYECKON SHEpPruu Ha OOJbIINE PACCTOSHMS BCIEACTBHE OOJBIIMX MOTEPHh HAmopa B
THJIPOJIMHUSX HA CTUHUITY JUTHHEI.

IIpakTnyeckas padora Ne 3
HccaenoBanue padoThl NPUBOIHBIX MEXaHH3MOB ACHHXPOHHOI0 TPexX(a3HOro ABUIaTe/Isl
Leas padoTbl  u3yueHue pabotsl A/l ¢ MPUBOAHBIMU MEXaHU3MAMH.

3aganmue:
1. BuaumarenbHO U3y4yHTe MaTepHal MO TEME.
2. Tlpoussenute BbIOOP A/l ¢ MPUBOJHBIM MEXaHU3MOM, OOOCHYWUTE BBHIOOD.


https://ru.wikipedia.org/wiki/%D0%9D%D0%B5%D1%84%D1%82%D1%8F%D0%BD%D1%8B%D0%B5_%D0%BC%D0%B0%D1%81%D0%BB%D0%B0
https://ru.wikipedia.org/wiki/%D0%A0%D0%B0%D0%B1%D0%BE%D1%87%D0%B0%D1%8F_%D0%B6%D0%B8%D0%B4%D0%BA%D0%BE%D1%81%D1%82%D1%8C
https://ru.wikipedia.org/wiki/%D0%94%D0%B0%D0%B2%D0%BB%D0%B5%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%92%D1%8F%D0%B7%D0%BA%D0%BE%D1%81%D1%82%D1%8C#.D0.9A.D0.B8.D0.BD.D0.B5.D0.BC.D0.B0.D1.82.D0.B8.D1.87.D0.B5.D1.81.D0.BA.D0.B0.D1.8F_.D0.B2.D1.8F.D0.B7.D0.BA.D0.BE.D1.81.D1.82.D1.8C
https://ru.wikipedia.org/wiki/%D0%A2%D0%B5%D0%BF%D0%BB%D0%BE%D0%B8%D0%B7%D0%BE%D0%BB%D1%8F%D1%86%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%9E%D0%B1%D1%8A%D1%91%D0%BC%D0%BD%D1%8B%D0%B9_%D0%B3%D0%B8%D0%B4%D1%80%D0%BE%D0%BF%D1%80%D0%B8%D0%B2%D0%BE%D0%B4#.D0.9A.D0.9F.D0.94_.D0.BE.D0.B1.D1.8A.D1.91.D0.BC.D0.BD.D0.BE.D0.B3.D0.BE_.D0.B3.D0.B8.D0.B4.D1.80.D0.BE.D0.BF.D1.80.D0.B8.D0.B2.D0.BE.D0.B4.D0.B0
https://ru.wikipedia.org/wiki/%D0%9C%D0%B5%D1%85%D0%B0%D0%BD%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D0%BF%D0%B5%D1%80%D0%B5%D0%B4%D0%B0%D1%87%D0%B0
https://ru.wikipedia.org/wiki/%D0%9E%D0%B1%D1%8A%D1%91%D0%BC%D0%BD%D1%8B%D0%B9_%D0%B3%D0%B8%D0%B4%D1%80%D0%BE%D0%BF%D1%80%D0%B8%D0%B2%D0%BE%D0%B4#.D0.9A.D0.9F.D0.94_.D0.BE.D0.B1.D1.8A.D1.91.D0.BC.D0.BD.D0.BE.D0.B3.D0.BE_.D0.B3.D0.B8.D0.B4.D1.80.D0.BE.D0.BF.D1.80.D0.B8.D0.B2.D0.BE.D0.B4.D0.B0
https://ru.wikipedia.org/wiki/%D0%A4%D0%BE%D1%80%D0%BC%D1%83%D0%BB%D0%B0_%D0%94%D0%B0%D1%80%D1%81%D0%B8-%D0%92%D0%B5%D0%B9%D1%81%D0%B1%D0%B0%D1%85%D0%B0#.D0.9E.D0.BF.D1.80.D0.B5.D0.B4.D0.B5.D0.BB.D0.B5.D0.BD.D0.B8.D0.B5_.D0.BA.D0.BE.D1.8D.D1.84.D1.84.D0.B8.D1.86.D0.B8.D0.B5.D0.BD.D1.82.D0.B0_.D0.94.D0.B0.D1.80.D1.81.D0.B8_.D0.B4.D0.BB.D1.8F_.D0.BC.D0.B5.D1.81.D1.82.D0.BD.D1.8B.D1.85_.D1.81.D0.BE.D0.BF.D1.80.D0.BE.D1.82.D0.B8.D0.B2.D0.BB.D0.B5.D0.BD.D0.B8.D0.B9
https://ru.wikipedia.org/wiki/%D0%92%D1%8F%D0%B7%D0%BA%D0%BE%D1%81%D1%82%D1%8C#.D0.9A.D0.B8.D0.BD.D0.B5.D0.BC.D0.B0.D1.82.D0.B8.D1.87.D0.B5.D1.81.D0.BA.D0.B0.D1.8F_.D0.B2.D1.8F.D0.B7.D0.BA.D0.BE.D1.81.D1.82.D1.8C
https://ru.wikipedia.org/wiki/%D0%9F%D0%BD%D0%B5%D0%B2%D0%BC%D0%BE%D0%BF%D1%80%D0%B8%D0%B2%D0%BE%D0%B4
https://ru.wikipedia.org/wiki/%D0%AD%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%BF%D1%80%D0%B8%D0%B2%D0%BE%D0%B4
https://ru.wikipedia.org/wiki/%D0%93%D0%B8%D0%B4%D1%80%D0%BE%D0%BB%D0%B8%D0%BD%D0%B8%D1%8F

OneKTpU4ecKuil JBUraTellb padoTaeT HEMOCPEACTBEHHO C MPUBOJHBIM MexaHu3MoM. [loatomy
BbIOOp nBurarens (B JadpHEHIIEM peub HAET 00 acMHXpPOHHBIX aBuratens — AJl) cocroutr B
COIIOCTABJICHUU €TI0 CBOWCTB CO CBOMCTBAaMH IPUBOJAHOIO MEXaHHU3Ma U C MapaMeTpaMH OKpYXKarolleu
cpeapl. OcHOBHasl 3aja4ya: HaWTH HaubOojiee >KOHOMHUYHBIA BapuaHT (YHKIMOHUPOBAHUS CHCTEMBI
«IBUTATENb - TMPUBOJHONW MexaHu3M» [1]. B Tabn.l yka3aHbl yCIOBUS JKCIUTyaTallH, MapaMeTpb
JBUraTels U IPUBOJHOIO MEXAHNU3Ma, KOTOPble HEOOX0MMO COIOCTABUTh NP BBIOOPE ABUraTEIs.

¥emonin SicrsysTating Hgﬁﬁﬁﬂm TapasieTpid fRsiTaTena Kouuentapis oo auflopy gnirarens

Bug munoassemoft pa- | Harpyaousaa guarpamma, pewes | HoMuuaasHan mompocts, me- | Bufop Tunopassepa ABurate.
Gore pafioTH, MOMEHT HHEPUHH MEX4- | XaHHYeCKam XapakTepECTHEAR, | AR

HH3M3, MEXAHHYECKAR TAPAKTEpH- | 9ACTOTA Bpalledid
CTHES MEXAHHIME
Arwochepusie Boaged- | Temnepatypa oxpysamuedl cpe- | HomHHaAbHAR MOMWBOCTD, cTe- | Y TOUHEHHe HOMUHAALHOT Mo

CTRHA AH, BIAMHOCTR, atMoctepioe | NeHb  SAMMTH, OoKPHTAC, | HOCTH, BHOOP EIEMaTHYCCKON
AABACHHE, 2ATAI0BEMHOCTE, 38- | CMAIKE MOLKGHEALLAN, CTENCHH I2LIH-
NEACHAOC T TH, EMA3KH

Mexanwveckue sodgefi- | Cnocod cowmenenna apwratens c | Jonyerassle  Rarpysge  wa | [Tposepra MEXSHRTECKOR

CTBHA MEXAHHIMOM, MEXAHHIECKHE BO3- | OOJWBOHHEH,  AONYCTHMBIE | NPOYHOCTH ABKCATENR
AeficTRHA co cTOpoNH GyulaMer- | HATPYAIKH HA Ban, sHOpocTof-
T4 ¥ O CTOPOHE MEXAHHIME KOCTE

¥cranosRa TpefyeMan TowHOCT: YCTakoRKE, | TOUHOCT: BHDOAWERHs YeTa- | BuGop wcnoatedns no choco-
HCOOAHEHRE MEXAHH3MA [0 COOCO- | HOBOYHMX PA3MepoB, ucnoAHe- | 6y MOHTAMA W TOYHOCTH YC-
Gy MORTEME g no cnocofy MOHTamAa TAHOBOMHEX paiMepon

[Monrnioaente K ceTR Hanpamerie # 9aCTOTA CETH Hampaxense ¥ 9actoTa et | Bubop nsuratean no wanps.

WEHHID H Y3LTOTE CETH

Bannnee ®a vexanEaw | JonycTHuee ypoBRH wyma | Yposmm wyma ® enGpanun | Bufop amuratens no ypoBHaM
H OKPYMEIOULYI0 cpely | pROPALNH MEXAWHIMA, SCTETHUEC. | ABHTATEAR, SCTCTHTECKHH Ypo. | WyMa W siufpanun

ke TpeboBaRas BeHb
IKOHOMHEYECKEE DOKA- | CTOMMOCTh OTKA3a, LARTEAb#ocTs | HajemuocTs o L0ATOBedHOCTD, | CpapHedHe BAPHAHTOR No OPH.
JaTead HACPYACHAR B rod, kospPHTHeNT | HAANURE BCTPOEHHOA JWMTH, | BEACHHHM JATPATIM

3arpy3gH, croRwocTs saektpo- | KILJL, xosp@EuHenT MoulHO-
SHEPrHH, CTORMOCTE KOMNERCALHE | CTH
peaxTREHOR MOMHOCTH

Jleuzamens eviouparom:

-II0 HOMHHAJIbHOM MOIITHOCTH;

-TI0 YaCTOTE BpaIEHUS;

-0 MOJU(UKAITUY;

-T10 YCJIOBHSIM OKPY>KaloIlIe Cpebl;

-0 TOYHOCTH YCTAHOBOYHBIX U MPUCOEAUHUTEIBHBIX Pa3MEPOB;
-110 C1I0c00y MOHTaXa;

-0 JOMYCTUMOM 4acTOTE MyCKa;

-TI0 CIOCcO0y 3alUTHI;

-TI0 YPOBHIO IITyMa;

-TI0 TOTTYCTUMBIM Harpy3KaM Ha MOAIIUITHUK;
-TI0 OCHOBHBIM TEXHUUYECKHUM TapaMeTpaM.

Buvioop osucamena no HOMUHAIbHOU MOWHOCHIU



Hns pacuera MoulHocTH, KBT, H Bpamalwpouero MoOMeHTa,
H-m, na Bany asurarens chenyer mnoJib3oartbess dopmyna-
MH:

BpallaTteJibHOe JIBHXeHHe
Mn
P - 10—3:
9,55 i

9.5 p.103

M=
noabeM rpysa
P = m—fﬂ 10—3,
NPHBOJ BeHTHJATOpA

p=-92 103,
7

rae kB — ko3dpduuHeHT, yuuTbiBalomui AeACTBHE NPOTHBOBE-
ca; v — CKOpPoCTh moabeMa rpysa, M/c; Q — pacxox Boany-
xa, M3/c; p — naBJieHHe Ha BhIXolle BeHTmnasTopa, Ila; g —
ycKopeHue ceobGoanoro nageuus, m/c?; m — KIII BeHTHnsn-
10pa, NOABEMHHKA; M — Macca, Kr.

[TomyueHHbIe 3HAYSHHUS MOITHOCTH YBEJIIMYUBAIOT 0 OJFIKANIIEro KaTaJloKHOTO 3HAYCHUS
HOMHHAIIbHOM MomHOCTH A/l

[Tpu 5TOM, HEOOXOIUMO YUUTHIBATh B KAKOM pexcume OyneT pabotats ABUrarenb. Ha mpaktuke
PEAKO MOJHOCTBHIO COBMAJAET PEXHUMBbI PaOOTHI ABUTaTeNsl U MPUBOJHOTO MexaHu3Ma. B 3aBucumoctu
oT pexuma paborel naBuratens (S1-S8) ero temmeparypHoe cocTosiHUE OYyIeT pa3iIUyHbIM, a,
CIIeZIOBATENBHO, JIBUTATENIb MOXET JIOIYCKaTh OOJBIITYI0 MOITHOCTh HAa Bajy, HallpUMEp, B pexume S2,
geM B pexnme S1.

Mpumep1. Buibpath ABHraTeab AAA BEHTHAATOPA, pabOTAIOWEro B
pexuMe S| H HMelOWero CAeAYIOUIHe BHIXOJHLIE MapaMeTphi:

PacxogBosayxa Q,Mc . . « . . . . + + v 4« + . . . . B
Hannenue Ha suixoae P, IMa . . . . . . . . . . . . . , 1"
KO 5 s 2 @6 2.5 5 @ 8 8 8.5 #3008 5 & 6 @ 5 & @ Usld
Yactora BpallleHHA 7, OO/MHH ., + & +« &+ . « « « o« « « . . 1000

Heo6xoauMmast MOWHOCTb ABHTATENS
QP __ 5-1050
1000n  1000.0,78
Bauwxalwnil mo mowmwmoctH asurarean 4A132M6, P=7,5 kBr, n=
=970 o6/mun.

Mpumep2, BuiGpaTb ABHraTeNb AJIS KPAaTKOBPEMEHHOro pekuma paGo-
Tol S2 npn noabeMe rpysa:

= 6,73 kBr.

Macca rpysam, kr . . . . . . . . . . 8000
Kosddrunenr, yunThpawowHili nporusosec, & 0,5
CropocTs noabeMa v, M/c o ¢ @ 0,1
Bucota moabeMa 1, M . ., . . . . . 4 6,0
KITJL noABCMHHKE . ., . + « + « + & 0,8
UYacrora Bpawenus nsuratens n, o6/MuH ., 1500
Bpems noavema (=h/v=60/0,1, c @ 0 600
Koathdpuunent ypennuenus momunoct Kp . 1,5
Mousocets asurarens
mkgu-10—3 8000-0,5-9,8-0,1-10—3
P Kon 1 5.0.8 3,27 kBr.

Bawxaiwnii no Mownocth asuratean 4A100L4 (P=4,0 kBt n=
= 1430 o6/MuH).

Buvioop osuzamens no mooughurkayuu



Cormacao ['OCT P 51689-2000 moaudukamnus: «pasHOBUIHOCTb JBUTATEINS, CO3/1aBacMas Ha
OCHOBE JBUTATENs, MPUHATOrO 3a 0a30BOE HCIOJIHEHHUE, C IENbI0 PACIIUPEHUS WIN CIEIUATH3AINH
cdepbl ero UCIIOIb30BAHMS.

JlBurarenb, W3TOTOBICHHBIH HAa OCHOBE Y3JI0B OCHOBHBIX (0a30BbIX) JBHTraTelied HMEeT
HCO6XOI[I/IMLIC KOHCprKTI/IBHBIe OTJINYHUA 110 CHOCO6y MOHTAaXxa, CTCIICHU 3alllUThI, KJII/IMaTI/I‘-IeCKOMy
WCIIOTHEHUIO U APYTUMU TTapaMeTpaM.

Cozpmanue nBuraresei ¢ pa3imuHol MoauduKanuen mo3posisieM Hanbonee 3ppekTuBHOE €To
HCIIOJIb30BaHHUE B KAXKJIOM KOHKPETHOM CITydae MPUMCHEHHS.

B 1a6:1.2 naHbl pa3nuyHbie BApUAHTHI TPUBOAHBIX MEXAaHH3MOB C IIENIbI0 MToA00pa Tpedyemoi

MOI[I/I(i)I/IKaI_[I/II/I JABHUIaTCJIA.

KpaTHOCTE MOMEHTS x Xapawtep -
N0 OTHOWEeHHID K CTATHYeCHOMY APAKTED~ | yag gaci0-
Hasmenosatie MeXaEHIMOR MOMEHTY MEXaHHIMA pe:‘:u:u Ta BHSH-
+alho Th TEH A
MY CHOBO Mo I MAKCHMANEHOMO L g—%
Hacocwu: 5153 1—30
uenTpobemKnue, 0,3 1,5
ocepLie
BaKyyM-HACOCH 0,3 1,4
NoplIHeBLie 1—1,5 2,0
Benthaatopu; s1 1—6
ueHTpoferHne, 0,3 1,1—1,3
ocenke
ABIMOCOCH 0,5 1,75
ITnexw 1—1,5; 2—2.5; S1 1—6
2—3 2,5—3
MauHunyasaTopel, TOAKA- 2,5—3 2,5—3 51—S55 1—6
TelH, KAHTOBATENH
3ansHmKA 3—3,5 3—3,5 ) S1—53 G5—30
Llentpudyrn, cenapa- 2,25 2,25 51 1—6
TOPEI
Mawnnw GapabaHuoro 1,25 2,5 51—54 1—6
THIIA
Koumnpeccopu: 51 1—G
JOMATOYHEE 0,3 1,5
o6 beMubIe 2-2,5 2—2.5
IMoabeMHHEN 1,4 1,4 52, 853, | 30—200
56
Hpobunku 1-—1,5 2,5 51, 82 1—6
BypoBre cTaHkx 1—1,5 2,5 S1 1—6
IMaau 1,0 1,5 I s1, s3 | 6—120
BuGparopt 2—2,5 2—2,6 | s1—s3 | 1—30




Kyaneuno-npeccoBue 2,75—3 2,753 S3—S6 | 1—6
MalllHHH  ([peccH, Mo-

JOThHE}

[lpeoGpasoBaTtenu sHep- 0,5 1,5 S1 1—6
THH

3auHcTHLE, wando- 0,5 1,5 S1, S2 1—6
BafNbHble, LIETOYHO-MO-

CUHble MalIHEL

MeTtannopexyuye 1,2; 2,0 1,5; 2,5 Sl, 83 | 1—6
CTaHKK (rNaBHLIA TpH- S6

BO/)

ITpaauabHBIE MalIHHBL 2,2—2,5 2,5-—2,7 51 1—=30
TrauxHe cTaHKH 2,2=-2.,5 2,527 51 1—100
IMuratenu, nozaTopsl 3—3,5 3-3,5 | S1—-S83 | 130
Vkaanyuke, iitaGene- 1,5 2,5 S1—54 | 1—100

pH




Cpeannan YacTola Kosdhm- | =,
. NpOAG/THHA- Mouy- Bpallie- LMCHT g K_g_
HauMeHoBaHHE MEXIHHIMOB | TeALHOCTh |  HOCTE, iy sarpysxu | S3E3
GoTh! KET off /a1 no Molls ,L."-'E:t
B rog, 4 HOCTH :*..?sﬂ
Hacocu: 1000— |0,1—360{ 3000, |0,5—0,9
4000 1500
HenTpobeHHble, A
OCeBhLIg
BaKyyM-Hacochl A
nopIIHeBLle P, C
Bentuaaropu: 3000 (0,1=100| 3000, |0,7—0,9 A
1500,
1000,
750, MC
uenTpobeRHbe,
ocentle
ABMOCOCH
Hluern 1000— |0,1—=300 1500, |0,7—0,8] A, P
1500 1000
Maunnyaatope, Toa-| 80— | 0,1—30 1800, |0,4—0.8 A C
KaTedlH, KauToBaTeH 1500 1C00, MC
JanBHMEH 500— | 0,1—10 1530, |0,7—0,8] A C
1000 1C00, MC
Uentpudyrn, cenapa-| 500— | 0,1-3001 1500, |0,8—0,9/ P
TOPH 1000 1000
Mawmns  GapaGau-| 3000 | 0,1—100] 1500, |0,7—0,0] A C
HOrQ THNA 1000
Koumnpeccopu: 1500— |0,1—=300
3000
JNonaTouHble 3000, |0,7—0,9| A, C
1500
o0 BEMHEE
Moawesimikn ﬁﬂD—IEDﬂIU,l-—ED 1%'3. 0,7—0,8] A, C
10040,
750, MC
Ipo6uaku 1500 =100 1500, 10,4—0,9] A, P
1000,
750
Bypobue cTankn 3500 |0,1-30 1500, |0,4—0,8| A C
1000, 750
Meaw 3000 1—20 | 3000, (0,7—0,9] A
1500,
1000, MC




Cpeannn Kospdm- | &,
NpoRoHH- Mom- YacToTa LHEHT gz
HarMenoBaiiie MeXaHH3MoB | TemMocTs |  Mocrs, | mpaliedms, | sarpysun g %?“
paGoThi KBT of/Mux no Moll~ | & hgé
B ron, 4 HOCTH PupZ =
Bu6parops 3000 |0,1—50 | 3000, |0,3—0,9| P
1500,
1000
KyaHeuHo-npeccosuie 500— |0,1—100] 1500, 0,25— C
Mauuel (mpeccel, Mo-| 3J00 1000 0,9
JIOTH)
[TpeoGpasosatenn 3000— 2—100| 3000, 0,8 A B
3HEPruy 8000 1500
Rauncrame,  wandgo-| 1500— |0,1—100| 3000, [0,7—0,9| A, B
padbibie, leTouHo-Mo-| 5000 1500,
cHfible MalIHHBI 1000
MeTtannopex ymue 1500 |0,1—50 | 3000, |0,3—0,7| A, B,
cTaHkH (rNaBHBI TIpH- 1500, C
BOA) 1009, MC
[Ipspuapubie mawnnw | 3000— |0,1—30 | 3000, |0,6—0,9| P
5000 1500
Tkallkue cTaHKH 3000— |0,2--30 1500, 10,6—0,9| P
5000 1000
Muratesn, nosaropu | 3000— (0,1-50 | 1500, |0,7—0,9/ C P
8000 1000
Yknaguuku, mrabene-| 500— 0,1—5 1500, (0,7—0,9] A, C
pHl 8000 1000, 750
Mpumevanwe B TaGadue npuHATE CAeAyOiide o603HaYeHHs ABHra-

Tencit: A — Gazowore pata, B — peTpoeHHble, P — ¢ noOBBUNENHBIM NYCKOBLIM MO-
menToM, C— ¢ NoBLIEHHBIM CKOALKCHHEM, MG — MHOTOCKGPOCTHEE,

IIpakTnueckas padora Ne 4

Hccienopanue 3J1eMEHTOB pesIeiHO-KOHTAKTHOM annaparypsl

Ieanb padoTsr: M3yuyeHue BUIOB PEIEHHO-KOHTAKTHOMU aIlliapaTyphl, yCTPOUCTBA U IPUHIIAIIA
paboThI ee DIIEMEHTOB
3amanme:
1. BuaumarenbHO U3y4yUTe MaTepHal Mo TEME.
OTBeTbTE HA BOIIPOCHI:

OO111ee Ha3HAUYECHUE AJIEMEHTOB PEIeHO-KOHTAKTHOW anmnaparyphl.

oanN

[lepeuncnure s5eKTpoMeXaHUYECKHE YCTPONCTBA, IPUMEHSIEMbIE B CUCTEMAaX aBTOMAaTHYECKOTO
peryaupoBaHusl.

[TonsiTHE «DNEKTPOMArHUTHOE PENIEY.

OnummMre Ha3HAYCHHE, YCTPOUCTBO M MPUHIUI PAOOTHI AIEKTPOMArHUTHOTO pelie.

Onumure Ha3HAYEHHE, YCTPOUCTBO M MPUHIIUI PabOTHI TEIIOBOTO pejie.

O6nacTh NpUMeHEeHUs! OECKOHTAKTHBIX JIOTHUYECKUX 3JIEMEHTOB.

Onumure Ha3HAYeHHE, YCTPOUCTBO U MPUHIUI paObOTHI AIEKTPOMArHUTHOTO pelie.
[IpuuncnnTe JOrUH4YecKe IEMEHTHI, UCIOJIb3YEMBbIE B PEJIEHHO-KOHTAKTHOM ammapaType.

SKQ o o0

Onunnre Kak 0003HAYaI0TCI HAa CXEMaX JOTHUYSCKHE DJIEMEHTHI H UX COCTOSHUS.



Bo wMHoOrmx cucremax aBTOMAaTHMYECKOIO pEryJIMpoBaHHs W ympasiaeHus cucreM TIB
IIEPEKIIIOUYCHNUE OTACIBHBIX LEeNed, HX 3aMbIKAHME M DPA3MbIKAHHE BBIIIOJIHACTCA C IIOMOIIBIO
JJIEKTPOMEXAHUYECKUX YCTPOWMCTB: pele, KOHTAaKTOPOB, MAarHUTHBIX ITyCKaTeJIEH, aBTOMATHUYECKUX
BO3JYIIHBIX BBIKJIIOUaTENed. ABTOMAaTUYECKOE YINPABICHUE C IPUMEHEHUEM pele, KOHTaKTOpOB,
MarHMTHBIX IIyCKaTeJCH, a TaKXKE PA3IMYHBIX MEXAHWYECKUX MEPEKIIIOYAIOIINX YCTPOUCTB HA3BIBAIOT
PEJIEHHO-KOHTAKTHBIM YIIPABJICHUEM. 3aMbIKaHUE UM Pa3MbIKaHUE ICKTPUYECKUX LENEH IPOUCXOAUT
B OTOM CJIy4ae MEXaHHYECKUMHU KOHTAaKTaMH, KOTOpBIE NPUBOAATCS B JBUKCHHE TEMHM WJIH HHBIMHU
CIIOCO0aMH.

OcHoBy anmaparypbl pelelHO-KOHTAKTHOI'O YIPABJIEHUSI COCTABIIAIOT pEJI€ U KOHTAKTOPBI.
IIpuMeHArOTCS TaK)Ke MAarHUTHBIE ITyCKATEIIN — PA3HOBUIHOCTH KOHTAKTOPOB, a TAK)KE€ aBTOMATHYECKHUE
BO3JyLIHBIE BBIKJIIIOYATEIN — DJIEKTPOMEXAHUYECKUE YCTPOMCTBA JUIsI HEYaCThIX BKIKOYEHUH U
OTKJIIOYEHUHN JIIEKTPUYECKUX LENeW M 3allUThl MX IpU KOPOTKUX 3aMBIKAHUAX M JUINTEIbHBIX
neperpysKax.

ONEKTPOMarHUTHOE pelne —  JIEKTPOMEXAaHMYECKOE  YCTPOWCTBO, 3aMbIKalOIlee WU
Pa3MBIKAIOLIEE NIEKTPUUECKUE KOHTAKThI 0]l BO3IEHCTBUEM YIPABIAIOLIEr0 curHaia. OTe4ecTBeHHON
IIPOMBIIIJIEHHOCTBIO BBIITYCKAIOTCS Pa3JIMYHbIE THIIBI JIEKTPOMATHUTHBIX peje, OTIMYAIOUIMXCSA I10
KOHCTPYKLHH, HA3HAYCHUIO U IPUHLNITY JEHCTBHUA.

Puc. 1. KoHCTpyKIIUS 37IEKTPOMAarHUTHOTO peiie

DJEeKTpOMarHUTHOE peJe COCTOMT U3 cepaeuHuka 1 (puc. 1), karymku 2, skops 3,
KPOHIITEIHA 4, 3aMBIKAIOIIUX U PA3MBIKAIOIIMX KOHTAKTOB 5 M 6 M BO3BPATHOU NPYKUHBI 7. BBIBOIBI 8
KaTyIIKH pesie U KOHTAKTOB 9 u 10 moacoeInH0TCS K COOTBETCTBYIOIINM LEMAM YIIPaBICHUS.

[Ipu mporekanuu TOKa uepe3 OOMOTKY 2 CepAeYHUK | HaMarHU4YMBaeTCs W NPUTATUBAET
AKOph 3. MexaHnyeckoe ABWKEHHUE SIKOPS NMPUBOIUT K 3aMBIKAHMIO KOHTAaKTa 5 W PA3MBIKaHHIO
KOHTaKTa 6. B pe3ynpTaTe NpOMCXOINUT 3aMbIKaHUE WM PAa3MbIKaHUE HJIEKTPUUECKON LIETIH.

KoHTakThI pene 3aMbIKalOT WIN Pa3MbIKalOT MIPEUMYIIECTBEHHO LIENM YIIPABJIECHUS, I1€ TOK HE
IIPEBBILIAET HECKOIBKUX aMIIep.

B 3aBucumocTu oT BpeMeHH cpabaThIBaHHUsI KOHTAKTOB Pa3MyaloT pejie MTHOBEHHOIO JeHcTBUs
U perne C BBIAEPKKOM BpPEMEHHU. B pere MIHOBEHHOIO [EHCTBUS KOHTAKTBI 3aMbIKaloTCd (WIn
Pa3MBbIKAIOTCS) MPAKTHUYECKU cpa3y MOcje MOCTYIJICHUS HalpsyKeHUs Ha KaTylIKy pene (Wid mocie
MCUYE3HOBEHMS HAMPSKEHUS Ha KAaTyILKe).

B pene ¢ BBIIEPKKOM BPEMEHM KOHTAKThl 3aMBIKAIOTCS WIM PA3MBIKAIOTCS HE Cpasy IOCIE
IIOCTYIUICHHs Ha pelie CUTHala YINpPaBICHMs, a C HEKOTOPOW BBIIECPKKOW BpeMeHH. lIpuMeHeHue
KOHTAKTOB PeJie C BBIJCPKKOW BPEMEHH BBI3BAHO MPAKTHUECKON HE0OXOAMMOCThI0. Perne ¢ Bhiaep kKo



BPEMEHHU HCIIOJB3YIOTCSA, HAlpUMep, IpPHU aBTOMATUYECKOM YIPABICHUM ITyCKOM ACHHXPOHHBIX
aBUraTeneil ¢ ¢asHpIM POTOPOM B KPAHOBBIX MEXaHHW3Max, KOHBEHWepax WM Ipyrux clydasx, Te
TpeOyeTcs co37aTh BBIIEPKKY BPEMEHU, HEOOXOJUMYIO JJisi pabOTHI TOrO MM MHOTO MEXaHU3Ma.

Haubonee nmpocteiM criocobom Beiepxkka BpemeHH (10 10-12 ¢) mpu oTmycKaHUM pesie MOKET
ObITH CO37aHa, HANpPUMEpP, BBEIACHHWEM METHOW THIIB3bl MEXJYy OOMOTKOW pele M CepJCUHUKOM.
Bbiepkky BpeMEHU MOXHO CO3/1aTh U APYTUMH CIIOCOOaMH, HallpuMep, BBOJS 4aCOBOM MEXaHU3M B
KOHCTPYKLHIO penie. Takue pesie Ha3bIBatOTCsl MaSTHUKOBBIMU PEJIe BPEMEHH.

B HekoTOpbIX THIIAX pelie BpeMEHU UMEETCs KyJIauKOBBIN pacipeeuTeNbHbIN BaIMK, KOTOPBIH
IPUBOAMUTCS BO BpAIllEHUE 3JIEKTPOJBUIaTesIeM HeOONbIIoW MomHOCTH. [Ipu BpamieHun Banuka
KyJauKOBBIM  MEXaHM3MOM  3aMBIKalOTCS WJIM  pPa3MbIKAIOTCSI KOHTAaKThl B  ONpPEIEIEHHON
IIOCJIEZI0BATEIBHOCTH YEPE3 COOTBETCTBYIOLIME IPOMEXYTKM BpeMEHHU. B Takux perne BblIEpiKKa
BPEMEHM MOXET HCUUCIATHCS OT HECKOJbKUX CEKYHJ J0 HecKoJbKuX uvacoB. [Ipumepom Takoit
KOHCTPYKLIUU MOeT ObITh 3nexkTpuyeckuil npudop KOII-12, npumMeHnstomuiics npu aBTOMaTU3ALNH,
HarnpuMmep, BEHTUISILIUOHHBIX YCTaHOBOK.

B otraenpHBIX CilydasX 3JIEKTPOMAarHUTHBIE pelieé MOTYT BBINOJHATh (YHKLHIO 3aIIUTHI
3JIEKTPOYCTAHOBOK.

Takyto (GYHKIMIO BBINOJHSIOT pelié MaKCUMaJIbHOTO TOKAa. OTH pene cpabaThlBalOT IMpU
KOPOTKHMX 3aMbIKAaHHUSX B DJJIEKTPUYECKHX LEMSIX M HAcTpauBalOTCid HAa TOK B OOMOTKE pele,
IIPEBBILIAIOIINI HOMUHANIBHBIN B 2-2,5...11 pas.

Jl1s 3a1nThl 3J€KTPOYCTaHOBOK IPU JUIUTEIbHBIX MEPErpy3Kax MPUMEHSIOTCS pelie TEIIOBBIE.
OTu pene, B OTIIMYUE OT 3JIEKTPOMArHUTHBIX, KaTyIlIeK HE UMEIOT.

-
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] yrpasnorn R Puc. 2.KoHcTpykiuus  TEmJIOBOTO

pene:

a — cxema pene; 6 — ycaoBHOe 0003HAUeHHE KOHTAKTa TETIOBOTO pelie B
ANEKTPUUECKUX CXEMAX

B KoHCTpyKIHIO TEMIOBOTO peje (puc. 2.) BXOAUT HArpeBaTEIbHBIA AJIEMEHT (HHUXPOMOBAs

MJaCTHHA WM OTPE30K HUXPOMOBOM TIPOBOJIOKH) 4, BKIIOYAeMBI B IIEMb TJIABHOTO TOKa,
OuMeTayuIMyecKas IulacTuHa 1, mpeacTaBIsionas MpoIoJbHbIN cllaif MHBapOBOM M CTalbHOW IUIACTHUH,
3amiénKa 2, KOHTAaKTHas cuctemMa 3, ocHoBaHue 6. Ecnm B 1enu HarpeBaTEIbHOrO 3JIEMEHTa TOK
JUTMTEIIBHO TIPEBHIIIAeT HOMHUHANBHBIA Ha 20-25 %, TO MPOUCXOIUT HarpeBaHUWE ATOTO AIIEMEHTA,
OMMeTayuIMyecKass IUTAaCTHHA HarpeBaeTcs W 3a CU€T pa3nuyHoro koddduimeHta JIUMHEHHOTO
paciidpeHusi WHBapa W CTaiu wu3rubaercs, ocBoOoxmas 3amEnky. KoHrakTtel 3 mon nedcTBUEM
MPYKUHBI 7 Pa3sMbIKAKOTCA, B PE3YyJIbTAaTE MPOUCXOAUT OTKIKOYEHHUE DIEKTPOYCTAHOBKU OT MUTAOLIECH
cetn. [locme oOCThIBaHUSI HArpeBaTENILHOTO DJJIEMEHTAa M OMMETaNIMYeCKOW TMJIACTHHBI KOHTAKT
TEIUIOBOTO pejie MOKET OBITh BO3BPALIEH B UCXOJIHOE paboyee COCTOSHUE KHOMKOM BO3BpaTta 5.
KoHTakTOp — 3JIeKTpOMarHWTHBIA amnmapar, NpeaHa3HAaYeHHBIN [ 3aMbIKaHUS U Pa3MbIKaHUS
CWJIOBBIX Lienel moj Harpy3koi. Ilo cuJIOBBIMM LENSMHU, WIA LENSMHU IVIABHOTO TOKA, TOHUMAKOTCS
LeNU CUJIOBBIX MoTpeduTeneld. B Takux nensax HaOM0Aar0TCsl TOKU MOPSAAKa AECATKOB — COTEH amIep.
KoHTakTOphl HE MMEIT NPUHIMIHAIBHBIX OTIWYUN IPU CPABHEHUU C IJIEKTPOMATHUTHBIMU pEJIE.



KonTakTtoppsl HMMEIOT yCTpoiicTBa jayroramieHuss U 0Oojee MacCHBHBI IO CpPaBHEHUIO C
QJICKTPOMAarHuTHBIMHA PEJIC.

MaruuTHbIH IIyCKaTCJib — 3TO KOHTAKTOP C BCTPOCHHLIMU TCIIJIOBBIMH PCJIC, TPUMCHACTCA OJIA
BKIIFOUCHHA CHIIOBBIX ueneﬁ (I‘JIaBHBIMI/I KOHTaKTaMI/I) u ueneﬁ YHpaBJICHUA (BCHOMOI‘ aTCJIIbHBIMU
KOHTaKTaMI/I), a TaKXE OJ1d aBTOMATHYECKOM 3al0UTBl J3JICKTPHUYCCKUX HCHCI\/JI npu JIATCIbHBIX
neperpys3Kax.

ABTOMaTHYECKHUI BO3AYIIHBIN BBIKIIOYATENb (ABTOMAT) — 3TO 3JEKTPOMArHUTHBIN ammapar He
JUCTAaHLIMOHHOIO JEHCTBUS CO BCTPOCHHBIMU peEJ€ MAaKCUMaJIbHOTO TOKAa WM TEIUIOBBIMHU pelle,
MIPUMEHSAETCS U1l BKJIFOYEHHMS M OTKJIFOYEHUS AJIEKTPUYECKUX LIENel M aBTOMATHUYECKOW 3alllMThl UX
IIPpHU KOPOTKUX 3aMBbIKaAHUAX U JJIIMTCIBHBIX MIEPCTPY3KaAX.

Pa3sutne CpCACTB AaBTOMATHUYCCKOI'O YIHpaBJICHUA MNPOU3BOACTBCHHBIMH IIPOLCCCAMU U
BO3pacTaoIne TPpeOOBaHUsI K YCTPOMCTBAM aBTOMATHUKHU MPHUBEIM K HEOOXOIUMOCTH MPUMEHEHHUS B
HUX HOBBIX NMPUOOPOB M YCTPOWCTB, MO3BOJSIIOIIMX PEIIaTh 33a4l aBTOMATUYECKOTO YIpaBJICHUS Ha
0os1ee BHICOKOM ypoBHE. K uucily Takux yCTpONCTB OTHOCATCS OECKOHTAKTHBIC JIOTUYECKUE SJIEMEHTHI,
pealM3yronue Te Wi HHbIe Jorudeckue (yHKiuu. VX mpuMeHeHHe B cXeMax aBTOMAaTHKHU BBI3BAaHO
T€M, YTO MPU ABTOMATUYECKOM YIPABICHUU BCEBO3MOXHBIMH TEXHOJIOTMYECKMMHU IIPOLIECCAMHU U
MallMHaMHU  OOJBIIMHCTBO BBIMIOJNHAEGMBIX OIEpalii HOCUT XapakTep JIOTUYECKUX pEelICHUH.
EnvHUYHBIN NPOCTEUIINI JIOTUYECKUH AJIEMEHT PEATU3yeT U MPOCTYIO JOTUYECKYIO ONEPALIHIO.

[Ipocreiiniyio JTOrH4YecKy0 (YyHKIHUIO BBIMOTHSIIOT 3JIEKTPOMArHUTHBIE pelie TPH 3aMbIKaHUU
WA Pa3MBIKaHUH CBOETO KOHTAKTa. Jlorndeckast GyHKIHS pesie MOsICHIETCs Ha puc. 3.

My =X

K Puc. 3. Cxema, nosicHSIOIIas TOTUYECKYIO (PYHKITHIO

SJICKTPOMArHuTHOT'O pelIc

Ecnn Ha obMotky pene K momaércs ympamisioniee HampshkeHHE, KOTOpOe
K:1 MOXHO CUMTaTh BXOJHBIM CHUTHAJOM X pelie, TO pene cpadaThiBaeT U 3aMbIKAET KOHTAKT
K, B pe3ynbpTaTe 3aMbIKaHHEM KOHTAKTa BbIpAOATHIBACTCSI CUTHAJ BBIXOJA

Y (tima) Yy B BUJE YIPABISIOLIEr0 HANpsOKEHUs. 3aMKHYTOE COCTOSTHUE KOHTAaKTa
pene COOTBETCTBYET MPOCTEHIIEH JIOTUYECKOW OMepauu «YTBEPKICHHUE», HA3bIBAEMOM TaKXe
onepauueil JIA (paspelieHue Ha BKJIOUYeHHE). Pa3MmblkaHHME KOHTAaKTa COOTBETCTBYET JIOIMYECKOU
onepauuu «Otpunanuey, uian onepaunud HE (3amper Ha BKiIIOUeHHE yCTpoilcTBa mociie pa3MbIKaHUs
KOHTAaKTa).

Jlornueckast onepanus J[A COOTBETCTBYET YCIOBHO HA3BaHHOMY COCTOSIHUIO JIOTMYECKOMN
eauHuLbl (Jlornyeckas 1), a mornyeckas onepanuss HE cooTBeTCTBYyeT COCTOSIHHIO JOTHYECKOTO HYJIS
(;mornyeckuit 0). Takue ke COCTOSTHUSI MOKHO MEPEHECTH Ha BXOJAHOW CHTHAI X U BBIXOJHOM cHUTHAN Y:
HaJu4he CUTHAJIa COOTBETCTBYET COCTOSHMIO JIOTHYECKOW €IWHMIIBI, OTCYTCTBUE — COCTOSHHIO

JIOTHYECKOTO HyJIs (111 KpaTKOCTH 1 = O pm x=1, ¥= {}I/IJ'II/I y=1 ).

Penelino-kOHTaKkTHas amnmaparypa, MJIATEIbHOE BpeMsl MPUMEHSABIIASCSA /JIA 3aMbIKaHUS U
pa3MbIKaHUsl JIEKTPUUECKUX LENeld C MOMOIIbI0 MEXaHMYECKOTO KOHTAKTa M BBIMOJHEHUS IPHU 3TOM
Pa3IMYHBIX JIOTUYECKHX OMNeparuii, UMeeT Psj CYIIECTBEHHBIX HEIOCTATKOB: CPaBHUTEIHLHO HHU3KYIO
Haa&XKHOCTh W3-32 OOropaHus KOHTAaKTOB, OOJBIIYIO Maccy U rabapuThl, HEBO3MOXXHOCTh
HCIIOJIH30BaHUS BO B3PBIBOONIACHBIX U arpPECCUBHBIX CPeliax, 3HAYUTEIHHOE MOTPEOICHUE SHEPTHUH.

CoBpeMEHHBIE TEXHUYECKHUE CPEICTBA MPOMBIIUIEHHON AJIEKTPOHUKHU TO3BOJISIOT BBIOIHATH
3aMBIKaHWE WM Pa3MbIKaHHUE DSJICKTPUUYECKON Ienu Ha OECKOHTAKTHOM mpuHIMNe. J[ns 3Tux uene



IMPUMEHSIOTCS  Pa3JIMYHBIC IIOJYIPOBOAHHMKOBBIE YCTPOMCTBA — IPEUMYLIECTBEHHO JAMOABI U
TPaH3UCTOPBHI.

beckoHTaKkTHBIE JIOTMYECKHE DJIEMEHTBI, BBIIIOJIHEHHBIE HA OCHOBE IOJYNPOBOJIHUKOBBIX
YCTPOWCTB, OONAgar0T WENbIM pSAAOM IPEUMYIIECTB, BAKHEHIIMMH U3 KOTOPBIX SIBIISFOTCS:
J0JATOBEYHOCTh Pa0OThI, Mayble rabapuThl, OBICTPOACHCTBUE, BHICOKAS YyBCTBUTEIBHOCTh K BXOJHBIM
YOPAaBIIOIMM CUTHAJIAaM, MaJjlasg YyBCTBUTCIIBHOCTb K YCJIOBUSM BHEIIHEH Cpelbl, OTCYTCTBHE
HEOOXOJMMOCTH B IIOCTOSHHOM 3KCIUIyaTallMOHHOM yXOJe, Majoe NOTpeOJIeHuEe SHEpruu, HU3Kas
CTOMMOCTb, TEXHOJIOTMYHOCTb U3TOTOBJIEHUS, BBICOKAs HAEKHOCTD.

He BaaBasch B TEXHMUYECKYIO PEAIN3ALUIO JOIMYECKUX 3JIEMEHTOB (BHYTPEHHIOIO CTPYKTYPY),
MO>HO aHAJIM3UPOBATh UX COCTOSHUE, YUUTBIBAs IIPU 3TOM, YTO 3HAYEHUE CUTHAJIA BBIXOJA 3aBUCUT OT
CHTHAJIOB BXOJla B COOTBETCTBUH C TOH (DyHKIMEW, KOTOPYIO BBIMOJIHSAET TOT WJIM MHOW JIOTMYECKHUIA
aneMmeHT. Jlormueckue snemeHTbl 0003HayaroT B coorBercTBUM ¢ ['OCT 2.743-82 ynpoméHHbIM
CHUMBOJIOM — NPSIMOYTOJIbHUKOM, 100aBisisi B MPSIMOYTOJbHUKE T€ WM MHbIE 3HaKU. B cooTBETCTBUU C
IPUHATBIMU 0003HAUYEHUSAMHM, JIOTUYECKUH 31eMeHT JIA mpumer Buj, Kak MOKa3aHO Ha puc. 4, a ero

. - = - v =4
COCTOSIHHUE BHIPA3UTCS TaKOM 3amuchio: ecan X = £ | 1o + cecmu X =0 10 .
x il ¥
Puc. 4. YciioBHOe 0003HaYCHHE JTOTUIECKOTO ieMenTa J[A
x 11 ¥ Puc. 5. YcnoBaoe o0o3naueHue porudeckoro dnementa HE

Jlornueckwuii anemenT HE 0603HavaeTcs B COOTBETCTBUHM € PUC. 5, @ €T0 COCTOSIHHE MOYKHO

cecn =0 10 y=1 .

P —

IPEICTABUTD 3aIUCBI0: €I + = i , TO ¥

Kpome mpocTeimnx ITOrmueckux 3JIeMeHTOB, BbimonHstommx ¢yHkiuu A, HE, umerotcs

Jpyrue, BBIMONHAIKE Ooliee ClIOXHBbIe Jorndeckue (yHkuuu. K HUM OTHOcATCS Haubolee 4acTto

npuMeHsronmecs ocHoBHbIe Jorndeckue snementsl WJIN, NI — HE, U, U — HE, IITAMATD. B stux

JIOTUYECKHUX JJIEMEHTaxX YHCJIO BXOJIOB BCETJa HE MEHEE JBYX. YCJOBHBIE O0OO3HAUCHHUS OCHOBHBIX
JIOTUYECKHUX 3JIEMEHTOB MIPUBEACHBI B Ta0. 1.

Taonumal.

VcnoBHBIE 0003HAYCHUS JTJOTHUYECKUX JIECMEHTOB M UX COCTOSTHUS

Nornyeckuir a3nemedT YcnosHoe 0b03HayeHne Bo3MOHbBIE COCTOAHMA

e

W 1 - X1=1xp=0y=1x1=0xp=1y=1x1=1xp=1y=1x1=0x2=0)y=0
X2 |
xy 1

WKW - HE -4 ¥1=1x2=0y=0x1=0x2=1y=0x1=1x2=1y=0x1=0x32=0)y=1
x| |
xn —|& v

0 X1=1x3=0y=0x1=0x2=1y=0x1=1x3=1y=1x1=0x2=0y=10
g —

M - HE ¥ &-J X1=1x2=0y=1x1=0x2=1y=1x1=1x2=0y=0x1=0xp=0¥y=1
x| |

NAMATE S » X1=1x2=0y1=1y=0x1=0x2=1y1=0y2=1

B cootBercTBuM ¢ Tabn. 1 B moruueckom snemente WJIM npu Hamuumu curHaia jJorudeckon 1
XOTs1 ObI Ha OJTHOM M3 BXOJIOB — Ha BBIXOJIC — CUTHAJ MPUHUMAET 3HaueHue yorndeckoil 1. Ecou Bce



BXOJHBIC CHUTHAjJbl paBHBI JIOTHYECKOMY HYJIO, TO CHUTHal Ha BbIxone daemeHta WJIM pasen
JIOTUYECKOMY HYJII0. Takue JOrM4eCcKrue ONepani COOTBETCTBYIOT JOTHUYECKOMY CIIOKEHUIO.

Jlornuecknii anement MJIM — HE BbINonHsAET onepanuio JOrHYECKOro CI0KEHUS ¢ OTPULAHUEM
pe3yibTara.

Jloruueckwuii 3nmemMeHT U BBIMTOHSAET (QYHKIUIO JIOTUYECKOTO YMHOKEHUS: TTPU HATMYMH CUTHAJIA
Joruyeckoi 1 Ha BceX BXOJ/1ax — Ha BBIXOJIE — YCTAHABIMBAETCSI CUTHAJ JIOTMUYECKOi 1, ecnu XoTs Obl Ha
OJIHOM M3 BXOJIOB CUT'HAJI IPUHUMAET 3HaYEHUE JIOTHUecKoro () — Ha BBIXOJ/I€ — TAKKE YCTaHABIUBAETCA
curHai jgoruyeckoro 0.

Jlornueckwnii anemenT U — HE BbImonHAeT GyHKINUIO JOTHYECKOTO YMHOKEHHUSI ¢ OTPUIIAHUEM
pe3yibTara.

B noruueckom snemente [TAMSTD (B mpocreiiniieM MCIOJHEHMHM) UMEETCA JBa BXOJa U JBa
pa3neNbHBIX BbIXOAAa —VYi,Y2. Ilo ycrmoBusiM pabOThI 3TOrO JJIEMEHTA HENb3s IOAaBaTh CHUTHAI
JIOTUYECKOU 1 0JHOBpEMEHHO Ha 00a BX0J1a: €CJIM Ha BXOJI€ X1 UMEETCS CUTHAJI, paBHBIN JIOTUUECKOH 1,
TO Ha BXOJE X2— CUTHAJI Jiorudyeckoro O, mpu 3TOM Ha BBIXOJIE Y1 AJIEMEHTAa YCTAaHABIMBAETCS CHUTHAJ
Joruyeckoi 1, Ha BbIxoze Y2 — curHain jorudeckoro 0. Eciiu Ha BXOz€ X1 CUTHaI JJOTUYECKON €IMHULIBI
3aMEHUTh CUTHAJIOM JIOTMYECKOTO HYJI, TO 3HAYEHUS BBIXOJHBIX CUTHAJIOB HE H3MEHATCA, T. €.
JEHCTBUE BXOJHOTO CUTHAa, pAaHEe UMEBILIEIO 3HAYEHUE JIOTUUECKOU eIUHUIIbL, deMeHToM [TAMSATDH
«3aMOMHUJIOCH». VI3MEHUTh 3HaY€HUE BBIXOJAHBIX CUTHAJIOB BO3MOYHO, €CJIM Ha BXOJ X2 MOJATh CUTHAJ
moruyeckon 1.

Jlornueckue snementsl MJINM — HE, 1 — HE sBasitorcs 6a30BbIMH, TTOCKOJIBKY HAa WX OCHOBE
MOYXHO BBITIOJHATh PA3IMYHbIC JOTHYECKHUE ONEpalMH 3a CYET COSAUMHEHUS WX B ONpeneinEHHOU
MIOCJIE/I0BATEIbHOCTH.

OreyecTBEHHAs MPOMBIIIIEHHOCTh BBITYCKAET HIMPOKHII aCCOPTUMEHT Pa3IUYHBIX JOTUYECKUX
AJIEMEHTOB B MHKPOCXEMHOM HCIONHEHUU. OOBIYHO HECKOJIBKO OJHOTHITHBIX JIOTHUECKUX AJIEMEHTOB
MMOMENIAIOTCA B OJMH MUHUATIOPHBIN KOPITYC, UMEIOIINNA HECKOJIBKO BHEIIHUX BBIBOJIOB.

Jlornueckue 351eMEHTHI IPUMEHSIOTCSL KaK B OTHOCHTENIBHO MPOCTBIX CXeMaX YINpaBIEHUs, TaK U
B CJOXHBIX cXeMaX LHU(PPOBON aBTOMATUKH C <OKECTKOI» mnporpammoi. <« Kéctkas» mporpamma
YIpaBJICHUSI OMPEAENACTCS CHCTEMOM BHENIHUX COCIUHEHHM MEXIy OTACIbHBIMU JIOTHUYECKHUMHU
3JIEMEHTaMHU, B Pe3yJIbTaTe MPOTrpaMMa yIpaBIeHUsI He MOXKET ObITh M3MEHEHA 0€3 Mepenakyu BHEITHUX
COCIMHECHU.

IIpakTnyeckas padora Ne 5§
H3y4yenue ycrpoiicTBa M NPHHIMIA JeCTBUA THEBMATHYECKOI'0 PEryjsaTopa
Ieanb padoTsr: W3yuenune Ha3HAUYEHUs, yCTPOUCTBA U IPUHIUIIA PAOOTHI THEBMATHYECKOTO
perysaropa

3anaunmue:
1. BuaumarenbHO U3y4yHTe MaTepHal MO TEME.
OTBeTbTE HA BOIIPOCHI:
Ha3znauenne mnHEBMaTUYECKOTO PETYISATOPA.
[TapameTpsl, BeIpabaThiBa€Mbl THEBMATUYECKUM PETYISTOPOM B X0J1€ paOOTEHI.
HauepTute cTpyKTYpHYIO CXEMY U OMUIIUTE MPUHITUI PAOOTHI MTHEBMATUYECKOTO PETYIISITOPA.
[lepeuncnure oOuIMe 37€MEHTHI HAa KOTOPBIX CTPOUTCS] THEBMOPETYIISITOP.
Hauepture cTpyKTypHYI0 cXeMy MO3MIMOHHOrO perynstopa [IP1.5 u onummre ero mpuHIUI
JIEUCTBUSL.
f. Onwuimre, Kak TPOU3BOANUTCS MOHTAX BO3YIIHBIX PETYJISTOPOB.

o0 TN



[TneBMaTH4ecKkuii peryiasiTop — 3TO MHEBMATHUECKUW MPUOOpP s
YIpaBJIEHUS TEXHOJIOTMYECKUM IPOLECCOM, KOTOPbI OCHOBAH HA MPUHILIMIIE
ITHEBMAaTHUYECKOr0 PETyJIMPOBAHUS.

Perynsarop BEIpa0aThIBaET BBIXOJHOM CHUTHAJI, KOTOpPBIA
UCTIONIB3YETCS ISl BHIOOpA MOJIOKEHHUSI KOHEYHOT'O AJIEMEHTA YIPABJICHUS B
MOMBITKE MOJICPKUBATh IEPEMEHHYIO MTPOLECCA HA 3aJJaHHOM 3HAYCHUU WU
okosio Hero. Ecnm mnepeMmeHHass mporecca OTKIOHSAETCS OT 3aJaHHOTO
3HAUEHUS, TO PEryJsITOp BBHIPAOATHIBACT KOPPEKTUPYIOMIUN BBIXOJAHOMN
CUTHaJI, KOTOPBIA CIy>KUT JUIsl OIPAaHUYEHHUs] BEJIUYMHBI OTKJIOHEHHS U
BO3BpAILIEHUS] TEPEMEHHOW Ipolecca B YCTOMYMBOE COCTOSHUE WM K
3a/IaHHOMY 3HAYEHHUIO.

[IHeBMaTH4ecKuil perynsaTop MoOKeT ObIThb YacTbiO IOYTH JIHOOOM
CUCTEMBI ABTOMAaTHUYECKOI'O PEryJMpOBaHUs, KOTOpas 3aHUMAETCS KOHTPOJIEM M KOPPEKTHUPOBKOMU
TEXHOJIOTMYECKUX IPOLIECCOB, TAKUX KaK: HM3MEPEHHME W PpEryJIMpOBAaHUE [ABJICHMS, YPOBHS WU

TEMIIEPATYPHI.
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Cxema 1. CTpykTypHas cxema MHEBMAaTUYECKOTO peryisiTopa

I1IT — nepBUuHBII peoOpa3oBaTesb;

3V —3anaroniee yCTpoucCTBO;

PY — perynupyrolee ycTpoicTBo;

OC — 3/IeMEHT CpaBHEHUS;

YM — ycunurennb MOIIHOCTH;

[103 — no3unmonep;

OOC — orpunarenbHasi 0OpaTHas CBA3b.

Jns mepemaun curHaiga Mexay OJOKaMH peryysropa HCHOJIb3yeTcs YHU(PHUIMPOBAHHBIN
MHEBMATHYECKUM curHaj. B kauectBe 3V MCMONB3YIOTCS PEAYKTOP WM PYUYHOU PETYJISATOP JAABJICHUS, C
MTOMOIIBIO0 KOTOPOTO MOKHO 3aMbIKaTh WJIM Pa3MbIKATh MOIIIHbIE THEBMOJIMHHH.

MareMaTHueckue ornepanuu, HeoOXOTUMbIE i BOCIPOU3BEICHHS 3aKOHOB PETYJIMPOBAHUS
OCYILIECTBISETCS C IOMOILBIO ITHEBMAaTHYECKOIO YCWIMTENS M DJEMEHTa CPAaBHEHHUS, XBaYCHHBIX
00paTHOM CBS3bIO MOJOKHUTEIHHON MITH OTPULIATEIBHOI.

UM xapaxrepusyercsi NpOCTOTOM KOHCTPYKLUHU, HU3KOH CTOMMOCTBIO, JOCTATOYHO BBICOKOU
MOIIIHOCTBIO, ObIcTpoaeiicTBHEM. OH MpeNCTaBiseT COOOW yCHIIMTENbHOE 3BeHO, modtomy WM He
M3MEHSET TUI 3aKOHA PEryJIMPOBaHus, KOTOPHI ObLT chopMynupoBan Ha PVY.



st obecrieueHrsT MaKCUMAJbHON JAIbHOCTH TEpeavyd CUTHaJa W OOJIBIION €ro MOIIHOCTH,
psanom ¢ UM ycranaBnuaetcs 1103, KOTOPBIH SBISETCSA MPAKTHYECKU YCHIUTEIEM MOUIHOCTH. UTOOBI
He OBLIO MOTEPh B TOUHOCTH Tepeiadl KOMaH/IHOTO CUTHAJA, BBOJUTCS OTpULIATeNIbHAs 0OpaTHas CBSI3b
M0 MOJOXKeHUI0 BbIxonHOro snmeMeHta WM. Curnan c [10O3 ycunuBaercs mo MOIIHOCTH 3a CUET
YBEIMYEHUS TUTAHUS UIIH 3a CUYET OOJIBIIOro pacxoia Bo3ayXa.

IIpuHoun padoTsl ycTpoiicTBa

B Tom ciyuae, ecnu B mporecce SKCIUIyaTalud IPOMCXOAUT PE3KOE IOBBIIIEHUE BBIXOIHOTO
JABJICHUs, COBEpLIACTCS CIEAYIOLIEE:

o Brbicokoe naBneHue, BO3HHUKaollee B CpeqHed KaMmepe, BO3ACHCTBYET Ha MeMOpaHy,
HaXOAILYIOCA 10/l HEH, BCIEACTBHE YETO OHA IPOru0aeTcs, 0Kas3blBas JaBICHUE HA IPYKUHY.

o KiramaH, KOTOpBIA HAXOAUTCS NMApaJUIECIbHO IPY)KUHE, PEarupyeT Ha 3TO ACHCTBUE U OTCEKAECT
BBIXOJI B BO3/IYIIIHOM PETYJIATOPE OT BXOAA. DTO MPOUCXOIUT OTOMY, YTO Ha IITOK OOJIbIIE HE
OKa3bIBaeTcs Bo3zeiicTBue MmemOpaHoil. Kitanan 3akpbIBaeTCst IO JEHCTBUEM YCUIIUS NIPYKUHBI
U JaBJICHUS B KaMepe.

e [Ilocne Toro, kak MemOpaHa BbIrMOAaeTcCsi, OHa HE BO3ACHCTBYET HAa LITOK U INPOUCXOAUT
OTKPBITUE OTBEPCTHUS B J)KECTKOM LIEHTPE, Yepe3 KOTOPOE MPOUCXOIUT cOPOC CKATOro BO3AyXa
710 T€X 0P, IIOKA IaBJICHUE HA BBIXOJE HE CTAHET PABHATHCS YKa3aHHOMY 3HAYEHHUIO.

DNEeMEHTHI, Ha KOTOPBIX CTPOUTCS MHEBMOPETYJIATOP, B OOJBIIMHCTBE CBOEM PACCMOTPEHBI B
AJIEMEHTAPHbBIX THEBMATUYECKUX [IPEOOPA30BATEIAX:

» TIOCTOSTHHBIHN JIPOCCEIIb;

» TIepeMEHHBIN JPOCCEIb;

» TPOTOYHAs WIN TITyXasi KaMephl.

ONeMEHTbl TMHEBMATHYECKUX YCTPOMCTB IpEAHA3HAYEHbl U1 BBINOJIHEHHUS Pa3IMYHBIX
olepaluil ¢ MHEBMaTUUECKUMH CUTHAJaMM, OJJHAKO HOMEHKJIATypa onepanuil orpanudeHa. [loatomy B
MOJIABJIAIONIEM OOJBIIMHCTBE YCTPOUCTB IMHEBMATHUECKUE CUTHANIBI NMPEABAPUTENHHO MPEoOpazyroT B
CHJIy U TIepeMelleHHE, a [TOociIe 3TON olepaluy CHOBa B THeBMaTudeckuii curnain (Ppx ® F ® DI ® P).

B xauecTtBe mpumepa paccMoTpuM no3uiinoHHbIHN perymstop [TP1.5 (cm. Cxema 2)
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Cxewma 2. [Tosunmonnsiii peryisitop [IP1.5

OC ABYXBXOJOBBIA COCTOUT M3 YeThIpeX Kamep: b u B — rmyxue u A u b - mpotounsle.

Perynarop peanusyer 2-X MNO3UIMOHHBIA 3aKOH peryiaupoBaHuss. Ha BeIxozme perymnstopa
BO3MOKHO TOJIbKO s1Ba 3HadeHus 0 (0,02 MIla) wnmm max (0,1 MIla). Perymsitop o6pabaTbiBaeT Kaxaoe
BO3/ICHCTBUE, KOTOpOE HEOOXOAMMO TMpeodpa3oBaTh B JABJICHHE. OTOT PETYJISATOpP HE HUMEET
HacTpanBaeMOW 30HBI BO3BpaTa, T.K. THUCTEPE3UC IOCTOSHEH M OOYCIIOBJIEH KOHCTPYKTHBHBIMH
OCOOEHHOCTSIMH.

AnropuTt™ paboThI peryasTopa CiIeIyomuii:

DP = P3j - PBx
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[Ipennasnauen OC g cpaBHEHUs JBYX BXOJAHBIX curHaioB. Ha Beixome ¢opmupyercs
auckpeTHbi curdan (0 wim 1). J[ByxBXo/10Bo€ pelie ¢ MOANOPOM COCTOMT U3 YeThIpeXx Kamep u O1oka (3
MeMOpaHbl, CBSI3aHHbIE MEXY cOOO0M IITOKOM), a TaKXkKe 2 Jpoccerel Tuma cormo-3acioHka. [lnomanp
cpeaHell MeMOpaHbl Oouible IUIOMAAN KpailHuX. JlaBieHue B Kamepax CO3JaeT yCcuiue, JIeHCTBYIoLIee
BJIOJIb OCH IITOKA. EciM pesynbTupylomiee yCHJINe HAlpaBiICHO BEPTUKAIBHO, TO MEMOpPaHHBIH OJIOK
3aKpbIBAET 110/]auy J1aBJIEHUS ITUTAHUS.

YcunuTens MOIIHOCTU HCIIONB3YyeTCs Ha OONBIIMX MHEBMOTpaccax dyepe3 Kaxiasie 300 M.
Ycunutens UMeeT 3 CeKIMHU, CBSI3aHHBIE B MEMOpaHHbIH 00K, KOTOPBI COCTOUT U3 2 MeMOpaH, paBHOU
IUIOINAJM U KJlalaHa, 00ecleYrBaroLIero COpOTUBIIEHUE TOTOKY BO3AyXa U3 KaMmepbl A B Kamepy b u
u3 kamepsl b B kamepy B. [lockoibky mromaan MeMOpaH paBHbI, TO JaBJICHUS Ha BXOJIE U BBIXOJE
YCUJIMTENS] B MOMEHT paBHOBECHUS OyayT paBHBbI.

Kak ycranaBImBaloTCsi BO3AYIIHbIC PeryJsiTOPbI AaBJIeHUus1?

Perynstop naBieHust Bo3ayxa MOXKHO MCIIOJIb30BaTh HE TOJIBKO KaK CAMOCTOATEIbHBIN 3JIEMEHT,
HO ¥ B KOMIUIEKCE CO BCTPOSHHBIMH BO3AYNIHBIMH (uibTpamu. Takue mnpuOOpbl Ha3bIBAIOTCS
¢bunbTpaMu-perynsaropamu. B 3aBECHMOCTH OT cephl HCIIOIB30BAaHMSA, a TAKXKE MPECIECIyEMbIX LENeH,
PEryJsITOp JaBICHHS BO3AyXa MOXKET YCTAaHABIMBATHCA U pabOTaTh CaMOCTOSTENBHO B MarucTpajsax
WM BXOJUTH B KOMIUIEKC 1I€JI0r0 Habopa MHEBMAaTUYECKUX MPUOOPOB.

B 3aBucHMOCTH OT XapaKTEepUCTHK THEBMOCETH, a TAK)Ke KOJIMYEeCTBa OTpeOuTeneil, ycTaHoBKa
PEryasTOpOB IPOUCXOIUT CIELYIOIUM 00pa3oMm:

e MarucTpanbHas MOJArOTOBKa BO31yxa. EciM B MHEBMOCETH 3aluTaH OJUH MOTPEOUTENb WIIH
HECKOJIbKO C OJJMHAKOBBIMU TPEeOOBAaHUSAMHU K JaBJIEHUIO, YCTAaHOBKA NMpHOOpa MPOU3BOAUTCS
LEHTPAJIN30BaHO Ha BBIXOJIE KOMIIpeccopa. MOIIHOCTh YCTpOMCTBa M HPOU3BOJUTENILHOCTD
peryssitopa JoJKHa MOKPBIBATh MOTPEOHOCTH BCEX MOTpeOUTENEH.

e MecTHas MOAroToBKa BO3AyXxa. B cioywae, ecaM K IHEBMOCETH IOJAKIIOYEHO HECKOJIBKO
norpeduTreneil ¢ pa3sHbIMH TPEOOBAHUSMU B OTHOLUIEHUHM BXOJAIIETO JABJIEHMS, yCTaHOBKA
PEryJIATOpa MPOU3BOINUTCS HETIOCPEICTBEHHO MEPEN KaKbIM U3 HUX.

IIpakTnyeckas padora Ne 6
I/Isyqune allnmapaTHbIX U IIPOrpaMMHBIX CPEACTB CUCTEM YIIPABJCHUA JTJOTUICCKUMU
KOHTPOJVIEPAMHA U CONMPATraeMbIMHU ¢ HUMH CPECACTBAMHA aBTOMATHU3AlIMHU

| esab padoThi:

3amanme:

BaumaTenbHO U3yunTe MaTepHual 1o TeMe.

OTBeTbTE HA BOIIPOCHI:

[Tonsitue «Koutpomnep»

OnunmuTe npuMepsl KOHTPOJUIEpoB i cucteM CAY.

Ha yem ocHOBbIBaeTCs BRIOOp ONTUMAIBHOTO JUIsl KOHKPETHOM 3a/1a4l KOHTPOJUIEpa.
[lepeuncnure TEHAESHIIUNA PA3BUTHS KOHTPOJICPOB.

Onumute Tunst [JIK.

Uro BKITIOYAET B ce0s MPOIIECCOPHBIN MOTYIh?

SQe o o0 o

[TonsTe « ApXuUTEKTYypa».

Hepe‘-II/ICJII/ITe OCHOBHBIC XapaKTCPUCTUKU MUKPOIIpOICCCOopa.



j.  Yto ompenensieT eMKOCTh MTaMsTH?

k. Uro ucnonesyercs B kagectse [13Y

I.  Yto ucnone3ytor B kauecTBe O3Y COBpEMEHHBIC MUKPOITPOIIECCOPHI?
M. CKOJIBKO COCTaBIISIeT IUKJIOB 3aMUCH WH(GOpMAIIUU BO (PIAII-aMATh?
n. Yro onpexnenser emkocth namsatu I1IJIK?

0. Ilepeuncnure 3a7a4uu BbINOJIHIEMBIE TTpoliecCOpHBIM MoayiieM [TJIK.

KoHTpoJuiepsl 11 cHCTeM aBTOMATH3ALMH

CnoBo "KoOHTpoJUIep" MPOU3OILIO OT aHrauickoro " control" (ympaBiieHHe), a HE OT PyCCKOTO
"KoHTposb" (yuer, mposepka). KoHTposiepom B cucreMax aBTOMAaTH3allud Ha3blBalOT YCTPOMCTBO,
BBITOJIHAIONIEE YIpaBlieHHEe (U3NYECKUMHU IPOLECCaMU I10 3aliCaHHOMY B HEro ajlropuTMy, C
UCIOJIb30BaHUEM HH(pOpMallMK, IOJy4YaeMOW OT JaTYuKOB U BBIBOJAMMON B HCIIOJIHUTENIbHbBIE
yCTpOMCTBA.

[lepBrle KOHTpOJIEpPHl MOSBWINCH Ha pyoOexke 60-x u 70-x TromoB B aBTOMOOWIBLHOU
MPOMBIIIJICHHOCTH, TJI€ HUCIOJIB30BAIKNCh MJsS aBTOMAaTU3alu CcOOpOYHBIX JWHUN. B To Bpems
KOMITBIOTEPBI CTOMJIM YPE3BBIYAWHO JOPOIO, MOATOMY KOHTPOJUIEPHl CTPOWIIMCH Ha YKECTKOM JIOTHKE
(mporpaMMHpOBANIKCh amIapaTHO), 4TO ObUIO Tropa3fo nemieBine. OAHAKO MEepEeHACTPOilKa ¢ OIHOM
TEXHOJIOTUYECKON JIMHUM Ha JpPYyryr TpeOoBasiia (H)aKTUYECKH H3TOTOBICHHS HOBOTO KOHTpOJLIEpa.
[ToaToMy MOSIBUIMCH KOHTPOJUIEPHI, AITOPUTM PaObOThI KOTOPHIX MOT OBITH U3MEHEH HECKOJIBKO IPOILIE -
C MOMOIIBIO CXEMbl COeIUHEHHUH pene. Takne KOHTPOJUIEphl NOJYUYMIM Ha3BaHUE NPOrPaMMHPYEMbIX
norudeckux KoHTposiepoB (I1IJIK), u 3TOT TepMHUH cOXpaHMJICS 10 HACTOSILEro BpeMeHU. Besne Huxke
tepmuHbl "KoHTposuiep" u "TIJIK" mbl Oynem ynotpebisaTh Kak CHHOHUMBI.

Hemuoro nozxe nossuianch I1JIK, xoTopble MOXHO OBLIO HmporpaMMHpOBaTh Ha MAIIMHHO-
OPUEHTUPOBAHHOM S3bIKE, YTO OBLJIO MpOIIEe KOHCTPYKTHBHO, HO TpeOOBalIO y4yacTHs CIEHUAIbHO
00y4YEeHHOTO MPOTrPaMMHUCTA JJIsl BHECEHHUS JJayke HE3HAUUTENbHBIX U3MEHEHH B aJITOPUTM YIIPABJICHHUS.
C »Toro mMomeHta Havajack OopbOa 3a ympouieHue mporecca nporpammupoBanus IIJIK, xoropas
IpHUBEJIa CHayajla K CO3JaHUI0 S3BIKOB BBICOKOTO YpPOBHS, 3aT€M - CHEIUAIM3UPOBAHHBIX S3bIKOB
BHU3YaJIbHOTO MPOrpaMMHUPOBaHUs, MOXO0XKHUX Ha SI3bIK pelelHoN joruku. B HacTosiee Bpems 3TOT
MpOIeCC 3aBepIIWICS CO3JaHueM MekayHapoaHoro crapgapra IEC (MOK) 1131-3 [Bertocco],
KOTOpBIX 1o3ke Obul nmepenMenoBan B MOK 61131-3 [IEC]. Crangapr MOK 61131-3 nonnepxuBaet
ISTh SI3BIKOB TEXHOJOIMUYECKOro ImporpaMmupoBanus (cM. pasaen "[IporpammHoe oGecriedenue"), 4To
UCKJIIOYaeT HEOO0XOAWMOCTh TPHUBJICUEHHUS NPOPECCHOHATBHBIX MPOTPaMMHUCTOB IPH MOCTPOECHUH
CUCTEM C KOHTPOJIEPAMHU, OCTABIIAA AJI1 HUX PEIICHNE HECTAHIAPTHBIX 33a4.

B cBm3u ¢ Tem, uyTo cnoco0 NpPOrpaMMUPOBAaHUS SBISETCS HauboJee CyIIECTBEHHBIM
KJIaCCU(PUIUPYIOMMM TPU3HAKOM KOHTposuiepa, mousatue "[IJIK" Bce pexe wucmomb3yercs st
0003HaUYEHUSI YIPABISIOMINX KOHTPOJJIEPOB, KOTOpBIE HE MOAJEPKUBAIOT TEXHOJIOTMYECKUE S3BIKH
MIPOrpaMMHUPOBAHHUS.

C nosBJIEHMEM MOIIHBIX U JEHIEBBIX MUKPOKOHTpOJIepoB B 1972 r. peiHok IIJIK Hawan pactu
9KCIIOHEHIIMAIIBHO U 3a nepuof ¢ 1978 nmo 1990 rox ysenunumncs ¢ 80 MuH. gomt. 1o 1 Mapa. Aol U K
2002 r. coctaBun 1,4 mupa. nomt. [Webb]. B Hactosimee Bpemst mupoBoii peiHok [TJIK mpomomxaer
pacTH, XOTs U ropa3fo MeHbIMMH TeMmnaMu. OfHaKo MoclieJHEe 3aMeuaHne He oTHOcHuTesa K Poccun,
rze coOBITUSI U3MEHSIOTCS O4YEHb OBICTPO B CBSI3U C BO3POKICHUEM SKOHOMHUKH, MOSIBICHUEM CHUIIBHBIX
OTEYECTBEHHBIX MPOU3ZBOAMUTENEH M CHUCTEMHBIX HHTerpatopoB [HMukoBHU|, a Takxke OTPOMHBIMU
WHBECTULIMSIMHA MEXAYHAPOIHBIX KOpIopanuid B POCCUNCKYI0 S KOHOMUKY.

I[IVIK wucronb3yroTcss MPaKTHUYECKH BO BceX cdepax dYeNOBEUECKOW MESITeIbHOCTH IS
ABTOMATU3AlMM  TEXHOJOTMYECKHX IPOLECCOB, B CHCTEMaxX [POTUBOABAPUMHON 3alUTBl U



curHainu3anuu, B crankax c¢ YIIY, panga ynpaBneHUs AOPOXKHBIM JBUKEHHEM, B CHCTEMax
XKu3HeoOecreueHnsT 37aHui, JUIsi cOOpa W apXUBUPOBAHUS JIaHHBIX, B CHCTEMaxX OXpaHbl, B
MEIUIIMHCKOM OOOpYyIOBaHUM, /I YIpPaBIEHUS POOOTaMH, B CHCTEMax CBS3M, NPHU TOCTAHOBKE
(U3MYECKOTO JKCIICPUMEHTA, JUIsl YNPaBICHHUS KOCMHYECKMMH KOpaOJIsIMH, I aBTOMATH3AIUH
UCIBITAHUN MPOIYKIUH U T. A. TeM He MeHee, IO CHX IMOpP OCTAETCsl MHOTO OTpaciiell SKOHOMHKH, KyAa
KOHTpPOJJIEpHAsi aBTOMATH3aUs TOJIbKO HAYMHAET MPOHUKATb.

CornacHo nocneanemy ompocy no MHrepHer, npoeaeHHomy xypHaiom Control Engineering
coBmecTHO ¢ Reed Research, 6omnpinast yacte ompomnenusix ucnoassyet [1IJIK B 3agauax ynpasienus
crankamu. Ha BTOpOoM MecTe - 3ahauu, CBSI3aHHBIE C YIPaBICHUEM TEXHOJOTHYECKHUMH IPOLIECCaMH,
nanee HWIET YMpaBlIeHUE TNEPEeMENICHUSIMH W 3aJladd JAMAarHOCTUKH. Yaime BCero KOHTPOJUIEPHI
WCIONIL3YIOT JUISl PEIICHUsT COOCTBEHHBIX 3amad (54%), pexe Ui MPOW3BOJACTBA 00OPYIOBAHHS IS
nponaxu (25%), wnu aist Toro u apyroro (17%).

KoHTpoutepsl HCIONIB3yIOTCS HE TOJIBKO KaK aBTOHOMHBIE CPEIICTBA JIOKAJTHHOTO YIPaBICHUS
TEXHOJIOTUYECKHM YCTAaHOBKaMH, HO M B COCTaBE IIMPOKOMACIITAOHBIX CUCTEM aBTOMATH3UPOBAHHOTO
yIpaBIeHUS HEIbIMH MPEATPUATHUIMU.

B nacrosimee Bpemsi Ha PoccuiickoM peiHKE TpeodiagaroT KOHTPOJIIEPhl HHOCTPAHHBIX (pupM:
Siemens, Mitsubishi, ABB, Schneider Electric, GE Fanuc, onnako ¢ TeueHneM BpeMeHH YBEIMYHUBACTCS
J0JsI pBIHKA, 3aHATasi oTedecTBeHHOW mpoxykuuei Poccumiickux ¢upm (HWJI AIl, Texon, dactsen,
JDII, OBeH, Dnemep, DMUKOH W Jp.), YTO COOTBETCTBYET OOIIEMHUPOBOW TEHICHIIMH, KOTJa B
OOJIBIIMHCTBE CTPAaH OTCUSCTBEHHBIC (DUPMBI 3aHUMAIOT OOJIBIIYIO JIOJIF0 PBIHKA, YeM HHOCTPAHHEIC.
OT0 00BsICHSETCA CIENYIOIUMHU (pakTOpamu:

Onarojgaps HCIIOJIb30BAHMIO 3aMaJHBIX TEXHOJOTMYECKUX JIMHUA W MaTepuanoB KauecTBO
U3rOTOBNEHHS POCCHICKMX KOHTPOJUIEPOB YacTO MPEBOCXOAMT 3apyOeHOe KayecTBO B CBS3M ¢ Oojee
BBICOKHM YPOBHEM MOJTOTOBKU POCCHIICKUX CIIEIUAINCTOB;

Poccuiickue ¢upmbl obecrieunBaioT Oosee KBanU(UIIMPOBAHHYIO TEXHUYECKYIO MOIJEPKKY U
PYCCKOSI3BIYHYIO TOKYMEHTAIIUIO;

OOJIBIIYIO POJIb WIPAET CPOK IOCTAaBKH W TEPPUTOpUATBHAS OJHM30CTh TPOU3BOIUTENS K
MOTPEOUTEIIO;

COOTBETCTBUE OTEYECCTBEHHBIX pa3paboTok PoccuiickuM cTtaHmapTam, 4ero 4acTo Helb3s CKa3aTh
00 UMIIOPTHBIX KOHTPOJUIEpAX;

nyuiiee 3HaHue Poccuiickoro pelHKa OT€4eCTBEHHBIMH MTPOU3BOAUTEISIMH.

[upoxomy pacnpoctpanenuto [IJIK B Gonpiioif cTeneHn cnocoOCTBYET POCT KOMIIBIOTEPHOM
TPaMOTHOCTH HaceleHHs, crneukypcsl B BY3ax, MHOXECTBO KypcOB MOBBIIICHHS KBaTU(pUKAIUH,
MIPOBOAMMBIX BEIyIIIMMU CUCTEMHBIMU HHTETPATOPaAMHU.

IIporpammupyembie JJOrHYeCKHE KOHTPOJJIEPHI

JKecTkne orpaHWdYeHHsS Ha CTOMMOCTH W OTPOMHOE pa3HooOpaswe Iielie aBTOMaTH3alluu
MPUBEIIM K HEBO3MOXHOCTH co3ianusi yHuBepcambHOro IIJIK, Kak 3TO CIOydmiioch ¢ OQHCHBIMHU
KoMITbroTepamMu. O0JIacTh aBTOMATH3AIMH BBIJIBUTAET MHOXECTBO 3aJ1a4, B COOTBETCTBUU C KOTOPHIMHU
pa3BUBAETCS U PHIHOK, COJIEPKAIINI COTHU HETIOX0XKUX IPYT HA JIpyra KOHTPOIJIEPOB, pa3IUYArOIIUXCS
JecsITKaMu TapameTpoB. Kaxaplii mpow3BoAuTeNh BBITycKaeT Heckonbko THmoOB [IJIK pasnoit
MOIIIHOCTH U CTOUMOCTH, YTOOBI YBETUYUTH MPUOBLIH 32 CYET CETMEHTHPOBAHUS PHIHKA.

Bribop onTuManbHOrO nJs KOHKPETHOM 3a/adll KOHTPOJUIepa OCHOBBIBAETCS OOBIYHO Ha
COOTBETCTBUM (DYHKLIMOHAIBHBIX XapaKTepUCTUK KOHTpOJUIepa pellaeMoil 3ajade Ipu YCIOBHH
MUHUMAQJIbHOM €ro CTOMMOCTH. YYHUTHIBAIOTCS TakKe Jpyrue BaKHble  XapaKTEPUCTHKHU
(TeMriepaTypHbIi Mana3oH, HAJAEKHOCTb, OpeH ] U3rOTOBUTENIS, HATMUKE paspeniennil Pocrexnanzopa,
cepTu(UKATOB U T. 11.).



Hecmotps Ha orpoMHOe pa3HOOOpa3ve KOHTPOJUIEPOB, B UX PA3BUTHHM 3aMETHBI CIIEAYIOLINE
o0IIre TeHICHIINN:

YMEHbIICHNUE Ta0apUTOB;

pacmmpenne QyHKIIMOHATBHBIX BO3MOKHOCTEH;

YBEJIMUEHUE KOJIMYESCTBA MOICPKUBAEMBIX HHTEP(EICOB U CeTel;

HCII0JIb30BAHNE UJCOJIOTHH "OTKPBITBIX CUCTEM'";

HCITOJI30BaHUE S3BIKOB MPOrpaMMHUpoBanms cranaapta MOK 61131-3;

CHU)KCHHE LIEHBI.

Eme onHoil TeHIeHIMEN sBISeTCS NOSIBICHHE B KOHTPOJUIEpPAX IMPU3HAKOB KOMIIBIOTEpA
(Hamu4me MbImY, KiaaBuatypsl, MoHutopa, OC Windows, BO3MOXHOCTH TOIKIIOYCHHUS KECTKOTO
JIUCKA), a B KOMIIbIOTE€paxX - MPU3HAKOB KOHTpoJUIepa (pacIIMpPEHHBIN TeMIlepaTypHbId auamna3oH,
JJIEKTPOHHBIA JUCK, 3allUTa OT NbLIM M Biaru, KpemieHue Ha DIN-peliky, HaJnume CTOpPOKEBOTO
TaliMepa, YBEIMYEHHOE KOJIMYECTBO KOMMYHMKAI[MOHHBIX IOPTOB, Hcmoyib3oBaHue OC KecTKoro
pealbHOTO BpeMEHM, (YHKIHMM CaMOTECTUPOBAHUSA U JTUATHOCTHKH, KOHTPOIb IEIOCTHOCTH
NPUKIAAHON mporpaMmbl). [loSBUIMCE KOMIBIOTEPHI B KOHCTPYKTHUBAaxX [UIsl KECTKUX YCIOBUMN
JKCIUTyaTaluu. ANmapaTHble pa3iudus MeX1y KOMIIBIOTEPOM M KOHTPOJUIEPOM MOCTETIEHHO MCYE3aloT.
OCHOBHBIMU OTJIMYUTEIBHBIMA TPU3HAKAMH KOHTPOJUIEpA OCTAIOTCS €ro Ha3HA4YeHHE M Halu4ue
TEXHOJIOTHYECKOTO SI3bIKA MPOTPAMMUPOBAHUS.

Tuns! IVIK

Jns  kmaccudukanmuym  OrpoOMHOTO  pasHOOOpas3wsi CYHIECTBYIOIIMX B  HACTOSIIEE BpeMs
KOHTPOJJIEPOB PACCMOTPUM UX CYIIECTBEHHBIE Pa3INiUsL.

OcHoBHbiM mnokazarenem [1JIK sBusercs KoIu4ecTBO KaHAOB BBOJA-BbIBOAA. [lo smomy
npusnaxy I1IJIK denamcs na ciedyowue epynnwi:

HaHO-IIJIK (meHee 16 kananoB);

mukpo-I1JIK (6onee 16, no 100 kananoB);

cpenuue (6onee 100, 1o 500 kaHanon);

6onbiue (6onee 500 kaHAJIOB).

Ilo pacnonooicenuto mooyneii 6600a-evieooa I1IJIK 6visarom:

MOHOOJIOUHBIMH - B KOTOPBIX YCTPOMCTBO BBOJA-BBIBOJIa HE MOXET OBITh YIAJICHO W3
KOHTpOJJIEpa WJIM 3aMEHEHO Ha Jipyroe. KOHCTpYKTMBHO KOHTpOJUIEp MPEACTaBIsAET COOOW ennHoe
[[eJ10e ¢ YCTpPOHMCTBaMU BBOJA-BbIBOJA (HAmpHMep, OJHOIUIATHBIM KOHTposiep). MOHOOIOYHBIN
KOHTPOJIJIEP MOXET HWMEThb, Hampumep, 16 KaHamoB NHCKPETHOTO BBOJA M § KaHAJIOB PEJIEHHOro
BBIBOJIA;

MOJIyJIbHBIE - COCTOSIIIME W3 OOIIeil KOp3WHBI (IIaccH), B KOTOPOH pacroiaraloTcss MOIYIb
LEHTPAJBHOrO IMpolleccopa M CMEHHblE MOAYJIM BBoJa-BbiBoja. CocTaB Mojaysei BblOMpaeTcs
M0JIb30BaTEJIEM B 3aBHCHUMOCTH OT pelraeMoil 3ajauu. THUIOBOE KOJMYECTBO CIIOTOB JJII CMEHHBIX
MoJysel - ot 8 1o 32;

pacmpeneneHHbie (C yIaJeHHBIMH MOJYJISMH BBOJA-BBIBOJIA) - B KOTOPBIX MOJIYJIH BBOJA-
BBIBOJIa BBITIOJIHEHBI B OTAEIBHBIX KOPITyCaX, COSIUHSAIOTCS C MOIyJIeM KOHTPOJIIepa 1Mo ceTu (0ObIYHO
Ha ocHOBe uHTepdeiica RS-485) m moryr ObITH pacnoyiokeHbl Ha paccTossHUM 110 1,2 KM OT
IIPOLIECCOPHOTO MOAYJIS.

YacTto mepeyucieHHble KOHCTPYKTUBHBIE THITBI KOHTPOJIEPOB KOMOWHHUPYIOTCS, HAMPUMED,
MOHOOJIOYHBIN KOHTPOJUIEP MOKET HMETh HECKOJbKO ChEMHBIX IIIaT; MOHOOJOYHBIM M MOAYJIbHBIN
KOHTpPOJJIEPHl MOTYT OBbITh JOIMOJIHEHbI YJAJI€HHBIMH MOJIYJISIMU BBOJIa-BbIBOJA, YTOOBI YBEIMYUTH
o0111ee KOJIMYECTBO KaHAJIOB.

MHorue  KOHTpOJJIEpbl ~ MMEIOT  HAbOp  CMEHHBIX  MPOLECCOPHBIX  IJIaT  pa3HOM



IIPOU3BOIUTENBHOCTH. DTO MO3BOJIAET PACIIMPUTh KPYI MOTEHLIUAIBHBIX M10JIb30BaTeNeil cucteMsl 0e3
U3MEHEHHUS €€ KOHCTPYKTHBA.

I1o KoHCMPYKMUBHOMY UCNOTHEHUIO U CNOCOOY KpenieHusi KOHMPOJIEpbl OeNAMCs HA.:

naHeJbHbIE (11 MOHTa)Ka Ha MaHelb WK IBepiy mKada);

i MoHTaxka Ha DIN-peiiky BHyTpH mikada;

JUIsl KpEIIJICHHsI Ha CTCHE;

CTOEYHBIE - UIsl MOHTa)Ka B CTOMKE;

OeckoprycHble  (OOBIYHO  OJHOIUIATHBIE) JJI INPUMEHEHHs B  CHELHAIU3UPOBAHHBIX
KOHCTPYKTHBaX mpousBoauteieii ooopynosanus (OEM - "Original Equipment Manufact urer™).

Ilo obnacmu npumenenus KOHMPOLIEPbl OENAMCA HA CleOYIouue MUnbl:

YHHUBEpCaJIbHbIE OOIEIPOMBIIIJICHHBIC;

JUTsL yripaBlieHus poOoTamu;

JUISL yIIPaBJIEHUS TO3ULIMOHUPOBAHUEM U IIEPEMEILIEHUEM;

KOMMYHHKAI[MOHHBIE;

[T /I-KOHTpOMNEDHI;

CIeUaIn3UPOBaHHBIE.

Ilo cnocoby npozpammuposanusi KOHMpoiepsbl ObIBAIOM.:

IPOrpaMMUpPYEMBIE C JIMLIEBOM NTaHEIN KOHTPOJLIEPa;

IPOrpaMMUpPYEMBbIE IIEPEHOCHBIM IIPOrPaMMaTOPOM;

IPOrpaMMUpPYEMBbIE C TOMOLIbIO AUCILIES, MBIIIH U KJIAaBUATYPBI;

IPOrpaMMHUpPYEMBIE C TOMOIIbIO IEPCOHAIBHOTO KOMITbIOTEPA.

Konumponnepvl mozym npozpammuposamvcs na ciedyiouux sA3biKax:

Ha KJaccu4yecKux anropurmuueckux sizpikax (C, C#, Visual Basic);

Ha s3pikax MOK 61131-3.

KoHnTpomneps! MOTyT cofepkaTh B CBOEM COCTaBE MOJYJIM BBOAA-BBIBO/A UM HE COAEPkKATh MX.
ITpumepamu KOHTpoOJUIEPOB O€3 MOy el BBO/Ia-BbIBO/IA SIBJISIOTCS KOMMYHHUKAI[MOHHBIE KOHTPOJUIEPHI,
KOTOpBIE€ BBIMOJHAIOT (PYHKIMIO MEXKCETEBOTO ILII03a, UM KOHTPOJUIEPHI, MOITyYarollue JaHHbIE OT
KOHTPOJJIEPOB HUKHETO ypoBHA uepapxuu ACY TII.

ApxuTeKTypa

ApXUTEKTYpOi KOHTpOJUIEpAa HA3bIBAIOT HA0Op €ro OCHOBHBIX KOMIIOHEHTOB M CBSI3€H MEXKIY
HumH. TunoBoi coctaB IIJIK BkIO4aeT meHTpaibHBIN Mpoleccop, MaMsaTh, CeTeBble MHTEpdEch U
ycTpoiicTBa BBOAa-BbiBoAa (puc. 6.1). MHorma sta KoH(Urypauus JOMOJHSAETCS YCTPOWCTBOM JUIs
IIPOrPaMMUPOBAHUS M IIyJIBTOM OIEPATOpa, YCTPOWCTBAMU HWHAMKALUU, PEXE - MPUHTEPOM,
KJIaBUATYPOM, MBIIIBIO MM TPEKOOJIOM.

[TpoueccopHblii MOJYyJb BKJIIOYAaEeT B ceOs MHUKpoIpoleccop (LEHTpaIbHOE IPOLECCOPHOE
ycTpoiictBo - LITY), 3anoMuHaronue ycTpoicTBa, yachl peajJbHOTO BPEMEHU M CTOPOKEBOMl Taiimep.
Tepmunsl "Mukponpoueccop” u "mpormeccop" B HacToslee BpeMs CTAIM CHHOHUMAMH, ITOCKOJIBKY BCE
BHOBb BBIITYCKaeMbI€ MPOLECCOPBI BRIMOIHAIOTCS B Buje CBUC, T.e. ABIAIOTCS MUKPOIPOLIECCOPAMM.

OCHOBHBIMH ~ XapakTepUCTHKaMHU MHUKpoImporeccopa sBisgores paspsaaHocts (B IIK
UCHONB3YITCA 8-MH, 16-TM M 32-pas3psiiHble MHUKpPOIPOLIECCOPHI), TAKTOBas 4acToTa, apXUTEKTypa,
HaJIMYue OINepauuil ¢ IUIABAIOIIEH TOYKOW, THUIBI TOJAEPKUBAEMBIX IIOPTOB BBOJA-BBIBOAA,
TeMIepaTypHbIi Juana3oH paboToCOCOOHOCTH U OTpedIisieMast MOIIHOCTb.

[Tpon3BOANTENEHOCT MUKPOIIPOLIECCOPOB C OAHON M TOW K€ apXUTEKTYpPOU MPOMOPLHOHAIbHA
TaKTOBOM 4YacToTe. BOJBIIMHCTBO KOHTPOJUIEPOB HCIOJB3YIOT MHMKPOIPOLECCOPBI C COKPAIlCHHBIM
Habopom koMang (RISC - Reduced Instruction Set Computing), B KOTOPBIX HUCIIOIB3YETCS HEOOJBIIOE
KOJINYECTBO KOMaHJ OAMHAKOBOW [UIMHBI U OONBIIOE KOIUYECTBO perucTpoB. COKpalleHHbIM Habop



KOMaH/I TO3BOJIIET CTPOUTH Oosiee 3P(HEeKTUBHBIE KOMIUJISATOPHI M KOHBEWEp IMpolieccopa, CrioCOOHBIM
3a KaKJbli TAaKT BbIIaBaTh PE3yJIbTAT UCIIOIHEHU ouepeiHoi komaH bl [KopHees].

JUis  KOHTPOJUIEPOB, BBINOJIHSIOMIMX WHTCHCUBHYIO MaTeMaTH4ecKylo o0O0pabOTKy JaHHBIX,
BAXHO HAJIMYUE MAaTEMaTHYECKOrO COIpolieccopa (BCIOMOIATEIbHOIO IPOLECCOPA, BHIIOIHSIOLIETO
olepalyy C IUIaBaloOlled TOYKOW) WM CHUTHAJIbHBIX IPOLIECCOPOB, B KOTOPBIX OINEpALUM THUIA
Y=A*B+X BbInonHs0TCA 32 OJUH TakT. CUTHANIBHBIE MPOLECCOPBI TO3BOJIAIOT YCKOPUTH BBIITOJIIHEHUE
orepaluii cBepTKU Win OpIcTporo npeodpazoBanus Oypee.

EMKOoCTh maMsaTH ompeaensieT KOJUYEeCTBO IMEePEMEHHBIX (TEroB), KOTOpbIE MOTYT OBITh
oOpaboTtanbl B npornecce ¢pynkiuuonupoanus [1JIK. B mukpomnpoueccopax Bpemst AOCTyna K MaMsaTu
SBIISICTCS OJHUM U3 CYIIECTBEHHBIX (PAaKTOPOB, OTPaHUYMBAIOLINX ObICTpojeiicTBhe. [loaTOMy mamsTh
JIENIAT Ha HECKOJIBKO YPOBHEW MepapXuu, B 3aBUCUMOCTH OT YaCTOTHI MCIOJb30BaHUS, XPAHALIUXCS B
HeW JaHHBIX U ObIcTpojeicTBUs. Mepapxus mamsTH OTHOCUTCS K CYIIECTBEHHBIM XapaKTEPUCTHKAMU
aApXUTEKTYphl MPOLIECCOpPa, OCKOIbKY OHA IO3BOJISIET CHU3UTH OTPULIATENILHOE BIIMSIHUE MEJIEHHOMN
namsTd Ha ObIcTponelicTBue MHUKporpoueccopa. OCHOBHBIMU THIIAMU TMaMSTH SIBISETCS MOCTOSIHHOE
3anomuHatoniee yctpoiictBo (I13Y), omepatuBHOe 3amomuHaromee ycrpoictBo (O3Y) u Habop
perucTpoB. PerucTpsl sSBASIOTCS caMbIMU OBICTPOICHCTBYIOIIUMU JI€MEHTAMU MaMsTH, TOCKOJIbKY OHU
UCIONIB3YIOTCA  apU(PMETUKO-TIOTHYECKUM ycTpoiictBoM (AJIY) 1 HMCHOJIHEHHs] 3JIeMEHTapHBIX
koMmanj mpoueccopa. [13Y ucnons3yroT s XpaHEHUs PeIKo M3MEHseMO MH(pOpMAaIMH, TaKOW, Kak
ONEpallMOHHAs CHCTEMa, JpauBepbl YCTPOMCTB, 3arpy34ydK, HCIOIHAEMBIM MOIYJIb IIPOrPAMMBI
nosib3oBarens. O3Y wucnonb3yercs Uil XpaHEHHUs JaHHBIX, KOTOPbIE MHOTOKPATHO W3MEHSAIOTCA B
mpouecce paboTbl KOHTPOJJIEpA, HANpUMEp, 3HAYEHUS TEroB, pPE3yJbTaThl IMPOMENKYTOUHBIX
BBIUMCJICHHUM, JUarHocTuyeckas WH(GOpMallus, MacCHBBI, BbIBOJUMBICE Ha TpaduKu, AAHHBIE IS
0TOOpaXeHHsI Ha JHCILIEE.

IIpoueccopHbliit MOAYJIb

[Ipoueccopusiit Mmoayns [IJIK BeIONHSAET caeayomue 3a0auu:

coOupaeT JaHHBIE U3 MOAYJEH BBOAA B MaMsITh U OTCHUIAET JaHHBIC M3 MaMSTH B MOIYIHU
BBIBOJIA;

BBITOJIHAET 0OMEH JaHHBIMU C YCTPOMCTBOM JIJIsl MPOTPaMMHUPOBAaHUSI KOHTPOJIIEPA;

BbI/Ia€T METKHU YaCOB PEaJIbHOTO BPEMEHU;

OCYLIECTBIISIET OOMEH JIaHHBIMH C TPOMBIIIIIEHHOMN CEThIO;

peanu3yeT CTeK MPOTOKOJOB MPOMBINUIEHHOW ceTH (sl 3TOM LEIM MOTYT HMCHOJIb30BaThCs
BCIIOMOTaTeNbHbIe KOMMYHUKAIIMOHHBIE MPOIIECCOPHI);

BBITIOJIHSIET HAYAJIbHYIO 3arpy3Ky U UCHOJIHEHUE ONEPAIMOHHONU CUCTEMBI;

WCIIOJIHSIET 3arpy304YHBIM MOJTYJIb M10JIb30BATEIBCKON MTPOTpaMMBbl CUCTEMbI aBTOMATH3AIlUY;

yIpaBIseT akTaMu OOMeHa ¢ aMSThIO.

Opnnoit u3 TenaeHuui B paszsutuu [IJIK sgBiseTcs mcnonb3oBaHHE MPOLIECCOPHBIX MOIYJIEH
pa3HOl MOIIHOCTU JJiIi OJIHOTO KOHCTPYKTHBA KOHTpOJIIepa. OTO TO3BOJSET MONYYUTh CEPHUI0
KOHTPOJJIEPOB DPa3HOW MOIIHOCTH U TEM CaMbIM TOKPBHITh OOJBIIMKA CETMEHT pPBIHKA, a TaKkKe
BBITIOTHUTH MoOJIepHHU3aIHio (upgrade) KOHTPOJUIEPOB, KYIUJICHHBIX MOTPEOUTETSIMHU, MYTEM 3aMEHBI
BCEr'0 OJTHOTO MOJYJIS.

K ocnoeuvim xapakmepucmukam npoyeccopno2o mMooyns OMHOCAMCA:

tun onepanuonHoit cuctemsl (Windows CE, Linux, DOS, OS-9, QNX u np.);

HaJIM4Me HMCIOJHUTEIBHOU Cpebl JUIsl CTAaHAAPTHOM CUCTEMbI MPOrPaMMHUPOBAHMS Ha SI3BIKAX
M3K 61131-3;

THUTIBI TOIIepkuBaeMbIX nHTEp(deiicoB (RS-232, RS-422, RS-485, CAN, USB, Ethernet u ap.);

tunbl nogaepkuBaembix cereir (Modbus RTU, Modbus TCP, Ethernet, Profibus, CANopen,



DeviceNet u np.);

BO3MOXXHOCTh ~ MOJKJIIOUYEHUS  yCTPOMCTB WHAMKAUMU WiIM  HHTep(delica omeparopa
(cBerommoanoro ninn XKW muaukaropa, KJIaBHaTyphl, MBI, auciuies ¢ uaTepdeiicamn VGA, DVI
i CMOS, LVDS, tpekboina u jp.);

paspsagHocTs (8, 16, 32 win 64 OuTta);

TaKTOBasl 4aCTOTa MUKPOMPOIECCOPa U MaMSITH;

BpEMsI BBIITOJIHEHUS KOMaHI;

00bem, nepapxus u turbl namaty (O3Y, ko, [13Y - ¢udm, ceemHas ¢dur u ap.);

tanbl  BeTpoeHHBIX  (ynkmuit  (IIUA-perymsarop,  cueruumkuw, IIMUM,  anroputmsl
MO3UIIMOHUPOBAHUS U YIIPABICHUS IBHKCHHUEM H JIp.);

openn mpousBoautens (Intel, AMD, Atmel, Motorola, RealLab! u np.).

brictponelictBue npoueccopHoro moayist I[1JIK oObluHO OLIEHHMBAIOT 110 BPEMEHU BBIIOJIHEHUS
JIOTUYECKMX KOMaHJ, IOCKOJbKY OHHM HauOoJyiee paclHpOoCTpPaHEHbl IPU pealnu3alud aJropuTMOB
yIpaBIeHUSI.

OrpomHoe pa3HooOpa3ue 3anady, Boznaraembix Ha IIJIK, m cuimbHas 3aBHCHMOCTH LEHBI OT
MOIITHOCTH  KOHTpoJulepa  SBWJIUCh  NPUYMHOM  OOJIBIIOrO  Pa3sHOOOpa3us  UCHOJIb3YEMBIX
MHUKpPOIIPOIIECCOPOB, OT TMPOCTBIX H JEHIeBBIX &-paspsaHbix Atmel u  Microchip nmo cambix
BBICOKOTIPOM3BOJUTEIBHBIX MHUKpOIpolieccopoB cepun Intel Pentium, Bkimowas AByXbsAepHBIE W
YETBIPEXbSIIEPHBIE MPOLECCOPHI.

Bocbmupaszpsigabie MUKPOITPOLIECCOPHI MOIB3YIOTCS OOJIBIIMM YCIIEXOoM B aBTOHOMHBIX [1M]I-
koHTposuiepax u MUKpo-IIJIK 11t HECII05KHOTO aNropUTMUYECKOTO YIIPABJICHUSI CTAHKAMHU, TEIUINLIAMU,
HEOOJIBIIMMU TEXHOJIOTMYECKMMH allapaTaMH, B KaYeCTBE MEXKCETEBBbIX LUII030B. VX TOCTOMHCTBOM
SBJISICTCS BBICOKAs HaJIe)KHOCTb, CBSI3aHHAs C MPeAeIbHON MPOCTOTOM MPOrpaMMHOT0 obecreueHusl.

OO0b1yHO MHKpompoleccopsl, ucnoiabdyemele B ITJIK, Ha HECKOIBKO MOKOJIEHHH OTCTAaOT OT
IPOIIECCOPOB OPUCHBIX MepCOHANBHBIX KoMIbioTepoB (ITIK) B cBsI3M ¢ OTHOCUTETBHO MajbIM 00BEMOM
peiaka [TJIK, xoTopsiif He oOecneyrBaeT OKyHmaeMOCTh Pa3paOOTKH HOBOTO KOHTPOJUIEpa 3a MEPUO]]
CMEHBI MOKOJICHUH MUKPOIIPOLIECCOPOB.

HcTouyHuK nuTanus

CranpaptaeiMu HanpsbkeHusimu nutanus [UJIK sBinsiorcess nHanpsbkenus 12 B, 24 u 48 B.
VICTOYHHMKOM 3JIEKTPUYECKON SHEPTUU 0ObIUHO sBiIseTCs MpoMbliuieHHast cetb 220B, 50 I'u. B cinyuae
pacripeieIeHHbIX CUCTEM aBTOMATU3aIllMM UCTOYHMK MUTAaHUs MOKET ObITh pacnosoxeH Branu ot ITJIK,
no3romy HampsbkeHue Ha kinemmax IIJIK mnm momyneit BBoja-BbIBOJa MOXKET CHJIBHO OTIMYATHCSA OT
HaNpsDKeHUs MCTOYHMKA NMUTAHUS BCIICACTBUE MaJEHUS HANpPSOHKEHUS HA CONPOTHBIEHUHU Kabens. Jlis
permeHust 3tol mpobnemsl kKaxapii [IJIK wmnm kaknapli MOAyh yAaIeHHOTO BBOJA CHAOXKaKOTCS
BCTPOEHHBIM  CTA0WJIM3aTOPOM  HANpsDKEHUs,  KOTOpPBIM  oOecreyrBaeT  HOPMaJbHOE  UX
GbyHKIIMOHUpOBaHKE B quana3one Hanpspkenuit ot 10 go 30 B.

Huzkoe HanpspbkeHHe MUTaHMS MO3BOJISIET MUTATh KOHTPOJJIEPHI OT aKKyMYJISTOPOB OOPTOBBIX
CETEH TPAHCIIOPTHBIX CPEACTB WIN NIEPEHOCHBIX aKKYMYJISITOPOB.

B IIJIK uHOrma ucmosb3yloT Oarapero JUlsi MHUTAaHUS YacoB PEANbHOTO BpeMEHH (KOTOphIe
JOJDKHBL (pyHKIMOHUpoBaTh npH BeikitodyeHHOM I1JIK) m s coxpanenuss undopmanuu B [13V Ha
BpEMS aBapUHHBIX IEPEPHIBOB TUTAHUS.
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Pucynok 1. Apxutekrypa IIJIK

B kauectBe [13Y (mmm ROM - "Read Only Memory") 0ObIYHO HMCHOIB3YETCS 3JIEKTPUUYECKH
crupaeMas nepenporpammupyemas namsate (EEPROM - “Electrically Erasable Programmable ROM".
PaznoBunnocteto  EEPROM  sBnsiercss  pidmi-maMsTe, NPUHOMI ACWCTBUS KOTOPOM OCHOBAaH Ha
XpaHEeHUU 3apsaa B KOHAEHcaTrope, oOpa3oBaHHOM ILIABAIOLIMM 3aTBOPOM U mnoanoxkkoi MOII-
Tpan3ucropa. OCOOCHHOCTHIO (MIIAUI-IAMATH SIBISETCA €€ YHEPTOHE3aBHCHMOCTD, T.€. COXPAHSEMOCTh
JAHHBIX TPHU BBIKIIOYEHHOM NuTaHuu. CTUpaHHe W Tepe3anuch BO (IIAII-TAMSITH BBIIOIHSIETCS HE
OTJENbHBIMU SYEHKaMH, a OOJBIIMMU OJOKaMU, TOITOMY OHA IMONYyYHJIa Ha3BaHUE, IPOUCXOAIEe OT
anrymiickoro "flash" - "Bembimka». Hemocratkom Beex I13Y sBnsiercs HU3K0e OBICTPOICHCTBHE.

KonnyectBo 1mMkioB 3amuck MHGOpMauu BO (QIAII-NAMATh OrPaHMYEHO U COCTaBIISET
HECKOJIBKO JIECSATKOB THICSY pa3. [Io KOHCTPYKTHBHOMY HCIIOJIHEHHIO M MHTEpdeiicaM (ImdII-naMsaTh
noapazaensercs Ha Compact Flash (CF), Memory Stick, Secure Digital (SD), MuliMediaCard (MMC),
RS-MMC, SmartMedia Card (SMC), USB-flash. ®ami-taMsats MOXeT ObITh BIIasiHa B MIEYATHYIO TUIATY
WITU OBITH CHEMHOI.

B xauectBe O3Y coBpeMeHHbIE MUKPOITPOLIECCOPHI UCTIONIB3YIOT cTaThuYecKyto nmaMsath ( SRAM
- Static Random Access Memory) u aguaamuueckyio (DRAM - "Dynamic Random Access Memory"),
SDRAM ("Synchronous DRAM"). SRAM BeInosHsA€TCST Ha TpUITEpax, MHPOpPMaILUs B KOTOPBIX
COXpPaHSAETCsS HEOTPAHMYEHHO JOJT0 MPHU HAIWYMU NMHUTAaHWs. B muHamuueckoill mamstu uHpopmanus
XpaHUTCS Ha KOHJeHcaTopax U nodtomy DRAM Tpebyer nepuoanueckoi pereHepanuu (mepe3apsaku
KoHJeHcaTopoB). K HemocTaTkaM TpUTTEpHOM MaMsTH OTHOCHUTCS €€ BBICOKAsk CTOMMOCTD, CBSI3aHHAS C
HU3KOW TJIOTHOCThIO KOMIIOHOBKHM TPUITEPOB Ha KpPHUCTAJJIE, M MaJlo€ OTHOIIEHHWE E€MKOCTH K IIEHE.
JIOCTOMHCTBOM SIBJISIETCSI BBICOKOE OBICTPOJCHCTBUE, TOCTUTAOIIEE TUTArepll, B TO BpeMs KaK MaMsTh
Ha KOHJIEHCAaTopax He MOXeT paboTaTh Ha YacToTax BbIme coTeH repu. O6a tuna namatu (DRAM u
SRAM) He MoryT coxpaHsaTh HH(popmaruio npu otkiatodeHun nuranus I1JIK. ITostomy HekoTopbie
tunsl [IJIK ucnosns3yror 6arapeiiHoe NUTaHUE NMaMATH Ul COXpaHEHHUs pabOTOCTIOCOOHOCTH CUCTEMBbI
aBTOMaTHU3allUU TIOCIIe KPATKOBPEMEHHOT'O IIPEPhIBAHMSI TUTaHMUS.

MoHO0004YHbIE U MOJYJIbHBIE KOHTPOJUIEPH! MCHOIb3YIOT, KaK MPaBWIO, NapaJljIebHYIO0 IIUHY
s oOMEHa JaHHBIMH C MOJIYJISIMH BBOJA-BBIBOJIA, YTO IMIO3BOJISIET HA TOPSIOK ITOBBICHTH
OBICTPOJICHCTBHUE WX OMPOCA IO CPABHEHUIO C TTOCIICIOBATEIBLHOM mMHOM. [lapanienpHbie IMHBI MOTYT
opiTe crangaptaeiMu (ISA, PC/104, PCI, ComactPCI, VME, CXM) wmm dYacTHOPUPMEHHBIMH.
[TocnenoBarenpHass mmMHA KOHTposuiepa (Ha ocHoBe wuHTepdeiica RS-485) wucmonmb3yercs st
MOJIKIIIOUYEHUS K HEMY Y/IaJICHHBIX (pacIpeIeIeHHbIX) MOy Iei BBOa-BbIBOIA.

[IporpamMmmupoBaHue KOHTPOJJICPOB Majioi MOIIHOCTH BBIMOJHSAETCS C IMOMOIIBIO KHOIIOK,



PacroJIOKEHHBIX Ha JUIEBOW MaHENHU WM C MOMOUIbI0 IEPEHOCHOI0 MyJbTa AJs MPOrpaMMHUPOBaHUS.
B kadecTtBe mynbTa B TIOCIEAHEE BpeMs HCIHOIB3YyeTCs KommbioTep (opmata "HOYTOYK".
[IporpammupoBaHue MOIIHBIX KOHTPOJUIEPOB BBIMOJHIETCS C MOMOIIBIO MEPCOHATBHOIO KOMITBIOTEPA,
Ha KOTOPOM YCTaHaBJIMBACTCS CIELUaIbHOE MporpammHoe oOecrieueHue, Harnpumep CoDeSys wim
ISaGRAF (cm. paznmen "[Iporpammuoe obecriederne"), BBIMONHAIONIEE TPAHCISAINIO TEXHOJIOTHIECKOTO
si3bika ctanapra MOK 61131-3 B ucnonHseMslil KoJ mpoueccopa, Kotopeli 3arpysxkaercs B 113V TIK,
Harnpumep, uyepes mopt Ethernet.

Cropoxeoii Taiimep (Watchdog Timer - WDT) mnpencraBiser coOoOW CUYETYHK, KOTOPBIH
CUMTAET HMITYJIbCHI TAaKTOBOTO I'€HEpaTopa WU B HOPMAJIBLHOM DPEXHMME MEePUOJINYECKU cOpachIBaeTCs
(mepe3arryckaeTcs) paborarpmuM mporeccopoM. Eciu mporeccop "3aBucaer", To CUTHANBI cOpoca HE
MOCTYMAIOT B CUETYUK, OH MPOJIOJDKAET CUYUTATh U MPU JTOCTHKEHUH HEKOTOPOTO IMOpora BeIpabaThiBaeT
cur"ai "COpoc" s nepesamycka "3aBuciiero’ mporeccopa.

UYacel peanpHoro Bpemenu (PB) nmpencrarisiror co00i KBapIieBbIe 9achl, KOTOPHIC MUTAIOTCS OT
Oarapeiiku U modTOMy mpoaoikaroT uAaTh npu BbikiaoueHHOM I[IJIK. Yacet PB wucnonb3yroTes,
HampuMep, IS YIPaBJICHUS YJIWYHBIM OCBEIIEHHUEM B 3aBUCUMOCTU OT BPEMEHH CYTOK, B CHCTEMax
OXpaHbl OOBEKTOB U JAPYTUX CIydasx, Korja HeoOXoauMa NpPUBS3KA JAHHBIX WM COOBITHH K
aCTPOHOMUYECKOMY BPEMEHH.

IIpakTnueckas padora Ne 7
HN3y4yenue 0CHOB ynpaB/eHHs LIATOBbIM ABHIraTe/IeM, yIIpaBJIieHHe YIJIOM II0BOPOTA BaJa,
CKOPOCTBIO0, HANIPABJIECHHEM
Ilesab padoThl:  W3Yy4UTh BUJIbI, yCTPONCTBO, HA3HAYEHUE, IPUHLUI paObOTHl U OCHOBBI YIIPaBICHHUS
IarOBBIM JBUTATEIIEM.
3aganue:
BHuMaTeapHO M3y4uHuTE MaTepUa 10 TEME.
OTBeThTE Ha BOIIPOCHL:
a. Yrto Takoe 1maroBblif 1BUTaTEND?
VY CTpoicTBO U IPUHILIKI PAOOTHI.
Tunsl maroBsIx 1BUTaTENEH.
[ToagxkmroueHne maroBoro JBUraTes.

® oo o

praBHeHI/IC IaroBbIM JABHUTIaTCIICM.

Waroeblid  gBuvratenc nNpeacrasnAer coB60A  3MeKTPUYECKYD MalWHy, nNpefHasHadeHHyr Aans
npeobpa3oBaHWA 3MeKTPHUYECKOW 3HepriM CETH B MeXaHWYecKyl 3Heprui. KOHCTPYKTMBHO COCTOMT M3
06MOTOK C€TATOPA W MarHWTOMATKOTO WNM MarHutoTeepaoro potopa. OTNWYMTENbHOR OCOBEHHOCTHHD
WaroBoro ABMraTena ABNAETCA LAWMCKPETHOE BpaLLeHWe, NPW KOTOPOM 3aJaHHOMY YWCIY MMMYIbCOB
COOTBETCTBYET ONnpefeneHHoe YACO CoBepllaeMblx Waroe. Hanéonolee NnpMMeHeHWe Takue ycTpoicTBa
NoMy4unu B cTaHKax ¢ HI1Y, poboToTeXHUKE, YCTPORCTBAX XPaHEHMA U CUMThIBAHWA MHGOPMALMIA.

B oTnuymMm OT ApYrMX TMNOB MAaLLWH LWaroBblA ABUraTeNb COBEPLUIAET BPaLleHHe He HeMpPEePbIBHO, a LWaramm,
OT Yero W NPOMCXOOUT HadBaHWe yCTpolcTBa. Kaxablid TAKOW LWar CoCTaBAST NULb YacTb OT ero NOAHOro
o6opoTa. KonuuecTBo HeobXoAWMbIX WAMOB ANA NOAHOMO BpalleHWA Bana OGyAeT OTNWYaTbCH, B
3aBMCMMOCTH OT CXeMbl COEAMHEHWA, MapKWu ABUraTens u cnocoba ynpaeneHuA.

Hpeumymecmea U HeOOCMAmMKU WaAz08020 08U2amens



K npeumylyecTsam sKcnyatayiy LWaroBoro Asuratenia MOXHO OTHECTH.

m B waroBbix anekTpoaBMraTenax yron nopopoTa COOTBETCTBYET YWCNY NOAAHHLIX 3NeKTPUYECKMX
CUIHaNoE, NpK 5TOM, NOC/e OCTAHOBKM BpalLleHWA COXPaHAETCA NOMHBIA MOMEHT WM QUKCaLWA;

m  TOYHOE NO3ULUMOHWUPOBAHKWE — oBecnedynBaeT 3 — 5% OT YCTAHOBNEHHOTO LWara, KoTopas He
HakannWBaeTCA OT Wara K wary,

m  Ofecne4yuBaeT BbICOKYH) CKOPOCTL CTapTa, peeepca, OCTaHOBKM;

m  OTNM4YaeTCH BLICOKOW HANEXHOCTEHD 33 CYET OTCYTCTEBWA TPYLWMXCH KOMNOHEHTOB ANMA TOKOCHEME,
B OTNWU4KHK OT KONNeKTOPHbIX asuratenein;

= 175 NO3UUMOHUPOBAHMWA LWAroBoMYy NIBUTATENIO He TpebyeTcA 0BpaTHOM CBA3M,

m  MoxeT BbllaBaTh HU3KME 060POThI ANA HENOCPEACTBEHHO NOABEIEHHON HAarpy3KkKU 6e3 Kakux-nnéo
PeAyKTOPOB;
m CpaBHMTENbHO MeHblUAs CTOMMOCTE OTHOCHUTENbBHO TEX e CENBONPUBO/OE;

m  Ofecne4ynBasTcA WWPOKWA AWanasoH yNpaeneHna CKOPOCTbO 060POTOR Bana 3a cYyeT 3MeHeHUsA
YacToTbl aneKTpUiyeCKWx UMNYNBCOB.

K HefjocTaTkaM NpUMeHeHUA [aroBoro JBMraTenA OTHOCATCA:

m  MoMeT BO3HMKATb Pe30HaHCHbIM a(hdheKT U NpocKanb3blBaHWe LWaroBoro arperara;
m  CyuwecTeByeT BepOATHOCTb YTPaTbl KOHTPONA U3-3a OTCYTCTBUA 06paTHOI CBA3MW;
m  KonuyecTBO pacxoayemoit 3N1eKTPOSHEPTMN He 3aBUCUT OT HaNWYUA UK OTCYTCTBUA HarpysKu;

m  CrnoMHOCTH ynpaeneHWA W3-3a 0COBEHHOCTH CXEMb

Yempoiicmeo u npunyun padbomor
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Puc. 1. MpuHUKN AEACTBMA WAaroBoro Asurarens



Ha pucyHke 1 uaobpaxeHbl 4 06MOTKHW, KOTOPble OTHOCATCA K CTATOPY ABWraTens, a Ux pacrnonoxeHue
YCTPOEHO TakK, YTO OHKW HaxogATcA nofd yrnom 90° oTHOCMTENbHO Apyr Apyra. M3 yero cnegyet, UTo Takan
MallWHa XapakTepuayeTcA pasMmepom wara B 90°.

B momMeHT nofnaun HanpsxeHnAa U1 B nepeylo 06MOTKY NPOMCXOAWUT NepemMellleH1e poTopa Ha Te we 90°. B
cnyyae noouepefiHOW nopgauv Hanpsaxedwsa U2, U3, U4 B cOOTBETCTBYOLME OGMOTKM, Ban NPOACIMAT
BpalleHWe A0 3aBeplleHHA MONHoro kpyra. ocne 4Yero UMKN NOBTOpPAETCA CHOBRa. [NnA W3MeHeHWA
HanpaBfeHWA BPallleHWA AOCTATOYHO WM3MEHWTh OUepefiHOCTb NoAayd UMMYNLCOB B COOTBETCTBYHILME
O6MOTKMN.

Tunwt wazoewvix osuzameneii

[lnsa ofecnevyeHWA pasnUyHbiX MapaMeTpoB paboTbl BaXKHa Kak BeNWuYMHa lara, Ha KOTOpbli 6yner
CMelaTbCa Bas, Tak W MOMEHT, npunaraemolii Ana nepemelieHua. Bapuauuu OaHHbIX NapameTpos
JIOCTUrakoTCA 3a CYET KOHCTPYKLMKM CaMOro poTopa, Crnoco6a NoKMYEHHA U KOHCTPYKLMK 0BMOTOK.

Lo xoncmpykyuu pomopa
BpallaeMbiit 3neMeHT o0becneynBaeT MarHUTHOE B3aUMOJIEWCTBUE C 3NeKTPOMArHMTHbIM NOMEM CTaTopa.
MoaTOMy €ro KOHCTPYKUMA W TeXHWYEeCKMe OCOBEHHOCTM HanpsaMyl OnpefensioT pPexuMM padoTbl W
napaMeTpbl BpalleHUA WAaroBoro arperata. Ytobbl Ha NpakTUKe onpefeNuTb TWM WAroBoro MoTopa, npu
06ECTOYEHHOW CeTM HeoOBXOAMMO TNPOBEPHYTh Ban, ecnu  OuWlyulaeTe CONpOTUBMEHWE, TO 3TO
CBUAETENbCTBYET O HanUMYUM MarHWTa, B NMPOTMBHOM C/lydyae, 3TO KOHCTPYKUMA 683 MarHUTHOro
COMPOTUBNEHUA,

Peaxmuenwiii
PeakTMBHbIW IArOBbIA JBWraTeNnt He OCHAWAETCA MarHMTOM Ha pPOTOpe, a BbIMOMHAETCA M3
MarHMTOMATKHMX CNNaBoB, KaK MpaBuno, ero HaBuparwT U3 NNacTUH A8 YMEHbLUEHWA NoTePb Ha MHAYKLWHO,
KoHCTpYKUWA B MOMepeyHoM paspese HanoMWHaeT LecTepHK ¢ 3yBuamu. Monwca cTaTopHbIX 06MOTOK
3anNWTbIBAKOTCA NMPOTUBOMNONOXHBIMK NapaMM W CO3A3KT MarHuTHYK CMNY ANA NepemMelleHUA poTopa,
KOTOPbIA ABUraeTcs oT nonepeMeHHOoro NpoTeKaHWA SNEeKTPUYECKOro ToKa B 0OMOTOUYHbIX Mapax.

C nepemMeHHbIM MarHUTHbIM COMPOTUBNEHUEM

Becombim NNHOCOM TaKOW KOHCTPYKUMW LWArOBOro NPMBOAa ABMAETCA OTCYTCTBME CTONOPALUEN0 MOMEHTA,
06pasyemMoro noneM no OTHOLWIEHWKD K apmaType. [1o dakTy 370 TOT e CUHXPOHHBIA ABUraTe/b, B KOTOPOM
NOBOPOT pOTOpa MAET B COOTBETCTEBMM C Nonem ctatopa. HenoocTaTKOM ABAAETCA CHWMEHWE BeNMWYMHbI
Bpallakouero MomMeHTa. LLar ona peak TMBHOIo ABUraTensa Koneénetca or 5 ao 15°,

C IOCTOSHHBIMHA MarHUTaAMH




B sToMm cnydae NOABMMHLIA 3MEMEHT LIAroBOro ABWraTtend coBupaeTtcd W3 MOCTOAHHOIo MarHura, B
KOTOPOM MOXeT 6blTb ABa W GONbluee KONMMYeCTBOM noncoB. Bpawenwe potopa obecnedywBaeTcs
MPUTAMEHUEM UK OTTANKWBAHWEM MArHMTHEIX NOMKICOB 3NEeKTPHUYECKMM MOSIEM NPU Nogade HanpAxeHWs
B COOTBETCTBYHLLME 0BMOTKK. [1NA 3TOM KOHCTPYKLUMWK YINOBOWM LWWar cocTaenAet 45-90°.

C NOCTOAHHbLIM MarHUTOM

Lubpuonvie
Bbin paspaboTaH ¢ Uenbl o6beJWHEHUA NYULIMX KauyecTB JBYX Npefbiaylivx Mofenei, 3a cCUeT uero

arperaT 061afaeT MeHbLUMM YITIOM W1 Warom. Ero poTop BbINOMHEH B BUAE LWMIMHAPWUYECKOTO MNOCTOAHHOMO
MarHuTa, KOTOpblii HaMarHWJeH No NpPoAoSbHOM ocHM. KOHCTPYKTWBHO 3TO BbIMMAAUT Kak [1Ba KPYrnbix
MonKCca, Ha NOBEPXHOCTU KOTOPBIX pacnonoXeHbl 3yblbl POTOpa W3 MarHUTOMAIKOro maTepwana. Takoe
pelleHue No3BONW0 06eCNeYuTh OTAMYHDIA YIEPKUBAKOLMIA U KPYTALLMA MOMEHT.

o Ob6moTka MeawunHuk o

o [lMonocHein MarnnT T
HAKOHEMHWUK
o Porop

Cratop r!a

YCTPOUCTBO rMEpPUAHOrO Warosoro gsuratens



MNpeumyllecTBa rMOpPUAHOIO LWAroBOro ABMraTenA 3akMK4YaTcA B ero BbICOKOW TOYHOCTM, MNABHOCTH W
CKOPOCTH NepemMeLleHns, ManbiM warom — o7 0,9 o 5°. Mx NpUMeHAT ONS BbICOKOKNACCHbIX CTaHKOB
HITY, KOMMBHTEPHBIX U OMUCHBIX NPUGOPaX U COBPEMEHHOR poBOTOTEXHUKE. EAMHCTBEHHBIM HEIOCTATKOM
CUMTaeTCA OTHOCMTENBHO BbICOKaA CTOMMOCTL.

OnAa npumepa pasbepem BapuadnT rmmbpuaHblx WA Ha 200 waroB nNosUMUWOHWPOBAHWA Bana.
COOTBETCTBEHHO KaMAbld W3 UANWHApPOB OyAeT uMmeTb no 30 3y6uoB, OAWH W3 HWUX HABNAETCA
NOMOXWTENBHBIM - NOMKOCOM, BTOPOR OTpuUaTenbHbiM. [1pH 3TOM  KamAbld NOJMOMMTENLHbIA 3y6el
PACNONOXeH HANPOTYUE Na3a B OTPULUATENBHOM LUAMHAPE U HA060poT. KOHCTPYKTUBHO 3TO BbITNAAMT TaK:

Cexyuu potopa

Pacnonoxexue na3os rubpuaHuka

M3-3a yero Ha Bany waroBoro Asuratens nonydaetca 100 nepeMexalolMXCA MOMKOCOB € OTAWYHOM
NoNAPHOCTBED. CTaTop TakkKe UMeeT 3y6Libl, KaK MOKa3aHO Ha PUCYHKE 6 HUXKE, KpOME NPOMEXYTKOB MeXay
€ro KOMMOHEHTaMM.

Puc. 6. NMpuHuMn pa6oTbl ruépugHoro WA



3a cueT TakoW KOHCTPYKLUMKM MOMHO A0CTUYb CMELLLEHWA TOM0 e KMHOro NoNKca 0THOCKMTENBHO CTATOpa B
50 pasnuuHbIX NMO3WUMIA. 3a CYeT OTNMUYMA MONOMEHWA B NOMYNO3UUMW MEXOY CEBEDHbIM M HIKHbIM
NOMKCOM AOCTUraeTcA BO3MOMHOCTb nepemelwleHua B 100 noamumax, a cMmelleHne a3 Ha 4YeTBepTb
feneHnA NpefocTaBNAeT BO3MOMHOCTb YBEMWUYMTE KOMWUECTBO LWAroB 3a CYeT NOcNefoBaTeNbHOro
BO36YHOEHWA elle BABOE, TO ecTh A0 200 waros yrnoeoro sana 3a 1 o6opoT.

O6paTUTe BHUMaHWE Ha PUCYHOK 6, MPUHLMM paBoThl TAKOrO LWAroBOro IBUraTeNa 3akouyaeTca B TOM, UTO
MpM NoOMapHOW nojia4e ToKa B MPOTUBOMOMNOMXHbIE 0BMOTKM NMPOUCXOOUT MOATATMBAHWE PA3HOMMEHHBbIX
MOMKCOB POTOPA, PACMOMOMEHHbIX 38 3YObAMW CTATOpa M OTTaNKMBaHWE OLHOMMEHHbIX, WAYIIMX Nepef
HUMMW MO XOJly BPalleHuWA.

Ilo 6udy obmomox
Ha npakTUKe WAarcBbld ABWIATENb NPefcTaBNAeT COG0W MHOrogasHbli mMoTop. [NaBHOCTE patoThl B
KOTOPOM HanpAMmy) 3aBUCWT OT KONMYecTBa O6MOTOK — YeM WX 6Gofblue, TeM NN3BHE MNPOMCKOOMT
BpalleHWe, HO W Bbille CTOMMOCTL. [pK 3TOM KPYTALWMWA MOMEHT 0T WMcna das He YBeNWUMBAETCA, XOTA ANA
HOPManbHOW patoThl HX MUHWUMAaNbHOE YMCO Ha CTAaTOPe 3M1IeKTPoABUraTensa NONMHO COCTaBNATL XOTA Bbl
nee. KonuyecTeo (a3 He onpefenaeT yucna 06MOTOK, TaK ABYX(MAasHbIA LIArOBbIA ABUraTeNb MOMET UMETb
yeThbipe 1 6oNnee 06MOTKM.

YHnunonapuwiii
YHWNONAPHBIA WAaroBblid ABMrateNb OTAMYAETCA TeM, YTO B CXeMe MOAKMKYEeHWA O6MOTKWM MMeeTCH

OTBETB/IEHWE OT CpegHel Touku. bnarogapa Yyemy Nerko MeHAKTCA MarHWTHble nomwca. HegoctaTkom
TaKOW KOHCTPYKLUWKW ABNAETCA WMCMONb30BaHWe TONbKO OOHOW NMOMOBMHLI OOCTYMHbLIX BMTKOB, M3-33 Yero
NOCTUIaeTCA MEHbLUWA BPaLLAKWMA MOMEHT. MNo3ToMY OHW OTNHUYAKTCA GONbLLUMMK radapuTamin.
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YHunonapHoin WA

JInA MCcnonb3oBaHWA Bcell MOWHOCTW KaTylWKW CPefHWA BbIBOJ OCTaBAAKT He MOAKIHYEHHbIM.
PaccMOTpUTE KOHCTPYKLUMM YHWMONAPHBIX arperatoB, OHW MOMYT coflepwaTh 5 WM 6 BbiBOgOB. Wx
KONWYecTBO GyOeT 3aBMCETb OT TOrQ, BbIBOAUTCH CPEeAMHHbIA NMPOBOA OTAENBHO OT KaMAoW 06MOTKM
NBWraTens Wik OHU COeJUHAKTCA BMECTE.
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a) € pasnyHbLIM 6) c oAHMM

Cxema a) C pasnu4HbiMu, 6) C O4HUM BbIBOAOM

bunonapuwiii
BUNONAPHLIA WAroBbIA ABMraTenb NOAKNKYAETCA K KOHTponnepy depez 4 eoisofa. [Npyn aToM 06MOTKM
MOTYT COeAMHATLCA BHYTPU KakK NOCNefoBaTeNbHO, TaK M NapannenbHo. PacCMOTPUTE NpUMep ero patoThl
Ha PUCYHKe.

b1 b1
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BUNONAPHbLIV Warosblil ABUraTeNb

B KOHCTPYKTUBHOR CXeMe Takoro [BUratens Bbl BUAWTE ¢ OfIHOR OBMOTKOW BO3BYMIEHWA B KA 0K (pa3se.
M3-3a atoro cmeHa HanpaBneHWA ToKa TpebyeT WCNONb30BaTbk B 3NEKTPOHHOM cxeme cneuuanbHble
ApadBepbl (3NeKTPOHHbIE YMMbl, NPeAHa3HaYeHHble ANA ynpaeneHwA). [Jo6uTbca nogobHoro addekTa
MOMHO NpM MOMOLLKM BKMHOYEHWMA H-mocTa. B cpaBHeHWMM ¢ npefblaywus, GUNONApDHOE YCTPORCTBO
oBecnedrBaceT TOT e MOMEHT NpU ropasflo MeHblUWX ratapuTax.

Tlooknrouenue wazoeozo osuzamens



HTobbl 3anuTaTk OBMOTKM, NOTPeGYeTCA YCTPOWCTBO CNOCOGBHOE BbiAaTh YNPABNAKWMA MMOYNLC WMNK
CEPUD MUMMNYNLCOB B ONPEAENeHHON NOocnefoBaTenbHOCTH. B KayecTBe TakMX ONOKOB BbLICTYMAKT
NoNYNPOBOAHUKOBLIE NMPUEOPbI ANA NOAKNHYEHHA LUArOBOro ABWUraTens, MUKPONPOLIECCOpHbIE ApalBepa.

B KOTOpbIX WMeeTcA Hatop BbIXOAHbIX KNEMM, KaXOaA W3 HUX onpefendeT crnocod MUTAHUA W DEXUM
paboThbl.

B 3aBMCMMOCTM OT CXeMbl NOAKNHYEHWA OOMMHbI NPUMEHATLCA Te WNKW APYrve BblBOAbI
waroeoro arperata. [lpuv pasnMuHbiX BapuaHTax MOABEAEHWMA TeX WKW WHbIX KNeMM K
BblIXOOHOMY CUrHany NoOCTOAHHONO TOKa nony4yaeTca onpejsneHHan CKOpoCTe BpalleHWA, war
WNKM MUKpOLLAar NMHERHOro MepemMellleHa B NNOCKOCTU. Tak Kak Ans O4HMX 3ajad HyxXHa

HW3KasA 4acToTa, a ANS [APYruX BbICOKAA, OMH W TOT e ABWraTent MOXeT 3afaBaTb
napameTp 3a cuyeT ApaiBepa.

Tunuunwie cxemot nooxkniouenusn IL[J/T

B 3aBUCUMOCTI TOTD, KAKOE KONWUECTEBO BbIBOAOR NPeACTABNEHD HA KOHKPETHOM LLIATOBOM fABUraTene: 4, 6
“nu § BbIBOAOB, 6YAET OTNMYATLCA U BOSMOXHOCTD MCMONb30BAHWA TOH WNKM MHOWA CXeMbl MX NOAKTHKYEHUS
[MOCMOTPHTE Ha PUCYHKW, 30eCb NOKazaHbl TUMWYHbIE BAPWaHTLI NOAKAKYEHWA WaroBoro MexaHusama:

Of = O | OF.

2. BEmoagZpHEIHE © oTEoOOM | 3. BANCASPHEIN C OTBOOOM OT
OT epeIHHE! 0bMOTEH CEpBAHHEE]L ODMOTHH

1. Benoaspuysis 1.
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OEMOTOR TIOTIC AT TOITRI TIGIICAM T TR

CxeMbl NOAKNHYEHWA Pa3NH4YHbIX TUNOB WaroBbIX nBWraTenen



Mpu YCNOBWM 3aNMTKKU OCHOBHBIX MOMIOCOE LIAroBOi MallMHbl OT OQHOMO W TOTO e ApaiiBepa, N0 4aHHbIM
CXeMaM MOHO OTMETUTE CrefyroLe OTAHYMTeNbHEIe 0COGeHHOCTH paGoThbl:

m BblBOALI OAHO3HAYHO NOABOAATCA K COOTBETCTBYHLLMM Knemmam yeTporcTea. [Mpu
nocnefoBaTeNbHOM COeMHEHHW OBMOTOK YEENWUYUBAET MHAYKTUBHOCTb OO6MOTOK, HO NOHMXAaeT
TOK.

m  ObfecneyvBaeT NAcNOPTHOE 3HAUYEHME SNEKTPUYECKUX XapaKTepucTUK. [1pn napannenbHol cxeme
YBENMWYUBAETCH TOK U CHUXKaeTCA MHOYKTUBHOCTD.

m  [Ipv NogKNHOYEHUK NO OOHOW (pa3e HA OBMOTKY CHUMETCH MOMEHT Ha HU3KKWX oBopoTax U
YMEHbLLAET BENUYUHY TOKOB.

m  [Ip¥ NOLKNHOYEHHHN OCYLLECTBNAET BCE AMEKTPUYECKHME U AUHAMWYECKNE XapaKTePUCTHUKKW COTMacHo
nacnopra, HOMMHaNbHbLIA TOKW. 3HAYUTENbHO YNPOLLAETCA CXemMa yNpaBfeHus.

m  Bbigaet Kyga 60NblWLKWA MOMEHT W NPUMEHASTCA 4N1A 60/IbLUMX YACcTOT BpallLeHus;

m Kaku npegblyulad npejHasHa4vyeHa ona yeenu4eHMAa MOMeHTa, HO NPUMEHASTCA ANA HU3KKUX
YacToT BpalleHKWA.

Ynpaenenue I/
BbinonHeHwe onepaluid LWaroBbiM arperatoM MOMXET OCYLECTBAATbCA HECKONbKUMU MeToAamMu. Kaxabli
W3 KOTOPbIX OT/IMYAETCA CNoCco60M NOAauYM CUrHanoB Ha napbl NOMCcoB. Beero BbIAENAKT TUP MeToAa
aKTUBaLMM 06MOTOK.

BonHoBoW - B TakoMm pewuMe NpPOUMCXOAWT BO3BYMOEHWE TONbKO OOHOW OBMOTKE, K KOTOPOM W
NPUTAMMBAKITCA POTOPHbIE Nooca. Npu 3TOM WAaroBbli ABUraTent He CnocofeH BhITATMBATh GONbLUYHD
Harpy3KW, TAK KaK BblAaeT /IMLb NOAOBUHY MOMEHTA.
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BOJIHOBOC YIIPABJICHUC
MonHowarosbI — B TakKOM pexume MNpOoMCXO4MT OLHOBPEMEHHadA KOMMyTauusa gas, TO eCTb,
BoaGYyKAawTCA cpasy obe. M3-3a uero oSecnevyuBasTCA MAaKCUMAanbHbIA MOMEHT, B CNyYae NapaniensHoro
COeIMHEHWA WNM  NOCNef0BaTeNIbHOMO BKOYEHWA OOBMOTOK 6YAeT C03[03BaThCA  MaKCWMalbHOe
HanpAxeHwe Unu ToK.
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MMOJIHOIIAroBOC yIpaBJICHUC



IIpakTuyeckas padora Ne 8
N3yyeHne ocHOB ynpaBJieHHs] ACHHXPOHHBIM [IBUTaTeJ €M € IOMOIIbI0 YaACTOTHOTO
npeodpaszoBareJis
He.]'lb paﬁoTbI: HN3YYCHUC OCHOB YIIPABJICHUSA ACUHXPOHHBIM JABUTATCJIEM C TIOMOIIBIO YaCTOTHOI'O
peoOpa3oBaresl, UX JTOCTOMHCTB U HEIOCTATKOB.

3aganue:

1. BHHMMAaTeIbHO H3YyYUTE MAaTEpHa 110 TEME.

2. OtBeTbTE Ha BONIPOCHI:

a. OnumuTe NPUHIMT pabOTH YaCTOTHOTO MPeoOpazoBaTes.

b. Onummre Kak NPOM3BOAUTCS PETyJIMPOBAHHE ITyCKOBOIO TOKA IPH IOMOIIM YaCTOTHOTO
npeoOpa3oBaTes.

Cc. Hammmmure ¢opmyrny onpeneneHus HOMHHAIBHOTO TOKa Tpex(a3sHOTO HIEKTPOABHTATEIS
MEePEMEHHOT'0 TOKa.
Hanmmmure hopmyity pacdera BeTMIHHBI ITyCKOBOTO TOKA.
Hanummte hopmyity BEIYUCICHUS BETHYUHBI CKOJIBKEHHSL.

f. Omnuiure Kak MPOU3BOAUTCS PETYJIMPOBKA CKOPOCTH BpAIICHUS pPOTOpa MPH MOMOIIH
9acTOTHOTO MpeoOpa3oBarTers.

g. Ilepeumciaure JOCTOMHCTBA TPUMEHEHHMs YAaCTOTHBIX IIpeoOpa3oBaTeieid ¢  MIMPOTHO-
HUMITYJIbCHOM MOMIYJISIIMEH B KauecTBE JIOMOJHHUTEIBHOTO OOOpYJOBaHUS K ACHHXPOHHOMY
AJIEKTPOBUTATEITIO.

ACHHXpPOHHBII JBUTaTelb C KOPOTKO3aMKHYTBIM POTOPOM Ha CETOMHSAIIHUN JEHb SBIAETCA
HauboJiee MacCOBBIM M HAAEXKHBIM YCTPOWCTBOM Ul NMPHUBOAOB CAMbIX DPa3HOOOpPA3HBIX MAallUH U
MexaHu3MoB. Ho 1 y Hero ecte CBOM MUHYCBI.

OcCHOBHBIE HEIOCTATKH ACHHXPOHHOTO JIBUTATEIs:

» HEBO3MOXKHOCTH PEryJIMPOBaHMS CKOPOCTH BPAIICHHUS POTOpa
» OOJBIION ITyCKOBOH TOK (IIPEBHIIIAET HOMHHAIBHEIN B 5-7 pa3)

[Ipy  ucronb30BaHMM  WCKIIOUUTENBHO  MEXAHMYECKHMX  YCTPOMCTB  pEeryaupoBaHUs
MIEPEYUCIICHHbIE HEJOCTATKU NPUBOJAT K 3aMETHBIM JHEPreTUYECKUM IOTEPSAM U K MEXaHUYECKUM
Harpyskam, 4TO CHHKAeT CPOK CITyKObl 000py10BaHHUS.

MHorouucaeHHbIe UCCIIEJOBaHUS B 3TOW 00JacTH MPUBEIH K TOMY, YTO 3TH HpOOJIEeMbI CTaio
BO3MOYKHO peIIaTh HE MEXaHWYECKHM, a OJJIEKTPOHHBIM CIIOCOOOM — MpH MOMOIIM YacTOTHOTO
npeoOpa3oBaress ¢ IUPOTHO-UMITYJILCHBIM yipasieHueM (UIIcIINM).

Ilpunyun pabomusl vacmommnozo npeodpazosamens
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Pucynoxk 1. Cxema 4acToTHOTO TIpeoOpa3oBaTeis C MUPOTHO-UMITYJILCHON MOTYJISIITUEH

YacroTHelii  mpeoOpas3oBaTelib € IIUPOTHO-UMITYJIBCHOW — MOJIYJISIIMEH  COCTOMT W3
HEYIIPABJISIEMOr0 JUOJHOTO CUIIOBOIO BBINIPSIMUTENS B, aBTOHOMHOIO MHBEPTOPA, CUCTEMBI YIIPABIICHUS
[IINM, cucTeMbl aBTOMAaTHYECKOTO peryJupoBaHus, apoccens Lp u xonmeHcatopa ¢umibrpa CB.
IlepBbIM 1€0M CeTeBOE HANPSKEHHUE BBIIPSIMIIETCS IUOIHBIM BBIIPSIMUTENIEM (MOCTOM), a 3aTeM
CriIaKuBaeTcs U (QUIbTpyeTCs ¢ MOMOILBIO KOHJIeHcaTopa (uibTpa. [locne 3Toro B MHBEpTOpE 3a CUeT
BBICOKOYACTOTHOTO IIHUPOTHO—MMITYJIBCHOTO YIPAaBICHUS NPOU3BOAMUTCA DPETYJIUPOBAHHUE BBIXOJHON
4acTOThl fax M BbIXoAHOrO HampspkeHUs Usux. Ha BbIXone mpeoOpazoBaress 4yacTOThl HAOIIOJAKOTCS
NPSMOYTOJbHBIE HMMITYJIBCBI, OJHAKO 3@ CUeT HHIYKTHBHOCTH OOMOTOK CTaTOpa AaCHHXPOHHOTO
3JIEKTPOJABUIaTENIsl OHU UHTETPUPYIOTCS U MEPEXOAAT B CHHYCOMJAIIBHOE HAIIPSKEHUE.

Pezynupoeanue nycko6o20 moka npu nomowu 4acmomuozo npeoopazosameis

BbICOKME IyCKOBBIE TOKH 3JIEKTPOIBUIATEICH—HEKEIATENbHOE SBJICHUE, TaK KaK OHU MOTYT
CTaTh NPUYMHON MaJeHHsl HaIpsDKeHUs o0opyAoBaHHMs. B cieacTBum 3TOro mpu NOJKIIOYEHUH U
HaJIaJIKe JIBUraTesel nepeMeHHOro Toka OOBIYHO CTOMT 3a/lauya MPUJIATh IIyCKOBBIM TOKaM HalMEHbIIee
3HAYEHHUE, a TAKXKE YBEJIMYUTh IUIABHOCTH IIyCKa JIBUraTels 3a CYET MCIOJIb30BaHMS CIELUAIBHOTO
BCIIOMOTaTeJIbHOTO 000pY10BaHUS.

YactoTHble mpeoOpazoBaTeNd CYUTAIOTCS OJHOM U3 HauOoyiee JIEWCTBEHHBIX KaTETrOpHid
npuOOPOB, MO3BOJSIOMIMX OOJIETYUTh 3aITyCK AIeKTpoaBHrareneil. Hanbonee 1eHHBIM MPU3HACTCS MX
0COOEHHOCTh  MONJCPKUBATH ITYCKOBOM TOK JBUTATENed IEPEeMEHHOr0 TOKa B TEYCHUH
IIPOJOJDKUTEIBHOTO NIEPUOJA BPEMEHHU.

YroObl mogo0paTe MOAXOAAIIMH K  ACHHXPOHHOMY  3JIEKTPOJBUTATENI0  YaCTOTHBIN
npeoOpa3oBarelb, ciaelyeT MPOU3BECTH pacueT ero MyCKOBOTO TOKA. DTO MOXKHO C/AEJIaTh CIEAYIOIIUM
o0pa3om.

BennumnHa myckoBOro Toka pacCUMThIBaeTcs o popmysie:

Imyck = In » Knyck

rae [H — HoMMHanpHAs BEJIUYUHA TOKA

Knyck — KpaTHOCTh MOCTOSIHHOTO TOKa K HOMMHAJIbHOMY 3HAu€HHUIO (yKa3bIBaeTcsl B
TEXHUYECKOHN JTOKYMEHTAIMH K 3JIEKTPOABUTATENIO).

OnpezneneHrue HOMHUHAJIBHOIO TOKa TpexX(a3HOro 3JIEKTPOABHUraTeNss IEePeMEHHOro TOKa
BBINOJIHSAETCS COTacHo hopmyie:

1000-Py, rae PH — HoMuHaJIbHAs MOIIHOCTD JIBUTATEI,
Is= m UH — HOMUHaQJIBHOE HAIPSIKEHUE,
vE NH — HOMMHAJIbHBIA KO3 (UIUEHT MOJIE3HOT0 JIeHCTBUS,
COS () — HOMMHAJIbHBIA KOA((ULUEHT MOLTHOCTHU 3JIEKTPOMOTOPA.

Bce T 1aHHBIE TaKKe MOXHO HAaWTH B TEXHUYECKON JOKYMEHTAIMH K JIBUTATEI0.

3Hasi MYCKOBOM TOK DJJIEKTPOJBUTaTeNss, MOXKHO MPaBWIbHO N0A00paTh 4YaCTOTHBIN
npeoOpaszoBarenb. JKemaTenpHO, YTOOBI TOK YacTOTHOrO IpeoOpaszoBaTenss Obul OoJblle TOKa
BO3MOJKHBIX TEPETPY30K, @ €ro MOIIHOCTh clieayeT BeioupaTh Ha 10—15% Bbllie MOITHOCTH JABUTaTEIIs.
Ecnu npuBoJ moABEp:KEH €llie U yAapHbIM Harpy3Kkam, TO He00X0AMMO BHOBB B34Th 3amnac 10%.

Pecynupoexa ckopocmu epaujenus pomopa npu ROMOWU YACMOMmMHO20 npeodpazoeamens
Yrobbl 00ecriednTh HOPMAIBbHYIO pabOTy aCHHXPOHHOTO ABUTATENs, HAJl0 MPUBECTH CKOPOCTU
BpallleHHs MATHUTHOTO TOJIsl CTaTopa M pOTopa K OJU3KUM 3Ha4eHHsIM. Pa3HOCTh CKOpOCTeH BpalleHus
MarHMUTHOTO TIOJISi CTaTopa M pPOTOpa ACHUHXPOHHOTO 3JIEKTPOJBUTATENS XapaKTepus3yeT BeIMYMHA
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CKOJIBKCHHUA

rze nl—-CHHXpOHHAst CKOPOCTh BpalleHus 1o, 00/MuH;
N2—CKOpPOCTh BpalLIeHUs POTOpa, 00/MUH.

B cBoio ouepenp, BEIMYMHA CKOJIBKCHHS ONpPEACTSeTCS MOMEHTOM BpalleHus BUrartens. B
ACHHXPOHHBIX JIBUTATENSIX C KOPOTKO3aMKHYTBIM POTOPOM MOMEHT MOXKHO H3MEHUTH C IHOMOIIBIO
YaCTOTHBIX MpeoOpa3oBaTeneid. [IpuHIMI YacTOTHOTO crocoba PeryInpoOBKU CKOPOCTH aCHHXPOHHOTO
JBUTATENsI COCTOUT B TOM, YTO, U3MEHSISI YaCTOTY MUTAIONIETO HANpPSDKCHUS, MOKHO B COOTBETCTBHU C
BBIPAKCHUEM

60f
n=-—

P
f — POMBIIIJICHHAS YaCTOTa,

P — gncio nap moJirocoB.

rac n — 4gyactora BpalICHUA MAaroHuTHOI'O IOJIA CTaTopa,

IIPY HEU3MEHHOM P PEryJMpoBaTh YIIOBYIO CKOPOCTh MAarHUTHOIO IOJIS CTATOPa, YTO B CBOIO OYEPE.b,
MO3BOJISIET M3MEHATh CKOPOCTh BpalleHus poTopa. JlaHHBIM croco® sABIsSETCS OJHUM U3 CaMbIX
IIEPCIIEKTUBHBIX IIPU PETYJUPOBAHUU ACUHXPOHHOIO JIBUraTessd C KOPOTKO3aMKHYThIM poTopoM. IIpu
4aCTOTHOM PETYJIMPOBAHUM MUHHUMAJIbHBI IIOTEPU CKOJIBKEHUS U, KaK IIPABUIIO, BECbMa HE3HAYUTEIIBHbI
Y IIOTEPHU MOLTHOCTH.

TakuM o00pa3oM, MpPUMEHEHHME YACTOTHBIX IHpeoOpa3zoBaTesiel € IHUPOTHO-UMITYJIbCHON
MOJYJISIIMEN B KayeCTBE JOIMOJHUTENBHOIO 000PYAOBAaHUS K ACUHXPOHHOMY 3JIEKTPOJBUTATENIO J1AET
BO3MOXKHOCTh 3()(peKTHBHO yCTpaHSITH OCHOBHBIE HEJOCTATKH, CBSA3aHHBIE C €ro pabdOTOW, a UMEHHO
OCYILIECTBIISETCS:

» TUTaBHBIN ITyCK 3JIEKTPOJIBUTATENS, YTO MPUBOIUT K YMEHBIIICHUIO €T0 U3HOCA;
SKOHOMUS DJIEKTPOIHEPIUU IIPU IEPEMEHHON HArpy3KH;
peryiaupoBaHue CKOPOCTU BpalCHUS;

YV V V

YIpaBIsieMOE TOPMOXKEHHE W aBTOMATUYECKUMH INIEpe3alyCK IpH OTCYTCTBUH CETEBOTO
HapsHKEHUS.

Opnaxo cieayeT OTMETUTh, UTO JUIsl YaCTOTHBIX ITpeoOpazoBaTeiel XapaKTepHbl HAJTMUYHUE TOMEX
JUIS. BHICOKOYYBCTBUTEJILHOTO 000PY/I0BaHUS M OTHOCUTENIBHO BBICOKAsk CTOUMOCTb.

IIpakTnyeckas padora Ne 9
HccnenoBanne padoTbl aCHHXPOHHOIO Tpex(¢a3Horo ABUraTeIst
Lleas padoThl:  H3ydyeHHE OCHOB PaOOTHl ACHHXPOHHOTO TpeX(a3HOTO JABUTaTENs.

3aganue:
BaumaTensHO H3yunTe MaTepual 1o TeMe.
OTBeThTE HA BOIIPOCHI:
a. IloHsATHME aCHHXPOHHOTO AJIEKTPOBUTATENS.
YeTpolCTBO U Ha3HAYEHUE Y3JI0B ACHHXPOHHOIO JIEKTPOABUTATEIIA.
Onwuiure TpUHIUI paboThl ACHHXPOHHOTO AJIEKTPOABUTaTEIs.

oo o

YcTpolicTBO, Ha3HAUEHUE Y3JIOB U MPHUHIMI pabOThl TpeX(pazHOTO aCHHXPOHHOTO ABUTATENS C
KOPOTKO3aMKHYTBIM POTOPOM.

Konuenmus Bpamaomerocss MarHuTHOTO TOJISL.

CkomnbpKeHre aCHHXPOHHOT'O JABUTATEsL.

CxopocTh BpallleHus poTopa.

SKQ Hh o

HOI[KJ'IIO‘ICHI/IG ACHUHXPOHHOI'O ABUTaTCIIA.



i. TlomkmroueHue Tpex(a3sHOr0 ACHHXPOHHOTO JBUTATENs K OJHO(A3HOW CETH C IMOMOIIbIO
(ha30CABUTAIOIIETO DIIEMEHTA.

J.  YmpaBieHue aCHHXPOHHBIM JIBUTATEIICM.
k. TInaBHBIi MyCK aCHHXPOHHOTO YJICKTPOBUTATEIIS.
|.  YacToTHOE ynpaBieHUE aACHHXPOHHBIM 3JICKTPOABHUIATEIICM.

m. Tpexda3Hblii aCHHXPOHHBIA ABUraTelb C (Pa3HBIM POTOPOM (YCTPONCTBO, Ha3HAYCHHE Y3JIOB,
MyCK U MPUHITUT PaOOTHI).

Tpexghasnvlii acunxpouuslit Inekmpooguzamenpb - 3TO ACHHXPOHHBIM 3JIEKTPOABUTATENb,
KOTOPBII UMeeT Tpex(azHyro 0OMOTKY CTaTopa.

Koncmpykyua acunxponnozo snekmpooguzamens

TpexdazHblil aCHHXPOHHBIA ANEKTPOJBHUraTeNlb, KaK U JHO00W ANEKTPOABHUraTellb, COCTOUT M3
JIByX OCHOBHBIX 4YacTeil - cratopa u poropa. CTaTop - HEMOJABMKHAS YacTh, POTOP - BpalllaloLIasics

4acTth. P OTOp pa3MeIaCTCd BHYTPU CTATOpA. Mex(z[y pPOTOPOM H CTATOPOM HMCECTCA HEOOJIBIIIOE
pacCToOAHNEC, HAa3bIBACMOC BO3YIIIHBIM 3a30POM, OOBIYHO 0,5-2 MM.

Puc. 1 Cratop acCMHXpOHHOTO JIBUTaTems Puc. 2 PoTop acCHHXpOHHOTO ABUTATES

Cratop COCTOMT U3 Kophyca M cepledyHrKa ¢ oOMoTkoi. CepJiedHrK cTaTopa coOupaercs u3
TOHKOJUCTOBOM TEXHHYECKOW CTAJIM TOJIIMHOW OObIYHO 0,5 MM, MOKPBITOM H3OJSIIMOHHBIM JIAKOM.
[llnxToBaHHAsT KOHCTPYKIIUSI CEPJACUYHUKA CITOCOOCTBYET 3HAYMTEIHHOMY CHUXEHHUIO BUXPEBBIX TOKOB,
BO3HHUKAIOIIMX B TMPOIECCe NEepPEeMarHMYMBAHUS CEPACUYHUKA BPAIIAIONIAMCS MArHUTHBIM TIOJIEM.
OOMOTKHM cTaTOpa pacmoiaratoTcs B MMa3ax CepeYHHKA.



Puc. 3 Kopnyc u cepaeunuk craTopa aCHHXPOHHOTO 3J€KTPOABUTATENS
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Puc. 4 KOHCTPYKIII/IH IUXTOBAHHOI'O CEPACHYHHUKA ACUHXPOHHOI'O JABUTATCIIA

P OTOP COCTOUT U3 CCPACUHHKA C KOpOTKO3aMKHYTOI>'I 00MOTKOM 1 Baia. CepI[e‘IHI/IK poTOpa TOXKE
HMECT IMNXTOBAHHYIO KOHCTPYKIHIO. HpI/I 9TOM JIMCTBI POTOpPA HE MOKPLITHI JIAKOM, TAK KaK TOK UMCCT
HC6OJ'I]E>H_IYIO JacCTOTy U OKCHIHOMW IIJICHKH JOCTATOYHO AJIA OrpaHUYCHUS BUXPCBBIX TOKOB.

Ilpunyun padomui. Bpawaroweeca maznumnoe no.e

[Tpunuun nefcTBus Tpex(a3zHOro aCMHXPOHHOTO 3JIEKTPOJIBUraTelNis OCHOBaH Ha CIOCOOHOCTH
Tpex(da3Holi OOMOTKM MpH BKIIOUYEHHH €€ B CeTh Tpex(a3Horo TOKa co37aBaTh Bpallaroleecs
MarHMTHOE IMOJIE.

Bpamaromeecss MarHUTHOE TOJE - 3TO OCHOBHAs KOHLEMNIUS JJIEKTPUYECKHX ABUTATENEH U
TeHEpaTOPOB.



Puc. 5 Bpamaromeecss MarHuTHOE 1OJI€ aCUHXPOHHOT'O JIEKTPOJABUATATENS

Yacrora BpallleHHs 3TOTO MOJIs, WJIM CHHXPOHHAS 4acTOTa BPAICHUS MPSIMO IPOIOPIIHOHAIbEHA
yacToTe mnepeMeHHoro Ttoka fl u oOpaTHO MpOMOPIMOHANIbHA YUCIY MHap MOJMIOCOB p TpexdaszHoi
OOMOTKH.

rae nl — gactoTa BpameHus: MarHUTHOTO TIOJISI CTaTopa, 00/MUH,
f 1" 60 f1 — yactora mepeMeHHOTO TOKa, I'11,

p

n P — YUCIIO Map MOJOCOB

Konuyenuyusn epawarouie2oca MazHummno2o noas
YroObl IOHATH (PEHOMEH BPAIAIONIETOCS MArHUTHOTO TOJIS JIyYIlle, PACCMOTPUM YIPOIIECHHYIO
Tpexda3zHyr OOMOTKY C TpeMsi BUTKaMH. TOK, TEKYIIMH IO TMPOBOJHHUKY CO3/1a€T MAarHUTHOE IOJIe

BOKpYr Hero. Ha pucyHke HM)Xe MOKa3aHO IOJ€, CO3[aBaeMo€ Tpex(a3HbIM NEPEMEHHBIM TOKOM B
KOHKpPETHBII MOMEHT BPEMEHH.

Puc. 6 MarautHoe none IpsAMOro NpoBOAHHUKA € TOCTOSIHHBIM TOKOM

co31aBaeMoe 0OMOTKOM

CocTaBisroniyue

MIEPEMEHHOT0 TOKa OYyAYyT U3MEHSThCS




CO BpEMEHEM, B pe3yJibTaTe 4ero OyJaeT M3MEHSAThCS CO3/laBaeéMoe MMM MarHutHoe moje. [Ipu stom
pe3yIbTHPYIONEe MarHUTHOE Toje Tpex(a3sHoi OOMOTKM OylneT MPUHUMATh PasHyl0 OpPHEHTAIUIO,
COXPaHssI IPU 3TOM OJJMHAKOBYIO aMILIUTY1y.

\

Puc. 8 MarautHoe nosie co3gaBaeMoe Tpex(a3HbIM TOKOM B Pa3HBIIl MOMEHT BPEMEHH

Puc. 9 Tok nporekaroniyii B BUTKAaX 3JIEKTPOJBUraTEls
(cnBur 60°)

)
 J

Puc. 10 Bpamaromeecst MarHuTHoe mosie
Jeiicmeue spawjaiowe2oca MaZHUMHOZ0 NOJIA HA 3AMKHYMbLIL 6UHIOK

Tenepp pa3MecTUM 3aMKHYTHIH MPOBOJHHK BHYTPHU BpAIIAIONIETOCs MarHUTHOTrO mouss. [lo
3aKOHY 3JIEKTPOMArHUTHON WHIYKIIMH W3MEHSIONIEECS MarHUTHOE TOJie MPHUBEAET K BOSHHUKHOBEHHIO
anektpoasrkytien cuibl (D/]C) B mpoBoanuke. B cBoto ouepens D/]C BBI30BET TOK B MPOBOTHUKE.

TakuM oOpa3oMm, B MarHUTHOM TioJie OyAeT HAaXOIAUTHCS 3aMKHYTHIH MPOBOJHUK C TOKOM, Ha
KOTOpBIN cornacHo 3akoHy Amrepa (F = BILsina, roe F — cuma Amniepa (cuna, ¢ komopoii npo6ooHuku
OMMANKUBAOMcs unu npumseusaromces), B — maenumnas unoyxyus, | — cuna moxa, L — onuna
NPOBOOHUKA, 0. — V2Ol MeddcOy HAnpaeieHuem moka U HAnpaeieHuem MAacHUmHOU UHOYKyuu) OyneT
JCCTBOBATh CHJIA, B PE3yJIbTAaTE YEro KOHTYp HAYHET BPalaThCsl.



UHgyumpyembin
TOK

Puc. 11 BausiHue Bpamaromnerocss MarHuTHOTO TOJIsL Ha 3aMKHYTBIM MPOBOJHHUK C TOKOM

Tpexchpaznvtii acunxpounslii deuzamens ¢ KOPOMKO3IAMKHYHIbIM POMOPOM
ACUHXpOHHBIH  JBHraTellb C KOPOTKO3aMKHYTBIM  POTOPOM - 3TO  ACHHXPOHHBIH
ANEKTPOABHUraTENb, Y KOTOPOI'O POTOP BBHINOIHEH C KOPOTKO3aMKHYTOH OOMOTKOHW B BHaE Oenuybeit
KIICTKHU.

Kopomxkozamkruymulit pomop acunxpoHnoz2o oguzames

[To sToMy npuHIHKITY Takxke paboTaeT aCHHXPOHHBIN JIEKTPOBUTaTeNlb. BMeCTO paMKu ¢ TOKOM
BHYTPU AaCHUHXPOHHOI'O JIBUraTeslss HaxOOUTCS KOPOTKO3aMKHYTBIH pOTOpP MO KOHCTPYKLUHU
HarloMUHamImui Oenuube Kojeco. KopoTKO3aMKHYTBIM pOTOp COCTOUT U3 CTEpXKHEW, HAKOPOTKO
3aMKHYTBIX C TOPLIOB KOJIbLIAMH.

Puc.12 KopoTko3amMkHyThIN poTop "Oennubs kieTka" Hanboliee MMPOKO UCIIOTh3YEMBIN B
ACMHXPOHHBIX AJIEKTPOIBUTATENX (MIOKa3aH 0e3 Baja U CeplIeYHHNKa)

Tpex¢da3ublii mnepeMeHHBI TOK, MNPOXOAsS IO OOMOTKam
cTaTopa, CO3/aeT Bpallarolieecs MarHUTHOE moiie. Takum oOpazom,
TaKkke Kak OBUI0 ONHCAaHO paHee, B CTEpXKHIX poTopa Oyzaer
WHIYLIUPOBATHCS TOK, B PE3yJIbTATE YEr0 POTOP HAYHET Bpamarbes. Ha
pucyHke Huxke Bbrl  MOXeTe 3aMETUTh  pas3jinuue  MeXIy
UHAYLUUPYEMBIMH TOKAMU B CTEPXKHSX. JTO MPOMCXOAUT H3-3a TOTO,
YTO BEIMYHMHA W3MEHEHUS MAarHUTHOTO IOJI OTIMYAETCS B Pa3HBIX
rmapax CTEpXKHEH, U3-3a UX Pa3HOro0 PACIOJIOKEHHUS OTHOCUTEIBHO
nojsi. I3MeHeHre Toka B CTEP)KHAX OyJIeT U3MEHATHCSI CO BPEMEHEM.




Puc. 13 Bpamaroiieecst MAarHUTHOE 110J1€ IIPOHU3BIBAIOIIEE KOPOTKO3aMKHYTBI POTOP

Puc. 14 MaruuTHbIi MOMEHT JEHCTBYIOIUM HA POTOP

Br1 Taxoke Moxerte 3aMCTUTb, YTO CTCP’KHHU POTOpa HAKIIOHCHBI
OTHOCHUTCJIIBHO OCH BpallCHHUA. 910 ACJacTCA A TOI'o YTOOBI
YMCHBIINTL BBICHINC TapMOHUKU BHC 1 u30aBUTHCA OT myJibCalunu
MoMeHTa. Ecnu CTCPKHU ObUIH OBI HallpaBJICHBI BAOJIb OCHU BpPAIlICHUA,

TO B HUX BO3HUKAJIO OBl MyJbCUPYIOIIEE MATHUTHOE TOJIE M3-32 TOTO, YTO MAarHUTHOE CONPOTHBIICHHE
OOMOTKH 3HAYMTEIILHO BHIIIC MATHUTHOTO COITPOTUBIICHUS 3y0II0B CTaTOpA.

Ckonvorcenue ACUHXPOHHO20 oguzamens. CKOpOCmb epauieHus pomopa

OTan4UTENbHBIA MPU3HAK ACMHXPOHHOTO JBUTATENsI COCTOUT B TOM, YTO 4HacTOTa BpalICHUs
pOTOpa N2 MEHbIIE CHHXPOHHOM YaCTOThI BPAILLIEHNUSI MATHUTHOTO OISt cTaropa nl.

Oo6mpscusierca 310 TeMm, 4to DJIC B cTepkHSIX OOMOTKM pOTOpa MHIAYLIHUPYETCS TOJIBKO MpHU
HEpaBEHCTBE 4acTOT BpamieHus n2<nl. YacroTa BpamieHusi Mojisl CTaTopa OTHOCHUTEIBHO pOTOpa
OTIPEIEISIETCSl YaCTOTOM CKOMBXEeHHs ns=nl-n2. OTcTaBaHue poTOpa OT BPAIIAIOIIETOCS TOJIs CTaTOpa
XapaKkTepHU3yeTCs OTHOCUTEIIbHON BETMYMHOM S, HA3bIBAEMOU CKOJIbKEHHUEM:

n —n;
S§=—""
n

/1€ S — CKOJIbKEHUE aCUHXPOHHOTI'O JIEKTPOJIBUTaTENs,
N1 —yacroTa BpalieHuss MarHUTHOTO MOJISl cCTaTopa, 00/MUH,
N2 — gacToTa BpalieHus poTopa, 00/MHUH.

PaccMmoTpum ciydaif, Koraa 9acToTa BpaimleHusi poTopa Oy/IeT COBMAAaTh ¢ YaCTOTOW BpaIICHUS
MarHuTHOTO TOJs cTatopa. B TakoM ciydae OTHOCHUTEIBRHOE MarHUTHOE TMoJie poTopa OyaeT
MOCTOSTHHBIM, TaKUM 00pa3oM B CTEpXkHSIX poTopa He Oyaer coszmaBathes DJIC, a, ciemoBaTensHO, U
TOK. DTO 3HAYMT, YTO CHJIA, ICUCTBYIOIIAsl HA pOTOp OyJeT paBHA HymO. TakuM oOpa3oM poTop Oyner
3amesIThes. [locie yero Ha CTepKHHU pOTOpa OIsATh OyJeT AeCTBOBATh IEPEMEHHOE MAarHUTHOE T0JIE,
TakuM oOpa3oM OyAeT pacTH MHAYIUPYEMBIH TOK U CcHia. B peanbHOCTH e pOTOp aCMHXPOHHOTO
AJIEKTPOJIBUTATENS HUKOTJA HE JOCTUTHET CKOPOCTH BpAaIIeHUS] MarHUTHOTO TMOJs ctatopa. Portop
OyJIeT BpamarhCsi C HEKOTOPOI CKOPOCThIO KOTOpasi HEMHOT'O MEHBIIIE CHHXPOHHOW CKOPOCTH.

CKOJb)KE€HHE AaCHHXPOHHOIO JIBUTATENs] MOKET M3MEHAThCS B auamna3zoHe ot 0 mo 1, T. e. 0—
100%. Ecim s~0, TO 3TO COOTBETCTBYET PEXKUMY XOJIOCTOIO X0/1a, KOTJa pOTOP JBUraTessl NPaKTUYECKH
HE HMCHBITHIBAET MPOTUBOACHCTBYIOMIEITO MOMEHTA; €CIU S=| — pEeXKUMY KOPOTKOI'O 3aMbIKAHUS, TIPHU
KOTOpPOM poTop aABurarens HemoAasmxkeH (n2 = 0). CKolbKeHHEe 3aBUCUT OT MEXaHUYECKOW HArpy3KH Ha
BaJly IBUTATENISl U C €€ POCTOM YBEJIMUUBAETCA.



CKoJb)KE€HHE, COOTBETCTBYIOIIEE  HOMHUHAJIBHOM  HArpy3ke  JBUTATeNs,  Ha3bIBaeTCA
HOMMHAJIBHBIM CKOJIb)XKEHHUEM. JUIsI aCMHXpPOHHBIX JBUTATENed MaJlOl M CpeOHEd MOIIHOCTH
HOMHUHAJILHOE CKOJIbKEHHE U3MEHsAETCA B npefenax oT 8% 110 2%.

Ilpeoopazosanue snepzuu

Acunxponnwiti 0gueamens TpeoOpasyeT UEKTPUUECKYI0 SHEPIUio, MOJAaBaeMyl Ha OOMOTKH
cTaropa, B MEXaHUYECKYIO (BpalleHue Baja poropa). Ho BXoJIHas M BBIXOJHAs MOILHOCTb HE PaBHBI
ApYyr Opyry Tak Kak BO BpeMs MpeoOpa3oBaHMs MPOMCXOIAT IOTEpU SHEPrMU: HAa TPEHHE, Harpes,
BUXpPEBbIE TOKM M IOTEPU HA TUCTEpe3uce. IJTO HHEpPrus pacceuBaercss Kak Ttemino. [loatomy
ACUHXPOHHBIH 3JIEKTPOABUIATEIb UMEET BEHTUIISITOP ISl OXJIAXKICHUS.

Ilookniouenue acunxponno2o osuzamens
Tpexgpaznviii nepemennwlit mok

OnexkTpuyeckas ceTb Tpex(a3HOro mNEepeMEeHHOro TOKa IoJydyusia Haubosiee IIMPOKOe
pacrpocTpaHEeHHE CpeAM HIIEKTPUYECKMX CHUCTeM IepeAayd SHepruu. [JIaBHBIM MpPEeuMyILECTBOM
Tpexpa3HOW CUCTEMbl IO CpaBHEHUIO ¢ OJHO(A3HOH U AByX(a3HOH cUcTeMaMM SBISETCS e
SKOHOMHYHOCTh. B TpexdasHol Lenu 3Heprus nepepaercs MO TPEM IPOBOjAaM, a TOKHM TEKyIllue B
pasHBIX MPOBOJAX CABUHYTHI OTHOCHTEIBHO JIpyT Apyra mo ¢asze Ha 120°, mpu 3TOM CHHYCOUAATBHBIE
BJIC Ha pa3HbIX (a3ax UMEIOT OJIMHAKOBYIO YaCTOTY M aMIUIUTYLY.

|
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Puc. 15 Tpexdasnsblii Tok (pa3Huua a3z 120°)

36e30a u mpey2onvHuK

Tpexdaznas oOMOTKa cTatopa O3JIEKTPOJBUTATeNsl COEAMHsSIETcs MO cxeMe '3pe3da" Wuiu
"TpeyrojgpbHUK" B 3aBUCUMOCTU OT HampsikeHWsl nutaHus ceTd. KoHubl Tpexda3zHoil 0OMOTKH MOTYT
ObITh: COEIMHEHBbl BHYTPU D3JIEKTPOABUTATEeNsl (U3 JABUraTess BBIXOJUT TPU IPOBOJAA), BBIBEIEHBI
HapyXy (BBIXOAMT IIECTh MPOBOJOB), BBIBEJIEHBI B PACIIPEACIUTENBHYIO KOPOOKY (B KOPOOKY BBIXOJUT
IIECTh MPOBOIOB, U3 KOPOOKHU TPH).

Daznoe nanpaxcenue - pa3Hulla NOTEHIIMAJIOB MEX Ty Ha4aJIOM U KOHIIOM OAHOM (asbl. Ipyroe
orpejeneHue: (asHoe HaNpsHKEHHEe — O3TO Pa3HULA MOTEHLHAIOB MEXy JMHEHHBIM MPOBOAOM HU
HEUTPABIO.

Jluneiinoe nanpacenue - Pa3sHOCTb IOTEHUUAIOB MEXKIY ABYMs JIMHEWHBIMH IIPOBOJAMH
(Mexny dazammu).



3eezga TpeyronsHHK OBozHaYeHune
U, = \EUq, U, = Up Un, Ugp - MHHEIIHOE W (ha3s0B0E HanpskeHme, B,
I, = Iy I, = Vﬁfq, I, lep - MMHEAHBIR W DA30BLIA TOK, A,
§=35= 'u@fﬂ U, S =+/3I,U, S - NoNHas MOLYHOCTh, BT
P =+/31,U,cos¢ P =+/31,U,cosg P - aKTMBHaA MOLWHOCTL, BT

BHMMaHWe: HecMoTpA Ha TO, YTD MOWHOCTE ANA COSAMHEHWHA B 3Besfy WM TPEYrONbHWK BbIYACNAETCA NO O4HOM

< topMyne, NOAKNHYEHWE OAHOMD KU TOMD ¥e 3NeKTPOABMraTens pasHeiM CcnocofoM B O4HY W TYXE 3NeKTPHUYECKYH CeTh
NPHEEAET K NOTPESNeHKK pasHoOA MOWHOCTA. MpW STOM HE MpasWnbHOe NOAKNHYEHWE MeKTPOABWMIaTens, MOMET
NPHBECTM K pacnnaenequd ofMoToK cTaTtopa.

MpuMep: JdonycTyuM znNekTpodeMraTens Oein Nogknded no cxeMe “see3ga” K TpexdazHoA CeTM nepeMeHHOoro Toka
U,=380 B (cooTBercTBeHHO Uy=220 B) n notpebnan Tok I,=1 A. MonHas notpebnAeman MOWHOCTL:

e

5 =1,73-380-1 = 658 B1.

Tenepe WIMEHWMM CXEMY COSAWMHEHWA Ha "TPEYroNMbHMK', NWMHEMHOE HaNpAMEHWEe OCTaHEeTCH TakuM xe U,=380 B, a
Daz0B0e HAaNPAXEHWE YEBENMUYMTCA B KOPEHs M3 3 pas U¢=Un=380 B. ¥eenuueHne ©azoBoro HanpRXeHWA NPUBSaeT K

YBENWYEeHU (ha30BOro TOKA B KopeHb M3 3 pa3. TakuM o0pazoM NUHeRHLIA TOK CXeMbl "TpeyronbHuK™ ByneTt B Tpu
paza Oonblie NMHEAHOMD TOKa CxeMbl "38e30a". A cnegoBaTensHo M noTpebnaemas MowHocTe OyaeT B 3 paza Gonblwe:

S =1,73-380-3 = 1975 Br.

Takum obpasoM, ecnv ABWraTens paccYMTaH Ha MOoAKMYeHMe K TpexdasHod CeTW MepeMeHHOro ToKa Mo CxeMe
"3pesaa”, NoAKNHYeHWE JaHHOr0 SMNeKTPOABMIATENR Mo CXeMe "TPeYTONbHHE MOMET MpMESCTM K ero NonoMEeS.

Ecmu B HOPMAJIBHOM PEKHUME JJICKTPOABUIATCIIb ITOAKIIFOYCH IO CXEME "Tpeyro.HBHI/IK", TO JJIA
YMCHBIICHHUA ITYCKOBBIX TOKOB Ha BpPEMA ITYCKa €ro MOXHO COCAWHUTH IO CXCMCE 3BC3]d. HpI/I 9TOM
BMECTC C ITYCKOBBIM TOKOM YMCHBIIUTCA TAKKC HYCKOBOﬁ MOMCHT.
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Puc. 16 Tlogkitodenne >7€KTPOABUTATENS IO CXEME 3BE€3/1a U TPEYTOJIbHUK

Oobo3nauenue 6v160006 cmamopa mpexgazno2o 31eKmpoosuzames



DfBozxaveHne BLIEOO0E obmoToK cTaTopa BHOEbL ObozxaveHe ELIBOOOE obmMoToK cTatopa paHee

pazpabaTelBaeMblx TpexdasHelx MawwH cornacko TOCT pazpaboTaHHBIX M MOQEPHWIWDYEMEX TpexdiazHeX MallWH
26772-85 [2] cornacHo MOCT 26772-85
Ofo3HaveHue OGo3Ha4YeHune
Cxema coegHHEHWA 0DMOTOK, BLIEOAA Cxema coegMHEHHA ODMOTOK, BLIBOAA
HaWMeHOBaHMe (Dazbl W BLIBOSA HaWMeHOEaHWe (hazkl M ELIECOA
Hayano | KoHeu Ha4ano | Koxeu
OTEpHITAA Cxema (UWCNo BLIE0S0B B) OTKpBITAA Cxema (YUCNo BHIEOLO0E B)
nepear haza u1 uz2 nepear @asa c1 c4
ETOpaR thaza V1 V2 ETOpER haza c2 Cc5
TpETeA @a3a Wi W2 TPETER hasa C3 Ch
CoeQWHeHWe B 3830y (YKCNO BLIBOOOE 3 vnn 4) CoegnHeHWe 388300M (YMCNO BRB000E 3 MK 4)
nepeas asa U nepeas @aia C1
ETOpaRA thasa v ETOpER haza C?
TpETeA Da3a W TpEeTeR (haza C3
TOUKE 3BE30El (HyNeeas Todka) N HYMEEaA TOUKS 0
Coe[WHEHWE B TPEYTONEHWE (UMCNO BRIEONOE 3) Coe[lnHeHWE TPEYToNBHUKOM (JWMCNO BLIEONO0B 3)
NepEsi BLIE00 u NepELIA BLIE00 C1
ETOpOR BbIB0, v ETOpPORA BbIBOM C2
TDETWIA BLIBOS, W TPETHIA ELIEON C3

Ilooknrouenue mpexghaznozo acunxponnozo oguzamens K 00HOPA3IHOI cemu ¢ NOMOUIBIO
dazocosuzaroweco snemenma

Tpexdas3Hpie aCHHXPOHHBIE JICKTPOJIBUTATEIH MOTYT OBITh TIOJKIFOUEHBI K 0JTHO(A3HOM CceTH ¢
MOMOIIBIO (ha30CIBUTAIONIUX AJIEMEHTOB. [Ipu 3TOM 3nekTpoaBurarens 6yaeT padboraTh TUO0 B pexxUMe
00HOga3zno2o Osucamens ¢ TYyCKOBOH o0OMoTkoi (pucyHok 17, a, 6, r) nubo B pexume
KOHOEHCamopHo20 0suzameins ¢ TIOCTOSTHHO BKIIIOYEHHBIM pabo4yrM KOHAEHcaTOpoM (pucyHok 17, B, 1,

e).
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Puc. 17 Cxemsl noakItoueHUs Tpex(pa3HOro aCHHXPOHHOTO IEKTPOJABUraTelNs K 0 JHO(}a3HOM ceTH
Cxemsl, IpuBeeHHbIE Ha pucyHke "a", "0", "a" mpuMeHSIOTCS, KOrJa BBIBEAEHBI BCE IIECTh
KOHIIOB OOMOTKH. OIEKTpPOJBUTATENTH C COEeIWHEHHEM OOMOTOK coriacHo cxemam "a", "6", "r"
NPAKTUYECKH  PaBHOLICHHBI KOTOpbIE  CIPOEKTHUPOBAHbl  Kak  OAHOGa3HbIE
AJIEKTPO/IBUTaTENN € MMyCKOBOM 00MOTKON. HomMuHanbHas MouHoCTh pu 3ToM coctasisieT 40-50% ot
MOIITHOCTH B TpeX(a3zHOM pexxHuMe, a pu padore ¢ padbounm koHaeHcatopoMm 75-80%.
nn n_n

Emkoctb pabouero xonjeHcaropa npu yacrore Toka 50 I'm mns cxem "B", "a", "e" npumepHo
pPacCUUTHIBAETCS COOTBETCTBEHHO 1O (POPMYIaM:

ABUTaTCIIAM,

IHG}I

Uy

IHG}I

Uy

IHGZ*I

Uy

Cpas ~ 4800 Cpas ~ 2700 Cpas ~ 2800
rae Cpab - emkocTh paboyero koHaeHcaTopa, MKD,
IHOM — HOMUHaNBHBIH ((Pa3HBIN) TOK cTaTOpa TpexdasHoro aABUTaTENs, A,

U1 — nanpspkenue ogHodaszHoit cetu, B.
Ynpaenenue acunxponnvim osuzamenem
CrocoOsbl MOAKIFOYCHUA ACUHXPOHHOTO 3JICKTPOABUTATCIIA K CCTH ITUTAHUA:

» TIpsAMOE TIOJKITFOYEHHUE K CETH MTUTAHUS
» TIOAKJIIOYEHHE OT YCTPOHCTBA TUIABHOTO ITyCKa



» NOAKIIOUEHHUE OT MPeodpa3oBaTelis YaCTOTh
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Puc. 18 BapuaHThI TOJKITFOUEHHS] aCHHXPOHHOTO 3JIEKTPOJABHUTATENS ¢ TIOMOIIBI0 MATHUTHOTO
myckareds (cjieBa), yCTpOUCTBa IJIABHOTO IMycKa (MMOCEPEIMHE) U YaCTOTHOTO Mpeodpa3oBartes
(cipaBa).

