BBE/IEHHE

JIaHHBIA JUIIJIOMHBIM IIPOEKT COCTOMT M3 JABYX YAaCTEW: OCHOBHOU —
«MccnenmoBanne CXeMbl IJICKTPOCHAOXKEHUS OTOEITBHOTO IeXa» W CIeIUaIbHOU
yacTu npoekTa «Peneiinas 3ammra u aBToMatrka TokonpoBoza LIIT-3».

AKTyalbHOCTh TPOBEIEHUS MCCIIEIOBAHNSA, TJIaBHBIM 00pa3oM, CBs3aHa C
PEKOHCTpYKITHEH OJI0Ka pelie, a UMEHHO ycTaHOBKOM Ha TokompoBoy IIII1-3 Gonee
HaJIe)KHON TudPepeHIInaTbHON 3aIUThI.

C yyeToM IJIaHUpyeMOH PEKOHCTPYKIIUH, HEOOXOIUMO MPOU3BECTU pacueT
B BHJC JIOKaJbHOW CMETBHl Ha 3aMEHy MAacCJsSHBIX BBHIKIIIOUATENIel Ha OoJlee
HaJIe)KHbIE BaKyyMHbIe ToKompoBoja I1IT-3.

B mepBoii yacTu uccieoBaHHE CXEMBI AJIEKTPOCHAOXKEHUS OTOEIBLHOIO
mexa MPOBEJEHO Ha 0a3e MCXOAHBIX [JAHHBIX O TMPOIECCe OTOEIKU U
YCTAHOBJICHHOW MOIIHOCTU MOTPEOUTENEH IIEKTPOIHEPTUU OTOCTBHOTO 1IeXa.

Hanee, Ha OCHOBaHUH MOJIYYEHHBIX JIAHHBIX MIPOU3BEICHO
MPEIBapUTEIBHOE UCCIICIOBAaHNE HA MPEIMET COOTBETCTBUSI TOKOBOW HArpy3Ku H
pabodero HampspKeHHS K  HOMHHAJIBHBIM  IMapaMeTpaM  yYCTaHOBJIEHHOTO
AIEKTPOOOOPYIOBAHUS.

JI71s1 OKOHYATENIbHOM TTPOBEPKHU JIEKTPOOOOPYI0BAHMS POU3BEEH pacueT
TOKOB KOPOTKOTO 3aMbIKaHHMs TI0 BCEH CHUCTeME JJIeKTpocHaOkeHus. JlaHHBIN
pacdyeT HeoOXOOUM TakK e JJI MOCIEeAYIOIEd OTCTPONKH YCTPOMCTB pelerHOon
3aIlIUTHl 1 aBTOMATHUKH.

Ha ocHOBaHuMM pacCuMTaHHBIX 3HAYEHUM TOKOB KOPOTKHUX 3aMbIKaHUMN
Oyner MpOM3BEICHA OKOHYaTEJIbHAas MpOBEpKa YCTaHOBJIEHHOTO
AIEKTPOOOOPYIOBaHUSI Ha IMMHAX OTOEIBHOrO IleXa Ha TEPMHUYECKOe U

IUHAMHUYECKOE JEUCTBHUE TOKOB K.3.
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1. OBIIAA XAPAKTEPUCTUKA OB BEKTA NCCJIIEAOBAHMA

1.1. TexHnomorudeckas cxema IMPpOU3BOACTBA U OITUCAHUC

TCXHOJIOTHUYCCKOI'O IIponecca 1nepBoro rmoToka

Lenpto oTOENKM SIBISIETCS TMOBBIINICHUE CTENEHU OENIU3HBI, 3aBEpIICHHE
NeMUTHU(PUKAIUA ~ TEJUTIONIO3bI, HA4yaTOW TpU Bapke, MpUAaHUEe OeJIeHOU
TIEJUTIOJIO3€ OTPEISICHHBIX (PU3UKO-XUMUYECKUX CBOMCTB B COOTBETCTBUHU C €€
LEJIEBBIM HA3HAYEHUEM.

[Tpu orGenke 1emII0I03bI AJ1s1 0YyMaKHOTO MPOU3BOJICTBA OCHOBHAS 3a/1a4a
— TIOJTyY€HHE BBICOKOM OENIM3HBI C OJTHOBPEMEHHBIM COXPAaHEHHUEM MEXaHHYECKUX
nokasareynied U OymMarooOpas3yromux CBOMCTB IEJUIIOJI03bl MPU HAWMEHBIIHUX
3aTparax OeJsUX peareHToB, mapa, BOJIbI, JIEKTPOIHEPTHUU.

OCHOBHBIMM OKA3aTENIAMU, ONMPEAEISIONIMMU IPUTOJHOCTD LHEIUTIOI03bI K
XUMHUYECKON  mepepaboOTKe,  SBIAIOTCA  CoJepkaHue  aib(da-1euiroI03sl,
peaKIMOHHAsT CIOCOOHOCTh, BSI3KOCTh, COJACpP)KaHHE CMOJI W JKHPOB, >Kelesa,
KpEeMHHUS, Kaiblus, Oenu3Hbl W T.0. llpoliecc momydeHuss UEUIIOIO03bI C
HEOOXOMMBIMH TOKa3aTeNIIMU HAauMHAETCA C Bapku. B mporiecce oTOENKH 3TU
MoKa3aTeld JOBOMISIT JI0 3HAYCHHM, OOYCIIOBJICHHBIX JajJbHEHUIICH MepepadoTKON
LEJUTIOJIO3bI.

[Iponecc mpon3BOAUTCSA B CEMb CTYNEHEN C MPOMEKYTOYHON IMPOMBIBKOU
Ha BakyyM-GuibTpax hupmel « Bsprcussy.

B 1mexe wumeroTcs JABa  TEXHOJOTMYECKUX IOTOKA C  OJHOTHUITHBIM
obopynoBanueM. [1oTok BKITIOYAET CIEYIONTUE CTYIIEHH OTOCIIKH:

1. XnopupoBaHue c 100aBKOW JBYOKHCH XJIOPA;

[Ilenoyenue ¢ KUCIOPOAOM (OKUCITUTEIBHOE ICIOUYEHHUE);
['unoxmnaputHas oTOEINKa;
OTtb6enka IBYOKHCHIO XJI0pa, | cTyneHb;

[lenouenue, Il ctynens;

o 0k~ w D

OTt6enka AByOKHCHIO XJsiopa, |l cTyrnens;

Jlucm

13.03.02-0I1-05-BKP-016-18-113

3.

Jlucm | Ne ookymenma | Iloonucw




7. Kucmoska.
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|
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Puc.1.1. ®parMeHT cxeMbl MOTOKA OTOETBLHOTO LeXa

1.1.1. XnopupoBaHue

M3 maccHoro OacceiiHa I11eJUTIOJI03a ¢ MacCOBOM 10Jiel BojokHa 2,5-3,5%
HACOCOM TIOJIAE€TCS 4epe3 PEeryJsaTOp KOHICHTPAIMU M CTaTUICCKUA CMECHUTENb
BHHM3 OalllHU XJIOpUpOBaHUA. JI[BYOKHCH XJIopa BBOJIUTCS Yepe3 IITyIEp B
TpybompoBoa 1mepen cmecutenaeM. OOBEMHBIM pacxoJl JIBYOKHCH — XJopa
KOHTPOJIUPYETCS MAarHUTHBIM pacxogoMeTpoM. ['a3000pa3HbIil XJIOp TOIaeTcs B
CMECHUTEIIb 4Yepe3 KEKTOp XJiopa. MaccoBblii pacxoi XJopa Ha IIpoIecc
KOHTPOJIUPYETCS poTaMeTpoM. JIBIMKEHHE MacChl B OaIltHE CHU3Y BBEPX.

B nmnpomecce XxmopupoBaHHS JIMTHUH TIEPEBOJIUTCS B  PACTBOPHMOE
COCTOSIHUE M B JAJIBHEHIIIEM, TIPH MMPOMBIBKE M IIEITOYHOM 00pabOTKE, BHIBOJIUTCS

U3 LEJUTIOJI03HOr0 BoJIOKHA. [Ipu XjopupoBanuu npeob1aiatoT 1Ba TUIA PEAKIIMA:
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RH+CL, —» RCL+HCL - peakinus 3amenieHdsi BOJIOpOJia XJOPOM B
apoOMaTHYECKOM KOJIbIIC JIMTHUHA WJIM OOKOBOMW Ienu. Peakius mpoTekaeT O4YeHb
OBICTpO, 3aBepinaeTcs B TeueHue 5-10 munyt. Ha 3Ty peakiuto pacxoayercs 6omee
50% xy10pa ¥ OHa SIBJIAETCS ONPEACIISIONICH B paCTBOPEHUH JIMTHUHA;

RH+CL,+H,0 — ROH+2HCL - peakuusi OKHCIEHHS, NPU KOTOPOM
MPOUCXOANT PACIICIUICHHE MPOCTHIX A(QUPHBIX CBI3EH MEXIY CTPYKTYPHBIMHU
CAVHUIIAMY JIMTHUHA B MOJICKYJIC JIMTHUHA C 00pa30BaHUEM HU3KOMOJICKYJISIPHBIX
¢dbparMeHTOB, paCTBOPUMBIX B BOJIE U IIETOYHBIX PACTBOPAX.

[Ipu xmopupoBaHWHM, B pe3ydbTaTe OKHUCIUTECILHOTO BO3JCHUCTBUSA
XJIOPHOBATUCTOW KHUCJIOTHI, MPOUCXOIUT YaCTHYHAS ACCTPYKIHS IIEIITIOIO03BI.
JloOaBka HEOOJBIIOTO KOJIMYECTBA JBYOKHCH XJIOpa COXpaHSET MPOYHOCTHBIC
CBOMCTBA TIEIIIIONO3bI, TIOBBIMIAET KOHEYHYIO OCNM3HY IICJUTIONO3BI U €
CTaOMIIBHOCTh, CHUYKAET COJEpKAHUE CMOJIBI B TOTOBOW MPOMYKIIMH, TIOBBIIIACT
JTUHAMUYECKYIO BSI3KOCTh PACTBOPA LEILITIOIO03BI.

YcnoBus XIOpUPOBAHUS:

- BPEMST OOPAOOTKH, MHH. .. .\vteneteeennesennseeannneeenneeeanneeannss 50-60;
- MACCOBAsI IOJIS LIETUTIONIOBBL, Y0, . vt 2,5-3,5;
- KOHIIGHTpAIs HOHOB Bomopoa, ea.pH.....................o. ... 1,8-3,5;
L)Y 1105 01 o : T O RN 8-30;

W3 BepxHeil yacTu OGalliHu Macca 3arpykaercs B KapMaH, e pazoasisiercs
cBexel (hUIBTPOBAHHON BOJION MM 0OOPOTHOM BOAOM U3 OaiHu (000pOTHAs Boja
¢ BakyyM-puiabTpoB Ne2, 3, 4, 5 u8) no maccoBoit noiu BosiokHa (1,0-1,5%) u
HAacoCOM MojaeTcst JUisi MpoMbIBKM B BakyyM-¢uibTp Nel. Ilpu mpousBoicTBe
LEJUTIONIO3bl [l XMMUYECKOM mnepepaboTke - pa30aBiieHWE B KapMaHe OalllHu
MPOU3BOAMUTCS TOJIBKO CBEXeH (QUIbTPOBaHHOM BoJoil. B kapmaH OamrHu
XJIOPUPOBAHMSI OJAETCS CEPHUCTAsI KUCIOTA JIsl CBA3BIBAHUS OCTaTOYHOIO XJIOPa.

[IpombiBKa LEMIIONIO3HON NAnku Ha BakyyM-(uibtpe Nel mpou3sBoguTcs

000pOoTHOHM BOMON M3 Oaka (uiubTpaTa W TOpsiYei BOJOW MPU MPOU3BOJCTBE
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HEJUTIONO03bl  Juis Oymar, naisi XUMIEepepaOOTKH — TOJBKO TOpsSiYeil BOJOM.

@unpTpart oT BakyyM-puibTpa Nel HampasiseTcst B KOJUIEKTOP IIEITOKOCTOKA.

Macca 20-50%

¥

MpuémHbINA

6y HKep Kamepa

llHek CMewWeHuA

TpyOHBIN
peakTop

Nap

Llgnoyb N KucnoTa

2 ot

Puc.1.2. MaccHblif HACOC CMECUTEITH

1.1.2. lllenoueHne ¢ KUCIOPOIOM

Ha cxomsmyro maccHyto nanky ¢ Bakyym-¢uibtpa Nel ¢ MaccoBoii qosieit

(9-11)% uepes

CIIPBICKM JIO3UPYETCSd pPacTBOpP HaTpa €IKOr0 MacCOBOM

koHueHTparuen 190-210 r/am°, 00BEeMHEIH pacxoJl KOTOPOTO KOHTPOJIUPYETCA

pPacxoIOMETPOM.

Ha cnopeicku Bakyym-guiubrpa Nel mnpemycmMoTpeHa mnonaya

TUTIOXJIOPUTA HATPHUS, KOTOPBIM MCIONB3yeTCs 1Mo HeobxoaumocTH. Jlanee macca

ITHCKOM Pa3pbIXJIACTCA WU HAIIPABJIACTCA B JIBYXBaJIBHblf/'I HapOBOﬁ CMECUTCIIb, I'JIC

MOJOTPEBAETCSl MAPOM M HACOCOM CpelHe KoHieHTpaiuu tuna «MCy» uepe3

CMCCHUTCIIb KUCJIOPOJa IMOAACTCA B HUKHIOKO 4aCTh OarrHu mCJI04YCHUA .
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["a3000pa3nbIii  KHCIOPOA TMOJAaeTcsi dYepe3 NarpyOOK B CMECUTENb
xuMuKatoB. JlaBneHnue kucimopoma Ha Bxozae B cmecutens 0,6-0,8 Mlla (6,0-8,0
kre/em?). KHCmopos TOCTYIIaeT ¢ a30THO-KHCIOPOIHOM CTAHIMH XJIOPHOTO 3aBOJA.
B cMecuTene kuciaopo/ia Macca JOMOTHUTEILHO HarpeBaeTcsl.

B mpomecce menoyHol 0OpaOOTKM XJIOPIMTHUH TEPEBOJUTCS B
PacTBOPUMOE COCTOSIHHE, 3HAUNTEIIPHO CHUYKACTCS COACPKAHUE CMOJIBI U KUPOB B
IIEJUTIOJIO3€, TIOBBIMIACTCS €€ MPOYHOCTh W KOHe4YHas OenusHa. B mpucyrctBum
KHUCTIOpOJia JOoCTHTaeTcsi Oosee TiyOokas aenurHuUKaIs u Oojiee BBICOKAs
Oenr3Ha MEeJTI0I03bI, YTO TTO3BOJISET CHU3UThH PACX0/l XMMHUKATOB Ha CIICTYIOITUX
CTYNEHSAX OTOCJIKHU.

VY ¢a0BUST OKUCTUTENIBHOTO MIEIOYCHHUS:

- BPEMSI OTOCITKH, MHH. ... .uveenereareennneanneanneannns 120-150;

- MaCCOBASL IOJISI BOJIOKHA,Y0........vvvvvririiiiieiiiiieneennns 8,5-11,0;

- KOHIIGHTpaI1sl HOHOB:

1. Bomopoma, em.pH..........coooviiiiii 10-12;
2. reMIrepaTypa, C...ooviviii i, 70-80.

JIBr>keHre Macchl B OariHe CHU3Yy-BBepX. B BepxHeil yacTu OaiiHu Macca
CKPEOKOBBIM YCTPOMCTBOM pas3rpykaeTcsi B KapMmaH OaliHu, rie pa3daBisieTcs
0o00poTHOM BOAOM M3 Oaka A0 MaccoBoi gosu BosiokHa (1,0 — 1,5) % u HacocoMm
nomaercss Il TpOMBIBKM Ha BakyyM-puibtp Ne 2. TlpombiBKa Macchl
MPOU3BOJIUTCS CHAavalla TOpsuYei, a 3aTeM XOJIOJHOW BOAOW (sl CHIDKEHUS
TEeMIIepaTypbl MacChl Mepe] TMIMOXJIOPUTHON OTOETKOM).

Ounbrpar oT BakyyM-¢unsTpa Ne 2 coOupaercs B 6ak Ne 2, oTkyma
WCITOJIB3YETCsI JUTsl TPOMBIBKH MacChl Ha BakyyM-GuibTpe Ne 1 mpu mpou3BoaCTBE
IEJUTIONIO3bI It OyMar, pa30aBlieHHs MacChl B KapMaHe OalllHH IeJIOYeHHUs U B
1axTy Hacoca BbICOKOM KoHUeHTpauuun «MCy» mepen OamrHedl TUMOXJIOPUTHOM
orbenku. B Oak I TOANMUTKHM  aBTOMATHYECKH IMOAACTCSA  XOJIOTHO-
dbunsTpoBaHHas Boja. M30bITok (uimbTpaTa U3 Oaka HampaBisieTCs B OallHIO

U30BITOYHOTO (UIBTpATA.
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Macca 20 -50%

_7 2

@
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Puc.1.3. [IpunnunuanbHas cxema mnpoiecca OTOenKu

1.1.3. T'unoxnoputHas otOenka

Ha mnanky, cxomsmiyro c¢ Bakyym-¢uibtpa Ne2 ¢ mMaccoBoil joJieit

nemtono3sl (9-11)% mnomaroTcss HaTp €AKUN U TUNIOXJIOpUT HaTpusa. OObEeMHBIE

pacxolpl XMMHUKATOB KOHTPOJMPYIOTCS MAarHUTHBIMU pacxomoMmerpamu. Jlaiee

Macca IMIHEKOM pa3pbIXJETCS M TPAHCHOPTUPYETCS B JBYXBAJIBHBIM IMAPOBOM

CMECHUTEIb, TJIe TAPOM MOJOTPEBACTCA U 10 TPYOOTPOBOY HANIPABIISIETCS B IIAXTY

Hacoca «MCy». Hacocom «MC» macca mojaercs BHU3 OalllHU THUIIOXJOPUTHOU

OTOEJIKH.

FI/IHOXHOpI/ITHaﬂ oTOeJKa IPpOBOAHUTCA C NOCJIbIO ITIOBBLIMICHUSA OCIN3HBI

LEJIIOJIO36I U CHMKCHHUA COPHOCTH, a4 TAKIKC I JOBEACHUA BA3KOCTH ICIIIIOJI03bI

3.
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JI0 HYXKHOTO YpOBHSI B Ciyyae MPOM3BOJICTBA IEJUIIOJIO3bI IS XUMHUYECKOU
nepepaboTKu.

[Ipu otOenke TrUNOXJIOPUTOM HATPHUS TPOUCXONIAT JIBE OCHOBHBIC
KOHKYPHUPYIOIIHNE PEAKIIUN:

- OKMCJIEHUE JTUTHUHA U TPOYUX OKPALIECHHBIX BEUIECTB;

- OKMCJIEHUE LEJUTIOI03bI U TEMULIEIUIIONO03.

CHavasia OpOUCXOAUT  OKHUCICHHE JIMTHUHA C  OJHOBPEMEHHBIM
pa3pylIeHHEeM HU3KOMOJIEKYJSIpHBIX (Ppakiuii remunesunonos. Ilocme toro, kak
JUTHUH TIEPEXOJUT B PACTBOP M €ro 3alluTHOE JCHCTBHE MpEeKpallaeTcs,
HAYMHAETCSl PACTBOPEHUE YCTOMUMBBIX T€MHIICILTION03, CBA3aHHBIX C LEJUTFOI030M,
COIIPOBOXKJAKOIIEECs JeCTpyKurerd BojoKHA. [loaToMy mpu runepxiopuTHOU
oTOeJIKe HEOOXOAUMO CTpOroe CoOJIOJIEHHE MapaMEeTPOB TEXHOJIOTHYECKOTO
nporecca:

VY ca0BUS TUTOXJIOPUTHOM OTOEIIKH:

- BpeMst OTOCITKH, MUH. ......oviviiiiii i, 120-150;

- MaccoBast 1OJISI BOTOKHA, Y0....ccccevveviiiiiiiiiiiiiiiiiiieeeeeeieee, 9-11%:;

- Konuenrtpanus HOHOB:

BojopoJa, ea. pH................ 9,5-11,0;
temriepatypa, °C............oeeeee. 40-50.

JIBv>xkeHue Macchl B OalliHe CHU3Y-BBepX. B BepxHeil yactu OairHu macca
CKpEOKOBBIM YCTPOMCTBOM pa3rpyxaercsi B KapMaH, TJie pa30aBiseTcsi 000pOTHOM
BOJOM OT BakyyM-(¢uiabTpa Ne3 1o wmaccoBod moiu BosiokHa (1,0-1,5)%.
Pa3rpy304HbIM HACOCOM Macca MOJAETCs JJI MPOMBIBKUA Ha BaKyyM — (puiibTp Ne3.
[IpoMbIBKa 1EUTIOI03bI MPOU3BOAUTCS Topsiued Bojod. M30bITOK dunbTpata ¢
BakyyM-¢unsTpa Ne3 mocrymnaer B OaliHi0 U30bITOYHOTO (PUIIBTPATA.

1.1.4. OrGenka AByOKHUCHIO XJIOpa, | cTyneHn

[TpoMbITas 1 cryiieHHas 10 MaccoBOM oyu BosiokHa (9-11)% macca nocne

BakyyM-¢unbTpa Ne3 mOpoxoIuT [BYXBaJbHBIM MapoBOM CMeCUTENb, TJiE
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HarpeBaeTcsl MapoM M MOCTyMaeT B maxTy Hacoca tuma «MCy». Hacocom «MCy»
4yepe3 CMECHUTENh XMMHUKATOB Macca MOAAETCS B HIDKHIOI YacTh OAIlHM OTOENKU
JBYOKHCBIO XJIOpa. PacTBOp IBYOKHCH XJIOpa MOJAETCS B CMECUTEIb XMMHKATOB.
Ha Il notoke B cMecuTeldb XUMHKAaTOB  NPEAYCMOTpPEHAa  IMojaya
KOHILICHTPUPOBAHHON CEPHOW KUCJIOTHI ISl PETYJIMPOBAHUSI KOHIIEHTPAIUU MOHOB
pH Ha cTynenu oTOeNKu ABYOKHUCHIO XJIOpa.

Ha Bakyym-dunptp Ne3 mo nmpoekTy mpenycMoTpeHa mnojada HaTpa €aKoro,
KOTOPBIN UCIOJIb3YETCS B Clydae HEOOXOIUMOCTH.

O06paboTka LEeUTI0I03HOTO BOJOKHA JIBYOKHCHIO XJIOpa TOBBIIIAET OCIU3HY
LEJUTIOJIO3b], €€ XUMHUYECKYK) 4YHCTOTy. JIByOKHMCH XJIOpa SBIIIETCS CaMbIM
3G (HEeKTUBHBIM OTOETUBAIOIIMM PEAreéHTOM, CIIOCOOHBIM 00ECIEeUUTh IEIUTI0I03E
MaKCUMaJbHO BO3MOKHYIO O€JIHM3HYy IpU XOpoIlleld CTaOWIBHOCTH 1BETa U
COXpaHEHUHU MPOYHOCTH BOJOKHA. [Ipm oTOEnKe 1emIoio3bl TBYOKHUCHIO XJIOpa
MPOUCXOJUT OKHUCICHUE M XJOPHUPOBAHUE JINMTHWHA, KOTOPBIA IpEBpaIlacTcs B
BOJOPACTBOPUMBIE COCIMHEHMS. Takxke Nox JEHUCTBUEM JBYOKHCH XJIOpa
OKHUCJISIIOTCS KOMITOHEHTBI CMOJIBI, IMpeBpamiasich B OECIBETHbIC BEIIECTBA,
KOTOPBIE YACTUYHO PACTBOPSIIOTCS B BOJIE, @ YACTUYHO OCTAIOTCS B BOJIOKHE. B TO
K€ BpeMs, JBYOKHUCH XJIOpa OKa3bIBAET Ha IEJUTIOJI03Y CPAaBHUTEIHLHO HEOOIBIIOE
JIeHCTBHE.

VYcaoBus oTOENIKM ABYOKHUCHIO XJIOpa:

- BpeMst OTOCTKH, MHH. ......oviiiiiieaiiiieiie e eeaeeens, 150;

- MaccoBast 1O BOJTOKHA, Y0......uueeeiiiiiiiiiiieeeeeiiiiiieeeeeeeeeees 9-11;

- Konuenrtpanust HOHOB:

Bojoposa, ea. pH................... 3,5-5,5;
temmeparypa, °C...........coeeeinnii. 70-80.

JIBuxeHue Macchl B OalllHe CHM3Y-BBepX. B BepxHeil yactu OalHu macca
CKPEOKOBBIM YCTPOMCTBOM pasrpyskaercsa B KapMmaH, e pa30aBiseTcss 000pOTHOM
BOJIOM OT BakyyM-(uiibrpa Ned4. B kapman OanrHu 103UPYETCsl CEPHUCTAST KUCIIOTa

JUTA CBSI3BIBAHUSA OCTAaTKOB JABYOKHCH XJOpa. Pa3rpy304HbIM HACOCOM C MacCOBOM
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noneit BonokHa (1,0-1,5)% wmacca mogaercst Al MPOMBIBKM HAa BaKyyM-(UIIBTP
Ned. TIpombIBKa 1EIIIIOI03bI HA (PUIBTPE MPOU3BOAUTCS ropsyeit Bonoil. M36srTok

dbunbpTpara ¢ BakyyM-duibrpa Ned4 moctymnaer B OaniHio u30bITOYHOTO (QUIBTpATa.

1.1.5. lenouenwue, Il cryneHp

Ha manky cxonsiiyto ¢ BakyyMm-uibtpa Ned ¢ MaccoBoi gojeit BOJIOKHA
(9-11)% mnonaercs HaATp enkwii, OOBEMHBIH PACcX0J] KOTOPOTO KOHTPOIHUPYETCS
MarHuTHbIM pacxogomerpoM. Ha Bakyym-¢unbetp Ned mnpemycMoTpeHa mnojaaua
TUIOXJIOPUTA HATPUsl JIJISE PETYJIMPOBKH BSI3KOCTH IIEIITIONO3BI, B Clydyae OTOENKH
LEJUTIOJIO3bl U1 XUMUYECKOM nepepaboTku. Jlaee Macca IIHEKOM Pa3pbIXJISIETCs
U TPAHCIOPTUPYETCS B JBYXBaJbHBIA MMAPOBOM CMECHUTENb, TJ€ IMOJOTPEBAECTCS
MapoM U HaCOCOM IOJIA€TCsl BHU3 OAIlIHU ICIIOYCHHUS.

YcnoBus WENoYeHus:

- BpeMst OTOCITKH, MHH. ......oviutiiitiiiaiie et eiieeeinaannns 120-150;

- MaccoBast TOJIST BOTOKHA, Y0....uuuuuneeeeeeeiieeeeeiiieeieeeeeeeeeeeeeeeeeeeeeeaaes 9-11;

- KoHuenTpanus noHos:

Bojopoa, ea. pH....................... 9,0-11,0;
temmepaTrypa, °C.........ccoovviiiinnnnnnn. 70-80.

