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BBEJAEHUE

Juctummaa «CoOCTBEHHBIE HYXKIBI» 3aHMMAeT BaKHOE MECTO B ydeOHOM mporiecce. B
3TOM OOIIEIHEPTETUUECKOM KypCe CTYACHT MONy4YaeT 3HAHWS M0 AWCIUIUIMHAM BKIFOYAIOTUE
BONIPOCHI IIEJIeH, 3a/1ad, CTPYKTYpP COOCTBEHHBIX HYXI JJIEKTPOOOOPYAOBAHUS AIEKTPUUECKUX
CTAaHIIMA W TOJCTAHIIMNA, OCHOBHBIE HOPMATHBHO-TEXHUYECKHE TMPUHIMUIBI W TOCTPOCHUS
ANEKTPUYECKUX CXEM COOCTBEHHBIX HYXKJ CTAHIIMA M TOACTAHLWN, TEXHOJIOTHUS IMPOU3BOJCTBA
COOCTBEHHBIX HYXI; U .

B nmamHOM y4eOHO-METOAMYECKOM KOMIUIEKCE OTPAKEHBI CIIEAYIOIIME BOIPOCHL:
COOTBETCTBHE UCHUIUIMHBI «COOCTBEHHBIE HYXIBI» CTAaHAAPTY; MOKa3zaHa pabodas mporpaMmma
JIUCLUUIUIMHBL, TOAPOOHO OmNHCcaH TpaduK CaMOCTOSTEIbHOM y4eOHOW paboThl CTYIAEHTOB IO
JTUCITUTIIIMHE Ha KaXKIbIH CEMECTP C YKa3aHHWEM €€ CojeprkaHus, 00bemMa B 4acax, CPOKOB U (popm
KOHTPOJIS, pAclyCaHbl METOAMYECKHE YKa3aHWsl IO TMPOBEACHUI0 CAMOCTOATEIBHOU pabOThI
CTYJICHTOB; TIPEIJIOKEH KpAaTKUM KOHCIEKT JIeKIMA TI0 JaHHOMY KYypCy, METOIUYECKUE
PEKOMEHIAlMK 110 BBIMOJIHEHUIO JTA0OPATOpPHBIX padoT; TMOKa3aH IepedyeHb MPOTrPAMMHBIX
MPOJIYKTOB, PEAJIbHO WCIOIb3YEMBIX B TMPAKTHKE JEATEIBHOCTH CTYJICHTOB, METOJAMYECKHUE
YKa3aHHUs IO TPUMEHEHUIO COBPEMEHHBIX WH(MOPMAIMOHHBIX TEXHOJOTHH MJisi TpPEeroJaaBaHUs
y4eOHOU JUCIUTIIMHBI, METOIUYCCKHE YKa3aHUs MPOo(ecCOpPCKO-TPENno1aBaTeIbCKOMY COCTaBY IO
OpraHM3aIfi MEKCECCHOHHOTO M AK3aMEHAIIMOHHOTO KOHTPOJS 3HAHUN CTYIEHTOB; KOMILICKTHI
3aIaHAK I TOMAITHUX 3afaHuii; (OHJ TECTOBBIX 3aJlaHMM JUIsl OIEHKH KadecTBa 3HAHUMA IO
JTUCIUIUIMHE, KOHTPOJbHBIE BOMPOCHI K 3aueTy; KapTa O0ECIEeueHHOCTH IUCIMIUIMHBI KaJlpamu
po¢eCCOpPCKO-TIPENOIaBaTEIILCKOTO COCTARA.



1 Padouas nporpaMMa qHCHMILINHBI
1.1.0EJA U 3AJAYU OCBOEHUS JTUCHUITJIUHBI

Heab mpenogaBaHus TUCHUNIHHBI SBISCTCS (HOPMHUpPOBAHUE 3HAHUI 1O TEOPETHUECCKUM
OCHOBaM TIPOCKTHPOBAHMS COOCTBEHHBIX HYXKJ JJICKTPUYECKUX CTAHIIMH ¥  TIOJCTAHIIMA
sHeprocucteM. OneHUBaTh BO3MOKHOCTH B3aMMO3aMEHSIEMOCTH 3JIEKTPUUYECKUX allaparoB U UX
OTJICTTLHBIX Y3JI0B.

3anaum u3yyeHus: AUCHUILIMHBI SBISETCS OCHOBBI IOCTPOCHHUS AIIEKTPUUECKUX allapaToB
AJIEKTPOCTAHIIMM W TOACTAaHIIMNA, M OCBOCHHUS TPHUHIMIIOB BBHIOOpAa CXEMbI W KOMIIOHOBKH
pacnpeeUuTeNbHbIX YCTPOMCTB BBICOKOTO HAaNpPsDKEHHUS, O3HAKOMJIEHHME C KOHCTPYKTHUBHBIM
WCIIOTHEHUEM PACTIPECTUTEIBHBIX YCTPOMCTB HA TIOICTAHIIMSIX.

1.2.MECTO JUCHUIIJIMHBI B CTPYKTYPE OOII BI1O

Huctummaa «CoOcTBeHHBIe HYKIOb» BxomuT B 1ukia OIIJ] B.1 u oTHocuTcs K
JTUCIUTIINHAM, (OPMHUPYIONTUX 001IenpodeccCuoHaNbHbIC 3HAHUS, HEOOXOIUMBIC MPU H3YYCHUH
mucuurind, Bxoamux B Hukiel CI u JIC «Onekrpuueckass 4acThb CTAaHIMM M TOJCTAHLIAN»,
«JKCIUTyaTalMsl AJIEKTPOIHEPIeTUYECKUX CHCTEM», a TaKK€ IPU BHIINOJHEHUU AUILIOMHOIO
MIPOEKTA.

Hucnumimna  «CoOCTBEHHbIE HYKIBI» 0Oaszupyercs Ha  CIEAYIOMMX JUCHUIUIMHAX!
«TeopeTHYecKre OCHOBBI  JJICKTPOTCXHHUKHY», «OJIEKTPOMEXaHUKa», «OIEKTPOIHEPreTUKAY,
«O01mmas sHepreTuKa», «IJIeKTpuuecKas 4acTh CTAHIINN U MOJCTAHITAN.

1.3TPEBOBAHUA K YPOBHIO OCBOEHUSA COAEPKAHUSA JUCHUITTIMHBI

B pesynapraTe wW3ydyeHUs AUCIHUIUIMHBI B  COOTBETCTBUHM C KBATHM(UKAIMOHHON
XapaKTEPUCTUKON BBIYCKHUKOB, CTYIAEHTHI JOJKHBI:

3HATh.

- HOPMAaTUBHBIE U PYKOBOJSIINE MaTepUabl, KACAIOIINECS BBITTOTHIEMON paboThI;

MEPCIEKTUBBl TEXHUYECKOTO PAa3BUTUSI M OCOOCHHOCTH JCSATEIHHOCTH YUPEKICHUS,
OpraHu3aluu, NPeaIpUsITHUS,

- TPUHIUIBI Pa0OTHl, TEXHUYECKHE XapAKTEPUCTHKH, KOHCTPYKTHBHBIE OCOOCHHOCTH
pa3pabaTbIBaEMbIX M UCIIOJIb3yEMbIX TEXHHUYECKUX CPEICTB, MATEPUAJIOB U UX CBOWCTBA,

- METOJIbI UCCIICIOBAHUS, TIPaBUJIa M YCIIOBHS BBITIOJHEHUS padoT;

- METOABl BHIOOpA DJICKTPUUYECKUX AaMMapaTOB H IMPOBOJHUKOB I  Pa3IMYHBIX
AJIEKTPOYCTAHOBOK; METOJbI BHIOOpA TOKOOTPAHWYWBAIOIIMX YCTPOWCTB HA DJEKTPOCTAHIUAX H
MOJCTAHITUSIX.

YMETh!

- METOJIbl OPTaHU3AIUU TPY/AA HA IJIEKTPOIHEPTETUICCKUX 00BEKTAX;

- MpaBWJIa YCTPOWCTB DJICKTPUUECKUX YCTAHOBOK W TMpaBuUiia OE30MacHOCTH MpH paboTe Ha
3JIEKTPOYCTAHOBKAX;

- METOJIbI POEKTUPOBAHUS OOBEKTOB JIEKTPOIHEPTECTUKH,

- METOJIbI 00ECTIeUeHUS IKOJIOTUIECKOM 0€30IaCHOCTH MPEAIPHUSTHS.

- WCIMOJIb30BATh CXEMbI JJICKTPUYECKUX COEAMHEHHMH DJIEKTPUYECKUX CTaHIIMM,
KOHCTPYKLHH OTKPBITBHIX, 3aKPBITBIX M KOMIUIEKCHBIX PAaCIPEACIIUTEIIbHBIX YCTPOMUCTB, METOBI
MPOEKTUPOBAHUS AJEKTPUUECKUX CXEM PaACIPEEIUTEIbHBIX YCTPOUCTB AJIEKTPUYECKUX CTAHIIMN U
MHOJICTAaHIIUH,

- HCIMOJIb30BaTh W YMETh OMBIT B COBPEMEHHBIX METOJAX pacyeTa ANEKTPUUECKUX CXEM
INEKTPUYECKUX YCTAHOBOK; HCIOJH30BAHUS HH()POPMAIMOHHOTO U TEXHUYECKOTO OOeCreYCHHUS
CHUCTEM aBTOMATU3UPOBAHHOTO MPOEKTUPOBAHUS AJIEKTPUUECKON YaCTH JICKTPUUECKUX CTAaHIIUMA U
MOJICTAaHIIUH.

Bnanets:



DneKTpooOOpyAOBaHHEM COOCTBEHHBIX HYX U UX CXEMaMH.

1.4. CTPYKTYPA

HYKIbI»

N COJAEPKAHUE JUCHUIIJIMHBI

OO6mmas Tpya0eMKOCTh AUCIUILTHHBI cocTaBisieT 1004acos.

bnox AUCHUIIIMH BKIHOYAacT BOIIPOCHI
BHGKTPOOGOpyI[OBaHI/IH COOCTBEHHBIX HYX], OCHOBHBIC HOPMATUBHO-TCXHUYCCKUC IMPUHIMUIILI U

eneu,

3aad,

JOKYMEHTAIUs TI0 CUCTEMAaM B LI€JIOM U KOHKPETHOMY 3JIEKTPOOOOPYAOBAHHUIO.

«COBCTBEHHBIE

CTPYKTYp W OpraHHu3aluu

Ne Bunsl yueOHoli paboThI, @DOopMBI TEKYILETO
n/ BKJIIOYast KOHTPOJISL YCIIEBAEMOCTH
n Paszen o CaMOCTOSTEIILHYIO (no neoensim cemecmpa)
e 4
TMCLUILTHHDL 5 paboTy CTy/IEHTOBH dopma mpoMeRyTOUHON
S | tpynoemkocts (B yacax) arrecraiuu (no
Q
O |JK JIP CPC cemecmpam)
1 | Paspen 1. S 12 6 14 | Tocemenue nexwmi.
DnexTpuyecKue o
_ TYETHI IO BBIMTOIHEHHUIO
CTaHIIMU: Ha3HAYCHHE,
1abopaTopHBIX paboT.
BUJIbI OCOOEHHOCTH.
Cucrema
COOCTBEHHBIX HYX]I
AJIEKTPOCTAHIUH.
2 | Paszmen 2. Bribop 5 12 6 16 | Mocemenmue mexuuii.
THUIA
OT4eTsI 1O BBHITIOJIHEHUIO
AIIEKTPOIBUTATEIIS
7a00paToOpHBIX padoT.
MexanusmoB CH 5C u K 5
UX KOHCTPYKTUBHOTO OHTpOJII:I;II-aSI 12)a oTa 1o
MICTIOJTHEHHS. pasicinam L1 <.
3 | Pazgen 3. S 12 6 16 | Mocemenne nexuwmi.
OcobenHnoctu
OT4eTsI 1O BBHITIOJIHEHUIO
AIIEKTPOCHAOKECHUS 71a00paTOPHBIX padoOT
cucremsl CH IT'OC u '
ADC
4 | Uroro 5 36 18 46 | 3auer

1.5.COAEPKAHUE PA3JAEJOB U TEM JUCIHUITJINHbI
1.5.1.J1eknun

Pazpen 1.
Tema 1. Benenue. DnekTpuyecKkue CTaHIIMK: Ha3HAYEHUE, BUBI OCOOCHHOCTH.
Tema 2. Cucrema COOCTBEHHBIX HYXJ 3JCKTPOCTAHIIMH M MCTOUYHUKH SHEPrOCHAOKEHUS

CUCTEMBI COOCTBEHHBIX HYXJ[ JICKTPOCTAHIIUMN.

Tema 3. OnpeneneHue HOMUHaNBHOW MoOIIHOCTH pabouux u pesepBHbIx TCH TOC.

OcHoBHOEe U He ocHOBHOe oOopymoBanue TOC. OcHOBHBIE paboune MallWHBI U UX MPUBOJ B
cucteme CH TOC.



Tema 4. Buapl pabounx wmammH B cucteMe CH OC ¢ HenuHelHO Bo3pacTaroleit
MEXaHWYECKON XapaKTepUCTUKOW. Paboure XapaKkTepUCTUKH HACOCOB M BEHTHIISITOPOB OCEBOTO
THUIa.-

Pasnen 2.

Tema 5. Bwibop tuma snexrpoasurarens Mexann3smMoB CH DC u uX KOHCTPYKTHBHOTO
ucnoxHenus. Beroop anexkrpoasuratens mexanu3smon CH.

Tema 6. 9C 110 MOIITHOCTH ¥ YaCTOTE BpalleHHs. BEIOOP MOITHOCTH 3JIEKTPOBUTATEIS.

Tema 7. Meronpl pacuera camosamycka anekrpoasurareneit CH. IIposepka
anektpoasuraresnss CH no ycinoBuro mycka.

Tema 8. PaGoune xapakTepHCTUKH HACOCOB IIECHTPOOESIKHOTO THUIIA.

Tema 9. YcnoBust BpIOOpa 1 poBepkH ammapatoB. OnpeneneHne HOMHHAIBHOW MOIITHOCTH
pabouux u pezepBHbix TCH TOC.

Tema 10. Kommyranuonnsie anmapatsl Hanpspkerus 10 1000B B cucreme CH OC u TIC.
Pesxxum paboTsl 1 yciaoBus BeIOOpa. XapakTepucTHKa ToKonpoBoaa (cetn) B cucteme CH.

Paznen 3.

Tema 11. Ocobennoctu amekTpocHadxkeHus: cucreMbl CH I'DC. CriocoOsl nmpucoeanHeHUs
tokonpueMHukoB 6 1 0,4xB k cetu CH I'OC.

Tema 12. Cxema anexrpocHabxkenuss CH I'DC ¢ o0beuHEHHBIM TTUTAHUEM arperaTHbIX U
obmecTaHMOHHBIX oTpedureneir CH na nanpsoxennn 0,4 kB.

Tema 13.0cobennoctu snektpocHabxkenus cucremsl CH ADC.

Tema 14 CniocoOs! npucoenuHenus TokonpueMaukoB 6 u 0,4kB k cetu CH ADC.

1.5.2/Ia6opaTopHble padoThI

Ha maGopaTOpHBIX  3aHATHAX  3aKpPEIUISIOTCA  TEOpEeTHYECKHe 3HAHHWA  CTYACHTOB,
MOJTyYCHHBIEC Ha JICKIUAX, a TaKkKe (OPMHUPYIOTCS HABBIKU O BBHIIIOJIHEHUIO UCIIBITAHUM M aHATIHU3Y
MOJTYYEHHBIX pEe3ylIbTaToOB. B pamMKax 4acoB OTBEACHHBIX ATH 3aHATHS, MOTYT OBITH BBIOJHECHEI
nabopaTopHble pabOThI U3 CIEIYIONIETO MEePEeyHs:

JIABOPATOPHBIE PABOTHI (184acos)

Ne. | HaumeHnoBanue nabopaTopHbIX paboT Koz. yacos

1 | 3yyeHue 31eKTPUYECKOr0 000PYIO0BaHUS COOCTBEHHBIX HYK 2

2 H3ydeHue nmycka u caMo3anycka JABurarenen 4

3 | U3yueHnue KOHCTPYKIIMIA MarHUTHBIX ITyCKaTeen 4

4 | 3ydyeHne KOHCTPYKIMH HU3KOBOJIBTHBIX aBTOMATUYECKUX BBIKIIOYATENeH 4

5 | U3yuenune KOHCTPYKIIMNA HU3KOBOJIBTHBIX MIPEIOXPaHUTECH 4
UTOI'O 18

1.6.CAMOCTOSATEJIbBHASA PABOTA CTYJAEHTOB

Bxirouaer wu3yueHue JEKIIMOHHOTO MaTephalla U JIOMOJHHUTENIbHOM JUTEpaTyphl IO
TUCIUIUIMHE TIPH MOJTOTOBKE K J1a0OpaTOpHBIM 3aHATUSAM. KOHTpOIb CTENEeHH YCBOSIEMOCTH
MaTepuana OCYIIECTBISETCS C MOMOIIbIO BOMPOCOB ISl CaMOMNPOBEPKH, TECTOB. Takxke Ha
Ka)XJI0M JICKIIUH MPEIYCMOTPEH 5 MUHYTHBIH OMpPOC CTYACHTOB MO paHee (M caMOCTOSTEIHHO)
W3Yy4YEHHOMY MaTepuaiy.




Ne Ne pazpena (rembr) . Tpynoemrocts
dopma (BHI) CAMOCTOSTETBHON PAOOTHI
n/i JICIUTIITHBI B yacax
Cemecmp 9
Paznenl. IlonroroBka OTYETOB 1O  BBINOJIHEHHUIO 14
DIIeKTPUUYECKHE 1ab0paTOPHBIX padoT.
CTaHIIMKM.  Ha3HadyeHwue, | [loroToBka K KOHTPOIHUPYIOLIEMY TECTY TIO
BUIBI O0COOEHHOCTH. | pa3zeny.
Cucrema coOcTBeHHBIX | [ToaroTOBKa K KOJJIOKBHYMY TIO Pa3/ieily.
HYX] JICKTPOCTAHIIHA.
Paznen2. Bwibop tuma | [lonrotoBka OTYETOB TIO  BBIIOJHEHUIO 16
AJICKTPOABUTATEIS 71a00paTOPHBIX padoT.
mexanu3moB CH DOC wu | [loaroroBka K KOHTPOJIUPYIOLIEMY TECTY MO
ux KOHCTPYKTUBHOTO | pazfeny.
VCTIOJTHEHMUSI. [TonroToBKa K KOJJIOKBHYMY TIO Pa3/ieny.
Pasnen3. OcoOennocty | [TIoarotoBka 0OT4Y4ETOB 110  BBIIOJIHEHUIO 16
AIIEKTPOCHAOKEHUS 1a00paTOPHBIX PadoOT.
cuctrempl CH TI'DC wu | [loaroroBka Kk KOHTPOJUPYIOIIEMY TECTY MO
ADC paszaeny.
ITonroToBKa K KOJJIOKBHYMY MO pa3/ieny.

1.7.0BPA30OBATEJIBHBIE TEXHOJIOT'U

[Tpu peanuzanuu TuCHMIUIMHB «COOCTBEHHBIE HYXKIIBI» HCHOJB3YIOTCS TPAJAULUOHHBIE H
COBpPEMEHHBIE 00pa3oBaTelbHBIC TEXHOJOTHU. M3 COBpEMEHHBIX 00pa30BaTEIbHBIX TEXHOJOTHMA
NPUMEHSIOTCS MH(POPMALMOHHBIE M  KOMIIBIOTEPHBIE TEXHOJIOTUH C MPHUBICYEHUEM K
MPEMOIaBaHUI0 MYJIbTUMEIUIHHON TEXHUKH TEXHOJIOTMHM AaKTHBHOTO OOydYeHHs, MpPOOJIEMHOTO
o0yuenus. [IpuMeHs0TCS caenyromue akTUBHbIE U MHTEPaKTUBHbIE ()OPMBI IPOBEICHUS 3aHATHIA
NpOOJIEMHBIC CUTYaIlMH, KOMITBIOTEPHBIC CHMYJISIIUHM, JCJIOBBIE WTIPHI, pa3d00p KOHKPETHBIX
CUTyalUi IO MPOSKTHUPOBAHUIO COOCTBEHHBIX HYK]I JICKTPOCTAHIIUH.

[Tpu BBHIMOTHEHUH JTA0OPATOPHBIX PabOT HCIIONB3YETCs MPHUEM HMHTEPAKTHBHOTO OOYUYCHHSI
«Keiic-Meron»: 3aaHuWe CTyIEHTaM JJisi TOJATOTOBKMA K BBITIOJHEHUIO JIA0OpATOPHOUM pabOThI
HMHUTHPYET peaJbHOE COOBITHE, C TMpernojaBaTeieM OOCYKIArOTCsA eI padOoThl U XOHI €€
BBIIMIOJIHEHUS, TPU 3amuTe paboThl - OOCYXIEHME M aHalIM3 HOJIYYEHHBIX pPE3y/IbTaToB;
00CYXIIEHUE TEOPETHYECKUX TOJOXKECHHUH, CIPABEUIMBOCTh KOTOPHIX ObLIa yCTAaHOBJICHA B
npoliecce BHIOTHEHUS J1a00paToOpHO paboTHI.

1.8. OHEHOYHBIE CPEJICTBA UIA TEKYHIEI'O KOHTPOJIsI YCIIEBAEMOCTH,
MPOMEXYTOYHOM ATTECTAIIMA 110 UTOTAM OCBOEHMUS JUCHUILIMHBI U
YYEBHO-METOJUYECKOE OBECHEYEHHUE CAMOCTOSTEJBHOM PABOTHI
CTYAEHTOB

CI/ICTGMa OILICHOYHBIX CpeI[CTB 148 TGXHOJ’IOFHFI JUIA HpOBe,Z[eHI/ISI TeKymero KOHTpOJ'DI
yCIIEBaeMOCTH 0 JWCHMIUIMHE BKJIIOYAET BOMPOCHI Il OJMI-Ompoca Ha  JICKIHUSAX,
WHIWBHUAYaIbHbIE IOMAIIHNAE 3aaHus.

TemaTrka BOpoCOB OJUII-ONPOCa Ha JICKIIUSIX COBMAAACT C TEMATHKOM JICKITUH.



[IpomMeXyTOUHBI KOHTPOJb 3HAHUHM CTYAEHTOB IO TUCHMIUIMHE IPEIyCMaTPUBAET IBE
KOHTPOJIbHBIE TOYKH B 9 cemMecTpe, OI[EHKH 110 KOTOPBIM BBICTABIISIIOTCS HA OCHOBE MH(OPMAIMHU O
craye 1abopaToOpHbIX padOT M OTBETOB HA KOJIJIOKBUYMAX.

1.8.1KouTpoaupymwoiuii Tect
KonTponupyronuii TectT mpoBOAUTCS MO T€MaM COOTBETCTBYIOIIMX pa3zieioB. B kaxmom

tectoBoM 3amaHuu oT 7/ n0 10 3amanuii. TecT BBIABIAECT TEOPETHUECKUE 3HAHWS, MPAKTHUECKHE
YMEHUS ¥ aHATUTUYECKUE CIIOCOOHOCTH CTYICHTOB.

[Tpumep Tecra:

1.OcHoBHOE 000pYAOBAaHUE ITO:

a) KoTel1, TypOuHa, TeHepaTop

0) MeJbHUIIA, MUTATEIBHBIA HACOC, JICadPaToOp
2. Kakoe nanpspkenue y CH TOIL?

a) 10«B u 0,4kB

0) 6xkB u 0,4«B

3. Kakoe nanpspkenue y CH I'DC?

a) 0,4kB

0) 15,7%B

1.8.2KonTpossHas padoTa
KonTposnbHast paboTa BBIMOMHSETCS B KOHIIE CEMECTpa IO BCEM IPOMICHHBIM pasienam

cemectpa. KoHTpospHas paGora HampaBieHa Ha IPOBEPKY YMEHHH CTYICHTOB IPUMEHSTH
IIOJIyYECHHBIE TEOPETUYECKUE 3HAHUS B OTHOLICHUH ONPEICICHHON KOHKPETHOH 3a/1a4H.

1.

1.8.3 Bomnpochsl Kk 3a4eTy
Bcenomorarenbubie ncrounuku 3uepruu B cucreme CH OC. X HazHaueHue,

Kiaccudukanms, TpeOoBaHUs K ImapaMeTpam.

1.

2.

13.

14.
15.

Cucrema COOCTBEHHBIX HYXK]I JJICKTPOCTAHIIUN U UCTOYHUKH YHEPTOCHAOKEHUST CUCTEMBI
CH OC.

Bunst pabounx mamms B cucteme CH DC ¢ HennHeHHOBO3pacTaOIe MeXaHUIeCKOU
XapaKTEPUCTUKOM.

Cxema snekrpocHadxenus cuctembl CH KOC ¢ BrIKITIOUATENSIMHA Y TEHEPATOPOB U €€
O0COOEHHOCTH.

Hanexxnocts anexkTpocHabxkenus cuctembl CH anekTpocTannuii U yciaoBus ee
oOecrnie4eHus.

OcHOBHBIE U pe3epBHBIC UCTOUHUKH d1ekTpocHabx)eHus cucteMbl CH KOC u cxembr ux
MIPUCOEANHEHHUS.

Kommyrannonnsie annapats! Hanpspkenus 10 1000B B cucteme CH OC u I1C. Pexxum
paboTHI M YCIIOBUS BEIOOpA.

Metopl pacuera camo3amycka aiekrpoasurareneid CH.

Ocobennoctu 3nektpocHadkenus cucremsl CH I'OC.

Paboune xapakTeprCTUKH HACOCOB IIEHTPOOEIKHOTO THIIA.

Cxema anekrpocHabxenus cuctembl CH 610ka ADC ¢ peaktopom Tuna PEMK-1000.

.CnocoOs1 mpucoenuHenus: TokonpueMunko 6 u 0,4kB k cetu CH I'OC.
. Paboune xapakTeprCTHKN HACOCOB M BEHTHIISITOPOB OCEBOTO THIIA.
.Camozamyck anekrpoasurareneit CH u cpecTa moBbIIEHUS HAIC)KHOCTH 000PYA0BaHUS

CH.

Cxema sanextpocHabxenus cucrembl CH TOLI ¢ monepedHbIME CBA3SIMU B TETIOCUIIOBOM
YacTH.

XapaxkTepucruka Tokonposoja (cetu) B cucreme CH.

Omnpenenenne HOMAHATBHON MOIIHOCTH pabounx u pezepBHbIXx TCH TOC.



16. PactipenenurensHble ycrpoiicTBa u cetu B cucteme CH ADC.

17.CrniocoObI peryaupoBaHus MPOU3BOIUTEIHFHOCTH PAOOUNX MAIIMH IEHTPOOSIKHOTO THUITA
cuctemsl CH.

18. Cucrema obecnieuenus 6ezonacaoctu ADC.

19. CniocoObI peryaupoBaHus TPOU3BOAUTEIBHOCTH pab0UMX MAIIMH OCEBOTO TUIIA CUCTEMBbI
CH.

20. Knaccuukanus norpedureneii cucremsl CH ASC.

21.Cxema snextpocHabxkenus CH I'DC ¢ pa3nenbHbIM MUTaHUEM OOIIECTAHITMOHHBIX U
arperaTHbIX OTpeOUTEIeH.

22.0cHoBHOE U He 0OcHOBHOE obopynoBanue TOC.

23.Uctounuku sHeprun cucremsl CH ADC.

24.Cxewmsbl tutanust CH TIC ¢ moCTOSHHBIM U TTIEPEMEHHBIM OTIEPATUBHBIM TOKOM.

25.Bri6op Tuna snexrpoasuratens mexann3mMoB CH 3C u uX KOHCTPYKTHBHOTO MCTIOJIHEHHS.

26. Cxema snextpocHabxenus cucrembl CH TOL 6s10uHOTO THIA.

27.0cuosubie notpedutenu CH IIC u BeiGop uncna mommoctu TCH TIC.

28. Bre16op anekrpoasuratens mexann3MoB CH. 3C 1mo MOIIHOCTH U 4acTOTE BpaICHUS.

29. OcHoBHBIE paboure MamMHbI U UX npuBo B cucteme CH TOC.

30. Cxema snexrpocHabxkenus cuctembl CH 610ka ADC ¢ peakTopos tuia BBOP-1000.

31.IIposepka anekrpoasurarens CH no ycinoBuio mycka.

32.Cxema npucoeauaenus TCH Bropoii crynenu k cekiusam CH-6 kB KOC.

33. Bb100p MOLTHOCTH 3JIEKTPOBUTATEIS.

34.Kakue acuHXpOHHBIE IBUTaTeNU TpuMeHstoTcs Ha TOC.

35. Camozanyck anexrpoasurateneit CH u cpeacTsa MOBBIIEHHS HAZEKHOCTH 000pyIOBaHUS
CH.

36. Cxema anekrpocHadxkeruns CH I'DC ¢ o0bennHeHHbIM uTanueM Ha ctopone 6(10)xB
TPaHCIIOPTEPOB arperaTHeIX U obmecTannnoHHbIX CH.

37. XapakrepucTrka Tokornpoosa (ceru) B cucteme CH.

38. OcHOBHBIE U pe3epBHBIC UCTOYHUKHU dJIeKTpocHaO)eHus cuctembl CH KOC u cxembr ux
MPUCOETUHECHHUS.

39. Cxema HagexHoro nutanuss CH ADC c peakTopaMu Ha OBICTPBIX HEUTPOHAX.

40.Kakue cuHXpOoHHBIE ABUTaTeNH puMeHstores Ha TOC.

41.Cxema snekrpocHadxkenus cuctembl CH TOL] ¢ monepedyHbIMU CBS3SMH B TETIOCUIIOBOM
CeTH.

42 .VIcTOYHUKH ONIEPATHBHOTO TOKA.

1.9YYEBHO-METOJUYECKOE U HUH®OPMAILMOHHOE OBECIHHEYEHHUE
JANCHUITVINHBI «COBCTBEHHBIE HYXK/bI»

a) OCHOBHAasI TUTepaTypa

1.PoxxkoBa JI.JI. DnexTpooOGopyaoBaHUE IMEKTPUUECKUX CTAHIIMKA U MOACTAHIINN | y4el.: pek.
Mun. o6p. P® / JI. JI. Poxkosa, JI. K. Kapueesa, T. B. UupkoBa. -2 usn., crep.. -M.:
Axanemus, 2005. - 448.:apuc.

2.CoOCTBEHHBIC HYXK/IbI TEIJIOBBIX, aTOMHBIX M THIPABINYCCKUX DJIECKTPUUCCKUX CTAHIIUHA U
noacrannuii : yued. mocobue: pex. JIB PYMII/ A. H. Kosnos [u np.]; AMI'Y, DH... -
bnarosemenck: U3a-so Amyp. roc. yu-ta, 2008. -27%.:a-rad:1.

3.Co0cTBEeHHBIC HYK/IBI SJEKTPHUECKUX CTAHIIMNA U TIOJICTAHIINH | y4€0.-MEeTOA. KOMILJICKC ISt
cuner. 140204 - Dnexrpuueckue craniun/ AMI'Y, DH.d.; coct. A. I'. Porauepa. -
bnarosemenck: M3a-Bo Amyp. roc. yu-ta, 2012. -18%k.

0) 10MOTHUTEILHAS JJUTEpaTypa



1. Mscoenos HO.B. IlpoekTupoBaHuE 3JIEKTPUUYECKON YACTH AJNEKTPOCTAHIIMM U MOACTAHIUH :
yueb6. mocoome/ 0. B. Mscoenos, H. B. CaBuna , A. I'. Porauea; AMI'Y, Du.}.. -
bnarosemenck: M3a-Bo Amyp. roc. yu-ta, 2002. -14Q.:z-ra6u.

2. CrapmmuoB B.A. DnexkTpuyeckas 4acTh THIPOAJIEKTPOCTAHIUH : yueb. mocodue/ B. A.
Crapumnos, A. U. Iloiino, M. B. ITuparopos. -M.: N3x-Bo Mock. 3nepret. un-ta, 2003. -
160c.:apuc.

3. DnekrporexHuueckuil cnpaBoynuk : B 4 1./ Ilox obur. pen. B.I'. I'epacumos, ITox oOmi.
pen. A.®. Jlpsikos, Ilox o6m. pen. H.®. Unbuackuii, I'n. pen. AWM. TlomoB T. 3 :
[IpousBonacTBO, Tmepenada U pacmnpefesieHue >SIEKTPUYECKOW JHEPrHuHM : CIPaBOYHOE
m3nanme. -2002. -964.:zpuc.

4. Yepuosen A.K., CemenoB K.H., Jlanunyc A.A. Yuebnoe nocobue «llyck u camosarmyck
DneKTpoABUTATEIICH MEXaHW3MOB COOCTBEHHBIX HYXKJ dJeKTpocTaHiui» CaHKT-
[TetepOypr, [1DUnk, 2004. 7Z.

5. Bamakos FO.H. IIpoekTrpoBaHHEe cCXeM 3JIEKTPOYCTAHOBOK . yuebd. mocooue: gomn. YMO/
1O. H. banakos, M. llI. Mucpuxanos, A. B. lllyaTos. -M.: U31-Bo MocK. 3HepreT. uH-Ta,
2004. -288&.:apwuc.

6. AunekcangpoB K.K. Dnexrporexnuueckue yeprexu u cxembl/ K. K. Anekcannpos, E. T
Ky3pmuna. -2-¢ u3a., uctp. u gom.. -M.: U3a-Bo Mock. 3Hepret. un-ta, 2004. -301c.:a-
puc.

7. Dnextporexuudeckuii crnpaBoynuk : B 4 1./ ITox o6m. pex. B.I'. I'epacumos, Ilox o6,
pen. A.®. Jlpsixo, [lox obmr. pen. H.®. WUnbunckwmii, I'n. pen. AWM. IlomoB T. 3 :
[Ipon3BoacTBO, mepemaya W paclpeneseHrue JJICKTPUYECKOW SHEPruH . CIPABOYHOE
uznanue. -2002. -964.:z-puc.

8. Dnexrpudeckas 4acth craniuii noxa peaaknuen C.B.Ycosa - JI: Dueprus, 198'F. 556¢.

9. I'yk KO.b. u gp. IlpoekTupoBaHue 3. YAaCTH CTaHUMH W TOACTAHIMHA. - M:
Oueproaromusaar, 198%., 312c¢.

10.Poxkosa JI.J[., Kozynun B.C. DnexkrpooOopynoBaHue CTaHUMH W MOACTAHIMNA. - M:
Oueproaromusaar, 198%., 704c.

11.9n. yvacte craHumit u noactaHuui: CnpaBounbie Marepuanbl. [log penakmueit b.H.
Hexknemaera., M: Dueproaromusnar, 198%. 608c.

12.CoOcTBeHHBIE HYXKIBI TEIJIOBBIX JJIEKTpocTaHnuii. Abbacoa 2.M., T'omomno HO.M.,
3unsbepman B.A.; mox penakiueii FO.M. IN'omogroBa. M: DHeproatommu3aat. 199T., 272¢.

13.DOnekTpuyeckass 4acTh CTaHIMH M TOJCTaHIMIA: Y4eOHUK ansi BYy30B, A.A.Bacumbes,
N.IL.KproukoB, E.®. HasmkoBa wu np; mnoa peaakuued A.A.BacunseBa. M:
Dueproaromusnar, 199Q. 676c¢.

B) mepuoanyeckue n3nanus (mpogeccHoOHAIbLHbIE KYPHAIBI):

. <OHEepreTuK»,

. {IpombllIeHHAs] YHEPTETHKAY,

. <OJIEKTpUKa»;

. Bectauxk MOU»;

. €QNEKTPOTEXHUKA»,

. INEKTpOoTeXHHUKa». PedepaTuBHBIN KypHAT;
. KQJEKTPUYECTBO»;

. KJIEKTPUYECKUE CTAHIIUU;

. «OHEProxo3siCcTBO 32 pyOeIKOM»;

10. ©uepreruka». PedepaTuBHBIN KypHAT;

11. «Electrical Power and Energy Systems»;
12. «IEEE Transactions. Power systems».

OCoO~NOOUITDE WNPE

r) mporpaMMHoe obecnieueHue U UHTepHeT-pecypehl:
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Ne HaunmeHoBaHMe pecypca Kparkasi xapaktepucTuka

1 http://www.iglib.ru/ NuTtepHer-6ubnrorexka 00pa3oBaTeIbHBIX
W3/IaHHM, B KOTOPOU COOpaHBI AIEKTPOHHBIS
y4eOHMKH, CIIPaBOYHBIC U YUeOHbIE
mocoOust. Y 1OOHBIN ITOUCK IO KIIFOYEBLIM
CJIOBaM, OTACILHBIM TEMaM U OTPaciisiM
3HaHUM.

1.10.MATEPUAJIBHO-TEXHUYECKOE OBECIIEYEHUE JUCIUIIJINHbI

B kadecTBe MaTepHaTbHO-TEXHHUYECKOTO OOECTEeYeHUsI AUCITUIUITMHBI HCIIOJIB3YIOTCS
MYJIbTHMEIMIHbBIC cpencTBa. MaTepual JIeKIUi TpeCTaBiICH B BUJe mpe3eHTanuii B8 PowerPoint.
Jlaboparopubie paboThI BRIMOTHAIOTCS B aya. 508.

No HaumenoBanue OcHoBHOE 000pyI0BaHNE
n/n nabopaTopuid, aya.
1 2 3
1 508 Crenn no MarsHuTHBIN MycKaTellb, aBTOMAaTUYECKHUI BBIKIIOYATENb,
HU3KOBOJIBTHOW anmapaType | aCHHXPOHHBIN JIBUTATEllb, peJie HAMPSHKCHUS, Pelie BPEeMEHHU.

1.11. TPOMEXYTOYHAS OIEHKA 3HAHWUA CTYAEHTOB TIO
JTACHUTIINHE

[TpomexxyTounoi (HopMOI KOHTPOJIS 3HAHUN CTYICHTOB 10 JaHHOW TUCIUILIAHE SBIISCTCS
3auer.

Jlna nomycka K 3a4eTy  JOCTaTOYHBIMM OCHOBAHMSMH SIBISIIOTCS  BBIIOJHEHHE, cHada
nabopaTopHbBIX padoT. B mopsiike HCKITIOUEHUS K 3a4€Ty MOXKET TakKe ObITh JOMYIIeH CTYJCHT, He
BBIMOJIHUBIIHIA OJTHY WK JBE PaboThI (3a1aHue).

CTyZAeHT, He CIABIIUI OJTHOM WM JIBYX J1a0OPaTOPHBIX paboT (3aaHuii) U JOMYIICHHBIA K
3a4eTy B MOPAJIKE HCKIIOYEHUs, OTBEYACT TAKXKE HA JOIOJHMUTEIBHBIE BOIPOCHI IO TEME JTHUX
pabot (3amanuii).

2. KpaTkuii KOHCHEKT JIeKIHui

Jleknusil. BBegenue. JiiekTpuyeckue CTAHUIMU. Ha3HAYEHHE, BUIbI 0COOCHHOCTH.

[Ipomiecc mpou3BOACTBa U MPeoOpa30BaHMS AJIECKTPOIHEPTHUU HA DJICKTPHUECKUX CTAHITUSIX
MOJIHOCTHI0 MEXaHU3UPOBAH. OKOHOMHUYHAs paboTa COBPEMEHHBIX MOIIHBIX KOTJIOB U
napoTypOMHHBIX arperatoB TeruioBbIX anekTpocTanuuii (TOC) BO3MOXHA TONBKO MPH y4aCTHH
MHOKECTBA BCIIOMOTATEIbHBIX PAa00YMX MAalluH (MEIBHUI], JAPOOHIIOK, KPaHOB, TPaHCIOPTEPOB,
HACOCOB, BEHTHIIATOPOB U JIP.), HEOOXOAMMBIX IS IPUTOTOBJICHHS U TPAHCIIOPTa TOIUIMBA, MOJa4n
BO3/lyXa B KaMmMepbl TOPEHUs] TOIUIMBA U YJAJICHUS M3 HUX MPOAYKTOB CrOpaHUs U 30JIbl, MMOJA4YH
BOJBI B KOTJIOArperarhbl, MOJJACP)KaHUs BaKyyMa B KOHJEHCATOpax TYpPOWHBI, BOJAOCHAOKEHUS
CTaHIMU U MHOTOT'O JIPYroro.

Eme Oomnee oTBeTcTBeHHBI (DYHKIIMM BCIOMOTATEIBHBIX PabOYMX MAIIMH Ha ATOMHBIX
anektpuueckux crannusx (ADC), sapisromuxcs oaHuM u3 BuzoB TOC. ['NaBHbIC IUPKYIAIUOHHBIC
HAcOChl, OOCCIEUYHMBAIONINE UHUPKYJISAIUIO TETUIOHOCUTENSI Yepe3 aKTUBHYIO 30HY peakTopa,
CUCTEMBI TEXHOJIOTUYECKOTO KOHTPOJS PEaKTOpa, €ro YIpaBICHHUS U 3alUThl 00eCreYHBAIOT
06e3onmacHOCTh dKcrutyatanmn ADC, TOCKONBKY CYIIECTBYET TOTCHIMAIbHAs BO3MOXXHOCTh
BBIJICJICHHS B OKPYKAIOIIYIO CPEAY PAAMOAKTUBHBIX BEIIECTB.
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[Tpou3BOICTBEHHBIH MPOIIECC HA THAPOCTAHIIUAX 3HAYUTEIHHO MPOIIE U TPeOyeT MEHBIIIETO
KOJMYECTBAa BCIOMOTaTelIbHBIX pabounx MamuH. OAHAako U 37ech HEOOXOIWMBbI HACOCHI IS
TEXHUYECKOTO BOJOCHAOXKEHHUS, MACISHBIE HACOCHl CHCTEMBl PETYJIHPOBAHHS M CMa3K{
TUAPOArperaToB, KOMIPECCOPbI MACTOHATIOPHBIX YCTAHOBOK U JP.

HNcTouHuKH 3HEProcHadKeHusi COOCTBEHHbBIX HYIKI
MomHoCcTs U 3Heprus, norpediasemMas CUCTEMOW COOCTBEHHBIX HYXK], 3aBUCAT OT THUIA
3JIEKTPOCTAHIIMHU, BUJIa TOIUIMBA, TUIIA U MOLTHOCTH TYpOUH, THIA SAEPHOTO peakTopa U IPyTrux
ycnoBuii. B Tabn. 1 mpuBeneHbl 0000IMICHHBIC JaHHBIE IO MAKCHUMAaJIbHBIM HArpy3KaM CHCTEMBI

C.H. OTCUYCCTBCHHBIX BHCKTpOCTaHHI/Iﬁ Pa3HbIX THUIIOB B ITPOLICHTAX YCTaHOBHGHHOﬁ MOIIIHOCTH.

Tabnuya 1 - Harpy3ku cucTeMbl COOCTBEHHBIX HYXKIT

Tun cranmuu Oc00EeHHOCTH CTaHIUU Harpys3ka c.H.
(B mporeHTax
YCTaHOBJICHHOM
MOIIHOCTH)
ADC C BOJSHBIM TETJIOHOCUTENIEM 5-8
C ra3oBbIM TEIJIOHOCUTEIIEM 5-14
KDC Ha npuieyronbHOM TOIUIMBE 6-8
Ha razoma3yTHOM TOIIIIMBE 3-5
ToI1 Ha neineyronsHom Tomuimse 8-14
Ha razoma3yTHOM TOIIIIMBE 5-7
I Bombmmoit MomHocTH 05-1
Mauioii u cpeHe MOIIHOCTH 2-3

HopmanwsHast paGora 3IEKTPOCTAaHIIMM U OE30MACHOCTh €€ OOCIY)KHBAaHUS BO3MOKHBI
TOJIBKO TP YCIOBUM HAAEKHOU pabOoThl cucTeMBI C.H. [103TOMYy HaZe)KHOCTD SIBISETCSI OCHOBHBIM
TpeboBaHUEM, KOTOPOMY JIOJKHA YAOBIETBOPSATH CHCTEMa C.H., 0COOCHHO aTOMHBIX U TEIUIOBBIX
anektpoctaniuii. CornacHo I1YD moTpeOuTenu cUCTEMBI C.H. JIEKTPOCTAHIMK OTHECEHBI K 1-it
KaTEerOpUH U MX AJIEKTPOCHAOKEHUE TOJDKHO OBITh 00ECIIEYeHO OT IBYX HE3aBUCHUMBIX HCTOUYHUKOB
nutaHus. [lepepbIB 31eKTpocHAOXKEHUS [OMyCKaeTcs JUIIbL Ha BpeMsl JACHCTBUS YCTPOWCTB
aBToMaTudyeckoro BBoga pe3epBa (ABP). Oco0o Bwihensercss rpymma 3JaeKTPONPUEMHHUKOB,
NepephiB MUTAaHUS KOTOPBIX CBSI3aH C OMACHOCTBHIO JJIA JKU3HHM MEepCOHalla WM C MOBPEXIECHUEM
OCHOBHOTO  CHJIOBOTO OOopymoBaHusi. J[ns anmekTpocHaOXeHUss dTOW Tpynmbl  0co0o
OTBETCTBEHHBIX MOTpeOUTeNe TpedyeTcs He MEHee TPeX HE3aBHCUMBIX MCTOYHHMKOB MUTAHUS —
pabouero u AByX pe3epBHBIX.

Cuctema C.H. JOJDKHAa OBITh TakkKe HKOHOMHUYHOH. OJTO oO3HaydaeT, 4ro Tpedyemas
HAJEKHOCTh JOJDKHA O0ECIeYMBATHCS NMPU MHHUMAIBLHO BO3MOJXKHBIX KalMTAIOBIOXKCHHUSIX H
pacxojie JIEKTpOIHEpTUu. Pacxon 3MeKTpoIHEPruu B CUCTEME C.H. BXOJUT B COCTaB OCHOBHBIX
TEXHUKO-IKOHOMHYECKHX MOKA3aTeNeH dJEKTPOCTAHITIH.

B Hacrosmee BpeMs OOIIENPU3HAHO, YTO 3JIEKTPOCHAOKEHUE CHUCTEMBI COOCTBEHHBIX
HYXJ DJICKTPOCTAHIIMI Pa3HBIX THUMOB (TEIUIOBBIX, ATOMHBIX W THUIPOCTAHIIMI) MOXET OBITh
o0OecrieueHo Haubosee MPOCTO, HKOHOMHUYHO M HAACKHO OT TEHEpaTOpOB CTAHLIMHU U
sHEeprocucTeMbl. Hae:KHOCTh IeKTPpOCHAOKEHUST 00eCTIeunBaeTCs TIPU BBITIOTHEHUH CIIETYIOIINX
YCIIOBU:

Npd  TPUMEHEHWU  OBICTPOACHCTBYIONIEH  pelIeHHON  3allMThl,  MMO3BOJISIONIEH
YMEHBIIINTh OMACHOCTh CHWKCHHUS HampspKeHuss B cucrtemMe c.H. npu K3 Bo BHemmHei
CETH U BBI3BAHHOTO 3TUM TOPMOKEHHUSI AJIEKTPOJABHUraTeNed U CHUXKEHUS MPOU3BOAUTEILHOCTH
pabounx MalIvH,
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Ipyd aBTOMATHYECKOM pEryJIMPOBAaHUU BO30YXKIEHHUS TE€HEPATOPOB, OOECIEYUBAIOLIEM
OBICTpOE BOCCTAHOBJICHHE HOPMAJIBLHOTO HANPSHKEHHS Ha IIMHAX C.H. mocie oTkiaoueHus K3;

IpU UCTOJB30BAHUU JJIs MPUBOJA pabOUYMX MAIIMH aCUHXPOHHBIX 3JIEKTPOABHUTATENEH ¢
KOPOTKO3aMKHYTBIMA ~ pOTOpPaMH, JIETKO pPa3BOPAYMBAIOIIUXCS IMOCJIE KPATKOBPEMEHHOTO
CHIDKEHHMSI YaCTOTHI BpPAIlICHHUS;

Opyl  palUMOHAIBHOM  IOCTPOEHHU  CXEMBl  3JEKTPOCHAOKEHHS  CHCTEMBI  C.H.,
B OCHOBY KOTOPO# MOJI0KEHO CEKIIMOHUPOBAHUE C TIPUCOCTUHEHUEM TPYIIITBI JIEKTPONPUEMHUKOB,
OTHOCSIIIUXCS K Kaxaomy arperatry (OJ0Ky, KOTJIy), K OTACIbHOW cekiuu PY ¢ OTaenbHbIM
pabounm TtpanchopmaropoMm. braromaps stomy K3 B ceTH C.H. BBI3BIBAIOT TOHMXCHHE
HaIpPsKEHUS TOJIBKO Y COOTBETCTBYIOIIECH IPYIIIbI 3J€KTPOIPHUEMHHUKOB.

Jnst 0co00 OTBETCTBEHHBIX MOTpeOUTENEH C.H., TPEOYIOMMX MOBBIIMICHHOW HAIS)KHOCTH
ANEKTPOCHAOKEHUS, MpelyCMaTpUBalOT HE3aBUCHMbIE HCTOUYHHUKH HHEPrUM OrpaHUYeHHON
MOIIIHOCTH, OOECMEYHMBAIONINE THTAHWE OTOH TPYIIBI DIEKTPONPUEMHUKOB TMPH MOIHOM
MCYE3HOBEHUM HAIPSHKEHUS Ha CTaHUMU. TakuMU HE3aBHCUMBIMM MCTOYHHUKAMHM SHEPTMH MOTYT
OBITh:

ABTOHOMHBIC arperaThl C aBTOMAaTUYECKUM MTyCKOM, COCTOSIIIAE U3 TIEPBUYHOTO JBUTATEIS
B BHJIC TU3€IIS WU Ta30BOM TYpOMHBI U CHHXPOHHOTO T€HEPATOPA;

BCIIOMOTaTeNIbHBIE TEHEPATOPHI, YCTAHOBIICHHBIC HAa BaTy TJIABHBIX arperaTos,;

AKKyMYJISITOpHbIE OaTape co CTaTUYECKUMH MPeoOpa3oBaTeIsiMU.

ABTOHOMHEBIE arperatbl TpeOyloT s mycka ¥ Habopa Harpy3Kd HECKOJIBKO MHUHYT.
[Tostomy onum nonyuunu npumeHenne Ha TOC u ADC 11 NPUEMHUKOB SHEPTUHU, JOMYCKAIOIINUX
TaKoW MepephIB B TI0J1a4e SHEPTUH.

Jlns BCmoMOraTenbHOTO TeHepaTropa, Kak M JUis TJIaBHOTO TeHeparopa, MEePBUYHBIM
JBUTATENeM siBlisieTca Typouna. [lpu Hapymenun paOoThl IJIaBHOTO arperara pe3epBHOE MUTAHKE
CUCTEMBI C.H. MOXKET OBITh 00€CIIEUeHO OT BCIIOMOTATEIhHOTO T€HepaTopa B TCUCHHUE BPEMEHHU
BbIOEra riaBHOTO arperata. BcmomoraTtenbHble reHEPaTOPhl 3aMETHO YCIIOKHSAIOT KOHCTPYKIIHIO
[JIaBHOTO arperara W YBEIWYHMBAIOT pasMepbl MANIMHHOTO 3ajia, MOATOMY HMX MPUMEHSIOT
TOJABKO Ha HEKOTOphIX ADC s AIEKTPOCHAOKEHHS JBUTATENCH TJIABHBIX IUPKYISIITHOHHBIX
HACOCOB B PEXKHME aBaPUIHOTO PaCXOIaKHBAHUS PEaKTOpa.

AKKyMyJIATOpHbIE OaTaper MPUMEHSIOT Ha BceX dJeKTpocTaHuusx. Jis 3apsma Oatapeun
IpeyCMaTPUBAIOT CTAaTUYECKHU (TUPUCTOPHBIN) TpeoOpa3oBaTesb, MPUCOCINHEHHBIH K ceTn 380
B mnepemennoro Ttoka. B HopMmalbHOM peXuMe MNPUEMHUKH SHEPTUM IOCTOSHHOTO TOKa
MUTAIOTCS OT CETH MEePEMEHHOTr0 TOKa uepe3 mpeoOpa3oBaTellb, KOTOPBIA TaKXKe MOoI3apsihKaeT
Oatapero. [Ipu Mcue3HOBEHUU HANPSHKEHHS B CETH NEPEMEHHOr0 TOKA MPUEMHUKHU MOCTOSHHOTO
TOKa 00eCleYnBalOTCsl HHEPrueil oT aKKyMYJISTOpHOW OaTapeu Oe3 mepepbiBa MUTAHUSA, JAXe
KpPaTKOBPEMEHHOTO.

CoOcTBeHHbIE HY Kbl MOACTAHIIUI

Haubonee OTBETCTBEHHBIMH MPUEMHHKAM AJIEKTPOSHEPTHMH CUCTEMBI C.H. TOACTAHIIAI
SABJBIIOTCA 3JICMCHTBI CUCTEM YIIPABJICHUSA, TCJICMCXAaHUKH U CBA3U, BHGKTpOCHaG)KeHI/Ie KOTOPBIX MOXCT
OBITh OCYIIIECTBIICHO WJIM OT CETH MEPEMEHHOTO TOKa Yepe3 CTaOMIM3aTOpPhl M BBIIPSIMHUTEIH, WIH OT
HE3aBHCUMOT0 HMCTOYHHUKA SHEPIUU — aKKyMYISITOpHOW Oarapen. B mociemnem cimydae B cucTeMe
COOCTBEHHBIX HYXKI JOJDKHBI OBITH TTPEYCMOTPEHBI IPeoOpa3oBaTesH is 3apsiaa Oarapeu.

KpOMe 9TOr'0 NPUCMHHUKAMU SHCPIrvuu CUCTCMbI COGCTBGHHBIX HYXI HOI[CTaHLII/Iﬁ SIBJIAIOTCS.

ANIEKTPOJIBUTATENI CHCTEMBl OXJIOKICHHS CHJIOBBIX TPaHC(HOPMATOPOB W CHHXPOHHBIX
KOMITEHCATOPOB,;

YCTpOKMCTBA 00OTpeBa MAaCISIHBIX BBIKIIOYATEICH W IIKadOB C YCTAHOBICHHBIMH B HHUX
ANIEKTPUUECKUMHU amapaTaMy 1 Iprudopamuy;,

AIIEKTPOIBUTATEITN KOMIIPECCOPOB, CHAOMKAIOIINX CKATHIM BO3TyXOM ITHEBMATHUECKUE TIPHBOJIBI
1 BO3YIIIHBIC BBIKJIIOYATCIIH,

ANIEKTPUIECKOE OTOIUICHUE M OCBEIICHHE,
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CHCTEeMa MOKaPOTYIICHUS.

Jlns  snekTpocHaOXeHUsT TMOTPeOMTENe CHUCTEeMBbl C.H. TMIOJACTAaHIMN TPEAyCMaTpPHBAIOT
Tpancdopmaropsl ¢ BropuaHbIM HarpsbkerneM 380/220B. Onu MOTyT OBITh IIPUCOCANHEHBI K COOPHBIM
mHaM 3Y 6 — 10kB. OmHako Takas cxemMa HWMEET CYIIECTBEHHBIN HEJIOCTaTOK — IPY TTOBPEKICHUSIX B
pacnpeenuTeIbHOM YCTPOUCTBE DJIEKTPOCHAOKEHUE CUCTEMBbl COOCTBEHHBIX HYXKI[ HApYILIACTC.
[TosToMy TpaHChOpPMATOPBI C.H. MPEANOYUTAIOT MPUCOSAMHATH K BBIBOJIAM HU3IIETO HAMPSHKEHUS
TJIABHBIX TPaHC(HOPMATOPOB, HA YIACTKE MEXKITYy TPAHCPOPMATOPOM U BBHIKIIIOYATENIeM padodero BBOJA.
[TonpoGHee cucTemMa COOCTBEHHBIX HYKT IOACTAHIIMN pacCMaTPUBAETCS B paszeie S.

Jlekuus 2. [IpuHIMNUATILHAS TEXHOJIOTHYECKAS CXeMA TeIJIOBOIi 3J1eKTPOCTAHIIUU

TernoBble DIEKTPUUYECKAE CTAHIMK TPEACTABISIOT COOOM KOMIUIGKC COOPYKEHHMH W
000pyIOBaHUs [UIs TIPEOOPa30BaHUS B AJICKTPUUCCKYIO SHEPIrUio (MM 3JIEKTPUYECKYIO U TEIUIOBYIO)
IIEPBUYHON XUMHWUYECKON SHEPrUM TOIUIMBA. B 3aBUCMMOCTH OT BUJA OTIIYCKa€MOW 3HEPIUM TEILIOBbIC
AIICKTPOCTAHIMH Topa3aeisiioT Ha K9C — KOHIEHCAIIMOHHBIC DJIEKTPHYECKHE CTAaHIIUK (B POCCHHCKOM
SHEPreTHKE TAKUE CTAHLMKU 4Yamie Ha3biBaroT [ POC — rocynapcTBeHHbIE paiiOHHBIE 3JICKTPOCTAHIINK) 1
T3] —TennodIeKTPOLIEHTPAIH.

TernoBbIMH  SIBIISIFOTCSL TAaKXKE Ta30TYpOMHHBIE, TMApPOTa30BBIE, T'€OTEpPMAIbHBIE M ATOMHEIC
(ADC) aexTpOCTaHIIUH.

JlanpHUM TpaHCIIOPT TBEPAOrO U XKUAKOrO TOIUIMBA B POCCHU OCYIECTBIISIOT B OCHOBHOM
mo >xene3HbpiM jgoporam. Ctommocth mnepeBo3ku yrisi Ha 1000 kM nmocturaer B HEKOTOPBIX
ciydasx 30 Y%croumoctu 10OBIYH.

[IpuponHblii rOprOYMH Ta3 TPAHCHOPTUPYIOT IO TazomnpoBogaM. CTOMMOCTb €ro
TPAHCTIOPTUPOBKH TAK)KE 3HAYUTENbHA, €CIM YYHTHIBATH 3aTPaThl HA CTPOUTEIHCTBO JATBHHX
ra3onpoBOJIOB M Ta30MepeKauMBaIONIUX CTAaHIUN, a TakXe pacxoJO0BaHUE MOCIECIHUMU
3HAYUTEIILHOM J10JIM MOCTYIAIIIEro TOIUIMBA Ha coOCTBeHHBIC HYX bl (10 10 %).

CornacHo sHeprerndeckoi crpareruu Poccum Ha mepuon mo 2020 roma Hameuaetcs
YCTOWYUBBIA POCT 3nekTpornoTpedbnenus Ha 2 — 3 % B roa, B 3aBUCHUMOCTH OT BapHUaHTOB
pa3BUTUS SKOHOMUKH. B pesynbTaTe NPOU3BOACTBO JJIEKTPOIHEPTUM JOCTUTHET K KOHILY
paccMaTpuBaeMoro nepuojaa B moHMkeHHOM Bapuante 1240mapna. kBT4 B TO U B BBICOKOM —
1620 mupa. kBt-y. CymmapHas moTpeOHOCTh JJIEKTPOCTAHIMK PoCCMU B YCITIOBHOM TOILIHMBE
Bo3pacteT oT ypoBHs 2000r. (oxono 280 muH. ToHH) npumepHo 10 360 MiaH. ToHH B 2010T1. 1
460 mutH. ToHH B 2020T. ipu pocte monm yrias B HeM 10 41 %. C ydeToM BBICOKOTO poOCTa
BBIPAOOTKH 3JIEKTPOIHEPTUU Ha TEIUIOBBIX dJeKTpocTaHiusax (Ha 82 %k 202Q.) u HenpocToi
CUTYyallUl B TOIUIMBOJOOBIBAIOUIUX OTpAciiaX OOecleyeHue 3JIEKTPOCTAHIUN TOIIMBOM U €ro
ASKOHOMUS CTAHOBSATCS B MPECTOSIINE MIEPUO OJHON U3 CIOKHEHIITNX MPOOIEM B SHEPTETHKE.

[TpousBoacTBO 37ekTpodHeprun B Poccun obecreunBaeTcsi ceiiyac B OCHOBHOM IIHPOKUM
UCIoNb30BaHrueM raza. KonmdecTBo TBepaoro TormimBa, cxuraemoro Ha TOC, ¢ 1990rona moutu
HE M3MEHWIOCh, XOTS JIOJISI €r0 B MPOU3BOJACTBE DJIEKTPOIHEPTUU MOCTENEHHO CHIbKanach. Ha
nmepcneKkTuBy B Poccum TpOTHO3UpYETCs pOCT TOTpeOIeHHs TBEPAOro TOIJIMBAa Ha
anekTpoctannusx Kk 2020r. (B MIIH. T. YCIIOBHOTO TOILJIMBA) IPUMEPHO B JIBa pasa 10 CPaBHECHHUIO
¢ 2000r. —puc. 1.

Jons B o0uielt mocTaBke yris NPeaNpUATUSIMH OCHOBHBIX YIJIeT0OBIBAIOLIIUX PETMOHOB B
sHepreTuky Poccuu B 2004 r. cocraisuia (B nporeHtax): Kysdace — 55; Bocrouno-Cubupckuit
peruon — 24,4; JlanbaeBocTounbiii — 12; [leuepckuit 6acceitn — 4,5.OctanpHbie pernonsl — 4,1
%.
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Puc. 1.1TorpeOHOCTE B TOIUIMBE JIEKTpocTaHImi Poccun.

- yom

[IpuHIpnHuambHAs CXeMa TeIUIOBOM OJJIEKTPOCTAHIMK IPEACTaBIeHa Ha pHLC.
OCHOBHOMY o0OopyznoBaHuio TOC NpPUHATO OTHOCHTH MaporeHeparopsl (KOTIbI), TYpOHHBI U
reHepaTopbl. CocTaB BCIOMOTATENbHBIX YCTAHOBOK U 000PYI0BaHMs COOCTBEHHBIX HYKI 3aBUCHUT
OT BHJA DJCKTPOCTAHIMH, HCIOJIb3yEeMOr0 TOIUIMBA, MOIIHOCTH M HWCHOJHECHUS OCHOBHOTO
000pyIOBaHUS U JAPYTUX KOHKPETHBIX YCIOBUi. J{JIsl yICHEHHS POJIM OTICIbHBIX MEXaHU3MOB H

YCTAHOBOK CTAaHIMM pPACCMOTPUM CHA4aJla TOIUIMBHOE XO35HCTBO,

MapOBOJSHON TPAKThI U CUCTEMY THAPO30J0yAaJICHHUS .

IIpupoaHoe razosoe ToMJINBO 1 ero nogaya Ha TIAC

2. K

[IapOBO3AYLIHBIA U

JloObiBaeMoe W3 3eMHBIX Heap Ta3oBoe TOmHBO 1o odbemy Ha 90 — 97 %cocrout u3
HpEZIETBHBIX YTJIEBOIOPOIOB, CPEIN KOTOPBIX B TOM MM MHOW Mepe npeBanupyeT Metad. Conepikanue
JPYTUX YrIeBOIOPOIOB, YCIOBHO HAa3bIBAEMBIX BBICIIUMU, KOJIEONIETCS B IIMPOKUX npenenax. CocTaBbl

ra3oB, IIOJY4Ya€MbIX U3

MECTOPOXKJIEHUN  Pa3IMYHOTO  THIIA,

CYIIECTBEHHO Pa3IMYyaroTCs.

Hawubosnbimm conepikanreM BbICIUX yrieBoaopoaoB (50 %u Gonee) xapakTepu3yeTcs: nonymHmbiil,

W Hehmenpomulclosblil, Ta3, J0ObIBacMbIi BMeCTe ¢ HeThi0. B Henpax 3emim pu
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Puc.2. [TpuHnunuanbHas cxeMa TeIJI0BOM 3JIEKTPOCTAHITUH.
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Puc. 2.TlpuniunuaibHas cxeMa TEIUIOBOM AJIEKTPOCTaHIUH (TPOIOIDKEHHIE).
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71— XumBoaoowcr ka;

2 — QobeyHEHHbY BOTOMOr AT €/IbHbY KOPITYG
3— TypboreHepar op;

4 — [Bposas T ypouHa;

5— TypOurHbyi Liex;

6 — Briourbei upr  yripasrieqns (BLLY),

7 — [easparop;

8 — Cerigpar op;
9 — HRaby/HKEPHBE KOHBEVIEDL!
0 - Lwoion;

11— YromeHbii 6yHKED;

D — HagoyHKepHas rarepes;
B — [18BHb¥ KODIYG

H — Kor enn (naporeHepar op);
5 — Kot erbHbl Lex;

27— beperosas HacocHas LMPKYIILIMOHHOr O
BOLOCHAOXEHMA,

28 — [perag

29— OrKpbir b¥ KaHay LPKYIIELMOHHOM O
BOLOCHAOXEHMA,

30— Bp n ropsyas (ceresas) Baaa 1ot pebuUT e/isim
Tea;

37— BozBpar KoHaeHcara ot 10T pebuT eieyi T ervia;

32— HacooHas noqrmT Ku LIMPKYJSISILIMOHHON CQUCT eVbf

33— LpKyrnaumorHas HacooHas;

H — [pamprs;

35 - Quraxmarauwi Bo3ayx;

36 — Cpocur ermbHoe yCT povicT BO;

37 — HacocHaa ocser JieHHOM BoLbL

38 — KoroaeL ocBeT JIeHHOU Bobl

6 — HarstoHHBY KOHBEVIED,

77— [bmoBag Tpy6a;

B — Kpar- rieperpyxar e/b yris;
9 — [pobiwibHbbi KODIYG

20~ Qumag yrrs;

21— Bar oHoorpoknapBar e/ib,
22 — Soroyriosnt e/,

23— NB3yT Haq HacocHas;

24 — [azopacripenermr erbHbil nyHKT (TFF);
25 — MrrepasmoribHas MesbHLE;
26 — LporyriaumorHse BoAoBaabf

39 — ournakoor Bar;

40— YCT poscT Bo [y OMNCT KM 3aVB3YYEHHBX BO

41— OrBog 3avasyyveHHsX B OT MECT T1EDEKAYKU U
XpaHeHns MasyT a;

42 — [asopacipegervr enbHas ¢t aHums (TPG);

43 — [azonpoBag;

44 — MasyT ocrms;

45 - [gava napa [§ pasorpesa u awmBa MasyT a;

46 — [Ppriemrbii pesepByap 4rsi MB3yT &,

47— Gomg masyTa.

Puc. 2.TlpunnunuansHas cxeMa TEII0BOU JIEKTPOCTAHITNHT
(oxoHYaHKE) — TOSICHEHUS K 0003HAYCHUSIM.

BBICOKUX JaBJCHHsAX He(Th MOxkeT couepkarh g0 50 — 60m /v pacTtBopeHHOro B Hell rasza. [lpu
BBIXOJIC €€ Ha MIOBEPXHOCTh U CHIDKEHHUH JABJICHUS Ta3 BIACISACTCS U3 )KUIKOCTH.

MecropokaeHusi, The JOOBIBAIOT TOJIBKO TOPIOYMN Tra3, OBIBAIOT YHUCTO 2d308ble |
2azoxkonoencamuvle. 1'a3 uncto razoBbix mectopokaeHuid Ha 90 — 99 %cocTour uM3 MeTaHa,
COJICpKaHWE BBICIIUX YIJIEBOAOPOAOB 00bdHO He mpeBbimaer 1 %. a3 Ta30KOHIEHCATHBIX
MECTOPOXKICHUN COJICPKUT 3HAYMTEIILHOE KOJMYECTBO BBICIIMX yriieBogopoaoB — g0 10 %. Jlo
TIOJIOBUHBI UX MPUXOAUTCS HA 9TaH, OCTAIbHOE — MPEUMYIIECTBEHHO TPOIaH 1 OyTaH. YTJIEBOJOPO/IbI
c Tpems u OoJiee aToMaMH YIjiepojia B MOJICKYJ€ TPH TOBBIIICHWN JABJICHHUS M OXJIAKICHUM ra3a
KOHJICHCUPYIOTCS, TIPEBPAIAsCh B JKUIKHHA YTICBOJOPOIHBIN KOHAEHCAT, OT KOTOPOTO U TMOIYYHII
CBOE Ha3BaHUE JAHHBIA TUI MECTOPOKICHUM.

Bannact npupoIHOTro ra30BOro TOMJIMBA COCTOMT B OCHOBHOM W3 a30Ta M JUOKCHA YIIIEPOa;
colmepkanue Oamracta OOBIYHO HE TMPEBBIIIACT HECKOJBKUX TIPOIEHTOB. B  HEKOTOPBIX
MECTOPOXK/ICHUSX B Ta3e MPHCYTCTBYET 3aMeTHOE KonuuecTBO (1o 1 90) remwiss, KOTOPBIA TaKkKe
SIBTISIETCS 0AJTACTOM TOILIHBA, HO B HEM OCTPO HYXIAIOTCSI HEKOTOPBIE OTPACTH HAPOTHOTO XO3SHCTBA.
Ha razonepepabarbiBarommx 3aBoAax rejiidi H3BJICKAIOT U IMIPEBPAIIAIOT B TOBAPHBIM MTPOTYKT.

CepHUCTBIE COCMTUHEHUS B TPHUPOJHBIX TOPIOYMX Ta3aX MHOTHX MECTOpOKIeHud Poccun
MPAKTHYECKHA OTCYTCTBYIOT, HO €CTh M TaKH€ MECTOPOXKICHHUS, Ta3 KOTOPBIX COJCPKHUT 3HAUNTEIILHOE
UX KOJMYECTBO, Hampumep Actpaxanckoe W OpeHOyprckoe. B OCHOBHOM CEpHHCTBIE COCIUHEHHS
MIPEJICTABJICHBI CEPOBOIOPOIOM HoS, 00beMHast 107151 KOTOPOTO MOXKET JOXOIUTh 110 5 — 6 %.Hapsny
C HUM, HO B MEHBIINX KOHICHTPAIUSIX TMPUCYTCTBYIOT OPraHUYECKHUE COCIUHEHUS Cephl:
cepoyriepon CS, cepookcun yrinepoga COSwu MepkanTanbl — coeuHeHus ¢ o0riei popmynoit R—
SH,rne R —yrneBogopoaHsiii paaukai.