FU1-FU9 - nnaBkue npenoxpanutenu, KK1 - teruoBoe pene, KM1 - MarHuTHBIM myckaTens,
L1-L3 - KOHTaKTHI [JIs MOJKIIIOYEHHUS K CETH Tpex(a3Horo nepeMeHHoro toka, M1-M3 - acunxpoHHbIe
anektpoasuratenu, QF1-QF3 - aBromarnueckue Beikimtoyarenn, UZ] - yCTpOHCTBO MJIABHOIO ITyCKa,
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Uzz

UZ2 - npeobpazoBareib 4acTOTHI.

Hpﬂmoe NOOKNI0OUEeHUE K cemu NUMaHus
Hcnons3oBanne MAarduTHBIX HYCKaTeJIeﬁ IIO3BOJISACT YHOPpaBJIATH ACUHXPOHHBIMHA
SJICKTPOABUTATCIIAMU IMYTEM HEMIOCPEACTBEHHOT'O MMOAKIFOYCHHA ABUTAaTEIIA K CETU MIEPEMEHHOT'O TOKA.

C nomo11pI0 MarHUTHBIX ITyCKaTeNe MOXKHO PEAIM30BaTh CXEMY:
» HEpEeBEPCHBHOTO MYyCKa: IyCK U OCTAHOBKA;
» PEBEPCHUBHOTIO ITyCKa: MyCK, OCTAHOBKA U PEBEPC.
Hcnonp30BaHnE TEIUIOBOTO pENE€ MO3BOJIAET OCYLIECTBUTH 3alUTY JJIEKTPOABUIATENsl OT

BCJIMYHH TOKA, HAMHOI'O IMTPEBBIIAIOIINX HOMHUHAJIbHOC 3HAUCHUC.
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Puc. 19 HepeBepcuBHas cxema HOJKIIOYEHHS TpeX(PazHOro aCHHXPOHHOTO JIEKTPOABUIATENS K
Tpex¢azHOoW CETH NEPEMEHHOTO JIEKTPHIECKOT0 TOKA Yepe3 MarHUTHBIH ITycKaTelb
L1, L2, L3 - KOHTakThl I TOJKIIOYCHHUS K CETH TpeX(a3HOro IEepEeMEHHOI0 TOKa,
QF1 - amromarmueckuil BBIKITIOYATETh, SB1 - KHomka ocraHoBku, SB2 - KHOIKa ITycKa,
KM1 - marautHbiii myckatens, KK1 - teroBoe pene, HL1 - curnanpHas namma, M - Tpexda3Hbli
ACUHXPOHHBII JBUTATEIb.
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Puc. 20 PeBepcuBHas cxema NOJKIIOUYEHUS TpeX()a3HOr0 aCHHXPOHHOTO AJIEKTPOABUraTENs K
Tpex(a3HO! CeTH MEPEMEHHOTr0 MEKTPUUECKOr0 TOKA Yepe3 MarHUTHbIE MyCKaTeln

L1, L2, L3 - KOHTakThl JyIs TOJKIIOUEHHUS K CETH Tpex(a3HOro IEepeMEHHOI0 TOKa,
QF1 - aBromarmueckuii BeIKiIROUaTenb, KM1, KM2 - marautabie myckarenn, KK1 - TeruioBoe pere,
M - tpexda3Hblii acCHHXpOHHBIHN nBUTraTenb, SB1 - kHonka octaHOBKH, SB2 - kHonka mycka "Bnepen",
SB3 - xnomka mycka "Hazan" (pesepc), HL1, HL2 - curHanbHbI€ JTaMITBI.

Henocratkom mpsiMOM KOMMYTallMd OOMOTOK AaCHHXPOHHOI'O JJIEKTPOABHUraTeNsi C CEThIO
ABJISICTCSA HAIMYKME OOJBIINX MYCKOBBIX TOKOB, BO BpPEMsI 3aITyCKa 3JIEKTPOIBUTATEIS.

Ilnagnwti RYCK ACUHXPOHRHO20 9J1ekmp008uzameml

B 3anmauax, rae He TpeOyercs peryiaupoBKa CKOPOCTU 3JIEKTPOJIBUraTelNs BO BpeMsl paboThl JUIs
YMEHBIICHUS ITyCKOBBIX TOKOB UCIOJIB3YETCS YCTPONUCTBO MJIABHOTO ITyCKa.

VYCeTpoiCTBO IUIABHOIO IyCKa 3aIlMINAECT ACHMHXPOHHBIM JJIEKTPOJBUTATENb OT MOBPEKICHUN
BBI3BAHHBIX PE3KUM YBEIMYEHUEM MOTPeOsieMOil SHepruu BO BpeMs IycKa IyTEeM OTrpaHUYEeHHUs
MIYCKOBBIX TOKOB. Y CTPOMCTBO IJIAaBHOT'O MyCKa MO3BOJISIET 00€CIEeUnTh IIaBHBIN pa3roH U TOPMOKEHHE
ACMHXPOHHOTO 3JIEKTPOJBUTATEIS.

VYCTpoiicTBO TJIaBHOTO IyCKa JEIeBlIe€ W KOMIIAKTHEE YacTOTHOrO IpeoOpa3oBarere.
IIpumensieTcs TaMm, re peryjaupoBKa CKOPOCTH BPALLEHUS U MOMEHTA TPEOYETCS TONBKO MPH 3aIIyCKeE.



Yacmommnoe ynpaejieHue AaCUHXPOHHbIM aﬂekmpoosuzameﬂem

I[JISI peryjimpoBaHust CKOpOCTU BpaAIlICHHUA WU MOMCHTA ACMHXPOHHOTO ABUTATCIIA HCIIOJIB3YIOT
YacTOTHBIA TpeoOpa3oBatens. [IpuHIMI JNEHCTBHS YacTOTHOrO TpeoOpas3oBaTenss OCHOBAaH Ha
HU3MCHCHUHN YaCTOThI U HAIIPSPKCHUA IEPECMECHHOI'O TOKA.

Vcnonb30BaHue 4aCTOTHOTO peoOpa3oBaTess M03BOJISET:

» YMEHBIIUTH SHEProNnoTPeOICHUE dJICKTPOABUTATEIIS;
» yOpaBISATh CKOPOCTHIO BpAIIEHHS DJICKTPOJBHrarens (IUIaBHBIA 3allyCK M OCTAHOBKA,
pEryJIMpOBKa CKOPOCTH BO BpeMs paboThl);

» u30exaTh Neperpy30K IEKTPOIBUTATEISI U TEM CaMbIM YBEIIMYUTH €r0 CPOK CITYIKOBI.

HacToTHbIin
npeobpaszosarens
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Puc. 21 ®dynkunoHanpHas cxeMa 4acTOTHO-PETYJINPYEMOT0 MPUBOIA

B 3aBucuMocTu OT GyHKIIMOHAIA YaCTOTHBIE Mpeodpa3oBaTeNld Peau3yIoT CIAeAYIONINe METOAbI

PETYJIHPOBAHUS ACHHXPOHHBIM JJICKTPOIBUTATEIICM:
» CKaJspHOE YIIpaBJICHUE;
» BEKTOPHOE YIIPaBJICHHE.

CkanapHoe ynpaenenue SBISETCS MPOCTHIM H JCIIEBBIM B pEAIN3allMU, HO UMEET CIEAYIONIHE
HEJOCTaTKN - MEJJICHHBIA OTKIMK Ha W3MECHECHWE HArpy3KH W HEOOJBIIOW JIMAITa30H PEryIHpOBaHUS.
[ToaTomy ckamnsipHOE ympaBieHHEe OOBIYHO MCIONB3YeTCS B 3ajadax, rie Harpys3ka JIM0O MOCTOSIHHA,
00 U3MEHSETCS TI0 U3BECTHOMY 3aKOHY (HalpuMep, YIIpaBIeHUE BEHTUISITOPAMH).
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Puc.22 CkansipHoe ynpaBlieHME aCHHXPOHHBIM JBUTATENIEM C TATYUKOM CKOPOCTH
Bexkmopnoe ynpaenenue wcnonb3yercsi B 3ajadax, riae TpeOyercss HE3aBUCHUMO YIPABIAThH
CKOPOCTHIO M MOMEHTOM DJJIEKTPOJBHUTATENs (Hampumep, ITUQPT), YTO, B YACTHOCTH, TTO3BOJSET



MOAJEP/KUBATH MTOCTOSHHYIO CKOPOCTh BPAILEHUS IIPH M3MEHSIONIEMCS MOMEHTE Harpysku. IIpu stom
BEKTOPHOE YIIpaBJIEHUE SBISETCS caMbiM A(PQEKTUBHBIM yrpaBieHHeM ¢ Toukd 3penus KIIJ u
YBEIIMYEHUSI BpEMEHH pabOThI 3JIEKTPOIBUTATEII.

Cpenu BEKTOPHBIX METOJOB YIPABJICHUS ACHHXPOHHBIMHU OSJIEKTPOJBUTATEISIMU Hamboiee

IOUPOKOC TNPHUMCHCHUC MOJIYUYUIIU: nojeopueHmupoearnHoe ynpasieHue u npAamoe ynpaejieHue
MOMEHIMOM.
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Puc.23 IloneopueHTUPOBAHHOE YNIPABIECHUS ACUHXPOHHBIM 3JIEKTPOJABUTATEIEM IO IaTYUKY
MOJIO’KEHHUS POTOpa
Iloneopuenmuposannoe ynpagienue TO03BOJSET IUIABHO M TOYHO YIPABIATh HapaMmeTpamu
JIBUKCHHSI (CKOPOCTBIO MU MOMEHTOM), HO TIPH 3TOM JUIsl €0 pealu3anuu Tpedyercs nHbopManus o
HaIpaBJIEHUN BEKTOpA MOTOKOCIECTUICHUSI pOTOpa ABUTATEIIA.
[To cnocoby momydenus uHpOpMaIUM O TIOJNOKEHHWU TOTOKOCIEIUIEHUS  POTOpa
3EKTPOJIBUTaTENs BBLACIISAIOT:
» TIOJICOPUEHTHPOBAHHOE YIIPABIICHHE O JATYHKY;
» TI0JICOPUEHTHPOBAHHOE YIpaBJICHUE 0€3 JaTUHKa: MOJI0KEHUE TTOTOKOCICIUICHHS pOTOpa
BBIUMCIISIETCST MaTeMaTUYeCKd Ha OCHOBE TOW uWH(pOpMallMu, KOTOpas HMEeTCs B
YaCTOTHOM IIpeoOpa3oBarese (HampsoKeHUE MHUTAHWS, HANpsHKeHUS M TOKU CTaropa,
COTMPOTUBIIEHUE M WHIYKTUBHOCTH OOMOTOK CTaropa W pOTOpa, KOJWYECTBO Iap
MTOJIFOCOB JIBUTATEIIA).

{D Iy::m ;s-d m ﬂ'lsd W Il"’;d d.-q V;tz
=
MEM
w” Aw ' Vsg Vsﬁ
© nva m 1/ ap ]
5, qu Tﬁd | é‘{-‘,—
1
ap |¢; |
d-q 2 20
Coo-up.ru
p =ttt -4t--—————"

| Vea L
| Oughka "P,-a OuyeHrs EbMHCNEH1E
| ame | W | wymaagge | Vs [Fanpeesd Vie
|
| R

Puc. 24 TToneopreHTUPOBAHHOE YIIPABJICHUS ACHHXPOHHBIM JJICKTPOABHUraTeeM 0e3 1aTunKa
TIOJIOKEHHSI POTOpa



IIpamoe ynpagnenue momenmom UMEET MPOCTYIO CXEMY U BBICOKYIO TUHAMHUKY paOOThI, HO MIPH
3TOM BBICOKHE MYJIbCALMA MOMEHTA U TOKa.

Tpexdghasnvlii acunxpouuslil 0suzamens ¢ QazHvlm pomopom

Acunxpounstii 0euzamenv ¢ (HazHvlM poOmMOpom - ACUHXPOHHBIN JBUTATENb, Y KOTOPOTO
00MOTKa pOTOpa MPUCOECTUHEHA K KOHTAKTHBIM KOJIbIIAM.

Jlo mupoKoro pacmnpocTpaHeHHs] YaCTOTHBIX IpeoOpa3oBareseil acMHXPOHHBIE JBUTaTeNd
cpenHeil 1 6oNbIION MOIIHOCTU Jenaiu ¢ (a3HbIM poTopoM. TpexdasHble aCHHXPOHHBIE JBUTATENH C
¢dazapiM potopom (AJIDP) 00BIYHO TPUMEHSIIM B YCTPOHCTBAX C TSDKEIBIMH YCIOBUSMH ITyCKa,
HalpuMep, B KaueCTBE KPAHOBBIX JBUTATENIed MEPEMEHHOTO TOKa, WM K€ Il MPUBOAA YCTPOWUCTB,
TpeOYIONINX TIABHOTO PETYIMPOBAHUS YaCTOTHI BPAIIICHUS.

Koncmpykyusa A/[@P
Da3znwlit pomop

KoncTpykTtuBHO a3Hblil poTOp mpeacTaBiseT u3 cedsa TpexdasHyro oOMOTKY (aHAJIOTHMUYHYIO
OOMOTKHM CTaTopa) yJIOXKEHHYI0 B Ma3bl cepiaedyHuka (aszHoro poropa. Konubl (a3 Takoit oOMOTKH
poTropa OOBIMHO COEAMHSIOTCS B '"3Be3qy", a Hayala MOJKIIOYAIOT K KOHTAKTHBIM KOJIbLIAM,
W30JIMPOBAaHHBIM Jpyr OT Jpyra ¥ OT Baja. Yepe3 IMIETKM K KOHTAKTHBIM KOJbI[AaM OOBIUHO
MpUCOSANHSICTCS TpeX(a3HbI IMyCKOBOW WM PETyJIMPOBOYHBINA peocTar. ACHHXPOHHBIC JBUTATEIH C
($a3HBIM POTOPOM HMMEIOT 00JIee CIOKHYIO KOHCTPYKIIHIO, YeM Yy JBHTATENIe ¢ KOPOTKO3aMKHYTBHIM
POTOPOM, OJTHAKO OOJIAJAFOT JIYYITUMH ITyCKOBBIMH U PETYJIMPOBOYHBIMU CBOWCTBAMHU.

Puc. 25 ®a3nsiit potop

Cmamop A/[DP

Cratop acMHXpPOHHOTO ABUTATeNs C (a3HBIM POTOPOM IO KOHCTPYKIMH HE OTJIMYAETCS OT
CTaTopa aCHHXPOHHOTO JBUTATENS ¢ KOPOTKO3aMKHYTBIM POTOPOM.
Obo3Hauenue 6b160008 8MOPUUHBIX 0OMOmMOoK mpexgaznozo A/[DP



OJfBozHaueHne BLIB0O0E 0OMOTOK poTopa BEHOEbL ObozHaveHne BLIBOO0E obmoToK poTopa paHee

pazpabaTeieaemelx TpexdpazHeix mawws cornacdo TOCT pazpaboTaHHEIX W MOZEepHUIMPYeMEX TpextazHe MalUMH
26772-85 [2] cornacio MOCT 26772-85
OD0ZHAYEHHE Cxema coeWHEHWA 0DMOTOK, ObozHaYeHHe
Cxema coejuHeHuA 0OMOTOK, ELIEOOE HaWMeHOEaHWe (hazkl M BEbIEOAA ELIEOOE
HaWMEHOEaHHe (Dazbl W ELIECOE =
Hauano | Koxeu CoeanHeHne 3883001 (YWCNO BLIBOOOE 3 WK 4)
nepeas maza P1
OTHEpRITAA CXemMa (YMCNo BeIBOOOB 6)
BTOpER hasa P2
nepear aza K1 K2
TpeTeR haza P3
ETOpEA haza L1 L2
HyreBaA Todka 0
TpeTeA Ma3ia M1 M2

CoequHeHWe TpeyronsHHEDM (YMCNO BLIE0L0E 3)
CoeguHeHWe B 28230y (YWCNOo BEIBOO0E 3 wnu 4)

NepELI ExIE0D P1
nepsas gaza K

ETOPOR BLIBOL P2
ETOpaA haza L

TPETWIA BhIBO P3
TpeTeA Ma3a M
TOUKA 3Be3Akl (HYNeEan Touka) Q Mpumedanue: KoHTAKTHEIE KOMBLUA POTOPOE ACWHXPOHHBX

Jevratensil 0003HAYAKT TaK He, KaK NPUCOSONHEHHEIE K HUM
EbIE0AEl OOMOTEM poTOpa, MpWM 3TOM pPacnonoxeHWe Koney
NepBLId BLIBOL K gomsHo ObTe B nopAgke UWdbp, yxazadHex B TaGnuue, a
konelo 1 gonsHo Beime Hawbonee yoansHHbM OT 0GMOTEM

CoeaWHEHKWE B TPEYroNbHWE (YHCND BELIBOO0E 3)

ETOpOM BLIBOS, L
poTopa. ObozHadyerne camnx koney Byrsamu HeobRzaTeneHo.
TPETHIA BLIBOS, M
Ilyck A/[®@P
Uuwvw ITyck nBuraresneit ¢ ha3HBIM POTOPOM HMPOU3BOIUTCS C TOMOIIBIO

ITyCKOBOT'O peocTaTa B LIENH POTOpa.
ITpyMeHSIOTCS MPOBOJIOYHBIE U )KUJIKOCTHBIE PEOCTATHI.
Mertannuueckue peocTaTsl ABISAIOTCS CTYNEHYAThIMH, U NEPEKIIOUEHUE C
OJIHOM CTyNEHH Ha JPYTYIO0 OCYLIECTBIIAETCS MO0 BPYUHYIO C TOMOLIBIO PYKOSTKH
KOHTPOJUIEPA, CYyHIECTBEHHBIM 3JIEMEHTOM KOTOPOI0
ABJIIETCS BaJl C YKPEIUIEHHbIMM HAa HEM KOHTaKTaMHu, JHOO xKe
aBTOMAaTUYECKHU C
IIOMOUIbIO0 KOHTAKTOPOB WJIM KOHTPOJIJIEPA C DJIEKTPUUYECKUM IIPUBOJIOM.

KuaxocTHBIN peocTar MpeacTaBiIsieT COO0M COCy C DIEKTPOIUTOM, B KOTOPOM
OIyIIEHb! AEeKTpoAbl. CONpOTHBIIEHHE peocTaTa pPETyJINpYyeTcs IMNyTeEM HW3MEHEHUs
[ITyOUHBI OTPY>KEHUS 3JEKTPOJIOB.

Jnst noswrmenust KITJ[ u camxenus nsHoca metok Hekotopeie AJIDP conepkar crnenmnanbHOe
YCTPOMCTBO (KOPOTKO3aMKHYTBIM MeXaHU3M), KOTOPOE IOCIe 3almycKa MOAHUMAET LIETKU U 3aMbIKaeT
KOJIbLIA.

[Ipu peoctaTHOM IyCKe TOCTUTAIOTCS OJAronmpHsITHbIE IMYCKOBBIE XapaKTEPUCTUKH, TaK Kak
BBICOKHE 3HAYECHHSI MOMEHTOB JIOCTUTAIOTCA IIPU HEBBICOKUX 3HAYEHUAX ITyCKOBBIX TOKOB. B HacTos1Iee
Bpemsa AJIOP 3amensioTcs KOMOMHAIMEH aCHHXPOHHOTO 3JIEKTPOJBUTATENS C KOPOTKO3aMKHYTHIM
POTOPOM U YAaCTOTHBIM NPEOOPa30BATEIICM.



Hean padoThI:

3ananme:

IpakTnyeckas padora Ne 10

HccnenoBanusi npudopoB 11 M3MepeHHUsl TeMIlepaTyphl

BraumarensHO HN3YyYUTE MaTCpual 110 TEME.

OTBeThTE HAa BOIPOCHI:
a. Onummute nouarue « Temmnepatypa»

©T oo o

IIepeunciure rpynisl TEPMOMETPOB.

TEPMOMETPOB.

f. Tlepeuucnure rpymIbl

puOOpPOB,

A1 UBMCPCHUA TEMIICPATYPhI

HN3Y4YCHUC OCHOBHBIX HOHSITI/II;'I, mKaJI 1 MCTOAOB UBMCPCHUA TCMIICPATYPHI.

[lepeuncnure mIKanbl A1 U3MEPEHUS TEMIIEPATYPHI.
OnuiuTe METO/1bI, UCIIOJIb3yeMble ISl U3MEPEHUS TEMIIEPATYPHI.

Hepe‘-H/ICJII/ITC OCHOBHBIC MCTPOJIOTMYCCKHUEC XAPAKTCPHUCTUKH MCEXAaHUYCCKUX KOHTAKTHBIX

OCHOBBIBasACh Ha HX

MIOCTPOCHUH B 3aBUCUMOCTH OT (PU3UYECKHX CBOMCTB.

OpHuM M3 MapaMeTpoB, Haubosiee YacTO MOMJISKAIIMX KOHTPOJIIO U PEryJUPOBAHMIO IS
KOPPEKTHOI'O MPOTEKaHUsI TEXHOJIOTHYECKOT0 MpoLecca, SIBISIETCS TeMIepaTypa.

TemriepaTypoii Ha3bIBa€TCsl CTATUCTUYECKAs! BEITMUMHA, XapaKTePU3YIOIIasl TEIIOBOE COCTOSTHHE
Tela W MPONOPIHOHAIBHOW CpeaHed KHHEMaTHYeCKOW OSHEPruM MOJICKYJ Tela. 3a CIUHHILY
temneparypbl npuHuMaroT KeiabBUH (K). Temneparypa mMoxeT ObITh Takke IMpe/CTaBiIeHa B Ipajycax
Henbcus (°C). Hynp mkaner KenbBuHa paBeH aOCOMIOTHOMY HYJIIO, IIOATOMY BCE TEMIIEPATYPHI IO ITOH

IIKaJIe MOJOKUTEIbHEIE. CBI3h MCKAY TeMIIepaTypaMu t mo HCHLCI/IIO u T no KeHLBI/IHy OIIpCACIIACTCA

CJIENYIOIIUM YPaBHEHUEM:

t=T-273,16.

I/I3MepI/ITI> TEMIICPATYPY HENOCPCACTBCHHO, KaK, HAIIpUMED, JIMHEHbBIE pa3MEpbl, HEBO3MOXKHO.

2046,15 ~|» 1773

K (5.
1812,15 ——r— 1539
1723,15 4 1450
1373,15 1100
1337,58 1064,43
1235,08 961,93

| r
933,25 4} 660,10

717,75 || , 444,60
692,73 - 419,58
505,1181 - 231,9681

408,15 135
373,15 100
273,15 0,01
90,188 182,962
54,361 218,769
27,102 246,043
20,28 252,87
13,81 259,34
0 273,15

Touka miasieHus wiatuHsl Pt

Touka mawienus xenesa Fe

Touka ruIaBieHHS CTATH

Touka rasneHus cTeKia
Touka 3aTBepieBanms 3010Ta Au

Touka sarsepaeBanus cepeGpa Ag

Touka nuanieHus amoMHHusA Al

Touxka ruiasnenus cepsl S
Touxa 3aTBep/ieBaHMs IIMHKA Zn

Touka saTBepaeBaHus 0J08a Sn

Touxa nIaBICcHUS MOMUMEPOB
Touxa xunenus soast H,0

Tpoiinasa Touka soasi H;O

Touka xunenus kuciopona O,
Tpoitnas Touka kucnopona O,
Touka KuneHus Heona Ne
Touka kunenus Bogopona H,

Tpoiinas Touka sonopona H,
ABCOMOTHBINH HYJIb

[loaTomMy TemmepaTypy ONpENENAIOT KOCBEHHO — II0
W3MEHEHHI0O (U3NYECKUX CBOWCTB pa3jIMyYHbIX Te,
[IOJIyYMBILINX Ha3BaHUE TEPMOMETPUUECKUX.

CBSI3aHO c

N3mepenue TEMIIEpaTypbl

npeoOpa3zoBaHuEM CUTHaJIa MU3MEPUTEITBHON
uHpopManuu (TemnepaTypbl) B Kakoe-JIMOO CBOWCTBO,
CBSI3aHHOE C TEMIIepaTypoil.
Pucynok 1. Mexxnynaponnas TemnepatypHast
mkana (MTIL-90) ¢ penepHbIMH TOUYKaMHU
(TTOAYEepKHYTHI)
Jlost ImeaeH,
M3MEpPEHHEM TeMIIepaTyphl, NMpHHATa MeXTyHapoaHas
temriepatypHas mkaita (MTII-90) (puc. 2.89), koTopast
ABISIETCA 00s3aTeNbHON ISl BCEX METPOJIOIMYECKHX
opranoB. OHa OCHOBBIBA€TCS HA PsiJie BOCIIPOU3BOAUMBIX
COCTOSIHUM paBHOBECHUS (PENEepHBIX TOYEK) HEKOTOPBIX

IMPHUCBOCHLIL OIIPCACIICHHBIC

MPAKTUICCKUX CBA3aHHBIX C

BELIECTB,
3HAYEHUS TEMIIEPaTYPhlI.

Hns  u3mepeHus
pacnpocTpaHEeHUE  MOTYUYNIH
OCHOBaHHBIE:

KOTOPBIM
TeMIIepaTypbl  HauOOJIbIIIEe

CIIENYIOINUE METOIBI,



» Ha TEIUIOBOM pACHIMPSHHU KHIKUX, Ta3000pa3HBIX W TBEPABIX TeN (TEPMOMEXaHHYECCKHM
sddex);

» W3MCHEHWHW [IaBJICHWS BHYTPU 3aMKHYTOro oObeMa TP HW3MEHCHHUU TEMIIepaTyphbl
(MaHOMETpUYECKUE);

» W3MEHEHUHM  DJICKTPUYECKOTO  CONPOTHUBICHHA TEJI MPH  HU3MEHEHHUH  TeMIepaTypbl
(TEpMOpPE3UCTOPHI);

» TepMORJIEKTpUIeCcKOM 3¢ deKTe;

» HCIOJIb30BaHHUH AICKTPOMArHUTHOTO M3JTyYEHHs HATPETHIX Tell.
[Tpubopsl, penHa3HAUYCHHBIE AJI1 U3MEPEHHS TeMIIepaTypbl, Ha3bIBalOTCS TepMoMeTpamu. OHU

MOJIPA3/IeNAIOTCS Ha BE OOJBIINE TPYIIBI: KOHTAKTHBIE U OCCKOHTAKTHBIC.



Konmaxmmuoe uzmepenue memnepamypol
TepMoMeTpsl pacIIMpeHHs HAILIM [IHPOKOE PacHpOCTPAHEHUE B IPAKTUKE KOHTAKTHBIX HM3MEpeHHH TemmepaTypbl. OCHOBHBIC THIIBI
MEXaHHYECKUX KOHTAKTHBIX TEPMOMETPOB, UX METPOJIOTHUECKUE XapaKTEPUCTHKH, IIPEUMYIIECTBA, HEJIOCTATKH M 00JIACTh IPUMEHEHHUS MPEICTABICHbI B
Tao. 1.
Tabauma 1. OCHOBHBIC METPOJIOTHYECKHE XapaKTEPUCTUKA MEXaHHYSCKUX KOHTAKTHBIX TEPMOMETPOB

HaumeHoBaHue Tun nmpubopa IMpenennbt IMorpemnocts | MHepuuon IIpenmymecrBa Henocrarku Oobaactp
npudopa u3Mmepennii,’C | n3mepenus,% HOCTBH NPUMEHEHHUS
Merainueckne | JlumatoMerpuye 0...1000 +5 Bonbmiast | JlemeBble, HaexKHbIe, Maioe | Maiast TouHoCTh, | TemmeparypHble
TepMOMETPHBI CKHe BpeMsi CpabaThIBaHUS; OUYCHb BBICOKas BBIKJTFOUATEIH
pacumupeHust 0O0JIbIIIKE TIEPECTAHOBOYHBIC WHEPLIMOHHOCTh
YCHITUS
bumerannnueckue 0...500 +5 » JlelieBnie, HaJIC)KHBIC, Hwuskas Tounocth | O1ieHOYHBIN
00JIbIIINE TICPECTAHOBOYHBIC KOHTPOJIb
YCHITUS TEMIIepaTyphl,
TeMIepaTypHbIC
BBIKJTFOUATEITH
KuakocTHble ’KunxoctHbie -55...4600 +1 » OdeHb JemeBbie Mamast mexaandeckas |JlabopaTopHbie
TepMOMETPbI CTEKIITHHBIC MPOYHOCTh, HET TEPMOMETDHI,
JIUCTAHIIMOHHOCTH | OBITOBBIC
TEPMOMETPBI
JKunxoctHble -30...+600 +1 » JlemieBbie, HaIe)KHBIC, HE Temmnepatypa [IpoMeIieHHabIe
MaHOMETPHUYECKUE TPeOYIOT BHEIITHUX COCJIMHUTEIILHOTO | TEPMOMETPBHI,
HCTOYHUKOB SHEPTHUHU; Karisipa BIUSET Ha | TepMopelie
JUCTAHIIMOHHOCTH 10 50 M, | TOKa3aHus npubopa
00JIbIIINE TIEPECTAHOBOUHBIC
YCHIIUS
Konnencamnmonssie 0...400 +1 Manasg To xe Henunennas To xe
MaHOMETPHUYECKUE cTaTHYecKas
XapaKTePUCTHKA
TI'azoBbIe C renueBbIM [Ipunuun uzmepeHus Manas mexanuueckas |IloBepounbie
TEPMOMETPBI 3aroJIHEHUEM COOTBETCTBYET OIPEICIICHUIO | TPOYHOCTh, 00JIbIast |(KaauOpPOBOUHBIC)
TEPMOAMHAMUYECKON TPYJAOEMKOCTh paboThI
TEMIIEPATYPBI Iporecca u3MepeHus




CymiecTByeT MUPOKUNA TNEpeYeHb MPOMBIIUIEHHBIX MPUOOPOB ISl M3MEPEHUS] TEeMIIEpaTyphl,
OTJIMYAIOIINUXCS IO IPUHLIUITY (PYHKIMOHUPOBAHUS U CIIOcO0y 0TOOpa)KEeHHsI U3MEPSEMOTO IapaMmeTpa.
Yactp Takux NpuOOPOB CIIYXKHUT JUIsl BU3YaJbHOTO KOHTPOJISI [apaMeTPOB TEMIIEpPATypbl U3MEPsIeMON
Cpelpl, Apyrue BXOIST B COCTaB KOHTPOJBHO-U3MEPUTENIbHBIX CHUCTEM B KauyeCTBE JAaTYMKOB.
CrexyIsiHHbIE TEPMOMETPBI C HCHOJBb30BaHHEM H(PQeKTa pacIIUpeHust XKUIKOCTEH NpU HarpeBaHUU
(cupT, PTYTh, TOIYOJ) HCIOIB3YIOTCS NJIs BU3YaJIbHOTO KOHTPOJIS MOKazaTesel TemmepaTrypsl. Jlis
KOHTPOJI 3Ha4YeHUW Ttemmeparyp B amanazone ot -160 °C mo +600 °C cayxaT TepMOMETPHI
MaHOMeTpHYeckue. J[as MOHUTOpPHHIa MPOCTPAHCTBEHHOI'O paclpeleleHusl TeMmIepaTypsl (Ha
MOBEPXHOCTU 00BEKTa) MPUMEHSIOTCS TerioBU30pbl. C 1ENbl0 U3MEPEHHs] CBEPXBBICOKMX 3HAYCHUI
temriepatyp (2500 °C u Bbllie) B cUCTEMaX KOHTPOJISI HCIOJIB3YIOTCS TUPOMETPBI.

B cucremax, nmpuMeHsieMbIX MJI1 JUCTAHIMOHHOTO KOHTpPOJS (YNpaBi€HMsI), UCIONB3YIOT B
KayeCTBE CEHCOPOB TEPMOIIAPhl, AIEKTPOHHbIE TEPMOMETPHI U TepMoripeoOpazoBarenu. OHU BCE UMEIOT
IPUEMJIEMYIO TOYHOCTD, @ TAKXK€e IUPOKHUI 1Karna3oH npenenoB usmepenus. [lonesnas undopmanus Ha
BBIXO/IE TaKHX JaTYUKOB TEMIIEpaTypbl IMpeAcTaBieHa B BUJE JIIEKTPOCHTHANA, YAOOHOTO JUIs
noclneayroieil 00paboTKH U 0TOOpaKEHUS.

Oowan knaccugpuxkayus npudopoe 011 usmepenHus memnepamypol

OpnuM W3 mapameTpoB, HauboJliee YACTO MOMAJIESKAIIMX KOHTPOIIO M PETryJIUPOBAHHIO IS
KOPPEKTHOT'O MPOTEKaHUs TEXHOJIOTUYECKOTO MpoLiecca, SABJIETCS TeMIepaTypa.

[TpuGops! st U3MEPEHUsS] TEMIIEPATYPhI Pa3ACISIOTCS B 3aBUCUMOCTH OT (PM3UYECKHX CBOICTB,
MI0JIO’KEHHBIX B OCHOBY MX IIOCTPOEHUS, Ha CJAEAYIOLIUE TPYIIIIbL:

» TEPMOMETPBI pacIIUpPEHUs: MpeAHA3HAYCHBI ISl U3MEHEHHUSI TeMIeparyp B auama3oHe ot -190
no +500 rpamycoB Llenbcus. IlpuHuumn nelcTBUS TEPMOMETPOB PACUIMPEHHsS OCHOBAaH Ha
CBOWCTBE TeJ OJ JACHCTBHEM TeMIIepaTypbl U3MEHATh 00bEM, a, CIEOBATENIbHO, U JUHEHHbIE
pasmepbl. TepMOMETprl pacIIUpEeHMs] pa3JEeNsIFOTCS Ha JKUJAKOCTHBIE CTEKISHHBIE W
MeXaHUUYeCKue (IUIaTOMETpUUecKrue 1 OMMeTallINuecKue);

» MaHOMETpPHYECKHE TEPMOMETPBI: NPEJHA3HAYEHBI JJISl H3MEPEHUS TEMIIepPaTyphl B AUANa30HE OT
-160 no +600 rpanycoB Llenbcus. IlpuHuun npelcTBUS MaHOMETPHUYECKHX TEPMOMETPOB
OCHOBaH Ha WM3MEHEHHMM JaBJI€HUS XHUAKOCTH, ra3a WIM Iapa, MOMEIIEHHBIX B 3aMKHYTOM
o0Bbeme, PU HarpeBaHUM UJIH OXJIAXJAEHUN ITUX BEIIECTB;

» DIEKTPUYECKHE TEPMOMETPBI CONPOTHUBICHHUS NPUMEHSIOTCS ISl W3MEPEHUs TeMmIepaTryp B
muanazoHe ot -200 nmo +650 rpanycoB llenbcus. IlpuHumMnm neicTBus TEpMOMETPOB
COIPOTHBIICHUSI OCHOBAH Ha CBOMCTBE IPOBOJHUKOB U3MEHATH JIEKTPUUECKOE CONPOTUBIICHHE
B 3aBHCHUMOCTH OT TEMIIEPATYPBbI;

» TEpMOIJIEKTPUYECKUE TpeoOpa3zoBaTend  (TEpMOINAphl) HCIHONB3YIOTCS TPH  H3MEPEHHS
temriepatypsl oT 0 1o +1800 rpagycoB Llenscuda. [IpuHumn aeicTBus Tepmonap OCHOBaH Ha
CBOICTBE Pa3HOPOAHBIX METAIOB M CIJIABOB OOPAa30BBIBATH B CIAE TEPMO 3JIEKTPOIABUKYIIYIO
CHUILY, 3aBUCSAIIYIO OT TEMIIEpaTyphl Crasi;

» THPOMETPHI M3IyYEHUS TPUMEHSIOTCS [UI M3MEPEHHs TeMIepaTypsl B auama3oHe ot +100 mo
2500 rpamycoB lLlenbcus. Ilupomerpsl u3iyueHHs paOOTAIOT MO MPUHLUIY H3MEpPEHHS
M3Ty4aeMOW HarpeTbIMU TeJaMH SHEPruu, U3MEHSIOIIENHCS B 3aBUCHUMOCTH OT TEMIIEpaTyphl
ATHUX TEJI.

IIpakTnueckas padora Ne 11
CHsiTHE CTATHYECKHUX XaPAKTEPUCTHK U M3yUeHHe MPUHIMIA PadoThI JaTYUKA TeMIePaTypbl:
TepMoCTaT
Leanb pabdoThl: npuOOpeTEeHHE HABBIKOB PA0OTHI C TEPMOMETPAMH CONPOTUBIICHHUS], & TAKXKe
OBJIQJICHHE TEXHUKOW MaTeMaTHUECKOM 00paOOTKU TaHHBIX, HEOOXOIUMOM JIJIst



pacueTa UX CTaTHYECKUX XapaKTePUCTHUK.
3amanue:
1. BHuMATENbHO U3YUYUTE MaTEpUall IO TEME.
OTBeThTE HA BOIIPOCHI:
Kakue mMaTepuaibl UCMIONB3YIOTCA B KAUECTBE MIPOBOHUKA B IATYMKAX TEMIIEPATypHhI.
Ha yeM ocHOBaH NpUHIIKIT U3MEPEHHS TEMIIEPATYPHI.
Ilepeuncnure metamumueckue P/T.
Onumute npuHIUN padoTsl MeTaumueckux PJIT.
Uro siBIsieTCSl MEPOM UyBCTBUTEIILHOCTH MeTaimnyeckoro P/IT.
[ToHsITHE U BUBI MHTEPIIOJISIIIMOHHBIX (DYHKITHH.

@ ~oo0oT®N

OCHOBHBIE [IOHATHA
Memannuyeckue pezucmusnsie oamuuxu memnepamypsi (PAT)

B ocHOoBe mnpuMHLIMIIA H3MEpPEHUS TEMIEPATypbl C IIOMOIIBI PE3UCTUBHBIX JaTUYUKOB
TEMIIepaTypbl JEKUT 3aBUCUMOCTh JIEKTPUUECKOr0 COIMPOTHBIIEHUS (IIPOBOIUMOCTH) YD NaTUMKOB OT
TeMIeparypbl. B kadecTBe mMarepualloB [Uisl U3roTOBICHUS YO PE3UCTUBHBIX AATYUKOB TEMIIEPATYPHI
UCIOJIb3YIOTCSL METAJLIbI, MX CIUIABBI, @ TAK)KE MOJIYTIPOBOHUKH.

[TonynpoBonnukoBeie PJIT Ha3eiBaroTCs TepMucTOpamMu. [OTOBBIE CpencTBa HM3MEPEHUS
TeMIiepaTypbl Ha ocHoBe MeTayinueckux PJIT naswiBatroTcst Tepmometpamu conpoTusieHus (TC) wnm
TepMoIpeoOpa3oBarTeisiMu corpoTuBieHus [1,2].

K npenmymectsam Meraumyeckux PIIT nepen ocranbHbIMU JaTYNKAMM TEMIIEPATYPBI CIEAYET
OTHECTH BBICOKYIO JIMHEMHOCTb IMpeoOpa3oBaHus, IIUPOKUH AMAna3oH H3MEpseMbIX Temreparyp (-
200°C...+600°C), BBICOKYIO IOJTOBPEMEHHYIO CTAOMIBHOCTh U TOUHOCTH (0COOEHHO ISl MIATHUHOBBIX
PAT — mnimaTMHOBBIX TEPMOMETPOB CONPOTHUBICHMs). B coorBercTBUM c mnpuHsaToil B 1989 .
MexayHnapoaHoil temneparypHoil mkanoit 1990 r. (MTIL-90) temnepaTypa B AMana3oHe OT MHUHYC
259,3467°C (tpoitHasi Touka Bojopoda) a0 mmioc 961,78°C (Touka 3arBepaeBaHusi cepebpa)
OTpeeNsAeTCS C MOMOUIbI0 3TAJOHHOIO IUIATUHOBOrO TepMomeTpa conpoTusieHus [3]. TouHocTh
STAJIOHHBIX MJIATUHOBBIX TEPMOMETPOB CONPOTHUBIIEHUS MOKeT gocturars 0,0001°C.

B mpoMblluieHHBIX LENsSX TNPUMEHSIOTCS HHUKENEeBble, MEIHblE W IUIATHUHOBBIE paboune
TEPMOMETPHI CONTPOTUBIIEHUS, TOYHOCTh KOTOPBIX He npesbimaet 0,1°C.

Ipunyun pabomer u knaccuguxayus memaniudeckux PIAT

B cootBerctBUM ¢ mpaBwioM MaTHCcCceHa YAENBbHOE CONPOTHUBIEHHWE METAJIOB 3aBHCHUT OT
abCONIOTHOW TemIeparyphl, KOHIIEHTPALMH MpuMecei, NePeKTOB KpPUCTAJUIMYECKOH pelIeTKH, H
nedopMaluy, NpU4YeM BIUSHUE MIEPEUUCICHHBIX (PaKTOPOB HOCUT a/IMTUBHBIN XapakTep:

ptotal = pt * pi T pd,
TZ€ Ptotal - CYMMapHOE YAEIBHOE CONPOTUBIICHHUE;
pt — YIEIbHOE CONPOTUBJICHUE TPOBOAHHKA;
pi - BKJIAJX B yJEIbHOE CONPOTHBIIEHHE, O0YCIOBIECHHBIH MPUMECHBIMU KOMIIOHEHTaMH M Je(eKTaMu
KPUCTAJIIMYECKON PELIETKY;
pd - BKJIaJ1 B YJIEJIbHOE COMTPOTHUBIIEHHE, 00YCIOBICHHBIN Je-(popMareil KpHCTaIIMUYeCKOl PEeIeTKH.

CnaraeMble pi U pd SBISIIOTCS HEKOHTPOJIMPYEMBIMM, IIOCKOJIBKY HMX HM3MEHEHHE MOKET
BO3HUKHYTh B peE3yJbTaTe IIPOILECCOB OKHUCICHUS, 3arpsA3HEHUs, pocTa 3epeH (I pi), a TaKke
MEXaHUYECKUX Aedopmarinii, OBICTPHIX TEMITEPAaTYPHBIX H3MeHeHHH (It pd). Ilo 3Toit mpuuunHe
TpeOyemass TOYHOCTh Metammuyeckoro PJIT ompenmenser orpaHuyeHus Ha THUI M KAadyecCTBO
NPUMEHSIEMOTr0 MeTala, KOHCTPYKTHMBHOE HCIIOJIHEHHE C€aMOro JaTyuka, J[Auamna3oH padouux



TEMIEPATyp, a TAK)KE HA YCIOBHS SKCILTyaTalluu (B TOM YHCIIE YCIOBUS TPAHCTIOPTUPOBKU U XPAHEHHUS).

CaMmbIMH pacrpoCTpaHEHHBIMU METAJJIaMU ISl M3TOTOBJICHUSI YYyBCTBUTEJIBHBIX 3JIEMEHTOB
(U2) PAT sBastorcss Menb, HUKENb U IIaTUHA. Menb B kauecTBe marepuana UD (4yBCTBUTEIBHOTO
9JIEMEHTA) MPUMEHSETCS IOTOMY, YTO 3aBHUCHUMOCTbH €€ COIPOTUBIIEHHS OT TEMIIEpaTypbl JIMHEWHA C
OYEHb BBICOKOW TOYHOCTHIO. OHAKO XMMHUYECKasi aKTUBHOCTh MEJU HE MO3BOJISET MPUMEHSTH €€ MU
temneparypax Bbimie +180°C. Kpome Toro, m3z-3a Manoro yjaelbHOTO CONPOTHUBJIECHHUS, MPU MPOUYUX
pPaBHBIX YCJIOBUSX, IPUXOJUTCS HCIONB30BaTh OoJiee ATUHHBIE TPOBOJAHUKH, YTO MOXKET IPUBOJUTH K
HEJOMyCTUMO OoJibIuM rabaputam gatyuka. VHTepec K HHUKeN0 OOYCIOBIEH €ro BBICOKOM
YyBCTBUTEIBLHOCThIO K TeMmieparype. B wunrepBasie temmnepatyp 0..+100°C ero compoTuBieHHE
yBenuuuBaercs B 1,67 pa3za, Torja kak y miuatunsl — B 1,385 paza. OgHako ero XuMudeckasi akTUBHOCTb,
B YAaCTHOCTH CIIOCOOHOCTH K OKHCIICHHIO, MOXET HMPUBOJUTH K W3MEHEHHIO AJIEKTPHUUYECKUX CBOMCTB.
[TosTomMy mpuMeHeHHE HUKEIsI OOBIYHO OTpaHWYMBaeTCs Temreparypamu Hiwke +250 °C. I[lnaruna,
SABJISISICH HAanOoJiee XUMUYECKH WHEPTHBIM METAJIJIOM, MIPUMEHSETCS Il U3TOTOBJICHUSI BBICOKOTOYHBIX
Y5 PAT, paboraromux B MKUPOKOM TeMIIEpaTypHOM auamna3zoHe. B cooTBercTBUU ¢ MexyHapoaHOH
Temnepatypuoit Illkanoit 1990 r. (MTLH-90) TemnepaTypa B auanma3oHe OT TOYKH PaBHOBECHS
Bojopona (-259,3467°C) no Touku 3aTBepieBaHusi cepedpa (961,78°C) ompergensercs ¢ MOMOIIbIO
wiatuHoBoro tepmomerpa comnpotusienus (I[1TC), oTrpagyupoBaHHOTO B YCTaHOBIEHHBIX TPYIIax
perepHBIX TOYEK.

CymectByeT craenyromas Kiaccu(uKaluus CpeICcTB HM3MEPEHUs TeMIepaTypbl Ha OCHOBE
meTtamunyeckux P T:
paboune repmometpsl conpotusiieHus (TC): menusie (TCM), nukenessie (TCH), nnatunossie (TCII);
BTOPUYHBIE ITATIOHBI — IUIATUHOBBIE TepMoMeTphl coripotuBieHus (IITC 1, 2...-ro pa3psoB);
MEePBUYHBIE STANOHBI — MIIATHHOBBIE TepMoMeTphl conpoTuBienus ([ITC nyneBoro paspsaa).

Yyecmeumenvrnocmo memannuueckux P/T
Mepoii uyBcTBUTENBEHOCTH MeTamnueckoro P/T, sBnserca temnepaTypHblil K03 dUIMEHT a,
orpezensieMsblil o popmyie:

_ R(100°C) - R (0°C)
rae R(100°C) — comporusienne & = R (0°C) x 100°C PAT npu temneparype 100°C;

R(0°C) — comnporusnenune PIAT npu temneparype 0°C. Enununa
uzMepenuss o —OM/Om-1/°C-1. 3HadeHne ko3(p@UIMEHTa 0 3aBUCHT OT KOHKPETHOTO MeETallla, €ro
YUCTOTHl U MeXaHWuyeckoi cBoOoabl. B Tabmuue | mpuBeaeHb! OPUEHTHPOBOYHBIE 3HAYCHUS O JUIS
MerauioB P/IT pa3HbIX TUIIOB.

Tabnuma 1
Merasn a, 10°0m/ OmY/ °C?
IImatuna pog ITTC 3,925 u BHIIIE
[Tnatuna mis pabounx muatuHOBBIX TC 3,850; 3,910
Mens misa mequeix TC 4,260; 4,280
Huxens mus aukeneseix TC 6,170

Kpome TtemmeparypHoro kodgduiimeHTa o CyIIECTBYEeT €II€ HECKOJBKO BEIHYHH,
XapaKTepU3YIOMIKX YyBCTBUTENbHOCTh MeTainueckux P/IT (Tabnuua 2).



Ta0mnuma 2

Beanunna HaszBanue EnuHnnel Tun garTuuka
H3MepeHust
dR(T
S = % UyBCTBUTEIBLHOCTh Oom/°C Pa6oune TC
R (100°C) OTHOCHUTEIBHOE COMPOTHUBIICHUE TTPH
Wi = TROC) 0°C - Pa6oune TC
OTHOCHUTETPHOE  COTPOTHBIICHHUE TIPH
R(Tsp) * . DTallOHHbIE
Wp = — P TEMIIEpaType, COOTBETCTBYIOIIEH -
R(0,01°C) . I[ITC
peniepHoit Touke ** MTII-90

* - perepHas TOYKa—TOYKa, MCIOJb3yeMas B KaueCTBE AITAJIOHHOIO 3HAYEHMsI NPU TPaJyUpOBKE U

IIOBEPKE CPECTBA U3MEPEHUS,

% 0,01°C — Temmeparypa TpoiiHoii Touku BojbI. SBAeTCS 0NHOH U3 penepHbIX Todek MTIII-90.
Hnmepnonayuonunsle Qynxkyuu

Merammueckue P/IT 1eMOHCTpUPYIOT XOPOLIYIO JIMHEWHOCTh 3aBUCUMOCTH COIIPOTUBIICHUS UX
UD or temmeparypel. Tem He MeHee, JTHHEHHOE NPUOIMKEHHUE MOXXKET NMPHBECTH K OINMOKaM B
HECKOJIBKO I'PaJyCOB U JIaXe IEeCATKAM I'PafyCOB, €CJIM IPOU3BOJUTH U3MEPEHNUS B LIMPOKOM JIMAIla30He
TEMIEPATYP.

Bun  uHTEpHnoNSUMOHHBIX — (QYHKUMH,  OTpaXaroUMX  3aBUCHUMOCTb  CONPOTUBIICHHUS
merauimyeckux PJIT ot Temmeparypsl, omnpezensercs TpeOyeMOH TOYHOCTBIO H3MEpPEHHH, HO He
HaoOopor. Crnemyer oOpaTHTh BHHMAaHHWE HA TO, YTO TOYHOCTH AamMpOKCHMAIMU (MPUOIIKEHHE —
HAy4YHBIH METOJI, COCTOAIIMN B 3aMEHE OJAHMX OOBEKTOB IPYIMMH, B KaKOM-TO CMBbICIIE OJU3KHUMH K
UCXOAHBIM, HO OoJiee MPOCTHIMU) MCKOMOM 3aBUCUMOCTH HE SBIIETCS ONpeeNnsomeM (akTopoM B
yJIy4II€HUH TOYHOCTH U3MEPEHUS TEMIIEPATypHI.

JlonmycTuM, 4TO MOCTPOUB HEKOTOPYIO MHTEPHOLMOHHYIO (yHKIMIO A pabodero TC Obuia
JnocTurayta TouHocts annpokcumanuu B 0.001°C (tounocts usmepenus stanoHHbIX [1TC). Ecnu Obl
JaTYUK TeMIepaTypbl ObLT aOCOTIOTHO CTAaOUIIBHBIM, a CPEACTBAa U3MEPEHHS —a0COIIOTHO TOYHBIMH, TO
norpemHocTs u3MepeHus cocraBmwia Ob1 0.001°C. Ha npaktuke HectabuiabHOCTh pabouux TC u
MNOTPEIIHOCTH M3MEPEHUS] MOTYT IMPHUBOJIUTH K BO3HUKHOBEHHUIO OLIMOOK HM3MEpEHUs TeMmIepaTyphl B
0.1°C...1°C. Ilo »Toil mnpuYMHE HE CYLIECTBYET YHHMBEpPCAIbHON HWHTEPHOJSALUOHHON (YHKIUU
(mpuOIMKEHHOE WM TOYHOE HAXOXKICHHE KaKOH-INOO BEIWYMHBI IO HW3BECTHBIM OTJIEJIbHBIM
3HAQYEHHUSM JTOW BEIWYHMHBI, T.€. BOCCTAHOBJEHHE (TOYHOE WM MPUONIKEHHOE) (YHKIHH IO €€
HECKOJIbKUM H3BECTHBIM 3Hau€HUsIM) Juisl Bcex TUnoB Metauindeckux PAT. OOmenpuHaThIM gBseTcs
pa3jiereHue HHTEPIOJSIUOHHBIX (QYHKIMHA Uit pabounx u stanoHHbIX PJIT. 3aBucumocTb
comnpotuBienus pabounx miatuHoBbX PIAT (TCII) onuceiBaercs ¢pynkuuet Kannennapa Ban /{ro3ena:

1+ AT +BT?, T>0;
W= { 3)
1+ AT +BT?+C (T -100) x T®, T<0;
rac R(T
W ()= % - OTHOCHUTEJIBHOE COIPOTHUBIICHHUE; T — remniepatypa B °C.
o

VHKIUW JUII MEIHBIX W HUKeNneBbiX TC oTimuarorcs HesHauuTenbHo. Koaddummentsr A, B, u C B
¢yukuuu (3) 3apuxcupoBansl B MexayHapogHoM crangapte MOK 751 (IEC751), a takxe OCT 6651-
94, DIN43760, u npyrux cragaprax. DTH K€ CTaHIapThl ONPEICISIOT TpeOOBaHUS, IPEAbIBIsIEMbIEC K




xapaktepuctukam TC.
3aBucumocTs cornpotusiaeHuss TC oT TemnepaTypbl Ha3bIBAETCSl CTATUYECKON XapaKTEPUCTUKON
TC. B obmem ciyuae kaxapiii TC obnagaer cBoel MHIMBUAYAIBHONW CTATUYECKON XapaKTepUCTUKOMH. B
NPOMBIIIICHHBIX LENAX, I7ie TpeOyeTcsl B3aMMO3aMEHSIeMOCTh HCIONb3yeMbiX TC U M3MEepUTENbHBIX
npubopoB, paboratommx ¢ gaHHbIMH TC, BBeJIE€HBl HOMHHAJBHBIC CTATHUYECKHE XapaKTEPHUCTUKU
(HCX). HCX mnoapa3zymeBaer Hekyr o0myr misg Bcex TC gaHHOTO Kilacca CTaTHYECKYIO
XapaKTePUCTHKY, OTKJIOHEHHS OT KOTOpoM nns wuHauBHAyansHoro TC  HOpMHUpOBaHBI B
cootBeTcTBYrOIMX cranaapTax (MOK 751, TOCT 6651-94, DIN43760, u T.1.).
Koaddurnuentsr A, B, u C moryT ObITh HaliJIeHbI MHANBUIYAIBHO JUIsI KaXXJI0TO Jartduka. J{ms
3TOr0 HEOOXOAMMO MPOBECTH M3MEPEHUS! CONMPOTHUBICHHWN JaTYMKa NMPU M3BECTHBIX TEMIIEpaTypax, a
3aTeM OLEHHUTh Kod(pduuueHTsl (yHKIuu (3) ¢ MOMOIIBIO perpeccuoHHoro axanusa. CyliecTByeT
QIbTEPHATUBHBINA MeTOJl HaxoxaeHus kodpdunumento pynkiun Kamrennapa -Ban J{to3eHa, KoTopsii
Ha3piBaeTcst MerogoMm Kamnennmapa -Banm [lrozena. CyTh MeToAa 3akilOyaeTcs B H3MEPEHHH
COTPOTUBIICHUH TaTYMKOB MPHU YETHIPEX U3BECTHBIX TEMIIEpaTypax:
v Ro =R (°C) (temmneparypa 3amep3aHus BOJEI);
v" Rio0 = R (100°C) (Temmeparypa KHIIeHHS BOJBI);
V" Rmax =R (Tmax) (MakcuManbHast pabodast Temreparypa);
v Rmin = R (Tmin) (MuHMMasIbHast paboyast TEMIIEparypa).
Jlarmee BBIYHUCISAIOTCS TpU KOIPQPHUIIMCHTA, OTBEYAIOIINE 32 JUHCHHBIA, KBAJAPATUYHBIN, U
KyOnuHbIi cnaraemele pynkuuu Kamnengapa -Ban Jlro3ena:

o= Rioo—Ro .
100 Ro !
Rmax - RO
T -
°" T T
max max
TS T

IIpakTnyeckas padora Ne 12
CHsiTHe XapaKTePUCTHK NPH U3MEPEHHH TeMIIepaTyphl ¢ MOMOIIbLIO TepMoIpeodpa3oBaTelisi
CONPOTHBJICHUS
esas padoThl:  PHOOpPETEHNE HABBIKOB PA0OTHI C TEPMOMETPAMHU COMPOTHBIICHHSI, C TIOMOIIHIO
TepMOIPeoOpa30BaTEINs COMPOTUBIICHHS.

3aganue:

1. BHuMaTenbHO U3yYHTE MaTepHal 10 TeMe.
OTBeTbTE Ha BOMPOCHI:
[Tpunin paboThl TepMonpeoOdpazoBaTemneii.
OnumuTe Kak MpPOUCXOTUT W3MEHEHHE CONPOTHBIIEHUS B 3aBHCUMOCTH OT TEeMIEpaTypbl JUIs
HIMPOKO MCIIONIB3YEMBIX MaTepHaIoB MEPBUYHBIX TpeoOpa3oBaTelie.
[Tepeuncnure obmue xapakrepuctuku TC.

o N

Uto sBNISI€TCSI UyBCTBUTEIBHBIM JIEMEHTOM U TJI€ OH HAXOJIUTCH.
HazoBuTe mMarepual, HCHOIb3yeMbIN i1 000JI04Ka IIEPBUYHOTO MTpeoOpa3oBaTers.

- ® a0

OnumuTe (HakTophl, BIUSIONINE HAa SKCIUTyaTallMOHHbIE XapakTepuctuku TC.

B ocnHoBe pabotel TepmorpeoOpazoBareneit conpotuBieHus (TC) NEKUT TOT MPUHIMI, YTO
AIIEKTPUUECKOE COMPOTUBIECHUE MeETajljla BO3pACTAaeT IMPU YBEIWYEHUU TEMIIEpATyphl SBIICHHE,



U3BECTHOE KaK «TEPMHUYECKOE COMPOTHUBIECHHE». TakuM 00pa3oM, HU3MEpEeHHE TeMIlepaTypbl MOKHO
OCYLIECTBUTD, U3Mepsis conporusieHue uieMeHTa TC. Jlatuuku TC BBINONHSIOTCS U3 PE3UCTUBHOTO
MarepHaja ¢ MPUKPEIJICHHBIMA K HEMY BBIBOJIAMH W OOBIYHO MOMELIAIOTCS B 3AIIUTHYIO 000J04Ky. B
KayeCcTBE PE3UCTUBHOIO MaTepuajlla MOXKET HCIIOJIb30BaThCsl IUIATUHA, MEIb WM HUKEIb, Ha
CETOJIHSIIHUHN JICHDb Yallle BCETO MCIIOJNIb3YeTCs MIaTHHA, O0Jarofaps BEICOKOH TOYHOCTH, IPEBOCXOTHON
MOBTOPSIEMOCTH U HCKIIFOUUTENIBHON JMHEWHOCTH TaKUX MEPBUYHBIX IpeoOpa3zoBaTesiell B IIUPOKOM
Uana3oHe, a Takxke Ojarogapsi TOMy, YTO OHU JIEMOHCTPUPYIOT OOJIBIIOE U3MEHEHUE CONPOTUBICHUS
Ha OJIUH Ipaayc u3MeHeHus TemiepaTrypbl. CM. pucyHOK 1.

Hukenb

MnatnHa

ConpoTuenexne

Temnepartypa

Pucynok 1. I3mMeHeHue conpoTUBIEHHS B 3aBUCUMOCTH OT TEMIIEPATYpPhI ISl IIUPOKO UCIOJIb3yEMBIX
MaTepUasoB MEPBUYHBIX MIPeoOpa3oBaTeseit

JIBa HauboJee MUPOKO PACIPOCTPAHEHHBIX BUAA TEPMOIPE0Opa3oBaTesiell COIPOTUBIEHUS, ITO
IPOBOJIOYHbIE U TOHKOIIEHOUYHbIE. [IpoBonounsie TC wu3roraBnuBaroTCsl JIMOO IyTEM HAMOTKH
PE3UCTUBHOM NMPOBOJIOKH HAa KEPaMHUECKUN CEpJeYHUK, JTUO0 B BUJE CHUPATIbHO HAaBUTOW MPOBOJIOKH,
3aKJIFOYEHHOM B KEpaMUYECKYI0 000JIOUKY - TIO3TOMY OHU U MOJIYYHJIM Ha3BaHHUE «IIPOBOJOYHBIE». Jliis
U3TOTOBJICHUST TOHKOIUIEHOUHBIX TepMomnpeoOpa3oBaTesiell CONPOTHBIEHHUS, TOHKOE pPE3HCTUBHOE
HOKPBITHE HAHOCUTCS Ha TUIOCKYIO (OOBIYHO MPSIMOYTOJIbHYI0) KEPAMUUECKYIO MTOATIOKKY.

Menp U HUKeNb, KaK MPaBUIIO, UCHOIB3YIOTCS B TEX MPOMBIIUIEHHBIX CUCTEMAX, I71€ TPeOOBaHUS
MEHEE KECTKUE, BBUJy MX OTPAaHMYEHHOM TOYHOCTH M JIMHEHHOCTH, a TAK)XKE CPAaBHUTEIBHO Y3KUX
JMarna3oHoB TEMIEPATyp.

HukeneBble 351eMEHTHl UMEIOT OTPaHUYEHHBIN AMANa30H TeMIepaTyp, HOTOMY YTO M3MEHEHHE
CONPOTUBIIEHUS HA TpagyC H3MEHEHMs] TEMIIepaTypbl CTAHOBUTCS CHJIBHO HEJIMHEWHBIM IpHU
temneparype Bbiie 300°C. Mcnonb3oBanue HukeneBblx TC ¢ TeueHHWEM JIeT COKpaTHIIOCh H3-3a
OTpaHMYEHUN UX PadOYMX XapaKTEPUCTHK, a TaKXKe MOTOMY, YTO CTOMMOCTh IMIaTuHOBBIX TC B
HacToslee BpeMs He Bbime. CONPOTUBICHHE MEOUW HMMEET OYEHb JIMHEHHYIO 3aBUCUMOCTbH OT
TEMIEPATYPbI, HO IOCKOJIBKY MEIb OKHUCIISIETCS IPU YMEPEHHBIX TEMIEparypax, €€ He CcleayeT
UCI0JIB30BaTh Npu Temmneparypax Beime 150 °C. Meanbie TC mMpoKko UCIONIB3YIOTCS IPU U3MEPEHUH
TeMIepaTypbl 0OMOTOK 3JIEKTpOoJBUTaTeNell, reneparopoB U TypouH. Menusie TC ¢ conpoTuBieHneM
10 OM OblTM OYEHDb MOMYJISIPHBI B TEUEHHWE MHOTHUX JIET, HO ceiiuac oHU ycrynaioT Mecto 100-oMHBIM U
naxe 1000-oMHBIM MOJEIISAM, AIOIIMM OOJIBbIIEEe pa3pelIeHue W TEM CaMbIM O0ECIeYMBAIOIINM Oojee
ToyHOoe u3MmepeHue. [lonymsprocts mnatuHoBbIX TC pacTeT mjis pemeHus Takux 3aaad. Beumy Toro
¢dakTa, yTO MEPBUYHBIN MpeoOpa3zoBaTesib 1 HEBO3MOXKHO 3aMEHHTb, HE pa3dupasi 3JeKTPOJBUTATENb,
MHOTME IIOCTaBIIMKM M TMOJb30BaTeNN OTAAOT mnpeanoyreHrne TC ¢ AByMs UyBCTBUTENIBHBIMHU
3JIEMEHTAMH, @ HEKOTOPBIE HCHOJB3YIOT TOHKOMIeHO4YHble TC H3-3a uX OONbLICH yCTOMYMBOCTH K
BUOpALIUHU U, CIIEAOBATENHHO, O0JI€e JUIUTETHHOTO CPOKA CITYKOBI.

Oo6mme xapaktepuctuku TC
[IpombiliieHHBIE  TIEpBUYHBIE  TpeoOpazoBaTeld  peaKo, €ciu  BooOIe  Korma-imoo,



HCITONIB3YIOTCS TaKUM 00pa3oM, YTO OHM HUYEM HE 3alTUINCHBI OT BO3JICHCTBHS OKPYIKAIOIICH CPEIIbI.
OHU 3aKIIOYAIOTCS B METAJUIMUECKHWE TPYOKU WM OOOJIOUKH, KOTOPBIC 3aBapUBAIOTCS HATIyXO Ha
OJTHOM

KOHIIE, 1 MMEIOT MPOBOJA BBIBOJIOB, KOTOPbIE BBIXOJSAT U3 BTOPOIO, 3arepMETU3HPOBAHHOIO
KoHIa. CM. pucyHok la u pucyHok 1b.

Pucynoxk la. JlazepHas cBapka 000104KH IEPBUYHOTO ITpeoOpa3oBaTess

Pucynox16. I'epmernsanus 3aHel CTOPOHBI KOpITyca MEPBUUHOTO ITpeodpa3oBarTess

YyBCTBUTEIbHbIN JIEMEHT

UyBCTBUTEIHHBIA 3JIEMEHT HAXOJHWTCS Ha KOHIIE NMEPBUYHOTO MpeoOpa3oBaTellss TeMIIepaTyphl,
Ha KOTOPBIM BO3JCHCTBYET TeMIepaTypa TEXHOJOTMYECKOro mpouecca. YyBCTBUTEIbHBIA 3JIEMEHT
pearupyer Ha TeMmmepaTrypy, F'€Hepupys NOAJAINIEECS U3MEPEHUI0 U3MEHEHUE COMPOTHUBIICHUS WU
CUTHQJI HampsDKEHWs, KOTOPbIM BO3pacTaeT ¢ yBEIMYEHUEM Temmeparypsl. l3MeputenbHbIe
npeoOpazoBarend MOTYT HUMETh OJWH WIM JBa DJJEMEHTa B OJHOM 000JOYKe MEePBHYHOTO
npeoOpaszoBarens. CIBOEGHHBIE AJIEMEHTHI 00ECIeYMBAIOT PE3EPBUPOBAHHOE H3MEPEHHE, YTO MOXKET
OKa3aThCs TOJIE3HBIM JJISi pPEXUMa TOPSUYEro pPE3ePBHPOBAHMS, KOHTPOJS JApeida moka3zaHUil c
MOMOIIBI0 METOJMKH CpaBHEHUS, WU sl ()OPMUPOBAHUS BXOJHBIX CHUTHAJIOB Ha JBAa HE3aBUCHUMBIX
KOHTpOJIEpa UITH JIBE CUCTEMBI (CHCTEMY YIIpaBJICHUS WK cUcTeMy 3amuThl). CM. pucyHok 1.1a.

BHyTpeHHee copepxumoe Pe3zsboBon BHewHwne
nepeuyHoro npeobpasoeatens CBapHOW WOB  NEPEXOAHUK NPOBOAHUKMA

N e \

ynnotHeHue BHytpeHuue O6onouka nepsnuHoro YyscTBuUTENbHbBIE
NpoBogHuKKM npeobpa3zosarens 3NEMEHTbI

Pucynok 1.1.a. TC ¢ 2-Ms 9yBCTBUTEIBHBIMU JIEMEHTAMU
0060/10uKka NepBUYHBIX MPeodpa3oBaTeiei
O06osoUKa MEpPBUYHOTO MTPeoOpa3oBaTesisl BHITOIHICTCS U3 METallja, 0OBIYHO M3 HEP)KaBEIOIICH



cTany (B HEKOTOPBIX BRICOKOTEMIIEPATYPHBIX CHUCTEMax MCIOJL3YI0TCs criaBbl Hastelloy mimm Inconel),
U KaK [PaBUWJIO COAEPKUT 2, 4, 6 nian 8 IPOBOJHUKOB, COEIUHSIOMX YyBCTBUTEIbHBIA JIEMEHT(bI) C
POBOJAMH BEIBOJIOB. OuHOYHAs TepMoIiapa TpeOyeT IByX BBIBOJIOB, a TepMomnape ¢ 2 UD tpebyercs
yeTbIpe BeIBOAAa. OnnHouHbI TC MOXKET UMETh J1Ba, TPU UJIM YETHIPE BBIBOAA, a cIBOEHHBIN TC MoXeT
UMETb 4YeTbIpe, IIECTh WJIM BOCEMb BBIBOJOB. O00JI0YKa MEPBHYHOIO NpeoOpa3oBaTeis 3alluilacT
3JIEMEHTHI ¥ MPOBOJHUKH OT BJIArM U KOPPO3HOHHBIX W/MIHM aOpa3uBHBIX YCIOBUN TEXHOJIOTHMUYECKOTO
mpolecca ¥ TMOMOTaeT SKPaHUPOBAaTh CHTHAT OT JJIEKTPUUYECKUX HIyMoB. YToObl H30JHMPOBATH
OPOBOAHMKU JAPYr OT JApyra U OT O0O0JOYKH, 000JOYKa 3aloiHSIEeTCS YIUIOTHSEMBIM, TOHKO
U3MEIBYCHHBIM HM30JIMPYIOIIUM MaTepuaioM, OOBIYHO oOKcuaoMm MarHus (MgO) wumum  okcuaom
amromuHus (A1203), KOTOPBIH OKpY)KaeT YyBCTBUTEIHHBIN JIEMEHT M MPOBOAHUKU. CM. pucyHoK 1.2a.

BHyTpeHHee

cofiepxumoe

nNepsuYHOro BHyTpeHHue CsapHoit Pe3bboBoit BHewHue
npeobpasoBarena NPOBOAHWKA LWOB nepexoaHnK NPOBOAHWKK

\ \ \A \
i p—
YnnotHeHue Ob6onouka nepsudHOro YyBsCTBUTENLHBIN
npeobpa3sosarena 3NEeMeHT

Pucynoxk 1.2a - O0uiue xapakTepucTUKN IEPBUYHOTO NpeoOpa3oBaTessi TeMIepaTyphl

HuameTpsl 000JIOYKM TEPBUYHOrO IpeoOpa3oBaTenss MOTYT ObITh pPa3HBIMHU; Yallle BCETO
BcTpeuaroTcss pasmepel 6 MM (1/4 mrovima) u 3 MM (1/8 mroiima). [lepBuunble mpeoOGpas3oBaTenu
MEHBIIEr0 JAMaMeTpa HUMEIOT OoJjbllee ObICTPOJIeHiCTBHE, MOTOMY YTO HMMEIOT MEHBIIYI0 Maccy U
MEHbIIE U30JMpYlolIero Matepuana. [lepBudnbie mpeoOpa3oBaTesid ¢ MEHBIIUMHU AMAMETPaMH TaKkKe
oOecrieunBatoT OoJjiee TOYHOE H3MEpEeHHe Onarojnaps MeHbIIEH MOrPEeIHOCTH, OO0YCIOBICHHON
TEIIONPOBOJHOCTHIO 000JIOUKH.

OpHako BO MHOTUX TMPOMBIIUIEHHBIX CHCTEMAax HCHOJIb3YIOTCS 3allUTHBIE TUJIB3bl IS
YCTaHOBKH, NOOABJISIOLINE 3HAUUTENBbHYIO Maccy K oOIlel macce y3ja, YeM HECKOJIbKO YMEHBIIAOT
MOJIOKUTENbHBIN  3pPexT o000oux HTUX QakTOopoB. 3alUTHAs THJIb3a YCTAaHABIMBAeTCS B
TE€XHOJIOTMYECKYIO JIMHUIO C TEPMETUYHBIM YIIJIOTHEHUEM M MMEET BHYTPEHHIOIO I0JIOCTh, B KOTOPYIO
NOMEIIaeTCcsl MEepPBUYHBIA  MpeoOpa3oBarenb. IJTO IO3BOJISIET JIETKO W3BIEKaTh IEPBUYHBIN
npeoOpa3oBaTelib A KAINOPOBKU MU 3aMEHBI.

DaKTOpBHI, BIUSIIONINE HA IKCIIyaTAlMOHHBbIe XapakTepucTukn TC
ConporusieHue - 3Ha4YCHUs AIbpa

Onementsl TC xapakTepu3yloTcsl UX TeMIepaTypHbiM ko3dduirentom conportusienus (TKC),
KOTOpBIM Takke Ha3bIBalOT Kod(¢uuumeHToM anbda. IS IUIaTUHOBBIX 3JIEMEHTOB 3TH 3HAYEHUS
pernamentupyet cragaapt IEC 60751-2008. Cm. pucyHok 2.1a.

Anbpda - 370 TemmepaTypHbIi KOADPHUITUEHT JIsI KOHKPETHOTO MaTepuaia U coctaBa. MenHbIe U
IUTATUHOBBIE 3JEMEHTHl UMEIOT pa3Hble KO3 UIMEHTH anb(ha, U Yy CaMHX IUIATUHOBBIX 3JIEMEHTOB
KO3(PPHUIMEHTHI TO)XKE MOTYT OBbITh Pa3HBIMH, B 3aBUCUMOCTH OT YUCTOTHI IIATHMHBI U COCTaBa CIUIABA.
3HavyeHuss anb(a oOmpenensioT B3aMMO3aMEHSIEMOCTb IEPBUYHBIX IpeoOpa3oBareneid. Pa3Hble



MEepBUYHBIC TIpeoOpa3oBaTeI C OAHUM U TeM ke KodbdumueHToM anbda TapaHTUPYIOT, YTO
3aBHCUMOCTh CONPOTHBICHHUS OT TEMIEpPaTypbl OCTAaHETCS HEM3MEHHOH B Ipenenax YyKa3aHHOU
toyHOoCcTH. Ilpm 3aMeHe mepBUYHOTO HpeoOpas3oBaTelisi MOJIb30BATENb JOJDKEH M03a00TUTHCS O TOM,
YTOOBI HOBBIM MEPBUYHBIA MpeoOpa3oBaTesib ObUT M3TOTOBJICH M3 TAKOTO K€ MaTepualia C TaKUM Ke
COIIPOTHBIIEHUEM U K03 duimentom anbda, Hanpumep, Pt100: ucronszyercs = 0,00385.
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Pucynok 2.1.a. Temneparypusiii koagduuuent conporusienus (TKC) nepsuanoro npeodpazoBarens
Pt100
3Hayenue ko3 puunenTa anbda onpeaessiercss BbIpaxeHneM 1A KO3(pPuumnenTa ajabda:

Ansda = (R100 - RO) + 100 RO roe RO - compoTuBieHue nmepBUYHOTO NpeoOpazoBarelis npu
temneparype 0°C, a R100 - conpoTuBienue nepBuuHOro npeobdpazosatens npu temmneparype 100°C.

[TnatunoBeie TC umerot 3HaueHus anbda B nuanazone ot 0,00375 mo 0,003927. Haubomnbiee
3HaueHue aib(pa yKa3blBa€T HA HAWBBICIIYIO CTENEHb YWUCTOTHI IUJIATHHBI, W Takas dYacToTa
npeanuceiBaeTcs MexayHapoaHoit TemmepatypHor mkaigo 1990 r. (ITS-90) ans sTanoHHBIX
(;1abopaTopHOro Kiacca) MIATHHOBBIX TEPMOIPEOOpa30BaATENCH COTPOTUBIICHHUS.

IIpu mpakTHYEeCKOM NPUMEHEHHWU B MPOMBIIUIEHHOCTH HE CYHIECTBYET HMKAKUX TEXHMYECKHX
npeuMyniecTs ogHoro ko3dduuumenra anspa nepen npyrum. Ilnatuna ¢ koapduumuentom 0,00385
HaunOoJiee MIMPOKO UCIIOIb3YETCs U SBIISAETCS CTAaHAAPTHBIM BapUaHTOM, JJOCTYIHBIM B BUJE CEPUHHBIX
u3Jenuil Mo BceMy MMpY. BblmyckaroTcsi pa3ziavuHble BHUBI NMEPBUUHBIX MpeoOpa3zoBaTeneil U3 3Toro
MeTaJljia, BKJII0Yas MMPOBOJIOYHbIE U TOHKOIUIEHOYHbIE 3JIEMEHTHI ¢ conpotuBiaeHussMu ot 100 1o 1000
OwM. B GonbinHCTBE Clyd4aeB BCe, UTO HY)KHO 3HATh IMOJIB30BaTEN0 0 kKodduimenrte anbda, 310 TO,
YTO OH JIOJDKEH OBITh HajjexamuM oOpa3om coriacoBaH npu 3ameHe TC wiM MOAKIIOUEHUH UX K
KOHTPOJIbHO-U3MEPUTETBHBIM TPHOOpaM.

BeicTpoaeiicTBre NepBUYHOrO Npeodpa3oBaTtens

BricTpozeiicTBrE TEpBUUHOTO MTpeodpa3oBatess - 3T0 BpeMsi, KOTopoe TpedyeTcs, 4TOObI CUTHAI
Ha BBIXOJIe MEPBUYHOro IpeoOpa3oBaTesiss U3MEHWIICS Ha ONPEICNCHHBIM MPOIEHT NMPHU CTYNEHYaTOM
U3MEHEHUU TeMIIepaTyphl MPU OINpe/eIeHHOM Habope yCiIoBUH. 3aMeTuUM, YTO CYLIECTBYIOT pa3HbIe
CTaHJApPThl HA UCTIBITAHUS C LEJBIO ONpeaesIeHs] ObICTPOJCHCTBHUS, KOTOPbIE MPUBOIAT K pe3ysIbTaram,
BapbUPYIOUIMMCS B IIUPOKUX Mpezenax. CpaBHUBATh OBICTPOJEICTBIE MEPBUYHBIX MTpeoOpa3oBareseit
MO>KHO TOJIBKO B TOM CJIy4ae, €CJId UCIIbITAHUs TIEPBUYHBIX MTpeoOpa3oBaresieil MpoBOAATCA 110 OHOMY
CTaHJapTy NpU OJUHAKOBBIX ycioBUAX. Ho mio0Oble M3MEHEHUS B TaKWUX YCIOBHUSX, HaIpUMED,
IUIOTHOCTh pabouel cpenpl, TeMIeparypa WM pacxof, NaayT Apyrue pesynbraTel. Hampumep,
ObIcTpoeiicTBHE Oy1eT HAMHOTO MEHBIIUM B ra3e, YeM B OBICTPO TEKYIIEH KUAKOCTH.

BricTposeiicTBue 0OBIYHO YKa3bIBAIOT B CEKYHJAaX B BUJAE 3HAUCHUS «t», a PSIOM yKa3bIBAIOT
YPOBEHb CUTHaja B IPOLIEHTax, P KOTOPOM 3TO BpeMs perucrpupyercs. Hanpumep, t(0,5) o3nauaet
ObICTpOACHiCTBHE [UIsl YPOBHS cTyrneH4daroro usmenenus 50%, a t(0,9) o3nauaeT ObICTpoAelicTBHE IS



ypoBHs cTynendaroro usmeHenus 90%. Cm. pucyHok 3a.
/ CryneHyaToe usmeHeHue
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Bpems oTKNMKa B ceKyHaax

Pucynoxk 3a. TunuyHoe ObICTpoACHiCTBHE IEPBUYHOTO MpeoOpa3oBaTens
IIpakTHyeckas pa6ora Ne 13
HccnenoBanue TpexnpoBoIHOil cXeMbl MOAKJII0YeHHS TepMOINpeodpa3oBaTeisi CONPOTHBJIEHHS C
UMHUTALHEeH COMPOTHBJIEHHUS COeIMHUTETbHBIX MIPOBOI0B
Heab padoTbl: TPHOOpPETEHUE HABBIKOB PAOOTHI C TEPMOMETPAMH COITPOTUBIICHHUS, C TIOMOIIBIO
TEpPMOTIPEOOpa30BATENS CONPOTHBIICHHS.
3aganue:
1. BuuMmarenbHO W3Y4YHTE MaTepUa 1Mo TeMeE.
OTBeThTE HA BOIPOCHI:
Yro mpeacTaBisioT co00i BHIBOJIBI TPOBOIHUKOB.
OnumuTe Kak MPOU3BOANUTCS KOMIIEHCAIMs BBIBOOB IPOBOJHHUKOB.
Onummure cxeMbl BKIOYEHHS TepMoIpeoOpa3oBaTenieil COpOTUBICHUS.
BbIBOABI IPOBOTHMKOB

o TN

BriBObI TIPOBOJHUKOB OOBIYHO TMPEJACTABISIOT COOOM BHUTBIE K3 HECKOJIBKUX KU,
M30JIUPOBAHHBIC MPOBOJA, KOTOPHIE MPHUKPEIUISIFOTCS K MPOBOJHUKAM, MPOXOIAIINM 4Yepe3 00O0J0UKY
MEePBUYHOTO MpeoOpa3oBaTeNisi U COCTUHSIONINX DJJIEMEHT C COCAUHUTEIBHBIMH MPOBOJAAMH. ITH
BBIBOJIbI MTPOBOJHHMKOB MMEIOT YIUJIOTHEHHS Ha KOHIIE OOOJIOUYKH W HCIIONB3YIOTCS AJ COSAMHEHUS
MEPBUYHOTO TMpeodpa3oBaTenss ¢ KIEMMHOW KOJOJKOH, HM3MEpUTEThbHBIM MpeoOpazoBaTeieM WU
Ipyroi TOYKOW MOAKIIOueHUus. J[TMHA ATHX BBIBOJIOB MOXKET OBITH PAa3HON y pa3HBIX MOCTABIIUKOB U
ompezensercs TpeOOBaHUSIMH Moyb3oBarens. CM. pUCYHOK la.

Pucynok la. I'epmeTrnsanus 3ajHel CTOPOHBI KOpITyca MEPBUYHOTO Mpeodpa3oBarTes
KomneHncanusi BbIBOJOB IPOBOAHUKOB
[TockonbKy BBIBOIBI IPOBOJHHUKOB SIBISIOTCS yacThio enu TC, uX conpoTUBIEHUE HEOOXOIMMO
KOMIICHCUPOBATh, YTOOBI JOOUTHCS HAMITYUIIed TOYHOCTH. DTO CTAHOBUTCS 0COOEHHO BaXKHBIM TaM, I71e
UCIOJNIB3YIOTCS JUIMHHBIE MPOBOJAa MEPBUYHOIO IpeodpazoBaTens W/win BbIBOAOB. CyIIECTBYIOT TpHU
HIMPOKO PACHPOCTPAHEHHBIX KOHPUTYpaLliU BBIBOJOB IPOBOIHUKOB.



B nByxnpoBoHOI KOH(UTYpali HE MOKET ObITh KOMIIEHCALUU COMIPOTUBIICHUS MPOBOIHUKOB,
TaK KaK NPOBOJHUKHM TMOJKIIOYAIOTCS TMOCJIEIOBATEIBHO C O3JEMEHTOM UM BOCIPUHUMAIOTCS
U3MEPUTEIIBHBIM TIpeo0pa3oBareneM KaK 4YacTh COMPOTHBIICHUS TIEPBHYHOTO Mpeodpa3oBaTes,
BBI3bIBasl CHIDKEHHUE TOYHOCTH, HEM30EKHO IpuUcyiee TakuM cxemaM. CyIecTByeT MaJlo CUCTEeM, IS
KOTOPBIX JIBYXIIPOBOJHBIC TIEPBHYHBIC MPEOOpa3oBaTeM SBISIOTCS XOpOIIMM BbIOOpoM. B
TPEXIMPOBOAHON KOHGUTYpallMd KOMIIGHCAIMSl OCYIIECTBISETCS C TOMOIIBIO TPEThEro MpoBOJA B
MPENOJIOKEHNUH, YTO OH UMEET TaKOe e CONPOTUBIIEHUE, YTO U JIBAa APYTUX MPOBOJA, U OJHA U Ta XKe
KOMIIEHCAIIHsI PUMEHSETCS] KO BCEM TPEM MTPOBOIAM.

Ha pucynke 1.2.1b moka3zaHo BwIpakeHHE JUIsl 3TOoM KommeHcanuu: Rusmepenuss = RLI +
Roanementa - RL3. Ognako B peainbHOCTH Bcerja UMeeTcsi HekoTopas pasnuia mexay L1 u L3 uz-3a
OTKJIOHEHHI B MPOIECCE M3TOTOBJICHUS MPOBOJIHUKOB, HEPABEHCTBA JIJIMH, HE3ATSIHYTHIX COCAMHEHHUIA,
ne(hOPMAITMOHHOTO YIIPOYHEHUS BCIICCTBUE H3THOA M TEPMUICCKONU KOPPO3HUH.

R R
L1 L1
O AaAAY: O AVAVAY;
R
nemeHTa
anementa
O AVAVAY,
O AVAVAY R,
Rl O AVAVAV
R
L3
n3MepeHHoe™ RL1 + Haneme»—rra+ F{L2
= u3MepeHHoe ™ RL1 + Rsnemema + RL2 = [RLZ + HLS]
L1
TOK O AVAVAY
R, = F!L1 + Ranemema_ F‘L3
NOTEHUMAN O AVAVAY
= = Ropemernra (If By = R3)
INeMeHTa
MNOTEHUMAN O AAYAY
Ria
TOK O AVAVAY

1

=R
U3IMEepeHHoe™  3NeMeHTa

Pucynoxk 1.2.1b. JIByx-, Tpex-, yeTbipexnpoBoanbie TC u BbIpaykeHUs AJ11 KOMIEHCAIIUH
Tak xak comporusienne 100-omHoro muatunoBoro TC mensiercs Ha 0,39 Oma Ha rpagyc C, Ha
Kaxabli OM pa3Hulbl 3QPEKTUBHBIX COMPOTHUBIEHUN MPOBOJAHUKOB MOSBISAETCS MOTPEIIHOCT A0 2,5
°C (1-0,39). Ora norpemHocTs U3-3a HEPaBEHCTBA CONPOTUBIIEHUI BEpOATHEE BCErO OyAET MEHATHCS CO
BPEMEHEM HEOXKHMJIAHHO M HENPEICKAa3yeMO M3-3a YBEIMUYEHUS KOPPO3HUH, U3MEHEHUN TEeMIEpaTypbl U
BIaxkHOCTH U T.J. CM. prucyHok 1.3.1c.
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Pucynok 1.3.1¢. 3aBUCMMOCTb MOTPENIHOCTH OT HEPABEHCTBA CONMPOTUBIICHUI MPOBOIHUKOB B
ciy4dae 3-npoBogHoro TC



WneanbHoll  sBNSIETCS  YETHIPEXIPOBOAHAS KOHCTPYKIUS, IOTOMY 4YTO COMNPOTHBIICHHE
IIPOBOJHMKOB B 3TOM CJIy4ya€ HE OKa3blBAa€T BIMAHMS Ha M3MepeHue. B Hell mcnomb3yercss MeTonuka
U3MEpEHMS, [P KOTOPOH OYEHb MAJIEHbKUN IOCTOSIHHBINA TOK Nopsjaka 150 Mukpoamnep mnojpaercss Ha
NEepBUYHBIN TMpeoOpa3zoBaTeib IO JBYM BBIBOJAM, M HaNpsHKCHHE, BO3HHKAIOIIEE HAa IMEPBUYHOM
npeoOpas3oBarenie, U3MepsAETCS IPYTMMHU ABYMS BBIBOAAMHU C TIOMOIIBIO IEMH, UMEIOIIEH BBICOKOE
MOJIHOE BXOJHOE CONPOTUBIIEHUE U BBICOKOE pa3pelieHne usmepenus. B coorserctuu ¢ 3akonom Oma,
BBICOKOE IIOJIHOE CONPOTHBIICHUE MPAKTUYECKU HCKIIOYAeT BCSAKOE IMPOTEKaHHE TOKa B IPOBOJAX
U3MEPEHUS HANPSHKEHUS], U I03TOMY COIPOTUBJICHHUE TPOBOAHUKOB HE SIBJIAETCS (DaKTOPOM, BIHSIOIINM
Ha U3MEPEHHUE.

CxeMbl BKJIIOYeHHUSI TepMoONIpeodpa3oBaTesieil CONPOTUBJICHUS

[Tpu moaxiroueHHH TepMompeoOpa3oBaTeneil CylIecTBYIOT pa3nuyHble Bapuantbl. Ha puc. 1
IIPEJICTaBIEHbl OCHOBHBIE CXEMBI MOAKIIOYEHUs TepMoIipeoOpa3oBareseil a) — IByXIIPOBOJHAS CXEMa,
0) — TpexImpoBOJHasi, B) 4YeThlpexnpoBoaHas. [Ipy u3MepeHnn CONpOTUBICHUS AATYUKA TEMIIEPATYpPbI
CO CTOPOHBI TEIUIOBBIYUCIUTENS K COMPOTUBICHHUIO CAMOTO JaT4yhKa J00aBIseTCSl CONPOTHUBIICHUE
COEUHSIONIUX MPOBOJOB. [[1s1 yueTa cOmpOTHBIICHHS MPOBOJOB CYIIECTBYIOT pa3WYHbIC BapHAHTHI
MOJKIIIOUEHUsT TepMmomnpeoOpazoBateneii. Ha puc.l a) mnpencraBieHa JIBYXNpPOBOJIHAS CXema
nojkitoueHus. JlaHHas cxema He MO3BOJISIET YUYUTHIBATh COMPOTHUBIICHUE MPOBOIOB. [Ipumensiercs s
HEOOJIBIINX JUTMH MPOBOJIOB 10 3 M ¢ TepmoripeodpaszoBarenssmu Pt500 u ceuenneM mpoBojia HE MEHee
0,75 mm2. Ha puc.1 0) mpuBeneHa TpeXpOBOAHAS cxeMa MOIKItoueHus. [I[puMeHsieTcs: B OOJIBITMHCTBE
Clly4aeB C KOHTPOJUIEpAaMH C TPEXIPOBOJHBIMU CXE€MaMHU MNOAKIO4YeHUs. [IpoBona 1OIKHBI OBITH
onHoro ceueHus. Ha puc.l B) mpuBeneHa yeThIpexnpoBojHas cxeMa mnojkiatoueHus. [Ipumensercs B
pa3iauuHbIX TernocueTunkax. s repmonpeodpaszoBarens Pt100 conpotusienue B 3 OM yBennyuBaeT

3HAUEHUE MOKa3aHUe TeMIeparypsl npuMepHo Ha 10 rpaxycos g Pt500 nHa 3 rpagyca.
T T T
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PI/ICyHOK 1. a) ABYXIIPpOBOAHAs CX€Ma MOAKIOYCHU. 6) TPEXMPOBOAHAA CXEMaA IMOAKIIIOYCHHA.
B) YCTBIPEXIIPOBOAHAA CXEMa MMOAKIFOYCHU .

IIpakTnueckas padora Ne 14
HccnenoBanue HeypaBHOBelIEeHHOH MOCTOBOM cXeMbl /1JIs1 H3MePEeHUsI TeMIIepPaTyphbl ¢ IOMOUIbIO
TepMonpeodpa3zoBaTeisi CONPOTHBJICHUS
Lesas padoThl:  ucciegoBaHue padOThl HEYPaBHOBEIIEHHOW MOCTOBOM CXEMBI.

3amanmue:

1. BHuMaTenbHO M3YYHTE MaTepUa 1Mo TeEMeE.
OTBeTbTE HA BOMPOCHI:
IToHsITHE «MOCTOBOM CXEMBD».
OnummuTe TPUHLIUIN IEUCTBUSI MOCTOBOM CXEMBI.
[ToHsITHE «MOCTOBBIE UBMEPEHUSD.

o0 TN

OnwuuuTe BUIBI M IPUHLUI pabOThl HEYPAaBHOBELIECHHBIX MOCTOB Il U3MEPEHUS TeMIIEpaTyphl.
MocTtoBasi cxeMa — CXeMa COEAMHEHMs JJIEMEHTOB IEKTPUYECKOW Lenu (CONpPOTUBIICHUH,
BBIIPSAMUTEIBHBIX UONOB M T.J.), XapaKTEpU3YIOIAsCsi HAJIUYUEM MOCTOBOM BETBU MEXKIY IBYMs
TOYKAMU CXEMbI, HE COCIUHEHHBIMU HEIOCPEICTBEHHO C HMCTOYHUKOM JJIEKTPUYECKOM 3Hepruu. B



OCHOBY MOCTOBOM CXEMBI TOJIOKEHA cXeMa MocTa YUTcToHa (puc. 1).

[IpuHnun nercTBUs MOCTOBOM CXEMbI OCHOBAH Ha TOM, YTO IIPY PABEHCTBE OTHOLIECHUM IIOJIHBIX
COIIPOTHUBIICHUH B Iieyax Mocta Za/Zb = Zx/Zd B quaronanm Mocta (B MHINKaTOPHOM YCTPOICTBE) HET
Toka. [loBBIIIAasE YyBCTBUTEIBHOCTh HYJIb-MHIMKATOPa, MOXHO IOOMTHCS B MOCTOBOH CXE€ME€ BechMa
TOYHOT'O COOJIIOJICHHUS PABEHCTBA OTHOIICHHUH MOJHBIX COMPOTUBICHUH. Ha 3TOM mpuHIMIIE OCHOBAHBI
MOCTOBBIE U3MEPEHUS.

Werounmx
HaNPAXEHUR

Puc. 1. MocroBas cxema (cxema MOCTa YUTCTOHA)

HcrounnkamMu nOUTaHUS MOCTOBBIX CXEM MOTYT CIYKUTb MCTOYHUKH HAaNpsDKEHUS Kak
MIOCTOSIHHOTO, TAK W MEPEMEHHOr0 TOKa. balaHcHupoBKa MOCTOBOM CXEMBbI COBEPILIEHHO HE 3aBUCUT OT
KoJIcOaHUH HAMPSHKCHUS HCTOYHUKA TATAHUSI.

MocrtoBble H3MEpPEHHs] — METOJbl M3MEPEHHUS MApaMETPOB JIIEKTPUUYECKUX IENeld Ha
MOCTOSTHHOM TOK€ (COMPOTUBJICHHS TOCT, TOKY) U Ha MEPEMEHHOM TOKE (AaKTUBHOTO CONPOTUBIICHUS,
E€MKOCTH, WHAYKTHBHOCTH, B3aMMHOW HWHIYKTUBHOCTH, YacCTOTHI, yIJa MOTEPh, JOOPOTHOCTH H p.)
MOCPEJICTBOM MOCTOBBIX CX€M. MOCTOBbIE H3MEPEHUsI UIIMPOKO PaCHpOCTPaHEHbl TaKXKE MJid
JJIEKTPUYECKUX U3MEPEHUN HEIJIEKTPUYECKUX BEIUYMH IIPU MOMOILIM JAaTYUKOB — IPOMEKYTOUHBIX
npeoOpazoBareneil u3MepsieMOd BENWYMHBI B (DYHKIIMOHAIBHO CBSI3aHHBIA C HEH mMmapamerp
AJIEKTPUYECKOM LIETIH.

MocToBble U3MEPEHHSI OCYIIECTBISIOTCS C IOMOIIbIO U3MEPUT, MOCTOB (MOCTOBBIX YCTaHOBOK),
OTHOCSIIIUXCS K KaTeropuu mpuOopoB cpaBHEHUs. B oOmiem ciiydae oHM OCHOBaHBI Ha MPUMEHEHUU
HEKOTOPOW DJIEKTPUYECKOM ILENH, COCTOAIIECH W3 HECKOJIBKUX W3BECTHBIX M OJHOIO HEW3BECTHOI'O
(M3MepsIeMOr0) COMPOTUBJICHUN, MUTAEMOW OJHUM MCTOYHHKOM U CHa0XEHHON YKa3bIBAIOIIUM
npubopom.

HN3MeHeHueM M3BECTHBIX COINPOTUBICEHUM O3Ta LENb PEryJIupyercss [0 JOCTUKEHMS,
ONPEACIEHHOI0, OTMEUYAaEMOIr0 YKa3aTeleM, PACHPEACIICHUS HANPSLDKEHUM Ha OTHENIBHBIX Y4YacTKax
uenu. O4YeBHJIHO, YTO 33JaHHOMY COOTHOILIECHHUIO HAIpPSKEHUN COOTBETCTBYET TAKXKE OIpPEACIICHHOE
COOTHOUIEHUE COINMPOTHUBIICHUI LEMH, 0 KOTOPOMY MOXHO BBIYMCIINTh HEU3BECTHOE CONPOTHUBIICHUE,
€CJIM OCTaJIbHbIE COITPOTHUBIICHUS U3BECTHBI.

Wcrtopuyeckn mnepBblif, mpocTeimuii ¥ Haubojee pacnpOCTpaHEHHBIH BapHaHT MOCTOBBIX
U3MepeHuil  ObUl  peanu30BaH  IOCPEJACTBOM  YETHIPEXIUIEYEr0  ypPaBHOBEIIEHHOTO  MOCTA,
MPEJICTaBISIIOIIEr0 co00i KOJbIEeBYO Iienb u3 4 compotuBieHudd ("muieun” mocrta), B KOTOPOH
MCTOYHMK MHUTAHUS U yKa3aTellb BKIIOYAIOTCS JMArOHAJIbHO, K MPOTUBOJIEKAIIMM BEpIIMHAM, B BUJIE
"MocToB" (puc. 2).



Pucynoxk 2. YetslpexIuieunii ypaBHOBEIIEHHBIN MOCT

[Ipu cobmonenun ycnoBus RIR3 = R2R4 (coorBerctBeHHO Z1Z3 = Z274 Ha nepeMeHHOM
TOKE) HaPsHKEHHE Ha BBIXOJI€ MOCTOBOM IIENH (HE3aBUCUMO OT MUTAIOLIETO HANPSDKEHHs) PaBHO HYJIIO
(Ucd=0), T. e. MocT "ypaBHOBeIIEH", YTO OTMEYAETCsl HYJIEBBIM yKa3aTeJIeM.

CocrosiHue paBHOBECHsI MOCTa MOCTOSIHHOT'O TOKAa, COOTBETCTBYomIee yciaoButo RIR3 = R2R4,
MOXET OBbITh JIOCTUTHYTO PEryJUpOBKOM TOJBKO OJHOTO IEPEMEHHOro MapamMerpa M IO3BOJISET
OIPEAENIUTh TaKKe TOJIBKO OJIHO HEU3BECTHOE CONPOTUBIICHUE.

JUis NOCTH>KEHUS KOMILUIEKCHOTO YCJIOBUSI PaBHOBECHUsI Ha NEPEMEHHOM Toke Z1Z3 = Z274,
pacmajaromerocsi Mpu TOJCTAHOBKE KOMIUIEKCHBIX 3HAuUeHWH CompoTuBiIeHHH Z=R+jx Ha 1Ba
CaMOCTOSITENIbHBIX YCJIOBHS, TpEOyeTCsl peryJiMpoBKa HE MEHee JIByX MEepeMEHHbIX napamerpos. Ilpu
9TOM MOXKHO OJHOBPEMEHHO ONpPENENATh [BE COCTaBISAIOIIUE KOMIUIEKCHOTO COIPOTUBIICHUS
(mampumep, LuRumu Lu Q, Cutgo u t. 11.).

Pa3HOBUIHOCTBIO YETHIPEXIUIEYMX MOCTOB IEPEMEHHOIO TOKA SBIIIOTCS MOCTBI PE30HAHCHBIE.
[ToMuMoO ueThIpexmieunx NPUMEHSIOTCS 0ojee CI0XKHble MOCTOBBIE L€ — JBOHHBIE MOCTBHI Ha
MOCTOSTHHOM TOK€ (puc. 3) U MHOTOIUIeUne (IIECTH- WM CEMUIIJICYHE) — Ha ePeMEHHOM (Harpumep,
puc. 4). YcinoBus paBHOBECHS ISl 3TUX LI€TIEH, €CTECTBEHHO, OTJIMYAOTCS OT MPUBEIEHHBIX BBIIIE.

1l
|

Pucynok 3.

o O o
Pucynok 4.
MocToBbIe HU3MEpPEHUS] TPUMEHSIOTCS Kak Il M3MEpPEHUs 3HAYCHWH COMPOTHUBIICHWHA, TaK W JUIS
ompeeseHus OTKJIOHCHUH ATUX 3HAYCHHWM OT 3aJlaHHOT0 HOMHHAJA. OHM OTHOCSTCS K YHCITY CaMbIX
pacIpoCTpaHEHHBIX W COBEPIICHHBIX METOJOB H3MepeHHs. CepuiiHO BBITYCKaeMbIE MOCTHI HMEIOT
kyaccel TouHocTH oT 0,02 10 5 Ha noct, Toke u ot 0,1 70 5 — Ha nepeMeHHOM.
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CHsiTHE CTATHYECKHUX XaPAKTEPUCTHK U M3YYeHHe NPUHIMIIA Pa0oThl JaTYHKA TeMIIepaTypbl:
0eCKOHTAKTHBII MUPOMeETP
Heap padoThl:  M3ydeHUE NPUHLUIA AEHCTBUSA, KOHCTPYKIMU U METOJUKH IIPOBEIECHUS U3MEPEHUM
UH(PaKPaCHBIM TUPOMETPOM.

3aganue:
1. BHuUMAaTEnbHO U3YUYHTE MaTepUal IO TEME.
2. BEBITIOJIHUTE U3MEPEHUS U 3aITOTHUTE TaOauIry 3.
HN3yyenue npuHIUNA JeiiCTBUSA HH(PPAKPACHOTO NMPOMeTpa

[Tupomerp — OECKOHTAKTHBIM TEPMOMETp, JEHCTBUE KOTOPOTO OCHOBAaHO Ha W3MEPEHUU
TeIIoBoro usnyuyeHus. CepuilHO BBIIYCKAaeMble TEXHUYECKHE MHUPOMETPbl IPUMEHSIOTCS IS
u3MepeHus: temmepatyp B auamnazoHe ot — 50 mo 3000 °C. Ilupomerpsl 001aAalOT CIEAYIOLIUMU
IpEeuMyILIecTBaMU [0 CpPaBHEHHMIO C NpuUOOpaMu, H3MEPSIOIIMMU TEMIEpaTypy KOHTAKTHBIMU
METOJaMH: ® UMEIOT PUHIMIIAAIBHO HEOTPAHUYCHHBIN BEPXHUI TEMIIEPATyPHBIN NpEAes U3MEPEHHUS;
e 00eCTeynBarOT BO3MOXXHOCTh HM3MEpPEHHsI TeMIIEpaTyp H3Jydaresield, HaXOAALIMXCS Ha OOJBIIOM
pPAacCTOSHUU OT MUPOMETPA; ® HE UCKAXKAIOT TEMIIEpaTypHOe 0Jie 00bEKTa U3MEPEHUS; ® IPUMEHSIOTCS
JUISL U3MEPEHMS TEMIIEPATyp Ta30BbIX IOTOKOB MPHU OOJIBIIUX CKOPOCTAX. OHAKO KOHTAKTHBIE METObI
U3MEpPEHUS MO3BOJISIIOT 00ecreyuTh O0O0Jee BBICOKYIO TOYHOCTh H3MEPEHMs, 4eM OECKOHTAKTHBIE
MeToabpl. Bce Tena u3MyyaroT AJIEKTPOMAarHWTHBIE BOJHBI Pa3IMUHOM JUIMHBI A WJIM YacTOTHI V.
DNEeKTpOMarHUTHOE H3JTyuyeHue, BO30yKIaeMoe TEIJIOBBIM JBUKEHUEM MOJIEKYJI, Ha3bIBAIOT TEIIOBBIM
nusnyueHueM. TemnoBoe u3iaydeHHe umeeT MecTo mnpu Temmeparypax no 4000 °C kak pesynbpTaT
K0JIEOATENbHOTO WJIM BpallaTeIbHOrO JABMKEHHs Moiiekysl. [Ipum Oosee BBICOKHMX TeMmmepaTypax
U3IIy4YEHUE BBI3BIBAETCS B OCHOBHOM IIPOLECCAMHM JUCCOLMALMM W HMOHM3ALMU. BenuuumHbl H
HOCTOSIHHBIE, IPUMEHSEMbIE B TUPOMETPHUH, NpUBEeAEHBI B Ta0s. 1. AGcomoTHO yepHbIM TenoM (AYT)
Ha3bIBAETCS TEJIO, OTJIONIAIOIIEE BCE Ma/Iaollee Ha HETO U3JIyUYEHHUE.

Tabmuma 1.
[TupomeTrpuueckre BEIUUNHBI U TOCTOSHHBIE
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CepbIM TeJIOM Ha3BIBAIOT TENO, KOA(DPUITMEHT MOTIIOMIEHHUs] KOTOPOTO HE paBeH 1, HO HE 3aBUCUT
OT JIJTUHBI BOJIHBI M TEMIIEPATYPHI.

O Temmeparype HarpeToro Tejla MOKHO CYJIWTh HAa OCHOBAHMM W3MEPEHMs MapaMETPOB €ro
TEIUIOBOTO M3IIyYEHHs, MPEICTABISAIONIEr0 co00il AIEeKTPOMArHUTHBIE BOJHBI PA3NUYHON UIMHBL. Yem
BBIIIIE TeMIIepaTypa Teja, TeM OOJbIle SHEePTUU OHO U3NMydyaeT. TeroBbie ydd HCIYCKAalOTCS BCEMU
HarpeTbiIMM (U3NYECKUMHU TelaMHu, KOTOpble INpH Temmeparypax okojo 500-600 °C HaumHarOT
WCITyCKaTh M3Jy4€HUE, BUAUMOE YEJIOBEYECKUM IJIa30M, MPHUYEM SIPKOCTh CBEUEHHSI HArpeThIX Tel
OBICTPO BO3pACTAET C MOBBIIIICHUEM TEMIIEPATYPHI.

BuguMoe 4enmoBedeCKMM T1a30M  AJEKTPOMArHUTHOE M3JIyYEHUE, HAa3bIBAEMOE CBETOM,
MPEACTABISIET COOOI0 JIUIb BECbMa Y3KWU JUana3oH crekTpa mupuHor 0,35 MKM ¢ IJTMHAMU BOJH OT
0,40 mo 0,75 MKM.

HeBunumbie myuu ¢ Oombliei 1iuHON BONHBI (6osee 0,75 MKM) OTHOCSTCS K MHPPAKPACHOMY
Y4acTKy CHEKTpa M3JIy4YeHHUs, OoXBaTbiBaroueMy auana3zon ot 0,75 go 400 MKM, KOTOpPBIM JIEIUTCS HA
HECKOJIbKO TOJANana3oHoB (Tabn. 2), 3a KOTOPHIM HH(pPaKpacHBI Y4YacTOK CIHEKTpa IMOCTENEHHO
MepeXOoUT B JUANA30H paauoBOJIH. HeBuanMble myun ¢ MeHbIed ainHoi BoyiHBI (MeHee 0,40 MKMm)
OTHOCSITCS K YJIBTPa(hHOIETOBOMY yUaCTKy CIIEKTPA H3TyUCHHUS.

Tabmuma 2
[Togmnama3zoHsr HHPPAKPACHOTO CIIEKTPA
JInuHa BOMH [ MEM) Hasganne auanazoHa
076135 banmnee MHPAKPACHOE HATYYEHHE
1,5-5.5 KopotkoeponHoroe HHppaKpacHOe HATYHeHHE
5,6-25 JnuHHOROMHOBOE HH(paAKPACHOE HANYHEHHE
25-100 JantHee uHpaxkpacHoe HATYHEHHE

Jliia u3mMepeHust TemMrepaTyphl UCIOJIB3YIOT B OCHOBHOM JHAana3oH WH(PaKpPacHBIX U BUIUMBIX
Jqy4ei, IUist 3Toro pa3padboTaHbl TUPOMETPHI CIEAYIOMIUX THUIIOB!



[ mupometp gactuuHoro usnydenus ([IYN) (kBa3uMOHOXpOMATHYECKUN TUPOMETP) — U3MEPSIET
SHEPTHUIO B OTPAaHUYEHHOM (PHIIBTPOM (WJIM IPUEMHHUKOM) YYACTKE CIIEKTPA;

(] nwupomerp cnekrpanbHoro otHomeHus (IICO) — wusmepsercs OTHOLIEHHE SHEPrUU
(PMKCUPOBAHHBIX YYaCTKOB CIIEKTPA;

[J nupomerp cymmapHoro (monHoro) wuzmayuyeHus (IICHM) — wusmepsieTcss mosiHas >HEprus
U3JTy4EHUs.

B 3aBucumocTH OT THIIa NUPOMETpPA PA3NUYAKOTCSA SPKOCTHAS, LIBETOBAs M pagualMOHHAas
TEMIIEpaTypbl, IO KOTOPBIM IIPOBOJAUTCS U3MEPEHUE TEMIIEPATYPBI.

SIpkocTHOI TeMIeparypoil peanbHOro Tena Ts Ha3pIBalOT TeMmepaTrypy, MpH KOTOPOM
IJIOTHOCTh TOTOKA CIEKTPAJIBHOIO H3JIy4eHHUs aOCOIIOTHO YEpPHOTO Tejla paBHA IUIOTHOCTH MOTOKA
CHEKTPAIBLHOTO U3JIYYCHHS PEAIbHOTO TeJa I TOM K€ ITTMHBI BOJIHBI (MJIM Y3KOTO MHTEpBaJIa CIIEKTPA)
MpU JEUCTBUTEIBLHOM TeMmieparype Ta.

[BeToBOM TemmepaTypold pealbHOro Tena T Ha3pIBAIOT TEMIIEPATYpPy, IPU KOTOPOM
OTHONICHUS IJIOTHOCTEH MOTOKOB M3JIy4E€HUS aOCOIIOTHO YEPHOIO Tena JUIisl ABYX AJIUH BOJIH Al u A2
PaBHO OTHOULIEHUIO IUIOTHOCTEH MOTOKOB HM3IyYEHHM peanbHOro Tena JJig TeX K€ JJIMH BOJH IIPU
JIEUCTBUTENIbHOU TemnepaType Ta.

Pannannonnoit Temneparypoil peanbHOro Tena Tp Ha3bIBalOT TeMmIeparypy, MNpU KOTOPOM
MOJIHASI MOIIHOCTh aOCOJIOTHO YEPHOTO Tejla paBHA MOJHON PHEPrUU M3IYUYEHMs TaHHOTO Teja Mpu
JIEUCTBUTENbHOU TemnepaType Ta.

Pa3ButuemM METOOWKH HCIOJIB30BAHHMS OECKOHTAKTHBIX CPEACTB HU3MEPEHUs  SIBISETCS
TEIJIOBUICHUE.

TennoBupeHne — 5TO HaMpaBlIeHHE B TEXHUYECKMX H3MEPEHHSX, H3ydarolee (QU3ndecKue
OCHOBBI, METOJIbI U TPUOOPHI, 00ECTIEYNBAIOIITNE BO3MOKHOCTD HA0IIOIEHUS ClIa0OHArPeThIX 00BHEKTOB.

[Tpubopsl, paboTaroliye B 3TOM HaIPaBJICHWH HA3bIBAIOTCS TEIJIOBH30paMu (TepMmorpadamu).
TernnoBU30psl OTHOCATCA K ONTHUKO-DIIEKTPOHHBIM MPUOOpaM MACCHUBHOTO THUMA, padOTaIKUM B
uH(ppaKpacHOM JHAaIa30He CIIEKTpa U3TyUeHUsI.

[IpuHumun AeHCTBUA: pagMOMETPUUYECKOE H3MEpPEHHE TEeMIEpaTypbl C MPOCTPAHCTBEHHBIM
paspelieHueM W TpeoOpa3OBaHMEM TEMIIEPATypPHOTO TMOJs B TEIUIOBU3UOHHOE H300pakeHUue C
I[BETOBBIM KOHTPACTOM, TO3BOJISIIOIIEE M3MEPATh TPAJAUCHTBI TEMIEpaTyphl, TeMIeparypy Tena,
00BbEKTa, CPEIbI.

Ha skpane TeruioBu3opa BUAHBI 3HAUEHUS MOIIHOCTH WH(PAKPACHOTO H3IYYEHUS B KaXKIOU
TOUKE IOJIsI 3pEHUS TETJIOBU30pa, OTOOPaKEHHBIE COTTIACHO 3aJJaHHOM 1IBETOBOM manuTpe (1epHo-0enoi
WJIU IIBETHOM ).

[Ipu npoBeaeHNN U3MEepEeHUN TemMrepaTypsl HHPPaAKpaCHBIM MTUPOMETPOM BBOJSTCS CIIEAYIOIINE
TTOHSITHUS:

] moJie 3peHust mpudopa — U3MEPSEMbIN THaMeTp O00BEKTa, C TTOBEPXHOCTH KOTOPOTO MPUOOP
MPUHUMAET YHEPTUI0 HHPPAKPACHOTO H3ITYUCHUS,

[] m3MepsieMbIil quamMeTp OO0BEKTa — BEJIWYMHA OMPENENSeTCs IMOKa3aTeleM BU3UPOBAHHS M
3aBUCHT OT pACCTOSIHHsI 10 HWH(]pakpacHOro TepmoMeTrpa. M3mepseMblii nuamMeTp 0ObEeKTa paBeH
MIPOM3BEICHHUIO MTOKA3aTeNsl BA3UPOBAHUS HA PACCTOSIHHE IO 00BEKTa;

(] MMHMMAaTbHBIA HU3MEpPSEMbI NUaMeTp — HAaWMEHBIINN JAuaMeTp O0BEeKTa, KOTOPHI MOXKET
OBITh M3MEpEeH MpH JaHHOM (POKYCHOM pacCTOSHUU M pa3Mepe MpueMHuka. [Ipu mpuOnmxeHHH K
00BEKTY BIUIOTHYIO U3MEPSEMBI TUaMETp YBEIMYUBACTCS /10 pa3MEPOB BXOAHOIO 3pavka npudopa.

W3mepenHas nmupomeTpoM TemIiieparypa OyJeT HeBepHa, eclii pa3Mep oObeKTa MEHbIE MOJis
3peHusi, ObUTM U3MEPUTh, HE 3alOJIHUII BCE IMOJe 3peHus Mpubopa, Mpubop MPUHUMAET U3JIyYEHHE OT
Ipyrux o0BbEKTOB, KOTOPOE OKA3bIBAET BIMSHUE Ha TOYHOCTH ITPOBOJUMOTO U3MepeHus (puc. 3).
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Pucynox 3. Ilosne 3penus nadppakpacHOro TepMomMeTpa
Ilopsinok BbINOJHEHHS Pa0OTHI

JlaboparopHasi yctaHOBKa (puc. 4) COCTOWT W3 MOBEPXHOCTH | CO BCTPOSHHBIMH TOYCYHBIMHU
UCTOYHMKAMHU TEMIepaTypbl C HAaHECEHHOW KOOPAWHATHON CETKOW, W3MEPHUTENbHBIX INPHOOPOB,
UHPPAKPACHOTO TEPMOMETPA 2 W KOHTAKTHOTO TEPMODJIEKTPUYECKOTO TEPMOMETpa 3 il MU3MEPEHHUs
TEMIIEpaTypbl IUIOCKUX MOBEPXHOCTEM.

B nannoit naboparopHoii paboTe HEOOXOAMMO MPOBECTU JIBa U3MEpeHHs TemnepaTypsl. [lepoe
— uH(ppakpacHbIM TEPMOMETPOM, BTOPOE — HU3MEPUTh TEMIEPATypy B ITOH ke TOUYKE MOBEPXHOCTU
KOHTaKTHBIM TEPMOAJIEKTpUYECKUM TepMoMeTpoM. [lomyueHHble nanHbie 3aHecTy B Tabm. 3.
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Pucynok 4. Cxema 1abopaTopHOil yCTaHOBKH
[IpousBectn 00pabOTKYy MOIYYEHHBIX JAHHBIX M ONpPEIEIUTh Aa0COJIOTHYI MOIPEUIHOCTh
Al =Ty = Ty,
U3MEpEeHUs TeMIepaTypsl (At):
rze tkT U tuk — TeMIeparypbl, U'3MEpPEHHbIE KOHTAKTHBIM U HH(pakpacHbIM TepMoMeTpoM, °C.
[TosnydyeHHble IpU MOBEpPKE 3HAUECHUs aOCOJIIOTHOM MOTPEIIHOCTH CPABHUBAIOTCS C BEITUYMHOMN
— Tan — K

4 100

1]

JIOIYyCKa€MOM MOTPEIIHOCTH:
rze t BIl — BEpXHUI Mpesien u3MepeHus: nHGpaKkpacHbIM TEPMOMETPOM IO
nacnopry, °C;
K — xnacc Tounoctu nH(paKpacHOro TepMOMETpa MO MACHOPTY.

Tabmuna 3.
Tabnuma usmepeHuit
No Hamepenns [lorpemwnocTe npubopa
n;1 KOHTAKTHOIO HE abcoNTHAA | Jonyckaemas

fer, “C fus " C Ar A,
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Cusarue XapaKTEPUCTUK IIPU UBMEPCHUH JABJCHUA C MOMOIIBIO CTPEJTOYHOI'O )Ie(l)OpMaIII/IOHHOFO

MaHOMETPa

Lesas padoThl:  pPHOOpPETEHNE HABBIKOB PAa0OTHI CO CTPEIOYHBIMH MaHOMETPAMHU.

3aganue:

1.
2.

No ok ow

BHumaTenbHO U3yunuTe MaTepHuall 1o TeMe.
Onumure ycTpOWCTBO M NPUHIUI JEHCTBUS CTPEIIOYHBIX MAaHOMETPOB YCTaHOBKH, MCIOJB3YS
PYKOBOJICTBO I10 BBIIIOJIHEHHUIO ITPAKTUUYECKUX Pa0OT.
[TonkitounTe ycTaHOBKY JUIsl U3MepeHus aasienus MJIN-4.
[ToakirounTe KOMIpECCcop.
IIpousBenure 3amepsl NOKa3aHUM.
3anuunTe B TETPAlb MOIYyYEHHBIE PE3YIbTaThI.
[ToacuuTaiiTe MOrpenIHOCTh MOKa3aHU MPUOOPOB.
IIpakTHyeckas padora Ne 17
HN3y4yeHue n3MeHeHHs XapaKTePUCTUK NPH U3MePEeHHUH JABJICHHS ra3a ¢ NOMOLIbIO
AupdepeHInaTbLHOr0 MAaHOMETPa

Hesas padoThl:  npHOOpPETEHNE HABBIKOB paboThI ¢ AudPepeHInaTbHBIMI MAHOMETPAMHU.

3amanue:

1.
2.

No akow

BHHUMaTeIpHO U3y4nTE MaTEpUal 10 TEME.

OnumuTe ycTpOHCTBO M NPUHIMUN JeicTBUs U (depeHInaTbHOT0O MaHOMETpa YCTaHOBKH,
UCTIOJIb3Ysl PYKOBOJICTBO 10 BBIIIOJHEHUIO IPAKTUYECKUX paboT.

[ToaxarounTe yCTaHOBKY Ul u3MepeHus nasienus MJIN-4.

IToxakirounTe KOMIpECcop.

IIpousBenure 3amepsl NOKa3aHUM.

3anuiuuTe B TETPa/b MOJyYE€HHbIE PE3YJIbTATHI.

[ToacuuTaiiTe MOrpenrHOCTh MOKA3aHUM Mpruoopa.

IIpakTnyeckas padora Ne 18
CHsiTHe XapaKTEePUCTHK NPH U3MEPEeHHUH JAaBJIEHHS C IOMOUIBIO JaTYHKA IaBJICHUS
AepopMauOHHOT0 MEMOPAHHOIO THIIA

HCJ'IL paﬁ()TbIZ HpI/IO6pCTCHI/IC HaBBIKOB pa60TBI C MAHOMCETpaMu MCM6paHHOFO THIIA.

3aganue:

1.
2.

No ok w

BHuMaTenbHO H3ydnTe MaTepHUal 1o TeEME.

Onumure ycTpoMCTBO U NMPUHIUN ACUCTBUS MEMOPAHHOIO MaHOMETpPAa YCTAHOBKH, MCIIONb3YS
PYKOBOJICTBO IO BBITTOJIHEHHUIO MPAKTHYECKUX PaOOoT.

[ToaksarounTe yCTaHOBKY Ul M3MepeHus nasienus MJIN-4.

[ToakirounTe KOMIpeECcop.

IIpousBenure 3aMepbl TOKA3aHUM.

3anuuInTe B TETPAb MOIyYEHHBIE PE3YIbTaThI.

[ToacuuTaiiTe MOrpenTHOCTh MOKA3aHUK MPUOopa.



IIpakTuyeckas padora Ne 19
CHsiTHE XapaKTepUCTHK NPH U3MEPEeHNH JaBJICHUs ra3a ¢ IOMOIIBIO JATYMKA 1aBJICHUS
Nbe30Pe3NCTUBHOIO THIIA
Lesas padoThl:  pHOOpPETEHNE HABBIKOB PabOTHI ¢ MbE30PE3UCTUBHBIMA MAaHOMETPAMH.

3aganue:
BaumaTenpHO U3ydnTe MaTepual 1mo TeMe.

N

OnumuTe yCTpONCTBO U MPUHLHUII IEUCTBHS IbE30PE3UCTUBHOTO MAHOMETPA YCTAaHOBKH,
UCIOJIb3YSl PYKOBOJCTBO IO BBIIOJHEHHUIO IPAKTUYECKUX PadoT.

[ToakmrounTe yCTaHOBKY 11J1st u3Mepenus nasienus MJIN-4.

[Toaknrounre KOMITpECCOP.

[IpousBenute 3amepbl NOKA3aAHMIA.

3anuiuTe B TETPaab MOJIYUYEHHBIE PE3YJIbTATHI.

No ok~ ow

[ToxcumTaiiTe MOrpemHOCTh MoKa3aHuii mpubdopa.

IIpakTHyeckas padora Ne 20
CHsiTHe XapaKTePUCTHK MPH U3MEPEHUM PACcX0/1a raza ¢ IOMOUIbI: pOTaMeTPa, aHeMOMeTpa
Hean padorei:  3yueHue npubopoB A U3MEPEHUSI pacxo/1a ra3a, METO/Ibl U3MEPEHUS pacxoia,
MOHSITHE KJIacca TOYHOCTH MPpUOOpa, CpaBHEHHE MTOKA3aHUN TPUOOPOB Pa3IUIHOIO
THUIIA.

3aganue:
1. BHumarenbHO U3yuyHTe MaTepHal 1o TeME.
2. BpbnonHuTe anropuT™ IeHCTBUN U 3amonHuTe TadbauIy 1.

Jnst u3yueHust mpuOOpoB M3MEPEHNs pacxo/1a NpeHa3HauYeHa THeBMAaTHYecKas CUcTeMa CTeHa,

a TaK)Ke IEKTPOHHBINA CEKYHAOMED.
[TocnenoBarenbHOCTh BBIIIOIHEHUS TAOOPaTOPHON pabOThI

1. TIomHOCTBIO OTKPHITH peayKIHOHHBIN kinanaH KP2 (Bpamiasi pyuyky B CTOPOHY CTPEJIKH CO
3HAKOM

2. Bxirounth KOMITpeccop Mojayu Bo3ayxa B pecuBep. JloxaaTbes MOKa JaBJIEHUE B PECUBEPE
nogHUMeTcs 10 S5 6ap o JI/I3, mocie 3Toro npou3oiiieT aBTOMaTuYeCcKoe OTKIF0UEHHE KOMIIPeccopa.

3. OTKpbITH LIapOBBIE KpaHbl B JMHUM oAHOM m3 muadparm: BHI12, BH14 nnun BHII, BH15
KpaHbl  JIpyroil  JUHMM  JOJDKHBI  OBITh  3aKpbIThl. [l OmpeneneHHOCTH  JajbHeIas
II0CJIEA0BATENBHOCTD HaNMcaHa A1 oTKpbIToM muHnu BH12, BH14.

4. 3akpeITh Apoccenb JIPS.

5. PenykunonnsiM knananoM KP2 nogusars nasinenue no 30 klla mo J1/14.

6. YacTUyHO OTKpBHITH Jpoccelb JO0 TMOSABIEHUS pacxoJa BO3AyXa IO pOTaMeTpy.
Cxoppektuposats kinananoM KP2 nasnenne no 30 xIla mo J1/14.

7. 3akpbITh Kpan BH14.

8. IlepekitounTh CEKYHJIOMEP B PEXUM PYUYHOI'O YIIPABJICHHUS.

9. CopocuTh MOKa3aHUs CEKyHAOMEpA.

10. 3anucats B Tabnuiy 1 gaBnenue B pecusepe PPl u remneparypy TP.

11. 3anucaTe B Tabimiy | moka3zaHus cueTdyrka raza Veri.

12. OtkpeiTh Kpad BH14, onHOBpeMEHHO 3alTyCTUB CEKYHIOMED.

13. IlogoxmaTk moka AaBJICHUE B pecuBepe ymaaeT He MeHee yem Ha 0,5 6ap, Ho He menee 30 c.
B sT0 Bpems 3anmcarbnokaszanus pacxomomepa FestoQf u poramerpa Qpor.



14. 3akpsiTh KpaH BH14, otHOBpeMEHHO OCTaHOBUB CEKYHIOMED.

15. 3anucare B Tabmuiyy 1 maBnenuwe B pecuBepe PPII, Bpems mo cexyHaomepy, MOKa3aHUs
CYETYHKA Tas3a YCITl.

16. OTxpsiTh Kpan BH14.

17. OTKpBITE Apoccens i yBenuueHus pacxona. CkoppekrupoBarh kinanaHoM KP2 nasnenue
1o 30 xI1a mo J1/14.

18. 3akpsiTh Kpan BH14.

19. IloBTOopuTh IyHKTHI 9-18 N1Ba pasa.

20. IToBTopuTh NyHKTHI 4-19, yBenuunBas nasnenue 10 60 klla u 90 kl1a.

21. 3akpbITh KpaHbl, JPOCCENb, MOTHOCTHIO OTKPHITH KP2.

22. BBIKJIIOUUTH KOMITPECCOP 110/1a4u BO3/lyXa B PECUBED.

23. BBIYUCIUTH Pacxoj MO PECUBEpy IS aanabaTHYeCKOTO M M30TEPMUYECKOTO MCTCUCHHS.
Boruncnute pacxon mo cuetuuky raza. CpaBHUTH IOJIyYEHHBIE JIaHHBIE C Y4E€TOM Kjlacca TOYHOCTH
npubopoB. Caenath BHIBOIBI.

Ta6muma 1.
No | Ppp,6ap | TppK Qs Qu Q| Qeor Qer,
| PonOap | Tep K| Popbap | te who | shaw | sham | OB | Vowd |

Pacxop - 3T0 Qusnueckas BenIu4MHA, ONpenensieMas KOJIMUeCTBOM KUJIKOCTH WU
ra3a, poXoJAsIuX yepe3 TpyOy WM pyciio B €IUHMIY BpeMeHU. PaznuuaroT oObeMHBIH
pacxon Q, Korja KOJU4eCcTBO BEIIECTBA U3MEPSETCS B 00bEMHBIX €JMHHIIAX, U MAacCOBBIN
M9 korzna oHO U3MeEpSETCs B €IUHULIAX MACCHI.

Pucynok 1. YerpolictBo poramerpa

B nmatpyOkax 1 u 8, coeluHEeHHBIX APYT C APYTOM OOITOBBIMU CTEPKHIMU 5,
C TIOMOIIbIO HAKUIHBIX TaeK 6 M CaJIbHUKOBBIX YIJIOTHEHUH YKpeIUIeHa CTEKJIsSHHas
KOHMYECKasi TpyOKa 5, Ha KOTOPYIO HEMOCPEACTBEHHO HAHOCUTCS IKama. [[muHa TpyOKu
00b19yHO HaxonutTcsa B mpenenax oT 70 mo 600 mwm, a aumametp ot 1,5 go 100 mm. s
OTrpaHMYEHUs XOJa MOIUIaBKa 4 CITy>KaT BEpXHUN 2 U HUKHUN 7 yHOPBI.

[Ipenensr mpuMeHeHHUsT OOBIYHBIX POTAMETPOB CO CTEKISIHHOW TpyOkod mo maenenuto 0,5-0,6
MIlIa, o Temneparype 100—150°C.

JlocTOMHCTBa pOTaMETPOB: IPOCTOTA YCTPOMCTBA M AKCIUTyaTal[MM;HAIVISIAHOCTh IOKa3aHUM;
HaJIeKHOCTh B paboTe; y100CTBO MPUMEHEHHS [Tl U3MEPEHUS MaJIbIX PACcX0JI0B Pa3IMYHBIX KUAKOCTEH
U ra3oB (B YaCTHOCTH, arpecCMBHBIX), a TAaK)K€ HEHBIOTOHOBCKUX Cpe€J; 3HAUMTEIbHOM JMana3zoH
M3MEPEHMS U JOCTaTOYHO paBHOMEpHas IlIKaJa.

HenocraTku: XpynkocTe M HEMPUTOJHOCTh JJSi HU3MEpPEHHUsl pacxoia BEHIeCTB, HMEIOIIMX
3HAUUTENbHBIE IaBJICHUS; CBI3aHHOCTh MPUOOpa ¢ MECTOM M3MEPEHUS; TOJIbKO YKa3bIBAIOIINNA XapaKkTep
npubopa (OTCYTCTBHE 3alMCU M JAUCTAHIMOHHON TNepenauyd TMOKa3aHUi); HEMpPUTOJHOCTh JUIsS
U3MepeHus OOJIBIINX PACXOJIOB.

ITonnaBku U TpyOKHM poTaMeTpoOB

OCHOBHBIE JIEMEHTHI POTAMETPA - KOHUYECKasi TpyOKa M MOIUIaBOK - 00pa3yloT ero MpoTOYHYIO

yacTh. DOpMBbI OILIABKA MOTYT OBITH BECbMa pa3HOOOPA3HBI.
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Pucynok 2. ®opmsbl NOIIaBKOB

1} _ A-A

Knaccuueckast ero ¢gopma mokazana Ha pucyHke 2, a. [lomiaBok nMeeT KOHYCHYIO HIKHIOIO
4acTh (MHOTJAa C HECKOJIbKO CKPYTJICHHBIM HOCOM), HMJIUHAPUYECKYIO CPEIHIOI0 YacTh M JHUCKOBBIN
BepX. CyllecTBEHHBI HEIOCTATOK pAacCMOTPeHHOW (OpMBI TMOIUIaBKa - CHJIbHAs 3aBHUCHMOCTh
IpagyupOBOYHON XapaKTEPUCTHKH OT BS3KOCTH H3MEpseMOro BemiecTtBa. Jlinsi CHIDKEHUs 3TOH
3aBUCHUMOCTH II0JIE3HO YMEHBIIATh BBICOTY BEPXHEM JUCKOBOW YacTU TMOIUIaBKa M JUAMETP
[WIMHIPAYECKON ero 4actu ¢ Tem, 4yToObl oH Obu1 He Oosiee 0,6-0,7 or muamerpa BEpXHEro TUCKa
(pucynok 2, 0). B MeHbIIeH CTENCHM BIUSHHUE BSI3KOCTH CKa3bIBaeTCS MPH KaTylIeuHOW (opme
NOIJIaBKa, [TOKA3aHHOM Ha PUCYHKE 2, B, KOTOpasi HAXOAUT TEIEpb OCHOBHOE PUMEHEHHE.

Eme cuibHee BIMsHUE BI3KOCTH YCTPAHIETCS IPU JUCKOBOM M Tapeiab4aTol (hopMe MoIIaBKoB,
KOTJIAOCHOBHOE TPEHHE MOTOKAa MPOUCXOIAUT Ha OUeHb HEOOIbIIONW OOKOBOW MOBEPXHOCTH Aucka. Ho
BEC TaKMX IOIUIABKOB OYEHb Mall U HEOOXOAMMO WM YBEIMYUBATH JUIMHY HWIMHIPHYECKOTO Teja
MOTJIaBKa B OJIHY WJIM 00€ CTOPOHBI OT JHUCKA, WU K€ MOJBEIIMBATh HA CTEP)KHE JOMOIHUTEIbHBIN
rpys.

Kpome Toro, takue noriaBKu HEYCTONYMBBI M BO M30ekaHHE MEpeKoca U TPEHUS O CTEHKY
TpyOKM HX HEoOXoauMO CcHaOXkaTh HampaBistomumu. [locnenHue MoOryT OBITH TpeX BHJIOB:
HaANpaBISAIOLIME, CBA3aHHBIE C IMOIUIABKOM M IEepeMEeIlaoluecss BMECTe ¢ HHMM (pUCYHKe 2, T);
HENOJIBUYKHBIE LIEHTPAJIbHBIE IITOKH, MPOXO/ASIINE Yepe3 OCEBbIE OTBEPCTHUS MOIUIABKOB (PUCYHKE 2, 1);
HANpPaBISAIONIME KOJblla (Ba WM OJHO), YKpeIuisiemMble OOBIYHO B BEpXHEW WM HIDKHEH YacTh
NoIJIaBKoB (pucyHke 2, e, ). Ho ans takux koser, TpeOyercss NMpUMEHEHHE KOHYCHBIX TPyOOK ¢
HANpPAaBISIONIMMU peOpaMHU WM TpaHsMH. 3aTO OHM HMEIOT JBa JOMOJHUTENIbHBIX JOCTOMHCTBA:
oOecrieyeHne TypOyNIM3alMU MOTOKA, CIIOCOOCTBYIOIIETO YMEHBUICHUIO BIUSHHUS BS3KOCTH U
BO3MOXXHOCTh M3MEPEHMsI pacxojia Hempo3pauHbIX XUAKocTed (Oimaromaps MajoCTH 3a30pa MEXIy
HaIPAaBISIONIMMU peOpaMU U KOJIbIIAMH).

[TomyaBKM M3roTaBIMBAIOTCA W3 Pa3IMYHBIX MaTEpUAIOB: HEP)KaBEIOIIeW cTajau, THUTaHa,
AITIOMUHHUEBBIX CIUIaBOB,(pTOpoIuiacTa-4 M pa3lMYHbIX IUIacTMacc (B 3aBHCHUMOCTH OT JMana3oHa
U3MEPEHUs] U arpecCUBHOCTH H3MepsieMoro BemiecTBa). [Ipm HEOOXOIUMOCTH ISl CHMXKEHHSI MacChl
MOIJIABKA €0 JENAI0T IIyCTOTEIbIM.

3aMeTHM, YTO OT COOTHOIIEHUS TUIOTHOCTEH MaTepuala MoIuiaBka pk 1 U3MepseMoro BeliecTBa
P 3aBUCHUT IOTIPEIIHOCTh, BO3HUKAIOIIAS MIPU W3MEHEHHUHU IUIOTHOCTH, KOTOPOE BBI3BAHO M3MEHEHUEM
TEeMIIepaTypbl WIH JIaBJICHUS BEILIECTBA.

pi B sTom cnyuae npu nsmenenuu p Ha +£10% nonoiaHUTENbHAS TOTPEUIHOCTD Oy IeT
—_— 2 . Bcero smmb +0,4%. Takoe COOTHOIIEHHE HETPYAHO OOECIEUUTh IMPU HU3MEPEHUU
p pacxona JKUIKOCTH.

BTopoii 0CHOBHOM 371€eMEHT poTaMeTpa - U3MEpUTENbHAs KOHUYecKas TpyOka (c
koHycHocTh0 0,001-0,01). OHa wn3rortaBiuMBaeTcs U3 XMMHUYECKH YCTOMUMBOIO WM TEPMOCTONKOIO



OopocuIMKaTHOTO cTekjia. UyBCTBUTEIBHOCTh MPpUOOpa BO3pACcTAaET C YMEHBIIECHUEM yTria KOHYCHOCTH

TPYyOKH.
3aBMCHMOCTB pacxo/ia OT BBICOTHI OIbeMAa MOIJIABKA
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Pucynok 3. Tepmoanemometp

[Ipunmun paboTel TepMOAaHEMOMETPa OCHOBAaH Ha HW3MEPEHUU H3MEHEHHsI TeMIIepaTypbl

TEPMOCOMPOTHUBIICHHUS TP 00IyBe €ro NOTOKOM raza. Cxema TepMOaHEeMOMETpa pUBEICHA HA PUCYHKE
3.

K xoHTakTam TepmMope3ucTopoB 2 U 4 MOABOAUTCS MOCTOSIHHOE HAMPSKEHUE, 110 HUM TE€UYET TOK,

B pe3yJibTaTe YEro OHU pa30rpeBAIOTCs, 3HAUYEHHME WX COMPOTUBICHUS pACTET, BEIMYMHA TOKa

CHWIKAETCSI, B UTOTe YCTAHABIIMBACTCS 3HAUYCHHE TOKA, COOTBETCTBYIOIIEE KOJUYECTBY TeEIUIa,

nepeaBaeMoMy OT TEPMOPE3UCTOPOB B OKPYXKAIOIIYIO cpeny. [lpu BO3HMKHOBEHHUH BO3IYIIHOTO

MOTOKA BEJIMYMHA TEIJIOBOTO IMOTOKAa OT TEPMOPE3UCTOpa 2 YBEIMYMUBACTCS, CIEJOBATEIBHO, OHO

OCTBIBAET, €r0 CONPOTUBJIEHUE MaJAET, TOK BO3PACTAET M YCTAHABIMBAECTCS HA HOBOM 3HAYECHHM.

Pa3HocThTOKOB Ha TepMoOpe3ucTope 2 U 4 COOTBETCTBYET ONPEAEICHHOMY pacxoidy ra3a 4epe3 KaMepy

1. T'a3, mporekaromuii yepe3 kamepy 1, momazmaer B kKamepy 3, Ouarogapss ueMy KOMIIEHCHPYETCS
3aBUCHUMOCTB Pa3HOCTH TOKOB TEPMOPE3UCTOPOB 2 U 4 OT TeMIepaTypsl rasa.

IIpakTHyeckas padora Ne 21
HccnenoBanue cnocoda u3mMepeHHs pacxoia raza no MeToay 0Tce4eHHOro oobema
Heapb padoTbl: wu3yueHue cnocoba U3MEPEHUs pacxoja ra3a Mo METOAy 3aMepa MaJeHHsl 1aBJICHUs B
OTCEYEeHHOM O0BEME.

3amanmue:
1. BHumarenbHO U3y4YHTE MaTepHal 1o TeME.
2. BrImonHMTE anroOpuTM JIeHCTBUI U 3amonHuTe Tadauiy 1.

Pacxon - 310 (huznyueckas BenuunHa, onpeaenseMasl KOJIMYeCTBOM KHUAKOCTH WM rasa,
IPOXOAIIMX Yepe3 TpyOy WM pycio B eAMHUILY BpeMeHU. PaznuyaroT o6beMHbIN pacxoa Q, koraa
KOJINYECTBO BELIECTBA U3MEPSETCs B 00BEMHBIX €AMHUIAX, U MAaCCOBBIA M, Korja OHO u3MepseTcs B
€MHMIIAX MACCBHI.

Meroa usMepeHus pacxoja 1o MaJeHUI0 1aBJICHUs B €MKOCTH OCHOBAH HA ra30BbIX 3aKOHAX, a
MMEHHO Ha ypaBHeHUN MeHeneesa - Knaiinepona:



P-V=M-R-T

rae P - naBnenue rasa, V - o0beM 3aHMMaeMbId ra3oM, M - macca ra3a , R - rasoBas nmocrtositndas, T-
TeMIlepaTypa rasa.

Cxema u3MepeHus IpUBEIEHA Ha pUCYHKE 1.

[Tpu mocTostHHOM 00BEME COCY/Ia U3MEHEHUE MACChI T'a3a MPUBOANT K H3MEHEHHIO €0 JaBJICHUS
U TeMreparypbl. TakuMm oOpa3om, w3Mepsisi JaBJICHHE W TEMIIEpPAaTypy Ui JIBYX COCTOSIHHM Tra3a B
€MKOCTH 4Yepe3 BpeMsi t MOXHO ONpeAcIUTh CPEAHHH OOBEMHBIM pPAacXoll Ta3a U3 EMKOCTH,
MIPUBEJICHHBIN K HOPMAJIbHBIM YCIIOBHUSIM:

Q=K R A 11
t\R-1, R-T,) ppy

Pny

rie - IUIOTHOCTh Ta3a MpU HOpPMallbHBIX ycioBusix (maBienuu 101325 Ila m temmeparype
293K).

V. P, T, M,
* vV, Pz.T,, M,
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Pucynok 1. Cxema u3MepeHus pacxoja rasa rno eMKOCTH
C ydeTtoM, 4TO, OTyyaeM

Pay =

0 V(B _B) Iy
(\1, 1,) Py
O,Z[HaKO, Ipru NPpUMCHCHUHN NATYUKOB TEMIICPATYPhI C 00IBIIOI HHCPIUOHHOCTBIO U 0O0JIBIINX
pacxogax, T.€. 6BICTpOM maacHUu AaBJICHUA B PECHUBEPEC, AOCTOBEPHO HU3MEPHUTH MOKHO TOJIBKO

KOHEUHOE JaBlicHHe. B Takom cilydae NPUHHMAOT KaKOW-TMOO M3 3aKOHOB pacCHIUpEHHs Taza -
annabaTHIeCKU UIH H30TEPMUYSCKHI.

Oy

VR (B Tw

o0, | \5) | Pay

Jns aqnabaTHiecKoro HCTCUCHUS U3 EMKOCTH
rae Y = 1,4 — noka3aTtenbaauadarsl.
JI71s1 M30TEPMHUYECKOTO UCTEUCHHS U3 EMKOCTH

o VB[ (B)] Ly

T T.

2 PHY



IIpakTnyeckasi 4acThb
Jnist u3ydeHust crnoco00B M3MEPEHUs pacxoja MpeIHa3HaueHa ITHEeBMAaTHUECKas CCTeMa CTeHa,
a TaKKe AIEKTPOHHBIN cekyHaoMep. [locnenoBaTenbHOCTh BBIMIOTHEHHS Ta00paTOPHOI paOOTHI:

1. IlonHOCTBIO OTKPBITH penyKLUHOHHBIN KinanaH KP2 (Bpaias pydky B CTOPOHY CTPEJIKU CO 3HAKOM -
"),

2. BxirounTs KOMIIpeccop IoJayd BO3ayxa B pecuBep. Jl0XKHaTbes IOKa JaBIEHUE B PECUBEPE
nogHuMercs 10 5 6ap no JI/13, mocie 3Toro npou3oiieT aBToMaTHYeCcKoe OTKIF0UEHUE KOMIIPeccopa.

3. OTKpHITH 1IapOBBIC KpaHbl B JIMHUKM oaHOW W3 muadparm: BH12, BH14 wim BHI13, BH15 kpansl
JIpyroil JMHUU JOJDKHBI OBITH 3aKkpbIThl. JJIsi ONpEeeNeHHOCTH AajbHEWINas MOCIeI0BaTeIbHOCTD
HanucaHa Juist oTKpelToit tuann BH12, BH14.

4. 3akpbITh apoccens JPS.

5. Penykunonnsim kinananom KP2 nmoausates gasnenue no 30 klla mo [1/14.

6. YacTUYHO OTKpPBITH POCCENb 10 MOSIBIEHHS pacxofa Bo3dyxa IO poramerpy. CKOppeKTHpOBaTh
knananom KP2 maBienne go 30 klla mo J1J14.

7. 3akpeiTh Kpan BH14.

8. IlepexitounTh CEKYHIOMEP B PEKUM PY4YHOI'O YIIPaBJICHMUS.

9. COpocuTh TTOKa3aHUs CEKyHIOMEDA.

10. 3anucars B Tabnuuy 1 nasnenue B pecusepe PPl u temneparypy TP.

11. OtkpoiTh Kpan BH14, onHOBpeMEHHO 3aIlyCTUB CEKYHIOMED.

12. IlonoxnaTe 1Moka JaBjieHUE B pecuBepe ynajaeT He MeHee yeM Ha 0,3 Oap. 3akpbith kpan BH14,
OJIHOBPEMEHHO OCTaHOBMB CEKYHIOMEP.

13. 3anucath B Tabnuiy 1 naBnenue B pecusepe PPII, Bpems mo cexynnomepy. COpocuTh MOKa3aHuUs
CEKyHI0Mepa.

14. 3anucats B Tabnuiy 1 naBnenue B pecuepe PP/l u remnepatypy TP.

15. OtkpbITh Kpan BbI14, 01HOBpEMEHHO 3aIlyCTUB CEKYHAOMED.

16. Ilo noxnaTe moka AaBlieHUWE B pecuBepe ynaaer He MeHee yeMm Ha 0,6 Oap. 3akpeiTh kpan BH14,
OJIHOBPEMEHHO OCTaHOBMB CEKYHJIOMED.

17. 3anucats B Tabnuiy 1 naBnenue B pecuBepe PPII, Bpemsa mo cexynnomepy. COpocUTh MOKa3aHUS
CeKyHI0Mepa.

18. 3anucats B Tabnuiy 1 gaBnenue B pecuBepe PPl u temneparypy TP.

19. OtkpbiTh Kpan BH14, onHOBpEMEHHO 3aITyCTUB CEKYHIOMED.

20. IlogoxaTh MOKa JaBleHHE B pecuBepe ymajaeT He meHee yeM Ha 1,0 Gap. 3akpwiTe kpan BH 14,
OJIHOBPEMEHHO OCTaHOBMB CEKYHIIOMEP.

21. 3anucath B Tabnuny 1 masnenue B pecunepe PPIL, Bpems no cexynmomepy. COpocuTh nmokazaHus
CEeKyHI0Mepa.

22. OtkpoiTh Kpan BH14.

23. OTKpBITH Apoccenb A yBenndeHus pacxona. Ckoppektuposarh kianaHoM KP2 naenenuwe no 30
kIIa mo /1/14. 3akpeiT kpan BH14.

24. IloBTopuTh MyHKTHI 9-23 nBa-TpM pasa.

25. 3akpeiTh kpan BH14.

26. 3aKphITh KpaHbl, JPOCCEIb, OTHOCTBIO OTKPHITH KP2.

27. BBIKIIIOUUTH KOMIIPECCOP MOJaYu BO3AyXa B PECUBED.

28. Beruncnauth pacxon mo pecuBepy g aauadbarndeckoro QA m m3orepmuueckoro QM ucTeueHus.
Brraucnuts norpemHoctd uaMepenuil. Crenatb BHIBOBI.
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IIpakTnueckas padora Ne 22
CHsiTHE XapaKTepUCTHK NPH U3MEPEHNH PacXo/ia ra3a ¢ IOMOIIbIO CYeTYMKA raza
Llesan padoThl: u3ydeHue NpUOOPOB IS M3MEPEHHs PacxoAa raza, METOAbl M3MEPEHMs pacxona,
HOHATHE KJIacca TOYHOCTH Mpubopa.

3aganue:
1. BuumarenbHO M3y4yHMTE MaTepUa IO TEME.
2. BrmonHATE aNTOPUTM IEHCTBUH U 3amoHuTe Tadbmuiy 1.

Ha crenne ycranoBiieH cyerynk ra3a ¢pupmsl berap, ocHOBaHHBINM Ha CTPYHHO-aKyCTHUYECKOM
IIPUHLINAIIE ACUCTBHUS.

[TpuHuun paboThl CTPYHHOIO CUETYMKA ra3a OCHOBAH Ha KoJeOaHUM CTPYH I'a3a B CIIELUAIBHOM
cTpyiiHOM reHepaTtope. CTpys rasa IONEpEeMEHHO IepedpachbiBacTcsi M3 OJHOIO yCTOMYMBOIO
IIOJIOKEHU B JpPYyro€ M CO3JaeT IpU OTOM IyJbCAlMM JABJIEHUS M 3ByKa C YacTOTOH
IPONOPLUUOHATILHON CKOPOCTH TEUEHHS ra3a U COOTBETCTBEHHO OOBEMHOTrO pacxoja. B anmexrpoHHOM
npeoOpaszoBarese MPOUCXOIUT BIYUCIEHUEKOIMYECTBA MPOMYLIEHHOI O ra3a.

[TpunnunuansHas cxema rmpeoOpa3zoBarTesisi ¢ OCHIUIMPYIOIIEH CTpyel oka3aHa Ha pucyHke 1.

R
) e e
v |

/
r 2 3
Pucynok 1. CTpyiHO-aKyCTUYECKHM TaTYUK pacxoa

I'my6una mnpoTtouHoil dacTu mpeoOpa3oBaresel MOCTOSIHHA. [IOTOK JKMAKOCTH WM Tasa
npoxoauT uvepe3 comio 1 u momagaer B nuddys3op 3 mpsMoyroibHoro ceuenus. [lon BiaustHHMEM
CIIy4aliHBIX MPUYUH MOTOK B K&K JaHHBIH MOMEHT B OOJIbLIEH CTEMEHU MPUKUMAETCS K TOW WIH
npyroit crenke auddyszopa (momyctum, K HukHel). Torna Omarogaps 3KEKTHPYIOIIEMY JEHCTBHIO
CTpyH B IpeoOpa3oBaresie peiaakCallMOHHOTO THIIA JIaBJI€HUE p2 B HUXKHEW 4acTH OOBOJHON TpyOKu 2
CTaHeT MEHbIlle JaBjieHus pl B BepxHell ee 4acTu U Mo TpyOKe 2 BO3HMKHET JABHM)KEHUE, TOKa3aHHOE
CTpEJIKOM, KOTOpoe NepeOpoCHT CTpyr K BepxHed creHke auddysopa. Ilociae storo HampasieHue
JIBUKEHHUS] B OOBOJAHOW TpyOKe WM3MEHUTCS, M CTPYS CTaHET OCHMWJUIMpOBaTh. YacToTa OCIHMILISIUN
IPONOPLHMOHATIBHA CKOPOCTHU MOTOKA U, CIEI0BATEIBHO, PACXOLY.

W3mepenue no najieHuIo JaBlIeHNs B EMKOCTH:
- Jnis annabaTuyeckoro UCTEUYEHUS U3 EMKOCTH,
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JU1 N30TepMUYECKOTO UCTEYEHUS U3 EMKOCTH.
IIpakTHyeckas 4yacTh
Jnist u3yueHus mpruOOpOB U3MEPEHUs pacxo/1a MpeHa3HauYeHa THeBMAaTHYECKasl CUCTeMa CTeHa,
a TaKKe JIEKTPOHHBIN cekyHnomep. [locnenoBareabHOCTD BBIIOIHEHUS JIAOOPATOPHON pabOTHI:

1. [ToTHOCTBIO OTKPBITH PEAYKIIMOHHBIN Kitaran KP2 (Bpamast pyuky B CTOPOHY CTPEIIKH CO 3HAKOM
2. BximouuTh KOMIIpeccop MOAaud Bo3ayxa B pecuBep. JlokaaTbcs IOKa [JaBIEHUE B PECUBEPE
nogHuMercs 10 5 6ap no JI/13, mocie 3Toro npou3oiaeT aBTOMaTHYECKOE OTKIOYEHNE KOMIIPECcopa.
3. OTKpbITH IIApOBBIE KpaHbl B JIMHUKM ogHOW m3 auadparm: BH12, BH14 unu BHII, BH15 kpansl
JIpyroil JMHUU JOJDKHBI OBITH 3aKkpbIThl. JJIsi ONpEeeNeHHOCTH AajbHEWINas MOCIeI0BaTeIbHOCTD
HanucaHa Juist oTKpelToit tuann BH12, BH14.
4. 3akpbITh apoccens JIPS.
5. Penykunonnsim kinananom KP2 nogustes gasnenue no 30 klla mo [1/14.
6. HacTUYHO OTKpBITH JIPOCCEb J0 MOSABICHMS pacxoja Bo3ayxa 1o poramerpy. CKOppeKTHpOBaTh
knananom KP2 maBienne go 30 klla mo J1J14.
7. 3akpeiTh Kpan BH14.
8. IlepexirounTh CEKYHAOMEP B PEXKUM PYUHOTO YIPABICHUS.
9. COpocuTh IOKa3aHUs CEKyHIOMEpA.
10. 3anucats B Tabnuiy 1 gaBnenue B pecuepe PP/l u remnepatypy TP.
11. 3anmcaTs B Tabnuiy 1 moka3aHus cueT4nKa ra3a VCra.
12. OtkpoiTh Kpan BH14, onHOBpeMEHHO 3a1yCTUB CEKYHIOMED.
13. IlomoxaTek MoOKa aBleHUE B pecuBepe ymajaeT He MeHee yeM Ha 0,5 6ap, Ho He meHee 30 c. B ato
BpeMs 3amucarbiioka3zanus pacxogomepa FestoQf u poramerpa Qpor.
14. 3akpeiTe kpaH BH14, o1HOBpEMEHHO OCTaHOBHUB CEKYHOMED.
15. 3anucare B Tabauny 1 nasnenue B pecuBepe PPII, Bpems mo cekyHaoMmepy, MOKa3aHUSI CUETYHKA
rasza Ycri.
16. OtkpoITh Kpan BH14.
17. OTkpBITH Jpoccendb as yBenuueHus pacxona. CxoppexktupoBaTh kianaHoMm KP2 nasnenue no 30
klla mo J1/14.
18. 3akpriTh kpaH BH14.
19. IToBroputh MyHKTHI 9-18 nBa pasa.
20. IToBroputs nyHkTsl 4-19, yBennuusas aasienue no 60 xlla u 90 xI1a.
21. 3aKkpBITh KpaHbl, JPOCCENb, IOTHOCTBIO OTKPHITH KP2.
22. BBIKJIIOYUTH KOMIIPECCOP MTO/1a4M BO3/1yXa B PECUBED.
23. BpluMCAUTH pacxod IO pecuBepy Uis aauabaTUYecKoro M H30TEPMUYECKOTO HMCTEYEHHS.
Boruncnute pacxon mo cueTtyuky raza. CpaBHUTH IOJIyYEHHBIE JIaHHBIE C Y4E€TOM Kjacca TOYHOCTH
npubopoB. CaenaTh BbIBOBI.
Tabmnma 1.
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IIpakTuyeckas padora Ne 23
HccnenoBanue 00beMHOI0 cnocoda n3MepeHnst pacxoaa BoAbI
Lesas padoThl: u3ydeHHEe OOBEMHOrO CIIOCO0a M3MEPEHHUs pacxoja BOJBI, OINpEesiCHUE BIMSIHUS
BCJIMYMHBI HU3MEPACMOTO ooreMa u BpPpEMCHHU HU3BMCPCHHUA Ha HOIpCIIHOCTH
u3Mepenuii. Onpeznenenne o0beMa KXUAKOCTH MEXIY CpabaThIBaHUSMHU JIATYUKOB
YPOBHSIL.

3aganue:
1. BHumarenbHO U3y4yHTE MaTepHal 10 TEME.
2. BrpmonHMTE aNTOPUTM JIEHCTBUIN U 3amonHuTe Tadbmuiy 1.

Pacxon - 3710 (u3mueckas BenMuUMHA, OIpenenseMas KOJMYECTBOM JKUAKOCTH WM Ta3a,
NPOXOMANINX 4Yepe3 TpyOy WM pycio B €AMHUIYy BpeMeHH. Pasnnyaror o0beMHBIH pacxon Q, xorma
KOJINYECTBO BEUIECTBA U3MEPSETCS B OOBEMHBIX €IUHHIIAX, U MacCOBBI M9 Korja oHO M3MepsieTcs B
€AMHMIIAX MaCCBhI.

OOBemHBII cr10co0 N3MEPEHNUs CPEAHEro pacxo/1a )KUIKOCTU - MEPHAsi EMKOCTb.

[TpuHuMI U3MepeHns pacxoja 0 MEPHOM €EMKOCTH IIPOMWJIIIOCTpUPOBaH Ha pucyHke 1. ITycts B
MOMEHT BpeMeHHU t1 B MEpHON €MKOCTH COAEpPKHUTCA 00BEM KUAKOCTH V1, U B €MKOCTh PAaBHOMEPHO
MOCTYIAET JKUJKOCTh A0 BpeMeHH O0beM KUAKOCTU B EMKOCTH B MOMEHT BpeMeHHU t2 paBeH V2, Toraa

Vz_Vl
L, — 1L,

CpEeIHUM pacxo/] MOCTYMAOIEH )KUIKOCTH PaBEH:

Ocp =

Pucynok 1. MepHnas emkocTh

W3menss Bpems (t2-tl1) 3amepa MOXKHO TMOJNy4aTh CpPEIHUN pacxo] € pa3IMyHOU
TOYHOCTBIO. B €MKOCTH yCTaHOBJIEHBI J[Ba AAaT4YMKa YpPOBHS (BEPXHUH M HUKHHUIA),
BpeMsl MEX/1y cpabaThIBAHUAMU KOTOPBIX U3MEPSETCs ANEKTPOHHBIM CEKYHJIOMEPOM C
JIEKTPUUYECKUM yripaBieHHeM. Ha 60KOBYI0 MOBEPXHOCTh MEPHOIN €MKOCTH HaKJeeHa
1IKana, OTrpaJlyrupoBaHHas B €IUHUIIAX 00beMa.

HpaKTI/I‘IeCKaﬂ 4acTb
SKCHepI/IMeHTaJ'IBHOGI/I?)y‘IeHI/Ie croco0oB HN3MEPCHHUA pacxoJa 3aKIrYacTCia B
HU3MCPCHUU pacXoda KHUIAKOCTU IIO MCpHOﬁ CMKOCTH B 3aBUCUMOCTU OT BPCMCHU
HU3MCPCHUA U 06’BCMa, B OIIPECACIICHUN o0beMa KUIKOCTU MCKIY CpaGaTLIBaHI/IHMI/I AaTYUKOB YPOBH:.

IlocnenoBaTeIbHOCTD BHIIIOJIHEHHUS na60paTopH0171 pa6OTLII

1. 3akpsiTh Kpausl BH2, BHS5, BH7, otkpeits kpansl BU3, BH4, BH6, BH10.

2. Bxumtountsb Hacoc Tymbaepom «Ilogada Boas.

3. 3akpeITh Kpad BH3.

4. IlepexatounuTh JEKTPOHHBIN CEKyHIOMEp B pyYHOH peXXUM yIpaBlieHUs, OOHYJIUTh €ro MOKa3aHusl.

5. 3akpeiTh kpaH BH10, HauHeTcs HanoJHEHNE MEPHOU EMKOCTH.

6. IlopoxxnaTe M3MEHEHMsI KOJIMYECTBA BOJBI B MEPHOM €MKOCTH npuMmepHo Ha 1 usumtp. Ilpum
JOCTH)KEHUH YPOBHEM JKUIKOCTH KaKOH-TMOO METKM Ha IIKajle MEpPHOW €MKOCTH BBIKIIOYUTh
JIEKTPOHHBIN CEKyHIOMEp, 3alKcaTh 3HaueHHE OoObeMa IO LIKaJe Ha MEPHOH €MKOCTH, 3alucarhb



3HaYCHHE 00beMa 10 CYETUUKY BOJBI B TAOIHITYy 1.
7. OtxpeiTh kpan BHI10.
8. IloBTOpPUTH M3MEpEHUs MI1. 5-7 Ui pa3HbIX 3HaUeHUH oObema 3-4 pasa.
9. IlepexIIOUUTh NEKTPOHHBIA CEKYHIOMEDP B aBTOMATUYECKHN pexuM («Bpems HanoiaHeHus MepHOH
eMKoCTH»). COpOCHTP €ro oKa3aHusl.
10. 3akpeith kpan BH10. Jloxmarbcss HaOOpa €MKOCTH M OTKIIIOUEHHS DJIEKTPOHHOTO CEKYHIIOMEpa.
3anucaTh okazanus B Tabnuiy 1 B rpady AtABT.
11. OtkpsiTh kparn BHI10.
12. Yactuuno 3akpeiTh KpaH BH4 1151 yMeHblIeHHs Toga4u Hacoca.
13. IloBTOpuTth yHKTHI 4-11 111 paznuunbiX 3aKkpbiTuil BH4.
14. BpluMcinuTh CpeIHUI pacxo] MO €MKOCTH U IOTPEHIHOCTH H3MEPEHMsI pacxoja A KaKIoro
ciy4as.
15. Beraucantb 00beM KHUIKOCTH MEXIYy cpadaTbiBaHneM 1aTIuKoB YpoBHI:AVABT=AtABT*xQCP
16. Beixmrounts Hacoc TymOnepom «Ilonaga Bogs».
Tabmuua 1.

MepHasa eMKOCTb
NO t, Vi, N Vo, NIIAV, n||Q, n/MuMA||AQ, n/MKH||DQ, %

Qcpr N/MuH

AtagT, C

AVapT, N

Qcpr /MK

AtapT, C

AVapT, N

Qcpr N/MUH

AtapT, C

AVagT, N

IIpakTnyeckas padora Ne 24
HccnenoBanue cnocoda u3MepeHHs pacxoAa BoAbl 0 MOKA3aHUSM CYETYMKA KOJINYECTBA BOAbI
Heanb padoTbl: wu3yueHue crocobda U3MEPEHUs PACcX0/ia BOJBI MO MOKA3aHUAM CUETYMKA KOJIMYECTBA
BOJIbl, CPaBHEHHE C 00BEMHBIM crIOcOOOM M3MepeHus. OnpeeneHue norpemHocTei
U3MEpEHUs.
3amanue:
1. BuumarenbHO M3y4yHMTe MaTepUa IO TEME.



2. BBITIOJIHATE aNTOPUTM ACHUCTBUHN U 3aIIOTHUTE TaOIHUITy 1.

Pacxon - 3T0 (u3mueckas BeIMUYMHA, OIpeneIseMass KOJMYECTBOM JKUAKOCTH WM Ta3a,
NPOXOIALINX 4yepe3 TpyOy WM pycio B €AMHUIYYy BpeMeHH. Pasnnyaror o0beMHBIH pacxon Q, xormaa
KOJINYECTBO BEIECTBA M3MEPSETCS B OOBEMHBIX €IUHHIIAX, U MAaCCOBBIH M, KOrJja OHO H3MEpseTcs B
€MHMIIAX MacChl.

[IpuHiun paGoThl W KOHCTPYKIMS JIOMACTHOrO (IJIACTMHYATOr0) POTALMOHHOTO CYUETYHKA
KOJIMYEeCTBAa BOJbl IIOKa3aHa Ha pucyHke 1. M3Mepsemas >XUAKOCTb JBHUIKETCA B IPOCTPAHCTBE,
OTPAaHMYEHHOM LWJIMHAPUYECKHMMHU IIOBEPXHOCTSIMH Kopryca 6 u poropa 8. BHyTpu portopa
PacIoJIOKEH HEMOABUKHBIM KyJIauoOK 7, HA KOTOPBIA OMUPAOTCS YEThIPE POJIMKa 9 C 3aKpereHHbBIMU
Ha HUX Jonatkamu 1, 2, 4 u 5. JlaBineHHe >XKUIKOCTH, MOCTYIAIOMIEH Yepe3 BXOMHOW MaTpyOOK Ha
JomnacTb S5, IMPUBOAUT POTOP BO BpallCHHE, KOTOpPOE IMEPENaeTCs Ha. CYETHBIM yKasarenb. Posmku
KaTATCS IO KyJIayKy, JIONIACTH IIPYU 3TOM IIOOYEPEIHO 3aHMMAIOT MECTO CHApYyKM U BHYTPU POTOPA.
Takum 00pa3oM, 3a MOJIHBI 000POT POTOpA Yepe3 CUETUYMK MPOXOAUT KOJIHMUECTBO SKUIKOCTH, paBHOE
pa3HoCTH 00BbEMOB LIUIUHAPA U poTopa. [lepeTexanuto KUIKOCTH U3 BXOJHOTO OTBEPCTHUS B BBIXOJHOE
MPEnsTCTBYET BCTaBKa 3.

[Ipy M3roTOBICHHM POTAIMOHHBIX CYETYMKOB 0COO0 BHHMMaHHE OOpalIaroT Ha JIETKOCTh XOJI
POTOPOB U YMEHBIICHHE HEYYHTHIBAEMBIX yTeueK udepe3 cueTuyuk. JIerkocTh Xoja (KauecTBEHHBIN
[0Ka3aTellb MaJoro TPEHUsI B MEXaHU3ME, a, CIIEI0BATENIbHO, U MAJION MOTEPU -JaBJICHUS HA CUETUUKE)
o0OecrieunBaeTcs yCTaHOBKOW BaJloOB POTOpa Ha MOJIIMIIHUKM Kau€HUs. YMEHbBILIEHUE XK€ YTeueK
JIOCTUTAaETCs THIAaTeIbHOM 00pabOTKOM M B3aUMHON MTOATOHKON CONPATraeMbIX TOBEPXHOCTEH.

Pucynok 1. CyeTuuk ¢ mi1acTUHYATHIMU JIONACTAMHU

[TorpemHocTh nMoka3zaHuil POTAMOHHBIX CYETYUKOB OOBIYHO HE MpeBblmaeT-1% B npexaenax 10-
100% nHomuHanbHOrO pacxona. [loka3aHusi cueTuYHMKa PETYJIHMPYIOT CMEHOH IIECTEPEH B PEAYKTOpE
CYETHOTO MEXAaHU3MA.

Ha poranmoHHbIN CUETYMK JOMOJHUTEIBHO YCTAHOBJIEHA OINTONApa, MO3BOJISAIONIas B COYETaHUN
CO CYETYMKOM UMMyJIbcoB CU8 moacuuThIBaTh KOJMYECTBO 0OOPOTOB CUETUYMKA B €MHMILY BPEMEHH.
JlonosHUTENbHBIE MTONPaBOYHbIE KO UIIMEHTHI, 331aBaeMble Ha pubdope CH8, mo3BosIsAI0T IepeBecTr
3Haue€HUEe OOOpPOTOB B 3HAUEHUE pacxoAa KHUAKOCTH, MPOXOASIIEH uepe3 CYeTYMK (JaHHbIE
KOA((UIIMEHTHI YK€ YCTaHOBIJIEHbI IPOU3BOAUTEIEM CTEHAA).

IIpakTH4eckast yacThb
DKCIepUMEHTAIbHOE H3yYeHHE CIIOCOOOB HM3MEPEHMs pacxoja 3aKII04aeTcsi B CPaBHEHUU

pacxoga, USMCpPCHHOI'O 11O MepHOﬁ CMKOCTH U 11O CUCTYHUKY KOJIMYUCCTBA KUJKOCTH.

ITocnenoBaTenbHOCTD BHIMOIHEHUS TAOOPAaTOPHON pabOTHI:



1. 3akperth kpansl BH2, BHS, BH7, otkpsiTs kpanst BU3, BH4, BH6, BH10.

2. Bxuitounts Hacoc Tymbiaepom «Ilogaga Boab».

3. 3akpbITh Kpan BH3.

4. TlepexstOYUTh 3JCKTPOHHBIM CEKyHJOMEpP B PYUYHOH pEXHM yIpaBieHUs, OOHYIHTH €ro
MOKa3aHUsl.

5. 3akpbITh Kpan BH10, HauHeTCsl HalOJIHEHHE MEPHON €EMKOCTH.

6. Ilpu gocTmxeHUH YpPOBHEM >KUIKOCTH KaKOW-TMOO METKM Ha IIKajle MEpPHOM eMKOCTH
BKJIIOUUTH DJICKTPOHHBIM CEKyHJOMEp, 3amucaTh 3HAuYeHHe o0bemMa [0 IIKaje Ha MEpHOMl
€MKOCTH,3aIKCcaTh 3HaueHHe 00beMa Mo CUETYUKY BOJIBI B TaOuity 1.

7. IlomoxnaTe M3MEHEHUS KOJIMYECTBA BOJbI B MEPHOH eMkocTu IpumepHo Ha 1 sutp. [lpu
JOCTUKEHUN YPOBHEM JKUJIKOCTH KaKOM-TMOO METKM Ha WIKale MEPHOM EMKOCTH BBIKJIIOUUTH
JJIEKTPOHHBIA CEKYHIOMEp, 3alucarh 3HAYeHHE OObeMa IO IIKajle Ha MEPHOW EMKOCTH, 3alucaTh
3HaueHue 00beMa Mo CYETUUKY BOABI B TAOIUILY 1.

8. OtkpoiTh Kpan BH10.

9. I[ToBTOPUTH M3MEpEHUS IIT. 5-8 /I pa3HBIX 3HaYeHUH oO0beMa 3-4 pasa.

10. YactuuHo 3akpbITh KpaH BH4 1151 yMeHblIeHHs 10Ja4u Hacoca.

11. IloBroputbnyHKTHI 5-10 17151 paznuuHbiX 3aKkpbiTuil BH4.

12. IlepexitounThIEKTPOHHBIN CEKYHJIOMEP B aBTOMATUYECKUI PEXKUM.

13. 3akpeiTe BHI10.

14. OT™MepHTh MO CYETYHKY BOABI OOBEM BOJBI, MOCTYNHBIIEH B €MKOCTb 32 BPEMS MEXIY
BKJIFOYEHUEM U BBIKJIIOUEHUEM CEKYHJIOMEpA.

15. BeluucauTh NOTPEHIHOCTH U3MEPEHUs], CPABHUTH C KJIACCOM TOYHOCTH CUETUMKA BOJBI (CM.
UHCTpYKLMH). CrenaTh BHIBOJIBI.

16. IlepeximtounTh 2JEKTPOHHBIN CEKYHIOMEDP B peXHUM «Pacxos 1Mo cueT4nKy BOJBD».

17. OtxpsrTe BHI1O0.

18. Ha cueTurike nMITyIbCOB HakaTh KHOTIKY "»", Ha 3kpaHe CU8 Oynet oToOpaXkaThCs TEKyIee
3HauUEHUE pacxoa.

19. CpaBHUTH 3HaYEHUE TI0 11. 18 ¢ mocieHUM U3MEPEHHBIM 3HAYCHUEM PACX0/1a 10 EMKOCTH.

20. Beixmmrounts Hacoc Tymosiepom «Ilogaua Bosb».

Tabmuua 1.
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IIpakTuyeckas padora Ne 25
HccaenoBanue cnocoda u3MepeHHs: pacxoja ra3a no u3MepurebLHol 1uadparme
Lesas padoThl: u3yYeHHE H3MEPHUTEIBHON uadparMbl Kak Npudopa s M3MEpEeHHs pacxoja
KUJKOCTH, TAPUPOBKA U3MEPHUTEIBLHOW auadparmMbl s IKUIKOCTH METOIBI
U3MEPEHUs] pacxojia, OMpeNeIeHuE MOTPEIIHOCTH M3MEPEHUsl pacxoja ¢ MOMOIIBIO
nuadparmsl.
3aganue:
1. BuumarenbHO M3y4YHTE MaTepUa 1o TEMeE.
2. BpinonHuTe AITOPUTM JASHCTBUHN U 3aIUIINTE TTOKa3aHUS.

Pacxon - 3710 (u3mueckas BenMuYMHA, OIpenenseMas KOJMYECTBOM JKUAKOCTH WM Ta3a,
NPOXOAALINX uyepe3 TpyOy WM pyciao B €AMHHUIYy BpeMeHH. Paznmuator o0beMHBIH pacxox Q, koraa
KOJINYECTBO BEIECTBA M3MEPSETCS B OOBEMHBIX €IUHHIIAX, U MAaCCOBBI M, KOTJa OHO M3MEpseTCs B
€IMHUIIAX MACCHI.

Haubonee pacrnpocTpaHeHHBIM METOJAOM HM3MEPEHHUs pacxoja B TpyOax SBISETCS METOHA €ro
U3MEpEHHs N0 MEepeMEHHOMY Teperajy JaBlieHUs Ha CykaroleM yctpoiictBe. Cxema pacxomomMepa
nokasaHa Ha pucyHke 1. B TpyOy BcraBnsiercs ycTpoicTBO, XyKarolllee MOTOK, HalpuMep Auadparma
— JIUCK C OTBepcTUEM. B MecTe cykKeHHsI CKOPOCTh IMOTOKa BO3PACTAET M €r0 KMHETHUYECKas SHEprus
YBEIMYMBACTCS. OJTO BBI3BIBAET YMEHBIICHHWE MOTCHIUAIBHOW DJHEPrUM, KOTOpas OIpeaeseTcs
CTaTUYECKUM JaBlieHHEeM. JlaBieHue B Cy)KEHHOM IIOTOKE MEHbIIE, YeM JMJaBJICHHE B TIOTOKE [0
CyXeHHs. Pa3HOCTh JaBlieHUI BO3pacTaeT C yBEIMYEHUEM CKOPOCTH CPENbl U CIYKHT MEpPOW pacxoa.
Cyxaroriee yCTpOMCTBO SIBJISIETCS IpeoOpa3oBaresieM MOTOKa (MJIM €ro pacxo/ia) B Pa3HOCTh JIaBICHUH.
Paznocte maBnenuit mamepsiercs nuddepeHIHaTbHBIM MaHOMETPOM, T'PaIyHpPOBAaHHBIM B €IMHUIIAX
pacxoja.

B kadecTBe Cy’Karomero ycrpoicTBa oObIYHO UCIIONB3YIOT TaK Ha3bIBa€MbIe HOPMAaJIbHBIE CY>KAIOIIUE
yCTpOICTBa: HOpMalbHBIE quadparMel (pUcyHOK 1, a) HopManbHbIE coria (PUCYHOK 1, 6), TpyObI
Bentypu (pucyHok 1, B).
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Pucynok 1. Cyxaroniue ycrpoiicTsa

JIOCTOMHCTBa ~ PacXoJOMEpOB C  CYXKAOIMMH  YCTPOHCTBAMH  3aKJIOYAIOTCI B HX
YHHMBEPCAJIBHOCTH. DTUMH PACXOJAOMEPAMH MOKHO M3MEPATh Pacxof JOObIX OAHO(A3HBIX, a B psJie
cirydaeB U IByX¢a3HbIX cpes. OHM NMPUTOAHBI IS U3MEPEHUs pacxoja B TpyOax MpaKTUUYECKH JII000Tro
JIMaMeTpa U MpH JIF0OOM JaBlIeHUU. PacxooMep COCTOUT U3 CYXKAIOIIEro YCTPOCTBa, COeAMHUTENBHBIX
TpyOOK M CepUHHO BBIMYCKaeMOro Iu¢QepeHINaTbHOr0 MaHOMETPa, KOHCTPYKLHS KOTOPOrO He
3aBUCUT OT M3MepsieMOM cpenbl U pacxoaa. Cyskaroliee yCTpOUCTBO PaCCUUTHIBAETCS MO CTAHIAPTHOM
MeTtonuke. VICXOMHBIMH  JAHHBIMH  SIBJIISIIOTCSL  YCJIOBHSL W3MEPEHHST W BXOJHBIE JIaHHBIC
muddepeHmanbsHoro Mmanomerpa. Cyskarolue ycTpoicTBa U3roTaBIMBAIOTCS TOTPEOUTENEM.

OCHOBHBIMH  HEJIOCTATKAMH  PAcXOJOMEPOB C CYXAIOIUMH YCTPOWCTBAMH  SIBIISFOTCS
HeNluHeHas QpyHKuus npeodpa3oBaHusi, Manoe oTHoIeHne Qmax/Qmin oOBIYHO HE MpeBbIIIaoNiee 3,
U 3aTPyIHEHHS MPH U3MEPEHUHU MYJIbCUPYIOUIMX M MEePEeMEHHBIX pacxonoB. OCHOBHasl MpHUBeIECHHAs
MOTPEIIHOCTh PACXOAOMEPOB 3TOr0 TUIMA He mpeBbiiiaeT 1-3%.

Jnist TedeHus! )KUIKOCTH MOCTOSTHHOM IIIOTHOCTH Pacxoj uepes nuadparMmy CBs3aH ¢ Mepenagom



nasnenus Ha quagparme (P1 — P2) cneayrommm COOTHOIIEHUEM:
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Koadduuuent K onpenensiercss Ha OCHOBE SKCIIEPUMEHTAIBHON TApUPOBKU AUA(PArMbl.
IIpakTnyeckasi 4acThb

Jl1sl TApUpPOBKY U3MEPUTEIBHOM uadparMbl peHa3HaueHa ruApaBiIndyecKas CUCTeMa CTeHAA U
KOMITbIOTEpHAs cucTeMa cOopa MH(OpMaIH.

JIaGopatopHass pabora IO TapupoBKE AuadparMbel TaKKe MOXKET BBINOJHATHCA B PYYHOM
pEeXUME U3MEPEHUH, OJJHAKO 3TO TPeOyeT 3HAUUTENbHBIX 3aTPAaT BPEMEHU, METOMKA TAKOW TapHUPOBKH
HUYEM HE OTIMYACTCS OT ONMMCAHHOMN HIDKE, KPOME PYIHOTO cbopa u 00padboTku nHGOpMAaIUH.

1. Hoxpkmounts HOYTOYK K Tuiate ALIL, 3amycTuTh mporpamMmy, BBIOpaTh MyHKT MeHIO «Pacxon
BOJBDY.

2. 3akpoiTh kKpanbl BH2, BH4, BHS otkpsiTh kpan BH3.

3. Bxitounts Hacoc TymOnepoM «Ilonaua BosbD».

4. B cnyuae, eciii B cucteMe quadparM ecTb BO3IYyLIHbIE IIy3bIPHU, HEOOXOIUMO OTKPBITh KpPaHbI
BHS8, BH9 u BH6, BH7. IlonepemenHo otkpeiBas u 3akpbiBas kpansl BH3, BH4, BH5 noOutscs
3aroyHeHust AuadparM U U3MEPUTENLHBIX TPYOOK >kuakocThio. [locne yero 3akpeite BH8, BH9, BH6,
BH7.

5. BeiOpare onHy W3 nuadparMm Uis TapupoBKH. JIJIsi ONpeNesieHHOCTH H3JI0KEHUS! BhIOEpeM
JP1.

6. OtkpsiTh Kpansl BH6, BH7. 3akpsite kpan BH3, BH4, BHS.

7. Hoxnateea yctaHoBineHus nokazanuit JI/11 u JIJ12. Ha skpane kommnbroTepa HaxkaTb KHOIKY
«CobanancupoBarthb nepenan.

8. OtkpsiTe BH4, BH6. 3akpeits BH7.

9. IlepexItounTh JIEKTPOHHBIN CEKYHJIOMEP B aBTOMATUYECKUI PEXKUM YIIPABJICHUS.

10. OtxpsiTh Kpan BH10. [JoxxnaTses cnuBa )KMIKOCTH U3 MEPHOIN €MKOCTH.

11. Haxatp xHONIKY «Hagats nzmepeHus».

12. 3akpeite kpan BHI10. Korga emkxocTts HamojgHUTCS 10 cpaOaThIBaHUS MEPBOTO JaTUMKA
YPOBHS1, Ha dKpaHe J0JKEH HauaThCsl OTCUET BPEMEHU /ISl OTIpeIeNICHUs pacxo/a.

13. TIlocne pocTMKEHUS YPOBHEM JKMJIKOCTM BEPXHETO JaT4MKa YPOBHS H3MEpPEHHUE
aBTOMAaTHUYECKH OCTaHOBUTCA. He Hy)XHO HakuMaTh KHONKY «OCTaHOBHTH M3MEpPEHUs» (3Ta KHOIKA
HY)KHa 7 OCTaHOBKM cOopa HMH(OpManmuu Npu HapyILIEHUH MOCIE0BATEIBHOCTH BBITOIHEHUS
1abopaTopHOil paboThI).

14. Ha skpaHe KOoMIIbloTEpa MOSIBUTCS] 3HaUCHHE CPEHEro Nepernaja JaBjieHus Ha Auadparme u
pacxonma Boawl. B ciyuae, eciu CKO He mpeBwimaer 5% OT CpeIHEro 3HA4YEHUs, HaXaTh KHOIKY
«J106aBUTH TOUKY.

15.0t1kpsITh Kpan BH10.