B BepxHeit yacTu 6amnHu Macca CKpeOKOBBIM YCTPOMCTBOM pasrpykKaeTcs B
KapMaH, rjie paz0aBisieTcss 000pOTHOU BOAOM OT BakyyM-(GuIIbTpa ;5 10 MacCOBOM
nomi  BojokHa (1,0-1,5)%. Pasrpy3ouHblM HacocoM Macca TMOAaeTcs s
IPOMBIBKM Ha BakyyM-puiubTp ;5. IIpombiBKa 1eUIION036I HAa (QUIBTPE
OCYHIECTBISIETCSl Topsiueil Bojoi. M30miTok Quibrpata ¢ BakyyMm-¢pumbTpa NoS
MOCTyMNaeT B 0alIHi0 U30bITOYHOTO PUiIbTpaTa.

bamns menoyeHus B ciiydae HEOOXOAMMOCTH MOKET HUCIOIb30BATHCA IS
OoTOEJIKMA JIBYOKHCHIO XJiopa. B Hee mpemycMOTpeHbl mojada JBYOKHCH XJIOpa H

CCpHPICTOﬁ KHCJIOTBI B KapMaH OarrHu JJIA TallICHUA OCTATKOB.
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1.1.6. Ot0enka aByoKkuckto xyopa, |l crynens

[IpombiTasg W crymeHHas 10 MaccoBOWM A0iau BoJiokHa (9-11)% mamka
LEJUTIONIO3bl  Pa3pbIXJISIETCd IIHEKOM M MOCTYNAEeT B JABYXBAJbHBIM IapOBOM
CMECHUTEIb XMMHUKATOB IMOJACTCS B HIDKHIOIO YacTh OalllHU ABYOKHCH XJIOpa.
PacTBOp ABYOKHCH XJI0pa MOJIa€TCA B CMECUTENIb XUMUKATOB.

YcaoBus oTOenku:

- BpeMst OTOCITKH, MUH.......oviiiiiiiiiiiiie i 150;

- MaccoBast 1O BOJTOKHA, Y0......uuueeeeeiiiiiiiiiieeeeeeeeeeiinnnn. 8,6-11;

- KoHueHTpanust HOHOB:

Bogoponaa, ed. pH.................. 4,5-6,6;
Temrrepatypa, °C........cceoevvnne. 70-80.

B BepxHeit yacTu 6amHu Macca CKpeOKOBBIM YCTPOMCTBOM pasrpykKaeTcs B
KapMaH, Tlie pa3daBisieTcsi 00OpOTHOW BOJOM M3 Oaka (uibTpaTa mojaBaeMoin
HacocM. B kapMmaH OaniHu mogaeTcsi pacTBOP CEPHUCTOM KUCIOTHI. Pa3rpy304HbiM
HACOCOM IIeJITI0NI03a ¢ MaccoBOW Josie BosiokHa (3-4)% momaercss B OaliHio

KHMCJIOBKH.

1.1.7. KucnoBka

B  mpomecce  KHCIOBKM  MPOWCXOAWT  HEUTpaNM3alus  OCTATKOB
OTOETMBAIOIIUX PEAareHTOB, y/aJeHNWE OKPAIICHHBIX MPOIYKTOB, YTO TOBBIIIAET
KOHEUHYI0 O€NM3HYy ULEJUTI0NI03bl U ee cTabmibHOCTh. KucioBka mpu oTOENKe
EJUTIOJIO3BI JUISI XUMHUUYECKOU MepepaboTKU CHIKAET 30JIbHOCTh, KPOME TOTO OHA
CIIOCOOCTBYET YMEHBIIICHUIO COJIEP)KaHMS B IICIIIIOJO03€ JKejle3a M MapraHma. B
JAHHOM CJIydae TIPOIECC KHCJIOBKH OCYIIECTBISICTCS 0OoJjiee WHTEHCHBHO
(YIenbpHBIN pacxo]] CEpHUCTON KUCIIOTHI He OoJiee 10 Kr/T 1esuIr0I036l).

Y CI10BUA KUCJIOBKMU:
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- Bpemst OTOCTIKH, MUH. ......oeviiiiiii it 60;

- KoHnleHTpanus noHoB:

Bojoposa, ed. pH.................. 2,5-3,5.

JIBum>keHre Macchl B OaliHe CHU3Y-BBepX. B BepxHeill uactu OamrHu macca
paz0aBiisieTcst 000pOTHOM BOJION M3 Oaka (puiibTpaTa, MOJaBa€MONM HACOCOM M C
MaccoBoil goseit BojokHa (1,0-1,5)% nogaetcs uist IPOMBIBKH Ha BaKyyM (DHIIBTP
Ne8. IIpombIBKa LEIUTIOJIO3BI MPEAHA3HAYEHHOM Il IPOW3BOJCTBA LEJUIFOJIO3BI
Juist Oymar, MpOU3BOAMTCS XOJIOAHO-(PUIBTPOBAHHON BOJOHM, IJISI XUMHYECKOU
nepepaboTKu — HWOHHPOBaHHOW BoJoW. PumbTpaT C Bakyym-QuibTpa Ne§
cobupaercs B 0ake, OTTyJa HCIOJL3YeTCs sl pa30aBiieHUs] B KapMmaH OalleH
otOenku JAByokuchio xjopa |l crymenu u kwucinoBku. M30biTox QuiibTpaTa
HaIpaBJsieTcsl B OAIIHIO.

[IpombiTass U cryiieHHas Ha BakyyMm-QuibTpe Ne® 10 maccoBod m0iu
BosiokHa (7-10)% wmacca Hacocom «MCy» mojaercsi B OalllHU XpaHEHHs, OTKYJa
MOCTYIAET B OYUCTHOM OT/AEI CYyIIMIBHOrO Liexa. bamHs xpaHeHus: oOmias Ha 1Ba
notoka. B miHekoByro BaHHY BakyyM-¢uibTpa No§ nmo3upyercs cepHucTas
KHCJIOTA.

B nuxHel yactu GanrHu XpaHeHusi Macca paz0aBiisieTcsi 000pOTHOM BOJIOM
C CYHIIMJIBHOTO I1€Xa JI0 MacCOBOMW J0JU BOJIOKHA (2-3)% u HacocaMu TMOJaeTcs B
OYMCTHOM OTJEN CYyUIMIBHOTO LIE€Xa.

PazbaBnennas macca B OamrHSAX XpaHEHUs MPU HEOOXOAMMOCTU MOXKET

MPOU3BOAUTHCS XOJIOJHO-(PUIBTPOBAHHON WJIM HIOHUPOBAHHOU BOJOM.

1.1.8. O6e33apakuBaHuE Ta30BbIX BEIOPOCOB

JIist CHWKEHHSI Ta30BBIX BBIOPOCOB B aTMoc(epy B II€X€ YCTaHOBIICHO

YEThIPE ra30MPOMBIBHBIE KOJIOHKH, 1O ABE Ha Kaxawlil notok; ['TIK 1 u I'TIK 2 Ha

nepBoM notoke, ['TIK 3 u I'TIK 4 — Ha BTOpOM mOTOKE.
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Ha I'TIK 1 u I'TIK 3 nonatotcs ra3oBble BBIOPOCHI C OallleH XJIOPUPOBAHUA,
niesnoueHus | u |l crynenen, runoxaopuTHO ABYOKHUCH XJiopa | cTynenu, BakyyM-
bunbtpoB Nel, 2, 3,4, 5, 6aka 060pOTHOM BOIBI.

['a3pl ¢ 0akOoB XHMMHKATOB JIBYOKHCH XJIOpa M CEPHUCTOM KHCIOTHI
noxarorcs Ha ['TIK-4.

["a3onpomMbIBHAs KOJIOHKA MPEACTABIAECT COO0N WINHID, B BEPXHEHN YacTu
KOTOPOI'O PacIOJIOKEHBI JIBA KOJIBLIEBBIX CIIPBICKA, KaXKIAbIi U3 KOTOPBIX COCTOUT
u3 8 (popcyHOK, HUKHUE HAINPaBJIEHbl — BEPX, BEPXHUE — BHU3. [ mOromeHus
ra3oB Ha KOJbBIEBbIE CHOPBICKA TOJACTCS XOJIOAHO-(UIBTPOBAaHHAs BOJA,
0OBEMHBII pacxo/i KOTOPOH KOHTPOJIUPYETCSA PACXOIOMETPOM.

ArpeccuBHbIE Tra3bl IOCTYNAIOT 4Yepe3 NaTpyOOK B HUXKHIOIO YacTb
KOJIOHKH, TIOJTHUMAsICh BBEPX, a0COPOUPYIOTCS OPOIIIaeMOM BOIOM.

Wx BepxHeW yacTH KOJOHKM HE a0COpOMpOBaHHbBIE Ta3bl BEHTUISTOPOM
BbIOpachIBAtOTCS B aTMOC(EDY.

Crounas Boja, cozepxkaiias abCOpOMpPOBaHHbBIE ra3bl C Ta30MPOMBIBHBIX
kioHok cOpackiBaercs: ¢ ['TIK 1 u I'TIK 3 B mepenuBHy0 TpyOy (puiabTpaTHOTO
Oaxa.

KoaddurmenT ounctku ¢ ra30mpOMBIBHBIX KOJOHOK T1O:

oD, &) (0]0) 2 70-80%;
- JIBYOKHCH XJTOPA. ... uvveenreanreanneenneannsn. 70-90%;
- CepHUCTOMY QHTHAPHIY....uvveeennrennnns. 70-78%.

1.2. BaemHss cxema 3JeKTpOCHAOKEHUS

OC00EHHOCTBIO BHEITHEHN CXEMBbI AIEKTPOCHA0KEHUS SBIISETCA TEXHOJIOTHS
MPOU3BOJICTBA, TpeOyromer pasmenienus B oguom 3manuu (LII1-1) cpasy Tpex
[IEXOB: BapOYHOro, OTOEIBHOIO U CYIIMJIBHOTO MPEACTABISAIOMUX COOOM

TEXHOJOTNYCCKYIO CTYIICHBL IICPBOTO ITOTOKA.
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OnexrpocHabxkenue [II-1 ocymecTBaseTcss OT [BYX KOMIUIEKTHBIX
tokonpoBogoB IIIP3 u I11P4 HomuHanbHbIM HamnpsokeHuem 6 kB. B kauectse
MaTtepuasa JJisi TOKOBEAYIIUX IIHH MPUHITHI TpyOb! nuametpom 210 u 140 mm u3
amomuHEeBOTO crutaBa AJI31-TI [2].

Ilo KOHIAM TOKOIIPOBOJA M HA YYacTKax MPEeIyCMOTPEHa YCTaHOBKa
CTAllMOHAPHBIX  3a3eMJIIOLUIMX  pa3beIUHUTENECH, OJIOKUPYEMBIX IPOCTHIMU
3aMKaMHU.

B  kadectBe MarucTpanu  3a3eMJICHUS ~ MCIOJB3YeTCs  apmarypa
KEJIe300€TOHHBIX KOHCTPYKUMN U METAINIOKOHCTPYKIMA ranepeil. [[ns atoro Bce
METAJUIOKOHCTPYKIIMM WM BBIIYCKM apMaTypbl COEAMHEHBI  CTAIbHBIMU
Hakiagkamu cedeHueM 40x4 MM i CO3J4aHMS HENPEPBIBHOM MarucTpaiu
3azemiieHus. Kaxasi cToiika omopsbl rajieperd MMeeT CBOM 3a3zemiuTenb (1o aBa
JIEKTPOJA U3 MIPYTKOBOM CTAIM AMAMETPOM 12 MM M JUIMHOW 5 M BBUHUMBAEMBIX B
TPYHT).

[loacoenuHeHnI0 K MarucTpain 3a3eMIICHUS MOJJIEKAT BCE U30JSATOPHI Ha
KOTOPBIX IOJBEUIEH TOKOIIPOBOJI, OMIOPHBIE U30JIATOPBI HA IIPOX0J1AaX, BCE CEKLUHU
CETYATOr0 OrPaXKJIEHUA Npoxoja oOcayxkuBaHus. M301a8TOpbl MEXIy(pa3HbIX
W30JIMPYIOLINX PACIIOPOK HE 3a3€MIICHBI.

3amura rajeper  TOKONPOBOAOB  OT  MpPSMBIX  YJAapOB  MOJIHMM
OCYUIECTBIISIETCS. HA BCEX OTKPBITHIX YUACTKAX OTJAEIBHO CTOSLIUMU CTEPKHEBBIMU
MOJIHUEOTBOJaMH, CTOSIIIMMM JIMOO Ha 3/aHusX, Jubo Ha 3emie. Ha yuacTke
nepexoga TOC-2 — TOC-3 ucnonb3yrTcs 3alIUTHBIE CBOMCTBA TBIMOBHIX TPYO
TOC-2, TOC-3 TOLI-6.

Kaxaplii OTOENbHO CTOSAIIMA MOJHHUEOTBOJI, YCTAHOBJICHHBIM Ha 3€MJIE
MMEET OTHEIbHBIA 3a3€MJISIIOIIMM  KOHTYp, HE CBS3aHHBII C KOHTypamMu
3a3eMJICHUSI TOKOIIPOBOJOB U JPYTUX OOBEKTOB M OTCTOSALIMI OT HHUX HE MEHee
4yeM Ha 5-6 MEeTpOB, 3ariayOJIeHHbII Ha 7 METPOB B 3€MITIO.

OO6miee conmpoTUBIICHUE 3a3€MJICHUSI KaXKJOTO MOJHUEOTBO/A COCTOBIISET

okos10 10 Owm.
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OnexktpocHabxkenne TokompoBoAoB IIIP 3,4 ocymecTBisercs OT IMHH
reHepaTtopHoro HamnpspkeHus TOIL[-6, koTopass HEMOCPEACTBEHHO PaCMOJIaraeTcs
Ha Tepputopun komruiekca bBJITIK.

[Tapanmnensro ¢ TOL] TokonpoBoabl uMeroT moAnmuTKy oT TOC-2 T TOC-3.

O6mas mmmHa TokorpoBoda no 3aanus LI1-1 cocraBiaser 634 m. OOGmas

TBC-2 TD2C-3
JUTMHA TQKQMPBOJIA COCTABIIACT g]@pg,gxa67él6 M. )
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Puc.1.4. Jlunerninas cxema Tokornpoojos IIIT 3,4

OO0o03HaueHusT pacrpeneIUTeNbHBIX IYHKTOB HCCJIEIyeMOro ydacTka,

MPEAICTABICHHOIO Ha pUC.1.4., COOTBETCTBYIOT HMKECIEIYIOUIUM O0BEKTaAM:

e PI1-7° — BapouHslii 11€X;
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e PI1-7° — CymunbHsbIii 1 OTOEIbHBIN HeXa;
e PI1-21 — IITUH;
e PI1-8 — JITII1-2;

e TOC-2, 3 — Tenno-31eKTpO CTaHIIUS.

1.3. KimmmaTtnyeckast XxapakTepucTuKa

bparck- monomoit ropox cpensero Ilpuanrapbsi, LEHTP HHTEHCHUBHO
Pa3BUBAIOLIETOCS bparcko-Y cTe-UnumMckoro TEPPUTOPUAIIBHO-
MPOU3BOJICTBEHHOTO KoMmIUlekca. B  pailoHe bparcka AmdHrapa mnpopesaer
AHrapckuil KpsiX, MPOTSAHYBILHICS C IOro-3amaja Ha CEBEPO-BOCTOK. AHTapCKU
KpsbK 00pa3oBaH CUCTEMOMW TpsJl, IJIATO, MAacCHUBOB, CJIOKEHHBIX, KaK IMPaBUIIO,
CUOMPCKUMU TpanmnaMu (MarMaTuyecKue KpucTauindeckue nopoasl). [lonmxenus
MEXTY HUMH 3aI0JIHCHBI 0CaJOYHBIMU MOPOJaMHU. Haunbonee
pacpOCTPAHEHHBIMU OCHOBAHUSIMU B PAalOHE TOPOJA SIBIIOTCS KPACHOLIBETHBIC
apTUJUIATHl U AJIEBPOJIUTHl OpaTcKoil CBUTHI BepxHero opnaoBuka (LleHTpanbHBIiM
palioH) © TepecianBalIIMecs TMECYaHUKM Pa3HOr0 COCTaBa U CJIOXKEHUS
MaMBIPCKOM CBUTHI cpenHero opnoBuka (Ilamynckmit paiion). Ha ckionax
3QJIETAIOT  TSDKENbIE  JEIIOBUAIBHO-IIIIOBUANIBHBIE  CYIVIMHKH — MOBBIIIEHHON
MOIIHOCTHU OT 5 10 15 meTpoB. Ha 3Tux ocHOBaHUsIX (hOPMUPYIOTCS KpacHO-Oyphie
TSKEJIO- WM CPEAHECYTJIMHUCTBIE MOYBBI MOIIHOCTBIO 10 17-25¢cMm. YaenbHOE
AIEKTPUYECKOE COMPOTUBIICHUE IPYHTOB B MIpeaenax ropoja He npesbimaer 100
Om/M. Kmumar B palioHe TrOpoJa pPE3KOKOHTHHEHTAIbHBIA, C CYpPOBOM
MIPOJIOKUTEIBLHOM, HO CyXO 3UMOM U TEIIBIM, C OOMIIBHBIMHM OCaJIKaMH JIeTOM. B
XOJIOMHBIM  mepuoj; roaa Haj Oonbiied dacthto Bocrounoit Cubupu
yCTaHABIMBAETCA 00JIaCTb BBICOKOTO JABJICHUS BO3AyXa — CHOWPCKUN
aHTULIMKIIOH. [loaToMy 31ech mpeoOnamaeT Majioo0JiauHasl Morojia co CladbIMU

BCTpaMu MW MaJbIM KOJIMYCCTBOM OCAaJKOB, KW IIOJYYAalOT IIHUPOKOC Pa3BHUTHC
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npolecchl BhixonaxkuBanus. [locneanue B coyeTaHuu ¢ 0COOCHHOCTSAMU pernbeda
o0ycnaBiIMBalOT BeChbMa HU3KHE TeMIepaTyphl 3UMbL. B TemioMm momyroauu B
pe3yibTaTe OXUBJIECHHON IMKJIOHUYECKOW JEeSTEIbHOCTH 3aMETHO BO3pacTaer
CTENEHb MOKpPHITUS HeOa oOnakamu. B sToT mepuoj rona Beimamaet no 65-85%
roJIOBOM CyMMBI OCaJIKOB, KoTopasi coctaBiser okojo 300 mm B roxa. CambiM
XOJIOJIHBIM MECSIEM SIBIISIETCS. SIHBApb, CaAMbIM TEIUIBIM — HIOJb. AOCOIIOTHAs
MUHUMajbHas Temmeparypa —58°C, makcumanbhas +35°C; cpemHeromoBas
MHOTOJIETHsIsT Temmeparypa — 2,6 °C. IlepexomHble CE30HBI  JOBOJILHO
KpaTKOBpEeMEHHbl. Ecnu 3MMa NOpoJoDKaeTcs MpPUMEpPHO S MeEcsAleB CO
cpenHeMecsyHoOM Temneparypoii - 15°C, To Becha 2-2,5, a ocenp 1,5 mecsia. B
3UMHUE MeCSALbI peo0sIaiatoT BETPHI 3a1aIHOTO HAPABICHUS C IIOBTOPSIEMOCTBIO
26,7%. Yacro nHaOmonmaercs mwtuiab. CKOPOCTh BETpa HE MPEBBILAET OOBIYHO 5
M/c. TloBTOpsieMocTh BeTpa cCKopocThio Oosiee 15 m/c menee 1%. Becnoit
YBEIUYHUBAETCS TOBTOPSEMOCTD FOXKHBIX U F0I0-3al1aHBIX BETPOB IPHU COXPAHEHUH
npeo0iafaoniero 3anagHoro Berpa. [Ipm  IpOXOKIEHUM XOJIOAHBIX (PPOHTOB
BETpa I0ro-3amaJHoro HallpaBJIEHUs HEPEIKO JTOCTUraroT ckopoctu 16-20 M/c, mpu
BETpPE 3aMaJHOTO HaIpaBJEHUs BO3MOXHA CKOpOCTh A0 25 wm/c. Jletom mpu
npeobnanaromemM (15,3%) 3amagHOM HampaBICHUH TOBTOPSIEMOCTh OCTAIBHBIX
HaIlpaBJICHUI BeTpa IMOYTH paBHOMEpHA. CKOpPOCTh BETpa BCEX HaIpaBIICHUN
HeBenuka (1-5 M/c). IloBTopsiemocTs BeTpa 6-10m/c He npeBsbimaeT 1,3%. OceHbio
BHOBb YBEJIMUMBAETCSI NTOBTOPSIEMOCTD 3allaJHbIX BETPOB, HO YCHUJICHUE BETPA JI0
20 M/c u Oosiee OTMEUaeTcsl JIMIb TMPHU IOr0-3amaJHOM HampaBjieHUU. ['opos
bparck otHocutcs ko |l BeTrpoBoMy paiioHy. Temmeparypa MNOYBBI MOMKET
JOCTUTaTh CIEIYIOINX 3HAYEeHW: MUHUMYM HaOmomaercs B suBape (-23 °C), a
MakcuMyM B utosie (+23 °C). B oTaenbHbIe JHU Mas-aBrycTa MOBEPXHOCTH IIOYBEI
MOXeT HarpeBaThes 10 +51-59 °C, a B 3uMHHE SICHBIE HOYM OXJaXAaThes 10 -50
°C. YcroiiunBoe MpoMep3aHue IOYBBI HAYMHAETCS B KOHIE OKTAOps. IayOmHa
IIPOMEP3aHUsl ITOYBBI B CPETHEM AoCTUTaeT 1,5 MeTpa, a kak MakcumyM 2,1 Merpa.

B Bpatcke rpo3bl HaOIIOJAI0TCS B TIEPUO C Masi 10 CEHTSIOPh B OCHOBHOM IIPH
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IPOXOXKACHUNU (POHTOB, HECKOJIBKO pPEXE — B MECTHBIX BO3AYIIHBIX Maccax.
Ouenb peako — oauH pa3 B 10 €T rpo3bl MOTYT OTMEUAThCS B alpelie U OKTsI0pe.
Haubonee akTUBHBIN B TPO30BOM OTHOIIEHUU HIOJb. B Hiosie MokeT HabJIt01aThCs
ot 2 no 16 aneit ¢ rpo3oit. CpeHero1oBas NpoOJOJKUTEIBHOCTD IPO3 COCTABIISIET
ot 20 no 40 yacoB. YcioBus 1 00pa3oBaHus royosiena Ha Tepputopun bpartcka
B OOJIBLIYIO 4YacTh rojaa OTcyTrcTByeT. OH OTMEYaeTcs He €XKEroJHO U JMILIb B
okTs10pe-HosiOpe. Hambonee wdacteiM siBieHueM B bpatcke HabmogaeTcs
KpUCTaJUIMYECKasi U3MOpPO3b HAa BETBSIX JIEPEBHEB, IPOBOJOB U T.II. B CPEIHEM 32
roJl HacuuThiBaeTcsi 42 AHS C HM3MOPO3bI0. B OTAENbHBIE TOIABI YUCIO JHEU
konebnercss ot 19 nmo 65. HabGmromaetcss u3MOpo3b C OKTAOps IO ampedb,
€IMHUYHbIE CIIy4al OTMEUEHBI B CEHTAOpE U Mae.

BaxHOM ~ XapakTEpUCTHMKOW  Troyiojeqa M M3MOPO3H  SIBJISIETCSA
IPOAODKUTENBHOCTh Iepuoja obmero obneneHeHus npoBoaoB. Haumbombias
IPOAOKUTEIBHOCTh OOJIEIEHEHUS] IPOBOJIOB MPUXOJUTCS HAa KPUCTAJUIMUECKYIO
n3Mopo3b. B bparcke B cpenHeM 3a roj ObiBaeT 0koJio 492 4acoB ¢ U3MOPO3BIO.
OCHOBHBIMH YCJIOBUSMHM O0Opa30BaHUsl KPUCTAUIMUECKOH H3MOPO3U SIBISETCS
HaJaM4yMe TyMaHa, I6IMKH W Hu3kux Temmepatyp (ot -10 °C mo -30 °C). Bparck
oTHOcHTCS K | palioHy 1o roJioneay ¢ MaKCUMMaJIbHOM TOJIIIIUHON CTEHKH roJjiojiea

Ha MPOBOJAX SMM.
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2. AHAJIN3 HAT'PY3OK OTBEJIBHOI'O u CYIIMJIBHOI'O LIEXOB

2.1. PacueTrHsble JAaHHBIC I10 HAI'Ppy3KaM OTOCIIBEHOTO nexa.

P
— max , (1)
Cos¢p

max

TI€ Smax, Pmax — MAaKCHMaJIbHAS ITOJHAS ¥ aKTUBHAs MOIIIHOCTH;

Coso - K03 GHUITUEHT MOIITHOCTH.

Qrax = VS ~ Pro» (2)

rie Qmax — MAaKCUMaJIbHAsI PEAKTUBHAS MOIITHOCTb.

Tabnuua 2.1
Harpysku Il c.im. 6,3 kB
Ne | HaumenoBanue Koad. | MakcumalibHas Harpyska
n/n MomH. | P, kBt | Q,xBAp |S,KBA
Il c.m.

1. | H-39 (CAH-15-46-12/npuBon) 0,91 1600 728,98 1758,24
2. | TII-76 0,85 850 526,78 1000
3. | TII-74 0,85 850 526,78 1000
4. | TI1-66 0,85 850 526,78 1000
5 | TII-72 0,85 850 526,78 1000
6. | TII-73 0,85 850 526,78 1000
7. | G-19 (A-13-62-12/nacoc) 0,81 315 228,06 388,89
8. | G-24 (A-13-62-10/nacoc) 0,81 320 231,67 395,06
9. | F-236 (A-13-62-12/nacoc) 0,81 315 228,06 388,89
10. | P-3 (AT/J1-650/Hacoc) 0,895 650 324,05 726,3
11. | P-2 (C[IH-15-49-10/mpuBon) 0,85 1550 960,61 1823,53
12. | F-34 (A-13-62-12/nacoc) 0,81 315 228,06 388,89
13. | F-92 (A-13-62-12/nacoc) 0,81 315 228,06 388,89
14. | F-23 (A-13-62-12/nacoc) 0,81 315 228,06 388,89
15. | F-91 (A-13-62-12/nacoc) 0,81 315 228,06 388,89
16. | F-13 (A-13-62-12/nacoc) 0,81 315 228,06 388,89
17. | F-84 (A-13-62-12/nacoc) 0,81 315 228,06 388,89
18. | F-114 0,81 315 228,06 388,89
19. | F-237 0,81 315 228,06 388,89
20. | TII-77 0,85 850 526,78 1000
22. | TII-70 0,85 850 526,78 1000
23. | TII-68 0,85 850 526,78 1000
24. | TII-64 0,85 850 526,78 1000

Hroro: - 14920 9266,93 17592,03
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VYuuteiBass ~ cnenupuKy — NPOM3BOACTBA,  MpUMeM  KO3()HUIMEHT
Pa3HOBPEMEHHOCTH MAaKCUMYyMOB Harpysku K, [3] paBubsiM 0,95. Ha ocHoBanuu
pexomeHaauuii [4] npuMeM Harpy3Ky cooctBeHHbIX HYx 1 || c.m1. oTOenpHOTrO 1IEXa
paBHO 10% OT MakCMMalbHON pacyeTHOW HArpy3KH C YYETOM PE3ECPBHUPOBAHUS
CMEXKHBIX LIUH.