18



[Morpeburenn NPUPOTHOTO Ta30BOr0 TOIUHBA, B TOM uucie TOC, MOMydaroT €ro Io
MarucTpajibHbIM razornpoBogaM 43 — cm. puc. 11 [pomoimkeHue), B KOTOPbIE MPHPOAHBIA Ta3
MOCTYTAET: MOCTe MPeABAPUTENLHON TIepepaboTKM Ha Ta30BbIX 3aBojax. Llemn Takoit mepepaboTku —
obecriedeHNe UTMTEIBHON W HAJISKHOHN AKCIUTyaTallil Ta30MPOBOJIOB, MOBBIIICHHE SHEPTeTHYECKOM
[IEHHOCTH Ta30BOTO TOIUIMBA, MPEJOTBpAIEHUE 00pa30BaHUSI OKCUIOB CEPBI MPHU €ro CKUTAHUU
(6e3 3TOrO MPUMEHEHHE rA30BOT0 TOILINBA B OBITY CTAaI0 Obl HEBO3MOXKHBIM M3-32 TOKCHYHOCTH TAKHUX
OKCHJIOB), CO3/IaHUE BO3MOXKHOCTH O0OHAPY)KUBATh YTCUKH r'a3a 10 3amaxy.

Hanexxnoit pabote ra3onmpoBOIOB MOXKET MPEIATCTBOBaTh Hammuue B raze H,S u HO. Tlpu
MIOHIDKEHHBIX TeMIlepaTypax Ha BHYTPEHHEH MOBEPXHOCTH TPYO BOASHONM Map KOHICHCUPYETCS, BOAA
pacTBopsieT B cebe CepOBOIOPO] M MPEBPAIIACTCS B CEPOBOJIOPOIHYIO KHCIOTY. PacTBOpHI KHCIIOT,
KaK U3BECTHO, 00JIa]al0T KOPPO3UOHHOW arpeCcCUBHOCTHIO, T.€. CIIOCOOHBI MTOBPEXKIATh Fa30MPOBO/I.

[IpyurHOl BBIXONA TA30MPOBOJA M3 CTPOS MOXKET CIY)KHTh TaKKe KOHACHCAIMS BBICIINX
YIJIEBOAOPOAOB, OOYCIOBICHHAs! OOJIBIINM JaBICHUEM, IOJI KOTOPBIM IepekaunBaercs raz — go 10
MIla (ranomnum, ymo 1 Mila = 1-10° uln® 1 amm (Pusuueckas ammocgepa) = 760 mm. pm. cm. =
1,01310° wlv® credosamersio 1 amm = 01 MIla (mounee 0,1013); 1 am (mexuuueckas
ammocgpepa) = 1 reclem® = 9,80710° nln?, cnedosamervno 1 am =~ 0,1 MIla (mounee 0,098)), u
MOHW)KEHHBIMH Temreparypamu. OOpa3oBaHHE KUIKOCTHBIX MPOOOK B Ta30MpOBOJE MPUBOJUT K
THIPABIMYECKUM yliapaMm, a BBIOpPOC KHUIKOTO KOHJICHCaTa B TONKY — K B3pbIBY KoTia. To u npyroe
BBI3BIBACT MEXAHUYECKHUE TTOBPEIKICHUSI 000pYIOBAHUS, TIOATOMY HEIOITYCTHMO.

TpaHCTIOPT TPUPOJHOTO TOPIOYEr0 Ta3a B 3aBUCHMOCTH OT €ro BJAro-cojep)KaHus TpU
OTIPENICNICHHBIX JaBJICHUU W TEMIIEpaType MOXKET COMPOBOXKIATHCS OOpPA30BAHMEM TBEPIBIX
KpPHUCTAUIOB — TuaparoB. OOpa3oBaHUE THIPATOB MOXKET MPOMCXOAWTH BO BCEX Ta30NpOBOIAx, 3a
UCKITIOYEHHEM T'a30IPOBOJIOB, TPAHCHIOPTUPYIOIIMX Ta3 ¢ TOYKOH POCHI HHKE MUHUMAJIBHOU paboueii
TeMIeparypbl. [ HIpaTbl yIrIeBOMOPOAHBIX Ta30B SIBISIOTCS HEYCTOHYMBBIMU COCTUHCHUSIMHU
YIIIEBOJOPOIOB C BOJON U MPEJCTABISIOT COO0M Oelble KPUCTAUIbl, BHEITHE TTOX0KHE HA CHET MITN
aen. ['uaparel 00pa3yroTCst JIMIIb MPH HAJTMYUH KarleIbHOW BIIArd W MPU OTIPEICICHHOM JIaBJICHUN U
Temriepatype raza. Kpome naBieHus w0 TeMIiepaTypbl Ha THAPATOOOpa30BAHUE OKA3bIBAIOT BIIMSIHUE
CKOPOCTh U TypOyJICHTHOCTB ITOTOKA, IIPHMECH B Ta3e CEPOBOIOPO/IA U IMOKCH/IA YTIIEPOa.

Jns  mpenynpexaeHuss o0pa3oBaHMS THAPATOB B Ta30MPOBOJAX HEOOXOAWMO MOJICPKUBATH
TeMIlepaTypy rasa BBIIIe TeMIIepaTyphl THAPATOOOPA30BaHNs, CHIKATh JaBJICHHE ra3a B Ta30MPOBOIC
HU)KE PaBHOBECHOTO JIaBJICHUSI 00pa30BaHuUs THIPATOB.

CHwkeHHE [aBJICHWS TIpH OOpa30BaHMM THAPATHOW NPOOKH TPHUBOAUT K PA3JIOKEHHUIO
THIPATOB. DTOT METOJ B KayeCcTBE MPOTHBOABAPUITHOTO MPUMEHSIETCS MPU 3aKyMOpPKE ra3ornpoBoja
THUAPATHON MPOOKOH.

C ydeTrom cka3aHHOTo 00padoTKa rasa rnepes nojayel ero B ra3orpoBo/l BKIIIOYAET:

OYHCTKY ra3a OT MEXaHUYECKUX TPUMECEH;

rIIyOOKYI0 OYMCTKY OT CEPHUCTBIX COCAMHEHHH (IOMyCTUMOE OCTaTO4HOE cojaepkanue HyS
ne Gonee 0,02r/v>, wm 0,0013 %);

U3BJICUCHUE U3 Tra3a BBICHIMX YIJICBOAOPOIOB (B OCHOBHOM TporaHa u OyTaHa),
UCIIOJNIb3yEMBIX B HAPOIHOM XO3SIMCTBE KaK BHICOKOKAUECTBEHHOE OBITOBOE TOTUIMBO — CKMIKEHHBIN
ra3 v B KauecTBe JOOABKH K KHUIKUM MOTOPHBIM TOILIHBAM;

OCYIIICHHE Ta3a U (MHOTa) OYHMCTKY €ro OT JHOKCHIA yIriepoa.

OTUM HCKITIOYAIOTCS yKAa3aHHBIC BHINIE HEXENaTeNbHBIC sBICHHS, CBs3aHHbie ¢ HO, u
JOCTUTACTCSI yMEHBIIICHHE 320a/TaCTHPOBAHHOCTH Ta3a.

Takum 00pazom, moctynaromee Ha TOC MO ra30mpoBOAy ra3oBoe TOILIMBO UMEET HU3KYIO
BJI)KHOCTB, HEOOJIBIIIOE COIEPKAHKE BBICIIIMX YIIIEBOJJOPOIOB U MIPAKTHIYECCKH HE COACPIKUT CEPHI.

3aBepiiaronieil onepanuerd Mpu MOATOTOBKE rasa K IOJadye B Ta30MpOBOJ SIBISIETCA €ro
odopuzayus — PUAAHUE 3araxa, MO3BOJISIOIIETO JISTKO OOHAPYKHUBATh MPUCYTCTBUE ra3a B BO3AyXE.
OnopH3anyio OCYIIECTBISIOT BBEJACHHEM B T'a3 HEOOJBIIOTO KOJIMYECTBA PE3KO MaXHYIIUX BEIECTB,
00bI9HO MepkanTaHoB. ['a3 momaror Ha TOC ¢ TOMOIIBIO Ta3oNMepeKaurBaIONIMX CTAHIUN 10
MarucTpaibHBIM Ta30MPOBOJIAM TI0]] TABJICHHEM.
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Hcnonv3zoeanue npupoonozo 2azoeozo monauea na TIC. Tlpupoasbii ra3 obmamaer
OOJIBIIIMMHU TEXHOJIOTHUECKHUMHU MPEUMYILIECTBAMU Tiepe]l APYrUMHU BUamu TorumBa. [Ipu pabore Ha
TPUPOTHOM Ta3e DIIEKTPOCTAHIIUS HE HYXAAETCS B TPOMO3JIKOM M JOPOTOCTOSIIEM 00OpYIOBaHUH
CUCTEM TOIUIMBOINO/A4YM, TOIUIMBOIOATOTOBKM U 30JIONUIAKOYJAJICHHs, MEHbIIE BBIOPACHIBACT
JTMOKCUIOB YTJIepoJia, He 3arpsi3HsIeT aTMocdepy BRIOpOcCaMy OKCHIOB cephbl. ['a3 sBISITCST OJJHUM W3
HEMHOTHX BHJIOB TOIUIMBA, MPUTOAHBIX JUIS HETOCPEICTBEHHOIO MCIOJIb30BaHHSA B Ta30TYpPOMHHBIX
HSHEPreTUYECKUX YCTAaHOBKAX.

[TpuponHblil Ta3 MIMPOKO HCIIONB3YETCSl HE TOJBKO B SHEPreTHKE, HO U BO MHOTUX JPYTHX
OTpacisix HAPOJHOIO  XO3SMCTBA:  METAUIyPrUHM, CTEKOJBbHOW, LUEMEHTHOM, XHWMHUYECKOU
MPOMBIIUIEHHOCTH, KOMMYHAJILHOM XO3SIIICTBE, B OBITY U T.N. DKOHOMHYECKUN 3((eKT OT 3aMeHbI
ra3oM JpYrux BHJIOB TOIUIMBA B ATUX OTPAC/AX €LIE BbINIE, YEM Ha 3JeKTpocTaHiusaX. [loaTomy
yKa3aHHbIE OTPACIK 00eCTIeYrBalOTCs ra30M B MEPBYIO ouepeb. Bo MHOTHMX SKOHOMHYECKHX paifoHax
BECh MOCTYMAIOUINI 10 Ta30IpOBOAAM Ta3 3UMOM PacXOyeTCs STUMHU OTPACISIMH M TOJBKO JIETOM,
KOrJa UX TMOTPEOHOCTM 3HAYMTENBHO COKpAILAIOTCSA, Ta30BO€ TOIUIMBO  MPEAOCTaBISETCS
AJIEKTPOCTAHLIUSIM.

Taxum o06pazom, nmpupoaHskIii ra3 a1t TOC BO MHOTHX CTydasx SIBJSIETCS TOTUIMBOM CE30HHBIM
(TonbKO 3JeKTpOoCcTaHIMK TIOMEHCKOW 00JIaCTH paboTar0T Ha Tra3e Kpyriblid roxa). 3umoin TOC
NPUXOIUTCS MEPEBOJAUTh HA >KUIKOE WM TBEPJOE TOILIMBO, a 3TO O3HAYAET, YTO AJIEKTPOCTAHIIHS
JOJDKHA OBITh 00OPYIOBaHAa COOTBETCTBYIOIIMMHE TOTUTUBHBIME cHCTeMaMmu. [0 HelaBHETO BpeMeHHU
BTOPHIM TOIUIMBOM B JOMOJHEHHE K Ta30BOMY CIYXHJ Ma3yT, OJHAKO MPOU3BOJICTBO U MOTpeOIeHUE
Ma3yTa COKpAIIAOTCsl, Ha 3JIEKTPOCTAHIIMIX OH CeiYac B OCHOBHOM 3aMEIAeTCsl IPUPOIHBIM ra3oM; B
JabHEeHIeM IIaHUPYeTCs CHIKaTh W MOTpeOJieHHe ra3a B DHEPreTUKE C 3aMEHOM €ro TBEPAbIM
TOIUIMBOM.

[pu UCONB30BaHMK T'a3a HAa MEKTPOCTAHIMAX (2 TAKKE U Yy JIOOBIX IPYTUX MOTPEOUTENCH)
HEOOXOMMO CTPOrO COONIOJAaTh Mephl 0e30MacHOCTH, HWCKIIIOYAIOIINE BO3MOXKHOCTH B3PHIBOB
TOIUTMBOBO3/YIIHBIX CMeceil M OTpaBlI€HUE MepPCOHaNa TOKCHUYHBIMM KOMIIOHEHTAMH Ta30BOr0O
TOIUTMBAa. B OCHOBHOM STH MeEphbl 3aKIFOYAIOTCSI B COOJIIOJICHUU OMpE/ICICHHBIX TpeOOBaHUU mMpH
NPOEKTUPOBAHMHU, MOHTaX€ W JKCIUTyaTallkd Ta30BOIO XO3SAHCTBA, MOCTOSHHOM KOHTPOJIE €ro
TEXHUYECKOTO COCTOSIHUS (IJIS1 STOr0 HA3HAYAIOTCS CICIHATIbHBIC OTBETCTBEHHBIC PAOOTHUKH) U
CBOEBPEMEHHOM OOHapYy)KEHHMH YTE€YEeK TIa3a C TIOMOIIbIO pPETyISpHBIX aHAJIM30B BO3JyXa B
MIPOU3BOJICTBEHHBIX TOMELIECHUSIX U KOJIOAIaX.

TpancnopTupoBanne Ma3yToB, HX XpPaHeHHe H MOJATOTOBKA K CKUTaHUIO

Hocmaexa na TIC u pasepyzka. 13-3a ciocOOHOCTH Ma3yTOB 3aCTHIBAaTh MIPU TEMIIEpaType
OKpYy)Karollle cpeipl, MepeKkaunBaTh UX MO TpyOONmpOBOAAM MPUXOIUTCS TOJBKO B HAarpeToM
COCTOSIHHH, a CJIeIOBATENILHO, JIIIL Ha HEOOIbIIME paccTosHus (B mpenenax tepputopun TOC i
ot 6au3Ko pacronokennoro HIT3).

Ha snektpoctannyio Mas3yT, Kak paBuilo, JOCTABIISIIOT JKEJIE3HOL0POKHBIM TPAHCIIOPTOM, B
HUCTEpHAaX OONbIION BMECTUMOCTH. Ma3yT CcIOuBalOT U3 I[HCTEPH CaMOTEKOM Mocie
MPEBAPUTEIILHOTO MTOIOTPEBA, KOTOPBIM HY)KEH HE TOJBKO Ui TOTO, YTOOBI TeMIepaTypa TOIINBA
ObUTa BBIIIE TEMIEPAaTypbl 3acTbIBaHUSA, HO W JJIs CHIDKEHHS BA3KOCTH, YTOOBI COKpPaTUTh
IIPOJOJIKUTENBHOCTD Pa3rpy3KH.

Jlns HarpeBaHus MaszyTa B IIHCTEpHAX MPUMEHSIOT pa3uyHble CIOcOObI: 000rpeB LUCTEPH
CHapy)XH B CHEIUAIBbHBIX KaMEpax — <TEIISKax», MPOKAuyKy 4Yepe3 LUCTEPHBI MPEIBAPUTEIILHO
HarpeToro (B CHeHUAIbHBIX TEIUIOOOMEHHMKAX) Ma3yTa, MOjady BOISHOIO Mapa B TIyOb CJIOs
Mmazyta. [locmeaHuii cmoco®, KOTOPHIM HAa3bIBAIOT HAarpeBaHHEM «OCTPBIM» WM «OTKPBITHIM»
napom, o0ecreuyrnBaeT HauOOJBIIYI0 CKOPOCTh IPOrPEBa Ma3yTa, T.6. MUHUMAJIbHOE BPEMsI POCTOS
IUCTEPH Ha pasrpy3ke - cM. 1o3. 45 Ha puc. 11 [apogomkenue). Ho oH uMeeT U CyliecTBEHHbIC
HegocTaTku. KoHaeHcaT mapa cMelnBaeTcss ¢ Ma3yTOM M B HEKOTOPBIX CIydasX IUIOXO MOJAaeTcs
OTJENCHHIO, T.€. Ma3yT MPUOOPETACT MOBBIIICHHYIO BIXHOCTh. Boja, oTaenuBmascs oT Ma3yra,
CUJIBHO 3arpsi3HEHa U TpeOyeT 0053aTeIbHON OUHCTKH.
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W3 nuctepH ma3yT cimBaeTcs B oOorpeBaeMblil JIOTOK 44, MO KOTOPOMY MOCTYIMaeT B
MIPUEMHYIO €MKOCTh 46, 0TKy/1a HacocaMu OTKAuMWBAaeTCs B Pe3epByapbl MazyToxpaHuwinina 47, rae
MIOCTOSIHHO TIO/JICPYKUBACTCSl TIOBBIIICHHAS TEMIIepaTypa s COXPAaHEHHsS TEKy4eCTH Ma3yTa.
[TomorpeBatoT ero 0OBIMHO B UPKYJISIIIMOHHON CHCTEME. HACOCOM HETPEPHIBHO OTKAUYMBAIOT Ma3yT
U3 pe3epByapa, MPOTOHSIOT €ro 4epe3 TpyOdaThlii TEIIOOOMEHHHUK M BO3BpAIIAlOT OOpaTHO B
pesepByap.

[lo ycnoBusM moxkapHOW Oe30mMacHOCTH TeMmIepaTypa IOJOrpeBa Ma3yTa B OTKPBITHIX
(HerepMeTU3UPOBAHHBIX) EMKOCTSX M TIPH CJIMBE M3 LIUCTEPH HE JOJKHA MPEBHIIIATD:

(T =tani -10°N.

Ma3zym nooarom u3 Xpanuauuwia € KOMEIbHYH) HACOCAMU TI0 MAarucTpalbHBIM
TpyOOmpoBogaM, CHAOKEHHBIM TMApPOBBIMU «CIYTHUKAMHU» — TMapajjIeIbHO MPOJIOKEHHBIMU
TpyOaM#, B KOTOpBIE TOCTyHaeT map. Ma3yToNmpoBOa M TPYOYy-CIIYTHHUK TOKPBIBAIOT OOIICH
reronsomsinuen. Ilepen mocrymieHrnemM ma3zyra B MaruCTpaJbHbBIM Ma3yTOIPOBOJ OH IIPOXOAUT
yepes nojorpenaresib U GuiIbTp rpyooi OUMCTKH, 3aTeM (GUIBTP TOHKOM ouncTku. [logorpeBarens
o0ecreynBaeT ONTUMAIBHYIO TEMIIEPATYypPy, a CIE0BATENbHO, U BSI3KOCTb; (PUIBTPHI 3a/1€P>KUBAIOT
MpUMeCH, CIIOCOOHbIE 3a0UBaTh y3KHE KaHalbl Ma3yTHHIX (hopcyHOK. CTerneHb HarpeBaHusl Ma3yTa
nepesl TOpelIKaMH OMPEIeSIIOT B KaKIOM KOHKPETHOM Cly4ae B 3aBHCHUMOCTH OT MPHUHSTOTO
peXuMa ero MOArOTOBKH K CKHTAaHHIO; OHa MOXKET cocTaBisaTh 150 T u maxe Bhime.

Cucrema MOATOTOBKM Ma3zyTa K CXKWUTAHHIO MOXXET BKJIIOYAaTh YCTPOWCTBAa ISl €ro
TOMOTEHHU3allM U BBOJA B Ma3yT JKUJKUX MPHUCATOK, MOBBIIIAIOMINX OJHOPOAHOCTH TOILIUBA U
YMEHBUIAIOMUX WHTEHCUBHOCTh KOPPO3UHU KOTJIOB, OOYCIIOBIEHHOW HAJlMYMEM B Ma3yTe Cepbl U
JIPYTUX MPUMECEH.

Ma3yTHBIM X035HCTBOM OOOPYIYIOTCS HE TOJBKO ra3oMa3yTHbIE, HO u yrojbHble TOC, Ha
KOTOPLIX Ma3yT HUCIIOJIB3YCTCA I PACTOINKU KOTJIOB WU JIS MOAACPIKAHUA yCTOﬁ‘IHBOI‘O TopcHUA
YrOJIBHOM MBUTH TIPU MAJIOH HAarpy3ke (Tak Ha3bIBaeMasl «10JICBETKa»).

JlocTaBKka TBepIOro TOIUIMBA, Pa3rpy3Ka, XpaHeHHe U MOAT0TOBKA K CKUTAHUIO

TBepaoe TormBo noctaBisioT Ha TOC xKene3HOJOPOKHBIM, BOAHBIM, aBTOMOOUIIBHBIM HITH
KOHBEHEPHBIM TPAaHCIIOPTOM. B HEKOTOPBIX CTpaHaxX MPUMEHSIOT TaKKe HIPOTPAHCHOPT yriis (B
BUJIC BOJOYTOJNBHOM cycmeH3uu) 1o Tpybam. B Poccum pmocraBky TBepHoro TOILIMBA
OCYILIECTBIAIOT NMPEUMYIIECTBEHHO JKEIE3HOIOPOKHBIM TPAHCIOPTOM B YETBIPEX- U LIECTHOCHBIX
MOJTyBaroHaxX T'PY30MOAbEMHOCTHI0O OT 63 T U B BOCBMHMOCHBIX TPY30MOABEMHOCThIO 10 125 T.
JKene3HOOpOXKHBIE MMOIyBaroHb! (FOHIOJIBI) OCHALICHBI HW)KHHM pasrpy304HBIM YCTPOHCTBOM B
BUJE JIIOKOB C JIMCTAaHIMOHHBIM YIPAaBIECHUEM JUIsI MEXaHU3UPOBAHHOM pasrpysku. llpuemom
toyuBa Ha TOC 3aHUMaeTCsi TOIUIMBHO-TPAHCIOPTHBIM 1I€X, B 3aJadyy KOTOPOrO BXOJAT:
opranuzanusi Oecriepe0OHHON pabOTHl  KENE3HONOPOKHOTO TPAHCIIOPTA HIEKTPOCTAHLUU U
MEXaHU3UPOBAaHHAs pa3rpy3Ka JKeJIEe3HOJOPOKHBIX BarOHOB; MPUEMKA TOIJIMBA OT IOCTABIIUKOB U
KOHTPOJIb 32 €ro KOJMYECTBOM M KauecTBOM; Oecriepe0oiiHas MOATrOTOBKAa M Tojadya TOIUIMBA B
KOTEJIbHYIO MJIM INBUICIOATOTOBUTENIBHOE OTIEICHHUE; XPAaHCHUE YCTAaHOBIIEHHOIO 3aIaca TOIUIMBA
IpU MUHHMAJIbHBIX MNOTEpAX. TOMIMBHO-TpaHcropTHoe Xo3sicTBo TOC mpexacraiser coOoi
KOMIUIEKC TEXHOJIOTUYECKH CBSI3aHHBIX YCTPOWMCTB, MEXaHM3MOB, MAallMH M COOPYKEHUH s
BBITIOJTHEHUS YKAa3aHHBIX BBILIE ONEPALIU.

Jng pasrpy3kM TBEpIOTO TOIUIMBA HMEETCS CIELUAlIbHOE pasrpy304HOE YCTPOMCTBO,
o0opynoBaHHOe BaroHoomnpokuabiBaressimu 21 (cm. puc. 11), pa3rpyKaromuMi BaroHbl ¢ yriieM B
npueMHble OyHkepa. CMep3iueecss TOIUIMBO Iepel pPasrpy3Kod pPasMOpPaKUBAIOT B TEIUIAKAX,
00OpYZIOBaHHBIX HAarpeBaTeNsIMH CTEHOK BaroHOB DPA3JIMYHOTO THIA. HAarpeB IOTOKOM TOPSYHUX
JTBIMOBBIX Ta30B, paavanoHHBIM HarpeB U T.i. st TOC HEOOIbIION MOIIHOCTH, HE MMEIOITUX
BaroHOONPOKU/IbIBATENCH, IPHU pasrpy3Ke depe3 JIOKU pa3orpes cios yrid tonuuHoil 20—-30mm
OKa3bIBaCTCs HENOCTAaTOYHBIM. YacTo yBeNWYEHWE [UIMTEIBHOCTH pa3orpeBa HE3HAYUTEIIBHO
YBEJIMYMBAET TIYOMHY OTTAasBLIETO CIIOSI YIJIs, HO PE3KO yXY/IIAaeT SKOHOMHYECKHE IMOKa3aTesn
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TersikoB. [loaToMy B JKcITyarallid B KOMIUIEKCE C Pa3MOPaXHUBAIOIIUMHU YCTPOMCTBAMH
MPUMEHSIET OypPOPBIXJINTEIbHBIE MAIIMHBI U HAKJIaIHbIe BUOPATOPHI.

W3 OyHkepa mox BaroHOONPOKWABIBATEIEM TOIUIMBO IOJACTCS HA CICAYIOLIME OIepariu
JTBYXHUTOYHOM CHCTEMOM JICHTOUHBIX KOHBEHEPOB, PACCUMTAHHBIX HA TPEXCMEHHYIO padoty. [Ipu 3ToM
TOIUTMBO MOCTYMaeT 160 Ha ckian 20 i XxpaHeHust, 100 B CUCTEMY MOATOTOBKHU K CKUTAHHIO.

[Mpu nmomaue Ha TOC BBHICOKOBIAXKHOTO TOILTHBA MPOBOJIAT €r0 IPEIBAPUTEIBHYIO (10 pa3MoJia)
MOJICYIIIKY B CTICIMANBHBIX CYIIMIBHBIX ycTpoiicTBax. [loacymika TommmBa noBelmaeT 3pPeKTHBHOCT
€ro MoCJIEeAYIONIEro pa3Moia.

B 3aBucumocTy oT Bua ToumMBa U crocoda ero cxuranus Ha TOC — MbUIeBHIHOE B KAMEPHBIX
TOMKaX WM MEJKO3EPHUCTOE B TONKaX C KHUISIIMM CJIOEM — IMOJArOTOBKA TBEPAOro TOILIMBA
3aKJII0YaeTCsl IOCNIEA0BATENIbHO B JPOOJICHMM Ha KYCKHM pPa3MepoM 0 HECKOJIBKHX JECATKOB
MUJUTUMETPOB, CYIIKE U pa3Moje 10 NbUIEBUAHOTO COCTOSHHSI C pa3MepaMu YacTHUI] HECKOJIbKO
JECATKOB WJIM COT MUKPOMETPOB. HacTo pa3Moil U CYIIKY TOIUIMBA COBMEILAIOT B OJIHOM YCTPOWCTBE.
[lpu cxWUraHuM TOIUIMBA B KUIIIEM (B3BCHICHHOM, MCEBIOOKMIKCHHOM) CIIO€ BMECTO pa3Molia
OrPaHUYMBAIOTCS €r0 0oJiee TOHKMM JPOOJICHHEM — JI0 MaKCUMAaIBHOTO pa3Mepa KyCKOB (4acTui)
torutmBa 8—10 MM, 4YTO CYIIECTBEHHO COKpallaeT pacxo]l YHEPTrud Ha TOTUIMBOIIOJATOTOBKY |
YIIpOLIAeT €€, TaK KaK B 3TOM Cllyyae He TpeOyeTCsl IPUMEHSTh CHelHaIbHbIC MEITIOIIUE YCTPOHCTRA.
JlpoounbHbie yeTpoiictBa 19 (puc. 11) sBisioTcs 00s3aTebHON YacThIO TOIUTMBHOTO XO3SHCTBA
ANIEKTPOCTAHLINM, paboTaronux Ha yrie. TommBo ¢ MakcuMaIbHBIM pazMepoM KyckoB 200 — 250um,
MpOILIEeAIee Yepe3 PpEeUIeTKH OYHKEpOB pa3rpy30uHOro MPUEMHOTO YCTPOWCTBA, MOJHUMAETCS
JICHTOYHBIM TPAHCHOPTEPOM B BEPXHIOI YacTh APOOMIBHOTO YCTPOMCTBA, TNiE MPETyCMOTPEHBI
MarHWTHbIC OTIACIMUTENN MeTalia (MeTaunueckue (PparMeHThl MOTYT TOMAacTh B TOIUIUBO TPU €ro
N00bIYe U TpaHCTIOPTUPOBaHUK) — puc. 12.TIpolizs 1Mo/ MoABECHBIM 3IEKTPOMArHUTHBIM CETIapaTopoOM,
TOIUIMBO TOCTYIMAaeT Ha rpoxoT. [lepea rpoXxoToM TOIUIMBO JOTIOMHUTENBHO OYMIIAIOT OT MAarHUTHBIX
(MeTayIMUecKMX) TpUMEcel IIKUBHBIM MAarHUTHBIM CEMapaTopoM, OOBEIWHEHHBIM C MPUBOIHBIM
OapabaHOM JIEHTOYHOTO TpaHCIoOpTepa. ['poXoT OTCeMBaeT MeENKHE KYCKH TOIUIMBA, COpachiBacMbIC
MOMUMO JIpOOWJIKM B BOPOHKY, pAcCIOJOKEHHYIO TMOJa JApoOwikoil. KpymHble KyCKM TOIUIMBA,
OCTaBIIIMECS HAa TPOXOTE, MOCTYMAIOT B APOOWIIKY, T/e ApodsATcs 10 TpeOyeMoro pasmepa, a 3aTeM
MOCTYIAIOT B BOPOHKY, CMEIIMBASICh C MEJIOUBIO (<IPOOJICHKOI»), MpoLIeAne yepes rpoxoT. Tommso
U3 JpOOUIBHOTO YCTPOMCTBA OTBOIUTCS TPAHCIIOPTEPOM, Ha KOTOPOM OOBIYHO YCTaHABIMBAIOT
ABTOMATUYECKUE JICHTOUHBIC BECHI JJIsI OIpPEACTCHUS KOMMYECTBA TOIUIMBA, IOCTYMAIOIIETO Ha
C)KUTaHMeE, U 3aTeM MOoJaeTcs B 1IeX MbUICIPUTOTOBICHUS.

Puc. 3.Cxema 1poOMIIbHON YCTaHOBKH:
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1 — TormuBo co cknana; 2, 9— IeHTOYHBIN KOHBEIeEp;
3 —TIO/IBECHOM 3JIEKTPOMArHUTHBIN cenapaTop;,
4 — GapabaHHBIN AIIEKTPOMArHUTHBIN cenapaTop;
5 — 0TBOJI METAUIMYECKHUX MPEIMETOB; 6 — TPOXOT;
7 — npoOuiika; 8 — TOIIMBO U3 APOOUIBHOTO YCTPOMCTBA,
10 — menoynoButenb; 11 —OyHKEp APOOICHOTO YIIIA;
12 —oTBOJ IIEMEI.

B koHCTpyKIMH JIpOOMIIBHBIX YCTPONCTB HCHOJNB3YIOT Pa3IMYHbIC MPUHIUIBI IPOOICHUS
TOILTUBA. yJIapoM, pacKajblBaHUEM, HCTUPAaHUEM U T.I. Ha 31eKTpocTaHIusIX MPUMEHSIOT B OCHOBHOM
JPOOUIIKM MOJIOTKOBOTO THIIA; PEXKE UCTIONB3YIOT BaJKOBBIE M TUCKO3yOUaThie ApoOMiIKu. MoIoTKoBas
IpOOHJIKA OCYIIECTBISCT ApOOJIEHHE C TOMOINBI0 O (MOJIOTKOB), HaBCIIAHHBIX Ha Bal,
BpAIIAIOIIHNICS CO CKOPOCTHIO /10 750MuH

[TpumeHeHre IpeIBKIIOUYEHHBIX TPOXOTOB MO3BOJISIET HE MEperpykaTh JPOOMIIKY YK€ TOTOBBIMU
MENKUMH (PpaKIMsSIMH TOIUTMBA, U TIPOIYCKATh Yepe3 Hee TOJILKO KpymHbIe Kycku. [IpeaBapurensHbIit
OTCeB Menour (a CoIep)KaHHe €€ B PAMOBOM yIJie B HEKOTOPBIX ciaydasx gocruract 50 % wu OGosee)
CHIDKACT pPAacXoJl DJIEKTPOSHEPTMM Ha ApOOJeHHE, IO3BOJIAET YCTAaHOBUTH JPOOWMIIKA MEHBIIEH
MIPOU3BOAUTENLHOCTA U TOBBIIAET HAJEKHOCTh Pa0OThl YCTAHOBKU HM3-32 YMEHBILIEHHS OMACHOCTU
3aMa3bIBaHMS IPOOMIIOK MEIIKUMH, T.€. HanboJiee BIaKHBIMU U MKYIIIIMHU, YACTUIIAMU TOTUINBA.

Bepuemcs x puc. 11. HaknonHeiM koHBediepoM 16  apoOJieHBI yroib MOgaeTcs B
HaJI0yHKEpHYI0 Tajepero 12 m ¢ momompio HaaOyHKEpHBIX KOHBeiiepoB 9 pacrpenensercs IO
yroiapHbIM OyHkepam 11 (MHOrZa MX Ha3bIBAlOT «OYHKEpa CHIPOro yris»). HasHadenue sTHx
OYHKEpOB — MMETh 3aI1ac TOIIMBA Ha CITydail OCTAaHOBKH KOHBEHEPOB.

W3 yronpHbIX OYHKEpOB TOIUIMBO MOCTYIMAET Ha Yriiepa3MoJbHbIE MENBHUIBI 25, a mocie
pa3mona — B Tonky komia 14. Bosnee moapoOHO TEXHOJIOTHYECKUE CXEMbI MBUICTIPUTOTOBICHUS U
KOHCTPYKIIUU MEJTbHUI] PACCMAaTPUBAIOTCS HUXKE.

Ob6pa3yromuecss MpH CXKUTAaHUM TOIUIMBA HAarpeThle Ta3bl OTIAIOT TEIUIO TOBEPXHOCTSIM
KOTJIa, MOJOTPEBAIOT BOJlY, HAXOMSIIYIOCS B KOTJE, M MEPErpeBaoT o0pa3oBaBIIUiCS B HEM Map.
Jlanee ra3pl HampaBISAIOTCS B ObIMOBYIO TpyOy 17 u BbiOpachiBatroTcs B atMmocdepy. Eciam Ha
ANEKTPOCTAHIIMUA C)KUTAETCS TBEPJOE€ TOIUIMBO, TO Ta3bl /0 TOCTYIUIEHHS B JABIMOBYIO TpPYOy
IOPOXOJAT 4Yepe3 30JIOYJOBUTENH 22 B LEIIX OXpaHbl OKpYXKaromied cpeiabl (B OCHOBHOM
arMocdepsl) oT 3arps3Henus. [lap, mpoiins depes mapomneperpeBarens (Ha puc. 11 He mokaszas),
UJIET 110 TapoNpOBOJIaM B MapoBYyl TypOuHy 4, KoTtopas mMeeT IMIUHIPHI Bbicokoro (LIB/I),
cpenrero (LICH) u muskoro (L{H/1) mamenuii. [Tap u3 komma mocrymaer B L[BJI, npoiins uepes
KOTOPBIM BHOBB HAIIPABISIETCS B KOTEN, @ 3aTEM — B IIPOMEKYTOUHBIN naponeperpesarens IIIII o
«XOJIOHOM HHUTKE» TMaponpoBoAa IMPOMEKYTOUHOro mneperpeBa. Ilpoitas mpoMekyTOUYHBII
naporeperpeBarenb, nap BHOBb BO3BpalIaeTCs K TypOMHE MO <«Topsdyeil HUTKE» MaponpoBoja
npomexxyrounoro mneperpesa u nocrynaet B L[CJI. 3 1IC/] map mo mapomepenyCKHbIM TpyOam
Hanpasisiercd B [LIH/] v BBIXOOUT B KOHAEHCATOP, T1€ KOHAEHCUPYETCS.

Konpaencarop oxnaxpaeTcs UUPKYJIALMOHHON BOAOM, KOTOpasl MOJAETCS B KOHICHCATOP
UPKYJISIUOHHBIMU Hacocamu. [Ipu MPSIMOTOYHON CXeMe IHUPKYISIIHOHHOTO BOJAOCHAOKEHUS
[UPKYJISAIAOHHAS BOJA 3a0upaeTcst U3 BojoeMa (peku, Mops, o3epa) OeperoBoii HacocHON 27 H,
BBIN/I M3 KOHJICHCATOPA, BHOBL BO3BpaIaeTcs B BojgoeM (seMeHThl 28 u 29 Ha puc. 11).TIpu
O0OpOTHOM CXeM€ UUPKYJSLUOHHOIO BOJOCHAOXEHUs OXJIaXJarolias KOHJEHcaTop Boja
HAIpPaBIISACTCS B OXJIAJUTEIb [UPKYISIMOHHON Bobl (rpaaupHio 34) U Mociae OXJIaKICHUS BHOBb
BO3BpaIllaeTCs LUPKYISLUUOHHBIMU HacocaMu B KoHjeHcaTop. [loTepu LMpKYISIMOHHOW BOJbI
KOMIICHCHPYIOTCS ITyTEM MOAa41 J0OAaBOYHOM BOJIBI OT €€ UCTOYHHKA.

B xonzaeHcarope nmoaaep:kuBaeTcsi BAKyyM M IPOUCXOIUT KoHJieHcaus napa. C moMoIbko
KOHJICHCATHBIX HACOCOB KOHJICHCAT HAMpPAaBIsAeTCs B Jlea’paTop 7/, TAe OYHMIIACTCA OT PaCTBOPEHHBIX
B HEM Ta3oB, B YaCTHOCTH OT kuciopona. CoaepikaHue KUCIOpoJa B BOAE U B Mape TEITOCHIOBBIX
YCTaHOBOK HEJIOMYCTUMO, TaK KaK KHUCIOPOJ arpecCUBHO JEHCTBYET Ha METalsl TpyOOIpOBOJOB U
obopynoBanusi. W3 neaspatopa mnuTaTenbHas BOAA C TIOMOIIBI0 MHUTATEIbHBIX HACOCOB
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Hampasisgercs B koreln. [loTepu BoJbl, BOSHUKAIOUINE B KOHTYPE «KOTEJ — MapoIrpoBo — TypOuHa
— KOHJEHCAaToOp — Jea’paTop — KOTE», MOMONHSIOTCS C TOMOIIBIO YCTPOMCTB BOJIOMOATOTOBKU 1
(XMMBOIOOYHCTKH).

Haxopsmuiics Ha OJHOM Bajy C MapoBOM TypOWHOUW TreHepatop 3 BbIpadaThIBaET
JJIEKTPUYECKUN TOK, KOTOPBIN 10 T€HEPATOPHBIM TOKOIIPOBOJAM HAIPABIIAECTCS HA MOBBIIIAIOIINAN
TpaHcopMaTop M Jajnee — Ha PaclpeeTUTEIbHOE YCTPOHCTBO BBICOKOTO HampsbkeHus (puc. 2).
DJeKTPOABUTATEIN MEXAaHU3MOB, OCBEIIEHHE DJEKTPOCTAHLIMU U JApYyrue IMoTpeduTenu
COOCTBEHHBIX HYXK]I MUTAIOTCS OT CHELUAIBHBIX TpaHC(HOPMATOPOB, MPUCOEAMHEHHBIX OOBIYHO Ha
I'POC x BBIBOJIaM I€HEPATOPOB.

[Tpu paGoTe TEIIOBBIX ANEKTPOCTAHLIMIA HA TBEPAOM TOIUIMBE IOJIKHBI OBITH MPUHSATHI
MEPBI IO OXPaHE OKPYXKAIOWIEH Cpeabl OT 3arpsA3HeHus 3010M u muiakom. Illnak m 3o0ma Ha
AJEKTPOCTAHLMAX, CHKUTAKOIIMX TBEPAOE TOIUIMBO, CMBIBAIOTCS BOJOM, CMEHIMBAIOTCA C HEIO,
o0Opa3ys MyJnbIly, U HAPaBJISIOTCS HAa 30JI0MUIAKOOTBANBI 39, B KOTOPHIX 30J1a U IIIJIAKU BBHITATAIOT
U3 Myiblbl. «OCBETIEHHAs» BOJA C MOMOIIBIO HACOCOB OCBETJIEHHOM BOABI 37 WM CaMOTEKOM
HaIPAaBJISAETCs HA JIEKTPOCTAHIIMIO JIJIs1 IOBTOPHOI'O MCIIOIb30BaHMUS.

[Tpu ckUraHum >KUAKOTO TOIUIMBA BO3HMKAET HEOOXOIMMOCTh B OYHCTKE B CHEIHAIbHBIX
yctporictBax 40 3amMa3ydeHHBIX BOJI, KOTOpbIE COpachIBalOTCS B TPOIECCE TPAHCIIOPTUPOBKU M
cxuranus Torumsa. [logBepraioTcst ouncTKe Takke COPOCHBIE BOJBI MPH MPOMBIBKE 000PYI0BaHMU,
CTOYHBIE BOJIbI XMIMOYHCTKH M KOHJEHCATOOYHCTKH.

Jlekuus 3. CTpyKTYypa U OCHOBHbIE MEXaHU3MbI COOCTBEeHHBIX HY:K1T TIC

Mexaan3mbl c.H. TOC 1o BBIIONTHSAEMBIM (PYHKIIUSIM U B COOTBETCTBHU C MX MECTOM B
TEXHOJIOTHYECKON CXeMe MOXKHO Pa3/IeIuTh Ha HECKOJIBKO OCHOBHBIX Tpyri. Beimie, Ha puc.3 Obuta
NpUBEe/IeHa NpUHIUNKaIbHas cxeMa TOC U NPUMEHHUTENbHO K HEH YK€ MEepEeUrCICHbl TUIIOBBIC
MEXaHU3MBbI COOCTBEHHBIX HYXI. s Toro, 4ToObl Ooliee MeTambHO pa3o0paThbesl B CTPYKType
C.H., PACCMOTPUM TEXHOJOTUYECKHE CXEMBbI Ta30BO3AYIIHOIO TpaKkTa U 3oJyonuiakoyaaieHus TOC
(puc. 3),a Takxe cxemsl BojonapoBoro tpakra KOC (puc. 4)u TOLI (puc. 4).

["a30BO3AYIIHBIA TPAKT CIYXKUT JUIsl IOJa4u BO3JyXa B KOTEJI U OTBOJAA ABIMOBBIX T'a30B.
U3 Bo3myxozabopa (1 — puc. 3) BO3AyX, HEOOXOAMMBIA sl TOPEHHS TOILIUBA, TyThEBHIM
BEHTUJISITOPOM 2 4epe3 BO3yXOIMoAorpeBaTenb 3 mojgaercs K ropenkaM Kotia 4. ['azoo0pa3Hbie
OPONYKTHl CTOpaHUS U JIETKHE 4YacTUIBI 30JIbI S U3 KOTIa 4epe3 JKOHOMaizep 6,
BO3JyXOIOJOTPEBATENb 3, 30JI0yJIOBUTEIb / U YCTAHOBKY OYUCTKHU OT cepbl 8, 000pyI0BaHHYIO
Hacocom 19 u BoszmyxomyBkoit 20, emcacwsiéaromca nviMococoM 9 u BeIOpachIBaloTCS B
atMocdepy depe3 npiMoByI0 TpyOy 10.

3oma u nuak ot TOC ymanstorcs, Kak MPaBWIO, THAPABIMYECKUM criocobom. KpymHbie
dbpakuuu 30761, 0Opa30BABIIKECS MMOCIE CTOPAHUS TOIUIMBA, BBITEKAIOT B BUJE KUIKOTO IIIaKa
yepe3 JIETKy mnojaa Tomku 21, 307a, yaaleHHas W3 OTXOMSAIIMX Ta30B 3JIEKTpoPuiabTpoMm 7,
cobupaercst B Oynkep Jyieryueir (cyxoi) 3ombl 22. Ha Hexotopeix TOC cyxas 30ja peanusyercs
CTPOUTENbHBIM MPEANPUITHSIM pPETHOHA M HCIOJb3yeTCs Kak IMpucagka K IEMEHTy Ipu
MPOU3BOJICTBE CTPOUTENBHBIX KOHCTPYKIMK. Ecnu cocTraB 3076l HE MO3BOJSET 3TO JE€NaTh
(Hanu4Ke B TOTUIMBE U 30JI€ BPEIHBIX TIPUMECEH, MOBBIIICHHBIA PaIHOaKTHBHBIN (OH U T.I1.), TO C
MOMOIIBIO CMBIBHBIX YCTPONCTB, 000PYJOBAHHBIX CMBIBHBIMH U MIJIaMOBBIMHU Hacocamu 11, mumak
U JIeTy4as 30J1a MONaJaloT B KaHAJbl THIPO30JI0yAaICHUS.
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Puc. 4.Cxema ra3oBO3IyIITHOTO TPaKTa u 3oionuiakoyaaneHus TOC:
1 —g030yx03a60p; 2 —dymvesoii senmuisimop; 3 —8030yX0nodozpesameib,
4 —z20penku kKomaa; S5 —eaz006paznvle nNPOOYKMbvl C2OPAHUS MONIUBA,
6 —oxonomatizep; T —3010y108Uumend; 8 —yCmaHo8Ka O4UCMKY OM cepbl,
9 —odsimococ; 10 —owvimosas mpyoa; 11 —cmbienvie u wnamoswvle HACoCHl,
12 —memannoynosumens u winaxoopoounka, 13 —baecepuwiii nacoc;
14 —nynvnonposoo; 15 —3zonoomean; 16 —unacocwol oceemnennoti 600wi;
17 —6000nposod oceemunennoll 600st; 18 —asaputinviii copoc 800bi,
19 —so00sHnoil Hacoc ycmanosku ouucmku cepul; 20 —8030yx00y8Ka,
21 —nemka 6 Hudchell uacmu monku (1emka nooa monku);
22 —6yuxep cyxou (nemyueti) 30.0l.

[Ipoiiast uepe3 METaUIOYIOBUTENb U NIIAKOAPOOMIKY 12, runponniakoBas cMech (mylbma)
6arepasIM HacocoM 13 o mynsnonpoBony 14 monmaercs Ha 3omosnorBan 15. [Tocne orcros Boga
HacocaMu OCBETJICHHOW Boabl 16 Bo3Bpamaercs mo BojompoBoAy 17 Ha crTaHmuioo s
MOBTOPHOTO HCIMOJb30BaHusA. IloanmuTka CHCTEMBI THIPO30JOYJAICHHS OCYIIECTBISETCS OT

001Ie CUCTeMbl TEXHHYECKOTO BOJOCHAOKEHHS. 30JI00TBAJI 000PYy/IOBaH aBapHlHBIM COpOCOM
BOJBI B BojgoeM 18.
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Puc.5. Yapomennas trexnomorudeckas cxema KOC: 1 —monnuenoe xossiicmeo; 2 —2azo600sanoi mpaxkm; 3 —napocenepamop (komen); 4 —
nAponposood «ocmpozo» napa, 5 —yunurop evicokozo oasienusi mypounsvl (L{B/]); 6 — «o100Has HUMKA» NAPONPOBOOA NPOMENCYMOUHO2O
nepezcpesa; 1 — «opauas HUMKA»
naponpo8ooa NPOMeNCymouHo2o nepeepesa; 8 - yurunop cpeoneeo dasrenus (L{C/); 9 - yununop nuszrkoeo oasnenus (L{H/]); 10 —cenepamop;
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11 —mpancopmamop cobecmeennvix Hysico; 12 —nosviwarowuii mpancgopmamop;, 13 —epaoupus (uru npyo-oxniadoumens); 14 —yuprynsiyuonmiil
Hacoc;
15 —xouodencamop; 16 - xondencammuuwiil Hacoc, 17 —nodoepesamenv nuzkozo oasnenus; 18 —openascuuiii nacoc, 19 —oeaspamop; 20 —
nUMamenvHulil HAcoc,
21 —noodocpesamensv 8vicoK020 0asneHus; 22 —3konomauzep; 23 —HaAcoc mexHuyecko2o 6000CcHabcenuss, 24 —xumeodoouucmxa,
25 —0easpamop xumouuweHHoU 600b1; 26 —ombop napa uz cmyneuet mypourvl Ha COOCMEEHHbLE HYHCObl CIMAHYUL.
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Puc. 6. Yrupouiennas texnonornyeckas cxema TOI: 27 —enewnue nompedoumenu snexkmposnepeuu 6 (10)xB; 28 —nodaua snexkmposuepeuu na
cobcmeennvle HYHcovl TIL]; 29 —ombop napa uz mypounsvl Ha mexHoar02uYecKue HyxHcovl, 8 m.u. Hewnux nompedoumenei; 30 —nacoc 6ozepama
KOHOeHcama om mexHoao2uieckux nompeoumernei napa, 31 — ombop napa uz mypbunul 0151 nodozpesa cemesoii 600vl; 32 - nodozpesameis
cemesoll 600vl, 33 —cemesvle HAcOChl; 34 —mennogurayuoHHas cems HEWHUX NOMpebumerel.

Ocmanvhvie 0603nauenus me dxce, ymo u Ha puc. 4.



[MpunnunuanbHas  TexHojoruueckas cxema TOI[ (puc. 6) orTauyaercss  OT
texHojoruueckoit cxemsl KOC (puc. 4) HanuuueM JAOMOJHUTEIBHBIX OTOOPOB Mapa U3 TypOHHBI
JUTSL TEXHOJIOTHYECKUX HYKJ[ BHEITHUX MOTpeduTenei napa 29 u uist mogorpeBa ceTeBOi BOIBI —
31. CeteBbie Hacochl 33 00eCEUNBAIOT MUPKYIISAIHIIO BOALI B TEIIOGUKAIIMOHHON ceTH. Bo3Bpar
KOHJICHCAaTa OT BHEIIHUX MoTpeduteneil mapa ocymectsisercs Hacocom 30. B 3aBucumoctu ot
Ka4yecTBa BO3BPAIAEMOro KOHACHCATA OH HampasisieTcs b0 cpa3y B neaspatop 19 (manpumep,
KOHJICHCAT U3 MOJIOTPEBATEIIsS CETEBOM BOJIbI), IMOO B 1I€X XMMBOJOOYUCTKHU 24.

KoHkpeTHbIEe TEMIOBbIE NEKTPUUECKHE CTAaHIMU MOTYT UMETh TEXHOJIOTHYECKYIO CXEMY,
OTIIMYAIOINYIOCS] OT MPHUBENCHHBIX HA puc. 4 u 5. B yacTHOCTH, TypOMHA MOXET UMETh TOJIBKO
OMHYy wuiau JnBe yacth, Ha 1Ol mnpumenstorcs TypOWHBI ¢ mnpoTHBOAaBieHHEM. OTOOP
TEXHOJIOTMYECKOro napa moxket npousBoautcs ot L{CJl nnu naxe ot LIB/I. K Tomy xe cnenyet
MMOMHHTB, YTO Ha pHUC. 3 — SOMHOTHIIHOE 000pyI0BaHNE N300paKEHO OJIUH pa3, HE3aBUCUMO OT
YUCJIa YCTAHOBJIICHHBIX OCHOBHBIX M BCIIOMOTATENbHBIX arperaTtoB, TOTJIa Kak (akThuueckoe
KOJIMYECTBO MEXaHU3MOB 3aBUCHUT OT BuJa U MomiHocTH TOC, ncnoap3yemMoro TOminBa 1 MHOTHX
Ipyrux (hakTopos.

B TomnuBHOM XO03SiCTBE TEIJIOBBIX AJIEKTPUYECKUX CTaHIMK, pabOTaloIMX Ha TBEPAOM
TOILJIMBE, OCHOBHBIMH MEXaHU3MaMHU SIBJISIOTCS MENbHULbI, APOOWIIKH, JIEHTOYHbIE KOHBEWEpHI,
KOMIIPECCOPHI M BEHTWJISATOPHI JJIs MMHEBMOTPAHCIOPTA MBUIM, a TAKXKE MYJIBIIOHACOCHI — TIpU
ruapoTpaHcnopre yrias. B MazyTHoMm Xo3siicTBe mpeobiiagaloT HedTernepeKkayuBarolie HacoChl.
OCHOBY TATOIyTHEBOW YCTaHOBKH 00011 TOC COCTaBISIFOT ABIMOCOCHI U TyTheBbIC BEHTHIISITOPHI, a
MapoBOASIHOIO TPakTa — HACOCHl PA3JIMYHOTO HA3HAUYEHHS] W MOUIHOCTU. bBOJbIlloe KOJINYeCTBO
HAaCOCOB HCITOJIB3YETCSI B CHCTEMax BOJIOCHAOKEHHs, THIPO30JOYAAJICHUS M Ha Pa3HBIX y4acTKax
TEXHOJIOTUYECKOTO0 O00ECIEeUeHNsI OCHOBHOTO OOOPYIOBaHMS W BCIOMOTaTebHBIX YCTAHOBOK (B
CHCTEeME CMa3KH TypOWHBI W TeHepaTopa, B MAacJOCHUCTEME YIUIOTHEHUH Baja TypOOTreHepaTopoB,
CHCTEME MOJa4i JUCTUIUIATA B OOMOTKH TEHEPATOPOB C BOSHBIM OXJIAXKACHHUEM U T.1.). U3 npyrux
XapaKTepHBIX MEXaHU3MOB CIIEAyeT OTMETHTh NPUBOIHBIC YCTPOWCTBA 3aJIBUKEK, MOABEMHO-
TPAHCHOPTHYIO TEXHUKY, BO3AYLIHO-KOMIIPECCOPHOE XO3SIMCTBO U JIp.

MexaHu3MBbI, BXOMAIIME B OJAHY rpymmy (HampuMep, HAcOChI), OTIMYAIOTCS 1O MOIIHOCTH,
YacTOTE BpAIICHHS, PACIIONIOKEHHIO Basla (TOPH30HTAIBHOE, BEPTHUKAIBHOE), YCIIOBUSAM OKPYIKAFOIICH
cpenbl, pexXuMy pabOThl U CHIeNeHU OMEEemCMEEeHHOCMU 6 mexHoaocuueckom npoyecce. CteneHb
OTBETCTBEHHOCTH OIPEICINSAETCS TOCIEACTBUSIMH, KOTOPBIE MOTYT BO3HHKHYTh TIPU OCTAHOBKE
arperara.

K omeemcmeennsim Mexanmzmam OTHOCSTCS T€, OCTAHOBKA KOTOPBIX MOJKET MPUBECTH K
MOBPEXKICHUIO KOTJIA, TypOWHBI, TeHeparopa WIM K HAPYIICHUIO TEXHOJIOTUYECKOTO PEeXHUMa,
TpeOyIOLIer0o OCTAaHOBKM WJIM CHIDKEHHMSI Harpy3ku KOTJoB. B mepByio ouepenb K 3TOi rpymme
OTHOCSITCSI TUTATENbHBIC M OYCTEPHBIC HACOCHI, M TATOTYTHEBbIC MEXAHU3MBI.

[IpekpaiieHrie mogauu BOAbI B KOTEN TpeOyeT MPUHATHUS MPAKTUUECKH HEMEIJICHHBIX Mep K
CHIKEHHIO €r0 Harpy3KH U B JaJIbHEHUIIIEM —K OCTaHOBKE.

OcraHOBKa OJTHOTO W3 JYTHEBBIX BEHTHJISITOPOB WM JIBIMOCOCOB HAapyIIaeT PaBHOMEPHOCTH
pacnpezeneHus Bo3ayxa Mexay ropeiakamu. Kpome Toro, 3a cuer oOpaTHOTo rneperoka Bo3ayxa yepes
OCTaHOBJICHHBI arperar ymeHblnaercs oOmIas ero mojavya B TOMNKY KOTJIa W Harpy3ka Oioka
camkaercss Ha 40-50%.0OcTaHoBKa BCeX AYThEBBIX BEHTHJIATOPOB TpeOYyeT OCTaHOBKM KoTia. [lpu
OCTaHOBKE BCEX IBIMOCOCOB KOTET MOXET paboTaTh C MOHWKEHHOW MPOU3BOIUTEIHHOCTBIO IO
HA/TyBOM, HO MPOAOJDKUTEIBHOCTh TakoW paboThl orpaHuueHa. J[ns obecrieueHus! MpaBUILHOM
paboThI KOTJIA TATOAYTHEBBIE MEXaHW3MbI JODKHBI He MeHee 10 muH paboTaTh meped pacTonmkoi u
noc/1e OCTAaHOBKHU KOTJIA.

K orBeTcTBEeHHOMY O00OOpPYIOBaHHWIO, HEMOCPEJACTBEHHO BIHUAIOIIEMY Ha paboTy OJOKOB,
OTHOCSATCSI TaKXKE KOHJCHCATHBIC, LUPKYISIIMOHHBIE M CETEBbIe HACOCHI, MHTATEIH TBLIH,
CpeaHex0qHbIe (MOJOTKOBBIC) METBHHIIBI U METTbHHIIBI-BEHTIIISITOPBI (PAOOTAIOT 6€3 TPOMEKYTOUYHBIX
OyHKEpOB IO CXEMe MPSMOTO BIYBaHHUS TOIUIMBA), Ma3yTHBIC HACOCHI, HACOCHI CMa3KH, HACOCHI U
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BEHTWISITOPBI CUCTEM OXJIAKICHHS F€HEPAaTOPOB U TPAaHC(HOPMATOPOB, IEKTPOIPUBOIBI 33/IBIKEK
U JIp.

K Tak Ha3bIBacMbIM <«HEOmMEemcmeeHHbIM» MEXAHU3MaM OTHOCSTCS TakKue, IpEKpalleHue
paboThl KOTOPBIX HE MPHBOJUT K M3MEHEHHWIO HArpy3KH OCHOBHOTO 00OpymoBaHus (Hampumep,
[IapOBBIE  MEJIbHMIIBI, [EPEKAYMBAIOLIME HACOCHl, OarepHble ¥ [UIAMOBBIE HAacCOCHI
THAPO30JIOYNAJICHUsS], MEXaHU3Mbl  TOIUITMBOMOJA4H). B  OCHOBHOM 3TO  MEXaHH3MbI
NEPUOANYECKOro JAeUCTBH. B uacTHOCTH, I1apoBas MelbHUIA pabOTaeT MPU MAaKCUMAaIbHOM Harpyske
M0 TOIJIMBY M, 3allOJHUB MbUIEBOM OyHKep, OTKIIoUaeTcs. DTUM oOecrneurBaeTcs CHH)KEHUE
pacxoja 3JIEKTpOdHEpruu. EcTecTBEHHO, UTO B Clydae OCTAaHOBKM MEJBHMIIBI KOTEN 3a CUET
3amaca TOIJIMBAa B OyHKEpe CMOXKET paboTaTh B TEUEHHE BPEMEHM, AOCTATOUHOTO ISl MPUHSITHS
MIEPCOHAIIOM HEOOXOIUMBIX MEp.

Kak myis OTBETCTBEHHBIX, TaK U JUIsl HEOTBETCTBEHHBIX MEXAHHU3MOB COOCTBEHHBIX HYXK]I
NpeTyCMaTpUBACTCsl pe3epBUPOBaHUe. PasimdarorT HesiBHOE (CKpBITOE) M sSIBHOE pe3epBHpoBaHue. [Ipu
CKPBITOM pE3EpPBUPOBAHUM B pabOTE€ HAxXONAATCs OJHOBPEMEHHO JBa WM Oojiee OJMHAKOBBIX
MEXaHMU3Ma, KKl U3 KOTOPBIX HECET HEMOJIHYI0 Harpys3ky. [Ipu ocTaHOBKE OJTHOTO MEXaHU3Ma
€ro Harpy3ky NpUHHMMAIOT Ha ceOsl Apyrue, ocrapmuecs B padore. [Ipu sBHOM pe3epBHpOBaHUU
MIOMHUMO arperaToB, HaXOJSIIMXCS B pabOTe, MMEIOTCS aHAJIOTHUYHBIC arperarbl, HaxoJdIIuecs B
pe3epBe U TOTOBbIE B JIIOOOH MOMEHT K B HE3aMeJIMTEIbHOMY BBOJIY B JCHCTBHE BMECTO
OTKJIFOUMBIIETOCs. J[sI OTBETCTBEHHBIX MEXaHM3MOB O0ECIEYMBACTCS ABTOMATHYECKUI BBOJ
pesepsa (ABP).

OcnoBHoe obopynoanue TOC, BcriomoraTtenbHble YCTPOWCTBA U MEXAHU3MBI C.H. JKECTKO
CBSI3aHBl MEXAYy cO0OW B €IMHOM TEXHOJOTrHyeckoMm Iukie. Hapymenuss paboTel OOJBIIMHCTBA
MEXaHU3MOB, OCOOCHHO — OTHECEHHBIX K I'pYIMIE OTBETCTBEHHBIX, OKA3bIBAIOT HEMOCPEACTBEHHOE
BO3JICHCTBHE Ha paboTy OCHOBHOro oOopymoBaHus. COIIACHO TEXHHYECKHMM TpeOOBaHUSM Ha
BBINOJIHEHUE TEXHOJOTHUECKUX 3aIllUT TeruiodHepreTudeckoro odopynosanus TOC mpu oTkasze psjaa
MEXaHU3MOB WJIM HapyHIeHUSX B pa0boTe C.H. OCTAHOB WJIM pasrpy3ka OCHOBHOTIO OOOpYyIOBaHUS
JOJDKHBI IPOU3BOUTHCSI aBTOMATUYECKU. Tak, OCTaHOB KOTJIa 3alUTON OCYIIECTBIISIETCS:

IIPY NIPEKPAILEHUH TIOCTYIUIEHUS B HETO MUTATEIbHON BOJIBI,

NOTaCaHUU MBUICYTOJIFHOTO MJIM Ma3yTHOTO (hakena B TOIKE 10 JIF000H MpuinHe;

MOHMKEHUH JIaBJICHUS Ta3a WIM BO3/yXa Iepell TopeikaMH KOTJa, padoTarolero Ha ra30BoM
TOILIUBE;

MTOHVM)KEHUU JABJICHUS TI0JaBa€MOr0 Ma3yTa,

OTKJIFOYEHUH JIBIMOCOCOB, TYTHEBBIX BEHTWIATOPOB U BEHTUJISITOPOB IIEPBUYHOTO BO3yXa.

Ha 6ounsix TOC npy MOHWKXEHUH JTaBJICHUST Macja B CUCTEME CMa3Ku TypOUHBI JI0 TPETHErO
npezena WM MpH TMOBHIIEHUH YPOBHS B JIOOOM IOJOTpEBaTeNe BBICOKOTO JAaBIICHHUS A0 BTOPOTO
npenena 070K AOKeH ObITh OCTAHOBJICH ACWCTBUEM 3aILUTHI.

[Ipu cHwkeHun ypoBHS Macia B JemrdepHoM Oake YIUIOTHEHMH Baja reHeparopa ¢
BOJIOPOJHBIM OXJIQXKIEHUEM WJIM OTKJIFOUEHUHU BCEX MACIISIHBIX HACOCOB ATOW CHUCTEMBI, a TAKXKe MpPHU
IIPEKpAIlEHUU MPOTOKA OXJAKIAIOIIEH BOJbl YEepe3 CTaTop TIE€Heparopa MPOUCXOAUT OCTAaHOB
TYpOUHBI.

I'maBHBIM TpeOoBaHMEM K paboOTe JIIOOON 3alUTHI SIBISIETCS OOECIEYeHHE TAKOTO PEXHMa
OCTaHOBKM WJIM pasrpy3Kku 00OpydOBaHHUS, KOTOPbIM HE MPUBOAMUT K MOBPEKIECHUSIM €r0 COCTaBHBIX
yacteld. Micxons U3 3Toro paspaboTaHbl TpeOOBaHUS K IECHCTBUSM, BBITOIHAEMBIM TEXHOJIOTUYECKON
3alIUTOM, coryiacyercst paboTa yCTPONCTB PeryIUpOBaHUS U TEXHOJIOTMYECKUX OJIOKMPOBOK.

Hanpumep, octaHoB KoOTia IPOU3BOAUTCS IYTEM OJHOBPEMEHHOI'O BBIMOJIHEHUS MHOTHX
omepanuil. OTKJIIOYAIOTCS BCE  TOIUIMBONOJAOIIME  YCTPOMCTBA, JYThEBBIE BEHTHJIATOPHI,
3aKpBIBAIOTCS 33ABMKKH [10JJa4l ITUTATEILHONW BOJIBI U IPYTHX CHCTEM.

[TpumepoM JeiCTBUS OIIOKHPOBOK MOKET CITY)KHTh PaboTa CHCTEMbI KOHBEHEPOB (MHOTIA MX
Ha3bIBAIOT TPAHCIIOPTEpAaMHU) TOIUIMBOMNOAAYM. Eciam yromb mojgaercs Mo HECKOJIBKUM KOHBEHepaM H
MIPOUCXOJUT OCTAHOBKAa OJHOTO M3 HHX, TO CHUCTEMa TEXHOJOTMUYECKOW OJIOKUPOBKU JOJKHA
HEMEJUIEHHO OCTaHOBMTbH BCE MpenbLIyle KoHBelepa. Ecnu He caenaTh 3Toro, MpUEMHBIN yd4acTOK
OCTaHOBHUBIUIETOCS KOHBeMepa Oy/IeT 3aBajieH TOILIMBOM.
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Ha paboTtaromux koHBelepax JOKHBI OBITh MOCTOSHHO BKJIFOYEHBI METAJUIOYIOBUTEIH.

Pa3roH MHOTMX TPHBOAHBIX JBUTATENCd MIODKEH OCYIIECTBISITHCS TIPH pasTpyKEHHOM
MEXaHU3Me, B OTHX CIlydasX OJIOKUPOBKM 3amlpelialoT BKIIOYCHUE JBUTATENSI MPHU OTKPBITOM
3aIBHIKKE.

OCHOBHBIM BHJIOM MPUBOJIA JISI MEXaHU3MOB COOCTBEHHBIX HYXJI CITYXKaT SJIEKTPOIBUTATEIH.
[TapoTypOUHHBIIA IPUBOJ MPUMEHSETCS TIIaBHBIM 00pa3oM Ui MOIIHBIX IMHTATEIbHBIX HACOCOB U
IYTbEBBIX BEHTHJISATOPOB. B 3TUX Cllydasx MeXaHW3Mbl TIPUHSATO HAa3bIBaTh COOTBETCTBEHHO
«muTarenbHbM TypOoHacocom» ([ITH) m «rypboBo3myxoayBkoii». OmuH TypOONPHUBOI MOXKET
CIIY)KHUTh TIPUBOJOM OJHOBPEMEHHO JUISl MUTATEIBHOTO U OYCTEPHOrO HACOCOB (C TMPHUMEHCHHUEM
COOTBETCTBYIOIIETO peAykTopa). [IprMeHeHne TypOONpHBOAA OMpPECSeTCS TIIaBHBIM 00pa3oM
SKOHOMHYECKUMH (DaKTOpaMH, a UMEHHO — BO3MOXHOCTHIO SKOHOMHYHOTO BEJCHHS PeKUMa KOTJIa
32 CYET peryJUpOBaHMs YACTOTHl BpAIIEHUS ¥ MPOU3BOAUTEIBHOCTH MexaHu3Mma. OgHako
ucnons3oBanue Ha TOC perynmpyeMoro SIIEeKTPONPHBOAA TMO3BOJIMT 3aMEHUTH MapOTypOUMHHBIN
MPUBOJI HA PJICKTPUIYCCKUN U Y ITUX MEXaHU3MOB.

B 3aBucHMMOCTHM OT MONIIHOCTH MEXaHHM3Ma JJs €ro MpUBOJA HCIOIB3YIOTCS
anekTpoasuratenn HampsbkeaneM 6-—10 kB wim 380 B mepeMeHHOro TOKa, TIaBHBIM 00pa3oM
ACHHXPOHHBIC KOPOTKO3aMKHYThIe. CHHXPOHHBIC JBHUTATEIH HAXOAAT MPUMEHEHHE B OCHOBHOM Ha
BBIHECEHHBIX 00BEKTaX — HACOCHBIX M KOMITPECCOPHBIX CTAHIHAX. JIJIs1 HEKOTOPBIX MEXaHM3MOB, B TOM
YHCIIe PE3EPBHBIX, MPUMEHSIOTCS ABUTATEIN MOCTOSIHHOTO ToKa. CleIoBaTeNbHO, CHCTEMAa MTUTaHUS
QJIEKTPOJIBUTATENICH  C.H. JIOJDKHA BKJIIOYaTh B Cce0S  HWCTOYHUKH  DIIEKTPOCHAOKEHHS,
pacnpenenutenbhbie ycrpoiictBa (PY) u cetn 6,3—10,5kB, nonmxkaronue tpanchopmaropsl, PY u
ceru 0,4kB, BeIIpSIMHUTEIBHBIC YCTAHOBKH M CETH TOCTOSTHHOTO TOKA.

Cucrema  3JEKTpOCHAOXKEHHsSI  C.H.  TPEICTaBIseT COOOM  CIIOXKHOE  XO3SICTBO,
MpeAHa3HauYeHHOE I OecTiepe00HOTO 3JIEKTPOCHAOKEHUSI TPUEMHUKOB C OOJBIION CyMMapHOM
MOIIHOCTHIO. [IpUMEpHBII pacxoa AJIEKTPOIHEPTUU Ha COOCTBEHHBIE HYXKIbl B 3aBUCHMOCTHU OT
HAYaJIbHOTO JABJICHHS IT1apa W BHUJa TOILTUBA NPW HOMHHAIBHOHN Harpy3ke TypOOT€HEepaToOpOB s
KOC u gns TOIl ¢ xOMOMHMPOBaHHOW BBIPAOOTKOW MpHBeAEH B Tabil. 2 (B MpoIeHTax
BbIPa0ATHIBAEMOH 3JIEKTPOIHEPTHH).

