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NPEAMCIIOBUE

Lenp M3naHus MAHHBIX METOJMYECCKUX YKA3aHHUN — MOMOYb CTY/ACHTaM,
oOyuaromumcs o HanpasieHuio 35.03.06 ArpoumkeHepus, MpoduiIb TOATO-
TOBKH «DIIEKTPOOOOPYIOBAHUE U AIIEKTPOTEXHOJIOTHIY, B MPOXOKACHUU MPO-
W3BOJICTBEHHBIX MPAKTHK.

B MeToAMYecKUX yKa3aHHUSX MPEICTABICHBI EIH U 33aJa4u MMPAKTUK, Me-
CTO M 9TaIbl MPOXOXKICHHUS IPAKTHK, a TAK)KE UX OpraHU3alus, coJiep)kaHue 1
nposeznenue. [IpencraBiaensl TpeboBaHUS K 0(GOPMIICHUIO OTYETOB, IPHUBEE-
HBI MHAVMBU/IyaJIbHBIC 3a]JaHUS1 U KOHTPOJIbHBIE BOIPOCHI.

[Ipou3BoACTBEHHBIE MPAKTHKK HAIIPaBJIEHBI HA ()OPMUPOBAHHUE U Pa3BU-
THE CIICYIOLINX KOMITETCHIMH:

- CIIOCOOHOCTh OCYIIECTBISITH MOUCK, KPUTHYECKHH aHAIM3 M CHHTE3 HH-
(dhopmaly, IPUMEHITh CUCTEMHBIH MOJXO0]] IS PEIICHHs MOCTABICHHBIX 3a-
a4,

- CIOCOOHOCTh OTPEEIATh KPYT 3a/1ad B paMKax MOCTABJICHHOM [IEJIU U BbI-
OUpaTh ONTHUMANBHBIN CIOCOO MX PELICHUs, UCXOIs U3 JCHCTBYIONINX MPABO-
BBIX HOPM, HMEIOIIUXCSI PECYPCOB U OIPaHUUCHHUN;

- CIIOCOOHOCTh pelaTh TUIOBBIC 33/1a4u MPO(GECCUOHATIBHON AesSTeIbHOCTH
Ha OCHOBE 3HAaHWH OCHOBHBIX 3aKOHOB MaTE€MaTHYECKHX, €CTECTBEHHOHAY4-
HBIX U 00MIeTPO(ECCHOHANBHBIX TUCIUIUIMH ¢ TPUMEHEHHUEM HH(POPMAIIUOH-
HO-KOMMYHHKaIIHOHHBIX TEXHOJIOTHIA;

- CIIOCOOHOCTh pean30BaTh COBPEMEHHbIE TEXHOJIOTUH U 00OCHOBBIBATh MX
NpUMEHEeHHe B Npo(ecCHOHaNBHOM NesITeIbHOCTH;

- CMOCOOHOCTh y4YacTBOBATh B MPOBEICHUU JKCIEPUMEHTAIBHBIX HCCIIEI0-
BaHHi B MPOQECCHOHANIBHOMN JIESITeIbHOCTH;

- CHOCOOHOCTH y4YacTBOBAaTh B HCIBITAHUSX 3JIEKTPOOOOPYIOBaHHUS U
CPEJ/ICTB aBTOMATH3AIINH 110 CTAHAAPTHBIM METOIUKAM;

- CIIOCOOHOCTH OCYHIECTBISITh MOHTAX, HANIAJIKY M SKCIUTYaTAIUI0 SHEPreTH-
YECKOTO U DIIEKTPOTEXHUYECKOTO 000PY/I0BAHUSI, MAIIMH U YCTAHOBOK B CEJlb-
CKOXO0351ICTBEHHOM TIPOU3BO/ICTBE;

- CIOCOOHOCTb OCYIIECTBIISITH ITPOM3BOJICTBEHHBI KOHTPOJIb MapamMeTpoB
TEXHOJIOTHYECKHUX IPOILIECCOB, Ka4eCTBAa MPOJIYKLIUHK W BBIIOJIHEHHBIX PabOT
NpU MOHTaXXe, HaNaJIKe M HIKCIUIyaTal[MH JHEPreTHYECKOro 000pyIoBaHuS,
MaIlIMH ¥ YCTAHOBOK B CEJILCKOXO035ICTBEHHOM IPOU3BO/ICTBE;

- CIIOCOOHOCTH BBITOJIHATE PAOOTHI 1O MOBBINICHHUIO 3 QEKTUBHOCTH SHEpre-
THYECKOTO M 3JIEKTPOTEXHUYECKOro 00OpYNOBaHMs, MAIIMH M YCTAaHOBOK B
CEIIbCKOXO03SICTBEHHOM ITPOM3BOJICTBE;

- CIIOCOOHOCTH INIAHUPOBATH TEXHUUECKOE 00CITYy)KUBaHHE U PEMOHT HEpre-
THYECKOTO U 3JIEKTPOTEXHUUECKOTO 000pY/I0BaHUS;

- CIIOCOOHOCTh OPraHM30BaTh Pa0OTY IO MOBHIMEHUIO () (HEKTUBHOCTH HEP-
TeTUYECKOT0 U 3JIEKTPOTEXHUUECKOT0 000pYA0BaHUSL.



1. TEXHOJIOTUYECKAS ITPAKTUKA

Ilenv u 3a0auu npaxmuxu

Lenpio TEXHOIOTHYECKOH MPAKTUKH SBISETCS 3aKPEIICHHE Teo-
PETHUYECKUX 3HAHWU MO NUCIUILTHHAM MPO()ECCHOHATBHOTO IMKIIA Y-
TEM HETOCPEICTBEHHON pabOThl B KadecTBE 3JEKTPOMOHTEpA, DIIEK-
TpHKa, MacTepa, MOMOITHUKA TJIIABHOTO SHEPreTHKa, U MpruoOpeTeHne
OTbITa pabOTHI B KOJJICKTHBE.

3agauaMu TEXHOJOTUYECKON MPAKTUKU SBISIOTCS:

- MproOpeTeHNe HaBBIKOB MOHTAKa W HAAIKHA YHEPTeTUIECKOTO U
3NEKTPOTEXHUYECKOTO 000pYyIOBaHMsI, MAIIIUH U YCTAHOBOK B CEJIBCKO-
XO03MCTBEHHOM ITPOU3BOJICTBE;

- TpuOOpeTeHHe YMEHWH OCYIIECTBICHUS MPOU3BOJCTBEHHOTO
KOHTPOJI TapaMeTPOB TEXHOJOTHYECKHUX IPOIECCOB, KadecTBa MpO-
JIYKIIMHM U BBIMOJIHEHHBIX pa0OT MPU MOHTAXE M HaJIaJKE dHEPreTHde-
CKOro 000pYyJOBaHUs, MAlllMH M YCTAaHOBOK B CEIBCKOXO3SIICTBEHHOM
MIPOU3BOJICTBE.

B pesynbTate BHINOTHEHHS POTPAMMBI IPAKTHKHU CTYJCHT JTO0JDKCH:
yMmemb:

- OCYIIECTBISITh TPOHW3BOJCTBEHHBIN KOHTPOJIb IMapaMeTPOB TeX-
HOJIOTHYECKHX IPOIECCOB, KAUeCTBa MPOAYKIIMU W BHITIOJHEHHBIX pa-
00T MPU MOHTaXXE M HAJIAJKE YHEPrEeTHYSCKOTO0 000PYI0BaHUS, MAIITHH
1 YCTaHOBOK B CEJIbCKOX03HCTBEHHOM MTPOU3BOJICTBE.

61a0emn:

- HaBBIKAMHM MOHTa)Ka M HaJTQJIKU SHEPTeTUYECKOTO M IIICKTPOTEX-
HUYECKOTO 000PYIOBaHUSI, MAIIIUH U YCTAHOBOK B CEIIbCKOXO03SHCTBEH-
HOM IIPOU3BOJICTBE.

Mecmo npoxosicoenus npakmuxu

TexHonoruyeckas mpakThka OpoBoAuTcs Ha npennpustusx AIIK
(otkpeiThie akipoHepHbie obmiecTBa (O0O0), 3aKphIThIC aKIIMOHEPHbIC
obmectBa (3A0), komrekTuBHBIE (epmepckue xo3siictBa (KDX),
apeH/IHbIe KOJUIEKTUBBI, aCCOLUALNU (PepMEPCKUX XO3AHUCTB, BEAYIIUX
3aroTOBKY, XpaHEHHE M MEpepadOTKy CEIbCKOXO3SIMCTBEHHOW MPOIYyK-
I[MH, TPOMBIIIICHHBIE KOMIUIEKCHI M NTUIe()aOpHKn).

TexHomornyeckast MpakTHKa MMPOBOAUTCA B COOTBETCTBUU C yueO-
HBIM TUTaHOM U IpaduKoM yueOHOro mpouecca Ha y4yeOHBIH Toj 1Mo Ha-
npasjieHuto moaArotoBku 35.03.06 «ArpounxkeHepus», npoduib Moa-
TOTOBKH «DJIEKTPOOOOPYJOBAaHNE U DJIEKTPOTEXHOIOTUI».



Imanwvi npoxoxcoenusn u cooepicanue NPAKMUKU

TexHonornyeckass MpakTHKa COCTOMUT W3 CIEIYIOUIMX OTAaroB,
BKIIFOYasi KpPaTKOe cojep)KaHWe BUIOB IMPOM3BOJCTBEHHBIX padoT, a
TaK)Ke CaMOCTOSATENBHYIO Pa0OTy CTy/IEHTOB:

1. Opeanuszayuonnwiti sman. OpraHu3aluoOHHOE COOpaHUE MO pac-
MIPEJISICHNI0 TI0 MECTaM IMPAKTHUKH W O3HAKOMIICHHSI C IENBI0 U 3ajia-
YaM# TPaKTUKA. BBOAHBIN HHCTPYKTaX MO TEXHHUKE OE30MacHOCTH.
O3HakOMJICHHE C METOAMYECKUMH MaTephajaMd M JHEBHHUKOM-
OTYETOM O TMPAKTHUKE IMOJ PYKOBOACTBOM PYKOBOAWTENS MPAKTHUKH OT
akagemun. OdopmiieHre Ha padoTy, BBOAHBIN HHCTPYKTAX IO OXpaHe
Tpyaa. O3HakomjieHHe ¢ mpennpusitueM. WHCTpykTaxk Ha pabodem
Mecte. M3ydeHre HOpMaTUBHON M TEXHHYECKON TOKYMEHTAIHH.

2. OcrosHoti sman. O3HAKOMIICHHE C MaTeprallaMd U HHCTPYyMEH-
TaMH, IPUMEHSEMBIMH TIPH WU3TOTOBIIEHUH, MOHTAXXE M DKCILTyaTalliu
9NMEeKTpooOOpyAOBaHMsA. MOHTaK HapyKHBIX YCTaHOBOK. MoOHTax
BHYTPEHHHX YCTaHOBOK.

3. 3axnroyumenvhoii sman. OdopmieHHEe OTYETa O MPAKTHKE.
YBonbHeHuUe ¢ npeanpuatus. OPopmileHHe OT4eTa O MPaKTHKE.

Temvl unoueudyanrvbHvIx 3a0aHUl
1. Texnuka 6e30MaCHOCTH MPH IMEKTPOMOHTAXKHBIX padoTax.
2. TexHuka 0€30MaCHOCTH MPH pabOTE ¢ MEKTPOOOOPYIOBAHUEM.
3. OkazaHue nepBod MOMOIIM MOCTPAJaBIIEMy OT BO3IEHCTBHS 3JIEK-
TPOTOKA.
4. TlepeuncnuTe BUIBI MHCTPYKTaXKeH Ha MPOU3BOJICTBE.
5. Kakue martepuassl, ”HCTPYMEHTBI M MPUCIIOCOOTIEHUS TPUMEHSIOTCS
NPH [IPOBEACHHUH JIEKTPOCIECAPHBIX U 3JIEKTPOMOHTAXKHBIX paboT?
6. OcHOBHBIE IPHEMBI PA0OTHI C UHCTPYMEHTOM U TIPUCTIOCOOTICHUSMHU.
7. HazoBuTe 351eMeHTHI NEKTPUIECKHUX I1IaT.
8. MapkupoBKa pe3ucTOpOB, CTAaHAAPTHI, KOHCTPYKLMU U CHOCOOBI HX
YCTaHOBKH HA ILIaTax.
9. TIlepeuncnure crocoObl YCTAHOBKM Ha IUIATaX KOHJEHCATOPOB W Ka-
TYLIEK.
10. Kak BbIOpaTh M OATOTOBHUTH NasyIbHUK K pabote?
11. HazoBure npumnon u (Irockl, TpUMEHseMbIe TIPH MaiiKe.
12. OnuinTe TEXHOJIOTUY AMKK aJTFOMHUHUEBBIX TIPOBOJIOB U KaOeeil.
13. CocraBnenue ImiaHa-cXeMbl pa3MELIeHHs BHYTPEHHEH 3JIEKTPOIpO-
BOJIKH.



14. OnummuTe TEXHOJIOTUIO COCAMHEHHUS MPOBOJOB B Pa3BETBUTENHHBIX
KOpOOKax.

15. OnmmmTe TEXHOIOTHIO HapalluBaHUs U OKOHIICBAHHS TIPOBOJIOB.

16. OnuinnTe TEXHOJOTHIO Pa3AeiKh KaOeas M M30JMPOBAHUE €r0 KOH-
1IOB.

17. Onummure TEXHOIOTHI0 MOHTa)Ka, COSIMHEHNSI M OKOHILIEBAHUS IIPO-
BOJIOB U Ka0elieid, kabembHbIe My(THI.

18. OnuimuTe TEXHOIOTHIO BHIIOIHEHUS Pa3beMHBIX COSTNHEHHH.

19. OnuimmuTe TEXHOIOTHIO MOHTaXKa KaOENbHBIX My(T.

20. OnuimTe TEXHOJIOTUIO MPOKJIAIKN MPOBOIOB B JIOTKAX, TpyOax, Ko-
pobax.

21. OnummTe TEXHOJIOTHIO MPOKJIa KK TPOBOJOB Ha TPOCAX U CTPYHAX.
22. OnuImwTe TEXHOIOTHIO TIPOKIIA KU CHITOBBIX KaOCITEHBIX JIMHHA.

23. Onummre TEXHOJIOTUIO MOHTA)Xa CBETUIILHUKOB.

24. OnMInuTe TEXHOIOTHIO0 MOHTaXKa 3JICKTPOIBUTATEIICH.

25. OnummTe TEXHOJIOTHIO MYCKO-HANAIOYHBIX paboT meper BKIFOUCHH-
€M DJIEKTPOTIPHBO/IA B PaOOTY.

26. Kak mpoBepuTh CONPOTHBICHHE M30JISIMM OOMOTOK CTaropa dJieK-
TpoaBUratens?

27. Onuimre TEXHOJIOTUI0 MOHTaXKa ITyCKOPETYJIMPYIOIIEH anmaparypsbl.
28. Onuumre TeXHOJIOTUI0 MOHTaKa CPEACTB ABTOMATHU3ALIMH.

29. OnuImmTe TEXHOJIOTUIO MOHTa)Ka BO3IYLITHBIX U KaOENbHBIX JIMHUM.
30. Kak ruranupyeTcst MpoXoKIeHHE BO3MYITHOMN JTHHUH?

31. Kak ocymiecTBiseTcsl KperieHue TpaBepc, KPOHIITEHHOB U U30JIATO-
poB?

32. Kak ocymiecTisieTcst KpeluieHHE MPOBOJIOB Ha oropax?

33. OnuimuTe TEXHOIOTHIO TIPOKIIAIKN KaOeITbHBIX JIMHHH.

34. Kak ocymiecTsisieTcst BEIOOP Tpacchl KaOeIbHON JTHHIN?

35. Kak ocymiecTBisieTcss MOHTaXX KOMIUIEKTHBIX TpPaHC(POPMATOPHBIX
HOJACTAHIIUIA?

36. Onuiure BUABI MOArOTOBUTENBHBIX PA0OT IPH MOHTaxe TpaHcdop-
Maropa.

37. Kak ocyiecTBisieTcsl pasrepMeTH3alus U repMeTu3anus Tpancgop-
Martopa?

38. OnuiuTe TEXHOJIOIHIO COSANHEHUS KOHTYpa 3a3eMJICHHSI.

39. Kak ocyIiecTBISeTCs 3JICKTPOMOHTAXK Ovara 3a3eMJyICHHSI.

40. C moMouIplo Kakux MpruOOpOB MPOBOIUTCS 3aMep BEJIMYUHBI CONPO-
TUBJICHUSA 33a3eMJISIIONIETO YCTpoiicTBa?



Omuem 0 npou3800CcMEeHHON NPAKMUKe

ITo nToram MpoW3BOJACTBEHHOMN MPAKTHKU CTYIEHTOM COCTABIISIET-
CsI MMCHbMEHHBIN OTYET.

TpeOoBanus Kk OQOPMIICHHIO OTYETAa O MPAKTHKE IPHBEICHBI B
pazzene 5.

Hmoz06btit KOHMPOL RO UMO2AM RPAKMUKU

Htorosoii (hopMoii KOHTPOJISI 3HAHHUH, YMEHHH U HABBIKOB TI0 UTO-
raM IpPOMU3BOACTBCHHOM NpPakTHKH sBiseTcs AuddepeHInpoBaHHbBII
3a4eT. 3a4eT MO MPaKTHKE CIYKUT U1 OLEHKH CPOpPMUPOBAHHOCTH,
o0mienpodeccHOHANBHBIX M MPO(ecCHOHANBHBIX KOMIETEHIMH 10
MIPON3BOACTBEHHON NMPAKTUKE U NPU3BaH BBIABUTH YPOBEHB, IPOYHOCTH
U CUCTEMAaTUYHOCTh NOJIyYEHHBIX UM TEOPETHYECKHUX H MPAKTUYECKHX
3HAHWIA, MPHOOPETEHUSI HABBIKOB CAMOCTOSITENIEHOW PabOTHI, pa3BUTHUS
TBOPYECKOI0 MBIIUIEHUS], YMEHUE CUHTE3UPOBATh ITOJIyYCHHBIE 3HAHUS
Y TIPUMEHATH UX B PEIICHUH MPAaKTUIECKUX 3a1a4.

3aBeplIaoIIUM 3TaoM MPOU3BOJCTBEHHONW MPAKTHKHU SBISETCS
3alllUTa MOArOTOBJICHHOTO CTYIGHTOM OT4eTa B (hopMe cobece10BaHMUSI.

Bonpocs! npennonararoT KOHTPOJIb OOLIMX METOANYECKUX 3HAHUM
Y YMEHHH, CIOCOOHOCTh CTYIEHTOB MPOMUIIOCTPUPOBATH UX IpUMeEpa-
MU, UHIAUBUIYAJIbHBIMU MaTepHUaJlaMU, COCTABJICHHBIMU CTYACHTAMH B
TEYEHHE MPAKTHKHU.

Bonpocul 013 nposedenus 3auema
OnuimuTe TEXHOIOTHIO TIPOKJIIA KM TIPOBOJIOB HA TPOCAX U CTPYHAX.
OnHUIIKTE TEXHOJIOTHIO TIPOKJIAIKH CHJIOBBIX KaOCJIbHBIX JINHUH.
OnuImmuTe TEXHOJIOTHIO MOHTaKa CBETHIIEHUKOB.
OnumuTe TEXHOIOTHUI0 MOHTAXKA JIEKTPOABUTATENCH.
OnuimwuTe TEXHOIOTHIO MTyCKO-HAIAIOYHBIX Pa0oT Iepe/i BKIFOUSHH-
€M JJIEKTPONPUBOJIA B PadOTYy.
6. Kak mpoBepuTh CONpPOTHBIICHHWE HW3OJAINH OOMOTOK CTaTopa JIIeK-
TpOABHUTATEIS?
7.  OnummTe TEXHOJIOTUI0 MOHTAXa ITyCKOPETYIIUPYIOIIEH armaparyphl.
8. OnmimTe TEXHOJOTHIO MOHTa)Ka CPEZCTB aBTOMATH3AIINH.
9. OnuimwuTe TEXHOJIOTHIO MOHTa)Ka BO3IYIITHBIX M KaOEITLHBIX JINHUH.
10. Kak ruiaHupyeTcs MPOXO0XKICHUE BO3LYIITHOM JIMHUN?

11. Kak ocymecTBisieTcss KpeIuieHUe TpaBepc, KPOHIITEHHOB M U30JISTO-
poB?
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12. Kak ocyIiecTBIACTCS KPEIUIeH e MPOBOOB Ha Oropax?

13. OnummTe TeXHOJIOTHIO POKIIAAKN KaOeIbHBIX JINHUH.

14. Kak ocymiecTBisieTcsi BHIOOP Tpacchl KaOeIbHOM JINHAN?

15. Kak ocymiecTBisieTcsi MOHTaX KOMIUIEKTHBIX TpaHC(HOPMATOPHBIX
HOZICTAaHLIMH?

16. Onummre BUABI MOATOTOBUTEIBHBIX pabOT MPU MOHTaxe TpaHcdop-
Maropa.

17. Kak ocymiecTBiIsieTcsl pa3repMeTu3anysi U TepMeTH3aIus TpaHchop-
Matopa?

18. OnuimTe TEXHOIOTHIO COSIMHEHUS KOHTYPa 3a3eMJICHVS.

19. Kak ocymiecTBisercs 3IeKTPOMOHTAXK Odara 3a3eMJICHUSL.

20. C oMoIIBpI0 KaKuX MPHOOPOB MPOBOAUTCS 3aMep BEIMYHMHBI COMPO-
TUBJICHUS 3a3eMJISIIOIIETO YCTPOHCTBA?

21. TexHanka 6€30TaCHOCTH TP AIMEKTPOMOHTAXHBIX Pa0OTax.

22. TexHuka 0€30MaCHOCTH IPU PabOTE C AMEKTPOOOOPYIOBAHUEM.

23. Oxa3aHue TMepBOi MOMOIIM TTOCTPAIABIIEMY OT BO3ICHCTBHUS JIIEK-
TPOTOKA.

24. TlepeuricnuTe BUIIBI HHCTPYKTAXKEH HA TIPOM3BOICTBE.

25. Kakue marepuanbl, HHCTPYMEHTBI U TMPHUCTIOCOONICHHUS MPUMEHSIOTCS
HPH NIPOBEICHHUH SJIEKTPOCIICCAPHBIX H AIEKTPOMOHTAXKHBIX paboT?

26. OcHOBHBIE TIPHEMBI PAOOTHI C KHCTPYMEHTOM U MPUCIIOCOOICHUSIMU.
27. HazoBuTe 3IIeMEHTHI JIIEKTPHYECKUX TIIAaT.

28. MapkupoBKa pe3rCTOPOB, CTaHAAPTHI, KOHCTPYKIIMH M CHOCOOBI KX
YCTAaHOBKH Ha ILIaTax.

29. Tlepeuncnure crocoObl YCTAHOBKHM HA IUIaTax KOHAEHCATOPOB M Ka-
TYILEK.

30. Kak BbIOpaTh ¥ MOArOTOBHUTH MAsLTLHUK K padote?

31. HazoBute npurion u ¢GIrtoCchl, IPUMEHSIEMBIE TIPH TIalKe.

32. OmumuTe TEXHOJOTHH MTaKU ATFOMUHUEBBIX TIPOBOJIOB U KaOelei.
33. CocraBneHue IUIaHA-CXEMbI Pa3MEIICHUs] BHYTPEHHEH 3JIEKTPOIpO-
BOJIKH.

34. Onummre TEXHOIOTHIO COSAMHEHUS IPOBOAOB B Pa3BETBHUTEIBHBIX
KOpOoOKax.

35. OmumTe TEXHOJIOTHIO HAapallMBaHusl ¥ OKOHLIEBAHHUS IPOBOIOB.

36. OrmummTe TEXHOJIOTHIO pa3zeNky Kabelss U U30JIMPOBAHUE €ro KOH-
IIOB.

37. OrumnTe TEXHOJIOTHI0 MOHTa)Ka, COSIMHEHUSI M OKOHIIEBAHUSI TIPO-
BOJIOB U Ka0eneid, kabenbHbIe MY(TBI.

38. OmuimTe TEXHOJIOTHIO BBIITOJTHEHUSI Pa3beMHBIX COSMHEHHH.

39. OnuImuTe TEXHOJIOTHIO MOHTaKa KaOETbHBIX MY(T.



40. OnuIuTe TeXHOJIOTHIO MPOKIIAIKU IMPOBOJOB B JIOTKAx, Tpydax, KO-
pobax.

2. IIPAKTHKA I10 ITOJIVYEHUIO TPOOECCUOHAJIbHBIX
YMEHUWU U OIIBITA TTPO®ECCUOHAJIBHOU JEATEJIbBHOCTU

Ilenv u 3a0auu npaxmuxu

Llenpt0 MPaKTUKH 1O TONYYEHHIO MPOPECCHOHANBHBIX YMEHUH H
OIIBITa MPO(eCcCHOHATIBHON AEATENFHOCTH SIBIISIETCS (DOPMUPOBAHUE KOM-
NETEHLIMH B 00JIACTH OCBOCHHUS IPAKTUYECKUX MPO(ECCHOHATBHBIX Ha-
BBIKOB T10 SKCIUTyaTalliy pa3iuyHbIX BUIOB 3JIEKTPUUIECKOro o0opynoBa-
HUS B ycnoBusx nmpeanpuatuii AITK.

OCHOBHBIMH 3aJladyaMH IPAKTUKHU IO MONYy4YEHUIO NpoecCHOHANb-
HBIX YMEHHUH 1 OIBITa TPOPECCHOHAIBHOM AESTEILHOCTH SIBISIOTCS:

- MpUOOpEeTeHHE HABBIKOB MO AKCIUTyaTalldM SHEPreTHYECKOro M
3NIEKTPOTEXHUUYECKOTO 000PYI0BaHMs, MAIIMH U YCTAHOBOK B CEJIBCKOXO-
351ICTBEHHOM IPOU3BOJICTBE;

- IproOpeTeHNe YMEHHUH OCYILIECTBIICHHUS [TPOU3BOJICTBEHHOTO KOH-
TpOJIsl TApaMeTPOB TEXHOJIOTMYECKUX MPOIIECCOB, KauecTBa MPOIYKIIUH U
BBINIOJIHEHHBIX pa0OT MpH 3KCIUIyaTalldd SHEPreTHYECKOro 00opynoBa-
HUSI, MAlIMH ¥ YCTAaHOBOK B CENbCKOXO03IMCTBEHHOM MPOU3BO/ICTBE;

- TIpUOOpETEeHNE HABBIKOB IUIAHMPOBAThH TEXHHUUYECKOE OOCITY>KUBa-
HHE M PEMOHT SHEPreTHYECKOTO U MEKTPOTEXHUIECKOTr0 000pYIOBAHUS;

- proOpeTeHNe YMEHUI OpraHU30BaTh MaTEPHAILHO-TEXHUUECKOE
obecrieyeHre HH)KEHEPHBIX CUCTEM (PHEPreTHYECKOE U 3JIEKTPOTEXHHUYe-
CKO€ 000py/IOBaHUE).

B pesynbrare BBHINOJIHEHMS MPOrpaMMbl MPAKTUKH 10 MOIYYCHUIO
npo(ecCHOHATIBHBIX YMEHHUI U OITbITa MPO(EeCCHOHATIBHOM JIeSITeTbHOCTH
CTYAEHT JOJKEH:

yMemb:

- OCYILECTBJISTH NMPOU3BOJCTBEHHBIM KOHTPOJIb MAapaMeTPOB TEXHO-
JIOTUYECKHUX TIPOIECCOB, Ka4yecTBa MPOAYKIMH W BBINOJIHEHHBIX paboT
NPHU 3KCIUTyaTallMd SHEPreTHYeCKOro 00OpYyAOBaHUs, MAIlMH U YCTaHO-
BOK B CEJIbCKOXO035ICTBEHHOM IIPON3BOJICTBE;

- OpPTaHM30BaTh MaTEePUAFHO-TEXHUYECKOE OOecTIiedeHre NHKeHep-
HBIX CHCTEM (SHEPreTUUECKOE U 3JIEKTPOTEXHUIECKOE 000pyI0BaHHE).

671a0emb:

- HaBBIKAMHM TI0 DKCIUTyaTalliil SHEPTeTHYECKOTO U NEKTPOTEXHH-
YECKOro O0OPYJOBAaHHSA, MAIlMH U YCTAaHOBOK B CEIbCKOXO3SIMCTBEH-
HOM IIPOU3BOJICTBE;



- HaBBIKaMU IUTAHUPOBATh TEXHUYECKOE OOCITY)KUBAaHHE U PEMOHT
9HEPreTUUECKOTO U ANEKTPOTEXHUIECKOTO 000pyJOBaHMUSL.

Mecmo npoxoscoenus npaKmuxku

[IpakTrka mo mosy4yeHuro Npo(ecCHOHAIbHBIX YMEHHMH M OIbITa
npoQecCHOHANBHON JAEATETFHOCTH MPOBOJAUTCSA Ha MNPEANPHITHSIX
AIIK (xomxo3p1, OO0, 3A0, KOX, apeHIHBIC KOJJIEKTUBEI, acCOIHA-
uu GepMEepCKUX XO35HCTB, BEAYLIUX 3ar0TOBKY, XpaHEHUE U Iepepa-
0OTKY CENbCKOXO03IHCTBEHHON MPOAYKIUH, IPOMBILIICHHbIE KOMILICK-
Cbl U nTuieaOdpuKu) B CIIyKOax ympaBlIeHHS SHEPTOCHUCTEM, a TaKKe
Ha 3JEKTPOCHAOXKAIOIINX HPEANPHUIATUAX, Ha HPEANPUATHIX 3JICKTPU-
YEeCKHX CeTei, Ha yJacTKax JACHCTBYIOIIMX WM HAXOSAIIUXCS B CTAIUN
Hanaaku mnoactaHumi. [Ipow3BoAcTBeHHAas NpakTHKa MPOBOAMTCS B
COOTBETCTBHH C y4eOHBIM IUTAHOM U TpaKoM y4eOHOTO IMporecca Ha
y49eOHBI TO TO HampaBieHHo MoaroToBku 35.03.06 «ArpowHxeHe-
pys», TPoUIb TOATOTOBKH «DJIEKTPOOOOPYAOBAHHE U ANEKTPOTEXHO-
JIOTHH.

Imanwl npoxorcoenus u cooeprcanue NPAKMUKU

[MpakThka Mo MOJMYYEHHUIO MPOPECCUOHANBHBIX YMEHUH U OIMbBITA
npodeCCHOHANBHON JESITENbHOCTH COCTOMT M3 CICAYIOIIUX ITAalloB,
BKJIIOYasi KpaTKoe COJAEp)KaHHE BUAOB IPOM3BOACTBEHHBIX pPadOT, a
TaKXe CaMOCTOSITEIIbHYIO paboTy CTYJCHTOB:

1. Opeanusayuonnwiti sman. OpraHu3alioHHOE coOpaHue MO pac-
NpPEAENICHNIO M0 MECTaM NPAKTUKU M O3HAKOMJICHHUS C LIEJbI0 U 3aja-
yaMH TPaKTUKA. BBOAHBIN HMHCTpPYKTaX MO TeXHHUKE OE30MacHOCTH.
O3HakOMJICHHE C METOJMUYECKHMMU MaTepuanamu U (opmoill oTdeTta o
NPaKTUKE I10J] PYKOBOJCTBOM PYKOBOAMTEIISI NMPAKTUKUA OT AKaJAEMUHU.
Odopmienne Ha paboTy, BBOAHBIM HHCTPYKTaX Mo oxpane Tpyaa. O3-
HaKOMJICHHUE ¢ TpeAnpusTueM. MHCTpyKTax Ha pabouem MecTe.

2. Ilpoussodcmeennasn paboma. BeirionHeHNe paboT, CBA3aHHBIX C
OLIGHKOM COCTOSIHUSI 3JIEKTPOYCTAaHOBOK M MOJATOTOBKM HX K padorte, ¢
PEryJIUMpOBKOM M HACTPOMKOM anmapaTrypbl YOPABJICHHS M 3aLIUThI
3IIEKTPOOOOPYIOBAHHUS, C TEXHUYECKHM OOCITY)KHBAaHHEM U PEMOHTOM
IEKTPOYCTAHOBOK.

3. Bwinoanenue unousudyaivhulx 3adanui. V3yueHue mpou3Boj-
CTBEHHO-XO3HCTBEHHBIX ITOKa3aTele MPEeAnpHsITHS, 03HAKOMIIEHHE C
opraHuzanueil padoThl NEKTPOTEXHUUYECKON CIIy:KOBbI, H3ydeHUE Mpo-
W3BOJICTBEHHOW CTPYKTYPBI NMPENNpPUATHS, M3YUEHHE OpPraHM3alUH U
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KOHTPOJISI TPOM3BOJICTBEHHO-TEXHUIECKOTO OOCITYKHUBAHUS DIIEKTPOYC-
TaHOBOK.

4. 3axmouumenvroiii s5man. OGopmIIeHHE 0TIETa O MPAKTHKE.

Tembt uHOUBUOIYATLHBIX 3A0AHUT

B npouecce mpoxoxaeHUs] MPOU3BOACTBEHHON MPAKTUKU MPAKTH-
KaHTy HEOOXOJMMO BBHITIONHHTH CIEAYIOIINE HHIWBUAyalbHBIE 3aa-
HUS:

1. M3yunTh mpoU3BOJCTBEHHO-XO35MCTBEHHBIE TOKA3aTEeIN Mpe-
MPUSATHA.

2. O3HaKOMHUTHCS C OpraHu3alrei padoThl AICKTPOTEXHUUIECKOM
CITYKOBI.

3. MByunTh MPOU3BOJICTBEHHYIO CTPYKTYPY NPEANPHSITHSI.

4. llepeuncInTh MPOU3BOJCTBEHHBIE OOBEKTHI B JKHBOTHOBOJICTBE,
MoICOOHBIE TIPENNPUATHS, KOMMYHAIILHO-OBITOBBIE OOBEKTHI, UX KpaT-
KYIO XapaKTepUCTHUKY, TEPPUTOPHATIbHOE Pa3MEelIeHHE [0 OTHOIICHUIO
K UEHTPY MUTAHUS HJEKTPUUECKON IHEPTHEH.

5. U3yunth oOpraHM3amui0 W KOHTPOJIb MPOU3BOJCTBEHHO-
TEXHUYECKOTO O0CITYKUBAHUS 3JIEKTPOYCTAHOBOK.

Howmep Bompoca onpenensercs no taduuie 1. Homep mommyHkra
BEIOHpaeTCs MO MOPSAIKOBOMY HOMEPY M3 CITUCKA TPYIIIIHL.

Tabmuma 1
Ne m/m| Ne Bomp. | Ne ii/m | Ne Bomp. || Ne ii/m | Ne Bomp. | Ne i/ | Ne Bomp. | Ne m/m | Ne Bomp.
1 2 1 2 1 2 1 2 1 2
1 1,2 6 2,4 11 1,2 16 2,4 21 1,2
2 13 7 2,5 12 1,3 17 2,5 22 1,3
3 1,4 8 3,4 13 1,4 18 3,4 23 1,4
4 1,5 9 3,5 14 1,5 19 3,5 24 1,5
5 2,3 10 4,5 15 2,3 20 4,5 25 2,3

Omuem 0 npou3600cmMeeHHOl NPAKMUKe

[1o uroraM NpakTHKH IO MOJYYCHHUIO MPO(HECCHOHATBHBIX YMEHUN
U OmbITa MPO(PECCUOHATILHON NEATENBHOCTH CTYJACHTOM COCTaBJISCTCS
MUCbMEHHBIN OTYET.

TpeboBanus kK OoQOPMIICHHIO OTYETa O TPAKTHUKE TPHUBEICHHI B
pazzene 5.

Hmozogvlii KOHMPOJIb NO UMO2AM NPAKMUKE

HtoroBo#t (popmoii KOHTpOJIA 3HAHW, YMEHHH M HABBIKOB IIO
NPaKTUKE M0 TOJyYeHHIO0 MPO(ECCHOHATIBHBIX YMEHHI M OIbITa MpPO-
(eccuoHanbHOM JEsTENbHOCTH SBIsETCS NU(depeHINPOBaHHbIN 3a-
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yeT. 3a4eT M0 MPAKTHKE CIYKUT JJIsl OICHKH C(OPMUPOBAHHOCTH 00-
HIeTTPOPECCHOHANBHBIX U TPO(ECCHOHATBHBIX KOMIIETCHIIMH MO TpaK-
THKE TI0 TOJYYCHHIO MPOo(ecCHOHABbHBIX YMEHHH U ombiTa Tpodec-
CHOHAJIBHOU
JESITEJIbHOCTH W TPW3BaH BBISBUTH YPOBEHb, MPOYHOCTH M CHCTEMa-
TUYHOCTh TIOJYYCHHBIX UM TEOPETHUYECKHX M MPAKTHICCKUX 3HAHUH,
NpUOOPETEHHST HABBIKOB CAMOCTOSTENILHON pabOThI, Pa3BUTHSI TBOpYE-
CKOTO MBIIIUICHHSI, YMEHHE CHHTE3UPOBaTh IOJYYCHHBIC 3HAHWS U
MPUMEHSTh UX B PEIICHUN TPAKTHUSCKHX 3a/1ad.

3aBepIuaroIuM 3TAllOM MPAKTUKU SBISETCS 3alUTa IMOJIOTOB-
JICHHOTO CTYACHTOM OT4YeTa B popMme cobeceoBaHusl.

Bonpockl mpeanoaaraloT KOHTPOJIb OOIUX METOANYSCKUX 3HAHUH
W YMEHHA, CTOCOOHOCTh CTYICHTOB MPOMLTIOCTPUPOBATE HX TIpUMepa-
MU, WHAWBUAYAIbHBIMI MaTepHallaMH, COCTABJICHHBIMHU CTYJICHTAMH B
TCYCHUC IMPAKTUKU.

Bonpocul 014 nposedenus ougppepenyuposannozo 3auema
1. Tlepeuncnure obmme TpeOoBaHMs IO OE30MACHOCTH IMPU KCILUTyara-
I 000PYIOBAHUSL.
2. MexaHu3MBl U TIPUCTIOCOOJICHUS, NIPUMEHSEMbIC NIPU MPOU3BOACTBE
PEMOHTHBIX PadOT.
3. HazoBute Mepbl 06€30MaCHOCTH MPHU SKCIUTyaTallMd BO3AYLIHBIX JIH-
HUIM.
4. HazoBute Mepbl 6€30MaCHOCTH NPH AKCIUTyaTaluy KaOeIbHBIX JIMHUM.
5. HazoBute Mepbl 6€30MaCHOCTH TP 3KCILTyaTaluy TpaHchopMaTopoB
Y TpaHCQOPMATOPHBIX MOACTAHIINH.
6. HaszoBure Mepsl 0€30macHOCTH TPH AKCIUTyaTalldd SJIEKTPUUECKUX
JIBUTATEIICH.
7. HazoBute Mepbl 0€30MaCHOCTH MPU SKCIUTyaTallid BHYTPEHHUX TPO-
BOJIOK.
8. HazoBure Mepbl 0€30MaCHOCTM IPU  IKCIUTyaTallMy  3allUTHO-
KOMMYTAIIMOHHBIX arIapaTos.
9. Omuummre CTPYKTYpY OpraHH3alMU 3JIEKTPOTEXHHUYECKON CITY>KOBI
XO3SIHCTBA, IPEATPUSITHSL.
10. Onummre QyHKINH WHXEHEPa WM TPYIITBI SKCIUTyaTaldy dJIeKTPOo-
000pyIOBaHMSL.
11. Onuimmre MOPSAOK y4eTa 3JIEKTPOOOOPYIOBaHMs, HAXOMAIIErocs B
9KCIUTyaTaluH.
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12. HazoBHTE M ONMUINUTE TEXHUYCCKYIO JOKYMEHTAIIHIO, OOPMISIEMYIO
NPH SKCIUTyaTaluy 3J1eKTPO00OpYAOBaHHUSI.

13. OmvmmTe NOPSIOK MPUCOSTMHEHHS YEKTPOIPUEMHUKOB K 3JIEKTPH-
YECKHM CETSIM SHEPrOCHUCTEMBI.

14. OnuinuTe MOPsIOK MpUEMa | BBOAa 000PY/JI0BaHUS B SKCIUTyaTaIIUIO.
15. Ommmure MOPSAOK OpraHU3alMH ITPOU3BOICTBEHHON SKCILTyaTallin
AIIEKTPOOOOPYIOBAHHIS.

16. YnpasneHue sKcIuTyaTalyen 31eKTpooOopyI0BaHuUSL.

17. TlpuBeauTe CpOKHU CITY>KObI 000PYIOBAHUSL.

18. Onuimre MOPSAOK paccieoBaHUs W ydeTa HapylieHHid B pabote
3NEKTPOOOOPYI0OBAHUSL.

19. Coneprkanue U MIaHUPOBaHHE PabOT MO TEXHMYECKOMY OOCITyKHBa-
HUIO AIIEKTPOOOOPY/IOBAHHS.

20. OrmmmnTe TOPSAOK OpraHU3arl PadoT MO TEXHUIECKOMY OOCITYKH-
BaHUIO.

21. dunHanCcHpoOBaHKE PadOT MO TEXHNUYECKOMY 0OCITYKUBAHHIO.

22. HazoBuTe MUHUMAITBHBIN COCTaB Opuraasl st akcruryatanui BJIDIL
23. OnuiuTe TUTIOBYIO HOMEHKJIATYPY PEMOHTHBIX pabOT MpU TEKYILEM
Y KalUTaTbHOM PEMOHTAX.

24. OmmmmTe BUABI paboT, BBITIONHIEMBIX TIPH MEPHOANIESCKOM OCMOTPE,
NpoUIAKTHYECKUX IPOBEPKax BO3AYILIHbIX JIUHUH.

25. Tlepeuricnure HOPMATHUBBI TEPUOIUYHOCTH, MPOJOKHTEILHOCTH U
TPYIOEMKOCTH PEMOHTA.

26. Hopmel pacxoza MaTtepranoB M 3amacHbIX YacTell Ha TEKyLMH WU Ka-
MUTAJIbHBIN PEMOHT.

27. OnuiumTe NOpsAO0K SKCIUTyaTalMd YCTPOMCTB MPO303allUThL.

28. OnuiuTe MOpsIIOK U3MEPEHHS CONPOTHBICHUS 3a36MJICHHS OIIOpP.

29. DKcrutyatanysi OTBETBICHHH OT BO3YIIHBIX JIMHUKA U BBOJIOB B 3/1a-
HHE U COOPYKEHHE.

30. Ilepeuncnute Mepsl Oe30macHOCTH py dKcIutyarayu BJIOIL.

31. Iopsinok morrycka K padoTe Ha KaOeNbHBIX JIMHUSX U OCOOSHHOCTH
Mep 6€30IacHOCTH.

32. TunoBass HOMEHKJIaTypa PEMOHTHBIX pa0OT HpH TEKyIeM U Kallu-
TaJIbHOM PEMOHTAX.

33. Tlepeuncnure BUIBI PadOT, BBHINOIHSACMBIX TPH MEPHOJMIECCKHX OC-
MOTpax, MPO(QUIAKTHUECKUX MPOBEPKax KaOSTbHBIX JINHHUH.

34. HazoBuTe HOpMATHBBHI NMEPUOANYHOCTH, HPOAOIDKUTENILHOCTA U TPY-
JOEMKOCTH PEMOHTA.
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35. HazoBute HOpPMBI pacxolia MaTepHalioB M 3allaCHBIX 4acTel Ha TEKy-
UM ¥ KalTUTaIbHBIN PEMOHT

36. 3arura METAUIMIECCKUX 000J104YeK Kabelel 0T KOPPO3HH.

37. OnuIiuTe TEXHOJIOTUIO pa3zeiku Kadesed, HeOOXOAUMBIE /ISl STOro
WHCTPYMEHTBL.

38. TlpaBuna opopmiieHus gomycka k padore Ha TI1 u Mepsl Ge3omacHo-
CTH.

39. TunoBasi HOMEHKJIaTypa PEMOHTHBIX paOOT TpH TEKyIeM W Kallu-
TanpHOM peMoHTax BJIOII.

40. Tlepeuncmure BUOBI PabOT, BBINONHIEMBIX IPH TEPHOJUICCKUX OC-
MOTpax, MPO(QUIAKTHUECKUX MPOBEPKaxX BO3AYIIHBIX JTHHHH.

41. HazoBuTE HOPMATHBHI MEPUOAUYHOCTH, TPOAOIDKUTEILHOCTA U TPY-
JOEMKOCTH PEMOHTA.

42. HazoBute HOpMBI pacxoia MaTepHaioB M 3allacHBIX YacTeil Ha TeKy-
LIVHA U KAITUTAJIBHBIA PEMOHT.

43. Kak ocyiecTBisieTcsi KOHTPOJIb KOHTAKTHBIX coenuHennit? HasoBute
NpHOOPBI ¥ TEPMOMHANKATOPHI AJIsI KOHTPOJIS 32 TEMIIEPATypOil Harpesa.
44. TlopsimoK SKCIUTyaTallly U30JSITOPOB paclpe/IeIUTENbHBIX YCTPOHCTB.
45. Tlopsimok SKCIUTyaTallid U PEMOHTA BBIKITIOUATENCH HArpy3KH, pa3be-
JTUHUTENEH, OTACTUTENEH, KOPOTKO3aMbIKATENIEH.

46. Kak ocymecTsisieTcsl SKCIUTyaTalysl BBIKJIIOUAaTeNied U MPUBOIOB K
HHM.

47. Kak ocyIecTBisieTcsl SKCIUTyaTalys U3MEPUTENbHBIX TpaHchopMaTo-
POB TOKa M HAIPSDKEHUS.

48. Kak oCyIecTBIIsIeTCs 3KCIUTyaTalus TpaHc(hOpMaTOPHOIO Macia.

49. TlepeuncnuTe MoKa3aTesn, OTpakaeMble B TIACTIOPTE AJIEKTPOJBUTATE-
JISL

50. TunoBasi HOMEHKJIATypa PEMOHTHBIX pabOT TpH TEKYIeM W Karu-
TaJbHOM PEMOHTAX.

51. Ilepeuncnute BUABI PadOT, BBHINOIHAEMBIX HPH NEPUOJUIECKHX OC-
MOTpax, MPO(UIAKTUUECKUX ITPOBEPKAX IEKTPOIBUTaTEICH.

52. HazoBuTe HOpMATHBBI MEPUOJUYHOCTH, TPOJOIDKUTENIHHOCTA U TPY-
JOEMKOCTH PEMOHTA.

53. HazoBute HOpPMBI pacxo/la MaTepHalioB M 3allaCHBIX YacTel Ha TeKy-
LIVHA U KalTUTaIbHbIN PEMOHT

54. OcHOBHBIE TIOBPEKACHUS IIEKTPOABUTATENEH MTPH SKCIUTyaTaIIIH.

55. HazoBwute npu3HaKy onpeaeneHns] HeUCIIPABHOTO BUTATEIS.

56. Kakue naHHbBIE OTPaXKalOTCSl B TEXHOJIOTMYECKOH KapTe peMOHTHpYe-
MOTI0 JIBUTATENS?
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57. KakoBbl Mpu3HaKy, O KOTOPHIM MOXKHO OOHApPYKHUTh OOpBIB CTEPIK-
Hell B KOPOTKO3aMKHYTOIH OOMOTKE pOTOpa aCHHXPOHHOTO IBUTATEIS?

58. TumoBas HOMEHKJIATYpa PEMOHTHBIX PabOT MpU TEKyIleM M Kalu-
TaJIFHOM PEMOHTAX BHYTPEHHHUX TPOBOJIOK.

59. Bugpl paboT, BHIONHIEMBIX MPU NMEPHOTNUECKUX OCMOTpax, MpoQu-
JAKTUYECKHX TIPOBEPKAaX BHYTPEHHUX MPOBOJIOK.

60. HopMaTuBbI MEpHOANYHOCTH, MPOIAOIDKUTEINFHOCTH M TPYZOEMKOCTH
PEMOHTa BHYTPEHHHUX MPOBOJIOK.

61. HopmMel pacxozma MaTepranoB U 3amacHbIX YacTell Ha TEKyIMH U Ka-
NHTAIBHBIN PEMOHT BHYTPEHHHX TIPOBOJIOK.

62. Ilopsimox mpoBeAeHHsT OCMOTPOB MPH SKCIUIyaTalUd BHYTPEHHHX
HPOBOJIOK.

63. IlepeuriciuTe TabapuTHBIE OTPAHIYCHUS HA TIEPECEUCHHSIX DIIEKTPO-
HPOBOJIOK C PA3TMYHBIMU TPYOOIIPOBOJAMH M JIPYTUMH SJIEKTPOIPOBOI-
KaMH.

64. Kak ocymecTBisieTcsl SKCIUTyaTalysl BBOMHOTO YCTPOWCTBA, STaXKHBIX
¥ KBAPTHPHBIX HJIEKTPOLIUTKOB.

65. Kak ocymecTBmsieTcst SKCIUTyaTalusi yCTPOMCTB ypaBHUBAHUS IOTEH-
IMAJIOB.

66. Kak ocymiecTBisieTcsi 3KCIUTyaTamusi SIEKTPOIPOBOJOK CEITbCKOXO-
3STUCTBEHHBIX MOMEIIEHNH ¢ TPU3HAKaMH TIOBBIIIEHHON M 0CO0O0H 3JIeK-
TPOOMACHOCTH.

67. Iepeunciure crocoObl MPOBEPKU COCTOSHHS M30JIALMU BHYTPEHHEH
TPOBOJIKH.

68. Kak ocymecTBisieTcst 3KCIUTyaTanus 3allMTHOTO ammapara Jyisi BHYT-
pEeHHEN POBOAKH?

69. HazoBuTe BHIbI 3aIIMTHBIX AIIapaToB U UX XapaKTEPHUCTHKU.

70. TumoBasi HOMEHKJIaTypa PEMOHTHBIX pa0OT MpU TEKYIIeM M Kallu-
TaJIbHOM PEMOHTaxX

71. Iepeunciure BUABI PabOT, BHIOIHACMBIX NPU MEPUOANYECKHX OC-
MOTpax, NPOPHIAKTHYECKUX MPOBEPKaxX 3aIIUTHO-KOMMYTAIIMOHHBIX arl-
HapaToB.

72. Ilepeuniciure HOPMATUBBI MEPUOIUYHOCTH, MPOIOJLKUTEIBHOCTH U
TPYLOE€MKOCTH PEMOHTA.

73. Tlepeuriciiute HOPMBI pacxojia MaTEpHaOB M 3allacHBIX dacTedl Ha
TEKYIIUI U KalUTaJIbHBIA PEMOHT.

74. Tlepeuricnure HEUCTIPABHOCTH 3ALLIUTHBIX allapaToB.

75. Kak ocyiecTBisieTcsl UCIIBITAHUE 3alIMTHBIX allaparoB IEpes BBO-
JIOM B KCILTyaTalHIo.
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76. Ha3oBute BUbl KOMMYTAlIUOHHBIX allllapaTOB U UX BO3MOKHBIC HC-
HCIIPABHOCTH.

3. HAYUYHO-UCCJIEAOBATEJIbBCKAS PABOTA

Llens u 3a0auu npaxmuxu

Lensio HayuHo-uccienoparenbckoi padotsl (HUP) obydaromero-
csl sBISICTCSl (POPMUPOBAHKME KOMITETCHIIMM, HEOOXOAMMOM JIJIsi TIpOBe-
JICHUS] HAYYHO-UCCIICIOBATEILCKOM pabOThl KaK CaMOCTOSTEIBLHO, TaK U
B COCTaBe HAYyYHOTO KOJUIEKTHBA, OCHOBHBIM pPE3YyJIhTaTOM KOTOPOM
SBIISICTCSl HAITMCAHWE M YCIICIIHAS 3alllNTa BBHITYCKHON KBaIM(HUKAIIH-
OHHOI PabOTHI.

3adaua npaxmuxu:

- OBJAJIETh YMEHHEM IIOMCKAa, KPUTHIECKOTO aHalln3a M CHHTE3a
UHGOPMAIUH, MPUMEHSATh CUCTEMHBIH MOJIXOJ JUIsl PEIICHUS TOCTaB-
JICHHBIX 3a]1a4;

- OBJAJIETh YMEHHEM ONpEAeNATh KPYT 3alad B paMKaxX IMOCTaB-
JIEHHOH IeTTH W BBIOMPATh ONTHUMAIBHBIA CIIOCO0 WX PEIICHUs, HCXOSI
U3 JICUCTBYIOIIUX MPABOBBIX HOPM, MMEIOIIUXCS PECYPCOB M OrpaHU-
YEeHHI;

- TIOJTyYUTh YMEHHE PeliaTh THUIIOBBIE 33/1a4l MPO(EeCCHOHATHHON
JISATEIIbHOCTH HA OCHOBE 3HAHU OCHOBHBIX 3aKOHOB MaTeMaTHYECKHUX,
€CTECTBCHHOHAYYHBIX U OOLICTIPOPECCHOHABHBIX TUCIMILIMH C MPH-
MeHeHHeM WH(OPMAIMOHHO-KOMMYHHKAIIMOHHBIX TEXHOJIOTHH;

- OBJIQJICHUE HAaBBIKAMHU PEaJIU30BaTh COBPEMEHHBIC TEXHOJIOTUU U
000CHOBBIBaTh UX MPUMEHECHHUE B MPOPECCUOHAILHON ACSITSILHOCTH;

- OBJIaJIeHNE HABHIKAMH Y4acTHUsS B MPOBEJICHUHN SKCIICPHUMEHTAb-
HBIX MCCIIEIOBAaHUI B MTPO(ECCHOHANBHON IS TEIIbHOCTH;

- OBJIaJICHUC HABBIKAMU HCIBITAHUS 3JICKTPOOOOPYIOBAHUS U
CPEJICTB aBTOMATHU3AIMH 10 CTAaHAAPTHBIM METOIUKAM.

B pe3yabTaTe BBIIIOJITHEHHMS IPOTrPaMMBbI Hay4YHO-
HCCIIeI0BATEILCKON PabOTHI CTYIEHT JOJDKCH:
ymems.

- AHAJIM3UPOBATh 3a4avy, BbLACIIAA 0a3oBhbIE COCTaBJIAOIMUE, OCY-
MIECTBIIATH JCKOMITIO3UIIHIO 3a1a4H;
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- HaXOJUTh U KPUTHUYECKU aHAIM3UPOBATh UH(POPMAIHIO HEOOXO-
JTUMYIO JJIsSl pEIICHMs] TOCTaBICHHOM 3a1auu;

- FICTIOJTH30BATh OCHOBHBIE 3aKOHBI €CTECTBEHHOHAYYHBIX TUCIIHII-
JIUH 7Sl PEeIIeHus] CTAaHIAPTHBIX 3a/1ad B COOTBETCTBHH C HAIPABIICH-
HOCTBIO MTPO(hECCUOHANBHOM JIEATEIILHOCTH;

- (hopMynupoBaTh B paMKax IOCTABIEHHOW IENIM MPOEKTa COBO-
KYITHOCTh B3aUMOCBSI3aHHBIX 3a/1a4, 00ECIIEUNBAIONINX €€ TOCTIKEHHE;

enademo:

- HaBBIKAMH OOOCHOBBIBATh M PEATH30BLIBATH COBPEMEHHEBIE TEX-
HOJIOTMM B COOTBETCTBUH C HAMPABICHHOCTHIO MPOPECCHOHATBHOM
NESTENBHOCTH,

- HaBBIKAMH Y4YacTUS B OSKCIEPHMCHTAIBHBIX HCCIICIOBAHHSIX
3IIEKTPOOOOPYIOBAHHS M CPEIICTB aBTOMATH3AIIHH;

- HaBBIKAMH HCIIBITAHUS JJIEKTPOOOOPYAOBAHHS M CPEACTB aBTO-
MaTH3aI|IH 10 CTAHJAPTHBIM METOAUKAM.

Mecmo npoxosicoenus npakmuxu

[MpakTuka mMpoBOIUTCA, KaK MpaBuio, Ha kKadeape «Dnekrpudu-
Kauust u aBromatuzanust AIIK» umxenepHoro Qakynprera, a Takxe B
CTOPOHHMX OPraHU3ALMSX, NPEIUPUATHAX U YUPEKICHHUIX, Ha KOTO-
PBIX BO3MOXKHO IPOBEJEHHE HAy4YHO-HCCIEN0BATENBCKON IesTeNbHO-
CTH U cOOp MaTepHajoB, CBA3AHHBIX C BHIIIOJIHEHHEM BBITYCKHON KBa-
TUPUKAITUOHHON PabOTEHI.

HayuHno-nuccnenoBatenbckast pabota IPOBOJUTCS B COOTBETCTBUU
¢ y4eOHBIM TJIAHOM U TpaduKoM y4eOHOTO Ipoliecca 1Mo HarpaBieHHIO
noaAroToBku 35.03.06 «ArpouHKEHEPUSY.

Imanwt npoxorcoenua u cooeprcanue NPAKMUKU

IMpaktuka «HayuHo-HccaemoBaTebekas paboTay COCTOUT U3 Clie-
JYIOIIMX JTANoB, BKIOYAs KPATKOE COJIEPKAHUE BUIOB MPOU3BOJICT-
BEHHBIX padoT, a TAKXKE CAMOCTOSTEIBHYIO paboTy CTY/ICHTOB:

1. Opeanuszayuonnsiti s5man. OpraHu3aluoOHHOE COOpaHUe Mo pac-
MIPEJISIICHUIO 110 MECTaM IPAKTHUKW W O3HAKOMIICHUSI C IIENbI0 U 3a]1a-
YyaMH TPAKTUKA. BBOAHBI MHCTPYKTaX IO TEXHHUKE OE30MaCHOCTH.
O3HaKOMJICHHE ¢ METOIMYECKUMHU MaTepHajaMHi U CTPYKTYpOM OoT4eTa
MO TIPAKTHKE TOJ] PYKOBOACTBOM PYKOBOJUTENS MPAKTUKH OT aKaJe-
muu. O3HaKOMJICHHE ¢ opranu3aiueil. MHCTpyKkTaxk Ha paboyeM MecTe.
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2. Ilpoussoocmeennas paboma. AHamu3 JTUTEpPaTyphl, MATCHTOB,
HOPMATHUBHO-TEXHUYECKON TOKYMEHTAIIMH II0 TEMAaTHUKE BBITYCKHOM
KBaTM(UKAIIMOHHON Pa0OThI, MOATBEPKICHNE aKTyallbHOCTH BBIOpaH-
HOW TeMBbl. BEITIOTHeHNE MHANBHYaIbHOTO 3aJaHus, COOp MaTepHalioB
JUTSL OTYETA W BBITIOJTHEHUS BBITYCKHOM KBATN()UKAIIMOHHON paOOTHI.

3. 3axnouumenvuwviti sman. CaMocToATEIbHAS PaboTa IO 0POPM-
JICHHUIO OTYETA.

Tembt uHOUBUOYATLHBIX 3A0AHUL
Tema MHIUBUIYaNbHOTO 3aJaHUsl OIpPENENIeTCs PYKOBOAUTEIEM
MIPAKTUKU B COOTBETCTBUU C HAIIPABJIEHUEM HCCIIEOBAHNS.

Omuem 0 npou3800CMEEHHOIN NPAKmMuUKe

[To mToram Hay4yHO-HCCIEIOBATEIbCKOW PabOTHI CTYIEHTOM CO-
CTaBJISIETCS MMChbMEHHBIN OTYET.

OcHOBHasl 4acTh OTYETA JOJDKEH BKIIHOYATh CICAYIOLINE Pa3ebl:

1. AHanmu3 nuTepatyphl o TeMe UCCIICA0BaHUS.

2. lnnuBuayanbHOE 3aJ]aHue 110 TEME UCCIICIOBAHNSI.

TpeboBanusa Kk 0pOpPMICHHIO OTYETa MO MPAKTUKE MPHUBEICHHI B
paznene 5.

Hmozo6vlii KOHMPOIL RO UMO2AM RPAKMUKU

HroroBoii ¢opmoii KOHTPOIIS 3HAHUM, YMEHUN M HABBIKOB 10 Ha-
YUHO-HMCCIIEIOBATENILCKOW paboTe sBisieTcs aAuddepeHMpOBaHHbIH
3a4eT. 3a4eT CIYXKUT JUTS OLIEHKH c(HOPMUPOBAHHOCTH YHUBEPCATBHBIX,
o0menpodeccHoOHABHBIX M NPO()EeCCHOHATBHBIX KOMIETEHIMH 10
MIPOM3BOCTBEHHOM NMPaKTHUKE U MPU3BaH BBIIBUTH YPOBEHb, IPOYHOCTh
Y CHUCTEMAaTHYHOCTbH IOJIyYEHHBIX UM TEOPETHUECKHUX U MPAKTHUECKUX
3HaHUH, TPUOOPETEHNSI HABBIKOB CAaMOCTOSITEIbHOIN PabOThI, pa3BUTHS
TBOPYECKOTO MBIIIJICHUS, YMEHHE CUHTE3UPOBAThH MOTYYCHHBIC 3HAHUS
Y TIPUMEHSTH UX B PEIICHNH MPAKTUIECKUX 3aa4.

3aBepIaroIiuM 3TAllOM Hay4YHO-HUCCIIEA0BATEIbCKOH paboTHI sIB-
JISIETCS 3alUTa MOATOTOBIEHHOTO CTYIEHTOM OTYETA.

Bompocs! nmpeanonararoT KOHTPOIL 00X METOINUECKUX 3HAHHIMA
¥ YMEHHH, CIIOCOOHOCTh CTYJEHTOB NMPOWJUTIOCTPHPOBATH MX MPUMEpa-
MU, WHAWBUAYaJIbHBIME MaTepHajaMH, COCTaBJICHHBIMHU CTYJEHTAMH B
TEYEHHE MPAKTHUKH.
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Bonpocul 013 npoeedenus 3auema
1. OCHOBHBIE TEPMHHBI HAYKH.
2. [laiiTe onpene/icHUE MOHATHAM IIPEAMET U 00BEKT HCCIICIOBAHMS.
3. puHmumer popmupoBaHus 00BEKTa U MpEeMETa UCCIISJOBAHNS B Ha-
YUYHOI padoTe.
4. Kak ompenemnsiroTcst el 1 33724 Hay9IHOTO NCCIIEIOBAHIS ?
5. Urto co0oii IpeICTaBIsIeT METOANKA UCCIICTOBAHIS?
6. UTo HOMKHO OBITH OTPa)KEHO B IPOrpaMMe Hay9IHOT'O UCCIIEIOBaHU?
7. OcHOBHBIE TIpOLIETYPbl OOOCHOBAHMS aKTYaJlbHOCTH TEMBI HCCIIEI0Ba-
HUYS.
8. CyIIIHOCTh HAy4YHOU MPOOJIEMBI U MOPSIIOK €€ ONPEICIICHHUSI.
9. OCHOBHBIE MPOLIEAYPHI OITUCAHUS POLIECCa UCCICAOBAHMS.
10. YTo Takoe SKCIEPUMEHT, €r0 BUIbI?
11. YUro moHmMaeTrcsi MO JOKYMEHTAThHBIMH WCTOYHHWKAMH HH(OpMa-
mn?
12. Kakune mOCTOMHCTBA U HEAOCTATKH UMEIOT PAa3IMUHBIC BUIBI HICTOYHU-
KOB Hay4HOH WH(pOpMaIu?
13. Yro siBisiercst mHGOPMALMOHHOM 62301 POBECHHUS HAYYHBIX HCCIIe-
JoBaHUi?
14. Yto mipescTapisieT coO0 OCHOBHASI 9acTh HAYYHOW pabOThI?
15. Uto mpexcTapisieT coOOH 3aKII0OueHre HayIHOH PadoThI?
16. Ha3Bath MeTOIBI CTATUCTHUYECKONH OOPaOOTKU pe3yNIbTaTOB HAYYHBIX
HUCCIIEJOBAHUI?
17. Kakne coBpeMeHHbIE TEXHOJOTHH, HEOOXOIUMO YYMTHIBATh IIPU pPe-
IIIEHWH OCHOBHBIX 337124 10 UCCIIEMyeMOi mpobiaeme?
18.HazBate kputepun U crocoObl onpeseneHns: 3PPEeKTHBHOCTH TPOBe-
JICHHBIX HAYYHBIX UCCIICIOBAHUN?

4. ITIPEAJUITVTIOMHAS ITPAKTUKA

Iens u 3a0auu npakmuku

Lenbio npeaauniIoMHON MPAKTUKHU SIBISICTCA TOATOTOBKA CTYCH-
Ta K PEUICHUIO OPraHMW3alMOHHO-TEXHOJOTHUYECKUX 3a/1a4 110 MOBBILIE-
HUIO 3(PPEKTHBHOCTH YHEPTETHUECKOTO U 3IEKTPOTEXHUUECKOTO 000-
pyaoBaHusd, MAallMH YCTAaHOBOK Ha IPOU3BOACTBE B COOTBCTCTBUM C
npoduneM «INeKTpoOOOPYAOBAaHHE U 3NEKTPOTEXHOJIOTUH» U cOOp
(akTHYECKOro Marepuasia Mo TeMe BBITYCKHOM KBaJU(pHKALHOHHON
paboThL.
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OCHOBHBIMH 33Ja4aMH MPEATUITIOMHON TPaKTHKH SBISIFOTCS:

- mproOpeTeHne cnocoOHOCTH pelaTh THIIOBBIE 3a/laul MPOoQeccro-
HAJIBHOHU JIeATENPHOCTH HAa OCHOBE 3HAHWN OCHOBHBIX 3aKOHOB MAaT€MAaTH-
YeCKNX, €CTECTBEHHOHAYYHBIX M OOIIETPO(ECCHOHATBHBIX JTUCIUIUINH C
NpUMEHEHHEM HHPOPMALIOHHO-KOMMYHHUKAIIMOHHBIX TEXHOIOTH;

- IpHOOpeTeHNEe YMEHHUH peaTn3aliii COBPEMEHHBIX TEXHOJIOTHH 1
00OCHOBBIBATh MX MIPUMEHEHUE B TPO(HECCHOHATIBHON IESATEIBHOCTH;

- mpuoOpeTeHre HaBBIKOB BBITIOJTHEHHUs pabOT MO MOBBIIICHHIO
3G (EKTUBHOCTH IHEPTETHYECKOTO M 3JICKTPOTEXHHUUECKOTO 000pYHO-
BaHMS, MAIlIMH M YCTAaHOBOK B CEIILCKOXO03IHCTBEHHOM IIPOM3BOICTBE;

- mproOpeTeHne YMEHHI OpraHu3auy padoT Mo MOBBIMICHUIO d(-
(EKTUBHOCTH SHEPreTUYECKOT0 M DJIEKTPOTEXHHYECKOTO 000pyaoBa-
HUSL

B pesynbrare BBITOTHEHHS MPOrPaMMBbl MIPEATUIIOMHON MTPAKTH-
KU CTYJIEHT JIOJDKCH:

ymemy:

00OCHOBBIBATh U PEaNN30BaTh COBPEMEHHBIC TEXHOJOTHUH B MPO-
(hecCHOHANIBHON JIEATEIILHOCTHIO;

- OpraHn3oBaTh paboThI MO MOBBIIICHUIO 3()()EKTUBHOCTH DHEpPTe-
THYECKOTO U JIEKTPOTEXHHIECKOTO 000pYIOBaHUSL.

61a0ems:

- HaBBIKAMH WCIIONB30BAHMSI OCHOBHBIX 3aKOHOB €CTECTBEHHOHAYY-
HBIX ¥ TPO(eCCHOHANBHBIX JUCIMILIMH JUIS PEIICHHs CTaHIapTHBIX 3a-
nad;

- HaBBIKAMH BBIMOJIHEHUST paOOT MO MOBBIIICHUIO 3 heKTHBHOCTH
SHEPreTUYECKOTO U DIIEKTPOTEXHUYECKOTO 00OpYJOBaHHS, MAIIWH H
YCTaHOBOK B CEIILCKOXO3SIHCTBEHHOM MPOU3BOJICTBE.

Mecmo npoxosicoenus npakmuxu

[IpepnunnomHas npakTuka npoBoauTca Ha mpennpustusx AIIK
(000, 3A0, KOX, apeHanble KOJUIEKTHUBBI, acCOLMANN (EepMEPCKUX
XO3SIICTB, BEAYIINX 3arOTOBKY, XpaHEHHE W MEPEpadOTKy CEIbCKOXO-
3SIMCTBEHHOM MPOAYKLMH, NPOMBILUICHHBIE KOMIUIEKCH W nTHLEeda0-
PHKH) B CIy»0axX YIpaBJeHUS SHEPrOCHCTEM, a TaKXKe Ha dJIEKTPO-
CHAOXKAIOMIMX MPEANPUATHIX, Ha IPEATNPUATHIX MIEKTPHIECKUX CETeH,
Ha y4JacTKaX JEHCTBYIONIUX WM HAXOMALINXCS B CTAIMH HAJAJKH MO~
cTaHiMi. [Ipon3BOACTBEHHASA MPAaKTHKA MPOBOJUTCS B COOTBETCTBHU C
yueOHBIM TUIAHOM U rpauKoM y4eOHOI0 Ipolecca Ha yu4eOHBIH Toj 1o
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HampaBieHHI0 ToArotoBku 35.03.06 «ArpouHkeHepHus», Npoduib
MOJTOTOBKU «DJIEKTPOOOOPYAOBAHHE U AIEKTPOTEXHOIOTUIY.

dmanwt npoxoscoenus u cooeprcarnue NPaKmMuKu

[lpeanumiioMHas MpakTHKa COCTOMT W3 CJEAYIOUIMX STaroB,
BKJIIOYasi KpaTKOe COAEp’KaHHE BUAOB IPOMU3BOACTBEHHBIX pPaboOT, a
TaKXe CaMOCTOSITEIbHYIO paboTy CTYICHTOB:

1. Opeanuzayuonnwiti sman. OpraHu3aluoHHOE COOpaHUe MO pac-
NpeAeNICHNI0 M0 MECTaM NPAaKTUKU M O3HAKOMJICHHUS C LEJbI0 M 3aja-
YyaMH{ NpPaKTUKU. BBOAHBIM MHCTPYKT@X MO TEXHHKE O€30IIaCHOCTH.
O3HakOMJICHHE C METOAMYECKUMH MaTephajlaMH M JTHEBHHUKOM-
OTYETOM O TPAKTHUKE IMOJ PYKOBOACTBOM PYKOBOAWTENS MPAKTUKH OT
akagemun. Odopmienre Ha paboTy, BBOOHBIN MHCTPYKTaX IO OXpaHe
Tpyza. MHcTpyKTax Ha pabouem MecTe.

2. Ocnosnoii sman. O3HaKOMIIEHHE C TIpeanpusiTueM. M3ydeHue
BOIMPOCOB IO TMOBBIIEHUIO d(P(EKTUBHOTO HCIOIB30BAHHUS YHEPreTH-
YECKOI'0 M 3JIEKTPOTEXHUYECKOro 00OPYAOBaHMUS, MAIINH U YCTAHOBOK
Ha npousBozicTBe. COOp M aHATU3 MaTepHaja 1Mo TeMaTHKE BBITYCKHON
KBaJTH(PUKATUOHHON pabOoTHL.

3. 3axnroyumenvhoii sman. OdopmiieHHEe OTYeTa O MPAKTHKE.
YBOJBHEHUE C OPEANPUATHS. 3alIUTa OTYETA.

Temvl unoueudyanvHvix 3a0anul

WHnuBuayanbHble 3alaHUs BBIJAIOTCA AMIIOMHBIM PYKOBOIHTE-
JIeM 10 TEMaTHKE BBHIMYCKHON KBAIM(UKAIMOHHON paboThl MM W3
MIPUBEJIEHHOTO MEPEYHSI.

1. O3HaKOMHUTBCSI C 3IEKTPOOOOPYIOBAHHEM CHUCTEMBI BJIEKTPO-
cHaOKeHUsl TpeanpusTHs (MUTAONIME JIMHUK, TpaHC)OpMaTOpHBIC
MOJICTAHIINH, PaCIPeeNIUTENIbHbIE, BO3AYIIHbIE U KaOelbHbIE JTUHUN U
T.J.).

2. OueHUTH COCTOSHHE HJIEKTPOIPHUEMHHUKOB, MM COBOKYIHOCTb
ANEKTPOOOOPYIOBaHHS OT BBOJAA B MOMEUICHHE JIO pabodvero opraHa
Wik paboyeil 30HbI TEXHOJIOTHYECKOro 00bheKTa (YCTPOMCTBO IpHCOe-
JUHEHUS, HEMOCPEICTBEHHO 3JIEKTPONPUEMHHUK — Ipeodpa3oBaTelb
SHEPTUH, YCTPOICTBO Mepelayr SJHEPTUU OT DIEKTPONPUEMHHUKA K TEX-
HOJIOTHYECKOMY OOBEKTY).

3. BBIACHUTD HEIOCTaTKH B padOTe TEXHOJIOTMYECKOTO OOBEKTa,
000 SNEKTPUPHULIMPOBAHHOW MAaIIMHBI, YCTAHOBKH, MOTOYHO-
TEXHOJIOTMYECKOM JIMHUM U JPYIOU CEIbCKOXO3SIICTBEHHOW TEXHUKHU.
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4. O3HaKOMUTBCA C pabOTON CIyX OBl AKCITyaTally, CHelUaIn-
CTOB D3JeKTpoTexHu4eckoi ciyx0b1 (OTC) mpennpusitus, KOTOpHIC
KOHTPOJIMPYIOT UCIIOJIb30BAHUE U OCYLIECTBILIFOT OOCIyXHBaHUE (pe-
MOHT), a TaK)Ke UX PEMOHTHO-00CITYKHBArOIIeH Oa3bl.

5. IlpoaHanu3upoBaTh SKOJOTHUECKYI0 OOCTAHOBKY Ha MpEANpH-
ATUH: COCTOSIHHE OKpY’KaloIleH Cpeabl, MOMELICHUI ¢ HOpMaJIbHBIMH,
BJIQYKHBIMH, CBIPBIMH, OCOOO CBHIPHIMH YCJIOBUSIMH MM XMMHYECKU akK-
TUBHOM CPENOM.

Omuem 0 npedOuUnIOMHOI NPAKMUKE

[To uroram mpeaAUIIIOMHON MPAKTUKU CTYJACHTOM COCTaBISETCS
MUCHMEHHBIN OTYET.

OT4er O MPEeANUTUIOMHONW MPAKTUKE BKIIOYAET XapPaKTEPUCTHUKY
MPENPHUATHS U HHIUBUAYAIBHOE 3a/IaHUE.

TpeOoBanus K O(QOPMIICHHIO OTYETAa O MPAKTHKE IPHBEICHBI B
paszene 5.

Hmoz06btit KOHMPOIL NO UMOAM NPAKMUKU

Hrorosoii ¢opmoii KOHTpOJsI 3HAHWH, YMEHHH W HAaBBIKOB IO
NPEIIUIUIOMHON NpakTUKe sBiseTcs AudQepeHUupoBaHHBIA 3a4erT.
3a4yer Mo MPaKTHKE CIY)KUT A OLECHKH Cc(hOPMHUPOBAHHOCTH 0OIIe-
NpoQeCCHOHANTBHBIX B MPOYECCHOHANTBHBIX KOMIIETCHIINH 10 TPeAIH-
IUIOMHOW MPAaKTHUKE U MPHU3BaH BBIIBUTH YPOBEHb, IPOYHOCTh U CHUCTE-
MaTHYHOCTb MOJIYYEHHBIX UM TEOPETHUECKUX M NMPAKTUUECKHUX 3HAHU,
NpUOOPETEHHsT HABBIKOB CAMOCTOSTENILHON pabOThI, Pa3BUTHSI TBOpYE-
CKOr'0 MBIIUIEHUS,, YMEHHME CHUHTE3UPOBATh IIOJYYEHHBIE 3HAHUS U
MPUMEHSATH UX B PEIICHUH IPAKTHYECKUX 3a/ad.

3aBepIIaroIyuM 3TaroM MPEJAUNIIOMHON MPAaKTHKHU ABISETCS 3a-
IIUTA OATOTOBJICHHOTO CTYAEHTOM OT4eTa B popMme cobece10BaHMs.

Bonpocs! npennonararor KOHTPOIb OOLIMX METOANYECKUX 3HAHUM
Y YMEHHH, CIOCOOHOCTH CTYIEHTOB MPOMJLUIIOCTPUPOBATH UX NIpUMepa-
MU, UHAUBUAYAJbHBIMU MaTepHajlaMi, COCTABJICHHBIMU CTYAEHTAMH B
TE€YEHUE IPAKTUKU.

Bonpocut ona nposedenus ougpgpepenuuposannozo 3auema
1. CymHocTh U 3HaYCHHE TUIAHOBO-TTPEAYIIPEAUTEHHOTO PEMOHTA JJIECK-
TpoobopyaoBanus. lleproIMIHOCTD ITAHOBBIX PEMOHTOB.
2. CrnocoObl onpeeneHns] CTETIICHH CTAPEHUs N30JISAIMU OOMOTOK JJIEK-
TPUYECKUX MAIIIUH U TpaHC(HOPMATOPOB.
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3. Cxema TeXHOJIOrH4ecKOro Iporecca peMOHTa aCHHXPOHHBIX JIBUTATE-
neii morrHocThio 10 100 KBT 1 ee kpaTkoe onucanue.

4. TexHOMOTHsI PEMOHTA CHJIOBBIX TPAHCHOPMATOPOB.

5. Texnomorusi pa3do0pKu ATEKTPUIECCKUX MAIIHH MTOCTOSHHOTO U TIepe-
MeHHOTO Toka. JledekTarus mpu pa3oopke.

6. CrocoObl MPOMUTKK U CYIIKH OOMOTOK 3JIEKTPHYECKHX MalivH. Pe-
JKMMBI IIPOITUTKY U CYIIKH, KOHTPOJIb IIPOLIECCa CYIIKH.

7. HewucnpaBHOCTb CEpACUYHHKOB CTaTOpa U POTOpA M CIOCOOBI HX YCT-
paHEHMUSL.

8. HencnpaBHOCTH MEXaHWYECKOH YacTH HIEKTPUIECKUX MAIIHH U CIIO-
COOBI X YCTPaHCHHUSL.

9. TexHonorusi COOPKU SNEKTPUIECKUX MAIIUH. MeXaHU3Mbl U MPHUCIIO-
coOJeHu s, MPHUMEHSIEMbIE TIPY COOpKE.

10. Crarrueckast v TUHaMIYeCKasi 0aJJaHCHPOBKA POTOPOB U SIKOPEH.

11. TexHosorus pa3oOpKH CUIIOBBIX TPAHCHOPMATOPOB.

12. TexHoJOTHs N3rOTOBJICHNS HOBBIX OOMOTOK TpaHc(opmaropa.

13. Pa36opka BeIEeMHOI YacTH CHIIOBOTO TpaHc(opmaTopa.

14. BoccTaHOBIICHHUE MEXIIUCTOBOM M3OJISIMU CEPIICUHMKA MArHUTOIPO-
BOJIA.

15. PemoHT 00MOTOK TpaHc]opmaropa.

16. Ilopsimox cOOpKM BEIEMHOM YacTH TpaHChOopMaTopa.

17. PeMOHT 00MOTOK KOPOTKO3aMKHYTOI'O POTOPA.

18. HeucripaBHOCTH TYCKO3aIIMTHOW ammapaTypsl (pyOMIBHUKOB, aBTO-
MaTHYECKHX BBIKITIOYATENEH, MAarHUTHBIX IyCKaTeNe) U X YCTpaHEHHE.
19. [IpenpeMOHTHBIE WCHBITAHUS SJICKTPUUECKUX MAIUH TEePEMEHHOTO
TOKa (CHHXPOHHBIX ¥ aCHHXPOHHBIX). OOBEM, METO/IBI 1 HOPMEI.

20. IIpenpemonTHBIE McHbITaHUS TpaHchopmaropoB. OObEM, METOIBI U
HOPMBI.

21. MexxonepalMoHHbI KOHTPOIIb MPU PEMOHTE JIEKTPHUYECKUX MAIITHH
MIEPEMEHHOr0 TOKa (aCHHXPOHHBIX M CHHXPOHHBIX). OOBEM, METOIBI H
HOPMBI.

22. MexonepalMoHHbI KOHTPOJIb MPU PEMOHTE TpaHC(HOPMATOPOB.
O0BbeM, METOIbI ¥ HOPMBI.

23. Cymika 0OMOTOK BBIEMHOM yacTH TpaHchopmMaropa. MeToib! CyIIKu.
24. HencnipaBHOCTH W XapaKTEPUCTUKH (TIOKA3aTeNH) JIIEKTPUUECKUX
MallHH, OTPEIEIISIeMbIE OITBITOM KOPOTKOTO 3aMbIKAHWSI.

25. Meroauka mpoBeIeHus OTIbITa KOPOTKOTO 3aMBIKAHUSL.
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26. HeuncnpaBHOCTH 1 XapaKTepUCTUKH (TI0OKa3aTeNu) TpaHc(hopMaTopoB,
omperiessieMble OTBITOM KOPOTKOTO 3aMblKaHHs. MeToauka NpoBeIeHHs
ONBITa KOPOTKOTO 3aMBIKAHUSL.

27. HencnpaBHOCTH 3MIEKTPHYIECKUX MAIINH, ONPEIEISEMBIE OIBITOM XO-
noctoro xoaa. CrocoObl UX YCTpaHEHHSI.

28. HencnpaBHOCTH TpaHC(HOPMATOPOB, OMPEACISICMBIE OIBITOM XOJIO-
cToro xoza. MeToika nx ycTpaHeHus..

29. HcnbiTanue SIEKTPUYECKONW TMPOYHOCTH M3OJISIMH AIIEKTPUUECKUX
MallvH NepeMeHHOT0 Toka. HopMbI Ha 3TH HCTIBITaHUS.

30. MeTonb! BBISABICHUS HAIMYMSA M MECTa BUTKOBOTO 3aMBIKaHHS B 00-
MOTKaX JIEKTPHYECKIX MAIIMH U CYIIHOCTh STUX METOJIOB.

31. OmumwuTe UCHBITATENbHBIA CTEH[ AJsI KOHTPOJBHBIX (IIOCIEPEMOHT-
HBIX) HCHBITAHUH SNEKTpUYecKuX MamuH. ONWIIUTE HCTIBITATeIbHBII
CTEHJT JUT KOHTPOJIBHBIX (TTOCIIEPEMOHTHBIX) UCTIBITAaHUN TpaHchopMaTo-
pOB.

32. TlocnepeMOHTHBIE WCTIBITAHUS DJICKTPHUYECKUX MAIIWH MEPEMEHHOTO
ToKa. O0BEeM, METOIbI M HOPMBI.

33. TlocnepeMOHTHBIE HCTIBITaHUS TpaHChopMaTopoB. OObEM, METOIIBI 1
HOPMBI.

34. TlocrepeMOHTHBIE WICTIBITAHUS ITyCKO3AIIUTHON ammapatypbl. O0beM,
METO/IbI M HOPMBI.

35. Omummte 000pyAOBaHKE U MPUCTIOCOOIICHHS YIacTKa AJIsl pa300pKH 1
COOPKH JIEKTPUYECKHX MAIIIMH ¥ TPaHC(OPMATOPOB.

36. Ommmmre 00OpyIOBaHME M MPUCIIOCOOIEHMS IJIsI M3TOTOBJICHHS Ka-
TyIIEK (CeKIMit) OOMOTKHU 3TEKTPUUECKHIX MAIUH.

37. Omumure 00OpyIOBaHUE W TPUCHOCOOJICHUS [Tl U3TOTOBJICHUS 00-
MOTOK TpaHcdopmMaTopoB. TexXHOIOrHs U30ISLIIH OOMOTOYHOTO IPOBOIA.
38. Kak ompenensiercss NPaBUIIBHOCTh MAapPKHPOBKU BBIBOJHBIX KOHIIOB
ANIEKTPUYECKUX MAIITH B TPaHC(HOPMATOPOB.

39. Kak onpenensiercs rpyrina CoeTMHEeHs 0OMOTOK TpaHchopMaTopa.
40. TexHm4eckuii macropt npeanpusTys. [IpuBeuTe OCHOBHBIE MOKa3a-
TENIM TEXHHYECKOTO MACTIOPTa NPENPUATHS 00BEKTa MPAKTHKH.

41. TexHudeckass JOKyMEHTAIMsl SHEPreTHYecKor ciy:xObl. [lpuBenure
coziep>KaHre OCHOBHBIX (hOPM KypHAIIOB.

42. Pacuer oObema paboT, YKCIIa HJICKTPOMOHTEPOB U IIITaTa HHXKSHEPHO-
Texuuaeckoro nepconana ITC.

43. Pacuer npomsBoactBeHHoi nporpammbl OTC npennpusitus B YEO.
BeinonHenue pacueTa Juis IpeAnpHATHS-00bEKTa IPAKTHKH.
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44. CocraBnenue rpaduka IaHOBO-PeIyNPEIUTENbHBIX PaboT Mo 3KC-
TUTyaTallMOHHOMY OOCIY>KHBaHUIO 3JIeKTpooOopyaoBaHus. [lpuBenure
(dbparMeHT rpaduka.

45. TexHUYECKHE CPECTBA, IPUMEHSIEMbIE TIPH OOCITYKHBaHINHA W PEMOH-
Te 3JIEKTPOOOOPYIOBAHHS.

46. PeMOHTHO-00CTY>KUBatoIas 0aza npennpustus. [IpuBeauTe 1aH c
pa3MelIeHNeM TEXHOJIOTHYECKOro 000pyI0BaHUsI peMOHTHON 0a3bl mpea-
NpUATHA-00bEKTa MPaKTHKU. Ee OCHOBHBIE XapaKTEPUCTHKH.

47. AHanu3 SKOHOMHYECKON 3(D(EKTUBHOCTH NEATEIBHOCTH DJIEKTPOTEX-
HIYECKOH CITyOBI OOBEKTa IPAKTHKH.

48. CocraB paboT 1 00beM MEKPEMOHTHBIX WUCIIBITAHUN CHJIOBBIX TPaHC-
(opMaToOpoB MpH HX TEXHHYECKOM 00CITYKHBAHHUH.

49. CocraB pabOT U 00BEM HCIIBITAHUH CHIIOBBIX TPAHC(POPMATOPOB TIPH
UX TEKyILLEM PEMOHTE.

50. OcMmoTp BO3AYMIHBIX JIMHUI HanpsbkeHreM 1o 1000 B. TIpodunakru-
YeCKHE U3MEPEHHUS U UCTIBITAHVIS.

51. PemoHT BO3mymHBIX TuHUA HanpsbkeHreM 10 1000 B. O6bem u HOp-
MBI UCIIBITAHUN.

52. DkcrutyaTaiys pacipee/IUTeIbHBIX YCTPONUCTB TIOACTAHITHA. 00BeM U
HOPMBI UCITBITAHUM.

53. Ocmotps! crmoBbIx kabenpHBIX JuHAN. [IpodriakTuueckne rcnpiTa-
HUSL 1 I3MEPEHHSI.

54. OmpeneneHne MeCT MOBPEXKICHHA HA KaOENbHBIX JIMHUSAX. 3alura
KaOeNbHBIX JINHUM OT KOPPO3HH.

55. PeMoHT kabenbHbIX JTUHAHA. OObeM 1 HOPMBI UCTIBITAHHH.

56. DkcrutyaTaiusi TpanchopMaTopHoro macina. O0beM M HOPMBI UCIIbI-
TaHW.

57. Texuudeckoe OOCITYXMBaHHE 3JICKTPOJBUrATEIIC M T'€HEPATOPOB.
OO0BeM 1 HOPMBI HCITBITAHUI.

58. Tekymmii peMOHT 3JIeKTpoBUraTesel 1 reaeparopoB. O6beM U HOP-
MBI UCTIBITaHUI.

59. Cyiiika n30/sI1uy 00MOTOK IEKTPUYSCKUX MAIITHH.

60. OcoOeHHOCTH 3KCIUTyaTaluy Pe3EPBHBIX TU3EIbHBIX 3JEKTPOCTAHLIMH
Y TIOTPY>KHBIX 3JIEKTPOIBUI ATENCH.

61. DkcrutyaTanysi OCBETUTENHHBIX M OOJMy4aTeNIbHBIX YCTaHOBOK. [Ipo-
(brIaKTHYECKHE TIPOBEPKH M U3MEPEHHUSI.

62. DKcrutyatanys 3J1eKTpoHarpeBaTesibHbIX YCTaHOBOK. OOBbEM M HOPMBI
UCTIBITaHUI.
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63. Dkcrulyartans W PEMOHT ITyCKO3AIIUTHOM ammapaTypbl. Bumsl mo-
BpexxaAeHuH, o0beM padot mpu TO u TP.

64. cnbiTanne W HalaJKa anmaparypbl YIPaBICHWS, 3allUThl U YCT-
pOICTB aBTOMATHKHU.

65. Dkcrutyaranys BHYTPSHHHX 3JIEKTPONPOBOAOK CEIbCKOXO3SHCTBEH-
HBIX 00BeKTOB. OObEM M HOPMBI HCTIBITAHHH.

66. DKkcrutyatalnys yCTpoHCTB, 00SCTICUMBAIOIINX EKTPOOS30IIaCHOCT B
CEJIBCKUX AJICKTPOYCTAHOBKAX.

67. HopmupoBaH#e pacxoia JIeKTPOIHEPrHH TSl 0OBEKTOB C HETHIIOBOM
TexHonoruei. Pazpaboraiite HOpMY pacxo/ia SMEKTPOIHEPTHUH ISl KAKOTO-
MO0 TEXHOIOTHYECKOro Tporiecca.

68. DHepretuueckue oOcienoBaHus (dHeproayaut) mpeanpusatuid. Co-
CTaBbTe OallaHC Pacxojla TOIUTMBHO-YHEPTeTHYCCKUX PECYPCOB TPEIpH-
ATHS-OOBEKTA MPAKTUKH.

5. TPEBOBAHUA K O©OPMJIEHNIO OTYETA O ITPAKTUKE

OtueT nomkeH OBITh Ha0paH Ha KOMIBIOTEpE, TPAaMOTHO 0(OpM-
JieH, COpOIIOPOBaH B MArKy, MOAMUCAH CTYIEHTOM, CIaH Ui PEerHcT-
paru Ha Kadenpy «nekrpudukanus u apromaruzanus AITK.

TpebGoBarus K 0OPMIICHHIO JTUCTOB TEKCTOBOM 4acTu. TexcToBas
9YacTh OTYETA BBIOJHACTCS Ha JucTax popmara A4 (210x297 mm) 6e3
paMKH, cOONIOIEHHEM CIIEAYIOMNX Pa3MepoB mojei: jesoe — 30 Mm,
npaBoe — 10 MM, BepxHee — 20 MM, HIXKHEE — 20 MM.

CrpaHuIlbl TEKCTa MOJICKAT 00s13aTeIHPHON HyMepallui, KoTopas
MPOBOAMTCS apabCKUMK MUPpaMH ¢ COOIOEHUEM CKBO3HON Hymepa-
UM 10 BceMy TeKCTy. HoMep cTpaHMIBI IPOCTABISAIOT 1O LEHTPY 0e3
TOYKH B KOHIIE.

IlepBoil CTpaHMIIEW CUMTAETCS TUTYJIBHBIN JIUCT, HO HOMEp CTpa-
HUIIBI HA HEM HE IPOCTaBIISETCA.

IIpy BBINOJTHEHUWH TEKCTOBOM YacTW pabOTHl HA KOMIBIOTEPE THII
mpudra: TimesNewRoman. Ipudr ocHOBHOro Tekcra: OOBIYHBIN,
pa3mep 14 nT. MexXCTpOUYHBIN UHTEpBaJI: MOJTYTOPHBIMH.

BrInosHEHHBIN OTYET O MPAKTHKE JOJDKEH COJEPKaTh:

—  TUTYJBHBIN JUCT (TIpHiI. A);
— 3anmanwue (mpui. b);
wiadH (rpaduk) (mpwi. B);
OTJIaBIICHUE;
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—  BBEJICHUE;
— OCHOBHBIE pa3fieiibl OTUETA;
—  BBIBOJIBI U MIPEIOKEHHUS;
—  CIIMCOK HCIIOJIb30BAaHHOM JUTEpaTyphl U HCTOUYHHUKOB,
—  NPWIOXKEHUS.

Bo BBenenuu cienyer o00OIIMTH COOpaHHBIE MaTepUallbl U pac-
KPBITh OCHOBHBIE BOIIPOCHI M HANPaBJIEHHS, KOTOPBIMU 3aHUMAJICS CTY-
JCHT IPHU NPOXOKICHUHU IPAKTHUKH.

OcHOBHasl 4acTh OJDKHA COAEPXKaTh OTYETHI O MPAKTUYECKUX 3a-
JAHUSX TEOPETUUECKON 4acTH MPAKTUKHU U OTYET O BBHIOJIHEHUN UHIIH-
BUAYaJIbHOTO 3a1aHUs.

B BbIBOZAX M MPEIIOKEHHUAX KPATKO YKA3bIBAETCS! BBIIOJHEHHAS
CTYJCHTOM paboTa W MPEACTABUTh MPEIUIOKCHHUS IO ONTHMH3AIUU
CHCTEMBI DIIEKTPOCHAOKEHUSI WIIM TEXHOJOTHYECKUX MPOILECCOB MpO-
U3BOJICTBA.

Cnucok MCHOJB30BaHHOM JUTEPATyphl CleAyeT yKa3aTh BCE HC-
TOYHHUKU KOTOPBIC OBLIN MCIIOJIB30BaHbI IIpyu IPOXOXKIACHUN ITPAKTHUKHU
Y TOATOTOBKE OTYETA.

B TedeHne mpoxokAeHUs MPAKTHKHU CTYACHT 00s3aH BECTU JHEB-
HHK NPaKTUKH (puil. '), KOTOPBIH SIBISIETCS YaCThIO OTYETa O MPAKTH-
K€ U HMCIOJb3YETCs P €r0 HANMCAHUM. 3allUCH B JHEBHHUKE OJDKHBI
OBITH ©XKEHEBHBIMU.

B nHeBHHMKE HEOOXOIUMO OTPa3UTh KPAaTKO BHJBI PaOOT, BBIMOJI-
HEHHbIE CTYJCHTOM Ha TpakThke (cOop Marepuana, MpOBEJICHHS HC-
CIIEZIOBAaHMS U T.1.), & TAaKXKe BCTPETHUBLIMECS B paboTe 3aTpyAHEHUs,
UX XapakTep, KaKhue Mepbl ObLIM MPHUHATH AJIS UX yCTPAaHEHHMs, OTMe-
HUTH HEJJOCTATKH B TEOPETUUYECKOMN TOATOTOBKE.

JIHEeBHUKN NEpUOIMYECKH MIPOBEPSIOTCS PyKOBOJIUTEIEM MPAKTHU-
K{, B HEM JEJal0TCs OTMETKH IO €ro BEICHHUIO, KAUeCTBY BBINOJHsIE-
MOM CTYJIEHTOM pabOTHI.

B KoOHIIe MpaKTUKK JHEBHUK JJOJDKECH OBITh MOAMKMCAH CTYACHTOM U
PYKOBOAMTENEM MIPAKTUKH OT aKaJEMHUHU.

JIHEBHUK MPUKJIAJBIBAETCS K OTUETY O MPAKTUKE.
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MNPUJIOXKEHUA

[Ipunoxenne A

MuHuCcTEpPCTBO CENBCKOro Xo3sicTBa Poccutickoit denepannu
(denepanbpHOE TOCYIaPCTBEHHOE OI0KETHOE
o0pa3oBaTeIbHOE YUPEKICHUE BHICIIETO 00pa30BaHHUS

«Camapckuii ToOCyAapCTBEHHBIN arpapHblii yHUBEPCUTET»

NmxenepHblid hakyIbTET

dbopma 00yueHuns
(o4Has, 3a04YHas)

Kadenpa «Dnekrpudukaius u apromaruzamms AITK»

OTYET

0 IMPOXOKIACHUU

(Ha3BaHHE IPOU3BOJICTBEHHON PAKTHKH)

B YCJIOBHAX

(HaMeHOBaHHE MPEIIPUSTHS)

Brimoaun:
CryneHT _ Kypca
I'pynmner _ mmdp:
Hanpasnenust noaroroBku 35.03.06 «ArporHKEHEPHSY,
npoduiab «DIEKTPOOOOPYIOBAHKUE U IIEKTPOTEXHOJIOT UM

(®amunus, Ums, OtuecTBO)

K zammre momymieH: / /
(moamucs) WHULINATBL, (aMuiis)
/ /
/ /
Orenka
/ /
(undpoii ¥ MPOMHUCHIO) (moanuck 4IeHOB KOMUCCHH)  (paciuudpoBKa MOIIICH)
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Kunens 20__
[Ipunoxxenue b

MunucTepcTBO cenbckoro xo3sicTra Poccutickoit denepanuun
denepanbHOE TOCYAaPCTBEHHOE OIOIKETHOE
o0pa3oBaTenIbHOE YUPEKICHUE BHICIIETO 00pa30BaHUS
«Camapckuii TOCy/TapCTBEHHBIN arpapHbIi YHHBEPCUTET)»

®DakynbTeT
Kadempa
CrenuanbHOCTh (Hampasiie-
HHE)
3AJJAHUE
Ha
BHU IPAKTUKA
OO0yyaromuics
(pamunust, ©Ms, OTIECTBO MOTHOCTHIO, No rpyIITIbI)
IIpuka3 ot No
HaumenoBanue 0a3oBoi opraHmsa-
100505
CpOoK MPOXOKICHUS TPAKTUKHU C o
Copnepxanue 3alaHds Ha TMPAKTUKY (TepedeHb MOJISKAITUX PACCMOT-
pEHMIO BOIIPO-
COB):

NupuBumyansHOE 3a7aHue

Hara BBIJIAYH 3aja-

HUS

PykoBoauTeNh IPAKTHKH / /
MOJIIUCH N. O. Gamunus

[IpuHsn K UCTIONHEHHIO / /
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TOJIITHCh . O. ®amunus

« » 20 T.

IIpunoxenue B
Inan (rpaguk)

TIpoxoxxaeHus: MpakTUKU

BUI IIPAKTUKHA

Ne CpokH BBI-
HaumeHoBaHue 3TanoB MPOXOKASHHS MPAKTUKU
n/n MTOJTHEHUS
OO0yuaromuiics / /
Tloanuce N.0. ®amunust (0Oyvaronierocs)
PykoBomuTeNnb IPakTUKH OT aKaIeMHUH / /
TToamnuce N.0. damunus
PykoBoautenb IPaKTUKH oT IpeaIpu-
SITHUS / /
IToanwuch N.0. damumus
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[Ipunoxxenue I'
JIHeBHHUK

MIPOM3BOCTBEHHOM TEXHOIOTMUYECKON MPAKTUKHI
CTYAEHTa _ Kypca _ IPYyIIIb
WH)XEHEPHOTO (aKyIbTeTa (hopMbI 00yUeHUS
HanpasieHus noArotoBku 35.03.06 — ArpounxeHepus,
npod i — DIEKTPOOOOPYAOBAHKE H IIEKTPOTEXHOIOTHH

(Damunus, Mms, OtyectBo)

. OTtMmeTKa o
Jara HammeHnoBaH#e BBITOTHAEMOH pabOTHI
BBINOJTHCHU U
CryneHt / /
(moamuce) (M.0. damunus)
PykoBomuTens npakTuku / /
(moznuce) (1.0. Gamunus)
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2. [IpakTHKa Mo MOJY4YECHUIO MPOGECCUOHATBHBIX YMEHUH U OITbITa

NPOPECCHOHATBHON ACATEIBHOCTH .v..vvevvereseesressesseassessesnessesnsesnesns

3. Hay4qHO-MCCIe0BATEIBCKAS PAOOTA ...vvvvvieiiisieeeieiisre e

4. TTpeAAUTUIOMHAS TIPAKTHKR ....vvveerrerresseeseesressessnasnesressessessnessessens

5. TpeboBanus K OQOPMIICHHIO OTIETA O TIPAKTHKE ..vvvevvererereeennns

Pexomennyemast TuTepaTypsl U SJEKTPOHHBIE PECYPCHI .....vvevevenne.

[Ipunoxenus

33

16
19
26
28
29



VuebHoe usnanue

Mamrkos Cepreii Biaagumuposuy
CeipkuH Brnagumup AHatonseBud
TapacoB Cepreii Hukomnaesuu

HpOI/I?;BOIlCTBeHHaH IIpaKTHUKa

Meronuueckue yka3aHus

OTreyaTaHo ¢ FOTOBOIO OPUTHHAT-MaKeTa
[onxmucano B meuatsh 20.06.2019. dopmat 60%x84 1/16
VYen. new. . 1,98; new. 1. 2,13.

Tupax 50. 3aka3z Ne 212.

PenakmmnonHo-uznatenbekuii otaen ®I'bOY BO Camapckoro 'AY
446442, Camapckast 0071acThb, IL.T.T. Y cThb-KuHensckuid, ya. Yuebnas, 2
Temn.: 8 939 754 04 86, 106. 608

E-mail: ssaariz@mail.ru.


mailto:ssaariz@mail.ru

MHUHHUCTEPCTBO CENBCKOT0 XO3SHCTBA
Poccuiickoii deneparyu
DenepanbHOE rOCYapCTBEHHOE OIOKETHOE
00pa30BaTeIbHOE YUPEIKICHUE
BEICIIIETO 00pa30BaHUL
«Camapckas rocyaapcTBeHHas
CEJIbCKOXO3IHCTBECHHAS aKaIeMHsD)

Kadenpa «Onexrpuduxanus
u aBromarum3anus AITK»

A. A. I'amenko

JKCILUTyaTALMSA JJIEKTPOOOOPYAOBAHUS

MeTonnueckue yKazaHnust
JJISl BBINIOJIHEHHS JIA00PATOPHBIX padoT

Yacth 2

Kunenn
PUL] CTCXA
2016



VK 631.371(075)
BKK 40.71
r-24

I'amenko, A. A.

I'-24 Dkcrnumyartanust 3JIeKTPOOOOPYIOBAHUS : METOANYCCKUE YKa3aHUSA
JUTSL BBITTOJTHEHUS JTabopaTtopHbIX padoT. U. 2/ A. A. I'amenko. —
Kunens : PUL] CI'CXA, 2014. —41 c.

B MeToanMuecKux yKa3aHWSIX IPUBEICHBI METOIHMKH Ae(eKTauud U Io-
CIICPEMOHTHBIX HCIBITAHUH TpaHchOpMaTopa, >IEKTPOJBHUTATENCH MTOCTOSH-
HOTO U IEPEMEHHOTO TOKa.

Metoanueckue ykaszaHus pa3paboTaHbl B COOTBETCTBHHU ¢ padoueil mpo-
rpaMMOi JUCIUIUIMHBI «DKCIUTyaTalusl 3JCKTPOOOOPYIOBaHUS» M MpEIHA-
3HA4YCHbI I CTYJACHTOB, o6yqa}om1/1xc;1 IO HaIlpaBJICHUIO TOATOTOBKH
35.03.06 «ArpouHKeHepus».

© ®I'bOY BO Camapckas 'CXA, 2016
© T'amenko A. A., 2016



Ipenncnosue

Meronnueckne ykazaHus pa3paboTaHbl B COOTBETCTBUH ¢ paboueit
MPOTrPaMMON TUCTIUTUIMHBI «DKCILTyaTalusl JIEKTPOOOOPYAOBAHUSD) H
NpeHa3HaAYeHBI I CTYIEHTOB, O0YYalOLINXCsl TI0 HAIPABJICHHUIO MO/~
roToBKH 35.03.06 «ATpOHHKEHEPHD).

Ilenpro JaHHOTO ITMKIIA TAOOPATOPHBIX paboOT ABISAETCS POPMHUPO-
BaHHE y CTYACHTOB KOMIIETCHIWH IJIsl PelIeHHs MpoQecCHOHATBHBIX
3a7ay dKCIUTyaTaliu dJIeKTpoobopyaoBanus Ha npeanpuatusx AlIK.
B dacTHOCTH, CIOCOOHOCTH HCIONB30BaTh THIIOBBIC TEXHOJIOTUU TEX-
HUYECKOTO OOCIYXMBaHUSI W3HOLICHHBIX JeTaleld MalluH U JIEKTPO-
o0opymoBaHwUs.

JlabopatopHubie pabOThl TpeIHA3HAUCHBI I PEIICHHS CIEeIyIo-
HIMX 33]1a4:

- M3y4eHHE MPHHIUIOB U CHOCOOOB MOCTPOCHHS dPPEKTHBHBIX
CHCTEM TEXHHUYECKOTO OOCITYy>KUBAHUS W PEMOHTa AJIEKTPOOOOPYAOBa-
HUSI U CPEJICTB aBTOMATHUKH;

- YMEHHUC IT0JIb30BATHCA COBPEMCHHBIMU CHOCO63MI/I " CpeacTBaMu
HaJIQIKA ¥ SKCIUTyaTaliy 3JIEKTPO0OOpyIOBaHUS;

- BbIpaOOTKAa HABBIKOB KOHTPOJSI COCTOSIHHSI JEKTPOOOOpYI0Ba-
HUSL.

[Tpu BeIMONHEHUK JTa0OPATOPHBIX pabOT CTYAEHTHI OCBOSAT METO-
UKy AedeKTalid ¥ MOCICPEMOHTHBIX HCIBITAHUN TpaHchopmaropa,
3IIEKTPOJIBUTATEIICH MMOCTOSIHHOTO U MIEPEMEHHOTO TOKA U T.JI.



JIABOPATOPHAS PABOTA Nel. IE@EKTALIUA
OJHO®A3ZHOT'O TPAHC®OPMATOPA

Heas padoTbl. M3ydnTs BO3MOXKHBIE TepeKTH 0AHO(PAZHOTO TpaHCHOP-
Maropa U METOZbI UX OOHAPYKEHHUSI.

IMporpamma padotbl. 1. M3yunth Bo3MOXXHBIE Ae(dEKTH 0JHO(DA3ZHOTO
TpaHcdopmMaTopa U METO/IbI UX OOHAPYKEHUS.

2. IlpoBepuTh U30IALUI0 OOMOTOK.

3. Onpenenuts ko3 duipeHT Tpanchopmanum.

4. ITocTpouTh BOJBTAMIIEPHYIO XapaKTePUCTHKY TpaHc(opMaTopa.

5. Odopmuth oT4eT 0 PaboTE, CACTATH BHIBOEI.

Lenpro IpeaBapUTENbHBIX HCTIBITAHUN (TTpH Ne(EKTallH) SBISIET-
cs1 BeIsIBJICHHUE Ie(heKTOB B TpaHchopMaTope UIM B OTACTBHBIX y3laX U
YCTaHOBJIEHHE 00heMa PEMOHTHBIX PadoT.

XapakTepHble HEHCIPABHOCTH TPAHC(POPMATOPOB U BO3MOKHBIC
NPUYHMHBI UX BO3HUKHOBEHUS MPHUBECHBI B Tabnuie 1.

Hecmotpst Ha Gosbloe pasHOOOpas3ue THIIOB U Pa3MEpOB TPAHC-
(GopMaTopoB Il AMATHOCTHKU UX COCTOSHHS MOTYT OBITH HCIOJB30-
BaHbI OJTMHAKOBBEIE METOBI U TPUOOPHI.

Tabnuna 1
XapakTepHble HEHCIPaBHOCTH TPAaHC(HOPMATOPOB
Y BO3MO)KHBIE PUYMHBI HX BOSHUKHOBEHUS

OnemeHT
[Tpuunna
tpaHchop- | HemcrnpaBHocTh Bun pemonTa
HEHCTIPaBHOCTH
Maropa
1 2 3 4
EctectBenHoe cTapenue
ButroBoe H30JISIIUH; CHCTEMaTH-
3aMBIKaHUe YECKHE Teperpy3KH
TpaHchopMaTopa
CrapeHue U30/ILuH;
P [, [lepeusonupoBka
YBIOKHEHHE Macja Hin
3aMbIKaHIE Ha 00MOTOYHOTO TPOBOAA
OOMOTKH MOHIKEHHE €r0 YPOBHS 1
KOpIIyC WITH HAMOTKa HOBOM
. BHuyTpeHnHMe 1 BHEITHHE
(mpo0oii), 00MOTKH
HepeHanpsHKEHNs; Je-
Mex(dasHoe
(hopmanus 0OMOTOK
KOPOTKOE
BCIIEJICTBHE TIPOXOXKIE-
3aMbIKAHHUE
HHs OOJIBIINX TOKOB
KOPOTKOT'0 3aMbIKaHHsI




Oxonuanue taomn. 1

3

4

OO0pHIB 1IETTH

OO6ropanue 0TBOOB
(BBIBOAHBIX KOHIIOB)
0OMOTKH H3-32 HU3KOTO
Ka4eCTBa COCTMHCHHUS
WA 3JICKTPOJHHAMHYC-
CKUX YCWIIHII TIPH KO-
POTKOM 3aMBIKaHHU

[Tepexitto-
yaTeau
peryaupo-
BaHU Ha-
MPSOKCHUS

OrcyrcTBUE
KOHTaKTa

Hapymenue perynupos-
KU TIEPEeKITIOUaroero
YCTpOMCTBa

OmnaBieHue
KOHTaKTHOM
MTOBEPXHOCTH

Tepmuueckoe Bo3uei-
CTBHC Ha KOHTaKT TOKOB
KOPOTKOT'O 3aMBIKaHHsI

3amMeHa

BBoasl

DneKTpUYEeCKUi
mpoboii (mepe-
KpBITHE) Ha
KOpITyC

Tpeuunbl B U30TOpax
BBO/Ia; TIOHIKEHNE
YPOBHSI MacJa B TPaHC-
(dopmarope mpu OgHO-
BPEMEHHOM 3arpsi3zHe-
HUM BHYTpEHHEH 1o-
BEPXHOCTHU H30JIATOPOB

3amena

MarauTo-
TIPOBOJ

«[loxap cranu»

Hapymenune uzonsuuun
MEXy OTACTbHBIMI
JIICTaMH CTAIIN WA
CTSDKHBIMHU 0OJITaMHu;

cimabast mpeccoBKa CTalll
MarHuTonpoBoja; oopa-
30BaHUE KOPOTKO3aMK-
HYTOT0 KOHTYpa Ipu
BBITIOJTHEHUH 3a3eMIIe-
HHS MarHUTOIIPOBOJIA CO

CTOPOHBI 0OMOTOK BEI-

COKOTO HAIPSDKEHUS U
HU3KOTO HANPSHKEHHS

YacTu4HbIN pEMOHT
(BBINOJHSAIOT MIPH He-
3HAYHUTENBHBIX TIOBpPE-

JKIEHUSIX aKTUBHOM
CTaJI¥ WU OTAEIbHBIX
JIeTalieil MarHUTOTIPO-

BOJIA);
PemoHT ¢ mosnHOM pas-

OOpKOIi U TIepenmx-

TOBKOU BBITIOJTHSIOT
MIPA TSHKEIIOM TIOBPEXK-

JIEHNHN, TAKOM KaK
«IIOKap CTaIM»

bax u ap-
Marypa

Teub macna u3
CBapHBIX IIBOB,
(aHIEB
1 KpaHa

Hapymenue nenoctHo-
CTH CBapHOTO I1IBa,
IJIOTHOCTH COCIMHEHUH,
MJIOXOH IPUTEPTOCTH
poOKU MPOOKOBOTO
KpaHa, IIOBPEX/ICHHUE
€ro MPOKIIAJKU B MECTe
coelMHEeHHMs ¢ (IIaHIeM

Caapka 6aka; 3aMeHa
MPOKIIAJI0K




1.1. Ilposepka usonayuu 06Momox
Haubonee ys3BUMBIE M 4acTO MOBPEKIAIONIMECS YacTH TPaHC-
dbopmaropa — ero oOMOTKH BeIcOKoro HampspkeHus (BH) u peke Hu3-
koro Hanpspkenus (HH). IToBpexxmenns garie BCero BO3HHUKAIOT BCIICI-
CTBHE CHWKEHHSI SJIEKTPHUYECKON MPOYHOCTH M30JISLUH HA KaKOM-THOO
ydacTke 0OMOTKH. COCTOSIHHE 30NN OOMOTOK TIPOBEPSIOT OTHOCH-
TEJIBHO KOPILyCa M OTHOCHTENIBHO OpYyr Apyra. IIpoBepKy BBINONHSIOT
NPy MOMOIIM MeroMMeTpa ¢ pabounM HanpsbkeHuem 1000 B ans vus-
KOBOJIbTHBIX TpaHchopmaropoB u 2500 B anst BHICOKOBOJBTHRIX. Mu-
HUMAJIBHO J0omycTuMoe conpotusiieHne m3omsiun 0,5 MOwm. [1o u3me-
HEHHIO COTNPOTHUBIICHUS M30JIALMU B TCUCHHUE OJHOW MHUHYTHI OIpe[e-

Ts110T K03 uumert abcopOuu U cyXocTh OOMOTOK.

1.2. Onpeoenenue xosghgpuyuenma mpancgopmayuu

OTOT MoKa3aTellb OMpPEeNeNAIoT Ha X0JocToM Xony. IIpu ncnsira-
HUH TpaHc(hopMaTOpOB HamMpsHKEHUE TOAAI0T Ha BEICOKOBOJIBTHYIO 00-
MOTKY W CPaBHMBAIOT C HANPsDKCHUEM Ha HHU3KOBOJBTHOW OOMOTKE.
Otnuune QakTudeckoro kodgdunueHTa TpaHchopmanuu OT macnopT-
HOT'O CBUJICTENILCTBYET O HEMPABHIHLHOM COOTHOIICHHUH BHTKOB WM O
HaJIMYUH KOPOTKO3aMKHYTHIX BHTKOB B 00MOTKax. CremyeT Takxke 00-
paTUTh BHUMAaHUE Ha MOJOKCHHE MepeKiIovaTest Kod(hpuuueHTa
TpaHchopMauu (ecii OH UMEETCS).

1.3. Ilocmpoenue sonomamnepHoi xapakmepucmuxu
mpancghopmamopos
Juis mocTpoeHus BOJNBTaMIIEPHONW XapaKTEPUCTHKH TpaHCopMa-
TOpa ONPEIENAIOT 3aBUCUMOCTh TOKAa XOJOCTOrO XOJa OT BEJIHYUHBI
NHUTAIONIEr0 HanpspKeHus (puc. 1).

A

b |----- A

Puc. 1. BonbrammepHas xapakTepucTHKa TpaHchopmaropa
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Y ucnpaBHeIx  TpaHcdopmatopoB  dyHkmma |y, = f(Uc)
(puc. 1) — mpsiMast JIMHKS, HAYMHAKONIAS UCKPHUBJIATHCS TPH TTOIXO0/E K
HOMUHAIILbHOMY 3HA4YCHUIO HanpspkeHus. OTCyTCTBHE HCKPHBICHUS
MPY HOMHUHAJIBHOM HAIPSDKCHUW TOBOPUT O MajOol MarHUTHOW MHIYK-
UM B CTaJH, KOTOpask MOXET OBITh BBI3BaHA HEJOCTATOYHBIM ITHTAIO-
KM HanpsokeaneM, npsmast 1 (puc. 1). Ipsmas 3 (puc. 1) Moxer cBu-
JICTEIILCTBOBATh O HEMPABUIBHON IMEPEeMOTKE TpaHcopmaropa mpu
KalTUTAIbHOM PEMOHTE (B CTOPOHY YMEHBINEHHS BUTKOB MEPBHUUHOM
O0OMOTKH), WK O HAJTHYMH KOPOTKO3aMKHYTBIX BUTKOB.

Iopsinok BeImoTHeHHUsI padoThl. 1. [Ipy BEIKIIOYCHHOM CTEH/IE C
MTOMOIIEI0 U3MEPUTENBHBIX MPHOOPOB (TEcTepa W METOMMeETpa) U3Me-
PUTH CONPOTHBIICHHE OOMOTOK TpaHC(OpMATOpa U COMPOTHBICHUE
M30JAInN 3TUX 00MOoTOK. [lorydeHHbie JaHHbBIE 3aHECTH B TaOmUIly 2.
Crenatp KpaTKue BBIBOJIBI.

Tabnuna 2
Pe3ynbTaThl H3MepeHusl CONMPOTUBIICHUS OOMOTOK M W30JISIIUN
ConpoTuBieHHE 0GMOTOK ConpoTHBIIEHHUE U30JIALUH
Roﬁ , Om Rm , MOMm
Tun = = | I e
] o = =w R <
TpaHchopmaropa £ £ g 2 g 2 g E
= = 5B =] F &
2 2 5 & 5 & 5 =
g 2 g% | 2% | 5&
= a =} = Sl

2. Bxurounts creHa. YCTaHOBUTH ¢ MoMolibio pykostka JIATPa
Ha MEPBUYHON OOMOTKE TpaHC(opMaTopa HOMUHAIBHOE HAIPSDKEHUE

U,, =220B. C nomoupsio TecTepa M3MEPHTh HANpPSHKCHHE HA BTO-

pudHOI 0OMoTKe TpaHcopmaropa. PaccuntaTs Ko3pPHUIMEHT TpaHC-
dbopmaruu:

Ul
K=0. ®
2
e U, - HaNpsDKeHNWEe Ha TepBUYHON 0OMOTKe TpaHcdop-
Maropa, B;



u, - HaIpsDKEHUE Ha BTOPUYHOW OOMOTKE Tpancdop-
Maropa, B.
[Tomygenusii k03 dummeHT Tpancpopmanuu CpaBHUTH C Iac-
MTOPTHBIM U CIIENaTh KPATKHE BBHIBOJIBI.
3. JInst moCTpOCHUs BOJBTAMIIEPHON XapaKTEPUCTHKH TpaHC(hOp-
mMaropa HEOOXOJMMO COOpaTh OJICKTPHUYECKYI0 cxemy (puc. 2).

PA
A
aF V2
— :r T (V
~22°12 TW:L Dy ‘

Puc. 2. DnexTpudeckas cxema 1ab0paTOPHOI YCTaHOBKU
JUTSL IOCTPOCHUS BOJBTAMIICPHOM XapaKTePUCTUKU TpaHCopmarTopa:
QF — aBromaruyeckuii Beikirouarens; 1V1 — aBrorparchopmarop;
TV2 — tpancpopmarop; PA — ammepmetp; PV — BoibT™MeTp

L

W3mensist HanpsbKeHUe Ha MEpBUYHOM 00MOTKe TpaHcdopmaTopa ¢
nomowpo pykostku JIATPa, cHate mokasanust amnepmerpa. [lomy-
YeHHbIC JaHHbIE 3aHECTH B TAOJHUIY 3.

Tabmuna 3
JlaHHBIE U151 TOCTPOCHUS BOJIBTAMIIEPHON XapaKTepUCTUKU
Tpancdopmaropa

Tun tpanchopmaropa U .»B | yr A

170

180

190

200

210

220

230

240

IMoctpouts rpadux 3aBucumoctd |y, = f(Uc) U cHenaTh Kpat-

KH€ BBIBOJIBI.
4. ITpoaHanu3UpOBaTh MOJYUYECHHBIE PE3YJIbTATHI U CAETAaTh BHIBOJ
0 COCTOSIHUM TpaHC(OpMaTopa.




KoHnTposbHbIe BONIPOCHI

1. Kakue HeuncnipaBHOCTH OBIBAIOT y TpaHchopmaropa?

2. Kax onpenenuts koappuimenT tpanchopmanuu?

3. YUTo MOKHO OIIpeNeNUTh 10 BOJBTAMIIEPHOH XapaKTepUCTHKE TpaHChOop-
MaTopa?

4. Kakas oOMoTka TparchopMaTopa HanboJee ysSI3BUMa U oYeMy?

5. Kakoe MHHUMAJIBHO IOIyCTHMOE CONPOTHBICHHE H3OJALMH JIOJDKHO
OBITH Y 0OMOTKH TpaHChopMaTopa. Kak ero usmepurs?

JIABOPATOPHAS PABOTA Ne2. UCIIBITAHUE
OJHOPA3HOI'O TPAHC®OPMATOPA IIOCJIE PEMOHTA

Heabr padorbl. M3yuuth MeTONUKY HCHBITAHUS OAHO(A3HOrO TpaHC-
(hopmaropa mocie peMoHTa.

IIporpamma pa6otbl. 1. HccnenoBate paboTy TpaHchopmaropa B pe-
JKMME XOJIOCTOTO XO/Ia.

2. UccnenoBath paboTy TpaHC(hOpMaTOpa IPH KOPOTKOM 3aMBIKAHHH.

3. OdopmuTh O0TYET O PabOTE, CACTATH BBIBOEI.

[Tocne pemonTa TpanchopMaTopsl MOABEPralOTCS ABYM BHAaM
WCTIBITAHUI: KOHTPOJIBHBIM M THIOBBIM. KOHTPOJIBHBIM HCHIBITAHUSIM
MOJIBEPTa0T KaXIbIil BBITyCKaeMbIil U3 peMoHTa Tpanchopmarop. Tu-
MOBBIM MCTIBITAHUSIM TIOJIBEPTalOT TPaHC(HOPMATOPHI, IIPH PEMOHTE KO-
TOPBIX OBUIM BHECEHBI KaKUe-THOO U3MEHEHUsI MapaMeTpOB: HarpsiKe-
HHUe, TN OOMOTKH, Mapka npoBoja 1 T.1. OIHUM U3 BUJOB KOHTPOJIb-
HBIX W TUTIOBBIX UCTIBITAHUH SBISETCS IPOBEpKa paboThl TpaHchopma-
TOpa B peXUME XOJIOCTOTO X0Ja U MPH KOPOTKOM 3aMbIKaHUH.

OnBIT X0J0CTOr0 X0/1a MPOBOJAT AJIs ONPEAEIIEHUS TOKA U ITOTEPh
momHocTd. Cpennee apudmeTHdeckoe 3HaYeHHE (PAa3HOTO XOIOCTOro
XO/la HE JOJDKHO OTIMYAThCs OT 3aBOJCKMX 3HAUCHUH Oosiee yeM Ha
+30%, a nmotepu mMourHOCTU — Ha +15%. bonbline OTKIOHEHUS MOJTY-
YEHHBIX BEJIWYHMH CBUICTEIBCTBYIOT O HECOOTBETCTBHUH YMCIIA BUTKOB
OOMOTKH pac4eTHOMY 3HAYEHHIO WM O HEKAa4eCTBEHHOW NIMXTOBKE
MarHMTONPOBO/A, MM O 3aMBIKAHUH JIUCTOB MAarHUTOIPOBOJA MEXKIY
c00OH, UM K€ 0O BUTKOBOM 3aMBIKAHUU B OOMOTKE.

OnBIT KOPOTKOTO 3aMBIKAHHS MPOBOAAT Ul ONPEAEIEHHsI COOT-
BETCTBUS HANPSHKEHHUS W MOTEPh MOILTHOCTH 3aBOJCKMM WJIM pacdeT-
HeIM. Hanpsxenue kopotkoro 3amelkanus HopMmupyetcst [OCTom, oo
BBIOMTO Ha MACIIOPTHOM LIUTKE.



JomyckaeTcsi OTKIIOHEHUE MOTEPh MOLIHOCTU U HANIPSDKEHUS KO-
POTKOTO 3aMBIKaHUs OT 3aBOJACKUX JaHHBIX He Oonee yem Ha 10%. 3Ha-
YUTENbHBIE OTKJIOHEHHS] MEXIY ONBITHBIMH M 3aBOJCKIMH JaHHBIMU
YKa3bIBalOT Ha HECOOTBETCTBHE CEUYEHUS OOMOTKH WM €€ pa3MepoB
pacyYeTHBIM 3HAYCHUSM WIH HA TIOXME KOHTAKTHl B COCIUHEHUSIX CXe-
MBI OOMOTOK.

Mopsinok BbImoJIHeHHs1 padoThl. B paboTe uccnemyercst 0IHO-
¢azHbBI Ccyxod TpaHc(OpMaTOp MHOTOIENEBOTO HA3HAYEHUS HOMHU-
HanmpHON MomHocThio 0,16 kBA (OCM1-0,16Y3). Dnekrpuueckas
cxeMa nabopaToOpHOW YCTaHOBKM [UIS HMCHBITaHUS TpaHchopmaropa
HIOCJIe PEMOHTA TIOKa3aHa Ha PHCYHKE 3.

1. JIns wccnenoBanust paOoOTHl TpaHchopMaTropa B PEKUME XOJO-
CTOTO X0J1a HE0OXOIUMO:

a) pa3oOMKHYTh II€Tlb BTOPHYHOW OOMOTKH (aBTOMATHYECKUN BBI-
xiouarens QF 2 Beikiouen);

0) BKJIIOUMTH CTEH 1 (aBTOMaTHueCKui Beikrouarens QF1);

B) BKIIIOUHUTH TPAHCPOPMATOP, YCTAHOBHUTH C TIOMOILIBIO PYKOATKU
JIATPa nanpsoxenne U, =2205;

) ¢ IOMOUIBIO TECTepa M3MEPHUTH HAIpsDKEHHE B MEPBUYHON 00-
MOTKe TpaHcopmaropa;

1) TIPOM3BECTH 3aMepbl BEIUYHH TOKA W MOIIHOCTH TEPBUYHOM
o0MoTKH TpaHchopmaropa.

PW _ P4
W
art| | V.
~220 B[ V1) 3 (VPV ‘ Nz

Puc. 3. Dnextpudeckas cxema 1a00paTOPHOH YCTAaHOBKH TSI UCTIHITAHUS
TpaHchopMaTopa MOCIIe PEMOHTA:
QF1, QF2 — aBTomMaTH4eckuii BbIKITIOUaTens; TV1 — aBroTpancdopmatop;
TV2 — tpancdopmarop; PAL — ammepmerp; PW — BarT™mertp;
PV1 — BonbT™MeETp
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o moxa3zanusmM npruOOPOB PACCUUTATE:
a) TOJIHOE COTIPOTHUBIICHHUE TPaHCHOPMATOpa B PEXKHUME XOJIOCTOTO
xoza

Z,= 7o )

rme U - HanpshKEHUE B TICPBUYHON 0OMOTKe TpaHchopma-
TOpa, B;
I - TOK B IIEPBUYHON 00MOTKe TpaHchopmaTopa, A;
0) aKTMBHOE COMPOTHBIICHHUE, OOYCIOBICHHOE MOTEPSIMH B CTaJIU
Tparchopmaropa

fh= 170 (3)
rae P - aKTHBHAas MOIIHOCTh, B TEPBUYHONH OOMOTKE

TpaHncdopmaropa, Br;
B) HHAYKTUBHOE COMPOTHBIICHHE, B PEKUME XOIOCTOrO X012

Xo =+ Z02 - r02 , Om, (4)

T) 3HaYeHne Kod(h(UIMeHTa MOIITHOCTH TpaHChOopMaTopa B PEXKH-
M€ XO0JIOCTOTO X0/1a

COS@ P
= . 5
Ul ©)
Bce pacueTs He0OXxoauMO 3anucath B Ta0HIy 4.

Tabnuna 4
PesynsTarel paboThl TpaHchopMaTOpa B pa3HBIX PEKHUMAX

OTBITHBIC JIAHHBIC PacuerHble 1aHHbBIC

P
xoni))lccilrro U,B (l,4 P,Bm | Z,,0m o, Om | %o, Om Cosgp

XoIa

OmnbITHBIE JaHHBIC Pacuernbie JJAHHBIC

Kopotkoe UK,B |K,APK,Bm ZK,OM rK,OM XK,OM COSQy,

3aMbIKaHHE

2. JInst uccnenoBanus padboThl TpaHcPopMaTopa B pesKUMe KOPOT-
KOTO 3aMbIKaHHUsT HEOOXOIUMO:
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a) BKIIOYMTH cTeHx (aBromMaTmueckuil BhIKmoyatenr QF1),

BKJTFOYHTH TPaHC(HOPMATOD;

0) ycranoButh ¢ mnomompio pykosTkun JIATPa nampsoxenne
U, =60 B;

B) 3aMKHYTh I[eTlb BTOPHYHON OOMOTKH (aBTOMAaTHYECKHH BBIKITIO-
uarens QF 2 Bkinrouen);

T') C TIOMOIIBI0 TeCTepa U3MEPUTh HANPsHKEHHUE B IEPBHYHON 00-
MOTKe TpaHc(opmaropa;

Il) TIPOM3BECTH 3aMepbl BEIWYMH TOKA M MOIIHOCTH TEPBUIHOI
0OMOTKH.

I[To nokazaHusiM MpUOOPOB pacCUUTATH:

a) MOJTHOE CONPOTHUBIICHHUE, TpaHCGopMaTopa MpU KOPOTKOM 3a-
MBIKaHUH

Z,=Jx
K= 7 Om (6)
K
rme U, - HamnpspKeHHe, B NepBUYHONM 00OMOTKe TpaHCchop-

Maropa mpu KOPOTKOM 3aMbIKaHUH, B;
— TOK, B MEPBUYHON OOMOTKE TpaHCopMaTopa
IPU KOPOTKOM 3aMbIKaHUH, A;
0) aKTHBHOE CONPOTHBJICHHE, OOYCIIOBICHHOE MOTEPSIMUA B MEIH
Tpanchopmaropa

Y
K 2 1 Om, @)

IK
rac PK — AKTHUBHAsaA MOIIHOCTH B HepBI/I‘{HOﬁ 00MOTKE
TpancopmaTopa IpPU KOPOTKOM 3aMbIKaHHH,

Br;
B) MHIYKTHBHOE COMPOTHUBIICHHE, TIPU KOPOTKOM 3aMbIKAHUH

Xg =~ Zg — T, Om, ®)

l") 3HA4YCHHUC KOB(bq)I/IL[I/ICHTa MOIITHOCTH IPU KOPOTKOM 3aMbIKa-
HHUH

P
cosp, = —5—.

KIK

(9)
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KonTposbHbIe BONIPOCHI

1. Kakue ucrbITaHus IPOBOAAT 1OCIIe PEMOHTa TpaHchopmaTopa?

2. Kakue mapametpsl TpaHcdopmaropa moJyiexaT MpoBepKe IPH BbIMOJTHE-
HHU MIOCJICPEMOHTHBIX HCIIBITaHUH?

3. B kakux pexnmax paGoThl CIEIyeT BBIIOJIHATH HOCIEPEMOHTHBIC HCIIBI-
TaHUs TpaHchopmaropa?

4. HackonbKo OIYyCTHMO OTKJIOHEHHE MOTEPU MOIIHOCTH TpaHC(opmaTopa
B PEXKIME XOJIOCTOTO X07a?

JIABOPATOPHAS PABOTA Ne3. AE@EKTALUA
OBMOTOK 2JIEKTPOJABUI'ATEJISA
MHNOCTOSHHOI'O TOKA

Heab padorsl. V3yunth BO3MOXHBIE eeKThI 0OMOTOK 3JIEKTPOJBUTa-
Teleil MOCTOSIHHOTO TOKa U METO/IbI UX OOHAPYKEHUSI.