Torna, pacuetnas Harpy3ska |l c.m. coctaBurt:

P =P .-095+P

max, llc.u. pacu pacu : 0’1

P =14920-0,95+14920-0,1 =15666 kBT;

max, llc.u.

Qmax,llc.w. = Qpacw ’ 0’95 + Qpacn : 0’1
Qo e = 9266,93-0,95 +9266,93- 0,1 = 9730,3xBap;

_ 2 2
Smax,llc.m. - \/Pmax,llc.m.. +Qmax,|lc.u¢..

S iew = /156662 +9730,32 =16715,66xB4
Tabnuua 2.2
Harpysku IV c.u1. 6,3 kB
No | HaumenoBanue Koad. | MakcumainbHas Harpyska
n/n mouH. | P, kBt | Q.xBAp [S,KBA
IV c.m.
1. | TH-154 0,85 1360 842,85 1600
2. | TII-74 0,85 850 526,78 1000
3. | TII-76 0,85 850 526,78 1000
4. | TII-78 0,85 850 526,78 1000
5. | H40 (CAH-17-41-26/puBon) 0,846 1200 756,29 1418,44
6. | H54 (A-13-62-18/uacoc) 0,81 320 231,67 395,06
7. | G18 (A-13-62-18/Hacoc) 0,81 320 231,67 395,06
8. | P6 (A-13-62-12/nacoc) 0,81 315 228,06 388,89
9. | F69 (A-13-62-12/nacoc) 0,81 315 228,06 388,89
10. | TII-75 0,85 850 526,78 1000
11. | F68 (A-13-62-12/nacoc) 0,81 315 228,06 388,89
12. | F95 (A-13-62-12/nacoc) 0,81 315 228,06 388,89
13. | F56 (A-13-62-12/nacoc) 0,81 315 228,06 388,89
14. | F94 (A-13-62-12/nacoc) 0,81 315 228,06 388,89
15. | F46 (A-13-62-12/nacoc) 0,81 315 228,06 388,89
16. | F93 (A-13-62-12/nacoc) 0,81 315 228,06 388,89
17. | TII-77 0,85 850 526,78 1000
18. | TII-72 0,85 850 526,78 1000
19. | TII-66 0,85 850 526,78 1000
20. | TII-68 0,85 850 526,78 1000
21. | TII-70 0,85 850 526,78 1000
Hroro: - 13370 8627,98 15919,68
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YuuteiBast ~ crnenuuKy ~— OPOU3BOACTBA,  NpUMEM  KO3(PPHUIUEHT
Pa3sHOBPEMEHHOCTH MAaKCHMMyMOB Harpysku K, [3] paBubiM 0,95. Ha ocHoBanuu
pexoMeHpanuii [4] npumeM Harpy3ky coOcTBeHHbIX HYX 1 |V c.u1. oTOenpHOro 1exa
paBHOU 10% OT MakcMMajabHOW pacUeTHOM HArpy3KH C YYETOM pE3epBUPOBAHUS
CMEXKHBIX LIUH.

Torna, pacuetHas Harpy3ka |V c.i1. cocTaBuT:

I:)n’\a\x,IVc.w. = Ppacq ’ 0’95 + Ppactt ) 0’1
P acvew, =13370-0,95+13370-0,1=14038,5kBr;
Qmax,ch.m. = Qpaclt ) 0795 + Qpacq . Oal

QmaX,ch.m. = 8627’98 : O$95 + 8627,98 : 0,1 = 9059,38 KBap;

_ 2 2
SmaX,IVc.m. - \/Pmax,IVc.m.. + Qmax,IVc.m..

S = /14038,5% +9059,38? =16715,66 kBA

max, IVc.u.

2.2. PacueTHble TaHHBIE 110 HArpy3KaMm CYIIWJIBHOTO II€Xa

Tabmuua 2.3
Harpy3ku | c.m. 6,3 kB

Ne | HaumenoBaHue Koad. | MakcumanbHasi Harpy3ka
n/n MomH. | P, kBt | Q,xBAp |S,KBA
| c.m.

1. | TII-63 0,85 850 526,78 1000
2. | TII-67 0,85 850 526,78 1000
3. | TII-69 0,85 850 526,78 1000
4. | B-136 (A-13-62-12/nacoc) 0,81 315 228,06 388,89
5. | B-101%(A-13-62-18/nacoc) 0,81 320 231,67 395,06
6. | TII-65 0,85 850 526,78 1000
7. | TII-71 0,85 850 526,78 1000
8. | A-39 (CAH-17-41- 0,846 1200 756,29 1418,44

26/mpuBOT)

Hroro: - 6085 3849,92 7202,39

VYuuteiBas crneuM@puKy MPOU3BOJACTBA, MpUMEM  KOIDPUIIMEHT

Pa3HOBPEMEHHOCTH MAaKCHUMyMOB Harpy3ku K,, [3] paBemM 0,95. Ha

OCHOBAaHHMH PEKOMEHanuii [4] mpuMeM Harpy3Ky COOCTBEHHBIX HYX1 | c.i.

[3m
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CYHIIWJIBHOTO 1iexa paBHOM 10% OT MakcHUManbHON pacyeTHOM HArpy3Ku C
YUETOM PE3ePBUPOBAHUS CMEKHBIX IIIHH.

Torna, pacueTHast Harpy3ka | .11, COCTaBHT:

PmaX,Ic.m. = Ppgcq . 0195 + Ppacq : 011
P, = 6085-0,95+6085- 0,1 = 6389,25 kBr;

Qmax,lc.w. = Qpacq : 0'95 + Qpaclt ) 0’1

Qurex 10w, = 3849,92-0,95+3849,92- 0,1 = 4042,42 xBap;

2 2
Smax,lc.m. = \/Pmax,lc.m.. +Qmax,lc.m..

S = |/6389,252 + 4042,422 = 7562,51kBA

max, lc.u.
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Harpysku Il c.m1. 6,3 kB Tabmuma 2.4
No | HaumeHnoBaHue Koad. | MakcumanpHas Harpyska
n/m MomH. | P, kBt ‘ Q, kBAp ‘ S, KBA
1 c.m.
1. | TI1-64 0,85 850 526,78 1000
2. | TII-79 0,85 212,5 131,7 250
3. | TI1-69 0,85 850 526,78 1000
4. | TII-71 0,85 850 526,78 1000
5. | TII-65 0,85 850 526,78 1000
6. | TII-67 0,85 850 526,78 1000
7. | H-52 (A-12-57-11/nacoc) 0,81 250 181 308,64
8. | H-37 (A-13-62-12/nacoc) 0,81 315 228,06 388,89
9. | TI1-154 0,85 1360 842,85 1600
10. | TTI-63 0,85 850 526,78 1000
11. | A-47 (C]1-13-52-12A) 0,829 320 204,94 380
12. | TII-75 0,85 850 526,78 1000
13. | TII-73 0,85 850 526,78 1000
Uroro: - 9257,5 5802,79 10927,53
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VYuuteiBass crneun(@uKy TNPOU3BOACTBA, MpPUMEM  KO3(D(UIIUEHT
Pa3HOBPEMEHHOCTH MaKCUMyMOB Harpy3ku K, [3] paBemM 0,95. Ha
OCHOBaHUM peKoMeHAaIuii [4] mpumem Harpy3ky cooctBeHHbIX HYx 1 1 c.im.
CYIIMJIBHOTO Iiexa paBHOM 10% OT MakcHUMalbHOW pacyeTHON HAarpy3Ku C
Y4E€TOM PE3EePBUPOBAHUS CMEKHBIX IIHH.

Torna, pacuetnas Harpy3ka Il c.u1. coctaBur:

Pmax,lllc.m. = Ppacq ' 0’95 + Ppacq ’ 0’1
Praciiew. = 9257,5-0,95+9257,5-0,1=9720,375«Br;

Qmax,lllc.m. = Qpactl : 0’95 + Qpactt ) 0’1

Qe iiean. = 9802,79-0,95+5802,79- 0,1 = 6092,93 kBap;

_ 2 2
Smax,lllc.m. - \/Pmax,lllc.m.. +Qmax,|llc.m..

S e, = /9720,375° +6092,93° =11477 kBA

CBeleHbs 0 TOKaxX Harpy3kd OyayT MCTIOJb30BaHBI IIPH TIPOBEPKE
000py1I0BaHUS 1IEXOB.
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3. PACYHET TOKOB KOPOTKOI'O 3AMbBIKAHN A

I[JDI pacdc€Ta TOKOB KOPOTKOI'O 3aMbIKaHUS HAMCTHM 3HAYHNMBIC

TOYKH, IPEACTaBICHHbBIC Ha puc.3.1.

K, TOC-2
1 . 2ca
6 kB 6 kB
QBB QQS
LRga 9 LRgs LRze
86 93 16 18
TS o7 TE TOTE T @
T8 87 w74 J7474)8 o0 15
: 95 Qo3 K-
3 c..
L 2 ¢
2 mm b Ls 46 Qu
PII-7%
<t [s2]
= = —i~
= = (.'%) _BT__ 6 kB 1 c.un.
E &= B, 6
= o 151 /H-7 ng\ LRs Qs
7 S LR 2 c.n — —T—‘ B—(—| ]—»—
QSis 15 & l
—~ B = PII-2
wn O -
3 B_— — 4 cn. QS, LR, Q4 /
&= Bilmr Lyt A
6 xB 8"
' o= 2 cm
@ 6 kB
§\
o= 6 Qs2
TOII,
) LRs2
Qss
1 '_D
3 l 5 c.mn.
8 = 6 kB
R =
Puc.3.1. JIuneiinasa cxema TokonposojioB LIIT 3,4 k
pacu€Ty TOKOB KOPOTKOI'O 3aMbIKaHUA
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Kaxkmp1it TOKOIPOBOJ MUTaeT CBOIO HATPY3KY, OJHOBPEMEHHO SIBISIICH PE3ePBHBIM UL CMEKHOTO. To eCTh, B ClIydae OTKIIIOUCHHS
Tokonposoza II13, 11T 4 Bo3sMeT BCIo HAarpy3Ky 00OMX TOKOIPOBOAOB HA ceOsl, X, HA000POT, B caydae oTkmouenus 111114, 111113
BO3BMET Ha ce0s BCIO HArpy3Ky. 3HaYMMBbIE TOUKH KOPOTKOTO 3aMBIKaHUs. 000MX TOKONPOBOAOB OYIyT HACHTHYHBI, IO3TOMY,
nenecoobpa3Ho paccMorpers oauH 1ITI4.

Ommpasics Ha puc.3.1. cocTaBUM cXeMy 3aMellleHHs, IPEACTaBICHHYIO Ha puc.3.2.

q) ET3C3

XT3C3

K,

Xp,T2C3

K1 XL1 XL2

X1o1 p.TOC2 XLs

K>

E
) XT3C2

K4

ETT)CZ

Xu,PIT7"6

|
@ Eng

Puc.3.2. Cxema 3amenenus K pacyety TokoB K3

HpI/I COCTAaBJICHUU CXCMBbI 3aMCHICHUA ITPUHATHEI HHUXKC CIICAYIOIIHUC
AOITYHICHHUA. VuuteiBas 0JIM30CThH IIHH I'CHCPATOPHOI'O HAIIPAXKCHUA,
AKTUBHBIC COITPOTUBJICHHA BCEX 3JICMCHTOB C-)J'ICKTpOCHa6)KCHI/I$I ITPHUHATBL

pPaBHBIMHU HYJIIO.

3.1. Pacuer mapameTpoB CXeMbl 3aMENICHUS

Pacuer npousBeneM B OTHOCUTENbHBIX eAMHUIAx st 3Toro npumem
6a3ucHy0 MOIIHOCTH Topsinka Sg=1000 MBA, nanpsbkeHue 6a3ucHOM

ctynenu Ug=6,3 kB.

TOL:

EPHS
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Toxomposozast LT3 u [T14 3anutanst ¢ 1V c.au. u V c.m. TOLI-6

cooTBeTcTBeHHO TypOoreHepaTopamu 2TA-TITT-60-130/13, useionumnm napaverps:

P,.ox=60 MBT, C0s9=0,8, U,=6,3 kB, X4 =0,146, x"=0,22, T,=0,39 c.

. S
X =x -—2 3)
“ToU6 d Smnt
. 1000
X =0,146-——=1950.e
* T21],6 75
E  =1080.e. [
* 91,6
TOC-2:
B xagectBe ropstaero pesepsa aist nutanus 11113 u 111114 3aneiictBoBansl renepatopst TOC-2, 3 Tuna TBC-30, nmeromumu
HapaMeTpbl:
P.ov=30 MBTt, Cosp=0,8, U,=6,3 xB, X4 =0,143, x=0,238, T,=0,14 c.
. " « S
X =X =X - g
*T3C2,6  *TAC36  *d Sw .,
. . 1000
X =X =0143-——=381o.e
*T2C2,6  *TAC3,6 37,
=E  =1080e.
*T2C2,6 *TOC3,6
PeaxTopsr:

B cxeme 3aneiictBoBanbl peaktopsl Thna PBAC. Ilpumem s Beex

PEAKTOPOB OTHOCUTENILHOE CONIPOTUBIIEHUE MOPAaKa X,=0,85 Om.

X =X =X =X =X =x . 3
* p,TDC2,6 * p,TOC3,6 * p,776,6 * pPI121,6 * pPII18,6 * pHom Ufo/w
x =x =x =x =x =0,85- 1000 =21410.e
* pTAC2,6  *pTAC3,6  *p %66  * pPl21,6  * pPII86 6,32
Y4acTku TOKOMPOBOAA:
" S
Ll x =x,-L, U_ﬁz (st cedenns 210x15 mm?) 4)
* 116
6
x =0143-0312- 1000 1120..
* 116 6.32

L2:x =x,-L % (nst quameTpa 210 Mm)

*L2,6
6

[3m

JIncT
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1000

x =0143-011 =0,40..
* 12,6 6,3?
L3 x —x, L, (nns nuameTpa 210 M)
*L3g 0 * U52
x =0143-0,21. 10020 =0,760.c.
* 13,6

Ld: x  =x,-L % (mst muameTpa 140 mMm)

*L4,6
o
x =0166-0112- 100? =0,470..
*L4,6 6,3
L5 x =x,-L -S—5(z[n>1 auameTpa 140 mm)
“1s55 0 1 U(;_’-
x =0166-019- 1000 _ 0,80..
* 15,6 6,3?
Harpy3ska:
; . S
X =X ._6
*u,PIITNG,6  *n SH
X =0, 5-&=6,450.e.
* 1, PIIT"G,6 518
E =0,850.e.
* PIIT"6,6
. .S,
X =X -
* n,PI121,6 *n SH
x =0,35- 1000 _ 7,460.¢.
* 4, PI121,6 26,896
E  =0850e.
* PI121,6
" “ S
X =x -—.
* u,PI18,6 *u SH
x =0,35- 1000 _ 6,830.c.
* u,PI18,6 32,23
E  =0,850e.
* PI18,6
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3.2. Pacuet Tpexda3HbIX TOKOB KOPOTKOTO 3aMbIKaHUS

BelimonnHuM npeodpa3oBaHue HCXOAHOU CXeMBI (pHUC. 4.2.) OTHOCUTEIBHO
touku K1.

X =X + X + X
*16 * L46 * p,PII86 * u,PI186

x =047 +2141+6,83=28,710.e

*16

X =X +Xx
*26  * pPII216  * u,PI21%

x =2141+7,46=28870.c

*26

¥ o=x |y

* 35 *16 *26

o L 2871.2887 .

*36 28,71+ 28,87

€36 - (EPHZM ” EPHSé)

E' _ 0,85 . 28,87 + 0,85 . 28,71 — 0,850-3-
* 36 28,87 + 28,71

X = x" + x"

* 46 * 34 *L36

x =14,4+0,76=15160.c

* 46
X =x +Xx +Xx
*56  *L56 *p,PIIT"6,6  *uPIIT"6,6

x =08+21,41+6,45=28,660.c

56

x =x I x

* 66 * 46 *56

© = 1216-2866 44,
“65 1516 + 28,66

E =(E | E* )=0,850.¢.
* 66 * PIIT"6,6 * 36

iC" = x" + x"

76 *p,T9C3,6  *TOC3,6

x =2141+381=25220.c

*76
x =x I x

. 992.2522

x =———=1120¢
*86 9,92 + 25,22
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E =(E ||E )
86

* *66  * TOC36

+108-9,92+0,85- 25,22

=0,920.c.
* 86 9,92 + 25,22
¥ =x +x
*96 * 86 *L26
x =712+0,4=7520.e
*96
x =x +x
*106 * p,TOC26 *TDC26
x =2141+381=25220.¢
*106
x =x I x
*116 *96 *106
oo 7,52 -25,22 _580¢
*15 7,52+ 25,22
E =(E |E_ )
116 86 TDC26
_ 0,92.25,22 +108-7,52 0960,
* 116 25,22 + 7,52
¥ =x +x
*126 *116 *L16
x =58+112=6,920.¢
*126
x  =x |x
* ¥K16 * D16 *126
P 2195692 o,
*sk16 195+ 6,92
E  =(E_|E )
K16 216 116
P 1,08-6,92 +0,96-1,95 —1050e.
* IK16 6,92 +1,95

B pe3ynpTare npocTernx nociien0BaTelIbHO-MapaieIbHbIX
npeo0pa3oBaHuii , TOTYYUITH YUCIICHHOE 3HaueHne pe3ynbrupytonmux IJC
U CONPOTHUBJICHUH B CBEPXIEPEXOIHOM COCTOSHUH [9] Xpes k1=1,52 0.€.,

EpeS,K1=1;05-

Bennunna pe3yibTUPYIOIIETO TOKA COCTABUT:
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| == (5)

* 36 X
*¥6
= @ =0,690.e.
*36 1,52

ba3ucHbIi TOK COCTaBUT:

S
Ia :\/§.6U (6)

I = 1000 =91,64xA4

5 /3-63

Torz[a MNEPpUOAUICCKAA COCTABJIAIOIIAA TOKA KOPOTKOI'O 3aMbIKAHMA:

., (7

z

0,69-91,64 =63,23kA

I
4 —

InO

I n0

JlanHoe 3HaueHue Tpex(Pa3HOro TOKa KOPOTKOro 3aMbIKaHUs OyeT
HaOJII0/1aThCs HA IIIMHAX TE€HEPATOPHOTO HanpspkeHus: TOLl-6 B HavabHBII

MOMCHT aBapHH.

OKBHUBAJIECHTHYIO IIOCTOSHHYIO BPEMEHHM 3aTyXaHUs IPUMEM PABHOU

reneparopa TOII-6 [9], T,=0,39 c.

Y napublii K03¢hGUIHEHT BRIOUpaeM B cOOTBETCTBUU ¢ [9] (puc. 6-13),
ky=1,92.

AHepI/IO,Z[I/ILIeCKaH COCTaBJIAIOIIAA:

Ly =1, -e™ (8)

|, =6323-¢%°%% =61,64 kA

VY napHblii TOK:
i =v2-k, 1, (9)
i, =+/2-1,92-6323=1717xA
Toxu paccuuransl 11t MomeHTa Bpemenu t=0,01 cek.
Pacuyer 3HaueHuit Tpex@azHoro Toka KOPOTKOTO 3aMbIKaHUS JJIsI

OCTAJIbHBIX TOYEK CBeJeH B Ta01.3.1.

JIuct
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3.3. Pacuer 3HaueHMit 1BYX(a3HBIX TOKOB KOPOTKOTO 3aMbIKAHUS

BennuuHbl ,HBYX(i)aSHLIX TOKOB KOPOTKOT'O 3aMBbIKaHU S HCO6XOI[I/IMI>I JJIA

OTCTPOMKHU YCTPOMCTB PEJICMHOM 3aIuThl U aBTOMATUKH [10].

Tok aByx(}a3HOro K.3. pacCUUTHIBAETCA M0 clieytomieit hopmye:

@ _ V3 |®

K.3. !

(10)
Takum 00pa3om, BeIMuMHA ABYX(Pa3HOTO TOKA KOPOTKOTO 3aMbIKAHUSA B T.

K1 cocraswur:

(2 \/é

Iy = > 63,23=54,76 kKA

Pacuer 3HaueHui I[BYX(ba?:HOFO TOKa KOPOTKOI'O 3aMbIKaHUS I

OCTaJILHBIX TOUEK CBeacH B Ta0i1.4.1.

Ta0muna 3.1.

Bun K3 K1 K2 K3 K4 K5
Toxu Tpex(da3zHOro KOPOTKOTO 3aMbIKaHUs
I”, kA | 63,23 30,24 28,72 16 14,65
l.., KA | 61,64 27,82 26,42 14,72 13,64
ly, KA 171,7 81,26 77,2 43,45 36,35

Toxu n1Byx(}a3HOro KOPOTKOTO 3aMbIKaHUs
I”, KA 54,76 26,19 24,87 13,86 12,69

JIuct
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4. ITPOBEPKA 2JIEKTPOOBOPYTIOBAHNA OTBEJIBHOI'O
[HEXA I10 HAT'PY304YHbIM PEXXUMAM

4.1. IIpoBepka BBOHBIX BIKItOUarenei |l .. u 1V c.m.

[IpousBeneM mnpenBapUTENbHBIM AHAIW3 BBOJHBIX BBIKJIKOYATEIEH
tuma BMIID-3200-31,5 Il c.mr. u IV c.amn. orbenbHOro 1exa mo paboyum
HOMHUHAJIbHBIM U MAaKCUMaJIbHBIM TOKAM.

Homunanphbiil padouwnii Tox Il c.m1. coctaBut:

_ Smax,llc.m

IHO.w,IIC.m. - m )
(11)

1€ Smax llc.n, — MAKCUMaJIbHAsL pacyeTHasi MOLTHOCTh Harpy3Ku
otbupaemas co |l c.ur;

U .on — HOMUHATbHOE Hanpsbkenue |l c..

1847163

IH()M,“(f.m_ - W = 1692,814 ;
Pabounii makcumaibpHbIi TOK |l ¢.m1. cocTaBur:
I _ Smax,llc.m + Smax,lc.m.

pab.max,llca. \/§ U y

(12)
1€ T11€ Smax Ic.u. — MAKCHMaJIbHas pacue€THasl MOIIHOCTh Harpy3KH
orOupaemasi ¢ | c.m. cymmiabHOro 1exa;

~ 18471,63+7562,51
paob.max,llc.u. \/§ . 6,3

HccnemyeMblii BBIKITIOYATEb JOJIKEH COOTBETCTBOBATH TPEOOBAHUSIM

tab6m1.4.1 [5].

I =2385,844
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Taomuna 4.1.

Bri6op BBOHBIX BhIKTIOUaTesnei 1 c.i.

PacueTHble BennunHbI KaranoxHbie 1aHHbIE YcnoBus Bei6Opa
BBIKJIFOYATENIS TUIIA

BMIID-10-3200-31,5

Uyc'r=6,3 kB UH=12 kB UyCTSUHOM
Ipa6.d)0pc:2385,84 A |HOM:3200 A Ipa6.6popc§ |HOM
Homunanesbeid TOK |V C.111. cOCTaBUT:
IHoM Neaw. — 16715’66 = 1531,8714
ew /36,3
Pabounii MmakcumaibHbIi TOK |V C.11. COCTAaBUT:
Ipaﬁ.max,IVc.m. = 1671?/%6_6'_§1477 = 2583,714
Taomuna 4.2.

Br160p BBOHBIX BhIKITtOUatTesnei 1V c.i.

PacueTHbie BeTMUMHBI KaranoxxHeie 1anHbie VYcnoBus BeIOOpa
BBIKJIFOYATEIS TUIIA
BMIT5-10-3200-31,5

U,;=6,3 kB U,=12 kB UyerSUsoum
Ipa6.(b0pc:2583a7 A liov=3200 A Ipaﬁ.(bopc< loom

Takum oOpazom, npeIBapUTEIHHO, MOKHO 3aKIIOUUTh, YTO UCCIEAYEMbIH
BBIKJTIOUATEb COOTBETCTBYET MPOXOAIICH YEPE3 HETO HATPY3KE, KaK B
HOMHUHAJIBHBIX, TAK U B TIOCJICaBAPUNUHBIX pabouux pexumax. OHaKo,
OKOHYATEJIbHOE COOTBETCTBUE MOYKHO MOJYYUTh TOJIBKO MOCJE MMPOBEPKHU K

JIEUCTBHUIO TOKOB KOPOTKOTO 3aMbIKaHHUS [6].

4.2. IlpoBepka cexnroHHbIx Boikarovatenedt I, | c.or. u 1V, 1 c.u.

PeanbHO B cxeme 31eKTpOCHA0KEHUs YCTaHOBJIEHBI BBIKIIIOUATEIN TUIIA

BMII>-10-1600-31,5.
AnanorndyHo 1m.4.1. mpou3BeAeM COOTBETCTBHUE, IPEICTABICHHOE B

T1a6:1.4.3, 4 .4.

JIuct
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Ta0mnuma 4.3.

Bri0op cexnnonnsix Beikirovateneit I, | c.oi.

PacueTrHbie BennumHbI KaranoxxHeie n1anHbie YcnoBus BeI6Opa
BBIKJIFOYATENIS TUIIA
BMII3-10-3200-31,5

UyCT:6,3 kB UH:12 kB UyCTSUHOM
ID36~¢0DC=1692’8 A liov=3200 A Ipa6.d)opc§ Liom
Tabauma 4.4.

Br16op cexnmonnbix Beikirouareneit 1V u 111 c..

PacueTHpIe BETUUNHEI KaranoxHbIe TaHHBIC VcaoBus BI:I60pa
BBIKJIFOYATCIIA THUIIA
BMII2-10-3200-31,5

U,=6,3 kB U,=12 xB U,er<Uson
Ipa6.cb0pc:153 1,87 A IHOM:3200 A Ipa6.d)0pc< IHOM

I/ICCJ’[CZ[yeMLIﬁ BBIKJTFOYATEJIb COOTBETCTBYET HpOXOI[ﬂH.Ieﬁ YUE€pE3 HETO HAI'PY3KE B HOCHCaBapHﬁHOM pPEXKUME. B HOMUHATBHOM
PEXKUME OH OTKIFOYCH.