Tabnuya 2
Pacxon 3s1ekTpo3Hepruu Ha cOOCTBEHHbIE HYKIbI
HauanbHoe nasnenue napa, MI1a
35-9 13-24
I'a3 Yromb I'a3 Yromb
Pacxon Ha c.H. st KOC 5-7 6-75 75-9 8-95
PacxonHa c.H. st TOL] 6-8 7—85 85—-105 9-11

PaccMoTpuM KpaTKO COCTaBISIOIIME OOIIETO pacxojia JJICKTPOIHEPTHMH Ha pPa3IUYHbBIC
TpynmbBl MEXaHWU3MOB C.H. Pacxoj Ha TATOAYThEBbIE MEXAaHU3MBI MPHHATO OTHOCUTh Ha 1 T
BBIPaOOTAaHHOTO Tapa. B 3aBUCMMOCTH OT BHJIa TOIUIMBA, COMPOTHUBIICHUS Ta30BO3AYIITHOTO TPaKTa,
KIIJ] mexanu3moB, oH cocraBisieT 2 — 8 kBr-u/t.

VY nenpHBIN pacxo AIeKTpodIHeprun Ha 1 M° mUTaTeNbHOIM BOIBl — 22 kBr-u/M°. Ha MIPUBOJI
MUTATENbHBIX HACOCOB pacxoayeTcs 10 5 Yo MouiHocTH, BeIpabaThiBaeMON OJIOKOM.

CyMMapHBIi pacxoJ] JEKTPOIHEPTHH B TOIIMBHOM XO3SHMCTBE M HAa THAPO30JIOYyAAICHHUE B
2,5 — 3pa3a MeHblle, YeM Yy NHUTATENbHBIX HacocoB. Jloyg oOmiero pacxoma 3JIEKTPOIHEPTHUH,
MIPUXOIAIASACS Ha OTJICTbHBIC TPYIIBLI MOTPEOUTENEH C.H. JUIsl pa3nuaHbIX BU0B TOC npuBeneHa B
Tabm. 3.

BaxxHol cTpyKTypHOH cocTaBistomeidl coocTBeHHbIX HYXa TOC SBASIOTCS ONEepaTHBHbBIC
[[ENH, OCYIIECTBISAIOIIAE YIPABICHUE BCEMH KOMMYTHPYIOIIMMH amapaTaMd OCHOBHOTO
000OpyIOBaHUS ¥ BCIIOMOTATENbHBIX YCTpOWCTB. llenmu ympaBieHHs YCIOXKHEHBI OOJIBIIAM
KOJMYECTBOM BKIIOYEHHBIX B HHUX OJJIGKTPUYECKHX, TEXHOJIOTHMYECKHX 3alIUT U OJIIOKUPOBOK.
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OnepaTuBHBIC IIEMH TOCTOSHHOTO TOKA CHAa0XEHbl CBOMMH HMCTOYHUKAMH  MUTAHUS
(BBIIPAMUTEISAME U aKKYMYJISTOPHBIMU OaTapesMu).
Tabnuya 3

Pacnipenesienue pacxona 3jieKTPpO3HEPruM Ha coOCTBeHHbIE HY Kbl TOC

Homst obiero pacxona smekrposHepriv Ha CH, %
TOlmarasen| 1oy K2C
MazyTe ¢ K9C nuzkoro
TOILIEM YTJIE C BBICOKOTI'O
TypOHHaMI TypOuHamu T- JIARTICHIA Ha JIABJICHYS Ha
1(;[(;1“—251/1 IT- 50-90 OypoM yriie MasyTe
Tsira u myThe 18,5 17,4 25 15
[TurarensHBIE HACOCHI 48,5 36,4 15,5 56
[{upKyIsIImOHHBIE HACOCHI 13,6 7,7 22,6 20
TermnodukanroHHBIE HACOCHI 13,3 22,2 - -
[TbutenpuroToBICHNE - 8,6 22 -
['mapo3onoynanenue - 1,8 4.8 -
[Tpoune 6,1 59 10,1 9

THIOBBIE MEXaHHU3MbI COOCTBEHHBIX HYK

Pabora kax1oro MexaHu3Ma XapakTepu3yeTcst AByMs IpyINIIaMi BEIUYHH, OJHA U3 KOTOPBIX
OIpeeNsieT ero TeXHOJIOTHYECKUEe BO3MOXHOCTH (IPOM3BOIUTENFHOCT, HAIIOP U T.1.), Apyras —
TpeOOBaHMs K IPUBOAHOMY JBHTATEIIO0 (MOMEHT COIPOTHUBIICHHS, YTIIOBasi CKOPOCTH).

3aBUCUMOCTL MOMEHTA COIIPOTUBJICHUA I N » H'M, PA3INIHBIX MCXAaHU3MOB OT yrHOBOﬁ
ckopoctu W, 1lc (paguaH B CEKyH]Iy), B OOIIEM BH/IE BRIPAXKACTCS yPaBHEHUEM
w 4
MN:MOB"'(kg:i.wl'T‘l.‘l._Mc‘)é) — (1)

rae M@a— moment conporusinenus npr W=0 (mpn tporammu ¢ mecra); Mﬁi 1. -
HOMHHAJIBHBIH MOMEHT CONPOTUBIIEHHS MEXAHU3MA; k(;.i — K03 PUIHEHT 3arpy3KH MEXaHHU3MA,

11 - HOMHHaJIbHAs Yr|TOBast CKOPOCTh; J/ — MoKasaTeNb CTCNEHH, XapaKTePU3YIONMHA TaHHBII

MEXaHU3M.
VYrioBast CKOpOCTh CBsi3aHa ¢ yacToToi BpameHus I, 06/MuH, cooTHOICHHEM
_mh
30 - (2)

Mexanunueckas xapakrepuctuka (14) omnpenenser yclIoBus IMycKa arperara u €ro Beioera npu
OTKIIIOYCHUU [ABUTATCIIA, OKAa3bIBACT CYIICCTBCHHOC BJIMAHUC Ha MNCPCXOAHBIC PCIKUMBIL. Bce
arperatbl TOC 10 By MEXaHUYECKOW XapaKTEPUCTUKUA MOKHO Pa3JeIuTh HA MEXaHU3Mbl, MOMEHT

COTIPOTHBIICHHS KOTOPBIX NpakTHieckn He 3asucut or ckopoctu (I g =CONSt y=0) u

MEXaHU3MBbI C MOMEHTOM COTIPOTHUBJICHUS, 3aBUCSIIIIM OT CKOPOCTH (| R f (CU) LV #E O).

K mepBoii rpynme oTHOCATCS MEXaHU3MbI TPAHCIIOPTEPOB, APOOUIIOK, HEKOTOPBHIX MENBHHUIL,
MOPILHEBBIX KOMIIPECCOPOB U T.J. ITO MEXAHU3MBI C TSKEJIBIMU YCIOBHUSIMU MTYCKa.

32



Ko BTOpO# TpyIime OTHOCSTCS TSATOAYThEBbIC MeXaHU3MbI ( )/ = 2), LEHTPOOEKHBIE HACOCHI

(V= 2+4) u ap. YeMm Bblmie 3HayeHue )/, TeM Jierde yciIoBHMs IIycKa. PasjiuuHble BUJBI

MEXaHUYECKUX XapaKTEPUCTHK MPH Pa3HbIX Ko3(duimeHTax 3arpy3ku MeXaHH3MOB IPUBEACHbBI Ha
puc. 6. [locne AnUTENHHONM OCTAaHOBKM MEXaHHW3Ma, OCOOEHHO B XOJOJHOE BPEMs Ioja, MOMEHT

TpOraHHUsl C MecTa (M(‘)a) MOXKET YBEIMYMBATHCS, KaK IMOKa3aHO Ha pHUC. O MyHKTUPHBIMU

JMHUSAMH. XapaKTePUCTUKY MTPU OYCHb MaJOM MOMEHTE TporaHus ¢ mecta ( M 08~ O) uly=2

Ha3bIBAIOT «BEHTHJISITOPHOW» (KpuBas 7 Ha puc. 6).

/l/lc, OTH. €4
/ 7
ZO ~ ~ /
08 |
2
\
\ //ﬁ
™ - _ /,
0,6 - - /’
3 4
7/
04 //
\ ///
N s
02 |
7 Q
~
-
0 a2 o4 06 08 W, OTH. €4

Puc6. Busibl MCXaHUUECKHUX XaPAKTEPUCTHK PA3IUYHBIX arperaros:
1-y=0,kg; =1, 2-y=0,k,; =06; 3-y=2,ko; =1,
4_y:2! k(;i:O’Ga 5_y:3’ k(;\l :11 6_y:3! k(;i:O'G (62-6
Mys=0.2IM;;); 7— y=2, My5=0, Mg =M ; Qawy; ).

Ha ycimoBus mycka arperara OKa3bIBaeT TaKXKE€ BJIMSHUE MOMEHT MHEpLUU J, xrm? Yem
BBIILIE MOMEHT MHEpLMHU, TeM Oojiee BBICOKMI MOMEHT JIOJDKEH Pa3BMBATh JIBUraTelb IPU ITyCKe.
Bpems pasrona MexaHH3MOB C OOJBIIUM MOMEHTOM HHEPIMM yBenuueHo. K Takum MexaHuzMam
OTHOCATCS IBIMOCOCHI M IyThEBbIC BEHTUIIATOPHI @ TAK)KE MOPLIHEBBIE KOMIIPECCOPHI, B KOTOPBIX
JUIs. yMEHbIIEHUS KoJeOaHUI Harpy3KH B MpeJiesiax UKIIA YCTaHABIMBAIOTCS MaXOBHKH.

HaubGonee TspKeNbIMEH YCIOBHAME MyCKa O00Jalal0T MEXaHu3Mbl ¢ ) = 0 IIPH yCIIOBUH

IIOJIHOW 3arpy3ku. Hampumep, Ipu NOJTHOCTBIO 3arpy’KCHHOM JICHTOYHOM KOHBEHWEpE HY)KHO HE
TOJIKO TPEOJO0JeTh MOMEHT CONPOTHBIIEHHS, HO M pa3orHaTh JIEHTYy C Ipy30M A0 Tpedyemoi
CKOPOCTH. ¥YBEJIMYEHUE MACCHI I'Py3a SIKBUBAJICHTHO YBEIUYCHUIO MOMEHTA HHEPLUU.
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B crapeix M HEKOTOPBIX COBPEMEHHBIX 3apyOeKHBIX KaTajorax HpPUBOJAATCS 3HAUYCHUS

2
MaxoBOro MOMCHTa GD ) KI‘C'MZ. B sTux crydasx s onpeACiIiCHUA MOMCHTAa HWHCPLUHA

KaTaJI0’)KHOE€ 3HAYCHHE MAaXOBOI'0 MOMEHTA CJICAYET pa3ACInuTh HA YEThIpE:

_ GD?
J _T' (3)

PaccmoTpum moapoOHee XapaKTepUCTUKH HauOoJiee BaXXHBIX MEXaHU3MOB COOCTBEHHBIX
HYXJ 1 TpeOOBaHMsl, IPEIbIBIAEMbIE K UX IPUBOJHBIM JIBUTATEIISIM.

Yempoiicmea ona pasepysku u nepemewjenus yena. MexaHusMbl TOIUIMBHOTO XO3sMCTBa
paboTalOT B YCIOBUSIX pE3KOro KOJIOAHUs TeMIeparyp, 4YacThlX MEperpy3ok M CHIbHOU
sarpsisHeHHOCTH. [Ipu pabore TOC Ha TBepaoM TomIMBE YOOpKa B TOIUIMBHOM XO3SIHCTBE
MPOU3BOAUTCS TUAPOCHOCOOOM, YTO JOMOJHUTENBHO YTSKEISET BO3JAEHCTBUE BHEIIHUX (PaKTOPOB.
PazMopakuBarolye, pasrpy304yHble, Neperpy’xarolue yCTpoHWcTBa He TpeOYyIOT peryinpoBaHUs
YacTOThl BpAIlEHUS U NOTPEONIAIOT CPABHUTEIBHO HEOOJBINYI0O MOIIHOCTH; B HHUX MOTYT
UCTOJIB30BATHCS TpeX(a3Hble ACHHXPOHHBIE KOPOTKO3aMKHYThIE ABUTaTeu HanpsokeHrnem 380B.

Ha KpynHBIX CTQHIUSX MIMPOKO MPUMEHSIOTCS 8acoHoonpoxuovieamenu (puc. 16). Pexum
pa®oThl ABHraTeneil 3TUX MEXaHHU3MOB — IOBTOPHO-KpaTKOBpeMeHHbIH. [loaTomy B mpuBone
WCIIONB3YIOTCA Tpex(a3zHble acCHHXPOHHBIC AeKTpoaBurarenu HamnpsokeHnem 380 B ¢ dasubm
poropoM. TOmIMBO U3 MOTYBaroHOB cOPAChIBAETCS HA PELIETKH, PACIIONOKEHHBIC HaJl OyHKepamH.
Jlns mpeABapUTENbHOIO APOOJIEHUS] KPYMHBIX KYCKOB YIUIS, HE NPOBAJIMBAIOIIMXCA B PELIETKY,
PEyCMOTPEHBI IpoOUIbHO-Ppe3epHbic MamuHbl (JJOM).

N3 pasrpy304HbIX YCTPONCTB TOIIMBO IO CUCTEME KOHGelepos§ TOCTyMaeT MO0 Ha TPakT
TOIUTUBOIIO/Ia4H, JINOO Ha yrojbHBIN ckiaa. Ecnu TommmBo mojmaercs Ha CKIaja, TO YKJIaJIKa ero Ha
TEPPUTOPUHU CKJIaJa OCYLIECTBISETCS MO0 KpaHOM-TIeperpyxareneM, Ju00 mrabeneykaa duKoM.
Co cknaa TOIUIMBO C MOMOIIBIO OYJIbJ03EpOB COPACHIBAETCS Yepe3 PELIeTKY B MPHUEMHBIH OyHKep
TpPaKTa TOIUIMBONOAAYM, OTKYyJA JEHMOYHbIMU KOHGelepamu TepeMeliaercs Janee Io
TEXHOJIOTHYEcKoil nenouke. Haubonee pacnpocTpaHeHbl JIEHTOUHBIE KOHBEHEPHI ¢ POPE3NHEHHOM
JeHToi. B cucreme TOIIMBOMOJAYM NMPUMEHSIOTCS KOHBEHEpPbl TOPU30HTAIBHOIO M HAKIOHHOI'O
tuna. B OonbmMHCTBE ciyyaeB OHM paOOTalOT B OJAHOM HAIpPaBICHHMM, OJHAKO HAa HEKOTOPBIX
y4acTKax MOTYT HCIOJIb30BaThCSl PEBEPCHBHBIE KOHBEHEphl. YTOl HAKJIOHA JIEHTHl K T'OPU30HTY
BeIOupaercs Ha 10-12 mewbure yrima TpeHms TormkBa o NeHty. Hampumep, HamGObIIHi yro
HaKJIOHa KOHBeWepa i1 KaMEHHOTO PSIOBOTO YISl — 159, JU1s1 TpoOJIeHOTO KaMeHHOTro yriist — 19—

20°.
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Puc. 7.PoTOpHBII BArOHOONPOKUBIBATED C PEAYKTOPHBIM IPUBOIOM:
1 —ouck saconoonpokudvieamens; 2 - niamgopma c iroKamu,
3 —poauxoonopsi; 4 —npusoo.

JlenTounslii KoHBelep (puc. 17)cocrout u3 npuBoaHOro (roJ0BHOr0) OapabaHa, XBOCTOBOTO
OapabaHa, KOTOPBIN MOXKET OBITh HATSHKHBIM, O€CKOHEYHOM JICHTHI, pa00UNX BEPXHHUX POJIUKOOIOP U
XOJIOCTBIX HHPKHUX POJHKOOIIOP.

Puc. 8.Cxema xoHBeliepa ¢ BEpTUKAIBHBIM I'PY30BbIM YCTPOWCTBOM U COpaChIBAIOIEH TEIEKKOM:
1 —npusoonotii bapaban; 2 —eepxnue (pabouue) poruxoonopel, 3 —coPACLIBAIOWASL MENLEHCKA,
4 —nenma Kousetiepa; S5 —xeocmosotl bapaban; 6 —HudicHue (xor0cmovie) poruKoonopsl;

1 —HamsicHble 0OpamHble OMKIOHAIOWUE bapabanbl, 8 —2py30801 AUJUK.

[TpuBogHOI OapabaH uyepe3 PEelyKTOp COECOUHEH C 3JIEKTPOJBUTATENEM, a K HATSXKHOMY
OapabaHy MPUCOCTUHSETCS TPy3, OOECICUMBAIONIUN HATSHKEHHE JIGHTHI W 00ECTeYMBAIONIUI
HAJeKHOE CIIeTICHUE JIEHTHI ¢ OapabaHoM. [Ipu u3nMIIHEM HATSHKEHHUU JICHTBI COKPALIAETCSI CPOK
ee CIy»KOBbl M pacCTPamBaIOTCSl CTHIKU JICHTHI; MIPH C1a00M HATSKEHUH U OOJIBIIIOM MPOBECE MEXKIY
POJIMKOOTIOpaMHU — YBEIIMYUBAETCS PacXoj dJeKTpodHepruu. Ha puc. 8 XBOCTOBOW M HATSIKHOM
OapabaHbI BBIIIOJHEHBI Pa3/IEIbHO.

Bo wu3bexxaHue cxoga JEHTHI C ONOp Ha CTOPOHBI YCTAHABIMBAIOTCA OTpakaTeJbHbIE
(mediexTopHBIC) POJNIMKKM € BEPTHKAIBLHOW OChIO BpamieHus (Ha puc. 8 He mokaszanbl). s
M3MEHEHHUS HANpaBJiCHMs JIEHThl MPUMEHSIOT OTKIOHsomMe OapabaHbl M POJMKOBBIE OaTapew,
YCTaHOBJICHHBIE HA METAJUINYECKON CTAHUHE, U3TOTOBJIEHHOM U3 YIJI0BOM MJIM IIBEJJIEPHOMN CTaJIM.

KonBeiiepsl MOTyT OBITH KeI00YAaTBIMH — C TPeMs BEPXHUMH (pabOUYMMHM) pPOJMKAMH,
pacroyio’KeHHBIMHU TIOJ yIIIoM — puc. 18,a, u miockumu — ¢ ogHUM paboyuM posMKoMm — puc. 9, 6;
MPOM3BOAUTEILHOCTh MOCIEAHNUX HeBenauka. HikHue (XO0J0CThIe) POJHMKOBBIE OMOPHI Y JIFOOBIX
KOHBEHEpPOB COCTOAT U3 OAHOTO posinka. Ha HaKIOHHBIX KOHBelepax NMpUBOJHBIE OapabaHbl yare
BCEr0 yCTAaHABIMBAIOT BBEpXY. TOMIMBO MOCTYNAeT Ha KOHBEHEPHI yepe3 3arpy304yHble yCTPOHUCTBA
1 cOpachIBaeTCs Yepe3 pa3rpy304HbIe MPUCIIOCOOICHHUS.

35



L
o
’0’010’01,;«‘\
e

Puc. 9. Kondurypauus cios TorimBa Ha KOHBeiepe:
a —Ha xeJ100yaroii JieHTe, 0 — Ha IJIOCKOM JIEHTE;
1 —koHneetiepnas nenma; 2 —cioi moniuea,

3 —ponuxoswvie onopul (onopa).

Pa3rpy3ouHbie ycTpoiicTBa MOTYT OBITh ILTY)KKOBOTO (IIMTOBOrO) THIA — HA IYTH TOILIUBA,
MO/ YyIJIOM K HamNpaBlIeHUIO ABM)KCHUS JICHTHI, YCTAaHABIUBAETCS IIUT, COPACHIBAIONINI YacTh
TOIUIMBA C JICHTHI B CTOPOHY (PUMEHsIETCS, KaK MPaBUIIO, Ha TUIOCKO#H JieHTe) U OGapabaHHOTO THUIIA.
K mocnemHuM OTHOCSTCS, B YacTHOCTH, pa3rpy30uHble Telnekku (puc. 8). Yroiab C JIEHTHI
3a0packIBaeTcsi B MPUEMHYIO TOPJIOBHUHY W 3aT€M OTBOJUTCS B CTOpOHY 1o TpybOe. Ha puc. 8 sta
oriepariys moka3aHa CIJIONTHBIMU CTPETKaMHU.

Bo3moskHa pasrpy3ka TOIUIMBAa ¢ ToJ0BHOro (mpuBomHOro) Oapabana. Ha pumc. 17 sToT
BapHUaHT Pa3rpy3Ku M YCIOBHOE MIPUEMHOE YCTPOUCTBO N300pakeHbI IITPUXOBOM JTMHHUEH.

Kak yxe ormedanoch paHee (CM. puc. 2), KOHBeHepbl 00s3aTe/IbHO JOJKHBI OCHAIATHCS
METAJIOYJIaBIUBAIOIIUMH YCTPOUCTBAMH.

[IpousBoauTenbHOCTh KOHBEHepa coctaBisieT ot 30 a0 3750 m°/u. [Tyck xoHBeliepa MOXKET
OCYIIIECTBISTHCS KaK B MOPOKHEM, TaK U B HATPYKEHHOM COCTOSHUU. Y CTIOBHSI ITyCKa TPUBOIHBIX
JBUTATEIel OTHOCATCS K rpymnmne Haubonee TsoKelablX MOMEHT CONpPOTHBIICHHUS HE 3aBUCUT OT

CKOPOCTH JIBFDKCHUS JICHTBI H YTJIOBOM CKOPOCTH TPHBOIHOTO Gapabana () = O). [Ipu Tporanuu c

MecTa TpeOyeTcsl MOBBIIICHHBIM MOMEHT JBUTATENs. MOITHOCTh JBUTATENIe KOHBEHEPOB OOJIBIION
npousBoauTensHocTH npeBbimaer 100kBT. TpeOyemas MOIHOCTD MPUBOTHOTO 3JIEKTPOIBUTATEIS,
kBT,

Paini 21’]( R+ Fr)”]éé)/”' (4)

rIe Pé_ — MOIIHOCTh Ha BaJly MPUBOAHOTO OapabaHa, 3aBUCSINAs OT JJIMHBI KOHBEHEpa, IMIMPUHBI

JICHTBI, BBICOTBI OABEMA, Pﬁéa— AOMOJIHUTCIIbHAA Harpys3ka IIpyu HAJIWU4YUU C6paCI>IBaT€.H}I; 17—

KIIJI mpuBoma. Ilpu mmyxkoBoM cOpackIBaTene Pﬁé6 He menee 0,4 xBt, mpu OapabanHOi

36



cOpachIBarOIIel TEIeKKe Pﬁé6 = 0,374% +0,005Q+0,3I (3mecw Q — YacoBOW pacxoj

TOILIUBA, TPEOYEMBIi /IS KOTJIOB, T/4).

KoHeuHnbIMU 00BEKTaMU CHCTEMbl KOHBEHEPOB TOIUIMBOIIOAAYH SBISIOTCS OYHKEPHI CHIPOTO
yIJIs1, PAcIoyIO’KEHHbIE B OYHKEPHOH rajepee KOTeJIbHOIO 1eXa.

Acnupayua u GeHMUNAYUA MPAKMA mMonaugonodauu. llpu OTKPBITOM TpaHCIIOPTE
TOIUIMBA HEM30exkHO nbuieHHe. OcoOyro OMacHOCTh JUIsl YEJIOBEYECKOI0 OpraHM3Ma MpEeACTaBIsIeT
MeJKas MbUlb, C pa3MepaMH YacTHUIl MEHEE O MKM, IPOHMKHOBEHHE KOTOPOW B JIETKUE BBI3BIBAET
3abosneBaHue CUIMKO30M. COIIacHO CaHUTapHBIM HOpPMaM NpefefbHas KOHLEHTPALUs TOIJIMBHON
BTN yCTaHOBJICHA Ha ypoBHe 10 mr/nm>. TIoBbIIIEHHAS KOHIIEHTpAaLUsl TOIJIMBHOW IBUIN BBI3BIBAET
IIPEXIEBPEMEHHBIH H3HOC O00OpYyNOBaHMSA, HO OCOOYH ONAacHOCTh IPEACTaBISAIOT B3pbIBBI U
MI0’Kapbl, KOTOPbIE MOT'YT BO3HUKHYTH IIPH NPEBBIIIECHUH MPEAEIBLHO JOMYCTUMbIX KOHLEHTpaLui
TOIUIMBHOM IIBIIM B BO3JyX€.

I'maBHBIMM Ouaramy NbUIEBBIACIECHUS HA TPAKTE TOIUIMBOIIOAAUM SIBIISIOTCS 3arpy304HbIC U
pasrpy3ouHble Iend OyHKEpOB, Y3Jbl IEPECHINIKM U 00OpYyJOBaHUE APOOMIIBHBIX YCTAHOBOK.
[TostoMy Ha 00BeKTaX TOIUIUBHOIO XO3sHiCTBA  00S3aTENBHO  YCTPOWCTBO  acHUpaLuf
(oOecnbuTMBaHYS) U BEHTWISIIIMU. Bo3MoXkHast cxeMa aclHMpalioHHOW YCTaHOBKHM MOKa3aHa Ha PUC.
9.

Kpome ycTaHOBOK HENPEPBIBHOTO yOAJICHHS NBUIM IPEAYCMAaTPUBACTCA  M30JALUA
BEHTWISILIMOHHBIX KaMep OrHECTOMKMMH MaTepuallaMd, IPUMEHEHHME YCTPOMCTB [UIsl OTBOJA
3aps/i0oB CTaTMUYECKOrO 3JIEKTPUYECTBA, MCIOJIb30BAaHUE B3PHIBOOE30MACHBIX AJIEKTPOABHUraTeae u
anmaparypbsl. Bce KOHCTPYKIIMM TOIUIMBHOTO XO3MHCTBa JOJDKHBI OBITh TJIAAKUMH, O€3 IOJIOK,
KapMaHOB U BBICTYNAIOLIUX pedep, Ha KOTOPBIX BO3MOYXHO OTJI0XKEHHUE MbUIN.
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Puc. 10.Cxema acnupaiiOHHON YCTaHOBKH.

B kadecTBe mbuIeyIOBHUTENEH UCTIONB3YIOTCS (DUIBTPHI, a TAKXKE CyXHE U MOKPBIC YUKIOHDI.
Ha puc. 10u300pakeH MOKpPBIi IIUKIOH ¢ BOJSHOMN TICHKOM.
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Puc. 11.1Tuk0H CUCTEMBI TBUICYIABIMBAHUS TOILTHBOIIOAAYH:
1 —ouuwennviii 6030yx; 2 —conna opouwenus; 3 —800AHAA NIEHKA,
4 —winam; 5 —no0goo 3anviieHH020 8030YXd.

Yempoicmea neinenpuzomosnenua. Pazmoil TommBa Ha 3JIEKTPOCTAHLIUAX OCYIIECTBIISIOT
B CHELMAIbHBIX MENIOUIMX YCTPOMCTBaxX, SABISIONIMXCS OCHOBHBIM OOOpPYIOBAHHEM CHCTEM
NBUIEIPUroTOBICHUS. KauecTBO yrosbHOM MNbUIM, IOJYy4aeMOM B JITHX CHCTEMAax, OKa3bIBAET
OosplIOE, @ MHOTJAa — pellalollee BIUSHUE HAa 3KOHOMUYHOCTb Pa3MoJia, CKUTaHUE MbUIH, PaboTy
TONKH W KOTEJIBHOIO arperara B IeJoM. KauecTBO YrojpbHOH NbUIM OOBIYHO XapaKTEPHU3YIOT
TOHKOCTBIO €€ MoMoyia (3epHOBOW CTPYKTYpPOH), BIQXKHOCTBIO M CBSI3aHHBIX C HEIO CHITyYHMH
cBoiicTBaMH. OHON U3 BaKHEHIINX XapaKTEPUCTHUK IbUIN SIBJISIETCS €€ B3PbIBAEMOCTb.

Ha  siexTpocTaHUMsX  NPUMEHSIOT — CIEAYIOUIME  CUCTEMBbl  IBLIEIPUIOTOBICHUS:
LEHTPAJIbHYI0, UHIUBUyAJIbHYIO C NIPSMBIM BJyBaHHMEM TOIUIMBHOH NbUIM B TONOYHYIO KaMepy U
MHMBUYAJIbHYIO C IPOMEXYTOYHBIM NbUIEBBIM OyHKepoM. Kaxkaas u3 moJOOHBIX CHCTEM HMEET
JOCTOMHCTBAa W HepocTaTku. B Hacrosimee Bpems Ha TOC, 0coOEHHO KPYIHBIX, MPUMEHSIOT B
OCHOBHOM MHJMBHyaJbHbIE CHCTEMBI IbUICIPUTOTOBIEHHS, B KOTOPBIX MPHUIOTOBJIECHUE IBUIA
OCYHIIECTBIISICTCS HETOCPEICTBEHHO Yy MaporeHeparopa (PHEproOioKa) C HMCHOJIb30BAaHHEM JUIS
CYWIKM TOIUIMBA M €ro ITHEBMOTPAHCIIOPTa TOMOYHBIX Tra30B B CMECH C TOPSAYMM BO3AYXOM.
WNupyBrayanbHas cUCTEMa IBLIEIPUTOTOBIEHUS C NPSAMBIM BAYBAHUEM TOILIMBHOM IBLIM B TOIKY
(puc. 11) oTnmuaeTrcs KECTKOM CBA3BIO MEJIBHUYHOTO 00OPYIOBaHUS C KOTJIOM. VI3MeHeHHEe Harpy3Ku
KOTJIa TpeOyeT M3MeHeHHs padoThl MenbHUIBI. Ilpu pabore co CHIDKEHHOW Harpy3Koil MelbHHIA
OKa3bIBAETCA HEJOTPYKEHHOM.
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Puc.12.3amxHyTas cxema MbUICIPUTOTOBICHHS C HETTOCPEICTBEHHBIM
BJIlyBaHHEM YTOJIbHOW MBLTU B TOIKY:
1 —6ynkep cvipoco monauea; 2 —omcexaowuil wubep;, 3 —numamensb Cblpo2o MONIUBA,
4 —menvHuya; 5 —oymwesoui senmunamop; 6 —xkomen, 1 —go30yxonodozpesameis,
8 —eopenxa; 9 —nwvinenposoowi.
WHnuBuayanbHas CHCTEMa MBUICTIPUTOTOBIICHUS C TIPOMEKYTOUYHBIM MTBUICBBIM OYHKEpOM (pHC.
12) He 3aBUCHT OT PabOTBI KOTJA, YTO SIBJSIETCS €€ OCHOBHBIM JOCTOMHCTBOM. I[IpOMEXyTOYHBIH
MBUICBOM OyHKEp MOBBIIIACT HAICKHOCTh YCTAHOBKH. DTOMY CIIOCOOCTBYET TaKXKe CBSI3b METbHUYHBIX
YCTPOMCTB OTAETBHBIX arperaTtoB ¢ MOMOIIBIO TBUIEBBIX IITHEKOB, MO3BOJISIONINX MPU HEOOXOIMMOCTH
nepenaBarh MbUIb OT OJHOTO KOTJIA K JApyroMmy. Takylo cHUCTeMy MPHMEHSIOT mpu pabore Ha
BBICOKOPEAKITMOHHBIX OYPBIX M KAaMEHHBIX YIJISIX, JIOMYCKAIOIIUX TPyOBIi TIOMOII, a TaKKe TpU padoTe
Ha TOUIMX U HU3KOPEAKIIMOHHBIX YTIIsX, TPEOYIOIIMX TOHKOTO TIOMOJIA.
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Puc. 13.PazoMkHyTas cucTeMa IbIICTPUTOTOBICHHSI C TPOMEKYTOUHBIM ITBUIEBBIM OYHKEPOM:
1 —6ynkep cvipoco monauea; 2 —omcexaowuil wubep; 3 —numamenvb cCblpo2o MONIUed,
4 —knanan-mueanxa, S5 —oymwegoul eenmunamop; 6 —«omern; 7 —6030yxonodozpesamer;
8 —3onoynosumenv; 9 —xnanan npucadoxu ammocgheprnozo sozoyxa; 10 —menvnuya;
11 —yuxnon; 12 —ovimococ; 13 —nwineyrogumens, 14 —nepexuownoii wubep;
15 —pesepcusnuiii winek; 16 —oyukep notau; 17 —numamens nvinu,
18 —soicexmop-cmecumens; 19 —kopob nepsuunozo 6030yxa,
20 —xnanan emopuunoeo 8ozoyxa; 21 —eopenxu.

Jnst pa3Mona TOIUIMBA MWCIONB3YIOT PA3IMYHBIC MENIONINE YCTPOMCTBA, OCHOBAHHBIC Ha
NpUHIMIAX yaapa ¥ pacKajlblBaHWs, Pa3/aBIMBaHUA W UCTHpaHus. [l MPHUTOTOBICHUS YTOJIBHOM
OBUTM Ha OJIEKTPOCTAHIMAX CIIYXKaT THXOXOAHBbIE ImapoBble OapabGanHble MenbHUIBI [1IBM,
cpenHexoanble MenbHUIBI CM, OBICTPOXOAHBIE MOJOTKOBBIE MeENbHUIII MM, OBICTPOXOIHBIE
MEJTEHHIIBI-BEHTHIIATOPBI.

lapoBas Gapabannas menmbhuia IIIBM (puc. 13) mpexacraBisier co0oW HUIMHIAPUYESCKHIA
O6apaban nuamerpom 2 — 4Mm nipu jumHe 2,6 — 10Mm, BUIOKEHHBIH BHYTPH BOJTHUCTHIMU OpPOHEBBIMH
TUTUTAaMH 13 MapradioBuctoi craimm. Jlo 25 — 35 Ywoonema 6apabana 3aroIHEHO CTATBLHBIMU IIaApaMy
mamerpoM 25 — 60vm. Pazmon torisa B LIIBM ocyriecTBisieTcsi B OCHOBHOM I10 NPUHIUITY YAapa, a
Takke ucTupanus. Yuciao 06opotoB Gapabana 16 — 23vuH . [Ipu ero BpameHUH MIaphl MOTHUMAIOTCS
Ha ONpEAEICHHYIO BBICOTY, 3aT€M NaJaloT M pa30MBAIOT KYCOUKM YISl WM HCTUPAIOT UX TpH
nepeKaTbiBaHu. [ MOACYIIKM WM JOCYIIMBAaHUM TOIUIMBA B MENBHUILY IMOAAIOT Ta30BO3IYIIHYIO
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cmech Temmeparypoit 10 450 T (He Bblle U3-3a BO3MOXHOCTH TEPErpeBa IMOIIUITHUKOB), KOTOpast
CIIYKUT TakXKe JUIsl BbIHOCA MU W3 MenbHUIBL JlocromHcTBa IIIBM B ee yHuUBEpCalbHOCTH, T.€.
MIPUTOTHOCTH ISl pa3MoJia C OJHOBPEMEHHOM CYIIKOM KaK MATKHUX TOIUIMB MOBBILIEHHOW BJIAYKHOCTH,
TaKk U TBepAbIX TomumB, Hampumep Alll, BO3MOXHOCTH MOJy4eHHS THUIH JIOOOW TOHKOCTH;
OTCYTCTBI/II/I ?)anyI[HeHI/Iﬁ HpI/I IIoImaJaHuu B MG.HBHI/II_Iy BMECTEC C YTJICM MCTAJINIMYCCKUX HpeI[MeTOB.
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Puc. 14.111apoBas 6apabaHHast MEIbHULA!

1 —nooaua opobrenozo monnusa u nepeuuHO20 8030yXa; 2 —B8036pam U3 cenapamopa,
3 —noowunnuku; 4 —6onvwas wecmephs;, S — 6apabdan; 6 —uenoosudickvie nampyoxKu,
7 —yangwi; 8 —snexkmponpusod; 9 —pedykmop; 10 —manas wecmepns,

11 —menowue wapwl, 12 —6ponegvie naumal.

K nenocrarkam [IIBM OTHOCSTCS TPOMO3IKOCTh M CJIOKHOCTH OOOPYIOBaHMS; 3HAUYUTEIILHBIN
YIENBHBIA pacxoj] SHEPTUU Ha TBUICIIPUTOTOBIICHHUE, AoXoAsmuil mpu padore Ha Alll mo 25 — 35
KBty Ha 1 T meum. B cBmu ¢ BbicOkMM KoddduimentoM xonocroro xoma mias  [1IBM
(xapakTepu3yrOLIMM 3aTpaThl SHEPTUU HA BpalleHue OapabaHa Oe3 ToruMBa), goxosamum 10 95 %,
notpedisieMasi MeJTbHUIIEH MOIITHOCTD MPAKTUYECKU HE 3aBUCUT OT Harpy3ku. [loaTomy /i CHIOKEHUS
yaenpHOro  pacxoza  dnekrposHeprun  [IIBM  ucnonb3yroT B peXuUME  MaKCUMalIbHOM
npousBoauTenbHocTH. Hemocrarkom I1IBM siBisieTcss TakKe 3HAYMTEIBHBIN M3HOC MeTammia (I1apoB)
npu ee padore; npu npurotoBieHnd 1 T e AlLl uctupaercst okono 400T merania. MeTammnyecKuii
TIOPOIIIOK, TIOTAAast B YTOJbHYIO TbIIb, CHUYKACT TEMITEPaTypPy TUIABKOCTH 30J15I.

MornoTkoBast (maxTHast) MEITBHALA (puc. 15) nmpexacraBisieTr  YIPOINEHHOE
MBUICTIPUTOTOBUTENILHOE YCTPOMUCTBO, HETIOCPEACTBEHHO YCTaHABIMBAEMOE Y TONKHU. B pacnonoskeHHOM
Haj Hell maxte (cemaparope) COBMEMIAIOTCS IMOACYINKA, Pa3MoJl, a TaKKe Cermapalys TOILIMBA.
[lomaBaemoe B MeEJNBHHIY TOIUIMBO Yepe3 TEUYKY TIOCTyMaeT Ha ObICTpoBpaIiaromumecs Oua,
KOTOPBIMH OHO Pa3MaJIbIBa€TCsl M BhIOpachiBaeTcs B maxTy. OMHOBPEMEHHO C Pa3MOJIOM MTPOUCXOIUT
MOJICYIIKA TOIUIMBA MOAABAEMBIM B MEJBbHUILY CYUUTbHLIM A2€HMOM — IBIMOBBIMU Ta3aMU B CMECH C
BO3yXOM. TOHKasl TIbIJTb BMECTE C CYIIMJIBHBIM areHTOM IPOXOAUT Yepe3 aMOpasypy cenapupyromien
IIaXThl U TOCTYNAaeT B TOMNKY, a KPYIHbIC YACTHUIIbl BBIMAJAIOT M3 MOTOKA M CHOBA IOMNAJNAlOT B
MenbHUIYy. B MomoTkoByro MenpHHIYy moctymaeT g0 60 — 80 %obmero komuvecTBa BO3IyXa,
OCTaJIbHOM BO3JlyX IIOJAOT HEMOCPEACTBEHHO B TONKY. [[laxTa Hax MeNbHULEH ABIAETCS MIPOCTEUILINM
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TPaBUTAIIMOHHBIM CEMapaToOpOM, CKOPOCTh IOTOKa B KOTOPOM paBHa 3 — 4m/c. MI3MeHeHHne cKopocTh
ra30BO3/IyLIHOM CMECH B IIAXT€ BBI3bIBAET M3MEHEHHE KOHEYHON TOHKOCTH ITbUIH, TI0/IaBAEMOM B TOIIKY.

TbrieBozayiLHas cvecs Lpobiieroe

. K cerngpar opy . T OmMBO
[epBudHLY [BoBNYHLH

N Pt

Puc. 15.MosotkoBas MEJIbHUIIA:
1 —san; 2 —oucku; 3 —6unodepacamenu; 4 —ouna,
5 —kopnyc menvruysl, 6 —nOOWUNHUKY.

MoOTKOBBIE MEBHULIBI ITUPOKO MPUMEHSIOT JJIsl pa3Mojia OypbIX YIJIel, roplodero cliaHiia,
dpesepHoro Topda W KAMEHHBIX yried ¢ BbIXomoM Jeryunx BemiectB Oomee 30 .
[Tpon3BOAMTETBHOCTS MOJIOTKOBBIX MeNbHHMIL gocTrraeT 100T/4 mpu pasmoie Oypsix yrireit. OCHOBHOM
HEJIOCTATOK MOJIOTKOBBIX MEJBHUI[ — CPABHUTEIIEHO OBICTPBIN H3HOC OUJI, B CBSI3U C TUM MOJIOTKOBBIC
MEJIbHUIIBI KCIIOJB3YIOT JJISi OTHOCUTENBHO MATKHUX TOIUTUB, JUISl KOTOPBIX JIOMYCKAeTCs TPyOBIid TOMOJ.
Pacxon anexkrposnepruv Ha 1 T momona 5 — 12xBt-y.

MenpHHUIIa-BEHTWIATOP HapsAgy C Pa3MOJIOM OCYHIECTBISIET BEHTHISHOHHBIM Ipolecc B
CHCTEME IBUICHPUTOTOBICHHS: TIO/ICOC K MEJBHMIIE CYIIMIbHOTO areHTa ¢ temreparypoir 900 — 1000
°C; TpaHCIOpPT TBUIETA30BOM CMECH K TropeikaM. TOIUIMBO C CYHIMJIBHBIM areéHTOM ITOCTYIAeT BO
BKIIFOYCHHYIO TIEpe/l MENbHUIICH IIaxXTy, I/Ie YaCTUYHO TOJACYIIMBACTCS TMPH IBWXCHUW BHU3. [Ipu
9TOM TOMOYHBIE Ta3bl OXJIAKIAIOTCS 0 AOMYCTUMOM Tiepea MenbHullel Temmeparypsl 350 — 400 € ¢
TIOMOIITBIO MTOJIBOAMMOTO TOPSYETO BO3yXa. BMecTe ¢ CyluibHbIe arTeHTOM TOTLTUBO

3acachIBaCTCsl POTOPOM € YuciioM ob6opoToB 590 — 1470vns " u pasmanbiBaercst omnamu. [Ipu 3Tom
MPOUCXOAUT OCHOBHAsI TIOJCYIIKA TOIUIMBA. [locie OTHeneHust B cemapaTope KPYIHBIX YacTHIl,
BO3BpAIllaeMbIX Ha J0Pa3MOJI, IIbUTh MOCTYIIAET K TOPEJIKaM.

OCHOBHBIM JIOCTOWHCTBOM MEJIbHHUII-BEHTWIIATOPOB SIBJISIETCSI MX BBICOKAS BEHTHJIMPYIOIIAS
CIIOCOOHOCTb, HEIOCTATKAMU — 3HAUUTEIILHBIA H3HOC METaJlIa JIonarok U Oponu kopmyca (50 — 70r Ha
1 T yrist), @ TaKXKe YMEHBIICHUE MMOJa4i CYIIMIBHOTO areHTa MPY YBEIMYCHUH HATPY3KH 10 TOILIUBY.
MenbHHUIBI-BEHTIIIATOPBI UCTIONB3YIOTCS JUIS JIETKO pa3MaibiBaeMbIX TOILIHB. [Ipon3BOANTENEHOCTD
ux 1o oypomy yriaio — 10 441/q.

IIpu momaue Ha TOC BHICOKOBIAKHOTO TOIUIMBA IPOBOAAT IPEABAPUTEIIBHYIO MOICYIIKY
npobieHoro yris mepen pasmoiom. Ha puc. 25 nokazana TpyOa-cymmika ¢ BOCXOASIIMM ITOTOKOM
ra3oB. BeprukanpHas TpyOa-cymmiKa HWIMHIPUYECKOH (OPMBI C MOCTOSHHBIM CEYCHHEM II0 BCEH
BBICOTE UMEET BBICOTY BOCXOJIAILETO y4acTka He MeHee 2 — 3M. ['a3bl uist CyIIKU ¢ TemrepaTypoi 10
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800 T mnomBomsaT K HWKHEW uacT (YTEpPOBAaHHOM W3HYTpPU BEPTUKAIBHOM TpyObl. OTcoc
0TpabOTaBIIEr0 CYIIMIBHOTO areHTa U3 BEpXHEH YacTH TPYOBI MPOHM3BOAAT C TIOMOIIBIO CYIIMIIBHOTO
BeHTHIATOpA. ChIpOE TOIUIMBO MOJAIOT MUTATEIEM WM CIICIUALHBIM BPAITAIOIIMMCS 3a0pachiBaTesieM
B HIDKHIOIO YacTh TPYOBI-CYIIHJIKH, BHYTPEHHEE CEYCHUE KOTOPON BHIOMPAIOT TaK, YTOOBI CKOPOCTH
razoB B Heit npu temneparype 500 — 800 € cocrasisia 40 — 45m/c, T.e. ObUIa JOCTATOUHOM ISt
ITHEBMOTPAHCIIOPTA B BOCXOJSIIEM MOTOKE YacTHIl yriisi pasmepoM 10 10 — 15mm. TpyOsI-cymmiku
paboTaOT PU MacCOBOW KOHIICHTPAIMU TOIUIMBA B CYIIMILHOM areHte mopsiaka 0,8 — 1,2xr/kr. [ox
TPYOOH-CYIIMIIKOW YCTaHABIIMBAIOT KaMEPY-0TXO0I0YJIOBUTENb, B HIDKHEH YacTH KOTOPOM COOMpPArOTCs
BBITIA/IAIOIIHE W3 BOCXOSIIETO IOTOKA KPYITHBIE KYCKU TOTUTMBA U JPYTUE TSHKEIbIC TIPEIMETHI.

Ouucmka 0bIMOBbIX 2a308 U 3010yae1uéanue. 11 OYUCTKA JHIMOBBIX T'a30B YCTaHABIMBAIOT
ANEKTPOPHIBTPBI, MOKPHIC 30JI0YJOBUTEIM M IUKIOHBL. MOKpBIE TPYTKOBBIC 30JI0YJIOBUTEIN WITH
CKpyObOepbl TPENCTABISAIOT COOOW CTabHBIC (WM JKEJIC300C€TOHHBIC) HWIMHIPHUYCCKUE KOpIyca
JIMaMETPOM JI0 5 M, B KOTOPBIX pa3MENIaloTCs PaclpeeuTeNbHbIC BOASHBIC KOJIbIA C OPOCUTEIIHHBIMU
COIUIAMH.
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Puc. 16. TpyGa-cymuiika ¢ BOCXOISAIUM TOTOKOM Ta3a.

BHyTpeHHHE MOBEPXHOCTH CKpyOOEpOB  TOKPBITHI  KHUCJIOTOCTOMKOW  TIJTUTKOM.
[unuHapuyeckue Kopmyca CHaOXXeHbl BXOJHBIMU MaTpyOKaMH € MPYTKOBBIMHU pelIeTKaMH, a
TaKXe BBIXOJHBIMU MarpyOkamu. CTpyu ABIMOBOTO Ta3a, MPOXOJS Yepe3 PemIeTKy, U3MEHSIOT
CBO€ HAaIpaBlieHHE; B pe3yJbTaTe YacTULBl 30JIbl TOJ BO3JCHCTBUEM LEHTPOOEKHBIX CHI
OCeal0T Ha BIAXHBIX MPYTKaX pemieTkd. Boma cMbIiBaeT 301y u 0Opa3oBaBIIMIACS ILIaM
cOpachIBaeTcs B CHUCTEMY THApo3ojioyaaneHus. [Ipon3BoauTenbHOCT, MOKPBIX CKpyOOepoB 1o
rasy — g0 220 TeIc. M3/11, OKHMJIaeMBbIi K.M.J. o4ucTkH — 92 %. Ha ommH KoTioarperar
YCTaHaBJIMBAETCS HE MEHEE JABYX MOKPBIX 30JI0YJIOBUTENEH.

B oanexmpogurbmpax npIMOBBIE Ta3bl OMBIBAIOT OCAJUTEIbHBIE M KOPOHUPYIOIIUE
3JIEKTPOABI, MEXKIY KOTOPBIMU CO3JIa€TCS CHUJIBHOE 3JIEKTPUUYECKOE I0JI€ MOCTOSHHOI'O TOKAa.
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Hampapnenue ra3oBoro MmoToKa — TOPU30HTAIBHOE WM BEpPTUKANIbHOE. Yalle MpUMEHSIOTCS
YHU(PUIHPOBAHHBIE TOPU3OHTAIBHBIC 3IEKTPOGUILTPHI (prc. 17).

Koponupyromiue 3J1eKTpoibl BHITOIHSIOT JICHTOYHO-UTOJIBYATOT0 THUIA. 30JIa OCAXKIAACTCS
Ha OCAQJMTENBHBIX 3JeKTpoaax. C MOMOIIBI0 MEXaHW3Ma BCTPSIXWUBAHHUS PaMbl C DJICKTPOIaMHU
MPUBOJATCS B ABWIKCHHE M 305Ia cOpachiBaeTCsi C HUX B 30JI0BbIE OYHKEpa JIEKTPOPUIBTPOB.
Koadpdunuent nonesnoro aerctBus 3mekTpoPuiabTpoB — 10 95 — 98 %.
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Puc. 17.]IpIMOBO# TOPU30HTAIBHBINA INTACTUHYATBIA IBYXCEKIIMOHHBIN TPEXITOIIOCHBIA dJIEKTPOPUITBT:
1 —msea noosecku u 6cmpaxuBanusi KOPOHUPYIOUUX INEKMPOO08, 2 —Kopnyc, 3 —001bliasn u3oaamopHas Kopooka,
4 —manas u30aAMoOpPHAs KOPOOKa, S —KOpOHUpYrOwUe 31eKmpoosl; 6 —ocadumenvHble 31eKmpoobst,
7 —ycmoue Oyukepa; 8 —nwinesoti Oyukep; 9 —msea 6cmpaAXuUSaHUs 0CAOUMENLHBIX 2]IeKMPOO08;
10 —scmpsaxusarowee ycmpoiicmeo ocaoumenbHuiX 31eKmpooos,
11 —nwok;, 12 —nnockue eazopacnpedenumenvhvie peuiemKu.
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Tazooymuegswvie ycmpoiicmea. PaznuyaioT clelyone BUIAbl TATH KOTEIbHBIX YCTAaHOBOK:

€CTECTBEHHYIO;

NPUHYAUTEIBHYIO C IPUMEHEHHEM JILIMOCOCOB,;

YPaBHOBEUICHHYIO C UCIIOJIb30BaHUEM JIBIMOCOCOB U JYThEBBIX BEHTUJISITOPOB;

C HaJITyBOM U IIPUMEHEHHUEM JYThEBBIX BEHTHJIATOPOB IPU OTCYTCTBUH JIBIMOCOCOB.

EcrecTBeHHas W TpUHYAUTENIbHAS TATa MPUMEHSIOTCS JIMIIb B MEJIKHX YCTaHOBKAaX.
Kpynubie koTioarperatsl paboTalOT ¢ ypaBHOBEHICHHOW TsArou. [laporeHeparopsl ¢ HaaaIyBOM B
OCHOBHOM paboTalOT Ha ra30Ma3yTHOM TOILIUBE.

Kotnoarperarel yKOMIUJIEKTOBBIBAIOTCS  PaHaIbHBIMH  HJIM  OCEBBIMU  JTBIMOCOCaMHU.
PaauanbHbie THIMOCOCHI UMEIOT JIONATKH, 3arHyThie Hazan (puc. 17,a), muoo Buepen (puc. 17,6). Ha
maporeHepaTopax OOJBIIONH MOITHOCTH MPHUMEHSIOT 0CEBbIE J5IMOCOCH! (puc. 17,B, T), OCHAIIICHHBIC
HAMPAaBIIAIOMIMMU anapaTamHu.

a) o)
N\
ffffff <_ : -
4 :

B) r)

Puc. 18.Cxembl pauagbHBIX U OCEBBIX IBIMOCOCOB.

Hnst peryaupoBaHUsi  MPOU3BOJAUTEIBHOCTH  TATOAYTHEBBIX  MAIIMH  IPUMEHSIOT
JIBYXCKOPOCTHBIC JBUTATEIH, THAPOMY(THI, HAMpaBisgOmMe anmaparbl. JlomaTku ABIMOCOCOB B
pe3ynbTaTe BO3JACHCTBUS 30116l OBICTPO M3HAMIMBAIOTCS. MIX PEMOHT MPOU3BOIUTCS MTyTEM HAILJIaBKH
TUTAHOBBIMM CIIaBaMH.

Bo3ayx mns momnep:kaHusi mpolecca ropeHusl BIYBAeTCsl B TOMKY C MOMOIIBIO TYyThEBBIX
BeHTWISTOpoB. K KoOTmoarperatam OONBIIOW MOIIHOCTH JUISI OXJKICHHUS IMOAIIUITHUKOB
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Bpallaromuxcd MalluH (,Z[BIMOCOCOB, AYTBCBBIX BCHTHUIIAATOPOB, MCJIbHUI U I[p) IoaacTcCs
TexHn4yeckas Boja. (Cma3ka MOANIMITHUKOB JBIMOCOCOB BBICOKOH TPOM3BOIUTEIBHOCTH —
NpUHYAUTCIIbHAA, C IPUMCHCHUCM MACIIOHACOCOB CUCTCMbI CMA3KH.

3onomnakoyoanenue. DEKTPOCTAHIINY, paOOTAIOIINE HA TBEPAOM TOIUTMBE U OCOOCHHO —
Ha 6ypBIX yrieix, BBIGpaCI:IBaIOT 60J'IBLHOC KOJIMYECTBO 30JIbI — COTHH TOHH B 4HacC, T.K. 30JIbHOCTbH
Oypeix yrieit mocturaetr 45 % u G6omee. CBOEBpeMEHHOE ynajeHHEe 30J1bI — HEOTheMJIeMas 4acTh
mporecca BeIpaboTKU AiekTpodneprun Ha TOC; ero HapyiieHne IPUBOJUT K CHIDKEHUIO HArpy3Ku
CTaHIIMH BILIOTH JI0 OCTAHOBKH.

CucreMsl 30JIOIUIAKOYAAJICHUA paCCUUTBIBAOTCA HaA O6€CH€‘I€HI/IG 9BaKyallu IIJIaKOB U TOU
49aCTH 30JIbl, KOTOpas HC BBI6paCI>IBa€TC}I B ABIMOBBIC TPY6I:I, U ONPUMCHACTCA CICAYIOINX TUIIOB.
MexaHu4eckas (MCIoJIb30BaHNE BarOHETOK); MTHeBMaTu4eckas (yIaleHre 30J1bl C TOMOIIBIO CKATOTO
BO3/yXa); XKHUJIKOE 30JI0ILIAKOYAAJICHNAE C THAPABIMYCCKIUM TPAHCTIOPTUPOBAHKEM 30J1bI (B TOIKE —
MOCTOSIHHBIA ~ YPOBEHb  pacniaelienHo2o TIIaka W 30Jbl); ruapasiuyeckas (puc. 19);
THAPONMHCBMATUYCCKAS.
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Puc. 19.Cucrema 3010y 1aJIeHUST € pa3eIbHBIM THIPOTPAHCTIOPTOM
1iaka 0arepHbIMUA HACOCAMU U 30JIBI IIJITAMOBBIMU HACOCAMHU:
1 —nacoc cmvigHoll 800bl;, 2 —ycmpouicmeo 015 YOaieHus 00pa3068asulecocs 8 monke ullaka,
3 —3010cmbiHOl annapam; 4 —winaxkoevlil Kanan, S5 —3onvuelil kanan; 6 —opodbuika,
1 —memannoynasiueamens; 8 —bacepuwiii Hacoc, 9 —wnamosuwiii Hacoc; 10 —szonownaxoomsar,
11 —bacceiin oceemuennoli 8oovl; 12 —nacoc oceemuennoll 800bi;
13 —pesepsyap oceemnennoii 600vl; 14 —noonumxa.

Hawnbomnee pacnpocTpaHeHO THAPO30JI0YIATICHUE C UCTIONH30BAHUEM OarepHBIX M IIJJAMOBBIX
(meckoBbix) HacocoB (puc. 28). IllnakoBble KaHaNbl 3alMIIAIOTCS OT H3HOCA OOJUI[OBKOM
0a3anpTOBBIMH TIMTaMH. Kojeca OarepHbBIX HACOCOB HM3rOTABJIMBAIOT M3 CTAIM C MPHCAIKOU
Mapranmna. UToObl TpemoXpaHUTh IIEHWKYy Bajla OarepHOro Hacoca OT aOpa3sWBHOIO H3HOCA, K
CaJIbHUKaM TofaeTcst yuctas Boaa moj gasienueM 0,5 — 0,6MIla. OObIYHO ycTaHABIMBAETCS HE
MEHee TpeX OarepHbIX HacocoB (OJMH — B pabOTe, BTOPOW — B pe3epBe M TPETUH — B PEMOHTE).
K.m.g. 6arepasix HacocoB — 50 %,a nutamoBeix — 65 %.Pa3nensHas cucreMa ynaneHus 3076l U
IIJaKa TO3BOJISIET YMEHBIIMTh PACXOZ OSJCKTPOIHEPTHH, HO TpeOyeT OOJBIIero KOJIHYECTBA
TpyOOIIPOBOIOB.
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Ma3zymmnoe xo3aiicmeo TIC. Ha yronbHbIX 3J€KTPOCTAHLUAX €MKOCTb Ma3yTOXpaHWJINI]
OTHOCHUTEJIBHO HEBENMKA, T.K. B HUX XPAaHUTCS HEOONbIIOE KOJINYECTBO Ma3zyTa, HEOOX0AUMOe IS
«IIOJICBEYMBAHUSA» B TOMKAaxX MpH paboTe KOTIOB C MajbIMH Harpyskamu, MpH HEYCTONYMBBIX
pexxumax M npu pactonkax. OOG0pyaoBaHHE PAaCTONOYHOI'O MA3yTHOTO XO3SHCTBA JOJIKHO OBITH
paccynTaHo Ha OJHOBPEMEHHYIO PACTOIIKY YeThIpeX maporeHepaTopoB sHeproomsokos 300MBT niu
rect sHeproosokoB 200MBrT ¢ Harpyskoii 30 %X HOMHHAIBHON MPOU3BOAUTEIBHOCTH [4].

B cocraB Ma3yrHOro Xxo3siicTBa BXOIAT Ma3yTOCIMB, NPUEMHBIE pe3epByapbl C
NepeKayMBAIONIMMKE HAacOCaMH, pe3epByapbl XpaHEHMs, Hacochl | moabeMa, mapoMa3yTONpOBOBL;
€CITM Ma3yT SBISETCS OCHOBHBIM TOIUIMBOM, fo0aBisercst HacocHas || moabema. Hacocs! | mogbema
obecrieunBaroT Hamop 0,63 MIla u momauy 963 Mg Mazyta nipu 50 % nwmpkymsaiuu; Hacocs!
NObEMa PACCUUTAHBI HA MPOU3BOAUTENBHOCTD 235 M4 ¥ Ha Hanop 4,7 MIla. U3 gyeTsipex HacocoB
| u |l mogbema — Tpu paboUnX M OJIUH PE3CPBHBIN.

TumoBas TexHOJIOTHMYECKasi cxeMa Ma3zyTHoro xossaiictBa TOC mpuBeneHa Ha puc. 29. Jlns
IPHUBOZOB HACOCOB Ma3yTOXO3SIMCTB MPHUMEHSIOT 3JIEKTPOABUIaTeNN 3aKPBITOIO HCIOJIHEHUS.
Bokpyr Ma3zyTOXpaHWIHMIN BBINOJHSAIOT MOXKAapHBIE MPOE3dbl, MOXKapHbIM BojonpoBox. Muorma
BOJIN3H OT Ma3yTOXPAHUIIMIL COOPYXKAIOT CKJIa/l IEHONOPOLIKA U OXKapHBINA pe3epByap.

ITumamenvuvie nacocvl KOmMa06. B KayecTBE MUTATENBHBIX HACOCOB KOTJIIOB MCIIOJIB3YIOT
MHOTOCTYIIEHYAThle HACOCHl IIEHTPOOEKHOIO THIA, PACCUUTAHHBIE Ha pPAadOTy IpH BBICOKOH
TeMIepaType NUTAaTeIbHOW BOABI. MOIIHOCTh WX 3aBUCHUT OT MPOU3BOIUTEIFHOCTH KOTIA U
nasieHus napa. [lutarensabsie Hacochl 2HEpro6sokoB 300 — 120MBT nmeroT MomtHOCTh OT 12 10
42 MBT 1 cOCTaBJISIFOT OONBIIIYIO YaCTh MOITHOCTH CHCTEMBI C.H. OJI0KA.

OTH HAcOChl OTHOCATCS K YMCIly HauOoJiee OTBETCTBEHHBIX pabOuMX MAIIMH CHUCTEMBI C.H.
TEIUIOBBIX AJIEKTPOCTAHLMH, TaK Kak OHHU JOJDKHBI OOECIeYMBAaTh HEMPEPhIBHYIO IOAAYY
IUTATEIbHOM BOJBl B KOTJIBI ¢ MaKCUMaJbHOW HAJEXKHOCTbIO M 3KOHOMUYHOCTHIO. B TeueHune
MHOTHX JIeT, MTOKa MaKCHMallbHasi MOIIHOCTh OJOYHBIX arperatoB He mpebimana 200 MBT, a
JIaBJIEHUE I1apa OCTaBalIOCh JOKPUTUYECKHUM, JAJIS MPUBOJA MHUTATEIBHBIX HACOCOB MCIIOJIb30BAIN
ACHHXPOHHBIE 3JeKTpoaBurarenu ¢ yacrtoror BpameHus 3000 o6/mun. Ha TOC Takme arperats
TPAIUIIMOHHO HA3BIBAIOT «IHUTAaTENbHBIE AeKkTpoHacockl — [I9H.» Hacockl ¢ mpuBogoM OT mapoBbIx
TypOUH MpPHUMEHSUIM TOJBKO B KauecTBe pe3epBHbIX. Mx abOpeBmarypa — IITH — <«aurarenbHbie
TypOOHACOCHI».
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Puc. 20.]IByxcTyneH4arasi TEXHOJIOTHYECKasl CXeMa Ma3yTHOTO Xo3sticTBa TOC:
1 —npuemnvie emxocmu;, 2 —nepexauusaiowjue Hacocwvl, 3 —pezepsyapul,
4 —Hacocwl nepsoco nodvema;, S —nodocpesameni Masyma,
6 —gurempol monkou ouucmru; 1 —HaAcocvl 6MOpPo2o Nodvema,
8 —konnexmop copsuei yupkysyuu (KIL]);
9 —konnexmop xonoonou yupxyisyuu (KXL]).

Kak rnmaBHBIE, Tak M IMyCKOPE3epBHBIE HACOCHI TPEOYIOT 3HAYUTEILHOTO JaBIICHUS BOJABI Ha
BXOJle, KOTOpPOE HE MOXKET ObITh 00ECIeUeHO 3a CUET PAa3HOCTH OTMETOK YCTAaHOBKH J1€a’paTOpOB
MUATATETbHON BOJBI M MUTATENBHBIX HAcocoB. B a3ToM ciydae mexnay npeaspatopom u [1OH
YCTaHABIIUBAIOTCS OyCHEPHbLE HACOCHI.

[Tpu mepexone k eauHUYHBIM MolHOCTAM OmokoB 300 MBT u Gosee u 3aKpUTHYECKUM
JAaBJICHUSAM Tapa PEe3KO MPOSBHIUCH MPEUMYIIECTBA MapOTypOMHHOIrO TMpuBoAa (TypOOmpuBO/Ia).
OHM 3aKIII0Ya0TCs B CIEAYIOLIEM:

MUTATEIbHBIA HACOC MOYKET OBITH BBHINOJHEH ¢ yacToToi BpameHuss 8000 — 1200®6/MuH.
VYBenuueHue 4acToThl BpallleHHs TO3BOJISIET YMEHBIIUTD YUCIIO CTYIIEHEH U pa3Mephl HAacoca,

MOIIIHOCTh NPUBOJHOW TYpOWHBI HE OTpaHUYEHAa, U €€ SKOHOMUYHOCTh YBEIMYMBAETCS C
YBEJIMYEHUEM MOIITHOCTH. JTO TMO3BOJSIET WMETh OJIMH MHUTATENbHBIM Hacoc B Osoke. I[lpwm
NPUMEHEHUH TPUBOAHBIX  ACHUHXPOHHBIX  AJIEKTPOABHUIaTeled  MakCUMalbHas  MOIIHOCTb
MUTATEILHOTO HACOCA OTPAHMYUBACTCS MOIITHOCTHIO DJIEKTPOIBUTATENS, KOTOPAsi HE MpeBhIMaeT 6 —
8 MBrT;

YBEJIUYMBACTCS BblJaya AJIEKTPOIHEPTHH OT 3JEKTPOCTAHI[MU B SHEPTOCUCTEMY BCIIEJICTBUE
YMEHbILIEHUS HarPy3KHU CUCTEMBI C.H.;
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o0OecrieunBaeTCs BBICOKAS YKOHOMUYHOCTh PETYIHPOBAHUS TPOU3BOAUTEIHLHOCTH HAcoca
IpU TEPEMEHHBIX Harpy3kax, IMOCKOJIbKY 4YacTOTa BpAIICHHs] MPUBOJHOW TYpOMHBI MOXKET OBITh
TUTABHO M 9KOHOMUYHO U3MEHEHA B IIMPOKHUX Mpeenax;

3HAYUTENIbHO YMEHbIIAIOTCS MOLTHOCTU TPaHC(HOPMATOPOB CUCTEMBI C.H. JIEKTPOCTAHIUH U
3HaueHue Toka K3 B ceTr cCOOCTBEHHBIX HYXK]I;

Ipy NPUMEHEHUH NapOoTYpOMHHOIO MPUBOAA YacTOTa BpalleHHUs MUTATEILHOTO Hacoca,
paboratomiero ¢ OONBIIMM  TPOTHBOJABICHHEM, HE  3aBUCUT OT  4YacTOThl  CETH.
CrnepnoBarenbHO, IPU OTKJIOHEHUSAX YaCTOTHl OT HOMHUHAJIBHOTO 3HAYEHHS MPOU3BOAMTEIHLHOCTH
MUTATENLHBIX HACOCOB HE CHUKACTCS.

[lepeuncienHble TpeuMyIIecTBa MApOTYPOUHHOTO MPUBO/IAa MUTATEIBHBIX HACOCOB MOIIIHBIX
K3C nocnyxunu ocHOBaHHEM K OTKa3y OT 3JEKTPUYECKOrO MPUBOAA I IMUTATEIbHBIX HACOCOB
Osounbix arperatoB MomiHOCThI0O 300 MBT u Bbime. Ilap mis mpuBogHONM TypOWHBI OepeTcs u3
COOTBETCTBYIOIIET0 0TOOpa riaBHOW TypOuWHBI. HO MpHM 3TOM BO3HUKAIOT 3aTPYJHEHHS C MYyCKOM
KoTiaa u Onoka B menoMm. [loatomy mis 6mokoB 250-300 MBT mpemycMarpuBarOT MO OJHOMY
JOTIOTHUTETFHOMY MUTATEIFHOMY HACOCY C MPHUBOJIOM OT AJIEKTPOABHUTATENSI U C MOAa4YeH, paBHOM
50 % momaum riaBHOTO TypOoHacoca. Ha cranmusx ¢ 0Oosiee MOUTHBIMH OJIOKAMH COOPYXKAIOT
0COOBIE IYCKOBBIE KOTENbHBIE C COOTBETCTBYIOIIMM JaBIICHUEM Iapa, WU JIOMOJTHUTEIbHBIC
napoBble MaruCTPaIM JUIsl MOJauy Mapa K MUTATEIbHOMY HAacOCY OT COCETHUX OJIOKOB.

Hupkynayuonnvlie u KoHOeHcamHble HACOCHI OOCIYXUBAIOT KOHJCHCATOp TYpPOWHBI.
[{upkynsMOHHBIE HAcOChl O0ECMEeUMBAIOT LUPKYISLHUIO OXJaXJIaroueil Boabl dyepe3 TpyOku
KOHJICHCATOpa, a KOHJICHCATHBIE HACOCHI OTCACBHIBAIOT U3 HETO KOHACHcAT. [Ipon3BOAUTEIHLHOCTh
KOHJICHCATHBIX HAacOCOB Majo 3aBUCUT OT HArpy3ku TypOoarperata, ¥ MO3TOMY s HUX HeE
OpelycCMaTpUBAIOT  CHOCIHAIBHBIX ~ Mep Uil peryiaupoBaHus.  [IpoM3BOAMTENBHOCTH
HUPKYJISILIHOHHBIX HACOCOB MPUXOJUTCS PETYIMPOBATh, TaK KaK pacxo]l OXJia)xJaroliei BOJIbI B
3HAUUTEIHHOW CTEMEeHH 3aBHCHT OT €€ TemmepaTypbl. PacdeTHas TpOU3BOIUTEIHHOCTH
OTIpeJIeNIAETCs 10 JIETHEMY PEKUMY pabOThI, KOTJ]a pacXo/1 BO/bI ObIBA€T MaKCUMaJIbHBIM.

Ha TOII[ oOblyHO coOpykaroT OOIIECTAaHIITMOHHBIE HACOCHBIC, U MX MPOU3BOAUTEIHHOCTH
PEryaUpyIOT YUCIOM NapajljIebHO pabOoTaIoOMUX HUPKYISAIMUOHHBIX HacocoB. Ha KDOC wame
COOpPYXaIOT OTJEJIbHbIE HACOCHBIE ISl Ka)XKJOTO OJIOKa C YCTAaHOBKOM Ha HHUX JIBYX HAacOCOB
oceoro Tuma. [lpum BeIXOHE U3 pabOThI OJHOTO W3 HACOCOB JAPYrol obOecreyuBaer
npubnu3utenbHo 60% momHOTO pacxoaa MUPKYISAIIUOHHONW BoAbL. [loauy HACOCOB peryIupyroT
MOBOPOTOM JIOTIACTEH pabouero Koieca.