16.HactuuHo 3akpbiBas kpaH BH4 n3menuTts pacxon, a ciiejoBaTeabHO, U MEpenaj 1aBjIeHUs Ha
nuadparme.

17. IloBroputbnyHktel 10-16 Tpu-yetsipe pasa.

18. Haxarp kHONKy «Bbrumcnauts koddduuueHT», Ha -dKpaHe OTOOpa3UTCs 3HAYCHHE
kodp¢unumenta K mns nannoil numadparmel, Ha rpaduke OTOOpa3sUTCS KpHBas, MOCTPOEHHas IO
TapUPOBOYHBIM TOYKAM.

19. CoxpanuTh naHHBIC U TpadUK B (HaMIIbI.

20.3anucate 3Ha4YCHHE aBieHus nepea nuadparmoit u kodppunnuenta AT.

21.ITpoananu3upoBaTh OTKJIOHEHHE HKCHEPUMEHTAIBHO IOJYUYEHHBIX TOYEK OT TapUpPOBOYHOMN



KPHUBOH, a TaKXKe BIMSHUE KOJUYECTBA TAPUPOBOUHBIX ToUeK Ha K03 duuuent K. CnenaTs BHIBOJIBL.
22. TToBTOpHUTD UCCIEI0BaHKE AJIsl BTOPOH 1uadparmel, CpaBHUTH K03 dunments! K.
23. Beikmtounts Hacoc TymOnepom «Ilomaua BobD».

IIpakTuyeckas padora Ne 26
HccaenoBanue 1aTYNKOB TOKA U HATIPSKEHUS
Lean pabdoThl: uW3yueHHWE W3MEPUTEIBHONW auadparMbl Kak mpuOopa Uisi U3MEpPEHHUs pacxoja
JKUJKOCTH, TapUpPOBKA HW3MEPHUTEIBbHONH auadparMbl I SKHJIKOCTH METObI
M3MEPEHUs pacxojia, ONpe/IeICHUE MOTPEIIHOCTH M3MEPEHHST pacxojia ¢ MOMOUIBIO
nadparmel.
3amanue:
1. BHuUMAaTENbHO U3YUYUTE MaTepUal IO TEME.
2. BeImmonHATE AITOPUTM JISHCTBUN U 3aITUIIATE TTOKA3aHUS B TAOJHUIIBL.

1. OCHOBHBIE TEOPETHHECKHWE CBEJIEHW

1.1. H3mepenue ToKa ¢ NOMOLLI LIYHTA

[Ipu ucnons3oBaHHH B KAYECTBE MEPBHHHOIO H3MEPHTEIBLHOrO npeod-
pazoBaTels WIYHT Npeacraenser codoil conporusieHHe Ry, BKIKYaeMoe
[OCNe0BATELHO B LENb H3MepseMoro Toka lygy (puc. 1). [lagenue Hanps-
#weHusd Ha myHTe Uy noaaercs Ha U3MepPHTENbHBIH NMPUOOP (BOJBTMETP) HITH
HA YCHIUTENb (H3MepHTENbHYHO cXeMy). LLIyHTE 00BIMHO H3rOTOBIAIOTCH U3
MAaHIaHWHA, 00J1a/1a01Eero MalbiM TeMnepaTypHelM ko3dduuueHToM conpo-
THUBJIEHUA, Oaroiaps 4eMy €ro COMpPOTHBJIEHHE MPAKTHYECKH OCTaeTcs Io-
CTOSHHBIM.
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Puc. 1. Cxema exniovuenus wynma

[Ipu cxeme BIOUEHHS, NOKAZaHHOI HA pHC. |, LIYHT UCNIONB3YETCS KaK
npeo0Opa3oBaTelb TOKA B HaNpsKeHHE, KOTOpoe MPH YCIOBHH R, < R,

onpejensercs 1no Gpopmye:
Um :Rm "’MEM =k 'fn'irw

rae Uy — BBIXOJHOE HANPSKEHHE HA IIYHTE,

Ryjj — CONpPOTHBIIEHHE IIYHTA,

T3 — H3MEPAEMBII TOK;

k — ko3 duumenT nepenaqn mrynta, B/A.

B 3aBHCHMOCTH OT CONPOTHBIEHHA LIVHTA B KA4YECTBE 3TOT0 JIEMEHTa
MOI'YT OBITH HMCMOJIB30BAHBLI MEIHBII MPOBOJ HA KaTyllke, MeTaliidecKas
MJIAaCTHHA, HOPMAJIM30BAHHBII (CTAHAAPTHBII) PE3UCTOP C MAJIBLIM JOMYCKOM
OTKJIOHEHHMS CONPOTHBJICHHA.



1.2, N'anbBannveckasn paiBaika

BonbuMHCTBO NaTYMKOBR TOKA M HANPAKEHHS, NPUMEHSAEMEBIE B MpO-
MBIIUIEHHOCTH JUIS H3MEpPeHHs OOJIbLIHX TOKOB, HMEKT TrajlbBAHHYECKYHO
pa3BA3KY MNEePBHYHBIX H BTOPHYHBIX Leneil. DTo HeoOXOAUMO A HCKIIKOYE-
HHUS MPOTEKAHHS BLIPABHHBAKIIUX TOKOB W JPYIHX TOKOB, CHOCOOHBIX MO-
BPEA/1aTh KOMIIOHEHThI BTOPHYHBIX Lleneil Wi rnopaxars Jrojaei, npukaca-
HOLUXCH K 000pY/10BaHUI) BTOPHYHBIX LENeli.

["aneBaHu4eckas pa3es3ka — 3TO Nepeiada SHePriuu WIH CHIHANA MEXKY
AMEKTPHYECKHMH LensdMH 0e3 eKTPUYecKoro KoHTakTa Mexay Humu. Ipu-
Dop, obecneynBarUil pa3BA3Ky, HCKYCCTBEHHO OrpPaHWYMBAET Meperady
HEPrHl U3 OAHOI UenH B Apyryw. B kadecrse Takoro npudopa MoOMKeT Hc-
[MOJIL30BaThCA TpaHc(opMaTop (MArHUTHAS Pa3Bs3Ka) WK ONTONAapa (ONTH-
4eckas pa3ssaska). B oboux cnyuasx nenH okasblBalOTCA INMEKTPUYECKH pas-
NEeNEHHBIMH, HO MEK1Y HUMH BO3MOHA Nepeada IHEPruy MIIH CUTHAJIOB.

VY rtpancopmaTtopa nepeuyHas 0OMOTKA IMOJHOCTBIO H30IHPOBaHA OT
BTOPHYHOI, OITOMY MEXIY HUMH HHKAKHX TOKOB BOZHHKHYTh HE MOXKET B
MpUHLKNE (KpoMe cliy4aeB npo0os M BHICOKOYACTOTHBIX MOMEX), XOTHA pa3-
HOCTb MOTEHIIHATIOB B 00MOTKaX MOKET ObITh OYeHb DOJIBILIOI.

OnTonapsl, Kak npaBuio, oDecnevnBaKT HANPAKEHHE H3OIALHH Mex-
ay ceertoanoaom u gororpan3uctopom a0 2500 B u 6onee. Onronapsl sg-
NAITCA NPUEMIIEMbIM BeIDOpOM Onaroaps cBoeii JelIeBH3HE 110 CPAaBHEHHIO
¢ TpaHcopmaropamu. OCHOBHBIM HEIOCTATKOM ONTONAP ABASeTCs DOBILOH
pa3dpoc nepenaTouHO (PYHKIUMH OT FK3EMILIAPA K IKIEMILIAPY.

1.3. JIaTyHK TOKA ¢ LIYHTOM H ONTOPA3BA3KOI

@DyHKUHOHAIbHAS CXeMa JaTYMKa TOKA C LIYHTOM C ONTOPa3BA3KOH Ha
ocHoBe mukpocxembl HCPL-7840 noka3zana na puc. 2. M3mepsemslii Tok
MPOTEKAET 4epe3 pe3ucTop (LIYHT), a NajJeHUEe HANpsKEHUs Ha ITOM pe3H-
crope nojaercs Ha Bxoja mukpocxemsl HCPL-7840, koropas npeacrasnser
co00# yCHIIUTENb C rajIbBAHUYECKOMH pa3BA3KOIi.

OnopHoe 3agaowuin % OnopHoe
HanpsXeHme reHeparop HCPL-7840 HaNpsKEeHWe
Rm ‘—J' : l
- r L SA (K | Jlekonep —ef <
i o . Heeeromion 4{,00'[03}!0,’1'——[ e 03”' e ¢1mw ] °

Puc. 2. @yukyuoHanbHas cxema 0amyuka moka ¢ onmopazeaskoul

Hanpsokenne Ha BXxoje MukpocxeMsl B Aana3one =200 MB npeobGpa3sy-
€TCsl CUrMa-ZieJIbTa MOJAYJIATOPOM B BBICOKOYACTOTHBINH CUTHAJI, KOAUPYETCs



M nepenaérca 4epes onronapy. 3aTeMm CHrHall npeodpaszyercd JEKOJepoM M
uu(ppo-anasorossiM npeodpazosarenem L[AIl B BoiXonHOe HanpsikeHue B
nuanazone 2.5 1.6 B.

JlaTuuk Toka ¢ ONTOPA3BA3KONH HMEET PAJl JOCTOUHCTB M0 CPABHEHHIO C
AaTHMKOM XO0JUIA: MEHBLIE 110 pasMepaM, UMEeT JIVYIIY THHEHHOCTh pery-
JIMPOBOYHOI XapakTepUCTHKH,

Moodyaamop — 310 yCTPOICTBO 1A npeoOpa3oBaHUA BXOIHOrO Mel-
JIEHHO H3MEHSIOLIErocs CUrHajla B U3MEHEHHE napaMeTpoB konedanuii bonee
BLICOKOH 4acToThl. YacToTa BBIXOJHOIO CHrHANA OmNpejeNsercs 4acToToil
Hecyliero (onopHoro) HanpsukeHus. Ecnu HanpsikeHHe OnuchIBaeTCs ypae-
neanem U=U,cos(wi+py), To amminryna U, 1actora @ M HavanbHas (asa
@ MOCTOSHHBL. MOYyIsA1HA OCHOBLIBAETCS HA TOM, HTO OJIMH W3 APaMeTpoB
M3MEHACTCA B COOTBETCTBHH C M3MEHEHHAMH MOJYIHPYIOLIErO CHrHala HH3-
KOH 4acTOTHL.

[To BuAY MOAYIALMH MOAYJIATOPE OBIBAKOT AMIUIMTY/HBIE, YACTOTHEIE,
(pazoesle U umnynascHelie. Mcxoas W3 Toro, kakoil mapaMerp — aMIUIHMTY /A,
(paza MM YACTOTA — U3MEHHTCAH, Pa3INYaK0T AMIUIHTYIHO-HMIIYJIbCHYO, (a-
30-, YACTOTHO- H IIHPOTHO-UMITYILCHYH) MOJYJISLIHH.

Ynpaenenue koneGaHHAMH MOJAYISTOPOB OCYILIECTBIAETCH HENHHENl-
HBIM PE3UCTOPOM HJIH YIPABIAKMIHM 3JIEMEHTOM, NapaMETPbl KOTOPOTO H3-
MEHSIOTCS B MPOLIECCe MOIYIISIIHH.

Hemodyramop — 310 yeTpoilcTBO, NpoOU3BOIsLIEe onepauun, odpar-
HYH MOIYJIALMH, TO €CTh BBIAEISAET HU3KO4YACTOTHBIN CHIHAN W3 MOAYJIHPO-
BAHHOI'O KOJIeDaHus.

K oCHOBHBIM XapakTepHCTHKAM aMIUTUTYIHBLIX MOAYIATOPOB H JEMO-
OYJAATOPOR OTHOCATCA XapaKTepUCTHKA yrpasieHus, koddduumenta npeod-
pa3oBaHMUA, BXOJHOE M BbIXOJHOE CONPOTHBICHHE, YPOBEHb COOCTBEHHBIX
LIYMOB, BEIXO/IHAA MOLIHOCTE M JUHAMHYECKHE CBOICTRA.

1.4. H3mepenne Toka ¢ noMousio npeodpazopares XoJuia

Jlarunku Toka ¢ npeoOpaszosareneM XoJUla OCHOBaHbI Ha HCIOJIb30Ba-
HuH pdexta Xosa, kotopslii Obi1 0OHapyxeH B 1879 rogy aMepHKaHCKHM
(puzukom IasuHoM [epbeprom Xomnom. Ddderr Xouna BeI3LIBACTCH CH-
noii JlopeHua, koropas BO3AeiCTBYET HA NMOJABWKHBIE HOCHTENH 3apsi/0B B
MPOBOJHHMKE, KOrJa HA HUX JAEHCTBYET MAarHMTHOE MOJIE MEPIEeHIHKYIAPHO
HAIMPaBIEHHUIO TOKA.

Ha puc. 3 noscuen s©(pdext Xomwia. Baons no TOHKO# riacTHHE Mojy-
[MPOBO/HHMKA Te4ET TOK ynpasieHus /.. MarHuTHelii norok B co3jaer cHiy

Jlopenua F, , HanpaBleHHYIO NEPNEHIHKYIAPHO JBHKEHHIO 3apai0B (K-
TPOHOB), KOTOpPble 00Pa3ylT TOK. ITO NPHBOAUT K CMELICHHI) 3JIEKTPOHOB



MeprneHAHKYIsAPHO HANPABIEHHIO CBOETO JIBUKEHHS, NOITOMY BOIH3H OJHOI
rpaHy BO3HHUKAET M30BITOK HOCHTENEH 3apaioB, a BOMH3K Apyroii — HelocTa-
TOK, TO €CTh BO3HHKAET pa3Hulla NMOTEHUHaIOB, KOTOpyw HaseiBaroT JJIC
Xomna U, , 1 KOTOpas HAXOAUTCH MO BbIPAKEHHIO:

K

Uy=—1c"B. (1)

f

rne K — xoHcranTa Xojuia s MaTepHala MiacTHHBL,
d — TOJIIHHA NOJYIIPOBOJHUKOBOMN IIACTHHBI.

Takoe ycrpoiicTBO NONYHHIO
Ha3BaHHe 2enepamopa Xonna. |ene-
patopsl Xosia o0nanamT onpejae-
NEHHOH 3aBUCHMOCTBIY YYBCTBUTE!Ib-
HOCTH M HA4YaJIbHOTO BLIXOJHOTO
HAMPAXKEHUA OT TEMIIEPATYPbl, TEM HE
MEHEE, 3Ta 3aBHCHMOCTb MOKET OBITh
3HAYUTENBHO KOMIIEHCHPOBAHA JJIEK-
TPOHHOM CXeMOH JaT4HKa TOKA.

Jlatunkn Xosia M3roTapiIMBaKOT
Ha OCHOBE MOJIYIPOBOJHHKOBBIX Ma-
TEPHAIIOB: KPEMHHS, FepPMaHHs, apCeHHIa rauius | apceHnaa unaua. B 3a-
BUCUMOCTH OT KOHKPETHOIO Marepuasia JAaT4HMKH UMEHT Pa3IH4HyK 4YYB-
CTBUTEIBHOCTh, TOK YIPABIEHHS H BEIXOAHOe HanpsxeHue. CylecTByeT 1Ba
OCHOBHBIX BHJIa JaTYMKOB TOKA, OCHOBAHHBIX Ha 3 dekTe Xoia — qaT4uKu
[PAMOI0 YCHIIEHHS U JaTYUKH KOMIIEHCALMOHHOIO THIIA.

B narumke npsimoro yveuwaenus (puc. 4) npoeoJ (LIKHHA), 110 KOTOPOMY
MpOTEKaeT U3MepseMsblii Tok [,, NPOXOAMT Yepe3 OKHO cepievHuka. B Bos-

Puc. 3. Dghgpexm Xomna

AYLUIHOM 3a30pe ITOro cepjevHHKa, Ijie NMOMelEH 3JIeMeHT (reHeparop)
Xomnna, HaNPsSHKEHHOCTh MArHUTHOTO monist A co3naércs u3MepseMbiM Mep-
BHYHBIM TOKOM [, , KOTOpBIil HeoOXoaHuMOo npeo0pa3oBaTh B BHIXOJHOI CUT-

Han garduka. [Ipu nporekaHny nocTOAHHOrO TOKA ynpasiieHHs ., KOTOPbIil
moAaércs 0T CTabMIM3UPOBAHHOIO MCTOMHHUKA TOKA, HA MONEPEYHbIX CTOPO-
HaxX ruacTHHKH redepupyerca IJAC Xonna, nponopuHoHaIbHAA HaNPsKEH-
HOCTH H u TOKY [

B obnactu nmneiinoro YHacTka K]}HBI'_‘Iﬂ HaMaroHH4HMBaHHA MaTepHala
CCpACHHHKA MAarHMTHad HHIYVELHA B NPONOPUHOHANIEHA HANPAKEHHOCTH
MAarHUTHOro mnoas H , KOTOpas B CBOKY OQUEpEIb IMpPONOpLHOHAIIEHA IF

(B=a-I,, rie a — KOHCTaHTa), CIENOBATENLHO, HANIPAKEHHE XOJIIa BeIpa-
JKaeTcs ClAeayINHM 00pa3oMm:



Puc. 4. Jamuuk npamwozo ycunenus, ocHosauublll Ha 3¢hexme Xonna

K
U,=—-1.-a-1, (2)
d
Ecmu kpome Toka [, Bce cOCTaBNAOIINE BhIpakeHHs (2) BEIHYHHBI 110-

CTOAHHEIE, TO
U,=b-1

H

P (3)
rne b — KOHCTAHTA.

H3mepsemslii curnan (Hanpsukenue Xomna U, ) yeunuBaercs ycuinTe-
jeM A W BbIJAETCH HA BBIXOJE JaT4dka B Buje Hanpsokenus Uy, . . JlaTunku
MPAMOTr0 YCHJIEHUS CIIOCOOHBI H3MEPATE NOCTOSHHBII, MepeMeHHbI CHHYCO-
HIANIbHBIH H HECHMHYCOMJAJIBHBIE TOKH BEJIMYHHOI OT HECKOJIBKHX aMmmep Ji0
HECKOJILKUX COTEeH Kujioamnep ¢ o0Lieil TOYHOCTBI) B HECKOJIBKO MPOLIEHTOR
OT HOMMHAJILHOTO 3Ha4eHus Toka. OHH OTIHYAIOTCS HU3KOI noTpebdisemoii
MOIIHOCTBI), MAJTLIMH MeOMETPHYECKHMH pa3sMepaMH, a TakiKe OTHOCHTEIIb-
HO HeDONBIIHM BecoM, 0COOeHHO s JHana3oHa OOJbIIHX TOKOB. JTH JaT-
YUKH CPABHUTEIBHO HEJOPOrH U B OCHOBHOM NPHMEHSAKTCA B MPOMBILLIEH-

HOCTH.
B aaryukax KOMNEeHCAUHOHHOI0 THNA {TB]{}KE Ha3bIBaEMBIX JaT4YHKA-

MH C €JIMHHYHONH O0paTHOI CBA3BI0 WIM JaTHMKAMHM C HYJIEBBIM MOTOKOM)
Hanpssxenue Xomna U, ycunmsaerca ycuiuteneM A (puc. 4), 3atem npoxo-

JAMT 4Yepe3 TPAH3UCTOPHYH cOOpKYy u mpeodpasyercd B BHIXOJHOH TOK [

(npamo nponopruoHaneHeiii 3J]C Xonna), koTopelil kak curHan oOpaTHOI
CBSA3U MOJAETCAd HA KOMIIEHCALIMOHHYK OOMOTKY, HAMOTAHHYI) Ha cepjed-

HHKE JaT4YHKa, 4TOOLl KOMIIEHCHPOBATL MATHHTHYH HHIAYKLHID ﬂP nojad, co-
34aBacMOro rnepeH4YHLIM TOKOM IP, MarHHUTHOMH HH,II;}FKL[HEﬁ BS nojada, co3na-
BAEMOTI0 BBIXOIHBIM TOKOM fj- ;

BrixoaHoii Tok I_&' HAMHOM MEHBIIE, YEM 1 ., HOTOMY HTO KATYLIEA C
ﬁlrﬁ. BUTKaMH IMpelHasHa4YcHa A CO3JaHHA aHalOrH4YHOIO MarHHTHOrO Io-
TOKA (HMHEP-BHTKGB], Kak H HEMEPHTEJIBHDﬁ KaTVIUKEH € OHHUM BHTKOM



(N, =1). U3mepurenbHas kaTyuka — 3T0 NPOBOJHUK (IIHHA) C H3MEPAEMBIM
TOKOM /,,, @ BUTOK BCEro OJ{UH, NOTOMY YTO LIKHA MPOXOAUT CKBO3b CEepAeY-

HHUK OJ1H pa3. Takum oOpazom
Np-I,=Ng-I. (4)

Puc. 4. /lamuux komnencayuonHo2o muna, 0CHO8aHHbIl Ha 3¢hghexme Xorra

CnenoBarenbHO, HHAYKIMUS B 3KBUBANEHTHA B, , U UX MarHUTHLIE 110-

TOKHM B3aMMHO KOMIICHCHUPYIOT Apyr japyra. Takum oOpaszom, cucrema jeii-

CTRVET INNHU HVIIEROM MATHUTHOM TMOTOKE R ceNnedyHHKe
B kauectee npumepa pazdepém npeodpazoeaHue noctosHHOro roka 100

A 1aTYMKOM KOMIEHCALHOHHOTrO THna. KonuvecTBo BUTKOB B H3MEPHTEIIb-
HOI oOmoTke N, =1, a B komnencaunonHoii odmorke N =1000. Cnenosa-

TEJIbHO, BTOPHYHBIH BBIXOJHON TOK OyIeT onpelensaTses CleayronmumM odpa-

J0M:
_N,-1, 1-100

N, 1000
Tok [ saBngercs To4HBIM 0TOOpa:keHHeM [, 10 (opMe, HO MEHBLIHM B
1000 paz (100 A/ 1000 =0,1 A).

I =0.1(A4) =100 (mA).

Jlarunkn Toka cepun LTS

Jatuuku cepun LTS sapnsroTcs naTMMKaMy KOMIEHCALMOHHOTO THIA C
npumenenreMm texHonorun ASIC (Application Specific Integrated Circuit).
Bce akTHBHBIE NIEKTPOHHBIE KOMIIOHEHTBI, BKIIKOYas JaT4HK Xolula, pa3me-
ILEHBl B MHKpOCXeMe, OII0K-CXemMa KOTopoil nokazaHa Ha puc. 5. Takas koH-
CTPYKLIMS KOMIleHCHpYyeT pa3z0poc M TemmepaTypHblii apeiidy napamerpos
KOMIIOHEHTOB. bojiee Toro, cHUKaeTcs 4yBCTRBUTENBHOCTE K BHEILIHUM MOME-



XaM, 4 KOMIIOHEHTEIL pﬁﬁﬂT&IﬂT B ONTHMAIBEHOM pPEXRHME. Hcnone3oBanue

MHKPOCXEMbI MO3BOIHIIO CYLIECTBEHHO YMEHBUIHTE pasMepbl JaTHHKA.
1 2 3 4
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Puc. 5. Bnox-cxema oamuuxa cepuu LTS:

I — snemenm Xonna; 2 — npedeapumenssiil YyeUuIumens,
3 — emopuunas oomomea; 4 — bIXOOHOU yCUIUmMens

Y natyukoB cepud LTS ecTs BeTpoeHHBIH H3MepUTENbHEIH pe3ucTop
R, ., xoTOpHIii onpeaenser BLIXOAHOE HanpsxeHue. BeixoaHoil curnan cos-

MECTHM I10 YPOBHK) ¢ BXOJHBIMH LIEMSMH aHAI0ro-uH(poBeIx npeodpazoBa-
teneil (ALII). Beixonnoe nanpsixenne Uy, JaTdyuka KOMIEHCALMOHHOIO

THIA BBIYHCIIAETCA 110 BBIPAKEHUIO:
Uppx =Uper +15- R, (5)
rae U, —onopHoe Hanpsaxenue (y patuukos cepun LTS U, =2,5B).

I
Tak kak [, =—— 10
5

I,-R

Usix =User + -5 =Uy 4 K,y (6)

BbIX REF
5

rne U,=U,,=258B;

K, — koa(puuHenT nepenaydy 1aT4uKa TOKa.
-

re U,=U,,=258B;

K, — koa(puumenT nepesavn 1aT4HKA TOKA.

JlaTuyMkH KOMMNEHCALMOHHOrO THNA CNOCOOHBI M3MEPAThH MOCTOAHHBII
TOK, NEPEMEHHBII CHHYCOUIANBHEI U HECHHYCOWJAIBLHBIE TOKH OT HECKOJIb-
KHX aMmIiep 10 HECKOIBLKHX JIeCATKOB THICAY aMIep ¢ TOYHOCTBIO 0ko0 1 %.
ITH JATYUKH OCOOEHHO MOAXOAAT JUIS NPHUMEHEHHS B IMPOMBILUIEHHOCTH,
rjae Tpedyercs BbICOKAs TOYHOCTh M LUMPOKUIi YyacToTHBLIH auanazoH. OcHOB-
HBIM HEJOCTATKOM 3TOM TEXHOIOTHH W3MEpPEHHs TOKa sABIAETCA noTpedieHue
MOLIHOCTH HAa KOMIeHcauuw Toka. Kpome Toro, 1isi aMana3oHa CHILHBIX
TOKOB 3TH JaTYUKH ABJIAIOTCA DoJiee J0POrUMH H UMEKOT Donbinne radapHThl
[0 CPABHEHHIO ¢ aHAIOTHYHBIMH JaTYHKAMU NPAMOI0O YCHIEHUS.



L.5. Tpancdopmarop Toka

Tpanchopmarop Toka npeaHazHa4eH Ul YMEHbIICHUS IEPBUYHOIO TO-
Ka J10 3Ha4eHuil, Hanbosiee yA00HBIX U1 H3MEPUTEIIbHBIX NPUOOPOB U pelle,
a TakKXKe IS rajlbBaHUYECKOro pasjelieHHus Leneil u3MepeHHs M 3aliuThl OT
NEPBUYHBIX LEINEH BbICOKOIO HANPSIKEHHUS.

Tpanchopmarop Toka UMeeT 3aMKHYTBINH MarHUTONPOBO/ U /1B€ OOMOT-
KU — NEPBUYHYK H BTOpHYHYKO (puc. 6). Ilepeuynas oOMoTKa BKIIIOYaeTcs
MOCJIE10BATENIBLHO B LEMNb H3MEPSEMOro TOKa /;, KO BTOPUYHONH 0OMOTKE NpH-
COEAMHSAIOTCS U3MEPUTENIbHBIE NPUOOPLI, 00TEeKaeMble TOKOM /.
I

e
}

Puc. 6. Cxemsl nooknouenus mpancgopmamopa moka

Tpancopmarop Toka Xapakrepusyercs HOMHHAIbHBIM KO3(duumeH-

TOM TpaHcHOpMaLHH:

Kl e [luou . (‘7)

1 2HoM
ra€ iy M Lryoy — HOMUHAJIBHBIE 3HAYEHHUS MEPBUYHOIO U BTOPHYHOI'O TOKA
COOTBETCTBEHHO.

B 3aBucumocTH oT npeabsBiseMbiXx TpeODOBAHMII, BBINYCKAKTCS TPaHC-
tbopmarope! Toka ¢ knaccamu TodHocetu 0,2; 0.5; 1; 3; 10. YkazanHsle uudpsl
MpeACTaBIsAOT cO00H TOKOBYH) MOrPELIHOCTE B MPOLEHTAX OT HOMHHAIBHO-
ro TOKa np Harpyske nepsu4Hoi odMoTku TokoMm 100...120 % nns nepsbix
tpex knaccoe ¥ 50...120 % pna ayx nocnenuux. Tpancdopmaropsl Toka
knacca 0,2 npuMEeHsOTCA /1 NPHUCOEJIHHEHHS TOYHBIX 1a00paTOpPHBIX MpH-
oopos, knacca 0,5 — and npHcOeIHHEHHA CYETHYHKOB JEHEXKHOIO pacyera,
Knacca 1 — Ui BceX TeXHHYECKHX M3MEpPHTENIbHBIX NPHOOPOB, KIAcCOB 3 H
10 — nnst peneiiHoii 3aUTEL

Kpome paccMOTpeHHBIX KIIACCOB BHIMYCKAKOTCA TaKiKe TpaHc(popmaro-
PBI TOKA CO BTOPHYHLIMH 0OMoOTKaMH THIOB [l (11a auddepeHUHaNLHOM 3a-
IIMTHI), 3 (1S 3eMIAHO# 3amuTel), P (18 npo4Yux peneiiHbIX 3ammT).

ToxoBele Henu W3MepUTENBHBIX NPHOOPOB K Pelle UMEKT MAlIOe COMpo-
TUBJIEHHE, MO3TOMY TPaHCHOPMATOP TOKA HOPMAILHO pabOTaeT B pPexHME,
OJIM3KOM K PEeKHMY KOPOTKOrO 3aMblkaHus. Eciu pazoMKHYTH BTOPUYHYIO
00OMOTKY, TO Ha Hell MOSBUTCA BBICOKOE HANpsIKEeHHE, IOCTUTAKOIIEe B HEKO-
TOPBIX CIy4asx JecATKOB KHIOBOJbLT. M3-3a yka3zaHHBIX ABIEHHIl HE pa3pe-



[aeTcs Pa3MbIKaTh BTOPUYHYH 00MOTKY TpaHC(opMarTopa Toka NpH npoTe-
KAHHH TOKA B NIEPBUYHOIT 0OMOTKE.

1.6. Tpancdopmarop HanpszKeH s

Tpancopmarop Hanpsxenus (TH) — uamepurensHelii Tpancdopmarop,
MpeJHa3Ha4YeHHbIll 11 npeo0pa3oBaHHs BBICOKOTO HAIMPAKEHHUS B HU3KOE B
nensx wiMepeHus u koHrponsa. [Ipumenenne TH mossonser w3onuposaTh
e BOJILTMETPOB, YACTOTOMETPOB, MEKTPHYECKUX CHETYHKOB, YCTPOICTB
ABTOMATUYECKOI0 YIPABJIEHHS M KOHTPOJsS M T. JI. OT LENH BLICOKOTO
HAMPAMKEHUA.

[lepeuunas oOMOTKa TpaHcdopMarTopa HaNPAKEHHUSA COCTOHT M3 DOJb-
LIOrO YKC/Ia BUTKOB () M MOAKIHOYAETCS K LeMH ¢ H3MepseMbIM (KOHTPOJIH-
pyeMbiM) Hanpsukeruem U napamnensHo. K 3axumam BTOpH4HOI 00MOTKH C
YHCJIOM BUTKOB @» (@ => @) NOACOEIHHAKT HIMEPHUTENLHBIE NPUOOPEI
(unH KOHTpOJNBHBIE ycTpoiicTBa). Tak Kak BHYTPEHHEE CONMPOTHBICHHE I0-
cleHUX oTHOCHTENBHO Benuko, TH paboraer B yclorusx, OIH3KHX K pexu-
MY XOJIOCTOrO X0/Ia, YTO NO3BOJseT (npeHedperas NoTepsMH HAMPAKEHUS B
odmorkax) cuurtath U/, u U npuOIH3IHTENBHO PAaBHBIMH COOTBETCTBYHOLIIHM
9J1C v nponopLUHOHANBHBIMH @ H @h, TO €cTb U-an = Uz @

Koadpduument rpanchopmanun TH MoxkHo onpeaenuts no gopmyie:

U

jf. — I HOM ) 8
o= (8)

2 rom

3Has ko3 puIMeHT TpaHchopMalMH, MOXKHO TI0 pPe3yibTaTaM H3Mepe-
HUSL HHM3KOTO HANpsKeHWst BO BTOPUYHOH 0OMOTKe OmpeleNsaTk BBICOKOE
neppuvHoe HanpsukeHue. [IpubnuxEHHBIT XapakTep COOTHOIIEHHUS MEXKIY
U, u U, oDycnosnuBsaer HaIHYHeE MOTPELIHOCTH 110 HANIPAKEHHIO H YTII0BO#
norpewtHocTH HailineHHoii penuuuHel U). B komneHcuporanueix TH npous-
BOJNTCA KOMIIEHCALMS 3THX NOrPeLHOCTE.

Tunuuynoe npumenenne TH — npeoOpazoBaHue BLICOKOTIO HANPSKEHUS
B HU3KOE B W3MEPUTENILHBIX LENSX M rajbpaHu4eckas pasesaska. [Ipumene-
HHUe TpaHchopMaTopa HaNpAKeHHs [MO3BOJISET H30IHPOBATE JIOIHYECKHE Lie-
[MH 3ALUTH] U LelH U3MEPEHHUS OT LeNH BEICOKOI0 HAMPAKEHHS.

2. [IPUBOPLI U OBOPY JIOBAHHUE

2.1. Ilpu BeinonHeHHH pabOTBl MCHOJB3YKOTCH Cledyrouiue OIoKH M
00opya0BaHHE:

e  oaHodasznwiii ucTouHuk nutanus G1 (218.1);
e  HcTO4YHHK nuTanus Al (216.1);
*  COEAMHHUTENbHBIE MPOBOJA;



e  Onok mynsTuMerpoB A3 (509.3);
e  OIOK JaTYUKOB TOKA M HanpsixeHus A8 (402.4).

2.2. Buewnuii Bug 6noka A8 (402 4) nokaszaun Ha puc. 7. B 610k BeTpo-
€HBbI MCIIBITIBAEMbIE NaTYHKH ¢ HEOOXOIUMBIMH LIYHTAMH WIH JeIUTEIAMH
HATIPSKEHUS U HCTOYHHUKAMH MTHUTAHUS.

Bnok gaTYMKOE TOKA W HANPAMEHWA

@ @ @ @
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Puc. 7. Enox oamuuxoe moka u Hanpaxcenus A8:

I — oamuuk moka c npeodpazosamenem Xoara LTS 6-NP;2 — damuux moka ¢
onmopazeazkoll Ha ochoee mukpocxemor HCPL7840);3 — oamuux nanpaxcenus ¢
onmopazéazkoil Ha ocHose muxkpocxemsl HCPL7840;4 — mpancghopmamaop
Hanpaxceuua:3 — mpaxcdonmamon moxa ACI1005
B Onoke ycTaHOBIEHB! CeAyHONIHE AHANIONOBLIE JaTYUKH HANPAKEHHS
M TOKA ¢ raJibBaHH4eCKOH pa3sBA3K0i MekKIy LEeNaMH BX0/1a M BBIX0/a:
e  Jar4Hk TOka c npeodpaszoatenem Xomia LTS 6-NP;
e  JlaTYMK TOKA ¢ WYHTOM M ONTOPa3BA3IKOH HA OCHOBE MHUKPOCXEMBI
HCPL7840;
. JAaT4yHE HalpiAKeHHda cC ﬂHTDpaﬂBHEKDﬁ Ha OCHOBE MHKPOCKEMEI
HCPL7840;
e  TpaHc(OpMATOP HANPSIKEHUS
e  TpaHcdopMaTop TOKA.



Ha Bxon ucneiThIBAEMOro AaTHMKa MOAAETCH MOCTOAHHOE WIIM Tepe-
MEHHOE HANPAKEHHE HIIH TOK 0T HCToYHHKA nuTanus Al (216.1). BeixoaHoii
CHUIHAN JaTYUKOB W3MepseTcs MylbsTumerpoM (0nok A3, 509.3).

Jarauku 1, 2 u 3 (puc. 7) nUTaKOTCA OT BCTPOEHHBIX B 010K A7 HCTOU-
HUKOB nutaHusa +5 B. Ilpu ucneitaHuu 3THX JaTYMKOB HEOOXOAMMO BKJIHO-
YUTh BRIKJIKYATENb «CeThb» 0lI0Ka JaTYHKOB TOKA M HANPAIKEHHS,

Tpancgopmaropsl He TpeOYIOT MUTAHMS W MCMBITHIBAIOTCH TONBKO Ha
MepPeMEHHOM HANPAKEHHH HIH TOKE.

2.3. KomnencaunoHHbIil AaTYHK TOKa ¢ npeodpasosareiiem XoJuia
LTS 6-NP erinionHeH Ha MarHUTONPoBo/e ¢ 3 0OMOTKAMHU: JIBE UIMEPUTEIb-
HeIX (3 BuTKa Ha npenene 2 A, 12 putkoB Ha npenene 0.5 A) U KOMIEHCH-
pytomas. Jlatuuk Xolsa ycTaHOBJIEH B 3a30pe MarHUTONPOBOJAA H H3IMEPAET
€ro MarHMTHbII [OTOK.

Ha ocHoee curnana garduka Xoluia CUCTEMA aBTOMATHYECKOIO peryliu-
POBaHHA 33a/JaeT TOK KOMIIEHCHPYHOIIEH 0OMOTKH Tak, 4TOObl MAarHWTHBII
nmoTok B mMaruutonporoae Owu1 pased (. JlaTuuk paboTtaeT kak Ha NOCTOsH-
HOM, TAK U HAa MEpPeMEHHOM TOKe. BRIXOJHOI cUrHAN JaTYMKA — HANPAKEHHE,
H3MeHsmomeecs B auanaszode 2.5+0.,625 B. YacroTHeiil auana3oH aarvyuka
0...100 k['u (norpewHoCcTs 6 %).

H3mepurenbHbie 00MOTKH JaT4HKa MOKHO HCIOIbL30BAaTh OJIHOBPEMEH-
HO JUIsl BBIMHMCJIEHHS CYyMMBbI HIIH pa3HocTH AByX Tokoe. [loapoOHoe onuca-
HHE JaTduKa [IPUBEAEHO B JOKYMeHTe [6].

2.4 Ha ocHoe mukpocxemsl ¢ onropa3zesaikoii HCPL-7840 (onuca-
HUE B JOKYMeHTE [7]) BBHINOJIHEHB JATYHKH TOKA H HanpsxkeHus. Ha Bxon
MHKPOCXEMBI M01a€TCA HANPAKEHHE C UIYHTA (JaTYUK TOKA) WIKH C AEIUTENs
HANPSKEeHUS (1aTHUK HANPSKEHHS ).

Mukpocxema umeeT audpepeHIHaNbHBII BX0 ¢ HOMHHAILHBIM JIHAMNA-
30HOM BXOAHBIX CHrHanos =200 MB M BBEIXOAB HEHHBEPTHPYIOLIHIL
+0,8+2,5 B u unseprupyrommii F0,8+2,5 B. [lpn w3mepeHun pazHocTH
HAMNPAXKEHUH HAa BBIXOAAX MHKPOCXEMbI IOCTOAHHBIE COCTABIAOIINE BbIYH-
TAKOTCA W BBIXOJHOH CHTHal MeHsAeTcs B quanaszone £1,6 B, 1. e. HoMHHaIb-
Hbli kKO3 guUMeHT yeuneHnss MUKpocXeMbl pageH 8. YacToTHell quana3oH
MHKPOCXEMBI MPH norpemHocTi He doee 5 % pasen 0...20 kl'u.

2.5. Tpauncopmarop Tora ACIL005 (onucanue B JokymeHre [8]) ume-
€T HOMHHAIIbHBII TOK NepBHYHONH OOMOTKH 5 A M COOTHOLIEHHE BHUTKOB
BCTPOEHHBIX BTOPHYHOI 0OMOTKH K nepsu4Hoii 1000:1.



3. MTPOI'PAMMA PABOTLI

3.1. Heenenosanue qaT4uka Toka ¢ nmpeodpaszosareaem Xoana LTS
6-NP Ha nocrositHHOM TOKe.

3.1.1. Ilpoeepbre cxemy anekTponutaHus OnokoB Al, A3, A8 u GI.
Voenurecs, 4to Beikato4aren «CETh» aTux 6110Kk0B OTKIIHOYEHBL.

3.1.2. BxirounTe yCTpOHCTBO 3alMTHONO OTKIKYEHHS W aBTOMaTH4e-
CKHil BBIKJIKOHATENb B 0HO(a3HoM HeTOMHUKE nuTaHus G1.

3.1.3. YcranoBuTe nepexiroyarels poja Toka Ha 01oke Al B nonokeHue
«llocrosHublil Tok». Jls HcnbITaHUI HA NOCTOAHHOM TOKE YCTAHOBUTE BhI-
XOJJHOE HAMpPsAKEHWE HCTOYHHKA NMUTaHUs OJIM3KUM K HYJIIO (10 MYJIBTHMET-
PY WK MOBOPOTOM PYYKH B Cpe/iHEe MOJIOKEHHE ),

3.1.4. Coenuuute OJIOKH B COOTBETCTBHM CO CXEMOIl 3JIeKTpUYECKOIl co-
eNHHEeHHIl, n300pakEHHOIT Ha puc. 8, 0.
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Puc. 8. Cxema ucnsimanus damuuxa moxa ¢ npeoopazoeamenem Xonna
(LTS 6-NP)

Mynetumerp MY60T Onoka A3 u3MmepseT TOK Ha BXOJE JaTYMKa Ha
npenene uamepenus «10 Ay, a MmynsTuMeTp MY 65 — HanpsikeHue Ha BBIXO/1E
natyuka Ha npezene uimepenus «20 By». Mctounuk nutanus Al 3anaer no-
CTOSTHHBIH TOK B LEMH M3 MOCIEI0BATE/IEHO COEJHHEHHBIX PE3UCTOPAa HOMK-




HanoM 2 Oma (ycraHosneH B Onoke Al), oOMoTKH aaTuHka Toka (O1ok A8),
Bxona usmepeHus toka myiastumerpa MY60T (ruésma «10 A» u «COM»,
ook A3).

3.1.5. YcraHoBuTe nepekoyaTeb AHana30HOB BRIXOHOTO HANPAKEHH
HCTOYHHKA nuTaHuda Al B monosxenue «5 B/1.5 A».

3.1.6. Bkmouure nutanue onokos A8, A3, Al.

3.1.7. Bpamas peryisTop BbIXOJHOTO HANPSUKEHUS «AMIULY» MCTOYHHKA

nuTaHus Al YCTAHOBHTE HECKOJbLKO JHAYEHUI TOKa ;rm_“ HCIIBITBIBAEMOTO

OaTHHEA, H3MEPLETE BBIXOJHOH CHrHAN JaTYMKA W 3aHeCHTe pPe3vibTaTel H3-

MmepeHuii B Tabu. 1 kak Uy, .

Buumanue! He odonycraemca npegsiuiams yKa3auuwle 0713 @blOPAHHO20
npeoena ( «5 B/1,5 A») nanpaxceHus u moku Hazpy3Ku HCMOYHUKA.

Tadmuua 1
Ly A -1,5 -1.2 0.9 15
UBI:I.‘!'.] b B
l[‘li'BI:I}lLTJ 3 B
ﬂ'lr"'?lsl:nl.‘.'ﬂ'J 2 B
8, %

3.1.8. Ilocne 3aBepuieHHs ONBLITA OTKIKYHTE MUTaHHE BeeX OJIOKOB.

3.2. Heenenoranue aTYMKA TOKA € ONTOPA3BA3KO0I HA OCHOBe
mukpocxemsl HCPL7840 Ha nocrosinHoM TOKeE.

3.2.1. [llosropure neiicreusa B coorBercTBUM ¢ min. 3.1.1...3.1.3.

3.2.2. CoeauHute OJIOKH B COOTBETCTBHH CO CXEMOH 3JIEKTPHUYSCKOI
coelMHeHHIl, H300pakEHHOI Ha puc. 9, 6.

Mymetumerp MY60T Onoka A3 m3mepser TOK Ha BXOJe JaT4yHKa Ha
npenene uamepenus «10 A»_ a myneTumeTp MY 65 — HanpsKeHHE HAa BBIXO/E
nat4uka Ha npezene udmepenus «20 B». Merounuk nuranus Al 3amaer no-
CTOSIHHBIH TOK B LENH U3 MOCNEI0BATEILHO COeIMHEHHBIX PE3UCTOPa HOMH-
HanoM 2 Oma (ycraHoslieH B Onoke Al), oOmMoTkH gaTamka Toka (Onok AR),
BX0oJa u3MmepeHua Toka myabTmeTpa MYO0T (ruésma «10 A» u «COM»y,
Onok A3).

323, VYcraHoBuTe nepexioqaTelb AHANA30HOB BBIXOIHOIO Hamnpsike-
HUS UcTOYHHKA NuTanusa Al B nonoxkenne «5 B/1.5 A».

3.2.4. Brmouute nutanue Onokos A8, A3, Al.
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Puc. 9. Cxema ucneimanus damuuka moka ¢ ONMopazéazkoll Ha ocHoge
murpocxemsr HCPL784()

3.2.5. Bpawmwasa peryaatop BBIXOJHOIO HANPAMKEHHA «AMIULY» HCTOY-
HUKA NMUTaHUs Al yCTAHOBHTE HECKOJIbKO 3Ha4eHuil Toka [, WUCNbITbIBae-

MOT'0 JaT4HKa, H3IMEPLTE BLIXOAHOH CHI'HAN JaTYHKA U 3aHECUTE Pe3y/IbTaThl
u3mepeHuii B Tadn. 2 kak Uy, .

Tabnuua 2
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32.6. [Ilocne 3aBepuieHus ONLITA OTKIHOYHTE NHTAHUE BCeX OIOKOB.

3.3. Hecnienosanue JaT4HKA TOKA ¢ npeodpasosareiem XoJuia LTS
6-NP na nepemMeHHOM TOKe.
33.1. [Ilpoeepere cxemy snekrponutaHus onokos Al, A3, A8 u GI.
VYoenurecs, uyto Beikntodarenn «CETh» aTuX 0/10K0B OTKIIHOHMEHE.
332  BwawunTe YCTPOICTBO 3aUIMTHOTO OTKJIFOYEHHS W aBTOMaTH4e-
CKHil BRIKJIHOYATENL B 0HO(a3HOM HeTouHHKe nuTaHus G1.




333, Jlna ucneiTaHWii HA MEPEMEHHOM TOKE YCTAHOBHMTE HacTOTY Bhbi-
XOJHOI0 CHrHaia UCTOYHHKA Al mo ykazaHWI Npenojasartels (Harnpumep,
50 I'):
® [OJAKIHYWUTE K BBIXOAY HMCTOYHUKA nutaHus Al mynsrumerp MY65
0s0ka A3 B MOJIOKEHHH W3MEPEHHA YacTOThl. Y CTAHOBHTE NEPEMEHHOE
BBIXOIHOE HANPSAKEeHUA UCTOUHHKA Al;

o  prawuMTe Beikntouarels «CETh» 6nokos Al (216.1) u A3 (509.3);

®*  PYYKOiil « AMIULY» YBEJIMYbTE BEIXOHOE HANPSIKEeHHe HCTOYHHKA Al s
NOJY4€HHS YCTOHYMBBIX MOKa3aHWili 4actorel. TymOnepom BwidepHTE
JIMana3oH 4acTOThl MCTOYHHKA, a pyukoil «YacTora» ycTaHOBHUTE 3HA-
4YeHHe YACTOThI, IPH KOTOPOii Oy1eT NPOBOAHTECSA UCIILITAHHE 1aTHHKA;

e  orkmouuTe mutadue OnokoB Al (216.1) u A3 (509.3) BeiknroHaTenssMH
«CETb» atux 610k0B.

334, VYcraHoBHTe MHHHMAJIBHOE BBIXOJHOE HaNpsiKeHHe UCTOYHHUKA
MOBOPOTOM PYHYKH «AMIUL» HCTOYHMKAZ Al NpOTHB 4acoBOil CTpenku a0
yropa.

335 CoenuHute OIIOKH B COOTBETCTBHH CO CXeMOIl 3lleKTpUYecKOii
coeIMHEeHHIT, H300pakEHHOI Ha puc. 8, 6.

3.3.6. VYcraHoeuTe NeperioyaTe/lb JHANAZ0HOB BRIXOJHOIO HaMpsKe-
HUS HCTOYHMKA nUTaHusa Al B nonoskenue «5 B/1,5 A».

3.37. Brxmwouure nuranue onokos A8, A3, Al.

338 Bpamas peryiatop BbIXOJHOI0 HaNpsKeHHA «AMIUL» HCTOY-

HUKA nuTanus Al YCTAHOBHTE HECKOIEKD JHAYEHHH TOKA IH?M HCIBITHIBAE-

MO0 JaTYHKa, H3MEphTe BLIXO/IHOI CHIHA JaTYMKA U 3aHECHUTE Pe3yJIbTaThl
u3mepeHuii B Tadn. 3 kak U

BbIX_CHH3 -
Tadmua 3
Lo, A 0 0,15 0,3 1,5
Usiix_cuns» B
Usiax_cumsr> B
AUpix cins- B
a,, %

3.3.9. Ilocne 3aBepiieHHs ONBLITA OTKIHYHTE MHTAHHE BCEX OJIOKOB.

3.4 Hccnenosanue JaTYHKA TOKA € ONTOPA3BSAIK0I HA OCHOBe
mukpocxemsl HCPL7840 Ha nepemennom Toke.
3.4.1. [Ilosropure aelcTBHA B COOTBETCTBHH ¢ 1. 3.3.1...3.3.4.
342  CoenuHurte OJIOKHW B COOTBETCTBHH CO CXEMOIl 3NekTpuyeckoii
coelMHeHnH. H300paxEHHOI Ha puc. 9. 6.




343 VYcradoeuTe nepekiouarellb JHANA30HOB BBIXOJAHOIO Halpsixe-
HUS ucTouHHKA NuTanua Al B nonoxkenne «5 B/1.5 A».

344  Brmouute nutanue onokos A8, A3, Al.

345 Bpamasa peryiaTop BBIXOJHOI0 HAMPAMKEHHA «AMIUL» HCTOY-
HUKA NMUTaHUA Al yCTaHOBHTE HECKOJILKO 3Ha4eHuil Toka [, HUCIHbIThIBae-

MOrO JaT4MKa, H3MEPbTE BBIXOAHOI CHIHAI JaTYMKA M 3aHECHTE PE3YJIbTAThI
u3mepeHuii B Tadn. 4 kak Uy o -

Tabmuua 4
1,5

L, A 0

T
Usux ciu» B

0,15 0,3

LIrBE.]X CHHAT » B

5, %
3.4.6.

3.5. Heeanenoranue Tpancdopmaropa toka AC1005.
3.5.1. [llosropure neiicreusa B cooTBercTBuu ¢ . 3.3.1...3.3 4.
352, CoenuHute OJIIOKH B COOTBETCTBHM CO CXeMOI 3/eKTpHYecKoil

coenrHeHHil. n3obnaxkénaoi Ha puc. 10. 4.
PAI

ITocne JABCPIICHHA ONBITA OTEIHYHTE NMHTAHHE BCEX OIIOKOB.
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Puc. 10. Cxema ucneimanus mpancipopmamopa moka npu ROOKTHOHEHUU
€20 BMoPUHHOLl 0OMOMKU KO 8X00Y uzMepenus moxka myismumempa MY65



3.5.3. VcradouTe NepeknlyaTe/lb AHANA30HOB BEIXOAHOTO HaIpsxe-
HUA HCTOYHMKA nUuTaHusa Al B nonoskenne «5 B/1,5 A».

354 Brmounte nuranue onokos A8, A3, Al.

3.5.5. Bpamasa peryaatop BbIXOJHOr0 HaNpsmKeHHs «AMIUL» HCTOY-
HUKA NMUTaHus Al yCTaHOBUTE HECKOJILKO 3HA4eHuii Toka [, WCHLITHIBae-

MOI'0 JaTYHUKA, H3MEPBLTE BLIXOJHOI CHIHAl JAaTYHKA U 3aHECHTE PEe3y/IbTaThl
W3MepeHuil B Ta0. 5 Kak [ s -
3.5.6. llocne 3aBepuieHus ONbITa OTKJIYUTE MTHTAHHE BCeX OJIOKOB.

3.5.7. CoeauHute OJIOKH B COOTBETCTBHH CO CXEMOMH 3IEKTPHYECKOI
coeauHenuii TT, nzoOpax&nnoii Ha puc. 11, 6, npu NOAKIKOYEHUH ero BTO-
pu4HOIi 00MoTKH K Harpy3ke 200 Om.

3.5.8. Brmwounte nuranue onokos A8, A3, Al.

3.59. Bpawas peryiasTop BhIXOJHOIO HANPSKeHUs «AMIUL» HUCTOY-

HHEA MUTAaHWA Al, YCTAHOBHTE HECKOJIBKO JHAYEHHI TOKA fm_“ HCTIBITHIBAE-

MOI'0 JaTUHKA, H3MEPLTEe BLIXOAHONH CUrHAT JaTUHKA U 3aHECHTEe Pe3yJIbTaThl
uamepeHuil B Tadn. 5 kak Uy cpme -

3.5.10. Ilocne 3aBeplicHHA ONBITA OTKIHYHTE MHTAHHE BCEX OJIOKOB.
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Puc. 11. Cxema ucneimanus mpancghopmamopa moxka npu ROOKTOYEHUU
€20 emopuynoi oomomku Kk Hazpyzke 200 Om
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3.5.11. CoeauHure OJIOKH B COOTBETCTBHH CO CXEMOMH 3IEKTPHYECKOI
coequHeHuil TT, uzobpaménnoii Ha puc. 12, 6, npH NOAKIKYEHUH ero BTO-

pu4HOI 00MOTKH K Harpyzke 1 kOwm.
3.5.12. Brkmrounte nutanue onokos A8, A3, Al.
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Puc. 12. Cxema ucneimanus mpanchopmamopa moxka npu RoOKoHeHu
e20 emopuiHou oomomku k Hazpysxe I kOm

3.5.13. Bpamas peryasTop BBIXOJHOI'0 HaNpsKEeHHA «AMIUL» HCTOY-
HUKA NUTaHuA Al, yCTAaHOBHTE HECKONBKO 3Ha4YeHHWil Toka [, UCIEITHIBaC-

MOI'0O JaT4HKa, H3MEPLTE BLIXOJHONH CUIHAT JaTYHKA U 3aHECHTE PE3YJIbTaThl
ew T
u3amepeHuii B Tadbn. 5 kak Uy o -

3.5.14. llocne 3aBepuieHHs ONbITA OTKIKYHTE MHTAHHE BCEX OJIOKOB.



IIpakTuyeckas padora Ne 27
HccnenoBanue XapakTepUCTHK MPU U3MEPEHUHM CKOPOCTH BPallleHUs
Lesas padoThl: U3yYeHHUE MPUHLIUIIOB PAOOTHI OCHOBHBIX BUJIOB JATYMKOB YTIOBOH CKOPOCTH.
3aganue:
1. BHumarenbHO U3y4YHTE MaTepHal 10 TeMe.
2. BPBITIOJIHATE aNTOPUTM JACHCTBUIN W 3alMINNTE MTOKAa3aHUS B TAOJIHILY.

1.1. Taxoreneparopsi

Taxoreneparopamu (T1') HazeBarT 30EKTPUYECKHE MUKPOMALIWHEL
MpeaHa3Ha4YeHHble 118 npeodpa3oBaHHs YIJIOBOII CKOPOCTH KOHTPOJIMpYe-
MOro Bana B snexkTpudeckuii curnan. Takum odpazom, TI' asnsercs natum-
KOM reHepaTtopHoro tuna. [lockonbky B 3/IEKTPHYECKHX MalIHHAX 3JIeKTPO-
nekyas cuna (3/1C) nponopunoHaibHa yri0BOH CKOPOCTH BpallleHHs po-
Topa, To B kadecTBe 11" MOryT ObITh MCIONB30BAHBI PA3IUYHBIE THIILI YJIEK-
TPUHYECKHX I'€HepaTOPOB. ACHHXPOHHBIE, NMOCTOSHHOTO TOKA, CHHXPOHHBIE M
T. L.

AcunxponHnslii Taxoredeparop (ATI) umeer Ha crarope aBe oOMOT-
KW, CABUHYTHIE B MPOCTPAHCTBE HA wiekTpudeckuil yron 90° (puc. 1). Oana
M3 HUX — 00MOTKa BO30ykAeHHA (J) — MOAKIIOHAETCA K CETH, C APYroii — re-
HeparopHoii 0OMoTKH (), — cHMMaeTca BeIXoaHoe Hanpskenue T1. Porop
ATT npexncrasnser coboil noslii HeMArHUTHBIA WHWIMHAP ¢ OONLIIMM aK-
TUBHBIM CONpPOTHRIEHWEM. [[ns yMmeHbLIEHMS BIHAHHA HEPABHOMEPHOCTH
BO3AYLIHOIO 3a30pa H HECHMMETPHH POTOPA HA BBIXOJIHYIO XaPaKTEPUCTHKY
npeuu3noHHblil ATIT OOBIYHO BBINONHAKT C KOJIMYECTBOM MAP MOJCOB

p=2.
0, 0,
U ; U ;
Lo
. = 9
A 2 2
. - + + +
1=0 U, U

K

a i

Puc. 1. K npunyuny deiicmeus AT



[Tpu HenoxeuxHOM poTope (puc. 1, @) NyIbCHPYIOLIHIT 110 NOCTOAHHOI
ocH norok @, Hasoaut B porope I/C rpanchopmanun. KoHTypsl TOKOB po-
TOPa, PACIOIOKEHHBIE B IJIOCKOCTAX, NEPHEHAMKYIAPHBIX ocH D, co3naiT
notok @qp. Teoperuyecku npu HenoArWxkHOM potope Up=0, T. K. IOTOK N0
ocu oOMoTkH > paBeH Hymwo. OJHAKO 3a CYET, HANPUMEpP, BO3MOMKHOI
HeNneprneHIuKyIapHocTH 00MoToK O ¥ O, HAMHYUA KOPOTKO3AMKHYTBIX
KOHTYPOB, MOTOKOB PaccesiHUs, eMKOCTHLIX CBsA3eil 00MOTOK Mosipisiercs no-
Mepe4Has COCTABJISKOIIAA MArHUTHOIO MOTOKA, MPUBOAALIAS K OCTATOMHOMY
HANPAKEHUIO HA 0OMOTKE.

[Tpu epawmenun poropa (puc. 1, ) B ero 3/eMeHTAPHLIX MPOBOIHHKAX
HaBoauTcsa nomumo tpanchopmaropuoii IJIC u 3/1C spamenns. [loa neii-
creuem J/]C BpaileHus nmo poTopy TEKYT TOKH, KOHTYPbI KOTOPBIX MPaKTH-
YeCKH COBMAAAKT ¢ ockio notoka @, Takas opueHTAlHsS KOHTYPOB C TOKOM
o0BbAcHSeTCS OONBIIMM AKTHBHBIM COMPOTHBRIEHWEM maTtepuana poropa. To-
KI, HABEJEHHBLIE B POTOpPE, €031al0T NoToK Myp, 0CH KOTOPOro COBNAJAET C
0ChI0 reHepaTopHoii 00MoTkH 1 HaBoaUT B Heil I/IC ¢ wacToToil ceTn.

OcHoBHble jgoctouHcTBa AT 3akntovarores B UX OCKOHTAKTHOCTH,
BBICOKOI HajaexHocTH, Manoit unepunonHoctd. Henocrarku ATI, orpanu-
YUBAKILKHE 00JIACTh UX NPHMEHEHHSA, CBA3AHBI C HEIMHEHHOCTBIO BBIXOHOI
XapaKTepPUCTHKH, HAJIMYMS OCTATOMHOIO HANPSKEeHHs, HU3KUMH Maccoraba-
PUTHBIMH MOKA3aTE/IAMH.

Taxoreneparopsl nocrosinaoro toxka (TI'IT). [lo npunuuny neii-
CTBUSA M KOHCTPYKLMH HE OTJIMHYAKTCH OT OOBIMHBIX FeHepaTopOB MOCTOSH-
HOTO TOKA Masoiil MOLHOCTH ¢ BO30Y#KAEHHEM OT COOTBETCTBYHIIEH 0OMOT-
kil (puc. 2, a) WIH OT NOCTOAHHBIX MarHuToR (puc. 2, ). Crabunuzaums Toka
B 0OMOTKE BO30Y:KJEHHS JOCTHraeTCcA MMOCPEJCTBOM €€ NMUTAHHA OT HCTOY-
HUKA CTa0MIM3HPOBAHHOIO HANPIKEHUA M MNPHMEHEHHS TeMIlepaTypHOil
KOMIIEHCAMH W3IMEHEHUs CONpPOTHRIEHUS 00MOTKH. OcobeHHOCTE PadoThl
TaXOreHEPAaTOpa COCTOUT B TOM, 4TO SKOPb OOBIMHO BKJIHOUEH HA MOCTOSHHOE
CONMPOTHBIIEHHE HATPY3KH Ry

Tok B nenu skops MOKHO ONPEAEIHTh CIEAYIIIMM 00pa3oMm:

/= E _cn D, ?
R, +R, Ry+R,
rae R — BHYTpPEHHEe CONpOTHBIIEHHE TAXOTeHepaTopa;

¢ — KOHCTPYKTHBHAA [MOCTOAHHAS I'eHepaTopa;

1 — CKOPOCTb BpaLEHUS SAKOPS;

Dy — NOTOK BO30YKIEHHS.

BrixonHoe HanpsikeHHe TaxoreHepaTopa OIpeaessercs CIeAYHILIHM
odpazom:

(1



c+be-RH_”=c+be-RH+3ﬂ+m 2)
R, +R, (R, +R,)-m
BenuuuHel, BXoadMe B YHCIUTENL H 3HAMEHATENDL JPOOH BhIpaAKEHHS
(2), nocrosuHsl. [loaToMy MOKHO 3anHCcaTh TAK:
Upx =k, 3)
rJIe @ — YII0Bas 4acTOTa BPAIIEHHS AKOPA, C |

k — koa(puumenT npeobpaszoBaHus TaxoreHepaTopa, KOTOPbIil onpene-
nsercs cleAyHIHM 00pa3om:

k

Ugpx =1 Ry =

30-c®, 1
T

= (4)
1+—=
I.tH
Ypaenenue (3), npeacrasnstoniee coboil CTaTHYECKYH XapaKTepPHCTHKY
TaXOreHeparopa, [oKas3blBaeT, YTO HANpPAKEHHE Ha BLIXOJE TaxOreHeparopa
MPONOPLUHOHAILHO HacTOTE BpaleHus o (puc. 2, g). YcioBue nponopuHo-
HAIBHOCTH BhINOJIHsAETCA, ecin Dy = const. OHAKO MarHUTHBLI OTOK BO3-
Oy AEHHA MOKET H3IMEHATLCA MO JACHCTBHEM pPeaklHH AKOPA.

Puc. 2. Cxemul ariarowenus (a, ) u evixoonas xapaxmepucmuxa (6) TITIT

Ecnn merku pacnonoskeHel Ha HeifTpanu (puc. 3), TO NpojoiIbHAs CO-
CTaBJISIONIAs pPeakiuH SKOpsA (HaMarHMYMBAKOMIAs W pa3MarHHYUBaIOIIas)
paBHa HyIw. [TonepeyHas e cocTapisiolas peakiii AKOPs, MCKaxkas pac-
npeaesieHHe WHAYKIHH Ha NOBEPXHOCTH AKOPA, M3MEHAET BEJIMYHHY Mar-
HUTHOTO TMOTOKA JIMIL B TOM CJIy4ae, eciii MoJKca U AKOPb HaXoIaTcs B
CTaJIMH HEKOTOPOro HackillleHHus. HanpsokeHue Ha BbIXOJE TaxoreHepartopa
Oyaer nuHeiiHo#H (yHKIMEH OT CKOPOCTH BpALIEHHA, €CJIH LIETKH TaxOreHe-
paropa OyayT HAXOAUTBCA HA HeliTpallk; noJioca U AKOpb He OYIyT HackILIe-
HbI, TOK Harpy3KH He TMPEBBICHT 3HAYEHWil, TIPH KOTOPBIX MOoJ cOerawimm
KpaeM I0JIl0ca BO3HHMKIO Obl HACBILEHHE H3-3a JAeCTBHS MONEpeYHoil co-
CTaBJISIOLIEI peakiMu SKOPA.



Ha puc. 2, ¢ npusenena 3asucHMocThb Uy = flw) npu xonocrom xoae
Ry=oc (1) u npu HekoTopoii Harpy3ke Ry <o (2). OTkioOHEeHHe XapakTepu-
CTHKH 2 OT IUHEIHOr0 3aKOHA BBI3BIBAETCH TEM, YTO C VBEIMYEHUEM CKOPO-
CTH BpalleHHUd BO3pacTaeT TOK AKOPA, [ONEPeYHble aMIIeP-BUTKH AKOPA 1101
cOeralIMUM Kpaem MoaKca Bee 00MbIIE YBEIHYHBAKT HHAYKLIHIO, KOTOpas
[PH >y JOCTUrAeT CTAJWM HACBILEHHS, T. €. B JanbHelillleM H3MeHseTcs
He MPoNnopUHOHANLHO amnep-BUTKaM. [lon HaGerarommm ke kpaem nomroca
MPOHCXOAUT YMEHbIIEHHE WHAYKUHH I[PONOPLUHOHAILHO amnep-BHTKaM. B
pe3yJabTaTe MarHUTHLIL NOTOK YMEHBIIAETCH, M XapaKTePUCTHKA 2 OTKIIOHH-
eTcs OT NHHelHoro 3akoHa. Takum o0pa3zoM, KamI0MY 3aJaHHOMY 3HAYEHHID
Ry cooTBeTcTBYET ONpeje/ieHHblil JuHana3oH CKOPOCTH OT HYNS /0 (y, B
npejaenax KOTOPOro HanpsikeHHWe sBseTcs JNHHelHol ¢yHkuuell ckopocTH
Bpawienus. [lpudem 3ToT IHana3zoH BO3pacTaeT ¢ yBEIHYEHHEM CONPOTHBIE-
HUA Harpysku, kodpduuuent npeobpazopaHus TaxoreHeparopa (4) rtakxe
[PH 3TOM YBETHYHBACTCS.

Puc. 3. K npunyuny odeticmeua TTTIT

TaxoreHepatopsl NOCTOAHHOTO TOKAa MMEKT Mo cpaBHeHuo ¢ ATI pan
MPEMMYILECTB. BBIXO/IHOM CHIHAJI HA IOCTOSHHOM TOKE MO3BOJIAET CO3/1aBaTh
MPOCTYI0 CXEMY yNpaBlieHHs; PH U3MEHEHWH HAlpaBJieHUs BpallleHus Me-
HAETCH MOJIAPHOCTL CUCHANA, YTO ABISAETCA JOMONHHTENLHON nHpopMmalueii
JUI CXEeMBI YIIPaBJIEHHA, MeHbllIe radapuTel H Macca, NpoLle CXeMa KOMIIEH-
calMy TeMIepaTypHOil NOrPelIHOCTH.

TI'TIT ObiBarwT KOUIEKTOPHBIMH U OECKOHTAKTHBIMH C MOJIYIPOBOIHH-
KOBbIM KOMMYTaTtopoM. (OCHOBHOH HENOCTATOK KOJUIEKTOPHBIX MAalllHH He-
CTa0M/ILHOCTL NApPAMETPOB, CBA3aHHAS C M3MEHEHHEM I[epexXoJHOro Compo-
THBIIEHUA CKOJIL3ALEl KOHTAKTHOI Nnapel NpH BHEIIHUX Bo3aeiicTeusAx. bec-



koHTakTHBIe TT" MMmeroT 30HY HEYYBCTBHTEIIBHOCTH, MOBLIILEHHbII YPOBCHb
HYJILCHHH]‘& H HEJIHHEHHOCTH BBIXOHOTO HAalpAXKCHHA. ITO CBA3AHO C HENH-

HEHHOCTLH) H(}JILTEMHE:}JHDﬁ XAPAKTCPHCTHKH 3JIEMEHTOE KOMMYTaTOpa IpH
MHEPOTOKAX .

Kpome TI' nepevucneHHBIX THNOB NPUMEHSKOTCA CHHXPOHHBIE W WH-
nykropusie TT.

1.2. OnTHYecKHe JaTYHKH CKOPOCTH

(MYHKIMOHAJILHAS CXeMa ONTHYECKOro JaTYUKa CKOPOCTH MPHUBE/IeHA Ha
puc. 4.

CHeTiHE
EpeMeli

Hamywatens
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. . ; Cuerung
l'enepatop  Ceetomnon Oorekt doToanon

4 . Huaukato
BO3ICHCTEHA HMOYVILCOR p

Puc. 4. Dyuxyuonansnas cxema onmMuYecko2o 0amuuxka CKOpocmu

[Ipu nogave HanpsKeHHUs HA M3TYYaTelb HAYHHACTCA BhIPADATHIBATLCA
ONTHYECKOE H3TYYEHHE, KOTOPOE MPH OTCYTCTBHM MPENATCTBUIL Monaaaer Ha
tpororpanzuctop (poroguon, GOTOCHMHUCTOP H T. /), H OH OTKPBIBAETCSA MPH
MepuoJIuveckoM MpepbIBAHHN JIy4a onTuveckoro u3nydenus. Ha Bwixone
(hoToTpaH3KCTOPa MOABIAKTCA EKTPHHECKHE HMITYJIbChl, KOTOPbIE MOCTY-
MaWT HA CHETHYHK MMMYJIbCOB. CHETHMK MMIYJIBLCOB BO B3aHMOJEICTBHH C
BHIYHCITUTENIEM MPOH3IBOAMT NpeodpazoBaHHE UMIYJILCOB B BBIXOJHOM CHI-

Hall, HpDHGpUHDHﬂHLHMﬁ CKOPOCTH BpallcHHA MNPOHIBOACTBEHHOTD MEXa-
HH3Ma.

B coorsercteuun ¢ 'OCT P 50030.5.2 ontHyeckue gaTyMKu knaccudu-
LMPYHOTCH HA TPH FPYIIIbL:
e THn T — C npueMoM NpAMOro jy4a OT H3Iy4arens;
e THN R — c npueMoM JIyya, BO3BPALIEHHOT0 OT OTpaKaTels;
e Tun D - c npueMoM J1y4a, paccesHHO OTPAKEHHOr0 0T 00beKTa.
Tun T (puc. 5, a) xapaktepusyercs TeM, 4TO U3y4aTelb W [PUEeMHHK

pa3MelleHbl B oTAeibHBIX Koprycax. [Ipamoii ontuyeckuii ay4 uaer or us3-
ay4arens K IPUEMHHKY H MOKET ObITh NepekphiT 00bEKTOM BO3/1eHCTBHA.

Tun R (puc. 5, 6) xapakTepH3yercs TeM, 4YTO U3JIy4aTelb H MPUEMHHK
pasMelleHsl B oJHOM kopryce. [IpueMHHK NpUHUMAET JIyd W3Ty4aTeis, OT-
paskeHHBIH 0T crneuHaibHOro oTpaxkarend. [Ipu 3ToM BO3MOKHBI JBa Bapu-
AHTA MCTIOJIB30BAHUA ITHX H3/IEJIHIi;



e  00BeKT BO3JeiiCTBUA NpephIBAeT JIYY MPH HEMNOABUMKHO 3aKPerIeHHOM

OTpaxarelie;
®*  OTpakKaTelb 3aKPEIUIAETCS HA NOJABMIKHOM O0BEKTE.

Tun D (puc. 5, 8) XapakTepH3yercs TeM, 4T0 H3y4aTelb H IIPHEMHHK
pa3MelieHsl B oJHOM Kopnyce. [IpueMHHK npuHHMaeT JIy4 W3nydarens, pac-
CEeAHHO OTpaykeHHBIl OT o0bekTa Bo3zAeiicTBuA. Konrponupyemsbiii o0bekT
MOMKET [epPeMelaThCd KaK BJ0Jb OTHOCHTENILHON OCH, TaK W O] YIJIOM K
HEM.
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Puc. 5. Onmuueckue damyuku ckopocmu: a —mun 1, 6 —mun R, ¢ — mun D

2. [IPUBOPLI U OBOPYJIOBAHHUE

2.1. lIpu BeInoONHEHHH padOTHI HCTIOJIB3YETCA DJIOK HCIIBITAHUA JaTHHKa
ckopocTH BpameHus AS (408), nokazaHHbli Ha puc. 6.

2.2. B Gnoke A5 yCTaHOB/EH IEKTPOJABHIATE/b NOCTOSIHHOIO TOKA
(1) ¢ HoMuHaNBHBIM HanpsbkeHueM 24 B u HomuHaneHO# ckopoctsio 8000
00/MHH B 0JIHOM KOpIyCe ¢ TAXOreHEPaTopoM.

2.3. Ha Bany asuraress 3akperuieH KOAHUPYIOLUI AHCK ONTHYECKOro
IHKoaepa (2) ¢ 12 3yduamu. 3yOuel nepekpsiBaOT CBETOBOH NoTOK (2) on-
TpoHOB (3). Tak kKak ONTPOHBI PACMOJIOKEHB HA HEKOTOPOM PAcCCTOSHHHU,
CHUTHAJIbl Ha MX BBIX0Jax (6) NOSABIAKOTCS HE OJHOBPEMEHHO, H OYEPEIHOCTh
MX MOABJIEHUA 3aBUCUT OT HANpPABJIEHWUs BpPALLEHWA Bala ABMrarens. 1o
MO3BOIAET ONPEAENATh HE TONLKO CKOPOCTh, HO W HanpasJIeHHE BpalleHH
JIBUTATENA.



2.4 Cxema 3neKTpu4ecKkas COe/Iu- R
HEHHII [PH HCCIEA0BAHHHM JaTYHKOB 4 FroprET B
CKOPOCTH BpAallleHHsl [0KA3aHa HA PUC.
7, 6.Ha rue3zna nuranus aurarens (4,
puc. 6) nojaeTcs peryaMpyeMoe nocro-
SHHOE HaIpPsIKEHHEe C BbIX0/J1a UCTOYHM-
ka mutaHus Al (216.1). Hanpsixenue
Ha BBIXOJE TaxoreHeparopa (5) uzmeps- 2

€TCd OOHHM H3 MYILTHMETPOB DI0Ka
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2.5. OnTpoHsI HKOAEPA MHTAKTCH
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Puc. 7. Cxema coedunenuli npu ucciedosaniili 0amylkos ckopocmu




2.6. OnHodazueiii ucTounuk nutanua G1 npenHasHaveH ans Oesonac-
HOro nuTanug onoxkos Al, A2, A3.

2.7. Onucanune cuerynka umnyiascore CHS

YHupepcaibHbli nmporpaMMHpPyeMbIii BOCBMHPA3PA/IHbI CHETYHK HM-
mynscoB CHU8 npeHazHa4eH uis nojac4yera:
®*  KOJMYECTBA MOCTYNAKLIUX HA €ro BXO/Jbl UMITYJILCOB W MEpeBoja pe-
3yNbTaTa B (PU3IMHECKYI0 BeNMYMHY (MyTeM YMHOMKEHHWS Ha 3aJJaHHBII
MHOKHTENB);
®  YACTOThl M JUIMTENLHOCTH MOCTYIAOIIMX HA €0 BXO/bl HMITYJILCOB;
®  CpEeIHEero W CyMMapHOro pacxoja (CKOPOCTH) COBMECTHO C MMITYJIbC-
HBIM JJaTHHKOM.
@yHkUHOHAILHAS cXema npudopa npuseneHa Ha puc. 8. [Tpudop umeer
TPH BXOJa /IS MOJKIHOYEHHS BHELUIHUX YIPABIAKOMINX YCTPOHCTB, KOTOPBIE
4yepe3 CelIeKTOP BXOJ0B M0aiTCs Ha BX0bl O10ka 00padoTKH JaHHBIX.
bnok 00paboTkn JaHHBIX COAEPHUT PEBePCUBHEII CUETHUK UMITYJILCOB
C mpeJIe/IuTeNIeM Ha BXOJIe H YMHOJKHTENIEM Ha BBIXOJIE, CHETYHK BPEMEHH U
BBIYMCIIMTENIL CPEHErO Pacxoja, a TAKKe JIBa JIOrMYECKHX YCTPOHCTBa, KO-
TOpPBIE MO 3aJaHHOMY TI0JIb30BATENIEM AITOPUTMY (OPMHUPYIOT CHIHAIBI
yIpPaBIEeHHUs BBIXOHBIMH YCTPOIICTBAMHE.
[Tpudop umeeT Tpu BXOJa /Ui NMOJAKIKHYEHHS BHEUIHHX YIPAaBIAOMINX
curHajioB. K Bxosam MoryT ObITh MOJKITHOYEHBI:
¢  KOHTaKThbl KHOIOK, BBIKJIKUATENEH, repKOHOB, Pesie | T. I1.;
¢  AKTUBHBIE JaTYHKH, UMEKOLIHE HA BLIXOJE TPAH3UCTOP N-p-N-THMA C OT-
KPBITBIM KOJUIEKTOPHBIM BBIXOJ0M;
®  JIpyrHe THIbI JaTYHKOB C BBIXOJHBIM HAMNPAKEHHEM BbICOKOTO YPOBHSA
+2.4.. +30 B 1 Huzkoro ypoeus 0...0.8 B. BeixogHoii Tok npu Hamps-
*KEHHUH HH3KOI'0 YPOBHA He npesblaer 15 MA,
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Puc. 8. @yuxyuonansnaa cxema cuemuurxa CHS



3. [TPOI'PAMMA PABOTEI

3.1. IIpu oTkaO4EeHHOM NUTAHHK cODEpUTE CXEMY PHC. 7.

3.2. BxirousTe yeTpoiicTBO 3alIMTHOTO OTK/IOYEHHA H ABTOMATHHYECK Ui
BBIKJIKOUATEb B 0AHO(a3HoM uctouHuke nuranus Gl.

YcTaHOBUTE MepekoyaTeN HUCTOYHMKA NMUTaHus Al B nojoxkeHue
«llocTroannoe Hanps:xenuer, nuanason «20 B/0,5 A».

[Mopknwouure Onoku Al, A2, A3, A5 Kk ceTH.

3.3. H3mepenne 4acToTLl HMNYJILCOB HA BLIX0/€ ONTPOHA C HHTEP-

BaJiom c4era 1 c.

3.3.1. CrkoHdurypupyiite 0nok cyeTynka umnyiscoB A2 (409) cnenyio-
UM 00pa3oM:

B rpynne GrouP b npoeepuTs HE00X0HMBIE YCTAHOBKH:
HAYAIBHOE COCTOSHHE cueTunka Stri=(,
HHKHAA rpaduia cyeta Finl =—9999999,
BepXHaAA rpaHuua cyera FinH =9999999

B rpynne GrouP C ycraHOBUTS:
nenutens P =1; muoxkurens F =1; Bpems cuera t1 =1;
inp =2 (CyMMHPYHIOLIHIi CHETYHK UMITYIILCOB);
ind =2 (BLIBOJ HA HHAUKATOP YaCTOThl HMITYIILCOB);

IIposeputs yeranoBku cmenienue di =0, dunstp tc =0, Fit =0, init =1.

3.3.2. Cuars 3aBucUMOCTH Upgp=fUgx), Numn= fillpx) npH U3MeHEeHHH
HANPAXKEHUA NUTAHKUA 1BUraTeNns B uHTepsane —20.. +20 B.

Pe3vabraTel H3mMepeHwuii 3aHecTH B Tadu. 2.

Tabmuua 2
Uq, B 20 | -15 | -10 | -5 | -1 0 1 5 10 15 | 20
E.-'FBR, E
Upp, B
a, %
N, umn/c
n, 00/MHH

IIpakTnyeckas padora Ne 28
HcciienoBanue xapakTepucTHK NPU U3MePEeHUH YACTOTHI BPallleHUusl
He.l]b paﬁoTM: HN3YYCHUC MPUHOUIIOB pa60TLI OCHOBHBIX BHJOB AJATYUKOB H3MCPAIOMNIUX YAaCTOTY
BpAaLLEHUS.
3aganue:
1. BuumarenbHO W3y4yHTE MaTepUal 1O TEME.
2. OTBeTbTE Ha BOIPOCHI:
a.IloHsiTHE «YacTOTa BpaIllEHUs».
b. EquHuIb! H3MepeHus YacTOThI BpaIleHHUSI.
C. Tumnsr AATYUKOB MPUMCHACMBIX IJIS1 USMCPCHHA YaCTOTHI BpalliCHUSA (Ha3Ha‘-ICHI/I€, MPpUHIOHAIT
paboThl).
d.OnummTe MeTOIbI H3MEPEHUSI YaCTOTHI BPAILICHUSL.

Yactotam - ¢u3nveckas BEIMYHMHA, XapaKTEPUCTHKA IEPHOAMYECKOTO TIpolecca, paBHA



KOJINYECTBY IIOBTOPEHMH WM BO3HUKHOBEHUS COOBITHH (IIPOLIECCOB) B E€AMHUILY BPEMEHH.
PaccunThiBaeTCs, Kak OTHOIIEHUE KOJIMYECTBA MOBTOPEHUI MIIM BOSHUKHOBEHHUSI COOBITUH (IIPOIIECCOB)
K MPOMEXYTKY BPEMEHH, 32 KOTOpOe OHM coBeplieHbl. CTangapTHble 0003HaYeHUs B Gopmynax--H, f
niu F.

Enunuueld usmepeHus 4dactoTrbl B MexayHaponHoil cucteme enunun (CU) sBisiercs repr
(pycckoe obo3Hauenue: I'n; mexayHaponHoe: Hz), HazBaHHBIN B 4yecTh HeMmelkoro ¢usuka ['enpuxa
I'epua.

YacTora 00paTHO IPOIOPIMOHANIbHA TTeproay Konebanuii: H = 1/T.

Yacrora BpalieHus -- 370 (pu3nvecKas BeJIUYMHA, PaBHAS YUCIY IMOJIHBIX 0OOPOTOB 3a €AMHUILY
BpeMeHHU. EnuHMIa 4acToThl BpalleHUs -- CeKyHIa B MUHYC nepBoil cremenu (c?1, s?1), oGopor B
CeKyHJy. HacTo UCIONB3YIOTCS TaKue €IUHHIIBI, Kak 000pOT B MUHYTY, OOOPOT B Yac U T. 1.

Jatuuk -- mpeoOpa3oBaresNb CHTHaJA TIOJHOTO 00OpOTa WM €ro YacTH HUMEeT JIBe
COCTABIISIIONIME, OJTHA U3 KOTOPBIX KPEMHTCS HA BPAIIAIOIICHCS NETalH, a Ipyras -- Ha HETOJBHKHOM.
Jatunku-npeobpazoBareiay, MNPUMEHSEMble NPU H3MEPEHUSAX BPALIATEIbHOIO JBM)KEHUS, OBIBAIOT
UH/IyKTUBHbIC, UHAYKIMOHHBIE, EMKOCTHBIE, (DOTOIEKTPUUYECKHE, MEXaHUUECKHUE U JP.

Jlis ©3MepeHust 4acTOThl BpallleHUs MPUMEHAOTCS U poTogarynku. PoToaTUNKU IPU MaJbIX
pasmMepax U HEUYBCTBUTEIbHOCTH K MAarHUTHBIM IOJISIM MOTYT yCTaHaBJIMBATbCs OJIM3KO APYT K IPYyTy
10 BCEH OKPY)KHOCTH, YTO TO3BOJISIET M3MEPATh HE TOJBKO YaCTOTy, HO M CKOPOCTb BpAlICHHS B
KOHKPETHBIN POMEXYTOK BPEMEHH.

JlaT4MK COCTOMT W3 HUCTOYHMKA CBeTa (CBETOAMOJA) W MpUEeMHHMKA cBeta (doToauona),
COIIPOTHBIIEHHE R KOTOpPOro mMeraercsi B 3aBUCUMOCTH OT OCBemeHHOCTH. OcBemeHHocTh (GoToanoaa
MEHSIETCSl IPU NEePEeKPHITUM BpalAIOIIUMCS OOBEKTOM (B JAHHOM CIy4ae 3aKpeIUIEHHbIM Ha Baly
(1aXKKOM) CBETOBOTI'O JIy4a.

K HenocraTtkam (GOTOJATYMKOB OTHOCHUTCS 3aBUCHUMOCTb CONPOTHBIIEHHS (DOTOAMOAA HE TOJIBKO
OT CTENEHU OCBEIEHHOCTH, HO W OT TeMIepaTypbl OKpykatomel cpeabl. [losTomy mnoBelnieHHe
TEeMIIepaTypbl OKPY>Katolle cpeibl NMpH MPOBEACHUU HUCHBITAHUH 4acTO MPUBOAUT K cOO0 B pabote
nprOOPOB U3MEPEHUs, B KOTOPHIX B Ka4eCTBE MPeoOpazoBaTelieil CUTHAIA UCTIONB3YeTCsl OTOTATIHUK.

Jlnst  ompeneneHrss YacTOTHl BpAlICHHWS TPUMEHSIOTCS W Jpyrue CpeACTBa HW3MEPEHUS.
Hanpumep, wactoTy BpamieHHs KOJIEHYATOTO BajJla MOXHO 3aMEPUTh PYYHBIM LEHTPOOESKHBIM
MEXaHUYECKUM TaXOMETPOM, IOTPEIIHOCTh KOTOporo cocraisieT 1...8 %. OaHako B cBs3U ¢ O0IbIION
HOTPEIIHOCThIO U OMACHOCTBIO IMPOBEACHUS W3MEPEHUI NpU HUCHBITAHUAX JU3eNeld OHM IMOUYTH HE
npuMeHstoTces. He ucmons3yroTest ceifuac M CTpPOOOCKONUYECKHE TaXOMETPhl B CBSA3M C BBICOKOM
BEPOSTHOCTHIO OIIMOKH NP HEMOIBMKHOM M300paKeHUN METKH Ha BpalllaloIieMcsi 00ObeKTe.

Ha cMmeHy cBeTOBBIM CTPOOOCKONUYECKHM TaXOMETpaM MPHIIUIA COBPEMEHHBIE PaIiOBOIHOBBIE
TaXOMeTpHI. PaTnoBoTHOBOM TaxoMeTp paboTaeT 1Mo MPUHIIMITY pajapa, JIyd KOTOPOTO HAIpaBIIsIeTCs Ha
O00BEKT M3MEPEHHS W, OTPaXkasich, HANPUMEP, OT JIONATOK TYpOWHBI, (PUKCHUPYET YacTOTy BpPAILICHHS
poTOpa ¢ y4eToM YHciia JOMaToK.

MeToabl H3MepeHUs YaCTOTHI BPalleHHs

B Hacrosiiee BpeMsi UCHOJNB3YIOTCS CPEACTBA M3MEPEHUs, OLICHHWBAIOLINE YaCTOTy BpAIlEHUS
00BEKTa OTHOCUTEIBHO HEMOIBM)KHOM OCH 32 KOHKPETHBIN MPOMEXYTOK BPEMEHH.

BpamatensHoe ABM)KEHUE IIUPOKO MCIIONB3YETCS B TEXHUKE (BCEBO3MOXHBIE BaJIbl IBUraTesIei,
TypOMH ¥ TIepelaTOYHbIX MEXaHW3MOB). PaBHOMepHOe BpamiaTenbHOE JBHKEHHE 0O0agaer
IIOBTOPSIEMOCTBI0 BO BPEMEHUM M IO ITOMY CBOMCTBY OJIM3KO NEPUOJUYECKUM KOJIEOATEIbHBIM
npoleccaM, KOTOpble TakXke IIUPOKO pacrnpocTpaHeHbl. Heo0XoauMOCTh KOHTPOIUPOBATh COCTOSTHUS
TEXHUYECKUX YCTPOWCTB INpHBENA K Pa3sBUTHUIO PA3JIUYHBIX METOJIOB M3MEPEHHUs YacTOT U CKOPOCTEH
BpALIAIOIIUXCA TNl M YACTOTHBIX XapaKTEPUCTUK KOJIEeOATEIbHBIX CUCTEM.



VYTII0BblE YacTOTBI M CKOPOCTH BpAIllEHHMs 4Yalle BCEro ONPENENSIOT KOCBEHHO - IIyTeM
UCTIOJIb30BaHUSl TEX WM HWHBIX MpeoOpa3oBaresiell MEXaHWYEeCKOH BEIMYUHBI B DIIEKTPUUYECKYIO.
VYTI0BBIE CKOPOCTH BpAallEHHs] MOKHO HM3MEpATh MpPU IMOMOLIM aOCOIIOTHOTO METOJa, OIPEE/IB
MOJTHOE YHCIIO O0OpOTOB Bajia B TEYCHHE COOTBETCTBYIOIIETO NMPOMEXKYTKAa BPEMEHH, a TaKXKe MNpU
MIOMOIIIM W3MEPUTENBHBIX CPEICTB, MO3BOJISIONINX NPHUMEHUTh METOJ CpPaBHEHHS YHUCIIa 0OOpOTOB
UCHBITHIBAEMOIO Baja C HW3BECTHOM YacTOTOM KaKOro-1nOOyCTOMYMBOIO M  HE3aBUCHMOIO
HEPUOIMYECKOTr0 MpolLecca.

BosbIIMHCTBO TaxOMETpPOB HMEIOT NPUBOAHOW Bajl, BOCIPHUHHUMAIOIIMN BpallaTesIbHOE
JIBI)KEHUE OT UCIBITBIBAEMOI0 YCTPOICTBA, MIIN AUCTAaHIIMOHHBIHN 3IEKTPUUECKUI TaTUHK.

[Ipu momomm TaxomMeTrpa OOBIYHO H3MEPSIOT CPEIHIOI CKOPOCTh BpAIICHUS, NOCTOSHHYIO B
3a/laHHOM TPOMEXYTKE BPEMEHM. YTJIOBas CKOPOCTb BPALUEHUS , KOTOpas B TEXHUKE H3MEPSETCS
YHUCJIOM 000pPOTOB B MMHYTY, OY€Hb IPOCTO CBSI3aHA C YaCTOTOM BpaieHus (c-1)(cMHXpOoHHas YacToTa
BpaieHus: n=60 f nnuf.

CoBpeMeHHbIE TEXHMYECKHE YCTPOMCTBAa OXBAThIBAIOT JHMANa30H BPALICHHUS MEXaHUYECKHUX
netaneit npumepHo 10 =200000 o6/MuH. DnekTpuueckue nmpudOpbl U3MEPEHUs CKOPOCTEH BpallleHus
MOYKHO Pa3JIeIUTh Ha JIBE€ OCHOBHBIE TPYIIIIBL:

a) npubOpBl, H3MEPSAIOLIME JJIEKTPUUYECKOE HANpsHKeHHEe TOro WIM HMHOIO JIaT4MKa,
MIPOTOPIIMOHAIIBHO YTIIOBBIM CKOPOCTSIM, T.€. u k1 ;

0) mpuOOpbI, W3MEPSAIONIME YacTOTy IEPEeMEHHOI0 TOKa B JAaTYMKE, MPOIOPLUOHAIBHYIO
U3MEPSIEMOM YTIIOBOU CKOPOCTH, T.e. k2.

Haubonpemras Tounocts m3mepenus (1o 0,001 %) Moxer ObITh JOCTUTHYTA IPU MCIIOJIH30BAaHUN
OBICTPOJCHCTBYIOIIMX 3JIEKTPOHHO-CUETHBIX CXeM. [IpuHATHII B 3THX npuOOpax YacTOTHBIA METO.
M3MEPEHUS UCKIIIOYAET BO3MOXHOCTb BHECEHUS IOMOJHUTEIBHBIX MOIPEIIHOCTEN TaTYMKOM U JINHUEN
nepesady, T.K. 4aCTOTa CUTHaIa ONPENEAeTCs JIMIIb YIVIOBOM CKOPOCTBIO BpAIllEHUs U KOHCTPYKIUEH
3aJalollero sJeMeHTa jaaTduka. [Ipy 3TOM AaT4vku OOOPOTOB MOTYT HCIHOJB30BaTh pPAa3JIMYHbIC
¢u3nueckue MPUHLMIIBI - CYIIECTBYIOT AATYMKH HMHIAYKLMOHHBIE, (POTOIIEKTPUYECKUE, €MKOCTHBIE,
UHAYKTUBHbIE, PaJIMOAKTUBHBIE U T.1.

2.1 Taxometpsl

[IpuGopsl uis W3MEpeHHs] YacTOThl BpallleHHWs Baja (YrJIOBOM CKOPOCTH) Ha3bIBAIOTCS
TaxoMeTpaMu. TaxomeTpel, CHaOXEHHbIE PErUCTPUPYIOLIUM (3alMCHIBAIOLINM) YCTPOWCTBOM,
Ha3bplBatoTCs Taxorpadamu. IIpubopbl cymmupyromue YHCIO OOOpPOTOB Bajla - Ha3bIBAIOTCA
CUETYMKAMHU.

B 3aBucuMocTH OT MecTa YCTaHOBKM TaXOMETpa M cClocoba MpUMEHEHHs TaXxOMETphl
NOJPa3eIIAl0T HAa CTAllMOHAPHBIE, TUCTAHIIMOHHBIE U PYYHBIE.

[To npuHUMNY AEWCTBUA, pa3IMyYalOT MeXaHUYecKHe (LeHTPOOEKHbIE), MArHUTHbIE, MAarHUTHO-
MHAYKIIMOHHBIE, JJIEKTPUUECKHUE U AJIEKTPOHHBIE TAXOMETPHI.

2.1.1 MexaHW4eCKHUIl TaXOMETP

[MpuHIMI AEHCTBUS MEXaHMYECKHX TaXOMETPOB OCHOBAH Ha HMCIOJIb30BAaHUM I[EHTPOOEIKHBIX
CWJI, TPOIMOPLUMOHAIBHBIX KBaJpaTy YIJIOBOH CKOPOCTH, JEHCTBYIOIIUX Ha I[EHTPOOESKHBIE
pacxojsuuecss rpy3bl (HAKIOHHOE KOJIbLIO), HaXOASIIMEeCs Ha Bally W Bpallalolluecs BMECTE ¢ HUM
BOKpYT ocH, (puc. 2, a). YyBCTBUTEIBHBIM 3JIEMEHTOM SIBJISICTCS] KOJIBIIO 1 HAa OCH 2, TPOXOISIICH uepes
NpUBOJIHOM BanuK 3. Konbllo Harpy>XeHO CHUPAIbHOU MPYKUHOW 4 M CBSA3aHO TATOM 5 C MOJABHXKHOM
mydToit 6. [Ipu BpameHNN BaiKka KOJbIO CTPEMHUTCS 3aHAThH IMOJIOKEHUE, MEPIeHIUKYISIPHOE K OCH
BparieHus. MydTa depe3 MpoMeXyTOYHOE KOJIbIO 9 W 3y0UaTyro peiky 7 BXOIUT B 3allellJICHHE C



mectepHeir 10, Ha OCHM KOTOpOHM 3akperieHa CTpeika 8§, IBWKYIIAsICS BAOIL INKaIbl Hpubopa
(rpamyupoBaHa B 00/MuH.). TaxoMeTp 3aKperieH HEMOJBHKHO, a BaJl 3 MPUBOJUTCS BO BpAIICHHE
yepes nepenady oT Bajia JBUTaTelIs.

[Ipu ycranoBuBIIEMCS peKUME LICHTPOOESKHAS CHIIA, IEHCTBYIOIIAs HAa Bpalaroieecs Koblo 1,
YPABHOBELIMBACTCS CUJION JEUCTBUS CIIMPAIbHOU NPYKUHBI, U CTPEJIKA TaxOMeTpa HenoasuxkHa. 1lpu
W3MEHEHUM YacTOThl BpallEHUs Baja PAaBHOBECHE CHJI HApYIIAETCs, BbI3bIBAas pPa3BOPOT KOJIbLIA
OTHOCHUTEJIbHO OCH 2 Ha yrojl 0 M COOTBETCTBYIOUIMI pa3BOpOT cTpesiku § mpubdopa. MexaHuueckue
HEHTPOOEKHBIE U3MEPHUTENbHbIE MPUOOPHI 00JaJal0T HENMHEWHON CTAaTHYEeCKON XapaKTepHUCTUKOM,
MIO3TOMY X IIKaJIa HEpaBHOMEpHasl.

[lepuoanueckuii KOHTPOJb YACTOTHI BpAIICHUS M MPOBEPKY CTALMOHAPHBIX TaXOMETPOB
MPOU3BO/IAT MEXAaHUYECKUM IICHTPOOCKHBIM PYYHBIM TaXOMETPOM, MPHUKUMAsi HAKOHEYHUK | K TOpIry
Bparmaronierocs Baia. B kopmyc 2 BCTpoeH peayKTop ¢ MEePEKII0YAIOIINM yCTPOHCTBOM, MTO3BOJISIOMINMA
MEHATH MEePEAATOYHOE OTHOIICHUE OT HAKOHEYHUKA | K YyBCTBUTEIBHOMY 3JIEMEHTY ISl U3MEPEHUS B
AT JMana3oHaxX d4acToThl BpamieHus ot 25 npo 10000 o6/mun. IlepexnmiodaioT penykTop H
YCTaHABIMBAIOT yKa3aTelb 3 IMyTeM IMEPEMELIEHUs BIOJIb OCH HAaKOHEUHHKAa MPUBOIJHOIO Bajla MpHU
Ha)xxaToll KHomnke 4. B 3aBUCMMOCTM OT yCTaHOBJICHHOT'O JAMana3oHa 4YacTOThl BPALLECHUS MOKa3aHUs
npubopa onpeAessoT Mo OAHON U3 ABYX KA.

K mpeumyniectBam MeXaHUUYECKHX TaXOMETPOB OTHOCHUTCSI BBHICOKAs TOYHOCTH MOKAa3aHUH, a K
HEJI0CTaTKaM - HEBO3MOKHOCTh IUCTAHIIMOHHOTO OTCUETA.

2.1.2 MarHuTOMHAYKLIHOHHbIE TAXOMETPHI

MarHuTOMHAYKIIMOHHBIA TaxOMETp MMEEeT pPaBHOMEpHYI0 Iikany. B Taxomerpe (puc. 3.)
BpallleHUE OT INPUBOJHOTIO Baja | 4Yepe3 KOHMYECKHE IIECTEPHM W Ball 2 IEPENAETCS POTOpPY C
HOCTOSIHHBIMU MarHUTaMu 3, MeKAy KOTOpbIMU Ha ocH 10 HaXOoAUTCs aJFOMUHHUEBBIN JHUCK 4.

Ilon melicTBHEM BpAILlAOLIETOCS IOJSI MarHUTOB B JIUCKE MHAYLUPYETCS JJIEKTPUUECKUN TOK,
CO3JAIOIIMK cBO€ MarHuTHoe nose. Cuna B3aMMOAECHMCTBHMSI MAarHWTHBIX IIOJIEH YpaBHOBELIMBACTCS
CWJION JeMCTBHS BOJIOCKOBOM MPY>KUHBI 5, OJUH KOHEI KOTOpOoW 3akperieH Ha ocu 10, a npyroii - B
Kopmyce nmpudopa.

[IpornopiiroHallbHO YacTOTE BpallleHHs MPUBOAHOTO Bajla 1 M3MEHSIIOTCS JEHCTBYIOIIME CHUJIBL,
pa3BopoT aucka 4, ocu 10 1 KECTKO CBA3aHHOM C HEM CTpeIKu 7 BIOJb IIKAJBI 8.

B npubop BMOHTHPOBaH MAarHUTOMHIYKIIMOHHBIN YCIIOKOMTENb, COCTOSALIMNA U3 aIFOMUHHEBOTIO
nucka 9, 3akperuieHHoro Ha Baiy 10, U HEMOABMYKHOW CHUCTEMbI C IMOCTOSHHBIMU MarHutamu 6. [Ipu
JBUKEHUM B AMCKE 9 MHAYLHMPYETCS TOK U CO3/1a€TCSl MAarHUTHOE T0JI€, B3aMMOJEHCTBYIOIIEE C TIOJIEM
IIOCTOSIHHBIX MAarHuToB. A TaK Kak CHJa B3aMMOJCHCTBHMS 3THUX IIOJEH HampaBiIeHa B CTOPOHY,
IIPOTUBOMNOJIOKHYIO IBUKEHUIO AUCKA, TO MPOUCXOIUT TOPMOKEHUE KOJIeOaHU CTpenku mpudopa.

2.1.3 JIlucTaHIMOHHBIE MArHUTOWHTYKIIHOHHBIE TAXOMETPBI
JINCTAaHIIMOHHOE W3MEPEHUE 4YacTOTHl BpAIICHUS OCHOBAHO HA IIPUHLHUIIE DIEKTPUYECKON
JUCTAaHLMOHHOM  Ilepefjadyd  BpallleHus  Bajla  JABUrarelld Bally  MAarHUTHO-MHIYKLIMOHHOI'O
U3MEPUTENIBHOTO y37la HU3MEpUTENs M TpeoOpa3oBaHMsl YaCTOThl BpAIEHUS Bajda B YIJIOBBIE
MIEPEMEILCHUS CTPEIIKU U3MEPHUTEIIS.

Puc. 2.3 JlucTaHIIMOHHBI MarHUTOMHIYKIIMOHHBIA TaXOMETP

Taxomerp paboraer ciemyromum obOpazom (puc. 4): B oOMmoTke craropa 11 marumka mpu



BpamieHuu potopa 15 Bo30ykmaeTcss Tpex(}a3oBBIA TOK C YacCTOTOW, MPOMOPIMOHAIBLHON YacTOTe
BpallleHusl Baja ABurareis. Tok 1o TpeM NpoBoJaM IPUBOAUTCS K OOMOTKE cTraTopa 12 CHHXpOHHOTO
CEPBOJBUIATEIIS.

YacroTa BpallleHUss MarHUTHOTO IOJIsE CTaTOpa U3MEPUTEIS MIPONOPLIMOHAIbHA YaCTOTE TOKOB B
oOmoTkax (as3el. PoTop aBuraTtenss M3MEpHUTENs BpAIAeTCs C YacCTOTOH, CHHXPOHHOW BPALICHUIO
MarHMTHOTO noJs cratopa. Ha KoHIle Bana poTopa ABUraTels yKpeljeH MarHUTHBIN y3€ll 2 C HIECTBIO
IIapaMHy IOCTOSIHHBIX MarHUTOB, MEKY IOJIKOCAMH KOTOPBIX PACIIONOXKEH 4yBCTBUTEIbHBIN 2JIEMEHT 8.
[Ipu BpalleHMM MarHUTHOTO y3Jla B YyBCTBUTEJIBHOM 3JIEMEHTE WHIYLMPYIOTCS BUXPEBbIE TOKU. B
pe3yJsIbTaTe B3aUMOJEHCTBUS BUXPEBBIX TOKOB C MAarHUTHBIM II0JIEM MAarHUTHOIO Y3JIa CO3Ja€TCs
BpalllalOlIMii MOMEHT UyBCTBUTEJIBHOIO 3JIEMEHTa. BpamiaroomeMy MOMEHTY YyBCTBUTEJIBHOIO
JJIEMEHTa IMPOTUBOACUCTBYET CIUPAJIBbHAS IIPY)KUHA 7, - OAMH KOHELl KOTOPOM YKpEIUIEH Ha OCH
YYBCTBUTEJIBHOIO JJIEMEHTA, JPYroM - HENOABMKEH. Tak Kak MOMEHT CHUPAJbHOM MPYKUHbBI
IPONOPLUMOHANIEH YINy €€ 3aKpy4YMBaHMs, TO YIroj IIOBOPOTa UYYyBCTBUTEJIBHOI'O 3JIEMEHTa
IIPONOPLMOHAJIEH YacTOTE BpallleHUs MarHUTHOIO Y3Jla, U COOTBETCTBYET 4YacTOTE BpalllEHUs Bajia
nsurarens. Ha IpyroM KoHIe OCH YyBCTBUTEIBHOI'O 2JEMEHTA YKPEIUIEHA CTPEJKa 5, MOKa3bIBAKOIIas
10 paBHOMEPHOM LIKaje 4 U3MEPUTENIS YaCTOTY BPAILLEHUS Bajla JBUTrATENIS.

JUis TOBBINIEHUS YCTOMYMBOCTU CTPEIKHM M YIy4IIEHUS OTcYeTa I0Ka3aHUi mnpubdopa
IPUMEHEHO JieMI(UpPOBaHNE MOJBUKHON cHUCTeMbl u3Meputesd. [lpyu ABMKEHUU MOABUKHON CUCTEMBI
MarHUTHbII NOTOK MarHuTa 6 HABOJAUT B QJIIOMMHHMEBOM JIUCKE 3 BHXPEBBIE TOKH, KOTOpBIE
B3aMMOJIEHCTBYIOT C MarHUTHBIM IIOJIEM MarHUTOB, U B MOJBM)KHOM CHCTEME BO3HUKAET TOPMO3SIIUI
MOMEHT. PoTOp COCTOMUT M3 ABYX IOCTOSHHBIX MarHUTOB 13 W Tpex TUCTEpEe3UCHBIX AUCKOB 14,
COCIMHEHHBIX BMecTe. B3aumopelicTBue poTOpa C MarHMTHBIM IIOJIEM CTaropa - OIPEAEIsAeTCs
B3aMMOJEHCTBMEM MAarHUTHBIX ITOJIEH TOCTOSIHHBIX MarHUTOB CTaTOPa U THCTEPE3UCHBIX IUCKOB.

2.1.4 DnexTpryeckue TaXOMETPbI

DNEKTPUUECKUE TaXOMETPHI CIIyKaT AJI1 AMCTAHLMOHHOIO KOHTPOJIS HANpPaBJIECHMSI U YaCTOTHI
BpallleHusi BajoB B juamnazoHe a0 1500 oO0/mMuH. JlaTumkaMu B HHUX CIYy’KaT TaXOT€HEpaTopbl -
MUHUATIOPHBIE TE€HEPATOPbl MEPEMEHHOIO WJIM MOCTOSHHOTO TOKa, BbIPAOATHIBAIOIINE HAmpsKEHUE,
IPONMOPLMOHAILHOE YacTOTE BpALICHUS Baja. YKa3aTelsIMH SIBJISIOTCS MarHUTOAJIEKTPUYECKUE
BOJIBTMETPBI CO IIKAJION, TpaJlyipOBaHHOM B €IMHUIIAX YaCTOThI BPAIlICHNUS.

B Taxometpe (puc. 5, a) TaxoreHeparop 3 MOCTOSHHOI'O TOKA, NIPUBOAUMBIA BO BpallleHUE OT
BaJla yepe3 LENMHOW MPHUBOJ 2, SBIAETCS JaTYMKOM 4acTOThl BpamieHus Baia 1. K HemMy moxer ObITh
MOJKJIIOUEHO JI0 BOCBMH yKa3aTellel - BOJBTMETPOB 4 IOCTOSHHOI'O TOKa, Pa3MELICHHBIX 0 CYAHY.
[lepenarounoe oTHOIIEHHE OT Bajia | K JaTUYMKY OMpEAEAeTCS COOTHOIIEHHEM YHcia 3yObeB 3BE304EK
LENHOTO MPUBOJAA U JIOJDKHO OBITh TaKUM, 4TOObBI HOMHMHAJIbHBIE YAaCTOThHI BPALICHHS Baja U SIKOPS
JaTyvKa coBnanaiv. Eciyu nmpu HOMMHAIBHOW 4acTOTe BpallleHUs Bajla HampsbKeHUe, BhIpadaThiBaeMoe
natynkoM, He paBHO (30+0,1) B, To HEOOXOAMMO KOPPEKTHPOBATh MOJOXKEHHE MArHUTHOTO ILIYHTA.
[Ipu mpaBOM UM JI€BOM BpalleHUU SKOPS ¢ HOMUHAJIBHOM 4acCTOTOM Pa3HOCTh HAIPSHKEHUN HE JTOJDKHA
npesbimiath 0,1 B. B mpotuBHOM citydae, HEOOXOAMMO KOPPEKTUPOBATh HEUTpAIbHOE IOJI0KEHUE
TpaBEPCHI LETKOAEPIKATEIEH.

B snexTpruueckom reHepaTope NepeMEHHOro TOKa 5 pOTOPOM SIBISIETCS MOCTOSHHBINA MarHuT 7,
YCTAaHOBJICHHBI HEMOABM)KHO Ha Baly, a CTaTOPOM - CTajJbHbIE HEMOABUXKHBIE IOJOCHl 6.
TaxorenepaTropbl MOCTOSHHOI'O TOKa BMECTO OOMOTOK BO30YXE€HHUS MMEIOT MOCTOSIHHBIE MAarHUTHL. B
pe3yapTaTre OOJIBIIOTO KOJIMYECTBA JIaMelied KOJIEKTopa W 0COOBIX (OpM BBIPE30B KaHABOK
BbIpa0aThIBAETCs MOCTOSIHHOE HAIPSKEHUE ¢ HEOOJBIINMU ITyJbCALUAMU, KOTOPOE MPONOPILMOHAIBEHO
yacToTe BpamieHud. lIpenMyInecTBO JaT4MKOB IOCTOSIHHOTO TOKAa - IOJYYEHHE IOJSPU30BAaHHOIO



HANpsDKEHUs, T. €. OJHOBPEMEHHO OINpEeNseTcs M HalpaBlieHHWE BpalleHMs; HEJOCTATOK - cOOu B
pabote kosutekTopa. Ilepemavya ot Bama noimkHa OBITH 0€3 CKOJBKEHHUS (IIEeCTepeHdaras, IenHas). B
TaxoreHepaTopax MEePeMEHHOI0 TOKA 3TO BO3MOXKHO TOJBKO MPU HAJIMYUHU JIBYX OOMOTOK CO CIBHUTOM
da3z 90°. IlepeMeHHOE HANpPSOKEHUE MIOJDKHO OBITH BBIIPSAMIICHO B MOCTHKOBOW cxeme. Pa3HocTh
HANPSDKEHUH 000MX TaJbBAaHMYECKH PA3JICICHHBIX KOHTYPOB HW3MEpsieTCsl NpUOOpOM C ABYMS
MOBOPOTHBIMHM KaTylikaMu. HampsbkeHue Ha BBIBOJAX TaxoreHepaTopa 3aBHCHT OT KOJMYECTBa
MOJIKJIFOUEHHBIX TOKa3bIBaloIuX MpuoOopoB. [loaToMy B KOpmyce TaxoreHeparopa ycTaHaBIMBAETCS
HaArpy304HBIM PE3UCTOP, KOTOPHIN MOYKHO BKJIFOUATh WJIM BBIKIIIOYATD.
2.2 Ctpob6ockomn u poTocTpoOoTaxXOMETp

Crpobockon -- mpubop, MpeAHA3HAUYCHHBIN i HAONIOJCHUS 3a OBICTPONPOTEKAOIIMMU
mporeccaMi B PeabHOM BpeMeHH. B mpocTeifimeM ciydae cTpoOOCKON MpeAcTaBiIseT co0oit
YCTPOUCTBO, (OPMUPYIOMIEE YaCThle KOPOTKHE CBETOBBIC BCIBIIIKHA, C IOMOINBIO KOTOPHIX U
JIOCTUTAETCS CTPOOOCKOTMUECKHH P PEeKT.

Crpobockonuueckuit 3¢ ekt cBoauTcs K crneayromemy. Ecnm Ha kakoe nmubo aBuxkyieecs (B
TOM YHUCJIE W Bpallalolleecs) TeIO HANpaBUTh KOPOTKHE W YaCThl€ BCIBIIIKK CBETA, TO JUIS HAIIEro
J1a3a TeJo Kak Obl «3aMpeT» -- Mbl OyJileM BUAETh HE IJIaBHOE JIBUKEHHE, a MPEPHIBUCTOE, COCTOAIIEE
U3 MHOXKECTBA CTATHYHBIX «KAPTUHOKY.

Eciu ¢ momorpio cTpoOocKoIia HaOIIoAaTh TTOBTOPSIFOIIEECS IBI)KEHUE -- HAIPUMEP, METKY Ha
BPAIAONIEMCs IIIKMBE WM MaXOBUKE JBUTATENS, TO IMPHU OMPEICICHHBIX 9acTOTaX BCIIBIIIEK (YacToTa
BCITBIIIEK JIOJDKHA OBITh KpaTHA YacTOTE BPAICHUS IITKMBA) METKA JIJISl HAIIETO TJ1a3a 3aMpPeT Ha OJJHOM
MecTe, 1 UMEHHO Oiaromapsi 3Tomy 3(h(}eKTy cyliecTByeT BO3MOXKHOCTh PETYJIHUPOBKU OMEPEKEHUS
3aKUTaHMUSL.

B coBpemeHHOM cTpoOockore SpKHE€ U KOPOTKHE CBETOBBIE HMMIIYJIBCHl CO3JAIOTCS
CHEIHUalbHBIMI  O€3bIHEPLIIMOHHBIMA KCEHOHOBBIMHU JIaMIaMu  (OOBIYHBIC JIAMITBl HaKaJTHBaHUS
3QKUTAIOTCS M TaCHYT MEJUICHHO, M Jaxe mpu dactore Toka 50 'l koneOaHUs WX SIPKOCTH YKE
HE3aMETHBI HAIlleMy TJja3y, MO3TOMY OHH HENPHUTOJMHBI IS PaboThl B CTPOOOCKOIE), KOTOpPHIC
YIPABISIOTCS JJIEKTPOHHBIM OiokoM. OJHAKO pecypc KCEHOHOBOHM JamIibl, paboTaromeid B TaKOM
peXHMe, OTPAaHHYEH, IIOATOMY €€ HeOOXO0IMMO IMePUOTNICCKU 3aMEHSTh.

Celfyac pBIHOK TIpeJyIaracT He MPOCTO CTPOOOCKOIBI, & MPUOOPHI C MACCOW JOTIOJTHUTEIHHBIX
¢bynkuii. B wactHOCTH, 1HM(pPOBBIE CTPOOOCKONBI MOTYT H3MEPATH OMNEPEKEHHE 3aKUTaHUS B
OCH3WHOBBIX JBUTATEISX M MOMEHT BIIPBICKA TOIUIMBA B JAM3EIbHBIX, U3MEPITh YACTOTY BpAIlEHUS
KOJICHUaTOro Baja, HalpspDKeHHe B OOpPTOBOM ceTW M Jpyrue mnapameTpbl. M Bce H3MEpeHHbIE
XapaKTePUCTHKHU BBIBOJSATCS Ha BCTPOCHHBIHN 9KpaH, UTO 3HAUUTENHHO YIPOIIAET MPUMEHEHHE PUOopa.

Taxxke cTpoOOCKOINBI KOMIUIEKTYIOTCS IIEJTBIM HA0OPOM 3)KHMOB M JTATYMKOB JIJIST TPOBEICHUS
WU3MEPEHUI Ha pa3TUYHbBIX THUIIAX JBHTaTellel. Bee 3To femaet cTpoOOoCKon YHHBEPCATBHBIM TPHOOPOM,
KOTOPBIA MOTYT MPUMEHSATH B TPO()ECCHOHAIIBI, U PSIIOBBIC aBTOJIFOOUTEITH.

Hcnonb30BaHre CHEIHATBLHOTO MPUOOpPA -- CTPOOOCKOIA -- SBIISETCS OJHUM M3 HCTOPHUYECKU
pPaHHUX METOJIOB M3MEPEHMsI YacCTOThI BpAIEHUS WJIM BHOpalMH pa3inuHbIX 00BEKTOB. B mporecce
U3MEpPEHUs 3a/IeUCTBYETCSI CTPOOOCKONMMYECKUH HMCTOYHHK CBeTa (Kak TMpaBWiIo, spKas Jama,
NEPUOANYECKH JAIoNIasi KOPOTKHE CBETOBBIE BCIIBIINIKH), YacTOTa pa0dOThl KOTOPOTO MOJCTPAUBACTCS
IPY MIOMOIIU TIPEIBAPUTENHHO OTKATMOPOBAHHOM XpOHUPYIOLIEH 1enu. VICTOUHUK CBETa HaMpaBiseTcs
Ha BpalalouIniicss OOBEKT, a 3aTeM dYacToTa BCIbIIIEK MOocTeneHHO u3MeHserca. Korma wacrora
BCIIBIIIEK YpPaBHUBAETCSl C YacTOTOM BpallleHWs WM BuOpauuu oOBEKTa, MOCIEAHUI ycreBaeT
COBEpUINTh MOJHBIA KoJeOaTeabHBIH LUK U BEPHYTHCS B M3HAYAJIbHOE IOJIOKEHHE B MPOMEXKYTKE
MEXJy JIByMSl BCIBIIIKAMH, TaK YTO MPU OCBEIIEHUU CTPOOOCKOMHUECKOH JIaMIOM 3TOT 00BEKT OyaeT



Ka3aTbCs HETMOABIKHBIM. Y JITaHHOTO METOJA, BIOPOYEM, €CTh HEIOCTAaTOK: €CIM YacTOTa BpAICHHS
oObekTa (X) He paBHa dYactoTe cTpoba (y), HO TPOMOPLUHOHAIBFHA €H ¢ IEeJTOYUCICHHBIM
koopduuuentom (2X, 3X W T. M.), TO OOBEKT MNpPU OCBEUICHWU BCE pPABHO OyIeT BBITTISAACTD
HETIOABIKHBIM.

CTpoOOCKOIMYECKH METOJI MCIIONB3YETCs TAKXKE Ui TOYHON HACTPOWKM YaCTOTHI BPAILICHUS
(komebanwmii). B aToM ciydae yacToTa BemblIek (PUKCHPOBAHA, a U3MEHSETCS 4acTOTa MEPUOMYECKOTO
JIBIDKEHUSI 00BEKTa 10 TeX MOp, IOKa OH HE HAYMHAET Ka3aThCsl HETIOBMKHBIM.

CrpoOockonmyeckuii crocod M3MEpeHHsi CKOPOCTEH BpalleHHs HE TpeOyeT MEeXaHWYeCKOTro
KOHTaKTa MpH HU3MEpeHHu ckopocreil BpameHus. CTpoOockomuueckuii 3PQEeKT 3akirodaeTrcs B
KaXYIIEHCsl HEMOJBMKHOCTH BpalalOIIUXcs JAeTanell 00ObekTa HaONIOJeHUN B claydae, €cld 4acToTa
NEPUOTNYECKUX «BCIIBIIICK)» OCBEILECHHS COBMAJACT WM KpaTHA YaCTOTE BPAIIEHUS, T.€.

k fcB.um.

rae k - ko3 pUIMeHT KpaTHOCTH;

- 4acTOTa M3MEPSAEMOro BpalleHus (YMciIo 000pOTOB) 00BEKTA;

CB.HMIMII. - 4YaCTOTa CJICJIOBAHUS CBETOBBIX UMITYJIbCOB.

B pabote ncnonb3yercs MIKOIbHBIN cTpoOockon U uppoBoi GOoTOCTPOOOTAXOMETP.

JaCTOTa BpalllCHUC BaJjia CTpO6OCKOHa

dororaxomerp-ctpodockonn  ATT-6002 coBmemaer B cebe  GyHKIUU  IUPPOBOTO
¢dororaxomeTpa U UPPOBOrO CTPOOOCKONA WM TPEAHA3HAYCH JUISI U3MEPEHHS YacTOThI BpAaIICHUS
yacTel JBUTATeNs, TypOMH M JPYTrUX OOBEKTOB OECKOHTAKTHBIM CIIOCOOOM, a TakKe JIHMHEHHOMN
CKOPOCTH TepeMeIlleHus] JeTaieil B Mpoleccax HalaJKd, PEMOHTAa MEXaHHW3MOB U JIa0OpaTOPHBIX
UCCIICTOBaHHUSIX.

[TpuHnMn AeicTBus B pexume (HOTOTaXOMETpa OCHOBAH Ha OOJYyYEHHH CBETOM BPAIAOLIETOCS
npeaMeTra M IMpHEeMe JaTYMKOM (OTOIJIEMEHTa CBETOBOTO CHTHAJA OT BpAIIAIONIETOCS BMECTE C
IPEMETOM IPEIBAPUTENHEHO HAKJICCHHOTO HA HETO CBETOOTPAYKAIOIIETO MapKepa.

Ornucanue opraHoB yrpaiieHus otoraxomerpa-ctpodockomna ATT-6002.

1.CBeTooTpaxaromnias MeTKa

2.CBeTOoBOH JIy4 TaxoMeTpa

3.MHnukarop nenn

4 ucnnei

5.KHomnka BKIIFOUEHUS U3MEPEHUI

6.KHomnka cunThIBaHUS OKAa3aHUM U3 TaMATH

7.PerynsaTop niaaBHON HACTPOMKH

8.Perynsatop rpy6oii HacTpoiiku

9.Ilepexirouaresb AUANA30HOB U PEKUMOB PabOTHI

10.CBetoBoii myu cTpoboCcKomna

11.BUHTBI KpeTUIeHus KPbIILKKA OaTapelHOro oTceka

12 Kpeimka 6aTapeHOT0 OTCeKa

Ecnm u3mepsieMoe 3HaueHUE 4acTOTHI BpalleHUs] oueHb Majo (Hampumep, Huxke 50 06/MUH), TO
PEKOMEHAYETCsl IPUKIIEUTh Ha pOoTOp OOJIbIllee KOJIUYECTBO CBETOOTPAKAIOUIMX METOK, pa3Melnas MxX
pUOJIM3UTENIBHO HAa PABHOM PACCTOSIHUM APYT OT Apyra. OTO MO3BOJMT HOJIYYUTh 3HAYEHUE YaCTOThI



BpallleHus ¢ OOJIbIIEH TOUHOCTHIO U pa3pelIeHHEeM MPU MEHbIIIEM BpeMeHHU u3Mepenus. /s nonydyenus
JCHCTBUTENIFHOTO 3HAYEHUS CKOPOCTH HEOOXOIMMO 3HAYCHHE CKOpPOCTH, IMOJyYEHHOE Ha JHUCILIEE,
pa3ienuTh Ha KOJUYECTBO HAKICCHHBIX METOK.

2.3 Hudposoii yacroromep

Yactoromep ACH-2500
Ha3nauenue
Yacrotomep ACH-2500 npenHazHadeH AJisi U3BMEPEHUS YaCTOThl CUHYCOMJIAJIbHBIX CUTHAJIOB U
MU3MEPEHUs EPUOia CHHYCOUJAIbHBIX CUTHAJIOB.

VYcnoBus KcIuTyaTauuu

1. ITuraronye v BXOAHbBIE HAPSHKEHUS, TEMIIEPAaTypa XpaHEHHs! U HKCIUTyaTallul B COOTBETCTBUU
C 00LIMM pa3esIoM TEXHUUECKUX XaPaKTEPUCTHUK.

2.0tHOCHUTeNbHAs BiIaKHOCTh He Oonee 90% npu Temnepatype 25°C.

3.AtmocdepHoe gaBieHue ot 495 1o 795 MM pT. cT.

4.B noMeuIeHusIX XpaHeHus U KCIUTyaTallui He JOJHKHO ObITh MBLIH, 1apOB KUCIIOT, LIEJIOUEH, a
TaK)K€ T'a30B, BbI3bIBAIOIINX KOPPO3UIO.

5.He nonyckatorcs najeHus u BuOpanusi.

6.Ilocie mpeObIBaHMS B MpelNENbHBIX YCIOBUSX (XpaHEHMs, TPAHCIOPTUPOBKU) BpeEMs
BBIJICPKKU MPUOOPa B HOPMAJIbHBIX (IKCIIITyaTallMOHHbBIX) YCIOBUAX HE MEHEE 2-X 4acoB.

TexHnyeckue XxapakTepUCTUKH
Onucanue opraHoB ynpaieHus yacroromepa ACH-2500.

1.Mnaukarop.

2.MlHuKaTop BpeMEHH NPOITYCKAaHUs CUTHAJIA.

3.I'ue3n0 A noAKIIFOUEHUS a/lanTepa MUTaHUs HanpsbkeHreM 9 B.

4.KHormka BKIIOYEHUS TUTaHUSI.

5.KHOIMKa BBIKJIFOYEHUS TUTAHUS.

6.Knormnka BkimtoueHus pexxuma pukcanuu (yaepxaHus) JaHHBIX.

7.KHOIKa BKJIFOUEHUS PEKUMaA OTHOCUTEIIBbHBIX U3MEPEHUH.

8.KHnomka BbiOOpa pazpemiatornieil CtoCOOHOCTH.

9.KHomKa BKJIIOUEHHS PeXUMA PETUCTpallui HHPOPMAITUH B TAMSTH.

10.KHONKa BBI30Ba JaHHBIX U3 aMSTH.

11.Cenexrop BbIOOpa Auana3oHa.

12.CenexTop BbIOOpa BpeMEHH NMPOITYCKAaHUS CUTHAJIA.

13.CenexTop BbIOOpa 4yBCTBUTEIHHOCTH HA yacToTe 10 MI1I.

14.Bxox A (uactorta o 2500 MI'm).

15.Bxon B (wacrora no 100 MTI'm).

16.Bxon C (uactora go 10 MI'm).

17 Kpplka orcexa OaTapen MUTaHUS.

ABTOBBIKJIFOUEHUE TUTAHUS

YacTtoroMep aBTOMaTHUYECKH BBIKIIOUYAETCs, €ciid B TeueHHe 30 MHUHYT He ObIJIO HU OJHOTO

NEPEKIII0UYEHUS OPraHOB YIIPABIEHHS U U3MEHEHNE U3MEPSEeMOi BEJIMYUHBI He MpeBblano 10 equHuL.

2.4 Caetunku 000pOTOB



Jiga  cymMMmupoBaHHMS uucia OOOpPOTOB Bajla JBUTATENs WM MEXaHHW3Ma MPUMEHSIOT
CHEIMANIbHBIC CYETYUKH 0OOPOTOB.

Ha Bamy 9 >xecTko 3akperuieHbl XpamoBoe Kosieco 5 u 1mudpoBoit Oapaban 7, a mudpoBbie
Oapabanbl 6 CBOOOIHO HACAKEHEI HA BaJl.

BbapabaHbl KWHEMAaTHYECKH COSTMHEHBI MEX Ty OO0 Tak, 4TO MPU MOTHOM 000POTE KaKIOTr0 U3
HUX COCEIHUMN cieBa pa3BopaunBaeTcs Ha 1/10 o6opota. Ha kaxknpiii 6apadban HaneceHbl 1UppsI oT 0
no 9. Takum oOpazoMm obecrieuyuBaeTcsl JECATUYHAs CUCTeMa oTcyeTa. UWCIO 4YMTaeTcss B paMKe
npubopa 8. Koneco 5 BXOAUT B 3alleIJICHHE C XPAIOBUKOM 3, KOTOPBIN B OJIHY CTOPOHY IIEepeMeliaeTcs
MOJ| JICUCTBUEM IMPYKUHBI 4, a B APYIyl0 - SKOpPeM 2 3JIEKTpOMarHuTHoW karymku 1. Karymika
nony4aer nutanue Ul OT CeTH uepe3 repMeTHYHbIe KOHTAKTHl BhIKiItouyarens 13. B Beikioyarene Ha
IUTACTHHYATON MPY>KUHE ¢ KOHTAKTOM 3aKPEIJICH MOCTOSIHHBIM MaruuT 12. BeIkiIrodaTens Kpenmurcs: K
KOPITyCy IBUTATEINS TAKUM 00pazoM, 4ToObl Mexy sikopeM 12 u cranpabM mTudrom 10 Bama 11 Obun
YCTaHOBJIEH 3a30p, 00eCIeUNBAIOIINN NPUTATUBAHUE SKOPS U 3aMBbIKAHUE [IETTU MIUTAHKS KaTyIIKH 1.

[Iupoko pacrnpocTpaHeHbl MAarHUTOYIIPaBJIIEeMble KOHTAKTHI (repkonbl). [Ipubop npencrasiser
co00il JB€ TOHKHE MEpPMAJIOEBbIC IUIACTUHBI C HEOOJIBIIUM 3a30pOM MEXAy KOHIIAMH, BIAsHHBIC B
CTEKJISIHHYIO KOJOy, W3 KOTOpOM BBIKa4aH BO3AyX (B HEKOTOPBIX MpuOOpax Koyly 3amoiHsSIOT
UHEpPTHBIM Ta3oMm). [lpu mosBieHWHM BOJM3UM TepKOHA MArHUTHOTO TIOJIS TOCTOSIHHOTO —WJIU
AIIEKTPUYECKOTO MarHUTa MPOMCXOJUT B3aWMHOE NPUTATHBaHUE (MPOTMO) TUIACTMH M 3aMbIKaHHE
KOHTaKTOB. [I0CTOSIHHBII MarHUT KpenuTcs Ha Bpaujatomemes Bainy 11 Bmecro mtudra 10.

[Tpu kaxxgom 00OpoTe Basia HE3aBUCHMO OT HAIPABJICHHUS €ro BPALICHHS KaTylIka |, MoiyduB
NUTaHUE, BTSATMBAET SKOPb 2 M CMELIAeT XpamoBUK 3 Ha oauH 3y0 koiseca 5. Ilpu obGectounmBaHumM
KaTyIIKH XpamoBUK MO JCHCTBHEM TMpPY>KUHBI 4 cMeliaercs B IEPBOHAYAIBHOE TOJIOXKEHHE,
pa3BopauuBaeT kojeco 5, Ban 9 u 6apaban 7 Ha 1/10 060poTa, YTO MPUBOAMUT K U3MEHEHUIO MTOKa3aHUH
CUeTYMKa Ha OJIHYy equHMIy. Yepes onuH o0opot Oapabana 7 cocennuil 6apabaH 6 pazBopauMBaeTcs Ha
1/10 o6opora, orcuntas 10 o6opoTos Bana 11, u T. 1.

IIpakTnyeckas padora Ne 29
Onpenenenue pacxoaa, CKOPOCTH IBHKEHHS JKMIKOCTH, THAPOCTATHYECKOI0 1aBJIeHUSA
Lesas padoThl: W3yYeHHE TNPHUHIMIIOB OMpPEICNICHUs] pPacxo/ia, CKOPOCTH JBIKEHHS JKUIKOCTH,
THJIPOCTATUYIECKOTO JIaBJICHUS.
3aganue:
1. BHumarenbHO U3y4yHTe MaTepHal 10 TeME.
OTBeTbTE Ha BOMPOCHI:
Onwumute ypaBHEHUsS PAaBHOMEPHOT'O JABHXKEHHSI AKHJIKOCTH.
OnwumuTe mporecc paBHOMEPHOTO ABWKEHUS KHUJIKOCTH B TpyOe.

o TN

OmummuTe 0OCHOBHBIE XapPaKTECPUCTHUKU KHUJIKOCTHU ITOTOKA.

VYpaBHeHHE paBHOMEpPHOTO JIB)KEHUS YCTAHABIMBAeT 3aBUCUMOCTb MEXAYy CHIIaMU
COTIPOTHUBIIEHUS U MOTEPSIMU HAIoOpa Mo JUIMHE MOTOKA.
PaccMmoTpuM paBHOMEpHOE JIBUKEHHUE KUAKOCTH B TpyOe Ha ydacTke AinuHoi L (puc. 1).
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Pucynoxk 1.
To
O60o3HaUNM — CUJIa TPEHUs Ha €MHUIIC TUIONIAU MOBEPXHOCTU CONMPUKACAHUS TOTOKA CO

CTCHKaMHM.
Torna no Bceit IMOBEPXHOCTHU BBIACIICHHOI'O YUaCTKa CUJIa TPECHUS ONIPECACIINTCA

I'=1,7L
B CANHUIY BPEMCHHU 3Ta CUJIa IPOU3BOJAUT pa60Ty

IV =7, yLV

IIo 3dKOHY COXPAHCHUS SHCPruu pa60Ta CUJI TpCHHUA Ha IOBCPXHOCTU COIIPpUKACAHHA paBHA
OHCPI'UH, 3anan/IBaeM0171 IMOTOKOM Ha NPCOAOJICHUEC TPCHUA HAa PACCMATPUBACMOM YYACTKCE,

D=hyolV

r, ho h | o
r, YLV = hy yooVuru-—L = = L -i;—=R
y oLy . L
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— OCHOBHO€ ypaBHEHHE PABHOMEPHOTO ABMKCHHUS.
OCHOBHBIE XapaKTEPUCTUKH MTOTOKA KUIKOCTH

[Totok >kuakoctu. Ilox MOTOKOM KHMAKOCTH TOApa3yMeBaeTCs IBMKEHHE Oe3pa3MepHOro
MHO>KECTBA OT/AETBHBIX YaCTHII, KOTOPbIE JBUXKYTCS MO CBOMM TpaekTopusiM. Kak u B THIpOCTaTHKE,
OCHOBHOU MCKOMOU BEIMYUHOW SIBIISIETCS BEIMYMHA TUIPOCTATHUECKOTO JABIICHUS, a TAaK)KE 3HAYCHHUS
CKOPOCTH, pacxo/ia U T.I. IPH YCJIOBUU JABMKCHUS BCEX YACTHI] KUKOCTH.

CkopocTh TeueHHUs MOTOKA. [10J] CKOPOCTh IBMIKEHHS IMOTOKA JKHIKOCTH IOJIpa3yMeBacTCs
CYMMapHOE TICPEJBMKCHHIE BCEX YACTHI[ ITOTOKA B OJHOM HAINpaBJICHHWH. B CBSI3U MpejcTaBICHUEM O
CKOpPOCTH TIOTOKA HEOOXOIMMO BBECTH PSIJI OTIPE/ICTICHUN CKOPOCTH.

JlokanbHast CKOPOCTh TeueHUs. JIOKATbHOW CKOPOCTHIO JIBMIKCHUS KUIAKOCTH SIBIIIETCS CKOPOCTh
JBUKEHHS 0€3pa3MepHO MAION YaCTHUIIbI KUIAKOCTH.

Cpenneii ckopocThio TeueHus. llog cpemHeill CKOpPOCTBIO JIBIXKEHHUS TOTOKA SKHIKOCTH
MoJIpa3yMeBaeTcs CyMMapHOe TIEPeIBUKEHIE BCEX YaCTHUIl TOTOKA B OJJHOM HAINPaBIEHUH, MPOXO/ISIIEe
Yyepes3 TUIOMIAIKY MEePHeHINKYISIPHYIO BEKTOpaM CKOpPOCTU. JIoKanbHAast U CPeHssI CKOPOCTh JBUKECHHS
MOTOKA UJAKOCTHU CBSI3aHbI BBIPAKEHUEM:



Iﬂdm
y =

pu
L5

€
v,

rac Lo JIOKaJIbHasg CKOPOCTh, ® - IJIOMIaJlb MONCPCHHOI'0 CCHCHUA ABUXKCHHUIO ITOTOKA.

YcraHoBUBIINKCS (CTAMOHAPHBIN) MOTOK JBM)KEHHUE >KUJIKOCTH. Y CTAaHOBUBLIMMCS ITOTOKOM
JBUKEHHE KUIKOCTHU SIBIISIETCS IOTOK, CKOPOCTh B KOTOPOM HE 3aBHCHUT OT BPEMEHH puUC 2.

F ¥
Vop

Pucynok 2.
IlepemeHHbIN, YCTaHOBUBIIMMNCS (KBAa3UCTAallMOHAPHBIA) IMOTOK  JBUXKEHUS  KUAKOCTH.
KBa3ucranoHapHbIM yCTaHOBUBIIMMCS MOTOKOM JABMKEHHS JKHJIKOCTH SIBJISIETCS IOTOK, CKOPOCTH B
KOTOPOM MEHSIETCSl B YCTaHOBJIIEHHOM MOPSAKE OT BPEMEHHU, pUc 3.

V!

Pucynok 3.
HeycranoBuBmmiicss (HecTallMOHApHBINA) IMOTOK JBM)KEHHE >KUAKOCTH. HeycraHoBuBIIMMCS
MOTOKOM JIBUKEHHE JKUJKOCTH SIBJISIETCSI IOTOK, CKOPOCTh B KOTOPOM 3aBUCHUT TOJBKO OT BPEMEHH, PUC

4.
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Pucynok 4.

IIpakTHyeckas padora Ne 30
Pacuer TpyOoonposonos, nogdoop no 'OCTy
Heab padoTbl: H3yueHUE NPUHIUIIOB pacyeTa TPyOOIpPOBOIOB.
3amanmue:
1. BHumarenbHO U3y4yHTE MaTepHal 1o TeMe.
2. Boszpmute nannsie u3 'OCT 32569-2013 Tpy6onpoBo/ibl TEXHOJIOTHUECKUE CTAIbHBIE.
TpeboBaHMs K YCTPOUCTBY M 3KCILTyaTallMy Ha B3PHIBOMOKAPOOACHBIX U XUMHUECKHU OMACHBIX
IIPOM3BOJICTBAX U CHENIAliTe pacdyeT CBOEro TpyOonpoBoaa.

Pacuyer cTanbHbIX TpyO Hapy>KHBIX CeTeil BOJOCHA0KEHHS U BOJOOTBEACHHUS.



Pacuer TpybonpoBoa.

Tpebyercs: BbIOpaTh MapKy, TPyHIy W KaTErOpUIO CTAd W ONPEACIUTH TOJIIMHY CTEHKH
crambHOro BojxoBoga auamerpoM 900 mm (de=0,92m) s cieyromux YCIOBUH CTPOUTENLCTBA U
IKCIUTyaTal|u:

— pacueTHoe BHyTpeHHee AaBieHue p=2,5 Mlla,

— rayOuHa 3anoxeHus (10 Bepxa Tpyosr) h=3 M,

— [0 CTENEHU OTBETCTBEHHOCTH BOAOBOJ OTHOCUTCS K | Kitaccy,

— TpOKJIaJIKa B TpaHiuee ¢ oTkocamu 1:1,5 ¢ mmpuHoi o gy 1,4 M Ha MJIIOCKOM TPYHTOBOM
OCHOBaHUU C HOPMAJIbHOM CTENEHBIO YINIOTHEHUS IPYHTOB 3aChIIKH,

— TPYHTBI: TPaBEIUCThIE MECKU cpenHei kpynHocTd (I'3- 1) ¢ HOpMaTHBHBIM yAETHHBIM BECOM
yn=16,7 xka/mM3 u moxynem aedopmaruu E=7 Mlla,

— pacdeTHas TpaHcropTHas Harpyska HI'-60,

— pacueTHas TeMIeparypa HapyKHOTO BO3/yXa B palilOHE CTPOMUTENIbCTBA

te=-18°C,

— Ha BOJIOBOJIE yCTaHOBJICHA MPOTUBOBAKYyMHasl armaparypa.

1.0npeoenenue gneuwiHux Hazpy3oK

Pacuernas mpuBeneHHas BHEIIHSsSI Harpy3ka OT JaBJCHHS] TpyHTa B TpaHIIee OMperesercs
MEHBIITUM 3HAYCHHEM U3 IBYX (HOpMYII:

F=7y¢y,hboyymp,
F=yey,hd.amp
boyzw n d.a,

Bo160p Gpopmys mpou3BOAUTCS CpaBHEHUEM 3HAUEHUN
rae: b=1,4+2-1,5-0,92=4,16 m,
a1=0,934 (no ta6n."Kosddunument ol mnst rpynToB 3aceimku” ans h/bm=3/8,31=0,36),

1 B=0,125E=0,125-7=0,875 MIIa, k=1,

W=
1+2£.ﬂ
B, kd

e

[Moacunraem 3HaueHus Bt u y 11 pa3nuyHbIX t:
=10 mMm (0,01Mm):  B;=0,593 MIla, y=0,088;

=9 My : B,=0.432 MIIa,
=8MM : B=0303 MIla, y=0.047;
=7 My : B=0.203 MITa,
=6 MM : B=0.128 MITa,  y=0.02.
% = 0.2 =0,221
b 416

Tax xak Bce 3HaUEHUS Yy MEHbIIIE, YEM
y=0,221. A Tak kak Bt <B, To a2=1.

, TO IpUHUMAEM



bo,y =4.16+0,934-0.221=0,86:
d.a,=1-0,92=0,92

Brraucisem:

balw = de o,

[Tockonbky , TO HATPy3Ky OIpeessieM 1o mepBoit Gpopmye, mpuHUMas
vf=1,15, yn=16,7 MIla, n=0,95 (Tabn. «Koaddumumentsr A1, A2, 17151 pacdera TpyOorpoBo1oB» ais -
I), p=0,75 (tabn.«Koapdunuuent mpuBeaeHus B I HArpy30K HpH pacdeTe TPyOONpoBoma» s
TUIOCKOTO OCHOBAHHS):

F=1,15-16,7-3-4,16-0,934-0,221-0,95-0,75=35,25kH/™m

PacueTHylo npHBeleHHYIO Harpy3Ky OT BpeMEHHOM ryceHuuHod Harpy3ku HI'-60 ompenensem mo

bopmye: F - TanPeaan

PaBHOMEpPHO pachpeAeiéHHOe IaBICHHE VN OT TPAHCIOPTHBIX Harpy3ok'"mist h=3wm), p=1 (mo
Tabmn.«{nHamuaeckuii K03 HUIMEHT TOBMKHOM HArPY3KH [L IIPU pacdeTe TPyOOIpoBOIay).

o F=1-14.5:0,92-1-1-0,95-0,75=9,5kH/m.
Harpyska oT Beca TPaHCIOPTHPYEMOH HKHIKOCTH: F:037851’,}¥&g‘n& rue: p=0,6 (tabu.

«Koaduuuent npusenenus B st HArpy30K MpH pacueTe TpyOOIpoBOaAa»).
F=0,785-9,8-:0,9%0,95:0,6=3,5xH/m
Torna

CTAJIbHBIX TPYO MOKHO HE YUUTBIBATH 110 €€ MAJIOMY BKJIaJy.
Wrak, cymMmMapHas IpUBeJICHHAsl BHEIHASA Harpy3ka (¢ yuetom ko3¢ duiimenTa couetanus) Oyaer:
KH
Fq= ZF =35,25+9.50-0,9+3,55-0,95=4715—
M

rae: yf=1, vn=14,5kH/m (mo Tabn."HopmarusHoe

Harpy3ky oT coOcTBeHHOTo Beca

2. Onpe)le.ne}me MapKy, rpynibl U KATErOpUH CTAJIN

B cootBerctBuu ¢ pexomeHnanusmMu «IlocoOusi mo omnpeneaeHuo TOJIIMKUH CTEHOK CTaJIbHbBIX
TpyO, BBIOOpPY MapoK, TpyHnn U KaTeropwii cTaneil Uisi HapyXHBIX CeTell BOJOCHAOXKEHUS U
KaHaJIu3aluu» , IpH pacueTHoU Temmeparype a0 -20°C u mpu TonmuHE cTeHkn He Oonee 10 mm
cleyeT MPUMEHATh TPpyObl U3 monycnokoiHoi ctanmu BCt2mnc2, BCT3mnc2) u U3 HU3KOIETUPOBAHHON
craimu. J{ns TpybonpoBooB 1 kitacca Mo cTeneHH OTBETCTBEHHOCTH PEKOMEHIYIOTCS CTalld rpynmsl B,
13 KOTopoi m3roToBisitorcs Tpyosl kak mo 'OCT 8696-74, tak u mo 'OCT 10706-76. Kareropus
craireit 2 wu 3 s tpy6 o ['OCT 8696-74 u xateropus 1+4 mis Tpy6 o FTOCT 10706-76.

JlanpHeumme pacyeTsl BBINOJIHUM OJHOBpeMeHHO M s cranu BCt3nc2, n qs ctamm 171C ¢
LEJIbI0 CPAaBHEHUS PE3YJIbTaTOB.

3. OnpenesieHue pacyeTHBIX CONPOTUBJIEHUH cTasel

HopmatusHoe conpotusnenue ais ctanu BCr4nc22: Ryn=245 Mlla, 1y HU3K0JI€rupoBaHHON
cranu 171'C: Ryn=343 MIIa



PacuetHoe comnporuBiieHHE , Toraa: ans cran BCr3nc2 Ry=223 Mna; nis
cramu 171°C Ry=312 MI]a.
4.0npenesieHue TOJIMHBI CTEHKH TPYOONIpoBoaa

Fred ] de | ‘i
0300105R},m

Tak kak Fred=47,15 «xH/m,
de=0,92m, m=0,9 (m1a 1 kimacca 1o

t1:

N3 pacuera Ha NPOYHOCTH

4715-0,92 ¢
t, = |—=— 25 —214]
0.00105R 0.9

CTCIICHHU OTBCTCTB eHHOCTI/I) , TO

Hckomas TOJIIIIMHA CTCHKHU BXOJHUT U B

H?d ‘J‘ﬁ:

JIEBYIO 4aCTh PaBEHCTBA, U B TPaBYIO (OT
tl 3aBucut xo3ddunuent &). INostomy
ypaBHEHHE penraercsi moa0opoM. 3a1aBasch pa3InIHbBIMHA 3HAYCHUSAMH t1, BBIYHCISIEM:

01B+B 2E
= ~.rne B=0.125E,a B, = —2- :
LIB+ B,

.
1-v- \d
HOHCTaBﬂﬂeM B HpaByIO qacThb ypaBHeHI/Iﬂ, TIIOKA OHO HC yﬂOBHeTBOpI/ITCﬂ. TaK, )I.Hf[:

t=10mMm: £=(0,1-0,875+0,593)/(1,1-0,875+0,593)=0.437;
t=9 mm: =0,372;
t=8 mm: £=0,308:
t=7 mm: £=0,249:;
t=6 mm: £=0,198.

Jlna Bapuanta BCt 3mic2: ynosneTBopser ypaBHeHuio tl =8 mm.

t,=214.1./-—> —1434.J¢
: Y223 Ve

Ipmt; =10mM: 14,34,/ =9.46 <10,
t; =9 mm;  14.34,/£ =875<9.
t; =8 MM: 14,34,/ =795 ~ 8mm

Jns BapuanTa ctanu 171°C: ynoBneTBopsieT ypaBHeHHIo t1 < 6 Mm.

3

JiE

m

Jit




Ji

t,=214.1.—= =121./¢ .
: Y312 E

[Iput, =7mm: 12,1/ =603 <7,
tp=6MmM;_ 121,/6=538<6.

N3 pacuera mo nedopManvy HE3aBUCUMO OT MApKH CTajH: YAOBIETBOPSET YpaBHCHHIO t2 >7

MM.

t,=1473/10-F,, -d? £,

mm t, =1473/10-47.15-0,292 - £ =10,773/%
Mput,=7mm  10,773/£ =6,77 <7,
t,=6Mm 10,773/ =6.28>6.

N3 pacuera Ha BHYTpEHHEE [aBIECHUE INPU OTCYTCTBUM BHEIIHEW HArpy3Ku: OTH 3HAYCHUS
MEHBIIIE ITPEABIYIIHX.

p- de
mR, +p
rae p=2.5MllIa,
m=0.9.
JIsa ctamu BCt31mc2:
2.5-0,92
t; =500 ——— =5,6MM
09-223+25

Jinga ctamu 17TC ;. t3 =4 MM,

BrimonaauM npoBepky TpyObl ¢ MUHUMAIbHON TONIMHON CTEHKHU t=7MM Ha yCTOMYUBOCTB:

ty; =500

I
——red__<12./Bp, .
1000d_j3

4715
1000-0,92-0.75

YcnoBue y10BIETBOPSIETCS.

=0,069 < 132\/03203 0,875 =0,506

Takum oOpazoM, npuHuMaeM TpyOy ¥920 u tommmHoM cTeHkn t2 =8MM u3 cramu BCt3mc2,
100 ¥920 u TonmmHOMi cTeHkn t2 =7mMm u3 ctamm 17 I'C.



IIpakTuyeckas padora Ne 31
Onpenenenne k03(pPUIHEHTOB TEIVIOOTAAYH U Telloneperadyn
Heab padoThl: w3yuyeHUE  MPHUHIMIIOB  ONpeneicHus  KOXPQPUIUMEHTOB  TEIUIOOTAAYUd |
TEIUIONEPEIauH.
3amanue:
1. BuumarenbHO M3y4YHTE MaTepUa 1o TEMeE.
2. Hcnonb3ys nmpumep peiuTe 3a1a4u !
VYcnoBue 3amaun : TemmnepaTypa MOBEPXHOCTH BEPTUKAIBHOW CTEHKH BbICOTOM h=6 M paBHa tc=20°C.
Temneparypa Bo3ayxa B nomenieHuu tx=30°C. Onpenenuth KOdOPHUIUEHT TEIIIOOTIAYH OT BO3IyXa K
CTEHKE.
VYcnoue 3amaum: Teruto ropsuell BOIBI, NBUKYIICHCS BHYTPU KPYIJIOW TOPU3OHTAIBHON TpPYyOBI,
nepeaaeTcsi BO3AYXY, OMBIBarolieMy TpyOy IO HapyXHE MOBEPXHOCTH CBOOOJHBIM TOTOKOM.
Tpebyercss ompenenuTsh KOd(PGUIMEHTHI TEIUIOOTJAYH BOJOW BHYTPEHHEH IOBEPXHOCTH TPYOBI H
HApyXKHOU ee MOBEPXHOCTHU K BO3MYyXY, a Takke Kod(h(UIMEHT Terionepeaayd OT BOJbI K BO3IYXY.
Buyrtpennuii quamerp TpyOst d1=35 mm, TonmmHa creHku TpyOsl 60=4,0 MM; JUTMHA TPYOBI =14 w™;
MaTepuan TpyObl — KpacHas Mefb, ¢ KoadduimeHToM TeraonpoBogHoctu A=378 Bt/(m*K) ; cpeanss
CKOpOCTh BOJIbI B Tpyoe w=0,35 m/c; cpenusis temmneparypa Boasl B TpyOe tkxl =100°C, temmepatypa
Bo3ayXxa bk2 =25°C.

3anayva 1.
[Tpumep: ycnoBue 3agaun : TemmnepaTypa MOBEPXHOCTH BEPTHKAIBHON CTEHKH BBICOTON h=3 M
paBHa tc=10°C. Temneparypa Bo3ayxa B mnomemieHun tx=20°C. Omnpenenuts kodhdUIIUEHT
TEIUIOOTIa4M OT BO3/1yXa K CTEHKE.

1 Ompegensy dH2EecEHe XapakTepHCTHEN BO3IVEA IPH TEMIepaTvpe ty =20°C

E03( D HIHEHT TeMTONpPOROIHOCTH /=0,025% B1/(M- K}

EHMHeMATHIECKAT BA3KOCTE V=15, 06-10¥ 2/

xpHTepHE [Tpaggmna Pre—=0,.703

E03d DHIHEHT TeMOepaTVPHOrD PaCIIHPEHHET EO3IVEA
p=1/(tzt273)=1/(20+273)=0,0034 K

xpETepHH [IpaEITIs, IpH TeMIepaTVPe PABHOH TeMIepaType CTEHEH TPVOEL
Pro=0,703

2 Ompegensy spuTepiii [ pacroda nps ceoboaHOM 00 TEKAHNH BEeD THEATEHOH CTEHEH BOSIVEOM
Gra=(9.81-h%f (te- 1)) ve™=(5.81-33-0,0034 -(20-10))/(15,06- 1052 =357 065- 108

3 OmpegensEd EpHIepHE Penes
Ra=Pr; "Grs=0,703 -397.065-10%=275,136-10¢

4 Ompenensd xpuTepiE Hyccensta mpa Ra=10° (TyvpOvIeHTHE pesn) Mo 3MOIHpHTeCKOH
dopuve

Nug=0,15 - (Ra)®33 - (Pry/Prox)%3=0,15 - (279,136-108)%33 - (0,_703/0,705)823=419.7
5 OmpegensM Ko3ddHIFEHT TEMTOOTIAMH OT CTEHEH TPVOE K EOZIVIY
u=Nug -l h=419.7 -0,0255 /3=3 62 Br/(M*K)

3amaua 2.
VYcnosue: Temno ropsiaeid BOABI, ABWXKYIICHCS BHYTPH KPYIJIOW TOPHU3OHTAIBHOU TPYOHI,



nepeaaeTcsi BO3AYXY, OMBIBAaroIIeMy TpyOy IO HapyXHEW IOBEPXHOCTH CBOOOTHBIM ITOTOKOM.
Tpebyerca omnpenenuts KO3(PQPHUIMEHTH TEIUIOOTAAYH BOJOW BHYTPEHHEH IOBEPXHOCTH TPYObI U
Hapy>KHOW ee MOBEPXHOCTU K BO3IYyXY, a Takke KOd(PQHUIMEHT TEIuonepesadynd OT BOABI K BO3IYXY.
Buytpennunii auametp TpyOsr d1=30 Mm, ToNmMHA CTEHKH TPYOBI 6=3,0 MM; AnTMHA TPYOBI 1=1,4 wm;
marepuai TpyObl — KpacHast Meab, ¢ Kodhduuuentom temaonpoBoaHoctd A=378 Bt/(m*K) ; cpennss
CKOpPOCTh BOJBI B TpyOe w=0,35 M/c; cpennsisi Temneparypa Boasl B Tpyoe tkl =80°C, temmeparypa
Bo3ayxa tk2 =20°C.
1 Onpegenum puzHgecKue XapaKTepHCTHKH Bogsl IpH TemmepaTtype t; =80°C, ca. [4] . c1p. 296

ko3dduunent remtonporogaocta A1=0,669 B1/(MK)

KHHeMaTH9eckad Bazkocts v1=0.365-10-% a?/c

xkputepuii [Ipangraa Pri=2.23

kpuTepuii [IpaHaTia . mpH TeMmepaType BOJbI PABHOH TEMIIEPATVPE CTeHKH Pr..1=7.03

2 Ompegenuy kpuTepuii PefiHoabaca 47149 TOTOKAa BOJEI B TPYOE, JBHKVIIEHCA CO CKOPOCTBIO W'
Rexa=(wi-d1)/vi=(0,35-0,030)/ 0,365-10-6 =28767

3 Ompegenny kputepnit Hyccensta g14 pesxuma Tedenna 104< Re,g <5-10% mo snmupugeckoii
dopnyvie, oM. [4] . c1p. 84

TTockomexy l/ d1=1.4/0.030=46.7 To £~1.009: oy [4] . c1p. 84
Nuz=0.021-(Rea)"5( Pry)"#-(Pry Pren)? 2 e1 =
=0,021-(28767)%3-( 2,23)%43-(2,23/7,03)%2°-1,009 =82,86
4 Ompegenny K03bPHIHEHT TEINIOOTAAYH OT BOJLI K CTEHKE TPYORI
1= Nugo 1/ d1=82,86- 0,669/0,030=1847 Br/(»*K)

5 Onpegemuy PuzugecKHe XapaKTEPHCTHKH BO3AVXa IIPH TeMImepaType tx2 =20°C,
xo03dbdHIHeHT TemTonporogHocTH £2=2,59-10-2 Br/(m-K)
KHHEeMATH9eCKad BA3K0cTh vo=1.506-10 m?/c
xputepuii [Ipanaraa Pry=0.703

K03 GHIHEHT TeMIepaTYpHOTo pacmmpenua Bo3avxa P=1/( tx+273)=1/(20+273)=0,0034 K-!



6 Onpegemum xputepuii [ pacroda npu cCE000ZHOM IOIIEPEIHOM CEO00JHOM 00TEeKaHHH
TOPH20HTAIBHOM TPVOBI BO3IVXOM

Gr=9.81-2 - 81+d1)*: Pr(ta1 —tx2)/ v2?=
=9.81-(2:0,003+0,03)*-0,0034-(80-20)/(1,506-10-7)*=411677

7 Onpegenum kpuTepuii HyccensTa o aMmupugeckoi popmMyie
Nu2=0,47-(411677)%2=119

8 OmpegemuM k03P PHIIHEHT TEII00TAAYH OT CTEHKH TPVORI K BO3OVXY
o= Nu z2h2/ (2:6+d1)=11,9-(2.59-10-2)/(2-:0,003+0,03)=8.6 Br/(m*-K)

9 OnpegemumM ko3dPHIIHEHT TEIUIONEpe ATy 10 GopMVIIe, I19 HHIHHIPHIECKOH CTEHKH

K=1/(1/(cq- dy)+(1/2-0)1n((2-8+d1 )dp)+1/(oa-(2-8+dy)))=
=1/(1/(1847-0,03)+(1/2-378)In((2-0.003+0.03)/0,03)+1/(8.6- (2-0.003+0.03)))=0.308 Br/(:K)

IIpakTuyeckas pa6ora Ne 32
HN3yuenue npaBui 0opopMJieHUsI TEKCTOBBIX IOKYMEHTOB U CXeM.

Lean padoThi: M3y4eHHUe MPaBmi 0HOPMIICHUS TEKCTOBBIX TOKYMEHTOB M CXEM.
3ananmne:
1. BuumarensHo nzyunure Matepuai no teme. [OCT 2.105-95 ECK/I. O6mue tpeboBaHus K
TEKCTOBBIM JJokyMeHTaM (¢ M3menenuem N 1).
2. OTBeTbTE Ha BOIPOCHI:
a. [Ilepeuncnure o0mye NOJI0KEHUS CTaHAApTA.
b. Tlepeunciure TpeOOBaHMS K TEKCTOBBIM IOKYMEHTaM, COJICPIKAIIUM, B OCHOBHOM, CILUIOIIHOM
TEKCT.
€. Onummrte npasuiia 0hOpMIICHUE HILUTIOCTPALUHI U IPUIIOKESHUH.
d. Omnwummure npaBuiIa MOCTPOSHUS TAOJIHII.
e. Ilepeuncnure TpeOOBaHUS, IPEIBIBIIEMbIC K TEKCTOBBIM JOKYMEHTAM, COJIEPIKAIINUM TEKCT,
pa3ouThIi Ha rpadBbl.
f. Tlepeuncnure TpeOOBaHUSA K OPOPMIICHUIO TUTYJILHOTO JICTA U JINCTA YTBEPIKICHUSI.

IIpakTnyeckas padora Ne 33
IlepeBoa pu3nyecKUX eAUHUL B KPATHbIE U A0JbHbIE.

eab padoTbl: HAYYUTHCA ONPEIETATh COOTHOLIEHHE MEXAY enuHuIaMu uamepenus CHU u

HauOoJIee YacTo BCTPCHAOIIMUMUCA CANHUIaMU JPYTHUX CUCTEM U BHECHCTCMHBIMHA

3aganue:
1. BHuMaTenbHO M3YYHTE MaTEpUa 1Mo TEME.
2. OTBeTUTH HA KOHTPOIHHBIE BOMPOCHI:
a. Yto moHMMaeTcs Mol MPUMEHEHHUEM eIMHUIL (PU3MUECKUX BETHUUH?
b. B uém paznuuue MeXAy OCHOBHBIMH U IIPOU3BOTHBIMU (PH3MUSCKHMHU BETHYHHAME?
C. Kakoii HOpMaTUBHBII JOKYMEHT YCTAHaBIIMBAET 00s3aTeNbHOE  MPUMEHEHHE €IUHMIL
Mex1yHapoaHON CUCTEMBI ETUHUII.
d. Kak numryrcst 0003HaYEeHUS €IUHHMII, HA3BaHHBIX B YECTh YUEHBIX .



e. IlpuBenure mpumepsl npou3BOoAHBIX enuHul CH, MMeromux crnenuanbHble HANMEHOBAHUS U
0003Ha4YEHHUS.

f. ColmoieHre KakuX OCHOBOIIOJIATAIOIIMX YCJIOBHH HEOOXOIMMO Ui OOCCIICUYCHHUS CIMHCTBA
WU3MEPEHUI U POJIb B 3TOM eauHUIl pusndeckux Benuaun CH.

0. Kak moanepxvBarT eIUHCTBO U3MEPEHUH ¢ yIETOM COMYTCTBYIOMUX (hakTOpoB?

[Tpumepsl
1.IlepeBectn ncxonnsie equuuilbl CHU B KpaTHBIC €AMHUIIBI U OOPATHO:
29,4.1010 MIlIa =29,4°1010°106 = 1016 Ila
490103 Bt = 490103 10-3 kBt =490 xBt
2.IlepeBecTr HCXOIHBIC SAMHUIIBI B JIOJBHBIC €IUHUIIBI U 00OPATHO:
0,0084 m = 0,0084°102 = 0,84 cm
3.IlepeBectu BHECUCTEMHBIE €IUHUIIBI B equHuULbl CU:
20 mm pT. cT. =20 133,3 =2666 I1a
Iopsinok BbINOJIHEHHUS PA0OTHI:
1. O3HaKOMHUTBCS C MPaBUJIAMU HalmMCcaHus 00o3HadeHus equHuIl pusndeckux Beauand — [[OCT 8.417.
2. O3HaKOMHTHCS C MMPaBHJIaMHU 00pa30BaHUs KpaTHBIX U M0JbHBIX enuan - [OCT 8.417.
3. Ilpu BINOSTHEHUHU 3aJaHUS TIEPEBOJIa CUCTEMHBIX U BHECUCTEMHBIX eIMHUIl B equHuIbl CH, a Takxke
IIPH BBIOOPE JIECATUYHBIX KPATHBIX U IOJIbHBIX €MHHI] HE0OXOIMMO HCIIOJIB30BATh TAOJUIIBI.
Cooeporcanue omuema
1.HaumenoBanue u 1enb padboThl
2 Pe3ynbTaThl pacyera.
3.0TBETHI Ha KOHTPOJIBHBIE BOIIPOCHI

MeTtponorust - Hayka 00 U3MEpPEHHSIX, METOJaX M CpeICTBax OOECHeueHUs WX EIUHCTBA U
crocob6ax JAOCTIKEeHUS TpeOyeMoi TOUHOCTH.

Ouznyeckas BennunHa (DPB) - xapakTepucTHka OJHOTO M3 CBOMCTB (PU3WYECKOTO OOBEKTA
(pusnyeckoil cucTeMbl, SIBICHUSI WM Ipoliecca), oOmas B KayeCTBEHHOM OTHOIIEHMHM IO MHOTUM
¢buszndeckuM 00bEeKTaM, HO B KOJIMYECTBEHHOM OTHOIIEHWU WHIUBUIyaIbHA JIJIST KaXKJ0TO OOBEKTA.

3HavyeHne (HU3NYECKON BEIMUMHEI - OIIEHKA €€ pa3Mepa B BHAE HEKOTOPOTO YHCIIA 1O MPUHSITON
JUIS Hee IIKaJje.

Enununa ¢usudeckoi BenuuunHel - ®PB  ¢QurcupoBaHHOro pasmepa, KOTOPOH YCIOBHO
MIPUCBOEHO 3HAYEHHUE PABHOE €IMHUILIE U IPUMEHAEMAsl 1JIs1 KOJIMYECTBEHHOTO BBIPAXKEHUS OJTHOPOIHBIX
OB.

PaznuyaroT OCHOBHBIE, MPOW3BOJHBIE, KpaTHbBIE, NOJbHBIE, KorepeHTHble (CU), cucteMHble U
BHECHCTEMHBIC €IMHUIIBL. MEXTyHapOHASI CHCTEMa eAUHUI] GU3UIECKUX BEITHYMH.

COBOKYIMHOCTh OCHOBHBIX W TPOM3BOAHBIX eauHuI] @B, 00pa3oBaHHass B COOTBETCTBHUHU C
MPUHSATHIMU TPUHIIATIAMH, HA3bIBACTCSI CHCTEMOM eMWHMI] (PU3UYECKUX BEIMYMH. ENMHMIIA OCHOBHOM
OB saBnsercs OCHOBHOW eAuHUIIEH naHHOW cuctembl. B Poccuiickoit ®dexnepanum UCHoib3yeTcs
cucrema eaununy CH, Beenennas ['OCT 8.417-2002 «I'CU. Epumnunsl ¢usnueckux BeauuuH». B
KAaueCTBE OCHOBHBIX €IUHUIl MPUHATHl METP, KWIOTPaMM, CEKyHJa, aMIep, KeJIbBUH, MOJb U KaHJena
(Tabm.l).

[IpousBonHas eAwHMIIA - ATO eQUHUIA Mpou3BoaHON DB cucremsl eaunuil, oOpazoBaHHas B
COOTBETCTBUHU C YPAaBHEHUSIMH, CBA3BIBAIOIIMMU €€ C OCHOBHBIMHU €IUHHUIIAMU WJIM K€ C OCHOBHBIMH U
y&Ke ONpeAeeHHbIMA MPOU3BOAHBIMUA. HekoTopsie mpou3BoiHble enuHUIbl cuctembl CU, nmeromne
coOCTBEHHOE Ha3BaHUE, IPUBEICHBI B Ta0I. 2.

Bemuuuna Enunaunia



HanmenoBanue O6o3naueHne HanmenoBarne O603HaUeHUE

Pazmep

HOocThPexoMeHmyemMoe pycckoe MexxayHa poaroe/lnuna L 1 metp M mMacca M mkuiorpaMm Kr
kgBpewms T tcekynna ¢ sCuna snekrpuueckororoka I [ ammep A A

Tepmonnnamuueckas temneparypa O T kensBuH K K

KomuuectBo BemectBa N n, vMmoiab Moiab molCuna cBera J J kanpemwrakn cdTabmuma 1
OcHOBHBIE eTMHUITBI PU3NYECKUX BeTU4IHH cuctemMbl CH1

Tabnuma 2 [1pousBoansie equHuIbl cuctembl CU, nmeronue crenuaibHoe Ha3BaHKE

Bemuuuna Enununia

HaumenoBanue Pazmeprnocts Haumenosanne O6o3nauenue Bripaxenue uepes en.CU

Yacrora T repu ' ¢

Cuna, Bec LMT uproron H M*kr*c

JlaBnenne, mexanndeckoe Hanpspbkenne LMT mackans [1a m*kr*c

DHeprus, padota, konuuectBo TernoTel LM T mxoyns [k M2*kr*c

Momuoctes LMT Bart BT M*Kkr*c

KonnuectBo anexrpuuectBa T1 kynon K c*ADnexkTpuueckoe HanpsiKeHHe,

MoTeHIual, snekTpoaBmkymas cuia LMTI BonsT B m*kr¥c* A

Onexrpuueckas emkocts LMTI dapan pm*kr*c*A

Onexrpuueckoe conporuBicarne LMTI omOm M*kr*c* A

MaruutHas unaykuust MTI tecna T kr**cA

JInst ycTaHOBIEHUS TPOU3BOJHOM €IMHHULIBI CIIETYET:

BbIOpaTh OB, eTMHUITBI KOTOPHIX IPUHUMAIOTCS B KAYECTBE OCHOBHBIX;

YCTaHOBUTH pa3Mep 3TUX €AUHUIL;

-BBIOpaTh OIpEAETSIoNIee ypaBHEHUE, CBSI3BIBAIOIICEC BEIMYUHBI, H3MEPSIEMbIE OCHOBHBIMHU
€MHUIIAMH, C BEIMYMHOM, JJIsI KOTOPOM YCTaHABIMBAETCS NMPOU3BOJIHAA eauHua. [Ipyu 3TOM CUMBOIIBI
BCEX BEJIMYMH, BXOJSLIMX B ONPEIENSIONIEEe YpaBHEHUE, NOJKHBI PAacCMaTPUBATBCS HE KaK caMu
BEJIMYUHEI, 4 KAK NX HMEHOBAHHLIC YHCIIOBBIE 3HAUCHHS;

Bce ocHOBHBIE, MpPOW3BOJHBIE, KpaTHbIE W JOJbHBIC EAUHUIBI SBISIFOTCS CHCTEMHBIMHU.
Buecucremuas enunmnia - 3to eauHuna OB, He BXoasmas HA B OAHY M3 MPUHSTHIX CUCTEM €IUHMII.
BuecucremHuble eMHUIIBI TTO OTHOIIEHHIO K enuuuiiamM CH pa3aenstor Ha 4 Buaa:

nonyckaemble HapaBHe ¢ eauHuuaMu CH, Hanmpumep: eIMHUIBI MacChl - TOHHA; MJIOCKOTO yIJIa -
rpagyc, MUHYTa, CEKYHIa; o0beMa - TUTp U Jp. HekoTopsie BHECUCTEMHBIE €TUHUIIBI, JOMyCKaeMble K
npuMeHeHuto HapaBHe ¢ eauHumamu CU, mpuBenens! B Tabn.3.Tabnuna 3 BHecucTeMHbIE eQUMHHIIBI,
JIOTTyCKaeMble K TPUMEHEHUIO HapaBHe ¢ equHuiamu CU.

HanmenoBanune BenmnauHbl Eqnania

Haunmenosanne O6o3nauenre COOTHOIIEHHUE C €UHHU-

neit C

Macca Torna T 10xr

Bpemst munyta mun 60 ¢

yac 1 3600 ¢

cytku cyT86400 ¢

O6wem nutp 11 10Mm

[Tnomans rexrap ra 10m

JOTTyCKaeMble K TPUMEHEHHIO B CIICIHAIBHBIX O0JAaCTSIX, HANpUMEp: acTPOHOMHYECKAas
€IMHUIIA, TTAPCEK, CBETOBOM T'OJl - €IMHUIIBI JUTMHBI B aCTPOHOMUU; TUONTPHS - €AUHUIIA ONTHYCCKOM
CHJIBI B ONITHKE; 3JIEKTPOH-BOJIBT - €AMHUIA YHEPTUHU B (PU3UKE U T.1I.



BPEMEHHO JIOMyCKaeMble K MPUMEHEHUI0 HapaBHe ¢ eauHuiamu CU, Hampumep: MopcKasi MUJIS -
B MOPCKOM HaBUTAIlMH; KapaT - €IMHHIIA MAcChl B IOBETUPHOM Jejie U Ap. DTH €IUHUIBI JOJKHBI
U3BIMATHCS U3 YIIOTPEOJICHUS B COOTBETCTBUU C MEXKTYHAPOIHBIMU COTJIANICHUSIMU;

U3BATBIC U3 YNOTPEOJCHUS, HAMpUMEp, MILIUMETP PTYTHOTO CTOJI0a —eIUHUIA JABIICHUS;
JIOIIaIMHAs CUJIA - €IMHULIA MOIITHOCTH U HEKOTOPBIE JPYTHE.

PaznuuaroT kpatHsie u nonbHble eaquHuibl @B. KpatHas enununa- sto enununa OB, B uenoe
YHCIIO Pa3 MpEeBbIIIAIONIAsl CUCTEMHYIO UM BHECUCTEMHYIO eauHully. Hampumep, enuHuna JUIMHHBL -
kwioMmeTp paBHa 10 M, T.e. kpaTHas Mmetpy. JlonbHas eaununa - equuuna OB, 3HaueHne KOTOpPOUl B
[eJI0€ YHUCJIO pa3 MEHbIIE CHUCTEMOW WM BHECHCTEMHOHM enuHuIlpl. Hampumep, eauHHMIa UIMHBI
MuutaMeTp paBHa 10 M, T.e. sBisiercss noyibHOU. [IpucTtaBku aisi 0Opa3oBaHMsI KPATHBIX M JOJBHBIX
enuani CU npuBeneHs! B Ta01.4.

Tabmuma 4 MHOXUTENIM W MPUCTABKU JJIi 0Opa30BaHMS JCCATUYHBIX KPATHBIX MU JIOJBHBIX
€IMHUI] U UX HAUMEHOBaHU M

Muosxwurens [IpuctaBka O603nauenne Muoxurens [IpucraBka O6o3HaueHne

10 sxca D 10 merm d10 mera I110 canTuc

10 tepaT 10 mumium

10 rural’ 10 mukpo Mx10 mera M 10 nano H10 ko k 10 muko n10 rekror 10 pemrod10 nexa
ma 10 arroa

CymiecTByeT COOTHOLIEHHWE Mexay enuHunamu usmepennss CUH  u  wHambosee yacto
BCTPEYAIOITUMUCS SUHULIAMU JIPYTUX CUCTEM M BHECUCTEMHBIMU (CM. Ta0IuILy 5)

Tabnuna 5 CooTHOIIEHUS MEXTy €IUHULIAMHU U3MEPEHUS

Ne

n.nBennuunel EquHUAIBL

WU3MEPEHUS

B CU CootHomenne Mexay enuHuniamu uzMmepenuss CU u Hanbonee 4acTo BCTPEUAIOLNTUMUCS
€MHULIAMU JPYTUX CUCTEM U BHECHCTEMHBIMH.

1. Jlmuaa m Imxm = 10m

2. Macca kr 1T = 1000 krli = 100 kr3. Temneparypa K O = (t + 273,15) K

4. Bec (cuna sxectn) H 1kr = 9,81H

1auua = 10H

5. laBnenue I1a 16ap = 10I1a

Im6ap = 100 ITa

1 nun /em= Imx6ap = 0,1 Ila

Ikrc /em= 1 at = 9,81x10I1a = 735 MM.pT.cCT.

1 xrc / M=9,81 Ila

1 mm.Bog.cT. = 9,81 Ila

I mm.pr.cT. = 133,3 [1a

6. MomuocTts BT 1 xre M/ ¢ =9,81 Bt

1 3pr/c=10Bt

Ixkan/a = 1,163BT

7.00peMM 1 1=10M=1 oM

8. IlnotHocth kT /M 1 T/ M= 1 kr/ am= 11/ cmM= 10kr / M

1 xrc ¢/ M= 9,81 kr /™M

9. Pabota, sHeprus,

KonmyecTBO Ter1oTel [k 1 krc m= 9,81 [Ix

1 spr = 101x



1 kBt u=3,610/x =4,19 xJIx
3AJIAHUE
BrIpa3uTh B COOTBETCTBYIOIIMX €IWHUIAX 3HAYCHHS (DU3MYECKUX BEIWYWH (TIOBApUAHTHOE
3a/IaHKe 10 Taduwiie 6).
BBIPA3WTH B COOTBETCTBVYIOIIMX EAMHUIIAX.
Tabauia 6
BapuanTbl 3a1aHui.
1,7,13,192,8, 14,20 3, 9, 15, 21
Samanue OtBeT 3amanue OtBet 3amanue OTBET
10m mxM 100M MM 100cM M
100xr T 100kr 100kr r
3706=320=250=
250K 450K 210 K
10ITa 6ap 10ITa M6ap10Ila nua/cm
100ITa mm.pt.ct. 100ITa krc/cm 100ITa Mm.BOI.CT.
1000
MM.pT.cT. MOap 1000
MM.pt.cT. [Ta 1000
MM.pT.CT. KI'¢/ CM
I10Hkr 10H qua 10 H
10BT kxan/a 10Bt 3pr/c10Bt krc*m/c10/1x xkan 10/x kBr*410]lx apr
0,1lmem 0,11 oM 0,151 M
0,1 m/cm/g 0,1 m/cxkm/c0,1 m/ckm/4
10 ATA 10 AkA 10 AMA
100Bt MBT 100BT cBT100BT BTl kr /M KI/mM 1 kxt /M T/cM 1 kT / M /M
BapuanTsl 3a1aHui.
4,10,16,225, 11, 17,23 6,12,18, 24
3amanne OtBet 3aganne Otset 3aganue OTBET
IMM M 10MEM M 100MM M
10T xr 1001 T 100r X
480=5306=700=
375K 273K 300K
10ITa at10ITa Mm.pt.cT. 10ITa M6ap100I1a kre/m 10011a mx6ap100I1a nus/m
1000
MM.pT.cT. tuH/cM 1000
MM.pT.cT. ar1000
MM.PT.CT. KT'C/M
10 H nr10 H cr10 H nur
1Bt xkan/g 1Bt krc*m/c1BT apr/cl/Ix kkan 1/1x kBt*ul [x spr
0,0lmem 0,011 v 0,011 M
0,1 m/cm/mun 0,1 M/ckm/mun 0,01 M/cxm/4
0,1 ArA0,1 AcA0,1 AMA
1Bt MBT 1BT cBT1BT BTl kv /M KT/mMm 1 kv / M 1/cM 1 kT / M M1/ M
OtBetnl k 3amganuto. BBIPASWUTH B COOTBETCTBYIOIIMX EAVMHUIIAX.
Tabauiab a
BapuanTsl 3a1aHuii.



63,15

1,7,13,192,8, 14,203, 9, 15, 21

3aganue OtBet 3ananue OtBer 3amanue OTBET

10Mm 10MrM 100M 10Mm 100cM 1M

100xr 0,1t 100xr 1,0 11100xr 10r

37 © = 310,15K32 © = 305,15K25 © = 298,15K250K t = - 23,15 450K t = 176,85 210 Kt = -

10ITa 106ap 10ITa 10M6ap10Ila 10aun/cm

100IIa 0,75

MMm.pt.cT. 100I1a 1,02x10

krc/cm 10011a 10,2

MM.BOJI.CT.

1000

MMm.pt.cT. 0,13x10

M6ap1000

MM.pT.cT. 1,333x10

ITa 1000

MM.pT.cT. 1,36

Krc/ cMm

10H 1,02xr 10 H 10ama 10 H 1,02x10r

10BTt 8,6 xkai/g 10BT 103pr/c10BT 1,02 krc*m/c10/1x 2,4x10
kkan 10/Ix 2.8x10

kB1*410/Ix 103pr

0,1m 100 cm 0,11 0,1 oM 0,11 0.1x10Mm

0,1 m/c360 m/a 0,1 m/c0,0001xm/c0,1 m/c3,6x10xM/ua

10 AI0TA 10 A0,01xA 10 A10 MA

100Bt 10 MBT 100BT 10 ¢cBT100BT 10 1BT1 Xr/ M 10kr/mM 1 kv /M 10 T/cMm 1 kv / M 10 /M
BapuanTs! 3a1aHui.

4,10,16, 225,11, 17,23 6,12,18, 24

3amanne OtBet 3amanne Otsetr 3aganue OTBET

IMm 10m 10MrM 10M 100MMm 0, 1M

10T 10kr 1001 10 T 100r 0,1 kr48 © = 321,15K53 © = 326,15K70 © = 343,15K375K t = 101,85

273K t=-0,15300K t = 26,85

10ITa 1,02x10aT10IIa 7,5x10

MMm.pt.cT. 10I1a 0,1 m6ap100I1a 10,2 xrc/m 100I1a 10mx6ap100I1a 10gmH/M
1000

MM.pT.cT. 1,335x10

mua/cm 1000

MM.pT.cT. 1,36

at1000

MM.pT.cT. 1,36x10

KIc/M

10 H 1,02x10ar10 H 10,2cr 10 H 10amu

1Bt 0,86 xkan/a 1Bt 0,1krc*m/c1BT 103pr/cl/Ix 0,24x10
kkan 1]k 2,8x10

kB1*ul Ix 10 apr

0,011 10 cm 0,011 0,01 oM 0,011 0,1x10M



0,1 m/c6 m/muH 0,1 M/c0,6x10
kM/MuH 0,01 M/c0,036 km/40,1 A0.001 rAO0,1 A10 cA0,1 A10 MA
1Bt 10 MBT 1BT 100 c¢BT1BT 10 ABT1 v/ ™M 10kr/mM 1 kv / M 10r/cMm 1 kr/ M 10 M1/ M

IIpakTnueckas padora Ne 33
Pemenue 3a1a4 HA MOrPEeNIHOCTb.
eanb padoThl: HAay4YHTHCS PEIIATh 3314l HA MOTPEITHOCTD.
3aganue:
1. BHuUMAaTENbHO U3YUYHTE MATepUal IO TEME.
2. HWcnonp3ysimpuMepsl periuTe 3a1a4u:
a. Ycnosue 1: OmnpenenuTh KJIacC TOYHOCTH MAarHUTORIEKTPUYECKOTO MUJUIMAMIIEPMETpPA C
HOMMHAJIbHBIM 3HaU€HUEM ILKalbl [HOM = 25MA 1715 u3MepeHus ToKa B HHTepBajie 0T3—X 110 15
MA Tak, 4T0ObI OTHOCHTEJIbHAS TIOTPEIIHOCTh U3MepeHus Toka OloTH He mpeBbimana 2%.
b. Vcnosue 2: Onpeaenuts Kakoi mpruOop 00JbIle MOIXOANUT I U3MEPEHUs Toka [=25 MA, eciu
JUIS. U3MEPEHMS UCIIOJIB30BaHbI JIBA MPUOOpA, UMEIOIIUX COOTBETCTBEHHO IMIKaibl Ha 30 MA,
knacc Tounoctu 0,5 u Ha 100 MA, xiacc Tounoctu 0,2.

3agaua 1.
Onpenenutp Kiaacc TOYHOCTH MAarHUTOIJIEKTPUUYECKOTO MUJUIMAMIEpPMETpa € HOMHUHAJIBHBIM
3HaYeHHEM IKaIbl lyow = 10MA 1 m3mepeHust Toka B MHTEpBasie oTl-To 10 10 MA Tak, 4T0OBI
OTHOCHUTEJIbHAs OTPEIIHOCTh U3MepeHus Toka Olorm HE mpeBblana 1%.

Hano:

[mom = 10MA

Olorn < 1% 1+10MA
Haiitu:

K-?
Pemenue:

OTHocuTeNnbHASI MOTPEIIHOCTh U3MepeHUs OloTH Oomble B Hayaje IIKaJibl Mpudopa, Tak Kak
3HaueHue abcooTHOM norpemHocTy Al o Beelt mkaie npudopa NpuMEpHO 0JHO U TO ke. [loaTomy
Al onpenensiercsa npu [ = 1 MA:

Al=8lotH x I=0,0l x | x 10 3A=10"°A.