4.3. IIpoBepka cnBoenHoro peakrtopa LRy, LRys

YuuThiBass HENOCPEICTBEHHYIO OJM30CTh IIMH TIE€HEPATOPHOIro
HanpspkeHus: TOL] Ha BBozie 0TOEIBHOIO, CYIIMIIBHOTO M BAPOYHOTO M LIEXOB

yCTaHOBJIEHHI ABa peakTopa LRy, n LRys.

Il c.m. LR1s IV c.m.
Ipa16.maxlIc.m:2385184‘ A /I l\ Ipa6.maXIVc.Lu.:2583,7 A
ing

I

Puc.4.1. Cxema BkitoueHus caBoeHHoro peakropa LRys Il c.ui. u IV

C.1I.

JIuct
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B pabouem MakcuManabHOM pexnMe 3arpyska Iuied peaktopa OyIeT OTan4aThes Ha 7,66%, TakuM 00pa3oM, IoTyqaeTcsl TOUYTH
paBHOMEpHast 3arpy3Ka 00OHX IIJIed PeakTopa.

YuuteiBas peKOMEHIAMU [5], OpUMEM COMPOTUBIICHUE pPEaKTOpa

nopsaka xX,=6%. MakcuManbHbIl TOK OJJHOM OTXOAAmEeH nuann 2583,7 A:

X = Lo U—p - OJIHOI BETBHU.
P100 /3. l
(13)
6 6,3

X = . :O,SSOM
” 100 /3.0,25837

Ha ocHoBaHMM BbIllIE TEPEYUCICHHBIX PAcCYETOB MPOBEPSIEM
YCTaHOBJICHHBIN peakTop BHyTpeHHeW yctaHoBku Tuna PBAC-10-2x3000-12
c HoMUHaIbHBIMH mapamerpamMu: U,,=10 kB; 1,,=2x3000 A (c
NPUHYAUTEIBHBIM  OXJIaXKaeHueM), |ly,=2x1800 A (6e3 ycTpoiicTBa
MPUHYIUTEILHOTO BO3AYIIHOTO OXJAXKICHUA); Xuyon=12 OM — OJIHON BETBU;
laer=53 KA; K,=0,47.

[IpoBepka Mo ycaoBUSAM NPUHYIUTEIBHOTO OXJIaXKICHUS:

[Ipy HOMUHaNBHBIX paboOYMX TOKAaX 3arpy3ka IUIed peakTopa
cooTBETCTBYET mapaMeTpaM lyoy e =1692,8 A 1 |y iven=1531,87 A. To
€CTh MIPU HOPMAJIBHOM PEKUME PaOOThl CUCTEMBI JIEKTPOCHAOKEHUS 1IEXOB,
HAJOOHOCTh B TPHUHYJIUTEIHLHOM BO3YIIHOM OXJaXJIeHuu oTmamaer. [Ipum
BO3HUKHOBEHUH MaKCUMAJIbHBIX pab0YUX TOKOB HEOOXOAUMO 3aJ€HCTBOBATh
BO3YILIHOE OXJIAXKICHHUE.

DJIEKTPOJIMHAMUYECKAsT CTOMKOCTh PacCMaTpUBaEMOIO peakTopa
JIOBOJILHO BBICOKA, TOATOMY aBTOMATHUKY 3aJICHICTBOBATh HE I1€J€CO00Pa3HO.
To ecTh IpU OTKIIFOYEHUU PE3EPBUPYEMOU LIMHBI, BKIKOUYAECTCS CEKIMOHHBIN
BbIKItouatenb Mexay | u |l c.on. unm [ u IV c.1., onHOBpeMeHHO AeKypHbIT
MEepCcoHal B TEYEHUE BPEMEHH, OMNPEIEICHHBIM HWHCTPYKLIHEH, BKIIOYAET

MPUHYAUTCIIBHOC BO3AYIIHOC OXJIAXKICHUC PCAKTOpPA.
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TokoBble Harpy3ku u pexxumbl paboTel peaktopa LRis (cm.puc.1.4)

MOJIHOCTBIO COOTBETCTBYIO TOKOBBIM Harpy3kam U pexumy peakropa LRy,.

4.4. IIpoBepka BBIKJIIOYATENICH HArpy3Ku

PeagpbHO B cXeMe DIIEKTPOCHAOKEHHS YCTAHOBJICHBI BBIKIIOYATEIIH
tura BMII-10-630-31,5.

AHanmornyHo 1.4.1. mpou3BeneM COOTBETCTBUE, MPEICTABICHHOE B

Tabmn.4.5.

Ta0numa4.5.
Br10op BeIKITIOUATENICH HArpy3Ku
PacueTHble BEJIMUYNHBI KaranoxHsie JAaHHBIC YcnoBus BbI60pa
BBIKJIFOUATCIIA TUIIA
BMII-10-630-31,5
UyCT:6a3 kB U.=12 kB UyCTSUHOM
Ipa6.cb0pc:176,1 A |H0M:630 A Ipa6.d)opc§ |HOM

- Pey o _ 1600
pab.popc \/§UH0W 'C0S¢'77 »\/§6,30,910,915

[Tpumeuanwue: | =176,14 - tok

caMoro

MOIIHOTO ToTpeduterst oroenpHoro nexa (Il c.m. u IV c.m.).

Takum oOpa3om, TpenBapUTETBLHO, MOXHO 3aKIIOYUTh, YTO
UCCIIEyEMbII BBIKJIFOYATEIh COOTBETCTBYET MPOXOSIICH Yepe3 HEro camoun
MaKCUMaJlbHOW Harpyske, ¢ OosbmiuM 3amacoM. OpHaKo, OKOHYATEIbHOE
COOTBETCTBHE MOKHO IMOJYYUTh TOJBKO MOCIIE MPOBEPKHU K JEHCTBUIO TOKOB

KOPOTKOI'O 3aMBbIKaHM

4.5. ITpoBepka 11eXOBBIX CEKILIMM IITUH

CeKHI/II/I IIIMH O0TOEJILHOTO Oexa BBIIOJIHCHBI AJIIOMMHHMCBBIMHU IMIIMHAMU

NPSAMOYTOJIBHOTO cedueHust pazmepoM 120x10 ¢ momyCTUMBIM TOKOM paBHBIM
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4100 A. Tlpoxnanka IIMH TOPU3OHTAIbHAS MPH PACIIONOXKEHUHU OOJIbILICH
I'PaHU MOJIOCHl B BEPTUKAIBHON MIOCKOCTH [7].

I1o ycioBusM JIUTENBHOTO HArpeBa:

la6.gope=2583,7 A<l =4100 A

4.6. BeI1BOBI IO aHAJIN3Y COOTBETCTBUS 000PYIOBaHUS

[IpoBens  mpeaBapuUTENIbHOE  COOTBETCTBHE  AJIEKTPOOOOPYIOBaHUS
OTOENBHOTO IIeXa K TOKOBOM Harpys3ke, ObUIO BBISBJICHO, 4YTO BCE
YCTAHOBJICHHOE DJIEKTPOOOOPYJOBaHHE B CXEME JJICKTPOCHAOKEHHUsS IeXa
MPOXOAUT MO YCIOBUSIM JUIUTEIBHO JOMYCTUMBIX TOKOB M TOKOB
MaKCHMAaJIbHOTO pabouero pexuma. Ilpuwdyem, MpakTHYECKH Il BCETO
o0opy/loBaHUs, HWMEETCS 3amac IMPOYHOCTH, OPHEHTHPOBOYHO, IOPSAKA
35,41% nna BBOJAHBIX M CEKIIMOHHBLIX BBIKIIOUaTeneit; 36,98% - g

cexkuil mmH; 72,05% - 115 BEIKIIIOUATENEe Harpy3KHU.

I[aHHOC O6CTO$ITCJ'IBCTBO, AOJDKHO IIOJIOKHUTCIIBHO OTPAa3HUTLCSA Ha
COCTOsAHHUHU 3J'I€KTpOO60pYI[OBaHI/IH B IINIAHC CTApCHHUA H30JIIHUH, YCTAIOCTH
MmeTtajlia, YXY,Z[H_IGHI/IH CBOﬁCTB I[I/IBJ'IGKTPI/I‘IGCKHX n HpOBOI[HH_[I/IX MaTepI/IaJIOB
[8].

OI[HaKO, KOHCYHOC 3aKJIKUCHHUEC MOXKECT 6I>ITI> JaHO, TOJIBKO IIOCJIE
IIPOBCPKHU BCECTO BBIICTICPCYUCIICHHOT'O 3JI€KTpOO60py,I[OBaHI/IH Ha

TEPMUICCKOC 1 TMHAMHUYCCKOC I[CﬁCTBPIG TOKOB KOPOTKOI'O 3aMbIKaHHA.
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5. [TIPOBEPKA 3JIEKTPOOBOPYIOBAHUA OTBEJIBHOI'O

LEXA

HA TEITJIOBOE U JUHAMUWYECKOE JIEMCTBUE TOKOB K3

I[JBI OKOHYATEJIbHOM IMPOBCPKHU COOTBCTCTBUS YCTAHOBJICHHOI'O

AIIEKTPOOOOPYI0BaHUS HEOOXOIUMO BBIOJIHUTH MPOBEPKY Ha JACHCTBUE

TOKOB KOPOTKOTO 3aMbIKaHUsl. B COOTBETCTBUM C peKOMEHIauusimMu [ 5],

IIPOBCPKY uenecooGpa3H0 CBCCTHU B Ta6J'II/IHI>I, IMpCaACTABJICHHBIC HUXKC.

5.1. IIpoBepka BBoAHBIX BhiKItOuaTenew Il c.ur. u IV c..

TaOmuma 5.1.
[IpoBepka BBOAHBIX BbIKItOUaTeneit |l c.ui.
PacueTHbIe BETMUYHUHBI Karanoxabie JaHHBIC YcnoBus B]':>I60p21
BBIKJIIOYUATEIIs THUIIA
BMII5-10-3200-31,5
UyCT:6,3 kB UH:12 kB UycTSUHOM
Ipas.popc=2385,84 A lion=3200 A Ipas.dope= lrom
I"’=16 kA lup.c=31,5 KA 1°< lyp.e
Iy,=43,45 KA Ip.c=80 KA Py
Il'[:16 KA IOTKJ'[.H:3 1’5 KA IHS IOTKH.H
J2. |+ =37,35 kA p=0,8 J2. |+ <V2-1,,, 0+ 5)
BK:25,6 KAZ'C IthTH:997225 KA B ItHZ'tTH

_ —
[Tpumeuanue: rae TemmoBoi UMIYIsC By=l “(tomtTa) paccunTan 1ist BpeMeHU

0,1 CCK., BKIIFOYAIOIICTO ce0s BpEMA OTKIIFOUCHUS U SKBUBAJICHTHYIO ITIOCTOSIHHYIO

BPEMEHM 3aTyXaHMsI IEPEXOAHOrO Iporecca [9].

TaOmuna 5.2.

[TpoBepka BBOIHBIX BhIKIIOUaTeneut 1V c..

PacueTHbIie BeTMUMHBI KaranoxxHeie 1anHbIe YcnoBus BeIOOpa
BBIKJIIOUYATENIS TUIIA
BMIT>-10-3200-31,5
U,:=6,3 kB U.=12 kB Uyer<Usoum
Ipa6‘d)0pc:25 83 :7 A IHOM:3200 A IpaG.dJopcS IHOM
=16 kA lip.c=31,5 KA I<lype
ly=43.,45 KA Inp.c=80 KA i< lipc
=16 kKA lorknn=31,5 KA [
V2.1 +i =3735 kA p=08 V2.1 i <y2:1,,,0+p)
BK:25,6 KAZ'C IthTH:999225 KA BKS ItHZ'tTH
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5.2. [IpoBepka cexnronnsbix Boikatoyatenedt I, | c.or. u 1V, 1 c..

Tabmurab.3.
[IpoBepka ceKIIMOHHBIX BhIKItOUaTeneit I, | c.m.
PacueTHble BeTUYNHBI Karamoxxarie JaHHBIC VYcenoBus BBI60pa
BBIKJIFOYATCIIA TUIIA
BMII>-10-3200-31,5
Uyc'r=6,3 kB UH=12 kB UyCTSUHOM
Ipa6.d)0pc:1692,8 A |H0M:3200 A Ipa6.6popc§ |HOM
I"’=16 kKA lup.=31,5 KA 1°< Lyp.e
i, =43,45 KA ip.c=80 KA i< Lo
=16 KA lorens=31,5 KA 15 lorinn
V2.1 4 =37.35 kA p=0,8 V2.1 4 <y241,,,(+B)
B=25,6 kKA*c ltr=99,225 KA B.< It
Tabmuma 5.4.
[IpoBepka cexnnoHHbIX Bhikitouateneit 1V, I c..
PacueTHbie BeTuunHbBI KaranoxxHeie 1anHbie YcnoBus BeIOOpa
BBIKJIFOYATCIIA TUIIA
BMIIB-10-3200-31,5
U}/CT:693 kB U.=12 xB UYCTSUHOM
Ipa6.cb0pc:153 1,87 A |H0M:3200 A Ipa6.d)0pc§ |HOM
1"’=16 KA lup.=31,5 KA 1"°< Lyp.e
i, =43,45 KA ip.c=80 KA i< Lo
|H:16 KA IOTM.H:31,5 KA IHS IOTKJ‘I.H
V2.1 +i =3735 kA =08 V2.1 i <y2:1,,,0+5)
B.=25,6 kKA*c ltr=99,225 KA B.< Iyt
5.3. IIpoBepka BBIKIIOUYATENEN HArPy3KH
Tabmuma 5.4.
[TpoBepka BeikTIOUaTeneu Harpysku 1V, Il c.m.
PacueTHbie BeTMUMHBI KaranoxxHeie 1anHbIe YcnoBus BeIOOpa
BBIKJIFOYATECIIA TUIIA
BMII-10-630-31,5
UycT:6,3 kB UH:].O kB UycTSUHOM
Ipa6.¢opc:176,1 A lon=630 A IpaG.dJopcS Liom
I’=16 kA lp.c=31,5 KA < lyp.e
ly=43.,45 KA Inp.c=80 KA S lipc
=16 KA lorenw=31,5 KA 1< lorenn
V2.1 +i, =3735 kA =08 V2.1 i <y2:1,,,0+p)
BK:25,6 KAZ'C IthTH:999225 KA BKS ItHZ'tTH
Jlucr
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5.4. IIpoBepka 11eXOBbIX CEKIIMI IIINH

[IIrHBI IPOBEPSIOTCS MO YCIOBUSM IJTUTEIBHOTO HArPEBa
HOMUHAJIBHBIM TOKOM C MOCJIEIYIOIIEN MPOBEPKON HA TEPMUYECKYIO U
JTUHAMUYECKYIO CTOMKOCTD ITPU KOPOTKHUX 3aMbIKaHUSX [5].

[1o ycnoBusiM JUIMTEIHOTO HAarpeBa MPOBEPSIEM IINHBI
npsAMOYrojabHOro ceuenus 120x10 mm:

| pa6.0pc=2583,7 A<l =4100 A

[IpoBepka Ha TEpPMHUUYECKYIO CTOMKOCTD IpHu K3:

i 1,05842- B,
F 1,054 - 61264000
‘ 1200°

(14)

=73,38

B cooTBeTcTBUU C KpUBOM AJIs OTIpEACIICHUs TEMIIEpaTyp HarpeBa
Toxonposoza mpu K3: ©=73°, uro mense gomyctumoii ©,,,=200°

IIpoBepka Ha AMHAMUAYECKYIO CTOMKOCT:

HanpspokeHne B MaTepuasie IUH OT B3aUMOJEUCTBUA (Da3 onpenensiem

KakK:

v (15)

12

o, =22 107 3 21900% = 28,22 MTIA

Cuita B3aMMOIEMCTBHS MEXIY HIBEIJIEPAMU:

i 2

|
f =05 ﬁ 107 (16)
2
f =o,s-%-1o7 =648 H/m

MakcumanbHOe PaCCTOAHNEC MCIKIY MCCTAaMHU CBAPKH HIBCJUICPOB:

| e = le (Gom —04) W, (17)

f

n

JIuct
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| \/12 -(82,3-28,22) -58
n.max 648

=27m~3M

, T.C. IBCJUICPHI IUH JOJIKHBI OBITH CBApCHbI B MCCTAaX KPCIJICHUA HA

M30JIATOpax 4epes 3 M.

BriGupaem u305TOp NpOXOHOM /1711 BHYTPEHHEW YCTaHOBKU Ha

Hanpspkerne 10 kB tuma [TH-10/2000-1250, nzonsarop omopHBIN st

BHyTpeHHel yctanoBku tuma Od-20-3000.

PacueTrHas Harpy3ka Ha ONMOPHBINA U30JIATOP B MHOTONIPOJIETHON

IIMHHOM KOHCTPYKIMU ONPENEIISIETCS PACYETHON HAIPY3KOM IIIMH HA OJAUH

MPOJIET OT MEXKIY(Pa3HOTO YCUITUSA:

£ 2

oy |
F,=162-2—.107"
a

2
F, =1,62.w:498H
0,84

ITormpaBka Ha BBICOTY IIMH:

H,, +c+2
kh B Hu3
235+6+@
kK,=— 2 -1238
235
Fpacq :kh : Fu

F ..=1238-498=616 H

pacy

Fpaca<0,6-6000, T.€. H3019TOp MPOXOAUT.

(18)

(19)

(20)

5.5. BBIBOJIbI IO MPOBEPKE IEKTPOOOOPYI0BAHMS HA JAEHCTBUE TOKOB

KOPOTKOI'O 3aMbIKAHU:A

OxoHuarenbHas MPOBEPKa YCTAHOBIEHHOTO 3JIEKTPOOOOPYI0BaHUS

OTOEIFHOTO IIeXa MOKa3aJI0, YTO HOMHUHAIBHBIE TTapaMETPhl 000PYA0BaHUS
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3HAYUTEIBHO MPEBOCXOIAT MAKCUMAJIbHbIE 3HAYEHHSI TOKOB KOPOTKOTO
3aMbIKaHUs Ha IIMHAX pucoeauHenus. JlaHHoe 06CTOATEeNbCTBO, MOKHO
MPOKOMMEHTHUPOBATH HAJTMYUEM CIIBOCHHBIX PEAKTOPOB, MO3BOJIAIOIINM
3HAYUTEIHLHO CHU3UTh TOKOBYIO HAIPY3Ky 3a CUET 3HAUUTEILHOTO
WHIYKTUBHOTO CONpOTUBIeHUs. Eciu npoanann3upoBarh 3HaYEHHS TOKOB
K.3. (cM.Ta0m. 4.1), TO MOKHO OTMETUTH 3HAUUTEIFHOE OTJINYUE YAAPHOTO
Tpex(a3zHOro Toka KOpOTKOro 3ambikanus B Touke K1 (Ha mmHax
reHeparopHoro HanpsbkeHus TOL[-6) u B Touke K4 (Ha mmHax uccieayemMoro
PI1-7°). Oranune cocTaBseT nopsiaka 395%. Ilpu nnvHe ToKOompoBoOJa OT
touku K1 o K4 paBnoii 634 meTrpa, Takoe pa3indre BO3MOKHO TOJIBKO MPU
HaJIMYHUH CIBOEHHOTO PEAKTOpA, KOTOPBIN HATJISHO MOKA3bIBAET CBOIO
3HAYUMOCTb BO BpEMS aBAPUIHBIX CUTYyalU.

Takum oOpa3zoMm, KOMMYyTallMOHHOE U TOKOBEAYyIIee 00OpyIoBaHHE
1e€Xa COOTBETCTBYET PACUETHBIM YCJIOBHUSIM W MPUTOAHO IS JaJIbHEWIIEH
paboTel. B mocneacTBue  MOXKHO ~ pEKOMEH/IO0BAaTh 3aMEHY YyCTapeBILIUX,

MACJISIHBIX BBIKJIFOUATeIel Ha 0oJjiee COBPEMEHHBIA BaKyyMHBIN

BoeIKJTIOUaTenb Tuna BB/TOK-2-10-40/3150-B-V3

Tabnmma 5.5.
OcCHOBHBIE XapaKTEPUCTUKH BBIKIIOYATEIIECH.
Unow, InoMm, | IHOM-OTKII., [TonHoe Bpems
Twum BeIKIIOUATEIIS
kB A KA OTKITIOUEHUSI, C
BB/TDK-2-10-40/3150-B-Y3 10 3200 40 0,05
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6. PEJIEMHAS 3AIIIUTA U ABTOMATHKA TOKOITPOBOJA

T1-3

6.1. O630p ycrpoiictB P3A Toxonposoaa I1I1-3

I[JDI 3alllUTbl OT I[GﬁCTBHSI TOKOB KOPOTKOI'O 3aMbIKaHHA Ha

tokornpoBoje ITI3 yctaHOBIEHBI HUKECISYIONINE TUITHI 3aIIUT:

- IIpogonsHas nuddepenmanbHas TOKOBas 3aIIUTA;
- ToxoBast oTceuKa;

- MakcumasbHas TOKOBas 3allHTa;

- MakcumanbHast TOKOBas 3alllUTa OT MEPETPY3KH;

- MakcuMasnbHas TOKOBas 3almuTa OT HGHOJ’IHO(i)aBHOI‘O pPeKHUMaA.

6.1.1. [IpononbHas nuddepeHianbHas 3anmTa

HuddepennnanbHas TOKOBas 3allliTa HA3bIBAETCS 3aIIUTON C aOCOTIOTHOMN
CEJIEKTUBHOCTBIO, HEMOCPEICTBEHHO CPaBHUBAIOIICH BEIMYMHBI TOKOB B

3aIaHHBIX MECTaX 3allUIIaeMbIX 3JIEMEHTOB, OOBIYHO MO KoHIaM [11].

B npomonpHBIX 3aliMTax CPaBHUBAIOTCS TOJBKO KOMIUIEKCHI (MM TOJBKO
(da3pl) TOKOB; CpaBHEHUE HAINPSHKCHUN WIM aOCOTIOTHBIX BEJIMYUH TOKOB
HE MOXET BBISBISATH MOBPEXKIEHHBIM ydacTOK. [[1s mpooibHBIX 3allUT
NPUMEHSIIOT TPOBOJHBIE W  BBICOKOYACTOTHBIE  paguoKaHaibl. B
MPOJOJBHBIX 3alllUTaX C MPOBOJHBIM KAaHAJIOM OH IMOCTOSIHHO BKJIIOYEH U

MyCKOBBIX OPraHOB 0OOBIYHO HE TPeOyeTCsl.

PaccmarpuBaemas 3ammrta o0siagaeT aOCOIOTHONW CENeKTHUBHOCTHIO [11],

BBITIOJIHSIETCS O€3 BBIICPIKCK BPCMCHHU M HCIIOJIB3YCTCA B COUCTAHUU C
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JIPYTUMH, HaIrpuMmep pe3epBHBIMY, 3aIUTaMu, MMEIOLUMUA

OTHOCHUTCIIbHYIO CCIICKTUBHOCTD.

Jnst noctuxkeHust TpeOyeMbIX YCIOBUMA OTCTPOUKH 3allUTHI [1], Ha KOHIaxX
3amuIaeMoro o0beKkTa ycraHapiauBaroTcs Tpanchopmatopsl Toka (TT) ¢
OJIMHAKOBBIMU N;. VX BTOpUYHBIE OOMOTKM Ha OJIHOMMEHHBIX (hazax
COCIMHSIOTCS. TTPOBOJAAMU U TMOAKIIOYAIOTCA K OOMOTKE U3MEPUTEIHHOTO
perne Toka Tak, YTOObl MPU BHEIIHUX KOPOTKUX 3aMBIKAHUSIX TOK B pelie
OTCYTCTBOBaJ, a IMPU KOPOTKHUX 3aMBIKAHUSIX B 3alUIIAEMON 30HE

OIPCACIIAIICSA TOKOM B MCCTC IIOBPCIKIACHM.

Jlnst obecniedeHus: MpaBWILHOTO (PYHKIIMOHUpOBaHUS (HenTehcTBus) [11]
3aATBl  TOK  CcpabaTbiBaHMWS  WCIONHHUTEIBHOTO  pelie  JIOJDKCH

OTCTPanuBATLCA OT MAaKCUMAJIbHBIX PACUCTHBIX TOKOB HeOaaHca.

B IMpOoLECCCC OKCINTyaTallMK 3alllUThI IIPHUXOOUTCA (B OCHOBHOM B CJIy4ac
INPOKJIaAKKW  BCIIOMOI'aTCJIbHBIX  IIPOBOAOB BHC  IIPCIACIIOB I[aHHOﬁ
YCTaHOBKI/I) CUUTATBCA C BO3MOXHOCTBIO HX IIOBPCKICHHA, IIOOTOMY,

uenecoo6pa3Ho, IMPON3BOAUTDb KOHTPOJIb UX UCITPABHOCTH.

YuuTeiBas TO OOCTOSTEIBLCTBO, 4YTO Harpy3koi Oojee uem Ha 90%
SIBJISIIOTCS ACHHXPOHHBIC M CHHXPOHHBIC JIBUTATEINsl, HCOOXOAMMO Y4eCTh
aBTOMATHYECKOE 3ariybOsieHrne 3amuThl. JlaHHOe TpeOoBaHWE BBIMTOJIHHUMO
MyTEM BKIIIOUYCHHUS HMCIIOJHHUTEIBHOTO pejie TOKAa Yepe3 MPOMEKYTOUHBIN
HACBIIMAOIMIMICSI  TpaHCHOPMATOP TOKA, TITO3BOJIIOIIMM, BCICACTBUE
OBICTPOTO HACHIIICHUS MAarHUTOIPOBOJA, HE IMPOIYCKATh 3HAYMTEIIBHYIO
9JacTh MEPUOAUICCKON COCTABIISIIONICH ITyCKOBOTO TOKA MyTEM 3aMbIKAHHUS

4epc€3 BCTBb HAMAarHn4uBaHH:.
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6.1.2. ToxoBas orceuka

JlanHast 3ammTa OTHOCHTCS K THIy 3alllUT C OTHOCHTEIHHOU
CEJIEKTUBHOCTBIO, PEArupyIoOlIUX HAa TOK B 3aluinaeMom 3yemeHte [11].
HcnomHUTENbHOE pelie IPUXOAUT B JICUCTBUE MPHU TPEBBIIIICHUH TOKOM B
MECTe BKJIIOYCHHS 3allUThl HEKOTOPOTO 3apaHee YCTaHOBJICHHOTO

3Ha4YCHHA.

B paccmarpuBaemMom ciydae, OTHOCHTENBHO TokomnpoBoja I3, 3amwura

BBICTYNAET B KAYECTBE PE3ECPBHOM.