KonneHncaTHble Hacochl OTKa3bIBAIOT dYalle, Ye€M MUTATEIbHbIE U LUPKYJISIUOHHBIE, a
CTOMMOCTh MX 3HAYUTEIhHO MeHbIe. [103TOMy Ha KaxkIblid OJOK OOBIYHO MPEAYCMATPUBAIOT TPU
Hacoca: JBa pabouyux ©W OAMH PE3epBHBIN; Kaxapli paccuntan Ha 5S0% mosHOM
MPOU3BOIUTEIHLHOCTH.

KonneHncaTtHble W IUPKYJISALMOHHBIE HACOCHI MPHUBOJSAT BO BpalleHHE ACUHXPOHHBIMU
JBUTATENISIMU BEPTUKAIBHOTO HCTONHEHUS. [[1s MUPKYISIHOHHBIX HACOCOB YacTO MPUMEHSIOT
JIBYXCKOPOCTHBIE JBUTATENH C KOPOTKO3aMKHYTBIM PpPOTOPOM, YTO TO3BOJSET PACHIMPUTH
MpeaeIbl peryIupOBAHHS.

Cemegvle Hacocvl BXOIAT B COCTaB pabOYUX MalIMH CHUCTEMBI C.H. TEIUIO(UKAIIMOHHBIX
DIIEKTPOCTAHIIUN, a TaKXKe MOTYT YCTaHABIMBATHCS HA MPOMEKYTOUYHBIX HACOCHBIX CTAHIIHSIX
teriopukanuu. OHU 00ECHeurBaIOT LUPKYIALMIO TopsyYeil BOAbI B OTOMUTEIBHOW CHCTEME
BHEITHUX MoTpeOuTeneit. [IpuBogoM A STUX HACOCOB CIYKAT aCHHXPOHHBIC SJICKTPOBUTATEIH.
Hanopnas xapakTepucTuka J0KHA UMETh BBICOKYIO CTaOMIBHOCTb, 00ECIIEUYNBAIOIIYIO HAJEKHYIO
paboTy B HIMPOKOM JAMAIa30HE MOJa4 MPH KOJIEOAHUSX TeMIepaTyphbl BOABI U JNABICHUS BHYTPHU
Hacoca. CeTeBble HACOCHl MEPBOrO TMOABbEMAa MONAIOT BOAY M3 00paTHOro TpyOOmpoBoIa
TEIIO(QUKAIIMOHHOW CeTH B TOJOTPEBATENH, BTOPOrO0 TMOAbEMa — U3 IMOJOTpeBaTeNel B
TEIIO(QUKALIMOHHYIO CETh, PELMPKYIALHUOHHBIE HACOCHl YCTAaHABIMBAIOTCS IOCIE BOJOTPEHHBIX
KOTJIOB. Bce HAacOChl TOpU30HTANIBHEIE.

Hacocbl MoryT pacrnionaraTbCsi HUK€ WM BBIIIE YPOBHS JKUIKOCTH CO CTOPOHBI BXxona. B
NEPBOM CJIydae HAcCOChl pabOTAOT «C MOIMO[pOM», BO BTOPOM — <C IOJCOCOM», MpPUYEM
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JIOITyCTUMasi BBICOTA BCACHIBAHMS OIpAaHMYEHA YCJIOBUSMHU OTCYTCTBHUS THAPABINYECKUX YIApOB U
BO3HUKHOBEHHUs KaBuTanuu. [lepen myckoM Takoro Hacoca MOXKET BO3HHKHYTH HEOOXOIUMOCTH
IPEIBapUTEILHOTO 3aMIOTHEHUS KHUIKOCTBIO BCACHIBAIOIIETO TPAKTA.

B HacocHyio ycTaHOBKY KpOoMe Hacoca BXOJSAT MPHUBOJHOM JBHUraTellb U KOMMYHUKALUU.
Cucrema cHabkeHa HEOOXOIMMBIMM 3a/IBKKAMH M OOpaTHbIMM KianaHamu. HacocHas cTaHuus
COCTOHT U3 HECKOJIBKUX HACOCOB, KOTOPBIE MOTYT pabOTaTh MapaieabHO (U1 YBEIUYCHHS [OJa4H)
WX TIOCJICIOBATENILHO (U151 YBEIMUCHHS HATIOPA).

Pabouue mamunot cucmemol cMasKu u pezZyiuposanus mypouHsl OTHOCATCS K KaTerOpUu
0c000 OTBETCTBEHHBIX pabOYMX MAaIlWH, TaK KaK MPU UX OTKA3aX MOTYT OBITh MOBPEXKICHBI
cama TypOMHa WJIM MOJIIMITHUKY TypOorenepaTopa. Banbl BpaimaioTcs B OMOPHBIX MOAIIUITHUKAX
C BKIQJBIIIaMH, 3aJUTBIMH 0a00utom. J[msi BOCHpHATHS OCEBOrO yCWIMS Ha TypOMHax
YCTaHABJIMBAIOTCS YIOpPHbIE TMOAIIMIHUKM C CErMEHTHBIMU BKiIajbplaMu. [loamumHuky
CMa3bIBAIOTCS TYpOMHHBIM MAacjOM; JaBJIGHHE B CHCTEME CMa3Kuh OOecIreuyuBaeTcs paboyuMu U
yCKOBBIMU HacocaMu. BbIcokasi HaZie)kHOCTb 3TUX MAIINH JOCTUTAETCS PE3ePBUPOBAHUEM CaMUX
MAIlIMH U BBIOOPOM COOTBETCTBYIOLIMX MCTOYHHUKOB 3JIEKTpocHaOX)eHus. Tak, HampuMmep, CUCTEMY
perynupoBanust TypOuHbsl 300 MBT o0cimy)uBaloT Tpu MacjOHACOCa. JBa B3aMMO3aMEHSIEMBIX
pabounx Hacoca MMEIOT 3JEKTPONPHUBOJ MEPEMEHHOTO TOKA, a TPEeTUH — aBapHiHBIA HAcoC —
UMEET TMPHUBOJI IOCTOSHHOrO Toka. HopmanbHO paboTaeT OJAMH MaclioHAcoC C MPHUBOAOM
nepeMeHHoro Toka. [Ipu ero OTKIIOYEHHH WM ONMacHOM CHHXXEHUHU JaBIECHUS Macia B
HAMoOpHOM JMHUM aBTOMAaTHYEeCKU Oe3 BBIACPKKH BPEMEHH BKJIOYAETCS BTOPOM MacjoHacoc, a
yepe3 OJHY CEKyHAY JOTOJHHUTEIbHO BKIIIOYACTCS AaBapUUHBIM MAaclIOHACOC C IPUBOIOM
MOCTOSIHHOTO TOKa W 3JIEKTPOCHAOXEHHEM OT HE3aBUCHUMOI0 HCTOYHUKA — aKKyMYJISTOPHOMN
Oarapeu.

PerynupoBanue TypOWH BKJIIOYAET B CeOSl PETYJSATOP CKOPOCTH, aBTOMAThl O€30MacCHOCTH,
CHCTEMY 3alllUT, IPEAOXPAHIIOMNX TypOOreHepaTop OT aBapHii, U OpraHbl yNPaBIECHUS BITyCKOM
napa. Pa3ianuaioT cucTeMbl pPerylupoBaHHs ¢ MEXaHWYECKUMHU W THUIPABIUYECKHUMH CBA3SIMU U
ruIpoAMHaMuueckue. B kauectBe pabodero Teiga B TaKMX CHCTEMax IMPHUMEHSIOT Maclio WU
HETOpIOYHe KHUIKOCTH.

Jnis mpoBOpaunBaHUs pOTOpa TypOUHBI B TOPSIYEM COCTOSIHUU TPU IPOTPEBE 10 «TOTYKA» U

IpU OCTAaHOBKE — YTOOBI HE JOMYCTHTh TEMIEPATypHbIX JedopMaluii Bajia, CBS3aHHBIX C
HEPAaBHOMEPHBIM €ro OCTBIBAHHEM — Ha TypOMHAX MPEAyCMATPUBAIOTCS BAI0N0BOPOMHbIE
ycmpoticmea.

B typb6oreneparopax ¢ 6000poonbim oxnaxcoenuem NPEAOTBPALICHUE YmeuKu 6000podd B
MecTe BBIXOJ]a Bajia pPOTOpa U3 KOpIyca reHepaTopa OCYIIECTBIISETCS MMOCPEICTBOM CHEUUATIbHBIX
MACNAHBIX YHIOMHEHUNl 6ald, pPa3MEIIaeMbIX MEXKIYy TOPIEBBIMU IIUTAMH W OMOPHBIMHU
NOIIIATHIKAMH. [IpUHIMN NEHCTBHS YIUIOTHEHUS Baja 3aKII0YacTCs B 3allMPaHAW BOAOPOJA
HENPEPBIBHBIM BCTPEUHBIM MOTOKOM Maclia, M0/IaBaeMbIM B Y3KHI 3a30p MEXKIy BaJlOM POTOpa U
BKJIQ/IBIIIIEM YTUIOTHEHUS TIOJ] TaBJICHHEM, TIPEBBIIIAIOIIEM JaBlIeHHE BOJ0opoaa. B 3aBucumoctu ot
KOHCTPYKTHUBHBIX OCOOCHHOCTEH YIIJIOTHEHUH Tepernaj MaBiICHH Maclio — BOJAOPOJ HAaXOIUTCS B
npenenax 0,04 — 0,0MITa (0,4 — 0,%rc/em?).

B oskcmmyaranuu  BO3MOXKHBI  KPAaTKOBPEMEHHBIE CHIDKEHHUS JIaBICHUS Macla IpU
HapyImIeHHH pPabOThl CHCTEMBI MAcCIIOCHA0)KEHUs. 3a4acTyi0 3TO COMPOBOXKIACTCS MPOPHIBOM
BOJIOPOJIa Yepe3 YIUIOTHEHUE U BBIILIaBIeHHEeM 0a00uTa BKiIaabIma. [|Jis OBBIIICHUS] HAICKHOCTH
paboThl YIJIOTHEHUH Bayia TypOoreHepaTopoB MOIMHOCTEI0O 60 MBT m BbIIE mpemycMoTpeHa
o0s3aTeNbHAsl yCTAaHOBKA JieMII(pepHBIX 0aKoB, 00ECIEUMBAIOIINX TOJIEPKAHUE MOJIOKUTEIEHOTO
mepenana JaBlICHUS Macla ¥ BOJIOpPOJAa TpPHU aBTOMATHYECKUX M PYUYHBIX TEPEKIFOUYCHUSIX
HMCTOYHUKOB MaCIIOCHA0KECHHUS.

Coenunenue nemmdepHoro 0Oaka 1O Maciay JODKHO OBITh IOCHIEIOBATEIBHOS WU
nocieoBatenbHo-mapaiensioe (puc. 30). DtuM obecrieunBacTe HAIMYUE B TPYOONpoBoOmax U Oake
BCETJa TEIUIOr0 Macia; KpoMe TOro, Maciio B TpyOe MpH TaKOM COCIWHEHHH BCETJa HAXOAUTCS B
COCTOSIHUM ~ JIBIDKCHHSI, TIO3TOMY TOTPEOHOCTh BO BHE3AIMHOM TIOBBIIICHWM pacxoia Macia
YIOBJIETBOPSICTCS C MEHBIIICH MHEPIIMOHHOCTEIO, YeM €CITH ObI MacyIo B Tpy0axX HaXOIUIIOCh B COCTOSTHUT
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nokosi. Bmectumocts nemndepsoro Gaka orpanmucHa (1,5 — 2M°), OH CIOCOGEH 0GECIICUHTH
0e3HacOCHOE NMUTaHUE YIUIOTHEHWIH MAacioM B TEYEHHE HECKOJIBKHMX MHHYT MpPU pabouell JacToTe
BpallleHUs] M, KaK MpaBWIO, PAacCUMTHIBAacTCs Ha oOecrieueHue BblOera TypOoarperara co CpbIBOM
BakyyMa B TeueHue 15 muH. [TosToMy utst mpeoTBpamieH sl OTIOPOKHEHHS 0aKa W TTOBPEXKICHUS
YIUIOTHEHHI TPEIyCMaTpHBaeTCs CIICIMaIbHAs TEXHOJIOTHYECKAs 3alliTa OT CHYKCHHUSI YPOBHS B Oake C
JCCTBHEM Ha OCTAaHOB TYPOWHBI, OTKIIFOUCHHE TEHEpaTopa OT CETH U TAIIICHUE €T OIS

B cxeme maciiocHaOkenst (pric. 21)mpemycMOTpeHsI yCTpOICTBa OUUCTKHI Maciia OT PacTBOPEHHOTO B
Heii BOIOPO/Ia M BO3/IyXa — IKCTaycTephl (BEHTHIISITOPBI CIICIMATHHON KOHCTPYKIIMH, CO3IAIOIINAC Pa3PEIKEHIE
u, Oyaroziapst SToMy, OTCACHIBAFOIIIME BO3YX MM I3 M3 MacJla).

X

NacrisHoe
7 YIVIOT HeHVe

6

X

q

Puc. 21.Cxema MaciiocHaOxeHHs! YIUIOTHEHHI Bala KOJIBIIEBOTO THITA
TypOoreHeparopo MomHOCTEIO 60 — 30MBHT:
1 —macnonacoc ¢ npuso0OM HOCMOSIHHO20 MOKA; 2 —MACTIOHACOC € NPUBOOOM NEPEMEHHO20 MOKA,
3 —macnooxnaoumens, 4 —maciuawill uremp; S —maeHummuwbii puromp; 6 —pe2ynamop oagneHus,
1 —cmomposoe okHo; 8 —demnghepruiii bax, 9 —npomusocughonnvuil kianan; 10 —macnokonmponvhblil
nampyoox; 11 —macnoynosumeny, 12 —sxceaycmep cusnoeo koexmopa; 13 —oxceaycmep macnobaka;
14 —macnobax mypounvt, 15 —eudpasnuueckuii 3ameop;, 16 —secmosas mpyoa.

Bcnomozamenwvuvie  coopyycenus  mennogblx  3J1eKMPOCHAHUUIL. K gucny
BCIIOMOT'aTCIIbHBIX coopyxceHHﬁ TCIIJIOBBIX BHGKTpOCTaHHI/Iﬁ OTHOCATCA aI[MI/IHI/ICTpaTI/IBHO-
OBITOBBIC  37IaHUS, KOMIIPECCOPHBIC,  DJIEKTPOJU3CPHBIE, YCTPOWCTBA  BOJOIOJTOTOBKH,
MacJIOX035HCTBa, MacTepCKHe, CKIaabl M Jp. 3[aHUS M COOPY)KEHHUS OOBETUHSIOTCS B OOIIMe
KOpITyca U TPYIIIIHI.

Ha HCKOTOpBIX prHHBIX TCIIJIOBBIX BHCKTpOCTaHI_[I/IHX B HaACTOALICC BpeMH IIOMUMO
00BETMHEHHBIX BCIIOMOTATEIBHBIX KOPITYCOB COOPYXKAIOTCS JOTIOJHUTEIBHO (WHKCHEPHBIE»
Kopmyca Juist taboparopuii. O0beTMHEHHBIE BCIOMOTAaTEIbHBIC KOPITyCca U 3/IaHUS TJIaBHBIX IIUTOB
yrpasienus (coopyxkaembie Ha TOL]) cCoeTUHAIOTCS € TTIAaBHBIM KOPITYCOM MEPEXOTHBIMH MOCTAMHU.

Macnoxosssicmea u_xomnpeccopuvie. OCHOBHBIE TOTPEOUTETH Macia (MalluHHBIC 3aJIbl,
OPY) CcOemuHSIIOTCS C MAacJIOXO3SHCTBAMHM IMOCTOSHHBIMH ~ MAacJONpPOBOJAMH, KOTOPHIE B
Heo0OrpeBaeMoOl 30HE CHA0KAIOTCS MAPOBBIMU CITyTHUKAMH.

B MacnoxossiiicTBax yCTaHAaBIMBAIOTCS YETHIpe Oaka M3OJSIMOHHOTO, 4YeThIpe Oaka
TypOMHHOTO M JBa 0aka MAIIMHHOTO Macia s MEIbHUYHBIX CHUCTeM. EMKOCTBH Kaxmoro Oaka
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JIOJKHA GBITH HE MEHEE eMKOCTH XKEJIC3HOAOPOXKHOI UCTepHBL, T. ¢. 50M°. TIOMHMO 3TOr0 eMKOCTB
KaXJI0TO 0aKa JoJhKHA 00eCIIeunBaTh CO3/IaHHUE CIEAYIOIINX 3alacoB:

TypOMHHOTO Maclia — B KOJIMYECTBE HE MeEHee, 4YeM J3TO TpeOyercs sl 3armoTHCHHS
HauOOJIbIIIEH EMKOCTH TEXHOJIOTHYECKOT0 000PYyI0BaHUsI, M JIOJIUBKU Maciia B pasmepe 45-1HeBHOM
NOTPEOHOCTH BCEX arperaros,

M30JSIIMOHHOTO Macja — JUIS 3arojdHeHHUs] HauOOJbIIero 1Mo €MKOCTH TpaHcdopmaropa H,
KpOMe TOro, 3armaca Macia B pazmepe 10%o0T Bcero konmuecTBa Macia B TpanchopMaropax;

MAIIMHHOTO Macjia — JJIsl 3aJMBKM MACJSHBIX CHUCTEM YEThIpeX MEJIbHUIl U JIOJIUBKU B
paszmepe 45-THeBHOI; MOTPEOHOCTH BCEX METBHUII.

3amac mpo4YrX CMa304HbBIX Macel CO3JaeTcs U3 pacuera Ha 45 THel SKCIuTyaTaluy.

Jns pereHepanuu TpaHc(HOPMATOPHOTO Maciia TMPUMEHSIOTCS YCTaHOBKH C 00paOoTKOM
Maclia CHJIMKarejieM WM IeoiduTaMu. PerenepaTuBHas yCTaHOBKA COCTOMUT U3 azcopdepa, HacOCOB,
MOIOTpeBaTeIIs Macia u (GUIbTp-mpecca.

KommpeccopHble TEIUIOBBIX AJIEKTPOCTAHLMK OBIBAIOT OOIIEr0 Ha3HAYEHUS U s
obcnyxxuBanust PY. KommpeccopHble o00IIero Ha3Ha4eHUs CHAOXalOT CXKaTbIM  BO3AYXOM
YCTpOICTBa BOJOMOATOTOBKH, MAacTePCKUE M TPyOOMpPOBOJBI CKATOTO BO3AYyXa ISl PEMOHTHBIX
HYXJ B TJaBHOM Kopryce W apyrux 3manusax TOLl. Kommpeccoper PY HeoOxomumbl ams
o0ecrnedeHus CKaThIM BO3yXOM BO3YIIHBIX BBIKIIOYATEICH.

Komrpeccopsl 11eecoo0pa3Ho ycTaHaBIUBATh B OTICIBHOM IMOMEIICHUH 3/IaHUHN PelIeHHBIX
nyHktoB OPY wunm Ha mepBoM dTaxe 37aHus TyiaBHOro murta ynpasieHus TOL[. OObraHO
coopykaercs omHa KommpeccopHas i Bcex OPY; mnpu  Oonmpliod  MPOTSHIKEHHOCTH
BO3JyXONPOBOJOB M TMpPU HAIMYUU CBBIIIE TpeX paboyux KOMIPECCOPOB  KaXKIbIN
MIPOU3BOIUTEIBHOCTBIO O0JIee 2-5M°/MuH 1 nByx u 6osiee OPY coopykarT 1Be KOMIIPECCOPHEIE.

Onekmponuzeprnvle. ['eHepaTopbl €  BOJOPOJHBIM  OXJAXKIEHHUEM  00ECIeUUBaAIOTCSA
BOJIOPOJIOM, MTOABO3MMBIM B OANTOHAX OT IEHTPAIBHBIX 3JIEKTPOIH3EPHBIX, TIOCTPOCHHBIX HA OTHON
U3 DJIEKTPOCTAaHIMII AHEPrOCUCTEMBI, €CIM HMEIOTCS JOPOTH C TBEPAbIM MOKPBHITUEM U JUIMHA
noporu s noctaBku 6amnonoB He npeBbiaeT 100 kM mpu moruaocT TOC 10 600MBT 1 50 kM
npu OoJibIIeld MOITHOCTH. B npyrux ciydasx s momydeHust Bojgopona Ha TOC coopyxkaroTcs
COOCTBEHHBIE HJIEKTPOIH3epHbIe (puUc. 22).

VYcraHoBKa IBYX 3JIEKTPOIM3EPOB 00s3aTeNNbHA MPHU AaBieHUU Bogoponaa 0,2 MIla u Beie.
[Ipu Gonee HU3KOM MABJICHUU MOXET OBITH YCTAHOBIIEH OIMH AJIEKTposm3ep. Ha psge TernoBhIX
JMEKTPOCTAHIIMIM PAa0OTaIOT AIIEKTPOJIU3EPHBIE C AIIEKTPOJIM3EpaMU TMPOU3BOAUTEIBHOCTHIO TIO
Boz0poy 4 M /4. TIpH BBICOKON MOTPEGHOCTH B BOJOPOIE MOXKET HCIIOIB30BATECS GOJIEe MOLIHAS
YCTaHOBKA, KOTOpasi UMEET MPOU3BOAUTEIIBHOCTD 1O Bojmopoay 24 M4 U 10 kuciopoxy 12 M/,
YcranoBka obecrieunBaeT 4ucToTy Bogopoaa 98% u kucnopona 97%. BozmokHa mpuMech azora
1%. Pacxop ameKkTposHepruy Ha mosrydeHue 1 Mo Bojopoaa — 7,4xBt-4.

YcTaHoBKa IBYX 3JEKTPOJIM3EpPOB o0s3aTeNbHa MpH AasieHuu Bojgoponaa 0,2 MIla u Beime.
[Tpu Gosnee HU3KOM JAaBIEHUU MOXKET OBITh YCTAaHOBJIEH OJMH 3JieKTpoiusep. Ha psae TerioBbix
DIIEKTPOCTAHIIUN PabOTAIOT DIEKTPOIU3EPHBIE C DIEKTPOJIU3EPaAMH IPOU3BOIUTEIBHOCTHIO T10
Bozopony 4 M. [Tpu BBICOKOW MOTPEOHOCTH B BOJOPOAEC MOXKET MCIOJIb30BATHCS 00JIee MOIIIHAS
YCTAHOBKA, KOTOPAsi MMEET MPOM3BOIUTEIBHOCTD [0 BOXOPOAY 24 M/4 1 o Kuciopoxy 12 mfd.
VYcranoBka obecrnieunBaeT 4yucTOTy Bomoposa 98% u kucinopoma 97%. Bo3moxkHa npumech azoTa
1%. Pacxon 3neKTposHEpruu Ha noixydeHue 1 Mo Bojopoaa — /,4xkBt-4.
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Puc. 22.TexHonorndeckasi cxema 3J1eKTpoiau3epHoi yctaHoBku COVY-8:

1 —z2azocbopnuxu (pecusepwi); 2 —enazoomoenumens; 3 —ucnapumenv X0I00ULbHOU MAULUHBL,
4 —g00sIHOU XONOOUTbHUK,; S —02Henpezpadumens; 6 —npomwvieka 86o0opoda; 1 —npomuvléKa
kuciopooa; 8, 9 —pezynamopwi dasnenus; 10, 11 —pazoenumenvruvle Kononku,

12 —snexmponuzep, 13 —numamenvhoiil 6ax; 14 —eudposzameop ons kuciopooa,

15 —nacoc ons snexmporuma; 16 —6ax ona snekmpoauma; 17 —pamna ons
yenekuciomuwix oaniionos; 18 —pamna ons azomuuix 6a110H08.

XpaHeHHe Ta30B OCYIIECTBISACTCS B HECKOJBKHX Ta30COOpHUKaX — pecusepax (MHOTIA B
HIECTH: TPH Ui KHUCJIOPOAa W TPHU Uil BOAOpPOjaa). EMKOCTh BOIOPOIHBIX PECHBEPOB JOJDKHA
o0OecreunBaTh 3aroJIHEHNE BOJOPOIOM HaWOOJBIIEr0 TeHepaTopa U MOKPHITHE YTEUeK B TEUEHUE D
JHEW MpU HAIMYMU ABYX AeKkTpoiu3epoB u 10 nuHelt npu Hammuuu ogHoro. PecuBepsl Tak xe, Kak U
JMIEeKTPUYECKUE MAIIUHBI, JOJDKHBI ObITh 3a3eMyeHbl. [l pecuBepoB MpeaycMaTpHUBaeTcs
rpo303alIiTa, a TaK)Ke BO3MOXHOCTh MPOAYBKH TPYOOIPOBOAOB JIIEKTPOJIM3EPHBIX YCTAHOBOK
a3oToM. JlHuma pecuBepoB B 3MMHEE BpEeMs B psAc CiaydaeB OOOTpeBAIOTCS TOPSYECH BOJOM.
DNEKTPOIU3EpHBIE JOKHBI OBITh TOJHOCTBIO aBTOMATU3UpOBaHBL. [lomMuMO ycTpolicTBa
3JIEKTPOJIU3EPHBIX IPU HAIWYMM DJIEKTPUYECKMX MAalIMH C BOJOPOJHBIM  OXJIAXKICHHEM
NpeaycMaTpuBaeTCs CKJIaJ BOAOPOJAd, B KOTOPOM XPAHUTCS aBapUMHBIA 3amac BOAOpOJAA B
OanoHax.

Ha TOC mpemycmarpuBaeTcsl IEHTPAIM30BaHHAS yYCTAHOBKA JJIsi CHAOXKEHHS T€HEPaTOpOB
YTIEKUCIOTOM. 3amac yriaekuciaoThl JOHKEeH o0ecreuynBaTh TPEXKPAaTHOE 3alI0JIHEHUE TeHepaTopa ¢
HauOOJBIIUM Ta30BBIM O0BEMOM. YTIIEKHCIIOTa MOABOAMTCS MO TPYyOONpoBOAaM K MacioOakam
TypOUH, MOAMUITHUKAM U K 3aKPBITHIM KOMIUIEKTHBIM TOKOIIPOBOAAM F€HEPAaTOPOB.

Looicapro-xosaticmeennoe 8000ocHabcenue. Ha TEINIOBBIX W aTOMHBIX 3JIEKTPOCTAHLUSAX
NOJbKHA OBITh CO3/1aHa HaJe)KHas CHUCTeMa MPOTUBOMOXKApHOM 3amuThl. [Ipu mpoexkTupoBaHuu
MOKapHOTO TpyOONpoOBOJa BHYTPH TJIABHOTO KOPITyca pacxoJ BOABl HAa TOXKapOTYyIICHUE
NPUHUMAETCS JIJIS IByX BHYTPSHHHUX MOXKAPHBIX KPAHOB ¢ pacxomoM He MeHee 2,51/c. Kpome Toro,
YUHUTBIBAETCSI PAcXoJ BOJbl Ha BCE JpEHUYEpPHbIE 3aBechl. Pacxol BOJIbI Ha HApPYXKHOE
MOXKapOTYIIICHUE TJABHOTO KopIiyca mpuHUMaercss paBHbIM 25 n/c. TlokapoTylieHre Ha3eMHBIX
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CTAJILHBIX PE3ePBYapOB C MAa3yTOM 00HEMOM [0 2000M° MpeAyCMaTpUBAETCsl PacbUIEHHON BOJIOM,
a pe3epByapoB OOJbIIEH €MKOCTH W MOA3EMHBIX — C NpHUMEHEHHWEM IeHbl. Pacxon Boabl Ha
MOYKApOTYIIICHUE HA yroJbHOM CKiaje npuHumaetcs paBHbiM 10 n/c. TIpu pacuerax pacxom BOAbI
Ha Hapy)XHOE MOKapOTyIlIeHHE MO MPUBEJICHHBIM paHee HOPMaM HE CYMMHPYETCS C pacXoJOM Ha
MOKapOTYIIIEHNE TEeHEePATOPOB, CHIIOBBIX TPaHC(HOPMATOPOB, YTOJIBHBIX CKIAJ0B U BhIOMpaeTcs IO
HauOOJIBIIICH pacuyeTHOM Beau4YMHE. Ha TemmoBBIX AIEKTPOCTAHIMAX C TypOOreHepaTopaMu
MotHOCThi0 60 MBT 1 BbIlIe MpeaycMaTpUBaeTCs YCTAaHOBKA JBYX MOXKapHBIX HACOCOB, OIWH W3
KOTOpBIX C MPHUBOJOM OT ABUTATEIsl BHYTPEHHErO cCropanus. s moxapoTyLIeHHsS OTAEIbHBIX
3naHuil npu Hamope 1 Mlla paspemaercst ycTaHOBKA IOBBICUTENIBHBIX HAcocoB. BkitoueHue
MOKapHOTO Hacoca C 3JIEKTPONPHUBOJAMHU JIOJDKHO OBITh 3aMpPOEKTUPOBAHO JIHUCTAHIIMOHHOE, C
rnaBHoro mmwmra ynpasienus (CLIY), npudyem nomkHA OBITH TaKKe NPEAYCMOTPEHA CBSI3b C
MOKapHBIM JETIO.

B cXeMy BOJIOCHAOXKEHHMS BXOAT MOKAPHbIE pe3epByaphl (00br4r0 emkocTbio mo 1000Mm° u
6osnee), Hacocusle (1-ro U 2-ro moabeMa), BOAOHAMOpPHbIE OamHu. TpyOOmpOBOABI TEXHUYECKOMN
BOJIBI YKJIATBIBAIOTCS MEXK]TY TIIABHBIM KOPITYCOM H JILIMOCOCHBIM OTJICJICHHEM, B KOTOPHIX UMEIOTCS
BpAIAIOIIMECs MEXaHU3MBI C OXJIaXIa€MbIMHU BOJIOM MOAMIMITHUKAMHU.

YcerpoiicTBa MEHHOTO MOXKAPOTYIIEHUS, KOTOPHIE MPUMEHSIOTCS IS TYIICHHS] TOPSIINX
Ma3zyTa U Maceid U B Psijie ClydyaeB YroJbHOW MBUIM, COCTOSIT U3 CKJIa/la EHOMOPOIIKa, pe3epByapa
JUTsL IGHOOOpa30BaHwsl, HACOCHOM CTAHITUH U CETH TPYOOIIPOBOIOB.

Ouucmra copocos TIC. Bee TeXHOTOTHUECKHE COPOCHI TEIJIOBBIX AJIEKTPOCTAHIIMM Tepe
BBIBOJIOM B OTKPBITBIE BOJOEMBI JIOJDKHBI OBITH MOJHOCTBIO O4YHINEHBI. OcoOble 3aTpyIHEHUs
BO3HHUKAIOT TIPH OYUCTKE BOJI, 3arpsi3sHEHHBIX HedTenpoaykramu. COpockl 00br9HO coaepskar 10 100
Mr/1 He(TENPOIYKTOB HANPABISIOTCS HAa OTCTOM B pe3epByaphl CO COpOCOM Macen M Mas3yra
(«10BYIIKM») M Jajiee Ha OYMUCTKY B MEXAaHHUYECKHE IBYXCIIOHHBIC, 3arpy)KacMble IMECKOM H
ApOOJIEHBIM aHTPALTUTOM (PHIIBTPHI.

['myGokast ouncTKa BOJBI OT Ma3yTa MOXET OBITh OCYIIECTBIICHa a0COPOIIMOHHBIM METOJI0M
myTeM (QUIBTPOBAHUS Yepe3 COPOCHTHI, HAIPUMEP aKTUBUPOBAHHEIN yronb. [Ipu 3TOM ocTarounoe
colepKaHWe Ma3yTa CHIXKaeTcs A0 1—2 Mr/a mpu HMCXOAHOM COACPXKAaHWU Mepe] TIyOOKOM
ourictkoi 10—15mr/n. Pa30aBneHreM KOHIEHTpAIUs HEPTEIPOIYKTOB JOBOIUTCS A0 MPEACIHHO
nonyctumori  — 0,1 mr/n. Ha TOC, pabortaromux Ha TBEpIAOM TOIUIUBE BOABI C COAEPKAHHUEM
He(TEnPOIYKTOB HANIPABIISIOT B CUCTEMY 30JI0IIAKOYAATICHUS.

COpochl MEXaHWUYECKUX (DHIBTPOB TPHUCOSTUHSIOT K CHIPOM BOJE, I0JIaBaeMOM Ha
XUMBOJIOOYUCTKY, a COPOCHI MOHHUTOBBIX (PUIBTPOB IyTeM JO0ABKU PEAareHTOB HEUTPATU3YIOT U
HaMpaBlIAIOT B CHCTEMY 30JIONLJIAKOYJAJIECHUs, B BOJOEMbI WIIM MHpyAbl-oxjaautenu. KonageHcar
BHIMIAPHBIX YCTAaHOBOK UCHONB3YIOT B 1ukie TOC, a comum 5mbO paccoia HAmpaBisiOT B
He(UIBTPYIOIINE 3eMJISIHbIE €eMKOCTH.

COpochl  TMPEANMYCKOBBIX M OKCIUIyaTallUOHHBIX TPOMBIBOK  IAPOTEHEPATOPOB U
TpyOONPOBOJOB HAMPABIISIIOTCS B YCPEAHUTENH, MPEICTaBISIONINE CO00l OTKPBIThIE OacceiHbI
Gonbmoit emkocTd — 10 10000-20000v°. B (HIBTPYIOIMX TPYHTAX GAacceifHbl JOMKHBI HMETh
COOTBETCTBYIOIIYIO THUAPOU3ONSLIMIO JHHUIIA M OTKOCOB BO H30€kKaHHE BBIHOCA TOKCHYHBIX
MatepuanoB. [lo cormacoBaHWIO ¢ OpraHaMd CAaHUTAPHON HMHCIEKIHUHU cOPOC MPOMBIBOYHBIX BOJ
MO3KET OBITh OCYILIECTBJICH B 30JI0IIJIAKOOTBAJIBI.

Jlexknus 4. Pa6oune MallIMHbI CHCTEMBbI COOCTBEHHBIX HY:K/ JIEKTPOCTAHIMIA M UX
XapaKTepUuCTUKHU

Pabourie MamMHBI CUCTEMBI C.H. JIEKTPOCTAHIINN BeChMa pa3HOOOpa3HBI MO0 HA3HAYCHHUIO,
KOHCTPYKITUU, MOIITHOCTH. {711 BeIOOpa THHa mpuBoja pabodux ManiuH HEOOXOIUMO 3HATh MX

MEXaHUYECKHUE XapaKTEPUCTUKU U CTIOCOOBI PEryIMPOBAHUS IPOU3BOAUTEIHHOCTH.

Padoune MalIMHBI ¢ HEJIMHEITHO BO3PacTalOLIeil MeXaHUYeCKOH XapaKTePpUCTUKOM
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HauGomnpmee mpuMeHEeHHE B CUCTEME C.H. 3JCKTPOCTAHIIMNA UMEIOT JIOTIACTHBIE HACOCHI U
BeHTWIATOpEl. Ha TOC 1 ADC nonacTHble MallMHBI MCHOJIB3YIOT, B YaCTHOCTH, B KA4E€CTBE
MUATATEIbHBIX, KOHACHCATHBIX, IHUPKYISAIUOHHBIX HACOCOB, Ha CTAHIHUSAX BCEX THUIOB — B
KauyecTBE HACOCOB TEXHHYECKOTO, IPOTHBOIIOKAPHOTO W XO3SHCTBEHHOTO BOJIOCHAOKCHUSI.
JlomacTHbIe BEHTUISATOPHI UCTIONB3YIOT HA TOC B Ka4ecTBE JBIMOCOCOB, TYThEBBIX BEHTHIISITOPOB,
BEHTHJISITOPOB IMEPBUYHOTO BO3IIyXa H JIP.

JlomacTHbIe MAITMHBI IEPEAAIOT SHEPTHIO OT JABUraTeNs K MEepeMeIaeMoii XUAKocTH (rasy)
C TMOMOIIIBIO pabodero KoJieca ¢ JIOMACTIMH U ACTSATCS Ha IIEHTPOOCIKHBIE H OCEBEIE.

B nentpobexxHOl MalMHe JTOmacTH BMECTe ¢ OOKOBBIMH CTEHKaMH pabouero Koleca
o0pa3yroT KaHajbl, HalpaBJICHHbIE OT IeHTpa Koyieca K mepudepun (puc. 1). ITosromy mpu
paboTe MalIMHBI KUJIKOCTH (Ta3), mocTymnaroiias B Hacoc (BEHTUJISITOP) B OCEBOM HAIpPaBICHHH,
MPUXOTUT BO BpAIIATEIBHOE IBMKEHUE W IO/ JCHCTBHEM IICHTPOOCKHBIX CHII TIEpEeMelacTcs B
OCHOBHOM B paJajbHOM HAaNpaBlIE€HUU. 3aTE€M MO CIHPATHLHOMY OTBOAY, BBIIIOJTHEHHOMY B BHUE
nuddy30pHOTO KaHaa, )KUAKOCTh (ra3) HampaBIsICTCS B HAIIOPHBIH MaTpyOoK.

B oceBoit MammHe (puc. 2) 5omacTd UMEIOT oOTeKaemblii mpodwib (Kak y Kpbuia
camoJieTa) M 3aKpeIuieHbl Ha BTYJIKE IMOJ YIJIOM K IUIOCKOCTH BpalleHHUs Kosieca. biaromaps
3TOMY MO 00€ CTOPOHBI KaXKJ0# JIOMACTH BO3HHKAET Pa3HOCTh JABJICHUHA M KakK CIEACTBHE —
JIBIDKCHHUE KUIKOCTH (ra3a) B 0CEBOM HaIpPaBIICHHH.

OceBble MalIMHBI O00IATAIOT PAIOM MPEUMYIIECTB Mepel EeHTPOOCIKHBIMU: OHU JIETKO
o0ecreunBaoT OOJIBIIYIO TMPOU3BOAUTEILHOCTh TMPHU YMEPEHHBIX Hamopax, 0oJiee HaIeKHO
paboTarOT mpu 3ambUICHHOM raze u umeroT Oonee Bbicokud KIIJ[ B oOmactu pacdeTHOI
MPOU3BOIUTENBHOCTH. [103TOMY B TIOCIIETHUE TOJIBI OHU HAXOMIST BCEe OOJbIIee MPUMEHEHHE B
CHUCTEME C.H. TEIUIOBBIX JIEKTPOCTAHIIMIA.

OKCILTyaTallMOHHBIC ~ KAa4eCTBA JIOMACTHBIX HACOCOB M  BEHTHIATOPOB  IOJHOCTBIO

OTpEACNATCS WX paboynMMH  XapakTEepPUCTUKAMH — 3aBUCHMOCTSMH  Haropa |
MPEACTABIISIONIETO COOO0M YACIBbHYIO SHEPTHIO, KOTOPYIO COOOIIAaeT MaIlIMHA KUJIKOCTH WJIU Ta3y,

MOIIHOCTA Ha Bajly D  u mommoro KII /] ot moxauu (MpOM3BOAUTEIHLHOCTH) Q Ot
XapaKTEPUCTUKH 3aBUCAT OT TUIIA MAIIUHBI.

Puc. 1.Cxema nmonacTHOM MamIUHBI IEHTPOOEKHOTO THIIA!
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1 —kopmnyc; 2 —nonacth; 3 — BXOJIHOE OTBEPCTHUE;
4 — criupanbHBIA OTBOJ, S5 — HAMOPHBIN MaTPYOOK.

'\\ZL

|
i

v AN
r !

Puc. 2.CxeMa J10IIaCTHON MaIIUHEBI 0CEBOr'0 THUIIA!
1 —xkopmyc; 2 —nonacte; 3 —JIONATOYHBIN OTBOT
(mampaBnsttoIMit anmapar).

Hacocvt  yenmpoberyucnozo muna OOBIYHO UMEIOT BBINYKIYIO XapaKTEPUCTUKY

| =f (Q) (ee yacTo Ha3BIBAIOT TJIABHOM MK I -Q -XapaKTePUCTUKON) C BOCXOAIICH U

HUCXOJSIIEH YacTIMHU — y9acTku 1—-2u 2—3 KpuBoit | =f (Q) , IPUBEJICHHOH Ha puc. 3.

HPFn

'L()nm.

r'max.

1 don.

0 Q onm. Q
Puc.3. Paboune xapakTeprCTUKH HAcOCa IIECHTPOOESKHOTO TUTIA.
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PaGora Hacoca Ha BOCXOHAIIEH YacTH XapaKTEPUCTUKHU HEXKeNareiabHa, TaK KaK OHa
COIPOBOXAAETCS OOJNBIIMMHE THIPABIHUECKUMHE ITOTEPSMH, ITYMOM M MOKET OBITh HEYCTOWYHBOH.
[ToaToMy mpu pa3pabOTKe KOHCTPYKIIMH HACOCOB CTpEeMATCS IOOWTBCSA, YTOOBI 3Ta YacTh

XapaKTepUCTUKH  ObUIa  OTHOCUTEIBHO  HeOonbmoi. Hucxonmsmas  dvacThb | _Q -

XapaKTePUCTUKU MOXKET OBITh Kak mojioroi (kpytusHa He npesbimaer 10 — 12%)rak u kpyToi
(mo 25 — 30%).Bei6op Hacoca ¢ TOW MM MHOW KPYTH3HOW XapaKTEPUCTHKH OMPEAEIACTCS TEM,
KaKOM mapaMeTp — Harop WK MoAavya — JOJKSH MaJIO U3MEHSITHCS MPU U3MEHEHHUH PexXrMa paboTh
Hacoca. 3aBucuMocTh KIIJ] HacocoB meHTPOOEKHOTO THIA OT MX MOJA4YU TaKXKE MPEACTaBISACT

co00l BBINYKIIYIO KpuBYI0 (uuus /] wa puc. 3), Kotopas nmpu HEKOTOPOIi Mmogaue Qi]‘ O . umeer

NN A

makcumyM 773 38 . IosTomy monava (}”' O . ¥ COOTBETCTBYIOIIUI €il Harmop | 170 . ABISIOTCA

ONITUMAJILHBIMH, a TOYKA 4 TJIaBHOH XapaKTEPUCTUKHA — TOYKOH ONTUMAIBHOTO pexuMa. B ycroBHusIx
BKCHJ'IyaTaLII/II/I HACOCHI 4aCTO pa60Ta10T C no;[aqeix'l nu HaHOpOM, OTJIMYHBIMHAU OT OIITUMAJIBHBIX, U,
caenoBaTenbHo, ¢ moHmKeHHABIM KIIJI. Onrako camxenne KIIJI 6omee uem Ha 7% HexenaTenbHO.

OTUM U ompenensercs pabounii y4yacTok | -Q -XapakTepucTuku (Ha puc. 3 OH OrpaHUYCH

TOYKaMHU S ¥ 6, KOTOPBIM COOTBETCTBYET MUHUMAIIBHO JomycTuMBbIid KIT/] /737 i)
3aBHCUMOCTb MOIIIHOCTH Ha BaJly HACOCOB LIEHTPOOEKHOTO THUIA OT WX MOJa4yd OOBIYHO
TpeCTABIsET COBOM CIerka M30rHYTYI0 BOCXOAAuIyio nuHmio (kpupas B ma puc. 3). Touka

NnepeccUCHUA 3TOH JIUHUHU C OCBIO opAuHAT ONpPCACIIACT MOIIHOCTL XOJIOCTOT'O X044 Dﬁ KOTOpasd

pacxonyeTcsi Ha TOKPBITHE MOTEePb, O0YCIOBICHHBIX IUPKYISIMOHHBIMU MOTOKaMHU B HAacoCe,
TPEHHEM IUCKOB O JKHJIKOCTh, a TaKK€ TPEHHEM B CaJlbHHMKAX WM TOIIUIHHKAX. MOITHOCTh
xojocToro xona ooergao He mpeBbimaeT 30 — 40% HOMHHANEHOW MOIIHOCTH Ha Bally Hacoca,
MO3TOMY NYCK B XOJ IEHTPOOEKHBIX HACOCOB TMPOU3BOMAIT TMPH 3aKPBITHIX HAMOPHBIX
3aaBrKKax [3].

Benmunamopvt uenmpobexucnozo muna padOTalOT CO CPABHUTEIBHO HEOOIBITNMU
narropamu (1o 15 000ITa) u mpakTHYECKH HE CKUMAIOT ra3, MO3TOMY MX paboduii MpoIecc Majo
oTIMYaeTcss OT pabodero mpolecca HEHTPOOSKHBIX HacocoB. OMHAKO MPUCYIIME BEHTUISTOPAM
KOHCTPYKTUBHBIE OCOOCHHOCTH OTPaKalOTCsI Ha WX XapaKTepUCTUKax. [locieaHune MoryT MMeTh
TOJILKO HUCXOJISAIIYIO YacTh WM (IPU MaJIBIX MMOJa4yax) cea1000pasHyoo Gopmy.

Hacocvl u seHmunamopol 0ce6020 muna TEPEIAIOT SHEPTHIO MOTOKY JKUIKOCTHA WM Ta3a
Omarogapss moabeMHON cuie Jomnactedd. IlosTomy ux paboume XapakTepuCTUKUA 10 (dopme

CYIIECTBEHHO OTIHMYAIOTCS OT XapaKTEPUCTHUK MalIMH IeHTpoOexHoro Ttuma. Yacto | -Q-

XapaKTePUCTUKH HMMEIT cenoodpasuyo ¢opmy (puc. 4). Hanuuwme B cpeaHeit yactu
XapaKTePUCTHKH BOCXOIAIICT0 y4dacTka (ydacTok 1-2 Ha puc. 4) MOXKET SBUTHCSI HMPHUUHOM
HEYCTOMYMBOM pPabOThl Hacoca (BEHTUJISATOPA); IOITOMY MAIIMHBI OCEBOrO THIA OOBIYHO
paboTalOT Ha HHUCXOMIIEH YacTU XapaKTEpPUCTHKH, PACIOJIOKEHHOM IpaBee TOUYKU 2, T.e. C
OoNpIIMMHU  TOa4aMU. MUHUMAaJbHYIO TOAady Hacoca (BEHTWJIATOpa) BBIOUPAIOT TaKUM
00pa3oM, 4TOOBI pa3BUBAEMbBI MIPU ATOM HAMOp MamiuHBI cocTaBisl HE Oonee 90 % namopa,
COOTBETCTBYIOIIETO BEpIIMHE TopOa TIIaBHOM paboueil XxapaKTEePUCTHKH.

Jlnana3oH UW3MEHEHHS TPOU3BOJMTEIBHOCTH, B KOoTOpoMm oTkiaoHeHus KIIJ ot
MAaKCUMAJIbHOTO HC BBIXOJAT 3da AOIMMYCTUMBIC NPCACIIBI, IIPU IIOCTOSIHHOHN 4acToTe BpalCHUA
3aBUCUT OT yIJla MOBOpOTa Jionmacteld. MaluHbl ¢ KE€CTKUM 3aKpPEMJICHUEM JIONACTEd HMEIOT

CpPaBHHUTEIHHO HEOOBIION paboUHii yuacTOK I -Q -XapakTepucTUKU. Hacoce! (BEHTHIATOPHI),
CHa0XEHHBIE YCTPOUCTBOM JJIs IMOBOPOTA JIOMACTEH MPH OCTAHOBJICHHON MAIlIMHE, TO3BOJISIOT
IIyTeM H3MEHEHHUs yIjla IOBOPOTA JIONACTEH HM3MEHATH IIPENEsbl PEryJupOBAaHUS IOJAYH,
OJHAKO MpHU J0O0M BBIOpAaHHOM 3HAY€HHUHM Yrila 3TU MpeAesbl OCTAIOTCS CPAaBHUTEIHHO
HGGOHBH_II/IMI/I. boiee 9KOHOMHUYHOC, HMIHUPOKOC U IIJIABHOC HM3MCHCHHUC MNOAa4YU OGGCHG‘II/IBaIOT
MalliHbl, 000pYyJOBaHHBIE YCTPOMCTBOM JUIsl MOBOPOTa Jionactedl Ha xoay. OObscHsAETCS 3TO
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TEM, 4TO NPU HEU3MEHHOM yTJje MoBopoTa jonacteid xapakrepuctuka KII/[ mammuHbl oceBoro
THIIa UMEET PE3KO BHIPAKEHHBbIN MakcumyM (kpusas /] Ha puc. 4) U CylIECTBEHHOE M3MEHEHHUE

MIPOU3BOIUTEIIBHOCTH MAITMHBI COMTPOBOXKIAETCA OBICTPBIM yMeHbIIeHueM ee KII/I.
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Puc.4. Paboune xapakTepUCTUKHU MAIIMHBI OCEBOTO THUIIA.

[Ipu u3MeHeHuu yria MoBOPOTA JIOMACTEH MPOUCXOIUT U3MEHEHUE KaK ITIaBHOM paboueit
XapaKTepUCTHKH, TaKk U xapakrepuctuku KIIJ[ (cM. myHKTUpHBIE KpUBbIe Ha puC. 4), IpHYeM
MAaKCUMYM IOCJIEHEN, OCTaBasICh IPAKTUYECKU HEU3MEHHBIM, CMEIIAETCS B Ty K€ CTOPOHY, 4TO

u paboyas 4acTb I -Q -XapaKTEePUCTUKH.

Oco0EHHOCTBIO XapaKTCPUCTUKN MOIIHOCTHU Ha BaJly MallMH OCCBOI'0 THUIlA SBJIACTCA
S3HAYUTCIBbHOC TMPCBBINICHUEC MOIIHOCTH XOJOCTOI0 XOJda Haxa HOMHHAJILHOM MOIITHOCTBIO

(xpuBas B ma puc. 4). [TosTOMY B OTIHYME OT LEHTPOOEKHBIX MAIIHH, MYCK OCEBBIX MAIIHH
IPH 3aKPBITOM 33JBIKKE HA HATIOPHOM TPYOOIIPOBOE HEAOMYCTUM.

M3MeHeHne 4acTOThI BpalleHUs JIONACTHBIX HACOCOB M BEHTWJIATOPOB IIPUBOAUT K W3MEHEHHUIO
UX TJaBHBIX paboO4MX XapakTepUCTHK. [Ipu 000 yacToTe BpamleHHs XapaKTEPUCTHKY MOKHO

MOJIy4UTh MyTEM IepecueTa | -Q -XapaKTEpMCTUKM, CHATOH NpU YacToTe BpameHus [ Ha

yacToTy Bpamenus I ¢ moMompio Tak Ha3kIBaeMbIX (POPMYJI IPOMOPIUOHANTBHOCTH. [Ipn HeydeTe

NU3MCHCHUA OG’BCMHOI‘O U TUAPABINYCCKOTO KHI[ JIOIMAaCTHBIX MAaIllMH C U3MCHCHUEM YaCTOThI
BpaleHus 3Td GOopMyJIbl UMEIOT Clieyronuil Bus [3]:

{_n

Q n @
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A, o0 @

Pemras (1) u (2) oTHOCHTEIBHO q u Hi , TOJTyYUM:
i ) dQ)
Q=QOL. H =H, | =HOpX|
=Q AR Y o) 3)

Takum 0Opa3oM, MpyU U3MEHEHHU YaCTOTHI BPAIICHUS JIOMIACTHBIX HACOCOB (BEHTUJIITOPOB)

nepeMeIeHne Jiro0oi TOYKH I -Q -XapaKTEPUCTUKU MPOUCXOAUT MO mapabose, BepIIMHA

KOTOpPOW HaXxOIUTCS B Havaje KOOpPAWHAT (CM. MyHKTUPHBIC JUHUHU Ha puc. 5). OOBIYHO Takue
napaboJibl Ha3bIBAIOT JTUHUSIMH ITPOIIOPLIHUOHAIBHOCTH.

H

Q

Puc. 5.13meHeHne rnaBHO# paboueil XxapakTepHCTUKU Hacoca (BEHTHIISTOPA)
U TO0JI0KEHUS pabouuX TOYEK IPU U3MEHEHUH YacCTOThI BpaIllEHUs.

[Ipon3BoANTENFHOCTh Hacoca (BEHTWJIATOpPA) TPH 3aJaHHOM YacToTe BpALICHUS
OTIpeNesAeTCs HE TOJIBKO €ro IJIaBHOW XapaKTEepPHCTUKOM, HO W CBOICTBaMHU TPyOONPOBOAHOM
CeTH, Ha KOTOPYI0 OH paboTaer. B o0mem cirydae Hacoc (BEHTHIISATOP) JOJDKEH CO3JaTh HAIOpP,
JTOCTAaTOYHBIN JJIA.

noBbINIeHUs JgaBieHus o [ (B pesepByape Ha cropoHe BcachiBamusg) g0 P (B

pe3epByape Ha CTOPOHE HarHETAHHUS);
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NoJbeMa KHUIKOCTH (ra3a) Ha BBICOTY | 3, PaBHYIO Pa3HOCTH I'EOJE3UYECKHUX BBICOT

MEXIY YPOBHAMHU XUAKOCTH HUJIM TOUYKAMH U3MECPCHUA NABJIICHUS B PE3€pBYyapax,

YBCIMUCHHUA CKOPOCTU IABUKXCHHA XKXUIAKOCTU (ra3a) COOTBCTCTBCHHO OT Vl a0 V2

(cxopoctu V) u V, u3sMepsroTcs B TeX e TOYKAX, YTO U JaBICHHE);

nokpertust  moteps  Harmopa Al B TMOJABOJSIIEM M HAMOPHOM TpyOOmpoBOIax,
00YCIIOBJICHHBIX THAPABIMYECKIM CONPOTUBICHUEM.

Ve

Ecin nasnenns [Py m P, Bepakens B mackansx, To TpeGyemblil Hamop | C.o M,
KOTOPBI OmpeaesieTcss TpyOOonpoOBOIHOM cucTeMoi, paBeH [3]:

_ 2 P
Hr=Hz+ 62 61+V2 V1+AH (4)
glp 2Lg '

2 : 3
rae g =9,81m/c” — yckopeHue CBOOOJHOTO MafieHUsI; O —IJIOTHOCTH XUIKOCTH (rasa), Kr/m.

Boipaxenue (4) Ha3bIBaeTCS Xapakmepucmukoii mpyoonposooda. IlepBoe u BTOpoe
cllaraeMble 3TOTO BBIPAKCHHUS HE 3aBUCAT OT CKOPOCTH ABHKCHHS XKUIAKOCTH (rasa), mo3ToMy

ONpPENEHAEMbIA UMHU HAIoOP H a + ( 62 - 6]_)/(9 DD) = Hﬁc‘) Ha3bIBACTCSl CIAmMUu4ecKum.

Tperbe u yeTBepTOE ClaraeMbie 3aBUCAT OT CKOPOCTH JIBMIKEHHUS KHUIKOCTH (rasza), mo3TomMy

2 2 —
COOTBETCTBYIOIIMH Hamop (V2 -V )/(2 EQ) +AH= Hééi Ha3bIBACTCH OUHAMUYECKUM.

Takum o6pazoM, XxapaKTEpUCTHKY TPYOOIIPOBOJAHOM CETH MOYKHO MPEACTABUTD TaK:

Ha=Hpp + Hyyi (5)

B ocsax | _Q XapaKTepUCTHKa TPYOONPOBOIAHOM CETH MPENCTaBIsIET cOO0M KPHBYIO,
OTCEKaIoLlYI0 Ha Och opauHaT otpe3ok Hpyy (oM. kpusyro Hpy Ha puc. 5).

[lpu TypOyJeHTHOM JBW)KEHMHM IKUAKOCTH (ra3a) CyMMapHbIC T[OTEpH Hamopa B
MOABOJANIEM M HAMOPHOM TPyOOmpoBOJaX C JIOCTATOYHOM TOYHOCTHIO MOXKHO CUUTATh
MPOMOPIUOHATILHBIME  KBaJpaTy CKOPOCTH JBMXKEHHS JKUIAKOCTH (ra3za) U, CIeJI0BaTeIbHO,
KBaJparTy MoJaun:

AH =k [Q? 6)

rae K - KOA(p(GUIUEHT NPONOPIHOHATIBPHOCTH WM XapaKTEPUCTUYECKUH KOI(PPHUIMEHT
TpybompoBoaa (cetn) [3].

CkopocTd ABWIKEHHMS S>KHAKOCTH (rasa) B pes3epByapax Ha CTOpPOHAX BCACBIBaHUS U
HarHeTaHWs B OOJIBIIMHCTBE CIy4acB OUCHb MaJjbl, MOATOMY ¢ ydueToM (6) BbipaxkeHue (4) MOXKHO
MPEJICTABUTH B CICAYIOIIEM BHJIC:

Hig=Hpo +kQ°, )

BnusiHue OTHENbHBIX Cllararoliux BbipaxeHus (7) U, COOTBETCTBEHHO, (4) pa3inyHO B
3aBHCHMOCTH OT HA3HAa4YCHHsl MallMHbl. Hampumep, y MNUTATENbHBIX HACOCOB OCHOBHBIM
SBJISICTCSL TEPBOE CjlaraeéMoe, TaK KaK TaKUM HacocaM IMPUXOAMTCS IMPEO0JIeBaTh OOJIBIIOE
NPOTHBOABICHHE TIapa B KOTJIE.
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Ecnu u Ha CTOpOHE BCachblBaHWs, ¥ Ha CTOPOHE HATHETAHUS PE3EPBYaphbl C KHIKOCTHIO
HAXOIATCS 1O aTMOoc(epHBIM JaBiicHHEeM (HampuMmep, B CHCTEME BOJOCHAOKEHHS), TO BTOPOE
ciaraemoe B (opmyie (4), onpemensieMoe pa3sHOCTHIO MaBICHHWI BO3JyXa B KOHIE M Hadaye
TpyOONPOBOAHOM CHCTEMbI, BECbMa MaJio U KM MOXKHO ITPEeHeOpeYb.

JIiist BEHTHIIATOPOB, MOJAONIMX BO3AYX MPH aTMOC(HEPHOM JaBICHHUH, CTATHYECKUI HAIIOp
paBeH HYJI0, TaK KakK BCJIEICTBHE HU3MCHECHHS 0apOMETPHUYECKOTO JABICHUS COCTABISIOIIME
CTAaTMYECKOr0 Harmopa BCerja YHCICHHO paBHBI W MPOTHBOIMOJOXKHBI MO 3HaKy. IlosToMy
XaPaKTepUCTHKA CETH B ITOM Cjydae NpPEACTaBIsSeT co0oi mapaboiy, MPOXOIAIIYI0 uepe3
Havano koopaunar (kpusas H, Ha puc. 5).

ITpu ycTaHOBUBIIEMCS peXHMe paboTa Hacoca (BEHTHIIATOPA) MOIIHOCTH, MEpeiaBacMast
MOTOKY JKMAKOCTH (ra3za) MaIlWHOM, paBHA MOIIHOCTH, PACXOAYyeMOHl B TPyOOIPOBOIHOW CETH.
O4eBHIHO, PABEHCTBO HTHX MOLIHOCTEH COGMI0AcTCs ToNbKO B Touke mepeceuenus | —Q -
XapaKTEPUCTUKU Hacoca (BEHTHIIATOPA), COOTBETCTBYIONICH 3aaHHOM 4acTOTe BpalleHus (KpuBas
H,, na puc. 5), ¢ xapaxrepuctukamu cetu (kpusbie Hy n Hp,). Takum obpasom, Touka B, B

KOTOpPOM NEpeceKarTcsl yKa3aHHbIE XapaKTEPUCTUKH, MOJHOCTHIO ONPEENIET YCTAaHOBUBIIMICS
pexuM paboThl Hacoca (BeHTWIsATOpa) — ero Hamop H p» pacxon Qp, MOIIIHOCTb Ha Bally Pp U

Ve

KIIJ{ 77y . O1a Touka IOKHA JIeKATh Ha pabodem ydacTke | —-Q -XapaKTEPUCTUKN MaIIUHbI

Y Ha3bIBACTCA padoueil.
M3MeHeHne 4acTOThl BpalleHUs] Hacoca (BEHTUJIATOpPA) MPUBOMAUT K CMEIICHHIO TOYKU

IIEPECEUEHUST €r0 | -Q -XapaKTePUCTHUKU C XapaKTEPUCTUKON TPyOONpPOBOTHONH CETH U K

M3MEHEHMIO Hamopa, nojaaudu, MomHocTd Ha Bany U KIIJ[ mammubl. 3TO CMElLIEHUE 3aBUCUT HE
TOJIBKO OT CTENEHW WM3MEHEHHs YacTOThl BPAIIECHHUS M XapaKTCPUCTUKA MAalIMHBI, HO U OT
XapaKTEePUCTHKN TPyOONPOBOAHON CETH, B YAaCTHOCTM OT CTAaTMYECKOrO Hamopa: 4yem Ooiblie
CTaTUYECKUH HAmop, TeM ObICTpee CHMXKAETCS MPOM3BOJUTEIBHOCTh MAIMHBI P YMEHBIIEHUU
€€ 4aCTOThI BpalleHus. ITO CIIE/YeT, HapUMEp, U3 cpaBHenus abcuuce Touek By u B, , B koTOphIX

T1aBHas pabodas XapaKTepPHCTHKA MAIIMHBI, TTOCTPOSHHAs /ISl 4aCTOTHI BpamieHus N, < Ny (kpusas
H,,) mepecekaercs ¢ XxapakTepucTHKamMu Tpy6OTIPOBOIHOM ceTH CoOTBeTCTBEeHHO mMpu Hpy # 0
(kpuBas Hy ) u Hyg =0 (kpusas Hp, ). Tlpu 3HAUNTENBHBIX CTATHYECKHX HANIOPAX, XaPAKTEPHBIX,

B YaCTHOCTH, JIA NHUTATCIIbHBIX HACOCOB, NAKC CPaBHUTCIBHO HEOOJIBIIIOE YMCHBIICHUC YaCTOThHI
Bpall€H1A MAalllMHbI IPUBOJUT K PE3KOMY CHMIXCHHIO €€ IPOU3BOAUTCIBHOCTH WUJIHM JAXKE IOJIHOMY
MNPCKpAlICHHUIO MMOAAa4YM KUIAKOCTH. HOCHGI[HGG HMECT MCCTO, CCJIIM B PC3YJbTATC CHUIKCHUA

4acTOThl BpalleHHUs] MAIllMHBI ee I -Q -XapaKTEepUCTUKA HE IMEepeceKaeTcsl C XapaKTePUCTHUKOM
ceru (cm. kpusble H, 5 u Hy ma puc. 5),T. e. ecrin Hanop, pasBUBaeMblil MAIIMHOM, OKa3bIBAETCS

PaBHBIM CTATUYECKOMY WJIM MEHBIIIE €T0.
CooTHOLICHHE MOMCHTOB Ha BaJly HACOCA MIIM BEHTUJIATOpPA IPU 9ACTOTaxX BpalleHus N u

N, ONpEAEISIeTCs CICAYIOINM BbIPAKCHUEM:

M _R/@ Qi n ©
M, Pja QMH,z; n-

WJIH, €CJIA IPUHATH BO BHUMaHue (7),
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B wacTHOM citydae, KOrjja CTaTUYECKUI HAoOp PaBEH HYJIO, M0Jadya U 4acTOTa BPALLICHUS
JIOTIACTHOM MAIIIMHBI CBsi3aHbl COOTHOIIeHHeM (1), Mo3TOMYy BBIp@KEHHE ISl MEXaHUYECKOM
XapaKTEPUCTUKH MPUHUMAET BUJ

2
Mi_mgn

M n, n (20)
1 I 1

Takum 00pa3oM, JIUIIL TIPU OTCYTCTBUU CTATUYECKOTO HAMOpa M HEOONBIINX M3MEHEHUSX
YacTOThl BpalllCHUs JIONACTHOW MamuHbl, kKorja wu3MeHeHue ee KIIJ[ He3HauuTtenbHO,
MEXaHHYECKYIO XapaKTEPUCTUKY B TIEPBOM MPHUOIMKEHUH MOXXHO CUMTATh napabdommueckoit. [lpu
HaJIMYWU K€ CTaTUYECKOro Haropa MOMEHT Ha Bajly MAaIllMHbI SBIISETCS CI0KHOM (yHKIIHEH 3TOro
Haropa U 4aCTOThI BPAILEHHUs, TAK KaK M0/1a4a HE MPOMOPLHOHAIIbHA YaCTOTE BPAILEHUS U 3aBUCHUT
OT CTaTUYECKOTO Hamopa.

YToOB! MOTYyYUTh MEXaHUYECKYIO XapaKTEPUCTUKY JIOMTACTHOW MAaIIWHBI, paboTaroIieil npu
CTaTHYeCKOM Hamope, Heo0X0IuMO:

1) Ha r7aBHOM XapaKTEPHCTUKE MAIIWHBI, COOTBETCTBYIOIICH HOMHHAJIBHOH YacTOTE
BpAIIICHUs], BLIOPATh s/l TOYEK U, UCIOJB3Ys GopMmyibl (3), HATH KOOPAMHATH COOTBETCTBYIOIIUX
TOYEK MPH APYTUX YACTOTaX BpallleHus,

2) 110 STHM TOYKaM [TOCTPOUTS | -Q -XapaKTEePUCTHKH TP Pa3HbIX YACTOTaX BpalllCHUS,
3) MOCTPOUTH XapaKTEPUCTUKY TpPyOONPOBOJHOW CETH, MpPEIBAPUTEIBHO BBIOpaB

XapaKTepuCTHUeCKuil K03 duuneHt K s (7) Takum, 4TOOBI XapaKTEPUCTHKA CETH IPOXOJUIIA
yepe3 TOYKY ONTHUMAIBHOTO PEXMMa TJaBHOM XapaKTEPHUCTUKH MAIIWHBI, OCTPOCHHOU IpH
HOMMHAJIbHOW 4acTOTE BpAICHUS,;

Ve

4) HaiiTH TOYKY TIIEPECeYCHHs] XapaKTEPHUCTHUKH TpPyOOIPOBOJAHONW CETH C | _Q -
XapaKTepUCTUKAMU MAallWHBI MPU Pa3HbIX YACTOTAX BPAIICHUSA U ONPEAEITUTh COOTBETCTBYIOIIUE
3HAYE€HHUS MOJa4Yu U HANlopa MallluHBI,

5) i BBIOpAHHBIX YaCTOT BPAICHHUS W HAMIECHHBIX B 1. 4 3HaueHUAX mogauu Haitu KII/]
MallyHEI,

6) mo HaliaeHHBIM B 1.0. 4 u 5 3HaYeHUAM moaaun, Harmopa ¥ KIT/l mMamuHbl onpeneanTs,
ucnonb3ys Gopmyiy (9), MOMEHTHI Ha €€ Bally, COOTBETCTBYIONIUE Pa3HBIM YaCTOTAM BPaIlCHHUS.

[TonyueHHBIE TaKUM 00pa30M MEXaHHUYECKHE XapaKTEPUCTUKH ISl Hacoca IEHTPOOEIKHOTO
tuna npu Hpy /Hii =0,5 u Hpg/Hi7y =0,9 mpusenens na puc. 6. Tam xe npuseneHa
MexaHH4ecKasi XxapakrepucTuka npu Hpg / Hi3; =0, mony4yennas ¢ momorusio BoipaxkeHus (10) B

NPEINOI0KEHUH, YTO TpU JTI000M HM3MEHEHWH 4YacToThl BpamieHuss Mmamubel ee KIIJ[ He
U3MEHSAETCA.
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Puc. 6. Mexannueckue XapakTepUCTHKH HacOCa LIEHTPOOEKHOTO THITa
IIPY Pa3HBIX 3HAYCHUSIX CTATUUYECKOTO HaIopa.

KpuBble oka3bIBatoT, 4TO ¢ YBEIMUYEHUEM CTAaTUYECKOTO HANOpa CYIIECTBEHHO BO3PACTacT
KpyTH3Ha MEXAaHWYECKOM XapaKTEPUCTHKM M YMEHBINACTCS JJIMHA Y4YacTKa, OTBEYAIOLIErO
NPOM3BOAUTEILHON paboTe MamuHbl (OOPBIB KPUBBIX O3HAYACT MPEKPAIICHHE MMOJIAYU KHIKOCTH
WU T'a3a), I03TOMY 3HAYHUTEIBHO YMEHBIIACTCS JOIYCTHMOE CHIDKCHUE YaCTOThI BPAIlCHNSI.

Ha TerioBbIX 3J€KTPOCTAHIMAX C OOJBIINM CTaTHYECKUM HAIIOPOM pabOTalOT MUTATEIbHBIC
Hacochl. [Io3ToMy Ipy CHMKEHHMH 9aCTOTBI BPALEHUS OHY PE3KO YMEHBINAIOT 01a4y MUTATEIbHON

BOJbI B KOTJIBI.

Jleknus 5. Pabo4yue MalIMHBI ¢ He 3aBUCSAIIEH OT 4YaCTOThHI BPALLlEH U
MEXaHHYECKOM XapaKTepuCTUKOMI

B cucreme c.H. TEMJOBBIX 3JIEKTPUYECKUX CTaHIUM, pabOTaroIMX Ha MbLIE-yroJbHOM
TOTUIMBE, IMEETCS 3HAYMTENbHAs rpynna pabounx MaimlvH, MpeIHa3HAuYCHHBIX ISl IPUTOTOBICHUS
Y TPAHCIIOPTA TOIUIMBA. DTH MAIIMHBI CYIIECTBEHHO OTJIMYAIOTCS JAPYr OT Apyra KOHCTPYKTHBHO,
paboTaroT ¢ pasHBIMH YacTOTaMU BpamieHus ¥ T. 1. OmHako OONBIIMHCTBO TaKWX MAIWH
(npoOwIIKK, METbHUIIBI, MHUTATEIH, KPaHbl, KOHBEWEpPhI, TPAHCIIOPTEPHI, INMHEKH U JpP.) UMEIOT
MPAKTUYCCKH HE 3aBUCSIIYIO OT YaCTOTHI BPAIICHUSI MEXaHHMUYECKYIO XapaKTepUCTHKY [3].