Knacc ToyHOocTM pabouero cpeiacTBa H3MEpPEHHs HAXOJIUTCS MO OCHOBHOM NpUBEIEHHOU
HOTPEIIHOCTH:

Al 10 °

olorH = - = 10X 1073 = 0,001

BriBoa: kitacc ToyHOCTH BBIOpaHHOTO Tprbopa gomkeH 0bTh K=0,1.
3agaua 2.
Onpenenuths Kakod mpuOOp OoIbIle MOAXOMUT Uisi u3MepeHus Toka [=10 MA, ecnu s
W3MEpEHUS HCIIOIh30BaHbI ABa MPUOOPa, UMEIOIINX COOTBETCTBEHHO IIKAJBI HA 15 MA, KJIacc TOUHOCTH
0,5 mHa 100 MA, xiracc Tounocts 0,1.

Hano:
I[=10mMA
liom1 = 15MA
liom2 = 100 MA

Ki1=0,5



K>=0,1

Haiitu:
ol1u dl»
Pemenue:
AOGCOTIOTHYIO M OTHOCUTEIIBHYIO MTOTPEIIHOCTH MIEPBOT0 MUJUIMAMIIEPMETPA OIIPEICTUM 10 (GOpMYyJIaM:
K 0,5
All= —— XLiow= —— x15%x10° =75x10°A
' 7100 100 ’
Al 7,5%x10°
= ——— =2 = 75x10°—38l;1=0,75%
[ 10 x 10
AOCOJIIOTHYIO U OTHOCUTEIBHYIO MTOTPEITHOCTH BTOPOTO MUJLTMAMITIEpMETpPa ONPESIIHM 10 (hopMyiaMm:
K 0,1
Az —— X Tgou= ——— x 100x 1023=0,1 x 103 A
>~ 7100 100 ’
Al 1x10°5
Slp= —2 = — =0.01 — 8= 1%
[ 10 x 10

BBIBO,I[Z HECMOTpA Ha TO, 4YTO BTOpOﬁ HpI/I60p nMeeT 0ojee BBICOKMI Kitacc TOYHOCTH, AJIA
3aIaHHOTO0 HU3MCPCHHA TOKa 0oJIbIIIE HoAXOJUT Hemeﬁ MUJUIMAMIICPMECTP, TAK KaK B 3TOM CJIy4dac
YMCHBIIACTCA OTHOCUTCIbHAA IMOrPCITHOCTb U3MECPCHU.

IIpakTnueckas padora Ne 34
N3yuenue npaBuJi onpeeaeHus 1moJieif J0MycKoOB B 3JIEKTPOHHKE.
Heab padoThl: H3yYUTH MPaBUIIA ONIPEACICHHUS MOJIEH JOMYCKOB B 2JIEKTPOHHUKE.
3aganue:
1. BHuMaTenpHO M3Y4YHTE MaTepUa 1Mo TeMeE.
2. OTBeThTE Ha BOMPOCHL:

a. [lepeuncnure BUIBI OTKIIOHEHHIA.

b.[IpuBeanTe MPUMEPHI YUCIOBBIX OTKIOHCHHIA.

c. [IpuBeute mpuMepsl 003HAYCHUS OTKIIOHEHHUH OyKBaMHU.

d.Yto sABSIETCA OCHOBHBIM OTKJIOHCHHUEM: 110 BaJTy UJIH [0 OTBEPCTHIO?

OcHOBHbBIE OTKJIOHEHHS

W3 nByX mpenenbHBIX OTKJIOHEHHWH CTaHAApPT BBIACNIAET OJHO, KOTOPOE HA3bIBAIOT OCHOBHBIM.
OcHOBHOE OTKJIOHEHHE — 3TO OJHO W3 JIBYX OTKIOHEHMH (BepXHEe WM HIKHee), Ommkaiiiee K
HOMHHAIILHOMY pa3Mepy.

Jlnst paHee TPHUBEIACHHBIX TPUMEPOB MPOCTAHOBKU OTKJIOHEHWH (pasmen 1.1) ompenenum
YHCJIOBBIE 3HAYEHUS OCHOBHBIX OTKJIOHEHMIA:

1) + 0,002; 2) — 0,025; 3) +0,007; 4) 0; 5)0; 6) HEe onpeaeacHo.

B mrecrom mnpuMepe ompeneiuTh OCHOBHOE OTKJIOHEHHWE HEBO3MOXKHO, 00a OTKJIOHEHHS
paBHOYAAJIEHBI OT HOMUHAIILHOTO pa3Mepa.

OcHOBHBIE OTKIIOHEHHsI 0003HaYaI0T OyKBaMu JTaTHHCKOTO andasuta (puc. 1.1):

[IponucubiMu OykBamMu — OCHOBHBIE OTKiIOHeHUs1 oTBepcetui A, B, C, D, E, F, G, H, J, Js, K,
M,N, PR, S, T,U,V, X, Y, Z

CrpounbiMu OyKBaMu — OCHOBHBIE OTKJIOHEHHs BayioB a, b, ¢, d, e, f, g, h, ], js,k,m,n, p,r,s,
t,u, v, XY,z

OcHoBHble oTkioHEeHHS OT A 1m0 H (a — h) mpennHasHavyeHsl 111 0Opa3oBaHHUsS IMOCAIOK C



rapaHTHPOBAHHBIM 3a30pOM, MPHUYEM 3a30p yMeHbIaeTcs ot A 1o H (a —h).

OcHosublie oTkionenus Js, K, M, N (j, k, m, n) npexHa3HaueHsl A1 00pa30BaHUS MEPEXOTHBIX
N0CAI0K, IPUYEM OCHOBHOE OTKJIOHEHHE Js (jS) AaeT OOJbIIyI0 BEPOSITHOCTH MOSBJICHUS B COSIUHEHUN
3a30pa U HEOOJIBIITYIO BEPOSITHOCTD TMOSIBJICHUS HATAra, a OCHOBHOE OTKJIOHEHHE N (n) yxe, Ha000poT,
JaeT OOJBIIYI0 BEPOSTHOCTH MOSIBICHUS HATATA U HEOOJBIYIO BEPOATHOCTH MOSBJICHHUS 3a30pa.

OcnoBubie otkinonenus K (k), M (m) nmaroT nmpuMepHO paBHBIC BEPOSTHOCTH TOSBJICHHS B
COEIMHEHUH 3a30pOB WK HATAroB. OCHOBHOE OTKJIOHEHHUE J (j) MOKET UMETh UHJECKC «S», HalpuMep:
Js, js. DTO oO3HauaeT CHUMMETPHUYHOE pACIHOJIOKEHHWE OTKJIOHEHHH OTHOCUTEIBHO HOMHHAIBHOTO
pa3Mepa. B aToM citydyae 4MClIOBbIE 3HAYEHUS] BEPXHETO M HUKHETO OTKJIOHEHUN YHCIICHHO PaBHbI, HO
IIPOTUBOJIOKHBI I10 3HAKY.

OcHoBHBIE OTKIIOHEHUS OT P 10 Z (p — z) mpenHa3zHadeHbl Ui OOpa3oBaHMS IOCAIOK C
rapaHTHUPOBAHHBIM HATSATOM, PHYEM HATAT yBeauuuBaeTcs ot P 10 Z (p — 2).

OcHOBHbIE OTKJIOHEHHUS BaJla U OTBEPCTUS, 0003HAUEHHBIE OJJHOUMEHHOIN OYKBOM (17151 TaHHOTO
WHTEpBaJia pa3MEPOB), paBHbI IO BEIMYMHE, HO IPOTUBOIOJIOKHBI 110 3HAKY, HAIIPUMED, 711 OTBEPCTHI
C OCHOBHBIMHU OTKJIOHEHUsIMU OT A 10 H u Banos ot a 1o h: +EI = —es;

JUTS1 OTBEPCTHI ¢ OCHOBHBIMH OTKJIOHEHHUsIMH OT P 110 Z 1 BajioB oT p 110 z: -ES = + ei.
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Pucynok 1.1. OcHOBHBIE OTKJIOHEHHS OTBEPCTUI BAJIOB

OrpuuarensHue
OTKANHEHUA

Horsssans ke

IIpakTnyeckas padora Ne 35
H3yuenne onpenesieHnst epOX0BATOCTH MOBEPXHOCTH.

Hean padoThl: W3y4YUTh MpaBUIIA ONPECICHHS IEPOXOBATOCTH MOBEPXHOCTH.
3amanue:

1. BuumarenbHO W3y4yHTE MaTepUal 1O TEME.
OTBeTHTE HA BOMPOCHI:
[TonsiTue «IllepoxoBaTOCTh MOBEPXHOCTH.
Onummre TpU TPU BHUJIA IIEPOXOBATOCTH OOBEKTA.

o TN

[lepeuncnure MOKa3aTeNN MIEPOXOBATOCTH.



d. Tlepeuwciaure criOcOOBI OIIEHKH IIEPOXOBATEOCTH.
€. Onuiure METoIbl IPOBEICHUS U3MEPEHUS IIEPOXOBATOCTH MOBEPXHOCTH.
Cnioco0bI 1 MeTO/IbI H3MePEeHNsl IEPOX0BATOCTH MOBEPXHOCTH
Jlro6as, oOpaboTaHHast ake TIIATEIbHEHIINM 00pa3oM MOBEPXHOCTH JETATH, HE MOXET OBbITh
MOJIHOCTBIO MJIeaTbHO POBHOM. 3HAYCHHE TJIAJIKOCTH U POBHOCTH IIOBEPXHOCTH JICTAIH B JIIOOOM ClTydae
OyIeT OTIMYaThCs OT 3a[JaHHOTO YEPTEKOM 3HAUEHUs, T.€. OT HOMUHAJIBLHOTO 3HaueHus. [Ipu stowm,
OTKJIOHCHHE MOXXET OBITh JMOO MaKpOT€OMETPHUYECKUM, JIMOO MHUKPOT€OMETPHUYECKUM. Makpo
FeOMETPUUECKHE OTKJIOHEHHS MOTYT OBITh  OXapaKTepPU30BaHbl BOJHUCTOCTBIO  JETald U
HECOOTBETCTBHEM (opMe. MHUKpPOreoMeTpHIEeCKUE OTKIOHEHHS, B CBOIO OYepe/lb, ONPEACISIIOTCS HE
YEM UHBIM, KPOME IIEPOXOBATOCTH MOBEPXHOCTH.
[llepxoBaTOoCTh - 3TO COBOKYHMHOCTH MHKPOHEPOBHOCTEH MOSBIISIIONIUXCS HAa IMOBEPXHOCTAX
FOTOBBIX U3ACIMA Wiy jeraneid. Ilpm 3ToM, MmIar HEPOBHOCTH, MNPUHUMAEMbIA B KayeCTBE
HIEPOXOBATOCTH, TOJDKEH OBITh OYCHD MaJjl, OTHOCHUTEIIFHO 0a30BOM JUTMHBI BCEH TTOBEPXHOCTH.

Gy HLY
Boo01ie, mpuHATO BBHLAETSATH TPU BUJA MIEPOXOBATOCTH 0OBEKTA:

- HcxonHash mIepoxoBaTOCTh - BO3HUKAIOMIAsi B PE3yJbTaTe TEXHOJOTHUYECKOW 00pabOTKHM H3Ienus
pa3IuYHBIMU a0pa3uBaMu.
- DKCIUTyaTalioHHas MIePOX0OBAaTOCTh - 3TO MPHUOOpeTaeMasi B IPOIIECCce IKCILTyaTalllH MEPOX0BATOCTh
B pe3yJibTaTe U3HOCA U pabOyero TpeHusl.
- PaBHOBecHas HIEpOXOBAaTOCTh - 3TO BUJ 3KCIUIyaTAllMOHHOW HIEPOXOBAaTOCTH, KOTOPBIA MOKHO
BOCIIPOM3BECTH B CTAIIMOHAPHBIX YCIOBHIX TPEHHUS.
[Tapametprer mepoxoBaroctu omnpeaenessl B ['OCT 2789-73  «lllepoxoBaTocTh IOBEPXHOCTH.
[TapameTpsl, XapakTepucTUKM U 0003HaueHus». COriacHO 3TOMY JOKYMEHTY, BBIJCISAIOT TaKHe
MOKa3aTel EepOXOBATOCTH, KaK:
Ra - a0 cpennee apudmeTrueckoe 3HAYCHUE OTKIIOHEHUS TPOQUIIS.
Rz - aT0 BBICOTA HEpoBHOCTEH npodmiis, cHaTas B 10 Toukax.
S - 3TO cpeaHni mar MECTHBIX BBICTYTIOB ITPOQHIIS;
Sm - 310 cpenHee apupMeTHIEeCKOe 3HaYCHHE 111ara HEPOBHOCTH;
Rmax - 3To MakcumalibHas BbICOTa MPOQUIIS;
tp - 3T0 OTHOCUTENBbHAS JNTMHA NTPOdUII (OMOpHAsT), p - 3TO YPOBEHb CeUeHUs MPOdUIIs.
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[lpu 3amaHWU IIEPOXOBAaTOCTH, Kak TPABWIIO, WCIIOJNB3YETCS Tapamerp cp. apupm-ro.
otkyioHeHus npodust (Ra).

CTouT OTMETHTH, YTO MMEHHO IIEPOXOBATOCTh, OKA3hIBACT HambOoJiee CUIBHOE BIUSHUE Ha
OKCIUTYaTaI[MOHHBIC XapaKTePUCTHKHU JBUTATENIEH MAIMH, a TaKKe JeTalled W y3J0B Pa3IMYHOTO
o0opyaoBaHus. Bo3M0OXHO, IMEHHO TIOATOMY, TOYHOE ONpeAeTICHUE 3HAUEeHUS IIEPOXOBATOCTH - OJHA
U3 CaMbIX BaKHBIX 33/1a4 METPOJIOTHH.

OreHKa IEPOXOBATOCTH MOXKET MPOU3BOUTHCS ABYMS CIIOCOOAMMU:

1100 TIORJIEMEHTHO, IyTeM CPaBHEHHUsS OTIENBHBIX MMapaMeTpoB, JTHUOO B KOMIUIEKCE, HCIIONB3Ys
CpaBHUTEIBHBIN aHAJIHM3 UCCIIEAYEMOTro 00pasiia ¢ TAJIOHOM.

Haubonee TouHbIM, HA MOMEHT HallMCaHUs CTAaThH, SIBISIETCA MO3JIEMEHTHBIH CII0C00, KOTOPBIN
MOYET OBITh OCYILIECTBJIECH Pa3INYHBIMU METOJAMU OTIPE/IEIEHUS IIEPOXOBATOCTH:

1) HOlynoBoii MeTOA H3MEpPEHHs UIEPOXOBATOCTH TOBEPXHOCTH - 3TO KOHTAKTHBIM MeETO,
U3MEPEHUsl MPU KOTOPOM IPOU3BOAATCA IpU momou npoduiaomerpa. [Ipodunomerp mpencrabnser
co0OM 4yBCTBUTEIBHBIN JaTYMK, 000pYIOBaHHBIM TOHKOH, OCTPO 3aTOUYEHHOW ajiMa3HOM WIJOMH, ¢ Tak
Ha3bIBAEMOM, OIIYIIBIBAIOIIECH FOJIOBKOM.

Anma3zHas uria IpHKUMaeTcsl M MepeMellaeTcs MapajjielIbHO UCCIIeyeMOoill oBepXHOCTH. B
MeCTaX BO3HHUKHOBEHHS MUKpPOHEPOBHOCTEH (BBICTYNOB M BMAaJWH), BO3HHMKAIOT MEXaHUYECKUE
KoJie0aHUsl U3MEPUTEIHLHOW TOJOBKH WIJIBI. DTHU KojieOaHUs MepeAaroTcsl B JaT4MK, MpeoOpaszyromuil
MEXaHMUYECKYI0 DJHEprui0  KoiebaHWs B  JJEKTPUYECKUH  CHTHAJ, KOTOPBIM  yCHIUBaeTcs
npeoOpa3oBaTesieM U H3MepsieTcs. 3alrcaHHbIe MapaMeTpbl 3TOr0 CHUTHaja B TOYHOCTU TMOBTOPSIOT
HEPOBHOCTH Ha IIEpOXOBATON NOBEPXHOCTH JETAIIH.

[Ipopunomerpsl, 1O TpU3HAKy TUHa npeoOpa3oBaTesis CHUTHAJIOB, pa3leNsAlOT Ha
MbE303JIEKTPUYECKHE, AJIEKTPOHHBIC, MHIYKIMOHHbIE U WHAYKTUBHble. Hambomee pacmpocTpaHeHbI
puOOPHI, HCIIOJIB3YIONIME HHAYKTUBHBIE TPeo0pa3oBaTeu.

B kauecTBe mpuMepa HPODHUIOMETpa MOXKHO IpHBecTH HpuGops mMojeneit «CEMTPOHUK-
MII8» (monenn CEWTPOHMK-IIIS-1, CEWTPOHUK-TIIS-2, CEWUTPOHUK-IIIIS-3 u
CEUTPOHUK-IIILI8-4) a Tarke cTapsiii-1o0psiii «mpoduaomerp Momean 130y.

[ToMrMO TPOPHUIOMETPOB CYLIECTBYIOT Takke MpoduiIorpadbl, KOTOphIe MO3BOJIAIOT HE MPOCTO
U3MEPUTH, HO U 3alIUCaTh apaMeTphl IIEPOX0BATOr0 MPOoQuIIs B 3apaHee BHIOPAaHHOM MacIiTabe.

HccnenoBanne MOBEPXHOCTHEW IIYNOBBIM METOAOM IPOM3BOJUTCS B HECKOJBKO JTAIOB: Tak,
CHavaJla TPOQHIb HCCIETyEeMOro OOBEKTa «OIIYTNBIBACTCS» HECKOJIbKO pa3, a TOJbKO 3aTreM, Ha
OCHOBAaHUM CEPUU M3MEPEHUH BBIYMCIIACTCS YCPEIHEHHOE 3HAYCHHE NapaMeTpa, XapaKTEePU3yIOIIEerocs



KaK KOJIMYECTBCHHOC BBIPAXXCHUC HEPOBHOCTU OTHOCUTCIILHO JJIMHBI YHaCcTKa.

Hpodunorpad - npodunomerp CEUTPOHUK-TIIIIS-1

2) Onrtuyeckuil METoJ - 3TO OECKOHTAKTHBIA METOJ H3MEpPEHHUs LIEpOXOBAaTOCTH, KOTOPBIN
COCTOMT U3 L1eJI0M rpynmbl MeTo0B. CaMmble paclipoCTpaHEHHbIE U3 HUX - 3TO:

- METOJI CBETOBOI'0 CBEUEHUS U TEHEBOU METOJ,

- MUKPOUHTEP(EPEHIIMOHHBIN METO/,

- pacTpOBBIA METOI.

Wrak, pacTpoBbIii METOJ IpeaIoyiaracT CIEAyIOUIYI0 I0CIEeI0BaTeIbHOCTh JIEHCTBUM: Ha
UCCIIElyEMYI0 IOBEPXHOCTD KJIAJETCsl CTEKJISIHHAS IUIACTHHKA, C HAHECEHHOW Ha HEE€ pacTpOBOM CETKOU
(T.€. cucTeMoil paBHOYAAJEHHBIX MapaJUIEIbHBIX JUHHI), C MAJIEHbKUM IIaroM. 3aTeM, Ha IJIACTHHKY
MOJIal0TCA CBETOBBIE Jy4YHM MOJ HakiIOHOM. [IpM majgeHum CBETOBBIX Jyuyell MOJ HAKIOHOM B MECTax
MUKPOCKOIIUYECKUX HEPOBHOCTEN, ITPUXHU OTPAKEHHON PacTpOBON CETKM HAKJIaJ(bIBAIOTCS HA IITPUXHU
pEalbHO HApUCOBAHHOM CETKHM, B pE3yJbTaTe 4YEro BO3HMKAIOT MyapoBbI€ II0JIOCHI, KOTOpBIE U
CBUJIETEJILCTBYIOT O HAJIMYUM BBICTYNOB WIM BIAJAWH Ha IMOBEPXHOCTH H3ydaeMoro oObekra. Ilpum
IIOMOIIM PacTPOBOTO MHUKPOCKONA M ONPENEISAIOT MapaMeTpbl HEPOBHOCTH. TOYHYIO METOAMKY
OIpeENIEHUs TapaMETPOB MOXKHO NOCMOTPETh B cooTBeTCTBYIOMEM ['OCTe. OT™MeTuM, 4TO pacTpOBbIi
METOJT NPUMEHUM JUId OOCIel0BaHUS IOBEPXHOCTEH, Clie[lbl HEPOBHOCTEW Ha KOTOPBIX HMEIOT
IPEUMYIIECTBEHHO OJIMHAKOBOE HampaBiieHUEe (HampuMmep, LapanuHbl B IWIMHAPAX JBUTaTeseu
BHYTPEHHEI0 CTOPAHUS).

MeTon CBETOBOIO M TEHEBOIO CBEYEHHS - 3TO HauboJiee 4YacTo MPUMEHSIEMble METObl
U3MEpPEHMS NapaMeTPOB HEPOBHOCTEW. MeETO/ CBETOBOIO CBEYEHMSI CBOAMTCA K TOMY, YTO: CBETOBOM
IOTOK OT MCTOYHHMKA CBETA, MPOXOJS CKBO3b Y3KYIO III€Jb, IPEBpallacTCd B TOHKHM, y3KMH IyYOK.
3arem, Ipu MOMOIIM OOBEKTUBA, OH HAIIPABISAETCS Ha UCCIEIyEeMYI0 MOBEPXHOCTD MO ONpeAeIeHHBIM
yrioM. OTpaxasich, JIy4 OMATh IPOXOAUT Yepe3 0ObEKTUB U (POpPMUPYET U300pakeHUE IIENIN B OKYIISpE.
[Tpu 3TOM, aGCOMIOTHO POBHAsI MOBEPXHOCTh OYJIET UMETh UCAbHO MPSIMOM CBETOBOM MyYOK (JIMHHUSA),
a I1epoXoBaTas MOBEPXHOCTb - HCKPUBIICHHBIH.

TeHneBol METOX - 3TO YCOBEpPUIEHCTBOBAHHBIM M MPOJOJIKEHHBIM METOJ CBETOBOIO CBEYECHUSI.
CocTtouT OH B TOM, 4YTO: HEJAIEKO OT M3y4yaeMOH IOBEPXHOCTH NpUCHOCAOIMBAETCs JIMHEHKA CO
CKOLIEHHbIM peOpoM. ITyuok cBera mpeonosieBaeT TOXKE CaMO€ PAaCCTOSHUE, OJHAKO, OyITO HOMKOM,
cpe3aercst peOpom mnuHedku. Ilpu sTOoM, Ha H3MepseMON MOBEPXHOCTH MOXKHO HaONI0aTh TEHb,
BEPXHsS 4acTh KOTOPOM B TOYHOCTH IMOBTOPSET M3y4daeMblid mpoduias. [Ipu momomm MukKpockomna,
TaKoe HM300paXCHHE PAcCMAaTPUBAIOT, AHAIM3UPYIOT M JIENalOT BBIBOJBI O MapaMeTpax M XapakTepe
IIEPOXOBATOCTH.

MukpouHTepQEpeHIIMOHHBIIT ~ METOA -  pealu3yercs Ipu  [OMOLIM  CIEUUAIbHOTO



U3MEPUTENIBHOTO NMPUOOpa, KOTOPHIM COCTOMT M3 HM3MEPUTENBHOTO MHMKpPOCKONA UM MHTEppEepoMeTpa.
Hcnons3ys unTepdepomMeTp, MoaydaroT UHTEP(HEPEHIMOHHYIO KapTUHY MOBEPXHOCTHU HCCIEIYEMOTO
00BEKTa C MCKPUBICHHMSAMHU IIOJIOC B MECTax HepoBHocTeil. Ilapamerpsl mepoxoBaTocTH HU3MEPSIOT,
3areMm, MPH MOMOIIN MHUKPOCKOIIA.

Taxoke, cieayeT BBIICIUTH OTIEIBHO METOJ CJIETKOB, KOTOPBIA MpPUMEHSETCS Ui OLEHKH
IEPOXOBATOCTH PA3JIUYHBIX TPYAHOIOCTYIHBIX [TOBEPXHOCTEH, a TAK)KE MOBEPXHOCTEH, 00JIaaroIIuX
CJIO’KHBIM CTpOEHHEM. MeTo/ CIIeNKOB, MPEICTaBIIsAET COOON CHATHE HEraTUBHBIX KOMMH MOBEPXHOCTH
Ipy MOMOIIM BOCKa, napaduHa WM THICA, a TaKKe IOCIEAYIOLee MX H3y4YeHHE ILIYNOBBIM HIIH
ONTUYECKUM METONOM. TakuMm o0pa3oM, METO CJIENKOB - 3TO HE CAMOCTOSTENbHBIH METOJ, a JIMUIb
METOJ CBSI3aHHBIM C IMOATOTOBKOW K M3MepeHHto. OH NPUMEHMM TOJBKO COBMECTHO C OJHHUM U3
CIOCO0OB M3MEPEHUS IIEPOXOBATOCTH.

IIpakTnyeckas padora Ne 36
H3mepenne pa3mepos aeTasieil BpaleHusi IITAHTeHHHCTPYMEHTAMH.

Heab padoTsl Hay4YUThCSl MPOU3BOJIUTH MU3MEPEHUE pa3MEPOB JAETAJICl BpallleHHs
npu oMoty mranrenuupkys -1 u HII-2.
3ananue 1. BuHuMarenbHO MPOYUTANTE HHCTPYKIHUIO MO TEME.

2. IlpomsBenute W3MEpEeHUs pa3MEpoOB JACTAIM IPU HOMOIIU
mrranrenuupkynend -1 u [II-2.

3. Haueprture 3cku3 neranu tuna «Banuk cryrneH4aTsii.

4. 3anoyiHUTE KapTy KOHTPOJISL Pa3MepOB JCTAIIH.

KonTtposabHo- ITAaHTeHIUPKYJIK, BenrnurHa oTcuéra 0,01 MM, BenmunHa U3MepeHus
H3MEpUTEeJIbHBbIN III-1 0+125mmMm, HIIT-2 0+250MMm.
HHCTPYMEHT

Kapra koHTpoJIs pa3mMepoB AeTanu

HanmenoBanue, JeiicTBUTENbHBIE pa3Mepbl A€TaIl (MM)
ACKU3 AeTalln

mep

8bin
OJIHeHUs. NPAKMUYecKoll pabomol
Kapra xkoHTpoOJIs1 pazMepoB aeTajiu

HanmenoBanue, JeiicTBUTENnbHBIE pa3Mephl A€TaIl (MM)
JCKU3 AeTallu
Banuk crynenuatsiii o1 02 a3 04 A5
' 9,8 14,2 17,8 23,6 27,9
€1 €2 €3 €4 €5 £*

19,7 20,8 20,4 20,1 20,1 101,2
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HN3mepenue pasMepoB aeTasieil BpaneHus MUKPOMETPUYECKIUM HHCTPYMEHTOM.

Hean padoThl HAy4UThCS MPOU3BOJIUTH U3MEPEHUE Pa3MEpOB JieTalel BpALICHUS
IpU OMOIIH ri1agku MukpomerpoB MK-1 u MK-2.
3ananue 1. BHuMaTenpHO MPOYUTANTE HHCTPYKIIHIO IO TEME.
2. llpou3Benute H3MEpPEHUS pPa3MEpPOB JETAld MPH MOMOIIU
rankux MukpometpoB MK-1 u MK-2.
3. Hauepture scku3 netanu tuna «Baauk cTyneH4aThIi.
4. 3anoJiHUTE KapTy KOHTPOJIS pPa3MEpOB JICTAJIH.

KonTpoasHo- TJIagKue MHKPOMETPBHI, BEJIMYHHA oTcuéra 0,01mmM,
H3MePUTEJbHbIN BennunHa uzmepenust MK-1 0+25mm, MK-2 25+50mm.
HHCTPYMEHT

Kapra xoHTposs pasmepoB aeranu

Haumenoanue, JeiicTBUTENnbHBIE pa3Mephl AeTaIl (MM)
ICKU3 JeTalln

IIpu

mep

6bln

OJIHEeHUs. NPAKMU4ecKol pabomol
Kapra koHTpOJIsI pazMepoB aeTajiu

Haumenosanue, JleiicTBUTENbHBIE pa3Mepbl AeTaal (MM)
ACKU3 AETAIH
Banuk crynenuatsiit o1 02 a3 04 A5
: 981 | 14,2 | 17,87 | 23,63 | 27,91
- L1 2 £3 4 L5 0*
w ¥ f ] ] ] ] ] l
N { o] HERt] ] ! [ _ﬂ 2 19,74 | 20,81 | 20,45 20,1 20,15 101,25
M) !
l | »r
b |4
]
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Br100op MeTO1a M BH/1a M3MEPEHUI.

Heap padoTbl: H3yunTh IpaBUiia BEIOOpA METOAA U BUJIA U3MEPEHUI.
3ananme:

1. BHumarenbHO U3y4yHTE MaTepHal 1o TeME.

2. OTBeTbTE Ha BOIPOCHI:

1. Onumwure METOIBI U3MEPEHUI.

2. OnuimuTe 3Tarnsl NpeiBapuTeIbHOro Bioopa MuCHU.



MeToabl u3MepeHuit

W3mepenne (QU3MUECKOW BETMYMHBI MOXKET OBITh OCYIIECTBJICHO PA3JIMYHBIMH METOAAMU
(crmocobamu), BBIOOP KOTOPBIX B KaXKIAOM OTICIBHOM CIy4ae 3aBHCUT OT XapakTepa H3MepsieMOi
BEJIMYMHBI, OT YCIOBUN U3MEpPEHUs, OT YCTPOMCTBA U MPHUHLMIIA JCHCTBUN U3MEPSAEMOH anmnaparypsl, a
TaKxke TpeOyeMoil TOUHOCTH.

[To ciocoOy moxy4YeHus YUCIOBOTO 3HAYCHUS U3MEPSAEMON BETMYMHBI METO/IbI U3MEPEHUS ACTSAT
Ha 3 BUAa:

1. Ilpsimble
2. KocBenHsble
3. CoBokymnHbIE

OHu pa3znuyaroTcs 10 XapakTepy UCIOJIb30BaHU MeEp.

K nanbosnee BaXHBIM METOJIaM, IPSIMBIX H3MEPEHHUI MOCTOSTHHO BCTPEYAIOIIMXCS Ha MPAKTHKE,
OTHOCSTCS CIIEAYIOIHE:

1. Mertoa HemocpeCTBEHHON OLICHKH.

2. Mertop cpaBHEHUS, COCTOSILIUI U3 YETHIPEX Pa3HOBUIHOCTEM:
a) HyJIEBOH METOJ;

0) nuddepeHmanbHbIA METO/I;

B) METO/]I 3aMEIICHUS;

I') METOJ1 COBIA/ICHUS.

CymHocTh MeTofa HemnocpeACTBEHHOW oneHKH COCTOUT B TOM, O 3HAUEHHUE H3MEPSEMOM
BEJIMYMHBI CY/IAT 10 TIOKAa3aHUIO OJTHOTO WJIM HECKOJIBKHX MPUOOPOB MpsSMOTo peoOpa3oBaHus, 3apaHee
IPOrpalydpOBaHHbIX B €AMHULAX H3MEPSIEMOM BEJIWYMHBI WM B €IMHMUIAX APYIHMX BEIUYHMH, OT
KOTOPBIX 3aBHCUT u3Mepsemoe. OH MPHUHAUIKUT K YUCITy Hauboliee pPacHpOCTPaHEHHBIX B
TEXHUYECKOH NMpakTHKe (B CHJy CBOEH HMPOCTOTHI), U TUIIMYHBIM €r0 MPUMEPOM CIY>KUT HU3MEpEeHHe
NEKTPUUECKUX BEJTUYMH CTPEIOYHBIMU NMpuOOpaMu. TOYHOCTh 3TOr0 METO/1a OOBIYHO OTPaHUYHBACTCS
TOYHOCTBIO M3MEPUTENIBHBIX MPUOOPOB. OTINUUTENEHOW OCOOEHHOCTBIO TOr0 METOAA SBISETCS TO,
YTO ME€pa HEMOCPEACTBEHHOI'O yUacTHsl B POIIECCE U3MEPEHUS HE IPUHUMAET.

CyImHOCTBIO METOJa CpaBHEHMs SBISAETCS TO, YTO MPHU HCIOJIB30BaHUU 3TUX METOJIOB
u3MepsiemMas BeJIMYMHA B MPOIIECCE U3MEPEHUS CPAaBHUBAETCS C BEJIMUYMHOM, BOCIIPOU3BOIMMON MEPOH.

Takum 00pa3zom, OTIMYUTEIBHOW YEPTON METOJOB CPABHEHUS SBISIETCS HEMOCPEICTBEHHOE
ydacTue Mephl B Ipoliecce u3MepeHus. OHM pa3nyaroTcs 10 XapaKTepy UCIOJIb30BAHUS MEp.

A) HyneBoil MeTron — 3TO MeTOA, MPH KOTOPOM pe3yibTaTUpyromuil 3¢dexr BozaeicTBus
U3MepsIeMOi BEJTMUUHBI M 00pa3loBOM Mephl HAa MPUOOP CpaBHEHUS (HYJIEBOW MHAMKATOP) JTOBOJUTCS
1o Hyns. [IpumepaMy HCIONBb30BaHMSI HYJIEBBIX METOAOB B DJIEKTPOTEXHUKE SIBISIOTCSI MOCTOBBIE U
KOMIIEHCAIIMOHHBbIE cXeMbl. HylieBble MeTo/bl 3HAUMUTENbHO CIIOKHEE METOJOB HENOCPEICTBEHHOMN
OIIEHKH, TPEOYIOT 3HAYUTEILHO OOJIBIIIEr0 BPEMEHH, HO 3aTO TOYHOCTh MX HecpaBHeHHO Bhimie (0,02% u
BBIIIIE).

HyneBble MeTonbl NPHUMEHSIIOTCS B OCHOBHOM IIpH IPOBEpPKE MPUOOPOB HCIOJIb3YEMBIX
HEIIOCPEICTBEHHO OLIEHKE.

b) Jduddepennunanbablii METOJ — 3TO METOA, IPU KOTOPOM HEMOCPEICTBEHHO OLIEHUBAETCS
U3MEPUTENIBHBIMUA TPUOOPaMU Pa3HOCTh MEXIY H3MEpsAeMOi BEIMYMHOM M 00pa3loBO Mepod MWIn
Pa3HOCTh MPOU3BOAUMBIX UMH 3(P(HEKTOB.

Ans-A=a
Awn3 — u3mepsiemasi BeIMunHa; A — nmokazaHue nMpuoopa; a — MOrPeIrHOCTb.

3Hag A W uU3MepuB a, MOXKHO HaWTU Au3. TOYHOCTH 3TOr0 METOAA TEM BBIIIE, YEM MEHBIIIE

nu3MepsieMasi pa3HOCTh M C TeM OOJIbIIIeH TOYHOCTHIO OHAa M3MepeHa (eCau pa3HOCTh Mexay Au3 m A



cocraisieT 1% u u3MepeHo ¢ ToYHOCThIO 10 1%, TO TOYHOCTH M3MepeHust coctaBuT yxe 0,01%).

Juddepernnanbabie METOBI UCTIONB3YIOTCS IIPH TOYHBIX JIAOOPATOPHBIX M3MEPEHHAX (ITOBEpKa
00pa3IOBBIX COMPOTUBIICHUH, TIOBEPKA U3MEPUTEIBHBIX TPAHCPOPMATOPOB U JIP.).

B) Meron 3amemieHus. OTOT METOJ 3aK/IKOYaeTcs B TOM, YTO B IIPOLECCE H3MEPEHUs
u3MepsieMasl BeIMYMHAa AU3 3aMEHSETCSl B U3MEPUTEIbHOM YCTaHOBKM M3BECTHOM BEIMUMHON A, mpu
YeM IyTEM U3MEPEHUS BEJIMYMHBI A, U3MEPUTEIIbHAS YCTAHOBKA ITPUBOAUTCS B IPEKHEE COCTOSIHUE, TO
€CTh JOCTUTAIOTCS T€ K€ MOKa3aHWs MPUOOPOB, UYTO W MpHU JEHCTBUU BenudyuHbl Au3. [lpm Takux
YCIOBUSX AU3=.

I') Meton coBmazeHus. DTOT METOJ 3aKIOYaeTcs B TOM, YTO H3MEPSIOT Pa3sHOCTh MEXIY
MCKOMOM BETMYMHOW M 00pa3loBOi MEpOM, MCIOJIb3Ys COBIAJACHUS METOK IIKaJ MM MEePHOANYECKUX
curianoB. CyIIHOCTb ATOI0 METO/Ia MOYKHO MOSICHUTH HA IIPUMEPE OIpENEICHHs pa3Mepa Jroima.

1 mroiim= 127/5=254/10=25,4Mm
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IIpenBapure/bHBIH BLIOOP METOI0B U CPe/ICTB H3MEPEHMS.

[Ipensapurensupiii BbIOop MuCH ocymecTBiseTcs! CaeIyoIUMH dTalaMu:

1. He0OXOIMMO COCTaBUTH MOJIENIb O0BEKTa U3MEPEHHUS U BBIACTUTH B HEHW TOT apamerp,

KOTOPBIH JTOJKEH OBITh MPHUHAT 32 H3MEPSEMYIO BEIUYHHY .

2. B COCTaB 3aJaHHBIX HMCXOAHBIX JAHHBIX JIOJDKHBI BXOIUTb NPEIENbl JOIYyCKAEMBIX
XapaKTEPUCTUK IIOTPEIIHOCTEN W3MEPEHMM, BMECTO HHMX MOJYKHO BKJIIOYATh IIPENEibl AOIYCKAEMBIX
HOTPEIIHOCTEN XapaKTePUCTHUK MCIBITAHUM 00pa3lloB NMPOJYKIMU WJIM IOKa3aTeled JO0CTOBEPHOCTH
KOHTPOJIA.

3. yCTaHaBIUBAIOT BU/bI U3MEPEHUS (TIPSIMbIE, KOCBEHHBIE).

4. Ha OCHOBAaHMM MCXOJHBIX JAHHBIX YCTAaHABJIMBAIOT, HEOOXOJUMO JIM HCIOJIb30BaTh
BTOpUYHBIE IIpoLecchl. MIHOr/1a BropuyHbIe MpoLecchl AatoT Oosblie nHpopmaruu. [Ipumep BropuyHbIX
IIPOLIECCOB: M3MEPEHUE TEMIIEPATYPBI C TOMOILBIO U3MEPEHHUS TTMHBI BOJIHBI TEILUIOBOTO U3JIy4YCHMUS.

5. Ha OCHOBaHMM UCXO/HBIX TPEOOBAHMI CTETNIEHN aBTOMATHU3allUN yCTAaHABIUBAIOT BU/IbI U THIIBI
ucnoas3zoBanus B MBU CH, a Takxke Apyrux TEXHUYECKUX CpeAcTB. [Ipon3BoaANTCS OPUEHTUPOBOYHBIN
pacuet norpemHoctedt CH B peanpHbIX a1 faHHbIX MBU npupoaHbIX yCIIOBUN IPUMEHEHUS.

6. cocraBistoT cxemy coequHeHuit CU ¢ oObekTOM H3MepeHHs U APYTUMH TEXHHYECKUMHU
CpEICTBaMHU.

7. ecnu TpeamoJyiaraeTcs, YTO JJIsS YAOBJIETBOpPEHHUs TpeboBaHuM K morpemnoctn MBU
HE00X0UMO OyJIeT YMEHBUIUTD BIUSHUE CIIy4allHbIX COCTABISIOLINX, TPEIBAPUTEIILHO YCTaHABIUBAIOT
YHCIIO U3MEPEHUN U COOTBETCTBEHHBIN aJlTOPUTM UX 00PaOOTKH.

_ >
X=x+¢ Vn
8. ecnu mpeanoaaraeTcs, 4To HeoOX0AUMO OYJIeT YMEHBIIUTh CUCTEMATHYECKYIO
COCTABJISIOLIYIO MTOTPELTHOCTH, TO BBIOUPAIOT METOJIMKY UCKIIIOUEHUS UM YMEHbIICHUS
CUCTEMAaTUYECKHUX COCTABIISIOLIUX.
B pesynbrare BeinonHenus padot no 1-8 npeaapurtenbHbiil BeIOop CU 3akoHuYEH, T.€.
pa3paboTtan nepBbiid mpoekT MBMU.
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HN3mepeHue 0OCHOBHBIX NAPAMETPOB HAPYKHOM pe3b0bl.
Leab padoThl: W3yYUTH MPaBUIIA H3MEPEHUS OCHOBHBIX MTAPaMETPOB HAPYKHOU PE3bOBI.
3amanue:
1. BuumarenbHO H3y4yHMTE MaTEpUa IO TEME.
OTBeThTE HAa BOIIPOCHI:
[lepeuncnure KOHTPOJIUPYEMBIE TApAMETPhI PE3bOBI.
[lepeuncnure HHCTPYMEHT ISl KOHTPOJISL M U3MEPEHUS TapaMeTPOB PE3PHOBLI.
[TpousBenuTe KOHTPOJIb APAMETPOB PE3bOBI AETANU U 3AMUIINUTE UX.

o TN

Jlisi KOHTPOJISL 3JIEMEHTOB pe3bObl — IIara, AUamMeTpoB, (HOpMbI MPOGUIT — HPUMEHSIOTCS
YHHUBEPCAJIbHBIC U CIIENUAIBHBIE HHCTPYMEHTHI. BIOOp TOTO MM HHOTO MHCTPYMEHTA 3aBUCUT OT THIIA
pe3pObl U TIaBHBIM 00pa3oM OT €e TOYHOCTH. B mepByro ouepenp KOHTPOIMPYIOTCS IIar, CPeIHUI
auaMeTp U popma npoduiis U 3aTeM y)Ke Hapy KHbIM U BHYTPEHHUI TUaMeTpbl.

W3mepenue mara pe3pObl. M3MepuTenbHOM JMHEMKOW WM IUTAaHTCHUUPKYJIEM OIpPENeNsioT
JUIMHY HECKOJIbKUX I1aroB pe3bObl U NOJIYYEHHBINH pe3ysbTaT eAT Ha KOJMYECTBO IIAroB.

[lar xak Hapy»HOH, TaK U BHYTPEHHEH pe3bObl MOKHO OIPENEeNIUTh MIPH NOMOILU pe3pbomepa.
Ha xaxnoil nnactuHke pe3pboMepa yka3aHa BeldMuMHa mara pe3pObl. [logOuparoT miaacTMHKY Takum
o0Opa3om, 4ToOBI ee 3yOIbl IJIOTHO, 0€3 3a30pa BOILIM BO BIAAWHBI M3MEpseMoi pe3rObl. Torma mar
pe3p0bI OyIeT paBeH mary, yka3aHHOMY Ha IJIaCTHHKE.

W3mepenue cpennero nuamerpa pe3pObl. TOUHO M3MEPHUTH CPEAHUN AMaMETP Pe3bObl MOXKHO C
IIOMOIIIBI0  Pe3b00BOro MukpoMmeTpa. [lias u3MepeHHs pe3b0 paszauuHBIX Pa3MEpoB MOJb3YHOTCA
KOMIUJIEKTAMH HAaKOHEYHHKOB (OJMH C BBIPE30M BTOpPOW € KOHYCOM) COOTBETCTBYIOLIETO pa3zMepa.
[Tpenen ucnonb30BaHUs TaHHOTO KOMIUIEKTa YKa3aH HAa HaKOHEYHUKax. Tak, Harpumep, kieitmo M 3—
4,5 moka3bIBaeT, YTO JAaHHBIM KOMIIJIEKTOM MOXKHO M3MEpSTh METpUYecKue pe3pObl ¢ marom 3; 3,5; 4;
4.5 Mm.

VY MuKpOMETpOB ¢ mpeaenoMm usMepeHuit 0—25 MM HyneBble JieleHusl Ha OapabaHe u crTebdie
MHUKpPOMETpa COBMAJAIOT MPU TUIOTHOM TPHJIETAHUU HAKOHEYHUKOB JPYT K APYTY. Y MHKPO-METPOB C
npeaenoM wusMepeHuss 25—50 MM coBMajeHHWe JENCHHM JIOJDKHO OBITh TOT/A, KOT/a MEXKITY
HAaKOHEYHHKAMU BCTABJICH STAJIOH A.

ITpoBepka npoduns pe3pObl. Popma mpoduis pe3bObl HpoBepseTcs madbioHoM. B ciydae
HEOOXOJIMMOCTH B OYE€Hb TOYHOM KOHTpPOJIE IpUME HSOTCS CHelHaIbHble MUKpocKombl. [IpoBepka
HOpPMaJIbHBIMHU Pe3b00BBIMHU KanuOpamu. HeoTBeTcTBEHHBIE Pe3b0bI YJOOHO U MPOCTO KOHTPOJIUPOBATH
¢ moMoInpo KanubpoB. HopmanbHBIM pe3b0OBBIM KOJIBIIOM MPOBEPSIIOT HApY>KHBIA TUAMETP PE3bOBbI.
Koib1io HaBUHYMBAETCS Ha BUHT, M O TOYHOCTH Pe3bObI CYIAT MO OKAYMBAHHUIO KOJIbIA. BHYTp eHHMIA
TUaMeTp pe3bObl MPOBEPAIOT HOPMAIBHOM pe3b00BOI MpoOKoil. ' magkuii KoHel HOpMaIbHOTO KainuoOpa
CITy’KUT JUJISl IPOBEPKU THAMETPa OTBEPCTHUS O] pe3b0Yy.

[TpoBepka npenenbHBIMA Pe3b00BBIMU KamuOpaMu. TouHbIe pe3b0bl KOHTPOIUPYIOT C TIOMOIIHIO
IpelenbHBIX pe3bOOBbIX KaauOpoB. BHyTpeHHsAs pe3pba MpoBepsieTcss ¢ IHOMOIIBI0 Pe3bO0BOro
kanuOpa-npoOku. [IpoxoaHoil KoHel Kanudpa JOJKEH MOJTHOCTBIO BXOAUThH B pe€3b00OBOE OTBEPCTHE IO
Bceil ero mnmuHe. HempoxonHoil koHery mmeer 2—3 BHTKAa HEMOJHOrO MNpo(UIs U HE J0JDKEH
BBUHYMBATKLCS B IPOBEPSIEMOE OTBEPCTHE.

HapyxHast pe3pba mpoBepsercsi NPOXOAHBIMM pPE3bOOBBIMU KOJbIAMU, KOTOPBIE JIOJIKHBI
HOJTHOCThIO HABUHYMBATHCS HA BUHT M 3KUMATHCS HEIPOXOJHOM peryupyemMoi ckoOoH Ui IpOBEpKU
cpeaHero auamerpa. B MaccoBoM NpOM3BOJICTBE A NPOBEPKH HAPYKHOM pe3bObl IMOJIB3YIOTCS
IpeJeabHbIMU Pe3b0OBBIMU CKOOAMU C ABYMS IIapaMH POJIMKOB.
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Br100p U3MepUTEJBLHOI0 CPeCTBA IJI1 KOHTPOJIS U3/1eIHil.

Heab padoThl: HW3yYUTH MPaBUIIA BEIOOPA H3MEPUTEIHLHOTO CPEICTBA IS KOHTPOJIS M3ACTHH.
3amanue:

1. BuumarenbHO H3y4yHMTE MaTEpUa IO TEME.
OTBeThTE HAa BOIIPOCHI:
[lepeuncnure npaBuiia, y4UTbIBa€MbIE IIPH BBIOOPE CPEACTB KOHTPOJIIS U3CIIUM.
[TpousBenute BbIOOP CPENCTB AJIE KOHTPOJISI pa3MEPOB U3IEJHS, BHIOPAB U3 MPEATIOKEHHBIX.
[TpousBenute U3MEpPEHUS U 3AMULIUTE UX.

o TN

IIpu BBIOOpE CpPEACTB H3MEPEHUIl B NEPBYIO OYEPEAb JOJDKHO YUMTHIBATHCS JAOIYCTHUMOE
3HaUEHUE MOIPEUIHOCTH ISl JTaHHOTO U3MEPEHUs, YCTAHOBIEHHOE B COOTBETCTBYIOIIMX HOPMATHBHBIX
JIOKYMEHTAaX.

B cmyudae, eciu JomycTuMmass NOTPEIHOCTh HE MPEAYCMOTpEHAa B COOTBETCTBYIOIIMX
HOPMATUBHBIX JIOKyMEHTaX, IPEIeNbHO JIONMyCTUMAsi IOIPEIIHOCTh M3MEpeHHsl JOJDKHA OBITh
peraaMeHTHpPOBaHa B TEXHUYECKON JOKYMEHTAIMK Ha U3JEIHE.

IIpu BbIOOpE CPeNCTB U3MEPEHUS JOTKHBI TAKXKE YUUTHIBATHCS:

1) nomycTuMble OTKJIIOHEHUS;

2) MeToapl TPOBENEHHS HM3MEPEHHH W CIOCOOBI KOHTPOJSA. [ JIaBHBIM KpUTEpUEM BBIOOpa
CPEICTB M3MEPEHUH SBISETCSI COOTBETCTBUE CPEICTB HM3MEPEHUsS TpeOOBaHUSIM JIOCTOBEPHOCTH
U3MEPEHUH, MOJIyYeHUsI HACTOSAUIMX (IE€HCTBUTENbHBIX) 3HAYCHUM HM3MEpSAEMBIX BEIMYUH C 3a/laHHOU
TOYHOCTBIO IPY MUHUMAJIbHBIX BPEMEHHBIX U MaT€pUAJIbHBIX 3aTpaTax.

Jlisi  ONTHMabHOTO BBIOOpPA CPENCTB H3MEPEHUH HeoO0XoauMo 00aiaTh CleIyIOLUMU
VCXOIHBIMU JAHHBIMU:

1) HOMUHAJIBHBIM 3HAYE€HUEM U3MEPSIEMOM BETHMUUHBI;

2) BeIMYMHOM DPA3HOCTH MEXJY MaKCUMaJbHbIM M MUHUMAaJIbHBIM 3HAaU€HUEM H3MepsieMOi
BEJIMYMHBI, PETJIAMEHTUPYEMOM B HOPMaTUBHOW JOKYMEHTALUY;

3) cBeaeHUSIMH 00 YCIIOBUSAX MPOBEACHUS U3MEPEHUI.

Ecnu HeoOxonuMo BeIOpaTh U3MEPUTEIBHYIO CUCTEMY, PYKOBOJICTBYSICh KPUTEPUEM TOYHOCTH,
TO €€ MOTPEIIHOCTh JI0JIKHA BBIUUCIATHCS KaK CyMMa MOTPEIIHOCTE BCEX AJIEMEHTOB CHCTEMBI (Mep,
U3MEPUTENIbHBIX MPUOOPOB, U3MEPUTEIBHBIX NpeoOpa3oBarTesneii), B COOTBETCTBUU C YCTAaHOBJIEHHBIM
JUISL KQKJJOM CUCTEMBI 3aKOHOM.

IIpenBapuTenbHblii BHIOOP CPEACTB M3MEPEHUH NMPOU3ZBOAMTCS B COOTBETCTBHM C KPHUTEpPHEM
TOYHOCTH, @ TPU OKOHYATENBHOM BBIOOpPE CPENCTB HM3MEPEHHH JOJKHBI YUHUTBIBATHCS CIEIyIOIINE
TpeGoBaHUs:

1) k paboueii 001acTH 3HAUEHUH BEIMYUH, OKAa3bIBAIOLIMX BIHUSHHUE HA MPOLIECC U3MEPEHMUS;

2) k rabapuTaM CpelICTBa U3MEPCHHUN;

3) K Macce cpeIcTBa U3MEPEHHI;

4) K KOHCTPYKIIMH CPEJICTBA U3MEPEHUIA.

IIpu BBIOOpPE CpeACTB  M3MEpPEHUH  HEOOXOAMMO  YYUTBHIBATH  MPENNOYTHTEIBHOCTD
CTaHIapTU3UPOBAHHBIX CPEJCTB U3MEPEHUH.

IIpakTnueckas padora Ne 41
N3y4yenne npaBui nposenenus, opopmiieHne pe3yibTaTOB NOBEPKH.
Lesan padoThl: U3y4nuTh NpaBUIIA IPOBEACHUS U OYOPMIICHHUS PE3yJIbTaTOB IOBEPKHU.
3aganue:
1. BHumarenbHO U3yuyuTe MaTepHal 10 TEME.



OTBETHTE HA BOIPOCHI:

B kakoM xonmudecTBe 0(OPMIISIOTCS pe3yJIbTaThl IOBEPKH MPUOOPOB.

Ilepeuncinre cBeleHUs], KOTOPBIE JOJIKHBI COEPKATHCS B IIPOTOKOJIE TIOBEPKHU.

Kakne Mepbl MOTYT NpUHATH OpraHbl TOCYJAPCTBEHHOH METPOJOTHYECKOW CIyX Obl H

o TN

FOPUINYECKOTO JIUIA, TPOBOASIINE MTOBEPKY.

Odopmiienue pe3yabTaTOB MOBEPKH

[Iporokoinbl moBepku O0GOPMIISIOTCS HE MEHEe YeM B JIByX 3k3eMiuisipax. OIUH HaxOIuTCs Ha
MECTe JKCIUTyaTallud CPEeJCTBAa U3MEPEHHUs], IPYroi — B MOBEPUTENBLHOM J1ab0paTopuu B apXuBe WU B
namsatd OBM. IIpoTokosibl JOKHBI COAEpKATh CBEACHUSA:

1. o monb3oBatene CH, MeCTOHAXO0XKACHUHN U OKpYKaroLIeH cpeie.

2. 06 mzrotoBurene CU, Moienu ¢ cepuitHbIM HOMEPOM.

3. 06 obnactu skcruryaranun CH, ee ”HTEHCUBHOCTH M MTPOJODKUTEILHOCTH.

4. o mocneAHel KalMOpOBKE Ha CTPOMKE WM PEMOHTE, WX JlaTe€ M OpraHU3allH, KOTopas
MPOBOJMIIA, O aTe MOCIEAHEH MTOBEPKH.

5. 0 METPOJIOTHYECKUX, TEXHUUECKUX U aJIMUHUCTPATUBHBIX JaHHBIX 0 CU.

6. 0 METO/IMKE TMOBEPKH, HAUMEHOBAHUU U TUIIE 3TaJIOHA.

7. o mpurogHocTu K npuMmenennto CH 110 u mocie moBepKHu.

8. 0 moBepuTeNe U NepcoHale, IPUHUMAEMBbIX YYaCTHE B IOBEPKE.

[lo pesynpraTam aHajguM3a JaHHBIX HPOTOKOJA IOBEPKHM OpraHbl IOCYJIapCTBEHHOMN
METPOJIOTMUYECKOH CITyKOBI U IOPUAUYECKOTO JINLA, TIPOBOJSIINE TOBEPKY, MOTYT:

1. TpeGoBaTh W3MEHEHUS YTBEPKIAIOLIETO THUIA, OTPAHUYEHUS MPUMEHEHUS THIA H
aHaJIM3UPOBAHKE YTBEPKICHUS THIIA.

2. uHGOPMHPOBATH C COTJIacHsl OpraHU3allMK MPOBOJAALINE YTBEP)KICHUE THIA MOJIb30BaTENs O
HE00XO0IMMOCTH BHECEHUS ONPECICHHBIX U3MECHEHUH B METOIUKY MTOBEPKU.

3. [IpeoxuTh WK MpHKa3aTh MOJIb30BATENI0 U3MEHUTh NPOLENYpY 0OCTyKHBaHUS, 001aCTh
IPUMEHEHHUS, MEKIIOBEPOUHbIN MHTEpBaJ, OKPY’KAIOLIUE YCIOBUS, 00CITYKUBAIOLIUN MepcoHail, 100
IIPOBECTHU CE30HHYIO HacTpoiiky CU.

4. IloBeicUTh TpeOOBaHUS K IOPUANYECKUM JIMIIAM, IIPOBOSAIIUM MOBEPKY HJIM PEMOHT, a

TaK)X€ IMOTPEOHOCTh COBEPILIEHCTBOBAHUS WM IOBEIEHUE NAaHHBIX pabOT, €Clu OHU XOTAT
HPOJAJIUTH CPOK ACUCTBUS JUIIEH3UN WM aTTeCTaTa aKKpeIuTalllu.

5. TpebGoBaTe BBeIEHHUS MPOTOKOJOB MOBepkH Ui Tex TunoB CH, mis KOTOPHIX METOIUKaMHU

MOBEPKH 3TO HE IIPEyCMOTPEHO.

IIpakTHyeckast padora Ne 42
HN3y4yeHue NnpyMYMH MHCTPYMEHTAJIBHOM MOIPEIIHOCTH MAHOMETPOB.
Heanb padorbi: VI3yueHue u oneHKa NpUYUH GOPMUPOBAHUS HHCTPYMEHTAIBHOM MOTPEIIHOCTH B
NPYXUHHBIX peo0pa3oBaTesax JaBICHHUS.
3amanue:
1. BHumarenbHO U3y4YHTE MaTepHal 1o TeME.
2. BrmonHuTe paboTy COrNIaCHO aNropuTMa.
[opsimok BeIoNHEHHS PabOTHI
1. O3HakOMHTBCS C YCTPOMCTBOM MAaHOMETPOB, B KOTOPBIX pEaJN30BaHbl PA3JIMYHBIE CXEMBI
npeoOpa30BaHus 1aBJICHUS B MEXaHUUYECKOE TIEpEMELLICHHE.
2. O3HaKOMHTBCS C yCTPOWCTBOM CTEHJA JUI OBEPKU MaHOMETPOB.
3. HauepTtuth cxemy NoBEpOYHOIO CTEHAA.



4. BBIMOTHUTH M3MEPEHHS JaBJICHUS Ta3a Ha CTEH/E OJHOBPEMEHHO IPU IMOMOIIM 00pa3loBOTro U
MIOBEPSIEMOT0 MAHOMETPOB B PEXKUMaX MOIBEMA U CHIKCHUS JaBICHHS.
5. 3anecTH pe3yabTaThl U3MEPEHUH B TAOIUILY.

HcTounuku norpemHocTell B mpeodpa3yomux yCTpoicTBaX MAaHOMETPOB- LIAPHUPHI PHIYaKHBIX U
3yOuaThIX mepeaay.

[IpyxuHHBI MaHOMETP

2

plt!
Pucynok 1. Cxemsbl npeoOpa3oBatesneit 1aBieHus
1 - mpyxxuna (TpyOka) bypaona, 2 - noka3piBaroIias cTpeika, 3 - 3youaToe Kojeco,
4 - 3yOuaThlil CErMEHT, 5 - pbIYaXXKH, CBSA3bIBAIOLIME 3yOUaThlii CErMEHT ¢ TpyOKkoit byprona.
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WMCMNBITATENBHOW YCTAHOBKMU:

1 — ucnpiTyemblii MaHOMETP; 2 — paboUMii 3TaoH AaBieHus; 3 — KpaHbl; 4 — peAyKTop (peryasTop
JIaBJIEHU); 5 — MaxOBUYEK PEryJIsiTOpa JaBieHus; 6 — OaJUIOH C YIJIEKUCIIBIM Fa30M.
[TokxazaHus moBepseMOro MaHOMETpa U paboyero TajloHa NMpHU NOJbEME U TOHUKEHUU J1aBJICHUS

Ne n/ MNokazaHWA MaHOMETPOE MpK MNokasaHuA MaHOMETPOB NpK
n nogkéme naenedua, Mla CHUeHWW aaenedua, Mia
Pafouero MoeepAemaro Pabouero MoeepAemoro
3TanoHa 3TanoHa
1
2




IIpakTuyeckas padora Ne 43
CHfiITHE METPOJIOTHYECKNX XaPAKTEPUCTUK MPHU UCNILITAHUM TePMONpeodpa3oBaTteisi
CONpPOTHUBJICHHUS.
Leap padoTbl: H3yuyeHUE TPAaBUI CHATHS METPOJIOTMYECKUX XApAKTEPUCTUK IPU HCIBITAaHUU
TEepPMOIIpeoOpa3oBaTess COMPOTUBICHUS.
3aganue:
1. BuumarenbHO M3y4YHTE MaTepual 1o TeEMeE.
2. TlpousBeaute 3amMepbl XMPAKTEPUCTUK TepMoIipeodpasBarens coanporupieHuss TCM u
cienaiiTe BBIBOJ O €ro MPUTOJHOCTH K padoTe.

CTaGHNbHOCTL METPONOrNYECKWX XapakTepMCTUK TEPMOMETPA CONPOTHENEHHA

B xofe 3KkcnnyaTaluy METPONOMMYECKNE XAPAKTEPUCTHEM TEpPMONpeoBGpa3oBaTeneii CONpATURIEHUE HEN3DEXHO U3MEHAIOTCH. CKOPOCTh
W3MEHEHUA 3aBUCHT OT MHOTUX (DAKTOPOB TAKMX KAK TEMMEpaTypa 3KCTIYaTaLMM, CKOPOCTh M 4acToTa M3MEHEHWIA TEMNEPATYPbI, HANMYMeE
XHMUYECKHM AKTUBHBIX BELLECTB B M3MEPAEMON cpefle M TA. B cBA3M C 3TWM Ans Aatuukos TCITT, TCMT, TCMT Ex, TCMT Ex BBEAeHb! rpynibl
YCNOBMIA KCNNYATALMK M B 3aBUCMMOCTH OT 3TOM IPYNNbl HOPMUPOBAHB! AONYCTHMEIE 3HAYEHUA Apefda METPONOrMYECKUX XapaKTepHCTHK
TEPMOMETPOE CONPOTHENEHKS.

PMI-74 «METOOEI ONPEOENEHAS MEXMOBEPO4YHLIX U MEXKANMEPOBOYHBLIX MHTEPBANOE CPEACTB U3MEPEHW»
NPEANUCHIBAET ONPEAENATE MHTEPBAN MEXTY NOBepKamMK (MMI) kak Nepuof BpeMeHWHapatoTkm CI 33 KOTOPLIA M3MEHEHWE METPONOTUYECKUX
XapaKTEPUCTUK HE NPEBLILLAET MOIYNA KNACCA A0NYCka CH, YMEHBLIEHHOTO HA CUCTEMATUYECKYIO NOTPELIHOCT HAMEDEHWA B X0 MCTbITAHMI
CH.

[ns TepMonpeobpa3oBaTena CONPOTMBNEHHA OnpefensoLuM dakTopom Apeita AENAETCA HapaboTka AATYMEA NPU NOBLILIEHHOA
TeMmneparype. BnusiHWe CTApeHUs Ha Apeiid TC NpaKTUYECKH HE YTIOMUHAETCA B HAYYHBIX MyGNUKaLmax. [pK 3ToM oBILIEU3BECTHO YTO
BENMWYHHA U CKOPOCTh fipeiitha TC 3aBHCUT OT BEMWYMHLI H3MEPAEMOI TEMNEPATYPLL. M3BECTHO, YTO ME[HbIE TEpMonpecGpa3oBaTenu
COMNPOTUBINEHWA MEHEE CTAOWNLHEI YEM NNATHHOBLIE. JIOMMHUPYIOLIEA NPUYMHOI [peida, B yCIIOBUAX IKCNNYATALMM, HE OTHOCHILMXCS K
3KCTPEMANBbHBIM, ABNAETCA H3MEHEHHE (DH3UYECKMX CBOICTE METANMOB NOJ BO3AEHCTBUEM TEMNEDPATYPHI, BENUYMHA W3MEHEHHI 3aBNUCHT OT
3HAYEHUS MAKCUMANbHON TEMNEPATYPbI SKCNYATALMK W [INATENLHOCTH BO3AENCTBUA.

MNpennaraeTcA Nnpu HOPMHWPOBaHWK MHTEPBANOB MEXJY NOBEPKAMMW YYMTHIBATb YCIIOBWA 3KCNNYATALMK, Pa3Nenus UX no AWana3oHam

U3MEpPAEMbIX TEMNEpaTyp. [INA KAKI0M0 W3 AMana30H0B YKa3biBaTh CEQM MHTEPBAN MEKIlY NOBEPKAMM OT O[IHOTO T0Aa A0 NATH NeT
MpepnaraeMan rpajiaLUyMs WHTEPBANIOE NPECTABNEHa pUCYHKe 4.

MuTEepeanel mexay nosepramm, TC
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PUCYHOK 4. UHTepEankl Mexay noeepkamu TC



Kpome Toro, oOpallaeM BHUMaHWE Ha HeoOX0AWMOCTE KOPPENALMK NoKasaTened HaQexHOCTH, YCTaHasNMEaeMblX ANA AaT4WKA Temneparypbl ¢
HasHa4yeHHbIM MMM, COOTBETCTEME METDONONMYECKMX XapakTepuCcTUE 4aT4UKa Temnepartypel B Te4eHue MMIT npMCBOEHHOMY Knaccy Jonycka
Np¥ NEPBUYHON NOBEPKE ABNAETCA NPUHATO CHATATL OAHUM W3 BUAOB OTKa3a. OJHAKD, KaK OTMEYanoch Boulle, AT B pearnbHbiX YCNOBUAX
3KCMNyaTaLyMK W3MEHRAET CBOW XAPAKTEPUCTHKM, 8 BENWYMHA Apedda HOPMUPYETCH B COOTBETCTBMM C PMI-74. B CBA3M C 3TUM CHMTaEM
LenecoofpasHbIM YKa3biBaTb B ONMCAHKWKW TMNa CHM W coNpoBOAMTENBHOM TEXHWYECKOH [OKYMEHTALMK BENWYUHY JONYCTUMOID Apeita farunka
TeMnepatypbl 3@ MMIM. Takoi nogxop w3basuT noTpefuTena oT 3abny#4eHuA 0 COOTBETCTBMH METPONOrMYECKUX XapaKkTepUCTHE NPUCBOSHHOMY
KMaccy Jomycka B TedeHue Beero VIMI v no3sonuT paccuuTate bonee peanbHblid GlOKET HeonpeeneHHOCTH U3MepeHHid Ha oObekTe. YKasaHue
BENWYMHLI Apefda 3a VMM, oTpakaeT peantHylo KapTUHY W NEPEBOUT eé B pa3psaj NapameTpoB, OTHOCALMXCA K BMaM OTKasa. B nobom
cnyyae, Haubonee KOpPeKTHEIM NPEACTABNAETCH HA3HAYEHWE B Ka4eCTBe OCHOBHOMO NapameTpa HaAewHOCTH — BEePOATHOCTH De30TKa3HON
paboTol garyuka 3a MMM, B aToM cnyyae NordyHbiM NpefCcTaBnAeTca W Ha3Ha4yeHWe CPOKa rapaHTuK paBHbiM MIMIT.

MpefensHo AONyCTUMbIA Apeid METPONOMMYECKUX XapaKTepucTHKTepMonpeodpasosartenei CONPOTUBNEHNA 33 UHTEPBAN MEXIY NOBEPKaMK
(MMI) He NpeBLIWAET 3HA4EHUA, NPUBEAEHHBIX B Tabnuye 4.
Tabnuua 4. [peid METPONOIMYECKMX XapaKTepUCTUE TEPMOMETPA CONPOTUBNEHUS

Temnepatypa NPUMEHEeHHA,
"c rpynna
T™n ﬁﬂa::ia yCNoOBHUK Opendcp 3a UMM, °C
Aony aKCNNyaTauum
oT [0
TCMT : .
= - 518
TCMT Ex A B,C 180 +200 Il +(0,3+ 0,005 - |f])
A B, C — 50 +300 1 (0,15 + 0,002 - |)
TCOT : \
e — 50 +150 I 1 (0,1 + 0,0017 - |
AS
150 200 Il +(0,3+ 0,005 - |f])
— 196 - a0
I
TCOT - ] -
e B.C 300 450 1+ (0,3 + 0,005 - |f])
450 600 Il
{ — 3HaYEeHMe U3MEPAEMOIT TEMNEPATYPEI




Tabnuua 5. Mpeasnsl JONYCKAEMBIX OTKNOHEHWA 0T HCX

OwanazoH UaMepeHun,
"C
Knacc Mpegensl gonycKaembIx
Tvn gaT4yMKa - o
TemnepaTypbi gonycka OTKNOHEHWH oT HCX, °C
oT ao
A =50 +120 + (0,15 + 0,002 - |{])
TCMT
TCMT Ex B 50 +200 + (0,3 + 0,005 - |
C —180 +200 + (0,6 + 0,01 - i)
Al — 50 +200 + (0,10 + 0,0017 - 1))
A 50 +300 + (0,15 + 0,002 - |f])
TCOT
TCHT Ex
B —196 +600 + (0,3 + 0,005 - i)
C —196 +600 £ (0,6 + 0,01 -|f)
1 — ¥YkasaHbl NnpefenbHbIe 3HAa4eHHA, KOHKDPETHLIA AMana3oH, B 3aBMCHMOCTH OT KOHCTPYKTUBHOR
MOOWMDUKALMK M HANKW4YKA K, yKa3aH Aanee Ha CTPaHMLAX ONUCaHKA MOOWMDUKALMIA, a TakkKe
NPUEOOWTCA B MACNOPTE M HA WHNbAWKE AaTYMKA.

Mpegensupie orknoHenus or HCX garumkos TCNT, TCMT

PUCYHOK 5. MeTpornornyeckue XapakTe pucTMKMAATYMKOB Temnepartypbl TCMNT, TCMT, TCMT EX, TCMT EX ¢ BbIXOAHBIM CUTHanoM
3NeKTPUYECKOro CONPOTUBNEHUA

IIpakTuyeckas padora Ne 45
CHATHE METPOJIOTHYECKUX XaPAKTEPUCTUK MPH UCNIBITAHUM IaTYMKA TeMIIepaTypbl: TepMonapa.
Hean padoThl: uW3yueHUWE MPABUI CHITHS METPOJOTMUECKUX XapaKTEPUCTUK MPHU HCIBITAHUU



JlaTYMKa TEMIepaTyphbl: TepMOIapa.

3amanue:

1. BuumarenbHO H3y4yHMTE MaTEpUa IO TEME.
OTBeThTE HA BOIIPOCHI:
[Tepeuncnure mpoOIeMbl COXpaHEHHS] METPOJIIOTUYECKUX XapaKTEPUCTHK Y TepMOIIap.
[ToHsATHE «TEPMOINEKTPHUUECKON HEOJHOPOAHOCTI.
Ha3zoBuTe npu4MHbl HCKQKEHUH IPaJynpOBOYHON XapaKTEPUCTUKU TEPMOIIAPHI.
[ToHsATHE U OTYETO 3aBUCUT «COIIPOTUBIICHHE U30JIALUN TEPMOIAPBI».
[ToHsATHE U OT YEro 3aBUCHUT «TaJlbBAHUYECKUN Y3PPEKT TepMOonapb».

D00 TP N

OnuiyTe npolece TEIJI0BOro IMIYHTUPOBAHUS TEPMOTIApHhI.

M cTOoYHMKH MOTPelIHOCTH TepMonap

[Tpunun aeiicTBust TepMonap U 0COOEHHOCTH NPeoOpa30BaHMs U Mepeadyn CUrHajla MPUBOIST
K CJIeIyIOIMM BO3MOXHBIM Ipo0IeMaM MU UX HKCIUTyaTallH, BHI3bIBAIOIIUM OLIMOKY B ONpeAeIeHUN
TeMIIepaTyphbl:

1. JledexTsl popMupoBaHus paboyero cras TepMonaphl;
2. BO3HUKHOBEHHE TEPMODJIEKTPUYECKOH HEOJHOPOJHOCTH MO JAJMHE TEPMOAIEKTPOAOB MU

M3MEHEHHE TPalyHPOBOYHON XapaKTEPUCTHKH TEPMOTIAPHI;

3. DnekTpuyeckoe IIYHTUPOBAaHHWE MPOBOJHUKOB H30JSIIHMEH W BO3MOXXHOE BO3HHUKHOBEHHE
raJIbBAHHYECKOTO P eKTa;
4. TennoBoe HIyHTUPOBAHUE;
5. DIeKTpUYeCcKHe IIyMbl U YTEUKH.
Hckaxkenue rpagyupoBOYHON XapaKTePUCTUKHN TePMONIapPLI

OT0 Hamboee Cepbe3Hblil U TPYAHO AUATHOCTUPYEMBIH UCTOUHUK MOTPELIHOCTH, T.K. PE3YJIbTaT
orcyera TOJIC MoOXeT MOKa3aTbCs BIOJHE NPUEMIIEMBIM U B TO e BpeMs ObITh OIIMOOYHBIM.
TepMmoanekTprueckass HEOJHOPOJHOCTh MOXKET ObIThb pe3yiabTaToM JuGdy3un npumMeced u3
OKpy’Karomied armMocepsl TpH BBICOKHX TEMIIEPaTypax, BBICOKOTEMIIEPATYPHBIM OTKWUTOM WA
MeXaHW4YecKoil o0paboTkoil 3mexkTpoaoB. OHa MoxkeT o0pa3oBaThCsi B pe3ysbTaTe MPOTATMBAHUS
JJIEKTPOJIOB, HEOCTOPOXKHOTO OOpaleHus, ynapoB H BHOpaIMii, BBI3BIBAIONINX HANPSDKEHUS B
IIPOBOJIOKE.

M3MeHeHne cocTaBa cCIUlaBa MOXKET HaOJIIOAaThCs Ha OTNENbHOM YYacTKe MPOBOJIOKH,
HaxoJsllelcs JUIMTENIbHOE BpeMs B 30HE PE3KOro TeMIepaTrypHoro rpaaveHta. OHako
HEOJHOPOAHOCTD BIIMSET HA U3MEHEHHE IPayHUpPOBOYHON XapaKTEPUCTUKU TOJIBKO B TOM CIIy4ae, eCclu
OHa TIONAJaeT B 30HY TEMIEpPaTypHOTO TpagueHTa Npu u3MepeHuH. Yem Oojblie TpagueHT
TEMIIepPaTyphl, TEM OOJIbINIE TTOTPEITHOCTh, BOSHUKAIOIAS N3-32 HEOJHOPOAHOCTH.

OnuH u3 crocoOOB YMEHBIICHUS TaHHOW MOTPENTHOCTH — CAeNaTh 0oiee IIaBHBIM W3MEHEHHE
TEMIIepaTypbl Ha JUTMHE TEPMOIEKTPO/Ia, HAIIPUMED, HCIIONIB3Ys METANTHIECKUE PyKaBa U YEXJIbL.

ConpoTuBjeHue U30JSIHA TEPMONAPBI

ComnpoTuBieHNE M30JSIHUNA TEPMOAIEKTPOJOB YMEHBINACTCS C MOBBIIIEHUEM TEMIEpaTyphl 10
9KCIOHEHIMAIbHOMY 3aKOHY. [Ipu BBICOKOH TemmepaType, B OTACNbHBIX CIIydasix, 3TOT 3(pQeKT MoxKeT
NPUBECTH K OOpa30BaHMIO TaK HA3bIBAEMOTO «BHUPTYaJbHOTO» cmasi, T.e. (PaKTHYECKOTO 3aMBIKaHHUS
JJIEKTPOJIOB B CpelHEN Touke Tepmonapsl. Takum oOpa3om, TepMmoriapa OyAeT U3MEpATh TeMIIEPaTypy
HE B 00J1acTu paboyero cras, a Temreparypy B cpeaneit oosactu. I[Ipu BeICOKMX TemmepaTypax cienyer
TaKXe OYeHb TIIATEIbHO MOAOUPATh MaTepHuai JUlsl U30JISLUH, T.K. IPUMECH U XUMHUYECKUE BEIECTBA
U30JILUN MOTYT IPOHUKHYTh B 3JIEKTPOJIbl U U3MEHUTh X CBOMCTBA.



l'anbBannyecknii 3ppexr
Kpacsamue BemiecTBa, NpPUMEHSEMbIE B HEKOTOPHIX BHJAX H3OJSALUH, MOTYT BBI3BaTh
00pa3oBaHUe AIEKTPOJIUTA MIPH MONAJAAHUH BOJBL. DTO MOKET MPUBECTH B rajibBaHu4ecKoMy 3 dekry,
KOTOpBI 10 cmie mnpeBbimaerT 3¢dekr 3ecOeka. HeoOxomumMo mnpuHUMATH MEphI ISl 3aIIUTHI
TEPMOIIAPHOH MPOBOJIOKU OT BPEAHOH aTMochepsl, MIPOHUKHOBEHHS BOJBI U APYTHX KUIKOCTEH.

TemioBoe LIYHTHPOBAHUE
Heo0xomuMo MOMHHUTB, YTO TepMmonapa, Kak W Jt000W Jpyroil KOHTAKTHBIA JaT4YHK, TpPU
BBEJICHUU B OOBEKT U3MEPEHUSI MEHSET ero Temmeparypy. [loaromy, eciar 00BEKT Mall, TepMoIniapa ToxXe
JIOJDKHA MMETh Manble pazMmepbl. OJHAKO TepMorapa, W3TOTOBJIEHHAs U3 TOHKOHM NPOBOJIOKH, Oolee
nonBepkeHa A dexTam 3arpsA3HEHUS, OTKUTA, BO3HUKHOBEHHUS HANPSOKEHUH, DIEKTPHYECKOMY
OIYHTUPOBaHUIO. UTOOBI MHHHUMH3HPOBATH 3TH 3(P(EKTHl TPUMEHSIOT YIJIUHUTEIBHBIC IPOBOJIA,
KOTOPBIE COCAMHSIOT TEPMORJIEKTPOABI TEPMOMAPHl C HM3MEPUTEIBHBIM BOJBTMETPOM M HMEIOT
koadurmeHT 3eedeka Oau3kuii k ko3 uirenTy Tepmornapsl JaHHOTO TUNA. OOBIYHO YATUHUTEIBHBIN
NPOBOJT HWMEET OOJBIINK JUaMETp, €ro CONPOTHUBIICHUE, BKIIOUYCHHOE IOCIIEIO0BATEIILHO C
TEPMO3JICKTPOJIOM, HE BBI3BIBACT MOTEPH MPH MEpelaue CUTHAIA Ha JJIMHHbBIE paccTosiHus. Kpome Toro,
YIJTMHUATENIBHBIA MIPOBOJI MPOIIE MPOTAHYTh Yepe3 MOABOASIINN H3MEPUTEIbHBIN KaHal, YeM TOHKYIO
TEPMOIIAPHYI0 TPOBOJOKY. Ilockombky TpeOoBaHMS K JONMYCKaM YUIMHUTEIBHBIX IPOBOJIOB
YCTQHOBJICHBI TOJIBKO B Y3KOM HHTEpBajJe TEMIIEpaTyp, W caM MPOBOJ MOXKET OBbITh IMOJIBEPKEH
MEXaHUYECKUM TMOBPESKICHUSAM U HATSDKCHUIO, CIEAyeT O00eCNeYnTh MHUHHMAIBHBIA TEMIIEPATypPHBII
TPaJMEHT BJIOJIb IPOBOJIA.
IIpakTHyeckas pabora Ne 46

CHsiTHE METPOJIOrHYeCKUX XapAKTEePUCTHK NMPHU UCTIBITAHNU JaTYHMKOB TOKA U HANPSKEHHUSI.

Heab padoTbl: H3yueHUE TPABUI CHSATHE METPOJIOTUYECKUX XapPaKTEPUCTUK TPU HCTIBITAHUH
JATYUKOB TOKA U HATIPSKESHHUSL.

3aganue:

1. BHuMaTenpHO U3y4YHTE MaTepHal 10 TeMe.

2. BrmonHUTE H3MEPEHHS B COOTBETCTBHUHM ¢ 1. 3.1 1 3amonHuTe Tabmmiy 1.

LEJIb PABOTBI: u3yuenue npuHuMna NeiicTBHA, CXEM BKJIHYEHHUA U

[ePpeaaToqMHbiX XaPAKTEPHCTHE TdllbBAHHUYECKH H30JIHPOBAHHBIX MNaTHHKOB
TOKA H HallpAXKCHHA.

1. OCHOBHBIE TEOPETMYECKHWE CBEJIEHH A

1.1. HamepeHHe TOKA ¢ NOMOILI) INVHTA

[Ip Hcnonb3oBaHHH B Ka4ecTBE MEPBHYHOTO H3MEPHUTEIBHOTO Mpeod-
pasoBatens WIYHT npeacrasnser coboit conporusneHne Ry, BKIO4YaeMoe
MOCJIeIOBATELHO B LIENb U3MEPAeMOro Toka lysy (puc. 1). Ilagenue nanps-
#aeHus Ha wyHte Uy nojaercs Ha u3MepuTeIbHbIH Npudop (BOIBTMETP) WITH
Ha yCHIHTENb (H3MepuTenbHy cxemy). LIlyHTel 00bIMHO H3rOTOBNAOTCS U3
MAHraHHHA, 00JlaJaoIIero MaibiM TeMIepaTypHbIM K03 puineHTOM comnpo-
THBJIEHHd, Olarojiaps 4emy ero CONpoTHBJIEHHE MPAKTHYECKH OCTaeTcs Io-
CTOSIHHBIM.
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Puc. 1. Cxema eéxknioueHus wynma

[Ipu cxeme BKIIOYEHHUS, NOKA3aHHON Ha PUC. 1, WIYHT UCMOABL3YETCs Kak
npeoOpa3oBaTellb TOKa B HalpsuKEHHE, KOTOpPOE MpH YCIHOBHH R, < R,

onpeaensercs 1no gpopmyie:
Uy =Ry Ly =k - Ly,
rae Uy — BBIXOJHOE HaNpssKeHHUE Ha IYHTE;

Ry — cONpOTHBIIEHHE LIYHTA,

Ty3m — U3MepsieMblii TOK;

k — ko3 duument nepenauu mwyHra, B/A.

B 3aBHCHMOCTH OT CONpPOTHUBIIEHUS IIYHTA B Ka4€CTBE ITOr0 3JIEMEHTA
MOryT OBITH MCIOJIB30BAHBI MEAHBINA MPOBOJ HAa KaTyIlKe, MeTa/IH4yecKas
[JIACTHHA, HOPMAJIM30BAHHbIN (CTAaHAAPTHBIH) Pe3UCTOpP C MAIbIM JOMYCKOM
OTKJIOHEHHS CONPOTHBIICHUS.

1.2. N'anbBaHnveckas pa3Bsa3ka

BonbIIMHCTBO 1aTYMKOB TOKA M HANPAKEHUsS, [PHMEHSEMBIE B IpO-
MBILIEHHOCTH JII1 M3MepeHHs OONBLIMX TOKOB, HMMEKT rajlbBAHHYECKYIO
pa3BA3KYy MEPBHYHBIX U BTOPHYHBIX Lenei. 2To HeoOXOAHUMO I8 UCKIKYe-
HHUS MPOTEKAHUA BBIPABHHBAIOIIUX TOKOB M JAPYIHX TOKOB, CIOCOOHBIX MO-
BPE/K1aTh KOMIIOHEHTHI BTOPUYHBIX LIENei WM nopaxars /e, npukaca-
FOLUXCH K 000PYLI0BAHHIO BTOPHYHBIX LEnei.

['anbeaHnveckas pa3BA3ka — TO Nepejadya SHEPruu HIIH CHIHANA MWy
NEKTPHYECKUMH LlensMH 0e3 3/1eKTPUYECKOro KOHTakTa Mexay HUMu. [Ipu-
Dop, obecneunBaromuii pa3BA3Ky, UCKYCCTBEHHO OrpaHH4YMBAET Mepepavy
IHEPrUH U3 OAHOMH UENH B ApYryw. B kavecTse Takoro npudopa MOKET HC-
MONL30BATECH TpaHchopMaTop (MarHUTHAA pa3Bga3Ka) WIM onrornapa (OnTH-
yeckas pa3esazka). B oboux cnyvasx 1enH okas3elBalTCA INEKTPUYECKH pa3-
JEeNEHHBIMH, HO MEX/1y HUMH BO3MOKHA [epeiada JHepriuH WIKH CUTHAIIOB.

Y tpancopmaTopa nepeuyHas oOMOTKA MOJHOCTBE) H30JHPOBAaHA OT
BTOPHYHOI, I03TOMY MeX/1y HUMH HUKAKMX TOKOB BO3HHKHYThL HE MOKET B
MPUHLHUIE (KpOME ciIy4aeB npodos M BBICOKOYACTOTHBIX MOMEX), XOTH pas-
HOCTh ITOTEHLMANOB B 0OMOTKAaX MOKeT ObITh 04eHb DONLIIOI.

OnTonapel, kKak NpaBuio, o0ecrneyHBaldT HANPAKEHHUE HIONSLHH MeXK-
Iy ceeroauoioM U gotorpanzuctopom a0 2500 B u donee. Onronapsl sie-
JSKOTCH pUEeMIEMBIM BhIDOpOM Onaroaaps cBoeil JeleBH3He [0 CPaBHEHUIO
¢ TpanchopmaropaMu. OCHOBHBIM HEJIOCTATKOM ONTOMNAp ABIAETCH OONILIIOH
pa3dpoc nepenaTovHOil GYHKLHMH OT IK3EMILIAPA K IKIEMILISAPY.



1.3. /laTyHuK TOKA ¢ INYHTOM H ONITOPA3BA3KOI

DMyHKUHOHAIBHAA CXEMA JaT4YMKA TOKA ¢ WIYHTOM € ONTOPa3BA3KOH Ha
ocHoBe Mukpocxemel HCPL-7840 nokazana Ha puc. 2. M3mepsiemblii Tok
[MPOTEKAET Yepe3 Pe3ucTop (LIYHT), a NajeHUe HANpPSIKEHUS Ha ITOM pe3u-
crope nmojgaercsa Ha BXxoa mukpocxemsl HCPL-7840, koropas npeacrasnser
co0oii yeHIUTENb ¢ ralbBAaHHYeCKOIl pa3Bsa3koil.

OnopHoa Jananuimid _ OnopHoa
HaNPAKEHHE rEHEpaTop HCPL-7840 HaNpAKEHHE
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Puc. 2. @yuxyuonaishas cxema oamuuka moka ¢ Onmopazenzkol

| mamme

Hanpssxenne Ha BXoae MHKpocxeMbl B aHanaszone £200 MB npeobpa3zy-
eTCsl CHrMa-JieJibTa MOAYJIATOPOM B BBICOKOYACTOTHBIN CHTHAN, KOJUPYETCs

M nepefaéres 4depes onronapy. 3aTteM cUrHal npeodpazyercs NeKOAepoM H
uuppo-ananoropeiM npeodpaszoparenem ALl B peixogHOe HanpsxkeHue B
nuanasone 2,5 1,6 B.

JlaTuuk Toka ¢ ONTOPA3BA3KOI UMeeT Psiji JOCTOUHCTB [10 CPABHEHHID C
1aT4UKOM XO0J1a: MeHBLIE [0 pa3MepaM, HMeeT JIVYILYI JTHHEeHHOCTE pery-
JIMPOBOYHOMN XapaKTePHCTHKH.

Mooyaamop — 310 ycTpoHCTBO ANd Npeodpa3oBaHUs BXOJHOIO M-
JIEHHO M3MEHSIOLErocs CUTHANA B M3MEHEHHe napaMeTpoB konebanuii fonee
BBICOKOH wacToTel. HacToTa BBIXOJAHOIO CHIHajNa ONpeensercs 4acToToi
HECYILLEro (OMopHOro) Hanps:keHHs. EcH Hanps:keHHe ONMUCHIBAETCHA YpaB-
HenueM U=U,cos(wt+py), To ammumryaa U, yactora W HavansHas ¢aza
@o NoCcTOAHHBL. MoAyIs1Mg OCHOBBIBAETCH HA TOM, YTO OJUH U3 [ApaMeTPoB
H3MEHAETCA B COOTBETCTBHH C UIMEHEHHAMH MOAYIIMPYIOLIEr0o CHIHANIA HH3-
KO 4aCTOTHI.

[To Buay MOAYIALMH MOAYASTOPL! OBIBAIOT AMIUIMTY/IHBIE, YACTOTHEIE,
(hazosble M uMmnynbcHble. Mexoad U3 Toro, kakoil napamerp — amIuiMTya,
(haza WM 4acTOTa — H3MEHHUTCA, PA3IHYAOT AMIUIMTYIHO-UMIYILCHYO, (ha-
30-, 44CTOTHO- ¥ WIHPOTHO-UMITYJILCHYH) MOLY/ISLHH.

Ynpasnenue kone0aHUAMH MOAYIATOPOB OCYLIECTBIAETCH HeIHHEN-
HBIM PE3HCTOPOM HIIH YIPABIAOLIIUM IEMEHTOM, NapaMeTpbl KOTOPOTo H3-
MEHSHOTCS B [IPOLIecce MOIYIALIHN.

Hemodyaamop — 310 yCTpOiiCcTBO, MPOU3BOJALIEE Onepauuin, odpar-
HYK MOJYJIALNHN, TO €CTh BhIJAENAET HU3KOYACTOTHBIH CHIHAI H3 MOAYIHPO-
BAHHOT'O KOJIeOaHHs.



K OoCHOBHBIM XapakTepHCTHKaM aAMIUIUTYIHBIX MOJAYIATOPOB W JIEMO-
IYJAATOPOB OTHOCATCS XapakTepucTHKa ynpasieHus, ko3dduiumenra npeod-
pa3oBaHUA, BXOJHOE W BBIXOJHOE COMPOTHBIEHHE, YPOBEHb COOCTBEHHBIX
[LIYMOB, BBIXO/IHAs MOIIHOCTb U JIMHAMHYECKHE CBOICTBA.

1.4. U3mepenune Toka ¢ noMolUbI0 npeodpazoBarens Xouia

JlaTunku Toka ¢ npeoOpasosareneMm XoJUla OCHOBaHBI HA MCIOJIbL30Ba-
HuH 3pdexra Xoja, koTopselii Obl1 oOHapyxkeH B 1879 rogy amMmepukaHCKHM
(puzukom DaeuHoM [epdeprom Xomtom. Fddert Xouna BeIZLIBACTCH CH-
noi Jlopenua, koropas BO3AEiCTBYET HA IOJBHIKHBIE HOCHTEIM 3apsliOB B
[IPOBOJHMKE, KOIJla Ha HUX JEHCTBYET MAarHWTHOE I0JI€ NEPHEeHIHKYISPHO
HAIPABJIEHHUIO TOKA.

Ha puc. 3 nosicuen s©pdext Xomna. Baons no ToHkoil nactuHe nomiy-
NPOBOJAHHMKA TEe4ET TOK ynpasieHus /.. Maruuruslii norok B cosnaer cuiy

JlopeHua F, , HanpaBIEHHYHO IEPNeHINKYISPHO ABHKEHHIO 3apsI0B (IJIeK-
TPOHOB), KOTOpBIe 00pPa3ylOT TOK. ITO NMPHBOIUT K CMELICHHI) 3JIeKTPOHOB

MmepreHIHKYJISPHO HANPaBISHUIO CBOETO JBUKEHUS, MOITOMY BOJIM3H OHOI
rpaHy BO3HUKaeT M30LITOK HOCHTENeH 3apsa0B, a BOJIM3N Apyroit — HexocTa-
TOK, TO €CTh BO3HHKAeT pa3HHla MOTEeHIHaN0B, KOTopyr HasbiBaroT JIC
Xomna U, , ¥ KOTOpas HAXOAHUTCH 10 BRIPAKEHHIO:

U”=£-I{..-B, (1)
d
rae K —koHcranTa Xouia JUis MaTepuana IIacTHHEL,
d — TONIMHA MONYIPOBOAHHKOBOM MIACTHHBL.

Takoe vyerpoiicTRO noOIYyHHIIO
HaszBaHue 2enepamopa Xonna. 1'eHe-
patopel Xomna o00nagawT onpeje-
NEHHOI 3aBHCHMOCTBH) YYBCTBHTEIb-
HOCTH M HA4YaJlbHOTO  BBIXOJHOTO
HANPSMKEHUS OT TEMIIEPATYPhl, TEM He
MEHEee, 3Ta 3aBHCHMOCTb MOKET OBITh
3HAYUTEIILHO KOMIICHCHPOBAHA 3JICK-
TPOHHOM CXeMOH JaT4YHKa TOKa.

Jaraukn Xona HM3roTapIHBaKOT
Ha OCHOBE MOJYIPOBOJAHHKOBLIX Ma-
TEPHAIIOB. KPeMHHS, TepMaHus, apceHu/1a rajlyiud M apceHuaa uHaus. B 3a-
BHCHMOCTH OT KOHKPETHOIO MaTepHalia JaTYMKH HMEHT pa3/IHYHYI0 4YB-
CTBUTEJIBHOCTh, TOK YIIPaBIEHHA U BBIX0AHOE HanpsxeHHue. CylIecTBYeT /Ba
OCHOBHBIX BHJIA JaTHMKOB TOKA, OCHOBaHHEIX Ha 3(exre Xona — JaTUUKH
MPAMOro0 VCUIEHHS M JATYHKH KOMIEHCALIHOHHOTO THIIA.

Puc. 3. Dpgpexm Xomna



3.1. Heenepopanue aaTuuka Toka ¢ npeodpazosarenem Xoua LTS
6-NP _Ha nocTosiHHOM TOKe.

3.1.1. Ilposepere cxemy osnekTponutanus Onokos Al, A3, A8 u GI.
Voenurecs, uto Beikaw4aTean «CETh» atux O110KOB OTKIIHOYEHEI.

3.1.2. BkawouuTe YCTPOIHCTBO 3alUTHOTO OTK/IKOYEHHS H aBTOMAaTH4e-
CKMil BBIKJIFOUATENb B 0HO(a3HOM HCTOYHHKe nuTanus G1.

3.1.3. YeraHoeuTe nepekirodaTels poja Toka Ha Onoke Al B nosoxeHue
«llocrosuuslii Tok». s McnbITaHUii HA NOCTOAHHOM TOKE YCTAHOBHUTE BhI-
XO/IHOE HANpAKEHWE HCTOYHUKA NMUTAHHA OJIM3KHM K HYJIO ([0 MYJIbTHMET-
PY MU MOBOPOTOM PYYKH B Cpe/HEE MOJI0KEHHE).

3.1.4. Coenunure OIOKH B COOTBETCTBHH CO CXEMOIl 3NIEKTPHUYECKOIi co-
eNHHeHHIl, n300pakEHHOIT Ha puc. 8, 0.
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Puc. 8. Cxema ucnsimanus damuuxka moxa ¢ npeobpazoeameinem Xonia
(LTS 6-NP)

Mymstumerp MY60T Onoka A3 u3MmepseT TOK Ha BXOJEe JaTHHKa Ha
npenene uameperus «10 A», a myneTuMeTp MY 65 — HanpsaKeHHe HA BEIXOAE
nat4uka Ha npejene uimepenus «20 By». Mcrounnk nuranus Al 3anaer no-
CTOAHHBIH TOK B LIENH M3 MOCIEA0BATEIbHO COEHHEHHBIX PE3UCTOPA HOMH-




Hean padoThI:

HamoM 2 Oma (ycraHosneH B Onoke Al), oOMOTKH JaTdHka Toka (01ok AR),
pxoaa u3mepeHus toka mynaeTUMeTpa MY60T (ruézma «10 A» u «COM»,
onok A3).

3.1.5. VcraHoBHTE NepexovaTells AHANa30HOB BEIXOAHOTO HANPSKEHUs
HCTOYHUEKA nuTaHua Al B nonoxkenue «5 B/1,5 A».

3.1.6. Bxmounte nutanue onokos A8, A3, Al.

3.1.7. Bpamas perynsTop BbIXOJHOIO HaNpsAKeHHs «AMIUL» HCTOYHHKA

nuTaHus Al yCcTaHOBHTE HECKOJBKO 3HA4eHMil Toka [, HCIBLITHIBAEMOro

JaTHHEA, H3MEPETES BBRIXO/JHOM CHIHAll JaTYHKA M 3aHECHTE PE3YIILTATEl H3-

MmepeHuil B Tadu. 1 kak U, .

Brhumanue! He odonyckaemcsa npessiuiamsb yKa3auHble 0714 eblOPAHHO20
npeodena ( «5 B/1,5 A») nanpaxceHus u MOKU HAZPYIKU UCMOYHUKA.

Tabmuua 1
"rmm A -1,5 -1,2 -0.9 1,5
LFB]:.I.K]? B
Upxins B
AUpyxir, B
o, %

3.1.8. [locne 3aBepuieHHs ONBLITA OTKIKYHUTE MUTAHHE BCeX OJIOKOB.
IIpakTnueckas padora Ne 47
CHﬂTl/Ie MeTPOJIOFI/I‘leCKI/IX XapaKTepl/ICTHK l'lpl/l H3Mep6HI/II/I JABJEHUA C IOMOIIBIO

IJTEKTPOKOHTAKTHOI0O MaHOMeETPA.

AaBJICHUS C TTIOMOIIBIO JJICKTPOKOHTAKTHOI'O MaHOMETPA.

3aganue:

1.
2.
3.

o

Buumarensno HU3YUYUTC MaTCpHUal 1o TEME.
YcTaHOBHTE AJIEKTPOKOHTAKTHBI MaHOMETP Ha TIaT(HOPMY TPy30MOPIITHEBOTO MAHOMETPA.
CoriacHo HHCTPYKIIMHU U TIpe/iesia u3MepeHnit pabouero Mmanomerpa tuna KM cozmaiite
JTaBJICHHUE B CHCTEME.

CHuMUTE TIOKa3aHus paboyero u 00pas3oBoro mpudopa.

Crenaiite BBIBOJI O MMPOTOTHOCTH K JAIBHEUIIIEH dKCILTyaTaluy mpudopa.

[Tokazanust ¥ BEIBOJI 3aMHUIITUTE.

HN3YUCHUC TIpaBUJI CHATUA MCETPOJIOTUYCCKUX XaApPAKTCPUCTUK IIPpU HU3MCPCHHUU
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/ A L
> A\ moy /| /)

AT

PACCMOTPEHO

«CBIKTBIBKAPCKUH JIECONPOMBILILJIEHHBIH TEXHUKYM))

«CBIKTBIBKapca BOP MPOMBILIUIEHHOCHT TEXHUKYM»

YIPKCUKACO BEJIOJAH KaHMY YUPEKICHUE

Ha 3acenanuu MK «lIpodeccrnonanbHOTO UK

[Tporokon Ne 1 ot «30» aBrycra 2019 1.

IIpencenarens MK

O.B. UcakoBa

KOHTpOJIBHO-OIIeHO‘IHOQ CpeaACTBO IO AUCHMUIIJINHE

MJK 01.01 Cpencra aBTOMAaTH3ALMH W H3MEPEHHUS TEXHOJOTMYECKOr0 Mpomecca

®opMa KOHTPOJIA:

IMPOMECXKYTOYHAA aTTCCTAllA

®dopma NPOMeKYTOYHON ATTECTALUM: AK3aMEH
Tun KOHTPOJBLHOIO 3aJaHUA: OUJIETBI
IIpoBepsiemble pe3yabTaThl 00yUYeHH: Y 1-16,3 1-27

Kputepun onenkn

Orenka

Kpurepun

«Otanyao» - 5

1. 1aH MOJIHBIN OTBET HA OCHOBE U3YYEHHBIX TEOPHI;
2. MaTepua MOHAT U OCO3HaH;

3. MaTepuai U3JI0KEH B ONPEEIIEHHOM JTOTHYeCKOn
MIOCJIEI0OBATEIbHOCTH JINTEPATYPHBIM SA3BIKOM;
4.0TBET CaMOCTOSITENIbHBIH.

«Xoporo» - 4

1. naH npaBUIIBHBIN OTBET HA OCHOBE U3yUEHHBIX TEOPHIL;

2. MaTepua MOHAT U OCO3HaH;

3. MaTepuan U3JI0KEH B ONPEIEIIEHHOMN JIOTHYECKON
IIOCJIEI0BATEIILHOCTH JINTEPATYPHBIM SI3BIKOM;

4. nomyuieHsl 2-3 HeCyIIeCTBEHHbIE OIIMOKH, HCIIPABJICHHBIE IO
TpeOOBAHUIO NIPENOIaBaTENs, WM HEKOTOpask HETIOJIHOTA OTBETA,
LIEpPOXOBATOCTh B U3JI0KEHUHU MaTepHaa.

«Y IOBIIETBOPUTEIBHOY - 3

1. MaTepuan B OCHOBHOM H3JI03KEH MOJIHO, HO MPH 3TOM JIOMyLIeHbI 1-
2 cyIlIeCTBEHHBIE OIIHOKH;

2. OTBET HETOJIHBIH, TIOCTPOEH HECBA3HO, C IIOMOIIBbIO HABOSIINX
BOIIPOCOB NPENOJIABATEISL.

«HeynoBneTBopUTEILHO» - 2

OTBET OOHApY’KUBaeT HE3HAHHUE WM HETIOHMMAaHue OOJIbIIeH 1
HauboJee CylecTBEHHOM yacTH yueOHOro Marepualia

CocTaBuTeib:

Hcakosa O.B.

IpenoAaBaTeb AUCIHUILINH 00IIenpoQecCnoHaIbHOTO
U Ipo(heCCUOHAIBHOTO LIUKJIA

CrixThIBKap, 2019




Buger Ne 1

1. BI/II[BI HUCIIOJIHUTCIIbHBIX MCXaHHU3MOB.

2. PemmTe 3ama4y: mpon3BeaAnTe pacyeT KOHYCHOM JIMHEHKH [Tl 00TaunBaHMs KOHYCA C
pasmepamu D=32 mm, d=26 MM, L=120 mm.

Bujer Ne 2.

1. TloBopoTHBIE 3aC/IOHKH (BU/bI, HA3HAYEHUE, JOCTOMHCTBA U HEJOCTATKH, IPUMEHEHHUS,
YCTPOMCTBO M NPUHLUI AEUCTBUSA).

2. Pemmre 3aauy: mpou3BeIMTE pacyeT yria BEpXHEH YacTH CyNopTa AJsl U3rOTOBICHUS KOHYCa
¢ pazmepamu D=20mm, d=10 mm, L=100MM.

Bujer Ne 3.

1. DOnextpoasurarenu (Ha3HaYeHHE, OCOOCHHOCTH KOHCTPYKIIMH U MIPUHIIUII ACHCTBHUS,
MIpUMEHEHHe, KiacCUudUKaIus).

2. Pemmre 3amady: onpeeuTe CHITy pe3aHus MpH oOpaboTKe yriaepoaucToil CTall 6B=65 KI/MM?,
npu TyouHe pesanus t=5Smm, nogade S=0,5 Mm/00.

Bujer Ne 4.
1. DnekTporuapaBInyecKUe UCIIOTHUTEIbHBIC MEXaHNU3MBI (BU/IbI, HA3HAYCHUE, IPUMECHECHHE).

2. Pemmre 3amauy: onpeaenuTe rIyOuHy pe3aHus Mpy CBEpICHUH, €CH TuaMeTp oOpabaTeiBaeMoi
3arOTOBKHU 25 MM.

Buaer Ne 5.
1. Tumnbl acHHXPOHHBIX TpeX(a3HbIe IBUTATEIICH.

2. Pemmre 3amauy: onpeaenuTe TMyOHHY pe3aHus mpu 00paboTke Hapy KHOM MMIMHAPHIECKOM
MOBEPXHOCTH, €CIIU IMaMeTp 0OpabaTbiBaeMoii 3aroToBKH 45 MM, a 1uaMeTp 00paboTaHHOM
3aroToBKH 38 MM, 00pabOTKa BBIMOIHSIETCS 3a OAUH MIPOXOJ] PEXKYILIEr0o HHCTPYMEHTA.

Buier Ne 6.
1. KommyranuonHble mpuOops! (BUABI, 00J1aCTh IPUMEHEHU).

2. Pemmre 3aauy: onpeaenuTe BEIUUYMHY CMEIIEeHUs 3a1Hel 6a0Ku A1 00TauyMBaHUs KOHUYECKOH
MOBEPXHOCTH, eciii KoHycHocTh K = 1/100, a iyinna konyca 300 mwm.

Buaer Ne 7,
1. JluckoBble 3aTBOPHI (BUbI, 001aCTh NPUMEHEHUS, IPUHLIUI pabOTHI).

2. Pemmte 3amady: MOUIHOCTH dJeKkTponBurarens Nct = 6 kBT. BwiicHUTEe mocraToyHa Ju
MOIITHOCTb CTAaHKA , 4YTOOBI 00paboTaTh BaJl N3 YIIEepOMHCTON cTamm oB = 45 kr/mMm? (Cp = 150),

nomada S = 0,8 Mm/00, TiTyOuHa pe3anus t = 3 MM, cKkopocTh pe3anus Vpe3 = 30 m/mun, KITJ 1
=0,8.

Bujaer Ne 8.

1. DnexkTpoMarHuTHI (BUIBI, 00JIaCTh MPUMEHECHHUS ).



2. Pemmre 3amauyy: mpou3BenUTE pacdyeT KOHYCHOW JWHEHKH Uil oO0TauMBaHUS KOHyca C
pasmepamu D=32 mm, d=26 MM, L=120 mm.

buner Ne 9.
1. laroseii nBUrarens (Ha3Hau4€HUE, YCTPONUCTBO, IPUMEHEHHUE).

2. Pemmre 3amady: MpOU3BEAUTE pacyeT yriia BEPXHEH 9acTh CynmopTa JUIsi H3TOTOBJICHUS KOHYCa
¢ pazmepamu D=20mm, d=10 mm, L=100MM.

Buaer Ne 10.
1. TIpucnocoOieHus U TEXHOJIOTHYECKass OCHACTKA, Ucmob3yeMbie Ha TBC.

2. Pemmre 3ajady: pacCuMTAlTe HEJOCCTAIOIIME YINBI MPSMOTO MPOXOJHOTO pe3la, eciu
nepeauii yron y = 8°, yron 3aocrpenns p = 70°.

buiaer Ne 11.
[IpaBuna BeiOOpa 6a3, BUABI 0a3, MPUHIKIT €UHCTBA 0a3.

Pemnte 3afauy: OmpeseluTe CHIy Pe3aHHs NMpPH oOpabOTKe yIrIepoMCTOi CTanu 6B=65 KI/MM2, IpH
riyoune pesanus t=5Smm, nogaye S=0,5 mm/006.

Buaer Ne 12.

1. OcHoBBI mTpomecca pe3aHusi METAUIOB (AJIEMEHTHl pPE3aHusl, OCHOBHBIC JBMD)KCHUS, BHJIBI
NOBEpPXHOCTEH MpH 00paboTKe pe3aHueM).

2. Tlepeuunciure BUIBI JICTUPYIONUX AJIEMEHTOB METAIIIIOB.
Buaer Ne 13.

1. OOwscHuTe MoHsATHE «METPOIOTHSI.

2. DIEMEHTHI peXXuMa pe3aHus METAIUIOB (MTOHATHS U (DOPMYJIBI BEIUMCIICHHS).
Buuer Ne 14.

1. Knaccuduxanus usmepeHuii (o 3aBUCUMOCTH OT BPEMEHH, 10 COBOKYITHOCTSIM U3MEPSEMBIX
BEITUYMH, TI0 CITIOCOOY TTOTyYCHHS PE3yJIbTaTa).

2. OcCHOBHBIE HCUCIIPABHOCTH, IIPUIUHBI U CIIOCOOBI YCTpaHCHHUA MAaHOMCTPUUICCKHUX TCPMOMCTPOB.

Buaer Ne 15.

1. Tlosicuute MeTonbl W3MEpPEHUN (HEMOCPEICTBEHHOM OIIEHKH, CPaBHEHHUS C MEpOil: HyJIeBOH U
Qg depeHanbHbII; METO/] MPOTUBOIIOCTABICHUS, 3aMEILICHHSI, COBITAJICHUS).

2. Pemmte 3amady: onpenenuTe BEITUUYNHY CMEIICHUS 3aIHeH 0a0Ku Jy1si 00TaYMBaHHUS KOHUYECKOM
MOBEPXHOCTH, eciii KoHycHOCTh K = 2/100, a anuua konyca 500 mwm.

Buaer Ne 16.

1. Knaccudukammss KUII m A (o Ha3HavyeHHWIO, TO XapakTepy TMoKa3zaHuid, 1o Qopme
NpPEICTaBICHUS TIIOKa3aHUM, IO TPUHIMITY ACHCTBHH, IO YCIOBUSAM pPabOTHI, MO MECTy
II0JIO’KEHUS, TI0 POy U3MEPSAEMON BETUUHHBI).



2. Pemnre 3amauy: ompenenuTe CKOPOCTh pe3aHus, ecii 0O0pabaThIBaeMbI Basl AuameTpoM D =
100 MM Bparraercsi ¢ 9uciaoM 060poToB B MHHYTY n = 150 06/MuH.

buner Ne 17.
1. TorpemrHocTr u3MepeHu (Kiaccuuranus).

2. Pemmre 3amady: onpeaenuTe TUIONIA(b MOMEPEYHOTO ceueHus cpesa f, eciu riryouHa pe3aHus t =
2 MM, a mogaya S = 0,3 00/MuH.

buaer Ne 18.

1. Bwuasl cpencTB u3MepeHui.

2. OcCHOBHbIE HEHCTIPABHOCTHU MPYKUHHBIX MAHOMETPOB M CIIOCOOBI UX YCTPAHEHHUS.
buaer Ne 19.

1. CtpyKTypHBIE 3JIEMEHTHI CPEICTB U3MEPEHU.

2. Pemmte 3amady: paccuMTaiiTe HEJOCCTAIOIIME YIJIBI MPSIMOTO MPOXOAHOTO pe3la, eciu
nepeanuit yron y = 120, yron 3aoctpenus 3 = 650.

Buuer Ne 20.
1. TepmomeTpsl CONpOTHBICHUS (Ha3HaUYEHUE, BUIbI, 00JIaCTh MPUMEHEHHUSI, YCTPOUCTBO).
2. Ilepeuncnure BUABI CTPYKEK, 00paszyrolmxcs mocie o0padboTKU 3ar0TOBOK.

Buaer Ne 21.
1. TlupomeTtpsl uznydeHus (Ha3HAYCHUE, BUABI, 00JIaCTh TPUMEHEHUS, YCTPOHUCTBO).

2. Ilepeuncnure TpeOOBaHHWS K MarepHajaM, HCIOJIb3YEMbIM JUISI HM3TOTOBJICHUS PEXYIIETO
MHCTPYMEHTA.

Buier Ne 22.
1. MeTtobl KOHTPOJIS KauecTBa MPHUOOPOB.
2. Tlepeuncaurte BUABI INTAHTCHUHCTPYMEHTOB JUIS U3MEPEHUS M KOHTPOJIS pa3MepOB.
Buaer Ne 23.
1. IIueBmaruyeckuii BTopuuHbIil npudop tumna [1B (HazHayenue, ycTpoiicTBO, MPUHIUI PaOOTHI).
2. Tlepeuncaure enUHULBI U3MEPEHHS pacxo/a.
Buuer Ne 24.
1. VYcraHoBka 0OBEMHBIX U CKOPOCTHBIX CUETUUKOB KUAKOCTH U Ta3a.
2. Knaccudukanus npubopoB 1aBiIeHuUs.
Buuer Ne 25.
1. Tlopsimok moBepkH, KaTMOPOBKU U aTTECTALIUH TPUOOPOB U CHCTEM aBTOMATUKHU.

2. PemmTe 3amavy: mepeBeauTe lkrc/cM?> B HM3BECTHBIC BaM CIUHULIBl WU3MEPEHUS NAaBJICHUS
(6ap, I1a, MM pT. CT., MM. BOJI. CT., aTM).
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«CBIKTBIBKAPCKUH JIECONPOMBILILJIEHHBIH TEXHUKYM))

«CBIKTBIBKapca BOP MPOMBILIUIEHHOCHT TEXHUKYM»

YIPKCUKACO BEJIOJAH KaHMY YUPEKICHUE

Ha 3acenanuu MK «lIpodeccrnonanbHOTO UK

IIpoTokon Ne 1 ot «30» aBrycra 2019 1.
IIpencenarens MK O.B. UcakoBa

Kommiaekr KOHTPOJbHO-OLHCHOYHbLIX CPEACTB 110

MJIK 01.02

MoHTax CpCACTB aBTOMATHU3aAlIUHU

dDopMa KOHTPOJIA:

THII KOHTPOJILHOTO 3aJAHUA:

TeKyUIUH

npakTH4eckas pabora

IIpoBepsiemble pe3yJIbTAaThl 00yYeHHS: IK.1, I[IK.2, TIK.3

Kpurepun onenku

OK.1, OK.2, OK.3, OK 4, OK.5, OK.6, OK.7,

OK.8, OK.9, OK.10, OK.11

Orenka

Kpurepun

«OT1imyHO» - 5

1. naH MOJHBIN OTBET HA OCHOBE N3YUYEHHBIX TEOPUI;
2. MaTepua MOHAT U OCO3HaH;

3. MaTepHal U3JI0KEH B ONPEAETICHHOMN JIOrHUecKon
IMOCJIEI0BATEILHOCTH JIUTEPATYPHBIM SI3BIKOM;
4.0TBET CaMOCTOSITEIIbHBIM.

«Xoporo» - 4

1. maH mpaBUIIBHBIN OTBET HA OCHOBE U3YUYEHHBIX TEOPUN;

2. Marepuai HOHST U OCO3HaH;

3. Matepuai U3J0KEH B OMPEIEIEHHON JTOTHYECKOM
MOCJIEA0BATEIBHOCTH JINTEPATYPHBIM S3bIKOM;

4. nomymieHsl 2-3 HECYIIECTBEHHBIE ONIMOKH, UCITPABICHHBIC 110
TpeOOBaHUIO MPETOAaBaTeNsl, HIIM HEKOTOPasi HETIOJIHOTA OTBETA,
IEPOXOBATOCTh B U3JI0KEHUU MaTepHaJIa.

((YI[OBJ'ICTBOpI/ITC.HBHO» -3

1. MaTepuan B OCHOBHOM H3JI0KEH MOJIHO, HO MPHU 3TOM JIOMYIIEHBI 1-
2 CyIIECTBEHHBIE OINOKH,

2. OTBET HEMOJHBINA, TOCTPOEH HECBSA3HO, C TOMOIIIbIO HABOASIINX
BOIIPOCOB MPEMNO/IaBaTENsL.

«HeynoBneTBOpUTEILHO» - 2

OTBET 0OHAPYKMBAET HE3HAHUE WIIM HEMIOHUMaHUe OOJbIIECH 1
Han0oJiee CyNeCTBEHHOW YacTH y4eOHOTO MaTepraia

CocTaBuUTEeb:

Hcaxonra O.B. MPEenoIaBaTelib JUCIUILTHH 001menpoGeCCHOHAIIBHOTO U TPOPECCHOHAITBHOTO

LUKJIa

CoikthiBKap, 2019




IIpakTnyeckas padora Ne 1
HN3yyeHue MHCTPYKIMH N0 IKcIIyaTauuu nepgoparopa mapku I1E. 25650.

Henb padoTsl npuoOpeTeHne HaBBIKOB pPAa0OTHl € JOKYMEHTaMH, COINPOBOXKIAIOIIUMHI
o0opyaoBaHue.

HopmaTtuBHbIE PYKOBOJICTBO IO 3KcIutyaramnuu nepdoparopa mapku [1E. 25650.

JAOKYMEHTbI

OobopynoBanue nepdoparop mapku I1E. 25650

3ananue:

1. BHHUMaTenbHO M3YYHTE U MPOAHAM3UPYUTE MAaTEpUa IO TEME.
OTBeTbTe Ha BONPOCHI (B MUCbMEHHOHU (opme):

Bup snexkrponHCcTpyMEHTA.

OcHoBHBIE Y3IIBI IepdopaTopa.

TexHuueckue xapakrepucTuku nepgoparopa mapku I1E 25650.
[IpaBuna TexHUKH 6€30MACHOCTH IPU PabOTE ¢ HHCTPYMEHTOM.
[IpaBuna BbIIOIHEHUS paOOTHI.

wo a0 TN

[Toxrorossre nepdoparop k padore.

WHCTPYKUMA NO 3KCNTYaTauMm U
TEXHUYECKOMY

obGcnyxmueaHunio.

MepcopaTtop anekTpU4ecKHin

Mogenu:

MNE-25100 NE-2511P NE-2512M
ME-25120 NE-25140 NE-25170

ME-25650 MNE-25850 NE-2585P

MNE-25900 NE-25950 NE-2590B
MNE-25180
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2010-12-20
Conepxxanue
BHENTHUN BU Y COCTABHBIE YACTH ..cvvvvvseeerrnsererrnssesesrassesessnssessssnssenes 3
KOMITTIEKTHOCTD TTOCTABKH .....uveeuvveeseieseeanteesireessesssseesseessneesnessnnessseas 4
TEXHUYECKUE XAPAKTEPUCTHKH ....cc.vveerrrernrierveeasreasseessseessessseessessnneans 4
[IpaBuia MO0 TEXHUKE OE30TACHOCTH .....eeuvevrereerrisieesieeressnesieesnesseenns 6

[IpaBuia 1Mo SKCIUTYaTALUU OOOPYIOBAHMS ....vcvviveerienresieesieenenieens 7



TEeXHUYECKOE OOCTYIKUBAHIIC ....vvvevveeessreeessreeessneessssesssssesssssessnseeenns 10

CPOK CITYIKOB ...ttt 10
["apaHTHIHOE OOMZATECITBCTBO ....vvevveereiieesieesresieesieesne et e e 10
Buumanue! DaeKTpOUHCTPYMEHTHI @3nepromaws  orgOocATCA K  OBITOBOMY  KIaccy

JNEKTPOUHCTPpYMEeHTa. BHUMaTeNnbHO npouTuTe AaHHy0 HHCTpykiuio! Tlocie HenpepriBHON paboTHI B
TedeHue 15-20 MUHYT HEOOXOJHWMO BBIKIIOUUTH 3JIEKTPOMHCTPYMEHT, BO30OHOBUTH PabOTy MOXKHO
yepe3 5 muHyT! [Ipodeccuonanbhas cepus: Bpemsi paboThl B Heneto 45 yacoB

He neperpyxaiite MOTOp 3JIEKTPOMHCTPYMEHTA.

BHelmrHuii BMJ M COCTABHBIE YaCTH.
Burewnuii sunl1E-25650 Breurnuii sunl1E-25900

3—

. &
| Ty

;

|

Buewnuii sunl1E-25850 Buaewnunii sug [TE-25180

1. [Ipute3aUTHBINA KOIMavyoK

2. KpenexHslil pykas

3. BeIkirouatesns pexuma CBEpIICHHS
4. Knasuma «Bxi» / «BbIkm»

5. Beikiroyarenb pexuma JToa0IeHHs
6. KpbIiika yroiapHOM EeTKH

7. PykosiTka

KoMmnieKTHOCTH MOCTaBKHU

e Ilepdopatop

e 3 macanku SDS-Plus

e 2 nacanku 14x250 MM (TimKa u 3yOuso)
e [IlarpoH mis cBepiieHuUs

e Yemonan

TexHuyeckue XapaKTepuCTHKH
Mogaenn: ITE-25650 ITE-25900 ITE-25850
Hanpsokenne 230B~50I'y 230B~50I'y 230B~50 I'u




Mo1HOCTb 650 Bt 900 Bt 850 Bt

Oueprus  ynapa, | 3,4 4,3 2,2

Jx

CkopocTb 800 06/mMuH 800 o6/muH 0-880 06/MuH
3150 ynapos/muH 3200 ynapoB/mMuH 0-5180 ynapos/mun

OyHKIUU 3 byskun: | 3 byskmn: | 3 byHKIUU:
Caepnenune/ Caepnenune/ Ceepnenue/
nonbnenue / ynap nonbnenue / ynap nonoiienue / ynap

MakcumanbHbIN 26 MM B OeToHE 26 MM B OeToHE 26 MM B OeToHE

JaMeTp

CBEpJICHUS

Bec 5,0 xr 5,1kr 3.5kr

Tun (cepust) OBITOBOM OBITOBOI OBITOBOI

IIpaBuia mo TexHuKe 6€30MACHOCTH

DNEeKTPOUHCTPYMEHTBI  ABJISIETCS  00OpY/IOBaHHEM TOBBIIEHHON omacHOCTH. Ilonb3yschk
JNEKTPOUHCTPYMEHTOM, YTOOBI HE TOJBEPraThCsi OMACHOCTH TOPAKEHUS TOKOM, TPaBMbl HWIIU
BO3HUKHOBeHUs moxapa, ciexyer CTPOI'O cobmiogaTh cienyroniye OCHOBHBIE MpaBUiia TEXHHUKHU
Oe3omacHocTH. [IpounTaiiTe W 3amOMHUTE AITH YKa3aHHUS O TOro, KaKk NPUCTYyNHTEe K padore C

ANEKTPOUHCTPYMEHTOM. XpaHUTE YKa3aHUs 110 TEXHUKE OE30MacHOCTH B HAJEKHOM MeECTe.
Padouee Mecto

Conepsxute pabouee MECTO YUCTHIM U XOPOIIO OCBEIICHHBIM.
3arpoMosKIeHHBIE TUI0X0 OCBEIIEHHBIE paboyure MecTa SIBISIFOTCS MPUYMHON TpaBMaTHU3Ma.
He wucnone3yiite »SIEKTPOMHCTPYMEHTHI BO B3PHIBOOMACHBIX MMOMEIIEHUSAX, TaKUX TJe
MPUCYTCTBYIOT OTHEOMACHBIE KHJIKOCTH, Ta3bl, WM MbUIb. DIEKTPOUHCTPYMEHTHI CO3MAIOT HCKPHI,
KOTOpBIE MOTYT NMPUBECTH K BO3TOPAHUIO MbLITH UJIH Mapa.

Hepxure

ANEKTPOMHCTPYMEHTOB.

JeTeil, u ToceTuTeNed Ha  0€30MacHOM  PACCTOSIHUM OT  paboTaromux
He otBnekaiitecb — 3TO MOXET BbI3BaTh MOTEPIO KOHTPOJIS MpH paboTe M CTaThb NPUYUHOM
TPaBMBI.
J1eKTP00e30MaCHOCTh
[lepen BkIIOUEHHEM HalpspDkeHue TnuTaHus Bamero
AIEKTPOUHCTPYMEHTA CETEBOMY HAPSKEHHUIO; MPOBEPHTE UCTIPABHOCTH KaOes, MITETICeNsl K PO3ETKH, B

CJIy4ac€ HCUCIIPABHOCTHU DTUX yacTel JajabHeHIas OKCIUTyaTalus 3alipeiacTcCA.

MNpOBEPLTC COOTBCTCTBYCT JIU

DNEeKTPOMHCTPYMEHTHI C JTBOMHONW H30JSAIMEel He TpeOyrloT MOAKIIYEHUS Yepe3 PO3ETKY ¢
TPETHUM 3a3€MJICHHBIM TTPOBOJIOM. J[JI SJIEKTPOMHCTPYMEHTOB 0€3 JTBOMHON W3OJISAIUU TOIKIIOUEHNE
yepes Po3eTKY € 3a3€MIIEHHBIM IPOBOJIOM 00513aTEILHO

N36eraiiTe KOHTAaKTa Tela C 3a3€MJICHHBIMH TIOBEPXHOCTSMH THIA TPyO, pallaTopoB, Meueh u
XOJIOAMIBHUKOB. PHCK yJ1apa TOKOM pe3Ko BO3pacTaeT, ECJIM Ballle TEJIO CONPUKACAETCS C 3a3€MIIEHHBIM
o0bekToM. Ecnm ucmonb30BaHUE >IEKTPOMHCTPYMEHTA BO BIQXKHBIX MECTax HEM30€XKHO, TOK K



NIEKTPOMHCTPYMEHTY  JOJDKEH  IIOAABAaTbCs  4Yepe3  CHEUUalIbHOE  YCTPOMCTBO-IIPEPHIBATEIND
OTKJIKOYAIOIEe ICKTPOMHCTPYMEHT IIpU yTedKe. Pe3MHOBBIE IEpYaTKHU DJIEKTPUKA U CIELHAIIbHAL
00yBB J1ajiee yBEIMYAT Bally JIMYHYIO 0€30MacHOCTb.

He nonsepraite 371€KTpOMHCTPYMEHTHI BO3ACUCTBUIO JOXKIAA WIHA BIaXHBIM YyCIOBUAM. Bona,
IIONABIIAs B 3JICKTPOMHCTPYMEHT 3HAUYUTEIILHO YBEJIMYUBAET PUCK yAAapa TOKOM.

AxkypatHO oOpamaiiteck anexTpoimHypoM. Hukorna He ucnosb3yiiTe HIHYp, 4TOOBI HECTH
NIEKTPOMHCTPYMEHTBl WM TAHYTh INTENCENIb W3 PO3ETKU. JlepKUTe WIHYp BJAIM OT BBICOKOU
TEMIIEPATYPbl, MACISAHBIX JKHIKOCTEH, OCTPBIX TIpaHEHd WM JABWKYIIMXCS YacTed. 3aMeHUTe
IIOBPEXKICHHBIE IIHYPbI HEMEUIEHHO. [[0BpeXIeHHbIE NIHYPBI YBEJIIMYUBAIOT PUCK yIapa TOKOM.

IIpn neicTBUM BIEKTPOMHCTPYMEHTAa BHE IIOMELICHUM, HCIOJIB3YUTE DSJIEKTPOYIIIMHUTEIN
CIIELMAJIbHO MPEIHAa3HAYCHHbIC Il IPUMEHEHMS BHE IIOMELICHUS.

JInunasa be3onmacHocTh

ByapTe BHUMaTENbHBI, MOCTOSHHO CJIEAWUTE 32 TEM UYTO BHI JleNaeTe, U MCHOIb3YyHTe 3paBblid
CMBICT MpU paboTe € ANMEKTPOUHCTPYMEHTOM. He ncnonb3yiiTe aIeKTpOMHCTPYMEHT B TO BpeMs Kak Bbl
YTOMJICHBI WM HAXOAMTECh IO BO3JCHCTBHEM JIEKAPCTB MIIU CPENCTB, 3aMEUISIONINX PEaKIUio, a
TAKXKE AJIKOT'0JIA NI HAPKOTUYCCKUX BCIICCTB. OTO MOXKET IMPHUBCCTHU K CCpBCSHOfI TpaBME.

Hocute cootBercTBytomyto oaexay. CIMIMIKOM CBOOOAHAS ONEXKIA, IPAaroleHHOCTH WA
JJIMHHBIC pacinymcHHbIC BOJIOCHI MOTYT I1011aCTh B JABWKYIIHUECA qacTu pa60TaIOHIeF0
SJICKTPOMHCTPYMCHTA. I[epnq/ITe Balllr BOJIOCHI, OJICKAY, U NICPUYATKHU JAJICKO OT ABHUTIalOIIUXCA JacTeH.
Pyku nomxHbI OBITH CYXHUMH, YUCTHIMU M CBOOOTHBIMU OT CJIEI0OB MAaCIISIHUCTBIX BEIIECTB.

N3berute BHE3aMHOrO BKIIOYEHHS. YOEIUTeCh, YTO KIABUINA BKJIFOYCHUS/BBIKIIOUCHUS
HAXOAWTCS B TOJOXKEHUHU «BBIKIIOYeHO» («OFF») 1o BKIIOYEHHS AIEKTPOMHCTPYMEHTa B PO3ETKY.
3anpeniaercs MEePEeHOC DSJIEKTPOMHCTPYMEHTOB Ha BalleM Malblle MOMEIIEHHOM Ha KIIaBHIIE
BKITFOUCHUSI/BBIKITIOYCHHUS.

YI[aJ'II/ITC PEryJIMpOBOYHBLIC /NI YCTaHOBOYHBIC KIIIOYH nepen BKIIFOUCHUEM
OJICKTPOUMHCTPYMCHTA. OcTaBiaeHHbBII KJIIOY, IMOIIaB B ABMIXKYIIUCCA YaCTU SJICKTPOMHCTPYMCHTA, MOXKCET
MPUBECTH K MOJOMKE JJIEKTPOUHCTPYMEHTA HIIU CEPhE3HON TpaBMeE.

Hepxute HanexxHO paBHOBecHe. MCmosb3yiHTe XOPOILIYIO OMOpPY M BCETAa JIEPKUTE HAJECKHO
Oamanc Tema. Hamgnexxamias omopa M 0OajlaHC MO3BOJSIOT 00€CIEYUTh HAAEKHBIM KOHTPOIb HaJ
3JIEKTPOMHCTPYMEHTOM B HEOKHMIAHHBIX CUTYalIUSX.

Hcnone3yliTe 060opynoBanue, obecrneunBatoiiee Bamry 6e3omacHocts. Beerna Hocurte 3amuTHbIe
oukn. PecrnupaTtop, Heckonb3smue Oe30macHble OOTHHKH, Kacka, WM HAYIIHHKA JOJKHBI
HCITOJTH30BATHCS ISl COOTBETCTBYIOIIHUX yCIIOBUM.

IIpaBuia no 3xkcniyaranuu 060py10BaHus

JlaHHOE H3/1eTMe MOKHO SKCIUTyaTHPOBATh HENPEPHIBHO HAa MPOTSHKEHUH HE Oojee 15 MHUHYT,
3aTeM ero HeoOXOJMMO BBIKIIIOUUTHh Ha 5 MUHYT. ExXeHenenpbHO peKOMEHIyeTCsl paboTaTh C U3/IETHEM
Ha npoTsbkeHun He 6onee 20 yacos. [Ipodeccuonanbhas cepusi: BpeMs paboThl B Heemto 45 qacoB

[Ipu cobmtoileHuN BBINIEYKa3aHHBIX PEKOMEHJAINA CPOK SKCILTyaTallid COCTaBisieT 3 rojaa C
MOMEHTA MOKYIIKH.

Hcnosb30BaHue 3JIEKTPOMHCTPYMEHTA U 00CTy:KHBAHH e

Hcnonp3yiiTe 3aXUMbI, CTPYOLMHBI, TUCKA WIW JPYrol cHocod HaAeKHOTO KpEIUIeHUs
oOpabatreiBaeMOl JleTanu. YJep>KaHUE AEeTalu PYKOW WM TEJIOM HEHAJEeKHO U MOXET MPUBECTU K
MoTepe KOHTPOJISL U K TIOJIOMKE MHCTPYMEHTA HJIM TPaBMaM.

He neperpyxaiite 31€KTpOMHCTPYMEHT. MCnonb3yiTe 3NEKTPOMHCTPYMEHT COOTBETCTBYIOIIMM



Bamieii pabore. [IpaBUIBbHO TOMOOPAaHHBINA AIEKTPOUHCTPYMEHT TO3BOJISIET OoJiee KauyeCTBEHHO
BBITIOJIHUTH paboTy 1 obecrieunBaeT OOIBIIYI0 0€301MacHOCTb.

He ucnonp3yiite 3MeKTPOMHCTPYMEHT, €CIIM HE paboTaeT KJIaBHIIA «BKIIOYCHUS/BBIKITIOUCHHSD)
(«ON/OFF»). JIrob6oii AJIEKTPOUHCTPYMEHT, B KOTOPOM  HEHCIIpaBHA KJIaBMILIA
BKIItOUeHUs1/BoIkoueHust, npenactasiser [IOBBIINEHHYHKO omacHocth W JODKeH  OBITH
OTPEMOHTHUPOBAH 10 Hayaja paboThl.

OTcoenuHUTEe WITENCENb OT MCTOYHHMKA O3JEKTPOIIUTAHMA  Iepell MPOBEIEeHHEM JHOOBIX
PETYJIMPOBOK, 3aMEHBI aKCECCYapOB WM IIPUHAUICKHOCTEH, WM IIPU XPaHEHUU IEKTPOMHCTPYMEHTA.
Takue mnpo¢unakTuyeckue Mepbl M0 00eCHeueHUI0 Oe30IaCHOCTH YMEHBIIAOT PUCK CIIy4ailHOro
BKJIIOUEHUS JJIEKTPOUHCTPYMEHTA.

XpaHUTe 3JIEKTPOMHCTPYMEHTHI BHE JOCSITa€MOCTH JETe M APYTrUX JIIOJAEH HE HMEIOLIUX
HaBBIKOB PabOThI C AJIEKTPOMHCTPYMEHTOM. DJIEKTPOUHCTPYMEHTHI ONaCHbl B pyKax I0JIb30BaTele HE
MMEIOLINX HaBbIKOB.

BoBpems npoBoauTe HEOOX0AMMOE 00CITYy)KMBAHUE IEKTPOUHCTPYMEHTOB. J{0KHBIM 00pa3oM
00CITy’)KEHHBIE 3JEKTPOMHCTPYMEHTBI, C OCTPBIMH JIE3BUSAMM HO3BOJISAIOT 0OJee JIErKO M KaueCTBEHHO
BBINOJIHATH pabOTy M MOBBILIAIOT Oe301acHOCTh. JIroboe n3MeHeHne Wik MoIU(UKaLMs 3arpelaercs,
TaK Kak 3TO MOXET IPUBECTH K MTOJIOMKE 3JIEKTPOMHCTPYMEHTA /WA TPaBMaM.

PerymnsapHo mpoBepsiiiTe peryimpoBKH WHCTPYMEHTa, a TaKKe Ha OTCYTCTBUE Hedopmanuid
pabounx yacteil, IOJOMKHU 4acTeH, a TaKKE COCTOSHUS JIEKTPOMHCTPYMEHTA, KOTOPbIE MOTYT BIIUATH
Ha HENpaBUJIbHYIO pabOTy »dIEKTPOMHCTpyMeHTa. Ecium ecTb MNOBPEXIEHUS, OTPEMOHTHUpYITE
AJIEKTPOMHCTPYMEHT Iiepe]] HayajoM paboT. MHOro HECUacTHBIX CIy4yaeB BbI3BaHbI ILJIOXO
00CITy’)KEHHBIMU ~ 3JIeKTpOMHCTpyMeHTOM.  CocTaBbTe rpaduk  MEpHUOAMYECKOIO  CEpBUCHOIO
00CITy’)KHBaHUS BAILIETO 3JIEKTPOUHCTPYMEHTA.

Hcnonp3yiTe TOJBKO NMPUHAAIEKHOCTH, KOTOPBIE PEKOMEHIYIOTCSI U3TOTOBUTEJIEM /ISl Ballled
mozenu. IlpuHaninexHOCTH, KOTOpBIE MOTYT MOAXOAUTH JUIA OJHOTO 3JIE€KTPOMHCTPYMEHTA, MOTYT
CTaTh ONIACHBIMHU KOTI'J1a UCTIOJIBb3YETCS HAa APYTOM 3JIEKTPOUHCTPYMEHTE.

Oo6cay:xxuBanmue

OO6cmy)XrMBaHNE AIEKTPOMHCTPYMEHTA JOJKHO OBITh BBIIOJIHEHO TOJIBKO KBaJM()ULIMPOBAHHBIM
NEPCOHAIOM YIOJTHOMOYEHHBIX CEpBUCHBIX LEHTPOB. O6cnyxuBaHue, BBITIOJTHEHHOE
HEKBAJM(UIUPOBAHHBIM [E€PCOHAIOM MOXET CTaTh NPUYMHON TOJIOMKHM HHCTPYMEHTa U TpaBM.
Hanpumep: BHyTpeHHHE NpOBOJAa MOTYT OBITh HEMPAaBMIIBHO YJOXEHbBI M OBbITh 3aKaTbIMHU, WU
IPYKUHBI BO3BpaTa B 3aILIUTHBIX KOKyXaX HEMPAaBUIBHO YCTAHOBJICHA.

IIpu oGciy>KMBaHUM IIEKTPOMHCTPYMEHTA, MCIOJIB3YHTE TOJIBKO PEKOMEH]IOBAHHBIE CMEHHBIE
pacxXo/IHblE 4acTH, HAcaJKH, akceccyapbl. Vcronb3oBaHNe HE PEKOMEHIOBAaHHBIX PACXOJHBIX 4YacTew,
HAcaJlok M aKCceccyapoB MOXKET TMPHUBECTH K IIOJIOMKE JJIEKTPOMHCTPYMEHTAa WJIM TpaBMaM.
Hcnonp30BaHne HEKOTOPBIX CPEACTB JJII YUCTKM Kak  O€H3WH, aMMHaK, W T.J. MPUBOJAAT K
MOBPEXKACHUIO IJIACTMACCOBBIE YaCTH.

BkJiiroueHue ¥ BBIKJIIOYEHHE

1. Haxwmwure Ha OCHOBHOH BBIKITIOUATENb(4) IS BKIIOUEHHUSL.
2. BBICTpO HaXXMHTE U OTITYCTUTE OCHOBHOM BBIKIIIOUATETb.

Hcnosb3oBanue pyKoOATKH

B nensax 6ezomacHoctu paboTaiite neppopaTopoM TOJIBKO C IPUCOCTUHEHHON PYKOSTKON(7).

Bb1 Moxxere BbIOpaTh yAOOHOE Ul Bac MOJOXKEHUE PYKOATKU, OCIA0MB BUHTBHI KpEIUICHUS U
IIOBEPHYB B HY’KHOM BaM HampasiieHuU. [locie 3Toro 3aTsHUTE KPEIUICHUE PYYKH.

HUcnonb30BaHue OrpAHUYUTEIA TJIYOUHBI
JlaHHBIN akceccyap CIY>KHT JIJIsl CBEPJICHHS/OIOICHHS Ha 3aJaHHYTO TIIyOHHY.



OcnabpTe KpeIvieHHe PYKOATKM U BCTaBbTE MPSIMYIO 4YacTb OTPAHUYUTENSI TIIyOMHBI B
YCTaHOBOYHOE OTBEPCTHE. Y CTAHOBUTE TpeOyeMyto TiyOrHy cBepiieHHs. 3aKpernuTe KPerieHue pydKH.
BaokupoBka pyHkuum 1010/ 1eHUA

Jlist 6I0KMPOBKU (PYHKIMM J10J0JCHHUS [TOBEPHUTE BBIKIIIOYATEIb J0J0JeHMs(S) B MOJO0XKEHUE
(b). st BromroueHust pyHKIMA JOTOJICHUS BEPHUTE TIEPEKITIOUATEIb B ITOJIOKCHHE (a).
biokupoBka QyHKIUM CBepJIeHUS

Iepdopartop ocHameH GpyHKIMEH OIOKUPOBKU CBEPIICHUSI.

Jlns sTroro moBepHUTE MepekitouaTtens (3) B MOJoXKeHHE Tak 4ToObl MeTka(b) coBmama co
CTpenKoi (a).

[Ipu ymapHOM CBEpJICHMHM HE TpUJIaraidTe 4pe3MEepHOro YCHUIIHS — 3TO CO3[aeT U3OBITOYHYIO
HArpy3Ky Ha 3JeKTpOABHUTaTeNb. PerynspHo mpoBepsiiTe cBepia W Hacaaku. M mpu HEOOXOAUMOCTH
3aTayuBalTe WM 3aMEHSNTE U3HOLIEHHBIE CBEpJia U OUTHI.

Texnuveckoe 06cIy;KMBaHHe

[IpaBmiibHOE MCHOJIB30BAaHUE W IMOCTOSHHOE TEXHUYECKOE OOCIIy)KMBaHHE MPOAJIEBAIOT CPOK
CITY>KOBI M3EITHSI.

PerynsipHo ounIiaiite BEeHTUISIIMOHHBIE OTBEPCTUS HA KOpIyce mepdopaTopa OT TPS3H U MBLUIH.
PerynspHo npoTupaiite KOpImycHbIE A€TaIN MATKOM X/0 TPSIIKOH.

3amperaercs UCMOIb30BaTh PA3IMUHbIC BUIbI PACTBOPUTENEH ISl OYMCTKH KOPIYCHBIX JeTanei
nepdoparopa.

Cpok ciy:x0bl

Cpox ciyx0bl TOBapoB cocTaBisieT 3 roma. ['apaHTHIHBIA CpPOK COTJIACHO TapaHTUHHOMY

TaJoHYy.



I'apanTuiinoe 00513aTeJILCTBO

Ha nepdopaTopsl 2eKTpHUecKue pacripoCTpaHseTCs TapaHTHs COTJIACHO CPOKY YKa3aHHOMY B
TFapaHTUMHOM TAJIOHE.

BbI MOXXeTe 03HAaKOMHTBCS C MTPABUIIAMH TAPAHTUHHOTO OOCITY>)KUBAaHUS B TAPAHTHIHOM TaJIOHE.

IIpakTnyeckas padora Ne 2
HN3yyeHue HHCTPYKIMH 1O YKcnayaTauuu nepgoparopa mapku MAKITA HR 2450.

Leab padoTsl npuoOpeTeHuEe HAaBBIKOB pabOThl € JAOKYMEHTaMH, CONPOBOXKIAIOIIUMU

obopyioBaHHE.
HopmaTuBHbie PYKOBOJICTBO 10 3Kcruryaramnuu nepdoparopa mapku MAKITA HR 2450.
JOKYMEHTbI
Oo6opynoBanue nepdopatop mapkn MAKITA HR 2450
3ananue:

1. BuuMarenbHO U3YYHTE U MpOAHAIM3UPYUTE MaTepUal 1Mo TeMe.

OTBeThTE Ha BOMPOCHI (B MUCEMEHHOU (hopme):

Haznauenune nuHcTpyMeHTa.

VY eTpoiicTBO HHCTPYMEHTA.

[IpaBwmita 1 MOPSAIOK BBITOJIHEHUS TOITOTOBKYA HHCTPYMEHTA K Pa3IMYHBIM BHIaM padoT.

o0 TN

[IpaBmia TexHUKU 6€30MACHOCTH TIPH PabOTE ¢ HHCTPYMEHTOM.
3. TloaroroBbTe HHCTPYMEHT K padoTe.

JuexkTpoHHbIi nepdoparop HR2450

HHCTPYKIUSA 11O SKCIUIYATAIIUU

TexHn4yeckne XapaKTepUCTUKHA

Moaeanb HR 2450 HR 2451 HR 2452
MaxkcumanbHbIN JIHAMETP

CBEPJICHHUS:

beron 24 MM 24 MM 24 MM
Hepeso 32 MM 32 MM 32 Mmm
Cranb 13 Mmm 13 mm 13 MM
Yacrota xonocroro xona (06/mun) | 0-1,110 0-1,110 0-1,110
KommyectBo ynapoB B MUHYTY 0—4,500 0—4,500 4,500
IMonuasa nmuHa 360 MM 360 MM 360 MM
Macca 2.4 xr 2.4 xr 2.4 xr
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[TosicHeHune K puCyHKam
1. 3axxum 8. Cmazka 15. [lepexntouarens posaa padboT.
2. bokoBas pyuxa. 9. byp 16. PeaunoBas rpyia
3. 3yOb4. 10. Kpsbrmika gepsxarens 17. Ilpine3amuTHas yamka
4. BoicTymbl. 11. OrpanuuuTens rTyOUHbBI 18. SDS-plus nepexoaHuk.
5. OcnaOuTs. 12. BeixitouaTens 1mycka 19. CBepinibHBIN NAaTPOH.
6. 3aTAHYTb. 13. biokMpoBKa BBIKIHOYATENSA
7. XBOCTOBUK Oypa. 14. TlepexirouaTenb HanpaBIeHUI
DJIeKTpPONMTAHHE

WHcTpyMeHT fAomKeH OBITh MOAKIIOUEH K CEeTH C  HalpshKEHUEM, COOTBETCTBYIOLIUM
HaANpPSDKEHUIO, YKa3aHHOMY Ha MapKHpOBOYHOW Tabiuuke. Vcmonb30BaHHE TOKa Jake MOHHMKEHHOTO
HaANpPSDKEHUST MOXKET MPUBECTU K IMeperpy3y MHCTpyMeHTa. Pox Toka - mepeMeHHbIH, onHo¢a3HbIil. B
COOTBETCTBUM C €BpPONEHCKMMM CTaHJApTAMM HMHCTPYMEHT HMEET JBOMHYK H3O0JLALMI0 W,
CJIEZIOBATENIbHO, MOXET OBITh MOAKIIIOUEH K HE3a3eMJICHHBIM PO3ETKaM.

Mepbl 6e30nacHOCTH
Jlns Barieit ske 6€30macHOCTH, MOXKANyCTa, ClIeAyiTe HHCTPYKIIUHU 10 OE30MaCHOCTH.



JonosHuTeIBHBIE IPaBUHJIA 0€30I1ACHOCTH

1. Bcerna ucnonb3yiiTe MperoXpaHUTENbHBIA IIIeM (KacKy), 3alllUTHBIE OYKW W/WIIM 3aIIUTHYIO
MacKy, a TakXe pEKOMEHAYeM HCIOJIb30BaTh IPOTHBOIBUIEBOM PpPECHUpPATOp, YIIHBIE
IIPOTEKTOPHI U TOJICTHIE XJIOMYATOOYMaKHbIE IIEPUYATKH.

2. Ilepen Hauasiom pa®oT yOeauTeCh B TOM, YTO CBEPJIO HAEKHO 3a(PUKCUPOBAHO B JIeprKaTele.

3. Ilepen paboroil mpoBepbTe CTENEHb 3aTSXKKU BUHTOB. IIpm HOpManbHOM paboTe MalinHa
BUOpUpyeT. BUHTBI MOT'YT IPUATH B OCIA0JIEHHOE COCTOSHUE, M MOXKET IPOU30UTH aBapus UIH
HECUYACTHBIN ClTyyai.

4. B x05101HOE BpeMsl T0/ia WM TOCJe JUTUTEILHOTO XpaHEeHHs epel paboToii naite nepdoparopy
HECKOJIbKO MUHYT THOpaboTaTh 0e3 Harpys3KH, 3TO Pa3MArduT CMa3Ky, 0e3 KOTopod pabora B
pexxuMme yaapa OyaeT HEBO3MOKHOM.

5. Bcerma cnmemuTte 3a yCTOWYMBBEIM ToJjoxeHueM HOT. I[lpm pabote Ha BbIcOTE yOeauTech B
OTCYTCTBUH KOro-i1u6o noj Bamu.

6. Jlepxute HHCTPYMEHT B pyKax Kpemnko. Beerna ucnosnp3yiite 60KOBYIO pyUKy.

7. He npukacaiiTech pykaMu K BpaIlatOLIMMCs 4aCTsAM UHCTPYMEHTA.

8. He wnampasnsiite nepdopaTop B HaIlpaBICHUM >KUBBIX OOBEKTOB. Byp MOeT BbUIETETh U
HAHECTH CEPbE3HBIE YBEUbSI.

9. He ocraBnsiite MHCTpyMEHT paboTaromum 0e3 mpucmorpa. [Ipons3BoanuTe BKIIIOYEHHE, TOIBKO
KOI'JIa OH HaXOJUTCS B pyKax.

10.Ipu paboTe B CTEHAX M TMOJIAX, I/I€ MOTYT HAXOAMTHCA TOKOBEAYIIHE IPEIMETHI, HE
IpUKacalTech K METAJUIMYECKUM YacTsAM MHCTpyMeHTa. Bo n3bexaHue nopaxeHus TOKOM IpH
NIOMAJaHUU Ha TOKOBENYIHE MPEAMETHI JECPKUTE WHCTPYMEHT TOJBKO 32 HM30JMPOBAHHBIC
MIOBEPXHOCTH.

11. He mpukacaiitecb kK cBepiay M oOpaslly cpa3y mnocie cBepieHus. OHM MOTryT ObITb OYEHb
TOpSYMMHM U IIPUBECTH K 03KOTaM.

HNHCTpYKUMSA MO IKCITyaTAIMU
bokosas pyuka (Puc. 1)

st ynepxkuBanus nepdopaTopa B JIFOOOM MOJOKEHUH TIPU CBEPJICHUHU OOKOBAsl pydKa MOXKET
yCTaHaBIMBAThCsA Ha mnepdopaTop B mM0OoM monoxeHHH. OcnabbTe pydky, MOBOpadMBasi €€ MpPOTHB
YaCOBOM CTpENKHU. 3aTeM, YCTAHOBUTE €€ B 33JJaHHOM IOJIOKEHHH, U CHOBA 3aTSHUTE, TIOBOPAUMBAs €€
10 YaCOBOM CTpPEJIKE.

YcranoBka M yaajieHue cBepJia

[lepen ycTaHOBKOM MM yJalIeHHEM CBepJia WM JAPYTUX PACXOJHBIX JleTanel, yoenuTech B TOM,
YTO UHCTPYMEHT BBIKIIIOUEH U OTKJIIOYEH OT UCTOUHUKA MMUTAHUS.

ITepen ycraHoBkoil Oypa TIIATEIHPHO OTYHUCTUTE M CMAXbhTE €r0 XBOCTOBHK IpHIaraeMomn
cMa3Koi i 6ypoB.(puc 2).

BcraBbpTe Oyp B nepkaTelnb, HaJaBUTE HA HETO M MOBEPHUTE €ro J0 3alleMJIeHHs C JeprKaTeseM
(puc. 3). Ilocie ycTaHOBKM yOeauTech B HaJEKHOCTH 3aKperyieHHs Oypa, IbITasiCh BBITAHYTH €0 U3
nepxarens. [l u3BnedeHus Oypa NOTSHUTE KPBIIIKY JeprKaTeliss BHU3 U BbITaluTe Oyp (puc 4).

Orpanunumrens riayounsl (Puc. 5)
Orpanuuurtenb TIyOMHBI CBEPJCHHUS MCIONB3YETCA MAJI CBEPJEHUS OTBEPCTHM OJMHAKOBOMN
rryouHbl. OcnabbTe pydKy 3aKMMa ¢ TIOMOIIBI0 OosiTa-0apaiika U BCTaBbTE OIPAHUYUTEIh TITyOUHBI B



OTBEpPCTUE B OCHOBaHUM 3akuma. OTperysupyiTe OrpaHU4MTENb INIyOWHBI CBEpJIEHUS 0 KeJIaeMOH
rIIyOWHBI ¥ 3aTAHUTE PYUYKY 3aKUMa ¢ TIOMOIIbI0 OonTa-0aparika.

[MPEJOCTEPEXEHME: orpanuunTenb TyOHHBI CBEpJICHHUS HE MOXET OBITh HCIOJB30BAaH B
II0JIO’KEHUH, KOTJ1a OH KacaeTcs KOpIyca peayKTopa.

Brirouenue (Puc. 6)
[Tepen BKIOYEHHEM HHCTPYMEHTa BCErJa IPOBEPSUTE pabOTOCIOCOOHOCTH IMEpPEKITHYaTENs,
MOCJI€ OTIYCKaHUS OH JOJKEH JIETKO BO3BPAILIATHCS B MOJIOKEHHE « BRIKITFOUEHOY.

Jlns HR 2450 u HR 2451

UT0OBI BKJIIOYUTH HHCTPYMEHT, MIPOCTO HAXKMHUTE Ha BBIKJIIOYATENb Tycka. CKOPOCTh BpalleHUs
MOXXET IUTaBHO U3MEHAThCA OT (0 110 MaKCUMalbHOM CKOPOCTM B 3aBUCUMOCTH OT JIaBJICHHUS,
MPIJIOKEHHOTO K BBIKJTFOUATEINO MTycka. YeM Ooiblie JaBiieHue, TeM ObicTpee nepdoparop Bpamaercs.
J171s BBIKITIOYEHHS] MAIIMHBI OTITYCTUTE BBIKIIFOUATEIb

Jlis IpOAOHKUTENHbHONW paboThl ANEKTPOUHCTPYMEHTOM, HaXMHUTE Ha BBIKIIIOUATENb, a MOTOM
3aUKCUPYHTE €ro KHOMKOW OJOKMPOBKH BBIKItOUaTens. JlJis OCTAaHOBKM MHCTPYMEHTa HAXMHTE Ha
BBIKJTIOYATENb /10 KOHIIA, @ TIOTOM OTITYCTUTE €TO0.

Jlns HR 2452

UToOBI BKIIIOUUTH MHCTPYMEHT, MPOCTO HAXKMUTE HA BBIKJIIOYATENb IMycKa. [is BRIKIIOUEHUS
MaIIUHBI OTIYCTUTE BBIKIIOYATENb. (15 IPOIOIDKUTEILHON paboThl SJIEKTPOMHCTPYMEHTOM, HAKMHUTE
Ha BBIKJIIOYATENb, a MOTOM 3a(pUKCHUPYHTE ero KHOMKON OJOKHPOBKM BbIKIIOUaTens. [y ocTaHOBKH
MHCTPYMEHTA HA)KMHTE HA BBIKJIFOYATEIb IO KOHIIA, a IOTOM OTITYCTUTE €ro

Buumanue:

v' Tlepen HauanoM paboT MPOBEPHTE MPABHUILHOCTL BLIOPAHHOIO HAIPABJIEHHS BPAILCHUS.

v’ TIpou3BOAUTE CMEHY HAaNpaBIECHUS BPALIEHHsS TOJHLKO IOCJIE IOJHONM OCTAaHOBKM MOTOpA.
HSMGHGHI/IG HaHpaBJ'ICHI/ISI BpaHIGHI/ISI Ha MalllUHE C BpaHIaIOHII/IMCH BaJIOM HpI/IBe)IGT K ITOJIOMKE
MallInHBbI.

v' He HaxumaiiTe Ha BBIKJIIOYATENb IIYyCKa, €CJIM TE€PEKIIoYaTe]b HarpaBieHHs BpaIleHUs
HaXOJUTCs B HEUTPAJIIBHOM IOJIOKEHUHU. He nmpuiiaraiite Cuily npy NEepEKIFOYEHNN HAaIIPABIICHUS
BpalieHusl. ITO NPUBEAET K MOJIOMKE BBIKIIFOUATETIS.

Br100op pona pador (Puc. 8)

Ota MallliHa UMeeT MepekiroyaTens poja padot. C ero nomouisio Bel MokeTe BIOpaTh OAUH U3
IByX BUAOB pabot. Jlns BpameHuss Oe3 ynapa MOBEpPHUTE pblUar MepekiIrovareis poja paboT B
MOJIO’)KEHHE, OTMEUYEHHOE CHMBOJIOM «CBEpJIO», a JUIsl BpalIeHHs C YJapoM IIOBEpHUTE pbluar
HepeKIroyYaTelis poaa padoT B MOJI0KEHNE, OTMEYEHHOE CUMBOJIOM «MOJIOTY.
Buumanue:

[Tepen BkIItOUEHUEM MAIIMHBI YOEIUTECH B TOM, UTO MEPEKIIOYATEh HAXOAUTCS TOYHO B OJHOM
U3 NoJoKeHW. Eciu OH HaxoauTcs MEXIy HHUMH, BKIIOYEHHE MAIIMHBI MOXET HPUBECTH K
MOBPEXKICHUIO MAIIHBI.
IIpenoxpanureabHas mydra

[IpenoxpanutenpHas MypTa BKIOYHMTCS, KOT/Ia MAIIMHA JOCTUTHET ONpPENEICHHOIO0 MOMEHTa
BpallleHusl, B 3TOM MOMEHT OHa OTCOEAMHHUT MOTOp oT Bana. Korja sto mpousoiiger, Oyp mepectaHeT



BpaIlaThCsl.
Buanmanme:
v Kak TospKk0 My(dra cpaboTaer, HEMEIJIEHHO BBIKIIOYUTE MAIIMHY. DTO MO3BOJUT Bam nsdexarsb
Ieperpysa JIEKTPOABUTATEIIS.
v KosblieBble CBepiia, KEPHOBBIE Oypbl, ajiMa3Hble KOPOHKH HE MOTYT MCIIOJIB30BaThCSA C OTUM
WHCTPYMEHTOM, TaK KaK OHU UMEIOT CBOMCTBO 3alleTIATHCS 3a 00pa3ell U UCTIBITHIBATh MTPH 3TOM
yaap, 4TO B CBOKO O4YE€PEe/Ib MPUBOUT K BBIXOIY M3 CTPOS OTPaHUYUTEILHON MYy (PTHI.

CgepJieHue ¢ yniapom

Pacrmonoxxure Oyp B MecTe, BRIOPAaHHOM JIJIsl CBEPJICHUS, 1 HAXMHTE Ha BBIKJITFOYATENb ITyCKa.

He mnpuknaneiBaiite cuny k mepdopartopy. Jlerkoe maBiieHHWE MaeT HAWIYYIIUW pe3yibTar.
Kperniko npepxwure epdoparop, ¥ He TO3BOJISTUTE €My COCKaIb3bIBATh C HAMEUCHHOM TOYKH.

Korma otBepcTHe cTaHeT HaMOJMHATHCA IMBUIBIO M KPOIIKAMM HE  MPUKJIAJbIBANTE
JOTIOTHUTEILHOTO JIaBJICHHS, a Ha00OPOT, Ha XOJIOCTOM XOJYy YacTHMYHO BBIHBTE Oyp U3 OTBEPCTHS.
[ToBTOpPUB 3Ty Onepannio HECKOJIBKO pa3, Bbl ouncTUTEe OTBEPCTUE OT YACTULl U KPOILEK, YTO IO3BOJIUT
Bam nponomxuts 3 pexTuBHOE CBEpIICHNE.

Buumanue:

OdeHp Ooubllias W HEOXKHJAHHAS CHJIA BpAIlCHUs, TPUIIOKEHHas K nepdoparopy, MOKeT
BO3HUKHYTh TPU 3aCOPEHUM KaHaja YacTUILIaMM, WM MPU ToNaJaHuu Oypa Ha apMaTypHBIA MPYT.
[ToaToMy Bceraa moJib3yWTeCh JOMOJHUTEIBHON OOKOBOM PYUYKOH, KPEIKo yaepkuBas nepdoparop Bo
BpeMsl CBEpJICHHUs 3a 00e pyKosiTKU. He BEITIOTHEHHME 3TOro TpeOOBaHUS BEIET K MOTEPE YIPaBICHUS
nepopaTopoM, 4TO MOXKET BBI3BATh CEPHE3HBIE TPABMBI.

Cmaska 0ypa
Ilepen yctaHoBKOM Oypa OYMCTUTE €0 XBOCTOBMK M CMaXKbT€ €ro CMa3KoW uis OypoB (OKOJIO
0.5 —1r). Ucnonp3oBaHue cMa3Kku cMATYUT paboTy nepdopaTtopa U NPOUIUT €0 CPOK IKCILTyaTaIUH.

Pe3unoBas rpyma (Puc. 9)
Hcnons3yiiTe ee a1 MPOYUCTKHU KaHalla OT MBUTH U 00JIe€ KPYITHBIX YaCTHII.

biesamuTHas yamka (Puc. 10)

IIpu cBepneHMH OTBEPCTHH, PACIOIOKEHHBIX HAJ| ONEPATOPOM, HUCIIOJIB3YWTE MbLIC3AIIUTHYIO
Yalky JJs NperoxpaneHus nepdoparopa u oneparopa ot nagaromieil neiin. Hanensre ee Ha Oyp, Kak
noka3zaHo Ha (puc. 10). Hamka Ne 5 MoxeT ycTaHaBIMBaThCs Ha Oyp auamerpoM oTé MM 110 14.5 mm, a
yarmka Ne 9 Ha Oyp ot 12 MM 10 16 MMm.

CgepJienne aepesa u merasiios (Puc. 11)

Jlis 3TOrO0 HCHONb3yWTE CBEPIWIbHBIA NAaTpOH B cOOpe, KOTOPBIA IMOCTaBISETCS OTIENBHO,
(cocTosiuii M3 CBEPIMIBHOTO NAaTpoHa W IepexofHuka). [Ipu ero ycraHoBKe MCIONB3yHTE pazfieln
MHCTPYKIIMU «yCTAaHOBKA U yJaJ€HUE CBEpJiay. Y CTAHOBUTE MEPEKIIIoYaTelb poaa paboT B MOJOKEHHE
«cBeprieHue 6e3 yaapa». Bel MoxeTe cBepauTh 0TBepCTHs A0 13 MM B MeTaiie u 710 32 MM B JiepeBe.

Buaumanue:
v' Tlpu HCTIOIB30BaHUH CBEPIIMIIBHOTO MATPOHA HUKOT/IA HE MCIONB3YHTE MOJOKEHHS «CBEpPIICHHE
C yaapom» - 3TO MOXET NPUBECTH K MOBpexacHUI0 narpoHa. B momenn HR 2440 Ttaxxe
3arpellaeTcs UCIoIb30BaTh CBEPIICHHE TPOTHUB YAaCOBOM CTPENIKH.



v CuibHOE HaKaTHe HAa MHCTPYMEHT HE YCKOPHT IIPOIIECC CBEPJICHHS, HO MOXKET MPHBECTH K
II0JIOMKE KOHIIa CBEpJIa U CHU3UT CPOK IKCILUTyaTallM UHCTPYMEHTA.

v Ouenp Oonblnas BpaINAOIIas CHJIA JCHCTBYeT HA CBEPJO MHPH €ro MPOXOXKICHUH Yepe3
Marepuan. [loaTromy mpu CBEpIICHMM AECPKUTE HMHCTPYMEHT KPENKO M Ha)KMMaWTe Ha HEro
akkypatHo. Mcnonb3yiiTe 00e pyKku JUIst yIpaBiIeHUs JIEKTPOMHCTPYMEHTOM.

v/ 3axaroe B MeTallic CBEPJIO MOXHO JIETKO OCBOOOIHTH, HCIONB3Ysl OOpAaTHOE HAMPABICHUE
BpaueHus. [lpu 3Tom nepkute HHCTPYMEHT KPENKo B pyKax.

v" Tlpu cBepseHUH HEOONIBIIKX MO Pa3Mepy 00pa3ioB HCIIOIb3YHTE THCKH.

Ob6cay:xxuBanmue

BHUMAHMUE: Ilepen Hnavanom mr00bIx paboT yOenuTech, YTO MAlIMHA BBHIKIIOYCHA H
OTKJIIOYEHA OT CETH.

Jnst Ge30macHON M Ha/IeKHOH pabOThl MHCTPYMEHTA, IIOMHHUTE, YTO PEMOHT, OOCIYKUBAaHHUE U
pEryJIupOBKAa MHCTPYMEHTA JIOJDKHBI IPOBOAMUTHCS B YCIOBHMSX CEPBUCHBIX LIEHTPOB (DUPMBI
«MAKHUTA» ¢ ucnonb3oBaHUEM TOJIBKO OPUTMHAJIBHBIX 3aIIaCHBIX 4aCTEN U PACXOAHBIX MaTEPHAIIOB.

IIpakTuyeckas pabora Ne 3
ITonGop O6ypoB s nepgoparopa noa Maccy Hecyuieil KOHCTPYKIMH.

Hean padoTsl IpUOOpETEeHNE HABBIKOB pabOThl € JOKYMEHTaMH, COINPOBOXKJIAIOIIUMU
o0opyioBaHUE.

HopmaTuBHbIe PYKOBOJCTBO 1O 3KcIutyaTanuu nepgoparopa mapku MAKITA HR 2450.

AOKYMEHTBbI

Oo6opynoBanne neppopatop mapku MAKITA HR 2450

3aganue:

1. BuHuMaTenbHO M3YYHTE U MPOAHAIM3UPYITE MaTepHal Mo TEME.
OTBeTHhTE Ha BOMPOCHI (B MUCHbMEHHOM opMme):
Xapakrepuctuku 6ypoB miisa nepdoparopa, pasmepsl.

Kak Beibpats Oyp st mepdoparopa?

Yem Oyp oTimyaercst OT cBepiia’?

Tunsl xBocToBUKOB OypoB 1151 TepdopaTtopa.

OcHoBHbIE TapameTpsl Oypa.

Pasmeps1 OypoB st mepdopatopa.

Byp o 6erony misa nepdopatopa.

Cnenunduyeckue Oypsl mepdopaTopoB st pabOTHI IO OETOHY.
Byp no nepeBy nist mepdoparopa.

SQ o o0 TR N

Byp — 53T0 MeTajuIM4ecKMi WHCTPYMEHT, WCHOJIB3YIOIIMICS I CBEPJEHUS OTBEPCTUH
HE0O0XO0IMMOT0 pa3Mepa B U3JENUAX U3 OeTOoHa, KUpIHUYa U Jp. KAMEHHBIX MaTepuaioB. [Ipumenstorcs
¢ nepopaTopoM B KadecTBE €ro pabodeil yacTu MpPU BHITIOIHEHUH CTPOUTENBHBIX U PEMOHTHBIX padoT.
Bypsl paznugaroTcst Mo BUIY,
MOIIIHOCTH HHCTPYMEHTA, C
KOTOPBIM OHH MCIIONb3YIOTCS,
a TAaKKe 110 TUILy XBOCTOBHUKA
U KPYTU3HE PE3bOBbI.




Xapakrepuctuku OypoB i nepdoparopa

Kaxngoe crpoutenbHOe HpeAnpusiTHe HE 00XOauTcs O€3 CBEpIeHMs CTEH, MO0Ja, pa3IM4yHON
meOenu, NMOTOJNKOB M JApyrux marepuanoB. Ecnu 11 HeOonpmMX 3a1ad (IOBECUTh KapTUHY, IOJIKY,
BEIIAJKY) B JIEPEBIHHOM M KHUPIHUYHOM JKWIMIIE MCIIOJIB3YyeTCs JApeilb, TO IpU paboTe B MaHENbHbIX
noMax HeoOxonuMm mepdoparop. Kpome BO3MOXKHOCTH CBEpICHHS, OH BKJIIOYAeT B ce0s (QyHKIUH
oTOOHOrO MOJIOTKAa. B ciywae ¢ mepdopaTopoM B KadecTBE HACAJKU NPUMEHsETCS Oyp.
OcoOeHHOCTSMH pa3NUYHBIX OypoB s mepdoparopa SBISIOTCS: CHENUAIbHAS KOHCTPYKITUS
YCTpOMCTBAa CHUpali; BHYTPEHHSS MOJOCTh BHYTPU CTEP)KHSI; M3TOTOBJIEHUE OCHOBHOM 4YacTH W3
IPOYHOIO CIUIaBa; CYLIECTBOBAHUE MHOXKECTBA PA3IMUUil B KOJIMUYECTBE PEKYLIMX KPOMOK.

I'maBHBIM oTiMuueM Oypa OT cBepiia SBJISETCS HAJMYME XBOCTOBMKA, KOTOPBIN MO3BOJISIET €My
HaJIeXKHO KpenuThbes B nepdopaTtope. biarogaps BceM 3TUM OCOOEHHOCTSIM MbUIb U TBEPAbIE YaCTUIIbI
MaTepHaa, oJIBEprarollerocsi CBepJIeHUI0, OTCEUBAIOTCS, U HE MELIAI0T paboTe HHCTPYMEHTA.

Taxxke Oypbsl UMEIOT HECKOJBKO PAa3IU4Mii B XBOCTOBHKAX. OHU MCHOIB3YIOTCS Ui paboTHI €
pasueiMu niepdopatopamu: «SDS+» — ucmonb3yeTcs B coro3e ¢ ObITOBBIMH mepdoparopamu. Ero
auametp poxomuT Ao 18 mm. «SDS-max» — wucnonb3yercs mnpodeccHoHataMu, € IHAMETPOM
KpenexHoi yactu Oonee 18 mm. IlpousBogurensimu OypoB B OCHOBHOM SIBISIOTCS KUTallbl. Takue
Oypbl UMEIOT pa3beM CTaHAapTHBIX mapaeTpoB — SDS-plus. Onu nmoaxonsart mop nro6oi nepdopatop.
OpHako s apenu Oypbl HENPHUTOJHBI, U HACHJIBHO BCTABUTh MX B HAaTpoH He moiayuyutca. O4eHb
Ba)XHbIE CIIEIYIOIINE XapaKTEepUCTHKH OypoOB, HCIIONB3YEMbIX Ul mepdoparopa: JUaMeTp, UIMHA —
OTpa)kaeT CHocoOHOCTh Oypa MpOAENbIBaTh OTBEpCTHs HeoOxoaumoil rinyOuHbl. C  yueToM
0COOEHHOCTEH NMPUMMEHEHHsT MHCTPYMEHTa, Oypbl CO3JAl0OTCS C YCHUJIEHHBIM THIIOM KOHCTPYKIUH,
JIBOMHOM crimpanieBUIHON (POPMBI, TOITOMY OHHM HE JIOMAIOTCS U CIY’KaT J0JIroe BpeMs 0e3 Kakux-JInbo
HeucnpaBHocTel. Hakoneunuku OypoB chenanbl u3 npouHeiimero crmiaBa — BKS8. Oto mossomnser
paboTaTh NPOJOIKUTENBHOE BPEMS ¢ MaTepraiaMy MOBBIIIEHHON IPOYHOCTH.

[Ipu o6o3HaueHun pa3MepoB U AuaMmeTpa Oypa HUCIOJIb3YIOT TaKoe
nugpepHoe obo3HaueHue — 5,5x110, wnum 6x160. DTO0 03Ha4aer, 4TO
nuaMetp Oypa paBeH 6 mm, a juHa — 160mm. B xapakTepuctukax nuuryT
eme u pabouyro amuHy. OHa MEHbIIE OCHOBHOW mpuMepHo Ha 130 mm.
Juametp Oypa MOXKET IpUHUMATh 3HaYeHUE Kak 4 mm, TaK U JOXOAUTH 10
30. BpIOOp KaxmOro W3 HUX 3aBUCHT OT IIOCTaBJICHHBIX TIepes
MHCTpYMEHTOMm 3aaad. Yacto uenons3yrores auameTrpsl 6 1 10 mm. OTtoro
BIIOJIHE JIOCTaTOYHO JUIsI TOTrO, YTOOBI TIOBECUTh KAPTUHY WJIH
BMOHTHpPOBaTh HEOONbIIYyI0 IUIMTY. HyXHO NOMHUTH, 4YTO JMAMETP
OTBEPCTHUS CBEPJIUTCS TOTO JK€ IUaMeTpa, 4To U 'y JH00es.

Kaxk Be1Opats O0yp mist mepdoparopa?

Omnpenensisich CTOUT 03HAKOMUTBHCS ¢ HEKOTOPBIMU OCOOEHHOCTSIMU KaXKJIOM UX Pa3HOBUIHOCTH.
Hampumep, uem kpyde crimpaib, TeM OOJbIIE TOJDKHA OBITh CKOPOCTh OypeHHsl, B Ti1y0ke OTBEPCTHE.
DTO MO3BOJISIET BHIPAOOTAHHOMY MaTepHaly ObICTpee YOasThCs M3 paboueil 30HBI. Takxke ciemyer
YUUTBIBATh 3a/1a4H, CTOSIIINE TIepel MHCTPYMEHTOM, M COBETHI MPO(ECCHOHAIBHBIX CTPOUTENEH.

Jlnst OypeHus Ha HEOOJBIIYyI0 TJIYOWHY HYXHO TNPHUMEHSTh HW3JAEIUs C Oojee IMOJOTUM



pacrosoxeHrueM crmpain. Takue HHCTPYMEHTHI SBISIOTCSI HanOoJIee MPOYHBIMU U JIONTOBEYHBIMH.
Kak »xe BeiOpars Hacanky nns konkpernoro nepdoparopa?
B 3aBucuMocCTH OT 33/1a4 UCIIOJIB30BAHUS, OYPbl MOXKHO MOJPA3/ICIUTh HA TPH THUIIA:

a. IllHexoBble — MIeaTbHO MOAXOJAT Ul CBEpPJICHUsS HA OoblIyio Tiayouny. Mcmons3yrores npu
CO3/IaHMM MHOXECTBa oTBepcTuil. BcnenctBue ocobenHocteil koHCTpykimmm Oyp XOpoino
yCTpaHseT IbUIb, CHWKAs HArpy3Ky Ha MHCTPYMEHT M YMEHbLIas BpeMs pabotel. Mmeromme
OOJIBIIION yroj HakJIOHa KaHAaBKU — ITO3BOJISIIOT COXPAHATH BBICOKYIO NPOM3BOJUTEIBHOCTh U
cKopocTh cBepienus. [Ipu 3Tom Ha cam nepdopaTtop NpUXoANTCS OOIBIIAs OIS HATPY3KH, YeM
IPY MCIOJIb30BaHNUH IITHEKOBBIX OYpOB.

b. C HebonpmmMM yriom — MOAXOIAT JJIsl JOJITOBPEMEHHOTO NMPUMEHEHHS C HE3HAYUTEIbHBIMU
yeunusiMi. C TOMOIIBIO HUX CO37aeTCsl O0JIBIIOE KOJTMYECTBO OTBEPCTUI MaJIbIX ITyOHH.

o

KopoHku — npuMeHsIoTCs 11 co3aanus Oonee mupokux orBepctuil. Hanpumep, mox tpyOs! u
eKTpoPypHUTYpYy. OCOOEHHOCTh KOHCTPYKIIMU TaKUX OYpPOB 3aKJIIOYAETCS B KPETUICHHH K MX
OCHOBAHUIO CTaKaHa C pe3liaMHu.

Urobsl mepdoparop cayxkun goaro U 3PGEeKTUBHO, HEOOXOAUMO B Tpolecce padoTh
UCIIOJNIb30BaTh CHenHnanbHyto cMa3ky. OHa HaHOCUTCS Ha TATPOH MHCTPYMEHTA U caM Oyp.

Taxxe Bce Oypbl st epPpopaTopoB, UCMIOIb3yeMble ISl OETOHHBIX MAaTEpUANIOB, NENSATCS Ha
JIBa BHJA:

a. IlpomoMHBIE — UCTIONB3YIOTCS IS IPOJEIIBIBAHUS OTBEPCTHI OOJIBIINX AUAMETPOB B OETOHHBIX
U3JICTTUSX.

b. TlpoxomHble — SBIAIOTCS CaMBIMH MOIIHBIMA W IPOU3BOAUTEILHBIMU OypamMu. Moryt
MCIIONIb30BATHCS ISl TIPOJEIbIBAHUS OTBEPCTU B HECYIIMX CTEHAX MHOTO3TaXHBIX 3/IaHUH, K
npumepy.

Yem Oyp oTiingaercst OT cBepia’?

Bypom MOXHO Ha3BaTh CBEpJIO, UMEIOIIEE OJHY OTIMYUTEIIbHYI0 OCOOEHHOCTh — XBOCTOBHK Y
HEro OCHAIIEeH CHelHalbHON KaHaBKOW. DTO 03HAYAET, YTO €r0 HENb3s HCIOJIb30BaTh C APEIBIO.

Taxke OTIUYMTENBHBIMA OCOOCHHOCTSMH KaXAOTO Oypa SBISIOTCS: OOJbIIas KECTKOCTD,
NO3BOJISIONIAss paboTaTh C OYEHb NPOYHBIMH MaTepUalaMd; BBICOKAs MPOU3BOAUTENHHOCTh, T.K.
CBEPJICHHUE COUYETACTCS C yIApPOM.

st kaxaoro Marepuana (0€TOH, KHPIUY, METAJI) UCIIONB3YIOTCS pa3Hbie Oyphl, 00J1aarome
crenupuIecKumy XapakTeprUCTUKaMHU.

Tunst xBocToBUKOB OypoB 1151 mepdopaTopa
p—— e *: [Tpodeccuonansl  HCMONB3YIOT  Oypel  C

XBOCTOBHKAMH, HUMEIOIIUMHU CreUaIbHYIO
KPETEeKHYIO CHCTEMY. bnaronaps ITOMY
oOecnieunBaercs ObICTpas cMeHa cTaporo Oypa Ha
HOBBIU.

Bceero cymecTByeT 5 Takux cuCTEM:

a. SDS — pacnonaraercs Ha Oypax quametpom 10
cm, ¥ 000py/I0BaH 2-Ms KaHaBKaMHU.

b. SDS-plus — siBisleTcst 60j1€€ MOMYISPHBIM BHIOM XBOCTOBHKOB. OH MoeT umeth ot 0,4 10 2,5
cm auamMeTpa. Mcnomp3yercs sl MPOJISIIbIBAHNSI OTBEPCTUH B OOJBIINX CTPOUTEIHHBIX TUIUTAX.

Cc. SDS-max — Bctpeuaercs Ha Oypax mamameTpoM oT 20 mo 80 cm. Ilomymspen u dyaimie Bcero



UCIIONB3yeTCs ¢ mepdopaTopamu OOIBIIOTO Beca.

d. SDS-top — umeer mumamerp 1,4 cm u 4 masa. Byp ¢ Takum XBOCTOBMKOM HCITIOJIB3YETCS C
nepdopaTopamMu CpeaHEH Macchl.

e. SDS-quick — umeeT oiHy OCOOCHHOCTB: Ha MECTE 11a30B €CTh BBICTYIIBI. [IpUMEHsIETCS B pEAKHX
ciydasix. HakOHEYHUK BBIOJHEH W3 CIEMUAIBHOrO CIUIaBa, OOJIAJAAIOMIETO BBICOKOM
TBEPAOCTHI0. OTHAKO, MOKET UCIIOIb30BATHCS JIUIIb OJHOPA30BO.

Taxxke MOKHO pa3ieTUuTh XBOCTOBUKHU B 3aBUCUMOCTH OT Ha3HAUCHUS U3ICIIN:

Bypbl 115 ipoaenbiBaHust HEOOJIBIIUX OTBEPCTHI OCHAILEHBI HAKOHEYHUKOM, KPOMKA KOTOPOTO
HEMHOTO CKpYyTJIeHa. DTO MOBBIIIAET CTENEHb HAJIC)KHOCTH HHCTPYMEHTA.

Wznenust 1u1st cBEpeHUs OTBEPCTHI 0OOIbIe (HAPUMED, TTOA PO3ETKH) UMEIOT CIelHaIbHbIe
KOPOHKH, KOTOPBIE MO3BOJISIOT OTPA0OTAaHHOMY MaTepHally 3aJepKHBAThCS B X BHYTPEHHEH MOJIOCTH.

WX MOXHO pa3/ienuTh Ha JBE TPYNIIBL: PEIHA3HAYCHHBIC ISl CyX0To OypeHHs U aIMa3HEIE.
OcHoBHbI€ apaMeTpbl Oypa

Uto0bl mOONIMKE MO3HAKOMUTHCS C OCHOBHBIMU TMapameTpamu Oypa, HEOOXOAMMO CHayala
noJipoOHee pa3oOpaThCs B €ro YCTPOHCTBE:

XBOCTOBUK — CIY)KUT HM3HOCOCTOMKH DJIEMEHTA U BBIMIOJIHEH M3 BBICOKONPOYHOW cTamu. OH
BCTaBJISIETCSl B Ty 4acTh mepdoparopa, KOTopas Ha3blBaeTCs MaTpOHOM. VIMEHHO XBOCTOBUK CIY>KUT
OCHOBHOM OTJIMYMUTENILHON 4epToil Oypa.

Pabovass 9acTe — BBINONHAET HEMOCPEACTBEHHO MPOIECC CBEPJICHUS W HMMEET pa3IUYHBbIC
¢opmbl. M3roraBnmBaeTcsi U3 0co0Oro CIulaBa METaUIOB, OOECIIEYMBAIOIINX BBICOKYIO IPOYHOCTH
U3JIeTTHSI.

Hanaiika — sBisieTcss pexymuMm 3JIeMeHTOM Oypa, KOTOpas TakKe BIMAET HAa CKOPOCTh U
Ka4yecTBO paboThl. BeinosHeHa U3 TBEpAOro CIjiaBa, ¥ MOXKET UMETh Pa3JIMuMs B KOJIMUYECTBE PabOUMX
Kpomok. Pecypc Oypa moJHOCTBIO 3aBUCHUT OT CTETIEHH M3HOCA HaalKH.

Pa3zmeps! Oypos 11 nepdopartopa

Pazmeps! OypoB XapakTepHU3yIOTCS B OCHOBHOM TPeMs BEJIMUYMHAMHU — AMAaMETPOM, OCHOBHOH M
paboueit JUTMHOM.

Bo160op nramMeTpa 3aBUCHUT OT MJIAHUPYEMOU 3aJauH:

v’ s pabotsl qoma — 6, 8 n10 mm.

v’ Ul Kpernexka KPYIMHBIX CUCTEM M KOHCTPYKIwiA — 10 1 20 mm.

B nepBoM ciydae — ans aro6esst, BO BTOPOM — JUIs aHKepHOro 6oira. Juamerp arobenst 10JkeH
BCErJa COBIAAATh C JUMaMeTpoM oOTBepcTHs. J[nuHa Oypa MOXeT BapbUpOBaThCs B JOCTATOYHO
IIMPOKOM JTHATIa30HE.