IMporpamma pagorbl. 1. 3yunts Bo3MOXKHbBIE Je(EKThI 3JIEKTPOIBUTA-
Telei MOCTOSIHHOTO TOKA.

2. [IpoBepuTh SKOPH ICKTPOJABHUIATENSI HA MEKBUTKOBOC 3aMbIKAHHE.

3. [IpoBepuUTh IKOPH IEKTPOJABHUIATEISI HA 3aMBIKAHUE HA KOPITYC.

4. OdbopMuTh 0TYET O paboTe, CACTIATh BHIBOIBI.

Paznuunble nedekTsl OOMOTOK MAalllH MOCTOSHHOT'O TOKa MOXKHO
O0OHApyXHUTh MpPHU MOMOIIM KOHTPOJBHON MAIIMHBI WM METOMMETpa,
METOJAMU MWJUIMBOJIBTMETPAa M CHUMMETPHUH, NPU IOMOUIU 3JIEKTPO-
MarHuTa. MeToJ MWUIMBOJIBTMETPA SIBJIAETCS Haubosee yYHUBEpCallb-
HBIM, TaK KaK C €ro IIOMOIIbIO MOKHO OOHApy>KUTh HAaHOOJIbILIEE YUCIIO
MTOBPEXKICHUI 110 CPABHEHHUIO C IPYTMMH METOJAMU.

3.1. [edpexmayus 0bmomox axops

OOMOTKa SKOPSI COCTOMT W3 CEKIMA, WMEIONINX OJUH WJIH He-
CKOJIBKO TOCIIEIOBATEIFHO COSIMHEHHBIX BUTKOB, M MPEJCTaBISIET CO-
0oli 3aMKHYTBI KOHTYp. KOHITBI ceKnnii BIassHbI B KOJUIEKTOPHEIE TL1a-
cTUHBL. Ecin cexuum u3roToBieHbl U3 MPOBOJA OJMHAKOBOIO CEUCHUS,
UMEIOT OJIMHAKOBOE YKCJIO BUTKOB, HE MMEIOT MEXBHTKOBOTO 3aMbIKa-
HUSI ¥ XOPOIIO MPHIASHBI K KOJJIEKTOPHBIM TUIACTUHAM, TO COTPOTHB-
JieHHe BcexX ceKuui OyneTr onmHakoBbIM. IloaToMy majgeHus Hampsbke-
HUSI B CEKIIUSAX TPOCTHIX OOMOTOK, NU3MEPEHHBIE MUJIIHBOJIILTMETPOM,
BKITFOUEHHBIM MEXTy JIBYMsI COCEJTHUMH KOJUIEKTOPHBIMH IIIACTHHAMH,
JIOJDKHBI OBITh OJTMHAKOBBIMU (pHC. 4).
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Ecau oOmoTKa SAKOps NETIICBAasA, TO U3MCPACTCA MAACHHUC HaAIIps-
JKCHU B O,I[HOﬁ CCKIIMHU, €CIIN 00MOTKA BOJTHOBas — B ABYX CCKIUAX.

Puc. 4. Cxema onpenenenus 1e)eKTOB OOMOTKHU SKOPS METOIOM
Ta/ICHUS HATIPSDKCHUS:
1- SAKOPb SJICKTPOJABUTATEIIA, 2 — UCTOYHHUK MOCTOSTHHOTI'O TOKa,
3 — MIITHBOJIBTMETP; 4 — peocTar

Tok B 00OMOTKE SKOpS IOJAETCS 1O MPOBOJHUKAM, KOTOPBIC MPHU
BOJIHOBBIX OOMOTKAaxX HaKJIaJbIBAlOT Ha IUIACTHHBI KOJUICKTOpA Ha pac-
CTOSIHAW JPYT OT JIpyra, PaBHOM IPHUMEPHO MOIIOCHOMY JIEICHHUIO, a
MIPH TIETJIEBBIX OOMOTKAX MPHUKIAJBIBAIOT K JUAMETPAIBLHBIM TOUYKAM.
[IpoBoHUKH yAEPKUBAIOTCS OaHIaXKOM, HAJIIO)KEHHBIM Ha KOJUICKTOP.
[MuTanme k cxeme MOIBOAMTCS OT UCTOYHHMKA TOKA C IMOCTOSHHBIM Ha-
MPSDKEHUEM TaKOW BEIMYHMHBI, YTOOBI CTPENIKa MUJUIMBOIBTMETPA OT-
kioHsutack Ha 30-40% mkanbl. OQUHAKOBBIE MOKA3AHUSA MHJIMBOJIBT-
MeTpa Ha OOJBIIMHCTBE CEKIIMM, MPUHAMICKAINX OJHOW Tapasjieiib-
HOW BETBH, YKa3bIBAIOT Ha WCIPABHOCTh ATHX ceKiuil. [loHmkeHHOe
MOKa3aHUEe MUJIUBOJBTMETPA MEXKIY JBYMS COCEIHUMH KOJIJICKTOP-
HBIMH TUIACTHHAMM YKa3bIBA€T HA YMEHBIIEHHOE COIPOTHBIICHUE B
CEKIIUH, YTO BO3MOXKHO:

a) MPU HAJTMYUW BUTKOBOTO 3aMBIKAHHS;

0) Mpy yMEHBIIIEHHOM YFHCIIE BUTKOB B CEKITHH,

B) B Cllydae YBEJIMYCHHOI'O CEUYCHHUS MPOBOIA, KOTOPhIM HaMOTaHa
CEeKIIUS.

3aMbIKaHHUE OJHOTO MIIM JBYX BHUTKOB B MHOT'OBHTKOBOM CEKIIMH
HE BCerja MOXeT ObITh 00HAPY)KEHO METOJ0OM MHIUTMBOJbTMETpa. Jliist
0oJiee TOYHOTO OINpPENETICHHUS HYXKHO TOJIb30BAThCS IEKTPOMATHUTOM,
KaTylIKa KOTOPOTO THUTaeTCs TMEepPeMEeHHbIM TOKOM. [loaxirounTh

14



nUTaHue K 0OMOTKE MarHUTa, MOBOPAaYMBas KOPh Ha HEOOBILOW yrod,
MIPOBECTH MO OKPYXHOCTH SKOpsI TOHKOM cTalbHOM IumactuHou. Co3s-
JaHHBIA JIEKTPOMAarHUTOM NEPEMEHHBIH MarHUTHBIM ITOTOK MHIYKTHU-
pyer OJIC B cexkuumsx sikopsi. Ilpum HanuuumyM BUTKOBOIO 3aMbIKaHHSA B
KOPOTKO3aMKHYTHIX KOHTYypax moj neicteueMm D/JC moreuer Tok. Ilo-
ABJICHNE TOKa OOHAPYXHUBAETCS MO MPUTSHKEHUIO CTAIBHON IJIACTUHKH
K a3y, B KOTOPOM JISKUT HEHCIIPABHAS CEKLIUS.

MeToa 3neKTpOMarHuTa Henb3sl MPUMEHSTh AJ1si 0OMOTOK C ypaB-
HUTENBHBIMU COETUHEHUSIMU.

ButkoBoe 3aMbIKaHIE MOKHO TaKke 0OHAPYXKUTh NPUOOPOM THIIA
CM. HyneBoe nokazanue npudopa MeXAY IByMs COCEIHUMH KOJJICK-
TOPHBIMH TJIACTUHAMHU MOXKET OBITH MPH KOPOTKOM 3aMBIKAHWUH CEKLIUU
Ha ce0s WIM MpH 3aMbIKAHUM MEXIy KOJUICKTOPHBIMU IIJIACTHHAMHU.
YToOBI yTOUHUTH MECTO 3aMBIKaHUS, HEOOXOAUMO OTNASTH KOHIBI CEK-
MU OT KOJUIEKTOPHBIX IIIACTUH W MPOBEPUTh METOMMETPOM HaIM4HUe
3aMbIKaHUS MEXAY MpoBepseMbIMU TIacTUHaMH. HyneBoe mokazanue
npubopa Ha [BYX COCEIHHMX Mapax KOJUICKTOPHBIX IuacTuH (2-3)
u (3-4) yka3pIBaeT Ha OTPHIB KOHIIOB CEKIMI OT KOJIJIEKTOPHOW ILIa-
CTHHBI (pUC. 5) WK PUCOETNHEHNE CEKIIMU 0OOMMH KOHLIAMH K OJTHOM

KOJUIEKTOPHO# utacTuHe (puc. 6).

AAEIVARS 71213145

Puc. 5. OOpbIB criassHHBIX Puc. 6. [Ipucoeannenue cekuuu
Hayaja ¥ KOHIIA CEKIINH CBOMM HAaJaJiOM M KOHIIOM K OJTHOM
KOJUIEKTOPHOMH MJIaCTHHE

IIpucoenunenue CeKUMU K OJHON KOJUIEKTOPHOU IJIACTUHE MOX-
HO OOHApYXUTh MPU TIOMOIIM dJIeKTpoMarauTa. [Ipu oTprIBe KOHIIOB
CEeKIIMM OT KOJUICKTOPHOW IUIACTHUHBI IMOKa3aHWUE MIULIIUBOJIBTMETPA
MEXTy IIacCTHHAMU 2 U 4 Oy/IeT YIBOCHO.
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Bonbmioe yncno HyneBBIX MOKAa3aHUH MWIIMBOJBTMETPa HOAPSA
NpY TIETJIEBO OOMOTKE M Ha IOJIOBUHE KOJJICKTOPHBIX TUIACTHH TNPH
BOJIHOBOM OOMOTKE YKa3bIBa€T Ha 3aMBbIKAHUE MEXY JBYMS CEKLIUIMH,
JIeKAIIMMH B OTHOM I1a3y, HO B Pa3HBIX CJIOSIX OOMOTKH.

[Tpu 3aMbIKaHUH MEXKAY CIOSAMH OOMOTKH B JIOOOBOM 4acTH MpH-
00p TOXE IOKAa3bIBAET HYJEBOE WM IOHIKEHHOE 3HAUYCHHUE IaJeHUS
HaNpsDKEHUs, IPUUEM, YeM MEHBIIE CEKLUI 3aMKHYTO HaKOPOTKO, TEM
JTaNbIIE MECTO 3aMBIKaHUS OT CEpACUHUKA STKOPS.

[ToBbImIeHHOE TMOKa3aHME MUJIMBOJBTMETpPA YKa3bIBaeT Ha yBe-
JIMYCHHUE CONPOTUBIICHUS B CEKLIUH BCIIEICTBUE!

a) IUIOXOH BMAMKK KOHIIOB CEKIIMHU B KOJIJICKTOPHBIE IJIACTHUHBI;

0) yBeIMYEHHUS YNCIIa BUTKOB B CEKLIUH;

B) YMEHBIICHUS CEYECHUS MPOBOJIA, KOTOPHIM HAMOTAHA CEKLUSI.

[Talika cunTaeTcs HOPMAJIBHOM, €cly NaJACHUS HANPSHKEHUS MEXK-
JIy COCETHUMH KOJUIEKTOPHBIMH TIaCTUHAMH (TIPH UCTIPABHON OOMOTKE
SKOPS) OTJIMYAIOTCS APYT OT Jpyra He Oosee yeM Ha 10% 111t OOBIYHBIX
MaIluuH 1 Ha 5% 1711 OTBETCTBEHHBIX MAIIIHH.

[Tpu oOpsiBe B IpoCTOW METIIEBOW O0OMOTKE TOKazaHHs Impudopa
OyIyT paBHBI HYJIIO BO BCEH MpPOBEPSIEMON BETBHU, 32 HCKIIIOUCHHEM
JIBYX KOJJICKTOPHBIX IUIACTHH, K KOTOPBIM IIPUCOEIMHEHA MOBPEKIACH-
Has cekuus. [IprcoeqMHEHHBIN K 3TUM IMJIaCTUHAM MHJUIMBOJIBTMETD
OKaXC€TCA 1OA MOJHBIM NOABECACHHBIM K SKOPIO HAIIPS)KCHHUEM. IToaTo-
MY TpH TOSIBIIEHUH OOJIBIIOTO YKCia HYJEBBIX IOKAa3aHUH BO M30eka-
HHE MOBPEXACHUS MPUOOpa ONBIT HYKHO MPOBOAUTH OCTOPOKHO.

ITpu oOpbIBe B BOMHOBOW 00MOTKE HanOoJblliee MOKa3aHHE IMPH-
Oopa OyneT Ha HECKOJIbKUX Mapax IUIACTUH, HAXOAALINXCS Ha PaccTos-
HHH KOJUISKTOPHOI'O LIara JApyr oT Apyra (puc. 7).

Puc. 7. OOpbIB B BOIIHOBOW OOMOTKE SIKOPS
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3aMBIKaHHE CEKLMH Ha KOPILYC MOYKHO OMpPEICIUTHh KOHTPOJIbHON
JAMIION WM METOMMETPOM. 3aMKHYTYIO Ha KOPIYC CEKIHIO MOYKHO
OTBHICKATh TIPU TOMOIIM MUJUTUBOJIBTMETpA. [Ipy OTCYTCTBUM 3aMbIKa-
HUSI TIaJICHUE HAMPSHKCHUST MEXK]Ty KOPITYCOM U KOJIJICKTOPHOM IJIaCTH-
HOU paBHO HYmO. Ecnu cexuusi 3aMKHyJach Ha KOpITyc, TO C MpHUOIIHU-
JKCHHEM IIIyTa K MOBPESKIACHHON CEKIUH IMOKa3aHUs MUJLTUBOIBTMETPA
YMEHBIIAITCS 10 MUHUMYMa. [Ipy ganpHelIIeM nepeMenieHuy Iyma
B TOM € HalpaBlIeHMH TOKa3aHUs MpUOOpa YBEIWYMBAIOTCS, HO C
MPOTHBOIIOJIOKHBIM 3HaKoM. [Ipy 3HaYMTENbHOM yJaleHHWU IIyna OT
MecTa TOBPEKICHUS IMPHOOP MOXKET OKa3aThCs MOJ OONBIIUM (ormac-
HBIM) HalpsDKEHUEM, TIO3TOMY OIBIT HEOOXOIUMO MPOBOJHUTH C OCTO-
POXKHOCTBIO.

ITpy HAMUYMU OJHOTO 3aMbIKAHWS HA KOPIYC M MPOBEpKE Bcei
0OMOTKH TOJTyYaeTcs ele 0OJTHO MUHUMAILHOE WITH HYJICBOE TIOKA3aHHE
npubopa B JIPyroil mapajuleNnbHOW BEeTBU (JIOKHOE 3aMBIKaHUeE). ITO
06’LSICH5[CTC$1 TEM, YTO IIPpU MNUTAHUU AKOPA IO JABYM IapaJlICIbHBIM
BETBSIM TMOJYYAIOTCS JIBE TOYKU C OJIMHAKOBBIM TMOTCHIIUAIOM OTHOCH-
TCJIBHO TOYKHU IMUTAHUA U OTHOCUTCIIBHO KOPITyCa aHaJIOTMYHO AHaro-
HaJIi yPaBHOBEIIEHHOTO MocTa (puc. 8).

©
Ixly

Puc. 8. 3ampIkaHme Ha KOPITYC B METICBOX OOMOTKE

s onpeneneHuss MICTHHHOTO MECTa 3aMBbIKaHUSI Ha KOPIYC HEOO-
XOIUMO CMECTHTh TOUKH MUTaHUs siKops. IIpu 3TOM JI0’kHOE 3aMBIKa-
HHUE IIEPEeMECTUTCS Ha JIPYTYI0 KOJUIEKTOPHYIO ILIACTUHY. Y IBOCHHOE
MOKa3aHWe MWUIMBOJIBTMETpPAa Ha ABYX mapax ruiactud (1-2 u 8-4)
(puc. 9) 1 HOpMaNbHOE MOKa3aHHWE C OTKJIOHEHHEM CTPEJKH B 0OpaT-
HYI0 CTOPOHY Ha TNPOMEXYTOUHBIX IacThHax (2-3) yka3plBaeT Ha
«IBOMHOM KPECT».
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IIpocroii kpect» (puc. 10) He MOKeT OBITH OOHAPYKEH MIJLITH-
BOJIETMETPOM. B 3TOM cily4ae TOK HY)KHO TMOABOJUTH IIyIIaMU IOOYe-
pEelHO Ha KXKIYIO Mapy KOJUICKTOPHBIX IJIACTUH U KOMITACOM HITU Ha-
MarHM4E€HHOM HUTJIOW MPOBEPSTH MOJSAPHOCTh CeKLMU. MI3MeHeHue 1o-
JIIPHOCTH YKA3bIBACT HA IIPOCTON KPECT».

LA

—

T1213(4]5 T23[4]5

Puc. 9. IBoiiHoi1 kpect Puc. 10. IlpocToii kpect

Ilpy ucnmeITaHuM SIKOpeH MO crmocody MIUIMBOJIBTMETPA WX
3JIEKTPOMArHUTa BHUMATEJIBHO HY)KHO CIIEAUTH 33 TE€M, YTOOBI Ha KOJI-
JIEKTOpe He ObUIO 3ayCEeHHI], 0JI0BA, METHOW IMBUTH, MOTYIIIMX BHI3BAThH
3aMbIKaHUE MEXIY IJIACTHHAMHU.

3.2. [lecpexmayuss 06Momox 8030yicoeHus

ITpoYHOCTh KpemyIeHUs KaTyleK K MOJIICaM M MOJIFOCOB K CTaHH-
HE OTPE/ICNISIOT IIPU BHEIIIHEM OCMOTpE.

[{enbHOCTH OOMOTKH MOXHO MPOBEPUTH JIAMITOUKON HIIH MErOM-
METpPOM 03 pa3beIMHEHHS KaTYIIICeK.

CocrosiHrEe TTaliKy TPOBEPSIFOT METOJAOM CHUMMETPHHU TaJIeHHs Ha-
NPsOKEHUST Ha OT/IENBHBIX KaTymkax. K 0OMOTKe MoIBOIST HOMUHAIb-
HOE HANpPsDKEHUE W BOJBTMETPOM U3MEPSIOT MAJICHUE HAMPSHKCHUS Ha
Kax ol karymike. [TOBBIICHHOE Ta/lcHHE HANPSKCHUS yKa3bIBacT Ha
ocnabyeHue MankH.

Jis oOHapykeHHs 3aMbIKaHHWS HA KOPIIYC MOJB3YIOTCS IBYMS
crocobamu:

a) 0e3 pa3beIUHEHUs CXeMbl OOMOTKH IMMOAAI0T Ha IIYHTOBYIO 00-
MOTKY HOMHWHAJIBHOE HaNpshDKeHUE (HA CEPUECHYI0O M OOMOTKY JOMOJ-
HUTEJBHBIX MOJIOCOB MOHMKEeHHOE). OMH KOHEell BOJIbTMETpa IpHucoe-
JUHSIOT K KOPITYCY, & BTOPBIM KacaloTCsl IIO0YEPETHO OTOJICHHBIX CO-
€IMHUTEJIHHBIX TPOBOJIHMKOB MEXJy KaTylmIKaMH. Y 3aMKHYTOW Ha
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KOpITyC KaTyIIKH MOKa3aHHE BOJBTMETpPA C O0EHX CTOPOH HAaNMEHB-
mree;

0) pa3beAMHUB OOMOTKH, ITOOYEPEIHO MPOBEPSIOT METOMMETPOM
VT JIAMITOYKON KaXIyI0 KaTyIIKy.

ButkoBoe 3aMplkaHHMEe B KaTyIIKax OOHApyKHMBalOT METOJOM
CUMMETPUH:

a) 3aMepsIOT AaKTHBHOE COIPOTHBJICHHE KATYIIEK METOIO0M
«BOJIETMETpa-amrepmerpay». [Ipu OTCYTCTBHM BHTKOBOTO 3aMBIKAHHS
COIIPOTHBIICHUS KaTYIIEK OJHOH OOMOTKH OJJUHAKOBHI;

0) Mo 0OMOTKE MPOITYCKAIOT TOCTOSIHHBIM TOK W 3aMEpSIOT Taje-
HHUE HANpsDKCHUS Ha KaTyIIKax. Y MEHbLICHUE MAJACHUS HAIPSHKSHUS Ha
KakKoi-HUOyIb KaTyIIKe 10 CPaBHEHHIO C IPYTUMH YKa3bIBAeT Ha BUT-
KOBOE€ 3aMbIKaHUE W YMEHBIIIEHNE YNCIIa BUTKOB B 3TOH KATYIIKE;

B) MPOITyCKasi M0 OOMOTKE ITEPEMEHHBIN TOK, MOXXHO OOHAPYKUTh
Jake HeOOIBIIOEe YMCIIO KOPOTKO3aMKHYTBIX BHTKOB B KaTymike. J{is
Hee OyAyT XxapakTepHbl 3aMEeTHOE CHIDKEHUE HANPSHKEHUS U Harpes.

[IpaBunpHOE YepenoBaHME MOIOCOB MOKHO MPOBEPUTH CIEAYIO-
MM 00pa3oMm:

a) €ClIn O6MOTKI/I JOCTYIIHBI W KaTyHIKW BBIIIOJIHCHBI HATrJIAJHO
WJIM U3BECTHO, YTO BCE KATYIIKH UMEIOT OJIMHAKOBOE HAIIpaBIICHUE Ha-
MOTKH M OJIMHAKOBOE PACIOJIOKEHHE OJTHOMMEHHBIX BBIBOIOB, MOKHO
OCMOTPOM TIPOCIIEUTh HAlpaBlIeHUE TOKA B OOMOTKE W IO MPaBHIY
OypaBurKa OIPEIEUTh MOJIIPHOCTH MOJIOCOB, 33/1aBasCh HAIIPABJICHU-
€M TOKa;

0) croco0 MarHUTHOW CTPEJIKH 3aKJIIOUaeTCS B TOM, YTO IMPOBE-
pseMyro OOMOTKY MOJKITIOYAIOT Ha TIOCTOSTHHOE HanpsbkeHne. MarHut-
HYI CTPeNKy WJIM HaMarHWYeHHYIO WIJy TOJBEIIMBAIOT HAa TOHKOM
HUTHU U IOOJHOCAT K BHYTpeHHeﬁ IMOBEPXHOCTHU KAXKIOI'0 IMOJIKOCA.

[Tpu coOpaHHOH MalMHEe MAarHUTHYIO CTPEJIKY TIOAHOCST K TOJIOB-
KaM OOJITOB, KpEISIINX TMoJtoca K cranuHe. Korma Mammaa paboTaer B
peXHMe JTBUTATENs, TOJISPHOCTh TIABHBIX TOJIOCOB JOJDKHA IpeJIIie-
CTBOBATH IMOJIAPHOCTHU AOIOJHUTECIBHBIX ITOJIFOCOB II0 XOAY BpallCHUA
axkopa (N, n, S, s), a B peskUMe T'eHepaTopa MOCIeI0BaTeIbHOCTh 00-
paTHasl.

Mopsinok BbimoaHeHusi padorbl. 1. [lpoBepuTh cocTosiHHE
MMOAIIUITHUKOB M KOJIJICKTOPHO-IICTOYHOI'O MEXaHHU3Ma JJICKTPOJABUTa-
TeJIsl HOCTOSTHHOTO TOKA.

2. Mcnonp3yss MEroMMeTp, MPOBEPUTH CONPOTHUBICHUE H30JISILUN
00MOTOK, JaHHBIE 3aHECTH B TAONIHUITy 5.
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Tabmuna 5
ITpoBepka n30JA1IMKU OOMOTOK 3JICKTPOABUTaTEIsl TOCTOSIHHOTO TOKa

Sxopsb — ObmoTKa
Sxopsb —
Touxu BkIrOUeHHs Ipudopa O6MoTKa Koprrve BO30Y)KICHUS —
BO30Y)KICHUS prLy Kopmyc
Bennunna conporusnenus, MOm

3. Hcnonb3ysi MyJIbTUMETp, ONPENESIUTh COMPOTUBICHHE MEXKIY
KOKIOW CeKIMel SKOPHOH OOMOTKH WM CPaBHHTh MX MEXIy COOOH.
[lannble 3anvcath B Tabuity 6.

Tabmuna 6
H3mMepenue conpoTHBICHHS 0OMOTOK AJICKTPOIBUTATEIIS
MOCTOSTHHOTO TOKa

Touku MOAKIIOYeHHUsI TpUbopa SA1-52 | s2-53 | AA3-54 S124-511

Benuuuna conporusnenus, Om

4. Ilpoananu3upoBaTh NOJIy4YEHHBIE PE3YIbTAThl U CAEIATH BBIBO-
JIbl O COCTOSIHUHM JICKTPOIBUTATENs! [IOCTOSIHHOTO TOKA.

KoutpoabHbie Bonpochl

1. Ilepeuncnute MeToasl AedeKkTanny OOMOTOK MAIINH ITOCTOSHHOTO TOKA.
CyTb 3THX METO/IOB.

2. Kak 0O0HapyXHTh BUTKOBOE 3aMBIKaHUE B OOMOTKE SIKOPsI?

3. Kak oOHapy»HUTb OOPBIB B 0OMOTKE SIKOPS?

4. Kak mpoBepHTh KaueCTBO MalKH CXEMBbI?

5. Kak oTpICKaTh 3aMKHYTYIO Ha KOPILYC CEKIIHI0?

6. [lepeuncnure OCHOBHBIE HEUCIIPABHOCTH OOMOTOK IJIABHBIX W JOTIOJIHH-
TEJBHBIX TOJIFOCOB.

7. Kax mpoBepHUTh MPaBUIBHOCTD YePEIOBAHUS TTOTIOCOB?

8. Kak omnpenenuts «IBOMHOW» U «IIPOCTO» KPECThl B 00MOTKE SKOPs?

JIABOPATOPHAS PABOTA Ne4. UCIIBITAHUE
SJIEKTPOJABUT'ATEJIS HIOCTOAHHOI'O TOKA
IOCJIE PEMOHTA

Heas padoThl. M3yunTs METOANKY HCIBITAHHS SJIEKTPOABHTATENS IIO-
CTOSIHHOTO TOKa IOCJIE PEMOHTA.

IIporpamma patotsl. 1. M3yunTs METONUKY UCTIBITAHUS IIEKTPOABHUIra-
Tesel MOCTOSHHOTO TOKA.

2. IlpoBepuTh OOMOTKY 3JIEKTPOIBUTaTEIS.

3. IlpoBepuTh paboune nmapameTpsl HIEKTPOABUTATEIIS.

4. OdopMuTs oTUeT 0 PaboTE, CAEITATH BEIBOJIBL.
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DJEeKTpOABUraTe N IMOCTOSHHOTO TOKA C HE3aBHCHMBIM W Mapai-
JIENBHBIM BO30Y)KJICHHEM LIMPOKO MPHMEHSIOT B MPOMBIIUICHHOCTH,
TPAaHCHOPTHBIX, KPAHOBBIX U IPYTHUX YCTAaHOBKAaxX AJsl IPUBOJA MeXa-
HHU3MOB, I'ie TpeOyeTcs IIaBHOE PEryIHPOBaHUE YacTOThI BPALICHUS B
MIMPOKOM AuamnazoHe. OfHa W Ta e DISKTPUYECKas MalldHA MOXKET
paldoTaTh KaKk B PEeXHUME JBUTaTellsl, TaK U B PEXHUME reHeparopa. JTo
CBOMCTBO 3JIEKTPUIECKON MAIIMHBI Ha3bIBAIOT 0OPATHMOCTHIO.

OOMoTKa siKops AnekTpoaBurarens (BeiBoabl 1 u 52) umeet ma-
JI0€ COMPOTHUBIICHHUE, W €CIM MOJaTh HalpsbKeHHE Ha Hee 0e3 TOAKIIo-
yeHHsI 0OMOTKH BO30yxaeHus (BpIBOABI M1 1 M2), To mpon3onaeT Ko-
poTkoe 3aMmbikanue. [IpsMoli myck ABUTaTeNs BBI3BIBACT PE3KH OPOCOK
TOKa W, CIIEIOBATEIbHO, PE3KHH PBHIBOK Bajla, YTO HEOIAaronmpUsTHO
BO3/EHCTBYET Ha paboune MexaHu3Mmbl. 11o3ToMy mpH Iycke 3IIeKTpo-
JIBUTaTeNe OOBIYHO MPHUMEHSIOT MO0 TUIABHBIA MYyCK (B perymnmpye-
MBIX TMPHUBOAAX IJIABHO YBEIWYHMBAETCS HANpsDKEHUE) JHOO CTyINeHYa-
THIN (B LIETIH SIKOPS C BBIIEPKKAMH BPEMEHH IIyHTHPYIOTCS 100aBOY-
HBIE PE3UCTOPHI).

B mporuiecce s3kcmtyataiiuu 3JIeKTPOABUTaTelNs MOCTOSHHOIO TOKa
€ro y3Jbl U3HALIMBAIOTCS M TPEOYIOT MEPHOINIECKOTO 00CITYKUBAHHUS
Y PEeMOHTa. /IBUraTenay mocTOSIHHOTO TOKa UMEIOT KOJUIEKTOp, Ha KOTO-
POM IPOMCXOAUT KOMMYTALUsI CEKIMHA OOMOTOK SIKOPS IOJ HampsbKe-
HHUEM, YTO BBI3BIBAET MCKPEHHUE MPH IEpeXojie MIETKH Ha COCEAHIOI
namenb. PaboTa B TaKMX YCIIOBHSIX BBI3BIBAET OBICTPBIA M3HOC LIETOK M
MOBEPXHOCTH Jlamesiel koiiekropa. Iloaromy nepuoanyecku HeoOxo-
JTIUMO TIPOU3BOANTH OCMOTP KOJIEKTOpPA U MPOBEPKY COCTOSHUS IIETOK.
W3HolIeHHBIE U MOBPEXCHHBIC METKH HEOOXOJAUMO HEMEIJICHHO 3a-
MEHSITh. 3arpsa3HeHHe KOJUIEKTOpa YroJbHBIM HaJeTOM OT LIETOK MO-
JKET CTaTh MPUYMHOW POCTA TOKA MOTpPEeOJICHUS JBUTATEIIEM M, CIEJ0-
BaTeNIbHO, CIIOCOOCTBOBATH CKOpEHIIeMy U3HOCY KoyiekTopa. Hemaio-
Ba)XHOE 3HAYECHUE UMEET M COCTOSHUE MEXaHMUECKUX Y3JI0B IBUTATEIIS:
LEJIOCTHOCTh NOIINITHUKOB, HAJTMYME U CBOCBPEMEHHAS 3aMeHa B HUX
CMa3KH, a TAaKXKe YUCTOTa U OTCYTCTBHE OKHCIIOB Ha 32)KMMaX BBIBOJIOB
JBUraTesNs U NOABOAUMBIX K HEMY IPOBOIOB.

O0s3arenbHa ¥ TPOBEPKA CONPOTUBIICHUS U30JISILUH JBUTATEIs] BO
n30ekaHre MOPAKEHNUS JEKTPUIECKUM TOKOM OOCTYKHBAIOIIETO Iep-
coHana. M3onsmus 0OMOTOK DIIEKTPUYECKUX MAIIMH U IPOBOJOB OTHO-
CUTEJIBHO JIETKO IOABEPraeTcs M3MEHEHHAM [0/ BIUSHHEM TeMmIepa-
TYpBI, BIaKHOCTH, 3arpsisHeHus u T.j4. IIpoucxonur crapeHue n3ois-
UM, YTO OTPUIATEIBHO BIMSET HA €€ KA4eCTBO, 3JICKTPHUECKYIO
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npouHocTh. [lo 3TOW mMpHUYHMHE KOHTPOJb €€ KauyecTBa JOJKEH OBbITh
NEPUOIMYECKHM.

CoryacHO TpaBWJIaM YCTpoOiicTBa 3jeKTpoycTaHoBOK (ITYD) wus-
MEpEeHHE CONPOTHBICHUS M3OJSILUU CHIIOBBIX U OCBETHTEJIBHBIX 3JICK-
TPOYCTaHOBOK, pabOTaIOUIMX IMpH HOMHHAJIBHOM HampsbkeHun 127-
660 B, mpouzBoasatT merommerpom ¢ Hanpspkeranem 1000 B. [lomycTu-
MbI€ HOPMBI CONPOTHUBIICHHUS HM30JLILMU IS 3IEKTPUYECKHX MAILUH,
NPOBOJOB M Kalesell yKa3blBalOT B TEXHUYECKHX YCIOBHSAX WIH
I'OCTax. [Jns snextpuyeckux MamwuH HampsbkeHuem g0 1000 B co-
NPOTHUBJICHUE H30SIIMH OOMOTOK JOJDKHO COCTAaBISITH HE MEHee
0,5 MOwM. ComnpoTHBIIEHHE HU30JISUH OOMOTOK M3MEPSAIOT MEXKIY OT-
JeNbHBIMU OOMOTKaMH, a TAK)KE MEXKIy Kax10i 0OMOTKOI U KOPITyCOM
ANEKTPUYECKONU MAIIUHBIL.

Ecnn B 0OMOTKax WM MEXaHHYECKOW YacTH ABUIATelNs IOSIBU-
ek AeeKThl, TO €ro HampaBisIOT B PeMOHT. B mpomecce pemonra
WIN TPaHCTIOPTUPOBKH MOTYT BO3HHKHYTH JAC(EKThI M30JISALUH, OOPHI-
BBl IIPOBOZIOB, HApPYLICHUE YHUCIA M MPABWIBHOCTH YKJIAJAKH IPOBOIOB,
HapylIeHWEe MPaBWIBHOCTH 4YepeJOBaHUS CEKUUH W JIIp., BCICICTBHE
9TOTO TOCJE PEMOHTa JIBUTATENb O0S3aTElIbHO MOJBEPraloT TOciepe-
MOHTHBIM HCIIBITAaHUSM.

Iopsinoxk BhIMoTHeHHs PadoThl. B mannoil pabote uccremayercs
AJIEKTPOJIBUTATEIH TIOCTOSTHHOTO TOKA C MapaJuIeIbHBIM BO30YKIEHUEM
CJI-3609.

1. [Ipu BBIKITIOYEHHOM CTEHJIE C MTOMOIIBI0 U3MEPUTEIBHBIX MPH-
OOpOB TPOM3BOANTCA W3MEPEHHE COIPOTHUBICHUN OOMOTOK SIKOpS U
BO30YKeHUS (C TOMOIIBIO MYJIETUMETPA) U COMPOTUBIICHHSI HU30JISIIUH
3THUX 0OMOTOK (C MOMOIIBI0 MeroMMeTpa). Pe3ysibTaThl 3aHeCTH B Ta0-
Iy 7.

Tabmuna 7
Pe3ynpTaTel H3MEPEHMsI COIPOTUBIIEHUN
ConpoTuBieHre 0OMOTOK, R o5 » OM ConpoTHBIICHHAE H30JISUH, Rw , MOwMm
Bozoyxnenus Sxops Bo30yxnenust — Sxops — Kopmyc

Kopmyc

2. JIns mpoBepKH pabOYMX MapaMeTpoB JBHUTATENsl COOUpaeTcs
3IIEKTPUYECKasi CXeMa COTrJIaCHO pUCYHKY 11.
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3. IIpoBepka 3/IeKTpOABUTATENS TIOCTOSHHOTO TOKa IOCIIE PEMOH-
Ta OCYIIECTBIISCTCS B CIICAYIOIIEM MOPSAKE:

a) BeBecTH perynstop JIATPa B monoxenne, cOOTBETCTBYIOIIEE
MHHHMAaJIbHOMY BBIXOJHOMY HAINpPsDKEHUIO, YOCIUTHCS, YTO OCTaJIbHbIC
amnmapatbl, He MCIOJb3yeMble B paboTe, He MOMmanyT MOJA HamlpshKeHUeE
IPH BKJIIOYEHUN CTEH/A (YCTAaHOBHUTH BCE MEPEKIIIOYATETH U TyMOJIEpHI
B TTOJIOXKeHUE «OTKITIOUYCHOY);

0) BrmounTh TymMONep «CeTh» U yOenuThcsa B HAIMYMU HaMpsHKe-
HUSI BO BceX Tpex (pazax ceTH.

Puc. 11. Dnekrpuyeckas cxeMa sl HCCIICAOBAHMS IEKTPOIBUTATEIIS
IIOCTOSIHHOTO TOKA IIOCJIE PEMOHTA.!
QF — aBTOMaTHYECKUii BBIKITFOUATENh; TV — aBTOTpaHChHOpMaTOp;
PAl — ammepmerp; PV — BosibT™MeTp; M — 3NIEKTPOIBUTaTENh HOCTOSTHHOTO TOKa

T') TJIaBHO YBEJIMYUTH BBIXOJHOE HAIIPSHKEHUE PETYINPYeMOro Uc-
TOYHHUKA MOCTOSHHOTO HampspkeHus ¢ nomoiursio JIATPa, yctaHOBHUTE
3aJjaHHOE HaIpsDKEHUE MUTAHUS 10 BOJNIBTMETPY V2 (clenyeT MOMHUTD
0 MHOTONpEAeNbHOCTH Npubopa). M3MepuTh MO TaxOMETpy 4acToTy
BpalllEHUs SAKOPS AIIEKTPOIABUTATENS TOCTOSTHHOIO TOKa. [laHHBIE 3amu-
caTh B Tabnuily 8 W CpaBHUTH MX C MACMOPTHBIMHU JIAHHBIMH DJIEKTPO-
JIBUTATEIISL.

Tabnuua 8
Pe3ynbTarhl HCIBITAHUS 3JICKTPOABUIaTElIsl TOCTOSIHHOTO TOKA
Hanpsoxenue Uacrora BpameHus sKopsi, 00/MHUH
IIUTaHus, B 3KCHepI/IMeHT2UII)HaH HaCHOpTHaﬂ
40
60
80

4. HOHy‘leHHBIe OKCIICPUMCHTAJIBHBIC W TTACHOPTHBIC JAHHBIC
SJICKTPOABUTATCIIA HCO6XO}_II/IMO CpaBHUTH U CACJIATh BHIBOJBI.
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KonTposbHbIe BONIPOCHI

1. Kak oCymIecTBIISIFOT IMTyCK JIEKTPOABUraTelsl IOCTOSTHHOTO TOKa?

2. OCHOBHBIC HEHCIIPABHOCTH 3JICKTPOIBUTATENS TIOCTOSHHOTO TOKA.

3. Kakoe MUHHMaIbHOE COMPOTHUBIICHUE U30JSAIMH OOMOTOK AIICKTPOABHIA-
TeJIs TOCTOSIHHOT'O TOKa?

4. Yto MOXKET cTaTh IPUYUHON POCTa TOKA MOTPEOJICHHUS IBUTATETIEM [IOCTO-
SIHHOT'O TOKa?

5. YUro HeoOXOAMMO CleNaTh C JICKTPOJBUraTeeM, €CliM B €ro 0OMOTKax
WA MEXaHWMYECKON YacCTH MOSBUINCH Ae(heKThI?

JIABOPATOPHAS PABOTA No5. JE®@EKTALIUA
ACHUHXPOHHOI'O 2JIEKTPOABHUI'ATEJIA

Heab padorsl. V3yunth Bo3MOXKHBIE IeEKThl aCHHXPOHHOI'O 3JIEKTPO-
JIBUTATEJIsl C KOPOTKO3aMKHYTBHIM POTOPOM U METOJBI UX OOHAPYKEHUSI.

Iporpamma padoTsl. 1. M3yuuth Bo3MOKHBIE Ae(EKTH aCHHXPOHHOTO
AIIEKTPOABUIATENS C KOPOTKO3aAMKHYTBHIM POTOPOM.

2. IlpoBecty nedeKTanmio 3JeKTpOoABUTATEIS.

3. OdopmuTh O0THET O PabOTE, CACTATH BBIBOEI.

5.1. Memooul Oeghexmayuu dosuecamens

Jedexranuro 3J1eKTpHUECKUX MAlIMH Mepe]l PEMOHTOM MPOBOIST
IUIs OIpeZesIeHns XapakTepa U o0beMa peMoHTa. [IpuHAITYI0 B peMOHT
MalllMHy TLIATEIbHO OCMAaTPUBAIOT M CTaBST Ha HEHl PEMOHTHBIA HO-
Mep, MMOJi KOTOPHIM OHA MPOXOMT BECh IIUKJI PEMOHTA. 3aTEM ITPOBOJIST
UCTIBITAHUS, TIO3BOJISIIONINE ONPEICIUTh CTETeHb Pa300pKU MaIIHHBI
JUI YTOYHEHHsI 00beMa PEeMOHTHBIX paboT. Bee HencnpaBHOCTH Mexa-
HUYECKUX YacTel 1 0OOMOTKHM 3alUCHIBAIOT B CIEHHUAIBHYIO BEJOMOCTb,
KOTOpasi CIIy>KAT OCHOBaHWEM JUISl BBIIAYM HApsAOB Ha BBIMOJHEHHE
PEMOHTHBIX PaboT, onpeaeneHus: o0beMa U CTOMMOCTH peMoHTa. Ilo-
CJIe OKOHYaHHUSI PEMOHTA 0 BEIOMOCTH AE(PEKTOB YTOUHSIOT 00bEM
MOCJIEPEMOHTHBIX HCIBITaHUH. [Ipy nedexTannu acHHXpOHHOTO 3JIeK-
TPOJABHUTATENS B COOPAHHOM BHJIC BBITIOJHSIOT TIEPEUHCICHHBIC HIDKE
orepaLuH.

1. OcMaTpUBaIOT AIEKTPOABUTATEIb, PYKOBOJCTBYSCH CIEHYIO-
IIMMHA COOOpaKEHUSIMU:

a) CTaHMHA U MOJIIMITHUKOBBIE MIUTHl CYUTAIOTCS HETOJHBIMH, €C-
JM OHU MMEIOT TPEIIMHBI B MOCAJOYHBIX MECTax. TpELIMHBI MOXKHO
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3aBapUBaTh TOJBKO B TOM CIlly4yae, €ClIM 3TO HE BBI30BET IedopManuu
MOCAJOYHBIX MECT;

0) KIIeMMHasi KopoOKa OJDKHA OBITH MMPOYHO MPUKpEIICHa K CTa-
HUHE, KIIEMMHBIE OOJITHI — XOPOIIIO 3aKPETUICHBI H 3aMapKUPOBAHBI.

2. IIpoBepsIOT LETOCTHOCTh OOMOTKH, IOJIB3YSICH KOHTPOJILHON
JIaMIIOM UJIK METOMMETPOM.

3. M3mMepsAroT cCOmpOTHBIICHNE U30IAINN MEXIy (dazaMd U OTHO-
CHUTEJIBHO KOpIyca. 3HaYeHNUE CONMPOTUBICHUS U3OJSIUN AOIKHO OBITH
He menee 0,5 MOw.

4. Ecnu 3T0 BO3MOXXHO, MAaIlIMHy BKITFOYAIOT HA XOJIOCTOM XOIy W
MPOBEPSIOT PabOTy MOAIIMITHAKOB (IIYM, HArpeB), BEHTHISATOPA, U3Me-
psroT TOKU 1o (azam. AcummeTpust pa3HBIX TOKOB HE JOJDKHA TPEBBI-
maTh +5%.

[Tpu nedexranuu pa3oOpaHHON MAIIMHEI BBITTOIHSIOT CIIETYIOIINE
oTeparuu:

1. IIpoBepsIOT cocTOsHKE OTACIBHBIX Y3JI0B U AeTaneil. Kpemnex-
HbIE JETAM 3aMEHSIOT, €CIM OHH HCKPUBIIECHBI, UMEIOT HCIIOPUYCHHYIO
pe3b0y, TOJOBKH OONTOB CMSTHI U T. 1. [lOAIIMITHUKOBEIE IIUTHI pac-
CUYMTaHBl Ha TUIOTHYIO TMOCA/IKY B CTAHMHY, MOCAKa KPBIIIKH MOAMIUII-
HUKAa B LIUT XOJOBas WIH LIKPOKOXOAOBAS; 3a30p MEXIY KPBILIKON
MOJIIMIIHAKA U BajioM goipkeH ObITh 0,3-0,7 mM. ITocanka moamumau-
Ka Ha BaJI HaNpsDKEHHAs MOIIIUITHUKOBAS.

2. V3MepstoT BO3IYLIHBIM 3a30p MEXIY CTaTOPOM U POTOPOM.
[Ipu 5TOM pPOTOpP YKIAABIBAIOT B CTATOP U HPU HOMOIIM LIyNa U3MEPS-
10T 3330p MEXIy TOBEPXHOCTHIO POTOpA U PACTOYKOM cTaTopa B BEpX-
HEH 4acTH C OJIHOM M ¢ APYroil CTOPOHBI MalllMHBI. Bo3ayniHbli 3a30p
pPaBEeH MOJOBUHE U3MEPEHHOr0 paccTOsHUA. V3MepeHHe HOBTOPSIOT
npu moBopoTe potopa Ha 180°. IlomydeHHBIN pe3ynbTaT CPAaBHUBAIOT C
JIOTTYCTHMBIM 3HAUYE€HUEM.

3. IlogmmmHUKY KadyeHUs 3aMEHSIOT, €CIM OOHApPY>KEHBI OIIyTH-
MBI TIO(T, Harap, IIeTylieHne OeroBBIX JOPOXKEK, TPEIIHHBI B 000H-
Max. Ilepen npoBepkoil NONAMMIHUKH TIHATENBHO NMPOMBbIBatOT. Homep
NOJIINIIHNAKA, BBIIICIIETO U3 CTPOs], 3alIUCHIBAIOT B BEAOMOCTD Je(eK-
TOB.

4. IloaAMMITHUKA CKOJBKEHUS CUUTAIOT TOAHBIMH, €CITH HET Tpe-
IIFH BO BTYJIKE M BKJIAJIBIIIE.

5. OcmarpuBaioT Bay, oOpallas BHHMaHHME Ha COCTOSHHE I10Ca-
JIOUHBIX TOBEPXHOCTEH, IMIMOHOYHONW KaHaBKH, OTCYTCTBUE HCKpHUBIIE-
HUl. Banm cuuTaeTcs TroJHbIM, €Clidi B HEM HET TPEUIWH, LEWKU ero
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HUMEIOT CTPOTO IMUJIMHIPUYECKYIO MOBEPXHOCTh, KOHYCHOCTh U OBallb-
HOCTh III€eK MOANIMIHUKOB CKOJIbXKeHUs He mnpebimatoT 0,05 mm. Ha
MOCaOYHBIX TIOBEPXHOCTAX Basla MOJ MOAIINITHUKOM Ka4deHHs JIOITyC-
KaloTcsl HEOOJbIIME BMSATHHBI OOIIeH miomanso He Oonee 4%, a Ha
0CaZI0YHOM MOBEPXHOCTH MOA WKUB WK My(pTy — He Oonee 10%. Ipo-
rub nomyckaercs 1o 0,1 MM Ha MeTp ero JuMHBL, HO He Oonee 0,2 MM
o BCe IuiHe Bayia. TpemuHbl Bajla 3aBapuBaloT, €Ciii TITyOnHa Tolie-
peuHsIx TpemuH npesbimaeT 10-15% auamerpa Bana, a MPOIOIBHBIX —
10% oOmieit yIMHBI Baja.

6. [IpoBepsIOT TUIOTHOCTH TOCAAKU BEHTHIISATOPA Ha Ball U €0 CO-
crosiHue. BeHTUnarop cuuraercsl rOJHBIM, €CIU JIOMACTH €ro IMPOYHO
3aKperIeHbl U OH MJIOTHO MOCAXXEeH Ha Bajldy. bueHue BEHTUISATOpa B
OCEBOM H paJiaIbHOM HAIPABJICHUSAX HE AOJDKHO mpeBbimats 0,3% or
HaApY>KHOTO JTHaMeTpa BEHTHIISATOPA.

7. OcMaTpHBarOT MakeT aKkTUBHOW cTanu craropa. [lakeT ctamu He
JIOJDKCH UMETh CMEICHUS, BMSATUH, OCJa0JieHUs, MPECCOBKHU JIMCTOB
JKenesa, paciyIIuBIIIXCs 3y0IoB, mporapa.

8. KopoTko3aMKHYTHIN POTOP JOJDKEH OBITh TUIOTHO MOCAaXKEH Ha
Ball U HE MMETh TPCUIUH U Pa3phIBOB B CTEPXKHIX U KOPOTKO 3aMbI-
KarOIIUX KOJBIIAX.

5.2. Konmponb cocmosinus 06Momox osueamens
Jns mpoBepKM MOXHO HCIIOIB30BaTh METOJ JICKTPOMAarHUTa
(c ammepMeTpoM, CO CTaJbHOW IUIACTHHOW WJIM YKEJIE3HBIMH OITHIIKa-
MH). PoTop cienyer ynoXuTh Ha 3JIEKTPOMArHuT (WM HA00OpOT), K
00MOTKE KOTOPOTO TOJBEIEHO NEPEMEHHOE HampsiKeHHe, Kak 3TO Io-
Ka3aHo Ha pucyHke 12.

avd

Puc. 12. Cxema omnpesencHus 0OpbIBa CTEPKHEH pOTOPa
IIPH TIOMOIIU IEKTPOMAarHuTa

[Ipu mpoBepke EeT0CTHOCTH CTEPIKHEH CIIOCOOOM AJIEKTPOMAarHu-
Ta CO CTAJIbHOM IUIACTUHOM €€ CleJyeT HAKIIaJIbIBaTh Ha KaXKIbIW Ia3.
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Ecnu muiacThHa HE NPUTATUBAETCS K 1a3y, 3HA4UT, B 3TOM Ia3y oOphIB
crepkus. M3Hoc kojen ¢a3oBoro poropa He JOKEH HpeBbimath 50%
NEepBOHAYANIBHON TommuHbBL. Hanmenblnas nomycTuMas TONIIMHA KO-
Jien B paJuajibHOM HAIlPaBICHUU HE AOJDKHA OBITH MEHEE 5 MM. 3aMbl-
KaHUe KOHTaKTHBIX KOJIell Ha KOPIYC MM MEXAy co0oi MOXKHO ompe-
JIeNIATh KOHTPOJbHOU JTaMIION MM METOMMETPOM.

9. OmnpenenstoT AedeKTHl 0OMOTKH CTaTOpa. 3aMbIKaHHE OOMOTKH
cTaTtopa Ha KOpIyc U Mexay (azaMu MOKHO ONPEACTIUTh IPU HOMOIIH
KOHTPOJIBHOM JaMiibl i Merommerpa. He paspbiBas coennHeHuil Me-
KAy KaTyIIKaMu, HO OYHMCTHB MX OT H30JILHM, MOXHO OIPEIENIUTh
MecTa TOBPEKICHHSI METOIOM MajieHus HanpsbkeHus. Ha moBpexneH-
Hy!0 (pa3y mpu 3TOM HYKHO MOJATh HampspkeHue 6-9 B mocTosHHOTO
TOKa. MUWIJITMBOIBTMETPOM H3MEPUTh MAACHUS HANpPsDKEHUS MEXKIY
KaXIbIM KOHIIOM KaTyIICYHOW T'PYyNIIbl U KOPIIyCOM, a TAKXKE MEXIY
KaTyIIeYHBIMH TpynnaMu pasHeix (az. [lageHne HanpspKeHUsT B MECTe
MOBPEKACHUS OyIeT MUHUMAIBHBIM. [11I0X0# KOHTaKT B cxeme 00OMOT-
K{ CTaTOpa, MOXKHO OIIPEIEITUTh U3MEPEHUEM CONPOTHBICHUS OTHCIIb-
HBIX (pa3 MOCTOSHHOMY TOKY METOJIOM BOJIETMETpa — amiepmerpa. 13-
MEpEHHBIE COMPOTHBIICHHUS TOJDKHBI OTIIMYATHCS APYT OT Apyra He 6o-
nee yeM Ha 5%. ButkoBoe 3aMbIkaHne B 0OMOTKE MOXKHO ONPENENIUTb
METOOM 3JeKTpoMarnuTa. CtaapHasl MJIaCTUHKA OyIeT MPUTATUBATHCS
K 3yOIlaM MoJ] 1a30M, B KOTOPOM JISKUT CTOPOHA HEMCIPABHON KaTyII-
ku. [lnactuHa Oyner Takyke NPUTATUBATHCA HAJ Ia30M, JIEXKalluM Ha
pacCTOSHUM 1Iara OT Ta3a ¢ HencnpaBHOU Karymkoi (puc. 13). Butko-
BbI€ 3aMbIKaHHs B OOMOTKE CTaTopa MOXKHO TaKKe OMNpPENeIsTh MpH
MOMOIIH crielranbHbIX npuoopos Tuma EJI u [T1/10.

Mazuumusi nomox]

Puc. 13. Cxema OIIPEAC/ICHNA BUTKOBOI'O 3aMbIKaHUsA 00MOTKH craTopa
IIpyU TOMOIIH IJICKTPOMArHUTa
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Hedexranuio 0OMOTOK Pa3oBBIX POTOPOB NPOBOAAT AHATOTUYHO.

10. [ns mpoBeneHus: peMOHTa OOMOTOK HEOOXOOMMO 3aIrucarthb
00MOTOYHBIE JaHHBIE: TUIl OOMOTKH, YHCIJIO N1A30B CTATOpa, YUCIIO I1O-
JIFOCOB, TEXHUYECKUE IapaMeTpbl (CKOPOCTh, YacTOTa BPAILEHUS), YHC-
JI0 KaTylIeK, YKCI0 Na30B Ha Moo U ¢asy, mar 0OMOTKH, YUCIIO BUT-
KOB B KaTyILIKe, TUAMETP ¥ MapKy OOMOTOYHOTO IPOBOAA, pa3Mep BbI-
JeTa JJOOOBBIX YacTel, KOHCTPYKITUIO 1Ma30BOM U Mexmayha3HOW M30IIs-
nun. HaprcoBatb cxeMy OOMOTKH.

11. Ecnu ecTb HEOOXOOUMOCTh H3TOTOBUTH KaKylo-THOO AETallb
BHOBb, HYXKHO BBIYEPTHUTH 3CKH3 II0 MMEIOLIMMCA o0pa3uaM U IpuiIo-
JKHUTb €r0 K BEAOMOCTH A€(DEKTOB.

Iopsinok BbImOIHeHUs1 PpadoTbl. 1. OCMOTPETh 3JIEKTPOABUTA-
TEJb 1 3aIUCATh €0 MacIOPTHBIE JaHHbIE.
2. IIpoBecTu neeKTaIuio 3MEKTPOABUTATEINS 0 Pa300PKH.
3. Pa3o0path 31eKTPOABUraTElb.
4. IlpoBectu medeKTannto ABUTATENS MOCTe pa30OpKH.
5. CocTaBUTh PEMOHTHYIO BEIOMOCTh JIeKTpoBHUrates (Tadi. 9).
Tabnuua 9
PeMOHTHasI BEIOMOCTD JIEKTPOABHUTATEIIS

HawnmenoBanue JIAHHBIX PeSyJ'[BTaTLI

HaCHOpTHLIC JIAHHBIC 3JICKTPOABUTIATCIIA

OOHapyKeHHbIE HEUCTIPABHOCTH:

KopIyca

00MOTKH

MarHuTonpoBoja

poropa

3aKIoyeHne

6. [IpoaHanu3upoBaTh MOJyYCHHbIE PE3YJIBTAThl Je(EKTalUH, CO-
CTaBUTh IEepeYeHb KOMIIOHEHTOB, MOJUISKAIINX PEMOHTY, W Ipensio-
JKUTb METOJIbI UX PEMOHTA.

7. Ilpoanann3upoBaTh NOTyYEHHbIE PE3YIbTAThl U CAEIAThH BHIBOIL.

KoHTpoJibHbIE BONIPOCHI
1. KakoBo Ha3HaYeHUE BEIOMOCTH Ae(heKTOB?
2. Kakue HeHMCIpaBHOCTH BBISBISIOTCS B JABHUTaTeNe J0 Pa3OOpKH U Tocie
Hee?
3. Kak mpoBecTn nedekrannio KOpoTKO3aMKHYTOTo potopa?
4. Kak MOHO OIIpeeNnTh BUTKOBOE 3aMBIKaHHE B 0OMOTKe cTaTtopa?
5. Kak n3amepsioT BO3yNIHBIN 3a30p MEXILY CTATOPOM U pOTOPOM?
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JIABOPATOPHAS PABOTA Ne6. UHCIIBITAHUE
ACHHXPOHHOT O SJIEKTPOABUI'ATEJISA ITIOCJIE
PEMOHTA

Iesan padorel. M3yunts METOAUKY U BBIIOJIHUTH MOCIEPEMOHTHBIE UC-
MBITAaHUS ACHHXPOHHOTO 3JIEKTPOJBUraTeNs C KOPOTKO3AMKHYTHIM POTOPOM.

IIporpamma pa6otsl. 1. M3y4nTs METOAUKY UCHBITAHUS ACUHXPOHHOTO
3MEKTPOABUraTeNs ¢ KOPOTKO3aMKHYTBIM POTOPOM IOCIIE PEMOHTA.

2. [IpoBepuTh 0OMOTKY 3JICKTPOIBUTATEIIS.

3. [IpoBepuTh paboune mapaMeTphl AIEKTPOABUTATENS.

4. OcdopmuTs otyet 0 pabote, caeIaTh BEIBOIBI.

B mpOMBIIIIEHHOCTH aCHHXPOHHBIE JIIEKTPOJBUTATENN C KOPOT-
KO3aMKHYTBIM POTOPOM IMONYYHJIM HauOoJjbllee pacupocTpanenue. Ux
NPEHMYIIECTBAa COCTOST B MPOCTOTE W3TOTOBICHUS U SKCIUTyaTAllUH, a
Tak)ke OOJIbIIEH, YeM y JABHUraTesiel MOCTOSHHOIO TOKa HaJeKHOCTH 3a
CYET OTCYTCTBUS KOJUIEKTOPA, & TaK K€ HU3KOH CTOMMOCTH.

JlBUTaTeNh COCTOUT U3 CTaTOPa — HETIOABIDKHOM YacTH U pOTOpA —
Bpamatomieiicss yactu. Cratop mpeAcTaBiseT coOOW MOJBINA HIHUHIID,
HaOpaHHBIA U3 CTAJbHBIX IUIACTUH, UMEIOLIMX BUJ KOJIbIA U H30JIUPO-
BaHHBIX JPyT OT Apyra. OHH 00pa3yroT HEMOABIKHYIO YacTh MarHUTO-
nposoja. [lmacTuHbl cTaruBaroTcst GonTaMu. BhINOMHEHHE MarHUTO-
MPOBOJIA M3 OTAEIbHBIX IUIACTHH YMEHBIIAET TOTEPH MOIIHOCTH B CTa-
JIM, BbI3bIBAEMbIC BUXPEBHIMHU TOKaMHu. CTalbHON CepIeYHUK MarHUTO-
IPOBOJIAa CTATOPA 3aKPEIUIIETCS B CTAbHOM HJIM ATIOMHHHUEBOM KOp-
Iyce, OXBaTHIBAIOIIEM €ro co BceX cTopoH. C TOPIIOB Cep/IeYHUK Mar-
HUTONPOBO/IA 3aKPHIBACTCS KPBIIIKAMH, B KOTOPBIX HMEIOTCSI MECTa IS
YCTaHOBKH MOAIIMITHUKOB. B 1a3bl Ha BHyTpeHHEH CTOPOHE MarHUTO-
NpOBOJIa 3aKJIAIBIBACTCS OOMOTKa craropa, KoTtopas y TpexdasHbIX
JIBUTATEJICH COCTOUT M3 TPEeX IO YMCiIy (a3 00OMOTOK, CMEIIEHHBIX 10
OKpPY’KHOCTH CTaTopa JIpyr OTHOCUTENbHO apyra Ha 120 rpagycos. Ha-
Yaja ¥ KOHIIBI (ha3 BBIBOJAT HApYXKy B KIEMMHYIO KOpoOKy. ITo cxeme
COCJIMHEHHsI OOMOTOK CTAaTOpa JBUTATEIH BBITYCKAIOTCS B UCTIOJIHEHUN
«Be3na» (Y) u «3se3na/rpeyroiabauk» (Y/A). Cxema (Y/A) mo3BosseT
UCIIOJIb30BaTh JIBUIATElb B CETAX C Pa3IMYHBIMH HANPSDKSHUAMH JIHOO
NPUMEHSTh B CXeMaX CTYNEHYaTOro MycKa ¢ MEPEKIFOYCHUEM CXEMBI
coeZiMHEeHMsI 0OMOTOK. [Ipu 3TOM OTnajaeT HeoOXOAUMOCTh B HCIIOJb-
30BaHMHM peakTopoB. Ha mnacmopTHOM TWJIACTHHKE, 3aKpeIuICHHON
Ha KOpIyce JIBHTaTels, yKa3bIBalIOT JIBa HOMHHAJIBHBIX JIMHEHHBIX
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HanpspKeHus, pasnudaronecs B 1,73 pasa. Ecin HomuHanmbHOE nu-
HEHOE HAIPSDKEHHWE CETH PaBHO OOJbIIEMY HANpsDKEHHUIO B MACIIOPTE,
TO OOMOTKY CTaTOpa BKJIIOYAIOT B «3BE31y», €CIIM MEHbILIEMY — B «Tpe-
YTOJIBHUK.

PoTop acuHXpOHHOTO ABHTaTeNs Takke HAOUPAIOT U3 CTATBHBIX
LITaMIIOBaHHbIX JUCTOB B opMme nucka. HacaskeHHble Ha Baj, OHH 00-
pasyroT porop, umeromuid dpopmy mmwuHApa. [lo OKpyXKHOCTH MuCKa
pasMelleHbl Ma3bl, B KOTOPbIE 3aKiaJbIBalOTCS OOMOTKH. KopoTko-
3aMKHYTasi OOMOTKa 00pa3yeTcs HEeH30JIMPOBAHHBIMU ATIOMUHUECBBIMH
CTEP)KHSMH, [IOMEIIEHHBIMH B a3bl poTopa. Ilo Topmam crepxkHu co-
eauHsoTest Konbluamu. llomydaeTcs oOMOTKa, He UMEKOMIAasi HUKAKUX
BBIBOJIOB.

IIpocToTa KOHCTPYKLMH M OTCYTCTBHE CKOJIB3SILETO JIEKTpUYE-
CKOT0 KOHTaKTa, KaK y IBUraTesiell MOCTOSHHOIO TOKAa, 3HAYUTEIHLHO
ympouiaer o0CIy)KMBaHHE M PEMOHT aCHHXPOHHBIX JBUTATENEH C KO-
POTKO3aMKHYTBIM pPOTOpOM. BHuUMaHHWS TpeOyIOT JMIIb OCMOTp CO-
CTOSIHUSI KJIEMM IIOAKJIIOYEHUS] OBUraTeisl (M3-3a OKHCIIOB KOHTAaKT
YXyALIAeTCsl ¥ MOKET MIPUBOANTH K HAarpeBy KIEMMBbI U JaKe pacIliaB-
JICHUIO M30JSIIMU MUTAIOUIMX MPOBOJOB, YTO B CBOIO OYepeab MOXKET
BBI3BAaTh 3aMbIKAHUE HA KOPIYC ABHUTraTeisl), 1 COCTOSIHUE MOIIIUITHU-
KOB (IIpH JATUTENHHON JKCILTyaTallii HeoOXOJMMa 3aMeHa CMa3KH), a
TaKkxke 00s3aTeIbHOE HM3MEPEHUE COMPOTHUBICHHUS H3OJSIUNA MEXIY
dazamu (151 IBUTATETIEH CO CXEMOM «3BE3/1a/TPEYroILHUKY) U (hazoi u
KopiycoM. M3omsiuusi 0OMOTOK 3JEKTPUYECKHMX MAallMH M MPOBOJOB
OTHOCHUTEJIFHO JIETKO MOJBEPraeTcss U3MEHEHHSIM O] BIUSHUEM TEM-
nepaTypsl, BIAKHOCTH, 3arpsisHeHus U T.7. [IponcxoauT crapenue n3o-
JSIIMW, YTO OTPULATEIBHO BIMSET HA €€ KauecTBO, AIIEKTPUUYECKYIO
MpoYHOCTh. [lo 3TOH mMpuYMHE KOHTPOJIL €€ KadyecTBa JOKEH OBITh
MIEPUOANYECKUM.

Cornacno I1Y3 u3MmepeHne COpOTUBICHUS U30JISILIUU CUIIOBBIX U
OCBETHUTEJBHBIX 3JIEKTPOYCTAHOBOK, pabOTAIOUINX NPH HOMHHAJIHHOM
HanpsokeHnn 127-660 B, mpou3BOAST METOMMETPOM C HalpsKEHHEM
1000 B. HomycTrMble HOPMBI CONPOTUBIICHUS U3OJSILIUHN IS 3JEKTPH-
YEeCKHX MallWH, IPOBOAOB U KaleJiell yKa3bIBalOT B TEXHUUECKUX yCIIO-
Busix win ['OCTax. [ns 3MeKTpHYecKuX MalllMH HaNpsOKeHUEM J10
1000 B compoTuBiIcHHE H3OISAIMH OOMOTOK JOJDKHO COCTaBIIATH HE
Mmenee 0,5 MOM. JIpuratenu, MMEOINE TOHUKEHHOE COIPOTHBIICHUE
W30JIALIMN TIOJBEPTAIOT CYIIKE.

30



HpOBepKa COOTBCTCTBUA MMAPaMCETPOB ABUIrATCIA IMOCIC PCMOHTA
MMPOBOAUTCA B PEIKUMC XOJIOCTOI'0O X0J4a U MOJ Hany3KOI>’I.

Iopsinoxk BbIMOTHeHHs PadoThl. B mannoit pabote mccreayercs
ACUHXPOHHBIA 3JICKTPOJBUTaTEIb C KOPOTKO3aMKHYTBIM POTOPOM
AWP56A4Y3, sanekTpudeckas cXxema ero MOAKIIOUCHHUS IIPUBEICHA HA
pucynke 14.

A B C
K112 m7 d

PWT PW2

w} ~@2
Ne

@m

Puc. 14. Dnekrpuyeckas cxeMa IMOAKITIOYCHUS
HCIBITYEMOTO DJIEKTPOABUTATENISA
QF — aBTOoMaTH4ecKuii BeIKIOUaTe b; KM — MarHUTHBIN MycKaTelb;
SB — knomnouHsIit noct; PW — Bartmerpsr; PA — amnepmerp;
M1 — acUHXpOHHBIH 3/1€KTPOIBUTATEIh

1. [Ipu BBIKITIOYEHHOM CTEHE C MOMOIIBI0 H3MEPUTEIEHBIX TPH-
OOpOB TPOM3BOMATCS HM3MEPEHUS COMPOTHUBIEHHA OOMOTOK CTaTopa
3JIEKTPOJIBUTATENS (TECTEPOM) M COTMPOTHUBICHUIN H30JAIMH (U3MEPsI-
€TCsl MeroMMeTpoM). Pesynbrarsl n3mepeHuii 3anectu B Tadnuiry 10.

Ta6uma 10
PesynbraTel n3MepeHus CONpOTUBIEHUS] OOMOTOK cTaTopa
W COMPOTHUBIICHU U30JIAHHA OOMOTKH
ACMHXPOHHOTO 3JIEKTPOIBUTATENS

ComnpoTuBiIeHHE 0OMOTOK, R06 , OM ConpoTHBIICHUE U30JISILIHH, RIB , MOwMm

A-B B-C A-C A-K B-K C-K
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2. Jlnst IpOBEPKHU MapaMeTpoOB PabOThI AIICKTPOJBUTATEINSI TIO]T HA-
TPY3KOH COCTaBJISICTCS DJIEKTPUYECKAsT CXeMa YIPAaBJICHUS JABUTATEIICM
COTJIACHO PUCYHKY 14.

3. IlpoBepka acHHXPOHHOTO 3JEKTPOJBHUraTeNsl MOCIE PEMOHTa
OCYILECTBISIETCS B CIACAYIOLIEM TOPSIKE:

a) ToJIaTh B CXeMYy HampshKeHHe (IT00YepeHO BKIIOYUTH TyMOIep
«CeTb», 3aTeM BKIIOYHTHh aBTOMaTH4eckuil BeikitouaTeasr QF1). Ilpu
3TOM IMPOBEPHUTh HAJTMYME HAMPSHKCHHUS Ha BCeX Tpex (hazax 10 WHIH-
KaTopam;

0) 3aIyCTUTh AJICKTPOIBUTATENb BKIFOYEHUEM MAarHUTHOTO ITycKa-
tenst KM 1, HaxkaTreM 3elIeHbIN KHOTIKM KHOMOYHOTO mocta SB1;

B) 3aMEPUTh NapaMeTPhI JABUraTeNs (TOK, HAIPSHKEHUE, MOITHOCTh
W 4acTOTy BpalleHUs poTopa). 3aduKcHpoBaTh MONyUCHHBIC JaHHbIC B
Tabmmiy 11;

Tabmmna 11

PC3yJII>TaTI)I IMMOCJICPEMOHTHBIX HUCHIBITAaHUN QJICKTPOJABUTATCIIA

HacnopTHme JIAHHBIC HaHHLIe OKCIICPUMCHTA

U,A I,A P,Bm n,MMHfl COS¢ UyB IyA Ple n,MuH_l COS@

T) OCTaHOBHUTH DJIEKTPOJBHUTaTelIb OTKIIOYEHHUEM MAarHUTHOTO
nyckatens (HaxaTuem KpacHoi kHonku nocta SB1). O6ecrounts nensb
MUTaHUS JBUTATENs U BECh CTEH.

4. CpaBHUThH JaHHBIE, TOJYYEHHBIE SKCIEPUMEHTAIBHO, C Iac-
NOPTHBIMU JTAaHHBIMH JIBUTATEJIs, MEXy HUMHU JTOJDKHO OBITH COOTBET-
CTBHE.

5. Ilpoananu3upoBaTh MOJTy4YEHHBIE PE3YIBTATHI U CACNATH BHIBO/I.

KoHTpoabHbIe BOpPOCHI

1. B uem npeuMyniecTBa aCHHXPOHHBIX 3JIEKTPOABUTATENEH?

2. TTosicHuTEe KOHCTPYKIIMIO CTATOPA.

3. [TosicHUTE KOHCTPYKIIHIO POTOPA.

4. Kakue OIBITHI MPOBOAAT MPH MPOBEPKE ACHHXPOHHOTO JIEKTPOIBUTATEIIS
mocye peMoHra?

5. Ilepeuncnure mapamerpsl, KOTOpbIe KOHTPOJUPYIOTCS IPH MOCIEPEMOHT-
HBIX MCIBITAHUAX 3JIEKTPOIBUTATEIS.
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JIABOPATOPHAS PABOTA Ne7. AE®GEKTALIUA U PEMOHT
MATHUTHOI'O TYCKATEJIA

Heabr pa6orel. [IpnoOpecTy HaBBIKM BBHINOJIHEHHS JedeKTaluu U pe-
MOHTa MarHMTHBIX Iyckareneil. OCBOUTH CIIOCOOBI PEMOHTa M METOJIUKY TO-
CJIEPEMOHTHBIX UCTIBITAHUI MarHUTHBIX IyCKaTeeH.

IIporpamma pa6otbl. 1. M3yunTh MeTOANKY Ae(eKTallii MarHUTHOTO
IyCKaTeJs.

2. [IpoBectu medexTaIiro MAarHUTHOTO ITyCKaTeIs.

3. OdopmuTh O0THET O PabOTE, CACTATH BHIBOEI.

7.1. Buost u 3a0auu pemonma

3amadeil TeKyIIero peMoHTa SIBISIETCSl o0ecnieueHue Oecriepeboii-
HOU paboThI 3IIEKTPOOOOPYIOBaHUS U MPEAYNPEKACHHE ero Mpexe-
BPEMEHHOT0 M3HAIIMBaHUA. TeKyluil peMOHT NMpeaycMaTpuBaeT pas-
OOpPKY 2JIEKTPOOOOPYHOBaHUS AJISI OCMOTPA BCEX €ro 3JIEMEHTOB, 3aMe-
Hy W3HOILIEHHBIX JETaJIel, HACTPOHKY 3allMTHBIX YCTPOMCTB, CMa3Ky,
IIPOBEJICHUE IIOCIEPEMOHTHBIX MCHbITAaHUN. Takoll pEMOHT IPOBOAUT-
s, KaK IPaBHIIO, B PEMOHTHOM IIEXE WIH B CIEIHAIN3NPOBAHHON Mac-
Tepckoi. Tekymui pPeMOHT AIIEKTPOOOOPYAOBAaHUS BBIOIHSIOT 0Oe3
HapylIEHUsI PEXUMOB IMPOU3BOACTBEHHBIX MPOIECCOB. TeKymui pe-
MOHT JJIEKTPOIPUBOJA BKJIIOYAET PEMOHT JJIEKTPOABUraTElNs, COCIH-
HUTEIBHON MY(THI M ITyCKO3AIIWTHOM anmnaparypsl (aBTOMAaT, MarHUT-
HBIH ITyCKaTeNb).

B myckoBol M peryiaupyrolei anmnapaType 4aile BCero BCTpeda-
I0TCS CIIETYIOIINE BUABI MOBPEXKACHUI: YpE3MEPHBI HarpeB KaTyIlIeK
mycKaresneil, KOHTaKTOPOB M aBTOMATOB, MEXBUTKOBBIE 3aMBIKaHUS H
3aMbIKaHUS Ha KOPIyC KaTylleK, 4Ype3MEpHBI HarpeB KOHTAaKTOB,
0O0JBILION UX U3HOC, HEYJOBJIETBOPUTEIbHAS M30JISILNS, MEXaHUUECKHUE
Henonaaku. lleperpeB Karymiek MEPEMEHHOIO0 TOKAa IPOMCXOIUT
BCJIE/ICTBUE 3aKIIMHUBAHU SIKOPA JIEKTPOMAarHuTa B €ro pa30MKHYTOM
MOJIO’KEHUH M HU3KOTO HANPSKEHUS TUTAHHS KaTyIIeEK.

MeXBUTKOBBIE 3aMBIKaHUS MPOMCXOIAT M3-3a IUIOXOH HAMOTKH
kaTymku. OCOOEHHO 3TO CKa3bIBACTCSI, €CIM BUTKH, MPUJIETAIONIUE K
¢raHIIaM KapKaca KaTyIIKH, COCKalIb3bIBAIOT B HIDKHHUE CJIOU, BCIIEICT-
BUE YEro BO3HUKAIOT OTHOCHTENBHO OOJBbIIME PAa3HOCTH HANpPSHKEHU,
MOBPEXTAIOIINE MEXBUTKOBYIO H30JIALIUIO.

3aMpIKaHHE Ha KOPIYC MPOMCXOIUT OT HETUIOTHOM mocaaku Oec-
KapKacHOW KaTyIIKH Ha CTaJbHOM cepJcyHHKe. Bo3Hukaroniye B Mar-
HUTHOW cCHCTEME BHOpalMy TNPHUBOAAT K IEPETUPAHUIO H3OJIALUH
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KaTyIIKd U €€ OTBOAOB. Ha HarpeB KOHTAaKTOB BIMSIIOT TOKOBasi Ha-
rpy3Ka, JaBJICHUE HA HUX, pa3MEPhl U PACTBOP KOHTAKTOB, & TAKXKE yC-
JIOBHSI OXJIKIEHHSI U OKUCIIEHUS UX ITOBEPXHOCTH, MEXaHUYECKUE JIe-
(heKTHI B KOHTAKTHON CHCTEME.

7.2. Texywuii peMOHM MASHUMHO2O NYCKAMens

Texkymuii peMOHT MarHUTHOTO ITyCKaTess BKIIIOYAeT: pa30opKy,
oTpeJiesieHNe HEUCIPaBHOCTEH, PEMOHT BTATHBAIOIIEH KaTYIIKH, pe-
MOHT KOHTaKTOB, pEMOHT MarHUTOIIPOBOJa, PEMOHT KOHTYpa, HCIIbITa-
HHE U PETYIMPOBKY MOCIE peMOHTa. Pa300pka MarHUTHOTrO IyCKaTes
BEAETCSl A0 COCTOSHUS, MPH KOTOPOM obecrmeunBaeTcst Ie(eKTOBKa
BCEX €r0 ACTallCH.

Pemonm emszusaroweti kamywiku COCTOUT B YCTPaHEHHH IIOBpE-
JKACHUH BHEIIHEro CJIOS M30JIIMH, BUTKOBOIO 3aMbIKaHHs, OOpbIBa
poBoJia 0OMOTKH, OOPBIBA BEIBOJTHBIX IPOBOIOB.

[Tpy MOBpEXICHUU Y KATYIIKWA BHEIIHETO CJIOSl M3OJISIIHH €€ OC-
TOPOXKHO CHUMAIOT M HAMaTBIBAIOT JBA-TPU CJIOS MPO3PAvyHON TpHale-
TaTHOH TUICHKW WJIM JIAKOTKaHU. 3aTeM KaTYyIIKy MPOMUTHIBAIOT JaKOM
U cylaT B cymmibHOM 1nkady mpu temmneparype 100-105°C B TeueHun
4-5 4. IIpu BUTKOBBIX 3aMBIKAHHMAX M OOPBIBAX CHUMAIOT H3OJIILIMIO
KaTyIIKA W OTMAaTBhIBAIOT BUTKA OOMOTKH JI0 OOHapyXeHHs nedeKTa.
3areM B MecTe jAedekTa MPUIIaWBalOT HOBBIM MPOBOJA M HAMATHIBAIOT
HE00XOIMMO€E KOJIUYECTBO BUTKOB.

Ilocne HaMOTKM TIPOBEPSAIOT CONPOTHBIIEHHE OOMOTKHM KaTyIIKU
MOCTOSTHHOMY TOKY. COIpPOTHBIIEHHE HE JOJDKHO OTIMYATHCS OT Iac-
MOPTHBIX WM TaOIWYHBIX 3HadeHui Oonee yeM Ha +10%. [anee xa-
TYLIKY OPONHUTHIBAIOT B JIAKE U CyILAT.

[Tpu oOpbiBe BHIBOAHBIX TPOBOJOB KATYIIKA MX 3aYWINAIOT Ha
muHe 8-10 MM 1 mpunamBaroT K kiiemMawm. [laiika momkHa obecredu-
BaTh HAJIe)KHOE KOHTaKTHOE coeluHeHue. Eciim kapkac KaTyIIKH UMeeT
TPELIMHBL, TO Ha TIOBEPXHOCTD IMOBPEXKICHUS HAHOCAT CIOM Kies U Ja-
IOT €My BBICOXHYTh Ha BO3/yXe B TeueHue 5-10 MUH, 3aTeM HAHOCST
BTOPOM CJIOHW Kies M IMPOCYILIMBAIOT €ro Ha BO3AyXe B TEUYEHHE 5-
10 mun. [Tocne 3acThiBaHus Kiiesi, CKIEMBAaeMbIe YaCTH KapKaca CTATHU-
BAIOT XJIOMYAaTOOYMa)KHOW JICHTOW M MOMEMIAIOT B CYIIMILHBIN TIKad
Ha 1,5-2 u mng cymku npu temmeparype 100-110°C. Ilocne cymku
KapKac OXJIXKJIAIOT Ha BO3AyXe M CHUMAIOT CTATHBAIOLIYIO JICHTY.

Pemonm xonmaxmos. Ecnu Ha IOBEPXHOCTH KOHTAKTOB MUMEIOTCS
CJIe/Ibl TIOJrOPaHUsl WIIM Harapa, TO UX CUHIIAIOT XJIOMYaToOyMakKHOM
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caneTKol, CMOYCHHON B yaHT-CIUPUTE WM aBUAIIMOHHOM OEH3WHE.
Bpei3ru meranna Ha MOBEPXHOCTH KOHTAaKTOB 3a4MINIAIOT HaA(UiIeM.
[loBpeXx1eHHBIE KOHTAKThI 3aMEHSIOT HOBBIMH.

Pemonm macnumonposooa cOCTOUT B YCTPaHEHUH HEUCIPABHO-
cTeil pazpeMHOro coeauHeHus. [Ipy HaaMYMK Ha MOBEPXHOCTH CONpPU-
KOCHOBEHHS SIKOPSI M CEpACUYHMKA CJIEI0B KOPPO3UM IOBEPXHOCThH 3a-
YUIaT TU(oBaNbHON MKypKoi. [locie 09uCTKY MIyTOM TONIIIHHON
0,05 MM TpoBEPAIOT IJIONMAAb CONMIPUKOCHOBEHMS CEpACUHUKA U AKOPS,
MPUXKaB PYKOH SKOpb K cepAeyHHUKY. [IoBEpXHOCTh CONPHUKOCHOBEHUS
JOJDKHA cOCTaBJIITh He MeHee 70% ot oOmielt miomany B ceyenuu. Ec-
JIY BO3/IYILIHBIE 3a30pBl MEXY IKOPEM U CEPACYHUKOM HEPAaBHOMEPHBI,
TO HANWJIBHUKOM CHUMAIOT CpeAHMH KepH. BenmunHa 3a3opa mormkHa
Haxonuthed B npegenax 0,2-0,25 mm y nyckareneit cepuit [IIME u 113 u
0,2-0,4 mm y myckateneit cepuii [1A u [IAE. [lpu Haknene moBepxHO-
CTH COTIPUKOCHOBEHHSI CEPJICUHHIKA U SKOPs e MUTM(YIOT Ha CTAaHKE JI0
yAaJeHus CIe0B HaKJena. 3aTeM MPOBEPSIOT 3a30p MEXAY CPeIHUMHU
KEpHaMHU, a TaKKe IUIOLIalb CONPUKOCHOBEHUS KpPallHUX KEPHOB. 3a30p
JOJDKCH HaXOJUTHCA B YKa3aHHBIX BBIIIC IIPEACIax, a Ijolaib COnpu-
KOCHOBEHHS JOJKHA COCTaBIIATh He MeHee 70% ceyeHHs KepHOB.

IloBpeXI€HHBIII KOPOTKO3aMKHYTHI BUTOK B ITyCKATENSX CEpUi
IIME u II3 3ameHstoT HOBBIM, a y cepur [IA cepaeuHHKuU ¢ TakuM Jie-
(eKTOM BBHIOPAKOBBIBAIOT.

1.3. Ucnwimanue u pe2ynupoexa nocie pemMonma

1. ConpoTuBIEHNE N30JIALMN U3MEPSIOT MeromMMmeTpoM Ha 500 B
MEXIY BXOZOM M BBIXOJOM KaXJ0H1 (ha3bl (KaKI0ro momoca 0J0K KOH-
TakTa) MpH Pa3OMKHYTHIX KOHTAKTaX, MEXIY COCEIHHUMH MOJI0CaMHU
MIPHU 3aMKHYTBIX KOHTAKTaX, MEXJy KOXKYXOM M BCEMH TOKOBETYITUMHU
yacTsiMu. COMPOTUBIIEHNE U30JIANNN JOJDKHO OBITh He MeHee 0,5 MOwMm
npu Temnepatrype 20°C.

2. Hanpspkenue cpabaThiBaHHS OTPEACISIOT MMyTEM MOJAaYl Ha Ka-
TYWIKY IyCKaTeNsd HalpsKeHMsI, paBHOTO 85% OoT HoMHMHanbHOTO. [lpn
3TOM IIycKaTenb NOJDKEH BKIIIOYMTHCS 0€3 OCTAHOBKM WIIM 3aMETHOM
3a/IeP’KKH TTOJIBIKHOW CUCTEMBI.

3. HampspkeHnue OTITyCKaHHSA OMPEAENSIOT MyTeM MOJa4yd Ha 3a-
JKUMBI KaTyIIKM HOMHHAJIBHOIO HANpPSDKEHUs, a 3aT€M IUIABHOTO €ro
CHIDKEHHUS Y I3MEPEHUS BEIMYMHBI HAIPSHKEHUS B MOMEHT OTITYCKaHUS
SIKOPSI, OHO JOJKHO OBITh He MeHee 70% OT HOMHUHAJIBHOTO.
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4. PacTBOp INIaBHBIX KOHTaKTOB ONPEACNAIOT MO PACCTOSHUIO ME-
Ky KOHTaKTaMU B OTKIIOYCHHOM IOJIOKEHUH Tyckatens (puc. 15, a).

5. IIpoBast onpenenstoT Npy BKIKOYEHUH ITyCKaTesl MO BEIUYHHE
X071a MOJABMYKHOM CUCTEMBI OT Hayajia COMPUKOCHOBEHHSI KOHTAKTOB J10
MOJIO’KEHUS, COOTBETCTBYIOIIETO WX IMOJHOMY OTKJIIOUEHUIo (puc. 15,
0).

6. HagambHOE M KOHEYHOC Ha)KaTHe KOHTAKTOB OIPEACIISIIOT IH-
HamomeTpoM (puc.15, B). [Ipu u3MepeHuN HaYaIbHOTO HAXKATHS MEKITY
KOHTaKTaMH U YIOPOM MPOKJIAABIBAIOT IMOJIOCY TOHKOM MamupoCcHOU
Oymaru. llocTeneHHO OTTSATHWBas MOABMKHBIA KOHTAKT CIEIHATBHON
MOJABECKOM, MPUKPEIUICHHOW K KPIOKY IHHAMOMETpPA, OTCUUTHIBAIOT
MOKa3aHus IMHAMOMETPa B MOMEHT OCBOOOXKICHUS Oymaru.

[ns ompeneneHus ycuins KOHEUYHOIO Ha)KaTUs KOHTAaKTOB Ka-
TYIIKY MAarHUTHOTO IyCKAaTENsl BKIIOYAIOT HA HOMUHAJIBHOE HaIpshKe-
Hue. Mexy KOHTaKkTaMM ITPOKJIAJBIBAIOT IIOJIOCKY TOHKOW IMarupoc-
HoW Oymaru. [1oCTenIeHHO OTTATHMBAs MOABMXKHBIA KOHTAKT CICIHAIIb-
HOH NOJIBECKOM, 3aKPEIUICHHON HA KPIOKE AUHAMOMETPA, OTCUUTHIBAIOT
MOKa3aHus TMHAMOMETPa B MOMEHT OCBOOOKICHUS TIOJIOCKU OyMardu.

a 0/

OS99

5%  50% 75%
b/ z)

Puc. 15. Onpenenenne KOHTPOIUPYEMBIX TAPaMETPOB KOHTAKTHOW CHCTEMBI:
a) pacTBop; 0) MPOBAJ; B) YCHJIME Ha)KaTHe; I') IUIOLAalb COPHUKOCHOBEHUS
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Hopsaok BbimoaHeHusi padorel. 1. Omnpeaenuts MIOMAAb CO-
MPUKOCHOBEHHSI KOHTAKTOB MArHUTHOTO ITyckaTens (puc. 15, ).

2. IlpoBeputh 3MEKTpUUECKHE COCTUHEHHMS M MapKHUPOBKY BCEX
BBIBO/JIOB armapara.

3. [IpoBepuTh COCTOSTHIE MEXaHUYECKOM YaCTH MarHUTOIIPOBO/A.

4. IIpoBepuTh JETKOCTh XOJa MOABIKHBIX YaCTel W OTCYTCTBHE
3aeJaHuH.

5. OTperynupoBaTh OJJHOBPEMEHHOCTh KacaHUs CHUJIOBBIX KOHTAK-
TOB M CBOCBPEMEHHOCTh KacaHUs OJOKUPYIOIIUX KOHTAKTOB.

6. [IpoBepuTh UCTIPABHOCTh KOPOTKO3AMKHYTHIX BUTKOB MarHWT-
HOM CHUCTEMBI.

7. OmnpenenuTh CTENEHb MPHUIICTAHUS IIOCKOCTCH SKOpS U Ccep-
JICUHHKA.

8. M3MepuTh CONMpOTHBIICHUE W3OJSAINN arliapara OTHOCHTEIBHO
KopIyca.

9. UsmepuTh HaNpsKCHHUS U TOKW BTATHBAHHS SIKOPS U €ro OTITyC-
kauus (puc. 16).

_/_( : >_ ™
aF? K1

— 1L L]
LAY H

v T TPy

Puc. 16. Dnekrpuyeckas cxema Jjisl OTPEICICHUS HATPSDKEHUIA BTSATUBAHUS
U OTITYCKaHWSI MarHUTHOTO ITyCKaTeIs:
QF1 — py6ounsauk; TV1 — aBroTpanchopmarop; PA — ammepmerp;
PV — BompT™eTp; SB — BBIKIIOYaTENh; KM — MAaTHUTHBIN ITyCKATENb;
HL — namna

IMosyueHHbIC JaHHBIC 3alKCaTh B BEJIOMOCTh PEMOHTa MarHUTHO-
ro myckatens (tadi. 12).

10. IIpoaHanu3upoBaTh MONyYEHHBIC PE3yJIbTaThl M JaTh 3aKIIIO-
YEeHUE 0 HEOOXOIUMOCTH PEMOHTA OT/IC/IbHBIX JIEMEHTOB ITyCKATEJIsI.
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Tabnuna 12

BCZ[OMOCTI: PEMOHTA MAIrHUTHOI'O ITyCKAaTCJIA

HaunmeHnoBaHme TaHHBIX

PesynbraTsl

OOHapyKeHHE HEUCTIPABHOCTH:

Kopryca

KaTyHmIKHU

MarHuTonpoBoaa

KOHTAKTHOM CHCTEMBI

Pe3ynbTarel nCObITAaHUM:

Harps»XCHUEC BTATUBAHUS, B

HalpsAKCHUEC OTITYCKaHUA, B

HapaMeTpLI KOHTAKTHOM CHCTEMBI:

pacTBop, MM

IUIOIIA/Ib COPUKOCHOBEHHS, %0

3akIoueHne

10. [Ipoananu3upoBaTh MONyYCHHBIE PE3YIBTATHl U JIATh 3aKIIIO-
YeHUE 0 HEOOXOAUMOCTH PEMOHTA OT/AEIBHBIX AIEMEHTOB ITyCKATEIs.

KoutpoabHbie Bonpochl
1. IlpuuuHbI BBIXOAA U3 CTPOS MAarHUTHOM KaTyIIKH.

2. Kakue omneparuy BKJIFOYaeT TEKYIIUNA pEMOHT MarHUTHOTO ITyCKaTess?
3. VcnpITanue U peryimpoBKa ITyCKaTelsl OCIe TeKYIIEro peMOHTa.
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HNPEINCJTOBUE

Meronuieckre yKa3aHWS COCTaBJICHBI Ha OCHOBAaHWHU paboueit
HPOrpPaMMBI 10 AUCLUIIIIMHE « ABTOMATHKA.

B MeToanyeckux ykazaHUSX MPUBEICHBI IPHHIUIIBI TIOCTPOCHHS U
YTEHUSI CTPYKTYPHBIX, (PYHKIHMOHAIBHO-TEXHOJIOTHYECKUX U IPUHLIHU-
NHUAJIBHBIX IEKTPUYECKUX CXEM AaBTOMATHKH; (YHKIHOHAJIBHBIX H
CTPYKTYPHBIX CXEM aBTOMAaTHYECKHX CHCTEM YIMPaBICHHS U OIpesesie-
HUSI UX TepeAaToyHbIX (YHKUIUH. PaccMOTpeHsl mpuMepsl ompeserne-
HUs NepeAaToyHbIX (YHKUUH U YCTOMYMBOCTH aBTOMAaTHYECKHUX CHC-
TEM YHpaBJICHUS MO aNreOpanuecKuM U 4acTOTHBIM KputepusiM. [Ipu-
BOJISITCSI TIOSICHEHUSI MO BBIOOPY MCXOOHBIX JTAHHBIX U O(POPMIICHHUIO
3a/1a4, COIeprKaIINXCs B pacueTHO-Tpadudeckor padore.

Metoandeckne ykazaHUs NpeOHAa3HA4YEHBl AJSL CTYINCHTOB, 00Yy-
yaroluxcs 1o HanpasieHuro ooyuenns 35.03.06 «ArpounkeHepus».

[MpencraBneHHblii B y4eOHOM H3JaHWM MaTepHall CIOCOOCTBYET
(bOpMHUPOBAHUIO CIEAYIOMUX MPOPECCUOHATBHBIX KOMIIETCHLINI:

- T'OTOBHOCTDH K YYaCTHIO B IPOCKTUPOBAHNU TEXHUYCCKUX CPCACTB
M TEXHOJOTMYECKHUX MPOILIECCOB MPOM3BOJCTBA, CUCTEM JJIEKTpU(HKa-
IIUH 1 aBTOMATU3aLM1 CEIIbCKOX03IHCTBEHHBIX O0BEKTOB,;

- CII0COOHOCTh HCIIOJIB30BaTh COBPEMEHHBIE METOABI MOHTaXa,
HaJIaAKW MallMH U YCTAaHOBOK, INOAACPKAHUA PEIKUMOB pa6OTI)I JJICK-
TpUUIUPOBAHHBIX M ABTOMATU3UPOBAHHBIX TEXHOJOTMYECKUX IPO-
LIECCOB, HETIOCPEACTBEHHO CBSA3aHHBIX ¢ OMOJIOIrMYECKUMHU OOBEKTaMH.



IIpakTyeckas padora Ne 1

CTPYKTYPHBIE U ®YHKIIUOHAJIBHO-
TEXHOJIOI'HYECKHUE CXEMbI ABTOMATHUKHA

Ileab paGoThl: HAYIUTHCS YUTATh CTPYKTYPHbIE M (DYHKIIMOHAIIb-
HO-TE€XHOJIOTUYECKUE CXEMbl aBTOMATHKH.

Buowt u munst cxem agmomamuxu

MomHTax, HaJlaJKa | SKCIDTyaTalus CPEICTB U CUCTEM aBTOMATHKH
BEIIyTCS B COOTBETCTBHM C MPOCKTAMHU aBTOMATH3AIMM, CXEMaMU U
yepTerkaMu. DTy pabOTy BBIMOJHSAIOT COOTBETCTBYIOIIUE MPOCKTHBIC
OpTaHM3aIHH.

[Tpubopsr u cpencTBa aBTOMATH3AIMH B aBTOMATHYECKHUX CHCTE-
Max YIpaBJICHUS COCIUHAIOTCA MEXAy co00i U 00BEKTOM aBTOMATH-
3alluM N0 OmpeAesneHHbIM cxemaM. [loj cxemMoil MPUHSTO MOHUMATh
4yepTexk, Ha KOTOPOM YCIIOBHBIMU 0003HAUEHUSIMH TIOKa3aHbI OCHOBHBIE
YaCTH CHUCTEMBI U COCAMHEHUS MexXay HUMU. [IpouuTtaTs cxemy — 3TO
3HAYUT TIOYEPITHYTh U3 HEC CBEICHUS, HEOOXOAUMBIC JJISl BBHITTOJHCHHS
ompezeneHHON paboTHI.

B 3aBucHMOCTH OT MCTONB3yeMbIX MPUOOPOB M WX B3aMMOCBS3H
CXEMBI Pa3IUYAIOTCS TI0 6UOAM U MUNAM.

Ilo 6udy 3nepeuu cxembl TIOJPA3NCISIIOTCS HA 3jleKmpuyecKue,
nHesMamuyeckue, 2uOpasiuiecKue U KOMOUHUPOBAHHbIE.

Ilo munam cxembl aBTOMATH3AIMH TOJPA3ICISIIOTCS HA CMPYK-
mypuble, QYHKYUOHATbHO-MEXHOI02UYECKUe, NPUHYUNUATbHbIE, MOH-
MasicHvle, COCOUHEHUU U NOOKIFOYEeHUII.

CxeMbl aBTOMATH3allMH1, KaK MPAaBUJIO, BBIMOIHIIOTCS 03 CoOIIro-
JIeHHsT MacITaoa.

PaccMoTpuM OCHOBHBIE MpaBWIIA TIOCTPOSHUS M YTEHUS CTPYKTYP-
HBIX ¥ (PYHKIIMOHATHLHO-TEXHOJIOTHIECKHX CXEM.

CmpykmypHasa cxema cucmem agmomamu3ayuu

Cmpykmypnasa cxema OTpaxaeT CTPYKTypy CHCTEMBI YIIPaBIECHUS
Y B3aWMOCBSI3M MEX]y ITyHKTaMU KOHTPOJIS U YIIPaBJIEHUSI OOBEKTOM U
OTJIENBHBIMH JOJKHOCTHBIMU JTUIIAMH.

Ha pucynke 1 B xadecTBe mpuMmepa IMpeNCTaBI€HA CTPYKTYpHAs
CXeMa yTpaBJIeHNS CBUHOKOMIUIEKCOM.
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Puc 1. CmpmeypHafz cxema cucmembl YnpagieHus C6UHOKOMIIEKCOM

CxeMBbl BBITIOJNHSAIOTCS HAa OJHOM 4YepTeXKe, I/ie YCIOBHBIMH 000-
3HAYCHUSIMH (CHU3Y BBEpX) TMOKa3aHBI: IIeXxa O0bEKTa C JIeICHUEeM Ha
YYaCTKH, arperarbl WiIH TPYIIBl 000PYAOBaHUS C yKazaHHEM OIlepa-
TUBHBIX TIOCTOB M OPTraHW3alliU WX OOCTYXHBAHWS, OIEPATHBHBIE U
JIACTIETYCPCKHUE IMHUTHl U MYJIbTHI, BXO/SIINE B CUCTEMY YIPaBICHUS
00BbeKTa W pPa3MEIICHHBIE B CHCIHAIBHBIX MOMEIICHUSX — MATOBBIX
(mut 1-8); nuHUM CBS3W ¢ OyKBEHHBIMH 00O3HAYEHUSIMH BHJa OTepa-
TUBHOW CBSI3W U CTPENIKaMHU, KOTOPBIE YKA3bIBAIOT HAPABJICHHE ITOCTY-
TICHUS UH(POPMAIIMH, OTIPOCa, BhIJIAUN KOMaH/I, PacIOPsHKEHUH U T.JI.

JJ1s BUIIOB OTIEPATUBHOI CBS3M MKy OOBEKTaMH Ha CXeMax HcC-
MOJIE3YIOTCS] OyKBEHHBIE 0003HAYCHUSI:

K — xoutpons; C — curHanuzanus;, AY — aBTOMaTHYECKOE yIpaB-
nenue; /¥ — nucraHuMoHHOE ymnpaBieHue; MY — MecTHoe yrpaBlie-
Hue; [1I'C — mpou3BOCTBEHHAs TPOMKOTOBOPSAIIAs CBS3b.

DYyHKYUOHANDHO-MEXHOSIOZUHECKUE CXEMbL A OMAMU3 AU

DYHKINOHAIBHO-TEXHOJIOTMYECKAsl CXeMa SBJISIETCS OCHOBHBIM
TEXHUYECKUM JOKYMEHTOM, OIPEACISAIOIUM CTPYKTYpy U XapakTep
CHUCTEM aBTOMAaTH3alUU TEXHOJIOIMYECKHUX IIPOLIECCOB, a TAKXKE OCHA-
IIEHUE UX MPUOOpaMU B CPEICTBAMH aBTOMATH3AIIHH.

OHa mpeCTaBIsIeT COBMEIIEHHYIO CXEMY TEXHOJIOTHYECKOTO MPOo-
Hecca C YOPOLICHHBIM H300paXCHUEM arperaroB, IMOAJIEKAIUX
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aBTOMAaTH3alUKM, U (YHKUMOHAIBHBIX DJIEMEHTOB aBTOMATHUKH, H30-
OpakeHHBIX YCIIOBHBIMH OOO3HAUCHHUSAMH MO IEHCTBYIOIIMM CTaHAAp-
TaM U JINHUSIMU CBSI3U MEXIy HUMHU.

TexHOonorn4eckuii OObEKT MPEACTABIIAIOT CXEMAaTHUECKUM (YIIpo-
HIEHHBIM ) H300paskeHHeM OCHOBHOTO M BCIIOMOTATEIbHOTO TEXHOJIOTHU-
YecKoro 00opyAOoBaHMs BMECTE CO BCTPOCHHBIMU B HETO 3alIOPHBIMH U
PEryIUPYIOLUIMMU OpPraHaMH Ha IyTH MPOXOXKAEHUS YHEPTUH, ChIPbS U
JPYTUX MaTepHuajioB, ONPEACISIEeMBIX OCOOCHHOCTSIMH HCIOJIB3YyEeMOM
TEXHOJIOTHH (pHC. 2).

U3 QyHKIMOHATBHO-TEXHOJOTHYECKOH CXEMBbl MOXKHO OIpene-
JIUTB:

* mapaMeTphl TEXHOJOTMYECKOTO Mpollecca, MOoAJeKalIie aBTo-
MaTHYECKOMY PEryJIMPOBaHUIO U KOHTPOJIIO;

* HaJM4Me 3alIMThl, aBAPUHHON CUTHATIM3aLKUU U OJIOKUPOBOK;

* TEXHUYECKHE CPEJCTBA, C TOMOLIbIO KOTOPBIX BBIMOIHACTCS
KOHTPOJIb, CHTHAJIM3AIIUS ¥ YIIPaBIeHHE MPOLIECCOM.

OyHKINOHATBEHO-TEXHOJIOTHYECKUE CXEMBbl H300paKatoTCsl yCIOB-
HeIMU oOo3HadyeHusiMu o ['OCT 21.404-85. YcnoBHble 0003HaUCHUS
npruOOPOB M CPEACTB aBTOMATU3AIMH BKJIIOYAIOT B cebs rpaduueckoe,
OykBeHHOE 1 IM(POBOE OOO3HAYCHHS.

Jns Bcex M3MepUTENBHBIX IpeoOpa3oBaTeneil (IaTInKoB), a Tak-
e MpUOOPOB, YCTaHABIMBAEMBIX 110 MECTY, PHUHATO eMHOE rpaduye-
CKoe 0003HaueHHe B BHJE OKPYXHOCTH (MM OBaia, eclid OyKBEHHbIE
0003HaYEHUS B HUX UMEIOT OOJBIIyIO JUMHY). To ke 0003HaYeHne, HO
paszielIeHHOe TOPU30HTANBHOW YepTOl Ha JIBE paBHBIE TIOJIOBUHEI COOT-
BETCTBYeT MNpHOOpaM, yCTAaHABIMBACMBIM Ha IIUTE WIH MYyJIbTe
(tabim.l).

B otnnumne ot o0o3HaveHUs] mpruOOPOB, Bce 0€3 MCKIFOUEHHS HC-
MOJTHUTENILHBIE MEXaHU3MbI 0003HAYAIOT KBAJAPATUKOM HIIH KPY>KKOM C
OTpE3KOM JIMHHMHU cBsA3U. Hebonbiioii pasmep 0003HaueHUsT O0BSICHACT-
Csl T€M, YTO B HETO He TpeOyeTcsl BIUCHIBAaTh OYKBEHHOE 0003HaUEHHE.

B BepxHe# yactu rpaduuecKoro yCIoBHOTO 00O3HAYEHUsSI B BHJIC
Kpyra Wi OBajla BIHMCHIBAIOT OYKBEHHOE YCIIOBHOE 0003HaueHHE, KO-
TOpOE OmNpeAessieT Ha3HaYeHUe, BBIOJHIEMble (YHKIUH, XapaKTepu-
ctuku pabotsl (puc. 3).

Bce OykBeHHBIE 0003HAUCHHSI IOCTPOCHBI HA OYKBaX JIATHHCKOTO
andasura.
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Tabmuma 1

I'paduueckue yciaoBHBIE 0003HAUCHHS TPUOOPOB U CPEICTB
aproMarusanuu o I'OCT 21.404-85

HaumeHnoBanue

O6o03HaueHuE

[epBUYHBIIT N3MEPUTEIBHBIH MTPE0O-
pasoBatenb (JaT4uk); npuoop, yc-
TaHaBJIMBAEMBIH 110 MECTY; Ha TeX-
HOJIOTMYECKOM TPYyOOIIpoBoie, ama-
pate, CTeHe, [oJly, KOJIOHHE, MeTall-

JIOKOHCTPYKIUH:

a) 6azoBoe 0003HAUCHUE

0) momyckaemoe 0003HaUCHHE

[Tpubop, ycranaBnuBaeMblii Ha 11~

Te, MyJIbTE:

a) 6a30Boc 0003HAUCHUE

0) momyckaemoe 0003HaUYCHHE

W cnomHuTEeNEHBIA MEXaHU3M

Perynupyromuii opraxn

O
-
S
=

Hsvepseman || Maerenue
seTUUUHA
- 1
Vinounernue usnep- Ilepenao
AeMoi GeanuUTb dasrieHun

npubopa

-

-I IToxkazarue |
DyHKUUO-

HAIbHBIC Pecuempanus
NPUSHAKU

Aemonamuueck.

pecyauposane

Iocae10BaTeIBHOCTH G‘\'KBCHHBIX
PI)IR (j 0D 3HAMeHHIT

MecTo 115 HAHeCe s
MO 3HL o 060

Puc. 3. [Ipumep ycroenozo obosnauenus npubopa
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BykBeHHOoe 0003HaYeHHE MOXKET COCTOATH B MUHUMAIBLHOM CIY-
yae U3 IByX OYKB, a B MAKCUMAJIbHOM — W3 MIATH OYKB.

YcnoBHBIE 0003HAYEHUS CTPOSIT HA OCHOBAHWHW OOIIETO MIPHUHITUTIA
MOCTPOCHUsI OYKBEHHBIX O003HAYEHHWH, KOTJAa MECTO PaCHOJIOKECHHS
OykBBI ompefensieT ee 3HaueHue. [loaTomy Bcst HeoOxoaumMasi HHGOP-
MaIsi 0 MpUdOpe WM CPEACTBE aBTOMATH3AIHNU YIIOKHJIACh B 00BEM
JATHHCKOTO aihaBUTa M MaTeMaTHIECKUX 3HAKOB.

Ilepsan 6ykea B 0003HAYCHUH KAXKIOTO BXOJSILETO B CXEMY MpH-
0opa WM ycTpoicTBa (KpoMe yCTPOICTB PyYHOTO YIpPaBJCHHUS) OMpe-
JIeJsIeT BUJA U3MEPSeMON (PerylnpyeMoi, KOHTPOIUPYEMOH) BEITHIH-
HBI.

B Ttabnuue 2 mpuBeneHbI OCHOBHBIE 3HAYEHMs MEPBOW OYKBBHI B
YCIIOBHOM 0003HAYEHUH.

Tabmuma 2
OcHOBHbIC OyKBEHHBIE YCIOBHBIC 0003HAYCHUS U3MEPSICMbIX BETHYUH
no 'OCT 21.404-85

ByksenHnoe

Bennunna
obo3HaueHue

CurHanmzanus

ABTOMaTHYECKOE PETyIUPOBAHUE
ABTOMaTHYECKOE yNpaBJICHHUE
ILtotHOCTH

JIro06as syekTpudeckas BETMYUHA
Pacxon

Pasmep, monoxeHue, epeMenieHue

Pyunoe Bo3zeiictBue

Bpewms, BpeMeHHast mporpamma
YpoBeHb

BraaxuocTs

JaBnenne, BaKyymMm

KauecTtBo, cocTaB, KOHIIEHTpAIIUS
PanoakTHBHOCTH

CKOpoOCTb, 4acTOTa

Temneparypa

Heckombko pa3HOPOIHBIX H3MEPSEMBIX BEIMIHH
Bs3kocts

Macca
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IMocnenyromas (BTopas) OykBa 03HA4aeT YyTOUHEHUE H3MEPSEMOM
BEJIMYUHBI U MPUMEHSICTCS TOJbKO MpH HeoOxoaqumocTi. OHA MOXKET
UMETh TONBKO ciemyromue 3HadeHus: D — pasHocts, mepemam; F —
COOTHOIIICHHE, A0, Ipo0k; J — aBTOMaTHYECKOe MTepeKIoucHue, 00e-
ranue; Q — UHTErpUpOBaHKUE, CYMMHUPOBAHUE 110 BPEMEHHU.

CraHgapT He OIyCKaeT MpUMEHEHHU OTHOM U TOH K€ pe3epBHOU
OYKBBI B OJHOW M TOW XK€ JOKYMEHTAIUW JJIsi 0003HAYEHHUS DPa3HBIX
BEJIMYWH, TIOHSATHIA.

Tperbs (Wn BTOpasi) OyKBa O3Ha4YacT ()YHKIIMH, BBITOJHICMbIC
npudopom. [ns nx o003HAUEHUS CIIy)KaT ceMb OYKB, IPHUBEICHHBIX B
tadnuie 3.

Crnenyrone OyKBbI 00O03HAYarOT JOTOJHHUTEIBHBIC (YHKIIMU
npubopa, B Ka4eCTBE KOTOPHIX (TpU HEOOXOAWMOCTH) MOTYT IpUMe-
HATHCS BCe OYKBBI TAOIHUITHI 3.

Tabmuma 3
®DyHKIIMHU, BBITOJIHAEMBIC TPHOOpAMU

BykBenHoe o603HaUe-

OyHKIMS
HHE

Curnaauzamus

PerynupoBanue, ynpasieHue

JlaTymk, 4yBCTBUTEIbHBIN 3JIEMEHT
IlokaszaHue, u3MepeHue

CraHuus ynpaBlIeHUs

Perucrpanus

BxiroueHue, OTKIIIOUEHHUE, IEPEKITIOUEHNE
JucraHunoHHas nepegaya

[Ipeobpa3oBaHue, BEIYUCITUTEIBHBIC (DYHKIIH

<|H|w|B|R|—dO|a| >

Tak, ecnu mpuOOp MPUMEHEH TOJIBKO Ul BKIIOYECHUS (OTKIIOYE-
HUsI) 00opymoBaHus, ero obo3HadaroT LS; s curHanmzanum (mect-
HOH, MHCTaHIUOHHOW) — LA; s BKIFOYCHHS (OTKIIIOYEHHUS) U CHUTHA-
nmu3aunu — LSA; nnst perynupoBanust yposas — LC.

Cuenanuzayuro 0603Ha4ar0T OyKBoi 4. DTO 0003HAUEHHE MTPUME-
HSIOT HE3aBUCHMO OT TOTO, BBIHECEHA CHTHAJIbHAs ammapatypa (apma-
Typa) Ha KakoH-1100 KT WK MyJIbT WIKM BCTPOEHA B caMm mpuoop.

Konmaxmuoe ycmpoiicmeo npubopa, BBITIONHSIONIEE KOMMYTAIIU-
OHHBIC OTIEpaNH (BKIIOUCHHE, OTKIIOUEHUE, OJIOKUPOBKY H T. 1I.), 000-
3Ha4YaT OyKBOM S.
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Ecnu KOHTakTHOE YCTPOHCTBO HApSILy C KOMMYMAYUOHHbIMU BBI-
TIOJIHSET U CUCHANbHbIE (DYHKYUU, TO U €ro 0003HAYCHHUS UCTIONB3YIOT
OyKBEI S U A.

[lyckoBsle anekmpuyeckue ycmpoucmea: KOHTAKTOPbl, MarHUTHBIE
MyCKaTeu u pelie 0003HavaroTcs kak NS.

Hexotopsie npuMeps! OYKBEHHOTO 0003HAUYEHUs PA3IUYHBIX HPU-
0opoB:

TE — nepBUYHBIA HM3MEPUTEIBHBIH MpeoOpa3oBaTenb (AaTUHK)
TEeMIIepaTyphbl;

Pl — mpubop ms m3aMepeHus aBieHus (MAaHOMETD);

LC — perynarop ypoBHs;

TRC — npubop A7 ©3MEpEeHUs TeMIIEPaTypbl PETHCTPUPYIOIIUI 1
PEryIupyOLUIHH (CaMONUIIYITHNA PETYIATOP TEMIEpPaTyphl).

ITpu nmoctpoeHnn OyKBEHHBIX OOO3HAYEHUH YKa3bIBAIOTCS HE BCE
(GyHKIMOHAIBHBIE IPU3HAKK [TPUOOPA, a JUIIB T€, YTO UCTIONIB3YIOTCS B
JaHHOW cxeme. Hampumep, ecnu y MoKa3bpIBaIOMIEro U CAMOMUIIYIIETO
MaHOMETpa B JaHHOM CXEME MCIOJb3YeTCsl TOJBKO IIOKa3aHHE, €ro
obo3nauaror Pl, a ne PIR.

[MogBon nuHUI CBs3M K MpUOOPY M300pa)karoT B JIOOOH TOUYKe
rpaduyaeckoro obo3HaueHus (CBEpXy, CHHU3Y, COOKY). llpn HEeoOxomm-
MOCTH YKa3aHUsI HalpaBJCHHs IOJAYM CUTHANA HA JIMHUSAX HAHOCST
CTpEJIKH.

B none noo uwepmou yxazvieaiom no3uyuonnoe 0603navenue
JaHHOTO MpHOOpa B KOHKPETHON CXeMe, MOKa3bIBaIoOIee MOPAIKOBbIN
HOMep (YHKIMOHAILHOW TPYIMIBI CXEMBbI U HOMEpP MpUOOpa WU cpe-
CTBa aBTOMAaTHU3allMU B JaHHOUW (PyHKIMOHAIBHOW rpymmne. Hanpumep:
3a — TpeThs rpymma, MepBbId MpHOOp; 20 — BTOpasi TPyMIa, BTOPOM
mpuoop.

Ilpedenvuvie 3naueHus usmepsemvix GeiuduH, 1Mo KOTOPBIM OCY-
LIECTBIIICTCS] BKJIIOUYEHHE, OTKIIIOYEHUE, OJIOKMPOBKA, CHUTHAIM3ALUS,
JIOITyCKaeTCsl KOHKPETU3UPOBaTh, YKa3bIBasi OKOJIO Ipaduueckoro 00o-
3HAYCHUS 3HAYCHHUS 3TUX BEJINYHH.

i1 ONHOTWUIHBIX TEXHOJOIMYECKHX OOBEKTOB, MMEIOIINX, Ha-
npuMmep, oOIIMe MIMTHI, MYJIBTH, Ha CXEME MOKa3bIBAIOT TEXHOJIOTHYe-
ckoe 000py0oBaHNE W KOMMYHHUKAIIMH TOJBKO OJTHOTO M3 HHX, & TpH-
OOpBI U Cpe/ICTBA aBTOMATH3AIIMU — JUISl BCEX IPUOOPOB.
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OnHOTUIHBIE TIPHOOPHI M CPEICTBA aBTOMATU3AIUU, WUMEIOIINC
OJIMHAKOBBIC MapaMeTpPhl, MOKA3bIBAIOTCA OJUH Pa3, U OKOJIO HUX MpPO-
CTaBIIIETCS O0IIee KOIUIECTRO.

IIpn yTeHMH ycIOBHOTO O0O3HAYEHUS KOMIUIEKTa CPEICTB aBTO-
MaTH3aIU¥, COCTOSIIET0 W3 HECKOJBKUX CAMHUYHBIX 0003HAYCHUH,
CBSI3aHHBIX JIPYT C JIPYroM, HEOOXOAMMO ITOMHHTB, YTO BO BCEX €IU-
HUYHBIX O00O03HAYCHHAX YCTPOWCTB, BXOISAIINX B KOMIUIEKT, Nep8dst
OYK6a 0003HAYEHUS YKA3LIGAEH USMEPAEMbIIL KOMNAEKINOM NaApamemp
(Temmeparypa, JaBjicHUE, YPOBEHB U T.IL.).

3aoanue 1

OmnucaTh GyHKIHOHANIBPHOC Ha3HAYCHHE MPUOOPOB U CPEACTB ABTOMATH-
3alMH 110 Tpymam (puc. 2, a).

3aoanue 2

Ormmcath QyHKIHOHAIFHOE Ha3HAYCHHE TPHOOPOB U CPEACTB aBTOMATH-
3amuu 1o rpymnmnam (puc. 2, 6).

3aoanue 3

Ormmcath QyHKIHOHAIFHOE Ha3HAYCHHE TPHOOPOB U CPEACTB aBTOMATH-
3alMH 110 Tpymam (puc. 2, 6).

KOHTpOJIbeIe BOIIPOCHI

1. Kaxwue BUZBI U THITBI CXEM MOTYT OBITh MCIIOIb30BaHbI IPH ONMCAHUH
ABTOMATH3MPOBAHHBIX MTPOIIECCOB?

2. Yto oTpaxkaer CTpyKTypHas cxema?

3. Uto n300paxaroT Ha (pyHKIIMOHAILHO-TEXHOJIOTHYECKUX cXxeMax?

4. TlpuBenure rpaduyeckue YCIOBHbIE 0003HAa4YeHUs NPUOOPOB H
CpPE/ICTB aBTOMATH3alINH.

5. Kax pacumdpoBars OykBeHHOe 00O3HAUeHHME Ha (PYHKIMOHAJIBHO-
TEXHOJIOTHYECKUX cxeMax?

12



IIpakTHyeckast padora Ne 2
INPUHHUIINAJIBHBIE QJIEKTPUYECKHE CXEMBbI

He.l'lb paﬁOTbI: HAaY4YUTHCA YUTAaTh NPUHIMUIIUATIBHBIC 3JICKTpHUYC-
CKHC CXCMBbI CUCTEM aBTOMATHKH 1 aBTOMATU3aIlIUH.

OCHOBHBIM Ha3HAYEHHEM MPUHLUIHAIBHBIX CXEM SBISIETCSA OTpa-
JKEHHE C JIOCTaTOYHOW MOJTHOTOW WM HarJAJHOCTBIO B3aUMHOM CBSI3U
OTIENbHBIX NMPUOOPOB, CPEICTB aBTOMATHU3ALMM M BCIOMOTAaTEIbHOM
anmaparypsl, BXOJSIIUX B COCTaB ()YHKIMOHAIBHBIX Y3JIOB CHCTEM aB-
TOMaTH3alHH1, C YIETOM TOCIEI0BATENbHOCTH WX Pa0OTHl U NMPUHIUIIA
JEUCTBUS. DTU CXEMBI CIIYKAT IJIS1 U3YUEHUS IPUHIUNA JCHCTBUS CHC-
TEMbl aBTOMATU3aLMH, OHM HEOOXOIUMBI P MIPOU3BOJCTBE Halar04-
HBIX pa0OT U B SKCILIyaTallHH.

HawubOonbiiee pacnpocTpaHeHHEe B MPAKTHKE aBTOMATH3AlUU TeX-
HOJIOTMYECKHUX HPOLECCOB MOIYYHIH JIEKTPUUECKUE TPHOOPHI U Cpel-
CTBa aBTOMATH3alllH, B CBS3M C 4eM, HanOoJiee YacTO MCIIOJIB3YIOTCS
MMPUHOUIIAAJIBHBIC JICKTPUICCKUEC CXCMBI. PaCCMOTpI/IM OCHOBHBIC ITpa-
BUJIA BBIIIOJIHEHUS IPUHLUIIMAIBHBIX 3JIEKTPHUECKUX CXEM.

OJeMEeHTBl U YCTPOMCTBAa HM300paKaIOTCSI HA CXEME YCIOBHBIMH
Fpa(I)I/I‘IeCKI/IMI/I O603H3‘-ICHI/I$IMI/I, YCTAaHOBJICHHBIMHA CTaHJapTaMu

ECK]I.

Obo3nauenun odue20 npumeHeHun

Pon Toka ykasbiBaeTcs 3HAUKaMu Ha pucyHke 4: 4, a — MOCTOSIH-
HBIH; 4, 6 — nepeMeHHbId. [Ipu 0003HaUYEHNH TTEPEeMEHHOTO TOKa JIO-
MycKaeTcs YKasbIBaTh YUCIO (a3, 4aCTOTy W HampspKeHUeE, HarpuMep
3,50 Hz, 380B.

JIMHUY PNIEKTPUYECKON CBS3H, MPOBOJA, KaOeN, IUHBI U JIMHUH
TPYIIIOBOH CBSI3M U300pa)karoTCs CILIOMHOM nHuel. Ecin Heooxonu-
MO, JIOITyCKaeTCsl N300pakaTh JIMHUH TPYNIIOBON CBSI3H YTOJIILEHHBIMU
JMHUSAMH, a IIMHBI — JBOWHBIMH JHHUSAMH. |'padudeckoe ciusHUE JIU-
HUN 3JIEKTPUYECKOH CBSI3M B JIMHUIO IPYIIIOBOM CBSI3U MOKa3bIBAETCS
COTJIACHO PUCYHKY 4, 6 Win pUCyHKY 4, 2. I'pynmna U3 HECKONbKHX JIH-
HUM, UMEIOLINX OAHO oluee (yHKIMOHAIBHOE Ha3HAuCHHE, MTOKa3aHa
Ha pucyHke 4, 0. UHCIO KOCBIX YepTOYeK MOKa3bIBAET KOJIUYECTBO
MIPOBO/THHKOB.
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JIuHUYM ¢ OTBETBICHHEM MOKA3bIBAIOTCS COTIACHO PUCYHKaM 4, e;
4, orc. Touka 3/1eCh 03HAYAET HIEKTPUICCKUI KOHTAKT.

DKpaHUpPOBaHWE TMOKA3BIBACTCS ITPUXOBOW nuHHEH. Ecim HeoO-
XOJMMO YKa3aTh XapakTep, SKPaHUPOBAHHS: JJICKTPHICCKOE I Mar-
HUTHOE, POCTABIIAIOT COOTBETCTBYIOIYI0 OykBy £ mnu M. CoBokyn-
HOCTh 3JIEMEHTOB, COCTABJISIONINX YCTPOWCTBO WM (YHKIIUOHAITBHYIO
TPYMITy, BBIICTSIOT MITPUXITYHKTUPHOM NHHUEH. 3a3eMiieHre 0003Ha-
YaeTCs COTJIaCHO PUCYHKY 4, 3, a SJIEKTPUUECKOE COCUHEHHNE C KOPITY-
coM npubopa — pUCYHKY 4, e.

A, Lt N )
Fo ._(.(a)

aj 6] ] a)
- —— 4 L L
d) e) ' e } E 3) y

Puc. 4. YVcrosnvle 0b603nauenus obujeco npumerenus

Obo3nauenue 3n1eKMpuYecKUx MauuH

YcTaHOBIEHO TpH COCO0a MOCTPOSHHS YCIOBHBIX TpaduyecKux
0003HAYCHNH AIIEKTPUYECKAX MAIWH: YIPOIEHHBINA OHOINHEHHBIH,
YIPOIIEHHBI MHOTOMMHEWHBIH (hopMma 1) u pa3BepHyTHIH (Popma 2).

B ymporieHHbIX OJHOJMHEHHBIX 0003HAYCHUSX OOMOTKH CTaTOpa
(poTopa) M300pakarOTCs OHOW JIMHWEH, MX BBIBOJBI TaKKe HM300pa-
JKAIOTCS OJTHOW JIMHUEH, HO C yKa3aHWEM Ha Heil HaKJIOHHBIMH ILTpPHU-
XaMH KoludecTBa IpoBoJoB. OOmiee 0003HAUCHHE 3NIEKTPUYECKOI
MAIUHBI — 3TO OKPYXHOCTb, BHYTPH KOTOPOH JIOMyCKaeTcsl YKa3bIBaTh
BUJ MamuHbl (TeHeparop [, nsurarens M, musenb-rerepatop JI° u
T.J1.), pOJ TOKa, 4ncio (a3 u BUJ coenHeHHss oOMOTOK. Ha pucyHke 5
MPUBEICHBI IPUMEPHI IOAOOHOTO N300paKeHUSI.

B ynpolieHHBIX MHOTOJIMHEHHBIX 0003HAUE€HUSIX OOMOTKH CTaTopa
(potopa) nzobpaxaroTcs B BUJE IByX KOHUEHTPHUYECKUX OKPYKHOCTEHA,
HO TIOKa3BIBAIOTCS BCE MX BBIBOAMI (pHC. 5, 2).

B pa3BepHyTBIX 0003HAYEHUSIX OOMOTKY CTAaTOpa M300pakaioT B
BUJIE LIETIOYEK MOJIYOKPYKHOCTEH, a 0OOMOTKY pOoTOpa — B BUAE OKPYXK-
HOCTH (WM HaoOopoT). B3anMHoe pacronokeHrne 0OMOTOK B BUE Iie-
MOYKHU TIOYOKPYKHOCTEH TOKa3hIBAIOT C y4eTOM ciBura (as, Hampu-
mep Ha 120 a11. rpagycoB (puc. 5, 0), umu 6e3 Hero (puc. 5, e).
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6) 2)

Puc. 5. [Ipumepsi ynpouwjennoeo uzoopasdiceHus 31eKmpudeckux Mauum:

a — mpexghaznvlil CUHXPOHHYLIL 2eHepamop, 6 — mpexgasHvill ACUHXPOHHbII
KOPOMKO3AMKHYMbill 08Uamens,; 6 — 0u2ameib NHOCMOAHHO20 MOKA, 2 — MPexQasHbill
ACUHXPOHHDBIL KOPOMKO3AMKHYMbLIL 08U2amens, O U € — pa36epHymoe uzoopasiceHie
mpexgaznHo2o0 ACUHXPOHHO20 INEKMPOOBULAMEISL

[Tpu nz00paxkeHN OOMOTOK JIEKTPHUYECKUX MAIUH B BUJIE LETO-
YeK MOIyOKPYKHOCTEH MPHHATO ABYMS IOIYOKPYKHOCTSMH ITOKa3bl-
BaTh OOMOTKHM J00aBOYHBIX IOJIIOCOB, TpeMs — OOMOTKH cTaropa Mma-
HIMH TIEPEMEHHOTO TOKa M OOMOTKH TOCJIEAOBATEIHLHOTO BO30YKICHHS
MAallfH MOCTOSHHOTO TOKA, YETHIPbMSI — OOMOTKM MapajuleIbHOTO H
HE3aBUCHMOT0 BO30YKICHHS MAIIMH ITOCTOSHHOTO TOKA.

Obo3naueHus mpancoopmanmopos u asmompanchopmamopos

Juist TpaHcOpPMAaTOPOB U aBTOTPAHCPOPMATOPOB, KaK U IS DIIEK-
TPUYECKHUX MAIIIMH, YCTAHOBJICHBI T XK€ TPH CHOCO0a MOCTPOCHHUS YC-
JIOBHBIX rpadHuecKuX U300paxenuii (puc. 6).

Puc. 6. I'pagpuueckue uzobpasicenus mpanc@opmamopos:
a — ynpowennoe 00HOIUHEIHOE, 6 — YNPOWEHHOE MHOOIUHEIHOE, 6 — PA36EPHYMOE
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H306pascenue KOMMymayuoHHbIX YCMPOIUCIE U KOHMAKMHBIX
coeounenuil

KomMmyTanmoHHble yCTpONUCTBAa MPUHATO M300paXKATh B HCXOJHOM
MOJIOKECHUH, TOJ] KOTOPHIM IMOHUMAETCs WX COCTOSHHE Oe3 Kakoro-
1100 BO3IENCTBHA.

B o6meM Buze 3aMBIKAOIIHI KOHTAKT (HOPMaIbHO Pa3OMKHYTHIH )
0003HavaeTCsl COTIACHO PHUCYHKY [, a. Pa3MbIkatommid KOHTaKT (HOp-
MaJIbHO 3aMKHYTBIH) — COIJIACHO PHUCYHKY /7, O, WM, TIO CTapbIM
['OCTawm (puc. 7, 6).

B 3aBucuMocTH OT Xapakrepa paboThl M KOHCTPYKTHBHBIX OCO-
OeHHOCTEH pa3paboTaHO MHOKECTBO BapUAHTOB CTaHJAPTHHIX 0003HA-
YeHUII KOMMYTAIlMOHHBIX YCTPOWCTB M UX JJIEMEHTOB, KOTOPHIE MOKa-
3aHBI HA PUCYHKE 7.

[lepexmrouaroriyie KOHTAKTHl TIOKa3aHbl Ha PUCYHKax 7, 2 U 7, O.
3aMBIKAIONXE KOHTAKTHI JIJISI KOMMYTAIIUU CHUJIOBOW IETH IPUBEACHBI
Ha pUCYHKE 7, 8, @ KOHTAKTHI C JYTOTacUTEIbHBIMU yCTPOICTBAMH — Ha
PUCYHKE 7, d1cC.

- —
—\{_U._,‘::_,__ e

al L= el )
@ al o)
. Q
P e~ T -~
3) u} K} '[ A i)
a) a)

)
v o i m} ¥ "
Puc. 7. Ycnoenvie 06031nauenus KOMMYMayuoHHbiX YCMmpocme

KoHTakTh! BBIKIIIOYATENS C aBTOMAaTHYECKUM BO3BPATOM MpH Iie-
perpy3ke Win APYT'HX HapylEeHHAX (aBTOMATHYECKHE BBIKIIOYATEIIH)
0003HaYar0TCsl COTJIACHO PUCYHKY 7, 3. Eciu HEoOxoaumMo, TO psaoM ¢
0003HaYEHNEM aBTOMATHYECKOTO BBIKIIIOYATENSI MOYKHO IPOCTABIATH
3HAKH, YKa3bIBaIOIIME BEIWYMHY, TP MU3MEHEHHUU KOTOPOH NPOUCXO-
JUT OTKJIIOYEHHE: MaKCUMalbHBIN |> 1 MuHMMaibHBIN |< TOKM; Mak-
cumanbHoe U> u MuummanpHoe U< HampshokeHHE;, MaKCUMaIbHYIO
temneparypy 7° u T.n.
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KoHTakT ¢ MeXaHMYECKOW CBS3bIO MOKA3bIBAETCSI COTJIACHO PU-
CYHKY 7, u. KOHTaKTBI MMyTEeBBIX BHIKJIFOUATENICH MPUBEICHBI HA PUCYH-
Kax 7/, k u 7, 1. KOHTaKT TemnoBoro peje mokazaH Ha pUCYHKE 7, M.

KHomky (KOHTaKThI, 3aMbIKACMbIe WM pPa3MbIKAEMbIC PYyYHBIM
BO3JICHICTBUEM) PUBEACHBI HA PUCYHKaX 7, H U 7, 0.

3amemieHHEe BpPEMEHH CpadaThIBaHMsS KOHTAKTOB ITOKA3bIBACTCS
MOJIOBUHON OKPYXKHOCTH, JIyra KOTOPOH JIOKA3bIBAET, NP KAKOM J[BU-
JKEHUM KOHTaKTa IMPOUCXOJUT 3aMeJUICHHE cpadaThiBaHUS. PuUCyHOK
7, n TOKa3bpIBaCT 3aMEUICHUE TPU 3aMBIKAHWUU, PHUCYHOK 7, p —
3aMeIJICHHE TIPU OTITYCKaHUH, PUCYHOK 7, ¢ — 3aMeJUICHUE MPH Pa3Mbl-
KaHWW WU 3aMBbIKAHUW OJHOBPEMEHHO. AHAJIOTUYHO TMOKa3bIBAIOTCS 3a-
MeEJICHUS] CpabaThIBAHUS U JIJIS PA3MBIKAIOIIUXCSI KOHTAKTOB (PUCYHKH
7,m;7,yu7,x).

O603naueHus MHOZONO3UYUOHHBIX NEPeKIouameneil

OObmiee 0003HAYEHUE OJHOIMOIIOCHOTO MHOTOMNO3MIMOHHOTO Iie-
pekiroyaresns (HarmpuMmep, Ha IIECTh MMO3MIMIA) MPUBEICHO HAa PUCYHKE
8, a.