PeryanpoBanue npou3BOAUTEIbHOCTH PA00YNX MALIMH
CHUCTeMbI COOCTBEHHBIX HYKI

HpOI/ISBO,Z[I/ITeJIBHOCTB 3HAUYUTECILHOU YacTH pa60q1/1x MallluH CUCTEMBI C.H. BHCKTpOCTaHI_[I/Iﬁ
HE OCTAeTCsl MOCTOSIHHOM. JTO CBA3aHO C U3MEHEHUEM Harpy3Ku CTAaHLIMM U COOTBETCTBYIOILUM
W3MEHEHUEM TPOU3BOIUTEILHOCTH KOTIOB TOC M MOIIHOCTH, pa3BUBaeMol TypOuHamu. B psae
CJIydacB H€O6XOI[I/IMOCTB pEryjimpoBaHust NpoOU3BOJUTCIBHOCTH pa60q1/1x MalmiuH CHUCTEMBI C.H.
CBS3aHAa TaKXK€ C H3MEHEHHEM BHEIIHUX YycioBud. Tak, Hampumep, NPOU3BOAUTEIHHOCTh
IUPKYJIALMOHHBIX HAaCOCOB 3aBUCHUT HE TOJBKO OT HAarpy3ku TYpOMH, HO UM OT TEMIIEpaTyphl
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oxnamnammeﬁ BOAbI, IPOM3BOJAUTCIBHOCTH CYIIHUIBHBIX W MCIBHHUYHBIX BCHTHIATOPOB
OIMPECACIIACTCA KaK Harpy31<0171 KOTJIOB, TaK COPTOM H BJIA)XHOCTBIO TOIIJIMBA U T. [.
N3menenue MPOU3BOAUTCIILBHOCTU JIOMACTHBIX MAlllWH, T. €. U3BMCHCHHUC IMOJIOKCHUA TOYKU

IepeceyeHus | -Q -XapaKTepUCTHKU  Hacoca  (BEHTWIATOpA) C  XapaKTEPHCTHKON

TpyOONPOBOJHOW  CHUCTEMBI, MOMET OBITh OCYIIECTBICHO WJIM HW3MEHEHHEM TIJIaBHOM
XapaKTePUCTHKH MAIIWHBI, WX W3MEHEHHEM XapaKTCPUCTHKH TPYyOOIPOBOAHON CHCTEMBI.
[ToaToMy BO3MOXHBI PA3TMYHBIE CIIOCOOBI PETYIUPOBAHUS TMPOU3BOAUTEIHHOCTH JIOMACTHBIX
HACOCOB U BEHTHJIATOPOB. Tak, 011 MawuH yenmpobexncHo2o muna MPAMEHSIOT:

JPOCCENbHOE PErylupOBaHUE, T.€. PETyJMPOBAaHUE 3aJBHKKOW NMPH HEU3MEHHOW 4acToTe
BpAICHHS TPUBOAHOTO IBUTATENS U pabovell MallluHB,

peryIupoBaHHe U3MEHCHHEM YacTOThI BPAIICHHUs Hacoca (BEHTHIIATOPA);

peryupoBaHUe C MOMOIIBIO JIOMATOYHOr0 OTBO/AA (HAMPABIAIOIIETO armapara) — TOJIbKO
JUTSL BEHTUJISITOPOB;

KOMOWHUPOBAHHOE PETYIIMPOBaHUE, T.€. PETYIMPOBAHNE U3MEHEHHEM YacTOTHI BPAIICHHS B
COBOKYITHOCTH C JIPOCCEIIMPOBAHMEM MM PETyJUPOBAaHMEM C TIOMOIIBIO HAIPABISIONIETO
arrmapara.

PerynupoBanue npon3BOAUTENBHOCTU MAUWUH 0CE8020 MUna OOBIYHO OCYIIECTBIISIOT!

WU3MEHEHHEM YacTOTHI BPALICHHUS,

IIOBOPOTOM JIOTIAacTeH pabouero kojeca,

C MOMOII[BIO JIOMIATOYHOTO OTBOA (HAIPABJISAIONIETO anapara) — TOJIbKO /ISl BEHTHIISTOPOB.

Br16op crmocoba peryaupoBaHUs MPOU3BOIUTEIBLHOCTH OINpEaesieTcs: TpeOOBaHUSIMU B
OTHOIICHWU TUJIABHOCTH M TIPENEIIOB PETyIUPOBAaHUS, SKOHOMHYHOCTH, HAJACKHOCTH pPabOTHI
PETYIIUPYIOIIUX YCTPONCTB B PpA3IMYHBIX YCIOBUSX (KaKk HOPMAJbHBIX, TaK M aBapUHHbBIX),
BO3MOXXHOCTH MPUMEHEHHSI CPABHHUTEIHHO MPOCTHIX CIOCOOOB AMCTAHIIMOHHOTO ympaBieHus. Ha
BBIOOp crioco0a peryIrpoBaHUs CYIIECTBEHHO BIHSIOT TAK)KE THIT AJIEKTPOCTAHIINY, HA3HAYCHHE
¥ MOIIHOCTh pabouux MamMH U psija Apyrux ¢akropoB. Hampumep, ansg pabouux MamiuH,
YCTAaHOBIICHHBIX HAa  TEIUIOBBIX  JJEKTPUYECKUX  CTAHIUAX, YCIOBHE SKOHOMHYHOCTH
pETYIHpPOBAHUS SBJISETCS OJHUM W3 ONPEACTAIONINX, TaK KaK yMEHBIIEHUE JHEPTHH,
3aTpauyMBaeMoOl Ha MPUBOJA PabOYMX MAIIWH CHCTEMBI C.H. TEIIOBBIX JJEKTPOCTAHIHMH, Jaxe
Ha JIOJIW MPOICHTAa AAeT 3HAYUTEIbHBIM SKOHOMUYECKUI 3P eKT.

JlpocceibHOE peryJIupOBaHNe HACOCO8 IICHTPOOEKHOTO THIIA OCYLIECTBIISIIOT 3aBHKKOM
(mpoccenem), ycTaHOBJICHHBIM Ha HAIIOPHOM TPYOOIMPOBOJE, a IEHTPOOCIKHBIX GEHMUISAMOPOE —
JpocceneM, YCTAaHOBICHHBIM Ha MoJBoAAlEeM TpyOompoBoae. Ilpu 3akpeiTUu  Ipoccels

XapaKTEePUCTHUECKUN KOd(DPHUIMEHT ceTu K , Bxonsmuii B ypaBHeHue (7), yBelnMYMBaeTcs,
XapaKTePUCTHKA CETH CTAaHOBHUTCS Oojiee KPyToi (CM. KPHBYIO Hﬁ2 Ha puc. 7) U paboyas TOYKa

MalluHbl, OIpejensemMas IEepeceueHHeM  XapaKTEepUCTUKHM CeTH C TJaBHOM  paboueit
XapaKTepUCTHKOM Hacoca (BEHTHISITOPA), IEPEMEIaeTCs Mo mocieaneit u3 Touku B B cropony
yMenblienust pacxoga (8 Touky B;). Hosoit mpoussomutensHocTH Q OTBETCTBYET Harop

mamuHbl H,, X0Ts 10 3akphITHS Apoccens s oGecTeueH s ke MoJ[auu JIOCTATOYEH ObLT HAMOoP

Hi OIpenensieMbll TOYKOU Bi Ha XapaKTepUCTUKE TPYyOONpPOBOAHON ceTu Hﬁl' Takum
1 _ o

oOpasom, pasnocTs Hanopos H; —H; =AH, npencrasnser coboil norepro nanopa (uepruu)

B japoccene. OYeBUIHO, TOTEPs] MOIIMHOCTH Ha JPOCCEIMPOBAHHME B JOJSX MOIIHOCTH Ha Bajy
MAIIIMHBI, paboTaIoIIeH B HOMUHAILHOM (ONTHMAIbHOM) PEKHME, cocTaBiseT [3]

AP — leHl |—j7max (1)
Qn Hiyy 7y

V)
)
—
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Puc.7. VI3menenue Haropa ¥ 1MoJaydl MaIIMHBI IICHTPOOESKHOTO TUTIA
IIPU IPOCCEIBLHOM PEryJIUPOBAHUH €€ IIPOU3BOIUTENBHOCTH.

C yBenuueHHeM IITyOMHBI TAaKOTO PEryIMPOBAaHUS BO3pAcTaeT MOTEPsl HAopa B IpOCCENe U,
CJIeZIOBAaTEeNIbHO, BO3pPACTAlOT HENPOU3BOAMUTENbHBIE TOTEPU MOIIMHOCTU. DTHU TOTEPHU OCOOEHHO
BEIMKA IIPU OTCYTCTBUM NpOTHUBOAABIeHUA. CleI0BaTEIbHO, IPOCCENBHOE pEryJIUpPOBaHUE
MPOU3BOIUTENIFHOCTH MAIIMH IIEHTPOOEKHOTO THUIA BecbMa HEIKOHOMHUYHO. OnmHako Omaromaps
CBOCH MPOCTOTE U OTCYTCTBHIO KaKHUX-JIMOO ONOJHHUTENBHBIX YCTPOMCTB (3aBHKKa HEOOXoanMa
HE TOJIBKO JJI1 pEryjaupoBaHUs IPOU3BOAUTEIBHOCTH, HO M U1 OTACICHHUS MAIIWHBI OT
TpyOOIPOBOJHOM CETH B IEPHOIBI OCTAHOBOK ITOW MAIIWHBI) TaKOE PEryJIMPOBAHUE ITOJIYYHIIO
IIMPOKOE MPUMEHEHUE, 0COOEHHO JJIsi MaIlMH HeOOJBIION MPOU3BOAUTENBHOCTH, MPHUBOJUMBIX B
IBUKCHUE aCHHXPOHHBIMU JIEKTPOJIBUTATEIISIMU C KOPOTKO3aMKHYTBIM POTOPOM.

Jns MammMH OCEBOrO THUIIA [JIPOCCEIBHOE DPETYJIMPOBAHME HE IMPUMEHSIOT, IIOCKOJIBKY
YMEHBUIEHHE HUX TNPOU3BOAUTEIBHOCTH IYTEM HCIOJIb30BAHUSA 3TOr0 crocola peryaupoBaHUs
OOBIYHO COMPOBOXKIACTCSI CYIIECTBEHHBIM YBEJIMYEHHEM MOIIHOCTH Ha Baly (CM. XapaKTEPHCTHKY
MOIIHOCTH Ha puc. 4) W, CJIEIOBaTelIbHO, MOLIHOCTH, IOTPEOJsieMO  HPUBOIHBIM
JJIEKTPOABUTATEIIEM.

HN3meHeHne 4acTOTHI BPALEHUs JIONIACTHOM MAIIMHBI CONPOBOXKIAETCS COOTBETCTBYIOLUM
M3MEHCHHEM €€ TJaBHOW pabodell XapaKTepUCTUKA U IepeMelleHueM paldoyeil TOYKH T10

HEM3MEHHOH xapaktepuctuke cet (r.e. mo kpuBbiM Hpy wnmum Ha, wa puc. 5). Ilpu stom

OTCYTCTBYIOT MOTEpU Haropa B 3aJIBWXKKe. TakuM 00pa3oM, peryimpoBaHHE MPOU3BOAUTECIBHOCTH
JIOMACTHBIX MallMH W3MEHCHHWEM HX 4YaCTOThl BpAICHUS C TOYKH 3PEHHS IOTePh MOIIHOCTH
3HAYUTEIHHO DKOHOMHYHEE JIPOCCEIBHOr0, TOTOMY OHO IIUPOKO MPHMEHSIETCS Ui HaCOCOB U
BEHTHISITOPOB KaK HEHTPOOEIKHOT0, TaK U OCEBOI'0 THIIA.

OcoGenno  Oomnpmioit  3ddexT Takoe peryiMpoBaHME JaeT NpU  OTCYTCTBUHU
IPOTHBOJABICHHSA. ECIM TpH APOCCENEHOM peryaMpOBaHUHM HPOHM3BOAUTEIBHOCTH MAalIHHBI
IeHTPOOEKHOTO THIIA MOIIHOCTh Ha €€ Baly M3MEHSETCS B COOTBETCTBUU C XapPAKTEPUCTUKON
MOIIIHOCTH, TIOCTPOCHHOM JUIsi HOMUHAJIBHOW YacTOTHI BPALICHHS, T.€. TIPAKTHYECKH 110 JTUHEHHOMY
3aKOHYy, TO IpU PEryJUPOBaHUM HM3MEHEHHWEM 4YacTOThl BPALICHUS 5Ta MOIIHOCTH B IEPBOM
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npubmmwkennn (B npeanonoxenuu, 4ro KIIJ[ MammHel ocTaeTcss HEM3MEHHBIM NIPU U3MEHEHUH €€
M0JIa4M ¥ YaCTOTHI BPAIIEHHs) MPOMOPIHOHAIbHA KyOy MPOU3BOAUTEILHOCTH [3]:

R — Q tH, Hmax - Q
, , (12)

3

-0

~

O
_—
-
=
-
—

I
rae /71 — KII/I Hacoca (BeHTHISTOpA) IIPH YaCTOTE BPALICHHS N ¥ MPOU3BOAUTENBHOCTH Q) .

PerynupoBanue 4acTOTHI BpalIeHHs JIOTIACTHBIX MAIIMH MOXXET ObITh OCYIIECTBICHO WU C
IIOMOIIBIO 3JIEKTPOJBUraTeNeH, CHOCOOHBIX M3MEHSATh YAcCTOTY BpPAILICHUS, MM C ITOMOIIBIO
BapHaTOPOB YAaCTOTHl BpAIICHMS, BKIIOYAEMBIX MEXAY BaJOM JJICKTPOABHUIATENIsl M BaJIOM
IPYUBOANMON MAIIMHBL THAPOMY(]T, 3IE€KTPOMArHUTHBIX MYy(T CKOJIBXECHHS H T. 1.

I'uapomydTra cocrout u3 AByX noaymy¢t (puc. 8), oHa U3 KOTOPBHIX HACAKHBAETCS HA B
AJIEKTPOJIBUTATEIIA, A APYyras — Ha Bay padodeld MamuHbl. Kaxknas momymydra nMeeT BUJI Yallk U €
BHYTPEHHEH CTOPOHBI CHaOXeHa paauaabHbIMU neperopoakamu. OOpasyemble MpU 3TOM MOJOCTH
3all0OJTHEHB! JKUAKOCTBIO. [Ipm pabore. arperata Bam 3JIEKTPOJABHUTATENs BpamiaeTcs ObIcTpee
Bajia pabodyedl MaIIMHBI, MO3TOMY Ha YacCTHIBl JKUIKOCTH, HAXOIAIIUMECS B Pa3IHMYHBIX
nonymyprax, HO OJMHAKOBO YyJaJeHHBIE OT OCH BpAIICHUS, ACHCTBYIOT HEOIMHAKOBEIC
HEHTPOOEKHBIE CUIIBL: B BeAyIIeH nmomymydTe oHM OoJblie, 4eM B BeloMOi. B pe3ynbTare storo
KUJAKOCTD LUPKYIHPYET MeXIy noymyhramu (B BeIylieil OHA JABHIKETCS B HANPABICHUU OT OCH
BpallleHUs, a B BEJIOMOW — B IPOTHBOIOJIOKHOM HarpaBieHUH). J[BHKyIIHEcs MacChl KUAKOCTH
pasBuBaioT cuibl Kopmosimca, KOTOpBIE IaBST Ha paaualbHbIE MEPErOpPOAKH M TEM CaMbIM
OPUBOAST BEAOMYIO MonymMy(dhTy u pabouyio MammHy BO BpamieHue. PasHuma B yacTorax
BpAIICHHUs] BEAYIICH M BeIOMOW MOIyMYy(T 3aBHCHT OT KOJHWYECTBA JKUAKOCTH, NMPOTOHSEMOI
yepe3 MypTy, KOTOPOe MOKHO MEHSTh B IIUPOKHUX Mpe/enax.

['uapomypThl cTOCOOHBI OOECTIEYUTH TJIABHOE M3MEHEHHE YacTOTHhI BpalleHHS padodyux
mamuH. OJHAKO NMpPUMEHEHUE TUAPOMYy(]PT Iiesrecoo0pa3HO TOJIBKO IMPHU OONBIIMX MOIIHOCTSIX
pabouynx  MamMH, BBICOKMX  YacTOTax  BpalleHHs H  HEIIIYOOKOM  PEryJIHpOBAHHUU
OPOU3BOJAUTENBHOCTH, T.K. CTOUMOCTH THUApoMy(dT BbIcOKa, a ux KIIJI ymensbmaercs c
YMEHBIICHHEM YacTOTHl BpPAICHMS pabouell MaIllMHBI, MOCKOIBKY B YCTAaHOBHUBIIEMCS PEXHME

M.=M &
="~ - (13)

rae PC u P - MOIIIHOCTH Ha Bajly, COOTBETCTBEHHO paboueil MAaIIMHBI U JIEKTPOJABUTATES;

Ne u N —uacToTs! Bpamenus pabodeii MAIIMHBI U 2IEKTPOIBUTATENS.
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Puc.8. ITpunuun paboTel THIAPOMY(THI:
1 —Bau ayiekTpoABHTATENA, 2 —BaJI pabOYei MAIIHHBI.

DnexTpoMarHuTHas My(Ta COCTOMT JBYX OCHOBHBIX YacTedl — SKOPs, HAIIOMHMHAIOUIETO
pPOTOp ACMHXPOHHOTIO 3JIEKTPOJABUTATENs, U LMWJIMHAPUYECKOro 3yekTpomarHurta. Ilocnennmit
MMEET TOJIOCHI, BO30YXJaeMbIe IMOCTOSHHBIM TOKOM, U OTAEJCH OT SKOPS BO3AYIIHBIM 3230POM.
Onna u3 yacteid MyQThl KpEMUTCS Ha Baly JBHraTells, a Apyras — Ha Baixy padodeil mammubl. [Ipu
BpallleHUH BeAyIled YacTH My(Thl MarHuTHOE IIOJIE B3JIEKTPOMAarHuUTa IepeceKaeT SKOph U
HAaBOJWUT B HEM TOKHM. B pe3ynbTaTe B3auMOAEHCTBUS MArHUTHOTO IOJISI, CO3JaHHOIO 3THUMU
TOKaMHM, M MarHuTHOIO IIOJISI 3JIEKTPOMArHuTa CO3JaeTcsl AJIEKTPOMArHUTHBIH MOMEHT, O]
JeiCTBUEM KOTOpOTO BeaoMmas dacTh My(pTsel u pabouas MaliMHa NPUXOASAT BO BpallleHHE.
YacToTa 3TOro BpalleHUs] 3aBUCHT OT TOKA BO30YXACHHS SKOpPS, BCIEIACTBHE YETO €€ MOKHO
W3MEHATH B IIUPOKUX Mpeenax.

DneKTpoMarHuTHble MY(ThI MO3BOJISIOT 00ECHEUYUTh PEryIUPOBAHME YACTOTHI BpaIlCHUS
pabouux MalIMH B IIMPOKHUX MpeeNax, OJHAKO UMEIOT cpaBHUTeNbHO HU3kmi KI1J] [3].

Kom0uHnpoBanHoe peryJMpoBaHHe MPOU3BOJUTENLHOCTH MAIIUH IEHTPOOEKHOTO THIIA
IIMPOKO MCIOJB3YETCsl Ha TEIUIOBBIX AeKTpocTaHumsx [3]. B aTom ciydae B kauecTBe MPUBOIHBIX
JBUTATEJIEN HCIOJIB3YIOT ABYXCKOPOCTHBIE ACUHXPOHHBIE IBUTATENH, MO3BOJISIOLINE OCYIIECTBISATh
CTYNEHYATOE PETyJINPOBAHNE YACTOTHI BPALLIEHUS U, CIEIOBATEIbHO, IPOU3BOAUTEIBHOCTH MAIlVH,
a TUTAaBHOE DPETrYJIMPOBAHUE B OTHOCUTENIHFHO HEOOJBIIMX MpeAesax MPOU3BOAAT 3aJBHKKOW HIU
HaIIPaBJISAIOIIKAM aIlapaToM.

PerynupoBanne npoM3BOAUTENBLHOCTH MAIIMH OCEBOr0 THIA IOBOPOTOM JIOMAaCTel
paGouero KoJseca IO3BOJSET, Kak OBLIO IMOKAa3aHO BBIIIE, CYIIECTBEHHO H3MEHSTH MOJady
HacocoB (BeHTHIATOPOB), coxpansis KIIJl mammH Onu3kuM K MakcuMainbHOMY. OJIHAKO OCEBBIC
MalluHbl, UMEIOIINE YCTPOUCTBO JJIS MOBOPOTA JOMACTEN HA XOAYy, KOHCTPYKTHUBHO JTOCTATOYHO
CJIO)KHBI U CPAaBHHUTEIBHO Joporu. [Io3TOMy MX MpUMEHEHHE OINpaBIaHO TOJIBKO MPH OONBIINX
MOIIHOCTSX MariuH [3].
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Jlonarounbie oTBOABLI (HANPABJSIOIIHE AaNNAPaThl), YCTAaHABIMBAacMbIC HA BXOJC B
paboyee  Kojeco  JIOMACTHBIX  MAIIWH, I[IHPOKO  MCHOJB3YIOT  JUISl  PETyJIHPOBAHMS
MPOU3BOUTEIILHOCTH BEHTUISITOPOB KaK IIEHTPOOEKHOr0, TaK U OCEBOro TUMA. PerynmpoBaHue c
MOMOUIbIO JIONIATOYHBIX OTBOJOB JaXke€ ISl BEHTWISATOPOB LIEHTPOOEKHOIO THIIA SKOHOMHYHEE
npoccenbHOro [3]. ITo 00BsACHIETCS 3aBUCUMOCTBIO YACTBHON YHEPTUH, IEPeIaBacMOil MOTOKY rasa
B JIOMIACTHOM BEHTHUJISTOPE, OT YyIJIa BXOJa MOTOKa Ha JIomacTH. JIomaTo4HbI OTBOJ 3aKpy4HBaeT

MOTOK, MOCTyMaloluil Ha pabodee KOJIecO, U U3MEHSET I -Q -XapaKTEePUCTUKY BEHTUJIATOpA

(puc. 9, rme I -Q -XapaKTePUCTUKH BEHTWIATOpA IIEHTPOOECKHOTO THMA TMpPH pasHbIX

MOJIOKEHUAX JIOMATOK HAIpaBIIAIONIETO annapara 0003HaueHbI H | » H || & H I )- Ilpu nannoit

XapaKTEpUCTHKE TPyOONPOBOAHON CETH W3MEHEHHE TJaBHOM XapaKTepUCTHKH BEHTUIISATOpPA

IPUBOJHUT K CMELICHUIO Pa00YMX TOYEK (TOUYKU B_|_ , BZ u Dg na puc. 9) u coorsercTByIOmEMY

HN3MCHCHHUIO IMPOMU3BOAUTCIIBHOCTH BCHTUIIATOPA. Pa3HBIM MONI0KEHUSIM JIOTIATOK HaIpaBJIAOIICTO

afrapara COOTBCTCTB T WU Pa3HBIC XAPAKTCPUCTUKHN MOINIHOCTH Ha Ball KPHUBBIC y n
y R R

P||| ), TIOTOMY MpPH CHIXKCHHUHU MPOM3BOJUTEILHOCTH JIOMACTHON MAIUHBI OT Ql 10 Q3 c

IMOMOIIIBIO HAITPABJIAIOLICTO arIapara MOIIHOCTh Ha Baly YMCHBINACTCA HE B COOTBETCTBUHU C

UCXOJIHOM XapaKTepUCTUKONU MOILHOCTU P| , KaK IIpU IPOCCEIILHOM PETYJIMPOBAHUM, A 10 KPUBOH,

COCIMHSIOIIEH TOYKHU Aj_ , AZ u A3 pa3HBIX XapaKTEPUCTUK MOIIHOCTH (Ha puc. 9 3Ta KpuBasd

MOKa3aHa MyHKTHPOM), T. €. CYIIIECTBEHHO ObICTpEE.

PerynupoBaHue MPOM3BOAUTEILHOCTH HACOCOB IIEHTPOOEKHOTO THMA C TTOMOIIBIO
HAIIpaBJIAOLICTO arrapaTta CYIICCTBCHHOI'O BBIMIPHIIIA B IHOTCPAX MOIIHOCTU IO CPABHCHUIO C
JPOCCENBHBIM PETyJIMPOBAHHEM HE JaeT, TaKk KaK IOBOPOT JIOMATOK HAIpABISIONICTO arimapara
TaKuX HACOCOB (JIOHaTKI/I, TaK K€ KaK U APOCCCIIN, MOT'YyT 6BITB YCTAHOBJICHBI TOJIBKO HA BBIXOJIC U3
Hacoca BO M30eKaHWE BOSHUKHOBCHUS SIBJICHHS KABUTAIMK) B OOJBIIMHCTBE CIIy4acB HE M3MCHSET
XapaKTEPUCTHKY MOIIHOCTH HAcoCOB. I[l09TOMYy Takoe peryJupoBaHHE IPOM3BOAMTEILHOCTH
HACOCOB HE MMOJIYYHIIO pacipoctpaneHus [3].
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Puc.9. 3zmenenue Haropa 1 MOIIIHOCTH Ha BaJly BEHTUJISTOPA
LEHTPOOEKHOTO TUIIA IIPU PETYIUPOBAHUU TPOU3BOAUTEIBHOCTH
C IOMOILBIO HAIIPABIIIOLIETO alapara.

Jlekuus 6. JIeKTPOABUTaTe I MEXAHU3MOB COOCTBEHHBIX HYK

B kauecTBe mpuBOAA OTBETCTBEHHBIX MEXAHHM3MOB COOCTBEHHBIX HYXJ HHEProOIOKOB
TEIUIOBBIX DJIEKTPOCTAHIMI WCIIOJB3YIOTCS B OCHOBHOM ACHHXPOHHBIC JIBUTATEIH BBICOKOTO
HanpspkeHus MomHocThio oT 200 mo 8000 xBr, wuacrortoii Bpamenus 300-3000 o6/muH,
HarnpspbkeHneM 6 kB wenmocpencrBenHo Ha miomanke TOC m 10 kB — Ha ynaneHHBIX 0OBEKTax
(manpumep, OeperoBrIX HACOCHBIX CTaHIMAX). [To Mepe pa3BUTHUS PEryIUPYyEMOTro MPUBOIA HAXOIAT
NpUMEHEHHE JBHTATeIN C (pasHBIM pOTOPOM. B YacTHOCTH, OHM TPUMEHSIOTCS Il TPUBOJA
MEJTbHUII-BEHTUIISITOPOB U TATOTYTHEBBIX MEXaHU3MOB.

CUHXpOHHBIC JBHTATE€IH B CHCTEME C.H. HE MOJNYYWINM INMUPOKOTO PACIPOCTPAHCHHS U
YCTaHABIIMBAIOTCS TJaBHBIM OOpa3oM JJisi TMPUBOJAA IIAPOBBIX MEIBHUIl M  TOPIIHEBHIX
kommpeccopoB. Jlns mpuBomoB Manoit momHoctH (mo 200 kBt) npumensitorcs cepuiiibie AJ]
HanpsokenreM 0,4 kB pa3nuyHbIX MCMONHEHUWH, B TOM YHCIE B3PBIBO3AIIUINIEHHOTO. [IprMeneHue
JBUTATENICH MMOCTOSTHHOTO TOKa OrpaHuduBaeTcs MoImHOCTho 10 20 kBT. KpaTkue xapakrepucTHKU
COOCTBEHHBIX HYK[] 0JI0KOB HEKOTOPBIX KpynHbIX TOC npuBeneHs! B Tad. 4.

Jlo HemaBHETO BPEMEHHM KOMIUICKTAIMSI MEXaHW3MOB OCYIIECTBISLIACh ACHHXPOHHBIMHU
JIBUTATENSIMU  OOIIEMPOMBINIJICHHOTO  Ha3HA4YeHHs. HecooTBeTCTBHE  ATHX  JIBUTaTeNel
M3MEHUBIIMMCS YCIIOBHSM SKCIUTyaTalldd TPOSBUIOCH B KoHIE 70X TojoB, KOTJa TEIUIOBBIC
ayIeKTpocTaHuu ¢ Onokamu 165-320MBT Hayanu 3KCITyaTHPOBATHCS B MAaHEBPEHHBIX PEXHUMAX.
YacTele yCKH, U3MEHEHHS YacTOTHI BPALICHUS IBYXCKOPOCTHBIX MAIUH, MOBBIIICHHBIE MOMEHTHI
WHEPIMH MHOTHUX MEXaHU3MOB, M3MEHEHHE YCIOBUU pabOTHI JABHUTraTeNell moTpedoBaau CO3IaHUs
HOBBIX JBUTATENEH, IPEAHA3HAYEHHBIX I dKCIuTyartaiuu B ycnoBuax TOC. Ha ocHoBaHMM ombITa
JKCIUTyaTalliy  JJICKTPOJBHTATENIed B PA3IMYHBIX  YCIOBUSX W peXuUMax  (uaman
BHUWDnektpomaria mo kpymHbiM anekTpuueckum Mammmaam  (IIIIKTh ~ KOM), BHHUD,
MIPOU3BOJICTBEHHOE O0BeaMHEHNE «COI03TEXIHEPro» H
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Tabauya 4

OcHOBHbIE MeXaHU3MBbI COOCTBEHHBIX HY KA 0,10k0B MOIIHOCTHIO 200 — 120(MBT TenJIOBBIX 3J1€eKTPOCTAHIM A

KonnyecTBO MeXaHHM3MOB COOCTBEHHBIX HYXK]T 1 MOIITHOCTD dJIeKTpoaBUTaresneii, MBT

Momuocts TCH,
MOIIHOCTS MBA Yraepas- TsarogyTeeBble MEXaHU3MBbI Hacocbl
Bun MOJIEHEIE
010Ka, TOIIMEa MeTbHHUITEI JlyTheBbIc JpIMOCO- IIuraTensHBIC
MBT PaGouero Peszeps- (M) u Hpimo- M- ChI perup- Konpen- | LHupkyns-
Pe3zeps-
HOI'O I[pO6I/IJ'IKI/I COCHhHI ISTODEL Ky.]'DII_[I/II/I Pa6que p CaTHBIC IIMOHHBLBIC
(IT) P rasoB HBIC
1500 1100 .
200 Vroms 32 63 ﬁ%p";gaeo 2 x 2 ox250 | MHOH: Her, | 3x250 | 2x1700
X 850 625 2x5000 I
1500 630 i I15H
850 300
M-Beutn-
1250 4000
300 Vrom 32 63 |mropm | 2x3200 | 2x 2x500 | TITH 1 11350%0 3x320 | 2x
8x630 725 2500
1400 800 1000
300 Tas 32 63 Her | 2x ox 2 | 2x320 | mra1 | JPH | 3x500 | 2x——
600 400 1x8000 500
Monot-
500 VYrons 40 63 KOBBIE M 2x3200 | 2x500 2x320 IITH 2 IITH 1 3x1250 | 2x160C
6x1250
Cpenne- 4000
800 Vroms 40 63 | xomoseie | 2% 5000 5: gggg 2x160C | TITH3 | MTH?2 33’;12(?5 DX
M 7x2000 2500
800 I'a3 40 63 Her 2x 3200 Her 2x125C IITH 3 IITH 2 g: 388 2x160C
4000
1200 Ta3 40 63 Her 2x 3150 Her 2x125C IITH 3 IITH 2 3x1250 X——
2x800 3x400 2500

Ilpumeuanue: B yrcnuTene ykazaHa MOIIHOCTh Ha BTOPOI 4acTOTE BpallleHUs1, B 3HAMEHATENIE — Ha IIEPBOM.
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IpyTrue OpTaHu3alHiH pa3padoTaiv eAWHbIE TEXHHYECKHE TpPeOOBaHHS K HOBBIM aCHHXPOHHBIM
JIBUTATEIIIM BBICOKOTO HAIPSLKEHUS 17151 cOOCTBeHHBIX HYX1 TOC [7]. TpeOboBaHus yIUTHIBAIOT KaK
OTEYECTBEHHBIH, TaK M 3apyOeKHBIN OMBIT, a Takxke pekomenaaunu CUI'PD u pacnpoctpansiorcs Ha
BHOBb pa3palaThiBaeMble M MOAJIEKAIIME MOJEPHHU3AIMKN Tpex(a3zHble aCUHXPOHHBIE JIBUTaTeNd
(AH) ¢ kopoTko3aMKHYTBIM poTOopoM MomHOCTEI0 200kBT 1 BhIe, Hanpsokerrnem 1000B u Boie,
OJIHOCKOPOCTHBIE M JIBYXCKOPOCTHBIC NI MpuBOAa MexaHu3MoB Cc.H. TOC. B HUX ydHThIBalOTCS
KIIMMaTUYeCKOE WCIIOJHEHHUEe, KaTeropus pa3MeIIeHUs, CI0oco0 OXJaXIeHUs, TeMIeparypa
oxmaxmatoriero Bo3ayxa (1-45C) u Boasr (5—33T). CnenmaabHO YKa3bIBACTCS, UTO JBUTATEIN IS
MEXaHH3MOB KOTEJIHHOH, TOILTUBOMIONAYH, TUAPO30JIOYJAICHUS U OCHOBHBIX HACOCOB TypOHMHHOTO
OTJEJNICHUs JOJKHBI UMETh CTENEHb 3alllUThl OT MONAJaHUN BHYTPh OOOJIOUKHM BJard U TBEPIBIX
vactull (meun) He.Hiwke |P44.T1pu 3ToM KopoOKa BHIBOJIOB JI0JDKHA HMETh CTETICHb 3amuThl |P55.

3HAYUTENBHO YCUJICHBI TPEOOBaHUS MO KOJIMYECTBY IYCKOB JBUTATeNell. 3a CPOK CIy>KOBI
JBUTATEITN MOIIHOCTBIO 10 5 MBT BKIIIOUMTENBHO NOJKHBI AomyckaTh 10 ThIC. MycKOB, a CBBIIIE S
MBTt — 7500myckoB. Ilpu 3TOM 3a KalleHIapHBIA TOJ JIBUTATEIW JOJDKHBI JIOMYCKAaTh HE MEHEE
CJIETYIOIIETO KOJMYECTBA MyCKOB:

nurarenbable Hacocsl 400 — 700;

npoune Hacocsl 300 — 500;

TaroayTheBbie Mexanu3mbel 500 — 700;

MexaHu3Msbl TorumBonpurotosienus 800 — 1000;

MexaHu3MbI ToruBonogaun a0 2500.

B cBsi3u ¢ HEOOXOIMMOCTHIO TIOBBIIICHUS HAJACKHOCTH PabOThI ABUTATENCH MIPH MepephIBax
MUTaHUS BBEJEHO TpeOOBaHHE O JOMYCTUMOCTH MOBTOPHOW MOJaud MHUTAaHUS Yepe3 HHTepBal
BpeMeHH 10 2,5 C mpu BEKTOPHOH CyMMeE OCTATOYHOTO HANpPSDKEHUS HA IWHAX C.H. U PE3CPBHOM
HCTOYHUKE NMUTaHMs, paBHOU 1,5 HoMHHATBEHOTO. OrOBOPEHO KOJIMYECTBO TAKUX PEKUMOB.

OcTaHaBnuBasSCh HA KOHCTPYKIIMH JBHTAaTeNIed, CIEAyeT MPekXJIe BCEro OTMETHTh, YTO
MEepPBOCTENEHHAs! pOJIb OTBOAMTCS H3OJSIIMOHHBIM cucTeMaM. M3omsauus oOMOTKM craropa
BBIIIOJIHAETCS. TEPMOPEAKTUBHOM HE HM)KE Kiacca B 1o HarpeBOCTOMKOCTH, a Uil JBUTATENIEU C
nuamerpom cratopa 10 2000MM pekoMeHayeTCs MpUMEHEHUE U30JISIIMN ¢ BAKYyM-HarHeTaTeIbHON
MPOMUTKON TEPMOPEAKTUBHBIMHU CBSI3YIOIIUMH OOMOTaHHOTO cTaTopa (Harpumep, < MOHOIUT-2»).

HoBble TpeOoBaHUSI BBIABUTAIOTCS K KOHCTPYKLHMHU KOPOOOK BBIBOAOB. JlJii BO3MOXHOCTHU
MOJIBOJIA MUTAIOIIETO Kabemns ¢ MO0l M3 YeThIpeX CTOPOH OHAa JOJDKHA JOMYCKaTh YCTAaHOBKY C
noBoporoM Ha +90° wm Ha 180°. KoHCcTpyKIUst KOpOOKM BBIBOAOB JIOJKHA OBITH O0€30MacHOM JIst
oOciykuBatomiero rnepconana npu nporekanun Toka K3 40 kA mmurtensHocteio 0,5 ¢ U npu
ynapaoM Toke 128 kKA. KopoOka BeIBOJIOB J0KHA OBITH pa3beMHOM sl OTTHOAHMS MMUTAIOIIETO
Kabesnst BMecTe ¢ KabenbHO My(Toil Ha BpeMsi UCTIBITAaHUH.

[TonmMIHUKOBBIA y3€sl HOBBIX JBUTATeled OJHKEH AOIMYCKaTh IMOMOJHEHHE W yalleHue
CMa3KH Ha XOony. Takwe KOHCTPYKIUU IIUPOKO MPUMEHSIOTCS 32 PyOEKOM U B OTCUECTBEHHBIX
JIBUTATENSAX CIEUUadbHOro HazHayeHHWs. [loBblmieHbl TpeOOBaHUS K KOHTPOJIO TEIIOBOTO
COCTOSIHUSI JIBHTATeNs. B KOMIIJIEKT TOCTAaBKHM JIBUTATENsl BXOISAT CUCTEMBI TEPMOJATYMKOB U
M3MEPUTENbHBIX YCTPOWCTB, KOTOpPHIE IO3BOJSIOT MOJIYYUTh MOAPOOHYIO KapTUHY TEIUIOBOTO
COCTOSIHUSI IBUTATENSI M JOJKHBI OBITh MPUTOTHBI 7Sl IOAKITIOYCHUS K aBTOMAaTUYECKHUM CHCTEMaM
KoHTpossl. HoBbIM sBisiercss TpeOoBaHHE TMPOBENEHUS 3aBOJOM-U3TOTOBUTEIEM PECYPCHBIX
WCTIIBITAHUIN OTBITHBIX 00pPA3IOB ABUTATENICH HA JOMYCTUMOE YHCIIO ITyCKOB.

VYkazaHHble TeXHUUYEeCKHE TpeOOBaHUS SIBUIUCH OCHOBOM sl pa3pabOTKM HOBBIX U
MOJlepHU3aNnu paHee BoimyckaBmuxcs AJl Hanpsokenuem 6 u 10 kB st coOCTBEHHBIX HYXK]T
TOC. B 1985-1988&r. 6b11 Hauat Beimyck asurareneid cepuit [JA304-560,ATA4, AJ1O u ap.;
obun  MognepuusupoBanbl cepun JJA304-400 u [JA304-450, AO2-21. B Hacrosimee BpeMs
BBISIBUJIACH HEOOXOIUMOCTHh JaJTbHEHIIETO y)XECTOUeHHs TpeOoBaHWl K o0o0uke
npurareneii. Hampumep, ONBIT MMOKa3anx, 4YTO B YCIOBHUSX MPUMEHEHHS TUIPOYOOpKH B
MOMEUIEHUSAX W Ha TEPPUTOPUM TOIJIMBOIMOJAYM M NBUICIPUTOTOBICHUS Tpebdyercs
NpUMEHEHUE JBUTraTeneil co crenenpto 3amuthl |IP55. Takoe ucnoiHeHne UMIOT HEKOTOPbIE
AJl 6 xB HOBO#1 equHO# cepun, NPOU3BOACTBO KoTopoi HauyaTto B 1991 — 1992r. B equnyio
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cepuro BOUAYT acuHXxpoHHBIe ABUrarenu MoimHocThio 200-5000«xBT ¢ wacroToii Bpamenus 500-
1650 o6/muu, Ha 50 m 60 I'm, ¢ TOpPHU3OHTAJIBHBIM M BEPTHKAIbHBIM BajOM, OIHO- H
JIBYXCKOPOCTHBIE, C KOPOTKO3aMKHYTBIM U (pa3HBIM POTOPAMHU.

B MPUIIOKEHUU MPUBEICHBI TEXHUYECKHE XapaKTepUCTUKU ACHHXPOHHBIX
aniekTpoBuraTesneii Hanpspkenuem 6 kB (tadn. I1.1) p 10 kB (ta6m. I1.2), BeimyckaeMbIX 3aBOIaMu
AIIEKTPOTEXHUYECKOMN MPOMBIIIIICHHOCTH B HACTOSAIIEE BpeMs, a Takke pazpadarsiBaeMbix A/l (Tadur.
[1.3uI1.4).

Paccmotpum nonpoduee ocoderrHoctr HeKOoTophix AJl 6 1 10kB cobctBenHbIX HY) 1 TOC.

Jlis mpuBoma OOMNBIION TPYIIBI TOPU3OHTANBHBIX HACOCOB — MHUTATEIBHBIX, OYCTEPHBIX,
CETEeBBIX, KOH/IEHCATHBIX, a TaKKe HAaCOCOB KHUCJIOTHON MPOMBIBKM — MCHOJIb3YIOTCS aCHHXPOHHbBIE
KOpOTKO3aMKHYTbhIe TypOoasuratenu cepuu ATJ[2 momHocThio 315-800%kBT Ha 300006/MuH.

Onekrponsurarenu cepuu ATJI2 uMerOT 1Ba WCHOTHEHHsS: 3aIIMINEHHOE CO CTENEHBIO
3amuThl obosoukamu P23 nis aeurareneit momHocThi0 315 — 160kBT 1 3aKpBITOE CO CTENEHBIO
3amuTel |P44 nnst nBurareneil BceX YKa3aHHBIX MOIIHOCTEW. B 3Tux nBurarensx IpUMEHEHa
TEPMOPEAKTUBHAS U30JIAIMSA OOMOTKHU cTaropa Thna «MOHOIUT-2%» IO HarpeBOCTOMKOCTH Kitacca B.
Jlns mpuBOAA ITYCKOPE3EPBHBIX IHUTATEIBHBIX HACOCOB 3HeproomokoB MomHocteio 300 MBT
ucnosap3ytorcs asurarenu tumna AB-8000/6000u 2AB-8000/6000momiaocThio 8000 kBT ToOl K€
6a3oBoii cepun AT/l. DTu ABUraTeIM UMEIOT CIOXKHYIO BOJISHYIO CUCTEMY OXJIQXKICHHs CTaTopa U
00OMOTKH poTOpa.

B nactosmee Bpemst mpousBojacTBo apurareneit cepun ATJI2 mpekpameno. HoBast cepust
ATJI4 [1] nonHOocThIO 3ameHseT HoMmeHkiatypy asurareneii ATJ/2 (AT/). OcHoBHBIMU
npeumymiectBamu cepur ATJ/I4 seisrores: nossinenusiii KIT (B cpeanem Ha 0,2%), MeHbIas
macca (Ha 30%), MeHbIIUN pacxoj BoJbl Ha oxyaxaeHue (Ha 25%), Oosbllee JOMYCTUMOE YHCIIO
nyckoB (1o 10000)3a cpok cinyx0b1 u T.1. JBurarenu AT/I4 monyduin MIMPOKOE pacpoCTpaHEHHE
kak Ha TOC, Tak M B pa3iMuYHBIX OTpacisiX HapOAHOro Xo034icTBa. OHM INOJHOCTHIO OTBEYAIOT
TpeboBanusam [7].

B Hacrosimiee Bpemsi BeimyckaroTcs aurarenu AT/4 crneayrommx pa3HOBHIHOCTEH:
HOMHHANIbHAsE MOITHOCTE — OT 315 1o 8000 kBT, HomuHankHOE HanpspokeHue — 3,6; 6,6u 10 kB,
gyactora cet — 50u 60 I'1, KIMMaTHYECKOe MCIOMHEHHE — s yMepeHHo-xoaoaH0r0 (YXJI4) u
tponuueckoro (T4) xnumara. Kak u nBarutenu ATJI2, onu umerot 3akpeitoe (tun 4A3M) wnm
sanumeHHoe  (tunm  4APM)  wucronmnenwe. Hawar BeIMycK jaBUTATesel, NpeaHa3HAYEHHBIX
CIECHUAIBHO IS MEXaHH3MOB C OoJbIIUM MOMeHTOM uHepuuu (4A3T). [IBuratenu, uMeronme B
obo3HaueHnn OykBY A, TmpeaHa3HaueHbl s wucnoib3oBaHus Ha ADC, OykBy C mepen
0003HAYCHHEM KIMMATUYECKOT0 UCToMHeHUs — it yacToThl 60 1. TexHndyeckue XxapakTepuCTHKU
naBUraTeneii mpuseaeHsl B npuiokennu (6 kB — B tabm. I1.1, 10kB — B ta6mn. I1.2). Jonyctumoe
YHCIIO MMYCKOB 32 CPOK IKCIUTyaTalliy 3aBUCUT OT MOMEHTA MHEPIUU MPUBOJUMOrO MexaHu3Ma. B
t1abn. I1.1 u I1.2 nnsa nBurarenerr cepuu ATJI4 ykazaHo 1aBa 3HAYCHHs MPEIEIHHOTO MOMEHTa
WHepIuu MexaHusma. [Ipu 3HaueHuH, yKa3aHHOM B YHCIHTENE, KOJIMYECTBO IMYCKOB 32 BECh CPOK
cyx0b1 He moipkHO npeBbimaTh 3000,B 3Hamenarene — 10000m1s HACOCHOM TPYIITBI MEXAaHU3MOB
npu momrHocTH 10 S000kBt 1 7500 —npu moutroctn 6300u 8000kBT (pu pomycTuMom duciie
nyckoB B roxa cootBerctBeHHO 700u 300). [Iguratenu 4A3T momyckarot g0 1000myckoB 3a cpok
CITYKOBI.

JlBuratenn He HMEIOT UeNbHOro Kopmyca. CepledyHUK cTaTopa CHaOXeH pa3beMHBIM
Ko)kyxoM. OOMOTKa craTopa — KaTrylledHas, JBYXCIOWHas ¢ wu3oismued tuna «MOHOIUT-4»,
BBITIOTHEHHOW W3  CTEKJIOCHIOJICHUTOBBIX JIEHT Ha TEpPMOpPEaKTHBHOM  cBszytomeMm. [lo
HAarpeBOCTOMKOCTH H3OJISIIHSI COOTBETCTBYET Kilaccy F, HO wmcmonb3yercs B OOJBIIMHCTBE
JBUTATENCH C MOMYyCTUMBIM TeperpeBoM Mo kimaccy B. CtepkKHH KOPOTKO3aMKHYTOM OOMOTKH
potopa s oOecmedeHHss TpeOyeMOro ducia IMYyCKOB BBIMOTHEHBI W3 MPOPWIBHON Mean. Y
neurateneit MmouHocThi0o 500—100%kBT KOpoTKO3aMKHYTast 0OMOTKA JIUTast AJIFOMUHUAEBAS.

B nBurarensx AT/4 npumeHeHa HOBas cHCTeMa BO3AYLIHOTO OXJAXICHHS cTaropa U
poTOpa ¢ HEMOCPEJACTBEHHOW MHOTOCTPYHHOH MpPOMYBKOM BO3/yXa B 3yOIIOBOM 30HE OOMOTKH
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craropa IO paJHajJbHBIM ILIEJIEBbIM KaHajdaM. BeHTHIsAus Bo3ayxa OO0ecreduBaeTcsi JBYMS
BCTPEYHBIMH OCEBBIMH BEHTUJIITOPAMH, PACIIONIOKEHHBIMI CHUMMETPUYHO Ha Bally POTOpA.

Jpuratenu MmomrHocThio 500 kBT MMeEOT paauanbHO-TAHTCHLIUANBHYIO HarHETaTelIbHYIO
cucreMy BEHTWIAIMU. HoBas MHTEHCHBHas BO3AYILHAs CUCTEMa OXJAXICHHUS MO 3aMKHYTOMY
IUKIY C MCIOJB30BAaHMEM BOJOBO3IYLIHBIX OXJIaJUTENCH I03BOJIMIA 3HAYUTEIBHO YIPOCTUTH
KOHCTPYKIIMIO, OTKa3aTbCsl OT HEMOCPEICTBEHHOTO BOISHOIO OXJIAXICHHsI POTOpa JBUraTesei
mourHocThio 8000 kBT, MOBBICHTH 3KCITyaTAlMOHHYIO HAJEKHOCTh M CHU3UTH 3aTpaTbl Ha
TeXHH4eckoe oOciyxuBaHue. OZHOBPEMEHHO IOCTUTHYTO CHM)KEHUE HAarpeBOB B HOMHHAJIBHOM
peXKuMe, YMEHBIICHHE PAcX0a OXJIaKAAIONIEH BOABI M YBEIMUEHUE CpoKa ciykObl nBurareneit ¢ 20
1o 25mer.

Heurarenun cepun ATI4, xak u ATJI2, npenHasHaueHbl IJiT MEXAHU3MOB C JIETKUMU
YCIOBHUSMHU IIyCKa, MO3TOMY MX IIyCKOBOH MOMEHT HEBENUK. MeXaHudeckas XapaKTepUCTHKa

JIBUTATEIS | =f (CU) HMEET CHIDKEHHUE B 30HE OOJBIINX CKOJILKEHUM, I'€ 3HAUCHHE MOMEHTA

Ha 10-20% wmeHbIle HaYadbHOTO MYCKOBOTO. Takas QopmMa XapakKTEepHUCTHKH HE OKa3bIBAaeT
3aMETHOTO BIIMSIHHS Ha ITyCK M CaMO3aIyCK HACOCHBIX arperaros.

Jis mpuBojga TypOOKOMIIPECCOPOB U MEXAHHM3MOB C OOJBIIUMH MOMEHTAMH WHEPIIHH,
umeromux yactoTy BpameHuss 300006/muH, npumenstoTcs Takke apurareau A30-450-2 (a6mn. I1.
2.1).

B kadecTBe mpuBOAa JEHTOYHBIX TPAHCIOPTEPOB W MA3YTHBIX HACOCOB HAa Ma3yTHBIX
ctaniusx TOC mpUMEHSIOTCS aCHHXPOHHBIE JBUTATENIM B3pPbIBO3AIIMIEHHOTO MCIOJHEHUS TUIIA
BAO u BAO2. IloamwnHUK{ [ABHUTaTelied MMEIOT B3PHIBO3AIIMTHHIE YIUIOTHEHHS, a TakKke
KOHCTPYKIUIO, TMO3BOJISIIOIIYI0 OCYIIECTBIIATH IOMOJHEHUE U yJaJeHHe CMa3Ku 0e3 pa30opKu.
KopoOka BbIBOJIOB —CTaIbHAs CBApHAsi CO CheMHOU KaOenbHON My(TON M YIUIOTHSIOIIUM KOJIBIIOM.

Jlis mprBOAa JABIMOCOCOB, TYTHEBBIX BEHTUJISTOPOB, MOJOTKOBBIX JPOOMIOK, MOJTOTKOBBIX
MEJNbHHUI] W MEJIbHUL-BEHTWIATOPOB MPUMEHSIOTCS 3aKpbIThle OOIyBaeMble aCHHXPOHHBIE
neuratenu pa3nuyabix TanoB: JJA30 u JIA302 (oaHo- u nByxckopoctHbie), JJA304 u AJ10, AO2
(omHo- u pByxCcKopoctHbie), DKR. JIlnana3zon moutHocTeH ykazanHbix asurareneii —ot 20010 5000
kBT, vactotsl Bpamienus — 500-150®6/muH.

B nawane 80X TroioB 3aBoJaMU 3JEKTPOTEXHHUYECKON MPOMBIIUIEHHOCTH OCBOECHO
IIPOM3BOJICTBO AeKTpoasHurateneii HoBoi cepuu JJA304 ¢ BeicoToit ocu 400u 450MM, TOTHOCTBIO
3aMEeHUBIUX paHee BbimyckaBimuecs npurarenu JJA30 1210 m 1310 rabdaputos. [Ipomomkaercs
ocBoenne npurareneid JIA304-560, koropble 3aMEHAT BCIO OCTAaBUIYIOCS HOMEHKIATYpPY
OJTHOCKOpOCTHBIX aBurateneit cepun JIA302. [Ins 3ameHbl ABYXCKOpPOCTHBIX nBurareneit [JA302
paspabarbiBaetcst HoBasi cepus asurareneii JJAJ1O.

Heuratenu JIA304, kak u asuratenu ATJI4, uMeroT oOmEenpoMBITUICHHOE MPUMEHEHUE U
MIOJTHOCTBIO YIOBJICTBOPSIIOT TPEOOBAHUSAM ISl IBUTATEJIC COOCTBEHHBIX HYXJ 3HEProOI0KoB [7].
JIBuraTenu paspadoransl Ha HanpspkeHus 6 u 10 kB (cm. npunoxenune, Tadim. I1.1 u I1.2). Verosnoe
obosHauenue munos osucameinetl, Hanpumep JA304-400X-4V1, oznauaem credyroujee: dguecameis
ACUHXPOHHBIU 3aKpbimblll 000yeaemvlll, 4-i cepuu, evicoma ocu epawenus eara 400 mm, X —
VCI06HASA OAUHA NAKema Cmamopa, Yucio nonocoé — 4, 01 ymMepenHo20 Kaumama, Kameeopus
pazmewerus 1.

Bonpuryto rpynmny MexaHW3MOB C.H. COCTaBISIOT BEPTHUKAIbHBIC HACOCH PA3IMYHOTO THIIA,
[JIaBHBIM 00pa30M KOHJIEHCATHbIE U HUPKYJISIUOHHbIE. J[J151 MpUBO/a TAKUX HACOCOB MPUMEHSIOTCS
JIBUTATENIM ¢ BepTHKaIbHBIM BasioM MormHOCThI0 200—4000kBt, 300-1500006/MuH, omHO- U
JIBYXCKOpocTHBIE. B mpunoskenun (tadum. I1.1) nmpuBenensl xapakrepucTuku asurareneii JIBJIA2,
BA32, ABKA, ABCM, AO4 u 4AOB. [Isurarenu AB, BAH, BA3, BA32, IBIA, IBIA2, AO4
nomumo TOC HaxoIaT MUPOKOE MPUMEHEHUE HAa HACOCHBIX CTAaHIUSAX Pa3IMYHOTO Ha3HAYEHUS.
Jpuratrerm  ABK, ABKA, ABCM saBasfioTCS JBUTaTEIsIMU CICHHUAJILHOTO Ha3HAUCHHSA U
NPHUMEHSIOTCS TOJBKO Ha 3jekTpoctannusx. JIpurarenn tuma AB113-4M (250 kB, 6 kB, 1500
00/MHH) IPUMEHSIOTCS € apTe3naHCKUMU Hacocamu 24A-18x1-1 noxapHOro BojocHa0KEHHMs.
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B BepTUKanpHBIX JBUTATENSAX, KAaK WPABUIIO, MTPUMEHSCTCA OXJIAXICHUE CIOCOO0M
CaMOBEHTWJISILIUM IO PA30MKHYTOMY IIMKJIY C 3a00poM BO3JlyXa M3 MAIIMHHOTO 3aja WIH
dbyHIaMEHTHOW sSIMBI M C BBIOPOCOM BO3JyXa 4epe3 OTBEPCTUS B KOPIyCe CTaTopa WIH 4epes
BOJIOBO3AYIIHBIEC OXJIAUTENIHN B MAIIMHHBIN 3ai1. B nBurarensx JIB/IA ncnosb3ytoTcsi BEHTHIISITOPBI
paaMaIBHOTO TUIIA, PACTIONIOKEHHBIE HA Baly ABUTATENS U MPUKPEIICHHBIE K POTOPY.

Kak yxe orTMmeuanoch, s TNPUBOJA IIAPOBBIX MEIBHUI[ MPUMEHSIOTCS CHHXPOHHBIE
nsuratenu. [Ipu atom ucnons3yrores neurarenu tuna CIAM 32-22-3460Y XJ14 mommoctsio 1600
kBt, 100 o6/mur u CIAM 32-22-41-4YXJ14, 2000 kBt, 100 06/muH, mpeaHa3HaYeHHBIC IS
paboThI B 3aKPBITHIX MOMENICHUSX. 3aMbUICHHOCTh OKPYXKAIOIIET0 BO3yXa J0JKHA OBITh HE Ooee
4 wmrive, [Ipu OGosbimiell 3ambUICHHOCTH JIBUTATEIH pPabOTalOT TOJa HW30BITOYHBIM JaBICHHUEM C
MOJMUTKON YUCTHIM BO3JYXOM C 3allbUIEHHOCTHIO HE Oosiee 2 mr/m>. CTeneHp 3aluThl ABUTaTeNeH
— |P44. Bo30yxeHne nBurareieil OCymeCTBISETCS OT THPUCTOPHBIX Bo3OyauTtenel tuma TES-
320/150-5¥4 w TEB8-320/230, obecneunBarOmuUXx aBTOMAaTHYECKOE pEryJUpOBaHUE TOKa
BO30Y)KJICHHSI, B TOM YHUCJIC U B AaBAPUITHOM pEKUME.

Jleknus 7. CxeMbl ceTd 6,3kB coOCTBEHHBIX HYKT

Cxembl  dneKTpocHaOXeHUs ycTaHOBOK C.H. TOC  JOMKHBI — TPOEKTUPOBATHCS U
IKCILTYaTUPOBATHCS TaKUM 00pa3oM, 4TOOBI B PA3IMYHBIX PEKMMAaX, B TOM YHCJIE M B aBapPHIHBIX,
o0ecrieunBasICsl ONpENIeIEHHBI YpOBEHb HAIEKHOCTU pPalbOThI 3jekTpoctaniuu. Kpome Toro,
JI0JDKHA OBITH OOeCIieueHa COXPaHHOCTh OCHOBHOTO 000pymOBaHUs (KOTJIOB, TYpOUH, TE€HEPATOPOB U
7p.) TIpU aBapuiiHOM ocTtaHoBe. [y obecriedeHnst TUX YCIOBHM MPUHUMAIOTCS CIEIMATbHBIC MEPHI.
uner  pacnpenyctpoiictB 6,3 kB  cobctBeHHbix Hyxk1 TOC CEeKUMOHUPYIOTCS, TpUYEM
ANIEKTPOCHAOKEHNE KaKION CEKIIMU OCYILECTBIISIETCSI HE MEHEE YeM OT JBYX MUTAIOIIUX 3JIEMEHTOB.
OTBETCTBEHHBIC MEXaHU3MBI, MPEKpaIieHnue padboThl KOTOPHIX BHI3BIBAET OCTAHOB KOTJIOB WM TYPOUH,
BBIMOJIHSIOTCS MAPHBIMU: OJTUH HAXOJUTCA B paboTe, IPYroil —B TaK Ha3bIBAEMOM <TOPSUYEM>» PE3EpBe,
T... MOXET OBITh BKJIIOYEH B padOTy aBTOMAaTHYECKH B clydae OTKa3a mepBoro. [lutanue
ANEKTPOABUraTEeNed TaKUX MEXaHHU3MOB OCYHIECTBIIETCS, KaK MPaBUJIO, OT pa3HbIX cekuuit 6,3 kB
c.H. HekoTopple MexaHU3Mbl 000PYIYIOTCS JIBYXCKOPOCTHBIMH JJIEKTpoABUTaTenssMu. Kpome Toro,
AJNIEKTPUYECKHE CXEMBI C.H. JOJDKHBI 0OecreuuBaTh CaMO3aIlyCK 3JIEKTPOJIBUTATENEN B aBapUHHBIX
peKUMax, a Ui MPUBOJIOB MEXaHW3MOB, 00ECTICUMBAIOIINX COXPAHHOCTh OCHOBHOTO O0OPYIOBaHHS
(MacoHacOChl CMa3KM M YIUIOTHEHUs Bajla TypOHH, F€HEpaTOpoOB U T.II.), — HAIMYUE TMHUTAHUS OT
HE3aBHCUMOI'0 MCTOYHMKA (IM3eNb-TeHepaTopa Wi aKKyMYJISITOPHON Oataper) B PEeXHME TOJHOTO
HCYE3HOBEHMS IiepeMeHHOoro Toka Ha TOC.

HeoOxomumast Hage:xxHOCTh paboThl c¢.H. TOC obecnieunBaeTcs TakkKe HATMYMEM Ha BCEX
AIIEMEHTAX JJIEKTPUYECKOM CETH YCTPOMCTB perneitHoit 3amuThl (P3), OTKIIOYAIOMINX ¢ MUHHUMAIBLHO
BO3MOXXKHBIM BPEMEHEM 3alUIIAEMbIE 3JIEMEHTHI MPU BO3ZHUKHOBEHMHM B HUX MOBPEXKICHUI. JTO
MIPEIOTBpAIAET UIUTENbHOE MOHW)KEHUE HANpsHKEHHUsI BO BCEM ceTH COOCTBEHHBIX HYXJ, KOTOPOE
MOXXET MPHUBOJUTh K 3aTOPMAKMBAHUIO HETOBPEKIEHHBIX AJIEKTPOJBUraTeNied W HapYIICHUIO
PpabOThI TEXHOJIOTHYECKOTO 000pYA0BaHUS FIEKTPOCTAaHIIMU. ToM ke 1menu ciyxaT ycrpoiictBa ABP,
BOCCTAHABIMBAIOIINE MUTAHHE HA CEKIHUSX C.H. TPU OMMOOYHOM HWIU CaMOMPOU3BOILHOM
OTKJIFOUEHHH paboyvero BBOA WM OTKJIIOUEHUH €T0 U3-3a TIOBPEXKICHUSI.

Ha snexmpocmanyusx ¢ 610unotl cxemotl B TETUIOBOW M AJIEKTPUIECKON YACTAX HA KaXKIOM
OJIOKE BBITIOJHAIOTCS JIBE€ CEKIMH COOCTBEHHBIX HYyxa 6,3 kB, dro mo3Bomsier mnpu
COOTBETCTBYIOIIIEM PpACHpPEEICHUH HArpy3oK MeEXAy HUMH COXPAaHHUTh OJIOK B paboTe mpu
MOBPEXJEHUH OJHOM cekuuu. B kadecTBe paOouMX MHTAIOUIMX OJIEMEHTOB MPUMEHSIOTCS
crierasibHble TpaHchopmaTopbl cooctBeHHbIx Hyx1 (TCH). B 3aBrcuMocTH OT BHIa TOIUIMBA, HA
kotopoMm pabotaer TOC, Hamu4us WIM OTCYTCTBUS TE€HEPATOPHBIX BBIKIIOYATENCH, a TaKXKe OT
MOIIHOCTH 3Heprobioka MomHOCTh padounx TCH m3mensiercs ot 10 no 63 MBA. Pa6oune TCH
MPUCOEIUHSIOTCS OTBETBJIEHUEM K TOKOIPOBOAY MEXIy OJOYHBIM TpaHCPOpPMATOpPOM H
TEHEpaToOpoOM WM MEXKIy OJIOUHBIM TpaHC(OPMATOPOM U TEHEPATOPHBIM BHIKIIOUaTesneM. Ha
orBeTBieHnr K TCH BbIkmtOuarens He ycraHaBiauBaeTcs. I TMOBBIIEHUS HAJEKHOCTH BCE
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paboune TCH mpHCOeaUHSIOTCS C TOMOIIBIO 3aKPBITHIX KOMIUIEKTHBIX MO(a3HbIX TOKOIIPOBOIOB,
YTO 3HAYUTENNBHO CHIKAET BEPOSITHOCTh BOSHUKHOBEHUS Mexkayda3Hbix K3.

Kaxnprit padounit TCH Oééé nuTaeT aBe cexiuu c.H. 6,3kB BA1 u BB1, npuuem y TCH
morHocThio 101 16 MBA 00e cexiin MpucoeIuHsIOTCA K 00MOTKe Hu3miero Hanpspkenus (HH) 6,3
KB depe3 oTaenbHBIC BBIKITIOYATEIIH Qé?aé.’ Ha3bIBaCMbI€ BBIKIIIOUATEIIIMA BBOJOB PabOdero

nutanust (puc. 1), a y TCH momiHocthio 25-63 MBA, KOTOpBIC BBIOJHSIOTCS C PACIICIUICHHOU
obmotkoit HH, BBOaBI pabodero murtanus cekimii c.H. 6,3 kB anekTpuuecku He cBsA3aHbl (pUC. 2).
Hcnons3oBanue TCH ¢ pacmierieHHBIMA 0OMOTKaMU 3HAYUTENFHO MOBBIIIAET HAJIE)KHOCTh PAOOTHI
COOCTBEHHBIX HYKJ dHEprobioka, T.K. mpu K3 Ha cekmnuu, muTaromnieicss oT ogHoi ooMoTku 6,3 kB,
HaNpsDKEHUE Ha JPYroi CEeKLMH, MUTAIOLIEHCss OT BTOPOM PACILEIUICHHOM OOMOTKHM, CHHXKAETCS HE
O0onee uyeM Ha 3-7%, YTO TNPAKTUYECKH MCKIIOYAET «OMPOKUIBIBAHUE» DJICKTPOIABHUTATEINICH,
MUTAIONIUXCS OT ATOH CEKIUU. DTO OOBSICHSETCS TEM, YTO IMapaMeTpPbl CXEMbI 3aMEIICHUS
TpancopmaTopa, 0OOMOTKAa HH3IIEr0 HAIPSHKEHHs KOTOporo pacumieruieHa Ha [ rmemnei,
paBHBI

k

_ p
Xg = Xgn | 1- 5t | (1)
Kp
*H1 7% T fBH S (1.6)

rae kp = XHH / )%H — K02 PUIIMCHT pacIICTUICHUS; XBH — COIIPOTHUBJICHUE MEXKIY

BeIBogaMu oomMotok BH m HH1 (HH2); XHH — conpoTuBiieHHEe MeXay BeiBogamu HHI1 u

HHZ2 pacmieruieHHON 0OOMOTKH.
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PV 10— 220 kB

Opa64 7 ] ] CoabB1

Qo1 ot BAT.

[ ] @yt Opeamlfg f] QpesB?
LOT :ED_‘ ! - K goyrmm cexuymam

Mo71 IZF_D_‘ ) CH. 63 kB
QE’KL{.Z

Puc. 1.Cxema nutanus cekiuii 6,3kB cOOCTBEHHBIX HYX]T
3Hepro010koB MomHOCTRI0 60 — 200MBT.

TpanchopmaTopsl ¢ pacIICIUIEHHOM OOMOTKOMW, BbIITycKaeMble B Poccuu, MMeroT
N=2 u kp =3,5 (T'OCT 11677-85). Torna npu Ttpexda3sHOM METaUTMYECKOM

KOPOTKOM 3aMbIKaHHU Ha muHax BB1 (puc. 1) HanpspkeHnue Ha muHax BALl paBHO

X yq Wiri
U =y =_H1L " — 593y, -,
BAl 0 d . (2)
e XH1 T XA

Cootnomenne (19) otHOCcHTCSI B paBHO# Mepe K (ha3HBIM M JIMHEHHBIM HampspKeHHsM. U3
CKa3aHHOTO CJIEAYET TaK)Ke, YTO MPU M3MEHEHHUHU B IIMPOKUX MpE/eiax Harpy3Ky Ha OTHOW CEKINN
(mammpuiMep, TpW IMyCcKax M OTKIIOYEHHSX JIBUTATeNel), HaNpsHKeHHE Ha BTOPOW  CEKIIMU
MPAaKTUYECKH HE MEHSETCS.
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PV 10— 220 kB
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E [ Qexy.7 Qoesar f] B1
LOT :QD_' ! . K goyrmm cexymsam

MOT7 ::ED_‘ ' CH. 63 kB
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Puc. 2.Cxema nutanus cexuuii 6,3kB cOOCTBEHHBIX HYXT
9Hepro610koB MomHOCcThi0 200 — 120MBT.

BeikitouaTen BBOJOB PE3EPBHOTO IMUTAHHS BKIIOYEHBI MO CXEME TaK Ha3bIBAEMOT'O
«IBHOTO pe3epBa», T.€. HOPMAJIbHO OHHM OTKJIIOUEHBI W BKJIFOYAIOTCS (aBTOMATHYECKH WIIH
o
BPYYHYIO) TpU OTKJIFOYECHHH pPabOYero WMCTOYHWKA NuTaHWs. KakIplii BBIKIHOYATEIh Q("}a(;
MOAKJIIOUEH K COOTBETCTBYIOIIEH CEKIIMM COOCTBEHHBIX HYXJ M K OJHOM M3 Maructpaiei
pesepBHoro nutanus 6,3kB LO1u MO1, koTopsie 3anUTHIBAIOTCS OT pe3€pBHOTO TpaHchopmaTopa

coocrBennsix Hyk1 (PTCH) —puc. 32, 33.

B otnnume ot pabounx TCH, umeromux cxemy COEIUHEHHS OOMOTOK AIA-0 npu
momHocT 10 — 16 MBA u cxemy AIAIA-0Q npu momHoct 25 — 63 MBA, PTCH Ha
anekTpocTaHuusax ¢ Omokamu 120 — 1200MBT Bcerna ycraHaBIMBalOT C PACIICIUICHHBIMU

oomorkamu HH. Cxema u rpymnma coegunenuss PTCH pomxkza OBITH cOrjlacoBaHa CO CXEMOW H
TPYIION coenuHeHHusT pabounx TpaHCPOpPMATOpPOB. DTO AENaeTcs Ui TOro, YTOOBI 0OECIIEYHUTH
BO3MOXKHOCTh KPaTKOBPEMEHHOH MapauIeIbHON pabOThl pe3epBHOTO TpaHC(opMmaTopa ¢ OJHUM H3
pabouux TpaHcGoOpMaToOpoB IpHu nepexioueHusx. Hanmpumep, s cxem Ha puc. 1 u 2 oOMOTKH

PTCH JIOJKHBI OBITH COSTUHEHBI TIO CXEME Y/AIA _11.