Byp no 6erony ans nepdoparopa

CoCTaBJISIFOIIUMU HHCTPYMEHTA SIBIISTFOTCS:

v’ CIIUpaIeBUIHBIN CTEPIKCHb;

v' XBOCTOBUK;

v’ pexyias 9acTh.

Bce Oypbl MOKHO pa3/ieiuTh Ha:

a. Camo3zarauMBaronyecs — IUIAM yJaiuseTcss o4deHb OblcTpo. IlpennHasHadensl st OypeHuUs
OTBEpCTUI 0OJIBIION rTyOUHBI. B G0NBIIMHCTBE CiIy4aeB MPEKPacHO CXOIATCS C XBOCTOBUKAMHU
SDS-plus. SIBnsitoTCS HE3aMEHUMBIMH ITPH MOHTaXe KOHCTPYKIIMN CpeaHEN TSKECTH.

b. CrnupanbHble — HIMEIOT OOJBIIME AUAMETPhI CBepiieHus. [IpUMEHSIOTCS TIPU IEMOHTAXE TOJCTHIX
CTEH ¥ B MacCIITaOHBIX CTPOUTEIBHBIX paboTax.

C. Ilomorue — OypAT OTBEepCTUS Majloi TIIyOWHBI. Takke B mpolecce padoThl TPEOYIOT OOJIBIIOTO
KOJIMYECTBA YCUJIHMH, MPUIaraéMbIX K HHCTPYMEHTY.



Jlnst  yBenW4YeHHs KayeCTBEHHBIX IIOKa3aTejeid CTPOMTENBHBIX paboT ¢ NpUMEHEHUEM
nephopaTopa, CTOUT 03HAKOMUTHCS C HEKOTOPBIMH COBETAMH CIICIIUATUCTOB!
1. Hcnonb3oBarh Ty CKOPOCTh pabOTHl HHCTPYMEHTA, KOTOPasi pEKOMEHI0BaHA H3TOTOBUTEIIEM,
2. Kaxnpie 10 cexyng Oyp HEOOXOMMO J0CTaBaTh U3 OTBEPCTHS BO M30EkKaHHE €T0 Meperpena;
3. Ilepen wHawamoMm paboOTHI cleAyeT KamHYyTh HEMHOTO Maciia Ha naTpoH mnepdoparopa u
XBOCTOBUK;
4. HyXHO IOCTOSHHO CIEIUTh 32 TOYHBIM BBLICPKUBAaHHEM OCH OypeHUs, WHAue HMHCTPYMEHT
MOJKET CIIOMAThCS;
5. Jlns OeroHa ¢ OOJBIIMM KOJUYECTBOM apMaTypbl HYKHO HCIIOJIb30BaTh Oyp C aJMa3HbIM
HaIIbIJICHUCM.
Creuuduueckue 0ypsl nepdoparopos s paboTsl IO OETOHY
K gucny crienuduueckux 0ypoB, HCIIOIB3YEMBIX B ONPEIEICHHBIX BUaX Pa0OThI, OTHOCSTCS:
KopoHka — npuMeHsercs pu MpoKIaAbIBAHUN dJIEKTPOIIPOBOIOB;
3y0Ous0, uMerolee BU/I MUKU U JIETKO pa3pyliaroiiee OSTOH;
[Tnockoe A010TO — UCTIONB3YETCs ISl TOUYSYHOM OTKOJIKU OETOHA,;

o o o

Kananbublit Oyp — 3HaUUTEIHHO 00J€ryaeT paboThI MO MPOBEACHUIO SJIEKTPOIPOBOAKHY.
Breibop moaxoasmero Oypa ans mepdoparopa mo OETOHY JODKEH OTBeYaTh TPeOOBaHUSAM
MIPOYHOCTH, O€30MACHOCTH U HAJIEKHOCTHU. DTO CIIOCOOHO TapaHTUPOBATh BHICOKOE KAYeCTBO padoT.
Br16op

[Tpuobperas Oypsr mist epdoparopa mo OETOHY, CTOUT IOMHUTHh — 3TO PACXOIHBIN AJIEMEHT,
KOTOPBII HE MOMJICKUAT PEMOHTY. IMEHHO 1MO3TOMY OHU MPOJAIOTCSA B COCTaBe HAOOPOB.
[lenoBble KaTeropuu OypoB

B 3aBucuMOCTH OT 1IeHOBOM KaTeropuH, Oypbl MO>KHO pa3ieiuTh Ha:

a. /Jlemesble — He 001a1al0T BEICOKMMU MOKa3aTeIsIMU KauecTBa M MPOYHOCTH, UCITIONIb3yeMbIe IS

OJITHOPa30BbIX Pa0OT;

BbITOBBIE — MMETOLIME JOCTATOYHO HEIUIOXUE T0Ka3aTeN Ha/le)KHOCTH;

[TpodeccronanbHbIe — JOCTONHBI CAMMBIX BEICOKHX KPUTEPUEB OLIEHKH.

Pa3oBble uznenus - o0bIMHO OHU HpojatoTcs B Habopax mo 10 mryk. [{ns Oonee niauTenbHBIX
padoT sydiie nmpuodpecTu Joporue Oypshl.
Byp no nepeBy nist nepdoparopa

Jlns mpocBepIUBaHMs OTBEPCTUH B JIEPEBSHHBIX H3JIEIMAX HUCIONb3yIOTCA cBepia. OnHako, B
HEKOTOPBIX CllyyasX MpHUMEHSIOT Oosee mNpou3BoauTenbHbI Oyp. K TOoMy ke OH umeer psn
PEUMYIIECTB: YCKOPEHHOE YJalleHHe CTPYXKKH; BHHTOBOM CaMOBpAINAIOUIMICI HAKOHEYHHK HE
TpeOyeT MNpHIOKEHUs OONBbIIMX YCHIMM; Oyiarofapsi NPUMEHEHHUIO pe3lla YUCTOro CBEpJICHUS,
IpOCBepIIMBaeMasi IpeBeCHHa HE pa3pyIaeTcs.
IIpakTHyeckast padora Ne 4
HN3yyeHue MHCTPYKIMH 110 IKCIIyaTauuu dJjiekrpoapenau mapok ESR 913C u ESR 723C

Heab padoTsl npuoOpeTeHne HaBBIKOB pabOThl € JOKYMEHTaMH, CONPOBOXKIAIOIIUMU
o0opyaoBaHue.

HopmatusHble PYKOBOJCTBO IT0 dKCIUTyartauuu aekrpoapenu mapok ESR 913C u ESR 723C.

AOKYMEHTbI

ObopynoBanue anektpoapenu mapok ESR 913C u ESR 723C.

3aganue:

1. BHuMarTenbHO HU3yUYHTE U MPOAHATNZUPYHTE MaTepHall IO TEME.
2. OtBeTbTe Ha BOMPOCHI (B MUCbMEHHOU (hopme):



Hasznauenne u yCcTporCTBO MHCTPYMEHTA.

CdopmynupyiiTe nmpaBuia TEXHUKU 0€30MIACHOCTH TIPH paboTe ¢ HHCTYPEHTOM.
N3yunTe TeXHUYECKHE XapaKTePUCTHKHU.

Onummre NOArOTOBKY | MpaBUiIa paboThl C HHCTPYMEHTOM.

woo o

[TonroroBbTe MHCTPYMEHT K padoTe.

UHCTPYKLMA MO SKCIMITYATALUWUN SNEKTPOAPENK
ESR 913C U ESR 723C.

OBLMK BUO
6

Puc.1
. Orpann4uTens rIyOUHBI CBEPIICHUS
. CaMO3aKUMHOM aTpoH
. bokoBas pyuka
. Topcuonnasa mydra
. Ilepexnroyaresnb CKOpOCTEN
. JIBe OUTHI (OTBEPTKH)
. Poluar cMeHbl HarnpaBieHuUs BpaleHus
. DJEKTPOHHBIN PEryIsTop 000pOTOB
. Beikimrouarens

O© 0 13 N L & W N —

10. Knomnka /1151 puKcanuy BhIKJIIOYATENS
11. ITpope3nHeHHas pyKosATKa
12. CereBoii miHyp

BBeaenue

JlaHHBIII UHCTPYMEHT COBMEIIAET B OJHON MOJEIH TPH pa3indHble QyHKIMH, 3TO 1) apenb, 2)
IpeTb C yaapom, 3) urypymnoBepT.

Taxoke oH o0nagaeT uaeaIbHONH KOMOMHALIMEH MOIHOCTH M CKOPOCTH BpAIlICHHsI, HEOOXOIUMBIX
Kak JJI1 CBEpJICHUS, TaK W JJIs BBAHYMBAHUS IIypynoB. Jpeib OCHaIIeHa IUIAaHETAPHBIM PEAYKTOPOM,
KOTOPBIN MTO3BOJISICT MTPU MEHBIIEH MOTPEOIIeMOl MOIITHOCTH J1aBaTh OOJIBINME 3HAYEHUST MOIITHOCTH HA
BBIXOJE.
O0mme npaBuJia 6€30MaCHOCTH



JInuHas 0e30macHOCTh

1. Ucnonp3yiite 3amuTHble OYKU. lIpM BBICOKOH 3albUIEHHOCTH IOJIB3YHTECh CHELMAIbHON
MacKOU-(UIBTPOM.

2. Hocute mnonmxomsmryro crenonexnay. He pexkomeHayercss HOCUTh CBOOOIHYIO OICKIY H
YKpallleHus, KOTOPbIE MOTYT 3aLlETIUTHCS 33 BPAIAIOLIMECS YaCTH UHCTPYMEHTA.

3. Ilpu pabGore Ha OTKPBITOM BO3AYyXE pPEKOMEHAYETCs HaJeBaTh 3alUTHbIE NEPYaTKU U
HECKOJIb34111yI0 00yBb. EciM y Bac AJIMHHbBIE BOJIOCHI, UX CIEIYET IPUKPHITH.

4. byzabre BHUMaTenbHbl. CienuTe 3a TeM, YTO BbI Aenaere. PykoBOACTBYHTECH 3/IpaBbIM CMBICIIOM.
He pa0otaiiTe ¢ ”HCTpYMEHTOM, €CJIH Bbl YCTAIIH.

5. VYuuTthiBaiiTe BIUSHUE OKpYXKaroulei cpensl. He moasepraiite MHCTpyMEHT BO3ACHCTBUIO BIIary.
He nons3yiTecs HHCTPYMEHTOM IIPU BBICOKOU BIIAJKHOCTU OKPYIKAIOIIEH CPEBI.

6. Ilo3aboTbTeCh O XOPOIICH OCBEIIECHHOCTH Pab0Yero MecTa.

7. Cneaute, 4TOOBI MUTAONINN KaOEb HAXOIUJICS BHE 30HBI ACHCTBUS HHCTPYMEHTA.

8. IlpoepbTe, UMEIOTCS JM BUAMMBIE IOBPEXKICHUS HAa KOpPIYCe MHCTPYMEHTa, a TaKxke
UCIPABHOCTh BCEX (PYHKLUI U MEXaHU3MOB.

9. Ecnu xakue-1M00 4acTH NOBPEXICHbI, UX CIEAyeT MOYMHUTh WM 3aMEHUTh B O(PUIHAIBHOM
LEHTpe 00CTyKUBAHUS U PEMOHTA HHCTPYMEHTA.

10. bynere BHUMaTenbHbIL. [Ipu pabote ctpemuTech, uToOBI MONOXKeHUe Bamero Tena OpU10 Beeraa
YCTOMYMBBIM U 0€30TIaCHBIM.

Pabouee mecto

1. CoOmromaiite mopsimok Ha pabodem mecte. becmopsmok Ha pabodeM MecTe NPUBOIUT K
BO3HHUKHOBEHHUIO OIIACHOCTH HECYACTHOI'O CIIy4das.

2. 3aboTtbTech 00 Okpyskarouiel cpeae Bamero pabouero mecra.

3. VYuuteiBaiiTe BIMSIHUE OKpY>Karollei cpenbl. He moaBepraiite MHCTpYMEHT BO3JIEHCTBHIO BIIArH.
He nonp3yiiTech HHCTPYMEHTOM IPH BBICOKOM BIaXKHOCTH OKpYy»katomien cpenpl. [1o3aboTeTech
0 XOpOIIel OCBEIIEHHOCTH paboyero Mecra.

4. beperutech NMOpaXEHHs AJIEKTPUUYECKUM TOKOM. 30eraiiTe KOHTakTa Tena ¢ 3a3eMJICHHBIMU
KOHCTPYKLHUSMH, HAIpUMeEDp, ¢ TpyOaMHu, paguaTopamMu.

5. IlpsupTe MHCTPYMEHTHI MOJaibIe OT aerei. He paspemraiite moCTOpOHHUM MPUKACATHCS K
AIIEKTPOMHCTPYMEHTAM U MHUTAIOLIUM MPOBOJAAM, HE MOANYyCKaiTe ux Onu3zko k Bamewmy
pabouemy mecTy.

6. He mnosb3yiiTech 3JE€KTPOMHCTPYMEHTaMHU BOJHM3U JIETKOBOCIIJIAMEHSIOUIMXCS JKUAKOCTEH, a
TaKXe B ra3000pa3Hoi, B3pbIBOOMACHON CpeJIe.

7. CobmonaiiTe BeTUYANIIyI0 OCTOPOXKHOCTb. [Ipy CBEpJICHUM CTEH, MOTOJIKOB MJIM MPOYUX MECT,
I7Ie MOXET HaXOAMUTHCS 3JIEKTPONPOBOJIKA, CIEAYET UMETh B BUAY, YTO METaJUIMYECKUE YACTH
WHCTPYMEHTa HE M30JIMPOBaHbI OT jpenu. HeoOxoammo cobiroaaTh OCTOPOKHOCTh, YTOOBI HE
3aJ1eTh MPOBOJIA.

DJIEKTPONTUTAHUE

I/IHCprMCHT JOJIDKCH OBITH NOAKIOYCH K CC€TU C HaIpsXKCHUCM, COOTBCTCTBYIOIIHUM

HaINpsHKEHUIO, YKa3aHHOMY Ha MapKUPOBOUHON TaOIHUKe.

Hcnonp30BaHne TOKa MOHUKEHHOTO HANIPSHKEHUS MOYKET MPUBECTH K NIEPErPY3KE HUHCTPYMEHTA.
Pox Toka - mepeMeHHBIN, omHO(a3HBIA. B COOTBETCTBUU € €BPONEHCKUMHU CTaHIApTaMHU

HHCTPYMCHT HUMCCT ,I[BOfIH}GO CTCIICHb 3alIMTHI OT MOpPa*XCHUA TOKOM H, CIICAOBATCIBHO, MOXET OBITE
IMMOAKJIIOYCH K HE3a3€EMJICHHBIM PO3CTKaM.

TexHuuyeckue XapaKTepUCTHKH



Mogens ESR 913C ESR 723C
HawBonbwwi  guameTtp
CBEPNEHKMA (MM):
cTanke 13 13
ApeBecuHa 40 30
BetoH 20 15
CrkopocTh BpaweHna
nog Harpy3akoW
{06/mMuH):
1 CKOpOCTE (TONLKO 0-530 0—530
wypynoeépT)
2 CHOpOCTE 0—1700 0—1750
(ceepneHue, ceepnexHne
¢ yaapowm)
HomuHaneHan 910 750
MOLWHOCTE (BT)
Yucno yoapos (ya/MuH) 22100 22100
MaTtpoH-guameTp 13 13
Jamuma [Mm)
Nesoe - npaeoe Na Na
EpALlEHHe
Macca (kr) 2,2 2,1
WnuHoens ¥a" 20 UNF ¥a" 20 UNF

OcoO0eHHOCTH HHCTPYMEHTA
DJNEeKTPOHHBIN PEryIsTop 000pOTOB

Jpenbs ocCHallleHa IIaBHBIM  PEryJISATOPOM  OOOPOTOB
JIBUTATEJIS.

PerynupoBka ocymiecTBiaseTcss MyTEM  HaxkaTus Ha
BhIKITIOYaTens (nmo3l, puc.2). YeM cuiibHEee NMPOUCXOIUT Ha)xaTHe,

TEM BBIIIIE 00OPOTHI.

Puc.2 Bepxuuil npenen BenuuuHbl 000POTOB MOYXKHO U3MEHUTH C

MOMOIIBIO CIIEUAIBHOTO PETYJISATOPA, PACHIOI0KEHHOTO Ha BhIKIItoUarese (1o3.2, puc.2).
Jlnst yBeNW4eHHs BEpXHEro mpejena 4yuciaa o0OpOTOB, BpalllaiiTe peryisTop B CTOPOHY 3HaKa
(1313

“+”, 175 yMEHbIIEHHs, 000POTOB B CTOPOHY 3HaKa
Hannast yHKIMS 103BOJISIET 0€3 Tpy/Jia TOYHO U B HY’)KHOM MECTE ITPOU3BECTH NPEABAPUTEIHHOE

, KOTOpBIE PacIOI0KEHbI Ha KypKe.

3acBepiIMBaHUE OTBepCTHs. Hampumep: ecim HaYMHATH MPOIIECC CBEPJICHUS Ha BBICOKUX 000OpOTax, TO
3a cu€T OBICTPOTO BpaIleHHs CBEpia HEHTP OTBEPCTHS MOXKET OBITh CMEIIEH OTHOCHUTEIHHO 3apaHee
HAMEUCHHOM TOUKH A.

C 1oMOIIBIO 3JCKTPOHHOTO PEryJsITOpa Mbl Ha HH3KHX 000pOTax OCYMIECTBISIEM
NpeIBApUTEIILHOE 3aCBEPIMBAHHE.

YOenuBIINCh, YTO OTBEPCTHE IMOJIyYWIIOCh B TOM MeECT€, TJe Obl MBI XOTEIH €ro YBUICTH,
YBCIUWYNBACM O60pOTLI A0 MaKCHMAJIBHOTI'O0 3HAYCHHA, PECKOMCHIOBAHHOTO IIPHU CBCPICHHU JAHHOTO
Marepuaa.

[Ipu 3akpydyWBaHHM IIIypyIOB, TaK € IIOJIG3HO HCIIOJIb30BaTh JIAaHHYI (DYHKIHIO — 3TO
MOBBIIIAET YA00CTBO M TapAaHTUPYET OOJIBIITYIO0 O€30MaCHOCTb.

Jlns obecrieyeHUss MaKCHMAJILHOTO CPOKa CIYXObI perysisitopa HCIOJIB3YHTE MEPEMEHHYIO
CKOpOCTh TOJILKO B Havajie cBepiieHus. [IpomomkuTebHas paboTa Ha MajblX 000pOTax MOXET BBIBECTH
PETYISITOP U3 CTPOSL.

[Tepexmrouarens mpssMoro/oOpaTHoro xoaa (pesepc)

JlaHHBIN TepekIioyaTellb ONpeeiseT HalpaBleHUE BpalleHUs MHCTPYMEHTa. Pexxum, Koraa
ppruar (mos.3, puc.3) nepexirovareiass HaxXOOUTCS B IMOJIOKEHUHM NPSIMOro XOja, MpeJHa3HaueH s



CBEPJICHUS ¥ 3aKPYYUBaHUS ITyPYIIOB (OOITOB).

Pexum obpaTtHOro xona (mosn.4, puc.4) CIy>KuT Uil BBIBOPAUMBAHUS LIYPYIIOB M OTKPYUHBAHHS
00JNTOB, a TaKK€ €ro MOXXHO TNPUMEHUTh NpPU H3BJICYEHUH CBEpia M3 IUIOTHOTO MM TIIyOOKO
IPOCBEPIIEHHOTO OTBEPCTHUSA (TIPHU 3a)KaTHH CBEpJIa B 3aTOTOBKE).

3
Puc.3

4
Puc.4

Ecnmu MHCTpYMEHT HCIONIB3yeTCs B TIEPBBIiA pa3, Mociie M3MEHEHUST HAPABJICHUS BPALCHUS, TIPH
3aIlycKe, Bbl MOYKETE YCIbIATh IIEIKAIOMMNA 3BYK — 3TO HOPMaJbHO U HE O3HAYaeT, YTO IMOSIBUIIUCH
poOJIeMBI.

Topcuonnas mydra (peryanupoBKa KpyTsIIEro MOMEHTA)

Puc.5 TopcuoHHas MydTa Ballero HHCTPYMEHTA CIYXXUT JJIs
[IPE/IBAPUTEIILHON YCTAHOBKM 33JaHHOI'O0 MOMEHTa BpallleHUs. ITO
OYCHb BaXHAsI W HeoOxomumas (QYHKOMSA, KOTJa JIpeib
HCII0JIb3YETCS KaK OTBEPTKAILlypyOBEPT.

OHa, BO-TIEPBBIX, IIO3BOJISIET COXPAHUTH JIBUraTelb OT
neperpys3Kku (Hampumep, eciy HIypyn OOJbIIOro pa3mepa 3aKkpydeH
yKe 10 “nuranky®, a Bel He ycnenu BoBpeMsl OTKJIFOUYHUTDH BpalleHUE
— MPOU30MAET Meperpy3Ka JBUraTess).

B namem CJIydac 3TOro HE 6y,[[CT, IMOTOMY, 4YTO BKJIKOUUTHCA MY(I)Ta MOMEHTa M 3a CYeT e€

MPOCKATB3BIBAHUSI CHUMETCS Harpy3ka C JBuratelis (B 3TOT MOMEHT OyIyT CIBIIIHBI IIETYKH,
CUTHAJIM3UPYIOIINE O TOM, YTO TOPCHOHHAS My(Ta BKIFOUUIIACH).

Bo-BTOpBIX, eciii mIypym TOCTaTOYHO MaJl, TO OOBIYHAS JAPEeh MPOCTO COPBET MUIHIIBI TyPYIia U
Torja y Bac He moMy4YuTCs HA 3aKpYTHTh, HU BBIKPYTHTH TAHHBIA IITYPYIIL.

VYcTaHOBHMB HYXXKHYIO BEJIMYMHY MOMEHTa BpalleHus, Bam ynacrtcs storo uzbexarts. Ha mydre
HaHeceHbl aeneHus u uudpst oT 1 10 20, cMMBOJ cBepia U MOJIOTKA.

YcranoBuB My(dpty Ha ompeaeneHHyr I1udpy, Bbl ycraHaBnuBaeTe TpeOyeMblii MOMEHT
BpaimeHus. HyxHas mudpa win Todka CTaBUTCS HAMPOTUB CTPETIOYKHU, CACTAHHOW Ha Kopiryce (103.5,
puc.5). Uem BbIllie TOPSAKOBBI HOMEp, TeM OOJbIIIE MOMEHT BpaIlleHUS W TeM OOJBIIEro pasMmepa
KpETIe)KHBIN MaTepHual (caMope3, IIypyIl, 00JIT) MOKET OBITh HCTIOJIB30BaH.

[epexmtoueHne TOPCHOHHONH MY(THI MOKHO TPOM3BOIUTH TOJBKO OT MEHBINEro 3HAYEHUsS K
OospiieMy, 1 Ha000poT. Henmb3st mepexiirodarh ¢ pexuma ““ MOJIOTOK “ cpa3y Ha 3HaueHue “ 1 7 u ¢
pexuma “1 “ Ha “ momotok ‘. HeoOxomumo BepHYThCs uepe3 Bech “ kpyr’. MHaue mydra MomMeHTa
BBIIJIET U3 CTPOS (JIaHHAS TIOJIOMKA TapaHTUHHOMY PEMOHTY HE TOJJIEKHUT).

OtximtoueHre My QTol

[TomuuTe, ecnu BBl ycTaHOBWIM TepeKitoyaTesb B IOJIOKEHUE «CBEPIIO» WM «MOJOTOK
(puc.5), mydra Oyaer oTkimtoueHa. [lodTomy, ecimm BAPYr NpPOM3OWAET 3aKJIMHUBAHHE CBEpiia B
oOpabaTbIBaeMOM MatepHualie, HEOOXOJMMO MOMEHTAIILHO OTHYCTHTh KYPOK BBIKIIOUATEINS, IS
OBICTPOI OCTAHOBKH pabOTAIOIIETO JBUTATENSI BO - U30€KAHUU €r0 MePerpy3oK.



PexxnuM nepexintoueHust CKopocTen

Bam uHCTpyMeHT 00naiaeT GyHKIUEH MepEeKITIOYCHHsI CKOPOCTEH C MOMOIIBI0 MEXaHHIECKOTO
IUTAHETAPHOI'O PELyKTOpa.

JlJis yCTaHOBKM peKrMMa CBEpJICHUS HEOOXOAMMO MepeKiroyaTeslb CABHUHYTh OT MaTpoHa - 0
nosiBiieHus cumBoiia «H» (mon.6, puc.6), s YCTaHOBKM pexXHMa IIypyloBepTa HEOOXOAUMO
NEepeKIIIoYaTeNb CIBUHYThH K MMATPOHY - 10 MOsiBJIeHUs cuMBoda «Ly» (mon.7, puc.7).

O0s3aTenbHO TOMHUTE, YTO MEPEKIIOYCHNE CKOPOCTHBIX PEXHUMOB MPOU3BOAMUTCS TOJIBKO TPH
MOJIHOCTBbIO OCTAHOBJIEHHOM MHCTPYMEHTE, MHAU€ MPOU30UJET CTUPAHUE ILIECTEPHU (JaHHAs MOJOMKa
rapaHTUHHOMY PEMOHTY HE MOJJIEKUT).

VYcraHoBKa WM CHATHE CBEpia
B umHCTpyMeHTE a1 Gojblero ymoOcTBa MpEeayCMOTPEH CaMO3aXHMHOM matpoH. [[ms Toro

YTOOBI BCTABUTh CBEPJIO UM KaKOM-HUOYIb IpYroi akceccyap, BHIIIOJIHUTE JAEUCTBUSA, IEpEUUCICHHbIC
HIKE.

Puc.8

1. TlocraBbTe BBIKJIIOYATENH B MOJOXKEHHE « BEIKITIOUEHOY.

2. Kpenko Bo3pbMHTECh OJJHOW PYKOH 3a 3aHIOI0 YacTh MATPOHA, a APYTroil pyKoW BpalaiiTe ero B
HalpaBJICHUU MPOTUB YACOBOW CTpesiku. Bpamiaiite 10 TeX mop, moka maTpoOH HE OTKPOETCH,
9TOOBI B HErO MOKHO OBIIO BCTAaBUTH TPEOYEeMYyIO JJisi pabOoThI HacaaKy Win cBepiio (puc.).

3. BcTaBbTe CBEpiO WIM HACAAKy B TMATPOH M IMPOYHO 3aKPEIUTE €ro, JIepXa 3aTHIOI YacTh
naTpoHa M, Bpallas MEepeJHIO YacTh, B HANpaBIE€HUHU 10 YAaCOBOM CTPENIKE /0 XapaKTEpHOTro
IIeTYKa — B IaTPOHE CpaboTall 3aMOK, ITO3TOMY IPH CBEPJICHUH C YJapOM MAaTPOH HE PacKpOeTCs
(puc.9).

4. Jlnst TOTO 9TOOBI CHSTHh HACAAKY WU CBEPJIO, TOBTOPHUTE BHIIICONTUCAHHOE CHCTBHE 2.

5. Tlpu 3ameHe HacaJ Ky WM CBEpJia BCEera OTKIIIOYATe MHCTPYMEHT OT MUTAIOIEH CeTH.

WHCcTpyKLKs 10 3KCILTyaTaluu



VYcraHoBka O0KOBOW PYUYKH

Jlnst 6e30macHO paboThI € NEKTPOAPEIIBIO BCETa MOJIb3YHTECh OOKOBOW PYyKOSITKOH.

OHa MOXET yCTaHaBIMBAThCA MOJ JIOOBIM YIJIoM K Kopiycy anekrpoapenud. Ocnadbre
PYKOSITKY, ITIOBOpauMBasi €€ IPOTUB YaCOBOM CTPENIKU. 3aT€M, YCTAHOBUTE €€ B 3aJJaHHOM I10JIO)KEHUH,
Y, CHOBA 3aTSAHUTE, TOBOPAYMBAs €€ 110 YaCOBOU CTPEJIKE.

CHsiTHe maTpoHa

Puc.10

Puc.11 Puc.12

1. TloBepuute My(dTy B TO3HIHIO «CBEpIICHHE», a IEPEKIIOYaTesb CKOPOCTEH IEepeBEIUTE B
nosio>kenue "'L".

2. Pazoxmure kymauku marpona (puc.10). OTkpyTuTe (QUKCHUPYIOLUIMI BHUHT (JieBas pe3nba)
HIECTUTPAHHBIM KJIt0ouoM 1/4" (He BXOIUT B KOMILUIEKT IMOcTaBKu (puc.11)).

3. 3akpenure KOPOTKHI KOHEI[ MIECTUTPAHHOTO KJI0Ya B TMAaTpOHEe, YJIapbTe€ JIEPEBSIHHBIM
MOJIOTKOM IO JUIMHHON YacTH KIJII0Ya B HAMpaBJICHHH MPOTHB 4acoBOW cTpenku (puc.12). 3to
0ca0uT MaTpoH HACTOIBKO, YTO €ro MOXKHO OyJIEeT OTKPYTHTb PYKOA.

VYcraHoBKa naTpoHa

1. TloBepHute My(QTy B NO3ULMUIO «CBEPJIEHHE», a MEPEKIIoYaTeslb CKOPOCTEHl IepeBeIUTe B
noJyio’keHue «Ly.

2. HakpyTtuTe nmaTtpoH pykoi 10 ynopa.

3. 3akpenuTe KOPOTKMHA KOHEIl IIECTUTPAHHOIO KIOYa B TNAaTPOHE, YAApbTe JI€PEBSIHHBIM
MOJIOTKOM I10 IJIMHHOM 4acTH KJIK04a B HAIIPaBJIEHUHU 10 YaCOBOW CTPEIIKE.

4. 3adukcupyiTe NaTpoOH BUHTOM.

Hcnonn3oBaHne B KaueCTBE Apein

[ToBepHuTe My(hTy Ha CUMBOI CBepja. YCTAHOBHUTE MEpEKIoUuaTellb CKOPOCTEH B TMOJIOKEHUE
«H» (m03.6, puc.6).

BceraBbTe M 3aKkpenuTe HyKHOE CBEPJIO B ATPOHE.

Jlst aTOTO MpoAenanTe onepalun, ONUCaHHbIE B MyHKTE "Y CTaHOBKA U CHATHE cBepa'.

BriGepuTe HYKHBIN PEXKUM CKOPOCTH BPAIICHHUS, HCTIONB3YsI DJIEKTPOHHBIN PETYJISITOP 000POTOB
(1o3.2, puc.2).

CaeprieHue

Hcnonp3yiTe TOJBKO NPAaBUIIBHO 3aTOYCHHBIE CBEPIIA.

Jlns nepeBa MCIOIB3YWTE BUHTOBBIE CBEpJla, IIEPOBLIE CBEpIla, LWIMHIAPUYECKUE CBEpIIa, TUIIbI
JUISL IBIPOK.

Jns MeTaria MCIONb3yHTEe BUHTOBBIE CBepila, paboTaiomue Ha OOJBIION CKOPOCTH WU



CHelHalIbHbIE MUJIBI IS JBIPOK.

JUis TakuxX MaTepuanoB, KaK KHPIWY, [IEMEHT, NUIAKOOIOKKM W T.J. HCIOJB3YHTE CBEpiia C
KapOWTHBIMH HAaKOHECYHHKAMH.

Y06enurech B TOM, 4TO MaTepHal, KOTOPHIA Bbl COOMPAETECh CBEPIUTH, MPOYHO 3aKPEIUICH WU
3aKar.

Jlyia cBepiieHHs] TOHKMX MaTepHaoB MOJKIAAbIBAUTE KYCOK TPEBECHHBI, YTOObI HE MOBPEIUTH
MaTepual.

[Ipu cBepneHUU AepKUTE UHCTPYMEHT TaK, YTOOBI CBEPJIO HAXOJWIOCH IO MPSMBIM YIJIOM K
3aroTOBKE.

JlaBiieHre Ha UHCTPYMEHT JOJKHO OBITh IOCTATOYHO CHIIBHBIM, YTOOBI CBEPJIO «BIPHI3AIOCH) B
MaTepuall, HO HE Ha CTOJIbKO, YTOOBI 3aKJIMHUTh MOTOP MJIM MOBPEIUTH CBEPJIO.

Kpenko nepxute npeib, 4ToObI KOHTPOJIUPOBATH MPOLIECC CBEPIICHUSI.

Ecin ngpens mepecraer paborarh, (3TO ciaydaeTcs W3-3a MEPErpy3Ku) - cpazy Ke OTIMYCTUTE
BBIKJIIOYATENIb, IPEKPATUTE PAOOTY U YCTAHOBUTE MIPUYKUHY OCTAHOBKH.

UToOBl CBECTM K MUHUMYMY Takuhe OCTAaHOBKHU U TMOpYY MaTepuana, YMEHBIINTE TaBJICHHUE U
0CBOOOJIUTE CBEPJIO U3 HE JTOCBEPICHHOTO OTBEPCTHUS.

Heo0Oxoaumo, 4To0B6I HHCTPYMEHT paboTan Ha peBepce, koraa Bel Oyaere BHITACKUBATH CBEPIIO
U3 MPOCBEPIICHHOTO OTBEPCTHUS. ITO TOMOXKET MPEIOTBPATUTH 3aKIMHUBAHUE.

C npenblo, MMEIOIIEH pPEryJATOp CKOPOCTH BpAIICHHS, HET HEOOXOIUMOCTH IPUMEHEHHS
3€HKepa IS TOYHOW pa3MeTKu 1oj oTBepcTusi. Haumnaiite paboTath Ha HM3KOW CKOPOCTH, a KOTJa
oTBepcTe OyIeT MOCTATOYHO TIIyOOKHMM, YTOOBI CBEpJIO M3 HEro HE BHINAJalo, IEpeXOAUTe Ha
MaKCcHUMaJbHbIe 000POTHI, MPeAHA3HAYECHHBIE JIJIsl TAHHOTO MaTepHarna.

CaepiieHue 110 IepeBy

OTBepcTHE B JiepeBE CBEPIIST CHEIMAIBHBIMU MEPOBBIMU CBepiaMu. J[Jisi OONBIIOr0 OTBEPCTHS
UCIIONIB3YHTE CBEpIIa sl JIepeBa, paboTaroIIne Ha Maloi CKOPOCTH.

CaepiieHue 1o MeTamry

HpI/I CBCPJICHUHN METaJllila HCHOHLSyﬁTe CIICNUAJIbHYIO CMAa3KYy. HckaroueHneM SBIISIIOTCS YyT'YH U
MCIIb, UX HYKHO CBCPJIUTb CYXHMHU.
HaHJ’Iy‘IH_II/IMI/I CMa3KaMi U1 CBCPJICHUSA ABJIAKOTCA MAaCJIO C CCPHBIMU I[O68.BKE[MI/I.

CaepiieHre KUPIUYHOHN KIaaKN

Wcnonp3yiiTe cBepna il KUPIUYHON KIIAJKU ¢ KapOUAHBIMU HaKOHEYHHKaMH, paboTarolue Ha
MaJbIX CKOpOCTsX. [laBieHne Ha CBEPIIO JOJKHO OBITh PABHOMEPHBIM.

Hcnons3oBaHue B KaueCTBE OTBCPTKU

[ToBepHuTe My()Ty Ha Hy’)KHOE MOJIO’KEHHE BETMUYMHBI MOMeHTa Bpamenus (1...20).

YcranoBuTe nepekItouaTeah CKopocTel B monoxkenue «Ly (1o3.7, puc.7).

BriOepure Hy X HBII peKUM CKOPOCTH BpalLleHHsI, UCTIONb3Ys JIEKTPOHHBIIN peryasTop 000poToB
(mo3.2, puc.2).

BcraBbeTe TpeOyemyro OMTy B MAaTpoH, Kak BeTaBisgeTe cBepio. IlonpakTukyiTech HAHEHYKHOM



MaTCpHraJiC UJIn K€ B CKPBITHIX OT I'JIa3 MECTax AJIA OIMPCACIICHUA ITPaBUIbHOCTH BI)I6paHHOF0 MOMCHTA.

VX011 3a UHCTPYMEHTOM
Yucrka

1. PaGoratomumM MOTOpOM (NpU HAa)KaTUM Ha BBIKJIIOYATEIb) MPOAYWTE Tpsi3b U MbUIb U3 BCEX
BEHTUJISILIMOHHBIX OTBEPCTHIA.

2. BHemiHue MJIaCTUKOBBIE YaCTH MOXKHO IMOYHMCTUTH BJIQKHOM TPSANKOM M JIETKUM MOIOLIUM
cpenctBoM. Hukorna He UCOIB3yiiTe pacTBOPUTEIb.

3. Jlo Toro, Kak MCHOIH30BATH YHUCTSIINE PACTBOPHI, OTKIIFOUYUTE HHCTPYMEHT OT CETH.

OOGcnyxuBaHue

Bcerna nepea MnpoBCACHHUEM HpO(l)I/IJIaKTI/I‘leCKI/IX H CCPBUCHBIX pa60T Y66,I[I/IT€CI> B TOM, 4TO
HHCTPYMCHT BBIKJIFOYCH U OTCOCAUHCH OT PO3CTKH.

Z[J'ISI 0e30macHoO u HaJIC)KHOU pa6OTH HHCTPYMCHTA, IOMHUTEC, YTO PCMOHT, 06CJ'IY)KI/IBaHI/Ie n
peryjinpoBKa HHCTPYMCHTA AOJIKHBI IPOBOAUTHCA B YCIOBUAX CEPBUCHBIX HCHTPOB C UCIIOJIB30BAHUEM
TOJIBKO OPUTI'MHAJIBHBIX 3allaCHBIX JacTeH u PACXOJHBIX MAaTCPUAIIOB.

IIpakTyeckas padora Ne 5

HN3ydyenue HMHCTPYKIHM M0 JKCIUIYAaTAUMH AKKYMYJAATOpHOH apenu-mypynosepra MAKITA
DF330D

Lesas padoThI npuoOpeTeHne HaBBIKOB PAa0OTBl € JIOKYMEHTaMM, COIPOBOXKIAAIOIIUMHU
o0opyaoBaHue.

HopMmaTuBHBIE PYKOBOJICTBO IO OSKCIUTyaTallMM aKKyMYJIATOPHOW Jpeiu-UIypyHnoBepTa

AOKYMEHTBI MAKITA DF330D.

Oo6opynoBanue akkyMmyJssitopHas apens-mypynosept MAKITA DF330D.

3aganue:

1. BuauMarenbHO M3YYHTE U MpOaHAIM3UPYUTE MaTepUal 1Mo Teme.
2. OtBeTbTe Ha BOMPOCHI (B MUCbMEHHOU Qopme):

a. W3yunTe npaBuiia TEXHUKH 0€30MaCHOCTH MPH paboTe C IIEKTPOUHCTPYMEHTOM.

b. Onwuiure npaBuia U MOPSIOK BHIIOTHEHHUS ONepaluii IpU paboTe ¢ IEKTPOMHCTPYMEHTOM.
3. TloaroroBbTe HHCTPYMEHT K padoTe.

WHCTpYKIHS TIO AKCIUTyaTaIiH

AkkymymsiTopHas apenb-irypynoBept Makita DF330DWLE



Magsne DFI%I0
Crans 0 i
Mgt o A T FEH O T flepena 21w
Wlypym 5,1 wma 63 nin
Merioni gpenesHaf BaHT ME
Yueno ofoporas Ged Hary Btk [2) 0-1 300
{pn”) Hinaas (1] 0 - 350
DA TP IEKHM HOM: METDOHE 0,8 mana - 10 sama
Orbavamn gimna 188 paa
Bac werTo 1.0
I A HA T S HAMEHDREHN & 10,8 B nact. Toca

YpoBeHs 1myM

TunuyHbll ypoBEeHb B3BELIEHHOTO 3BYKOBOTO JaBieHUs (A), ONpedeNeHHBbIH IO CIEAYIOUM
napamerpam EN60745:

VYposensb 3BykoBoro gasinenus (LpA): 70 nb(A) wiu menee

Horpemnocts (K): 3 n1b (A)

YpoBeHb IIyMa U BBIOJTHEHUH padboT MoxkeT npesbimath 80 1b (A)

Ucnone3yiite cpeactsa 3amuthl cnyxaENG202-3

Bubparus

OO0uwmii ypoBeHb BUOpaLuu (BEKTOPHAsi CyMMa 110 TPeM KOOpJIMHATaM), ONPeIeTIeHHbIH B COOTBETCTBUU
c EN60745:

PaGouunii pexxum: CeprieHne MeTania

Pacnipoctpanenune Bubpamnuu (ah,D): 2,5 m/cex2 nnm meHee

[Morpemnocts (K): 1,5 m/c?

OO61re peKoOMeHJalNH 110 TEXHUKE O€30MaCHOCTH ISl 3JIEKTPOMHCTPYMEHTOB

TepMmuH "2€KTPOUHCTPYMEHT" OTHOCUTCS KO BCEMY MHCTPYMEHTY, paboTaroleMy OT CeTH MITH
Ha aKKyMYJIsITOpax.

BbezomacHOCTh B MecTe BHIMOJTHEHHS pabOT
1. PaGouee MecTo AOMKHO OBITH YHCTBIM W XOPOIIO OCBEIICHHBIM. 3axJaMJICHHE M ILIOX0E

OCBEILIEHUE MOTYT CTaTh MPUYNMHON HECUACTHBIX CITyUYaes.
2. He monp3yiTech AIEKTPOMHCTPYMEHTOM BO B3pBIBOONACHONW aTMocdepe, Hampumep, B



MPUCYTCTBUHU JIETKO BOCIUIAMEHSIIOIIMXCS JKMIKOCTeH, razoB wiu nbeutd. llpu pabote
SJICKTPOUHCTPYMCHTA BO3HHUKAIOT UCKPBI, KOTOPLIC MOI'YT IIPUBCCTU K BOCINIAMCHCHUIO IIbLIA
niu ra3os.

3. Ilpu pabore C DIEKTPOMHCTPYMEHTOM HE JOMYCKAWTe IeTe WM TMOCTOPOHHUX K MECTY

IPOM3BOJICTBA paboT.
4. He ortBiekaiiTech BO BpeMsi pa0OThl, TaKk Kak 3TO MNpPUBEIET K MOTEPEe KOHTPOJIS Hal
ANIEKTPOMHCTPYMEHTOM.
DeKTpoOe30MacHOCTh

1. Buika 37€KTpOMHCTPYMEHTA JI0JIKHA COOTBETCTBOBATH CETEBOM po3eTke. Hukorna He BHOcHUTE
HUKAKUX U3MEHEHUHN B KOHCTPYKLUIO PO3ETKH.

2. Ilpu wMCmONB30BaHUM AIIEKTPOMHCTPYMEHTA C 3a3eMJICHHEM HE HCIOIBb3YWTE MEPEeXOIHHUKH.
Pozerku u BuIKHM, HE TMOJBEpraBUIMECS W3MEHEHHSM, CHUXKAIOT PUCK MOpaKEeHUs
NEKTPUYECKUM TOKOM.

3. U30eraiiTe KOHTAaKTa y4yacTKOB Teja C 3a3€MJICHHBIMH ITOBEPXHOCTSMH, TAaKUMHU KaK TPYOBHI,
paznuaTopbl, 6aTapen OTOIUIEHUS U XOJIOAUIbHUKH.

4. Ilpu KOHTaKkTe Tela C 3a3eMJICHHBIMM MpEAMETaMH YBEJIMYMBAETCS PUCK IOPaKeHHs
ANEKTPUYECKUM TOKOM.

5. He moxBepraiiTe 3JEKTPOUHCTPYMEHT BO3JEHCTBHUIO AOXKIsA Wi Biard. l[lomaganuwe Boabl B
ANEKTPOMHCTPYMEHT MOBBILIAET PUCK NOPAXKEHUS FTEKTPUUECKUM TOKOM.

6. AxkypatHO oOpamaiiTech co IIHYpoM NHUTaHUs. HUKoOr/ma He MCMONB3YyHTE IIHYpP MUTAHUS IS
IIEPEHOCKH, ITIEPEMEIICHHs WM W3BJICYCHMS BWIKM M3 po3eTku. Pacrnosaraiite mHyp Ha
paccTOSHUM OT HCTOYHUKOB TEIUIA, Maclla, OCTPBIX KpacB M JBWKYIIHUXCS JETalei.
[loBpexneHHbIE WM 3allyTaHHBIE CETEBbIE IIHYPbl YBEJINYMBAIOT PHUCK IOPaKEHUs
NEKTPUYECKUM TOKOM.

7. Ilpu wucnonb30BaHMM 3JIEKTPOMHCTPYMEHTA BHE IIOMEIIEHUS, MCIOJIb3YHTE YAJIUHHUTEND,
MOAXOMAUIMM JUIst 3TuX ueneil. Vcnonb30BaHHWE COOTBETCTBYIOIIETO IIHYpa CHUYKAET PHUCK
MOPaXEHUS JIEKTPUUECKUM TOKOM.

8. Ecnm 3MeKTpOMHCTPYMEHT MPHUXOIUTCS IKCIUTyaTUPOBATh B CHIPOM MECTE, UCTIONB3YHUTE JTHHUIO
ANEKTPONUTAHUS, KOTOpas 3allyllleHa IpephiBaTesieM, CpadaThIBAlOIIMM NpPHU 3aMbIKAHUM Ha
3emio (GFCI). Ucnonb3oBanue GFCI cHukaeT puck nopaxkxeHus 3IeKTPOTOKOM.

JInunas 0e30macHOCTh

1. Tlpu wucnonb30BaHUM DJIEKTPOUHCTPYMEHTa OyapTe OAWUTEIbHBI, CIEIUTE 3a TEM, 4YTO BBI
JienaeTe, U pyKOBOACTBYUTECH 3JPABBIM CMBICIOM.

2. He monbp3yiiTech 3JEKTPOMHCTPYMEHTOM, €CJIM BBl yCTalH, HAaXOIUTECh IOl BO3JCHCTBHEM
HapKOTUKOB, aJIKOT'OJIsI MJIM JIEKAPCTBEHHBIX IpenaparoB. [{axe MrHOBEHHAass HEBHUMATEIbHOCTb
IIPU UCIOJIb30BAaHUU JJIEKTPOUHCTPYMEHTA MOXKET IIPUBECTU K CEPbE3HOU TpaBME.

3. Hcnonb3yiiTe cpeacTBa MHAMBUYaIbHOM 3alIUTHI.

4. OOs3arenbHO Ha/eBalTe 3alUMTHBIE OYKW. Takue CpeacTBa WHAMBHIYaTbHOM 3allUTHI, Kak
pecruparop, 3allUTHas HECKOJb3smas oO0yBb, Kacka WM HAyIIHUKH, HCIOJIb3yeMble B
COOTBETCTBYIOIIUX YCIOBHAX, MO3BOJISIOT CHU3UTh PUCK ITOJIy4ECHUS TPABMBI.

5. He momyckaiiTe ciry4aitHOTO BKJIFOUEHHS YCTPOMCTBA.

6. Ilpexxne 4eM MOACOETUHATh HHCTPYMEHT K HCTOYHMKY IUTaHHUA W/MIM aKKyMYJISTOPHOM
Oarapee, MOJHUMATh WM NIEPEHOCUTh HHCTPYMEHT, YOeIUTECh, YTO MEPEKIII0YaTelb HaX0IUTCS



B BBIKJIFOYEHHOM IOJI0KEHUH.

7. IlepeHocka >JIEKTPOMHCTPYMEHTa C NajblieM Ha BBIKIIOYATENE WM [0Jaya MHUTAHUS Ha
MHCTPYMEHT C BKJIFOUEHHBIM BBIKJIIOYATEIIE MOXKET IPUBECTU K HECUACTHOMY CIIy4alo.

8. Ilepen BKIIIOYEHHEM DJIEKTPOMHCTPYMEHTAbCHUMHTE C HETO BCE PETYIMPOBOYHBIE HHCTPYMEHTHI
U racyHble KIKOYU. ['acUHBIl WM PETYyJIMPOBOYHBIA KIIKOY, OCTABIIMMICS 3aKPEIUICHHBIM Ha
BpallaroLIencs JeTall, MOXKET IPUBECTH K TPaBME.

9. Ilpwm skcruTyaTaliuu yCTpOMCTBA HE TAHUTECh. Beerna coxpaHsiiTe yCTOHYMBOE TTOJIOKEHUE U

10. paBHOBecue. DTO MO3BOJNIMT JIy4llle YHPABIATH 3IEKTPOMHCTPYMEHTOM B HENPEIBUICHHBIX
CUTyalUsIX.

11. OneBaiiTech COOTBETCTBYIOIIMM 0OpazoM. He HaneBaiiTe cBOOOTHYIO OJEKIY I YKPALICHUS.
Bamu Bosiocel, onexna W IepyaTKUd JOJDKHBI BCErJa HAXOAUThCA HA PACCTOSIHUM OT
Bpalaronuxcs aeraneil. CBoOoiHas o€k a, yKpalleHus Wil JJIMHHBIE BOJIOCHl MOTYT IIONACTh
B JBMOKYLIMECS JIeTalll yCTPONUCTBA.

12. Ecnu umMeroTcs ycTpoicTBa 7Sl MOAKIIOYEHUS MbIJIECOOPHUKA WM BBITSDKKH, yOEIUTeCh, 4TO
OHM TIOJICOCUHEHBl W MPaBWJIBHO HCHOJNB3YIOTCA. lcmonb30BaHWE MbUIECOOPHUKA CHUMKAET
BEPOSITHOCTh BO3HUKHOBEHUSI PUCKOB, CBA3aHHBIX C IBUIBIO.

Hcnonp30BaHue U YXO/[ 32 3JIEKTPOUHCTPYMEHTOM

1. He nmpunaraiiTe u3MUIIHUX YCUITUN K 3JIEKTPOUHCTPYMEHTY.

2. Hcrmonmp3yiiTe WHCTPYMEHT, COOTBETCTBYIOIIMK BBHIMONHAEMOW BamMu padore. I[lpaBmibHO
NOJOOPaHHBIA 3JIEKTPOMHCTPYMEHT IO3BOJMUT BBINOJHUTH paboTy Jjydmie U Oe3omnacHee ¢
IIPOU3BOAUTENBHOCTEIO, HA KOTOPYHO OH PAaCCYUTaH.

3. He nmomb3yiiTech 3JEKTPOMHCTPYMEHTOM C  HEHUCIpaBHBIM  BbIKIIOYaresneM. JIroOoit
3JIEKTPOMHCTPYMEHT C HEUCIIPABHBIM BBIKIIIOUATENIEM OMAaceH U JJOJDKEH ObITh OTPEMOHTHPOBAH.

4. Tlepen  BBIMOJIHEHUEM  PETYJIUPOBOK, CMEHOM  MNPUHAUIEKHOCTEH WIM  XpaHEHHEM
AIIEKTPOMHCTPYMEHTA BCEr/la OTKIIIOUANTE €ro OT UICTOYHMKA MUTAHUS W/WIH OT aKKyMyJIsTOpa.

5. Takme mnpeBEHTUBHbIE MEpPHI MPEIOCTOPOKHOCTH CHUKAIOT PHUCK CIy4alHOIO BKIIIOYEHHS
AIIEKTPOUHCTPYMEHTA.

6. XpaHuTe dIEKTPOMHCTPYMEHTHI B MECTaX, HEJOCTYITHBIX JJIS IETEH, U HE MO3BOJISTHTE JIUIIaM, He
3HAKOMBIM C paboOTON Takoro WHCTPYMEHTa WM HE MPOYMTABIIMM JaHHbIE WHCTPYKIIHHU,
I10JIb30BATHCS UM. DJIEKTPOMHCTPYMEHT OIIACEH B PyKaX HEOIBITHBIX MTOJIb30BATENEH.

7. BrimonHsiTe TEXHUYECKOE 00CITY)KHBAHUE SJIEKTPOUHCTPYMEHTOB.

8. YOGenurech B COOCHOCTH, OTCYTCTBUH JieopMaluid ABMKYIIUXCS Y3JI0B, IOJOMOK KaKUX-I100
neTaneil Wik Ipyrux 1e(eKToB, KOTOpble MOTYT IMOBJIHUATH Ha PabOTy AJIEKTPOMHCTPYMEHTA.
Ecnan mHCTpyMEHT MOBpPEXIEH, OTPEMOHTUPYWUTE €ro Iepes MCHob30BaHUuEM. bonbiioe uucio
HECYACTHBIX CIIy4YaeB MMPOUCXOAUT U3-3a IUIOXOr0 yXO/a 32 AIEKTPOUHCTPYMEHTOM.

9. Pexymmii HHCTpYMEHT BCeTa JODKEH OBITh OCTPBIM U YUCThIM. COOTBETCTBYIOIIEE OOpaIeHue
C PpEeXylMM HHCTPYMEHTOM, HMEIOIIMM OCTPbIE PEXYyIIME KPOMKH, [€lIacT €ero MeHee
MOJBEPKEHHBIM JePOpPMALIUAM, YTO TO3BOJISIET JIyUIIe YIIPABIATH UM.

10. Ucnonb3yiiTe 3MEKTPOMHCTPYMEHT, TNPUHAJUIEKHOCTH, TPHUCIOCOONEHUsI M HAacaIkd B
COOTBETCTBUU C JAHHBIMU UHCTPYKLUSAMU U B LIEJIAX, JUISL KOTOPBIX OH IIPEAHA3HAYEH, YUUTHIBAS
IPU TOM YCJIOBUS M BHJI BBINOJIHAEMON paboThl. Mcnonb30BaHue 3JI€KTPOMHCTPYMEHTA HE 110
HA3HAYCHHUIO MOXKET NPUBECTH K BOSHUKHOBEHUIO OITACHOM CHTYyalUH.

Hcnonp3oBaHue 37IEKTPOUHCTPYMEHTA, pabOTAIONIEr0 Ha aKKyMYJISITOpax, U YXO 32 HUM



3apsikaiiTe akKyMyJISTOP TOJIBKO 3apsIHbIM YCTPONCTBOM, YKa3aHHBIM U3TOTOBUTEIIEM.
3apsiHOE YCTPOMCTBO, MOAXOJSAIIEE Ul OAHOIO THIA AKKyMYJSTOPOB, MOXET IMPUBECTH K
HOXKapy MPH €ro MCIOJIb30BAaHUHU C IPYTHM aKKyMYJISITOPHBIM OJIOKOM.

Hcnonp3yiTe 3IEKTPOMHCTPYMEHT TOJBKO C YKa3aHHBIMH aKKyMYJISATOPHBIMH OJIOKaMH.
Mcnonb30BaHue Ipyrux akKyMyJIITOPHBIX OJIOKOB MOKET IIPUBECTU K TPABME UJIH MTOKapy.
Korpa akkyMyJnsTOpHBIM OJOK HE HUCHONB3YEeTCs, XPAHUTE €ro OTJEIBHO OT MEeTaUIMYECKHX
IPEIMETOB, TAKUX KaK CKPENKH, MOHETBHI, KJIIOYH, FBO3/HM, ILIypYyNbl WIH Jpyrue HeOoJsblIMe
METAJUINYECKUE NPEAMETbl, KOTOpbIe MOIYT IIPUBECTH K 3aKOPAauMBAaHUIO KOHTAKTOB
aKKyMyJIITOPHOrO OJ0Ka MeXIy co0oii.3akopauMBaHUE KOHTAKTOB aKKyMYJSTOPHOro OJ0Ka
MOJKET IIPUBECTU K 05KOI'aM WM MOXKapy.

[Ipn HenmpaBuiIbHOM OOpalllEHUH U3 AKKyMYJSITOPHOIO OJIOKa MOXKET IOTE€Yb HKHJKOCTb.
W30eraiite kOHTaKTa ¢ Hell. B ciydyae KOHTakTa ¢ KOKel MPOMOWTE MECTO KOHTAaKTa OOMJIbHBIM
KOJINYECTBOM BOJbl. B ciydae nomagaHus B 1Jaza, oOparutTech K Bpady. JKHIKOCT U3
AKKyMYJISITOPHOTO OJIOKa MOXKET BbI3BaTh pa3/ipaskeHUE UM OKOTH.

OO6cnyxuBaHue

OOcnmy)XMBaHHUE JIIEKTPOMHCTPYMEHTA JIOJDKHO IPOBOJUTHCS TOJBKO KBATH(DHUIIMPOBAHHBIM
CIEIHAIICTOM 110 PEMOHTY M TOJBKO C MCIOJB30BaHUEM HIACHTHYHBIX 3allaCHBIX YacTe. DTO
MO3BOJIUT 00ECIIEYUTh OE30MaCHOCTh JIEKTPOMHCTPYMEHTA.

CrenyiiTe HHCTPYKIUSM 110 CMa3Ke U 3aMEHE IPUHA/IICKHOCTEH.

Pyuku mHCTpyMeHTa Bcera MOKHBI ObITh CyXHMH W YHCTHIMH M HE JTOJKHBI OBITH M3Ma3aHbl
MAacJIOM WJIA CMa3KOH.

CHCI_[I/I(I)I/I‘-ICCKI/IG IMpaBujia TCXHUKU 0€30IMacHOCTH

He nonyckaiite, 4To0b! yJOOCTBO MM ONBIT AKCIUTyaTallMM JAHHOTO yCTPOMCTBA (MOIy4YEHHBIN

OT MHOT'OKpPAaTHOI'O I/ICHOJ’II)3OBaHI/I$I) JOMHUHHPOBAJIM HaA CTPOTHUM CO6J'IIOI[GHI/IGM MMpaBHUJI TCXHUKHU

0€30I1aCHOCTH. HapymeHHe TEXHUKU OE€30IIaCHOCTU HIIN HCIIPAaBUJIBHOC HCIIOJIB30BAHUC IOAHHOTIO

QJICKTPOUHCTPYMEHTA MOT'YT IIPUBECTU K CEPHE3HBIM TpaBMaM.

1.

2.

3.

4.

5.

Hcnonb3yiiTe AOMONHUTENBbHYIO PY4YKy (€clud BXOIUT B KOMIUJIEKT WHCTpyMEHTa). YTpara
KOHTPOJIA HaJl UHCTPYMEHTOM MOKET IMPUBECTH K TPABME.

Ecnu npu BeIMoTHEHUH pabOT CYIIECTBYET PUCK KOHTAKTA PEXKYIIEr0 HHCTPYMEHTA CO CKPBITOM
AJIEKTPOTIPOBOAKON WU COOCTBEHHBIM IITHYPOM IHUTaHWsS, JEPKUTE JJICKTPOMHCTPYMEHT 3a
CIIENUAIFHO TPEeTHA3HAUYCHHBIE H30JIMPOBAHHBIE IMOBEPXHOCTH. KOHTAakKT ¢ MPOBOJAOM IO
HaIpsHKEHUEM TPUBEAET K TOMY, YTO METaJUTMYECKHE JETATH WHCTPYMEHTa Takke OyIyT IO
HalpsDKEHUEM, YTO TIPUBEAET K TOPAKEHUIO oOlepaTopa JJIEKTPUYECKUM TOKOM. [lpwm
BHIMIOJTHEHNH paboOT Bcerga 3aHuUMaiiTe ycToiumBoe mojoxkeHue. [Ipu  wcmonbp3oBaHUH
WHCTPYMEHTA Ha BBICOTE YOEIUTECh B OTCYTCTBUH JIFOJICH BHU3Y.

Kpenko nepxute MHCTpyMEHT. Pyku OJKHBI HAXOJUTHCA HAa PACCTOSIHUM OT BPALAOLIUXCS
JIeTaJICH.

He ocrapmsiite paboraromuii MHCTpyMEHT 0e3 MpUCMOTpa. BKirodaiiTe MHCTPYMEHT TOJBKO
TOTJa, KOT/1a OH HAXOJIUTCS B pyKax.

Cpa3y nocie okoHYaHUs pabOT He MmpHKacaiitech k 6ute cBepia win aertand. OHU MOTYT OBITbH
OUYEHb TOPSYMMHM, YTO MPHUBEAET K OXoram Koku. HekoTopwle Marepuasibl MOTYT COJEpKaTh



TOKCUYHBIC XUMHUYCCKHE BCUICCTBA. HpI/IMI/ITC COOTBECTCTBYIOIIMUEC MEPBI IMPEAOCTOPOKHOCTHU,
yTOOBI U30EKATh BABIXaHHUS WM KOHTAKTa C KOKEHM TaKUX BEISCTB.

BaxHbIe HHCTPYKIIMH IO TEXHUKE 0€30MAaCHOCTH JJII aKKyMYJISITOPHOTO OJIOKa

8.
9.

[lepen wucnonb3oBaHHEM AaKKyMYJATOPHOTO OJOKa TpOYMTalTe BCE HMHCTPYKUUU U
npeaynpexaarone Haanucu Ha (1) 3apsaHoM ycTpoiicTBe, (2) akkyMyssiTopHoM Osoke u (3)
MHCTPYMEHTE, pabOoTaroIIeM OT aKKyMYyJISITOPHOTO OJI0Ka.

He pa36upaiite akkyMyasTOpHBIN OJIOK.

Ecmu Bpemst paboThl aKKyMyJSITOPHOTO OJIOKa 3HAYUTENBHO COKPATHIOCh, HEMEMJICHHO
npekpaTtute paboTty. B mpoTHUBHOM ciydae, MOXKET BOZHUKHYTh IleperpeB 0J10Ka, 4To MPHUBEIET K
0KOTaM U JIAXKE K B3PBIBY.

B ciydae monaganus >JEKTPOSIUTA B TJ1a3a, IPOMOMTE UX OOMIIBHBIM KOJIMYECTBOM YHCTOH BOJBI
U HEMeIJICHHO 00paTUTech K Bpauy. TO MOKET IPUBECTHU K MOTEPEe 3PEHHUSL.

He 3amMbikaiiTe KOHTAKThI AKKyMYJISITOPHOTO OJI0Ka MEXIy COOOI:

He npukacaiitech kK KOHTaKTaM KaKUMH-THOO TOKOMIPOBOASIIMMU IIPEIMETaAMH.

N30eraiite XpaHUTh aKKyMYJISITOPHBII OJIOK B KOHTEiTHEpe BMeCTe C IPYTUMHU METaNINYECKUMU
peIMeTaMH, TAKUMH KaK TBO3]IH, MOHETHI U T. II.

He nomyckaiiTe nomagaHus Ha aKKyMYJISTOPHBIA OJIOK BOJIBI HITU JOXK/IS. 3aMBIKAHHE KOHTAKTOB
AKKyMYJISITOPHOTO OJIOKa MEXIy CO00i MOXKET MPUBECTH K

BO3HMKHOBEHUIO OOJIBIIIOTO TOKA, IEPETPEBY, BO3MOYKHBIM 0XKOT'aM U JIaXKe Pa3phiBy OJIOKA.

He xpanute HHCTPYMEHT M aKKyMYJISITOPHBINA OJIOK B MECTaX, I TEMIIepaTypa MOXKeT
pocTurath umm npesbimars 50 © C (1227 F).

He 6pocaiite akkyMyJIaTOpHBIN OJI0K B OTOHB, Ja)K€ €CJIM OH CUIJILHO TTOBPEXK/IEH UITH
TIOJTHOCTHIO BBIMIET U3 CTPOSl. AKKYMYJIITOPHBIN OJIOK MOXKET B30pBAThCS O/ IEHCTBUEM OTHSL.
He pomnsiiite u He ynapsiiite akKyMyJIsITOPHBIN OJIOK.

He ucnonp3yiiTe akkyMyJsTOp, €CIM OH MaJall WIK MOJIBEPrajcs yaapam.

CoBeThl 10 00ECIIEUCHUI0 MAaKCUMAIbLHOTO CpOKa CJ'Iy>K6BI AKKYMYJIATOPHOT'O O10Ka

1.

2.

3.

3apspkaiiTe akKyMyJIITOPHBIN OJOK J0 TOTO, KaK OH IOJIHOCTBIO paspsaaurcs. B ciaydyae norepu
MOIIIHOCTH TpH 3KCIUTyaTallud UHCTPYMEHTA, IPEKpaTuTe paboTy U 3apsiANTe aKKyMYJISTOPHBIN
0JI0K.

Huxorma ©He 3apspkaiiTe MOTHOCTBIO 3apsDKEHHBIM aKKyMyJsITOpHBIN Ojok. Ilepesapsiika
COKpAIIaeT CPOK CITY>KOBI OJI0Ka.

3apsikaiiTe akKyMyJISTOPHBIH GJIOK NPM KOMHATHOW TemrepaType B mpeaenax ot 10~ C go 40° C

(or 50 " F go 104" F). [lepen 3apsaaxoil naiite ropsdeMy akKyMYJISTOPHOMY OJIOKY OCTBITh.

Onucanue QpyHKIMOHUPOBAHUS

[Tepen perynmupoBKOl WK MPOBEPKON (DYHKIIMOHMPOBAHUS BCET/Ia OTKIIOYAWTE UHCTPYMEHT U

BBIHUMANTE OJIOK aKKYMYJISITOPOB.

VYcTaHoBKa WK CHATHE OJI0Ka aKKyMYJISITOPOB

1. Knomnka
2. brok akkymynsaTopa




[lepen BcTaBKO# MM CHATHEM OJIOKA aKKYMYJIITOPOB BCET1a OTKIIOYANTE HHCTPYMEHT.

Jnst cHATHS 6JI0Ka aKKyMYJIATOPOB, BBIHBTE €r0 U3 MHCTPYMEHTA, HAKUMast Ha KHOIIKH ¢ 00eux
CTOpPOH OJIOKA.

UTo0bl BCTaBUTh KapTPHUIXK AKKYMYJISITOPA, COBMECTHTE MEpPEAHIOI0 YacTh aKKyMyJAToOpa ¢
OTBEPCTHEM THE3/1a, U BCTABHTE HA MECTO.

Bcerna ycranaBnupaiite 6110k 10 yropa Tak, 4ToObI OH 3a)KCHPOBAJICS HAa MeCTe C HEOOIbIIUM
MIETYKOM. B TpOTHBHOM cllydyae akKyMYJISITOPHBIM OJOK MOKET BBINACTh M3 HWHCTPYMEHTa U
TPaBMHUPOBATh BAC UJIU OKPYIKAIOIIHX.

He npwtaraiite ycunwii ipu BCTaBKe 0JIOKa aKKyMYJIsITOpOB. Eciii GJIOK BCTaBIISIETCS C TPYJIOM,
3HAYMT, OH BCTABIISIECTCS HENPABUIBHO.

JleiicTBHE MEepEeKITIOYEHUS

1. KypkoBblii BBIKJIIOUATENb

[lepen BcTaBKO#M ON0Ka aKKyMYJISTOPOB B MHCTPYMEHT, BCEr/la MPOBEPSHTE, YTO TPUTTEPHBIN
nepeKIoyaTeNb paboTaeT HauIeKauM 00pa3oM U Bo3Bpaiaercs B nonoxenue "BbIKJI", ecnu ero
OTIYCTHUTb.

Jns1 3amycka HHCTpyMEHTA MPOCTO HAXKMHUTE TPUTTEPHBIN MEPEKITI0YaTeNb.

CKOpOCTh MHCTPYMEHTA YBEITMUMBAETCS MIPU YBEJIIMUYECHHUH JIaBJICHUS HA TPUTTEPHBIN MEPEKIIIOYATENb.
OTITyCTUTE TPUTTEPHBIN TIEPEKITIOYATENb JIJIT OCTAHOBKH.

Bxurouenue nepenHeit JJammnsl

1. Jlammna

He cMoTpuTe Ha HCTOYHUK OCBEIIEHUS U HE JOIMYCKAWTe MPSMOTO IMOMaaHus CBETa B riasa.

Haxmute Ha KypKOBBIﬁ BBIKJIFOYATCIIb AJIs1 BKIIFOUCHUS ITOJCBETKH. Jlamra 6y21€T CBETUTBHCA 10
TeX MOop, MOKa HaxaT BbIKIOYaTenb. Jlamma racHer uyepe3d 10-15 cexkyHn mociie OTHYCKaHUS
BBIKJIFOYATCIIA.

Hcnone3yiiTe cyXyto TKaHb JJIs OYUCTKHU TPsi3u C JUH3BI Jammbl. ClequTe 3a TeM, YTOOBI He
nonapanarhb JIMH3Y JaMIIbl, TaK KaK 3TO MOKET YMEHBIIUTh OCBEIICHHE.

I[eﬁCTBHC PEBEPCUBHOIO ICPCKITIOUATCIIA

A B 1. Ppluar peBepcHBHOrO NepeKIItouaTeNs




JlaHHBII HMHCTPYMEHT HMMEET PEBEPCUBHBIM NEpeKIoyaTeNb Il H3MEHEHUsI HalpaBlCHUS
BpaICHHUS.

HaxxmMute Ha pblyar peBepCHBHOrO MEPEKIIOYATENsI CO CTOPOHBI A JJis BpallleHHUs] IO 4acOBOM
CTpeJIKe WM CO CTOPOHBI B 1151 BpaleHusi NpOTUB YaCOBOM CTPENIKH.

Korma peluar peBepcHMBHOrO MepeKIovaTesiss HaxOJUTCS B HEHTPaIbHOM TMOJOKEHUH,
TPUTTEPHBIN MEepPeKITI0YaTeIb HAKATh HEb3sl.

[Tepen pabGoToii Bcerja mpoBepsIiTe HANPaBJICHNUE BpaAIICHUSI.

[Tonb3yiTech peBEPCUBHBIM MEPEKIIOYATENEM TOJIBKO IMOCIE MOJHOM OCTAHOBKH MHCTPYMEHTA.
W3menenue HampaBiieHUs BpAIEHUS JI0 MOJHOW OCTAHOBKM HMHCTPYMEHTa MOXET MPUBECTU K €ro
MOBPEXKICHUIO.

Ecau uHCTpyMEHT He MCIONIb3YETCsl, BCEr/1a MEPEBOJUTE phlyar peBEPCUBHOIO MEPEKIIIOYATENS B
HENTpaIbHOE MOJIOKEHUE.

3menenue CKOpPOCTH

1

1. Peryar usMeHeHus! CKOPOCTH

Jlis u3MEeHEHUs CKOPOCTH, CHayalda OTKIIOYUTE HWHCTPYMEHT, 3aTeM IIEpeBEeIUTE pblyar
MEPEKITIOUEHUS CKOPOCTH B T0JIOKEeHHUE "2" 171 BBICOKOM CKOPOCTH WUJIM B MojokeHue "1" nis Hu3Kkou
CKOPOCTH.

Ilepen skcrutyatanueil yoeaurech B TOM, YTO pblYar MEpeKIIOUEHHs] CKOPOCTH YCTaHOBJIEH B
HaJJIeXallee MOoJI0KEHUE.

Hcnons3yiiTe HaIeKaITy 0 CKOPOCTh JIJIst PaOOTHI.

Bcerna noinHOCTBIO MEPEBOUTE pblYar U3MEHEHUSI CKOPOCTH B IPaBHIIbHOE MojokeHue. Eciau
Bbl pabotaere ¢ MHCTPYMEHTOM, a pbluar M3MEHEHHUS CKOPOCTH HAaXOJUTCS IOCEpPENNHE MEXIy
o0o3HayeHusiMH "1" 1 "2", 3T0 MOXKET MPUBECTH K MOBPEXKICHUIO HHCTPYMEHTA.

He ucnonp3yiite pbluar nepekatov4eHuss CKOPOCTH MpHU pabOoTaIOIEeM MHCTPYMEHTE. DTO MOXKET
IIPUBECTH K MTOBPEKICHUIO HHCTPYMEHTA.

Per YJIUPOBKA KPYTAIICTO MOMCHTA 3aTAXKKU

1. VYkazarens
2. PerymupoBOYHOE KOJIBIIO
3. I'pagyupoBka

Ycunue 3aTsHKKU MOKET OBITh OTPEryJIUpOBaHO Ha OMHO W3 18 MONOKEHWH MyTeM MOBOPOTa
PEryJIMPOBOYHOTO KOJbIA TaK, YTOOBI OJHA M3 €ro TPaJAyHPOBOK COBMANA CO CTPEJIKOW Ha KOpITyce
UHCTPYMEHTA.

Jlis HacTpOWKM MHMHHMAJIbHOTO YCWIIMS 3aTSDKKU coBMmecTuTe mudpy 1 c ykazartenem, ais
HACTPOMKN MaKCUMaIbHOTO YCUITUS 3aTSKKU - MADKUPOBKY C yKa3aTeseM.

Mydra Oynet mpocKaab3bIBaTh P PA3TUYHBIX YCHINAX 3aTsDKKU OT 1 10 18. Ona pa3pabortana



TakUM 00pazoM, uTo He OylIeT MpOocKajib3bIBaTh Ha OTMETKE. [ TOro, yToObl ONMpPENEeNUTh yCHIINE
3aTSOHKKH, COOTBETCTBYIOIIEE BBIMOJIHAEMOI paboTe, mepes BBHIIOJHEHWEM PadOThl CHadajla 3aKpyTUTE
IpOOHBIH HIypyH B MaTepHall MM B IeTallb U3 AaHAJIOTUYHOTO MaTepuaa.

YcTaHOBKa WM CHATUE OTBEPTOYHOM OUTHI MIIM CBEpIIa

1. Brynka

[ToBepHUTE BTYJKY MPOTUB YaCOBOM CTPEJIKU JJISl OTKPBITHS 3aKUMHBIX KYJIAYKOB.
BcraBbTe cBEpIio B 3aKMMHOM NTATPOH KaK MOXKHO TITyOKe.

[ToBepHUTE BTYJIKY O YaCOBOM CTpENIKE JJIs 3aTSKKH IMaTPOHA.

Jl5ig cHATUS OUTHI, TOBEPHUTE MATPOH MPOTHB YACOBOW CTPEIIKU.

DKCIuTyaTanus

Bcerna BeraBmsiiTe 610K aKKyMyJISTOPOB /10 KOHIIA, IOKa OH He 3adukcupyercst Ha mecte. Eciu
9TOro HE cacjaarhb, 0JI0K MOYKET HCOXKHNJAHHO BBINMACTh U3 MHCTPYMCHTA U IIPUYNHUTDH Bam nmm KOMY-
1160 okoio Bac TpaBmbL.

JIns ynpaBiieHHsS BbIJAJOIMBAIONIMM JICHCTBUEM WHCTPYMEHTa KPENKO JAEP)KUTE ero OJHON
PYKOI1 3a pyuKy, a Ipyroi - 3a HUKHIOIO 4acTh OJIOKa aKKyMYJIATOpHOU OaTapeu.

Pabota B pexxume mypyrnosepTa

VYcTaHOBUTE pEryIMpOBOYHOE KOJBIO HA COOTBETCTBYIOLIUN ypOBEHb
KPYTSAIIEr0 MOMEHTA Ui PabOTHI.

BcraBbTe ocTpue OTBEpTOUHONM OUTHI B TOJOBKY BUHTA U HaJaBUTE Ha
UHCTPYMEHT.

Bxuttounte HHCTpYMEHT Ha MEJUIEHHOW CKOPOCTH, 3aTe€M MOCTENIEHHO yBEITUUNBaTE €e.

OTnycTuTe TPUITEPHBIN MepeKItoyaTelb, Kak TOJIbKO CpaboTaeT ClerIeHuE.

[Tpu pabotec BUHTaMH IS IepeBa, BHICBEPIINTE MPOOHBIC OTBEPCTHS IS YIPOIEHHs padOTHl 1
IPEIOTBPALEHHs] pa3iaMbIBaHUs JEPEBSIHHON pabouelt netanu. CM. Tabnuiy.

HomiuHansHsR QMaMeTp wypyna  |[Paoodesysss pasiep npoBHon oTeapcTHa

(mana) (mma)

31 20-22
35 22-25
38 25-28
4.5 289-32
48 31-34
5.1 33-36
55 37-39
5.8 40-42
6.1 42-44




Csepienue

CHauaza moBepHHUTE PETYIUPOBOYHOE KOJIBIIO, YTOOBI COBMECTHThH YKa3aTellb C OTMETKOM. 3aTeM
MPOAEIIANTE CEAYIOLIEE.
CaepiieHue B JiepeBe

[Tpu cBepiicHUH B JiepeBe, HAMIYYIIHE PE3yIbTAThl JOCTUTAIOTCS MIPU MCIIOJIb30BAHUU CBEPIT IS
JepeBa, CHAOXKEHHBIX HAMPABISIOIIAM BHHTOM. HampapistouMii BHHT YIPOIIAET CBEpJICHUE,
yAepKHUBas CBEpJI0 B 00pabaThIBaeMOM JeTalu.

Caepienue Merauia

Jlnst mpenoTBpaIleH sl CKOJBKEHUSI CBEpJia MPU Hadaie CBEPJICHUs, CIEIaiTe yriryOJeHHe ¢
MIOMOIIIFI0 KepHEpa M MOJIOTKA B TOYKE CBepJicHHs. BcraBbTe OCTpue cBepiia B BHICMKY U HAYHHUTE
cBepiauTh. [Ipu cBepiieHHH METAJIIOB MCIIONB3YHTE CMa3Ky ISl Pe3KH. VICKIIIOUeHHEe COCTaBIISIOT YyTYH
Y JIATYHb, KOTOPBIC HAJI0 CBEPIUTH HACYXO.

UpesmepHoe HakaTue Ha MHCTPYMEHT HE YCKOPUT cBepieHue. Ha camom nene, dpesmepHoOe
JaBJICHUC TOJIBKO IMOBPCAUT HAKOHCUHHK Bammero CBCpJia, CHU3SUT HNPOU3BOAUTCIBLHOCTD MHCTPYMECHTA 1
COKPATHUT CPOK €T0 CITyKOBI.

Korma mpocBepimBaeMoe OTBEPCTHE CTAHOBUTCS CKBO3HBIM, HAa HHCTPYMEHT/CBEPJIO
BO3JICHCTBYET 3HAYMTENbHAs cuia. Kpenko yaep)kuBaiTe MHCTPYMEHT M OyJIbTE OCTOPOXHBI, KOT/Ia
CBEpPJIO HAYMHAET MPOXOJIUTH CKBO3b 00pabaThIBAEMYIO JI€Tab.

3acTpsiBliee CBEpJI0O MOXHO BBIHYTH IIyTeM MPOCTOTO TEPEKIIOUEHUsT PEBEPCHUBHOTO
nepekouaTens Ha oOpaTHOe BpalieHue 3aAHUM X0oAoM. OJHAKO WHCTPYMEHT MOKET MOBEPHYTHCS B
00paTHOM HampaBlIeHUH CIUIIKOM OBICTPO, €CIIU €0 HE JIEP>KaTh KPETKO.

Bcerna 3akpernsiiite HeOoIbIIE 00padaThIBaeMbIe JETAIH B TUCKAX WX MOJO0OHOM 32KUMHOM
YCTPOICTBE.

Ecnu mHCTpYMEHT DKCIUTyaTHPOBAJICS HETIPEPBIBHO 110 pa3psaa 0JI0Ka aKKyMYJIATOPOB, CAeIaiTe
nepepsiB Ha 15 MUHYT nepesl HauajaoM padoThl € 3apsKEHHBIM aKKyMYJISITOPOM.

Hcnonp30BaHne HHCTPYMEHTA KaK PYyYHON OTBEPTKU

1. BrIkIOuYHMTE MHCTPYMEHT.

2. TlepemecTuTe KHONIKY (DUKCAIMH B MTOJIOKEHHE OJIOKHMPOBKH A.

3. TloBopaumBaiiTe WHCTPYMEHT pyKOoW. Takoe MCHOIb30BaHUE YIAOOHO
JUIA IIPOBEPKU 3aTSHKKU IIYPYIIOB.

He wcnone3yiiTe WHCTpYMEHT TIpu paboTaxX, CBSI3aHHBIX C
neperpy3kamu  (3aTSTMBaHUM OOJITOB WJIM BBIKPYYHBAHHE 3apiKaBEBIIUX
BHHTOB).

Hcnons3zoBanne koOypsl




He wcnonb30Bath U1l HHCTPYMEHTOB C YCTAHOBJICHHBIM CBEPJIOM (HATIIp., IPEIIN).
[epen Tem, Kak MOJOKUTH HHCTPYMEHT B KOOYPY, BHIKIIFOUUTE €T0 U JJOXKIUTECh ITOJTHOM ero
OCTaHOBKH.
Y6enurech, uTo KOOYypa MPOYHO 3aKPBHITA K MHCTPYMEHT 3a()MKCHPOBAH.
[IponeHbTe MOSCHOW PEMEHD MITH €T0 aHAJIOT Yepe3 JAepiKaTeib KOOYpEHL.
[TosioxkuTe MHCTPYMEHT B KOOYpPY U 3aKpOIiTe €ro ¢ MOMOLIBIO KHOIKH Ha KOOype.

B nepenneii vacti KoOypsl MOTYT XpaHUTHCS JIBa CBEpIIA.

TexoOciyxuBanue

[Tepen mpoBeacHHEM MPOBEPKH WIH PAbOT MO TEXOOCITY)KMBAHHIO, BCET/Ia MPOBEPSUTE, UTO
MHCTPYMEHT BBIKJIIOUEH, a OJIOK aKKYMYJISITOPOB BBIHYT.

Hus obecnieuennss BE3OITACHOCTU u HAJIEXKHOCTHU o6GopynoBanus, peMOHT, Tr000€
JIpyroe TeXOOCITy)KHBaHHE WA PETYIHMPOBKY HEOOXOIUMO TPOU3BOAHWTH B YIOJHOMOYECHHBIX CEPBHUC-
neHTpax Makita, ¢ HCITOJIb30BaHHEM TOJIBKO CMEHHBIX YacTel mpou3BoacTBa Makita.

HpI/IHa)IJ'Ie)KHOCTI/I

Csepna

OTBepTOUHBIE OUTHI

[lecturpanubie OUTHI

PaznmynbIe THUIBI OPUTHHATIBHBIX aKKYMYJIITOPOB M 3apsIHBIX ycTpoiicTB Makita
KoOGypa

[TnacTMaccoBbIi YeMOJaH JJIsl IEPEHOCKHU

D N NI NI NN

OTU NPUHAATIEKHOCTH WIM HACATKU PEKOMEHAYETCS HCIOJb30BaTh BMECTE C MHCTPYMEHTOM
Makita, onMcaHHBIM B JAHHOM PYKOBOJCTBe. Vcmonp30oBaHHEe KaKUX-THOO APYTUX MPUHAICKHOCTEH
WJIM HACAI0K MOYKET MPEICTABIISTH OMMACHOCTh MTOJIYYCHUS TPABM.

Hcnons3yiiTe mpuHAIICKHOCTH WA HACAIKY TOJIBKO 1O YKa3aHHOMY Ha3HAUYEHUIO.

IIpakTuyeckas padora Ne 6
OdopMmieHre HOPMATHBHOM JOKYMEHTAIUM JIsi MOHTAKa.

Hean pa6oTsl MpHOOpETEHNE HABBIKOB PAOOTHI C IOKYMEHTAMH.
HopmaTuBHbIe I'oCT P 21.1101-2013 Cucrema nOpOEKTHOM JTOKYMEHTAlUUU  JUIsSt
JOKYMEHTbI ctpoutenscrBa (CIIJIC). OcHoBHBIE TpeOOBaHUS K TPOEKTHOW M padoueit

nokymeHnTaiuu (¢ IlompaBkoit)
3ananue:
1. BuumarenbHO M3YYHTE U MpOAHAIM3UPYHTE MaTepual 1o TeMe.
2. OtBeTbTe Ha BOMPOCHI (B MUCbMEHHOU (hopme):



a. [loaroroBurenbHas JOKYMEHTAIIHS.

Jlommyckatomue TOKyMEHTHI ISl BeACHHs paboT.

C. TpeboBanus kK 0OPMIICHHUIO HCIIOTHUTEIHLHON JOKYMEHTAITUH.

Jis  mpoBeneHUS OIEKTPOMOHTAXKHBIX pa0OT TIPH  CTPOUTEIICTBE HOBBIX OOBEKTOB,
KalUTaThHOM PEMOHTE W PEKOHCTPYKIIMM CTApBIX CYIIECTBYIOT CTaHAApTHBIE TpeOOBaHUS Ha
oopmieHHEe M BEICHHE JOKyMEHTAIlMH. TaKoW >Ke YTBEPXKICHHBIA IMOPSIOK IMPEIyCMOTPEH JUIs
COCTABJICHUS UCIIOJIHUTEIILHBIX aKTOB OCBHUJICTEIILCTBOBAHUS U MPHEMKH PabOT, OTIEIBHBIX yY4aCTKOB
ANEKTPOCHAOKCHHS B MH)KEHEPHBIX U TEXHUYECKUX CETSIX.

B cranpaprubix onucanusax 'OCToB u TY B coorBercTBUM ¢ 3akoHamu Denepannu Poccun BBeIeHbI
CIEAYIOLINE TEPMHUHBI:

DONEeKTPOMOHTAXKHBIE PadOThl MPOBOJAT, KAK IPAaBUJIO 3JEKTPUKAMUBHEIIHSS JOKYMEHTAIUs
co3raercd W paspalaTbiBaeTcsd OOIIMMU HMHCTUTYTaMM, HE BXOJSIIMMU B COCTaB OpraHU3alluy,
Harpumep, TEXHUYECKHE XapaKTepUCTUKH, JINTEpaTypa, CIPAaBOYHHKHY;

JIOTOBOp TOJpsfa W cyOmoapsaa ompenenser mpaBa M 00s3aTenbcTBa TEHIOJPSAIUMKA,
HOJPATYMKA M 3aKa3yMKa OTHOCUTEJIBHO BBIMOJIHEHUS MPOLIECCOB, IMOCTABKM MAaTE€PHUalOB U OIUIATHI
TPyAa;

MOHATHE JIOKYMEHTa OIpENeNsIeT KOJMYECTBO HMH(OPMAIUM, 3alMCaHHOE Ha MaTepHaIbHOM
HOCUTEJIE, COXPaHSIEMOM OpraHU3alueil WK YeJI0BEKOM JUIsl MOATBEPKACHUS! (paKTa MPOU3BOACTBEHHOMN
JeSTEIbHOCTH UJIU MPABOBBIX 0053aTEIbCTB;

JOKYMEHTAIUs] BXOJHOIO KOHTPOJIS (PUKCHPYET MpPOBEAEHUE KOHTPOJIBHOM MPOBEPKH paboueit
JIOKYMEHTAllUH, IeTaJleld, MaTepUasioB U Ap.;

UCTIOJHUTENbHBIE JOKYMEHThl KOHTPOJISI BBINOJHEHHS pPadoT COAep)kKaT COOTBETCTBYIOIINE
CBEJICHUS,

MIPOU3BOJICTBEHHAs JOKYMEHTAILUsl COACPKUT HHPOPMALUIO O XOJ€ 3JIEKTPOMOHTAXKHBIX
BOCCTAaHOBUTEJIbHBIX NPOLIECCOB;

WCIIOJIHUTENIbHBIE CXE€Mbl HM300pakal0oT OOBEKT B aKCOHOMETPUU C NMPUMEHEHHEM YCIIOBHBIX
JUHUH U rpaduyecKux U300pakeHul;

HOPMAaTUBHbIE JOKYMEHTbI, YCTAHABIIMBAIOIIME IOJOKEHUS W TpaBuia, 00s3aTeNIbHbIE IPU
CTPOUTENIBCTBE U PEKOHCTPYKLINHU DIEKTPUUYECKUX CETEH;

IIPUHLMII OTYETHOCTH 3aKJIIOYAETCS B OTBETCTBEHHOCTHM YAaCTHBIX JIMI[ WJIM OpraHM3aluil 3a
JENCTBUS NPU CTPOUTEIBCTBE U PEKOHCTPYKLIUU;

MPOTOKOJI IpEeHAa3HAYeH I 3alllCH BONPOCOB U OOCYXJIEHUI Ha cOOpaHMAX, 3aCE€HaHUAX U
COBEIL[aHUSX;

MIPUEMO-C/IaTOYHbIE JIOKYMEHTBl COJIEP)KAT HCIIOJIHUTEIbHBIE U DPa3pelIUTENIbHbIE aKThl U
IIPOTOKOJIBI.

TpeOGoBanMs K TOKYMEHTAIIMH
[ToaroroBuTeNbHAS TOKYMEHTAIUS

B cocraB 10KyMEHTOB TOJIIOTOBKM K TPOM3BOJACTBY OJIEKTPOMOHTAaXHBIX paboOT U
CTPOUTENILCTBY OOBEKTOB HUCIOJIb30BAHUS ATOMHOM SHEPTUU BXOJIAT CIEAYIOIINE Pa3elibl:

e pa3peuuTeNbHas JOKYMEHTAIHS;
® [IaKeT JOKYMEHTOB, KOTOPbIE MPEACTABISIET MOHTAXXHOE MPEANPHUATHE ISl MOATOTOBUTEIbHBIX



pabor;
® TCXHOJIOTMYECKHME M OpraHu3allOHHBIE OyMarw, KOTOpbie pa3paboTaHbl HEMOCPEICTBEHHO
WCTIOJTHUTENIbHOM MOJIPATHONM OpraHu3aIue.

CranpapTHble TpEOOBaHUS K Pa3pelIUTENbHBIM IOKyMEHTAM

Korga Bo3HHKaeT MOTPEeOHOCTh IEKTPOMOHTAXKHBIX paboTllepen HayamoM MOHTaKHBIX padoOT
OpraHu3aiysi NPUHUMAET ydYacTHEe B KOHKYPCHOM OTOOpE M MPENOCTaBIsIeT UIS 3TOT0 3aKa3YHKY
KOMIUIEKT Oymar Ha pacCMOTPEHHE, KOTOpBIH IOJTrOTABIMBACTCA B COOTBETCTBUHU C [ 'pakJaHCKUM
KogekcoM u denepalbHbIM 3aKOHOM. OTH JOKYMEHTHl OQOpMIILET MOHTa)KHas OpraHu3auus u
nepeAaeT 3aKa3uuKy WIM TeHNnoJpsauuky. IlepBoHadambHBIM SIBISETCS CBUIETENBCTBO O JOMYCKE K
OIIpe/Ie]IECHHOMY BUAY, KOTOpble MOT'YT OKa3aTh BJIMsSHHUE Ha Oe3omacHoe (PyHKIMOHUPOBAHUE IPYTUX
00BEKTOB KalTUTAJILHOTO CTPOUTEIILCTBA.

I[JIH IMOJIYUCHHUA TaKOoro CBHUACTCILCTBA MPCAIIPUATHIO HGO6XOIII/IMO UMETh JIMICH3UIK OT
IKOJIOTHYECKU-TEXHOJIOTMYECKOTO ¥ aTOMHOTO HAJ30pa IO YacTH BO3MOXKHOCTH BBITIOJIHEHUS paboT.
[ToTpebyetcst pazpenienne oT MUHHCTEPCTBA TPAXXIAHCKON 0OOPOHBI, U YPE3BBIYANHBIX MMOJIOKEHUN HA
IIPOM3BOJICTBO PAOOT IO PEMOHTY M OOCITY>KUBAHHIO CPEJICTB 00ECIIEUEHHS TOKaPHOH 0€30IacHOCTH.

Heo6xonumo momyuuts aunensuto denepanvhoit Ciy:x6bs1 Poccun Ha mpoBeaeHue paboumx
IPOILIECCOB, CBA3aHHBIX C HCIOJIb30BAHUEM CBEIEHHH rOCYJapCTBEHHON Ba)KHOCTH M COCTAaBJISIFOIUX
roCyJJapCTBEHHYIO TalHy.

[lonatoTcst JONOJIHMUTENbHBIE JIOKYMEHTBI, TaKHE€ KakK BBIIUCKA U3 PETUCTPALMOHHOIO U
rOCyJapCTBEHHOTO peecTpa U paspemenue DexepanbHoil  CaykObl, MOATBEPKAAIOIIEE IPABO
OopraHu3alyii BblAaBaTb OOIYCKH K pa60TaM, OKa3bIBarOIIMM BJIMAHUC HA OKPYXKAKOIINC OOBEKTEI.
Hannume Takux ITOKYMEHTOB IPOBEPSETCS Y MOHTA)XXHOM OpraHU3allMM BO BPEMS IPEABAPUTEIBHOU
MIPOBEPKHU IIepe]l KOHKYPCOM WX IIPU IIPOBEACHUN BHEIIHUX U BHYTPEHHUX ayIUTOPCKUX IIPOBEPOK.

I[OHYCKaIOH_[I/Ie AOKYMCHTHI I BEACHUA pa60T

Jlns Hadana mpoBeleHUss pabOT MOHTa)XHOE MPEANpUsITHEe UMEET TeHIOAPSIHBIA JOrOBOp C
3aKa34MKOM, KOTOPBI MOKET JOTOBAPHBATHCS C JPYroW CHENHaTM3MPOBAHHONW OpTraHU3aIMel Tocie
omoOpeHust 3akazuuka. [IpeampusThe, BBIPA3UBIIEE TOTOBHOCTH BBIONHSITH JJICKTPOMOHTAKHBIE
paboThI, MpeOCTaBIAET MaKeT JOKYMEHTAINH, IOATBEPIKIAIOIIEH ee CTOCOOHOCTD K IPOM3BOJICTBY:

e UMmomHauTensHass MOKYMEHTANMANIPOrpaMMy OOECTICUeHHsT KadecTBa OpraHW3aIeld Juis

PacCMOTPEHHSI 3aKa3UYUKOM, Pa3pabOTaHHYIO COTJIACHO €ro TpeOoBaHUsIM (00s13aTEIBHO IS BCEX

Y4aCTHUKOB);

® CBHJICTEIHCTBO O PETUCTpAIMH MpeanpusTus B eaepanbHO CiIyK0e paiioHa JeHCTBHUSA.
JIoKyMEHTBI POU3BOJICTBA AJIEKTPOMOHTAXKHBIX padoT

B norosope mozapsna onpenesneHbl CpoKH, B KOTOPbIE MPEANPUATHE MPETOCTABISET 3aKa3UUKy
UCTIOJIHUTENIbHYIO pabouyro JOKYMEHTALHIO:
e [IOC — npoekT opraHusanyy CTPOUTENbCTBA;
e rpaduK BHINOIHEHHS PadOT ¢ MPUBA3KOM K KaJleHIApHBIM JTaHHBIM U COTJIACOBAHHBIN C MJIAHOM
MIOCTaBOK MaTepHUajIoB U 000PYIOBAHNUS;
® I yCTaHOBKU pabouero o60pyoBaHMs TPEOYIOTCS YePTEXKH OT 3aBO/Ia U3TOTOBUTES, CXEMBI U
MOHTaKHbIE HHCTPYKLIUH, BCS TOKYMEHTALMSI IEPEBOIUTCS C MHOCTPAHHOT'O HA PYCCKUM SA3BIK.



® [epedyeHb 0CO00 CIIOKHBIX YYAaCTKOB MOHTa)ka, HAa OPraHU3alldi0 pabdOT KOTOPBIX TpeOyeTcs
3aKITI0YCHUE JIOTOBOPOB CO CIICIUATM3HUPOBAHHBIMU (PHPMaMH;

® [POCKT OpraHu3anuu paboT Ipy30I0IbEMHBIMUA aBTOMOOMIBHBIMU WIIM OallICHHBIMU KPaHaAMU;

® TEXHOJIOTMYECKHE KapThl HA OCHOBHBIC AJICKTPOMOHTAXKHBIC PaOOTHI,

® HMHCTPYKIUH 10 TEXHOJIOTUH BBITIOJIHEHUS! CBAPOYHBIX PadOT;

® UEPTEXH JJI1 MOHTaXKA M YCTaHOBKH;

® TEXHOJIOTMYECKHE KapThl JUIsi KOHTPOJISI Ka4eCTBAa MOHTAXKHBIX PadoT.
Bce paboune 1oKyMeHThI 0pOPMIISIOTCSI, TIOITUCHIBAIOTCS M COTIIACOBBIBAIOTCS B COOTBETCTBUU

C MTOPSAAKOM, IEUCTBYIOIIMM Ha MPEAIPUATHH.

KOHTpOJ’IBHaH JOKYMCHTAI M ITPOU3BOACTBA DJICKTPOMOHTAXa

JUI1 KaueCTBEHHOTO BBIIIOJHEHUS IIPOU3BOJCTBEHHBIX IPOLIECCOB IIPENYCMOTPEHBI TAKUE BUIbI
KOHTPOJIA:
® KOHTPOJIb HA BXOJIE MAaTEPUAJIOB, 000OPYI0OBAaHUS U JIeTaJIEH;
® OIEpalMOHHOE KOHTPOJIMPOBAHUE BBIJEICHHBIX ATAllOB IPOU3BOJCTBA;
® OCBUJIETEIILCTBOBAHUE IMPEIBIAYLINX 3TANOB 3JEKTPOMOHTAXKHBIX PabOT, pPe3ylbTaThl KOTOPBIX
OyIlyT CKPBITHI TIOCJIE TTPOBEACHHS TOCIEAYIOIINX OTIEPALIHii;
® pe3yJbTaThl IPOBEIACHUS UCIIBITAHUNA TEXHUYECKUX TPUOOPOB U yCTPOUCTB.

[Ipouienypa BXOAHOTO KOHTPOJIS SABJISIETCS] CTAHJAPTHOM, €CIM MHOE He npenycMoTpeHo B [1I1P,
U PErIaMEeHTHUPYIOTCSI COOTBETCTBYIOLIMM IojiokeHneM 3akazuuka CTO 95 137-13, koropoe
onpezenseT TMOpPSJAOK OCYIIECTBICHHS TPOBEPKM KayecTBa OOOpYIOBaHMS U  MaTepHalloB,
MIOCTAaBJIIEMBIX 3aKa3YMKOM MJIM T€HIOPSIAUYUKOM.

Ha ocHOBe »3THX CTaHIapTOB MOHTAXXHOE NpPEANpUSATHE pa3padaTbiBaeT COOCTBEHHYIO
MHCTPYKIIHIO, COTJIACOBAaHHYIO C 3aKa3YMKOM, YTBEPXKJICHHYIO PYKOBOJUTEIEM (UPMBI U BBEIEHHYIO B
JEICTBUE NPHUKa3oM M0 opraHusauuu. Ilo pesynpraTam IpOBEpKHM HAa BXOJE, NEPCOHAJ COCTABISAET
NPUEMOYHBIH aKT, B KOTOPOM (UKCHUpyeTcss (akT COOTBETCTBHUS HWJIM HECOOTBETCTBHUS 3asBIECHHBIM
TpeOOBAHUSIM.

Wudopmans o0 MpOBEIEHHOM ONEPAlMOHHOM KOHTPOJIC, BBINOJIHAEMOM MOHTAXHOMN
OpraHu3alyeil, ONMMUCBHIBACTCS B AaKTaX WM pEe3yJbTaTUBHBIX IPOTOKOJaxX. JlIg OmepanroHHOIO
KOHTPOJIA 3aKa3yuka NPUMEHSIOTCS JOKYMEHTbl MHCHEKIMM TOCyAapCTBEHHOro Haasopa. K
JIOKYMEHTaM OMNEPAIHOHHOTO KOHTPOJISI OTHOCSAT >KypHaJl aBTOPCKOI'O HaJ30pa, MPOKJIAJAKH Kades,
MOHTaXa KaOeJIbHBIX My(T HaNpsKEHUEM CBbIIIE | THIC. BOJIBT.

Pe3ynbraThl OCBHUIETEIBCTBOBAHMS CKPBITBIX pPabOT 3aHOCAT B AaKThl B COOTBETCTBUU C
NOJIOKEHUSAMHU TPOEKTHOW M HOpMaTuBHOW nokymeHTauumu. B CHUII paspabGoranbl crenuaibHbIe
NEPEYHU JIEKTPOMOHTAKHBIX PadOT, MOANEKAIUX AKTUPOBAHHUIO Ha CKPBITHIE paOOTHI.

HcnonmaurenbHas JAOKYMEHTAIMA KOHTPOJIA Ka4uC€CTBA JICKTPOMOHTAXKHBIX pa60T

JlokyMeHnTarusi mo paboTe 3JeKTpoMOHTakaBce »Tambl MpoBeneHUsT MHCIEKIMA U MPOBEPOK
KayecTBa BBHIMOJHEHHUS MPOW3BOJCTBEHHOTO TpoIlecca JAOKYMEHTHUPYIOTCS IPEACTaBUTEISIMHU
OPEINPUITHS WIH KypaTopaMH TeHIOApAIINKa. Bce HECOOTBETCTBUS ¢ TEXHOJIOTUYECKUMHU KapTamH,
MPUBOAAIINEC K YXYAHNICHUIO Ka4€CTBa IMPOIECCCOB, 06H3aTeHLHO 3aHOCATCA B COOTBCTCTBYIOIIUC AKTBI
Ha BCEX OdTamax »J3JIEKTPOMOHTaXHBIX pabOT, HayumHAs OT BXOJHOTO KOHTPOJS M 3aKaHYMBas
OKOHYATEJIbHOW MPUEMKOM.

[Ipn HEOOXOAMMOCTH, €CIM TEXHOJOTHYECKHE TMPOIECChl TPy0O HapyIIaTCs, Mpolecc padboT



OCTaHaBJIMBACTCA JI0 YCTPAHEHUs Henosaok. HecooTBeTCTBUA 3aHOCATCS B OOIIME WM CIIELUAJIbHBIE
JKYpHaJIbl, TaM JK€ OTPa)KaloTCs PE3yJbTaThl IEpeAeTaHHON padOThl WM 3aMEHbl HEKAYECTBEHHOI'O
000py0BaHUs U MaTEPUAJIOB.

TpeboBanwust K 0HOPMIICHUIO UCTIOTHUTEIILHOMN TIOKYMEHTAIIUN

Best mokymeHTanus oTpaxaercs Ha OyMaXKHBIX WM 3JEKTPOHHBIX HOCUTENSX M COXpPaHSAETCs
OPEINpUITHEM, BBIMOJIHSAIOUIMM MOHTaX. OdopmieHue mnpoucxoauT Ha Oymare Qopmara A4.
Pekomenayercsi 3J€KTpOHHOE OTOOpa)KeHHE JOKYMEHTOB Ui DPAa3MHOXKEHUS U Iepelaud BCEM
3aMHTEPECOBAHHBIM CTOpPOHaM. /[l HUCHOJHUTENBHBIX JOKYMEHTOB, KOTOPbIE IOJAIUCHIBAIOTCS
TFeHEpaIbHBIM HOJPSAUYMKOM WM 3aKa3YMKOM HE JOIyCKAETCs UCTIPABIECHHUS.

JIOKYMEHTBI JTOJIKHBI COZIEP>KATh MOANNUCH OTBETCTBEHHBIX JIUL], €CJIM HET ONPEIETICHHOI0 YKciia
NOJNKCEH, TO JOKYMEHTalusi cyuTaeTcsi He odopmiieHHOW. [Ipu cocTaBieHHMH MakeTa TOKYMEHTOB
00s3aTeNBbHO MPEAOCTABISIETCSA CIUCOK BXOSAIIUX B HET0 Oymar.

HcnonnurenbHas NOKyMEHTAlUs SBISETCA BaXKHBIM COIPOBOMKICHUEM 3JIEKTPOMOHTAXHBIX
paboT Mpu HOBOM CTPOUTENHCTBE, PEKOHCTPYKILIUU U KaTUTAIbHOM PEMOHTE.

IIpakTuyeckas padora Ne 7
BbI160p ¥ 3aroTOBKa MPOBO/IOB PAa3JIHYHBIX MAPOK B 3aBUCUMOCTH OT BH/I0B MOHTAa:Ka

Lean padoTsl IpUOOpETEHUE HABBIKOB padOThl C MO ONPENCIECHUI0 BUAA IMPOBOJKH,
OTIPEICTICHUIO HArPY3KU Ha AJIEKTPUUECKYIO CETh U BEIOOpA MPOBOIKH.
3aganmue:
1. HayepruTe miuaH moMemnieHus, B KOTOPOM YKaKWTE TUIaH MPOBEICHUS MPOBOJIKHU U CIOCOOBI ee
MPOKJIA/IKH.
2. CocraBbTe CIIUCOK HCIOIB3yeMOro o0opynoBaHus. PaccunrtaiiTe Harpy3Ky Ha KaXIyrO JTHHHIO
OTJZIENBLHO.

3. B cooTBeTcTBMM C JaHHBIMH BBIOEpUTE BHIBI MPOBOJOB M Kabeneil. MOKHO HCIONB30BaTh
Crpourensublie HopMbl 1 ipaBuiia CHull 3.05.06-85 "OnexkTpoTexHudyeckue yctpoiictsa'.
IIpakTuyeckas padora Ne 8
H3yuenne 1MarHocTHYECKOro 000py10BAHUS JAJISI MOHTAaKA

Hean padoTsl NpHOOpEeTEHNE HABBIKOB PA0OTHI C TOKYMEHTAMHU.
HopmaTuBHbIe I'oCT P 21.1101-2013 Cucrema nOpOEKTHOM TOKYMEHTAaUUHU  JUIS
JOKYMEHTbI ctpoutenscrBa (CIIJIC). OcHoBHBIE TpeOOBaHUS K TPOEKTHOW M padoueit

nokymeHTaiuu (¢ [TompaBkoit)
3ananue:
1. BHuUMAaTENbHO U3YYHTE U MPOAHATUZUPYUTE MaTEpUaI IO TEME.
2. CocraBbTe KpaTKHH KOHCIIEKT.
Br16op nuarnoctudyeckoro 000pya0BaHUs

3a mocneqHee MecATUIIETHE Hallla CTpaHa (a ¢ HEI W BCE Mbl) MPOILIH 3HAYUTEIBHBIA OTPE30K
ucTopuieckoro pa3sutus. Bompoc: «I'ne qoctats?» yctynui mecto apyromy - «4to BeiOpats?» U ecnu
IIPU €XKETHEBHOM TOCEIICHHH Mara3uHOB €Ileé MOXXHO MPOCTUTH ceOe HEMpaBHIBHBIA BBHIOOp - II€HA
OomMOKK HE TaK BBICOKA, TO MPU KPYITHOM MPHOOPETECHHUH OHA Bo3pacTaeT MHOrokpaTHo. [IpoGiema
BBIOOpa HEHW30€KHO BCTACT M Iepel TEeMH, KTO TOJBKO COOMpPAETCS OCHACTHUTh CBOM CEpBHUC
JIMarHOCTUYECKUM 000pYTIOBaHUEM, H TIEPEIl TEMH, KTO YK€ HAKOIHJI TICYaIbHBIA OTBIT 00T aHus «HE
TEM, 4TO HYKHO». [Ipruem BITOJTHE BEPOSTHO, YTO 3TO «HE TO, YTO HYXKHO» elie 3-4 roaa Hazaa ObLIo



BEChbMa MPOrpecCUBHOM TeXHUKOW. HO BpemeHa MeHstoTcs.

MemnsieTcss mapk OOCITy>KHMBa€MBIX aBTOMOOWJICH - JIIOIU XOTAT €3JUTh HAa 00Jiee «CBEKUX)
MalliHaX M TOKymaroT uX. He Tak JaBHO OCHOBHas 4YacTh AaBTOMOOWIICH, MOMAJaOmUX Ha
HeaBropuszoBanHsle CTO, uMena TpaAMIMOHHYIO CHUCTEMY 3aKUTaHUS C OOIIed BBICOKOBOJIBTHOU
KaTyIIKOW U MEXaHUYECKUM PacHpelIeIMTEIEM BbICOKOIO HaIPsDKEHUsS, a ceiiyac Bce OOJIblle MalluH
«MMEIOT Ha OOpTY» COBPEMEHHBIE CHCTEMBbI, PEalH3yIOIIMEe METOJAbl CTAaTHUYECKOTO pacIpeneiacHus
seprur- WSS wu DIS. Otcroma BbITEKalOT HOBBIE TpeOOBAaHHMS JaXe K YHHUBEPCAILHOMY
JTUArHOCTHYECKOMY MpPUOOpPY - MOTOp-TECTep MOJIKEH «yMETh» paboTaTh C HOBBIMH CHCTEMaMU
3a)KUTaHMUSL.

MeHsIoTCs 3apoChl KJIMEHTOB aBTOCEpBHCA. PaHble JIOIM CIIOKOWHO €3I, He oOparias
BHUMAaHHUS HA TOPSIINE HA MaHEeIU NMPHOOPOB JTAMIIOUKH, COOOIIABIINE O HEMONaaKkax B cuctemax ABS
wm Airbag. Celiyac Biamgenbibl yke 3a00TATCS O coOcTBeHHOUW Oe3omacHocTn. K Tomy ke B
COBPEMEHHBIX aBTOMOOMIIIX MHOTHE 3JICKTPOHHBIE CUCTEMBI TECHO B3aWMOCBS3aHbI, U HEHCIIPABHOCTD
OJIHUX OTpakaeTcs W Ha Apyrux. Hampumep, HeHCpaBHOCTh JaT4YMKa CKOPOCTH BPAILEHUS OJHOTO U3
KOJIEC MOXKET MOBIUATH Ha paboTocrnocoOHocTh cucteMbl ABS, antunpo6ykcoBounoit (ETC), cucremsr
ynpaenenusi nsurateneM (CY]J]) U cuctemsl ynpaBieHHS aBTOMATUYECKOM TpaHcmuccued. Muaue
TOBOPS, MOSIBUJICS CIIPOC HA YCIYTH MO JTUATHOCTUKE M PEMOHTY ATHX M JAPYTUX SJICKTPOHHBIX CHCTEM.
XoTa BBIOOp MArHOCTUYECKOTO OOOpPYAOBaHHS - BCETO JIMIIb OJWH M3 OSTAllOB CO3JaHUS I0CTa
JUArHOCTHUKM M PEMOHTA pa3JIUYHBIX CHUCTEM YIPABJICHUS, Ba)XXHOCTh €ro OYEHb 3HauMMa, U
JIETKOMBICJIEHHOE OTHOLIEHHE K HpoOjieMe YpeBaTo OIIYTHUMBIMU CIIOKHOCTAMU U TOTEPSIMH B
OyyIiem.

TpeboBanust Kk 060PYJOBAHUIO 3aBUCAT OT MHOXKECTBA (PaKTOPOB: 3aKOHOB, PETIIAMEHTUPYIOIINX
paboTy  aBTOCEpBHUCOB, (MHAHCOBBIX  BO3MOXHOCTEW  KJIMEHTa,  IPENNojaraéMoro  rnapka
00CITy’)KHBaeMbIX aBTOMOOMJIEH, HAJIMUYUS TUIATEKECIIOCOOHOTO CIpOca Ha JUATHOCTHUECKUE YCIYyTU U
T.1. U nomdac oueHuTh 3TU (HaKTOphl, a TaKXke Apyrue OOBEKTHBHBIE M CYOBEKTHUBHBIC YCIOBHUS
HAYMHAOIIEMY MPEeANPUHIMATENI0 CAaMOCTOSATEIbHO BecbMa 3aTpyaHuTensHo. Kak He ommbutscsa? Ha
yTo OoOpaliaTth OCHOBHOE BHHMaHHE, BbIOMpas AMarHocTuyeckoe obopynoBanue? HezameHHMbIMU
NOMOIIHUKAMH Ha JTOM OJTane JODKHBI CTaThb CHEIHAIUCThl, KOTOpble HE TOJBKO 3HAIOT
OTJIMYUTETIbHBIE OCOOEHHOCTH TOTO WM MHOTO OO0OpPYJIOBaHUS, HO MMEIOT OMBIT €ro NpaKTUYECKUil
JKCILTyaTaluu.

Heckonbko npakTH4ecKuX COBETOB

1. Ecnu BB cmpammBaeTe O mapameTrpax M BO3MOXKHOCTSAX JHUArHOCTUYECKOrO O0OpYIOBaHUS, a
BaM cpa3y HauMHAIOT IMpeJylaraTb KOHKPETHBIA MpUOOp M yOEkKAAI0T, UTO ITO «Camoe TO», UTO
BaM HaJ0, - €CTh MOBOJ YCOMHHUTHCS. JTO HAallOMHHAET TUAJIOT Ha PBIHKE: - BPIOKM Kakoro
pazmepa? - Hy, uto Bel cipammBaere, MmykunHa, Kak pa3 Ha Bac!

2. YHUBepcalbHBIX penieHni He ObiBaeT. ONTUMAabHOE PEUICHHE /IS BaC MOKHO HAWTH, TOJIBKO
CBSI3aB BOEJIMHO BAlllM KEIaHUSI U BO3MOXKHOCTH. XOpOIIUN MPHU3HAK - KOT/Ia BHAyYajie 3aJai0T
BOIPOCHI O 3ajlayaX, KOTOpbIe BBl Mepea coO0il CTaBUTE, a HE HAUMHAIOT Pa3roBOP C PEKJIaMbl
KaKoro-mbo «4yZecHOro» 0o0OpYJOBaHUS, CIIOCOOHOTO «OCYACTIMBHUTB» JIIOOOTO KIIMEHTA.
Hanpumep, xak Obl XOpoIl He ObUT AUIEPCKUN KOMIUIEKT, IPUMEHEHUE €r0 Ha YHUBEPCATIHHOM
aBTOCEPBHCE, IPUHUMAIOIIEM B PEMOHT Pa3IM4Hble MapKU aBTOMOOWMIIEH, Oy1eT HeONpaBAaHHO.

3. Ecnmu Bwel comHeBaeTech B CBOEH CHOCOOHOCTH OIEHHUTh (PYHKIIMOHAIbHBIE BO3MOXKHOCTH
obopynoBanus (a 3To TpeOyeT CIEeNHAIbHBIX 3HAHHWI), TO BBIOMPATH JIyYIIe C TEXHUYCCKHUM
CIIEIUATTUCTOM (IMAarHOCTOM), KOTOpPBIH OyaeT paboraTh Ha HeM. OOIIast 3aMHTEPECOBAaHHOCTH -
JBOIHAs rapaHTHs MIPaBUIIBHOTO BRIOOpA.



4. OO0sA3aTenbHO YTOUYHUTE BOIPOCHI, KACAIOIIUECS CEPBHCHOTO OOCITYKUBAHU: ONEPAaTUBHOCTh U
KaueCTBO BO3MOXXHOTO (Tby-Th(y!) TapaHTHIHOTO pEMOHTa, HMEETCS JU COOCTBCHHAS
cepBUCHas cyx0a, o0ecTrieueHHass TEXHUYECKOH JTOKyMEHTAIMEe U HEOOXOIMMBIMHU 3alTaCHBIMH
YaCTSAMH; KaKUe YCIOBHS 3aKPEIUICHBI B IOTOBOPE MOKYNKH U TAPAHTUITHOM TaJoOHE.

5. Ilocrapaiitech NOIYYUTh OT3BIBBI OT JAPYTHUX II0JIb30BaTelned HHTepecyromero Bac
oOopynoBanus. He3aBucuMbIii HMCTOYHMK HMH(OpPMaMM O KayecTBE UM HAJEXKHOCTU
o0opynoBaHus, Koropsle Bbl coOupaerech npuoOpecTH, IO3BOJIMT JaTk eMmy Ooiee
00BEKTUBHYIO OLICHKY.

6. HeoOXxoauMo BBIACHUTH IEPCIEKTUBBI MOCIENYIOIEH MOAEPHMU3ALMU - KaK 4YacTO BHOCATCS
U3MEHEHHUS U JIOTIOJHEHHUs, CKOJIbKO Oyaer ctouTh upgrade. M3BecTHwl ciaydau, korga 0es
oOellaHHON Yepe3 roj MOJEpHU3AalMU (€CTECTBEHHO, 3a JIEHbI'M), MPUOOP COBCEM IEPECTAET
paborars! CooTHomieHHEe OOBEKTUBHBIX W CYOBEKTUBHBIX (DaKTOpPOB MpPH JWArHOCTHKE B
pa3IMYHBIX aBTOCEPBUCAX MOXET O4YeHb CHIIBHO KojebOaThcs. OOBEKTUBHBIE MOTPEOHOCTH
OIIpeNeNAI0TCA, UCXO U3 MPEIoaraeMoro nepedts u 00beMoB padorT.

Hanpumep, npu oueHke paboThl MOJCHCTEMBI TOIUIMBONOJAYM HEOOXOJUM KOMIUIEKT IS
U3MepeHus JAaBieHus ToruMBa. [IpuyeM OH TOJDKEH BKIIHOYATh B ceOs ajanTephl Ul MOJIKIOYEHUS K
TEM MapkaM U MOJEISIM aBTOMOOWJIEH, KOTOpble Bbl IUIaHUpyeTe OOCIyXHBaThb. UeM MeHble
napamMeTpoB pabOThl CHCTEMBI MOXXHO OIIEHUTh MHCTPYMEHTAIBHO, TeM OoJiee BBICOKHE TPeOOBaHUs
NPEIbABISIOTCS K 3HAHUSM W OINBITY Auarsocra. [lostomy Bompoc moadopa oOopymoBaHHS HAI0
pemaTh KOMIUIEKCHO, C YYeTOM HEOOXOAWMOCTH MJOMOJHHUTEIBHOTO OOy4YeHHus. A Korja HeT
JIOCTAaTOYHOTO ONBITAa M HEOOXOAMMOTO 000PYAOBaHMS, BO3HUKAIOT MPEATIOKECHUS «IIPOOHON 3aMEHBI)
TOTO WJIM MHOTO 3JIEMEHTa CUCTEM YIpaBiieHHsI aBToMoOmwiIeM. Tonbko 3a 4el cuer OyayT OIUIauyeHBbI
HEyJaul TaKUX SKCIIEPUMEHTOB?

«IIpoGHbIE 3aMEHBI» YacTO MPAKTUKYIOTCS Ha aBTOCEpBUCAX, 0OCITYKHMBAIOIUX OT€YECTBEHHBIE
aBTOMOOWJIM U HE OCHAIIIEHHBIX HEOOXOIUMBIM KOMILIEKTOM 000pynoBanus. Kazanocek Obl, 10CTaTOYHO
UMETh Ha CKJIaJe NOJHBIA Ha0Op KOMIUIEKTYIOIIMX CHUCTEM YINpaBJIeHUs, U MpobdiemMa MOoucKa
HEHCIIPaBHOCTH pemeHa. OJHaKO J1eo yCyryOuseTcsl HeNpeaCcKa3yeMOCThI0 KauecTBa ITHX CaMBIX
KOMIUIEKTYIOIMX. TOJBKO KOMIUIEKCHOE pEIIeHHE BOMPOCAa OCHAMICHUS IO3BOJUT H30eXKaTh
CyObEeKTHBH3Ma B TPHHATUU pPEIICHWA W HEONpPaBJAaHHBIX IOTEPh, BPEMEHHBIX W (HUHAHCOBBIX.
Bcenomunaetcst ciyvaid, korga paOOTHUKH OJTHOTO U3 <OKUTYIIEBCKHX» aBTOCEPBHCOB TPH pasza IMOAPS
3aMEHSUIM Ha OJHOM W TOW JXK€ MallMHe $KOObl HEUCHpaBHBIA JsAMOa-30HA. A geno ObUIO B
HErepMETUYHOM BITYCKHOM KOJUIEKTOpE... PelleHne NpHHUMANoCch HWCKIOYUTENBHO Ha OCHOBE
cuuThiBaeMoro npu nomouu ckanepa JJCT-2M kona omuOKku U3 namsTu 6j0ka yrnpasieHus. B takux
cllydasiX HE3aMEHUM OIBIT JWArHocTa, MO3BOJSIOMMN YaCTUYHO KOMIIEHCHPOBATh OTCYTCTBHE
O0OBEKTHBHBIX JaHHBIX.

IIpakTHyeckast padora Ne 9
HN3yyeHue npaBuI MAPKUPOBKHU Ka0es s M KadeIbHBIX KU

Heab padoTsr NpUOOpETeHNE HABBIKOB PA0OTHI C JOKYMEHTAMHU.

HopMmaTuBHBIE ITYD (IIpaBuia ycrpoiicTBa 3JI€KTpOycTaHOBOK) http://nsispb.ru/pue-pravila-
AOKYMEHTbI ustroistva-elektroustanovok-7-izdanie.htmi

3aganue:

1. BHuMaTenbHO M3yUYHTE U MPOAHATNZUPYHTE MaTepHall IO TEME.
2. OtBeTbTe Ha BOMPOCHI (B MUCbMEHHOU (hopme):
a. llBeroBas MapKHpOBKa IPOBOJIOB.
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b. BykBeHHas MapKHpOBKa MPOBOJIOB.
C. He HopmupoBanHbIe BapuaHTa 0003HAYCHHS TPOBOJIOB.
I B = s

Pucynoxk 1.IIpaBuiibHas MapKUpOBKa IIPOBOJIOB

[IpaBmiibHasE MapKUpOBKa MPOBOJIOB U IIHYPOB [O3BOJISIET 3HAYMTEIBHO OOJIETYUTh MOHTaX U
PEMOHT JIOOBIX AJIEKTpUYEeCKUX ceTeil. Benp mnpaBuibHas MapKUpOBKa HE TOJIBKO OOJETYUT cam
Ipolecc MOHTaXa, HO M IO3BOJIMT BaM MJM JIOOOMY JpYyromMy 4YeJIOBEKY IPOCTO B3IVISIHYB B
pacrpeaesuTeNIbHy0 KOPOOKY, IMTOK WK Ha MPOBO/IA, OIPEIEIUTh UX Ha3HAYEHHE.

NmMeHHO 11 ATHX Lelneld MapKHUpOBKA MPOBOJIOB JOJDKHA BBIMOJIHATHCS COTJIACHO EIMHBIX
MpaBWI, KOTOpbIC MpHUBEACHBI B «bubmum» moboro smekrpuka — [IVD (IlpaBuna ycrpoiicTBa
3JIEKTPOYCTAHOBOK).

[IpaBuna MapkupOBKHM TOKOBEAYLINX YacTel cornacHo [1YD

Jlns obecriedeHust HArJIATHOCTH, IPOCTOTHI M OOJIErYeHHs] paclo3HaBaHMs OTIENIBHBIX yacTel
anekTpuueckoil cetn cormacHo 1m.1.1.30 ITYD Bce »neKkTpOycTaHOBKHM JOJKHBI MMETh OyKBEHHO-
dpoBoe U 1BEeTOBOe 0Oo3HaueHue. [lpuyeM Hanmuuue OJHOTO M3 3TUX OOO3HAYEHUH HE CHUMAET
HEOO0XO0JMMOCTh HAJIMYUS IPYTOoro.

[[BeTOBast MapKHUPOBKA MPOBOJIOB

MapKI/IpOBKa MpOBOAOB TIO HBETAM SBJISACTCA HanOoJee HarIsOHOM W TO3BOJISIET 6BICTpO
ONPCACIIUTLCA C HA3BHAYCHHUEM J11000r0 npoBoaa. Takas MapKHUpPOBKa MOXKET OBITH OCYHICCTBJICHA IYTEM
BLI60pa IMPOBOAOB € COOTBCTCTBYIOUIMM IBCTOM H3O0JIALHUU KXW, IYTECM HAHCCCHUSA KPACKH Ha IIHWHBI
HJIK 3a CUYCT OKpallWBaHUA WA IMPUMCHCHUA CIICLIMAJIbHOM IIBETHOM H30JICGHTHI B MECTaX COCIUHEHMS
KHUII.

Hpnqu KpaCka Ha MHWHBI MOXET HAHOCHUTCA HC II0 BCeH JJIMHE, a TOJIBKO B MECTax
IMOAKJIFOYCHU WJIN 110 KOHIIaM IIIHH.

enTbii ®aza "A"

Pucynok 2. O603Hauenne (pa3HbIX MPOBOIOB
Urak:



e Eciu roBopuTh O I[BETOBOM 0003HAYEHUH MPOBOJIOB U Kaleyeid, ToO HauaTh CleayeT ¢ (a3HbIX
npoBogHukoB. CormacHo 1m.1.1.30 IIYD B tpexdasHoii cetn ¢a3Hble MPOBOJHUKHU IOJIKHBI
UMETh MapKUPOBKY JKEJITHIM, 3€JICHBIM U KPAaCHBIM LIBETOM. Tak COOTBETCTBEHHO 0003HAYAIOTCS
¢aszer A, Bu C.

e UHcTpyKuus Ui OAHO(A3HOW 3IEKTPUUECKOW CeTH Mpeanojiaraer oOo3HaueHue (azHoro
IIPOBOJIA B COOTBETCTBHH C TEM I[BETOM, IIPOAOHKEHUEM KOTOpOW oHa siBisiercs. To ectb, eciu
Gda3HbIl TPOBOAHMK MOAKIIOYaeTcs K (aze «B» TpexdaszHOil ceTH, TO OH JOJDKEH HMETh
3€JICHBIN 1[BET.

B ogno(da3HOM ceTr KBapTUPBI UM IOMa BBl 3a4acTYIO HE 3HaeTe K Kako (ha3e MOAKITIOYCH BaIll
dazuerii mposos. Jlader cobmogare 'OCT BaM coBceMm HE 00s3aTENIBHO 3TO BBIACHATH. JlOCTATOYHO
0003HaunUTh (pa3HBIA MPOBOJHUK JIIOOBIM M3 MPEAIOKEHHBIX 1BETOB. Beawb mnsa omHodazHoW cetu
OCBEILIEHUSI COBEPIICHHO HE MPUHIUIHAILHO K KaKOH MMEHHO ¢a3ze MOJKIIOYEH Balll MPOBOTHUK.
Hckmiouenne cocTaBiseT TOJBKO CETh OCBEIICHHS B KOTOPOHM HCIONB3YIOTCA JBa PasHbIX (Da3HBIX
MIPOBO/IHHKA.

e UYro ke KacaeTcs HyJEBBIX MMPOBOJHHKOB, TO OHU JOJKHBI UMETh roiyOyro okpacky. [Ipuyem
[[BET HYJIEBOM KHIIbI HE 3aBUCUT OT TOro TpexdasHas, nByxdasHas u onHodazHas ceTh Mepes
BaMu. OH Bcerga 0003HauaeTCs rOJIyObIM IIBETOM.

e MapkupoBKa MPOBOJOB C MOJOCOM KENTO-3eJIEHOT0 I[BeTa 0003HAYAET 3AIIUTHBIA MPOBOJHUK.
OH noaxiroYaeTcs K KOpIyCy 3JIEKTPONpuOOpoB U obecrneunBaeT 0€30MacHOCTh OT MOPAKEHUS
AIEKTPUYECKUM TOKOM TPH MOBPEKICHUSX U30JISAIIH 3JIEKTPOOOOPYAOBAHUS.

m ) Hyneeou 3auwyumusiU npoeodHuk (PE)
m ' Hyneeou paGo4utl (N) npoeodHux
I‘i m v, CoemeueHHbIU paboyull U Hyneeou 3auummbil
npoeodHuku (PEN)
PI/ICYHOK 3. O6o3HaueHNE HYJICBBIX U 3allIUTHBIX IPOBOJHHUKOB

e Ecam wyneBoi u 3aTUTHBIN MPOBOJHUK O00BEAMHEHBI, TO coriacHo m.1.1.29 TTYD rtakas xumna
MpOBOJA JOKHA UMETh TOMyO0O OKpac C KENTO-3eJCHBIMHU IMOJIOCaMHU Ha ero KoHiax. Jla0sl
BBITIOJIHATHh TaKyH) MAapKHPOBKY CBOMMH PYKaMH JOCTAaTOYHO MPOCTO B3STh MPOBOJ TOJyOOTO
[[BETa U Ha €ro KOHIIEBBIX 3aJIeJIKaX BHITIOJIHUTH 0003HAYEHUE KPACKOW WIIM MCIOJb30BaTh IS
9TOTO I[BETHYIO U30JICHTY.

e Uro ’xe KacaeTcsi ceTel TOCTOSHHOTO TOKa, TO KPAacHBIM I[BETOM JOJDKHA O003HAYaThCA
MOJIOKUTENBHAS JKUJIa TTPOBOJIa WM IIWHBI, @ OTpUIlaTeNibHass cMHUM. [Ipu 3ToM 0003HaUYeHME
HYJICBOM M 3aIIUTHON KHUJIBI COOTBETCTBYET MAPKHUPOBKE B CETAX MIEPEMEHHOTO TOKA.

bykBeHHas MapKHpOBKa POBOJOB
Ho wmapkupoBka mpoBOmOB LBETHas He Bcerga yaoOHa. B mmTkax, pacmpeneauTeabHBIX

YCTPOMCTBAX M HA CXeMaX 3HAYUTEIHHO yJ00Hee OykBeHHOE 00o3HaueHrne. OHO JOIKHO MPUMEHSITHCS
COBMECTHO C LIBETOBBIM 0003HAaYECHUEM.



Hraxk:

BykBenHast MapkupoBKa (ha3HBIX TPOBOJOB B Tpex(a3HOM CEeTH COOTBETCTBYET HX
pasroBopHOMY 0003HaueHUIo — asza «A», «B» u «C». 1 ogHodazHo ceTH oOHa 10JKHA OBITh
TaKOM ke, HO 3TO JaJeKo He Bcerjaa ynoOHo. Tem Gosee UTO JOCTOBEPHO ONpPENENUTh Kakas
UMEHHO (a3a He BcerJa Bo3MOXKHO. I1oaToMy yacTo UCIIoNb3yt0T 0003HaueHue «Ly.

[Tynkr 1.1.31 ITYD HOpMHpYyET HE TOIBKO OYKBEHHO-LIBETOBOE 0003HAUYEHUE MPOBOJHUKOB, HO
U UX pacnosoxenue. Tak ans Tpex¢dazHoi ceTH IpHU BEPTUKAIBHOM pacloOKEeHUHU MUH (a3a
«A» nmomxHa OBITh caMOil BepxHed, a (a3a «C» HWKHEH. A TpPH TOPU3OHTAIBHOM
pacIioo’)KeHNH TPOBOJHHUKOB OJIDKaiImas K BaM JObKHA ObITh (aza «C», a Hamboiee
ynaneHnHas gasza «Ay.

Ecnu BbIMoNIHSAETCST MAapKUPOBKA IMPOBOJOB B HIMTKE, TO MOA CUMBOJIOM «N» 0003HadaroT
HYJIEBOU IPOBOJ.

Jlia 0003HaueHMUs 3alIMTHOTO IPOBOJAA NMPUMEHAIOT OykBeHHoe oOo3HaueHue «PEx». Kpome
TOr0, JOCTATOYHO YacTO MPUMEHSETCS 3HAK 3a3eMJICHMs, HO JIeJ0 B TOM, YTO OH HE Bcerja
MO’KET TOYHO yKa3aTh HA CXEMY CETH.

+ mn

3azemMneHue 3aseMreHue Ha

Kopnyc (Maccy)

Pucynoxk 4. 3nak 3a3emiieHus

Jleno B ToM, 4TO BBl MOXeTe BCTpeTuTh oOo3HaueHue «PEN». OHO 0003HauaeT coBMellleHHe
HYJIEBOTO W 3al[UTHOTO MPOBOJHHMKA. DTO BO3MOXHO B cucteMaXx TN-C-S 0 KOTOpPBIX MBI
TOBOPHWJIM B OJHOM U3 MPEIBIAYIIUX HAIIIUX CTaTEN.

A BOT MapKHpOBKa MPOBOJIOB AJIEKTPUUYECKUX MOCTOSHHOIO TOKA BBINOJIHAETCS CUMBOJIM3MaMU
«t» 1 «-—». UTO COOTBETCTBEHHO 0003HAYAET MOJOKUTEIBHBIN M OTPUIIATENbHBIN TPOBOA. [ist
MOCTOSTHHOTO TOKa €CTh elle oJHO oTinuue. Hynesas xuia 0003HagaeTcs CUMBOIIOM «M»», 4TO
WHOTJIa BBOJIUT B 3201y KICHUE.

MonoxutenbHbiit nontoc (+)

ronyboit Hynesas paboyas (M)

Pucynoxk 5. MapkupoBKka B CETH TOCTOSSHHOTO TOKa

He nHopMupoBanHble BapuaHThl 0003HaYeHHsI IPOBOJIOB

Ho k coxanenuio MapKUpOBKa IIPOBOJOB (basa HOJIb, 3a3€MJICHHUEC JOaJICKO HE BCErJa

BBITIOJTHSIETCS coraiacHO HOpM [TV 3. YacTo MOKHO BCTpeTuTh 1 Apyrue o0o3HaueHus. OCoOOEHHO 4acTo

3TO KacaeTcs CTapbIX CXeM, 3JIEKTPOOOOpYJOBaHHUS, a TaKKe HEKOTOPBIX HOBBIX YCTPOWCTB HeE
CepTU(HUIMPOBAHHBIX MPOU3BOAUTEICH.

W nabbl oHM HE BBeNHW Bac B 3a0iyXJIeHHE JaBaiiTe pacCMOTpUM Hanbojee pacpoCTpaHEHHBIE



BapHaHTBHI.

Homnw

JIOCTaTOYHO YacTO Ha CTapbIX €IIe COBETCKUX CXEMaxX MOXKHO BCTPETUTh CUMBOJIBI «D» min
«D1ly», «D2» u «DP3». PacmmdppoBka gaHHOTO O0O03HAUEHHUS JOCTATOYHO MPOCTAa — 3TO
obo3Hauaer (aza. Ilpuuem cuMBOa 03 OyKBEHHOTO OOO3HAYCHMSI TPUMEHSETCS IS
onHoGa3HOH ceTH, a ¢ OYKBEHHBIX JJIsl TpeX(pa3HOM.

Ha HOBBIX cxemMax MOYKHO BCTpeTuUTh obo3HaueHue «L» umm coorBercTBeHHO «L1», «L2» 1
«L3». Tak 3apyOexHble MPOU3BOAUTENN YacTo 0003HayaroT (pazy. Uto kacaercs 1uGpOBHIX
0003HaueHMH, TO 37eCh JACUCTBYET TO K€ MpaBWiIO — 0e3 Hmudpbl A oAHOpA3HOU CETH, C
i pamu 1 TpexazHou.

st onHodasnoit cetn obo3nauenne «dy» unu «Ly 0003Ha4aI0T HE MPUHIMITHATBHOCTD YETKOTO
coomonennst (a3. To ectb BBl MOXeTe NOAKIIOYHTH J0OyI0 ¢azy. To ke kacaercs u
TpexdazHoi cetn ¢ UppoBEIM 0003HaueHUeM. Eciu ke mmeercs o6o3HaueHue «Day, « DBy,
«Dcy» nmm ««Lay, «LBy», «Ley, To codmonenue yepenoBanus a3 00s13aTeabHO.

MapkupoBKa IpOBOJIOB B IIUTAaX MOXKET coJep:kaTh cUMBOI «0». DTO 0003HauUE€HUE HYJIEBOTO
IIPOBOJIA JIOCTATOYHO YacTO MCHOJIB3YIOT IO CE€Hl JeHb KaKk B CXeéMaX, Tak U B 0003HAYEHUU
BBIBOJIOB Ha 00OPYIOBaHHH.

Daza 1 Dazsa 2

Jlammoukn

Pucynoxk 6. Ilpumep HecTaHAapTHOTO 0003HAYEHHS HA CXEMax

Jl1st 0603HaYeHUs 3aIUTHOTO MTPOBO/IA YACTO UCTIOIB3YETCS CUMBOJI 3a3€MJICHUS, O KOTOPOM MBI
yke ToBOpuiu Bble. OOBIYHO €ro MNPUMEHSIOT AN O00O3HAUEHUsT MecTa MOIKIIOYSHHS
3aIUTHOTO MTPOBOJIA BBHIMTOJIHEHHBIX IO cUcTeMe oTiimuHOoU oT TN-C-S.

MapkupoBKa IpOBOJOB IIHUTKA MOCTOSHHOTO TOKAa MOYKET COAEpkKaTh CUMBOJIBI «L+» u «L—».
JlanHplif  cMMBOJBI 00O3HAYAIOT COOTBETCTBEHHO TOJOKUTENBHBIH U  OTPUIATENBHBIH
MIPOBOJIHUK M HE JIOJDKHBI BBOJUTH Bac B 3a0JTyKJICHHE.

LJIs1 OLHODA3HOM LJisa TpéxdasHou
cetu (220B): ceru (380 B):
(S=" EEC = Il
= - o °- - pasa o2

/Z A — dasza Ne3

/" — 3a3eMJIeHue O—— @
X - o
&
y — 3a3emMiicnue
€ [IxoJsa BNEKTPHXOBR P
BriBon

[IpaBuibHass MapKUpPOBKaA MPOBOJOB MO IBETY U 0003HAUYEHHIO CIIOCOOHA BO MHOTOM OOJIErYUTh



HE TOJBKO MOHTaX, HO U IOCIEAyIollee OOCITyKMBAaHHE IEKTPOYyCTaHOBOK. Tem Oosiee 4TO Ii€Ha
BBITIOJIHEHHUST TPeOOBaHMN IO MapKHPOBKE KpailHE HM3Ka, a TpeOOBaHUS HE TaK YK CIOXHBI K
ucnonHeHuto. [1osToMy eciii BBl XOTHTE BCE CHIENATh «I0 YMY» U OOJErduTh cede ke AaTbHEUIIyIo
HKCIUTyaTaIMIO Balllei SJIEKTPUUECKOM CETH COBETYEeM BaM COOIIOATh JaHHBIE HOPMBI.

IpakTnyeckas padora Ne 10
CocTaBJjieHHe aJITOPUTMa NPOBEPKU PadOTOCIOCOOHOCTH Kabde st

Iesab padoThI IprOOpPETCHNE HABBIKOB PabOTHI C IOKYMEHTAMH.

HopmaTtuBHbIe ITYD (IIpaBuia ycrpoiicTBa 3J€KTpOycTaHOBOK) http://nsispb.ru/pue-pravila-
JOKYMEHTbI ustroistva-elektroustanovok-7-izdanie.html

3aganue:

1. BuuMmarenbHO U3YYHTE U MpOAHAIM3UPYUTE MaTepUal 1Mo TeMe.

2. Hcnonb3ys TOKyMEHTALMIO COCTaBbTE aJITOPUTM MTPOBEPKU PabOTOCIIOCOOHOCTH Kadels.
IIpakTHyeckas padora Ne 11
CocraBJjieHHe aJIrOpUTMA NPOBEICHUS PACIINBKHU MPOBOI0B

Hean pa6oThl npuoOpeTeHne HaBBIKOB PaOOTHI C IOKYMEHTAMH.

HopMmaTuBHbBIE ITYD (IlpaBuia ycTpoiicTBa 3JIeKTpOycTaHOBOK) http://nsispb.ru/pue-pravila-
JOKYMEHTbI ustroistva-elektroustanovok-7-izdanie.html

3ananue:

1. BHumartenbHO U3y4yHTEe U MPOAHAIUZUPYHTE MaTEpUal Mo TEME.

2. Hcnonp3ys JOKyMEHTAIMIO COCTaBbTE aJlTOPUTM MPOBEJCHUS PACIIMBKY IIPOBO/IOB.
IIpakTyeckas padora Ne 12
CocrasiieHHe a1rOpuTMAa MOHTAKA TPYOHBIX NIPOBOJOK B CHCTEMaX KOHTPOJIs

Hean pa6oThl npuoOpeTeHne HaBBIKOB Pa0OTHI C IOKYMEHTaMH.

HopMmaTuBHbBIE ITYD (IlpaBuia ycTpoiicTBa 3JIeKTpOycTaHOBOK) http://nsispb.ru/pue-pravila-
JOKYMEHThI ustroistva-elektroustanovok-7-izdanie.html

3ananmue:

1. BHumartenbHO U3y4yHTE U MPOAHAIUZUPYHTE MaTepuall 1o TEMe.
2. Hcnonp3ys MOKYMEHTALMIO COCTaBbTE aJIrOPUTM MOHTa)Xka TPYOHBIX INPOBOJOK B CHCTEMax
KOHTPOJISL.
IIpakTuyeckas padora Ne 13
CocraBiieHue aJIroOpuTMAa NANKM U JIy:KeHUs IPOBOI0B
Heab padoTtsl proOpeTeHne HaBBIKOB PabOThI ¢ OhopMIIEHHEM TOKYMEHTOB.

3amanue:
1. CocraBbTe HHCTPYKIITMOHHYIO KapTy BHITIOTHEHHUS Ty>KEHUSI TPOBOJIOB.

2. CocraBbTe HHCTPYKIIMOHHYIO KapTy BBIIIOJIHCHUA MMalK1 HECKOJIbKUX IIpOBOIOB.

1a0/10H HHCTPYKUMOHHOM KapThI:

No Conepxanue BeIMOJIHEHMsI | OOopyoBaHuMeE, Marepuaibl
orepaluy | onepanuu MPUCTIOCOOICHHUS,
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UHCTPYMEHT

IIpakTyeckas padora Ne 14
CocrapiieHue aJITOpUTMa CBAPKH NIPOBO/I0B

Hean pa6oTsl PHOOpPETEHNE HABBIKOB PA0OTHI C IOKYMEHTAMHU.
3aganue:
1. CoctaBbTe HHCTPYKIIMOHHYIO KapTy BBIOJIHEHUSI CBAPKH ITPOBOJIOB.

126,10H HHCTPYKUMOHHON KAPTHI:

Ne Conepxanue BbinosHeHust | O0opyaoBaHue, Marepuaist
Ollepaluu | OIepalnuu IPUCIIOCOOICHHUS,
UHCTPYMEHT

IIpakTyeckas padora Ne 15
H3y4eHne npaBu/I MOHTAKA 3JIEKTPHYECKHX MPOBOIOK CHCTEM aBTOMATH3ALUH

eas padoTsl MoHTaX BOJIOKOHHO-ONTUYECKUX ITPOBOAOK.
HopmaTtuBHbIe ITYD (IlpaBuna yctpoiicTBa 35eKTpoycTaHoBoK) http://nsispb.ru/pue-pravila-
JOKYMEHThI ustroistva-elektroustanovok-7-izdanie.html
3aganue:
1. BuumarenbHO M3Yy4MTE U MpOAHAIU3UPYITE MaTepHal Mo TEME.
2. BBINOJMHUTH KOHCHEKT TEOPETUYECKOro MaTepuana MO MOHTaXy BOJOKOHHO-ONTHUYECKHX
IIPOBOJOK U HAYEPTUTh CXEMBI pUcC. 1, 2, 3 u 4.
3. O3HAaKOMHUTbCA C TEXHOJIOTHEH CBapKW BOJIOKOHHO-ONTHYECKMX MPOBOJOK C IOMOIIBIO
komriekta KCC-111.
4. VI3y4nuTh TEXHOJIOTHIO MOHTaXa COETMHUTENBHON My ()ThI BOJJOKOHHO-OIITHYECKOTIO Ka0es.
5. OtBeTrbTe Ha BOMPOCHI (B MUCbMEHHOU (hopme):
a. Yro takoe BOJIC u BOCII u rae onn npuMeHstorcs?
b. Kak ycTpoeH BOJIOKOHHBIH CBETOBO/?
c. IlpuBenute mpuMepsl TUIIOB U MapOK ONTHYECKUX Kabemneil.
d. Kaxk onpeznensiercst Koo PUIMEHT 3aTyXaHUsl ONTUYECKOTO Kadems?
e. HazoBute criocoObl MpOKIaIKU ONITHYECKUX Kalenel.
f. Ha3zoBute BUABI COSAMHEHHS ONITHYECKOTO KaOEIIs.
g. Pacckaxure o MeToz€e 3IEKTPOAYTOBOM CBAPKH BOJIOKOH ONTUYECKOT0O KaOes.
h. W3 xkakux OCHOBHBIX COCTABHBIX YacTeil COCTOMT KOMIUIEKT it cBapku KCC-1?

Kak coenunsitorcs ontudeckre kabemu ¢ moMouso Mmypr?
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l. Knaccudukanmst 3meKTpudecKux mpoBOIOK

DONEKTPUUECKUMHU MPOBOJKAMU Ha3bIBalOT COBOKYIIHOCTb IIPOJIOKEHHBIX M 3aKPEIJICHHBIX Ha
JJIEMEHTAX 3JaHUN, COOPY)KEHUH WIIM Ha TEXHOJIIOTMYECKOM OO0OpYyIOBaHMU Kalesel W MPOBOJIOB C
OTHOCSAILIUMHCA K HHUM COCTUHHUTEIBHBIMH MY(TaMH, KOHLEBBIMU 33J€JKaMH, COCAMHUTEILHBIMU U
IPOTSKHBIMU KOPOOKaMU, KPETIJICHUSIMHU, MOIEP>KUBAIOIIMMU U 3aIIUTHBIMU KOHCTPYKIIMSIMH.

[Tox kabeneM moHUMarOT OHY (WK 0oJiee) U30JMPOBAHHYIO JKUITY, 3aKITIOYCHHYIO B 000JI0UKY,
MOBEpX KOTOPOM B 3aBUCMMOCTM OT YCJIOBHM MPOKJIAAKA M OKCIUTyaTallud MOXeT ObITh
COOTBETCTBYIOIIIEE 3alUTHOE MOKPHITHE, B TOM 4uucie u OpoHsa. I[IpoBom coctouT wu3 onxHOM
HEH30JMPOBAHHON MM OAHOH (M OoJiee) M30JMPOBAHHOM >KUJIBbI, TIOBEPX KOTOPHIX MOTYT HaXOAMTHCS
HeMeTaJTnuecKasi 00071049Ka, 0OMOTKA U OIJIETKA BOJIOKHUCTHIMUA MaTepHajaMH WA TPOBOJIOKOM

B 3aBucuMocTH OT MecTa MPOKJIAIKA U YCJIOBUN SKCILIyaTallUd 3JIEKTPUUYECKUE IPOBOAKU
NOJIpa3/eliAoT Ha BHYTPEHHHUE U HAPY’KHBIE, a 110 CII0cO0y BBIIOJHEHUS — Ha OTKPBITHIE U CKPBITHIE.
CKpBbITBIE DIIEKTPUYECKUE MPOBOJIKU (Kabesn) MOTYT OBITh IPOJIOKEHBI B 3eMIIE.

DNeKTpUYecKue MPOBOJKH MEPEMEHHOTO U TOCTOSIHHOTO TOKA BBIMOJHSIOT IMPH MOMOIIA
MIPOBOJIOB WJIH Kabesel ¢ M301MpOBaHHBIMU ATIOMHUHHEBBIMU, METHBIMH UITH AJTFOMOMEIHBIMU SKUIIAMHU.

[IpoBoaa u kabenu ¢ MEAHBIMU KUIIAMU TPUMEHSIOT TOJIBKO B CIEAYIOIIUX CIydasx:

1) B emsix TepmMonpeoOpa3oBaTesieii COMPOTUBIICHHUS M TEPMOICKTPUIECKUX MPEeoOpa3oBaTeIie;

2) B uensx (U3MEpEHHUs, YIpaBJIEHUs, NUTAHUS, CUTHAJIU3aLUMU U Jp.) HampsbkeHueM o 60 B mpu
IUIOLIA/IA CEUYEHUs KW IPOBOAOB U Kabenei 10 0,75 MM2 (quametp a0 1 Mm);

3) Ans 3JIEKTPONPOBOJOK CHUCTEM aBTOMAaTH3alMM TEXHOJOTMYECKUX IPOLECCOB 3JIEKTPOCTAHIMM ¢
reHepatopamMu MomHocTeio Oonmee 100 MBT (anms »1meKTpompoBOIOK CHCTEM aBTOMAaTH3aIl[UU
XMUMBOJOOYUCTKH, OYHMCTHBIX, MHKEHEPHO-OBITOBBIX M BCIIOMOTAaTEIbHBIX COOPYXEHHUH, KOTEIbHBIX
clleflyeT MPUMEHATh KabelnH U MPOBOA TOIBKO C AIFOMUHUEBBIMH JKUIJIAMH );

4) BO B3pBHIBOOIMACHBIX YCTAaHOBKaX (B 30Hax kyaccoB B-1 u B-1a);

5) B ycTaHOBKaX, MOABEPKEHHBIX BUOpALINY;

6) I 3JEKTPONPOBOAOK CUCTEM aBTOMAaTHU3alMHM 3PEIMILHBIX NPEINpUSITUN, CTYAMH paauo- u
TEJELIEHTPOB (HallpuMep, CUCTEM KOHAULIMOHUPOBAHUS BO3/yXa U T. I1.), IPOKJIAJAbIBAEMBIX Ha CIIEHE, B
TEXHUUYECKUX allapaTHbIX, YepJauyHbIX TOMEIEHUAX, B IPOCTPAHCTBE HaJ| OTOJKOM U HaJl OJIBECHBIM
MOTOJIKOM 3puTenbHOro 3ana Ha 800 mect u 6oee;

7) AN AIEKTPONPOBOJIOK CHUCTEM aBTOMATH3allMM B KapTUHHBIX raje—pesx, OMOiIMoTekax, apxuBax U
Ap-;

8) AN OTKPBITBIX IMPOBOJOK CHUCTEM AaBTOMATH3allMM B YEpJayHBIX MOMELIEHUSAX CO CropacMbIMU
KOHCTPYKLHUSMH.

B ocTanbHbIX ycTaHOBKax M MPOU3BOJCTBAX NMPUMEHSIOT MPOBOJA U Kabenu ¢ allOMUHHEBBIMU
WIM aTFOMOMEIHBIMU JKUJIaMH, 32 UCKIIOYEHHEM OT/AEIbHBIX YCTaHOBOK, MPOM3BOACTB U YHUKAJIbHBIX
COOPYXKEHHI, 1151 KOTOPBIX BHIOOP MaTepuala >Kujl IPOBOJOB U Kabeneil onpeaensercs: cueualbHbIMU
TpeOOBAHUSIMHU.

ITpoBona u kabenu

JUist 3IEKTPUYECKUX TPOBOAOK, JUIsl MPOBOJOK K MpUOOpaM M CpPEIACTBaM aBTOMAaTH3allUU
NPUMEHSIOT YCTaHOBOUHBIE MTPOBOJIA, TEPMOAIIEKTPOIHBIE IPOBOJA M KAOEIH, CUIIOBbIE U KOHTPOJIbHBIE
Ka0enu.

YcraHoBOYHBIE TPOBOAA

[Ipn MoOHTa)ke B3JEKTPUYECKUX MPOBOJOK MPHUMEHSIOT YCTAHOBOYHBIE MPOBOJAA CIETYIOIIUX
MapoK:

[TPH —oHOXUIBHBIN ¢ METHOM JKUIIOH, C PE3MHOBOW M30JISIIUEH, B HETOPIOYEH PE3MHOBON 000JI0UKE;



AIIPH —To e, HO ¢ allOMHHHEBO JKHIIOM;
ITIPTH —Tto0 k€, HO ¢ THOKOM MEIHOM KUJIOM;
[TPTO —MHOTOXUIBHBIM U OJHOKUIBHBIN C MEIHBIMU XKUJIaMH, C PE3MHOBOW U30JIALIUEH, B OIUICTKE;
AIIPTO —To0 e, HO C aJIOMUHHEBON KUJIOMH;
[1B-1 —0HOXWIbHBINA ¢ MEAHOM KUJION B MOJUBUHWIXJIOPUIHONU U30JISLIUN;
AIIB —To0 e, HO ¢ alIFOMHIHHUEBOM KHJIOM;
I1B-2, IIB-3 u IIB-4 —CcOOTBETCTBEHHO C MEOHON I'MOKOM, MOBBIIIEHHONH T'MOKOCTH U 0C000 T'MOKOI
JKAJION B MOJMBUHUIIXJIOPUIHON U30JIALINY;
AMIIB—01HOXUIBHBIN C aTFOMOMEIHOM KUJI0M B MOJTUBUHWIXJIOPUIHON U30JISALIHH.

VYcraHoBoYHbBIE TPOBOJIA MPUMEHSIIOT B COOTBETCTBUH C MPOEKTAMH B 3aBUCUMOCTH OT YCJIOBUH
UX TpOKIaIKku. B ycnoBusix o0pazoBaHUsi KOHICHCATa WCIOJB3YIOT YCTAaHOBOYHBIE TIPOBOJAA B
MOJIMBUHWIXJIOPUAHON WIIM CTOMKOMW K BJIare U30JIALUY.
TepmoanexTpoaHsle IPOBOIA

[IpenHa3HaudeHbl 1711 COCAMHEHUSI TEPMOICKTPUUECKUX TEPMOMETPOB C MTOTEHIIMOMETPAMU WU
MUJUTUBOJIBTMETPAMH (ISl OTHECEHUSI CBOOOAHBIX KOHIIOB TEPMOAJIEKTPUYECKOTO TEPMOMETPA B 30HY C
MOCTOSTHHOM Temnepatypoil). Kaxxaoi nmape kw1 npucBanBaeTcsi OyKBeHHOE 0003HAUEHUE, a KaXIOMY
IIPOBOJIHUKY MPUJAIOT ONPEACICHHYIO PACLUBETKY, Il YErO MCIONb3YIOT OIUIETKY M3 LIBETHOW MpPSKU
WM [IBETHBIC OTIO3HABATEIILHBIC HUTH, MIPOJIOKCHHBIC B MPOBO/IE HITH Kadelre.

B 0cHOBHOM MIPUMEHSIOT TEPMOIIICKTPOIHBIE MPOBOIA CAEAYIOIINX MAPOK:
[ITB — ¢ NONMBUHMIXJIOPUIHOW H3OJSILMEH, ¢ CEYEHHUEM KWIbl 2,5 MM2; NPUMEHSIOT B CBIPBIX U
CYyXHX TTOMEIICHHSIX U B MECTAX, TJI€ BO3MOXKHO BO3/JICHCTBUE XUMHUYECKUX PEAreHTOB;
[ITITB — rubkuii ¢ NMOJUBUHWIXJIOPUIHOW H30JsALIMCH, ¢ cedyeHueM >kwi 1; 1,5; 1,8 wmm 2,5 mm;
MPUMEHSIOT B MECTax, I/ie TpeOyeTcs MOBBIIIEHHAs THOKOCTb;
[ITBII —c nonuMBUHUIXJIOPUIHON U3OJISIIUEN B OIUIETKE U3 CTAIBHBIX MPOBOJIOK, C CEUEHUEM KUJIbI |
MM2; IPUMEHSIOT AJI BCEX BUJIOB MPOKJIAAKH MPU HEOOXOAUMOCTH dKPaHUPOBAHUSA. |
Cunossle kabenu. [Ipu mpokianke CUIOBBIX JHHH W TPUMEHSIOT ABYX- M TPEXKHUIbHBIE CHUIIOBBIE
Ka0enu ¢ pe3MHOBOM M30JIAIIMEH U C CEUeHUEM MeIHBIX Kui 1; 1,5 u 2,5 Mm2, a amoMuHUEBBIX —2,5 U
4 mm2. Kabenu GoNbIINX CEUSHUM UCTIONB3YIOT PEIKO.

Haubonee yacTo mpuMEHSIOT CUIIOBBIE KaOENU CIEAYIOMINX MapOK:
BPI' —c meaHbpIMH JKUTTaMU B TTOJTMBUHUIXJIOPUIHON 000JI0UKE;
ABPI" —T0 ke, ¢ aTlOMMHUEBBIMH JKUJIAMH;
BPb—c MeaHbpIMU KWJIaMU B MOJHUBUHWIXJIOPUIHOW 000JI0YKE, OPOHHUPOBAHHOW NIBYyMSI CTaJIbHBIMHU
JIEHTaMHU, C 3alIUTHBIM HAPYKHBIM CIIOEM;
ABPB —T0 ke, ¢ aTtOMUHUCBBIMH JKHJIAMH;
HPT'—c menHbIMM XuaMH B pe3MHOBOM (HalipUTOBOI) HETOprouel 000JI0UKeE;
AHPI" —Tt0 %e, ¢ aTlOMUHAECBBIMH KUJIAMU,
HPB —c meanbIMu xui1aMu B pe3MHOBOH (HalipuTOBOI) Heroprouei 0060104Ke, OpOHUPOBAHHON TBYMSI
CTaJIbHBIMH JICHTAMH, C 3aIIUTHBIM HAPY>KHBIM CIIOEM;
AHPB —T10 ke, ¢ alIOMUHUEBBIMU JKHJIAMHU.
KoHnTponbHble Kabenu

[IpennasnaueHsl 171 MPUCOSAMHEHHS K AJICKTPUYECKUM MPUOOpaM, ammaparaMm u CpecTBam
aBTOMaTHU3allMid ¢ HOMUHAJIbHBIM HanpsbkeHuem a0 400 B nepemennoro u 440 B mocTosiHHOTO TOKa.
Kontponbapie kabemn umeroT oT 4 mo 37 kun ceuenwem 0,75... 6 mm2 (memsbie) u 2,5... 6 Mmm2
(aIFOMUHUEBEIE).

Kabenu ynpaBnenus, npeaHazHauyeHHBIE IS IIETICH yIpaBieHUs, KOHTPOJIS ¥ HH(POPMAIINH,
M3TOTOBIISIIOT C MEIHBIMU JKWJIAMU C PE3UHOBOM, MOJUATUICHOBOMW, MOJMBUHWIXJIOPUIHOW WIH



BBICOKO-HArpeBOCTOMKON H30JsIIIMell u3 (roporiacTta Wid KpeMHUHOpPTaHWYecKol pe3uHbl. Kabemn
ynpasieHusi umeroT ot 4 10 115 xun ceuenuem 0,35... ,5 mm2. Haubonee yacTo mpuUMEHSIOT Kabenu
YIPaBJICHUS CIEIYIOUIUX MapOK:
KIIB—c 01HOTIPOBOJIOYHBIMY JKHWJIAMHU B TIOJMBUHMIIXJIOPUAHON 000JI0UKeE;
KVYIIB —c HeakpaHUpOBaHHBIMU JKUJIaMU B IIOJIMBUHWIXJIOPUIHONW 000JI0UKE;
KVIIB-IT —Tto0 e, B OIJIeTKE CTaJIbHBIMU OLIMHKOBAHHBIMHU IMPOBOJIOKAMU;
KVYIIP—-8 pe3uHoBo#t 0005104Ke C HEIKPAHUPOBAHHBIMH, YACTHYHO HJIM MOJHOCTHIO IKPAHUPOBAHHBIMU
KUJIAMU;
KVYIIP-IT —Tto0 %€, B OIJIETKE CTaIbHBIMUA OLIMHKOBAHHBIMU ITPOBOJIOKAMH.

1. Bo0JI0OKOHHO-ONTUYECKHE JINHUU CBSI3U

[[Iupokoe pa3zBuTHE B MOCIEIHUE TOABI CUCTEM YIIPABJICHUS U CBSI3U IPUBENIO K pa3paboTke U
CO3/IaHUIO TPHHIUIHUAIGHO HOBBIX CHCTEM Iepenadd IudpoBoi wuHOpMANMM, OCHOBAaHHBIX Ha
NPUMEHEHUU BOJOKOHHO-onTHueckux nuHui cBsizu (BOJIC); B cucremax aBTO"MaTHU3allH TakKue
JUHUM HAa3bIBAIOT BOJIOKOHHO-onTHYeckuMu cucremamu nepenaun (BOCII). Cxematnuno paboty
BOCII MO0XHO HpencTaBUTh CIEAYIOIUM 00pa3oM: JAaT4YUK — MpeoOpa3oBaTelb AIIEKTPUUYECKUX
CUTHAJIOB B ONTUYECKHE — ONTHUYECKHI KaOelb — MPUEMHHK U3IIy4EeHUs —YCTPOUCTBO OTOOpaKEHUS
UHpOpMaLINH.

OCHOBHBIM JJIECMEHTOM OITHYECKOTO Kalelsi SIBJISETCS BOJIOKOHHBIN cBeToBOn (puc.l, a).
YCTpolcTBO BOJOKOHHOIO CBETOBOJA U CXE€MA PACIPOCTPAHEHUS JIyYEH YEpe3 HEro IMPE/ICTABIEHbI Ha
cxeme puc.1, 6.
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Pucynox 1. KoHCTpykTHMBHas cxemMa BOJIOKOHHO-ONTHYECKOIO CBETOBOAA (a) M cXema
MPOXOXKJICHUSI JTyder uepe3 cBeToBoj (0)
1 — BTOpHYHOE MOJIMMEPHOE YIPOUHSIOIIEe MOKPHITHE; 2 — CUIIMKOHOBBIN Oy(depHbIil feMndupyrommii
CJIOW; 3 — CWJIMKOHOBOE IEPBUYHOE 3AIIUTHOE MOKPBITHE; 4 — BOJOKOHHO-ONITHYECKUN CBETOBOJ; 5 —
oTpakaromas 000JI0YKa CBETOBO/Ia; 6 — OTpaKaOIIHI CIIOW CBETOBOJIA; 7 — CEPAIIEBUHA CBETOBOA; 8 —
U3ITy4aTellb.

Onrtuyeckuii kabenb (puc. 2) MOXKET COCTOATH W3 OJHOTO HJIM HECKOJBKHX ONTHYECKUX
BOJIOKOH, O0BbEMHEHHBIX B OOIIYI0 KOHCTPYKIIHUIO.
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Pucynoxk 2. KoHCTpyKIUsl ONTHYECKOTO Kabens (2 — 0IHOBOJIOKOHHOTO; 0- YETHIPEXBOJIOKOHHOTO)

1- 3alliiuTHasA I10JIM3THIICHOBAsA 060.]10‘11(3; 2 - YOpOUHAKOIIAass HUTh, 3 — onThYecKui MOAYJb,
4 — 3alllUTHas I10JIUMEpHAA pr61<a OIITUYCCKOI'0 MOIYJIA, 5 — ,HGMH(bI/Ip}IIOH_II/Ie JJIaCTHUYHBIC HHTH,
6 - BOJIOKOHHO-ONTHYECKUN CBCTOBOJ C IIOKPBITHCM, 7 — CKpPCILIAIOIIas HOJ'II/IB(bI/IpHaH JICHTA,

8 — pa3menuTeNbHbIN (3AMONHSIIONINI) MOIYJIb; 9 — MoMMMepHas 000JI0YKa Pa3eIUTEILHOTO MOIYJIS;
10 - ympoyHSIOIIME HUTH pa3IeNuTeNbHOr0 Monyis; 11 — cuioBoit mMomyns; 12 — monmMepHas
000J109Ka CUJIOBOTO MOAYJIS; 13 - yIpOYHSIONIME HUTH CUIIOBOTO MOJTYJISI

CBolicTBa ONTHYECKOrO Kadeys OIpenessioTcs IJIaBHbIM 00pa3oM JBYMsl IapaMeTpamu:
3aTyXaHHEM U JIUCIIEPCUEH.

3aTyxaHMe XapaKTepU3yeT YMEHbIIEHHE MOIIHOCTU OINTHYECKOr0 HW3JIYy4YeHHUs IpHU ero
IPOXOXKJIEHUN Yepe3 Kalelb M TEeM CaMbIM JAJbHOCTh IE€pelaud, a AUCHEepCUss — HMCKaKeHHUe
[Iepe1aBaeMbIX CUTHAJIOB U COOTBETCTBEHHO MPOITYCKHYIO CIIOCOOHOCTh ONTUYECKOI0 Kabess.

OnTnueckue Kabeny Mo CPaBHEHUIO C MIMPOKO NPUMEHSEMBIMH AJIEKTPUYECKUMHU U MEIHBIMU
IPOBOJHMKAMH HE TPeOYIOT Ne(ULUTHBIX META/NIOB U M3TOTOBIISIOTCS, KaK MPAaBHIIO, U3 KBAapIEBOIO
cTekia u noiaumepoB. Kpome Toro, ontudeckue kadbenu 001a1al0T BO3MOKHOCTBIO Tiepefadn OO0JIbIIEero
NOTOKAa MH(pOpPMAIUU, MAJIBIM OCJIa0JICHHEM CHUTHAJla M HE3aBHUCHUMOCTBIO €r0 OT 4acTOThl. BakHbIMU
napamerpami, omnpexaesomuMu 3pdextuBHocts BOCII, sBnsioTcss MX Manas MHOJBEp »KEHHOCTb
JJIEKTPUUECKUM, MArHUTHBIM M pPaJMOYacTOTHBIM [OMEXaM, B3pBIBO- M MOXKAapO3allUIIEHHOCTh
ONTHYECKUX Kalenel, a Takxke ux Macca (mpumepHo B 10 pa3 MeHblIIe, YeM IEKTPHUECKUX).

B cucremax ymnpaBieHus M CBsI3U HauOoJsiee HIMPOKO NMPUMEHSIOT CIEAYIOIUE TUIBI U MapKu
ONTHUYECKUX Kabemneil:

BHYTPU30HOBBIE JUIs IPOKJIAJIKU B TPYHTE U KaOEJIbHON KaHAIW3AlUU:

OKJI-50-1-(0,7-1,5)-4 «Kamubp» — ¢ YeThIpbMS ONTHYECKUMH BO JIOKHAMH, ICHTPAIbHBIM
CTEp)KHEM U3 MOJMBHUHWIXJIOPUAA, B 000JOYKE M3 MOJMAITHIIEHA, KOod(p(dULIMEHTOM 3aTyXaHus 1o 1
1b/KM ¥ HapyXHBIM TUaMeTpoM 18 Mm;

OK3I'-1-0,7-4/4(8/8) —c ueTbIppMsI WJIM BOCEMBIO ONTUYECKUMH BOJOKHAMH, LIEHTPAIbHBIM
CTep>)KHEM U3 MOJUBUHWIXJIOPHJA, ME TAITIMYECKUMHU apMUPYIOIIUMHU JIEMEHTaMH, CpPeIud KOTOPBIX
pacIoo mKEHbl YEThIpe MEAHBIC >KWUJIBl JUIsI MUTaHMUS amnmapatypbl B 00OJOYKE W3 MOJMITHIICHA,
kodduuuentom 3aryxanus g0 0,7 ab/kM u HapyXHBIM JuamMeTpoM 18 MM (4eThIPEXBOJIOKOHHBIH
kabenp) 1 19 MM (BOCBMUBO-JIOKOHHBIN Ka0Oeh);

OKJI-50-2-(0,7-1,5)-4—c 4eThIpbMs ONTHYECKUMH BOJOKHAMH, IIEHTPAIbHBIM METAITHUECKUM
CHJIOBBIM D3JIEMEHTOM, OIUIETKOM M3 CTaJbHBIX IMPOBOJOK M OO0OJOYKONH U3 MOJMAITHIIEHA,
koa(ddurmentom 3atyxanus 10 1 n1b/km u HapyXHBIM qUamMeTpoM 14 Mm;

TUHEIHBIE — 711 TPOKJIAJKN B KAaOEIbHOM KaHATN3allUU:

OK-50-2-5-4 —c 4eThIpbMsI ONTHYECKUMH BOJIOKHAMH, IICHTPAJIb "HBIM CHIJIOBBIM 3JIEMEHTOM M3
HUTEH WM CTAJIBHOTO TpPOCa B MOJUBUHWIXJIOPUAHOM 000JI0OYKE, B Hapy>KHOW O000JOYKEe U3



MOJIMATUIIEHA, KOADOUITMEHTOM 3aTyXaHus 10 5 1b/KM U HapyXKHBIM TUaMeTpoM 14 mm;

OK-50-2-5-8 —Tt0 xe, ¢ ko3 Punmentom 3aryxanus 10 5 1b/kM, BOCbMUBOIIOKOHHBII;.

OK-50-2-3-4 —t0 xe, ¢ k03(ppunmenrom 3aryxanus 10 3 1b/kM, 4eTHIPEXBOIOKOHHBIH;

OK-50-2-3-8 —rt0 ke, ¢ ko3 umeHToM 3atyxanus 10 3 1b/kM, BOCbMUBOJIOKOHHBIIA;

CIeUUaNbHbIE JJIi CBETOBOJHBIX CHCTEM Iepeladyd HHPOPMAlUU W OSKCIUIyaTallud TpU
temneparype ot —60 no +85°C;

OK-CC 01-4—c 4YeTplppMs ONTHYECKMMHU BOJOKHAMH, YJIOKEH "HBIMH B 3aKPBIThIC KaHaJIbI
MOJIMATUIIEHOBOTO CEPACYHUKA, HUMEIOUICI0 EHTPaJbHBIA CTEPXKEHb, C OIUIETKON IPOBOJIOKON U3
Hep>KaBerollell ctanu U 000JIOUKOW M3 MONMATWICHA, KoddduuueHTtoMm 3aryxaHus 10 7 Ab/kM u
HapyXHbIM AuaMeTpoM 11 mm.

OOmuMU  OCHOBHBIMH  TPEOOBaHUSAMH, TPEABSIBISIEMBIMH K  (U3UKO-MEXaHHUUYECKUM
XapaKTepUCTHKaM  OINTHYECKUX  KabeneW, SABIAIOTCSA: BBICOKas MPOYHOCTH HA  Pa3phIB;
BJIArOHENPOHMIIAEMOCTh; JIOCTaTOYHAs OydepHas 3amuTa Ui yYMEHBIICHUS IOTepPb, BBI3BIBAEMBIX
MeXa"HHYECKUMHU HaIPsLKEHUSIMU; TEPMOCTOMKOCTD B pabouem quanazone temmeparyp (—40...+50°C);
TMOKOCTh U BOBMOXHOCTh IIPOKJIAJKHU IO PEaIbHBIM TpaccaM; paJiialliOHHasi CTOMKOCTh; XUMUYECKas U
yAapHasi CTOMKOCTh; IPOCTOTa MOHTaXXa U MPOKIIAAKHU; HAIEXKHOCTh paboThl B TeueHue 20 ner.

B kagectBe mpeoOpa3oBaTesiell SJIEKTPUUECKUX CUTHAJIOB B ONTHYECKHE, T. €. HCTOYHUKOB
U3Iy4yeHUs, [PUMEHSIOT Ja3epbl M  M3jIydaromue  cBeroaAuoJspl. OOBIYHO  mHepenaroluil
ONTORIEKTPOHHBIA MOJyJIb BKJIKOYAEeT B Cce0S MCTOUYHHUK H3IYUYEHMsI, JIEKTPOHHBIE CXEMbl WU HX
AJIEMEHTHl ISl NpeoOpa3oBaHusl 3JIEKTPUUECKUX CHUTHAJIOB M CTaOWIM3AllMM PEXUMOB pabOThl U
ONTUYECKUN COEUHUTEIb C OTPE3"KOM ONTUYECKOT0 KabeJs.

B kauecTBe MpUEMHUKOB U3IYUYCHHs], TPEOOPA3YIOLIUX ONTUYECKUE CUTHAIBI B SJIEKTPUUYECKUE,
OPUMEHSIOT (OTOANOABI. TUMMYHBIN MPUEMHBIH ONTOSJIEKTPOHHBIA MOAYJIh COCTOMT M3 MPHUEMHHUKA
U3y YeHHUs, IJIEKTPOHHBIX CXeM O00pabOTKH 3IEKTPUYECKOrO CUTHajda M CTaOWIM3aLUU PEKUMOB
paboThI, a TAK)KE ONTHYECKOTO COETMHUTEINS C OTPE3KOM ONTHYECKOTo Kales.

Buenpenne BOCII mokas3piBaeT UX BBICOKYIO 3((EKTHBHOCTh B CHCTEMaxX aBTOMATHU3AlIUU.
3aMeHa TpaJULIMOHHBIX CUCTEM, OCHOBAHHBIX Ha IPUMEHEHHUH 3JIEKTPUUECKHUX MTPOBOJOB U Kabenel, Ha
BOJIOKOHHO-ONITUYECKHUE CHUCTEMbl 3HAYUTENIbHO CHIKAET HE TOJbKO MaTepHalIbHbIE, HO U TPYAOBBIE
3arpaThl. B nponecce montaxka BOCII nocturaercs CynecTBEHHOE CHUKEHHE 00BEMOB CTPOUTENBHO-
MOHTa)KHBIX pabOT 3a CUeT BBICOKOM CTENEHH 3aBOACKON TOTOBHOCTH MCIOJIB3YEMOW ammapa—Typhl U
komnoHneHToB BOCII, ux manoraGapuTHOCTH U KOMHOakTHOcTH. Kpome Toro, st mepenadys paBHOTO
o0beMa MH(POPMALIMU ONTUYECKOTO Kabesst TpeOyeTcsl B HECKOJBKO Pa3 MEHbINE, YeM HJIEKTPHUUYECKOTO
(B ToM ymcie u o Macce). [Ipu 3TOM B MpUHIUIIE MEHSETCS XapakTep MOHTAaXKHBIX paboT. PyuHbie
JJIEKTPOMOHTAXKHbIE PAa0OThI, COCTABJIAIOIIME OCHOBHOW OOBEM IPU MOHTAXKE 3IEKTPHUUECKUX
IIPOBOJIOK CHCTEM aBTOMAaTHU3alllM, 3aMEHSIIOTCS COOpKOW CeTH U3 3JEMEHTOB BBICOKOW 3aBOJCKOI
TOTOBHOCTH C MHUHUMAJbHOW JOpaOOTKOM MX MO MecTy. 3HAYUTENIbHO COKpAalIaloTCsl M CllecapHO-
MOHTa)KHbIE€ PaOOTBHI.

I11. TexHoMOrNMsS MOHTaKa BOJIOKOHHO-ONTHYSCKUX IMPOBOAOK

Ilepen MOHTa)XOM ONTHYECKOTO Kabenss HEOoOXOJUMO TMPOBEPUTH €ro IENOCTHOCTh U
Kod(UIMEHT 3aTyXaHUsl ONTHYECKOTo CUTHaNa. Ecnu mpu BHEIIHeM ocMoTpe 6apabaHa ¢ ONTHYECKUM
ka0eseM yCTaHOBJIEHAa HEHMCIIPABHOCTh OapabaHa MM OOIIMBKH, TO MOCJIEIHIOI CHUMAIOT, MPOBEPSIOT
KpereXX KOHIIOB Kalens, Halu4yhe BMSTHH, NEPEKUMOB M COCTOSHHE 3alllUTHOTO TOKPOBA.
OOHapyXKCHHbIC HE3HAUUTEIbHBIC OB PEKACHUS YCTPAHSIOT, B MPOTHBHOM Ccllydae, KOTJa JTO
HEBO3MOXKHO, Ka0elb IMepeMaThiBalOT Ha MCIPaBHBIN OapabaH IUIOTHBIMH M POBHBIMH BHTKamu. [Ipu



HEPEMOTKE OCYILECTBIIAIOT BU3yalIbHBI KOHTPOJIb LEJIOCTHOCTU HAPYKHOM 000104KH Kales.

[lepen m3MepeHHeM 3aTyXaHUs BBIIOJHSIOT Pa3leNKy KaOess, KOHIBI KaXKJIO0ro BOJIOKHA Ha
mHe 30 MM OCBOOOXKAAIOT OT 3aMTHBIX MOKPHITHHA U MPOTUPAIOT YYACTOK ONTHYECKOTO BOJIOKHA
pacTBopuTeseM, a 3areM cnuproM. llocie npoTHpKM NPOU3BOAAT CKOJ ONTUYECKOTO BOJIOKHA
CHeUHATbHBIM HHCTPYMEHTOM. CKOJl JOJKEH OBbIThb POBHBIM M TEPHEHIUKYISPHBIM OCH BOJIOKHA.
KadecTBO cKoJ1a MPOBEPSIIOT 110JI MUKPOCKOIIOM. 3aT€M BBIIOJHSIOT MIPEIBAPUTEIIEHOE IIPOCBEUNBAHHE
ONTUYECKUX BOJOKOH JHOOBIM MCTOYHMKOM cBeTa. Ecnu kakue-nu0o0 BOJOKHA HE IPOCBEYUBAIOTCS, TO
U3MEpEeHUe 3aTyXaHMs Ha 3TOM Kabejae He MPOM3BOJIAT U 3aKa3uMK peIIaeT BO3MOYKHOCTh €ro
JaJIbHEHMILIEro UCIOIb30BAHNUS.

JUig u3MepeHust 3aTyXaHusl IpUMeHsoT ontuueckuil tecrep OMK3 - 76, ¢ momolp0 KOTOporo
OTIPENIeNII0T MOUIHOCTh CHTHAJIOB HA BXOJE W BBIXOJE ONTHUYECKOro Kabens. M3mepeHus moBTOPSIOT
TpU pas3a. 3HaYCHUs BXOAHOTO M BBIXOJHOTO CHUTHAJIOB OIPEIEISIOT KaK CpeaHee apu(METHIECKOe OT
MIOJIyYEHHBIX PE3YJIbTaTOB.

KosdduunenT 3aryxanust onTuyecKoro kabesst MoJCYUTHIBAIOT IO (hopMyie
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rae o —kodddunueHt 3atyxanus, nb/kMm; PBx u PBbIX —cpenHue 3HAYEHUS MOIIHOCTHU

BXOJHOT'O M BBIXOJIHOTO CUTHAJIOB; L—/IMHA ONTHYECKOTo Kabess, KM.

IIpoBeneHue u3MepeHuit 3aTyxaHusi ONITUYECKOT0 CUrHajla O(hOPMIISIIOT TPOTOKOJIOM BXOJHOIO
KOHTpoJis. B cimyuae mnpebliieHus K03(hpULMEHTOM 3aTyXaHus 3HaYEHUH, YKa3aHHBIX B TEXHUUYECKHX
YCIIOBUSIX HAa ONTUYECKUN Kabelb, MOCIEAHUN BO3BPAIIAE€TCs 3aBOY-U3TOTOBUTENIO.

MonTaxx ontuueckux KkaOeneli—HamOojiee OTBETCTBEHHAassT YacThb MOHTaXHBIX padoT,
IpelonpeeNsomas KadyecTBO M JAIbHOCTh CBSI3U BOJIOKOHHO-ONTHUYECKUX cHUCTeM. OCHOBHBIMU
orepanusMu Py ITOM SBJISIOTCS NPOKJIaaKa Kabess U COeAMHEHUE ONTUYECKUX BOJIOKOH.

[Ipoknanky onTHueckux KaOeseil BBINOJIHSIOT B COOTBETCTBUU C pabouedl TOKyMEeHTaluen
crioco0amu, aHaJIOTHYHBIMU IPUHATBHIM MPH MPOKIIAJIKE FNEKTPUUECKUX U TPYOHBIX TPOBOJIOK.

Onrtuyeckne Kabenu HE JOMyCKaeTcsl MPOKJIaIblBaTh B OJHOM JIOTKE, KopoOe MM TpyOe ¢
JPYTUMH BHJIAaMH TPOBOJIOK cHCTeM aBToMaru3auuu. OJHO- U JIBYXBOJIOKOHHBIE KaOenu 3amnperiaeTcs
NpOKJIaAbIBaTh MO KabelnbHBbIM MonkaMm. He nomyckaercs i NPOKIAJKK ONTHYECKOro Kabeis
UCIIOJIb30BaTh BEHTWISLIMOHHBIE KaHAJbl U IIAXThI, a TAKXKE IMyTH IBaKyallH.

OnTnueckue kabenu, NPOKJIAAbIBAEMble OTKPBITO B MeECTaX BO3MOX "HBIX MEXaHMYECKUX
BO3JICUCTBUI Ha BBICOTE JI0 2,5 M OT T0JIa TOME IICHUS WX TUIONIAI0K 00CITy>KUBaHUS, TOJKHBI ObITh
3alMIIeHbl MEXaHUYECKUMHU KOXXyXaMH, TpyOaMu WU APYTUMH YCTPOMCTBAMHM B COOTBETCTBUHU C
paboueil TokyMeHTanue.

[Ipu mpoTsKKe ONTHYECKOTO Kabemns KperuieHHE CPEICTB TSHKEHUs CleNyeT MPOU3BOAUTH 32
HECYIIUI 3JIEMEHT KOHCTPYKIMM 34aHMs (KO JIOHHA U Jp.), UCIOJb3Yys OIPAaHUYMTEIN TSDKEHUS U
YCTPOHCTBa, MNpEe MATCTBYIOIIME 3aKkpyTke KaOens. TsroBble ycHIMs HE JOJDKHBI TPEBBILIATh
3HauUEHUH, YKa3aHHBIX B TEXHUUECKUX YCIOBUSIX Ha KaOeb.

[Ipokiiagka onTHYecKOro kademnst MOJKHA BBIMNOJIHATHCS MPH TeMIle~paType BO3/yXa BBILIIE —
15°C u oTHOCUTENBEHOM BIXKHOCTH, HE TTpeBhImaromieit 80%.

OnTuueckuii kabenb cielyeT KpemuTh Ha HECYIIUX KOHCTPYKIMSIX IpU BEPTUKAIbHOMN
IPOKJIAJKE, a TAKXKE MPU MPOKIIAJKE HEMTOCPEACT "BEHHO 110 IOBEPXHOCTU CTEH IOMEUIEHU — 110 BCel
mmHe 4epe3 1 M. [lpu ropusoHTanmbHOM Mpokianke (Kpome KOpoOoB) Kalenb KpemsT B MecTax
MIOBOPOTA C JIBYX CTOPOH yIJIa Ha PAaCCTOSIHMM, PABHOM JOIyCTUMOMY paauycy u3ruba xabeis, HO He
meree 100 MM OT BepmmHBI yria. Paamyc moBopoTa ONTHYECKOTO Kabemds MOJDKEH OTBEYaTh



TpeOOBAHUSIM TEXHUYECKUX YCIOBUHN Ha KaOeb.