MHOTOITOIIOCHBIE MHOT'OITIO3UIIMOHHLIC TICPCKIIOYATCIIM MOT'YT
n300paxathcsi AByMsI Bapuantamu. B mepBom ciryuae (puc. 8, 6) myHk-
THPHBIEC JIMHUU TOKA3bIBAIOT IOJIOKECHUS MEepeKirouarens (Harmpumep,
Tpu). TOUKH TOA COOTBETCTBYIOWICH JHMHUEH, M300pakarolieil ek-
TPUYECKYIO 1IeTIb, TIOKA3bIBAIOT, YTO B JJAHHOM TIOJIOKEHHUH TEPEKIToYa-
TeJs 9Ta 1enb 3aMKHyTa. OTCYTCTBHE TOYKHM NPEIIONIaraer, 4yro JaH-
Has 1T Pa30MKHYTa.

[Tpu ucnosnbp3oBaHMKM BTOPOro BapuaHTta (puc. 8, ), nmepekioya-
TeIb U300pakaeTcsl B BUAE NMPSAMOYTOJIBHHUKA, BXOJBI KOTOPOTO HyMe-
pytorcs. Touka, Kak M B HpENBIAYIIEM Clydae, NMOKa3bIBaeT HAIMYUE
ANEKTPHYECKOTO KOHTAKTa MEX/Ty BXOJAMH B 3TOM TIOJIOKEHUH.

i T3]
(IR L 2 |V s
- - — S ER
i } R _:"_!.::._..'5...
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Puc. 8. Ycnosuvie usobpasicenusn nepexniouamenet

Ha pucynke 9 mokasaHbl ycJIOBHbIE 0003HAYEHHUS DJICKTPHUCCKUX
coenuHeHui, a Ha pucyHke 10 — 0003HAauYCHHS BOCHPUHUMAIOIINX
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gacTell AIIEKTPOMEXaHUYECKUX YCTPOUCTB (perne, MmycKaTenei, KOHTak-
TOPOB) M YCTPOICTB 3aIIUTHI 3JIEKTPOYCTAHOBOK.

S>— O g
a 6 . a

Puc. 9. Vcaosnvie usobpasicenus coedunenuii:
a — pasvemHoe; 6 — pazbopHoe, 6 — Hepa30opHoe.

a) :6) 8
Puc. 10. Vcnoguvie usobpasicenus:

a — Kamywka peie u Kohmaxkmopa,
o6 — socnpuruUmaowas 4acms menjioeoco peie,; 6 — NAABKUL npeOoxpaHumeJlb

H3zo0pasicenue npubopos u cpedcme asmomamusayuu
[Tpubop M3MepUTENbHBIN MOKA3BIBAIOIINIA N300pakeH Ha PUCYHKE

11, a, peructpupyromuuii — Ha pucynke 11, 6.
Bio 10

o

a) 0)
Puc. 11. Vcnosnvle uzobpasicenus usmepumenbHulx npubopos

10

Ha pucynke 12 mokasaHbl YCJIOBHBIE O003HaYCHHs TEPBHUYHBIX
npeobOpasoBaresneil (1aTuuKOB): TeH30pe3ucTop (puc. 12, a); Tepmope-
suctop (puc. 12, 6); Tepmomapa (puc. 12, 8); doTopesucTop
(puc. 12, 2); poroamox (puc. 12, 0).

= V¢ @

a) 0) B)

Puc. 12. Ycnosnvie uzobpasicenus nepsuunvix npeobpazoseameneti (0am4uxos)

Ha pucynke 13 mnokaszaHbl yCJIOBHbIE O0O3HAYCHHS CHUTHAJIU3HU-
PYIOIIMX YCTPOWCTB: MPHOOpP 3BYKOBOH curHanuzammu (puc. 13, a);
CHTHAJbHAs Jiamra HakamuBanus (puc. 13, 6); cBeroauoaHas
(puc. 13, 8); omrromapa (puc. 13, 2).
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a) 6) B) r)

Puc. 13. Ycnosnvie uzobpasicenusi CATHAIU3UPYIOIINX YCTPOWUCTB

bykeenno-uugposwie 0603nauenun

Cormacao I'OCT 2.710 psmoM c yCIOBHBIMH H300paKEHHSIMA
(cBepxy WM crpaBa) MPOCTABISAIOT YCIOBHBIE OYKBEHHO-IIU(POBEIE
o0o3HaueHus. ['paduueckoe 0003HAUCHUE DIIEMEHTOB JJICKTPUUECKUX
NPUHIMITHAIBEHBIX CXEM AOMONHAIT OYKBeHHO-IIM(POBBIMU 0003Haue-
HUSIMH, PaCKPHIBAIOMINMH (PYHKIIMOHAIHHOE HAa3HAUYEHUE KaXKIIOTO
9JIEMEHTa M YKA3bIBAIOIIMMH €TI0 MECTO PACIIOJIOKEHHSI.

OHH COCTOAT U3 MPOMKUCHBIX OYKB JIATWHCKOTO andaBuTa 1 apad-
ckux udp. VX 3anichIBaIOT B OIHY CTPOKY 0€3 MPO0eIioB, TOMyCKaeT-
Csl YacTH 0003HAYEHUH Pa3JeNaTh TOYKON WM ABOETOYHEM, (B COCTaB-
HOM 0003HAYCHUN ).

st o6o3HaueHus: GYHKIUI dJIeMeHTa IPUMEHAETCS 0JTHOOYKBEH-
HBII WA JIBYXOYKBEHHBIH KOJIBI, IPUBEACHHBIE B TaOIUIIE 4.

Hudps! coykat st 0003HAUYCHUS HOMEpPA dJIEMEHTa JaHHOTO BH-
na, HanpuMmep: KM2 — kaTyiika BTOPOro Ha cXeMe MarHUTHOTO ITyCKa-
temst; QF3 — TpeTwii Ha cxeme aBTOMATHYECKUH BBIKITFOYATENb U T. 1.

JormyckaeTcst 100aBnsATh Yepe3 ABOSTOUYNE YCIOBHBIH HOMEp diie-
MEHTA, PacIOJIOKEHHOIO B IPYro LEnu, HalpuMep: TPETHH KOHTAKT
BTOPOr'0 MarHUTHOro myckarens KM2:3 u 1.1.

Tabmuua 4
BykBeHHbIE KO/IBI 3JIEMEHTOB 3JIEKTPUUECKUX CXEM
OnHo- BYX-
A I'pynna BunoB Ay
OyKBeH- [TpuMepbl BUIOB IIEMEHTOB | OyKBEH-
. 3JIEMEHTOB .
HBIH KOJ HBIA KOJT
1 2 3 4
A YcTpoiictBo (001ee 0603HaUYCHHUE)
beos TemmoBoii JaTauk BK
BaTEIIH HE-
PeObPA3OBATEIH HE @DOTO31EMEHT BL
INEKTPUUECKHUX BEIMYNH
p Muxkpodon BM
B B JJIEKTpHYECcKHe (Kpome
Jaruuk naBneHus BP
TeHepaTOPOB U UCTOYHU-
JlaTukK 4acTOTHI BpallleHUs BR
KOB ITUTAHMS —
JlaTunk TUHEHHON CKOPOCTH BV
C I KonneHncaropsl
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IMponomxenue Tadnuiet 4

[ 2 3 4
Cxema uHTerpajbHas aHayorosas | DA
Cxema uHTerpaspHas nudponas DD
D Co6opku uHTEerpanbHble, |JIorndeckuii aeMeHT DL
MHUKPOCXEMBI YecrpoiicTBo XpaHeHUs HHPOpMa- DS
LUK
Y CTpoHCTBO 3a€epIKKH DT
E DJIeMEHTHI pasHbIe HarpeBartenbHblii 2IeMEHT EA
Jlamma ocBeTUTENbHAs EL
Paspsiiauku, npenoxpa- JIUCKPETHBIA JIEMEHT 3alllUTHI 110 FA
F HHTENH, YCTPOMCTBA 3a- TOKY MTHOBEHHOTO JeHCTBHUS
IUTHI [IpenoxpaHUTENb ITaBKHH FU
G I'eHepaTopbl, ICTOYHHUKHU MTUTAHUSI
. [Tpubop 3BykoBoO# curHammzanun | HA
H Y CTPOHCTBA HHAMKATO- MHAMKATOp CUMBOJIBHBIN HG
HbBIE U CUTHAIIbHbIC "
[Ipubop cBeTOBOI MHIAMKAIIUU HL
IPenie TokOBOE KA
Pene, kOHTaKTOpHI, ITyC- Pexte TerIoBoe > KK
K ’ ’ KonTakTop, MarHUTHBIN nyckTens | KM
KaTeJu
Pesie HanpsixeHUst KV
IPenie BpemeHu KT
L KaTyniku MHIYKTHBHOCTH, JPOCCETH
M DNEeKTPOIBUTATETTN
AMIIepMeTp PA
CyeT4YnK MMIYJIbCOB PC
HacToTOoMep PF
[Tpubopsl, u3MepHUTENb- (CueTYNK aKTUBHOMN SHEPTHH Pl
= HOe 00opyZoBaHue OmMeTp PP
Peructpupytomuii npudop PS
Yacsl, U3MEpUTEIb BPEMEHU PT
BoabsT™METp PV
Bartmerp PW
BrIKIro9aTeny u pazbe- |BBIKIIIOYATENh aBTOMATHYECKUH QF
Q JIMHUTEIN B CUIIOBBIX KopoTko3ambIkaTenb QK
LETSIX Pasbequunreinn QS
R Pestcrophi TepmopesucTop RK
IToreHunomerp RP
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Oxonyanue Ta0oaunesl 4

2 3 4
BrIkirouaTen v nepeKirouaTea | SA
BrikitouaTennb KHOMOYHBIH SB
BrikimtouaTens aBTOMaTHYECKUN SF
yCTpoﬁCTBa KOMMYTaIu- Brikmrouarenu, Cpa6aTI>IBa}OIlII/Ie
OHHBIE B IIETIAX YIIPaBje- 0T PAa3IMYHBIX BO3ACHCTBMIA:
HUSI, CHTHAIM3ALUHN 1 - OT ypOBHS SL
HU3MEPHUTEITBHBIX -OT JaBJIEHUS SP
- OT TOJIOKEHUs (IyTEeBO) SO
- OT YaCTOThI BPAICHHS SR
- OT TeMIIePaTyphbl SK
T Tpancdopmaropsl, aTo- |TpancdopmaTop Toka TA
TpaHc(hOopMaTOpPEI Tpanchopmarop HanpspKeHUs TV
IpuGopsl 31eKTpoBaKy- |[IMOoJ, CTAOUIMTPOH VD
\Y YMHBIE U MOJIYTIIPOBOAHHU- | TpaH3ucTop VT
KOBBIE Tupucrop VS
TOKOCHEMHHUK, KOHTAKT CKOJIb35I- XA
ui
X Coenuuenus koutakros |LLITbipb XP
I'uesno XS
Coeaunenue pa3dbopHoe XT
VYcrpolicTBa MeXaHnYe- | DNEKTPOMArHUTHEIA TOPMO3 YB
Y ;I:)EZ ;;;;g;g&MarHHT- DNEeKTPOMAarHuT YA

3adanue

Pazo0paTs mpuMep NPUHIUIHATHHOU AIEKTPUIECKONH CXEMBI CHC-
TeMbl ABTOMATUYECKOI'O YINPABJICHUS, 33JaHHOW NIPEnoJaaBaTEIeM.
PacomdposaTs Bce ycioBHbIE 0003HaUSHUS HA JAHHOUW CXEMe.

KOHTpO.]'IbeIe BOIIPOCHI

1. Kak 0003HaualoT 3JEKTPUYECKHE MAIIMHBI Ha IMPHHIHUIHAIBHBIX
INEKTPUUECKHUX CXeMax?

2. Kak 0003Ha4aloT KOMMYTAI[MOHHBIC YCTPOMCTBA HA NPHUHIMITHAIb-
HBIX 3JIEKTPUIECKNX cXeMax?

3. O0o3HaueHHe MHOTOIO3UIIMOHHBIX IEPEKITIoYaTeNiel Ha MPUHINIH-
IBHBIX 3JIEKTPUIECKUX CXEMaX.

4. VI3o6paxeHue npuOOPOB U CPEACTB aBTOMATH3ALINH .

5. BykBenHo-1mpoBbie 0003HAUYEHHUS 3IEMEHTOB M YCTPOHCTB Ha
MPUHIUITHAIBHBIX 3JICKTPUYECKUX CXeMa.
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IIpakTyeckas padora Ne 3

CXEMBI COEJIMHEHWI Y TOAKJIIOYEHWIA, IIIUTHI
W TYJIbThl ABTOMATUKH

Ileanb padoThI: O3HAKOMMTLCS C MPaBHIAMHM COCTaBJICHHUS CXEM
COETMHEHUH ¥ TOIKIIOYCHUH, a TakKe M3ydeHHe OOIINX CBEIEHUI O
IIUTax U MyJbTaX aBTOMATHKH.

Cxembl coeounenuil

Cxema COCIMHCHUI ONpeNeNsieT KOHCTPYKTHBHOC BBITIOJTHCHHE
ANEKTPUYECKUX COCIMHCHUH AJIEMEHTOB B m3jienuu. Ha cxeme n300pa-
JKaIOT BCE YCTPOMCTBA W 3JIEMEHTHI, BXOSIINE B COCTaB M3JENHS, UX
BXOJIHBIC W BBIXOJIHBIC AJIEMEHTHI (COCIUHMTENH, TIAThI, 38KUMBI U T.
M.) ¥ COCTUHECHUSI MEXIy HUMH (TIPOBOJA, KI'YTHl U KaOemu), a TaKkxke
COETMHEHUS MKy HAMH.

Cxemamu coelMHEHUH (MOHTa)XHBIMH) TIOJB3YIOTCS TIPH BBHITION-
HEHUM MOHTaXXHBIX M HAJIAJOYHBIX PabOT Ha OOBEKTaX M B IPOIECCE
skcruryaTanud. OHA HEOOXOTUMBI TIPU pa3padOTKe APYTHUX MPOESKTHBIX
JIOKYMEHTOB, B TIEPBYIO OUYepellb, YePTEKEH, ONMpeNeSFOINX TPOKIIaI-
KY U CIIOCOOBI KPEIUICHUS ITPOBOOB, KI'YTOB, Kabeei uiu Tpyoomnpo-
BOJIOB.

Pacrionoxxenne rpagudecknx 0003HAYEHU YCTPOWMCTB U DIIEMEH-
TOB Ha CXEME JIOJIKHO NMPUMEPHO COOTBETCTBOBATH JCHCTBUTECILHOMY
pa3MENIEHUIO 3JIEMEHTOB U YCTPOMCTB. PacnosioxkeHre BXOIHbIX U BbI-
XOJTHBIX AJIEMEHTOB BHYTPH yCTPOWCTBA JIOJHKHO COOTBETCTBOBATH WX
JIEACTBUTEILHOMY PACIIONIOKESHHUIO B HEM.

OO6mue mpaBuiia BBITIOJTHEHUS CXEM COSTIMHCHHIIM.

® CXEMbl COCIMHEHUI pa3padaThIBAIOT HA OJUH IIUT, IYJIBT,
CTaHIIMIO YIIPaBICHUS;

e BCE THUIBI anmapaToB, MPUOOPOB U apMATYPHI, MPETYCMOTPEH-
HBIC TIPUHIUITUAIEHON AIEKTPUIECKONH CXEMOM, JOJDKHBI OBITh IIOJHO-
CTBIO OTPaKEHBI HA CXEME COCIUHEHUIA;

¢ [IO3WIIMOHHOE 00O03HAYEHUE MPHOOPOB M CPEICTB aBTOMATH3A-
1IUH, a TaK)Ke MAPKUPOBKY YYacCTKOB LiETICH, MPUHSTHIC HA MPUHIIUIIN-
ATBHOHN DJIEKTPUYECKON cXeMe, HEOOXOAMMO COXPAaHUTh Ha CXEME CO-
€IUHEHUI.
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[Ipumensror Tpu crocoda COCTaBICHHS CXEM COCOUHEHHM: Zpa-
duueckuit, adpecnviii © madauyHbL.

Hns epagpuueckozo n adpecnozo cnocoOOB COCTaBICHUS CXEM
CIIe/TyeT:

e npuOOpHl U ammapatsl H300paXkaTh YHPOIIEHHO 0e3 cobuofe-
HUsI MaclTada B BUAE MPSIMOYTOJBHUKOB, HAJ KOTOPBHIMH ITOMEIIAIOT
OKPY>KHOCTb, PA3[EJICHHYIO0 TOPU30HTAIILHON 4epTOil; HaJ YepTOM BIH-
CBIBAIOT IU(PBI, YKA3bIBAIOIINE MOPSIKOBBI HOMEp U3/eNus, O Yep-
TO — MO3ULIUOHHOE 0003HAUEHHE ITOTO U3IEIIHS;

e 1pu HEOOXOAMMOCTH TIOKA3bIBATH BHYTPEHHIOIO CXEMY ammapa-
TOB, HAIIPHUMED, pelie, BHIIPSIMUTEIBHBIX OJIOKOB U 1p. (puc. 14);

® BBEIBOJHBIC 32KHMBI YCTPOWCTB YCIOBHO H300pa)kaTh OKPYX-
HOCTSMH, BHYTPH KOTOPBIX YKa3bIBaTh HMX 3aBOJICKYI0 MAapKHPOBKY;
€CIIM 3aBOJICKas MapKHpPOBKa OTCYTCTBYET, TO MAapKHPYIOT YCJIOBHO
apaOckuMu IU(GpPaMu, YTO OTOBApUBACTCA B TOSCHSIOMICH HAAIUCH;
JUISL OJTMHAKOBBIX HECKOJBKHUX YCTPOMCTB, PAcIOJIOKEHHBIX HAa OJHOM
4yepTeke, BHYTPEHHIOIO CXeMY ITOKa3bIBAIOT OMH Pas;

e mpubOpsl W CpeACTBAa aBTOMATH3AIMM paclojaraTb Ha He-
CKOJIBKMX 3JIEMEHTaX KOHCTPYKIMH IUTa WM MyJibTa (KpbIIIKe, 3a]-
Hell TaHemH, JIBepIie), P ITOM HEOOXOIMMO BBHINOIHUTH Pa3BEPTKY
ATUX KOHCTPYKIHH B OJHY IUIOCKOCTB, COOJIO/Iasi B3aMMHOE pa3Mellie-
HHUE TPUOOPOB U CPEICTB aBTOMATHU3AIHH.
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Puc. 14. Ilpumepul gvinonnenus cxem coOeOUHEHUIL:
a) — usobpasiceHust pene 6bl0epPIHCKU BpeMeHu; 6) — BbINPAMUMENbHO20 OUOOH020 BIIOKA

I'pagpuueckuii cnoco6 (puc. 15) 3axmouaercs B TOM, 9TO Ha 9ep-
TEXE YCIOBHBIMU JIMHUSAMH ITOKA3bIBAIOT BCIO COEIUHUTEIHHYIO IPO-
BOJIKY KaK OJMHOYHYIO, TaK M OOBEAMHAEMYIO B JKI'YThI MEXIy 3Je-
MEHTaMH armnaparoB. MapKHpOBKa Ha CXeME COCIAMHEHHUH IOJKHA
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COOTBETCTBOBATh MAapKUPOBKE HAa MPUHIMIHAILHON 3IIEKTPUYECKON
cxeme, JUIsi KOTOpoi oHa pa3paboraHa. Jlomyckaercs: TakKe yKa3bIBaTh
HAaUMEHOBaHWE, THI, OCHOBHBIE MMapaMeTpsl AIIEMEHTOB U YCTPOMCTB.
OTOT croco® MPUMEHSIOT IS IIUTOB W IyJHTOB YIIPABIIEHUS C TPO-
CTOM KOMMYyTaluen, OTHOCUTEIBHO MaJI0 HACKHIIICHHBIX alnapaTypoi.
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Puc. 15. @paemenm cxemor coedunenuii epaguueckum cnocobom

AopecHplii cnocod COCTOWT B TOM, YTO HE H300PAKAIOT JMHHUU
CBA3M MCXKAY OTACIbHBIMU 3JJICMCHTAMHU alIiapaToB, YCTAHOBJICHHBIX
Ha IIWTE WIK MyJapTe. BMecTo 3TOoro Mecra mpucoeIMHEHHs MPOBOJa
Ha KaXIOM ammapare WIK 3JeMEHTe POCTaBIIOT TU(POBOM nin OyK-
BEHHO-IIM(POBOI afpec TOro ammapara WM 3JIEMEHTa, ¢ KOTOPbIM OH
JIOJDKEH OBITh IEKTPUUECKU CBSI3aH (MO3UIMOHHOE 0003HAYCHUE B CO-
OTBETCTBUHU C NPUHIMITHAIEHON 3JIEKTPUIECKON CXEeMOH HIIN TOPAIKO-
BBl HOMEp H3AeiHs). Takoe HayepTaHHWE CXEMbl HE 3arpoMOXKIaeT
YEPTEXK JTUHUSMHU CBSI3H M JIETKO YUTACTCs. AJIPeCHBIN Ccroco0 BBIIOJI-
HEHHUSI CXEM COEJAMHEHHUS SBISIETCS OCHOBHBIM M HauOojiee pacmpo-
CTPaHEHHBIM IpU OGOPMIICHUN NMPOEKTHONH AOKyMeHTauuu. dparMeHT
TaKOW CXeMBbI TIpUBEJIeH Ha pUCYHKe 16.
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XT KV KVY
2l 1 2 41 2 5
B11 XTl——g"’w—{ |—c~L24 s xmi 345 531 ,
B14¢ it ol 3 4
10-2%o o120 70 , 812/ oB13
119| 5 6 {120 56
17 — —o0+4+——91 3 2O—l|—o O+ 202 6

Puc. 16. @paemenm cxemvl coedunenuti adpechvim cnocooom
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Jna maénauunozo cnocoda COCTaBISIOT MOHTAXKHYIO TaOJIHILY, TIe
YKa3bIBalOT HOMEpa KaXIOW 3eKTpUiecko nemnu. B cBoro ouepens,
JUTSE K&KIOW TENH MTOCIIEA0BATENEHO TIEPEUNCIISIIOT YCIOBHBIE OYKBEH-
HO-IIM(pOBEIE 0003HAYEHUS BCEX MPUOOPOB, alapaToB W WX KOHTaK-
TOB, K KOTOPBIM 3TH LIeNH NpucoequHens! (tadmn. 5). Tak, mia uenu 7
3alUCh O3HAYAeT, 4To 3akuM 6 mipubopa KM1 coemuHsIeTCs ¢ 3a)KUMOM
4 npubopa KM2, KOTOPEIH B CBOIO OYepenb TOKEH OBITh COSAMHEH C
3axkumoM 3 ycrpoiictBa KT4.

Tabmuma 5
dparMeHT TabJIUITBI COSTMHCHII
Howmep nenm CoennHeHus
7 KM1 KM2 KT4
6 4 3
8 KM4 XT1
2 293
9 XT1 HL1 KH2 XT2
328 41 12 307

Cxembl noOK104eHUil

Cxemsbl noakmodeHnit (puc. 17) moxa3pIBalOT BHEIIHEE MOAKIIO-
YeHHUE anmnapaToB, YCTAHOBOK, IIUTOB, MYJIGTOB U T.Jl. OHH BBHIIOJIHSIOT-
Csl HAa OCHOBaHMM (PYHKIHOHAJIBHO-TEXHOJOTHUECKUX, MPUHLINIHAIb-
HBIX CXEM aBTOMATH3allM{, NMPUHIUIMHAAIBHBIX CXEM IHTaHHS, CIICIH-
¢dukanmy npuOOPOB M 00OPYIOBAHUS, & TAKXKE YepTekel MPOU3BOJICT-
BEHHBIX TOMELICHUH C PACHOJI0KEHHEM TEXHOJIOTHYECKOro 000pyno-
BaHUSI U TPYOOIPOBOAOB.

CxeMbl TOJKIIIOUYEHUH HWCIONB3YIOTCS MPU MOHTa)KE MPOBOJIOK,
NPy MOMOIIM KOTOPBIX YCTaHOBKY, NMPHOOp, ammapar HOAKIIOYAT K
MCTOYHHUKAM 3JIEKTPONHUTAHUS, IIUTaM, ITyJIbTaM U T.1.

[MpuMeHsIOT JOBa BapuaHTa COCTABIICHHS CXEM IOJKIFOUSHHH:
epaguueckuii v madauunsiii. Hanbosnplee pacnpocTpaHeHUEe MMEET
rpauuecKuii BapuaHT.

[Ipy BBINONHEHMH CXEM MOJKJIIOUEHHH IMPH TOMOIIM YCIOBHBIX
2paghuueckux 00O3HAYCHUI TOKA3BIBAIOT: OTOOPHBIC YCTPOWCTBA W
NEepBUYHBIE NPEOOpa30BaTENH; IIUTHI, MYJIbTHl M MECTHBIC ITYJbTHI
yIpaBlieHUs, KOHTPOJI, CUTHAIM3AUMM W HM3MEPEHUS; BHELIUTOBBIC
npuOOPBI U CPEJICTBA aBTOMATHU3AIMU; COSTUHUTENbHBIC H TIPOTSHKHBIC
KOpOOKH, CBOOOJIHBIE KOPOOKH KOHIIOB TEPMOTIAp; JIIEKTPOTPOBOJIKU U
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Ka0eJH, MPOJIO’KEHHBIE BHE IIUTOB; y3JIbl IPUCOCIUHEHHS SIEKTPOIPO-
BOJIOK K TpuOopam, ammaparaMm, KOpoOKaM; 3allOpHYI0 apMmarypy u
3JIEMEHTHl COEAMHEHMHA M OTBETBJICHHH; KOMMYTALMOHHbBIC 3a>KUMBI,
PAacIioIoKEHHBIE BHE LIIUTOB; 3aLUTHOE 3a3€MJICHHE.
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Puc. 17. @paecmernm cxemwvt nooxknouenus

ka1, MyabTHL, OTAENBHBIE TPUOOPHI U anmapaTsl yCIOBHO U30-
OpaxxaroTcst B BHJE MPSIMOYTOJBHUKOB WM OKPYKHOCTEH, BHYTPH KO-
TOPBIX IOMEIIAIOT COOTBETCTBYIOIINE HAJIIUCH.

CBs131 OJTHOTO Ha3HAUYEHUS HAa CXEMax MOJKIIOYEHUH MOKa3bIBAIOT
CIUIOITHON JINHUEHW W JIUIb B MECTax NPUCOEAWHEHHs K Ipubdopam,
HCIIOJIHUTEJIbHBIM MEXaHU3MaM WM APYTHM anmnaparaM [pOoBOJA pasjie-
JISIFOT, YTOOBI IPOBECTH UX MapKHUPOBKY.

Ha nunusax cBa3u, 0003HaYAOMIMX MIPOBOJA MM Kabenu, yKas3bl-
BalOT HOMEP MPOBOAKH (TIOAKIIOUEHUS ), MAPKy, CEUCHHE U JUITHMHY TPO-
BOJIOB U KabOenei. Eciau mpoBojka BBIIOIHEHA B TpyOe, TO HEO0X0ANMO
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TaK)Ke TIPUBECTH XapaKTepUCTHKY TpyObl. [IpoBoaa, *KryTel U Kabemu
M300pakaroT Ha YepTexax JuHUusMH TommuHoi 0,5...1,4 mMm. CxeMsr
MTOJKITFOYCHHUH BEITIONHSIOT 0e3 coOoIeHHsT MacITaoa.

Tabauyunslii BApUAHT BBHITIOTHEHUS CXEMBI MOJKIIOUEHUS IIPHBE-
neH B Tabauie 6. TaOnHIBl BBIIOIHIIOT OTACIBHO I KaXI0M CEKI[UU
WITH TIAHEJTH IHATa YIIPaBISHIS.

Tabmura 6
Tabnuna nonkirouenuii. Cexrus 1
Kabenn,
npoBoza Hanpasnenue npoBoaok
Otkyna . Kyna
=
o < =
= E | =8| g5 | =8| o | =8| &&= E | B
T = 2 |FE| 8% |3% K = S X| 8 g g | = &
= E| O |T8| & |m8|03| 2 &
BBL 1 138 1
4 4x1.5 M2 [4A...| XTI 2 140 2 XT2 | A2 |CK-32
’ 3 142 3

Iumot u nyaomol agmomamuxu

IIlutel ¥ IyJABTBI CUCTEM aBTOMATU3allUU INPEJHA3HAUYEHBI JIS
pa3MeIlEeHNs HAa HUX CPEJCTB KOHTPOJS W YNPAaBICHUS TEXHOJIOTHUYE-
CKUM IPOLECCOM, KOHTPOJIbHO-U3MEPUTEIBHBIX NMPUOOPOB, anmapary-
pBI YIpaBI€HHs, aBTOMAaTHUYECKOTO PETYIHUPOBAHUS, 3aIINUTHI, OJIOKH-
POBKH, JIUHUM CBSI3U MEXKIY HUMU U T.II.

IIKTEl ¥ MyJBTEl YCTAHABIUBAIOTCS B MPOU3BOACTBEHHBIX U CIIE-
IUAIBHBIX IIUTOBBIX TOMEIIEHUSAX: ONEPATOPCKUX, TUCIIETYEPCKHX,
aInapaTHsIX U T.J.

IlJum — KOMIUIEKTHOE YCTPOMCTBO COCTOMT W3 OJHOW WM He-
CKOJIBKMX IaHENIeH C YCTAaHOBICHHON Ha HUX almnapaTypoH, 3JIeKTpHye-
CKUMHU M TPyOHBIMHM TPOBOJKAMH, MOATOTOBIEHHBIX K IMOJKIIOYEHHIO
BHEIIHMX IIeTIel M MPUOOPOB KOTOPHIE CMOHTHPOBAHBI HA OOBEKTE.

Ilo Ha3Ha4eHUIO IIUTHI MOJPA3AEISAIOT HA: MECTHBIE U LIEHTPAJIb-
HBIE.

Mecmmubvie wjumol TpeaHA3HAYEHBI JUISI U3MEPEHUS U PETYJIUPO-
BaHUS OJHOTO WJIM HECKOJBKUX MapaMeTpoB. Takue IUTHl yCTaHABIIHU-
BAIOT BOJIM3H OT MECTa U3MEPEHHS, HAPUMEP: KOHTPOJIb TEMIIEPaTyphl
C IIOMOIIBIO MAHOMETPUYECKUX TEPMOMETPOB.
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Llenmpansvnsle wyumepl peJHA3HAYAIOTCS IsI YCTAHOBKU TpUOO-
POB KOHTPOJIS U allapaTypsl YHOpaBIeHUs TPYyNION arperatoB, OAHUM
WIM HECKOJNBKMMH LieXxaMmH. LIeHTpanbHbIE IMUTHI PAcIIONaratoT B OT-
JENBHBIX MOMEHICHUAX, U OHU MOTYT, YAAJIEHBI OT MECT KOHTPOJ U
YIpaBIEHUS HA PaCCTOSIHUE HECKOJIBKO COT METPOB.

ITo KOHCTPYKIIMH HIUTHI TOAPA3IEISIIOT Ha JBE OCHOBHBIE I'PYTIIIBL:
wiKagnvle 3aKpplmozo TANA U RAHEbHbLE.

kadHBIH WUT ¢ PacHONOKEHHON B HEl ammapaTypoi, 3IeKTpu-
4YecKoil ¥ TpyOHOH MPOBOJKAMH MpenHa3HauYeHbI AJIsl 3aIlUThl TpuOo-
POB OT BO3MOXKHBIX IOBPEXIEHHHA. BrIMyckaroT mkagHbIE IIUTHI C
MIpaBOM WJIN JIEBOM JABEPHIO, C 3aJHEH ABEPBIO, OTKPBITHIE C ABYX CTO-
POH U MpenHa3HaYeHbl B OCHOBHOM JUIS YCTAaHOBKM MECTHBIX MpPHOO-
pOB.

IlanenbHBIE IMWUTHl YCTAHABIMBAKOT B OTAENBHBIX IMOMEIIECHUSIX
(omepaTtopckue aucreTdepckue). Kapkac maHENbHBIX IIUTOB MOYKET
OBITh ONMHOYHBIM WK OJOYHBIM. KOHCTPYKTHBHO MaHEIbHBIC HIMTHI
BBITIOJTHEHBI B BUJIE NMaHeNel ¢ kapkacoM. OQMHOYHBIN AT pacCUUTaH
Ha YCTAHOBKY OJIHOI TMaHeH, OJI0YHBIN HPEICTABIAET COOO0M HECYIIYIO
KOHCTPYKIMIO, Ha KOTOPOH MOTYT OBITh YCTaHOBJICHBI ABE U OoJiee ma-
HEJH, a TaKKe MaHeIeH TMHEHHBIX CXEM TEXHOJIOTHYECKOro Mpolecca.
BricoTa muToB, kak npasuio, 2200 MM, IIMpUHA AHEJIEH B 3aBUCUMO-
CTH OT MOHTHPYEMBIX B Hell mpubopoB Moxet O0bITh 600, 800, 1000 u
1200 mm.

ITo MecTy yCTaHOBKH LIUTHI OBIBAIOT 6HYMPEHHel yCmanoeku (He
YTEIUICHHBIE) U HAPYXHCHble — YTETUICHHBIE, 000TpeBacMEbIE.

IIluTel BHYTpEHHEH YCTaHOBKM YCTaHABIMBAIOTCS B OTaIUIMBac-
MBIX IOMELICHHUSAX.

IIluTel HApY»HOU YCTaHOBKM YCTaHAaBJIMBAIOTCSI B HEOTAIUIMBAE-
MBIX TTOMELIEHHUIX WM )K€ Ha ymuie npu temnepatype no —50°C. Iut
Hapy>KHOH yCTAaHOBKHU IPEACTaBJIsIeT co00l MeTaJulnyeckui mkad Ha
HOYKKaxX C BHYTPEHHEH TEIUIOBOW M3OJIALMEH W3 MEHOIUIACTa, TAKKE B
mKkady ycraHaBIUBAEeTCSl 3MEEBUK, KOTOPOMY ITOJIBOJIUTCS TETIOHOCH-
TeNb (Topsdas BoJia WX 1ap).

Bun nepenneld 1 BHyTpeHHEW MaHeNel ImUTa A7 yNpaBiIeHHUS U
KOHTPOJIS IPUTOYHON BEHTWIIALIMEN TPUBEACH Ha pucyHKe 18.
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Puc. 18. ILJum 0ns ynpagienus u KOHMpPOJisk APUMOYHOU GeHMUISIYUel

Ilynemom HazpIBaeTcs KOpIyc, MMemui (opmy crona, ¢ Ha-
KJIOHHON MJIOCKOCTBbIO. [lyNmbThl BBIMONHAIOT MPUCTaBKaMU K IIUTaM
WIM OTAeNbHO cTosmue. Ha mynprax ycTaHaBIMBalOT KHOTIKH YIIpaB-
JICHWSI, KOHTAKTHBIE KIIFOYH, apMaTypy CUTHAIBHBIX JAMIL.

B mpoekrax cuctem aBTOMaTH3alUM OOBEKTOB CEIbCKOXO3SICT-
BEHHOTO NIPOM3BOACTBA HET HEOOXOAUMOCTH B pa3paboTKe JOKyMEHTa-
LM Ha LIUTHI U MYJIbThl YIPABICHUS, T.K. €€ IOJHBIA KOMIUIEKT UMEeT-
csl Ha 3aBofax-usroroButensx. Ecnu Bo3HHKaeT HE0OXOAUMOCTh MpH-
MEHEHHs] WHAWBHUIYaJbHBIX YCTPOWCTB, TO MPUBOAAT UYEPTEKU HX
BHEIITHETO BUJA C PACIOJIOKEHHEM NPUOOPOB W ammapaToB, a TaKkKe
CXEMBI MTOAKIIOYEHUS.

B tabnuue 7 npuBeneHbl MpUMepbl 0003HAYEHUS IIUTOB M ITYJIb-
TOB aBTOMAaTHKH.

Tabnuna 7
O0603Ha4YeHHS IUTOB U ITYJIETOB aBTOMATHKH
HaunmeHnoBanue YcnoBHOe 0003HaUeHHEe
1 2

[uT mkadHO¥:

C 3a/IHEN IBEpbIO LIIII-3/1

C 3aJ{HeN IBEPBIO, OTKPBITOH C IBYX CTOPOH MIII-31-02

€ 3aJHEH IBEPBIO, OTKPBITON C IByX CTOPOH Im-3a-0I1

€ 3a1HeH IBEPbIO, OTKPBITOMN C JIEBOM CTOPOHBI 1IHI-34-0J1

JIBYXCEKIIMOHHBII HIII-2

[TaHenbHBIN OIMT JUIS AUCTIETYEPCKUX ITyHKTOB:

C KapKacom LITIK

C KapKacoM, 3aKpBITBIM C IIPABOH CTOPOHEI IIITK-31T

C KapKacoM, 3aKpBITHIM C JI€BOI CTOPOHBI HITK-3J1

C KapKacoM JIBYXCEKIIMOHHBIM IIITK-2
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Oxonyanue Ta0auIsl 7

1 2
BcnomorarenbHbie 3JIEMEHTBI ISl IIIUTOB JIKC-
METYEPCKUX U ONEPATOPCKUX MYHKTOB:
MaHeNb 1IuB
NaHeNb C JBEPHIO 1B/
YIJIOBasi BCTaBKa BY
[lynpt:
3aKpBITHIN II
MIpaBbIi II-I1
JIeBBIN II-J1
cpeTHHiA I1-C

KOHTpOJIbeIe BOIIPOCHI

1. HazoBuTe o0mue npaBuiia BEITOTHEHHUS CXEM COCANHEHUH.

2. B 1eMm 3axirouaercs rpauUuecKuid, aApecHBIH U TaOIUIHBIA CIIOCOOBI
COCTAaBJICHUS CXEM COECTUHEHUI?

3. UTo mOKa3hIBAIOT CXEMBI ITOIKITFOUCHHUI?

4. Kak BbInosiHsieTcsl Tpad)uuecKiii BApUaHT COCTABIICHUS CXEM HOAKIIIO-
YeHHit?

5. Kax BbINosIHsIETCS TAOJMYHBINA BAPHAHT COCTABIICHUS CXEM IOJKITIOYE-
HUR?

6. UTo Ha3bIBACTCS LIUTOM, ITyJIHTOM?

7. IlpuBenure KiaaccUPUKAIMIO [IUTOB aBTOMATHKH.
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IIpakTyeckas padora Ne 4
OCHOBHBIE ITPUHIUIIBI AJITEBPBI JIOT'NKHU

]_le.]'lb paﬁOTbI: O3HAKOMHUTBCA C JIOTHYCCKHUMHU (l)yHKLII/IHMI/I nu
CXE€MaMH, C TIOMOIIBIO KOTOPBIX OHU OCYHICCTBIIAIOTCH.

ABTOMaTH3aLUsl MHOTHX TEXHOJOTHYECKHX MPOIECCOB OCYIIECTB-
JsieTCsl Ha OCHOBE PELICHHUS 3ajad JIOTHYECKOTO XapakTepa, U C 3TOH
LEJIBIO IPUMEHSIIOTCS Ao2uiecKue @ynxkyuu. MHOrHE Mpoueccs! mpen-
MOJIararoT MOJA4y HCIOJHUTEIBHOMY MEXaHW3MYy KOMaHJ THIa «OT-
KPBITh — 3aKPBITHY, «BKIIOYUTH — OTKIIOUNTHY U T.1. OHH mepesaroTcs
CHUTHAJIaMH, KOTOpbIE MOTYT NIPUHUMATh TOJIBKO /1B YPOBHS 3HAUECHUH.
He3zaBucumo oT ¢u3uueckoil CyTH CUrHajga 3TH YPOBHH 0003HAYArOT
mudpamu "0" u "1". Takue cUTHANBI HAa3BIBAIOTCA JIOZUYECKUMU Re-
PemeHHbIMU, NN 080OUYHBIMU.

Heo6xonumocTts B (hOpMHUpPOBaHMHM KOMaHJ, MEpeAaBaeMbIX IBO-
WYHBIMU CHUTHAJIaMH, BO3HHKAET MPH U3MEHEHUH IMOCIe0BATEILHOCTH
BBITIOJTHEHUST TEXHOJIOTMYECKHUX OIEPaIHid, TPU OCTAHOBKE arperaToB B
ciry4ae oOHapyKeHUsI HapyIIeHHH X paboTOCIIOCOOHOCTH BCIIEICTBHE
MOJIOMKHU WJIM OTCYTCTBUS CBHIPBSI, AJISl 3aLIMUTHI OT HEMPaBUIBHOTO HWIH
HECAaHKIIMOHUPOBAHHOTO BKJIIOUCHHS TEXHOJIOTHYECKOT0 000pyAoBa-
HUS U T.J.

Ha BXxoJn nOrMyecKkux 3J1€MEHTOB MOJAIOTCA CUIHAJBI OT BJIEKTPHU-
YEeCKHX JIATYMKOB, CTAHJAPTH30BAaHHEBIE 110 YPOBHSM TOKa U HarpsiKe-
HUS, @ K BBIXOJly TOJKITIOYAIOTCS 3JIEKTPOMArHUTHBIE pejie WM Mar-
HUTHBIE IIYCKATEIH U IPYTHe UCIIOJHUTEILHBIE 3JIEMEHTHI.

[Tpu o6o3HaUeHNH JIOTMYECKUX (YHKIUI CUTHAI Ha BXoje 000-
3HAYAIOT X, CUTHAM Ha BbIxone — Y. [Ipu cocTaBieHun TabIUIBl COCTOS-
HUSI CUTHAJIOB IIPU Pa3JIMUHBIX COUYETAaHMUAX CUT'HAJIOB Ha Bxoje 0 cooT-
BETCTBYET OTCYTCTBUIO CHT'Hajla HAa COOTBETCTBYIOLIEM BXOJE MJIHM BbI-
x07ie, 1 COOTBETCTBYeT HATMYUIO CUTHAIA.

Jlornyeckue 31€MEHTHl OCYLIECTBIISIFOT TPU OCHOBHBIE JIOTHYECKUE
OTIECpALINH: He, U, U, & TAKKE UX KoMOMHaIwH (Tad. 8).

Oneparvs HE (ompuuanue). y = X.

O3HayaeT, 4TO CUTHAN Y Ha BBIXOJIE JIOTUYECKOTO DIIEMEHTa HMe-
eTcs TOJIBKO IPU OTCYTCTBUM CUTHAJIA HAa BX0/€ X (M HA000POT).

Onepanvs HJTH (croxncenue). y = x1 + x;.
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O3HayaeT, YTO CUTHAN Y Ha BBIXOJIC JIOTHYECKOTO 3JICMEHTA TOB-
JISICTCS TOT/A, KOTJIa UMEETCSl CUTHAJT XOTS OBl Ha OJIHOM HMX BXOJOB X;
W X;.

Oneparis H (ymnosicenue). y = xq - Xo.

O3HayaeT, 4TO CUTHAJ Y Ha BBIXOZE JIOTHYECKOIO JICMEHTA TIOSBIIS-
€TCs TOJIBKO TOTJIA, KOTJIa OTHOBPEMEHHO €CTh CHTHAJIBI Ha BXOJIE X1 U X».

Cnoxusle gornueckue onepanuu (H-HE, HJTH-H, H-UJTH wn 1p.)
BBITIOJTHSIFOTCS] HA OCHOBE MPOCTEHIIINX.

ITpu cocTaBieHHHM pENEHHBIX SKBUBAICHTOB CIEAYET TOMHHTE,
YTO: MapayielbHOE COCJAMHEHHE KOHTAKTOB COOTBETCTBYET JIOTHYC-
CKOMY CJIOXKCHHIO, MOCIEIOBATEIILHOE — JIOTUYECKOMY YMHOXKEHHUIO,
4yepTa HajJ OYKBEHHBIM WHJICKCOM O3HAYaeT OTPHUIIAHKE, B 3TOM CIIy4ae
UCTIONIB3YETCS PA3MBIKAIOIIMIA KOHTAKT.

Tab6mmma 8
OCHOBHBIE JIOTUYECKHE ONepalii U UX KOMOUHAIIUH
One4 Anrebpande- |YcinoBHOE Pesteiinbii | BecKoHTAKTHb Tabmuna
pa- | ckas popmy- | 0003Ha- COCTOSIHUS
OKBHUBAJICHT OKBHUBAJICHT
MU na yeHue CHMIHAIIOB
1 2 3 4 5 6
0|1
L S - X ¥ X y
an) = =X
g 7 R 1[0
S
X1 |X2| X3| Y
- 0/0(0|0
o ! X1 ojo[1]1
= %
=5  y= Gl 0[1]0][1L
=5 1 X X2
Sg:x1+x2+x3 3 0j1|1]1
5 & 1[ofo]1
1/0(1]1
1/1(0]1
111]1)1
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Oxonyanue Ta0auIsl 8

X Xo| X3| Y
0/0|0]|0
| ) 0/0|1|0
2 0/1|/0]|0
§ 2 0[1/1]0
~ =X, X, - b4 X X2 X3
%yxlx2x3 3 i/_//y 1/0/0]0
= 1/10{1|0
1/1{0|0
111111
X1 X2 | X3| Y
00|01
X1 00|11
Xzy 0[1/0]1
[ ()
s T Ha Xt x2 X3y O111111
< | YE NN Lr\r\r®j 110(0]1
110(11
11101
111(1(0
Ilpumep 4.1

[To anrebpamueckoil popmyse COCTaBUTh YCIOBHOE 00O3HAYEHHE
U peNICUHBIN SKBUBANICHT Y = X3 Xp+ X3

VYcnoBHOe 0003HAUCHHE: PeneiHpIii DKBUBAJICHT:
xr—g 17
o
- X1 X2 J4 T
— )
X3
Xi—

33




Ilpumep 4.2
[lo anrebpanyeckoii popmyisie COCTaBUTh YCIOBHOE 00O3HAUYEHHUE

U PENICHHBIN DKBUBAIEHT: Y = X, * X, + X3 X,

VYcioBHOE 0003HAUEHUE: PeneiHrlil DKBUBaJICHT:
x—os |1
¥ X2 Y
X7 — —~
Y —/ ,
zf.? —O Xj X4 J
Xt —
3aoanue 1

o anrebpanyeckoil popMyiie COCTaBUTh YCIOBHOE 0003HAUCHHE,
peNeHbIN AKBUBAJICHT U TaOJIHIly COCTOSIHUSI CUTHAJIOB!

LYy=x+x,+x;.
y=x+X,-X;
y:;ﬁ'xz‘xs
y:xl"'Z'xs

Yy=x+X,-X;

y=X X, +X;

y=Xx X, +X;

y=x+X;, X5

© © N o o ~ w Db

y=x+x,+x;
10. Y=Xx,+Xx, + X5

3aoanue 2
[To anreOpanueckoit Gpopmysie COCTABUTh YCIOBHOE 0003HAUCHUE
Y peJeiHbIN SKBUBAJICHT:

11, y =%, - x, + X5 - X,.

12. Y =X, - X, + X5+ X,.
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13. Yy =X, +Xx, + X3 X,.
14. Y =X+ X, - X3+ X,.
15. Yy =X +X, - X3 X,4.

16. Y=X, X, - X3+ X,.

17. Y =X+ X, - X3 + X,
18. Yy=Xx X, + X3+ X,.

19. y=Xx,+X, X3+ X,.

20. Y=X, "X, X3+ X,.

KOHTpOJIbeIe BOIIPOCHI

1. Kaxue curHaisl Ha3pIBaOTCS JIOTHUECKUMH ITePEeMEHHBIMU?

2. IlpuBenute anredpandeckyro GopMyIity, YCIOBHOE 0003HAUCHHUE, pEci-
HbIE 9KBHBAJICHTHI onepari HE (oTpunaHue).

3. IlpuBenute anreOpandeckyro GOpMyITy, YCIOBHOE 0003HAUCHHUE, peieii-
HbIE SKBUBAJICHTHI oneparu 2/ (YMHOKEHHE).

4. TlpuBenure anreOpamdeckyto GopMyiTy, YCIOBHOE 000O3HAUCHHE, perei-
HBIC SKBUBAJICHTHI otiepartin /I (crnoxxeHue).

5. Kakue xoMOUHAIIMY JIOTUYECKUX OTEepaIiii OCYIIECTBISIOT JIOTHUECKHE
anementsl? [IpuBeante ux anreOpandeckyro (GopMmyiy, yciioBHOE 0003HaYEHHE,
peleiHbIN SKBUBAJICHT.
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IpakTnyeckas padora Ne 5

OYHKIHMOHAJIBHBIE U CTPYKTYPHBIE CXEMbI
CUCTEM ABTOMATHUYECKOI'O YIIPABJIEHUSA

Heab pa6orsbl. O3HAKOMUTHCS C TIPaBUIAMH TTOCTPOeHUS (PyHK-
[IUOHAJILHBIX U CTPYKTYPHBIX CXEM aBTOMATHYECKUX CUCTEM YITpaBlie-
HUSL.

Dyuxkyuonanvnvie cxemol CAY

Dynxkyuonanvubvle cxemvl CUCTEM aBTOMAaTHUECKOTO YIpaBiie-
Hus (CAY) oTpakaroT B3aMMOJEWCTBHE YCTPOWUCTB, OJIIOKOB, Y3JIOB M
OTJENbHBIX JIEMEHTOB B IIpoliecce UX paboThl B COBOKYITHOCTH C CHUC-
TeMoi ynpaBneHus. Kaxaplif U3 371€MeHTOB, Moyydas BXOJIHOE BO3-
JIECTBHE B BUJIE€ ONIPEICIICHHON SHEPTUH OT IPEABIIYILErO IEMEHTA,
mpeoOpasyeT ee U MmepenaeT MOCIeaYIomeMY (BBIXOHAS BETUINHA).

OyHKIMOHABHAS CXeMa COCTOMT U3 00bekTa ympasieHuss OV
(puc. 19), BocpuHUMatomiero oprana (natanka) BO, cpaBHUBAIOIIETO
oprana CO u ucnonHutenabHoro oprana 40O. OTaenbHbIE Y3JIbl U30-
OpakaroT NPAMOYTOJbHUKAMU, @ CPAaBHUBAIOLIUM Oprad NpHHATO 000-
3Ha4yaTh KPY’KKOM C CEKTOPAaMH, CYLIECTBYIOLIUE CBS3U MEXAY HUMHU
CTpEJIKAMH, COOTBETCTBYIOIIMMH HAIPABICHUIO MPOXOXKIEHHUs CUTHA-

Jia.
l N()

X X=X )-Xo X v

HO oy

i X '
. B0 |

&

Puc. 19. Ilpumep @yuryuonarvHol cxemol

OOBEKT ynpaBICHUS HAXOAWTCS MO BIHSHUEM BO3MYIIAFOIIETO
Boszeiicteus N(t), V — aro ympaBnsemslii (KOHTpOTHUPYEMBIii) Tapa-
MeTp, Xo — 3a1aHHOE 3HAUCHHUE YIPABISIEMOro mapameTpa.
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Bocnpunnmaronuii opran BO 3aMepsieT ynpaBisieMblil TapaMmeTp
U Tpeo0pasyeT ero B CHrHaj, yIOOHBINA AJISI CONOCTABICHHUS €T0 C 3a-
JIAaHHBIM 3HA4YCHHEM Xg M TOJaeT ero Ha cpaBHuBarommii opran CO. C
Bbixoma CO curHan X,, paBHBIN pa3sHOCTH X; U Xp, TOCTyMaeT Ha WC-
NOJHUTENBHBINA opran M0, KoTopsiii IpeoOpasyeT ero B curnan X. Ha
OV mocrymaer yrpaBIsioniee BO3AEHCTBHE X, MPOTHBOIOIOXKHOE MO
3HaKy OTKJIOHEHHUIO YHPABJISIEMOro mapamerpa ¥ oT 3aaHHOro 3Haue-
HUSL.

Cmpykmypuoie cxemol CAY

CmpykmypHble cxempl TIOKa3bIBAIOT B3aMMOCBSA3b COCTaBHBIX
gacteir CAY u XapakTepusyloT UX JHHaMHUYecKre cBoicTBa. Ha cxeme
M300pakar0T MaTEMATHYECKYI0 MOJIEIh IPOIIeCcca PEryINPOBaHUSI.

MatemaTHueckasl 3aBUCUMOCTD BBIXOJJHOM BEJIMYUHBEI OT BXOJHOMN
JUTSL KaXK/IOTO 3BeHA CTPYKTYPHOH CXeMBI JaéTcs B BUJE NEpeaaTOYHON
byukmuun W(p), KoTopas HpeacTaBiseT coOoi 3amMcaHHOE B oOrepa-
TOpHOU opme muddepeHIInanbHOe YpaBHEHHE TaHHOTO 3BeHa. CTpyK-
TYPHBIC CXEMbI COCTABJIAIOTCA HAa OCHOBC NMPUHIUITUATIbHBIX UJIN (byHK-
[IUOHAJHHBIX CXEM aBTOMATHKHU.

[MpuHnunMansHble, YHKIUOHAIBHBIE U CTPYKTYpPHBIE CXEMBI pac-
CMOTpPUM Ha IpUMEPE aBTOMATHYECKONH CHUCTEMBI YIIpaBJICHUA TCMIIC-
paTypoil TEIIOHOCUTENS B IIAXTHOM 3€PHOCYILIUTIKE.

ABTOMATHYECKasi CUCTeMa yIIpaBJIeHUs] TeMIlepaTypoii
TEeNJOHOCHTEISl B IIAXTHOW 3epPHOCYLINIIKE

ObmwexToM ynpasnenus B fanHoiH CAY (puc. 20) sBisiercs maxTa
C pacnpenenuTeIbHBIMA KOpoOaMu, M0 KOTOPOH CBEPXY BHH3 JBHKET-
Csl 3epHO, a CHU3Y BBEPX — TETNIOHOCUTEIT.

Temmepatypa TeruioHOCHTENS 6 ONpenensieTcsi COOTHOLICHUEM
MOTOKOB rops4ero Bo3ayxa Q. mocTynaromero oT TONKH, ¥ XOJIOAHOTO
BO31yxa U3 armochepnl Qy. OHO 3aBUCHUT OT MOJIOKEHUS 3aCIOHKH 2.

Temmepatypa TermnoHocuTenst 6 (BerxonHas BennynHa Bceil CAY)
(buKCHpyeTCsl AATYMKOM TeMriepaTypsl R, 1, sBistommMcs TepMope3u-
CTOPOM, BKJIIOUEHHBIM B OJTHO U3 IUIeY M3MEpHUTENbHOro Mocta 5. He-
obxoammas TeMriepaTtypa (3amaroriee BO3ICHCTBUE) 3a/aeTCs MOJI3YH-
KOM pesucropa Rs.

Ecnu temneparypa TemIOHOCUTENS paBHa 3aaHHOM, T.e. R, = R,
TO MOCT HaXOJHTCS B YPaBHOBEIICHHOM COCTOSIHUM, M MPH HAJHYUH
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nuTaoniero HanpsbkeHus: Uy HanpsokeHrne Ha BBIXOAE MOCTa OTCYTCT-
BYET.

Puc. 20. Ilpunyunuanvuasn cxema asmomamuyeckol cucmemsl Ynpasienus
memnepamypou menioHOCUmens 3ePHOCYUUIKU.
1 — oamyux memnepamypwer (mepmopesucmop); 2 — 3aciouxa, 3 — s1eKkmpoosueamens,
4 — ycunumensv, 5 — uzmepumenvhvlii Mocm; 6 — msaea 06PAMHOU C83U

Korga TemmepaTypa TEIUIOHOCHTENS TOJ JCWCTBHEM BHEIIHUX
(haKTOPOB OTKJIIOHHUTCS OT 33J]aHHOU, HANIPUMED, B MCHBIIIYIO CTOPOHY,
TO Ha BBIXOJIC MOCTA MOSBUTCS curHai pasdananca Uj, 3aBUCSIIUN OT
HanpspkeHus: Uy, TpOmopIHOHALHOTO TeMIrepatype 6 U CONpOTHBIIe-
Huto R, n U, 3amaromero pesucropa R,. Curnan pazdanaHca MOCTOBO#
CXEMBI YCHUJIMBACTCS YCUIUTENIEM 4, BBIXOJIHOE HAIPSHKEHHUE KOTOPOTO
U, ynpasisier peBepCUBHBIM jBuratTesieM 3. Ban nBurarens uepes pe-
JYKTOp COEJIMHEH C 3aCJIOHKOH 2, BCIIEJCTBHE YEro OHA HAYHET Mepe-
MEINAThCS, YMEHBIIIAs TOTOK XOJOJHOTO BO3/yXa M YBEIMYHBAs MOTOK
ropsyero.

3a cyeT COOTBETCTBYIOMIETO M3MEHEHHS yTrila MOBOPOTA 3aCIOHKU
U KOMIICHCUPYETCS OTPHUIIATEIHOE BIMSIHUAE BHEIIHUX BO3MYyIIEHUM f
(M3MEHEeHHME TeMIIepaTypbl, BIAKHOCTH aTMOC(EPHOIo BO3IyXa H Ap.),
JICHCTBYIOIIUX Ha OOBEKT PEryIUPOBAHUSL.

BeneactBue ymaneHHOCTH 3aCiIOHKH OT TEPMOPE3MCTOpa M €ro
MHEPLMOHHOCTH B CHCTEME BO3HHKAIOT HEXKEJaTeIbHBIC MEPHOANYE-
CKHe KoJieOaHHs TEeMIepaTyphl, T.K. 3aCJOHKA OCTAHOBHUTCS HE B MO-
MEHT JIOCTKCHHS €10 TPeOyEeMOT0 MOJIOKEHUS, a C 3all03/IaHuEM.
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Jns ycTpaHeHus: KoneOaHWH HCHONB3yeTcs jKecTKas oOpaTHas
CBSI3b 6 — 9TO pe3ucTop R, MEpPEeMEHHOTO COMPOTHUBICHHSA, TMON3YHOK
KOTOPOTO JKECTKO CBsI3aH C 3acJIOHKOH. PaBHOBecue HacTymaer He-
CKOJIPKO paHblle, YeM 3aCJIOHKa 3aiiMEeT KOHEYHOE IIOJIOXKEHHUE, a
MMEHHO, KOrJa mpupamieHue R, oT W3MeHeHus: Temrepatypsl U AR,
CTaHyT PaBHBIL.

3areM TemIepaTypa U IOJ0KEHHE 3aCIIOHKH IOCTEICHHO AOCTH-
raroT YCTAHOBUBIIUXCS 3HAYCHUH, OTIMYAIOIIMXCS OT MCXOIHBIX Ha
JOMTyCTUMYIO BEITHUUHY.

@ynxkyuonanvnaa cxema paccMoTpeHHo Beime CAY comepxuT
3JeMeHTHI (3BeHbs) (puc. 21) m oTpaxkaeT MX B3aUMOACHCTBHE B MPO-
1ecce paboThl.

Ob6vexkmom ynpasnenus B nanaoit CAY sBisercs maxra ¢ 3ep-
HOM.

Ynpaensemaa eenuuuna — temnepatypa 6 B maxrte, 3aBUCHT OT
sosmywarouiezo eo3oeiicmeusn f — Temneparypbl OKpysKaromei cpepl
0,. Benmnunny O MOXHO peryiupoBatb, U3MEHSS ynpaeisiouiee 603-
oelicmeue — cootHorenne motokos Qr /Qy.

JanHas cxema COAEPKUT 3BEHBSI:

OY — 00beKT yrpaBieHus (3epHOCYIIIHIKA);

BO — BocipuHUMaIOMIHIA OpraH (IaTYHK TEMIIEPATYPHI);

YO — ycunuBaromuii opras (yCUIUTeNb HaNpsHKeHNs);

HO — uciomHUTENBHBIN OpraH (3MEKTPOABUTATEND );

PO — perynupyromuii opras (3acioHka);

OC — obpatHas cBsI3b (TSra 0OpaTHOM CBSI3M);

CO — cpaBHUBarOLUi Oprad (M3MEPUTETBHBIN MOCT).

CpaBHuBaromui oprad 0003Ha4aeTCsl OKPY>KHOCTBIO C CEKTOPaMH.

¢ |’
Ur U 1)

b U902M0¢P0X09
C

U= OC

)

Puc. 21. Qynxyuonanvras cxema agmomamuyeckou cCUcmemyl YnpaeieHus
memnepamypou menjioHOCUmeJis 3epHOCYUUIKU
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CmpykmypHas cxema TIOKa3bIBaeT B3aNMOCBS3b 3BEHLEB JaHHOMN
CAY, KOTOpbIE TPEACTABISAIOTCS WX TNEPEAATOYHBIMHA (HYHKITUIMHU
(puc. 22).

Kaxmoe 3BeHo CAY mpeobpaszyeT BXOAHYIO BETHYHHY B BBIXO/I-
HYIO T10 OIPEJICIICHHOMY, XapaKTePHOMY JUIsSl TaHHOT'O 3BEHA, 3aKOHY.

e |
& W - i il —2
U | U Wl
Woel)

Puc. 22. Cmpyxkmyphas cxema agmomamu4ecKkol cucmemvl ynpaesieHus
memnepamypou menjioHOCUmeJs 3epHOCYUUIKU

Jmaamudeckue cBoiicTBa 3ieMeHTOB CAY oOmMCBIBaIOTCS Clie-
JIYIOIIIEN CUCTEMOM ypaBHEHHUM:
- CylnrJibHas KaMepa:

do

- JaTYUK TEMIIEpaTyphI.
dR
T,—=
dt
- CPAaBHUBAIOLINI OPraH:
Up=U,—-U,—-Ug;

+ R, = k,6;

- YCHJIMTEID:
U2 = ky Ull
'3HCKTPOHBHF3TCHB:
d3 d>? d
T A i A Y N

143 T Mdez T dt

rae T, Ty, Ty, T; — MOCTOSHHBIE BPEMEHH, C,
ke, kf, Ky, Ky, ky — X039 GuimenTsr nepenayn.

Ilepeoamounasa ghynkyun, corinacHo ee OINpeneIeHHI0, TIPEICTaB-
nsieT coO0i OTHOIIEHHE ONEePaTOPHOTO OMPEAEITICHHS BHIXOJHOM BeNH-
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YHHBEI Y(p) K ONEPaTOPHOMY OIpPENEICHUIO BXOAHOW BEIHYUHBI X(Pp)
NIPY HYJIEBBIX HaYaJbHBIX YCIOBHSIX.

IlepenaTounsie GyHKIMA IIEMEHTOB JAHHON CHCTEMBI.

CymuiasHON KaMepsl:

do
_d
P=ar
TepO(p) + 0(p) = kco(p) + ke f(p)-

O@)(Tcp + 1) = kcp(p) + ke f (p).

0(p) k¢
Wy, () = = .
WP =) Tep+1
6(p) ks
Wir(p) = = :
v f) Tp+1
Jartuuka:
dR,
TAW + RLL = kﬂ9
_d
P=ar
T,pR,(p) + R,(p) = k,0(p).

R,(0)(Typ + 1) = k,;0(p).

Ri(p) _ k4

Wp) = 0(p) T,p+1

CpaBHHUBAIOIIETO OpraHa:
Up=U;— U, —U.
Ycunurens:

UZ = kyUl.
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_ Uy (p) —k

2 U,(p) 7

DIIeKTPOABUTATEIIS.

d3<p d2<p

do
F-I_TM +—= k:_,Uz(p).

de? ' dt
d

P=ar

TuT.p> 9 (0) + Tup* 9 (p) + pe(p) = k.U, (p).
o) (TuT,p° + Tup® + p) = kyUz (p).

_o®) _ ks
Up(p) TuT,p3 +Typ?*+p

TuT,

W(p)

3aoanue

1. PaccmoTpeTh TpuMep aBTOMATHYeCKOH CHCTEMBI YIpaBJICHUS,
ee pyHKIIMOHANBHYIO H CTPYKTYPHYIO CXEMBI.

2. O3HaKOMHTBCS C BXOISIIMMH B CHCTEMY JIEMEHTaMH U UX Iie-
pelaTOYHBIMU (QYHKIMSIMU.

KoHnTposbHbIE BONIPOCHI

1. Yro oTpakaroT (yHKIMOHAIBHBIE CXEMBI CHCTEM aBTOMAaTHYECKOTO
yIpaBJeHus?
UYro Takoe 00BbEKT yNpaBJIeHHs?
UYro Takoe 3ajatoliee Bo3ueiicTie?
Kaxkue Bo3elicTBHS OTHOCSATCSI K BO3MYIIAIOIIUM ?
Uro sBusieTcs ynpasisieMol BennauHoi B CAY?
UYro Takoe ynpasJsiioliee Bo3ieicTBre?
Kaxkue 3BeHbst cofiepkaT GyHKIIMOHAIBHBIE CXEMBbI?

Noak~kwn
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IIpakTHyeckast padora Ne 6

ONPEJEJEHHUE NEPEJATOYHON ®YHKIINA
CUCTEM ABTOMATHYECKOTI'O YIIPABJIEHUA

Henp padoThl: HAYYIUTHCS OMPEAEIATH MEPEIATOUHYIO (PYHKITHIO
CHCTEMBI aBTOMATHYECKOTO YIIPaBIECHHS.

Cnocooul coeounenus 3eenvee CAY

3Has mepenatovHble (YHKIHH OTACIHHBIX IIIEMEHTOB (3BEHHEB)
CAY, MOXXHO OMpeneuTh OOLIYI0 MepeAaTOYHYI0 (GYHKIHIO BCE CHC-
TeMbl. DTO HEOOXOAMMO AJISl JaJbHEWIIEro ONmpeAeeHUs] yCTOMYHBO-
CTH CHUCTEMBI.

CymiecTByIOT CIEIyIOIINe CIOco0bl coennHeHus: 3BeHbeB CAY:
nocienoBaTeNIbHOE, MapaielbHOe, BCTpeYHO-TIapaiensHoe (¢ o0paT-
HO¥1 CBSI3BIO).

1) TlociemoBarenbHOE COEIMHEHHE — COCAWHEHHUE JBYX WIIH He-
CKOJIBKUX 3BCHBLCB, IIPU KOTOPOM BbIXOJAHAsA BCIMYMHA MPCALIAYIICTO
3BEHA SIBJISICTCS BXOJAHOW BEIMYMHON [UIs Tocieaytoero (puc. 23).

X1 X2 Xn-1 y
A AW o W

Puc. 23. TTocnenoBarensHoe coenuHeHue 38eHbeB CAY

[Tpu mocnenoBarenbHOM coeqrHeHNH 3BeHbeB CAY o0mas nepe-
nartoyHass (QYHKIHS paBHA NPOM3BEACHHIO IEPElaTOYHBIX (DYHKIUIA
OT/IEJIbHBIX 3BEHBEB!

w@kﬁwwy 61)

2) INapanenbHOe COETUHEHUE — COSIMHEHUE IBYX WM HECKOJIb-
KHX 3BEHbEB, IPU KOTOPOM BXOJHAsl BEJIMYMHA BCEX 3BEHBEB OJIHA U Ta
K€, a MX BBIXOJIHBIC BEJIMYMHBI CKIIa IbIBAtOTCS (puUC. 24).

IIpn mapamnensHoM coenuHeHnH 3BeHbeB CAY mepenaTouHas
(GYHKLMS CHCTEMBI paBHa CyMME MEpeJaTOuHbIX (QYHKIMHA OTACIHHBIX
3BEHBEB!

W(p) =3 W, (p) 62
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X yn
Puc. 24. Ilapannenvroe coedunenue 36eHves
3) Berpeuno-mapamiensHoOe cCoequHEHNE (COSTUHEHHE C 00paTHON
CBSI3bI0) — COCIMHCHHUE JIBYX 3BCHBEB, PU KOTOPOM BBIXOJIHAS BEIIU-
YMHA OJHOTO 3BEHA MOAAETCsl 00paTHO Ha €ro BXOJ Yepe3 Jpyroe 3BeHO
(o6patHyto cBsi3b) (puc. 25).

Xo _X-XorXi y

Puc. 25. Bempeuno-napannenshoe coeouteHue 36eHbes

[lepemaTounast pyHKIWS MPH BCTPEYHO-TIAPAIUIETFHOM COETUHE-
HUY paBHA OTHOIICHHUIO MEePEIaTOYHON (DYHKIIUHM TPSIMOM IIETIH K Tepe-
JaTOYHON (PYHKIIMU BCEU CHCTEMBI B PA30MKHYTOM COCTOSIHUH, YBEIJIH-
YEeHHOW Ha €IWHUIYy NPH OTPUIATENILHOW OOpaTHOW CBSI3M M yYMEHB-
LIEHHOW OT €IMHUILBI TTPU HOJ0KUTEIBHOM:

W (p) = W, (p) , (6.3)
1+W,(p) “Woc (p)

HOI[ PAa3OMKHYTBIM COCTOSHHUEM IIOJAPA3yMEBACTCA pPa3MbIKaHHC
KOHTYpPa OKOJIO CPABHHUBAIOLICTO OpraHa.

Ilpumep 6.1
Omnpenenuts niepenatoynyio Gynkmuio CAY, uMmerolen cienyro-
LIYIO CTPYKTYPHYIO CXEMY:

X
’ Wil o>

Woaclp/

Janbl nuddepeHnmansHble ypaBHEHUS BXOISIINX B HEE 3BEHBEB!
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= 2x;

d
2-¢ 3BCHO: % — vy = 3x;
oOpatHas cBsi3b: Y=10X, MOJIOKUTEIbHAS.

Onpenennm niepeaToynble (pyHKIINN 3BEHBEB.

dzy
1-e 3BeHO: -7 +y = 2x;
b= E;
P’y +y = 2x;
y(@* +1) = 2x;
Yy 2
M) = oy T
2-€ 3BEHO: Y_y= 3x;
dt
py —y = 3x;
y(p—-1) =3x;
_y® _ 3
W) =y -1
OO0patHas cBS3b: y=10x;
y(@) _
Woelp) =35 =

B nmanHO# cxeme nMeeTcsl BCTpeHHO-TIapajIeIbHOE COeTMHEHHE (B
Hero BxomAar 3BeHbss W, u W, 1 mocnenoBarensHoe W,. T.x. oOpaTHas
CBSI3b MOJIOKHUTEIBHASI, TO, COTIIACHO BhIpaxkeHUsM (6.1) u (6.3), oOmras
nepeaaTroyHast GyHKIUS BCE CHUCTEMBI Oy/IeT paBHa:

Wi (p)
Woe(p) - Wi(p)

IToxcraBasiem B BeipaxkeHue (6.4) UCXOAHBIC JaHHBIC, TPEOOpasy-
€M €ro:

(6.4)

W(p) = 1 - W, (p).

_2 2 3
p?+1 3 p?+1 p—1

W(p)z 2 ' _1_ 2 =
=101 — 105y
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6

@+ (p-1) 6 _ 6
T @E+1D-20 [ +1D-20]-(p—1) p3—19p—p2+19
p?+1
Ilpumep 6.2

Onpenenuts niepenatoynyro Gynkiuo CAY, uMeronien cienyro-
HIYIO CTPYKTYPHYIO CXEMY:
Xo y
Wilp) —= Wa(p)

Woaclp/

Hanst nuddepernmanbabie ypaBHEHHS BXOISIIINX B HEEC 3BEHBEB:
d’y  dy
2x
dt? dt
2

d?y .
2-€ 3BE€HO: el 4x;

1-e 3Beno: 3

d
oOpaTHas CBS3b: %+y=2x, OoTpHIIaTeIbHAs.

OnpenenumM nepeaToYHbie GYHKIIUH 3BCHBCB!
2 4 2
Wi(p) = 3p2pr1’ W,(p) = o7 Woc(p) = i1

B naHHOI cxeme — BCTpe4yHO-IIapaJlleNbHOE coenuHeHue. T.K.
oOpaTHasi CBsI3b OTpHIIATEbHAS (HIDKHUH CEKTOp 3allTPUXOBaH), TO,
corJacHO BeIpakeHMIO (6.3) oOmas mepenaTtouHas QyHKIUS BCeil cuc-
TeMBI OyZIeT paBHa:

_ Wi (p) - W,(p) (6.5)
14+ Woe(p) - Wi(p) - Wa(p)
__2 4 8
W(p) = 3p°—p+1 p? _ @Gp’—p+1-p? _
P 142 .2 A4 (+D-BpP-pt+D-pr+16
p+1 3p>—p+1 p? (+1):-@Bp?—p+1)p?
3 8 D@ -pt+1 Pt
S @pr-pt D p+D-@pP-pt+1)-pPtl6

W (p)
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B 8(p+1) B 8p+8
T+ 1D)-GBpt-p+1)-pP+16 3pS+2pt+pt+16

Ilpumep 6.3
Omnpenenuts niepenatodnyio Gyakmuio CAY, uMmeromein cienyro-
IIyIO0 CTPYKTYPHYIO CXEMY:
Xo Y
Wi/ Walp) Wilp/

Woaclp/

Janbl nuddepeHnransHble ypaBHEHUS BXOIAIINX B HEe 3BEHBER:
1-¢ 3BeHO: 3ﬂ+ 8d—y+y = 3x;

dt? dt
2-¢ 38eHO: 10 Z—f +y=2x
3-e 3BeHO: 3y = 9x;
oOpatHast cBs3b:5 % +10 % +y = 10x.

B nanHoii cxeme aBe oOpatHbie cBsi3u: MectHas W, .(p), oHa OT-
pHLaTeNbHas U TJaBHAsA — eIWHUYHAS, T.e. paBHA EIWHHUIIE, OHA OTpPH-
HaresbHasl.

OnpenenumM nepeaToYHbie GYHKIUH 3BEHBEB!

2 10
Wi (p) = Wa) = 15,77 Wa®) =3, Woe®) = iy

3
3p2+8p+1’

CHavana ornpeeluM nepeaaTouHyo GyHKIUIO QparMeHTa CXeMbl,
OXBAa4YEHHOT'O MECTHOI 00paTHOM CBS3BIO:

W2 (p) 6.6
w/(p) = : : (60)
1+ W, (p) - Woc(p)
2z 2
Top+1 Top+1
/ = = =
wiw) iz 10 (10p + 1) - (5p%+ 10p + 1) + 20
10p+1 5p2+10p+1 (10p+1)-(5p*+10p+1)
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B 2-(5p%+10p+ 1) _ 10p% + 20p + 2
T (10p+1)-(5p2 +10p+ 1) + 20 50p3 + 105p2 + 20p + 21°

OO61mmas nepegaroynas GyHKIUS BCeH CUCTEMBI OyIeT paBHa!
Wi(p) - W/ (p) - W;(p) (6.7)

W(p) = .
AR ORTA)
3 _ 10p® +20p +2 3
Wp) = 3p2+8p+1 50p3+ 105p? + 20p + 21 _
p)= 3 10p2 + 20p + 2 =

1+ 3

3p2+8p+1 50p3 + 105p% + 20p + 21

3 (10p% +20p +2) -3
(3p% +8p+ 1) - (50p3 + 105p% + 20p + 21)
(3p% +8p+1)-(50p3 + 105p2% + 20p + 21) + 3 - (10p2 + 20p + 2) - 3
(3p% +8p+1)- (50p3 + 105p% + 20p + 21)

B 3-(10p% +20p+2)-3 _
T (3p?+8p+ 1) (50p3 + 105p2 +20p +21) + 3+ (10p2 +20p +2) -3

90p? + 180p + 18
150p5 + 715p* + 950p3 + 418p? + 368p + 39’

3aoanue
PaccMoTpeTs mpuMepEI Ha OmpeieNieHne epeJaTOYHbIX (QYHKITHH,
BBIJIAaHHBIC MTPETIOIaBATEIIEM.

KouTpoabHble Bonpochl

1. Kakue crioco6n! coenuuenus 38eHbeB CAY BaM U3BECTHBI?

2. Kak ompenenuts nepegarounyro ¢yakiuo 3BeHa CAY mno audde-
PEHINAIBHOMY YPaBHEHHUIO?

3. Kak ompenenuth 00IIyI0 MepeaaTouHyr0 (YHKIHIO TPU MOCISI0Ba-
TEIBLHOM cOequHEeHNH 3BeHbeB CAY?

4. Kax ompenenuTs OOIIyI0 TMEepPeNaTOYHYI0 (YHKIHIO TPU Mapajuleib-
HOM COeIMHEHNH 3BeHbeB CAY?

5. Kak onpenenuts o0mIyro meperaToyHyr0 (YHKIHUIO MPH BCTPEUHO-
MapajuIeIbHOM COCAHHCHIH?
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[pakTnyeckas padora Ne 7

ONPEJEJEHHUE YCTONYUBOCTHU CUCTEM
ABTOMATHYECKOTI'O YIIPABJIEHUSA

Ileab padoThI: HAayYUTHCS OIPEIEIATh YCTOMUMBOCTH CHUCTEM aB-
TOMAaTHYECKOI'0 YIPABJICHHs 10 aareOpanyecKuM M 4aCTOTHBIM KpHUTe-
PHSIM.

[lon ycmoiiuugeocmouro cucteMbl aBTOMATUYECKOTO YIPABICHUS
MOHUMAETCSl CIMOCOOHOCTh CHUCTEMBI TIOCHIE CHSATHSI BO3MYIIAIOLIETO
BO3/IEMICTBUA NMPUXOANTh B MPEXKHEE MM HOBOE COCTOSHHE paBHOBE-
cHsl 3a CUET BHYTPEHHUX CHJI.

YCTOWYMBOCTh CHCTEMBI — HEOOXOAUMOE YCIOBHE €€ PaboTOCIO-
COOHOCTH.

[ MareMaTuyecKkoro OnpeneneHus: YCI0BUM yCTOMYUMBOCTH CUC-
TEM HCIIOb3YIOT KPUTEPUN YCTOWYMBOCTH — METOIbI aHaJIM3a JUHEH-
HBIX AuddepeHranbHbIX ypaBHEHUH, OMUCHIBAIONINX CUCTeMY. Takoe
YpaBHEHUE Ha3bIBAIOT XAPAKMEPUCHUUCCKUM.

Gp)=ap"+a,p™+ .. +aup+a,=0, (7.1)
rae N — CTEICHb XapaKTECPpUCTHUYCCKOTO YPAaBHCHHS.

XapaKkTepuUCTUYECKOe YpaBHEHHE IMpPEACTaBseT coOOi 3HaMeHa-
TeJIb IepelaTOYHON (YHKLIMHN CUCTEMBI, IPUPABHEHHBIN K HYJIIO.

Kpurepuu paznuyaror aicedpauieckue v 4acmomHele.

K anrebpanveckuM KpUTEPHIM YCTOHYMBOCTH OTHOCST KPUTEPUH
Payca u I'ypBuna.

Kpumepuii ycmouniuugocmu Payca

Kputepuit Payca mpencraBnser co0oil mocienoBaTeIbHOCTh Ma-
TEMaTHYECKUX ONepalnii, OCyIIeCTBISEMBIX IIPH PEIICHUH 3a/1a4H.

Kpumepuii ycmoituueocmu Payca. cucmema ycmoiiuusa, eciu
6ce KoOI(ppuyuenmor nepgozco cmoadbya mabauysl Payca  nonoocu-
menvhbl (m.e. ecau ag>0, mo a;>0, bg>0, b1>0 u m.0.). Ecau xaxoti-mo
K09 uyuenm nepeo2o cmoabya paser Hyuo, mo cCUucmema HaxoOUmcs
Ha epanuye ycmoudugocmu.

s aToro cHayana cocraBisitoT Tabnuy Payca u3 xos¢gunmen-
TOB HCXOJTHOTO XapaKTEPUCTUIECKOTO YPaBHEHMS.
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JIJ1st 3TOTO BBEIMKCHIBAIOT CTPOKY C YETHBIMH, a 3aTeM O] HEH —
CTPOKY C HCYCTHBIMU HHJICKCAMU KOA((UIMECHTOB XapaKTepUCTHYEC-
CKOTO ypaBHEHHs (Bcero B Tabmurie OyaeT N+1 cTpok):

ag ay as

Ocranpabie K0O3(POHUITUESHTHI B HIDKECTOSANNX CTPOKAX BBIPAXKAIOT
yepe3 K03 PHUIMEeHTH! BBIIECTOSIIINX CTPOK MO MpaBmiaM Payca gepes
K023() PUIIMECHTHI BBIIIECTOSIINX CTPOK:

bo — a8, — 8,8y ' b, = &8, —8y8s b, = &8s —8ya, X

& & &
b, = boa; —ab, ' b, = boas —ab, ; b, = boa; —abs ; p 1.1 (7.2)
by by b,

Ecmn xosdduiinenTs B ypaBHEHHH OTCYTCTBYIOT, TO JUIS pacde-

TOB MIX IPUHUMAIOT PAaBHBIMHU HYITIO.

Ilpumep 7.1

Onpenenuts o KpuTeputo Payca ycTOMYMBOCTD CHUCTEMBI (TIpH-
Mep 6.3).

Bo3bpmem 3HamMeHaTenb ONpeAeiIeHHOW nepenaTouyHod (GyHKIHH,
NpUpPaBHSAEM K HYIIO, 3TO Oy/eT XapaKTepUCTHUECKOe YpaBHEHHE IS
JAHHOU CUCTEMBI.

G(p) = 150p° + 715p* + 950p° + 418p? + 368p + 39 = 0.

s ynobcTBa nanbHEWIIMX PacyeToB pas3lesiuM Bce KoddQuuu-
€HTHI YPaBHEHUS Ha OJTHO M TO K€ YHCIO — 39, OKPYTIIUM PE3yNbTaThl:

G(p) = 3,8p° + 18,3p* + 24,4p> + 10,7p* +9,4p + 1 = 0.

CocrasmisieM Tabunny Payca (B Helt OyneT 6 cTpok):

dp a ds 3,8 24,4 9,4
ag as dsg 18,3 10,7 1
bo b2 b4 = 22,2 9,2 0
by bs bs 31 1 0
Co Co Cy 2 0 0
C1 C3 Cy 1 0 0

Koappuuumentst onpenenum o Gpopmynam (7.2):
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o &% —3a; 183-244-38-107

° a, 183
a,a, —a,a; 183-94-38-1
a, 183 -
8,85 — 898, —

&
boa, —ab, 22,2-10,7-183-9,2

by, 22,2
_bea,-ap, _2221-183-0
by 22,2 ’

=222,

b2 = 9121

b, = 0;

b, = =31;

b,

b, = boa, —a,b, =0
b
_bb,—bb, 31.92-222.1
0 b, 31
¢ b1b4 _bobs —
bl
b1b6 _bob7
C4 = =
by
_ Cob;—-bc, 2-1-31-0
' C 2
_ Cobs _b104 —

C. —— =1 =0;
3 Co

2;

0;

0;

L

c,b, —b,c
c. =077 " *taive

=0.
5 e,

BeiBoa: nmaHHas cucTtemMa yCTOWYMBA, T.K. BCe KOI(DPHUIMEHTHI

nepBoro ctonbua Tadnuubl Payca nonoxxurenbHble.

Kpumepuii I'ypsuya

Kputepuit I'ypsura, mogo6Ho kpureputo Payca, ocHOBaH Ha om-
pelesnieHHON 3anucu Ko3(QQUIMEHTOB XapaKTEPHUCTHUECKOTO YypaBHeE-
HUSI B BUJIE OTIpeenuTeNei 1 GOpMyITUpyeT YCIIOBHE YCTOHYNBOCTH B

3aBUCUMOCTHU OT 3HAKOB HEKOTOPBIX onpeﬂenHTeneﬁ.

Onpe;[eJmTem, prBI/ILIa 3allUCBhIBACTCA CJICAYIOIIHUM 06pa30M.
Bcee K03(1)(1)I/II_[I/I€HTLI OT a; 10 a, pacCliojiararoT 1mo IJ1aBHOM JuaroHalii B
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MOPSZIKE BO3pAcCTaHHs WHACKCOB. BBepX OT TJIaBHOW JWArOHAIM B
CTOJNOIIAaX 3aMUCHIBAIOT KOA(PPHUIIMESHTHI XapaKTePUCTHUECKOTO ypaBHe-
HUSI C TOCIIEIOBATEIBHO BO3PACTAIONIMMH, & BHH3 — C YOBIBAIOIIUMHU
nHAaekcamu. Ha Mecre kK03(pPUITMEHTOB, MHACKCH KOTOPBIX OOJbBIIE,
94eM N ¥ MEHBIIIe, YeM HOJIb, TPOCTABJISIOT HYJIH:

ag as dsg 0

An: dp 25 ds 0
0 ay as 0

0

0 . . an

Kpumepuii yemoiniuueocmu I'ypeuya: cucrema ycTolunBa Tornaa
U TOJBKO TOTZA, KOTAA BCE OUArOHAJIbHBIE MHUHOPHI onpeaenurens A,
oompire vy 4;=a;>0;

ap as

Azz
ap a

>0;

ap d4az as

A= >0;
ap %) as

0 a a3

A,2>0.
B 3aBUCHMMOCTH OT CTENEHH XapaKTEPHCTHUYECKOT'O YpaBHEHHUS
CHCTEMBI B IPAKTUYECKHUX pacyeTax JOCTATOYHO ONPEACTUTh:
- B ypaBHEHHH TpeThero nopsaka G(p)=agp’ +ap’+ap+as:
A2= aia; —apgas > 0. (73)
- B ypaBHEHHH YeTBepTOro nopsiaka G(p)=aep’+aip’+ap*+azp+as
As= az(aja, — apaz) — azaf > 0. (7.4)
- B ypPaBHEHUH IIATOTO MOPSIKA G(p):a0p5+alp4+a2p3+a3p2+a4p+a5:
A2= didp — dpd3 > 0; 5
Ay= (aja; — apaz)(azay — azas) — (ajas — agas)” > 0. (7.5)
- B ypaBHEHHUH MIECTOTO MOPSIIKA
G(p)=agp®+arp’+azp'+agp* +ap’+asp+as:
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As=az(aja; —apaz) — aj(ajas — apas) > 0;
As= (aja; — apaz)[as(azas — azas) — ag(2a;a5 —a3)] + (7.6)

+(aja4 — apas)[ajazas — as(ajaq — agas)] —ajad > 0.

IIpumep 7.2
Onpenenuts 1O KpuTepuio ['ypBHIlA YCTOHYHUBOCTH CHCTEMBI
(mpumep 6.3).

G(p) = 3,8p° + 18,3p* + 24,4p3 + 10,7p% + 9,4p + 1 = 0.

3anumem onpenenutens ['ypeuna:

ay as ds 0 0
a a as 0 0
As= | 0 ay asz as 0| =
0 ag as as 0
0 0 a, asz as

18,3 10,7 1 0

38 244 94 0

= 0 183 10,7 1
0 38 244 94
0 0 18,3 10,7

R OO O o

Taxk xak YPaBHCHHEC MISATOH CTE€IICHU, TO BBIYUCIIUM OIIPEACIUTEIIN
Ao Ay
A2=a1a2—aoa3.

A,=18,3-24,4-3,8-10,7=405,8> 0.
A= (a12,-2023) (2324-2,35)—(2134-a085)° >0.
A=(18,3-24,4-3,810,7)(10,7-9,4-24,4-1)—(18,3-9,4-3,8-1)*=2615,8>0.

BeiBoxa: cucrema ycroitumsa, T.K. ompenenurenn A,>0 u A,>0.

Kpumepuit ycmoituueocmu Muxaiinoea

Kpurepuit MuxaiinoBa OTHOCUTCSI K YaCTOTHBIM KPUTEPUSM, IIpe-
MMYIIECTBO KOTOPBIX COCTOUT B HATJISAHOCTH.

[lycte G(p)=0 ecTb XapaKTepUCTHUECKOE ypaBHEHHE HCCIEIye-
MO CHCTEMBI JTFOO0TO MOPSIKA.

[Tocne MoOACTAaHOBKM p=jw W OTAEIEHUS BEIECTBEHHON YacTh
R(®) or MHUMOVA j I(») TTOTMHOM MOKHO MPUBECTH K BUY:

53



G (jw) = R(w) + ] (o), (7.7)

rae G (jw) — BekTOp, aMIuIUTyAa U (a3a KOTOPOro SBISIOTCS (YyHK-
[USMH YaCTOTHI @,
R (@) — BemiecTBeHHAs: YaCTh YPAaBHEHHS;
j | (w) — MHUMas YacTh ypaBHEHHUSI.
] — MHHMMast BeJIMUMHA, J=/—1.

B BeIleCTBEHHYIO YacTh 3aMKCHIBAIOT 3HAYCHUS p, HMEIOIINE YeT-
HbBIC CTCTICHU, B MHUMYIO — HCUCTHBIE.

Tx. j=v=1, 710 j?=-1, j*=4j,j*=1;j°=], j°= -1, 10, 3amensist cTe-
NICHHBIC 3HAYCHHUS |, MOXKHO MOJYYUTh BEUICCTBEHHYIO 4acTh R(w) u
MHAMYIO |(w), cCBOOOIHBIC OT j.

Hasee, nmpuHUMas JIFOObIe 3HAYEHHS  OT HYJS JO 00, MOIydYaroT
cootBercTBytoHe 3HaYeHus R(w) u jl(w). [lonydeHubie 3HaYeHus 3a-
MUCBIBAIOT B BUJE Ta0uUIIbI (Ta01. 9).

Tabmuma 9

3aBucuMocThb R u | ot @
0} 0 C. 0
R (»)
1)

Jarnee mo mony4eHHBIM 3HAUCHUSIM CTPOSIT 200ozpadh Muxaiinosa,
OITUChIBaEMBbIit KOHIIOM BekTopa G(jw) (puc. 2.1).

~A\ /(w)

n=2 n=1

VARG T R

n=4

Puc. 26. I'oooepagh Muxaiinosa
07151 pA3IUYHBIX cmenerell N Xapakmepucmuiecko2o yPasHeHus

Ycnoeue ycmoituueocmu Muxaiinosa:

Ol YCMOoU4uBoCmu cucmemsvl HeoOXoo0umo, 4mobvl npu usmeHe-
HUuu yenoeot wacmomol @ om () 00 © 20002pagh Havuxaics Ha eeujecm-
BCHHOU NONONCUMENbHOU HOLYOCU U, 6PAUAACh MONLKO HPOMUG
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YACo8OU CMpenKu, He 00pawascy 8 HOb, NPOXOOUT, NOBEPHYBULUCH HA
yeon nml2, nociedosamenvHo 4uUCiIO K8AOPAHMO8, pasHoe cmeneHu N
Xapaxkmepucmuyecko2o ypaeHeHus..

Ilpumep 7.3
Onpenennuts MO KpUTEpUI0 MUXaiioBa yCTOMYHUBOCTH CHCTEMBI

(mpumep 6.3).
G(p) = 3,8p> +18,3p* + 24,4p° + 10,7p* + 9,4p + 1 = 0.
3aMeHHM p Ha jo:
G(p)=3,8(jw)*+18,3(jw)*+24,4 (j)*+10,7(jow)*+9,4jw+1=0.
OtnenseM BELECTBEHHYIO YacTh YPABHEHHsI OT MHUMOI:

BeI[eCTBEHHAs 9acTh — R(w)=18,3(jw)* +10,7(jw)* +1,
MHHMMas 4acTh — j1(0)=3,8(jw)*+24,4(jw)*+9,4jw.

T.x. muaMast Benmanaa j=+—1, 1o j?=-1; *=j; j*=1;j°=],
109TOMY: R(w)= 18,3w *~10,7w? +1,
jl(®)=3,8jw °— 24 4jw’*+9 4jw, wumn (o) =3,8w°-24,40°+9,4w.

3aHaBaHCL Pa3IMYHBIMHA 3HAYCHUSAMU O OT 0 J0 00, HaXO0JUM COOT-

BeTcTBYyIOIIME 3Ha4YeHus R(w) u 1(w) (Tabu. 10).
Tabmuua 10

3aBucuMocTts Ru |l ot w
w 0 02 |[04|06(08| 1,0 15 2 2,5 3 0

R(w) | 1 06 |05(166[165| 86 | 695 | 251 | 648 | 1387 | +
() 0 ] 168 12,23]0,66|-3,72] -11,2 |-39,39| -54,8 | 13,34 | 292 | 4o

Crpoum roporpad Muxaiinosa.

BbIBOA: cucTema ycTOH4YMBA, T.K. rogorpad HaYMHAETCS Ha BeIle-
CTBEHHOH TIOJIOKUTEIIFHOM TOIyOCH, BPAIIAETCS TOJIBKO IMPOTHB Yaco-
BOI CTpeNKH, He oOpamaercs B HOJb U MPOXOTUT IOCIEI0BATEIHHO

5 xBaspaHTOB.
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Iiw)

Riw!

Puc. 27. I'odoepagh Muxaiinosa

3adanue
PaccmoTpeTs npuMepsl Ha OnpeaesieHue YCTOMYMBOCTH 110 KPHUTeE-
pusim Payca, I'ypeuinia 1 Muxaiinosa, BEIIAHHbBIE PETIOAABATEIEM.

Nogok,~rwbdpRE

KoHnTposbHbIE BONIPOCHI
UYro Takoe yCTONYMBOCTH CHCTEMBI aBTOMAaTHYECKOTO yIIPABICHHS?
Kak dpopmynupyetcst kputepuid ycroitunBoctu Payca?
Kak cocraButh Tabmuiry Payca?
Kak ¢popmynupyercst kputepuid ycroitunsoctu ['ypBuia?
Kak cocrasnsieTcst onpenenurens ['ypBuna?
Kak dpopmynupyercst kputepuid ycroitunBoctd Muxaiinosa?
Kak moctpouts rogorpagp Muxaiiiosa?
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[pakTnyeckas padora Ne 8

CUCTEMBI ABTOMATU3ALIMUA YIIPABJIEHUSA
MHUKPOKINMMATOM

Henp padoThl: 03HAKOMHTHCS C PUMEPAMU PEaTTU3AIIH CUCTEM
yIpaBIeHUS MUKPOKIIMATOM B OBOIIEX PAHMIIHIIIE.

AKTHBHOE BEHTWJIMPOBAaHUE MO3BOJSET MOAJEPKUBATh B XpaHU-
JMIIAX ONTUMAJbHBIM TEMIIEpPaTypHO-BIAKHOCTHBIN pexxuM. Obecrie-
YUBaeTCs yAAJECHHE C IOBEPXHOCTH OBOILEH BJIAard U MPOIYKTOB JbIXa-
HUSI, BEAYIIUX K Pa3BUTHIO OOJIE3HETBOPHBIX OAKTEPHH.

Bozayx B Maccy XxpaHUMOT0 IpOAYKTa MOJAIOT NPH MOMOIIHU MPH-
TOYHBIX BEHTWISALIMOHHBIX CHCTEM, 0OOPYZOBAaHHBIX LIEHTPOOECKHBIMU
WIM OCeBBIMU BEHTHJIATOpamH. [ CHMKEHHS TeMIepaTyphl XpaHU-
MOTO MPOAYKTa HapyKHBIH BO3AYyX HArHeTaeTcs BEHTUIATOPOM uepes3
NPUTOYHYIO IIAXTy 0 BEHTWIILMOHHOMY KaHaly B MaccCy NPOAYKTa.
IIpu HEHOMYCTUMO HU3KUX U BBICOKHX TeMIIepaTypax HapyXHOIO BO3-
JlyXa BEHTWJIATOP MPOTOHSET uepe3 MPOAYKT BHYTPEHHUHN (peLUpKyIs-
LIMOHHBII) BO31yX, IPUTOYHAS KaMepa B 3TO BPEMS 3aKphITa KJIAIAaHOM.

PaccmoTpuM mporiiecchl ynpaBieHUs! MUKPOKJIMMATOM OBOLIEXpa-
HUIHUIL TIPU XpaHEHUHU KapToQes.

TexHoNOrn4Yeckuil mpouecc XpaHeHus! KapTodens MOXHO pasje-
JIUTh Ha TPU OCHOBHBIX MIEPUOJA: IeUeOHbIU, OXAANCOCHUS N XPAHEHUSL.

B nieueOHbIN Mepro ¢ 1EIbl0 OBICTPOTO 3a)KUBJICHUS MEXaHHUYE-
CKUX TIOBpeXJeHHH KapTodens HeoOXOoAUMO MOAJEep)KUBATh B MEXK-
KIIyOHEBOM IIPOCTPAHCTBE HACBIIIM TEMIIEpaTypy Ha ypoBHe 14...18°C u
BBICOKYIO OTHOCHTEIIbHYIO BJIQXHOCTH Bo3ayxa (Oosnee 90%) ¢ MuHU-
MaJIbHBIM BO31yX00OMEHOM.

IIpu Temmeparype kxaprodens soiue 18°C 10mKHa BKIHOYATHCS
aKTHBHAs BEHTWIALUS W IMOJaBaTh BO3AYX TeMreparypoil Ha 3...4°C
HIDKE TeMIIepaTyphl MacChl XpaHUMOTO TIPOTyKTa.

Ecnu B 3aKkpoM XpaHWIHUILA 3aJI05KeH OOJBHOM KapTodens (mopa-
JKEHHBIH (QUTOPTOPOH, HEMaTOJON M T.IL.), TO JieueOHBIA NEpUO MPO-
BoauTcs mipu Temneparype 8...10°C ¢ mociaeayromuM oXIaxaeHIeM 10
1...2°C. Tlpu 3aknaake MOKpOro kaprodess ero HeMeUICHHO IMOJCY-
IIMBAIOT YCWJICHHOW aKTHBHOM BEHTWIALMEW IPH OTHOCUTEIBHOU
BIIQ)KHOCTH BO3yXxa He Beille 80%.
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B mepuon oxnaxxaeHusi, KOTOPHIA HACTYMHAET MOCJE BYyXHEIEIb-
HOT'O JIeueOHOro MepHoia, TEMIEepaTypy XpaHUMOTo KapTodens mocre-
HeHHO CHIKAT j10 2...4°C. [l aroro kiryOHH KapTodess BEHTHIIH-
PYIOT Hapy>KHBIM BO3LyXOM HJIM CMECBIO €0 C BHYTPEHHUM BO31yXOM
B T€ MEPUOJIBI CYTOK, KOTJa TEMIIepaTypa HapyKHOTO BO3/AyXa HE Me-
Hee 4eM Ha 4...5°C HmKe TemrepaTypbl Hacemu Kaprodems. Oxmax-
nmaroT kryorn memneHHo: Ha 0,5...0,6°C B CyTKM NMpU MaKCHMaIbHON
BIaXHOCTH Bo3ayxa 10 100%. Ilepunon oxmaxnenus miutces 20..25
CYTOK.

Ilepron xpaHeHUST — 3TO OCHOBHO# mepuon. OH HauMHAETCs, KO-
ra TeMieparypa kaprodens B Hackinu gocturaet 3...4°C. BenTunsmum-
OHHBIC YCTAHOBKU BKJIIOYAIOTCS TMPH TOBBILICHUU TeMIlepaTypbl B Ha-
ceim A0 4 °C u 6onee. 3UMOM MPOIYKT aKTUBHO BEHTIITUPYIOT CMECEHIO
Hapy>KHOTO Y BHYTPEHHETO BO3/yXa, a MPH OOJBIINX MOPO3axX — TOJb-
KO PELUPKYJSIIUOHHBIM BO3IyXOM. B ocTanbHBIE BpeMeHa roja Ha-
CBIITb BEHTUIIUPYIOT HAPYXHBIM BO3JYXOM, KOTOPBIH 3a0UpPaIOT B Hau-
Ooee X0JI0IHOE BPEeMs CYTOK, MJIM BO3AYXOM, OXJIaXICHHBIM B CIICIH-
ANBHBIX XOJOAMIBHBIX YCTAHOBKAX.

CrpaBUTBCSI C TaKMMHU 3a/lad4aMHd MOTYT II0JIyaBTOMAaTHYECKHUE
CHCTEMBI, KOTOpBIE HMOAJEPKHUBAIOT 33JaHHBIC IapaMeTPbl TeMIepary-
PBI, BIXHOCTH, BPEMEHH NPOBEACHUS] BEHTWIMPOBAHMS, HArpeBaHUs,
OXJIaXKJICHHS U TIpoYee.

Ilpumep cucmemvl ynpasnenus MUKpPOKIUMAMOM 6 XPAHUIU-
wax Kapmogensa u Opyzux O0GOU{HBIX KYAbMYpP EMECHUMOCHIbIO
100-2000 m npencrasnen Ha pucyHKe 28 (cxeMa XpaHWIUING), CTPYK-
TypHas cXeMa CHCTEMBI ITpHUBEIeHa Ha PUCYHKE 29.

OCHOBY yNpaBJISIOLIETO KOMIUIEKCA XPaHWINIL KOPHEIUIOJIOB CO-
crapinsier obopynoBanue pupmsl OBEH:

e MOAyJIh aHanoroBoro Beojga MBAS wim MB110;

® BOCHMHKAHAIBHBI MOJYJb YIPaBIeHUS HWCIOIHUTEIHHBIMA
Mexann3sMamu MBYVYS;

e [IU]/I-perynsaropsl ynpaBieHusa 3anBuwxkkamMu TPM212 ¢ uH-
tepeiicom RS-485;

e rpaduyeckas naHens oneparopa CII1270 ¢ opuruHambHOM Tpo-
rpaMMOH yHpaBJICHUS.
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Crpy#Hble BEHTUNATODI

Bo3ayxo-pacnpegenutensHsie
KaHanst

MarucrpanbHbiit
BO3AyX0-pacnpeaenurenbHbli
KaHan

CmecutenbHas kamepa

Puc. 28. Cxema xpanuruwa

Takxke B cUCTEMY BXOIAT: HePEUUHblE 0AMYUUKU, I/IeKMPOMexa-
HuuecKue 3a06UMNCKU, GEHMUIAMOPbL, 0002pesamen, Y61adtcHu-
meno.

Takast cuctema obecriedrBaeT HEMIPEPHIBHBIN peXXUM pabOTHI B Te-
YEeHHE [UIMTEILHOTO BPEMEHH M BBINOJHSIET OCHOBHBIE OIEPALlUM IS
nojjepkaHusg MUKpoknnmara. CucremMa ynpasisieT 000pyJ10BaHUEM IO
BBIOPaHHOMY allTOPUTMY W BBITIOJHSET CIEAYIONINE OCHOBHBIE (DYHK-
AU

® KOHTPOJb TEMIEPAaTYpPbl W BIAKHOCTH HApY)KHOTO BO3IyXa,
TeMIlepaTypsl B BO3IYLIHBIX PACIpeeIUTeNbHBIX KaHalaX M BO3/IyXa
BHYTPU XpaHWJIMIIA, TEMIEPaTyphl MPOAYKTA, BIAXKHOCTH B XpaHMIH-
we;
yIpaBJeHNE BEHTUISTOPAMH, IPUTOYHBIMH KJIallaHAMU;
yIpaBJieHHE CUCTEMON YBIaXHEHUS M OXJIKICHHS BO3/lyXa;
CHTHAJIM3AIHS;
000rpeB OBOLIEXPAHMWIINIIA.
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RS-485
Modbus ASCII

3nekTponpueosn
Knanaxa

Barunk 'ﬁ
TeMneparypel

BeHrunarop
u oborpesarens
noronka

BentunaTopst

44\ Perynarop
BNAXKHOCTH

Ynpasnenue
33CNOHKaMK

S ———

O6orpesarens
BEHTKaMepb!

S S

OcseleHue
XpaHuAMWa T Cunosoit wxa
egRR e ShRa 380

CurHanusayms

A2 @ I O m®

Puc. 29. Cmpyxmypuas cxema cucmemul ynpasieHus MUKpOKIUMAMOM
8 08OUIEXPAHUNUUWAX
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OcHOBY MoOnynsi yNpaBiCHHS COCTABISAECT HAHElb Onepamopa
CII270 c cencopusiM ynpasienueMm (puc. 30). Ilanens oroOpaxkaer
napaMeTpsl PeKUMOB, MOKa3aHMS JAaTYMKOB, PacyeTHHIE W PeasibHbIC
3HaueHmMs cuctembl. Omeparop mpu momormu madenn CII270 mmeer
BO3MOKHOCTb yCTaHABIIMBATh PEKUMBI Pa0OTHl UCTIONHUTENBHBIX YCT-
poiicTB, HaOMIOMaTh M3MEHEHUs MMOKA3aHWH TAaTYUKOB, TONY4aTh HH-
dopmanmio o paboTe OTAETBEHBIX JIEMEHTOB U CHCTEMBI B IIEJIOM.

Puc. 30. Ilanenv ynpaenenus

Mooynv 6600a MBAS8 ycunuBaer, GuUIbTpyeT W mpeodOpazyeT B
IUPPOBYIO GOPMY CUTHAJBI OT TATYUKOB TEMIIEPATYPHI M BIAKHOCTH U
nepenaet no uudporomy nntepdeiicy RS-485 na manens CI1270. Ko-
JIMYECTBO MCIIONIb3YyEMBIX MOMYJIEH 3aBUCUT OT pa3MepOB XPaHMIHUILA U
MCIIOJIB3YEMOTO YHMClia TIEPBUYHBIX JaTYMKOB. B KadecTBe mepBUYHBIX
JATYMKOB MpUMEHSIOTCS TepMocorpotusienusa JJTCS50M c pasnuyanoi
JUIMHOU MOHTAQKHOH YaCTH.

ITocne BbIOOpa onepaTopoM pekuMa CUCTEMa MEPEXOANT B aBTO-
MaTHYEeCKOe YIPaBJICHUE HUCIIOJIHUTEIbHBIMA MeXaHu3Mamu. Momyib
UCTIOJIHUTEIILHBIX 3JIEMEHTOB OOBIYHO PACIONIOXKEH PSJOM C CHIIOBBIM
000pyZIOBaHHEM BEHTKaMEphl M YIPABJISIET 3aCIIOHKAMU U BEHTUIATO-
paMu B COOTBETCTBHH C TOJYYEHHBIMH CUTHAIaMHU KOHTpoJuiepa. Jlis
yIpaBlieHHsT BITYCKHBIMHU/BBITYCKHBIMH ~ KJIAITAHAMH ~ HCIIOJIB3yETCsI
IIH/[-pezynamop ynpaBnenus 3aasikkamMu TPM212 ¢ uatepdericom
RS-485. BrxmoueHue OCTalnbHOrO OO0OpPYNOBAaHUS IPOM3BOAMTCS
ynpaensowum mooyiem MBYS.

B 3aBucuMOCTM OT KOHCTPYKUMH XPaHWIHII M TpeOOBaHWU pe-
[IaeMBIX 3a7ad MEHSETCSl YMCIO M BUJ UCIIOJHUTEIBbHBIX 3JIEMEHTOB,
KOJINYECTBO TIEPBUYHBIX JATYUKOB.
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B [N/ -perynstope TPM212 ycraHoBieH MoAynb uHTepdetica
RS-485, opranuzoBanHblii o ctangapTHOMY npotokory OBEH.

Hurepdetic RS-485 mo3BomnserT:

e xoH}purypuposats npuoop Ha I1K;

e [iepelaBaTh B CETh TEKYLIME 3HAUCHHUS M3MEPEHHOM BEJINYMHBI
Y BBIXOJHOW MOIIHOCTHU PEryJisiTopa, a Takxke JIOOBIX porpaMMHupye-
MBIX [1aPaMETPOB.

ITonxmouenne TPM212 x IIK mpomnzBoautces depe3 agantep AC3-
M umm ACA4.

IIpu unterpaunun TPM212 B ACY TII B xauecTBe IporpaMMHOIO
obOecrnieuenuss MoxkHO ucnonb3oBatk SCADA-cuctemy Owen Process
Manager ninm Kakyroo-1r00 IpyTyIo IporpamMmmy.

3aoanue
W3y4yuTh cucTeMy YNpaBICHUS MHKPOKIUMATOM B OBOIIEXPAaHU-
JIALLIE,

KonTpoabHbIE BOIPOCHI
HasoBure neprons! u UX napaMeTps! IPH XpaHEHHN KapTodes.
Kakue ocHOBHBIE (YHKIIMH BBITIOJIHSET cUCTEMa?
Omnumumre pyHkunu nasenu oneparopa CI1270.
Onumute GyHKIUK MOy BBojga MBAS.
HazoBute HazHaueHue natepdeiica RS-485.

IS .
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IIpakTyeckas padora Ne 9

CUCTEMBI ABTOMATU3ALIMUA YIIPABJIEHUSA
MOBWJIBHBIMU ATPETATAMUA

OCHOBHYIO JIOJIO TEXHOJIOTUYECKUX IPOIIECCOB B TIOJIEBOJICTBE
BBITIOJTHSIOT MOOWMIIbHBIE CENTbCKOXO3IHCTBEHHBIC arperaThl (CaMoXo/I-
HbIC KOMOAITHBI, U COBMEIICHHBIC C TPAKTOPOM PA3IMYHbIC PHUIICITHbIC
MaluHbl (OpyAns): TOYBO0OpadaThIBaIOIINE, TIOCEBHEIC, IS BHECCHHS
yInoOpeHuil, POPEKUBAHUS BCXOJOB C.-X. KYJBTYp, JOXIEBAIbHBIC,
yOOpOUYHEIC | Jp.).

MoOubHbIe arperaTbl pabOTaOT B CIOKHBIX M Pa3IMYHBIX MOY-
BEHHO-KITUMATHYECKUX YCIOBUSIX MPU MHOTOOOpa3uu CIIydailHbIX BO3-
MYIICHUH, Pa3InYHbIX HEOMPEACICHHOCTEH, KOTOPhIe MPUBOIAT K Ha-
PYLICHUSIM 3HEPTeTUYECKOr0 M TEXHOJIOTHYECKOTO PEKUMOB pabOThI
MmamuH. OnepaTtop OJHOBPEMEHHO C YIPAaBICHHEM arperaTroMm Hempe-
PBIBHO KOHTPOJIMPYET XOJ| TEXHOJOTHMUYECKOTO Mpolecca, TEXHHIECKOE
COCTOSIHUE arperara, a Takke obecrneynBaeT 0e30MacHOCTh €ro ABHKE-
HUS. B peanbHBIX YCIOBHSX PaOOTHI BOAMTEIb MPAKTHYSCKH HE B CO-
CTOSHHHM CBOEBPEMCHHO NPHWHATH TMPaBHIbHOE penieHue (co3aath
YIPaBIISIONINE BO3AEHCTBHS) IPU BOCTIPUSATHH U 00pabOTKE OTPOMHOTO
MOTOKa B3aMMO3aBUCUMON MH(OpMAIMK, TPEeBHIIIaoNneii ero Gusno-
JIOTHYECKHE BO3MOXHOCTH. PydHOE ympaBlieHHE TaKUMH arperatamu
HEJIOCTaTOYHO 3(P(PEKTUBHO, a MOTCHIMATbHBIC BO3MOXXHOCTH UX HE
UCTIONIB3YIOTCS B MOJTHOM OOBEME B CBSI3U C OTPaHHUYCHHUSMH, BHOCH-
MBIMH «4Y€JIOBEYECKUM (DAKTOPOMY.

JIis TIOBBINICHUST TEXHUKO-9KOHOMHYECKOTO M DKOJOTHYECKOTO
YpOBHEH MOOWJIBHBIX arperatoB HCHOJb3yeTcs aBTOMATH3allUsl KOH-
TPOJISL U YHPABICHUS TEXHOJOTHYECKHMMH, JHEPIreTHUSCKHMH U IKC-
TUTyaTal[MOHHBIMHA PEeXUMaMH pabOThl MOOHIIBLHBIX arperaToB MpH MU-
HUMAJIbHOM YYaCTHH YEJIOBEKA.

PaccMOTpUM HEKOTOpbIC TPUMEPBI CUCTEM KOHTPOJISI U aBTOMATH-
3aI[M MOOWJIBHBIX arperaToB B CEJIbCKOM XO3SHCTBE.

Cucmempl asmomamuuecKkozo KOHmMPOJia padOmbl NOCEEHBIX A2-
pezamos.

Takue cucTeMbl 00ECIICUUBAIOT KOHTPOJIb YACTOTHI BhICEBa CEMSH
U KOJIMYECTBA TEXHOJOIMYECKOro Marepuaia (cemsH, yaoOpeHuii) B
OyHKepax MalluH.
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OyHKIMOHATBHAS cXeMa Takux cucteM (puc. 31) BkiroyaeT Habop
nataukoB /Ii.../], KOHTPOIUPYEMBIX MapaMeTPOB, YCTAHOBJICHHBIX Ha
IIOCEBHOM arperare, OJIOK YCHJICHUS ¥ peoOpa30BaHUs CUTHAIOB JaT-
ynkoB (BYII) matumkoB, MOHUTOP IS oreparopa (yCTaHOBICHHBIA B
KaOHMHE TpaKTopa MM CaMOXOAHOT0 KombaiiHa).

DM' Xé;:m

Puc. 31. ynxyuonanvuas cxema cucmembi
ABMOMAMUYECKO20 KOHMPOIs pabombl HOCEBHO20 azpe2ama

JlaTynKky OCHOBHBIX KOHTPOJUPYEMBIX HapameTpoB (YpOoBHeEU ce-
MsH, ynoOpeHuil B OyHKepax CesuIKH U 4acTOTHI BHICEBA CEMSIH) UMEIOT
(boTO3MEKTpUYECKUI TPUHIMIT IEHCTBUS U COCTOSIT U3 ONTHYECKH CBSI-
3aHHBIX MEXIy co0oi (oTtonprueMHuKa (Hampumep, (HOTOpe3ucTopa,
¢doTommoaa) U CBETOBOIO H3IydaTess (HAmpUMeEp, CBETOAMOAA WIH
namibel HakauBanus). Cucrembl UMelOT pexxuM «lIposepka», mpu Ko-
TOPOM TE€HEPHPYETCs] UMITYJIbCHAs MOCIECAOBATEIbHOCT, UMHUTHPYIO-
11asi CUTHANBI JIaTYMKOB NPU HOPMAJIHLHOM MPOTEKAaHWH TEXHOJOTHYe-
CKOT0 TIpoIiecca BhICeBa CEMSH.

DJeKTpuuecKas cxema YCTPOWCTBa YHU(PHLIHUPOBAHHOM CHCTEMBI
kouTpoutst (YCAK) 3epHOBO# cesiIku TOKa3aHa Ha pUCYHKe 32.

YcrpoiicTBo uMeeT 12 HICHTHYHBIX KaHAIOB 00paO0TKH CUTHAIIOB
OT JaTYMKOB YacTOTHI BeIceBa ceMsiH. Kaxxaplil M3 KaHaJIOB peodpazo-
BaHUSl CHUTHAJIOB JIATYMKOB (CBETOBBIX M3irydatenedd 1 u ¢poroanomos 2
COJICP)KUT YCHIIUTENb 3, eMKOCTb 4 ¢ 3JIEKTPOHHBIM KIIFOYOM 5, CBETO-
BOW MHAMKATOP (CBETOAMO[) 7. DIEKTPOHHOE pelie 6 1 OJI0K 3BYKOBOU
CHT'HaJIM3aluy 8.

[Tpu pabote 3epHOBOI CesIKH ceMeHa (IOCTYIArOIIUe U3 ee Bhice-
BAIOMINX JIUCKOB) MEPUOJUYECKU NPEPHIBAIOT CBETOBOM MOTOK MEXIY
CBETOBBIM M3nyyaresneM 1 u ¢poroanonom 2, Ha BBIXOJIE KOTOPOTO BbI-
palaTbIBAIOTCA 3NEKTPUUYECKUE HWMITYJIBCHI, MOCTYHAIOIIUE Ha BXOX
yCHJIMTENS 3 COOTBETCTBYIOIIETO KaHajda KOHTPOJIs (CeMsIpoBOJa) U
Janee Ha 3JEKTPOHHBIN KITH0Y 5 ¢ eMKOCTBIO 4.
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Ecnu nepuon crneqoBaHusi HMITYJIbCOB MEHBIIE BPEMEHH 3apsifia eMKO-
¢ty (KOHJICHCATOPa), TO ICKTPOHHBIN KIIFOY 5 COOTBETCTBYIOIIETO Ka-
HaJla 3aKPbIT U €ro CBETOBOW MHIMKATOp 7 He OyJeT cBeTUThcs. Ecnm
Ke Tpom3oiaeTr cOoil mim HapymeHue (TEeXHOJIOTHH BBICEBA CEMSH)
paboThI BBICEBAIOIIETO aNapara, TO Mojada UMIYJIbCOB ¢ (HOTOANOIOB
2 TpeKpalaeTcsl WM UX 4acToTa pe3Ko CHmKaeTcs. [Ipu aToM eMKoCTh
4 3apspkaeTcs 0 HEOOXOJMMOTO YPOBHS HANPSIKCHUS, IEKTPOHHBIH
K04 5 cpabaThiBacT W BKIIFOYAET COOTBETCTBYIOIIUN KOHKPETHOMY
CeMSINPOBOJly CBETOBOW MHAMKAaTOp 7. OmepaTtopy ¢ Onoka 3BYKOBOU
CUTHAJIM3AIMH 8 MoJaeTCsl MTPH ATOM MPEPHIBUCTHIN CHTHAIL.

A

Puc 32. Dnexmpuueckas cxema cucmemvt YCAK 3eprosoii cesnku

JlaTurky ypoBHSI TEXHOJIOTUYECKOT0 MaTeprasa B OyHKepe CesyIKH
YCTaHaBJIMBAIOT B €ro HIKHEW yactu. Ecnu, Hanpumep, ypoBEHb 3a-
nosHeHWsI OyHKepa ceMeHamu (ynoOpeHHneM) MpeBBIaeT MecTo (BHI-
COTY) YCTaHOBKH JaTYHMKa, TO CBETOBOM MOTOK €ro M3Iydyareis He I10-
najiaeT Ha COOTBETCTBYIOMIUH (POTONOJ] 2 M BBIXOJTHON TOK IOCTIEIHE-
ro Oyzaer MuHUMajeH. Ecnu jke 3TOT ypoBeHb HM)KE MECTa YCTaHOBKH
JaTyhKa, TO Ha (OTOAMOJ TONAJaeT CBETOBOH IMOTOK, YTO BBI3BIBAET
CYIIECTBEHHOE BO3pacTaHWe CHIIBI TOKa (B Lenu (OTOINOAA) M €ro
YBEJIMUEHHE YCHIUTEIEM 3 10 TIOpPOra BKIIOYEHHUS SIEKTPOHHOTO peie
6 1 cBETOBOrO yKasareiss / MUHUMAaJIbHOTO YpoBHA ceMsH «C» (ynoo-
peHuit «¥»).

65



VYCTpoHCTBO B BHZE 3JCKTPOHHOTO OJIOKAa BBIIIOJIHEHO B repMe-
TUYHOM KOPITyCe, 3aKpeIVICHHOM Ha CesJIkeé W HMEIOIEM DIieK-
TPUYECKHUE Pa3beMbl ATl MOJKIIOUCHHS TaTYMKOB U MCTOUYHHUKA JJIEKT-
pUYeCKOl 3HEepTruH (aKKyMyJIIsTOpa).

Takum o0pa3oM, omeparop, HaxXOoAsch B KaOWHE TpakTopa, Moiy-
YaeT JOCTOBEPHYIO MH(GOPMALMIO O HAIWYMU CEMSH WIH YHOOpeHUH B
OyHKepax, a TAKKe 0 HApYLIEHUSIX PabOThl KOHKPETHBIX CEMSIIPOBOJOB
BBICEBAIOIIMX AINIapaToB.

Takue cucTeMsl MO3BOJISAIOT CYIIECTBEHHO COKPATUTh CPOKH MOCE-
Ba U MOBBIIIAIOT €I0 Ka4eCTBO.

Cucmema agmomamuueckozo ynpaeneHus HAnpasieHuem O6u-
JHCeHUs1 KOPMOYOOPOUHOU MAWIUHDL.

Takas cuctema oOecleuyrMBaeT OPHEHTAIMI0 KOPMOYOOpPOUHOU
MAaIlMHBI B TIPOLIECCE €€ IBIKEHHUs Ha pabodyeM roHe TaKUM 00pa3oMm,
YTO BBHIKAMBIBAIOIIUE Pa0OvMe OpraHbl PaclojiararoTcs BAOJNb PSAKOB
yOupaeMbIX KOpHEH. DTO SBISETCS HEOOXOUMBIM YCIIOBUEM HAJIC:KHO-
ro W3BJCYCHMs KOpHEHl u3 mouBbl. be3 ympaBiieHHs HampaBlIeHUEM
JBHOKCHUSI MalllMHa 6YI[CT 10 pa3HbIM IMPUYMHAM OTKIIOHATBHCA OT JIU-
HUH PSIKOB M HOpPMAIILHBIH YOOPOUHBIH Mpoliecc OyneT HEBO3MOKEH.
TexHonoruyeckass U1 KOHCTPYKTUBHasA cxeMbl CY TNpuBEIEHBI Ha pU-
cyHke 33.

OpFaHOM YIIpaBJICHUA HaNpPaBJICHHUEM ABHMKCHHA MalllWHbI ABJIA-
IOTCSl TIEpEIHUE yTpaBisieMble KoJyieca 6, MOJIOKEHHE KOTOPBIX, COOT-
BETCTBYIOIIEE NPAMOJIMHEHHOMY JIBIDKEHHIO MAIIMHBL, CUHTACTCA
cpenHuM. [lo OTHOLIEHHUIO K 3TOMY TOJIOXKEHHIO OIpEeNsIeTcs peab-
HBIH yroj TOBOPOTa YIPAaBISEMbIX KOJEC J, U3MEHEHHUE IMOJIOKEHUS
KOTOPBIX OCYILIECTBIISIETCSI C IOMOIUBIO THIPABIMYECKOIO HCIIOJIHU-
TETHLHOTO MexaHu3Ma 5. OTKIIOHEHHE MAIIWHBI OT JIMHUU PSAKOB KOP-
HeH ONpeaACIACTCA JaTUNKOM CUCTEMBI YIIPAaBJICHUA.

Jlatuuk cucTeMbl aBTOMAaTHYECKOTO BOXKICHUSI COCTOUT M3 KOIIHU-
PYIOIIEr0 MEXaHU3Ma, BHIIIOJIHEHHOTO B BUJIE IBYX (pacIoJiararomxcs
B MEXIYpSIbSX) CBS3aHHBIX MEXIy coOoi OamaHcupHOW Tsaroun 14
nepseB-konupoB 9. Pazmax kaxmoro nepa paBeH LIMPHHE MEKIYPAIbSL.
Mapuuper 17 senstoTcs 06a3oif opueHTanuu. l3MmeHeHwe uX Tm0-
JIOKEHUS OTHOCHUTEIIBHO LEHTPAa MEXAYpsAbs NPUBOAUT K IIOBOPOTY
CTpEJN-KOMUPOB 12 U COOTBETCTBYIOIIEMY ITONIEPEUHOMY TIEPEMEIIICHHIO
OanancupHOi Tiru 14, KOTOpoe ¢ MOMOLIBIO PBHIYAKHOTO MEXaHH3Ma
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13, 15 mpeoOpasyeTcs B MPONOPIHMOHAIEHOE CMEIICHHE MAIIWHBI OT
JIMHUY PAAKOB TiepeMernienuemM h, mranru 16.

78 9 I?I!I?

Puc. 33. Cxembi cucmemvl agmomamuyecko20 60H4COEHUs.
CAMOXOOHOU KOPHEYOOPOUHOU MAUIUHDL:
a — npuHYUNUAnbHAs,; 6 — UCNOTHUMENbHO20 MEXAHUZMA
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[Ipu uCKpHBICHWU TUHHUU PAIKOB, HApHMEp, BIPaBO (IO XOAY
IOBIDKEHUSI), Tepbs KONHMPYIOLIETO MEXaHW3Ma IOBOPAYUBAIOTCS
OTHOCUTENBHO 0a3bl OPUEHTALMH IPOTUB YaCOBOM CTPEIKH (IIOKAa3aHO
MITPUXOBBIMH JTUHUSAMH). DTO BBI3BIBAET MOBOPOT phidara 15 mo gaco-
Boi cTpenke. IIpu oTCyTCTBUM BO3AEHUCTBHS Ha pyJieBOe Kojieco 8 c
yeunureneM 10 co cToponsl onepatopa mranra 11 HemoaBuxHa. [lo-
3TOMYy TOBOPOT phrdara 15 BemeT k moBOpoTy AuQQepeHITHATEHOTO
pbruara 13 oTHocuTensHO mWapHUpa O U NEPEMELICHHIO BICBO IITAaHTH
16. Peruakapie MexaHu3mbl 15, 13 BBINMONHAIOT (YHKIHMH TIEpEAar0-
1Iero npeodpa3oBaTelis JaTIUKa.

I'mapaBnuyecknii UCIOMHUTENBHBIN MEXaHU3M CHCTEMBI yIIpaBlie-
HUSI COCTOUT M3 30JI0THHKOBOTO ruppopacnpeaenurens 1 ¢ 6mokom 7
THUAPO3aMKOBBIX KJIAlaHOB W TuApormiuHapa 5 (puc. 33, 6). Bexon-
HBIM BO3JEHCTBHEM HCIOJIHUTEIBFHOIO MEXaHHU3Ma SIBJISETCS IepeMe-
IIEHNE TUIPOLMIMHPA N, WM MPONOPUUOHAIBHEINA €My YToJ ¢ MOBO-
poTa ympasisieMblx Konec. ['mapopacnpenenutens 1 nmeer MmoJIBHX-
HBIE OTHOCHTENBHO JAPYT Apyra Kopmyc 22 u 30710THUK 21. 3010THHK
COCIIMHEH CO MTaHroi 16 maryvika, ¥ NepeMelleHue 30J0THUKA B0
KOpIlyca paclpelnenuTels IPU HENOABMIKHOM THIPOLWIMHAPE PAaBHO
NEPEMELICHHUIO IITAHT U JaTYHKa.

[Ipu cmemenun 3010THHKA 21 OTHOCHUTENHFHO CPEIHETO TOJO0XKe-
HUSI pabovrX OKOH (HampuMep, MO BO3JCHCTBUEM JIaTYMKa) BICBO pa-
0ouMe OKHA OTKPBIBAIOTCS CIIPaBa, M MPOUCXOJUT COEAWHEHHE JIEBOTO
BBIXOJHOI'O KaHajla TUAPOPACIIPEETIUTENs C HAIOPHOH MarucTpaibio,
a MmpaBoro KaHaja — co ciauBHOU. [lnymxkep 19 rumpo3aMkoB moj oj-
HOCTOPOHHHMM JICHCTBHEM JIaBJICHUS cJIieBa MepeMeniaeTcsl BIpaBo, OT-
KpBIBasi MEpBbII MapuKoBblid kianaH 20 W MOAKIOYAs TEM CaMbIM
HITOKOBYIO TOJIOCTh b TUAPOLMIMHAPA 5 K COSTUHEHHOMY CO CIMBOM
NpaBOMYy BBIXOJHOMY KaHaiy ruapopactpenenurens. OIHOBpEMEHHO
1oJ IefiCTBUEM Haropa OTKPHIBAETCS JIEBBIM IIAPUKOBBINA KiIanaH T'ui-
poO3aMKa, CoeIuHsIsI OECLITOKOBYIO MOJIOCTh A THAPOLMIMHIPA C JIEBBIM
€ro BBIXOJHBIM KaHalioM. [Ipy 3TOM Maciio MOCTYNaeT W3 HAIOpHOW
MarucTpajiy B O€CHITOKOBYIO MOJOCTh ¢ THAPOLUMINHAPA, a U3 ILTOKO-
BOi monoctu b — Ha ciuB (B Oak ruxpocuctemsl). [lon nefictBuem me-
peraja NaBieHui THAPOLMIMHIP cO MToKoM 18 mepemerniaercs B CTO-
POHY TIOJIOCTH A, MOBOpaYnBas pelyar pyJieBbIX Tpaneuni 4 u COOTBET-
CTBEHHO yTIpaBiisieMble Kosieca 6 1o 4acoBOH CTpeJIKe.
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Peruakabpie MexaHU3MBI 2, 3, CBA3BIBAIOINNE TUAPOIMINHIP U €T0
KOPITYC, BBIIOJHSIOT (PyHKIUIO 0OpaTHOU cBsizu. llepemernienue xop-
myca THIPOIMINHAPA TOJ NEHCTBHEM OOpPATHON CBS3U MPOWCXOIUT
MPOMOPIIMOHATBHO TIEPEMENICHUIO THAPOIMIHHAPA. TeKyriee OTKpHI-
THE PabOYMX OKOH THIAPOPACIPEICIIUTENS B PE3yJIbTaTe JACUCTBUS 00-
paTHOH CBSI3M PaBHO pa3HOCTH A/l TiepeMelIeHni 30JI0THUKA U KOPITy-
ca. Takum oOpazom, mpu cMmemeHHuH 0a3bl OpHEHTAIMA MAaIIUHBI OT
JUHUU PSAJIKOB PACTEHUN CHCTEMa aBTOMATHYECKOrO BOXKJICHUS TOBO-
padyuBacT ympaBisieMble KOJieca Ha Yroj, IPONOPLUUOHAIBHBIA 3TOMY
CMEMICHUIO.

3aoanue 1

N3y4uTh yCTpONCTBO M MPHHIHUI Pa0OThI CUCTEMBI aBTOMATHYE-
CKOT'O KOHTPOJIS pabOTHI TOCEBHBIX arperaTos.

3aoanue 2

N3y4uTh yCTpONCTBO M MPHHIHUI PaOOThI CUCTEMbI aBTOMATHYEC-
CKOTO yIIPaBJICHHUS HAMPABICHHUEM IBMKEHUS KOPMOYOOPOUHOU Maln-
HBEI.

KOHTpOJIbeIe BOIIPOCHI

1. Onumure QyHKIMOHATBHYIO CXEMY CHCTEMBI aBTOMATHYECKOTO KOH-
TpOJIst pabOTHI TIOCEBHBIX arperaros.

2. Kakue u3 paHee M3yYCHHBIX JaTYMKOB HCIIOJIBL3YIOTCS B CHCTEME aB-
TOMATHYECKOT0 KOHTPOJIS PabOTHI MOCEBHBIX arperaroB? OmMIIMTE MPUHITHII
UX JEUCTBHUS.

3. OnuumMTe TEeXHOJOTHUYECKYI0 M KOHCTPYKTHBHYIO CXEMBI CHCTEMBI
ABTOMATHYECKOTO YIPaBJICHUS HANpaBJICHHEM IBIDKEHUS KOPMOYOOpOUYHOMH
MAIlIHHBI.

4. Kakne TeXHUYECKHE CPEJICTBAa aBTOMATHUKH HCIIOJIb30BAHbI B CUCTEME
ABTOMATHUYECKOTO YNPABJICHUS HANPABICHHEM JIBIDKCHHS KOPMOYOOpPOUYHOM
MaIIHbI?