Oomotka Beiciiero nanpspbkenusi (BH) PTCH noakirodaeTcs, Kak MpaBHIO, K CETH,
pabotatoiieii ¢ 3a3emieHnoi Hewrpansio (OPY 110 — 33kB anexkrpocrannuu wiu BJI 110 — 220
kB). JI1st mpeioTBpalieHus TIOBPEKACHUS dIICKTPOABUTATEIeH OT MEPEeHANPKEHNH, BOSHUKAIOIUX
npu ynaneHHslx ogHodaszueix K3 B cetm 110 — 330kB, neiitpans oomorku BH PTCH Taxoke
3azemisiercs. MHorma Berpewatorces cxembl noakmiodeHuss PTCH k  TpeTwdHol 0OMOTKE
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aBToTpancopmaropa cBsizu AT, B atom ciyyae PTCH, xak u paboune TCH, BbimonHsercs co

CXEMOU COCIMHEHHUST 0OMOTOK AIAIA-0O (puc. 3).

aPy 500 - 330 kB OPY 20— 70 kB

az’j]cx

LOT:
o7 -

Puc. 3.Cxema nogxirouenus pezepsaoro TCH
K aBToTpanchopmatopy cBsizu TOC.

Y
Ecnu B nenu renepaTopoB 3HEProOI0KOB YCTaHOBJIEH T€HEPATOPHBIN BBIKIIOYATENb Qaal
(puc. 1, 2), To myck 3HEProdoKa W Pa3BOPOT IJICKTPOABHTATEICH MEXaHH3MOB C.H., a TaKKe
ocTaHoB Onoka mpousBoautcs ot padouero TCH. B satom cinyuae pesepBubiii TCH npennaznauen
ToNbKO 1y1st 3amMeHbl pabodero TCH omHoro 6ioka B ciiydae €ro HEUCIPABHOCTH U MOIIHOCTh
PTCH BbIOupaeTcst paBHOM MOIIHOCTH CaMOT'0 MOIIHOTO paboudero Tpanchopmaropa cOOCTBEHHBIX
HyxJ. Eciu B nenu reHepaTopoB 3HEProOJIOKOB BBIKJIIOYATENb HE YCTAHABIMBAETCS, TO MYCK U
OCTaHOB JHEProOJIOKOB Mpou3BoAUTCS 0T pe3epBHOro TCH, KOTOpBI B 3TOM ciydae Ha3bIBaeTCs
MyCKOpE3epBHBIM TpaHchopMaTopoM coocTBeHHBIX HY X1 — [IPTCH.

Jns IIPTCH nauOosnee TsKENbIM PEXUMOM SIBISETCS PEXHUM ITycKa OJIHOro 0Ji0Ka, B TO
BpeMs KOTJla Ipyroi OJI0K mepeBeneH Ha pe3epBHoe mutanue ot 3toro [IPTCH. Ucxons u3 stux
cooOpaxkennii mormHocTh [IPTCH BwiOMpaerca cnepyromeit mo mkane ['OCT 11677-85 mo
CpPaBHEHUIO C MOITHOCTHIO pabouero TCH.

Ha »snekrpoctanumsax ¢ OJIOYHBIMH arperaraMd IpH OJHOM MM JABYX OJoKax
ycranasiuBaercs oqud PTCH (ITPTCH), a npu umcie 6;10k0B Tpu u 6omee - nsa PTCH (ITPTCH),
MIOJICOEIMHEHHBIX CO CTOPOHBI BBICIIETO HANPSDIKEHUS K pa3HbIM MCTOYHMKAM NHUTaHuA. B atom
ciydae maructpanu pesepBHoro nutanus 6,3 kB LO1l u MO1 ceknmoHUpYIOTCSl BBIKIIIOYATEIISIMA

fnaéo uepe3 nBa-Tpu Onoka. [Ipu HanMUMM TEHEPATOPHBIX BBIKIIOYATENICH Ka)Kaash MarucTpaib

PE3CPBHOIO NMUTAHUSA CCKIIMOHNUPYCTCA HA IBC YaCTH.
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Ceknun 6,3 kB cOOCTBEHHBIX HYX]l OJIOYHBIX JEKTPOCTAHIIUI MOHTHUPYIOTCS U3 CEPUHHO
BBIIIYCKAEMBIX  JJIEKTPOTEXHHYECKOW IPOMBINUIEHHOCTBIO sYeeK  (mKadoB) KOMILIEKTHBIX
pactpenenutenbhbix yerpoicts (KPY) 6,3 kB. Kaxnas siueiika KPY coctout u3 Tak Ha3pBaeMoOro
«BBICOKOBOJILTHOT0» («IEPBUYHOTO», CUIIOBOT'0) OTCeKa ¢ o0opynoBanueM BH — BrikimrogaTesnsimy,
pa3beIUHUTEISIMU, KaOeIsIMH, IIMHAMH, TPaHC(POPMATOpaMH HANPSHKEHUS U TOKA, U «PEJICHHOT0»
OTCeKa C 000pyIOBaHMEM BTOPHYHBIX ILENEH, NEpeKNoYaTeIsiMM, IIMHKAMU YIPaBICHUS U
curHanmzanuu. Takoe BIOMHEHHE ceKuil 6,3 KB 3HAUYNTENbHO yrpouiaeT U yIemeBIseT MOHTaX
U HaJIaJKy YCTPOWCTB COOCTBEHHBIX HYXJ 6,3 kB. B To ke BpeMs yCTaHOBKa B pa3HBIX OTCEKax
onHoi siueiiku KPY o6opynoBaHus BHICOKOTO HANPSKEHUST M HU3KOBOJIBTHBIX YCTPONCTB pesieiHON
3alIUTHl U YNPABJIECHUS HE UCKIIOYAET BHITOPAHUS Liened BTOPUYHON KOMMYTAIMM IPU TyrOBBIX
KOPOTKHX 3aMBIKaHHSIX B OTCeKe BbICOKOro HampspkeHuss KPY. DTo m0mKHO yduThIBaThCS TpU
MIPOCKTUPOBAHUU CXEM pEJICHHOW 3amuThl B ceTu 6,3 kB c.H., ocoOeHHO TIpu oOecredeHun
JabHEro pe3epBUPOBAHUS.

B psize cinydaeB Uit TUTaHUS OOIIECTAaHIIMOHHBIX C.H. (TOIUIMBONOAAYa, XHMBOJOOYHCTKA U
Ap.) Ha OJOYHBIX JJIEKTPOCTAHIMAX MPEAYCMaTPUBAIOTCS JOMOJHHUTENbHBIE cekiyu 6,3 kB
yIaJeHHBIX Harpy3ok (puc. 4). Pabodee muraHWe 3THX CEKIMH OCYIIECTBISETCS OT OJOYHBIX
cekiuii c.H. 6,3 kB BA1l npu momomu KabeNbHBIX JIMHUN C JBYMs BBIKIIOYaTensiMu. PesepBHoe
MUTAHNE CEKIUH YIaJeHHbIX HArpy30K OCYILECTBIISIETCS JIMOO OT MaruCTpaiy pe3epBHOIO MUTAHUS
6,3 kB a1exTpocTaHIMK Yepe3 OJMH BBIKIIOUATeNb, TH00 OT Apyroil 0:104Hoi cekunn 6,3 kB Takke
C NMOMOIIIbIO KaOeNbHOM JIMHUU C IBYMS BBIKJIIOUATEIISIMH.

Cetp c.H. 6,3 KB Ha OIOYHBIX 3JEKTPOCTAHIMIX MOXET paboTaTh ¢ U3OJUPOBAHHON HIH C
3a3eMJICHHOI 4epe3 pe3HCTOp BBICOKOTO HANpsDKEHMs HeWTpaipio [1], mpuueM 3a3zemicHue
Heifitpanu cetn 6,3 kB coOCTBEHHBIX HYXJ OJOKa BCerja MPOU3BOAMTCS TOJIBKO B OJIHOW TOYKE
CETH.

Ecnmu reneparop sHeproGioka paboraer Ha HampspbkeHuun 6,3 kB, To pabGodee muTaHue
cekuii ¢.H. 6,3 kB ocymecTBisieTcst OT peakTUPOBAHHOMN JTUHHUHM, TIOJKIIOUEHHONH OTBETBICHUEM K
070Ky (puc. 36).I1pu 3TOM HE AOMyCKACTCs MPUMEHEHUE CIBOCHHBIX PEAKTOPOB KOTOPBIC SBIISIFOTCS
OUHAMHYECKH HECTOMKMMHM K BO3JCHCTBUSAM TOKa JIBOMHOIO 3aMbIKaHMs Ha 3€MJII0 Ha pa3HBIX
ceknusax. PesepBHOE mUTaHWE B 3TOM CTydae BBITIOJIHSIETCS OT AByXxooMoTounoro PTCH.

QpabA T Qa6A T Qpa5BZEF|
34 7! o} o} ] 54 7- o} o} ] %2- ) o) ]
CpesAt lf] o/ CpesAt Q Qpespo e
% \\4 \\4 N
YAN YAN /N

Puc. 4.Cxema nutanus cekuuii 6,3kB ynaaeHHbIX Harpy3oK:
a — ¢ pe3epeuposanuem om masucmpanu pezepsHozo numanus 6,3xB,
0 — ¢ pesepguposanuem om Opy2ou 610uHoU cexyuu c.H. 6,3kB.
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Py 10— 220 kB
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Puc. 5.Cxema nutanus cexnuii ¢.H. 6,3kB 0710K0B ¢ TeHepaTOpHBIM HampspKeHneM 6,3 kB.

Ha snexmpocmanyusax c nonepeunvimu ca3amu B TEIUIOBOW yacTd, Hampumep Ha TOLI,
cxema cetu c.H. 6,3 kB umeer cBoum ocobeHHOcTH. Ha TakMx 3IEKTPOCTAHIUAX, T/I€ BO3MOXHO
moboe coueTaHue paboOTaroIIMX KOTJIOB W TypOMH, paboyee M pe3epBHOE 3JIEKTPOCHAOKEHHE
COOCTBEHHBIX HYXJ OCYILECTBISAETCS OT COOPHBIX IIMH INIABHOTO PACHpPEAEIUTEILHOIO YCTPOHCTBA
(T'PY), k xoTropoMy monkiroueHbl reHeparopsl G (puc. 6). Heooxonumas Haie)KHOCTh MTUTAHUSI C.H.
obecrieunBaeTcs Mpu 3ToM Ostarogapsi Tomy, uto k ['PY npucoennHeHs! He TOJIBKO F€HEpaTophl, HO U
tpanchopmaropsl 7, cessbiBatouie I'PY ¢ PY Boicmiero nanpsokenust TOL, uto oGecneunBaer
BO3MOKHOCTb IUTaHUS C.H. KAK OT F€HEPATOPOB CTAHIMH, TAK U OT SHEPTOCUCTEMBI.
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Puc. 6.Cxema nutanus cexmuii ¢.H. 6,3kB ma TOIl ¢ I'PY 6,3kB.

B kauecTBe MUTAIOIUX 3JI€MEHTOB C.H. IPU HOMHUHAIBHOM HaIPsDKEHUH reHepaTtopoB 6,3 kB
MPUMEHSIOTCS peakTHpoBaHHble NuHUK (puc. 6), a mpu Hanpsbkenuun 10,5 kB BMecTo peakTopoB
BKJIIOUaroTcss Tpancopmatopsl 10,5/6,3kB. KoxmuectBo cexumit PYCH 6,3 kB, kak npaswuio,
cooTBeTcTBYeT unciy kotioB Ha TOIl. C menpio obnerdyeHusi caMmo3amycka WHOT/Ia BBIICISAIOT Ha
OT/ICJIbHBIC CEKIIMU AJIEKTPOJBUTATEIN KPYIHBIX MHUTaTelbHbIX HacocoB ([IDH), cereBrix HacocoB
(CBH) u np.

I'PY TOL| wnanpsokennem 6,3 kB wuMeer 1Be cucTeMbl IIMH: pabouyio A4,
CEKIIMOHMPOBaHHYIO Ha A4l u AA2, n pe3epBHYI0 AB. Jlns obecrieueHUs HaIS)KHOCTU MTUTAHUSA C.H.
npuHsTa padora coopubix muH ['PY mo cxeme ¢ pUKCHPOBAHHBIM MPUCOEIUHEHUEM AJIEMEHTOB K
obenm cucremam 1mumH. [Ipu 3ToMm rereparop G, pabouast peaktupoBanHas JTuHus ¢.H. LO2 u gacTsb
PEaKTHPOBAHHBIX JHHHMU, MUTAIOIIAX MOTPeOUTENCH, BKIoUeHsl Ha cucremy mmmH AAL (puc. 37).
PesepBHas peaktupoBanHas nuHus ¢.H. LO1u tpanchopmaTop cBsa3u 7' BKIIOUEHBI HA CUCTEMY ILIUH
AB. OOGe cuctembl IIMH HAXOAATCS TOJ HANPSDKEHUEM C BKIIOYEHHBIMH HIMHOCOEIWHUTEIbHBIM

BBIKJTFOYATEJIEM Q@ N ¥ CEKIHMOHHBIM BBIKIHOYATENEM Qﬁéé('j. B cniygae K3 Ha cexiiuu AALTPY
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3aIUTON JTAHHOW CEKIMM IMHH OTKJII0YaroTcs reHepatop G W BBIKITIOUYATETH Qﬁéé('j u Qg N

OTHeNsAE TeM CaMbIM CHCTeMYy IIHH AB OT moBpexaeHHOW cucteMbl AALl. bmaromapst stomy
pesepBHas peaktupoBanHas nuHUS LOL1 mpogomkaer momy4ars TUTaHUE OT TpaHcPopMaTopa CBS3H
T u obecrieunBaeT MuTaHue Harpy3ku cekiuii BAl u BA2 c.H. B3aMeH paboyeil peakKTHpOBaHHOU
JTUHUH, KOTOpas TakKe OTKIIYAeTCs MpU cpabaThIBaHUM 3alIUTHI MOBPEKICHHONW CEKIUHU IIHH.
AHanornyHas cxema BoinonHseTcs u s ['PY manpspkennem 10,5k B, mpu atom paboumit TCH
IpUcoeauHseTcs K cucteMe uH A4, a pe3epBHblil TCH —k cucteme muH 45.

PabGoune peakTUpoOBaHHBIE JIMHUM WM TpaHCHOpPMATOPHl BBIOMPAIOTCS ¢ HOMHUHAIbHBIM
TOKOM, DaBHBIM pacYeTHOMY TOKY HArpy3Kd MOTpeOuTeNnei C.H. WM TPEBHIIAIONIEM €ro.
PeakTuBHOE CONMPOTUBICHHE MUTAIOLIMX AJIEMEHTOB C.H. BBIOMpPAETCS TAaKUM, YTOOBI PEAKTOp, C
OIIHOM cTOpoHBI, orpannumBai Tok K3 Ha mmuax 6,3 kB PYCH no BenuuuHBI, TO3BOJISIONICH
MIPUMEHATH OTHOCUTEIILHO JCIIEBYIO anmaparypy (Hanpumep, sueiiku KPY ¢ BeIkIIOUaTe siMu Trma
BMII-10), a ¢ gpyroit — obecneurnBan Ha mmHax 6,3 kB PYCH HOpMaiibHOE SKCIUTyaTallMOHHOE
HanpspkeHue. Kpome Toro, mpu mycke W camo3amycke JODKHO oOecreunBatbes Tpedyemoe
OCTaTOYHOE HAIIPSHKEHUE I YCIEIHOTO pa3BoOpOTa 3JIEKTPOIBUraTENEH.

Ha snexTpocTaHIMsIX ¢ MONEPEYHBIMU CBSI3SIMM B TEIJIOBOM YacTH pPE3epBHBIM HMCTOYHUK
MUTAaHUS C.H. MOXET OBITh MCIOJIb30BAaH IS PACTONKU KOTEIHHOTO arperara ¢ OJHOBPEMEHHOMN
3aMeHOl paboyero uctouHuka nuraHus. [Io3TOMy MOIIHOCTH pe3epBHOTO MCTOUYHMKA MUTAHUS C.H.
6,3 kB npuHuMaercst paBHO# MOJIyTOPAaKpaTHOM MOLTHOCTH pabOYero UCTOUYHUKA, YTO B COUETAaHUH
C 3alUTON MHHUMAJIBHOTO HAMPSIKCHHs] O0ECIeYMBAET Pa3BOPOT IJIEKTpoJBHUTATENeH C.H. B
COOTBETCTBHUH C JCHCTBYIOIIUMHA HOPMaMHU TEXHOJIOTHUYECKOTO MPOSKTUPOBAHUS IIPH YUCIIC PA00UnX
peakTupoBaHHbIX JuHHN (pabounx TCH), paBHOM IecTH W MeHee, MpPeAyCMaTpPHBAECTCA OIHA
pesepBHas auHus Wi oauH pe3epsHblil TCH. Ipu xonnuecte pabounx nuauidi miu TCH, paBHOM
cemMH U OoJiee, MPUMEHSIOTCS JIBa PE3EPBHBIX MUTAIOIIMUX 3JIEMEHTA, a IIMHBI PE3EPBHOIO MUTAHUSI
CEKLIMOHUPYIOTCS Ha JIB€ CEKI[MU BBIKIIOYATENIEM. DTOT BBIKIIOUYATENb YIPABISETCS AUCTAHIIMOHHO
U IpU HEOOXOIMMOCTHU OTKIIFOUAETCS 3aIIUTaMHU.

Jlexnus 8. Cxembl cetn 0,4KkB cOOCTBEHHBIX HYKT

Cerp 0,4 xB c.H. aymexkTpocTaHIMA TpeIHAa3HAUYCHA I THUTAHUS dJICKTPOJBUTATENCH
momHocThio 200 kBT m menee Hanpsokenuem 0,38 kB, a Takke s cereld OCBeEIIEHUs
anekTpoctannuu  HampspkeHueM 0,23 kB.  Jlns  BO3MOXXHOCTH — BBITIOJIHCHHUS  ITHTAHHS
ANEKTPOJABHUTATENIC W OCBEIICHHsS] OT OAHMX W TexX ke cekuwii 0,4 kB ceTh BBIONHSETCS C
HEUTpAJIbIO, TIIYXO0 3a3€MJICHHOUW B OJTHOM TOYKE.

PYCH 0,4kB, xax u PYCH 6,3 kB, cekionupyercs, npudeM B TJITaBHOM KOpITyce OJ0YHOMH
TOC nomkHO OBITH HE MEHee JABYX CEKIUWA I KaXIoro OJoKa ¢ MPUCOCIUHCHHEM
anektpoasurareneii 380 B MexaHN3MOB OTHOTO HA3HAYEHUS K Pa3HBIM CEKIUAM. JJI1 yMEHBIICHUS
pacxoja CWJIOBOrOo Ka0enss B psjae CIydyacB BBIIOJHAIOTCS BTopuuHble cOopku 0,4 kB,
MPUOIIKEHHBIE K DJICKTPOABUTATENISIM 1IEXOBBIX HAarpy30K W mojakiarodaembie k cekiusim PYCH 0,4
kB mpu oMoty kabeabHBIX TMHUHN C OJHUM aBTOMATHUYECKUM BBIKITIOYATEIIEM.

Cexnuu PYCH 0,4 kB monTupyrotcst u3 mkados 3aBoackoro usrotosienust tuma KTIICH-
0,4, mpuueM B oxHOM miKady pa3MmemiarT Jubo0 sueiiKy MUTAIoIIero BBoaa (paboyero wiu
PE3EpBHOT0), JTHOO [BE SUCHKH OTXOMASAIIMX MPHCOCAUHEHHH (IJEKTPOABUTATENEH, BTOPUYHBIX
coopok ocemienus). K cnernuduke BoimosHenus cetd c.H. 0,4 kB oTHOCUTCS Takke TO, YTO ISt
YACUIEBICHUST 3alllUTa OTXOJAIIUX OT CEKIMHM MPUCOCIUHEHUH BBIMIOJHACTCS, KaK MpPaBUIIO, C
MOMOIIIBI0 TOKOBBIX pelie MPSIMOTO JeHCTBHs (OTCEUYEK), KOTOPhIC BCTPOCHBI B ABTOMATHUECKUE
Beikimoyatenu (AB) SF Takum 00pa3oMm, aBTOMaTHYECKUE BBIKITIOUATed SF cOBMEIIaoT B OAHOM
anrapare NepBUYHbII KOMMYTAIITMOHHBIA U BTOPUYHBIN 3aIIUTHBIN 3JIeMEHTHI. Bropuunbie cOOpKH B
OCHOBHOM MOHTHpYIOTCS U3 mKkahoB PT30, kaxapiii U3 KOTOPHIX COMEPKHUT OT YETHIPEX 10 BOCHMH
ABTOMATUYECKUX BBIKIIIOUATEIIEH C BCTPOCHHBIMU 3aIlIUTAMH.
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PaGouee muranue cekumit PYCH 0,4 kB ocymecrBisercs or TCH 6,3/0,4 kB, oomMoTkH

KOTOPBIX COEAUHAIOTCA MO CXEME AlY -11 Ha BBojax 0,4 kB takux TCH Toxu omHOda3HOTO
K3 paBubl Tokam Tpexdaznoro K3. DTo mo3Bosser oOecnednTh HAASKHYIO PabOTy OTCEUYEK
oTxomammx npucoenunenuit npu Bcex Buaax K3 B cetu 0,4 kB. Momnocts TCH BwiOupaercs B
npenenax ot 250 1o 1000kBA. Kaxaeiii TCH 6,3/0,4kB nprcoeIuHsIeTCS K COOTBETCTBYIOIIEH
cekuun PYCH 6,3 kB uepe3 Boikmouatens Q, a k PYCH 0,4 k B — uepe3 aBTOMaTHuUeCKuit
Beikrouatens SF (puc. 38 — 40)Padounit TCH moxer nurats oaay wiun ase cekiuu PY 0,4kB.

[Ipy HesIBHOM pe3epBUPOBAHUM, PUMEHSEMOM BO BCOMOTaTeNbHbIX 1exax TOC, S"_ﬁéé('j

(puc. 38) HOpMaNbHO OTKIIOYEH U CEKIMU MUTAIOTCA pPa3eibHO. MOIIHOCTh KaXI0ro
TpaHcopmaTopa BHIOMpPAETCS U3 YCIOBUS MUTAHUS HArpy3ku IBYX cekuuid. [lpu moBpexnenun 71

(T2) orkmouaercs SF1 (SF2 u BkiarodaeTcs SFﬁéé('j. [Ipu ABHOM pe3epBUPOBAHUH PE3CPBHBIM
TCH 4gepe3 pyOMIBHUK S IPUCOCTUHSIETCS K IIMHOIIPOBOIY PE3EPBHOTO MUTAHHMS, TOAKIIOYaEMOMY
K CEKIIMW BBIKIIOYATEIIEM SFaég (puc. 7, 8).IIpu HeoOXOAMMOCTH OOJIETYEHHUS CaMO3aIycKa
neurareneit 0,38 kB cekmust C.H. JeNUTCSA HA JIBE MOJYCEKIIMA U BCE OTBETCTBEHHBIC JBUTATEIH

nojaKarovaoTcs K oxuoi w3 Hux (puc. 39). IIpm morepe paboduero mnutaHuss KpPoMme SFéélé

OTKJIFOYaeTCs TaKXKe S"_ﬁéé(j U BKJIIOYACTCS SFéég HYXHOM TIOJTyceKUMHu. Bropas momycekuus

MOJKET OBITH BKIIIOUEHA NepCoOHAIOM.

04 kB

Puc. 7.Cxema nutanus cexuuii ¢.H. 0,4xB ¢ HEIBHBIM pe3epBOM.
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Puc. 8.Cxema ruranus cexuuii ¢.H. 0,4xB ¢ CEeKIIMOHHBIMHU BBIKIFOYATEISIMA
ot pabouero u pezepsHoro TCH 6,3/0,4xB.

Jl51s 5Hepro610koB, 000PYAOBAHHBIX BBIUMCIUTEILHBIMUA KOMILIEKCAMH, HE JTOMYCKAIOIHUMU
nepepeiBa TNUTaHWS OOJbIIE YeM Ha JIONIH CEKYHIbl, B CETH C.H. JOIOJHHUTEIHHO
peayCMaTpUBAIOTCS CIeHHaIbHbIC arperatsl Occrepeboitnoro nutanus (ABI1). Kaxmerii ABIT
COCTOUT M3 CTaTHYECKHX IpeoOpa3oBaTelicii MOCTOSHHOTO TOKa (MHBEPTOPOB) HAIMPSHKEHUEM
0,22/0,4xB ¢ THpPHCTOPHBIMHU KIIOYaMH Ha BBIXOJIE, OCYIIECTBISIIOIIUMHU OBICTpoOIciicTByIOIMmEE (C
MEpepPhIBOM Ha JIOJIM CeKYHIbI) OeckoHTakTHOe oTKiIroueHue (TKEQO) u nepexmouenue (TKEI)
Harpy3ku 0,4kB BBIYHCIUTEIBHOTO KOMILIEKCA MPH HEMCIIPABHOCTH OJJHOTO HHBepTOpa (prc. 9).

63 kB

o e

| Thha6 | 2
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Puc. 9.Cxema rmuranug cexuuii c.H. 0,4xB 0e3 CeKIIMOHHBIX BBIKIIOUYATEIEH
ot pabouero u pezepsHoro TCH 6,3/0,4xB.
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» ~ 04 kB

Puc. 10.CtpykTypHas cxeMa arperata oecnepe00oiHOTO MUTaHuUS.

Bxonpl MHBEpTOPOB MOAKIIOYEHBI K IIMTY MOCTOSIHHOTO Toka 220 B, KoTOpHIii B CBOIO
ouepeib IOJIy4aeT MHUTAHUE OT BBIIPAMUTENS, MOJAKIIOYEHHOIO uepe3 pa3elUuTeNbHbIN
tpancopmarop 6,3/0,23 kB x ceru c.H. 6,3 kB sHeproGioka, a B ciyuyae HCUC3HOBEHHS
HaIpsDKEHUS B ATOM CETHM — OT OTACIBHOM aKKyMYJSATOPHOW Oarapeu, paboTaromieii B pexume
MOCTOSIHHOTO Toa3apsaaa. Paznenutensusie Tpanchopmaropsl A5 nonkmouatores k PYCH 6,3 kB
yepe3 BbIKIoUaTenb, a K cetu 0,23 kB — vepe3 pyomwinpHuK S. OCOOEHHOCTHIO pa3IeIUTEILHOTO
Tpanchpopmaropa AbIl saBnseTcs TO, YTO BBUAY CHENM(PUKH NHUTAEMONM UM Harpy3ku
(akKyMyISITOPHOI OaTapeu ¢ 3a3eMJICHHOMN Yepe3 YCTPOWCTBO KOHTPOJIS U30JIAIUH CPEIHEH TOUKOH)
OH paboTaeT ¢ n30aupoBaHHOM HelTpanbio 0,23kB.

Jlexuust 9. XapakTepHble OBPekKIeHUs B CUCTeMe MIUTAHUS C. H.

Haubonee cymniecTBEeHHBIMU SBISIOTCS TOBPEXKICHMS, MPHUBOJAIIME K YaCTUYHOM WM
MOJTHOW TIoTepe Harpy3ku Osoka win TOC B 1ieoM. ABapuu, CBA3aHHBIE ¢ TTOTEPEH MUTAHUS C.H.,
coctaBisitoT 25% Bcex aBapuii ¢ momHbIM cOpocoM Harpy3ku Ha Omounbix KOC, 6onee 40% —nHa
K3C ¢ monepeunsivu cBsizsimu U 33% —na TOIl. B nenom Ha TOC ¢ momepedyHbIMU CBSI3SIMH
aBapuy C MOTepel MUTAHUs C.H. MPOUCXOAAT B 1,5pa3a yaie, yeM Ha OJIOYHBIX.

['maBHBIE CXEMBI M CXEMBl PE3epBUPOBAHMS MHUTAHUS C.H. B pabodyeM peKuMe SBISIOTCS
JOCTaTOYHO HAJCKHBIMH, YErO HEJb3sl CKa3aTh O PEMOHTHOM peXuMe (KOrja Kakas-TO 4YacTb
000pyIOBaHUS HAXOJUTCS B peMOHTE). HemocTaTouHast Ha/le)kKHOCTh CXEMbI B PEMOHTHOM PEKUME
MIPUBOIUT K IMOTEPE MUTAHMS C.H. CO COPOCOM HArpy3KH OJOKOM HIIM JIEKTpOCTaHIuen B 3,7 pasza
yaiie, 4eM B pabodyeM pexume, U SBIsSeTCS OJHOW M3 TJaBHBIX NpU4HH cOoeB B padore c.H. TOC
[1].

Ha 6mounsix TOLl ¢ momepedHbIMH CBA3SIMM 1O TAapy B JIETHEE BPEMs HCIHOJIb3YETCS
PEMOHTHBIN peXUM, KOT/1a KoTel 0JioKka paboTaer, a TypOoreHepaTop octaHoBjeH. [Ipu oTcyTcTBUN
BBIKJIIOUATENST MEXIY TeHepaTopoM U OJIOUHBIM TpaHC(HOPMATOPOM CEKIUS HIMH C.H. KOTJa He
MOXXET TIOJlydaTh MHUTaHUE OT CBOEro OJioka W mepeBomutcs Ha pesepBHoir TCH. Ha TOII
KOJINYECTBO PE3EPBHBIX TpaHCc(PopMaTopoB 3HauMTENbHO MeHbile yeM Ha KOC. Cxema nurtaHus
C.H. ToJiy4aetcs: ciokHoW. Haxomsmmiics B paGoTe W yxke 3arpykeHHbld pesepBHbii TCH
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JIOTIOJTHUTEIHFHO HUYEM HE PE3EPBUPYETCS U HE MOXKET B TIOJTHOW MEpPE BBITIOIHATH CBOM (DYHKIIMH
10 OTHONIICHWIO K JpyruM Osokam. Kpome Ttoro, mpu otkimtoueHnn PTCH TtepsroT mutanue
MOAKJTIOYEHHBIX K HEMY CEKIUH IIMH C.H., KOTOPBIE YK€ HUYEM HE PEe3EPBUPYIOTCS.

Ha TOII, umeromux riaaBHbIE paclpeieIUTeNIbHbIE YCTPONCTBA TEHEPATOPHOTO HAMPSIKEHUS
(TPY), pesepubic auauu (mu TCH) moakmrouarotcs, kak npasuio, kK ['PY. Ecnu npu Takoii cxeme
B PEMOHTHOM pexxuMe (0COOCHHO MpH peMOHTE oxHOoM cucteMmsl mmH ['PY) mpousoiiger K3 Ha
mmHax ['PY, To MOXeT mpou30WTH MOJHAs MOTepsl MUTAaHUSA C.H. OT pabOouyuX U OT PE3ePBHBIX
MCTOYHUKOB, MPUBOAIIAs K COPOCY HATPY3KHU.

OnHO#l M3 NMPUYMH HEIOCTATOYHO HAJEKHOTO MUTAHUS C.H. SBISAIOTCS HApYLIEHUS HOPM
TEXHOJIOTMYECKOTO TPOEKTUPOBAaHUS. B psAne ciaydaeB He BCe CEKUMU C.H. NPUCOEOUHEHBI K
OT/IETbHOMY MCTOYHUKY NMHUTAHHUS M HE OTHAENEHBl peakTopaMu APYr OT ApPYyra, YTO MPUBOJIUT K
M3JIAIITHAM TIyOOKHM TTOCaJKaM HAmNpsDKCHHS Ha HEMOBpeXXIeHHOH cekiuu npu K3 Ha cocemnHeit
cexkuuu. 3aHmxkaercs konnuectBo pesepBHbIXx TCH na KOC: ogun pesepsubiit TCH pesepBupyer
0oJiee TpeX-IIeCTH padoumX.

W3 nanbonee vactbix Hapymenuil [1TD cregyeT oTMETHUTh HECOOTBETCTBHE ONEPATHBHBIX
CXEM DJIEKTPUYECKHX COEAMHEHMH 3JIEKTPOCTAHIIMU TPeOOBAaHUSM COOTBETCTBYIOLIETO pas3felna
[ITD. OmnepaTuUBHBIE CXEMBI, COCTABIECHHBIC /I PEMOHTHBIX PEKHMOB, HE OOECIEUMBAIOT
JIOKaJIM3alMM aBapuy Ha KakKoM-IH0O0 ydacTke ¢ OecriepeOOiHbBIM MUTAaHUEM C.H. I MUHUMAaJIbHBIM
CHIDKEHHEM BbI1aBaeMON MOIIHOCTHU. [IpnunHOI HEBBIMOIHEHUS YKa3aHHBIX TPeOOBaHUH SIBISETCS
OTCYTCTBHE€ B CXEME€ TI'E€HEpPATOPHBIX BBIKJIIOUATEIEH, YTO PE3KO OTrPaHWYUBAET BO3MOXKHOCTH
BEIOOpa ONTHUMATBHOTO BapUaHTa CXEeMbl. VIMEIOT MeCTO Clyd4au BBIIIOJHEHUS OIEPATUBHBIX
MePEKITIOUCHN 0e3 3aroMHeHUs1 OJJaHKOB TMEPEKIIOUECHU U paldoT B IEMAX PETIECHHON 3aIuThl U
aBromatuku (P3A) 6e3 mporpamm.

Hpyroii pacnpocTpaHEHHOW NPUYMHOW MOTEpU NHUTAHUA C.H. SBJISIOTCS HEMPaBHIbHBIE
neiictBust ycrpoiictB P3A kak mpu K3, Tak m B npyrux pexumax, npuueM B 50% ciydaes
HENpaBUJIbHbIE NEHCTBUS 3aLIUTHI MPUBOJAT K MOTEPE MUTAHUS C.H. OT paOOYMX HCTOYHHUKOB, a B
npyrux 50% —oT pe3epBHBIX, YTO BIIeYET 3a c0o00i, ecTecCTBEHHO, 00Jiee TSKENbIe TOCISICTBHS.
Hapsiny ¢ HemoctarkamMu OTAENBHBIX BHJAOB 3allUT 37€Chb CKa3bIBAC€TCSA, TIJIaBHBIM OOpa3oM,
HETPaBUWIbHBIA BbIOOp ycTaBoK. IIpM MpOEKTHPOBAHWU PACCUMUTHIBACTCS, KAaK IMPAaBHIIO, PaOOUMid
peKUM M B JIydllleM CiIy4ae OJUH M3 PEMOHTHBIX pPEXKHUMOB. MHOroobpasue pexuMoB B
IKCIUTyaTalluy MPUBOIUT K HEOOXOJUMOCTH MPOBOJIUTH JOMOJHUTEIHHBIC PAacUeThl U COCTABIIATH
KapThl YCTABOK 3alUThl U COOTBETCTBYIOUIUE IPOrPAMMBI ITEPEKITFOUECHUN.

W3BecTHBIE TPYOHOCTH CO3[aeT HEOOXOIUMOCTh HM3MEHEHHS HE TOJIbKO YCTaBOK, HO U
BTOPUYHBIX CXEM IIpU MEPEKIIOUEHUIX B MEPBUUYHBIX cxeMax. Hampumep, rpu nepeBose MUTAHUS
TCH c onHoii cuctembl IIMH PY BBICOKOTO HanmpshKeHUS Ha JAPYTYI0 HEOOXOIMMO KOPPEKTHPOBAThH
TOKOBBIE 1enH audPepeHnranIbHON 3alUuThl CeKIUM WM cucteMbl muH PY. Ecimm storo e
cenaTh, paboTa 3alIUThl HAPYIIAETCS.

[TprunHOM MOTEpH MUTAHUSI C.H. MOXKET SIBUTHCS MOXKap CUIIOBBIX M KOHTPOJIbHBIX KabeneH,
0COOEGHHO €CIM TpPH O3TOM TPOUCXOJUT HECEIEKTUBHOE OTKJIIOUEHHE aBTOMATUYECKOTO
BBIKJIIOYATENSl BBOJA aKKyMYJISATOPHOW OaTrapem Ha ILIUT IOCTOSHHOTO Toka. lcyesHoBeHHe
OTEPaTHUBHOTO IMOCTOSSHHOTO TOKa NPUBOAUT K TMpeKpamieHuto paborel ycTpoiicTB P3A u
YOpaBICHUSI M K HEBO3MOXKHOCTM Jiokain3oBarh K3. Iloxkap MOXET BO3HHMKHYTh M3-3a
HEJOCTATOYHOW YYBCTBUTENBHOCTH WM  ObIcTpomeidicTBus 3ammuT. [lameko He Bcerma
oOecrieunBaeTcsi 4yBCTBUTEIBLHOCTh pacuenurencii Boikmouareneid 0,4 kB mpu K3 B koHIe
MIPOTSDKEHHBIX KaOENbHBIX NTWHUN. Ecnu 3T BOmpochkl He ObLTM MpopaboTaHbl B MPOEKTE, TO B
AKCIUTyaTalluy MPUXOJUTCS 3aMEHSTh aNapaTypy WM yBEIMYUBATh CeUeHHE KaOeIbHbBIX JTMHUM.

[IpuunHOit moOXapa B KaOEIbHOM XO3SIHICTBE TakXKe MOTYT CIYKUTh HENpaBHJIbHBIC
MPOKJIa/IKa, UCTIOIB30BaHUE U cojeprkanue kademneit. [loxkapsl kabemnel, BOZHUKAIONINE TI0 JTIOOBIM
MIPUYMHAM, IPUBOIST HA AJIEKTPOCTAHIIUAX K HAHOOIIee TSHKEIBIM MOCIEACTBHM.

Jexuus 10. CHCTEMbBI COBCTBEHHBIX HY K] ATOMHBIX SJIEKTPOCTAHIIUM
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1. Knaccupukanusi norpedéuTesieil cucreMbl COOCTBEHHBIX HY:KkI ADC

B cooTBercTBUM ¢ TNpeABSABISEMbIMH TPEOOBAHUSMH B OTHOLICHHM HAJEKHOCTU
anekTpocHabkeHus nmorpedurenu c¢.H. ADC pa3aensroTcss Ha TPU TPYIIIIHL

| — 0co00 OTBETCTBEHHbIE MOTPEOUTENN, He OOnycKarujue TEPEPHIBOB TNUTAHUS U
TpeOyIoIIHe 0053aTeIbHOTO MUTAHKS TI0CIIe CpabaThIBaHUS aBApUITHOM 3aIHUTHI;

Il —oco6o oTBeTCTBEHHBIE TOTPEOUTENN, OORYCKaroujue TIepephiB MUTaHUSA Ha Bpems 1 — 3
MUH, YTO MO3BOJIIET OCYLIECTBUTH aBTOMAaTHYECKUN BBOJI PE3EPBHOTO MUTAHUSA OT aBTOHOMHOTO
MCTOYHHKA; OHU TaK)Ke TPEOYIOT MUTAHU 1ociie cpabaThIBaHUS aBapHITHOM 3alUTHI,

[1l — moTpeOuTenu, HE NPETBABIAIONINE TMOBBIIMICHHBIX TPEOOBAHUN K HAIEKHOCTH
ANEKTPOCHAOKEHUS.

B cocraB morpebuteneil rpynmbl | BXOAST AJIEKTPONPUEMHUKHA CHUCTEMbI YIPABICHUS U
sammThl peaktopa (CY3), cucrembl koHTponss u wu3Mepenuit peakrtopa (KUII), cucremsr
JO3UMETPUYECKOTO0 KOHTPOJS 3a COJAEp>KaHUEM PAaTUOAKTHUBHBIX M3IYUYCHHM, CUCTEMbI MaMSTH U
JOTHUKH UH(POpPMaLMOHHO-BbIunciuTenbHo uvactu ACY TII, ammapaTypa ynopaBieHHS H
aBTOMATHKH, CHcTeMa aBapuiiHoro ocrtanoBa peaktopa (CAOP), nBurarenin aBapuifHBIX MAaCISTHBIX
HACOCOB CHCTEMBI PETYJIUPOBAHMS M CMa3KH TypOUHBI U T. 1. [lepeuncieHnblie 3JIeKTpOnpUeMHUKN
MMEIOT HEOOJIbIINE eIMHUYHBbIE MOIIHOCTH U HYXIAIOTCS B MCTOYHMKAX SHEPTrUU Tpex(azHoro
nepemenHoro Toka 380—660B u mocrossHHOTO TOKa 220B.

K rpynme |l morpeOuteneli OTHOCATCS SJIEKTPOABUTATENNM HACOCOB, OOCITYKHBAIOIIHNX
NEPBBIA PAJNOAKTUBHBIA KOHTYP U €r0 BCIIOMOTIaTeIbHbIE yCTpOHCTBa, AekTpoasuratenu CAOP;
ANEKTPONPUEMHUKH OTBETCTBEHHBIX BCIIOMOTATENbHBIX CHCTEM, YYAaCTBYIOLUIMX B 0O€CIEUeHHH
6e3onacHocTn ADC — CHENBEHTUJISAIMM, aBapUIHOTO OCBEIICHUS, NMPOTUBOIMOXKAPHOHN 3alllUTHI,
ANEKTPOABUTATEIM ABAPUNHBIX MUTATEIBHBIX HACOCOB M TEXHUYECKOW BOJBI; 3JIEKTPOIPHBOIBI
obicTpoeiicTByromux KinanaHoB u apmarypbl CAOP u T. a. IlockonbKy auamna3oH €IMHUYHBIX
MOIIIHOCTEH YKa3aHHBIX 3JEKTPONPHUEMHHUKOB JOBOJBHO IIUPOK, JUISI HUX DJIEKTPOCHAOKEHUS
HE00XO0AUMO MPEIYCMOTPETh JBa YPOBHS HANpsDKEHUs TpexQasHoro nepemeHHoro toka: 6-10kxB
JUIsl TUTaHus MolHbIX nBurareneil u 380—660B s aBurarteneid Manod MOUTHOCTH M MPOUYUX
AJIEKTPOIIPUEMHHUKOB 3TON TPYIIIHI.

[Torpebutenu rpynmel |l anamormunbr  snexktponpuemHukam c.H. TOC. Ux
AJIEKTPOCHAOKEHNE OCYIIECTBISIOT HA JIBYX CTYINEHSAX HAmpspKeHUs Tpex(azHOro MepeMEeHHOTrO
toka: 6—10xB u 380—-660B.

2. UCTOYHMKH JHEPTHH CUCTEMbI COOCTBEHHBIX HY:KI ADC

Hamnure Ha ADC 0c000 OTBETCTBEHHBIX AJICKTPOINPHUEMHHUKOB, TPEOYIONINX MOBBIIICHHON
HA/IKHOCTH DJICKTPOCHAOKEHUS, OIpeaessieT HEOOXO0AUMOCTh TPEX MCTOYHHUKOB MUTAHUSA. MMHU
saBisitoTcs TeHepatopbl ADC, sHeprocuctema, ¢ kotopoir ADC 107KHA UMETh CBSI3b HE MEHEE YeM
10 TPEM JIMHUSAM, U aBTOHOMHBII aBapUIHBIM UCTOYHUK.

HopmaneHOe  31€KTpOCHAO)XXEHHE  C.H.  OCYIUIECTBJIAIOT OT TEHEpaToOpoB  4Yepe3
TpaHcOpMaToOphl C.H., MOJKIIOYAaCMbIC Ha OTBETBICHHWU OT HUX (aHanormuHo Onokam TOC).
BeikmtouaTens y reHepaTopoB oOs3areneH. B cioydae Mcdye3sHOBEHUs paboOyero NHUTaHUs, He
CBSI3aHHOT'O C TOJHOM motepeil HampspkeHuss Ha ADC, pe3epBHpOBaHUE HIIEKTPOCHAOKEHUS C.H.
IIPOUCXOJUT OT SHEPrOCUCTEMBI YEPE3 COOTBETCTBYIOIINE pe3epBHBIE TpaHC(hopMaTopbl. MecTta ux
MIPUCOECTUHEHHUS ¥ YUCIIO BEIOUPAIOT TaK ke, kak Ha TOC.

Jnsa snextponpueMHUKOB rpynnsl |l goctaroyHo wucnonp3oBaTh TOJNBKO HCTOYHUKHU
HOpPMAaJIbHOTO paboyero M pe3epBHOrO MUTAHMA, TOT/Aa Kak 3jeKTpornpueMHuku rpynn | u |l
TpeOyIOT elle TPEThEero HE3aBUCUMOI0 UCTOYHHMKA MTUTAHUS — aBaApUIHOT0 pe3epBHOro. B kauectse
takoro Ha ADC mpUMEHSIOT AaKKyMyJSTOpHBbIE OaTape, aBTOMATH3HPOBAHHBIC JHU3EIIb-
TeHEpaTophl, ra30TYpOMHHBIE YCTAaHOBKH, WJIM HCIIOJIB3YIOT SHEPrHIO BbIOEra TypOOreHepaTOpOB.
Ha oreuectBenHbix ADC HamOoubllee MPUMEHEHHE IMONYYHIH aKKyMYJSTOpHbIE Oaraped (st
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ANIEKTPOTIPUEMHHUKOB TPpyIbI |) U au3enb-reHeparops! (st motpedutened rpynmsl | ). Kaxnas u3
TpeX CUCTEM 0€30MaCHOCTH UMEET CBOM aBTOHOMHBIE HCTOUYHHUKY ITUTaHMS.

3. CxeMblI 2JIEeKTPOCHADKEHH S CHCTEMBbI COOCTBEHHBIX HYKT ADC

B xadyecTBe mMprUMEPOB pAaCCMOTPHUM CXEMBI AJIEKTPOCHAOKEHHS CUCTEMBI C.H. Ty0JIb-0J10Ka ¢
peaktopom tuna PBMK-1000u moHo610Ka ¢ peakropom tuna BBOP-1000.

HyOnb-0510k ¢ KaHanbHBIM BomorpadutoBeiM peakTopoM THna PBMK-1000 Bkimtodaer B
cebs aBa TypOoarperara ¢ reHepatopamu tuna TBB-500-2.006a reneparopa COeIMHEHBI TIO CXEMe
YKPYIHEHHOTO 0JI0Ka ¢ TpaHc(hopMaToOpHO# rpymmoi MomHocTeio 3417 MBA (puc. Al). B nenu
KaKJOT0 T€HepaTopa YCTAHOBJICHO IO JIBa MOCIIEI0BATEILHO BKIIOYCHHBIX BBIKIIFOUATENS, MEXKIY
KOTOPBIMH MUMEIOTCSI OTBETBIICHUSA ISl paboumx TpaHChHOpPMATOPOB C.H. MOIIHOCTHIO Mo 63 MBA.
Brixmouatens Q1 ucnonb3yeTcs Mpu HOpMaJIbHBIX IyCKaX U OCTaHOBax OJI0Ka, a BhIKIIOUaTens Q2
JaeT BO3MOXKHOCTh  HCIOJb30BaTh HHEPrui0 BblOera TypOoarperaToB Jjsi  aBapUilHOTO
pacxoaXuBaHUs PEaKTOpa.

MoHOOJIOK ¢ KOpPIYCHBIM  BOJO-BOJSHBIM  peakTopoM THna BBDOP-1000 wu
TypOoreneparopom THna TBB-1000-4 wMeeT oIWH TEHEPATOPHBIM BBIKIIOYATENh U JBa
tpanchopmaropa c.H. (puc. A2). Tpanchopmatop momuocTeio 63 MBA mnpennasHaueH s
3JIEKTpOCHAOXKeHUsl moTpedurTenel c.H. O0yoka, a TpaHchopmaTop MouIHOCThIO 25 MBA — mns
ANEKTPONPUEMHUKOB OOLIECTAHIIMOHHOTO Ha3HAYEHUS.

B cucreme c.H. ADC cnenyet pa3nuyarb:

PY c.H. 6 kB u 380 B HOopMasibHOW SKCIUTyaTalii, OT KOTOPBIX MUTAIOTCS MOTPEOUTENN
rpynmsl |1 u THH;

PV nanexunoro nuranus 6 kB u 380B nepemennoro Toka u 220B mocTostHHOTO TOKa — M5t
3JIeKTpOCHa0XKeHUsE 0c000 OTBETCTBEHHBIX MoTpeduTeneit rpymm | u l1.

KonuyectBo ceknuii PY 6 kB HOpManpHO# 3KCIuTyaTaliid BHIOMPAIOT B 3aBUCUMOCTH OT
yucna I'TIH. HopMbl TEXHONIOrH4eCKOro MPOEKTUPOBAHUS PEKOMEHIYIOT IOAKIIYAaTh K OJHOMU
cekuuu He Oosnee aByx ['IIH mpu oOmiem ux uwmcie Ha OJIOK OT IIECTH JO BOCBMH M HE Ooiee
onnoro I'ITH mpu uwerbipex u menee ['IIH nHa Omok. OTKIOYEHHE OJHOW CEKIMH MPU TOM HE
MPUBOJUT K CHIKEHHUIO HArPY3KU peakTopa

B paccmaTpuBaeMbIX mpuMepax COTJIACHO YKa3aHHBIM pekomeHmamusm PY 6 kB Omoxka
uMmeroT 1o ueteipe cekiuu — 4, B, C u D. Peaktop Tima PBMK-1000 umeer Bocemb I'lIH, u,
CIIeZIOBATENbHO, K Kakaon cekiuu PY 6 kB moakmouaercs mo nBa I'L[H (puc. Al). Lupkynsimio
terionocurenst B peakrope Tuna BBOP-1000 o6ecneunBaroT vetsipe I'I[H u, ciemoBaTensHo, Ha
Kaxayro ceknuto PY 6 kB mpuxomurcs mo oxnomy I'IIH (puc. A2).

Jns peakropa Tuna PEMK-1000 npuMeHeHbI TUTaTeNbHBIE HACOCHI C 3JIEKTPOIPUBOIOM (4
pabounx u 1 pesepsusiii). st peaktopa Tuna BBOP-1000 nmpeycMoTpeHbl MUTATENBHBIE HACOCHI
¢ TypOONpPHUBOIOM, YTO 3aMETHO CHUYKAET HArpy3Ky CUCTEMBI C.H. B o0enx cxemax npeaycMoTpeHbl
pe3epBHBIC TpaHCchOpMATOPBI MOLTHOCTHIO 0 63 MBA.

Pacnpeoenumenvrvie ycmpoiicmea u cemu

Jist 37eKTpocHa0)KeHUsT 0C000 OTBETCTBEHHBIX AeKTponpueMHukoB rpymnm | u |1 na ADC
COOpYXKalT 0co0ble ceknuoHupoBanHble PY wmamexxnoro mnuranus [3]. KomwmuectBo cekmmid
COOTBETCTBYET 4HcIy cucteMm OezomacHoctd ADC, MPUHATOMY B TEXHOJIOTMYECKOH dYacTu. B
HacTosIllee BpeMsl NMPHUHATHI TPU CUCTEMBI OE30IIACHOCTH C COOTBETCTBYIOLIMM pasneneHuem PY
C.H. HaJie)kHOTO nuTanus Ha Tpu yactu: V, Wu X (puc. Al.u A2).

Jis nmuTaHMsA SNEKTpoJBUraTesiell MOIHBIX paboumx MamuH rpymnmsl || coopyxarorcs
cekuun H1 nHapexsoro mwuranus 6 kB (H1V, H1W, H1X); k HEUM dYepe3 COOTBETCTBYIOLIHE
TpaHchOpMaTOPhI MPUCOSAUHAIOT cekunu H2 nanexxnoro mutanus 380B (H2V, H2Wu H2X), ot
KOTOPBIX MTPOU3BOIUTCS FIEKTPOCHAOKEHHE OCTANBHBIX IIPUEMHUKOB Tpymisl | .
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B HOopManbHOM pexknMe Ha CEeKUUM HaJlexHoro nutanus H1 sHeprust momaercst OT CeKUUi
A, B, C pacnpenenuTenbHOTO ycTpolicTBa 6 kB HOpManbHOW SKCIUTyaTallid, ¢ KOTOPHIMU OHH
CBA3aHbI UCPE3 JABA NMOCICAOBATCIIbHO BKIIFOUYCHHBIX BBIKJIIIOYATCIIA.
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ObuwebnoyHasi cucmema C.H.

Puc. A1. Cxema snexTpocHabkeHus cuctemsl ¢.H. 6ioka ADC ¢ peakrtopom tuna PBMK-1000.
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Puc. A2. Cxema snexTpocHab)xeHus cuctemsl ¢.H. 6ioka ADC ¢ peakrtopom tuia BBOP-1000.
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He3aBucMMBIME HCTOYHMKAMH 3HEPrHH Ui morpebuteneidt rpynmnsl || cmyxar nuzens-
reneparopsl (/[-I), kak moka3zaHo Ha puc. Al u A2. TToCKOIBKY 3JIEKTPONPHUEMHUKHA TPpymisl |
JOMYCKAIOT KPAaTKOBPEMEHHBIN NepepblB MUTAHUS, NPUMEHEHbI AWU3elb-TeHepaTopbl, KOTOpHIE
MOTYT OBITH OBICTPO BBEJICHHI B PaOOTYy.

B aBapuiiHpix curyanusax cekuuu H1 Hange)kHOro mMUTAaHMS OTHAEIAIOTCS OT cekuui PY
HOpMaJbHOW OKcIUTyaTauud. Hanuuume JByX MOC/IEIOBATEIbHO BKIIOYEHHBIX CEKLIMOHHBIX
BBIKJIIOUATENIe oOecreunBaeT Hale)KHOE OoT/eneHne cekunu H1 naxe B ciydae oTkasa OJHOTO U3
BBIKJTIOUaTesnen. YcrporictBo ABP Bkitouaer qu3enb-reHepaTopsl.

Bpewmst oT Hadana mycka 70 TOTOBHOCTH K HPUHATHIO Harpy3ku cocrtasiser 15 —20c ms
arperatoB MoutHocThi0o 500 kBT m okono 40 c¢ mns arperatoB 1800 xBt. HabGop Harpysku
MPOUCXOJIUT CTYNEHSMHU B OYEPEIHOCTH, AUKTYEMOI TpEOOBaHUSIMU TEXHOJIOTHYECKOTO IMpolecca
aBapUITHOTO OXJIAXKJIEHHS peaKkTopa.

DnexkTpocHabkeHHe MOTPeOUTENeH MOCTOSHHOTO TOKA IPYIIBI | OCYIIECTBISIIOT OT CeKLUi
H3 nanexuoro nuranus 220B (H3V, H3W,H3X), a noTpebureneli mepeMeHHOro ToKa rpymmsl | —
ot cekumii H4 nanexuoro nutanus 380 B (H4V, H4W, H4X). He3aBUCUMBIMH HCTOYHHKAMU
SHEPTHH CITYy)KaT aKKyMyJsiTopHbie Oatapen GB.

B nHopmanbsHOM pexkume cekiu H3 U H4 nuTaiotes oT cekuuii H2 motpedurteneid rpynsl
1, T.e. pabOYMM HMCTOYHMKOM SHEPTHH IS DJIEKTPONPUEMHUKOB TPYMIbI | CIYyKUT TreHepaTop.
UYepez Boempsmurenu VD mnpoucxomuT momzapsaka  aKKyMyJISTOpPHOW —Oarapeu, NUTaHHE
AJICKTPONPUEMHHUKOB TIOCTOSIHHOTO TOKa rpymmbl |, a depe3 aBTomarmueckuii maBepTop UZ —
nutanue Harpy3ku 380 B rpymmer |. Takum oOpa3oM, HMeeT MeCTO MOCIIEAOBaTENbHOE
BBINPSAMIICHUE U HUHBEPTHUPOBAHUE TOKA IS Mepeladl MOIIIHOCTH OT IKH H2 Kk muHam H4.

B aBapuifHbIX ycnOBHAX, KOTJa HAaNpsDKEHUE Ha MIMHAX H2 ncde3aer, NoTpeOUTETH TPYIIIbI
| mpomoikaroT mosydaTh MUTAHUE OT aKKyMYJISTOPHOM OaTapeu, KOTopas MEepEexXOaUuT U3 pekuma
noJ3apsizia B PeXUM pazpsana. DIEKTPONPUEMHHUKH TOCTOSHHOTO TOKa IONYYalOT MUTaHHUE OT
AKKyMYJISITOPHOU OaTaper HEMOCPEICTBEHHO, a AIEKTPONPUEMHHUKH IEPEMEHHOT0 ToKa (uHbI H4)
— uepe3 MHBEpTOp. braronaps BHIIPAMUTENSAM NpsMas CBSI3b MEXKIY IMMHAMU H3 MOCTOSIHHOTO
TOKa ¥ MKWHAMU H4 epeMeHHOT0 TOKa OTCYTCTBYET

4. ABapuu Ha ADC, cBsi3aHHbIE ¢ IKCIJIyaTauue
CHCTEMBbI COOCTBEHHBIX HYIK]

[loueMy mnpum  MHOrOKpaTHOM  pE3E€pPBUPOBAHMM  MCTOYHHMKOB  IIUTaHUS,  ceTel
AIEKTPOCHAOKEHUSI COOCTBEHHBIX HYKJ M CaMHX arperatoB C.H., Ha peakropax ADC BO3HUKAIOT
aBapuiiHbIE CUTyallMu? YBBI, HO Yallle BCETO B OCHOBE aBapuil JIGKHUT MPECIOBYTHIH «UeI0BEUECKUN
¢dakTop». UTO-TO HE NPUHSIM BO BHUMAaHME HA CTAJUM NPOEKTUPOBAHUS, Pagu TOro, YTOOBI
J00JIECTHO OTPAaloOpTOBaTh O JOCPOYHOM ITyCKE, HE CTalld HACTaMBaTh HAa CTPOTOM COOJIIOJCHUU
CPOKOB M IIPOBEPOK, U MOJHONW KOMIUIEKTALMM BO BPEMsI CTPOUTENLCTBA; AOIMYCTHIIN HEOPEKHOCTh
BO BpEMs JKCIUTyaTallMM, IMOHAJESIBIINCh HA 3TO CAMOE€ MHOTOKpPaTHOE PE3EPBHUPOBAHUE CHUCTEM
3alUThL... BOT naneko He MoNHBIN epedeHb 00CTOATENbCTB, KaXK10€ U3 KOTOPBIX B OTIENBHOCTH B
IIPUHLIMIIE HE KPUTHUYHO M OTHIOAb HE BCErJa NPHUBOAUT K CEpbe3HbIM nocieacTtsusm. Ho
HaKJIaJbplBasACh JIPYr Ha Jpyra, 3TH OOCTOSTENbCTBA NPHUBOJAT K CUTyalMsIM, KOTJAa PEaKTOp
BBIXOAUT U3-TI0J KOHTPOJISI U CTAHOBUTCS HEyNpasisieMbIM. PaccMOTpuM J1Be aBapuu, B KOTOPBIX
OIMOKM B AKCIUTyaTallMM CHCTEMBbl C.H. ChITpald AAJEKO HE IOCIEAHIO pPosib. MOMEHTHl U
00CTOSITENLCTBA, MOATATKUBAIOLINE PEKUM K aBAPHH, 6 MEKCHIEe GbLOETUM.

Jlekuus 11.Cucrembl cOOCTBEHHBIX HYK/I THAPaBIMYECKHX
U THAPOAKKYMY/IHPYIOLIUX 3JIeKTPOCTAHIUI
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YcnoBUsS TEXHOJIOTHYECKOTO MPOoIecca MPOU3BOICTBA MIEKTPOIHEPTHH, PEKUMBI PabOTHI B
sHEprocucTeMe W mapamerpbl odopynoBaHusi ['DC CymecTBEHHO OTIWYAIOTCS OT APYTHMX THIIOB
AJEKTPOCTAHIIMI. DTU OTIWYMS BbI3BaHbI UcIoyb3oBaHueM ['DC B sHeprocucreMax B KauecTBE
MUKOBBIX M TOJYIMUKOBBIX 3JIEKTPOCTAHUUN C YaCTBIMM IYCKAMH W OCTAHOBKAMM arperatoB H
OBICTPBIM M3MEHEHHEM UX paboucit MortHocTH. I'DC OTIHYAIOTCS 3HAYUTEIHLHO OOIBIIMM YHUCIOM
THAPOTCHEPATOPOB 0 CPABHEHUIO C KOIMYEeCTBOM TypOoreHeparopoB Ha KOC mpu onuHakoBOM
MOIIHOCTH CTaHIUU. DTO OOBSCHSETCS 3aBHCHUMOCTBIO MPEIEIBHON MOITHOCTU THAPOTYPOUH OT
Hariopa. ['DC cTpositcs O0OBIYHO BAAIM OT IIEHTpPA MOTPEOJICHHS SIEKTPOIHEPTUU W BCA
BBIpa0OTaHHAsl AJICKTPOIHEPI s, KaKk MPaBUIIO, BBIIAETCS B dHEprocucremy. Bce 3To Bimser Ha
BBIOOp CTPYKTYpHBIX cxeM ['DC.

Brimaya »1eKTpo3HEpruu OT TUIAPOTEHEPATOPOB MPOU3BOAUTCS, KaK IPaBUIIO, Yepe3
Tpex(das3Hble MOBBIIAONIME TpaHCPopMaTOphl. B ciayyae OTCYTCTBUSI B HOMEHKJIAType 3aBOJIOB
Tpex(dazHbIx TpaHcHopMATOPOB HEOOXOUMOM MOITHOCTH WIIM MPU TPAHCTIOPTHBIX OTPAHHYCHUSX,
MOTYT HMPHUMEHSTHCS TPYHIBI U3 IBYX Tpex(aszHbIX TpaHC(HOPMATOPOB WU TPYHIBl OJHO(A3HBIX
TpanchopMaTopoB (C yU4ETOM TEXHHKO-IKOHOMHUYECKUX MOKa3aTesIe).

B ocHoBHOM cTpykTypHBIe CcXeMbl ['DC cTpostcs 10 OJOYHOMY TMPUHIIMITY.
PacnipenenutenbHble  yCTpOMCTBA T'€HEPATOPHOTO HAMPSIKEHUST BCTPEYAIOTCS BEChbMa PEIKO U
xapakTtepasl g [DC  Maoli MOITHOCTH. DJEKTPOCHAOKEHHME MECTHBIX TOTpeOuTeNneH
ocyiectBisiercs uyepe3 PY cpennero HamnpsbkeHus Ha KpynHbix ['DC, a Ha ManblX M CPeIHUX —
myTeM 0TO0Opa MOIIHOCTH OT OJIOKOB Ha T€HEPATOPHOM HaIPSKEHUU.

1. CrpykrypHbie cxembl ['IC

B crpykrypHeix cxemax ['DC mnonydwsivn NOpPUMEHEHHE OIWHOYHBIE, YKPYIHEHHbIE H
oObeuHeHHbIe O00ku. Ha reHepaTOpHOM HaIpspKEHHHM OJIOKOB BBITIOJHSAIOTCS OTBETBJICHUS IS
MUTaHUS COOCTBEHHBIX HYXI.

Tun Onoka BBIOMpaeTCs Ha OCHOBAaHMM TEXHHKO-?PKOHOMHMYECKOTO COIOCTAaBIICHUS
1e1ecoo0pa3HbIX BAPHAHTOB C YUETOM pEKuMa paboThl 3JEKTPOCTAHIIMH, 3aTpaT Ha 000pyI0BaHUE
TEHEpAaTOPHOTO M IOBBIIIEHHOI'O HAINPSDKEHMs, CTOMMOCTU IOTEPh  JJIEKTPOIHEPTHMH B
MOBBIIAIONINX TpaHchopMaTopax, YIAOOCTBA SKCIUTyaTallld, KOHCTPYKTHMBHO-KOMIIOHOBOYHBIX
pelieHui u ap.

Ennnuynas MomHocTh OJ0Ka HE JOJDKHA MPEBBIIATh BEJIMYUHY PE3EPBHOM MOIIHOCTH B
cucteme. Ha puc. I'l, a, r, 1, mpeacTaBiIeHbl XapaKTEPHBIC TUIIBI 0OUHOUHBIX O10KOE, COCTOSIIINX
u3 reseparopa u TpaHcpopmaropa. IIpu Hammumm Ha I'DC OBYX NOBBIMICHHBIX HANPSKCHHH,
TUIPOTEHEPATOPbl OJMHOYHBIX OJIOKOB MOTYT OBITh TMOJCOCOUHEHBI K OOMOTKAaM HU3ILIETO
HaNpsDKEHUS aBTOTPaHC(HOPMATOPOB U TPEXOOMOTOUHBIX TPAHC(HOPMATOPOB.
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a) 6) 6)

2) 9) e)

Puc. I'l. Onextpudeckue cxemsl 010k0B [ DC

BeikmouaTenn  MeXAy ~— TeHeparopaMd W TMOBBIAIOMIMMH  TpaHchopMaTropaMu
YCTaHABIIMBAIOTCS:

€CIIM TPU OTKIIOYEHUU OJOKOB CO CTOPOHBI BBICIIETO HAIMPSDKEHUS M3MEHSETCS cXema
MOJIKJTFOYCHUS IPYTHX MPHUCOCTHHEHHI, OCTAIONIMXCS B paboTe (HampuMep, B KOJIBIEBBIX CXEMaX);

Ha OJIOKaX, OT KOTOPBIX TPOU3BOAWTCS OTOOP MOIIHOCTH IS OOIIECTAHIIMOHHBIX
COOCTBEHHBIX HYXJ Ha TEHEPAaTOPHOM HAIPSHKEHHH, TOCKOJIbKY HE3aBUCHUMO OT pPalbOThI
THJIpOreHepaTopa OOIIEeCTaHIIMOHHbIE COOCTBEHHBIE HYXJbl BCErJa JOJDKHBI UMETh CBs3b ¢ PY
yepe3 moBkImaromuii pancdopmarop (puc. I'1, a);

NpU TOJIKIIOYCHUH THAPOTCHEPATOpOB K OJouHBbIM aBTOTpaHchopmaropam (AT) wiam k
TPEeXOOMOTOYHBIM TpaHCHOPMATOPAM CBSI3H.

Ykpynnennvie 610ku 00pazyroT NOIKIIOYEHUEM HECKOIBKHUX T'HIPOT€HEPATOPOB K OJHOMY
obmemMy TpanchopMaTopy MM K OJHOH rpyrme ogaHodasHbx Tpanchopmaropos (puc. I'1, 6). DTtu
OJIOKM MOTYT MMETh IOBBIIIAIONINI TpaHCPOPMATOpP C PACLICIIIICHHONM OOMOTKOM Ha HH3IIEM
HanpspkeHun (puc. I'1, ). Bo3M0oXHOCTh 00BbeIMHEHUSI HECKOJIBKUX THIPOTCHEPATOPOB B OJMH
070K JOJDKHA OBITH MpOBEpEHa IO YCIOBHSM paboThl B cucreme. HeoOXoauMMOCTh yCTaHOBKH
reHEepaTOPHBIX BBIKIIIOUATENIel B YKPYITHEHHOM OJIOKE ONpeAesnsieTcs, UCXOs U3 YCIOBUN peKuma
paboThI, IycKa, OCTAHOBKH U CHHXPOHM3ALIUU T€HEPaTOPOB.

Qo0veounennslil 610K BKIIIOYAET B C€0s1 HECKOJIBKO OJIMHOYHBIX WM YKPYITHEHHBIX OJIOKOB,
COCMHEHHBIX MEXIy c000il 0e3 BBIKIIOUATENCH Ha BBICHIEM HANpSHKEHUU  OJIOYHBIX
tpanchopmatopoB (puc. I'1, B). 'eHepaTopHbIe BBIKITIOUATEIN YCTAHABIMBAIOTCS B KX I0M OJIOKE.
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2. Buabl cTpyktypubix cxem ['IC

Bun crpykrypuoit cxembr ['DC omnpenensiercss MHOTUMH (aKTOpaMU. YHCIOM CTyTEHEH
HaNpsDKeHUs, KaTeropued morpeduTenell Ha CpeJHeM HanpsDKEHUH, BEJIWYMHOM pe3epBHOU
MOIITHOCTH B CHCTEME, BO3MOXHOCTBIO BBIIIOJHEHMs D3JIEKTPOMAarHUTHOW CBA3M Mexay PV
MOBBILIECHHBIX HANPSKEHUH, a TaKXke ypoBHEM TOKOB K3.

CTpyKTypHBIE CXEMBI C IONEPEUYHBIMU CBSI3IMU Ha F€HEPATOPHOM HANpPSHKEHUU HAXOIAT
npumenenne Ha ['DC manoil MOIIHOCTH B T€X CiIydyasX, KOorja Ha reHepatopHoM HanpspkeHnn (['H)
MMEETCs MeCTHas Harpy3ka W Toku K3 He mNpeBbIIalOT I0MYyCKaeMbIX 3Ha4Y€HH. MOIIHOCTH
TeHEepaTOPOB, MOJIKIIOYEHHBIX K cOOpHBIM muHaM ['H, MoxeT ObITh Kak OOINbIIE, TaK U MEHbIIE
MOIITHOCTH HAarpy3Kku MOTpeOuTeNnell Ha IeHEepaTOPHOM HAalpsKEHUH, MOITOMY YCTaHaBJIMBAIOTCS
TpaHc(hopMaToOpbl CBS3M € cUcTeMoil. Yepe3 3TH TpaHchOpMATOpbl M30BITOYHAS MOIIHOCTD
TeHEPaTOpPOB MepelaeTcs B CUCTEMY WM MOTPeOisieTcss HeloCTaroasi MOIHOCTh U3 CUCTEMBI. B
KayecTBe TpPaHC(HOPMATOPOB CBSI3U MPHUMEHSIOTCS JBYXOOMOTOYHBIE TpaHc()OpMaTOphl WIK
TpaHchOpMaATOpPbl C pacHICIUICHHONH OOMOTKON Ha Hu3IieM Hanpsokenun (puc. 2, a, B).
HauOonpmras MOITHOCTB, MepeaBaeMasi yepe3 TpaHC(POpPMaTOphl CBS3U B HOPMAJIBLHOM DPEXHME,
oIpeiesIAeT X MOUIHOCTh U KOJIUYECTBO.