[Ipu npoxnanke oNTHYECKOro Kaldensl M0 OAMHOYHBIM OIOPaM IIOC JIEJHUE YCTAaHABIMBAIOT Ha
paccrosiHUAX He Oosee ueM uepe3 1 M, a kabenb KpemsT Ha KaKJoi orope.

[Tocne mpokIazKu ONTUYECKOTO Kabesst 00a ero KOHIA COSAUHSIOT (CPaIlMBalOT) C OTPE3KaMu
oT npuemonepenarouux ycrpoiicrs BOCII.

IIpy coenuHEHMH ONTHMYECKUX BOJOKOH C OJMHAKOBBIMU pa3MepaMHM CEpIALEBUHBI U
OJIMHAKOBBIM pPAaCHpeleNieHMeM I0Ka3aTelid IpeJOMJIEHHs [0 pPaguyCy BOJOKHAa HaWIy4dlIylO
3¢ ($eKTUBHOCTh 00ECIIEYMBAET TOPLIEBOE COWIEHEHHE BOIOKOH. OJHAKO MIPU BHINOJIHEHUN COEANHEHUMN
B MecTe CThlka (CpOCTKa) BO3HMKAIOT IOTepH (OciablieHue) IepeAaBaeMoro CHUrHaia, YCJIOBHO
nojapasiensgeMble Ha e Tpynmnbl. K mepBoii rpymme OTHOCATCS MOTEPH, CBA3aHHBIE C OCOOCHHOCTAMU
METOJla COEJAMHEHHS U IOATOTOBKONM KOHIIOB BOJIOKOH, B TOM YHCJIE IIONEPEYHOE CMELICHHE
CEpJLEBUHBI, pa3HECEHUE TOPLIOB, HAKJIOH OCEH, YIJIOBOE paccoriacoBaHue. Jlpyras rpymnmna mnorepb
XapaKTepU3yeTCsl CBOMCTBAMHU CAMOI'0 ONTUYECKOTO BOJOKHA M BO3HUKAET MPU PA3JIMYHBIX TUAMETPax
CepALIEBUHBI, HEKOHLIEHTPUYHOCTH U IIUITUYHOCTH COSAMHAEMBIX BOJIOKOH U JP.

CoenuHeHHs: ONTUYECKOTO Kabessi MOTyT ObITh pa3beMHBIMU U HEpa3beMHbIMU. [ pa3beMHBIX
COEJMHEHUIN ONTUYECKUX BOJIOKOH IPUMEHSIOT COEIUHUTENIbHbIE BTYJIKH, HITEKEPHbIC COCIUHEHUS U
MeTAJUIMYECKHE MPELUU3UOHHbIE HAKOHEYHMKH. K coeaMHHUTENssM BCEX THUIIOB MPEIbIBISAIOTCA
TpeOOBaHUST TIO O0ECIEYCHHIO COOCHOCTH TOPIIOB BOJIOKOH, (DPHKCAIIMM COCAMHSIEMBIX BOJIOKOH U
MEXaHUYECKOM 3allMuThl UX CThIKa. Hepa3beMmHble COEJUHEHHS] ONTUYECKUX BOJIOKOH BBINOJIHSIOT
AJIEKTPOIYTOBOI CBAPKOM U KJIIEEBBIM METOOM.

Ilepen coeauHeHMEM C KOHIOB KaOelel YOaIAIOT 3allUTHYIO MOJUATHIECHOBYIO OOO0JIOUKY,
CHMMAIOT IIOKPBITUE C ONITUYECKUX BOJIOKOH U 00pabaThIBAIOT CTHIKYEMbIE TOPIIBL.

Jns  pa3beMHBIX COEIMHEHMH HeoO0xoanMa o0paboTKa, TOPLOB ONTHYECKUX BOJIOKOH,
npeaycMaTpuBarolias MX IIM(GOBaHUE M TOJIMPOBAHUE. ODTU OMNEpPalMM IMPOU3BOAAT B YCIOBHUAX
CTAllMOHAPHBIX MAaCTEPCKHUX HIIU CIIEUAIbHO 000PYJOBAHHBIX MEPEIBUKHBIX JJAOOpa—TOpHUHl.

JU11 HEpa3bEeMHBIX CBAPHBIX COEIMHEHUN C TIOMOIIBIO CHEUAIBHOIO HHCTPYMEHTA BBINOIHSIIOT
CKOJI OITHYECKUX BOJIOKOH, ITPU 3TOM Ha TOpILaX HE JI0JKHO OBITh TPEILLUH, BHICTYIIOB, PAKOBHH U T. II.

[Ipn BBIOJIHEHUU HEPA3bEMHBIX COECTUHEHHUI KJIEEBBIM METOJOM HEOOXOJIUMO TaKKe, 4TOObI
1ocJie CKOJIa TOpEll ONTUYECKOr0 BOJIOKHA ObLT aOCOJIOTHO IUIOCKUM M CTPOTO MEPHEHIUKYJISIPEH €ro
onTuyeckoil ocu. [l KOHTponst KkayecTBa 0OpaOOTKM TOpLA MCHONb3YIOT MHUKPOCKOMBI HIIH
crienManbHble TPUOOPBl — UHTEP(HEPOMETPHI.

Pazvemuble  coenuHeHus. OcHOBHOe  TpeOoBaHME, MPEABABISIEMOE K  Pa3beMHBIM
COEZIMHEHUSIM,—O00€ecleueHue MaJlbIX IOTEph IEpeJaBaeMoro CUTHaia. JTO YCJIOBHE MOXET OBbITh
BBITOJIHEHO JIMIIB 33 CYET OUEHDb BBICOKON TOYHOCTH M3TOTOBJIEHUS BCEX JETANIEH COETUHEHUS.

Ha puc. 3 moka3zaH pa3beMHBIM IITEKEPHBIM COECIMHUTENIH MHOTOKPATHOTO HCIIOIb30BaHUS,
npeHa3HaYeHHBIN JIJIsl COEMHEHUS! ONTHYECKUX BOJIOKOH C IJIACTMACCOBBIM MOKPBITHEM (THIA KBapIl-
MOJIUMED ).
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Pucynok 3. Pa3beMHBIN IITEKEPHBIN COCTUHUTED

(a — mpuemMHas 4acTh; O — IITHIpEBasi 4YacTh; B — pa3beM B cOOpE)
1- cranpHas TpyOKka; 2 — rHe3/10; 3 — KOHUYECKUE KaHaJbl; 4 — ITHIPb; 5 — ONTUYECKOE BOJIOKHO; 6 —
UMMEPCHOHHAs! KUIKOCTb



CoenuHUTENb COCTOUT W3 IITHIPEBOM 4YacTH 4 W NMPUEMHON YacTu — rHe3fa 2. B mreipeByro
4acTb M THE3JI0 COEAMHMUTENS BCTABJISIIOT 3apaHee IMOATOTOBICHHBIE KOHIBI ONTHYECKUX BOJIOKOH 5,
KOTOpbIe (PUKCHPYIOTCS B COEAMHUTENE CXKAaTHEM KOHIIOB CTaJbHBIX TPYyOOK Z, HpeaBapUTENbHO
HAJIETHIX Ha IUIACTMAcCOBYIO 000i0uky. Ilepen coeauHeHumeM o0OeMX 4YacTel COCOUHHTENS dYepe3
CBOOOJHBIH KOHMYECKMH KaHaJ INTBIpS Ha TOpELl ONTUYECKOr0 BOJIOKHA HAHOCAT KaIlllo
UMMEpPCUOHHON JKuAKocTH 6 (rmmuepuHa). Ilocne coequHeHMs IUTBIPEBYIO M THE3JOBYIO 4acTu
(UKCUPYIOT MKy COOOM HAKHUTHOM TaliKOM.

Jlpyroii cnoco0 BBINOJHEHUS Pa3bEMHBIX COEJMHEHUH ONTHYECKHX KaOerael—IpuMeHEeHue
METAIIMYECKUX HAKOHEUHUKOB (puc.4), MOHTUPYEMBIX Ha KOHIIE Ka)KIO0I0 ONTHUYECKOT0 BOJIOKHA.
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Pucynok 4. Merayuinyeckuii HAKOHEYHUK (@) U pa3beMHBIN COeAMHUTETH (0)

1 — onTuYeckoe BOJIOKHO C 3aIUTHBIM HOKPBITUEM; 2 — OTBEPCTHS JJISl 3aJIMBKU STOKCHUIHOMN
CMOJIBI; 3 — METAJUIMYECKHI HAKOHEYHUK; 4 — CTEKJISIHHBIN KamMUIIP; 5 — BOJIOKHO 0€3 TOKPBITHS;, 6 —
HaKUJIHAs Talka; 7 — COCMUHHUTENIbHAS BTYJIKA; 8 - IMMEPCUOHHAS KUIKOCTh

JU1s 3TOro ¢ KOHILIA ONTUYECKOro BOJIOKHA 1 Ha paccTosHuUU OKoyo 40 MM CHMMAIOT 3aIlUTHOE
MOKPBITUE U HAJEBAIOT HA HErO HAKOHEYHUK 3 TakK, 4TOObI BOJOKHO 5 BhICTymano u3 Hero Ha 15... 20
MM, a Ha BBICTYNAIOIINNA KOHEI]; — CTEKJISHHYI0 KanWwUIspHyto TpyOky 4 mmuuaoi 10 mM. Kanumsip B
HAaKOHEYHHUK, IIPU 3TOM €ro KOHEIl JOJDKEH BBICTyNaTh Hapyxky Ha l... 2 mMMm. IlpeaBapurenbHo Ha
BOJIOKHO U KallWJUIAP HAHOCAT CJIOM SMOKCUAHOM CMOJIBI. OIOKCHJHAs CMOJIa 3aJMBAacTCs TakkKe B
OTBEpCTUsl 2 HAKOHEYHMKa JUId (PUKCalluM B HEM OINTHYECKOro BosIoKHA. [locie 3acThiBaHMS CMOJIBI
TOpEI BOJIOKHA NUTH(YIOT U NOJIUPYIOT.

AHaNOrMuHble ONEPALUU BBIMNOJIHSIIOT C ONTUYECKHUMH BOJOKHAMH NPUCOEINHAEMOTo Kades.
CoenuHeHre ABYX HAKOHEYHUKOB OCYIIECTBIISAIOT C TOMOIIbIO Pe3b00BOI BTYJIKM 7 M HAKUJHBIX raek o,
MO3BOJIAIOIIMX TUIOTHO CTHIKOBATh ONTHYECKHE BOJIOKHA. [loTepu B TakUX COEIMHEHUSIX HE IPEBBIIIAIOT
2 nb.

[IpumeHeHne Npenn3MOHHBIX BTYJIOK CHMKAeT ociabienue curnana o 1,5 ab. TpyOku umeror
BHYTPEHHUH TUaMETp, OTKAJIMOPOBAaHHBIA TOYHO MO HApPY>KHOMY JHAMETPY ONTHYECKOrO BOJIOKHA, C
KOHMYECKUM BXOJIOM U BBIXOZOM JJisi OOJIETYeHMs BBOJAA COEIMHSIEMBIX BOJIOKOH. B cpenneil wactu
TPyOOK UMEIOTCS OTBEPCTHUS AJISl BBEICHUSI HMMEPCUOHHOM JKUAKOCTH.

Hepasbemuble coequHenus. B HacTosee BpeMs Uil HEPA3bEMHBIX COEIMHEHUN ONTHYECKHX
Kabenel MHMPOKOe PacHpOCTpPaHEHUE MOIYUMII METOJ] 3JIEKTPOIyTOBOM CBAPKU BOJIOKOH Kak Hambosee
3¢ exTUBHBIN, HaIeXKHBIH U o0ecnieunBaromuii morepu Ha cThik 110 0,5 1b (puc.5).

JlJ1g 3TOT0 € KOHIIa ONTHYECKOro BOJOKHA 1 Ha paccTosHUU O0KoJi0 40 MM CHUMAIOT 3alllUTHOE
MOKPBITHE U HAJIEBAIOT HA HETO HAKOHEYHHUK 3 TaK, YTOOBI BOJIOKHO 5 BBICTYHAJIO U3 Hero Ha 15... 20 MM,
a Ha BBICTYNAIOIINHA KOHEIl; —CTEeKISHHYI0 KamuisipHyto TpyOoky 4 nnunoit 10 mm. Kanumnsp B
HAaKOHEYHHUK, IIPU 3TOM €ro KOHEI| JOJDKEH BBICTYNaTh HapyXky Ha l... 2 mM. IlpeaBaputenbHo Ha
BOJIOKHO U KaNUWJUJISAP HAHOCAT CJIOW SMOKCHUIHOM CMOJIBI. DIOKCHHAS CMOJA 3aJMBAacTCs TAKXKE B
OTBEpCTHA 2 HAKOHEYHMKA Ui (UKCAlMM B HEM ONTHYECKOro BoJioKHA. Ilocie 3acThIBaHMs CMOJIBI
TOpel] BOJOKHA NUTU(YIOT U HOJIUPYIOT.



AHaNoOruuHble ONEepanyy BBIIOJHAIOT ¢ ONTHYECKHMMH BOJOKHAMH NPHCOEANHAEMOro Kaders.
CoenuHeHne IByX HAKOHEUHUKOB OCYIIECTBIISIIOT C MIOMOIIBIO Pe3600BOM BTYJIKH 7 M HaKUJHBIX TacK
6, TO3BOJSIONIMX IUIOTHO CTHIKOBaTh ONTHYECKHE BOJOKHA. l[loTepu B TakuX COCIUHEHHSX HE
npesblaioT 2 1b.

[IpuMeHeHne MPENNM3UOHHBIX BTYJIOK CHIDKaeT ocnabienue curnana jo 1,5 nb. TpyOku umeror
BHYTPEHHUH IMaMeTp, OTKAJIUOPOBAHHBIA TOYHO 10 HApYKHOMY IHAMETPy ONTHYECKOrO BOJIOKHA, C
KOHMYECKMM BXOJIOM M BBIXOZOM Ui OOJIETYeHUs BBOJAA COEIUHIEMBIX BOJIOKOH. B cpenHell wactu
TpyOOK UMEIOTCS OTBEPCTHUS AJIsI BBEICHUSI UMMEPCUOHHOH KUAKOCTH.

Hepazbemubie coeqrHeHNs
B Hacrosiee BpeMsi s HEPAa3bEMHBIX COCIMHEHMM ONTHYECKUX Kalenel MIMpoKoe

pacmpocTpaHeHHe TOIYyYrMI METOJ| DJIEKTPOIYTOBOM CBAapKH BOJIOKOH Kak HambOosee 3(QeKTHBHBIN,
HaJSKHBIA U 00ecTieunBaronuii motepu Ha cThik 10 0,5 nb (puc.5).

Pucynok 5. Kommnekt qys capku KCC-111
1- 6ok ympasiieHus; 2 — OJIOK IOCTHPOBKH; 3 — MUKpockonn MUP-3; 4 — ycTpoiicTBO 151 3aIIUTH MecTa
cBapku; 5 — uHcTpymMeHT MP-1 s pesku BonokHa; 6 — uHCTpyMeHT CO-2 il CHATHS 3alUTHO-
yHIpoyHsIomel 000J0YKH BOJOKHA; 7 — ycTpoiictBo PO-1 s pe3ku 000NOYKH BOJIOKHA; 8 — HOXK,
pesen B nakere; 9 — 3axkuMm; 10 — ko4, ponuMku B nakere; 11 — kaTylika ¢ KalpOHOBOM JIECKOW;
12 —nacoc; 13 — oOBs30ouHBIe HUTKH; 14 — OTBEpPTKA, HOKHHUIIBI, TUHIIET, KJIIOY; 15 — 3IeMEHTHI Juis
3aIATHI MECTa CBapKu; 16 - kopmyc

[Tpu 5TOM HEOOXOIMMO BBITIOTHUTH CIAEAYIOIINE OTMEPAIMH: TTOATOTOBKY ONTHYECKOTO KaOems 1
BOJIOKOH K CBapKe, CBAPKy BOJIOKOH, MPOBEPKY KadueCcTBa CBAPKU M HAHECEHHUE 3aIlIUTHOTO TTOKPBITUS Ha
MECTO CBapku. Bce 3TH onepanuu oCylecTBISIOTCA ¢ NoMolblo komiiekTa At ceapku KCC-111. B
KOMIUTEKT BXOST YCTPOMCTBA 71l CBAPKH ONTHYECKUX BOJOKOH, PE3KH 000JI0UEK ONTHYECKOTo Kabers,
CHATHSA 3alllUTHBIX 060.]]0‘-161( ONTUYCCKOI'0 BOJIOKHA, HHCTPYMCHTA JIs1 CKOJIa OIITHYCCKOI'O BOJIOKHA U
Jpyrue BCIIOMOTaTelIbHbIE YCTPOMCTBA.

[ToarotoBky omntuyeckoro kabenss K CBapKe HAYMHAIOT CO CHATHS HApY>KHOW 000JIO0YKH
uHcTpyMeHTOM PO-1, BbINMONHSS BHaYalle NONEPEYHBIM, a 3aTeM MPOAOJbHBIM WM CHUPATbHBIN



Hazapesbl. /s aToro kabeib yKIaAblBalOT B KAHABKY POJIMKA, YCTAHABIMBAIOT HEOOXOAUMYIO INIyOUHY
Bpe3aHus HOXKa B 000JIOYKY M, Bpamiasi yCTPOMCTBO BOKPYT KaOels, MPOU3BOIAT IMONEPEUHbI Haape3
o6osouku. 3arem mHCTpyMeHTOM CO-2 MoCiieoBaTeNbHO CHUMAIOT 3alIUTHBIE 000JIOUYKH: OOKOBBIMU
HOXXaMH YJAISIOT MOAYJIBHYIO TPYOKY, MpO(UIMPOBAHHBIMH — MOJHMAMUIHOE IMOKPBITHE, a 3aTeM
CJIOM, HETIOCPEICTBEHHO MTPUMBIKAIOIINN K BOJIOKHY. CKOJI BOJIOKHA ITPOU3BOIAT HHCTpyMeHTOM P-1.

[locne BBINOMHEHUS TOATOTOBUTENBHBIX ONEpalUi CBapUBAaE€Mble ONTHUYECKHME BOJOKHA
YKJIaAbIBAIOT B V-00pa3Hble KaHABKU 3aKUMOB M (DUKCHPYIOT UX MOJIOKEHHUE MarHUTHBIMU 3alllelIKaMu
B 0OJIOKE IOCTUPOBKH BOJIOKOH JAPYT OTHOCHUTENbHO Jpyra. IIpy BBINOJHEHUM IOCTHPOBKU MEXIY
TOPIIAMH OINTHYECKUX BOJIOKOH OCTaBIIAIOT 3a30p, paBHBIN 1/2 - 1/3 amamerpa BosjokHa. FOcTtupoBky
BOJIOKOH KOHT pOJIMPYIOT uepe3 Mukpockon MUP-3, nepememaromuiics Ha kapetke. Mukpockon c
0osee yueM 60-KpaTHBIM yBEIMUEHUEM TO3BOJISIET BUAETH IOCTUPYEMYIO IIapy BOJOKOH B JBYX B3aUMHO
NEPIEHIUKYJISIPHBIX MIOCKOCTSX.

Capka ocCyILIecTBIISIETCSI IByMsI BOJb()PAMOBBIMH 3JIEKTPOJIAMU C JBYCTOPOHHEH 3aTOYKOM.
Bi10K 371€KTpOI0B MOKET EPEMEIIATHCS B TPEX KOOPAUHATAX, YTO MO3BOJISIET PACIONaraTh 3J1EKTPOJIbI
B IIJIOCKOCTH FOCTUPYEMBIX BOJIOKOH, @ TAKKE CUMMETPUYHO OTHOCUTEJILHO BOJIOKHA.

HenocpencrBeHHo nepen CBapKOM MPOU3BOIAT OIUIABICHUE KOHIIOB ONTUYECKHX BOJIOKOH IS
crnaxkuBaHus Je(eKTOB TOpLEBbIX MoBepxHocTei. [lpum sToM He nomyckaercs oOpa3oBaHuE
IpYyMEBUIHON (POPMBI KOHIIA BOJIOKHA.

Onexktpuueckas cxema Onoka cBapku komiuiekta KCC-111 oOecneunBaer ¢opmupoBaHue
AJIEKTPUYECKOTO pas3psiia, a TaKkKe pPEryJMpoBKY TOKOB WM BPEMEHM TOPEHMS] OYTM B PEXKHUMAxX
omaBiaeHuss U cBapku. Kpome TOro, B aBTOMaTU3MpPOBAaHHOM pEXKUME C IOMOUIbIO TEMJIOBOTO
nBurarensi o0ecrneYnBaeTCs CBOEBPEMEHHBIN CABUI BOJOKOH MpH cBapke. JlmameTrp CBapHOTO CThIKa
ONTUYECKUX BOJIOKOH JIOJUKEH OBITh pPaBHBIM JMAMETPY BOJOKOH. YBEIHMYEHHE WM YMEHbIICHHE
qyameTpa He  Jomyckaercsa. KadecTBO CBapkM  KOHTPOJMPYETCS  MHMKPOCKOIIOM, a 3aTeM
pedaeKkToMeTpuYecKUM METO/0M. 3aTyXaHHMe CHTHajlla B CThIKE He JOJDKHO ObITh Ooinee 0,5 nb, B
IIPOTUBHOM CJIy4ae CTBIK MOJJIEKHUT nepeneike. Ha kaxaoe cBapHOE COEIMHEHNE ONTHYECKUX BOJIOKOH
COCTaBJISI€TCS MACIOPT.

B nomenieHusix ¢ HOpMaJbHON cpeloll U B JIaOOPATOPHBIX YCIOBUSAX MOXKET OBITh MPUMEHEH
KJIEEBOM METOJ, IIPU 3TOM OCJIa0JIeHHe CUTHajla He JOJKHO mpeBbimaTth 1 ab. Pa3zgenky ontuueckoro
Kabeynss ¥ MOJArOTOBKY KOHIIOB BOJIOKOH BBINOJIHAIOT TE€M € CIIOCOOOM, YTO M IpU CBapke, 3a
UCKIIOYEHHEM  CHATUS  KPEMHHMHOPraHMYECKOrO  IOKPBITHS  BOJOKHA. 3aTeéM  YKJIaJbIBAIOT
HOJrOTOBJICHHbIE KOHIIBI B V-00pa3Hble KaHABKU CIELUAIBbHOM Kele3HO! IUIACTHHBI, COCTHIKOBBIBAIOT
o0a Bo—JI0KHa ¢ 3a30opoM He 6ozee 0,01 MM U GUKCUPYIOT UX Ha IJIACTUHE MPHU MOMOIIM MPYKUHHOM
ckoObl. [lamee Ha 3amUTHBIE OOOJOYKH CKJIEHBA“€MBIX BOJIOKOH M JKEJE3HYIO IUIACTUHY HaHOCAT
SMOKCUJHBIN KJIEH, a B 3a30p MEXIAy BoJOKHamMu —1... 2 kamnu ontuyeckoro kies OITH-1 wim uHOrO
KJies, Jalolero ociaadaeHue curuana He 60ojee uem Ha 10%.

[Tocne oTBepkIeHUs SMOKCHIHON CMOJBI M Kiled Ha MECTO CKJIEMKH HAaJ[BUraloT 3apaHee
HAJETYI0 Ha OAHO U3 BOJIOKOH TYT M ycakuBaroT €€ ¢ MOMOUIbI0 FOPEJKU WIH 3JIEKTPOBO3TYIIHOTO
HarpeBaTeJIbHOIO YCTPOHCTBA.

IIpu coeavHEeHMM MHOTOBOJIOKOHHBIX ONTHYECKUX Kabelell B cilydyae HEJZOCTaTOYHOM UX
CTPOUTENIBHOM IIUHBI U 3alIUTHl OT MEXAHMYECKUX IMOBPEXKJIEHUH, BO3AEUCTBUN OKpY’Karouleu
Cpebl MecTa COeIMHEHHH ONTHYECKUX BOJIOKOH 3aKII0YAIOT B Pa3beMHbIE MOJIUITHICHOBBIE MY (THI.

MoHTaXX COeIWHUTENbHBIX MY(T BBIIOJHAIOT HAa MOHTaXHOM cToje. BHauane mpou3BOIAT
pa3leNnKy OINTHUYECKOro Kadels, NMpeABapuUTEeNbHO HaJaeB Ha HEro 3yneMeHThl My(drt. [Ins storo Ha
paccrossaun 1500 MM OT KOHIIA KaOest yAaISIOT €ro Hapy>KHYIO TIOJMATHUIICHOBYIO 0007104Ky 1 (puc.6,

a).



Pucynox 6. MoHTaX cOeIMHHUTENbHOH My(THI (2 — HaJOXEHHE T'epMETH3HPYIOUIEH JIeHTHI; O —
BBEJICHUE ONTUYECKUX BOJIOKOH B KacCETy; B — pacKJIaJKa BOJIOKOH Ha KacCeTe; I' — yCTAaHOBKA KPbIIIKY;
1 — mydra B cOope)

1 — monmaTHIIEHOBAs 000JI0YKA; 2 — ApMUPYIOIINE AIEMEHTHI; 3 — MOJIMBUHIIIXIIOpUAHAS 0000uKa; 4
— repMEeTU3UPYIOIIas JIEHTa; 5 — KacceTa; 6 — ONTUYeCKUe BOJIOKHA; 7 — Kpbiika; 8 — TYT

Ha paccrosnum 5..7 MM OT cpe3a Ha apMHUpYIOIIME 3JIEMEHTHl 2 HaK/IaJbIBAIOT OaHIaX M3
HUTOK, a OCTaBLIMeCs 3JIeMEHThl oOpe3aroT. Ha cpe3 Hapy)XHOHM MOJMATUICHOBOW M BHYTPEHHIOIO
NOJMBUHUIXJIOPUIHYIO 3 000JIOYKH HAMATHIBAIOT B OHMH CIIOW O OAHOMY IOSICKY T€PMETU3UPYIOIIEeH
JIEHTHI 4, a 3aTeM ycakuBaroT Ha 3ToM Mecte otpe3ok TYT. Ha paccrosnuu 2...3 mm ot TYT ynanstor
NOJMBUHUIXJIOPUIHYIO O00JOYKY M (DTOPOMIACTOBYIO JIGHTY, HM3BJICKAIOT ONTHYECKHE BOJIOKHA W
oTrubaroT uX B CTOpoHbL. OcraBuivecs: NpoduIMpoBaHHBIE IEMEHThI 000oMX Kaleneil o0Ope3aroT 10
JUIMHBL 145 MM M COEAMHSAIOT C MOMOIIBIO METAJUIMYECKON THiIb3bl, KOTOPYIO ONPECCOBBIBAIOT IO
KOHIIaM IUIOCKOTYOIiaMu. 3aTeM Ha LEHTPaJIbHOM MNPO(UIMPOBAHHOM 3JIEMEHTE YCTaHABIMBAIOT U
3aKpeIUIAIOT TUIACTHHY-KacceTy S5¢ QuKcaTopaMu, yepe3 OTBEpCTHs B KOTOPOW BBOJASAT COEIUHS "€Mble
ONTHYECKHE BOJIOKHA 6 (puc.6, 0).

[Tocne coenrHEeHNs] OJTHUM M3 ONMHMCAHHBIX BBIIIEC CITIOCOOOB ONMTUYECKHE BOJIOKHA BBIKIIAIBIBAIOT
Mexay (ukcaropamu kaccetbl (puc.6, B). Eciau coenuHeHUE BBINOIHSAETCS C MOMOIIBbIO CBAapKH, TO
MECTO CTBIKa 3aluIIaeTcs TepMmoycaxuBaromeicss runb3or ['3C. 3amac onTHYECKOro BOJOKHA B
KacceTe MoJDKeH cocTaBisTh He MeHee (,8... 1,0 M ¢ kak10i CTOpOHBI Kades.

3aKOHYMB CpallliBaHUE BCEX BOJIOKOH, Ha MJIACTUHY ¢ (PUKCATOpAMH yCTaHABIMBAIOT KPBILIKY 7
(puc.6, T) ¢ OTBEpCTHSIMH, B KOTOpbIE JOJDKHBI CBOOOIHO BOWTH (hukcaTopsl. CoOpaHHYIO KacceTy
CKPETUISIOT JIMIIKOM JIGHTOW M K KPBIIIKE MPUKPEIUIAIOT 3allO0JIHEHHBIN MaclopT Ha CMOHTHPOBAHHYIO
Mydry.

3aBepIuaronuii 3Tan — cOOpKa IEMEHTOB My(ThI U YIIJIOTHEHUE €€ CTHIKOB T'epMETU3UPYIOLIeH
nentoit u orpeskamu TYT 8 (puc.6, n).

Ha cMOHTHpOBaHHYIO COENMHUTENHHYIO My(Ty 3amojHseTcs mac TmopT. B macmopt BHOCAT
OCHOBHBIE JAHHBIE ONTHYECKOW JIMHUU CBS3HM, MAapKy KaOenss W (GamMuiuu pabouyuX, BBITIOTHHBIINX
MOHTaX MyQThl. Kpome TOro, maercst cxema KacceThl ¢ COCTUHHUTEIHHBIMH THIIB3aMH H YKa3aHHUEM
HOMEPOB OINTHYECKUX BOJIOKOH, a TaKXKe€ 3arOJHIETCS TaOJMIa M3MEpPEHHs 3aTyXaHHUs B OTIEIbHBIX
BOJIOKHAX C yKa3aHUEM THIa IPUMEHSIEMbIX U3MEPUTENIbHBIX PUOOPOB.

IIpakTyeckas padora Ne 16
CocTapJjieHHe aJITOPUTMA MOHTAKa TPYOHBIX MPOBOJAOK CHCTEM aBTOMATH3ALMHI
Heab padoTsl npruoOpeTeHNe HAaBBIKOB PA0OTHI C JOKYMEHTAMH.



HopMmaTuBHbBIE ITYD (IlpaBuia ycTpoiicTBa 3JIeKTPOycTaHOBOK) http://nsispb.ru/pue-pravila-
JOKYMEHTbI ustroistva-elektroustanovok-7-izdanie.html

3amanue:
1. BHuUMATENbHO U3YUHTE U MPOAHATUIUPYUTE MaTEpUa 11O TEME.
OTBeThTE Ha BOMPOCHI (B MUCHbMEHHOM opMme):
Haznauenue TpyOHBIX IPOBOJIOK.
[lepeuncnure BUIbI TPYOHBIX MPOBOJIOK U OMUIINTE UX.

o TN

CocTaBbTe KapTy MOHTaXa TPYOHBIX MPOBOJIOK.

Haznauenue u knaccupukanus

Hasnauenwue. [Tox TpyOHO! MPOBOJIKON MOHMMAETCS COBOKYITHOCTH TPYO M TPYOHBIX KaOeei
(mHeBMOKaOeneit), COETMHUTENBHBIX U IPUCOEAMHUTEIbHBIX YCTPOUCTB, apMATypPbl, YCTPONCTB 3aL[UThI
OT BHEUIHMX BO3CHCTBUIA, KPEMEKHBIX YCTAaHOBOYHBIX Y3JIOB M JeTalieli, cOOpaHHBIX B EIUHYIO
KOHCTPYKLHUIO, TPOJIOKEHHYI0O M 3aKpelyIeHHYI0 Ha J3JEeMEHTaX 3JaHhi W COOpY)KeHHUU WM Ha
TEX-HOJIOTUYECKOM 000Dy IOBaHHH.

Kiaccudukammst
1. 1o pyHKIIMOHANBHOMY NIPU3HAKY:

WmnynbcHas JAMHUSA CBA3M — TpyOHasi mpoBoAka (WIM €€ 4acTh), COeNUHSIoNIas OTOOpHOE
ycrpoiictBo ¢ KUII, natumkom wmm perynstopoM. IlpennasHaueHa nns nepenauu BO3JIEHCTBUI
TEXHOJIOTUYECKOT0 MapaMeTpa (KUAKOCTH, Iapa, rasa) Ha yyBcTBuUTeNnbHbIA opran KUII, natumnka nimm
perynstopa (P.S. kK UMIYJIbCHBIM JIMHUSAM OTHOCST M KallWJUIIPbl MAaHOMETPUYECKUX TEPMOMETPOB U
PETYIATOPOB TEMIIEPATyphl, COEAMHSIOUIMX TEPMOUYBCTBUTEIbHBIE 3JIEMEHTHI (TEPMOOAITIOHBI) C
MaHOMETPUYECKUMH YCTPONCTBAMM)

Komananast nuHus cBsizu — TpyOHasi MPOBOJKA (MJIM €€ 4YacTh), COETUHSIONIAs MEXIY co00i
oTHeNnbHble (QYyHKIMOHANbHbIE 0ok CAY (marTumku, mepekirodaresd, BTOPUYHBIE HW3MEpPUTENbHbIE
npuOopbl, MpeoOpa3oBaTenyu, PeryJupyrole BbIYUCIUTENbHBIE U YNPABISIONINE, HCIOJHUTEIbHbBIE
MexaHu3Mbl). [IpeaHazHaveHsl Ul Mepeiadyd KOMaHIHBIX CUTHAJIOB (J1aBJ€HUs BO3JyXa, rasa, Macia,
BO/JIbI) OT MEpENAIOLINX YCTPOUCTB K IPUEMHBIM.

[Mutaromas nuHUS — TpyOHAs MpoBojAKa (MM €€ YacTb) COENMHSIONIAs W3MEpPUTENIbHBIC
npuboOpsl M CpeACTBa aBTOMATH3AlMM C MCTOYHUKAMHM TMHTaHHUS (KOMIPECCOpaMH, HacOCaMH,
0011e3aBOICKUMH TUTAIOIUMU MarucTpaisimu). [IpeanasHadena uist mojadu K npudopaM U cpeacTBam
aBTOMAaTH3alMK (JaTYuKaMHu, IpeoOpa3oBaTeIsIMU, PETYIUPYIOIMIMMU U YIPABJISIONIMMH YCTPOHCTBAM,
YCUJINTENSIM, TO3UIIMOHEPaM) BO3TyXa, ra3a, Maciia, BOJIbl, CIIEUAIbHBIX KUAKOCTEH.

Jlunus oborpeBa — TpyOHast MPOBOJIKA (WIJIA €€ YacTh), Yepe3 KOTOPYIO MOABOISITCS U OTBOISATCS
TEIIOHOCUTENH (BO31yX, BOJA, Map U T.J.) K o0orpeBareiasiM OTOOPHBIX YCTPOHCTB, U3MEPUTEIBHBIX
npubOpOB M CPEACTB aBTOMATH3allMM, LIUTOB, KOMAaHJIHBIX W JIPYT'HX TPYOHBIX NPOBOAOK M T.II
pacroI0kKEHHBIX B MECTAX C TEMIIEPATYPOI HUKE AOITYCTUMOM.

JlpeHakHast JIMHUS — TpyOHas MNpoBojAKa (WIM €€ 4YacTh) uepe3 KOTOpYyro cOpachiBaioTCA
IOPOAYKTHl MPOAYBKM M IPOMBIBKM (ra3bl, *HJIKOCTH) W3 NPHUOOPOB M CPEACTB aBTOMATH3aLUM,
UMITYJIbCHBIX M KOMAHIHBIX JIMHUH CBA3M U JIPYTuX (BCIIOMOTaTENIbHBIX) JUHUHM B OTBEAEHHBIC IS
9TOT0 EMKOCTH M IPCHAKHBIE yCTPOUCTBA.

Jluaus oxnaxneHuss — TpyOHas TpoBojka (WM €€ YacTh), Yepe3 KOTOPYI IOABOMAATCS W
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OTBOJATCS OXJAKAAIOLIUE areHThI (BO31yX, BOJA, PACCOI U T.II.) K OXJIQAUTENIAM OTOOPHBIX YCTPOMCTB,
natunkoB, UM u apyrux cpeicTB aBTOMATH3allMM, PACIOIOKEHHBIX B MECTAX C TEMIIEPATypOH BbILIE
JIOITy CTUMOM.
BcrnomorarenbHast IMHUS — 3TO TpyOHast IPOBOKA (MIJIH €€ YacTb), C TOMOIIBIO KOTOPOIi:
® [0JBOJASATCS K MUMITYJIbCHBIM JIMHUSM CBS3M 3aIUTHBIE KUAKOCTU WM ra3bl, CO3JAI0OIINE B HUX
BCTPEUHBIE TOTOKH JUIs IPEAOXPAHEHUS OT arpECCUBHBIX BO3/IEICTBUI, 3aKyIIOPKH, 3aCOPEHUS U
JpYTUX SIBJICHUM, BBI3bIBAIOLINX TOPYY IPUOOPOB U JIMHUM;
® TOABOIATCSA K MMITYJILCHBIM JIMHHSIM CBSI3U, IPHOOpPAM U PETYJIATOpaM KHUJIKOCTH HJIM ra3a JUIs
NEPUOANYECKON IPOMBIBKH, UJIU IPOYBKU UX BO BPEMsI dKCILTyaTalllu;
®  CO3/aeTcs MapajuIeNbHBIN IOTOK YacTH MPOAYKTa, OTOMPAEMOro U3 TEXHOJIOIMYECKOro anmnapara
WIA TpyOOIpoBoJa A aHalM3a, C LEIbI0 YCKOPEHUs IOJa4d NMPOObl K HM3MEPUTEILHOMY
npulopy, YIOAJIEHHOMY OT MecTa YCTaHOBKM (HalpuMmep, K aHalIu3aTopy IKUAKUX
He(TEeNPOAYKTOB U T.I1.)

2. Ilo pacnoyioxKeHHUIO0 B aBTOMATU3UPYEMOM OOBEKTE:

BuyTpenHss npoBojika —TpyOHasi IpOBOAKa (MM €€ YacTh) MPOJIOKEHHAS BHYTPU 3/1aHUS.

Hapyxnas mpoBogka — TpyOHas mpoBojka (WM €€ YacTb) MPOJIOKEHHYIO IO HapyKHBIM
CTEHKaM 37]aHHii, [10/1 HABECOM, IO 3CTaKagaM M JIPYTHUM HAPY>KHBIM COOPY>KEHUSIM.

CkpebITast ipoBoJIKa —TpyOHasi MPOBOAKa (WM €€ 4acTh) MPOJIOKCHHAsT BHYTPH CTCH, IOJIOB,
MEPEKPBITHI, B 3aKPHITHIX KaHaIaX, 3eMJIE€ U T.II.

OTKpBITBIE TPOBOJKK — TPYOHast MIPOBOJIKA (MJIM €€ YacTh), IPOJOKEHHAS TT0 TEXHOJIOTHUYECKUM
amnrmaparam U TpyOOIIpoBOIaM, 10 CTEHAM, IIEPEKPBITUSIM, ICTaKa aM, B OTKPBITHIX KaHAJIaX.

3. B 3aBucuMocTH OT (PUM3HKO-XMMHUYECKHUX CBOMCTB M pabo4yMx HapaMeTpoB (JaBJIECHUS U
TEMIIepaTypbl) BELIECTB, 3aMOJHSIOMIMX TPYOHBIE MPOBOAKU HMX KIAaCCUQUUUPYIOT Ha TPYyNIbl H
KaTeropHH.

I'pynnma u xareropusi, ycTaHaBiIMBaeMmble [UIsl KaXAOW TpyOHOW HPOBOJKH, OIPENEISIOT
COPTUMEHT M MaTepuajibl TpyO0 M COEAMHEHUM, NpaBUia MOHTa)Xa, WCIBITAHUNA, MPUEMKH U
JKCIUTyaTaluu.

I'pynny u xareroputo TpyOHBIX mpoBogok CAY ycTaHaBIMBalOT B 3aBUCHUMOCTH OT
3aIoJIHAIONIEH Cpe/Ibl U ee MapaMeTpOB B COOTBETCTBHUHM ¢ Kiaccudukanueit (tTadbmauna) [3 rpynnsl: A, b,
B; 5 kareropuii: I, 11, 111, IV, V.]

MomnTax

Coenunenus B TpyOHBIX MPOBOAKAX BHITIOJIHSIOT CIEAYIOMIMMH CIIOCOOAMH: CBApKOW U MAKOM,
dbuTHHTaMU, HUNNESIMHU, (QUIAaHIIAMH W TEePEXOJHBIMH HaKOHEYHHKaMu. DIaHIeBbIE COEAMHEHUS
VIUIOTHSIFOT TPOKJIaJKaMu. B 3aBUCHMOCTH OT Cpenbl, 3aloJHSIOMIEH TpyOONpoOBOMA, NaBICHUS U
TeMIepaTypbl MPOKIIAIKN U3TOTOBISIOT U3 PA3IMYHBIX MATEPHUAIIOB.

Bce pe3b0oBblie coennnenus Tpy0, pabortatoiue npu temneparype He Boie 100 °C, yminoTHsOT
HaBEpTHIBAHUEM Ha pe3b0y JIBHAHOM MpsM, CMa3aHHON CYpHUKOM WM OenuiaMu, TEPTHIMH Ha onude.
IIpu temmneparype or 100 mo 450 °C ymioTHeHHE OCYIIECTBISIOT TpaUTUPOBAHHBIM acOECTOBBIM
IIHYPOM.

TpyOHbIe TPOBOAKYU TOJKHBI IPOKJIAABIBATECA B MECTaX, AOCTYIHBIX Ul OCMOTpa U PEMOHTA,



[0 KpaTyaiIlluM pacCTOSHUSM, ¢ MMHUMAJIbHBIM KOJIMYECTBOM ITOBOPOTOB U nepeceueHui. IIpoBoaku
HE JOJDKHBI IOJBEpPraTbCcs CHJIBHOMY HAarpeBaHMIO WIM OXJaxaeHuto. X ciegyer npokiajaspiBaTh
NOJAJIbIIE OT 3aBOJICKUX arperatoB W KOHCTPYKLUH, MepeMeIlacMbIX WM pa30upaeMbIX B IpoIecce
IKCIUTyaTallMi U PEMOHTA.

[Ipoknanky TpyO BHYTPH 3HaHHH NPOM3BOMAT 10 CTEHAM, KOJOHHaM, Ha CIEIUAIbHO
COOPYKAaEMbIX METAJUIMYECKHX KOHCTPYKUUSAX. B TpyOHBIX NHpoBOJKax JOKHA OBITh HMCKIIOYEHA
BO3MOXHOCTh OOpa30BaHMs BO3AYIIHBIX M Ta30BbIX MELIKOB M BOJSHBIX NMPOOOK. B cambIX HH3KHX
TOYKax TPyOONPOBOJOB Ia30BbIX MM BO3AYIIHBIX JIMHUN yCTAHABJIMBAIOT MPOAYBOUHBIE YCTPOMCTBA.
TpyOonpoBoabl PEKOMEHIYETCs IpPOKIaAblBaTh CO CICAYIOIIMMH MUHHMAJIbHBIMH YKIOHaMH: K
pacxozoMepam Ipu U3MEPEHHUH KuakocTeld u ypoHemepam — 0,1; k pacxogoMepam Npu U3MEpPEHUU
ra3zoB u Boznyxa — 0,05; k MeMOpaHHBIM WM TPYOHBIM TATOMEepaM U razoaHanuzatopam — 0,02; k
CIIMBHBIM CaMOTEYHBIM MAaCJIIHBIM THJPaBINYECKUM CTPYHHBIM peryistopam— 0,1; K qpeHa)HbIM —
0,0005; x maromeTrpam — 0,02.

HanpasneHust yKIOHOB JIOMyCKAarOTCS: MPU U3MEPEHUH pacxo/ia BO3yXa UM ra3a — B CTOPOHY
CYXAloIllero yCTpOMCTBA; MPU M3MEPEHMM PACX0/a >KMJIKOCTEH WM BOASHOTO Mapa — B CTOPOHY
Iu(pMaHOMeTpa; NpPU HU3MEPEHUM JaBICHMS, pa3pekXEeHUs M aHalu3e — B CTOPOHY COOpHHKA
KOHJIeHcaTa ¥ 0TOopa rasa.

CoenuHuTeNbHBIE YCTpOWCcTBA (PUTUHTH, HUMIENS, (IAHIBI) JOJDKHBI OBITH PACIOJIOXKEHBI B
IIaXMaTHOM MOPSJIKE.

Jnist 3amuThl TPYOHBIX MPOBOJIOK OT KOPPO3UU TPYOBI MOJDKHBI OBITH OYHINEHBI BHYTPH WU
CHapyXH IIeTkamMu u ckpeOkamu. HapykHble moBepxHOCTH TpyO /10 MOHTaka CIEAYEeT IMOKpBIBAaTh
IPYHTOBKOM, a MOCJIe MOHTa)a M MCIIBITAaHUS IIPOBOJKH, HECYIIME MX KOHCTPYKLIHMU U KpPEHEeKHbIE
JeTajau — KpackaMy WK JIAKaMu.

Ecin Temneparypa OKpy»XKaroIIero BO3J1yXa JOCTUIaeT TaKWX 3HA4YEHHUH, IPU KOTOPBIX
BEIIIECTBO, 3aloJIHAoLIee TPyOONpOBOA, MOXKET 3aMEp3HYTh, 3aryCTETh WJIM BBLIEIUTH 3aMep3aroliye
KOMITOHEHTBI, TPyOOIpOBOA HEOOXOAUMO U30IUPOBATh.

TpyOonpoBoab! MMOABEPratOT UCHBITAHUSAM JO HAJIOKEHUS TEIJIOBOW W3OJSIMH; UCIBITAHUE Ha
IPOYHOCTh M IJIOTHOCTHh MPOU3BOJAT TIOCIE 3aKperyieHus TpyOompoBoja BO BCEX TOYKaxX IMpH
OTKJIIOUEHHBIX Ipubopax M amnmaparax. [IHeBMaTHyeckoMy HCHBITAHUIO HA MPOYHOCTH IMOJUIEkKAT
TpyOOMmpoBOIbI, paboTaromue mpu naBieHun He Oonee 0,7 kr/cm2 u Temneparype He Boime 100 °C.
BennunHa npoOHOro NMHEBMAaTMYECKOIO JaBJIEHUS HE JOJDKHA mpeBblmarh 1 atMm. TpyOGorpoBojibl
UCTIBITHIBAIOT HA IUIOTHOCTh JaBJICHUEM, paBHbIM 1,5 pabouero naBieHus.

IIpakTyeckas padora Ne 17
HN3yuyenue npaBui MoOHTaka TexHnueckux cpeacts ACYTII

Heab padoTbl npuoOpeTeHNne HaBBIKOB PA0OTHI C TEXHUUYECKOW JJOKyMEHTAIHEH.
HopmaTuBHbIe CHullI 3.05.07-85 Cuctembl aBTOMaTH3aAA

AOKYMEHTBbI http://www.gosthelp.ru/text/SNiP3050785Sistemyavtomat.html
3amanmue:

1. BauMaTenbHO U3YYHTE U MPOAHAIM3UPYUTE MaTepUa 1Mo TeMe.

OTBeTHhTE HAa BOMPOCHI (B MUCHbMEHHOU popMme):

JloxymeHTanus, Heooxoaumasi it MOHTaxka Texauueckux cpeacts ACY TII.
TpeGoBaHMsI K CTEHOBBIM UCTIBITAHUSM 00OPYAOBAHHS.

Bupl sxcrutyaTalliOHHOM IOKYMEHTALIMH.

o TN
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d. TleprHOAMYHOCTH TEXHUYECKOTO 00CTYKUBaHHS 000PYI0BAHUS.

MonTtax texanueckux cpencts ACY TII npousBoauTcs B COOTBETCTBUH € pabOUUM MPOEKTOM,
a TaKXe OTPacJCBBIMH U MEXKBEIOMCTBEHHBIMH HOpMaIsAMU. [IpH BBIMOTHEHHMHM MOHTaKHBIX PabOT
ABTOMATH3UPOBAHHBIX CHCTEM YIpPaBJIeHHS 00s3aTeNbHO BBINOJHEHHE TpeboBanwii TY Ha MOHTax
CPEACTB aBTOMAaTH3allMM, NpPaBUI M MHCTPYKUMH ['occranmapra, mpaBUil TEXHMKHM O€30MAaCHOCTH U
OXpaHbl TPYyAa, IPABUII IPOTUBONOKAPHON TEXHUKH.

Jlo Hayajla MOHTa)Ka TEXHUYECKUX CPEJICTB aBTOMATU3UPOBAHHBIX CUCTEM YIPABICHUS JOKHBI
OBITH MOATOTOBJICHBI BCE HEOOXOIMMBIE TIOMEIIECHHS C YCTaHOBKOW (DYHIAMEHTOB JUIsl 00OPYAOBaHMUS,
JIBOW-HBIX TIOJIOB JJISI IPOKJIAJKU KaOeIbHBIX KaHAJIOB, 3aKJIaJKOH KOpoOOB, TpyO B MO-JIaX U CTEHAX,
yYCTPOMCTBOM TpaHuIel u T. . Bce nepeunciennbie paboThl JOKHBI ObITh OTOBOPEHBI CTPOUTEIBHBIM
3a/laHuEM.

ITomemenus nis YCTAaHOBKU TCXHHUYCCKUX CPCACTB aBTOMATU3HPOBAHHBIX CUCTEM YIIPABJIICHUA
JOJI2KHBI OBITH HE SaHBIJ'IéHHLIMI/I, HCKpPO- H B3pBIBO6630HaCHbIMI/I (38. HCKIIIOYCHUCM IIPUMCHCHUA
CHGHHaHB—HOﬁ arrapaTrypbl, 4TO OroBapuBacTCsA Ty), TEMIICpAaTypa U BJAKHOCTb BO3JyXa IOOJIKHBI
COOTBCTCTBOBATH YCIOBUAM JKCIUTyaTalluM TCXHUYCCKUX CPEACTB, OTOBOPCHHBIX B TV.

Texunueckue cpencrsa ACY TII nepen ycTaHOBKOW JTOJIKHBI MPOWTH CTEHAOBBIE MCIBITAHUS,
KOTOPBIE ONPEAECIISIOT:

LIEJIOCTHOCTb KOHCTPYKIIMU U MIEKTPUYECKUX LIETIEN aBTOMATU3UPOBAaHHBIX CUCTEM YIPABICHUS;
COIIPOTHUBIICHUE U30JIALUY;

JIEKTPUUYECKOE HANpPsOKEHHE Ha BBIXOJHBIX 3aXHMMax TpaHCc()OpMaTOpOB, BBI-MPSMUTENEH
aBTOMATHU3MPOBAHHBIX CHCTEM YIIPaBJICHMUSI,

IIOTPEIIHOCTh CUCTEM YIIPABJIEHUS TEXHOJIOTMYECKMMU IIPOLIECCAMY;

cpabaTblBaHWE PETryJIMPYIOIIMX M CHUTHAIM3UPYIOUIMX YCTPONCTB CHUCTEM YyNpaBICHUS
TEXHOJOTMYECKUMHU TnporeccaMu. OKOHYATEIbHYI0 HAIAJKy TEXHUYECKUX CPEJICTB MPOU3BOJAT IOCIIE
UX MOH-Taka MpU IPOBEICHUH ITyCKOHAIAA0YHBIX paOOT CUCTEM yNpPaBJICHHUS.

MoHTaX D3IEKTPUYECKUX COEAVMHEHUN CHCTEM YIPABJICHHUS TEXHOJIOIMYECKUMU IMPOLEcCaMu
BBINOJIHSAETCSI B CTPOTOM COOTBETCTBMM C MOHTQ)XHBIMM CXEMaMH, TaOJUIlAMU COEIUHEHUH U
KaOenbHBIMU XKypHajgaMu. 711 BHEIIHUX COEAMHEHHUH MCIIONIBb3YIOTCS MPOBOA MITH KaOeIu ¢ MeIHBIMU
KHU-JTaMU TMaMeTpoM He meHee 0,5 MM, JJs 1enel MuTaHus, COSMHEHUH 1aTurK - MpUOop — MpoBoJa
auaMeTpoM He MeHee 1,5 mm. M3mepurenbHble LENH CHCTEM YIPABIECHHS TEXHOJIOTHYECKHMHU
poleccaMy MOKHO OOBEIUHHUTH B OOIIMI AKpaHUPOBAHHBINA, OPOHUPOBAHHBIM WM MPOJIOKEHHBIN B
TpyOe kabenb. CHIIOBBIE IIETH JTOJKHBI BBIACIATHCS B OT/ICIBHBIC KAOCIH.

CoenMHeHNs TEXHUYECKUX CPEJCTB MEXAY CO0O Ha OAHOM MaHeIH JOJDKHBI BBIOIHATHCS 03
BBIBOJIa COCAMHSIONINX TPOBOJOB Ha MPOMEKYTOUYHBIE 3aXHMbl. Bce kabenm u mpoBoAa CHUCTEM
yOpaBi€HUs, a TaKKe KIEMMHHUKH M Pa3beMbl JOJKHBI MMETh MapKUPOBKY B COOTBETCTBUU C
MoHTaKHOU cxemoit. CpenctBa BT coenunsitorcs Mexay co00il ¢ TOMOIIBIO MOCTABISIEMOTO 3aBOIOM -
M3TOTOBUTEIEM MOHTQ)KHOTO KOMIUIEKTAa, COCTOSIIETO W3 CTAaHJIAPTHBIX Kabeled MEpHOUM JIMHBI U
KaOeTbHBIX COCAMHUTEIBHBIX KOPOOOK, MO3BOJISIONIMX Y/UITMHATH W Pa3BETBIATH COCAMHUTEIIBHBIC
TuHUU. BHYTpH KOpOOOK COCTMHEHMSI BBITOTHSIIOTCS TAMKOM.



[lIxadbI1, CTOWKHU, BXOIANIME B COCTAaB OJHOTO (hYHKIIMOHAJIHLHOTO YCTPONCTBA MPOMBIIIICHHBIX
CUCTCM YIPABJICHUA, a4 TAKKC HIUTHI WU MAHCIW YHIPABJICHUSA OOJIKHBI 6BITB COCAUHCHBI C KOHTYpPOM

3a-IIATHOTO 3a3€MJICHUS, BBIIIOJIHIEMOTO0 MHOTOKUIIBHBIM MEIHBIM ITPOBOJOM IUIOLIAABI0 CEUEHUS 10
20 MMm2.

Texanueckue cpencrea ACY TII  ycraHaBaumBalOT B COOTBETCTBHM C pabouedd U
9KCILTyaTallMOHHON JTOKYMEHTAallMell Ha CHCTEMYy B IPEIBAPUTEIHHO MOJTOTOB-JICHHBIX MMOMEIICHHUSX.
CpenctBa BT pasmemaior B OTAENBRHOM 3aie, 000pyJOBaH-HOM KOHJWIIMOHEPAMU, IIUTHI U TaHEIH
yIpaBieHUs] — B IIOMEUICHUIX ONepa-TOPHBIX MyHKTOB, allllapaTypy CBSA3H — B allllapaTHOM 3aJle.

Texnomoruueckas IoCICa0BaTCIbHOCTh MOHTAXa, CIIOCOOBI U IpaBujia €ro BBIIIOJIHCHUA U
IMPOBECPKH YCTAHABIMBAIOTCA BKCHHyaTaHHOHHOﬁ IIOKYMCHTaIII/Ieﬁ Ha CUCTCMY W BKIIFOYAIOT:

MOpAHOK TPAHCIIOPTUPOBAHUA TEXHUYCCKUX CPEACTB K MECTY MOHTAKa MMPOMBIIIJICHHBIX CUCTEM
YHPpaBJICHUA,

IIpaBHJIa PACITAKOBKH TEXHUYCCKUX CPCACTB aBTOMATU3UPOBAHHBIX CUCTCM YIIPABJICHU,

IIpaBHjIia OCMOTpPA U ITPOBEPKU KOMIIJICKTHOCTH ITPOMBIIIJICHHBIX CUCTCM YIIPABJICHUS,

IIpaBHJia PACKOHCECPBALIUN aBTOMATU3UPOBAHHBIX CUCTCM YIIPABJICHUA,

IIpaBujia pasMCIICHHUA MOHTAKHOI'O O60py1IOBaHI/I$I CHCTCM aBTOMAaTU3aluu,

O4YCPCAHOCTh MOHTAKa CUCTCM aBTOMAaTHU3alluU,

CII0COOBI MOHTAaKa IMPOMBIINIJICHHBIX CUCTCM YIIPABJICHUAA,

MCTOAUKY TIIPOBCPKHU IMPABUIIBHOCTU BBIIIOJIHCHUA MOHTAaKa Tpe6OBaHI/I${M HAOKY-MCHTAallUN
ABTOMATHU3UPOBAHHBIX CUCTEM YIIPABJICHUS.

Bce MoHTaxHBIE pa6OTLI CUCTCM aBTOMATHU3AllUHU MNOJDKHBI BBITIOJHATHCA HHAYCTPHUAJIBHBIMU
MCTOJaMH C UCIIOJIb30BaAHHUEM YHH(bHHHpOBaHHBIX Y3JIOB MOHTAKHOT'O O60py&0BaHI/IH.

Texuuueckoe oOcmykuBanue u skciutyatanuio ACY TII BBINOTHSIOT B COOT-BETCTBHH C
WHCTPYKIUSAMH MO0 TEXHUYECKOMY OOCIY)KHMBAaHUIO M JKCIUTyaTallud, KOTOPBIE OMPEIEISIIOT MOPSIIOK,
npaBuja, BUAbl U MEPUOAUYHOCTh OOCIIYKUBAaHUS M TeXHHUUYECKoro ocBuuaerenbctBoBanus ACY TII.
[IpaBuna TeXHUYECKOTO 00CTY->)KUBAHUS JOJKHBI BKIIOUATh MCUEPIIHIBAIOIINE JaHHBIC U yKa3aHUS 1O
obecrieve-HUIO MOCTOSHHON HUcTipaBHOCTH U 3 pexTuBHOro PyHkuuonuposanus ACY TII.

Bunbl u mepuoOgUYHOCTh TEXHUYECKOTO OOCHY>KMBAaHUS CHUCTEM aBTOMATHU3AIMH OMPEIENseT
pa3zpabotunk ACY TII. Jlns Kakgoro BUAAa TEXHUYECKOTO OOCTY>KMBAaHUS YKa3bIBAIOTCS COCTaB
CIEIUAJIMCTOB, BBITIOJHSIONINX pa0OThI, CIICIHAIbHBIE TPEOOBAHMS K TTIOMEIICHHUSIM U pab0YuM MecTam,
XapaKTEPUCTUKH OOIIETO U CIEIHAIIBHOTO 000PYI0BaHUS, IPUBOISTCS MEPEYHN CTEHOB, KOHTPOJIBHO-
HU3MEPUTEIBHBIX TMPUOOPOB, MPUHAMICKHOCTEH, WHCTPYMEHTAa M MaTEpPHAIOB, HEOOXOIUMBIX JIS
BBITIOJTHEHHS pa0OT 1O TEXHHYECKOMY OOCITYKUBaHUIO.

[Topsmok TeXHUYECKOTO 0OCTY>KUBAaHUS MPOTPaMMHUPYEMBIX Jiornueckux KoHTpoiuiepoB (ITJIK)
YCTaHABIMBAETCS YKA3aHUSAMH 110 TEXHHUYECKOMY OCMOTPY M MPOBEpKe paboTOCIIOCOOHOCTH KOMITIEKCa
TEXHUUYECKUX CPEJCTB, a TAK)Ke MEPEUHSMU OCHOBHBIX pabOT W MPOBEPOK TEXHUYECKOTO COCTOSHUS
MOCJIC BBITIOJIHEHUS Ppa0OT MO TEXHUYECKOMY OOCTY)KMBAaHUIO C yKa3aHUEM HEOOXOIUMOT0
CIIEIIAAILHOT'O obopyioBaHusl, KOHTPOJIbHO-U3MEPUTEITbHBIX pUOOPOB, WHCTPYMEHTA,
MIPUHAIICKHOCTEH.



TexHnyeckoe OCBHJIETEIBCTBOBAHNE olnpenesnseT MOPAIOK u HEPUOAUYHOCTD
ocsuzerenbcTBoBanud ACY TII opranamMy HMHCHEKIMM U HaJ30pa C YKa3aHMEM KOHTPOJIbHO-
U3MEpUTENBbHBIX NprubopoB u annapatypsl KTC, noanexammx nepuoguueckoi NpoBepKe, 1 METOAUKU
IIOBEPKH, BKIIKOYAIOLIEH:

Ha3HAaYeHHE U3MEPUTEIBHOr0 IpUOopa, MPUHIUI €ro JEHCTBUS U CPOKHU MOBEPKU;

repeyeHb MPOBEPSIeMbIX XapaKTEPUCTUK MPOrpaMMUPYEMBIX Jioruueckux KoHTposuiepoB (I1JIK);

yKa3aHus O MOJArOTOBKE MNpubopa K IMOBEPKE U METOAMKY IOBEPKH; yKa3aHHUs O MOPSIKE
MJIOMOUPOBAHUS.

Texuudeckoe obcmyxkuBanue Bxomsmmx B ACY TII cpencte BT mpenmonaraer, moMumo
BBIIIOJIHEHHMSI OCHOBHBIX NPaBWJI M YKa3aHUM HWHCTPYKUMH, LIUPOKOE HCMHOJb30BAHUE CUCTEMBI
BCTPOEHHOT'O KOHTPOJIS 00paboTKu WH(POPMAIIUK B UCIIPABHOCTH O00OPYIOBAHUS, & TAKXKE MPOBEICHUE
TUTAHOBBIX MPOQPMIAKTHYECKUX padOT. DTO MO3BOJISIET HE TOJNBKO YIYUYIIWTh MOKA3aTEIH HAJIEKHOCTH
ACY TII, HO ¥ COKpaTUTh FKCILTyaTallMOHHbIE pacxopl. CucTeMa BCTPOEHHOI'O KOHTPOJISI OCHOBAHA HA
BBEJICHUN M30BITOYHOCTH C MPUMEHEHHEM MPOTPAMMHBIX M alMapaTHbBIX MeTOA0B. OCHOBHBIC BH/IBI
IPOrPpaMMHOTO KOHTPOJISi: IMOBEPOUYHbIE M JUArHOCTMYECKHE TECThl M IPOrpaMMHO-TIOTHUYECKHUI
KOHTPOJIb (ABOMHOI CueT, KOHTPOJIbHBIE COOTHOILIEHUS, aITOPUTMUYECKUN KOHTPOJIB).

[ToBepouHble TECThl MPOMBIIIJICHHBIX KOMIIBIOTEPOB CHCTEM aBTOMATU3allUU — CIELHMAJIbHBIC
nporpaMMmel A oOHapyxeHus HeucnpaBHocTeld B OBM. Ilpu xommnexranuu ACY TII noepounbie
TecThl 111 OBM BXOAST B cOCTaB 00ILIEro MPOrpaMMHOI0 00ECIICUEHUS.

Z[I/IaFHOCTI/I‘leCKI/Ie TCCThI IIPOMBINIICHHBIX KOMIIBIOTEPOB CUCTCM dBTOMATUYCCKOTO YIIPABJIICHHUA
— CHeUUAJIbHBIC MPOrpaMMBbI Moneneﬁ BO3MOXHBIX HCHCHpaBHOCTeﬁ. Z[BOI\/’IHOI\/’I CUET OCHOBAH Ha
IMMOBTOPCHUU pa60q6171 nporpaMmsbl Ui €€ 4aCTU U CPABHCHHUU IMOJTYYCHHBIX peH_IeHI/II\/’I, YTO IMO3BOJIACT
06Hapy)KI/ITL cnyqaﬁHLIe C6OI/I B IIporpaMme U OTKa3bl IPOTPAMMUPYEMBIX JIOTUICCKHUX KOHTPOJUICPOB
(IUIK).

KoHTposbHBIE COOTHOLIEHMS, TPEACTABIAIONME COOOW W3BECTHBIN pe3ynbTaT pelleHus
OCHOBHOI IIpOrpaMMBbl WJIM €€ YacTH IPU MOJACTAHOBKE 33JaHHBIX KO3(PPHUIIMEHTOB, UCIOIB3YIOTCS MTPU
pa3paboTke pabouux nporpamm Juis oOHapykeHus: 0TKa30B DBM uiu ommboK B mporpaMme.

AJ'Il“OpI/ITMI/IquKI/Iﬁ KOHTPOJIb ITPOMBIINIJICHHBIX KOMIIBFOTCPOB CUCTCM aBTOMATU3dAllMU OCHOBAH
Ha UCIIOJIb30BAHUHN YIPOIICHHBIX KOHT-POJIBHLIX aJITOPUTMOB.

AnmapaTHbI KOHTPOJIb MTPOMBIIIEHHBIX KOMIIBIOTEPOB CUCTEM aBTOMATHYECKOIO YIIPaBICHUS
npeaycMaTpuBacT BBCIACHUC N30BITOYHOCTH KOOAWPOBAHUA YUCCIT U CIJIOB CIICHUAIBHBIMU KOJOBBIMU
KOM6I/IH3HI/I$IMI/I 3a CUCT AOIOJHHUTEIb-HBIX KOHTPOJBHBIX paspsaa0B. AHHapaTHBIﬁ KOHTPOJIb IMO3BOJIACT
KOHTPOJIMPOBATh KaXAYI0 OMNEpalui0 B MalluHe, O0ecleunBaeT MrHOBEHHOE OOHapyKeHUe
HEUCTPABHOCTH M HE CHHUXKAET MPOU3BOJUTEIBHOCTH MPOTPAMMHPYEMBIX JIOTUYECKUX KOHTPOJUIEPOB
(IUIK).

IIpakTyeckas padora Ne 18

N3ydyeHnne mpaBu/ MOHTAKA 3JIeKTPUYECKUX MPOBOJAOK B CHCTEMaxX KOHTPOJIs

eanb padoTbi npuoOpeTeHNne HaBBIKOB PA0OTHI C TEXHUUYECKOW JJOKyMEHTAITHUEH.
HopmaTuBHbIe PM 14-177-05 VHCTpYKIMS MO MOHTaXy JJICKTPUYECKUX MPOBOJOK CHCTEM
JAOKYMEHTBI aBromaruzanuu. Yacte 1. OnopHble, Hecylue M 3alIUTHBbIE KOHCTPYKLUU
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3amanue:
1. BHuMAaTENnbHO U3YYHTE U MPOAHATUZUPYUTE MaTEpUa IO TEME.
OTBeTbTe Ha BOMPOCHI (B MUCbMEHHOHU (opme):
[Toakmouenne kabenel U IPOBOIOB.
BBo/b1, OKOHIIEBaHME, COEMHEHHE U TIOJIKIIIOUEHHE Kabeseil 1 MpoBOOB.
Paz6opHbie 1 Hepa3OOpHBIE COCTUHECHMUS.
CoeanHeHre CTabHBIX 3aUTHBIX TPYO.
CrenuanbHble 3alIUTHBIE TPOBOHUKH.

o000 TP N

BonokoHHO-onTHYECKME KAOEH.

HOI[BGI[GHHBIC K TCXHUYCCKUM Cpe[[CTBaM aBTOMAaTHU3alInun Ka6eJII/I n HpOBOIIa IIOAKJIKYAKT K
HUM 4Yepe3 MPHCOCIMHUTEIbHBIE YCTPOWCTBA: BHHTOBBIC 3a)KHMBbI, IITEIICEIbHBIE Pa3bEMBbI,
HU3KOYaCTOTHBIE COCAUHUTEIH (HAIpUMED, KaOeIbHbIE BUIKH M PO3ETKH H JP.).

K HacToIbHBIM TEXHHYECKMM CpEACTBAaM Kabelld M IpOBOJA MOJAKIIOYAIOT Yepe3 MEePEXOIHbIE
yCTPOICTBA, YCTAHOBJICHHBIC HA CTEHE, Yepe3 IITaTHble rmOKue kabenu. [Ipu yCTaHOBKE CTOJOB Ha
y,[[aJIeHI/II/I OT CTCHBI HepeXOI[HI)IC YCTPOfICTBa JOJI’)KHBI 6I)ITI) KECTKO 3aKp€HHCHLI Ha HUX.

HOI[KJHO‘I&GMI)IC K TCXHHYCCKHUM Cpe[[CTBaM aBTOMAaTHU3allun KWUJIbI Ka6€J’I€I>i n HpOBOIIOB
JOJDKHBI UMETH 3a11ac 1o JJInHE, I[OCTaTOqHBIﬁ JUIL UX I{BYXKpaTHOFO IIOAKJIFOUYCHU L.

>KI/IJ'II)I MCIHBIX Ka6eﬂeﬁ nu HpOBOIIOB B 3aBHCHUMOCTH OT CCUCHUS OOJDKHBI ITOAKIIFOYATHCS K
IPUCOCTUHUTEILHBIM YCTPOMCTBAM TEXHHUUYECKMX CPEICTB CHCTEM ABTOMATHU3AIlHMH CIICYOIUMU
crocodamu:

a) MeJHBIE OJHONMPOBONIOYHHIE CEUeHHEeM MeHee | MM? - HaBHBOM, MaiKoOH, a TIpH
NIPUCOCTMHECHUH K 3Q)KUMY - Uepe3 HaKOHCUHHKH,

6) OJHOMPOBONOYHEIE cedeHHeM 1 - 6 MM? ¥ MHOTONIPOBOJNOUHBIE cedeHHeM | - 2,5 MM? -
HeHOCpeI{CTBeHHO 101 BUHT UJIN 6OJ'IT. HpI/I 9TOM B 3aBUCUMOCTH OT KOHCTPYKHI/II/I BBIBOJIOB U 3 KNUMOB
npuOOpoB, anmapaToB M COOPOK 3aKUMOB OKOHIIOBBIBAIOTCA KOJBIOM MJIM IITHIPEM; KOHIIbI
MHOTONPOBOJIOYHBIX KHJ (KOJbLA, IITHIPH) JOJKHBI OBITH OOJIY)KEHBI, IITHIPEBBIE KOHIBI MOTYT
Ol'IpeCCOBBIBaTI)CH IHTI/Iq)TOBBIMI/I HAKOHCYHUKaMU,

B) OJIHOTIPOBOJIOUHBIE JKMIIBI CEUEHHEM CBBIIIE 6 MM2, a MHOTONPOBOJIOYHBIE CBBIIIE 2,5 MM? -
1I0JT BUHTOBOM 3aKUM. [Ipy 3TOM KOHIIBI JKWJT TOJDKHBI OBITh OKOHIIOBaHBI HAKOHEYHHKAMH C MTOMOIIIBIO
MAKU WM CIIPECCOBBIBAHMS.

Ecimu KOHCTPYKITUS BBIBOJIOB M 32)KMMOB TEXHMYECKHX CPEJICTB aBTOMATH3allud TPeOyeT Win
JIOHYCKaeT HNHBIC CHOCO6BI HpI/ICOGHI/IHeHI/Iﬂ O)IHOHpOBOJ'IO‘—IHBIX MCEIOHBIX XXWUJI HpOBOHOB nu Ka6eﬂeﬁ,
JOJIPKHBI HpI/IMeHHTLCH CHOCO6I)I HpHCOC}II/IHeHI/Iﬂ, YKaSaHHI)Ie B COOTBCTCTBYIOHII/IX CTaHHapTaX nu
TCXHNYCCKHUX YC.]'IOBI/ISIX Ha 5 TU TCXHUYCCKHUC CpelICTBa.

HpI/IMeHeHI/Ie AJTFOMHUHHUCBBIX HpOBO}IOB 58 Ka6ene171 B cucremMax aBTOMAaTU3aliu HE
PEKOMEH Ty eTCH.

[IpucoenuHeHrne >KUI TMPOBOJAOB M KalOenel K TEXHUYECKMM CpEICTBaM aBTOMATH3aIlUH,
UMCIOIIIUM BBIBOJIHBIC YCTPOWCTBA B BHUJIE IITEICEIbHBIX Pa3beMOB, JIOJKHO BBITIOJHATHCS Yepes3
MIEPEXO/IHbIC YYAaCTKU C UCIOJIb30BAHUEM TMOKMX MEIHBIX MPOBOJIOB WM KaOeleH, MpOoKIIaIbIBAeMbIX
0T COOpPOK 3aKMMOB HJIH COCTUHUTEIBHBIX KOPOOOK 10 COOTBETCTBYIOIINX TEXHUIECKHUX CPEICTB.

Pa3bopHbie W Hepa3OOpHBIE COCTUHEHHS MEIHBIX KW IPOBOJOB M Kabeneld ¢ BBIBOJAMH M
3a)KMMaMH TPUOOPOB, almapaToB, COOPOK 3aKMMOB BBIMOJIHAIOT B COOTBETCTBHH C TPEOOBaAHHSIMHU
I'OCT 10434.
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MoOHTaX DJIEKTPONPOBOJOK HMH(MOPMAIMOHHBIX CETed B  IENAX CHW)KCHUS  YPOBHS
JJICKTPOMATHUTHBIX TIOMEX JIOJDKCH OCYIIECTBISTBCS C COONIIOJICHHEM psifa JIONMOJHHUTEIBHBIX
TpeOOBaHUI.

CMOHTHPOBaHHBIC DJICKTPOIPOBOJAKK WH(POPMAIIMOHHBIX ceTed (KaOeiu, 3allUuTHbIC TPYOBI,
Kopo0Oa) cieayeT BBIACIATh MO0 GhopMoil (OKpackoi) MapKUPOBOYHBIX OUPOK, MO0 HAHECCHHEM Ha
HUX OTJIMYUTEIHLHOHN (OII03HABATEIILHON) OKPACKH.

CoenuHeHNE CTABHBIX 3alIUTHBIX TPYO MEXIy COOOM, ¢ IPOTHKHBIMU KOPOOKaMH, KOpoOaMu 1
T.JI. B TIOMEIIEHHSIX BCEX KJIACCOB CIIEIYET OCYIIECTBISATh CTAHAAPTHBIMH PE3bOOBBIMU COCTMHEHHSIMH.

B momemeHusx BceX KIAcCOB, KPOME B3PBIBO- U IOKAPOOIACHBIX 30H, JIOMYCKaeTCs
IPOU3BOIUTH COCIMHEHHE CTATBHBIX TOHKOCTEHHBIX 3alIMTHBIX TPYO T'MIIb3aMH U3 JUCTOBOW CTAJIH WU
CTAJILHBIMH TpyOaMu OOJBIIET0 JuaMeTpa ¢ MOCIeAyHomeld 00BapKoil MO BceMy MEPUMETPY MECT
COCAMHEHUS: TIPH 3TOM HE JIOITyCKAETCs TIPOKOT TPYO.

[Tpu MOHTa)ke 3JEKTPONPOBOAOK B3PHIBOIOKAPOOIACHBIX XMMUYECKUX, HEPTEXUMHUCCKUX U
HedTenepepabaThIBAIONIMX IPOU3BOACTB K HHUM TPEABSIBISIIOT JONOJHHUTEIbHBIE TpeOOBaHUS,
ycranoBieHHsie [1b 09-540.

TexHuuecKue CpeicTBa CHCTEM aBTOMATH3alMM W 3JEMEHTHI TPOBOJOK, KOHCTPYKTHBOB U
MOHTQ)KHBIX KOHCTPYKIIMI 3a3EMJISFOTCSI COTJIACHO paboyeii jokymeHTaruu B coorBerctBuu ¢ 'OCT P
50571.3.

3azeMISIIONIME W CHCHUAIBHBIC 3aIUTHBIC MPOBOJHUKMA TEXHUYECKHX CPEJICTB HE JIOJDKHBI
UCTIOJIB30BaThCSl B KAUECTBE HYJIEBOTO paboyero MpoBOAHMKA (TIPU DJIEKTPONHUTAHUM IO cxeme «da3a-
HYJIb»).

CrenaipHble 3aIUTHBIC IIPOBOAHUKH, UCTIOIB3YEMbIC JIJIS 3aIIUTHI MHPOPMAIIMOHHBIX KaHAIOB
OT DJIGKTPOMArHUTHBIX MOMEX, MCIOJb30BaTh B KAYECTBE 3AlIUTHBIX OT MOPAKEHUS SJICKTPHUCCKUM
TOKOM HE JIOITyCKaeTcsl.

B kadecTBe 3a3eMJISIFOIIMX TIPOBOJHHUKOB JUUIsi KOHCTPYKTHBOB, TEXHHYECKHUX CPEJACTB U
AJIEKTPOIIPOBOJIOK CHUCTEM aBTOMATH3AIlMM JOJDKHBI TPUMEHSTHCS CTaHIAPTHBIC MEIHBbIE THOKHE
HIPOBO/THUKHU:

- JUTs 3a3€MJIEHMSI SKpaHOB M OpOHU KOHTPOJIbHBIX Kabesel mpoBoAHMKH Tuma I1; mpoBoaHUKH
IPUIIAUBAIOT K OPOHU WM SKpaHy KaOelnbHOM JIMHUU;

- JUIs1 3a3€MJIEHMSI TEXHUUECKHUX CPEICTB U KOHCTpYKTHBOB Tuna 11150 - I1750.

Ceuenne 3a3eMIISIFOIIIMX MEIHBIX TPOBOAHUKOB JIOJDKHO OBITH HE MeHee 4 MM,

ComnpoTHUBICHHE 3a3eMIISIFONIUX YCTPOMCTB CHCTEM aBTOMATH3allMM JIOJDKHO OBITH HE Oojee
4 Om.
BonoxoHHO-0onTHYECKHE KaOean

IMpoknanka ontuueckux kabeneit (OK) BwimonHseTCss B COOTBETCTBUUM C  paboueit
JOKYMEHTaIlMel crnocobaMu, aHAJIOTMYHBIMH MPUHSATHIM MPHU MPOKIAAKE IIEKTPUUYECKUX U TPYOHBIX
MPOBOJIOK, a TaKXke Kabemneil cBs3u.

OnTrueckne kabemu A0MycKaeTcs MPOKIaIbIBaTh B OJTHOM JIOTKE, KOpoOe Win TpyOe COBMECTHO
C IpyTUMU BUJAMH MPOBOJOK CHCTEM aBTOMATHU3AIIUH.

OnaHo- ¥ IBYXBOJOKOHHBIE Ka0elH 3ampeniaeTcs MpoKIaapIBaTh M0 KaOETbHBIM MOJIKAM.

3anperniaercs Ui TPOKIJIAIKKA ONTHYECKOro KalOessl MCIOJb30BaTh BEHTUISIIMOHHBIE KaHAIbI U
[IaXThl U IyTH HBaKyaIiu.



OnTuueckue kaben, MNPOKIAIbIBa€Mble OTKPBHITO B MECTaX BO3MOXKHBIX MEXaHMUYECKUX
BO3/ICUCTBUI Ha BBICOTE JI0 2,5 M OT IoJia MOMEUICHUS WM TUIOMAJ0K O0CITYKUBAHHUSI, JOJDKHBI OBITH
3alUIIEHBl METAIMYECKUMH KOXXYyXaMH, TPyOaMu WIIM JPYTUMH yCTPOHCTBAMHU B COOTBETCTBHH C
paboueii TOKyMEHTaIUEH.

[Ipy DpoTsSKKE ONTHUECKOro KaOemsi KpEeIUIEHHE CPEACTB TSHKEHMsS CIENyeT NMPOU3BOAMUTH 3a
CWJIOBOIl 3JIEMEHT, HCIIOJIb3YsS OTPAHUYMUTENU TSXKEHUS U YCTPOMCTBA IMPOTUB 3aKPyTKU. TSAroBbIE
YCHUIIWS HE JIOJDKHBI TPEBBIIIATh 3HAYCHUN, YKa3aHHBIX B TEXHUYECKUX YCIOBHUSIX Ha KaOelb.

[Ipoknangka omnTuyeckoro kaOens AODKHA BBIMOMHATHCS MPH  KIMMAaTHYECKUX —YCIOBHUSX,
ONpeeNIeHHbIX B TEXHUYECKUX YCIOBUSAX Ha Kkabenb. I[Ipokiagky ontuueckoro kabens mnpu
Temreparype Bo3ayxa Huxke MuHyc 10 °C mim OTHOCUTENbHOH BlaXHOCTH Oosiee 80 % BBITIONHSTH HE
JIOITYCKaeTCsl.

B mectax moakIrOYeHUs ONTHYECKOTO Kabemsl K MPHEeMOTIepeIaloIuM YCTPOICTBaM, a TaKKe B
MeCTaX YCTaHOBKU COEIMHUTENIbHBIX My(PT HEOOXOAUMO IIPelyCMaTpUBaTh 3aac Kades.

3anac JO0KEH ObITh HE MEHee 2 M y KaXJIOro CpalidBaeMOro ONTHYECKOro Kalens WiIu
PUEMONEPEAIONIET0 YCTPOHCTRA.

OnTuueckuii kalenb cJlemyeT KpemuTh Ha HECYIIUX KOHCTPYKIMSX TpPU BEPTUKAIbHOM
MPOKJIAAKE, a TAaKXKEe MPHU MPOKJIAJKE HEMOCPEACTBEHHO MO MOBEPXHOCTH CTEH MOMEUICHHM - Mo Bcei
JUIMHE Yepe3 | M; pu ropru30HTaNbHOM NpOKIaiKke (KpoMe KopoOOB) - B MECTaxX IOBOPOTA.

Ha noBoporax ontudeckuii kabeab HEOOXOAMMO KPEMUTh C JBYX CTOPOH yrja Ha pacCTOSHUM,
pPaBHOM JOIYCTUMOMY paauycy u3rubda kadens, Ho He MeHee 100 MM, cuuTas OT BEpPLIMHBI YIJIA.
Pagnmyc moBopora omnTHueckoro KaOelns JOJDKEH OTBedaTh TPEOOBAHMSAM TEXHUYECKHUX YCIIOBHHA Ha
Ka0eb.

IIpu mpoknanke ONTHYECKOro Kabesds MO OJMHOYHBIM OMOpaM CleAyeT MPUMEHSTh Kabenu
CHelManbHOM KOHCTPYKIMU (camoHecymue). Onopsl JOHKHBI ObITh YCTAaHOBIIEHBI HE OoJiee YyeM uepes
1 M, a kabenb 10JKEH ObITh 3aKPEIJIEH Ha KaXKA0H onope.

JlonyCcTUMBIN CTaTUYeCKUH paauyc u3rubda JokeH ObITh paBeH 20 HOMHHAIBHBIM Hapy>KHBIM
nuamMerpam onrtuyeckoro kadens; ms OK, npokiaapiBaeMbIX B KaOETbHON KaHATU3alUU, JTOMYCTUMBIMA
pamuyc u3ruba He foikeH npeBbimarh 250 mm. [lomyctumblii paguyc n3ruda ONTUYECKOTO BOJIOKHA
IIpU MOHTake - He MeHee 3 MM (B TeueHue 10 MuH.)

JlonycTUMBIN CTaTUYECKUH pajuyc H3ruda ONTHYECKUX MOJYJeH IOKEH COOTBETCTBOBATh
TpeOOBaHUAM TEXHHUUECKUX YCIOBHH 3aBOAOB-TIpon3BoauTeneil Ha KoHKpeTHbIH Tun OK. IIpu MoHTaxe
OK He MOJKHBI NPEBBINATHCA OIMYCTUMBbIE MEXAHUYECKHE HAarpy3Kd, YKa3aHHBIE B TEXHMUYECKHUX
ycioBusAX. MoHTax M 3Kcrulyatanust noasecHbIX OK 1OJKHBI OCYHIECTBIATHCS B COOTBETCTBUU C
TpeOOBaHUSAMH TEXHUYECKHX YCIOBUH 3aBOJJOB-IIPOM3BOIUTENEH.

B mponecce MoHTa)ka oNTHYECKHX KaOeseil OCylIecTBIISETCS MOONEPAMOHHBIN KOHTPOJIb €ro
apaMeTpoB:

- U3MepeHne napaMeTpoB Kales nmepe MpoKIaaKoil;

- U3MepeHne mapaMeTpoB Kales Mociie MPOKIAIKH,

- U3MEpeHne MapaMeTpoB KaOest MOCiie MOHTaXKa COSUHUTENBHBIX My (T.
IIpakTnyeckas padbora Ne 19

N3ydyeHue mpaBu/ MOHTAKA 3JIEeKTPUUYECKUX MPOBOAOK B CHCTeMAX peryJHpOBaHUSA
eanb padoTbi puoOpeTeHNEe HAaBBIKOB PA0OTHI C TEXHUYECKON JOKyMEHTAIUEH.



HopmaTuBHbIe PM 14-177-05 VHCTpYKIMS MO MOHTaXy JJICKTPUYECKUX MPOBOJOK CHUCTEM
JOKYMEHTbI aBromarm3anuu. Yacte 1. OmnopHble, HECylmue W 3alIUTHBIE KOHCTPYKIIUU
http://www.gosthelp.ru/text/RM1417705Instrukciyapomon.htmi

3amanue:
1. BHuMaTenbHO M3y4YHTE U MPOAHAINZUPYHTE MaTepHall IO TEME.
2. OtBeTbTe Ha BONIPOCHI (B MUCbMEHHOU (hopme):
a. OnummTe TEXHOJIOTHIO BHIIOJIHEHHSI 00BEMHOTO MOHTAXA.
b. OxapaktepusyiiTe Bce BUIbI MOHTaXa JJICKTPOIPOBOIOK.

K 00beMHOMY 37IEKTPOMOHTAKY, YCIOBHO, MOKHO OTHECTH CJIEYIOIIHE €r0 BUJIBI.

1. O6beMHBIN MOHTaX «O0BEMHBIMUY 3JIEKTPUUECKUMHU ITPOBOJAMH.

Taxoit MOHTaX IPUMEHSIETCS IPU COSANHEHUH UCTIOIHUTENIbHBIX MEXaHU3MOB C JJOCTATOYHO

OOJNBIIMMM TOKaMH, MpOTeKaroluMu B Lensx. [IpoBosa paccunThIBalOTCA IO JOMYCTHMOMY
3Ha4eHHUI0 TOKOB. OpHEHTHPOBOUHO MOXKHO NPUHATH ynenbHOe 3HadeHue TokoB 10 A/mm?. Boiee
TOYHOE 3HAYEHUE JIOIyCTUMBIX TOKOB PACCUUTHIBAETCS UCXOJS M3 MaTepHaia poBo/ia, BUa U30JISALUH,
JIOITyCTUMOTO HArpeBa, IO HKOHOMHYECKOW IUIOTHOCTH TOKa (OTHOUICHWE pPAcdyeTHOrO TOKa K
JIOITy CTUMOMYY/IeJTbHOMY3HauU€HHIOTITIOTHOCTUTOKA UISA3aIaHHBIX Y CIIOBUMPAOOTHI) U JIp.

MoHTax, Kak MpaBUIIO, BHIOIHAETCS BPY4HYI0. B mocienHee Bpemsi Bce IMMpPE MPUMEHSIOTCS
DIIEMEHTHI JUII MEXaHWYEeCKOTO COCIMHEHHs MPOBOMOB. Takas TEXHOJOTHS MOBBIIIAET HAJECKHOCTD
coeaHeHus. BeposTHOCTh 6e30TKa3HOM paboThl A nasHoro coeaunenus 0,985, a npu MexaHUYecKoM
coenuHenun 0,998.

Jns  olbnerdeHust mpolecca MPOEKTUPOBaHMS  IMPOKJIAIbIBAEMBIX IMPOBOJOB  (KryTa),
NpaBWIBHOTO BbIOOpa M 3aka3a KOMIOHEHTOB KommaHued Tyco Electronics Oblma paspaboraHa
nporpamma Harn Ware, no nanueiv kommnanuu Bee-Pitron (WWW.Bee-Pitron.com).

[Tporniecc mpoeKTUpOBaHKS B 3TOM MPOTpaMMe HAUYMHAETCS C BBOJIA TOMOJIOTHH XKIyTa, JUTUH U
3JIEeKTpUYEecKoi cxembl. B mporecce pabotel mporpamma Harn Ware nmo3BossieT BbIOpaTh MpaBUIIbHBIE
KOMITOHEHTBI, OMNpPEACIUTh MapHIPYThl MPOBOMASIIUX JIMHHM, aBTOMAaTUYECKH YTOUYHSIET JIJIUHBI
MIPOBOJIOB, PACCUUTHIBAET MOCIEAOBATEIIBHOCTh CKPYTKH MPOBOJIOB U IUAMETPHI OTJIEIBHBIX YYaCTKOB
KryTa (OTJENbHO My4YKa MPOBOAOB, MPOBOJIOB C SKPAHOM, TPOBOOB C IKPAHOM U 3AIIUTHON TPYOKOil),
ABTOMATUYECKH TEeHEepUpyeT TMOJHYK CHenuUKalni0 3aKa3HbIX KOMIIOHEHTOB, OIEHUBAET
TPYIOEMKOCTh MOHTaXa U KOHTPOJIS.

Ucnons3zoBanne nporpamMmmbl Harn Ware 3HauuTENIbHO CHUXKAET TPYJIOEMKOCTh MMPOEKTUPOBAHUS
CIIOKHBIX JIEKTPHUYECKUX KT'YTOB. ABTOMATHYECKUU pacy€T TUaMeTpPOB HAOOPHBIX KIYTOB C YUETOM
TOJNIIIUHBI JKpaHa W OOOJOYKH TIO3BOJIAET AaBTOMATHYECKH BBIOMpaTh ®3 0a3bl JIaHHBIX
TEPMOYCaKMBaeMble KOMIIOHEHTHI TIOIXO/ISIIETO pa3Mepa U Cpa3y BHOCUTH UX B CHEIU(DUKAIUIO.

s xoppekTHO# pabGoTsl mporpammbl Harn Ware KOHCTpyKTOp AOMKEH 3a7aTh MOJIOKEHUE
KTyTa B TMPOCTPAHCTBE, a TOMOJOTHUS KIyTa (pa3BEeTBIEHUS, PaaUyChl M3THOA OTAEIBHBIX BETBEH,
TOYHBIC JUTHHBI TUIEY) MOXKET OBITh MOJydeHa JIMIGL B pe3ylbTaTe mpolecca MaketupoBanus. Co3aTh
JNIEKTPOHHBIE MOJAENHU Pa3zbEMOB OYAYIIETo KryTa, ¢ ucmonb3oBanueMm moayist Electrical Librarian u
Part Design cuctemsr CATI1A. IlompoOHoe u TOYHOe wH300pakeHHWE HE TpeOyeTcs, ITOCTaTOYHO
COOJIIOCTH peasbHbIE pa3Mephl Pa3beMOB.

TepmoycaxuBaeMble KOMIOHEHTBI — 3TO 3JIEMEHTHI 3aIIUTHl MECT COETUHEHUI OT BO3/IENCTBUS
MeXaHO-KIMMaTuyeckux (akrtopoB. Hampumep, MecT mpHCOeAMHEHHS] NPOBOAOB K pazbeMy, MECT
COCMHEHHUS TMPOBOAOB, MECT NPHUCOCAMHEHHUA K HCIOJHUTENBHBIM 3iieMeHTaM. KoMMoHeHT


http://www.gosthelp.ru/text/RM1417705Instrukciyapomon.html
http://www.вее-pitron.com/

BBITIOJTHSETCS B BUJIE TPyOUYATOro 3J€MEHTa, Ha HErO BO3JACHCTBYIOT PAHAIMOHHBIM O0JyYCHUEM, MIPH
ATOM DPa3pPHIBAIOTCS BHYTPEHHUE CBSI3U, U OH CTAaHOBUTCS Oosiee TuOkuM. [locie ycTaHOBKHM Ha KTYT
KOMITOHEHT IO/IBEPraeTcs TEIUIOBOMY BO3JICHCTBUIO (hEHOM, U OH MPUOOpeTaeT TpedyeMyto hopMmy.

BunroBas kinemma

B BuHTOBOIi KkjemMMme ycTaHOBIEH JH(TOBOI
MEXaHH3M, HaJexHbIH BUOPOCTONHKHI KOHTAaKT.
HcnonHenne kieMMbl U3 KOPPO3HOHHOCTOMKUX U
YapOIpPOYHBIX MAaTEPHAIIOB.

JAbl

Bu- @ QD"‘ .

IEMEHTOB JUI 00BEMHOI0 MOHTaXa (KJIEMMBbI, BUJI HAKOHEYHHKA, NPOBOJ B cOope ¢
KJIEMMOIA).

Knemmubie 3axuMel BUHTOBBIE K3B.

3amumel K3B npenaznaqensl 11 NPHCOSAMHEHHS POBOJHHUKOB H3 MEIH W aJlOMH-
HUA.

Marepuan coeiMHHEHUA: IATYHb,

MaTepHal KOpIyca: MmoJIN3THIEH

Puc. 4.1. Buasl anemMesTOB 00BEMHOIO MOHTAKA



HHcTpymeHTsl U1 00pe3ku npoBo0B

bpacners! 3a3emiieHus
AJIIOMMHHEBbIE U ME/IHbIEKA

kabenu J0/KHBI ObITh 00pe3a-
0e3 ckocoB M jedopmaumii.
JlaHHBIE MHCTPYMEHTBI OCHa-
IIEHbl BCTPOEHHBIM MEXaHH-
YECKHUM YCHIIHTEIEM.

WucrpymenT uist 00pe3ku NPOBOJOB H CHATHS W30JIALLAS
TOYHO aIaNTHPYETCA MOJ IJI0MALL ceueHHs kabens,

HWHcTpymeHTEl caMOHACTpaHBAKOIINECS H OCHALIEHBI
BCTPOEHHBIM DOKOPe30M.

HHucTpymeHThI 18 00xHMa

ITH HHCTPYMEHTHI IIPEIHA3HAYEHBI /11 00HMa H30JIHPOBAHHBIX H
HEH30JIHPOBAHHBIX KAOEIbHBIX HAKOHEYHUKOB, HEH30JIHPOBAHHBIX
KabellbHbIX Pa3beMOB, KOJIBIEBbIX H HOKEBbIX HAKOHEYHHKOB.
HucTpyMeHTBI 1S 00KHMa OCHALIEHBI CTOMOPOM Il TOYHOTO
o0KHMA.

Puc. 4.2. UactpymenT 1 padboTsl ¢ “00beMHBIMH ™ NTPOBOIAMH

HucrpymenT st 00pe3ku NPOBOJOB W CHATHS W30JIALIHNA

HbI

H30JIMPYIOLIEro MaTepuana u quamerp kadens. bezonacHocTs
2
H TOYMHOCTB rapaHTHpyeTca B quanaszone oT 0.08 mo 16 mm.

HpOBO}Ia, KIryTbl, KOMIIOHCHTBI MOTYT 6BITI)BI)IHOJ'IHCHLICBI)I)Iep)KI/IBaHI/IeMTeMHepaTypBIJIO

1200°C.

Kectkuiit MOHTaXK

CYH_IHOCTL MOHTa)Xa 3aKJII04YacTCsa B TOM, YTO BbIBOJHBIC KOHIIbI 29P5 COCOUHAIOTCA O6BI‘-IHLIMI/I,

00BEeMHBIMHU, NTPOBOIHUKAMH 10 HaWKpaTyaiieMy paccrossHuio. [Ipu MoHTa)xe mpoBoJ| HATSATUBaeTCs ,

OpUNauBaeTcss M, NOpU  HEOOXOTUMOCTH, 3aKperuisieTcs. Takod — MOHTa)KBBIOJIHSAETCS

C

MI/IHI/IMaJ'H)HI:IMKOJ'II/ILIeCTBOMHpOBOHOBMaHOﬁHHHHBI. }KGCTKHﬁMOHTaH(HpHMeHﬂeTCﬂ B TCEX ClydYasix,

KOF,Z[aK6J'IOKy1'IpCII'BSIBJ'IHIOTCH}KGCTKI/IeTpe60BaHI/I$IBOTHOIHGHI/II/IHaBOI[OKI/IBSaI/IMOBJ'II/ISIHI/Iﬁ.



Puc. 4 3. JKectxuit MOHTOK.

MoHTaxx Ha PaCIIMBOYHBIX IMAHCIIAX

CYH_IHOCTB MOHTaKa 3aKJIF04YacTCsd B TOM, YTO IPU MOHTAKC HCIIOJIb3YIOTCA PaCHIMBOYHBIC
OJIEMCHTBI, KOTOPBIC «PACIIHUBAKOT», PA3BCAUHAIOT CXEMY Ha OTACJIbHBIC 4YaCTH. PacmmBouHbIe
JJICMCHTLI

- OTO pa3bEeMbl, MOHTAXXHBIC KOJOJAKHU U T.II. MoHTax Ha PaCIMBOYHBIX MAHCIAX ITPUMCHACTCA B
TE€X ClIy4dasax, Korjga K 6J10Ky HC MPCABABIAIOTCA KCCTKHUC Tp€6OBaHI/Iil 10 Mmapa3uTHbBIM HAaBOJAKaM U
B3aMMOBJIUAHUIO. HPGI/IMYHICCTBOM 9TOro BHJA MOHTaXa MABJIAIOTCA IIPOCTOTAa MOHTAXHBIX pa60T,
MMpoCTOTa 3aMCHBI BBILICAIINX H3 CTPOA OIBJICKTPOIJIEMCHTOB, BO3MOKHOCTHL IMPOU3BOAWTHL MOHTAXK
pacoIuBOYHBIX nmaHesnel BHe OJI0Ka.

KomOuHMpOBaHHBI MOHTaX

K0M6I/IHI/IpOBaHHI>II\/JI MOHTAaX O6’I)€I[I/IH$[CT JKeCTKUM MOHTa)X M MOHTa)XX Ha PaCIIMBOYHBIX
IMaHCIAX. HpI/IMeHHeTCSI B TOM CJiydac, Korga cxema M3aciingd UMECT B CBOEM COCTABC HU3KOYACTOTHBLIC
OEIu, ey IMMOCTOAHHOTO TOKA M BBICOKOYAaCTOTHBIC. BricokogacToTHEIE OCIIN BBITIOJHAOTCA KECTKHUM
MOHTaXOM, a0CTAJIbHBICHAPACIINBOYHBIXIIAHCIAX.

MOHTa)KCHpI/IMCHCHI/IeM)KFYTOB

MoHTaX C MPUMEHEHUEM>KTYTOB WIIMKTYTOBOM MOHTAX IIMPOKO MPUMEHSETCS TPU HATUYUHU

IBYX U 0Ooliee MOHTa)KHBIX MPOBOJAOB, WAYIIUX MapallJieIbHO B CEpUIHHOM THIIE MPOU3BOJCTBA. Bee
MpOBOAa OOBEOUHSIOTCS B KTYT. DTOT BUJ MOHTa)Ka MO3BOJIAET 3HAYUTENIBHO YIPOCTUTH MOHTAX
6J'IOKa, TakK KaK)KFYT MOXKCET 6I>ITI> HN3TOTOBJICH BHC 6J'IOKa, HpI/I 9TOM TIIOABIIACTCA BO3MOXHOCTH
MEXaHU3alnun pa60T II0 HU3TOTOBJICHHUIO )KFYTa. TCXHOJ'IOFI/ISI N3TOTOBJICHUA )KFYTaZ N3TrO0TaBJINBAKOT
mabsoH B macmrTabe 1:1, mpeacraBistomuii co0oit mucT GaHepbl ¢ HAOUTHIMU IIMAJIBKAMH B MECTaX
nepern0a MpOBOAOB; MPOKIAABIBAIOT MPOBOJIa B COOTBETCTBUH C TAONHICH COCTMHEHHH; BSHKYT KIYT
XJIOMYaTOOYMaKHBIMU HUTKaMU. BBITIONHSIOT, PU HEOOXOAMMOCTH, DJIEKTPOU3OISAIUIO JTAKOTKAHBIO
WIM KOXKEW; U CHUMAIOTKIYT. MOHTaXHHK HaKIaJbIBaeT KI'yT Ha COOpaHHYI0 cxeMmMy mpubopa u
MPUIIAaUBAET BHIBOJHBIC SJIEMEHTHI.

IIpakTHyeckas padora Ne 20
CocraBiieHHe aJITOPUTMA MOHTAa TPYOHBIX NPOBOJAOK B CHCTEMAaX peryJupoBaHus

Hean padoTsl NpUOOpEeTEeHNE HaBBIKOB pabOThl [0 MOHTaXy IPOBOJOK B CHUCTEMax
pEryJIupOBaHHU.

HopmaTusHbIe PM 14-177-05 WHCTpyKUMS 1O MOHTaXy TPYOHBIX IPOBOJOK CHUCTEM

AOKYMEHTBI aBromaruzanuu. Yacte 1. OmnopHble, HeCylue M 3alIUTHBIE KOHCTPYKLUHU

http://www.gosthelp.ru/text/RM1417705Instrukciyapomon.html
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3aganue:
1. BHuUMATENbHO U3YUYHTE U MPOAHATUZUPYUTE MaTEpUal IO TEME.
2. CocTtaBbTe aTOPUTM MOHTa)Ka TPYOHBIX TPOBOJIOK.

MoHTaX J0DKEeH 00eCTeYUTh IJIOTHOCTh M MPOYHOCTh TPYOHBIX MPOBOAOK, COCAMHEHUN TPyO
MEXIy cO00H M NMpHCOeIMHEHHE MX K apMaType M CpeACTBaM aBTOMATU3aLUMH, a TaKXKe HaJeKHOCTb
KpeIUICHUsI TPYO K OMOPHBIM KOHCTPYKLUSM, a CAaMUX KOHCTPYKIHH - K CTPOUTEIbHBIM OCHOBAHUSIM.
He3aBucumMo 0T (QyHKUMOHANBHOTO Ha3HAYeHUs Bce TpPyOHbIE NPOBOJKU JOJDKHBI  OBITh
IPOMAapKUPOBaHbl B COOTBETCTBUHU € IIPOEKTOM MapKHUPOBOYHBIMH OMpPKaMM, IPOUYHO MPUKPENTICHHBIMU
K TpyOaM B KaXKIOM MOMEIIEHUH y KOHIIOB MPOBOAOK. TpyOHBIE MPOBOAKH TOKHBI UMETh 3allIUTHBIC
HOKPBITUS,, HAHECEHHBIE 110 OYMILEHHOW MOBEPXHOCTU TPyO M METalNIOKOHCTpyKIuH. IlnactmaccoBbie
TpyOBbl OKpacke He MOJUIeKaT, a TPyObl M3 I[BETHBIX METAJUIOB OKPAIIMBAIOT JIMIIb B CIIy4asXx,
IPEIYCMOTPEHHBIX MPOEeKTOM. OKpalmieHHbIE TOBEPXHOCTH JODKHBI OBITh TNIAIKUMH U POBHBIMHU.

PaboThl 10 MOHTaXXy TpyOHBIX IPOBOJOK MOKHO pa3lefuTh Ha CIEAYIOIIHME 3Talbl: pa3MeTKa
Tpacchl TPYOHBIX HPOBOJOK M MECT YCTAaHOBKHM OIOPHBIX KOHCTPYKIHMH, 3arOTOBUTENbHBIE PalOOThHI,
IPOKJIaKa, UCIIBITAHUE U Cllaya.

MoHTaX TpyOHBIX IPOBOJIOK OCYIIECTBISIOT MO paboueMy IpoekTy (pabodel JOKyMEHTaluun) U
B COOTBETCTBUHU C MpoeKkToM npousBozactsa padot (III1P). [Tepen nmpokiiagkoit pasmeuaror Tpaccsl. [Ipu
pa3MeTKe pyKOBOJCTBYIOTCS CIEAYIOLIMMU TPEOOBAHUSAMU:

TpyOHBIE TPOBOAKH BBIOJIHSIIOT B COOTBETCTBHH C IMPOEKTOM IO KPATYAWIINM PACCTOSTHHUIM
MEXJly COEIUHSAEMBIMU CPEACTBAMM aBTOMAaTU3ALIMH, NTapAJIJIEIbHO CTEHAM, IIEPEKPBITUSAM U KOJIOHHAM,
B MecTax, yJI0OHBIX Ul MOHTaXa U UX 00CIYKUBaHMs, C MUHUMAaJIbHBIM YHCJIOM ITIOBOPOTOB, U3rMO0B U
MIEPECCUCHU;

B MecTax MpPOKJIaJKU TPyOHBIX NMPOBOAOK HE JOJKHO OBITh PE3KUX KOJIeOaHWN TeMIepaTyphbl
OKPY’KaroIIEero BO3/lyXa U MECT BO3MOXKHOT'O HarpEBaHUs U OXJIAKICHMUS;

Tpacchl JOJLKHBI IPOXOIUTh HAa PAaCCTOSHUU HE MeHee 25-30 MM OT CTEH M KOJIOHH U BO3MOXHO
JaNblie OT TEXHOJOTHYECKOro 000pyAOBaHHUs, a TAKKE€ OT MECT BO3MOXKHBIX BUOpALIUNA, COTPSICEHUN U
MeXaHWYeCKuX BozaeicTBuil. [Ipu mpokiiajgke miacTMaccoBbIX TPyO B 3alIUTHBIX KOpoOax paccTOsSHUE
UX OT CTEH, KOJIOHH, 3CTaKajJ M JPYIMX BEPTUKAJIbHBIX AJIEMEHTOB 3JaHMM U COOPYXKEHMH, a TaKxke
MeXIy co00l HE HOMIKHO OBITh MeHee 50 MM, a pacCTOSHHUE MO BEPTHUKAIU OT MOTOJKOB HIIM OaJlOK
HEePEKPBITHS 10 Kpbliek Kopooos - 300 Mm;

KpEIUIEHHE ONOPHBIX KOHCTPYKLNI Ha MOBOPOTAX TPACCHI BHIMOJIHSIOT HA PACCTOSIHUU HE MEHEe
0,3-0,5 m;

panuychl u3ruba TpyO AOJKHBI OBITh MUHUMAIbHBIMU. J[71s1 THEBMOKabens - He meHee 10 ero
HapyXHbBIX AuaMeTpoB (mpu TemmepaType 1o -40°C), a s pailoHOB ¢ TOHMKEHHBIMU TeMIlepaTypaMu
(ot -40 no -50°C) - He meHee 20 HaApYKHBIX TUAMETPOB KaOesl.

CoenuHenre TpyO BBINOJHSIOT MOCIE MPEIBAPUTENILHOTO 3aKpeIIeHUs] TPyOHBIX MPOBOJOK Ha
OTOPHBIX KOHCTPYKIMSIX U CTPOUTEIBHBIX OCHOBaHUSX, COOIIOAAs CAeIYIOIINE TpaBuIa:

COEJMHEHHUS HE pacrojiaraloT Ha u3rudax, IOBOPOTaX, B MeCTaX KpeIsieHHuss M Ha
KOMIIEHCATOPax TPYOHBIX MPOBOJIOK Y TEMIIEPATYPHBIX IIIBOB 3aHHIA;

OT MecTa KperuieHUs] TpyOHO! JIMHUU Ha OMOPHOIM KOHCTPYKIMHM COEIMHEHMs PacliojlaraloT He
ommxe 200 MMm;

TpyOHbIE IIPOBOJKHU IPH MOACOEANHEHUH K CPEICTBAM aBTOMATH3allMM HE JOJDKHBI CO3/1aBaTh
OCTaTOYHBIX MEXAHMUECKUX HANPSKEHUH B KOPIycax M MPUCOEINHUTEIbHBIX YCTPONHCTBAX.

CoenuHeHus TpyOHBIX NMPOBOJOK B 3aBHCUMOCTH OT YCJIOBUH pabOThl U pojia 3alOJIHSIOIIEH
CpeZbl BBIIOJIHSIOT HEPAa3bEMHBIMU U Pa3bEMHBIMU.



Paznuuatror ABa BuAa coeauHeHUs] TpyO: HepazbeMHbIE U pa3beMHble. K HepazbeMHBbIM
COCIMHEHUSM OTHOCST TaKWe, KOTOPhIE MOXHO Pa300paTh TOJIBKO C HAPYIICHHEM IEIOCTHOCTH TPYOBI
WIH Ui pa3beMa KOTOPBIX HEOOXOJMMO BpAICHHE OJHOM WM HECKOJBKUX COCTUHEHHBIX TpyO. Ux
NPUMEHSIOT N7l coequHeHusl TpyO Ha Tpacce. HepasbeMHBIE COSAMHECHHS BBIOJHSIOT CBAPKOH M
MaKOM.

CBapky HpOHM3BOAST BCTHIK WM C MOMOIIbI0 My(Thl. [l coenvHeHuss MEAHBIX U JIaTyHHBIX
TpyO NPUMEHSIOT TaKXke MaiKy BCTHIK C pa3BaJIbLIOBKOM WK ¢ My()Toi. DKCITyaTanus CasHHBIX TPYO
JIonycKaeTcs pu temneparype cpenbl g0 200°C.

HepasbemHoe coeianHeHHE MONMMATUIICHOBBIX TPyO Hapy>KHbIM auamerpoM 10 MM U Bbile
00pa3yroT CBapKoil B pacTpy0d WM ¢ MPUMEHECHHUEM NpHUBApHBIX (hacoHHBIX dacTeil. J[ins oOpasoBaHms
pa3BeTBIICHUH, MepexoJa C OJHOTO JauaMeTpa TpyObl Ha JPYrod HCIOJIB3YIOT MOJUITHICHOBBIC
(dacoHHbIC YacTH 0e3 Pe3b0bI - TPOWHHUKH, KPECTOBUHBI, YTOJBLHUKH, TICPEXO/IbL.

IIpakTHyeckas padora Ne 21
HN3yyenne mnpaBHJI MOHTa:Ka NPUOOPOB AJsi HM3MepPEeHHS] W PeryjHpPOBaHHUS TeMIepaTypbl -
TEPMOMETPOB CONPOTHBJIEHHSI (TepMonap)

Lesas padoThI U3y4eHHe MpaBWJI MOHTaXa M HaJaJKU CUCTEMbl U3MEPEHUs TEeMIIepaTyphl C
TEPMOAIEKTPUUYECKUMU peoOpa3oBaTesiMu (TepMonapamMu).

HopmaTusHbie PM 14-177-05 WHcTpyKuust MO MOHTaXy TpPYOHBIX IPOBOJAOK CHCTEM

AOKYMEHTbI aBroMaTm3anmu. Yacte 1. OmopHble, Hecyliue ¥ 3aIIUTHBIE KOHCTPYKIUH
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3ananmue:
1. BuauMarTenbHO M3YYHTE U MpOaHAIM3UPYUTE MaTepUal 1Mo Teme.
2. 3anonmHuUTE TaOIHUIly.

[TopsmoK BBIMOTHEHUS

[lepen wnHavamoM MOHTaXa CHCTEMBI H3MEPEHUS TEMIIEPATypbl C TEPMOIICKTPUUCCKUM
npeoOpa3zoBareieM HEOOXOAUMO TPOBECTH BHEITHUN OCMOTP U TMPOKOHTPOJIUPOBATH (Ha3UPOBKY
TepMoTpeoOpa3oBaTesist (TepMomaphl).

[Tpu BHEIIHEM OCMOTpE MTPOBEPSIOT OTCYTCTBUE BUIUMBIX ITOBPEKICHHH 3aIIUTHON apMaTyphl U
32KMMOB TepMompeoOpa3zoBaTes.

[TonspHOCTH TEPMOIIEKTPOAOB MOXKET OBITH OMpezesieHa ¢ MOMOIILI0 KOHTPOIBLHOTO Mprubopa
(MMJUTMBOJIBTMETPA, TEPEHOCHOTO TMOTeHnuomeTpa). [lpu coeauHEeHUM «IUTI0Ca» KOHTPOJIBHOTO
npubopa ¢ «IITICOMY» TEPMOTAPhI CTPENIKa KOHTPOIBHOTO MPUOOpa OTKIIOHSETCS BIIPABO.

C yderoM TOro, 4ro y BCEX TEPMODJIEKTPUUECKHX TpeoOpa3oBareieil MPOMBIILIEHHOTO
MPOM3BOJICTBA JIOJDKEH MAapPKHPOBATHCS TOJOKUTEIBHBIM  TEPMODJIEKTPOJ, CJIEAYeT MPOBEPUTH
COOTBETCTBUE MAPKUPOBKH U JIEHCTBUTEILHOMN TOJISIPHOCTH JIEKTPOIOB.

Crnenyromasi omepanusi — TPOBEPKAa COMPOTUBIICHHS DIIEKTPUUECKOW H3OJAIMA  MEXITY
TEPMOAJIEKTPOIAMUA M METAIUTMYECKON YacThIO 3aIMTHOW apMaTyphbl C MOMOIIBI0 TecTepa (OMMETpa).
[Ipu HU3KOM COMPOTHUBIICHUN U3OJISAIUH CIIETYET MPOBEPUTH U3OJISIIIHIO UCTIBITATEILHBIM HATIPSKEHUEM
¢ momol1po Mmerommerpa Ha 500 B.

DneKTpuuecKas W30JSIHs JTOJDKHA BBIIEPKUBATH ITO HANPSHKEHUE B TEUEHHUE MHUHYTHI MPH
OJIHUX U TeX K€ MapaMeTpax TeMIIepaTyphl U BIAKHOCTH OKPY>KaIOLIEH cpebl.

[lo oxoHYaHMU 3THX OMNEpalUil yCTaHOBUTH TEPMOIIPeOOpa3oBaTelb B OOBEKT KOHTPOJIS IO
IpaBUJiaM, paCCMOTPEHHBIM BBHIIIIE.
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[TogxmounTe K TEPMONPEOOPa30BATEIIO TEPMOIICKTPOIHBIN (KOMIICHCAIIMOHHBIN) IPOBOI.
TepMOaIeKTPOHBIN MPOBOJ JOJDKEH OBITh MOAKIIOYEH K 3aKMMaM B TOJIOBKE IpeoOpa3oBarens B
COOTBETCTBHUHU C MOJIIPHOCTBIO JKHUII.

[locne yka3aHHBIX oOmeEpalMii CIEAyeT 3aKpbITh KPBIIIKY Ha TOJIOBKE IpeoOpa3oBares,
IIPOBEPUTH HAJTMYUE YIUNIOTHUTEIbHON IPOKIIAAKH, CaJIbHUKA HA BBOJIE IIPOBO/A B I'OJIOBKY.

TepMod7eKTPOIHBIN MPOBOJ MPOJOKUTH B KOpoOe uiu B 3amuTHON Tpyde. ComnpoTuBieHHE
JUHUHM CBSI3M U TEPMORJIEKTPHUYECKOr0 IpeoOpazoBaTeisi MUJUIMBOJIBTMETPOB RBH JOKHO HMMETh
onpeneneHHoe 3HadeHue (5 wm 15 Om), ykazanHoe Ha mikaine npubopa. JlomycTumMoe OTKIIOHEHHE
COTIPOTHUBIICHUS KaTYIIKH JIOJDKHO OBITH HE Ooiiee +0,1 RBH.

ComnpoTuBiCHNE JUHUAN CBSA3H M MPeoOpa3oBaTelisi U3MEPSIETCS MOCTOM IOCTOSTHHOTO TOKA THIA
MO-62 wiu yHuBepcaabHbIM ITpudopoM tuna P4833 u noaroxsercs 10 Hy)KHOTO 3HAYE€HHUS ¢ TOMOLIbIO
MaHT'aHUHOBOM KaTyIIKH.

[locne mepeuncieHHBIX oOIepaluil Hajgaaka TEPMO3JIEKTPUUECKOTo Mpeodpa3zoBaTelis U JIMHUU
CBSI3M CUUTACTCS 3aKOHUCHHOM.

[Ipu mpoBeneHUU MNPEAMOHTAXKHOW MPOBEPKU MOTEHIMOMETP WM MIUIMBOJIBTMETP HOKEH
OBITH IPUBEJICH B HOPMAJIbHOE paboyee COCTOSHUE.

[Ipu mpoBepke coeauHeHHE 00Pa3IOBOrO MPUOOpa C MOBEPSIEMBIM OCYIIECTBISIETCS MEIHBIMU
WIM TEPMODJIEKTPOJIHBIMU IPOBOJAMU C yuyeToM TpeOyeMoro BHelHero comnportusieHus. Ilocne
IporpeBa MOTCHIMOMETPa WM MUJUIMBOJIBTMETPA TPH JIIOOOM 3HAYCHHH 33[]aBA€MOT0 HAINpPSHKEHUS B
JMara3oHe U3MEPEeHUsT HE0OXO0IMMO OLIEHUTh PEAKIINI0 TPUOOPOB HAa M3MEHEHHE BXOJHOTO CHTHAJIA.

YO6enuBIIMCh B TOM, YTO MPUOOPHI MPABUIBHO PEarupyroT HAa M3MEHEHHE BXOIHOTO CHUTHANA,
HEOO0XO0IUMO MPUCTYIUTH K IPOBEPKE OCHOBHOMW MOTPEIIHOCTH.

Ha puc. 3 nokazana cxema MOBEPKH MOTEHIIMOMETPA ITPU HATMYUH MAaHTAHWHOBOM KaTyIIKH.
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Puc. 3. Cxema noBepKH NOTEHIHOMETpa

IToBepsiemblit 1 00pa3LIOBBIN MPUOOPHI COCTUHSIOTCS MeIHbIMU MpoBoAaMu. ConpoTusieHue R
YCTaHaBJIMBAIOT TAaKUM, YTOOBI OHO COBMECTHO C BBIXOJHBIM COIPOTHBIIEHHMEM 00pa3loBOro mpudopa
6110 paBHO 0,8—1,0 HamOombIIEr0 3HAYEHHUS COMPOTHUBIICHUS TEPMODJIEKTPUUYECKOIO TEPMOMETPA,
BKJIIOYAsi COMTPOTHBIICHUE JIMHUU CBSI3U.

[ToBepky mMOTEeHIHOMETpa TMPOU3BOAAT Ha OIMU(PPOBAHHBIX TOYKAX B COOTBETCTBUU C
TeMIepaTypoil cBOOOJHBIX KOHLOB. [IpM MCHOIB30BaHMU JAHHOM CXeMbl TeMIepaTrypa CBOOOIHBIX
KOHIIOB NpuBoauTcs K Temneparype 30 °C (3To onpeaensercss HOMUHAJIbHBIMU 3HAYEHUSAMU

COIIPOTHBIIEHUH KaTyIIEK).

Torma mo I'OCT 3044-84 s mo6oit mpoBepsieMol OLM(POBAHHOW OTMETKM IIKANbl MpU
Temreparype cBoOOJHbIX KOHIIOB 30 °C BeIOMparoTCs COOTBETCTBYIOIME 3HaueHus tepmo JD/1C, mB
(cm. [Ipunoxenne).



NPUNOXEHUE

HoMunanbHbie cTATHYECKHE XAPAKTEPHCTHKH TEPMOIIEKTPHYECKHX
npeodpazosanns no 'OCT 3044-84

Temneparypa | Tepmo- | Temneparypa | Temneparypa | Tepmo- | Temneparypa | Temneparypa | Tepmo-
pabouero IC, pabouero pabouero S]C, pabouero pabouero IJ1C,
koua, °C MB konua, °C koHua, °C MB komra, °C koHua, “C mMB

[Ipeotpazosatent Tuna TBP, xapaxtepuctuka npeodpazosatens BP(A)-1
(mnanazon Temneparyp: ot 0 go 2500 °C)

0 0,000 700 11,283 1350 21,284 2000 29,181
100 1,337 750 12,112 1400 21,971 2050 29,693
150 2,086 800 12,933 1450 22,645 2100 30,189
200 2,871 850 13,746 1500 23,306 2150 30,576
250 3,682 900 14,549 1550 23,953 2200 31,138
300 4,512 950 15,342 1600 24,588 2250 31,589
350 5,354 1000 16,125 1650 25,209 2300 32,024
400 6.203 1050 16,898 1700 25,816 2350 32,445
450 7,055 1100 17,659 1750 26,411 2400 32,853
500 7.908 1150 18,409 1800 26,992 2450 33,250
550 8,758 1200 19,146 1850 27,560 2500 33,638
600 9,605 1250 19,872 1900 28,114 - -
650 10,448 1300 20,584 1950 28,655 - -

[Mpeodpazosarens Tuna TBP, xapakrepuctuka npecdpasoeatens BP(A)-2
(mnanason Temneparyp: ot 0 go 1800 °C)

Hanpumep, mist onudposannoit Toukn 300 °C moreHumomeTpa rpagiyHMpoBKH XA 3HaueHUE
tepmo DJIC nipu Temneparype cBoboaHbix kKoHI0B 30 °C pasuo 11,004 mB.

[Ipn BbIOOpEe 00pa3OBOr0 MOTEHIMOMETpAa JJsi ONpPENENIeHHUs OCHOBHOM MOTPELIHOCTH
MOBEPSEMOT0 MOTEHLIUOMETpA CIEAYeT IMOMHHUTb, YTO MX JOMYCKAaeMbl€ IOTPEIIHOCTH JIOJKHBI
COOTBETCTBOBATh YCIOBHUIO:
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OcCHOBHasl NOTPENIHOCTh OINPEAEIAETCS HE MEHEE, YeM Ha IATUOTMETKAX IIKaJbl, BKIKOYas
HAYaJIbHYI0 U KOHEUHYIO OTMETKY.

Ilyrem yBenuueHUs HamNpsOKEHUs Ha OOpas3lOBOM IOTEHLUOMETPE HEOOXOAMMO CTPEIIKY
MIOBEPSIEMOT0 MOTEHLIMOMETPa MOCIE0BATEIbHO YCTAHOBUTh Ha OLM(POBAHHBIX OTMETKAX IIKAJIbI,
coorBercTByromux 0, 20, 40...100 % nauanazona wusMmepeHus mnpubopa, a 3areM B OOpaTHOM
HalpaBJICHUH.

[Tokazanus oOpa3oBoro nmpudopa B TOM U JAPYroMm ciydyae HE0OX0IMMO 3amucarh B Tabn. 1. B
Ty ke TaOnuIly 3amuchiBalOTCs JAeiicTBuTenbHble 3HaueHus OJIC, COOTBETCTBYIOIIME JIaHHOM
TEeMIEpaType, KOTOPbIE ONPEAEIAIOTC U3 IPaTyHPOBOYHBIX TAOIHIL (CM. PUIOKEHHE).

Tabnuua 1
TepmoD/IC [lokazanus Bapuaums, OcHoBHas
CTaHJapTHOI Tepmonaps! | oOpa3uosoro npudopa %o MOrPELIHOCT,
°C mB [Ipamoii | OOpaTHBIii %

xo1. MB xon. MB




[Tocne n3MepeHnit pacCUNTHIBAIOT OCHOBHYIO TIOTPEITHOCTH 110 (hOopMyIIe:

E-Ey 100%.
E _F

Y=
K J‘I:'H
IJIe Y — OCHOBHAs MOrPELIHOCTh, %; E — 3nauenue DJ[C, cOOTBETCTBYIOIIEE IPOBEPSIEMON TOUKE
1o rpaayupoBouHoi Tabmuue, MB; Eo — moka3anust oopasmoBoro npubopa, MmB; Ex u EH — 3HaueHue
3/1C, coOTBETCTBYIOIIEE KOHILY U Hadally IIKajlbl POBEpsieMoro npuodopa, MB.
Bapuanus npubopa onpenensercs 1no Gopmyiie:

E _ —E
=% 100%
“x ~ Ly

rae B — Bapuanus npubopa, %; Enp u Eo6 — noka3anus o6pas3ioBoro npubopa npu npsMom u
00paTHOM MOJIXOJIE K MPOBEPSIeMOl TOUKe. Pe3ynbTaThl BHIYMCICHUH TaKkKe 3aMuchIBalOTCs B Ta0m. 1.

[Tpubop cuurTaercss WCIpaBHBIM, €Cld HAWOOJbIIAsS OCHOBHAsl MOTPEIIHOCTh MEHbIIE Kiacca
TOYHOCTHU MpUOOpa.

[Ipenen nomyckaeMoro 3HA4YSHHWS BapHallMM HE JOJDKCH TPEBBINIATh a0CONIOTHOTO 3HAYCHUS
mpejena T0MyCKaeMoro 3Ha4eHUsT OCHOBHOW MOTPEIIHOCTH. Eciu OCHOBHAS MOTPEIIHOCTh MOKa3aHHUM
MOTECHIIMOMETPA TMPEBHIIIACT JOMyCKAeMOe 3HAYCHHUE, TO HEOOXOMMO TIPOBECTH FOCTHPOBKY.

KOctupoBka BkiIO4aeT B ce0s COBOKYMHOCTb OIEpalyii MO JOBEICHUI0 MOTPelrHOCTen
npuOOpoOB 10 3HAYEHHM, COOTBETCTBYIOLIMX TEXHUYECKUM TpeOoBaHusAM. [Ipu 1ocTupoBKEe BMECTO
MaHTaHUHOBBIX CHHpajed KaTylleK HM3MEPUTEIbHOW CXEMbI, KOTOpbIE CIy>KaT i H3MEHEHUS
MOKa3aHWW B Hayalie U KOHIIE IIKalbl, CIeIyeT MOAKIIOUUTh 00pa3lloBble Mara3uHbl COMPOTHUBICHUMA
MCP-63 ¢ y4yeTom CONpOTUBIIEHUS COSAMHUTEIBHBIX MPOBOIOB.

Ha omHOM Mara3swHe HYXHO YCTaHOBUTH CONPOTHBIICHHWE, COOTBETCTBYIOIIECEC HAYAIBHON
OTMETKE, a Ha JIPYTOM — COTIPOTHBIICHHE, COOTBETCTBYIOIIEE KOHEYHON OTMETKE IIKAJIbI, ¥, [I00YEPETHO
W3MEHSISI CONPOTHRIICHUE HA Mara3uHax, TOOUTHCS COBITAJICHUS KPAHIX OTMETOK IIIKAJTBI.

[To cymme compoTHBIIeHUH (CONMPOTHUBIICHUE HA Mara3wHe W CONMPOTHUBIICHHE COCTUHUTEIHLHBIX
MPOBOJIOB OT Mara3uHa JI0 U3MEPHUTEILHOM CXeMbI) C TOMOIIBI0 YHUBEpCcaIbHOTO mpubopa tumna P4833
WIM MOCTa MOCTOSHHOTO Toka MO-62, Heo0X0qUMO MOAOTHATH COMPOTHBIICHHWE CHUpATE 10 3TOTO
3HadYeHUs ¢ TouHOCThI0 10,01 Om.

[Tocre okOHYaHHSI FOCTUPOBKH HEOOXOJIMMO IMOBTOPHO TPOBEPHUTH MPABHIBLHOCTH ITOKA3aHUN
MOTECHIIMOMETpPA TI0 OIM(PPOBAHHBIM OTMETKAM.

[lepen moakmOYEeHHMEM ITUHUHM CBSI3W K HW3MEPHUTEIHLHOMY NpUOOpYy HEO0OXOIUMO H3MEPHUTHh
TepMoD/IC Ha TEPMOAIIEKTPOIAHBIX MPOBOAAX Yy MpuOOopa (C MOMOIIBI0 MEPEHOCHOTO MOTEHIIMOMETpa
[1I1-63).

[Tocne m3mepenust Tepmol/[C B MmoilydeHHOE 3HAYCHHE HAMPSHKEHHUS BBOAMTCS TOMpPaBKa Ha
TEMIIEPaTypy CBOOOJHBIX KOHIIOB TEPMOIJICKTPOJHOIO TPOBOAAa B MecTe 3amepa. [lompaBka (B
MUJUTABOJIBTaX) CYMMHPYETCS C ITIOKa3aHWEM IIEPEHOCHOTO ITOTCHIIMOMETPa, €CIU TeMIleparypa
OKPYXAaroIIeH Cpellbl MOJIOKHUTENbHAS, W BBIYMTACTCS, €CIIM OTpPHUIATeNIbHAsA. 3HAYCHHE TEMIIEPaTyphl
OKPYXKaroIIeH Cpelibl KOHTPOJIUPYETCS CTEKIITHHBIM JJAOOPATOPHBIM TEPMOMETPOM.

[Tosb3ysich MPUIOKEHUEM, TSI COOTBETCTBYIOIICH T'PAaTyHPOBKH TEPMOAIICKTPOJIOB HAXOIAT
NEHCTBUTENLHOE 3HAYCHHE TEMIIEPATyPhl B MECTE€ YCTAHOBKU TEPMOIIEKTPHIECKOTO TPeoOpa3oBaTEs.
3areM TUHUIO CBS3M CIIEAYeT MOAKIIOUUTE K MOTEHIIHOMETPY U COTIOCTAaBUTh MH(MOPMAIIUIO O 3HAYCHHUH
U3MEPSEMOro MapaMeTpa o MECTHOMY PTyTHOMY TEPMOMETPY C MOKa3aHUSAMH MOTEHIIHOMETpA.



IpakTnyeckasi padbora Ne 22
HN3yyeHue mnpaBmJi MOHTAka NPUOOPOB Jisi U3MEPEHHMSl M PeryJUpPOBAHUS TeMIepaTrypbl -
TepMonpeoOpa3oBareJisi CONPOTUBJIECHNSI, MMPOMETPOB.

Hean padoTsl U3y4YeHHE MPABUI MOHTaXKa TEPMOCOIIPOTHBIICHHUH.
HopmatusHble pykoBoactBe mo skcmnyarauuu THIMB.405511.002 PO ocHoBaHHOM Ha
JOKYMEHTbI MexrocyaapctBeHHoM cranaapre CHIT - T'OCT 8.586.5 - 2005 u Ha

MeXIyHapoaHbIX cTanaaprax EN 1434 — 2007
3aganue:
1. BuumarenbHO U3YYHTE U MpOAHAIM3UPYHTE MaTepUal 1o TeMe.
2. OTBeTbTE HA BOMPOCHL:
a. TpeOGoBaHus y MOHTaxXy.
b. IlpaBuna ycraHoBku TepMmomnpeoOpa3oBatelieii Ha TPyOOIPOBO/IE.

[Ipexne, yem paccMaTpuBaTh TPEOOBAHUS K MOHTaXy TEPMOMETPOB COIPOTHUBIICHHS CIEAYET
OTMETUTh, YTO Ha MOTPEUIHOCTh U3MEPEHUsI TEMIEPATypbl MOTYT BIUATH CIEAYIOIINE MOHTa)KHBIE U
aneKTpudecKkue GaKkTophl:

v/ MECTO YCTAaHOBKH JaTYMKa BEIOPAHO HENPABHIBHO;
HEMpPaBUJIbHO BhIOpaHa JJIMHA MOHTAXXHOW YacTH TEPMOMETPA CONPOTUBIICHUS;
IJI0X0€ Ka4eCTBO YIUIOTHEHUS AaTuuKa (yTedKa Cpebl u3 0TOopa);
OTCYTCTBHE TEIIOU3OJISAINK Ha 000pYA0BaHUN WIH TPYOOIIPOBO/IE;
TJIOXOW KOHTAKT B COSAMHCHHSIX 000pYI0BaHUS;
TOTIaIaHNE BJIArd M KOHJICHCATa B KIIEMMHYIO TOJIOBKY TEPMOMETPA CONMPOTHBIICHUS;
3aMbIKaHHE BHYTPEHHUX TPOBOAHUKOB TEPMOMETPA COMPOTUBIICHHUS,

AN N N NN

HETpaBWJIBHO BHIOpaHa CXeMa COEAMHEHMs JaTdyhuka W mnpubopa (0e3 MOAroHKH
CONPOTHUBIICHUSI JTUHUH, 0€3 KOMIICHCAI[HOHHOTO IPOBO/IA);
v TpaJydpoBKa TEPMOMETpa  CONPOTHBICHUS HE  COOTBETCTBYET  IPajyHPOBKE
PETUCTPHUPYIOIETO MPUOOpa.

[TosToMy mepen TeM, KaKk MOHTHPOBaTh TEPMONPEOOPa30BaTeIb COMPOTUBICHHS, HEOOXOIMMO
IPOBEPHTH: MPABHIBHO JIM 1MOI00paH TUII IaTYMKA, COOTBETCTBUE €TI0 TPayHPOBOYHBIX XaPAKTCPHUCTUK
C XapaKTepUCTUKAaMH PETUCTPHPYIOUIEro Npudopa, a TakkKe YydYecTb JPyrde OCOOCHHOCTH €ro
KOHCTPYKIIMH, MOJIXOJSIINE K MECTY M YCIOBHUSIM paboThl. Ilociie 3TOro TepMOMETp CONMPOTHBICHHUS
IPOBEPSIETCS] HAa OTCYTCTBHE BUIMMBIX TOBPEXKICHWH Ha €ro 3allUTHOW apMmarype; Ha OTCYTCTBHE
OOpBIBOB M 3aMbIKaHHH BHYTPEHHUX MPOBOJIHUKOB; COMPOTHUBIICHHE H30JISLIUH.

TpeOoBanust Kk  MOHTaxy TepmoMmerpoB  compotuBienus TCII-H wu  kommiekros
tepmonpeoOpazoBareneii conporusienuss KTCII-H omucaHel B pyKOBOJACTBE 10 OKCILTyaTalluH
THHB.405511.002 PO ocrHoBaHHOM Ha MexrocymapctBeHHoM ctanmapre CHI™ - TOCT 8.586.5 - 2005
¥ Ha MEXIyHapoaHbIX cranaapTax EN 1434 — 2007.

[IpaBuna ycTraHOBKH TepMoIpeoOpazoBareneid Ha TpyOonpoBoie

[Ipu ycranoBke TepmomeTpa compotuBieHuss TCII-H B 3ammTHy!0 THIB3Y YCWUIIHS HE
JTOTTYCKaIOTCA.

I[Ipu wmontaxke KTCII-H B mpsMom moToke TpyOOmpoBOAa YyCTaHABIMBAaeTCS HpUOOp ¢
MapKupoBKor «I» (Topsiumii), B 0OpaTHOM MOTOKE — TEPMOMETP COMPOTHUBIICHUS C MAPKUPOBKOU «X»
(XOJIOTHBI ).

TCII-H u KTCII-H moHTHpYIOTCS TaKMM 00pa3oM, 4TOOBI UyBCTBUTEIIBHBINA AJIEMEHT MpUOOpa,
PacToJIOKEHHBIM Ha KOHIIE MOHTa)KHOM YacTH, pacrojarajics Ha OcH TpyOonpoBoia.



[Ipu MoHTaXXEe TepMOMETpa COMPOTUBIICHUS IO YIJIOM 45° KOHIIBI MOHTXKHOW 4acTH MpuOopa
JIOJKHBI OBITH HAIPABJICHBI HABCTPEUY MOTOKY TETIOHOCHUTEISI.

Bo u3bexanne moMmex mpH HU3MEPEHHH, HEOOXOIUMO YJAIHUTh MPUCOCTUHUTEIBLHBIC MPOBOAA
npuOOpPOB OT AEKTpUUYECKHX Kabenei ¢ HanpspkeHrneM 220 B u Gonee Ha paccrosiaue He menee 0,3 M.

[Tpou3BOIUTE OpUEHTAMIO KOpIyca (TOJOBKH) HEOOXOJMMO B HYXKHOM HAIPABJICHUU U
3aKpernuTe IWTYLep.

[Ipn ropu3oHTAIBHON OpHEHTalUu TepMomnpeoOpa3oBaTesiss COMPOTUBICHUS C KIEMMHON
TOJIOBKOM KaOeJIbHBIN BBOJI JOJIKEH OBITH 0OpallieH BHU3.

[IpenycMoTpeTh calbHUKOBOE YIUIOTHEHHE MO/ TPUMEHSIEMbII KaOeb.

[ToxcoenuHeHne KOMIDICKTa TEpPMONpPEeoOpazoBaTesiei CONMPOTUBJICHHUS TMPOU3BOAWTCS K
U3MEPUTEIILHOMY TIPHOOpPY, 3aTeM 3aKPEIUISeTCs] KaOellb B CAIbHUKOBOM BBOJIE.

Y CTaHOBIICHHBIH TEPMOMETP JOJHKCH OBITH OTUIOMOUPOBAH.
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IpakTnyeckas padora Ne 23
HN3yyeHue npaBuJI MOHTAXKa NPUOOPOB /1Jis1 U3MEPEHUsl 1aBJICHUSI—MAHOMETPOB

Hean pa6oTsl M3Yy4YeHUE MPaBUI MOHTaKa MAHOMETPOB.
HopmaTuBHbIe "[IpaBuia ycTpoiicTBa U 0€30MaCHOM IKCILTyaTalliu COCYJIOB, pabOTaroIIMX
JOKYMEHTbI non nasneruem. 116 10-115-96" (ytB. IlocranoBnenuem ['ocroprexnanzopa

P® ot 18.04.95 Ne 20) (pen. ot 02.09.97)
https://zakonbase.ru/content/part/261181

3aganue:
1. BuumarenbHO U3YYHTE U MpOAHAIM3UPYHTE MaTepUal 1o TeMe.
2. CocraBbTe ITOPUTM MOHTaXa MAaHOMETPOB.

Kaxxapiii cocy1 U CaMOCTOSITENIbHBIC TIOJIOCTH C Pa3HBIMU JIABJICHHUSIMH JIOJDKHBI OBITh CHA0KCHBI
MaHOMETpaMH MPSMOro JelcTBUsA. MaHOMETp yCTaHABIMBAETCS Ha LITYILIEpE COCYla WK TPyOONpoBoie
ME¥K]ly COCYJIOM M 3alIOPHOM apMaTypoil.

MaHoMeTphbl TOKHBI UIMETh KJIacC TOYHOCTH HE HUXKe: 2,5 - nmpu paboueM JaBlIeHUU cocya J0
2,5 MIla (25 xrc/kB. cm), 1,5 - npu pabouyem naBneHuu cocyna Beime 2,5 MIla (25 krc/kB. cm).

MaHoMeTp [OJDKEH BBIOMpAThCS C TaKOM IIKajaoW, 4YTOOBI Mpenes H3MepeHus pabouero
JABJICHUSI HAXOUJICSI BO BTOPOM TPETH IIKAJIBI.

Ha mkame wmaHoMeTpa BIaJenbpleM coCyla JODKHA ObITh HAaHECEHAa KpacHas uepra,
yKa3blBarollasi paboyee aBlI€HHE B cocyne. B3aMmeH KpacHOM uepThl pa3peliaercs HNPUKPEIUISATh K
KOpILyCy MAaHOMETpa METaJNIMYECKYl0 IUIACTUHY, OKpAIlEHHYI0 B KpacHbli LBET U IIJIOTHO
IPUJIETAIOIYI0 K CTEKIIy MaHOMETpA.

ManomeTp HOJDKEH ObITh YCTAHOBJIEH TaK, YTOOBI €ro IMOKa3aHWs ObLTM OTYETIMBO BUIHBI
00CITyKUBAIOLIEMY TIEPCOHAIY.

HoMuHanbeHbII [uaMeTp KOpInyca MaHOMETPOB, YCTaHABIMBAEMbBIX HA BBICOTE /10 2 M OT YPOBHS
TUTONIA/IKK HAOIOIEHUS 32 HUMH, JTOJDKeH ObITh He MeHee 100 mMm, Ha BbIicoTe OT 2 10 3 M - HE MeHee
160 mm.

VYcTaHoBKa MAaHOMETPOB Ha BBICOTE 0oJiee 3 M OT ypOBHS IUIOIIAJIKH HE pa3penIaeTcs.

Mexy MaHOMETPOM U COCYJIOM JOJDKEH OBbITh YCTaHOBJIEH TPEXXOJOBOW KpaH WIH
3aMEHSIONIEEe €ro YCTPOMCTBO, IMO3BOJISIONIEE MPOBOIUTH NEPUOAMYECKYIO MPOBEPKY MaHOMETpa C
MOMOIIbI0 KOHTPOJIBHOTO.

B HeoOXoauMbIX ciydasx MaHOMETP B 3aBHCHUMOCTH OT YCIIOBUI PaOOTHI U CBOWMCTB Cpepl,
HaXOJsIIeNcs B cocye, TOMMKEeH CHA0XaThCs Wi cU(OHHON TPyOKOM, Wi MacisHbIM Oydepom, miu
JPYTUMHU YCTPOMCTBAMH, MPEIOXPAHSIOMIMMH €ro OT HENOCPEICTBEHHOIO BO3JIEUCTBUS CpeAbl M
TEMIEPaTyphl U 00ECTIEYNBAIOLITUME €T0 HAJISKHYIO PadoTy.

Ha cocynax, paborarommux mnoa nasieHueM Bbime 2,5 MIla (25 xrc/kB. cM) uinum npu
temneparype cpenasl Beime 250 rpag. C, a Takke CO B3pPBIBOONACHOW CPENOMl WIJIM BpPEIHBIMHU
BemectBaMu 1-ro u 2-ro knaccoB omacHoctd nmo ['OCT 12.1.007 BmecTO TpexXoIOBOro KpaHa
JIOTIYCKAeTCsl YCTAaHOBKA OTJEJIBHOIO INTYyIlepa C 3alOpHBIM OPraHoM JUIsl MOACOEAMHEHUS BTOPOTO
MaHOMETpA.

Ha cranvoHapHbIX cocyaax TMpud HaIWYUM BO3MOXKHOCTHM IPOBEPKM MaHOMETpa B
YCTaHOBJICHHbIE HACTOAIIMMH [IpaBuinamMu CpoKHM MyTeM CHATHUSI €T0 C COCY/1a YCTaHOBKA TPEXXOJ0BOTO
KpaHa WM 3aMEHSIOIIET0 ero YCTPOHCTBA HeoOs3aTenbHAa.

Ha mepenBmwxHBIX cocygax HEOOXOAMMOCTh YCTAaHOBKHM TPEXXOJOBOTO KpaHa OINpeiesercs
pa3paboTYUKOM MPOEKTA COCyAa.

MaHOMEeTpBl U COEIUHSIONME MX C COCYAOM TPYOONpPOBOIBI JOJKHBI OBITH 3alUIIEHBI OT
3aMep3aHusl.
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ManoMmeTp He A0IYyCKaeTcs K IPUMEHEHUIO B CIyYasx, Korja:
v/ OTCYTCTBYET IJIOMOA MJIU KJIEHMO C OTMETKO# O MPOBEICHUH TTOBEPKH;

v IPOCPOYEH CPOK MOBEPKH;

v/ CcTpelika MpU €ro OTKIIOYEHHH HE BO3BPALIAETCS K HYJIEBOMY IMOKA3aHHWIO IIKAIBI Ha
BEIMYMHY, TPEBBIIIAOIIYI0 TOJOBUHY JIOMYCKAEMOH TOTPEIIHOCTH Uil JaHHOTO
npuodopa;

v\ pasOUTO CTEKIO WM HWMEIOTCS [OBPEKICHUS, KOTOPbIE MOTYT OTPa3sHThCS Ha
IIPAaBUJILHOCTH €T0 IIOKa3aHUM.

[loBepka MaHOMETPOB C MX OILIOMOMPOBAHMEM WM KJIEHMEHUEM JI0JKHA MPOU3BOAUTHCS HE
pexke onHoro pasa B 12 mecsues. Kpome Toro, He pexe 0JHOro paza B 6 MecsILeB BlaJelblieM cocya
JIOJKHA MTPOU3BOIUTHCS AONOIHUTENbHAS [TPOBEpPKa pPab0YMX MaHOMETPOB KOHTPOJIbHBIM MaHOMETPOM
C 3alUCBI0 PE3yJIbTaTOB B JKYPHAJI KOHTPOJIBHBIX IpPOBEpPOK. I[IpM OTCYyTCTBUM KOHTPOJILHOTO
MaHOMETpa JOIYCKAeTCs JONOJHUTEIbHYI0 IPOBEPKY IPOU3BOJAUTH IPOBEPEHHBIM pabouYuM
MaHOMETPOM, UMEIOIIUM C IIPOBEPSAEMBIM MAHOMETPOM OJMHAKOBYIO LKAy U KJIAcC TOYHOCTH.

[lopsaiok M CpOKM MNPOBEPKH MCIPABHOCTH MAaHOMETPOB OOCIYKMBAIOLIUM IIEPCOHAIOM B
IIPOLIECCE AKCIUIyaTallud COCYJOB JIOJDKHBI omnpenendarbes WHcTpykuuel mo pexumy paboTsl U
0e30macHOMy O0OCITyKMBAHHUIO COCYJIOB, YTBEP)KJIEHHOH PpPYKOBOJCTBOM OpraHM3allud - BIIAJeJblia
cocyna.

IIpakTyeckas padora Ne 24
CocTaBuTh AJITOPUTM MOHTAKa NPHOOPOB UIA M3MEPEHHMS JABJICHHA — ICKTPOKOHTAKTHBIX
MaHOMETPOB

Lean padoTsl HA3yYEHHE IIPaBUI MOHTAXa 2JIEKTPOKOHTAKTHBIX MAaHOMETPOB.
HopmaTuBHbIe "[IpaBuna ycrpoiicTBa U 06€30MacHOM SKCIUTyaTalldd COCYJOB, pabOTArOIINX
JOKYMEHTBI nox pasieHuem. [16 10-115-96" (ytB. [loctanoBnenuem ['ocroprexHanzopa

P® or 18.04.95 Ne 20) (pen. ot 02.09.97)
https://zakonbase.ru/content/part/261181

3aganue:
1. BHumarenbHO U3y4YHTE U MPOAHAINZUPYHTE MaTepuall 1o TeEMe.
2. CocTaBbTe aJITOPUTM MOHTaKA 3JIEKTPOKOHTAKTHBIX MAaHOMETPOB.
OKM MOHTHPYIOTCS B IOJOKEHUH, YAOOHOM I HKCIUTyaTallul U 00CITyKUBaHUS.
[Ipu BBIOOpE MecTa ycranoBkM DKM HeoOX0auMO y4uTHIBATh CIIEAYIOIIEe: — MECTa YCTaHOBKHU
OKM nomxHbl 0oOecrieunBaTh yJ00HBIE YCIOBHUS JUIsl OOCTYyKMBAaHUS M JEMOHTa)ka; — TeMIleparypa,
OTHOCHUTEIIbHAsl BJIAYXHOCTh OKPY’KAIOILEro BO3/yXa, MapaMeTpbl BUOpalUM HE JOKHBI MPEBBIIIATH
3HA4YECHMH, YKa3aHHBIX B PYKOBOJCTBE IO JKCIUTyaTallMM; — HAIPSHKEHHOCTh MATrHUTHBIX IIOJIEH,
BBI3BAaHHBIX BHEIIHUMHU HCTOYHHUKAMM IEpeMeHHOro Toka yactoroi 50 I'u, He nosmkHa npessimars 400
A/m; — noxakmodeHne DKM K HCTOYHMKY MHUTaHUS U KOMMYTHPYEMBIM IEMSM OCYIIECTBISETCS
OJTHOXKWJIBHBIM WJIM MHOTOXXUJIBHBIM TpoBojioM ceuennem 0,35...0,7 mMM2 ; — mnsa obecriedeHust
HaziexkHoi paborel DKM B yCNOBHSIX KECTKOH M KpailHe >KECTKOW 3JIEKTPOMarHWTHONH OOCTaHOBKU
AIIEKTPUUYECKHE COCTUHEHUSI HE0OX0IMMO BECTH BUTHIMU TTapaMH WJIM BUTBIMU ITapaMHU B SKpaHe. DKpaH
IIPY 3TOM HEOOXOAUMO 3a3EMJIIUTh.
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Hemnocpencresenno mnepen DKM  ycraHaBnMBaeTcss BEHTUJIBHBIN OJIOK, PAacCUMTAHHBIA Ha
COOTBETCTBYIOIIINE TAPAMETPBI CPE/IBI.

[Tpu naBnenun u3mepsiemoit cpensl Boie 0,3 MIla u amuHe UMITYyIBCHOM JIMHUK OoJiee 3 M y
MecTa 0TOOpa AaBJICHUS JTOJHKEH OBITh YCTaHOBIICH 3aIlIOPHBIA BEHTHIIb.

Heo6xonuMo mpokiiaibBaTh COCIUHHUTENBHBIE JHHUMA K MpHOOpaM Tak, 4TOOBI MCKIIIOYAJIOCh
o0Opa3oBaHHe ra30BbIX MPOOOK (MPU U3MEPEHUU JIABJICHUS KUAKOCTU) WU THAPABIUUYECKUX MEIIKOB
(pu U3MEPEHUH TaBJICHUS Ta3a).

[Tepen BrmouenneM DKM B paboTy BEHTHUJIBHBIN OJIOK mepes mpuOopoM HEOOXOIUMO 3aKpPHITh
JI0 3alOJIHEHUSI OCTHIBLICH KUAKOCTHIO COCIMHUTENbHON JIMHUU. [logkiarodeHne K MarucTpalbHbIM
TpyOOIpOBOaM JTOJKHO MPOU3BOIUTHCA HA TEX y4acTKax, I7le HOTOK MMEET HAaMMEHBIIYIO0 CKOPOCTh,
TEUYEHUE TMPOUCXOAUT Oe3 3aBUXPEHMH, T.e. Ha JOCTATOYHOM PACCTOSHUHM OT TNPHUCOSAUHUTEIBHBIX
9JIEMEHTOB U U3TUOOB.

[Ipu u3MepeHun AaBlIeHUsI arpeCCUBHOIO ra3a, JaBJICHUs arpECCUBHON WM BSI3KOW JKUIKOCTU B
UMIYJIbCHBIEC JTMHUH BKJIIOYAIOT Pa3ieIuTEIbHBIE COCY/IBI.

WNMmynbcHblE TUHUM HE JOJKHBI MMETh PE3KUX HM3TMOOB M JOJKHBI MPOKJIAABIBATHCS OT
MarucTpalbHOTO TpyOOmpoBoAa K MpeoOpa3oBaTeir0 JaBlieHUss C YKIOHOM He wmenee 1:10.
NmmynbcHble TUHUE OT MecTa oToopa naBienust K DKM 1oKHBI OBbITH MPOJIOKEHBI 10 KpaTdaniiemy
pacctosiHuto. JInMHA JUMHUM JAOKHA OBITH JIOCTaTOYHOM Al TOTO, 4TOOBI TemImepaTypa Cpe.sbl,
noctynaronieii B DKM, He mpeBblmana JOMYyCTUMYIO TEMIEPATypy OKPYKArOIIEro BO3ayXa.
Pexomennyemast qmuHa — He OoneelS m. MiMmynbCcHBIE TUHUM JOJDKHBI UMETh OAHOCTOPOHHHN YKIIOH
(me menee 1:10) ot mectra orOopa nasienus, BBepx k DKM, ecnu uzmepsiemast cpea — ra3 ¥ BHU3 K
OKM, ecnu uszmepsiemas cpefa — >KUIAKOCTh. JlJis TOPU3OHTAIBHBIX WM HAKIOHHBIX TPYOOMpPOBOIOB
OTBOJI UMITYJIbCHOM JIMHUU B MECTE BPE3KH B TpyOONpPOBOA JIOJKEH OBITh PACIONONKEH (CM. PUCYHOK
3.10): a) ropu30HTaIBHO JMOO OTKIOHEH OT TOPU30HTAIM BHHU3 Ha yrois oT 0°mo 45° — npu u3mepeHun
JIaBJICHUS )KUJKOCTH; 0) TOPU3OHTAIBHO JINOO OTKJIOHEH OT TOPU30HTANIN BBEpX Ha yroi ot 0° o 45° —
pY U3MEpPEHHUH JaBlIeHHs Mapa; B) BEPTUKAIBHO JIMOO OTKIOHEH OT BEPTUKaIU BHMU3 Ha yrou ot 0°mo

45° — npu U3MEpEeHUN 1aBJICHUS Ta3a.
nonxmoqenue HMI’IyanHOﬁ JINHUK K TOPU3OHTANbLHOMY 'rpy60npoao.qy

>
»\

A-A

m A 1
v
5 o !
a) XMOKOCTb 6) nap B) ras

PucyHok 3.10
O603Ha4eHus k pucyHky 3.10:

1 — TpyBonpoeog;
2 — namepsiemas cpeaa;
3 — 0TBOQ UMNYNBLCHOWM NUHUK.

Ecnu 310 HEBO3MOXKHO, MpU M3MEPEHUH JIaBJIEHHS Ta3a B HIKHUX TOYKaX MMIYJIbCHOM JMHUU
CllelyeT yCTaHaBJIMBaThb OTCTOMHBIE COCYIbl, @ NMPU HW3MEPEHUU IAaBJICHUS >KUJIKOCTH B HAWBBICIIHUX
TOYKaxX — ra3ocOOpHHKHU. [Ipu m3MepeHnn NaBlieHUs BIAKHOTO HEArPECCHBHOIO ra3a B CaMOM HU3KOH
TOYKE UMITYJIbCHOW JTMHUH YCTAHABIMBACTCSI KOHAEHCATOCOOpHUK. OTCTOMHbBIE COCYAbl PEKOMEHIYETCS
ycranaBnuBath nepes KM u B Apyrux ciaydasix, 0cCOOEHHO NMPH JJIMHHBIX COCIUHUTEIbHBIX JIMHUAX U
npu pacnonoxennn DKM Huke MecTa 0TOOpa aBJIeHUS.



[Tepen npucoenquuennem k DKM nmuHMM TOKHBI OBITH TINATEIBHO MPOAYTHI JJII YMEHBIICHUS
BO3MOXKHOCTH 3arpsi3HCHUS KaMep u3MepuTenbHoro 6oka DKM.

[Ipucoequnenne DKM K HMITyJIbCHOM JIMHHUM OCYLIECTBIISIETCS C IOMOULIbIO KOMILJIEKTA
MOHT@XHBIX 4YacTted. [l MpPOOYBKHM COEIUMHUTENBHBIX JIMHUM JIOJDKHBI I[peAyCMaTpUBaThCs
CIIELIMAIbHBIE YCTPOUCTBA.

Jns 3amutel DKM 0T rujipaBIu4ecKkux yiapoB, a TaKKe IPU U3MEPEHUU JaBJICHUS B Cpele ¢
0OJIBIIMM YPOBHEM IyJbCALUNA, pEKOMEHAYeTCsl ycTaHaBiauBaTh nepen DKM nemndepHoe ycTpoicTBO
HY B coorBercTBuH ¢ Katainorom HIIIT «JIEMEP».

3azemunts Kopmyc DKM, s dero mpoBoj cedeHMeM He MeHee | MM? IPHCOEIMHHTH K
KOHTakTy kopryca OKM.

[Tocne moaximouerns DKM k uzmepseMoii cpesie JoKHa ObITh MPOU3BECHA TPOBEPKA KHYJIISN,
IpU HEOOXOIMMOCTH MTPOBEIUTE MOACTPOUKY, TOPSAIOK MOACTPOUKHU «HYJISD».

Onextpuueckuid MoHTax OKM 1okeH mpou3BOIUTHCS B COOTBETCTBUU CO CXEMaMU
3JIEKTPUUYECKUX TOJKIFOUYECHHH.

IIpakTuyeckas padora Ne 25
HN3y4yeHue npaBH/I MOHTAKa NPUOOPOB /ISl H3MEPEHUS 1ABJICHUSI—BAKYYMMETPOB

Lesas padoThI U3y4eHHe MPABUI MOHTaXa BaKyyMETpPOB.
HopmaTusHbie "[IpaBuna ycrpoiicTBa U 0e30MacHON SKCIUTyaTallMd COCYJI0B, paboTarommx
JOKYMEHTbI nox nmasineHuem. [16 10-115-96" (ytB. IlocranoBienuem [ocroprexnanazopa

P® ot 18.04.95 Ne 20) (pexn. ot 02.09.97)
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3aganue:
1. BuuMarenbHO M3YYHTE U MpOaHAIM3UPYUTE MaTepUal 1Mo TeMe.
2. CocraBbTe AITOPUTM MOHTaXKa BaKyyMMETPOB.

PexoMeHnganuu o MOHTaXXy ¥ yCTaHOBKE MpUOOpOB

[Ipexxne 4yem NOpPUCTYNHUTh K YCTaHOBKE, CIIEAyeT YOEIUThCS, 4YTO MPUOOP COOTBETCTBYET
TpeOOBaHUSAM, IPEIBABISIEMBIM €My C TOUKH 3PEHMSI 1Malia3oHa u3MepeHuil 1 ucnoiaHenus. Ilokasanus
pabouero naBieHUs TOJDKHO OBITh B CPEHEN TPETH auara3oHa.

Pacnonarars mpubop cnemayer Takum oOpa3oM, 4TOObI ObLIO Y0OHO CUYMTHIBATH €TO MOKAa3aHUS.
3aKkpenuTh MaHOMETP HYKHO TakK, 4TOObl BHOpanuu ObUTM MHUHHMalbHBIMH. Eciu BuUOpanmoHHbBIE
HArpy3Kkd TPEBBIMIAIOT JOMYCTHUMYIO HOpPMY, ANl H30eraHusi BBICOKOH MOTPEIIHOCTH HW3MEPEHHS
UCTIONB3YHTEe BUOPOYCTONYMBBIE TPHOOPHI.

[IpoBepbTe repMETUYHOCTD MPUCOEANHEHUS

g obecrieueHus: BO3MOXHOCTH 3aMEHBI NMPUOOpPa U KOHTPOJIS «HYJSD», CIEAyeT MEXIy
TpyOONPOBOIOM WIJIM Jp. MECTOM 3aMepa JIaBJIEHUS © MAaHOMETPOM YCTaHOBUTH 3alIOPHOE YCTPOWUCTBO.
B xauecTBe TaKOro yCTpOKHCTBAa MOXKET CIIYKUTh TPEXXOI0BOM KpaH.

B 3aBucuMoctu OT HazHaueHUs NpuOOpa, OH MOXKET OBITh 000pPYIOBaH BEHTWISIMH WIH
3allOpPHBIMU KpaHaAMHU.

Mecto Ha TpyOoOmpoBOJe WK TeX. 000PYAOBAaHUH, K KOTOPOMY HPUCOEIUHSETCS MpuOop Uis
KOHTPOJISI IaBJICHHSI, HA3BIBAIOT OTOOPOM HITM UMITYJIBCOM JaBJICHHUS.

Tpaccy, koTopasi coeqUHSIET MAHOMETP, U OTOOP J1aBIICHUS HA3bIBAIOT UMITYJILCHOM JIMHUECH.

B xauecTBe UMITYILCHBIX TUHUN CTy’KaT MEJIHbIE, IISTbHOTIHYThIE CTanbHbIC, Wiau [IBX TpyOku.
Martepuan M3roTOBIEHUS TPUMEHSEMBIX TPYOOK 3aBUCUT OT arpecCHUBHOCTU HU3MEPSIEMOW Cpelibl,
BEJIMYMHBI JIABJICHNUS, & TAK)KE MT0KAPO- U B3PBIBOOIIACHOCTH CPEJIBI.
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B 3aBucHMOCTH OT JUIMHBI Tpacchl U MAaKCHUMAJIbHBIX IIPEEIOB pabovero JaBJIeHUs U3MepseMon
Cpeabl BBIOMpaeTcs TOIMHA U AUAMETP UMITYJIbCHBIX TPYOOK.

JUia u3MepeHMsl JaBJIEHUS CpeIbl C LENbI0 KOHTPOJS, HMITYJbCHBIE JIMHUM HEOOXOAMMO
NPOKJIAbIBaTh, CTPOTO CIEAYS MOHTAXHOH CXeMe aBTOMAaTH3allMM O0bEKTa, Ha KOTOPOW yKa3zaHa
[I0JIHASl XapaKTEepUCTHUKA JIMHUU (TUIl MaTepuasa, KOTOPbIi UCIOIb3yeTCs, TOJIIIMHA U CEYEHUE CTEHKN).
Taxxe Ha cxeme yKa3aHa JUIMHA TPACCHI.

Mecto npucoeauHeHus npudopa st 0T00pa JaBiieHUs (MMITYJIbChl JaBJICHUS) TOJDKHO ObITh Ha
NpSAMOJIMHEMHOM yuacTke TpyOompoBoja M TeX. OOOpYIOBAaHHS C YYETOM IIOBOPOTOB, H3rHOOB,
TPOINHMKOB M KOJIEH, ITOCKOJIbKY Ha BbIIIEHA3BAaHHBIX yYacTKaX, B Pe3y/bTaTe LIEHTPOOEKHON CHIIbI
U3MEPSEMOTO ITOTOKA CPEJIbI, CYIIECTBYET JOMOIHUTENbHAS IOTPEIIHOCTD U3MEPEHUSL.

Heo6x01uMo KOHTPOIUPOBATh BO3ACUCTBUE TEMIEpaTypbl HA TOYHOCTh MOKa3aHW. [t aToro
MaHOMETP YCTaHaBJIIMBAETCA C YYETOM BIIMSHUS KOHBEKLUU M TEIJIOBOI'O HU3JIyUY€HUs, C LENbI0 HE
JIOITyCTUTh, YTOOBI TeMIepaTypa OKpYyXKalolled W H3MepsSeMON cpenabl, ObUIa BBINIE WM HUXKE
JOITYCTUMON U1l SKCIUTyaTalluMd H3MEpUTENbHOro mnpubopa. J[Is 3TOro MaHoOMeTpsl M 3alOpHbIE
apMaTypbl CleQyeT 3allUTUTh BOJHBIMU TYNUKOBBIMH TPyOaMU WIM H3MEPHUTEIbHBIMHU JIMHUSIMU
JIOCTaTOYHOM JUIMHBI.

IIpy Hammuuu cpel  TOBBIIIEHHOM  BA3KOCTH, arpeCCUBHBIX, KPUCTAJIM3YIOIIMXCH,
3arpsiI3HEHHBIX, a TAKXKE rOpAYUX Cpell, HE0OXO0AMMO UCIOJIb30BaTh MEMOpaHHbIE Pa3/IEIUTENN CPel, C
LeJIbI0 HEJIONYIIEHU NoNaJaHus ux B npudop. BHyTpeHHee npocTpaHCTBO MAaHOMETPA U pa3AeIuTes
3aMONIHSIOT CIEMUAIBHONW pabodeld JKUIKOCTBIO, KOTOpas TepelaeT JaBlIeHHE OT MeMOpaHBbI
pasgenuTens K M3MepuTeNbHOMY NpuoOopy. KuakocTe BHIOMpPAOT B 3aBUCUMOCTH OT JMAa3oHa
MU3MEPEHUS, COBMECTUMOCTH CO CPEIOH, TOIBEPraeMON U3MEPEHUIO U C yUETOM TEMIIEPATYPHI.

IIpu u3MepeHuH arpeccUBHBIX cpel (KUCIOT, IIeao4el), YTOObl 3alIUTUTh YyBCTBUTENIbHBIN
3JIEMEHT MpuOopa OT BO3JIEHCTBUS NCHIOIB3YIOT CHEUAIbHbIE pa3ieNuTeNbHble COCYbl. X 3a0IHI0T
BOJIOM, 3TUJIOBBIM CIIMPTOM, INIMLEPUHOM WIN JETKMMH MUHEPAJIBLHBIMHA MacIaMH U Jp.

Crenyer obecrequTh 3alUTy YyBCTBUTEIBHBIX 3JIEMEHTOB OT HEPErpy3KH.

Ecnu mynbscanus n3mepsieMoil cpelpl MPEBBINIAET JAOMYCTUMYI0 HOPMY WJIM €CTh BEPOSTHOCTH
THIPABIMYECKUX YAApOB, HY’)KHO MHUHUMHU3HUPOBATH MX BO3JECWCTBHE HA YYyBCTBUTEIbHBIE 3JIEMEHTHI
npubopa.

lamenne ruapaBIUYECKUX YIApOB MOKHO OOECHEYUTh C IOMOIIBI0 YCTAaHOBKH JpPOCCENs
(YMeHbLIEeHHE MONEePEeYHOro CeUeHHs] HallOPHOTO KaHala), WK YCTAaHOBUB PETyIUPYEMOE JPOCCEIbHOE
YCTPOMCTBO.

YroObl MHHHMHU3UPOBATh MYJIbCALMIO JIABICHUS H3MEpsIeMOil cpeabl Ha KOMIIEHCATOPHBIX
CTaHLUAX, Te€X. 00OpyJOBaHHM, TPyOOIpOBOJAX, B HAacocax W Mp., B IITylep MaHOMETpa HY>KHO
YCTaHOBUTH JIPOCCENb, KOTOPBIM YMEHbBILAET TUAaMETP BXOJHOTO OTBEPCTUS. DTO MPEJOTBPATUT BBIXO]
U3 CTPOs NePEeIaTOYHOTO0 MeXaHU3Ma NpruOOopoB.

Ecmu nnst mosydeHust 60€ee TOYHBIX PE3yJIbTATOB IUAINAa30H U3MEPEHHS BHIOpAH MEHBIIE, 1O
CPaBHEHUIO C BEJIMYMHOW KPATKOBPEMEHHBIX BCIUIECKOB JABIIEHUS, HY’KHO 3aIIUTUTh YyBCTBUTEIbHbII
9JIEMEHT OT MOBPEXAECHUH. DTO MOXHO CHENaTh, YCTAHOBUB CHEIUAIBHOE YCTPOMCTBO 3aIIMTHI OT
neperpy3ku. JlaHHoe ycCTpOMCTBO IpH TUAPAaBIMYECKOM yAape MOMEHTAJIbHO 3akpbiBaeTcs. Eciu
JIaBJICHUE YBEJINYUBAETCS MOCTENEHHO, 3aKPBITHE TOXKE OCYIECTBISAETCS IOCTENEHHO.

BennunHa 3akpbIBaHUS YCTAHABIMBAETCS B 3aBUCHMOCTH OT XapaKTepa U3MEHEHUs JABJICHUS B
ONpeAeTICHHbI BPEMEHHON MTPOMEKYTOK.

Taxxe B cily4ae IOBBIIIEHHOM ITyJIbCALIMM CPEABI U TUAPABIMYECKHUX yIapOB MOXKHO IPUMEHSTH
CrelManbHble BUOPOYCTONUMBBIE MAHOMETpPBI, YCTPOMCTBO KOTOPBIX MPELYCMOTPEHO Uil PAabOTHI C
N30BITOYHBIMY JIABICHUSAMH.



Kpennenne manomerpa

B caywae, xorga moaBoiKa K MaHOMETPY He oOOecrmeuuBaeT CTaOWIBHOCTH KpEIUICHUS B
JOCTAaTOYHOM Mepe, HY)XHO Ha CTeHE WIM TpyOe HCIOJIb30BaTh JOMOJIHUTENIbHBIE KpPENeKHbIC
AIIEMEHTBI, WIIA IPEIYCMOTPETh JJIsl MPUOOpa KaNMILISIPHYIO TPOBOJIKY.

B cnyuae He0OX01MMOCTH rameHus BUOpaluii U3MEpUTENIbHON CUCTEMBI:

Ecnun MoHTaxk He pemaer nmpobieMy MHUHMMHU3ALUU COTPACEHMM M BUOpauuid, HEOOXOIUMO
UCIIOJIb30BaTh CIIEUATN3UPOBAHHbIE BUOPOYCTOMUMBBIE MAHOMETPBI C I'MJIPO3AIIOJHEHUEM.

IIpu ycraHoBke MaHOMeTpa HM(epOIaT AOJKEH ObITh OPHUEHTUPOBAH BEpTUKANbHO. B ciydae
OTKJIOHEHUI oOpallaiiTe BHUMaHKE Ha 3HaK MOJIOXKEHUs Ha nudepoOnare.

YroObl 3aKpenUTh MAHOMETP B MOJIOKEHUE, B KOTOPOM TIOKA3aHUSI CYUTHIBAIOTCS MAaKCUMAJIbHO
TOYHO, MOXXHO HCIIOJIb30BaTh HAKUIHYIO TFaiiKy WM CTSKHOM 3aMOK. He pekoMeHyeTcsi BBOpauuBaTh U
BBIBOpaYMBaTh Mpubop 3a xopmyc. C 3TOHM Lenbl0 Ha COCAMHUTENHFHOM MITYIEpE MPETyCMOTPEHBI
MOBEPXHOCTH JIJIsl TA€YHOTO KITF0Ya.

B MecTe coenuHeHns MaHOMETpa ¢ HICTOUHUKOM JaBJICHUS CIIEAyeT MPUMEHATh JJIs YIUIOTHEHUs
HpOKIaaKu, GUOpHI, aiObl U3 KOKU, CBUHIA UM MATKOW MEJIH.

HenonycTumo uconp30Bath i YIJIOTHEHUS AKJIK U CcypuKa!

B npubopax, KOTOpble HCHONB3YIOTCA JUISI W3MEPEHUs JaBJIECHUS KHCIOpOJa, MPOKIAIKU
JIOJDKHBI OBITH TOJIBKO M3 CBUHIA M MEJIH.

B mnpubopax, KOTOpBIE HCHONB3YIOTCS Ui HM3MEPEHHs [aBJICHUS aleTHJICHA, IPUMEHSTbH
NPOKJIaIKK U3 MEIU M MEIHBIX CILIABOB, C conepkanueM meau 6omnee 70% — 3AIIPEILIEHO!

Ecnmu MaHOMETp pacrosiokeH HHKe MITYIEepOB sl 3aMepa JIABJICHUs, HYy’KHO HEITOCPEICTBEHHO
nepea MPUCOEIMHEHUEM TIIATEIbHO MPOMBITH H3MEPUTENbHYIO JIMHMIO, 4TOOBl HE JONYCTHUTb
HOTIAJaHUs B CUCTEMY TBEPBIX BKIFOYSHUH.

Y HEKOTOphIX MNpUOOPOB MPEAyCMOTPEHBI 3aKpBIThlE MPOOKOH  OTBEpCTUS, UTOOBI
KOMIIEHCUPOBaTh BHyTpeHHee AaBieHre. OTBepCTHE UMEET HAAMUCH «3aKPBITO» U «OTKPHITO». OOBIYHO
pblYar CTOMT B MOJIOKEHUHU «3aKpbITo». [lepea mpoBepkoii, mociae yCTaHOBKY M Nepe]] HayaioM padoThl,
prOOPHI HATTOHSIOT BO3LyXOM, M COOTBETCTBEHHO PhIYar MEPEBOJAUTCS B TIOJ0KEHUE «OTKPBITOY.

Bo BpeMst onpeccoBkH, a TakkKe MPOTYBKH €MKOCTEH WM TPyOOIPOBOJOB HENB3sI MOABEPTaTh
WU3MEPUTENBHBIA TTPUOOp Harpyske, MpH KOTOPOH IMOKa3aTelb MPEBBIIIAET OTPaHUYUTEIEHYI0 METKY,
0003HaueHHY0 Ha mudepoaaTe. Ecim 3To mpou3onuio, Hy>KHO TPOU3BECTH 3alMPAHUE WU JEMOHTAX
MaHOMETpa.

B cnywae mnpoBeneHHs JeMOHTaka HEOOXOJUMO MpPEKpaTHTh BO3JCHCTBUE MAAaBICHHUS Ha
U3MEPUTENBbHBIN 3JIeMeHT. Vi CHATH HanpsHKeHUe ¢ U3MEPUTENIbHOM JTMHUY.

B manomeTtpax, B KOTOPBIX MpEeAyCMOTpEHa IUIaCTUHYATAst IPYKUHA HENb3s yAAIATh 3aTsDKHBIE
BUHTHI Ha BEPXHEM U HIDKHEM (pIaHIax.

B mMaHOMeTpax mocie JeMOHTa)Xa OCTaTKH U3MEPSEMBIX CPell MOTYT OKa3bIBaTh OTPUIIATEIFHOE
BO3/ICHICTBHE HA OKPYIKAIOIIyIo cpeay. HyKHO MpUHATH HEOOXOAMMBIE MEPHI IS O€30MTaCHOCTH.

Jlnst mprOOpoB, B KOTOPBIX MPEIYCMOTPEHO HAIOJHEHHE YyBCTBUTEIBHBIX JIEMEHTOB BOJOU
WIN BOJISTHOW CMECHIO, HY’KHO 00€CIIEUUTH 3aIIUTY OT 3aMep3aHusl.

W3mepurenbHas IMHUS JOKHA OBITh M3TOTOBJICHA, MM MOHTUPOBATHCS TaK, YTOObI HATPY3KH B
pe3yJbTare pacTsHKEHHs, TEMIOBOIO BO3/IEHCTBHS, a TAK)Ke KOJeOaHHs MOTIOIIAIHCh.

B cnyuyae usmepeHust 1aBieHuUs ra3a HyKHO MPEIyCMOTPETh B HU3IIEH TOUKE BO3MOXHOCTH JJIS
npeHaxka. Ecim B kauecTBe H3MepseMON Cpeibl BBICTYNAET JKUAKOCTb, HYXHO HPEIYyCMOTPETh B
BbICHIEH TOYKE BO3MOXKHOCTD ISl I€adPaLiH.



Ecnu u3mepsiemast cpesia coIep KUT TBEPAbIC IPHUMECH, [UIS 3TOTO HCIIONIB3YIOTCS CETapaTophl —
oTpe3Hble mpucrnocobsieHus. Bo Bpemsi skcmiyatanuu mpubopa cemapaTopbl MOTYT OTHIENATHCS OT
YCTaHOBKH Uepe3 3all0pHYI0 apMaTypy, ¢ LeIbI0 OCBOOOXKICHUS OT IpUMeceil.

IIpakTnueckas padora Ne 26
H3yyenne npaBu/I MOHTAKa MPUOOPOB A1 M3MepPeHHs 1aBJIeHUs — IM(PMAHOMETPOB

Leab padoTsl M3yYEeHUE MTPaBHJI MOHTaXa AU(PMaHOMETPOB.
HopmaTuBHbIE "[IpaBuna ycrpoiicTBa U 0€30MacHOM AKCIUTyaTalldd COCYJOB, pabOTArOIINX
JOKYMEHTbI noa aasieHuem. I16 10-115-96" (ytB. Iloctanomienuem ['ocroprexHamaszopa

P® ot 18.04.95 Ne 20) (pex. ot 02.09.97)
https://zakonbase.ru/content/part/261181

3ananmue:
1. BHuUMAaTENbHO U3YYHTE U MPOAHATUIUPYUTE MAaTEpUaI 110 TEME.
2. CocTaBpTe aJITOPUTM MOHTa)Ka TU(HMAaHOMETPOB.
3. Omnwumure cnocoObl MOHTaXa TU(HMaHOMETPOB.

1.1. Cxembl ANA M3MEPEHWA Pacxoaa KUAKOCTEN
A. OudpmaHoMETP PacnonoXeH HWKE CYKaroLero yCcTpoucTea

Ecnu ibop mecTa ycTaHoskm AudMaHOMETPa 0THOCHTENEHO CYKAOLLETO YCTPOMCTEA HE OrPaHMUEH 3KCNNYaTauMOoHHbIMKM TpeGoBaHUAMM, TO NPU U3MEPEHUN
Pacxo4oB XWAKOCTEN cnedyeT ycTaHaenusats audmaromeTtp HYDKE cyskatowero yctpoiictea. Mpu Takoi ycTaHoBke AudMaHOMETPa, Npyu Hanuuuu
COOTBETCTBYHOLMX YKNOHOB TPyGHOM NPOBOAKM, BEIAENAIOLMECA U3 HUAKOCTH (KOHAEHCATa) rasbl GecnpenATCTBEHHO BO3BPALLYAIOTCA B TEXHONOMMYECKHUI

TpyGonpoBoa, rae yCTaHOBNEHO CyxatoLee yCTPOIHCTEO
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a) C¥Y — = ropuzoHTansHom Tpybonposoge; 6) CY — g eepTuransHom Tpybonposoae;

1-AndraHomMeTpsl, 2-NPoayBOYHsIE BEHTUMK; 3-3aN0pHsIe BEHTUNK; 4-Cyxatolyme YCTpOiicTEa
CxeMbl N1 W3MEPEHUs PACXOAa KUAKOCTEN

(ancmaHoMeTpbI pacnonoXeHbl HIKe CYXakWKUX YCTPOUCTE)
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B. OucpmanomeTp pacnonoxeH Bellle CyHalWero ycTPoRCTES
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a) C¥ — e eepTukantHom TpyGonpoeoge; B) C¥ — B ropuaoHTansHom TpyDonposoae;
1-nubmaHomMeTp, 2-NpoayEoYHLIR BEHTUNL; 3-38N0PHEIA BEHTUNE, 4-CyaroLyes YCTPORCTRO; S-razochopHME
Cxemkl ANA M2MEepPeHHA pacxoga ropAYux xuakocted (t =120 C)

(ovthmaHomeTpeI pacnonoXeHsl BhIle CYHalwWKuX YCTPORCTE)

1.3. Cxembl ANA U3MEPEHUA Pacxoaa rasos

[Mpu n3meperun pacxoaa ra2os pekomergyetca audrarnomeTpe! yeradaenueate BbILLE cyxarowwmx ycrpoicte. Mpu ycTaHoexe audiadometpos Hixe CY
HeobX0AUMO NPUMEHATE BaroCOOPHUKM (B HIBKHUX TOUYKEX UMNYMbCHBIX IMHUI).

a) CY — e ropuaoHTansHom TpyGonpoeoae. AvdmaHoMeTp ycTaHoeneH ewiwe CY; 6) CY — & sepTukansHom TpySonposoge, audhmaHoMeTp ycTaHosneH Hinke CY;
1 — aucbmaHoMeTpLI; 2 — NPOAYBOYHLIE BEHTUAM;

3 — zanopHele BeHTUNK; 4 — cysKaoLme ycTporicTea; 5 — enarocbopHukm



1.4. Cxemsl ANA M2MepeHnA pacxoda napa

Hpb‘l M3MEPEHWKW pacxoda napa Tp‘,‘GHbIE NAHMA ,D,H[bl-laHBMETp{JB BCerga sanonHeHel KOHOeHCAToM. B cnyJyae HepaeeHCTBa cTonbos KOHOeHCATa B MMNYNLECHBEX
JNUHMAX 40 — W nocne CY¥ BozHuKaeT norpelHocTs nokasasni W3mepeHAa pacxoga.

C Lens BbIPABHWMEEHWA BENUYMH MMAPOCTATMYECKUX AABNEHHA B MMNYNECHEIX MMHWAX MPUMEHATCA KOHAEHCALUMOHHEIE COCYAE!, YCTAHAENMEASMEIE OKOMO
CY>KaHOLLEro yCTpoicTEa.

Ecnu eeibop MecT ycTaHoEKM pacxogoMepoE HE OTPaHVMUEH JKCMIYaTaUMoHHEIKM TPEO0BaHNAMM, TO NPW MEMEPEHWUN Pacxo4a napa AMMMaHOMETPE crsgyeT
ycTaHaenweats HYKE cyxaowmx yeTporcTe.

A. [ndmaHomeTp pacnonoXeH HHHE CYHarolero ycTpoicTeEa
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1-gudhMaHoMETPEI, 2-NPOAYBOMHEIE BEHTUNM, 3-3aN0pHEIe BEHTUNK,

4-cy#akipe yeTporcTEa; S-razochopHuKM
Cxembl ANA MZMEPEHUA pacxoda napa

(OMcpMaHOMETPEI pACNONOMEHE] HUHE CYHAKLMWX YCTPOUCTE)

B. OndrmaHomeTp pacnonoxeH Ekllle CyXakllero ycTpoRcTEa
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a) 6)

1-AMMaHOMETPE!, 2-NpoAyEOYHEIS BEHTUNN, 3-3anopHele BEHTUNK, 4-cyatlywe ycTpolicTea; 5-razocGopHukm
CxeMbl ANA MZMEPEHUA PacXo/da Napa
(amdmaHoMETPRI pacnonokeHbl BhIWE CYXaOWKX YCTPOACTE)

Cryckm (1 ==1000 mm) NpenATCTEYHOT OBMMEHWH KOHOEHCATA B NMHUAX.

IIpakTnyeckas padbora Ne 27

CocTaBUTh AJITOPUTM MOHTAKAa NPUOOPOB /151 U3MEPEHHUSI Pacxo/ia — pOTaMeTpPOB

eanb padoTbi M3y4YEeHHUE TPaBUJI MOHTAKAa POTAMETPOB.

HopmaTtuBHbIe "IIpaBuna ycTpoiicTBa U 0€30MacHON HKCIUTyaTallid COCYIIOB, PaOOTAIOIINX



JOKYMEHTBI noxa aasieHuem. I16 10-115-96" (ytB. IloctanoBnenuem ['ocroprexHamaszopa
P® ot 18.04.95 Ne 20) (pen. ot 02.09.97)
https://zakonbase.ru/content/part/261181

3ananmue:
1. BHuUMATENbHO U3YUHTE U MPOAHATUIUPYUTE MaTEpUa 11O TEME.
2. CocraBbTe aITOPUTM MOHTaXa pOTAMETPOB.