5. OnummTe NpUHIMIT PadOTHI THAPABIMYECKOTO HCHOIHUTEIBHOTO Me-
XaHU3Ma CHUCTEMbl YIPaBJICHHS HalpaBIeHUEM ABMKEHHS KOPMOYOOpOUYHON
MaIIHHBI.
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METOINYECKHUE PEKOMEHIAIIA ITO BBIITOJIHEHHUIO
PACYETHO-TPA®HUYECKOM PABOTBI

CTpykTypa pacueTHO-rpauyeckoii padoThl

PacuetHO-Tpadrueckas paboTra COCTOMT U3 IBYX 3a]la4 W BBITIOI-
HSeTCs 00YYAIOLIMMUCS B COOTBETCTBUHM C BBIAAHHBIM BAPHAHTOM.

PacuerHo-rpadmueckas pabora AOMKHA COAEPKATh: THTYJHHBIH
JICT, 3aJlaHue, OTJIaBlieHHe, OCHOBHYIO YacTbh, CIIMCOK HCIOJIb30BAHHON
JUTEPATYPbl U HCTOYHUKOB.

TuryabHblii JaueT odopmisieTcss 1o o0pasily, MPUBEACHHOMY
B IIPUJIOKEHUH 1.

3agaHMe COmEpKUT OCHOBHBIE MCXOIHBIC NaHHBIC IUIS BBIIOJIHE-
HUS pacdeTHO-Tpadudeckor paboThl (TIpwil. 2).

OruiaBjeHne BKJIIOYaeT HAMMEHOBAaHWE BCEX pasZelioB, IMOApa3-
JIEJIOB C YKa3aHUEeM HOMepa CTPaHHII.

B ocHoBHO#i yacTH pabOTHl JOJDKHBI CONEPXKATHCS COOTBETCT-
BYIOIIHUE TCOPETUUYCCKUEC CBCACHUSA, NCIIOJIb3YCMbIC UCXOAHBIC TAHHBIC,
HEOOXOTUMEBIE PacyeThl U JIaHa OLIEHKA UX Pe3yJIbTATOB.

B cnucke HCIOJIB30BAHHOM JIMTEPATYpbl M UCTOYHUKOB IMpU-
BOJUTCS CIIMCOK JINTEPATYPhl, HCIIOIb30BaHHON MPH BBIIIOJIHEHUH pac-
4yeTHO-Tpaduyeckoi paboTsl, oopmiteHHBIH COTJIACHO
I'OCT 7.1-2003 «bubnmorpaduueckas 3anuch. bubnuorpagpuueckoe
OTIHCaHHE.
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IIpaBuna opopmienus

Tekct paboTBl MOXET OBITh BBITIONHEH PYKOMHUCHBIM CIIOCOOOM
WM C IPUMEHEHHUEM Te9aTaloNIiX YCTPOHCTB.

Odopmienne paboTel 10mKHO coorBeTcTBoBarh ['OCT 2.105-95
«ECKJI. O6mue TpeboBaHMS K TEKCTOBBIM JOKyMEHTam». Pasmep
mpudTta — 14, Times New Roman, a63amusrii orcryn 1,25 cm, Mex-
CTPOYHBIM HHTEPBAJ — IOJyTOPHBIN.

TekcT 1 pacyeTsl BHIMOJIHSIIOTCS HA OJHOH CTOpOHE JHCTa Oenoit
oymaru Qopmara A4 (210x297) mo 'OCT 2.301-68. Pazmeps! momneit:
neBoe — 30 MM, paBoe — 10 MM, BepxHee — 15 MM, HIxHee — 20 MM.

TeKkcT OCHOBHOM YacTH JeJIAT Ha pa3Zeiibl 0 KOJHMYECTBY 3a/1a4 U
MOJpa3AeNbl. 3aroJIOBKA Pa3eNioB IHIIYTCS CHMMETPUYHO TEKCTY
MPOMTUCHBIMU OYKBaMU. 3arOJIOBKH TMOIPA3/IeNIOB — CTPOYHBIMH.

PaccrosiHue MexIy 3aroJioBKaMH pPaslesIoB U TEKCTOM JIOJKHO
ObITh paBHO 7-10 MM (Tpu mpoOerna). 3aroJIOBKU MOAPA3IETIOB OTACS-
FOTCSI OT TEKCTa CBEPXY U CHU3Y OJHUM MEXKCTPOUHBIM HHTEPBAIIOM.

Crpanunpl paboThl HYMEpYyIOTCS —apaOCKuMu Idpamu, HOMEp
IMPOCTABIAIOT B LEHTPC HW)KHEN dYacTu JIMCTa, HadYvHas CO BTOpOﬁ
cTpaHUIBl. Ha TUTYIEHOM JCTE HOMEp HE CTaBUTCS, HO BKITFOYAETCS B
00IIyI0 HyMepaIuro.

Unmroctpanuu o6o3nagaroTcst «Puc.» U HyMepyloTcs MociaeaoBa-
TeNbHO apabckuMy mupamMu CKBO3HOW HyMepalued WiH B Tpeenax
KKIO0TO pasjena.

TabauIsl JOMKHEI OBITEH MOMEIIEHEI B TEKCTE MMOCIE ab3ares, co-
JiepKalliX CChUIKY Ha HUX. JlomyckaeTcsi MpUBOIUTH TaOIUIIBI Ha Clie-
IyIOIEH IMociie CChUIKK CTpaHuIle. TaOnuibl HyMEpYITCS CKBO3HOMN
HyMepalyel Wik B pejeniax oaHoro pasziena. Ilepen rabnumei (cipa-
Ba) meuataercst ciioBo «Tabmumay», ykaspiBaercs ee Homep. Ha3panwme
TaOJIUIIBI TTeYaTaETCs B CEPeIUHE CIeNYIOIeH CTPOKH.

DopMmynsl HyMEpPYIOT apaOCkuMu nudpaMu B TIpefenax pasjiena.
Homep (dhopmynbl cocToUT U3 HOMepa pasjiena U MOpsIKOBOI0 HoMepa
dbopmyIbl B paszene, pa3JeseHHbIX Toukoi. Homep ykaseiBaioT ¢ mpa-
BOH CTOPOHBI JINCTA B KPYTJIIBIX CKOOKax. DOpMyJIbl BBIACISIOT U3 TEK-
CTa CBOOOJHBIMHU CTPOKAMH.

I'paduueckuit marepuan (rogorpad Muxaiiioa) BBIOJHSIOT Ha
MUUTUMETPOBOI Oymare KapaHAalloM WJIM C HCIIOJIb30BaHUEM Ipadu-
YECKOI'0 peiakTopa.
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3AJAYA Ne 1. COCTABJIEHUE ®YHKIIMOHAJIbHOM
CXEMBbI CUCTEMBI ABTOMATHYECKOI'O YIIPABJIEHUSA

3aganue: n300pa3UTh MPUHINITHAIBHYIO CXEMY U OIMCATh paboTy
aBTOMATUYECKOW CUCTeMBI ynpaieHus. COCTaBUTh (DYHKIIMOHATBHYIO
CXEMY ATOW aBTOMAaTHUYECKOM CHCTEMBI, BBIICIUTh B HEH BO3ACICTBUS,
00BEKT yIpaBleHs], CPAaBHUBAIOIINH, BOCIIPHHUMAIOLIINA U Jp. opra-

HBEI.

ABTOMaTHYecKasi cUcTeMa BBIOMpAeTCs COIJacHO BapHaHTy W3
tabmmiel 11. Onucanne yka3aHHBIX CHCTEM MPHUBENCHO B YIeOHOM U3-

nanun [1].

Tabmuna 11

ABTOMaTHYECKUE CHCTEMBI yripaBieHus (k 3amgade Ne 1)

Ne Bapuanra

ABTOMaTHYECKas CHCTEMA

1 2

1;31;61 | KoHTpons aBTOMAaTHYECKOTO IIOJIOKCHHS pabOodnX OpraHoB
KYKypy30yOOpOUYHBIX arperaTos [c. 85]

2; 32,62 | YopaBneHus paOOYnMHU OpraHaMU MPOPEKUBATENICH caxapHOU
cBeKJIbl [c. 88]

3; 33; 63 | YmpaBieHHs MOJIOKEHUEM OCTOBA 3epHOYOOpPOUYHOrO KoMOaii-
Ha [c. 91]

4; 34,64 | YnpaBneHusi 3arpy3kod paboyMx OpraHoB YOOPOYHBIX KOM-
6aitros [c. 92]

5; 35; 65 | YmpaBneHus HampaBieHHEM IBHIKCHHS MOOWIBHBIX CEIbCKO-
XO3UCTBEHHBIX arperaros [¢. 95]

6; 36; 66 | PeryaupoBaHuss HOPMBI BHECCHHS JKHUIKHX KOMIIOHEHTOB
[c. 99]

7. 37; 67 PerynmupoBanus o6GorpeBa TOYBHI B IUICHOYHBIX TEILIUIAX
[c. 139]

8;38; 68 | YmpapneHus: NOpUIHEM-3arTyLIKON B OyHKepe aKTHBHOTO BEH-
tunupoBanus [c. 158]

9;39; 69 | PerynmpoBaHus TEMIIEpaTypHOTO PEKUMA B OBOIICXPAHHIIHILE
[c. 171]

10; 40; 70 | YupasiueHus coptupoBkoii kaprodeis [c. 183]

11;41;71 | YupaBneHus TeMIepaTypod TEIJIOHOCHUTENS arperaToB s
OPHUrOTOBIICHHUS TpaBsiHO# MykH [c. 190]

12;42;72 | YupasneHus pasnaueit KOPMOB KOpMOpa3AaT4uKoM
PBK-®-74 [c. 212]

13; 43; 73 | Yupasnenus oxJiaxaeHueM Mooka [c. 231]
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Oxonyanue Tadaunsl 11

1 2
14; 44; 74 | YnupasineHust KOpMIEHHEM NTHIIBI [¢. 236]
15; 45; 75 | VupaBneHus COpTHPOBKOi siuit [c. 241]

16; 46 YupaBieHus BEHTWIALMOHHBIM oOopynoBaHueM «Kimmar
[c. 250]

17; 47 YupaBieHusT BEHTHWISIMOHHBIMH YCTAaHOBKaMH (IPUTOYHO-
BEITsDKHOM ycranoBku [1BY) [c. 251]

18; 48 VYupasnenuns temtoBeHTHIsITOpoM TrIa TB [c. 252]

19; 49 YmupaBieHns HarpeBaTeIFHBIMH YCTaHOBKaMH (TEIUIOTEHEpa-
top TT) [c. 253]

20; 50 Yupasienus snekrpokanopudepHoit ycraHoBkoi CDOL]
[c. 257]

21; 51 VYupasnenus ocBenieHueM NTUIHUKOB [c. 260]

22,52 YupasieHus Oe30areHHoM HACOCHOH YCTaHOBKOM
[c. 262]

23: 53 VYupasnenus OanieHHON BogoKaukoi [c. 263]

24; 54 YrpasieHus cTallnOHApHO#N cucTeMoit JoxaeBanus [c. 273]

25; 55 VYrpaBneHus: yCTaHOBKaMH KarleJIbHOT0 opoineHus [c. 275]

26; 56 YupaBiaeHHsT HACOCHBIMH CTaHIWSIMA JUII  MEJHOPAINH
[c. 276]

27: 57 VYrpasnenus nepekadkoit CTouHbIX BoJ [c. 279]

28; 58 PerynmmupoBanus TemmepaTypbl BOIBI BOJOHArpeBaTEIBHOM
KoTenbHOM [c. 288]

29; 59 VYupasnenus snemeHTHOro Bogonarpesatens [¢. 300]

30; 60 VYupasnenus snektpoaHoro Bogonarpesatens [¢. 300]

ITpumep BoimonHeHus 3afaun Ne 1 mpuBeseH B MpakTUYECKOH pa-

oore Ne 5.
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3AJAYA Ne 2. ONPEJIEJIEHUE YCTOMYUBOCTH
CUCTEMBI ABTOMATHYECKOI'O YIIPABJIEHUA

3adanue: onpenenuTh YCTOHUYMBOCTh CUCTEMBI aBTOMAaTHUECKOTO
YIpaBICHHUSL.

Hns onpenenenus ycroitunBocti CAY Heo0X0aumo:

1. Onpenenuty nepematounyro ¢ynknuo CAY, cTpyKTypHas
cxeMa KOTOPOH BBIOMpaeTcs Mo PUCYHKY 34 COTNIacHO BapHAaHTY.

3alTPUXOBAHHBINA CEKTOP CPAaBHHUBAIOILIETO OpraHa O3HAYaeT, YTO
oOpaTHast CBSI3b OTpULATEIbHAS, HE3AIITPUXOBAHHBIN — CBA3H MOJIOKH-
TeJbHAs.

[lepenatounass Qymkums kaxmoro 3seHa Wi(p), Bxomsmiero B
cxeMy, ompezensercs no aud¢epeHInanbHOMy YpaBHEHHIO, TpPHUBE-
JICHHOMY B Ta0uuiie 12, COriacHO BapuaHTy.

Jly1st 3TOr0 HEOOXOAMMO:

® COIJIaCHO CTPYKTYPHOH cXeMme COCTaBUTh (popMyiy IUisi ompe-
neneHus oomieit nepenarounoit pyakuuu CAY W(p);

e 10 aupdepeHIaTbLHOMY YPaBHEHUIO 3BEHBEB ONPEACTUTh X
nepenarounsie Gpynkuuu Wip);

e OmNpeAenuTh OOIIyI0 MepelaTOYHyI0 (YHKIHIO, TOACTaBHB B
¢dopmyiry BMecTo 3BeHbeB Wi(p) ux niepenaToynbie QyHKINH.

2. 3ammcate Xxapakrepuctuiyeckoe ypaBHeHue CAY (anst 3toro
3HaMEHAaTeNb MepeAaTOYHON QyHKIMM NPUPaBHATH K Hymo). Onpene-
muTh ycroitunBocth CAY no kputepusMm Payca, ['ypsuna n Muxaiino-
Ba. /Iy 3TOr0 HEOOXOAUMO:

e mpuBecTH (OPMYIHPOBKY COOTBETCTBYIOILEIO KPHUTEpHUS yC-
TONYHUBOCTH;

® BBINOJHUTH HEOOXOAUMBIE BBIUNCIICHHUS;

® C/enaTh BBHIBOJ 00 YCTOWYMBOCTH CHCTEMBI.

IIpumep BoimosHeHUs 3a1aun Ne 2 IpUBEJCH B NPAKTUYSCKUX pa-
oorax Ne 6 1 7.
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Ucxonnasie nannsie k 3amaue Ne 2

Tabmuma 12

Ne | Ne JnddepeHnnanpHble ypaBHEHNS 3BEHbEB
Ba- | Cxe- Wi(p) Wa(p) Ws(p) Woe(p)
[pUaHTa| MbI
1 2 3 4 5 6
1 7,6y = 126x dy dy d
a Yy 325+ 225+ 0'1d_}t/=10x
dy _ d_y —
+42?+6y—9X +55dt+y—11x
2 6 |4’y dy dy = 14y = 280x Sy=50x
57 +10—+ Ty =6x
+y ="7x
3 B dy - d?y dy — | 100y = 1000x _
7o ty=16x 2222452y y= y 55 =20x
=17x
4 r 4y = 52 = Y o= d
18> +y= | 44-+y=1lx 8-> +y=80x 26d_3t’+y
= 36x — 52y
5 | m |dy dy iy = dy 23y = 230x
St ty= 6dt+y 67x O'BE_'_}/: Yy
= = 68x
6 a dy 9 4y = dy_ 50y = 5x
085+ lOdt +y = 23X 104 100x y
[
+5,1dt+y- 6,1x
7 6 [ d%y dy dy _ 41y=82x
35+ yex | 4252+ 21+ o = 40x y
+y=32X
8 B d’y _ d? d 6,2y + 62x 12y = 24x
5247=520x | 9652 43,2 | O d
dt dt
+y =10x
9 r ay — d3y d?y L 8y = 16x
O,Sdt+y— 26F+4F+ 6dt+y 5x y
- 52y =9
ac Y=
10 i Y y= dy _ d? 5,5y = 55x
4,6 +y = 36x 12—"=24x 114d_t2’+ Yy

dy | o _
+67dt+y—31x




[pogomkenne Tabnuis 12

1 3 4 5 6
11 8,8y = 88x L5 - d%y dy 21y =210x
365 +y=Tx 1195 +052+ |
+y = 15x
12 dy - %y dy 0,4y = 40x dy _
05 +y= 4857 +542 + y 154-=
= 15x +y = 12x 10x
B 328V |3ty g Dy (45T +y=oox |SBYE L6
odt " dt? dt
+0,5%% = 64x +y = 62x
14 d? &= [EN 2y = 22x
67d_t¥+ 72-+y=56x |44—-+y=41Ix y
+42% 4 y=
e TYX
15 54 - 254 - d?y _ 26y = 520x
56 " +y=12x | 526 m + y=10x dt_z_50x y
16 ay d? d 4= 16y=0,1x
5 TN 13607 L Yy | 2L Fy=Ax | T
dt dt
+y=10x
17 %Y | ey =3k 52 =11x | 16y=16x
dt? dt
+y =21x
18 CoARy d3 d? 4y _o5dx 4y=4x
O‘5dt +y=35x 0,6—y+6—y+ 16 dt_32 dt y
de3 dt?
dy |
+42% + y=12x
19 dty d’y ay 16y=32x 9y=9x
22W+11ﬁ+ 4dt+y_32x Y Yy
+33ﬁ =11x
dt
20 Y _ g7y 35y = 350x 25y = 250

dt

2655+ 245 +

dy —
+5dt+y—3x
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[ponomkenne Tabnuisr 12

1 3 4 5 6
21 d? @ = & _ 0,5y =10x
2% 44 4y =0,1x 285 =56x y
dt
dy —
+5'6d_t + y= 6X
22 d’y dy d? d 15,5y+0,5y=32x | 7,7y=T77xX
00673 +65 + 4= 43222 4 Yoy y
dt dt
+y =6,6x +y = 5x
23 d’y dy d’y _ [ 10y = 10x
45—+ 15—+ 6,55 = 5X 5oty=12x
+y = 6X
24 dy dx d?y dy 10y =
41E+y—10x 0,5y—5,6E ZZW—I—E’E: — 1000x
=11x
25 30y = 300x - dx d?y dy @ _
y 53y=106_ 435 +4372+ | 015
=10x
+y=4x
26 2,6y =112x 4%y dy %y dy dy
1655 +229—+ 1155 +442 + 027 =
+3y =6x +y =5,5x = 10x
27 d’y dy 52 - 7y = 280x 10y= 50x
15dt2+10dt+ dt+y 6x
+y = 5%
28 & = d?y dy — 10y = 100x dy _
56dt+y 16x 11F+4E+_’y— y Sdt 25x
=15x
29 a4 — @ — Y= d
—ty=18x |33_-+y=11x | 0,6 +y=60x 26d_3;+
+y =52x
30 d%y dy 62 1166 dy 22y = 220x
-7 .2 Yy =06,bX 08-—=2= =
14dt2+dt+ dt E dt+y
+y= 2X = 66x
31 d%y dy (- dy_ 70y = 5x
0,6 —= +5‘ZE + 307ty = 22x 10--=100x y

de?
+y=6,1x

78




IIponomkenne Tabnuisr 12

1 3 4 5 6
32 - dy A _ 56y=112x
13-+ y=6x 21dt2+105+ 8- = 4x Y
+y=2,6x
33 229200k |2692 43124 | 6ly+6lx | 1ly=22x
" de? dt? T dt
+y = 8x
34 Ly | 44y Y oyy= 18y = 36x
05 Sty = 40x 36dt3 4dt2+ 6dt+y 8x y
+5 Tty = 9x
35 Ly = dy _ %y 5,5y = 55x
9,6 - +y = 3,8x 14--=2,4x 14—+ Yy
dy —
+6,7 o +y= 3X
36 8,8y = 88x 36 py=Tx 1142 4 o542 |21y=210x
dt? " dt
+y = 15X
37 ay 4= d? d 0,4y = 40x -
055 +y=15% 1482 Y 4 54y ¢ 1547
dt dt — 10x
+y= 12x
d —
38 3222 +05dy 3852 +31dy 452 4 y=x |58y=116x
=4x +y =6,2x
d d —
39 67dt2+42dy 722 1 y=56x |44 +y=41x | =2
+y =x
40 562 +y=12x | 5265 +y=10x 54=50x |20y 520
41 dy | dy LA 16y=0,1x
5=+ y=55x 3642 0 Y+ 0,6+ 2,1+ y=4,2x y
+y=10x
42 4282 1052 ¢ | 5424y =3 52 =11x 16y=1,6%
+y =21x
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IIponomkenne Tabnuisr 12

1 3 4 5 6
43 dy ddy | d% 4y _aydx 4y=4x
0,2; +y=5x 6$ + uZ + 16 dt =32 dt y
dy _
+5,4d—t + y=12x
44 d*y d’y &y .- 6y=12x 10y=10x
6m+5dt_3+ 2dt+y_12X y y
2
+£2 =10 5%
dt
45 @ _ 32y = 320x ddy |, d%y 15y =
13 dt 52x 6 dt3 +4 dt? + =150x
dy _
+ E + y= 3X
46 d?y | ,dy 52 = 4y _ 0,3y=
2255432+ 44y 18— =56x y
=10x
+y = 6,6x =0,2x
TT [ 02y |fy, o, 00z | 777
a dt? dt - -
dy =3,2X =770x
+ZE+}/ZZZX +y:5,1x
48 dzy d_'y 6.3 ﬂ = 63x 05 d_y+y: 1.2x 19y =19x
4,5 F + E + " de? dt
+y =0,6x
49 dy dx dzy 10y =
4,1E+y— 0,3y = 535 20 a2 + = 1000x
d
= 41x +60= = 10x
dt
50 20y = 200x - dx d%y @ _
y 1 53y=106— 41—+ 01—
dy =11x
+4,1 N +y= 4x
51 dy o ody 2,6y = 112x aly o dy dy
1675 +227—+ y 115 +442+ 01— =
+y = 6X +y=5,5x = 12x
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[ponomkenne Tabnuisr 12

1 [ 2 3 4 5 6
216 o%ry=6x | 15924102+ 7y = 280x 12y= 24x
+y = 5x
8 | B 11‘12_y+4d_3’+ 562 +y = 16x 10y =100x  j152=22x
dt? dt
+y = 15X
d d
54 1 @ g | 924y =18r [ 06Zay=60x | ,6%
dt dt
+y = 2x
55 22 = d 220V =
a o T =6,6x 14dt2+ +y= O’Sd_y+y: Oy
> ¢ =2200x
=X = 66x
56 a = = d_y= 35y = 5x
ty=22x (0,692 3 2 45 2—+y 10->=100x y
=6,1x
57 | 6 dy - d 8y=11,2x
Zldt2 +10— 13-+ y=6x 8- = 40x Y
y=26X
58 | B 2 6% 22 %: 20X 6,1y + 61x |14y = 280x
+3, 1 + y=8X
59 r d3y d’y 18y = 36x Y oy=
36dt_3+4ﬁ+ 05 Tty = 40x Y 6dt+y_8x
dy _
5oty =9
60 | n 4 _ 4 = 55y = 550x
14dt 24x 6 e 38x 1, e dtz Y
dy _
+7E +y=31x
61 | a | 36+ y=1x By=8x  [119y 5%, [21y=210¢
+y = 14x
62 | 6 dy - o 0,4y = 40x
4822 45424 | 0575 +y=15x 1542 = 10x y

+y=12x

81




[ponomkenne Tabnuis 12

1 3 4 5 6
63 d’y d’y dy _ 58y = 116x dy
38—+ 32— +05-"= 4}534_
dy — =
+3,1d—t+y—2X 4x +y= 65x
64 v - d? d 2y = 22X b
725+ y=56x 10,0V 4y Y 44 ty=
dt? dt =4,1x
+y =X
65 4 - ay - 26y = 52x asy _
52— +y=10x | 56— +y=12x y 55 =50x
66 d%y dy (S 16y=0,1x ay
365 +0,6=+ | 55+ y=5x y 2,1 dt2+
+y=4,2X
+y=10x Y
67 - d? d 16y =1,6x & _
54dt+y 3x 42—y+0,5—y+ y Sdt 11x
dt? dt
+y = 21X
3 2 —_
68 ZT{ + ‘% + O,ZZ—f +y=5x 4y=4x 16 Z—f:
Yo d
+5,4 2 + y=12x .
dt
69 L5 dty d3y 10y=10x 6y=12x
2+ y=12x 6 +5-3+ y Y
2
+32L2 =10
dt
70 &y | d¥y 132 = 52x 32y=320x | 19y=
6tz T dac =190x
dy _
+4,1 m +y=3X
d —
71 4-,4-—y+y: Z’Zd_y+3’6d_y+ 0,3y =10x 18Q=
dt dt? dt dt
=0,2x +y =6,6x —56x
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Oxonyanue Tadaunsl 12

1 3 4 5 6
2 2 —
2 622 +302+ | 00222+ 77y=T70x | 152y+
dt dt dt
d +0,2y = 3,2X
Ty =500 422 4y =22x
73 a?y _ a’y dy 19y = 19x 4,
6,3-5=63x (455 + 15+ 0,5
+y =0,6x +y=1,2x
74 dx dy d’y dy 9y =
03y=53— | 4l—+y= P2 ig—==
V=000 YT PaE Tty ='90x
= 41x =X
75 -106% 20y = 200x %y dy _
53y=106 = y 41dt_2+ 0,2 —
d = 44x
+4,1 % + y=4x
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IIpunoxenus
[Ipunoxenue 1
IIpumep ogopmnenus mumynoHo2o IUcma

MuHHCTEPCTBO ceNbCKOro xo3sicTea Poccuiickoit denepanuun
(enepanbpHOE TOCYIapCTBEHHOE OIOPKETHOE 00pa30BaTEIbHOE
YUpEKAECHUE BbICLIET0 00pa30BaHUs
«Camapckas rocyJapcTBEHHAs CEJIbCKOXO03UCTBEHHAS aKaIeMUS»

Kadenpa «3nexrpudukanms u aBromatusanus AITK»

PACUETHO-TPAOUYECKAS PABOTA

10 JUCLUIUIHHE ABTOMAaTHKA

BeimonmHm:

CryneHT __ Kypca
I'pynoer

Hanpasnenue noaroToBku

JInuHb1l HOMEP
(HoMep 3aUEMHOU KHUNCKU)

(hamunus, ums, omuecmeo cmyoeHma NOJHOCMbIO)

[Tposepwut: / /

(noonucy) (uHuyuanel, pamunus)

Orenka

(3aumeno/ne 3aumeno)

Camapa 20



[Ipunoxenue 2
Tlpumep opopmnenus 3adanus

3AJIAHUE
Ha pacyeTHO-TpaUyIecKyro paboTy MO AUCIUTUIHHE
ABTOMaTHKa

Bapuanr

3AJJAYA Ne 1
Cucrema KOHTPOJIS aBTOMAaTHYECKOTO TMOJIOKEHUS paboyux opra-
HOB KYKYPY30yOOpPOUYHBIX arperaTos.

3AJJAYA Ne 2
Ne Juddepennmansapie ypaBHEHUS 3BEHBEB
cxe- | Wa(p) Wo(p) Ws(p) Woe(p)

MbI

a 7,6y: 126)( dzy dy 22 dzy + 55 dy + 11y = dy
it haCA — — y=11x 7
325+ 42—+ |4 ar 01— =10x

+6y = 9X

CrpykTypHas cxema

Wi/ Wa(p) Wilp/

Wa:(ﬂj
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HNPEINCJTOBUE

Mertoaudeckne ykKa3aHUS COCTAaBIIEHBI HA OCHOBAaHHMH pabodueit
HOPOrpaMMBbl MO AUCLUIUIMHE «JEKTPUUECKHE CTAHLUM U IOACTaH-
UH», COOTBETCTBYIOT TOCYJapCTBEHHOMY 0Opa3oBaTeIbHOMY CTaH-
napty ®I'OC-3.

[espro BBITOTHEHUSI JAHHOT'O KYpPCOBOI'O IPOEKTa sBiIseTCs (hop-
MHUpPOBAaHUE Y CTYIEHTOB HEOOXOAMMBIX 3HAHMU AJsl PEIICHHS MpPO-
(eccnoHaNbHBIX 3a7a4 10 MPOSKTUPOBAHMIO TPaHC(HOPMATOPHBIX TO-
CTaHUMM. TeMaTuKa KypCOBOTO IPOCKTHUPOBAHUS HMEET BHI KOM-
TUIEKCHOM 33/1a4y¥, BKJIIOYAIOUIEN ompeaeneHre CyMMapHOH MOITHOCTH
notpeduTeneil MoACTaHIMH, PacyeT U BHIOOp CHUIIOBBIX TpaHchopMaTo-
POB, BBIOOpP CXEM IJIaBHBIX AJIEKTPUYECKUX COCAUHEHUH IMPOCKTHPYeE-
MO HOACTaHIINHU, pacyeT TOKOB KOPOTKOTO 3aMBIKaHHs, PACUeT U BbI-
0Op 2JMEKTPUUYECKHX ammapaToB. 3a7adyl BBHIIOJIHEHUS] KYPCOBOTO MpO-
eKTa — TOJIyuYeHHe HaBBIKOB pacueTa DIIEKTPUYECKUX HArpy3o0K MoTpe-
oureneii, BBIOOpa TpaHCPOPMATOPHON MOACTAHIIUH, pacdeTa U MpPOeK-
TUPOBAHUS DIEKTPUUECKOW YacTH TPaHC(HOPMATOPHOH TMOACTAHIIMU C
BBIOOPOM HEOOXOIMMOM AJIEKTPUUECKOH aIaparypsl.

KypcoBoif mpoeKT cocTOMT U3 MOSACHUTENBHOM 3aICKH 00bEMOM
30-50 ctpanun u rpadudeckorr yactu. PacueTHO-TIOsICHUTEIHHAS 3a-
MHUCKa JOJDKHA MOSICHUTh U 000CHOBATH TIPUHSTHIC PEIICHUS] B COOTBET-
CTBHM C OKOHYATEJbHBIMU LU(POBBIMH PE3yIbTaTaMU BBIIIOIHEHHBIX
pacueToB. PexoMeHmyeTcsi pe3ynbTaTbl pacyeToB MpPEACTaBIATh B MO-
SICHUTEJIBHOM 3aIrcKe B BHJE TaOuuil. ['paduyeckas 4acTh COCTOMUT U3
onmHOro nucta gopmata Al MPUHIMIUATBEHONH CXEMbI DIIEKTPUYECKOH
NOJCTAaHIMH, C yKa3aHWEM TEXHHYECKHX XapaKTEePUCTHK 000pyroBa-
HUSL.

BrimonHenne u 3ammura KypcoBOTO NMPOEKTa, Kak pe3yibTaT oc-
BOCHHUSI OOYYalOLUIMMHUCS OCHOBHOWH 00pa30BaTeNbHONW MPOrpaMMBbI
BBICLIETO MPOGEeCCHOHAIBHOIO 00pa30BaHMs 110 HAIIPABICHUIO IOJIO-
TOBKH «ATPOMH)KCHEPHUS», CBUACTEIBCTBYET 00 ypoBHE chopmMupoBa-
HUSl CIEIYIOUINX OTAEIBbHBIX OOMIEKYIbTYPHBIX U MPO(ECCHOHAIBHBIX
KOMIIETCHIIMK: TIOHHMaHHE COLMAJIbHOM 3HAYMMOCTH CBOEW Oymyiiei
npodeccuu; crocoOHOCTh HCIONB30BaTh COBPEMEHHBIE METOJbl MOH-
Ta)ka, HaJIAJIKU MAIlUH M YCTAHOBOK, MOJJEPKaHUS PEXKUMOB pabOTHI
ANEKTPU(UIUPOBAHHBIX M aBTOMATHU3UPOBAHHBIX TEXHOJIOTUYECKUX
MPOLIECCOB, HEMOCPEICTBEHHO CBS3aHHBIX C OMOJIOTMYECKUMH OOBEK-
TaMH.



CTPYKTYPA KYPCOBOI'O IPOEKTA

KypcoBoil mpoeKT BBINOIHSETCS] CTYACHTOM B COOTBETCTBUU C Te-
MOH, YKa3aHHOW B MHAUBUAYAJIbHOM 3aAaHuu. HOuBUAYyanpHOE 3a/1a-
HHUE BBIIAETCS MpernoAaBaTesieM, TeMaTHKa MPOEKTa yTBepKaaeTcs Je-
KaHOM (paKynpTeTa B Hadase yueOHOTO CeMecTpa.

PacuerHO-IOsICHUTENBHAS 3alMCKa AOJDKHA COAEP)KaTh: THUTYJIb-
HBIH JIMCT; 33/laHUe Ha KypCOBOHM NMpOEKT; pedepar; oriaBicHue; BBe-
JICHHE; OCHOBHYIO YaCTh; BBHIBOJBI M MPEJIOKEHHUS; CIIUCOK HCIOIb30-
BAaHHOH JIMTEPATYPBl U HCTOUHUKOB.

TUTyAbHBIA JHCT

TutyneHbIH nUCT odopMisieTcs MO 00pasily, NPUBEACHHOMY B
MPUWIOKEHUH 1.

HupuBuayanbHoe 3aganue

WunuBuayanbHOe 3aJaHWe JOJDKHO COIEpXaTh TeMy MPOEKTa;
KypC, HOMEp TpyMIIbl, aMUIHIO, UMS U OTYECTBO CTYJICHTa; HCXOIHBIC
JIaHHBIE [UTS BBITIOJIHEHHS IPOCKTA; ATy BbLAAYH 3aAaHus (IpHiL. 2).

Pedepar

Pedepat coneput KpaTkue CBEICHUS O COACPKAHUH U OCHOBHBIX
pe3yJbTaTax BBIOJIHEHHUS KypPCOBOTO mpoekTa (mpui. 3).

Ornasiienune

OrnaprieHre BKJIIOYAET HAMEHOBAaHUE BCEX PAa3J/IENoB, MOJpa3Jie-
JIOB € yKa3aHHeM HoMepa cTpaHui] (mpui. 3).

Beenenne

Bo BBeneHHH 000CHOBBIBACTCS aKTYaJbHOCTh TEMBI, OTpeIeisieT-
cs1 OOBEKT HCCIIEAOBAHHS, POPMYITUPYIOTCS 1IeTTh U 33/Ia4H.

OcHoBHast YacTh

B ocHoBHOI uacTu pabOTHl JODKHBI CONEPXKATHCSI COOTBETCT-
BYIOIIIE TEOPETHUECKHE CBEACHUS; UCTIONIb3YEMbIC HCXO/IHbIC JIAHHBIE;
HEOOXOIUMBbIE PAacUeThl M PE3yJbTaThl PacyeToB B BUAe Tabnui; oboc-
HOBaHU PacyeToB M JaHa OLICHKA UX Pe3yJbTaToB.

BuiBoabl 1 mpensio:keHust

B BbIBOJaX M NpeIoKeHUsIX 0000IAI0TCS OCHOBHBIE MTOJIOKEHNS,
JIeNIal0TCs BHIBOABI M BO3MOXKHBIE HampaBlieHHUs IJIs1 JalbHEHILEro uc-
CJICZIOBAHMSI.

CHucoK UC0JIb30BAHHOI JINTEPATYPbI U HCTOYHHUKOB

[IpuBOANTCST CHMCOK JUTEPATYPHl, MCIOJIH30BAHHON MPH BHINOJI-
HEHUH KypcoBoro mpoekta, opopmueHnsiii cormacao 'OCT 7.1-2003
«bubmmorpadpuueckas 3amucek. bubnuorpadpudueckoe onrcanue.



CxeMa 3IeKTPUIECKON YaCTH MOACTAHIMH BHITIOTHSIOTCS Ha JIHCTE
¢dopmara Al Ha iorTepe (npui. 4).

K snexTpuueckoil cxeme mpuiiaraeTcs Crenu(uKaiys ¢ yKa3aHu-
€M MapKH U KOJIMYECTBa anmaparypsl (pui. 5).

ITPABHUJIA O®OPMJIEHUA

TeKCT MOsSICHUTEILHON 3alMCKH MOKET OBITH BBITIOJHEH PYKOIHC-
HBIM CIIOCOOOM WJIHM C IPUMEHEHNEM IeYaTaronX ycTporucTB. Odopm-
JIeHHEe KYpCOBOTO MpoeKTa AoibkHO cooTBercTBoBaTh ['OCT 2.105-95
«ECK/. OO6ume TpeOoBaHHS K TEKCTOBBIM JOKyMEHTam». Pazmep
mpugTta — 14, Times New Roman, a63amusrit orcryn 1,25 cMm, Mex-
CTPOYHBIM UHTEPBAI — NOIYTOPHBIM.

TekcT U pacyeTsl BHIMONHSIOTCS Ha OJHOW CTOPOHE JHcTa Oenoif

oymaru gopmara A4 (210x297) mo I'OCT 2.301— 68. Pazmeps! momneit:
neBoe — 30 MM, ipaBoe — 10 MM, BepxHee — 15 MM, HIKHEE — 20 MM.
TexkcT OCHOBHOM 4acTH AENAT Ha pa3feiibl U MoApa3leibl. 3aro-
JIOBKM Pa3/€ioB MHUIIYTCS CUMMETPUYHO TEKCTY MPONHCHBIMU OyKBa-
MU. 3aroJOBKU TOAPa3/IEIOB — CTPOYHBIMH.
PaccTosiHne Mexmy 3arojoBKaMH Pas3lesioB M TEKCTOM JIOJDKHO

ObITh paBHO 7-10 MM. 3aroJOBKH MOAPA3NIEIOB OTACISIOTCS OT TEKCTa
CBEpXY U CHU3Y OJIHUM MEXCTPOYHBIM HHTEPBAJIOM.

CrpaHUIBl TOSCHUTENBHON 3alMCKH HYMEpYIOTCSl  apabCKUMH
muQpamu, HoOMep MPOCTABISIOT B IIEHTPE HIKHEW YacTH JIMCTA, HAYH-
Hasi CO BTOPOW cTpaHUIlbl. Ha THTyTEHOM JHICTE HOMEP HE CTAaBUTCS, HO
BKITFOUAETCA B OOINIYI0 HyMEpaIHIo.

Nnmroctpanuu o6o3HagaroTcst «Puc.» U HyMepyloTcs MOociaeaoBa-
TeIbHO apabCkuMu mudpamMu CKBO3HOW HyMepanued WiH B Ipenenax
KXKIO0TO pasjena.

TabauIsl JOMKHEI OBITH MOMEIIEHEI B TEKCTE MMOCIE ab3ares, co-
JiepKaliX CChUIKY Ha HUX. JlomyckaeTcsi MpUBOIUTH TaOJUIIBI Ha Clie-
IYIOIIEH IMOCIie CChUIKK CTpaHuIle. TaOnuibl HyMEpYIOTCS CKBO3HOMN
HyMepaluen Wik B Ipeieiax 0JHOTO pa3fena.

Ilepen tabmureit (cripaBa) nevaraercs ciioBo «Tabnuiay, ykasbl-
BaeTcsi ee Homep. HaspaHue TaOnuilbl medaraercss B CepeluHE clie-
JYIOUIEH CTPOKHU.



dopmynbl HyMepyOT apaOCcKkuMu IudpaMu B Mpeaenax pasziena.
Homep dopmyiiel cocToUT M3 HOMepa paszena u IMOpsSIKOBOrO HoMepa
dbopmyibl B paszaerne, paszelieHHbIX Toukoid. Homep ykasbiBaroT ¢ mpa-
BOIM CTOPOHBI JIUCTA B KPYIJIbIX CKOOKax. DOpMyJIbl BBIICISIOT U3 TEK-
cTa CBOOOJHBIMH CTPOKAMHU.

SAIUTA KYPCOBOI'O ITIPOEKTA

BrimomHEeHHBIH KypcOBOil TPOEKT, 0(OPMIIEHHBI B COOTBETCTBUH
¢ TpeOOBaHUAMHU, NPEIAOCTABISICTCS Ha Kadeapy Ui PerucTpaliiy He
MO3/IHEEe, YeM 3a HEJISINIO JIO €ro 3aIIuThl. [IpoeKT moinKeH ObITh JOIy-
IIeH K 3alUTe TPH YCIOBUH 3aKOHUYEHHOTO O(hOPMIICHHUS, O YeM JIOJIK-
Ha CBUJCTEIbCTBOBATh COOTBETCTBYIOIIASI MOANUCH PYKOBOAUTENS Ha
TUTYJIBHOM JIMCTE.

3amuTa KypcoBOTrO MpOEKTa MPOBOJUTCS B YCTAaHOBJIEHHOE Ka-
(benpoii BpeMs B BHJIE ITyOIMYHOTO BBICTYIICHHS CTY/ICHTA TIepe]] CIie-
IIUAJILHO CO3JaHHOHN Ha Kadeape komuccueil. Pe3ynbraThl 3aluThl OT-
pakaroTcs B IPOTOKOJIE.

IIpouenypa 3alIUTBl KypCOBOTO IPOEKTa COCTOUT W3 JOKJIAna, B
KOTOPOM JIOJKHEI OBITH OTPa)KEHBI OCHOBHBIC ATAITBI BHITIOJIHEHUS TIPO-
€KTa, pE3yJbTaThbl U CACJIAaHbl BbIBOAbLI, © OTBCTOB Ha BOIIPOCHI YJICHOB
komuccud. Ilo pe3ynpTaTaM 3allUTHl CTYACHTY BBICTABIACTCA OLICHKA
Mo MSITHOATFHON IIKale, C 3aHECEHHEM B 3aY€THYIO KHWXKKY M JK3a-
MEHAIIMOHHYIO BEJOMOCTb.

KPUTEPUU OLIEHKU 3HAHUI
IIPU 3AIIUTE KYPCOBOI'O IIPOEKTA

OneHKka «OTJMYHO» BBICTABIAETCS CTYJICHTY NpPU BBINOJHEHUH
KypCOBOT'O TIPOEKTa B IOJHOM 00BEME; MPOEKT OTINYACTCS TIIyOHHON
npopaboTKH BCEX pa3nesioB, 0OopMIIEH C COOMIOACHHUEM YCTaHOBIICH-
HBIX TPaBWJI; CTYAEHT CBOOOIHO BIIa/ICET TEOPETUUECKUM MaTepPHaJIoM,
0e301IM00YHO IPUMEHSIET €ro MPH pEelIeHUH 3a/1a4, chOpMYIUPOBaH-
HBIX B 33JIaHUH; CBOOOIHO CIIPABIISIETCS C BOIPOCAMH, Ha BCE BOTIPOCHI
JaeT MpaBUIbHbIE U 00OCHOBaHHBIE OTBETHI, YOCOUTENHHO 3aIIMIIAET
CBOIO TOYKY 3pE€HHMS, BIIaJleeT pa3HOCTOPOHHUMHU HABBIKAMH U TIpHEMa-
MU BBITIOJTHEHUS TIPAKTUIECKUX 3aaHuUH.



OLleHKa «XOPOLI0» BBICTABISCTCS IPHU BHIMOJHEHUU KYypPCOBOTO
MPOEKTA B ITOJIHOM 00bEME; MPOSKT OTIUYACTCS TIIyOMHON MPOpadoTKH
BCEX pAa3JelIOB COAepKaTelIbHONH YacTH, O0hOPMIIEH C COOIOJeHHEM
YCTaHOBJICHHBIX MPABWIT, CTYJACHT TBEPJO BIaJIEET TEOPETHISCKUM Ma-
TEPUATIOM, MOKET MPUMEHSATh €r0 CaAMOCTOSTENLHO WM MO YKa3aHUIO
MIpero1aBaTesi; Ha OOJBITMHCTBO BOIIPOCOB JAaHBI MPAaBHIIBLHBIC OTBE-
THI, 3aITUINAET CBOIO TOYKY 3PEHHUS JOCTATOYHO 0OOCHOBAHO.

OlLleHKa «yI0BJIETBOPUTEIbLHO» BHICTABIISICTCS] IIPU BHITIOJIHEHUU
KYPCOBOT'O TMPOCKTa B OCHOBHOM IPaBHJILHO, HO 0€3 JOCTATOYHO IIIy-
00oKOl TPOpPabOTKM HEKOTOPBIX Pa3/ENIOB; CTYACHT YCBOWJ 3HAHHA
TOJIBKO 10 OCHOBHOMY MaTepHally, HO HE YCBOWII €ro JAeTalIbHO; Ha BO-
MPOCHI OTBEYAET HEYBEPCHHO WIIM JOMYCKAeT OIIUOKH, HEYBEPECHHO
3aIIUIIAET CBOKO TOUKY 3PECHUS.

OreHKa «HEYI0BJIETBOPUTEIbHO0)» BBHICTABISAETCS, KOTAA CTYJASHT
HE MOXET 3alUTUTh CBOU PEIICHUS, OMYyCKaeT rpyOble (haKTUUCCKHE
OIIMOKY TPHU OTBETaX Ha MOCTABJICHHBIC BOMPOCHI HJIH OTKA3BIBACTCS OT
OTBeTa.

YKA3AHMSA K BBIIIOJTHEHHUIO KYPCOBOT O ITPOEKTA

HcxonHble TaHHBIE [JIsI TPOEKTHPOBAHUS
1. CBenenust 06 SHEPrOCUCTEME:

U, — HampsbKeHUE CUCTEMBI, KOTOPOE COOTBETCTBYET CTOPOHE BBI-
coxoro Hanpspkenus (BH) noacranuuu, xB;

S, — MOIIHOCTh cUCTeMBI, MBA;

Xc — PEaKTUBHOE COMPOTUBIIEHHUE CUCTEMBI B OTHOCHUTEILHBIX EIH-
HHIIAX;

N¢ — YKCIIO JTUHUH CBSI3U C CUCTEMOIA;

L. — IayMHa TMHUAM CBA3H, KM.

2. CBenenust 0 Harpy3Ke MmoTpeduTenei, MPUCOSAMHEHHBIX Ha CTOPO-
He cpenHero U Huzmero Hanpsoxkennid (CH u HH) noncranimu:
Uen, U — YPOBHU CPETHETO W HUBIIIETO HAMPSDKEHUS, KB;
n'P — gncno u montHocTH nuaM, MBT;
Kun — K03 DUIIMEHT HEecoBMageHNUs MAaKCUMyMOB HAarpys3KH IIO-
TpeduTenei;
c0s @ — K03 HUIIMEHT MOIIHOCTH.



IlepedyeHs BONpPOCOB, MOAJIEKAIINX pa3padoTKe

1 Pacuer u BBIOOp mapaMeTpoB TpaHC(HOPMATOPHOM MOICTAHIINN:
1.1 OmpepencHue CyMMapHON MOIIHOCTH MOTPEOUTENCH TIO-
CTaHIINH;
1.2 Pacuer u BEIOOP CHJIOBBIX TPaHC(HOPMATOPOB;
1.3 BriOop cXeM IIaBHBIX 3JIEKTPUUYCCKUX COCTUHCHHN MPOCKTH-
pyeMO# MOACTaHLINY;
1.4 PacdeT TOKOB KOPOTKOTO 3aMBIKAHHS.

2 Pacdet 1 BBIOOp 2JIEKTPUUECKHX ANIAPaTOB!
2.1 Beibop TpanchopMaTopoB COOCTBEHHBIX HYX;
2.2 Beibop ammapatypsl Ha cropony HH 6(10) kB;
2.3 Bw16op peakTopos;
2.4 Br10op BBIKITIOYATEIICH;
2.5 Breibop pazpeauHuTENCH, OTACIHTENEH M KOPOTKO3aMbIKaTe-
JIEH;
2.6 Br10op m3MepUTENBHBIX TPAHCPOPMATOPOB;
2.7 PacueT 3a3eMIISIONIETO YCTPOWCTBA;
2.8 BpI00op 3amuThl OT NepeHanpsbKeHU U TPO303allIHuThL.

HOPAAOK BBIIIOJIHEHUSA PACUETA

1Pacuer u BbIGOP MapaMeTPOB TPAaHCHOPMATOPHOIT MOACTAHIIMHU

1.1 Onpenenenue cyMmMapHoOii MOIHOCTH MOTPeOUTe el
NOACTAHUUH

PacueTr noTpeOHBIX MOIIHOCTEH HArpy30K MPOU3BOJAT C UCIIOJIb-
30BaHMEeM Kod(duumeHTa HecoBHAIECHUS MaKCUMYMOB HAarpy3KH IO-
TpeOuTenen.

Cymmaphas aktuBHas MoHocTh Ha ctopoHe CH (HH)

PCH = Z(ncni X Pcni) X k.wn ' (1)

e Nei, Pesiy Kin — TapameTpsl motpeduteneii Ha cropone CH moacranimy;
P., — cymmapHast akTiBHas MOIIHOCTh Ha ctopone CH, MBT.



ITonnas momHOCTE S, Ha cTopoHe CH

S.. =P.1cosg, 2

rae cos ¢ — ko3 GUIMEHT MOIIHOCTH MoTpeduTeneit Ha ctopone CH;
S, — monHast MOITHOCTh Ha cropone CH, MBA.

PeaxTtuBHas momHocTh (., Ha ctopone CH, MBap:

QC’H = SCH X Sin (p (3)

QCH = SCZH - })C%l ’ (4)

rae Q., — peakTuBHAs MOIIHOCTE Ha ctopoHe CH, MBap.

I

Amnanoruuno no gopmyiam (1-4) onpenensercs cymMmapHas MOTII-
HoCTh Ha cropoHe HH nmoacrannuu.
CyMMapHas MOIIIHOCTE Ha ctopone BH

PSH = IDCH + PHH; QG‘H = QCH + QHH; SGH = V F)g% + Q82H ) (5)

rae P, Py, P, — aKTHBHBIE MOIIIHOCTH, COOTBETCTBEHHO, Ha cTopoHax BH,
CH, HH, MBr;

Qs Qe Q. — peaxruBHBIe MommHOcTH BH, CH, HH, MBap;

S Sewy Sy — moiubie momnocty BH, CH, HH, MBA.

Ilpumep. Jano: nxP,=3x8 MBm; K,....=0,7; cos ¢=0,8;
nxP,,=6x13 MBm; K,,,,,=0,7; cos ¢=0,9.

Pewenue. Hatioem noanvie, axmuguvie u peakmueHvle MOUHOCU HA
6CeX CMYNEHSIX HANPSINCEHUS.
Lns cmynenu CH no gpopmynam 1,2,3:

P..=3x8x%0,7=16,8 MBm, S.,=16,8/0,8=21 MBA;
Q..=21xsin(arcos(0,8))=12,6 Msap.
s cmynenu HH no gpopmynam 1,2,4:

P,.=6x13x0,7=54,6 MBm, S,,=54,6/0,9=60,7 MBA;
Q.,=V(60,7%-54,6%)=26, 5Msap.
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s cmynenu BH no ¢popmyne (5):
P.=16,8+54,6=71,4 MBm,; Q,,=12,6+26,5=39,1 Meap;
S,,=V(71,4°+39,1%)=81,4 MBA.

1.2 PacueT u BbIOOP CHJIOBBIX TPAHC(HOPMATOPOB

Ha moHwkarommx NOACTAaHIUSAX BO3MOXKHA YCTaHOBKA OJHOTO,
IBYX U Oozee TpaHchopMaTopoB. Pemenue 3Toro Bompoca B OCHOBHOM
olpeneNseTcs HaJWMdheM IoTpeOuTeel IOBBILICHHBIX KAaTeTOPHH H
TEXHUKO-9KOHOMHYECKUM CpaBHEHHEM BaPHAHTOB.

OnHoTpaHchOopMaTOpPHBIE MOJCTAHIUHA TPOCKTUPYIOT:

a) TP  DIIEKTPOCHAOKEHWH HEOTBETCTBEHHBIX IOTpeOHTENeH
TpeThel KaTeropyuu MpH YCIOBUH, YTO 3aMEHA MOBPEXKICHHOTO TPaHC-
dopmaTopa UM €ro peMOHT IIPOU3BOIUTCS B TEUEHUE HE Oosiee OIHUX
CYTOK;

0) mpu 3IEKTPOCHAOKEHUH MOTPeOuTeNeil BTOPOil KaTeropuu mpu
HaJIMYUM IIEHTPATM30BAaHHOTO TIEPEABIKHOTO TPaHC(HOPMATOPHOTO
pe3epBa MK IPYroro pe3epBHOIO UCTOUHUKA,;

B) TIpW HEOOIBIIONH MOIIHOCTHA MOTPEOUTENel MepBOi KATETOPUU H
HaJIMYMH PE3epPBHBIX HCTOYHUKOB Ha ctopone HH.

[MpumeneHnne ogHOTPaHCHOPMATOPHBIX MOACTAHIIMNA HMEET MECTO
B ceTsx HanpsbkeHueM 35-110 kB, Ha nanpsbxenue 220 kB u Bbile of-
HOTpaHC(HOPMATOPHBIC TIOACTAHIINYU, KaK MPaBHIO, MOTYT paccMaTpH-
BaThCS JMIIb KaK O4Yepe]b MOJCTAaHUMN C MOCIEAYIOIEH YCTaHOBKOMN
eI1le OJTHOTO | 00Jiee B COOTBETCTBHH C IMHAMHUKOM pOCTa Harpy3KH.

Hawnbonee wacTo Ha MOACTAHIMAX yCTaHABIWBAIOTCS JIBa TPaHC-
¢dopmaropa. B aTom ciydae mpu NpaBUIBHOM BHIOOpE MOIITHOCTH
TparchopMaTopoB obecrieunBaeTcsl HaJe)KHOEe TUTAHNE JTaXKe TIPU aBa-
PUITHOM OTKITIOYSHHH OJTHOTO U3 TPAHC(HOPMATOPOB.

VYcraHoBka Tpex W Oosiee TpaHC(HOPMATOPOB BO3MOXKHA Ha IIO/I-
CTaHIUSIX MPOMBIIUICHHBIX MPEINPHUITAN B TeX CIydasx, KOrJia TOJY-
KOBYIO Harpy3kKy HEOOXOIMMO BBIACIHMTH Ha OTIENIbHBIA TpaHchopma-
Top. Ha KpymHBIX Y3J70BBIX MOACTAHLUMSAX BO3MOYKHA YCTaHOBKA TpeEX-
YeThIpeX TPaHCPOPMATOPOB, €CIU MOIIHOCTh JBYX TpaHchopMaTopoB
MO CYLIECTBYIOLICH MIKajie OKa3blBaeTcs HemocTaToyHor. Homunamb-
Hasi MOILHOCTh KaXIOro TpaHcdopmaropa ABYXTpaHCPOPMATOPHOM
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MOJCTAaHINH, KaK MPAaBHUJIO, OMPEeseTCs aBapUHHBIM PEeXUMOM pabo-
THI TOJACTAHLMH; TNPH YCTAaHOBKE ABYX TPaHCHOPMATOPOB MOIIHOCTD
KKIOTO M3 HUX JOJDKHA OBITh Takoi, YTOOBI MPU BBIXOJIE M3 CTPOS
OJTHOTO M3 HUX OCTaBIIHWHCS B paboTe TpaHcopMaTop ¢ JOMyCTHMOI
aBapuiHON Harpy3koil MOr 00ecHeyuTh HOpMalbHOE IIEKTPOCHAOKe-
HUE moTpeduTenel mepBoi u BTopoii kateropuit. [IpaBuio yctpoiicTBa
anektpoycTanoBok (I1YD) paspemaror nmeperpysky TpaHchopMaTOpOB
cBepx HoMHHaIBbHOU Ha 40% Ha Bpemst 00IIel MpOJOIKUTEILHOCTHIO
He Oosee 6 4acoB B CYTKH B T€UEHHE 5 CYTOK MOAPs npH Ko3hdunu-
eHTe 3aroyiHeHus rpaduka Harpy3ku He Beime 0,75. [Ipu sTux mapa-
MeTpax HOMHHaJbHAs MOILIHOCTH KaXKIIOTO TpaHc(opMaTopa ompene-
JSIeTCsl U3 YCIIOBHS

S,y = (0,65 ..0,7) X S, (6)

rae S,, — MOIIHOCTh OJHOTO M3 JABYX BBIOPaHHBIX OJUHAKOBBIX TPAHC-
¢dopmaropos, MBA;
S, — MoJTHast MOIHOCTH Ha cTopoHe BH, MBA.

TpanchopmaTtop, BEIOpaHHEIH TIO yCIIOBHUIO (6), 0OecTieYnBaeT mH-
TaHHE BCEX MOTpeOuTeNneii B HOPMAIBHOM pEXHUME TIpU 3arpyske
tpanchopmaropa (0,7...0,8)S,;, a B aBapuitHOM pexUMe OAMH TpaHC-
¢dopmaTop, ocraBimiics B pabote, obecrieynBaeT MUTaHUE OTPeOnTE-
JIell IIepBOM M BTOPOM KaTETOPUM C Yy4ETOM JOIYyCTUMOM aBapUilHOMN
neperpy3ku Ha 40%. [TorpeOurenu 3-i KaTeropuu JUisi BpEMEHH Mak-
CHUMyMa SHEPrOCHCTEMBI JOJKHBI ObITH OTKIFOUEHBI.

Ilpumep. /lano: S,,=81,4 MB, U,,=220xB; U, =110 B, U,,=10 kB.

Pewenue. Haiioem mownocmv mpaucgopmamopa O0isi 08YXMpPAauc-
Gopmamoproil noocmanyuu.

SHm=0,7 x81,4=56,98 MBA. CneoosamenvbHo, 60CHONb308ABUIUCH

CHpasounbIMU OaHHBLIMU, 8blOupaem asmompancgopmamop ATHLITH-
63000/220/110/10, yoosremesopsowuii yciosuio. 63 MBA>56,98 MBA.

B pacuy€THO-OSCHUTENBHOM 3amucKe HEOOXOIMMO IPEICTaBUTh
TAONUIy TEXHUYECKUX JaHHBIX BBIOPAHHBIX TPAHC(HOPMATOPOB IO
MPUIOKEHUIO 6.
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1.3 BpI0Op cXeM IJIaBHBIX JIEKTPUYECKUX COeANHEHHUI
NPOEKTHPYeMOil MOACTAHINHA

I'maBHast cxema 3MEKTPUYECKUX COEAWHEHWH MOJCTAHLIUU — 3TO
COBOKYITHOCTb OCHOBHOT'O 3JIEKTPO0OOpYyn0BaHUS (TpaHC)OPMATOPEI,
JIMHUM), COOPHBIX IIMH, KOMMYTallMOHHOW M JPYroi NMepBUYHOMN amra-
paTypsl CO BCEMH BBIIOJIHEHHBIMH MEXIy HUMHM B HaType COEIMHE-
HUSIMH. BBIOOp T7IaBHOI CXEMBI SIBIISIETCS ONPEACIISIONINM MPH MPOEK-
TUPOBAHUU 3JIEKTPUUECKOM YaCTH MOACTAHIIUH, TaK KaK OH OIpEeeseT
TIOJTHBIA COCTaB 3JIEMEHTOB M CBsi3el Mexay HUMH. BriOpanHas rias-
Has cXeMa SBJSIETCS] MCXOJHOM IpPU COCTABICHUHM NPUHLIMIHNAIBHBIX
CXEM DIEKTPUYECKUX COCAMHEHHH, CXeM COOCTBEHHBIX HYXKI, CXEM
BTOPUYHBIX COCAMHEHHH, MOHTaXHBIX cXeM M T. I. Ha ueprexe rnas-
HBIE CXEMBI N300paXar0TCsl B OMHOIMHEHHOM HCIIOJTHEHUH TP OTKIIIO-
YEeHHOM IT0JIO’KEHUH BCEX 3JIEMEHTOB YCTaHOBKU. B HEKOTOpHIX ciyya-
X JIOMyCKaeTcsl M300pakaTh OTJICJIbHBIE DJIEMEHTHI CXeMbI B pabouem
MOJIOKCHUH.

[Moncranuu MOrYT OBITH TYNHKOBBIMH, HPOXOJHBIMH, OTIacy-
HBIMH; CXEMBbI TAKUX MOJCTAHIUK OyIyT pa3sTHYHBIMH JaKe TIPH OJTHOM
U TOM JXK€ 4YHcie TpaHC(HOpMaTOpoB OAMHAKOBOM MomHOcTH. Camble
BBICOKHE TPeOOBAHUS MPEABABISIOTCS K Y3JIOBBIM MOJACTaHIMSIM. BbI-
X0/ 13 pabOThl TaKOW MOACTAHIMK MOXKET NPUBECTH K pacmajiy dHep-
TOCUCTEMBl. AHAJIOTHYHBIE TPEOOBAHUS NPEABSIBISIIOTCS K IPOXOIHBIM
MNOJCTAaHIMSM, XOTS 37€Ch IOCJIEACTBUS MOTYT OBITh 3HAYUTEIILHO
MeHbIIe. BbIOop CXeMbl 3JEKTPHUUYECKUX COENWHEHUH SBIISETCS TJaB-
HbIM. CXeMa MOJICTaHIIUK OTPENENIeTCs] B OCHOBHOM Tpems (akropa-
MHU:

a) Ha3HAYCHHEM ITOJCTAHIHH (€€ THIIOM);

0) 9MCIOM OTXOMALINX JIMHUHN MOBBIIIEHHOTO HANPSKEHIS,

B) YHCIJIOM YCTAHOBJICHHBIX CHJIOBBIX TPaHC(HOPMATOPOB.

) )
P)" 8H FY 8H [ 7y cH | Py MJ '_P)' iRz J
e ()
wiN

IEZARRIEEZE
Y a) Y 3)

Puc. 1.1. Cmpyxmypusie cxemsvt noocmanyuti
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Ha pucynke 1.1 mokaszaHsl CTpPyKTypHBIE CXeMbl mojacTanuuii. Ha
MOJCTaHIIMM C JBYXOOMOTOYHBIMH TpaHchopmaropamu (puc. 1.1, a)
ANEKTPO3HEPIUs OT B3HeprocucreMbl nocrtynaet B PY BH, 3atem
TpaHcopMHpYyeTCST W pacIpelenseTcs MeXIy TOTPeONTeNnsIMUu B
PY HH. Ha y310BbIX OACTaHUMAX OCYIIECTBISETCS CBSA3b MEXKIY OT-
JIETBHBIMH YacCTSIMH SHEPTOCHCTEMBI U MTUTaHUEM MoTpedurenet (puc.
1.1, 6). Bo3amoxxHO coopykeHre moiacTaHmuid ¢ aByms PY cpemnero
HanpspkeHus, PY BH u PY HH. Ha takux noacraHuusx ycraHaBlIUBa-
I0T JIBa aBTOTpaHchopMaTopa u asa Tpanchopmaropa (puc. 1.1, B).

HawnbGonee mpocToli cxemMol O3IEKTPOYCTAaHOBOK HAa CTOPOHE
6-10 kB sBnsercs cxema ¢ OAHON HECEKIIMOHUPOBAHHON CHCTEMOW
cOopueix muH (puc. 1.2, a). Cxema npocta u HarmsigHa. McTouyHukH
nuTaHug ¥ TUHAA 6-10 KB npucoeanHsFOTCs K COOPHBIM IIHHAM C TIO-
MOIIBIO BBIKITIOUaTeNel n pazpenuauTeneil. Ha kaxxmayro menp HeoOXo-
UM OJIMH BBIKJIIOYATEIb, KOTOPBIA CITY>KUT JJISI OTKIIIOYEHHS U BKIIIO-
YeHUs! 3TOW e B HOPMAaJIbHBIX U aBapUMHBIX pekumax. [Ipu Heob6xo-
IUMOCTH OTKMroueHus: auHud W1 110CTaTOYHO OTKITIOYHTH BBIKITIO-
yarenb Q1. Eciu Beikitouatens Q1 BEIBOIUTCS B PEMOHT, TO MOCIIE €T0
OTKJIFOUEHUS OTKIIIOYAIOT Pa3beAVMHMUTEIN: CHavyaya jJuHehHbid QS1, a
3areM muHHBINA QS2. Takum oOpa3om, omeparuu ¢ pa3beIUHUTENIMA
HEOOXOMMBI TOJBKO MPH BEIBOJIE MPUCOSTUHEHHS B IENIX oOecrede-
HUsl 0E30MMacHOr0 MPOM3BOJCTBA PadOT. BeiieacTBre OAHOTUITHOCTH U
MPOCTOTHI OIEpaluil ¢ pazbeAUHUTEISIMA aBAPUUHOCTh M3-3a HEmpa-
BUJIbHBIX JIEUCTBHUI C HUMH AEKYPHOr0 IEpCOHANA MaJla, YTO OTHOCHUT-
cs K JOCTOMHCTBAM paccMaTpUBaeMON CXEMBI.

K2
w1 WE' w4 w7 w2 AWJ wW4s w5 w6
v
. it |
qr }l qr Qqz qs
932 K1 Q87
xz,9 6!3:«51 1 = lT:\D/: 1.l —
a5 Q& qs a7
arm ucmowm}wd numaru om ucmalfﬂuﬁa%)numayuﬁ
a

Puc. 1.2. Cxemvl ¢ 00HOU cucmemori COOPHBIX WUH
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Cxema ¢ OgHOH CHCTEMOW IIMH IO3BOJIIET HCIOJIB30BATH KOM-
IUIEKTHBIE pacipenenuTeibubie  ycTpoiictBa (KPVY), d4ro cHmkaer
CTOMMOCTHh MOHTa)Xa, I03BOJISIET IIMPOKO INPUMEHATh MEXaHU3ALUIO U
YMEHBIINUTh BPEMsI COOPY>KEHHS IIEKTPOYCTAHOBKH.

Hapsiny ¢ nocromHcTBaMM cxeMa ¢ OJHOM HECEKIIMOHMPOBAHHOM
cHCTEeMOH IIUH 0o0najaeT psAAoM HeAocTaTKoB. s peMoHTa cOOpPHBIX
IIMH ¥ IIMHHBIX pa3bequHUTENeH 11000ro NprucoeAuHEHUs Heo0X0au-
MO TIOJIHOCTBIO CHSITH HampspKeHUE cOo COOPHBIX IUH, T. €. OTKIIOYUTH
WCTOYHUKHU MUTAaHUSI. DTO MPUBOIUT K TEPEPBIBY AIIEKTPOCHAOKEHHUS
BCEX IOTpeduTeneil Ha BpeMs peMOHTa.

I[Tpu xopotkom 3ambikanuu (K3) Ha nuHuu, Hanpumep B Touke K1
(puc. 1.2, a), momKeH OTKIIOYUTHCS COOTBETCTBYIOLIMK BBIKIIIOYATENb
Q4, a Bce ocTaNbHBIE IPUCOSTUHEHHS TOJDKHBI OCTaThCs B paboTe; Of1-
HAaKO INPH OTKa3€ 3TOr0 BBIKIIOYATENSI OTKIIOYATCS BBIKJIIOYATENIN HC-
tTouHukoB nutanus Q5, Q6, BeiencTBre yero cOOpHbBIC IIMHBI OCTaHYT-
cs1 6e3 HanpspkeHust. KopoTkoe 3aMbikanre Ha COOpHBIX MIMHAX (TOYKa
K2) Taxke BbI3bIBACT OTKIHOYCHHE UCTOYHHKOB MMUTAHUS, T. €. IPEKpa-
IICHUE 3JICKTPOCHAOXKEHHS TOTpeOuTeNield. YKa3aHHbIC HEIOCTaTKH
YaCTUYHO YCTPaHSIOTCS ITyTeM paszelieHns COOPHBIX IIMH Ha CEKIWH,
YHCIIO KOTOPBIX OOBIYHO COOTBETCTBYET KOJMYECTBY MCTOYHHMKOB ITH-
TaHUS.

1.4 PacueT TOKOB KOPOTKOI0 3aMbIKAHUS

Pacyer ToxoB K3 BBIMONHAIOT Ui MPOBEPKH almaparypsl Ha OT-
KITIOYAIONIYIO CITIOCOOHOCTh U IMHAMUYECKYIO CTOWKOCTD, JUIS TPOBEp-
KA Ha TEPMHUYECKYIO0 YCTOWYMBOCTh LIMH U KaOeJeH pacrpenenuTeb-
HBIX YCTPOMCTB. /[ 3THX Liesiell B COOTBETCTBYIOIIMX TOYKAX CXEMBbI
MOICTAHIIMH ONIPEIEIIAIOTCS HanOobIue Toku K3.

Pacuer ToxoB npu Tpexdasnom K3 BbIonHAETCS B ClieAyIOIIEM
MOpsIIKE:

1. ansa paccMaTpuBaeMoil MOACTAHIIMU COCTABIAETCS pacyeTHas CXe-
ma (puc. 1.3);

2. 110 PacUeTHOM CXeMe COCTABIISIETCS AIIEKTPUUECKasi cXxema 3amele-
Hus (puc. 1.4);

3. MyTeM TIOCTENEHHOTO NPeo0pa3oBaHUsi MPUBOJAT 3Ty CXEMYy K
HauboJiee MPOCTOMY BHLY TaK, YTOOBI KaXKIblii HICTOUYHHK MMUTaHUS ObLI
cBA3aH ¢ Toukod K3 ogHUM pe3ynpTHPYIOIKUM CONIPOTUBICHNEM;
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4. 3Has pe3ynprupynomyo 3/C HCTOYHHKA U PEe3YIBTUPYIOIIEE CO-
MIPOTUBJIEHUE, 10 3aKOHY OMa OmpenendioT HadalbHOE 3HAYEHHE Iie-
pUOIUYecKol cocTaBistomniel Toka K3, 3aTeM ymapHbIif TOK U, IpHA HE-
00X0AMMOCTH, HEPUOAMYECKYI0 M alepHOAMYECKYIO COCTaBIIIOLINE
Toka K3 115 3a1aHHOr0 MOMEHTa BPEMEHHU.

Ilon pacueTHOH cXeMOU NOHUMAKOT YIPOLICHHYIO OJHOJIHHEHHYIO
CXEMy C YyKa3aHHEM BCEX OJJIEMEHTOB M HMX IapaMeTpoB, KOTOpHIC
BIUAIOT Ha TOK K3 ¥ MOATOMY JTOJKHBI OBITh YYTCHBI TP BBHITOJIHEHUH
pacueros (puc. 1.5). [lns pacuera 3nauenuii TokoB K3 mpu tpexdasHom
K3 cocraBnsieTcs cxema 3amernieHus sl OMHOU (hasbl, MMOCKOIBKY BCE
(ha3bl 1Ienu HAXOAATCS B OJJMHAKOBBIX yCIOBHAX. [l ynpoleHus cxe-
MBI MOXHO BOCTIOJB30BAThCA THUIIOBBIMH METOJAMH, YKa3aHHBIMHA B
tabmure 1.1.

[TapaMeTpbl pacyeTHON CXEeMbl MOTYT OBITh BBIPAXKCHBI B HMEHO-
BaHHBIX WM OTHOCHUTENBHBIX enuHuIlax. PaccunteiBath Toku K3 peko-
MEH/IyeTCsI B OTHOCHTEIBHBIX €IUHHUIIAX, IS TOT0 HEOOXOAMMO TIpe/I-
BapUTENILHO MPHUBECTH BCE COMPOTUBIICHUS 3JIEMEHTOB CXEMBbI 3aMelle-
HUSI K OJJHAM U TeM e 0a30BBIM YCIOBHAM. B 0a30ByI0 cucTeMy Belu-
YUH JIOJDKHBI BXOJUTH 0a30Basi MOITHOCTE Sg, 0a30Boe HampspkeHue Ug,
0a30BbIil TOK lg, CBS3aHHBIE BRIPAKEHUEM MOIIHOCTH I TPeX(ha3HOM
cuctemsl S; = V/3 X I; X U;. TIpn 5TOM TIPOM3BOIBHO MOXKHO 3a1a-
BaThCS TOJBKO JBYMSI 0a30BBIMHM BeTMYMHAMU. ba3oBbie ycioBus cie-
JIyeT BBIOMpATh, YUHTHIBas yIOOCTBO MPOBEJCHHS pacyeToB. Tak, 3a
6a3oByto MomHOCTh mpuHUMatoT 100, 1000 nau 10000 MBA, a nHorIa
YaCcTO MOBTOPSIONIYIOCS B CX€ME MOIIHOCTh OTJENbHBIX JIEMEHTOB. 3a
0a30Boe HAIPHKEHHE yIOOHO MPHUHUMATH COOTBETCTBYIOIIEE CpeaHEe
nanpsokenne (Ucp=0,133; 0,23; 0,4; 0,525; 0,69; 3,15; 6,3; 10,5;
13,8; 15,75; 18; 24; 37; 115; 154; 230; 340; 515 kB). Yno6HO
3aJ1aBaThCs 0A30BBIMM 3HAYCHUSMHU MOIIHOCTH W HAINPSDKCHUS U 110
HUM YK€ OIpPe/IeIIATh 0a30BbIil TOK

S,
I, =—2—,
\/§ X U5
rae S; — 6a3oBas MOIIHOCTE, MBA;

U; — 6a3oBoe HampspkeHue, KB;
l; — 6a30BBIH TOK, KA.

()
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Tabmmna 1.1

OcHoBHbIE PopMyJIBI 17151 TpeoOpa3oBaHHs CXEM

DopMysl U1 olpeene-

IIpeo6pa3o- Cxema 110 Cxema nocie
HHSI TapaMETPOB CXEMbI
BaHHE npeoOpazoBaHus npeoOpa3oBaHus
rocje nNpeodpa3zoBaHus
[Mocnenosa- yooxp X Xon
TeNbHOE s B e -+—|:>—+—_:__ Xy = Xy 4y ey
CcoeJIMHeHHe { I
1
x' = —m——
*o1 01 1
[Napannens- X — 4=+ +=
il X1 X2 Xa
HOE COeIIMHe-
TIPY IBYX BETBSIX:
HHUC = X1 X Xp
K X1 + X2
v = XN X XpmL
7
IIpeoGpazo- XpN tXpL t XNm
BaHHE Tpe- o = N X XNm
y = — T
YIrOJIbHMKA B Xy Xy +xvy
DKBUBAJICHT- o = XNM X XpL
M - .
HYIO 3BE31Y XLyt Xpp t XNM
Xy, X XN
XN = XL, +XN + — H
[Ipeobpazo- X
BaHHE 3BE3/IbI XNM
B OKBHBa- XN X Xy
y =y tay =
JICHTHBIN X1
Xy XX
TPEYTOJIBHUK M XX
peyr XML = XM + Xy, + .
XN
[Ipeobpazo-
=x; Xxy X ;
BaHUE MHOTO- XLm = XL 2 Xy Z Y
JIy4eBoit
y xMNzxMXxNXZy,
3BE3/IbI B
1,1 1
MHOT'OYTOJ1b- meXy=—+—+—+
Xy, XM XN

HUK C JUaro-
HaJIAMHA

1

Xp
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Tabnuna 1.2
CpenHue y/ienbHbIC HHIYKTUBHBIC COMPOTHUBIICHUS
BO3JIYIIHBIX U KaOCIBbHBIX JTMHUH JJIEKTpoIiepe1aun

JIvnusg 3neKkTponepenayn Xy OM/KM
OnHouenHas BO3AyLIHAs JIMHHS:

6-220 kB 0,4
220-330 kB mpu paciernieHn Ha JiBa IpoBoja B ¢ase 0,32
400-500 kB mpu pacluernyieHiHn Ha TpH IPoBoja B ¢ase 0,3
750 kB npu pacuieruieHn# Ha 4eThIpe MpoBoja B dase 0,28

TpexxunbpHbINA Kabemnb:
6-10 kB 0,08
35xB 0,12
OIHOXWIBHBIA MacIOHAIOIHEHHBIN Ka0ens 110-220 kB 0,16
Tabmuua 1.3

PacueTHbie BbIpaK€HUS AJIs1 ONPEETICHUS
MPUBEICHHBIX 3HAYEHUN COPOTUBIEHUN

j1eMeHT Ucxonublit MenoBanubie OTHOCHUTEIILHBIE
JJIEKTPOYCTaHOBKU napamerp CIMHUIIBI C/IMHUIIBI
. Uz _ .5
DHeprocucreMa Xc; Sc X = X Xy =Xew
C c
2
x,% U x,% S;
Tpanchopmarop X1%; SHOM x=m g 0 Xy = —
100 SH()/W 100 SHO\!
Uz S5
Peakrop Xp X=X, X o X, =X, X uz
Ucp p
JIunuu snekrporne- 62
Xym; L X=X X LX =5 | X =X XL X
penaun ’ Uz, Us

CompoTuBiieHHe OOMOTOK CHIIOBBIX TPaHCPOPMATOPOB CIEIyeT
paccUMTHIBATh MO BBIPAXKEHUAM C HCIIOIH30BAHUEM IACMOPTHBIX JIaH-
HBIX:

e 17151 IByXOOMOTOYHBIX TPaHC(HOPMATOPOB

Xm% = UKe—H% ’ (8)
rae X, — compoTuBiIeHUe TpaHchopmartopa, %o;

U,..% — HampsixeHre KOPOTKOTO 3aMbIKaHUs, ONPEeNIIeMOe 10 CIIPaBOY-
HBIM WJIX MMACIIOPTHBIM JTaHHBIM.
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® 1715 TPEeXOOMOTOYHBIX TPaHCHOPMATOPOB (aBTOTPaHCHOPMATOPOB)

Xme% =0,5X (st—n% + UKB’—C% - UKC—H%);
K% = 0,5 X (Upg—c% + Upe—, % — Uy, %);
Xmn%0 = 0,5 X (Uye—% + Ue—n%0 = Uke—c%)l 9)

rne U, o U %0, U,,% — HanmpsbKeHHsS KOPOTKOTO 3aMBIKAHUS JJIS KaXK-
JIOW TTapBl 0OMOTOK;
X620, X%, X% — conmpoTHBICHHS OOMOTOK B %.

Bocmosb3oBasmiucsk Tabmumnamu 1.2 u 1.3 u popmymnamu (8) u (9),
OMpeACIUTG B OTHOCUTCIIbHBIX CAWMHUIAX COIIPOTHBJICHHUC 3HCPIOCUC-
TEMBI, JITHUU 1 00MOTOK TpaHcdopmaTopa. Ilocie Toro kak cxema 3a-
MEIIEHHS COCTABIICHA U OTPE/ICICHBI COMPOTUBICHUS BCEX JJIIEMEHTOB,
OHa TpeobOpasyercs K Haubosiee mpocromy Buay. IIpeoOpa3zoBanue
(CBepTBIBaHI/IC) CXCMbI BBIINIOJHACTCA B HAIIpaBJICHHUU OT HCTOYHHKA
nuTtaHus K mecty K3.

Ilpumep. Jlano: cxema ¢ 08ymMsa mpexoOMOMOUHLIMU MPAHCPHOpmamo-
pamu Ha Hanpsiscenus 220/110/10 kB. [lapamempsr mpancghopmamopa
cneoyrowue:U,, ,%=357; U, - 20=11; U, %=21,9;
Suon=03 MBA. S,=650 MBA, x.=0,7; L=120 xm.

Pewenue. Hatioem pesynomupyrowue conpomugnenust 0o mouex K3.
Paccmompum umerowyroca cxemy (puc. 1.3) u cocmasum cxemy 3ame-
wenusn (puc. 1.4). Ilocneoniow ModCHO YRpOCMUMb, CEEPHYE NaApa-
nenvhvie conpomunetus Ly U Loy Zyst U Ligsy Lmer U Zynedy Lo U
L. Paccmasum mouxu npeononacaemvix K3. (puc 1.5). Ilonv3ysace
BBIUENPUBCOCHHBIMU DOPMYTAMU U TAOIUYAMU, HAXOOUM Heu38ecm-
nole 3navenus. [pumem Sz=100 MBA, Uspy=230 kB, Uscy= 115 kB,
Usun=10,5 xB.

Tozoa basucHule moKu l5;55=100/ (\/ 3x230)=0,25kA;
lsce=100/(N3% 115)=0,29 kA; 15=100/(N3x10,5)=5,5 KA.
Conpomusnenue cucmemwvr Z,=0,7x100/650=0,1.
Conpomugnenue nunuu: Z.=(0,4x120x100)/220°=0,1.
Conpomuenenue obmomox mpauncgopmamopa:
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X, %=0,5%(35,7+11-21,9)=12,4; X,,.%=0,5x(11+21,9—
35.7)=1,4; X,,%=0,5x(35,7+21,9-11)=23 3.
Z,,=(12,4x100)/(100x63)=0,2;  Z,.=(1,4x100)/(100x63)=0,02;
Z,.,=(23,3x100)/(100 x63)=0,4.

Tenepw, Ko20a HatideHbl 6ce conpomusnenus (puc. 1.4), npeobpa-
3yem ux K eudy (puc. 1.5), ceeprys napaineivHvie CORPOMUBIEHUS.

Zf’@]’“:(o’l Xo’l)/(0’1+011):01051 stpesz(oaz XO,Z)/(O,Z-FO,Z):O,]_,
chpe;e:(o,oz XO,OZ)/(O,02+O,02):O,01,
Zme33:(014 ><014')/(0,4"'0,4)=0,2

Ilpuos k xoumeuHoMy Uy, MOdNCEM HAUMU pPe3yabmMupyowue co-
npomusnenus 0o mouex KI, K2 u K3. Jlo KI — nociedosamenvHo co-
npomuseiienue cucmemsl u pesyaomupyowee aunutl. /lo K2 — napan-
NENHO L yyypes MPU NOCIEO0BAMENHBIX CONPOMUBNEHUA Ly Lygpes, Ligpes-
A nocnedosamenvHo UM Z,epe;. Ananozuuno ona mouku K3.

Z,es1=0,1+0,05=0,15;

Z,.:x2=(((0,1+0,05+0,1) x0,2)/(0,1+0,05+0,1+0,2))+0,01=0,12;

Zpestcs=(((0,1+0,05+0,1) x0,01)/(0,1+0,05+0,1+0,01))+0,2=0,21.

1 1 _
| PY BH
o
o
-9
(-9
| PY  HH a

Puc. 1.3. Oononuneiinas cxema s1ekmpocrabicenus



Zyg L 1% 82
Zrs 4182
| Zrey Zrer
Z 1y ZTH2
Puc. 1.4. Cxema 3amewenus
Le [/ A \:l E

\{_/
ZABpegl l i % Ki

ZTBpa
| Z TC Pe;
ZTHpes 21(3

Puc.1.5. Ceepuymas cxema 3amewyenus
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OmpezneneHue HAYAIBLHOTO 3HAYCHHUS MEPUOJAMYECKON COCTaB-
Jstroniert Toka K3:

lno =3, (10)

rae E« — oTtHOCHTEenpHas cBepxmepexoqHas IJC cucteMsl (MOXeET OBITh MPH-
HATa paBHOII 1);

Xpes — PE3YNBTUPYIOLIEE CONPOTHBIIEHUE CETH 10 ToukM K3;

l,, — HadaJgbHOE 3HAYCHHE MIePUOAMYIECKON cocTaBmstomei Toka K3, KA.

Ilockomnpky ynapHbiil TOk nMeeT Mecto yepes 0,01 cexyH bl mocie
Hayana K3, To ero 3HaueHne onpenensiercs:

i, =V2x1, XK, (11)

rae K, — ynapHelii ko3QdHUMEHT, 3aBUCAIMH OT MOCTOSHHOW BpeMeHM
3aTyXaHWs alepUOIMIecKol cocTapistomei Toka K3, (tabmuma 1.4);
i,— Belm4MHA ynapHoro Toka K3, kA.

Hns ynanennoro K3 3HaueHue TEIIOBOr0 UMITYJIhCA MTOICUUTHIBA-
eTcs 1o popmyie:

BK = 11120 X (tomm + Ta)' (12)

rae t,,,, — amurenpHoCcTh K3, ¢, 3HaYeHns MOXHO OpaTh ¢ prcyHKa 1.6;
T,— TOCTOSTHHASI BpEMCHH 3aTyXaHUs allepHOANICCKON COCTABIIIONICH TO-
ka K3, c, (Tabm. 1.4).

(T T ~
tarw=G7-0,2C

ac

24
‘ Lo+
-—0
-~

—0—

Puc. 1.6. Pacuemmnvie 3016l no moxkam K3 0ns nonusumenvroil noocmanyuu
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Tabnuna 1.4
3HaueHNEe MOCTOSHHON BPEMEHH 3aTyXaHUsl allepPHOANYECKOM
cocrassitomeii T,, Toka K3 u ynapHoro xoaddunmenra K,

OJIEeMEHThI WIN YaCTU HEPrOCHCTEMBbI T, ¢ K,
Broxwu, cocrasisionie n3 TypOoreHepaTopa 1 MOBEIIIAIOIIE-
ro TpaHc(opMaTopa, Ipu MOITHOCTH TeHepaTopos, MBT:
100-200 0,26 0,965
300 0,32 1,97
500 0,35 1,973
800 0,3 1,967
Cuctema, cBi3aHHasg co COOPHBIMHU IIMHAMH, TAE PaccMaTpH-
Baetrcst K3, BO3AylIHBIMY JIMHUSIMU HAaIpsDKEHUEM, KB:
35 0,02 1,6
110-150 0,02-0,03 | 1,608-1,717
220-330 0,03-0,04 | 1,717-1,78
500-750 0,06-0,08 | 1,85-1895
Cucrema, cBs3aHHass co cOopHbMH mmHamu 6-10kB, rme
paccmarpuBaerca K3, uepes TpaHcopMaTopbl MOIIHOCTHIO,
MBA:
80 u BBIIIE 0,06-0,15 | 1,85-1,935
32-80 0,05-0,1 | 1,82-1,904
5,6-32 0,02-0,05| 1,6-1,82
BeTBu, 3amunieHHbIe peakTOPOM C HOMHHAJIBHBIM TOKOM, A
1000 u BoIIIE 0,23 1,956
630 u HIKe 0,1 1,904
Pacnipenenurensusle cetn 6-10 kB 0,01 1,369

Taroke UIs panpHeHmero BeIOOpa 00OPYAOBaHHS HEOOXOIMMO
HaWTH pacyeTHbIE TOKU Ha IIUHAX MOACTAHIINH ¥ TOKH OTXOSIINX JIU-
Huit Ha ctoponax CH u HH.

Lenv 08yxobmomounozo mpancghopmamopa na noocmanyuu. Ha
cropone BH u HH pacuetnble Harpy3ku onpenessitor, Kak MpaBuiio, ¢
YYETOM YCTaHOBKHM B IEPCIEKTHBE TPaHC(HOPMATOPOB CIEIYIOUIEH 110
mkane ['OCT HOMHHAJIBHOW MOIIHOCTH S, » (s ['TIIT 310 10, 16,
25, 40, 63, 80, 100, 125 MBA):

SHOM m
L, = (0,65:-0,7) X ——— (13)
‘\/_ UHOM
rae S,oum — MOIIHOCTH TpaHchopMaropa B psay, KBA;
U,.o,, — HOMHHAJIBHOE HANPSDKCHUE CTYTIEHH, KB;

HOMUHAJIbHBIN TOK, A.

I HOM
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Lyax =2 X Lyou (14)

r71€ |max — HAHOOIBIIHUIT TOK PEMOHTHOTO HJIH MTOCTICABAPHITHOTO PEKUMa, A.

Lenv mpexoomomounozo mpancgopmamopa na noocmanyuu. Ha
cropore BH pacdernsie Toku omnpenenstor 1o (13) u (14). Ha cropone
CH pacueTHble TOKH TIPU JIBYX YCTaHOBIIEHHBIX TpaHchopMaTopax

SHOW
Ly = ————, (15)
2 x\B X Uy,
rae S, — TEePCIeKTHBHasA Harpys3ka Ha ctopone HH na 10-neTHuit nepuon,
kBA.
Ly =2 %1, 4. (16)

Jns croporst HH ananornano o dopmynam (15) u (16).

Lenv asmompancgopmamopa na noocmanyuu. Ha cropone BH n
CH pacuernsie Toku onpexnenstor mo (13) u (14), Tak kak aBTOTpaHC-
(dbopmaTop MOKET OBITH MCIONB30BAH JJIsl CBSA3U JIBYX CHCTEM U Tepe-
TOKOB MolHocTH kKak u3 BH B CH, Tak u B 00paTHOM HampaBJICHUU.
Ha cropone HH pacueTHble TOKM ONpeAeNaroT N0 NEePCIeKTUBHON Ha-
rpy3ke (15) u (16).

Lenv aunuu. Onpenensercs 1o HaMOOJIbIIEH HArpy3Ke JINHUH

SHaep
Lipy = —=——, (17)
HOM \/§ % UHOM

rie S,q,, — MOIIHOCTb Harpysku, KBA.
Jns oquHO4YHOM pajinanbHON JTMHUN CIIPABEJINBO
IHO/M = I max - (18)

Hpumep. Jlano: Z,e.;;=0,15; Z,:x2=0,12; Z,0:x3=0,21; 0éa aemo-
mpancpopmamopa no 63 MBA, na nanpsiocenue 220/110/10, mow-
Hocmb  Kadxcoot omxooawen aunuu Ha 10 kB pasna 15 MBA,
a 110 kB — 8 MBA. Haepysxa HH pasna 60,7MBA.
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Pewenue. Tocoa |,,,=1/0,15=6,7 «A; \1,,=1/0,12=8,3 KA,
1,03=1/0,21=4,8 kA.

1,/=1,4%6,7x1,717=16,1xA;i,,=1,4%8,3x1,608=18,7kA;
1,5=1,4%4,8x1,369=9,2 KA.

B=6,7°x(0,1+0,03)=5,8 MAc; B,,=8,3°x(0,1+0,02)=8,3 MAc;
Bs= =4,82x(0,2+0,01)=4,8 MAc.

Lionzr=0,7x80000/(1,7%220)=150 A; | naxzr=2%150=300 A;

Lionc=0,7%80000/(1,7 x110)=300 A; | axci=2*300=600 A;

IIpeononoocum, nacpysxka na HH 3a decamo nem @vipacmem Ha

10% u cocmasum 66,8 MBA, credosamenvro

lionr=66800/(2 x1,7x10)=1965 A, lmaxu=2 x1965=3930 A;

Tox 8 JIUHUSIX nompebumereu CH cocmagum:
1,0,=8000/(1,7x110)=43 A.

A 6 nnuax HH: 1,,,=15000/(1,7 x10)=882,4 A.

2 Pacuet u BbIOOP DJIeKTPUUYECKHUX ANNIAPATOB

2.1 Brioop TpaHc(hopMaTOPOB COOCTBEHHBIX HYK]

CocraB norpeduTteseil coOCTBEHHBIX HYX[ (C.H.) 3aBHCUT OT THNA
NOJCTAaHIMH, 3JIEKTPOOOOPYIOBaHUS, MOIIHOCTH TpaHC()OpMaTOpPOB.
[MoTpeOurensiMu ¢.H. TOACTAHIIUH SIBJISIOTCS SJICKTPOJIBUIATEeIU 001y~
Ba TpaHC(HOPMATOPOB, 0OOTpeBaTENN MPUBOJIOB OTACTHUTENCH U KOPOT-
ko3aMmbIkaTenel, mkadgo KPYH, a takxke ocsemenue. Ha moacranmmm
C BO3AYIUHBIMH BBIKJIIOYATEISIMH K TOTPEOUTEISIM OTHOCSTCS TaKkKe
KOMIIPECCOPHBIE YCTaHOBKH, 3apsHBIC U TIO/I3aps/IHBIE arperarsl.

Ha Bcex nByxTpanchopmaTopHbix mozctaniusx 35-500 kB ycra-
HaBJIMBAIOTCA /1Ba TpaHchopmaropa cobctBeHHbIX HYxka (TCH), npu-
COEJIMHSAS UX K IMIMHAM BTOPUYHOTO HampsoxeHus 6-10 kB moacrannumy.
Bb100p MOIITHOCTH KaXKA0TO U3 JIBYX TPaHCPOPMATOPOB IIPOUIBOTUTCS
10 TIOJIHOW Harpy3ke cucTeMbl ¢.H. HampspkeHue cucTeMsl C.H. mepe-
MEHHOTO TOKa Ha IMOJICTAHIMH C TIOCTOSHHBIM OIEPATHBHBIM TOKOM
HanpsokeHnem 220-330 kB ¢ 3a3eMieHHOI HEWTPAJIBIO.

Moutnocts  notpeOiieHHs C.H. HeBeluKa (IpUOJU3UTEIBHO
0,1%S,;,), a MomHOCTH TpaHchopMaTopa C.H. BRBIOUPAETCS B COOTBETCT-
BUU C Harpy3kaMu B pa3HbIX PeKUMax pabOThI IMOJICTAHIIUH, HO He 00-
nee 630 kBA:
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STCH:SUOM mplloooa (19)

e Srcy — MOIIHOCTH TpaHc(hopMaTopa COOCTBEHHBIX HYKI KBA;
Syiom mp— MOIIHOCTb YCTaHOBJIEHHOTO TpaHchopmaTopa, KBA.

ITo pe3ynbraram pacuera Beiopats TCH (mpui. 7).
2.2 Boi6op annapatyps! Ha ctopony HH 6(10) kB

Cxemy ctoponsl HH npennaraercs noctpouts Ha 6a3e KPY K-63
Camapckoro 3aBofa «QIeKTpoImuTy». JJis BeIOopa THTIOBBIX stueek KPY
MOYKHO HCIIOJIb30BaTh mpuiiokeHue 8. CTOUT yuUTHIBATh, YTO B HAOOp
JOJDKHBI BXOJIUTH SYCHKM BBOJA, SYEHKH, COAEpKallue TpaHcopma-
TOp TOKa W TpaHcopMaTop HaNpsoKeHUs, siaeiiku BeiBona k TCH, ko-
TOpbIe OBUTH BHIOpPAHBI BHIIIE, U SMEHKH BBIBOAA K MOTPEOUTENSIM, CO-
OTBETCTBYIOIIME KOJMUYECTBY OTXOISMIMX JMHHUNA. B kadecTBe Harsi-
HOTO MPUMepPa MOXKHO BOCTIOJIb30BaThCS pUCyHKOM 2.1.

Crenyer y4uThIBaTh CleayIOLICE:

1. JIns BeIOJIHEHUST KaOeJbHOTO BBOJIa Ha TOK Ooyiee 1600 A peko-
MEHyeTCsl HCIOIb30BaTh ABE Kamepbl o cxeMaM 60 u 61 umu 92 u 93,
BKJIFOUCHHBIE TAPAJUIENIBHO MIKUHONPOBOAOM Ha TOK 1600 A.

2. llunneii BBOX (BBIBOA) Ha TOK Oosee 1600 A MOXHO OCYIIECTBUTH
¢ moMoIpo ByX kamep no cxemam 01 u 04, 49 u 52, 76 u 80. Bos-
MOJKHBI M APYT'H€ BapUAHTEI.

3. Kameps! BBOs1a ¢ TpaHcopMaTopaMu HanpsbkeHus mo cxemam 03,
04, 10, 11, 89 uzrotoBisAtoTCS ¢ TpaHCHOPMATOPAMHU HAMPSHKEHUSI THTIA
HOJI.08-6(10) kB. B ocranpHbIX sueiikax MOTYT YCTaHABIUBATHCS
tpancdopmatopsl Hanpspkerus tina HAMUWUT-10 win 3HOJIL.06-6(10).

4. C moMoIIsio Kamep 1o cxemam 25, 26, 46 u 55 MOXKHO depe3 MHH-
HBIH MOCT COCJMHHUTH COOPHBIC IWUHBI B JBYX MapajuIeIbHO CTOSIIUX
psanax KPY.

5. JIns ceKIMoHMpOBaHUs COOPHBIX IIMH UCIIONB3YIOTCS KaMepbl 27 U
31, xotopble ycraHaBiuBaroTcs psagoM, uiau 02 u 53, KoTopele ycTa-
HaBJIMBAIOTCS B PA3HBIX PsIaX U COCTUHSIOTCS ITUHHBIM MOCTOM.

6. Jnsa mogkmouenus TCH moraocThI0 10 250 kKBA [0 BhIKITIOUATE-
JIsS. BBOJIa MCTIOJNB3YIOTCS KaMephl o cxeme 86 miu 87. B cirywae moa-
kimtoueHust TCH k cOOpHBIM IIMHAM HCIIONB3YIOTCSl KAMEPHI: M0 CXeMe
87 coBMmecTHO ¢ 25, 26, 42 unu 46; kamepa 1o cxeme 88.
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fpussesaine. 1 e, 11 ¢l — nepeas, BTOpPan CEKUMH WHH COOTBETCTREHHO.

Puc. 2.1. Cxema 3anonnenus PI1 6(10) kB ¢ kamepamu K-63




2.3 Bri0op peakTopoB

PeakTops! ciayxar ans orpanmdeHusi TOKOB K3 B MOIIHBIX 3Jek-
TPOYCTaHOBKAaX, a TakXKe MO3BOJSIOT MOAJIEPKUBATh HA MIMHAX OMpe-
JIeJICHHBIH yPOBEHb HAIPSHKEHHUS TP ITOBPEKICHUAX 33 PEaKTOPaMHU.

OcHoBHas 0071aCTh MPUMEHEHUS PEaKTOPOB — ANEKTPUIECKHE CETH
HanpspkeHueM 6-10 kB. YcranaBnmmuBaercs Mexy TpaHcQopMaTopom 1
HH mwunoi.

PeakTopsl BBHIOMPAIOT MO HOMUHAIBHOMY HAaNpsDKEHHIO, TOKY H
WHAYKTUBHOMY COIIPOTHBIICHHIO.

HomunansHOe HampspkeHHe BBHIOMPAIOT B COOTBETCTBHM C HOMHU-
HaJILHBIM HAIPSKEHWEM YCTaHOBKH. lIpm 3TOM mpeamonaraercs, 4To
peaxKTopsl JOJDKHBI [UTHTEIBHO BBIIEPKUBATH MAaKCUMAIIbHBIE paboune
HaANPsDKEHUS, KOTOPbIE MOTYT HMETh MECTO B IIPOLIECCE IKCILTyaTaIlny.
JonyckaeTcsi UCTIONb30BAHUE PEAKTOPOB B DJIEKTPOYCTaHOBKAX C HO-
MHUHAJIbHBIM HAIPAKECHUECM, MCHBIIMM HOMHWHAJIBHOT'O HaIPsXKCHUA
pEeaKTopoB.

HomuHanbpHBIN TOK peakTopa (BETBH CIBOEHHOIO pPEaKToOpa) He
JOJIDKCH 6I>ITI) MCHBIIIC MAKCHUMAJIBHOI'O AJIUTCIILBHOI'O TOKAa HAarpys3kKu
[[ENH, B KOTOPYIO OH BKJIFOUEH

IHOM 2 Imax " (20)

WHIyKTHBHOE CONMPOTHUBIIEHHE PEAKTOPA OMPEEISIOT, HCXOAS U3
ycnoBui orpannyenus Toka K3 1o 3amanHoro yposss. B 6onbimmHcTBe
ClIyyaeB YpoBeHb orpannueHus Toka K3 onpezensiercss mo KOMMyTaIu-
OHHOW CMOCOOHOCTH BBIKJIIOUATENIel, HaMeYaeMbIX K yCTAaHOBKE WIIH
YCTaHOBJICHHBIX B JJAHHOW TOYKE CETH.

Kak npaBuiio, mepBoHauaIbHO M3BECTHO HayaJIbHOE 3HAYCHUE I1e-
puoanueckoro Toka K3 1, KoTopoe ¢ momMompi0 peakropa He0OX0au-
MO YMEHBIIIUTH JI0 TpeOyeMOro ypOBHSI.

PaccMoTpuM MOpPSIIOK ONpenesieHusl CONPOTHUBIICHUS! MHAWBUIY-
anpHOrO peaktopa. Tpedyerca orpaHnunTh ToK K3 Tak, 4T0O0BI MOKHO
ObUTO B JIaHHOM IIETIM YCTAHOBHUTH BBHIKJIIOYATENb C HOMUHAJIBHBIM TO-
KOM OTKIIIOUEHUS |0y o (ACHCTBYIOIICE 3HAYCHUE MEPUOJUUECKON CO-
CTaBIISIIOIIEH TOKA OTKIIIOYCHUS).

[o 3HaueHHIO |0y or OTIPENENAETCS HAYAILHOE 3HAYEHUE TEepPHO-
Idgeckoit cocrapisromeid Toka K3, mpu koTtopoM obecriedmBaeTcs
KOMMYTaLMOHHAsI CIIOCOOHOCTH BhIKMoyarens. s ynpouieHus: oObry-
HO IIPUHUMAIOT b6 mpes= uon omi-

28



PesyneTupytomiee conporusieHue (Om) mernu K3 1o ycTaHOBKH
peaKkTopa MOXHO OIpPEAEIUTh MO BEIPAKCHUIO

U,
Xpes = x/§><l;m, . (21)
Tpebyemoe conporusnenne uenu K3 s obecniedeHus lyg mes
Xopel = (22)

pes ‘/§XIno mpeb '
Pa3Hoctb IMOJTY4YCHHBIX 3HAUEHUN COHpOTI/IBHeHI/Iﬁ aacT Tpe6yeMoe
COIIPOTHUBJICHUE PEAKTOpa

Xl = xmpeo _ x (23)

pes pe3

Jlanee Mo KaTaJOXHBIM U CIIPaBOYHBIM Martepuanam (mpui. 9)
BEIOMPAIOT THII peakTopa ¢ OMMKAWIINM OONBITUM WHIYKTUBHBIM CO-
npotuBieHueM. dakTuueckoe 3HadeHue Toka npu K3 3a peakropom
olpeJeseTcs cieayomuM o0pa3oM. BeruuciseTcs 3HaueHUE pe3yib-
TUpYIoLIero conpotusieHus uenu K3 ¢ yuetom peakropa

'

Kpes = Xpes + X, (24)

3aTeM ompenenseTcss HadalbHOE 3HAYCHHE MEPHOIUYESCKON Co-
cTaBisgromel Toka K3

— Vo
ho = (25)

2.4 Boi6op BhIKIIOUYATEEIH

Bei6op Beikimrouarenei (nmpui. 10) cieayer mpoBoauTh B TaOIn4-
Ho#t hopme (Tabim. 2.1).
Tabmuua 2.1
[TapameTpbl BBIKITHOYATENEH

PacueTHbIc BETMUYMHBI

Karanoxxanie JaHHBIC
BEBIKJIFOYATCIIsA

VYcnosus BeiOOpa

Uycr UHOM Uycm = UHOM
IpaGmax IHOM Ipaémax = Iyaw
Il'lO IOTKJT In() S IOl’nK.'l.H
iy inp4c iy = inp.c
B, 12 xty B . <I? xtr
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2.5 Bei0op pa3beanHuTelIei, oTaeIUTEIeH

H KOPOTKO3aMbIKaTeJIeil

Bribop paszbenuHUTENEH, OTACTUTENCH M KOPOTKO3aMbIKaTeleH
MIPOM3BONTCS TaK K€, KaK W BBEIKITIOUATENICH, HO 0€3 IMPOBEPOK HA OT-
KITFOYAIOIIYI0 CIIOCOOHOCTh, TaK KaK OHM TPEAHA3HAYAIOTCS I OT-

KIIOUYCHUA HGHCI\/'I, HaxXoJAIIMUXCs IO TOKOM.

KpOMe TOIr0, KOPOTKO3aMbIKATCJIb IMPUHUMACTCA oe3 BI)I60pa 10

JUTUTEIbHOMY HOMHUHAJIBHOMY TOKY (mpmit. 11).

Tabnuna 2.2
[TapameTpsl pazbeAUHUTENCH, OTACIUTENEH U KOPOTKO3aMbIKaTeeH
PaC'{eTHBIe BCIIMYUHBI KaTaJ'IO)KHBIC AAHHBIC yCJ'IOBI/IH BBI60pa
BBIKJIFOYATCIIA

UyCT UHOM Uycm = UHGM
Ipa6max IHOM Ipaﬁmax < IHo.w

iy e i < e

B, 12, xt; B <I% Xty

2.6 Bp10op u3MepuTeILHBIX TPaHC(OPMATOPOB
2.6.1 BriOop TpaHchopMaTOpPOB TOKA

Tpancgopmamoper moka svibuparom:
1) no HanpPsHKEHHUIO YCTaHOBKU

Uycm < UHOM ’ (26)

rae U, — HanpsKeHHE B MECTe YCTaHOBKH, KB;
U,.onx — HOMHHAJIEHOE HaIpshKeHUE TpaHchopmaTopa, kB.

2) 10 TOKY
Imax =< IHOM]J (27)

rae l,,,,;— HOMHHAIILHBIA TOK IepBUYHOM 00MoTKH TT, A.

HomuHanbsHbIN TOK JOHKEH OBITH KaK MOYHO OJIMKe K paboueMy
TOKY YCTaHOBKH, TaK KaK HEJIOTPy3Ka IEPBUYHON OOMOTKH MPUBOIUT K
YBEIUYECHUIO TTOTPEIIHOCTEM.

HoMuHansHBIN TOK BEIOMPAOT:

1. 10 KOHCTPYKIIMH U KJIACCy TOYHOCTH;
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2. 10 BHCKT”po,I[HHaMquCKOﬁ CTOMKOCTH.

iy < kad X \/E X 11 HOM ? iy = i()uH ’ (28)
rze i,— ynapustii Tok K3 mo pacuery, kKA;
K,, —  KpaTHOCTh DBICKTPOIMHAMUYCCKOW CTOMKOCTH MO KAaTajory
(mpun. 12);

i5ux— TOK DIIEKTPOJAMHAMUYECKON CTOMKOCTH, KA.

DNeKTPOANHAMUYECKAsT CTOMKOCTh MIMHHBIX TPaHC(HOPMATOPOB
TOKA OTIPEICNSACTCS YCTOMYMBOCTRIO CAMHUX LIMH PACIPEACIUTEILHOTO
YCTPOICTBA, BCIEACTBUE ITOTO TAaKHe TPaHCHOPMATOPHI MO 3TOMY YC-
JIOBHIO HE MIPOBEPSIIOTCSL;

1) 1O TepMHUUYECKO# CTOMKOCTH

2 . 2
BK < (km X 11 HOM) X tmep' Bk’ < Imep X Imep; (29)
rae K, — KpaTHOCTh TepMHUYECKOT CTOWKOCTH 110 KATAJOry.
2)  TI0 BTOPHYHOI Harpy3ke

ZZ < ZZHOM ’ (30)

rne Z, — BTOpUYHAs Harpyska Tpancgopmaropa Toka, BA;
Z; you — HOMHHAIIbHAS JIOITyCTHMAasl Harpy3ka TpaHcdopmaropa TOKa B
BBIOpaHHOM KJIACCE TOYHOCTH.

2.6.2 Bri0op TpaHChOpMaTOPOB HATIPSKEHUS

TpancdopMaTopbl HaNpPsHKEHUST BRIOUPAIOT TIO CIIEIYIONUM Tapa-
MeTpam:
a) IO HANPSDKCHHUIO UyerSU on, (3D

0) 1Mo KJIacCy TOYHOCTH
SchM < SZHOM ’ (32)
rae Sj,,, — HOMHHAJIbHAS! MOIIIHOCTh B BRIOPAHHOM KJIaCCe TOYHOCTH, BA;

Ss¢yn — HATPY3Ka BCEX M3MEPUTENBHBIX IIPUOOPOB U pelie, IPUCOETUHEHHBIX
K TpaHchopmaropy HampspkeHus, BA (mpum. 12).
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2 . 2 2 2
SchM = \/(anpuﬁ : Cosq)npuﬁ) + (anpuﬁ 'Slnq)npuﬁ) = V Pnpu& + anu6 :

(33)
2.7 Pacuer 3a3eMJISII01IIETO0 YCTPOiicTBa

Pacuer 3azemusitorero ycTpoHCTBa MPOBOAUTCS B CIEAYIOLICM
TTOpSIZIKE:

1. B coorBerctBumn ¢ [1YD ycTaHaBIMBalOT JAOMYCTUMOE COIPO-
TUBJICHHE 3a3eMJISIONIECTO yCcTpoicTBa R,. Eciu 3a3emirsitomiee ycTpoii-
CTBO SIBJIIETCSl OOIINM 71l YCTAHOBOK HAa Pa3MYHOE HANPSHKEHHE, TO
3a pacueTHOE MPUHUMAETCS HaNMEHBIIIee U3 JIOMYCTHUMBIX. B ycTaHOB-
kax 110 kB u Bbimle ¢ OONBIIMM TOKOM 3aMBIKAHHMS Ha 3eMJIIO
R, R,<0,50M, B BRICOKOBOJIFTHBIX yCTaHOBKaX 10 35 kB ¢ manbiM To-
KOM 3aMbIKaHus Ha 3eMiiio R, < 250/1,, Ho He Oomee 10 OM, B HU3KO-
BOJIbTOBBIX ycTaHOBKax R, < 125/, , Ho He Oosee 10 OM mpu MOIIHO-
ctu ucrounuka g0 100 kBA u ne 6oiee 4 OMm, eciid MOIIHOCTh MCTOY-
Huka 6oiee 1000 kBA.

2. OnpenenstoT HEOOXOIMMOE COMPOTHUBICHHE HCKYCCTBEHHOTO
3a3eMJIMTENIA C YY€TOM HCIOJIB30BAHUSA €CTECTBEHHOTO 3a3E€MIIUTENS,
BKITFOUEHHOT'O TIApaJUIENBHO, U3 BEIPAKEHHSI

R, = %, (32)

rae R3 — AOIIYCTUMOC COIIPOTUBJICHUE 3a3CMJIAIOLICTO YCTpOﬁCTBa, OM,
Ru — COIIPOTUBJICHUC UCKYCCTBCHHOI'O 3a3CMJIMTECIIA, OM,
Re — COIIPOTUBJICHUC €CTCCTBCHHOT'O 3a3€MJINTCIIA, Om.

3. OmnpenensoT pacyeTHOE yJEIbHOE CONPOTHBJIECHHE IPYHTA P,
JUIsl TOPU30HTAIBHBIX M BEPTUKAIBHBIX JJEKTPOAOB C YYETOM IOBBI-
nratoniero kodgdunuenta K, yauThIBaIOIIEro BHICBIXaHUE IPyHTA Jie-
TOM U TIPOMEP3aHHE ETO 3UMOH TI0 (hopMyam:

pp,z = py&[{ng; (33)
ppﬂ = py&[{nm (34)

TIE P, — YAECIBHOE CONPOTHBIIEHHE rpyHTa, OM *M;
K, ., u K, , — noBeimaronie kK03(pQUIueHTh 111 TOpU30HTABHBIX U BEp-
TUKAITBHBIX 3JICKTPOJIOB COOTBETCTBEHHO.
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4. OmnpenensoT CONMpOTHBIIEHNE pacTekaHuio R, , (Om) ogHoro
BEPTUKAIBHOTO 3JIEKTPOJIA MO BHIPAKEHHIO

= pﬁ(l 1 4t+I’ (35)
T2 4t

roe | — mmna crepxkHs, M (06b9HO 3-5 M);

d — mramertp crepskHs, M (00b19HO 1,2-2,0 cm);

t — r1yOuHa 3aJ105KEHUSI, PACCTOSIHUE OT MIOBEPXHOCTH TTOYBBI JI0 CEPEIH-
HBI cTeprkHEeBoro 3azemumntest, M (0,8 m).

5. OmnpenenstoT OpHEHTHPOBOYHOE UYHCIO BEPTHKAIBHBIX 3a3E€M-
JUTENeH MPH MPEABAPUTEIBHO MPUHATOM KO3(QQHIMEHTE HCIOIh30Ba-
mua K,

R
- 0.6.9 , 36
RM.({ Rll ( )

rae R,,, — CONMPOTHUBICHHE PACTEKAHHIO OJHOIO BEPTUKAIHLHOIO JNEKTPOJA,
Ow, onpezieneHHoe B II. 4;
R, — cOnmpoTHBIIEHHEe UCKYCCTBEHHOTO 3a3emintesisi, OM, HaliieHHOE B II. 2;
K, ; —X03(h(PUIHECHT UCIIONB30BAHMS 3a3EMIUTENS YIUTHIBACT YBEINUCHHIE
CONPOTHBIICHAE 3a3EMIIMTENS BCIICACTBHE SIBIICHUS SKPAHUPOBAHHUS COCEIHHX
anekTpooB (mpui. 13).

6. OmpenensoT pacyeTHOE CONPOTHUBICHUE PACTEKAHUIO TOPH-
30HTaJIbHBIX AEKTPOJI0B R, ., Mo popmyite

Rp.z.a = 2, (37)

rae R,,— conmpoTuBIeHHE pacTEKaHUIO TOPU3OHTAIBHBIX JIEKTPOJIOB, OM,
omnpeesseMoe 1o Beipaxkenuto K, .,  (mpur. 13).

2
Ppep 2l (38)
211 bt

Rz,a =

rae | — mmnea nmonocer, M;
b — mupuna mosnocs! (mostocer 40x4 Ha riuyoune 0,9 M), M;
t — rryOuMHA 3210KEHUS TTOJIOCHI, M.
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7. YTOUYHSIOT HEOOXOAUMOE COMPOTUBIICHUE BEPTUKABHBIX K-
TPOAOB C YYETOM TMPOBOJAUMOCTH TOPU3OHTAIBHBIX COCIUHUTEIBHBIX
AIIEKTPOJIOB

R,,= s Om. (39)

R 20 Ru

p.e

8. OHpe)ICJ'ISIIOT YHUCJIO BCPTUKAJIBHBIX 3JICKTPOJOB C YHETOM
YTOYHCHHOI'O COITPOTHUBJICHN A BEPTUKAJIBHOI'O 3a3€MIIUTCIIA

Nz R (40)

Ku.e. RGAB

9. IlpuHMMAIOT OKOHYATEIbHOE YHCIO BEPTHUKAIBHBIX 3JIEKTPO-
JIOB, HAMEYAIOT PaCIIOJIOKECHUE 3a3EMIIUTETIEH.

Ilpumep. Hano: snexkmpoycmanosxka na 220 kB, epynm — enuna, xuu-
Mamuyeckas 30Ha — 3.
Pewenue

1. Ilo I1YD conpomugnenue He domicHo npesviiams 0,5 Om.

2. Ilo npunoscenuro 11 naxooum yoenvhoe conpomuseienue epyH-
ma. p=70 Om-m.

3. ppe=70x2=140 Omm; pp=70x1,4=98 Om-m.

4. Cmeporcnu Onunou 5 m, ouamempom 12 mm na enyouny 0,8 m.

Rgo — 98 % (ln 2X5 105 x ln4><0,8+5

2%3,14%5 0,012 4><0,8—5) = 3,12 x9,730,26 Om.

5. N=30,26/(0,3%0,5)=202 wm.

6. R.,=140/(2%3,14x120) xIn((2x120°)/(0,04%0,9))=2,50m.
Cuumaem, umo meppumopusi noocmanyuu umeem pasmepvt 30x30 m,
cnedosamenvHo, nepumemp cocmasum 120 m u Onuna opu30OHMAILHO
NPOMSHYMOU O KOHMYpY AeHmol modice cocmasum 120 m.

7. R,.,=2,5/0,19=13,2 Om.

8. R;,=(13,2%0,5)/(13,2-0,5)=0,5 Om.

9. N=30,26/(0,33%0,5)=183 wm. [lompebyemcs 183 wm. eepmu-

KAJlbHblX 3ﬂ€Kmp0()06.
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2.8 Bb100op 3a1UTHI OT NEepeHaNPsKeHHii M TPO303aIUTHI

Jlis 3aIuThl U30JSIMUMH AIIEKTPOOOOPYIOBAHUS OT NEPEHaNpshKe-
HUSI B HACTOSIIEE BPEMsI IIUPOKO MIPUMEHSIOTCS 3aIlUTHbIE aIlapaThl ¢
OKCH/IHO-LIMHKOBBIMM 3JIEMEHTaMH, MOJIyYMBLINE HAa3BaHUE OTpaHUYU-
Tenu niepeHanpspkeHns HenuHeidHble (OITH). 3a pyOexxom momoOHBIE
anmapatbl Has3bIBAIOTCS OE3BICKPOBBIMH paspsaHukamu. OTcyTcTBHE
MOCIIEOBATENBHBIX MCKPOBBIX MPOMEXKYTKOB ITO3BOJIIET 3HAUUTENBHO
YJIy4IIUTh 3alIUTHBIE XapaKTEPUCTUKU amnmapaTa M YMEHBIIUTH €ro
MaccorabapuTHbIE TOKA3aTEIH.

OIIH mpencrapnsier coboil anmapaT OMOPHOTO THIIA U COIEPKHUT
BBICOKOHEJIMHENHBIN PE3UCTOP, COCTOSAIIUI U3 MOCIEIOBATEIBHO CO-
€AMHEHHBIX B KOJIOHKY AMCKOB OKCHIIHO-IIMHKOBBIX BapUCTOPOB IpO-
M3BOJICTBA JYYIINX 3apyOeKHBIX (PUPM, IMOMEIICHHBIX B H30JIALHOH-
HYI0 0007104Ky. Orpannunrenu ucrnonHenus: ¥ XJI1 numerot B3pbiBoOe-
30MACHBIN YeXO0Jl 13 KOMOWHUPOBAHHOHN MOJMMEPHON H3OJISAIUH: CTEK-
JIOTUTACTUKOBBIA LIMJIMHIAP C OpPEOPEHHBIM MOKPBITUEM M3 KPEMHHHOP-
TaHUYECKOU pPE3UHBI.

[Mpunnun padotsr OITH 3akmtoyaercs B cieyronieM: B HOpMalib-
HOM PEXHME Yepe3 anmapaT NPoTeKaeT He3HAUYUTEIbHBIH TOK (MopsiiKa
nolnieit MA), TP TOSBICHUH BCIIECKOB TMepeHANPsHKeHUN 000N (hu-
3UYECKON MPUPOJBI U3-3a HEJIMHEWHON BOJIBT-aMIIEPHOM XapakTepu-
CTHKH OTPaHUYUTENS TOK Yepe3 HEro BO3pacTaeT A0 3HAUYCHWH OT am-
nep A0 AECATKOB KHUJIOAMIIEp, CHIDKas YPOBEHb IEpeHaNpsDKEHHs 10
3amaHHbIX 3HaueHu. [Tapamerpom st Beroopa OITH cirykuT Uiy,

Jliist 3amuThl OT NiepeHanpsbKeHui Heooxoaumo noaoopats OITH ¢
YKa3aHUEM €T0 TEXHHYECKHX XapaKTepUCTUK.

OT npsAMBIX yAapOB MOJHHUH JJIEKTPOYCTAHOBKH 3alllMIIAIOTCA
CTEp)KHEBBIMU U TPOCOBBIMHM MOJIHHEOTBOJAMH. 3IaHHUS C XOPOIIO 3a-
3eMJICHHOW METaJUIMYEeCKOH KphIlIed He TPeOYIOT 3allUThl MOJIHHUEOT-
BogamMu. B OPY 110 xB u BeIIIe pa3pemaercss ycTaHOBKa MOJHHEOT-
BOJIOB HEMOCPEICTBEHHO HAa METAUTMYECKUX KOHCTPYKIUSX, MpHCOe-
JUHEHHBIX K 3a3€MIISIOLIEMY KOHTOPY MOJCTaHIMM, & B OTKPBITBHIX
pacrnpeaenuTenbHbBIX ycTpoiicTBax 35 kB pekomenayercs ycraHOBKa
OTJICNTFHO CTOSIIIUX MOJHHEOTBOJIOB, UMEIOIUX 000COOJIEHHOE 3a3eM-
nerne. Kaxapiii MOJTHIEOTBOT 3aIUIIIaeT BOKPYT CeOsl CTPOTO Ompee-
JIGHHOE TPOCTPAHCTBO (pHC. 2.2), BEPOATHOCTH MONAJaHUs B KOTOPOE
paBHa HYJIIO.
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Puc. 2.2. 3oua 3auumoel moanueomaooa

BricoTa 30HBI 3ammTEl MosTHHEOTBOAA (N,) HIKE BBICOTHI Ny, BEI-
YUCIIAeTCS 0 (hopMyIie

he = 0,85 X Ry, (41)
paI[Hyc I‘paHI/IHBI 3alIUThI BIYUCIISACTCA
Ty = 1,2 X hyg, (42)

rae hpa3 — pasHula BBICOT MCKIY BBICOTOM MOJIHUCOTBOJAa U CaMbIM BBICOKHUM
CTPOCHUEM NIOACTAHLINHU, M.

[Ipunumaem hpa3 B npeenax ot 20 g0 28 m.

Tak xaK MOJIHHEOTBOJ, 3alIUIIACT prFOBOﬁ CCKTOP IMOBCPXHOCTH,
TO HCO6XOIII/IMO pacCunuTaTh 30HY 3alllUTBI OJJHOT'O MOJTHUCOTBOAA.
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[Ipunoxenue 1

MuHUCTEpPCTBO ceabcKoro xo3siicTea Poccutickoit denepanun
®enepalbHOE TOCYIAPCTBEHHOE OIOKETHOE 00pa30BaTEIbHOE
YUPEKICHUE BBICIIErO MPOPECCHOHAIIEHOTO 00pa30BaHHUS
«Camapckas rocyJapcTBeHHAs CETbCKOX03IHCTBEHHAS aKaIeMUs

Kadenpa «Onexkrpudukanus u aBromarusanus AITK»»

KYPCOBOW TMPOEKT
10 JUCHHUILINHE «3neI<TqueCKHe CTAHIIMU U ITOJCTAHIIUI))

Tema: Pacuer TpancdopmaropHoii oacTanMy Hanpspkeruem _ [ [ kB
Y MOITHOCTBIO CHICTEMBI MBA

BeimonmHm:

CryneHT __ Kypca
I'pynoer

Hanpasnenust moarotoBku

JInuHb1l HOMEP
(HOMep 3auemHOl KHUMHCKL)

(pamunus, uma, omuecmeo cnyoenma noIHOCMbIO)

K 3amure pomymieH: / /
(noonucy) (unuyuanvl, pamunus)
Onenka /
(yugpoui u nponucwsio) /
/
(noonucu unenos komuccuu,) (pacwugposra noonucu)
Camapa 20
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[Ipunoxenue 2
MuHucTepcTBO cenbekoro xo3siicta Poccuiickoit denepanuu
(enepanbpHOE TOCYIapCTBEHHOE OIOKETHOE 00pa30BaTEIbHOE
YUpeXIeHUE BBICIIETO TPOPECCHOHATEHOTO 00pa30BaHUS
«Camapckas TOCyJTapCTBeHHAs!  CEJIbCKOXO3MCTBEHHAS aKaJIeMuUs »

kadenpa «dnekrpudukanus u apromaruzanus AITK»

3AJAHUE
Ha KypCOBOW MPOEKT
M0 AMCUUIUINHE: «JJIEKTPUUECKUE CTAHLUH U TIOACTAHLIUI
Crynenty

Tema pabotsr: PacueT TpancdopmaTopHON MOACTAHIME HAMPSHKEHUEM
/__ | xB ¥ MOLIHOCTBIO CHCTEMBI MBA.

1.CBenenus 00 3HEProcUCTEME:
U, — HanpsbKeHUEe CHCTEMbI Ha CTOpOHE BhICOKOTO HampspkeHust (BH)
MoJIcCTaHLMH, KB;
S, — MOIIIHOCTh cucTeMbl, MBT;
Xc — PCaKTUBHOE COIPOTHUBICHHUE CUCTEMBI B OTHOCHUTEIHHBIX €IMHU-
nax;
N¢ — YUCJIO JIMHWUM CBSA3U C CUCTEMOIA;
L. — uIiHa THHAN CBS3H, KM.

2.CBezeHus o Harpy3Ke nmorpeduTeneit, MpUCOeTUHEHHBIX Ha CTOPOHE
cpennero u Hu3mero Hanpspkeanit (CH u HH) moxcranmmm:
U, Uy — YPOBHH CPEIHETO U HU3LLIETO HANPSHKEHUS MOJCTaHIUH, KB;
n'P — gucno u montHoct nuHuit, MBT;
Kun — K03 duiimenT HecoBnajeHuss MaKCHMyMOB Harpy3ku MmotrpeOu-
TEJeH;
€0s @ — K03 (HUIIMEHT MOIITHOCTH.

I/ICXO,Z[HLIC JaHHBIC

BH CH HH
Us | Se Ug, | nxp U, | nxp KJTUM
«B MBA| Xe | Mo | L€ | B [MBr[KomenC08 9 (5| MBir|men| SO 5 [PYHT
3anaHue BBIAAHO 20
PyxoBoauTens / /
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[punoxenue 3
ITlpumep opopmnenus pegpepama

PEDEPAT

[IpoekT npecTaBieH MOSCHUTEIBHON 3aMCKON M IrpaduuecKoil ya-
cTteio Ha Jmcte ¢opmata A3. TlosicHUTenbHas 3alUCKa COACPIKHT
35 cTpaHUI] MAITMHONMCHOTO TEeKCTa, BKIo4YaeT 13 tabmuil, 6 prUCyHKOB
U 8 HaWMMEHOBAaHUU HCIIOJIb30BAHHBIX HCTOYHUKOB.

Kinrouessie ciosa: [TIOJACTAHILINA, TPAHCOOPMATOP, 3AIINTA,
KOPOTKOE 3AMbBIKAHUE, AIIITAPATYPA.

CoxpartieHusi, HCIOIB3YEMBI B TEKCTE:

K3 — kopoTkoe 3ambIkaHue;

HH — nu3koe HanpsbkeHue;

BH — BbICOKOE HaIpsOKEHUE;

CH — cpennee HanpshkeHue.

B npoekTe mnpeacraBieH pacdeT TpaHCPOPMATOPHOM MOICTAHIIUU C
BEIOOPOM OCHOBHOTO OOOPYJOBAaHHS W amlapaTypbl 3alllUTHl U yIIpaBie-
HUsl. BEIMOTHEH pacdeT 3a3eMIISIONIET0 YCTPOHCTBA M BEIOOD 3aIIUTHI OT
MepeHANPSDKCHUN U TPO303aIUTHIL.

Ipumep ogopmnenus oerasnenus

OrnaBieHne
CTp.