Jlna oOecrieueHus CENEKTUBHOCTU HecpabaThIBaHUSI TOKOBOM OTCEUKU TpHU
BHEIIHUX KOPOTKHUX 3aMBbIKAHUSIX Ha JJIEMEHTax, €€ TOK CpabaTbhIBaHUs
BbIOMpaeTcss  OOJbIIMM  MAaKCHUMAJIbHOIO  TOKa, MPOXOAAIIEMY IO

3allUIMACMOMY YHACTKY IIPHU BHCIIHCM KOPOTKOM 3adMbIKAHHH.

I[JIH COKpalmCHusg 4YucCjia CJlIy4acB pa6OTI>I OTCCYKHM C YMCHBIICHHBIMHU

3allIUIMACMBbIMHU 30HAMH PCJIC BKIIIOYACTCA I1I0 CXEMC C K03(1)(1)I/II_[I/ICHTOM

Kex=1.

[IpeuMy11eCTBOM TOKOBOM OTCEYKHM SBISETCS BO3MOKHOCTH OBICTPOTrO

OTKIIIOYCHHA KOPOTKOI'O 3aMbIKaAHHWA Ha YCTAHOBJICHHOM YYaCTKC.

Henmoctarkom sBaseTcss OTHOCHUTENbHAS 3allUTOCIIOCOOHOCTH, TO €CThb
3aBUCHUMOCThH JJIMHBI 3alTUIIAEMON 30HBI OT PEKUMOB PabOTHI MUTAIOLIEH

CCTH.

TokoBas oTceuka B OeaoM oOecreunBaeT CEJICKTUBHOCTH 3alIUThI IIpHU
BHCIITHUX KOPOTKHX 3aMBIKaHUAX  TOJIBKO B C€THU paI[I/IaJIBHOfI

KOH(UTypanuu ¢ OAHOCTOPOHHUM IMUTAHUEM.

3amura, HE CMOTpS Ha OTMEUeHHble Hexgoctatku [l1], mmpoko
UCIIOJIB3YETCSI B CETAX PaaUaIbHON KOH(GUTYpallud C OJHOCTOPOHHUM

NUTaHHueM HanpsbkeHueM 35 kB u Hmke. Ona paboraer mnpu Beex
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MHOFO(lJaBHBIX KOPOTKHUX 3aMBIKaAHUAX W BBIITOJHACTCA C KOM6I/IHaI_II/I$IMI/I

YHuCIia CTYIICHEN.

Hanuune TokoBOM oTceuku Oe3 BBIJICPKKHM BPECMCHHU MOKCT 3HAYHUTCIIBHO
YIIYUIOIUTDb CBOMCTBA MAaKCHUMaJbHBIX TOKOBBIX 3allluT C 3aBUCHMBIMH

XApaKTCPUCTUKAMMU.

6.1.3. MakcumasibHast TOKOBas 3alnuTa

MakcuManbHBIE TOKOBEIC 3alllUTBl OTHOCATCA K THUIIY TOKOBBIX 3alllUT C

OTHOCHUTEJIBHOM CEJICKTUBHOCTBIO TaK €, KaK U TOKOBas orceuka [11].
JlaHHas 3aIKTa BBIMOJIHACTCS Ha 0a3e pesiec TOKa U pesie BPEMEHH.

HapaMeTpaMI/I Cpa6aTBIBaHI/IH 3allIUThl ABJIAIOTCA TOK Cpa6aTI>IBaHI/I}I u

BBIICPIKKA BPCMCHU.

Jlns mpenoTBpalieHyss OTKIIOUCHHH MPU OTCYTCTBUM TOBPEKICHUH, TOK
cpaOaThlBaHMs 3allUThl  JOJDKEH OBITh  OOJbIIE TOKAa HAarpy3ku
3ammImaeMoro 3neMedTa. OJHAKO MpU ITOM elle He OyAeT oOecreueHa
CCJICKTMBHOCTh TIPH BHENIHHUX KOPOTKHX 3aMblKaHUAX. PaccMmarpuBas
Cy4all pagualibHOM CETH, COCTOSIEH W3 JIByX MOCJIEA0BATEIBHO
COCTMHEHHBIX JIMHUH, HEJIb351 ¢ YBEPEHHOCTBIO CKa3aTh, YTO MPH KOPOTKOM
3aMBIKQaHMM Ha BTOPOM ydYacTKe, He cpaboTaeT 3aiuTa MepBOTO yJacTKa,

Ha KOTOPOM KOPOTKOI'O 3aMbIKaHUsI HE BOSHUKAJIO.

CenekTMBHOCTh IPU BHEIMIHMX K.3. JOCTHUTAeTCA TEM, YTO BBIIAEPKKH
BPEMEHU BBIOMpAIOTCS TeM Oouibliie, 4eM OJMKe 3allldTa pacrholiokKeHa K

HCTOYHHKY ITUTAHUA.
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MakcuManibHast TOKOBas 3alMTa IO BBIIOJHEHUIO U TUIAM HCIOJIb3yEMBbIX
pene sBisieTcs HauOoJiee MPOCTON M JOJKHA ObITh OTHECEHA K 3allluTaM,
o01a1ar01UM JyYIIUMHA anrapaTHoOn 51 DKCIUTYaTallMOHHOU

HaJICKHOCTAMMU.

PaccMarpuBaemyro 3alUTy I[IUPOKO MCIOJIB3YIOT KaK OCHOBHYK U
PE3EPBHYIO B paCIPEACIUTEIBHBIX CETAX paauaIbHOW KOH(PUTYpAIuu C
OJIHUM HCTOYHUKOM NuUTaHus Hampsbkennem 1o 10 kB BkmroumrtensHo,

CCJIM €€ BBIJACPIKKH BPEMCHU ITPHUCMIICMBI.

6.1.4. MakcumanbHasi TOKOBas 3alllUTa OT [IEPErPy3KH

MaxkcumanbHass TOKOBas 3allUTa OT TMEPErPYy3KH SBJISETCS IOJHBIM
AHAJIOTOM MAaKCHUMAaJbHOM TOKOBOW 3alllUThI, C TOW JIMIIb PA3HULCH, YTO
JICVCTBHE €€ PACHPOCTPAHSAETCS HA CUTHAI B CIIy4a€ BOBHUKHOBEHUS TOKOB

OoJbIINX pabounx MaKCUMaIbHBIX [11].

6.1.5. MakcumanbHasi TOKOBas 3aluTa OT HEMOJIHO(A3HOTO peKuMa

MakcuMainbHasi TOKOBas 3alllMTa OT HEMOJHO(A3HOro peXruMa SBIISIETCS
MOJHBIM aHAJIOTOM MAaKCHUMaJIbHOM TOKOBOM 3alllMTbl, C TOM JIMIIb
pa3HHUIIEH, YTO JCHCTBUE €€ PACIPOCTPAHSIETCS HA CUTHAI B Cllyyae

BO3HMKHOBEHUS pa3HUILIbI B ToKax ¢a3 [11].
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6.2. Pacuet mapaMeTpoB 3alIUT

6.2.1. Pacuer npononbHON AuddepeHinanbHON 3alUThI

Huxe npensioskeH nMpoBEpOUYHBIN pacyéT JaHHOW 3alllUThl HA OCHOBE pelie

J3T-11,

KOTOPBI UMEET YIYUIICHHbIE XapaKTEPUCTUKUA U 00JIEE BBICOKYIO

HaJIe)KHOCTh dJIEeMEHTHOM 0a3bl [12].

6.2.1.1. Onpenenenre NEPBUYHBIX TOKOB

HOM

rac

CTOpOHE.

S

_ HOM

“V3u,,’

HOM

liom — IEPBUYHBIN HOMUHAJBHBINA TOK TpaHCcPopMaTopa;
Siom — HOMHHAJIBHASI MOIITHOCTB 3aIIIUIIAeMOro TpaHchopMaTopa;

U'on — HOMUHATBHOE HAMPSYKEHUE HA BHICOKOM MJIM HU3KOM
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B coorBercTBuU ¢ 11.6.1.1. mpon3BenemM pacuer NEPBUYHBIX TOKOB Ha

yuacTkax L, Ly u Ls.

| =090 _go57
Homl \/5 . 6'3 '
42500
| =——=38954,;
HOMS \/§ . 6,3
_ 32230 _ 59544
Hom4 \/§ . 6,3 "

6.2.1.2. Beibop TpanchopmaTopoB TOKa U pacueT KodhPUIIMEeHTOB

TpaHcpopmaru

B cootBercTBUM ¢ pekomenpanusamu [11] TpanchopmaTopbl TOKa
YCTAHOBJICHBl B Hauale, ydyactka L;, B KoHie ywdactka Ls u B KOHIIE
yuactka L, Takoe pacnonoxxenue TpaHCHOPMATOPOB TOKa IO3BOJISET

MaKCUMaJIbHO 00€CIeUnTh 30HY 3alIuThl TOKomposoa LITI3.

YyuuthiBasi TO 00CTOSATENBCTBO, YTO HA BCEX TpaHcopMaTopax Toka (aszbl
HE YepeayloTCs, BBIOMpPAaEM CXEMbl COCIUHEHUSI BTOPHUYHBIX OOMOTOK
tpancopmaropoB Toka TAIl, TA2 u TA3 coenunennsie B 3Be3ay. [lpu

ToM B qudpepeHnnanbuyIo 1enb IIaHupyeM YCTaHOBKY Tpex pene JI3T-
11.

Pacuetnbie ko3 duriments Tpanchopmaiuu TA onpenenstores mo

bopmyie:

Klpacq - ’

(21)

I71€ Kex —KOA(DPUITMEHT CXEMBI;
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K=1 — mist cxeM coenuneHnst oOMoTok TA B Y
| iom(TA) — HOMMHAJIBHBIN BTOPUYHBINA TOK TA, paBHbIi 5 A.

Tox Ha yuacTke Li:

5957-1 5957

Klpach = 5 5

Oxpyraisis 10 CTaHIapTHOTO 3HAaYeHUs1, MOKHO TipoBepuTh TA (TIIB-
15) ¢ koaddunmenTom Tparchopmarmu Kiv=6000/5.

Tox Ha y4acTke Ls:

3895-1 3895

KlpacttY = 5 5

OxkpyrJisist 10 CTaHAQPTHOTO 3HAaYEHUsI, MOKHO mpoBeputTh TA (TLLB-
15) ¢ koaddurmentom tpanchopmarmu Kiv=4000/5.

Toxk Ha yuacTke Ly:

2954-1 2954
Klpach = 5 = 5

Oxpyrisis 10 CTaHIapTHOTO 3HAaYeHUs1, MOKHO TipoBepuTh TA (TIIIB-
15) ¢ koadpunmenTom Tparchopmarmu Kiv=3000/5.
[Ipumenenue TpancopMaTopoB OJHOTO TUIA OUYECHb BAXKHO, UTOOBI

T10 peJie He MPOTeKaIM HEJIOIyCTUMbIe TOKM Hebamanca [11].

6.2.1.3. PacueT BTOPUYHBIX TOKOB B IIJIeUax 3aIlUThI

T4
Bropuunslii Tok yyactka Li:

. K. 5957.1

__ _HOM X

| = = =496 A
HOM B K, 6000/5

Bropuunslii Tok yyactka Ls:

. K. 38951

__ _HOM X

| - = =487 A
HOM.BY K,, 4000/5
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Bropuusslii TOK yyactka Lg:

IRY ¢

HOM CX

_ 2954-1

IHOM.B.Y =

KTA

3000/5

=492 A

Pe3ynbTathl BRIIIEH3I0KEHHBIX PACUETOB PUBEICHBI B Ta0uIe 6.1,

Ta0muna 6.1.
[TapameTpsl O6o3Hauenue u UYuciioBble 3HaYEHUs HA CTOPOHAX

METO OIIPEACIICHUSA L1 L5 L4
I[TepBHYHBII TOK HA CTOPOHAX S 5957 3895 2954
3aIunIaeMoro TpaHcopmaropa, A oy =

\/§ : U HOM
CxeMa coeIMHEHH ST BTOPUYHBIX Y Y Y
obmotok TA
Koa¢duimeHT cXxeMbl BKITIOUCHHUS pee Kex 1 1 1
3aIIUTHI
PacueTHblif kodddunment | K 5957/5 3895/5 2954/5
TpaHchopMaIu TpaHCPOPMaTOPOB K, pacu = =
TOKa I Hom(TA)
[puHATHIA K03 dUIHEHT K1 6000/5 4000/5 3000/5
tparchopmarmu TA
Bropu4HbIii TOK B [I€4aX 3aIIUTHI, A | K 4,96 4,87 4,92
I HOM.B. K
T4

6.2.1.4. Onpenenenue Toka cpabaThIBaHUS pelie 1JIsi OCHOBHOM

CTOPOHBI

BriOupaercst cropoHa Kk TpaHcpopMaTOpoM TOKa, KOTOPOHM clieyeT
MOAKIIOUUTh TOPMO3HYI0 00MOTKY [12] pene JI3T-11. B cooTBercTBUU C
pexkoMennanusamu [11] —ato ctopona yuactka L, (Bemomas cropoHa).

Hcnonb3oBaHrue TOPMO3HONW OOMOTKH JTa€T BO3MOXHOCTh HE OTCTPAUBATh
3alIUTy OT TOKOB HeOalaHca MpHM TaKMX BHEIIHUX K.3., KOTJAa HMEETCS
TOpMOXKeHHE (KOPOTKOE 3aMbIKaHHE 3a 3TOM OOMOTKOM, B mmieun TA
KOTOpPOM BKJIFOUEHA TOPMO3HAs OOMOTKa), TaK KaK HEICUCTBUE 3alllUThI

IIpHu 3TOM oOecrneynBaeTcs TOPMOKCHHUCM.

JIuct
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Dddext TopMOoKeHUS TTOSBISAETCS TIPH JIFOOOM BHEIITHEM K.3. H
MUHUMAaJIBHOE 3HAYCHHE TOKAa CpabaThIBAHUS ONPEACIISETCS TONBKO U3

YCIIOBUA OT 6p001<a HaMaron4muBaromicro Toka.

I =K-I

roe K=1,2+1,5

| iox — HOMUHAIBHBIN TOK ydacTKa L.
[Tpuaumas K=1,25 nonyuum:
lesmin=1,25-5957=7446,25 A,

ITineyo TA ¢ 6onbIM BTOPHUYHBIM TOKOM IIPUHHUMACTCA 3@ OCHOBHOC U

IIOAKJIIOYACTCA K pa6oqeﬁ 00MOTKE peiIe. B JaHHOM CJIy4aC TaKUM
ABJIACTCA IINICHO y4HaCTKa Ll.

OHpGI[CJII/IM TOK Cpa6aTBIBaHI/IH peiIC OJid OCHOBHOH CTOPOHBLI:

I ‘K

| __ ~czmin o
@OCH ~—
Kl.OCH

7446,25-1
| =T _521A
@O 6000/5

riae K.=1 (TA coeaunensi B Y);
6.2.1.5. Onpenenenre HEOOXOAUMOTO YUCIIa BUTKOB OOMOTOK
HachImaroIerocs Tpancopmaropa pene JI3T-11

PacuetHoe uMcClIO BHUTKOB pabOYMx OOMOTOK HACHIIIAIOMIETOCs

tpanchopmaropa (HTT) s OCHOBHOM CTOpPOHBI ONpenensercs U3

BBIPpAXXCHHUA:
E
c.p.
Wocn.p = I !
c.p.ocH
(22)
100
OCH.p = Aa 16’1
' 6,21
JIuct
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rae F., =100 — MJIC cpabateiBanus pene JI3T-11.
Oxpyrmsas 10 nenoro 3HaudeHus, npuHumaeM W,=16 BUTKOB, TOrzaa
TOK Cpa0aThIBaHUS 3aIUTHI, COOTBETCTBYIOIIUN MPHHITOMY YHUCITYy BUTKOB,

onpenenuTcs no popmyie:

I — Fc.p. .Kl.ucu
h KCX .Wp
(23)
__100-6000 _ 7545 .
- 1.5.16
Omnpenensiercs pacuetHoe yuciao BUTkoB HTT pene s He OCHOBHBIX
CTOPOH.
Yuciio BUTKOB paboueit 0OMOTKH 1S yyacTka Ls
I OCH.
W5 =W, - |
Hom.L5
(24)
4,96

W, =16- 187 16,36umxa

Yuciio BUTKOB paboueit 0OMOTKH 1S yyacTka Ly

— W . I OCH.

pLA P
I Hom.L4

WPL4 =16- 4’—92 =16,13sumka

OKpyTJISIst YUCII0 BUTKOB pab0O4MX 0OMOTOK JI0 IIEJIOr0 3HAYSHHUS
MOJIy4aeM:

- YUCJIO BUTKOB paboueil 0OMOTKM AJis1 yuacTka Ls npunumaercs 16
BUTKOB;

- YUCJIO BUTKOB paboueil 0OMOTKM AJis yyacTka L, npunumaercs 16
BUTKOB.

Taxum 00pa3oM, B HEOCHOBHBIE IJI€UM BUTKU YPABHUTEIbHBIX

0OMOTOK 3aJ1eiCTBOBATh HE MPHUIETCS.

Bce pacuetsl cBeneHbl B Tabnuity 6.2.
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Tabmauia 6.2.

[TapameTpsi O06o03HaueHNEe BETUINHBI UucnoBble 3HAYCHUS
U METOJBI OIIPEACICHUS
Munnvanshbiii ToK lyin =51 1,25:5957=7446,25 A
cpabaThIBaHUS 3AIIHUTHI o i
conomtt cxapone |1, = e K 10251 614
vt K, 6000/5
Yucno BurkoB oomoTkr HTT F
11 ocHOBHOII ctopons! (HH) Wowp ==&
Pacuernoe c.p.ocn 16.1
IIpunsitoe 16
PeanpHbI TOK cpabaThIBaHUS F ‘K 100- 6000
ICS — c.p. locn — 7500 A,
K. K, W, 1-5-16
Yucno BUTKOB paboueit |
o6motku HTT 1151 CTOPOHBI Wp s =W = | L
L5 .
P Hom.L5 16,3
acyeTHOE
16
IIpunsitoe
Yuciio BUTKOB paboueit |
o6motkr HTT 171 cTOpOHEI Wp =W b %
o oL 16,13
acyeTHoOe
16
IIpunsitoe

6.2.1.6. OnpeneneHue yrcia BUTKOB TOPMO3HOM 0OMOTKH

s onpenesieHust He0OXO0IMMOT0 YKHCJia BUTKOB TOpMO3HON 0oMoTku HTT
pene [A3T-11 HeoOXoaummo OMpENETUTh MEPBUYHBIA TOPMO3HOM TOK U
NEePBUYHBIA TOK HeOalaHCca MPH BHENIHUX K.3., OTCTPOMKA OT KOTOPBIX
MIPOU3BOMUTCS C TIOMOIIBIO TOPMOKECHHSI. AHATU3UPYS PACUCTHBIC JaHHBIC
Tab1.4.1., IpUHUMaeM pacuyeTHOE 3HAUCHHE TpeX(a3HOro TOKa KOPOTKOTO

3aMbIKaHuAa B Touke K5.

mopm mopm.K5 :12650A ]
ra€ lyopy. — TMEPBUYHBIA TOPMO3HOM TOK HAa B KOHIIE ydacTKa L.,
paBHBII TOKY TpeX(a3zHOTO BHEITHETO K.3.

[lepBruHBI pacyeTHBIN TOK HebanaHca:

JIuct
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|Wl ~W. | |W ~W. |
_ pac 1 1lpac 11 3)
IHﬁ.pacq.MAX - Kn 'KodH.g-'_ + W 'Ixsmax'
‘ 1lpac ‘ 11pac ‘
(25)
rie K, — xoddpduument, ydUTHIBAIOMIUN  anepuoIUYECKYIO

COCTaBJISIFOIIYI0D B TOKE KOpPOTKOTro 3ambikanus, mia peine ¢ HTT ero
pEKOMeHTyeTcsl OpaTh paBHBIM 1;

Ko — KOOQPUIMEHT, yYUTHIBAIOIINUNA OTHOTUITHOCTH TA;

€=0,1 — oTHOCHTENbHAS BETUYMHA ITOJTHOU MOTPETHOCTH TA;

AU% - 3Hauenwe B % TOJIOBUHBI CYMMAapHOTO JIharia3oHa
pPEryIMpOBaHUS HANPSKEHUS TpaHchopmaropa;

W, =W, +W - pacuetHoe uuciao BUTKOB 00MOTOK HTT Ha He

OCHOBHBIX CTOPOHAX;
3
IK3(maX)( ) _ MakcHMAIbHOE 3HAYCHHE TOKA BHELIHETO K.3.
B nannom cnyudae:

16,316/  [1613-16]
| 163 | | 1613 |

Inﬁ.pacq.MAX = |:11 Oa1+ :| -12650 =1600 A

PacueTHO€ 4YMCIIO BHUTKOB TOpMOSHOﬁ OOMOTKH OIIPCACIIACTCA U3

BBIPA)KCHMUA:
_ K, |H5.pmmax ‘W
— —l
(26)
_ 15-1600-16

= 4,05 BUTKOB ~ 5 BUTKOB

TpacT0,75.-12650

, rme Ky =15 — kodpduuueHT OTCTPONKH, YUHUTHIBAIOIIMIA
HETOYHOCTh HACTPOWKHU,;

W — gucno ButkoB oomMoTkn HTT Ha cTopoHe, B mjieuo KOTOPOit

BKJIIOYEHA TOpPMO3Hasi OOMOTKa. IIpu 3TOM y4yuTBHIBAaeTCS NPHUHATOE YHUCIIO

BUTKOB, €CIIM pacCMaTpruBaeMas CTOPOHA SIBJIIETCSI HEOCHOBHOM.
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B paccmarpuBaemMoM ciiydyae TOpPMO3HAas OOMOTKAa BKIIIOYAETCS B
IUIEYO TPaHC(HOPMATOPOB TOKA, TO €CTh JUIsl HEE IMPHUHATOE YUCIIO BUTKOB
pabouux oomoTok HTT cocrtaBnsier 16 BUTKOB.
tgo. - TaHTreHC yrja HaKJIOHA KacaTeJIbHOM, OIPENeIsIomen
KPYTU3HY TOPMO3HOM XapaKTEPUCTUKH.
st pene JI3T-11 310T K03dDULIMEHT MOXKHO cunuTaTh paBHbIM 0.75.
|, — nepBUYHBIA TOPMO3HOHM TOK, OMPEAEIASEMbII P BHEITHEM
Tpexda3HoM k.3. B mannom ciydae sto 14650 A.

Pe3ynbTaThl pacyeToB cBeAeHbI B Ta0HILy 6.3.

Tabmuua 6.3.
ITapameTpsl O0603HaueHus1 1 METOJ ONPECIICHUS Yucnoseie
3Ha4YCHUA
PesynbTupyrommuii -
TOK B TOPMO3HOM 12650 A
00MOTKe
IIepBuuHbIi
PacUETHBIH TOK I =|K ‘K  -¢ _|_| 1pac ~ Wi | + |Wllpac _Wll| @ 1600 A
HeGanamca HO.pacu MAX n 00H W K3 Max
1pac 11pac
Pacuernoe uncio N W
o omc " HO.pacu.max
TOPMO3HOM W, pacumax =
00MOTKH tg a- Im 4 05
Pacuernoe ’
ITpunsitoe S

6.2.1.7. Onenka 4yBCTBUTENbHOCTU JU((PEepeHIInaTbHOMN 3alTUThI

KoadduimenT 4yBCTBUTEIBHOCTH OmpeenseTcs mno Gpopmyie:

(m)

_ cx(n)

4 (m !
I cs. ch(n)

| (2)

x.amin K

K
(27)
2
rae 19, in — MEUHAMAIbHOE 3HAYEHUE TOKA K.3. MPOTEKAIOIIETO 10

3aIIUTEC ITPU YKa3aHHOM BHJC K.3;

JIuct
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(m)
ex(n)
(m)

cx(n)

K

COOTHOIICHHUE, 3aBUCAIICEC OT BHAA K.3., CXCMbI
K

COCJMHEHUS TpaHCPOPMATOPOB TOKA HA paccMaTpuBaeMoil CTOpoHe( B

JTAHHOM CJIy4ae OTHOIIIEHHE PaBHO 1).

Torna:
g, =210 75750
7500

Takum 00pa3oM, YyBCTBUTEIBHOCTH JU(DPPEpeHIINaTIbHON 3alUThI
o0OecrieynBaeT MHUHMMaJIbHO JomycTuMbii 1o IIVD  kosdduiment

YYBCTBUTCIIBHOCTH.

Wypo

| I
| I
| I
I I
I I
| |
! (] - KA !
| T3 57 011131824 '
| _ |
! , Wep ,_? |
l 10 1 12 |
| Ry |
|
l 2821147 0 A |
| 0123456 . |
|
| 9 8 |
| I
I I
I I
| 0123456hn0ndg o 3210 |
} v 282114 7 0 8 12162024 283 . |
| -
| |
I I
| |
I I
| |

Puc. 6.2. Cxema pene 3T-11/4

6.2.1.8. BeixoaHsble 11€NU peie

YuuThiBas mapameTpbl CXeMbI dJeKTpocHaOxkeHus (puc.6.1, 6.3), cienyer
OTMETHUTh, YTO HCCIEAyeMasl paauaibHas CETh B TOYKAX MPUCOCIUHCHUS

Harpy30K He HMeeT BbIKIOUartene. Tak ke CcO  CTOPOHBI

JIuct
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terosnekTpocHanuii TOC-2, TOC-3 uMeeT MECTO MOCTOSAHHAS MOAIMUTKA
ANEKTPOIHEPTUH. TakuM  00pa3oM, JUISI  TMOJHOTO  OTKIIFOYEHUS
MOBPEXKICHUS HEOOXOIMMO BBIXOJHBIC IIEMU UCMOJHUTETbHBIX pene J3T-
11/4 BEIBOAUTH HE TOJIBKO Ha BhIKIIOYATeNb Qs3 mmH TOII-6, HO emie 1 Ha

BeIKTIOUATEIN Qgg M1 Qo5 e TOC-2 1 TOC-3 cOOTBETCTBEHHO.