B GonpmmHCTBE CcityyaeB aeKTpuueckyro sHepruio ['DC BBIIAIOT B CETh OJHOTO MM JIBYX
MOBBIIIEHHBIX HANpPSDKEHUH, MOATOMY Ui HUX XapaKTEePHbI CXEMbl COEIMHEHMs I€HEpaTOpOB C
TpaHchopMaTopaMu 1o cxeme 0;10KoB. Beibop cTpykTypHOil cxembl 'DC 3aBUCUT OT MOIIHOCTHU U
KoJIM4yecTBa OJIOKOB, a TaKKe€ MOIIHOCTH, NOTpeOasieMOll Ha cpelHeM HampsbkeHuu. Ecnn
MoIHOCTb ['DC BBIIa€TCSl HA OJJTHOM IOBBIILIEHHOM HAIIPSKEHUH, TO BCE T€HEPATOPHI COSAUHSIOTCS
B OmoKH ¢ JaByxoOMOTOUHbIMH TpaHchopmaropamu (puc. I['2, 0). DimexkrpocHabkeHHe
notpeOuTeneil MeCTHOM Harpy3Kd U COOCTBEHHBIX HYXKJ MPOU3BOAMUTCS IyTeM OTOOpa MOIIHOCTH
Ha IeHepaTOpHOM HampsbkeHHu. Bompoc 00 yCcTaHOBKE I€HepaTOpHBIX BBIKJIIOUYATENIEH pelaercs
OTJENBHO B KaXI0M Cllydae.

Homunanenass MouiHocTh TpaHchOpMaTOpOB %I’T‘I BbIOHMpAEeTCsT MO MOIIHOCTH

TeHepaTopa 3a BEIYETOM MECTHOM Harpy3Ku:

B. ...-B

.6No I 2dd min

S copK,
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Puc. I'2. Ctpykrypabie cxembl [ 9C ¢ 0THUM MOBBIIIICHHBIM HANPSHKEHUEM
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rae DG. Of0 — YCTaHOBIECHHAs MOILHOCTh reHeparopa, MBT;

Q a38 min— MUHIMasbHasi MOIIHOCTh MECTHOM HArpy3ku, MBT;
COSP — k03 (HULMEHT MOLIHOCTH FEeHEPATOPa U HATPY3KH;

K2 — K03 PHUIMEHT CUCTEMATHYECKOHN MepEerpy3Ku, KOTOpbId onpeaensercs corinacHo ['OCT

14209-85.

BennuuHa MOIIHOCTH COOCTBEHHBIX HYXX[ MPU ONPEACICHUH MOIIHOCTU TPaHC(HOPMATOPOB
HE YYUTBIBACTCS.

Kax npasumiio, momHocts ['DC BbIaeTCs Ha ABYX HANpPSDKEHUSAX, OYEHb PEJKO — Ha TpeEX.
OOBIYHO Ha BBICHIEM HANPSXKEHUM OCYILECTBIIAETCS CBSI3b CTAHLUU C CUCTEMOH, Ha CpEIHEM —
3JIEKTPOCHA0KEHNE MECTHOTO PaliOHA MIIU CBSI3b C CUCTEMOI.

Yucno 06JI0KOB, MOAKIIOYEHHBIX K CPEAHEMY HAINpPSDKEHUIO, ONPENENseTcss MOIIHOCTBIO
Harpy3kKH MECTHBIX MOTpeOuTeNneil mpu  yCIOBHM, 4YTO TEPETOK MOIIHOCTH  4Yepe3
aBTOTpaHC(HOPMATOP CBSA3H — MUHUMAJIbHBIN.

MoiHOCTh 65104HOTO TpaHchopMaTopa SO 11 » Kak JBYXOOMOTOYHOro, TaK H

AE . I
TPEXOOMOTOYHOTO, ONPELIIICTCS 10 YCTAHOBICHHOW MOIIHOCTH TeHEepaTopa.

D 7~

SO . > G.0ono
AE - cop K, -
B mnepwon HaBomka TeHeEpaTtop JOJDKEH padoTaTh C TOJHOW HAarpy3kol B TEUEHHUE

marenbHoro  nepuona.  Koadduuuent K2 YUUTBHIBAET CHCTEMaTHYECKyI0 MEeperpy3Ky

TpanchopmaTopa.
MoriHocth  aBroTpanchopmatopa cBsizu  (AT¢p) omnpenensercs 1o  HauOOJbIEH

repeaaBaeMoi uepe3 Hero MOIHOCTH E)| ad. max € yUeTOM CUCTEMaTUUYECKON MepPEerpy3KHu:

> DI ad. max

SiA 2y 22—
Q. il COSﬁ[KZ'

Ha puc. I'3 moka3zanel BapwaHThl CTPYKTYpHbIX cxeM ['DC ¢ AByMsi NOBBIIIEHHBIMH
HanpspbkeHusMH. Tak, Ha puc. ['3, a, mpencrabiieHa cxema ¢ omHUM A T¢p. B citydae ycTaHOBKH IBYX
aBTOTpaHCPOpMaTOpa CBSA3M MOIIHOCTh KaXJIOTO M3 HHUX BBIOMpAeTCs C Y4YeTOM aBapUiTHOMN
NIEPETPY3KH MPHU BBIXOAE OJHOTO U3 CTPOSL:

P .
S ad. max

S‘QA.I'T\I = cosp [K'Z :

rae K’2 — ko3¢ duimeHT aBapuitHoOil neperpysku (ompenensercs cormacao ['OCT 14209-85).
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Puc. I'3. Ctpykryphbie cxembl ' C ¢ TByMs MOBBITIICHHBIMH HANIPSDKCHUSMHU
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B pounn 6104HOTO TpaHchopmaTropa MOKET OBbITH IpuMeHeH aBToTpanchopmarop (A4 75),
KOTOPBI B TO jK€ BpPEMs OCYIIECTBIISIET CBA3b MEKAY PY moBbIIeHHBIX Hanpsukenui (puc. I'3,
0). B atom ciydyae Konu4yecTBO OJIOKOB HAa CPEIHEM HANPSHKCHHH JOJDKHO MPEBBIIMIATH I10
MOIIIHOCTH  HEoOXoAuMYyI0  moTpebisemyio  Harpy3ky. Ileperok  momHOCTH — uepe3
aBTOTpaHCHOPMATOpP CO CPEAHETr0 Ha BBICIIEE HAMPSDKEHHE JaeT BO3MOXKHOCTH 3((EKTUBHO
HCIIOJIb30BaTh €ro MPOXOJHYI0 MOIIHOCTh. Kpome TOoro, MHOTAa SKOHOMHUYECKH 11€JIeCO00pa3HO
OPUMEHATh 3Ty CTPYKTYPHYIO CXEMY, BCJIEACTBUU YMEHBIIEHUS KOJMYECTBA SYEEK
BBIKJIFOUATENICd Ha BbICIIEM HamnpsokeHuu. HomuHanbHast momHocTh ATg; onpenensercs

CyMMOM MOLIHOCTEW reHeparopa DG.éﬁf) U IepeToKa JE)| a0.0 ad Mexay PY moBbleHHBIX
HanpsHKECHUM:
Bs. g0 * B a8.max

.0Nno

N >

SAQe 11 2 cogp (K
2

Koapdpuument K2 YUUTBHIBAET BO3MOXKHOCTBH cUCTeMaTHuecKod mneperpy3ku A7z Kpome

TOTO, HOMUHAJIbHAS MOIIHOCTh OOMOTKHM HH3IIero HampspkeHus A7g); S[ i ifi JIOJKHA

YAOBJICTBOPATH YCIOBUIO.

c . 2 PN
SII|

i = .0No -
Homunanehass MoutHOCTh AT MOKET OBITH OIPE/IeNeHa MO BHIPAKEHUIO

. So el
SAQ&E 2 k(‘)é'l' ’

rae So @7 —TtunoBas MOIHOCTb A5 , MBA;

kﬁ) @] —K03(ppULHEHT TUTIOBOI MOIIIHOCTH:

Kax npaBuno, y 4757 MOIIHOCTh S[ { jT1 TpeBbIIIACT 3HAYCHHUE SO ey -

[IpumeHneHne TpPeXxoOMOTOUHBIX TpaHchOpMaTOpoB Mg cBsizu PY um mopkimroueHue
TeHepaTopoB K 0OMOTKe Husmiero Hanpsbkenus (puc. '3, B) pexomenayercs mis [DC ¢

reHeparopaMu HeOOJIBIION MOITHOCTH TpU UN[ it 35 B u [IepeaaBacMoOil MOILTHOCTH

Ha cpeaHeM HampspkeHuu He MeHee 15-20% ot momHocTH TpaHchopmaropa, HO He Oojee
MOIITHOCTH OJHOTO TeHepaTopa. s pe3epBUpOBaHHS MOXXET OBITh YCTaHOBIIEH BTOPOH
TPEXOOMOTOUYHBI TpaHCPOPMATOp, HCXOAS W3 KATETOPHUHM IOTpeduTesnell Ha CpeaHeM
HaNpsHKCHUW ¥ TIEPCIIEKTUBBI Pa3BUTHS MECTHOTO paiioHa. Ecinm Harpy3ka Ha cpenHem
HanpspkeHuu (35 kB u Beimie) He npebimaer 15—20%wmonHocTr 0510Ka, TO IJIS CBS3M IIMH
TCHEepPaTOPHOTO HampspkeHust Onoka ¢ PY cpemHero HampspkeHHST MOTYT TPUMEHSITBCS
nByxoOMmoTourbie Tpancdopmaropsl (puc. '3, r).

Hcnonws3oBanne TpexoOMOTOUHBIX TpaHchopmatopoB win ATcg B 3TOM Ciydae
HeIleJIecoo0pa3Ho, TaK KakK MpPU yKa3aHHOM Harpyske CpEIHEro HampsOKEHHs MMEET MECTO
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CYIIECTBEHHOE  HEIOMCIONb30BaHWE  MOIIHOCTEH  OOMOTOK  CpelIHEro  HampsHKEHUS
TPEXOOMOTOUHBIX  TpPaHCHOPMATOPOB W  HOMHUHAIBHOM  MomHOCTH  ATcp.  Yumcno
JByXOOMOTOYHBIX TpaHC(HOPMATOPOB CBS3M ONpEAENseTCs C YYeTOM pa3BUTH CeTeid,
NOJKIIIOUEHHBIX K PY cpenHero HampsikeHHs U 0OecriedeHHs] HaJIeKHOTO AJIEKTPOCHAOKEHUS
noTpeOuTeneii Ha 3TOM HaNPSHKEHUH.

HomunanbHas  MOIIHOCTH  Kak  JBYXOOMOTOYHBIX, TaK M  TPEeXOOMOTOYHBIX

SFC JHOM

TpaHc(hOPMATOPOB CBSI3U OTIPENIENISIETCS TI0 BBIPAYKEHUIO

S D.aaa max

SeW L * Cop K,

rae JD{ a3d max — MakcuMasbHas MOITHOCTh Harpy3KH Ha cpeaHeM HanpsbkeHuu, MBT;

COp — K02 PUIMEHT MOIIHOCTH;

K2— KOA(Q(QHUIMEHT, YYHUTHIBAIOUIUN CHCTEMAaTHYECKYl0 TEperpy3Ky IpH OJHOM

TpaHchopMaTope WIK aBapuiHYIO TIeperpy3Ky npu ABYX TpaHc(hopMaTopax.

Jlekuus 12.37aekTpocHadkeHne coocTBeHHBIX HY:KT ['IC

[TocranoBnenuem I'ockomcrata Poccum Ne 161 ot 29 centabps 1992 r. yrBepxnena
clenyiolas HOMEHKJIATypa 3JEMEHTOB pacxofa 3JEKTPOIHEPTruu Ha COOCTBEHHBIE HYKIIbI
TUIPOIIIEKTPOCTAHLIHIN:

1. l'uopomexnuueckue coopysrcenust.

AJIEKTPOBUTaTEId MEXaHU3MOB, 0OCTYKMBAIOLUX IJIOTHHY, BOJOCOPOCHI, TIPOMBIBHBIC
ycTpoiicTBa, Bogo3adop ['3C, BOJOBBITYCKH | TIP.;

OCBEILICHWE M OTOIUICHHE TomeleHuit coopyxkenuid [ 9C u nepuBanuu, o0OrpeB IMa3oB
3aTBOPOB.

2. Hanopmnwiti 6acceiin (uiu asankamepa):

ANICKTPOJBUIATEIM MEXaHM3MOB, OOCITY)KMBAIOIIMX HAMOPHBIA OacceliH (aBaHKaMephl),
MIPOMBIBHBIX YCTPOMCTB;

AIIEKTPO/IBUraTeI MEXaHU3MOB, OOCITYXHBAIOIIMX PELIETKU U Ta3bl 3aTBOPOB HAIIOPHOTO
¢ponTa;

OCBEIIIEHHE HAaMoOpHOro OacceilHa W OTOIUIEHHWE I[IOMEIICHUN, OTHOCSIIUXCA K
COOPY)KEHUSIM HaIOpPHOTo OacceiiHa (aBaHKaMephbl);

000TpeB PENIETOK M 3aTBOPOB HATIOPHOTO (hPOHTA.

3. 30anue I'OC:

AJIEKTPOJIBUTATENH, JCHCTBYIOIIME B CHCTEME PETYIUPOBAHUS, B CUCTEME TEXHUYECKOIO
BOJOCHAOXKEHMSI THIpOArperaroB, B CHUCTEME OTKAauKd BOJABI M3 MPOTOYHOTO TPaKTa
TUPOArperaToB U ApeHaKHbIX BoJ 30aHus ['9C;

NIEKTPOJABUIaTENM  MACASIHOTO M IHEBMarudeckoro xossiictBa I'DC,  cucreMsl
MOKAPOTYIICHHS FeHepaTopoB U 3aanust ['IC;

AJNIEKTPOJIBUraTeIM  MEXAaHMU3MOB Ha  OTKPBITHE-3aKPBITUE  3aTBOPOB  HAMOPHBIX
TpyOOITPOBOIOB U MOABEMHBIX MEXaHU3MOB (KpaHOB, TU(TOB, ICOETOK U 1. );

3JEKTPOCBApKa, 3JIEKTPOUHCTPYMEHTHI, 3JEKTPOJBUIaTeId MEXaHU3MOB U CTAHKOB
MacCTEpPCKHUX IO PEMOHTY THJIPOMEXaHUYECKOTO U AJIEKTPOTEXHUUECKOTO 000pY10BaHUS;

OCBEILICHNE, OTOIUIEHHE M BEHTWIISALMS BCeX 0e3 MCKIoYeHus nomenienuit 3nanus '0C, a
TaKK€ MOMELICHUN PACIIPEIEITUTEIBHOIO YCTPOMCTBA U OCBEILIEHUE €0 TEPPUTOPHH.

Ha nepBbiii B3I, nepeueHb JO0CTaTouHO BHymMTenbHbIM. Ho Ha I'OC, B orTnuume or
TOC u ADC, OTCYTCTBYIOT MPOIECC MPUTOTOBJICHUS SHEProHocuTes (mapa), u padoTa ¢ HUM
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nocne TypOunbl. [loaToMy pacxopn snekTpodHepruu Ha c.H. ['DC 3HAUUTETBHO HUXKE, OH
cocrasisiet, 0,2—2%ycTaHOBICHHOM MOIITHOCTH (CcM. Tabi. 1).

Haumenpmmii npoueHT MoTpeOieHus SJIEKTPOIHEPruu OTHOCHUTCS K MomHbIM [OC,
HauOOJIBIINN — K HEOOJbITUM 110 MOITHOCTH ['DC, B TOM Unciie AepUBAITAOHHBIM.

B kaudectBe nsnekTponpuBona MexaHu3moB c.H. ['DC wyamie Bcero HCHONIB3YIOTCS
ACUHXPOHHBIE JJIEKTPOJBUTaTENN C KOPOTKO3aMKHYTBIM POTOPOM. Y JAEIBHOE COAEpKaHUE
AJIIEKTPONPUEMHHUKOB, HE IOMYCKAIOIIUX MepepbiBa nuTanus, Ha ['DC 3HaYNTENHHO MEHbIIIE, YEM
Ha TOC u ADC. Ho B cBfA3M C TeM, 4TO MMeEET MECTO OOJIBIION Auaria3oH MOIIHOCTEMH,
pa3HOXapaKTEepHBIA pPEKUM  PabOTBl  OTHENBHBIX  DIEKTPOINPHUEMHHKOB M  OTCYTCTBHE
MPOMOPLUOHAIBHOM 3aBUCHUMOCTH MEX]ly TOTPEOIEHUEM AIEKTPOIPUEMHUKOB C.H. U SHEPTUEH,
BeIpabaTeiBaeMoid Ha ['DC, ompeneneHue pacdyeTHOW MOIIHOCTH, morpedisiemoit c.H. ['OC,
MIPEACTABIISIET U3BECTHBIE TPYJHOCTH.

DJIeKTPONIPUEMHUKH COOCTBEHHBIX HY K/

Kak m mns apyrux TUIMOB dJieKTpudecKux craHiui, st [ D9C arperatbl COOCTBEHHBIX
HYXJT MOKHO TOJPA3AEINTh!

110 Ha3HAYEHHUIO;

10 TEPPUTOPUATILHOMY PACIIOIOKEHUIO;

10 HATPSKEHHUIO,;

0 PEXKUMY pabOTHI M YIaCTHUIO B CAMO3aITyCKe,

10 OTBETCTBEHHOCTH.

[To cBOeMy Ha3Hmauenuro >NEKTPONPUEMHUKH cOOCTBeHHBIX HYXJ ['DC nenar Ha nBe

TPYIIbL  acpeeamuvle U obwecmanyuonnvle (MepedeHb MpUBEACH HWXKe, B Tadbm. [1).
Aepecammuvie c.H. BKIIOYAIOT B ce0sl BCE BCIIOMOTATENIbHBIE MEXaHU3MBI, OOCTYKUBAIOIIUE
arperaT, a B CJAMHUYHOM OJIOKE — €Ie W TOBBIMAIIMK OmouHb Tpanchopmarop. K
arperaTHbIM OTHOCSITCS: MAacClIOHACOCHI HANOPHBIX YCTaHOBOK ruzapoarperaroB (MHY),
JeKaXHBIH HAacoC, HAcOC OTKAa4KW BOJbl C KPBIIIKA TYpOUHBI, HACOCHl TEXHUYECKOIO
BOJIOCHAOKEHUS;, Y TEHEPATOPOB C HEMOCPEICTBEHHBIM OXJIAXKIECHUEM — HACOCHI IUPKYISIIUU
BOJIbI, HACOCHI WJIM BEHTWJIATOPHI OXJIaxaAeHUs TpaHchopmaropa u ap. ObwecmanyuoHusie C.H.
UMEIOT o0lIiee Ha3HAUCHHUE: TTOITbEMHBIC MEXaHU3MbI, BEHTWIISIINS, OTOIJICHHE, HACOCHI CHCTEMBI
OCYIICHMsI TPOTOYHOM 4YacTH arperara, JApPEHaKHbIE€ HACOChl, KOMIIPECCOPHBIE, HACOCHI
MOXKApOTYLIECHUS U T. 1.
CrnenyeT Takke OTMETUTH, YTO OT IIKH C.H., KaK MPaBUjIO, MUTAIOT MOTpedUTesel, BXOAAIINX B
COCTaB TUIPOY3JIa, @ UMEHHO IILTI03, TOPOACKHE, TPOMBINIICHHBIE BOA03a00psl. Kpome Toro, oT
9TUX IIHWH MOJy4YaeT MUTaHHE MPUCTAHIMOHHBIN mocenok. IlepeuncieHHble MOTpeOUTENU HE
UMEIOT MPAMOro oTHoIeHus kK c.H. 'D9C.

Teppumopuanvno >I€KTPONPUEMHUKN pas3MemiaroT: B 31aHun [DC, Ha OTKpPHITOM
pacrpeaenuTenbHOM YCTPONCTBE, Ha TUIOTUHE, [Ipr 3TOM XapakTepHBIM SBIISIETCS:

JIOCTaTOYHO CTAOWJIBHBIM COCTaB dJEKTPONPUEMHHKOB C.H. BHYTpu 3manus [DC.
Paznmuuust ompenensioTcss CHCTEMOH OXJIaXJACHUS TEeHEepaTopoB, TPaHC(HOPMATOPOB, THIIOM
CUCTEMBbI BO30YX/I€HUS FeHepaTopa,

3NEKTPONPUEMHHKH 3a mpenenamu 3aaHuss ' 9C MoryT UMeTh 3HAUMUTENIbHBIE OTIMYMS,
yTto BbI3BaHO THUNOM [DC — pycrnoBas, pyciioBas COBMEIIEHHAsA, MPHUILNIOTHHHAS,
JEpUBALIMOHHAS, A TAKXKE KIIMMATUYECKUMU YCIIOBUSIMH.

Kak yxe yka3blBajioch, numanue ecex 31eKMPONPUEMHUKOE OCYULECHEIAEMCA HA
nepemennom moke. OCHOBHAsI 4acTh JICKTPONPHEMHHUKOB padoTaer Ha Hanpsbkenun 0,4/0,23
kB. Omgnako #a maorux I'DC kpome Hampsukenust 0,4/0,23kB B cucteMe COOCTBEHHBIX HYKIT
UCTIONB3YIOT OoJiee BrIcOKOe Hanpspkenue — 6w 10kB.

Paznuuarom mpu xapakmepnuvix pexcuma snexkrponpucMHukoB CH: miuTenbHBIH,
AMU30UYECKUN U TEPUOTUYECKUI.

B oOnumenvnom pexume pabOTArOT: OCBEIIEHUE, BEHTHWISAIUS, OTOIUICHUE, HACOCHI
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BOJISIHOTO  OXJAXACHUS TEHEepaTOpOB, MAaCJIOHACOCHl OXJIAXACHUS TpaHCc(HOpMaToOpoB C
NPUHYAUTETFHON IMPKYISIUEH, OXJIaXJACHHEe THUPUCTOPHBIX MpeoOpa3oBareneil CUCTEMbI
BO30YKJICHHsI TeHEepaTopa, 3apsAaHO-TI0OA3apsIHbIC arperaTel aKKyMYJISTOPHBIX OaTtapei u Jp.

B snuzoouueckom pexume (Hampumep, MEPEeHOC M YCTaHOBKA PEMOHTHBIX 3aTBOPOB
BOHOCHHBHOﬁ HJ'IOTI/IHBI) pa60Ta10T BCC NNOABEMHBIC MCXAHU3MbI, HACOCbl CUCTCMbI OCYHICHUSA
MIPOTOYHOM YacCTH arperaTa, HACOCHbBIE CTAaHLIUU MOKAPOTYILIEHUS U JIp.

B nepuoouueckom pexume («padora-maysa») paboratror macioHacockst MHY (sacrora
IIMKJIA YBEJIIMYMBACTCS TIPU MCIIOJIb30BAaHUU THPOATPETaToOB B MUKE Ipaduka HArpy3Ku), HACOCHI
OTKAYKW BOJBI C KPBIKKA TYpPOUHBI, JEKAXHBIM HAcOC, KOMIIPECCOPHI, OOCITYXHBAIOIINE
BO3/IyIIHBIE BBIKIIOYATENHU U JIp.

Ilo cmenenu omeemcmeenHocmu >IEKTpONpUeMHUKH c.H. 'DOC paznenstor Ha Tpu
rpymsl (cM. Tabm. I'L).

K 1 rpynme oTHOCSTCS 3J€KTPONPHEMHUKH, paboTa KOTOPBIX CBs3aHa C BBIPAOOTKOM
anekTpodHepruu ['9C U ee KauecTBOM WJIM C BO3MOXXHOCTBIO TIOBPEKICHUS 000pYIOBaHUS U
TUAPOTEXHUYECKUX COOpYXeHMH. IlepepplB mNHTaHUSA AJIEKTPONPUEMHUKOB 1 rpymimsl
oonyckaemcs Ha epemsi_Oeticmsusi ABP (aBromaTtn4eckoro BBojaa peseppa). CaMo3ammyck BCex
OTBCTCTBCHHBIX BHGKTpO,Z[BI/IFaTGHGfI JOJI2KCH O6€CH€‘II/IBaTBC}I nocae oTkiaroueHus K3 m mocie
nenvcteusa ABP.

Ko 2 rpymnme oTHOCATCS 5SIEKTPONPUEMHHMKH, HEMOCPEICTBEHHO HE CBSI3aHHBIC C
BbIpa0OTKOM AnekTpodHepruu. [lepepplB nmuTaHus JOMyCKaeTcsl Ha BpeMs, He0OX0IMMOe IS €T
BOCCTaHOBJICHHS JEXKYPHBIM IIEPCOHAIIOM.

K 3 rpymnme oTHOCATCS 37EKTPOIPUEMHHUKH, Y KOTOPBIX JIOMYCKAETCs MEepephIB MUTAHUS
Heonpez[eneHHOﬁ JIIUTCIIBHOCTH.

Tabnuya I'l
Ilepedyenn u xapakTepucTuka norpeodurenei c.H. '9C
HaunmeHnoBanue npueMHUKOB VYuactue B | I'pynnano | MoOTHBBI, HA OCHOBaHUHU
camo- Tpedyemoii KOTOPBIX yKa3aHa
3allyCKe | HaJEKHOCTH rpynna
1 2 3 4
Codcmeennvle HYHCObL azpezamos
Hupkyns1imoHHbIE HACOCHI Ha 1 Cas13aHbI ¢ paboTOi
OXJIOKJECHUSI OOMOTOK TeHepaTopa arperara
BBINPSMUTENICH CHCTEMBI
BO30YKICHUS
Macnonacocst MHY Ha 1 To xe
KomMmmpeccopbl TOpMOKEHUS Ha 1 To xe
Hacocbl oTkauky BOJIbI ¢ KPBIIIKU Ha 2 To ke, HO TOMyCKalT
TypOUHBI KpPaTKOBPEMEHHBII
NIepephIB
JlexaxxHbIN HacoC Ha 2 To ke, HO TOIyCKar0T
KpaTKOBPEMEHHBIN
nepephIB
OxJaxaeHue TIaBHBIX Ha 1 Brigaua
TpaHcGopmMaTopoB AJIIEKTPOIHEPTIUH B
CUCTEMY
[IpuBOABI 3aABUKEK TEXHUYECKOTO Het 2 Ilyck arperara, 3aMeHsI-
BOJIOCHA0KEHUS €TCsl PYYHOU ollepaluen
Hacocsl Texanueckoro Ha 1 Cas13aHbI ¢ paboTOi
BOJIOCHA0KEHUS arperara
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KomMmrpeccops! oTxaTHs BOJBI IS Ja 1-2 Cps3aHbl ¢ paboTOi
paboThI reHepaTopa B peKuMe arperara
CHHXPOHHOTO KOMIIEHCAaTopa
MexaHu3Mm i1 noabeMa Her 1-2 K 1 rpynne otHocsTCS
OBICTPOMNAAIOIINX IIIUTOB MEXaHU3MbI OITYCKaHUs
IIUTOB
IIpooonscenue mabn. I'1
1 2 3 4
Kommpeccops! 3apsinku MHY Her 1-2 Paboraer nepuonuuecku
MacnoHacochl CUCTEMBI CMa3KH1 Ha 1 Cas13aHbI ¢ paboToit
arperaTtoB arperara
DneKkTpoHarpeB KaOeIbHBIX BBOJOB Ha 2 JlommyckaeTcsi KpaTKo-
MOBBIIAIONINX TPAHC(POPMATOPOB BpPEMEHHBI NIepephIB
DNeKTpOABUTaTENN OJaul BO3IyXa Her 2 Jomyckaercss KpaTko-

moj; pabouee KoJaeco TypOrHbBI

BPEMEHHBII NIEPEPHIB

Obwecmanyuonnvie coOOCMEEHHBIE HYHCOB

AxkymynamopHasa bamapes
3apsiiHOE YCTPONCTBO

Her

2

BcrniomorarensabIe Me-
XaHU3MBbI, HE JOMTYCKAIOT
JUTUTENIBHOTO TepephiBa
B pabore

[TonzapsigHOE YCTPOMCTBO

Her

YcranasnuBaercs nBa
KOMIIJIEKTA

Kanopudep

Her

BcrniomorarennHbIe Me-
XaHU3MBbI, HE TOMTYCKAIOT
JUTUTENIBHOTO TepephiBa
B pabore

Bentwisarop

Ha

BcrniomorarennHbIe Me-
XaHU3MBbI, HE TOMTYCKAIOT
JUTUTENIBHOTO TepephiBa
B pabore

Omxkpovimoe pacnpeodenumenbhoe
yCmpoucmeo
Kommpeccopbl THEBMAaTHYECKOTO
XO03sMCTBA

PaboratoT Ha pecuBepsI
(cocybl BRICOKOTO J1aB-
JICHUS), HO JUTATEIIbHBIN
nepeprIB B paboTe MO-
JKET BIIUATH HA padOTy
CTaHI[MH B IIEJIOM

Ob6orpeB 6akoOB BBIKJTIOYATEICH

Her

Cssi3an ¢ paboroit ['DC,
HO B paboTe
JIOITYCKAETCS IePEePhIB

O6orpes mkapoB MPUBOJIOB
BBRIKJIIOYATENICH

Her

Cssi3an ¢ paboroit ['DC,
HO B paboTe
JIOIYCKAETCS TIePEPhIB

Jlabopamopus
HcnpITaTenbHbBINA CTEH

Her

B paGore nomyckaercs
TepepbIB HEOIIPEETICH-
HOHU JUIMTEILHOCTH

Hacocuwie yecmpoiicmea
Hacocbl oTkauku BOOBI U3

Her

1-2

Hcexons u3 yciioBui
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OTCaChIBAIOIINUX TPYO

0€3011aCHOCTH PEMOHT-

HBIX padoT

JIpeHaxxHBIN HAacOC a 1-2 B 3aBucumoctu ot 10-
IIyCTUMOMU
JUTUTETBHOCTH
nepephIBOB B paboTe
IIpooonsicenue maon. I'l

1 2 3 4

[ToxxapHbIe HACOCHI Ha 1 Heo0Oxonnma
0e30TKazHas paboTa

Hacocws1 x03siicTBEHHOTO Her 3 B pabote momyckaetcs

BOJIOCHAOKEHUS nepephIB HEOTPEIEIICH-
HOHU JUIMTEILHOCTH

1lo0vémnbie mexanuzmol

Kpansl mammuHoOrO 32712 Her 2 BcnomorarenbHbie Me-
XaHU3MBI, JJOMYCKAIOT
JUIUTETLHBINA TIEPEPHIB B
pabote

[Teperpy3ounbie KpaHbl Her 3 JonmycTumsl
JUTUTETbHBIC TIEPEPHIBHI
B pabore

Tenwbep manIop oTcachIBAIOIINX Her 2 JlommycTUMBI KpaTKOBpE-

TpyO MEHHBIC TIEPEPBIBHI B pa-
6ore

MocToBble KpaHbl LIUTOBBIX Her 2 JlonycTuMBI KpaTKOBpe-

OTJeNEeHUN MEHHBIE TIEPEPHIBHI B pa-
6oTe

MexaHu3MbI TOAbEMA Her 1-2 K 1rpynne otHOCATCA

OBICTPOTNAIAIOIINX IIIUTOB MEXaHHU3MBI OITYCKaHUs
HIUTOB

MycopOOUYHNCTUTENBHBIE MALIUHBI Her 2 JlonycTuMBI KpaTKoBpe-

peIlIeToK MEHHbBIE NIEPEPHIBHI B pa-
6oTe

MexaHNU3MBI ITIOABEMA IIIUTOB Her 1-2 B 3aBucumMocTH ot HEOO-

TUIOTHUHBI XOJIMMOCTU CPOYHOTO
BBOJIa B paboTy

MexaHU3MBbI 3aKpBITHSL IPOCCENBHBIX Ja 1-2 OTka3 B paboTe MOKET

3aTBOPOB HAMOPHBIX TPYOOIPOBOAOB MPUBECTH K aBapuu
COOPYKEHHUSI

Macnanoe xo3aicmeso

JIBuraTenu cemnapaTopoB Her 3 B paborte nonyckaercs
nepepbiB HEOIPEIEICH-
HOU JJIMTEJIbHOCTH

ITogorpesarenu cenaparopos Her 3 To xe

OUIHTP-NMPECCHI Her 3 To xe

Hacocwl macnsabie Her 3 To xe

CymmunbHbIe KAQBI Her 3 To xe

Pasnvie nompebumenu
CMAHYUOHHO20 Y3/1d
IlepenBUKHBIE TPUEMHUKHU Her 3 B pabore nomyckaercs
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PEMOHTHOI'O HAa3HAYCHU A

nepepbIB HEOMPEIEICH-
HOU JUIMTEILHOCTH

Kommpeccopbl TeEXHUYECKUX HYX]

Her

To xe

Bentunsaropsl 31anus ['9C

Ha

2-3

B 3aBucumoctu ot
KJINMAaTHYECKUX
YCJIOBUI Y HA3HAYCHUS

IIpooonsicenue maon. I'l

1

4

OtormuieHne nomeneHn 3panus ' OC

Hert

wlw

B paborte monmyckaercs
nepepbIB HEOTIPEACIICH-
HOU JUTUTEIILHOCTH

JIudTe1 maccaxxupckue

Her

OTxka3s B paboTe 0CIIoXK-
HSICT DKCILTYaTaIHIO

JIud el Tpy30BEIE

Hert

B pabote monmyckaercs
nepepbIB HEOIPEACIICH-
HOU JUTUTEIILHOCTH

DNEeKTPUYECKOE OCBEIICHUE

1-2

CBs13aHO ¢ HOpMaJIbHOMI
paboToM AKCIUTyaTaIy-
OHHOTO MEePCOHATA

[IpucTaHIMOHHBIN MOCETOK

CBs3aHO ¢ HOpMaIBLHON
paboToii FKCIITyaTaIu-
OHHOT'O NIEpCcOoHaJIa

IInomunwi, 20108HbLE COOPYIHCEHUS

depusayuu
MexaHu3MBbl IUTOBBIX 3aTBOPOB

Her

1-2

1 wu 2 rpynma
YCTaHABIIMBAETCS B
3aBUCUMOCTH OT
Ha3HAYCHUS U PEXKUMA
paboThI 3aTBOPOB

OO6orpeB 3aTBOpPOB

2-3

2unu 3 rpyrmma
YCTaHABIIUBAETCS B
3aBUCUMOCTH OT
HA3HAYEHUS 3aTBOPA

Kpan

2-3

2unu 3 rpymnma
YCTaHABIIUBAETCS B
3aBHCUMOCTH OT
HA3HAYEHUS KpaHa

MexaHu3mMbl MycOpoy1ajaeHus

B pabote monmyckaercs
nepepbIB HEOTIPEACIICH-
HOU JUTUTEILHOCTH

IlepenBuxKHBIE PEMOHTHBIE
anmnaparsl

To xe

DJIEKTPUYECKOE OCBEIICHUE

3

To xe

[Tutanue >neKTPONpUEeMHUKOB 1 M 2 rpynmbl JOKHO OCYIIECTBIATHCS OT JBYX

HE3aBUCHUMBIX HMCTOYHUKOB. [IpW 3TOM Isi 3JeKTpONpHEeMHUKOB 1 Tpynmbel JOKEH OBITh
IIPEAYCMOTPEH aBTOMATHYECKUM BBOJ PE3EPBHOIO NUTaHUsA. BO BpeMs IOIHOW OCTaHOBKHU
arperatoB ['OC pomyckaercst TuTaHue OT OJHOTO UCTOYHUKA MTUTAHUs, HO BTOPOU JIOJDKEH OBITh
B COCTOSIHUU ropsiuero pesepBa. Ecim um sBisiercss oauH u3 arperatroB ['2C, oH n0iKeH
pabotath Ha XOJOCTOM XOAy. HampsbkeHne Ha SJIEKTPONPHEMHHKAaX C.H. JOJIKHO
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MOJJICP)KUBATECS B YCTAHOBIICGHHBIX Tpenenax. Jlomyckaercss OTKIOHCHHE HANpsDKEHUS: Ha
9JIEKTPOJABUTATEINIAX B mpeenax +5% @ oraenbubIx citydasx go +10%).Ha nammax ocBereHus
— 2,5%;Ha ynaneHHBbIX JIaMIIax aBapuHHOTO W HApPYKHOTO OocBemieHus +5%.

PerynupoBanue HampsDKeHHS B CHUCTEME COOCTBEHHBIX HYKJ OCYIICCTBIIICTCS Ha
OCHOBHBIX TpaHcopmaropax C.H., KOTOPbIE JOJDKHBI HMMETh YCTPOMCTBO pPETyIUPOBAHHUS
HanpspKeHus o Harpyskoi (PITH).

Jleknus 13.YcaoBusi, o6ecneynBaoiye caMo3anyck dJIeKTpoABUraresei

Ha puc. I'l0 mokazana cxema TWTaHWUA JABUTATElIed W CTaTHYECKOW Harpy3Ku
(kanmopudepsl oborpeBa 000OpYIOBaHHS WM OTOILICHUS) OT TpaHC(POpMATOpa COOCTBEHHBIX
uyxa (TCH), MOAKIIOUEHHOTO K BbIBOJaM reneparopa. IIpu Bo3HukHOBeHuu K3 B ceTH C.H.,
Hanpspkenne Ha mmHAax 0,4 kB pe3ko  CHMXKaeTcs, XapaKTepUCTHKAa MOMEHTA,
POMOPLMOHAILHOTO KBaJpaTy HANpsDKEHUS Ha JBHUrarese, TakKe CHI)KAETCs, €ro 4acrora
BpalcHuss yMeHblaeTcs. CHIDKCHHE 4YacTOThl BpaiieHust (BbIOET) 3aBHCHT OT BPEMEHHU
otkmoueHus K3, ot Buga K3 u ero snexrpudeckoil yaaJleHHOCTH N0 OTHomeHuto K muHaM 0,4

kB, OT XapakTepucTuku | § (kak u y TOC, K epBo# TpyIIe OTHOCATCS arperarsl, y KOTOPBIX

|  =CONSt uanpumep — neGemku MOABEMHBIX MEXaHH3MOB, KO BTOpOil IpyIINe
TNIPUHAIEKAT LEHTPOOEKHbIE HACOCHI, BEHTHIIATOPHI, KOMIIPECCOPHI, /I KOTOPBIX 3Ta 3aBHCH-
MOCTP manafomas: | ] f (w) ). Ha puc. T'11 nokasansl najaromas | {1 M HOCTOSHHAs
| o xapakrepucTnknm MexammsmoB, a Takke xapakTepucTHku | xa  mpu pasHbix

HaIMpsOKCHUAX Ha HIMHaxX U AA -

T1

TCH
G1

7+T%;,@

Puc. I'10. VicxonHas cxema 3JIeKTpOCHA0KEeHUs ABUTATeNeH C.H. Ui pacyera
pe)xuma caMo3anycka nocie otkiaroueHust K3

Haubonee TsokensiM citydaem OyIeT Takou, MpU KOTOPOM K MOMEHTY oTkitoueHus K3
3aIIUTOM BCE JBHUTATENN 3aTOPMO3STCS M, CJIEIOBAaTEIbHO, BCE OYyAYT HAaXOAHWTHCS B PEKUME
mycka, MOTpeOssisi MyCKOBOW TOK; TpPH 3TOM HANpsDKEHHWE Ha JIBUTATENSIX OKAa3hIBACTCS
3HAYUTEILHO HIDKE HOMUHAJIBHOTO.
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Ecnn M3BECTHO MMHUMAIBHOE HAINPSKEHUE U AAmin, TP KOTOPOM IBUTATENISIM C
JAHHBIMU XapaKTEPUCTUKAMU | R.i JOJDKEH OBITh 0OecreueH caMo3aIyck, MOKHO PacCUuTaTh

JIEUCTBUTEIIBHOE HANPSHKEHUE HA JBUTATENAX B ATOM PEKUME U AA a8éfi0 ¢ U COTTIOCTaBUTH €T0 C

U

AA min - Ecimn U AA 43670 A~ U AA min TO caMO3alyCcK  IMPOU3O0MIET, ecimn

U AA 48670 8= U AA mii — ABUTATENN HE 3aIyCTATCS. MOXKHO B Ka4eCTBE OLUEHKU YCHEIIHOCTH

caMO3aIlyCKa JBUIaTelIed MCIOJIb30BaTh MAaKCUMAJIbHYIO CYMMapHYIO MOILIHOCTb JBUIATElIEH,
yJ4acTBYIOIIMX B camo3zamycke (moakmodeHHbIX K mmHam 0,4 kB), mpu KoTopoil camosamyck
Oyzer obecrieueH. JleWicTBUTENbHAsE CyMMapHas MOIIHOCTH 3JEKTPOJBUTATENEl HE JOJDKHA

MIPEBOCXOIUTH PAA. max- ECIIA 3TO YCJIOBHE HE BBIMOJHSACTCS, TO HEOOXOIUMO aBTOMATHYECKOE

OTKIIIOYCHHE HaMMEHEe OTBETCTBEHHBIX aBurareneii. Cremayer ormeruth, (cm. tabda. I'l), uro

BHraTen noxbeMusix Mexannsmos (| g = CONSt) g camozanycke e yuactsytor.

M%
Mc

*

N\
NN
.

Mc: \ g=

o ecececaasd
T y=os
\

Uu=0,7
\< *
N U=05
\'----..- *
0 1 S
Spa6

*

Puc. I'11. YcnoBust paboThl aCHHXPOHHOTO JBUTATENsI PU CHUKEHHBIX HAMPSXKEHUSIX
Y pa3HbIX MOMEHTaX COMPOTHUBIIEHUS MEXaHU3MOB C.H.

PacueTHass MOITHOCTH AJEKTPOABUTATENIEH, YIaCTBYIOIIMX B CAMO3AITYCKE, ONPEACIISICTCS

MIpU 3aTAaHHOM U AA min- PacdueTHas cxema moka3aHa Ha puc. ['12, a; Bce nBUTATENN BBEICHBI
n

n —
CBEPXIIEPEXOAHBIM COMIPOTUBIICHHEM Xaé.l U 3.1.C. Eaé.i =0 (pexum mycka). Ha puc.

'12, 6, mokazaHa ymOpoOIIEHHAas cXeéMa, B KOTOPOH BCe IBUTATENH MPEICTABICHBI OIHUM
SKBHUBAJIEHTHBIM, MOIIHOCTh KOTOPOrO pPaBHAa CYMMApHOW MOIIHOCTH BCEX JBHUTATeNeH,
Y4aCTBYIOIIMX B CAMO3AIlyCKE CO CPEIHUMU MTapaMeTpamMu
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lioricid Nas COHP g

Uss = Tk Kiavas >U

aa aayéa— - aamin

2 Paa <2 Paa max

L*J - =1,05 L*J - =1,05
L 2 L 2
m m
L 2 L 2
Xde. 1 Xdue. 2 Xde.n Xde. K8
Ede. 1=0 08. 2=0 Ede. n=0 Ede.ake
a) 6)

Puc. I'12. Pacuémuas cxema pexcuma camosanycka oguzameiell C.H.

Tak kak pexuM mycka aHajgoruueH pexxumy K3, morpebnsiembril JBUTATESIMU ITYCKOBOM
TOK paBeH ToKy K3.

Mpu Sy = = Rt s Xaayea™ Y loene s
2P
Nig LEOP s

2545 =

st U A4 min OyJeM UMETh:

_ Urg So.i
Uaé.min_ S(‘)l'“ D(DaayegZS =
Xp t )ﬁ]ié.yéé%:si aamax

da max

iti brsLoPas

1,05




OTKYyJa
S P :(1’05_Ufﬁémin)[50.|'ﬁ (e LLOP i
aamax Uoes B Ogren .
CA4A min 00 6fé Ao

)

[To mamaeiM BIIM m HUU T'maponpoext mis asurateneit moutHocThio g0 100 kBT,

~

—_—

MMEIOLINX M Ep ™~ 1,801 T, Uéé.min - 0,65[U|’ﬁ : IUIS ABUTATe]Ied MOIIHOCTBIO

6once 100Br e Mep 22,20 147, Uga min=06i71 mpu | iiaisne=0.2.
W3 ypaBuenuss (I'l) caemyer, uto yBenmueHwe MmomHOCTH TCH W CHUXXEHHE €ro XD
(U = 0/0) yIAy4IaeT YCIOBHsI CaMO3aIrycKa.

HarmpsixkeHne KOpOTKOTO 3aMbIKaHUS (U E ) TpaHcdopmaTopos MomHocThio 630 kKBA

npuHuMaroT 5,5%, nns Tpancdopmaropos 1000 kBA U E TNpuHUMAKOT paBHeiM 8%, mpu

ATOM YCJIOBHS CaMO3aITyCKa 3JIEKTPOJABUTATEIICH Xy IIIAIOTC.
[Mpaktnueckn Ha ['DC, Kak yYCTaHOBIEHO W3 OIbBITA NPOSKTUPOBAHUSA, MOAJIEKAT
MPOBEPKE TIO0 YCJIOBHIO camo3amycka TpaHchopmaTopbl momHocThi0 MeHee 400 kBA mnpu

U = 5,9 y tparchopmaropsr 1000kBA, mpu U = 8% , nuraromme arperaTHbIC MK

0JI04HBIE COOCTBEHHBIE HYK/IBI, TJIe HanOoJee MOITHBIMU SIBIISIIOTCS ABUTaTen HacocoB MHY.
Cxembl 2JIeKTpHUYecKHX coequHenuii ¢.H. '9C

IIpy mpoekTUpOBaHUU CXEM 3JIEKTpudeckux coennHeHui c.H. ['DC, cormacHo Hopwm
mexnono2uyecko2o npoexmuposanusi ' 9C (HTIT), He0OXOJMMO YIUTHIBATD:

TJIABHYIO CXeMy 3JIeKTpuueckux coequHenuit ['DC (KoJM4ecTBO M MOIIHOCTh arperaTos,
CTPYKTYPHYIO CXeMY, KOJHUYESCTBO U 3HAYCHUS MOBBIIICHHBIX HAMPSKCHUI);

pexxumsbl padotel ['DC B cucteme;

TpeOOBaHUSI K  JJICKTPOCHAOKEHUIO  AJICKTPONPUEMHHUKOB  COOCTBEHHBIX  HYX]]
COOTBETCTBYIOIIUX TEXHOJOTUYECKUX CHUCTEM, HAMPSDKCHUS JBUTATENICH C.H., TEPPUTOPUATHHOE
pa3MenieHne 3JIeKTPOIPUEMHUKOB C.H.;

HAJIMYME BHEIIHUX NOTpeOUTENeH, MUTaHHE KOTOPHIX JOJHKHO OCYIIECTBISTHCS OT
cucteMsl c.H. I'DC;

HaJIMYMe MECTHOH 3MeKTpruaeckoi cetn 6—20kB;

KOMITOHOBOYHBIE 1 KOHCTPYKTHUBHBIE COOOPaKEHHUS.

Tpebosanus, npedvasisiemvie K CXeMAM IEKMPOCHADIHCEHUS C.H. .

HAJEKHOCTh JJIEKTPOCHAOKEHMsI TMOTpeOuTeneld He MOMYCKAIOIIUX JUIUTEIbHOTO
nepepbiBa (IEKTPOCHAOKEHHE TOJIKHO OCYIIECTBIATHCS OT JBYX HE3aBHCHMBIX HUCTOYHUKOB
MUTAHUN);

PEMOHTOIIPUTOJHOCTh CXeMbI (MPEayCMaTPUBACTCSI BO3MOXKHOCTh MPOM3BOIUTH PEMOHT
ANEKTPOOOOpyYAOBaHUs O€3 HApYIICHHS IICKTPOCHAOKEHUSI);

BO3MOXHOCTb nmpuMeHeHusi ABP;

IPOCTOTA AKCIUTyaTalud  (IOCTHraeTCs HArSIMIHOCTBIO, €IUHOOOpa3HeM CXEMBI,
OJTHOTHITHOCTBIO 000PYIOBaHMUsI, OTKA30M OT U3JIMIIHEH CTEIICHH Pe3ePBUPOBAHNS);

9KOHOMHYHOCTb, T.€. MUHUMYM 3aTpaT — ONpPEAeNseTCs CTPYKTYPHOU CXeMOW MHUTaHUs
C.H. (KOJHUYECTBOM 000PYIOBaHUS) U MPOTHKEHHOCTHIO ceTeit 0,4 kB.

HMcTouyHNKH NUTAHKS C.H.

DnekTpocHaOkeHHEe COOCTBEHHBIX HYXKI MOXET OCYIIECTBISATHCS OT CIEIHATBHBIX
arperatoB C.H. (TypOWHa — TeHepaTrop); OT CHCTEMbI C IOMOIIBIO TpaHcHOPMATOPOB,
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MOJIKJIFOUEHHBIX K MOBBIMIEHHOMY HampspkeHuto ['DC; oT cucTeMbl yepe3 TPETUYHYI0 OOMOTKY
aBTOTPaHC(HOPMATOPOB CBS3H, OT TEHEPATOPOB MecTHOU cetn 6—20kB.

[luranne ot coenuanbHbix arperatoB Ha [DC W  Ha TEIUIOBBIX CTaHIUAX
MpeayCMaTpUBAJIOCh Ha CaMbIX MepBbIX 3ekTpuueckux craHuuax CCCP, B yacTHOCTH Ha
Huenpol DC-1, rne takoit arperat «KoMcoMoiKa», yBe3€HHBI B TOABI BOHHBI (palIucTaMu u
HaiineHHeli B UCCP, a 3areM BO3BpallleHHBI Ha CBOE€ MECTO, MCIOJB3YEeTCS B HACTOSIIEE
BpEMsl, HO YK€ HE B Ka4eCTBE OCHOBHOI'O MCTOYHHKA NUTaHUsA, a pe3epBHOro. Ha Bomxckon
I'SC um. XXIl cwezpa KIICC takoii arperat ycTaHOBIICH Ha TypOWHE, TPEIYCMOTPEHHOM ISt
nporycka peiObl. B HacTosmiee Bpems moJoOHbIE arperathl B CBSI3U C UX BRICOKOW CTOMMOCTBIO U
HECTIOCOOHOCTHIO 00ECeUUTh CaMO3alyCK JIBUTATeNel, He TPUMEHSIIOTCS.

IIuranue or PY NOBBILEHHOrO HANPSKCHWS PEKOMEHIYETCs, €CIM HAIPSKEHHE He
npesbimaet 35 kB; moakoueHne k 60see BhiIcOkoMY HanpspkeHuio Ha ['DC He MPUMEHSIOT, TaKk
KaK TpaHC(HOPMATOPHI U BHIKITFOYATETH UMEIOT BRICOKYIO CTOMMOCTb.

B nactosimee Bpemst Ha ['DC mpuMeHSIOT 3JE€KTPOCHAOKEHHE C.H. OT CHCTEMBI Yepes
TPETUYHYIO OOMOTKY aBTOTPaHC(OPMATOPOB CBS3M M OT TEHEPATOPHOTO HampspKeHHs (0T
CHCTeMBI M OT TIeHeparopoB). B mocmennee Bpems, kak pexkomenaytor HTII, mmpoko
ucnosb3yercs nutanue c.H. [9C oT MecTHOM ceTHu.

Hanpsizkenue B cucreme C.H.

Kak yka3pBaJIoCh BHIIIE, IS MHTAHUS DSJICKTPONPHEMHHUKOB C.H. B IOJABISIOIIEM
OonbImMHCTBE ciaydaeB Tpedyercs Hanpsukenue 0,4/0,23kB. HeobxomumocTs B 60siee BHICOKOM
Hanpspkenuu 6 mwim 10kB (kpome 0,4/0,23xB) BozuukaeT Ha ['DC 10 CASIYIONUM IPHYHHAM:

HaJIMYMe MOIIHBIX JBUraTeNe, TpeOyomux 0osee BBICOKOro HanpsKeHus,

HAJINYHE HJIEKTPONPUEMHHUKOB C.H., PACIOJI0KEHHBIX Ha OOJIBIIOM PACCTOSHUU OT 3/1aHUS
I'DC (mampumep, MEXaHH3MBI TOJIOBHOTO y3i1a Ha aepuBanmontoi ['9C);

MUTAaHUE BHEIIHUX TMOTpeOUTENel, KaKUMH OOBIYHO SIBIISIOTCSA: TMPUCTAHIIMOHHBIN
MOCEJIOK, IIUTI03, IPOMBILIUIEHHBIE U TOPOJICKHE BO103a00pHI;

OonblIas MOIIHOCTH, moTpednsiemas c.H. ['DC, TpeOyromas OOJBIIOr0 KOJIMYECTBA
TpanchopmaTopoB ¢ BropuuHbIM HampstbkeHueM 0,4 kB. Ilocnmemnee ompenensieTcss TeM, 4TO
MOIIHOCTh 3TUX TpaHchopmaTopoB orpanndyeHa 3HadenuemM 1000 xkBA mo ycrnoBuio
nomyckaemoro ypoBHs TOkoB K3 B pacmpenenutensHoit cetm 0,4 kB, a Ttaxxke OonbIion
POTSDKEHHOCTBIO COOPYKEHUS.

Br16op nanpsbxkenus — 6unu 10kB —onpeaensercs cneayrnumMu COO0pakKeHUSIMU:

IpU HAJIMYMU JIBUTATENeH C.H., TpeOyrommx Hanpspkenue Oomnbine 0,4 kB, npunumaercs

6 kB;

ecny  HampspbkeHue reHepatopoB — 6 ummum 10 kB, To mnpuHHMaeTcs HampspKeHHE
reHepaTopa,

eclii HarpspkeHue MecTHOM cetn — 6 uimn 10 kB, To mpuHHMMaeTcst HanpspKeHHE 3TOM
CeTH.

B ocranpHBIX ciaydasx BBIOOpP HANpsDKEHUS OIPENENSeTCs PagnycoM OOCITYKUBaHUS
9TOM CETU ¥ SKOHOMUYECKUMHU COOOPAKEHUSIMHU.

CTpykTypa cxeM NUTAHHA C.H.

B npaktuke npoektupoBanus ['DC B BIIM u HUUN T'maponpoekT u ero OTIeNeHUSIX
CJIOKWJIMCH TPU CTPYKTYPBI MUTaHUS COOCTBEHHBIX HY X1 ' DC:

¢ OOIIIMM ITUTAaHUEM BCEX C.H.,

C pa3lenbHBIM MTUTAHHEM arperaTHhIX U OOIECTAHIIMOHHBIX C.H.;

C pa3lielbHBIM MTUTAaHHEM OJIOYHBIX U OOLIECTAHIIMOHHBIX C.H..

[To cBoemMy Ha3zHaueHUIO coOcTBeHHbIE HYXAB [DC moapaszfaensiorcs, Kak yke
YKa3bIBaJIOCh BBIIIE, HAa JABE TPYIIbL: azpecamuble U obuecmanyuonHvle. B mocnennee Bpems
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BO3HHUKJIO TIOHSITHE OJ04HbIX C.H., TIOJ, KOTOPHIMU MOHUMAIOTCSI BCE IJIEKTPOIPHUEMHUKHU C.H.,
pacIoyioKeHHbIE Ha TeppUTOpUN OJ10Ka B CHiIOBOM YacTH 37aaHust [ 9C, T. €. arperatHele C.H. U
YacTh OOIIECTAaHLMOHHBIX C.H. B 3TOM ciyyae K o6wecmanyuoHubiM cOOCMEEHHbIM HYHCOAM
OTHOCST O0IIeCTaHIIMOHHBIe C.H. BHe 3aanus [[OC.

IIpunsaTtoii crpykType cxeM mnuraHus c.H. ['DOC COOTBETCTBYET TEPMHUHOJIOTUS
TpanchopMaTopoB C.H.. TiaBHbie TpaHchopmaTopbl cobcTBeHHbIX Hy)H (['TCH), Gmounsie
tpancopmaroper c.H. (BTCH), arperartusie Tpanchopmaropsl c.H. (ATCH), pesepBHbIe
arperatapie  TpaHchopmatopel  c.H. (PATCH), oOmecraniuondsie  TpaHcHOpMaTOphI
cooctBennbix HYXJ (OTCH). ['maBHBIMEU TpaHchopMaTopaMu C.H. Ha3bIBAIOT TPAHC(HOPMATOPEI,
MUTAIONIMEe BCE COOCTBEHHBbIE HYXJbI NpU OOIIEM MHUTAaHUU BCEX COOCTBEHHBIX HYXKI, M
TpaHc(hOopMaTOpPbl, MUTAIONINE OOIIECTAHIIMOHHBIC HYK/IbI IPU Pa3/I€IbHOM MTUTAHUH C.H.

CootBerctBenHo ATCH nutatot arperatubie ¢.H., BTCH — 610unbie CH.

Ha puc. I'13 nokazano npucoemunenne I'TCH k Onokam U K TpeTHUHOH OOMOTKE
aBTotpanchopmaropa cBs3u (ATC). I'TCH npucoeauHsOT K OJ0KaM MEXIy TeHepaTOPHBIM
BBIKJIFOYATEJIeM U MOBBIIAIOIUM TpaHcopmaTopoM. Bropuunoe nanpsokenne [ TCH 6-10xB
i 0,4xB.

PY BH

AT
TCH 'TCH TCH
'TCH

Puc. I'13. TTpucoenunenue I'TCH B cTtpyktypHOit cxeme ['DC

Ha puc. I'l4 nokazano npucoeaunenne ATCH. B GonbIIMHCTBE CilydyaeB KasKAbId
rereparop umeerT cBoii ATCH, koTOphIii MOAKIIOYAIOT K BBIBOJAM TeHepaTopa (MEKIy
TEHEPAaTOPOM M T€HEPATOPHBIM BBHIKIIIOYATENIEM) B €IMHUYHOM, YKPYITHEHHOM U O00BETUHEHHOM
6nokax. B equHMuHOM OJI0KEe reHepaTOPHBINM BHIKIIOYATEIh MOXKET HE yCTaHaBIUBaThCA. B Tex
cilydasix, KOrJa MoJ OAMH BBIKIIIOYATENb MPUCOCTUHSECTCS Ba M Oojee reHeparopa, s HHUX
npexycmarpuaercs oguH ATCH. Bropuunoe manpsokenne ATCH — 0,4kB.
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PY BH

Py BH

25 dby o

Puc. I'14 . TIpucoenunenue ATCH B crpykrypHoii cxeme [[DC

Ha puc. I'15 nmoka3anbl 6104HbIle TpaHChOpMATOPHI C.H. U uX npucoeaunHeHus. bTCH
NOJKJIIOYAIOT MEXIYy BBIKJIIOYaTeJdeM TreHeparopa U TpaHcopmatopom. Ha  Giox
ycranaBnuBaoT oauH bTCH. Bropuunoe nanpsokenne BTCH — 0,4B. TTockonbKy MOIIHOCTB
Takux TpanchopmatopoB He nopkHa npesbimatb 1000kBA, Ha yKpyHEHHBIX 1 00bEIMHEHHBIX
6mokax Moryt ObITh ycraHoBieHbl BTCH Ha kaxkmom reHeparope (IIOKa3aHO ITYHKTHPOM).
IIpaktuka  MockoBckoro  oTaeneHus  « MIPONPOCKT»  TMOKas3aja, 4YTO  YCTaHOBKA
KOMMYTAlMOHHBIX amnmapaToB HA BBICIIEM HAaIPSHKEHUH TPaHCPOPMATOPOB C.H. HEXKeJaTeNIbHa.
IIpu HEoOXOAMMOCTH OTCOECOMHEHHUS AITUX TPaHC(HOPMATOPOB HCHOIB3YIOT TEMIIEpaTypHBIE
KOMIIEHCATOPBI WIH MPeyCMaTPUBAIOT IIIMHHbBIE PA3bEMBI.

Puc. I'15. TIpucoenuaenne bTCH B ctpyktypHOoit cxeme ['DC
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Kosun4yecTBo TpancgopmMaTopoB C.H.

KomnuecTBo Tpanchopmaropos, nutatomux nannoe PY 6—10wm 0,4 kB, onpenensercs
TpeOOBaHUSAMHU HAJEKHOCTH 3JekTpocHaOxeHus. Komnuectso I'TCH npu snekrpocHabxeHun
c.H. or I'DC pexkomennyercs HTII ne 6onee nByx, HeoOxomumocth TpeThero ' TCH Tpedyer
COOTBETCTBYIOIIETO0 00OCHOBaHMS. Bo Bcex ciydasX MpH BO3MOXKHOCTH TMOAKIIOYEHHUS C.H. K
MECTHOM ceTH, 3TO aenaetcs (3amensercs nuranue ot oxHoro u3 I'TCH). Momuocts I'TCH
BBIOMPACTCSI C yYETOM aBAPHIHO Meperpys3Ku.

brnounbie c.H. muTalOT ABYyMs TpaHchOpMaTopaMu, OJAMH U3 KOTOPBIX MOJCOEIUHEH K
610Ky, a npyroit k PY 6-10kB oOmectaHiiMOHHBIX cOOCTBEHHBIX HYXk1. O0a TpaHchopmaropa
SBISIOTCS pabourMK (CKPBITHIA pE3e€pPB) M MOIIHOCTh WX BBIOMPACTCS C yYCTOM aBapUHHON
neperpy3ku. Bo3mokHa Takke cxema, B KOTOpOHW pabouee 3IEKTPOCHAOKEHHE OJIOYHBIX C.H.
OCyIIECTBIIAETCS OT OJ0Ka, a oT PY 6—10kB o0IiecTaHIIMOHHBIX C.H. MATAeTCsA 0Omuii (Ha Bce
WK TIOJIOBUHY OJIOUHBIX C.H.) pe3epBHBIN TpaHchopmatop PBTCH (sBHBbIH pe3eps). Toraa mpu
BbIOOpE MOIIHOCTH 3TUX TpaHC(HOPMATOPOB HE YUMUTHIBAETCS Ieperpy3ka. MOUIHOCTh UX BCEX
BBIOHMpAETCS OMHAKOBOM.

Pabouee muranme arperatHeix CH mpomsBomgutcss or ATCH, pesepBupoBanue
arperatHbix CH ocymiectBisiercs ot 06mux Ha Heckoibko ATCH pe3epBHBIX TpaHC(hHOpPMATOPOB
(PATCH), nuraronuxcs ot obmecraniimonusix CH 6-10 kB. Momnocts padouero ATCH
BBIOMPACTCSI ¢ y4ETOM BO3MOXHOH meperpy3ku; MomHocte PATCH BeiOupaercss mo pexumy
3ameHbl ogHoro ATCH wu onHOBpeMEHHOro mMycka arperara, 4To COCTaBJISIET MPUMEPHO

1,58D%aﬁ+ ATCH. Ilpu BbIOOpEe MOLIHOCTH TpaHCHOPMATOPOB C.H. C YUETOM aBapUHHOM

Neperpy3ky NPUHUMAIOT CIASAYIOINE 3HAUCHUS k'|' 40 AIA MacIsHBIX TpaHncpopmaTopos — 1,4,

st cyxux — 1,3,

PacnipenesieHue HArpy3KH MeKAY KOMIUIEKTHBIMH — pacnpeeJuTeJbHbIMA
noacranuusavMu 0,4kB u onpeaeneHue pacueTHO HArPy3KH C.H.

KomrmiektHas Tpanchopmartopras noacranuus (KTII) c.v. 0,4kB — KTI1-0,4 Bximtoyaer
B cebs oaumH wuiauM JaBa TpaHchopmaropa co BTopuuHbIM Hampspkenuem 0,4 kB wu
pactpenenurensHbii  mmt  0,4/0,23 B, koropelii cocToMT U3 mKaQoB BBOIOB C
ABTOMATUYECKUMHU BBIKIIOYATENSIMUA <«JIEKTPOH» M IMKapoB JHHUA C aBTOMaTHYECKUMH
Beikutouarensimu A3700,mkadoB yrnpasieHus, kadoB 001ECTaHIIMOHMBIX YCTPOUCTB.

B 3aBucHMOCTH OT MPUHATON CTPYKTYphl HMUTAHHS C.H., PACHOJIOKEHUS M MOILIHOCTU
AIIEKTPONPUEMHHUKOB C.H., HameyaeTcs KOJHMYECTBO pacnpenenurenbHbix mutoB 0,4 kB,
BBITIOJIHEHHBIX B BHJIE OJHOTpaHCPOpMATOpHBIX uiu nByxTpanchopmaropasix KTII. Ilpu
BeIOope konmdectBa KTII yuutsiBaeTcs paanyc oOCITy>KUBAHHS 3JIEKTPONPUEMHHUKOB C IIETIBIO
obecrieueHnst BHIOOpA CEYCHHUI MUTAIOMINUX WX Kalesaed 1Mo 9KOHOMHYECKOW TUIOTHOCTH TOKa, a
HE I10 JIOIyCKaeMoil moTepe HanpsKeHHs.

Jns  onpenenenust pacdyeTHoOMl Harpy3ku c.H. pgaHHoro KTII »snexkrponpueMHUKH
pazzensitot Ha Tpu rpynmsl (4, B, B) B COOTBETCTBHHU C UX PEKUMOM paOOTHI:

A —>2IeKTPONPUEMHHKH, pabOTaloIIe TOCTOSHHO WX JJIUTENbHO;

5 —»snexTponpueMHUKH, pabOoTaroIKe SMU30AUYECKH;

B —»snexTponpreMHUKH, paboTaromue MepruoIuIeCcKH.

Jns mojcuera HArpy3Kd coctaBnsieTcs Tabmuma ¢ mepeuneM rnuraembix  KTIT
3JIEKTPONPUEMHHUKOB, B KOTOPYIO BBOJIAT CJIEAYIONINE JaHHbBIE!

€IMHUYHAsI MOLITHOCTb;

YCTaHOBJIEHHOE KOJIMYECTBO 3JIEKTPOIPUEMHUKOB;

KOJMYECTBO pabounx dIeKTponpuemHukoB, nx ki (/]), COSP u Q@

K023 pHLIMEHT 3arpy3Ku k(; :
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Ha ocnoBanumn MNEPCUUCIICHHBIX TAHHBIX IMOACTABIAOTCA U BBOISATCA B Ta6J'II/II_[y pa60qa;1

b ' Q'
MOIIHOCTE 334, moTpebisiemas akTHBHAsA M PEAKTHBHAS MOLIIHOCTh (b, Q ):

Psaa = Naaa vi LPvi: 2)
. Paaa ke
Pr=—- 13)
n
Q=P gy . I4)

Koadduuuent 3arpysku k(; IUIs ABUTaTee mpuHUMAroT oObiuHO paBHbIM 0,85; mis

JIBUTATENCH MOAbeMHBIX MexaHn3MoB — 0,8—0,85;11s1 akTMBHOM HArpy3KH K.I1.1I. KOJIEOJIETCS OT
0,9 10 1,0.KoappuurenT MOIHOCTH (COSﬁ ) MmoxeT 6bITh B ipezenax or 0,7 mo 1,0: 0,7-0,8 —
JUTSl IOTbEMHBIX MeXaHn3MoB; 0,85 —1st OCHOBHOM ABUTATEIILHON HArPY3KH.

Jns onpeneneHus: pacyETHOW MOIIMHOCTH KaXJOW TpYINIbl C.H. BBOASAT PpPaCUETHBIN

Koa(durmeHT, YYUTHIBAIOIIHI pexUM 170:¢ paboThI ( K dan-+)- [Tpunsro:

k("}éﬁﬁ A~ kééﬁﬁ A~ 1. kéé.ﬁﬁ A~ 0,3 [Ipu 5TOM B rpyIiie 5 y4uTHIBAETCSA TOJIBKO OMH
CaMblid MOITHBIN JIEKTPONPUEMHHUK. B rpynme B BbIACISIOTCS 3JIEKTPONPUEMHUKN MOIIHOCTBIO
/ I —
6onee 75kBT, UX MOIIHOCTH (DAl u QAl) MOJCUYUTHIBAECTCS OTACIIBHO, IPU kééﬁﬁ A1~ 1.
[Ipu onpenenenun pacuernor momHoct ['TCH cymMmupyercs Bcs pacueTHas Harpyska

noaktoueHHbIX K HUM KTII u BBoguTcst pacueTHbiil KOADPHUITHEHT k(’-jaﬁ+ = 0,7.

B cooTBercTBHM C M3M0KEHHBIM, pacuyeTHas MOIHOCTh oTAenbHbIX KTII onpenensercs
10 BBIPAKEHUIO

_ 2
Ssar-Ed = 1'051/( RUkamat RUKamat BU Kamcat RiU Kan-ad™+

' 2
+(Qa Kaam: At G Kaam-a T CaKsam:at Q1lKsan:A2

3nech 1,05— k03¢ dunmenT, yauThIBarOIINi TOTEPH B CETH.
Pacuernas momuocts ' TCH

Ssan- AN =2 Ssancea Moar-= 01X Jam-e6-

IIpumepsbl cxem dJIeKTpUYecKuX coequHenuii ¢.H. [IC

Ha puc. '16 nokazana cxema nutanus c.H. [DC ¢ o0mmm nuTaHrueM cOOCTBEHHBIX HYXT
¢ oxHoit crynensio Hanpsokerus 0,4/0,2xB. Takas cxema Bo3moskHa npu MomHoctd ' TCH He
6osee 1000kBA u nHebOonbiom paguyce pacnpeaenurensHoi cetu 0,4/0,23kB. [Mutanue c.H.
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MOYXET OCYIIECTBIATHCA OT JBYX OJIOKOB MJIM OT OJHOTO OJOKa M MeCTHOH ceTH. Takum
obpazom, Ha ['DC npenycmaTpuBaeTcs oHa KOMIUIEKTHAs AByXTpaHChOpMaTOpHas MOACTaHITUS
0,4/0,23 xB. Cxema PY 0,4/0,23xB — omna ceknuoHupoBaHHas cuctema mmH ¢ ABP Ha
CEKLIMOHHOM aBTOMATE.