J23:1001 () : 1 (TP T T PN 2
(0) 301 2213 (533 1 (ST U 3
PeePaT. ... 4
1 5
11 5
1.2
2
2.1
BBIBOIBI. ...ttt
Cnucox UCToNb3yeMOU JTUTEPaTyPhl 1 HCTOUHUKOB. ................
L 00) % 81007 (002 1 - GO N
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IMpunoxenue 4
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[Ipunoxxenue 5

(g & OBo3Haexue Haurmenobarwe 8 fgﬁgg -
&1.87110822023824 BMT-1106,/220 b20 %
g T2 ATA LTH-125000,220 | 2
é IAYIAYS Ph3-220-1000 2
(RILR? PEAI 10-2500-0 35 4
Tz TOIM 35-417 Z
T73774 TO3M 110-417 2
THITHZ HO/TO8 2
TH3 THS HITD-170-58 V4
B TCHTTCH? TM-160 z
gl 453.4510 PA3-110-2000 8
N HSTL.ASZZ PBP3-10-4000 7
Q271.017 BMT-1106-20 7
{78.028 BAF-10-315 0
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[punoxenue 6

Ta6mmna I1.6.1

Tpexdazubie 1ByxoOMoTOo4HBIe Tparchopmaropsl 35 kB

Tun S,om» MBA U..x« BH, kB | U, HH, xB u, %
TJ1-10000/35 10 35 6; 10 7,5
TJ1-16000/35 16 35 6; 10 8,0

TPJIHC-25000/35 25 35 6; 10 9,5
TPTHC-32000/35 32 35 6; 10 11,5
TPJTHC-40000/35 40 35 6; 10 11,5
TPJIHC-63000/35 63 35 6; 10 11,5

Ta6nuna I1.6.2
Tpexdazusie 1ByxoOMoTounble TpaHchopmaTtopsl 110 kB

Tun S,oms MBA U,.x BH, kB U,on HH, kB u, %
TAH-10000/110 10 110 6; 10 10,5
TAH-16000/110 16 110 6; 10; 35 10,5
T/ZIH-25000/110 25 110 6, 10 10,5

TA-40000/110 40 110 3,6, 10 10,5
TPIH-40000/110 40 110 6; 10 10,5
TPIL[H-63000/110 63 110 6; 10 10,5
TAL-80000/110 80 110 6; 10; 13 10,5
TPAIIH-125000/110 125 110 10 10,5
Taomuua I1.6.3
Tpexdazubie TpexoOMoTounble TpaHchopmatopsl 110 kB
u, % u, % U, %
S U U U N N 5
Tumn HOM? HOM HOM HOM BH- BH- CH-
MBA | BH,xB | CH,xB | HH,kB | /' i i
TITH- . .
10000/110 10 110 20; 35 6; 10 10,5 17 6
T/ITH- , ,
16000/110 16 110 20; 35 6; 10 10,5 17 6
TITH- . .
25000/110 25 110 20; 35 6; 10 10,5 17,5 6,5
TAT- . .
40000/110 40 110 20; 35 6; 10 10,5 17,5 6
TITH- . .
63000/110 63 110 20; 35 6; 10 10,5 17,5 6,5
TITH- .
80000/110 80 110 35 6; 10 11 18,5 7
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OxoHYaHKE PUIIOKEHUS 6

Tabmura I1.6.4
Tpexdasznbie qByx00MoTOUHBIC TpaHchopMaTopsl 220 kB
Tun S,om» MBA U,.x BH, kB U,.on HH, kB u, %
TP TH-40000/220 40 220 6; 10 12
TP IITH-63000/220 63 220 6; 10 12
TJIL[-80000/220 80 220 6; 10 11
TPJIITH-100000/220 100 220 10 12
TJI11-125000/220 125 220 10 11
TPIITH-160000/220 160 220 10; 35 12
Tabmuma I1.6.5
Tpexdaznsie Tpex0OMOTOUYHBIE TPAHCPOPMATOPHI
u aBroTpancdopmaropsr 220 kB
T SHOMI UHOM UHOM HI-IIE’IM ul( % uK % uK %
i MBA | BH, B | CH,xB | ~ o° | BH-CH | BH-HH | CH-HH
TITH- .
25000/220 25 220 35 6; 10 12,5 20 6,5
TIATH- .
40000/220 40 220 35 6; 10 12,5 22 9,5
ATILTH- . .
63000/220 63 220 110; 35 10; 6 11 35,7 219
ATJLTH- 10; 6;
125000/220 125 220 110 35 11 31 19
[Ipunoxenue 7
TexHUYecKHe XapaKTepuCcTUKU TpaHchopmaTopoB TM
MOIITHOCTEIO 16-630 KkBA
Tun Hanpsoxenus, kB Ilorepu, Bt Hanpsoxenue
Tpancdopmaropa u BH HH Xonocroro | Kopotkoro KOpPOTKOTO
MOIIHOCTH, KBA xojaa 3aMbIKaQHUS 3aMbIKaHus, %
TM-16 100 460
TM-25 120 600
TM-40 160 880
T™M-63 230 1200
TM-100 6-10 | 04 320 1970 40
TM-160 460 2650
TM-250 650 3100
TM-400 830 5500
TM-630 1050 7600
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[punoxenue 8

CxeMBblI IEpBUYHBIX coenquHeHni kamep K-63

|
Ny SN S
o Aoy | . el &
cen (3331|8381 | &3 888 |E3E
TJIaBHEIX
ueneit } _E’ /( _,g’ Y } } ,@’
7 2 % i il i
Homep cxeMbl 01, 02% 03, 04* 05 | 06,07 08, 09*
HasHaueHHE BBoJ HIH 0TX0 41123 JIHHHS Brox B unu OJ1
HoMHHabHBIH TOK, A 630; 1000; 1600 630 [ 1600 630 — 1600
.L:E-'l.‘ -|‘-/|— \L \i}‘ g |
q b e P
Cxema q } L aian $ i $ i
TIaBHEIX ] Q 7 i
= 2
= By Y Ak
£*_ 49 4 (T (*
— 2 |2
Homep cxemsl 10, I1% 13 14 |15, 16** 17 18 19
HasHaueHue B unu OJ1 630 — 1600) 630
Hom#HanbHbIH TOK, A 630-1600 KC | TCH| CEKII |« TCH***|x TCH cestwe 250 kB-A
||l/ E— ‘II'/
1
Cxema = S__ BT- | % %
TNIaBHEIX -
uene I }
| L | 5 2
Homep cxemsl 22 23 24,25 26 1 27 3
Hasznayenue TH TH u PBO (24) TH CEKII
HoMmHHanbHbI TOK, A I wot OIMH (25) ['630 — 3150 630 — 1600
B_ { \L T [’——
Cxema = = ST..
TJIABHBIX
uene# I
2 o IR P
HomMep cxemsl | 28 38 39 40 41 42 46 47, 48%*
Hasuauenne | CEKI] Beon x TCH 1o 630 kB-A| Beox TH
HomMuuanbibiii TOK, A 630 — 1600 | 80 630 — 1600 —[
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OxoHYaHKE PUIIOKEHHS 8

| Q ' i
—— i | T 1
Cremi ! H i == $ $ I
THANFILIR | I 1 !
=YY ?
Howmep cnemes | 45 50%= [ 51, 52%% 53 54 | 3] 36, 57+
Haanayenne Beon B amn OJT| CEEL] TH | B pmw 1
Hosuianen it Tok, A G — 1600 30 <315 B30 = 160}
Honmenns TH TH, TCH
™~
Cremp $ g $ $
ke T
e
ﬂ( g i
- - e — ———
THomMep cxesbl 62 | 6364 Tl [T E7 5 B
e CEK o ETCH TH
Hanmwese EKL TH TCHC W0 bep oAl HOILGE
Hospranekein Tok, A B30 — L6000 1

Cxenea
LRI
uenen

— -

Flosep cxesn

75, 76 T, R

Hmnausnne

Beon

Hom HEAnEE IR TOE, A

630, 1000; 1600

Haaynagesnee
OTILIEXH

TH

Cxestn
IIaEHLE
LIIEER

%

5

E

a

4k

_Homcn cxEmEd

ElaspauciHe
Lo LTI B T TO0K, A

138 1535%¥
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[punoxenue 9

Texnuueckue JAHHBIC OIMHAPHBIX OCTOHHBIX PCAKTOPOB

Homunansnoe un- | JnurensHo | Tok anexTpoauHa-
Peaxtop JYKTUBHOE COIPO- | TOIYCTUMBIHI MUYECKON
THBICHHE, OM TOK, A CTOMKOCTH, KA

PB, PBY,PBI" 10-400-0,35 0,35 400 25
PB, PBY.PBI" 10-400-0,45 0,45 400 25
PB, PBY.,PBI" 10-630-0,25 0,25 630 40
PB, PBY,PBI" 10-630-0,40 0,4 630 33
PB, PBY,PBI" 10-630-0,56 0,56 630 24
PB, PBY,PBI" 10-1000-0,14 0,14 1000 63
PB, PBY,PBI" 10-1000-0,22 0,22 1000 49
PB, PBY,PBI" 10-1000-0,28 0,28 1000 45
Pb, PBY,PBI" 10-1000-0,35 0,35 1000 37
Pb, PBY,PBI" 10-1000-0,45 0,45 1000 29
Pb, PBY,PBI" 10-1000-0,56 0,56 1000 24
PB, PBY,PBI" 10-1600-0,14 0,14 1600 79
PB, PBY,PBI" 10-1600-0,20 0,2 1600 60
Pb, PBY,PBI" 10-1600-0,25 0,25 1600 49
Pb, PBY,PBI" 10-1600-0,35 0,35 1600 37
PBJ1, PB/1Y 10-2500-0,14 0,14 2500 66
PBI" 10-2500-0,14 0,14 2500 79
PBJ1, PBY 10-2500-0,20 0,2 2500 52
PBI" 10-2500-0,20 0,2 2500 60
PBJI" 10-2500-0,25 0,25 2500 49
PBJII" 10-2500-0,35 0,35 2500 37
PB/II" 10-4000-0,105 0,105 4000 97
PBJII" 10-4000-0,18 0,18 4000 65
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[punoxenue 10

Brikmrouarenu
ITapameTps! ckBO3- o
3 = Horo Toka K3, kA ) 3
£ < % °§ Tox a7ex- = 5 g
> 3 g |2s| TtpomuHa- !u:; QE §
% ;‘ E % | Muueckoit o5 E °§ e 2
2 e S ¥| £ 5| croiikoctn | € 5 =< | 8o £
Tun % ’% 8 é % g i}:mH I;mH g E % E ) é E
2 E |5 ges S5 82|25 2
2 = |Ezgs 2g 2|27 &
g oo 4 5 8 L= % 2 lo g
2 : |3 |28 8 =" |E | E
g S E |g° S °l 3 3 g
= = z 5 = 2 = =
= T @] M 8
g <}
T o
1 2 3 4[5 6 [7]8] 9 Jw|[n
MacnsHpie 6aKOBBIE
0,08/{0,05/
C-35M-630-10Y1| 35 630 10 | — 26 10 | 10 4 0.15]0,12
C-35-3200-2000—
50v1 35 3200, 2000( 50 | — 127 50 | 50 4 0,08 {0,055
MKII-35-1000-25| 35 1000 25 | — 64 25 | 25 4 0,08 0,05
MKII-11 OM—
1000-20 110 1000 20 | — 52 20 | 20 3 0,08 0,04
YV - 110-2000-40V1| 110 2000 40 | 20 102 40 | 40 3 0,08 | 0,06
V-110-2000-50Y1| 110 2000 50 | 30 135 50 | 50 3 0,08 | 0,05
V-220-2000-40V1| 220 2000 40 | 30 105 40 | 40 3 0,08 {0,045
Bosznymasie
12500,
BBI'-20-160 20 20000 160 | — 410 | 160 | 160 4 0,14(0,12
BBY-35-40 35 [2000, 3200 40 | — 100 | 40 | 40 3 0,07 0,05
BBBK-1105-50 110 3150 50 | 35 | 128* | 50 | 56 3 0,06 {0,045
BBBK-2205-56 220 3150 56 | 47 143 56 | 56 3 0,04 10,025
BBBK-3 30640 | 330 3200 40 | 45 128 50 | 50 2 0,04 10,025
BBBK-500-50 500 3200 50 | 45 128 50 | 50 2 0,04 10,025
BB-330, 500b— 330,
315 500 2000 315 20 80 |315|315 3 0,08 {0,055
BHB-220-63 220 3150 63 | — 162 63 | 63 3 0,04 {0,025
330,
BHB-330/500/750 50 {3150, 4000| 40 | — | 102 | 40 | 40 | 3 |0,040,025
40
750
BHB‘332/35°°/75°‘ ?(’)3%38 3150,4000| 63 | — | 162 | 63 | 63 | 3 |0,04[0,025
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Oxonyanue npuinoxenns 10

ManomacisiHbie
1 2 3 4 |56 |7]| 819 10 11
BMM-1Q-10 10 200-630 | 10 25 110| 10 (4] 0,12 0,09
BIIM-10-20 10 |630,1000| 20 52 1 20|20 |4]| 0,12 0,09
BMII, BMIT>-20| 10 |630,1000| 20 |—| 52 | 20 | 20 | 4| 0,12 0,09
BMHH3,11135MH3— 10 |630-3200|31,5|—| 80 [31,5|315|4| 0,12 0,09
BK-10-20 10 |630-1600| 20 52 1 20| 20 |3]| 0,07 0,05
BKD®-10-31,5
BK—10—31,‘5’ 10 |630-3150|31,5 80 [31,5|31,5/3| 0,095 | 0,07
MIT-10-45 10 [3200-5000 45 120 45 | 45 | 4| 0,16 0,12
MIT-10-63 10 5000 63 |_|150| 64 | 64 | 4| 0,13 0,1
MI'V-20-90 20 6300 90 | _|300|105| 87 |4| 0.2 0,15
BI'M-20-90 20 11200 | 90 320(125|105|4| 0,2 0,15
BMYD3-355-25 35 1000 25 64 | 25| 25 4| 0,075 | 0,05
IBMT-1105/22050,110, 220| 1000 20 |25/ 52 | 20 | 20 | 3| 0,08 0,05
IBMT-1105/22050[110, 220| 1250 25 |36 65 | 25| 25 |3 | 0,06 0,035
DeKTpOMarHuTHBIE
B3-10-20 10 [1250-3600 20 | _| 51| 20| 20 |4 | 0,75 0,06
BD-10-31,5 10 1250-3600/31,5| _ | 80 [31,5|315|4| 0,75 0,06
BD-10-40 10 |1600-3150, 40 | . |100| 40 | 40 | 3| 0,08 0,06
BOM-6-40 6 2000 40 | _|125| 40 | 40 | 4| 0,08 0,06
BOM-6-20 6 1000 20 |-|52|20| 20| 4| 0,06 0,05
Bakyymuble

BHBII-10/320 10 320 2 |_|40 |16 | 20 (0,3 0,05 | 0,035
3BT3-10/630 10 630 10 |60 25 | 10 | 10 | 3| 0,05 0,03
3BT%%%/630’ 10 | 1600 |20 |50/ 52| 20|20 |3| 005 | 003
3BK-35B-20 35 1000 20| _ |51 _ | _|_| o007 -
3BK-110 b-20 110 1000 20 |—| 51| - - 0,07 -
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[punoxenne 11
Ta6muna I1.11.1

Pasznenunurenu
o4 e B < O S | MpenemsHblii Tok Tepmu- | Il IPHBOJA
9 EL (R 5 2 | ueckoit croiikocTu / 10-
Tun E z § s |5 E g 3 IYCTHM. BpeMsi, KA/c
% E s g E % E(Q IMaBHBIX | Sa3CMILIO-
= 5 Io << & 2 HOKEi IIHUX HOXKEH
= o
JI1st BHYTpEHHEH YCTaAHOBKH
PB, PBO, 6 400 41 16/4 I1P-10, TTP-11
PB®3 630 52 20/4 20/1
1000 100 40/4 31,5/1
PB, PBO, PB3 10 400 41 16/4 16/1 I1P-10, ITP-11
PB®, PB®3 630 52 20/4 20/1
1000 100 40/4 31,5/1
PBP, PBP3 10 | 2000 85 31,5/4 31,5/1 11Y-50, I1AB-1
2500 125 45/4 45/1
4000 180 71/4 71/1
PB, PB3 20 | 6300 220 80/4 — 114950, I1IB-1
8000 300 120/4 —
PBK 10 | 2000 85 31,5/4 — I1P-3, ITY-50,
35 | 2000 115 45/4 — I11B-1
PBII, PBII3 20 | 12500 490 180/4 100/1 IIJ-12¥3
PB, PB3 20 630 50 20/4 20/1 I1P-3
1000 55 20/4 20/1
PB, PB3 35 630 51 20/4 20/1 I1P-3
1000 80 31,5/4 31,5/1
JU1st HapY)KHOH YCTaHOBKH
P13 35 | 1000 63 25/4 25/1 I1P-VY1, ITP—
2000 80 31,5/4 31,5/1 IJ-1V1
3200 125 50/4 50/1
110 | 1000 80 31,5/3 31,5/4
2000 100’ 40/3 40/1
3200 525 50/3 50/1
220 | 1000 100 40/3 40/1
2000 100 40/3 40/1
3200 125 50/3 50/1
PHJI, PH/I3 330 | 3200 160 63/2 63/1 IMJH-1V1
PHB, PHB3 500 | 2000 45 16/2 16/2 111, ITPH
750 | 4000 160 63/2 —
PIT, PITJQ 330 | 3200 160 63/2 — IJ-2VY1
500 | 3200 160 63/2 —
3P-10¥3 10 — 235 90/1 — 119-50
3P-23y3 24 — 235 90/1 —
3P-35V¥3 35 — 235 90/1 —
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Oxonyanue npuinoxenus 11

Ta6muna I1.11.2
KopoTtko3amMbikaTenu
<
8 2 < © QA E B o g o
) S = 2 B < v =
= - = o B o
SE | EE: | 2882 =&
Tun £ 2 E 5 < 2 E,é E" g 2 Ipuson
E5 | 225 | %&Egza| E2
T <EFg |&r°=| EZ
= g =
5
KD-35Y 35 42 12,5/3 0,12 I[IPK-1V1
K3-110Y 110 42 12,5/3 0,12 I[TIPK-1V1
K3-220 220 51 20,0/3 0,25 IMPK-1V1
K5>-110* 100 70 27,513 0,15 TIIIK
KD5-220* 220 70 27,53 0,15 TIIIK
Tabmuma I1.11.3
Otaenurenu
O o
< g =
! =
Q mﬂ é E g :é i) ﬁm ® ©
o = o = =B R Py
o 25 |[=22| 88
4 = = Q0 s F 9 0 ==
=l 4 (SN =) % A s
Tun g ; z § S5 & E\: Q7 Ipuson
2| £ | Bgf|2&a5| E2
s E £ - 9 ©' 9 S #
T g g E = I%H L B o
E | gs :
<8 ©
0OJ1-35/630 35 630 80 12,5/3 0,5 IIPO-1VY1
0J1-110/1000 110 1000 80 31,5/3 0,38 | IIPO-1V1
0/13-110/1000 110 1000 80 31,5/3 0,38 IMPO-1 V1
0OJ1-220/1000 220 1000 80 31,5/3 0,5 IIPO-1VY1
05-110/1000* 110 1000 70 27,513 0,15 II10
03-220/1000* 220 1000 70 27,53 0,15 110
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TparcdopmMaTopbl TOKa

[punoxenune 12
Tabmuna [1.12.1

HomunanbHeIi TOK, KA

BapI/IaHTbI HCIIOJIHC-

Toxk croiikocTH, KA

Harpyska usme-

T Uvons ) ) ) Bpewms puTEeNnbHOR
un B nepBH BTOpHY HHS 10 BTODHUHEIM | ONEKTPOMMHA- | ool o PPy
HbIN HBIN O6MOTKaM MHUYECCKOU SZ BA
TOOM35- V1 35 15600 5 3127 0.7-31 3 30
800 0,5/ 10P 107 31
1000 134 37
1500 106 a1
2000 141 55
TE3MII0Y1 | 110 50-600 5 10-126 226 3 30
400-800 0,5/10P/10P 62-124 1428
750-1500 79-158 2652
1000-2000 106212 3468
TO3MIS0YI | 150 | 6001200 5 52104 1428 3 20
1000-2000 0,5/10P/10P/10P 113226 41683 30
TE3M220 Y1 | 220 300600 15 2550 98196 | 3 30
S 0,5/10P/10P/10P > %
2000 100 39,2
TOYM330-y1 | 330 | 1000-2000 1 160 63 1 30
S 0.5/10P/10P/10P
2000-4000
500 ) 3 1 30
T@3Ms00-V1 | 500 | 200 1 0.5/10P/10P/IOP e o
TOPM500-Y1 | 500 | 1000-2000 1 120 47 1 20
P 0.5/10P/10P/IOP
20004000
1000-2000 0.5/10P/10P/10P/10P
TOPM750-Y1 | 750 | 1500-3000 1 120 47 1 40

20004000




€9

TpanchopMaTopsl HAPSKCHUS

Tabmmna I1.12.2

Homwunansnoe HalpsKECHUE 00OMOTKH

HoMmuHanapHast MOIIHOCTE, BA,
B KJIaCCEe TOYHOCTH

MaxkcumanbHast
MOIIHOCTh, BA

TPIH HepBI/I‘{HOI/I, OCHOBHOMI/I ,I[OHOJ'IIEI/I- 0,2 0 ’ 5 1 3

kB BTOpUYHOM, B TeJbHOH, B

HOJL.08 6 100 30 50 | 75 200 400

10 100 — 50 75 | 150 | 300 630

HOM-10-66 10 100 — — 75 | 150 | 300 630

3HOJI.09 33 100/+3 100:3 15 30 | 50 150 250

6/\3 w100 30 50 | 75 200 400

103 50 75 | 150 | 300 630

3HOJL.OG 6/\3 100/\3 100: 3 30 50 | 75 200 400

103 v 100 50 75 | 150 | 300 630

153 50 75 | 150 | 300 630




[Ipunoxenne 13
Tab6muna I1.13.1

CpenHne yJienbHbIe CONPOTHUBRIICHHS TPYHTOB

I'pynt Ya. conporusnenue, OM'M
I'nuna (cnoii 7-10 M, anee ckana, rpaBuii) 70
I'nuHa kameHwucTas (cioit 1-3 M, nanee rpaBuid) 100
3emuis cajioBas 50
Jléce 250
Meprenb 2000
Iecok 500
ITecok KpyMHO3EPHHCTHIN ¢ BalyHAMH 1000
Ckana 4000
CyTIIMHOK 100
Cymech 300
Topd 20
YepHozeM 30

Tab6muna I1.13.2

3HaueHKe MOBbIMIaoIIero ko3 pumnenra K
JJ14 PA3JIMYHBIX KIIMMAaTHYCCKUX 30H

JlaHHble, XapaKTepu3yro-

Knumatndaeckue 30Hb1

IIMHE KIMMAaTHYCCKHE 30HbI
1 TAIl IPUMEHAEMBIX
DJICKTPOJ0OB

1 2

3

KimmaTtuueckue npu3Haku 30H

CpenHsisi MHOTOJICTHSISI
HH3IIast TEMITepaTypa
(staBapsb), °C

Ot —20 10 -15 Ot —14 m0-10

Or-10 100 Ot 0 1o +5

CpenHsisi MHOTOJIETHSS
BBICIIIAsl TEMITEpaTypa
(uronp), °C

Ot +16 no +18 Ot +18 mo +22

Ot +22 no +24 | Ot +24 no +26

CpenneroJioBoe
KOJIMYECTBO OCAJIKOB, CM

40 50

50 30-50

IIporomxuTETLHOCTD
3aMep3aHus BOIbI, THH

190-170 150

100 0

3nauenue kodpdurmenta K

1

IpH IPUMEHEHUH CTEPXK-
HEBBIX JJICKTPOJIOB JUTH-
HO¥ 2-3 M U 1ipu TiiyOuHe
3aJI0)KEHHUSI UX BEPLINHBI
0,5-0,8m

1,8-2 15-18

1,4-1,6 1,2-14

[IPH IPHMEHEHUH IPOTS-
’KEHHBIX JJICKTPOJIOB U
TpHU [IIyOUHE 3aJI0KSHHs
0,8 M

4,5-7,0 3,5-4,5

2,0-25 1,5-2,0
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Oxonyanue npunoxenus 13
Tab6muna I1.13.3
Ko3¢ ¢punmenTs! HCoIb30BaHNs BEPTHKAIBHBIX 3JIEKTPOJIOB

OTHOIIIEHHE PacCTOs-
HIS MEYKITY BEpTH- Uucno BepTUKAIbHBIX
KaJbHBIMH 3JIEKTPOIa- PJICKTPONOB B PALLY TPH Ky, B
PachonoXeHu!
MHU K UX ajuHe a/l
B psy 110 KOHTYPY B psT 10 KOHTYpY
2 4 0,84-0,87 0,66-0,72
3 6 0,76-0,8 0,58-0,65
5 10 0,67-0,72 0,52-0,58
1 10 20 0,56-0,62 0,44-0,5
15 40 0,51-0,56 0,38-0,44
20 60 0,47-0,5 0,36-0,42
— 100 — 0,33-0,39
2 4 0,9-0,92 0,76-0,8
3 6 0,85-0,88 0,71-0,75
5 10 0,79-0,83 0,66-0,71
2 10 20 0,72-0,77 0,61-0,66
15 40 0,66-0,73 0,55-0,61
20 60 0,65-0,7 0,52-0,58
— 100 — 0,49-0,55
2 4 0,93-0,95 0,84-0,86
3 6 0,9-0,92 0,78-0,82
5 10 0,85-0,88 0,74-0,78
3 10 20 0,79-0,83 0,68-0,73
15 40 0,76-0,8 0,64-0,69
20 60 0,74-0,79 0,62-0,67
— 100 — 0,59-0,65
Taomuua [1.13.4
KO3(1)(1)I/I]_II/16HTLI HCIIOJIb30BaHMs TOPU30HTAJIBHBIX 3JICKTPOAOB
OTHOIIEHNE PACCTOSHUS Koa¢pduiment ncnons3oBanus K, 2,9 pu 4ucie
MEX]y BEpTUKaJIbHBIMH BEPTUKAIBHBIX HJIEKTPOIOB B PSLY
9IIEKTPOIAMH K X JutiHE a/l 1 IIPH PaCIONIOKEHUH UX B PAT
4 5 6 10 |20 ) 30| 50 65
1 0,77 | 0,74 |0,67| 0,62 |0,42|0,31| 0,21 | 0,2
2 0,89 | 0,86 {0,79| 0,75 |0,56|0,46| 0,36 | 0,34
3 092 09 |0,85]| 0,82 10,68|0,58| 0,49 | 0,47
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VIIK 631.371 (07)
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H-87

Hyrmamnos, C. C.

H-87 Dnektpuueckue CTaHIUK U MOJICTAHIINH : METOJHUYECKHE YKA3aHHS
i npaktuaeckux 3anatuii / C. C. Hyrmanos. — Kunens : PUO
CI'CXA, 2017. -89 c.

B mMeToaudeckux ykazaHHAX PacCCMOTPEHBI BOIIPOCHI 110 YCTPOUCTBY
OCHOBHOTO 000PY/IOBaHHUS DIICKTPUICCKUX MOJCTAHIIUI H UX JICKTpHUC-
CKHE TPUHIMITHATIBHBIE CXEMBI, PACCMOTPEHBI BOIIPOCHI TIPUHIIMIIA Pabo-
ThI U YCTPONCTRA 3ICKTPOOOOPYIOBAHUS 11O ICTAHIIHIA.

MeToandeckue ykazaHus K MPAKTHYSCKUM 3aHATHSIM MpEHA3HAYEC-
HBl JUIS CTYJCHTOB, OOYYArOIIUXCS TO HAMPABJICHUIO TOATOTOBKH:
35.03.06 ArpourkeHepus, Mpo(UIb MOJTOTOBKU «IIEKTPOOOOPYI0Ba-
HUE U 3JIEKTPOTEXHOJIOTHIY.
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IIpenucaoBue

Meromuueckne yka3aHusl COCTAaBJICHBI HA OCHOBAaHHH paboueil mpo-
TpaMMBI [0 TUCHUILTHHE «DIEKTPUUECKUE CTAHIIUU U MOJCTAHIIUN.

B meToamdecknx yka3zaHUSX PacCMOTPEHBI YCTPOWCTBO TpaHChOp-
MaTOPOB, PEXHUMBI WX PabOTHI W BKIIOUYEHHE TpaHC(HOPMATOpOB Ha Ia-
payienbHy0 padory. OmucaHbl CUCTEMBI OXJIAXICHUS TpaHC(hOpMaTo-
POB M CIIOCOOBI PEryIUPOBaHUS HANIPSHKEHUS, CIIOCOOBI OUUCTKHU U Pere-
Hepanuu TpaHchOpMATOPHOTO Maca.

PaccmoTpeHsl yCTpOMCTBO MACHSHBIX, BO3AYIIHBIX, 3JIETA30BBIX U
BaKyyMHBIX BBIKITIOUATEICH U UX PUBOJIOB.

Meronndeckre yka3zaHus K MPaKTHYECKUM 3aHATHAM TpeaHa3Hade-
HBl NS CTYJAEHTOB, OOYYAIONIMXCSA I10 HANpPaBICHHWIO TOJTOTOBKH:
35.03.06 ArpoumkeHepus, MPO(UIb MOATOTOBKU «IJIEKTPOOOOPYI0Ba-
HUE U DIEKTPOTEXHOIOTHI».

[Iporecc W3y4eHHss AMCUWIUIMHEI HAIlpaBlieH Ha (JOPMUPOBAaHUE H
pa3BUTHUE CICAYIONIMX MPOPECCHOHAIBLHBIX KOMIICTEHIIMHA (B COOTBETCT-
Buu ¢ ®I'OC BO u tpeboBanusmu k pesyiabraram ocsoeHus OITOI):

- TOTOBHOCTB K TIPO(ECCHOHAIEHOM IKCILTyaTaI[ii MAITUH U TEXHO-
JIOTUYECKOT0 000PYIOBaHUS U JICKTPOYCTAHOBOK;

-IPUMEHSITh ¥ 3KCIUTyaTUPOBATh JICKTPOOOOPYI0BAHUE JICKTpUYC-
CKHMX CTaHUMHU U NOJCTaHLIUH.



3ansartue 1. Oxnaxkaawiue ycTpoiicTea TpancopMaTopoB
H UX 00C/Ty’)KMBaHHe

Iesab 3aHATHSA: U3YIUTh CHCTEMbI OXJIAXKICHHS TPAHC(OPMATOPOB U CIIO-
co0BI UX 00CITY)KUBaHUSI.

TemnoTa, BeIAENSIOMAsACS B 0OMOTKAax, MarHUTONPOBOJC U CTallb-
HBIX AETaJIAX KOHCTPYKIMH paboTarouiero Tpanchopmaropa, paccenBa-
€TCs B OKPY’KAIOIIYIO Cpely, IPU 3TOM IIPOLEecC Nepeaadd TemIoThl MO-
JKeT ObITh pa3OUT Ha /Ba 3Tama: mepefadya TEIUIOThl 0T OOMOTOK U Mar-
HHUTONPOBO/A OXJIAXKIAIOIIEMY Macly M OT Macia OKpYy)Karollel cpere.
Ha nepBom 3tane nepenayda TEIIOTHI ONPEAEISIETCS IPEBBIIEHUEM TEM-
nepaTypbl OOMOTOK M MarHUTOIPOBOJAA HaJ TEMIepaTypol Macia, Ha
BTOPOM — TPEBBIIIEHUEM TEMIIEPATyphl Maciia HaJl TEMIIEPaTypoil OKpy-
JKaroLLEH Cpebl.

[IpuHsATO CUMTaTh, 4YTO OXJAXKAAIOLIEE YCTPOHCTBO MACISHOTO
TpaHcopMaTopa COCTOMT U3 CUCTEMbI BHYTPEHHETO OXJIaXXAEHUs, obec-
MeYMBAIOIEH Mepenady TeIIoThl Ha IepBOM 3Tale OXJIaKICHUs, U CHC-
TEMBbI HApYKHOTO OXJIKICHUS, 00eCTIeunBaOIICH nepeaayy TemIoTs Ha
BTOPOM 3Tarie.

OneMeHTaMU CHCTEMBl BHYTPEHHETO OXJIaXJEHHs SBISIOTCS TOpH-
30HTAJIbHBIC U BEPTHUKAJIbHbIC KaHAIBI B OOMOTKaX U MarHUTOIIPOBOJIE, a
TaKXe CIeLHUabHbIe TPYObl M W3OJSLHMOHHBIC LIUTHI, CO3JAIOLINE Ha-
NPaBJICHHYIO HUPKYJSLHUIO Maciia 0 KaHajaM. Bce aIeMeHThl CHCTEeMBI
BHYTPEHHETO OXJIAXJICHUsI HAXOMSATCS BHYTpH Oaka TpaHchopmaropa,
MO3TOMY BU3YyaJIbHBIH KOHTPOJIb 32 X COCTOSIHUEM HEBO3MOXKEH.

CucremMa Hapy»XHOTO OXJaXACHHUS BKIIOYAET MAaCIOOXJIQJANUTEIH,
(UIBTPBI, HACOCHI, BEHTWIISITOPHI U IPYToe 000py/I0BaHUE, PACTIONOKEH-
HOE CHapyXH TpaHcpopmaropa. 3a paboToii SToro 000py0BaHUs BEAET-
Cs CHUCTEMAaTHYECKMH SKCIUTyaTallMOHHBIM Hazmzop. Ha moacranumsix
9HEPTrOCHCTEM MPUMEHSIOTCS TpaHC(HOPMATOPhl OTEYECTBEHHOTO MPOU3-
BOJICTBa C cucTeMamu oxnaxaenus M, /[, /I v L].

EctecTBeHHOE BO3AYIIHOE OXJAXKICHHE TPAaHCPOPMATOPOB OCYIIe-
CTBIISIETCA IIyTEM €CTECTBEHHON KOHBEKIIMH BO3AYyXa M YaCTHYHO JIyde-
UCITyCKaHHsl B Bo3lyxe. Takue TpaHcopMaTopbl TONYYWIM Ha3BaHHE
«CyXux». YCIOBHO MPUHATO 0003HAYATh €CTECTBEHHOE BO3IYIIHOE OX-
JaXJEHUE MPU OTKPHITOM HcnosHeHud C, NMpH 3allU-IEHHOM HCIIOIHE-
Hun C3, py TepMeTH3UpOBaHHOM HcrionHeHuN CI, ¢ IPUHYAUTETHHON
nupKyssinuen so3ayxa C/J.



JonycTiMoe TpeBBIIEHHE TeMIIepaTypbl 0OMOTKH CyXOTO TpaHC-
¢dopmaropa Hag TeMIepaTypol OXJIaXIaloIIe cpelbl 3aBUCUT OT Kilacca
HarpeBocToiikocTn u3omsauu u corjacHo ['OCT 11677-85 momkHO
owTh HEe Oompmre: 60 °C (kimace A); 75 °C (kmace E); 80 °C (xmacc B);
100 °C (xnmacc F); 125 °C (xnacc H).

JanHas cuctema OxJaxIeHHs Majlod(QQeKTHBHA, IO3TOMY IpUMe-
HseTCS I TpaHchopMaTopoB MOIIHOCTEIO 10 1600 kBA mpu Hampsike-
Huu 10 15 xB.

EcrectBeHHOE MacnsgHoe oxJaxkaeHue (M) BBIIONHSETCS LIS
TpanchopmaropoB MomHOCTEI0 A0 16 000 kBA BrimrounTeNnbHO (pHC.
1.1, a). B Takux TpaHcopmaTopax TEIJIOTa, BbACICHHAs] B 0OMOTKaX U
MarHUTONpoBoze 2 (BbIEMHasl 4acTh), IEPEJACTCS] OKPY)KAIOLIEeMy Macily,
KOTOpoe, HUPKynupys mo Oaky 1 m pammatopHbIM TpyOam 3 (OXJax-
JaroIasi IOBEPXHOCTH), EPEaeT ero oKpyxarwouieMy Bo3nyxy. [Ipu Ho-
MUHAJIBLHOIM Harpyske TpaHcopmaropa TeMmIeparypa mMacia B BEPXHHX,
HaunboJiee HarpeThIX CJ0sX He JOJDKHA mpeBblmath 95 °C. Jlnst mydmei
OTJIa4¥ TEIUIOTHI B OKPYKAMOIIYIO cpedy O0ak TpaHchopMaTopa cHa0ka-
eTcs pedpamu, OXJKAAIONIMMU TPyOaMu WM paguaTopaMd B 3aBHCHU-
MOCTH OT MOILITHOCTH.

MacnsiHoe OXJaXXAEHUE C OYThbeM U ECTECTBEHHOM LUPKYISIIUEi
Macna (/) mpuMmeHsieTcst y TpaHc(hOpMaTOpoB CpeaHel MOIIHOCTH Ha-
npsokerneM 35, 110 u 220 xB. B aTom ciayyae B HaBECHBIX OXJIaIUTEISIX
U3 paauaTopHbiX TPyO 5 momemrarorcs BeHTHisTOpbl 8 (puc. 1.1, 6).
BenTunsatop 3acacbiBaeT BO34yX CHH3Y U 00JyBaeT HarpeTyr0 BEPXHIOKO
yacTh TpyO. IlycKk ¥ OCTaHOB BEHTHWJIATOPOB MOTYT OCYIIECTBISTHCS aB-
TOMAaTHYECKH B 3aBUCHMOCTH OT Harpy3KH M TEMIIepaTypbl HarpeBa mac-
na. TpanchopmaTopsl ¢ TAKMM OXJIAKICHUEM MOTYT paboTaTh IpH IOJI-
HOCTBIO OTKJTIOUEHHOM JyThe, €CIM Harpys3ka He mpesbimaet 100% Ho-
MUHAJIBHOM, a TemIeparypa BEepXHUX clloeB Macia He Oonee 55 °C, a
TaKXe P MUHYCOBBIX TEMIIEpaTypax OKPYXKArOLIEro BO3AyXa U TeMIle-
paType Macna He Bblie 45 °C HE3aBUCUMO OT Harpy3ku. MakcuManbHO
JIOITyCTUMAasl TeMIlepaTypa Macia B BEPXHHUX CJIOSX Npu paboTe ¢ HOMU-
HaJBHOU Harpy3ko# coctasiser 95 °C.

dopcupoBaHHBIA 00yB paguaTOpHBIX TPYO YIIydIIaeT yCIOBHUS OX-
JMKJACHUS Maclla, a CJeJoBaTellbHO, OOMOTOK W MAarHWTONPOBOJA
TpaHchopMaTopa, YTO MO3BOJISIET U3TOTOBISITh TaKWe TpaHC(HOPMATOpPHI
momHocTeo 70 80 000 xBA.
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Puc. 1.1. Cucremsl oxnaxaeHus TpaHC(HOPMaTOPOB:

a —tuna M; 6 —tana JJ; ¢ — tuna JI]; 1 — 6ak; 2 — BeIeMHas 4acTb;
3 — oxyTaXkmaroIas MoBEPXHOCTh; 4 — KOJUIEKTOP; 5 — TpyOUaThIid paguaTop;
6 — BIIEKTPOHACOC; 7 — OXJIAUTENH; 8 — BEHTHIIATOPBI

MacnsiHoe OXIaxKIeHUE ¢ TyTheM U NIPUHYIUTENBHON HUPKYISILUEN
Maciia depe3 BO3IylIHbIEe oxiaautenu (/[[]) mpumeHsieTcs IS TpaHc-
thopmaropos MomHOCTEIO 63 000 KBA 1 Oonee.

Oxnamutenu 7 COCTOST M3 CHCTEMBI TOHKHX pPEOpPHUCTHIX TPYOOK,
00/1yBaeMbIX CHApYKH BEHTHJISITOPOM 8. DIJIEKTPOHACOCHI 6, BCTPOCHHbBIE
B MAaCIJIONPOBOJIBI, CO3/IAIOT HETPEPHIBHYIO NMPUHYIUTEIBHYIO TUPKYIIS-
M0 Maciia yepe3 oxnaautenu (puc. 1.1, 6).

brnaronmapst 601bII0H CKOPOCTH IUPKYJIAIMHA Maciia, pa3BUTOU IIO-
BEPXHOCTH OXJIaXACHUS 1 HHTEHCUBHOMY IYTBHIO OXJIaJUTENN 001aJar0T
0OMBIIION TeIIo0TAaYe W KOMITAKTHOCTEIO. [lepexon k Takoi cucreme
OXJIQXKJICHUS MTO3BOJISIET 3HAYNUTEIILHO YMEHBIUTH rabapuThl TpaHchop-
MaTOpOB.

OxJanuTeny MOTYT yCTaHaBIMBAaThCS BMECTE C TpaHchopMaTopom
Ha OIHOM (DyHJITaMEHTE MJIM Ha OTAENBHBIX QyHIaMEHTaX PsIOM ¢ OaKoM
Tpanchopmaropa.



B tpancopmaropax ¢ HanmpaBieHHBIM NOTOKOM Macna (H/L]) un-
TEHCUBHOCTbH OXJIQXKJICHHS IMOBBIILACTCS, YTO MO3BOJSET YBEIUYUTH J0-
IyCTUMBbIE TEMIIEPATypbl OOMOTOK.

MacnsiHO-BOASHOE OXJIAXKACHHE C INPUHYIUTEIBHONW LHUPKYISIUEH
macia (1]) npUHIMIHATBHO YCTPOCHO TakK e, Kak cucrema /1], Ho B OT-
JMYUE OT MOCIEOHEr0 OXJAaIUTENIH COCTOAT M3 TPYOOK, IO KOTOPBIM
LUPKYJTUPYET BOJA, @ MEXIy TpyOKaMH JBIKETCS MaciIo.

TemnepaTypa maciia Ha BXOJI€ B MaclIOOXJIaUTENb HE JOJDKHA Tpe-
Bbimats 70 °C.

UroObl NpenoTBpaTUTh IMONAJaHUE BOABI B MAciSHYIO CHCTEMY
TpaHcdopmaTopa, AaBJICHHUE Maclla B MaclOOXJIaJUTENIX NOJDKHO Tpe-
BBIIIATD JaBJICHUE HUPKYIUPYIOEH B HUX BOAbI He MeHee uyeM Ha 0,01
MIIa (1 H/cm?). Dta crctema oxnakaeHns >(peKTHBHa, HO HMeeT Golee
CIIO)KHO€ KOHCTPYKTHMBHOE BBIIIOJHEHHE M MPHUMEHSETCS Ha MOIIHBIX
tparchopmaropax (160 MBA u Gosnee). Cucrema oxnaxkaeHus [/ mpu-
MeHsIeTCs U TpaHc(opMaTopoB Kak Hapy»KHOHM, TaKk U BHYTpEeHHEH yc-
TaHoBKH. OHa KOMITaKTHA, 00J1a7aeT BLICOKOH HAE)KHOCTBIO U TEIUIOBOM
3G EKTUBHOCTBIO, YTO OOBSICHSIETCS OOJNBIIEH MHTEHCUBHOCTBIO TEILIO-
oOMeHa OT Maciia K BOJIe, YeM OT Macia K Bo3ayXy. OJHako IpuMeHeHHe
CHCTEMBI OXJIAKACHUS [ BO3MOXKHO TOJBKO MPH HAJMYUU MOIIHOTO HC-
TOYHHMKA BOJOCHAOXKEHMS. ABTOMAaTHYECKOE M PYYHOE YIIPaBJICHUE CHC-
TEMON OXJaxAeHUs! [] OCyIIecTBISECTCS MPH TMOMOIIM IIKAadOB THIIOB
IHAOT-UT n LTAOT-UTD (B o603Hauenuu mkada: 1l — ycimoBHOe 000-
3HAaYEHUE CUCTEMBI OXJIXKICHMS; T — Ui yIpaBJIeHUs] HACOCAMH CepUH
OIT; TO — 1o e mis Hacocos DI[TI). B mkadax UMEOTCS UHIUBUIY-
aNbHBIC KIFOYHM ISl BBIOOpa peKruMa padoThl KaXKI0TO HACOca C MOJIOKe-
HueM: «OTki04eHo», «PyuHoe ynpasinenue», « ABTOMaTn4eckoe ynpas-
JICHHUE».

MacnsaHO-BOASIHOE OXJIaX/IEHUE C HAIMpaBJI€HHBIM MOTOKOM Macia
(HL]) npumensiercst Juts TpaHchopMaTopoB MOIHOCTHIO 630 MBA u 60-
nee.

Ha tpancdopmaropax ¢ cuctemamu oxnaxiaenus JI] u 1] ycrpoi-
CTBa NPHUHYAWUTENBHONW LUPKYJSLIUH Macia JOJDKHBI aBTOMATHUYECKH
BKJIIOYAThCSI OJJHOBPEMEHHO C BKJIOUYEHHEM TpaHcopmaTopa U pado-
TaTh HEMPEPHIBHO HE3aBUCHMO OT HArpy3kd Tpanchopmaropos. B To xe
BpeMs YHCIIO BKIIOYaeMbIX B pabOTy OXJIaAWTENeW OmpenenseTcs Ha-
rpy3koii TpaHcopmaropa. Takue TpaHcHOpMaTOpel TOJDKHBI HMEThH
CHUTHAJIM3ALMIO O MPEKPALeHNN LUPKYISILUU Maclia, OXJIaXAalomel Bo-
JIbI WA 00 OCTaHOBE BEHTHIIATOPA.



CrnenyeT OTMETUTh, YTO B HACTOAIIEE BPEMS BEOYTCS pa3pabOTKH
HOBBIX KOHCTPYKLHUI TpaHC()OpMATOpOB C OOMOTKaMH, OXJIaXAaEMBIMH
JI0 OYeHb HU3KUX TeMIleparyp. MeTamn mpu HU3KHX TemIiepatrypax 00-
JaTaeT CBEPXIPOBOJAMMOCTHIO, UTO IMO3BOJISIET PE3KO YMEHBIIUTH Cede-
HUe oOMoTok. TpanchopMmaTopsl ¢ HCMOIB30BAHUEM HPUHIMIA CBEPX-
MPOBOANMOCTH (KPHOT€HHBIE TpaHC(POpPMATOpbl) OyayT WMETh MAaIyio
TPAHCTIOPTUPOBOUHYIO Maccy mpH MommHocTsIX 1000 MBA wu Bbire.

Kaxnpiii Tpanchopmarop nMeeT YCIOBHOE OYKBEHHOE 00O3Haue-
HHUE, KOTOPOE COACPKUT CIEAYIOUINe JaHHBIe B TOM MOPSIKE, KaK yKa3a-
HO HUXeE:

1) ancno da3 (s ogHohazubix — O; ans TpexdaszHbix — T);

2) BUA OXJQXKJCHUS — B COOTBETCTBHM C MOSCHCHHSMH, NPUBEACH-
HBIMH BHIIIIE;

3) 4ncino oOMOTOK, pabOTalONUX Ha pa3InIHbIE CeTH (ECIh OHO OOIb-
e AByX), Uil TpexoOMoTouHOro Tpancdopmaropa T; mist Tpanchopma-
TOpa C pacileruieHHbIME 00MoTKamu P (mociie uucina ¢as);

4) 6ykBa H B 0003HaueHNH MPH BBHITOTHEHNH OJHON M3 OOMOTOK C YCT-
porictBom PITH;

5) 6ykBa A Ha mepBOM MecTe JIIst 0003HaYeHUs aBTOTpaHc(hopMaropa.

3a OykBeHHBIM O0O3HAaUYE€HHEM YKa3bIBaeTCS HOMHHAJIbHAs MOII-
HOCTh, KBA; Kitacc HampsbkeHust OOMOTKH BH; KIMMaTHYECKOE HCIIOMN-
HeHue U Kareropus pasMernenus no 'OCT 15150-69 u I'OCT 15543-70.

Hampumep, TATH-16000/110-Y1 — tpexdasubiit Tpanchopmarop ¢
CHUCTEMOH OXJaXJeHU /[, TP€XOOMOTOYHBIN, C PETyTUpOBaHUEM Hampsi-
JKeHUS TIOJT HArpy3Koi, HOMUHAIRHOW MomHOocThI0 16 000 xBA, Hamps-
skenueM BH 110 kB, knmumarnueckoe ncrionHeHne Y (YMEPEHHBIM KIIH-
MarT), KaTeropus pa3melneHus 1 (Ha OTKpBITOM BO3IyXe).

OO0cCy)KMBaHUE CUCTEM OXJIAXK/ICHUSI COCTOMT B HAOJIFOJICHUH 3a pa-
00TOH M TEXHUYECKOM YXOJIe 32 000pyIOBaHUEM, HCIIOIH3yEMBIM B CHC-
TeMe oxJaxaeHus. llpn TeXHHUeCcKOM yxojleé PYKOBOJACTBYIOTCS 3aBO-
JICKUMH HMHCTPYKIUSMHU W MECTHBIMH YKa3aHMSIMH IO JKCILTyaTalluu
obopymoBanus. OCMOTP CHCTEM OXJIAXKICHHS MPOW3BOJUTCS OJHOBpE-
MEHHO C OCMOTpOM TpaHchopmaTopoB. [Ipu ocmoTpe mpoBepsieTcs 1ie-
JIOCTb BCEH CUCTEMBI OXJIaXKACHUs, T.€. OTCYTCTBUE Teuel macia, paborta
panuaTopoB — 10 WX HArpeBy, ONpeesieMOMy Ha OIyIlb, padoTa oxJia-
JUTeNe oxJaxJaeHus /[I] — no ux HarpeBy W IO MOKa3aHUSM MaHOMET-
POB, YCTaHOBJICHHBIX BOJU3U MaTpyOKOB MacioNepeKauynBaroInX HACO-
coB, paboTa aacopOHBIX (HMIBTPOB — OLIYNBIBAHHEM PYKOH, COCTOSHHUE
KpeIieHnH TpyOOIpOBOJIOB, OXJIQJHUTENeH, HACOCOB W BEHTUISITOPOB,



paboTa BEHTWISATOPOB — MO OTCYTCTBUIO BUOpAIUH, CKPEKETa U 3a/ieBa-
HUN KPBUIBYATOK 32 KOXKyX. OTMETUM, UTO TJIaBHBIMH MPUYUHAMHU IO-
JIOMKU KpBUIBYATOK, U3HOCA MOJALIMIIHUKOB M TE€YEH Macia U3 OXJIax-
JTAIOIINX YCTPOMCTB SIBIAIOTCS TOBHIIIEHHBIE BUOPAINH, TTOSBISIOIINECS
U3-32 HECBOCBPEMEHHOT'O YCTPAaHEHUS MEIKHUX Ne(eKTOB, OCIIa0JICHUS
OONITOBBIX KPETUICHUH, IUIOXOH CMAa3KH IOITHITHUKOB, OCEBBIX OMCHMIA
KpBUIbYATOK BEHTHUJISITOPOB U T.JA. TEXHUYECKUI YXOJ 32 YCTPOHCTBAMHU
CUCTEM OXJIKICHHS BKIIOYACT B ceOs yCTpaHCHHE OOHAPYKEHHBIX MPH
OCMOTpax HEHUCIPABHOCTEH, 3aMEHY WM3HOCHBIIMXCS JAETalCH (JOMaToOK
HACOCOB, JIOTTACTEH BEHTHIISITOPOB, TIOJIIUITHAKOB), YICTKY OXJIauTeNei
Y BEHTWJIATOPOB, CMa3Ky MOIIUITHIUKOB, KOHTPOJb COITPOTUBICHUS U30-
JISIUUY DJIEKTPOBUTATENICH.

IIpu yxone 3a oXJaAUTENAMU CUCTEMBI OXJIaKIECHUS L] BBITONHSIOT-
Csl TIEpUOJINYECKHE OYUCTKH TPYO M BONSHBIX KaMep OT Wia M JPYTHUX
OTJIOKEHUI Ha MOBEPXHOCTIX OXJIAXKICHUS.

[Ipu ocMoTpe MmKahoB aBTOMATHYECKOIO YIPABICHHUS OXJIAXKICHHU-
€M IIPOBEpSIETCA OTCYTCTBHUE HArpeBa U KOPPO3UU KOHTAKTOB, a TAKXKE
MOBPEXKICHUN M30JSIMK TOKOBEIYIIUX YacTeil ammaparypbl, YILUIOTHE-
HUE JTHUII ¥ ABepel mkadoB OT MPOHUKHOBEHUS B HUX MBUIH U BJIAry.

BreodepenHO# 0CMOTp aBTOMAaTHYECKHX BBIKIIIOUYATENeH B MIKadax
cieayeT NPOU3BOAUTH MOCIE KaXKIOTO OTKI0YeHus: uMu Toka K3, a tak-
K€ CIeAyeT OCMaTpUBaTh KOHTAKTHI MATHUTHBIX IyCKaTeJIel U aBTOMa-
TUYECKHUX BBIKJIIOYATENCH IMOCJIE aBTOMATUYECKOTO OTKIIOUEHUS 3IIEK-
TpOJBUTATENEN BEHTHIATOPOB W HacocoB. Ilpu ocMorpax HeoOXoammo
PYKOBOJICTBOBAThCS TPEOOBAHUSMHU OOIIMX MPABUI TEXHUKH 0€30TacHO-
CTH, TaK KaK HAIMYUE HATIPSDKCHUSI HA TOKOTIPOBOISAIINX YaCTAX arapa-
TOB U COOPHBIX Y3JIOB, HE HMEIOIUX 3aIIUTHBIX KOXKYXOB, TIPEICTABIISET
OTIaCHOCTH IS MIepCOoHAIa.

HcnpaBHOCTh CXeM MUTaHUS ABUTATEIEN OXJAXIACHUS U JIEHCTBUE
ABTOMAaTHYECKOr0 BKJIOUeHHUS pesepsa (ABP) mposepstorces o rpaduky
He pexe 1 pasza B Mecs.

OdderTHBHOCTL PaOdOTHI CUCTEM OXJIAXKIACHUS B IICJIOM ITPOBEPSCT-
Cs TIO TEMIIepaType BEPXHHX CIIOEB Maciia B TpaHcdopmarope. [Ipu nc-
MPaBHOM OXJIAKJECHUU MaKCUMAJIbHBIE TEMIIEPAaTyphl Macia HE JOJIKHBI
MPEBHIIATh B TpaHchopmarTopax ¢ oxiaxkaerauneM M u /{ 95 °C, ¢ oxmax-
nenveM /J[I] ipu momHOCTH 110 250 MBA BrimtounTensHo 80 °C 1 mipu
mouHoctd Bbime 250 MBA — 75 °C, y tpanchopmMaropoB ¢ cUCTEMOM
oxJlaxkaAeHus [] Temmeparypa maciia Ha BXOAE B MAacCIOOXJIATUTENIH HE
JoJpKHA TipeBsimaTh 70 °C.



Sapanus
1. M3yuuTh BUIBI OXJIQXKAOIINX YCTPONCTB TpaHCHOPMATOPOB.
2. O3HaKOMUTBCS C TEXHUKOW OOCITYKMBAHUS CUCTEM OXJIKIICHUSI.

KoHTposbHbIE BONPOCHI
J11st uero Hy>KHa cUCTeMa OXJIaXACHUs TPaHCPOPMaTOPOB?
[osicanth paboTy crcTEMBI OXJIAXACHUS THITA M.
[osicauTh paboTy cuctemsl oxnaxaeHus Tuna C/.
[Nosicantp paboTy cucTeMsl oxnaxKaeHus Tuna /1]
[Nosicauth paboTy cucremsl oxnaxaeHnus tuna CLJ.
[opsimox 06cTy>KUBaHUS CHCTEMBI OXJIAXKICHHUS.

SN E

3anaTue 2. CuiioBble TPaHC(HOPMATOPHI.
Pexxumbl padoTsl TpanchopMaTopon

Heab 3aHATHS: U3yYUTh HA3HAYCHUE, OCHOBHBIE MAPAMETPhl U PEKHUMBI
paboThI TpaHCHOPMATOPOR.

Tunwvt mpancgopmamopoe u ux napamempoi

Cunossle TpaHcopMaTopsl MpeaHAa3HAYEHBI AJIS NPeoOpa3oBaHus
3JIEKTPO’HEPTUU TEPEMEHHOT0 TOKa C OJHOIO HAIPsDKEHUS Ha JIPYroe.
Haubonpiee pacnpoctpaHenue nomydwin TpexdasHsle TpaHcopmaTo-
PBL, Tak Kak notepu B HUX Ha 12-15 % Hmxe, a pacxo]] aKTUBHBIX MaTe-
puayioB U crouMocTh Ha 20-25 % MeHbllle, YeM B TPYIINe TPeX OAHO(a3-
HBIX TPaHCPOPMATOPOB TAKOH K€ CyMMapHOW MOIITHOCTH.

IlpenenbHas eqUMHUYHAS MOLIHOCTH TPAaHC(HOPMATOPOB OTPAHUYH-
BAeTCsA Maccoi, pasMepamu, YCIOBUSIMH TPAHCTIOPTHPOBKH.

[To KOHCTPYKIIMHM B 3aBHCHMOCTH OT BHJIAa OXJIKICHHUS TpaHchop-
MaTOpBI OBIBAIOT MacIsiHbIE U cyxue (puc. 2.1).

Tpexdazusie Tpanchopmaropsl Ha Hampsikerne 220 kB u3roros-
na0T  MomHocThio g0 1000 MBA, ma 330kB - 1250 MBA,
Ha 500 kB — 1000 MBA.

Opnnodasnble TpaHCHOPMATOPBI NPUMEHSIOTCS, €CIIM HEBO3MOXHO
W3TOTOBIICHHE Tpex(a3HBIX TpaHCHOPMATOPOB HEOOXOAMMON MOITHOCTH
WM 3aTPyAHEHA UX TPaHCIOPTUPOBKA. HanbombImas MOITHOCTh TPYTIITBI
onHo(aszHeIX TpaHcopmaTopoB HampsbkeHueM 500 kB cocraBnser
3x533 MBA, nanpsbkenuem 750 kB — 3x417 MBA, nanpstkeHuem
1150 xB — 3x667 MBA.
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[To xonuuecTBy 0OMOTOK Pa3IMYHOIO HANpPSDKEHUS Ha KaxAylo da-
3y TpaHc(hOPMATOpBl Pa3AeisIIOTCS Ha JBYXOOMOTOYHBIE M TPEXOOMO-
Tounble (puc. 2.2, a, 6). Kpome TOro, 0OMOTKM OZHOTO W TOTO XK€ Ha-
MPsDKEHUs, 0OBIYHO HU3IIET0, MOTYT COCTOATh W3 IBYX W OoJjee mapai-
JIeNBHBIX BETBEH, M30JMPOBAHHBIX APYr OT JIpyra U OT 3a3eMJICHHBIX
yactei. Takue TpaHchopMaTOpsl HA3BIBAIOT TpaHCHOpMaTOpaMH C pac-
MIETUICHHBIMA 00MOTKaMu (puc. 2.2, 8). OOMOTKH BBICIIIETO, CPEAHETO U
HU3ILEro HampsDKEHHs IPUHATO COKPALIEHHO 0003HA4YaTh COOTBETCTBEH-
Ho BH, CH, HH.

Tpancdopmaropsl ¢ pacmiermieHHsIMH oOMoTkamMu HH obecrieun-
BAIOT BO3MOKHOCTh MPHCOCIUHEHUS] HECKOJIBKUX T€HEPAaTOPOB K OJTHOMY
MOBBIIIAIOIIEMY TpaHcopMmaTopy. Takue yKpyHMHEHHBIE 3HEPrOOIOKH
MO3BOJISIIOT YIPOCTHTh CXEMY pachpeaenuTensHoro ycrtpoiictBa (PY)
330 — 500 xB. TpanchopmaTopsl ¢ paciierieHHOH 0oMoTkoi HH momy-
YHUJTM OIUPOKOE PAcIPOCTPAHEHHUE B CXeMaX MUTaHUsI COOCTBEHHBIX HYXK
kpynHbix TOC ¢ 6mokamu 200 — 1200 MBT, a Takke Ha TOHMKAIOIIUX
HOJICTAHIHSX C IIEJTbI0 OTPAHHYCHHUS] TOKOB KOPOTKOTO 3aMbIkanust (K3).

K ocHoBHBIM mapameTpaM TpaHchOpMaTopa OTHOCSTCS: HOMUHAIb-
HBbIE MOIITHOCTh, HANPsOKEHUE, TOK; HampsbkeHue K3; TOK XOJIOCTOrO XO-
JIa; IOTEPH XOJIOCTOro Xoaa u K3.

Homunanvuoti mownocmoio mpancgopmamopa Ha3pIBaeTCS yKa-
3aHHOE B 3aBOJICKOM ITaCIOPTE 3HAYEHHUE IOJHOW MOIHOCTH, Ha KOTO-
PYIO HEMPEPHIBHO MOXKET OBITH HArpy>KeH TpaHCPOpPMATOp B HOMUHAIb-
HBIX YCIIOBHSIX MECTa YCTAaHOBKHM M OXJIQXIAIOIIEH cpeapl MpH HOMHU-
HaJIBHBIX YaCTOTC U HAIIPSAKCHUU.

a

Puc. 2.1. CunoBoii Tpanchopmarop:
a — MacIsHbIN; 6 — cyXoif
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Hns TpanchopMaTopoB oOmIero Ha3HaYeHHs, YCTaHOBJICHHBIX Ha
OTKPBITOM BO3IyXe M WMEIOIIUX ECTECTBEHHOE MACIISTHOE OXJIaXKACHHUE
0e3 00myBa u ¢ 00yBOM, 32 HOMHHAJIBHBIC YCIOBUS OXJIAXKICHUS TPH-
HUMAIOT €CTECTBEHHO MEHSIOIIYIOCS TeMIepaTypy HapyKHOTO BO3IyXa
(m7sT KIMMAaTHYECKOTO HCIONMHEHUs Y: cpenHecyTouHass He Oonee
30 °C, cpenueromosas He 6onee 20 °C, a mis TpaHchopMaTopoB ¢ Mac-
JSTHOBOJISTHBIM OXJIAK/ICHHEM TeMIlepaTypa BOIBI y BXOJa B OXJIAaUTEIh
npuumaetrcsi He Oonee 25 °C (I'OCT 11677-85). HomunansHas mor-
HOCTb JIJIsl JByXOOMOTOYHOTO TpaHC(OPMATOpa — 3TO MOLTHOCTD Ka)I0H
u3 ero oOMoTok. TpexoOMoTouHBIE TpaHCPOPMATOPEI MOTYT OBITH BBI-
MOJTHEHBI ¢ OOMOTKaMHU KaK OAMHAKOBOM, TaKk W pa3HOW MomIHOCTH. B
MOCJIeTHEM Cllyyae 32 HOMHUHAJIbHYIO IPUHAMACTCS HauOobIIas U3 HO-
MHHAQJIBHBIX MOIITHOCTEH OT/AENBHBIX 0OMOTOK TpaHc(hopMaTopa.

TpanchopMaTopsl yCTaHABIMBAIOT HE TOJBKO HAa OTKPHITOM BO3Y-
X€, HO M B 3aKPBITHIX HEOTAIUIMBAEMBIX MOMEIICHHUIX C ECTECTBEHHOM
BEeHTHJIsIIKEH. B aToM ciryuae TpaHcdopMaTopbl MOTYT OBITH HEMTPEPHIB-
HO Harpy»<eHbl HA HOMHHAJIBHYIO MOIITHOCTB, HO IIPU 3TOM CPOK CITyXKOBI
TpaHchopMaTopa HECKOJIBKO CHIDKACTCS M3-3a XYAIINX YCIOBHN OXJIa-
JICHHSI.

Homunanvuvle nanpscenuss 06MomoK — 3TO HANPSDKCHUS TIEPBUY-
HOW W BTOPUYHONW OOMOTOK IIPH XOJIOCTOM Xone TpaHchopmartopa. s
TpexdazHoro TpaHcopMaTopa — 3TO €ro JHUHEHHOe HampspkeHue. J{is
onHO(a3HOro TpaHchopMaTopa, MPeJHa3HAUYCHHOTO ISl BKIIIOYEHHS B
Tpex(asHyio IpyIIy, COSAMHEHHYIO B 3Be3ny, — 310 U/V3. TIpn paGote
TpaHcdopmaTopa Mo Harpy3Koi M MOABEACHUH K 32)KUMaM ero MepBhY-
HOW OOMOTKHM HOMHHAJIBHOTO HANpsHKEHUS HA BTOPHYHOH OOMOTKE Ha-
NpsOKEHUE MEHbIIE HOMHUHAIBHOTO HA BEJMYWHY MOTEPH HAPSOIKEHUS B
tparcdopmarope. Koadpdumment tpanchopmaruu tpaHcpopmaropa #
OIpeAeNseTcs OTHOIICHHEM HOMUHAJIBHBIX HAaNpsHKEHHH OOMOTOK BBIC-
LIEr0 ¥ HU3LIETO HAIPSKEHUH.

B TpexoOMoTouHBIX TpaHC(hOpMaTopax ompenensercs KodpQuiu-
eHT TpaHchopMaluK Kaxaoi napel oomorox: BH u HH; BH v CH;, CH u
HH.

Homunanvuvimu moxamu tpanchopmaropa Ha3bIBAIOTCS YKa3aHHEBIC
B 3aBOJICKOM IaclOpTE 3HAY€HHsI TOKOB B OOMOTKax, IPH KOTOPBIX JO-
MmycKaeTcs JJIMTeNIbHAS HOpMalibHas paboTa TpaHcdopmaropa.

HoMuHansHBIH TOK J1F0060# 00MOTKH TpaHchopMaTopa OImpeaesoT
M0 €€ HOMUHAJILHON MOIIHOCTH U HOMHHAIBHOMY HAIPSHKEHUIO.
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Hanpsowcenue kopomxozo 3amwikanus U,, — 3TO HaNpsDKEHUE, MPH
MOJIBEJICHUH KOTOPOTO K OJHOM M3 00MOTOK TpaHc(opMaropa mpu 3aMK-
HYTOH HaKOPOTKO APYTroi OOMOTKE B HEH MPOXOIUT TOK, PaBHBIN HOMH-
HAJIBHOMY.

Hanpspxkenue K3 ompenensioT Mo MajJeHUI0 HAMPsDKEHUSI B TpaHC-
¢dopMaTope, OHO XapaKTepH3yeT IIOJHOE COMPOTUBICHHE OOMOTOK
Tpanchopmaropa.

B tpexobMoTouHbIX TpaHchopMaTopax Hamnpsbkerue K3 ompenerns-
eTCs 715 JI'o00i Maphel ero 0OMOTOK IPU Pa30MKHYTOH TPETheil 0OMOTKE.
Takum oOpa3oM, B KaTalorax MPWUBOAATCSA TPU 3HAYCHHUS HAIPSDKEHUS
K3:Uxs BH-HH, Uxs BH-HH ,Ux3 CH-HH.

VYBenuuuBas 3HaueHue Uxs, MOKHO yMeHbIIUTH TOKH K3 Ha BTO-
PUYHOH cTOpOoHE TpaHchopMaTopa, HO MPU STOM 3HAYUTEIHHO YBEITHIH-
BaeTCsl MOTpedisieMasl peakTHBHAS MOIHOCTh W YBEIHYUBAETCS CTOH-
MOCTB TPaHC(HOPMAaTOPOB.

TpexoOMoTOUHBIC TPpaHCHOPMATOPBI MOTYT UMETh /1B MCIIOJIHEHUS
o 3HadeHuio Uk3 B 3aBHCHMOCTH OT B3aWMHOTO PACHOJIOXKEHHSI 00MO-
ToK. Eciin odMoTka HH pacrioyiokeHa y CTep)KHS MarHUTONPOBOA, 00-
MoTka BH — cHapyxu, a oOMoTka CH — MEeXIy HUMH, TO HauOOJbIIee
snauenue nmmeer Uxkz BH-HH, a menbiuee 3Hadenue — Uxz BH-CH. B
3TOM Cllydae TIOTEepPH HAMpPSKEHUS 1O OTHOMEHWI0 K BeiBogam CH
ymeHsbiatcs, a Tok K3 B cetm HH Oynet orpanuyeH Onaropaps moBbl-
menHomy 3Hadennto Uxz BH-HH.

Ecmn o6motka CH pacrionio’keHa y CTepKHS MarHUTOIIPOBO/IA, 00-
Motka BH — cHapyxu, a oOMoTka HH — MeXIly HUMH, TO HauOoJbliee
3Hadyenue umeer Uxz BH-CH, a menbiiee — Uxz BH-HH. 3nauenne Uxs
BH-CH ocrtaHeTcst OUHAKOBBIM B O00MX UCITOTHEHUSIX.

Tox xonocmoeo xo0a lx XapakTepu3yeT aKTHBHBIE M PEaKTHBHBIC
MOTEPU B CTAJU U 3aBHCHUT OT MAarHUTHBIX CBONCTB CTalld, KOHCTPYKITUU
W KadecTBa COOPKM MAarHWTONPOBOJA U OT MarHUTHOW WHIYKIMH. TOK
XOJIOCTOTO XO0Jia BBEIPAXKAeTCs B MPOIEHTAX HOMHHAIBLHOTO TOKa TPaHC-
¢dopmaropa. B coBpeMeHHBIX TpaHchopMaTopax ¢ XOJIOTHOKATAHOU CTa-
JIBIO0 TOKH XOJIOCTOTO XOJ]a UMEIOT HEOOJIbIITNE 3HAUCHMSL.

THomepu xonocmoeo xooa Px u kopomkozo 3amvikanus Pxs onpene-
JIIIOT 3KOHOMHYHOCTH paboThl TpaHchopmartopa. [lorepu xojiocToro
X0J1a COCTOSIT U3 TIOTEPh CTAJIA HA MTePEeMarHMINBaHUE U BUXPEBBIC TOKH.
Jns ux yMmeHbIIeHHs] PUMEHSIOTCS 3JIEKTPOTEXHUYECKAasl CTajib C Ma-
JBIM COJEP’KaHUEM YIJIEpOoJa U CHEUUANTbHBIMU MPUCAAKAMU, XOJIOJHO-
kartaHas ctans TommuHOW 0,3 Mm mapox 3405, 3406 wm apyrux
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C KAPOCTOUKMM H3OJISIIIMOHHBIM MOKpPBITHEM. B cripaBouHMKax M KaTa-
Jorax MpUBOIATCA 3HaueHust P, nnsa ypoBHe 4 u b. YpoBeHb A OTHO-
cuTCs K TpaHc(opmaropam, W3TOTOBICHHBIM W3 AIIEKTPOTEXHHYECKOU
CTalM ¢ yAETbHBIMH moTepsMu He Oomee 0,9 Br/kr, ypoBeHb A — c
yaenbHBIMHU TOTepsiMu He 6onee 1,1 Br/kr (pu B = 1,5Tn, f= 50 T'my).

Ilomepu kopomko2o 3amvlkaHus COCTOAT W3 TOTEPh B OOMOTKaxX
MIPH MIPOTEKAaHWU TI0 HUM TOKOB HArpy3KH ¥ T00ABOYHBIX MOTEPHh B 00-
MOTKaX U KOHCTPYKIUSX TpaHcpopmaropa. JlobaBouHbIE MOTEPH BhI3BA-
Hbl MarHUTHBIMH TIOJISIMU PAaCCESHUsS, CO3JAIONIMMH BUXPEBBIC TOKU B
KpaHUX BHUTKaX OOMOTKH W KOHCTPYKIHSAX TpaHchopmaTopa (CTECHKH
Oaxa, IpMOBBIC OaJIK¥ | JIp.). J{J1s1 MX CHUKEHUST OOMOTKH BBITOTHSIOTCS
MHOTOKWJIBHBIM TPaHCTIOHUPOBAHHBIM MPOBOJIOM, a CTCHKH 0Oaka JKpa-
HUPYIOTCS MATHUTHBIMY IITyHTaMHU.

B coBpeMeHHBIX KOHCTPYKIHAX TPaHCHOPMATOPOB MOTEPH 3HAUH-
TEJIBHO CHIDKEHBI. Hanpumep, B TpaHcopmarope MOIIHOCTHIO
250 000 xBA npu U = 110 kB (Px = 200 kBT, Px3 =190 kBT), paboTato-
meM Kpyraelid o1 (Tmax = 6300 4), moTepu 3IIEKTPOIHEPTHH COCTaBSIT
0,43% 5neKTpO’HEpPruM, MPOMYIICHHONH uepe3 TpaHchopmartop. Yem
MEHBIIIC MOIIHOCTH TpaHc(opMaTopa, TeM OOJIbIIE OTHOCUTEIbHBIE T10-
TEpH B HEM.

B ceTsix sHEprocucTeM yCTaHOBIEHO OOINBIIOE KOJMMYECTBO TPAHC-
(hopMaTOpPOB MaJioOl M CpPEAHEH MOIIHOCTH, MO3TOMY OOIIUE MOTEPH
ANIEKTPOIHEPTUU BO BceX TpaHC(hOpMaTopax CTpaHbl 3HAYUTENEHBI U
OYeHb BAXKHO JUIA YKOHOMHH DIIEKTPOIHEPTHH COBEPIICHCTBOBATH KOH-
CTPYKIIUU TPaHC(HOPMATOPOB C IENBIO AAJBHEHINEr0 YMEHBIICHHUS 3HA-
yeHuit Px u Pk3.

A1 B, C,0 A B,C0 A B, G,
j 2y (g 1 By Gy BH 1 8y Gy

3 3 } BH E } E ]
BH BH CH BH v ,

HH gy CH HH,HH, HH HH
N " E 3 2 }_m E } }

4,B,C, 4HB,C 48,60 4 B,C A3B5G

BH

a (1] 2
Puc. 2.2. TlpuHnunuanbHeie CXeMbl COETUHEHHS
00MOTOK TpaHC(HOPMATOPOB:

a — IByXOOMOTOYHOT0; 6 — TPEXOOMOTOYHOTO;

2—C pacmermeHHoﬁ O6MOTKOﬁ HU3KOI'O HAIPAXKECHU
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Cxembl u cpynnul coeOuUHeHUll 00MOMOK MPAHCHopmamopos

OOMOTKH TpaHC(HOPMATOPOB UMEIOT OOBIYHO COCAMHCHUS: 3BE3/1a —
Y, 3Be3/1a C BBIBEICHHOM HENTPAIIBIO — ¥ M TPEYTONBHUK — A.

B tpexdasznoMm TpanchopmaTope MPUMEHEHHEM Pas3HBIX CIIOCOO0B
COETMHEHN 0OMOTOK MOXKHO 00pa30BaTh ABEHAIIATH PA3IMIHBIX TPYIIT
COCITMHECHMIA, TPUYEM MIPHU CXeMaX COCIIMHEHMS 0OMOTOK 3Be3/1a — 3Be3/1a
MbI MOXKEM IIOJY4YHUTh JII00YI0 deTHyro rpymmy (2, 4, 6, 8, 10, 0), a npu
CXEMe «3Be3fla — TPEYTOIBHUKY» WIH «TPEYTOIBFHUK — 3BE3/1a» — JIIO0YI0
Heuetnyro rpynny (1, 3,5,7,9, 11).

I'pymnribl coenMHEHUH yKa3bIBAIOTCS CIIPaBa OT 3HAKOB CXEM COCJIH-
HeHus 00MoToK. Tparcdopmarops! o puc. 2.2 UMEIOT CXEMBI U TPYIIITHI
coenmHeHns oomortok: Y/A -11; ¥ /¥/A-0-11; Y/A /A -11-11.

CoennHeHNE B «3Be3/1y» OOMOTKH BH TO3BOISIET BBHITIOTHUTH BHYT-
PEHHIOI0 M30JIALINI0 U3 pacyeTa dasuoit I/[C, T.e. B V3 pa3 MEHbIIIE JIH-
Herinoit. OOMoTkn HH TpenMyIIecTBEHHO COCOHHSIOTCS B «TPEYTONb-
HUK», YTO TO3BOJISICT YMCHBIIUTh CCYCHHE OOMOTKH, PacCUMTaB e¢ Ha
asmbiit Tok 1/V3. Kpome Toro, npu coeiiHEHUH 0OMOTKH TpaHcdopma-
TOpa B «TPEYTOJIbHUK» CO3[AeTCS 3aMKHYTBIA KOHTYp JJISi TOKOB BBIC-
IIMX TapPMOHMK, KPaTHBIX TPEM, KOTOPHIC IPU 3TOM HE BBIXOIAT BO
BHEIIIHIOK CETh, BCJCACTBUE YETO YIIYUIIACTCS CUMMETPHS HAIPSHKEHUS
Ha Harpy3Ke.

CoennHeHne 0OMOTOK B «3BE3/1y» C BBIBEICHHON HYJIEBOW TOUKOMH
MPUMEHSETCS B TOM CJIy4ae, KOrja HeWTpalib OOMOTKH JIOJDKHA OBITh 3a-
3emiieHa. DddexTuBHOE 3a3emieHne Heilitpanu ooMoTok BH 00s3aTens-
HO B TpaHchopmaTopax 330 kB u BeIIle U BO BCeX aBTOTPAHCHOPMATO-
pax. Cuctremsr 110, 150 u 220 kB Taxke pabotaroT ¢ 3h(heKTUBHO 3a-
3eMJIEHHOW HEWTpallblo, OAHAKO ISl YMEHBIICHHS TOKOB OJHO(a3HOTO
K3 wmeiitpanu wactu TpaHCHOPMATOPOB MOTYT OBITh pa33eMiieHBI. Tak
KaK M30JISIUS HYJICBBIX BBIBOJIOB OOBIYHO HE PACCUUTHIBACTCS Ha TIOJTHOE
HaNpsHKEHUE, TO B PKUME pa33eMIICHUS HEUTPaId HEOOXO0IMMO CHU3UTh
BO3MOJXKHBIE TEPEHANPSDKCHUS MyTeM MPUCOSAMHEHUS OTpaHHYUTeNeH
MIEpEeHAIPsDKEHUH K HYJIEBOHM TOUKe TpaHcdopmaropa.

Pestcumul pabomul mpancghopmamopoe

Pexxum paboThl cuitoBoro TpaHcgopMaTopa ONpenessieTcs ero Ha-
rpy3KOH, HaNpsDKEHHEM Ha OOMOTKaxX, TeMIepaTypoi macia, OOMOTOK,
YCIIOBUSIMH OKPYXArlOIIeW Cpeasl W IPYTMMH TapaMeTpaMu. MOKHO
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BBIJICJIUTH TPH pekuMa paboThl TpaHcHOpMATOpa: HOPMATbHYIU Pedlcum
pabomel, pedxcum nepezpy3Kku U a6apuiiHblll PeNCUM.

Hopmanenoiii pestcum paboThl XapakTepusyeTcs ycIoBusSMHU (pado-
YUMU TTapaMeTpaMH ), TIPH KOTOPBIX TpaHC(HOPMATOP MOXKET IIPopadoTaTh
BECh rapaHTHPOBAHHBII 3aBOJOM-U3rOTOBUTEIEM CPOK CiykObl. K HOp-
MaQJIBHOMY PEXHMY OTHOCATCS CIEIYIOIINE PEKUMBbl: HOMUHAIBHBINA pe-
JKHUM, PEKHUM XOJIOCTOT'O X0/1a, PEXUM NapaylieIbHO paboTel U 1p.

HomunaneHbIi pexxum TpanchopMaTopa COOTBETCTBYET €ro padoTe
C HOMUHAJILHBIM HaIpsKeHWEM, HOMHHAIBHOW HArpy3Koi mpu TeMmepa-
Type OKpyKatomieit cpensl (Bo3ayxa) +20 °C. JlaHHBIA PEeXUM SIBIIETCS
U/IeaTN3UPOBAHHBIM.

HopmaneHbiit Harpyzounsli pesxuMm. [Ipaktudeckun mpu padote
TpaHcopMaTopa €ro mapaMeTpbl OTKIOHSIOTCS OT HOMHHAJIBbHBIX, TH
OTKJIOHEHHS B HOPMAJbHOM DPEXHME JISKaT B Ipenenax JOMyCTUMBIX
CTaHJapTaMH, TEXHUYECKUMH YCIOBHUSMHU H JPYTUMH HOPMATUBHBIMH
JOKYMECHTaMH.

Pexxum xomocToro xona xapakrepusyercs paboToi TpaHcopmaro-
pa 6e3 Harpy3ku. C TOUKH 3pEeHUS SKCIUTyaTalli JaHHBIA PEXUM SIBIISI-
€TCsl HeXKeJaTeNbHbIM, TaK KaK CBSI3aH C HEMPOM3BOJCTBEHHBIMU PACXO-
JaMH 3JICKTPOIHEPI HH.

Pexum napasensHOi paboThl TpaHCHOPMATOPOB JOMYCKAETCS MPH
YCIIOBUH, YTO HU OAWMH M3 HUX HE OyAeT meperpykeH. ITO JOCTUTaeTCs
npy COOJIIOJICHNH CIICAYIOIMX YCJIOBHI: IPyNIbl COeIMHEHUH 0OMOTOK
TpaHchopMaTopa AOJKHBI OBITH OJWHAKOBBL, KO3((GHUIMEHTH TpaHC-
(dopMaIui He JOJDKHBI OTM4aThes Oonee yeM Ha 0,5%; cooTHoIIEHME
HOMHWHAIIBHBIX MOIIHOCTEH TpaHchopMaTopoB NOKHO OBITH He Oolee
1:3; HampspKeHHUsT KOPOTKOTO 3aMBIKaHUS JOJDKHBI OTJIMYATHCS He Ooree
yeM Ha 10%; 10JDKHA OBITH BBITIOJIHEHA (ha3upOBKa TPaHC(HOPMATOPOR.

Pesxcum nepeepysku xapaxkTepusyeTcs OTKJIOHEHHEM IapaMeTpoB
TpaHcopmaropa (Harpyska, TeMIepaTypa) 3a npeesbl, yCTAaHOBJICHHbIE
HOPMAaTUBHBIMH JJOKYMEHTaMH AJIi HOPMaJIBHOTO HAarpy304HOTO PEXH-
Ma. Ilpun mmrtensHOM paboTe TpaHchopMmaTopa B PEXHME MEPETPY3KH
NPOMCXOAMT COKpaIlleHHe Cpoka ero ciayxOsl. Ileperpyska Tpancdopma-
TOpa MOXXET OBITh CHCTEMAaTHUECKOW, BBI3BAHHOH CYTOUYHBIMH HM3MEHeE-
HUSIMH TPa(UKOB HATPy3KH, W aBapUHHOW, BHI3BAHHOW aBapUIHBIM OT-
KIIIOYEHUEM KaKOTrO-JIMOO DJIEMEHTa CHUCTEMBI JJIeKTpocHaOxeHus. Pe-
UM Teperpy3ku TpaHcdopmaTopa JOMYyCKAeTCsl CTaHIapTaMH U TEXHU-
YECKHMMHU YCIOBHSMH B TeueHMHM onpeaeneHHoro Bpemenu (I'OCT
14209-97).
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Aesaputinwiii pesicum pabOTBI TpaHCPoOpMaTopa CBsi3aH CO 3HAUH-
TEJIbHBIMU OTKJIOHEHHUSIMHU TapaMeTpoB TpaHchopmaropa 0T HOMUHAIb-
HBIX 3HaueHui. PaboTa Tpanchopmaropa B JTaHHOM PEXHUME HEIOMyCTHU-
Ma, TaK KaK MOXET IPUBECTH K €ro 3HAYUTEIbHBIM IOBPEKACHUSIM.
ABapuiHBIH peXuM Pa0dOTBI MOXKET OBITh CBS3aH C BHYTPEHHHUMH IIO-
BPEKACHUSIMH B TPaHC(HOPMATOPE WM C BHEIIHUMH MOBPEKICHUSIMU B
cucreme 3eKTpocHaOxeHus. [Ipu3HakaMu BOSHUKHOBEHUS aBapUIHOTO
peKuMa CBA3aHHOTO C BHYTPEHHUMU MOBPEXICHUSIMUA MOXKET OBITH!

¢ CHJIbHBIM 1 HEpaBHOMEPHBIH IIyM WIJIM HOTPECKMBaHHUE BHYTpH Oa-
Ka TpaHchopmaTopa;

e IOBBILICHHBIA HAarpeB TpaHcPOpMaTopa MpH Harpys3Ke, He MPeBbI-
nraronieli HOMHHAIBHYIO M HOPMaNbHOW paboTe OXJIaXAAloMmHUX YCT-
POMCTB;

e BEIOpOC Maciia U3 PacIIMpUTEIIs WK Pa3phlB AuadparMbl BEIXJION-
HOU TpYOBI;

¢ TeYb MAacjia WIH YMEHBIICHHE YPOBHS Maciia HUKE YPOBHS Maciio-
MEPHOTO CTEKJIa B pacIIMpUTEIe.

ABapuilHBIN pexXUM, CBA3aHHBIM ¢ BHYTPEHHUMHU MOBPEXJIECHUSIMHU
TpaHchopMaTopa, Kak MpaBHiIO, OTKIIOYAETCs ra30Boil win auddepeH-
UAJIBHOM 3allUTaMHU.

ABapUiiHBIN PEXUM, CBA3aHHBIN C BHEIIHUMHU MOBPEKICHUSIMU, KAK
MPaBUIIO, XapaKTepU3yeTcs 3HAUYMTEIbHBIM YBEIMUYEHHEM TOKa TpaHC-
¢dopmaropa 1 OTKIIOYAETCS MAKCUMAJIbHONH TOKOBOH 3aLUTOM.

3ananus
. U3yunTth Ha3HAYCHUE U KIACCUPHKAIIMIO TPaHCHOPMATOPOB.
. I3y4nTh CXEMBI U TPYIIBI COSAMHEHUH 0OMOTOK TpaHCHOPMATOPOB.
. 3yuuTh pexumbl paboThl TPAaHC(HOPMATOPOB.

WN -

KouTpoabHble Bonpochl
. OCHOBHEIE MTapaMeTpbl TpaHcHOpMaTopa.
. e npumensitorcest ogHO(a3Hble TpaHCHOPMATOPHI?
. Kak onpenensitor nanpspkenue K37
. [lepeunciute rpymibl COSAMHEHNs 0OMOTOK TpaHChopMaTopa.
. HazoBuTe pexxumbl paboThl TpaHCHOPMATOPOB.
. HazoBute npuumHbl BOZHUKHOBEHHS aBAPUIHBIX PEKUMOB PabOTEHI
TpaHcdopmaTopa.

OOUThWN -
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3ansrtue 3. Bkiouyenue TpaHcopmMaTopoB
HA Mapa/uleJbHYI0 padoTy

Iesab 3aHATHA: U3YYUTH YCIOBHS BKIIOYCHHS TPaHC(HOPMATOPOB Ha Iia-
paJuienbHyto paboTy.

[Ton mapannensHOW PabOTON IBYXOOMOTOYHBIX TpaHC(HOPMAaTOpOB
MMOHUMAETCsl paboTa TpaHCHOPMATOPOB (IBYX, TPEX WM Oojiee) MpH Ia-
paIIENbHOM COeTMHEHNH KaK MIEPBUYHBIX, TAK H BTOPUIHBIX 0OMOTOK.

[MapannensHas pabota TpaHchOpMaTopoB, T.€. BKIIOYCHHE HUX Ha
OJIHM cOOpHBIE IUHBI BbICOKOTO HanpspkeHus (BH) u Huzkoro Hampsike-
uus (HH) HeoOxonmMa B crieAyrommx cirydasx:

- PE3KHil POCT HArpy3KH, KOTopast B OyvkHeM OyaymieM OyneT mpe-
BOCXOJHUTH (OO YK€ MPEBOCXOIUT) MOIIHOCTH 1-r0 paboTaromero
Tparcdopmaropa;

- HeJlo4eT MecTa (BBICOTHI, IIMPUHBI) MOXKET HE TTO3BOJIUTH YCTAHO-
BUTH OJIMH OOJBIION TpaHchopMaTop, HO MOKHO PAaCIIOJIOKUTH JBa Ma-
JICHBKUX W BKIIIOUYMTDH HMX B IIapalljICiib.

[TapammenpHas paboTa HECKONBKHUX TPAHC(POPMATOPOB HMEET P
CIIETYIOINNX TEXHUYECKUX M 3KOHOMHUYECKUX MPEUMYIIECTB 10 CpaBHE-
HUIO ¢ PadOTOH OIHOTO MOLIHOTO TpaHCchOopMaTopa:

- HaJIe)KHOCTh CHAOKEHHS TTOTPEOHTENIeH SJEKTPOIHEPTHEH, TaK KakK
BBIXOJI M3 CTPOsI OJTHOTO U3 TPpaHC(HOPMATOPOB HE JUIIAET OTpeOuTeNnei
sHepruu. Harpyska BBIOBIBILIETO TpaHCPOPMATOpPa MOXKET OBITH BpEMEH-
HO MPHHATA MOJHOCTHIO MJIM YaCTUYHO OCTABIIMMHUCS TpaHc(opmaropa-
MU;

- pe3epBHAas MOIHOCTh TPAaHCPOPMATOPOB IMPH HX MAPAIIICITHLHOM
BKIJIFOUCHHUH 6y,[[eT 3HAYHUTECIBHO MeHBHIefI, 4YeM IIpU NUTAHUN HOTpe6I/I-
TeJel OT OJTHOTO MOIIHOTO TpaHc(opmarTopa;

- B MIEPUO/IbI CHIDKEHUS HArPYy30K (B TEYEHHE CYTOK WIIM BECEHHETO
W JIETHETO CE30HAa) B DHEPreTHYECKUX CHCTEMAaX — Ha TIOBBIIIAIONIUX, TO-
HIDKAOIIUX WIA Ha PAOHHBIX TPaHC(HOPMATOPHBIX TMOJCTAHIHUAX, —
YyacTh TpaHC(HOPMaTOPOB MOXKET OBITH OTKIIOUEHA, YTO obecreunT Oosee
3KOHOMMYHBIN PEXKUM pa6OTI)I MMOACTaHIIMHU 3a CHET YMCHBIICHHUS IIOTEPh
XOJIOCTOTO X0Jla TpaHc(hOPMATOPOB M UX 3arpy3Kd Ha MaKCHUMAaJbHBIN
KIIZ;

- MOCTENEHHOE pa3BUTHE MOAcCTaHUMM. [Ipy NOAKIIOYEHUH HOBBIX
norpeduTenel AMeKTPUIECKON DHEPTUH YBEITUUEHIE TPaHCPOPMATOPHOIM
MOIIHOCTH MOKET OBITh BBIINOJIHEHO JONOJIHUTENBFHBIM BKIIIOUEHHUEM
OJTHOT'O MJTM HECKOJIBKMX TpaHCc(OpMaTOpOB Ha MapajuiebHyIo paboTy.
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Puc. 3.1. Cxema BKITIOUeHHUS TpaHC(POPMATOPOB Ha MApalICIbHYI0 paboTy

VYcnoBus BKIIOUEHHS TPAaHC()OPMATOPOB HA apajUIeIbHYI0 padoTy:

1. CdasupoBanHOCTh TpaHC(HOPMATOPOB, B MPOTUBHOM CIIydae
MPOM30HAET KOPOTKOEe 3amblkaHue. DazupoBKa BHIMOJHSETCS IMPH II0-
MOILIM LieNed BTOPHMYHOro HampspkeHus. Da3upoBka TpaHcopmaTopa
oOycraBiMBaeT coriiacoBanue (pa3 Bcex paboUYnX 3JEeMEHTOB AIIEKTpUYe-
CKOM IETIH CO CTOPOHBI BEICOKOT'O M HU3KOTO HAMPSIKEHHS.

2. HanpspkeHust Ha TEpBHYHBIX M BTOPUYHBIX OOMOTKax 00OMX
TpaHchOpPMaTOPOB AOJLKHBI UMETh PABHOE 3HAUCHHE.

3. HampspkeHnss KOPOTKOTO 3aMbIKaHWsi 000MX TpaHCHOPMATOPOB
JIOJDKHBI OBITh TaK)Ke paBHbBI, MAKCHMaJIbHAs pa3HHIlA B OTHOIICHUW Ha-
npsbKeHust Kopotkoro 3ambikanust (Uk.3) He 1o/mkHa npesbimats 10%.

4. I'pynnsl coelMHEHUH OOMOTOK JIOJDKHBI COOTBETCTBOBATH JPYT
JPYTy U OBITH OJJMHAKOBBIMH.

5. MomHuocTh 000uX TpaHC(HOPMATOPOB HE JODKHA OBITH pa3iN4-
Hol Oosee yeM B 3 pasa, eciM 3TO yCJIOBUE HE BbLAEP)KAHO TpaHc(opMma-
TOp C MEHBIICH MOIIHOCTBIO OYIET MEpErpyKeH.

Dazuposxa mpexgaznvix mpanchopmamopos
npu GKIIOYEHUU UX HA NAPAJINETILHYIO PADOmy

®da3upoBka MpeaycMaTpUBaeT NPOBEPKY CHUMMETPHH BTOPUYHBIX
OJ1C kaxzaoro tpanchopMaTopa M, KaK MPaBUIIO, BBIMTOJHACTCS HA HU3-
ieM HarnpspkeHuu TpaHcdopmatopoB. Ha oOMOTKax HampspKEHUEM JI0
1000 B ¢ha3upoBka MpoBOIUTCST BOJIETMETPOM Ha COOTBETCTBYIOIICE Ha-
NpsDKEHHUE.
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s mosryyeHus: 3aMKHYTOTO 3JIEKTPHYECKOT0 KOHTYpa MPH BBIMOJI-
HEHWU M3MEpeHui, GazupyeMbie OOMOTKH CIIEAYET HpEeABaAPUTEIBHO CO-
eJIMHATH B OJTHOW TOYKE, Y OOMOTOK C 3a3eMIIEHHOW HEUTpPAaJbI0 TaKOi
TOYKOM SIBJISIETCA COEMHEHUE HENUTpasiell uepes 3eMITio.

Y 00MOTOK C M30JIMPOBaHHOW HEWTpaJbio MepedasupoBKON coenu-
HSIOT JIFOOBIE 1Ba BBIBOAA (ha3upyeMbIX 0OMOTOK.

IIpu da3upoBke TpaHCHOPMATOPOB ¢ 3a3eMIICHHBIMH HEUTpAIIMHU
(puc. 3.2, a) — M3MEPSIOT HANPSHKEHHE MEXKTY BBIBOAOM al M TPeMsl BbI-
BOJIaMU a2, 62, ¢2, 3aTeM MEXKIY BBIBOJIOM 6/ U 3TUMH K€ TPEeMs BHIBO-
JTaM¥, ¥ HAaKOHEeIl MeXTy ¢/ 1 BCE TeMH K€ TPeMs BBIBOJAMH.

ITpu ¢asupoBke TpaHchopMaTOpoB Oe3 3a3eMJICHHBIX HEHTpalei
(puc. 3.2, 6) mocnenoBaTENLHO CTABST MEPEMBIUKY CHayala MEXIy BbI-
BOJaMu a2 — al ¥ U3MEPSIOT HANpsDKeHHE M1y BeiBogamu b2 — bl u
€2 — €1, 3aTeM cTaBsIT MEPEMbBIUKY MEk 1y BbiBogamu b2 — bl u 3amepsrot
HanpsbKeHHe MeXIy BbIBojaMu a2 — al u c¢2 — cl, 1 HaKOHeI] CTaBsT Iie-
PEMBIYKY MEXAY BBIBOJAAMHU c2 — ¢l W 3aMepsIOT HalpsDKEHUE MEXIy
BeIBOHaMH a2 —al u b2 —bl.

Jlis mapaiienbHON paboThl TPaHC(HOPMATOPOB COCTUHSIIOTCS TE BBIBOIBI
MEXIy KOTOPBIMU HET HAIPSKEHUS.

>0
=

o o <
A1 “B1 “ct A2 “2 ¢2 a1 “B1 T a2 “B2 C2
- a2 _b2 ?c2 al <b1 cl a2 b2 c2

L L)
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b1 ] 1
ct 1
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a ]

Puc. 3.2. Cxema azupoBku Tpexda3HbIX TpaHCPOPMATOPOB,
BKJIIOYAEMBIX Ha MapaJlIesIbHyI0 padoTy

Onpedenenue IKOHOMUYECKU UeEeCO0OPA3HO20 YUCaa
napanienbHo 6KII0YEHHBIX MPAHCHOPMamopos

[Ipn HayMuMM Ha MOJICTaHUMM IBYX M Oosiee mapaieabHO pado-
TAIOMIUX TPAHCHOPMATOPOB SKOHOMHYHO BKIIFOUATh B paboTy pasindHoe
KOJIMYECTBO MX B 3aBHCUMOCTH OT rpaduka Harpy3ku. Beibop uncna pa-
OoTaromux TpaHcHOPMATOPOB NPOU3BOAUTCS M3 YCIOBUS MUHHMYyMa
norepb. HauBbIrogHeiee 4ucio BKIIOYEHHBIX TPaHCHOPMATOPOB OII-
PEAETSAIOT C YUETOM aKTUBHBIX M PEAKTUBHBIX IMOTEPh B HUX U B CETH.
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Haunbonee pacrnpocTpaHeHHBIE CXEMbI COSTUHEHHSI OOMOTOK TPaHC-
dhopmaropos mpuBeneHsl Ha pucyHke 3.3. Uucma 11 u 12 o3nauaror
TPYMITBI COSAMHEHUH OOMOTOK — YTIIOBOE CMEIEHHE BEKTOPOB JHHEH-
HBIX HaNpsHKEHUH OOMOTKM HH3IIET0 HANPSHKEHUS MO0 OTHOIICHHIO K
BEKTOpaM JIMHEHHBIX HAMPSHKEHUH OOMOTKH BBICHIETO HAMIPSKCHHUS.

HenomyctuMo mapaiienbHOe BKIIOYCHHE TPaHCHOPMATOPOB 4eT-
HBIX U HEYCTHBIX TPYII COSTUHEHUH, a TaKke TPaHC(HOPMaTOPOB TPYIIIT
12,4 u 8 ¢ tpanchopmaropamu rpynn coorBerctBenHo 6, 10 u 2. Heco-
OJI0ZICHNE STOTO YCIIOBHA B JIy4llleM ciydae (IIpH PacXOoKICHUH BEKTO-
poB HanpspxeHus Ha 30°) BBI3BIBaeT MPOTEKAHNE YPABHUTEIHHBIX TOKOB,
B TPH — ISTH pa3 NPEBBIIIAIONINX HOMHUHAIBHBIE TOKH TpaHchopmaTo-
PoB.

Cxembl coeduwenus odromaok /npe.zwajms/z: dbyxod-
MOmOYH6IZ m,azz//cqm,a/vama,aa

Hanps
Wt I T A A
o gl b f/a//,amfce//wﬁ

HUf MoK HUE
o A B C A
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2be3dac | €7 E g g A A

b618eden- Iy i

< - Y .
HOL HEL T a a /Yo 12

mpanst | ., [E E E t b
x o [l b
A A A "
28esda—~ | 7 /&5 30°
mpeyeons ¢ a Y/ -
HUK p abb e A
c
0A & ¢
Jbesda ¢ | gy . 4
Go18edeH- c g 70°
HOU HEU- [ a Y
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Puc. 3.3. HauGonee pacpocTpaHeHHBIE CXEMBbI COSTUHEHUS
00MOTOK TpaHc(HOpMaTOPOB
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Hebonpmas pasuuna B koddduimentax TpaHCPOpPMALMH MOKET
NPUBECTH K 3HAYMTENbHBIM YpaBHHUTEIBbHBIM ToKaM. Tpanchopmarop c
0oJiee BRICOKAM BTOPHYHBIM HAMpsDKEHUEM OYAET 3arpyKaThCsi OOJbIIIe,
IpUYEM paclpelesieHue Harpy3Kd MexXIy TpaHc(opMaTopaMH 3aBUCHT
0T K03 (HUIHEeHTa MOIITHOCTH HArpy3KH.

IIpu mapamensHON paboTe TpaHcHOPMATOPOB C Pa3TUIHBIMH Ha-
NPSOHKEHNSIMU KOPOTKOTI'O 3aMBIKaHUsI HaIPY3KH PacIpelesstoTcs MEXIy
HUMH TPSAMO TMPOMOPIHMOHATIBHO MX HOMHHAJIBHBIM MOIIHOCTSIM U 00-
PaTHO MPOMOPLHOHAIBHO HAMPSKEHUSIM KOPOTKOTO 3aMbIKaHUSI.

OTHOIIEHNEe HOMHHAIBHBIX MOLIHOCTEN MapajjiebHO BKIIOYEHHBIX
TpaHchopMaTOpoB AOKHO ObITH He Oomee 3:1. DTo TpeboBanue 00Y-
CIIOBJIMBAETCS TEM, YTO MPH OJMHAKOBBIX HANpPSDKEHUAX KOPOTKOTO 3a-
MbIkaHus Uk3 uX cocTaBisdomue — aktuBHas Ua w peaktuBHas Up —
3HAYUTEJIBHO OTJIMYAIOTCS OJHA OT ApYroil. Pasmuuume cocTaBisiomux
OoJiee 3aMeTHO MPU MEHBIINX MOIIHOCTSX TpaHchopmaropos. [pu pas-
JMYUH HANPsDKEHUH KOPOTKOTO 3aMbIKaHus Oojiee yeM Ha +10% pacxo-
xaenue Ua n Up emie 3aMeTHEE, YTO MOXKET BbI3BaTh 3aTPyIHEHUS MPH
napauiebHON paboTe TpaHC(HOPMATOPOB M3-3a MOSBICHHUS YPAaBHUTEIIb-
HBIX TOKOB.

TpancdopMaTopbl MOXXHO BKJIIOYHTH Ha MNapauieIbHYIO pPadoTy
TOJIBKO TIOCNE TIpeiBAapUTENbHON (Pa3sMpPOBKH, OCYILECTBISEMOH 110
OKOHYAaHUH WX MOHTa)Ka WJIM PEMOHTA.

Crenyer OTMETUTh, YTO Ha NMPAKTUKE OTKIIOYEHHE 110 3KOHOMHUYE-
CKUM COOOpaXEHMSM YacTH TpaHc(HOpMAaTOpOB HE JOJDKHO OTPAKATHCS
Ha HaJIS)KHOCTHU JJIEKTpOCcHAOKeHus1 oTpeduteneil. C 3TOW LENbI0 BbI-
BOJIUMBIE B pe3epB TpaHchopMaToOpbl cHAOXKAIOTCsl YCTPOHCTBAMU aBTO-
MaTtudeckoro BBoja pesepsa (ABP). LlenecooOpa3Ho aBTOMaTH3UPOBATh
W CaMH OTIepalliy OTKITIOUSHHS U BKIFOUYEHUs TpaHC(OPMATOPOB IO KO-
HOMHYECKUM cooOpakeHUssM. OJTHAKO, MCXOJs U3 HEOOXOJUMOCTH CO-
KpallleH!sI YUCIa ONEPATUBHBIX MEPEKIIIOYCHUH, YacTOTa BBIBOJA TPAHC-
¢dbopmMaTopoB B pe3epB MO FKOHOMHYECKHM COOOPaXEHUSAM HE JOJDKHA
MPEeBHIIATh 2 — 3 pa3 B CyTKH.

3aganust
1. 3yyuTh yCIOBHUS BKJIFOUEHHUS TpaHCPOPMATOPOB Ha Mapasuiesib-
HYIO paboTy.
2. OnpenennuTh 3KOHOMHYECKH 11€7€CO000pa3HOe YHCIIO Mapajlieib-
HO BKJIFOUYEHHBIX TpaHC(HOPMATOpPOB.
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KoHnTposbHbIe BONPOCHI

1. 3auem BrIIIOYAIOT TpaHc(hOpMaATOPhI B MapaJlIeTbHYIO paboTy?

2. HazoBuTe mpenMyIiecTBa BKIFOUEHHS TPAHCHOPMATOPOB Ha Ta-
paJIeNnbHY0 padoTy.

3. [ouemy B mapasiensHyto paboTy BKIIOYAIOT TPaHC(HOPMATOPHI €
OJIMHAKOBBIM HAINPSDKEHHEM KOPOTKOTO 3aMBIKAHHS?

4. Tlpm Kakux YCJIOBHSAX BO3MOXKHA TapailienbHas pabora TpaHc-
¢dopmaropos?

5. Kak npousBoautcs pa3supoBka TpaHcopmaropa?

6. CKOJIBKO pa3 B JIeHb PEKOMEH/YETCS MPOU3BOJIUTH BBOJ TpaHC-
(hopMaTopoB B pe3epB?

3anstue 4. PeryiupoBanne HanpsikeHUs1 TpancGopMaTopoB

Heap 3aHATHA: U3YYUTh CIIOCOOBI PETYIMPOBaHMS HANpPsDKCHUS Ha
TpaHcdopmaropax.

JIro60ii coBpeMEHHBIN MOTPEOUTENh IEKTPHUECKON dHEPTHUHU (IIpo-
MBIIUICHHOE MPEANPUITHE, KIJIOW J0M) TpeOyeT MOIy4eHUs SIEKTPO-
SHEPTuH B JOCTATOYHOM KOJIMYECTBE M Xopoluero kadectna. Ilog kxaue-
CTBOM 3JIEKTPUYECKON SHEPIUH ITOHUMAETCSl €€ YacToTa, CUMMETPHS U
BEJIMYHMHA TTO/IBOIUMOTO K TTOTPEOUTEIO TpeX(ha3HOTO HAMIPSIKEHHSI.

Jnst skoHOMUYHOM 1 Oe3aBapuitHON paboThl TFOO0TO MOTPEOUTENS
HE00X0IUMO, YTOObI OTKJIOHEHHS! (PAKTHUECKOH BEJIMIMHBI TOJBOJUMOTO
K HEMY HaIlpspKeHUs! ObIITM MUHUMAaJbHBIMUA. Bo BCsIKOM citydae, 3TH OT-
KJIOHEHHUS HE JIOJDKHBI MPEBBIIIATh YCTAHOBIEHHON JUISI JAHHOTO MPHEM-
HHUKa HOpMBL. Takue HOpMbl onpenestores, Hanpumep, I'OCT 13109-67
u «lIpaBmiamu ycTpoiicTBa 37eKTpOoycTaHOBOK» (IIVD) u He MOMKHBI
Hapymatbscs. Tak, I 3IeKTpoABUraTesNell HanpsHKeHHE Ha 3aKMMax He
JOJDKHO OTJIMYATHCSl OT HOMHHAJIBHOTO OoJiee 4yeM B Ipenenax oT —5 110
+10%. Ilpu cHmxeHMH HamnpskeHus, Hanpumep, Ha 10% ymeHbIINTCS
CKOPOCTbH BpAIeHHs JBUTATENS M BO3PACTYT TOKH POTOpPA M CTATOpPa, YTO
MIPHUBEJIET K TIEPErpeBy OOMOTOK ABUTATEINsI U COKPAIIEHUIO CPOKA CITYK-
OBl €ro U30JISIHY.

Becbma 4yBCTBHUTENBHBI K OTKJIOHEHHUSM HANPSIKEHHUSI OCBETUTEINb-
HBI€ YCTAHOBKH, JUII KOTOPBIX IOMYCTHMOE OTKJIOHEHHE HAIPSKEHUS
cocTaBigeT +5% I )KUIBIX IIOMENIEHUH U OT —2,5 10 + 5% mis oO1e-
CTBEHHBIX 3JaHUH U MPOU3BOACTBEHHBIX NoMenleHud. [Ipu noHmwxeHun
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HaNpsDKEHUS PE3KO YXYIIIAETCsl OCBEIIaeMOCTb, a IPH MOBBIMICHUH, Ha-
npumep, Ha 10% cpok cry)ObI JTaMIT COKpaIIaeTcsi IPUMEPHO BTPOE.

JJ1 HEeKOTOPBIX TYTOBBIX MIEKTPOIECUEH CHIDKEHUE HAPSIKCHUS Ha
8% 3acTaBisieT npeKpalaTh MIABKY CTAJIH, T. €. BJISICTCS] aBapUUHBIM.

Takum o0pa3zom, KoneOaHUS HaNpsDKEHHsST TPUBOIAT K 3HAYNTEINb-
HOMY yIiepOy M HY>KHO CTPEMHUTbHCS CAETIATh UX MUHUMaIbHbIMU. OnHa-
KO BBIIIOJIHUTH TO OYEHb HENPOCTO, TaK KaK MPUYMHAMH KoJeOaHU Ha-
NPSOKEHUS SBJISIIOTCS HEM30€KHbIE M3MEHEHUs (BKJIIOYCHHUS! U OTKIIOHE-
HUSI) Harpy3KH ¥ TIEpEMEHHBIE PEKUMBI PabOTHI MOTPeOUTENeH IEeKTPO-
srepruu. KoneOaHus HampspKeHUs SIBISIOTCS B MPHUHLMIIE HEU30EKHbI-
MU, TIOTOMY JJIsI OJACPKaHHs YPOBHS HANPSHKEHUS TIOCTOSHHBIM Tpe-
OyeTcs MOCTOSIHHOE €T0 PeryJupoBaHue.

Cnocoo6wi pecynupoeanus HanpA}ICeHus

Pa3nuuatoT 1Ba crocoba peryyiupoBaHHs HANPSDKEHHS: MECTHOE U
LEHTPAJIM30BaHHOE.

Ilon mecmuviv perylnnpoBaHHEM IHOHHUMAIOT PErYIMPOBAaHHE Ha-
NPsDKEHUS HEMOCPEICTBEHHO Ha MeCTe MOTpeOIeHus, T. €. ero crabuiu-
3aLUI0 HAa 33JaHHOM YPOBHE Y KaXKIIOTO OTIEJIBHOIO MOTpeOuTens (Ha-
npuMep, CTaOMIN3aTOPhl U1 TEJICBU30POB) WM Cpas3y AJsl TPYMIIbI MO-
TpebuTenel (Hampumep, Ui OJHOTO MJIM HECKOJIBKUX TOMOB). B mo-
CJIe/IHEM CITydae B KaKOW-TO TOUYKE CETH YCTaHABIMBAIOT TpaHC(HOPMATOP
C YCTPOHCTBOM MJISl PErYJIMPOBAaHHS HAampsDKEHHs. OTO yCTPOMCTBO
BKJIIOYAIOT, KOT/JIa Y BCEX MOTPEOUTENICH, MUTAEMBIX OT 3TOT0 TpaHC(HOP-
MaTopa, HaJo MOJJIepXKaTh HalpspKeHHE Ha ONpelelIeHHOM ypoBHE (Ha-
npumep, 220 B).

PerynupoBanue HampspkeHHS MOXKET OBITh aBTOMAaTHUECKHM, 0Oe3
OTKITIOYEHUs TpaHchopmaropa ot ceTu. [Ipu 3ToM moTpeduTeNb axe He
YYBCTBYET, YTO B TPaHC(POPMATOPE MPOUCXOIAT KaKHE-TO M3MEHEHHS.
Takoe peryaupoBaHHe HANPSKEHHS HA3bIBAIOT PETyIMPOBAHUEM IIOA
Harpyskoit (PITH). Onnako PITH TpeGyer mpuMeHEHHUs! CIIOKHBIX U J0-
pOTHX TepeKTioYaronmx ycrpoicTtB. [loatomy mms tpancdopmaropon
HEOOJBIION MOITHOCTH YaCTO NMPUMEHSIOT PEryIHpPOBaHUE HANpPsLKEHHS
0e3 BO30yKAeHHs, T. €. IOCIe OTKIIOUEHUS BCEX MX OOMOTOK OT CETH.
OToT crmocod perynupoBaHus cokpaiieHHo HasbiBaroT [1BB (mepekio-
yenue 0e3 Bo30yxaenus). [locne nepexntoueHus TpanchopMaTop BHOBb
BKIIto4aeTca B paboty. Ilpu sTtom cnocobe moTpebutenss Ha Kakoe-TO
BpeMsi BOOOIIe OTKITIOYAr0T OT ceTh. OCOOEHHO HEYyJOOHO 3TO TaMm, IIe
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Harpyska MeHseTcs 4acto. 3ato ycrpoictsa [IBB mpocTsl mo KoHCTpyK-
UM ¥ OTHOCHUTENBHO JICIIEBEI.

Ion yenmpanuzoeannvim PErylInpoBaHUEM IMOHMMAIOT PETYJIHPO-
BaHME HaNpPsDKEHHUs HEIOCPEACTBEHHO Ha IIMHAX I€HEpaTopoB 3JIEKTPO-
CTaHLUI MPH MOMOIIY W3MEHEHHUs UX BO30ykaeHus. LlenTpann3oBaHHoe
PEryIMpOBaHUE OCYLIECTBISIIOT OOBIYHO KAaK «BCTPEYHOE), T. €. TaKUM
00pazoM, 9TOOBI OHO 3apaHee «BCTPEUANIO» KOJIeOaHUs HAMPSKEHUS, BHI-
3BaHHBIC Harpy3koi. Tak, B meprnoJ HauOOIBIINX HArpy30K y reHeparo-
POB MOJHUMAIOT HANpsDKEHHE BbIIE HOMHUHAIBHOTO, YTOOBI KOMIICHCH-
POBaTh MOBBIIICHHBIC IOTEPH HAIPSIKEHUS B CETU M MOAIEPXKATh €T0 y
norpedutenst OJU3KUM K MOMUHAIEHOMY. M1 Ha000OpoT, KOorjaa Harpyska
CHIDKAETCs, YMEHBIIAIOT BO30YXKIEHHE Y TEHEPATOPOB 1 COOTBETCTBEHHO
HanpsDKEHHUE B CETH.

OpHUM U3 CIOCOOOB PEryIMpOBaHUs HANPSDKEHHUS HA IIMHAX MOJ-
CTaHLUM SBJSIETCS TIEPEKIIOYCHUE OTBETBICHHH Ha TpaHCPOpPMAaTOpax.
C 370if 11eTbI0 Y 00MOTOK (KaK MPaBHIIO, BBICIIETO HAMPSHKECHHS, HMEIO-
X MEHBIINI pabounii TOK) TpaHCPOPMATOPOB MPETyCMATPUBAIOTCS
pEryIMpOBOYHBIC OTBETBJICHUS U CIICIMAIbHBIC TIEPEKII0YaTEeIn OTBETB-
JICHWH, TIPY TIOMOIIY KOTOPBIX U3MEHSIOT YUCIO BKIIOUEHHBIX B PadoOTy
BUTKOB, YBEIMUUBAS MW YMEHBIIast KOAGPUITUESHT TpaHC(HOpMAITIH.

Puc. 4.1. Cxema perynupoanus Harpspkenust [I6B
¢ Tpex(}azHBIM MEPEKITIOYATENEM:
1 — HeMOABMKHBIN KOHTAKT; 2 — CETMEHT KOHTAKTHBIN; 3 — BaJl MepeKItoYaTeis

[lepexnroueHne OTBETBICHUH MOXXET MPOUCXOAUTH 0e3 BO30YXkIe-
uust (ITBB), T. e. mocie oTkitOYeHHsT BceX 0OMOTOK OT CETH WJIM IOJT Ha-
rpy3koii (PIIH).
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VYerpoiictBo I1BB no3BomnsieT peryianpoBaTh HamnpsiKeHHE B Mpefe-
nax +5%, s 4ero TpaHcOpMaTOpbl HEOONBIIOH MOIIHOCTH, KpOME
OCHOBHOTO BbIBOJId, MIMEIOT /IBa OTBETBJICHHUSA OT OOMOTKH BBICLIETO Ha-
npsokerus: +5 % u -5 % (puc. 4.1). Eciu tpancdopmarop paboran Ha
OCHOBHOM BbIBOZIe 0 1 HEOOXOTUMO MOBBICUTH HANPsDKEHUE HAa BTOPHUY-
HO#t cropoHe U,, TO, OTKIIOYMB TpaHCchOpMaTOp, MPOU3BOAAT IIEPEKITIO-
YeHHE Ha OTBETBIICHHE — 5%, YMEHbIIAsi TEM CaMbIM YHCIIO BUTKOB.

VYerpoiicteo 1I6B He mo3BONsSEeT peryiaupoBaTh HaIpsDKEHHUE B Te-
YEeHUE CYTOK, TaK KaK 3TO MOTpeOoBasio Obl 4aCTOTO OTKIIOYESHHMS TPaHC-
¢dopmaropa Uil IPOU3BOACTBA MEPEKIIOUEHHUM, YTO IO YCIOBHSM 3KC-
Iulyataiuu npaktudecku Hepomyctumo. O6pruHo [IBB mcmonb3yercs
TOJIBKO /711 CE30HHOT'O PETYJINPOBAHUS HANPSKEHHUS.

> oA

(0]

e

Puc. 4.2. Cxema perynuposanus Hanpsokerust PITH:
Ab — ocHoBHast 06MOTKa; be — cTyneHb Tpy0oil peryaupoBKH;
de — cTyneHu miIaBHOM PEryIHPOBKH

Perynuposanue non narpyskoit (PIIH) mo3Bosser mepexitouaTts OT-
BeTBJIEHUs] 0OMOTKH TpaHc(hopmaropa 0e3 pa3pbiBa LEnH. Y CTPOHCTBO
PITH nmpenycMaTpuBaeT peryjaupoBaHUE HANPSDKEHMS B PA3JIMYHBIX IIpe-
JieNiaX B 3aBUCHMOCTH OT MOIITHOCTH U HaIlpsbKeHus TpaHcopmaTopa (0T
+10 1o 16 % crynensmu npudIU3UTENBHO 110 1,5 %).

PerynmpoBouHbIE CTYNEHHM BBINOJHAIOTCA Ha CTOPOHE BBICOKOTO
HanpsokeHus: (BH), Tak kak MEHBIIHIA 1O 3HAYEHHIO TOK ITO3BOJISIET 00-
JIETYUTh MEPEeKIIIoYarollee yCcTporucTBO. s pacmmpeHus Auana3oHa
perynupoBaHusl 0e3 yBEJIMYEHHUS 4Kciia OTBETBICHUI NMPUMEHSIOT CTY-
NeHH TPy0oit W TOHKOH peryiupoBku (puc. 4.2). Hanbonbmuit ko3ddu-
UEHT TpaHchOpMAIH TOIYYaeTCs, €CI NepeKioyarens // HaxoauTes
B MoJIokeHHH M, a n3buparens M — Ha oTBeTBiIeHUH 6. HamMeHbimii
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Kod(puIMeHT Tpanchopmanuu OyJIeT MpHU MOJIOKCHUHN TEPEKITIOYaTes
I, a m30upatens — Ha oTBeTBIICHNH 1.

[epexoxa ¢ 0THOTO OTBETBIICHHS PETYITHPOBOYHON OOMOTKH Ha JPY-
roe OCYIIECTBISETCS TaK, YTOOBI HE Pa3phlBaTh TOK HArpy3KH W HE 3a-
MBIKaTh HAKOPOTKO BUTKU 3TOH OOMOTKH. DTO JOCTUTAETCS B CIIELUAIb-
HBIX TEPEKII0YAIONINX YCTPOUCTBAX C THPHUCTOPHBIMH IEPEKITI0YATEN s
MH.

Jns perynupoBaHMsl HampsOKEHUs TOJ HAarpy3KOd Ha MOIIHBIX
TpaHcdopMaTopax U aBTOTpaHc(OpPMATOpaxX MPUMEHSIOTCA TaKKe MO-
clIe/IoBaTeNbHBIC peryaupoBouHble TpaHcdopmaropsl (puc. 4.3). OHu
COCTOAT W3 MOCJENOBATENFHOTO TpaHCchopMaTopa 2, KOTOPHIH BBOAUT
nob6aBounyro DJIC B 0CHOBHYIO 0OMOTKY aBTOTpaHcgopmaropa 1, u pe-
TYJIUPOBOYHOTO aBTOTpaHchopmaTopa 3, koTopsiid MeHsieT 3Ty DC. C
MOMOIIBI0 TAKUX TPAHCHOPMATOPOB MOXKHO H3MEHATH HE TOJBKO Ha-
npsbkeHre (MpoJIoJbHOE PEryIupoBaHue), HO U ero ¢a3zy (MornepeyHoe
perynupoBaHue). YCTPOHCTBO TakuX TpaHC(HOPMATOPOB 3HAYUTEIHHO
cioxHee, yeM PITH, nostoMy OHU 1OpOXkKeE U NPUMEHEHHUE UX OFpaHHYe-
HO.

Puc. 4.3. Cxema BKIIIOUEHUS [TOCIIEA0BATEIFHOTO PETYIINPOBOYHOTO
TpaHcdopmaropa B 1enb Tpanchopmaropa

Saganus

1. U3yuuTh Ha3HAYEHHE, KOHCTPYKLHMIO U MPUHLUI JACUCTBUS PEryIs-
TOpa HaNpPsHKCHUS.
2. VI3y4uTh CXeMBI OAKITIOYEHHSI PETYISATOPA HAIPSDKEHHS.

27



KoHnTposbHbIE BONPOCHI

1. Tlepeuncaure criocoObl peryTMPOBAHUS HAIPSHKEHUSL.

2. OnummTe crocoObl MECTHOTO PETyIHMPOBAHUS HATIPSKCHHUS.

3. OnummTe crnocoObl LEHTPANTU30BAaHHOTO PETYIMPOBAHMS HAMPS-
JKEHUSL.

4. HazoBute mpenmyllecTBa peryJupoBaHUs HAIPsDKEHUs 07 Ha-
TPY3KO.

3aunstue 5. OTka3sl 1 coou B padote TpaHchopMaTOpoOB

Lesan 3aHATHSA: U3yYUTHh OCHOBHBIC MPUYUHEBI COOS M HEIOJAIOK B TPAHC-
dhopmatope.

Bo BpeMst SkcIuTyaTaruy He UCKIIIOYCHO BOSHUKHOBEHUE Pa3IMYHO-
ro poaa AeeKTOB M HEMOoJaI0K TpaHC(HOpMaTOpOB, B Pa3HOM CTENeHH
oTpakarIuxcs Ha ux padote. C OHUMHU HEMOJIaAKaMH TpaHC(HOpPMaTO-
pBl MOTYT JUTMTEIILHO OCTAaBaThCs B paboTe, MpU IPYyruX HeOOXOAUM He-
MEJJICHHBIA BBIBOJI UX M3 PabOThl. B KaxkIoM ciy4ae BO3MOXHOCTh
JanpHeWel paboThl OmpeeseTcsl XapakTepoM MoBpexkaeHus. Heore-
pPaTUBHOCTH MEpPCOHANa, HECBOCBPEMEHHOE MPHUHATHE MeEp, HAINpPaBJICH-
HBIX Ha YCTPaHCHHE MOPON HE3HAYUTENLHBIX JE(EKTOB, MPUBOJAT K aBa-
PHUIHBIM OTKIFOUEHHSIM TPpaHC(HOPMATOPOB.

[Tpu4KHBI MOBPEXKICHUN 3aKIIOYAIOTCS B HEYIOBJICTBOPHUTEILHBIX
YCIOBUAX JKCIUTyaTal[iH, HEKAYeCTBEHHOM PEMOHTE M MOHTa)XE TpaHC-
¢dopmaropoB. Hemanyro posib UrparoT AeeKThl OTACTBHBIX 3JIEMEHTOB
KOHCTPYKIIUH COBPEMEHHBIX TPaHC(HOPMATOPOB, IPUMEHEHHE HEI0CTa-
TOYHO BBICOKOT'O KaueCcTBa U30JSIIIMOHHBIX MATEPHAIIOB.

TUIUYHBIMUA IPUYUHAMH SIBIISIOTCS TMOBPEKICHHS HU30JISIIIUHU, Mar-
HUTOTIPOBOJIOB, TEPEKITIOYAIONINX YCTPOWCTB, OTBOIOB, MAacCIOHAIOJI-
HEHHBIX U (hapPOPOBBIX BBOJIOB.

IHoepesrcoenue uzonayuu

B MOCJICAHUE TOAbl YYACTHIIUCh ITOBPCKIACHUA 00MOTOK CTaphbIX
TpaHc(hOPMATOPOB, MMEIOIINX XaPAKTEPHbIE KOHCTPYKTUBHBIE E€(EKTHI.
OTkassl TpaHCPOPMATOPOB, CBA3aHHBIE C HAPYIIEHHEM H30JSLHMU U T10-
BPEXJICHUSIMA 0OMOTOK, COCTABISIOT 22 % 0OIIero KOMM4ecTBa 0TKa30B.
['maBHast M30JSIIUS YacTO MOBPEXKIACTCS M3-3a HApPYIICHHS €€ JJIEeKTPH-
YECKOM MPOYHOCTH NPH YBIAKHEHHH, & TaKXKe NPH HATUUUS MEIKHUX
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u3bsHOB. B TpaHnchopmaTope 110 kB moBpexkieHUs CBS3BIBAIOT C MOSB-
JIEHHMEM TaK Ha3bIBAEMOM «IIOJ3YIIETO pa3psAna» MpeaCTaBIIAIOLIETO CO-
00l IOCTEeNeHHOE pa3pyLlIEeHHE H30JIALUM MECTHBIMH paspslaMHu, pac-
IPOCTPAHSAIOLIMMUCS 10 MOBEPXHOCTH AMINIEKTPHUKA TOA ACHCTBHEM pa-
Oouero HampspkeHHs. Ha MOBEpXHOCTH M30JSLMH MOSBISIETCS CETKa TO-
KONPOBOAALIMX KaHanoM. IIpu sToM cokpaiaercs: pacyeTHbIA M30JILHU-
OHHBIH NPOMEXYTOK, YTO ¥ BEAET K MPOOO0I0 M30JSLMU ¢ 00pa30BaHUEM
MOIITHOM IyTH BHYTpHU OaKa.

K uMHTEeHCHBHOMY TEIJIOBOMY HW3HOCY BUTKOBOW M3OJISALIMU TPUBO-
IUT HaOyxaHWe AOIOJHUTENBHON H30JSIIMU KAaTyIIeK M CBS3aHHOE C
3TUM MpEKpaLeHNe TUPKYISIIUK Maclia 13-3a YaCTUYHOTO WJIH TOJIHOTO
MIEPEKPBITHS MACJIIHBIX KaHAJIOB.

Mexanuueckue TOBpEXIEHHUSI BUTKOBOH M30JISAIMM HEPEIKO IMPOUC-
XOIAT MpU KOpOTKOM 3amMbikaHuu (K3) Bo BHEIIHEH 371eKTPUYECKOi ceTH
¥ HEJOCTAaTOYHOHN AIEKTPOIMHAMIYECKON CTOHKOCTH TPaHC(POPMATOPOB,
YTO SBJSIETCS PE3yIbTaTOM OCTIa0NeHUs YCUIIHIA 3aIIPECCOBKHA OOMOTOK.

MarauTonpoBosl MOBPEXKAAIOTCA H3-3a IeperpeBa BCIEJCTBHE
paspyLICHUs JIAKOBOM MJICHKHA MEXKAY JUCTAaMH U CIICKaHWs JIUCTOB CTa-
T, TIPY HapYIIEHUH M30JIIUU MPECCYIOMHUX IIMUWIEK, IPU BO3HUKHOBE-
HUHU KOPOTKO3aMKHYTHIX KOHTYPOB, KOT/Ia OTAEJIbHBIE 3JIEMEHThl MarHu-
TOTIPOBO/JIA OKA3BIBAIOTCS 3aMKHYTHIMU MEKy co00ii 1 Ha Oak.

[oBpexnenue nepexmroyaromux ycrpoiicts I1bB mpoucxonut mpu
HapyIIeHUH KOHTAKTa MEXJy MOJBHWKHBIMH KOHTAaKTHBIMH KOJIbIIAMU H
HEMOJBMKHBIMH TOKOBEIYIIMMH CTEP)KHSAMU. YXYAUIEHHE KOHTaKTa
NPOMCXOAUT MPU CHW)KEHHH KOHTAKTHOTO JaBJICHHs M 00pa3oBaHHUH
OKCHJHOH IJICHKU Ha KOHTAKTHBIX TOBEPXHOCTSIX.

[Tepexntouatomme yctporictBa PIIH sBistOTCS 1OCTaTOYHO CIIOXK-
HBIMH YCTPOWCTBaMH, TPeOYIOUIMMHU TIIATEIbHON HAIAAKH, IPOBEPKU H
MPOBENCHUS ClIEUUANbHBIX UcTbITaHUN. [Tprnunnamu nospexaenus PITH
SBJISIFOTCS HApyIIeHHs B paboTe KOHTAKTOPOB W MEpeKItodaTeel, moi-
rapbl KOHTAKTOB KOHTaKTOPHBIX YCTPOWCTB, 3aKJIMHUBAHUS MEXaHU3MOB
KOHTaKTOPOB, YTpaTa MEXaHUYECKOW MPOYHOCTH CTABHBIMH JETAISIMU U
OyMaxHO-O0akeTUTOBBIM BasioM. [loBTOpSIOTCS aBapuH, CBsI3aHHBIE C T10-
BPEXKJICHUEM pPEryJIHMpPOBOYHON OOMOTKM B pE3yJIbTaTe IepeKPBITHSI
BHEIIHETO MTPOMEKYTKA 3aIUTHOTO Pa3psIHUKA.

[loBpexxaeHns: OTBOJOB OT OOMOTOK K MEPEKITIOYAIOIIUM yCTPOUCT-
BaM M BBOJaM BBI3BIBAIOTCS TJIABHBIM 00pa3oM HEYAOBJIETBOPHUTEIHHBIM
COCTOSIHUEM TIaeK KOHTAKTHBIX COEIWHEHWH, a TaKkKe NMPHOIMKEHUEM
rHOKHX OTBOJIOB K CTEHKaM 0aKoB, 3arps3HEHHEM Maciia MPOBOJSIIUMU
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MEXaHUYECKUMH MPUMECSIMH, B TOM YHUCIIE OKCHJaMHU M YaCTUI[AMH Me-
TaJJla U3 CUCTEM OXJIAXKICHUS.

IToBpexxnerns BBogoB 110 kB u BhImIe CBS3aHBI B OCHOBHOM C yB-
nakHeHHeM OyMa)kHOM ocHOBbI. [lomaganue Biaru BHyTph BBOJOB BO3-
MOKHO TpU HEKaueCTBEHHOM BBINOJIHEHUHU YIUIOTHEHHUH, NPHU JOIHBKE
BBOJIOB TPaHC(OPMATOPHBIM MAaCJIOM C IOHIKEHHOH AMIEKTPUIECKOM
IPOYHOCTBI0. 3aMETUM, YTO MOBPEKACHUS BBOJIOB, KaK IIPaBHJIO, COIIPO-
BOXKIAIOTCS TIOKapaMH TpaHCPOpMaTOpOB, MPUHOCALIMMU 3HAYNTEINb-
HBIH ymepO.

XapakTepHOW MPUIMHON TTOBpekIeHN (HaphOpOBEIX BBOIOB SBJIS-
eTcs HarpeB KOHTaKTOB B PE3bOOBBIX COCTMHEHUSIX COCTaBHBIX TOKOBE-
JTyIUX MIMAJIEK WIK B MECTE NOJICOETUHEHNS HApY KHBIX IIHH.

3amura TpaHC()OPMATOPOB OT BHYTPEHHUX MOBPEXKICHUI OCyIIEeCT-
BIISIETCSI YCTPOWCTBAMU pelieHON 3amuThl. OCHOBHBIMU OBICTPOJEHCT-
BYIOIIUMH 3alIUTaAMHU SIBISIOTCS AU PepeHIInaNbHAs TOKOBAs 3alUTa OT
Bcex BUAOB K3 B 00OMOTKax W Ha BBIBOJAX TpaHc(hoOpMaTopa, razoBas
3alUTa OT 3aMBIKAHUH, MPOMCXOISIUX BHYTpU Oaka TpaHchopmaropa u
COIIPOBOXAAIOMINXCA BBIACICHUEM I'a3a U OT IMOHMXKCHUA YPOBHA Macia,
TOKOBasi OTceuka 0e3 BBIICPKKM BPEMEHH OT IMOBPEXKICHUH B TpaHC-
¢dbopmarope, CONPOBOXKIAIOILUXCS MPOXOXKICHUEM CPABHUTEIBHO OOJIb-
X TokoB K3.

Bce 3amuThl OT BHYTPEHHUX IOBPEXACHUN NEUCTBYIOT Ha OTKIIIO-
YeHHEe BCEX BBIKIIOYATeNed TpaHchopmaropa, a Ha MOJICTAHLMIX, BBI-
MOJIHEHHBIX 110 YHPOLICHHBIM cxeMaM (0e3 BBIKIIIoYaTesieil co CTOpOHBI
BBICOKOTO HarnpsbkeHus (BH), — Ha BKIIIOYCHUE KOPOTKO3aMBIKATEIs HITH
Ha OTKJIFOYCHUE BBIKJIFOYATECIIA HI/IT&IOI].[Cﬁ JIMHUH.

Konmponv 3a cocmosnuem mpancgopmamopos u obuapysicerue
BO3HUKAIOWUX 6 HUX NOBPEINCOCHUL NO AHANU3Y 20306, PACMBOPEHHBIX @
macne. JInst oOOHapyKeHUs TOBPEXKICHHN TPaHCPOPMATOPOB HA BO3MOXK-
HO OoJiee paHHUX CTaIUSIX WX BOSHMKHOBEHHS, KOIZa BbIIEJIECHHUE Ia3a
MOJKET OBITh €Ille OYEHb CI1a0bIM, B SKCITyaTallMOHHON MPAKTUKE MIHUPO-
KO IOJIB3YIOTCS METOJIOM XpOMAaTorpaUueckoro aHanu3a ra3oB, pac-
TBOPEHHBIX B MacIIe.

Jeno B TOM, 4TO NpU Pa3BUBAIOIINXCS MOBPEKACHUSIX TpaHCPOpMa-
TOPOB, BBIZBIBAEMBIX BBICOKOTEMIICPATYPHBIM HArp€BOM, IIPOUCXOJIUT
pasiokeHre Macia U TBEPJOW M30JISIMU ¢ 00pa30BaHUEM JIETKUX YTIie-
BOJIOPOJIOB M T'a30B (BIIOJIHE OINPEIEIICHHOTO COCTaBa M KOHLEHTPALIKH),
KOTOpBIE PAacTBOPSIIOTCSI B Maclie M HAKalUIMBAIOTCS B Ta30BOM peje
Tpanchopmaropa. Ilepron HakomieHHWs Ta3a B pelie MOXET OBITh
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JOCTaTOYHO JUIMTEIHHBIM, & CKOIIMBIIUICS B HEM T'a3 MOKET CYIIECTBEH-
HO OTJIMYAThCS OT COCTaBa ras3a, OTOOPaHHOTO BOJIM3M MECTa ero BbIIe-
nenus. [lo3ToMy OMarHOCTHKa MOBPEXAEHHUS HAa OCHOBE aHAlIM3a Trasa,
O0TOOPAaHHOI'O U3 peie, SIBJISETCS 3aTPyIHEHHOM M MOXET ObITh Jaxe 3a-
MO3JaJI0N.

AHanmu3 mpoObI Ta3a, PaCTBOPEHHOTO B Macje, IOMUMO 0OJiee TOY-
HOW JMAarHOCTHKH MOBPEXICHHS JaeT BOZMOXKHOCTh HAOIIOJCHHUS 3a €ro
pasBUTHEM 10 cpabaThIBaHUA ra3oBoro pene. M gaxe B ciydae KpYMHBIX
MOBPEXKACHUH, KOrJa Tra3oBas 3amura cpabaThIBaeT Ha OTKIIOYCHHUE
TpaHcopMaTopa, CpaBHEHUE COCTaBOB Iasa, B3SITOTO U3 pelie U pacTBO-
PEHHOTO B Macje, MOXKET OBITh MOJIE3HBIM JJIs OoJiee MPaBUIBHON OLICH-
K{ CEphE3HOCTH OBPEKACHHS.

YCTaHOBICHBI COCTaB U MPEACNIbHbIE KOHIIEHTPALMK ra30B, PacTBO-
PEHHBIX B Macie, HUCIPAaBHBIX TPAHC(POPMATOPOB U INPH XapaKTEPHBIX
BHJIaX NMOBPEXKACHUN. Tak, HaIIpuMep, NpH Pa3IoKEHUU Macia Moj Jei-
CTBHEM JJIEKTPUUECKON Ayru (MEpEeKphITHE B TEPEKIIoYaTese) BhIIes-
eTcsl MPEUMYLIECTBEHHO BOAOpoA. M3 HempenenpHBIX YIIeBOAOPOIOB
npeo0ajaer aleTHICH, KOTOPBI B IaHHOM CiIydae SBJSICTCSl XapakTep-
HbIM razoM. OKcu U JBYOKCHJ yTiiepoja MPHUCYTCTBYIOT B HE3HAuM-
TEJIHBIX KOJINYECTBAX.