Br16op mecta ycraHOBKU

[Ipu BBIOOpE MecTa yCTaHOBKH POTaMETPOB CJIEIyeT PYKOBOJCTBOBATHCS MTPABUIIAMU:

® poTaMeTp JIO0JDKEH YCTaHaBIMBATHCS HA CTPOTO BEPTUKAIBHOM WM CTPOTO TOPHU30HTAIHLHOM
y4acTKe TpyOBblI C HalpaBJICHUEM ITOTOKA CPEIbl CHU3Y-BBEPX MIIM CJIeBa HANPABO COOTBETCTBEHHO;

e MUHUMAaJbHas JUIMHA TPSIMOJIMHEHHBIX YYaCTKOB IEpE] POTaMETPOM U MOCie HEro AO0JHKHA
COCTaBIISITh HE MEHEE MSATU AUAMETPOB YCIOBHOTO MPOXO0/Ia;

® JUIsl POTAMETPOB C TUAMETPOM YCIOBHOTO MPOX0/1a MEeHbIIE 32 MM HEOOXOIUMO YCTaHOBUTH B
MOTOKE Cpelbl repen mpuOopoM MarHUTHBIN (unsTp. Eciu cpema m3MepeHHs COAEPIKUT YaCTHIIBI
npuMeceld, TMOJBEPKEHHbIE MArHUTHOMY BO3JEHCTBUIO, TO YCTAaHOBKAa MAarHUTHOTO (QHIbTpa
obOs3arensHa u st apyrux JY. Pasmepsl W ycTpoWCTBO MarHUTHOro (pUiIbTpa MPHUBEACHBI B
NPUIOKEHUH b.

e B MeECTE€ YCTaHOBKH pOTamMeTpa JOJKHa OTCYTCTBOBAaTh CHUJIbHAs BHUOpAlLMs, BBICOKHE
TEMIEPATypbl U CUJIbHbIE MarHUTHbIE NOJsA. [1o3TOMy HE pekoMeHAyeTcsl yCTaHaBiIUBaTh NMPHOOpP B
HEMOCPEACTBEHHON ONU30CTH OT TpaHC()OPMATOPOB, CHIIOBBIX arperaroB U JPYrMX MEXaHH3MOB,
CO3/IAIOIINUX BUOPAIUIO WIH AJIEKTPOMArHUTHBIE HABOJKHY;

® poTaMeTp He JOJDKEH YCTaHaBIMBATbCS B MECTE HalpspKeHUs TpyOoNnpoBoAa M HE JOJKEH
SIBJISITHCST OTIOPOU TPyOOIPOBOIA;

® PEKOMEHAYEeTCSl NMPEeIyCMOTPETh 3alllUTy OT MONAJaHMs BJIarM HAa KOPIyC poTamerpa Juoo,
€CJIH €CThb BO3MOXKHOCTb, YCTaHaBIMBaTb POTAMETP B MECTE, IJ€ HCKIIOYEHO IIONAaJaHuE BJIAarM Ha
KOPILyC pOTaMeTpa;

® pOTaMeTp ClIe[lyeT yCTaHaBIUBAaTh B JIETKOJAOCTYNHBIX MecTax. BOKpyr Hero mokHO OBITH
obecrieueHo CBOOOHOE MPOCTPAHCTBO IS YAOOCTBa MOHTaka, CUYUTHIBAHUS JAaHHBIX C pOTamMeTpa U
HOCJIEIYIOIIEro TEXHUYECKOT0 00CTyKUBAHHUSL.

Cxema ycTaHOBKH

CxemMa yYCTaHOBKM pOTaMeTpa JODKHA O00€CHeunuTh BEPTHKAIBHOE WM TOPU30HTAJIbHOE
IPOXOXACHUE IIOTOKA HU3MEPSEMOW Cpellbl Yepe3 pOTaMETpP CHHU3Y-BBEPX MWJIM CJIEBa HAIpaBo
COOTBETCTBEHHO.

Jlis oOneryeHuss peMOHTa M TEXHMYECKOTO OOCITyKHMBaHHUS NTpuOOpa, a TakkKe YUCTKU
TpyOOIpOBOJa, peKOMEHAYETCSl yCTaHaBIUBaTh OaifmacHyto TpyOy. Bo3zmoxkHbIe BapHaHThI YCTaHOBKU
yKa3aHbl Ha pucyHke 2.1.
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R 3.
| = poramerp, 2 = peryiHpoBo4Hblii kpad, 3 — OalinacHas NuHKA, 4 — NPOMBIBOYHBII KpaH
Pucynox 2.1 — Cxema yCcTaHOBKH poTameTpa

[ToaroroBka Kk yCTaHOBKE poTameTrpa

JlJ1g mOATrOTOBKM TPYyOOIIpOBOJa K YCTAaHOBKE pOoTaMeTpa HEOOXOAMMO IPOJENaTh CIAEAYIOLIUe
OIIEPALNH:

® IPOBEPUTH KOMIUIEKTHOCTh MPUOOpa U €ro IEIOCTHOCTS;

® MPOBEPUTH HAIMYHE W KOMIUIEKTHOCTh MOHT@XHBIX (DIIaHIEB, KPEMEKHBIX JeTalei,
TEXHOJIOIMYECKON BCTABKU U MX COOTBETCTBUE MCIIOIHEHHUIO POTAMETPA;

® CHITh TPAHCHOPTHPOBOYHBIM (PUKCATOP €O CTpENKH HUHAMKATOpa MNpudbopa, s 3TOTO
HEOOXOIMMO OTBUHTUTH 4 BUHTA, KOTOPBIE (PUKCUPYIOT KPBIIIKY pOoTaMeTpa Ha KOpIyce, OCTOPOIKHO
CHATH (puKcaTop U 3a(hUKCHPOBATH BHHTAMH KPBIIIKY Ha KOPIIyCe pOTaMeTpa;

® yJAJINTh TPAHCIIOPTUPOBOYHBIN (PUKCATOP MOIIaBKA — BHIAABUTH €T0 HAXKaTHEM Ha MOIJIABOK;

e BBIpE3aTh ydacTok TpyOompoBona mmuHoit L L = Lopu6 + 2-L® + 2-sIl, rone Lopub —
YCTAaHOBOYHAS JJIMHA POTaMeTpa BBHIOpaHHOTO THUMOpa3Mmepa (cM. mpuioxkenue A); sIl — TommuHa

npoknaaku; Ld — TonumHa OTBETHOrO (iIaHIla MUHYC JJIMHA MOCAJKUA HA TPyOOMpoBO (CM. pUCYHOK
2.2);

|_'F
*

Pucynok 2.2 — TonmmuHa OTBETHOTO (pyiaHIIa 32 BEIYETOM JUTMHBI ITOCAIKU Ha TPYOOIPOBO]

® [10CaUTh OTBETHBIE (MIIaHIBI HA TPYOOIIPOBO/I;

® 1CIOJb3Ys] MOHTa)XHYIO BCTaBKY, BBICTABUTh M OTLEHTPUPOBATHh (PJIAHIBI U MPOU3BECTU HX
OpUBapKy K TpyOONpoBOIy. 3ampernaeTcs MpOBOJUTH CBapOuYHbIe pabOoThI, MCMONB3Yys poramerp. B
pe3yJIbTaTeé YCTAHOBOYHOE MECTO JOJDKHO BBIMVIAJETh B COOTBETCTBUM C PUCYHKOM 2.3, rne minuHa L
COOTBETCTBYET CyMM€ JUIMHBI pOTaMeTpa U TOJIIIUHBI 00eUX MPOKIIAT0K;

B §

B B

Pucynok 2.3 - Ilogroroska pydonposo/a



IIpu ncnonp3oBaHuu OaliaCHOM JIMHMM, 3alIOPHBIX M PETYIUPOBOYHBIX KPAaHOB, MAarHUTHOI'O
¢mIbTpa AMMHA ydacTKa TpyOOIpoBO/Ia TOJKHA PEAyCMAaTPUBATh UX YCTAaHOBKY.
VYcraHoBKa poramerpa

Jlnist yCTaHOBKH pOTaMeTpa Ha TPyOOIIPOBOI HEOOXOJUMO BBIITOJIHUTH CIIECAYIOLINE OTePaIu:

® [OBEpHYTh pOTAMETpP TaKUM 00pa3oM, 4YTOOBI HAMpaBIEHUE CTPEIKH Ha €ro KOopIyce
COOTBETCTBOBAJIO HOPMAJILHOMY HaIIPABJICHUIO IIOTOKA;

® TIPOJETH MO ABa OOJNTa Yepe3 OTBEPCTHsI OTBETHHIX (DIaHIIEB Ha TPyOONpPOBOJE M (IIAHIIBI
CUETUYMKA, 3aKPYTUTD railku, HE 3aTAruBas ux;

® YCTAaHOBUTb MEXJy OJHON napoi (iaHueB nmpokianky. PekoMmenayercsa n3berats BbICTYIIaHUM
IPOKJIAIKK BO BHYTPEHHIOIO MOJIOCTH TPYOONpPOBOIa;

® MIPOJICTh OCTAJIbHBIE OOJITHI Yepe3 OTBEPCTHUS ITOM Napsl (piaHLeB, 3aKPYTUTH Talku. ["aliku He
CIIEly€eT 3aTATruBarh;

® YCTaHOBUTb MEXJAy BTOpPOM mapoi (aaHLeB MPOKIAIKy, NPH 3TOM TaK ke HE0OXOAUMO
yOeIUTHCS B TOM, UTO MPOKIIAJIKA HE BBICTYIIA€T BO BHYTPEHHIOIO [10JIOCTh TPYOOIIPOBO/IA;

® MPOJETh OCTalbHBIC OOJTHI Yepe3 OTBEPCTHS ATOW Maphl (IIAHIEB, 3aKPYTUTh TalKH, HE
3aTAruBas ux;

® 3aTSIHYTH BCC ra1711<1/1, CO6JIIO,Z[8.H MOCJICAOBATCIIbHOCTL COTJIACHO PUCYHKY 2.4,

60 ® O 620y
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Pucynok 2.4 — [ocneoBarebHOCT 3aTSXKKH BUHTOB
IIpakTyeckas padora Ne 28
CocTaBUTh aJrOPUTM MOHTAKAa MPHOOPOB A8 HM3MEpPEeHHs pacxoAa — IEKTPOMATHHUTHBIX
HHIYKIHOHHBIX PacXo10MepoB

Hesn padoThl M3y4YeHHE  MpaBWJI  MOHTaXa  D3JEKTPOMAarHUTHBIX  HMHIYKIIMOHHBIX
pacxo0MepoB.

HopmatusHble "IIpaBuna yctpoiicTBa U 0€30MacCHON HKCIUTyaTalliM COCYJIOB, PaOOTAIOMIUX

AOKYMEHThI non aasneHueM. 16 10-115-96" (ytB. IlocranoBnenuem ['ocroprexnaazopa

P® ot 18.04.95 Ne 20) (pen. ot 02.09.97)
https://zakonbase.ru/content/part/261181

3amanme:
1. BuumarenbHO M3Yy4HTE U IMpOaHAIM3UPYHTE MaTepual 1o TeMe.
2. CocTaBbTe aJITOPUTM MOHTaXKa JIEKTPOMAarHUTHBIX HHIYKIIMOHHBIX PacX0/I0MEPOB.

CYeTynKu-pacxoOMepbl  OOBIYHO TIPEJHA3HAYEHBI ISl yCTAaHOBKM B  OTaITMBAEMBIX
NIOMEIICHUSAX MU CICHUAIbHBIX MMaBUIILOHAX C ITOJIOKUTEIBHOW TEMIIEPAaTypPOH OKPYIKAIOIIEH CpeIIbl
Toc (Boznyxa) o6srgaO OT 0 10 +50C M oTHOCHTENBHOH BiIakHOCTBIO He Oonee 80%. K mpubopam
JIOJDKEH OBITh oOecriedueH CBOOOAHBIM JAOCTYH [UIs OCMOTpa B Jt000e BpeMs roga. MecTto yCTaHOBKH
JIOJDKHO TapaHTHUPOBaTh AKCIUTyaTalMio TpuOopa 0Oe3 BO3MOXKHBIX MEXaHMUYECKHX TMOBPEKIACHUH.
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YcTaHOBKA BOJAOCUYETYNKOB B 3aTAINIMBAEMbIX, B XOJIOAHBIX MOMEIIEHHSIX NP Temreparype meHee SC,
U B TIOMCIICHUSIX C BIAKHOCTBHIO Oosee 80% He pexoMeHIyeTcs (3a HMCKIIOUEHUEM CIIeIHATbHBIX
UCTIOJIHEHUI: U1 OTpUIATEIbHBIX TEMIIEpaTyp WM  «3aTalUIMBaeMOrO» WCIOJIHEHUS Ui
npeoOpa3oBaresieil pacxoa ¢ KOJ0M MbUIe-Bo103amuThl [P68).

ToyHOCT, UW3MEpEeHUs DSIEKTPOMATHUTHBIMHU PACXOJOMEpaMU BO MHOTOM 3aBHCHT OT
NPaBWIBHOCTH MX MOHTa)ka. PacxoloMepbl MalOT HENpaBUIIb-HbIC IOKA3aHUs MPH HAIUIAHUM Ha
ANEKTPOJBl YACTHUIl, COACPIKAIIMXCS B IJKUJKOCTH, M TONAJaHUH TIOCTOPOHHHX MPEIMETOB B
U3MEPUTENBHYIO TpyOKy. UTOOBI YMEHBIIUTH BEPOSTHOCTh 3aCOpPCHHS TPYOKM H 3arps3-HEHUs
AJMIEKTPOJIOB TIPU HM3MEPEHHH pacxoja BI3KUX W MHOTO(A3HBIX IKHI-KOCTEH, pPacxoJaoMephl
YCTQHABJIMBAIOT Ha BEPTHKAIBHOM YydYacTKe TpyOo-mpoBojoB. Ha tpyOGormpoBone AOMKHBI OBITH
IPEIyCMOTPEHBI IITYIepa ISl IPOMBIBKH BHYTPEHHEW MOJIOCTH TPYOKH 0€3 IeMOHTaXa pacXxoao-Mepa.

Ecmu  pacxomoMep yCTaHAaBIMBAIOT Ha TOPU3OHTAJIBHOM ydYacTke TpyOo- mpoBoaa,
U3MEPUTENBHBIC JICKTPOABI PACIIONAral0T B TOPU30HTAIBHOM IIOCKOCTH, YTOOBI MCKIIOYHUTH Pa3phIB
AJIEKTPUUECKON LEMH MTPU MPOXOK-JACHUH 110 TPYOOIIPOBOTY ITy3bIPHKOB BO3AYXa.

[Ipu npekpaieHny MOJaYu >KUIAKOCTU IO TPYOOIPOBOIY MPeoOpa3o-BaTeld JIOJKHBI ObITH B
3aJIUTOM COCTOSIHUM, IMO3TOMY PAacXxOJOMEphl PE-KOMEHIIYEeTCS YCTaHABIMBAaTh HAa TaK Ha3bIBAEMBIX
«yTKax» TPyOOIPOBOJIOB.

[Ipy MOHTake »HIIEKTPOMArHUTHOTO CUETYMKA-PACXOAOMEpPA JIOJDKHBI OBITh COOJIOJCHBI
CIIeAyIOUINe 00s3aTEIIbHBIC YCIOBUSI:

a) IlpeoOpazoBarens pacxoma (mamee I[Ipubop) pexomMeHIyeTCsi MOHTHUPYETCS TOJBKO Ha
TOPU30HTAILHOM y4acTKe TpyOOIpoBoIa.

0) YcraHOBKa OCYHIECTBIISIETCS TaKUM 00pa3oM, uyToObl MpuOOp Bcerna ObUT 3aloIHEH BOAOM
(MOHTaX B HaNOPHBIN TPyOOTPOBO);

B) TpeboBaHus K MPSIMOIMHEHHBIM y4aCTKaM I SJIEKTPOMAarHUTHOTO CUETYHKA-PACXOMEPa:

IIpu ycranoBke mpubopa TMoOCIEe OTBOJOB,

mmq 3allOpHOM  apMaTryphl, TEPEXOJHUKOB, (QUIBTPOB U
Kosepyiop, nepexos
| | |

) | |

JIpYrMX YCTPOMCTB, CO3JAlOIIMX HCKaXXEHHE I10TOKa,

32ANED © NONMOCT IO m
OTEPLITLM LIADOBLIM FTBOPOM g | | HEMOCPEICTBEHHO TIepe] BOJOCUCTYMKOM HEOOXOIHMO
OTB0/. KONEWO NONMOCTHO - e b_lALq (%)
OTFPLITAR JAJBMAXS ﬁ:ﬁ npeaAyCMOTpETh MNpPAMON Yy4daCTOK TPY60HPOBOI[OB JIIA
(38 WCLMIOE HNEIA LWADOROR) Y o
MANIA TEPUONDEODPABITEN CIpsiMJIEHUsI TIOTOKa JiauHOM ot 2 1o SHy (B
unsTp {
o— Cﬁ}:n 3aBHCUMOCTH  OT BHJA, MPEAIIECTBYIOIIETO €My
pmenns mf TUIPOCONPOTHBIEHUS. — CM. PHUCYHOK (KoH(]y30p,
oL *' g 3aJIBUXKKA, OTBOJ, (WIBTP, TPA3EBUK, KJIallaH, HACOC U
{
Perynupyoupi xnanan x| T.I.)), a 3a npubopom — He meHee 2Jly (rme Hdy —
HE NOAHOCTLID OTEPUATAaR : o
e M$ YCIOBHBIA  Jauamerp TpyOompoBoaa). HeoOxoaumo
o281 y4ecTb, UYTO TPU HAPYINICHWH YCIOBHHA MOHTa)xa
{ .
) mz‘ TIOSIBJISIETCSL JIOTIOJTHATEIbHASI IIOTPEITHOCTh H3MEPEHHUH.
o (O i
108y r) Ha ciy4aii pemoHTa M 3aMeHBI pacxojomMepa-

CUYEeTYMKa BOJBI Mepe]] MPSMBIM Y4acTKOM J0 MpUdopa u
moclie MPSMOTO y4acTKa TPyOOINpoBoa Mociie Mpudopa yCTaHABIMBAETCS 3allOpHAas apMartypa (KpaHsbl,
BEHTWJIM, 3aJIBIKKH, KIAMaHbl), a TaKXKe JIPEHAKU/CIYCKHUKU Ui OMOPOKHEHHUS OTKII0YaeMOTro
y4acTKa, KOTOPble MOHTUPYIOTCSI BHE 30HBI MPSAMBIX YYACTKOB.

n) Ilepen mpubopom, HO TOCNIE 3alMOPHOW apMaTypbl BHE 30HBI MPSIMOJIMHEHHOTO ydYacTKa
TpyOOIpOBO/Ia; a TaKXkKe IMOCEe CUeTYMKA MPHU YCTaHOBKE ero Ha oOpatHoM TpyOomposone 'BC umm



TC(rermocHabxeHUs1), O 3allOPHOW apMaTyphl PEKOMEHIYETCsl YCTAaHABIWMBATh (DHIIBTPHI BOIBI
(TIpsiMBIE WK KOCBIE ceTuaThie (PUIBTPHI Ipy00ii OUUCTKH).

e) He nomyckaercs ycTaHOBKA 3JEKTPOMAarHUTHOTO pacxXoJioMepa Ha pacCTOSHUM MEHee 2-X METPOB OT
YCTPOMCTB, CO3/JAIOLIMX BOKPYr ce0S MOIIHOE 3JIEKTPOMArHuTHOE TMoje (HalmpuMep, CHIIOBBIX
TpaHnchopMaTopoB U Kabeseil), a Takke pa3MenieHre mpudopa B 30HE JEHCTBUS MOCTOSIHHBIX MarHUTOB
WM [I0Ta/laHne TPyOOopoBoia o 1 HanpsKEeHUe.

IIpakTnyeckas padora Ne 29

CocTaBUTh AJITOPUTM MOHTAKA NPUOOPOB /1JIs1 H3MEPEHHUS PACX0/1a - PACX0/I0MePOB NepeMeHHOr 0
nepenaja JaBJeHUs

ean padoTsl M3Yy4YEHHE ITPABUJI MOHTAXa pacX0JOMEPOB IIEPEMEHHOIO MIEPENAa 1aBICHUS.
HopmaTuBHbIe "[IpaBmiia ycrpoiicTBa U 0€30MacHON IKCIUTyaTallil COCYJOB, pabOTarOIIMX
JOKYMEHTbI nox nmasineHuem. [16 10-115-96" (ytB. IlocranoBienuem [ocroprexnanazopa

P® ot 18.04.95 Ne 20) (pen. ot 02.09.97)
https://zakonbase.ru/content/part/261181

3aganue:
1. BHumartenbHO U3y4yHTE U IPOAHAIUZUPYHTE MaTepuall 10 TEMe.
2. CocTraBbTe aJITOPUTM MOHTa)Ka pacxoJlOMEPOB IEPEMEHHOTI0 Mepernaja JaBiIeHusl.

MonTaxx amadparm K pacxoIoMepaM MEPEeMEHHOTO Iepernaja JaBICHUS MPOU3BOIAT IBYMs
crnocobamu — OeckaMepHbIM U KaMepHbIM (puc. 1 a, 0). B nepBom ciydae nuckoByto nuagpparmy 4
3aKpeIUIIOT MeXay (IaHuamu 3, MPUBAPEHHBIMH K TPyOOmpoBoay 1; mudmaHOMETp MOIKIIOYAIOT K
KojuiekTopy 2. Bo BTOpoM — nuck 8 MOHTHpyeTcs MEXIy ABYMs Iojdykamepamu 7 U 8; Kamepy
3KUMAlOT QuaHiaMu 6, KOTOpble cTAruBaroTcs OoaTamu ((iaHLbl NpPUBApUBAIOT K HaTpyoOKam
TpyOompoBoja 5).

§
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Puc. 1. YcranoBka auadparm: 6eckamepHOi TUCKOBOM (a) 1 kKamepHoi (0):

1,5 — tpy6onpoBoa. 2 — kosuiekTop, 3, 6 — dnaniel, 4, 8§ — nuckoBas aunadparma;

7 — Kopmyc moiayKamepsl «+», 9 — Kopmyc moiaykaMmepsl «—», 10 — mpokiiagka u3 mapoHuTa
S=0,6+/-0,1 Mmm

Cxema coeauHeHus guadparMbl C UMIYJIbCHBIMH TpPyOKaMH [UIsi TOPU30HTAIBHOTO
TpyOONpoBOJa, YIAJIEHHOTO OT CTEHbBI, JaHa Ha puc. 2, a, OKOJO CTEeHhl — Ha puc. 2,0; s
BEPTUKAJIBHOTO TPyOOIIPOBOAa — Ha pHuc. 3.
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Puc. 2. Cxema coenunenus nuadparm ¢ UMITYJIbCHBIME TpyOKaMH JIIsl TOPU30HTAIBHOTO TPYOOIIpoBOAa
(a — yZaneHHoro OT CTE€HBI, O — OKOJIO CTEHBI)

Puc. 3. Cxema coeaunenus quadparMbl ¢ UMIYJIECHBIMUA TPYOKaMu AJisi BEPTHKAIBHOTO TPyOOIIpOBOAa

COCI[I/IHGHI/IC ,Z[I/Ia(l)pal"M C YPAaBHUTCIbHBIMHA KOHACHCAIIMOHHBIMU COCYJaMU I/1306pa)KCHO Ha puc. 4,

raaree ()

Puc. 4. Cxema coenuHeHnus AuadparMsl ¢ ypaBHUTEIbHBIMUA KOH/IEHCALIMOHHBIMU cocynami (1, 2)

Ha puc. 5 moKa3aHa cXxeMa COeIUHHUTEIbHBIX JTUHUHN JJIs HU3MCPCHUS pacxoa ) KUJAKOCTH, a Ha PUC.

6 — AJI UBMCPECHUS pacxoa rasa.
5 s

&
=N
om—




Puc. 5. Cxema coeAMHUTENbHBIX JTUHUM JIJI1 U3MEPEHUS pacX0/1a KUJIKOCTH: | — OTCTOMHBIN COCY],
2 — cyKarolee yCTPOMCTBO, 3 — 3aIllOpHbIC BEHTHIIN, 4 — MPOJTYBOYHBIC BEHTHIIN, 5 — Tra30COOPHUK,
6 — nupmanomeTp
OcymecTBiisist MOHTaX TU(HMAaHOMETPOB, HY’)KHO IMETh B BH]Ly CIIEAYIOIIEE:
v’ paccrosHHMe OT MecTa 0TOOpa AaBjIeH s 10 Au(MaHOMETPA HE JOJDKHO NPEBBIATL 50 M;
v mepen NPUCOEIUHEHHEM OU(PMAHOMETPA COEIUHHUTEIbHBIE JIMHUMA HAIO INPOAYTh CIKATHIM
BO3JIYXOM;
v TpyOKH JOJDKHBI OBITH IPUBAPEHBI K HUIIIIEIISM.

B nmpomecce wu3MepeHus pacxoja TOIUIABKOBBIMH, KOJIOKOJBHBIMH M CHJIb()OHHBIMU
TuhMaHOMETpaMH HEOOXOJIMMO YYHUTHIBaTh, YTO JIABICHHUE, TEMIEpaTypa W BIAKHOCTh CPEABl MOTYT
OTJINYATHCA OT MPHUHATHIX MIPU pacUETE CYKAIOIIETO YCTPONUCTBA, B KOMIUIEKTE C KOTOPBIM ITPUMEHSETCS
TU(MaHOMETP, ITOATOMY BO3SHUKAET JIONOJHUTEIIbHAS TIOTPEITHOCTh. Ee clieyeT BBOAUTH KaK TOMPAaBKY
K YMCJIOBOMY 3HAQUYEHMIO PACX0/1a, YKa3aHHOMY Ha BTOPUYHOM MpUOOpE.

IIpakTuyeckas padora Ne 30
CoCTaBHUTB AJITOPUTM MOHTAKA NPUOOPOB /ISl H3MEPeHHs U PeryJMpoBaHHUs YPOBHs- Oyl KOBBIX
YPOBHeMepOB

Hean padoTsl M3y4YEHHE [TPaBUJI MOHTaXka OyIKOBBIX YPOBHEMEPOB.
HopmaTusHbie "[IpaBuna yctpoiicTBa U 0e30MacHON SKCIUTyaTallid COCYJI0OB, paboTarommx
JOKYMEHTbI nox nmasineHuem. [16 10-115-96" (ytB. IlocranoBienuem [ocroprexnanazopa

P® ot 18.04.95 Ne 20) (pen. ot 02.09.97)
https://zakonbase.ru/content/part/261181

3aganue:
1. BuauMarTenbHO M3YYHTE U MpOaHAIM3UPYUTE MaTepUal 1Mo Teme.
2. CocraBbTe QITOPUTM MOHTaka OyHKOBBIX YPOBHEMEPOB.

[Ipumensitorcst OyiikoBble NpeoOpa3oBaTean
YPOBHA C MTHEBMATHYCCKUM BBIXOAHBIM CUTHAJIOM U
C DJJICKTPUYCCKHM BBIXOAHBIM CHIHAJIOM. OTtH

npuOopbI MOTYT YCTaHABIIMBATHCS
HEIIOCPEACTBEHHO Ha ammapare Wikl UX Kpemsar K

BBIHOCHBIM HU3MCPUTCIIbHBIM KaM¢epawm,

YCTAHOBJICHHBIM  OKOJIO  alIapara, B  TOYKaX

u3MepeHus ypoBHs. HermocpencTBeHHO Ha anmapate
YCTaHABIMBAIOTCSI YPOBHEMEpPHI, €CIHM  ammapaT
paboTaet 6e3 JaBJIeHUs U KOHTPOJIHUPYETCS YPOBEHb

HEUTPAJIBHOM HW  HE  TOKCUYHOM  KUJIKOCTH.
JomyckaeTcsi momoOHasi yCTaHOBKA Ha ammaparax

paloTarolmMX IMOJ JaBJIEHUEM M 3alloJHEHHBIX
M000i  KMIKOCTBIO, €ClIM ammapaT paboTaer
NEepUOJIMYECKH, M TNPHOOpPHl HE 3aJeWCTBOBAHBI B
CXEMax peryJupoBaHusl.

Mormaw Dylikobogo ypobHemepa

& GonocHol komepe BBIHOCHBIE KaMephl M3rOTABIUBAIOT W3
TpyOBb1 quamerpom 100250 MM, MaTtepuan BEIHOCHOW KaMephl JODKEH OBITh TaKHUM, KaK U MaTepuai
anmapara, TOJIIWHY CTEHKH BbIOMpAlOT B 3aBHCHUMOCTH OT pabodero naBieHHs. BhIHOCHBIE Kamepsl
MOCTABJISAIOTCA ¢ anmaparoM (eciu Ppa6>6,4 MIla), wim u3roTaBIuBarOT Ha 3aBOJIC, YKCILTyaTHPYIOIIEM
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ATOT ammapaT. BepxHss Kpbllllka AOMKHA OBITh ChEMHOW. B BepxXHeW W HIKHEW 4YacTU KOJOHKH
yCTaHABJIMBAIOT 3allOPHBIC BEHTWJIH I cOpOca IaBJICHUS U CIIMBA KUIKOCTH MPH BBHIIOJIHEHUHU paboT ¢
npubopoM. BeIHOCHBIE KaMepbl COSAMHSAIOTCS C ammaparoM IMPH MOMOIIM MaTpyOKOB, AJIHMHA KOTOPHIX
He nospkHa npesbimats 400 MM, a BHYTpeHHUH auamerp narpyokoB — oT 20 mo 50 mm. BeiHOCHBIE
KaMepbl MOJKIIYAI0T K ammaparam 4epe3 3amopHble BeHTHIM. OHU MOTYT OBITh YCTAHOBIICHBI HE
00s3aTeNbHO 0 BBICOTE M3MEHEHHs YpOBHS B ammapaTe, a Ha OTAEIbHOM ydYacTKe ammapara, rie
HEOOXO0IUMO U3MEPATH U PEryIHUpOBaTh YPOBEHb.

IIpakTnueckas padora Ne 31
CocTaBUTH aJrOPUTM MOHTA:Ka NPHOOPOB /Jisi HM3MEpPEeHHUs] U PeryJiMpoOBAHUS YPOBHS-
NMbe30MeTPUYECKUX U eMKOCTHBIX YPOBHEMEPOB

Leab padoTsl W3YYCHHE MTPABIII MOHTaXA MME30METPUICCKIX U EMKOCTHBIX YPOBHEMEPOB.
HopmaTusHbie "[IpaBuna ycrpoiicTBa U 0e30MacHON SKCIUTyaTallMd COCYJI0B, paboTarommx
JAOKYMEHTbI non nasienuem. [16 10-115-96" (ytB. IlocranoBnenueMm [ocroprexnanzopa

P® ot 18.04.95 Ne 20) (pen. ot 02.09.97)
https://zakonbase.ru/content/part/261181

3ananue:
1. BuumarenbHO M3y4MTE U NpOAHAIM3UPYUTE MaTepUal 1o TEME.
2. CocTaBbTe aJITOPUTM MOHTa)Ka MMbE30METPUIECKUX U EMKOCTHBIX YPOBHEMEPOB.

[IpuHuMn nefcTBUS EMKOCTHBIX YPOBHEMEPOB OCHOBAaH Ha 3aBUCHUMOCTH 3JIEKTPHUYECKOMN
€MKOCTH YYBCTBUTEIBHOTO 3JIEMEHTa IEPBUYHOTO H3MEPUTEILHOTO TpeodpazoBaTeisi OT YPOBHS
KUJKOCTH.

KOHCTPYKTHBHO €MKOCTHBIE YyBCTBHUTEJIbHBIE JIEMEHTHI BBINOJHSIOT B BHUJAE KOAKCHAIBHO
pAcCIIONIOKEHHBIX  LMJIMHIAPUYECKUX DJIEKTPOJOB WM NapajielIbHO  PAClOJIOKEHHBIX — IJIOCKHUX
JJIEKTPOJOB.

IlepBbie momyumin Gosbliee pacpoCcTpaHeHUE.

JIJ1 HEe’NEeKTPONPOBOAHBIX KUAKOCTEH, IPUMEHSIOT YPOBHEMED, CXeMa KOTOPOro MoKa3aHa Ha
puc. 4.8, a). B atom ypoBHemepe UD cOCTOUT U3 ABYX KOAKCHUATBHO PACIIONIOKEHHBIX JIEKTPOIOB 1 U 2,
YaCTUYHO TMOTPYXEHHBIX B JKMJIKOCTb. OJEKTPOJbl 0Opa3yroT UWIMHAPUYECKUH KOHAEHCATop,
MEXDJIEKTPOHOE MTPOCTPAHCTBO KOTOPOTO JI0 BHICOTHI h 3aI0IHEHO KUAKOCTBIO, a pocTpancTBo H — h

— [Iapora3oBOU CMECHIO.
‘ I : |
‘Y f

1

D h

= 1
d |

a) 0) B)
Puc. 4.8 — EMKoCTHBIE YpOBHEMEDHI: a, 0 — CXEMbI U3MEPEHUS YPOBHS, B — BHEUTHUNA BUJI

B o0meM Bume nsieKTpudeckas €MKOCTh IMIIMHIPUYECKOTO KOHJCHCATOpA OIMPEAeseTCs
YpaBHEHUEM
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C= 2mee, H

In—

Il€ € — OTHOCUTENIbHAs JUIEKTpUUYEecKas IMPOHUIAEMOCTh BELIECTBA, 3AIOJIHSIOIIErO
MEXUIEKTPOJHOE IPOCTPAHCTBO; € 0 — JUAJIEKTpUYECKas MPOHMLAEMOCTb Bakyyma; H — BbicoTa
3NeKTpoAoB; D, d — nuameTpsl COOTBETCTBEHHO HAPYKHOTO M BHYTPEHHETO 3JICKTPOJIOB.

JUId HUIMHIPUYECKOTO KOHAEHCATOPa, MEKAIEKTPOAHOE IPOCTPAHCTBO KOTOPOI'O 3aIIOJIHAETCS
BEIIECTBAMH, 00JIaJAIOIMMHU PA3IMYHBIMU AUAIEKTPHUECKUMH TPOHUIIAEMOCTSIMH, MOJTHAsI eMKOCTh CIt
onpeaensercs Beipaxkenuem: Cr = Co + C1 + Cp,

rae Co — eMKOCTh NMpOXOAHOro usosAropa; Ci — €MKOCTb MEX3JIEKTPOIHOrO MPOCTPAHCTBA,
3all0JIHEHHOTO JKUAKOCThIO; C2 — €MKOCTh MEXIEKTPOAHOIO IPOCTPAHCTBA, 3aMOJHEHHOI'O
apora3oBoil CMECHIO.

JUis u3MepeHuss ypOBHSI 3JEKTPONPOBOAHBIX MKHUJIKOCTEH IPUMEHSIOT ypOBHEMEp, CXema
KOTOporo rmnoka3aHa Ha puc. 4.8, 0). 3mecb UD mnpexacraBnseT co0OW METAIIMYECKUM 3JIEKTPOJ,
YaCTUYHO MOTPYKEHHBIH B JKUJKOCTb. B KauecTBe BTOPOro 3JEKTpOJa HCIOJIb3yeTcs JHO0 CTEeHKa
pe3epByapa, €ciii OHa MeTajindeckas, JIMOO CHEelUalbHbI METAJUIMUECKUN 3JIEKTPOJ, €CIU CTEHKa
pe3epByapa BBIIOJIHEHA U3 JUAJIEKTPHKA.

Ha pucynke 4.8, B) noka3zaH BHEIIHHI BUJ] EMKOCTHBIX YPOBHEMEPOB.

[IpeoOpa3oBaHue >IEKTPUYECKOM E€MKOCTH B CHTHAJ W3MEPUTENbHON  HMHbOopManuu
OCYILECTBIISICTCSI HEYPAaBHOBEIEHHBIM MOCTOM II€PEMEHHOIO0 TOKa, B OJHO M3 IUIEY KOTOPOTO
BKJIIOYAETCsl EMKOCTb [IEPBUYHOIO IpeoOpa3oBaTels.

Pa3paboTaHbl eMKOCTHBIE YpOBHEMEDHI ChITyUnX cpei. BepxHuil npeaen naMepeHuii eMKOCTHBIX
YPOBHEMEPOB KHUJKUX U CBHIITyUYUX CPe OOBIYHO COCTABISET 25 M.

IIpakTyeckas padora Ne 32
CocTaBuTh aJIrOPUTM MOHTAKa NPUOOPOB UIA HM3MepeHMsl W peryJMpOBaHUsl YPOBHS-
THAPOCTATHYECKHUX YPOBHEMEPOB

Leab padoTsl M3YyYEeHHE MTPABUJI MOHTaXKa TUPOCTATUUECKUX YPOBHEMEPOB.
HopmatuBHble "[IpaBuna yctpoiicTBa U 0e30MacHON IKCIUTyaTallid COCYJIOB, paboTarommx
JOKYMEHTbI non nasieHuem. [16 10-115-96" (ytB. IlocranoBnenuem [ocroprexnanazopa

P® ot 18.04.95 Ne 20) (pen. ot 02.09.97)
https://zakonbase.ru/content/part/261181

3ananue:
1. BHuUMAaTENbHO U3YYHTE U MPOAHATUIUPYUTE MaTEpUaI IO TEME.
2. CocraBbTe ITOPUTM MOHTa)Xa THAPOCTATHYCCKUX YPOBHEMEPOB.

Cy1iecTByeT TpH OCHOBHBIX THIIA TMAPOCTATHUECKUX YPOBHEMEPOB - IOIPYKHBIE, BPE3HBIE U
¢iaHeBbIe BBIACTSAEMbIE 10 TUIYy NPUCOSAMHEHHUS K IMporeccy. Tak ke, Tak Kak 3TOT (hakTop
o0ycnaBIuBaeT crelnuagbHble TpeOoBaHMA K MaTepuallaM M3 KOTOPBIX M3TOTOBJIEH NpUOOp, UMEET
CMBICI BBIAEJATH T'MAPOCTaTUYECKHE YPOBHEMEPBHI IO THUILy H3MEPSAEMBIX CpEl: HEarpeccuBHasl K
HEep’KaBeIollel CTalld, arpecCMBHas K HEp)KaBeIOIIeW cTajau MyJbliooOpa3Has, TycTas U abpa3uBHas
CpEeJBL.

[Ipn BBIOOpPE MeTO/Ma M3MEpPEHHs] YPOBHS, CIEAyeT YUYUTHIBaTh, YTO KOPPEKTHbIE H3MEpPEHUs
TUAPOCTaTUYECKUMHU JAaTYNKAMH BO3MOJKHBI TOJIBKO B CPENAxX C IOCTOSIHHOW INUIOTHOCTBIO, TaK Kak
TUAPOCTATUYCCKOC HABJICHUC 3aBUCHUT OT IUIOTHOCTH JKHUAKOCTH W BCIIMYUHLBI YPOBHA. HpI/I
HGO6XO,Z[I/IMOCTI/I pelmiCHUsA 3a1a4 UBMCPCHUA YPOBHA B CpCaax € MGHSIIOH.[GIZCSI IIJIOTHOCTBHIO, BO3BMOXKHA
YCTAHOBKA JIByX JAaTYMKOB ypoBHS. OQuH MpuOOp ycTaHABIMBAETCS B €MKOCTH JUIsl 0TOOpa mpoOsl. B
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€MKOCTH 00ecleynBaeTcsl MOCTOSIHHBIA YPOBEHb U ypOBHEMEpP H3MEpSET IUIOTHOCTh, a JTaHHBIE CO
BTOPOT0O (COOCTBEHHO YpOBHEMEpA) MEPECUUTHIBAIOTCA B KOHTPOJIEPE C YUETOM TEKYIIEH IUIOTHOCTH
CpeJibl, C KOTOPOI'O YK€ CKOPPEKTUPOBAHHBIN CUTHAII ITOCTYNAET B BEPXHUM YPOBEHb.

I'mapocratuyeckue TAaTYUKU YPOBHS - JATYUKU M30BITOUYHOTO JABJICHHUS, KOTOPHIM HEOOXOaMMa
CBsI3b CEHCOpa C arMocdepod. Y HaTdyukoB HW3OBITOYHOTO daBiieHUs u3Mepsiemas cpena (Pcp) u
atmocepHoe nasienue (Patm 0ak) qeiCTBYIOT ¢ OIHON CTOPOHBI YyBCTBUTEIBLHOTO 3JIEMEHTA U TOJIBKO
atMocdepHoe naBienue (Parm) - ¢ apyroi. Jlns oTkpbeIThix €éMkocteit, ParM= Parm Oak. Takum
o0pa3om, aTMocepHOoe 1aBlieHUE B Oake KOMIIEHCUPYETCs aTMOC(EpHBIM J1aBJICHUEM BHE €T0 U JaTYUK
U3MEpSET TOJIBKO JaBJICHUE CPEIIbI.

Jnisi “3MepeHHsi YPOBHS B IIOJIHOCTBIO 3aKPBITBIX EMKOCTSX, IZie cO34aéTcsi M30BITOYHOE
nasienne (P u30.) MeXIy KpBINIKOW €MKOCTH M JKHIKOCThIO, Hamboliee ONTHUMAIbHBIM OyJeT
NPUMEHEHHE THAPOCTATHYECKUX JATYMKOB IU(epeHInaTbHoro naBieHus. B astom ciydae, ¢
MOMOIIBIO CHEIMATBHOTO KanMLIsipa HEOOXOIUMO CBS3BIBATh NATUYUK MU PEpEeHIINATLHOTO aBICHHS C
00J1aCThIO N30BITOUYHOTO JIABJICHUS €eMKOCTH.

s mogaun atMoc(epHOro AaBIIEHUS B KOPITYC MOTPYKHOTO JaT4YMKa YPOBHSI MPUMEHSETCS
CHEIMAlbHbIM Kabenb, KOTOPBIA IMOMHUMO CUTHAJIBHBIX JIMHMA HECeT ele U IOyl TpyOKy,
3alMIICHHYI0 Ha OOpaTHOM KOHIIE BO3AYXOIPOHHUIIAEMBIM, HO BOJOHENPOHUIIAEMBIM (HUIBTPOM.
Kopnyc mnorpyxHoro natdyvka BO3AYXOIPOHHULIAEM U JIOJDKEH OBITh BOJOHENPOHMIIAEM (CTEIEHBb
nbuieBsaro3anuTsl [P 68).

JnuHa kabenst JoKHA OBITh OOJIbIIIE MAKCHMAIBHOTO YPOBHS JKUAKOCTH B €eMKOCTH. Tak Kak B
THJIPOCTATUYECKUX JaTYMKaX YPOBHS HCIOJB3YETCS CHEeNHaIbHBIN Kabenb, TO IeHa Kaleys B IEHE
JaT4MKa MOXET OBITh OYEHb CyllecTBeHHA. [Ipu HEKOTOPBIX YyCIOBUSX MOXHO YMEHBIIUTh KOHEUHYIO
CTOUMOCTH MpUOOpa YMEHBIIUB JUIUHY Kabens. JlJig 3Toro HaJl0 3HaTh MUHUMAJIBHBIN 1 MaKCUMAaJIbHBII
YPOBEHb JKUJIKOCTH B e€MKOCTH. Kak TONbKO crHernuanbHbIii kKaOenb BbIBEACH B aTMochepy, CHUTHAm
MOXKHO TepeaaBaTh Jajiee U OObIUHBIM KaOeneM. TeXHHYECKH, MEepexoi CO CIEHUalbHOro Kalelns B
OOBIYHBIN peanu3yeTcsi C MOMOIIbI0 KIEMMHON KOpoOku. B ciydae, xorma B eMKOCTH Bcerja ecTb
KaKOW-TO MUHUMAJIbHBIN YPOBEHb, HU)KE KOTOPOTO U3MepsAeMas cpella He omycKaercs, IpruOop MOKHO
YCTaHOBUTh Ha (PMKCHUPOBAHHOW BBICOTE M YPOBEHb YUYUTHIBATh, KaK IOKa3aHUS ypOBHEMepa IUIIOC
BBICOTa CTOJI0A KUIKOCTH IO HUM.

[Ipn MoOHTa)ke THUIPOCTATUUYECKHX YPOBHEMEPOB, YTOOBI M30€XKaTh BIUSHUS TMOBBIIIEHHOTO
JaBJICHUS TIPU 3aKAYUBAHUU KUJIKOCTH, TaK KaK CTPYs HAcOoca MOXKET CO3/1aBaTh 00JIACTh MOBHIIIEHHOTO
JABJICHUS, TaTYMKH HAJ0 YCTAaHABIMBATh HA MAKCUMAJILHOM yJIaJIeHUH OT UCTOYHUKA TypOyJIEHTHOCTH.
C mnoOMOIIBIO THAPOCTATUYECKOTO JaTYMKa YPOBHS JKHUIKOCTH MOXHO U3MepaATh 00BEM. s
WIMHAPUYECKUX U Tapajuleenune1000pa3HbIX eMKOCTeld HCronb3yoT (popmyny V=S*h, rme V -
00béM, S - miomanpe ocHoBaHus, h - BeicoTa. [l emxocTeit B (opmMe ycedeHHOro KOHyca
V=n(h23-h13) / 3tg2a. Jlnsa éMKocTel CIIOKHBIX KOH(UTYpaIil eMKOCTh HEOOX0AUMO "pa3aenuTs” Ha
YacTU M PacCUMTHIBATH MO GopMysiaM Ui Mapajuienuneaa, UUINHApa U KoHyca. JIJis ropu3oHTalIbHO
PaCTIOJIOKEHHBIX MITMHAPUICCKIX €MKOCTeH peKOMEHIyeTcs ucmnoib3oBath BD Sensors RUS DMD
331-A-S, KOTOpHIi MO3BOJSAET KAJIMOpPOBATh BBIXOJHOM CHUTHAJN MO TAOJUYHBIM 3HAYEHHSIM, TO €CTh
JIOCTaTOYHO TOYHO YYUTHIBATH KPUBU3HY €MKOCTH.

IIpakTyeckas padora Ne 33

N3ydeHnune npaBuj MOHTAXKA CPeICTB U3MEPEHHUA COCTABA U Ka4ecTBa BellecTB- NPOTOYHbIX I'/KX
eanb padoTbi M3y4YeHHUE TPaBWJI MOHTaKa MpOoTOYHBIX [ KX,

HopmaTuBHbIe I'OCT 12.1.005-88

JAOKYMEHTBI Cucrema  crapmaptoB  Oe3omacHoct  Tpyaa. OOmme  caHMTapHO-



TUTHEHUYECKHE TPeOOBaHMsI K BO3yXy paboveil 30HbI
3amanue:
1. BHuUMATENbHO U3YUHTE U MPOAHATUZUPYUTE MaTEpUal IO TEME.
2. CocTaBbTe aITOPUTM MOHTa)ka MPoTOUHBIX [ KX,

TpeboBanus k paboyemy MecTy It XpoMmarorpada

Okcmtyaranus Xxpomartorpada OCYIIECTBISETCS B 3aKpPbITBIX JAOOPATOPHBIX U JPYTrHX
MOMEIIEHUSIX, B KOTOPBIX TOpPIOYME Ta3bl U JIETKOBOCIUIAMCHSIOIIHECS KHUIKOCTH MOTYT OBITh B
KOJIMYECTBAX, HEOCTATOYHBIX JIJISl CO3/IaHHUs B3PHIBOIIOKAPOOIIACHONW CMECH.

[TomereHust JTODKHBI OBITH 00OPYAOBaHBI MPUTOYHO-BHITSDKHON BEHTHIISIIUEH, CpeICcTBaMU
MOKaPOTYIICHUS, WHANBUIYAIBHBIMU CPEJICTBAMH 3AIUTHI 10 YCIOBHUSIM OOCCIICUeHUsT 0€30MacHOCTH
paboT, MPOBOJUMBIX B JIaOOPATOPHH.

[Ipy Hanmuuu B cocTaBe KOMIUIEKCa Macc—cHeKkTpoMerpuueckoro nerekropa (MCI)
TeMIEepaTypa OKpyk aromiei cpenbl 1onKHa ObITh OT 15 1o 31 °C.

Copep:xanue nmpumeceii B Bozayxe nomemeHus pernamentupyercs [OCT 12.1.005.

Pabora xpomarorpada B peKOMEHIYEMBIX YCIOBHSIX OOECICYHT €ro ONTHMAIBHYIO PadoTy U
YBEJIMYUT CPOK IKCIUTyaTAIHH.

Tpeboanust I'OCT 12.1.005 pacmpocTpansieTcss Ha BO3AyX paOouell 30HBI HPEIIPUSITUN
HapoaHOTro Xxo3sicTBa. CTaHIapT YCTaHABIMBACT OOIIME CAaHUTAPHO-THTHCHUYECKHE TPEOOBAaHUS K
MOKa3aTesiIM MUKPOKJIMMATa U JIOMYCTUMOMY COJIEP>KaHUIO BPEIHBIX BEIIECTB B BO3AyXe paboueit
30HBI.

B cranpapte mpuBeAeHbI NPEAETbHO JOMYCTUMbIE KOHIICHTPAIIMHM BPEAHBIX BEIIECTB B BO3IIyXe
paboueli 30HBI MPU BO3JACHCTBHUM HA OPraHU3M YEJIOBEKa, KOTOpPHIE PACHpOCTpPaHSAIOTCA Ha padouune
MeCTa HE3aBHCHMO OT UX PACIONIOKEHHs (B IPOU3BOJCTBEHHBIX MOMEIICHUIX, B TOPHBIX BBIPAOOTKAX,
Ha OTKPBITHIX IIOMIAIKaX, TPAHCIIOPTHBIX CPEJCTBAX U T.IL.).

Ho mpu pabore xpomatorpada ciemyer MMeTh B BHJIY, YTO €ro YyBCTBUTEIHHOCTH MOMKET
OKa3aThCs BHINIC YKA3aHHOW TPEICIIbHO JIOMYyCTUMON KOHIIGHTpAIMH BemecTBa. [103TOMYy yCIoBHS
pasMenieHusl xpomartorpada, HaIMYUe B BO3JyXe J1a00OpaTOPUU BEIIECTB, MEIIAIONMIUX IPOBEICHUIO
U3MEPEHUIl, 3aBUCAT OT METOAMKY MPOBEACHUS U3MEPEHUH.

B kaxaoM KOHKpETHOM ciy4ae IMOAXOMAbl K YCTPAaHEHUIO BIUSHUS OKpY)KAIOIIEH Cpeasl Ha
pearu3aliui0 METOJUKH BBITIOTHEHUS W3MEPEHH XpoMaTorpaguueckuM METOAOM MOTYT OBITh
pa3IMYHBIMH, U UX CJIEIyeT pacCMaTpUBaTh UHAUBHIYAIBHO.

B psine cmydaeB mpu HOpManbHOHM SKCILTyaTaliu xpoMarorpada u3 kaHaioB cOpoca TpoOHI,
BBIXJIONIA JIETEKTOPOB MOTYT BBIXOJUTh TOKCHYHBIC WM BPEIHBIC BEMIECTBA — KOMITOHCHTHI
AHATM3UPYEMOU TTPOOBI WIIH TTPOTYKTHI, 00pa3yroIIruecs B pe3yabTaTe € CTOPaHHs.

B Takumx ciy4asx peKOMEHIyeTCs yCTaHOBKAa Xpomartorpada Ioj BBITS)KHOW 30HJ WU B
71a00paTOPHBI BRITSHKHOM MIKad, IpHU YCIOBHUH, YTO B HEM HE MPOU3BOAITCS APYTHe BUABI pabOT U HE
XPaHATCS XMMHUYECKH aKTUBHBIE BEIIECTBA M PACTBOPUTEIIH.

[Ipu oxnaxxaeHWH TepMOCTaTa KOJOHOK 4Yepe3 BBIXOJHBIE BO3yXOBOJBI TEPMOCTATa BBIXOJST
MOTOKU TOpsidero Bozayxa. [loaToMy paccTosiHHE MEXIy 3aJHEl CTEHKOM Xpomarorpada W CTEHKOM
nmoMeInieHus: JoKHO ObiTh He MeHee 200 mwm; mpu paccrosHur MeHee 500 MM TOKPBITHE CTEHBI
MOMEIIEHUSI JOKHO OBbITh MoxapoOe3onacHbM. Ha myTH HpsIMBIX MOTOKOB TOpSYero BO3Ayxa He
JOTIyCKaeTcsl  pa3Meliarb TOpIoYMe M JIETKOIUIABKME MpeAMEeThl  (dJIeKTpUuYecKhe Kabeinu,
BCIIOMOTaTeNIbHOE 000PyI0BaHUE U AP.).



TpeboBanus K pa3MeIIeHHI0 Xpomarorpada

Xpomarorpad pa3MeriaeTcs Ha JIaDOpaTOPHOM CTOJIC B TIOPSIKE YAOOHOM JUIsl KCIUTyaTaIlHH.
[Tpu BbIOOpE 1A60PATOPHOTO CTOIA HEOOXOAUMO YUUTHIBATH BEC Pa3MEIIaeMOro Ha HeM 000pyAOBaHUSI.
PexoMenayeMoe cxemaTH4eCKOe pacnojaokKeHue ra3oBoro xpomarorpada c repmonecopoepom u I1K na
paboueM cToJie TOKa3aHO Ha PUCYHKE HUXKE.

[IpocTpanctBo Hax Xxpomarorpadom JOKHO OBITH CBOOOTHBIM, HE 00OPYI0BAHO MOJIKAMU HIIN
HABUCAIOUIMMH KOHCTPYKLHUSMHU, KOTOPbIE OrpaHUYMBAIOT JIOCTYI K BEpXHEW YacTu Xpomarorpada.
Hexotopbie ycTpoiicTBa BBOJA pa3MEIIalOTCs HEMOCPEICTBEHHO Ha Xpomarorpade; B 3TOM ciydae
HE00XO0IMMO MPEYCMOTPETh JONOIHUTEIBHOE TPOCTPAHCTBO.

TpebGoBanust k MecTy ycraHoBkH xpomarorpada ¢ MCJl npuBenensl B pasfene 3 WHCTPYKIUU
«JleTekTOp  Macc—CHEKTpOMETpuYecKui. MHCTpyKIMsS 1O  MOHTaxy, IIyCKy W IPOBEpKE
214.2.840.0681M».

Jl1ig pa3MenieHus 0JHOTO KOMILIEKca peKOMeHayeTcs TiayouHa padouero crona He MeHee 80 ¢,
mupuHa He MmeHee 180 cm.

Paccrosinue mexy 3a7Hei crenkoi xpomarorpada, 3aaneii crenkoit MCJI (pu ero Hanu4um) u
CTEHKOU MOMEIIEHUs JOJIKHO ObITh HE MeHee 200 mMm.

Komrmpeccop, Bo n30ekaHue BIUSHUS €r0 BUOpanuidi Ha paboTy xpomarorpada, peKkoMeHIyeTcs
pa3MmeraTh BHE pabo4ero cToJa.

[Ipu MCrONIb30BaHUM MOHHUTOpA C AJICKTPOHHO-Iy4eBoi TpyOkoi (CRT-MoHHTOp) paccTosHue
0T Kopmyca xpomaTorpada, 10 Koprmyca MOHUTOpa JOJDKHO ObITh He MeHee 50 cM. Jljis MOHUTOPOB C
KUJKOKPUCTAJUIMYECKUM JHUCILIEEM OIPAaHUYEHUMN 110 pa3MENIEHUIO HET.

THUNbTP CETEBOM

. MNpuHTe

— ) C—

=
L=
R
£ N\} -—45 cm—
1 XpomaTtorpad o / MoHwuTop l \I
= o
-z : ! =]
g8 5 20 cm—» =
@
E Hnaauawpal Mpiwe
T
~s

L - 47 cm -
- ITcm—- - A o

IIpakTnueckas padora Ne 34
N3ydyenne npaBHMJ MOHTAa}Ka CpPeACTB H3MEpPeHHs] COCTaBa M KadecTBa BelIeCTB -

ra3oaHajJu3aTopoB
Lean padoTsl M3y4YEHUE ITPaBUJI MOHTaKa ra30aHaIN3aTOPOB.
HopmaTusHbie TpebGoBaHMsI K YCTAHOBKE CUTHAIM3aTOPOB U ra30aHaIN3aTOPOB
TOKYMEHTbI (TY-ra3-86)

3amanue:

1. BHUMATENbHO U3YUYHTE U MPOAHATUZUPYUTE MAaTEpUa IO TEME.
2. CocraBbTe aITOPUTM MOHTa)XKa ra30aHaJIN3aTOPOB.
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Puc. 4. Moutamuas cxema rasoaHaanaatopa QA0304

LR T3 BCHOMOIATOAEHLIY  YCTPOIICTS, 2 — NPHEMANK  aN3TN3aTOpa  HA  OKHCh VEIepoad; 3 - camonauryumit upuéop AHAJNMIATOPA 1A OKlch  ¥r-
Repota,  — CaMOnMUYWHE UpHGap AHANHAA fOpa 1 RBYOXITCH ¥TIeDONa: § — DPHEMHNK ANAAHIZTOPA Ha ABYOKNHCH YTAEPOIA; 6 — CAaMamymiyiy i
NPHGOD AWEANIATOPE HA UCACDON, 7 — NEHEM UK AVATHINTORY WA ROIOPOI 5 § — CTIOHAKIATAP MAMPHKEHHA
e 0 - g = .
parypolt posayxa ot 10 ae 35°C 11 OTHOCHTeAbHOIT

BaaxHOCTEIO o 80%. B Bosayxe tioMeilenus He
ROKHO OBITE @rPecCHBHBIX BELLEUTH, Pa3belaioliHX
METAJNBL H 3/CKTPHUECKYI0 HIOJALHIO.

Fazoanaanaatop doaken ObiTh 3aMUIEH OT RO3-
NeflcTBHA MCCTHLIX NEPErpeBoB, NOTOKOB  XOJAOAHALO
BO3AYXA, INEKTPOMATHUTHBIX MOAel H MexaHHdeCKHX
gHOpauuit.

Ha pwe. 4 nokasana cxema MoHTaXKa razoaHami-
3aTopa.

Ipuennnk ¥ camonmiuyiwne npuBoOpH  razoaHadi-
34TCpa  YCTAHABJAHBAKTCA HA BePTHKANBLHOM LLHTe-
CTCHAE WM Ha KpokliTellHax. Paccrosnue or 6a0kos
N0 CTeHBl AOMKHO ObiTh He Meaee 150 ma. Camonmmwy-
e NpUGOphl MOrYT OLITH OTHECEHB OT NMPHEMHHKOD
Ha paccrosnue, yao0Hoe A8 HaOModeHHs 3a M0Kasa-
M pH nactpoiike npudopa. llur pcuomorarens-
HBIX YCTPOMCTB MOXeT OLITb OTHECEH OT TOUKH OTHOpa
Ha paccrostve jo 30 m, PaccrosinMe MesIy LUHTOM
SCNOMOTATENBHLIX  YCTPOHCTE W LPHEMHHKaMH  He
JOJKHO IpeBRIIATE | A

Tlpy moHTaXKe ra30BON JAHHUH JAO0VLKeH ObITh npe-
AYCMOTPeH YKAGH yuacTKa rasomnpoBofd OT TOYKH
orfopa /0 xodoAuJAbHHKA He MeHee 10° B cTopoHy
xoaonubHiKa. OTBOAMBIC WITYLEPE PeiyKTOPa JAB-
ACHHA 1 6A0KA peryAupoBky i GILABTPAUMH 1TOACOe-
aHHAoTes K ofmeft aumHun cBpoca. K mepexoasoft
MydiTe COOPHHKS ROHACHCATI NOAOTHABHHUKI AOMKEH

IIpakTnyeckas padora Ne 35

GBITE NoACOeLUHeH SBI'IOprlﬁ BEHTHAL HAM KpaH 1nA
NephOIHYecKOTO C/MHBA KOHAeHcaTa.

Ha mMecte ycrawoexM razoaHanmaaTopa RoMHAa
GBITb NpPeLYCMOTPEHA BOIMOKHOCTL HelPepHIBHOH MNo-
Aauu az0Ta B KOPNYCH NPHEMHHKOB Ha OKHCH YIiepo-
A3 H ABYOKHCH YIJ1epoaad. ITHM YCTPAMAETCA BJAHAHHE
Ha NOKA32HHS AHAJNM3ATOPOB H3MepHeMBIX KOMIOHEH-
TOB, CONEPMALUIUXCH B OKDYMAMWIIEM BO3AYXE, W hpe-
AOTBPAULAETCH BO3IMOKHOCTL OGDA30BAHHA  B3pPhIBO-
OMACHbIX KOHUEHTPaUWH rasoB BHYTDH IPHEMHHKOB.
Pacxon azoTa nomxen GHTH YCTAHOBIEH B npeaenax
1—2 afmun.

[To oxoRuaHHE MOHT4Ka rasoBas cXeMa TrajcaHa-
JH3AT0PA 1014KHA OHITL NPOBEPEHA HA TepMeTHIHOCT.

JACKTPHYECKHN  MOHTAX BHCLIHHX  COeMHHEHHI
NPOU3IBOJIMTCH 110 CXEME PHC. § IIPOBOAOM CeuYeHHeM
He Menee | mm? ¢ conpordeicHueM H3OJIALHH He Me-
nee 10 Mom. [Inda npefoxpaneHus coeAMHMTENBHBIX
NPOBOJOB OT MEXAHMYECKHX MOBPeXAGHHI, & TaKKe
LA 3aUMTLL OT 3JIEKTPHUECKHX [IOMEX I[poBoAa CJe-
AVET NPOKN&JABIBATE B MeTAMIHYECKHX, TIMATEILHO
343EMJEHHbIX NIJIAHTAX HJH TPyGax.

Ilpr skcnayaTtauMy razoaHain3atopa HeoGXOLHMD
NepHOINYECKH, B CPOKYH, NPEAYyCMOTPeHHble AHCTPYK-
LHell, NoBepATh NOKA3ZAHHA 4HANH3IATOPOB MO KOHT-
POJLHBIM Ta30BBIM CMECAM W MERTL HANONHHTENH
(UALTPOR CHCTEMBl BCNOMOTATEABHLIX YCTPOHCTE.

HN3y4yeHue npaBH/I MOHTAKA PEryJIHPYIOIIHNX YCTPOHCTB

ean padoTsl

3amanmue:

M3Yy4YEHHE ITPaBUJI MOHTAXKa PEryJIUPYIOLUINX YCTPOMCTB.

1. BuumarenbHO M3y4MTE U IpOaHAIN3UPYUTE MaTEpUal 10 TEME.

2. CocTaBbTe aITOPUTM MOHTaXKa PETYJIUPYIOIINX YCTPONCTB.

MoHTax peryaupyonmx KianaHoB



[locne ypaneHuss TpPaHCHOPTHBIX 3aryIylI€K IPOBEPSIOT COOTBETCTBHE THMNA M pa3Mep
pPEeryJupyIoLIero KJallaHa JAaHHBIM IPOEKTa, €ro IMOATOTOBICHHOCTb K MOHTaXy — IIOJBH)KHOCTb
IITOKA, KOMILJICKTHOCTb, HAJM4YUE JOMOJHHUTENBHBIX OJIOKOB, KOTOPHIMU JIOJDKEH OBITH OCHAIICH
perynupytomuii knanad. HanGomnee yacTo perynupyromye KiarnaHbl yCTaHABIUBAIOT HA TPyOOIPOBO/E
y3J0M YIpPAaBJIEHUS BBEPX, HO MHOTME€ KOHCTPYKIMHM JOIYCKAlOT YCTaHOBKY B JIIOOOM pabouem
MIOJIOKEHUU.

Hanpasnenue nogauu pabouei cpeapl JOHKHO CTPOTO COOTBETCTBOBATH CTPENIKE HA KOPILyce
WIM YKa3aHUSIM B TEXHUYECKOM [TOKYMEHTAllUM, TaK KaK B IPOTUBHOM CIIy4ae MOTYT 3HAUUTEIIBHO
U3MEHATHCA TUpaBIIMYECKasi MPOMYCKHAsl XapaKTepUCTHKA U MPOMYCKHas CIOCOOHOCTH KianaHoB. B
cllydae HEeTpaBWJIBHOM MMOJIa4YM CPEJIbl K PEryIsaTopaM OHU MOTYT MOTEpsTh padoTocrocoOHoCTh. [lepen
MOHT)XOM C MAarucTpaJbHbIX (IAHIIEB CHUMAIOT TPAHCIOPTHBIC 3ariyIIKH W YIUIOTHUTEIbHBIC
HOBEPXHOCTH (pJIaHIIEB OUYMILAIOT OT KOHCEPBAILIMOHHOM cMa3Ku. BHyTpeHHHE MOIOCTH PEryIupyIOIIEro
KJIAIIaHA [IPOYBAIOT CHKATHIM BO31YXOM.

Perynupyromyo apmatypy, Kak MpaBWJIO, MOHTHUPYIOT Ha YydacTKax TpyOOmpoBOAOB C
YCTaHOBUBILIEMCS PEKUMOM, T.€. HE PEKOMEH/IyeTCsl yCTaHABIMBATh €€ HEMOCPEICTBEHHO MEepe]] Uil 3a
3allOpHOM  apMaTypoi, OTBOAAaMH, TPOWHHMKAMHU, paCHpEACIUTENIMH, HAcOCaMHM, a TaKxke
HEIMOCPEICTBEHHO Iiepeq MecToM MoTpebieHus. B kadecTBe 3amopHO apMaTyphl peryaupyIOUIyro
HCIIOJIB30BaTh HE PEKOMEHIYETCs, 3a MCKIIOYEHHEM 3allOPHO-PETYJIUPYIOIIMX KianaHoB. B ciydae
HEOOXOJUMOCTH TE€PMETUYHOIO OTCEYEHHS CHCTEMBI CO CTOPOHBI BXOJa CIEAYET YCTaHaBJIMBATb
3arnopHyto apmarypy. Eciau ycioBHBII npoxona TpyOoIlpoBOJa HE COBMIANAET C YCIOBHBIM IPOXOJIOM
apMatypbl, TO peryjupylonas apmarypa JIOJDKHA COEAMHSTHCS C TpyOOIpPOBOAAMHM KOHHYECKUMU
NEPEXOTHUKAMU C MAaKCUMAJIbHO JAOMYCTUMBIM YIJIOM KOHYCHOCTH, HO He 6omee 30°.

JlnvHa NpsMBIX YYacTKOB A0 PETYJMPYIOLIEH apMaTypbl U IIOCIIE Hee JOJDKHA COCTaBIIATH HE
meHee 5 Dy na Bxoge u (10 ...15) Dy Ha BbIxone u3 kjiamaHa. UeM MEHBIIYIO JIONIO COCTaBISET
THJIPABINYECKOE CONPOTHUBIIEHHE TPYOONPOBOIOB OT THMAPABINYECKOIO CONPOTUBIICHUS KIalaHa, TeM
6osblIasi TOYHOCTh NOIAECPXKAHHUS PEryJIupyeMoro mnapaMmerpa JOCTHraercs kinamnaHoMm. Kitamasel
JIOJKHBI YCTaHABIIMBATHCS HA MECTAaxX, JOCTYIMHBIX JUJI OCMOTPA, TEXHUYECKOTIO YXOAa U PETYIHPOBKH.
[To oxoOHUaHMU OCHOBHBIX MOHTaXHBIX PaOOT MOJHOCTHIO COOPaAHHBIN PETYIHUPYIOMINNA KIalaH J0JKEH
OBITH IPUBEJIEH B paboyee COCTOSIHUE U IPOBEPEH Ha JIETKOCTh U IJIaBHOCTh XOJ1a ILITOKA.
IIpakTuyeckas padora Ne 36
Pacuer 3/1eMEeHTOB peryJMpylouux yCTPOicTB

ean padoTsl M3y4YEeHHE ITPABHII PacyeTa dJIEMEHTOB PETYJINPYIOIUX YCTPONCTB.

HopmaTusHbie ['OCT 16443-70 «YcrtpolicTBa peryiaupyomme. MeToasl  pacueTa

AOKYMEHTBI IPOMYCKHOW CIIOCOOHOCTH, BBIOOpa YCIOBHOI'O IMPOXOAAa U IPOIMYCKHOM
XapaKTEPUCTHKU

3aganue:

1. BHuUMAaTENbHO U3YYHTE U MPOAHATUZUPYUTE MaTEpUaI IO TEME.

2. TlpowsBeauTe pacdeT D3JICMEHTOB PETYJIUPYIONIETO KIallaHa, HWCIIOJIb3Yys IPEJICTaBICHHBIS
aHHEIE.

perynupyemast cpeqa —Boja;

MaKCUMaIbHBIA pacxo BOABI Qmax=0,035 M/c;

MUHHUMAaJIbHBIN pacxod Bojbl Qmin=0,02 M3/c;

a0CoOJIIOTHOE JJaBJIeHUE BOBI B Havane yyactka Pr=2 Mlla;

a0COJTIOTHOE JJaBJIeHUE BOABI B KoHIIe yyacTka P=0,4 MIla;

temriepatypa Bojsl T1=20 °C;

MJIOTHOCTH BOJIBI TTpH Py 1 T1 r=998,95 Kr/M°;

YAV NENENE NN



v/ KMHeMaTH4ecKas BA3KOCTh Bl ipH Py 1 T1n=0,0115"10" m?/c;
v/ BHyTpeHHHU quameTp TpyOonposoaa J[=0,3 m;
v/ JUIMHA pacuyeTHOro ydactka Tpybomposojaa L=15 m.
MecTHbIE COIPOTUBIICHUS:
v moBopot nox yriaoMm 90°, ko3 UIKEHT CONPOTUBIIEHUS TOBOpoTa X90=0,06;
v’ 3amopHas 3aJBHXKa, KOO(PGHUIUEHT CONPOTUBIIEHHS X 30;5=0,08;
v’ pa3sHOCTb BBICOT PACIIOJIOKEHHS IIEXOBOT0 Havyajla M KOHIa yyactka H=2,5M.

Bb100p HY>XHOTO PEryIMpyIoLIero opraHa IpoU3BOIUTCS B IPOLIECCE BHIMOIHEHUS pacyera, T.e.
U3 psfa CEpUITHO M3rOTaBIMBAEMBIX PETYJIHPYIOIIUX OPraHOB BBIOMPACTCS KOHKPETHBIN THIIOpa3Mep,
UMEIONTNI HEOOXOAMMBIN JHAMETP YCIOBHOTO (MIPUCOSAMHUTEIHLHOTO) MPOX0/1a, HY)KHYIO IPOITYCKHYIO
CIIOCOOHOCTh M IPOIYCKHYIO XapaKTepUCTUKY. [IpUroqHoCTh NPUHUMAEMOIO PETYJIUPYIOLIEro opraHa
0 JIpyrMM XapakTepucTtukam (paOoueMy JaBJI€HUI0O U TeMIeparype, MaTepuany JAeTajei,
COIIPHUKACAIOLINXCS € MPOTEKAoLEe cpeqod M T.M.) JOJDKHA BBIABIATBHCS IO KaTajoraM M JApPYrUM
JeMCTBYIOIMM HH()OPMAIIMOHHBIM MaTepHuajiaM U IMpaBUiIaM.

B cucremax aBTOMaTH3alMM TEXHOJOIMYECKMX IIPOLECCOB, Kak IPaBWIIO, NPUMEHSIOTCS
CepUIIHO  M3roTaBIMBAEMble peryJupylouie opraiHsl. BbplOOp  KOHKpPETHOro  THIIOpazMepa
PEeryIHMpyIOIIET0 OpraHa MPOU3BOJUTCS IO KaTaloraMm M ApyruM MaTepuaiaM B MPOLIECCE BBITOJIHEHUS
pacucTa, BbIABIAIOMICTO MPUTIOJHOCTH BI)I6I/IpaeMOFO opradHa B T€X WM MHBIX KOHKPCTHBLIX YCJIOBUAX
sKcIuTyaTauu. [Ipu 3TOM OJIKHBI YUYUTBIBAThCA KaK CBOMCTBA U pabodue mapaMmerpbl MpOTEKaBLIEH
4yepe3 PEeryJMpYIOIIHA OpraH CPe/bl, TaK U JPYTHUe yCIOBUS, U TPCOOBAHMUS, SBIISIOIINAECS CIICICTBUEM
o0mmux TpeOOoBaHUHU, MPEIBABIAEMBIX K CUCTEME aBTOMAaTH3AIMH U K OOBEKTY YIPABJICHHUS B 1IEJIOM.

B  ommume or TpyOOmpoBOJHONW  apMaryphl  CEpHMHBIE  PEryJHpYIOLIHe  OpraHbl
XapaKTEepU3yIOTCS CIEAYIOINUMHU JONOJIHUTENBHBIMYU MOKA3aTENSAMU:

- YCJIOBHOM MPOMYCKHOM ciocoOHoCcThIO KVy;
- IPOITYCKHOM XapaKTepUCTUKOM, KOTOpasi MOKET ObITh JIMHEHHOW MM PaBHOIPOLIEHTHOM.

Takum o0pa3oM B pe3ynbTaTe pacueTa MPOU3BOAUTCA BBIOOP KOHKPETHOTO THUIOpazMepa
PETYJIUPYIOIIET0 OpraHa, XapakTepu3yemoro BenuduHoM Kvy, NpomycKHON XapaKTEepUCTHKOM U
OPYTHUMH TOKa3zaTeasiMi (YCIOBHBIM JaBIIEHUEM, YCIOBHBIM TUAMETPOM U T.J.), PEIyCMOTPEHHBIMU
CTaHJapTaMH Ha PETYJIUPYIOIIHME OpraHbl. Tak Kak YCJIOBHAas MPOIyCKHAsh CIIOCOOHOCTh OJHO3HAYHO
OTIpENIEeTISIET PACXOJ] Yepe3 PeryJUpYyIONIuil OpraH TOJIBKO B KBAJAPAaTUYHOW 00JacTH TypOyJIEHTHOTO
peXuMa JIBIKEHHUS >KHJIKOCTU 4Yepe3 peryJHMpyIolMi OpraH, YCTAaHOBIIEHHBIM B TpyOompoBoje,
MMEIOIINM BHYTPEHHUIN JUaMETpP, PaBHBIM yCIOBHOMY IPOXOAY PETYJIHPYIOLIErO OPraHa, TO B CIydasx
paboTHl PETYIUPYIOMIMX OPTAHOB B JPYTUX YCIOBUSX BO3HUKAET HEOOXOIUMOCTh B JOTOJTHUTEIHHBIX
xapakTepucTukax. K 4uciy Takux XxapakTepUCTUK OTHOCSATCS:

FL - koo dunmeHT BOCCTaHOBIEHUS 1aBIEHUS KUKOCTH 32 PETYIHUPYIOIIUM OPTaHOM;

FP - mompaBka Ha BIMSIHHE MEPEXOAHBIX MATPyOKOB, yepe3 KOTOpbIE PEryIUpPYIOUINil OopraH
BCTpPaMBaeTCs B TPyOOIIPOBOI;

XT - OTHOCUTEIIbHBIN KPUTHUECKUH Mepera JaBIeHUs BO3IyXa sl pETyIUPYIOIIEro OpraHa.



[Ipumenenne xapaktepuctuk FL, FP u XT mnoBbIIIaeT JOCTOBEPHOCTH OMNpPEICTICHUS
HEOOXOUMOM TPOITYCKHOW CIIOCOOHOCTH perynupytomero oprana Kv B Tex ciydasx, Korjga OH
paboTaeT He B KBaJApPAaTUYHOH 0O0JIaCTH TypOyJIEHTHOTO IBWKCHHS CpPEIbl W YCTaHOBIICH uepe3
NepexoHbIe KOHMYECKUE MaTPYOKH.

B Ttex ciydasx, xorma B KarajoraX W JIpyruxX WH(OPMALMOHHBIX MaTepHaliax HE YKa3aHbI
BEJIMYMHBI 3TUX XapaKTEPUCTUK, UX OPUEHTUPOBOYHBIE 3HAYEHUSI MOKHO IPUHUMATh 10 MPUIIOKEHUAM
JAHHOTO Marepuaa.

3aMeTuM, 4TO MOBBIIIEHUE TIOCTOBEPHOCTH pacdeTa BcliiencTBue yuyera nomnpaBok FL, FP u np.
OyIeT MMeTh MECTO TOJIbKO B TOM Cllydae, KOrJa MCXOJHBbIC JaHHBIE JUIsl pacueTra (pacxojl, mepemnaj
JMABJICHHUST W JIp.) OCTATOYHO TOYHO OMPEICISIOT (PaKTUYECKUE YCIOBHUS PAOOTHI PETyIHPYIOMIETO
oprasa.

Pacuér perynupyromero oprana

Pacuer perynupyroiiero oprana BBITIOJHIETCS HA MPUMEpE KIIallaHa, YCTAHOBJICHHOTO Ha JIMHUU
noJlayvl OXJaKJAroie BoJbl B TermaooOMeHHUK (1mo3.7). CyTh pacueTa peryqupyrolero KiamnaHa
CBOJMUTHCS K OIPEACIICHUIO €r0 KOHCTPYKTUBHBIX Pa3MEPOB U IIPOIYCKHOW XapaKTEPUCTHUKHU.

Hcxonuble naHHbIe:

v’ perynmpyemas cpejia —BoJa;
MaKCHMAaJbHBIH pacxo Boasl Qmax=0,028 m%/c;
MHHHAMAIBHEIA pacxos Boasl Qmin=0,01 m%/c;
a0CoOJIIOTHOE JJaBJieHUE BOABI B Hauase yyactka Pu=1 MlIla;
a0COJIIOTHOE JJaBJieHUE BOABI B KoHIle yyacTka Px=0,5 MIla;
temneparypa Boasl T1=15 °C;
IJIOTHOCTB BOJBI 1pu Py 1 T1 1=998,95 Kr/M;
KMHEMaTH4ecKas BI3KoCTb BOJbI npu Py u T1n=0,0115" 10 m?/c;
BHYTpEeHHUH nuametp Tpybornposoaa J=0,15 m;
JUTMHA PacyeTHOro ydacTka TpyoomnpoBojaa L=10 m.
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MecTHBIE COIPOTUBIIECHUSA:
v moBopot nox yriaoMm 90°, ko3p UIHEHT cOMPOTUBIIEHUs TOBOpoTa X90=0,06;
v’ 3amopHas 3aJ[BHXKKa, KOO(POHUIIMEHT CONPOTUBIEHHS X 3a:5=0,08;
v’ pa3sHOCTB BBICOT PACIIOIOKEHHS IIEXOBOI0 Havyajaa ¥ KoHia yyactka H=1,5m.
Pacuer:
a) CKOPOCTh JABMKEHHsI pEryJIUpyeMoil cpelibl B TpyOOIpOBO/Ie TPU MAaKCUMAIIbHOM Pacxo/ie

4 OQmax _ 40028 _ .0
el i

max - cp? 214015

0) k03P dUITUEeHT TpeHUS

Br16op ¢popmynsl 11t onpenenenus | 3aBucut ot ymcna PeitHonbaca

Vinax 1584 0,15 5
Re = max = _ LOBAOIS ) 670405

v o011510° 4
Jns 10°<Re<108

0221 paz e
Ret237 (2,067 1077

A =0,032 + 0.221 =0,044
0,237

B) OTEPH JIABJICHUS Ha TPEHUE B TPYOOIPOBOJIE MPH MAKCUMAIBHOM PAacXoje

r2 ¥
W = =
AP L Tmax  ,—no4q 22 L 24

=4 - O9H,95 =369 T
mp n 2 15



F) IMOTECPU AAaBJICHUA Ha MECTHBIX COIMPOTHUBJICHUAX IIPU MaKCHUMAJIbHOM pacxoe

Vi ax 1,5842 )
AR =gy +E_ ) TR p=(4.0.06+0,08) 7" 996,95 =401Ta

1) IOTEpH JaBJICHHS B PACYETHOM YYacCTKe TPyOOIIPOBOJIa MPU MAKCUMAIBHOM PacxoJie

Al + Al - + H o 08 =3000+ 4001+ Lo D800 D81 =18 7000

,I.I'l'ldﬁ _M'rnp M
€) mepenaj AaBJICHUS B PETyJIMPYEMOM KIalaHe MpU MaKCUMaJbHOM pacxoe

AP =F -PF - AP =1- 0,5- 001879 =0,481 20T Ta
min u K I omas

’K) MaKCHMallbHasi MPOMYCKHas CIIOCOOHOCTh PEryJMpYIOIIero KiamaHa ¢ ydeToMm Koddduumenra
3araca
4.2

- ¥ - oo a5
=y -36 10°% -0 e =1,2 36 107 0,028 - I| L =55112
i

K, .
V.omax “max F i
' TR Y APy | 04812 10

3) MPOITyCKHAasi CIOCOOHOCTh TPYOONPOBO/Ia MPY MAaKCUMAaIbHOM Pacxojie

3 998,95

|
3 I LA - | -
Y 1s7a0

K =46 10 -Umu‘\ J ;
' 1] APT o

Vo =36 -1
1) MPOBEPOYHBII pacyeT Ha MPOMYCKHYIO CIIOCOOHOCTH KJlanaHa B quana3zone oT Qmin go Qmax:

=232418

1) cTenenb OTKPBITHUS KJIalaHa MpH MaKCUMAallbHOW Harpy3Kke

Kv, 45927
i = MK a0 =TS0 00 =72,9%
max Kl‘_:I. b3

2) CTCIICHb OTKPBITHSA KJIalldaHA IIPpU MHHMMAaJIbHON Harpyske

Kvpi 16,402
Mo = H"_"“ 100 =771 100 =26,036% ~
Yy ’ 108 KViin U KVipax MPOMYCKHBIE CNOCODHOCTU KNanaHa npu MUHUMANEHOM WM MakcUMansHOM pacxoie
- -
P [ R E=TE -
Ky . =36-107 -Qmin .‘fm =36 107 -0,01 1‘|m =164
E i - I -
Kv. =36 10% Qmax-, £ =3640° .0028. | 22595 _ 4oz
mas VAP mas Vo108
AP =p - p =1- 05 =0,5Mila
max M K

Tak kak mmax<90%, a mmin>10%, NpUHATHIN pa3Mep KiIanaHa MOKHO CYUTATh IPUEMIIEMBIM.

K) BBIOOD MPOIYCKHOM XapaKTepUCTHKH PETyIUPYIOIIEro KilarnaHa

Kw
n=_ Y = 5 _gan
Ky 232,418

Tak kak n<l1,2 BeIOMpaeTcs KJ1anaH ¢ JUHEeHHOU npomnyckHoi xapaktepuctukoit PK 201 (HO) ¢
KV.V.=63 mM3/4, IY=150 mm.

IIpakTuyeckas padora Ne 37
I/I3yqelme NMpaBUJI MOHTAXKA HCITOJHUTECIbHBIX yCTpOﬁCTB
eanb padoTbi M3y4YEeHHUE MPABUJI MOHTAKA PETYIUPYIONIUX YCTPOUCTB.

3amanue:
1. BHUMATENbHO U3YUYHTE U MPOAHATUZUPYUTE MAaTEpUa IO TEME.



2. CocTaBbTe aITOPUTM MOHTaXKa PETYJIUPYIOIINX YCTPONCTB.
VcnonHUTEeNbHBIE YCTPOHCTBA YCTAHABIMBAIOT pabo4nMe, MOHTHPYIOIIUE TEXHOJIOTHYECKHE
TpyOONpoBOIbl. MOHTO)KHUKH CHCTEM aBTOMATH3allMU JOJKHBI MPUHUMATH Pa0dOTy MO YCTaHOBKE
HUCITIOJIHUTCIIbHBIX yCTpOfICTB " NPOBCPATH COOTBETCTBUC €€ TEeXHUYECKUM Tp€6OBaHI/ISIM Ha MOHTaxX.

. - ~

-

HcnonuuTenbHble yCTPOWCTBA YCTaHABIMBAIOT HAa MPSIMOJIMHEHHBIX y4yacTKax TpyOompoBoja,

JUIMHA KOTOPBIX JI0 W MOCJIE MCIOJHUTEIBHOIO YCTpOMCTBa JOJKHA OBITh paBHa He MeHee yeMm 10
JMaMETPOB €ro YCJIOBHOro npoxoia. OObBIYHO KialaHbl yCTaHABIMBAIOT ¢ OairmacoM, npu4yéM 10 U
1ocJjie KjamnaHa, 1 Ha 6aiinace JODKHBI ObITh YCTaHOBJIEHBI BEHTUIIM, YTOOBI KJIallaH MOKHO OBLIO CHSTh
IIPH €70 PEMOHTE UJIU PEBU3HH.

TpyOompoBoa, Ha KOTOPOM MOHTHPYETCS KIiamaH, HEOOXOJMMO THIATEIbHO OYHUCTHTH OT
MEXaHUYECKUX YACTHULL, OKAJIMHBI II0CIIE Ta30BOM PE3KU U MIEKTPOCBAPKHU.

Jli1g 06cmy’KUBaHUs UCIIOJIHUTEIbHBIX YCTPOMCTB BO BPEMs SKCILTyaTallul, MECTO UX YCTaHOBKHU
HE00X01MMO 000py10BATh IUIOMIAAKAMH.

HOpH,I[OK MOHTAa>xa MCIIOJTHUTCIIbHOI'O MEXaHHU3Ma

OpHolt u3 OmMOOK, JIOMYCKAaeMOl NpU YCTaHOBKE AITHUX YCTPOMCTB, SBISETCS OTCYTCTBHE
cBoboanoro gocryna k BCII (6Gok curHaiusanuy IOJIOKEHUS) U PYYHOMY INPUBOAY YIpPaBICHUS
MexaHu3MoB. OO0s3aTeNIbHO JIOJKEH OBITh JOCTYN K 3TUM 4YacTsIM YCTpPOICTBa, NMOTOMY KaK OHH
JIOBOJIBHO YacTo TpeOyroT oOciykuBaHusi. Kakapli HCHOJHUTETBHBIM MEXaHW3M, KOTOPBIA HeE
00CITy’)KHBaeTCsl CBOEBPEMEHHO, KaK HE CJIOXHO J0rajgaTbcs He OyJeT CIYXKHUThb JIOJKHOE KOJIUYECTBO
paboToyYacos.

[locnenoBarenbHbIN CIHUCOK ACHCTBUN MPU MOHTAXE Ka)KJOTO HCIOIHUTEIBHOTO MEXaHU3Ma
tuna M20O.

B mepByro ouepens ycTaHaBIUBAIOTCSA MOHTAaKHBIE YacTH ([€Tallv), a UMEHHO OTpaHUYUTENb
MeXaHWYeCKud U (iaHen ¢ ynopamu. OTH MO3MIMU 3a YacCTyl0, BXOAST B KOMIUIEKT IPH MOCTaBKe
WCTIOJTHUTEIIBHOTO YCTPOMCTBA.

Ucnonw3yss pydHoe ympaBieHue (MPUBOJA) BBICTaBUTH BBIXOAHOW Banm MDOO Tak, 4TOOBI
OTPAaHUYUTENb MEXAHUYECKUI YCTAHOBUIICS HA YIIOP B MOJIOKEHUE «3AKPBITO».

CrnemyrommM 3TaroM HYXHO YCTAaHOBHUTH MEXaHM3M Ha TpyOompoBonHYy apMmatypy. [lpu
NPOBEIEHUN STOH Omepanu, HeoOXOJUMO BBIOJHUTH OJHO YycioBHe. Perynupyromuii opran
apMaTypbl U BBIXOJHOU BaJl YCTPONCTBA IOJDKHBI OBITH 002 B TIOJIOKEHUU «3aKPBITOY.

[Tocne ycraHOBKM MexaHU3Ma Ha apMarypy, CTOUTh €ro 3aKpENUTh CIEeIHATIbHBIM KPETeKHbIM
3JIEMEHTOM.

Baxxno. MexaHnueckue OrpaHUYMTENH, OTBEYAKOUIUE 32 MEPEMENICHUE BBIXOJHOTO Baja, MpPH
MOHTQX€ HCIHOJIHUTEIBHBIX MEXaHU3MOB C TMOJHBIM XOJOM BBIXOJHOTO BaJa 0,63 — =He
yCTaHABIUBAIOTCS BOOOIIIE.

[TocnenoBarenbHbll CIIUCOK AEUCTBUM MPU MOHTAXE KaXJOTO HCIOJHUTEIBHOIO MEXaHHM3Ma
tua MOO.



YCTaHOBUTh HUCHOJHUTENBHBIA MeXxaHu3M MOO Ha COOTBETCTBYIOIIEE MECTO WM
INPOMEXYTOUHYIO  KOHCTPYKIIHIO, IIOCI€  Y€ro  IIPOM3BECTH  CTATMBAHWE IIPU  [IOMOIIHU
CIELHATU3UPOBAHHOTO KPEILJICHUSI.

Crnenyronmm 3TanoM — CHUMaeM yIOpHI.

Hcnoinb3yss pydHOE pEryJMpOBaHUE IOJOKEHUE BBIXOJHOIO Baja, BBICTABUTH PETYJIUPYIOLIHMI
OpraH B MOJIOKEHUE 3aKPHITO.

Jlanee ycTaHaBIMBaeM yIiop.

Jlst peanu3aiu COSIMHEHHS PETYJIMPYIONIEro OpraHa M pblyara — MCIOIb30BaTh TAry. Iloce
BBITIOJIHCHHS JISHCTBUM COCIMHEHHS HYXHO OTPETryJHUPOBaTh JIJIUHY TATH MPU TOMOIIU CICIHAIbHON
PEryJUPOBKH.

[Tocne obecniedeHns COETUHEHUST MEXTy COOOW phlyara U peryaupyroniero opraia, BBICTaBUTh
IIOJIOKCHHUEC BBIXOJHOT'O BaJia B ITOJIOKCHUC ((OTKpLITO)) I/ICHOJH)?,YSI HpI/I 3TOM HOOIIOJIHHUTCIIBHOC py‘-IHOG
ynpaBneHHe HUCIIOJIHUTCIIbHBIM MEXAHU3MOM.

VYceranoBute BTOpoi ynop. I[locie ero ycraHOBKM NOBEpPHYTH peryiupyroui opran MO0
00paTHO B TOJIOKCHHUE «3aKPBITO».

CrnenyrommM 3TamoM, TMOCHE BBIIOJHEHHE MEXaHWYECKMX HACTOCK, HYKHO MEpeuTH K
MOAKTIOYEHHUIO JICKTPUICCKOMN YacTH.
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CocraBiieHHe aIrOPUTMA YCTAHOBKHM M MOHTAaKa NPUOOPOB HA IIMTAX

Lean padoTsl OCBOUTbH IPUEMBbl MOHTaXa IIHUTOB, NPUOOPOB U CPEACTB aBTOMATU3ALIUH,
BBOZIOB B miKa(bl. OBIageTh NpueMaMu MPO3BOHKHU dJIEKTPUUECKHX IICTICH.

Oo6opynoBanne pacrpeneuTeNIbHbIA IUT, TUJb3bl, CATBHUKH, OTpe3KH TpyO u KaleneH,
MaHOMETPUYECKUH TEPMOMETP, TEPMOIIApa, TEPMOPE3UCTOP, COEAUHUTEIbHBIE
npoBoja, OOOBIIKKM, HCTOYHMK TOKa, HWHAMKATOp (BOJBTMETp, JamIma
HaKaJIMBaHUS, IEKTPUUECKUI1 3BOHOK).

3aganue:

1. BHuUMAaTENbHO U3YYHTE U MPOAHATUIUPYUTE MaTEepUa IO TEME.

CocraBreHue alnroputMa yCTaHOBKM M MOHTa)ka pHUOOpPOB Ha IIUTaX.

OTBeThTE Ha BOIIPOCHI:

KakoBbl OCHOBHBIE OTJIMYUTENBHBIE OINEpallid MOHTa)XKa TMaHENbHBIX M  IIKa(HBIX

P wnN

pacupenenuTeabHbIX IUTOB?

Kax BBIOJIHSAIOT BBOJBI B IUTHI?

Kak BBIMONHAIOT 3a3eMiieHus n1KadoB?

B yem 3akmtogaercs cTeHa0Bas MpoBepka NpuOOPOB U CPEACTB aBTOMATH3AUU?
Kak MOHTHPYIOT JaTYMKH TEMIIEPATYPHI?

Jnist yero Hy»HbI OOOBIIIKN?

Kax nmpoBepsroT npaBuiIbHOCTh MOHTaXa?

Se@ "o o0 o

Kak BBIMOHSAIOT MPO3BOHKY 3JICKTPUYICCKUX HCHCﬁ?
IlocnenoBaTeabHOCTD BBIIIOJIHEHUS 3aJaHUS

1. O3HaKOMHTBCS C TUTIOM M KOHCTPYKIIMEN PACIIPEAETUTEIBLHOIO IIHTA.
2. I3yunth ciocoOBI KPETJICHUS ITUTOB K OCHOBAHUIO.

3. U3yuuts criocoObl BBOA MPOBOJOK B paCHpeIeIUTENbHbIEC ITUTHI.

4. BBINOJHUTh MOHTAX 3a3EMJISIFOIIUX MTPOBOIHUKOB.



5. BBINOJIHUTE MOHTaX JATYUKOB TEMIIEPATYPHI.

6. BBINOJIHUTH MOHTAX 3JEKTPOU3MEPHUTEIHHOTO IPHOOpA.
7. BBIOJTHUTB IPO3BOHKY OTPE3Ka KaOEJIbHOM JIMHUY.

8. OdopMuUTh OTHYET.

B coBpeMeHHBIX YCIOBHSIX HHIYCTPUAIBHOTO MOHTaXa IIUTHI U MYJbTHl TOCTaBISIOT Ha
CTpOSIIMIiCS OOBEKT B 3aKOHYEHHOM [UIsl YCTAHOBKM BHJE: Ha HHUX CMOHTHpOBAaHa ammaparypa,
BBIMIOJTHEHBI 3JIEKTPUYECKHE IPOBOJKHU, MOATOTOBIECHHBIE K BKJIIOUEHHMIO BHEIIHUX LEMEH, a TakkKe
PEyCMOTPEHbl KOHCTPYKLMU JUJIsl YCTAaHOBKU M KpPEIUICHUS 0CO00 UyBCTBUTENBHBIX MPUOOPOB H
MOJBOAMMBIX K IIUTAM W IyJbTaM KaOenel u TpyO. BMecte ¢ mmramu U MyJdbTaMH ITOCTABIISIFOT
KpENEeKHBIE U3ACIUs 111 COOPKU U YCTAHOBKH IIIUTOB U ITYJIBTOB.

[Ipu mpon3BOACTBE MOHTAXKHBIX PAOOT MOJTHOCOOPHBIM WHyCTPUATBHBIM METOI0OM TaKUE IIUTHI
MOCTYNAIOT Ha OOBEKT COOpPAaHHBIMU Ha 3aBOJIaX WJIM B 3arOTOBHTEIBHBIX Mae- TEPCKUX B OJOKax W3
2...3 maHenei ¢ yCTaHOBJICHHBIMH MPUOOPAMH.

SN Cos T TR e D

1 — purenk; 2— WWUT; 3 — ONOPHaA Pama
Pucynok 1. Kpenienue naHenbHOro 1IUTa K CTEHE
Jlo Havana MOHTaXka IMUTOBOE IOMELIECHHE, ONEPATOPHAS WM LEHTPAJbHBIA JUCIETYEPCKUMN
MYHKT, B KOTOPBIX YCTAHABIMBAIOT IIUTHl U MYJIbTHI, JOKHBI OBITH TOJHOCTHIO OTCTPOEHBI M TPUHSTHI
MOJT MOHTAX MO aKkTy cornacHo TpeboBanusM CHull. B aTux momMerieHusx JOmKHBI OBITh YCTaHOBIICHBI
BC€ 3aKJIaJHbBIE JETajJd Y ONOPHBIE KOHCTPYKIMHU MO IIUTHI, 3aJ€JIbIBAEMBIE B II0JI, BBHIIIOJIHEHEI BCE
KaHAJIBI B TOJY, a TaKkKe HEOOXOIUMBIE MPOEMBI B CTEHAX JJIsl BBIXOJIa TPYOHBIX M DJIEKTPHUECKHUX
IIPOBOJOK HAPYXKYy.

HpI/I MMPUEMKE MUTOBOIO IMOMCIICHHUA 0co00e BHHMAaHHUE 06pamaroT Ha TMPaBUIIBHOCTDH
YCTaHOBKHU OIIOPHBIX KOHCTp}/'KI_[I/Iﬁ IO NIMTHI M 3aKJIaJHBIX z[eTaneﬁ, TaK KakK IIpu HETOYHO YCTaHOBKE
OINOPHBIX KOHCTPYKI_[I/Iﬁ COGpaHHHﬁ B OJI0KH YT HE 6y,Z[CT CTBIKOBATbHCA C 9TUMHU KOHCTPYKIUAMMU.

Bo uzbexanne MOBPEKICHHS CAMUX IMUTOB M MYJIHTOB WM MOJOMKH, YCTAHOBICHHBIX Ha HHUX
npuOOpOB U ammapaTypbl, MPUOBIBIIME K MECTY MOHTa)Ka B YIMAKOBAHHOM BHJE IIUTHI U IYJbTHI



pAaclakOBBIBAIOT JIMIIb IIOCJIE€ JOCTABKM KX B IIATOBBIE TMOMEIIECHHUSI HEMOCPEACTBEHHO Iepes
YCTaHOBKOM.

[TanenpHble W MmIKadHBIE LIUTH, a TaKXKe MNPUCTABHBIC HJIM OTJAEIBHO CTOSIIME ITyJIbTHI B
3aBHCUMOCTH OT MECTa PACHOJOKEHHUS MOTYT OBITh YCTaHOBJIIEHBI Ha OETOHHOM OCHOBaHHMH, Ha
JIBOMTHOM M0JTy, METAJJTHYECKOM IMOKPBITUH, PEIIeTKEe METaNIMYeCKOro MEepeKphITHs, Hall KaHAJIOM Ha
OeTOHHOM OCHOBaHMU U T. I. OCHOBaHHSA, Ha KOTOPHIX MOHTHPYIOT IIUTHI U MYJBTHI, JOKHBI
MPEIOXPaHITh KOHTPOJIbHO-U3MEPHUTENbHbIE MpHOOphl OT BHOpauuii wnu corpsiceHuil. [loatomy B
MeCTaxX, MOJIBEPTaOIINXCsl B MPOLECCe SKCIUTyaTallii BUOpAIMK, IIUTHI U MYyJIbTHl YCTaHABIMBAIOT Ha
amoptu3aropax. KOHCTpyKIIHIO OCIETHUX JETATIBHO ONMCBIBAIOT B IPOEKTAaX.

[Topsimok MOHTaXka TMaHeNel B MHOTOIAHEIBHBIX MIUTaX MOXKET OBITh Pa3IUYHBIM: OT OIHOTO
KOHIIA IIUTa K JIPyroMy WM OT CEPEeAMHBI IIMTA K KOHIIAM. Y CTaHaBIMBAIOT BCE MAaHEIH CTPOTO IO
OTBECY U YPOBHIO, YTOOBI B OJTHOM PSATy OHU 0OpPa30BBIBAIN €IUHYIO INIOCKOCTh, CKPEILISIOT UX MEXTY
co00i1 Tak, yTOOBI 3a30pbl B CTHIKAX HE MPEBBIMATU 2 MM. Bce KperieHus MUTOB K KOHCTPYKLHUSM,
dbyHIaMeHTaM 1 MeXay co00M Il yA00CTBa SKCILTyaTallui JOKHBI ObITh pa3beMHBIMU.

[utel nanenpHOro THHa 2 (puc. 1) Uid yBEIMYEHHUS >KECTKOCTH KOHCTPYKIUH IOMHUMO
YCTAaHOBKM Ha OMNOPHYIO pamy 3 uiaM (yHIAMEHT KpPEeIsAT TakKe B BEPXHEH YacTH C IOMOIIBIO
cnenuanbHbix pureneid 1. Ilocnennue Kpenar K CTEHKE MIO0ENSIMM WM CKBO3HBIMHU ILIIMJIbKAMHU C
raifkamu, a K muTam — OOJITOBBIMU COEIMHEHUSIMHU.
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Pucynok 2. YcraHoBKa MaHENbHBIX HIMTOB HA JBOWHOM IIONY: a — HI)KE OTMETKH Moja; 0 — Ha
OTMETKE T0Ja; | — MaHeIbHbIA IIUT C KapKacoMm; 2 — JEPEBAHHBIN HACTWJ JBOWHOrO mosa, 3 —

OeTOHHBIE OMOPHI, 4 — OTMETKa YEPHOTO Moja
Ha pucynke 2 mnoka3aHbl J1Ba BapHaHTa YCTAHOBKHM IIaHENbHBIX IIUTOB C KapKacoM H3

nepopupoBaHHOr0 TPOoGUIs HA TBOMHOM MOy — HUXKE OTMETKH mona (puc. 2, a) U Ha ypOBHE
OTMETKH 1ona (puc. 2, 0).



[Ipu ycTaHOBKE IMTOB HM)KE€ OTMETKH JBOWHOTO mojia (CM. pHcC. 2, a) 3aaHss o0cayKuBaeMast
yacte ImuTa 3armyonmena Ha 250..300 mm. OpHako 5TO HE BBI3BIBaeT HeynoOCTBa Ui
AKCIUTYaTal[MOHHOTO MIEPCOHANA, TaK KakK JUIs JOCTyNa K JIEKTPUYECKUM 3aKMMaM, MECTaM KpPEIJICHUS
Kaleneld W JPYTMM YCTPOMCTBAM, pACIONOXKEHHBIM B HUXKHEH 4YacTH IIUTOB, OTCYTCTBYIOT
npensTcTBUA. JlOMOMHUTENbHBI MOAbeM Moja mepen (acagoM MIMTOB NpU JAaHHOM BapuaHTE HE
TpeOyercs. s mpoxoaa kabeneit mox pamy 1IUTa, a TAKXKE [Tl IPOKJIAJAKU B3aUMHO MEPECEKAIOIINXCS
ka0esel B pa3HbIX TUNIOCKOCTSAX Ha OTMETKE YEPHOTO ToJia 4 mpeyCcMOTpPeHbI KaHaibl rryouHoit 50...70
u mmpuHor 300...500 mm. KaHaabl BBIOJHSIOT B clio€ O€TOHA, YKJIaJBIBAEMOI'0 Ha YEPHBIN IMOJ IO
BCEH IUIOMIAJIM 3alIUTOBOrO MPOCTPAHCTBA. YCTPOIMCTBO KaHAJIOB COBMEILAIOT C YCTaHOBKON B ClIO€
0eTOHa 3aKJIaIHBIX JIeTalIeH JUTs KPEIUIeHUS MOAIePKUBAIOIINX KOHCTPYKIUH (paM 1 HANPaBIISIOLIHX ).

[Ipu ycTaHoBKe LIMTOB HA OTMETKE OBOMHOTO moja (cM. puc. 2, 0) IIMT OKas3bIBaeTCs
MPUIOHATHIM HaJl OTMETKOM YepHOTro I0JIa, YTO MPUBOJUT K HEOOXOIUMOCTH MObEMA MOJIa TI0 BCEH
IUIOLIA/I [TOMEILEHUS U K YAOPOXKAHUIO CTPOUTENIbCTBA. BMecTe ¢ TeM o0cimyKMBaHUE IIUTOB U OOLIHI
BUJ] MTOMEILIEHHUS, B KOTOPOM YCTaHABJIMBAIOT IIMTHI, yiayumiaioTcs. [Ipoxon kabenel moj pamy muTa
OCYHIECTBIISIOT TAKXKE M3 KaHAIOB, KaK U B MPEIbIIYIIeM BapHaHTe.
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Pucynoxk 3. I'pyHTOBas ycTaHOBKA IIKA(QHBIX IIUTOB HAa paMe U3 mBesiepos: | — mut; 2 — pama

[lIxadHple MUTH B TPUHITUIIE YCTAHABIMBAIOT TaK XK€, KaK W MaHelbHble. FIX MOHTHpYIOT Ha
CaMOCTOSTENIbHBIX (PYyH/IaMEHTaX B BUJE paMbl U3 IIBEUIEPOB (pUC. 3) WM HEMOCPEACTBEHHO Ha MOy
IPOU3BOACTBEHHOIO MOMENIEHUs. B TOM M JIpyroM cilyuae LIMT 3aKpeIlUIsIOT aHKEPHBIMHM OOJITaMH,
MpEeBapPUTENILHO BHIBEPUB €0 B TOPU3OHTAIBHOM U BEPTUKAIBHOM MoJokeHusX. LI{utel, cocrosinue u3
HECKOJIbKUX MIKA(OB, CKPEIUISIOT MEXy COO0H pa3beMHBIMHU COSAMHEHHUSIMH.

ManorabapuTHble MaHeIbHbIC WIH MIKA(QHBIE IUTH OOBIYHO YCTaHABIUBAIOT Y KOJIOHH, CTEH U
JIPYTUX  CTPOUTEIBHBIX KOHCTPYKIMM, MCHOJb3Yysl KPOHIITEWHBI, CTOMKA WM TOJCTaBKH.
MarnorabapuTHble IUTHI JOJKHBI OBITH PACIIOIOKEHBI HA TAKON BBICOTE, YTOOBI TOPU3OHTAIBHBIE OCU
MOKAa3bIBAIONITUX MTPUOOPOB M CUTHAIBHOW ammapaTrypbl HaXOIUIUCh OT moja Ha ypoBHE 800...2100 MM,
camonumrymux mpuoopoB — 1000...1600, BcmomoraTenpHOW anmapatypsl (IMepeKiovaTesie, KIroven
ympasieHusi, KHonok) — 700... 1600 mwm.



DneKTpuuecKkre MPOBOJKH, KaK MPAaBUJIO, BBOAST B IIMTHI U MYJIbTHI CHU3Y. B BHe HCKITIOUeHUS
JIOIIYCKaeTCsl BBOAUTH UX COOKY MM CcBepXy. MenHble TpyOHbIE NMPOBOJKU BBOJST B ILUTHI CBEPXY.
[THeBMOKaOenu U TIIACTMACCOBBIE TPYOBI BBOASAT B IIUTHI MPEUMYIIECTBEHHO CBEPXY, HO B OTICIBHBIX
TEXHUYECKH 0OOCHOBAHHBIX CIyYasiX JOMYCKAeTCs -BBOJI CHU3Y — U3 KaOEJIbHBIX KaHAJIOB.

[lIo cnocoOy BBINONHEHHS BBOJABI B IIMTHI JEJIAT Ha OTKPBITbIE M YIJIOTHEHHBbIE. OTKpBITHIE
BBOJIbl MPUMEHSIOT B HOpMaJbHOU cpene. OHU MOTYT OBITh BBIIIOJHEHBI Yepe3 3alIUTHBIC T'HIIb3bl, B
3alIUTHBIX TPyOax U MOCPEICTBOM MEPeOOPOUYHBIX COCAMHEHUHN. 3alllUTHBIE TWIIB3bl UCHOIB3YIOT MPHU
BBOJC B IIUTHl DJICKTPUUECKUX U IMHEBMAaTHYECKUX KabOemeil, CTanbHBIX OECIIOBHBIX, MEIHBIX,
AITIOMUHHUEBBIX U TJIACTMACCOBBIX TPYOHBIX MPOBOAOK O€3 3alMTHBIX 000JI0UEK, a TAK)Ke KalUJUIIPOB
MaHOMETPUYECKUX TepMoMmeTpoB. [Ipu sToM Kabenu M Kanmwuisipbl MAaHOMETPUYECKUX TEPMOMETPOB
BBOJAT uepe3 canbHUKU. [lmacTMaccoBeie TpyOBl M 3JIEKTPONPOBOJAKM B 3aLIUTHBIX TPyOax BBOJAT B
muThl 0e3 Twib3. [lepebopouHbie COeNMHEHUS NPUMEHSIOT TMPH BBOAE TPYOHBIX MPOBOAOK (3a
UCKJIIOYEHHEM 3alllUTHBIX ) YEpe3 CTEHKU LIUTOB.

YIJIOTHEHHBIMU ~ BBIMOJHSIOT ~ BBOABI  TPYOHBIX M OJEKTPUUECKUX  MPOBOJOK B
TepMETU3UPOBAHHBIC IIUTHI, B IIUTOBBIC IMMOMEIICHUS W3 TOMENICHHH B3PHIBO- M TOXKAPOOIMACHBIX,
IBUIBHBIX, CBIPBIX, 0CO00 CBIPBIX W C XUMHYECKH AKTUBHOW cpefol. [[is yIUIOTHEHHBIX BBOJIOB
UCIONB3YIOT 3alUTHBIE TUJIb3bI, KOTOPbIE T€PMETUYHO MOHTUPYIOT B OCTOHHBIX MEPEKPBITUAX, a K
METAJTIMYECKUM MEPEKPBITUSAM UX [IPUBAPUBAIOT.

VYII0THEHHBIE BBOJBI 4YEpPE3 CTEHKHU INWTOB JENAal0T TaK K€, KaKk M OTKpPBIThIE, HO C
repMeTH3anueil nepedOpPOYHbIX COSNMHEHHU W CATbHUKOB. J[JIs YIIJIOTHEHMsT BBOJA 3alIUTHBIX TPYO Ha
paccrosiuu 0,5... 1 M mepea BBOJOM 3JIEKTPONPOBOJOK B IIUTHI, MYJbTHl U IIUTOBBIE MOMEILEHUS
YCTaHABIMBAIOT YIJIOTHUTENBHBIE AIEKTPOPUTHHTU WM TPOMHHUKH, KOTOpBIE TOCJIE 3aTATHBAHUS
JJIEKTPOIIPOBOJIOK B 3alllUTHBIE TPYyOONpPOBOJIBI 3AJMBAIOT  Pa30orpeToil kalenbHOM  Maccoil.
DOneKTpOGUTHHTH YCTAaHABIMBAIOT TaKUM 00pa3oM, 4YTOOBI 3adMBHAS TOPJIOBHMHA AIIEKTPOPUTHHTA
HaXOJIUJIaCh B BEPXHEM MOJIOKEHHH.

TpyOsl, kabenu u MPoBoJa, BBOAUMBIE B IIUTHI U MYJIbTHI, 3aKPEIUIAIOT BOIM3H MECTa UX BBOJAA
WIM Yy TPUCOEAUHUTEIBHBIX yCTpocTB. TpyObl, moaXoaslIMe K MHUTaM, ¢ TpyOaMu, MpOJIOKEHHBIMU
BHYTPH IIUTOB, COEAUHSIIOT pa3beMHBIMH (PE3bOOBBIMU) COETUHEHUSMHU.

[lonBogumble K mMTaM Kabenu W TMpoBOJA MOAKIIOYAIOT K COOpKaM  3aKHMOB.
KommieHcanmoHnHble. MpoBoJa MOAKIIOYAIOT HEMOCPEICTBEHHO K NpudopamM ¢ KOMIIEHCAllMOHHBIMU
yCTPOHCTBAMM, MHMHYSI COOpPKH 3aKMUMOB. MOHTHPYIOT KOHIIEBBIE 3aJleJIKM Kabeneil M IpoBOJOB, a
TaK)kK€ OKOHIIOBBIBAIOT MX BHYTPU LIUTOB U MYJIBTOB B COOTBETCTBUU C U3BECTHBIMU IpaBuiamu. llpu
9TOM HEOOXOIMMO IpeycMaTpuBaTh COOTBETCTBYIOIIMI 3amac 1o JUTMHE KU Kabenel u mMpoBOJIOB s
BO3MOYXHOT'O TIOBTOPHOTO MOAKIIOYEHHS B Clydae OOpBIBA KMJIbI KaOEJsl MM MPOBOJIa Y KOHTAKTHOTO
BUHTA.

[ToTok mnHeBMOKabOeneil M MydYKOB IUIACTMACCOBBIX TPyO, MOABOJUMBIX K IIHUTaM CBEpXY,
MPOKJIAABIBAIOT BAOJIb IMIUTOB B 3aKPBITHIX METAJUIMYECKUX KOpPOOaxX MM OTKPBITHIX JIOTKax. Ha nmoTkax
13 YTJIOBOU CTa WK TTepGOpUPOBAHHOMN MMOJIOCH THEBMOKAOEIIN KPETST MOHTaXXHBIME cKoOamu. [Tpu
9TOM PACCTOSIHUE MEXIY TOUKAMHU KpEeIUIeHUs He J0JDKHO mpesbimath 0,5 M. B ciyuasx, ecnu pabouast
temneparypa mnpessimaer 30° C, nmHeBMokabenu NpPOKIAIBIBAIOT 0€3 KpeIuleHus K Kopodam WiH
JIOTKaM.

Crrycku mHeBMOKaOeel il MIIacTMacCOBBIX TpyO U3 KopoOa MK JIOTKA K OT/IEJIbHBIM MaHesIM
[IMTA BBIOJHSIIOT Yepe3 OTBEPCTHs B Kopobe unu jotke. [Ipu BBoe mHeBMOKaOess U MIacCTMAacCOBBIX
TpyO B IIKTHI IIKa(HOTO TUIIA CBEPXY MPUMEHSIOT 3aIUTHBIE THIIb3bI.

B nomemieHusX C TOBBIIIEHHOW OMAaCHOCTbIO M 0OCO0O OMACHBIX, a TaKke B HapYyKHBIX
YCTaHOBKAaX BCE INWUTHI M MYJbThl, K KOTOPbIM TMOJBEIEH IEPEMEHHbI TOK C HOMHUHAJIbHBIM



HarpsbkeHueM O6osiee 36 B min moctossHHBIN TOK HanpsbkeHueM 110 B, 3a3emusror. Bo B3ppIBOONIacHBIX
IOMEILIEHUAX 3a3€MJIIOT BCE LIUTHI U IYJbThl HE3aBUCHMO OT IOJBEJECHHOIO K HUM HaIpsKEHUS.
3a3eMJIIAIOIMNA MEIHBIN WM aTIOMHHUEBBINA MPOBOJ MPUCOSAMHSAIOT K 3a3eMIISIONIEH CKOOe LIUTOB U
nyabToB  OonTtoM wiau BUHTOM. CkoOy H  3a3eMIISIIOINME MPOBOJA THIATENBHO 3aYUINAIOT 10
METaJUINYECKOTO 0JIeCKa U CMa3bIBAIOT OCCKUCIOTHBIM Ba3EIHMHOM.

B MHoromaHenpHBIX I[IMTaX BCE TMAHEIW [JOJDKHBI HMMEThb MEXAy COOOM HaJeKHBIN
JNEeKTPUYECKUN KOHTAKT. [[st aTOro, eciau maHenw mMTa coOpaHbl Ha OOILIEH MOAIIMTOBON pame H3
LIBEJUIEPA, COCOUHAIOT KXY MaHEelIb C paMOM NEpEeMbIYKOM U3 IOJIOCOBOM CTAM € pa3MepaMu
MONEPEYHOro ceueHuss He MeHee 15x3 mm. [lepeMbluku mpUBapUBAKOT K Y31y 3a3€MJICHUS NAHEIU U
pelpy mBeiepa WiIK NMPUCOSANHSIOT K OONTY y37a 3a3eMieHus naHenu. Ilpu oTCyTCTBHM Ha MaHemNsX
cK00 3a3eMJICHUS TIEPEMBIYKH [TPUBAPUBAIOT K HUHKHEMY OOPTY MaHEINH.

B kaudecTBe JOMONHUTENBHBIX 3a3€MIISIOLIUX ITPOBOJHUKOB UCHOJIb3YIOT METAJUIOKOHCTPYKIIUU
3MaHUi (KOJIOHHBI, (PePMBI), METAUIOKOHCTPYKIIMH TPOU3BOJCTBEHHOTO0 HAa3HAYCHUs (IIaXTHI JIU(TOB,
MOJIKPAHOBBIE MyTH), CTAIBHBIE 3alIUTHBIE TPYObI ANEKTPONPOBOIOK, METAIITUYECKHE TPyOOIPOBOIBI, a
TaK)Ke CBUHIIOBBIC U aTFOMUHUEBBIE 000IOUKH Kabesei.

3a3eMIIOIUNA MPOBOJ MPUCOCTUHSIIOT K METAUIOKOHCTPYKIUSAM, TPyOOIPOBOAAM U JIPYTHUM
3a3eMJISIIOILUM IPOBOAHUKAM TOJIBKO 3JIEKTPOCBAPKOM.

[Tpu MOHTaX€e IIMTOB M IYJIFTOB HEOOXOAMMO COOIIOAATh MpaBUia oXpansl Tpyaa. [lepememars
U yCTaHABIMBATh IIMTHI M MYJIBTHl 0€3 MPUHATHS MeEp, MPEIyNPEkTAOIMUX X OMPOKUIbIBAHHE, HE
JIOTTYCKaeTCsl.

Bo n3bexanue onpokuabIBaHus, COOpaHHbIE OJIOKU LIUTOB /10 UX MOCTOSIHHOIO 3aKPEIJICHUs Ha
MOJTy UJTU Y CTEH BPEMEHHO CKPEIUISIOT MEXIy cO00M 1 Orkaliieil cCTeHoM.

B nensx npenynpexxaeHus TpaBMUPOBAHUS PYK 3allpeliaeTcsi IPOBEPATh NalbllaMU COBIIAJICHUE
OTBEPCTHI B COUIEHSEMBIX MMAHEIAX IIUTOB.

B Mectax BO3MOXXHOTO TepeaBUKEHHsS pabo4MX MOKHBI OBITH MPETyCMOTPEHBI MPOXOJbI
JOCTaTOYHOM mmMpuHBL. Paboune Mecta He clieyeT 3arpoMOXkAaTh M3JIHUIIKAMH MaTepUalioB,
HEHY’KHbIM MHCTPYMEHTOM U mpucnocodnennsMu. Kananel B MecTax mpoxoja, a Takke OTBEpCTHS B
MEXIYITAKHBIX TMEPEKPBHITUSIX HEOOXOIMMO CIUIONIb 3aKPBIBATh MPOUYHBIM JIOMIATHIM HACTHIJIOM HIIH
OTpaXKJ1aTh MEpPUIaMU BBICOTOM HE MeHee | M.

[Ipn ucnonb30BaHUM MPOCTPAHCTBA IMOJ LIUTOM JUIS MOABOJA M pacKiIaJku TpyO u kalenei,
BBOJMMBIX B IIUT, HA HIDKHIO BHYTPEHHIOIO paMy LIUTOB JOJKEH OBITh YJIOKEH MPOYHBIA HACTHI
(o).

Jis OGe3omacHOM OKCIUTyaTalliM BCE OTKPBITBIE YacTH IIUTOB, K KOTOPBIM TIOJBEICHO
HanpspkeHue Oonee 12 B, 3ammmaroT TIyXUMH CETYATHIMH WM JBIPYATBIMH  OTPAKICHUSIMHU.
OrpaxeHus JAOKHBI ObITh TaKOM KOHCTPYKLHH, YTOOBI MCKIIOYAIach BO3MOXKHOCTh UX CHATUS 0e3
MPUMEHEHHUS CHEeHAIbHO NMPEAHA3HAYEHHOTO JIJIs 3TOH 11eJTM HHCTPYMEHTA.

[Ipu MoHTaxe MpuOOPOB U CPEACTB aBTOMATH3AIUH CIIEYET YUUTHIBATh clieAyromiee. B MoHTax
NPUHUMAIOT NMPUOOPHI M CPEACTBA aBTOMATU3allMH, MPOIIEAIINE CTEHIOBYIO MTPOBEPKY U CHAOKEHHbIE
NPOTOKOJIaMU TIPOBEpPKH 10 JeicTByromelt ¢opme. Ilepen mnpuemMoM B CTEHAOBYIO MPOBEPKY
YCTaHABIUBAIOT:

v\ OTCYTCTBHE BHMIMMBIX MEXaHMYECKUX TOBPEKICHUN; COOTBETCTBHE TEXHHYECKHX
XapaKTePUCTHK MPOEKTHBIM CHEIU(DUKAIIHSIM;

v COOTBETCTBHE  KOMIUIEKTHOCTH anmapatypsl  cnenuuKalud  OpoeKTa U
KOMIUJIEKTOBOYHBIM BEJJOMOCTSIM;



v/ HaIMYMe HEMPOCPOYCHHBIX KIEHM opraHoB ['occTaHiapTa; HalWuYMe HEMOBPEKICHHBIX
TrapaHTUMHBIX KJIEHM 3aBOJIOB-U3TOTOBUTEINIEH;

4 HaJIMYHC I1I0JITHOI'O KOMIIJICKTAa 3a130;101<0171 TEXHUYECKOM AOKYMCHTAIUH.

[Ipubopsl W cpencTBa aBTOMATH3allMHM, HE YAOBIETBOPSIOMIME XOTSA OBl OJHOMY W3
MePEUYHCIICHHBIX TPEOOBaHUM, B CTEHIOBYIO ITPOBEPKY HE MPUHUMAIOT.

CreHzoBas MpOBEPKaA MPEJCTABISACT COOOH KOMIUJIEKC MPOBEPOK OTACIBHBIX XapaKTEPUCTHK U
3JIEMEHTOB TPUOOPOB M CPEACTB aBTOMATHU3AIlMH, HEOOXOMUMBIX I OOHApYKEHHS BO3MOXKHBIX
HEUCTIPABHOCTEH, BBI3BAHHBIX YCIOBUSAMH XpaHEHUS W TPAHCIOPTUPOBKU MPUOOPOB M CPEICTB
aBTOMAaTHU3aI1H.

[Ipu crenmoBO MpOBEpPKE MPOBEPSIOT: IIEIOCTHOCTh AIIEKTPUUECKUX M TPYOHBIX IIEMeEH;
COTMPOTHUBIICHUE H30JIAIIMH; OCHOBHYIO NPHUBEACHHYIO IMOTPEIIHOCTH;, CpaldaThIBAaHUE PETYIUPYIOIIEH
yacTH W TMepeKirovaresieil; paboTy MexaHu3Ma NEepeBHKEHHs IuarpaMMHOM OyMard M KadyecTBO
3aIIMCH.

CreHZI0BYI0 TIPOBEPKY MPOBOASAT CHEIUAIU3UPOBAHHBIC OPraHU3AlUU, BBITOJIHSAIOMINE PAOOTHI
0 Hajajke NpuOOpPOB M CPEACTB aBTOMATH3AallMU, METOJAMHU, MPUHATHIMH B JTHUX OPTaHU3AIUAX C
ydeToM TpeOoBaHWW WHCTPYKIMH [occraHmapra ¥ 3aBOJCKHX MOHTA)XHO-IKCILTyaTallMOHHBIX
MHCTPYKIIMH HA TPUOOPHI U CPEICTBA ABTOMATH3ALIUH.

Bxonsmue B KOMIUIEKT MPUOOPOB M CPEACTB aBTOMATH3AIMH CICIHATBHBIC HHCTPYMEHTHI,
MPUHSATHIE OT 3aKa34MKa, BO3BPAIIAIOT €My MOJHOCTBIO MPU caade padorT.

[IpuHuMaembple TPOBEpPEHHBIC MPUOOPHI W CPEACTBA aBTOMATH3AIlMU  JOJDKHBI  OBITh
MOATOTOBJIEHBl JJI1 JOCTaBKMU K MECTy MOHTa)Ka; IMOABUXKHBIE CHUCTEMBl appETUPOBAHbI;
MPUCOEIMHUTEIIbHBIE YCTPOICTBA 3AIIMIIEHBI OT MONaJAaHus B HUX BJAaru, Ips3u U IbUIN.

[Tpubopsl U cpeacTBa aBTOMATH3AIMM MOTYT OBITH YCTAaHOBIIEHBI TOJBKO IMOCJE MHUCHbMEHHOTO
paspenieHus 3aKa3urKa, rapaHTUPYIOIIETO UX COXPAHHOCTb.

[Tpubops! 1 cpeAcTBa aBTOMATHU3ALMK JTOJDKHBI pa3MENIaThCs MO MPOoeKTy. X MOHTaX MOJKEeH
00€ecTeunTh TOYHOCTh U3MEPEHUH, MPETyCMOTPEHHBIX TACMIOPTaMH, CBOOOIHBIN TOCTYM K prUOOpam u
WX 3alOpHBIM W HACTPOEYHBIM YCTPOWCTBaM (KpaHaMm, BEHTHIISIM, MEPEKII0YATeNIsiM, PYKOSTKam
HACTPOMKH U T. I.).

B Mectax ycraHoBkHM MpHOOPOB U CPEACTB aBTOMATH3allMH, MaJOJOCTYIHBIX AJIi MOHTaxa U
9KCIITyaTallMOHHOTO OOCTYyXUBaHUS, JOJDKHO OBITh 10 Hayala MOHTaKa 3aKOHYEHO COOPY)KEHUE
JIECTHHII, KOJIOAIIEB W TUIOIMIAJOK B COOTBETCTBUU C paOOYMMH YepTeKaMH CTPOUTEIHHOW YacTU
MIPOEKTA.

[Tpubopsk! u cpencTBa aBTOMATH3AUKA MOHTHPYIOT TIPU TEMIIEPATYpPe OKPYXKAIOMIEro BO3IyXa 1
OTHOCHUTEIIbHON BJIQXXHOCTH, OTOBOPEHHBIX B MOHTA)KHO-DKCILTYyaTaIIMOHHBIX MHCTPYKIUSX 3aBOJIOB-
HW3TrOTOBUTEICH.

[Ipuboper u cpeacTBa aBTOMATH3allMM HA HECYIMUX KOHCTPYKIHSIX (CTeHaX, IIHUTaX,
METATIOKOHCTPYKIMSIX, (yHIaMEHTaX HWT. 1.) JOJKHBI 3aKPEIUIAThCS CTaHAAPTHBIMU KpENeKHBIMU
U3JIeTUSIME 0€3 COPBAHHBIX PE3b0, IITUIIEB U TPAHEH ¢ 3aTHKKON Pe3bOOBBIX COCTUHEHUH 10 OTKa3a.

[Tpu Hanuuuu BUOpanuii B MECTaX yCTAHOBKH MPUOOPOB Pe3bOOBHIE COSAMHEHHSI TOJKHBI UMETh
MPUCTIOCOOCHHSI, HUCKIIOYAIOIINE CaMOIIPOU3BOJILHOE WX OTBUHYMBaHWE (MIPYKUHHBIE IAHOBI,
KOHTPTalKH, IIMUIMHTHI U T. 11.).

Kpemnienne npuOopoB W CpeACTB aBTOMATH3allMM HA TEXHOJIOTHYECKOM OOOpYJAOBaHWH U
TpyOOIpOBOIaXx HE JIOJDKHO HApYyIIaTh T€PMETUYHOCTH TPYOOIPOBOMIOB U ammapaTroB, HA KOTOPBIX UX
yCTaHABIWBAIOT. Marepuanabsl MPOKJIATOK W HAOMBOK, HEOOXOAWMBIC TMPH YCTAaHOBKE MPHOOPOB M



CPEACTB aBTOMATH3allMM, AOJDKHBI OBITh MPEIYyCMOTPEHBI NPOEKTOM B COOTBETCTBUU C YCIOBHSIMHU
paboThI MPUOOPOB U CPECTB ABTOMATU3AIUH.

B cenbckox03gHCTBEHHOM MPOU3BOJCTBE HAMOOJIee YaCTO MPUXOAUTCS MOHTHPOBATH MPUOOPHI
Ui WU3MepeHus TemnepaTrypbl. llpm 3TOM HE0O0XOAMMO BBINOJHATH CIEAyIOIIKUE TpeOOBaHUS.
UyBCTBUTENIBHBIE 3JIEMEHTBl JKHUJIKOCTHBIX TEPMOMETPOB, TEPMOCHUTHAJIN3aTOPOB, TEPMOOAIJIOHOB
MaHOMETPUYECKUX TEPMOMETPOB, TEPMOIIAp U TEPMOMETPOB CONPOTUBIIEHUS JOIKHBI pacloyiaratbCs B
LIEHTPE [T0TOKA U3MEPSAEMON Cpebl.

Kanuminsipbl MaHOMETpPUYECKMX TEPMOMETPOB 110 BCEH JJIMHE NPOKIAJKU 3aIIMLIAIOT OT
MEXaHUUYECKUX MOBpexkaAeHuN. KOHCTpyKIMs 3alllUTHOrO yCTPOWCTBA JOJKHA OOEcreYuBaTh JIETKUN
JOCTYI K KallWJUIAPY U1 OCMOTpPA UJIM U3BJIEUEHUS €T0 I PEMOHTA.

Tepmonapbl, TEpPMOMETPHI CONPOTUBJICHUS M TEPMOOAITIOHBI MAHOMETPUYECKUX TEPMOMETPOB
MOXXHO YCTaHAaBIIMBAaTh B MeCTaX, HEIOCTYMHBIX JJIsI IOCTOSHHOTO HAONIOJACHUS, HO CJEIyeT
00s3aTeNIbHO YUYUTHIBATH MPU YCTAaHOBKE MNPUOOPOB BO3MOXHOCTh MX IEPUOJUYECKOTO OCMOTPA,
IPOBEPKH U PEMOHTA.

He nomyckaercs ycraHaBiIMBaTh TEpMOJAT KM B MecTa™*>, MOJBEPKEHHbIX CHIIBHOW BUOpaiu,
BO3/ICHCTBUIO arpecCUBHBIX MAPOB, ra30B, a TAK)KE B MECTaX C MOBBIIEHHOHN BIIA)KHOCTBIO.

Bce BBl TepMOMETpOB M TepMoOIap YCTAHABIMBAIOT Ha TPyOONpOBOAAX M ammaparax Mpu
MOMOIIM yCTPOMCTBA, Ha3zbiBaeMoro O00bimkoi. CyiecTByeT OoJblioe pa3sHooOpa3ue OOOBIIIEK,
[peHA3HAYEHHBIX JJIS1 Pa3HBIX TUIIOB TEPMOMETPOB, TEPMONAP U PA3IMUHBIX CIy4aeB MX YCTAaHOBKH.
BoObIkn  OoTAMYArOTCS JUIMHOW, YIJIOM CKOcCa, pasMepamu pe3bObl. s yCTaHOBKM PTYTHBIX
TEPMOMETPOB NMPUMEHSIIOT TIPSIMbIE U CKOIIEHHBIE 1101 yIiIoM 30 uiu 45° G0OBIIIKY pa3InuHON AJTUHBI C
TpyOHOI IuIMHApUYECKO pe3bboit 3// umu M27x1,5, Tak Kak 3Ty YCTaHOBOYHYIO PE3b0y HMEIOT
CTaHJapTHBIC 3alllUTHBIE OMNpaBbl. J[JIMHY MOJA YIJIOM CKOca OOOBIIMIKM BBIOMPAIOT B 3aBUCHUMOCTH OT
JraMeTpa TpyOonpoBoaa, Ha KOTOPOM YCTaHABIUBAIOT TEPMOMETP, U €T0 JUINHBI.

Jliss MOHTaka TEpMOMETpa COINPOTHBIEHUS W TEPMONAp NPUMEHSIOT MpsMble OOOBIIIKK U
ckomeHHble moa yriaoMm 30 u 45° pa3znuuyHoi AMUHBI ¢ TpyOHOW HMIMHApPUYECKOH pe3pboi 1" wnm
M33x2, Tak Kak 3Ty pe3b0y MMEIOT CTaHJIapTHHIE 3alllUTHBIE YEXJIbI TEPMOMETPOB CONPOTUBICHUS U
tepmomnap. JmuHy GOOBIIIKYA MIJIM YyTOJI €€ CKOoca BRIOMPAIOT TaK ke, KaK M B IpeabayieM cirydae. Jis
YCTAaHOBKHM TEPMOOAIIOHOB MAaHOMETPUYECKUX HCIOJIB3YIOT OOOBIMIKK ¢ TPYOHOM HMIMHIPUYECKOMN
pe3pboit 1 V.)" mnum M48x2, Tak kak 3Ty pe3bOy HMEIOT YCTaHOBOYHbBIE TalKM TepMOOAJIOHOB
MaHOMETPUYECKUX TEPMOMETPOB.

ITomrMoO pa3mMepoB AIMHBI M YIJla CKoca OOOBIIKM pa3iuyaloT MO0 HMX KOHCTPYKTUBHBIM
0COOEHHOCTSIM B 3aBUCHUMOCTH OT JIaBJICHMA, Ha KOTOpOoe OHU paccuuTaHbl. CymecTByloT OOOBIIIKY HA
ycloBHOe JaBieHue 64 krc/cM2 1 GOOBIIIKY Ha BEICOKOE JAaBIICHHE.

[IpoBoga k TepMoAaTyYMKaM MOABOJAT B FMOKHMX IUIAHTaX WM 3alIUTHBIX TpyOax. BropuuHbie
npuOOpbl JUIsl U3MEpPEHHUsl TeMmIepaTypbl MOHTHUPYIOT IJIaBHBIM O0pa3oM Ha IIUTaX M MHOIJA Ha
CHEIHAIbHBIX METaNINYECKUX KOHCTPYKIMSIX B COOTBETCTBUM C MOHTaXXHO-IKCILTyaTallMOHHON
MHCTpPYKLHUEH Ha PUOOp.

TepmogaTynku HEOOXOJUMO YCTAaHABJIMBaTh B MeCTaxX, IJl€ OTCYTCTBYIOT 3aBHXPEHHUS U
BO3MYILIEHUsI TOTOKa H3MepsieMoil cpenpl. IIpakThueckn 5TO 03HA4aeT, YTO MECTO YCTAHOBKH
TEPMOJATUMKA JIOJDKHO HAaXOAWUTHCA OT JPOCCEIBHBIX CONPOTHUBICHUN (3aJBUXKEK, BEHTHUIIEH,
CYXAaloIMX YCTPOWCTB, OOPATHBIX KJIANAHOB M T. J.) HA PACCTOSHUM HE MEHee JIBYX-TPeX JHaMETpOB
TpyOOIIPOBOIOB.

VYcioBre NpaBUIIBHOTO BOCHPHSTHS TEMIEpaTypbl — 3TO yCTaHOBKa TEpMONap B MecTax,
UCKIIIOYAIOMIUX HX JONOJHMUTENbHBIM HAarpeB OT MOCTOPOHHMX HCTOYHMKOB TeIUIOThL. Ecim 3T0 1O
KakMM-JIMOO TpUYMHAM HEBO3MOXXHO, CIEAyeT YCTAaHOBUTh 3allUTHBIA SKpaH WIM HaHECTH



TEIUIOU30JISIIIMI0, YTOObI HA/IEXKHO 3aIlIUTUTh TEPMOMNapy OT BO3AEUCTBUS MOCTOPOHHUX HCTOYHUKOB
TETUIOTHI.

He pexomenmyeTcs ycTaHaBIMBaTh TEPMONAphl B KOJOMAIAX, HHUIIAX M JPYTUX MeECTax, IIe
3aTpyAHEHA [UPKYJISAIHS BO3yXa, TaK KaK IPU 3TOM 3HAYUTEIHHO MOBBIMIACTCA UX HHEPIIUOHHOCTb.

Kpome TOro, mpm ycraHOBKE TEpPMOJATUYMKOB HEOOXOOUMO YUHTHIBATH YCJIOBUS HX
JKCITyaTaluu. PTyTHBIE U KOHTaKTHBIE TEPMOMETPHI CIEAYyeT YCTaHABIMBaTh B MECTax, JOCTYIHBIX
MOCTOSTHHOMY HaOJII0JICHUIO, UMEIOIIUX JTIOCTATOUYHYIO OCBEIIEHHOCTh M MCKIIOYAIOIIUX BO3MOXKHOCTD
CIIy4aifHOrO MEXaHHYECKOTO MOBpexaAeHUs MpruOopoB. TepMomeTpsl HEOOXOAUMO yCTaHABIMBATh Ha
BbicoTe 1,5... 1,8 M OT mosa, a B Tex ciydasX, KOr/la 3TO HEBO3MOXKHO, JIeJaThb COOTBETCTBYIOIIUE
IUTOINAAKH, JIECEHKH U JPYTUe KOHCTPYKIUH, oOecneunBaronme y1o0Hoe HabI0JeHue 3a OKa3aHUsIMU
TEPMOMETPOB.

He cnenyer ycranaBiamBaTh TEPMOMETPHI B HEMOCPEICTBEHHOH OJIM30CTH OT IOJIa, B Y3KHX
poxojax M APYTUX TPYAHOAOCTYIHBIX MECTaX, TaK KaK 3TO 3aTPYAHIET KOHTPOJIb 3a MX MOKa3aHUSIMU
Y 3HAYUTEILHO YBEIMYUBAET BO3MOXKHOCTD CIYy4YailHOTO MEXaHMUYECKOTO MOBPEXKICHUS TPUOOPOB.

[Tocrne BbIMOJMHEHHS BCEX OMNEpaliii MO MOHTaXy oOOpyAoBaHUsA, HPUOOPOB U CPEICTB
ABTOMATU3AIMK OCYIIECTBISIOT MPOBEPKY. [IpaBUiIbHO BHIMOTHEHHBIH MOHTaX JOJDKEH 0OecreunBaTh
COEIMHEHHE BceX MPHOOPOB M CPEICTB aBTOMATH3alUKU B PabOTOCIOCOOHBIE CHCTEMBI KOHTPOJIS,
pETyJIUMpOBaHMsT M YIMPaBICHUS B COOTBETCTBHHM C IPOEKTOM aBTOMATH3allld, a TaKXe OTBEYaTh
cnenuanbHbIM  TpeboBanussM ['OCTa W MOHTaKHO-IPKCIUTYaTallMOHHBIX HMHCTPYKIMHA 3aBOJOB-
W3TOTOBUTEJICH anmaparypsl.

TexHonorus W opraHmzanusi paboOT OJKHBI TPEIyCMaTPUBAaTh COBMEIICHHOE IPOBEACHUE
MOHTa)KHBIX M HaJIaJOYHBIX pabOT, 4TOOBI COKPATUTh CPOKH BBOJIa OOBEKTA B KCILTyaTAIIHIO.

MoHTaX TpUOOPOB U CPEJICTB ABTOMATH3AIMM COCTOUT U3 TPeX CTaJAUM: MPOKIaJKa KabeIbHbIX
U TpyOHBIX KOMaHIHBIX JIMHUI 1O CTPOUTENbHBIM KOHCTPYKIMSAM M 3CTaKajaM; YCTaHOBKA M OOBs3Ka
IIUTOB, MYyJbTOB M IUTATHUBOB B IIOMEIIEHUSX KOHTPOJIbHO-U3MEPUTENBHBIX NPUOOPOB, MOHTAX
UMITYJIbCHBIX Tpacc; 00Bsi3ka mpeoOpasoBareneil. COOTBETCTBEHHO Ha TPU CTaJuM pa30oMBAaOT U
COBMEIICHHYI0 C MOHT@XOM IIPOBEPKY MOHTaXHBIX paboT. Ilo BceM CMOHTHpPOBAHHBIM y3JIlaM W
KOHCTPYKTUBHBIM 3JIEMEHTaM MOHTQXHHKH COCTABIISIIOT TPOTOKOJBI TPOBEPKH COMPOTHUBIICHUS
M30JISIIIMY JIEKTPUUYECKUX U TEPMETHYHOCTH (OIPECCOBKHU) TPYOHBIX JIMHUM.

Ha kaxmoii ctammu MpOBEpKY BBIOJHEHHOTO MOHTa)Xa HAYMHAIOT BHEIIHHM OCMOTPOM:
YCTaHaBJIMBAIOT HAJMYUE MIPOEKTHBIX MApPKUPOBOK KAOETIbHBIX M TPYOHBIX JMHHM, a TaKKe OTAEIbHBIX
nenei Ha npudopax, 3a)KUMHBIX COOpKax, NEPeOOPOUHBIX COEIUHEHHX, COEJUHUTEIbHBIX KOPOOKax U
T. JI.; HATM4Ke TpeOyeMbIX YKJIOHOB MMITYJIbCHBIX JIMHHMIA; HAIWYHE 3allOpHOW apMaTyphl U IUIOIIAJ0K
00CITy’)KHBaHUS; COCTOSTHUE anmnapaTypbl U COSUHUTEIbHBIX JINHUM.

[TpaBUIBHOCTH COCAMHEHUS IIEMEHTOB CUCTEMbI aBTOMATH3AIMH TIPOBEPSIOT JBYMSI METOIAMH.
HenocpencTBeHHO TPOCIIEKHUBAIOT JIEKTPUYSCKHE M TPYOHBIE JIMHUHM, OIpPENeNss NpaBUIBHOCTD
KOMMYTAIIMA DJIEMEHTOB CHCTEMBI W WX B3aMMHOE pACIIOJIOKEHHE, COCTOSHHE JMHHHA Ha BCEM €e
NPOTSDKEHUH, BO3MOXKHBIE DJIEKTPUUYECKHE BIHMSHHAS CO CTOPOHBI COCETHHX IIeTlell. DTOT MeTon
HEMPUMEHUM TIpH OOJIBLIOM YHCIE MapayieIbHO UAYIIUX JIMHUM U Lenel, NPy B3aWMHOM YJaJIeHUH
JJIEMEHTOB CHCTEM.

Bropoii MeTon OCHOBaH Ha MPO3BOHKE AJEKTpUdeckux Ieneid. IIpo3BoHka mpemycmarpuBaer
o0pa3oBaHue EKTPUYECKON LIENH, B KOTOPYIO BXOJAT UCTOYHHUK TOKA M MHIUKATOP, OObEIMHEHHBIC B
KOMOWHHPOBAHHBIN TPUOOP, U TPOBEPSIEMBIN y4acToK 1ienu. KoMOMHMpOBaHHBIN TPUOOP MOAKITIOYAIOT
K IpoBepsieMoi kuiie kKabemnsi MpOBOJIOM C MOMOIIbIO IIyna. B kadecTBe BTOPOro MPOBOJHUKA LEMHU
UCIIONIBL3YIOT KOHTYpP 3a3€MJICHMSI, U3BECTHbBIE >KUJIbI Kalemsl Uiu MpoBoj kryTra. KomMOMHUpOBaHHBIN
npubop OyzaeT naBaTh MOKa3aHUs OTIUYHBIE OT HYJIS B TOM CIIy4yae, €ClId IIyM MOJKII0YeH KO BTOPOMY



KOHIy 3a3€MJICHHOW >Kwibl. [Ipy IpoO3BOHKE pa3BETBICHHBIX LENEH OTKIOYAIOT BCE NMapajlICIIbHBIE
IIPOBO/IA UJIH JKWJIbI, YEPE3 KOTOPBIE MOKET 00PAa30BaThCs AIEKTPUUECKas LIENb B 00X0/] IPOBEPSIEMON.

B npakTuke NpUMEHSAIOT CHelUalbHbIE YCTPOWCTBA Ul IIPO3BOHKU Liened. B kopryc Takoro
YCTPOMCTBA IMOMEILICHBI J1Be OaTapeiku, CiyKallde HCTOYHUKOM IUTAHWS, M JIAMIla HaKaJIWBaHUS.
OxvH U3 TOTIOCOB BBIBEJICH HA IIYTI, @ IPYToil uepe3 THOKUii MPOBOAHUK — Ha 3yOUaThli 3KHM.

W3BeCTHBIN KOHEI IPOBEPSIEMOM KWJIbI MOJKIIOYAIOT K KOHTYPY 3a36MJICHUS WIM U3BECTHOMY
nposoay. IIpn koHTakTe 1Iyna ¢ IpoBepsAEMON KUIJIOH JIaMIIa 3aropacTcs.

IIpu OonbioM o0beMe pabOT MPO3BOHKY LiENEH OCYILECTBIIAIOT /IBa HajaJ4MKa IpPU MTOMOIIU
Tese(pOHHBIX TPYOOK, OJHA M3 KOTOpBIX CHa0XeHa MCTOYHMKOM mnuTaHus. Ilpu oTbickaHMM
IIPOBEPSAEMON KHUJIbI MM MPOBOJIa HAJIAJUMKH CIIBIILIAT 110 00pa3oBaBIlIelics LEnu APYT Apyra.

IIpy pO3BOHKE NIEKTPUUECKUX LENEH B KAYECTBE BTOPOTO IPOBOAA KEJIATEILHO UCII0Ib30BATh
W3BECTHBIM IPOBOJHUK, TaK KAaK IPU HCIIOJIB30BAHWHM B KA4eCTBE IPOBOJHUKA KOHTYpa 3a3€MJICHUS
IPOBEPSAIOUINII HE TapaHTUPOBAH OT OLIMOOK, BBI3BAHHBIX CIy4YallHbIM 3a3€MJIEHUEM KaKHX-1100
JPYTUX XU IPOBOJOB NPOBEPSAEMOI0 Kabessi UIIU JKIyTa.

Ilo oxOH4YaHMM NIPO3BOHKM HaJaJ4UK{ IPOBEPSIIOT COOTBETCTBHE BBIIIOJHEHHOIO MOHTa)Ka
BHEIIHMX II€Ted CXeMaM BHYTPEHHUX COCIUHEHMM MOAKIIOUEHHOW anmaparypbl. Bce HapyleHHBIE
BOBpEMsSI IIPO3BOHKM pPE3bOOBbIE COCIUHEHHUS M KOHTAKThl 110 OKOHYAHWU IIPOBEPKM MOHTaXa
noatsruBatoT. [Ipubopsl, ammapaTypy, COEIMHUTENbHBIE KOPOOKHM W TepeOOpOYHBIE COCIUHEHHS
3aKpBIBAOT KPBIIIKAMU.
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CocrapiieHHe aJITOPUTMA YCTAHOBKHM M MOHTaka NPUOOPOB Ha MYyJIbTaX
Hean padoTsl OCBOUTb IIPUEMBI MOHTa)Ka ITyJIbTOB YIIPaBJICHHUS

3aganue:
1. BuauMarenbHO M3YYHTE U MpOaHAIM3UPYUTE MaTepUal 1Mo Teme.
2. CocraBneHHe aNTOpUTMa YCTAHOBKHU U MOHTa)ka MPUOOPOB Ha MyJIbTaX.
[IynpT ympaBneHuss - 3aKpbITas METALIMYECKass KOHCTPYKIMS B BHJE CTOJNA CIEIHAIBHON
(GopMBbI, Ha KOTOPOM pa3MEIIEeHbl TEXHUYECKHE CPEICTBA AUCTAHIIMOHHOTO KOLI POJI U yIIPaBJICHHUS.
[Tpu HamMumm GOIBIIOrO0 KOJUYECTBA aNMapaTyphl K MyJbTY J00ABIISETCS IUT CUTHATU3AIMNH C
MHEMOCXEMOU YyMpaBJIIEMOr0 Tpolecca. ITOT HIUT MOXKET OBITh HEMOCPEICTBEHHO TMPUCTHIKOBAH K
JUIEBOM YacTH IMyJIbTa JIUOO YCTAHOBJIIEH HA HEKOTOPOM YAaJIE€HUH OT HETO.
Muemocxema TmpeacTaBisieT co0oil yHpOIIEHHYI0 TpaHuecKylo CXeMy TEXHOJIOTHYECKOTO
mporecca B popMalIi30BaHHOM BHUJIE. B 3Ty cxemy BCTpanBaeTcs CBETOCUTHAIBHAS apMaTypa.
luTel ¥ TyNbTH YIPaBICHUS MOTYT OBITh OJHOMAHENbHBIMH, OJHOIIKA(HBIMHU, a TaKKe
MHOTOITaHEIbHBIMIA U MHOTOIKapHBIMA. X TIpOCTpaHCTBEHHAsT KOMIIOHOBKA 3aBHCHT OT KOHKPETHBIX
YCIIOBUM MPOU3BOACTBEHHOI'O MpoIecca, KOJIMYECTBA M BHJA CPEJICTB aBTOMATH3allMM, ynoOCTBa U
0€30MacHOCTH UX OOCITYKHBaHHUSI.
OcHOBHBIE pa0OTHI ITPU MOHTAXKE AJICKTPOIINUTA WU MYJIbTa YIPABICHUS

[Tpu MOHTa)Ke MyJIBTOB BBIOJHSIOT CIEAYIONNE PAOOTHI:
1. TpancnopTrpoBKa naHese K MECTY YCTAaHOBKH.
2.PacmakoBka.

3.CO0opKa METAIITMIECKUX KOHCTPYKIIHH IIIUTA.



4.0OmuHOBKa.

5.MoHTaxk mprOOPOB U aIapaToB.

6.MoHTax NpOBOJIOB Ha MAHEX.

7.MoHTaX KOHTPOJBHBIX Kabeen.

8.Pa3Bo/ika 1 MOAKIIOUEHHUE TIPOBOJIOB U JKMJI KOHTPOJIBHBIX KaOelei.
9.Ilycko-Hanano4Hble paboThI.

Kak npaBuno MOHTaX MPOBOJOB HA MAHENSAX BBINOJHAKT Ha 3aBoje. OQHAKO M Ha MecTe
YCTAHOBKH IIATA 3IEKTPOMOHTEPY MPUXOJUTCS YaCTO MOHTHPOBATH IPOBOJA HA MAHENIX. DTO BbI3BAHO
C BHOCHUMBIMH B TIpPOEKT MOHTa)Xa HM3MEHEHHSIMH, BBI3BAHHBIMU HOBBIMU TPEOOBaHHUSIMH, 3aMEHOM
000pyI0BaHUs U APYTUMU PUYHMHAMH.

[lanenu TpaHCHOPTUPYIOT B BEPTUKAIBLHOM IOJIOKeHUU. 11 ya00CTBa NEPEBO3KU U MOABEMA
OTJENbHBIX TMaHeJel OJIOKOB 3aBOJI CHA0XKAaeT MX MHBEHTAPHBIMH NMPUCTIOCOOIeHUSIMH. VIHBEeHTapHBIC
npucnoco0IeHNsT CBOOOAHOCTOSIIINX MaHeNe W OJOKOB JEMOHTHPYIOT TOCIE€ MX OKOHYATEeIbHOU
YCTaHOBKH, a IPUCIAHHbIX MaHEeIeH U OJIOKOB /10 UX YCTaHOBKHU.

[lanenu TpaHCHOPTUPYIOT B COOTBETCTBMU IOCIIEIOBAaTEIBHOCTH MOHTa)xa. BropuuHbie
npuOOpPHI U anmnaparsl, JOCTABIsSEMbIE OTACIBHO OT MaHeNeH, MOAAI0T HEe IUT TOJIBKO MOCIe OKOHYaHUs
YCTaHOBKM ITaHEIICH.

PacnakoBbIBaTh TaHENM CIEQYeT B 3aKPbHITHIX TMOMEIIEHUSX IIOCIE€ OKOHYaHUs BCEX
CTPOUTENBbHBIX pabOT Ha MecTe UX ycTaHOBKHU. [Ipu pacnakoBke HEOOXOJUMO OCTOPOXKHO, 0€3 Pe3KUxX
yAapOB, BCKPBITH SIITUK, OCBOOOJUTHh TAHENh OT KPEIJICHUH K JHY SIIUKY, CHSATH 3al[UTHBIA Y€XOJI U
JIpyTue YMaKOBOYHBIE MaTEpHANIbl, OCMOTPETh M OYHUCTUTH HAPYXHBIE TOBEPXHOCTH OT MBUIM H
OCTaTKOB YIIaKOBOYHOT'O MaTepHara.

[Ipu ycraHoBke maHenel Haja KaOENbHBIMU KaHAllaMU B CTPOUTEIHHOM OCHOBAHHH JOJIKHBI
OBITH TIPETyCMOTPEHBI CTEIHAFHBIE KOHCTPYKIIMU, HA KOTOPBIE UX YCTAaHABIMBAIOT U Kpemar B 3 — 4
TOYKaX.

DNIEeMEHTHI MyJIbTa PACCTAHABIMBAIOT COTVIACHO MPOEKTY, BEIPABHUBAIOT UX B TOPU3OHTAIILHON U
BEPTUKAJIBHON MOBEPXHOCTSIX.



MoHTaX MIMHOK B ITAHEIISIX YIpaBJICHUA

[lepen nmpokiaakoil MMHOK HEOOXOIMMO BHMMATEIBHO M3YYUTh YEPTEXK HMX PACIIOJIOKEHUS U
KOMIUIEKTOBOYHYIO JIOKyMEHTalM0. [1o uepTexy onpenenstorT MECTO PacloIOKEHUS KaKI0W IIUHKU U
pacKiaibIBalOT MX Y MecTa yCTaHOBKM. KOHIBI IIMHOK M MECTa HX 3aKpEIJIEHMs] B JeprKaTeisix
THIATEIHHO 3aUMIIAIOT U CMA3bIBAIOT TOHKHM CJIOEM Ba3ellnHa.

HaGupator mmHOmep)kaTead Ha  CICNHATbHBIE pEHKH.  YCTaHaBIMBAIOT pEHKH ¢
HIMHOJEpKATeNsIMA Ha BEPXHUE YacTH TOPLEBBIX CTEHOK MaHeNeill. 3aTeM MIMHKH TMPOKIAbIBAOT,
BBIBEPSAIOT U OKOHYATEJIBHO 3aKPEIUISIIOT B JIepKaTesX.

[locne 3akperuieHHMss IIMHOK MX OKpamuBaroT. Eciau IIMHKM JOCTaBiI€HBl C  3aBojJa
MOKpPALIEHHBIMHU, U KPAacKa XOpOILO COXPAaHMIIACh, TO UX HE OKPAILUBAIOT.

[locne OokOHYaHMSI MOHTa)ka M3MEPSIIOT CONPOTUBJICHHE H3OJSALUM IIMHOK MErOMMETPOM Ha
HanpspkeHue 1000 unu 2500 B. 3areM k mIMHKaM MOJKIIIOYAIOT [IPOBOJA OT CEKIIMOHHBIX PYOMIBHUKOB
U KOHTPOJIbHBIE Ka0elu OT IIUTa MOCTOSHHOTO TOKa W MaHeNel LeHTpalbHOoU curnanuzanuu. [IpoBoga
OT MaHeJed 3alUThl U YNPABJICHUS MOJKIOYaTh K IIMHKaM He cienyeT. OHM IMOJCOEIUHSIFOTCS
HaJIaJYUKaMH T0CJIe OKOHYATEIbHON IPOBEPKU MOHTAXA.

[Ipoknanka npoBoI0B Ha EPGOPHUPOBAHHBIX TPOPHIIIX U TOPOKKAX

3TOT Ccrocod MPOKJIAIKKA MPOBOJOB OTHOCUTCS K BUAY MOHTa)Ka C JKECTKHUM KpEIUIEHHEeM, HO
OCHOBAaHHMEM CIIY)KHUT HE TMaHenb, a nepdopupoBaHHble mpodmwim win A0pokkd. [IpoBona
IPOKJIAbIBAIOT MO MPOKJIAJAKAM U3 3JIEKTPOKAPTOHA WIIM JAKOTKAHU, OTAEJSAIOIINM MOTOKH IPOBOOB
OT METAJUINYECKOTo NMepPpOopHUpOBAHHOTO OCHOBaHMA. X KpemsaT K OCHOBAaHUIO MPH MOMOIIH MOJIOCOK-
npsbkek. Bmecre kperuieHns Ha NOTOK MPOBOIOB HAKJIAaAbIBAOT JONOJHUTEIBHYIO H30JIALHUIO.

[lepdopupoBanHble mpodmiIn NPUMEHSIOT B MecTaX TMOKUX CBs3eil (HampuMmep, B MecTax
IIEPEXOJI0OB IOTOKOB IPOBOJOB C HENOJABIKHBIX IIaHENEH Ha IOABWIJKHBIE) M KPEMAT K IaHEIH
3JIEKTPOCBAPKOM.

Ha nepdopupoBaHHBIX JOpPOKKaX BBIIOJHSAIOT OTKPBITYIO OJHOCIONHYIO MPOKJIAJKY IIUPOKHUX
MOTOKOB MpoBOJI0B. [lepdoprpoBaHHbIE JOPOKKH 00XOAATCA OYEHb JIEUIEBO, Ta KAK UX M3TOTaBIMBAIOT
U3 OTXOJOB 3aBOJIOB, MPHUMEHAOIMX AI8 M3AeIMd  OOJbIIOE  KOJIMYECTBO  JIMCTOBOTO
nepdopupoBaHHoro Metamuia. [IpoBosia MOKHO MPOKIAJbIBaTh Ha JOPOKKAaX OTNENbHO OT IaHesed B
MacTepckux. Ha MOHTa)KHOH TUIOIIAKE OCTAETCSl UCTIOJHUTh MOHTAaK — 9TO HAaBECUTh T'OTOBBIE IIOTOKU
IPOBOJIOB, CMOHTHPOBAHHBIE Ha MEPPOPUPOBAHHBIX TOPOIKKAX.

[Tpokstaika mpoBOAOB BO3AYIIHBIMU ITAKETAMH

DTOT crmocod MOHTa)ka OTHOCHTCS K KaTerOpuu CBOOOTHOW MPOKIAIAKU MPOBOJOB. Ero wacro
OPUMEHSIOT TMPU MOHTaXe KOPOTKUX TIOTOKOB (IIPM MOHTaXE IMPOBOJOB, MEPEMBIYEK MEXIY
ONM3CTOSIIMMH Ha TAHENSAX allaparaMyd U mpudopamu, MPH pa3BOAKE MPOBOJIOB M KU KOHTPOIBHBIX
kabeneit).

[Ipokiagka mMpoBOIOB BO3AYIIHBIMU MMAKETAMU UCKIIOYAET TPYAOEMKYIO padOTy MO pa3MeTKa U
CBEpJICHUIO TIAHENeH, CO3/1aeTCs PKOHOMHUS B PACXOJOBAHUU DIIEKTPOKAPTOHA M JAKOTKaHH. Tak Kak
BO3/YIIHBIA ITAKET UMEET HEIOCTATOYHYIO KECTKOCTh, TO JJISi YCTPAHEHUS] ATOTO HEJIOCTATKA MaKeThI
NIPOBOJIOB COOMPAIOT BOKPYT CTAIBHBIX TMPYTKOB MM KPEMAT K HATSHYTHIM OTpPE3KaM CTaJbHOM
MIPOBOJIOKU(CTPYHAM).



Ha xopoTkuxX y4yacTKax MOHTaXX IPOBOJOB BO3IAYLIHBIMU ITAKETaMU COCTOMT W3 Pa3MaTbIBaHUS
IPOBOJOB C OyXTBHl M HMX IMPaBKU, OTMEPHBAHUS M OTPE3aHHUS MPOBOJHUKOB HEOOXOIUMOHN JIMHBI,
KOMILJICKTOBAHUSI HAPE3aHHBIX IPOBOJIOB B MAKET NMPSMOYTOJIBHOM, Yalle Kpyriioi popmMel, 3akperieHue
€ro BPEeMEHHBIMU OaHAaXaMHU M3 H30JIALMOHHOW JIGHTHI, KPEIUICHHS MPOBOJOB B IMMAKETE U CHATHUSA
BpeMEHHbIX Oanaaxel. [IpoBosa B makeTe 3aKpeIuIsIIOT MOHTa)KHOM JIGHTOW ¢ KHOIIKAMHU.

Jns ¢opMUpOBaHMS JUIMHHBIX I1aKETOB IPOBOAOB Ha CTalbHOM MpPYTKE, IPEABAPUTEIIBHO
ClIelyeT M3TOTOBUTH KapKac, CHENAaHHBIM U3 CTaJIBHOIO NMPYTKAa IUAaMETpoB 5 — 6 MM. OTOT Kapkac
W30JIMPYIOT ABYMs CJIOSIMHU JIJAKOTKAHU. 3aroTOBJICHHBIE ITPOBOJA YKJIAbIBAIOT BOKPYT KapKaca TakK 4To
o0pasyeTcs makeT Kpyriaod GOpMbl U 3aKPEIUIAIOT MOJI0CKaMHU-TIPSHKKAMU.
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H3yyenne npaBuj MOHTaXka NPUOOPOB, PeryJIMpYyOUIUX YCTPOHCTB U annmapaTtyphbl ynpaBJieHHs

HA MMTAX U NYJIbTaxX

Heab padoTsl OCBOWUTH IIPUEMBl MOHTaXXa NPUOOPOB, PETYIUPYIOMIUX YCTPOUCTB W
anmapaTypbl yIpaBlieHHs Ha MUTaX U MyJIbTax

3ananue:
1. BHuUMATENbHO U3YYHTE U MPOAHATUIUPYUTE MaTEpPUaI 11O TEME.
2. CocraBneHWe TMpaBUI YCTAaHOBKM W MOHTa)xa MPUOOPOB, PETYIHUPYIOIMUX YCTPOHUCTB U
armaparypsl yIpaBieHUs HA IIUTaX U MyJIbTaX.

Tpe6OBaHI/I${ K YCTaHOBKC HpI/I60pOB, alrrapaToB M HABCCHBLIX JJICKTPOPAAMOIJICMCHTOB.
Tpe6OBaHI/I$I K BbIBOJJaM YCTAHOBJICHHBIX HpI/I60pOB " alapaTroB

[TpuGopsl, annapatel 1 yCTAHOBOYHBIE U3EH (B AaJbHEHIIEM yCTPONHCTBA), a TAKXKe HaBECHbIE
JJIEKTPOPAIUOITEMEHThl (B JajbHEMIIEM 53JE€MEHThI), IOCTaBJIEMble CO IIUTaMH, JIOJKHBI OBITH
YCTaHOBJIEHBI B IIUTE, KAaK [IPaBUIIO, /10 Hayala MOHTa)Ka B HEM 3JIEKTPUUECKUX MPOBOJIOK.

YcTpolicTBa 10JKHBI OBITh 3aKPEIICHbl BHYTPH IIMTA, KaK IPABUIIO, HA TUIIOBBIX KOHCTPYKIIMSX
coopanka CTK 3-19-?0 mo TUmOBBIM MOHTaXHBIM yepTekam cOoprmka CTM 3-19-90 "VcranoBka
anmapatypsl BHyTpH nuToB 1o OCT 36.13-90". Jleranu ajst MOHTa)ka YCTPOMCTB U TIPOBOJIOK JTOJIKHBI
MMETB 3AIIUTHOE METAJUNINYECKOE MTOKPBITHUE.

ITpu HEOOXOIUMOCTH YCTAaHOBKH yCTPOMCTBa, OTCYTCTBYtowIero B coopuuke CTM 3-19-90, ero
3akpersitoT o TM ycTpolicTBa aHaJIOTMYHOM KOHCTPYKLIMHM WM 10 WHAWBHIYAIBHOMY YEpTEXKY,
KOTOPBIA JOJDKEH BXOJIUTH B COCTAB IPOEKTHOM TOKYMEHTALlUU Ha LIUT.

[Ipu ycTaHoBKe yCTPOMCTB B LIUTaX, MEKIY OTKPBITBIMU TOKOBEIYIIMMHU YacTAMHU pa3HbIX (a3
(TIOJISIPHOCTH) PAJOM CTOSLIUX YCTPOMCTB, a TaKKe MEXKIY OTKPBITBIMH TOKOBEAYLUIUMH YacTIMU
YCTPOMCTB M HEU3OJMPOBAHHBIMM METAJUIMYECKMMM YacTSIMHU IIMTOB JOJDKHBI OBITH 0O€CreYeHbl
paccrosiHus He MeHee: 20 MM - 10 TOBEPXHOCTH U30JSUUU U 12 MM - IO BO3AYXY.

[TonoxxeHune ycTpoiCTB B MIUTE JOJKHO COOTBETCTBOBATH TPEOOBAHUSAM TEXHHUUECKUX YCIOBUHN
WJIM NHCTPYKLIMM MO KCILTyaTalluy Ha 3TU YCTPOMCTBA.

YcrpoiicTBa M 3JIEMEHTHI JIOJDKHBI YCTaHABIMBATHCS B IIMTAaX TakK, 4YTOObI HE 3aTpyAHSTH
MOHTa)X COCETHHX YCTPOWCTB WJIM JIEMEHTOB, TAK)Xe HE YXYyIIIAaTh YCIOBUHA UX AKCIUTyaTalluy (CHATHE
KPBILLIEK, JOCTYI K OpraHaM peryJupoBaHuUs U MOACTPOUKH U T.1.).

VYroneauku Y3 wim ckoObsl C3, Ha KOTOPBIX JTOJDKHBI OBITH YCTAHOBJIEHBI YCTPONCTBA C 3aHUM
PUCOEANHEHUEM IPOBOJOB, JOJKHBI ObITh OPUEHTHUPOBAaHbI KPOMKOIl OCHOBHOW mMoOJKHU BBepX. [lpu
YCTaHOBKE YCTPOICTB Ha BYX YroJIbHUKAX WA CKOOAX yKa3aHHOE MPAaBUIIO KACAETCS HUYKHETO U3 HUX.



[Tpubopsl, ycraHaBnmuBaemble Ha (hacaaHBIX MaHeIaxXx W uMmeromue riryouny 300 mm u Oornee,
HE3aBUCHMO OT Macchl, Tu6o maccy 6onee 10 kI, He3aBUCHMO OT ITyOWHBI, JOJDKHBI UMETh MOIJCPKKY
XBOCTOBOM YacCTH.

Hecymue nonnepxuBaiomye KOHCTPYKUMHU JIOJDKHBI OBITh YCTAaHOBJIEHBI B IIIMTE BO BCEX
cllydasix, B TOM YUCIIE U JUIsI TPHOOPOB, MOHTUPYEMBIX Ha OOBEKTE.

[losicustonyie HAAIUCH  OKOJIO YCTPOWMCTB JOJDKHBI OBITh UYETKMMHU W KOHTPAaCTHBIMU,
BBITIOJIHSTHCS KpacuTesieM yepHoro mneeta B pamkax (PIIM mo TY 36.1130-85) na Oymare, maeHKe WiIx
JIpyroi ocHOBe Oenoro (oHa.

[Ipu 3TOM AOIKHBI 00ECIEUNBATHCA SCTETHUHOCTh, YUTAEMOCTh U COXPAHAEMOCTh HaJIHUCEH B
3a/laHHBIX YCIOBUSX IKCIUTyaTalluH, TPAHCIIOPTUPOBAHMSI U XPaHEHUSI.

CopepxaHue HaaMMCEN JOKHO COOTBETCTBOBATH IIPOEKTHOM JTOKYMEHTALIUH.

Hlpudt vagmuceid no F'OCT 26.008-85 u 'OCT 26.020-80.

JlomyckaeTcst Ha/llMCU B paMKax Ie4yaraTh Ha MUIITYIIEH MallluHKeE.

B mmTax, mocraBisieMbIX B padOHBI C TPOMUYECKUM KJIMMATOM, TOSCHSIONINE HAIIUCU
BBIMOJHSIOT HAa YEpHO-0elIoM TMacThKe (JMHOJEyMEe) C TPaBUPOBKOM [0 KOHTPACTHOIO CIIOS;
IPaBUPOBKOI Ha HUKEIMPOBAHHBIX IUIACTUHKAX; (POTOXUMHUYECKUM METO/I0M Ha JIATYHU WJIH aTIOMUHUU
C TOCJHEIyIONIMM TOKPBITUEM JIAKOM WJIM HHBIM CIIOCOOOM, YAOBJIETBOPSAIOIIUM  YCIOBHUSIM
AKCIUTyaTaluu.

BrimonHeHue MOSCHSIOMUX HAIMHCEH y YCTPOWCTB Ha Oymare B INWTaX, IOCTAaBISIEMBIX B
palloHbI C TPOIIUYECKUM KIMMATOM, HE JIOITYCKaeTCsl.

[NosicHstonIME HAANKUCH B IIUTAX, MPEIHA3HAYEHHBIX JUIS MOCTaBKH HA KCIIOPT, JOJKHBI ObITh
BBITIOJTHEHBI Ha SI3bIKE, MPETYCMOTPEHHOM MPOEKTHOMN JOKYMEHTAIMEH U 3aKa3-HaAPSIOM.

[To3unmoHHble 00O3HAYEHHsT YCTPOWCTB W 3JIEMEHTOB BHYTPM IIMTA  BBIMOJHSIOT
mremneneBanueM kpackoil THII® mo TV 29-02-889-88 wnu npyrumu crnocobamMu WM Kpackamw,
YIOBJIETBOPSIIOIIMMHU YCIIOBHSIM 3KCILTyaTallud, TPAaHCIOPTUPOBAHUS M XpaHEHUs, Ha CBOOOJHBIX
MecTaXx KOHCTPYKTHBHBIX JJIEMEHTOB IIUTa B HEMOCPEICTBEHHOH OJIM30CTH OT YCTPOHCTB WM
3JIEMEHTOB.

PaMku, miacTUHBL U T.I. U3JEAHS C HAAMKUCSIMHU BHYTPU LIUTOB 3aKPEIUISIIOT K YCTaHOBOYHBIM
yToJIbHUKAM " ckobam ¢ ycrpoicTBamu o TM3-145-90, TM3-173-90.

MoHTax 371€MeHTOB (pe3UCTOPOB, TUOJOB U T.JI.) PEKOMEHIYETCS BBINOJHATh Ha KJIEMMHBIX
kojonkax K-8 TV 36.1222-84 win Ha neyaTHBIX IJIaTax B COOTBETCTBUU C MPOEKTHOM JOKYyMEHTaIel
u TY Ha 251eMEHTHI.

BbIBOIBI 371€MEHTOB JTOJKHBI OBITh OYMILEHBI OT OKUCHOMW ITUIEHKH, 00TyKEHbI U OT()OPMOBAHBI,
IPY 3TOM PACCTOSHUE OT KOpITyca 3JIEMEHTA /10 U3ruba BhIBO/IA JOJDKHO OBITh HE MEHEe 2 MM, a pajnyc
ruOKu BhIBOJIA HE MeHee 1,5 mm, ecnii B TY Ha dJIeMEeHTHI HET APYTUX YKa3aHUH.

HapamuBanue BBIBOJOB 3JIEMEHTOB, JMOO HMX CKpy4YMBaHHE MeEXAy COO0OW U ¢ >KUJIaMU
IIPOBOJIOB, HE JIOMYCKAaeTCs.

[Ipu maiike >1€MEHTOB PAacCTOSHHE OT MeCTa MalKu J0 KOopIyca dJIeMEHTa JOJDKHO OBITh HE
MeHee 3 MM, ecia B TY Ha 37IeMEHTBI HET IPYTUX YKa3aHUH.

[laiiky MONYNpPOBOJHUKOBBIX AJIEMEHTOB HEOOXOJMMO  BBIIOJHATH C  MPUMEHEHHEM
TEIUIO0TBOJA. B KauecTBe TEIIOOTBOJA PEKOMEHAYETCS MCIIONIb30BaTh MHCTPYMEHT C HalassHHBIMHU
MenHbIMU TyOkamu: 3axuM tumna "Kpokonun", munuer u T.m. (uept. 2). Ilocne maliku TeriooTBon
CHHUMaeTcs He paHee ueM 4yepe3 5 c¢. [Ipm BTOpHUYHON yCTaHOBKE TEIJIOOTBOAA €ro HE0OXOIUMO
JOTIOTHUTEIHHO OXJIaKIaTh HE MeHee 5 C.



| 4
N3 Pucynok 1. [IpuMep yCTaHOBKH paMOK C MOSCHSIOIUMHI HAITUCIMHU
1 - pamka ¢ moscHsoneH Haamucelo; 2 - yroabHuk TK3-246-90; 3 -

WA

- YCTpOMCTBA; 4 - YCTAaHOBOYHBIA YTOJIbHHK (CK00a); 5 - peiika TK3-277-90;
6 - yronsauk Y TK3-292-90

I

|

IIpakTHyeckas padora Ne 41
H3yuyenne npaBuj MOHTA:Ka MUKPOIPOLIECCOPHBIX YCTPOHCTB
Leab padoTsl OCBOUTH IIPUEMBI MOHTa)ka MUKPOTIPOIIECCOPHBIX YCTPOICTB

3ananmne:
1. BuumarenbHO U3y4MTE U NpOAHAIM3UPYUTE MaTepUal 1o TEME.
2. CocraBbTe MiepeueHb NMPaBMl YCTAHOBKH U MOHTa)Ka MUKPOIIPOLIECCOPHBIX YCTPOMCTB.

Texuunueckue cpencrsa ACY TII B Buzie cucteM ¢ MUKPOIIPOLECCOPHBIMU YCTPOMUCTBAMHU B CHITY
UX CJIOXHOCTH O0JIAJAIOT PAIOM OCOOEHHOCTEH, KOTOphIE HEOOXOIMMO YUYUTHIBATh MPU UX MOHTAXKE U
Hanagke. Bce MUKpOMpOIieCCOpHBIE YCTPONCTBA MOCTYMAIOT HA MOHTAX B YK€ FOTOBOM (COOpaHHOM H
OTIIQ)KEHHOM) BHJE, KaK MPaBUJIO, ATO IMIKadHbIE KOHCTPYKIMH, MOHTa)X KOTOPBIX 3aKIIOYAaeTCs B
MPaBUJIIBHON YCTAHOBKE, MEXaHUYECKOM KPEIUJIEHWHU UX K MOy MOMEIIECHUs], MOJBOJAKE HAMPSKEHUS
NMUTaHus, Kabenell CBsI3W C HUCTOYHMKAMU HMHGOPMAIMH W HCHOJHUTEIBHBIMH YCTPOWCTBAMH,
BO3JIYXOBOJIOB OXJIOKJCHUS ammaparypbl. MUKpPOIPOIECCOPHBIE YCTPOICTBA YCTAHABJIMBAIOT B
3aKPBITHIX OTAIIMBAEMBIX TMOMENICHUSAX O€3 TMOBBIIIIEHHOW OMAacCHOCTH, B XOPOIIO OCBEIICHHBIX H
yAOOHBIX JUIsi OOCTy>KHMBaHHS MecTax. JJis HaaeKHOW paboThl MUKPOIPOILIECCOPOB, MOMEIICHUS, KaK
MPaBHII0, 000PYAYIOTCS KoHAUIMoHepaMu. OKpysKarolas cpeia B MOMENIEHUIX He JOHKHA COAepkKaTh
arpeccUBHBIX Ta30B. Bee mikadbl 1 6;10ku 003aTeNBHO MOAEKAT 3a3€MIICHUIO (3aHYJICHUIO).

Bce mkada u Omoku 00s3aTedbHO 3AlUIIAIOT OT BIMUSHUS BHEUTHUX MArHUTHBIX MOJICH.
Bremrnue coenunenus mkadoB v OJIOKOB CUCTEM C MUKPOTIPOIIECCOPHBIMU YCTPOMUCTBAMH BBITTOTHSIIOT
Ka0enmsIMi M JKTyTaMH, MPOKJIAJKa KOTOPHIX JOJKHA oTBedaTh TpeOoBaHmsiM «lIpaBwi ycTpoiicTBa
anekTpoyctanoBok» (ITYD). Ilpudyem mnuTaromme HAMpsSKEHUs, BXOIHBIE CUTHAIBI OT JaTYUKOB M
npeoOpa3oBaresyiell, ¥ BBIXOJHBIE CUTHAJIBI K HCIOJHUTEIHHBIM YCTPOMCTBAM TOCTYMAIOT B IHIKA(BI
4yepe3 pa3Hble KaOEIbHBIC BBOJIBI M IOJKHBI OBITH MPOJIOKEHBI IO Pa3HBIM KaOeIbHBIM KaHaJIaM.

Peneiinple maHenu ymnpaBieHHs BBITOIHEHBI HA dJIEMEHTaX MHEBMOABTOMATHKH, T.K. 0a30BbII
9JIEMEHT YCTPOICTB MTHEBMOABTOMATHKHU TMPEACTABISET COOOM MHEBMAaTHUECKOe penie. Anmaparypy Ha
YCTPOMCTBaX YHU(PUIIMPOBAHHOM CHCTEMBI 3JIEMEHTOB MpuOOpoB mMHeBMoO-aBToMaTuku (YCOIIIIA),
MpeAHa3HAYEHHBIX JUIsI TOCTPOCHMS YIPABISIOIIUX CHUCTEM HENPEPHIBHOTO WM HENPEPHIBHO-
JTUCKPETHOTO JEMCTBHSI, YCTAHABIMBAIOT HA IJIaTax, KOTOPHIE BXOASAT B KOMIUIEKT ITOCTaBKU JIEMEHTOB.
MoHTaxHble MIaThl MPEACTaBISAIOT COOOW TpPU CJIOS OPraHUYECKOro CTEKIa, MEXIY KOTOPBIMU B
orpezeieHHOM Mopsiake (pe3epoBKON WM IITaMIOBKOM OpPraHM30BaHbI pycia, (GOpMHUPYIOIIUE MPU
['epMeTHYHOM COEAMHEHUHU TPEX TUIACTUH KaHAJIbI.



DneMeHTHI 00BIYHO CBS3aHBI C KaHAIAMU Yepe3 paJualbHble OTBEPCTUS KPENeKHbIX HOXeK. [Ipu
HEOOXOMMOCTH HCKJIIOUEHHUS BHYTPEHHEH KOMMYTAIlMM TPUMEHSIOT HOXKH 0€3 paauajibHbBIX
OTBepCTHfI. OTBepCTI/ISI B IIJIaTaX PACIIOJIOKCHBI TaAKUM O6p2130M, 4YTO IO3BOJIAIOT YCTaHaBJIMBATL Ha
ATy JI000W 3JEMEHT WK 00y KOMOMHANNIO d5ieMeHTOB. Bee anementsr YCOIIIIA umerot rHe3ga
¢ pe3p0oii M3 Ha rimyOuHe 5 MM.

IpakTnyeckas padora Ne 42
H3yyeHue mpaBu/J MOHTAKA CHCTEM YNPaBJIeHUS] POMBIILILJIEHHBIMH PO0OTAMU
Leab padoTsl OCBOUTH ITPUEMbI MOHTaKa CUCTEM YIIPABJICHUS IPOMBIIIJICHHBIMUA POOOTaMU

3amanue:
1. BHuUMAaTENbHO U3YYHTE U MPOAHATUIUPYUTE MAaTEpUaI 110 TEME.
2. CocraBpTe TEpEYCHb NMPABHJ YCTAHOBKHM M MOHTa)XKa CHUCTEM YIPABJICHHS MPOMBIIIICHHBIMU
poboTamu.

Jlyis ycTaHOBKM HE0OX0auMO O0ecrHeuuTh coOMoeHne Mep 0e30MacHOCTH, MallMHA JI0JDKHA
paboTath B 30HE, 3alIMIIEHHOW OT IOCTOPOHHETr0 NpPOHUKHOBeHHUsS. [Ipu BbIOOpPE HEOOXOIUMO
ONpEeNIETUTh TpeOyeMblid padoumii pagnyc M KOJMYECTBO OCEH IMOBOPOTAa MAaHUIYJIATOPA, YCIOBUS
AKCIUTyaTallid, MaKCHMAaJbHBIA BEC NEPEHOCUMBIX MPEIMETOB, MEXaHU3M IMOIAOHpPAETCS C y4EeTOM
1esoro psana GakTopos.