JlaHHOe 0OCTOSITENBCTBO IMOBJICUET 3a COOOM HEKeNaTelbHOE YBEIMUEHHE

KOJIMYeCcTBa W JUIMH Kabenei. Oqnako TpeboBaHus [1] nHa4e BBIMOIHUTD

HE yAaThCA.
TA3,
= ===y Y
e .
TA3

L5 21716
|49

H 1 kawp

I q 4 \J

Digr u —4_?!
TA2, ddi a3 TA2 *‘
| —R KAW3 *| |
~ 1 5 15_|8 3
a9 Y
1]
3 A 3
TAL
L, R M?“ A Qs3 b kB
x 4 c.m.
C
TAl,
Puc.6.3. Cxema Britouenus AudpepeHimanbHoM 3auThl TOKOIPOBOAA

III13 wHa 6a3e pene JA3T-11/4
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KAW1
|

KAW?2
|

KAW3 KH1 KL1

YATos3

KL1 | 053

YAToss

KL1 | 088

YAToss

KL1 | 025

Puc.6.4. ®parmMeHT onepaTuBHON CXEMBbI UCIIOJHUTEIBHBIX KOHTAKTOB

J13T-11/4 Ha MOCTOSIHHOM OIIEPATHBHOM TOKE

6.2.2. ToxoBast oTceuka

& =Kl (28)
rae l.; — Tok cpabaTbIBaHMS 3aIIUTHI, A;
Ky — KO3 UIMEHT HAASKHOCTH, K,=1,1;
| smax — MAKCUMAJIbHBIN TOK K.3. B KOHIIE 3alllUIIaEeMOT0 y4acTKa
YuuteiBass TO OOCTOSITEIBLCTBO, YTO TOKONPOBOJ HMEET YacTh
OTBETBJICHHH, TO BBIOEPEM Cpeld BO3MOKHBIX 3HAYCHUN TOKOB KOPOTKOTO
3ambikanus u3 Tadn.4.1., lma=14,65 KA COOTBETCTBYIOIIIEE MUHUMAILHOMY
3HAYCHHUIO CPEIM BO3MOJXKHBIX, TEM CaMbIM, O0OeCIieurBas YyBCTBUTEILHOCTD
TOKOBOM OTCEUYKHU K CAMbIM YJIAJICHHBIM KOPOTKH 3aMbIKAHUSIM.

| =11-14,65=1612 kA

KoaddurmeHT 4yBCTBUTETEHOCTH:
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— I k3 Min (29)

r71€ | 3min — MUHUMAJTBHBIN TOK K.3. B HAYaJIe 3aIIUIIaeMOT0 yJacTKa,
IK3min:54,76 KA

—@:3,4>1,3

K =
1612
To ecTh IO UyBCTBUTEIBHOCTH 3aIUTA IPOXOIHUT.
JIJi BKITFOUEHUS 3alIUTHI B IIEMh TOKOMPOBO/IA IEI1€CO000pa3Ho
paccMmotpeTh Tpancopmatop Toka tuma TIIB-15 mis BHyTpeHHeH
YCTaHOBKH K KO3 durmerTom tpanchopmaru kra=6000/5.

Tok cpabaTbIBaHUs pere COCTABUT:

|o=fe (30)

_ 1 16120-1343~1354
200

Y

Pene tuna PT-40/20 nmpoxoaut 1o TpeOyeMbIM YCIOBHUSM.

+ -
i KA1
KA3 KA
'—/2— KH2 KL1
KA2 [KA3 1
ka1 | L L
L] KL1 053; YAToss
L= @ L
TA%e YAT
3= 6 xB KL1 088 Q88
Ll Dt A Q53 b—/—-}—i b—q
W°“ ‘D—' 4 c.mI. KL1 025 YATQ25
w_ C ._/—_}_D_‘
TA4,
a) 0)
Puc.6.5.a. Cxema BKIIFOUECHUS Puc.6.5.6. Cxema onepaTuBHbBIX
TOKOBOU OTCEUKU Herneu

6.2.3. MakcumanbHasi TOKOBas 3alIATA OT CBEPXTOKOB
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VYuuTeIBasi 3HaUUTENBLHOE CONPOTUBIIEHUE peakTopa LR1, coBMecTHO €

MT3 3azaeiicTByeM OJOKHPOBKY O MUHUMAJIbHOMY HANPSKEHUIO.

| =5 (31)

c.3. pab.max !
K

6

T1€ | pa6.max — MAKCUMANIBHBIN pPab0o4nii TOK TOKOIIPOBOAA, |y max=5957

Ky - KOOphUIIMEHT HaACKHOCTH, K,=1,2;
K; — KO3 duueHT Bo3Bpara, k;=0,85.

I, = ELE 5957 =8409,9 A.
“ 085

Brinepxka Bpemenn MT3 t,=0,5 c.

KoadpuiireHT 4yBCTBUTEBHOCTH:

1@
L= xl.a.mln (32)

C.3.

K =@=1,51>1,5
* 84099

K

IIpu nmpoBepke Ha UyBCTBUTEIBHOCTD IIPUHATO 3HAYECHUE
MUHHUMAJIBHOTO ABYX(a3HOTO TOKa KOPOTKOrO 3aMbIKaHUA B TOUKU K5
(puc.4.1).

MT3 oT CBEpXTOKOB IPOXOAUT MO YYBCTBUTEIBHOCTH

Tok cpabaTbIBaHUs pesie COCTABUT:

| =R 21 ga099-74

ok 7 1200

ma

Pene tuna PT-40/10 npoxoauT 1o TpeOyeMbIM YCIOBHSIM.

6.2.4. MakcumanbHas TOKOBas 3alllUTa OT EPErpy3KU

| == (33)

c.3. Hom !
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Puc.6.6.a. Cxema BKJIIOUEHUSA

r7e K, - KO3 PUImeHT Haie:)XHOCTH, K,=1,05;
K; — KO3 duimeHT Bo3Bpara, k;=0,85

I, = @-5957 =7358,6 A.
“ 085

3aHII/ITa OT IICPLTPY30K HA YYBCTBUTCIIBHOCTD HC IIPOBCPACTCA.

Tok cpabaTbIBaHMs peie COCTABUT:

_ e
Icp - Ic3

I, = S 7358,6 =6,14
¥ 1200

Pene tuna PT-40/10 npoxoauT 1no TpeOyeMbIM YCIOBUSIM.

L I
MT3 ot cBEpXTOKOB i KA/4
" I L . o
| IR Hamie
KAG | 05cex |~ KT1 KL1
ol N -
KA4|::| MT3 ot neperpy3ok i . KA/7 KT2
KA7 i 0Scex |~ KT2 KH4
[ [rase P T et Hw
= o4 kBB R -
L, i A Qs YAT
— T n | KL1 053, 53
= 4 c.m. L L |_4
TS
- c KL1 08g; "Alow
A
KL1 025 YATes
-
a) 0)

MT3 nemneun

Puc.6.6.6. Cxema onepaTuBHBIX
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6.2.5. MakcumalibHasi TOKOBasl 3alUTa OT HEMOJIHO(A3HOTO pexruMa

[Tox momHO(a3HBIM PEKUMOM OYyJIeM MOHUMATh HOPMAaJIbHBIN
pabouunii pekuM MpU KOTOPOM BCe TPH (pa3bl TOKOMPOBOIA HAXOASTCS MO
HANPSKEHUEM.

3amury 1enecooOpa3Ho BHIIOJHUTH Ha 0a3e pesie MUHUMAaJIbHOTO
HaNpsHKEHHUS.

Hanpsbxenue cpabaThiBaHUS MUHUMAJIBHOTO peJie HAMPSHKEHUS TPU
BBITIOJIHEHUHU ITyCKOBOT'O OpraHa BbIOMpaeTcs Tak, 4TOObI MyCKOBOM OpraH
cpabaThIBaj TOJIBKO MPHU MOJTHOM UCYE3HOBEHUHU HANPSIKEHUS U HE TIPUXOINIT
B JICHCTBUE MTPU MOHWKEHUSX HANPSHKEHUS, BbI3BaHHbIX K3 mimn
CaMO3aIlyCKOM 3JIEKTPOJABUTATEIIEH.

N3 npaktuku skcruryatanuu [13], O0JIbIIMHCTBE CIIy4aeB YCIOBUSIM
yIOBIIETBOPSIET HANPSKEHHUE cpadaThIBaHUs, paBHOE:

U, =(0,25+04)-U

(34)

rae Uy — HOMUHAIBHOE HANPSIKEHUE 3JIEKTPOYCTAHOBKH.

CrneoBaresibHO, MPUHUMAEM K YCTAaHOBKE PEJI€ HAPSKEHUS TUIA
PH-53/60/ ¢ U.,=0,35-6300=2205 B.

Hanpsixenue cpabateiBanus pese BpeMmenn tura 9B-215K ne
peryJupyeTcs, HO 10 JaHHBIM 3aBojia He npesbimaet 0,35U . [ToaTomy k
YCTaHOBKE MTPUHUMAEM pelie BpemeHu tumna J9B-215K.

[IprHrMaeM ycTaBKy Ha peiie BpemeHu nopsiaka 0,6 cCekyH.

Hanpsixenue cpabaTbIiBaHus pejie COCTABUT:

K
_ cx
u,=-=-U,,
K

ma

npu TpanchopmaTtope HanpspkeHus Tuna HOM-6 ¢

koaduimenToM tpanchopmarmu k,=6000/100.
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U, = 1 2205=36,758
60

P

B IICPCIICKTHUBC I[aHHI)II\/JI KOMIIJICKC 3allUT MOXKHO 3aMCHHUTDH Ha

MUKpPOIPOIIeCCOpHBIN, Harpumep, Mikon P633.

6.3. ABP cekmmonnoro Beikiaroyaress |l c.am. u | c.or.

[IpuHuMas BO BHUMaHKE HAJIMYUE MOTPEOUTENel MepBOi KaTeropuu
o OecriepeOOMHOCTH AIIEKTpOocHAOKEeHH [ 1] Ha ydacTKe MPOSKTUPOBAHUS
COOCTBEHHBIX HYXJ] TUIPOITICKTPOCTAHIINH, CXEMa MUTAHUS JOJIKHA ObITh
peanu3oBaHa Kak MUHUMYM OT JBYX UCTOYHHKOB IMTUTAHUS C BpEMEHEM
BKJIFOUECHHS pe3epBa Ha BpeMs paOOThl yCTPOHUCTB aBTOMATHKH.

OnbIT 9KCIUTyaTalMy oKa3biBaeT, yTo ABP siBrsieTcst oueHb
3 PEeKTUBHBIM CPEACTBOM MOBBIIIEHUS HAJIC)KHOCTH 3JIEKTPOCHAOKEHUSI.
VYcenemnocts ABP cocranseT 90-95% [10]. ITpocToTa cxem u BbIcOKas
3 PekTUBHOCTH 00YyCIaBIUBAIOT NpuMeHeHUue cucteMbl ABP B janHOM

clrydae.
6.3.1. TpeboBanus k cxeme ABP

Bce cucrembr ABP  [0MKHBI  yIOBIETBOPATH  CIHEAYIOIIUM
TpeOOBAHMSIM:

1. Cxema ABP pomxHa npuxoauTh B JEUCTBUE MPU HUCUE3HOBEHUU
HaIpPsDKEHUST HA [IMHAX MOTPEOUTENS 10 JIF0OOW MpUYMHE, B TOM YHUCIE TPU
aBapuiiHOM,  OIIMOOYHOM  WJIM  CaMOIIPOU3BOJIBHOM  OTKJIIOUCHUU
BBIKJTIOUATEJICH pabouero MCTOUYHMUKA MHUTAHMS, & TAKXKE MPU MCUC3HOBEHUU

HaIpsOKCHUS Ha HIMHAaX, OT KOTOPLIX OCYHICCTBIISACTCS ITMTAHHC pa60qer0
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VMCTOYHUKA NTUTAaHMs. BKIIOUeHUE pEe3epBHOTO HCTOYHHUKA YACTO JTOITYCKAETCS
taxoke npu K3 Ha muHax notpedurerns.

2. JIns TOro 4roOBl YMEHBIIUTH JJIUTEIBHOCTD MPEPHIBAHKUS MUTAHUS
noTpeduTeNnei, BKIIOUEHHE PE3EPBHOIO MCTOYHUKA JOJIKHO MPOU3BOAUTHCS
Cpa3y ke MocJie OTKII0YEHUsT paboyero HCTOYHHUKA.

3. HetictBue ABP momxHO ObITH OTHOKPATHBIM, YTOOBI HE JOMYCKATh
HECKOJIBKUX  BKJIFOYEHUWA  PE3EpBHOTO  MCTOYHMKA  MHUTAHUS  Ha
HeycTpaHusiueecs K3.

4. Cxema ABP He nomkHa NMpUXOJIUTHh B JCHCTBHE JI0 OTKIIOUYCHHS
BBIKJIFOUATE sl paboyero MCTOYHUKA, YTOOBl M300paxaTh BKJIIOYCHUS

PE3epBHOTO UC

TouHuka Ha K3 B HeoTkIouuBHIEMCS paboyeM HCTOYHHMKE. BpInonHeHue
ATOr0 TPEOOBAHMS UCKIIOYAET TAK)KE B OTHAEIBHBIX CIy4asX HECHHXPOHHOE
BKJIFOYEHUE JIByX UICTOYHUKOB ITUTAHHUSI.

5. Jns toro utoObl cxema ABP nelicTBoBasia mpu HCUYE3HOBEHHH
HaOpsOKEHUST Ha IIMHAX, M[HUTAOIUX pabdo4yuil MCTOYHMK, KOTJAa €ro
BBIKJIFOUATEb OCTAETCS BKJIIOYEHHBIM, cxema ABP nomkHa AONONMHATHCA
CHeUalbHbIM MYCKOBBIM OPTaHOM MUHUMAJILHOTO HAIPSKEHHUS.

6. /Insa ycKopeHHs OTKIIOYEHHs PE3EpPBHOIO HMCTOYHUKA IIPU €ro
BKJIIIOYUEHUM Ha HeycTpaHuBiieecs K3 [nobkHO —mpeaycMmarpuBaThes
YCKOpPEHHE 3allUThl pe3epBHOro McTouyHuka nocie ABP. DT1o ocobeHHo
BAXHO B Te€X CIydYasX, KOIrJa TMOTpeOUTeNH, TMOTEepsABIINE IHUTaHUE,
NOJAKJIIOYAIOTCA K APYrOMY HMCTOYHHUKY, HECYLIEMY Harpy3Ky. Y CKOpeHHas
3alUTa OOBIYHO JIEHCTBYET IO LENH YCKOpeHHs 0e3 BhIIEPKKH BpeMeHu. B
YCTaHOBKAX k€ COOCTBEHHBIX HYXJ YCKOPEHHE 3allUThl OCYIIECTBISETCS J10
0,5 cexynn. Takoe 3amejieHHe YCKOPEHHOM 3alUThI HEOOXOJIUMO, YTOOBI
IPEIOTBPATUTh ee HENPaBUIbHOE cpabaTbIBaHHE B ciydae

KpaTKOBPEMCHHOI'O 3aMbIKaHHWA KOHTAKTOB TOKOBBIX PpEJIC B MOMCHT B
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BKJTFOUCHHS BBIKITIOUATENS TOJ JEHCTBUEM TOJYKA TOKA, OOYCIOBIEHHOTO
CABUTOM 10 (paze Mexay HaNpsKEHWEM 3HeprocucteMsl u 3aTyxatomeid IJC

TOPMOBSIIUXCS JEKTPOJBUTATENEH, KOTOPBIA MOXKET AOoCTUTraTh 180°.

6.3.2. Ilpunimun neictBus cxeMbl ABP

VYuuThiBas yca0BUs U PEKUMBI pa0OThI y4aCTKa IPOESKTUPOBAHUA,

1esnecoo0pa3Ho 3a1eicTBoBaTh cxeMy ABP n1ByxcTopoHHero aeicTsu

/§ A
Q1 Q2
3
| c.mr. 2 Q Il c.mr.
DADE-TNA A
TV1 TV2

| ? % \
[IOH1 ITOH2

Puc.6.7. Cxema ABP QF3 (cuioBble memnm)
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Puc.6.8. Cxema oneparuBHbIx 1ieneii ABP QF3

O06a ucToyHuKa MUTaHUs pabOTAIOT IO CXeMe HesiIBHOTO pe3epBa. QF3
B HOPMAJIBHOM PEXHME OTKIIFOUCH. MOIIHOCTh KaKI0TO UCTOYHHKA TTUTAHUS
paccumTaHa TaK, 4ToObl 00eCTeUnTh MUTaHNEe 00X IIHH.

QF1 1 QF2 B HOpMAJIbLHOM peKHUME BKIIFOUCHBI, COOTBeTCTBeHHO Q1.1
— pa3oMkHyT, Q1.2. — 3amkHyT, Q2.1. — pasoMkHyT, Q2.2. — 3amkHyT, KQT1-
ob6ectouena, KCC1 — mox Hanpspbkennem, KQT2 — o6ecrouena, KQC2 — oy
HanpsokeaueM, KQC1.1 u KQC2.1 — 3amkayThI, KQT1.1 — pasomkryTsl, QF9
— otkmoueH, QF9.1. — 3amMKHYT.

[ToBogom myist paboTel ABP MokeT mocimy uTh:

1.  Orxmouenue no JroosM npuunHam QF1 unu QF2

2. Hcue3HoBeHHME HaNpsOKEHUS HA MWHAX 35 c.ir. wim 34 c.1i..
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1.  Orxmoumics QF1 nmu QF2.

[TycTh otkmouniics QF1. MeHsieTcst MoJIoKeHrne ero MeXaHu4eCKux
omoxupoBok Q1.1. — 3ambikaetcs, Q1.2. — pa3mbikaeTcs. TepsieT muTaHue
KQCI1, momyugaer KQT1, ciegoBaTenbHO 3aMBIKAIOTCS €10 KOHTAKThI
KQT1.1. ITockonbky TepseT nutanue KQC, To pa3MbIKaeTCs ero KOHTAKThI
KQCI1.1 uepe3 Boinepxkky Bpemenu. CreoBaTenbHO, COOMpaeTcs 1ernb: +,
KQT1.1, KQC1.1, KQC2.1, QF3, YACS3, -. CaenoBaTenbHO, BEIKIIOUATEIH
QF3 Bxurovaercs u noiay4aroT nutanus wuHsl | c.ar. u |l .. ot
Tpancopmatopa 34T.

Ecnu QF3 BxirouaeTcst Ha K.3., pesieiiHast 3alIUTa ero OTKIII0YaeT.
CHoBa 3ambikaeTcsi QF3, HO BTOpO# pa3 Ielb Ha ero BKIIOYSHHUS cOOpaThes
He Mmoxer, T.k. KQC1.1. - pa3oMKHYT.

Ecnu BTOpO#l HICTOYHUK OTPEMOHTHUPOBAIH U BPYUYHYIO BKITIOUAIOT
QF1, To QF3 aBTOMaTHYECKH OTKIIIOYACTCS.

Ecnu otkimounsics QF2, To Bce Oyaet paboTatb CHMMETPUYHO.

2.  Ecnu nponano Hanpspbkenue Ha muHax | ¢ wm 1l c...

ITOH1 coctout u3z KV1 u KV2 (1.3.) u KV3 (1.p.)

H_}

TV1
ITOH2 coctout u3z KV3 u KV4 (1.3.) u KV1(H.p)

H_/

TV2
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+ Kys  KTL -

KV1  KV2
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_i_ﬁ/KTl |
_ |
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+ KVl KTZ -
KV3  KV4
L /////
I N
}/\ KT2 |
L _ Tonz]

Puc.6.9. Cxema nmycka 1o oTCyTCTBUIO HANPSIKEHUS

Ucuesno Hanpspkenue Ha muHe | c.a., crnenoBarenbHo, cpadoTal

ITIOH1, caegoBaTenpHO, cocTaBuaach nenb Ha YAT1 Beikimrouarens QF1,

QFI OTKJItOYaeTcs. MI3MeHseTCs MOJI0KEHHUE €Tr0 MEXaHUYECKUX 6JIOKI/IpOBOK

M JaJICC BCC aHAJIOTMYHO BBIIIC OITMCAHHOMY.

6.3.3. Pacuet ycraBok ABP

6.3.3.1. Pesie 0MHOKPaTHOCTH BKJIFOUCHUS

Boiaepkka BpeMeHU MPOMEXYTOYHOTO pejie OJTHOKPATHOCTH

BKJIFOUCHUA tO,B OT MOMCHTA CHATHUA HAIIPAKCHUSA C €T0 0OMOTKH a0

pa3MBbIKaHHUA KOHTAKTa JO0JIZKHA C HCKOTOPBIM 3aIllaCOM IIPCBBIIIATE BPCMA

BKJIFOUCHHS BBIKIIIOYATCIIA pE3CPBHOIO UCTOUYHUKA ITUTAHUA:

t

0,6

(35)

= tSK.’Z +t

3an?

rac tBKH — BPCM: BKIIIOUCHUA PE3CPBHOI'O HCTOYHHKA ITUTAHUA

(tz:=0,02c¢.);
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t,an — BpeMsi 3amaca, npuHuMaeMoe paBubiM 0,3-0,5 c.

t,, =002+03=032c¢

6.3.3.2. IlyckoBOl OpraH MUHUMAJILHOTO HANIPS>)KEHUS

Hanpsikenue cpabaTbiBaHNs MUHUMAIIBHOTO PEJI€ HAMPSKEHUS MIPU
BBITIOJITHEHUH ITyCKOBOT'O OpraHa BEIOMPAETCS TaK, 4TOOBI ITyCKOBOW OpTaH
cpabaThIBaj TOJIBKO MIPH MOJTHOM MCUC3HOBCHUH HAMPSOKCHUS U HE
IPUXOJINJI B ICHCTBUE TTPU TOHMKEHUSIX HANPSHKEHUS, BbI3BaHHbIX K3 mim
CaMO03aIyCKOM 3JIEKTPOABUTATEIICH.

N3 npaktuku skcrmyaramnuu [13], G0JbIIMHCTBE CIIy4YaeB YCIOBHUIM
yJIOBJIETBOPSIET HAMPSKEHUE cpabaThIBaHMs, pAaBHOE:

u,=(02+04)-U,,,
(36)

rie U,y — HOMHHAIBHOE HANPSKEHUE DJIEKTPOYCTAaHOBKH.

CrnenmoBaresibHO, IPUHUMAEM K YCTAHOBKE PEJI€ HANPSKEHUS TUIA
PH-53/60/1 ¢ U.,=0,35-6300=2205 B.

Hanpsioxenue cpabateiBaHus pene BpeMenu tumna 9B-215K He
peryiaupyercs, HO 1Mo JaHHBIM 3aBoja He npeBbiaet 0,35U,,,. [ToaTomy k
yCTaHOBKE MMPUHUMAEM pelie BpemeHu tumna 9B-215K.

Brinepxkka BpeMeHH:

t,, =t +At

t,, =1, +At,

rae t; — HauOoubIas BbIJIEPIKKA BPEMEHH 3aIUThI TPUCOCTUHECHUIN,
OTXOJSIIIUX OT IIIMH BBICIIETO HAMPSAKECHHUS;
t, — HauOoJIbIIIas BBIJIEPIKKA BPEMEHU 3alTUT MPUCOSTUHEHUH,
OTXOJSIIIUX OT IIMH HA3LIErO HANIPSKCHUS,

At — cTtynensb cenektuBHocTH, paBHas (0,4-0,5 c.).

JIuct
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t,, =0,08+05=058¢
t,,=01+05=06c
[IpuHuMaeM ycTaBKy Ha pelie BpeMeHu nopsiaka 0,6 CeKyH .

Hanpsixenue cpabaTbiBaHUs pesie COCTABUT:

U =fe.y = 6_10 -2205=36,75B , ipu TpanchopmaTope

cp c3

K

ma

Hanpspkenus tuma HOM-6 ¢ koaddunmentom Tpancopmanuu k,=6000/100.

[3m

JIncT

NepgokymenTa | Tlognuce | data

JIuct




7. DKOHOMHYECKAsA YacCTh

DKOHOMHYECKOE OOOCHOBaHHE SIBIISIETCS HEOTHEMJIEMOM YacThIO
JTUTIJIOMHOTO TPOEKTa W CIY)XHUT JUIsi BbIOOpa HaumOosiee 3¢ EKTUBHBIX

pelieHuii B mporecce MpoeKTUPOBAHMUS.

7.1. Onpenenenue CMETHOM CTOMMOCTH MpeIaracMou

PEKOHCTPYKIIUHU

CmetHast cToMMOCTh [21] siBisieTcs OCHOBOM JUIsi (pMHAHCHUPOBAHMS
CTPOUTEIBCTBA, PACYETOB 3a BBINOJHEHUE CTPOUTEIbHO-MOHTAXKHBIX padoT,
OIJIaThl PACXOI0B MO IPUOOPETEHUIO U T0CTABKE 000PYI0BaHUSI.

CMmera 3aTpar mpeAcTaBiseT coOOM CBOJAHBIN IJIaH BCEX PacXoioB
NPEANpUATAS Ha MPEACTOAIMN TEPHOJ MPOU3BOACTBEHHO-(PMHAHCOBOM
nesTesnibHOCTH. OHa ompeaenseT oOIIyl0 CyMMY H3JIEpPKEK MPOU3BOJCTBA IO
BHJIAM HUCITOJIb3YEMBIX PECYPCOB, CTAAUSAM NPOU3BOJACTBEHHON NESTEIBHOCTH,
YPOBHSAM YIIPABICHUs HPEANPUATHEM U APYTUM HAIPABIICHUAM pacxonos. B
CMETY BKJIIOYAIOTCS 3aTPaThl OCHOBHOI'O Y BCIIOMOTIATEJIbHOTO IPOU3BOJICTBA,
CBA3aHHBIC C M3TOTOBJIEHUEM U IMPOAAKEN MPOAYKLIHH, TOBAPOB U YCIYT, a
TaKXKE€ Ha COJEpKAHUE aJAMUHUCTPATUBHO-YIPABICHYECKOIO IIEPCOHAIA,
BBINIOJIHEHHUE DPA3JIMYHBIX PabOT M yCIyr, B TOM YHUCJIE€ W HE BXOJSIIMX B
OCHOBHYIO IIPOM3BOJICTBEHHYIO JEATEIBHOCTh Npeanpusatus. [lmanupoBanue
BUJIOB  3aTpaT  OCYIIECTBISETCA B  JEHEKHOM  BBIPOKEHMM  Ha
IIPEAYCMOTPEHHBIE B TOJIOBBIX IMPOEKTaX IMPOU3BOJICTBEHHBIE MPOrPAMMBI,
LeNMU U 337a4d, BbIOpaHHBbIE SKOHOMHYECKHE PECypChl U TEXHOJOTMYECKHUE
CPEACTBA X BBIIIOJIHEHUS.

JIns omnpeneneHus CMETHOM CTOMMOCTH MCIOJIb3YIOTCSI CMETHBIE
HOPMBI Ha CTPOUTENbHbIE pabOThl, NPEHCKYpaHThl Ha OOOpYyIOBaHHUE,

OCHHHUKHW Ha MOHTaX O6Op}I)IOBaHI/I$[, CAMHUYHBIC PACUOCHKH - HOPMATHBEIL,
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XapaKTEPHU3YIONINE CMETHYIO CTOMMOCTh €IWHUIIBI CTPOUTEITHHBIX paldOT U
BKJIFOYAIOIIUE CTOMMOCTh MaTepHasoB, 3apad0THYIO TUIaTy pabodnX, 3aTPaTh
Ha OKCIUTyaTallMi0 MCIOJB3yeMBIX MEXaHHW3MOB, HOPMBI  HAaKJIaTHBIX
pacxomoB. CMeTHasi JIOKaJdbHAas PECypCHasl BEIOMOCTh COCTAaBJISIETCS TI0
TUIIOBOM (popMe, MpeICTaBICHHON HIbKe B Tabiuie 7.1.