I"a3, BRIOEAIOMMICS pU Pa3I0KEHUU Macia U TBEPAOH U3O0JIALHUU
(MEXITyBUTKOBOE 3aMBIKaHHE B OOMOTKE), OTJIM4aeTcs OT rasza, oOpa-
3YIOIIErocsl NP Pa3lOoKEHUH TOJBKO Macia, 3aMETHBIM COJEpKaHUEM
OKCHJa U IMOKCHJA YTIIepo/a.

B nensx Oonee paHHEH JUArHOCTHUKU MOBPEXJICHUN U3 TpaHCOp-
MaTOpOB MEpUOJMYECKH (2 pa3a B Toja) OTOMparoT mpoObl macia Jyist
XpoMaTtorpaMuecKkoro aHaiu3a Ta3oB, PACTBOPEHHBIX B Macje, MpHU
aTOM it 0TOOpa mMpo0 Maciia MOJB3YIOTCS MEAUIIUHCKUMH HINPHIIAMH
(puc. 5.1). Ot6op MpoOBI MPOU3BOIUTCS CIEAYIOMIMM 00pa3oM: OUYHIINa-
I0T OT 3arpA3HEHU NaTpyOOK KpaHa, NMpeJHa3HadeHHBIH Uil 0TOOpa
npoObl; Ha MaTpyOOK Ha/EeBarOT PE3MHOBBIN LUIAaHT. OTKPHIBAIOT KPaH U
IUIAHT TPOMBIBAIOT MAacjoM M3 TpaHCPOpMaropa; KOHeIl IIIaHra IoJi-
HUMAIOT BBEPX Ul yJaJleHHs My3bIpbKOB BO3Ayxa. Ha koHue muranra
YCTAHABIMBAIOT 32)KMM; WIJIy INNpPULA BKaJbIBAIOT B CTEHKY LUIAHTA.
3a0uparoT Macjo B IIMNPUIl M 3aT€M CIWBAIOT Maclo 4epe3 WIiy JUis
MPOMBIBKH IITPHUIA; TOBTOPSIOT OTNEPAIMI0 3arOJIHEHUs IIIPUIAa Mac-
JIOM; 3alOJIHEHHBIM MacjioM IUIPUI BKaJBIBAIOT WIJIOH B PE3UHOBYIO
NpoOKy U B TAKOM BHJIE OTIIPABIISIIOT B J1a0OPATOPHIO.
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AHanmu3 MpoBOJOUTCS B JTAOOPATOPHBIX YCIOBHAX C IMPUMEHEHHEM
xpomatorpada JIXM-8MJI. PesynpraTsl aHaiam3a COMOCTABIAIOTCS C
0000IIEHHBIMY aHHBIMH COCTaBa M KOHLIEHTPALUU ra3a, BbIACISIOIIE-
rocsi Ipu pa3IuydHBIX BHIAX MOBPEXICHUI TpaHc(HOpMATOpOB, U BbIA-
eTcs 3aKJII0YeHUE 00 MCIIPaBHOCTH TpaHc(opMaTopa WIIK ero MoBpexe-
HHUM U CTEIIEHU ONIAaCHOCTHU 3TOI'0 IIOBPEXKACHUS.

Ilo cocTaBy pacTBOpEHHBIX B Macie ra30B BO3MOXKHO OIpEEIICHHE
MeperpeBa TOKOMPOBOASIIMX COEIWHEHUH M 3JIEMEHTOB KOHCTPYKIIUH
0CTOBa TpaHCHOPMATOPaA, YACTUUHBIX IJCKTPHUUECKUX Pa3psIoB B Macie,
Heperpesa u crapeHus TBEpAOH 30U TpaHCHOopMaTopa.

Puc. 5.1. Ot60p npo6 mMacna u3 TpaHchopMaropa ¢ MOMOIIBIO HITPHIIA:
1 — 3a)uM; 2 — pe3UHOBBIH [IUIAHT; 3 — IIIPHIT;
4 — xpan; 5 — 6ak TpaHChOpMaTOpa

Omkas3vl cuno06020 mpaucgopmamopa

Puck otkaza tpanchopmaropa m3MepsieTcsi IByMs HapamMeTpaMu:
4acToTa cO0EeB B pabdoOTe M CEpPbEe3HOCTH IMOJOMKH. Yamie Bcero orkas
TpaHchOpMaTopa CTAaHOBHUTCS PE3YJIbTATOM TOBPEXKACHUS HW3OJISIHU.
Ota KaTeropus BKIIOYAET HEMPABWIBHBIN MM HEKAYeCTBEHHBI MOHTaX,
U3HOC M30JIALIH, KOPOTKOE 3aMBbIKaHHUE H, C IPyrod CTOPOHBI, BHEITHHE
(akTopbl pe3KOro M3MEHEHUS HANPSDKEHHS B DJICKTPOCETH, TaKHe Kak
MOJIHHS WJIW TIOPHIB HA JIMHUM JICKTpOIIEpeaayHn.

C6ou B pabore TpaHCHOPMATOPOB MOTYT OBITh KJIACCH(PUIIUPOBAHBI
CIIEAYIOIINM 00pa3oM:

» HencripaBHOCTH 0OMOTOK BCIIEACTBHE KOPOTKHUX 3aMBbIKaHHN (BHUT-
KOBOE 3aMbIKaHWe, 3aMblkaHue «(haza-(aza», «paza-3emisy», OTKPbITas
00MOTKA).

= [loBpexxieHHs cepAeYHHMKa (HapyLIEHHE H30JLUHM CepACYHHKA,
YKOPOUYEHHBIC TIACTUHEI).

» TepMUHATIbHBIE MTOBPEXKICHUS (OTKPBITHIE BBOJIbI, HEIUIOTHBIE CO-
€AMHEHHS, KOPOTKUE 3aMbIKaHuUs).
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» COOM CHCTEMBI PEryJHUpOBaHMs HANPSDKEHHS 110J1 Harpy3Kou (Me-
XaHUUYECKHE, HIICKTPHICCKUE, KOPOTKHE 3aMBbIKaHHs, IEPETrPEB).

» HeHOopMasibHBIC YCTIOBUSI IKCIUTyaTalMu (MepeHachllieHe, mnepe-
rpy3Ka, IepeHanpsHKEHIE).

» BHenIHue HeUCpaBHOCTH.

Jpyrumu npuuMHaMH O0TKa3a TpaHchopMaTopa MOTYT CTaTh:

Ilepeepyska — TpaHc(hOpPMATOPBI, KOTOPbIE HECYT YCTOMYMBYIO Ha-
Ipy3Ky, TPEBBIIIAIONIYI0 HOMHUHAJIBHYIO, YaCTO OTKA3BIBAIOT B CBS3U C
MEpPErpy3KOu.

Ilepenaovl nanpsjiceHuss — 0TKa3, BBI3BAHHBI KOMMYTAIIHOHHBIMU
NepeHanpsLKEHUSIMU, CKAYKaMW HATPsDKCHUS, HEMoNaJKaMy Ha JIMHUH
BNIEKTPOTIepEeIaur, U JPYTUMH HAPYIICHUSMH Tepeaud U pacrpeselie-
HUSL SHEPTUU MPEAINOJaraeT, YTo 3alluTe OT MepeHaNpsHKECHHs, aIeKBaT-
HOCTH KPEIUICHHSI BUTKOB OOMOTOK M MOIIHOCTH KOPOTKHX 3aMBIKaHHI
JIOJDKHO YIENATHCS OONbIIEe BHUMAHHUSL.

Hennomnuvie coedunenus — HETIOTHBIC COCAMHEHMUS, HEMIPABUILHOE
CONPSDKEHHUE PAa3HOPOIHBIX METAJUIOB, HEMIPABHIbHAS 3aTsHKKa OOITOBBIX
COCJIMHEHHI MOXET TaK)Ke MPUBECTH K 0TKa3y Tpanchopmaropa.

3aepssnenue macna — 3arpsA3HEHHE Macia BeJeT K 00pa30BaHUIO
ocajika, BJIard W OTJIOXKEHHWIO YTIIepoja B MAacCIsIHOM Oake, YTO 4acTo
MIPUBOJIUT K MOJIOMKE TpaHChopMaTopa.

Koucmpykyuonnvie u (wiu) npouzeoocmeeHuvie OUUOKYU — BKITIO-
YaT Takue NpoOieMbl, Kak OoJTaromiascs WM HENoJepKuBaeMast
OLIIMHOBKA, IUIoXast (MKcaIys, HEKaueCTBEHHAs IaiKa, HelI0CTaTOYHas
W30JISIIMS CEpJICUHMKA, HU3Kas BBLICPKUBACMash MOIIHOCTh KOPOTKHX
3aMBbIKAHUH W TIOCTOPOHHHUE MPEIMEThI, OCTABJICHHBIC B OaKe.

Henpasunvnoe obcrysicusanue u (uiu) ynpagienue — HEHaJJIeKa-
niee 00CITy)KUBAHUE W DKCILTyaTallds SBJISIOTCS TJIABHOM MPHUUYUHON OT-
kaza TpaHchopmaropoB. Crojla OTHOCATCS OTKJIIOUCHHAS WJIM HEmpa-
BUJILHO YCTAHOBJICHHAsI CUCTEMa YIPABICHUS, IOTEPU OXJIAXKICHHUS, Ha-
KOTUICHHE TPSI3K U Macia, KOPPO3HSL.

Buewnue ¢haxmopwi — HeKOTOpbIe BHEUIHHE (DAKTOPHI, TAKHE KaK
HaBOJIHCHUSI, MOXKAPbI, B3PBIBBI, YAapbl MOJHUH, U BBICOKAS BIAXKHOCThH
MOT'YT CTaTh IPUYUHON TOBPEKICHHS TpaHCchopMaTopa.

3amanus
1. I3yunTh NPUYNHBI TOBPEXKACHUS U3OIISALINH.
2. PaccMoTpeTh BUIBI 3aIIUT TPpaHCHOPMATOPOB.
3. PaccmotpeTts Bupl 0TOOpa Macia u3 Tpancdopmaropa.
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4. I3yunTs BUIBI HETIONAZ0K B TpaHchopmarope.

5. By4nTh KOHTPOJb 32 COCTOSIHUEM TpaHC(HOPMATOPOB M OOHAPY-
JKEHHE BO3HUKAIONINX B HUX MOBPEXICHHH 10 aHaJHM3y ra3oB, PacTBO-
PEHHBIX B MacIIe.

KonTpoabHbIe BOnpocskl

1. O0BsICHUTE MPOTIECC MTOBPEKACHMSI H3OJISIINH.

2. HazoBuTe npu4rHy MOBPEKACHUS MEPEKITIOYAIOIINX YCTPOHCTB.

3. HazoBuTe moBpexaeHUS OTBOAOB, MOBPEXKICHHS BBOJOB.

4. Kak ocymecTBIsIeTCs KOHTPOJIb 32 COCTOSHHEM TpaHC(hOpMaTo-
pOB U OOHapy>KCHHE BO3HHMKAIONIMX B HUX MOBPEXKJICHUU 1O aHAIU3Y
ra3oB, paCTBOPEHHBIX B Macie?

5. O0BsicHUTH mpoliecc 0TOOpa Maciaa U3 TpaHchopmaTopa ¢ IMoMo-
IBFO HIMPHIIA.

3ansaTue 6. TpancdopmaTopHoe Macjio

Heap 3aHATHA: U3YYNTH YCIOBUS pabOTHI M CIIOCOOBI OOCITYKHBaHHS
TpaHcopMaTOPHOTO MacIia.

Tpancgopmamopnvie macia — MAHEpATIbHBIC Macia BHICOKOW 4HC-
TOTHI U HU3KOW BSI3KOCTH. [IpUMEHSIOTCS A1 3aJIMBKU CHJIOBBIX U U3MeE-
PHUTENBHBIX TpaHCc(HOPMATOPOB, PEAKTOPHOI'O OOOPYAOBAaHHMS, a TAKKe
MacIISIHBIX BhIKIMouaTeneil. [IpennasHadeHs! 1S U30ISIIUN HaXOIAIINX-
sl TIOJI HAIIPSDKEHUEM YacTel U y3JI0B CHIIOBOTO TpaHchopmaTopa, OTBO-
Ja Telua OT HarpeBalolMxcs Mpu padore TpaHchopmaropa dacTed, a
TaKXe MPeIOXPaHeHUsI W3OJSILIUK OT yBIaxHEHUs. TpaHchopmaTopHbIe
MacJia BBITIONHSIOT (PYHKIMU Jyroracsiei cpeabl.

Macno B TpanchopMaTopax HCHOIb3YETCS B KaYECTBE OXJIAXKIArO-
med cpeapl ¥ u3omsinuu. OHO OTBOJUT TEIJIO OT IIPOBOJOB OOMOTOK.
IIpu 3TOM BaxkHOE 3HaU€HHE MMEET BA3KOCTh Macia, U3MEHSAIOIAsACS B
3aBHUCHMOCTH OT TeMIlepaTypsl. [Ipy moIoKuTenpHOM TeMIiepaType Mac-
JIO MEHEE BSI3KO, NPU OTPHULATEIBHON BS3KOCTH BO3pAcCTaeT, MPHUEM
BeChbMa, HEPaBHOMEPHO /JIsi Macel pa3iMYHbIX Mapok. Brwicokas Bs3-
KOCTh YXyJAIIaeT MPOKaYMBAEMOCTh Macia, 3aTpyAHsET paboTy mexa-
HU3MOB CHUCTEM OXJIAXACHUA. B CBA3M ¢ 3TUM B 3KCIUIyaTalllu BSI3KOCTb
Macna HopmupyeTcs. OHa MpoBepAETCsl y CBEKUX CYXHX TpaHc(opma-
TOPHBIX Mace Iepej1 3aJIMBKOI B 000pyA0BaHuE.
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https://ru.wikipedia.org/wiki/%D0%94%D1%83%D0%B3%D0%BE%D0%B3%D0%B0%D1%81%D1%8F%D1%89%D0%B8%D0%B9_%D1%80%D0%B5%D0%B0%D0%BA%D1%82%D0%BE%D1%80
https://ru.wikipedia.org/wiki/%D0%9C%D0%B0%D1%81%D0%BB%D1%8F%D0%BD%D1%8B%D0%B9_%D0%B2%D1%8B%D0%BA%D0%BB%D1%8E%D1%87%D0%B0%D1%82%D0%B5%D0%BB%D1%8C
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%B0%D1%8F_%D0%B4%D1%83%D0%B3%D0%B0

B mpouecce skciutyatanuu Macio 3arpsi3HSETCs, yBIAKHSETCS, B
HEM HaKaIUIMBAIOTCA NPOXYKTHl OKUCIIEHHS, HPU 3TOM Macjio TepseT
CBOM XHMHYECKHE W JIEKTPO(U3NUECKHE CBOIMCTBA, MPOHCXOIUT HEOO-
paTUMBIi Tporiecc ero crapeHus. [IpoaykTsl crapeHns B BuAE IuIama
HaKaITUBAIOTCS HA aKTUBHBIX YacCTAX TpaHCPOpMaTopa, YTO 3aTpyIHSIET
OTBOJ Teruia. Maciio cTapeeT 3a C4eT COBMECTHOTO BO3ZCHCTBUS HA HETO
KHCIIOPOZIa BO3[IyXa W AIIEKTPHUYECKOTO IMOJNL. AKTHBHOCTH KHCIOpPOAA
YCUJIMBAETCsl B MPUCYTCTBUH BIIArd, momajnaromeid u3BHe. OKUCIECHHUIO
CIOCOOCTBYIOT BBICOKHE paboune TeMIepaTyphl, COHEUHBIH CBET, MPU-
CYTCTBHE PACTBOPHUMBIX B Maclie coJield MeTayuIoB (0COOEHHO MEIH U JKe-
ne3a), SBIAIONIMXCS KaTalau3aropamu okucieHus. [lpm Hamuumum smex-
TPUYECKOTO TMOJIS B Macjie HaKaruiMBaeTcsl OOJblle BIar, 4eM B TEX XKe
YCIIOBHSAX, HO MPU OTCYTCTBHHU 3JIEKTpUYECcKoro mois. Kamm Boasl, u
YaCTHIIBI 3arPSA3HEHNI PacoNaraloTcs B 3JEKTPUIECKOM I10JI€ BJIOJIb €TO
CUJIOBBIX JIMHUM, YTO IPUBOAMT K PE3KOMY CHMIKEHUIO BJIEKTPUYECKOU
MPOYHOCTH Maca.

B cBsi3M ¢ ykazaHHBIM 3a COCTOSIHUEM TPaHC()OPMATOPHBIX Macen
BCACTCA CHUCTEMaTHUYECKHUI KOHTPOJIb.

OKcIulyaTallMOHHBIE CBOWCTBA TPaHC(POPMATOPHBIX Macesl TpOBe-
PSIFOT TIO AJIEKTPOU3OISALIOHHBIM U (PH3UKO-XUMHYECKUM XapaKTEePHUCTH-
Kam:

1. ompeneneHue IEKTPUIECKON MPOUHOCTH MacCIa;

2. ompezeseHNe TaHTeHca yIila oTepb Macia;

3. ompezesneHNe BIAarocojaepkaHus mMacia. MeToa OCHOBaH Ha BbI-
JIEJICHUH BOJOPOJia MPU B3aUMOJIECTBUM HAXO/IAILICHCS B Macye BJIaru C
TUJPUJIOM KaJIbIIUS;

4. ompeneneHus razocoxepxkanus mMacna. IIponsBomurcs ¢ momo-
nipto abcopOimomerpa. Crioco0 OmpeeNieHrs 3aKiIoYacTcss B U3Mepe-
HUHU U3MCHCHHA OCTAaTOYHOI'O AAaBJICHUSA B €MKOCTH MOCJIE 3aJIUBKH B Heé
NpOOBI HCTIBITHIBAEMOTO MAaCIIa;

5. ompezeneHne MeXaHWYECKHX NpuMecedl. KommuectBeHHOE co-
JiepKaHue MEXaHWYEeCKUX MPHUMECeH 3aKiovyaeTcsl B MPOIyCKaHWU pac-
TBOPEHHOH B OeH3MHE MpOOBI TpaHC(HOPMATOPHOrO Macia yepe3 Oes-
30JIbHBIA OyMaXKHBIH QUIBTD.

B coBpemeHHOM TpaHC(POPMATOPHOM OOOPYIOBaHHWU Maciio pado-
Ta€T B AOCTATOYHO XECTKHUX YCJIOBHUAX: BbBICOKAA HAIPAKCHHOCTH JJICK-
TPUYECKOTO I0JIs, BEICOKAsi TeMIiepaTypa u 1Ip. B mpouecce skcruyara-
UM TpaHCPOPMATOpHBIE Macja MOJBEPraioTcsi TEPMOXUMHUYECKOMY H
QJICKTPUUICCKOMY CTapCHUIO, qTo IIPUBOAUT K CHMN>KCHHIO Hux
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9KCIUTyaTallMOHHBIX XapakTepucTuk. [locne 3aMeHsl oTpaboTaHHOE Mac-
JI0 TOAJISKUT OO0 yTUIIN3AIUH, JINOO pereHepaluu.

Ombop npo6 macna. KagecTBo Macia mpoBepseTcsl MyTeM epro-
Igeckoro orbopa mpod W uX 1adopaTOpPHOTO aHanm3a. B 3aBuCHMOCTH
0T 00beMa UCTIBITAHUH aHATU3bl Macliia JeNAT Ha MOJHBIA M COKpalleH-
HeIiA. KpoMe TOoro, Macio UCTIBITHIBAIOT HA AIEKTPUIECKYIO TPOYHOCTH; B
COCTaB HCTIBITAHUS BXOJAT ONpeelieHne TPOOUBHOTO HAPSHKEHISI, BIIa-
rocoJepKaHusl U BHU3yallbHOE ONpE/eNeHUEe MEXaHHYECKUX NpUMeceH.
Eciu mpu naGopatopHoMm ananmuse OymyT OOHapyKeHbI OoJiee HH3KUE
MOKA3aTeN KadecTBa Macliia 110 CPaBHEHHWIO C YCTAaHOBJICHHBIMH HOpMa-
MU, TPUHUMAIOTCS MEpHl IO BOCCTAHOBJICHUIO YTEPSHHBIX MAaciIoOM
CBOMCTB OYUCTKOM, OCYIIKON U pEreHepaLue.

Hwmxe mpuBeneHs OCHOBHBIE CIIOCOOBI OYHCTKH M PETeHeparuu
TpaHCcPOPMATOPHBIX Maced.

Omcmauganue — OJVUH U3 HauOoJiee MPOCTBIX METOJIOB OYUCTKH
TpaHchopMaTopHbIX Macenl. OH 3aKiIrouaeTcs B BBIMAJaHUM M3 Macia
B3BEIIICHHBIX TBEPJBIX YACTUI] 1 MUKPOKAIEIb BOJABI TIOJ] JEHCTBUEM CH-
Tl TSDKECTH, €CJIM 3TH BKJIIOYCHHUSI UMEIOT TOCTATOYHBIC Pa3MEphl, a HX
TUIOTHOCTh 3HAYUTEIIHHO MPEBBIMIAET INIOTHOCTh MAaCa.

Ouucmxa u ocywxa macia. Macino OYMINAETCS OT MEXaHHUYECKUX
npuMeced M Biard HeHTpU(yrupoBaHUEM U (IIBTPOBAHUEM Uepe3 0y-
MakHbIe (QWIBTPHL. BBICOKOW CTETEHN OYMCTKH TOOUBAIOTCS MCIIONB30-
BaHUEM IEHTPU(PYTH B KOMOMHAIINY C (PHIBTP-TIPECCOM.

B mocnegnee BpeMst MONY4YHII paclpoCTpaHEHHE CHOCOO OCYIIKH
Maciia Mpy MOMOIIM [eoJduTOB. [10 COCTaBy HEOTUTHI SBISIFOTCS BOJHBI-
MU aIOMOCWIIMKATaMU KajJblus Win Hatpus. OHH coliepKaT OrpoMHOe
KOJIMYECTBO TIOP, MMEIMMX pa3Mepbl Monekyid. llpm ¢umbrpoBanumn
Maciia 4epe3 CJIOH BBICYIIEHHOTO IIEOJIUTa HaXOJAIIasics B Maclie Biara
MPOHHUKAET B MTOPHI M YIEPKUBAETCS B HUX.

Pezenepayus — 370 BOCCTaHOBIIEHHE OKHUCICHHOTO Macia WIH, TOY-
Hee, yAalleHWe W3 Hero NpOIyKTOB cTapeHus. Ha mpakTtuke 0OOBIYHO
CTAIIKUBAIOTCS C pereHepanyeil 3KCITyaTallMOHHBIX Macell ¢ KHCIOTHBIM
yuciioM, He npesbimarommM 0,3-0,4 mr KOH/r macna. B ycnoBusix skc-
IUTyaTaly JJIsl PEereHepald NPUMEHSIOTCS Pa3iudHOr0 poja ajacop-
OeHThl. BoccTanaBmuBaroiye cBOWCTBA aJICOPOSHTOB OCHOBAHBI Ha CIO-
COOHOCTH OCKIATh HA WX TIOBEPXHOCTU MPOAYKTHI CTAPEHHUS, TIPH 3TOM
HUKaKOW XMMHYECKOH peakUuy He MPOUCXOAUT. MexXIy MOJEKyJlaMH
azcopOeHTa M afcopOMPYEeMOro BELIECTBA JIEHCTBYIOT CHJIBI MEXMOJIe-
KYJISIpHOTO TIpHTsDKeHUs. [IpuMensroTcs ajcopOeHThl eCTECTBEHHOTO U
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MCKYCCTBEHHOTO TPOUCXOXKICHUs. M3 unciia ecTecTBEHHBIX Yalle ApYy-
TUX HCIIONB3yeTCsl OTOeNMBAIoImasl 3eMJIsl «3MKEEeBCKasl OIOKa», U3 HUC-
KYCCTBEHHBIX — criuKarens (kpymHomnopucteiii Mapku KCK n memkomno-
pucteiii KCM). 3HaYUTEIIBHO peke MIPUMEHSACTCS aKTHBHBIA OKCHJT aJTFO-
MUHUS, 00JIaIal0NUi BBICOKOW aJICOPOIIMOHHON CIIOCOOHOCTHIO IO OT-
HOLICHHUIO K KUCIIBIM IPOJYKTaM CTapeHHs Macia.

IIpedoxpanenue macia om yenadcHeHusi u okucieHus. Beie 6pun
paccMOTpeHBl COCOOBI TOAEPKAHUS STIEKTPUUECKON POYHOCTH U OC-
HOBHBIX XMMHYECKHX IOKa3aTeliell Maciia B TMpeJlesiaX yCTaHOBJIEHHBIX
HOPM IIyTE€M IEepHOAMYECKON OYMCTKU M ocymku. Hapsny ¢ stum npu-
MEHSIIOTCSl CTIeUaJIbHbIE YCTPOMCTBA 3allUThl Macia B TpaHchopmaro-
pax B mpoliecce IKCIUTyaTaluy.

Pacuwupumens TpancpopmaTopa MOMHUMO OCHOBHOM (QYHKIMH —
KOMIIGHCHPOBaTh H3MEHeHHe o0beMa Macia B MacisiHOH cHucTeme
TpaHchopMaTopa BCIEACTBUE KOJIEOaHWH TeMIeparypbl — IO3BOJISIET
TaKXe YMEHBIIUTH IUIOMAb OTKPHITON MOBEPXHOCTH Macia, CONpHUKa-
caroleiicst ¢ BO3AyX0OM, YTO, B KOHEYHOM CYETE, CHIKAET CTEIICHb OKHUC-
JIeHUs1, YBIIKHEHHS U 3arpsa3HeHus Macia. Briara u Mexanudeckue npu-
MecCH, MoNajas B pacIIMpHUTEIb U3 BO3IyXa, OCAKIAIOTCS B €0 HIDKHEH
Y4acTH, OTKYZa JIETKO YAAISIOTCA IPU PEMOHTAX.

Boszoyxoouucmumenvnvie dunbTphl (puc. 6.1) ycTaHaBITMBAIOT Ha
OIMYCKHBIX (ABIXaTeNbHBIX) TpyOax pacmmpureneid. B HwkHel dvacTu
¢upTpa pa3meniaercst MacsHbIM 3aTBOp 6, paboTaOMmKi 110 TPUHLIUITY
coobmiarouxcst cocynoB. OH OUHMILACT MPOXOAALINNA Yepe3 HETro BO3AYX
OT MEXaHUYECKUX MPUMECEH U, KPOME TOTO, YCTpaHsET MPSIMON KOHTAKT
Maciia B paclIMpHTesie ¢ OKpykaromieir atmochepoii. Kopmyc dunbrpa
3aI0JTHSCTCS CHITMKAreieM 5, 0CaXXIaloIIMM Ha CBOEH MOBEPXHOCTH Yac-
THUIIBI BOJIBI, COAEPIKAIIMeECs B Bo3ayxe. Bo3ayx mpoxoauT uepes Guibtp
npu creayomux obcrostenscTBax. C  MOHMKEHHEM TeMIEpaTyphl
TpaHcdopmaropa o0beM Macia B HEM yMeHbIIaeTcs. B pacummpurene
co3naercs paspekeHre. COOTHOLICHNE YPOBHEH Macia B 3aTBOpE M3Me-
Hsetcs. Korga ypoBeHp Macia BO BHENIHEW IMOJIOCTH 3aTBOpa yMajeT
HACTOJIBKO, YTO OOHaXXHUTCSI Kpail 3aTBOPHOTO LMWJIMHAPA, MOPLHS aTMO-
cdepHOro BO3IyXa MPOPBETCS uYepe3 3aTBOP, MPOHAET yepe3 NOrJIOTH-
TeJIb BJIATW W TIONAJIET B paciiupuTenb. [Ipu HarpeBanuu TpaHcdopma-
TOpa, KOT/la MacJio HAYHET OKa3bIBaTh JaBJIEHHE Ha BO3AYIIHYIO MOy~
Ky, B PacIIMpHTeIIe MIPOLEecC MPOU30HAET B 0OpaTHOM HampaBjiIeHUH. 3a-
TBOPBI PEKOMEHTyeTCsl 3anonHATh MacioM AMI'-10, a B ceBepHBIX paii-
OHax CTpaHbl MOPO30CTOMKUM Maciiom MBII.
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Puc. 6.1. Bo3myxoouucTuTensHBINA QUIBTP TpaHCPOpMaTopa:
1- npixarenbHas TpyOka TpaHcdopmaTopa; 2 — CTeHKa 0akxa;
3 — coenuHUTENbHAS rajika; 4 — CMOTPOBOE OKHO MATPOHA; 5 — 3epHa CHIIMKares;
6 — MacIISHBIA 3aTBOP; 7 — yKa3aTelb ypOBHS Maciia B 3aTBOPE.

B BO31yX00YHCTUTENBHBIX QUIBTPax MPUMEHSIOT CHIIMKAreidb Map-
k1 KCM nimu KCK. Ilepen 3apsaxoi BO3IyXOOUHUCTUTENBHOTO (pribTpa
CHJIMKareyb MpocymunBaioT rnpu temieparype 140-150 °C B Teuenue 8 u.
JJis TIOBBILIICHUST BIIATOTIOTJIONIAEMOCTH, OCHOBHAS Macca CHJIMKares
NPONUTHIBAETCS XJIOPUCTHIM KalbLIMEM, & MHIUKATOPHBINA CHIIMKAresb —
€IlIe ¥ XJIOPUCTHIM KOOAJIBTOM JUISI IPUIAHUS €My TOIyO0i OKpacKu.

Braromnormnomaemocts 6enoro cuiamkareis, 00paboTaHHOTO XJIOpHU-
CTBIM KaJblLlMeM, OoJblie, 4YeM WHAWKaTopHOro. [lostomy mHAMKaTOp-
HBIH CHIIMKareib Oepercsi B HeOOJIBIIOM KOJHMYECTBE M pa3MeIaeTcs Ha-
IPOTUB CMOTPOBOro OKkHa 4. Bo3myxo-ocymaromias criocoOHOCTb (GuibT-
pa omnpezenseTcss BU3yalbHO 110 U3MEHEHUIO I[BeTa WHIUKATOPHOTO CH-
JIMKAaress U3 roiayooro B po3oBblid. PO30BBIN LBET ake HECKOJIBKUX 3€-
PEH UHIMKATOPHOTO CHIIMKATeyIsi CBUAETENBCTBYET 00 €ro yBIaXKHEHUU
HEOOXOJIMMOCTH 3aMeHBI Bcero cuiukarels. CpellHUid CpOK CITYKOBI CH-
JIMKaresis B BO3AYXOOUHUCTHTEIBHBIX (DMIIBTPAX 3aBUCHT OT 00beMa Mac-
na B TpaHcopmartope 1 Konebiercs B 1uanazoHe 1-2 net. 3amMeHa mMacna
B MaCJITHBIX 3aTBOpPaxX MPOM3BOAMUTCA Yepes3 2-3 rofa.
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AZncopOIMOHHBIE U TEpMOCU(OHHBIE (HUIBTPBI MOIYYHIIM PaCIpo-
CTpaHEHHUE 715l HENPEPHIBHOM pereHepanny Macia B TpaHC(OopMaTopax B
mpolecce 3KCIuryaTauuu. VX BBIIOJHSIOT B BHJE METAUIMYECKUX IIU-
JUHIPOB, 3aMOJHEHHBIX COPOSHTOM, TOTIJIOIMAONIIM MPOAYKTHI OKHCIIE-
HUSI ¥ BJIary M3 IMPKYJIHPYIOUIETO Yepe3 HUX Macia. AJCOpOIMOHHBIE
(GUIBTPH IPUMEHSIOT B CHCTeMax oxJaxaenus JI] u [], toe obecriedn-
BaeTCs MPUHYANUTENbHAS MMPOKadKa Macia depe3 (pUIbTphl, TEPMOCH(OH-
HbIe QUIBTPHI — Ha TpaHCHOpPMATOpax ¢ CHCTeMaMu oxJaxkaenuss M u /.
Macino B TepMOCU(POHHBIX (PUIBTPaX MEpPEeMENIaeTCsl CBEpXY BHU3 BCIIEI-
CTBHE Pa3HOCTH INIOTHOCTEN HAIPETOro U OXJIAKIEHHOTO Maca.

CopbOenroM B ¢unbTpax ciayxut cunukareab KCK unu akTUBHBIHA
OKCHJI alIOMHHHS, KOTOpBIE TPEABAPUTENBHO JODKHBI OBITH XOPOILO
npocymieHsl. OUIBTPH MOAKIIOYAIT K TpaHc(hopMaTopaM CO CBEKHUM
MmacsioM. OuepeHyIo 3aMeHy COpOeHTa MPOU3BOSAT MOCIE TOTO, KaK K-
cinotHoe uncio npesbicut 0,1-0,12 mr KOH/r macna.

Azomnas 3awuma YCTpaHSET KOHTAKT Macjla B pacCIIHpUTENE
Tparcdopmaropa ¢ aTMOCHEPHBIM BO3TyXOM, ITPEIOTBPAIIAs TEM CaMbIM
3arpsi3sHeHHe U okucieHue macia. Cpeau MHOTHMX H3BECTHBIX CHCTEM
A30THOM 3allMTHI Yalle BCTPEUAETCS CUCTEMa HU3KOrO JaBJICHUS (maBie-
Hue a3ora He Gonee 3 kIla) C MIPUMEHEHUEM ANACTUYHON €MKOCTH.

Ha noacranuumsx ¢ nsyms u 6ojee TpaHchopMaTopamu MpUMEHsIeT-
Csl TPYIIOBas a30THAs 3alllMTa C MUTAaHUEM OT OJHOTO 3JIACTUYHOIO pe-
3epByapa. Bce aieMeHTBI M y31bl Ta30BOM CHUCTEMBI TPaHC(POPMATOPOB
THIATEIBHO YIIOTHSIOTCS, MPOXOSAT OMPECCOBKY a30TOM IPH JIaBJICHUU
50 kITa. Macio B TpanchopMaTope J0JDKHO ObITh HEUTPAIbHBIM, CYXUM,
JIera3upoOBaHHBIM U a30TUPOBaHHBIM. Jlerazanusi Macia MPOU3BOAMUTCS
oA BaKyyMOM Ha CIELHAJbHBIX YCTAHOBKAX, HACBIIICHHE a30TOM —
npoayBkamu. [Ipu Tpex-ueTbIpex MpoAyBKax KHCIOPOJ B Macje MpaKTH-
YECKH MOJIHOCTBIO 3aMentaercst a30ToM. CoaepkaHue KUCIopoJa B ra3o-
BOM TIPOCTPAHCTBE paCIIUpUTENs IOJKHO ObiTh He Oomee 1 %. Ilpum
OoJbIIIeM COJIEpI)KaHUH KUCIIOpOJa a30THAs 3amuTa Macia HeaddekTus-
Ha.

OO6cnyxuBanue a3o0THOH 3amuThl. [Ipu ocMoTpe ycTpolicTBa npoBe-
PAIOT YpOBEHb Macja B pacUIMpHTeNne TpaHc(opMmaTopa, HalOJIHEHHUE
3TACTUYHBIX PE3epPBYapOB a30TOM, I[BET CHIIMKAreis B ocymmurene. Ecnu
00BEM DJIACTUYHBIX PE3EPBYapOB Mall M HE COOTBETCTBYET YPOBHIO Mac-
J1a B pacIIMpHUTENE, IPOBEPSAIOT BHEIIHEE COCTOSIHUE DIACTHUYHBIX Pe3ep-
BYapoB U F€PMETUYHOCTH COEMHEHUI BCEN Ta30BOM CUCTEMBI.

39



Inenounas 3awuma OCHOBaHA Ha TePMETU3ALMU Macia TpaHcop-
MaTopa MOJBIKHON IJICHKOH, MOMEIIaeMol B paciiupuTesie Tpancop-
MaTopa M W30JIMPYIOMIE Macio B pacIIMpPUTENe OT CONPUKOCHOBEHUS C
atMoc(epHBIM BO3AyXOM. KOHCTPYKTHBHO TUICHOYHAS 3aIlATa BBIMIOJ-
HSIETCS B BUJIE DJIACTHYHOTO KOMIIEHCATOPA, CIIOCOOHOTO U3MEHSATH CBOM
0o0BeM TpPH BCeX TeMIEpaTypHBIX KoJeOaHMSIX o0beMa Maciia B TPaHC-
dbopmarope, WM B BUIC IIACTHYHONH MeMOpaHBI, IUTaBAaroOIICH Ha IIO-
BEPXHOCTH Macja U cBOOOJHO M3rubaronienicsl mpu M3MEHEHHUsIX o0bemMa
Macia B pacmmpurene. B 00oux ciydasx B HaIMaciasHOM IMPOCTPAHCTBE
TparcopMaTopa COXpaHsAeTCss HOpMaTbHOE aTMOC(EpHOE JaBICHHUE.

YpoBeHb Maclia B pacIIMpHUTENE OMNPENeNseTCsl M0 CTPEIOYHOMY
yKa3aTemo (CrenruanbHOi KOHCTPYKIMN), phlYar KOTOPOTO OMUpaeTcs Ha
MMOBEPXHOCTH TUIEHKH. TpaHcopMaTop C TUIEHOYHOM 3allUTOMN 3aIlOTHS-
eTCsl IeTa3upOBaHHBEIM MacioM. HeoOXxoanM mepruoInv4ecKuii KOHTPOIh
ra3ocojep>KaHus Macla.

K HemocraTkaM MICHOYHOW 3aIIUTHI OTHOCST CIOXKHOCTH pa3Mellie-
HUS ¥ TePMETHU3AINH AIACTUYHBIX TUIEHOK BHYTPH PACIIMPHUTENs, a TakK-
K€ HCBO3MOXHOCTH IOBCCOAHCBHOI'O BU3YAJIbHOI'O KOHTPOJIA 3a MX HC-
IIPaBHOCTBIO. GCMCTI/I‘IHOCTI) IJICHKKW TPOBEPACTCA IIPU PEMOHTE
Tparcdopmaropa. BHeouepeaHas mpoBepka ee COCTOSHUS JOJDKHA MPO-
BOJIUTHCS B CITydae cpabaThIBaHMsI Ta30BOH.

Ilpucaoku, yeenuuusarowue Cpox cayHcObl MpanchopmamopHoeo
macna. CBexee HOPMAIBHO OYHINEHHOE MAaCiO COAEPXKUT CMOJIBI, SB-
JISIOIINECS €CTECTBEHHBIMA aHTHOKUCIUTEIISIMH, 3alUINAIONIIMHI Macio
OT OKHCIICHHUsSI B Ha4daJbHBIA mepuo. [loBbleHne cTabuiIbHOCTH pere-
HEPHUPOBAHHBIX MACCII B SKCILTyaTallUU JOCTHUIaCTCA NPUMCEHCHUEM CIIC-
[IUATBHBIX TTPUCAZ0K, TOPMO3SIIIUX MPOIECC OKUCICHUS.

B 3aBucumocTH oT MexaHu3Ma I[eﬁCTBHH IpuCagKnu OTHOCAT K CJie-
JTYFOIIIAM TPYIIaM:

1) WHrHOMTOPHI — AHTUOKUCITUTEIH;

2) NneakTUBAaTOPbl — BEIECTBA, YMEHBINAIOUINE KaTAJTUTHUECKOE
JIEeHCTBUE PACTBOPHMBIX B Macile COETUHEHHUH, COAEPIKAIINX METAJIIBI;

3) maccuBaTOpBI — BEMIECTBAa, OOpPAa3yIOIIHE HAa METalie IUICHKY,
MPEJOXPAHSIONIYI0 MACJIO OT KaTaIUTUYECKOTO JICHCTBUS METAILJIOB.

[llupokoe MprMEeHEeHNE HAILTN TaKWe MPUCAIKH, KaK HOHOJ, aHTpa-
HWIOBasl KUCoTa U ap. MoHON — TUnWYHBIN uHTHOUTOpP. Bymyun BBe-
JIeHHBIM B Maciio B kommuectBe 0,2 % Maccel Macia, oH 3(h(eKTHBHO
3aMeIsieT 00pa3oBaHUE Ocajika B XOPOIIO OYHIIEHHBIX Maciiax, TOPMO-
31T pocT 1g 9.
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AHTpaHMIIOBasE KUCIIOTA — MPUCAKa, 00JIafaroIas MHOTO(GYHKIIHO-
HaJbHBIM JACUCTBHEM. JTO CHIIBHBIN JCaKTUBATOP U MACCUBATOP, HO Cia-
Obrii mHTHOWTOp. [IpM BBEOEHWHW B MaciO AHTPAHWIIOBOW KHCIIOTHI
(0,02-0,05%) xoppo3usi MEU | YKeJe3a MPAKTHYSCKU MTPEKPAIIaeTCs.

O}PeKkTHBHO OTHOBpEMEHHOE NMPUMEHEHHE MOHOJNA W aHTPAHWIIO-
BOM KHCJIOTBI.

HonuBky Macia B TpaHC(hOPMATOPHI, 3aJTUTHIE MACJIOM C TIPHCAIKa-
MU, MPOU3BOJAT TAKUM JKE€ MAacloM, KOTOpPOE OBbLJIO 3aJHMTO IEPBOHA-
YaJIbHO.

He nomyckaercst cMemenne Macen U3 HehTel pa3mmIHBIX MECTOPO-
JKICHHI 0€3 MPOBEPKHU BIMSHUS HA HUX MPUCAJIOK.

3ananus
. M3yuuth niporiecc 3arps3HeHs TpaHC(POPMATOPHOTO Maca.
. M3yuuth CiocoOBI yX0/1a 3a MaciioM.
. Onucatb croco6 oTdopa npod Maca.
. Onmcath crocoObl OYMCTKU M CYIIKH Macla.
. PaccMoTpeTh paznuyHble BUIbI 3aLIUT.

wnhWN PR

KouTpoabHble Bonpochl

. Kakum o6pazom nponcxoaut or6op mpod macna?
. Kak nporcxoaut ouncTka 1 ocyika macia?
. OOBSCHHUTS MPOIIECC PereHepanum.

4. TIosiCHUTH CXeMY YCTAQHOBKH JJIsl TEeHEpaluy Macia B TpaHchop-
MaTope Haxosmemcs B padore.

5. Kaxk ocymiecTsisieTcsi IpeJoOXpaHeHNE Maciia OT YBIaKHEHUS ?

6. Uto Takoe a30THas M INICHOYHAs 3aIuTa?

7. [Ipucaaku, yBeIHMYUBAIOIINE CPOK CIYkKObI TpaHC(HOPMATOPHOTO
Macia.

WN -

3ausaTue 7. KOHCTPYKIUS U MPUHIUN PadOThI
0aKOBBLIX H MaJIOMACJSIHBIX BLIKJIIOYATEIEH

]_IE.JIL 3aHATHUSA. HU3YYUTh YCTpoﬁCTBO MacCJIIHBIX BI)IKJ'IIO‘IaTCJ'IeI\;I, ux
KOHCTPYKIWU U NPUHIHAIT pa60T1,1.

MacnsHble BBEIKIIOYATEIH — OOHU U3 NECPBBIX KOMMYTAaIIlMOHHBIX aIl-

napaTtoB B JJICKTPOYCTAHOBKAX BBLICOKOI'O HAIIPAKCHUA, IPUMCHIIOTCH C
KOHI@ OpomuIoro CToJICTHs, HC HNOTCPAJIM CBOCIO 3HAUCHHUA U LIHMPOKO
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ucnonb3yroTcs B Hacrosmee Bpems. B CCCP 31o Obu1 OCHOBHOW BHJ
BBIKJTIIOUaTeneit Ha 6-220 kB.

JlocTonmHCTBa MaCIIHBIX BBIKITIOYATENEH — OTHOCHTENBbHAS TPOCTOTA
KOHCTPYKITUH, OOJbIas OTKIIFOYAIOMIas CIIOCOOHOCTh W HE3aBHCHUMOCTh
OT aTMOC(EPHBIX SBICHHH.

PaznugaroT BBIKITIOYATEHN MacisaHble OaKogble — C OONBIINM 00be-
MOM MacJja, Macyio CITy>KUT M KaK Ayroracsiias cpeaa, ¥ Kak U30JAIus, 1
BBIKJIIOYATENN MATOMACASHbIE — ¢ MAbIM O0OBbEMOM Macia, Macjio Cily-
JKUT TOJIBKO JYTOracsiuei cpeoiu.

Ha mampspkerus 35-220 kB mpuMeHSIOTCS B OCHOBHOM 0OaKOBEIE
BBIKJTIOYaTeNd. ManoMacisHble BBIKJIIOYATENH SBJISIOTCS OCHOBHBIMM Ha
HanpspkeHue 110 10 kB. U 3o monoxxeHne coxpaHUTcs: Haa0ATr0, 0COOCH-
HO eclii OyIyT MOBBIIMIEHBI MX HOMHHAIBHBIE TOKH 10 4 KA, a OTKITO-
yaeMbIi TOK — 10 40-50 kA. HauuHaroT Bce Oolree MMUPOKO MPUMEHSITHCS
MaJIOMaclIHbIe BBIKIIOYATENN B HAPYKHBIX ycTaHOBKax Ha 110 u 220 xB
IpU YCIOBHUM HX JIOCTATOYHOW OTKIIOYAIOUIeld CHOcOOHOCTH (cepus
BMT).

IlepBBIMU BBIKJTIOUATENSIMU B IIETISIX BBHICOKOTO HAIPSDKEHUS OBLIH
MacJIsiHbIe OaKOBBIC BBIKJIIOYATEIM O3 CICIHAIbHBIX YCTPONCTB IS
rameHus: nyru. KoHTakTHas cuctema pasMerniaiach B CTATBHOM 3a3€M-
JIEHHOM 0ake, 3aJJUTOM H30JISIIHOHHBIM MaclIOM, KOTOPOE€ CITY>KHJIO IS
raieHus] Jyrd U U30JSAUM TOKOBEIYIIUX YacTell Apyr oT Apyra U OT
3a3eMiieHHOTO Oaka. IIpu OTKIFOYeHNM BO3HHKAET Ayra MEXITy KOHTaK-
TaMH, KOTOpasi pasjlaraeT W HCIapsieT Macio, o0pa3yercs ra3zonapoBon
ny3sipb ¢ naBieHueM BHyTpu 0,5-1 MIla, B xoTOpOM OXJaXkaaercs U
racHeT Jayra. 3HAYUTEIBHOTO YBEJIMYEHUS OTKIIOYAONIEH criocoOHOCTH
MOJKHO JIOCTUTHYTH IIPUMEHEHHEM JTyTOTaCUTEIEHBIX KaMep.

Ha pucynxke 7.1 moka3aH pa3pes MOJI0ca U yroracuTeNIbHAs ABYX-
pa3pbiBHas nojiBMXHast kamepa (puc. 7.1, 6). Kaxaplii monroc codpan Ha
MacCCUBHOW 4yryHHOU Kpbitike (puc. 7.1 a). K xppllike nmoaBemmBaeTcs
0aK, BHYTPEHHHE CTEHKH KOTOPOTO HW30JIMPOBaHBI AJIEKTPOKAPTOHOM.
ITox xphIIIKON yCTaHOBJIEH NPHUBOJHOM MEXAaHWU3M C CHCTEMOM pblYa-
roB, o0ecIeurBalOIni NPSIMONMHEHHOE OBIKEHUE MITAaHTH. MexaHu3-
MBI BCEX TPEX IOJIOCOB COEIMHEHBI TATaMU MEXAY COOOH M C MPHBO-
JIOM BBIKITIOUaTeNs. Uepe3 OTBEpCTHs B KPBIIMIKAX MPOMYIIEHBI BBOJBI,
Ha KOHIIaX KOTOPBIX YKPEIUIEHBI HEMOJIBIKHBIE | -00pa3Hble KOHTAKThI
C METaJUIOKepaMHYeCKMMHU Hanaiikamu. Ha xaxaom BBOJE MOJ KpBIII-
KOW YCTaHOBJICH BCTPOCHHBIN TpaHchopmaTop Toka. K HuxkHEH dacTu
IITAaHTH U3 W30JIMPYIONIETO MaTepualia MPUKpPEIIeHa TyroracuTeIbHas
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KaMepa, COCTOSIIAs U3 JBYX KOPITYCOB, COCTUHEHHBIX CTSLKHBIMHU 00JI-
tamu. Ha pucynke 7.1, 6 mokasaH KOpIyc IyroracuTeIbHONH KaMephl.
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Puc. 7.1. Boikmovarens 6akoBbiid Maciisiablit C-35-630-10:
a — pa3zpes noiroca: 1 — BBoJ; 2 — TpaHC)OPMATOp TOKA;
3 — KOpIIyC MPUBOJHOTO MEXaHU3Ma; 4 — ILTaHTa; 5 — HEMO/IBW)KHBII KOHTAKT;
6 — myroracurensHas Kamepa; 7 — BHYTPHOaKOBasi H30JIALIHS;
8 — HarpeBaTeJIbHOE YCTPOHUCTBO; 9 — MacIOCIyCKHOE YCTPOHCTBO;
6 — nyroracutenbHas KaMepa B Ipolecce OTKIIOUeHMs: 1 — mTaHra;
2 — BO3/yIIHAs MMOJYIIKA; 3 — BBIXJIONHBIE OTBEPCTHS; 4 — KaMepa;
5 — GOKOBBIE BBIXJIONHBIE OTBEPCTHS; 6 — MOIBIKHBINA KOHTAKT;
7 — KOHTAKTHBIC TPYKHUHBL; 8 — HEMOABIKHBIA KOHTAKT

BHyTpeHHsis IOJIOCTh Kamepbl OONHIIOBaHA AYTOCTOMKHM H30JIS-
IIMOHHBIM MaTepualioM. B kamepe ycTaHOBIIEH TIOJIBM)KHBII KOHTAKT 6 B
BHJIE TIEPEMBIYKH, OIMPAIOIINICS Ha YEThIpe KOHTAKTHBIE MPYKHUHBI /.
B mecrax COIIPUKOCHOBCHUA C HEMOABUKHBIM KOHTAKTOM 8 HallastHbl
MeTaJJIoKepaMuieckue riactuHbl. [Ipu oTkmroyeHny mranra 1 omycka-
€TCs BHU3 BMECTe C Kamepou 4, B pe3yibTare 4ero oOpas3yroTcs aBa
pasphIBa U 3aropaercst 1yra B kamepe (puc. 7.1, 6). JlaBieHue B kamepe
PE3KO BO3pacTaeT, U KaK TOJBKO OTKPOIOTCS OOKOBBIE BBHIXJIOMHBIE OT-
BepcTHs 5, co3maercs momnepeyHoe AyThe. [Ipu OTKIIOYeHNH OONBIINX
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TOKOB 3TO JYyThe PHEPIHYHO U Ayra racHeT. Eciiu oTKIIOYaloTCs Majbie
TOKH, TO TIOCJI€ BBIXOJ]a HETIOJBM)KHBIX KOHTAaKTOB U3 KaMmephl Yepe3
BBIXJIOTTHBIC OTBEPCTHS 3 CO3/1aeTCs MPOJIOIbHOE NyThe, 00eCIIeUnBa0-
niee rameHue AyTH. B MyroracuTeIhbHOM YCTPOWCTBE €CTh BO3IYIIHAS
MOYINKA — HEOOJIbIIAs METALUTUYECKass KaMepa 2, 3aloJHEHHAST BO3/Y-
XOM M COOOMIAMMIAsICS ¢ OCHOBHBIM 00BEMOM JYTOTaCUTEIBHOW KaMme-
PBI, 3aOJIHEHHOM MaclioM. B mpoioi1pHOM pa3pese kaMephl KaHaJIoB, 110
KOTOPBIM OCYIIECTBIISICTCS 3Ta CBA3b, HC BUIHO. B TIepBEIii MOMEHT 3a-
ropaHusl JyTH, KOT/ia IaBJICHUE PE3KO BO3pacTaeT, YacTh Macia CKHMa-
€T BO3/yX, 9TO HECKOJIHKO CHIIKAET yAap B CTEHKU KaMephl, 8 B MOMCH-
ThI, KOT/Ia TOK B JIyre¢ MPOXOAMT Yepe3 HYJIb U IaBJICHUE B 00JIACTH TyTH
YMEHBIIIACTCSI, CIKATBIA BO3JyX BBITAIKMBAECT MACJO M CO3JIaeT JOIOJI-
HUTEIBHOE JIyThE.

IMocne ramieHust Tyrd MPOAYKTHI PA3NIOKECHHS Macia BBIXOIAT W3
KaMephbl, MPOXOJAT CJIOM Macia B 0ake, OXJIaXXAaloTCsl U 4epe3 CIelH-
aJbHBbIE Ta300TBOMABI B KPBIIIKAX BBEIOPACHIBAaIOTCS Hapyxy. Kamepa 3a-
TIOJTHSIETCS] MACJIOM, M BBIKJIIOYATENb TOTOB K CIEAYIOMEMY UKy Ore-
paumii.

OcnosHble npeumyujecmea 6OAKOBGvIX GuIKIIOUAmeneli: TPOCTOTa
KOHCTPYKITUH, BBICOKAs OTKJIFOYAIOIIAs CIOCOOHOCTh, IPUTOTHOCTD JUIS
HApy)XHOW YCTAaHOBKH, BO3MOXXHOCTh YCTAaHOBKH BCTPOCHHBIX TpaHC-
(hopMaTOpOB TOKA.

Heoocmamxku 6axosvix evikmiowameneii: B3pPbIBO- H T0XapOOIIac-
HOCTh; HEOOXOJIUMOCTh TEPUOMUYECKOTO KOHTPOJS 338 COCTOSHHEM H
YpOBHEM Maciia B 0ake ¥ BBOJAX; OOJBIION 00beM Macia, 4TO 00YCIIOB-
nrBaeT OOJBIIYIO 3aTpaTy BpPEMEHH Ha €ro 3aMeHy, HEe0OXOJWMOCTb
OONBIIKMX 3aMacoB Maclia; HEMPUTOJHOCTh JUIS YCTAHOBKH BHYTPH IO-
MEIICHUH; HENPUTOJHOCTh JUIS BBIOJIHEHUS OBICTPOJCHCTBYIOLIETO
AIIB; Oosbliast 3aTpata MeTajuia, OoJiblias mMacca, HEyA0OCTBO Tepe-
BO3KH, MOHTQXXa W HAJIA/IKH.

Manomacnsnvle GbIKIOYAMENU (20PUWIKOBbIE) TIONYYHIN IIHUPOKOE
pacnpoCTpaHE€HUE B 3aKPLITBIX W OTKPBLITBIX pPaCHpeACIMTCIbHBIX YCT-
policTBax BCeX HampspDKeHHWH. Maclio B 3TUX BBIKIIIOUYATEINSIX B OCHOBHOM
CIIY)KHUT Jyroracsimieil cpeoii M TOJbKO YaCTHYHO H3OJSIUEH MEXITy
Pa30MKHYTHIMHU KOHTakTamu. M30551KsI TOKOBEAYIIMX YacTel Apyr OT
JIpyTa ¥ OT 3a3€MJICHHBIX KOHCTPYKIIMA OCyIIecTBIsieTcs Gapdopom mimm
JIPYTHUMU TBEPIBIMH U30JIMPYIOIUMU MaTepuaiaMi. KOHTaKThI BBIKITIO-
yaTenedl I BHYTPEHHEH YCTAaHOBKHM HAaxXOJSTCS B CTAIBHOM Oadke
(ropuike), OTCIOJIa  COXPAaHWJIOCh  Ha3BaHWE  BBIKNIIOYATENEH
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«TOPIIKOBBIE». ManoMacisHble BBIKIIOYATENN HampsbkenueMm 35 kB u
BhIIIIe UMEOT (hapdopossiii kopiryc. Camoe MUPOKOe MPUMEHEHUE HMe-
10T BeikIoYarean 6 —10 kB moaBecHoro tuma (puc. 7.2, a, 6). B atux
BBIKITIOUATEIISIX KOPIYC KpemuTcs Ha GapPopoBBIX H3OIATOPAX K OOIICH
paMe I BCEX TPEX MOJIOCOB. B KaXa0M MoJIroce MPEAYCMOTPEH OJMH
pa3pbIB KOHTAKTOB M NYIOTaCUTENIbHASA Kamepa.

[Mo Tumy, moka3aHHOMY Ha pUCYHKax /.2, a, 6, U3TOTOBISIOT BbI-
kmouatenu BMI-10 (Beikmodarens MacisHbIA ropuikoBbiii), BIIM-10
(moxBecHOW MAaCIISIHBIN).

ITo KOHCTPYKTHBHOM cxeMe, IPUBEACHHOW Ha PUCYHKE 1.2, 6, H3TOTOB-
NA0TCs BhIKIIOUaTenn cepur BMII (BblkiitouaTens MajJOMacisHBIA TOJ-
BecHOM). [Ipy GONBIINX HOMUHAIBHBIX TOKaX OOOWTHUCH OJHOM Mapoil KOH-
TaKTOB (KOTOPEIE BBITOJHSAIOT POJH PabOYHNX U IyroracUTEIbHBIX) TPYIHO,
MO3TOMY TPEAyCMAaTPUBAIOT paboure KOHTAKTHI CHAPYXKH BBIKIIOYATENS, a
JIyrOracuTeIbHbIE—BHYTPH MeTauinyeckoro 6auka. [Tpu Oonpmmx OTKIIO-
YaeMbIX TOKaX Ha KaXKIbIH MOJIIOC UMEIOTCA [1BA yIOIacUTENIbHBIX Pa3phiBa
(puc. 7.2, 2). Ilo Takoii cxeMme BBINOJIHSIOTCSA BhIKIOYarenu cepuit MI'T u
MI na Hanpspkenue 10 20 kB BriIrounTensHO. MaccuBHBIE BHEIIHUE pabo-
9re KOHTaKTHl 4 MO3BOJIAIOT PACCUUTATh BBIKIIOUATETh Ha OOJBIINE HOMH-
HajbHbIe TOKH (10 12 000 A).

Crneunanbho ansi KPY BBIABH)KHOTO MCTIONHEHUS pa3pabOTaHbl U W3-
TOTOBJIAIOTCSA KOJIOHKOBBIE MaJjlOMaciisiHble BBIKIOYarenn cepud BK mo
cXeMe pHucyHke 7.2, 0.

Jns ycranoBok 35 kB u Bblllle KOpPIyC KOJIOHKOBBIX BBIKJIIOYATENEH
tdapdopoBslii, 3amosHeHHBIH MacioMm (puc. 7.2, €). B BwIKmOuaremnsx
35,110 kB mpexycMoTper onuH pa3pbiB Ha (asy, mpHu OONBIINX HampshKe-
HUSX — JIBa U 00JIee pa3phIBOB.

Buikmouamenu cepuu BMII mMUpOKO NPUMEHSIOTCS B 3aKPBITBIX U
KOMIUIEKTHBIX paclpeneIuTenbHbIX ycTpoiictBax 6—10 kB. Brikmrouarenu
st KPY umeroT BcTpoeHHbIH NPYXKUHHBIN UIIH 3J1€KTPOMarHUTHBIA IPUBOA
(tuer BMIIIT n BMIID). Breikirouarenu 3TUX Cepuil paccuuTaHbl Ha HO-
MmuHaITbHBIE TOKH 630 — 3150 A m Toku otkmoueHus 20 u 31,5 KA.

OTH BBIKJIIOYATENM UMEIOT JBa MapajuIeIbHbIX TOKOBBIX KOHTYpa (puc.
7.2, ). Paboune KOHTAaKThl 4 pacHoOJIOKEHBI CHAPYKH, JYrOTacUTelIbHBIC
1 — BHyTpH Kopiryca. BHyTpeHHee ycTpOHCTBO TOJFOCA ISl BBIKITIOUaTeNnei
Bcell cepuu oanHaKoBO. KomyecTBo Macia B BHIKIIOUATENAX HA TOKH 630 —
1600 A cocraBigeT 5,5 kr, B Beikirouarensx Ha 3150 A — 8 kr.

Buixmouamenu ceputi MI'T, MI" u BI'M W3roTOBIAIOTCS Ha OOJBLINE
HOMMHAJIbHBIE TOKHM [0 KOHCTPYKTHBHOH CXeMe, IOKa3aHHOH Ha pUCYHKE
7.2, 2. Beikirodarenu 3TUX Cepuil UMEIOT JiBa CTAIBHBIX 0adka Ha MOJIIOC U
MO JIBE Mapbl PadOYMX W JAYTOTacHTENBbHBIX KOHTAKTOB. MOIIHbBIE pabodne
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KOHTAKTbl TIO3BOJISIIOT YBEIMYUTh HOMHHAJIBHBIA TOK 3THX BBIKIIIOYATENeH,
a JBYKPATHBII pa3pbIB TOKA U CIIEHUATBHBIE KAMEPHI TallleHUs MPUBOJAT K
VBEIHUCHHIO OTKITFOYAIONIEH CTOCOOHOCTH.

Jng ymnpaBieHus BBIKIIOYATENSIMU 3TOM CEpUHM TPUMEHSIOTCS JJIeK-
TpoMarauTHbIe ipuBobl [1C-31 wu [193-2, [19-21.

Manomacasnvle svikarouamenu konoukogoeo muna BK-10 ¢ npyxuH-
HbIM npuBoAoM U BK3-10 ¢ 3neKkTpoMarHuTHBIM TTPUBOJIOM TpeAHa3HAYE-
HEBI 11t npuMeHeHns B KPY BHyTpeHHEH n HapyKHON YCTaHOBKH.

Buixkniouamenu macnausie xononkosvie cepuu BMK, BMY3 npumens-
I0TCS B yCTaHOBKax 35 kB.

B ycranoskax 110 u 220 kB HaxomsT npuMeHEHHUE 8bIKIIOYAMENU KO-
Jnoukoso2o muna cepuu BMT.

e ad e

Puc. 7.2. KOHCTpYKTUBHbBIE CXEMbI MATIOMACIISIHBIX BBIKJTIOUATENeil (a — e):
1- AYTroraCuTeCJIbHbIC KOHTAKThI; 2— AyroracuteiibHas Kamepa,
3 — HeNoABMXHBIE KOHTAKTHI; 4 — paboure KOHTAKThI

MacnoHanonHeHHbIe KOJIOHHBI TepMETHU3UPOBaHbl M HAXOAATCSA TOJ
M30BITOYHBIM JIaBJICHHEM Ta3a (a30Ta Wiu Bo3ayxa). 30bITouHOE AaBlicHHE
MOJJIEPKUBAET BBICOKYIO JJIEKTPHUUECKYIO TPOYHOCTh MEXKKOHTAKTHOTO
MPOMEXYTKA, MOBBIIIACT HM3HOCOCTOMKOCTh KOHTAKTOB, O0ECIICUMBACT Ha-
JIEeKHOE OTKIIIOYeHHE Kak TOKOB K3, Tak M eMKOCTHBIX TOKOB HEHarpyXeH-
HBIX JIMHUM 3nekTpornepenadn. M30bITOYHOE aBiICHUE CO3JAETCA CHKAThIM
ra3oM, KOTOPBIA Mmojaercs OT 0ajUIOHOB WIJIM KOMIIPECCOpa, TEpes BBOJIOM
BBIKJTIOYATENS B OKCIUTYaTALlMIO U COXpaHseTcs 0e3 MOMOTHEHUs 10 OdYepe-
HOW PEBU3UM.
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KoHcTpyKIust MajgoMacisiHbIX BhIKIIOYaTesaei 35 kB u Beie npoaod-
JKaeT COBEPIIECHCTBOBATHCSA C LEIbI0 YBEIMYCHUS HOMHUHAJIBHBIX TOKOB H
OTKITFOYAOIICH CIIOCOOHOCTH. B MHPOBOM MpaKTHKE MaIOMACIISHBIC BBI-
KITFOYATEIM U3TOTOBIIIOTCS Ha Hanpspkenust 10 420 kB.

Jlocmouncmea Manomacinanvix evikaovamerneti; HeOOJbIIOe KOJIHYECT-
BO Macjia; OTHOCHTEJILHO Majias Macca; 0ojiee YAOOHBIM, YeM y OaKOBBIX
BBIKJTIOUATENICH, JOCTYN K JYTOTaCHTEIbHBIM KOHTAKTaM; BO3MOXHOCTH
CO3/IaHUs CEpHM BBHIKIIOUYATENIell Ha pa3Hble HANPSHKCHUS C MPUMEHEHHEM
YHU(DUIIMPOBAHHBIX Y3JIOB.

Heodocmamiu manomacisinolx @vlkaiowamenel: B3PbIBO— M I0XKapO-
OIACHOCTb, XOTS M 3HAYUTEIILHO MEHBIIIAsA, YeM y OaKOBBIX BBIKIIIOUATEIICH;
HEBO3MOXKHOCTh OCYIIECTBIICHUs ObIcTpojeiicTByromero AIIB; Heobxomu-
MOCTB IEPHOIUYSCKOrO KOHTPOJISA, TOJIUBKH, OTHOCHTEIIEHO YacTOM 3aMEHEI
Macja B JIyrOTaCHTCIbHBIX Oaykax; TPYAHOCTh YCTAaHOBKH BCTPOCHHBIX
TpaHCc(OPMATOPOB TOKa;, OTHOCHTEIBHO Majas OTKIIOYAroIas Croco0-
HOCTb.

OO0nacTb MpUMEHEHUS MaJOMAaCSHBIX BBIKIIOYATENIC — 3aKpbIThIC
pacpeneauTeIbHbIe YCTPOUCTBA YISKTPOCTAaHINKA 1 moacTannmi 6, 10, 20,
35 u 110 xB, xoMIIIeKTHBIE pacIpeneanTelbHbIe yeTpoicTBa 6, 10 u 35 xB
U OTKPBITBIE paclpeenuTeIbHble yeTpoiictsa 35, 110, 220 kB.

3ananus

1. U3yunth Ha3Hau€HHE, KOHCTPYKIIUIO M BUBI MACIISTHBIX BBIKITIO-
yaTesei.

2. O3HaKOMHUTCS C TPHUHIUINOM PaOOTHl OAaKOBBIX MACISHBIX BHI-
KJIFOYaTesen.

3.03HaKOMUTCS C TIPUHITUIIOM PaOOThI MaJIOMAC/ISTHBIX BBIKJIFOUATE-
JIeH.

KouTpoabHble Bonpochl

1. HazoBure npenmymiecTBa MacIsIHBIX BBIKJTIOUATENEH mepes apy-
TUMH BBIKITFOYATEIISIMH.

2. HazoBute npenmMyIiecTBa U HEIOCTATKA OAKOBBIX MACIHISTHBIX BBI-
KJIFOYaTesen.

3. HazoBuTe npenuMyIiecTBa U HEAOCTATKH MaJOMACIISHBIX BBIKITIO-
yaTeNne.

4. IlosicHuTE TIPOIIECC TAICHHS TyTH B MACIISTHBIX BBIKITIOUATEIISIX.

5. HazoBute mpeumytiecTBa u 001aCTh TPAMEHEHHS MACIISTHBIX BBI-
KJII0oYaTesieil KOJIOHKOBOT'O THIIA.
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3ansaTue 8. Bo3aymHble 1 BAKyyMHBI€e BBIKJII0YATEIH

Heap 3aHATHA: N3YyIUTh PA3IMIHBIEC BUABI BO3AYIIHBIX U BAKyyMHBIX BBI-
KITfo4aTesei, MX KOHCTPYKIMU ¥ IPUHIUI PaOOTEHI.

BO3l)ymele 8bIKIIOUameiu

B BO3ayImIHOM BBIKIFOUYATENE CXKATBIM BO3JYX BBINOJHSACT JBE
(GYHKIIMM — TalleHns TyTH W YIPaBIeHHUS] MEXaHHM3MOM CaMOTO BBIKIIO-
yarens. V30Jsa1usi TOKOBEIYIIUX YacTed OT 3€MIIM OCYIIECTBIISICTCS
dapdopom.

KoHCTpyKTHBHBIE CXEMBI BO3AYIIHBIX BBIKIFOUYATENEH, MpUMeHse-
MBIX Ha TOJICTAHIIAAX, B OCHOBHOM OTIPEAEISIOTCS COCOO0M CO3/aHuUs
W30JISIIMOHHOTO MPOMEKYTKAa MEKAY KOHTAKTAaMH BBIKJIFOUATEIIs, HAX0-
TISTIIETOCS B OTKITIOYSHHOM TOJIOXKEHHH, CITOCOOOM MOJa4H CKATOTO BO3-
JlyXa B IyTOTaCUTENbHBIE YCTPONCTBA, CHCTEMOU YITPABIICHUS BBIKITIOYA-
TEJIeM, HATMYUEM IIYHTUPYIOIIUX PE3UCTOPOB U ICIUTEIICH HAMPSDKSHUS
1 HEKOTOPBIMH JPYTUMHU 0COOCHHOCTSMHU.

B BeIKITIOUATENAX Ha OOJBIIHE HOMHHAIBHBIE TOKH (puc. 8.1, a, 6)
WMEIOTCS TJIABHBIM M JyTOTacHTEIbHBIH KOHTYPHI, KAK U B MAJOMAacCIIs-
HeIX BeIKTOUarenssx MIT uw BI'M. OcHoBHas 4YacTh TOKa BO
BKITFOUCHHOM TIOJIOKEHUH BBIKITFOYATENS TPOXOIUT O TIIaBHBIM KOHTaK-
TaM 4, pacHoJOXEHHBIM OTKPHITO. lIpym OTKIFOYEHHWH BBIKIIOYATENS
TJIaBHBIC KOHTAKThl PA3MbIKAIOTCS HEPBBIMH, IOCJE Y€r0 BECh TOK IMPO-
XOJIUT TIO JYrOracUTENIbHBIM KOHTAKTaM, 3aKJIIOUYEHHBIM B JyrOracu-
TenbHON Kamepe 2. K MOMeHTy pa3MbIKaHHS 3TUX KOHTaKTOB B KaMepy
MOJIAeTCs CXKAThIM BO3JyX W3 pe3epByapa 1, co3aaeTcsi MOIIHOE IYThE,
racsiiiee ayry. JyTtee Moxet ObITh IpoaoabHBIM (puc. 8.1, a) wim nore-
peunbM (puc. 8.1, 6). HeoOXoauMBbIil H30ISIIMOHHBIA TPOMEKYTOK MEXK-
Iy KOHTaKTaMH{ B OTKJIFOYEHHOM TIOJIOKEHHH CO3/IaeTCS B TYTOTaCHUTENb-
HOW KaMmepe MyTeM pa3BeJICHHsI KOHTAKTOB Ha JOCTAaTOYHOE PACCTOSHUE
(puc. 8.1, 6) wnu cnenWanbHBIM OTHEIUTENIEM S, PaCMOJOKEHHBIM OT-
kpeiTo (puc. 8.1, a). [locne oTKIFOYEHUS OTAENMUTENS S mpekparaeTcs
mojaya C)Karoro BO3JyXa B KaMepbl W JIyrOracHUTEIbHbIE KOHTAKThI 3a-
MBbIKalOTCs. BBIKIIOUaTeN, BBIMOJHEHHbIE 0 TAKOW KOHCTPYKTHBHOM
CXeMe, U3TOTOBIISIOTCS I BHYTPEHHEW YCTAHOBKY Ha HampspkeHue 15 u
20 kB u Tok mo 20 000 A (cepust BBI'), a taxxke na 35 kB (BBD-35-
20/1600VY3).
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e a

Puc. 8.1. KOHCTpYKTHBHBIE CXeMbI BO3IYIIHBIX BBIKIOUYaTeNeH (a — 0):
1 — pesepByap co CxaTbIM BO34yXOM; 2 — IyroracHTelIbHas KaMepa;
3 — wyHTHpYIOIIHK pe3ucTop; 4 — rIaBHbIE KOHTAKThL; 5 — OTIeIHUTENb;
6 — eMKOCTHBII JCIIATECIIb HAIIPSKCHUA

B BbIKITIOUATENAX Uil OTKPBITOH YCTAHOBKM HOyTrOracHTENIbHas KaMepa
pacronoxeHa BHyTpH (GapdopoBoro m3onsTopa, MpudeM Ha HanpspkeHue 35
kB mocraTouHo MMeTh OJUH pa3pbiB Ha ¢asy (puc. 8.1, 6), Ha 110 kB — nBa
paszpeiBa Ha (azy (puc. 8.1, 2). Paznuume Mexay 3TUMH KOHCTPYKLIHUSMH
COCTOUT B TOM, YTO B BBHIKNIIOUarenie 35 KB HM3OISIIMOHHBIA MPOMEKYTOK
CO3JIaeTCsl B AYrOTaCUTENBHON KaMepe 2, a B BBIKJIIOYATEISIX HAMPSKCHUEM
110 kB u BbIIIIE 1TOCIIE TAIIEHUS TYyT'H Pa3MBIKAIOTCS KOHTAKThl OTIEIUTENS
5 1 xamepa OTHENUTENS OCTAeTCs 3aIOJHEHHOM CKAaThIM BO3IYXOM Ha BCE
BpEMs OTKJIFOYCHHOTO IOJIOXKEHUS, IIPH 3TOM B JIyTOTacUTEIBHYIO KaMepy
CXKaTbIi BO3yX HE IOAAETCs U KOHTAKThl B HEl 3aMblkatoTcs. 110 KoHCTpyK-
TuBHOM cxeme (puc. 8.1, 2) co3mansl BEIKIIOUaTenn cepud BB Ha Hampsoke-
Hre 1o 500 kB. Uem Bbllle HOMHHAIBHOE HANpsDKEHHE W YeM OoJIbIle OT-
KJIF0YaeMasi MOIHOCTh, TEM OOJIbIIIE Pa3phIBOB HEOOXOIUMO UMEThH B IyTO-
racuteiabHOM kamepe u B otaenurene (Ha 330 kB — Bocemb; Ha
500 kB — necsts).

B paccMOTpeHHBIX KOHCTPYKIUSX BO3AYX MOJACTCS B JYTOTAaCHTEINb-
HBIE KaMephl U3 Pe3epByapa, paclooKEHHOTO OKOJIO OCHOBAHUS BBHIKIIFOYA-
Teis. Ecny KOHTaKkTHYIO cCUCTEMY IIOMECTUTH B PE3€pBYyap C:KaToOro BO3AyXa,
M30JIMPOBAHHBIIN OT 3eMJIH, TO CKOPOCTh TaIlICHUS AyTH 3HAUYNTEIHHO YBEIHU-
uynTcd. Takodl NpUHIMI 3aJI0)KEH B OCHOBY cepuM Belkitouatencii BBb
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(puc. 8.1, 0). B 3TuX BBIKIIOYATENAX HET OTACTUTENS. [IpH OTKIIOYCHUH
BBIKJTFOYATEIIS IyroracuTeIbHas KaMepa 2, SBJISIOMAsACS OJHOBPEMEHHO pe-
3epByapoM CXaToro BO3/yXa, COOOIIaeTcss ¢ atMocdepoil depe3 TyTheBhIe
KJIanaHbl, Ojlarojapsl yemy co3faercsi IyThe, racsiiee ayry. B oTkiroueH-
HOM TIOJIOKEHIH KOHTaKThl HAXOATCS B Cpelie C:kaTtoro Bozayxa. [lo Takoit
KOHCTPYKTHBHOM cxeMe co3naHbl Beikmtouatenu no 750 kB. KomugectBo
JYTOTacUTENbHBIX Kamep (MoIysel) 3aBUCUT OT HanpspkeHus: 110 kB — ox-
Ha; 220, 330 kB — aBe; 500 kB — uetsipe; 750 kB — mecTs.

J1s paBHOMEpPHOTO pacmlpeeeHus] HaNmpsDKeHUsT 0 pa3phiBaM HC-
MOJB3YIOT OMHYECKHE 3 1 EMKOCTHBIC 6 JETUTENN HATIPSHKCHUS.

Bozoywmnwiii eviknmowamens BBI-20 npenHa3HadeH A YCTaHOBKU B
IETsAX MOIIHBIX TEHEPATOPOB M paccuuTaH Ha Tok o 12 500 A, a mpu o0y-
Be BeHTHIsATopamu 1 — Ha 20 000 A.

Bo3zoywmnvie gvixnmouamenu HAUIIU IIAPOKOE PUMEHEHHE B YCTaHOB-
kax 110-500 xkB. X KOHCTPYKITHS COOTBETCTBYET CXEMeE, IIPUBEACHHON Ha
pucyHke 8.1, e, ¥ OTIMYACTCS MPH PA3HOM HAIPSHKCHUH KOJIMIECTBOM IIyTO-
racUTEJIbHBIX KaMep M KaMmep BO3IyXOHAIOJHEHHOTro oTAenuTens. Jis ot-
KIFOUEHUS W TaIleHWs] AYyTd B HHUX HCIOJIB3YyeTCs BO3AYX AABJICHHEM 2-
4 MIla.

Brikmoyarenu 3TOil cepuu MOCTENEHHO BBITECHSIOTCA Oojiee coBep-
IICHHBIMH U OBICTPOJCHCTBYIOIIMMH BBIKITFOYATEIISIMH.

Bo Bcex paccMOTpEHHBIX BBIKITIOUATENSIX CXKATHIM BO3AYX M3 3a3EM-
JIEHHOTO pe3epByapa MOAaeTcss B AYrOracUTENIbHYI0 KaMepy IO H30JUpo-
BAaHHOMY BO3AYXOIIPOBOJY WJIM BHYTPEHHEU IIOJIOCTH H30JISATOpa, THHA
KOTOPBIX 3aBUCUT OT HOMWHAIHHOTO HAIPSHKCHHs BBIKITIOUaTeNs. Bpems
3aM0JIHEHUSI KaMephbl C)KAThIM BO3JYXOM 3aBHUCHT OT JaBJICHHS BO3IyXa B
pe3epByape U OT JUIMHBI BO3IyXomnpoBoda. B Beikimtouarensx 35 u 110 kB
ato Bpems coctaBiser 0,003-0,005c, B BeKmOUaTensx 15-20kB —
0,007-0,01 ¢, B Beikmrouarensx 330-500 kB — 0,013-0,014 ¢. YBeauuenue
BPEMEHHU 3aIlOJTHEHHUS KaMephl YBEIHMUUBAET COOCTBEHHOE BpeMs OTKIIOYe-
HUS BBIKITIOYATEIS], TIPU 3TOM YXYAIIAETCS OCHOBHOW TOKA3aTellb BO3MYIII-
HOTO BBIKJTFOYATENs] — OBICTPOICHCTBUE.

Brikmouarenu cepuu BBB (puc. 8.1, 0) uMErOT M30IMPOBAHHBINA OT
3eMJIM Pe3EpBYyap CXKATOro BO3[yXa, BHYTPH KOTOPOTO HAXOAMUTCS KOHTAKT-
Has cucteMa. [10aToMy COOCTBEHHOE BpeMsI OTKITFOUCHUS 3TUX BBIKIIIOYATE-
Tl CBEPXBBICOKOTO HAMPSHKCHUS MEHBIIE, YeM Y BBIKIIOYATENICH CepHuH
BB. /laBnenue Bo3ayxa B raCUTENIbHOM Kamepe B BbIKItouarenax BB wu3-3a
MOCTENEHHOM €ero mojayd K MOMEHTY TallleHUs! AyTd PaBHO MPUMEPHO IO-
JIOBUHE HOMHHaIbHOTO. B BhIKIIOuaTensx BBB maBnenme Bo3myxa kK Mo-
MEHTY TallleHUs] PABHO HOMUHAIBHOMY, TIO9TOMY 3TH BBIKJIIOYATEIH UMEIOT
0O0JIBIIYIO MOIIHOCTD OTKIIIOYEHHSI.
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Brixmouarenu cepun BHB nMeroT ykpynnHEeHHBIN JBYyXpa3pbIBHBIN Y-
roracuTebHbId MoOAyab Ha Hanpsbkenue 220-250 kB. Bce Bwikmrouarenn
otoii cepun Ha 110-1150 kB koMmImoHyrOTCS M3 pe3epByapa co MmKahoMm
YIPABJICHHUS] U OMOPHOM M3OJISAIIMOHHON KOJIOHKH, HA KOTOPBIH CMOHTHPO-
BaH AyroracuTeNbHBIN Moayib. [lomoc BeIkmoUarens Ha 220 kB umeer on-
HY OTIOPHYIO KOJIOHKY C OJTHUM IBYXpa3pbIBHBIM MoxayiieM, Ha 500 kB — aBe
OTIOPHBIC KOJIOHKU U JIBA MOAYJIs, HA 750 KB — TpH KOJIOHKH M TPU MOy,
Ha 1150 kB — msaTe KoMOHOK M mATh Mojmyinel. [lomoc BeIKITIOUATENST HA
110 kB umeeT ogHOpa3phIBHBIA MOIYIIb.

Bo3aymniHsie BRIKIIIOUATEIN UMEIOT CJICIYIOIINE JOCTOMHCTBA: B3PHIBO-
U T0Kapo0e301MacHOCTb, OBICTPOACHCTBIE H BO3MOXXHOCTh OCYIIICCTBICHHS
osicTpoericTByromiero AIIB, BBICOKYIO OTKIIOYAIOIIYIO CIIOCOOHOCTDH, Ha-
JICKHOE OTKIIIOUECHUE E€MKOCTHBIX TOKOB JMHHWM, MaJIbIi U3HOC Iyroracu-
TEIBHBIX KOHTAKTOB, JIETKUH JOCTYI K JYrOTaCUTEIIBHBIM KamMepam, BO3-
MOXXHOCTh CO3J[aHHS CEPHH W3 KPYITHBIX Y3JIOB, MIPUTOJHOCTh JJI HAPYX-
HOM M BHYTPEHHEH YCTaHOBKH.

HenoctatkamMu BO3IYIIHBIX BBIKIIOYATENCH SIBISIOTCS: HEOOXOIM-
MOCTh KOMIIPECCOPHOM YCTaHOBKH, CIOXHAs KOHCTPYKIUS psla JeTajied u
Y3JI0B, OTHOCUTEIBHO BBICOKAss CTOMMOCTh, TPYJTHOCTh YCTaHOBKH BCTPOEH-
HBIX TpaHC(POPMAaTOPOB TOKA.

BaKyyMHble 8bIK/IIOUamenu

OJeKTpuyecKkas MPOYHOCTh BaKyyMHOTO IIPOMEKYTKAa BO MHOTO pa3
0oJbIIe, YeM BO3YIIHOTO MPH aTMOC(HEPHOM JaBICHUU. DTO CBOMCTBO HC-
MOJIB3yeTCs B BAaKYYMHBIX JyroracureiabHbix kamepax KJIB (puc. 8.2). Pa-
0oure KOHTaKTH 1 UMEIOT BU TONHBIX YCEUCHHBIX KOHYCOB C palUalbHBI-
MU mpope3siMu. Takas GopmMa KOHTAaKTOB MPU Pa3MbIKAHWU CO3/aeT Paju-
aNbHOE IEKTPOJANHAMHUYECKOE YCUIINE, 3aCTaBISIONIEe TePeMenIaTbes YTy
gepe3 3a30pbl 3 Ha AYTrOTacHTENbHBIE KOHTAKTHI 2. Marepuan KOHTaKTOB
MoJ00paH TakK, 4TOOBl YMEHBIIUTH KOJMYECTBO HCIAPSIONIETOCS MeTalla.
Bceneacreue rimy0okoro Bakyyma (10'4—10'6) MIPOUCXOAUT ObICTpas auddy-
3Ws 3apsDKEHHBIX YacTHUIl B OKPYXKAroIee MPOCTPAHCTBO, U TIPU MIEPBOM IIe-
pexoje TOKa Yepe3 HyJb Ayra TacHeT.

ITonBoa TOKa K KOHTAKTaM OCYIIECTBISETCS C TOMOIIBIO MEIHBIX
crepkHeit 4 u 5. [1oABMKHEIA KOHTAKT KPEHUTCS K BepxHeMy (uaHiy 6 ¢
IOMOIIBIO cIb(hOHA 7 M3 HEepKaBeromer cTani. MeTamdeckue dKpaHbl 8
1 9 ciayXat JUIsl BBIPAaBHUBAHHS 3JIEKTPHUYESCKOTO TOJIS | JIJISl 3alTUThI Kepa-
Mu4eckoro kopiyca 10 oT HanbUICHHUS TapOB MeTallIa, 00pa3yoIUXCcs MPH
TOPEHUH OyTU. DKpaH 8 KpemuTcst K KOPIyCy KaMephl ¢ TOMOIIBIO KOJIbIa
11. MoctymaTtenbHOE NBUKECHUE BEPXHEMY KOHTAKTy 0OECIIEUMBAETCS KOP-
mycoM 12. Xoz MoABMKHOTO KOHTAKTa COCTABIACT 12 MM.
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Puc. 8.2. BakyymHas nyroracurenbHas kamepa K/IB:
1 — paboune KOHTaKThI; 2 — {yTOraCUTENIbHBIC KOHTAKTHI; 3 — 3a30pbl;
4,5 — rokoBenymure crep:kHy; 6 — Bepxuuii Guanen; 7 — cuinbhoH; 8, 9 — IKpaHsL;
10 — xepamugeckuii kopiyc; 11 — kpemneskHoe KoibIo; 12 — xopmyc

Ha ocHOBe paccMOTpEeHHOMH BHIIIC BAKYYMHOM TyroracUTEIBLHON Kame-
PBI BBIITYCKAIOTCS BBIKIIIOYATEIM HanpsbkeHueM 6-110 kB ¢ HOMHHAIbHBIM
TokoM 110 3200 A u TokoM oTKIroueHus 10 40 kKA.

Bakyymublie Boikitodarenu 6-10 kB mupoko nmpuMeHstoTCs AJis 3ame-
HbI MaJIOMACJISIHBIX M 3JICKTPOMATrHUTHBIX BBIKIIOYATENICH B KOMITICKTHBIX
pacrpenenuTeIbHbIX YCTPOMCTBAX, /Ui Yero OHU KOMIUIEKTYIOTCS Ha BbI-
KAaTHBIX TCIICKKAaX.

JyroracurenpHas kaMmepa 7/ yKpeIuleHa Ha TOKOBBIBOJAX B HM30JIs-
IIMOHHOM Kapkace 6 M CHCTeMOU phIYaroB CBsi3aHa ¢ NpUBOAOM. [Ipu
BKJIFOUEHUM CHayaja MPOMCXOJUT 3aBOJIKA MPY>KUHHO-MOTOPHOI'O IPH-
BoJia 710 nosoxkeHus: «['otoBy. Ilocse 3Toro mojgaercsi CUrHain Ha BKIIIO-
yerne Ha WYY (MHIYKIIMOHHO-AMHAMUYECKOE YCTPOHCTBO YITpaBlie-
HUS), KOTOPOE, pa3psbKasich, COMBAET yACPKUBAIOIILYIO 3aIIETKy Ha MPH-
BOJI€, TIPYKUHBI IOBOPAYMBAIOT KYJIaUYKOBBIA Ball 9, KOTOPBIHA BO3JIEHCT-
BYET Ha pbluar Baja BhIKJIIOYaTess. Ban, moBopaunBasch, 4Uepe3 CUCTEMY
pBIYAroB M H3OJIALMOHHBIC TATM 3 BO3JCHCTBYET Ha IOJBMIKHBIA KOH-
takT KJ/IB, BBIKITFOUaTens BKirodaeTcs. OTKIIOUYEHHUE TMPOU3BOIUTCS
KHOMKO# oTkmouenus 10, koTopas BBIOMBACT YACPKUBAIOIIYIO 3aIllelI-
Ky, a OTKJIFOUaromias npyxuna 13 dyepe3 cucreMy pplYaroB BO3BpaIiaer
MOJIBMXKHBIM KOHTaKT KaMephbl B OTKJIFOYEHHOE COCTOSIHUE. Y IpaBJICHUE
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BBIKJTIOYATEIEM MOXET OCYIIECTBISATHCS BPYYHYIO WIH TUCTAHIIMOHHO.
PaccMoTpeHHBIN BBIKITIOYATETh MOXET OTKIIOYaTh W BKIIOYATh TOK
K3 31,5 kA, monHoe Bpems orkimoueHus 0,04 ¢, BpeMs BKIIOUCHHUS
0,03 ¢c. KomMmyTaloHHBIH pecype: Yucio 1ukioB B — t, — O HoMuHATIb-
Horo Toka paBHO 30000, yucio mukiaoB B u O toka oTkmoueHust — 50.
Cpoxk cIry>K0BI 10 CpeTHET0 PEMOHTAa COCTaBIsAeT 15 Jer.

@Tnxnc‘w M

Puc. 8.3. BakyymHsiii Beikirouaresis BB-TEL-10-1000:
1 — HemONBMXXHBIN KOHTAKT, 2 — BakyyMHas kamepa (B/IK); 3 — moaBImKHBIA KOHTAKT; 4 —
rUOKHIi TOKOCHEM; 5 — TATOBBII H30JISITOP; 6 — IPY)KKUHA TTOKATHS,
7 — KONBLEBOW MarHUT; 8 — sKopb; 9 — oTKIIOUaromas npyxuHa; 10 — kaTymika;
11 — Bai; 12 — HOCTOSIHHBIN MaruuT; 13 — TepKOHbBI

Brixmrouarens BBII — ObicTponeicTByIOINi, ycTaHABIUBAECTCS B
stueiikax KPY ceknmoHHBIX 1 Ha BBOJIaX B COBOKYITHOCTH C OBICTPOJICH-
ctBytomuM ABP u cIry>XHT 1151 3aMEHBI MAJIOMACIISTHBIX BRIKITIOUATEIICH,
OTCIYXUBIIUX CBOH cpok B suetikax KPY: K-XII, K-XI1I, K-XXVI, K-
37, KB3, KBC u KCO Bcex Tumos.
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Jia 3TUX e 1ened OCBOEH BBIMYCK BBIKIIOUATENIEH BAaKYyMHBIX
BB-TEL mpousBoacTBeHHBIM 00benuHeHHEM «TaBpuma-3iaekTpuk». Ha
pucytke 8.3 mokaszaH pa3pes 10 OJHOMY IOJIOCY U OOLIUI BU BaKyyM-
Horo BeIKIIOYarenss BB-TEL-10/1000. Brikimrodarens COCTOMT U3 TpeX
MIOJIFOCOB HA OJTHOM OCHOBaHWU. SIKOpH 8 MPUBOAHBIX AJIEKTPOMATHUTOB
COCTMHEHBI MeX Iy co0oit Batom 11.

B pa3oMKHYTOM IOJIO)KEHWH KOHTAKTHI BBIKIIOYATENS yIAEp>KHUBa-
I0TCSl OTKJIIOYAIONIeH MpyXuHOH 9 depe3 TAroBbId nzomnstop 5. IIpu mo-
Jlaue CUTHaNA «Bxm» mogaeTcsl NUTaHue B KaTyIIKy >JekTpoMaruuta 10
SKOPb 8, CXKMMasi OTKITIOYAOIIYIO TIPYKHHY, TIepeMeniaeTcsi BBepX BMe-
CTE CTSITOBBIM H30JSTOPOM U IMOJBM)XKHBIM KOHTaKTOM 3, KOTODBIH 3a-
MBIKaeTCcsl. B 3TO BpeMsi KOJBIEBOH MarHuT / 3amacaeT MarHUTHYIO
SHEPTHI0, HEOOXOMUMYIO /ISl yIEp>KaHWs BEIKIFOYATENS BO BKIIFOYCH-
HOM IIOJIOXKeHNH, a Karymka 10 mocrermeHHO 00eCTOYMBACTCS, ITOCIHE
Yero NMpUBO/J] OKAa3bIBAETCS MOATOTOBIEHHBIM K ONEpallii OTKIIOYECHHUS.

Bo BKIIIOYEHHOM MOJOXKEHWH BBIKIIOYATENb YAEP)KUBAETCS CHIION
MarHATHOTO TIPUTSDKEHUS SIKOPS 8 K KONBIIEBOMY MAarHuTy / TaK Ha3bl-
BAEMOM «MarHUTHOM 3allENKOI», IPH 3TOM DHEPTUU U3 BHEIIHEH LENH
HE TOTpeOIIsIeTCsl.

[Ipu momave curnama «Omki» OIOK YHpaBISHHS TMOJAET UMITYIIhC
MIPOTUBOIIOIOKHOTO HampapieHusl B kaTymky 10, pasmarHudmBas mar-
HUT U CHUMasl IPUBOJ C MarHuTHOM 3amenku. [lon aeiicTBuemM npyxuH
6 u 9 sxopp 8 mepemerniaeTcss BHU3 BMECTE C TATOBBIM H30JSTOPOM H
MOJIBYKHBIM KOHTaKTOM 3, BBIKIIIOUYATENlh OTKIO4aeTcs. Bo3MokHO
PYYHOE OTKJIFOUEHHE KHOIIKOH.

Brikroyarenn JaHHOM cepuM MPUMEHSIOTCS JUIsl 3aMEHBI BBIKITIO-
yarenedd B sueiikax KPY, a Taxoke ans BHOBb pa3pabaTbiBaeMbIX Kamep
KCO u KPH.

BaxyymHsble BbIkiodaTenu HanpsbkenneM 110 kB B xaxom mosro-
ce MMEIOT YeThIpe IOCIIEOBATENFHO COEJAMHEHHBIC IYrOracHTEIbHBIE
kamepsl KJIB, ycTaHOBJIEHHBbIE Ha OMOPHBIX H30JsITOpax. (s paBHO-
MEPHOTO pacIpe/ie]IeHns HANPsDKEHUS 10 pa3pbiBaM MPUMEHSIOTCS €M-
KOCTHBIE JICIUTENN HaNpsDKEHUsS. DJIEeKTPOMAarHUTHBIA MPHUBOA oOecrie-
YUBAET JUCTAHLIIMOHHOE YIIPABJICHUE BBIKIIOYATEIIEM.

BakyymHBIe BBIKIIOYATEeNId YCTaHABIMBAIOTCA JJIS  YIPaBICHUS
TpaHcpOpMaTOpaMu CTaJeIUIaBUIIBHBIX T€Yel, TSTOBBIX MMOJCTAHIIHIA,
HACOCHBIX, HAa MOIIHBIX 3KCKaBaTopax. OTKIIOUEHHE MOIIHBIX CHHXPOH-
HBIX JIBUraTeJel BBI3BIBAECT CPE3 TOKA MPH OBICTPOM pa3pbIBE LIEHH, OT-
KIIOYEHHEe  MajblX  MHAYKTHBHBIX  TOKOB  MOXET  IPUBECTH
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K TMEPEHAIPSHKEHUIO, TTO3TOMY BaKyyMHBIC BBIKJIFOUATENIM CHAOXKAIOTCS
BCTPOEHHBIMU OTPAHUYUTEIISIMU TIEPEHANPSHKCHIN WM TpeycMaTpruBa-
ercs ycranoBka OITH (orpaHuYuTeNb MMepeHaTPSHKCHIS ).

s 3aMeHBl BBIKITIOUATENEH, BBIPAOOTABIINX KOMMYTAITMOHHBIH
pecype, dupma ABB mocraBnser BakyymHBINA BhIKIOYatenr VM2GT,
KOTOpBbI MOJKET YyCTaHaBIMBAThCA Ha BBIKATHBIX Telexkax KPY
(K-104, KM B, KPY2-10, K-XI11).

Jlocmouncmea BaKyyMHBIX BBIKIIIOUATENCH: MPOCTOTa KOHCTPYK-
LMY, BBICOKAsI CTEIECHb HAJEKHOCTH, BBICOKAsi KOMMYTAI[MOHHASI U3HO-
COCTOMKOCTB, MaJIble pa3Mephl, 0Kapo- U B3PHIBOOE30MACHOCTD, OTCYT-
CTBUE 3arpsi3HEHUS OKPY)KAIOUIEH Cpenbl, Majble 3KCIUTyaTallhOHHBIC
pacxopl.

Hedocmamku BakyyMHBIX BBIKITIOUATENeH: CPaBHUTEIHHO HEOOIb-
[IFie HOMHUHAIBHBIE TOKH W TOKH OTKITIOYSHHSI, BOBMOXKHOCTh KOMMYTa-
LMHHBIX [IEPEHANPSIKEHUN.

3aganus
1. 3y4nTh KOHCTPYKTUBHBIC CXEMbI PAaOOTHI BO3AYIIHBIX BBIKIIIO-
YyaTesen.
2. VI3yunTh yCTPONCTBO M MPUHIMI paOOTHl BAKyyMHOTO BBIKITIOYA-
TeJS.
3. U3yuynth o0nacTy MpUMEHEHUS! BO3IYLIHBIX U BaKYyMHBIX BBI-
KJIFO4aTesnen.

KonTpoabHble Bonpocskl

1. HazoBuTE TOCTOMHCTBA BO3AYIIHBIX BBIKIIOYATENCH.

2. Ilepeuncnute HEOCTATKHI BO3AYIITHBIX BBIKIIOYATEIICH.

3. e mpuMeHsIIOTCSl BAKYYMHBIE BBIKITFOUATEITH ?

4. OOBsicHUTE NPUHLOUI PabOTHl BaKYyMHOW IYroracMTeIbHOH Ka-
Mmepsl KJIB:

5.Ilepeuncinure TOCTOMHCTBA M HENOCTATKH BAKYYMHBIX BBIKJIHOYa-
TEJEH.

6. Pacckaxure ycTpoiicTBO BakyyMHOTo0 BbiKitouatenst BB-TEL-10-
1000.
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3ansTue 9. DJIeKTPOMarHUTHbIE U 3J1era30Bble BBIKIHYATEN

Heap 3aHATHA: N3yIUTh KOHCTPYKIUH W IPHHIMI PaObOThI AIIEKTpOMar-
HHUTHBIX 1 3JIETA30BbIX BBIKJIIOYATEICH.

QﬂeKmPOMQZHMmele BbIKJlIouUame.iu

ONEKTPOMArHUTHBIE BBIKJIIOUATENN IS TallleHUs TyTU HE TPEOYIoT
HU Maclia, HA C)KAaToTro BO3yXa, YTO SIBIIAETCS OOJBIIAM MPEUMYIIECT-
BOM WX Tepei IpYTMMH THIIAMHA BBIKJTIOYaTeNeld. BhIKimouaTenu 3TOro
TUTIA BBIMYCKAIOT Ha HanpsbkeHwe 6-10 kB, HoOMUHANBHBIA TOK 10
3600 A u Tok otkimoueHus 10 40 KA.

Ha pucynke 9.1, a nokazan Beikitodareas BD-10-40, ycraHoBieH-
HBII Ha TEJNEeKKEe M MpeaHasHaueHHbIN s sueitku KPY. Ha cBapaoMm
OCHOBaHUM 1, yCTAHOBJICHHOM Ha KaTKax, Kpemsarcs npueoj 13, Tpu mo-
J0ca 5, COCTOSIINX U3 IBYX M30JSIIIMOHHBIX CTOEK, HA KOTOPBIX KPETIST-
Csl IBa MIPOXOIHBIX SMOKCUIHBIX M30JISITOpa 6 C PO3ETOYHBIMA KOHTaK-
TaMu. Ha BepxHEM H30JIATOpEe CMOHTHUPOBAHBI HEIOABHIKHBIC KOHTAKTHI
7, Ha HIDKHEM — IIOJIBIDKHBIC KOHTAaKTHI 4, CBSI3aHHBIE H3OJSAIIUOHHON
Tsarort 10 ¢ Banom BeIkmtouatens 12. [locnequuii coequHeH ¢ TPUBOAOM
13 ¢ momorpo peryaros 11 u THr.

JlyroracutenbHble KaMepbl 8 KpEeIsATCs Ha HEMOABM)KHOM KOHTAKTE
M CIeNHaIbHBIX cTOMKaxX. Kaxkaplii mosroc u3onupoBaH Koxyxom. Ile-
pEeIHSS YacTh KOXYyxa OOIIWTAa METAJUIMYECKUM JINCTOM, HAJICKHO 3a-
3eMJICHHBIM BMecTe ¢ pamoil BblaBIKHOTO 3anemeHTa KPY. Ilernu BTO-
PUYHON KOMMYTAIUW 3aKIFOYSHBl B METAJUTMUECKUH NITAHT U 3aKaHYH-
BalOTCS MITETICENBHBIM pazbeMoM 9.

ITpu OTKIIFOYCHHUHN BBIKIIOYATESI PA3MBIKAIOTCS TJIABHBIC KOHTAKTHI,
a 3arem npyroracutensHbie 1 (puc. 9.1, 6). Bo3Hukmras nyra A nencTBu-
€M JJIEKTPOAMHAMUYECKUX CHJI TOKOBEIYIIEr0 KOHTYpa W BO3IYIIHBIX
MOTOKOB BBIIYBAeTCS BBEPX B JYIOracCHTEIbHYIO KaMepy (IOJIOKEHHUE
nyrd B), Ipu 3TOM B 1ETIb MEXKIY MEIHBIM POroM 3 U KOHTaKTOM BKJIIO-
yaeTcss 0OMOTKa aniekTpoMaranTta 2. Co3/1aHHOE MOTIepEYHOe MarHUTHOE
oJie MepeMelaeT Ayry B MoJoxeHHe B — MKy JieBbIM 3 U IIPaBbIM 5
MEIHBIMU poramu. BrirtoueHHast Bropasi 0OMOTKa 6 yCHJIMBaeT MarHuT-
HOE II0JIe, Tyra BTATHBACTCS BHYTPh FaCUTEIbHOW KaMepbl 4 ¢ KepaMu-
YECKUMU TUTACTUHAMH, PACTATHUBACTCS, MOMANaeT B Y3KYIO IIETbh U Tac-
HET MPHU OYEePEAHOM IIepeX0jae TOKa uepe3 HyJib. IIpyu OTKIIOYCHHH Ma-
761X TOKOB (70 1000 A) HampsKeHHOCTh MarHUTHOTO TOJISI HEBENIMKA U
HE MOXXET 00ecreynTh ObICTpOe BTATUBAHUE AyrH B Kamepy. [ameHue
JIyTH B JTOM cjiydae O0O€CIeYMBAeTCsA JyThEBBIM YCTPOMCTBOM 2
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¢ TpyOKoii monayBa 3, 4epe3 KOTOPYIO MoJaeTcsl HOTOK BO3IyXa Ha AYTYy
(puc. 9.1, 6).

Brixmrogarenu cepun BO-10 Ha pa3nudHbie TOKH OTKIIFOYCHHS OT-
JTUYAl0TCA pa3MepaMH IyTroracuTeNbHBIX KaMmep. IIpn HOMIHATBHBIX TO-
kax 1600 A u BbIe paboune KOHTAKTHI UMCIOT CepeOpsHbIC HAMaNKU.
BriBoHBIE KOHTAKTHI y BBIKITI0OUaTenei 10 2500 A po3eTodHoro tumna, y
BEIKITIOUaTeneit Ha 3600 A —manpIieBbie, 0€3 MPOXOIHBIX H30JIATOPOB.

IIpuBoaer BeIKIIOYaTeneit BO-10 — mpykuHHBIC, BBIKIIIOYATENCH
B33-6 — anekTpoMarHuTHeIE.

Jlocmouncmea MEKTPOMATHUTHBIX BBIKJIIFOYATENEH: IMOJTHAS B3PBI-
BO- U TO0Xapo0e30MacHOCTb, Malblii M3HOC AYrOTacHTEIbHBIX KOHTaK-
TOB, TIPUTOJHOCTh Uil pabOTHl B YCIOBUSX YACTHIX BKIIOUCHHH M OT-
KIIIOUEHHM, BEICOKAs OTKIIOYAIOIas crocoonocth (20-40 kA).

Heoocmamku: c10XHOCTh KOHCTPYKIIMH JTyTOTaCUTEITFHONW KaMephl
C CUCTEMOM MArHUTHOTO AYThbsl, OTPAHUYCHHBIN BEPXHUN NPEAEIl HOMU-
HasbHOTO HanpspkeHus (15-20 kB), orpaHnyeHHas MPUTOAHOCTD IS Ha-
PY’KHOH YCTaHOBKH.
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Puc. 9.1. BeikitouaTens anekTpoMarautHeiii BD-10-40:
a — o0l BU:

1 — ocHOBaHWMe; 2 — YNEKTPOMArHUT; 3 — METHBIH POT; 4 — MOIBI>KHBIE KOHTAKTHI;
5 — monroc BEIKITIOUATENS; 6 — IMPOXOAHON H30JIATOP; / — HEMOABHKHBIE KOHTAKTEHI,
8 — myroracutesnbHas kamepa; 9 — mrenceabHbli pazbeM; 10 — H30JALHOHHAS TSTa;

11 — peruaru CBsi3u ¢ BajoM BbikiItodaresns; 12, 13 — npuBo;
6 — myroracuTeNbHas Kamepa:
1 — nyroracuTenbHbIe KOHTAKTHI; 2 — ANEKTPOMAarHur; 3, 5 — MeHbIE pora;
4 — racuTenbHas Kamepa; 6 — 00MOTKa BTOPOTO 3JIEKTPOMArHHTa,
A, b, B, I, /| — nonoxeHue Ayru B Mpolecce raeHus
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Anezazoevle eviKnrouamenu

DOrera3oBble BBHICOKOBOJIBTHBIE BBIKIIOYATENIM — 3TO YCTPOMCTBA
OTIEpaTHBHOTO YIPABICHHUS IS KOHTPOJIA BBHICOKOBOJNBTHOW JIMHUHU
sHeprocHabxeHus. JlaHHbIE yCTPOHCTBA UMEIOT OYEHB IMOX0XKYIO0 KOHCT-
PYKUHIO C MacysIHBIMH, HO TIPY 3TOM, UCTIONIB3YIOT IS TallleHnsl AyTU He
MAaCJISTHYI0 CMECh, a COeTMHEHHE Ta30B. 3a4acTyio 3TO cepa. MacisHble
BBIKJTIOYATENH TPEOYIOT 3a co00i 0co00ro yxosa: mo HopMaMm Heo0Xo-
JUMBI TIEpUOJMYECKasl 3aMEHY Maciia U OYHCTKa paboumX KOHTAaKTOB.
DOnera3oBble BHIKIIOYATENN B 3TOM HE HYXXIarOTcs. [ TaBHOE JOCTOMHCT-
BO 3JIera3a B €ro JIOJTOBEYHOCTH: OH HE CTapeeT U MUHUMAIIBHO 3arps3-
HSIET MEXaHMYECKHE YaCTH yCTPOICTBa.

Onera3 SFg npencraBiaseT coO00KW MHEPTHBIM Ia3, MIOTHOCTh KOTO-
poro B 5 pa3 MPEBBINIAET IUIOTHOCTh BO3AyXa. DJIEKTpUUECKass Mpou-
HOCTb dJiera3a B 2— 3 pasa BbIIlIe IPOYHOCTH BO3yXa.

B snera3zoBeIX BRIKITIOUATEIISIX IMIPUMCHSAIOTCA aBTOKOMIIPECCHUOHHBIC
JyroracuTeIbHBIC yCTpOorCTBa (pHcC. 9.2).

Puc. 9.2. CxeMa gyroracUTesHOr0 YCTPOHCTBA 3J1€ra30BOI0 BBIKIHOYATES:
1 — nopiieHs; 2 — TOABWXHBINA [IMIMHAP; 3 — MOABUKHBIA KOHTAKT;
4 — NOABVIKHBIN KOHTaKT; 5 — papdop; 6 — ayroynoButespb; 7 — IPOBOAHUK

[Ipu oTkiroYeHnM NWIHHAP 4 BMECTE C KOHTAKTOM 3 TiepeMeniaeT-
cs BHH3, 00pa3yeTcs pa3phiB MEXKIY MOIBIKHBIM 3 U HEHOJBIKHBEIM 1
KOHTaKTaMH U 3aropaeTcs ayra. [lopiieHs 5 ocTaeTcsl HEMOABMKHBIM,
MMO3TOMY TIPY JABMKEHUU IMIMHIpA BHU3 dJIeTa3 HaJ MOPITHEM CKHMa-
eTCs, CO371aeTCs AyThe B 00bEM KaMephl U MOJIBIH KOHTAKT 1, cTonb ayru
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MHTEHCHUBHO OXJIaXIaeTCs, M OHa racHeT. [Ipu BKIIOUCHUH UIHHAD 4 Te-
pemeiaeTcs BBepX, KOHTAKT 1 OKa3bIBaeTCs B BEPXHEH Kamepe IIIHHIPA ’
IIEIb 3aMBIKAETCS.

DJera3oBbli BBIKIIOYATEIb MPEACTABISICT COOON 3aMKHYTYIO CUCTEMY
0e3 BEIOpOCa raza Hapyxy.

Bonee 3¢ ekTUBHBIM SABIAETCS ABYCTOPOHHEE AYThE, UMEHHO TaKHE
JIyrOracHTEIbHBIC KaMephl IPUMEHSIOTCS B COBPEMEHHBIX 3JIETra30BbIX BhI-
KIIFOYATeNIsX, IOCTPOCHHBIX HAa MOJYJIbLHOM IpHuHIUIE. Tak, B BRIKIOYATE-
max Ha 110 kB — ommH myroracurtenbHBIM Momyiah, Ha 220 kB — nBa, Ha
500 kB — uyetbipe. COOTBETCTBEHHO MEHSETCS W3OS OTHOCHTEIBHO
3EMIIH.

DJrera3oBble BBHIKIIOUYATEIIN IIOAPA3CIISIIOTCS Ha KOIOHKO8ble U baKoeble.

Ha pucynke 9.3 mnoka3aH KOJOHKOBBIA BhIKIHOYaTens BIY-220-
45/3150Y1 (U,,,=220 kB, lopmernon=45 KA, lgom=3150 A, knumar — yme-
PEHHBIH, yCTaHOBKA — OTKphITast). Ilomoc umeeT Y-00pa3Hyl0 KOMIIOHOBKY.
EMKOCTHBIE AeaUTear 00eCIeunBalOT PaBHOMEPHOE pacipeieicHie Hampsi-
JKEHHUSI MEKITY paspbiBaMu Tojroca. OTKIIIOUEHUE OCYIIECTBIIIETCS THEBMA-
TUYECKUM IIPMBOJIOM, BKJIIOUEHHE — MPYKHHAMHU, KOTOPBIE 3aBOASTCS IIPU
OTKIIIOUeHHH. Mexanndeckuii pecypce Beikmouarens 3000 nukinos BO; pe-
CypC KOMMYTAIlMOHHOW CHOCOOHOCTH: TpU TOKe 45 KA YHUCIO omeparuii
O/B — 15/17; npu Toke 27 kA — 22/11, mpu paboyem Toke 3150 A —
3000/3000.

[

Puc. 9.3. Brikimrouarens sierazossiii BI'Y-220-45/3150:
1 — MOIyJb IyrOTacUTENbHbIN; 2 — KOJIOHKA OTIOPHAS,
3 —mkad ynpasieHus ¢ IPUBOAOM; 4 — mKad pacrpeaeTuTeTbHEII;
5 — KOHIIEHCATOPHI (EMKOCTHBIE IEITUTENHN)
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PacnipenenurensHbiii mkad 4 npeaHazHAYCH IS THEBMATHYCCKOM
Y 3JICKTPUYECKON CBSI3U TPEX TOJTIOCOB BBIKITFOYATEISI.

HoBas cepus 6akoBBIX BBIKITIOUATeNel Ha 35 KB MO3BOISET UMETH
BCTPOCHHBIC TpaHchopMaTopsl Toka (puc. 9.4), 9TO ympoIaeT KOHCT-
PYKIHMIO PacIpeieIuTeIbHBIX YCTPOHUCTB. BBOABI U TpaHCHOpPMATOPHI
TOKa YKperuieHbl Ha 0ake, BHYTPH KOTOPOTO HAaXOJATCS KOHTaKTHAas U
IyroracutenbHas cucreMbl. HoMuHansHOE maBmenue amerasa 0,45 Mlla,
npu cHwkeHnn fasieHus 1o 0,33 Mlla cpabaTteiBaeT curHaiau3anus, a
npu 0,3 MIla BhIKITIOYaTEdh OTKIIOYACTCS aBTOMAaTWYecKH. [ameHue
JIyTH OCYIIECTBISIETCS 3a CUET BPAIIEHUS NEKTPUIECKON TyTH B dIera-
3¢ MOMOIIIBI0 MATHUTHOTO TOJISI, CO3JJAHHOTO OTKIIFOUaEMBIM TOKOM.

[TpuBox BBIKITIOYATENS 3CKTpoMarHuTHEIN. [1o cpaBHeHHIO ¢ Mac-
nssHbIMU BeIKIOUatensiMu C-35 u BT-35 smera3oBblil  BhIKIIIOUATEIb
UMeEeT 3HAYMTENbHBIE MPEUMYIIecTBa W 0oJiee COBEpIICHHBIE TpPaHC-
¢dopmaTopsl Toka. Beikmrouatens BI'ED-35-12,5/630 paccuuTtan Ha TOK
oTkmodeHus 12,5 kA, nomnoe Bpemst oTkitodeHus 0,07 ¢, snekTpoau-
HaMH4YECKYI0 CTOMKOCTh 35 KA. BhIkitouarenb NpUroaeH js aBTOMa-
THYecKoro noBTopHoro BkmoueHus (AIIB). DnerazoBsle BrIKIIIOUATENH
UMEIOT OOJIBITYI0 MEXaHUYECKYI0 1 KOMMYTAIIHOHHYIO W3HOCOYCTONYH-
BOCTb.

bakoBrie BrIKIIFOUaTenu ¢ anerazoM Ha 110 kB Beimyckarores dup-
mou ABB Tuma 145PM40, nomunansHbii Tok 3000 A, Toxk guHaAMHUe-
ckoit ycroituuBoctr 100 KA, t,,,=0,05 c. JlyroracurensHoe yCTpOCTBO
moIo0HO paccMOTpeHHOMY BhIlie. Ha Hapy)kHOI 9acTh BBOJa pacriona-
raroTcs TpanchopMaTophl TOKA.

?/f” g
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Puc. 9.4. BeIkiroyaTelns d1era3oBelii 0aKOBBIH
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KonoHkoBbIe BBIKITIOUATEIH 3TOM ke ¢Gupmbel Thna LTB145D1/B
paccuntanbl Ha HampsbkeHue 110 kB, Homunansabil ToK 3150 A, TOok
otkmoueHUS 40 KA. B 3T0#t cepum BBITYCKArOTCS BBIKITIOYATEITH HAIPs-
skeaneM 10 800 kB. OcobenHocTthio cepun LTB sBustorcs: BeICOKast
CEICMOCTOMKOCTD, BO3MOXHOCTh Pa0OTBI B 3KCTPEMABHBIX YCIOBHUSX
OKpPY’KaroILlEel cpebl.

KomnonkoBble BBIKIIOWAaTENH C diera3oM Bbimyckatorcs OAO
«Ypan-anexkTpoTsxmanny Ha Hanpsbkenue 110-500 B.

Hns 3amensl ycrapeBmmx Beikmodateneid B KPY tumo K-X,
K-XU, K-XXV, K-XXVI ¢upmoit ABb mpon3BoasTcss BEIKATHBIC dJie-
MEHTBI C JIeTa30BbIMH BhIKIIouaTensimu cepuii VF u HD2GT.

Llocmouncmea 37era3oBbIX BBIKIIOYATENEH: MOXKapo- U B3PBIBOOE-
30MaCHOCTH, OBICTPOTA ICUCTBUS, BHICOKAS OTKIIFOYAOIIAsi CIIOCOOHOCTS,
MaJblii M3HOC IYTOTaCHTENbHBIX KOHTAKTOB, BO3MOXKHOCTH CO3IaHUS
cepuil ¢ yHUQUIMPOBAHHBIMH y3JdaMu (MOJIYJISIMH), TIPUTOJHOCTD JUIS
Hapy>KHON ¥ BHYTPEHHEN YCTaHOBKHU.

Heodocmamxku: HE0OXOAMMOCTh CHEIMATBHBIX YCTPOWUCTB ISl HATIOJHE-
HUS, IEPEKAYKU M OUNCTKU SFg, OTHOCHTEIBHO BBICOKAsI CTOUMOCTh SF.

3aganusa
1. V3yunTh KOHCTPYKLHIO W NPUHIMI JEHCTBUS 3JIEKTPOMArHUTHOTO
BBIKJTIOYATEIS.
2. V3y4nTh KOHCTPYKIHMIO W TIPUHIIUI JEHCTBHS 3JETa30BOTO BBIKITIO-
yarTes.

KouTpoabHble Bonpochl

1. Kak MPOUCXOAUT IMPONLECCC ralli€CHuA AYI' B SJICKTPOMAariHuTHOM BbI-
KITfouaTene?

2. Ha3oBuTe mpeuMyliecTBa U HEJOCTATKU 3JIEKTPOMArHUTHOTO BbI-
KITIIO4aTes.

3. Kak MMPOUCXOUT NPOUECC raliCHUA YT B 3JIETa30BOM BLIKJIHOYATEC-
ne?

4. OOBsCHUTE YCTPOHCTBO AYrOTaCHUTENBHOTO YCTPOHCTBA 3JIEra30BOTO
BBIKJIFOYATECJIA.

5. HazoBuTe 10CTOMHCTBA M HEJJOCTATKH JIETa30BOT0 BBIKITIOYATEIIS.
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3ansaTue 10. PazbeuHUTEIN, OTACTUTENN H KOPOTKO3AMBIKATEIH

Henp 3aHATHS: U3yYUTh HAa3HAUYEHUE U KOHCTPYKLHMH pa3beIUHHUTENCH,
OTIEIUTENEH U KOPOTKO3aMBIKATENEH.

Pasveounumens mpencrasisier co00if KOMMYTAITMOHHBINA arlmapar,
WCIIOIB3YyEMBIN [UISl BKIIFOUEHHS U OTKIIIOYEHHS DIIEKTPUYECKHX LIENEH B
TaKHUX YCJIOBUSAX, IPU KOTOPBIX HA €r0 KOHTAKTaX HE BO3HUKAET NJTMHHON
OTKPBITOH 3JIEKTPUYECKON NyTrH. B OTKIIOUEHHOM MOJOKEHUU pPa3beau-
HUTEN HAa €r0 KOHTAKTaxX CO3JaeTcs BUAMMBIN paspbiB. Kpome Toro,
pa3beIMHUTENN HapyKHOM YCTaHOBKM pPACCUUTHIBAIOTCS HA BO3MOXK-
HOCTb pa3pbIBa IMOCPEICTBOM MX HOXKEH 3apsIHBIX TOKOB BO3AYIIHBIX U
KaOeNbHBIX JTUHUH, & TAaKXKe TOKOB XOJIOCTOTO X0Jla CHJIOBBIX TpaHchop-
MaTOPOB M TOKOB HEOONBIIMX HArpy3ok. I[103TOMy MX KOHTaKTBI 4acTo
CHa0XKal0TCs TyroracUTEIbHBIMH POTaMHU.

OTIMYUTENBHON YepTON pa3beIUHUTENCH, a TAaKXKE OTACIUTENCH U
KOPOTKO3aMBbIKaTeJIeH B CPAaBHEHUH C BBIKIIOYATENSMU SIBISIETCS OTCYT-
CTBHUE JIyTOTaCUTEIbHBIX YCTPOICTB.

OCHOBHOE Ha3HAYEHHE PA3bEIMHUTENA 3aKII0YAETCS B H3OJIALHUH
OTKJIIOYEHHBIX YacCTEeH 3JEKTPUUECKON LIEMH C LENbl0 0E30IacHOro pe-
MOHTa 000pyJOBaHHUSI.

PaspenuuuTenu cTposdrcs A BHYTPEHHEH W JUIS HApy>KHOM ycCTa-
HOBKHM Ha BCIO IIKaJly TOKOB M HanpspKeHHH. OHU MOTYT BBITOJHATBCS
KaK TPEXIOJIIOCHBIMU Ha 00mIeil pame (OOBIYHO MPU HANpPSDKEHUSIX JI0
35 kB) (puc. 10.1), Tak ¥ OAHOMOJJIOCHBIMU TIPU 00JIee BHICOKUX Harpsi-
xeHusx. Ilocnennee 00yclIOBIEHO TeM, YTO MPH HANPSDKEHHUAX CBBILIE
35 kB TpeOyemble paccrosHHs Mexay (azamMu JOCTATOYHO BEIUKH U
o01as pama moaydaeTcsl Ype3BbIYAHO TPOMO3IKON U TSHKEIIOH.

OCHOBHBIM 3JIEMEHTOM Pa3beAMHUTENS SBISIOTCA €ro KOHTAKTBHI.
OHM OJKHBI HAZEKHO PaboTaTh NMPH HOMHHAIBHOM PEKUME, a TaKXKe
MIpU Teperpy3Kax M CKBO3HBIX TOKaX KOPOTKOTO 3aMbIKaHUs. B pazpenn-
HUTENAX MPUMEHSIOT BBICOKHE KOHTAKTHBIE HakaTus. [Ipu 6ompiux To-
Kax KOHTAKTHI BBIMOJHSIIOT U3 HECKOJBKUX (IO BOCBMH) MapajuleIbHBIX
mwiactuH. [IpUMEHSAI0T IUIACTHHBI NPSAMOYTOJBHOTO, HIBEJJIEPHOTO U
KpYTJIOTO CEeUEHUsI.
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Puc. 10.1 Pa3peanHUTENH TPEXIIOTIOCHBIN

Bo u3bexxanne ommO0YHbBIX AEWCTBUH, T.€. pa3MBIKaHUS O] TOKOM,
YTO MOKET MPUBECTH K KPYNHBIM aBapusM U HECUACTHBIM CIydasM,
Pa3beAMHUTENB BCETa OJIOKUPYETCS ¢ BBIKIOYAaTeeM. biIoKupoBka J10-
MyCKAET ONEPUPOBAHUE DPAIBEAUHUTEIEM TOJBKO MPU OTKIHOYECHHOM
BEIKTIOYaTene. [lo WcrmomHeHnio ONOKMPOBKA MOMKET OBITh MeXaHW4e-
CKOM, MEXaHUYECKOW 3aMKOBOM, 3JIEKTPOMATHUTHOW 3aMKOBO.

KoHcTpykTHBHOE pasnudne MEXIy OTACIbHBIMU THUIIAMU Pa3belliu-
HUTEJEH COCTOUT, MPEXKIE BCETO, B XAPAKTEPE ABMXKECHHSI MOABHXKHOIO
KOoHTakTa (HoXa). [To 3TOMy Ipu3HaKy pa3uyaroT pa3beAMHUTEIIHN;

- BEPTUKaJIBHO-TIOBOPOTHOTO (BPYOHOTO) M T'OPH30HTAJIBHO-TIOBO-
POTHOT'O THUIIOB C BPAILLIEHUEM HOXAa B IUIOCKOCTH, MAapaUIeIbHON WM
NEPHEHANKYIAPHON OCAM MOAAEPKUBAIOIINX H30ISITOPOB JaHHOIO IO-
J0Ca;

- C IPSIMOJIMHEHHBIM JBUKEHUEM BIOJb Pa3MbIKAEMOTO MPOMEXKYT-
Ka 10O TOJILKO HOXKA, JINOO HOXKAa COBMECTHO C U30JIATOPOM (KaTSIIEro-
cs THIA);

- CO CKJIAJBIBAIOIITUMCST HOXKOM, CO CJIOXKHBIM JBIKEHHEM (ITOBOPOT
Y CKJIaJIbIBAHKE) HOXA U JIP.

OcHOBHBbIE TpeOOBaHYSI, TPEBIBISICMbIC K Pa3beIUHUTEIISAM:

1. KonTakTHas cuctemMa JOJKHA HAJEKHO IPOIMYyCKATh HOMUHATh-
HBIH TOK CKOJIb YTOJHO JUTUTEILHOE BPEMS U UMETh HEOOXOIUMYIO JTH-
HaMUYECKYIO U TEPMUUECKYIO CTOMKOCTb.

2. Pa3penuHUTENs, W MEXaHW3M €r0 TPHUBOJA JOJKHBI HAJEKHO
YAEPKUBATHCS BO BKIIFOYCHHOM TTOJIOKEHUH TpH MTpoTekaHuu Toka K3. B
OTKJIIOYCHHOM TOJIOKCHHUH ITOABUKHBIA KOHTAKT JOJIKCH OBITh HAJEHKHO
(ukcupoBaH.
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3. IIpoMexyTOK MeXIy Pa3OMKHYTBIMU KOHTaKTaMH JOJIKEH UMETh
MOBBIIIEHHYIO 3JIEKTPHUUECKYIO POYHOCTb.

4. IlpuBoa pa3beAMHUTENS IIEIECO00Pa3HO OJIOKHPOBATEH C BBIKITIO-
yaTeeM.

[ns ynpaBneHusl pazbeIUHUTENIMU NPUMEHSIOTCSA pY4YHBIE, JJIEK-
TPOJBUTATENbHBIE U THEBMAaTUUECKNE TIPUBOJIBI.

Pyuneie npusoosi, mpuBoIUMBIE B TEHCTBUE MYCKYIIBHOHN CHIION Ye-
JIOBEKa, MOTYT OBITh phluakHbIMU cepruu [IP u ¢ uepBaYHOI mepenaueit
cepun II4Y OpHonomtocHbIe pa3beqUHUTENN BHYTPEHHEH YCTaHOBKH Ha-
npsbkeHreM 10 35 kB ynpasmsrorcs emne u onepaTHMBHBIMU H30JIUPYIO-
IIVMH DITAHTaMH.

ONeKTpOABUTaTeIbHbIE MPUBOJIBI, PUBOJUMBIE B JEHCTBUE 3JIEK-
TPUUYECKOM DHEPTHEN, TPUMEHAIOTCS VISl YIIPABIICHUS Pa3beINHUTEIAMUI
Hapy>KHOUI ¥ BHYTPEHHEH YCTAHOBKU. X M3rOTOBIAIOT HA HOMUHAJIBHBIE
HampspkeHust 110 u 220 B nocrosinnoro toka u 127, 220, 380 B mepe-
MEHHOI'0 TOKa.

VIpaBieHue HOXKaMH CTallMOHAPHBIX 3a3€MIIUTENEH BO3MOYKHO
TOJIBKO BPYYHYIO C IIOMOIIBI0 METANINYECKON IITaHru. B mpuBoxe mnpe-
JYyCMOTpeHa MeXaHHW4ecKasi OJIOKHMPOBKA, HE JOMYCKArOMas OMIMO0YHOE
MIPOBEJICHNE OIEpalvi C INIaBHBIMM HOXKaMH IPH BKJIIOYEHHBIX HOXKaX
CTallMOHAPHBIX 3a3emiureneil. Vmeercs Takke OJOKUPOBKA, 3ampe-
maromas JIMCTAaHIIMOHHOE YIpaBJIeHHE Pa3beIUHUTEISIMH B MOMEHT
yIpaBJIeHUS C MECTa.

B 3aBucumocT 0T KOH(UIrypauu W HOMHHAIBHOTO HaNpSDKEHUS
pa3beIMHUTENEH BpEMs BBINIOJHEHHS IPUBOJOM OJHOM ONepanyu co-
crapnsier 4-20 ¢, mpu 3TOM He 00s3aTENFHO BCE 3TO BpeMs JEpKaTh
KJIFOY TIOBEPHYTHIM B COOTBETCTBYIOIIEE NosiokeHne. HauaTas ¢ pasbe-
JUHUTEISIMHU OIEPaLUs 3aBEPIIACTCS HE3aBUCHUMO OT JAJIUTENBHOCTH I10-
a4l KOMaHJbl. DJIEKTPOJIBHUIraTeNb MPUBOJA MUTAETCS OT CETH Mepe-
MeHHOro Toka 380 B depe3 KOHTAaKThl peBEpPCUBHBIX MarHUTHBIX ITyCKa-
Tened. Ecnu B X0/1€ BBITOJIHEHMS ONEepalii BHE3AITHO UCYE3HET IMHTA0-
iee HamnpsHKeHHe, TO MarHUTHBIN ITycKaTelb OTKIFOYHUTCS, W 3aBepIle-
HHUE OTIEpaIf{ B 3TOM CITy4ae CTaHET BO3MOXKHBIM TOJIBKO ITOCIIE BOCCTa-
HOBJICHUS HAIIPsDKEHUS M MOJIa4M MOBTOPHOM KOMaH/bI JTUCTAHLIIMOHHO
WIH OT KJIF0Ya YIPaBIEHUSI C MECTA YCTAHOBKH.

st ynpaBiieHusl NOJIBECHBIMU pa3beIMHUTENSIMHU, UMEIOIIUMHU TPO-
COBYIO CHUCTEMY YIPABJICHUS, MPUMEHSAETCS 3JEKTPOABUraTEIbHBIA TIPH-
Box [1/1-2V1, ocymecTBisiromuii HaMaTeIBaHUEe Tpoca Ha OapabaH mpH
BKJIFOUEHUM pa3beauHuTenei. [IpuBOJ COCTOMT M3 HMCIOIHUTEIBHOIO
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Onoka (acHHXPOHHBIN SIEKTPOABHUTaTENb, PEAYKTOPHI) M ONOKa yHpas-
JeHus B Buje mwkada ¢ anmaparypod yIpaBieHHs DJICKTPOABHUIATENIEM,
CHCTEMaMH 3JIEKTPUUECKON OJOKUPOBKU U curHainusauuu. [IpuBon naer
BO3MOXXHOCTb JUCTAHIIMOHHOT'O, MECTHOT'O U PYYHOT'O YIPABJICHUS Pa3b-
€AVHUTEISIMU.

[ nucTaHIMOHHOTO yHpaBieHUsl pazbenuHutensiMu  6-10 kB
BHYTPEHHEH YCTaHOBKH, PACCUMTAHHBIMU Ha OONBLIME TOKH, MPUMEHS-
IOTCSI 3JIEKTPOJBUraTeIbHbBIE IPUBOBI, YIPABIAIOIINE cpa3zy Tpems (a-
3aMu pasbequHuTenei. [IpuBoabl NUTAIOTCS OT HCTOYHUKOB IOCTOSHHO-
ro ToKa HampspbkeHuem 220 B.