DddexTuBHAsS OSKCIUTyaTalus MPOMBIIIICHHBIX pPOOOTOB 3aBHCHT TMPEXKIE BCErO OT HUX
Oe3omacHoll u Oe3aBapuiiHoil paboThl. [loaTOMYy OqHOM K3 cienudUUEeCKUX 0COOCHHOCTEH, ¢ KOTOPOit
MPUXOJIUTCS CTAIKUBATHCS, B IEPBYIO OYEPE/Ib, IPU IKCILTYaTAIlMU MPOMBIIUIEHHBIX POOOTOB, SBISETCS
WX TIOBBIIIEHHAS OMACHOCTbH JJIsi 000pYyI0BaHMs M 0OCTY>KMBAIOIIEro nepcoHana. [Ipu sTom, moOMUMO
TPaIUIIMOHHBIX OMACHOCTEH, MPUCYITUX JTOOOMY TE€XHOJIOTHYECKOMY 000pYI0BAaHUIO, - TPABMUPOBAHUE
JIBUKYITUMHUCS JIEMEHTaMU KOHCTPYKIIHH, MOpakeHHE SIEKTPUUECKUM TOKOM U JIp. - POOOTHI HECYT
PA1 HOBBIX MOTEHIIMATBHBIX HCTOYHUKOB OMTACHOCTEM:

1) MaHUNYJIATOp poOOTa, MPEACTaBISAIONIMNA COOOH MHOTO3BEHHBINI MEXaHM3M, 4acTo
3HAUUTENBHBIX pa3MepoB, 001alal0lUil HECKOJBKUMU CTENEHSIMH MOABMKHOCTH U MEepPEeMEIAoLIUiiCs
C JIOCTaTOYHO BBICOKOM CKOPOCTBIO, MOXKET OKa3aTbCsl B JII000M TOUKe paboyeil 30HbI HEOKUAAHHO JUIS
pabouero, MPUYMHHUB €My BECbMa CEPbE3HYIO TPaBMY, BILUIOTH JJ0 CMEPTEIbHOM;

2) JIBMDKEHUS WM JAEHCTBUHM poOOTa MOTYT OBITH CTOJb CIOXKHBI (OCOOEHHO NMPHU HATUYHH
YCTPOMCTB OUYBCTBJIEHHUS), YTO JAXKE ONEPATOp HE MOXKET YBEPEHHO Mpe/Ioiararb, KAKUMUA OHU OyIyT
B clieAyromnuii MoMmeHT. Hanpumep, "oTKIIOYEHHBIN" Ha MEPBHIN B3TIIAI pOOOT MOXKET BHE3AIMHO 3aKEUb
CBapOYHYIO YTy, HayaTh JBUKEHHE "pyKH", c:kaTh T'yOKHU 3aXBaTHOT'O YCTPOWCTBA U T. I1.;

3) MOBEJICHHE Po0OTa, OMPEACIIAEMOE YIIPABJISIONICH TPOrPpaMMOil 1 KaYeCTBOM SJIEMEHTOB
YCTPOMCTBA yINpaBJICHUS, B Ccly4yae OMIMOOK B MporpamMMe JIMOO cOOEB B MHUKPOCXEMaxX MOXKET CTaTh
BOOOIIIE HEMPEICKa3yeMbIM;

4) MaHUITyJIMPOBaHNE Ha 3HAUYUTEIBHBIX CKOPOCTAX OOBEKTaMH, 00JaJarolIMMU YacTo
OOJBIIMMHU MaccaMH, IPU HEHAJEKHOM HUX YAEpXKaHUHM JIMOO OMMOOYHOM PACKPBITUU 3aXBATHOTO
YCTPOMCTBA MPEACTABISAET OMACHOCTh TPABMUPOBAHUS BBIIMABIIUM O0BEKTOM;



5) BBIHY)KJICHHAas HEOOXOJMMOCTh HAaXOXKJICHHS TIepcoHania B paboyeilt 30HE B
HETOCPEACTBEHHON OJM30CTH OT poOOTa MpU €ro 0O0yYeHUH WM TEXHUYECKOM OOCITYy>KMBAaHUHU PE3KO
IIOBBIIIAECT YPOBEHb ONTACHOCTEH.

IIpakTnueckas padora Ne 43
MoHTaxk peJieiiHbIX YCTAHOBOK - peJie BpeMeHH
Leab padoTsl OCBOUTH ITPUEMbI MOHTAa PEJIEHHBIX YCTAHOBOK - Peie BpEMEHHU

3aganue:
1. BHuUMAaTEnbHO U3YYHTE U MPOAHAUTU3UPYUTE MaTEpUaI IO TEME.
2. CocraBbTe nepeueHb NMPaBUl YCTAHOBKHU U MOHTaXa PENICHHBIX YCTAaHOBOK - peJie BPEMEHH.

YcrpoiicTBo, cpabarbiBaromiee 1Mo (akTy HCTEUSHHs HAa3HAYEHHOTO BPEMEHHOTO HMHTEpBaJa,
Ha3bIBACTCS peJie BPEMEHH — MpHOOp HAmEN MIMPOKOE MPUMEHEHHE B JJCKTPOTEXHHKE, JJIEKTPHKE,
3JIeKTpoHuKe. biaronapst ero MCIojb30BaHUIO B CXEMHBIX PELICHUSAX yHaéTcsl pealu30BbIBaThH Oosee
ruOkue GYHKLIMHU YIPABICHUS PA3JIMYHOM TEXHUKOM U anmaparamMmu.

[Toaxmrouenue peiie BpEMCHH B CXCME YIIPABJICHUS

YCTpolicTBO HEOOXOAWMO TMOJKIOYATh C YYETOM COOTBETCTBHSI MECTa YCTAaHOBKH TEM
YCIIOBUSIM, KakM€ 3asiBJICHbI B TEXHUYECKOM Iacnopre npudopa. Kak npaBuio, MOHTaX MpeArnosaraet
BEPTUKAIBHYIO YCTAaHOBKY NMPHOOpa MPH JIOIMyCKaX OTKIOHEHUS OT BEpTHKAIU He Oosee ueMm Ha 10°.

TemmnepaTypHble TpaHUIBl NOMEIIEHUS, I/le MPEANOoJIaraeTcsi MOHTAaX M SKCIUTyaTalus peine
BpEeMEHH, 0OBIUHO He MpeBblatoT Auana3zox -20°C + 50°C.

VYpoBeHb BIaKHOCTH BO3]lyXa B 30HE MHCTAJULSILIMU MPUOOpa HE JOJDKEH MPEBBIIIATH 3HAYEHUS
80%. OnexkTpuyeckyl cxeMmy, KyJa YyCTaHaBJIMBaeTCs TaiiMep, Ha BpeMsl YCTAaHOBKH CIEIyeT
OTKJIFOYHUTh OT CETEBOTO NMUTAHMS.

Haurpres 2
Kiimii

Harprnes
Kaman |




[Tpubop 11000 KOHCTPYKIMH TPATUIIMOHHO MMEET TEXHUYECKUM IMacIopT, riae oOOo3HaueHa
cXeMa IMOJKIIOYEeHUs. MHOrue TaiMepbl >JIEKTPOHHO-MEXaHMYECKHEe W LU(POBBIE IOMOIHIIOTCS
CXEMOW, HAHECEHHOM HEMOCPEICTBEHHO HAa KOPIyCe M IIOKa3bIBAIOIIEW, KaKk M B KaKoOW
MOCJIEI0BATEIBHOCTH OJKIIOUUTh pelie BPEMEHH.

Knaccnyeckuii BapuaHT MOAKIIIOYCHHUS BBITJIAIUT TaK:

HO,I[KJ'IIO‘ICHI/IC JIMHU HaIIPsHKCHUS Ha KIIEMMBbI ITUTaHUA an60pa

@dazHasi TUHUS 4Yepe3 aBTOMATUYECKUN BBIKIIIOYATENIb COEIUHSETCS C BXOIAHBIM KOHTAKTOM
Harpy3KH pele.

BbIX0/HOM KOHTaKT HAarpy3kd pejie TOIKIIOYaeTCss HEMOCPEICTBEHHO K (a3HOW JMHUU
HarpysKu.

[lo cytn, cxema MNOAKIIOYEHMs] [UIsI OCHOBHOM Macchl HIpHUOOPOB BBICTPAUBAECTCS 110
UJCHTUYHOMY MPUHIMITY: MOAKIIOYEHHE MHUTAaHUS HAa caM NpuOOp M BKIIOUEHUE HArpy3KH uepe3
rpynny KOMMYTHPYEMbIX KOHTAKTOB.

B 3aBucumoctu ot Tumna pene (ogHodaszHble, Tpéx(dasHbie), a TakkKe OT KOHCTPYKTHBHBIX
0COOCHHOCTEH, STUX KOHTAKTHBIX TPYTIT MOXKET OBITh HECKOJIBKO.

IIpakTyeckas padora Ne 44
MoHTax pesieiiHbIX YCTAHOBOK - TEIJIOBOE peJie
Lean padoTsl OCBOMTB IIPHEMBI MOHTAKa PEJICHHBIX YCTAHOBOK - TEILUIOBOE peiie

3aganue:
1. BuauMarTenbHO M3YYHTE U MpOaHAIM3UPYUTE MaTepUal 1Mo Teme.
2. CocraBbTe NIepeyeHb MPABUI YCTAHOBKU M MOHTa)Ka PENEHHBIX YCTAaHOBOK - TETLIOBOE pElie.

Pene Ha3piBaeTcs TEMIOBBIM M3-3a €TI0 MPUHLUIIA JEMCTBHSI, BO MHOI'OM TOJIOOHOTO Ha MPUHIIUIL
paboThl BBIKIIIOYATENSA-aBTOMATa, B KOTOPOM OMMETAJIMYECKHUE IJIACTUHBI, HarpeThle 3JEKTPOTOKOM,
BBIIIOJIHSIFOT PA3pbIB LIETIH U JIaBSIT HA MEXAHNU3M CITyCKa.

Tak kak TemyIoBoe pene B cXeMax TpeOyeTcss MOAKIIYATh 33 MArHUTHBIM ITyCKaTelleM,
OTCYTCTBYET HEOOXOAMMOCTb JIyOiupoBaHHs (YHKIMM KOHTAaKTOpa IOCJIE pa3MblKaHMs Iened B
aBapuiHBIX cilydasx. BeiOOp B Mosib3y Takoi 3allUThl MO3BOJIAET JOCTHYL CYIIECTBEHHOM 3KOHOMHU
MaTepuana JUisl CHWIOBBIX KOHTaKTHBIX Ipynn. Beap ropasno mpomie KOMMYTHPOBaTb Majble TOKH
€MHOM YIIpaBIISIIOIIEH LIENH, YEM pa3phbIBaTh Cpa3y TPU KOHTAKTA M0 BBICOKOM TOKOBOW Harpy3Koi.

[Ipn nonkmoueHun mnpubopa ciaeayeT MOMHHUTb, YTO TEIUIOBBIM peJie CHIJIOBbIE IEMH He
Pa3pbIBAIOTCS HANPSIMYIO, UM MOJIA€TCs YIPABJISIFOIIUN CUTHAII ITPU TIOBBIIIEHUN HATPY30K.

OOBIYHO B KOHCTPYKLIMHU TEIUIOBBIX pejie MPeayCMOTPEHO HaINuKe ABYX KOHTAKTOB:

e HOPMAaJBHO 3aMKHYTOTIO;
® Pa30MKHYTOrO B HOPMAJILHOM ITOJIOKEHUH.
ITocne cpaboTku pene 06a ITUX KOHTAKTa OJTHOBPEMEHHO U3MEHSIOT CBOE MOJIOKEHHUE.

OOBIYHO MOHTaX TEIUIOBOTO pelie OCYIIECTBISETCS BMECT€ C MarHUTHBIM ITyCKaTeJeM,
BBIMOJHSIONIMM COEAMHEHHWE W 3allyCK AJIEKTPOJABHUraTesis. BbImyckaroTcsi Takke M YCTpOICTBa,
YCTaHABIWBAIOIIMECS KaK caMOCTOSTENbHBIA Tprbop Ha DIN-peiike b0 Ha MOHTaXHOW MaHETH —
TPH wmm PTT.



Ecmu y pene TPH mpucyTcTByeT numis mapa BXOIANIUX MOAKIIOYEHUH, (a3 B HEM BCe PaBHO
Tpu. OTKIIOYEHHBIH (Da3HBI MPOBOA BBIXOAWT C IyCKAaTels K JBUTATENI0, MUHYS YCTPOMCTBO.
W3meneHne Toka B 3JIEKTPOMOTOPE MPOUCXOIUT MPOMOPIMOHAIBLHO BO BeeX (pazax, moTomMy JOCTaTOUYHO
BBITIOJIHATH KOHTPOJIb TOJIBKO 34 IBYMS U3 HUX.

Aumf D

NoaToprniit
8380
- ™ 0 o Pyn [ S,
¢ ) -~
o [+2]
| ] |
v al 2
o~ < © TecTwposanne |

Ocranosxa [

[Tomumo 3TOrO, HE MEHEe MHTEPECHA CXEMa IOJICOEIMHEHHUS TEIUIOBOIO pelie MOCPENCTBOM
TOKOBBIX TpaHC()OPMATOPOB, MpEIHA3HAYCHHAs] JJIsi MPUMCHCHUS TMPH TOJIKIIOYCHUH MOITHBIX
JBUTATENICH, HampUMep, TMOJUBOYHBIX CHCTEM KpPYIHBIX (epmepckux xo3sicTB. [Ipu noGaBieHuu B
MUTAIONIYI0 IIeNb TpaHCPopMaATOp CIeAyeT HMMETh B BHUAY NapaMeTp TpaHchopmamnwu, paBHBIH,
Hanpumep, 60/5. 3ToT mapameTp O3HAUYAET, YTO MPH MOCTYIJICHUH Yepe3 MEePBUYHYI0 OOMOTKY TOKa B
60 A, Ha BTOpUYHON OOMOTKE ero BenuunHa Oynaer paBHa 5 A. Mcnonb3oBaHHe TaKOW CXEMbI TTO3BOJIUT
COKpaTUTh pacxoibl Ha NPUOOpETEHHE KOMIUICKTYIOIIUX 03 CHIDKEHHUS OKCILTyaTallhOHHBIX
XapaKTEPUCTHK.
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KpacHbiM 11BETOM Ha cxeMme yKaszaHbl TpaHc(hopMaTopsl TOKa, MOAKIIOYAIOIIUECS K aMIIEpMETPY
U pesie KOHTPOJIS, AJIsi BU3YyaJIbHOTO MPEACTaBICHUS O MPOXOAAIIUX B Ienu npoueccoB. [loaximouenue
TpaHchopMaTopa BEITIOJHIETCS 10 CXEME «3BE3/I0YKa» C OJTHOM OOIIei TOUKOH.



IIpakTnyeckas padora Ne 45
CocTaBJ/ieHHE AJTOPUTMAa MOHTAXKA Ka0eJIbHbIX KAHAJIOB
ean padoTsl OCBOUTH ITPUEMBI MOHTa)Ka KaOeTbHBIX KaHAJIOB

3amanue:
1. BHuUMAaTEnbHO U3YYHTE U MPOAHATU3UPYUTE MaTEpHaI IO TEME.
2. CocraBbTe NepedycHb MPABUII MOHTaXKa KaOeIbHbIX KaHAJIOB.

TpaguuuoHHa nNpoKIazKa 3JIEKTPONPOBOIAKU B JKWIBIX U IPOU3BOACTBEHHBIX ITOMEIIECHUAX
BBIMOJIHSACTCSI  OTKPBITHIM ~ WJIM  CHPSATAaHHBIM  BHYTPU  CTPOMTENBHBIX JJIEMEHTOB  CIIOCOOOM.
Hcnonp3oBaHne CHENMANBHBIX IUIACTHKOBBIX KOPOOOB TO3BOJISIET TOBBICUTH  AJIEKTPUUYECKYIO
0€30MaCHOCTb U YJIyUIIUTh AU3aiH IOMEIIEHUN C OTKPBITOIN POBOIKOM.

OHU U3roTaBIMBAIOTCS BCETa C IJIOCKUM OCHOBaHUEM, KOTOPOE MPEAHA3ZHAUEHO [Tl KPETIJICHUS
K POBHOM IIOBEPXHOCTH CTPOUTEIBHON KOHCTPYKIIHH.

BHewHni BUA oTAENIbHbIX Kabeslb-KaHanoB

YUToObl OKOHYATEIbHAs pa60Ta oTiIn4dajlaCb OJ3CTCTUYHBIM BHJOM, IIO3BOJIsAJIa HAIACKHO
OKCIUTYAaTHUPOBATh JJICKTPOIHCPIUIO U ObLITa mpoBEACHa C MUHHUMAaJIbHOU CTOUMMOCTEIO, HeO6XO,Z[I/IMO
MMOCJICAOBATCIIBHO BBIIIOJIHUTDH YCTBHIPEC ITPOCTHIX IIpaBUJIa:

1. npoaymaTb XO0/J €€ BBIITOJIHCHUA U BOIIJIOTUTH 3aMBICCII IIPOCKTOM Ha 6YM3FC;

2. 3aKYIIUTb HCO6XOI[I/IMOG KOJIMYCCTBO KOMIUICKTYIOIIMX MAaTCpHuajlOoB WU HHCTPYMCHTA,
HOI{O6paB HX O KOHKPETHBIC TEXHUYCCKUEC YCITIOBUA IMTPOKIaIKN MaFI/ICTpaHeﬁ B IOMCHICHUAX

3. HAHECTH TPacChl JINHUN Ha CTPOUTEIbHBIE KOHCTPYKIUY;
4. BBINOJIHUTH MOHTaXKHBIE paOOTHI.
CocraBnenue npoekTa

KauecTBo ero peannzanuu oka3bIBaeT BIMSHHE Ha KOJIMYECTBO U COCTaB HEOOXOAMMBIX 3aKYIOK
U TPYJ03aTpaThl MPU MPOBEJECHUH MOHTa)Ka, YTO CHJIBHO BIIMSIET HAa CPOKU BBIIOJIHEHHUS pabdOT M UX
CTOMMOCTb. [10 3TUM IIpUYMHAM COCTABIICHHUE IIPOEKTA ABJISECTCS BaXKHBIM U OTBETCTBEHHBIM MOMEHTOM,
XOTS OT/ICTIBHBIC BIIAAEIBIBI UM IPEHEOPETatoT, TOMyCcKas pa3InyHbIe OIMINOKY.

B nomamHux ycioBusiX MPOEKT MOHTaXa Kabenb-kaHayoB u3 [IBX BHojgHe MOXHO BBITOJHHUTD
YEepHOBHIM BAPHAHTOM Ha MPOCTHIX JIUCTaX Oymaru. I 1aBHOe BHUMaHUE cielyeT 00paTUTh Ha TOYHOCTH
IUIaHA U HAHOCUMBIX Ha HETO U3MEPEHUI, KOTOPbIE MOKHO BBINOJIHUTH OOBIKHOBEHHOU PYJIETKOM.



CocTaBnarh miaaH HEOOXOAMMO Kak IMPHU MEPBOHAYAIHLHOM CTPOUTENHCTBE, TaK U BO BpPEMS
OUYEPETHBIX PEKOHCTPYKIHSIX TOMEIIEHUH HITH T0pa00TKaX AIEKTPUIECKON CXEMBI.

IlocnemoBaTeaIbHOCTH COCTABICHUS IMPOCKTA

1. orpeziefieHue Ha CTPOUTENBHBIX KOHCTPYKLUUNH MECT PAacIoJIOKEHHsS] KOMMYTAI[MOHHBIX
3JIEMEHTOB (BBIKIIFOUATENIeH, pO3ETOK, PaCIPEIEIUTEIbHBIX KOPOOOK) U MOTpeOUTENeH 2IEKTPOIHEPTUH,
BKJIIOYAsi CBETHJIbHUKH, IEPEHOCHBIE U CTAllUOHAPHBIE AIEKTPUUYECKUE TPUOOPHI;

2. IJIAHUPOBAHUE MArucCTpaJied CHJIOBOM JJIEKTPOIPOBOAKH, KOMIIBIOTEPHBIX CETEH U
CIa0OTOYHBIX IEMel, ompeneneHrue 00X0Aa BO3MOXHBIX KPUTHYECKHX Tpacc BOKPYT BOJIO—H
ra3onpoBOJIOB, CUCTEM 000rpeBa U KaHAIU3ALUH;

3. COCTaBJICHHEC Ha 6yMare 9CKH30B KOMHAT U HAHCCCHUC Ha HHUX CINIAHMPOBAHHBLIX MCCT C
0003HaYEeHUEM pPasMCpPOB, IMO3BOJIOIIHUX PaACCUYUTATD HOTpC6HOCTb B MaTcpuajiax.

B xoze mianupoBaHusi HEOOXOAUMO YETKO OINPEIENIUTh!
® MECTa MOHTa)Ka OKOHEYHBIX YCTPOMCTB IEKTPOIPOBOAKH;

L4 KOH(i)I/II‘ypaI_[I/IIO MapaipyToB Ka0elb-KaHaJo0B K HUM, BBIIIOJIHACMBIX IIO0 CTCHAM, IIOJIY
HJIN NIOTOJIKY,

e cocraB kKa0eyel ¥ MPOBOJIOB VIS KaXJIOTO COCIMHHUTEIBHOTO yUacTKa U MX MOIEPEYHOEC
CCUEHHE;

¢ [POTAKCHHOCTDb BCEH TpacChbl U 000ro ee QJICMCHTA,

L4 ﬂH3aﬁHepCKHC 3aMBbICJIbI HHTEPbEPA.

HO,Z[60p KOMIUICKTYIOIINX MAaTCPUAJIOB U UHCTPYMCHTA

K sTOMy 3Tanmy mpucTynaroT MOCIE TOrO, KaK IOJHOCTBIO PEIIEHBI BONPOCHl IpoekTa. MHaue
MOSIBSITCS] OLIMOKH, CBSI3aHHBIE C MOTEPEN MaTepUaIbHBIX CPEICTB.

B ciyuae mapanienbHO# MPOKIIaJKKW HECKOJIBKMX KaOenel BhIOMpaeTcs KOHCTPYKILHUS KOpooa,
COOTBETCTBYIOIIETO MX pa3MepaMm B MONEPEYHOM ce4eHHUU. [Ipu 3TOM yuuTHIBAIOT, YTO JOIYCKAETCs
MPOKJIAJKa 3JIEKTPUUYECKHX MPOBOJOB M CIA0OTOYHBIX IleNel B OJHOM Kabenb-KaHaje, KOTOPbI
pa3zeineH CueluaIbHbIMK IEPErOPOIKaAMH.

Jns kperuieHHsT Ha OOJBIIMX TMPOJETax MEXAY OINOpaMHu JIydlle MOAXOIUT KOH(UTrypauus
Y3KOTO JIOTKAa C BBICOKMM KpasiMH, 4eM IIHpOKas (opMa C HU3KMMU CTEHKaMHU MOTOMY, YTO MOXKET
BBIJICPXKUBATh 4yTh OoJbIIKe Harpy3ku. Ho B 3TOM citydae TpyHee yKiIapIBaTh KaOeu.

Ha ocHOBe cxeMbl IpoOeKTa ONpeneNsioTcs MOTpeOHble BHYTPEHHHE rabaputhl KOpoOOB Juis
KaXJI0Or0 ydacTKa M JeJaeTcs MX pa3JelieHMe Ha OCHOBHbIE M OTBETBUTENbHBIE C MEHBUIMMHU
ceueHUsIMH. COOTBETCTBEHHO, PACCUUTBIBAETCS MPOTSHKEHHOCTh KaXJ10T0 MPOQUIIS.



Kabenb-kananer 3 [IBX cHaGxkaroTcs JOMOTHUTEIBLHBIMU aKceccyapamu, 00ecTieUnBaONUMU
3aKpeIICHUE B HHUX OJJIEKTPONPOBOJKU OMPEACICHHBIMA CIIOCO0AMH W TMPOKIAIKY TpPacc TOJ
paSJII/I‘-IHBIMI/I yI‘JIaMI/I, erHJIeHI/Ie KOpHYCOB BCCBO3MOXHBIX pO3CTOK nu BBIKJIIOaneHefI.

Akceccyapbl kabenb KaHan0B
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MHorue kabenb-KaHaJdbl HMEKT MPUCHOCOOJIECHUs JUIsI BCTPOCHHOTO MOHTaXXa PO3ETOK H
BBIKJIFOUATEsIeH Hapy>KHOM yCTaHOBKH. DTO HE TOJIbKO obJieryaeT paboTy, HO U KPaCUBO CMOTPHTCH.

PaguanbHo ycraHaBiIMBacMble BCTaBKU 3allULIAIOT IPOBOJIKY OT MEXAHUUYECKUX BO3AECHCTBUN Ha
CTBIKaxX CT€H, IPUJIAI0T KOHCTPYKIMH OOJIBILIYIO IPOYHOCTh. KpenexHble MIaHKU MO3BOJISIOT JOOUTHCS
IUIOTHOTO TpUJIETaHUsl BHYTPEHHEW MOBEPXHOCTH KPBIIKU K KopoOy. KonmmuecTBo Bcex MoKymaeMmbIX
JeTaneid He00X0AUMO PACCUUTATh [10CIIE COCTABICHUS IPOEKTA 10 IOX0Ja B Mara3uH.

[Ipy 5TOM Ba)XHO M3Yy4HTh MPEAIAracMyr MNPOAYKLIHUIO OT HECKOJIBKHUX IPOU3BOJIUTENEH H
BbIOpaTh Haubosiee MOAXOIAIIYI0 MO TEXHHYECKUM MapameTpaM M jau3aifHy. OCHOBHOE BHHUMaHME
oOpariaiiTe He TOJIBKO HA COCTOSTHUE LIEIOCTHOCTH TOPLIOB M MMOBEPXHOCTEN, HO U pabOTy 3aMKOB.

OtnenbHble KaOenb-KaHaIbl BBIMYCKAKOTCS € MOJATOTOBJICHHBIMU OTBEPCTUSIMH, HMEIOIIUMU
OBaJIbHYIO (GopMy ISl KperuieHus: K creHe. OHM MO3BOJISIIOT HEMHOI'O CABHUIaTh KOPIYC B OCEBOM
HAIpaBJIEHUU TPH MOHTa)XX€ IOCJE YCTAHOBKHM KPEIUIEHHS /10 OKOHYATEJbHOM (PUKCAMM 3aTSKHBIX
CaMOpE30B.

CHGHI/IaHI)HI)IG KOHCTPYKIHUH Ka0eL-KaHaJIoB MOT'YT MOHTHPOBATLCA JAXKE BHYTPU 3aJIMBHBIX
ITIOJIOB.

Ilo cremeHsaM 3amIuThI YCTaHOBJICHHOT'O Ka0est KOHCTPYKI U K0p06OB moApa3aACIIAOTCA Ha
KJIaCCHhI:

IP 00 — xorma Bce 37eMEHTHI BBIITOJIHEHBI TIPSIMOW JIMHUEH W HE 3aKPBITHI KPBIITKAMH,
IP 20 —mpsimast Tpacca BhIOTHEHA TepPOPUPOBAHHON OCHOBOH H 3aKPBITA KPBIIIKAMHU;
IP 40 — npsimble MarucTpaiu u3 HeneppoOpUPOBaHHBIX FJTEMEHTOB, 3aKPBITHIE KPIIIKAMU;

IP 44 — 10 xe, uto u mpu [P 40, HO ¢ KCMONTB30BAHUEM JTOTIOTHUTEILHOTO OaHIAkKa HA KAXKIOM
COCIMHUTEIIbHOM 3JIEMEHTE, 3aKPBITOM KPBILIKAMH.

Cnoco0  3akperieHHss KopoOa IIypynmaMd HE  SBISETCS  €JUHCTBEHHBIM. MOXKHO
BOCTIOJIb30BaThC:



L] CTpOI/ITeJIBHBIM ITMCTOJICTOM,
® KJEEBLIMH COCTAaBaMHU;
®  KJEAUICHCS ABYXCTOPOHHEU JIEHTOM.

Kakoii #3 HUX Jydnie MNOAXOAMT IJIsl KOHKPETHBIX YCJIOBHH CJIENYET OIpPENEATh
uHAuBUAYyanbHO. OJHaKo, NMPH BBINOJHEHUM Tpacc KaOelab-KaHAJOB BHYTPHM JoOMa ObICTpee BCEro
MOHTa)X IIPOU3BOJIUTCS CTPOUTENBLHBIM IIKCTOJIETOM. Mcnonbp3oBanue Arodenel 1 caMope3oB CBSI3aHO CO
CBEpJICHHUEM. A KpEeIJICHHE KJIEeBbIMH COCTaBaMHU PEKOMEHYETCs Il HEOOIBLINX YYacTKOB.

[TockonbKy OTHENbHBIE KOHCTPYKIIMH KOPOOOB MOTYT pacIioyiaraThbCsi MEXKAY BEPTHKAIBHBIMH
CTBIKAMH CTEH WJIM HCIIOJIB30BaThCS B KAueCTBE MOTOJOYHBIX JIMOO HAIMOJBHBIX IIMHTYCOB, TO HX
W3rOTaBIMBAIOT (OPMOH, OMM3KOH K TpeyroiabHHKY. [Ipyrue e KaOenb-KaHAIbl, MOHTHPyEMbIE Ha
pacCcTOSIHUM OT TEPIEHAUKYISIPHBIX TMMOBEPXHOCTEH, CO3MAIOTCS C MPSAMOYTOJBHBIM TMpoduiaemM WiIn
OJIM3KUM K HEMY.

I[IBX wMatepuan oO0nagaer ONpPEAENCHHONH MPOYHOCTBIO U XOpPOIIEH HKCIUTyaTallMOHHON
CTOMKOCTBIO. B TO e BpeMs OH JOCTyNeH sl 00pabOTKM OOBIYHBIMU PEXYIIUMH MHCTPYMEHTAMHU:
HOXKaMM M MWIAMHU C MEJIKUMH 3yObsSMH, CBEpJaMM, YCHJICHHBIMH HOKHHUIIAMHU, KOTOPbIE HUMEIOTCS B
apceHase MPaKTUYECKH Y KaX10ro JOMAIIHEro MacTepa.

B npopmaxe mnpencTaBiIeHbl CHENHMAIM3HMPOBAHHBIC MPUCTIOCOOJICHUS, NpPEIHA3HAYCHHBIE IS
0ojiee Ka4eCTBEHHOTO U OBICTPOrO BBIMOJIHEHUS BBIPE30B, PA3METKH, CTBIKOBKM IPUJIETAIOIINX
noBepxHocTed. Ecnm 1uraHupyercs OONbIION 00beM MOHTa)Xa, TO TaKOW HMHCTPYMEHT 3HAYUTEIHHO
o0neruut pabdory.

Pasmerounsie pa6OTLI Ha CTPOUTCIIbHBIX KOHCTPYKIUAX

KauectBo Pa3sMETKH OIpcaACIsACT 3CTETUYCCKUMN BUJ CO6paHHOI‘ 0 ka0enb-KaHalla U BCETO
IIOMCIICHHUA B IICJIOM. HO3TOMy OTHOCHUTHCA K €€ HAHCCCHUTIO CIICAYCT OTBCTCTBCHHO.

Pa3mMerka Tpaccbl kabenb-kaHana

N

http://electrik.info/ |

CMoHTHpOBaHHBIE KOpOOa OTJIIMYHO CMOTPSTCA Ha HAEaJbHO CILUITAHUPOBAHHBIX MOBEPXHOCTSX.
Ecnu Ha cTeHax nMeroTcs HeOOJbIINE HEPOBHOCTH, TO UX MOXHO BU3YaJIbHO CIJIAIUTh 3a CYET NMporuda
[IBX maTepuanaoB U yBEIUYECHHS YaCTOThI KPEMEKHBIX JJIEMEHTOB.



Cepbe3Hble Ae(eKTbl UCKPUBICHHBIX CTEH CO3/JayT MpPOOJEMBbl NPH MOHTaXe, HE IMO3BOJAT
BBINOJIHUTH paboTy kpacuBo. I103TOMy uX Jydiie BHIPOBHATH 3apaHee.

UTo0Bl CHPOEKTUPOBATH JIMHUM CTPOrO B TOPU30HTAIBHOM U BEPTHKAIBHON IUIOCKOCTSX
HEOOXOIMMO HCIOJBb30BaTh YPOBHU U OTBeChl. CTpPOWTENbHBIC IIHYPHI, Ja3epHbIe HHUBEIUPHI,
UH(paKpacHbIe YKa3KH MO3BOJIAIOT BBIIOJIHUTH Pa3METKy OBICTPO ¢ BBICOKMM KadecTBOM. [lonpoOHee
00 3TOM cMoTpuTe 37ech: Kak BbINONHAETCS pa3MeTKa TP MOHTAXe JIEKTPOIPOBOIKU

Ecnn npu pazMeTke paccMaTpuBajioCh HECKOJIbKO BAPHUAHTOB PACIOJIOKEHHsT MarucTpaiei, To
OKOHYATeIbHO BbIOpaHHAs JIMHMS JOJKHA BBLIENATHCS OT OCTAlbHBIX IIMPUHONW WM LBeTOM. MHaue
IIPY CBEPJICHUU OBEPXHOCTEH MOTYT BO3HUKHYTh OIINOKHU.

Texnonornueckue ocobeHHocTr MoHTaxka [IBX kopoO cocraBmisieTcst U3 IBYX 4acTei:
1. IJIJACTUKOBOI'O KOPITyCa, IPUKPEILIIEMOI0 K CTPOUTENBHOW KOHCTPYKLINH;
2. KPBIIIKH, 3aKPIBAIOIICH MPOBOJA U BCTABISIEMOM B 3aMKH KOPOOKHU.

[Ipn MOHTake BHAYaje 3aKpPEIUISIOT KOopoOa Ha CTeHaX, MOJy WM IMOTOJKEe, 3aTéM B HHX
YKJIa/IbIBAIOT IIPOBOJIKY U IIOCJIE 3TOT0 3aKPhIBAIOT ChEMHBIE KPBIILIKH.

CranpmapTHas JyMHA 3aBOJICKOTO Ka0elb-KaHalla B COCTaBE ITHX Pa3beMHBIX YacTei paBHA IByM
meTpaM. Korza ee He xBaTaer, TO 04epeHON KOPILYC IPOCTO MPUCTHIKOBBIBAIOT K Npeabiayuiemy. Ecnu
*e oOpasyercs M3JIMLIEK NPOTSKEHHOCTH, TO 3arOTOBKY KOpIlyca BMECTE C KpBIIIKOW 00pe3aroT IO
HY>KHOMY pa3Mmepy.

PoBHBIE CTBIKM MOJKHO IIOJIyYWTh BBIIWJIMBAs YIJbl B CIELUAIbHBIX YrOJIbHHKaxXx. MHorue
MacTepa o0pe3aroT 3arOoTOBKH AJIEKTPUUYECKMMM HOXOBKaMHU-1003MKamMu win Oonrapkamu. Ilpu stom
NOJy4aroTcs O4YeHb YETKHE Cpe3bl, HO 00pa3yeTrcs MHOrO IUIacCTMKOBOM mbliu. OT ee momajaHus B
OpraHM3M IPUJIETCS 3aIIUINATBCA OYKAaMH M PECIHpATOpaMH, a C IM0Ja M OKPYKAIOIIHUX IPEIMETOB
notpedyercst youparb BpyUHYIO TPSIKON WU IBIJIECOCOM.

[locne BhlIlycka ¢ 3aBoja IUIACTUKOBAs KOHCTPYKLUS TOJBEPracTcsi MHOTOYHUCICHHBIM
TPAHCIIOPTUPOBKAM U XPAHEHUIO B pPa3HbIX MECTaX, YTO HE BCEr/a COOTBETCTBYET €€ COXPaHHOCTH.
HedexTsl oT HEOpeKHOTo oOOpalieHusi MPOSBIAIOTCS TpPEUMHAMU M CKoJlaMH Ha OOKOBBIX
noBepxHocTsAX. I[loaToMy MX Hago ocmaTpuBaTh M BBIPAaBHUBATh O YCTAHOBKM Ha CTPOUTENIbHBIE

KOHCTPYKLUH.

lMogroroBsuresibHblIe paboTbi
CBepnieHne CTeHbl

HAdroben

O6pe3xka KpoMOK
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Ha creikax creH HampaBiieHHe KaOeib-KaHala u3MeHseTcs poBHO Ha 90 rpamycoB. UToObI
BBITIOJTHUTH ATOT MOBOPOT JOIMYCKAETCsI TOJIpe3ka OOKOBBIX CTOPOH KOPITyca C KPBIIIKOW Ha TOBOPOTaX
n I/ISFI/I6 B HY’KHOM HaIIpaBJICHHUU. B Takux mecrax MHOro BPCMCHH YXOOUT Ha KAYCCTBCHHYIO CTBIKOBKY
netanedt. CrienuanbHble KPBIIMIKA U3 KOMIDICKTa aKCecCyapoB KPAacHBO 3aKPHIBAIOT MPOOJIIEMHBIE MECTa
Y TIO3BOJISIIOT BBITIOTHSATH pab0OTy OBICTPO.

Kopniyca mon HeGomnbIme c1aboTouHbIe KaOeau BBIMYCKAIOTCS CO CIUIONIHBIMH CTEHKaMu 0e3
KPENEe)KHBIX OTBEPCTHH, HCHOJB3YIOTCS [UIsl KJIEeBOro KperulieHus. Eciau miuaHupyeTrcs MOHTax
arypynamy, TO T[OJ HHUX JIydllle paccBEpiuTh OTBepcTUs 3apaHee. Hamoxkenue kopoba c
MOJIFOTOBJICHHBIMH OTBEPCTUSIMU MPU pa3METKe Ha CTEHY MO3BOJUT TOYHO HAMETHUTh MECTa CBEPJICHUS
U COBMECTUTH CAMOPE3 C YCTAHOBJICHHBIM B CTE€HE JI00€IIeM.

Kpennienre kopmycoB KOpOOOB M paclpelesInTeIbHBIX KOPOOOK MOCPEICTBOM CTPOUTEIHHOTO
MUCTOJIETA CIICAYET BBITIOJHATH Yepe3 3apaHee MoAroToBIeHHbIe oTBepcTHs B [IBX-kopmyce.

KpenneHnune kabenb-xkaHanoB
CTPOMUTE/IbHBIM ra30BbIM MUCTOIETOM

MogroroBka lNMpucrpenka

NMpaBnnbHO TpewuHa Kopnyca
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KagecTBeHHast milacTMacca CKOpee BCETO MOXET HE pacTpecKaThcs OT BBICTpeNa MPsSMO B
IJIAaCTUK U BBIACPKUT €T0 YCHUIIMA, a BBIIIOJIHCHHAA HAXKE C HeOOIBIIINMU HAapyHICHUAMU TCXHOJIOI'MH
JacT MIyOOKHE TPEIIMHBI UM BOOOIIIE JIOITHET.

Korma BHyTpum kopoOa pacrmonaraercs HECKOIBKO KaOeleld M TPOBOAOB, TO HX CIEAyeT
AaKKypaTHO YyKJIaJbIBaTh MapalIeIbHBIMU pPSIaMU [0 CBOMM HHIIAM W 3aKPEIUIATh KpENeKHBIMU
MEepEeMbIYKaMH, PaclOpKaMy WM CBSI3bIBATh 4Yepe3 Kaxable MOoJIMeTpa. Bce 3TH 3JIeMEHTHI MOXKHO
npuodpecty B Marazuae. OHM UMEIOTCSI B KOMITIEKTE aKCECCyapoB.

Marepuan cTeHbI BIUSET Ha CIOCO0 KperieHus Kadeab-KaHalla K HeH CIeAyIOIIIM 00pa3oM:
1. JEpeBSIHHAS] KOHCTPYKIIHS MTO3BOJISIET BBOPAUMBATH B He€ OOBIKHOBEHHBIE IITyPYTIBL;

2. KHpIINY, OCTOH U KaMEHb TpC6YIOT IpeABAPUTCIIBHOTO CBEPJICHUA THE3 A IO I[IO6€JI$I nin
HCIIOJIL30BAHUC CTPOUTCIIBHOI'O IMUCTOJICTA,

3. TIBX-nmanenu, runcokaptoH u Jucthl ¢anepsl uau JICII Moryt BeIIEpKHUBAaTh TOJBKO
CrienaIbHbIE KOHCTPYKIIMH BBOPAUYUBACMBIX TPUCTIOCOOICHHH B (hopme 0aboUeK;



4. MecTa, IJ€ CBepieHHuE U YriayOiieHHe B CTEHY HEBO3MOXKHO, MAOIYCKAalOT TOJIBKO
3aKpEIUICHUE KIIEEBBIM COCTaBOM MJIM ABYXCTOPOHHEW KIIESILEH JIEHTOM.

B otTmenpHBIX CiIydasXx MOXHO HAJETh MOJATOTOBJICHHBIH KOpPOO KOPOTKOW JJIMHBI Ha YkKe
3aKpeIICHHBIA KaOelb.

YcraHoBka kabenb-kaHana 6e3 kpenneHus
K CTPOUTENNbHON KOHCTPYKUNMN
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Brinonnennas KOHCTPYKIHA KaOenb-KaHaia JOJIDKHa O6J'I8.I[aTLZ

® CTOMKOCTBHIO K MEXaHHYECKHUM BO3ACHCTBHIM;

® HaJEKHOMU 3alIUTON KaOes;

® JIOCTYITHOCTHIO PEKOHCTPYKITUH JIJISl IIPOBEACHUS JJOPAOOTOK IIEKTPHISCKON CXEMBI;
® CpPaBHUTEIBHO HEBBICOKOM CTOMMOCTHIO.

IIpakTnyeckas padora Ne 46
OdopmieHne c1aTOYHON JOKYMEHTALMH IIPH MOHTAMXKe
Heab padoTsl OCBOUTH IpaBmiIa 0(OPMIICHHS CJATOYHON JOKYMEHTAIIUH ITPH MOHTaXe

3aganue:
1. BHuUMAaTENbHO U3YYHTE U MPOAHATUIUPYUTE MaTEepUa IO TEME.
2. CocraBbpTe TiepeueHb MpaBmi 0pOpPMIICHHS CIaTOYHON JTOKYMEHTAIIMHA TPU MOHTAXE.

1. OOmue ¢GopMBl NPUEMOCHATOYHOM JOKYMEHTAI[MM OTPa)XXaloT OCHOBHBIE  3TaIlbl
AIEKTPOMOHTaXHBIX padoT, kotopeie onpeaenensl CHull 3.05.06-85, k o0umm dhopMaM TOKyMEHTOB
OTHOCSTCS:

a) BEIOMOCTb TEXHHYECKOH JOKYMEHTAIlMH, TPEIbSIBIIEMOW TPH  clIade-TipueMKe
AJIEKTPOMOHTAXKHBIX padoT (dhopma 1);

0) aKT TEXHUYECKOW TOTOBHOCTH AJIEKTPOMOHTAXHBIX padboT (dhopma 2);

B) BEJIOMOCTh M3MEHEHHI M OTCTYTUICHHH OT mipoekTa (popma 3);

I) BEAOMOCTh 3JEKTPOMOHTAXHBIX HEMOAETOK, HE MPENATCTBYIOUMX KOMILJIEKCHOMY
ornpoboBanuto (hopma 4);

) aKT IpUEMKH-TIepeiaun 000pynoBanus B MOHTax (popma OC-15);

€) aKT 0 BBIABJICHHBIX Jedekrax obopynosanus (popma OC-16);

) BEZIOMOCTh CMOHTHPOBAHHOTO 3JIEKTpoobopynoBanus (hopma 5);



3) aKT TOTOBHOCTH CTPOUTEIBHOM YacTH TIOMEIICHHH (COOpPYXEHHI) K IPOU3BOJICTBY
AIIEKTPOMOHTAXHBIX paboT (popma 6).

2. CnpaBka O JMKBHUJAIMU HEJOJEIOK B COCTAaB TEXHUYECKOW JAOKYMEHTAIMM HE BXOAUT U
nepeaeTcs 3aKa3unuKy OTaeNbHO (popma 6 a).

3. Texuuueckas JOKyYMEHTalUss 1O  ClHade-TIPpUEMKE  DBJICKTPOMOHTAXHBIX  pador,
CKOMIUIEKTOBaHHas 1Mo ¢opMe | COBMECTHO C aKTOM TEXHHUYECKOW TOTOBHOCTU 3JIEKTPOMOHTAXKHBIX
pabot (dopma 2), mepemaercs TEHNOAPATUNKY; OHA SBIAETCS NPUIOKEHHEM K aKTy O IpUEMKe
000pyI0BaHUS MMOCJIE MHANBUIYJIBHBIX HCTIBITaHUH (hopma 1 a).

4. AKTOM TEXHHYECKOH TOTOBHOCTH DJIEKTPOMOHTaXXHBIX pador (dopma 2) odopmisercs
TOTOBHOCTh DJICKTPOMOHTQXXHBIX PAa0OT Ui TNpenbsSBICHUS WX pPabdoyeil KOMUCCHH IO IPHEMKE
000pyA0BaHUs N1OCIIE UHIUBUIyaJIbHBIX UCIIBITAHUH.

5. Axr TexHmueckoil roroBHocTH (dopma 2) wucmome3yercs mius odopmiieHus (Tpu
HEOOXOJMMOCTH) CIAaYU-TIPUEMKH 3JIEKTPOYCTAaHOBKU T'€HEPAIbHOMY MOAPATUUKY JUIsl OOecreueHus
COXPAHHOCTH 3aKOHYEHHBIX 3JEKTPOMOHTAXKHBIX pPabOT, a Takxke ISl CHaYU-TIPUEMKH 3aKa3uyuKy
(reHepaibHOMY TOAPSTYMKY) COCTABHBIX YacTEil AIICKTPOYCTAHOBKHU (DJICKTPOOCBEIIECHHE, KaOeIbHbIC
auaud, JISII 1 T.11.) BO BpeMEHHYIO SKCILTyaTaIuIo.

6. AKT mnpueMKu-Tiepeaud O0OpYyNOBaHUS B MOHTaX COCTAaBISIETCS IO  THUIOBOM
MmexBenoMcTBeHHOW (opme OC-15, yrBepkneHHoil IlocranoBnenuem ['ockomcrata Poccum ot
21.01.2003 Ne 7.

Tewm xe IlocranoBnenuem I'ockomcrara Poccun BBenena ¢opma OC-16 AkTa O BBIBIEHHBIX
nedexrax o00opynoBaHMSA. AKT COCTABISIETCA B CIIydasiX, Korjaa JedeKThl 000pyAOBaHUs BBISBICHBI B
polecce MOHTa)Xa, HallaJKu U UCTIbITaHui. HeoOX0AMMOCTh PEBU3UHU U CYIIKH 3JIEKTPOOOOPYIOBaHUS
oopmisiercs 3TuM akToM. AKTHI 1o popmam OC-15 u OC-16 moAroTaBIMBarOTCS 3aKa3uUKOM IPH
Y4aCTMHU MOHTa)KHUKOB.

7. BenoMoCcTb CMOHTHPOBAHHOT'O 3JIEKTpooOopyoBaHus (opma 5) HCHOIB3yeTCs B KauecTBE
npuiIokeHus 4 K AKTYy TEXHUYECKOM TOTOBHOCTH 3JIEKTPOMOHTaXXHBIX paboT (hopma 2).

[Ipu 3amoaHeHMH BEJOMOCTH PEKOMEHYETCSI WCIOJIb30BATh JAHHBIE aKTa IMPHUEMKHU-Tiepeaadn
obopynoBanus B MoHTax (hopma OC-15) mo rpadam 1, 2, 3.

8. AxtoM mo dopme 6 ohopmiIsIeTCs TOTOBHOCTh CTPOUTENILHON YacTh 00BEKTa (IMIOMEIICHUs,
COOPY’KEHHSI) K TPOU3BOJICTBY JIEKTPOMOHTAXKHBIX padoT.

AxT mo ¢opMe 6 MOArOTaBIMBACTCA MNPEACTABUTENSIMH CTPOMTEIBHOM OpraHu3aluu mpu
Y4aCTHH MOHTaXXHHMKOB, KOTOPbIE ONPEEIAI0T TOTOBHOCTh CTPOUTEIBHOM YacTH 00beKTa (TIOMEIeHUs,
COOPY’KEHHUSI) JJIs1 IPOU3BOJICTBA MIEKTPOMOHTAXKHBIX PadoOT.

9. Ilpu HeoOxomumocTH, OGOPMIISIETCSl aKT IMepelaud CMOHTHPOBAHHOTO O00OpYAOBaHHS IS
MIPOU3BOICTBA ITyCKOHAIAIOYHBIX paboT (popma 6 0).

10. Odopmnenue 0OJOKKA K TEXHHYECKOM JIOKYMEHTAIlMM TIO0  clade-TIpUeMKe
IIEKTPOMOHTAXHBIX padOT PEKOMEH IyeTCs BBIIIOJIHATH B COOTBETCTBUH € (hopMoit 25.

BenomMocTh TeXHMYECKOW JOKYMEHTAIMH, MPEABSBIIEMON IMPH CHade-IPHEMKE SJIEKTPOMOHTaKHBIX
pabor

1. KoMrekT pabouux yeprexei dJeKTPOTEXHUYECKON YaCTH - UCTIONHUTENbHAS JOKYMEHTAITHS.

2. KowmmekT 3aB0/ICKON JOKYMEHTalMu (acropTa 3JIeKTpooOOopy10BaHUs, TPOTOKOJIbI 3aBOJICKHX
UCIBITAaHUH, HHCTPYKIIMH 110 MOHTAXYy, HaJIaJKe U SKCIUTyaTalluy U T.IL.).

3. AKTBI, IPOTOKOJIBI, BEAOMOCTH, KYPHAJIbI [0 3JEKTPOMOHTAKHBIM paboTaM, M0 CTPOUTEIbHBIM
paboTam, CBSI3aHHBIX C MOHTaKOM 3JIEKTPOTEXHHUUYECKUX YCTPONCTB.
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KOHTpOJIBHO-OIIeHO'-IHOG CPpEaACTBO IO JTUCHHUIIJIMHE

MK 01.02. MoHTAaK CpeACTB ABTOMAaTH3AIUU

®dopma KOHTPOJIA:

IIPOMCXKYTOYHAA aTTCCTAllUA

®opMa MPOMEKYTOYHON aTTeCTALUM: JK3aMEH
Tun KOHTPOJBLHOIO 3aJaHUA: OUJIETBI
IIpoBepsiemble pe3yabTaThl 00yYeHHS: Y 1-16,3 1-27

Kputepun onenkn

Orenka

Kpurepun

«OT1imyHO» - 5

1. naH MOJHBIN OTBET HA OCHOBE N3YUYEHHBIX TEOPU;
2. MaTepua MOHAT U OCO3HaH;

3. MaTepuan U3JI0KEH B ONPEEICHHOMN JIOTHYECKON
IMOCJIEI0BATEILHOCTH JIUTEPATYPHBIM SI3BIKOM;
4.0TBET CaMOCTOSITEIIbHBIM.

«Xopomuioy - 4

1. maH mpaBUIIBHBIN OTBET HA OCHOBE U3YUYEHHBIX TEOPU;

2. Marepuai HOHST U OCO3HaH;

3. Matepuas U3J0KEH B ONPEIeTICHHOMN JIOTHYECKOM
MOCJIEA0BATEIBHOCTH JINTEPATYPHBIM S3bIKOM;

4. nomymieHsl 2-3 HECYIIECTBEHHBIE OITMOKH, UCITPABICHHBIC 110
TpeOOBaHUIO MIPETOAaBaTeNs, HIIM HEKOTOPAasi HETIOJIHOTA OTBETA,
IEPOXOBATOCTh B U3JI0KEHUU MaTepHaJIa.

((YI[OBJ'ICTBOpI/ITC.HBHO» -3

1. MaTepuan B OCHOBHOM H3JI03KEH MOJHO, HO MPH 3TOM JIOMYIIeHBI 1-
2 CyIIECTBEHHBIE OITNOKH,

2. OTBET HEMOJHBINA, TOCTPOEH HECBA3HO, C TOMOIIIbIO HABOASIINX
BOIIPOCOB MPENO/IaBaTENsl.

«HeynoBneTBOpUTEIHHO» - 2

OTBET OOHApY’KUBaeT HE3HAHHUE WM HETIOHMMaHue OOJIbIeH 1
HauboJee CylecTBEHHOM yacTH yueOHOro Mareprasa

CocTaBuUTEeb:

Hcakosa O.B.

npernoaaBaTeb JUCHUILTHH 00IIenpodhecCHOHaTEHOTO
U Tpo(heCcCHOHANBHOTO UK

CoixThIBKap, 2019




buner Ne 1.
1. CraHoyHoe ® BCIOMOTaTelIbHOE OOOPYIOBAaHHE METAIIIOOO0pA0ATHIBAIOIIUX IIEXOB U
MacTepCKHX (BHJIbI, HA3HAYCHHUE U 00JIaCTh IPUMEHEHHS).
2. Metoapl U3MepeHHs TEMIIEpPaTyphl (BUAbBI, 00JaCTh IPUMEHEHN).
Buier Ne 2.
1. TlombeMHO-TpaHCIIOPTHOE 0OOPYAOBaHKE (BH/Ibl, HA3HAUECHUE U 00JIACTh TPUMEHEHU).
2. KocBeHHbIl MeTO U3MEpPEHUs TeMIepaTyphl (Ha3HaYeHHe, 00JacTh IPUMEHEHHUS).
buner Ne 3.
1. UuctpyMeHT u mnpucnocoOieHus Uis SJIEKTPOMOHTAKHBIX paboT (BUIbL, Ha3HAYEHUE U
00JacTb IPUMEHEHMUS).
2. MoOHTaX JaTYMKOB MIEPEMEHHOT0 Tepernaja JaBIeHusl.
Buier Ne 4.
1. WHcTpyMeHT nnst ciecapHbIX paOOT (TEXHUYECKHE XApaKTEPUCTUKU M MOPAIOK paboT ¢
UHCTPYMEHTOM JUIs CJIECAPHBIX paboT).
2. IlpaBuia MOHTa)ka TEPMOCOINPOTHUBIICHUH.
buner Ne S.
1. MapkupoBka kabers.
2. Tlonbop OypoB mis mepdoparopa mox Maccy Hecymeld KOHCTPYKITUH.
Buier Ne 6.
1. TlepdopaTop smekTpuuecKkuii (Ha3HavYeHHe, 00JacTh MPUMEHEHHUs, MPaBUIIa TOATOTOBKU K
paboTe, BBIIIOJIHEHUE padoT).
2. AnropuTMm pasaelku OpOHUPOBAHHOTO KaOeIs.
buner Ne 7.
1. TlneBmMaTuueckuil MHCTPYMEHT (BHJIbl, Ha3HAUEHUE M TOPSIOK PabOT ¢ MHEBMATHYECKUM
UHCTPYMEHTOM).
2. TlonkmroueHue TepMonapsl o ABYXIPOBOIHOM cXeMe.
Bbuuer Ne 8.
1. OGopynoBaHue MOHTaXHO-3arOTOBUTENIBHBIX MAacTepCKHUX (BHbI, Ha3Hau€HUE U 00JIaCTh
PUMEHEHNS).
2. MapkupoBka IpoBOJIOB M Kabemei mpy MOIKITIOYCHUH B dJICKTPOIIKaQy.
buner Ne 9.
1. Pexymuit HHCTpyMEHT AJ1sl pabOThl HA TOKAPHO-BUHTOPE3HBIX CTAHKAX (BUIbI, HA3HAYCHUE).
2. TpeboBaHUS K MaTepUay JUIsl U3TOTOBJIEHUS KOHTPOJIbHO-U3MEPUTEIBHBIX HHCTPYMEHTOB.
Buaer Ne 10.
1. OGopynoBaHue W HUHCTPYMEHT MJii CBApOYHbIX paboT (BHUIbI, HAa3HAUY€HHWE U 00JIACTh
MPUMEHEHNS).
2. TlpaBuia npucoequHEHUS Kabelel K BEIBOJIaM PaCIpeIeIUTEeIIbHBIX YCTPONCTB.
Bbuaer Ne 11.
1. Ob6opynoBaHue A1 MOHTaKHOTO yyacTKa (BUbI, Ha3HAYeHUE U 001aCTh MPUMEHEHUS).
2. TlpaBuia oKOHILIEBAaHUS KM IPOBOJOB U Kabesel Al MPOKJIAAKU B TOHHEISX.
Buuer Ne 12.
1. TloabeMHO-TpaHCHOPTHBIE MEXaHU3MBI (BH/Ibl, HA3HAUEHHE U 00JIACTh IPUMEHEHHS).
2. TlpaBuia MOHTa)a Cy>KaroIINX YCTPOUCTB.
buaer Ne 13.
1. DnexkTpuyeckuii MHCTPYMEHT (BH[IbI, Ha3HAYEHHE U MOPAAOK pabOT € 3IEKTPUUECKUM
HHCTPYMEHTOM).



2. IlpaBuna MOHTa)xa BTOPUYHBIX PUOOPOB ISl U3MEPEHNUS TEMIIEPATYPBHI.
Buier Ne 14.
1. CrhenuanbHbIi HHCTPYMEHT, MEXaHU3MBI U MPHUCIIOCOONICHHS (BUABI, HA3HAUECHHE U 00JacTh
IPUMEHEHNS).
2. TlpaBuna MoHTaxa OYHKOBBIX YPOBHEMEPOB.
buner Ne 15.
1. MoHnTaxkHble U3Aenus U AeTanu (BU/bl, Ha3HAUY€HHE U 00JIaCTh IPUMEHEHHUS).
2. IlpaBuna MOHTa)a JAaTYMKOB JUI U3MEPEHUS U30BITOYHOTO JIaBJICHUS.
bunerNe 16.
1. VYcnoBus xpaHeHHS HHCTPYMEHTOB, 3JIEKTPOOOOPYAOBAHUS U KaOeTbHON MPOTYKIIHH.
2. TlpaBuna MOHTa)xa yCTpOUCTB TUMA «TpyOa BeHTypm».
Buaer Ne 17.
1. KoncTpyKTOpcKasi, MPOU3BOJCTBEHHO-TEXHOJIOTHYECKass W HOPMATHBHAs JIOKYyMEHTAIHs,
Heo0Xo1uMast JUIsl BBIIIOJIHEHUS paboT.
2. IlpaBuna MOHTa)xa paJapHbIX YPOBHEMEPOB.
Bbuner Ne 18.
1. Dranbl NOArOTOBKU K MPOU3BOJCTBY MOHTaKHBIX paloT.
2. TlpaBuna MoHTa)ka KaOelb-KaHAJIOB.
Buaer Ne 19.
1. CrocoObl MakeTUPOBAHHS CXEM.
2. IlpaBuia MOHTaXa M MOAKIIOYCHHS MTyJTHTOB.
Bbuner Ne 20.
1. TIpou3BOJICTBO MOHTaXa IIUTOB.
2. TlpaBuna MOHTa)a JIEKTPOMArHUTHBIX PACXOJJOMEPOB.
Bbuner Ne 21.
1. TpyOHnble npoBoAKH (kIaccuUKalus U Ha3HAYCHHE, TCXHUYECKUE TPEOOBAHMUS K HIM).
2. V3mepeHune cOMpOTUBICHHUS U30JISAIIUH AIEKTPOIIPOBOJIOK.
Buaer Ne 22.
1. Ucneitanus TpyOHBIX MPOBOJOK.
2. ANTOPUTMBI MalKU M JTyKEHHS TTPOBOJIOB.
buner Ne 23.
1. MoHTaxX »3JEKTPONPOBOJOK CHUCTEM aBTOMAaTH3alMu (KJacCH(UKALUS 3IEKTPUUECKUX
IPOBOJIOK, X HAa3HAUYEHUE, ITPABUIIa MOHTAXKA).
2. TlpaBuia moaAroToBKH NPHOOPOB K MOHTAXKY.
Buaer Ne 24.
1. MoHTax cucTeM ynpaBJeHUs TPOMBIIIIICHHBIMA POOOTaMH.
2. ANTopuTM MOHTa)Xa KaOeIbHBIX JIOTKOB.
Buaer Ne 25.
1. MoHTax peryIupyrounmx yCTpoicTB Ha IIIUTAX U MyJIbTaXx.
2. Anroput™m MOHTa)ka IpUOOPOB JJIsI U3MEPEHHSI PacXoja — pOTaMETPOB.
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IpakTHyeckas padora
Knaccupukanusi onacHbIX 1 BpeaHbIX GakTopoB B chepe npodeccuoHATILHOM
AeATeIbHOCTH

1. YKaxuTte KJ1acChl ONTACHOCTH BPEIHBIX BEIIIECTB

Ilo cmenenu 8030elicmeus HA OpPeaHU3M Yel08eKd BPeOHble Geuecmsa Nnoopa30ensiomcs Ha
yemsipe Kiacca.

1-u

2-1

3-u

4-11

2. Omeemvme HaA KOHMPOIbHBIE BONPOCHL
KOHTpOJIbHBIE BOIPOCHI
1. Ymo maxkoe aspozonu?
2. Kakoebl 0CHOBHbIEe nymMu NPOHUKHOBEHUSL BPEOHBIX 8eUleCE 8 OP2AHUZM YellogeKa?
3. Kak Oeticmeytom epeonvie 6eujecmea Ha OpeaHu3m 4enoseka?
4. IIlpedcmasbme Knaccugukayuo 8peoHbvlx eujecms.
5. Umo maxoe ¢pubpocennoe oeticmaue novliu HA OP2aAHUIM YeloseKa?
6. [laiime onpedenenue nouamus «npeoeivho donycmumas konyeumpayusy (IJK).
7. Kax obecneuumuv noooepaicanue 8 6030yxe 6€30NaACHOl KOHYEHMpayuu 6peoHbIX eeujecmas?
8. Ilepeuucnume uHoOusudyaivbHble CpeoCcmea 3auumsl Om 8030etCMBUsT BPEOHbIX 8eLeCms.
9. Kax paccuumamv HeobX00umoe KOAuuecmeo 6030yXda, noodasaemozo 6 nomewjexue Ois
CHUMICEHUST COOEPIAHCAHUSL 8 HEM BPEOHBIX BeuyeCms 00 HOpMbL?
10. Ymo makoe kpamnocms 8030yx000MmeHa?
11. J{na yeeo cuysrcum mecmuas 8bImadiCHASL 6EHMUNAYUAL?
12. Kakue ycmpoiicmea MeCmHOU blMANCHOU 8eHMUNAYUU 8bl 3HAeme?
13. Kak ocywecmeansemcs KOHMPOb 3a COOepIHCAHUEM 8DEOHbIX 8euecmes 8 8o30yxe paboueti
30HbL?
14. Kax ycmpoenvl ¢urvmpyrowue u uzoaupyrouwue npomusozasvl? Kaxosa obracmv ux
npumenenus?
15. 3anonnume mabauyy:
Paznuuust B OykBEeHHON MapKUPOBKE U I[BETOBOM OKpacke (GUILTPOB MPOTHUBOTA30B

Mapku TecT-BemiecTBa ¥ OKpacka GuIbTpa
(huIbTPOB T'OCT 12.4.193-99 T'OCT 12.4.122-83
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3. Pacnpedenume 6uUObl ONACHLIX U BPEOHLIX NPOUBOOCMBEHHBIX (DAKMOPOE CO2NACHO UX

Kraccuguxayuu, 3anoaiHue maoauyy:

- IBIKYTIIAECS MAITMHBI 1 MEXaHU3MBI,

- M0’KAPOOTIACHKIEC BEIIECTBA;

- IOABM>KHBIE YACTU MPOU3BOICTBEHHOT'O 000PY/I0BaHMUS;

- HOBBIIICHHAA 3allbIJICHHOCTD M 3ara30BaHHOCTL BO31yXa, pa60qe171 CpCabl;




- MIOBBILIIEHHAS WM MTOHMWKEHHAs TEMIIEpAaTypa MOBEPXHOCTU 000PYAOBaHUS,

MaTepHuaoB;

- SMOLIMOHAJIBHBIE IEPETPY3KH;

- noBbliieHHas (6onee 30°C) unu nonmxenHas (menee 10°C) Temmnepatypa B

MOMEIICHUSX;

- MIOBBIIICHHBIN YPOBEHD IIyMa Ha paboyeM MecTe;

- B3pBIBOOIIACHBIC BEIIIECTBA,;

- IOBBILIICHHBIN YPOBEHb BUOPALINH;

- (puzmyeckue neperpysKu;

- MEKPOOpTraHu3MbI (0aKTepuu, BUPYCHI);

- MIOBBILIIEHHOE WJIHM MOHKEHHOE 0apOMETPUUECKOE JIaBJIICHUE U €T0 PE3KOE U3MEHEHNE;

- TIOBBIIIICHHAS WM MMOHWYKEHHASI BIAXKHOCTh BO3/yXa;

- IOBBILIEHHAS UM TOHUKEHHAas MMOJBUKHOCTh BO3/1YXa;

- HAJIMYME CTaTUYECKOTO JIEKTPUUECTBA Ha KOPIycax 000pyA0BaHUS U MIPEAMETOB;
MaKpOOPTaHU3MBbI (PACTEHHUS, KUBOTHBIE, PbIObI);

- Hanmnuue HanpspkeHust 380/220B B ceTu OCBEIICHUS;

- MOBBIUIEHHBII YPOBEHb HAINPSIXKEHHOCTU 3JeKTpoMarHuTHoro nois (ot II9BM, neun CBY,
JIOMHHECIIEHTHBIX JIAMIT, MHOXXUTEJIbHON TEXHUKH);

- YMCTBEHHOE MEPECHANPSHKCHUE;

- OTCYTCTBUE WUJIM HEJOCTATOK €CTECTBEHHOT'O CBETA;

- HEIOCTaTOYHAsI OCBEIIEHHOCTh paboueil 30HEbI;

- MOHOTOHHOCTH TPY/Ia;

- IOBBILIIEHHAS SIPKOCTh CBETA;

- IpsiMasi ¥ OTpakeHHasi OJIECKOCTh;

- TIOBBIIIIEHHAS MyJIbCAIIUs CBETOBOTO MOTOKA;

- OCTpbIE KPOMKH, 3ayCEHI[BI U IIEPOXOBATOCTh Ha IMOBEPXHOCTSIX HHCTPYMEHTA, JeTajeH,
000pyTI0BaHHS;

- XpOHMYECKUI CTPECC;

- PacCIoI0KEHHOCTh CBETUJILHUKOB IMMOMEIIICHHI Ha 3HAYUTEIHLHON BHICOTE OTHOCUTEIBHO M0JIa;
- IOBBIIIICHHAS TEMIIEpPATypa BOJIbI K 000PY/I0BAHUSI CUCTEMBI OTOIIJICHUSI.

Krnaccugukarus onacHbIX U BpeAHBIX MPOU3BOACTBEHHBIX (PaKTOPOB

OnacHule u 8peounsvie haxkmopuvl NPOU3800CMBEEHHOU cpedbl
Qusuueckue Xumudeckue buonocuueckue ncuxoguzuonocuieckue

4. Ilpoananuzupyiime u nepeuuciume 6peoHble U ONACHbIE NPOUIBOOCHEEHHbIE (DAKMOPbL
(usuueckue, xumuyeckue, buonocuveckue, ncuxoguzuueckue) oelcmsyrowue Ha MexHoI02d
depesoobpabamwisarouje2o NPouU3B0OCMEa Npu BbINOJIHEHUU Pabom

Bun pabotst Bpennsie nponsBoicTBeHHBIE pakTOopsl | OmacHbIe IPON3BOACTBEHHBIE (DaKTOPHI
(onepanun) Ha pa3JIMYHbIX 3Taax IpOU3BOJCTBA Ha pa3IMYHbIX Talax NPOU3BOJCTBA

JIECO3aroTOBUTEIILHBIC
Y JIECOCKJIAJICKUE
paboTHI

TIPOU3BOJICTBO




MUJIOMAaTCpUaAIOB

00paboTka 1
nepepaboTKa KPyTIIbIX
JISCOMATEPUAJIOB B
nieny

TIPOU3BOJICTBO
CTPY)KCUHBIX TUTUT

MIPOU3BOICTBO
KOPMOBBIX TIPOJTYKTOB
1 yIOOpEeHHH

IIpakTuyeckas padora
OueHnka cocTOSIHUSI MTPOU3BOJICTBEHHOI CAHUTAPUHU M THTHEHBbI HA paboyeM MecTe.

3amaya Ne 1

3aganue: Onpedenume KOAUYECMBO 8030yXd, KOMOPbBIU HEOOX0OUMO YOAIUMb U3 BbIMANCHO2O
wxaga npu cooepaicarnue 8 8ozdyxe yenepoo okcuoa (K)
HcxonHbie TaHHBIE:

Pasmep nmpoemuoro okna S =0,8 - 0,8 m.;

ITJIK yrimepon okcuna qmak = 20 MT/MS;

O6bem BhITsKHOTO mKada V = 6 M2,
Pemenue 3anaun:

K=LIV (ed/u)
rae L - mpousBoaMTeNbHOCTh BEHTHIIALMH, Mo/4,
V — 06beM BITSKHOTO mKada, M°,
L = G (qnox — qnp) (m°/4)

riae G — cKOpoCThb BBIJICIICHUS BPEIHOTO BEIIECTBA, MT/,

quak — [IJIK Bemectna,

qmp — [IJIK daxTuaeckas.

[IpunsaTo comepxanue BpeIHOTO BelIeCTBa (€ro KoHIeHTpalus) B Bo3ayxe 30% oT

ypoBHs [1/IK).

Jls nepeBona % B mr, HeoOxoaumo % / 100.

G=V-3600cex/S (m/u)
gnp = gnox - (30 /100) (me/m®)

3amaya Ne 2
3aganue: Onpedenume KOIULeCmao y2nepoo oKcuoa, 8bl0ensaiowelics 8 NoMeujeHuu npu

pabome kapbropamoprozo osucamens BA3 2105
HcxonHbie TaHHbBIC:

CopepxaHue BpEIHBIX BEIMIECTB B OTPAOOTaBIIMX Tra3ax MpH pPa3orpeBe JBUTATENS
BA3 2105

Ps =0,071%;

PaGounit o6wem aBurarens Vi = 1,3 nurpa.
Pemenue 3agayu:

KonudectBO oKkMcHM  yriepoja, BBIICISIONICHCA B MOMENICHMM TIpH  pabote
kapOroparopHoro asurarens BA3 2105

Gco= 15GtPs/100 (ke/u)

rae Gco — KOJIMYECTBO OKKUCH YIilepoJa, Kr/d

15 — xonnuyecTBO OTPabOTABUIMX Ia30B, MOTYUYAIOIIUXCS MPU CrOpaHuM 1 Kr TOIJIUBA,

KT,

Gt — pacxoj TOIUIMBa, KI/4,




Ps— coneprkanre BpeAHOTO BEIIECTBA B OTPA0OTABIINX ra3zax, %
Gr=0,6+0,8Vx

rae Gt — pacxoj TOIIMBA, KI/d,

Vk - pabouwnii oObeM JBUTaTeNs, J

3agaua Ne 3
3aganue: Paccuumaiime KOIUYECMBO CEBEMUNbHUKOS U MOUWHOCMb CEEMUNbHOU YCMAHOBKU 8
nomewjeHuu yexa
McxoaHple JaHHBIC:
Hopmartusnas ocsemennocts Ex = 200 5ik;
[Tnomans momemmernus S = 279,84 m?;
Hcrouynuk ceera — mromunectearaas jramma J1b-80;
Tun ceetunbarka — OJ] (OTKPBITHIN THEBHOTO CBETA);
Yuco JaMIl B CBETHIBHAKE N = 2;
CBeToBOM MOTOK JIaMITBl Fn = 5200 1Mm;
Koaddurment ncnonp3oBanus cBeToBoro notoka N = 0,57 B 109X ¢TUHUIIBI.
Pemenue 3amaun:

KonnyecTBo CBETUIIBHUKOB OMPEACIIUM IO CIEAYIOMIeH dhopmyre:
En -S K3 -Z

Fn-n - n
E
rae —* - HOpMHUpy€EMasi OCBEILEHHOCTD, JIK;

s- TUTOIIAb TTOMEIICHHS, M2,

K
! - K03 duIUEHT 3anaca, npuHuMaeM 1,5

z- KOO(POUIMEHT, YYUTHIBAIOIIUNA HEPABHOMEPHOCTh OCBEIICHUS MOBEPXHOCTEH,
PACIOJIOKEHHBIX T0JI CBETUIBHUKAMU U MEXAy HUMHM (75 namn HakanuBanus 0,8 — 0,9, s
razopaspsaaubix gami 1,1 — 1,2), npuaumaewm 1,1;

F .
" - CBETOBOM MOTOK JIAMIIBI, JIM;

n- KO3(pPHUIIMEHT UCITOB30BaHUs CBETOBOT'O MOTOKA, B JIOJAX €IMHHMIIBI,

n. KOJIMYCCTBO JIaMII B CBCTUJIBHUKCE.

MOIIHOCTh OCBETUTEIHHOM YCTAHOBKH OMpeiesisieM 1Mo Gopmyie:

W=W #N=#n

e W MOIIHOCTb JIaMIIbl, BT.

IIpakTnuyeckas padora
Pa3paborka MHCTPYKIMH 110 OXPaHe TPyaa

Lesan padoThi:

1. PaccMoTpeTh 1 mpoaHaIu3upoBaTh MHCTPYKIUIO [0 OXPaHEe TPyJa.

2. YCBOUTH HOPSIOK Pa3pabOTKU U COAEpKaHUE WHCTPYKIIHI 110 OXpaHe TpyJa.
1. O0mmue cBeneHus.

WHCTpyKIHs 10 OXpaHe TpyAa — HOPMAaTUBHBINA aKT, YCTaHABIMBAIOIINN TPEOOBAHUS 10
OXpaHe TpyJa IpHU BBIINOJIHEHUH PAOOT B NMPOM3BOACTBEHHBIX INOMEILEHUSAX, HA TEPPUTOPUU
NPENpUATUS], HA CTPOUTENBHBIX IUIOMIAIKaX U B MHBIX MECTaX, I/1e IPOU3BOJIATCS 3TH PabOThI
WIN BBINOJIHAIOTCA CITyKeOHble 0053aHHOCTH.

WMHCTpYKIIMK 10 OXpaHEe TpyJda MOTYT OBITh THUIOBBIE (OTpacieBbie) W i PaOOTHHUKOB
OpeanpusATHil (10 JOIHKHOCTSIM, TPO(GECcCHsIM U BUaam padorT).



TumoBble WHCTPYKIMHM YTBEPXKOAIOTCS (penepanbHbIMH  OpraHaMH HCTOJIHHUTEIHHON

BJIACTH T1IOCJ€ TPOBEACHHUS TMPEIBAPUTENIbHBIX KOHCYJIbTAIMH C COOTBETCTBYIOIIUMU
po(COI03HBIMU OpTaHaAMHU.

WHCcTpyKuMM 1O OXpaHe TpyJa MOTYT pa3padarbiBaThCsi Kak s pabOTHUKOB I10

JOJDKHOCTSIM, OTAEJBHBIM MpodeccusiM, Tak U Ha OTAeNbHbIE BUJIBI paboT (paboTa Ha BBICOTE,
MOHTaKHbI€, HaJlaJI0YHbIe, PEMOHTHBIE PA0OTHI, MPOBEICHNUE UCTIBITAHUMA U Jp.).

WHCTpyKIHs 10 OXpaHe Tpyaa T0JDKHA CONEPIKATh CIEAYIONINE pa3elibl:
1. O6mme TpeGoBaHUs OXpaHbl TPYAA.

2. TpeboBaHusl OXpaHbI TPy/la Mepej] HayaioM paOoTHI.

3. TpeboBanus 0XpaHbl TPy/ia BO BpeMsl paOOTHI.

4. TpeOoBaHuUsl OXpaHbl TPYJla B aBAPUITHBIX CUTYaLUsX.

5. TpeboBaHus oxXpaHbl TpyJa 10 OKOHYAHUU PAOOTHI.

B pazznen "OO0mue TpedboBaHus 0XpaHbl TPyAA" PEKOMEHIYETCS BKIIIOUATh:

yCIIOBUS JOMycCKa pabOTHUKOB K CaMOCTOSATEIbHOW paboTe MO COOTBETCTBYIOIIEH
npodeccud WIM K BBIIIOJHEHUIO COOTBETCTBYIOIIETO BHAa paboT (Bo3pacT, IO,
COCTOSIHUE 3/TOPOBbS, TPOBEJIEHNE UHCTPYKTAXKEH U T. 11.);

yKa3aHus 0 HE0OOXOIMMOCTH COOJIIOICHUS IPABUIT BHYTPEHHETO TPYJOBOT'O PACIOPSIKA;
TpeOOBaHUs MO BHINOJIHEHHUIO PEKUMOB TPyAa U OT/bIXA;

MepevYeHb OIMACHBIX W BPEAHBIX MPOU3BOJCTBEHHBIX (HaKTOPOB, KOTOPHIE MOTYT
BO3/ICHCTBOBATh Ha pabOTHHKA B MpOIECCEe pabOTHI;

1iepeueHb CIELOAEKbl, CHENOOYBU U APYTUX CPEACTB HMHIUBUIYAIbHOH 3alllUTHI,
BbIIABAEMBIX B COOTBETCTBUH C YCTAHOBJIEHHBIMH HOPMaMH, C yKa3aHHUEM 00O3HauYE€HUU
rOCy/IapCTBEHHBIX, OTPACIIEBBIX CTAHIAPTOB UM TEXHUYECKUX YCJIOBHUI HA HUX;
TpeOOBaHUs MO 0OECIICUCHUIO TTOXKAPO- M B3PHIBOOE30MACHOCTH;

NOpSAJIOK yBEJAOMJIEHUs1 paboroaarenss O cCiayyasx TpaBMHUpPOBaHUA pabOTHHKA, O
HEUCIPABHOCTU 000PYOBaHMUS, IPUCIIOCOOICHUI U MHCTPYMEHTA;

yKa3aHusl 10 OKa3aHUIO MEPBOH (T0BpaueOHOI ) TOMOIIIH;

NpaBWia JIMYHOM THTHEHbI, KOTOpble IOJKEH 3HaThb M coOmoAaTh pabOTHUK NpU
BBITIOJTHCHUH PaOOTHI.

B pazgen "TpeGoBanusi oXxpaHbl TPy/a nepea HAYAJI0M padoThl" PEKOMEHIYETCS BKIIOUATh:

HOPSIIOK MOTOTOBKH Pab0vYero MecTa, CPeICTB WHANBUAYAILHON 3aIIUTHI;

HOPSIIOK TTPOBEPKH HCIIPABHOCTH OOOPYIOBAaHUS, MPUCHIOCOOJICHUI W WHCTPYMEHTA,
OTpaXKJICHUW, CUTHAIM3ALUU, OJOKHPOBOYHBIX W JIPYTHX YCTPOWCTB, 3allUTHOTO
3a3eMJICHUS], BEHTHJISIIMN, MECTHOTO OCBEILICHHS U T. I1.;

HOPSITOK MMPOBEPKH UCXOIHBIX MAaTEPHAJIOB (3arOTOBKH, MOy (hadpuKaThl);

HOPSIIOK TPUEMa W Tepeiadyd CMEHBI B ClIydae HEMPEPBhIBHOIO TEXHOJOTHYECKOTO
npoiiecca u paboTel 000pyI0BaHHUSL.

B paznen "TpeGoBaHusi oxpaHbl Tpyaa BO BpeMsi padoThl" peKOMEHIyEeTCs BKIIOYaTh:

B

cnocoObl W TpHUEeMbl ~ 0OE30MacHOTO  BBIMOJHEHHWS  paboT,  MCIOJIH30BAHHS
TEXHOJIOTUYECKOTO  00OpYy/JOBaHMS, TPAHCIOPTHBIX  CPEACTB, TPY30MOABEMHBIX
MEXaHU3MOB, IPUCIIOCOOICHNUN U UHCTPYMEHTOB;

TpeOoBaHusl 06€30MaCHOr0 OOpallleHusl C UCXOJIHBIMU MaTepHualaMu (CbIpbe, 3arOTOBKH,
noryabpukarsl);

yKa3zaHus 10 6€30MacHOMY CO/IEpP)KaHUI0 PaboUuero Mecra;

JICUCTBYs, HAIIPABJIICHHBIEC HA NPEIOTBPALCHUE aBAPUUHBIX CUTYALUH;

TpeOOBaHUS, NPEAbABIAEMbIE K MCIOJIB30BAHUIO CPEICTB HMHIMBUAYAIBHOM 3alUThI
pabOTHHKOB.

paznen "TpeGoBaHusi oxpaHbl TpyJa B aBapMiHBIX CHUTyanusx" pEKOMEHIYeTcs
BKJIIOYATh!



nepeueHb OCHOBHBIX BO3MOYKHBIX aBAPUIHBIX CUTYAIlUH U PUYUHBI, UX BBI3BIBAIOIIINCE;
JNCHCTBHS pPaOOTHUKOB IMPH BO3HUKHOBCHHHM aBapuil W CHUTyallMil, KOTOPBIE MOTYT
NIPUBECTH K HEIKEIATEITHHBIM ITOCIICICTBHIM;

JNEUCTBUSL 1O OKa3aHWI0 TIEPBOM TIOMOMIM IOCTPAJABIINM IPH TPABMUPOBAHUH,
OTPABJICHUH U BHE3ATHOM 3a00JICBaHUU.

B paznen "TpeboBanusi OXpaHbI TPyAa MO0 OKOHYAHUM PA0OT" PEKOMEHTYETCS BKJIFOYATh:

2.

NOPSAJIOK OTKJIIOYEHUS, OCTAHOBKH, pPAa300OpKH, OYMCTKM M CMa3Ku 0OOpyAOBaHMS,
IpUCIIOCOOJIEHUH, MalllMH, MEXAHU3MOB U aIIapaTyphl;
HOPSA0K YOOPKH OTX0J10B, 00pa3yroIIMUXCs B X0J1€ POU3BOJICTBEHHON AEATEIbHOCTH;
TpeOoBaHUs COONIOACHUS TUYHONU TUTUEHBI;
NOPSAIOK U3BELICHUS! PYKOBOAMUTENS pabOT O HEJOCTAaTKaX, BIMSIOUIMX HAa 0€30MacCHOCTh
TpyZJa, OOHapyKEHHBIX BO BPEMs paOOTHI.
Ilopsinox BbIMOJTHEHUS PAaGOTHI

2.1. IIpocMoTpeTh BHAEOMATEPHUAT O BBIMOJIHEHUH JIECOCEUHBIX, HUKHECKIJIAJCKUX U

JIECOTPAHCIOPTHBIX paboT

2.2. IlpoaHanu3upoBaTh WHCTPYKIHMIO II0 OXpaHE TpyJa, IMPEACTABICHHYIO B

BHACOMATCpHUAIIC.

2.3. B cootBeTCTBUM C TpeOOBaHUSMU, IPEIBABIIEMbBIMU K UHCTPYKIUSAM, COCTABUTh

WHCTPYKIIMIO TIO OXpaHe TpyAa TMPU  BBIIOJHEHUH  JIECOCEUHBIX, HWKHECKIQJACKUX U
JIECOTPAHCIIOPTHBIX paboT

1. PykoBoauremnto pabot

2. Ha BeimonHeHnue pabot

IIpakTuyeckas padora
Od¢opmitenne Hapsiia 10IyCKAa HA PA0OTHI MOBBINIEHHO! ONACHOCTH

HAPAL-JOITYCK
HA NMPOM3BOJCTBO Pad0OT B MeCTaxX AeHCTBHS ONMACHBIX HJIH BPeIHBIX (DaKTOPOB

Breigan « » 200 T.
JlercTBUTEIIEH OO0 « » 200 r.

(D.1.0., donxcrocmy)

(HauMeHosaHuepab’om, mecmo, ycioeus ux Sbll’lO]lHeHu}l)

3. OnacHble NMPOU3BOJACTBEHHbIE (DAKTOPHI, KOTOpPbIE ACUCTBYIOT WUJIU MOTYT BO3HUKHYTh
HE3aBUCHUMO OT BBIIIOJIHSEMOMN paboThI B MecTax ee

MMPONU3BOJICTBA:

4. 1o Hayana npou3BOACTBa pabOT HEOOXO0IMMO BBIMOJIHUTH CAEAYIOIINE MEPOTIPUSTHUSL:

Ne .. HanmenoBanue Meponpustus CpoK BBINOJTHEHUS OTBETCTBEHHBIH

HUCIIOJIHUTECIIb

2 3 4




IIpakTnueckas padora
OdopMieHne HOPMATHBHBIX IOKYMEHTOB MPHU NPOBeJeHNU HHCTPYKTAXKel 10 oXpaHe
TpyAa

3aganue:

3anoaHUTE TUYHYIO0 KApPTOUKY MPOXOXKIEHUSI O0yYeHHUs
OOPMA JIMYHOU KAPTOUKU ITPOXOXIAEHWA OBYUEHUA

(npednpusimue, opeanuzayus, yyebnoe 3agederue)

JINYHA S KAPTOUYKA
[MPOXOXJIEHWA OBYUYEHN A
1. ®amunust, UMs, OTYECTBO

2. 'on poxxkneHust
3. [Ipodeccus, cenuanbHOCTh
4. Iex y4acTOK (OT/IeJICHHE)
5. Otnen (;1aGopaTopus) TaGenpHBIN N
6. JlaTa moctyruieHus B 11eX (y4acTOK)
7. BBOIHBIM HHCTPYKTAXK ITPOBET

(pamunus, unuyUARbL, QOINHCHOCTL)

(noonucse, dama)

BBOIHBIN MHCTPYKTaX MPOLIEI

(noonucey uHcmpyKmupyemoeo, oama)

8. OTMEeTKH 0 MPOXOKAECHUHU UHCTPYKTAXKA

IIpakTHyeckas padora
Br100p u ncnoIb30BaHNe CPEACTB KOJUIEKTUBHOM M HHAUBUAYAJIbHON 321U THI

esan padoThi:

HayuuTbcs ocymiecTBIsSITh BEIOOP CPEACTB MHIUBUYATBHON U KOJJIEKTUBHOW 3aIUTHI OT
Pa3JIMYHBIX BPEIHBIX M OMACHBIX TPOU3BOJICTBEHHBIX (DAKTOPOB
1. O01ue cBeIeHNs

OOlecnieueHre MPUOPUTETA KUZHU U 3JI0POBbS PaOOTHHUKOB SIBIISIETCS TEPBOOYEPEITHBIM
HAIPaBJICHUEM TOCYJApPCTBEHHOW MOJUTHKK B 00JacTH OXpaHbl Tpynaa. OHO peanmusyercs, B
YaCTHOCTH, IyTE€M YCTAHOBJICHHS CO CTOPOHBI TOCYJapcTBa OOS3aHHOCTH paboTojaTens
obecrneunTh MNPUMEHEHUE CIEIOCKIbl, CIEeIoO0yBU M JPYyTHX CPEACTB HWHIWBHUIYaTbHOU
3alIUTHI U cpencTB KosuiekTuBHOMU 3amuThl (TK PO, ct. 212).

CpencrTBa KOJUIEKTUBHOM 3allIUTHI - 3TO CPEACTBA, MCIOJb3yeMbIe ISl MPEIOTBpaICHUS
WIM YMEHBIIEHUS BO3JCHCTBUS Ha PaOOTHUKOB BPEIHBIX M OIACHBIX IPOU3BOICTBEHHBIX
(bakToOpoB, a TaKKe JJIS 3alTUTHI OT 3aTrPS3HCHHUS.



CpenctBa KOJJIEKTMBHOM  3alllUTHl  MOAPA3ACISIIOTCA HAa CpEICcTBAa HOpMAallU3aluu
BO3JIYIITHOM Cpelbl M OCBEIICHUS IPOM3BOJCTBEHHBIX IMOMEIICHHH W pabodMx MecT; W Ha
CpEeICTBA JJIS 3aIUTHI OT BO3ICUCTBHUS BPEIHBIX U OMACHBIX MPOU3BOJICTBEHHBIX (PAKTOPOB.

K cpenctBam  KOJJIEKTUBHOM  3alllUTHl  TakXKe€ OTHOCST: 3HAKW O€30MAaCHOCTH,
(DOTOJIIOMHUHECIICHTHELIE DBAaKYaI[MOHHBLIE CUCTEMBI, JIEHTHI U IMOKPBLITHS HPOTHBOCKOJIBL3SIIHNE,
CpEACTBA IOPOKHOM 0E30IMaCHOCTH, 3€pKaja 0€301aCHOCTH.

CpenctBa mHauBUAyanbHO#M 3amuthl (CH3) — 310 crnemozaexkiaa, crnero0yBb W Apyrue
CpE/CTBa, UCIOJIb3yeMble paOOTHUKOM JJIsl TIPEAOTBPAILCHUS] WJIM YMEHBIICHUS BO3JEHCTBUS
BpPEJHBIX M OMACHBIX IPOU3BOICTBEHHBIX (DAKTOPOB, a TaKKe IS 3aIMTHl OT 3arps3HCHHS.
CpencTBa MHIMBHUAYaTbHON 3alIUTHI MPUMEHSIOTCS B T€X CIIy4asx, Korja 0e30MacHOCTh paboT
HE MOXET OBITh OOecredeHa KOHCTPYKIuEH 000py1I0BaHUsI, OpraHU3alliei MTPOU3BOICTBEHHBIX
MPOIIECCOB, APXUTEKTYPHO-TUIAHUPOBOYHBIMU PEIICHUSIMA U CPEJCTBAMH KOJUIEKTUBHOM
3aIUTHI.

B 3aBuCMMOCTH OT Ha3HA4Ye€HHS CIELOJCKIY, CHeoOyBb M CPEIACTBA MHANBUIYAIbHOU
3aIUTHI TOAPA3ACISIIOT HA KJIACCHI:

CHELOoASKIA;

CIIEII00YBB;

CpE/ICTBA 3aIlUTHI: PYK, TOJOBBI, JIHUIA, TJIa3, OPTaHOB JIBIXaHUS U CIyXa;

-OT TMAJICHUA C BBICOTHI U JIp. MPEIOXPAHUTEIIbHBIE CPEIICTBA;

-IEpMAaTOJIOTHYECKHE; KOMITJIEKCHBIE.

IIpakTuyeckasi padora
AHanu3 puckoB. OueHKa ypOBHSI TPABMATH3Ma, COCTOSIHME IIPOM3BOACTBEHHOT 0
TpaBMaTH3Ma HA MPOU3BO/ICTBE

3agaua Ne 1
3ananue: Ilposeoume oyenKy ypoeHs mpasmamuama, 3anoiHume maoauyy
Pemenne 3agaun:

JI7is OIICHKW YPOBHS TpaBMaTH3Ma BBIYHCISIOT KOA(POHUIIMEHTHI €r0 YacTOThl M TSHKECTH,
norepu paboyero BpPEMEHM, a TaKkKe pPACCUMTHIBAIOT MaTepUalbHbIE IOCIEACTBUS OT
TpaBMaTHU3Ma U 3a00J€BaEMOCTH.

Koaddunment yactoTsl TpaBMaTH3Ma paccuuTbiBaeTcs no gopmye (1.1).
T-100

Ka= —— (L)

rae T — KonrM4ecTBO HECYACTHBIX CIIY4aes;
P — cpeane yyeTHOE KONMUYECTBO pabOUUX, YeEll..
Koaddunment tsoxectu paccuutsiBaeM 1o popmyie (2.2).

il
K=" (2.2
T—TcMm
rae Jl — Konum4uecTBo HEH HeTPYI0CIIOCOOHOCTH;
T — xonMuecTBO TpaBM;
T cM — KOJIMYECTBO CMEPTEIBHBIX CITYYacB.
Koaddunment noreps pabodero Bpemenn HaxoauM 1o Gopmyie (3.3).
/1-100
Kn=—"—"" , (3.3)
P

CocrostHue OPOU3BOACTBCHHOI'O TpaBMAaTH3Ma Ha ITPOU3BOJACTBC

Ilokazamenu Oobo3nauenue Toowt
2015 | 2016 2017

CpeHecnucoyHasi YUCIICHHOCTh PaboYHX 3a IO, Yel P 172 | 178 182



http://www.npkfelecton.ru/product/index_znaki.php?binn_rubrik_pl_catelems1=120
http://www.npkfelecton.ru/product/index.php?binn_rubrik_pl_catelems1=173
http://www.npkfelecton.ru/product/index.php?binn_rubrik_pl_catelems1=113
http://www.npkfelecton.ru/product/index.php?binn_rubrik_pl_catelems1=180
http://www.npkfelecton.ru/product/index.php?binn_rubrik_pl_catelems1=171
http://www.npkfelecton.ru/product/index.php?binn_rubrik_pl_catelems1=432
http://www.npkfelecton.ru/product/index.php?binn_rubrik_pl_catelems1=432

Umrcno HecUyacTHBIX CIy4aeB ¢ MOTEepPel TPyA0CmOoCcOOHOCTH Oomee T 2 1 1
3-X nHeu

Yucmo pabounx ITHEH MOTEPSHHBIX B CBSI3U C TPABMATH3MOM I10 yIg 120 | 67 67
3aKPBITHIM OOJIBHUYHBIM JIUCTAM C TTOTepei 0osee 3-x aHel

KoaddurmenT gacToTs! TpaBMaTH3MAa Ku
KoaddurmenT Tsokectn TpaBMaTH3MAa Km
KoaddurmenT norepu pabouero BpeMeHn Kn

IIpakTuyeckas padora
Hcnonb3oBaHue 3KO0HO3AIMTHON TEXHUKH: pacyeT annapatypbl AJisl 3alIUTHI
aTMoc(epHOro Bo31yXa OT MPOMBINLJIEHHBIX 3arpsi3HeH Uil

1. Bua mblid: CUITMKO300ITacHBIC MBLTH.
JucnepcHslii coctaB nbuin: Ig om = 0,3
dm=7wMMm
KonunuectBo ouniaemoro raza Q = 2,2 Mm3/c
2. Koanueckuit mukion CK-I1H-34 = 1 mr
3. BHyTpeHHMI AMaMETp LIUKIIOHA
D = [4Q/ (tWour)]"
rae Q — IPOU3BOAUTENLHOCT LUKIOHA (KOJMYECTBO OUMIIAEMOTO rasa), M>/c
WonTt — ontuMalnibHasi CKOpOCTh T'a3a B IIUKJIOHE

Wont = 1,7 M/c
4. JleiicTBUTENbHAS CKOPOCTH T'a3a B IIUKJIOHE M/C
4
W= Q,
mbD-*

/1€ N — YUCIIO LIUKJIOB
5. luameTp vacTull, yJlaBauBaeMbIX ¢ 3p(HeKTUBHOCTHIO 50%, MKM.

dsg - dso [(D/0,6)(3,5/W)],

rae dso' — Auamerp JacTull, yaaBauBaeMbIX ¢ 3QGEKTHBHOCTEIO 50% Ul TUIIOBOTO LMKIOHA, =
1,95 MkM.
6. ITapametp X:

X= [1g(dm"d5ut}] ! [(lgo) {lgcm}]m
rie dm 1 1gom - IUCTIEpCHBINA COCTAB MBLIH
lgom - aucmepcHbIii cocTaB MbUTH TS JAHHOTO THITA IIUKJIOHA,
7. 3¢bhHeKTHBHOCTh OUYHUCTKU T'a30B B IIUKJIOHE.

Puc. 2. 3aBucumocTh HOpPMadbHOW (PYyHKIHU
pacnpenenenus @ (X)

0,875 ~

0,75 o
0.625 3HAYCHUS HOPMaJIbHOM byHKUIMN

0,5 pacipeaciICHUs.
0,375 - n=05[1+® (X)]
0,25 -
0,125 /

N

®(X)

=25 -15 05 o 0.5 1.5 25




JlaGopaTopHnasi padora
«OmnpeaesieHne KUCJTOTHOCTH CTOYHBIX BOI
7 4acoB

Heap padoThl: TlonyuuTh mpeacTaBieHHE O METO/E ONMPEICICHUS KUCIOTHOCTH CTOYHBIX BOJ B
pacTBope (HaBecKe) IMyTeM TUTPUMETPUIECKOTr0 (00BEMHOI0) aHAN3A.

3amauu padoThl: M3yuynTts npaBuia TATPOBAHUS C TPUMEHCHHUEM WHIUKATOPOB.

3amanme: Omnpenenuts KUCIOTHOCTh CTOYHBIX BOJ B pacTBope (HaBecke) MyTeM
TUTPUMETPUIECKOTO (00BEMHOT0) aHaJIK3a.

Annaparypa, MaTepuaJibl, peaKTHUBbI:

Xwumukatel: Crounas Boja 10 mur, 0,1 n p-p NaOH, ¢enondranenn. ObopymoBanue: YCcTaHOBKA IS
TUTpOBaHuUs (OrOpeTKa, IITaTUB);

Xumuyeckas nocyzaa: Kosiba konnueckas 250 M, mumeTka, XMMUYECKasi BODOHKA, PE3MHOBAs TPyIla

IIpoBenenne ananusa:

Co0Opatb yCTaHOBKY JUISl TUTPOBAHUS (3aKkpenums 610pemKy 6 umamuee HOCUKOM 6HU3).

1. 3anuts B 6ropetky pactBop 0,1 n p-p NaOH 1o «0» otmeTkH.
Pacmeop 6 bropemky 3anusarom ¢ nomowwto nunemku u epywiu. 3AIIPEIAETCA HABUPATH
PACTBOP B ITUIIETKY PTOM.

2. Otbuparot 10 Mt uctibityemoit Bosl. JloGasmsror 1 — 2 xarum deHondranenHa.

3. Twutpyrot 0,1 n p-pom NaOH 110 po30BOro okpammBaHus HEM34€3aeMOro B TeueHne | MuH.
Tumpoeanue npoucxooum nymem 0o00asnenus pacmeopa O MUMpOaAHUs NoO KAnjsim,

nepeKpvleas HOCUK OIOpemKU ¢ NOMOWbIO CMEKIAHHO20 KPAHUKA, NOMEWUBAs U 6bl0epHCUBas
pacmeop no 20 cekyHO nocie Kaxcoot Kaniu 00 NosA6leHUs CMOUKOU PO3080U OKPACKU.
O0padoTka pe3y/bTATOB:
KucnorHocts paBHa
0 x 50 mr/a, roe
0 — xonmnyectBo NaOH, mormeniero Ha THTpOBaHUE.

Hanpumep:
Ha turpoBanwue momren 1 mur NaOH (ompenensieTcs mo rpayupoBKe Ha OIOpEeTKe CBEpXy BHU3).
3HaYUT KUCIOTHOCTD paBHa 1 X 50 mr/n = 50 mr/n



T'ocynapcTrBenHoe npogeccnoHaibHOEe 00pa30BaTe/ibHOE YUpeKIeHne

/F i P «CBIKTBIBKAPCKHI JIECONPOMBINLJIEHHbIN TEXHUKYM»
- '-'J
LAY L ..
- _,-r:f"’ «CBIKTBIBKapca BOpP MPOMBILIIIEHHOCHT TEXHUKYM)
T

YIDKCUKACO BeIOAaH KaHMY y4peKICHUE

PACCMOTPEHO

Ha 3acenanuu MK

«IIpodeccnoHaIbHOTO ITUKIIA»

[Tpotokon Ne 1 ot «30» aBrycra 2019 1.
[Ipencenarens MK Hcakosa O.B.

KOHTpOJIbHO-OIIEHO‘IHOe CpEacTBo 1o

M/K.01.03 Cucrema oxpaHbl TPYJAa U NPOMbIILJIEHHAS IKOJOT U

PopmMa KOHTPOJIS: IPOMEXKYTOYHAs
aTTecTalysl




®opma npomexyTouHoil arTtectanuu:  {uddepennupoBaHHbIi

3ayer
THIl KOHTPOJIBHOTO 33IaHHS: Yemuwiii omeem/mecm
IIpoBepsieMble pe3yabTaThl 00YYeHHSA: V1-16,323-26
Kpurepun onenku
Onenka Kputepun
«OtmuaHO» - 5 1. 1aH MOJIHBII OTBET HA OCHOBE U3YUYEHHBIX TEOPUL;

2. MaTepuai MOHAT U OCO3HaH;

3. MaTepHaJ U3JI0KEH B OMPENCICHHON TIOTHYECKOM MOCIeI0BATEILHOCTH
JTUTEPATYPHBIM SI3BIKOM;

4.0TBET CAMOCTOSTCIIHHBIM.

«Xopomo» - 4 1. naH MpaBUIBHBIA OTBET HA OCHOBE M3YUYEHHBIX TEOPHU;

2. MaTepual MOHAT U OCO3HaH;

3. MaTepHual U3JI0KEH B OMPENEICHHON JIOTMYECKOM MOCIen0BaTEIbHOCTH
JUTEPaTYPHBIM SI3bIKOM;

4. MOMyIICHKI 2-3 HECYIIECTBEHHBIC OMTUOKH, UCIIPABICHHBIC 110
TpeOOBaHUIO MPEIoaBaTeIsl, MM HEKOTOpask HEIIOJHOTa OTBETA,
LIEPOXOBATOCTb B M3JIOKEHUU MaTepUaa.

«Y I0BJIETBOPUTEIBHOY - 3 1. MaTepra B OCHOBHOM H3JI0’KEH MOJTHO, HO MIPH 3TOM AOMYIIEHBI 1-2

CYILIECTBEHHBIC OIIMOKH;
2. OTBET HEMOJHBIH, MOCTPOSH HECBIZHO, C TOMOIIHIO HABOISIIUX BOMIPOCOB

MpernogaBaTciis.
«HeynoBneTBopuTenbHOY - 2 OTBET OOHAPYKMBACT HE3HAHWE MJIM HEMIOHMMaHHUe OoJbliel U Haubonee
CymeCTBeHHOﬁ qaCTu yqe6H0ro MaTepuajia
CocraBuTreib:
Mypassesa E.E. [IPENno1aBaTeib
CoikThIBKap, 2019
[TpombIieHHas 6€30MacHOCTh
1. Ocobennoctu obecneyeHus: 6€30MacHbIX YCIOBUHN Tpy/ia Ha IPOU3BOJICTBE
2. TlpaBa m 00s13aHHOCTH PaOOTHUKOB B 00JIACTH OXPAHBI TPY/Ia
3. OcoOeHHOCTH 0OecrieueHHs 6€30MacHBIX YCIOBHM Tpy/ia Ha MIPOU3BOICTBE
4. Bunapl v npaBuiia IpOBEACHUSI MHCTPYKTaXKEH 0 OXpaHe TpyJa
5. HopmaTuBHBIE TOKYMEHTHI 110 OXpaHe TPYAa U 310POBbs
6. OcHOBBI MPOGTUTHEHBI, TPOGCAHUTAPHN U TT0KAPOOE30MTACHOCTH
7. Cucrema mep 1o 6€30MacHOM IKCIUTyaTally OMACHBIX MPOU3BOICTBEHHBIX OOBEKTOB U CHHUYKEHUIO
BPEIHOT0 BO3JCHCTBHS Ha OKPYXKAIOIIYIO Cpely
8. IIpodunakTuueckue MEpPOIPUATH 10 MPOU3BOJICTBEHHON CAaHUTAPUH
9. IlpaBuna m HOPMBI JIMYHOW W TPOW3BOACTBEHHOW CaHWTApHH, CPEICTBA W METOJBI MOBBIIICHUS
0€30I1aCHOCTH TEXHUYECKUX CPEJCTB U TEXHOJOTMUECKUX MPOIIECCOB.
10. Bo3MoKHBIE OMTaCHBIE U BPETHBIC (PAKTOPHI M CPEJICTBA 3AITUTHI
11. JleficTBMe TOKCHYHBIX BEIIECTB Ha OPraHW3M 4YEJOBEKAa, MPEAEIbHO JOMYyCTHMbIE KOHIIEHTPAaLUU
(I11K)
12. CpencrtBa MHIMBUYaTbHOM 3aIIUTHI
13. OcHOBHBIE UCTOYHUKH BO3JEHCTBHS Ha OKPY KAIOLIYIO Cpeay
14. [IpyHIMIBI TPOTHO3UPOBAHUS PA3BUTHUS COOBITUH ¥ OICHKU TOCIEACTBHNA MPH TEXHOTCHHBIX
YpE3BBIYANHBIX CUTYALUAX U CTUXUWHBIX SIBICHUIX
15. [IporHo3upoBaHue pa3BUTHS COOBITHI U OI[EHKA MOCIEACTBHM MPU TeXHOTeHHBIX UC U CTUXUUHBIX

SABJICHUAX



16. TpeboBanus oXpaHbl TpyAa MPU OpPraHU3aIUU TPOBEICHUS padOoT (TPOU3BOACTBEHHBIX MPOIIECCOB).
17. TpeGoBaHUS OXpaHbI TPY/IA, MPEABSIBISIEMBIC K IPOU3BOACTBEHHBIM MTOMEIICHHUSIM

18. TpeGoBaHwus OXpaHbI TPyAa MPOU3BOICTBEHHBIM ILIONIAIKaM, TEPPUTOPHUU

19. TpebGoBaHMs OXpaHbI TPY/Ia MPEIBIBISIEMbBIE K OPraHU3AIMH PAOOYNX MECT

©oNe Ok wdE
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22.

23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.

HpOMBIH_U'IeHHaH 3KOJO0Ius

ITonsiTne sxonorus?

UYrto Takoe npupoaonob30BaHuE?

Kak nogpasnenstorcss npupoHbie pecypebl?
HazoBute 0CHOBHBIEC TPOOIEMBI IKOJIOTHUN?
Urto Takoe mapHUKOBBIA dPhexT?

UeM rpo3sT «030HOBBIC JBIPHD)?

Uro Takoe onycThIHUBaHUE U 00e3siecuBaHue?
UTo OTHOCHUTCA K OTXOA0M NOTpeOIeHHs?
[TpuBenuTe mpuMepsl OTXO10B IPOU3BOICTBA?

. UTo Takoe peKyIbTHBAIHS?

. OOBbsACHUTE KaK MPOUCXOTUT 3aXOPOHEHUE OTXO0B?

. lailTe onpezeseHne 3arpA3HEHUI0 U 3arpsA3HUTEISIM.

. KakoBbI mocneacTBus 3arps3HeHus?

. Kakx M0O>XHO KOHTPOJIMPOBATH 3arpsi3HEHUS?

. Kakue BbI 3HaeTe TUIIBI 3arpSA3HEHUN OKPY>KAIOIICH Cpe/bl?

. B ueM oTiinune Mexay aHTPOIIOT€HHBIM 3arpsiI3HEHUEM U €CTECTBEHHBIM?

. [TJIK — B yem 3akmrouaetcs?

. UTo siBNIsieTCA HOPMUPOBAHHOW BEIMUMHOM 3arpsi3HEHUS !

. BennumHa, He 0Ka3bIBAOIIAsl HA YEIOBEKA U OKPYIKAIOIIYIO CPey BPEIHOI'O BO3/IEHCTBUSI.

. [Touemy GOJIBIITYIO0 OTACHOCTH JJIs1 aTMOC(EPHI MPEACTABISIOT AaHTPOTIOTEHHBIE 3arPSI3HEHUS.
. HazoBute BHABI MaAIIMHOCTPOUTEIHHOTO  IMPOU3BOJICTBA, OKA3BIBAIOIINE HETATUBHOE

BO3JIelicTBHE Ha aTMOochepy.

KakoBbl 0COOEHHOCTH HETaTUBHOTO BIMSHMS Ha arMocdepy TpaHcrnopTa (aBTOMOOHMIIBHOTO,
BO3/YIIIHOT0, KOCMUY€ECKOT0)?

Kakoe 3amuTHoe 3HaueHne umeer armocdepa it 6uochepsi?

[Tepeuncnure ecTeCTBEHHbIE [T HCKYCCTBEHHBIE 3arpsi3HEHUs aTMocheps1?

KakoBbl BakHEHIIIME YKOJIOTHUECKUE MTOCIEACTBUS TI100aIbHOI0 3arpsi3HeHus atMmochepsl?
Kakue cymiecTByIOT cTaHIapThl IO OXpaHe aTMOC(EpHOTro Bo3ayxa?

Korna 66011 ycTaHOBIIEHBI CTaHAAPTHBIE aKTHI.

JlaiiTe XapakTepUCTUKYy XMMHUYECKUM U OMOJIOTHYECKUM 3arpsi3HUTENSIM BOJIbI?

B yem cymHOCTh pU3NYECKOT0 3arpsi3HEHNS BOAbI M KAKOBBI €r0 MOCIEACTBHS?

UTo Takoe IKOJOTrMYECKHI TacnopT?

Kak mpoBoanTCs 9K0JIOTHYECKast IKCIEePTH3a, YTO U3 ce0sl peICTaBIIseT?

Yro Takoe SK0I0ruuecKas JULEeH3H?

DKOJIOTUYECKUHN PUCK. ..

B uem 3akirouaercs 3K0JI0ru4eckoe npaso?

TO TaKO€ HKOJIOTHYECKAs IOPUANYECKAs OTBETCTBEHHOCTb?

Uto Takoe MOHUTOPUHT?

Kak monpasnensercs MOHUTOPUHT?

B kaxoM roy BBEIECHO MOHATHE KOJIOTUYECKOTO MOHUTOPUHTa?



39. Poccust B MeXXIyHApOIHOM COTPYIHUYECTBE?

40. KaxoBbI myTH NONafaHus 3arpsi3HEHUH B TOYBY?

41. IlepeuniciuTe OCHOBHBIE I'PYNIIbl IOUYBEHHBIX 3arps3HEHUN?

42. JlaiiTe onpenencHue MOHATHS «KAaueCTBO MPUPOIHON CPEIIbI».

43. KakoBbI pOJIb U 3HAYCHHUE YKOJIOTHUECKOTO HOPMHUPOBAHUS?

44. Yrto npencrasisrot codoit TTAK, IT1AB, II/IH u apyrue sxosoruueckiue HOpMaTUBbI?

4. llIkana oueHKH o0pa3oBaTebHbIX HocTHKeHHd Mo MK

[IpoLEeHT pe3yILTaTHBHOCTH OrnenKa ypoBHs IIOArOTOBKH
(MpaBHIILHBIX OTBETOB) Oaut (oOTMETKA) BepOAJIbHBIN aHaJIoT
90+ 100 5 OTJIUYHO
80 + 89 4 XOpOILIO
70 =79 3 YJIOBJIETBOPUTEIIHHO
menee 70 2 HEYJOBJIETBOPUTEIIHLHO
Onenka Kpurepun

«OT1imuHO» - 5

1. 1aH MOJIHBIN OTBET HA OCHOBE M3YUYEHHBIX TEOPHIL;
2. MaTepua MOHAT U OCO3HaH;

3. MaTepuai U3JI0KEH B ONPEICICHHON JTIOTHYECKON
[I0CJIE0BATENBHOCTH JINTEPATYPHBIM SI3BIKOM;
4.0TBET CAaMOCTOSITEIbHBIM.

«Xopouio» - 4

1. naH npaBUIIBHBIN OTBET HA OCHOBE MU3yUEHHBIX TEOPHIL;
2. MaTepuaj NOHAT U OCO3HAaH;




3. MaTepuan U3JI0KEH B ONPEIEICHHOMN JIOTHYECKON
IIOCJIE0BATEIBHOCTH JINTEPATYPHBIM SI3BIKOM;

4. nomymieHsl 2-3 HeCyIIeCTBEHHbIE OIIMOKH, HCIPABICHHBIE IO
TpeOOBAHUIO IIPENOJaBaTeNsl, WX HEKOTOpask HEIOJHOTA OTBETa,
LIEPOXOBATOCTh B U3JI0KEHUU MAaTEpUaIIa.

«Y IOBIIETBOPUTEIBHOY - 3 1. MaTepuan B OCHOBHOM H3JIOXKEH MOJTHO, HO TIPH 3TOM JOMYIICHBI 1-
2 CyUIECTBEHHBIE OLINOKH;

2. OTBET HETIOJIHBIN, IIOCTPOCH HECBS3HO, C TOMOIIBIO HABOISIINX
BOIIPOCOB MPETOAABATEIIS.

«HeynoBneTBOpUTENbHO» - 2 | OTBET OOHApPYKMBAET HE3HAHUE WJIM HEMTOHUMAaHue O0bIlel U
Han0oJiee CyNIECTBEHHOM YacTH y4eOHOro Marepuaa

4 OneHkKa o y4eOHOH ¥ NPOU3BOACTBEHHON NMPAKTHKeE
4.1. O01He moI0KEeHHUs

[lenpto oOIEHKKM 1O YyuyeOHOW © (WJIM) TPOU3BOJCTBEHHOM TPAKTHKE SIBISETCS
OIICHKA:

1) nmpodeccroHaIbHBIX U OOIIMX KOMIIETEHIINI;

2) NpaKTUYECKOIO OIbITAa U YMEHUM.

4.2. YyeOHasi MpaKTHKa

KouTpons u oleHka pe3yJbTaTOB OCBOCHHS Y4eOHOW MPAKTUKHU OCYIIECTBISAETCS B
nporecce y4eOHBIX 3aHATHUN, CAaMOCTOSITENIBHOTO BBIMOJTHEHHUS OOYYarolmIMMUCS 3a/IaHHi,
BBITIOJIHCHUS TPAKTUUECKUX MMPOBEPOUHBIX paloT.

B pesynbrare ocBoeHHsS Y4eOHON NPAaKTHKKM B PaMKaxX OCBOCHHS MPO(deCcCHOHATBHOTO
MOy, oOydalomuecs  HOPOXOJAT  MNPOMEXKYTOUHYIO  aTTectauuio B (dopme
muddepeHIMpOBaHHOrO 3a4yeTa. Pe3ynpTaToM, KOTOPOro siBisieTcsl oueHka. llpomexyrouHas
aTTeCTallds 3aHOCHTCS B 3a4eTHYIO BEIOMOCTh 1O ydeOHoW mpakTtuke. Dopmoit
TG depeHIIMPOBaHHOIO 3a4€Ta SIBJISIETCS BBHIIOJIHEHNE KOMIUIEKCHOTO 3aJJaHusl, COCTOSILEIr0 U3
TEOPETUYECKON U MPAKTUYECKON YaCTEH.

4.2.1. Buasl pa0dor mo y4yeOHOIl NMpakTHKe W NpoOBepsieMble pe3yJbTaThl 00yYeHHS IO
npogecCHOHAIBLHOMY MOIYJIIO

Buasi pador Koabl npoBepsieMbIX pe3yJIbTATOB
K OK no,y
CyIIHOCTh U Ha3HAYEHUE CIIECAPHOU IIK.1.1 OK.01, OK.02, I10.1, I10.2,
00paboTKu jaeTaneit OK.03, OK.04, I10.3
OK.05, OK.06, V.1
OK.07, OK.08,
OK.09, OK.10,
OK.11
KoHTposibHO-U3MepUTETbHBIN IIK.1.1 OK.01, OK.02, I10.1, I10.2,
UHCTPYMEHT OK.03, OK.04, I10.3
OK.05,0K.06, | V.1,¥.2,¥V3,V4
OK.07, OK.08,
OK.09, OK.10,
OK.11
OcHoBbI U3Mepenus. Pazmerka IIK.1.1, TIK.1.2 OK.01, OK.02, I10.1, I10.2,
3aroTOBKH OK.03, OK.04, 110.3
OK.05, OK.06, V.1,¥.2, V.3,
OK.07, OK.08, Y4,¥5,V.6,




OK.09, OK.10, V.7,V.8
OK.11
Py0ka u pe3ka meramia IIK.1.1, TIK.1.2 OK.01, OK.02, 110.1, 110.2,
OK.03, OK.04, I10.3
OK.05, OK.06, V.1,¥.2, V.3,
OK.07, OK.08, V4,¥.5 V.6,
0OK.09, OK.10, V.7,V.8
OK.11
[TpaBka u rubka meTamia IIK.1.1, TIK.1.2 OK.01, OK.02, 110.1, 110.2,
OK.03, OK.04, I10.3
OK.05, OK.06, V.1,¥.2, V.3,
OK.07, OK.08, V4,¥.5 V.6,
0OK.09, OK.10, V.7,V.8
OK.11
OnuiMBanue MeTajuia IIK.1.1, TIK.1.2 OK.01, OK.02, 110.1, 110.2,
OK.03, OK.04, I10.3
OK.05, OK.06, V.1,¥V.2, V.3,
OK.07, OK.08, V4,V5,V.6,
OK.09, OK.10, V.7,V.8
OK.11
Tepmuueckass oOpaborka 3aroroBok | [IK.1.1, ITK.1.2 OK.01, OK.02, 110.1, 110.2,
Jeranci 0OK.03, OK.04, I10.3
OK.05, OK.06, V.1,¥V.2, V.3,
OK.07, OK.08, V4,V5,V.6,
OK.09, OK.10, V.7,¥.8,V¥.9,
OK.11 V.10, V.11, V.12,
V.13
Csepnenue, 3eHkepoBanue, 3eHkoanue | [IK.1.1, [TK.1.2 OK.01, OK.02, I10.1, I10.2,
U pa3BepThIBAHUE OTBEPCTUM OK.03, OK.04, I10.3
OK.05, OK.06, V.1,¥V.2, V.3,
OK.07, OK.08, V4,¥.5 V.6,
OK.09, OK.10, V.7,V.8,V¥.9,
OK.11 vV.10,V.11, V.12
Hapesanue pe3b0sbl IIK.1.1, IIK.1.2 OK.01, OK.02, I10.1, I10.2,
OK.03, OK.04, I10.3
OK.05, OK.06, V.1,¥V.2, V.3,
OK.07, OK.08, V4,¥.5 V.6,
OK.09, OK.10, V.7,V.8,V¥.9,
OK.11 V.10,V.11, V.12
Krnenka (cOopka) IIK.1.1, TIK.1.2, OK.01, OK.02, 110.1, 110.2,
IIK.1.3 0OK.03, OK.04, I10.3
OK.05, OK.06, V.1,¥V.2, V.3,
OK.07, OK.08, VA4,¥.5 V.6,
0OK.09, OK.10, V.7,¥.8, V.9,
OK.11 V.10, V.11, V.12,
V.13,V¥.14
[[TaGpenue u mpuTHUpKa IIK.1.1, TIK.1.2 OK.01, OK.02, 110.1, 110.2,
OK.03, OK.04, I10.3
OK.05, OK.06, V.1,¥.2, V.3,
OK.07, OK.08, V4,¥.5 V.6,
OK.09, OK.10, V.7,¥.8,V¥.9,
OK.11 V.10,V.11, V.12,

Y.13,V.14




Pa3némurie H HepazweMuble | [1K.1.1, ITK.1.2, OK.01, OK.02, 110.1, 110.2,
COETUHEHUS neTanei TIK.1.3 OK.03, OK.04, I10.3
OK.05, OK.06, V.1,V.2, V.3,
OK.07, OK.08, V4,V5, V.6,
OK.09, OK.10, V.7,Y.8,V¥.9,
OK.11 V.10, V.11, V.12,
V.13,V.14, V.15,
V.16
Pe3ka u rubka Tpy6 IIK.1.1, IIK.1.2 OK.01, OK.02, I10.1, I10.2,
OK.03, OK.04, I10.3
OK.05, OK.06, V.1,V.2, V.3,
OK.07, OK.08, V4,V5, V.6,
OK.09, OK.10, V.7,V8,V¥.9,
OK.11 V.10, V.11, V.12,
V.13
Hapesanue pe3b0bl Ha TpyOax IIK.1.1, IIK.1.2 OK.01, OK.02, I10.1, I10.2,
OK.03, OK.04, I10.3
OK.05, OK.06, V.1,Y.2,V.3,
OK.07, OK.08, V4,V.5, V.6,
OK.09, OK.10, V.7,V8,¥.9,
OK.11 V.10, V.11, V.12,
V.13
Coemuaenne  TpyOosl Ha  Mmydrtax, | IIK.1.1, TIK.1.2, OK.01, OK.02, 110.1, I10.2,
(dbuTHHTaX IIK.1.3 0OK.03, OK.04, I10.3
OK.05, OK.06, V.1,V.2, V.3,
OK.07, OK.08, V4,V5, V.6,
OK.09, OK.10, V.7,V8,V¥.9,
OK.11 V.10, V.11, V.12,
V.13,V.14, V.15,
V.16
PaboTa Ha TOKapHBIX CTaHKAX IIK.1.1, IIK.1.2, OK.01, OK.02, 110.1, I10.2,
IIK.1.3 OK.03, OK.04, I10.3
OK.05, OK.06, V.1,V.2, V.3,
OK.07, OK.08, V4,V5, V.6,
OK.09, OK.10, V.7,V8,V¥.9,
OK.11 V.10, V.11, V.12,
V.13,V.14, V.15,
V.16
PaboTa Ha CBEpIMIBHBIX CTAaHKaX IIK.1.1, TIK.1.2, OK.01, OK.02, I10.1, I10.2,
IK.1.3 OK.03, OK.04, I10.3
OK.05, OK.06, V.1,V.2, V.3,
OK.07, OK.08, V4,V5, V.6,
OK.09, OK.10, V.7,V8,¥.9,
OK.11 V.10, V.11, V.12,
V.13,V.14, V.15,
V.16
Pabota Ha ¢pe3epHbIX cTaHKaX IIK.1.1, TIK.1.2, OK.01, OK.02, I10.1, I10.2,
IK.1.3 OK.03, OK.04, I10.3
OK.05, OK.06, V.1,V.2,V.3,
OK.07, OK.08, V4,V.5, V.6,
OK.09, OK.10, V.7,V8,¥.9,
OK.11 V.10, V.11, V.12,

¥.13,V¥.14, V.15,




V.16

Pabora Ha cTporanbHBIX CTAaHKAX IIK.1.1, IIK.1.2, OK.01, OK.02, I10.1, I10.2,
IIK.1.3 OK.03, OK.04, I10.3
OK.05, OK.06, V.1,V.2, V.3,
OK.07, OK.08, V4,V5, V.6,
OK.09, OK.10, V.7,Y.8,V¥.9,
OK.11 V.10, V.11, V.12,
V.13,V.14, V.15,
V.16
CyIHOCTb u HazHa4YCHHE IIK.1.1 OK.01, OK.02, I10.1, I10.2,
ANEKTPOMOHTAXHBIX padbOT OK.03, OK.04, I10.3
OK.05, OK.06, V.i1,VY.2,V3
OK.07, OK.08,
OK.09, OK.10,
OK.11
OCHOBBI 3J1EKTPOOE30IIaCHOCTH [IK.1.1 OK.01, OK.02, I10.1, I10.2,
OK.03, OK.04, I10.3
OK.05, OK.06, V.i1,V¥.2
OK.07, OK.08,
OK.09, OK.10,
OK.11
Coenunenue u oxkonnenanue nposogoB | IIK.1.1, I[1IK.1.2 OK.01, OK.02, I10.1, I10.2,
u kabenen OK.03, OK.04, I10.3
OK.05, OK.06, V.1,¥V.2, V.3,
OK.07, OK.08, V4,V5, V.6,
OK.09, OK.10, V.7,Y.8,V¥.9,
OK.11 V.10,V¥.11, V.12,
V.13,V.14, V.15,
V.16
Jlyxxenue IIK.1.1, IIK.1.2 OK.01, OK.02, I10.1, I10.2,
OK.03, OK.04, I10.3
OK.05, OK.06, V.1,¥V.2, V.3,
OK.07, OK.08, V4,V5, V.6,
OK.09, OK.10, V.7,Y.8,V¥.9,
OK.11 V.10,V¥.11, V.12,
V.13,V.14, V.15,
V.16
Ilatixa ¥ ckJIeMBaHHE IIK.1.1, TIK.1.2 OK.01, OK.02, 110.1, 110.2,
OK.03, OK.04, I10.3
OK.05, OK.06, V.1,V.2, V.3,
OK.07,0K.08, | V4,¥.5V.6,V.7
OK.09, OK.10,
OK.11
MonTtaxx u  gemMoHTax  pazwbemos, | [IK.1.1, I1K.1.2, OK.01, OK.02, 110.1, 110.2,
nepexsrouaTeseil 1 6JJ0KOB MUTaAHUS IIK.1.3 OK.03, OK.04, I10.3
OK.05, OK.06, V.1,V.2, V.3,
OK.07, OK.08, V4,V5, V.6,
OK.09, OK.10, V.7,Y8,V¥.9,
OK.11 V.10, V.11, V.12,
V.13,V.14, V.15,
V.16
MomnTax anextpuueckux | I1K.1.1, I[TK.1.2, OK.01, OK.02, I10.1, I10.2,
COCTMHUTEIIHLHBIX JIMHUI TIK.1.3 OK.03, OK.04, 110.3




OK.05, OK.06, V.1,V.2, V.3,
OK.07, OK.08, V4,V5,V.6,
0OK.09, OK.10, V.7,V8,V¥.9,
OK.11 V.10, V.11, V.12,
V.13,V.14, V.15,
V.16
MoHTaX 3alMTHOTO 3a3eMJICHUS IIK.1.1, IIK.1.2, OK.01, OK.02, 110.1, 110.2,
IIK.1.3 OK.03, OK.04, I10.3
OK.05, OK.06, V.1,V.2, V.3,
OK.07, OK.08, V4,V5,V.6,
0OK.09, OK.10, V.7,V8,V¥.9,
OK.11 V.10, V.11, V.12,
V.13,V.14, V.15,
V.16
TpaccupoBka mnpoBomoB u ycranoBka | [IK.1.1, T1K.1.2, OK.01, OK.02, 110.1, I10.2,
JleTajeu IIK.1.3 0OK.03, OK.04, I10.3
OK.05, OK.06, V.1,V.2, V.3,
OK.07, OK.08, V4,V.5 V.6,
OK.09, OK.10, V.7,V8,V¥.9,
OK.11 V.10, V.11, V.12,
V.13,V.14, V.15,
V.16
[Taiika pazpaborannoro yctpoiicta u | I[IK.1.1, [1K.1.2, OK.01, OK.02, 110.1, 110.2,
HCIIBITaHUE Ha PabOTOCTIOCOOHOCTD IIK.1.3 0OK.03, OK.04, I10.3
OK.05, OK.06, V.1,V.2, V.3,
OK.07, OK.08, V4,V.5 V.6,
OK.09, OK.10, V.7,V8,V¥.9,
OK.11 V.10,V.11, V.12,
V.13,V.14, V.15,
V.16

YIPKCUKACO BEJOJAH KAHMY YUPEKICHUE

PACCMOTPEHO
Ha 3acenanuu MK
«IIpodeccnoHanbHOTO UK

ITportokon Ne 1 ot «30» aBrycrta 2019 r.
Hcaxosa O.B.

[Ipencenarens MK

KOHTpOJIbHO-OIIEHO‘IHOe CpEacTBo 1o

YII 01.

T'ocynapcrBenHoe npodeccnoHaibHOEe 00pa3oBaTe/IbHOE YUpPeKIeHne
«CPIKTBIBKAPCKHI1 JIECONPOMBINLJICHHBII TEXHUKYM»

«CBIKTBIBKapca BOP NPOMBIIUIEHHOCHT TEXHUKYM»

MoHnTak npuéopoB U IJIEKTPHIECKUX CXeM CHCTEM aBTOMATHKHU

®opMa NPOMeKYTOYHOM aTTecTalluM:

JuddepenmpoBaHHbIN 3a4eT




THIl KOHTPOJILHOTO 3aIaHUS:

IIpoBepsiemble pe3yJbTaThl 00y4YeHHUS:

Kpurepun onenku

KommekcHoe 3aJaHuC

OK.01, OK.02, OK.03, OK.04, OK.05, OK.06,
OK.07, OK.08, OK.09, OK.10, OK.11

K 1.1, IIK 1.2, IIK 1.3

110.01, I10.02, I10.03

V.1,V2,V3,V4,¥5 V¥.6,¥.7,¥8,V¥.9, V.10,
V.11,V¥.12,V¥.13,¥.14, V.15, V.16

Tecr

OneHnka Kpurepun
«OT1anyHO» - 5 90 +100
«Xopouio» - 4 80 +~ 89
«Y IOBIETBOPUTEIHHO» - 3 70 =79
«HeynoBnersopureabHoO» - 2 menee 70

IIpakTHYeckoe 3agaHue

OuennBaeMble KpUTEPUHU Ouenka
1. Opranuzanus padboyero mecra 5
2. CobmiofieHre TEXHOIOTUH BBITOJHEHHS pabOoThI 5
3. YMeHue nojp30BaThCss KOHTPOIbHO-U3MEPUTENbHBIM HHCTPYMEHTOM 5
4. KauecTBO BBIIOJHEHHS PaOOTHI 5
5. CobmroneHue mpaBmil TEXHUKH 0€30MMaCHOCTH 5)
HUTOI'O 15

OLIGHKa IMPOU3BOAUTCA I10 MATUOATBHOM IIIKAJIe:

- 3 Oasia BHIMOJIHEHHO B ToJHOM 00beMe (90-100%) 6e3 3HaYUTEeNbHBIX OLIHOO0K;
- 2 Oasna BRIMOIHEHHO YacTU4HO (60-70%) momyIeHHbl He3HAYUTEIbHbIE OLTHOKY;

- 1 Oa BeImoaHEeHHO YacTU4HO (50-40%) nomyiieHHbl He3HAUUTEIbHbIE OLIHOKY;

- 0 Oas10B BBINMOIHEHHO YacTU4HO (MeHee 40 %) nomyeHHbl 3HaYUTeNbHbIE OIINOKU

MakcumanpHOE KOTUYECTBO OaIoB 15.

Onenka Kpurepuun
«OTnuuHO» - 5 13-15 6amnos
«Xopomo» - 4 12-13 6amnoB
«Y TOBIETBOPUTEIHHO» - 3 10-12 O6amnoB
«HeynoBneTBOpUTEILHOY - 2 0-10 Ganmnos

CocTraBuTeib:

Ucaxosa O.B.

MPeToIaBaTeNb IUCIUILINH 00MIePOPECCHOHATLHOTO ’




HpO(i)eCCI/IOHaJ'IBHOFO OHUKJIa

C

3aganmue 1.

Konpl mpoBepsieMbIX pe3yJIbTaTOB OCBOCHHS:

NucTpykuus
BHumarenpHO ipounTanTe 3aaHUE.
BrI MOkeTe BOCITOIB30BaTLC:

BIKTBIBKAP
2019

MK 1.1, IK 1.2, TIK 1.3

OK.01, OK.02, OK.03, OK.04, OK.05, OK.06,
OK.07, OK.08, OK.09, OK.10, OK.11

[10.01, I10.02, I10.03

31-27 V.1-16

BEPCTaK CO CIICCAPHBIMH ITOBOPOTHBIMU

THUCKaMH, BepTI/IKaHBHO-CBepHI/IHBHBIﬁ CTAaHOK,

OYKH 3alIUTHBIC, KIIHOY I CBEPJINJIIBHOT'O

[IaTPOHA, YIJIOMEp, METaJUINYECKas

HU3MEPUTCIIbHAA HHHeﬁKa, KPOHIIMPKYJIb,

YCPTHIIKA, YTOJIBHUK CT&J’IBHOIZ, CTaJIbHas

3aroTOBKA pa3zMepoM 62x92%3 mm, 3yOouo,

cimpanbhblie cBépna d 3MM 1 6MM, MOJIOTOK C

KBaJpaTHBIM OOMKOM, TUIHOU U OapXaTHBIN

HaITMJIbHUKH, HaI[(i)I/IJ'H/I.




Bpewms Bemmosnenus 3ananus: 120 muH.

Tect — 25 muH.

[IpakTueckoe 3aganne — 95 MuH.

TexkcT TecTOBOrO 3a1aHUA

Bompoc 1. 9 6as10B

Has3zoeume 6u0 u MapkuposKy uzmepumenbHo20 UHCMPYMEeHma, YKA3aHHO20 HA PUCYHKe, 8blOpas
NPAGUILHBIL OMEEM U3 NPEOSIONCEHHBIX 8APUAHNOE.

BapuaHThl 0TBETOB:
I. wranrenupkyns, -1 II. mukpomerp, MK-1 III. yrnomep, YM.

Yemanosume coomeemcemeue scex cocmasijiArnouux ycmpoﬁcmea UusmepumeilbHoco UuHcmpymenma,
0003HAYEHHbIX HA PUCYHKeE uuqbpazvzu, U uUxX HaA3eaAHUusiAMU, 0003HAYEeHHbIMU 6y1<6amu.

PucyHOK H3MEpPHUTENBHOIO HHCTPYMEHTA HanmeHnoBanue coCTaBIIIOIIMX
WHCTPYMEHTA

A. TyOKU 1711 BHYTPEHHUX
U3MEpEeHU

b. moaBmxkHas pamka

B. ryOku ais HapyKHBIX

U3MEPEHUI
I'. mKkama mranru
J1. nuneiika rmyonHOMEpa
E. mranra

K. HoHmyC

3. BHHT IJIA 3a%KUMa paMKU

Bomnpoc 2. 4 6anna

Bcmasvme nponyuieHrnbsle cioea 6 npec)ﬂoofcenue, 8bl6pa8 npa@uﬂbezd omeem u3 l’lpe()flOcheHHle
6aApUAHNMOE.

«Pazmemrkou Ha3pIBaeTCs 1 HaHEeCeHUS Ha 00pabaTHIBAEMYIO 3aTOTOBKY 2, ONpeAeSonuX 3 Oy aymien

JIeTalld Uina MecTa, 4».

BapuaHTel 0TBETOB:

A. Pa3MeTOUYHBIX JTHHHIA; B. [Nonnexariee 06padboTKe;
b. Onepanus; I'. KoHTypsl.
Bomnpoc 3. 5 6annoB

Hepeltuwmme epynnsl HANUJ1IbHUKO8 N0 HA3HAY€ERUIO.



Bomnpoc Ne 4. 9 6a/L10B
Onpeodenume snemenmol No 2, 4, 5, 6, 8, ykazauHvle Ha pucynke u oatime ux Ha3eéauue 8blopas u3
NPEON0NHCEHHBIX 8APUAHINOE OMBEMO8.

BapI/IaHTBI OTBETOB:

A. Ilepeanuii KoHyC M. Jlanka

b. JlenTouka E. Pexymas yactp

B. XBocTtoBas yacthb K. Hampasnstomas dacka

I'.  Hletika 3.  Pabouas yacTh
Bompoc Ne 5. 6 6an10B

Onpedenume 6udvl coeOuHeHUl, YKA3AHHbIX HA cXeme yugdpamu, eblopas omeem u3
NPEeON0NHCEHHBIX BAPUAHMOS.

BapI/IaHTI)I OTBETOB:

A. TlogBmwxHEIe B. Pa3znémubie
b. Henonsuxzsie I HepasbémHblie
Kuarwoum k oTBeTy:
Ne
OtBeT
BoOIpoca
1 1-E,2-B5,3-T,4-A,5-B,6-/1,7—-XK,8-3. 9 GamioB
2 1-5,2-A,3-T,4-B. 4 danna
00I11ero Ha3HAUCHUS; CIICIIMAILHOTO Ha3HAUCHUST; HAA(HIN;
3 5 6amioB
palINWIN; MalllMHHBIE.
4 1-XK2-b5,3-1,4-1,5-B,6-1,7-b,8-3,9—E. 9 GamnoB
5 1-5,2-A,3-B,4-T,5-B,6-T. 6 O0aIoB

Texker mnpakTnuyeckoro 3agaHusi: «l3rotoBnenue miabmoHa JA7sS KOHTPOJS 3aTOYKHU
CIHUPAIIBHBIX CBEPID)



90°

J0¥
120°

58

34 . 6%

17.3% | Zs* (/}z 6.3

I. CocTaBUTh aNTOPUTM BBIMOJTHEHHS 111a0JI0HA.
Il. BeImoaHUTH U3rOTOBIIEHUE MIA0JIOHA ISl 3aTOYKU CBEPI.

Kuarwoum k oTBeTy:

1. BolpyOuth 3arotoBKy pazMepoM 62x92MM U3 CTaJbHOTO JUcTa b=3MM, IpH NOMOIIU
pexyiero (3yousna) u y1apHoro (MoJIOTKa) HHCTPYMEHTOB.

2. IlpousBecTu pa3MeTKy JeTald Ha IUIOCKOCTU IUIACTHUHBI, MPU MOMOIIM YEPTEKHOTO
MHCTpyMeHTa (YepTUJIKA, YTOJbHUK, KPOHLMPKYJb, METaNInYecKas HW3MEpUTENIbHAs
JIMHEWKA).

3. IIpocsepauts 2 otBepcTHst d = 6MM U 6 oTBepcTHil d = 3MM CIUpaIbHBIMU CBEPIAMH Ha
BEPTUKAJIbHO-CBEPJIUIIbHBIX CTaHKaxX Mojaenu 332A.

4. Cpenatb mpope3n ¢ Kpa€B 3aroToBKM Jisi Hocienyromeid o0paOoTKM BHYTPEHHHX
KOHUYECKHUX IMOBEPXHOCTEH C yrilaMu, yKa3aHHBIMU Ha YepTexKe.

5. JloBecTH BHYTpEHHUE KOHUYECKHE YTIIbl OapXaTHBIM HaA(HIEM.

6. JoBecT  TOpLIOBbIE  TMOBEPXHOCTHM  3aroTOBKM  MHpU  TMOMOIIM  JIMYHOTO
HallWJIbHUKA J0 pa3Mepa yKa3aHHOIO Ha cxeMe 58X 88mm.

4.3. [IpousBoacTBeHHAS] MPAKTUKA

OrneHka 1o MPOU3BOJICTBEHHOM MPAKTUKE BBHICTABIISIETCS HA OCHOBAHUU aTTECTALIMOHHOTO
JUCTa C yKa3aHWEM BHJIOB PAa0OT, BBITIOJIHEHHBIX OOYYArOIIMMKCS BO BpeMs MPAKTUKH, WX
00beMa, KauecTBa BBIMIOJIHEHHS B COOTBETCTBUU C TEXHOJIOTHEH U TPeOOBAHUSIMU OpTaHU3AIINH,
B KOTOPOM MPOXO/MjIa MPaKTUKa U OTYETa MO MPAKTHUKE.

OTYeT No MPOU3BOJICTBEHHOMN MPAKTUKE MPOBOJIUTCS IO 3aBEPIICHUIO OCBOCHUS pabouei
y4eOHOW TporpaMMbl TIO TPOM3BOJICTBEHHOW MpakTUKEe B (opMe MpeacTaBiIeHUs OT4YeTa
CTy/ICHTaMU TE€XHUKyMa W €ro 3allluThl. 3allliTa OTYETa MOXET MPOBOAUTHCA KaK B BHJE
MPE3CHTAINM, TaK U B (HOpME YCTHOTO BBICTYILICHHUS.



B kauecTBe MpUIIOKEHUS K OTUETY 10 MpakTHKe oOydaromuiics opopmiisier rpadudeckue,
aynuo-, (oTo-, BHUACO-, MaTepHalbl, HATJsSAHbIE OO0pa3lbl H3ACIUN, MOATBEPKIAIOIINE

IIPAaKTUYECKUH OIBIT, ITOJIyYEHHBIN HA IPAKTHUKE

4.3.1. Buapl padoT mo NPOU3BOACTBEHHON NpPAaKTHKEe H MNpoBepsieMble Pe3yJbTAThI

00yueHus 1o npodeccCHOHAIBLHOMY MOYJII0

Buasbi pador

KOI[])I MPOBEPHACMBIX PE3YyJbTaTOB

K OK o, ¥y
OsHakomiieHHE c npeanpustieM | [1IK 1.1, ITIK 1.2, | OK.01, OK.02, I10.1, 110.2,
(ocMOTp TpEanpusATHs;, 3HAKOMCTBO CO TIK 1.3 OK.03, OK.04, 110 .3
CXeMaMu HEPTrOCHAOKCHHSI, OK.05, OK.06, V.1,V.2, V.3,
3HAKOMCTBO C TEXHOJOTHYECCKUMU OK.07, OK.08, V.4,V.5, 9.6,
cxeMaMu). OK.09, OK.10, | V.7,¥.8, V.9,
OK.11 V.10, V.11, V.12,
V.13,V.14, V.15,
V.16
Coop wm wmcnonwsoBanne Texnuko- | [IK 1.1, [IK 1.2, | OK.01, OK.02, I10.1, I10.2,
3KOHOMHYCCKOM uHpopmauu 00 TIK 1.3 OK.03, OK.04, 110 .3
YCTaHOBJICHHOM 000py1I0BaHUM u OK.05, OK.06, V.1,V.2, V.3,
PEMMaX €ro padoTeL. OK.07,0K.08, | YV.4,V5,V6,
OK.09, OK.10, V.7,¥8,V.9,
OK.11 V.10, V.11, V.12,
V.13,V.14, V.15,
V.16
Bribop mpubopos u ycrpoiicts mia | [IK 1.1, TIK 1.2, | OK.01, OK.02, I10.1, I10.2,
MPOBCACHUA HCIIBITAHUS 06opy21013aH1/151 HK 13 OKO3’ OKO4’ HO3
1 OTACTBHBIX CHCTEM. OK.05, OK.06, V.1,V¥V.2, V.3,
OK.07, OK.08, V4,V5,V.6,
OK.09, OK.10, V.7,¥8,V.9,
OK.11 V.10, V.11, V.12,
V.13,V.14, V.15,
V.16
Cocrasiienue nporpammel | TIK 1.1, IIK 1.2, | OK.01, OK.02, I10.1, 110.2,
WHCTPYMEHTAIBHOTO o0caeI0BaHus MK 1.3 OK.03, OK.04, 10 .3
00bEKTa aBTOMATU3AIUH. OK.05, OK.06, V.1,Y.2,V.3,
OK.07, OK.08, V4,V5,V.6,
OK.09, OK.10, V.7,¥8,V.9,
OK.11 V.10, V.11, V.12,
V.13,V.14, V.15,
V.16
Cuatne Ttexnnueckux mnapamerpos c¢ | [IK 1.1, TIK 1.2, | OK.01, OK.02, I10.1, 110.2,

npubOpOB  HM3MEpEHUs] W KOHTPOJI,




000pyI0OBaHUs U OTJEIBHBIX CUCTEM. K 1.3 OK.03, OK.04, I10.3

OK.05, OK.06, V.1,V¥.2, V.3,
OK.07, OK.08, V4,V¥.5,V.6,
OK.09, OK.10, V.7,¥8,V.9,

OK.11 V.10, V.11, V.12,
V.13,V.14, V.15,
V.16
3anojHeHue TabIuL H3MEPEHMS. IIK 1.1, I1IK 1.2, | OK.01, OK.02, I10.1, I10.2,
K 1.3 OK.03, OK.04, I10.3

OK.05, OK.06, V.1,¥.2,V3,
OK.07, OK.08, vV4,¥5,V.6,
OK.09, OK.10, V.7,Y8,VY.9,

OK.11 V.10, V.11, V.12,
V.13,V.14, V.15,
V.16
Ananus u cucreMarusanus nonydennsix | [IK 1.1, TIK 1.2, | OK.01, OK.02, I10.1, I10.2,
JIAHHBIX,  Hajaaka  mpuboOpoB M IIK 1.3 OK.03, OK.04, I10.3
000py HOBaHUsL. OK.05, OK.06, V.1,V¥.2, V.3,

OK.07, OK.08, V4,¥5,V.6,
OK.09, OK.10, V.7,Y.8,VY.9,
OK.11 Vv.10, V.11, V.12,
V.13,V¥.14, V.15,
v.16

5. KOHTPOJIbHO-01IeHOYHBbIE MAaTEePHAJIBI VISl IK3aMeHAa (KBAJIU(PUKALIMOHHOTI0)

5.1. Dx3ameH (kBanu(UKAIMOHHBIN) TpeNHa3HA4YeH /I KOHTPOJSI U OILICHKH PEe3yJIbTaTOB
OCBOEHHUS MPOPECCUOHATLHOTO MOy IS

IMM.01 MoHTa:k NIpuOOPOB M JIEKTPUYECKHX CXeM CHCTeM AaBTOMATHKH

OCHOBHOH mpodeccroHanbHoi oOpazoBaTenbHoi nporpammel (OITOIT) CIIO no mporpamme
MOJTOTOBKH KBATH(PUIIMPOBAHHBIX pab0YHX (CIy>KaIINX )
15.01.31 Macrep KOHTPOJIbHO-U3MEPHUTEJIbHBIX IPUOOPOB M ABTOMATHKH

DK3aMeH NPOBOJIUTCS MO 3aBEPIICHUIO H3YYCHHUS TNPOTrpaMMbl MPO(HECCHOHATBHOTO
MOZYJIA.

DK3aMeH MpecTaBiseT co0oil:
- KOMIUIEKCHOE 3a/IaHH€, COCTOSAIIEE U3 TEOPETUYECKON U ITPAKTUUECKOM YaCTH.

DK3aMeH MOKET IMPOBOAUTHCS Ha 0a30BOM MPEANPUITHH, B MACTEPCKUX U J1a00OpaToOpUsix
TEXHUKYMA.

HToroM mpoOBEpKHM OCBOCHHSI TPOTPAMMBI MPOPECCHOHATBFHOTO MOMIYJS  SIBIISETCS
OJIHO3HAYHOE PeLIeHHE: «BU MPO(HEeCCHOHATBHOM 1EATEIbHOCTH «OCBOEH, / HE OCBOEH.



[Ipn BbICTaBIEHUU OLEHKH YYHUTHIBA€TCS pOJb OLEHUBAEMbIX I[OKa3aTenen s
BBITIOJTHEHUST BHJIa MPOQPECCHOHATIBLHOM EATeIbHOCTH, OCBOEHHE KOTOpOro mnposepsercs. [lpu
OTPULIATEIBHOM 3aKJIIOYEHUHU XOTs Obl IO OJTHOMY MOKa3aTeNI0 OLEHKU pe3yibTaTa OCBOEHUS
NPUHUMAETCS pEHICHHE «BUJ MPOQPECCHOHATLHOM

HpO(beCCI/IOHaJ'IBHBIX KOMIICTCHILIUI

JCATCIIBHOCTH HC OCBOCH».

Pe3yJ'ILTaTLI 0CBOCHUA

OcHOBHBIE MOKAa3aTeJ I OLIEHKH
pe3yJabTaTa

dopMma 3K3aMeHa

IK 1.1.
Ocy1iecTBiIsTh
TIOJITOTOBKY
K UCTIOJIb30BAHHIO
WHCTPYMEHTA,
00opyIoBaHHS U
MpUCIOCOOIEHUH B
COOTBETCTBHUHU C
3aJJaHHEeM B 3aBHCUMOCTH
OT BUIOB MOHTaXa.

- 000CHOBaHHBIM BBIOOP HMHCTPYMEHTOB H
MPUCTIOCOONEHUN Il Pa3IUYHBIX BHUOB
MOHTAaXa,

- YMEHHUE T0JIb30BATHCSI KOHCTPYKTOPCKYIO,
MIPOU3BOICTBEHHO-TEXHOJIOTHYECKYIO n
HOPMATHBHYIO
HEOOXOIUMYIO JIJIsl BBITIOJTHEHUS PaboT;

JIOKYMEHTAIIHIO,
- 3HAHUC XapaKTePUCTHUK U obyacTei
IPUMEHEHHS DJICKTPUUECKUX KaOemei;

- 000CHOBaHHBII

BBIOOpD  DJIEMEHTOB

MUKPOIJIEKTPOHHKH, 3HAHHE ux
KJacCU(UKAINK, THIIOB, XapaKTePUCTHK U
Ha3HAYCHUS, MAPKUPOBKH;

- 00OCHOBaHHBIM BBIOOp M TNPUMEHEHUE
KOMMYTAITMOHHBIX TPHOOPOB, 3HAHWE WX
KJaccu(uKaiyy, o0JacTh NMPUMEHEHUS W
IIPUHLINI ACHCTBUS;

- 3HAHWE COCTaBa W HA3HAYCHUS OCHOBHBIX
OJI0KOB CUCTEM aBTOMATHUYECKOTO
yIPaBIEHUS U PETYIUPOBAHUS;

- 3HAHWE COCTaBa W HA3HAYCHUS OCHOBHBIX
JJIEMEHTOB ~ CHUCTEM  aBTOMATHYECKOIO
yIPaBIICHUS;

- TPUMEHATH METOJbI pacyeTa OTICIbHBIX
AJIIEMEHTOB PETYJIHPYIONINX YCTPOICTB;

- 000CHOBaHHO

IPHUMCHATDH METO/bI

HU3MCPCHUA  KAYCCTBCHHBIX rnokasareJei

pa6OTLI CHUCTCM ABTOMAaTH4YCCKOI'O

yIpaBiIeHUs W PETryJUPOBAHUA; - 3HAHUE
CIoCcOOOB TMPOBEPKH PabOTOCTIOCOOHOCTH
3JIEMEHTOB BOJIHOBOJHOM

TEXHUKH;

- BBIOMpaTh W 3aroTaBJIMBaTh IPOBOJA
pa3IMYHBIX MapPOK B 3aBUCIMOCTH OT BHJIOB
MOHTa)Xa - MOJIB30BATHCS

U3MEPUTEIILHBIMU npudopamu "

Brimosmenue
MIPAKTUYECKOTO
3aJIaHusA




JUarHOCTHYECKON anmnapaTrypomn JU1sL
MOHTaXa MPUOOPOB M CUCTEM aBTOMATHKHU

PAa3INYHBIX CTCIICHEH CIIOKHOCTH.

IIK 1.2. - 3HAaHUE NIPUHLUIUAIBHBIX JJIEKTPUUECKUX Brmonnenne
Onpenensats CXeM M CXEM COEJUHEHWUH, YCIOBHBIX IIPAKTUYECKOTO
NOCJIEIOBATENBHOCTh U | N300pakKeHUI 1 MapKUPOBKHU IIPOBOJIOB; 3aJlaHus
OINITUMAJIbHBIE CIIOCOOBI | - 3HAHME 0coOeHHOCTeH CXeM
MOHTaXa IPUOOPOB U | IPOMBILIIEHHOM aBTOMAaTHKH,
ANEKTPUYECKUX CXEM TEJIEMEXaHUKH, CBA3H;
Pa3IUYHBIX CHCTEM - 3HaHHE€ (PYHKIIMOHAIBHBIX U CTPYKTYPHBIX
ABTOMATHKH B CXEM MPOrpaMMHUPYEMBIX KOHTPOJJIEPOB;
COOTBETCTBHU C - 3HAHUE OCHOBHBIX HNPUHIIUIIOB
3aJlaHuEM U HOCTPOEHHsI CHCTEM yINpaBieHUs Ha Oasze
TpeOOBaHUSAMU MHUKPOIPOLECCOPHON TEXHUKH; CIIOCOOBI
TEXHUYECKOU MaKETHPOBAHMS CXEM;
JOKYMEHTaLNN. - YMETb IPaBUIBHO 0(GOPMIISTH CIATOUYHYIO
TEXHUUYECKYIO JOKYMEHTAIIHIO,;
- 3HaHWE [PUHLUIIOB  YCTAHOBJIECHUS
PEXUMOB pabOThl OTIENBHBIX YCTPOICTB,
npuOOpoB M OJIOKOB, XapaKTEPUCTHKY U
Ha3Ha4YCHHE OCHOBHBIX
AIEKTPOMOHTAXKHBIX OTEPALUI;
- 3HaHUME Ha3HayeHuss U  obiactu
OPUMEHEHMsI AWK, JYXKEHUs; BUIbI
COEJIMHEHHUS MIPOBOJIOB, TEXHOJIOTUU
[poLecCa YCTAHOBKM KPEIUIEHWsI U Maillku
PaaroOlIIEMEHTOB;
- 00OCHOBaHHBIA BBIOOP ANEKTPUUECKHUX
IPOBOJIOK B 3aBUCHMOCTH OT Ha3HAYECHUS;
- yMeTb 4YHUTaThb CXEMbl COEIUHEHUH,
NPUHIUIHUAIIBHBIE 3JEKTPUYECKUE CXEMBI;
- YMETh COCTaBJISATh PA3JINYHBIE CXEMBbI
COEJIMHEHUH C MCIIOJIb30BAHUEM JJIEMEHTOB
MUKPO3JIEKTPOHUKH;
- paccUMTBIBATH OTHEJIbHBIE AJIEMEHTHI
PEryIUpPYIOUINX YCTPONCTB.
I1K 1.3. - 3HaHME TEXHOJIOTUHU COOpPKM OJIOKOB Belinonnenue
[Ipou3BoANTH MOHTAX | anmaparypsl pa3INYHbIX cTeneHein IPAKTUYECKOTO
npuOopoB 1 CJIOHOCTH, KOHCTPYKLHIO U pa3MelleHue 3a/laHus
ANEKTPUUYECKUX CXEM 000pyZOBaHMSA, HA3HAUYEHHUE,  CIIOCOOBI
Pa3IUYHBIX CUCTEM MOHTaXa Pa3JIUYHbIX NMPUOOPOB U CHCTEM
aBTOMATHKU B aBTOMATHU3aLUY;
COOTBETCTBUU C - 3HaHWEe TPYOHBIX TMPOBOAOK, HUX




3aJJaHUEM C
COOJIFOIEHUEM
TpeOOBaHUH K KaUeCTBY
BBITIOJTHEHHBIX PadoT,
TpeOoBaHUN OXpaHbI
Tpyaa, 6epexxIMBOTO
IIPOU3BOICTBA U
AKOJIOTHYECKOM
0e30IacCHOCTH

KJ'IaCCI/ICI)I/IKaHI/IIO u Ha3HAa4YCHUC,

TCXHHYCCKHC Tpe60BaHI/IH K HHUM,

- 3HaHMe oOummx  TpeOoBaHUH K
aBTOMAaTHYECKOMY yTIPaBICHHUIO u
pETYJIMPOBAaHUIO  TPOM3BOACTBEHHBIX U

TEXHOJOTUIECKUX MPOIIECCOB;
- IpUMEHEHHWE HOPM M TIPaBUJI TMOXKAPHOU
0€30MacHOCTH npu MIPOBEJICHUU
MOHTaKHBIX paboT;

- coOmrofieHne TpeboBaHUM 0€30MacHOCTH
Tpyda U OEpexIJIMBOTO MPOU3BOJICTBA TIPU
MTPOU3BOJICTBE MOHTAXKA,

- TIPOM3BOJUTH PACIIMBKY TPOBOJOB H
KTYTOBaHHC,

- MPOU3BOJIUTH JTYKCHHUE, MANKy MPOBOJIOB;
CBapuBaTh MPOBOJIA;

- IPOU3BOJIUTH AIEKTPOMOHTAKHBIE paOOTHI
C DJICKTPUYECKUMH KaOeIsIMH,
MICYATHBIN

- MMPON3BOANUTD MOHTAaX;

ITPOU3BOIUTH MOHTaX
IJIEKTPOPATUOIIIEMEHTOB;

- MIPOKJIAAbIBATh DJEKTPUUECKUE MPOBOJKH
B CUCTEMAxX KOHTPOJSA U PETYJIUPOBAHUS U
IIPOU3BOAUTH UX MOHTAX;

- MPOU3BOAUTH MOHTAX TPYOHBIX MPOBOJOK
B CHCTEMAaX KOHTPOJIA U PETYJIUPOBAHUS;

- NPOU3BOJAWTH MOHTAX WIIUTOB, IyJIBTOB,
CTaTUBOB;

- OLICHHBATh

Ka4y€CTBO PE3YJIbTAaTOB

CcOOCTBEHHOMN AEITEILHOCTH.

OK.01
Bribupats crioco0Ob1
pelieHus 3a/1a9
npodeccuoHaNbHON
JeSITEIbHOCTH,
MPUMEHHUTEIIBHO K
Pa3ITUYHBIM KOHTEKCTaM

- pacro3HaBaTh 3ajayy W/Wik mpodiemy B
npo(eCCHOHANBHOM W/WIM  COLMAIBLHOM
KOHTEKCTE;

- aHAIM3UPOBATH 3a/1a4y W/WIH MPOOIIeMy H
BBIJIETISITH €€ COCTaBHbIC YaCTH;

- COCTaBHTH IUIAH JACHCTBUS, OMPEACIUTH
HEOOXOAUMBIE PECYPCHI;

- BJIAJIETh aKTyaJIbHBIMH METOJaMH PaOOTHI
B Ipo(ecCroHaNbHON U CMEXHBIX cepax;
- peaJIn30BaTh COCTABIICHHBIN IJIaH;

- OLIGHUBATh pe3yJbTaT W IOCJIEICTBUS
CBOMX JCHCTBUN (CaMOCTOATEIIFHO WU C

TTOMOIIbIO0 HACTABHUKA).

DKCIEePTHOE
HaOJIIOICHUE U
OLIEHKa
CaMOCTOSITENbHOCTH
Ha MPAKTHYECKUX
3aHATHSIX TIPH
BBITIOJTHEHUH paboT




OK.02
OcCynIecTBISATh TIOUCK,
aHAIIN3
WUHTEPIPETAIHIO
uHpopmanuu,
HEO0OXOAUMOM 1Jis
BBITTOJTHCHUS 33124

- HUCIIOJIb30BAHUC PA3JIMYHBIX MCTOYHUKOB,

BKJIIO4asa QJICKTPOHHBIC HNCTOYHHUKHU

uH(popMaH

DKcnepTHOoe
HaOJIIOICHUE U
OIICHKA
s pexTUuBHOCTH
UCTIOTh30BAHHMS
Pa3TMYHBIX
HCTOYHHUKOB Ha

npodeccuoHaIbHON 3aHATHUAX
NEeSATETbHOCTH
OK.03 - TPaBUIBHO BBIABIATE W A(PPEKTUBHO DKCIEePTHOE

[lmanupoBaTh u

UCKaTh HH(POpMAIUIO, HEOOXOAUMYIO IS

HaOJII0IEHUE U

peann30BbIBATh pelIeHus 3a1a41 U/ WA IPOOJIEMBL. OIICHKA 3a0JIHEHUSA
COOCTBEHHOE TEXHOJIOTUYECKOM
npogecCuoHaIbHOE KapThl
U JINYHOCTHOE Pa3BUTHUE
OK.04 - OpraHu30BBIBaTh pabOTy KOJJICKTUBA U DKcnepTHOe
PaboTtaTh B KOJUIEKTHBE U | KOMaHJbl C KOJIJIETAMH, PYKOBOJCTBOM, Ha0JI0/IeHnE
KoMaHie, Y3QPEKTUBHO | KIMEHTAMH
B3aMMO/ICHCTBOBATh
C KOJIJIETaMH,
PYKOBOJICTBOM,
KJIINEHTaMH
OK.05 - 3aII0JIHEHUE TEXHOJOTMYECKOW KapThl Ha DKcnepTHOe

AHanu3upoBath pabouyro
CUTYaIUIO,
OCYILECTBIIATh TEKYIINI
Y UTOTOBBIM KOHTPOJIb,
OLICHKY ¥ KOPPEKLIHUIO
COOCTBEHHOM
NEesATEIbHOCTH, HECTH
OTBETCTBEHHOCTH 32
pe3yJIbTaThl CBOEH
paboTHL.

y4eOHOM MpaKTUKe

HAOIIOAECHUE U
OIICHKA 3aMOIHCHUS
TEXHOJOTHYECKOM
KapThbl

OK.06
OcCy1IecTBIATh YCTHYIO U
MUCHbMEHHYIO
KOMMYHUKAIUIO Ha
rOCYJJapCTBEHHOM SI3bIKE
C y4eTOM 0COOCHHOCTEH
COLIMAJIBHOTO U
KYJIbTYpPHOTO KOHTEKCTA.

- OpPraHMU30BbBIBATH pa60Ty KOJIJICKTHUBA U
KOMaHJbl C KOJUICTaMH, PYKOBOACTBOM,

KIIMEHTaMHU

DKCIEePTHOE
Ha0I0IeHNE

OK.07

- OIMChIBATh 3HAYUMOCTh CBOCH npoq)eccpm

DKCIEepTHOE




IIposiBIATE rpak 1aHCKO-
NaTPUOTUYECKYIO
MO3ULUIO,
JEMOHCTPUPOBATH
OCO3HAaHHOE TOBEJICHUE

- IPE3EHTOBATh CTPYKTYPY
PO ECCHOHAIBHOM EATEILHOCTH TI0
npodeccuu (CrenuanbHOCTH)

HaOIr01IeHNE

Ha OCHOBE
TPaJAUIIMOHHBIX
00111eYeT0BEYECKUX
LIEHHOCTEMN.
OK.08 - COOTFOIaTh HOPMBI SKOJIOTUUECKOM DKCIEePTHOE
ConeticTBOBaTh 0e301macHOCTH Ha0II0IeHNE U
COXPaHEHUIO - OMIpEACIISITh HAITPaBJICHUS OIICHKA HaBBIKOB
OKpYXKAIOIIEeH Cpefbl, | pecypcocOepekeHus: B paMKax MCIOJIb30BAHUS
pecypcocOepexenuto, | mpohecCUOHATBEHON AEATEILHOCTH 110 nH(pOpMaIMOHHON
3¢ heKTUBHO npodeccuu (CenraaTbHOCTH) JOKYMEHTAIlMU Ha
NEHCTBOBATH B 3aHATHUSIX
Ype3BbIYaHbIX
CUTYaIIUsIX.
OK.09 - IPUMEHSTH CPEJICTBAa HH(OPMAIIMOHHBIX DKCIEPTHOE
HUcnonn30BaTh TEXHOJIOTHI JJIsl peIICHUS HaOJII0IEHUE U
UH(OPMAIIMOHHBIE npodeccroHaNbHBIX 33134 OIICHKA HaBBIKOB
TEXHOJIOTHH B - WCII0JIh30BATh COBpPEMEHHOE WCIIOIb30BaHUS
npodeccuoHaIbHON MporpaMMHOE 0OecTieueHrE nH(pOpMaIMOHHO-
NEeSATEITbHOCTH. KOMMYHHKAIMOHHBIX
TEXHOJIOTUH Ha
3aHATHUSIX
OK.10 -  TIOHMMaTh  OOMMHA  CMBICI  YETKO DKCIEePTHOE
[Tons3oBaThCs MIPOU3HECEHHBIX BBICKa3bIBAHUI Ha HaOII0/IeHNE U
npodeccuoHaNbHON U3BECTHBIE TeMbl (MpodeccroHanbHbIe U OIICHKA HaBBIKOB

JOKyMEHTalle Ha
rOCyJapCTBEHHOM U
WHOCTPAHHOM SI3bIKE

OBITOBBIC), MIOHUMATh TEKCThI Ha 0a30BBIC
npoeCCHOHANIbHBIE TEMBl Y4acTBOBaTh B
noUajorax Ha  3HAaKOMble — 0oOmme o
npo¢eCCHOHAIBHBIC TEMBI CTPOUTH
TPOCTHIE BBICKa3bIBaHHUS O ce0e U O CBOEH
po(heCCHOHANBHON AEATEIBHOCTH KPAaTKO
00OCHOBBIBATH U OOBSICHUTH CBOM JICHCTBUS
(Texkymue W IUIaHUpyEMBbIe)  MHCaTh
NPOCTBIE  CBSI3HBIE  COOOILIEHHWS ~ Ha
3HaKOMBIC 17001 UHTEPECYIOIIHNE
npo¢eCcCuoHaIbHBIE TEMBI

MpaBUIIa

MCIIOJIb30BAHUS
MH(OPMALIMOHHOM
JOKYMEHTAallUU Ha

3aHATHUSIX

OK.11
[InanupoBath

- BBIABJIATH JOCTOMHCTBA M HEJOCTAaTKH
KOMMEPYECKON UAen

DKCIEepTHOE
Ha0II0/IeHUE U




HPEAIPUHUMATEIIBCKYIO | - [IPE3CHTOBATh 15915 OTKpPBITUSA OLICHKA HAaBBbIKOB
IEATEIbHOCTh B cOOCTBEHHOTO Jefia B mpodeccuoHanbHOU
npodeccuoHaIbHON NEeSATETbHOCTH
chepe - ohopMIIATH OM3HEC-TIIIaH
- paccyuThIBaTh pasMepbl BbIIUIAT 110
MIPOLIEHTHBIM CTaBKaM KpPEIUTOBAHUSA
/r i L) € TI'ocynapcrBenHoe npogeccuoHabHOE 00pa30BaTeIbHOE YUpPeKICHUEe
> J ; «CBIKTBIBKAPCKHUI1 JIECONPOMBILILJICHHBIN TEXHUKYM»
. o
«CBIKTBIBKapca BOP IPOMBIIUIEHHOCHT TEXHUKYM»
YIPKCUKACO BEJOJAH KAHMY YUPEKICHUE
PACCMOTPEHO

Ha 3acenannu MK

«IIpoheccnoHanbHOro HUKIA»

IIpoTtoxon Ne 1 ot «30» aBrycra 2019 r.

[Ipencenarens MK

Hcakosa O.B.

KOHTpOJ’ILHO-OIIeHO‘IHOC CpeaAcCTBoO 110

IM.01

DopMa KOHTPOJIA:

MoHTax npuGOpPoOB U IJIEKTPUYECKHX CXeM CHCTEeM
aBTOMATHKH

IMPOMEKYTOYHAA aTTeCTAllUuA

®opMa MPOMEKYTOUYHOM IK3aMeH (KBAJIH(PUKANMOHHDBII)
arTecTalMu:
Tun KOHTPOJILHOI'0 KommuiekcHoe 3aganue

3aJlaHuA:




IIpoBepsiemble pe3yibTaThl 00YUYCHUSA: K 1.1, IIK 1.2, [IK 1.3
OK.01, OK.02, OK.03, OK.04, OK.05, OK.06,
OK.07, OK.08, OK.09, OK.10, OK.11
I10.01, I10.02, I10.03
3.1-27 V.1-16

CocraBurein:
Hcakosa O.B. IpernoiaBaTellb JUCUUILINH 001enpopecCHOHAIIBHOTO U
npo¢eCCUOHAIBHOTO LIUKJIA
CBIKTBIBKAp
2019
. IHACIIOPT

KOC npeanazHayeH 11 KOHTPOJIA U OLIEHKH PE3yJIbTaTOB OCBOCHUS

IM.01 MoHTa:Kk NIpuOOPOB M IJTEKTPUUECKUX CXeM CHCTEM AaBTOMATHKH

OCHOBHOH mpodeccroHanbHoi oOpazoBatenbHoi nporpammsel (OITOIT) CIIO no mporpamme
HOJTrOTOBKH KBATH(PUIMPOBAHHBIX pab0YMX (CIy>KaIINX )

15.01.31 MacTep KOHTPOJIbLHO-U3MEPHUTEJbHBIX IPUOOPOB M ABTOMATHKH

1. 3AJAHUE IS DK3AMEHYIOIIET'OCSA

Bapuant Ne
3ananme 1.
Kozapl npoBepsieMbIX pe3ynbTaTOB OCBOCHMUS: K 1.1, IIK 1.2, [IK 1.3
OK.01, OK.02, OK.03, OK.04, OK.05, OK.06,
OK.07, OK.08, OK.09, OK.10, OK.11
[10.01, I10.02, I10.03
3.1-27 V.1-16

HNucTpykuus

BHumarenbHO HpO‘IHT&fIT@ 3aJaHuC.
Bel  MoOxkeTe BOCHOJIB30BAThCS: BCPCTaKk CO  CJICCApPHBIMU  ITOBOPOTHBIMH  THUCKAMWU,
MCTAJUIMYCCKAA U3MCPUTCIIbHAA HHHCﬁKa, IOTAHTCHOUPKYJIb, OIIpaBKa JII HABUBKU KOJICI[ U3



IIPOBOJIOKH, CTAJIBHBIE CTEPKHU JUAMETPOM 3 MM, HO’KOBKA IO METAJLIy, HAIIMJIBHUK JTUYHON
IUIOCKUH, MOJIOTOK CJI€CapHbIi, HaXKAauyHas Oymara.

Bpewms BemmosHenus 3ananus — 60 MUHYT.

Texcer 3ananus:

«HM3roToBieHNE CTATBHBIX KOJIEL JUIsl KPEIUICHUS IIaKaTOBY

I. BanMarenbsHO IpoYnTalTe 3aAaHUE.

II. CocTaBbTe aNrOpUTM U3TOTOBJICHUS CTAIBHBIX KOJIELL.

I1]. BeimonHuTE U3roTOBIEHHUE KOJIEL.

Kiroum k otBery:

OTYHUCTUTH 3arOTOBKY (IIPYTOK) OT CJIOSI OOMAa3KH.

3aKpenuTh B CIECAPHBIX TUCKAX OMPABKY Ul HABUBKH KOJIEIL.
3aKkpenuTh NPYTOK OJJHUM KOHIIOM Ha OIIpaBKe.

HaButh npyTOK Ha onpasKy.

CHSATB 3aTOTOBKY C OIPaBKU M YCTAHOBUTH B CJIECAPHBIX THCKAX.
Pa3pesats 3aroToBKY, C OHOM CTOPOHBHI.

Nk owbdRE

[IpoBectu npaBky (HOpMbI OTYUHUBIIUXCS KOJIEL.
I11. TAKET 9K3AMEHATOPA

Ila. YCJIOBUA
KosimuecTBO BApDHAHTOB 3alaHMii /151 IK3aMeHyomuxcst — 1
BpeMsi BBINOJHEHHSI KaXJOr0 33/JaHMsl W MaKCUMajibHOE BpeMs Ha JK3aMeH
(xBanmuuKaMOHHBIN): 60 MUHYT.
3amanue 1 — 10 MunyT
3aganue 2 — 50 MUHYT
Bcero Ha sk3ameH — 60 MUHYT
YcaoBusi BoINOJTHEHUS 3a1aHUI:
3ananue 1
1. CocTtaBbTe aITOPUTM HU3TOTOBJICHUS CTATBHBIX KOJICII.
2. BwimonHHUTE U3TOTOBICHUE KOJIETI.
TpeGoBanusi oxpansbl Tpyaa: HHCTpyKTax 1o Th, cnenoaexnaa
Oo0opynoBanue:
clecapHblii BEpPCTAK, ClecCapHble IMOBOPOTHBIE THUCKH, 3arOTOBKH, PEXKYIIUA HHCTPYMEHT,
HU3MEPUTEIIbHBI HHCTPYMEHT.
JlutepaTypa AJis1 IK3aMeHYIOIIEerocs:
Y4eOHUKY:
1. ITokposckuit b.C., Cxakyn B.A. CnecapHoe neno: yueOHUK s Had. Tipod. oOpa3zoBaHUs. —
Mocksa: uznarenbckuii HeHTp «Axanemusi», 2003. 320c.
2. TTokporckuii b.C. Crnecapro — cOopodnbie pabOThI: YUEOHHK T Had. pod. oOpa3oBaHuUs. —
MockBa: uznarenbCkuil HeHTp «Akagemusi», 2003. 368c.

1116. KPUTEPUU OLHEHKH



1) Xoa BpinoiHeHus 3aganusi 1

Kozpel nmposepsieMbIx
KOMIIETEHIINH

OCHOBHBIC TIOKa3aTelH OLICHKU pe3yibTaTa

Ouenka
(ma/umer)

OK.01

1.Pacnio3HaBanue CI0XKHBIX TPOOJIEMHBIX CUTyallui B
Pa3INYHBIX KOHTEKCTAX.

2.IIpoBeneHne aHanM3a CIOKHBIX CUTYAIM IPU PEIICHUU
3a7a4 MpogecCUOHATBLHOM JEeSITeNbHOCTH.

3.0mnpeneneHue 3TanoB pelICHUs 3a/1a4H.

OK.02

1.IlnanupoBanue NHGOPMALMOHHOTO [TOKCKA U3 IIUPOKOTO
Ha60pa HCTOYHHUKOB, HGOGXOIII/IMOI‘O JUIA BBIIIOJTHCHUA
poecCHOHATIBHBIX 3aau.

2.1IpoBeneHue aHallM3a MOJIy4eHHON MHpOpMaIUH,
BbLJICJISIET B HEH TJIaBHbIE ACHIEKTHI.

OK.03

1.Mcionb30BaTh MOHTAKHBI HHCTPYMEHT U
MPUCIIOCOOICHHUS.

2.IIpumensTh Oe3onacHble IPUEMBI BBIITOJIHEHHSI MOHTAXA.
3.be3omnacHo BBINOIHATH MOHTAKHbIE PAOOTHI.
4.1Ipon3BOANTE OLIEHKY KayeCcTBa BBIIIOJHEHHOH paboThI B
COOTBETCTBUU C 3a/IaHUEM.

OK.04

1.YuacTtue B aenoBoM obmeHun 11 3P HEeKTHBHOTO
pEIICHUS JCTOBBIX 3a1ad.
2.I1lnanupoBanue NpoheCCHOHATBHON JACSITEIbHOCTH.

OK.05

l.FpaMOTHO YCTHO U NIMCbMCHHO M3JIaraTb CBOXU MBICJIU 11O
HpO(l)eCCHOHaHBHOﬁ TEMATHUKEC HA I'OCY IapCTBCHHOM
SA3BIKE.

2.Hp0HBHeHI/IC TOJICPAHTHOCTL B pa60qu KOJIJICKTUBC.

OK.06

1.IloHnMaTh 3HAYUMOCTH CBOEH MpohecCru.

OK.07

1.CobmroieHre npaBuIl HKOJIOTHUECKOM 0e30MacHOCTH MU
BEJICHUHU TIPO(PECCHOHATBHOMN e TETbHOCTH.

OK.08

1.CoxpaHeHne M YKpEIUIEHHE 3J0pOBbS IOCPEICTBOM
HCIIOJIb30BAaHUS CPEJICTB (PU3UUECKOI KYJIbTYpHI.
2.Ilonnep:xanue ypoBHS (pU3MUECKOW MOATOTOBIEHHOCTH
Ul yCNENIHOW  peanu3auuu  HpodeccHoHaTbHOM
JESITEIBHOCTH.

OK.09

1.Ilpumenenue cpencts nHGoOpMaTU3aLMU U
MH(GOPMAIIMOHHBIX TEXHOJIOTHH JJIs pean3aluu
npodeccuoHaTIbHOM e TEIbHOCTH.

OK.10

1.Benenue oO1ieHusi Ha NpogecCuOHATIbHBIE TEMBI.

OK.11

1.0npenenenne HMHBECTHULIMOHHYIO IIPUBJIEKATEIBHOCTD
KOMMEpUeCKUX HAed B paMkax MpodeccrnoHaTbHOM
JESITENIBHOCTH.

2) IloaroToBJIeHHBI MPOAYKT/OCYIIECTBIEHHBIH MPOIECC

Konpl mpoBepsieMbIx
KOMIIETCHITUI

OCHOBHBIE TTOKA3aTEeIN OICHKH pe3yiabTara

Onenka
(ma/uer)

K 1.1

1.Be16upath 1 3aroTaBiIrBaTh MPOBOJA PA3TUIHBIX MAPOK
B 3aBHCHMOCTH OT BUJOB MOHTaXa.

2.ITonp30BaThCS U3MEPHUTEIBHBIMU TPUOOPAMU U
JTUArHOCTUYECKOMN armapaTypoi i MOHTa)ka IpruOOpOB U
CHUCTCM dABTOMATUKH PA3JIMIHBIX CTEIIEHEH CII0KHOCTH.

K 1.2

1.Yutath CXeMbI COETMHEHUM, MPUHITUITHAIbHBIC




AIEKTPUUYECKUE CXEMBI.

2.CocTaBisTh pa3IMYHbIC CXEMbl COETUHEHUH C
HCII0JIb30BAHUEM SJIEMEHTOB MUKPOAJICKTPOHUKH.
3.PaccunThIBaTh OTACIBHBIC DIEMEHTHI PETYIHPYIOIIUX
YCTPOMCTB.

IIK 1.3

1.Mcnionp30BaTh MOHTaKHBIM MHCTPYMEHT U
MPUCTIOCOOTICHHUS.

2.IIpumensTh O6e30macHble MPUEMBI BBITOJIHEHUS MOHTAXKA.
3.be3onacHo BBIOIHATH MOHTaKHBIE PAOOTHI.
4.11pou3BOAUTH OLICHKY KaueCcTBa BBIIIOJIHEHHOM paboThI B
COOTBETCTBUU C 3aJJaHUEM.

5.Cobut0/1aTh HOPMBI U IIPAaBUJIA OXPaHbI TPY/A.




6.

Ilepeyenr MaTepuaJjioB, o00OpPyAOBaHUSI W HH(POPMAUMOHHBIX MCTOYHHUKOB,

HCIO0JIb3yeMbIX B aTTecTanuu no MJIK

Jluteparypa:

oo

[Tyxapenko }0.B. Merponorus, cranmaptuzauus u ceptudukanus. VHTepHeT
TeCTUpOBaHHE 0a30BBIX 3HAHUM: yueOHOE mocodue. — 2-¢ u3f., crep. - CII6.: Jlanp, 2017.
—308 c.

Janmmun A.A. U3mepenus B paavolsieKTpoHuke: YueOHoe mocobdue. —CIIO.: Jlansb,
2017.-408 c.

KonoBanoB b.M. Teopusi aBToMaTtuyeckoro ympapiieHus. YueOHoe mocobue. — 4e. —
CII6.: JIansp, 2016. — 224 c.

Kanunuuenko A.B., CripaBoOUYHUK HH)KEHEpa N0 KOHTPOJIbHO-U3MEPUTENIBHBIM TPHOOpam
U aBTOMaTuke. YueOHo-mpakTuueckoe nocooue: Uzmanue:2-e (3/P). 2016

benoycoB O.A. Panuonepenaromiue ycTpoOHCTBa B CHUCTEMaxX paJUOCBS3H: ydeOHOE
rocooue. — CII0.: JIlans, 2017. — 176 c.

[Tyxapenko }0.B. Merponorus, cranmaptuzauus U ceptuduxamus. MHTepHET
TEeCTUpOBaHKE 0a30BbIX 3HAHMI: yueOHOe mocodue. — 2-e u3j., crep. - CII6.: Jlans, 2017.
— 308 c.2. CopaBounuk Crecaps : Yueonoe nocodue mana HITO/TTokposckuit b.C.-M.:
Axanemus 2003.-384 c.

Pocosckuii B.O., I''1. KotoB PeMOHT u3mMepuTenbHBIX 31eKTpo prbdopor 1980.-96 c.
A.N. Tpopumon CnpaBounuk ciecaps KUIIuA-M3ueproaramusaar,1986.-256c¢.
Kapkosckuit b.M. Illankun B.B. CrnpaBodyHMK MOJIOJOTO ciecapsi MO KOHTPOJBHO —
U3MEpUTENbHBIM IprOopaM U aBToMaTuke: M BoiLmk.1991-156

10. XKapkosckuit b. WM. IlpubGopbl aBTOMaTHYECKOrO KOHTPOJSI U  PEryJIUpPOBaHUS

(YerpotictBo u peMoHT: Yueonuk st [ITY. -3-¢ uzganue. nepepad. u gorm. -M.: Beimmas
mkoja. 1989.-336 c.

11.Tomuupin A.H. OcHOBBI mpoMmbIluieHHONW 3kojoruu. YueOnuk mns HIIO. Mocksa:

Axanemus, 2005. - 240c

12. MenpeneB B.T. Oxpana Tpyaa u MpOMBIIICHHAS SKOJOTH: y4eb. A cpea. mpod. oop.

— M.: «Akanemusi», 2006.-416 c.

13.Mensenes B.T. Oxpana Tpyaa u NIpOMBIIITICHHAS KOJOTH: y4eO. IS CTy[A. YUpEeKIeH.

cpen. nmpod. oop. — M.: «Akagemusy», 2015.-416 c.

14.TlerpoB M.C. OcHoBsI nipousBojicTBa. OxpaHa Tpyaa: Yueb. mocoOue Jjis. CTyJ. BBICII.

yue0. 3aBefeHuit - M.: - «Akagemus», 2007.-208 c.

Oo6opynoBanue:

MynbTUMeIUIHBIN TpoeKkTop -1

KommeroTep -1

Pacnamnas marautHast 1ocka - 1
Cereoii punbTp — 1

DKCIMO3UIMOHHBIN dKpaH — 1



Cronsl nabopatopHsie — 12

JlaGopatopuslii creHn «ITneBMoaBToMaTHKa» - 1
JlabGopatopHuslii cTen «MeToabl u3MepeHus JaBiaeHus» - 1
Jlabopatopuslii cTeHa «MeToIbl U3MEPEHUS TeMITepaTypoD - 1
MaruuTtHbIi pacxogomep — 1

KoMITIIEKT 2JIeKTPOMOHTaKHOTO HHCTpyMeHTa — 13
[Masmpauku 220B — 13

Muxkpomerp MK -2 -1

Cromn cnecapnsbrit — 30

CBepanIbHBIN CTaHOK - 3

Cranok 3aTo4HOI - 1

Cootep - 1

[Tna3smennsIit pe3ak — 1

HNHCTpyMEHTHI:

[MasnpHuk -12

Jluneiika -12

Yeprunka -3

[ taHreHIUPKYIH -9

HoxxoBka mo metamry- 12

Mounotok - 10

3y6uo - 12

HosxHutel o metaniy - 6

Marepuansbi:

JIucroBout meTamt 4Mm
3aroroBku nuameTpoMm 10-50 mm
[lTecturpannuku 12-36 Mmm
IIposox AIIB

[Tpumnoii [1OC-61

Kanudoar CO

Kucnora nasuipHas



JIucer cornacoBanus
Jononnenusi u u3MeHenus: kK komiiekty KOC Ha y4eOHbIii roj
Hononuennst u m3Mmenenus: k komruiekty KOC nma 2018 — 2019 yueOHblii rOm mo
npo¢eCCUOHAIIBHOMY MOJYJIIO

I[IM.O01. MonTax npruOOpoB U JIEKTPUUECKUX CXEM CHCTEM aBTOMATHUKHU

B xommiiext KOC BHECEHBI CIEAYIOMNE U3MEHECHUS:

Jlononuenus n u3MeHeHus B komruiekte KOC ob6cyxaensl Ha 3aceqannn MK

« » 20 r. (mpoTokoJ Ne )

[Ipeacenarens MK Hcaxosa O.B.
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