CocTaBneHue CMETHOTO JOKYMEHTa B  JUIUIOMHOM  paboTte
MIPOU3BOJIUTCS  T10 ['DCHM-2001-08 (T'ocymapcTBeHHBIE JeMEHTHBIC
Cmetnpie HopMBbI Ha MOHTaXK DJIEKTPOTEXHUYECKUX YCTaHOBOK). Hactosmue
I'SCHM [20]npenHasHaueHsl sl ONpeesicHHs TOTPEOHOCTH B pecypcax
(3aTpaTel Tpyga pabouyuX, CTPOUTEIbHBIC MAIIUHBI, MaTepHalbl) MPH
BBITIOJITHGHUA Pa0OT TIO MOHTAXY OJJIEKTPOTEXHUYECKHX YCTAaHOBOK U
COCTABJICHHSI CMETHBIX Pacu€TOB (CMET) PECYPCHBIM METO/IOM.

Tabmuua 7.1 — JlokanbHas pecypcHas BEJOMOCTb Ha JIEMOHTaX H

MOHTaK OCHOBHOTO 3JIEKTPOOOOpY10BaHUS

udp, KommgectBo
Ne HOMeEpa HanmenoBanune pabot I 9107031700031 Ha obmas
I/l | HOPMAaTHUBOB U 1 3aTpat U3MEpeHUs CIMHHUILY O,
KOJBI pECYPCOB U3MEpEHUsI
1 2 3 4 5 6
08-01-059-1 JleMOHTAK MaCASIHBIX BBIKJIIOUATEJIeit 4
1 3arpaTsl Tpyna paboINX-MOHTaKHUKOB Yel.-4 3,975 15,9
11 Cpenuuii pa3psan paboTsl 2
2 3arpathl Tpy/Aa MallIdHHUCTOB YeIr.-4 0,505 2,02
3 MAIIWHBI U MEXAHU3MBbI
Kpanbl Ha aBTOMOOGHIIEHOM X0y NPH
021102 paboTe Ha MOHTaXe Marll.-4 0,195 5,85
TeXHoJIorHueckoro obopyaosanus 10T
400002 | AETOMOOMM GoproBsie a4 0,195 5,85
Ipy30M0JEMHOCTBIO 10 8 T
JleGenKu IEKTPHYECKUE, TATOBBIM )
030408 yermem 156,96 (16) kH(r) MaIr.-q 0,115 3,45
4 MATEPHAJIbI
101-1977 EOJ"I'TBI CTPOUTEJIbHBIE C TalikaMu U r 0,675 20,25
nrabaMu
101-9852 Kpacka KT 0,085 2,55
500-9807 OKoHI1EBaTEI MaPKUPOBOYHbIE 100 mmr. 0,05 1,5
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| 101-9925 I11aii0b1 KBaAPATHBIC 100 . 0,02 0,6
08-01-059-1 MoHTAaX BAKYYMHBIX BBIKJII0UYATe el
1 | 3arpaTsl Tpyna paboYMX-MOHTaXKHUKOB I Yel.-4 7,95 31,8
[Tponomxenue Tabnuusl 7.1
1 2 3 4 5 6
11 Cpennnii pa3psa paboTsl 4
2 3aTpatsl TpyAa MaTHHACTOB Yell.-4 1,01 4,04
3 MAIINHBI U MEXAHW3MbI
Kpanbl Ha aBTOMOOWIIBHOM X0y ITPU
021102 paboTe Ha MOHTaXke MallI. -4 0,39 11,7
TEXHOJIOTHUECKOTro obopyaoBanus 10T
400002 ABTOMOOMIH GOPTOBBIE — 0,39 117
IPY30NOABEMHOCTBIO 10 8 T
JlebGenku deKTpUIECKUE, TATOBBIM i
030408 | ¢ yimen 156,96 (16) kH (1) Matt. 0.23 6.9
4 MATEPHUAJIBI
101-1977 EOJ"I‘TI:I CTPOUTEJIBHBIE C FailkaMu U < 1,35 405
nraibamu
101-9852 Kpacka KT 0,17 51
500-9807 OKOHIIEBATEI MAPKUPOBOYHBIC 100 mir. 0,1 3
101-9925 111aii0p1 KBagpaTHBIE 100 mt. 0,04 1,2
08-01-085-1 JeMoHTa:x mKadoB KOMILTEKTHDLIX pachpe/ieIHTeIbHbIX
yerpoiicts (KPY)
1 3arpatsl Tpyaa pabounx-MOHTAXKHUKOB Yes.-g 16,4 65,6
1.1 Cpenanii pa3psia paboThel 2
2 3aTpatsl TpyAa MalIHHICTOB qeJ.-q 12,2 48,8
3 MAIINHBI U MEXAHW3MbI
KpaHbl Ha aBTOMOOWIIBHOM X0y ITPU
021102 | Pabore na montake Ma. - 1,59 47,7
TEXHOJIOTHYecKoro oobopynoBanus 10
T
400002 ABTOMOOMIH OOPTOBBIE — 1,59 47,7
IPY30HOABEMHOCTBIO 10 8 T
040502 YCTaHOfKH IUISL CBAPKH PYYHOH P 01 3
JyTOBOM (IOCTOSHHOTO TOKA)
JleGenku dIeKTpUIECKUE, TATOBBIM i
030408 | | 1t 156,96 (16) kH (1) Mar. 9 270
4 MATEPHAJIBI
101-1977 BOJITBI CTPOUTENbHBIC C TaiKaMu | o 0,62 18,6
raiibamu
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Cranb nosjocoBast CIIOKOWHas MapKu

101-1755 Cr3cm, mupuHoi 50-200 MM T 0,0005 0,015
TOJIHHON 4-5 MM

[Tponomkenne Tadbnuusl 6. 1.

1 2 3 4 5 6
101-9852 | Kpacka KT 0,1 3
542-0031 Cma3ka yHuBepcasbHas TyromasKas T 0,00015 0,0045

YT (koHCTaNHH JXUPOBOIA)
113-0180 Crupr STHIIOBBIH PEeKTH(PHUKOBaHHBIN T 0,0012 0,036
TEXHUYECKUH, copT |
101-0622 | Mutkans "T-2" cypoBslii (CypoBbe) 10 m 0,015 0,45
500-9807 | OkoHIleBaTe M MAPKUPOBOYHBIC 100 mT. 0,01 0,3
500-9625 Jlenra c 3anmorkamu JIM3 100 m 0,0125 0,375
08-01-085-1 Monrax mkados KOMILICKTHBIX Paclpeie/ T eIbHBIX
YCTPOiicTB
1 3atpaThl Tpya pab0INX-MOHTAKHUKOB YeIr.-q 32,8 131,2
1.1 Cpenunii paspsg paboThl 4
2 3aTpaTsl TpyJa MaIMHUCTOB YelL.-4 24,4 97,6
3 MAIIINHBI 1 MEXAHUNU3MBI
Kpanbl Ha aBTOMOOHIIEHOM X0y MPH
021102 paboTe Ha MOHTaXKE TEXHOJOTHUECKOTO MallL.-4 3,19 95,7
obopynoBanus 10T
400002 ABTOMOOMIIN OOPTOBBIE AL~ 3,19 95.7
TrPY30I0IEMHOCTBIO JI0 8 T
040502 yCTaHOfKH JUISL CBAPKU PY4YHOM MALL- 0.2 6
JYTOBO¥ (IIOCTOSTHHOTO TOKA)
JleGenku ek TpUIECKHe, TATOBBIM §
030408 yermem 156,96 (16) kH (1) Malil. -4 18 540

4 MATEPHUAJIBI

101-1977 BoanLI CTPOUTEIIbHBIE C TAKAMU U r 1.23 36.9
mraiibamu
Cranb mosocoBast CIIOKOWHast MapKu
101-1755 Cr3cm, mmpuHoit 50-200 MM T 0,001 0,03
TOJIIUHON 4-5 MM
101-9852 Kpacka KT 0,2 6
542-0031 Cmaska yHuBepcabHas TyromasKas T 0,0003 0,009
YT (koHCTANHH JKUPOBOIA)
113-0180 Croupt STHIOBbIA peKTU(hUKOBAHHBIN T 0,0024 0,072
TEeXHUYECKHH, copT |
101-0622 | Mutkans "T-2" cypoBslii (CypoBbe) 10 m 0,03 0,9
500-9807 OKOHIIeBaTEJIN MAPKUPOBOYHBIE 100 . 0,02 0,6
500-9625 Jlenra ¢ 3anmorkamu JIM3 100 m 0,025 0,75
[Tponomxenue Tadauib 7.1
101-1924 OnexTposl auaMmeTpoM 4 MM D42 A KT 0,07 1,82
101-9103 Jrobemnu pacmopHbie 100 mT. 0,014 0,364
500-9081 [epembrukn rubkue, Tum  [1I'C-50 IT. 1 26
101-9109 JroGenu 11st MpUCTPENKU 10 mwr. 1,22 31,72
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101-9100 TTaTpOHBI TSI IPUCTPEIKH 10 . 1,22 31,72
HNUTOI'O no pecypcHoii Be1oOMOCTH:
1 3arpaTsl Tpyna paboYnX-MOHTaKHUKOB 4es.-4 2445
2 3aTpatsl TpyAa MAlIUHUCTOB 4es.-4 152,46
3 MAIIMHBI U MEXAHW3MBI
400002 ABTOMOOMIIM OOPTOBBIE — 1434
rpy30H0ABEMHOCTBIO O8T
Kpans! Ha aBTOMOOMIIEHOM XOAY TIPH
021102 paboTe Ha MOHTa)ke TEXHOJIOTHYECKOTO MalllL.-4 160,95
obopynoBanus 10 T
040502 YCTaHOBKY ISl CBApPKH PYIHOH TyTOBOI — 9
(TTOCTOSTHHOTO TOKA)
JleGenku MEKTPHUYECKHE, TITOBBIM
030408 yemmeM 156,96 (16) xH (1) 550,35
4 MATEPHUAJIBI
101-1977 EOHUTH CTPOUTENbHBIC C TAKaMH U r 116,25
nrabamMu
542-0031 Cmaska YHUBEpCaNIbHAs TYTOMIABKAS VT T 0,0135
(KOHCTAJIMH KUPOBOK)
101-1924 DNeKTpOobl UaMeTpoM 4 MM D42 A KT 1,82
101-9852 Kpacka KT 16,65
500-9807 OKoHIIeBaTEIN MAPKUPOBOYHEIE 100 . 54
500-9081 Ilepembruku rudkue, T [11'C-50 IIIT. 65
500-9500 Bupku MmapkupoBoUHBIE 100 . 1,3
500-96-25 Jlenra ¢ 3anmonkamu JIM3 100 m 1,125
101-9109 Jrobenw 11t mpUCTpenKu 10 . 1,22 31,72
101-9100 [TaTpoHbI 115t IPUCTPEITKU 10 . 1,22 31,72
101-9925 [I1ait0b1 KBagPaTHBIE 100 qrr. 1,8
Crasb 110J10COBast CHIOKOWHAst MapKu
101-1755 Cr3cm, mupusoi 50-200 MM TOJTIUHON KT 0,045
4-5 mm
101-9103 Jrobemnu pacmopHbie 100 mT. 0,364
113-0180 Criupt STHNOBBIH peKTH(UKOBAHHBIH T 0,108
TEXHUYECKUH, copT |
101-0622 Murtkains "T-2" cypoBbIif (CypoBbe) 10 m 1,35
Juct
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Harpy3kud. HeoOxomumble pacxoasl Ha OOOpYJOBaHHE IIPEACTABICHBI B
[22]. Bweixmouarens BB/TOK-2-10-40/3150-B-Y3  moxHO

npuodpect y komnanuu npousBoautess OO0 "HIID Texsueprokomruiekc"

tabmuue 7.2.

B nurutoMHOM IpoEKTE npeiaraeTcs PEKOHCTPYKIUS BBIKIIFOYATEIeH

[23].
Tabmuua 7.2 - CMera Ha 000py0OBaHUE
Ne Haunmenosanue Kon-Bo, | Croumocts, 6e3 HIC,
6 6./t O061mas cTonMocCTs, pyoO.

w/m obopynoBaHue IIT. pyO./mIT.

1 BB/TDK-2-10-40/3150-B-Y3 2 252 080 504160

2 STyeiika KPY-2-10 4 10 000 40 000

3 Hroro: 544160

JIuct
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8. Oxpana Tpyna

Oxpana mpyoa — 3TO CHCTEMA COXPAHEHUS JKU3HU U 3J0pPOBbS
pabOTHHUKOB B TIPOIIECCE€ TPYMOBOM ACATEIBHOCTH, BKIIIOYAIOIIAs B ceOs
MpPaBOBbIC,  COIMATBHO-ODKOHOMUYECKHE, OpraHU3allMOHHO-TEXHUYECKUE,
CaHUTapHO-TUTUEHUYECKUE, BpaueOHO-TIPOPUITIAKTHYECKHE,
peabWIMTallMOHHBIE W WHBIC MEPOMPHUATHS. JTa CUCTEMa BKIIIOYACT B CeOS
TaKhe CIIyXObl KaKk TEXHHUKA 0€30MaCHOCTH U MPOMBIILIEHHOM CaHUTAPHUH TI0
OTpaciiiM XO3SIICTBA, a TaKK€ TOCYJapCTBEHHBIE OPTraHbl TEXHUYECKOTO H
CaHUTApPHOrO0 HAaJ30pa, JAEATEIbHOCTh KOTOPBIX HANpaBJIEHA HAa BCEMEPHOE
YIIy4IIEHHE YCIIOBUU TpyJa Ha MPEANPHUATUAX U 00€CIeUueHUE BBHIMOJHECHUS

IpaBuJI MO TEXHUKE O€30MaCHOCTH U HOPM MPOMBIIIJIEHHON CAaHUTAPUU.

[IpaBuna mo oxpaHe Tpyaa NpPHU DKCIUTyaTallMd 3JIEKTPOYCTAHOBOK
(manee - IlpaBuna) [14] pacmpocTpaHsitoTCsi Ha paOOTHUKOB U3 YHCIA
AIEKTPOTEXHUYECKOTO, AIEKTPOTEXHOJIOTUYECKOTO u
HEIJICKTPOTEXHUYECKOTO  TEepPCOHajla, a Takke Ha paboromarencit
(bu3MYECKNX M IOPUIUYECKUX JIUIl, HE3aBUCUMO OT (pOpM COOCTBEHHOCTH U
OpraHU3alMOHHO-TIPABOBBIX (HOPM), 3aHATHIX TEXHUYECKUM OOCTY>KHBAaHUEM
AJIEKTPOYCTAHOBOK, TMPOBOISIIUX B HHUX OINEPATHBHBIC TMEPEKIIOUCHUS,
OpPraHU3YIOUIUX U BBITIOJHSIONINX CTPOUTEIbHBIC, MOHTAXKHBIC, HAJIAIOUYHBIE,

PEMOHTHBIC pa6OTBI, HUCHBITaAHUS U U3SMCPCHHU.

O06s3aHHOCTH 1O OOecredeHnto0 0e30MMaCHBIX yCIOBUNM M OXpaHbl TpyJa
BO3JIaratoTcs Ha paboTonaress.

PaGoromarens B 3aBUCUMOCTH OT CHELM(PHUKUA CBOEH AESITEIbHOCTU
BIIPABE€ YCTaHABIUBATH JOMOJHUTEIbHbIE TpPeOOBaHUS OE30MacHOCTU, HE
npotuBopevamnue IlpaBuimam [25]. TpeOGoBaHus oOXpaHBl TpyJaa HAOJDKHBI

COACPIKATBCA B COOTBCTCTBYIOIIMX HMHCTPYKOUAX IIO0 OXpaHC Tpylda,
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JIOBOJUTHCS /10 paOOTHUKA B BUJIE PACTIOPSHKEHUH, YKa3aHUN, HHCTPYKTaXa.
MaiuHsl, anmnapaThsl, JUHUU 1 BCIOMOTaTeIbHOE 000pYy10BaHHE
(BMECTE C COOPYKEHUSMHU U MOMEIICHUSIMU, B KOTOPBIX OHU YCTAHOBJIEHBI),
npeaHa3HaYeHHbIE JIsl IPOU3BOJICTBA, TpeoOpa3oBaHus, TpaHCPOPMALIHUH,
nepeaayuu, pacipeeneHus JIEKTPUIECKON IHEPTUU U TpeoOpa3oBaHus €€ B
JIPYTroi BUJ S3HEPTUH (Aajiee - AIEKTPOYCTAHOBKH ) TOJHKHBI HAXOUTHCS B
TEXHUYECKU UCITPABHOM COCTOSIHUHU, 00ECIIeYnBaIOIIeM 0€30IacHbIE YCIOBUS
TpyJa.
DNEeKTPOYyCTaHOBKA  JOJDKHBI ~ OBITh  YKOMILJICKTOBAHBl ~ MCHBITAHHBIMH,
FOTOBBIMM K HCHOJb30BAHHUIO 3allUTHBIMU CPEACTBAMH M U3JIEIUAMHU
MEIUIMHCKOTO Ha3HAYEHUs NJIsl OKAa3aHUs MEpBOM MOMOIIM pabOTHUKAM B
COOTBETCTBUH C JICHCTBYIOIIMMH IPABUIIAMU U HOPMAMH.

B opranuzanusx JOKEH OCYIIECTBISTHCS KOHTPOJIb 3a COOII0ACHUEM
[IpaBun, TpeOOBaHWII MHCTPYKUMA IO OXpaHEe TpyJda, KOHTPOJIb 3a
IIPOBEICHUEM UHCTPYKTaKe. OTBETCTBEHHOCTD 3a COCTOSIHME OXPaHbl Tpy1a
B OpraHu3alli HeceT paboToaaresb, KOTOPhI BOpaBe MepeaaTh CBOM IpaBa
U QYHKIUU 1O 3TOMY BOMNPOCY PYKOBOSAIIEMY paOOTHHUKY OpraHHU3aluH,
Ha/ICJICHHOMY B YCTAHOBJICHHOM MOPSAKE aIMUHUCTPATUBHBIMU (PYHKIMSIMU
(T7IaBHBIN MHXEHEpP, BULIE-TIPE3UJICHT, TEXHUUECKUN TUPEKTOP, 3aMECTUTEIh
JTUPEKTOpa), PYKOBOJIUTENIO (puimana, pyKOBOAUTENIO IMPEACTaBUTEIbCTBA
opraHuzainuu (najiee - 000COOJEHHOE MOJpa3/IeNICHUE) PacIopsAUTEILHBIM
JIOKYMEHTOM.

Jluna, BUHOBHBIE B HapylieHUH TpeOoBauuii [IpaBui, mpuBiIekarOTCs K

OTBETCTBCHHOCTHU B YCTAaHOBJICHHOM Mopsiake.[25]
8.1 Knaccudukariysi moMeneHnui 1Mo CTEIeHH OMACHOCTH MOPaKeHUS
JIFOZIEU DJIEKTPUUECKUM TOKOM.

[Tomenienus: 0TOENBHOTO 1I€Xa MO CTENEHU MOPAKEHUS AIEKTPUUECKUM

TOKOM TOJIpa3JIeNAI0TCs Ha TpU KaTeropuu.[1]
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IToMemenns ¢ NOBBIIEHHON OMACHOCTBIO XapaKTEPU3YIOTCS: HAIMYUEM
CBIPOCTHU WJIN IBLIU, TOKOIPOBOIAIIMX MOJIOB (METAUINYECKUX, 3€MJISHBIX,
KEJIe300€TOHHBIX, KUPIIUYHBIX ); BBICOKOM TEMIEPATYPOil OKPY’KaIOIIEro
BO3/1yXa; BO3MOKHOCTBIO OJJHOBPEMEHHOI'O IIPUKOCHOBEHUS YEJIOBEKA K
METATIMYECKUM KOPITycaM 3JIEKTPOOOOPYI0BaHUS, C OJHON CTOPOHBI, U K
METAJUINYECKUM KOHCTPYKIMAM 31aHUM, TEXHOJIOTMYECKUM armnaparam,

MEXaHU3MaM, UMEIOIINM COEIMHEHUE C 3eMJIe, — C IPYTOM.

Oco00 omacHble TOMEIICHUS XapaKTEPU3YIOTCS: HaJIMYUeM 0COo00ou
CBIPOCTH, XUMHYECKH aKTUBHOW Cpelibl, OJITHOBPEMEHHBIM HaJTU4YHEM JBYX U

00JIbIIIEe YCIOBUM MOBBIIIIEHHON OMAaCHOCTH.

[ToMeriennst 0e3 MOBBIIIEHHOW OMAaCHOCTH — 3TO CYXHE OTAaIlJIMBACMbIC
noMeIneHusi 0€3 TOKOMPOBOIAIICH MBUIM C TEMIEPATYpPOIO BO3AyXa HE BBIIIIE
30°C, ¢ TOKOHENPOBOJAIIMMHU TMOJIAMH, T[J€ MCKJIOUYEHAa BO3MOXKHOCTh
OIHOBPEMEHHOTO TPUKOCHOBEHUS YEJIOBEKA K METAITIOKOHCTPYKUIHSIM
3IaHUA U COOPYKEHHUN M MEXaHW3MaM, UMEIOIIUM COEIUHECHUE C 3EMIICH, C
OJIHOM CTOPOHBI, U K METAJUTMYECKUM KOPITycaM 3JIEKTPOOOOpy0BaHUS, — C
JIPYTOH.

K momerniennsi 0co00 omacHbIM B OTOEIBHOM II€X€ OTHOCSTCS JYIIEBbIC
noMemeHus. K moMeIlIeHnsIM C TOBBIIIEHHONM OIMACHOCTBIO OTHOCSTCS

IPAKTHYECKH BCE TTOMEIEeHUs 1iexa.[25]

8.2 Oxpana Tpy/a Ipy IMPOU3BOJICTBE pabOT B ICHCTBYIOIINX
AIEKTPOYCTAaHOBKAX

PaboThI B IEHCTBYIONIUX 3JICKTPOYCTAHOBKAX JOJDKHBI IPOBOAUTHCS [25]:

0 3aJIJaHUI0 Ha TTPOU3BOJICTBO PabOThI, 0DOPMIIEHHOMY Ha CIEIIMATBLHOM
OJlaHKe YCTAaHOBIICHHOW (OPMBI M OMPEIEIAIONIEMY COJAECpKAHUE, MECTO
paboThI, BpeMs ee Havyala ¥ OKOHYAHUS, YCIOBUS 0€30MacHOTO MPOBEICHUS,

cocTaB OpuTrajibl 1 paOOTHUKOB, OTBETCTBEHHBIX 32 0€30MMacHOE BBHIMIOJHECHHE
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paboThI (Hanee - HAPSIA-IOMYCK, HAPS).

0 PaCHOPSHKEHUIO;

HAa OCHOBAaHUHU TMEpeyHsi paboT, BBIMOJHAEMBIX B TOPSAAKE TEKYyIIeH
HKCILTyaTalHH.

He nomyckaercs camMoBOJIbHOE NpOBeJEHUE paldOT B JACHCTBYIOIIMX
AIIEKTPOYCTAHOBKAX, a TAKXKE pacUIMpeHne pabounx MecT U oObeMa 3adaHus,
ONPEJECICHHBIX  HApSAOM,  pACHOpPSDKEHHMEM — WM YTBEPXKIEHHBIM
paboromareneM mepedyHeM padoT, BBIMOJIHSAEMBIX B TMOPSAKE TEKYIIEH
IKCIUTyaTaI|H.

BrinonHenne paboT B MecTe MPOBEACHUS padOT MO JIPYyromMy Hapsiay
JOJKHO COTJIACOBBIBATHCA C PAOOTHUKOM, BBIIABIIMM TIEPBBIA  HapsA
(OTBETCTBEHHBIM PYKOBOAMTEIIEM WM POU3BOAUTENIEM padoT).

CornacoBanue oopmisieTcs: 0 Hayana MoAroTOBKM paboyvero Mecra 1o
BTOPOMY Hapsay 3anucbio "CorimacoBaHo'" Ha JMUEBOW CTOPOHE BTOPOTO
Hapsiia, pacrojaraéMoil B JIEBOM HMKHEM I0JI€ JOKYMEHTa C MOAMHUCIMU

pPaOOTHHUKOB, COTJIACYIOIINX JTIOKYMEHT.[25]

Opeanusayuonnvie Meponpusimusi no ooecnedenuro 6e30nacHo20
nposeoenusi pabom 6 I1eKmpoyCmMaHOBKAX.

[Ipu  obOcmyXKMBaHWU SJIEKTPOOOOPYAOBAHUS M DIIEKTPOYCTAHOBOK
NEPCOHA OCYILIECTBIISIET BBITOJIHEHUE MEPONPUITHHA, MPETyCMOTPEHHBIX
«IIpaBunamu 1o oxpane Tpyzaa NpH SKCILTyaTaluy 3JIEKTPOYCTAaHOBOK» [25].

OpraHu3alOHHBIMU MEPONPHUITUSAMH, 00ECTIEUYMBAIOLIIMMU 0€30MacCHOCTh
paboT B AJIEKTPOYCTAHOBKAX, SIBJISTFOTCSI:

- odopmieHue HapsAga, pactopsDKEHHeM WM TepeuHs  paboT,
BBINOJTHSIEMBIX B TIOPSIKE TEKYIIEH SKCIUTyaTaluy;

- BBIFJaYa paspelieHus] Ha TOATOTOBKY pabOYero Mecta W Ha JIOMyCK K
paborte;

- JIOITYCK K padore;
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- HaJ30p BO BpeMsi pabOThI;
-oopmiieHHE TIepephiBa B paboTe, MepeBojia Ha IPYroe MECTO, OKOHYAHMSI
paboTBhI.

PaGoTHrkamu, OTBETCTBEHHBIMH 3a Oe€30IacHOe BeJACHHE padoT B

AJIEKTPOYCTAaHOBKAX SIBJISIFOTCSI:

- BBIIAOIINN HAPSJ, OTAAIOIIUN paCIOPsLKEHHE, YTBEPKIAOIINN ITEPEUYCHb
paboT, BBITIOIHAEMBIX B IMOPSIIKE TEKYIIEH IKCILTyaTalluu;

- BBIJIAIONIMIA pa3pelieHne Ha TOr0TOBKY pabodero Mecra v Ha JI0IMYCK;

- OTBETCTBEHHBIN PYKOBOAUTEIH PadoOT;

- IOITYCKAIOIIUH;

- IPOU3BOJUTENH padOT;

- HaOJIFOTAFOILINM;

- YJIeHbI OpHUTa/IbI.

[IpaBo BbIIauM HAPSIOB M PACHOPSHKEHUN MPEIOCTaBISAETCS PaOOTHUKAM
U3 YUCJIa aIMUHUCTPATUBHO-TEXHUYECKOTO MIEPCOHANIA OpraHU3alH, UMEIOIIUM
rpymiy V — B 3JIeKTpoycTaHOBKax HanpsbkeHreM Bbie 1000B u rpynmy IV — B
SIICKTPOyCTaHOBKaX Hampspkenuem a0 1000 B[14].