KoHTposp 3a onepaTUBHBIM MOJOXEHUEM pa3zbeIUHUTENCH OCyIle-
CTBJISICTCS. C MOMOIIbI0 KOHTAaKTOB BCIIOMOTATENbHBIX ILIEIEeH, KOTOpbIE
0OBIYHO BCTPAaMBAIOTCS B MPHBOJA W TEPEKIIOYAIOTCS OJHOBPEMEHHO C
BBITNIOJTHEHUEM OTlepaliid BKIIOYEHHs U OoTKItoueHus. Ha murax ympas-
JICHUSl CUTHAIM3aLUsl MOJIOXKEHUS Pa3beAUHUTENICH, YIpPaBIsIeMbIX ANC-
TAQHIIMOHHO, BBINOJHSETCS C IIOMOIUBIO JIaMI 3€JIEHOIO M KPacHOTO
1[BETa, pacrlojaraéMblX HaJl PyKOSTKaMHU KJII04el yNpaBieHHUsS pa3beiu-
HUTEISIMU.

s BHyTpeHHEH yCTaHOBKH 3aBOJbI BBIIYCKAIOT OJHOIOIIOCHBIE U
TPEXTIONIOCHBIE Pa3beJUHUTENN BEPTUKAIBHOTO pyOsIiero Tuma (HOX
nepeMeniaeTcs B IJIOCKOCTH, MEePHNEHAMKYISIPHON OCHOBaHHMIO) Ha Ha-
NpsDKeHUs1, Kak npaBuiio, He Boime 20 kB. OGBIYHO MX yCTaHABIMBAIOT B
BEPTUKAIBHOM MOJI0KEHHUH.

B GonpmMHCTBE U3 HUX NPUMEHEHBI JIMHEHHbIEC KOHTAKTHI, KOTOPEIE
IpY OTHOCUTENHHO HEOOJBIION CHIIE HaXKaTHs MMEIOT MEHbIIEE COIpO-
TUBJICHUE, YeM IUIOCKHE KOHTAKThl. TOKOBEIYIINE YaCTH BBIIOIHSIIOTCS
U3 JIBYX WM Ooliee mapajuiedbHbIX uiacTuH. [lpu Toke K3 snekrpoau-
HaMHYecKas CHJIa CTPEMUTCSl CONM3UTh WX JIPYT C JIPYrOM U OTHM elIe
CHJIbHEE NPIKUMAET MOJBIKHBIE KOHTAKTBI K CTOHKaM HEMOABHKHOTO
KOHTaKTa, YTO MCKJII0YaeT CaMOIPOU3BOJIBHOE pa3MbIKaHHE KOHTAKTOB,
OITaCHOE BO3MOXKHOCTBIO M0YKapa B 3JIEKTPOYCTaHOBKE

Pazvegunutenu Ha 10 kB ¢ BepTUKANbHBIM JBUKEHUEM HOXKA BBI-
TIOJHSIOTCS ©€3 JIbJOIOMAOIINX YCTPOHUCTB.

PazweguauTenu Beime 10 KB cHaGXEeHBI TaKUMU yCTPOWCTBAMU: Y
pasbenunutens cepun PJIH3 (P — paswenunurens, JI — nuneinsiii, H —
Hapy>KHOH YCTaHOBKH, 3 — C 3a3eMJISIIOIIMMH HOXKaMH) MIPU OTKIIOYEHUH
HOX CHayaJia nmoBopauduBaercs Ha 90°, a 3aTeM MMOJHUMAETCS Ha Tpedye-
Moe paccrosiaue; y pasbeauautens cepur POH3 (O — ogHOMOMIOCHBIH)
JIbA0JIOMAIOIIIEE YCTPONCTBO PACIIONIOKEHO B HEMOJBMKHOM KOHTAaKTE U
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BBITNIOJTHEHO B BUJE JIOTIATKH, KOTOpas MO>KET MoBOpauyuBaThcs Ha 90°
BOKPYT CBOEH BEPTHUKAIBHOM OCH.

Pazpenunnrens cepun PBO (P — pazpennnutens, B — ans BHyTpeH-
Hell ycraHOBKH, O — OTHOIIONIOCHEIHN) BBITyCcKaeTcs Ha TOKH a0 600 A.
Yucna B HAMMEHOBaHWM O3HA4YaIOT HanpspkeHue (KB) u Tok (A).

Hoxx moBopaunBaercst Ha yron mo 100 1 B OTKIIFOYEHHOM TOJIOXKe-
HHUH yJIEPKUBAETCS TOJIBKO COOCTBEHHBIM BECOM.

VYron noBopoTa Hoka (PUKCUpyeTcsl orpaHuunTenem. ng pazwenu-
HuTenel aroit xe cepun Ha 1000 A 11 yMEHBIIEHUS YCUITUI BBIAEPTH-
BaHMsI HOXKa BBEJCH MPOMEXYTOUYHBIH BaJl.

PasbenunuTeny u1d HapyXHOM yCTaHOBKHM JTOJKHBI UMETh HM30JI-
U0, PACCUUTAHHYIO A1 pabOThl B HEOJNATOMPHUATHBIX aTMOC(EpPHBIX
YCIIOBUSIX (3arpsi3HEHHE, Bllara, CHET), a TakKe 00JaJaTh MOBBIIEHHON
MEXaHMYECKOH MPOYHOCTHIO, MO3BOJISIOIIEH NPOU3BOAUTE ONEPALUH C
pa3zbeIMHUTENAMHU TPY HAJIMYUU TOJI0Je/1a Ha KOHTaKTax.

Pazvequnurenu Ha 10 kB ¢ BepTHKaNbHBIM JBH)KEHHEM HOXa BbI-
NOJHSIOTCA 0€3 JIbAOJOMAIOIIMX YCTPOHCTB. PaswenuHuTenu Bbliie
10 kB cHaOeHbI TAKUMHU YCTPOUCTBaMU: y pasdbeaunuTens cepun PJTH3
MIpU OTKJIIOYEHUH HOXK CHavajia moBopauuBaeTcs Ha 90°, a 3aTeM MojHHU-
MaeTcs Ha TpedyemMoe paccrosiaue; y paspenunurens cepuun POH3 mpao-
JIOMaloIee YCTPOUCTBO PACIONIOKEHO B HEMOABHKHOM KOHTAKTE U BBI-
MOJIHEHO B BUJE JIONATKH, KOTOpas MOXKET MoBopaumBaThes Ha 90° Bo-
KpYyT CBOEH BEPTUKAJIBHOH OCH.

OTrIt0YeHNEe pa3beAMHUTENS IPY MIPOXOXKICHUN Yepe3 HEro HOMU-
HaAJIBHOTO TOKa BEZET K TSHKENION aBapuu, BO3MOXHO MOPAKEHHE JIIOIEH.
OO0pas3ytoriascs 1yra OYeHb MMOJBHIKHA, ObICTPO YUITMHSETCS, YTO BEICT
K IIEPEMbIKaHHIO TIOJIIOCOB U BO3HUKHOBeHMIO K3. Bo m3bexanue Takux
MOCJICNICTBUNA Pa3beAUHUTENN OIOKUPYIOTCS C BBIKIIIOUATEISIMU C TIOMO-
IIbI0 MEXaHUYECKHX, MEXaHMYECKHUX 3aMKOBBIX U 3JIEKTPOMArHUTHBIX
3aMKOBBIX OJIOKHPOBOK.

B mepBoM ciywae pblYar NpuBOJa pPa3beIMHHUTENS OKA3bIBACTCS
CBOOOJHBIM TOJIFKO MPH OTKJIIIOUYEHHOM TOJO0KEHUH MEXaHU3Ma BBIKITIO-
yarens. [Ipu Takoii OJOKMPOBKE OYEHb TPYAHO CBS3aThb MEXAHHU3M BbI-
KJIFoYaTensl CO MHOTMMM NPUBOJAMHU pa3zbelnHUTENEH. B kaxaom ot-
JIETBHOM CIIy4ae IPUXOJUTCA KOHCTPYHPOBATh CBOW OJOKHPYIOMINI Me-
XaHU3M TPUMEHUTENIBHO K KOHCTPYKIMU pachpenycTpoiictBa. B cumy
3TOTO0 1Mo100HAast OJIOKMPOBKA IPUMEHSETCSI PEIIKO.

Ipu mexanuueckoil 3amKo601 O10KUpOEKe Ha BBIKIIIOYATENE U CBSI-
3aHHOM C HHM Da3beIUHHTEIE YCTAaHOBJICHBI CIICLMANbHBIE 3aMKH,

66



KOTOpbIE MOTYT OBITh OTKPBITHI CTICHUATIBLHBIM KirouoM. Kirou Haxoaut-
Csl B 3aMKe, YCTAaHOBJICHHOM Ha BBIKIIOYaTeie. Ero MOKHO BBIHYThH U3
3aMKa TOJIBKO IIPY OTKJIIOYEHHOM COCTOSHHHU BBIKITIOUaTens. Pazpenunn-
TENIb MOXKET BKJIFOYATHCS M BBIKIIOYATHCS TOJIBKO B TOM CIIydae, KOrja
KJII0Y HaxoJuTcs B ero 3amke. Omepanuu ¢ APYTUMH pa3beIHHUTEISIMH
IPU 3TOM HEBO3MOJKHBI, TaK KaK OTCYTCTBYET CBSI3b IPHBOJIOB BBIKIIIO-
yartessd U pa3beAMHUTENEH.

Bonee coBepiieHHa 31eKTpOMarHUTHAasi 3aMKOBas OJOKHPOBKA,
(puc. 10.2). [lns omepaimu ¢ pa3beAMHHUTENEM KIIIOY B BHJE JJICKTPO-
MarHuTa JIOJDKEH OBITh BCTAaBJICH B 3aMOK. KOHIIBI KaTymku 2 371eKTpo-
MarHuTa BBIBEJCHBI Ha INTHIpEBbIE KOHTakThl 3. Ecnmu BBIKIIOUATEND,
CBSI3aHHBII C JaHHBIM Pa3beANHUTEIEM, OTKIIOUEH, TO YepPe3 ero pa3mbl-
Karomye OJOK-KOHTAKTHI M THe3/1a 4 1moiaeTcsl HalpshKeHHe Ha KaTyIIKy
2. Ilpu Haxkatuu Ha KoOJbIO 1 sKOpH 5 oIlyckaeTcs W TOJ IEHCTBUEM
9MIEKTPOMArHUTHOW CHIIBI CLEIUISIETCS € 3aUPAIOLINM ITLUTyHXEepOM 6.

B pesynbrate nerans 8 mpuBonaa pazbeauHUTENs OyaeT 0CBOOOXKIe-
Ha, a ITH(TH 7 BOWIYT B a3 A KiIr04a, He JOIyCKast ero CHATHS C 3aM-
ka. J{1st OJIOKMPOBKHU BCEX pa3zbeJUHHUTENICH TOCTATOYHO OJHOTO KIH0Ya
Ha BCE PacCIpe/IeIUTENILHOE YCTPOUCTBO.

1 — koMBII0; 2 — 3TEKTPOMArHHT; 3 — KOHTAKT IITHIPEBOIL; 4 — THE3/IO0;
5 — sikopk; 6 — TTyHXep; 7 — TUdT; 8 — MeTans MpuBoaa

Omoenumenu u KopomKo3amblkamenu

B HacTosmiee Bpemsi pa3pabOTaHbl THIIOBBIE CXEMBI BEICOKOBOJIBT-
HBIX NOACTAHIIMNA Oe3 BBIK/IIOYATEJIEH Ha IMUTAIOINEN JIUHUA. JTO O3BO-
JISIeT YACIICBUTHh U YIIPOCTUTH 000PYIOBaHHUE TIPH COXPAHEHHUH BHICOKOM
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HaJeKHOCTU. JIJI 3aMEHBI BBIKJIIOYATENIed Ha CTOPOHE BBICOKOTO Hamps-
KEHUsI UCTIONb3YIOTCA Kopomkozamvikamenu (puc. 10.3) u omoerumenu
(puc. 10.4).

Hasnauenue xkopomxoszamvixameneti COCTOUT B TOM, YTOObI NpHU
BHYTPEHHHX MOBPEKICHUAX CHIOBBIX TpaHc(hopMaTopoB ObICTpO co3na-
BaTh MOILHbIE UCKYCCTBeHHBIE K3 Ha NUTAIOMNX JTUHUAX, OTKIIOYAEMBbIX
3aTeM BBIKIIOYaTessIMU. [locie CHATHS HaNpsKEHUs ¢ MUTAIOIIEH JTMHAN
MOBPEKACHHBIA TpaHC(HOPMATOp OTCOCAMHSETCS OTKIIOYCHUEM OTEIIH-
TeJIs, a JIMHUS BKIIOYaeTcs B paboty aerictsruem AlIB.
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Puc. 10.3 KopoTko3aMbIKaTeh:
1 — KOJIOHKA; 2 — OMOPHBI U30JIATOP; 3 — HEMOABMXKHBINA HOX;
4 — MOMBWXXKHBIN 3a3eMIISIOLINNA HOX; 5 — BaJl IPUBOA

Hapnexnas pabota ycTaHOBOK oOecrednBaeTcs YETKOW MOCIeq0Ba-
TEIBHOCTBIO JIEUCTBUNA YCTPOWMCTB pENEHHON 3alllUThl, aBTOMATHKH,
KOMMYTAIIMOHHBIX allaparoB, a TaKKe YCTPOHCTB OIOKHPOBKH MEXKITY
OTJICITUTEISIMH U KOPOTKO3AMBIKATENIAMHU IO LEMSAM YIPaBICHHUSL.

Koporko3ambikatenu Hapy)XHOH ycrtaHoBKHM ¢ mpuBopoMm LHITIK
(puBOIT KOpOTKO3aMbIKaTenss B Imkady) U TpaHCHOPMATOPOM TOKa
TULT 0,5 (TpancdopmaTop TOKa MIMHHBIN, C JUTON W30ISIMEN, Kilace
touHocTH 0,5) npeaHa3HaueHsbl I CO3/AaHUs UCKYCCTBEHHOT'O KOPOTKO-
ro 3aMbikanus (aByx¢asuoro y K3-35 wmu Ha 3emimio y K3-110, K3-220)
npy TOBpEeXKACHUsX B TpaHcopmartope. [loj Bo3aeicTBHEM 3alUThI

68



3aMBIKAHUE BBI3BIBACT OTKIIOYCHHUE BBIKIIOYATENICH, YCTAHOBICHHBIX HA
MUTAFOIIUX KOHIAX JTMHUM.

VYmpaBrneHue KOPOTKO3aMBIKATEIEM OCYIIECTBISIETCS TPHUBOIOM
IIITK, npudeM BKIIOYAETCS KOPOTKO3aMbIKATENb aBTOMATHYECKH IO
JICHCTBUEM TPYKUHHOTO MEXaHW3Ma IPH CcpabaThIBAHWU TPHBOJA OT
CHUTHaa peneiiHoit 3ammuThl. [Ipn HEOOXOIUMOCTH KOPOTKO3aMBIKATEIb
MOJKET OBITh BKJIFOUEH TaKke BPY4UHYH0. OTKIIOYaeTcsi KOPOTKO3aMbIKa-
TEJb TOJIBKO MIPU PYYHOM ONEPUPOBAHUH.

OTaenuTens NpeCTaBIsSeT COO0H pa3beUHHUTENb, KOTOPBIA OBICTPO
OTKJTFOYAeT 00ECTOUEHHYIO [IEMb TOCTe MOAaYy KOMaHbl Ha €T0 MPUBO/I.
Ecnu B 00BIYHOM pa3beIUHUTENE CKOPOCTh OTKIFOYCHUS OYC€Hb Maja, TO
B oTaenuTene npouecc otkimoueHus mmmres 0,5-1,0 ¢. Otnenurens oTco-
eIMHSIET MOBPEKICHHBIE YUYACTKHU DIEKTPUIECKON eI MOCIe OTKITF0Ye-
HUS 3aIIATHOTO BBIKITFOYATeNs. BeIKIIouaTens cpabaThIBaeT OT UCKYCCT-
BEHHOT'O KOPOTKOTO 3aMBIKaHUS, CO3/1aBAEMOI'0 KOPOTKO3aMBIKATEIIEM.

OTaenuTenu NPEACTABISIOT COOOM JIBYXKOJIOHKOBBIA pa3beIUHU-
tenb ¢ Hoxkamu 3azemueHus (OJ3); omamm O/[3-1A, OA3-1b, nByms
O/13-2 wm 6e3 uux (O[]), ynpasisiemsiii npuBogom LITIO (mpuBox ot-
nemurens B mkady). o 110 kB BKIIOUNTENLHO TPH MOFOCA OTACTUTEIS
COEIIMHSIOTCS B OOIIHIA TPEXIIONIOCHBIN alapaTr W YIPaBISIOTCS OTHUM
npusoaoM HIIIO.
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Puc. 10.4 Otnenurens:
1 — HOXH; 2 — KOJIOHKA; 3 — TIPYKUHHBII TPHUBOJT
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Otnenurenu Ha 220 KB BBEINOMHAIOTCS B BUJE TPEX OTACIBHBIX IO-
JIIOCOB, KAKBIM U3 KOTOPBIX YIPABISETCA CAMOCTOSITEIbHBIM ITPUBOJIOM.
OTKIIIOYCHUE OTIOCIUTEINS MPOUCXOIUT aBTOMATHUCCKH II0f EeHCTBHEM
3aBeIEHHBIX MPY)KHH TIPH cpabaThiBaHUH OJOKHAPYIOLIETO pejie WU OT-
KITFOYAOIIETO AJICKTPOMArHUTa, 0OCBOOOXKIAIONUX MEXaHU3M CBOOOTHO-
TO pacIeruieHus IpruBoaa. BrirroueHne oTAennTeNs MPOU3BOANTCS BPYyU-
HYIO.

3aganus
1. M3y4nTh KOHCTPYKLUIO, HA3HAYECHUE U BUIBI pa3beIUHUTENCH,
OTJEJIUTENCH U KOPOTKO3aMbIKaTEIEeH.
2. V3yunts mpuBOABI IJIsl pa3beAMHUTENCH, OTACIUTENEH U KO-
POTKO3aMBIKATENEH.
KoHnTpoabHble BOnpochl
1. Pacckaxkute 00 yCTpOWCTBE M MPUHIIMIIE NEHCTBUS pa3beIrHU-
TeJA.
2. Tlouemy pazbeMHUTEIEM HEJIB3s1 OTKIIOYATH TOK HATPY3KU?
3. TpeboBanusi, mpeabsBIsieMble K Pa3zbeUHUTENSIM C TOYKH 3pe-
HUSI OTIEPATUBHOTO OOCTYKHBaHHUSI.
4. Kakue nmpuBO/IBI TPUMEHSETCS Y pa3beIUHUTEICH?
5. Pacckaxurte 0 Ha3HAYEHUH, yCTPOICTBE U NPUHLIHUIIE PAOOTHI OT-
JEeIUTENS.
6. Kak ocymecTBisercs ynpaBjieHHE KOPOTKO3aMbIKaTeIeM?
7. KoMMmyTanmMoHHasi CIOCOOHOCTh Pa3beAMHUTENECH M OTHENUTE-
JeH.

3ansaTue 11. U3mepurtenbHbie TpaHCGOPMATOPBI

Heab padoThI: U3YyYNTh Ha3HAYEHHE M CXEMbI BKIIIOUCHHS M3MEPHUTEIh-
HBIX TPaHC(HOPMATOPOB.

M3meputenpHblii TpaHchOpMaTOp — AIIEKTPHUECKUH ammapar, B KO-
TOPOM TIPH HOPMAJIBHBIX YCIOBHSIX MPUMEHEHHS BTOPHYHBIA TOK (BTO-
pUYHOE HANpPSHKEHUE) MPAKTHYECKH MPONOPLHOHANEH (IIPOIOPLUOHAIb-
HO) MEPBUYHOMY TOKY (IEPBHYHOMY HANPSHKEHUIO), TPUMEHSETCS B Ka-
YECTBE M3MEPHUTEIHHOr0 MpeoOpa3oBaTeist MPH HU3MEPEHHSX OOJBIINX
TOKOB, HAIIPSKEHUI.

WzmepurensHble TpaHCHOPMATOPHI KIACCUPULIUPYIOTCS:

70



[o Buay u3mepsieMoro 3Ha4eHUS:
-TpaHc(opMaTopbl HANPSDKCHUS,
-TpaHc(opMaTopsl TOKa (TIEPEMEHHOTO0);
-TpaHc(opMaTOphI MOCTOSIHHOTO TOKA.

[To konnuecTBYy K03 hUIHEHTOB TpaHchopMayu:
-0JTHO/INAITa30HHBIC;
-MHOTO/THaIa30HHbIE.

ITo crioco0y ycTaHOBKH:

-BHYTPEHHEH YCTaHOBKH;
-Hapy>KHOW YCTaHOBKHU;
-BCTPOCHHEIE;
-HaKJIaIHbIE;
-[IEPEHOCHBIE.

IIo MaTepuany IUANEKTPUKA!
-MacJIsHBbIE;
-ra30HAIOJHEHHbIE;

-CyXHue.

Tpancpopmamopsvt moka

TpanchopmaTtops! Toka (puc. 11.1) mpuMeHSFOTCS B cXeMaX HU3Me-
peHUll U y4yeTa 3IeKTpUUecKoi sHepruu. OHU SBISIOTCA TaKXKe dJIEMEH-
TaMH yCTPOMCTB PEJICHHOM 3alMThl U aBTOMATHKU. Uepes HUX pesleHbIe
CXEMBI MOJYYaloT HMH(POpMALMIO O COCTOSIHUM 3JCKTPUUECKUX Ierei
BBICOKOT'O HAINPSHKEHUS.

Puc. 11.1. TpancpopmaTop ToKa

[Ipu momou TpaHCHOPMATOPOB TOKA NMEPBUYHBIA TOK YMEHBILAIOT
JI0 3HaYeHUH, Hanbosee yIOoOHBIX JIJIsl TUTAHHUST M3MEPUTENBHBIX PU0OO-
PpOB H pene. BropuuHble TOKM NIPUHUMAIOT PaBHBIMU 1 mim 5 A.
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[lepBuynas oOMOTKa TpaHCOpMaTOpa TOKa BKIIOYAETCS B pacced-
Ky ¢a3sl anekrpuyeckoi nenu (puc. 11.2). Ot nepBuuHOi 0OMOTKH, Ha-
XOJIAIIEHCS 1101 BEICOKMM HalpsDKeHUEeM, BTOPUYHAsi OOMOTKA HA/IeKHO
M30JIMPYETCsI, UTO TapaHTUpPyeT Oe30macHoe 0OCITyKHBAaHHE BTOPHUYHBIX
Henel 1 MOJKIIOUYEHHBIX K HUM MPHOOPOB U pelie.
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Puc. 11.2. TpancdopmaTop Toka:
1 — nepBryHas 0OMOTKA; 2 — MATHUTOTIPOBOJI; 3 — BTOPUYHAS OOMOTKA

TokoBbIE LleNU HAarpy3kyd HOJKITIOYAIOTCA K 3aKUMaM BTOPHYHBIX
00MOTOK TpaHchOpMATOPOB TOKA TociemoBaTenbHO. Ho maxke mpu mo-
CJIeIOBaTEeIbHOM COEIMHEHNH CONPOTHUBIIEHHE BTOPUYHONW HArpy3KH He-
Bemko. [losToMy cumraror, uto pabouunii pexxuM TpaHCHOPMATOPOB TO-
Ka OJHM30K K PEeXHMY KOPOTKOIO 3aMbIKaHMA. Pa3mblkaHue BTOPHUYHOM
OOMOTKM TPUBOJUT K HCYC3HOBCHUIO Pa3MarHUYHMBAIOLICTO JCHCTBHS
BTOPUYHOTO TOKA, U TOTJa BECh MEPBUYHBIN TOK CTAHOBUTCS TOKOM Ha-
MarHM4MBaHuA. B 3TOM pexxrMe pe3ko Bo3pacTaeT MarHWTHAs WHAYKLHS
B CTaJM MarHUTONPOBOJA, BO MHOTO Pa3 yBEIMYMBAIOTCS aKTUBHBIE I1O-
TEpH B CTaJIH, YTO MPUBOANT K €€ TIeperpeBy, 0OTOpaHUI0 H30JSAIHH 00-
MOTKH M, B KOHEYHOM CU€Te, K HOBPEXKACHHUIO TpaHCHOopMaTopa TOKa.

Kpome Toro, OONBIION MarHWTHBIA TOTOK HABOAWT BO BTOPHYHOM
oOMoTke 3HauuTenbHyro OJIC, KoTOpas MOXET JOCTUTHYTH JIECATKOB
KMJIOBOJIBT, YTO TPEACTABISET OMAaCHOCTh, KaK I OOCITY>KHBAIOILIETO
NEepCOHaNa, Tak U AJIS M30JSILMU BTOpUYHBIX mereil. [lostomy, Bropuy-
Hble OOMOTKHM TpaHc()OpMAaTOpOB TOKA JIOJKHBI OBITh BCET/Ia 3aMKHYTHI
Ha penie, MpUOOPHI WM 3aKOPOYEHBI HAa MCTIBITATENBHBIX 3aKuMax. [Ipu
HEOOXOTUMOCTH 3aMEHBI pelie WK Mpudopa MNpeaBapUTEIbHO A0JDKHA
yCTaHABIMBAThCS IIYHTUPYIOWIAs UX nepemMbluka. [lepeHocHble n3Mepu-
TeJIbHBIE TPUOOPHI MOJKITIOYAIOTCS K BTOPUYHBIM IIETSIM paboTaronmx
TpaHc(hOPMATOPOB TOKA C MOMOIIBIO Pa3bEMHBIX UCIIBITATENBHBIX 3a)KU-
MOB MJIM MCIIBITATEIbHBIX OJIOKOB MO3BOJIIOUIMX HPOU3BOANUTH BKIIOUE-
HUE M OTKIIIOUEHUE MPUOOPOB Oe3 pa3pbiBa BTOPUUHOM LIEIH.
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OcHoBHOH Mepol 6e30macHOro MPOM3BOACTBA paboT BO BTOPUY-
HBIX TOKOBBIX IIETISIX B CIIydae MOBPEXKICHHUS U30JSIHUY U TIOMaJaHus Ha
BTOPUYHYIO LI BRICOKOTO HATIPSHKCHHUS SIBIIAETCS 3a3€MIICHHE OJHOTO
13 KOHIIOB Ka)KIOW BTOPHYHOM OOMOTKHM TpaHCchopMaropa Toka. Takoe
3a3eMiIeHHe OOBIYHO TIPOU3BOIUTCS HA MECTE UX YCTAHOBKH.

B cnokHBIX cxeMaxX peNeHHOM 3aluThl (HalmpuMep, B CXeMe TOKO-
Boil muddepeHnrnaIbHON 3aIUTH IMH) 3a3eMJICHHE JOMYCKAaeTCs Mpo-
W3BOJIUTH TOJBKO B OJJHOM TOUYKE CXEMBbI (Ha MaHEIH 3aIIUTHI).

Ocobennocmu koncmpykyuu. TpancdopMaTopbl TOKa BBITYCKalOT-
sl U Hapy»XHOW YCTaHOBKH, JJIS BHYTPEHHEH YCTAaHOBKH, BCTPOCHHBIC
B IIPOXOJIHBIC BBOJIBI CUIIOBBIX TPaHC(HOPMATOPOB U OAKOBBIX BBIKITIOYA-
TeseH, HaKJIaJHble — HA/ICBAIOIINECS CBEPXY Ha BBOJIBI CHIIOBBIX TPaHC-
¢hopmaTopoB.

Y BCTPOEHHBIX W HAKIATHBIX TPaHC(HOPMATOPOB TOKA MEPBHUYHON
0OMOTKOM CITY’>KHT TOKOBEIYIIHMIA CTEPIKEHb BBOJIA.

B 3aBucuMoOCTH OT pojlla YCTAaHOBKM U Kjacca pabodero Hampsbke-
HUS IEpBUYHON OOMOTKH TpaHC(OPMATOPHI TOKA BEITIOTHSIFOTCS C JIUTON
SMOKCUAHON M30JSIIKEH, ¢ OyMa)XXHO-MACJISTHOW HM30JSIUCH, C BO3YII-
HOU HU30JII1IUEN.

TpanchopmaTops! Toka ¢ papdopoBoit m3omsmueii (cepun TIID) 3a
MOCIIETHUE TONBI BBITECHSIOTCS W3 JKCIUTyaTallMd TpaHCOopMaTopaMu
TOKa C JINTOH BmoKcuaHoW wmzonsiuen. dapdopoBeie Kopiyca TpaHc-
(hopMaTOpoB TOKa ¢ OyMaXKHO-MacCIIsTHOM u3oisueit cepuit TOH (HOBOE
ob6oznauenne cepun TO3M), TPH (TOPM) 3anoiHsrOTCS MAacioMm.
Cepxy Ha ¢GappopoBOM KOPIyCEe YCTaHABIUBACTCS METaUIMYCCKUIMA
MaclOpacluIupUTENb, BOCIPUHUMAIONINA TEMIIEpaTypHBIE KoleOaHus
o0pema Macnia. BHyTpeHHsIS TOJIOCTh MacIOPaCIIUPUTENS COO0MIaeTcs ¢
aTMocdepoli uepe3 CHIIMKAreJeBblid BO3YX00CYIIHTEb.

[Tpu pabouem Hanpspkennn 330 kB u BbIIe TpaHCPOPMATOPHI TOKA
W3TOTOBJISIFOTCS B BUJIE IBYX CTYIEHEH (ByX KacKaJlOB), UTO TIO3BOJISET
BBITIOHSTh M30JISAIUI0 KAXKIOW CTYNEHH Ha IOJIOBHUHY (Pa3HOTO Hamps-
KCHUSI.

Ob6cnyxuBaHue TpaHCHOPMATOPOB TOKA 3aKIIOYAETCS B HAA30DPE 3a
HUMH U BBISBJICHUH BUAMMBIX HEMCIPABHOCTEH, IPU 3TOM KOHTPOJIHUPY-
eTcsl Harpy3ka MepBUYHON IIeTIH ¥ yCTAHABIUBACTCS, HET JIM IEperpys3-
ku. [leperpyska TpaHcopMaTopoB TOKa IO TOKY MEPBUYHONH OOMOTKH
nomyckaetcs 10 20%.

OueHb BaXXHO CJIEIUTDH 32 HATPEBOM U COCTOSIHUEM KOHTAKTOB, ue-
pe3 KOTOpbIe MPOXOJIUT MEPBHYHBIN TOK. Ha mpakTtuke Obumd ciydau
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HarpeBa KOHTAKTHBIX IIMWICK Y MAaCIOHATIOTHEHHBIX TpaHCc(hOpMaTopoB
ToKa. M ecnu mpu 3TOM Ha CHIIBHO HarpeThlil KOHTAKT MOMAaio Macio,
TO OHO BOCIIAMEHSUIOCH, U BO3HUKAI TIOXKap.

IIpu ocmoTpe oOpamaroT BHHUMAaHHUE Ha OTCYTCTBHE IPU3HAKOB
BHEIIHUX MOBPEKIACHHI (00rOpaHue KOHTAKTOB, TPEUIMH B (apdope),
TaK Kak TpaHC(HOPMATOPhI TOKA MOJBEPIKEHBI TEPMUIESCKUM H JMHAMU-
YECKMM BO3JICHCTBUSM TIPH TPOXOXKJICHUM Yepe3 HUX CKBO3HBIX TOKOB
KOPOTKOTO 3aMbIKaHUSI.

BaxxHOe 3HAauYCHHE WUMEET COCTOSIHME BHEIIHCW HW3OJSIUM TPaHC-
¢dopmaTtopoB Toka. bonee 50% cirydaeB moBpexaeHuA TpaHCHOpMATO-
POB TOKa C JIMTOM H3OJISIUCH MPOUCXOIUT B PE3YJIbTATE TEPEKPBITUH TIO
3arpsi3HCHHON M YBIQXKHEHHOW TOBEPXHOCTH U30JIATOPOB IMPH BO3ACH-
CTBHH KOMMYTAIHOHHBIX U TPO30BBIX TIEPCHATIPSKCHUH.

Y MacnoHamnoNHEHHBIX TpaHc(HOPMATOPOB TOKa MPOBEPSIOT ypO-
BEHb Maciia 10 MacjioyKa3aTesio, OTCYTCTBUE MOATEKOB Maciia, IIBET CHU-
JIMKarelisi B BO3LyXOOCYIIUTeNe (CHIIMKAreib ¢ 36pHaMH PO30BOW OKpa-
CKH JTOJDKEH 3aMEHSTHCS ).
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Puc. 11.3. Cxembl BKIIIOUEHHS TPaHC(HOPMATOPOB TOKA B TpeX(Pa3HOH ceTH
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[Ipu oOHapyxkeHHUU OePEKTOB TOKOBEAYIIUX YacTeH M H3OJIALUH
TpaHc(OpMaTOp TOKa BMECTE C IPUCOEANHEHUEM, HA KOTOPOM YCTaHOB-
JIeH, TOJDKEH OBITH BBIBEICH B PEMOHT, ITOJBEPTHYT TIIATEIHHOMY OC-
MOTPY U UCTIBITAaHHIO.

B Ttpexdasnbix cersix ¢ HanpsbkenueMm 6-10 kB yctanaBimBaioTcs
TparcopMaTOphl Kak BO Bcex Tpex (pasax, Tak w TONBKO B ABYX (JII u
JI3). B cersix ¢ HanpsbkeHueM 35 kB u BbIlie TpaHchopMaTophl TOKa B
00s13aTeIbHOM TOpSAKE YCTaHABIUBAIOTCS BO BceX Tpex (asax
(puc. 11.3).

Tpancghopmamopur nanpasxcenus u ux emopuiHsle yenu

TpaHcdopMaTopbl HANPSHKEHUS CIIYKaT sl MPeoOpa3oBaHUs BbI-
COKOTrO HAINPSKEHHs B HU3KOE CTAaHAApTHBIX 3Hawenmii (100, 100/4/3,
100/3 B), ucnons3yemMoe Ui MATaHUS U3MEPHUTEIBHBIX TIPUOOPOB U pa3-
JUYHBIX pelle yIpaBJIeHUs, 3allUThl U aBToMaTHKu. OHH, Tak K€ KaK 1
TpaHchOpMAaTOPBl TOKA, W30JUPYIOT (OTHEISIOT) W3MEPUTENbHBIE HpH-
OOpBI U pelie OT BBICOKOTO HAIpPsHKEHHUsI, oOecreurBas 0€30MacHOCTh UX
obcykuBanus (puc. 11.4).

Puc. 11.4. TpanchopmaTop HarpsHKeHUs
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TpancdopMaTopbl HaNpsHKEHUS OBIBAIOT CIEAYIOLINX BUIOB!

- 3a3emisieMblil  TpaHchopMaTtop HaNpsHDKEHUS — OAHO(A3HBIA
TpaHchOpMaTOp HANPSKEHUS, OAUH KOHEI IEPBUYHON 0OMOTKH KOTOPO-
T0 JOJDKEH OBITh 3a3eMIICH, WM TpeX(ha3HbIld TpaHc(HOopMaTOp HaIpsKe-
HUSI, HEUTpaJb IEPBUYHON 0OMOTKH KOTOPOTO JIOJKHA OBITH 3a3eMIICHA;

- He3a3eMJIIEMBIH TpaHchopMaTop HaANpsDKeHHsI — TpaHchopMaTop
HaNpsDKEHUsI, y KOTOPOTr'0 BCE YaCTH NMEPBUYHON OOMOTKHM, BKJIIOYas 3a-
JKUMBI, H30JIMPOBaHbI OT 3€MJIM IO YPOBHS, COOTBETCTBYIOIIETO Kiaccy
HanpsHKEHUS;

- KacKamHBIN TpaHchopMaTop HampsbDKeHHS — TpaHchopmaTop Ha-
NpsOKEHHUs, TIEPBUYHA 0OMOTKA KOTOPOTO pa3zelicHa Ha HECKOJNbKO I10-
CIIeZIOBAaTENIbHO COSAMHEHHBIX CEKIHiA, epeiada MOITHOCTH OT KOTOPBIX
K BTOPUYHBIM OOMOTKaM OCYILECTBISETCS NMPH HMOMOIIM CBA3YIOIIUX U
BBIPaBHHUBAIOLINX OOMOTOK;

- EMKOCTHBIH TpaHCOpPMATOp HANpsDKEHUs] — TpaHCPOpMaTop Ha-
MPSKEHUS], COIEPKAIUNA EMKOCTHBIMN JI€JIUTEb;

- IByXOOMOTOYHEII TpaHcHOopMaTop HANPSHKEHHS — TpaHCPOpPMATOp
HaNpsDKEHUSI, UMEIOIIIA OJJHY BTOPUYHYIO 00MOTKY;

- TpPeXO0OMOTOUHBIN TpaHCHOopMaTOp HANPsDKEHUS — TpaHcopmaTop
HanpsDKEHUsI, UMEIOLINHA ABe BTOPUYHbIE OOMOTKH: OCHOBHYIO M JOIOJI-
HHUTEJIBHYIO.

ITo npuHLUIY yCTPOHCTBA, CXeME BKIIFOUEHHUSI 1 OCOOCHHOCTSIM pa-
0O0TBHI M3MEPHUTEIBHBIETPAHCPOPMATOPHI HANPSHKCHUST Majo, YeM OTJIIH-
YarTCs OT CHWIOBBIX TpaHcdopmaTtopoB. OMHAKO TIO CPaBHEHHIO C TO-
CIIEJHUMH, MOIIHOCTh UX HE TPEBBIMIAET JIECSITKOB MU COTEH BOJIBT-
amrnep. [Ipu Manoil MOLIHOCTH peXHUM PabOTHl TPaHCPOPMATOPOB Ha-
NpsDKEHUST TPUOITMKAETCS K PeXKUMY XOJIOCTOTO X0/1a. Pa3mbIkanue BTO-
pruHON OOMOTKM TpaHc(opMaTopa HampsDKEHHs He NMPUBOAMT K Orac-
HBIM TIOCJICACTBUSIM.

Ha nanpsokenne no 35 kB tpanchopmaropsl HampspkeHUs, Kak
NPaBUIIO, BKJIIOYAIOTCS Yepe3 MPeIOXPaHUTEIH IS TOTO, YTOOBI MpH
NOBPEKACHUN TpaHchopMaTopa HampsbKEHHS OH HE CTall NMPUYMHON
pa3Butus aBapun. Ha nanpspxenne 110 kB u Bbile mpeoxpaHnuTenn He
YCTaHaBIMBAIOTCS, TaK KaK COTJIACHO MMEIOIMMCS TaHHBIM MOBPEXKIIE-
HUSI TAaKUX TPaHC(HOPMATOPOB HAIPSKEHUS IIPOUCXOIAT PENKO.

Brutouenve u OTKIIIOUEHHE TPaHC(HOPMATOPOB HANPSHKEHUS IMPo-
U3BOJISITCS Pa3beIMHUTEIISIMH.

Jns 3amutel TpancopMaTopa HampsHKEHUS OT TOKAa KOPOTKOTO
3aMbIKaHMsl BO BTOPUYHBIX LEISX YCTAaHABIUBAIOT ChEMHBIE TPyOUaThie
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MPEIOXPAHUTENM WU aBTOMATUYECKHE BBIKIIOYATEITN MaKCUMAIIbHOTO
Toka. IlpemoxpaHuTenyu ycTaHaBIMBAIOT B TOM CiIydae, €CIIM TPaHC-
dbopmarop HampsDKECHHS HE THTAeT OBICTPOJCHCTBYIONIMX 3aIlUT, TaK
KaK 3TH 3aIUTHl MOTYT JIOXKHO TOJICHCTBOBAThH MPH HEIOCTATOYHO ObI-
CTPOM IIE€PEropaHuy MIABKOW BCTABKH. Y CTAHOBKA K€ aBTOMATHYECKUX
BEIKITIOUaTENNeH obecreunBaeT 3G(GHEeKTHBHOE CpabaThIBAHHE CICITHATH-
HBIX OJIOKUPOBOK, BBIBOISIIMX M3 JICHCTBUS OT/ACIBbHBIC BUBI 3alUT
npy OOpbIBE LETIeH HATTPSHKSHUSI.

s Ge30macHOro 00CTyKMBaHUsI BTOPUYHBIX LENel B ciaydae Mmpo-
0051 M30JIAIIUK U MOMAaHUs BRICOKOTO HANpPsDKEHHSI Ha BTOPHYHYIO 00-
MOTKY OJMH M3 32)KMMOB BTOPHUYHOI OOMOTKHM WIJIM HyJIeBas TOYKa MPH-
COCIIMHSCTCS K 3a3eMJICHHIO. B cxeMax coeAuHeHHs BTOPHUYHBIX 0OMO-
TOK B 3BE3Jy Yallle 3a3eMIIICTCS HE HyJieBas TOYKa, a HA4ano OOMOTKH
dbasb1 b. D10 00BsICHIETCS CTpEMIIEHHEM COKpATHTh Ha 1/3 umcio mepe-
KIIIOYAIOIMIMX KOHTAKTOB BO BTOPUYHBIX LCIIAX, TaK KaK 3a3C€MJICHHAsA
(aza MOXET MOoJaBaThCsl Ha pesie TIOMHMO PYOMJIBHHKOB M BCIIOMOTa-
TEJNBHBIX KOHTAKTOB Pa3beAHMHUTEIICH.

[Tpu ucnonp3oBaHuu TpaHCHOPMATOPOB HANPSHKEHHS JUIST TUTAHUS
OTIEpPAaTUBHBIX ILIEMEeH MEePeMEHHOT0 TOKa JAOIYCKAaeTcsl 3a3eMJICHUE HY-
JICBOH TOYKW BTOPUYHBIX OOMOTOK 4epe3 MpOOWBHOW MPeIOXPaHHTENb,
YTO BBI3BIBACTCS HEOOXOUMOCTBIO MOBBIIICHUS YPOBHS H30JISIIIAN OTIe-
PaTUBHBIX LIETIEH.

Ha Bpemsi mpou3BoicTBa paboOT HEMOCPEACTBEHHO Ha TpaHcdopMma-
TOpE HANMPSDKEHHS U €ro OIIMHOBKE MpaBHJIaMU 0E30MAaCHOCTH TPEIIu-
CBIBAETCS CO3JaHUU BUJIMMOIO Pa3pblBa HE TOJIBKO CO cTOpoHBl BH, HO
TAaKXXC M CO CTOPOHBLI BTOPHUYHBLIX HeHeﬁ, tITO6I)I I/136e)KaTI) IIOABJICHUA
HaNpPsHKEHUS] Ha MIEPBUYHON 0OMOTKE 3a cueT 0OpaTHOW TpaHChOpMaIUK
HaIpsHKEHUST OT BTOPUYHBIX IIETICH, MUTAIOIMIMXCS OT KaKOro-In0o Apy-
roro TpaHcdopmaropa HanpsbkeHUs. [ 3TOro BO BTOPUYHBIX IEIISAX
TpaHchopMaTopa HaNpsHKECHUS YCTAHABIMBAIOTCS PYOWJIBHUKH WU KC-
MOJIB3YIOTCS CheMHbIe Mpenoxpanutenn. OTKIIIOYCHNE aBTOMATHYESCKUX
BBIK.HIO‘IaTeJ'[eI‘/’I, a TaKXKC pa3pblB BTOPHUYHBIX ueneﬁ BCIIOMOT'aTCJIBHBIMHA
KOHTaKTaMH pa3beIWHUTENEH He 00ecleunBaloT BUANMOTO pa3pbiBa Lie-
U ¥ TIOATOMY CUHMTAIOTCS] HEAOCTATOYHBIMH.

Ocobennocmu  koncmpykyuu. Ha mojcTaHusIX HaXOAAT TPUMEHe-
HUEe Kak oxHo(dasHble, Tak W TpexdasHble JIByX- U TPEXOOMOTOUYHEIE
TpaHchOpPMATOPBl HAMPSKEHHSA. OTO TIJIaBHBIM 00pa3oM MacisHbIe
TpaHcHOpPMATOPHl HAIPSHKEHHSI, MATHUTOIIPOBOABI U OOMOTKH KOTOPBIX
MOrpyKeHbl B Macjo. MacisiHoe 3anojHeHue Oaka wuiau ¢dapdopoBoro
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KOpITyca MpeAoXpaHsIeT OT YBIAKHECHUS U U30JIUPYET OOMOTKH OT 3a3€M-
JIEHHBIX KOHCTPYKIUA. OHO UTpaeT TaKkKe POoJib OXJIAKAAIOIICH Cpeabl.

B 3akprITBIX pacnipeneauTenbHbIX yCTporcTBaxX A0 35 kB ycnemHo
WCTIONB3YIOTCS TpaHC(hOPMATOPHl HAMPSDKEHUS C JINTOW SIIOKCHUIHOMN
m3ossinedd. OHU 00MafaroT PSIOM CYHIECTBEHHBIX MPEUMYIIECTB I10
CPaBHEHHIO C MACIIOHAMOJHEHHBIMHA TPH yCTaHOBKE B KOMIUIEKTHBIX
pacTipenenuTeNbHBIX YCTPOICTBAX.
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Puc. 11.5. CxeMsI TpaHC(HOPMATOPOB HANIPSHKEHHUS Pa3HBIX THIIOB!
a — HK®-110; 6 — HK®-220;
BH — 06MOTKa BBICOKOTO HampshKeHHUs (IlepBUYHAs 0OMOTKA);
HH — 06MOTKa HU3KOTO HAMpsHKEHUs (BTOPUYHBIE OOMOTKH);
A — BeIpaBHUBAOUINE OOMOTKH; P — CBSA3YyIOUIHE OOMOTKH;
M — marnuromnposox; U, — hasHoe HanpsokeHne

Ha noacrannusx 110-500 kB npumeHstoTes kackaaHbie TpaHchop-
MaTtopsl Hanpsbkenus cepun HK®. B kackagnom Tpancdopmarope Ha-
NpsOKeHHsT 0OMOTKa BBICOKOTO HampsbkeHus: (BH) genutcs Ha d4acTw,
pa3MelaeMble Ha Pa3HbIX CTEPHKHSIX OJHOTO MM HECKOJIBKMX MarHUTO-
MPOBOJIOB, 4TO OOJeryaeT ee M3oJsui. Tak, y TpaHcdopmaTopa Ha-
npspxenns Tuna HK®-110 odmotka BH pasneneHa Ha ABe yacTu (cTyre-
HH), KaXJ1asl U3 KOTOPBIX pa3MeIaeTcsi Ha MPOTUBOIIOIOXKHBIX CTEPXKHAX
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JBYXCTEP)KHEBOTO MarHuTonposoza (puc. 11.5, @). Marauronposox co-
€IMHEH C ceperHOi 00MOTKM BH M HaXOAMTCS IO OTHOLICHHUIO K 3eMJIe
oz notentmanom Uy/v2, 6naronaps yemy ooMoTka BH n3onupyercs ot
MarHUTONpPOBO/a TObKO Ha Ug/V2, 4TO CyIIECTBEHHO yMEHbIIAET pas3-
MepBI 1 Maccy TpaHchopMaTopa.

CryneHuyaToe MCIOTHEHNE YCIOXKHIET KOHCTPYKIUIO TpaHchopma-
Topa. [losiBnseTcst HEOOXOAMMOCTh B JOMONHUTENBHBIX 00MOTKax. Ilo-
KazaHHas Ha pucyHke 11.5 BeipaBHUBaromas oOMoTKa /7 mpeHa3HauYeHa
JUTSE pABHOMEPHOTO paclpeieeHrs] MOIITHOCTH, TOTpebsieMol BTOpHY-
HBIMH OOMOTKaMH, TI0 00€UM CTYTICHSIM.

Kackamusie Tpanchopmaropsl HampspkeHus Ha 220 kB wm BoImme
UMEIOT 1Ba U Oojiee MarauTonpoBoa (puc. 11.5, 6). Uucino marauto-
MPOBOJIOB OOBIYHO BIBOE MEHbIIIEC YHCIIa CTyNeHel kackazna. s mepe-
A9 MOIIHOCTH C OOMOTOK OIHOTO MAarHWTONPOBOAA HAa OOMOTKH
JIPYTOTO CIy>KaT cBs3yomue oOMoTkn P. BropwdHble 0OMOTKH Yy
TpaHchopmaropoB HanpspbkeHus cepun HK® pacrnonaratorcss BOIHM3M
3a3eMIIIeMOTo KOHIa X 0OMOTKH BH, WMeromero HanMeHbIIHA TOTeH-
[IUAJT OTHOCUTEIHHO 3€MJIH.

Hapsimy ¢ OOBIYHBIME 3JIEKTPOMArHUTHBIMH TpaHCPOPMATOPaMU
HaNpsDKEHUS AJIs1 TUTaHUSI U3MEPUTENBHBIX TPUOOPOB M peneiHOoN 3a-
HIUTHI IPUMEHSIOT €eMKOCTHBIC ICTTHTENIN HAITPSDKEHHUSI.

fApofod 84

Puc. 11.6. Cxema BKIIIOYESHHUS] EMKOCTHOTO ACIUTENs HAPSDKEHUS
tuna HJIE-500
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OHU MONYYUIN PacCIPOCTPAHCHUE HA JIMHUAX JJICKTPOIEepEaul Ha-
npsokenueM 500 kB u Beite. [IpuHnunuansHas cxema eMKOCTHOTO JA€TU-
tens Hanpspkenus: tTana HJIE-500 npuBenena Ha pucynke 11.6. Hamps-
JKEHHEe MEXIy KOHICHCATOpaMH pachpenesseTcss oOpaTHO MPOIOPIHO-
HansHO eMkocTsM Uy/U; = Cy/Cy, tae C; u C; — eMKOCTH KOHJICHCATOPOB;
U; u U, — rampsixenns Ha HuX. [logbopom emMkocTelt JOOMBArOTCS TOTY-
YeHHsI Ha HIKHeM KoHneHcatope C, HeKOTopor TpebyeMoi monu obire-
ro Hanpsbkenust U,. Ecnu tenepps k konaeHcatopy C, MOJKIIOUUTH I0-
HWKaImui TpanchopmaTop 7, TO OH OyAET BHITIONHSTE TC *Ke (YHKIIHH,
YTO W OOBIYHBIA TPaHCHOPMATOP HATIPSHKCHIS.

EmkoctHbIi nenurens Hanpsokerns Tama HIIE-500 coctout u3 Tpex
KOHZIeHCaTOpoB cBs3u Thimra CMP-166 n omHOTO KOHACHCATOpa OTOOpa
motHoctd tuna OMP-15-0,017. [epBuunas oOMOTKa TpaHChopMaTopa
T paccuntana Ha HampstkeHue 15 kB. OHa uMeeT BOCeMb OTBETBIICHHIA
JUTSL peTyTUPOBaHUS HAIIPSDKEHUS. 3arpainuTelb L mpensTcTByeT OTBETB-
JICHUIO TOKOB BBICOKOW YacTOTHI B TpaHchopmarop 7 BO Bpemsi pabOTHI
BBICOKOYACTOTHOM CBSI3M, ammapaTypa KOTOPOHM MOIKIIOYAeTCS K KOH-
neHcaropaM depe3 GunbTp npucoenuHenns @I1. Peaxtop LR ymyumaer
AIIEKTPUYECKHE CBOICTBA CXeMbl NPHU YBEIMYCHWW HArpy3Ku. bammact-
HBIH QUIABTP MM pe3uctop R ciyKuT ans ramenus Geppope3oHaHCHBIX
KoJIeOaHUI BO BTOPUYHOM IIETIH TP BHE3AITHOM OTKJIIOYCHUHU HATPY3KH.

3aganus
1. V3yunts Ha3HAuUCHHE, KOHCTPYKIMIO U CXEMBbl BKJIIOYEHHS TpPaHC-
(hopMaTopoB TOKA.
2. U3yunth Ha3HauCHHME, KOHCTPYKIUIO U CXEMbI BKJIIOUCHUS TPAHC-
(hopMaTOpOB HATIPSKECHHUS.
3. M3yunth 0COOCHHOCTH MOIKIIOYCHHS U3MEPUTEILHBIX TpaHCc(hopMa-
TOPOB.

KonTpoJsibHbIe BOpochl

1. /I gero npuMEHSIOTCS TpaHC(HOPMATOPhI TOKA?

2. HazoBute 0cOOCHHOCTH KOHCTPYKIIUH TPAHC(HOPMATOPOB TOKA.

3. [l yero npUMeHSIOTCS TpaHc(HOPMATOPBl HAIPSKEHUS ?

4. O0BSCHUTE MMPUHIIUI paOOTHI KACKaIHOTO TpaHcdopmaTopa

HaNpsHKEHUSL.

5. HazoBure 0COOEHHOCTH KOHCTPYKIMH TpaHC(HOPMATOPOB HarpsiKe-
HHA.

6. HasoBute mpaBumia 6€30macHOCTH IpU paboTe Ha TpaHchHOpPMATOPHI
HaIpsHKeHHs.

7. 300pazute cxeMy BKIIOUCHUS EMKOCTHOTO JIETTUTENS HAPSHKESHHS.
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3ansaTue 12. IIpuBoabI BEIKII0OYAaTENEH

Hesb 3aHATHA: U3yYUTh KOHCTPYKIIMH PA3JIMIHBIX BHIOB IIPHBOJIOB BHI-
KJIIoJaTelei.

IIpuBoa BbIKNIIOUATENsl MpeJHA3HAueH MJisi OIepalld BKIIOYEHUS,
yIepKaHUS BO BKIIOYCHHOM ITOJIOKCHUN M OTKITIOUCHHUS BHIKITIOYATEIIS.

Ilpugod — 3TO crenHMaNbHOE YCTPOMCTBO, co3faroliee HeoOXoquMoe
ycuiiue JAjsl TIPOU3BOJCTBA MEPEYUCIICHHBIX omnepanuil. B HEKOTOphIX BbI-
KITFOUATEISIX IMPUBOJ KOHCTPYKTHBHO CBSI3aH B OJHO IIEJIO€ C €r0 KOHTAKT-
HOM CUCTEMOH (BO3IYIIHBIC BBIKIIOUATEIIH ).

OCHOBHBIMH YacTSIMH TPHUBOAA SIBJISFOTCS: BKIIIOYAIOIIMN MEXaHU3M,
3aMuparomuil MeXaHu3M (3alenka, cobadka), KOTOPBIA YIEp)KHBAET BEHI-
KIIFOYaTeh BO BKIFOUCHHOM ITOJIOKCHUH, U PACLETUISIONINN MEXaHU3M, OC-
BOOOKIAIOIINI 3aIIETIKY IPH OTKIIOYEHHUH.

Haub6onpmas paboTa B CymecTBYIOUIMX KOHCTPYKIUAX BBIKIIOUYATEICH
COBEpIIAeTCs IPUBOAOM P BKIIOUCHHH, TaK KaK MPH ATOH onepannu mpe-
olioJieBaeTcsl cOOCTBEHHas Macca TMOJBM)KHBIX KOHTAKTOB, COMPOTHBIICHHUE
OTKJIIOYAIOIIUX TPY>KWUH, TPEHUE U CHJIBI MHEPLUU B JIBUKYIIUXCS YaCTAX.
Ipu BKIIOYEHUU Ha CYLIECTBYOIIEE KOPOTKHE 3aMbikaHus (K3) MexaHH3M
IPUBOJA, KPOME TOTO, TOJDKEH MPEOJI0IETh INEKTPOAUHAMUYECKUE YCHITHS,
OTTaJIKUBAIOIINE KOHTAKTHI PYT OT Apyra.

Omnepanusi BKIIOYCHAST BO HW30SKaHWE NMPUBAPHBAHUS KOHTAKTOB BBI-
KITIFOUaTeNs TOJDKHA ITPOU3BOIUTHCS OBICTpo. UeM MeHbIle BpeMsi BKIIOUe-
HUSl, TEM MEHbBIIE Tay3a MPH aBTOMATUYECKOM TOBTOPHOM BKIFOUECHHUH
(ATIB).

[Ipu oTkmovueHNH paboTa IPUBOAA CBOTUTCS K OCBOOOKICHHUIO 3aIlle-
KH, YACPKHUBAIOIIEH MEXaHU3M BO BKJIFOUEHHOM MONOKEeHWH. CaMo OTKITIO-
YeHHEe TPOUCXOUT 32 CUET CHIIBI CIKATBIX MM PACTSAHYTHIX OTKIFOYAROIIUX
OPYXXUH. B 3aBUCHMOCTH OT HCTOYHHKA YHEPTUH, 3aTpadnBaeMoi Ha BKITIO-
YeHHEe W OTKJIFOUYEHHUE, UMEIOTCS py4YHbIe, IPY>KUHHBIE, TPY30BbIE, SJIEKTPO-
MarHUTHBIE, THEBMATHYECKUE TIPUBO/IBL.

Pyunvie npueodvsi TPUMEHSIOTCS IUTS MAIOMOIMHBIX BBIKITIOYATEINCH,
KOTJ[a MyCKYJBHOH CHJIBI OIlepaTopa JO0CTATOYHO JUISi COBEpIICHUS pabOoThI
BKIItoueHHs. OTKITIOYCHHE MOXKET ObITh aBTOMATHYECKUM C ITOMOIIBIO pelie,
BCTPOEHHBIX B IPUBO/I.

B coBpeMeHHBIX 3JEKTPOYCTAaHOBKAX COXPAaHWJIUCH PYYHBIE HMPUBOJBI
TTPA tonbko nnst Beiktovareneit Harpy3ku BHIIP.

Ipyorcunnovlii. npueod SBISAETCS TPUBOJOM KOCBEHHOTO JCHCTBHSL
OHeprus, HeoOXonuMas Ui BKJIIOYEHHs, 3alacaeTcss B MOIIHOM Npy>KuHE,
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KOTOpasi 3aBOAUTCS. OT PYKH WJIM 3JIEKTPOJBUIaTENeM HEOOJIbIION MOIIHO-
ctu. ITocne KaXIoro BKIIOYCHHST HE0OX0AMMO BHOBB 3aBECTH MPYKHUHY.

OOBIYHO TPUBOA JOTOJIHAETCS CIEUUANIBHBIM 3JIEKTPOJBUTATEIIEM,
OCYILIECTBIISIFOIIMM 3aBOJ] MPYXHUHBI. Takoil MpHUBOA MO3BOJSET OCYILECTB-
nste ATIB.

HenocTatkoM npyXHHHBIX IPUBOJOB SIBJISETCS YMEHBLIEHUE TSATOBOI'O
YCWIHS B KOHIIC XOJa BKJIIOYCHHUS BCICICTBHC YMEHBINCHHS He(opMamuu
OpyXUH. YTOOBI YCTPaHUTH 3TOT HEJIOCTATOK, PYKUHHBIE TIPUBOAKI TOTIONI-
HSIOTCS MaxOBUKOM, KOTOPEIH IMOrIonaeT n30bTOYHYIO SHEPTHIO B Havaje
BKJIFOUEHHS M OTIAeT HAKOIUIEHHYIO HEPrui0 B KOHIE BKiIroueHus. [IpuBo-
Iel To100HO0TO THMa [TTIM-10 puMeHstoTcs s Beikitoyateneit BMIT-10 u
BMII-10. 3aBox npy>XUHBI TPOU3BOIUTCS ANEKTPOABUTATEIIEM Yepe3 peayK-
TOp. 3aNOPHO-MYCKOBOKH MEXaHM3M MPUBOJAA yIEpKUBAET MPYKUHBI B 3aBe-
JIEHHOM COCTOSIHWMH. {7151 aBTOMATHYECKOTO BKIIFOUEHHSI HEOOXOJMMO OCBO-
00aNTH 3aBOISIIMI phIYAr, ITOCIE Yero SHEPTHs 3aBEICHHOW CHHPATBHOMN
MPY>KUHBI TIOBOPAUMBAET BaJl BHIKIIOYATENS HA BKIFOUCHHUE.

JMCTaHIIMOHHOE W aBTOMAaTHYECKOE OTKJIIOYEHHE BBIKJIFOYATENs Mpo-
U3BOAMTCSA C IIOMOLIBIO pelie, BCTPOSHHBIX B HIDKHEH 4acTu MpUBOAA, KOTO-
pbie depe3 IJIaHKy OTKIIOYCHHS BO3ACUCTBYIOT Ha MEXaHHM3M CBOOOJHOTO
pacuemnenus. [TpuBox nomyckaet mexanndeckoe AIIB. Ummynbce misa pabo-
ToI Takoro AIIB maercs mpu oTkimtodeHUN Oiaronapst 0CBOOOKIESHHIO BKITIO-
YaloIIero MexaHu3mMa IpuBoJa.

AHajornyHoe ycTpoiictBo uMeeT npuBoj [, npumeHsembIil 1ist BbI-
kmrogateneit BMI'. Beikmrouatenun BMIIII, BD-10, BK-10m1a KPY umeror
BCTPOCHHBIN MPYKUHHBIA IPUBO/I.

IIpyx1HHBIE TPUBOJIBI HE TPEOYIOT JJISi CBOETO YIPaBICHUS UCTOYHHKA
MOCTOSIHHOTO TOKA, YTO SIBIISIETCS] CYIECTBEHHBIM MPEUMYIIECTBOM TEpes
JIpyruMu npuBogaMu. HegocTaTkoMm ero sBiseTcs Majiasi MOUIHOCTb, II03TO-
My OH MIPUMEHSETCSI JUTST MaJIOMacIsTHBIX BBIKJTIOUaTENEH
6-10 B.

Dnexmpomaznumuule npueoOsbl IOCTOSHHOTO TOKAa TMPUMEHSIOTCS UL
YIPaBIEHHUsS BCEMHU TUIIAMHU MacCJSIHBIX BBIKJIIOUaTeneidl HampsbkeHuem 110
kB. [IpuBoj npencraBiseT coO0H KOPITYC C 3JEKTPOMArHUTOM BKJIFOUEHUS
OlepaloHHBIM MEXaHHU3MOM. B kopmyce pa3melleHbl TakKe 3JIeKTpoMar-
HUT OTKJIFOYEHUS, KOHTAKThl BCIIOMOTATENIbHBIX IIeTlel, MEXaHU3M PyYHOIO
OTKITIOUCHUSI M B Psijie CIydacB MEXaHWYEeCKHH yKa3aTellb MOJIOKEHHUS BbI-
KITIOYaTeJIsl, ’KECTKO CBSI3aHHBIH C €ro BaJloM.

Ha pucynke 12.1 nokazan npuBoj Jisi MAJIOMACIISTHOTO BBIKITIOYATEISL.
CuIoBO€ yCTPOWCTBO — 3JICKTPOMATHUT BKIIOYCHUS — MPECTABISAET COOOi
MarHUTONPOBOJ ¢ OOMOTKOH 3 W cepiaedHukoM 2 co mrokoM 1. TsroBoe
ycmwine HeoOXomuMoe, MU BKIIOYEHHS  BBIKIIOYATENS, CO3MAcTCs
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CEPACYHUKOM 2, KOTOPBIA BTATUBACTCS AJICKTPOMATHUTOM IPU MPOXOXKIIe-
HHH, TI0 ero 0OMOTKE TOKa. YCHIIME IepeaeTcs BBIKIIYATEN0 CHCTEMOR
PBIYAroB OMEPAIMOHHOIO M IEPEIATOYHOTO MEXAHU3MOB.

[MToce 3aBepleHUs ONEpalnyy BKIFOYCHUS BBIKIIOUYATENS IEMb HJICK-
TPOMarHuTa aBTOMaTHYECKH Pa3phIBACTCS U CEPACYHHK I10J1 JeUCTBUEM CH-
JIBI TSDKECTH (M TIPY>KUHBI) OITyCKaeTCsl BHU3.
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Puc.12.1. [IpuBox 3JIeKTPOMArHUTHBIN AJIST MaJIOMACIISTHBIX BBIKITFOYATEIICH:
1 — WITOK ¢ MPYXUHOI; 2 — CepIeYHHK; 3 — 0OMOTKA 3JIEKTPOMArHHUTA BKIIFOUCHHS;
4 — ynepkuBaroLHii pbryar; 5 — poiuk; 6, 8 — KOHTAKTOPBI BCIIOMOTATENBHBIX ICTICH;
7 — Ban mpuBoAa; 9 — pelyaru MexaHn3ma cBo0oiHoro pacieruienns; 10 — 3amenka;
11 — peI4ar py4HOro OTKIIOYEHUS; 12 — SJIeKTPOMAarHHUT OTKIIFOYCHMS;

13 — cOopka 3axumMoB; 14 — kopmyc mpuBoa

J1s OTKJIFOUEHUS BBIKITIOUATENsl B OOMOTKY AJIEKTPOMArHUTa OTKJII0Ye-
HUS TOJIaeTCsl OnepaTuBHbI TOK. CepleUHUK BTATHUBACTCS DJIEKTPOMArHU-
TOM, ¥ €T0 OOEK yIapseT B OHO U3 3BEHBEB MEXaHU3Ma CBOOOIHOTO pacIie-
wieHuss 9. 3BeHbs MEXaHM3Ma CBOOOJIHOTO PACIEIUICHHUS CKIIAJIBIBAIOTCH,
BaJl BBIKJIFOYATEIs MOBOPAYMBACTCS TMOJ JCHCTBHEM BCTPOCHHBIX OTKIIIO-
YAOIIUX MPYKAH — IIPOUCXOJUT OTKITFOUCHUE BEIKITIOYATEIIS.

ONEeKTPOMAarHUTHl BKIIOUYEHHUS W OTKIIOYEHHS ITOJNyYaroT MUTAHUE OT
AKKyMYJISITOPHOW O6aTapen depes cOOpKy 3aKHMOB.

Tok, moTpeOIseMbIi IEKTPOMAarHUTOM BKIIOUeHHs mpuBonxa [13-11,
cocTaBisieT 58 A, 3JeKTpOMarHUTOM OTKIFOUYeHUs — 1,25 A mpu Hampspke-
Hum 220 B.
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B npuBome umeercs polyar pyuHoro otkmoueHus. Ilpuson I13-11
npuMeHsieTcst Juid Beikmouateneit BMIT-10, BMTI™-10.

Juia Oonee MOLIHBIX BBIKIIOYATEIel BHYTpEHHEH yCTaHOBKH MpuUMe-
HSIIOTCA DJIEKTPOMAarHuTHele npusojs! 119-2, I13-21, IIC-31, a nust Hapyx-
Ho# yctanoBku — LIIT13-44, IIIT13-38, IIT13-46 u ap.

Locmouncmeamu IEKTPOMAarHUTHBIX TPUBOJOB SIBISIIOTCS MIPOCTOTA
KOHCTPYKIMU U HaJIEKHOCTh PaOOTHI B YCIOBUAX CYpPOBOIO KIMMATa.

Heoocmamxu — G0NbIION MOTPeOIsieMbIH TOK U BCIIEACTBHE 3TOTO HE-
00X0JJMMOCTh MOIITHOW aKKyMYJIATOPHOU OaTapeu (IJis BKITFOYECHHUS BBIKITIO-
garens MIT-10-3200 tpebyercas Tok 155A, a  BbIKIIOUaTeNs
VY-220-40 — 500 A mipu HanpspkeHnn 220 B), a Taxke 3HAYUTENHLHOE BpeMs
BKitoueHus (1o 1 c).

[THeBMaTHUeCcKuil PUBOJ 0OecreynBaeT ObICTPOE BKIFOUEHUE BBIKIIIO-
qaTelis 3a CUeT PHEPTHM CKaToro Bo3ayxa. KuHemaruueckas cxema ero Io-
IOOHA 3JIEKTPOMAarHUTHOMY IIPHBOAY, HO BMECTO DIICKTPOMArHUTAa TIPHMe-
HSIETCSI THEBMATHUYECKHUIM IIMIMHAD C opirHeM (puc. 12.2).

[Ipu BKIIOYEHUHN BBIKJIFOYATENS OTKPBIBAETCS KilamaH, MOJAroIuN cyKa-
TBI BO3IyX M3 pe3epByapa B mHeBMartnueckuil mwmmHap 1. [lopmens 4 co
IITOKOM 5 MOJHWMAETCS BBEPX M, BO3IEHCTBYS Ha MOJBIKHBIA POJIUK H
CHUCTEMY pbIUaroB, MPOU3BOAUT BKIIOYCHHE BhIKIIOUatTens. IIpyxuHa Hax
MOPIITHEM TIPH STOM CXKHMAETCS, CTIIAKUBAsI yaap IPH BKIFOUCHHH.

[Ipu oTKIFOUYEHNH MOAAETCSI UMITYIIEC Ha DIIEKTPOMArHUAT OTKIIOYCHUS
8, KOTOpBIi BO3ZCHUCTBYET HA MEXaHU3M CBOOOJHOTO paciieruieHus 9.

Cxarterif Bo3ayx (2 Mlla) momaercst oT 00IIel KOMIIPECCOPHOU ycTa-
HOBKH, OOCITY’KMBAIOIIEH BO3AYIIHBIC BHIKIIOYATEIH, WM Ha KaXXIOM IpHU-
BOJIC YCTAHABIIMBAIOTCS OAJIOHBI CO CXKATBIM BO3AYXOM, OOECIICUMBAIOIIUE
MATh-IIECTh OTepaluii 0e3 moakauku Bo3ayxa. s mojakadyku Bo3lyxa HMc-
MOJIB3YIOTCST HEOONBIIHE KOMIIPECCOPHI € AIIEKTPOIBUTATENIEM MOIIHOCTHIO
no 1 xBr.

ITneBmaTtnueckue npusozs! [1B-30 npumensioTcsa 11 BbIKIIOUATENCH
MI-10, MI'-20. BakoBble BBIKITIOYATETH CEPHU «YPall» CHAOXKAIOTCS ITHEB-
Matuueckumu npuojamu LITB. [THeBMaTuyeckre MpuBOABI HE TPEOYIOT
YCTaHOBKH MOIITHON aKKyMYJISITOPHOH OaTapeu, Tak Kak TOK, MOTPeOIsieMblid
3JIEKTPOMAarHUTHBIM KJIAIaHOM BKJIIOYEHHS, HE IMPEBBINIAET HECKOIbKHUX
amnep. CedeHue MpPOBOIOB OT CXEMbl TUCTAHLIMOHHOTO YNPaBJICHUS K MPH-
BOJIy 3HAUUTEIILHO MEHBIIIE, YEM MPH JIEKTPOMArHUTHOM MTPHUBOJIC.

84



8~ h

b y, 10

6

T
abasss
InluYululululxil

416

Puc. 12.2. ITpuBox nueBmarnueckuii [1B-30:
1 — nHeBMaTHYeCKUH MUIUHID; 2 — (IaHen BO3TyXONpOBOAa;
3 — mrok xemmdepa; 4 — HOPUIEHB; 5 — ITOK; 6 — yAep KUBarOMIast 3alIeNKa;
7 — HOIbEMHBIN PONNK; 8 — AJIEKTPOMArHUT OTKIIIOUSHUS;
9 — cucrema pbruaros cBo6oHOro pacuemnenus; 10 — kopmyc npuBoza;
11 —noMKpar Juisi pydHOro OTKIIIOUeHHs; 12 — yKa3aTeb MMOJ0KEHHS

B BO3AyIIHBIX BBIKJIIOUYATENSIX MMHEBMATHUECKUN MPUBOA SIBISETCS
OpPraHUYECKOM YaCThI0 CAMOTO BBIKIHOYATEIIA.

JlanpHEHmMM yCOBEPIIIEHCTBOBAHUEM ITHEBMATUYECKUX IPUBOJIOB
SIBJISTFOTCS  TTHEBMOTHJIPABIMYECKUE TPUBOABI, B KOTOPBIX JBI)KCHHE
MOABM)XKHOM CHUCTEME BBIKJIIOYATENS MEpeNaeTcs OT THAPOLMIMHIpA C
nmopmrHeM. [lopiieHs TPUBOIWUTCS B JIBIDKCHHE CXKATOW JKHIKOCTHIO,
00b19HO MaciioM. Bricokoe maBnenwme xumkoctd (12 MIla) cozmaercs B
aKKyMYJISITOpE SHEPTUU MIPUBOJIA 33 CUET CXKATOTO Tasa.

OTOMN PHEPruu XBaTaeT HA LIECTh BKIIOUYEHUU. TakuMu mpuBOAaMU
tuna I cHabkaroTcs OakoBbIe BBIKIIOYATEIH. [IHEBMOIHMIpaBInye-
CKHe TIPUBOJIBI 00ecTieunBatoT BpeMs Bkitouenus 0,25 c.
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CxeMbl ynpaBieHUs OOBIYHO JOMONHSIIOTCS yCTPOMCTBAMH CHUTHA-
JU3alyy B BHJE CHUTHAJIBHBIX JIAMII, [TOKA3bIBAIOIINX BKIIOYEH HJIM OT-
KJIIOUEH BBIKJIIOYATENb IIOCJIE CHATHS COOTBETCTBYIOIEH KoMaHIbl. B
cXeMax IMperycMaTpUBAETCsl CBETOBAasl M 3BYKOBAas CUTHAJIW3allUsi O He-
COOTBETCTBHHM IIOJIOKEHHUSI BBIKJIIOYATENS €ro KIoYa ymnpaBieHHus (Ha-
puMep, B ClIydyae aBTOMAaTHYECKOro OTKJIFOYEHHUS BBIKIIIOYATCS; pelei-
HOM 3aIuTON), a TaKKe CHTHAIM3AIUSA KOHTPOJS IENeH BKIIOYCHUS H
OTKJTIOYEHU BBIKITIOYATEIIS.

B snekTpuueckux cxemax YMpaBieHUS M CUTHAJIH3alUU BBIKIIIOYA-
TeJIeH BCETAa MMEIOTCS KOHTaKThl, KOMMYTHUPYIOIIUE BCIIOMOTaTeIbHbIE
LENH; SJIEKTPOMArHUTOB BKIIIOYCHHUSI M OTKIIIOYCHHUS, CUTHAJIBHBIX JIAMIT
U ApYTHe LEeNH MOCTOSIHHOTO ToKa. KOHTaKThI yIpaBIIsSIOTCS C TIOMOIIBIO
KMHEMAaTHYECKUX Iepead MeX1y BaJIOM IPUBOJA U BaJIOM KOHTAKTOpa.
Ckopoctb cpaOaTbIBaHHS KOHTAKTOB ONPEAENAETCS TEXHOIOTHYECKOH
HEOOXOJUMOCTBIO: €CTh KOHTAKTHBIE TMapbl, KOTOPHIC IOJDKHBI OBICTPO
Pa3MBIKATbCA (I/IJ'II/I 3aMI>IKaTbC$I) B KOHII€ BBIIIOJIHCHHA ONCpallunu HIIN
Jake mocie e€ 3aBepIICHUs; UMEIOTCA KOHTaKThl, CKOPOCTh cpabaThIBa-
HUSI KOTOPBIX 3aBUCHT OT CKOPOCTH JBMKEHHSI TEPEMEIIAIONINXCS dac-
Telt, u T.4. KOHCTpYKIIMM KOHTAaKTOB BEChMa Pa3sHOOOpa3HbI, B OTEYECT-
BEHHBIX MPHUBOJAX HCIIONB3YIOTCS HabopHbIe KOHTAKTHI Tuna KCA (KoH-
TaKThl CUTHaJIbHBIE AKCEHTOHA). B skcruryatanmun Heo0X0AUMO CIennuTh
32 COCTOSIHUEM KOHTAaKTOpPOB, HapylIeHHE B paboTe KOTOPBIX MOXKET
NPUBECTH K OTKa3y B paboTe MpHUBO/AA.

CxeMbl yIpaBJeHUsI U CUTHAIN3ALUY PUMEHSIOTCS Ha IOACTaHIIU-
AX B PAa3/IMYHBIX BapyuaHTaxX B 3aBUCHMMOCTHU OT THUIIA BBIKJIIOYATEIA U €0
ImpuBOaa, UCII0JIb30BAHUA yCTpOﬁCTB TCJIEMCXaHUKU U JPYTUx yCHOBI/Iﬁ.

3aganus

1. I3yunth Ha3HAYECHUE, KOHCTPYKIIMIO W BUBI IPUBOJIOB BBHIKITIOYATEICH.
2. VI3y4nTh IPUHIUI PaOOTHI IPHBOIOB BEIKITIOYATEIICH.
3. OmpenenuTs pa3amdisi MEKAY BHIAMU IIPHBOIOB.

KoHTpoabHbIe BONPOCHI
. JI71st 4ero ciyxaT MpUBO/IBI BBIKITIOUATENeH ?
. Ilepeuncnnre OCHOBHbIE YAaCTH NIPUBOJBI BHIKJIFOUATEIIS.
. JI71st 4ero MpUMEHSIOTCS 3JIEKTPOMArHUTHbIE TPUBObI?
. Jl71st 4ero nmpuMeHsIeTCs 3aUPAIOIINi MEXaHU3M B IIPUBOJIE?
. st 4ero npuMeHsieTcs OTKIIIOYAIoIIee YCTpOoicTBO IpHBoOaa?
. HazoBuTe 1OCTOMHCTBA M HEOCTATKHU 3JEKTPOMArHUTHBIX IPHUBOIOB.
. HazoBuTe nocTOMHCTBA M HEOCTATKU MHEBMATHYECKUX IPUBOJIOB.

NN DN R WN
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Ipenncnosue

MeTtoandecknue yKka3aHus COOTBETCTBYIOT rOCYIapCTBEHHOMY 00-
pazoBatenbHOMy craHaapty OI'OC-3 mucHUTUIMHBL «IKCIUTyaTaIHs
3NEKTPOOOOPYAOBAHMS» ISl CTYIEHTOB BBICIINX yYEOHBIX 3aBEACHUH.

B Mmeromndeckux yka3aHUSX NPUBOASTCS IOSICHEHHS IO BBIOOPY
UCXOIHBIX JaHHBIX, PEKOMEHJAIMU 10 BBIIIOJHEHUIO KypCOBOTO IPO-
€KTa, OCHOBHBIC TEOPETUUECKUE CBEJICHHS, TPEOOBAHHS K €r0 CTPYKTY-
pe 4 opopMIICHUIO.

Llenbto BBITOJHEHUSI JaHHOTO KyPCOBOI'O MPOEKTa sBisieTcs Gop-
MHUPOBAaHUE U Pa3BUTHE Y CTYIEHTOB CIEAYIOUIMX KOMIIETCHIUH: IMO-
HUMaHHUE COLMabHON 3HAUMMOCTH CBOEH Oynyiiei npodeccuu u cro-
COOHOCTBb MCHOJIB30BaTh THUIOBBIE TEXHOJOIHMHM TEXHHUYECKOro 00CiIy-
JKUBAHUS, PEMOHTA M BOCCTAHOBJICHHUS U3HOIICHHBIX JIE€Tajei MAIluH U
3NEKTPOOOOPYAOBAHHSL.

3agaun BBHIMOJNHEHHSI KYPCOBOTO MPOEKTa — OPMUPOBAHHUE yMeE-
HUH pacdyeta 06beMa padoOT IO 0OCTYKUBAHUIO AIIEKTPOOOOPYIOBAHYS,
pacuera 3arpar TpyJa Ha TEXHHUUYECKOE OOCTyKHMBaHHE, pacueTa 4Hc-
nenHocty nepconana DTC u pacnpeienieHre ero 1no NoApa3aciIeHUsIM,
BEIOOP Gopmbr U cTpykTypel DTC Xxo03siicTBa, TUIaHUpPOBaHUE PabOT
OTC.

KypcoBoii MpoeKT COCTOUT U3 MOSICHUTEIBHON 3aITUCKU 00BEMOM
40-50 crpanun u 1 yepreka rpaguuecKoro MaTepuaia, BKIIOYAIOLIIero
rOJIOBOM rpaduK MPOBEACHUS TEKYLIUX PEMOHTOB 3JEKTPOOOOPYAOBa-
HUSI XO3SIICTBA.

TemaTHKa KypCOBOTO MPOEKTa ONpEACISIETCS B COOTBETCTBUU C
3aJadaMi W3y4YeHHs AWCLMIUIMHBI «DKCIUTyaTalusl 3JIEeKTpooOOpyHo-
BaHUSA» U MOCBSIIEHA pacueTy roJ0BOM MPOU3BOJICTBEHHON Hporpam-
Mbl DTC [y1st X03s1CTBA, COCTOSIIETO U3 YETHIPEX 00BEKTOB.



CTpyKTYypa KYpCOBOI0 NMPOEKTa

KypcoBoii npoeKT BBIIOIHAETCS CTYAEHTOM B COOTBETCTBUH C Te-
MOH, YKa3aHHOW B MHAUBUAYAJIbHOM 3aAaHuu. HOuBUAYyanpHOE 3a/1a-
HHUE BBIIAETCS MpernoAaBaTesieM, TeMaTHKa MPOEKTa yTBepKaaeTcs Je-
KaHOM (paKynpTeTa B Hadasie yaeOHOTO CeMecTpa.

KypcoBoil MpoeKT J0JKEH COAEPKATh: TUTYIbHBINA JIUCT; 3aJaHUE
Ha KypCOBOH MpoOeKT; pedepar; OriaBlicHHE; BBEICHHE; OCHOBHYIO
YacTh; BBIBOJBI U MPEIOKEHHS; CITUCOK UCIOIb30BAHHOM JINTEPaTyphl
Y UCTOYHMKOB; IIPUIIOKCHHUS.

TumynvHoui aucm ohOPMIISIETCS CTPOTO MO 00pasily, NMpUBEICH-
HOMY B TIPHJIOKEHHH 1.

3adanue na Kypcogoi npoexm COIOEPKUT TEMY, OCHOBHBIE UCXO[-
HbIE JAHHBIE JJIS1 BBINOJHEHUS! KypCOBOTO IPOEKTa U odopmisieTcs py-
KoBoauTeneM (mpudi. 2). Pekomenayemelii oobem 1 cTpanuna.

Peghepam conepkuT KpaTKoe TOYHOE M3IIOKEHHE COJCPKaHUS pa-
0O0TBI, BKIIIOYAIOIIEE OCHOBHBIC CBEIICHHS M BBIBOIBI, @ TAKXKE COKpa-
HICHUS, UCIIONb3yeMble B mpoekTe (mpmi. 3). PexoMmeHmyeMsbiii 00beM
1-2 cTpaHuUIBL.

Ocznasnenue BKIIIOYaeT HAMMECHOBAHUE BCEX PA3/IENIOB C yKa3aHUEM
HOMEpOB cTpaHuIl (Tpuit. 4).

Bo 66edenuu 00OCHOBBIBAaETCS aKTyalbHOCTH TEMBI HCCIIEIOBa-
HUS, Ompenaensercsi oObeKT HccieaoBaHus, (GopMynupyeTcs Lelnb U
3anaun. Pekomenmyemprit 00beM 1-2 cTpaHHUIIBL.

B ocHosnoli yacmu mpoexkTa MOIHKHBI COAEPKATHCS COOTBETCT-
BYIOIIIE TEOPETHUECKHE CBEJCHUS; NCTIONb3YeMbIe NCXOJHbBIE JTaHHbIE,
HEOOXOIUMBbIE PAacUeThl M PE3YJIbTaThl PacyeToB B BHJE Tabiui, 00oc-
HOBaHUsI PacyueToB, OLIEHKAa pe3ylbTaToB. PekoMeHayemblii 00beM 33-
43 cTpaHHUIIBI.

B gvi600ax u npednosicenusix 0000IIAFOTCS OCHOBHEIE TTOJOXKECHHUS,
JeNAl0TCS BBIBOJBI M OIPEHCISIOTCS BO3MOXKHBIE HAIPaBICHUS IS
JALHEWIIero ucciaeoBanus npobiaeMbl. PexoMmennyeMbiii o0beM |-
2 CTpaHHLBI.

Cnucox ucnonb308aHHOU aumepamypsvl U UCmMo4HUKo8 ohopMIIs-
etcs cornacHo ['OCT 7.1-2003 «bubnuorpadundeckas 3anuch. budmmo-
rpaduueckoe onncanue». Pexomenayemplii 0obem 1-2 CTpaHUIBL.

B npunoswcenuu npuBoaANTCS KBapTaJIbHBIM Ipa@yK TEXHUYIECKOTO
00CITyKUBaHMUS.



IIpaBuna opopmienns

OdopmMrnenrne KypcoBOTO TIPOEKTa IODKHO COOTBETCTBOBATh
T'OCT (I'OCT 7.1-2003 «bubmmorpadudeckas 3anuchk. budmmorpadu-
yeckoe ommcanue», ['OCT 7.82-2001 «bubmmorpaduyeckast 3amuce.
bubmmorpadudeckoe ommcaHue 3IEKTPOHHBIX pecypcoy, ['OCT
P 7.0.11-2011 «uccepranus u aBropedepar auccepranuu. CTpyKTypa
u npaBwia odopmuenus», [OCT 7.12-93 «bubnuorpaduyeckas 3a-
nuchk. CokpallleHHe CIIOB Ha PYCCKOM si3bike. OOmue TpeOoBaHHS U
mpasuiay, [OCT 2.105-95 «ECKJI. O61uue Tpe6oBaHUs K TEKCTOBBIM
JOKyMeHTam»). [IpoeKT HoikeH OBbITh MPEIOCTaBIICH B OTIIEYaTAHHOM
Buze. JlomyckaeTcsi 1 pyKONHMCHBIA BapuaHT, IpU 3TOM 00bEeM yBeTH-
yuBaercs B 1,5 pasa.

KypcoBoii mpoekT gomkeH OBITh HalleyaTaH Ha CTAaHIAPTHOM JIHC-
Te nmucueit Oymaru B hopmare A4 ¢ cobroieHUEM cIeayIONHNX TpeOo-
BaHUI:

- ouist: eBoe — 30 mm, mpaBoe — 10 MM, BepxHee — 15 MM, HUX-
Hee — 20 MMm;

- wpudT pazmepom 14 nr, Times New Roman;

- MEKCTPOYHBIN HHTEPBaAJI — NOJIYTOPHBIIA;

- OTCTYT KpacHOU cTpoku — 1,25;

- BBIpaBHUBAHUEC TCKCTA — I10 IIHUPUHE.

Kaxxapiii CTpyKTYpHBIN 3JIEMEHT COJIEpIKaHUs MPOeKTa HaYMHAET-
cs ¢ HOBOU cTpaHUIbl. HanMeHOBaHWE CTPYKTYpHBIX JJIEMEHTOB Clie-
JyeT pacrojiaraTb 1O IEHTPY CTPOKH 0e3 TOUKH B KOHIle, 0e3 moauep-
KHMBaHMs, OTACIIAA OT TEKCTA TPEMA MEKCTPOUYHBIMU MHTEPBAJIaMU.

NnmocTpupoBaHHBI MaTepual ClelyeT pacIoyiarath B MPOEKTE
HETIOCPEICTBEHHO IIOCIIe TEKCTa, B KOTOPOM OHH YIIOMHHAIOTCS BIIEp-
Bbie. Ha Bce wmiumocTpammu JOJKHBI OBITH CCBUIKH. MInIrocTpariuu
(aepTexu, TpaduKd, CXEMBI, TOKYMEHTHI, PUCYHKH, CHUMKH) JTOJKHBI
OBITH TPOHYMEPOBAaHBI M MMETh HA3BaHWS IMOJ WLTocTpanueit. Hyme-
parys WIITIOCTPAIliii MOKET OBITH CKBO3HOM MO BCEMY TEKCTY MPOEKTa
(HampuMep: pUCYHOK 1, pHCYHOK 2 ¥ T.A.) WIM B IpeAesiax paszeia
(nampumep, pucyHok 1.1, 2.1 u t.1.).

TabnuIel pacronararoTcs HEMOCPEICTBEHHO IMOCIE TEKCTa, B KO-
TOPOM OHHU YIIOMHMHAETCS BIEPBBIE WIM Ha clieqyromen crpanuue. Ha
Bce TaONHUIBI TOJDKHBI OBITH CCBHUIKK B TekcTe. Hymepauus tabmui mMo-
JKeT ObITh CKBO3HOMW 10 BCEMY TEKCTY B NpeAenax pasjelia WK MPOoeK-
Ta. [lopsnKoOBbI HOMEp TaONUIBI MPOCTABIAETCS B MPABOM BEPXHEM
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yIIIy HaJ ee Ha3BaHHeM mocie cioBa «Tabmuma». TemaTnueckuit 3aro-
JIOBOK TaOJIMIBI pa3MeIIaeTcs Haa TabauLed 1 BEIpaBHUBAETCS 110 IIeH-
TPy CTPOKH, TOYKA B KOHIIE 3ar0JIOBKA HE CTaBUTCSI.

®opMynel IPUBOAATCS CHavana B OYKBEHHOM BBIPQKEHHH, 3aTEM
JaeTcsl paciinpoBKa BXOIAMIMX B HUX MHACKCOB, BEIMUMH B TOH Ke
HIOCJII0BATEILHOCTH, B KOTOPOH OHU JaHHI B (hopmyre. YpaBHEHHS H
(GOpMyIIBI CITeAyeT BBIIENATH U3 TEKCTA B OTACTBHYIO CTPOKY.

YpaBHeHus u HopMysbl HyMEpYIOTCSI B KPYIJIBIX CKOOKax cripasa
ot gopmynsl. Hymepanus ypaBHeHUH 1 (HOPMYIT MOXKET OBITH CKBO3-
HOH 110 BCEMY TEKCTY KypCOBOTO IIPOEKTa MIIH B IIpeJieNiax pasena.

LluTrpoBaHue pa3IMYHBIX UCTOYHUKOB OPOPMIISICTCS] CCHIIKOW Ha
JAHHBI UCTOYHUK YKa3aHHEM €ro MOpsAKOBOIO HOMepa B CITHUCKE HC-
HOJIE30BaHHOI JTUTEPaTyphl U HCTOYHUKOB.

UepTrex rpaduueckoil 9acTH BIONTHIIOT Ha ymcTe hopmara Al ¢
UCIIOJIb30BaHNUEM KapaH/alla Wi rpagu4eckoro pegakropa.

Hcxoonvie oannvie 011 6bIN0NAHEHUA NPOEKMA
B ucxonHele ma”HHbIE BXOOAT HAUMEHOBAHHUE OOBEKTOB, IOJJIE-
JKalmx pa3paboTKe, MEKTPOOOOPYIOBaHUE, a TAKXKE CTEICHb yaje-
HHS 00BEKTA.

Ilepeuens eonpocos, noonexcauwiux pazpadomee

1) Pacuer 06bema paboT 1Mo 00CITYKUBAHUIO 3TEKTPOOOOPYIOBAHHSL.

2) Pacuer 3aTpar Tpy/a Ha TEXHHYECKOE 00CTyKUBaHHUE.

3) Pacuer umcnennoctu mepconana DTC W pacmpeneneHne ero 1o
MOJIpa3IeTICHHSIM.

4) Bei6op dopmsr 1 cTpyktypsl DTC.

5) TTnanuposanwue padot DTC.

6) Bei6op peMoHTHO-00CTy)uBarortei 6a3pr DTC.

7) O60CHOBaHHME TEXHOJIOTHYECKON CXEMbI PEMOHTA 3JIEKTPOOOOPY-
JIOBaHUS U BBIOOP TEXHOJOTMYECKOTO 000PY/I0BAHUSI.

8) Pacuer pesepBHOro (hoHIa 31€KTPOOOOPYIOBAHHS.



3ammTa KypcoBOro npoeKra

3ammra mpoW3BOAMTCS MyOiamyHO. Ha 3ammTe mpHCYTCTBYIOT, Kak
MPaBUJIO, BCE CTYACHTHI TPYIIEL. [Ipu 3ammuTe KypcoBBIX IPOEKTOB MOTYT
MIPUCYTCTBOBATh 3aBeAyIONIMA Kadeapoi, NekaH, mpeinctaBurean YMY,
IPeACTaBUTENN peKTopaTa. [lo pe3ympTaraM 3ammuTHl KYPCOBBIX IPOEKTOB
BBICTABIISIETCA OLIEHKA 10 «MATHOANTBHOW» MIKaJe («OTIMYHO», «XOpO-
I0», «YIOBJIIETBOPUTEIILHOY», «HEYAOBIETBOPUTENBbHOY). [lomokuTensHbIe
OLICHKH II0 pe3yibTaTaM 3aIlUTHl IPOCTABISIOTCS WICHAMH KOMHCCHH B
MIPOTOKOJ 3alIUTHI, @ B 3a4€THO-9K3aMEHAIIMOHHYIO BEJOMOCTb U B 3a4eT-
HYIO KHIDKKY CTY/IEHTa OL€HKA BBICTABJISIETCS BEAYIIUM IPEroiaBaTesieM
0 PEUICHUI0 KoMHCcCHU. HeyoBIeTBOpUTEIbHBIE OLIEHKH IIPOCTABIISIOTCS
TOJIBKO B 3aU€THO-IK3aMECHAIIMOHHYIO BEAOMOCTb.

Kpumepuu oyenku 3nanuii npu 3aujume Kypcoeozo npoekma

O1eHKa «OTIMYHOY» BBHICTABISIETCS P BBIIOTHEHHH KYPCOBOTO TIPO-
eKTa B IIOJIHOM 0ObeMe; NMPOEKT OTIHYaeTcs TIyOMHOH MpopabOTKH BCEX
pasnenoB, opOpMIIEH C COOJIOJICHHEM YCTAHOBJICHHBIX HOPM; CTYICHT
CBOOOJTHO BIIQJICET TEOPETHUECKAM MATEPHAIOM, 0€30MHUO0YHO MPUMEHSI-
€T ero IPH PEIIeHUN TOCTABICHHBIX 33/1a4; Ha BOIIPOCHI JaeT IPaBHIHHEIC
¥ 00OCHOBaHHBIE OTBETHI, YOSIUTEIHHO 3alHIIAET CBOIO TOYKY 3pEHUS,
BJIaJieeT HABBIKAMHU W IPUEMaMH BEITIOTHEHNS IPAKTHICCKUX 33 TaHHH.

O1eHKa «XOpOIIO» BBICTABISETCS CTYIACHTY IPH BEIIOTHEHUU Kyp-
COBOT'O IIPOEKTA B MOJHOM 00beMe; MPOEKT OTIMYaeTCs IIyOUHOI npopa-
0OTKH BceX pasziesioB, ohOpMIICH ¢ COOJIIOJICHHEM YCTaHOBJICHHBIX HOPM;
CTYACHT TBEPIO BIANCCT TCOPETHUECKHM MATCPHAIOM, NPHUMEHSET €ro
NpU pelIeHNH TOCTaBJICHHBIX 33/1a4; Ha OOJBIIMHCTBO BOIPOCOB JaeT
NpaBUIbHBIE U OOOCHOBAaHHBIE OTBETHI, YOSTUTENLHO 3alHMIIAET CBOO
TOYKY 3PCHUSL.

Or1ieHKa «yZOBJIETBOPUTEIBHOY» BBICTABIACTCS CTYJACHTY IPHU BBITION-
HEHUH KYPCOBOI'O MPOEKTa B ITOJHOM 00bEeMe; IPOSKT BHINOJIHEH 0e3 Iiry-
0OKOH TTPOPabOTKH BCEX Pa3leioB, OQPOPMIICH C COONIOJICHUEM YCTaHOB-
JICHHBIX HOPM; CTYJCHT YCBOWJ 3HAHUS TOJIBKO [0 OCHOBHOMY MaTepHaIy;
Ha BOIIPOCHI OTBEYACT HCYBCPECHHO WM JONYCKACT HE3HAYUTCIIHLHBIC
OLIMOKH, HEYBEPEHHO 3alIHIIAET CBOIO TOUKY 3PEHHS.

O1eHKa «HEYAOBICTBOPUTEIBHO» BBICTABISCTCS CTYICHTY MPU BBI-
MOJIHEHWH KYpPCOBOTO MPOEKTa B MOJHOM 00beMe; MPOCSKT BBINOJHEH 0e3
IyOOKO# TpopaboTKU BCeX pas3zienoB, 0GOPMIICH C COOIOICHIEM yCTa-
HOBJICHHBIX HOPM; CTYACHT HE MOXKET 3alllUTHTh CBOM PEIICHMUS, JOITyCKa-
eT rpyOble (hakTHYEeCKHE OMMOKH IIPU OTBETAX HA BOIIPOCHI MJIM YKIIOHSET-
Cs OT OTBETA.



Pacuer ronoBoii npon3BoaCTBEeHHON MMPOrpaMMBbI
3JIEKTPOTEXHUYECKOI CIIyKOBI VI X03sHcTBA

Tema npoexma. Pacdet romoBoil mpon3BOACTBEHHOM mTporpammel DTC
JUTSL XO3STUCTBA, COCTOSINErO U3 CIEAYIOIIUX OOBEKTOB: CBUHAPHUK-
otkopmouHuKk Ha 1500 mect, oBuapHs Ha 300 GapaHOB, MacTepckas
PTB na 40 TpakTOpOB, Terumua mwiomanso 1000 M2

Hcxoonvie oannvie Ha Kypcoeoii npoekm
1 Pacyer o0beMa paboT MO 0OCTYKHUBAHUIO SJIEKTPOOOOPYAOBAHUS

Ompenenenue TPyIOEMKOCTH padOT IO TEXHUYECKOMY OOCITYKH-
Banuio (TO), Tekymemy pemonty (TP) u kanuransHOMy pemonTy (KP)
ANIEKTPOOOOPYIOBaHHS IPOU3BOAMUTCS Tpems MeToami [1, 2, 4]:

- I3MepeHne o0beMa paboT B YCIIOBHBIX €IMHHUIIAX DIEKTPOOOOpY-
nosanus (YED);

- 00beM paboT omnpenesieTCs B eAUMHUIIAX TPYTOEMKOCTH (B HOPMO-
gacax);

- 3JIEKTPOOOOPYAOBaHNE CHAayaja MEPEBOAAT B YCIOBHBIC €IMHHUIII
pemonta (VEP), a 3arem mo Tpymoemkoctu oxnoit YEP ompenenstor
TPYIOEMKOCTh OTAeNbHBIX BUI0B padot (TO, TP, 3C, KP).

Hcronp3yeM mepBbIii METOI JUTs pacdyera OOIIero 4ncia rnepcoHa-
na OTC u mrara UTP, a Tperuit nna onpenenenus 3aTpar Tpyaa Io
BUJIaM TEXHUYECKOTO OOCTYKMBaHUs ISl KaXJIOTO 3JICKTPUPHUIIUPO-
BaHHOTO OOBEKTa XO34HCTBA W OIpPEAEICHHS YHCICHHOCTH JJIEKTPO-
MOHTepoB B rpynnax no Bugam pabor (TO, TP, 3C, KP) u pemonTa
anexkTpoobopynosanus [4]. Pacuet Begercs B popme TabuIb 1.

DnekTpooOopyIoBaHNE JUIA KaKAOTO 3JIEKTPUPHIUPOBAHHOTO
00BbeKTa XO3SHCTBa ONpENeIICHHOE HAa OCHOBAaHWM 3aJaHHs 3aHOCAT B
rpady 1, a konudecTBO 000PYAOBaHHS B KOXI0U rpymre B rpady 3.

B rpady 4 3anocsT ycioBHOe 0003HaUEHHE CPeAbl, B KOTOPOH pa-
Oortaer obopynoBaHue, onpeaesieMoe B NMpWIOKEHHH 5, B rpady 5
YHUCJIO YacOB paboThl B CyTkH (mpwi. 6) u 6 rpady koshduiueHT ce-
30HHOCTH (TIpHIL. 7).



PacyerHas Tabauia ¢ KapToil ydeTa 3J1eKTpoo0opyA0BaHHUS

Tabmuna 1

O6BeM

aGoT B T'omoBoe
g . IC)HOBHHX KOJIIECTBO Koa¢pdunuent
= % E Z J—— bm3HIecKux nepeBoia KomaectBo
Haumenosanue g @ g 31:;161( uo- PEMOHTOB bm3HIecKux YCIOBHBIX
1 XapaKTCpUCTH- :g). g 2 % 60 Tpo_ HA €JJUHUILY PEMOHTOB PEMOHTOB B IO
Ka 000pyHoBaHMs = § = \§ ° Bal:{ }I]/Ii HU3MEpEeHUs B YCIIOBHBIE
=L & & =
5 E & = 5 (VED) 10 HOpMawm, IIT.
g | = g | g
S 5| &
& e | &' = :
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5 Q| ©
1 2 3 4 5 6 7 8 9 [10 |11 |12 |13 |14 |15 |16 |17 |18 |19 ] 20
Bpurana Nel
OOBekT
Tun
3NEKTPO-
o0opynoBaHus

Bceero




O6wem pabotr Ha exuHHLy obopynoBanus YED ompenensior mo
npuinoxenuro 14 u 3anocsat B rpady 7. [Ipu 3TOM creayer y4ecTs, 4TO
B 00beM paboT B YED cuioBoro 060pyaoBaHus BXOAWUT TaKXKe U 00HEM
pabor mo TO u TP ammaparypsl ympaBieHHS U TPOBOJKH, MOITOMY
rpadsl 7 U 8 pacueTHON TaObMMUBI | 3amMHUCBHIBAIOTCS TOJABKO AJISL CUIIO-
BOro obopynoBanus [4].

O0beM paboT Mo Kaxaoi Tpymie oO0OpyAOBaHUS OMpENeNsIeTCs
MyTeM IEPEMHOKEHHS TaHHBIX, TIPUBEICHHBIX B rpadax 3 u 7. Ooummit
00BbeM paboT MO y4acTKy 0OCTyKMBaHUS ONpPEAessieTCs] CYMMHUPOBaHH-
eM YED B rpade 8.

OnpeneneHne (QU3MYECKOTO KOJIMYECTBA PEMOHTOB MPOBOJUTCS
MO JaHHBIM TaOJIHIEI 5 B 3aBUCHMOCTH OT MECTa YCTaHOBOK U BPEMEHHU
paboTsI B CyTKH, onpenenuTs rogosoe koimdectBo TO, TP, 3C, KP Ha
eIMHAILY 00OPYIOBaHUS U 3aHECTH COOTBETCTBEHHO B rpadsr 9, 10, 11,
12.

[Tpu moctaHoBKe 00OpPYIOBaHUS HA KOHCEPBALMIO K TOIOBOMY
komuecTBy (pmsmueckux TO mo HopMmawm (rpada 9) nodaButs omao TO
Ha KOHCEPBAIHIO.

Tabnuna 2

I'ogoBoe kommaectso TO, TP, 3C u KP snekrpoobopynoBanus

B 3aBHCHMOCTH OT MECTa €r0 YCTAHOBKHU M BpeMEeHH PabOTHI B CYTKH

DIeKTpOTeXHNYE- Bpemst paboThl JIEKTPOTEXHUYECKOr0 000py10BaHUS

cKoe 00opyoBaHue

1 MecTO Jlo 8 u. Jo 16 u. Bonee 16 u.
€ro yCTaHOBKH TO TP 3C KP | TO TP 3C KP | TO TP 3C KP
1 2 3 4 5 6 7 8 9 10 11 12 13

DNeKTPOABUraTeIH, CBAPOUHBIE TPAHCHOPMATOPBI, IUTHI, COOPKH, ITyCKOPETYIMPYIOLIAs anmnapaTypa
¥ TIpoYee 3NIEKTPOTEXHNIECKOe 000pyI0BaHHE:

-B CBIPBIX [IOMELIEHU-

AX C BBIICICHUEM 24 2 2 0,18 | 34 2 2 025 | 57 3 3 0,42
aMMHuaKa

- BO BJIQXXHBIX U
CBIPBIX IOMEUIECHUAX

¥ Ha OTKPHITOM 16 | 2 1 |01 22| 2 1 [o02] 37| 3 2 |033
BO3/IyX€ MJIH MOJ

HaBeCoOM

~ B MBUILHBIX TIOME- 7 2 1 |o1w4| 10| 2 1 o2 17| 3 2 | 033
IIEHUSX

- B CyXHUX IIOMEUIEHU~

SX ¢ HOpMaITBHOI 5 1 1 (o1 | 7 1 1 |o1s| 12 | 2 3 |025

cpenoit
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OxonyaHue Ta0IuIbI 2

1 2 3 4 5 6 7 8 9 10 11 12 13

DIIeKTpOBOIOHArpe-
BaTEIN DJIEKTPOAHBIC
U1 KOTIJIBI DJIEKTPOAHBIC
[1apOBbIC

5 1 - 0,3 5 1 - 0,3 5 1 - 0,3

DIeKTpoBOIOHATE-
BaTCJIM EMKOCTHBIC
U IIPOTOYHBIC
(3JIeMEHTHBIE)

YcraHOBKH

5 1 - - 5 1 - - 5 1 - -
NEKTPOKANOpH(EpHbIS

DJIEKTPOIPOBOJIKH, IIUTKH, CBETHIIbHUKHU:

- B CyXHX NTOMELIEHH-
SIX ¢ HOPMAJIbHOM 2 - - 2 - - - 2
cpenoit

= B CBIPBIX, NBUIbHBIX,
3ara3OBaHHBIX ITIOME-

4 - - - 4 - - - 4 - -
HICHUAX U Ha OTKPBI-
TOM BO3JyXe
Hajzemnas yacts
SATEMIFIOLIIX YoT- 4 | - | - Joor | 4 | - | - Joor | 4| - | - [o07
PpOHCTB (3a3eMIIsiIo-
1IM€ MarucTpam)
Sasewionue yer- 4 | - | - Joor | a | - | - Joor| 4 | - 0,07
poiicTBa
Bosayutble auHuu:
1 ACPEBAHHbIX 31| - Jowr| 3 [ 1| - Jow| 3| 1| - [o1
onopax
- Ha MCTAJJIMYCCKUX U 3 1 ~ 0’11 3 1 _ 0'11 3 1 _ O,ll
5k/6 ormopax
KaGenbHble TUHUNA 3 1 - 0,08 3 1 - 0,08 3 1 - 0,08
Pacnpenenurensusie
yCTpoiicTBa MOJCTaH- 3 1 - 0,33 3 1 - 1033 3 1 - 1033
137078
Cunosbie tpancdop- |5 | ga3 | . fo14 | 2 [033 | - [o14 | 2 [o33 | - [o14

MaTOpPBI MOJCTAHIUI

[Mpumeuanue. 3aMeHa CMa3Ku MPOM3BOAMUTCS BO BPAIIAIOIIAXCS JICKTPHUCCKUX MaIIIH-
Hax MOILIHOCTBIO Oojee 70 xBT.

KommuecTBo ycinoBHBIX peMOHTOB B Toj (Tpadsr 17, 18, 19, 20)
TabNMUIBl 1 OmpeneNsioT YMHOXXEHHs TOJ0BOTO KOJIHWYecTBa (U3nUe-
ckux pemoHToB (Tpadst 9, 10, 11, 12) Ha ko3 dunmeHT nepeBoaa Gu-
3MYECKUX PEMOHTOB MO rpymnmaMm obopynoBanus (rpader 13, 14, 15,
16), 6epercs u3 npuIoKeHUs 3, Ha KoaudecTBO (rpada 3) U Ha Ko3d-
¢ureHt ce3o0HHOCTH (rpada 6).

Oo6muii romooit 06beM pabdot mo TO, TP, 3C, KP mis ygyactka
00CITYy>)KUBaHHS WIIM XO3SMCTBA ONPEACTSIOT B (U3UYECKUX U YCIIOB-
HBIX PEMOHTaX Kak CyMMa 00beMOB paboT MO ANIEKTPHPHUIIMPOBAHHBIM
obwekram (utoru rpad 17, 18, 19, 20).

11




B mpunoxxennn 8 mpuBeneH ¢parMeHT MpUMepa pacyera ¢ HUcC-
MOJIb30BaHUEM TaOmuIbI 1.

2 Pacder 3aTpaT Tpyzaa Ha TEXHHYECKOE 0OCITYKMBaHNE

[anHple 3aTpar Tpyna Ha IpoBeneHHE paboT HEOOXOAWMBI IS
omnpeneneHus ynciaeHHoct nepconana ITC.

MeponpusTusi 0 COAEPKAHUIO DIEKTPOOOOPYIOBaHUS B TEXHH-
YECKH UCIPABHOM COCTOSIHMM Ha IPOTSHKEHUH BCEI'O aMOPTU3AL[IOHHO-
ro mepruoja 00ecreunBaeTCsl BBIMOJIHEHHEM TUIaHOBBIX U BHETIAHOBBIX
MEpPONPHUATHI TI0 00CITYKUBaHUIO U peMOHTY. K TiaHOBBIM Meponpusi-
tusam otHocsarca TO, TP, 3C, KP.

OnepatuBHOE (IEXKYPHOE) TEXHHYECKOE OOCITYKHBaHHUE, BBIMOJ-
HCHHOC OIICPATUBHBIM IICPCOHATIOM OTHOCATCA K BHCIIJIAHOBBIM.

I'oposeie 3atpatsl ot TO, TP, 3C, KP onpenenstorcs mytemM yM-
HOKEHUS TPYJAOEMKOCTH YCIIOBHOW €IWHUIIBI peMoHTa (Tabi. 3) Ha Ko-
JIMYECTBO YCJIIOBHBIX PEMOHTOB COOTBETCTBYIOIIETO BUIa PadoOT n3 Tab-
et 1 (rpader 17, 18, 19, 20).

Tabnuua 3
HopmaTuB TpyaoeMkocTH Ha 1 yCIOBHYIO €IMHUILY PEMOHTA, Yel.-4.
Buggp! pabot HopmaTtuB Tpy10€MKOCTH, YeJl.-4.
Texuunueckoe oocnyxusanue (TO) 0,50
Texyumii pemonrt (TP) 4,80
3amena cmasku (3C) 0,25
Kanuraneasiii pemont (KP) 12,5
PesynbTarhl pacdera cBOJUM B TaOIUILy 4.
Tabnuua 4
Pacuer 3aTpar Tpyna
T KonnuecTBo yCIOBHBIX 3aTparthl Tpya Ha MPOBEJICHHE
cossiicTRA PEMOHTOB B T'OJI, IIT. BHJIOB paboT, 4es.-u.
TO [ TP 3C [ KP | TO [ TP 3C KP | 10O
1 2 3 4 5 6 7 8 9 10
bpurana Nel
OOBeKT
Bcero

Jns ynobcrBa coctaBiieHus TPa(UKOB TEKYIIMX W KalTUTaJIbHBIX
PEMOHTOB, a Taxxke rpadukos TO, cienyeT onpeaeanTs 3aTpaThl Tpyaa
10 OTAETBHBIM 00BEKTaM XO3SIMCTBA, & HE B 1IEJIOM 110 XO3SHUCTBY.
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B rpagy 1 3aHoCAT 00BEKTHI X03s1iicTBa M3 Tabmauubl 1. M3 aToii ke
tabmuel (rpader 17, 18, 19, 20) 3amomustor rpadsr 2, 3, 4, 5 cooTBeT-
CTBEHHO.

3arpaTsl Tpy/Aa Ha IpoOBeIeHHe BUOB padoT (Tpada 6, 7, 8, 9) mo-
Jy4aloT MyTeM YMHOXEHHUS TPYIOEMKOCTH Buaa pabotr (tabm. 3) Ha
KOJIMYECTBO YCJIOBHBIX PEMOHTOB B T'OJl Ha TaHHOM 00BeKTe (Tpadsl 2,
3,4,5).

B mpunoxenun 9 npuBeneH nmpuMep pacueTa ¢ MCIOIb30BaHHEM
Tabauns! 4.

3arpaTsl TpyAa Ha MPOBEICHHE OMEPAaTUBHOTO (AEKYpHOTO) 00-
CITy)KMBaHHsI MO>KHO ONPeIeNUTh 1o opmye [4]:

3ﬂ.0 = K,ZZ.O (3T_0 + 3, p+ 33.C), Yel.-y, (1
rae 3ﬂ o —  3aTpaThl TPyJa, Yel.-d, Ha MPOBE/IEHNHE ONEPATHBHOIO
' (mexypHOTO0) O0CITY)KUBAHUS,
K,ZZO —  KO3(Q(UIHMEHT AONEBOTO YJYacTHS W 3aTpaT Tpyna Ha
' nexxypHoe obciyxkupanue, K 10 = 015:
30137 p, 33 —  34TPATHl TPY/a, Y€ 4, HA BHIIOIHEHHE TO, TP, 3C.

3,0 =015-(28884,34 + 248251+ 367,5)= 476015 uen.- u.

3 Pacuet uncnenHoctu nepconana ITC
U pacrpeieNieHUe ero 1o noapasaeieHusIM

KonuuecTBo mepcoHana B Tpymmax OOCIyXKHBaHHS U PEMOHTA
3IIEKTPOOOOPYI0BAHUS ONpeIelisioT 1o hopmyie [ 1, 4]

]
>

1=
Nx = ) ) (2)
A
rue N N —  KOJHYECTBO IEpPCOHala, Yell, B TPYIIIIE;
3. —  TOJOBBbIE 3aTpaThl TPYJa, Yesl.-4, HA BBINOJHEHHE I-TO
1
BHJa paboT;

CDﬂ —  IeicTBUTENBHBINA (POHA paboyero BpeMeHH, .
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Nx

_28884,34 +2482,51+ 367,5

=18,2yen.
1748

JeiictButenbHbIil GOHI paboyero BpEeMEHH PACCUUTHIBAIOT B Clie-
Jyroiem nopsiake [4]:

1) mpu mATHAHEBHON pabodeil HeaeNe C ABYMs BBIXOAHBIMHU JTHS-
MU B TOJYy ONPEACIISIOT KOJIUYECTBO pabounx JHEH

rac
pab

o o o O
|

dpa6 :dK_ZdH_dl’l’ (3)
KOJIMYECTBO PaboyvnX AHEH B romy;

KOJIMYECTBO KaJICHAAPHBIX HEH B roay,

KOJIMYECTBO Hezens B roay, d, =52.

KOJIMYECTBO IPpa3aHUYHBIX [[Heﬁ B roay, corjiacHo
K30T d, =14.

Opag =365-2-52-14= 247, nueit;

2) HaxOJAT ACUCTBUTENbHBIN (GOHA padoYero BpeMeHH, U:

®ﬂ = l(dpa6 - domn ). t— ndnn pab (4)

riae d —

omn

nn

77 pab B

KOJINYECTBO OTIYCKHBIX AHEH B roxy, cormacHo K3oT

d,,.. =20 oneit;

CpeIHAs MPOAOJDKUTEIBHOCTh paboyei cMeHbl (mpu
JIBYX BBIXOJHBIX THSIX B HEJENIO — § 1);

YHCJIO YacoB, HA KOTOPOE YKOPOYEH Mpa3IHUYHbIN
JeHb (00b14HO 1 1);

KOJIMYECTBO TIPa3fHUYHBIX [HEH B TOMy, COTJIACHO

K3oT d,, =8 oneil;

KOG OHUIMEHT, YYUTHIBAIOIIUKA TOTEpH pabodero
BpPEMEHH o YBaKHUTEILHBIM NpUYHHAM,

a5 =0,95..096.

@, =[(247—20)-8-8]-0,95=1748 u.
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Yucno 3J1eKTPOMOHTEPOB B TPYIIE JACKYPHOTO OOCTYKUBaHUS,
ged. [4]:
3r0+3rp+3

Nyjo= >, = Ko, ®)
rie [{ﬂ o — K03 HUIMEHT, YINTHIBAIOUINNA 3aTpaThl Tpyda Ha Je-
' xKypHoe obenyxusanne, K, =015,
(pﬂ —  JeWCTBUTENBHBIN GoHI pabouero BpeMeHH, 1.
N o = 28884,34 +1274582,51+ 367,5 01527 wen

3Hasi YUCIIEHHOCTH JJICKTPOMOHTEPOB IO BUAAM PabOT, MOXHO
OIPEICIUTh CPEHETO0BOE YHCIIO AIECKTPOMOHTEPOB, 4 [4]:

N=ENi+Nﬂ.O, (6)
N =2,723 + 18,154 = 21 qen.

s ydera pasiuuHBIX CHOCOOHOCTEH, OMbITA, KBAJIM(UKALIUU
AIIEKTPOMOHTEPOB PACCUUTHIBAIOT TAPAHTHPOBAHHOE YHUCIIO DJIEKTPO-
MOHTEPOB, 00ECTIEUHUBAIOIINX BHITIOJHEHHE MAaKCUMAIILHO BO3MOKHOTO
o0bemMa paboT MPU HAUXYIIIMX YCIOBHUSX. I 3TOr0 MOYXHO BOCIIOJIb-
30BaThCs BoIpakeHueM [ 1, 4]

N, = N(L+ oK' Y1+ pK"), (7)

rae N —  CpeIHeroioBoe YHCJIO JIEKTPOMOHTEPOB, Yell.;
o —  OLCHKA JOBEPUTENILHOIO HHTEpBAJla W3MEHEHUS CIy-
YyaiHbIX BennunH, o =1...3;
K’ —  xo3(duIMeHT Bapuauu o0beMa paboT UCIIOIHHUTEINEH,
’
K"=0,05...0,1.
7
K" —  KO3(QQHIMEHT Bapuanuyd IPOM3BOAUTEIHHOCTH HCIIOJI-
4 —
HuTeneH, K —0,07...0,15.

N, =21-(1+2-0,06)-(1+2-0,08)=27,2.

! 4
3uaueHus xko3(hdunreHToB K'n K ONPENEIA0T 0 PE3yJIbTa-
tam obOcnenoBanuss TC. B npuOmiKeHHBIX pacdyeTax HCHOJIB3YIOT
(bopMyIIbI HOPMATEHOTO pacIpee/ieH st CITyYaiflHbIX BeauunH [4]:
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K’ — _max min (8)

n_ 'max — 'min
T ©
T - HauOoJbIINe, HAUMEHBIINE U CPEAHUE TPY-
no3arpatel Ha TO (TP) onHOTUNHBIX AJek-
TpoABUTraTelIeH OIHUM U TEM K€ UCIIONHHU-
TeneM,

Trax =12 4,Tpin =8 4, 7=10 u ;

rae Tmax » Tmin

f - HauOOJbIINKA, HAUMEHBIIUH U CpPEeaHUI
pacxojl BpEMEHH Pa3IUYHBIMU HCTIOTHHUTE-
nsvu Ha TO (TP) ogHOTHIIHBIX 3IEKTpO-
JIBUTATEIICH,

foax =11 4, T, =8 u, =95 u.

max ! ' min?

K'= 12-8 _ 0,06.
6-10

K" = E =0,05.
6-9,5

OKoHYaTeNbHOE pEIIeHHE O KOJHYECTBE 3JIEKTPOMOHTEPOB IpPH-
HUMAaIOT Nipu 00ocHOBaHUH cTPYKTYpbl OTC, H 0HO TOMKHO HAXOAHTh-
cs1 B mpenenax ot N 10 Nr.

HomxHocTtu pykoBoauteneit 9TC onpenensoT CoriacHO JaHHbIM,
npuBefeHHsM B npuiaokenun 10 [4]. Ins Toro, 9roOBl yuecTh pasb-
€3[THOM XapakTep TpyAa W HEHOPMHPOBAaHHEIN pabounii nenp UTP u
pykoBogurens OTC, nHeoOxoaumo konmuecTBo YED B xo3s1iicTBe yBe-
mnauTh Ha 15%.

KomnuectBo UTP onpeznensioT Ha OCHOBaHMH HOPMAaTHUBOB, MpHU-
BEJICHHBIX B TipriokeHnu 11 [4].

IIpaBuwibHoCTh BBIOOpa mTata UTP 3TC MOXHO MPOBEPUTH IO
JTAHHBIM, IPUBEICHHBIM B MIPHUIIOKEHUH 12.
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4 Br16op ¢opmel u cTpykTypsl ITC

B npennpusitusax AIIK nprMeHSIOT XO3SIICTBEHHYIO, CIELUANIH-
3UPOBAaHHYI0 M KOMIUIEKCHYIO (DOpPMY TEXHHYECKOW ODKCILTyaTallinu
3MEKTPOOOOPYAOBAHHS.

Mertomst o6ocHoBarus Gopmbl DTC paznuyaroT MO YUCITY yIUTHI-
BaeMbIX (PaKTOPOB.

[To mepBOMY METONy YYMTHIBAIOT TOJIBKO OOBEM MPOU3BOJICTBEH-
HoW mporpaMmbl. OH 3aKytO4YaeTcsi B CONOCTAaBICHHM paHEe pPacCyu-
TaHHOTO 00BeMa pabor DTC ¢ maHHBIMHU, IPUBEACHHBIMHU B TIPHIIOXKE-
Huu 13, u BBIOOP 1O Hel pekoMenayemoii hopmbr DTC.

[To BTOpOMY METOIy YUMTHIBACTCS HE TOJBKO 00BEM PadoOT, HO U
obecrneYeHHOCTh CIyXObl AmekTpoMoHTepamMu N*, a Takke ynaieH-
HOCTB XO3SHCTBa OT pailOHHOTO IeHTpa — L.

Hns Beibopa ¢opmel ITC UCTIONB3YIOT HOMOTpaMMy, TPUBEJICH-
Hyto Ha pucynke 1 [1, 2, 3, 4].

10 \f(mr)zoa //////

=50 70 90100%
/

Puc. 1. Homorpamma mis onpenenenus ¢popmst 9TC:
1 — KOMIUIeKCHAs; 2 — CHIeLUAIM3UPOBAHHAS; 3 — XO3SUCTBEHHAs
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Ha ocu opaunar otknaapiBaior o6vem pabor OTC u mpoBozsT
JIMHUIO [0 MepeceueHus ¢ Jy4oM N*, cOOTBETCTBYIOIIUM OOECIeUeH-
HOCTH XO3SIICTBa 3JIEKTPOMOHTEPAMHU, U C KPUBOH, COOTBETCTBYIOLLEH
PACCTOSIHUIO OT XO34KMCTBA 10 palOHHOrO LEeHTpa. M3 MOJy4eHHBIX TO-
yek A 1 B npoBondaT nuHMM, NapajuieabHble OCH OpAMHAT. JInHuS npo-
Xons1as yepe3 ToUKy B, mepeHocuTcs, Kak oka3aHo Ha PUCYHKe 1, u
HaxoawTcs Touka F, koTtopas ompenensier 30Hy uckomoit popmsr ITC.

Ipu xo3siicmeennou popme 00CTYKUBAHMS BECh KOMILJIEKC PadoT
1m0 TO u TP 3neKTpoTeXHU4ECKOro 000pyI0BaHHUS BHIIIOIHSIETCS YHEP-
TeTHYeCKO ciyk0oi xozsiicta. s BemonHerus KP, mposenenus
KOHTPOJIBHBIX U3MEPHUTEIBHBIX UCTIBITAHUH U ITyCKOHANIAJ0YHBIX paboT
CIIOYKHBIX YCTAHOBOK TPHUBJICKAIOTCS APyTrUe opranusaimu [2, 4].

Ilpu cneyuanusuposaunou gopme 0OCITYKUBAHHS XO3IUCTBO Tie-
pelaeT MpUBJIEKaeMOW OpPraHM3alMHM Ha IOJIHOE TeXHH4YecKoe 00ciy-
JKUBAaHUE U PEMOHT OTJENbHBIE OOBEKTHI WIH BHIBI Pa0OOT (TEKyIIHWH,
KalUTaJbHBIH PEMOHTHI HITH ITyCKOHANIAI0UHbIE paboThI).

Ilpu xomnaexcrhom obcayscusanuu Bce padbotsl mo TO, TP, KP
ANEKTPOOOOPYAOBAHHS B XO3SHCTBE BBIMOJHSIOTCS MPHUBICKAEMOH Op-
raHu3aluen.

[IpapuneHeiii BeIOOP (popmbl DTC MPOBEpSIIOT MO CIIEAYIOIAM
npusHaxam pauuoHanbHOro nocrpoenus TC.

1. Xoszsmicmeennas ¢opma OTC omnpaBrnaHa TpH JOCTATOYHO
OonbiioM 00BeEMe PabOT MO IKCILTyaTallMy 3IIEKTPOOOOPYIOBaHUS B
XO3SHCTBE M XOPOILEH ero 00ecre4eHHOCTH TPYJOBBIMU U MaTepUallb-
HBIMH PECYPCAMH, a TaKXKe NMPH 3HAUUTEIHHOM yaIeHUU X03IHCTBA OT
paiioHHOTO 1IeHTpa [2, 4].

2. Cneyuanusuposannas u xomniexcuas gopmwr ITC obaerdaror
KOHIICHTPAIMIO YCWIIMK Ha HanOoJyiee BaXKHBIX B JIAHHBIH MOMEHT y4a-
CTKaX, OMpaBJiaHbl MpU JeHIIUTE TeX WU UHBIX pecypcoB. Kpome To-
T'O OHHM IO3BOJISIIOT 0OJIee IMOJTHO M MHTEHCHBHO HMCIOJIb30BAaTh PEMOHT-
HO-00chmyxwuBatonryto 0azy. Ho 3Tu mocTomHCTBa peanu3yroTcs JUIIb
MpU XOPOIIEH IUCHETUYEPCKON CIy)O0e M HaAJAEKHOW TPAHCIOPTHOM
CBSI3H C X03sficTBamu [2, 4].

[locrostHHBI pocT 00BEMOB PabOT MO TEXHUYECKOW IKCILTyaTa-
[IUU DIIEKTPOOOOPYAOBAHUS U PA3BUTHIO PEMOHTHO-OOCITYKHBAOIIEH
0a3p1 OTC, HempepbIBHOE YBEIUYCHUE YPOBHS 3JIEKTPU(PHUKAIINY U aB-
tomatuzanuu AIIK B ycioBusax koonepanyy M CHEUAIU3ALUHN TPOU3-
BOJICTBA YCIOXHSIOT GpyHKIuK ynpasiaerus ITC.
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[TosToMy BakHO BHIOpaTh HamOoliee PALMOHANBHYIO CTPYKTYPY
OTC. OpranuzallioHHas CTPYKTypa XapaKTEpHU3yeT COCTaB M B3aHMO-
JefCcTBUE MOAPa3AEIeHUi CIyKObl MPHU BBIIOJIHEHUH MPOU3BOJCTBEH-
HOM mporpamMmbl. DTC MoXeT uMeTh: (PYHKIHOHAIBHYIO, TEPPUTOPH-
ANbHYIO WK KOMOMHHUPOBAaHHYIO (THOKYI0) CTPYKTYPBHI.

@ynxkyuonanvnaa cmpykmypa OTC mpuBeneHa Ha pHUCYHKE 2.
B ee ocHoBe NexuUT pacmpenelieHHe WCIOJHUTENEH U MaTepualibHO-
TEXHUYECKUX PECYpPCOB MO BHAAM BBIMONHSAEMBIX padot. ms storo
CO3J1AI0TCA CHEeIUAN3UPOBaHHBIC OpHUraibl, TPYMIbI, KOTOPHIE BBHIIOJ-
HSIOT TOJBKO CBOM BHIBI pabOT Ha BceX 00BeKTax [2, 4].

Pywosofmrens 3TC
{
VHwenepHo-Texrueckie padotHu

i
[ { ! ]

Fpynna TO | | Tpynna TP [pynna Mom a:xaﬂ pynna B0

— 3 . 3

h i
] ] 1 |
i i Ll i

Ofbext Net Ofvexr Ne2 Obvexr Naﬂ [ Obuexr Me... |

Puc. 2. ®ynkunonansHas crpykrypa 9TC

Teppumopuanvnas cmpyxkmypa ITC npuBelicHa Ha PHUCYHKe 3.
B ee ocHOBe JIXKUT pacrpeziesieHUe UCIIOJIHUTEIIEH 110 00beMaM X03s1H-
cTBa (oTneneHusM, opuranam, ¢pepmam). Ilpu 3TOM BBIIEIEHHBIC TPYTI-
MBI HCTIOJTHUTEIEH OCYIIECTBIISIFOT BCE SKCIUTyaTallMOHHBIE Pa0OThI, HO
TOJIBKO Ha CBOMX y4acTkax [2, 4].

Tuoxkaa cmpykmypa OTC npeanonaraeT BO3MOXKHOCTb €€ Iepe-
CTPOWKH B TEUCHHHU rojja B 3aBUCUMOCTH OT HOMEHKJIATYPhl U 00BEKTa
paboT, MPUXOIAIINXCSA HAa TOT WIIM HHOM ce30H [2, 4].

[IpaBunbHOe obocHOBanue cTpyKTyphl DTC 3axitoyaercss B TOM,
YTO pe3yJbTaThl 00CICAOBAHUS U PACUETOB CPABHUBAIOT C W3BECTHBIMU
MPEUMYIIIECTBAMHU U HEJIOCTATKaMU TOW WJIM UHOU CTpYKTyphl. JlocTo-
WHCTBA W HEAOCTATKH (QYHKIHOHATHHOUW cTpYKTYphl DTC 3akimtouaroT-
sl B CIIEAYIOLIEM:
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[ HHHBHEPHO-TeXHUYECR1E PABOTHUKK I

i , i

bpuraga mModTepos Bpuraga MOKTepoR Bpirajia MOHTepoB
ofvexrs Not obwvexra Ne? nfipaxra ...

[oterr et | [Goece.]

Puc. 3. TeppuropuansHas ctpykrypa OTC

Oﬁbei:'f MQ;

a) HauboJjee MOJHO HCHOJIb3YeTCs MHAUBHIyaJbHOE MAacTEPCTBO
HCTIOJTHUTEIICH;

0) cHmKaeTcs MOTPeOHOCTH B KaJpaxX BBICOKOH KBaTM(PUKALIUHY;

B) YMEHBIIAETCS MCIIOJIb30BAHME IOPOTOCTOSIIINX TEXHUYECKUX
CPEACTB U 31aHUN;

r) BO3pacTtaeT MOTPEOHOCTh B TPAHCIOPTHBIX M TEPEIABIKHBIX
CpEeICTBax;

) YBEIMYUBAIOTCS HOTEPH BpeMeHU Ha mepee3nbl, oT 10% mpu
pamuyce oOcimyxuBaHUS 5 KM, 710 25% mpu paguyce oOCITyKHBaHUS
15 km.

€) CHMXXAeTCs OTBETCTBEHHOCTh HCIOJHHUTENICH 3a COCTOSHHE H
UCIIOJIb30BaHUE 3JIEKTPOOOOPYJOBAHUS.

JocTonHCTBAa M HENOCTATKUM TEPPUTOPUAIBLHOM CTPYKTYpbI 3a-
KIIIOYAIOTCSI B CIICAYIOIIEM:

a) TOBBIIIACTCS ONIEPATUBHOCTH OOCTYKMBAaHUs M YCTPAHEHUS OT-
Ka30B;

0) He Bcerna ynaercst J0OUThCS paBHOMEPHOH 3arpy3KH UCTIOHU-
TeJIel U TEXHUUECKHX CPEJICTB;

B) KaXIbIi 2JIEKTPOMOHTEP JIOJDKEH UMETh BBICOKYIO KBanu(puKa-
IHIO.

Hyxnel xozsaiicTBa HauOoJiee IOJHO YIOBJIETBOPSET T'MOKas
ctpykrypa OTC. D10 00BSICHAETCS TEM, UYTO COCTaB M POJIb (PaKTOPOB,
BIIHMSIIOIIMX HAa BHIOOp palMOHAIBHOW CTPYKTYPHI, CYIIECTBEHHO 3aBH-
CHT OT CE€30Ha CeIbCKOXO035MCTBEHHBIX paboT.
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Hanpumep, B nmepuon moarotoBku ¢epm K 3uMoBKe ckota DTC
uMeeT QYHKIMOHATBHYIO CTPYKTYPY, @ B IIEPUOJ 3UMOBKH — TEPPHUTO-
PHATIBHYIO CTPYKTYpPY. BO3MOXKHBI M JpyTrHe MEepecTPONKH CITy:KOBI B
3aBUCUMOCTH OT TomoBoi mporpammbl u rpaduka TP. ObocHoBaHme
ctpykrypsl DTC BbImonHseTCS Tpa@UUEeCKUM METOJOM 110 HOMOIpaM-
Me, TIpUBEACHHO Ha pucyHke 4 [1].