B cimyyae orcyrcTBUs paOOTHHUKOB, MMEIOIINUX MPABO BbIIAYM HAPSIOB U
pacnopsbKeHUH, pu paboTax Mo MPEIOTBPAIICHUIO aBapuil U JTMKBUIAIIMU UX
MOCJIE/ICTBHIA JIOMYCKAeTCs BbIaua HAPSIOB U PACHOPSDKEHUM paOOTHUKAM W3
YyHuClia OIMEpaTMBHOIO TNepcoHana, umeromuM rpymmy V. TlpenocraBnenue
OMepaTUBHOMY MEPCOHANYy IMpaBa BbIAAYU HAPSJIOB U PACIOPSHKEHUHN JTODKHO

OBITH OPOPMIICHO MUCEMEHHBIM YKa3aHUEM PYKOBOIUTENS] OpraHU3alliH.

8.3 Texnuueckrie MeponpHsTHs, 00ECIICUNBAIOIIIE O€30MaCHOCTh paboT

CO CHATHUCM HaAIIPsKCHUA

[Tpu monroToBKE paboyero Mecra co CHATHEM HATPSHKEHUS TOJDKHBI OBIThH

B YKa3aHHOM TOPS/IKE BBITIOJIHEHBI CIICTYIOIINE TEXHUIECKHIE MeporpusTus|25]:
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- TMPOW3BEICHBI HEOOXOMUMBIC OTKIIOYCHUS W TPHHATHI MEpBHI,
NPEISTCTBYIONIME TOJlaue HamnpspDKeHUsT Ha MeCTO PaboThl  BCIIENCTBHE
OIMOOYHOTO WM  CAMOMPOU3BOJIBHOTO  BKJIFOYCHHS KOMMYTAIIMOHHBIX
anmnaparos;

- Ha NPUBOJAX PYYHOIO M HA KIIOYAX JUCTAHLIMOHHOIO YIIPABJICHUS
KOMMYTAIIMOHHBIX ~ aIlllapaToOB JIOJDKHBI OBITh BBIBEIICHBI  3aIpEIIatoIie
TUTAKaTBhI;

-IPOBEPEHO OTCYTCTBHE HANPSIKEHUS HA TOKOBEIYIIMX YaCTSAX, KOTOPBIC
JIOJDKHBI OBITh 3a3€MJIEHBI JUISl 3AIMTHI JIFOJEH OT MOPAKEHUS AJIEKTPHUUECKUM
TOKOM,;

- YCTAHOBJICHO 3a3€MJICHUE;

- BBIBEILICHBl YKa3aTeJbHbIC IUIAKAThl «3a3€MIICHO», OTPAXKICHBI IPHU
HE00X0IMMOCTH paboure MecTa U OCTAaBIIKECS MO/ HAPSHKEHUEM TOKOBETYIIHE
YaCTH, BBIBEILICHBI PEIYTPEKIAIOIINE U MPEANUCHIBAIOIINE TUIAKATHI.

[Ipu nonroroBke pabovero MecTa J0KHbBI ObITh OTKITIOUYEHBI:

TOKOBEAYIIIUE YAaCTU, Ha KOTOPBIX OYAYT MPOU3BOJAUTHCS PAOOTHI;

HE OIpPaXICHHbICE TOKOBEIYILIME 4YacCTH, K KOTOPBIM BO3MOKHO
Clly4aitHoe MPpUOIMKEHUE JTI0IeH, MEXaHU3MOB U TPY30T0IbEMHBIX MAIlIUH

LENU yOPaBJICHUS W NMUTAHUS MPUBOJOB, 3aKPHIT BO3JIyX B CHUCTEMAax
YOpaBJI€HUS KOMMYTAlMOHHBIMHU  alapaTamu, BBIKJIIQUATENEH U
pPa3bEAUHUTENIEH.

B oanektpoycraHoBkax HanpspkeHneM Bbeimie 1000 B ¢ xaxmpoit
CTOPOHBI, C KOTOPOH KOMMYTAITMOHHBIM arapaToM Ha pabodyee MECTO MOXKET
ObITh TMOJAHO HANPSIKEHHE, NOJDKEH OBbITh BUIUMBIN pa3pbiB. Bumumbli
pa3peiB MOXET OBbITh CO3/1aH OTKJIIOYEHHEM pa3beIUHUTENCH, CHATHEM
MIPEIOXPAHUTEIIEHN, OTKIFOUEHUEM OTACIUTENICH, U BBIKIIFOYATEIICH HArpy3KH,
OTCOEUHEHUEM WJIM CHATUEM ILIUH U TPOBOJOB.

CunoBeie  TpaHchoOpMaTopel U  TpaHCHOPMATOPHI  HAIPSKEHUS,

CBJ3aHHBIC C BBIACIICHHBIM IJIsA pa60T YYAaCTKOM J3JICKTPOYCTAaHOBKH, OOJI?KHBI
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OBITh OTKJTFOYEHBI U CXEMBI UX Pa300paHbI TAKKE CO CTOPOHBI APYTHUX CBOUX
OOMOTOK J/1JI1 KCKITFOUEHHSI BO3MOKHOCTH 00paTHOM TpaHchopmaiuu.

[Tocne oTk/IIOYEHUS BBIKIIIOYATENEH, pa3beIMHUTENCH (OTEeTUTENEH) U
BBIKJIFOUATEJICH HArpy3Kd C PYYHBIM YINpaBIE€HUEM HEOOXOAMMO BH3yaJIbHO
yOeIUThCs B X OTKIIOYEHUHU U OTCYTCTBUU ITYHTUPYIOIIUX MTEPEMBIUECK.

B oanexrpoycranoBkax — HampspbkeHueMm  Beime 10000 B ma
NpEeNIOTBpAIICHUST OMIMOOYHOTO WM  CaMOIIPOM3BOJBHOTO  BKJIIOYEHUS
KOMMYTAI[MOHHBIX anmnapaToB, KOTOPHIMU MOXET OBITh MOJAHO HANpPSKEHUE
K MECTY paOOThl, IOJKHBI ObITh IPUHATHI CIAEAYIOIIUE MEPHI:

- Y Pa3beIUHUTENCH, OTACIUTENEH, BBIKIIIOYATENEH HATPY3KU PyYHbBIC
NPUBOJbI B OTKIIOYEHHOM TIOJIOKEHMM JIOJDKHBI OBITH 3amepThl Ha
MEXaHUYECKUH 3aMOK (B SJEKTPOYCTaHOBKax HampsbkeHueM 6-10 kB ¢
OJIHOTIOJIOCHBIMU ~ Pa3bEAUHUTEIIMU  BMECTO  MEXAHUYECKOro  3aMKa
JIOMyCKaeTCsl HaJIeBaTh HA HOXKU JIUDJICKTPUUYECKUE KOJIIMAKH );

- Y DpPa3beIUHUTENICH, YIOPaBIAEMbIX ONEPATUBHOW  IUTAHIO,
CTallMOHAPHBIE OTPAXKJCHUS [ODKHBI OBITh 3alepThl HAa MEXAHUYECKUM
3aMOK;

- Yy TPUBOJIOB  KOMMYTAallMOHHBIX  amlapaTroB,  HMMEIOIINX
JMCTAHIIMOHHOE YyTpaBJEHUE, NOKHBI OBITh OTKJIIOUEHBI CUJIOBBIC LIEMH U
LUENU YIPaBJICHUS, a y I[HEBMAaTHUYECKUX MPUBOJOB, KPOME TOro, Ha
NoABOAAIIEM TPYOOINPOBOAE CKATOTO BO3AyXa JOJDKHA OBITh 3aKpbiTa U
3arnepTa Ha MEXaHUYECKUM 3aMOK 3aJBUKKA U BBIMYIIEH CXKAThIH BO3yX, PU
ATOM CITYCKHbBIE KJIAMaHbl JOJIKHBI ObITh OCTABIICHBI B OTKPHITOM IOJIOKEHUH;
JIOJKHBI OBITH BBIBEILICHBI 3aMpPEIIAONIUe TIJIaKaThl.

B snekTpoycranoBkax HanpsbkenueM 10 1000 B co Bcex TokoBeayImmx
4yacTell, Ha KOTOPBIX OyJeT MPOBOAUTHCS paboTa, HAMPsHKEHUE TOHKHO OBITh
CHSATO OTKJIIOUYEHHEM KOMMYTAIIMOHHBIX amnmnapaToB C PYYHBIM MPHUBOJIOM, a
NpU HaJWYUU B CXEME IMpeAoXpaHuTesied - cHsATheM mnociennux. [lpu

OTCYTCTBUM B CXEME€ TMpEIOXpaHUTEeIeH MpeaoTBpaIleHue OUIMO0YHOTrOo
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BKJIFOUEHUS! KOMMYTAIIMOHHBIX allapaToB JOHKHO OBITH 00€CIeYeHO TaKUMHU
MepaMH, KaK 3allMpaHue PYKOATOK WM JBepel IKada, 3aKpbITUE KHOIOK,
YCTAHOBKA MEXAY KOHTAaKTaMH KOMMYTAIIMOHHOTO amnmnapara W30JIMPYIOIINX
HAKJIaOK U np. Ilpm cHATHM HampsKEHUS KOMMYTAl[MOHHBIM aIlllapaToM C
JUCTAHIIMOHHBIM YIPABIECHUEM HEOOXOAMMO PA30MKHYTh BTOPUYHYIO ILIETb
BKJIFOYAIOIIECH KATYIIIKH.

[lepeuncnenHple Mepbl MOTYT OBITH 3aMEHEHbl PACIIMHOBKON WM
OTCOEIMHEHUEM Kabels, TPOBOJOB OT KOMMYTAIIMOHHOTO ammapaTa Jubo oT
000pyI0BaHUsl, HA KOTOPOM JIOJKHBI TPOBOAUTHCS PAOOTHI.

Heo0xo1uMo BBIBECUTH 3alPEIIAIOLINE M1JIAKATHI.

Ha npuBomax (pykosiTkax IPUBOJOB) KOMMYTAallMOHHBIX amlnapaTroB C
PYYHBIM YIOpaBJIEHUEM (BBIKJIIOUATENIEH, OTHECIUTENEH, pa3zbeIUHUTENEH,
pyOMIBHUKOB, aBTOMAaTOB) BO M30eXaHHE IMOJayd HANpsDKEHHUsT Ha pabouee
MECTO JIOJKHBI ObITh BbIBeLIEHBI M1akathl «He BkitouaTs! PaboTtaroT moam».

Y OIHOIIOJNIOCHBIX pPa3bEeIMHUTENICH IIIAKaTbl BBIBEIIMBAIOTCS HA
IIPUBOJIE KAXKIOTO MOJIIOCA, Y PA3beIUHUTENEH, YIPABISIEMBIX OIEPATUBHON
LITAHIOM, - Ha orpaxacHusax. Ha 3anBukkax, 3aKpbIBalOIIMX JOCTYII BO31yXa
B ITHEBMATUYECKUE NPUBOABI Pa3bEIUHUTEINECH, BbIBEIIMBAETCS Iakar «He
OTKphIBaTh! PaboTaroT mroamy.

Ha mnpucoegunennsix HanpspkenueM a0 1000 B, He wumeromumx
KOMMYTAllMOHHBIX anmnaparoB, Iakat «He Bkimrouats! PaboraroT mronm»
JIOJIKEH OBITh BBIBEILIEH Y CHATBIX MPEIOXPAaHUTENEH.

[InakaTel [OJKHBI OBITH BBIBEIIEHBl Ha KIIOYaX M KHOIKax
JVCTAHIIMOHHOTO M MECTHOIO YIPABJEHHUsA, & TAKKE Ha aBTOMATax WU Y
MECTa CHATBIX NPEAOXPAHUTEICH LENEeH YIPABICHHUS M CHIOBBIX LEIMEN
IIATAHWUS IPUBOJAOB KOMMYTALlMOHHBIX aIlllapaToB.

Ha npuBogax pa3benuHuTeneil, KOTOpbIMU OTKJItOUEHa 17151 padboTsl BJI
wi KJI, He3aBucuUMO OT yucia paboTaromux Opuraj, BbIBEIIUBACTCS OAMH

mwrakat «He Bxiarouars! PaGora Ha JWHUMY). DTOT IUIAKAT BBIBEIIMBACTCS U
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CHUMAETCS IO yKa3aHWIO0 ONEPATHBHOTO TEpCOHaa, BEAYIIErO y4eT 4Yucia
paboTaromux Ha JUHUU Opurai.

[IpoBepsiTh  OTCYTCTBHE HANpPsDKCHHWS] HEOOXOAMMO  yKa3aTejaem
HaIPSHKCHUS, HCIPABHOCTh KOTOPOTO TEpea NMPUMEHCHHEM JIOJDKHA OBITh
YCTaHOBJICHA C ITOMOIIBIO MPEAHA3HAYCHHBIX IS 3TON ICIH CIICIIHATBHBIX
npuOOpPOB WM TPHUOIMKEHHEM K TOKOBEIYIIMM YacTsM, 3aBEIOMO
HAXOJISAITUMCS 10T HAIIPSHKECHUEM .

VYcranaBnuBaTh 3a3eMJICHHMSI HAa TOKOBEIYIIHE YacTH HEOOXOIUMO
HEIOCPEICTBEHHO TTOCJIC POBEPKU OTCYTCTBUS HATIPSIKCHUS.

[lepeHocHOE 3a3eMIICHHE CHadajla HYXHO TIPHCOCTUHUTH K
3a3eMJISIONIEMY YCTPOMCTBY, a 3aTeM, IIOCJI€ TMPOBEPKA OTCYTCTBHS
HaIpsDKCHUS, YCTAHOBUTH Ha TOKOBEAYIIIUE YaCTH.

CHuMaTh TIIEPEHOCHOE 3a3eMJICHHE HeoOXoauMo B  oOpaTHOM
MOCJICIOBATEILHOCTH: CHAadYaja CHATh €ro ¢ TOKOBEIYIIMX YacTeH, a 3aTeM
OTCOCIMHUTH OT 3a3EMJISIOIIETO YCTPOKCTBA.

B oamekTpoycTaHOBKax  JODKHBI  OBITh  BBIBEIICHBI  IIAKATHI
«3a3eMJIeHO» Ha MPUBOJAX Pa3bEeIUHHUTEICH, OTASIUTEICH U BBIKIIOYATEIICH
Harpy3k, IMpH OIMMMOOYHOM BKIIFOYCHHUU KOTOPBIX MOJKET OBITh I10JIaHO
HaIpsHKCHUE Ha 3a3€MJICHHBIM YY9aCcTOK 3JICKTPOYCTAHOBKH, W Ha KIIFOYaX U

KHOTIKaX JUCTAaHIIMOHHOTO YIPaBJICHHUS KOMMYTAI[MOHHBIMU arnmaparamu. [25]
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3AKJIFOYEHUE

B nponecce ananmza TeXHOJIOTMYECKOTO MPOIECCa CTAHOBUTCS SCHO,
YTO TEXHOJOTUYECKHUM MOTOK SBJISIETCS] OJTHUM MPOIIECCOM, O0BEAUHSIIONIUM B
ce0s BApOUHbBIi, OTOETBHBIN U CYIIUIBHBIN 1iexa. [Ipuduem o6beauHsIeT coboi
TEXHOJIOTUYECKOe 000pYyI0BaHKNE HE TOJILKO Teorpaduuecku, HO BO BPEMEHHU.
Kak crnencrBue, Takoe TOJOXKEHHE Jed, BeIeT 3a CO00l HEKOTOphIe
OCOOEHHOCTH, @ MUMEHHO, JJIEKTPOCHAOKEHHE HCCIIETyeMOro — OTOEIbHOIO
1exa B3aUMOYBS3aHO C AJEKTPOCHAONKEHUEM JPYTHX LIEXOB — BapOYHOTO U
CYIIWJIBHOTO. B3anMOCBsA3b mpennonaracT B3auMHOE PE3EPBUPOBAHUE IIUH
uexoB. [loaTomy, B pacuerax NpHUIILIOCH YYE€CTh HArpy3KH CMEKHBIX II€XOB
JIJIS1 BBISIBJICHUSI MAKCUMAJIBHBIX TTOCJICaBAPUMHBIX HATPY30K.

Pacuer Harpy3ok otOensHoro mexa Il can. w IV can B yacke
MaKCUMAaJIbHBIX Harpy3ok norpeOssitor nopsiaka 18461,73 kBA u 16715,66
kBA cooTBeTcTBeHHO. (JHAKO, pacCMAaTpUBAEMBbIE IITUHBI TaK K€ SIBISIOTCS
pPE3€pBHBIMUA I IIMH CYIIWJIBHOIO  II€Xa, WMEIOIIET0 Harpy3KH
pacnpenenennsie o | cam. u I cmn. | c.mn. morpebaser 7562,51 kBA, Il
c.u1. — 11477 kBA. PezepBupoBaHue mMKH BBIMOIHEHO NapHO, TO ecTh |l c.i.
pesepBupyer | c.m. u Haobopot — | c.mn. pesepupyer Il c.m1. B 3aBucuMocTu
OT MeCTa pa3BUTHS aBapuu. Ta ke cutyanus Habmomaercs u y Il cur. ¢ IV
c.au. IIpydyem TOMOJIOrMS CETH BBICHIETO YPOBHSI NPEANOJAra€T B3aMMHOE
pE3EpBUPOBAHNE PACCMOTPEHHBIX Map HAa YPOBHE MUTAIOIIMX TOKOIPOBOJOB
T3 u 11114,

JIaHHBI YpPOBEHb PE3EPBUPOBAHMS JOCTUTAET 4-TO MOpSAIAKA, YTO
BIIOJIHE coTJiacyeTcs ¢ TpeboBaHusMHM [1] B oTHOIIEHUU TToTpeduteneit 1 u 2
KaTeropuii 1o OecrepeOOMHOCTH DJIEKTPOCHAOKEHMS, a TaK Ke C
TpeOOBAHHUSIMU TI0 OTHOIICHUIO TPEOOBAaHUYN TEXHOJOTUUYECKOW 00pabOTKU

JPEBECUHBI.
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[IpoBenss mpenBapuTETBLHOE COOTBETCTBHE 3JIEKTPOOOOPYAOBAHUS
OTOEJIBPHOTO 1I€Xa K TOKOBOM Harpy3ke, OBbUIO BBISBIEHO, YTO BCE
YCTAaHOBJICHHOE 3JIEKTPOOOOPYIOBAHHE B CXEME 3JIEKTPOCHAOKEHHs IieXa
MPOXOAUT IO YCIOBHUSAM JUIMTEIBHO JIOMYCTUMBIX TOKOB H TOKOB
MaKCUMaJbHOro pabodero pexuma. I[lpuueM, mnpakTUyecku i BCEro
o0OpyZOBaHUS, WMEETCS 3amac IMPOYHOCTH, OPHUEHTUPOBOYHO, IOPSIKA
35,41% ni1s BBOOHBIX M CEKIIMOHHBIX BBIKIIOUaTeneit; 36,98% - musa cexiuit
miH; 72,05% - 1715 BIKITIOYaTENel Harpy3KHu.

Pacuer 3HaueHMN TOKOB KOPOTKOTO 3aMBIKaHUS IIOKAa3aJl, YTO
HauOONBIIMK yaapHBIA Tpexdas3Hblii TOK OyJaeT HaOII0JaThCs Ha IITHHAX
reHepaTopHOro HanpsbkeHusa TOL[-6, BelnunMHA €ro JHOCTUTHET B MOMEHT
Bpemenu t=0,01 cexynasl nopsnka 171,7 kKA.

OxkoHuaTenbHass MPOBEPKA YCTAHOBJIECHHOTO 3JEKTPOOOOPYIOBAHMUS
OTOEJILHOTO 11€Xa MOKa3aJio, YTO HOMHHAJIbHBIE MapaMeTpbl 000pyA0BaHUS
3HAQUUTEIBHO MPEBOCXOAAT MAKCUMAaJIbHbIE 3HAYEHUSI TOKOB KOPOTKOTO
3aMBbIKaHMSI Ha IIMHAX NOpucoeanHeHus. JlaHHOe O00CTOSATETHCTBO, MOXHO
MPOKOMMEHTUPOBATh HAJIMYUEM CIBOCHHBIX pPEAKTOPOB, MO3BOJISIOIINM
3HAQUUTEIBHO CHU3UTh TOKOBYKD HAarpy3Ky 3a CYET 3HAUYUTEIIbHOTO
WHJYKTUBHOTO COMPOTHBIICHUS. Eciau mnpoaHamu3upoBaTh 3HAYEHUSI TOKOB
K.3. (cM.Tabn. 4.1), TO MOXKHO OTMETUTH 3HAYUTEILHOE OTIMYUE YAAPHOTO
Tpex¢da3HOTO TOKa KOpOTKOro 3ambikanusi B Touke KI (Ha mmHax
reHeparopHoro HanpsbkeHus TOL[-6) u B Touke K4 (Ha mmHax uccienyeMoro
PII1-7°). Oranume cocrapisier mopsigka 395%. IIpy [UIMHE TOKOIPOBOZA OT
touku K1 no K4 paBnoit 634 meTpa, Takoe pa3inune BO3MOKHO TOJBKO ITPU
HaJU4YuU CJABOEHHOTO pPEAKTOpa, KOTOPBIM HAIJISIAHO IIOKA3bIBA€T CBOIO
3HAYMMOCTb BO BpEMSI aBAPUUHBIX CUTYaIUU.

CnennanbHasi 4acTh NMPOEKTA MOCBSAIICHA PacYeTy YCTaBOK PEICUHOU

3aIMTHI U aBTOMATUKH Tokompososa I1TT-3.
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AHanmu3 pexxuMOB pabOThl TOKIPOBOJA MOKa3aj, YTO JIS JTOJDKHOTO
YPOBHSI 3aILUTHI OT Pa3pylIAONIEro JEeUCTBUSI TOKOB KOPOTKOTO 3aMbIKaHUS
HEO0OXOMMO YCTAaHOBUTH CIICTYIOITUE TUITBI PEICHHBIX 3aIITUT:

- [Ipononbuas auddepennmaibHas TOKOBas 3aIINTa;

- ToxoBas oTceuka;

- MakcumasbHas TOKOBAas 3aIuTa;

- MakcumanbHasi TOKOBasi 3alllUTa OT MEePErpy3Ku;

- MakcumanbpHasi TOKOBas 3allyuTa OT HEMOTHO()A3HOTO peKnUMaA.
Oco0eHHOCTBIO  OTCTPOHKHM AU QPEpeHIInaTbHON  3alIUTHl  SBISETCS
OTCYTCTBUE BBIKJIIOYATENIEH CO CTOPOHBI Harpy3ku. Tak e cO CTOPOHBI
temnodiektpocHai TOC-2, TOC-3 uMeeT MeCTO MOCTOSTHHAS TTOJIATKA
anekTposHepruu. Takum  oOpa3oM, I  TOJHOTO  OTKIIFOUEHHS
MOBPEXJICHUS HEOOXOIMMO BBIXOJIHBIE €U UCMONHUTENbHBIX pene JI3T-
11/4 BEIBOIUTH HE TOJIBKO Ha BBIKIIIOYATENb Qs mmH TOLI-6, HO emie u Ha

BeIKTIOUATEIN Qgg M1 Q15 e TOC-2 1 TOC-3 cOOTBETCTBEHHO.

JlaHHOe 00CTOSITEIHLCTBO MOBJICUET 3a COOOM HEXeNaTeNIbHOE YJJIUHECHUE
KOJIMYeCTBa W JUIMH Kabenei. Oqnako TpeboBanus [1] wHa4e BBIMOJIHUTH

HE YJaThCHl.

TokoBast oTcedka OTCTpOEHa OT HamOojee YIaJeHHOTO TOKa
Tpex(a3zHOro KOPOTKOTrO 3aMbikaHus 3a peaktopoM LR;. To ecth 30Ha
JEUCTBUS TOKOBOW OTCEYKH JOJDKHA TIOKPBITh TIOYTH BCHO JJIHHY
Tokomposoja III1-3.

MakcumanbHasi TOKOBas  3allllTa  BBIMOJHEHA COBMECTHO C
OJIOKUPOBKON M0 MUHUMAJIFHOMY HAIPsDKEHUIO, YTO JIaeT TapaHTUPOBAHHOE

JIEWCTBUE 3AIIUTHI HA BCEM MPOTSIKEHHOCTH TOKOMPOBOJIA, BKJIKOYAsI PEAKTOP

LR;.
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YuuThIBasi TO 00CTOSATENBCTBO, UTO HArpy3Ka TOKOIIPOBOAa Oosiee yem
Ha 90% sBiseTcss TpexdazHoil, 3aluTa OT MEePerpy3Kd BKIIOYEHA B OJIHY
dbazy.

3amura OT HEMoJHO(A3HOTrO pekMMa BBHINIOJIHEHA Ha 0a3e pene
MUHUMAJIGHOTO HAaNpsDKEHUsI, TMPUXOASAIIEr0 B JEHCTBUE TOJIBKO B TOM,
cllydae, €clid Ha OTIENbHOM (haze WM BCEX TPEX MOJIHOCTHIO MpOIagaet
HaIpsHKeHHeE.

JIaHHBIN KOMILJIEKC PENEHHBIX 3aIUT JOJDKEH 00ECIeYUTh MOJIHYIO
3aIUTYy MCCIIETyEMOr0 TOKOIIPOBO/IA.

B kauecTBe aBTOMAaTHKM pPacCMOTPEHa CHCTEMa aBTOMATHYECKOTO
BKIoueHuss pesepBa | cam. um Il cam. mocpeacTBOM  CEKIIMOHHOTO
BbIKIIOUaTenss Qz, IpoBepKa KOTOPOTO IPOW3BEAECHA IPU HCCIIETOBAHUU
Harpy30K OTOEJIbHOTO IIeXa.

B sxoHOMHMUYECKOM pa3jiesie MPOU3BEIEH PacyeT CMETHOW CTOMMOCTH
PEKOHCTPYKIIMM MAacCJSHBIX BBIKJIIOYATEIEH HAa BaKyyMHble. Pacuer mokasan,
yTO I mpuoOpeTeHus BhIkIouarenei u suyeexk KPY, morpebyercs cymma
nopsiaka 544160 pyo.

B pasmene «Oxpana Tpynma» paccMOTpPEHBI Kiaccudukanms
MOMEIICHUI MO CTENEHU OMACHOCTU TMOPAXKEHHS JIOJEH 3JIEKTPUUYECKUM
TOKOM,  TpeboBaHMs K O€30MaCHOCTM TIPH TMPOU3BOACTBE padOT B
JNEUCTBYIOUIMX 3JIEKTPOYCTAHOBKAX, a TaK K€ TEXHUYECKHUE MEpPONpPHUSATHS,

oOecrieunBaroIre 0€30MacHOCTh PA0OT CO CHATUEM HATPSIKEHUS.
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