Ha ocu opauHaT OTKIIaIBIBAIOT YKCIIO JIEKTPOMOHTEPOB N U de-
pe3 3Ty TOUKy mpoBoasT duHHIO AB. 13 Touku B mpoBogsT nuHHIO 10
MEepeceueHnsl ¢ JIy4OM CpeaHero Kod(QQHIMEeHTa 3aHSATOCTH, a 3aTeM
nepnenukyasipao CD k opaunare. Touka nepecedenust muuuid AD u
CD omnpenensiet pannoHabHy0 cTpykrypy OTC.

Cpenunii Ko3QQHUIMEHT 3aHATOCTH MOXHO PacCUUTaTh MpPU MO-
MOIIIU CJIEAYIONIETO BhIpakeHus [2, 4]:

K - E m;h; w0
3am ,
12> h
rie h - YUCTIO ANEKTPU(PHUINPOBAHHBIX OOBEKTOB (KO-

POBHHKOB, 36pPHOTOKOB H T.II.), IIIT.;
m - YHUCIIO MECSIICB B TOAY;

2 : h - BCEro 3JIEKTPU(UIMPOBAHHBIX O0BEKTOB, HIT., B
! XO03sliiCTBE.

it 1486 4

234

\\ 2t
B\ 10t A
yucnao 3 L

0-‘(116;3)?;:2;7” 6 yucao BudoB

patom 111

ho

koaghguyuenm eppi
3aHamocmy mopy,
(cezonHocmu el

70 pynryuo-

aubkon HOMBHOR

0,3

06 07%0910

Puc. 4. Homorpamma ay1s1 Be16opa ctpyktypsl DTC
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5 [Inanuposanue pador TC

IInanuposanme pador DTC 3akmrogaeTcs B pa3paboTKe TOITOBOTO
rpaduka TP u kxBapransabx Tpadukos TO.

Pa3pabotky rpadukoB cieqyeT HaUMHATH ¢ ToxoBoro rpaguka TP,
a 3aTeM Ha ero OCHOBAHMU IIOCTPOUTH KBapTaJbHbIE TPA(YUKH TEXHUYE-
CKOro O0CTyXMBaHHA U peMoHTa. ['omoBoii rpadux TP pekomenmyercs
JUTSL OTZIENIbHBIX, 00BETMHEHHBIX OOIIUM TEXHOJIOTHYECKUM IPOLIECCOM
00bekToB (MT®, CTD, MexTOK u 1Ip).

[Ipu pa3pabotke rpaKOB TOJIKHBI yUUTHIBATHCS IEPUOAUIHOCTD
(KONMMUYECTBO) PEMOHTOB, OCOOCHHOCTH TEXHOJOTHU CEIIbCKOXO3SHUCT-
BEHHOTO MPOM3BOACTBA, TPYAOEMKOCTh PadOT MO TEXHHUYECKOMY 00-
CIIy’)KUBaHMIO 3JIEKTPOOOOPYAOBAHHUS, a TAKXKE IEHCTBUTENbHBIN (OHI
pabodero BpeMEeHH IIepcoHalla B COOTBETCTBHH C pa3pabOTaHHOMN
CTPYKTYPOU DIIEKTPOTEXHUICCKOU CITY)KOBI.

Cam rpaduk TO u TP umeer cnenmansayto Gopmy (mpui. 16, 17),
OH COCTAaBJISIETCS C TIOMOIIBIO ONPEAETICHHBIX pekoMeHaanuii. Heo6xo-
JUMo ropoBoii rpaduk TP pasmecTuts Ha nmcTe Tpaduyeckoil yacTu
npoekTa ¢popmara Al, a kBapransHbIi rpadguk TO B mprioKeHHN.

B kauecTBe nHTEpBaNa BpeMEHU IPU IOCTPOCHUH rpaduKa cleay-
eT MPUHATH HeJEeNo (B ToAy OyaeT 52 Heaend, uxX Ierecoo0pa3Ho pas-
O0uTh Ha 4 KBapTaya 1o 13 HeJeNb KaXKIbIi).

[TnanupyroTcst OTIYCKa 3JEKTPOMOHTEPOB, M OTMEUAIOTCS Hellely,
KOTJa 2JIEKTPOMOHTEPHI HAXOAATCS B OTITyCKAaX.

Onpenensiercsi eXXeHenenbHasi Harpy3ka Opurajsl 3J1eKTPOMOHTE-
poB u3 pacyera 40-yacoBoii paboueii HelIeu U NIPUHSITOMN YIaIEHHOCTH
00BEKTOB OT IMyHKTA TEKYILETO PEMOHTA.

Cocragnenue rpadpuka TO u TP ciemyer HaunHaTh ¢ OOBEKTOB
CE30HHOT0 UCIIOIL30BAHUSI.

Bpewms nposenennst neporo TO u TP B maHupyeMom rogy ycra-
HaBJIMBACTCSl B 3aBUCHMOCTH OT JaThl IIPOBEICHUSI TAKUX MEPONPHATHI
B TIPEJBIIYIEM TOly 1 HOPMATUBHBIX 3HAYEHHH TeproiuuHocTH. Ecin
JaThl TPOBEIEHMS TMPEIIIECTBYIOMINX MEPONPHUATHIA OTCYTCTBYIOT, TO
Bpems nposenernst TO u TP BeiOupaeTcs npon3BoIbHO ¢ yueToM oO1e-
ro KOJIMYECTBA WX B TOJ M MEPUOJHMIHOCTH TPOBEICHHS MPH YCIOBUH
BBITIOJIHEHHST BCET'O KOMITIEKCA MEPOIIPUSTHH B TUIAHUPYEMOM TOJTY.

Heo0xonumo cTpeMHTBCSI K paBHOMEPHOH 3arpy3Ke 3JIEKTPOMOH-
TepoB 1o HeaelsiM. IlomuMo 3Toro ciiexyer 10OMBaThHCS, YTOOBI HIIEK-
TPOMOHTEPHI BBHITIOIHSIA BO3MOXKHO OOJBIIHN 00beM PadOT Ha OJHOM
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o0bekte. IIpon3BoACTBO TPyHOEMKHX paboT wLenecooOpasHo Npeny-
CMaTpHUBaTh Ha MEPUOJ] HAUMEHbBLICH 3arpy3KH AJIEKTPOOOOPYAOBaHHUS
(TpeObIBaHNE CKOTAa HA JICTHUX ITacTOMINAX, MepephlB B paboTe dJIeK-
TpOHArpeBaTeNbHBIX YCTAHOBOK U T.1.).

JomnyckaeTcst cMelieHne MPOBOIUMBIX MEPONPHUSITHH B Mpeaenax
+35% HOpPMAaTUBHOW MEPHOIUIHOCTH.

MeponpusitTiss Ha rpaduke OTMEYAIOTCS YUCIAMH, COOTBETCT-
BYIOIIMMH TpyAO3aTpaTaM Ha MpoBeJeHne padoT, Hampumep, a1 TO ¢
Tpyzno3arpatamu 14,7 4en.-4 Ha OJHO OOCTY)KMBaHUE MPOCTABISIETCS
yucio 14,7. Ilpu npoBeaeHnn as 9acTu dnekTpoodbopyaoBanus TP, a
st octanibHoro TO Tpynmo3aTparhl MPOCTABISIOTCA B BUAE APOOH — B
yuciauTene Tpyaosatpatel Ha TP, a B 3HaMmeHartesne Tpyaqo3aTpaThl Ha
TO, nampumep, 39,6/1,8.

YroObl HE MPEBBIMATh HEACIBHYIO 3arpy3Ky OpHUTaibl BIIEKTPO-
MOHTEPOB TI0 Mepe COCTaBIICHHsI TpadriKa BEAETCS MMOHEACTbHBIN y4yeT
TPYAOEMKOCTH BBITMOJIHEHHBIX PabOT IMyTeM CYMMHPOBAHHS TPYA03a-
TpPAT MOCIIE PACCMOTPEHUS OUYEPETHOrO OOBEKTA.

st paboT, IMEIOMIUX TPYAO3aTpaThl Ha OJHO MPOPUIAKTHIECKOE
MEPOTIPUSITHE, TIPEBHIIAIONIEE HENICNbHYIO 3arpy3Ky OpuUrajsl, ClieayeT
NpeyCMAaTPUBATh BBIMOJIHCHUE B TEUCHUE JBYX WM HECKOJNBKHX He-
JIeITh.

6 Br160p pemoHTHO-00CTyX)HBarowien 6a3pr DTC

MarepuanbHo-TexHHYEeCKas 0a3a Uil PEMOHTa U OOCITYKHBaHUS
JTOJDKHA BKIIIOYATh KaK CTAIlMOHAPHBIC ITyHKTHI, TaK M IEPEIIBUKHBIC
MOOMIIBHBIE cpesicTBa. K cTalMoHapHBIM MYHKTaM OTHOCSITCS ITOCTBI
anekTpuka ([19) U MyHKTBI TEXHUYECKOTO OOCITY)KMBaHHS M PEMOHTA
anextpoobopynosanus (IITOPD). Iloct anexTprka npenHazHaueH Uis
MPOBeZIeHHUs PaboT MO MpoHUIAKTHKE, TEXHUIECKOMY 00CTyKUBAHUIO,
MEJIKOMY PEMOHTY 3JIEKTPOOOOPYIOBaHHS OTICIbHBIX 00BEKTOB (3KH-
BOTHOBOAYECKHX KOMIUIEKCOB, KPYNHBIX ()epM, TeIUIMYHBIX KOMOWHa-
TOB U ToMy 1onoOHBIX). IlocT amekTpuka pasmeniaercsi B OAHOM H3
HOMEIICHU 00cy)XnuBaeMoro oobekra [4, 5].

IIyHKTBI TEXHHYECKOTO OOCITY>KHUBAaHUS U PEMOHTA 3JIEKTPOOOOPyY-
JOBaHUs MIpeIHAa3HAYEHBI JJ1s1 POBEACHUS! PEMOHTHBIX paboT CHUIIOBOTO
ANIEKTPOOOOPYAOBaHUs, Mycko3amuTHO ammaparypsl (II3A) u amma-
paTypsl aBTOMAaTHKH, MPOBEACHHUS MOATOTOBUTEIHHO-MOHTAKHBIX
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pabot, paboT MO UCHBITAHHIO, HACTPOUKE U PEryIUPOBKE IEKTPOOOO-
pyIlOBaHUsI, XpaHEHUIO WHCTPYMEHTA, NMPOBOJOB, MaTEPUANIOB, 3arac-
HBIX 4acTei, oOMeHHOTO (hoHAa M 3ammuTHBEIX cpeactB. [ITOPD, kak
NPaBUIIO, Pa3MENIAOT B IEHTPAILHOM OTJCICHUH XO3iHCTBa, B OT-
JeILHOM 37aHuH.

OO6mmas momanas pEMOHTHON 0a3bI MOXKET OBITH OTIPEIEIICHA OPH-
EHTHUPOBOYHO MO0 00BEMY AIIEKTPo0oOOpyIOBaHUS B X03s1iicTBe B YED.

B xypcoBoM mpoekTe He0OXOIWMO MOKa3aTh KOMIIOHOBKY ITOCTa
9NIEKTPHKA, COCTaB 00OpYyIOBaHUS M MPUBECTH ero miaH. Pacuer mio-
IIagy MyHKTa TEXHHYECKOTO OOCTy)XMBaHUS W peMoHTa. [lmomanb
MyHKTa TEXHUYECKOTO OOCIY)KUBaHUS MOXXHO ONPEICIIUTh MCXOJS W3
yrcna YED B Xx03s4HCTBE 1 YHMCIIa 2JIEKTPOMOHTEPOB B TPYIIIE TEXHUYE-
CKOTO 00CITy>)KHBaHUs 10 (hopMyIam

F =1,Q,F =N, (11)
rae f,=0,1 mpu Q<1000 y.e.3.;

f,=0,08 mpu Q> 1000 y.e.3.;

f,=25 mpu N < 3 gen.;

fo=17 mpu Nto> 3 gen.

IIpu 3TOM cClleyeT MOMHHUTBH, 4YTO TIJIABHBIC pa3Mephl 3IaHUS
JIOJDKHBI COOTBETCTBOBATh CTPOMTENBHBIM HOpMaM (IIUpUHA KpaTHA 3
wim 6; OTHOIIICHHE JUTUHBI K IpUHE He Oonee 3:1).

Paccmotpum cTpykTypy peMoHTHO-00CTyX)HBatoliel 6a3nl (POB)
OTC paiioHa, OHa COACPIKHUT TpU YpoBHs [4]:

e TEXHUYECKHE CPEJCTBA MEPBOTO YPOBHS MPEIHAZHAUCHBI IS OC-
HAIICHUS TMOJPA3ACICHHUI YHEPreTHUSCKON CIYXKObI CIeHUaTH3UPYIO-
IIMXCS HA MIPOBEACHUN TEXHUUECKOTO OOCTYKUBAHHUS SHEProoOOpya0-
BaHUs HA yYacTKax Xo03siiicTBa (oTaeneHuu, pepme, 3epHOTOKE, H. T.I1.);

e TEXHUYECKHE CPEJCTBA BTOPOrO YPOBHS MPEHA3HAYCHBI IS OC-
HAIICHUs TOAPA3/ICIICHUN DHEPreTUYECKON CIyXObI, CIEeIHATH3UPO-
BaHHBIX Ha MPOBEJICHUU TUIAHOBOTO M OMEPATHBHOIO TEKYIIETO PEMOH-
Ta, MOJATOTOBUTEIHHO-MOHTAXXHBIX M MEIIKO-MOHTQXHBIX paboT, He-
CJIOXHBIX KOHTPOJIbHO-M3MEPUTEIBHBIX M IYCKOHAIAJ0YHBIX pPadoT
3JIEKTPOOOOPYI0BaHHUS, IKCILIyaTUPYEMOI0 Ha TEPPUTOPUU BCETO XO-
3siicTBa (MJIM 3KCIUTyaTAllMOHHOTO YYacTKa, €CIH XO3SMCTBO COCTOUT
Ha KOMIUIEKCHOM OOCIYXXHBAaHHH PAOHHOTO MPEIIpPHUATHS «ATpO-
POMDHEPIO»);
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e TEXHUYECKUE CpPEACTBA TPETHETO YPOBHS NpeAHA3HAYEHBI IS
OCHAIIEHUS MOAPA3JCICHUH PaOHHBIX YHEPreTUUYECKUX CIICHUATU3U-
POBaHHBIX HPEANIPUATHH, HampuMep, «ATpOIPOMIHEProy» WIH COOT-
BeTcTBYIOLIEro yuactka PTIL.

POB sHepreruueckux ciyx0 x03sicTB GopMUpYyeTCs U3 TEXHUYE-
CKHX CPEJICTB M OOBEKTOB IIEPBOTO U BTOPOTo ypoBHEH. CocTaB 00beK-
TOB M CPEICTB Ha Ka)KAOM YPOBHE ONPEAEISIETCSI HE TOJIBKO CIIOXKHO-
CTbIO paboT, HO M HUX COOCTBEHHBIMH TEXHHKO-dKOHOMHYECKHMH Xa-
PaKTepUCTUKAMH. JTO 3HAYMT, YTO JUIsS BBHIMOJHEHHS PabOT CleayeT
nogoOpaTte Hanbojee MOAXOASIINE IO CICHHUAIN3aLUN U POU3BOIH-
TEJIBHOCTH CPENICTBA.

POB nnsa mepBoro ypoBHs mpuBeneHbl B Tabmune 5. OHM pa3zMme-
IIAOTCS B OAHOM M3 IOMEIIEHHHA O0OCIyXHBaeMbIX (pepM HIU KOM-
riekcoB. PObB mepBoro ypoBHsI ocHaieH 000pyI0BaHHEM, TTO3BOJISIO-
MMM BBIIIOJIHATE BCE€ OI€pallii TEXHUYCCKOI'O O6CHy)KI/IBaHI/IH OCHOB-
HBIX BHJIOB 3JIEKTPOYCTAaHOBOK, MEJIKUH PEMOHT U HECJOXHBIE clecap-
HBIE PaOOTEHI.

Tabmuua 5
Texuuueckue cpeactaa nepporo ypous POb
Cpenctea POb npu popme opranuzanun
pa6ot (Ctpyktype DTC)
O06BéM
OyHKIHOHANB-
BBITIOJ- TeppuropranbHas
OOciyKHUBaeMbIi y4acTOK HSAEMBIX crpykrypa OTC, HaaflréTp}g(Typa
Y BHJIBI BBITIOHAEMBIX paboT pabot 00CITy)KUBaHUE a, © eCHy_
B THIC. BBITIOJTHSIETCS m::ﬂ::ﬂzzl_
9ew.-d. HOCTOSIHHO HePCOHATOM
3aKperIEHHBIM P o
i — BBIE3/THOI
Opuraabl
1 2 3 4
VY4acTok ¢ mnapkoM 00CITyXKHU-
Baaus 10 200 YED, rexuuue- Hocr onextpuka [lepenBrxHas
’ 3,7 BHUIITUMOBCX,
CKOe 00CITy)KUBaHHE SHEPTO- | BapHART MacTepcKast
obopynoBaHuUs P «DneKTpo-
ciryx0a»
Y4acTok ¢ mapkoM 00CITyKH- ToeT seKTpiKa wm JITTU-1,
BaHus 10 400 YED, Texanye- p 4J1-1,
7,4 BHUIITUMDBCX,
CKO€ 00CITy)KHBaHHE YHEPTO- MMTODXK-53
2 BapuaHT
obopynoBaHuUs
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OxoHyaHue Ta0IUIBI 5

1 2 3 4
YyacTok ¢ mapkom Tocr snexrpuxa
obciyxuBanus 10 600 YED, 112 BHUITTUMDCX,
TEXHUYECKOe 00CIIy)KHBaHUE
3 BapuaHT
SHEProo00pyI0BaHHA
Monounsiii komruiekc Ha 400 DIEeKTPOyIacTOK
TOJIOB, TEXHUYECKOE 0OCITYKH- 0,5 IITO, TumroBoM
BaHHE YHEPro0O0PYLOBAHUS npoekT Ne816-224
Mounounsrif komiuieke Ha 800
DIEeKTPOyIacTOK
nin 1200 royioB, TEXHHUECKOE o
oBCrTyKHBaHHe 0,7 IITO, TunoBoi
npoekT Ne816-225
9HEPro000PyIOBAHHSA
Monounsrnii komiutekce Ha 1600
DJIEeKTpOydacToK
niar 2000 rojoB, TEXHUYECKOE o
OBV AKHBAHNE 1,1 TITO, TunoBoit
Y npoekT Ne816-226
9HEPro000PyIOBAHHSA
OTtkopmouHas miomanka KPC
Ha:
5 2,3 DJEeKTPOyIacTOK
10 3,5 IITO, TunoBoi
20 TEIC. TOJIOB, TEXHUYECKOE 53 mpoekT Ne816-228
[lepensuxHas
obciry)KnBaHUE
9HEPT0000PyIOBAHHS mactepekas
«DNeKTpo-
Ko €KC TI0 OTKO| CBUHEH cryx6a»
Ha‘MHH KC O OTKOpMY CBHHEH DJeKTpOy4acToK win JITTU-1,
12' 18 TITO, TunoBoit DJJI-1,
' npoekT Ne816-227, MMTODXK-53
24 2,8
54 9 Ne816-227,
128 TEIC. TOJIOB TEXHUYECKOE 14 Ne816-192,
) Ne816-193
o0cnyxuBaHue
COOTBETCTBEHHO
3HEProoOopy0BaHUSL

Texnndeckue cpenacrsa BToporo ypoBHS PObB sHeprermdeckoit
ciryxObl BrimovaroT crannonapusie [1TO [4], macTepckue, nexu u me-
peaBIKHBIE MacTepckue (Tadi. 6).

Br16op TexHMUECKHX CpencTB Juist BToporo ypoBHsi POB, B 3aBu-
CHMOCTH OT pa3MepoB INapka OOCIy>KHBAEMOTO HEProo0OpyI0BaHMS
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Wi crienupuKkd 00CITy)KHBa€MOTO TPOU3BOJICTBEHHOTO MOpa3ele-
HUS CJICyeT MIPOU3BOINUTH B COOTBETCTBHUH C JJAHHBIMH MPUBEACHHBIMH
B TabOaume 7. B Tabiuuiie 8 mpuBeaeHbl JaHHBIC O ABTOIEPEIBHIKHBIX
cpezncrBax ITTO [4].

Tabnuua 6
TexHuueckue cpeacTsa BToporo ypoBHst PTh
O6BéM
Howmep tumosoro OCHOBHBIE BUIBI
Haumenoanme pabor,
IpOeKTa BBITOJIHAEMBIX PadoT

YeIL.-d.
ITyHKT TexHHYECKOTO
00CITyKMBaHUS U Texyuuii peMOHT,
PEMOHTa 3HEeproo6o- 1. IIyCKOHAaJIaI0YHbIC
pynosauus (IITOPD) gig_i_igggg 10,0 U KOHTPOJIBHO-
YCJIOBHBIX PEMOHTOB 816-1-1 51.88 20,1 HU3MepuTeIbHbIe PaboThI,
B IO/ ' MO/IrOTOBKA
2500 MEITKOMOHTa)XHBIX paboT
5000
LenTpanbHas pe-
MOHTHasI MacTepcKast
C AIIEKTPOYIACTKOM
JUISL XO3SICTB ¢ map-
KOM TPaKTOPOB:
25 816-127 4,6
50 816-128 5,0 To xe
75 816-129 8,3
100 816-130 9,5
150 816-131 12,8
200 816-132 14,1

TIpumeuanwue. [TpoexTst pazpaboranst B ['unpocensxosnpom r. Biaagumup [4].
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Tabnuma 7

PCKOMGHZ{aHI/II/I 1o BI:I60py 00BEKTOB M TEXHHUECKUX CpCACTB

BTOpOro ypoBHs POb

Pa3smep napka anexrpo-
YCTaHOBOK 0OCITYXH-
BacMOT0 IIPOU3BOJCT-

BEHHOI0 yuacTka, YED

[locTosiHHO 3akpenuisieMble
PEMOHTHO-00CTYKHBAIOIINE
Cpe/ICTBa BTOPOTO YPOBHS

BpeMeHHO HUCIIOJIb-
3YEMBIC CPECTBA,
MCCTO UX ITOCTOSAH-
HOTI'0 3aKpCTIJICHUS

1o 600

HET

ot 601 mo 800

1. anekrporex LIPM,

TunoBoii npoekt Ne816-1-49.83
2. anextporex [ITO cBHHOKOM-
TIeKca,

THIIOBO mpoekT Ne816-192(193)
3. ecyii Ha y4acTKe HeT
ykazanubix L[PM, I1TO, To 3a
OJIHUM U3 MTOCTOB 3JICKTPUKA
3aKpeIUIeTCS aBTOMAcTepCKast
DIUI-1, MMTODX-53

ot 801 mo 1200

anextpouex LIPM, Tunosoit
npoekt Ne816-1-45(47).83,
aBToMactepckas JJ1J1-1
mwi MMTODX-53

cM. Tabi1. 8

ot 1201 mo 2000

IITOPD Ha 2500 yci1oBHBIX
PEMOHTOB B T'0J], THIIOBO# MPOEKT
No816-1-148(149).88,
aBTOoMacrepckas D/1J1-1

i MMTOD2XK-53

6oiee 2000

I[ITOPD Ha 5000 ycaoBHBIX
PEMOHTOB B TOJ], TUIIOBOM MPOEKT
Ne816-1-150(151).88,
aBTomactepckas DJ1JI-1

it MMTODX-53

ABTOIIEpE/IBIDKHAS
INIEKTPOU3MEPH-
TeJbHas 1abopaTo-
pust «DNeKTpo-
ciryx06a»
wim JIITN-1,
OTJI-10-0,2 u 1. 1.
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Tabnuma 8

[lepenmxnsie cpencrsa POb

HaumenoBanue

O6BemM
BBIMOJTHAEMBIX
pabor, Jei.-4.

OCHOBHEIC BHJIBI
BBINOJTHSIEMBIX PadoOT

ABTONEpE/IBIKHAS PEMOHTHAS
Mmacrtepckas DJJI-1;
Y-9I10; MMTOSX-53

Texymuii peMoOHT,
MEITKOMOHTa)KHBIE pabOTHI

9,0

ABTOTIEpEABIIKHASL MacTepCKast
JUISL MOHTa)Ka | ITyCKOHAJIa[04- MoHTaXHBIe ¥ ITyCKOHAJIA{0YHEIe
HbIX paboT: DIJI-2; paboTsr
MTII 817MD
ABTOTIEpEABIIKHAS 3JIEKTPOU3-
MepHTeIbHas 1abopaTopHs DJeKTpOU3MEpUTEIbHBIE PAOOTHI
JIIN-1, «DnekTpocayxoda
ABTonepeaBIKHas Texyuuit peMOHT
pamuomacrtepckas MITP-9934 pamuoanmnapaTypbl

DJeKTpUYECKHE H3MEPEHUS
DICKTpOTEeXHIHECKas U PEMOHT JIMHUM 3JIeKTporepeaay
naboparopust DTJI-10-02 P rporep .

1 TpaHC(HOPMATOPHBIX MOJCTAHIINI
ABTOTIepeIBIKHAS MacTepCKast
IUTSL PEMOHTA U 00CITy)KUBaHUS Texymuii peMOHT
TEIUIOIHEPTETHYECKOTO TEIIOTEXHMYECKOTO 000pyIOBaHHS
obopynosanus TO- 1- 08

TexHnueckoe 00CITy)KMBaHHE U
Tennonuarnocruyeckas

IMarHOCTUKA TEIUIOTEXHUIECKIX
naboparopus TIJI 1 M

yCTpoiicTB

9,0

IlepenBmxHas ycTaHOBKA IS
XUMHYECKOH OUYHMCTKH KOTIIOB U
oTonuTenbHbIX cucteM BXII-1

OuHKCTKaA KOTJIOB
U OTOITUTEJILHBIX CUCTEM

[anee npuBeneHa KpaTkasi XapakTepHUCTUKA HEKOTOPBIX MOOHIIb-
HBIX TEXHHYECKUX CPEJICTB PEMOHTHO-00CHTyxHuBaromen 06a3pr DTC

X03AHCTBA.

AprtonepensmxkHas mactepckas MMTOX-53 npennaznauena amns
MOHTAa)a, IIyCKO-HaJlaJIKi, TEKYLIero peMOHTa U TEXHUYECKOTro 00ciTy-
’KMBaHUS KUBOTHOBOJUECKNX (epm. s pacmipeHuss MacTepcKon u
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oOecriedeHus BBIMTOTHEHUS ONEPalliii TEXHUIECKOTO OOCITYKUBAaHHUS U
TEKYyIIET0 PEMOHTa 3JIEKTPOOOOpYIOBaHUS HAa MecTaX YCTaHOBKH e€e
pEeKOMeHIyeTCsl TOYKOMIUIEKTOBaTh creHaoM YH-13, mpemHazHaveH-
HBIM JUTI HACTPOMKH 3AIIUTHBIX YCTPOMCTB M CYIIKH 3IEKTPHUECKUX
MallliH, MPHOOPOM KOHTPOJIS CONPOTHUBIIEHHS meTinu (aza-Hynp — M-
417, namepurenbHbIM KoMIuiekToM K-505 w mHIMKAaTOopoM Hampsbke-
aust UH-91.

[lepenBuxHast snekTpoaunarHoctuueckas nadopatopust IJI-1
npeHa3HavYeHa AJs MPOBEACHUS! TEXHHYECKOTO OOCITYXHBAaHUS, TEX-
HUYECKON JAMAarHOCTHUKH M TEKYIIETO PEMOHTA DJIEKTPOOOOPYTOBAHHS
HanpspbkeaueM 10 1000 B. Ha 06ase anekTpoauarHocTHdeckoi nadopa-
TOPUH MOJICHO BBIMOJHSITH JJIEKTPOMOHTAXKHBIE, ClleCapHbIe, IMOKpa-
COYHBIE, CBAPOYHBIE U TPY30MOIHEMHBIE PAOOTHL.

IMoct amextpuka (pucyHok 5 xonctpykumn «BHUIITUMOCX»
[5]) npenHasHaveH ajs MpoBeAEeHUS pabOT 1Mo MPOPUIAKTHKE, TEXHU-
4eCKOMY OOCTY)KMBaHUIO U MEJIKOMY PEMOHTY 3JIEKTpOOOOpYyI0BaHUS,
HaXOJsIIerocst Ha ydactke ((pepme, koMruiekce) xo3siictea. [loct pas-
MEIIAI0T B OJTHOM U3 ITOMEIIECHUI 00CTyKUBAEMOI0 y4acTKa, 00beKTa.

A —
6| 4 3
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7 2
|7 1
\ 4 —1 [ —
< 4000 >

Puc. 5. KoMnoHoBKa 11ocTa JIEKTpUKa 10 TUIIOBOMY IIPOEKTY:
1 — BepcTaky; 2 — 3aTOYHBINA CTaHOK; 3 — mKadbl 11 MPHOOPOB; 4 — CTOIBL; 5 — CTYIIbS;
6 — mkadbl 11 TOKYMEHTANWH; 7 — CTEIUIaXH
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[TyHKTBI TEXHMYECKOTO OOCIYXHBaHHS 3JIEKTPOOOOPYHIOBAHUS
(IITOP3) pekomMeHIyeTCsl UCTONB30BaTh Al OOCITY>)KUBAaHHUS U TEKY-
mero peMoHTa 3nektpoodopynoBanus. [ITOPD konctpykmun BHUII-
TUMDBCX (puc. 6) [3, 5] mpenHasHadeHs! I MPOBEAECHUS TIPOPHIAK-
THKH, JUATHOCTHUKH, TEKYIIEro PEMOHTA, HAJIAJIKH M HACTPOMKH dIICK-
TPUYIECKOTO 000PYIOBAHUS, IKCILTYATUPYEMOTO B CEJIBCKOM XO3SIHCTRE,
MPOBENECHHS TOJrOTOBUTEIEHO-MOHTKHBIX Pa0OT W WCIBITAHUS 3a-
IIUTHBIX CPE/ICTB.

I
e
&
il
E & i ﬂ"[@
e | [ O Dmf vig 1-__
—:ED.D |:1: ,—[EI _ \i} Iﬂ@,—
| 12000
| =] 1000 o

Puc. 6. KoMmoHOBKa IMyHKTa TEXHUYECKOTO OOCTYKUBaHHU U PEMOHTA
3IEKTPOOGOPYIOBAHUSI TIO THIIOBOMY TIpoekTy [3]:

| — nmomemenue s nepconana; |l — cxnam; 111 — ygacrok pemonra
anexTpoobopynoBanus; IV — ygactok pemoHTa cpencts cBssy; V, VI — yaactku
nponuTky, cymkd, okpacku; VII, VI — BcmoMorarenbHbIe MOMeIIeHNs;

IX, X — ramOyps1; X| — MoHTaxHBIH 11eX; X|| — 3arOTOBUTENBHBIN yIacTOK;
1, 44 — KOHCONBHBIEC KPaHBL; 2, 4 — CYIIMIbHBIC MIKa(bl; 3 — IPOMUTOYHBIH 0aK;
5, 24, 30, 34 — crombl; 6 — KaMephl I OKPAacKu; 7 — CTOJI-BEPCTaK;

8 — mepenBMKHOM KoMITpeccop; 9 — pabouee MecTo asurateseii; 10 — UT CUITOBOM;
11 — crenn n3MepuTebHbIA; 12 — paboyee MeCTo AJII PEMOHTA AJIEKTPOOCBETHTEIBHBIX
yCTaHOBOK; 13 — pabouee MecTo 11 peMOHTA ITyCKO3aIUTHOH anmaparypsl;

14, 36 — cBapouHble TpaHCPOpPMATOPEL; 15, 40 — 3NeKTpOTOUMIIA;

16, 39 — HaCTOJIFHO-CBEPIIIIBHEIA CTaHOK; 17 — Taib;

18, 19, 20, 31, 32, 33 — cremnaxwm; 21 — Tenexka; 22, 25 — mkadsr; 23 — cTYI;
28, 29, 37 — ucneITatenbHbIe YCTaHOBKH; 28, 42, 43 — orpakaeHus;

41 — nepenBuxHas 1a00paTopus
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Tabnuna 9
[lepedyeHs 000pymOBaHMUS, MPUOOPOB ¥ MHCTPYMEHTOB TOCTA IEKTPHKA

ObopynoBanue, TPHOOPHI KoumaecTBo 060pynoBanus 1o BapraHTam
U HHCTPYMEHT 1 2 3

1 Meraommerp M4100/3 1 1 1
2 [pubop Trma 11-434 1 2 3
3 Vkazatens Hanpspkerust YHH-90 1 2 3
4 Taxometp T4-IOP 1 1 2
5 Jlrokemetp 10-16 1 1 1
6 Ilsuiecoc 1 1 1
7 KoMIIIEKT MOHTEPCKOTo 1 2 3
HHCTPYMEHTa

8 [111ocKOTYOIIBI ¢ M30IUPOBAHHBIMU 1 2 3
py4KaMu

9 IpenoxpaHuTeabHBIH mosic * 1 2 3
10 Monrepckue kortu (mapsr) * 1 2 3
11 DnexrponasbHuk [ICH-65 1 1 2
12 Dnexrpuueckas apens D 1013 1 1 2
13 Tuchl ciecapHbie 1 1 2
14 DaexTpoTOoYnIIO0 1 1 1
15 CrecapHblii BepCTak 1 1 2
16 Cremnax 1 2 2
17 Ulkad ms TexHIYeCKON 1 1 1
JIMTEPaTyphl

18 Kannenspckuii cton 1 1 1
19 Ctyn 1 2 3

IMpumeuanue: * — HeOOs3aTENBHO.

OnexkTpopeMoHTHast u3MeputensHas nadopatopus (DPUJI-CX)
koHcTpykimn BHUIITUMOCX [2] mpenHa3sHaueHa i TPOBEICHUS
NpoUIaKTHKY, AWATHOCTUKH, TEKYLIEr0 PEMOHTAa, HAJIAAKH WU Ha-
CTPOWKH, a TaKkK€ MOHTAKHBIX W IIyCKOHAJIaJOYHBIX PabOT SHEpreTH-
YEeCKOro 000py/IOBaHUS B MECTAX €r0 YCTaHOBKH.

JlaGoparopust MoxeT OBITh CMOHTHpPOBaHAa Ha 0a3e MacTepCKOH
I'OCHUTH-2, nuHeHO-MOHTa)XHON MammmHbl JI-1 U apyrux aBromo-
Omnet, nMeromux maccu aBromobuneii 'A3-52, I'A3-53. B cocras
nabopaTopuu BXOJST: BBOJHO-PACIIPEETUTEIBHOE YCTPOHCTBO, KOM-
TUIEKT W3MEPUTEIbHBIX NPUOOPOB 3NEKTPHKA, YHUBEPCANbHBIA OJIOK
npudopoB, yHuBepcanbhblii crenn MUUCII, reneparop, aBa ciecap-
HBIX BepcTaka ¢ HabOpOM MOHTEPCKOI'O M CJIEeCapHOr0 MHCTPYMEHTA,
3IIEKTPOTOYMIIO, CBAPOUHBIN F€HEPATOp MM TPaHCHOPMATOP.
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OnexkTpousMepuTenbHas — aBTojaboparopusi  «QJIEKTPOCITy:KOa»
koHcTpykimn BHUIITUMOCX npennHazHadeHa i NpOBEACHUS MPO-
($UITaKTHYECKUX, TUArHOCTUYECKHX, IMYCKOHAIAA0YHBIX, JIEKTPOU3Me-
PUTETBHBIX W MEIKOPEMOHTHBIX PalOT, BBHITIOTHAEMBIX MPU MOHTaXE,
9KCIUTyaTalliy, TEXHUUYECKOM 00Ca)KUBAaHUU M PEMOHTE AJIEKTPOOOOpY-
JIOBaHHS B XO34KCTBE. ABTONIA00paTOpHsi MOXKET OBITh CMOHTHPOBaHA
Ha Oase aBTOMOOWIIT «MockBud-2715». B cocraB mabGopaTopuu BXO-
JIAAT: BBIIBMYKHOW cliecapHBIN BEPCTaK, KOMIIEKT U3MEPUTEIbHBIX IPH-
00poB 31eKkTprKa, yHuBepcanbHblii crenn MUNCII, nabop MoHTEepCKO-
T0 U CJIECAPHOI0 MHCTPYMEHTA.

7 OOG0CHOBaHHE TEXHOIOTUIECKON CXEMBI PEMOHTA
AIIEKTPOOOOPYAOBaHUS M BRIOOP TEXHOJIOTHYECKOTO 000PYIOBaAHUS

KomnioHOBKa 000pYyIOBaHHUsS, pa3Mepbl OTIEIBHBIX MMOMEIICHUN
IITOP3 3aBuCAT OT NPUMEHSIEMONU TEXHOJIOIMYECKON CXEMbl PEMOHTA
U BUJAa PEMOHTHpPYyeMoro obOopyaoBanus. CTyaeHTaM MpeiiaraeTcs
CaMOCTOSITETIbHO Pa3paboTaTh HA OCHOBAaHMU HMMEIOIIErocsl DIIEKTPO-
000pYIOBaHHs TEXHOJOTHYECKYIO CXEMY TEKYIIETrO0 PEMOHTA, a TaKXKe
nogo0paTh TEXHOJIOTHYECKOE 000PYAOBaHHE, HCIIONb3YS CHICLUAIBHYIO
JUTEPATYPy TO TEXHOJIOTUH PEMOHTA (TEXHOIOTUYECKUE KapThl PEMOH-
Ta ¥ Tak jaiee).

Pacnpenenenue miomaaei Mex1y y4acTKaMu U OTIEJIBHBIMU I10-
MEIIEHUSIMA OPHEHTHPOBOYHO MOXET OBITh MpHHATO 1o Taduuie 10
[5]. Kaxknplii yyacTOK IOJDKEH OBITh OCHAIEH CBOMM TEXHOJIOTHYE-
CKUM 000pyIOBaHHEM, IPUCIIOCOOIEHUSIMH, TPUOOPAMH M HHCTPYMEH-
tamu. [IpumepHsIil iepedeHs mpuOopoB u odopymoBanus aist [ITOPD
nad B Ta0immnax 11 u 12.

Taomnuua 10

Pacnpenenenue miomanen Mexay ydacTKaMy U OTJEIbHBIMH

noMeneHnsiMe rmpoexktupyemoro [ITOPD

HanmMeHnoBaHue yuacTka, TOMEIICHUS Tnoma, & %
OT Bcero o0beMa MOMEIIeHHUs
Y4acTok 04NCTKH, NedeKTanuu u pa3oopKu 10
Y4acToK peMOHTa CHIIOBOTO 3JIEKTP0o00OpyJ0BaHUS 30
Y4acToK peMOHTa IyCKO-HAIaJ0YHON annapaTypsl 15
Y4acTok peMOHTA, MPOITUTKH U CYIIKH 0OMOTOK 10
Cknan 20
Tlomenienus 1uis mepcoHana 15
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Tabmuma 11

[TpumepHsiii nepedeHs npudopos aist [ITOPO

Kpartkas TexHu4e-
Tun, mapka, CKasl XapaKTepUCTH-
Haunmenosanue I'OCT unu HOMEp Ka, OCHOBHbIE pa3- | Kon-Bo
pabounx YepTekeld | Mepbl MM IpeJieIb
N3MEpEeHUs

1 2 3 4
Amnmapar BY®D-5-3 1
KoMIIIeKT H3MEepUTENbHBIX K-51 2
npubopoB
W3mepuTenp 3a3eMIICHHS BC-0.8 2
MocT NOCTOSHHOTO TOKa P-35 2
KomOunmnpoBaHHbIH IprbOp 11-4326 2
AmnepmeTp 2-59 0-5-10 A 2
BosbT™meTp 3-59 0-150-300-600 B 2
Tpancdopmatop Toka 1-59 3
Toxou3MepuTeIbHble KISHH 11-91 2
Meraommerp M 4100/5 2500 B 2
JluHaMoMeTp IpYKUHHBII TOCT 9409-60 0..800 r 1
TepMoMeTp TOCT 2823-73 0...150 °C 1
JIrokcMeTp 10-26 1

Tabmuua 12

ITpumepnsiii nepeuens obopyaoBanus IITOPD

HanmeHoBaHue 000pyIoBaHus

Tun, mapka, FOCT

1 2
Cremrax IS TOCTYMAIOMIETO B PEMOHT 000pyIOBaHHS
Kamepa 11 094MCTKH CHITOBOTO 3JIEKTPOOOOPYIOBAHUS OPI'-6363
Banna MoeuHas mepeaBrKHAS OM-1316
Komnpeccop auadparMeHHbIH CO-45 A
Tpancdopmarop cBapouHbIH TC-300
TparchopmaTop MOHMKAFOIITHIHA TBC-2-2.5
Bepcrak cnecapHsIit OPI'-1468-060 A
T'eHepaTop areTHIICHOBBIH I'BH-1.25
IMpecc ruapaBInIecKui OKC-1529
BanHa 1 IponuTKH 0OMOTOK JIEKTPHUECKUX MAIIUH OPT-6364
Ikad cymmapHbIi CHOJI-3.5
Crenp i pa300pKH SIEKTPOABHTaTENeH OITP-3314
BepcTak it cOOpKH 1IEKTpoABUTATENICH
CTeHJ Tt IPABKH BaJIOB OKC-3273
YcTaHOBKA [T UCTIBITaHUS 3JIEKTPOOOOPYIOBaHUS KH-6380
TP TEKYIIEM PEMOHTE
HamoTou4Hslii cTaHOK CPH-0.5
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Oxonyanue Tadaunel 12

1 2
Crenn 1 cOOpKU U HACTPOMKH IMYCKO3AIUTHON
anmapaTyphi 70-7980-2203.00.00
TounnbHbI annapat TA-255
Kpan noBopoTHBII KOHCOJIBHBIH 3T-0.5
Cremnax 111 OTPEMOHTHPOBAHHOTO 3JIEKTPO0OOpyI0-
BaHUS
Kamepa okpacounas YKII-M-0000
CTaHOK CBEpJIMIIbHBII PC-12 A
CreHa-TejexKa OP-6360

8 Pacuet pe3epBHOTO JoHIA FIEKTPOOOOPYIOBAHUS

PesepBHBI (hoHI 37EKTPOOOOPYIOBAHUS CETHCKOXO03SIIICTBEHHOTO
MPEANPUATHS PACCUUTHIBAETCS HOPMATUBHBIM MeToxoM. Hucno pe-
3epPBHBIX CIUHMII BCEX BUIOB JJIEKTPOOOOPYAOBAHHS OMPEICISIIOT MO
HOpPMaTHBaM pE3epBHOTO 3araca, PerIaMeHTHPOBAaHHOTO CHCTEMOM
ITITIPOcx (taba. 13) [3, 4]. Heobxomumyro mpu 3TOM KaTErOpUYHOCTD
CEJIbCKOXO3SIMCTBEHHBIX MOTPEOUTENeH clelyeT MPUHUMATh COTIacHO
nmaHHBIM Tabmmnbl 14. Tlpu pacdere pesepBHOro (hoHIA MyCKO3AIIHT-
HBIX aNnapaToB HEOOXOIMMO yYHTHIBATH 00OpYIOBaHHE, YCTaHOBJICH-

HOC€ B CHJIOBBIX c6op1<ax 1 OCBCTHUTCIIBHBIX ITUTKAaX.

Taomuua 13

Hopwms! pezepBHOro 3amnaca 3J1eKTpoo0opy10BaHuUs
CEJIbCKOXO3SIMCTBEHHBIX NIPEIITPUATUI

Tom Komgectso 30, Hopwmsr 3amaca
371EKTPOO6OPYI0BAHHS HAXOIAIICTOCA B | g 04 0T SKCIIyaTH- | MHUHHMAJIbHOE
SKCILTyaTal|y, IIT. pyemoro 30 qHesTo

1 2 3 4

Jo 20 14 1

Tpexdaszubie 21..50 10 1
aCHHXpOHHbIe

DIIEKTPOIBUIaTENHN * 51...100 6 2

cpoimre 100 4 3
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Oxonyanue Tadomuiel 13

1 2 3 4
Jo 20 10 0
Tpexdazubie 21..50 1
ACHHXPOHHBIC
AJIEKTPOIBUTATEITH ** 51...100 4 2
cpeimre 100 2,5 2
Jo 20 10 0
MarauTHbIie 21...200 6 1
MyCKaTeNn
Cseime 200 4 3
Jo 20 10 0
ABTOMAaTHYECKHE 21..200 3 1
BBIKJIFOUATENN
Capime 200 5 2
PyOunsanku Jlo 20 10 0
U [TaKETHBIE 21...100 4 1
BBIKJTFOUATENTH Ceemte 100 3 5
Knomnku ynipaBnenus, Jo 100 5 1
YHUBEPCATBHBIC KITFOUH
U TIEPEKITIOYATENN Capre 100 3 2
Jo 20 10 1
Pene
Cspie 20 5 1
DIEKTPOTEPMHUECCKOE Mo 20 10 1
obopynoBanue Cspiite 20 5 1
DeKTPOU3MEpPHUTEIbHbBIC Mo 20 0
nprOOpE! Cspiite 20 4 1
CueTyuku JTo 20 5 0
3EKTPOIHEPTHU
Tpancdopmaropsl Toka Choie 20 3 1
Y HaIPsKCHUS

[Ipumedanue: * — KaTeropust HaJEKHOCTH 3JIEKTpocHaOkeHusa 1, ** — kareropus Ha-

JEKHOCTH JIEKTPOCHA0KEHUs 2-3, ISl OCTAJIBHOTO AJIEKTPOOOOPYIOBAHUS KaTerOpHsl
HaJeKHOCTH JIeKTpocHa0xeHus 1-3
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Tabmuna 14
Kareropuu cenbCkox03sHUCTBEHHBIX TOTpeOnTENeH
10 HAICKHOCTH JICKTPOCHAOKEHUS

Kareropust

OOBEKTHI

1. ’KuBOTHOBOJYECKHE KOMIUIECKCHI M (hepPMBI:

0 MPOU3BOACTBY MoJioka Ha 400 u GoJiee KOpOB;

IO BBIpAIIMBAHUIO U OTKOpMy MosonHska KPC Ha 5 Thic. u Gonee TonoB
B TOJ;

0 BBIPAIIMBAHHIO HeTelled Ha 3 ThIC. ¥ 00Jee CKOTOMECT; TUIOIIAAKH I10
otkopmy KPC Ha 5 ThIC. TONIOB U 60IICe;

KOMIUIEKCHI 110 BBIPAIIMBAHUIO M OTKOPMY 12 THIC. B 6oJiee CBUHEH B roJ.
2. [Itunedabpuxu:

10 IPOM3BOACTBY sHII ¢ cofepkanreM 100 Toic. u 6onee Kyp-HecyIek;
MSICHOTO HaIpaBJICHHUS 110 BBIpAIIUBAHUIO 1 MITH. U Oosee Opoitnepos

B TOJ;

X0351HCTBa IO BBIPAMMBAHUIO INIEMEHHOTO CTaa Kyp Ha 25 ThIC. FOJIOB

u Gonee, a Taxke rycei, yTok, uHaeek 10 Tbic. royoB B rox u Ooinee.

1. J)KuBoTHOBO/UECKHE WM NTHIEBOTYECKHE (EepMBI C MEHBIICH IPOM3-
BOJICTBEHHOI MOIIHOCTEIO, YeM YKa3aHO paHee JUIsl IMOTpeOHuTened mep-
BOH KaTeropuwu.

2. Tennu4HbBIe KOMOMHATHI M paccaIHble KOMILIEKCHI.

3. KopmonpuroToBuTenbHbIE 3aBOIBI U OTACIBHBIC [EXH NIPU MEXaHU3H-
POBaHHOM HMPHUTOTOBJICHUH U Pa3fade KOPMOB.

4. Kaprodenexpannnuina eMkocTbio 6osee 500 T ¢ X0JI010CHAOKEHIEM
¥ aKTUBHOW BEHTHIISLIMEH.

5. X0JoAuNBEHUKY 17151 XpaHeHUs! PPYyKTOB, eMKOCTEIO Oonee 600 T.

6. IHKyOaIMOHHbIE 1IeXH PHIOOBOTYECKHUX XO3SIHCTB U (hepM.
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BBIBO,I[BI U IPCJIOKCHUSA

B mannO# padoTte OBLT MPOW3BENEH pacdeT TOJOBOM MPOU3BOMCT-
BeHHOW miporpammbl DTC A X034HWCTBa, COCTOAIIETO U3 CIETYFOIINX
00bekToB: oB4yapHs Ha 1000 maTok, Kopmorex Ha 50 TOH B CMeHY, CBU-
HapHUK-0TKOpMOYHHK Ha 1200 mecT, kopMoriex st Mojomasaka KPC.

IIponseenen pacuer oObemMa pabOT MO OOCITYKHBAHHUIO DIIEKTPO-
o0opymoBaHus, KOTOpHI coctaBui 274,3- YED.

OOmwmii rogoBoil 00beM paboOT A X03sicTBa B (PU3UUECKUX Pe-
MoHTax coctaBun T0O-470; TP-45; 3C-34 u KP-4,4. A xonnyectBo yc-
JIOBHBIX PeMOHTOB B rof] coctaBut: TO-21,9; mo TP-303 u KP-25,1.

[TpoBeneH pacyer Tpyaa Ha TEXHHYECKOE 0OCTy )KHBaHHE. 3aTPaThl
Tpy/la Ha TPOBEICHHE OIEPATHBHOTO OOCTY)XUBAHHS COCTaBUIIM:
T0O-9955,46; TP-1453,5 uen.-u; KP-305,66.

UYucnennocts mnepconana OTC xossiicTBa cocTaBiser 8 deno-
Bek. CrienmanuzupoBanHas (Gopma OTC o00seryaroT KOHIICHTPAIIUIO
YCHJIMH Ha HauOoliee BAXKHBIX B JJAHHBIH MOMEHT Y4acTKaX, ONpPaB/IaHbl
npu AeuIUTe TEX WM MHBIX pecypcoB. KpoMe TOro oHH Mo3BOJISIOT
Ooyiee TOJIHO UM HMHTCHCHUBHO HCIOJBH30BAaTh PEMOHTHO-O00CITYKHBAFO-
Iyro 0asy.

Hcxons U3 yIaneHHOCTH U KOJMYECTBa DIIEKTPOOOOpYIOBaHUS, HA
o0bekTe OblTa ompeneneHa KOMIUIEKCHas (Gopma OOCIYKHBAaHUS U
¢bynkumonaneHas crpykrypa TC.

B xoje BBINONHEHUS] KYPCOBOTO MPOEKTa OBUIH OIpPE/CNCHBI e
¢dopma u cTpykTypa. Pacu€rsl okaszaiu, uro Hauboee 3pHeKTUBHOMN B
JIAHHBIX YCIIOBHSX SIBISCTCS (QYHKIMOHAIBHAS CTPYKTypa AJIEKTPOTEX-
HUYECKOU CITY»kKOBI C CIICIUATM3UPOBAHHON (POPMO OpraHU3aIIHH.

CocrasieH kBaptanbHbiid rpaduk TO u rogoBoit rpadguk TP smek-
TPOOOOPYAOBAHHS XO3SHCTBA.

O00CHOBaHA TEXHOJOTMYECKAs CXeMa PEMOHTa 3JIEKTPOOOOPYI0-
BaHUsI U BHIOPAHO TEXHOJIOTHUECKOE 000PYI0BAHHUE.

Br1Opan THIT peMOHTHO-00CTy)KHBatomIel 6a3bl.

[IpousBeneH pacueT pe3epBHOTO GOHAA HIEKTPOOOOPYIOBAHUSL.
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[Ipunoxenue 1
Ipumep opopmnenuss mumynbHo2o 1ucma

MuHHCTEpPCTBO ceIbCKOro xo3siicTea Poceniickoit @enepaunu
(henepanbHoOe rocynapcTseHHOE 0I0IKeTHOE 00pa30BaTe/bHOE
yupe:kaeHue BbIclIero 00pa3oBaHus
«Camapckas Tocy1apcTBEHHAs CEJIbCKOX03HCTBEHHAs! aKaIeMUs)

kadeapa «Inekrpudukanus u aBromatuzanus AITK»
KypcoBoii npoekTt

MO JUCLUILTHHE: « IKCIUTyaTalys JIEKTPOOOOPYI0BaAHHUS

Tema: Pacuer rogoBoil npousBoacTBeHHOU nporpammel OTC s
XO3SIICTBA, COCTOAINETO W3 CIEAYIOIIUX OOBEKTOB: CBUHAPHUK-
otkopMouHHK Ha 1500 mect, oBuapHs Ha 300 GapaHOB, MacTepckas
PTB na 40 TpaktopoB, Terumia miomaaso 1000 M2,

Beinonawin:
CryneHT __ Kypca

I'pynmsr

HanpapneHuio noArotoBku 35.03.06 «ArpouHxeHepus»
npouiib «NEKTPOOOOPYIOBAHUE U AICKTPOTCXHOIOT I
JIUYHBIA HOMED

(HOMED 3a4emHOU KHUJICKLL)

(pamunus, ums, omuecmeo cmyoeHma noIHOCmbIO)

K 3amure gomymieH / /
(noonuco) (unuyuanel, pamunus)
/ /
(noonucs) (unuyuansi, pamunus)
/ /
(noonucy) (uHuyuanel, pamunus)
OreHka / /
(yughpoii u nponucwro) (noonucs) (unuyuanel, pamunus)
Camapa 20
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[Ipunoxenue 2
Ipumep ogopmnenus 3a0anus

MuHHCTEPCTBO ceIbCKOro xo3siicta Poccuiickoii @enepaunu
(exepanbHOe rocynapcTeeHHoe 0I01KeTHOEe 00pa3oBaTeIbHOE
yuype:kIeHue BbICIIero 00pa3zoBanus

«CaMapcxaﬂ rocyaapCcrBeHHasi CeJIbCKOXO03CTBEHHASI aKaJdeMUs»

Kadenpa «Onekrpudukarnus u aBromarusanus AITK»

3AJAHUE

Ha KYPCOBOIi IPOEKT 0 AMCHUIIJIMHE
«QKCIUTyaTanus 31eKTpooOopy10BaHU»

Crynenty
(Pamunus, Hms, Omuecmeo, norHoCmvio)

Tema:

HcxonHble 1aHHBIE HA KYPCOBOM MPOEKT

3agaHue BELOAHO «  » 20 r.

PykoBogurens

(noonuco) (pacwugposxa noonucu)
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[Ipunoxxenue 3
Ipumep opopmrenus pepepama

PEDEPAT

Pabota npesacraBiieHa MOSICHUTENFHON 3alUCKONW M rpaduiecKon
JacThI0 Ha omHOM jucTe ¢opmara Al. IlosscHUTENbHAs 3ammcKa Co-
naepkuT 40 cTpaHuUI] MAIIMHOIIMCHOTO TEKCTa, BKIIIOYaeT B ce0s 3 Tad-
JIMIBL, 5 HANMEHOBAHUH UCTIOJIb30BAHHOTO UCTOYHHKA.

Kimrouessie cnoa: DKCIUIVATALIUA, DJIEKTPOOBOPYIO-
BAHUE, TEXHUYECKOE OBCIIYXWBAHUE, SJIEKTPOTEX-
HUYECKAA CIIVKBA.

CokpalieHusi, UCTI0JIb3yeMbIE B TEKCTE:

OTC — anexTpoTeXHUYECKas CITyX0a;

YED — ycnoBHBIE eMUHUIIEI 3JIEKTPOOOOPY/TOBAHHS;

TO — TexHUYeCKOe 00CTyKUBAHUE,

TP — TeKkywmuil peMOHT;

3C — 3aMeHa CMa3KH;

KP — xanutansHbIN pEMOHT;

POB — pemoHTHO-00CTYXHBatomIas 6a3a.

B pabote mpencraBiieH pacdeT o0beMa paboOT MO TEXHHYECKOMY
00CTyKUBaHHIO JICKTPOOOOPYIOBAHUS, PACUCT 3aTPAT TPyJa MPH IKC-
TUTyaTaly 3JIEKTPOOOOpYIOBaHUs, BBHIOOp (GOPMBI 0OCTYKHBaHUS,
CTPYKTYPBI 3JIEKTPOTEXHUYECKOW CITy>KOBI, PEMOHTHO-00CITYKHBAFO-
meit 6a3pr DTC, o0OCHOBaHHE TEXHOJIOTHYECKOH CXEMBbl PEMOHTA
ANEKTPOOOOPYAOBAaHHUS W BBIOOP TEXHOJOTHYECKOTO OO0OpPYIOBaHMS,
pacdet pe3epBHOT0 (hOHIA IEKTPOOOOPYTOBAHHS.
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[Ipunoxenue 4
Ipumep opopmnenus oznagienus

OTI'JTABJIEHUE
CTp.
3a1aHAE HA KYPCOBOM TIPOCKT .. .eoveneeeneeeeneaeaneenanenneneananns 2
Pedepar ..o 3
(0 Wi E:1:3) (5351 (S 4
BBEOCHME ... .onieiiieii e 5
1 Pacuer oObpema padoT MO TEXHUIECKOMY 0OCITY>KHBAHHIO 6

ANEKTPOOOOPYIOBAHHMS . ..enveeeerenenenineneeaeenenenenenenenenns
2 Pacuer 3arpat TpyAa Ha TEXHUYECKOE OOCIYKHUBAHUE ..........
3 Pacuer uncnennoctu nepconana OTC u pacmpeneneHue ero

0B YeF:edi (S0 (53512 1Y 1 RSP
4 Bo16op ¢opmbl 1 cTpYKTYpBl OTC ..o
5 ImaaupoBanne paboT OTC ...,
6 Be16op pemonTHO-00CTy>)mBaromeit 6a3p1 OTC .................
7 O0OCHOBaHHME TEXHOJIOTUIECKON CXEMBI PEMOHTA 3JICKTPO-

000pyIOBaHUS U BEIOOP TEXHOJOTUYECKOTO 000PY/IOBAHHMS. . .
8 Pacuer pesepBHOTO POHIA INMEKTPOOOOPYIAOBAHUA . ............
23811001 (57 @100 (07 K<) : 10 (NN
CITUCOK UCTIOJIL30BAHHOMW JINTEPATYPhl U HCTOYHHKOB ............
RE0)70 (07 (55146 (R
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[Ipunoxxenue 5

YcnoBHoe 0003HaYeHNE CPEIbl B 3aBUCHMOCTH
OT MECTa YCTaHOBKH JIEKTPOOOOPYLOBaHHUS

MecTo ycTaHOBKH
3NEKTPOOOOPYIOBAHUS

YcmoBHOE
0003HaYeHnE
cpebl

IIpumepHsbIit
NepeyYeHb MOMELEHUH

YucThie cyxue MOMELICHHs
C HOPMAJILHOW CPEoM:
OTHOCUTEIbHASI BIA)KHOCTh
rnomeneHus He npesbimaer 60%;
TeMIeparypa MOMEIICHUS
He npesbiaeT 30°C

Kontopsl, ki1y0sl, moacoOHsIe
HOMEIICHHMS, OTAIINBAEMBbIC
CKJIQJIBl, MEXaHHIECKHE
MacTepcKue U Jp.

IIpIIBHBIC TTOMETICHHS:
I10 YCJIOBUSAM IIPOU3BOACTBA
B BO31YX€ COACPIKUTCS
TEXHOJIOI'HYCCKas IblJIb

Ilexa mo mpUroToBIEHUIO
IPOOJIEHBIX KOPMOB,
nepeBooOpadaThIBAIOIINE LIEXA,
3€pPHOOYHCTUTEIbHBIE ITYHKTHI
H JIIp.

BraxkxHble HoOMeIIeHns: OTHOCH-
TeNbHAas BIIAXKHOCTH BhIIIe 60%,
HO He npeBsImaet 75%.
ChIpble IOMELICHUS U OTKPBITHII
BO3/IyX: OTHOCHTEJIbHAS
BJIQ)KHOCTB NpeBbImaeT 78%

3aJbl CTOJIOBBIX, OTAIIHBAEMEIC
MOBAJIB M OBOIIEXPAHUITUINA,
JIOWJIBHBIE U MOJIOYHBIE 3aJIbI,
KOPMOKYXHH, BOJJOKauKH,
HEOTAaIJIMBAEMbIE CKJIAJIBI U JIp.

Oco60 ChIpbIC MOMEIICHU
C XUMUYECKH aKTUBHOM CPEIION:
OTHOCHTEIIbHAS BIAYKHOCTh
6mmska k 100%, nourensHoe
MPUCYTCTBHE IIAPOB aMMHAKa
U [Ip. Ta30B B HEB3PHIBOOITACHBIX,
HO pa3beIAlONINX U3OJISIHIO
1 ToKoBeaymme gacta D0

KopoBHHKH, TEIATHUKH,
CBUHAPHUKHU U JIpyTrue
JKUBOTHOBOJTYECKHE
MTOMEIIEHHS IPH OTCYTCTBHH
B HHUX YCTAHOBOK IO CO3JIaHUIO
MHUKpPOKJINMATa
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[Ipunoxenue 6

YacoBas 1 MecsiuHasi 3arpy3ka 3JeKTpooOopyI0BaHuUs

Hucno Komuuectso
Ne U 57eKTPOOGOpYIOBaHHS 4acoB MecsieB paboThl
n/m paboTsl 311. 060pyJOBAHUS
B CYTKH B rogty
1 |Ilkad cumoBoit 24 12
2 |IuT ocBeTUTENBHBIN HA 6 TPYIIIT 24 12
3 |Ilyckatens MarHUTHBIA 110 25 A 6 12
4 | ABroMaTH4ecKuii BhIKIOYATENb 10 50 A 6 12
5 |ITlakeTHbIil nepeKIIOYaTeb 6 12
6 |Bopmonarpesarens BOT-400 12 12
7 | CBapounslii Tpancgopmatop, 300 A 4 12
8 |KonneHn. ycranoska, 50 kBAp 4 12
9 | DnekTpuyeckue mneyu 6 12
10 | Dnexrpokanopudep,40 kBt 6 6
11 | CBeTHIBHHUKH C JTaMIIaMH HaKaJTHBaHUSI 8 12
12 CBETHJIBHHKH C JTFOMUHHUCICHTHBIMH 24 12
JIaMIIaMH
13 | O6nyuarenu 6 12
14 |TIposox AIIB 2,5 Mm%, M 24 12
15 |KaGens ABPT 4x2,5mm%, M 24 12
16 |Kabens AKBPT 4+20x2,5 MM’ M 24 12
17 |IlorpyxHoii 311. AB. 6 12
18 | PerymsaTop TemmepaTyphl 12 12
19 | IndmanoMmeTp 12 12
20 |Perne 91eKTpOMarHuTHOE 12 12

IIpunoxenue 7

KoadduimenTt ce30HHOCTH pabOTHI AIEKTPOOOOPYAOBAHHUS
KonmdecTBo MecsiieB paboThl 1 2 3 4 5 6
9J1. 000pYIOBaHHS B TOTY
KoaddummenT cezorHoCTH 0,08 0,17 0,25 0,33 0,42 0,50
KonmdecTBo MecsiieB paboThl 7 8 9 10 11 12
971. 000pYIOBaHUS B TOAY
Koaddurment cezonHoctu 0,58 0,66 0,75 | 0,83 0,92 1,00
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[Ipunoxxenue §

°1%

PacuerHast TabJIUIIa C KAPTOM ydeTa 31eKTPOOOOPYA0BAHHUS
HaumeHoBanue u O0beM
XapaKTEepUCTHKA 5 < pabor B
O60pyI[0BaHI/I$[ w % § yCJ'IOBHI)IX FOL[OBOB KOJIMYECTBO K03¢)¢)I/IHI/IBHT
= = [S1151351511E:0.€ (l)I/I?;. peMOHTOB Ha KO.TII/I‘ICCTBO yCJ'IOBHLIX
= L = nepeBozia GU3HIECKUX
g ° =3 15} DJIEKTPO- €IMHULYy U3MEPEHUS PEMOHTOB B I0J
5 = = ? PEMOHTOB B YCIIOBHBIE
s 5 s 8 8 obopymo- 10 HOpMaM, WIT.
2 2 é g = BaHUS
S| E|9|g| 80K
E | =2 g | §
= o =
s} g | g
s | & 2 . |to |t [3Cc |kP |TO |TP |3C |KP |TO |TP [3C |KP
5 s | &
g | S
1 2 | 3| 4| 5] 6| 7 f] 9 | 10 | 11 | 12 | 13 | 14 | 15 | 16 | 17 | 18 | 19 | 20
Bpurana 1
CBHHAPHHK-OTKOPMOYHHK Ha 1500 mecT
Ilkad cumoBoit Iir.| 5 24 1] 0 0 [37] 3] 2 [033]200][208] 0 | 0] 370 [31,2] 0 0
[Hur ocserurens- |y | g 241 1| 0 0 4|0 o0o| o012/ 0 0 |lo]| 24 |0 o 0
HBIU Ha 6 rpynn
Iyckares Marant- |y, | 4 6 | 1] 0 0 | 16| 2| 1 |o14|050]029| 0 |037| 32 |232] 0 0
HBIN 10 25 A
ABTOMATHIECKHH | yp | 39 6 | 1] 0 0 |16 | 2| 1 {014/ 05 |042| 0 | 0| 312 |327| 0 0
BBIKJI. 10 50 A
Haxerutii nepe- Lir. | 28 6 | 1] o0 0 5 | 1] 1011|030]031| 0 | 0| 42 |868| 0 0
KJIFO4aTejIb
CremuubHuku, Uir. | 31 8 | 1 |14 |434| 4] 0| 0] 0]052| 0 0o | o |645]| 0] 0 0
JIaMIIbl HAKaJIUBaAHUA
Mposox AIIB2.5 | M. | 2 24| 10| o |4]ofolofl12] 0| 0o 1] 0|o0] 0
Ur.na
Bcero
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[Tpunoxenue 9

Pacuer 3arpar Tpyaa
KonryecTBO yCIIOBHBIX PEMOHTOB | 3aTpaThl TPy/a Ha IPOBEICHHUE BHIOB
HanmMeHoBaHHE U XapaKTEePUCTHKA 000PYI0BAHHS B IO paboT, den.-4.
TO TP 3C KP TO TP 3C KP

1 2 3 4 5 6 7 8 9
CBHHAPHHUK-0TKOPMOYHHK Ha 1500 mecT
[ka¢ cunosoit 370 31,2 0 0 185 149,76 0 0
[yt ocBeTUTENbHBIN Ha 6 TPyl 24 0 0 0 12 0 0 0
ITyckarenb MAarHUTHBIHN 10 25 A 32 2,32 0 0 16 11,1 0 0
ABTOMAaTHYECKUH BBIKI. 10 50 A 312 32,76 0 0 156 157,2 0 0
[TakeTHBIN TEPEKITIOYATEh 42 8,68 0 0 21 41,6 0 0
CBeTUIBHUKY, JIAMITBI HaKaJIuBaHMs 64,48 0 0 0 32,24 0 0 0
CBETHIBHUKH, C JIIOMUHUCIIEHTHLIMH JIAMITAMU 212,48 0 0 0 106,24 0 0 0
Iporox AIIB 2, 5:mmu? 13953,6 0 0 0 6976,8 0 0 0
Ka6ems ABPT" 4x2,5xm2 3963 0 0 0 1981,5 0 0 0
Ka6ens AKBPT 4x20x2 5um? 1944 0 0 0 972 0 0 0
Perynsrop Temnepatypsl 2112 19,2 0 0 105,6 92,16 0 0
Perne anekTpoMarHuTHOe 20592 | 19,44 0 0 102,96 93,3 0 0
...... M T.JL
Bcero




[Tpunoxenue 10

HomxHocTtr pykooaureneid 9TC

JomxHocTs pykoBojurens 9TC

HOpMaTI/IBLI JUIA BBEACHUS TOJIKHOCTU

1. I'maBHBII 5HEpreTHK

1 Ha XO03sIHCTBO, UMEIOLIIEE IEKTPOYCTAHO-
BOK He 6onee yem 1500 YED u motpe6-
nsromee 6osee 1,5 muH. kBT 4 351, sHEprun
Ha ITPOU3BOJICTBECHHBIC TICITH

2. Crapmuii HHXXEHEep-dHEPreTHK Ha
IIpaBax TJIaBHOTO

1 Ha X0351i1cTBO, UMEIOIIEE AIIEKTPOYCTAHO-

Bok ot 1001 mo 1500 YED u motpebisiro-

miee 6onee 1,0 mnH. kBT 4 311. 5Hepruu Ha
MIPOU3BOJCTBEHHBIC [EITH

3. Crapmuii HHXEHep-IHEPTreTHK

1 Ha X03sHCTBO, IMEIOIIEE HNEKTPOYCTAHO-

BoK oT 500 10 1000 YED u notpebsromniee

menee 1,0 miH. kBT 4 311. 3HEprun Ha npo-
W3BOJICTBEHHBIC LIEJIU

4. NnxeHep-aJ1eKTpuK

1 Ha XO3SHCTBO, IMEIOIIEE HEKTPOYCTAHO-

BOK OT 251 10 500 YED u nmotpebistomniee

meree 0,5 miH. KBT 4 371. 3HEprun Ha mpo-
W3BOJCTBEHHBIE LIEJIN

5. Crapmuii TeXHUK-3JIEKTPUK

1 Ha X035HCTBO, UMEIOIIIEE DIEKTPOYCTAHO-

Bok oT 101 10 250 YED u notpebnstomice

MeHee 0,5 miiH. KBT 4 3I1. 9HEpruu Ha npo-
W3BOJICTBEHHBIE LIEJIN

[Tpunoxenue 11

Hopmatusel 11 onpenenenus konuuectsa UTP

Homxuocts UTP

Hopmatussl Ut BBEICHHS JOJDKHOCTH

1. IHxeHep-31eKTpuK

1 gomxuaocTh Ha Kaxasie 1100 YED

2. Crapimuii TeXHUK-2JIEKTPUK

1 mo/mKHOCTE Ha Kaxkaeie 650 YEO
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[Tpunoxenue 12

Pexomenayemas uncnensocts UTP 3TC

TpymoemKocTh NHXeHepHO-TeXHUUECKHE PAOOTHUKH, Yel.
00CITyKHBaHUS B
B YED Bcero eaymue Hnxenepst Texuuku
HHXKEHEPBI

o 750 1 R _ 1
751...1250 1 R 1 }
1251...1750 2 R 1 1
1751...2500 2 1 1 }
2501...3250 3 1 1 1
3251...3500 3 1 2 }
3501... 4500 4 1 2 1
4501...5000 4 2 2 }
5001... 6000 5 2 2 1

[Tpunoxxenune 13

Pexomenayemas popma OTC

Ne O0wem padot B YED ®dopma 00cTy)KUBaHHS
1 menee 300 Kommnekchas

ot 300 mo 800 Crienmanu3upoBaHHAs

cBbiire 800 XossiicTBeHHas
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[punoxenue 14

Ta6n1/1ua YCJIOBHBIX CAUHUILL OIIPCACIICHUA o0BeMa pa60T,
BBIITOJIHACMBIX DJICKTPOMOHTEPAMU B XO035HUCTBAX

HanmenoBanue IIepeBogHOM
IJIEKTPOOOOPYIOBAHUS ko3 urmeHT
2
1. JIunuu snektponepenayn Bo3ayuHeie (Ha 1 km): 1o 1 kB 3,93
cebiue | kB 3,0
2. KaGenbHble muaNN (Ha 1 KM)
o 1 xB 1,29
ceeimre 1 kB 1,9
3. DnekTpocTaHIMy qu3enbHEle (Ha 1 arperar)
menee 100 kBt 10,0
100...300 kBt 20,0
cabiire 300 kBt 30,0
(st arperaTtoB B XOJOXHOM pesepBe Oepercs 0,15 ot
MEepeBOAHOT0 K03 durmenTa)
4. TpanchopmaTopHbie MOACTAHINH (Ha 1 MOICTAHIINIO) 4
OTKPBITHIC 2,2
3aKphITHIE ¢ 1 TpanchopmMaTopoM 2,5
3aKpHITHIE ¢ 2 TpaHcdopMaTopamu 3,5
5. DIEKTPONPHUBOA C ACHHXPOHHBIM 3JIEKTPOABHUTATEIIEM
5.1. B cyxux ¥ BIaKHBIX TOMEIICHUAX
no 1 xBt 0,44
1,1...10 kBt 0,61
10,1...40 kBt 0,72
cebimie 40 kBt 0,92
5.2. B CBIPBIX U IBUTHHBIX TIOMEUICHUSIX
no 1 kBt 0,67
1,1...10 kBt 0,92
10,1...40 kBt 1,13
colie 40 kBt 1,38
5.3. B 0c000 CHIpBIX, C arpECCUBHOM cpenoit
no 1 kBt 0,88
1,1...10 kBt 1,28
10,1...40 kBt 1,55
cBeinie 40 kBt 1,8
5.4. B OTKpPBITBIX YCTAHOBKAX
1o 1 kBt 1,07
1,1...10 kBt 1,52
10,1...40 kBt 1,84
caeire 40 kBt 2,24

[Ipumeuanue. YkazanHsle KodduunenTs! OepyTces, ecnu Aurarens padoraer 6...10 g
B CyTKH, eciii pabotaer meHee 6 4, YED ymuoxaercs na 0,85, ecnn Gonee 10 4 — Ha
ko3 durment 1,2. B YED BkiIIOYeHBI — 3JIEKTPOIIPOBOJIKA, aNNaparypa YIpaBieHHs U

3alIrTHI.
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[Mponomxenune npunoxenus 14

1 2

6. DrekTpoTepMHUYECKHe YCTAaHOBKH (Ha | ycTaHOBKY)
6.1. DnexrpoBonoHarpeBarenu Bogorpeinse: 10 100 kBt 3,22
101...160 kBT 4,12
ceoire 160 kBt 5,562
6.2. DekTpoaHbIe apoBble KOTIBL: 10 160 kBT 5,54
ceoie 160 kBt 6,23
6.3. Dnexrponarpesarenu ¢ TOH: 1o 200 n 1,09
201...400 n 1,66
401...800 i 2,64
cebiure 800 1 3,49
6.4. Dnexrponarpesarenu ObrtoBbIe (6...100 1) 0,98
6.5. Onexrpomnutel «ToMby, «JIbICEBaY, HA TIATY 0,25
6.6. DIEKTPOIUTUTHI CTalMOHApHBIE ap. TUNOB (Ha 1 KBT MomrHOCTH) 0,05
6.7. Dnexrpokanopudeps (Ha 1 ycraHoBKY): 1o 40 kBT 3,16
41...60 kBt 3,38
cBbliie 60 kBt 3,78
6.8. CymmibHble mKkadsl (Ha 1 yCTaHOBKY) 0,53
6.9. DnekTpooborpeBacMble KOBPHUKHU (Ha 1 mIT.) 0,15
6.10. DiekTpooGorpes moos (Ha 100 M2 momer.) 0,73
6.11. DextpooGorpes mouss! (Ha 100 M HApHHKA MM TEILIHLE) 0,8
7. CBapouHble YCTAaHOBKH (Ha | yCTaHOBKY)
reHepaTopsl cBapouHsle 10 300 A 2,88
ceeimre 300 A 3,26
TpaHcpopmaTopsl cBapouHsie 300 A 0,99
ceeimre 300 A 1,24
npeobpazoBarenu cBapodHsie 10 300 A 1,99
cBeimre 300 A 2,41
8. Brinpsimurenu 3apsaHble (Ha 1 yCTaHOBKY)
CO CTabMIHM3aIuel pexxuma 1,8
0e3 cTabHIH3AIN PEKUMA 0,53
9. KonpneHcaropHble Oaraped Uil KOMIICHCAIIMA —PEaKTHBHOM
MOIIHOCTH (Ha 1 yCTaHOBKY) 1,84
10. DnexTpoocBeTUTENbHBIE YCTaHOBKY (Ha 10 CBETMIIBHUKOB)
10.1. B cyxux u BIaKHBIX IOMEIEHUAX

¢ 1...2 nammamu HakaJaMBaHUS 0,65

¢ 3...6 nammaMu HaKaJMBaHUS 0,99

¢ 1...2 TIOMHUHECIIEHTHBIMH JIAMIIAMHA 0,86

¢ 3...6 IIOMUHECIIEHTHBIMH JIAMIIAMHA 1,41
10.2. B cBIpBIX U OBUIIBHBIX TOMELIEHUAX

C JIaMIIaM1 HaKaJUBaHUs 0,91

C JIIOMUHECIIEHTHBIMHU JIaMIIaMHy 1,74

C IyrOBBIMH JIAMIIaMH BBICOKOT'O JIABJICHHUS 1,03
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[Iponomxkenue npunoxenus 14

1 2

10.3. B 0co60 CBIpBIX, ¢ XUMHYECKH aKTUBHOU Cpeoi

C JIaMIIaM{ HaKaJUBaHUS 1,4

C JIIOMHUHECI[EHTHBIMH JIaMIIaMH 2,07

C IyTOBBIMH JIAMITAMH BBICOKOTO JIABIICHHUS 1,61
10.4. HapyxHO€ OCBeleHne

C JIaMIIaM{ HaKaJUBaHUS 1,35

C AYTOBBIMH JIAMITAMU 1,56
IIpumeuanne. B YED BKkIIOueHBl — 3IEKTPONPOBOAKA, ammaparypa yIpaBlICHHS
Y 3aIUTHIL.
11. O6nyqarenu (Ha 10 oOmygaresneit)
HH(PAKPACHOTO H3TYUCHUSI 0,97
yIbTPadhHOIECTOBOTO H3ITyUSHHUS 1,65
KOMOWHHUPOBAHHBIC 2,43
12. 1I{utel aBTOMATHKH, MMeronIue Gosiee 5 pene (KOHTAaKTOPOB) U
6onee 10 TpaH3UCTOPOB (THPUCTOPOB) HA 1 mIUT
peiie, KOHTaKTOPBI 0,04
TPaH3UCTOPBI, THPHCTOPHI 0,01
MHKPOCXEMBI 0,02
AIEKTPOHHBIE JTAMITBI 0,02
MMOTEHIIUOMETPBI, MOCTBI 1,1
Tlpumeuanue. 1l{uTel ynpaBneHus, coaepxammpe 10 5 pene (KOHTAaKTOpoB) U j0 10
TPAH3UCTOPOB (THPUCTOPOB) YYTEHBI B YCIOBHBIX CIMHHIAX JJICKTPONPHEMHHKA, IS
KOTOPOTO OHHM IIPEe/THA3HAYCHBI.
13. Dnexrpousropoau (Ha 1 ycTaHOBKY) 0,5
14. Slumku y4yera 5JeKTpodHeprud (Ha 1 SIuK) 0,3
15. DneKTpOIIPOBOIKH KHJIBIX TOMOB,
Ha | KBapTHPY 0,1
HAa YaCTHBIN IOM 0,15

[Mpumeuanue. B urcno YED BkIroueHbI BBOIHBIC MIUTHI, OOIIEIOMOBAsI U KBAPTUPHAS

DJIEKTPOIIPOBOJAKA

[Ipunoxxenune 15

KoadduimeHTsl nepecuera KoauuecTBa GUINUECKUX TEXHUICCKUX
obciyxuBaanii (TO), Tekymux pemonToB (TP) u kamuTambHBIX
pemonToB (KP) a5ekTpoobopymoBaHus B YCIIOBHBIC PEMOHTHI

HaumenoBanne SJIEKTPOTEXHHUICCKOI'O

KoaddummenT nepecuera

Ne
00opynoBanus s TO s TP s KP
1 2 3 4 5
1 Arperatbl 3apsIHBIE C anmapaTypoit 1,62 1,64 2.08
yIpaBlIeHHS
2 Anmnaparypa curHaibHas, Ha 10 exuHMIL 0,4 - -
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[Mponomxenue npunoxenus 15

1 2 3 4 5
3 ApmaTypa 3JeKTpOOCBeTHTENbHAsL, Ha 10
CBETHJILHUKOB
- ¢ OJHOM JIaMIIO# HaKaJIMBAHHUS 0,52 - -
- C PTYTHBIMH JIAaMIIaMH BBICOKOTO JaBJICHUS 1,04 - -
- C JIOMHUHECLUEHTHBIMH JIaMITaMH, 0 2 MITYK 0,62 - -
- C IIOMHUHECLIEHTHBIMH JIaMITaMH, 10 4 MTyK 0,83 - -
u boiee
4 Brikimrouyarem KOHEUHBIE 0,44 0,27 -
5 Brikirouarenn aBTOMaTHUYECKHE C TOKOM, A
1o 50 0,5 0,42 -
200 0,5 0,42 -
400 0,6 0,62 -
600 0,8 0,83 0,96
6 I'eHepaToOphl IEPEMEHHOTO TOKAa MOIIIHO-
CThIO, KBa
mo 10 2,2 2,38 4,24
15 2,4 2,83 4,24
30 2,8 3,73 5,48
60 3,2 4,25 7,16
100 3,6 5,33 8,88
150 4,0 6,71 9,54
7 I'eHepaTOpbl MHOTOAMIIEPHBIE HU3KOBOJIBT-
HEIE ITOCTOSTHHOT'O TOKA, C TOKOM, A
10 300 3,0 1,46 3,2
500 3.4 2,08 4,0
1000 4,0 2,92 5,2
3a3eMJISIONIE YCTPOUCTBA 0,48 - 4,0
KoTi1b1 311€KTpO/HbIE TAPOBBIE PETYIIUPYe-
MbI€ MOIIHOCTBIO, KBT
1o 160 5,2 4,84 54
250 6,8 6,06 6,4
10 | Kirouwm yHUBEpCaJIbHBIE U MIEPEKITIOYaTEN! C
YHCIIOM CEKITHH:
o0 4 0,08 0,08 -
8 0,10 0,10 -
12 0,16 0,17 -
16 0,20 0,23 0,22
11 | Kuaonku ympasienus (Ha 10 mT.) ¢ ynciom
KHOIIOK:
2 0,04 0,04 -
3 0,06 0,06 -
4 0,10 0,10 -
9 0,20 0,21 -
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[Mponomxenue npunoxenus 15

1 2 3 4 5
12 | KoHTakTsl ¢ TOKOM, A:

1o 160 0,50 0,52 -

400 0,70 0,73 -

630 0,90 0,94 1,12
13 | KonpencaropHsie ycTaHOBKH, KBAp:

1o 80 2,00 2,08 2,40

100 2,80 2,92 3,20

250 4,00 4,17 -

330 4,80 5,00 -

400 5,60 5,83 -

500 7,00 7,29 -
14 | KouTpombHEI Kabers cedenneM 1,5 MM?,

MPOJIOXKEHHBIH B 3emiie, Ha 1000 M, ¢ yuciiom

KA

4..7 2,40 - -

10...19 3,00 - -

27...37 3,60 - -
15 | KontponbpHsIit kabens cedenueM 1,5 MMZ,

MIPOJIOKEHHBII B HEMPOXOIHbBIX KaHaTaX U B

TpyOax, Ha 1000 M, ¢ 4HUCIIOM >KUIT:

4..7 3,60 - -

10...19 4,40 - -

27...37 5,40 - -
16 | KontponbHsIil kabenb ceueHueM 1,5 MM,

MIPOJIOKEHHBIH M0 KUPIUYHBIM ¥ OETOHHBIM

ocuHoBanueM, Ha 1000 M, ¢ YHCIOM KT

4.7 3,00 - 4,00

10...19 3,60 - 4,00

27...37 4,20 - 5,60
17 | Jluaum Bo3xymHble 1o 1000 B Ha mepeBsiH-

HBIX oropax, Ha 1000 M oxgHONMHEITHOTO

TIPOBOJIA CCICHHEM, MM :

1o 35 1,80 1,88 2,40

50 2,40 2,50 3,20

70 3,00 3,13 4,00

95 un Gonee 3,60 3,75 4,80
18 JInanu BozaymHbe 10 1000 B Ha MeTamm-

YECKHX U JKeJIe300€TOHHBIX OIopax, Ha

1000 M OHOIMHEHHOTO TPOBOJIA CEYEHUEM,

MM

o 35 1,20 1,25 1,60

50 1,80 1,88 2,40

70 2,40 2,50 3,20

95 u Gonee 3,00 3,13 4,00
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[Mponomxenue npunoxenus 15

1 2 3 4 5
19 JInaun xaGenpHble 0 10 KB, mpomnoxeHHbIe
B 3emiie, Ha 1000 M TUHUH, CCUCHUEM, MMZ:
1718 35 3,00 - 4,00
4,60 - 6,00
95 u Gonee 5,40 ) 7.20
20 JIuanu kabenpHBIe 10 10 ¥XB, mponoxeHHbIC
M0 KHUPIIUYHBIM U OETOHHBIM OCHOBaHUSIM, Ha
1000 M JIMHUY, CeUeHHeM, MM
1o 35 3,60 - 4,80
70 6,00 - 7,60
95 u 6onee 7,00 - 8,80
21 Jluaun xabenpHbie M0 10 KB, pacmonoxeH-
HBIE B HETPOXOAHBIX KaHalax M TpyOax, Ha
1000 M JIMHUH, CEICHHEM, MM>;
1o 35 4,80 - 6,40
70 7,20 - 9,60
95 u Goiee 9,00 - 11,60
22 MukponepekodaTenn 1 TyMOJIepsl 0,08 _ B
23 MydTEl 2IEKTpOMarHUTHBIE C TIepenaBae-
MBIM MOMEHTOM, K[ 'c-M:
100 0,40 0,42 0,48
160 0,60 0,62 0,64
24 MydTBl 3I€KTpOMAarHUTHBIE AJISI AUCTAHIH-
OHHOT'O YIPaBJICHUS! C MOMEHTOM CILIEIUICHUS,
x['c-m:
1,6...6,3 0,40 0,42 0,48
10,0...25,0 042 | 043 | 056
40...160 0,54 0,56 0,72
25 [NakeTHbIE BBIKIIOYATENH Ha TOK, A:
1o 100 0,30 0,31 -
250 0,40 0,42 -
400 0,60 0,63 -
26 [Ipenoxpanutenn 0,26 0,13 .
27 [IpoBoaKkM B celnbCKUX IOMax, BKIIOUYas 00-
CIIy’)KUBaHKE BBOJHOTO YCTPOMCTBa, Ha 1 10M
(mpucoeHEeHHE) 2,72 - -
28 [Tpubops! 3aEKTPON3MEpUTEIIbHBIC (HA OTUH
npubop):
IIOKa3BIBAIOIIHE 0,30 0,31 0,36
CaMONHITYIIHE 0,66 0,69 0,96
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[Mponomxenue npunoxenus 15

1 2 3 4 5
29 | Ipubops! Auist U3MEPEHHS U PEryIHPOBAHHS
JaBJICHHS M PA3PsOKEHIS:
- MAHOMETPBI, MAHOBAKYYMMETPBbI, BAKYYM-
METpBHI T0Ka3bIBAIOIINE 0,20 0,21 0,28
- MAHOMETPBI, MAHOBAKYYMMETPBbI, BAKYYM-
METPBHI C AIEKTPUUECKOH TUCTAaHIIMOHHOMN 0,20 0,21 0,28
nepenavei
- TSITOMETPBI, HATIOPOMETPBI H TSATOHAIOPO- 0,50 0,52 0,32
METpPbI
- perne naBJIeHHs 0,32 0,33 -
- PETYIATOPBI IaBJICHHS U CUTHAIN3aTOPbI 0,50 0,52 0,29
- BAKYyMMETpPbl HOHU3aLIMOHHO- 0,30 0,31 0,34
TEPMOTIAPHBIC
30 | Ipubopsl Aist U3MEPEHHS K PETyIUPOBAHHS
TEeMITepaTyphl:
- TepMOMAPBI IIATHHO-IIATHHOPOIUEBBIE, - - 0,26
XPOMEJIbKOIIEIICBBIC i XPOMEITh-
aTFOMUHHCBBIC
- TEPMOMETPbI MAHOMETPHUUECKUE TTOKA3bI- 0,24 0,25 0,24
BaIOIIME PTYTHBIC, Ta30BBIC U KUIKOCTHBIC
- TEpPMOMETPHI MAHOMETPHUCCKHE CAMOTIH-
LIyIIUE PTYTHBIC, FA30BbIC M XKHUIKOCTHBIC 0,60 0,63 0,43
- TEPMOMETPHI MAHOMETPHUIECKHE TOKA3bI-
BaIoII[ie THEBMATHYECKIUE, Ta30BbIC U JKHI-
KOCTHBIE 0,40 0,42 0,38
- TEPMOMETPHI MAHOMETPUIECKHE OECIIKaTb-
HbIC, THEBMATHYECKHE, Ta30BbIC U KUIKOCT-
HBIE 0,30 0,31 0,34
- MUPOMETPHI U3TYUCHUS
0,60 0,63 0,44
31 | I[Npubopsl AN U3MEPEHHS U PETYIUPOBAHHUS
pacxoa u KOJIH4YeCTBa:
- CYCTYHKHU ra30BbIC POTALMOHHBIC 0,50 0,52 0,40
- BOJIOMEPBI 0,30 0,31 0,32
32 | TlyckaTenu MarHWTHbIE JUTS DJIEKTPO/BHUTa-
TeJel MOITHOCTRIO, KBT:
1o 17 0,40 0,25 -
30 0,50 0,29 0,37
40 0,60 0,33 0,47
55 0,60 0,62 0,80
75 0,80 0.83 0,96
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33 | PerymsaTopbl aBTOMaTHYECKUE TIPSIMOTO JIEHi-

CTBUSL:

- perynaropsl Temneparypst PI1J] 0,40 0,42 0,32

-peryJITOpHI JaBICHHS THAMETPOM, MM:

1o 50 0,36 0,38 0,36

100...150 0,50 0,52 0,48

200...300 0,60 0,63 0,60

- PeryJITOPHI IaBJICHHUS ra3a AUaMETPOM,

MM: 10 50 0,40 0,42 0,64

70...100 0,60 0,63 0,96

- PErynATopsl AaBJICHHs Ma3yTa 0,24 0,25 0,16

- PEryJsTOPHI yPOBHS BOABI B OaKkax 0,50 0,52 0,64

- PEryIJISITOPBI IUTAHUS TS TOCPIKAHHUSI

YPOBHsI BOJIbI B 6aKax 1,2 1,25 1,60
34 | PerynsaTopbl dIEKTpUYCCKHE:

- pene Temmneparypuoe tuna TP-200 0,20 0,21 -

- TEPMOPETYIISITOPBI TUCTAHIIMOHHbIC 0,20 0,21 0,20

- PErYISTOPBI TSl PEryINPOBaHUS TT0Ja491

TOTUTHBA, BO3/TyXa 0,60 0,63 0,64

- PEryJIsATOPHI TEMIEPaTypH 0,80 0,80 0,76
35 | DnexTpOHHBIE PEryIUPYIOIINe YCTPOHCTBA 0,80 0,83 1,12
36 | DnexTpoHHBIE cleAsne TPHOOPEI 0,60 0,63 0,60
37 | Crnepsimine MexaHU3MBbI, pabOTAIOIIIE B KOM-

IUIEKTE C PEryIsTOPOM 0,90 0,94 0,68
38 | Pene u garamkm:

- perie JaBJICHUS] CUTHAIBHOE 0,60 0,63 -

- pene naBneHus nudpepeHInaTEHOE 1,8 1,88 -

- perie MOTOKa ra3a M KHUIKOCTH 0,60 0,63 -

- peJie UMITYJIbCHOM CUTHAJIM3AIMU 1,6 1,67 -
39 | DnekTpo3ananbHUK 0,40 0,42 -
40 | JaTumk pene TemIepaTtyp 0,40 0,42 -
41 | JaTtumk pene naBIeHUS 0,80 0,83 -
42 | JlaTyuk perne Hamopa u TATH 0,80 0,83 -
43 | Pene ynpaBicHUS U 3aIIUTHL:

- IPOMEKYTOUHOE pere 0,20 0,21 -

- pene IEeKTPOMAarHUTHbIE, HAIPSKEHUS U 0,26 0,27 -

TOKa

- pernie BpeMEeHH dIIEKTPOMEXaHHIECKHE 0,30 0,31 -

- pernie KOHTPOJIS CKOPOCTH 0,30 0,31 0,36

- perne BpeMeHH IIPOTrpaMMHOE 2,00 2,08 2,40

- perne mporpaMMHEIe 0,30 0,31 -

- pene TOPMOKEHHS 0,40 0,41 -

- oToperne 0,30 0,31 -
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44 | Peocratsl ¢ TOKOM, A:

10 40 1,20 1,25 1,44

100 1,60 1,67 1,76

200 2,00 2,08 2,40
45 | PyOWIBHUKY C IICHTPANbHOU PYKOSATKOM,

Tpex(asHble, HA TOK, A:

10 400 0,16 0,17 -

600 0,18 0,19 0,20

800 0,20 0,21 0,24

1000 0,28 0,29 0,32

1500 0,40 0,42 0,48
46 | PacmpenenurtenbHBIC YCTPOWCTBA ITOJICTaH-

nmii (6e3 yduera pabot Ha 00CTy)KHBaHHE U

PEMOHT CHIIOBOTO TpaHchopmaropa) Asst

Tpanchopmaropos 1o 10 kBA:

- BHYTPEHHEH YCTaHOBKU MOIIHOCTBIO,

kBA:

10 250

630 6,00 8,34 8,80

1000 6,00 10,40 12,00

- HAPY)KHO# YCTAaHOBKH MOIIHOCTBIO, KBA: 11,00 18,80 16,00

1o 250-400

630-1000 9,00 11,45 11,20

11,00 25,00 24,00

47 | Cunossle TpanchopMaTopsl, TpexdasHble

JIBYX0OMOTOUHbIE, MacisHbie 10 20 kB,

MOITHOCTBIO, KBA:

1o 63 4,00 521 10,40

100 4,00 6,26 12,00

160 5,00 7,10 13,00

250 6,00 8,30 15.20

400 7,00 9,27 17,60

630 8,00 10,40 20,00

1000 9,00 12,30 24.00
48 | CeapouHblie TpaHC(HOPMATOPHI MOIITHOCTHIO

1o kBT:10 0,40 1,25 1,60

24 0,60 1,85 2,40

34 0,80 2,50 3,20
49 | CeapouHbIe IPeoOpa3oOBATENH C ammapary-

poii ynpaBieHHs Ha HOMUHAJIbHBIN CBa-

pouHbIit TOK, A: 120 4,80 5,00 5,60

300 5,60 5,83 6,40

500 8,00 8,34 9,61

1000 12,00 12,50 14,40
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50 | TpanchopmaTOps! it MECTHOTO OCBELIe-
HHS, BBIPSIMUTEIICH, 1ICTCil yIpaBIeHus 1
Tp., MOLTHOCTHIO BT:
1o 250 0,30 0,31 0,40
630 0,34 0,35 0,48
1000 0,50 0,52 0,64
1600 0,60 0,63 0,80
2500 1,00 1,04 1,20
51 | TpanchopmaTOpsl TOKA OTHOIIPEIEIBHBIE 0,32 0,33 0,40
kmacca 0,2
52 | TpanchopmaTOpsl TOKA C HECKOIBKUMUA
npeenaMu u3mepeHuil kiacca 0,2 0,54 0,56 0,64
53 | TpauchopmaTopsl HAIPSHKEHHUS OJHOTIPE-
nenpHbie kinacca 0,2 0,40 0,42 0,48
54 | TpancdopmMaTopbl HAPSKEHHUS C HECKOJIb-
KAMH TIpejiesiaMu H3MepeHuii kiaacca 0,2 0,60 0,63 0,72
55 | VcTpolicTBO IIs 3JIeKTpooOOorpeBa MojioB B
JKUBOTHOBOIYECKUX, IIOMCILICHUH, TapHU-
Kax ¥ Temmuax Ha 50 M miomam o6or-
peBaemMoro moJa (6e3 anmaparypsl yupas- 0,9 - -
JICHUS])
56 | YcTaHOBKH 3IIEKTpOKaIopudepHbIC MOIII-
HOCTBIO, KBT:
1o 25 1,03 1,06 1,60
40 1,52 1,35 1,80
60 1,52 1,68 2,00
100 1,94 2,14 2,70
57 | 1LuTKH OCBETUTENBHBIE pACTIPEACITUTENb-
HBIE C YHCIIOM aBTOMATHYECKHX BBIKIIFOYa-
TEJIEH, IIT.:
10 2-3 0,70 - -
4 1,00 - -
8 1,20 - -
16 1,60 - -
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58 | Cers amekrpocuinoBas va 100 M ogHOTO
MPOBOJIA, TIPOJIOKEHHOTO:
- B Tpy06ax [pH CCUCHUH IIPOBOJA, MM:
710 6 0,40 - -
15 0,50 - -
35 0,70 - -
70 0,84 - -
6onee 70 1,00 - -
- 110 KUPIIUYHBIM ¥ OETOHHBIM OCHOBaHUEM
TIPH CCYCHHHU POBOJA, MM2:
1o 6 1,00 - -
15 1,60 - -
35 2,00 - -
70 2,40 - -
6outee 70 3,00 - -
59 | Certs ocBeTHTEIBbHAS U3 KabeIs, IPOBO/IA,
HIHYpa, TPOJI0KEHHOTO 110 KUPIIUYHBIM H
OeTOHHBIM OCHOBaHUAM Ha 100 M mpoBoa
C KOJIMYECTBOM H CEUCHHEM XKHUI, MM
2x1,5-4 1,20 - -
3x1,5-4 1,20 - -
60 | To e npH CKpHITOH MPOBOAKE C KOJINIECT-
BOM M CCYCHHEM JKHIT, MM
2x1,5-4 0,50 - -
3x1,5-4 1,20 - -
61 | Cerp 3a3emieHHUs (3a3eMIITIOIINE MAarHCT- 3,00 - -
pamn) Ha 100 M
62 | CraObunm3aTopsl HAPSHKEHUS! MOIITHOCTEIO,
Bt:
160 0,50 0,52 0,64
280 0,60 0,63 0,88
500 0,80 0,83 1,28
900 1,40 1,46 1,60
63 | CYeTYuKH MEKTPUIECKONW SHEPTHH, OTHO- 0,20 0,21 0,22
(hazHbIe
64 | Cuerumku Tpex¢asHbIe Ul yaeTa aKTHB-
HOU M peakTUBHOM 3Hepruu ( He BXOJIIHe
B KOMILJIEKT MOACTAHINI, COOPOK U T.11.):
-JIJ1s1 TPEXIIPOBOIHON CHCTEMBI
- JIJISl YETHIPEXTIPOBOTHON CUCTEMBI 0,26 0,27 0,27
0,28 0,29 0,30
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65 | llxadsl cunoBkle, pacnpeaenuTeIbHbIe

IIYHKTBI, CHJIOBBIE COOPKH C KOJTMYECTBOM

YCTaHOBOYHBIX TpeX(a3HbIX aBTOMaTHYC-

CKHX BBIKJIIOYaTesel (rpymi), mr.: 1o 2-3

4 1,20 1,25 -

6 1,60 1,67 -

8 2,00 2,08 -

10 2,80 2,92 -

3,20 3,33 -

66 | IlIxads! cymminbHBIE MOITHOCTBIO, KBT:

2 0,60 0,62 0,80

5 1,00 1,04 1,20

10 1,40 1,45 1,60
67 | LlremncenbHbIE pO3ETKH 0,20 0,21 -
68 | DmexTpoaBUraTeny aCHHXPOHHBIE C KOPOT-

KO3aMKHYTBIM poTopoM 1500 06/muH,

MOIIHOCTEIO, KBT: 10 1,0 0,80 0,81 0,78

1,1-3,0 0,80 0,90 0,80

3,1-5,5 1,00 1,00 1,00

5,6-10,0 1,20 1,14 1,43

10,1-22,0 1,40 1,25 2,29

22,1-40,0 1,40 1,55 3,75

40,1-55,0 2,40 2,50 4,40

55,1-75,0 3,0 3,11 5,51

75,1-100,0 3,60 3,75 6,78

100,1-125 4,40 4,58 8,80

126,0-160 5,40 5,62 10,40

160-200 6,0 6,25 11,20

201-250 6,60 6,88 12,40

251-320 7,20 7,50 14,00

321-400 8,00 8,34 15,60
69 | DyeKTPOMArHUTHBI TSHYIIUE U TOJKAIOIINE 0,60 0,63 0,64
70 | DneKTPOMAarHUTHI TPy30MOAbEMHEIE, TC:

6 8,40 8,75 9,6

16 10,0 10,42 15,20

20 15,0 15,62 20,0
71 | DaeKkTpoMarHUTHl TOPMO3HbIE IEPEMEHHOTO

TOKa C TArOBbIM YCUIIUEM, KI'C:

35 0,80 0,83 0,96

70 1,2 1,25 1,36

115 1,6 1,67 2,00

140 2,20 2,29 2,40

60




OxoHyaHue npuaoxenus 15

1 2 3 4 5

72 | DaekTporeyy CONPOTHBICHHUs (KaMEpHbIC)
MOIIHOCTEIO, KBT:

Jo 15 1,4 1,46 1,60
30 2,00 2,08 2,40
45 2,80 2,92 3,20
60 3,40 3,55 4,00
75 4,00 4,18 4,80
90 4,80 5,00 5,60
100 5,60 5,83 6,40
110 6,40 6,67 7,20

73 | DieKTPOBOAOHATPEBATEIN — EMKOCTHBIC
00BEMOM, JIUTPOB:

J0 60 0,60 0,57 0,78
100 0,64 0,66 0,82
200 0,70 1,33 0,91
400 0,82 1,64 1,00
600 1,00 2,18 1,29
800 1,14 2,60 1,47
1600 1,60 3,90 2,07

74 | DJeKkTpoBOJOHATPEBATEIH — MPOTOYHBIC
MPOM3BOIUTENHHOCTBIO JINTPOB B Yac:

10 350 0,80 0,75 1,03
600 1,34 1,56 1,73
75 | DaekTpoBOJOHArpeBaTEIH — ANEKTPOIHBIE,
MOIIHOCTEIO, KBT: 110 25 2,75 1,58 3,50
60 2,80 2,00 3,62
100 3,00 2,25 3,88
175 3,40 3,23 4,39
200 4,26 4,04 5,51
76 | DIeKTpOBYJIKAHU3ATOPHI C anmapaTypoi 1,02 1,02 1,32
yIpaBJIeHHs
77 | Dnekrpuyeckre aBTOKIIABHI C allapaTypoit 2,28 2,29 2,95
YIIpaBICHHs

78 | DJEeKTpOCTaHIMHU, UCTIOB3YEMbIC B KAUeCT-
BE aBAPUIHOTO PE3epBa U MEPEIBHKHEIE,

MOIIHOCTEIO, KBT: 10 100 14,95 16,43 19,35

300 29,90 32,66 38,70

500 44,85 49,29 58,05
[Ipumeudanue.

1. BBogsITCS Clleyromne MOonpaBoyHbie KOG (OUIHESHTSI:

- IJIs CBETHJIBHUKOB, PACIIONIOKEHHBIX BbIIe 4 M, — 12;

- IUIs anmaparypsl BO B3pbIBOOE30MaCHOM HCTIONTHEHHH — 1,6;
- UL pyOMITBHUKOB ¢ OOKOBOI PyKOSITKO# — 1,2;

- IS peBEPCUBHBIX MAarHUTHBIX MmyckaTenei — 1,8;
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- Ul [IBYXIOJIIOCHBIX PYOMJIBHHKOB, BKJIIOYaTeNed aBTOMATHUECKMX U IIycKaTresei
MarauTHeIX — 0,75;

- UL OCBETHUTENHHBIX IIUTKOB ¢ MPOOOYHBIMH TIpenoxpanutenssmu — 0,75;

- IUTSL CeTeH, MPOJIOKEHHBIX TI0 IepEeBIHHBIM ocHOBaHMIM — 0,75;

- IUTSL ceTeil 1 kaOeNbHBIX JIMHUIA, POJI0KEHHBIX Ha BhICOTE Ooee 2,5 M —1,1;

- U1 KOHTPOJIbHBIX Kabeneil ceueHuneM 2.5 MM — 1,2; a ceuenmem 4,0 mm? — 1,4;

- ULl SNIEKTPOJIBUTaTeNell IPH YacTOTe BpaIllleHusI, 00/MHH:

3000 -0,8; 1000 - 1,1; 750 — 1,2; 600 — 1,4; 500 u nuxe —1,5;

- A7 3MeKTPOABUTATENEH ¢ (pasHBIM POTOPOM, B3PHIBO3ALIMIICHHBIX, KPAHOBBIX, I1O-
TPYKHBIX 1 MHOTOCKOPOCTHBIX — 1,3.

2. KoadduimenTsl nepeBoja yIUTHIBAIOT CTaBOYHBIE paboThl B pesepse 10 10% u
npoune — 110 10%.
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[Tpunoxenue 16
@DparMeHT KBapTalIbHOTO IpaduKa TEXHUUECKOTO 00CTYKHBaHUsI

3arparsl BBITIOJIHAEMBIE PABOTHI
O6bexT, Tonosoe = o STHBAPb
31eKTPO0GOpyIOBaHHE K"T”(')B" na TO, 1 HEJEJIS 2 HEJIEJIS 3 HEJIEJIS
wen-a. | 1 | 2| 3| 4|5 6| 7| 8 9 10 | 11] 12| 13| 14| 15| 16| 17| 18| 19| 20| 21
1 2 3 4 | 5| 6| 7 |8| 9|10| 11| 12 | 13| 14| 15| 16| 17| 18 | 19| 20| 21| 22| 23| 24
Kopmornex Ha 400 ronos KPC
lxa¢ cuaoBoit 57 205 36| B| B 3,6 B| B 3,6 B| B
IIut ocBeTHTETHHBII 4 2,4 06| B| B B B| B
Ha 6 rpynn
IlyckaTenb MarHUTHBII 24 162 B| B B| B 6,7 B| B
1025 A
DreKTpUUecKUe medu 24 16,8 B| B B| B 0,7 B| B
Bononarpesareins 34 139 B| B 4 B| B B| B| 4
BOT-400
u 1p.
BCEI'O
BBITTOJIHAEMBIE PABOThBI
SIHBAPbH | DEBPAJIb
4 HEJIEJISL 5 HEJIEJISL 1 HEJEJIA 2 HEJIEJIA 3 HEAEJIA
22| 23| 24| 25| 26 27|28/ 29| 30|31 1| 2| 3| 4| 5| 6] 7| 8| 9| 10| 11| 12| 13| 14| 15| 16| 17] 18] 19| 20| 21
25| 26| 27| 28| 29| 30| 31| 32| 33| 34| 35| 36| 37| 38| 39| 40| 41| 42| 43| 44| 45| 46| 47| 48| 49| 50| 51| 52| 53| 54| 55
3,6 B| B 3,6 B| B 3,6 B B 3,6 B| B 3,6
B| B B| B B| B B| B
B| B 6,7 B| B B B 6,7 B| B
B| B 0,7 B| B B B 0,7 B| B
B| B 4 B| B 4 B B B| B 4
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BBITIOJIHAEMBIE PABOTBI
DEBPAJIb [ MAPT

4 HEOEJISL 1 HEAEJIA 2 HEJAEJIS 3 HEAEJIA
2212324125126 (27|128| 1|2 |3|4|5]|6|7|8]9(10[11(12]|13|14(15]|16|17|18|19(20|21|22|23|24
56 |57|58[59|60|61|62|63|64|65|66|67|68|69|70|71|72|73|74| 75|76 |77|78|79|80|81|82|83|84|85|86
B | B 3,6 B | B |36 B| B |36 B | B |36 B| B [36
B | B B | B B | B B | B B | B
B | B 6,7| B | B B | B 6,7| B | B B | B
B | B 07| B | B B | B 07| B | B B | B
B | B 4 | B | B B|B| 4 B | B 4| B | B
BBITTOJIHAEMBIE PABOTBI

MAPT
4 HEOEJIAI

25126(27|128| 29 | 30 | 31
87(88(89|90| 91 | 92 | 93

B B 3,6

B B

B B 6,7

B B 15

B B 0,7

B B 4




[Ipunoxenue 17
I'omoBoii rpaduk TEKyIIUX PEMOHTOB
(mpumep odopmieHuUs rpadUIecKoi YacTu MPOSKTA)
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[Ipunoxenue 18

O6bem padot o TO u TP anexkrpoobopyaoBanus

DneKTpuyecKue
MAaIIHHbI

CoctaB paboT 10 TEXHHYECKOMY 00CITyKHBAaHUIO
U TEKYIIEMY PEMOHTY

1

2

ACHHXpOHHBIE
JNEKTPOIBUTATENN
€ KOPOTKO3aMKHY-
TBIM U (ha3HBIM
poTopoM

TexHuueckoe 00cTy:KHBaHHE

O4YUCTUTH KOPITYC JIEKTPOJBUraTeNs OT MBbLIM U IPA3H, IIPO-
BEPUTH HCIPABHOCTh 3a3¢MJICHHS, MOITSHYTh OOJTHI Kperuie-
HUS JBHTaTeNs K QyHAaMEHTy Win pabodyell MallnHe, IpoBe-
PUTH CTEIIeHb HarpeBa M ypoOBEHb BHOpaIlMM KOpITyca, IpoBe-
PHUTH COOCHOCTH JBHTaTeNs ¢ pabodyell MalnHOH, Hale)KHOCTh
KpEIUICHUs] MIKKMBA WM 3BE3J0YKH Ha Bally JBHUIATels, IPOBe-
PUTh HAJEXKHOCTb KOHTAaKTHBIX COCIMHEHHH, yOeAWThCS B
OTCYTCTBUM HEHOPMAJbHBIX IIYMOB IpH paboTe ABHUTaTens,
IIPOBEPUTH COCTOSIHUE KOHTAKTHBIX KOJIELl U LIETOYHOIO MeXa-
HU3Ma y JBUrartelsiel ¢ GpasHbIM POTOPOM, H3MEPHUTH CONPOTHB-
JIeHUe N30 0OMOTKH. [Ipu BBIBICHUH MENKHX e(eKTOB
HEOOXOIMMO MX YCTPaHUTb.

Tekymmii peMOHT

OYHCTHTH KOPIYC 3IEKTPOJBHUIATENS OT MBIIM U TPSI3H, OThE-
JIUHUTH JBUTATeNlb OT IHTAIOMINX TPOBOIOB U 3a3EMIICHUSL.
VY nBurareneil ¢ ¢asHBIM POTOPOM OTHEAWHHTH MPOBOAA OT
IIyCKOBOTrO peocraTa. CHATH JBUTaTelb C MECTa YCTaHOBKU U
pazobpartsb ero. [IpouncTuTe 0OMOTKH, U3MEPUTH CONIPOTHUBIIE-
HHUE H30JLIIUH, NPU HEOOXOIUMOCTH IPOCYLINTH OOMOTKH.
IIpoBepuTh COCTOSIHHE KOHTAKTHBIX KOJEL, MPU HEOOX0IUMO-
CTH MPOTOYNTH U oTnuTH(OBaTh NX. OTPETyINpPOBaTh MIETOU-
HBII MEXaHU3M, IIPU HEOOXOIMMOCTH 3aMEHHTD IIETKH.
[TpOMBIT TOJIINITHUKY, TPOBEPUTh MX TEXHHIECKOE COCTOS-
HUE W IPH HeOOXOAMMOCTH 3aMeHHTh. OTpPEeMOHTHPOBATh MM
3aMEHHUTh IOBPEXJEHHbIE BBIBOJHBIE NPOBOJA OOMOTKH U
KJIEMMHYIO TaHeNlb KOpOOKH BEIBOJIOB. CoOpaTth 3JIEKTPOJIBH-
raresb, CMa3aTh HNOJIIMIHUKY, UCIIBITATh IBUraTeNlb Ha XOJO-
cToM xony. IIpy HE0OOXOJMMOCTH OKPAaCHTh JBHIaTelNb. YCTa-
HOBHUTH JIBHIaTelb Ha pabodee MECTO, OTPEryJlIUpoBaTh €ro
LEHTPOBKY ¢ paboueil MamMHON W MCOBITATh €T0 O Harpy3-
KOH.

[TorpyxHsie
JNIEKTPOBUTATEIN

Texnnveckoe o0cay:;KUBaHHE

M3MepuTh CONPOTHBICHHE M30JISIIIMM OOMOTKH CTAaTOpa OTHO-
CHUTENIbHO 3a3€MJIEHHBIX YacTel 3JIEKTPOHACOCHON YCTAHOBKH.
I/I3mep1/m> TOK JJICKTPOABUIATEIIA aMIIEPMETPOM HIIM TOKOHU3-
MEPUTEJIbHBIMU KJICIIaMM.

Y6emutscs B OTCYTCTBHH MHOBBIIICHHOH BHOpalMM M TOCTO-
POHHHX 3BYKOB IIpH paboTe 3IIeKTpoHacoca.
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2

Texkymmii peMOHT

OYHUCTHTH KOPITYC, pa3o0paTh 3JIEKTPOJBHUTaTENb; OYUCTUTD U
poeeKTOBaTh IETAM U y3JIbI, ONPEIeIuTh PaboToCIoco0-
HOCTh M30JIIIIMM OOMOTKH CTaTropa; IpH HeoOXOIUMOCTH 3a-
MEHUTh BBIBOJHBIC IIPOBOJA; 3aMECHUTH MOBPEXKICHHYIO H30-
JSIIUIO MECT COeIUHEHUI 0OMOTKH; 3aMEHHTh MOBPEXKICHHbIE
WM ocnableHHble Ma30BblE KIUHBS; YCTAHOBUTH WMJIM 3aMe-
HUTH JaTYUK KOHTPOJISI TEXHUYECKOTO COCTOSHHS.
ITpouutndoBaTh M OTHONMPOBATH BTYJIKH IOAIIMITHUKOB Ha
poTOpE; 3aMEHUTH BTYJIKU MOJIIUIHUKOB B IOANIMITHUKOBBIX
IIATAX; IPH HEOOXOIUMOCTH NMPONUTH(OBATh U OTHOIMPOBATH
pabovyro TOBEPXHOCTH MSTHL.

Cobpartpb anexrpoasurarens. [IpoBecTH MOCIEpPEMOHTHBIE HC-
TIBITAHHS.

OKpacuTh 3IEKTPOIBUIATEIb.

ABTOMaTHYECKHE
BBIKJIFOUATEIH,
MarHUTHBIC MTyCKa-
TEeNU, KOHTAKTOPHI,
pyOMIBHUKH, YHH-
BepcalbHBIE TIepe-
KJIIOYaTeIH, MaKeT-
HBIE BBIKJTIOYATEIH,
MPEIOXPaHUTEIH

TexHuueckoe 00c1yKUBaHHE

CHATh HamnpsDKEHHE C OOCITY)KMBAaeMOro ammapaTa, O4HCTHUTH
€ro OT IIBUTH, TIPOBEPHUTH HAIEKHOCTH KPEIUICHHs, CBOOOTHBIN
XOJI TIOJIBIDKHBIX YacTeH, MPOBEPUTH CTEIICHb 3aTSHKKU BUHTO-
BBIX NPHCOCAWHEHUH M MOATSIHYTH OCITA0JIECHHBIE, OCMOTPEThH
ammapar U yOeOWTBhCS B OTCYTCTBHHU IIOBPEXICHHH B HEM,
CHATH AYrOTacUTEIbHBIE KaMephl, OCMOTPETh KOHTAKTHI, IIPO-
BEPUTH IUIOTHOCTh UX MPHUIIETAHUsSI, COCTOSIHUE TPYKHH, OJHO-
BPEMEHHOCTh BKJIIOUCHUSI, IPH HEOOXOIMMOCTH OTPETyJINpO-
BaTb OJTHOBPEMEHHOCTH BKJIFOUSHUS] KOHTAKTOB ¥ OYHUCTUTBH UX
OT Harapa, yOemuTbCsi B OTCYTCTBHH IIPH3HAKOB IIeperpena
KOHTAaKTOB BHHTOBBIX COEIUHEHMH U IpeJoXpaHUTeNeH.
B mmrax ympaBieHHs NPOBEPHUTH HCIPABHOCTH CHTHAIBHBIX
JaMI ¥ WX apMaTyphl, 3alAPAIOIINX MPUCIOCOOIeHHH U yII-
notHeHu#t nBepeil. [locie BBIMOMHEHUS 3THX Pa0bOT MOAATh
HanpsDKEHHUE W IPOBEPHUTH JEHCTBHE almapaTypsl.

Texkyuuii peMoOHT

JleMoHTUpOBATh anmapar, IPOBEPUTh U MOITSIHYTh BCE Kpell-
JIeHWs, YaCTUYHO pa30o0paTh ammapat ¥ OYHCTHTh OT NBUIH U
3arpsA3HEHUH, 3aUUCTUTh KOHTAaKThl OT OILIABICHUI M Harapa,
3aMEHHUTh HEWCIIPABHBIE JETaNH, 3a9HUCTHTh U OKpPAacUTh 000-
JI0YKy, coOpaTh ammapaT, OTPEeryInpoBaTh €ro Y3Mbl. Terro-
BBIE peJie MOoCIe PEMOHTa HAacTpOWTH. IIpoBepuTh ammapar B
coOpaHHOM BHJE Ha PabOTOCHOCOOHOCTB, YCTAHOBHUTH HA CBOE
MECTO U onpoboBaTh B paboTe.
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CuioBkle
3JIEKTPOTIPOBOJIKU

TexHuueckoe 00cTy:KHBaHHE

O4YUCTUTH BIEKTPOIPOBOAKY OT IbUIM MU Ipsa3u. IIposeputs
COCTOSIHUE KPEIUICHHs 3JIEKTPOINPOBOJAKU, YCTPAaHUTh IIPU He-
00XOJUMOCTH IIPOBECH], NPOBEPHTh HPOYHOCTH KPETUICHHS
MECT MEXAaHHUYECKOU 3alUThl IPOBOJKHU, IIPOBEPUTH COOTBET-
CTBHE IUIOMIAAU IIONEPEYHOrO CEYEHHs MPOBOIKH (haKTHUE-
CKOM TOKOBOM Harpyske, COCTOsSHUE MapKUpoBKH. [IpoBeputs
COCTOSIHUE 3a3eMJICHHs METAJUIMUECKUX 3alIUTHBIX KOHCTPYK-
LIUH.

Texymuii peMOHT

BEIONHUTE OmMepany TEXHHYECKOTO OOCITY)KMBAaHHS. 3aMe-
HUTH OTJENIbHBIE Ae(EKTHBIE YJacTKH IIPOBOIKH, MY(THI, BO-
poHkH U T.1I. IIpoBepUTH COIpPOTUBIEHHE H3OJIALMU METOM-
METPOM, OKPACUTh KPOHIITEHHBI U APYTHE KPETIEKHBIE METAl-
JIOKOHCTPYKIHUH.

OcBeTHTENBHBIC
3JIEKTPOTIPOBOIKU

TexHu4yeckoe 00cTy;KUBAHHE

O4YHCTHTH 3JCKTPONPOBOJKY OT TBUTH M TpsA3u. [IpoBepuTh
COCTOSIHUE KPEIUICHUS TPOBOJKHU, 3aKPEHMHUTh MPU HEOOXOMIH-
MOCTH OTJENBHBIC YU4acTKH. [IpOBEpHUTh COCTOSHHE BBIKIIOYA-
Teneld W PO3ETOK, OCBETUTEIBHBIX KOPOOOK, 3aMCUCHHBIC JIe-
(dexTsl yeTpaHuTh. [IpoBepUTh COCTOSIHHE COCIMHEHHUS MPOBO-
JIOB B OTBETBUTEJIBHBIX KOpOOKax. MecTa MpOBOJIKHU C TOBpe-
KJICHHOHM M30JHEH YCHITUTD HAIOKEHHEM HECKOJBKHUX CIIOCB
n30JIeHTHL. [IpoBepHUTh cOCTOSHIE 3a3eMIICHHIS METAUINIECKUX
3alIUTHBIX KOHCTPYKITHA.

Texyumuii peMOHT

BBIMONHUTE OTEpaIii TEXHUIECKOTO OOCITyXHBaHHUs. 3aMe-
HUTh OT/CTbHBbIC JCPEKTHBIC YYaCTKH SJICKTPONPOBOJIKU, HE-
WCTIpaBHbIC BBHIKIIOYATENN U PO3ETKH. [IpoBEepHUTH COMPOTHB-
JICHHE M30JIIIIIH METAOMMETPOM.

CuioBsre cO0pKn

Texnnveckoe o0cay:;KUBaHHE

OYHUCTUTH CHIIOBYIO COOpPKY OT HbUIM M Tpsa3u. IIpoBeputs u
IIpY HE0OXOMMOCTH TOATSIHYTh KOHTAKTHI B MECTAaX COCAMHE-
HUS IOIMH MEXAy co0O0if, a Takke B MecTax IPHCOSANHEHHS
kabeneil u mpoBoAoB. IIpoBEpUTH COCTOSHHE KOHTAaKTOB PY-
OMJILHUKOB, TPENOXpaHHUTENeH, KOHTAaKTOpPOB U T. 1. [Ipose-
PHUTBH COOTBETCTBHE TOKOB IIABKUX BCTABOK PACYETHBIM TOKAM.
[TpoBepuTh cocTosTHME 3a3eMIIEHHS KOpITyca COOPKH.
Tekyumii peMOHT. BEIOTHUTE OTiepaliy TEXHIYECKOTO 00CITy-
KUBaHUA. 3aMEHUTH OTACIBHEIE JIe()EKTHBIE IIMHEI, PYOIIbHUKY,
KOHTAKTOPBI | T. 1. [IpOBEpUTH COCTOSIHHE H30JSALMH TOKOBEIY-
IMX YacTel, 3aMEHUTh Je()EKTHbIC M30IATOPBI Wik maHenu. Ot-
PEMOHTHPOBAaTh 3alHUPAIOIINE YCTPOICTBA U KOPIYC COOpKH.
BEINOMHUTL OKpacovHbIe PabOThI, BOCCTAHOBHUTH HPEAYIPEIH-
TeJIbHBIC HA/IIVCH Ha COOpKaXx.
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OcCBeTHTEIIbHBIC
LUTKA

TexHuueckoe 00cTy:KHBaHHE

O4uCTUTh IIMTOK OT NbUIM U IpsA3u. IIpoBeputs cocrosHue
KOHTAaKTOB MEXIy HIMHAMH IIUTKA, KaOEJSIMH M IPOBOIAMH.
IIpoBepuTh cocTosiHUE KOMMYTAllMOHHBIX allapaToB U Mpeo-
XpaHUTEIICH, COOTBETCTBHE TOKOB UX IIIaBKUX BCTaBOK pac-
YETHBIM 3HAUEHUSIM, COCTOSTHHE 3a3€MIICHHS IIUTKA.

Texkymmii peMOHT

BeImonHUTE onepanuy TeXHUYECKOro obcmykupaHus. Ilose-
PHUTH COCTOSIHUE H3OJIIMOHHBIX JeTaled MHTKa, Je(eKTHbIe
JIeTall 3aMEHHTh. 3aMEHUTH 0OrOpeBIINe MIMHBI, KOMMYTAIli-
OHHBIE amlnaparsl U npepoxpaHuTend. OKpacUTh KOXyX IIUT-
Ka, BOCCTAHOBUTH IIpeAyNpPEAUTEIbHbIC HAIHUCH.

DneKTpoBOJOHA-
rpeBarein
9NIEKTPOIHBIE

TexHuueckoe 00c1yKUBaHHE

O4HUCTHTH EKTPOBOAOHATPEBATENb CHAPYXKU OT MBUIH H TPsI-
3u. YOeOuTsCsi B OTCYTCTBHH Teyd 0aka W TPyOOIPOBOIOB.
JIeMOHTHPOBATh 3aLIUTHBIA KOXYX M NIPOBEPHUTH KpEIJICHHE
KOHTakTOB. OClIabJIeHHBIN Kpenex NOATIHYTh. CMOHTHPOBATh
3aIIUTHBIN KOXKYX. B 2JIeKTpOKOTENBHBIX C H30JIMPOBAHHBIM OT
3eMJIH KOPITyCOM D3JIEKTPOKOTJIA IPOBEPHUTH CONPOTHBICHHE
H30JIIUH MEXIy KOPITyCOM 3JIEKTPOBOJOHArPeBaTENsS U KOH-
TYpOM 3a3eMJICHHS B TOMEIIICHHH.

B 31eKTpOKOTENBHBIX C 3a3€MIICHHBIM KOPIIYCOM 3JIEKTpO-
KOTJIa IIPOBEPUTH MCIIPABHOCTD 3a3eMJICHHA. BKIIOUHTH dIek-
TPOBOJOHArpeBaTeb B pabOTy U MPOBEPUTH COOTBETCTBHE €TO
IapaMeTpoB 33AaHHBIM 3HAUCHHUSM.

Texymmuii peMoHT. OYMCTUTH 371E€KTPOBOJOHArpeBaTe/b CHa-
PY)KH OT HBUIH U TPsA3H. YOeqUThCsl B OTCYTCTBUM TeuH Oaka M
TpybonpoBonoB. Pa3obpars siexTpoBojoHarpeBatens. Odn-
CTUTh OT HAKUIIM MOBEPXHOCThb 3JIEKTPOJIOB, BHYTPEHHIOIO II0-
JIOCTh 0aKka U TPyOOIPOBO/A, IPOMBITh, OYHUCTUTH M TIPOTEPETh
H30JIITOPHI ¥ KPETIS)KHBIE AeTa. YOS TUThCS B OTCYTCTBHH Tpe-
IIMH ¥ CKOJIOB Ha M30JTOpax. JleheKTHEIE JIeMEeHTHI 3aMEHHUTb.
W3MepHTh COMPOTHBIEHNE H30ISIIUN W3OJIMOHHBIX JeTalei.
DneMeHTHI C COnpoTUBIIeHHEeM n3oisimu Meree 0,6 MO 3ame-
HUTh. [IpoBepHTh COCTOSIHME NPOKIAAOK. V3HOIIeHHbBIE Mpo-
KJIa/IK¥ 3aMeHUTS. [IpoBepHTh paboTOCIIOCOOHOCTE PEryIITOPOB
TeMIepaTypbl U HPeROXpPaHHUTENbHOro KiamaHa. I[Ipu oOHapy-
KEHHH HEWCIPAaBHOCTU OTPETYIHPOBAaTh WX WM 3aMEHHTb.
CMOHTHPOBaTh 3JIEMEHTHI JIEKTPOBOAOHAarpeBarens. [Ipose-
PHUTH JIEKTPHYECKOE COMPOTHBIICHHE M30JIIIUH CYXOTO 3JIeK-
TPOBOJIOHArpeBaTeNsl OTHOCUTENIBHO KOpIyca. B aiexTpoxo-
TENbHBIX C M30JMPOBAHHBIM OT 3eMJIH KOPITYCOM JIEKTPOKOTIIA
IIPOBEPUTH COIPOTHUBIIEHHE M3OJIALIMHM MEXIY KOPIIyCOM DJIEK-
TPOBOJIOHArpeBaTelisi 1 KOHTYPOM 3a3eMIICHUS B IOMEIICHHH.
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B 31eKTpOKOTENBHBIX ¢ N30IUPOBAHHBIM OT 3EMIIU KOPITYCOM
IEKTPOKOTIIA NPOBEPUTH CONPOTHBICHHE H3OJIIIMU MEXTY
KOPITYCOM 3JICKTPOBOZOHATPEBATENSI M KOHTYPOM 3a3eMIICHHS
B IIOMENICHUH. B 3JIeKTPOKOTENBHBIX C 3a3eMIIEHHBIM KOPILY-
COM 3JICKTPOKOTJIa IPOBEPUTH HCIPABHOCTD 3a3€MIICHHSI.
3amoNHUTh 3IEKTPOBOJOHArpeBaTeNlb ~ BOJOH,  H3MEpUTH
yIAETbHOE COMPOTHUBIEHHE BOJBI U IIPU HEOOXOJMMOCTHU IIPO-
BECTH BOJIOMOATOTOBKY. BKII0UNTE BoJOHAarpeBaTens B paboTy
U MPOBEPUTH COOTBETCTBHE €T0 NMapaMeTPOB 33aHHBIM 3Haue-
HYSIM.

YcranoBku
JNEKTPOKATIOPH-
(bepHbie

Texnuyeckoe o0cIy:KUBaHHE

O4HUCTHTh YCTAHOBKY CHApyXW OT Ips3H W IbUTH. J[eMOoH-
THUPOBaTh OOKOBBIE KPBIIIKH M IIPOBEPUTH HAAEKHOCTH KpEIl-
JIeHns1 KOHTakToB. OcnalieHHble KOHTAKTH MOATAHYTh. CMOH-
THUPOBaTh OOKOBBIC KPHIIKHU. [IpOBEPUTH HCIIPABHOCTH 3a3EM-
JICHUs. BKIIOYMTH YCTaHOBKY M NPOBEPUTH COOTBETCTBHE €€
[apaMeTpoB 3a/laHHbIM 3HAUCHUSM.

Texymuii peMOHT

O4HUCTUTH YCTAaHOBKY OT IBUIM M Tps3u. PazoOpats ee. Oun-
CTUTh BHYTPEHHIOIO IIOBEPXHOCTb KOpPIIyca 3IJIEKTpOKa-
nopudepa OT TBUIM M TPSA3U, NMPOMBITH U IPOTEPETh Kpe-
NEeKHbIE JETald, OKPacHTh JAedeKTHble MecTa. IIpoBepurs
LEJIOCTh HAarpeBaTeNbHBIX »JeMeHTOB. Ilpm oOHapyxeHHH
pa3pbiBa LeNU 3aMEHUTH JIEKTpOHarpesarensb. M3mepurs co-
MIPOTUBJIEHUE W30JALMU. [Ipy conmpoTuBIEHUN H30IALUN Me-
Hee 1 MOM npocyImuTh 3JeKTpOHArpeBaTellb, 3arepMeTH3HPO-
BaTbh €r0 BBHIBOJHBIE KOHIBL. YOEIUThCS B OTCYTCTBHU TPELIHH
U CKOJIOB HA M30JITOPAX, NPOBEPUTH COCTOSHHE TPOKIIAJOK.
V3HOmeHHbIE TIPOKITAAKH 3aMEHUTH. [IpoBepuTh paboTOCHO-
COOHOCTh PErynsITOpOB TeMmIlepaTypbl. I[lpum oOHapy:xeHHH
HEWCIIPABHOCTH OTPETYIHPOBATh UX MM 3aMEHHTb.
CMOHTHUPOBATH IEMEHTH! YCTAaHOBKU. IIpoBepuTh nepexoqHoe
CONPOTHBIICHHE 3a3eMJICHNUsI. BKITIOUNTH YCTaHOBKY B paboTy U
MIPOBEPUTH COOTBETCTBUE €€ MapaMeTPOB 3aJaHHBIM 3HAYCHU-
M.
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