PY BH

TCH 1

—1—e
—
—1—

—9
—e

[TCH2

Oom
mecmHoli
cemu

Puc. I'16. Cxema snexktpocHaOxenus c.H. [DC ¢ 0fHO# CTYIIEHbIO HANIPSHKCHUS

HeoOxonuMo OTMETHTH, YTO BO3MOKHO JIpYroe KOHCTPYKTHBHOE BBIMIOJHEHUE TaKOU
CXEMBI AJIEKTPOCHAOKEHHS C.H. — C IOMOUIbIO JBYX 3aKPBITHIX MAarucTpabHBIX TOKOMPOBOJIOB
0,4/0,23kB, nponoxxeHHbIXx Baosb 3AaHus [ DC (0OBIUHO 1O MAIIMHHBIM 3aJI0M), TUTAEMBIX
nBymsi Tpanchopmaropamu. Ilpu 3Tom ymeHbIIaercs uiMHa Kalenel, MUTAIOUUX OTAEIbHBIE
AIIEKTPOTIPUEMHUKU. Takoe perieHne NPUHUMAETCS W M CTAaHIMU C JIBYMS CTYICHSIMH
HaANPSDKEHUS C.H.

Ha puc. I'17,118,1'19 nmoka3aHsl Tpu BapraHTa CXEMbI MUTAHUS C.H. JJI1 OJHOW U TOU
)K€ CTaHIIUU C ABYMS CTYNEeHsIMU HanpshkeHus — 6u 0,4kB.

Ha I'DC mnomsemHoro Ttuma ycraHoBieHo 8 arperatoB MoimHocteio 240 MBT c
HOMUHAJIBHBIM HampspkeHueMm 15,75 kB, BbIIarONMX MOITHOCTh HAa OJIHOM TOBBIIICHHOM
HanpspkeHuu. IlutaHue C.H. OT MECTHOH ceTH OTCyTcTByeT. Pexum pabotrer ['DC —
noynukoBbiid. CTpykTypHas cxema ['OC npencrapiser co6oii 4 00beIMHEHHBIX OJI0Ka.

Tpu Bapmanta cxeM NHUTaHHUS C.H. COOTBETCTBYIOT TPEM PACCMOTPEHHBIM BBIIIE
CTPYKTypaM:

| BapuaHT — ¢ OOIIKUM MTUTAHUEM C.H.;

Il BapuaHT — ¢ pa3AeIbHBIM MUTAHKEM OJIOYHBIX OOIICCTAHIIMOHHBIX C.H.;

[ll BapuaHT — ¢ pa3aeNbHBIM MUTAHUEM arperaTHbIX U OOIIECTAaHI[MOHHBIX C.H.

Bo Bcex Tpex BapumanTax riaBHble TpaHcopmaropsl c.H. (TCH) moakirodeHsl K
0JI0KaM MEPBOT0 M CEJBMOTO arperatoB (BO3MOXHO MOKITFOUEHHE U K APYTHM OJIOKaM).

Ha ocHoBanum pacuera Harpy3kud C.H., JJIsI €€ pasMmenieHuss Ha tepputopun ['9C
HeoOxoaumo co3nath mecth KTIT (5... 10) oOmecTaHIMOHHBIX C.H., PACIOJIOKEHHBIX BHE
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snanust ['9C; ocranphbie KTIT — B 3ganuu ['DC. IMuranue KTII (5... 10) Bo Bcex BapuaHTax
CXEM C.H. OJJMHAKOBO.

B Bapuante | (puc. I'16) uenecoobpazno B 3panuu ['DC ycranosuts 4 KTII (1-4) n
MUATaTh OT HUX OJouHyt0 Harpy3ky. CoorBeTcTBeHHO K KPY 6 kB momkHO OBITH MOAKITIOUEHO 8
tpancdopmaropoB BTCH (1-8).Bce TpancdopMaTopbl MOCTOSHHO BKIIIOYCHBI.

Py BH

[TCH 1
4000
kBA EE EE

+~ 1+ |

0, 4 kB AB
BTCH 1 ETCH 2
630 kKBA 630 kBA BTCH 3 |BTCH 4 BTCH5 |BTCH 6 GTCH7 |BTCH 8
ABP
KP)/ 6 kB
. .
OTCH 12
250-1000
KBA

KTr15...10
0,4 kB

h

Puc. I'16. Cxema snexktpocHaOxenus c.H. [DC ¢ 1ByMsI CTYIIEHIMH HAIPSHKCHUS

B Bapuante Il momoBuHa OMOYHBIX TpaHCHOPMATOPOB C.H. TOJIKIIOYECHBI K OJ0KaM,
ocranbHbie —K KPY c.H. 6 kB (puc. I'17).
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Py BH

{

KTr1 1
0,4 kB

P

_J._

{

ETCH 1
630 kBA

_T_Q’

1

ETCH3 BTCH S5

ETCH7

?z

_T_Q’

ETCH 8

'TCH 1 'TCH 2
4000 4000
kBA kBA

BTCH 2 BTCH 4 bTCH 6
630 KBA
KPY 6 kB
]z |

Puc. I'17. Cxema 3nekTpocHa0xeHus1 coocTBeHHBIX HYXk A ['DC ¢ nByMs CTyneHIMH
HalnpsKEeHUs
U C pa3/ieibHBIM MUTaHUEM OJOYHBIX U OOIECTAHIIMOHHBIX C.H.

OTCH 12
250 1 000

KTr15...10
0,4 kB

B BapuanTe Il ot arperatHbix Tpancdopmaropos c.H. nutatorcst Bocemb KTII (la, 16 —
4a, 40). PesepBupoBaHWE NHTAHUS arperaTHBIX C.H. OCYIIECTBIISICTCS OT JIBYX pE3epBHBIX
tpancpopmaropoe  PATCH (1, 2), noaxmouennsix k KPY 6 xB. J[lng nuranus
obmecrannnonHoi Harpy3ku B 3qanuu ['OC npenycmorpena KTII 11 —pwuc. I'18.

Jleknus 14.T'napoakkyMyJTupyome 3J1eKTPOCTAHINU

BricTphle TemMnbl pocTa YCTaHOBIEHHBIX MOIIHOCTEH SHEProCHCTEM 3a CUET COOPYKEHUs
MOIIHBIX TCIIJIOBBIX U aTOMHBIX 3JI€KTpOCTaHI_[I/II>'I CO34acT TPYAHOCTHU NMOKPBITHA MHUHUMAJIbHBIX
U MaKCUMaJbHBIX Harpy3ok. OrpaHWYeHHbIH JUana3oH pPEryIUpOBaHUS  MOIIHOCTH
prr[HOG.HO‘-IHBIX arperatoB U HCBO3MOXHOCTb HMX YACThIX IMYCKOB W OCTAHOBOK 663 PE3KOro
CHWDKEHUS HAJIGKHOCTH M IKOHOMUYHOCTH paboThI 3HEprocmioBoro obopynoBanus TOC u ADC
3aTpyaHSET MOKPHITHE HEPABHOMEPHOU YacTh Ipa)UKOB IIEKTPHUECKON HATPY3KH.
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Py BH

ATCH 1 “TATCH 2 TATCH3 TATCH4 TATCH5 TATCH 6 ATCH 7 T ATCH 8
KTI7 2 KTI7 3 KTI7 4
/grg Kg KTI7 16 a KTI7 2 él_/ a KT/7 36 a TI7 45

['TCH 1 PATCH 1 'TCH 2 PATCH 2
4000 kBA 400 kBA 4000 kBA 400 kBA
ABP
KPY 6 kB

OTCH 12

250 1000 OTCH 13 OTCH 14

630 kBA 630 KBA

l KTr15...10 l l KTri 11

0,4 kB 0,4 kB

Puc. I'18. Cxema ¢ pa3iebHBIM JIEKTPOCHA0KEHUEM arperaTHhIX
1 001mecTaHMOHHBIX C.H. [OC ¢ 1ByMs CTyNEHsIMH HaIlPsHKEHUS

B 3TuX ycHOBHSX ONTHMAaIbHBIM BapHaHTOM Pa3BUTHUSL YHEPTrOCUCTEM SIBISIETCS. BBOJ
HEOOXOUMBIX MAaHEBPEHHBIX MOIIHOCTEH Ha TUIAPOANEKTpocTaHiusx. OgHako HauOomee
3¢ (exTUBHBIE THAPOIHEPTETUUYECKUE PECYPCHl B €BPONEICKON 4YacTW CTpaHbl B HACTOSIIEE
BpeMsl YK€ HCIOJIb30BaHbI.

B mupoBo#i mpakTHKe 3HEProcHaOKeHUs pelieHue ATOW MPOOJIEMBbI JOCTUTAeTCs JIOO0
CO3JJAaHMEM  CIICIHAJIBHOTO MAaHEBPEHHOI'O JHEPrOCHIIOBOrO  00OpymoBaHus  (MMUKOBBIC
maHeBpeHHbIe TDC, ra3oTypOHHHBIC 3JICKTPOCTAHINH), JTHOO HUCIOIB30BAHUEM IOTPEOUTECH-
PETYISTOPOB, MOTPEOISIONINX IEKTPOIHEPTHIO JIHUIIIb B TIEPUOABI OOIIEr0 CHIKCHUS HATrpy3KU
B sHeprocucreme. CTpOHMTENBCTBO THAPOAKKyMyiupyrommx snekrpoctannuii  (CADC)
MOJTHOCTRIO OTBEUAeT TPEOOBAHMSAM pEIIaeMoil TPOOIEeMBbI, TaK KaK OHU OJHOBPEMEHHO
ABIISIOTCS  BBICOKOMAHEBPEHHBIM HCTOYHMKOM NHUKOBOM MOIIHOCTH U TMOTpeOuTeneM-
peryasitopoM. ['ADC mOKpBIBalOT MHKOBYIO YacTh CYTOYHOTO TIpaduka Harpy3skd H
BBIPABHUBAIOT CYTOYHBIN IpaduK HArpy3Kd TEIIoBbIX craHiwmii (puc. ['19). B wacer mpoBanos
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Harpy3ku B sHeprocucreme ['ADC paboTaioT B HACOCHOM PEXHME M NOTPEONISIIOT H30BITOYHYIO
JIEKTPOIHEPTUIO HA NEPEeKauMBaHUE BOJbl M3 HU)KHErO BOJOXPAaHWIMIIA B BepxHee. B wachl
nukoB Harpy3ku ['ADC cpabaThIBalOT BOAY U3 BEPXHEr0 BOJOXPAHWIIMINA B HUXKHEE U, paboTas
B TypOMHHOM pE€XHME, BBIJAIOT B HHEPrOCUCTEMY IEKTPOIHEPIHIO AJISl MOKPBITUS MUKOBOH
yacTu rpaduka Harpy3Ku

rASC (TP)
PH8 %
80 JOY JUCTTTIN
70 rac
60 ~ [ASC (HP)
50 A
KacC
40 A
30 4/ /L
20 - Tol
10 - A3C
rac t

I I 1

L
0 4 8 12 16 20

Puc. I'19. Cytounslii rpaduk Harpy3Kd SHEPrOCUCTEMBI, TPa(QUKHN AIEKTPOCTAHIINM,
YYaCTBYIOUIMX B BBIPAOOTKE AJIEKTPOIHEPIUH, U pexxum padbotsl TADC.

Jlpyroii He MeHee Ba)KHOW MpoOIeMOil B SHEpPreTUKe SABISIETCS MOAJIEPKAHUE YAaCTOTHI B
JHEeprocucreMax. s 3Toi Lenu B JHEProCUCTEMAX BBIICIAIOTCS CIIELUAIbHBIE PETYIUPYIOIINE
JNIEKTPOCTAHLIUK («CTAHIMU, BEIyLIME YacTOTY»), PEKHM pabOThl KOTOPBIX YACTUYHO WIIH
HOJHOCTBIO MOAYUHEH OBICTPO U3MEHSIOIIMMCS TPEOOBaHUAM NOTPEOUTENEH SHEPrOCUCTEMBI.

N3 perynupyromux TUIoB iekrpoctannuii [TADC Hanbosee MoJHO OTBEYAIOT 3a7adaM
NOJ/IeP)KaHUST 4acTOThl B JHEProcucreMe. Bpicokne MaHEBpEHHbIE KadyecTBa OOOPYIOBaHUS
'ADC xapakTepusyrTcss BO3MOXKHOCTBIO OBICTpOro Habopa u cOpoca Harpy3ku, (Ha 4YTO
YKa3bIBalOT JaHHble TaOn. ['2), OONpIIMM JHMAITa30HOM pEryJIHPOBAaHUs, DPAaBHBIM CyMMe
HAaCOCHOM M TypOWHHOW MOIIHOCTH, CPaBHHUTEIHHO HECJOXKHOM aBTOMATHU3aLMEH IMPOIECcCCOB
peryJaupoBaHMs MOIHOCTU IIPU HEOONBIIMX MOTEPSIX YHEPTUU U HE3HAUYUTEIbHBIM BIMSIHUEM Ha
JIOJITOBEYHOCTh PaboThl 000opynoBaHus. B mocneaHue roisl B Hallel cTpaHe M 3a pyOexom
0obIIOE BHHUMAHHUE YAENSAETCS CTPOUTENBCTBY TaK Ha3blBa€MbIX HHEPTOKOMIIIEKCOB,
BKitouaronmx '’ADC u KpyIHbIE TEIUIOBBIE WM aTOMHBIE IEKTPOCTAaHLIMU. Bomoxpanwinina
['ADC B 3TOM cmydae UCIIONB3YIOTCS OAHOBpEeMEHHO | J1sl BogocHabxkeHuss TOC u ADC.

Tabauya 12

MaHeBpEeHHOCTb Pa3JIMYHbIX TUIIOB 3JIEKTPOCTAH UM

Bpewms HaGopa moIHOM Harpy3Ku, MUH

Jnanazon
Tun peryiupoBaHus
3JIEKTPOCTaHLINU YCTaHOBJIEHHOM 13 XOJI0HOTO U3 TOPAYEro
COCTOSIHUSI COCTOSIHUS

MorrHoctd, %
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[MapoTypOunHBIE C
omoxkamu 200-300MBT 30-50 120-180 20-40
[TapoTypOuHHBIE
HEOJIOYHOTO THITA 60-85 90-180 20-50
ATOMHBIE 70 390-660 60
I'azoTypOuHHBIC 100 15-30 0,5
T HApABIITCOIHE 80-100 1-2 0,25-0,5*
OOBIYHOTO THIIA

200-220 1-2 0,25-0,5*

I
* PexxrMbl pabOTHI HA XOJIOCTOM XOTY.

I'ADC xopolo yaoBIETBOPSIOT TEXHUYECKHM, IKCIUTYaTAllHOHHBIM M 3KOHOMHYECKUM
TpeOOBaHUAM, NPEABABISEMBIM K HCTOUYHHMKAM PEaKTHBHON MoiHOcTH. [Ipu 3TOM arperaTs
['ADC MoOryT OJHOBPEMEHHO HCIIOB30BAaThCSI B KAa4eCTBE OBICTPOICHCTBYIOMIETO pe3epBa
aKTHBHOM MOIIHOCTH, TaK KaK BpeMsl aBToMaTudeckoro nepesoga arperatos ['”ADC u3 pexuma
CHHXPOHHOTO KOMITIEHCATOpa B TeHEPATOPHBIN U HA000POT cocTamiseT 1-2 MuH.

Taxum oOpazom, TADC BIMONHSAIOT clieayromue GyHKINUU B SHEPrOCUCTEMAX |

MOKPBITUE MUKOBON YacTH IpaMKOB ANEKTPUUECKON HATPY3KH;

ydacTue B PeryJupOBaHUU YaCTOThl M MOIIHOCTH, OCOOEHHO B MEPHOJIbI MHTEHCUBHBIX
NOJTEMOB M COPOCOB HATPY3KH;

aBapUIHBIN pe3epB OBICTPOTO BBOJA;

VCTOYHUK PEAKTUBHOW MOIIHOCTH U SHEPTUH,

yIIydIllIEeHUE PEXUMOB PaObOThI TEIUIOBBIX U @TOMHBIX AJIEKTPOCTAHLIUH.

OcoOeHHOCTH 3JIeKTpOTeXHHYecKkoro o6opynosanusi 'AIC

B 3aBucumoctu 0T BenuuuHBI Hamopa W TpeOyemoil MomHocTH ['ADC Ha HUX
YCTaHABIIMBAIOTCS CIEIYIONINE THIPOarperaThl: YeThpeXMallluHHbIE, COCTOSIINE U3 OTAENIbHBIX
HACOCHOTO M TYpOMHHOTO arperaroB; TpeXMalluHHbIE, 00bEANHAIONINE B cede HAacoc, TYpOUHY U
CUHXPOHHYIO MaIIMHY, pa0OTalollyl0 COOTBETCTBEHHO B JBUTATEIbHOM M TI'€HEPATOPHOM
peXuMax; JABYXMAlIMHHBIE, B COCTaB KOTOPBIX BXOAWUT oOparumMas THApOMAIldHA —
HAcOCOTYpOMHA U CUHXPOHHAS 3JIEKTPOMAIIIHHA.

[Ipu pa3zpaboTke 3yekTpoTexHudeckoro obopymoBanus it [ADC tpebyercss pemmuTh psn
HOBBIX TEXHHUYECKUX 3a7ad, OOYCIIOBJICHHBIX OCOOCHHOCTSIMH pPaOOTHl TaKOH CTaHIMH B
HEProcHcTEME.

Yacrtass cMmeHa [ABUTaTeIbHOTO U TIEHEPATOPHOTO PEKHUMOB TMPU  Pa3IUYHBIX
HalpaBJICHUSAX BPALICHUS, MEPEKIIOUCHHS B PEKUM CHHXPOHHOTO KOMIIEHCATOpa MPEIbSIBIISIOT
0co0Oble TpeOOBaHUS K KOHCTPYKTUBHBIM y3JaM o0opyaoBaHus. Tak, K UMCIy OCHOBHBIX 3ajad,
BO3HHKAIOIINX TPU pa3paboTKe ABUraTele—TeHepaTopoB OOJBIION MOLITHOCTH U HEOOXOIMMOM
BCIIOMOTaTeNbHOM armaparypbl, OTHOCATCS:

CO3JIaHHE KPYIHBIX AJIEKTPUUYECKUX MAIIWH, PACCYUTAHHBIX Ha MPSMON aCHMHXPOHHBIH
MyCK OT CETH, MOIIHBIX ITyCKOBBIX JIBUraTelied C CHCTEMaMHU pEeryJupOBaHHUs, MOIIHBIX
YacTOTHBIX MpeoOpa3oBaTeneil it oO0ecreueHnst YaCTOTHOTO IycKa JBUTaTeNII—TeHepaTopa;

CO3JIaHUE CHCTEM BO30YXKICHHS, 00CCTICUNBAIONINX HAJICKHYIO pabOTy JIEKTPOMAIITUH C
Y4ETOM MX PEBEPCUBHOTO BpAIllCHUS,

co3anue (OpCUPOBAHHON CHCTEMBI OXJIAXKACHHUS;

pa3paboTka MEpONpUATHI N0 CHUKECHUIO JUHAMUYECKMX HArpy3oK, YJIy4YIICHUIO

139



MyCKOBBIX XapaKTEPUCTUK;

CO3/1aHH€ PEBEPCUBHOTO MOMNSATHHKA,

CO3/IaHHE CHCIHANBHBIX BBIKIIOUATEICH M MHOTOIOIIOCHBIX pPa3beIUHUTENCH s
obecrieueHus pesepca,

pa3paboTKa KOHTAKTHBIX CHCTEM BKIIIOUAIONIUX yCTPOWCTB, pACCUMTAHHBIX HA
MHOTOKpaTHOE MepPeKIII0YeHIE TOKOB, MPEBBIIIAIONINX HOMUHAIBHBIN B 2—3pa3a,

pa3paboTka TpaHCHOPMATOPOB, PAOOTAIIUX B TEPEMEHHBIX PEXHMAX C YaCTBIMU
KpPaTKOBPEMEHHBIMH Meperpy3kaMu TOKaMH JIByX-, TPEXKPaTHON BEIUYUHBI;

pa3paboTka MEpOnpUATHNA TIO TOBBIIICHUIO YCTOWYMBOCTH MapallIeIbHONH paboThI
JIBUTATEJICH-TeHepaTOpOB M aBToMaru3anuu ymnpasieHuss [ADC B cBsi3m ¢ MHOrooOpasueM
IKCIUTYaTaI[MOHHBIX PEKUMOB arperaTos.

OCHOBHBIC ~ MapaMeTpbl  PEBEPCHUBHBIX  JIBUTATENCH-TeHepaTopoB  (HOMHUHAIBHOE
HanpsOKeHUE, KOX(P@UIIMEHT MOIIHOCTH B TICHEPATOPHOM U JBUTATCIBLHOM PEXKHUMaXx)
OTIPENIETISIOTCS] C YUETOM OCOOCHHOCTEHW MX paboThl B dHEprocucteme. Tak, ecnu kKodhPuimeHT
MOIIIHOCTH MAalIMHBI TpU paboTe arperara B TEHEPATOPHOM PEKUME BBIOMPACTCS C Y4ETOM
OOBIYHBIX TpeOOBaHMU W cocTaBiseT, kKak mpaswmio, 0,8—0,95,r0 ans nBuraTenpbHOrO pexuma
OTIPEACIISIONIMMU OyIyT YCIOBHS paOOTHI IPH MOBBIIICHHBIX HAMPSKEHHUSIX U MaJIbIX HArPy3Kax
B sHeprocucreMe. [Ipum 3ToM KOI(PPUIMEHT MOIMHOCTH B JBHUTaTEIHLHOM pEXUME OyIeT
cocrasiars 0,9-1,0.

Kak ykaspiBanoch BbIe, cuioBble TpaHchopmaTtopel ['TADC paccuuThiBaloTCS Ha
OTHOCHUTEIILHO OOJIBIIINE ITYCKOBbIE TOKM, BO3HUKAIOIIME TPU 3aIyCKE arperaroB B HACOCHOM
pexume. Kpome Toro, B CBSI3U ¢ yBEIMYCHHEM HAIPsDKEHUS B TYpOMHHOM pekume Ha 5—8%mo
CPaBHCHHMIO C HACOCHBIM, a TaKXe HEOOXOJUMOCThIO PETyJIUPOBAHUS TIOBBIIIEHHOTO
HANpPsDKEHUS M0 YCJIOBUSIM pacHpeleleHHsl MOTOKOB MOIIHOCTEH B SHEprocucreme, OJIOYHbIE
cunoBbie Tpanchopmaropsl 'ADC UMEIOT yCcTpoiCTBO peryaupoBanus mo Harpyskoit (PITH).

Pe:xxnMbl paGoThl 00paTUMBIX THAPOArperaTos

B Hacrosdmee BpeMsa Ha MOLHBIX cpeAaHeHanopHblx I['TADC  ycraHaBiauBaroTcs
MPEUMYIIECTBEHHO KPYIIHbIE JABYXMAIlIMHHbIE HACOCOTYPOMHHBIE TUApOArperathl, Ha3blBaeMble
peBEpCUBHBIME WM 0OpatuMmbiMK arperatamu (puc. ['21). [lns BBINONHEHHS PEKUMHBIX
byukuuii obpatumbie arperatbl (OA) MTODKHBI, -TI0 BO3MOKHOCTH, OBICTPO ITyCKaThC,
OCTaHABIIMBAThCSI U TIEPEBOJAUTHCA U3 OJHOIO CTAI[MOHAPHOTO peXuma padoThl B APYrOH.
O6parumble THApoarperatl BO BpeMs HOpMalbHOW dkcrutyatanuun ['ADC moouepemaHo
paboraroT (1o BEIOOPY) B YETHIpEX CTallMOHAPHBIX pekumax: HacocHoM (HP), rypounuom (TP),
cuaxponHoro kommencaropa (KP), u Bpamarorerocs pesepsa (BP).
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Puc. I'21. Cxema pabotsl o6patumoro arperata '’ADC

Cnoco0bl mycka arperaroB 'A9C

[Tyck arperatoB 'ADC B TypOMHHOM peXUME, TaK K€ KaK U MyCK HACOCHBIX arperaToB
IpU YETHIPEXMAIIMHHON CXeMe, HE CBA3aH C KaKUMH-THOO CHeuu(UYecCKUMU TPYAHOCTSIMHU.
Opnako mMycKk OOpaTHMOTO HACOCOTYpPOMHHOTO arperara U3 HEMOJBHYKHOTO COCTOSHUSA U
IEpeBOJT €ro M3 TYpPOMHHOTO pEeXHMMa B HACOCHBIM SIBIISIOTCS CIIOKHBIMH M OTBETCTBEHHBIMHU
onepauusmMu npu skcruryararuu 'A9C.

Croco6 mycka AO 3aBHCUT OT E€AMHMYHON MOILIHOCTH arperara ¥ BO3MOXHOCTH
BBIIIOJIHEHHSI ITYCKOBOM CXEMBI, OT JOIYCTUMOIO IOHWKEHUS HANPSKEHHUSI B SHEPrOCUCTEME,
BBI3BAHHOT'O ITYCKOM arperaToB, a TakXKe OT IMPOJODKUTEIbHOCTH mmycka [10].

[TpumensroTcs cnemyromue crocoObl mycka arperatoB 'ADC:

ACUHXPOHHBIN IPSIMOM ITyCK;

ACUHXPOHHBIM  IMYCK HIpPU  [OHWKEHHOM  HANpSIKEHUH C  HUCIOJIb30BAHHUEM
aBTOTpaHcopmaropa,

ACUHXPOHHBIN MYCK C HCNOJb30BaHUEM PEAKTOPA,;

CUHXPOHHBIN MYCK C BCIOMOTaTEIbHBIM Pa3BOPOTHBIM aCHHXPOHHBIM JIBUTATEIIEM,;

YaCTOTHBIN MYCK OT CTATUYECKOT0 Mpeodpa3oBaTelis YacTOTH;

IIyCK OT BCIIOMOI'aTE€JIbHOI0 F€HEPATOpa COU3MEPUMOI MOIIIHOCTH;

YaCTOTHBIN MYCK C UCIIOJIb30BAHUEM BpAIIAOIIErocs Mpeoodpa3oBarTeis 4acTOTHI.

[IpsMo#l aCMHXPOHHBIA IyCK MpPH TOJHOM HANpPSHKEHUM CETH SBIAETCS Haumboiee
IPOCTBIM, OBICTPBIM M JOCTATOYHO OSKOHOMHYHBIM. OH He TpeOyeT IOMOJHUTEILHOTO
000pyI0BaHus, HO COMPOBOXKAaeTcs 0osbmuM (10 3—5%)maeHreM HaNPSHKCHHS B MMUATAIOIICH
CETH U MOBBIIICHHBIMU ITyCKOBBIMH TOKaMU. [Ipy npssMOM aCHHXPOHHOM ITyCKE€ MPEIbSBIISIOTCS
Oonee xecTkue TPeOOBAHUS K KOHCTPYKTHBHOMY HWCIIOJHEHHMIO JIBUTATeNIsI-TEHEparopa |
TpaHcpopmaTtopa. OTO JOCTUraeTcsl MNPUMEHEHHWEM MACCHUBHBIX IIOJIIOCOB MU MOIIHBIX
nemrepHbIX cUcTeM U (OPCHPOBAHHOM CHCTEMBI OXJIQXKIEHHUS [UIS pPOTOpa, YCHICHHEM
MEXaHMYECKOT0 KperieHUus 0OMOTOK CTaTopa, a B OTJIEIbHBIX clydasix — U TpaHchopMaTopa.

ACUHXPOHHBIH IMYCK TMpPU TOHIKEHHOM  HANPSOHKEHUH  TpeOyeT  YCTaHOBKH
JOTIOTHUTEIILHOTO 000PYIOBaHUs: PeakTopa WIK aBTOTpaHchopMaropa, JOMOTHUTEIbHBIX IINH,
NEPEeKIII0YaTEIbHOTO0 yCTpoiicTBa U Jp. B Tex cmywasx, Korza HEOoOXOAMMO OTrpaHUYUTh
noTpeOsseMbIil TTyCKOBOM TOK, MPHMEHSETCS IMyCK uepe3 peaktop. [Ipwm 3TOM orpanuueHue
noTpedsieMoro M3 CEeTH TOKa CBS3aHO C MaJCHUEM HAampsHKeHUs Ha 3aKMMax JIBUTATes-
reHepaTopa ¥ YMEHbIIEHNEM aCUHXPOHHOTO MOMEHTA.

[Ipu aBTOTpaHCHOPMATOPHOM TyCKE arperara OrpaHUYMBACTCS MOTPEONSIEMBId U3
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AIIEKTPUYECKOW CHCTEMBI TOK M OJHOBPEMEHHO COXPAHSAETCS MAaKCHUMAJIbHO BO3MOXKHBIN
MMYCKOBOM MOMEHT.

[Tyck ot BcriomorarenbHOro 3nekrpoasurarens (BPJI) i myckoBoii TypOUHBI CHIKAET
J0 MHMHMMyMa TOJNYKM TOKa B CHCTEME, HO YCIOXKHSAET U YAOPOXKACT KOHCTPYKLUIO
rujpoarperata u crpoutenabHyto yactb ['ADC. IlpumeHeHne myckoBoil rHIpoOTypOUHBI CBSI3aHO
C TPYZHOCTSIMHM pa3MELICHUS €€ Ha OJTHOM Bally C OCHOBHBIM arperaToM.

[IpeumyiiecTBa  UCIOJNB30BaHUS  ITYCKOBOTO  AJIEKTpojaBUTATeNsl  (aCHHXPOHHOTO
JBUTATEIIsI WM JIBUTATEIIsl MOCTOSIHHOTO TOKA) COCTOST B BO3MOXKHOCTH €T0 MPUMEHCHUS JIs
arperaToB JI000H MOLTHOCTH, OTHOCUTEIHHON MPOCTOTE MyCKa, CPAaBHUTEIHHO MAJION BEIMYMHE
IIyCKOBOIO TOKa OT CUCTEMbI, OTCYTCTBHS JIONOJIHUTEIBHBIX TpPeOOBaHUM K KOHCTPYKLUHU
OCHOBHOM MamuHbl. HemoctaTkoM 3Toro cmoco0a MycKa SIBISIOTCA: BBICOKAas CTOMMOCTB,
HCIIOJIb30BaHUE ITyCKOBOTO JIBUTATENA C JKUIAKOCTHBIM PEOCTATOM UId KaXkKIOTO arperara,
CJIO)KHAsi CXe€Ma NpPU TOPMOKEHUH, HEOOXOJUMOCTH OMOJHUTEIFHOTO HMCTOYHHMKA SHEPTHH.
MomHOCTh MYCKOBBIX AJIEKTPOABHUraTeNe HaxoauTCs B npenenax 5—9%MOUHOCTH OCHOBHOTO
arperarta, BpeMs IIycKa arperaTa B HACOCHOM peXHMe 10 Habopa Harpy3Ku — OKOJIO 5—7MuH.

YacToTHBIH IYyCK MOCPEACTBOM CTAaTHYECKOro mpeobOpaszoBatens yactoTel (CITY)
ABISICTCS OJAHMM M3 HauOonee TMepCrneKTUBHBIX. K  mpeumymiecTBaM  CTaTHYECKUX
npeoOpa3oBaresiel, KpoME€ HX TEXHHYECKOIO COBEPILNEHCTBA M IMPOCTOTHI 3KCILTyaTallMH,
ClIelyeT OTHECTH TakXKe HMX HE3HAUUTEIbHOE COOCTBEHHOE MOTPeOIeHUE HIIEKTPUYECKON
MOIIIHOCTH, @ TaK)X€ BO3MOYKHOCTb IIPMMEHEHHs OJIHOIO IIyCKOBOI'O YCTPOMCTBAa [UIs BCEX
arperaroB 'TADC.

YacToTHBIN MyCK MOCPEACTBOM BpAILAIOIIEHCS MAIIMHBI C U3MEHIEMOM 4aCTOTOM UMEET
Ha ['ADC mmpokoe HpuMEHEHHE M OOBIYHO OCYIIECTBISIETCS OT OJHOM MAaIllMHBI, 4acToTa
HAIPSDKEHUS KOTOPOM MOXKET M3MEHATBCS OT HYyJd A0 HOMHHAJIBHOIO 3HadeHUs. Takon
MAaIIMHONH MOXeT ObITh Jub0 omuH u3 ruapoarperatoB ['ADC, nubo crenuaibHBIN
BPAILAIOIIMICS arperar ¢ TMAPaBIMYECKUM WIN JIEKTPUYECKMM IMPUBOIOM, HaXOIAIIMKCA Ha
sToil 'ADC nubo Ha OIM3KOPACTIONOKEHHON ANIeKTpOoCcTaHuK. [Ipu 3TOM 3amyck B HACOCHBIN
PEXUM MOXKET OBITh OCYILECTBJIEH IO OJAHOMY U3 CIEIYIOLIMX BapHaHTOB. CUHXPOHHBIN IMYCK,
ACUHXPOHHBIN IIyCK, ACUHXPOHHO-CUHXPOHHBIN ITyCK.

YactoTHplii (dalne CHHXPOHHBIN) MYyCK OT COCEIHEro arperata B COYETAaHHH C
IIyCKOBBIMU JIBUTaTEJSIMM NPUMEHSETCST Ha MHoroarperatHelx I'’ADC, xorga 4yacTb arperaToB
IIyCKaeTCsl YaCTOTHBIM CIIOCOOOM, a MOCIEHUM — TyCKOBBIM JBUTaTENIEM.

I'naBHbBIE cXeMBbI YJIEKTPUYECKUX COeTUHEHUI U cXeMbl cO0cTBeHHBIX HY:xk1 TADC

OCHOBHBIMU CHIEIU(PUUECKUMUA OCOOCHHOCTSIMU TOCTPOEHUS TJIaBHBIX 3JIEKTPUUECKUX
cxem 'ADC siBasieTcst TO, 4YTO OHH Pa3MEMIAIOTCS TPEUMYIIIECTBEHHO B IIEHTPaX HATPY30K WM B
SHEPrOKOMIIIEKCAX U COCTOAT U3 00paTHUMBIX arperaToB, padOTAIOIIKX B Pa3IMYHBIX pPEKUMaX.

Ha coBpemennsix '”ADC riaBHblEe CXEMBbI NEKTPUUECKUX COEIUHEHUIN NMPUMEHSIOT, KaK
MPaBUIIO, B BHUJE€ OJMHOYHBIX WM YKPYIMHEHHBIX OJIOKOB C CHJIOBBIMH TpaHchopmaropamu. B
HEKOTOPBIX CIy4asX OJUHOYHBIC OJOKM COCOUHSIOTCS Ha BBICIIEM HAMPSDKCHUH B
00beTMHECHHBIE OJIOKK C TOAKIIOYCHUEM JBYX-TPEX OIMHOYHBIX OJIOKOB K COOpPHBIM ITHHAM
yepe3 00U BBIKITFOYATEb.

KomMmyTanusi v CHUHXpOHU3aIUs JJIEKTpUYecko MamuHbel OA ¢ 3JIeKTpUYECKOU
CUCTEMOH B CiIydae OJMHOYHOTO OJIOKAa OCYIIECTBIISIETCS BBIKIIOYATENIEM TOJBKO Ha CTOPOHE
Beictiero HanpspkeHust 220—750«B. [{ns ykpymHEeHHBIX OJIOKOB 3TH OTIEPAIMH BBITIOHSIOT MPH
MOMOIIIH BBIKJIFOUATENICH WIIH ONIEPATUBHBIX Pa3beIMHUTENICH Ha CTOPOHE HU3IIETO HATIPSIKEHUS.
Hcnonp3oBaHue i 3TUX eIl BHIKIIOYATeNs Ha BRICIIEM HANpsKEHUU HelleecooopazHo, nbo
OH HE PACCYNTAH HA TaKWE MHOTOKPATHBIC OTIEpaIUH.

Ha Beiciniem Hanpsiokennn 'TADC NpUMEHSIOT CXEMBbI ¢ OJHOM WJIM C JBYMSI CUCTEMaMU
COOpHBIX IIMH M OHUM BBIKJIFOUATEIIEM Ha MPUCOCTUHECHUE (JIUOO ¢ IBYMS BBIKIIOYATEISIMU Ha
NPHUCOETUHEHNE), @ TAKIKE CXEMBI KOJIBIICBOTO THITA «3/2», «4/3»UeThIpex- U MATHYTOJbHUKOB.
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Ha coopyxaemblx B moOcieIHHE ToJbl MOLIHBIX 3apyOexkHbix ['ADC mnpuUMEHSOT
kommakTHele KPYD nmo 500 kB ¢ »merazoBoii mM30iMell M IMOA3EMHBIM WJIM HA3EMHBIM
pacnionoxkenuem siaeek. Takue KPYD BechbMa HajeXHBI U yIOOHBI B JKCIUTyaTallud U JAIOT
CYIIIECTBEHHYIO 2KOHOMHIO B 3aHUMAaeMOH TUIOMIAIU IO CpaBHEHHIO ¢ 0ObraHbIMU OPY.

CocraB amekTponpueMHUKOB cobcTBeHHBIX HY)I [TADC u ['DC npakTuyecku 0JIMHAKOB,
OJIHAKO CYIIECTBYIOT HEKOTOPBIC pa3anudus, TJIaBHBIM 00pa3oM — B cxeme nutanus c.H. [ADC.

Ha nocrtpoenne cxem c.H. [ADC pemaromiee BIUSHHE OKa3bIBaeT MPHUHATHINM CIOCO0
nmycka oOOpaTUMBIX THApPOArperaToB B HACOCHBIM pPEXUM. Tak, dJIEKTpOCHAOXKEHHE C.H.
OTBETBJICHHEM OT OJIOKOB HEKENaTeJIbHO, TaK KaK B aBapUUHBIX ycIoBUsAX pa3BopoT OA B
HAaCOCHOM pEKMME pa3peliaeTcss MPOBOAUTh MNPSIMBIM ACHHXPOHHBIM IYCKOM, YTO MOXET
BbI3BAaTh 3HAYUTEIIbHbIE CHUKEHUS HaNpshkeHus B cucreMe c.H. [TADC.

IIpu pa3paboTke cxeMbl COOCTBEHHBIX HYXJ CJIEIYET YYUTHIBATh, YTO IMOAKIIOUYECHHE
CITY x OTBETBICHHUIO OT OJOKa MOXKET NMPHBECTH K IMOSIBICHUIO B IIENIU TeHeparopa (Bo BpeMs
MyCKa) BBICIIMX T'apMOHHK TOKA, OTPUIATEIBHO BIHUAIOINIAX Ha PaboTy muddepeHIrnanbHO
3alUTel reHeparopa. M3-3a 4acThIX NYCKOB B HACOCHOM pE&XHME M PEKUME CHHXPOHHOIO
komrieHcaropa Juisi [TADC Tpebyrorcst 60ee MOITHBIE KOMITPECCOPHBIE YCTAHOBKH JIJISI OTXKATHS
BOJBI M3 Kamephl paboyero koseca. [losToMy IycKOBbIE YCTpPOHCTBa MpEeaNOYTHTEIbHEE
MOJKJIIOYaTh K IMIMHAM OOIIECTAaHIIMOHHBIX C.H., JJIEKTPOCHA0KEHHE KOTOPBIX 0OecreuynBaeTCs
OT Jpyrux TOYeK riaBHOM cxembl ['ADC (Hampumep, OT TpPETHYHBIX OOMOTOK
aBTOTPaHC(OPMATOPOB CBS3M) WM OT MECTHOM ceTH. Huke NpHUBOAATCS TJIaBHBIC CXEMbI
AIIEKTPUUYECKUX COSAMHEHUH U CXeM COOCTBEHHBIX HYX I HeKOTOphiXx [[ADC.

3 MeToanyeckue peKOMeHAalMH MO NMPOBeIeHHI0 JIA00PATOPHBIX 3aHATHH
JlaGopaTopHBIX 3aHATHIA IPEYCMOTPEHBI B paboueii mporpaMmmMe B 00beme 18uacos.

Ne Ha3Banue Ttemsl Kon-Bo
TEMBI 4acoB
1 N3yueHune 3J1eKTpruaeckoro o00pyaoBaHusl COOCTBEHHBIX HYXKT 6
2 N3yuenune mycka U caMo3aIrycka JBUTaTesnei 4
3 M3ydeHne KOHCTPYKIMM MarHUTHBIX ITyCKaTeJlen 4
4 N3ydyeHne KOHCTPYKLINIA HU3KOBOJIBTHBIX aBTOMAaTHUYECKHUX 4

BBIKJIFOYATEJIEN

JlaGopaTopHble 3aHATHS TPOBOJATCS 110 YueOHOMY 1ocoOuio: MeToquueckue yKa3aHus K
gabopaTopHbIM pabotam 1o gucnuiuinHe <« CoOCTBEHHBIC HYXAbI» (coctaBuTenb. A.l.
Potaucga).

Jlabopatopubie pabOThI MPOBOJATCS B CIEAYIONIEH OCIEA0BATEIbHOCTH!

. MHCTpYyKTaX 10 TEXHUKE OE30MaCHOCTH.

. Teopetnueckuii onmpoc M IOMYCK K padoTe.

. [IpoBenenue sKcrIepUMEHTOB Ha Ta0OPAaTOPHBIX CTEHIAX.

. [IpenBaputenpHas 00paboTKa Pe3yJbTaTOB IKCIICPUMEHTOB.
. BeiBozIBI O TpOIeTanHoM pabore.

. 3almTa OTU4ETOB.

. OdopmiieHue 0T4ETOB.

~NOoO o WNPRE

MeToanuyeckue yKazaHus

K JJaOOpaTOpHBIM paboTaM IO AUCITUTUIHHE
«CoOCTBEHHBIC HYXKIBI»
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JlaGoparopHas padora Ne 1
I[IJIABKUE TTPEJOXPAHUTEJIN

Llenp paOoOTHI: M3y4eHHE CBOWMCTB MPEJOXPAHUTENS M TOIYYEHUE XapPAKTEPUCTUKU ILIIaBKOU
BCTaBKH.
OOume cBeneHus

[InaBkue npenoXpaHUTETN MPUMEHSIOTCS JUIS 3allUThl 3JEKTPOYCTAaHOBOK OT TOKOB
KOPOTKOI'O 3aMbIKaHUs, TOKOB IHeperpys3ok. llpenoxpaHurenu uUMEOT pa3Hble KOHCTPYKIIMH,
HarpuMep, ObIBAIOT MPOOOYHBIC MPEAOXPAHUTENH, IPEAOXPAHUTENH C 3aKPBITHIMU (HHOPOBBIMU
TpyOKaMH, MPEeJOXPaHUTEIH O MEIKO3EPHHUCTHIM HAMTOTHUTEIEM, CTPEISIOIINE IPEIOXPAaHUTEIH
tuna [ICH u mp. OcHOBHast 4acTh IJIABKOTO MPEAOXpPaHHUTENs -IJIaBKas BCTaBKa (IIPOBOJIOKA
WA TUacTUHKa). [IpuM yBeNMYEHHMHM TOKAa IUTaBKas BCTaBKa pPacIUIABISACTCS, OTKJIHOYAs
3alUIIaeMyto 1enb. Yem 6osblie TOK, MPOTEKaBIIHN yepe3 IIaBKyI0 BCTaBKy, TeM ObICTpee OHa
pacIulaBiIseTcss W OTKIKOYAaeT LeNb. 3aBUCMMOCTh BPEMEHU OTKIIOYEHHMS LENu OT TOKa

Ha3bIBACTCS 3aIUTHON XapaKTEPUCTUKOM TIJIAaBKOM BCTABKH.

Crnenyer pa3nnyaTh HOMUHAJBHBIN TOK MPEAOXPAHUTENSI 1 HOMHUHAIBHBIA TOK IJIABKOM
BCcTaBKU. [loJ HOMHHAIBHBIM TOKOM MPEIOXPAHUTENS CIAeAyeT MOHUMAaTh TOK, HAa KOTOPBIN
paccuuTaHbl TOKOBEAYIIUE U KOHTAKTHBIE YacTH, a 10J] HOMUHAJIbHBIM TOKOM IUIABKOM BCTaBKH
- TOK, Ha KOTOPBIIl paccunTaHa caMma IJIaBKas BCTaBKa.

3a HOMMHAJIBHBIM TOK IJIaBKOM BCTaBKU NMPUHUMAETCS TOK, KOTOPBIM BCTaBKa BBIAECPKUBACT
JUTUTENIbHOE BpeMsi He meperopas. [Ipuw Toke, mpeBwimaromeM HoMuHambHbIH Ha 25+30%,
IpeIOXpaHUTENb TIEPEropaeT B TeueHue 1-2 4acoB, MPHU TOKE MPEBBIIIAIONIEM HOMUHAIBHBINA Ha
50% mpenoxpanutenp mneperopaet B TeueHue 10-15 munyr, mpu meperpyske B 100%
IpeOXpaHUTeNIb JIOJDKEH Iieperoperb He Oonee veM 3a | munyry. IlnaBkas BcraBka
BBITMOJIHAETCS U3 [IMHKA, MEH, aTIOMUHUSL.

[Tporpamma paboThI
JIns  CHATHS  3alMTHOW  (aMIIEpPCEKYHIHOM) XapaKTEPHCTHKH IJIaBKOW BCTaBKM  Ha
nabopatopHoM creHae cobOparh cxemy pucynka |. Ha asroit cxeme: Tp - BcromorarenbHBIH
tpanchopmarop truma OCBY-0,5(220/128omasT);. AT - aBroTpancopmarop 1abopaTOPHBII
JIATP; Ip - no6aBouHoe akTiBHOE conporuBieHue (5 Om); TT - maboparopHslii TpaHchopma-
top Toka ¢ K = 50/5;A - ammepmerp nmepeMeHHOro ToKa.
3apsauTh TUIABKHHA TPEJOXpaHUTeNb MEIHOM mpoBosiokoil cedenuem 0,25 mM?. CHsTHE
3alIUTHONW XapaKTEPUCTUKHU MPOBOIUTCS B CIEAYIOLIEH MOCae10BaTeIbHOCTH. VcnbIThiBaeMas
BCTaBKAa YCTAHABIMBACTCS B 3aXHMbI, MIYHTHpPYyeTcs pyOminbHUKOM P u aBromatom AB.
[Tomaercst nanpspkenue ot cetn u JIATPom ycranaBnuBaercs Tok 30 A. Ilocne sToro mryHT
IUIaBKOM BCTaBKM - pPyOMJIBHUK P- OTKIIOWaeTcss M CEeKyHIOMEpOM (UKCUpPYETCs BpeMms
neperopaHus MmiaBkoi BcTaBkU. OMBIT MOBTOPSAETCS HECKOIBKO Pa3, IPU Pa3IUYHbIX 3HAYSHHSIX
TOKa (TOK MEHSETCS B CTOPOHY YMEHbIICHHS). [laHHbIE 3aHOCATCS B TaONIHUILY,

Ta6muuna 3 Onpenenenue 3aucumoctu [ = f( | )

Benmuunna Toka, A 30 28 26 24 22 20 18 16
Bpemss  meperopanus,
CeK.

ITo naHHBIM TaOJIMLIBI OTPOUTCS KpHBas 3aBUCHMOCTH BPEMEHH IEPEeropaHus IUIaBKOM
BCTaBKH OT BEJIMYMHBI TOKA.
3amuTHasS XapaKTepHCTHKA IUIAaBKOW BCTaBKH HM300pakeHa Ha pucyHke 2, rae Imin -
HauMEHBIINN IIIaBSIIIAI TOK.
HanMenbimii miaBsmui TOK peJOXpaHUTENs - 3TO TAKOM TOK, IIPU KOTOPOM IlJIaBKasi BCTaBKa
HAarpeBaeTcs 10 KPacHOro IIBETa, HO HE IEPEropaer.
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Puc.1.Cxema 11t CHATHS 3alIUTHON XapaKTePUCTHUKH TUIABKOH BCTABKH.

Havmenpmmii  miaBsmuid TOK - 3TO TOK TNeEperpy3ku uenv. B 3ToM ciydae
IpeJOXpaHUTENh HE 3alMIaeT 000pyA0BaHHE U OHO MOXKET BBIMTH U3 cTpos. [Lyig Toro, 4ro0s!
IPEIOXPAaHUTENb  IEperopea  IpU  HAUMEHBIIEM  IUIABAIIEM  TOKE,  HCIIOJB3YETCs
Metantyprudeckuii  3¢dekt (CrocoOHOCTH JIETKOIUIaBKUX METAJUIOB pacTBOPSTH B cede
TyromiaBkue). Ha mimaBkyro BCTaBKYy HAaHOCST INApHK W3 OJIOBA, CBHMHIA WM mpumnos. [lpu
HarpeBe IUIABKOM BCTAaBKM TaKOW INAPUK IUIABUTCS, PAcTBOpPSET B cebe YJYacTOK IIaBKOM
BCTaBKH, Ha KOTOPOM OH 3aKpEIUIEH, U IIJIaBKas BCTaBKa I1EPEropaer.

Kaxnplii mpenoxpaHuTenb MpPU MEPErOpaHMM IUIABKOM BCTAaBKH JIOJKEH IOTACUTh
BO3HHUKIIYIO DJIEKTPUYECKYIO IYTY.

[To oxoHuaHuM paboTa COCTABUTH MPOTOKOJ UCHBITAHHUM, BBIYEPTHTD XaPAKTEPUCTUKY IJIABKOM
BCTaBKH M OMMCATHh METOJbI FAIICHUS YIEKTPUYECKON IyTH MPEJOXPAHUTEIISIMHU.
OmnbITa MIPOBOAUTH O COOJIOICHUEM MPABUII TEXHUKN O€30IaCHOCTH.

KOHmpOJleble 680NRPOCHL

1. Yro Ha3pIBaeTCA 3AIIUTHON XapaKTEPUCTUKOMN TIABKON BCTABKHU ?

2. UTo MOHUMAIOT O] HOMUHAIBHBIM TOKOM IPEJOXPAHUTENS U HOMUHAIILHBIN TOKOM IUIaBKON
BCTaBKH?

3. B ueM 3akirouaeTcst MeTaJuTypruueckuit apdexr?

JIureparypa
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1. DnexTpuueckas 4acTh CTaHIUI U moAcTaHImid/mo pen. Bacubesa A.A -M.: Dueprus, 1980,-
C.201-210.
2. Poxxkosa JI./1., Kopueesa JI.K. Yupkosa T.B. DaekTpoobopynoBaHHe JIEKTPHUECKUX
CTaHIMU ¥ moxcTadimii.- M.: Axanemus, 2004.

JlaGoparopHas pabota Ne 2

NCTIBITAHUA HU3KOBOJIbTHBIX AIIIIAPATOB
[lenb paboThI: M3ydYeHHE U TPOBEPKAa MAarHUTHOTO ITYCKATENsl U aBTOMaTa.
OO6mmue cBeeHus

K HH3KOBOJBTHBIM KOMMYTAIIMOHHBIM amapaTaM OTHOCSTCS:

1. PyOunbHUKH - IPOCTOM anmapaT pyqHOTo YIpaBJieHUs, HE UMEIOIINI 3aIluT.

2. KonTakTop - anmnapar JUCTAaHLIIMOHHOTO YIIPaBIEHUS, HE UMEIOLIUI 3aIIUT.

3. MarHuTHBIA MMycKaTenb - ammapar, MpeIHa3HauYeHHBIA JIJs BKIIOYCHHUS OTKIIOUCHUS
ACUHXPOHHBIX JBHUrareneidl. MarHUTHBI IycKaTelb HMEET AMCTAaHLUHWOHHOE YMpaBlieHUE U
TEIUIOBYIO 3alIUTy (TEIIoBOE perie), padoTaroIIy 0 IIPH Meperpy3Ke.

4. ABTOMATHYCCKHI BBIKJIIOYATENh (ABTOMAT) MPEACTABISCT COOOW BBIKIIOYATENb
NEPEMEHHOTO WJIM TMOCTOSHHOTO TOKa C BCTPOCHHBIMH B HETO TOKOBBIMHU peje MPsSMOTo
JIEUCTBUA U KaTYIIKOWM MUHHUMAJIBLHOTO HAIIPSIKEHUS, ICUCTBYIOIIMMHU HA paclenuTelNb. TOKOBbBIE
pene aBTOoMarta pabOTAIOT MPH MEperpy3kax M KOPOTKUX 3aMbIkaHUAX. CyIIecTBYIOT pa3HbIC
KOHCTPYKITUK aBTOMaToB. OHU BBITIOJHSIOTCS Ha ToKax oT 5 10 4000A.

KoHTakTOophl, MAarHUTHBIE MMyCKATEIH W aBTOMATHI CHA0>KEHBI TACUTEIILHBIMU KaMepaMH,
IpeIHa3HAYCHHBIMU JUUISl TallleHUsl SJEKTPUYECKON Iyrd, BO3HUKAIOIIEH IPU OTKIIOYEHUU
amnmapara.

[Iporpamma paboThI

1. ITo3HaKOMUTBCS C KOHCTPYKIIMEH MarHUTHOTO ITyCKATeNsl U aBTOMATA.

2. VI3MepuTh COMPOTUBIICHNE 3OS TOKOBEAYIINX YaCTei MATHUTHOTO ITyCKATes.

3. IIpoBepka KaTyIIKu MAarHUTHOTO ITyCKATeJs.
3.1.3amepuTh COMPOTHUBIICHUE U3OJISIIMH KATYIIKH.
3.2.3aMepuTh OMUYECKOE COMPOTUBIICHUE KaTYIIIKH,
3.3. 3amepuTh HampsDKEHHE cpadaThIBaHHUs W BO3Bpara KaTymku. CieayeT MOMHHTB, YTO
OpU CHIDKEHHHM HANpPsDKCHWs CETH MAarHUTHBIA IyCKaTelb OTKIIOYUTCS BCJIEICTBHE
BO3BpaTa MAarHWTHOW WM KOHTAaKTHOW CHUCTEMBI, YTO SIBIIICTCSI 3alllUTOW JBHTATENs OT
MOHIDKEHUS HAPSHKEHUS.

4. TTpoBepuTH TEIUIOBOE PEJIC U CHATDH €r0 XapaKTEPUCTHKY.

Tlopsioox nposedenusi pabomwl

1. OcMmoTpeTh ammapar u yOenIuThCsl B OTCYTCTBUU BHEIIHUX HEHCIpaBHOCTEH. O3HAKOMUTHCS C
KOHCTPYKIKEH MarHUTHOTO IyCKaTeNIs U aBTOMaTa. 3alucaTh NaclOPTHHIC JaHHbIC.
2. O3HaKOMHTECS CO CXEMOI CTEeHIA.
3. 3aMepuTh CONMPOTHUBICHUE M3OJSLUYU TOIABMKHBIX W HENOIBH)KHBIX KOHTAKTOB MAarHHTHOTO
myckaresns merommerpom 1000B.
Daza A.
Ry (TTOAB. KOHT. -KOpPIIyC) = ...
R.; (HEemozaB. KOHT. -KOpIyC) = ...
Ry; (HEMOaB. KOHT. - MOJB. KOHT.) = ...
Amnanornyno s ¢asst "B" u ¢aza "C" u mexny dazamu.
4. TIpoBepuTh KaTYIIKy MATHUTHOTO ITyCKATEIs.
4.1.3aMeputhb CONPOTHBIICHUE N30JIALUH KaTymku Merommerpom 1000B.
R.; (kaTyrika -kopmyc) = ...
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4.2.3aMepuTh OMUYECKOE COMPOTUBIICHUE KAaTYIIKH MOCTOM Burcrona

Re=...

4.3.3ameputh Hanpsikenue cpabatsiBanus Ucp HampsbkeHHe BO3Bparta

UB Karymku, TOJIB3YySICh cXxeModW cTeHaa. ONbIT NpOBOAUTH, B CIEAYIOLIEH
MOCIICIOBATEIIFHOCTH .

4.3.1. Kimrou "KJI" B momoxxenun “orxiroyeHo”. Ha crenme Brimrouuts asromar "AB".
Hamuuune wHampspkenust kotposnmpyercst o stamne JI1. JIATP BeiBeneHn (crout B
MOJIOKCHUH MHHUMAJIBHOTO HAIIPSHKEHHS),

4.3.3.Bxarounts ko4 "KJI" B monoxenue "I".

4.3.3. JIATPoM momHuUMaTh HampsbKEHHE JIO0 CpabaThlBaHUsA KAaTyImIKH (00 BKIIIOYCHHS
MarHUTHOTO ITyCKaTels). 3aMEepHUTh IOKa3aHHE BOJIbTMETpA. DTO HAINpsDKEHHE OyeTr
COOTBETCTBOBATh HaNpsHKeHUE cpabaThiBaHUs KaTymiku Ucp.

4.3.4. Cuumas JIATPoMm HampspkeHHe, 3aMEpUTh 1O BOJBTMETPY HAIpPsDKEHHE BO3BpaTa
katymkd UB (pa3MbIKaHHE KOHTAKTOB MAarHUTHOT'O ITyCKaTeJIsl).
Bo Bpewms onbiTa nipu 1BukeHuu pykosTky JIATPa He 3anep:xuBatsb.

5. [IpoBepuTh TETIIOBOE peETIe.

TennoBoe pene TP sBisercss 3J€MEHTOM 3allUThl OT TMEPErpy3KHM B MarHUTHBIX
nmyckarensx. KOHCTpYKTHBHO TEMJIOBOE pelie COCTOUT W3 CMEHHOTO HarpeBaTelIbHOTO
DJIEMEHTA, OMMETAUIMYECKON IUIACTUHKH, MEXAaHWYECKH CBA3AaHHON C 3aI€JIKOM, U
HOPMAaJIbHO 3aMKHYTBIX KOHTaKTOB Kj.

[Ipn mnpursruBaHUM OWMETAUTMYECKOW IUIACTHHKUA OHA W3TH0AeTcs W pacIeruisier
3amenKy. 3aimenka TMoJ JEHCTBUEM TPYXHHS OTXOJUT B CTOPOHY W pPa3MbIKaeT
OsokkoHTakTa. [Ipy 3TOM KaTylika MarHUTHOTO IyCKaTeNs TepsieT MUTaHUE U MarHUTHBIN
MyCcKaTeab OTKJIIOYaeTcs. Bo3Bpar pese ¢ moMoIbio KHOIIKH BO3BpaTa BO3MOXEH TOJIBKO
IIOCJIC OCThIBAHUS OMMETAIINYCCKOM IIACTHHKH.

PerynupoBka pene MpOW3BOIUTCS IyTEM IMOAOOpa HarpeBaTEIBHOTO JJIEMEHTAa 10 TOKY
3aIUIIAEMON 1IEMM ¥ M3MEHEHUEM CLECIUICHUS OMMETAININYECKOM IIACTUHKU C 3aIleIKON
MyTeM TIOBOPOTA PEryJsAaTOpa, PAaclojOKEHHOTO0 Ha JHIEBOH cropoHe pene. OnbiT
MPOBOJIUTH B CIEAYIOIIECH MOCIEA0BATEIIbHOCTH.

5.1. O3HaKOMHUTBCS C KOHCTPYKIIMEH TEIUIOBOTO peJie, BHICTABUTH pejle B CpeaHee

MIOJIOKCHHUE.
5.2.Co06patp cxemy ucnbitanus. Kimrou "KJI" momkeH HaXOaUThCS B TTOJOXKEHUU "OTKIT".
5.3. Bxmounts aBToMaT "AB". Ha Hannuue HanpspbkeHus ykasbiBaeT samna JI1. Pykosrka

JIATPa pomxHa CTOATH B TIOJIOKEHWH MUHHUMalbHOTO HampsbkeHus. Kmou "I1" momken

HAXOJUTHCS B MMOJI0KEHUN OTKI .
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Puc.1.Cxema ucnbITaHUs MArHUTHOTO TTyCKaTEIIA.

[Ipu 3TOM TemnoBoOE pelie 3auTyHTUPOBAHO U CEKYH/IOMEDP HE BKITIOYECH.

5.4. Bxmounth kimou "KJI' B momoxenue "2", mpu 3TOM MAarHUTHBIA ITyCKaTelb
BKITFOUAETCSI.

5.5. C mnomompio JIATPa, yBenuuumBas HanpspkeHHe Ha Tpancdopmarope “TIT",
perynupyeM TOK B IEMU TEIUIOBOTO pelie 10 HEoOXOAMMOH, BeIWUYMHBI. BennumHa TOKa
3aMepsieTcs 10 aMIepMeTpy.

5.6. [ToBepuyB kitou "II" B mojoxeHue "BKIIOYEHO", MPOU3BOAUM DPACIIYHTHPOBAHHOE
TEIUIOBOTO pelie U BKIIOUEHHE cekyHaoMmepa. [Ipu cpabaTbiBaHME TEIJIOBOTO pejie MarHUTHBIM
MycKaTellb OTKJII0YAETCS U €r0 KOHTAKTHI Pa3phIBAIOT LIEMb MUTAHUS ceKyHaoMepa. CeKyHIoMep
ocTaHaBNUBaeTcs, (UKCUpys BpeMsi cpabaTblBaHUsA TEIUIOBOTO pelie MpU BBICTABICHHOM
3HAUEHUU TOKA.

5.7. Onpenenuth Bpemsi cpabaThIBaHUsI TEIJIOBOTO PeJie MO CeKyHaoMepy mou Tokax 30,
35, 40A.

5.8. [lpoxenate Te K€ HW3MEPEHHs, HO TPH 2-X KpalHUX TOJIOKEHHUSIX PETYIsITOpa
TEIUIOBOTO pene. /laHHble 3aHecTH B Ta0nuy |.

Taomuua |

I, A 30 35 40

t,c CpeIHEM
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[Tpu MaKCHUMaJILHOM
[IOJIOKEHU N

TEIIOBOTO MUHHUMaJIbHOM
pene

5.9. 1o mony4eHHbIM JaHHBIM IIOCTPOUTH TPAPHUKU U OMPEAETUTH MOLTHOCTH JIBUTATEIS,
KOTOPBII MOYKET 3alIUTUTh HAarpeBaTENIbHBII JIEMEHT, CIUTAs YTO pelie JODKHO cpaboTaTh Ipu
20% neperpyske asurarens. Hanpsokenne apurarens [pumnste 380 B, Cosp =0.8. MomHocTh
JIBUTATEIISl paBHA!

P=3U ! Cosp

ConeprkaHue oTUeTa . 3/1eCh JOHKHBI OBITH ONPEACIICHBI 1I€TTb U MIPEACTABICHBI pabOTHI,
CXeMa UCIBITAHUMN, Pe3yIbTaThl UCTIBITAHUH, TpaUKH.

KOHmpOJ'leble 80NPOCHL

1. ITepeuncnuTh, Kakiue KOMMYTAIIMOHHBIE aIllapaThl OTHOCATCS K HU3KOBOJIBTHBIM?
2. Ha3HaueHMe ¥ KOHCTPYKIIMsI, MATHUTHOT'O ITyCKaTes.

3. Kak geiicTByeT u U1 4ero npeJHa3HaueHo TEMI0BOE pesieé MarHUTHOTO MyCKaTedsl.
4. Kak ocyIecTBIISETCS peryJIMpoBKa TEMJIOBOI0O pejieé MarHUTHOT'O ITyCKaTes?

Jlumepamypa

1. DnexTpuueckas 4acTh CTAHIUIN U moacTaHnuii/mo pea. Bacunsesa A.A -M.: Dueprus, 1980,-
C.201-210.
2. Poxxkosa JI.JI., Kopueesa JI.K. Uupkosa T.B. DnektpoobopymoBaHue 31EKTPUICCKUX
CTaHIMA U noacTanuuii.- M.: Axkagemust, 2004.

JlaGopatopHas padbora Ne3.
ABTOMaTHYeCKHE BO31YLIHbIe BBIKJIIOYATETH
1. [lenb paGoThI

W3ydeHne KOHCTPYKUNH, IPUHIUIIA IEUCTBUS U TEXHUYECKUX [TapaMeTPOB aBTOMATOB JI0
1000B.

2. Kparkue TeopeTH4ecKue CBeICHUS

ABTOMaTHYeCKHE BO3IYIIHBIC BBIKJIIOYATENM  (ABTOMAThl) NpPEJAHA3HAYCHBI IS
pa3MBIKaHHs DJICKTPUYECKON IEeMd NpU HEHOPMAIbHBIX pPEXUMax (KOPOTKUX 3aMBIKaHHSIX,
neperpy3Kkax, MCUE3HOBEHHH HANPSOKCHUS) W U PEIKUX ONEPATHUBHBIX MEPEKIIOYCHUI TpU
HOPMAJIbHBIX PEKUMaX pPabOTHI.

Ha onextpocraniusx, NOJACTaHIUAX, B MPOMBIIJICHHBIX YCTaHOBKax U  ObITY
IIPUMEHSIOTCS. ABTOMAThl Pa3JIMYHBIX TUIIOB U KOHCTPYKUUH. ABTOMAT COCTOMUT U3 CICAYIOLIMX
[JIABHBIX DJIEMEHTOB. OCHOBHBIX KOHTAKTOB C JYrOTaCUTEIBLHON CUCTEMOM; IIPUBOA; MEXaHU3MA
CBOOOJHOIO pacLEIUICHUs; paclenuTiIell; BCIOMOraTelbHbIX KOHTAKTOB. [IpOMBINIIEHHOCTBIO
U3TOTaBIUBAIOTCS ABTOMATBI C PYYHBIM YIIPAaBICHUEM WIM PYYHBIM WM JUCTAaHLUMOHHBIM. B
3aBHCUMOCTH OT HAa3HAUCHHMs O3JICKTPUYECKOH Ienu (MUTaHWE OJIEKTPOABHUIATENs], IHTAHUE
JNIEKTPUYECKOTO OCBEIICHHS W T.J.) B HOPMAJILHOM pEXKHME aBTOMAThl BKIIOYAIOTCS |
OTKJIIOYAIOTCA BPYYHYI0 MM JUCTAaHOMOHHO. A B HEHOPMAJIBHOM pEXHME, KOrna
KOHTPOJIUpYEeMbI mapamerp (TOK, HampsDKeHHE, TeMIeparypa) IMPEBOCXOIUT 3a/IaHHYIO
BEJIMYMHY, aBTOMAaThl KaK C PY4YHBbIM, TaK U C JUCTAaHIMOHHBIM YIPAaBICHHEM OTKIIIOYAIOTCS
aBTOMaTu4ecKd. [Ipy 3TOM TEIUIOBOM WM DJIEKTPOMArHUTHBIA PacLENUTENb BO3ACUCTBYET Ha
JNIEKTPOMAarHUTHYIO CUCTEMY KOHTAKTOB, M aBTOMAT OTKJIFOYAETCsl.

B 3aBucuMOCTM OT Ha3HAYeHUs AaBTOMATbhl W3rOTABIMBAIOTCA C TEIUIOBBIMU H
JJIEKTPOMAarHUTHBIMM ~ PAaCLENUTENAMHM, a TaK »JK€ TOJBKO C TEIUIOBBIMM U TOJIBKO
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AIIEKTPOMATHUTHBIMU PACLETUTENIAMH. ABTOMATHI C TEIUIOBBIMUA PACLIEIUTENSIMU — JIJIs1 3aLUThI
OT TOKOB KOPOTKOTO 3aMbIKaHUsA (MaKCHMalbHBIA PaCIEUTENb), OT CHUKCHUS HAIPSHKCHHS
(MUHUMAaTBHBIA PACICTIUTENb) W JUIS JUCTAHIIMOHHOTO BKJIFOUCHHUS aBTOMATOB (HE3aBUCHMBIN

pacIenuTens).
a) aBromartsl cepun A 3700:
Tok — 160-630A,

0) aBromatsl cepun A 3100;
B) aBTOMathl cepun ABM:
tok — 400-200Q7,
HarpspKeHue epeMeHHoro Toka — 10 S00B,
HaNPsDKEHUE TTOCTOSTHHOTO Toka — 10 460B,;
r) aBTOMATHI cepuu AM:
tok — 800-500Q,
HarpspKkeHue nepemeHHoro Toka — 10 400B,
HaInpspKEHUE MOCTOSHHOTO Toka — 10 230-660B;
n) aBToMaTsl cepun AIT-50:
ToK — 1.6-50A,
HarpspKeHue epemMeHHoro Toka — 10 S00B,
HaNpsDKEHUE TTOCTOSTHHOTO Toka — 10 220B,;
3. ITopsaaok npoBeaACHUS PaOOTHI

3.1. ABromarthl
3.1.1.03HaKOMHUTBCS C YCTaHOBICHHBIMH B Ja0OpaTOPHH aBTOMATaMHU HANPSHKECHUEM 10

1000B.

3..1.2. O3HaKOMUTBCS C OCHOBHBIMH Yy3JIaMH aBTOMATOB, MUMEIOIIUXCS B JIAOOPATOPHUH.
(ITepex 0CMOTPOM KOHTAKTHOM CHCTEMBI Pa3peIaeTcsi CHATh AyroraCUTEIbHYIO KaMepy ¢ OIHOMN
u3 (a3 aBToMara, mocjae 0CMOTpa KaMepy CJeayeT YCTAHOBUTh Ha MECTO).

3.1.3. BxitounTh ¥ OTKJIIOYWTH BO3IYIIHBIC aBTOMAThl C IIOMONIBIO PYKOSITKH
yIpaBIeHUS, MPOCIEANTD, HET JIM 3aeJaHHs IIPU ONEePALIHSIX.

3.1.4.TlogaTe HampsKEHUE I ONTPOOOBAHUS aBTOMATOB B XOJIOCTYIO:

a) BKJIFOYUTh aBTOMAT, MPOCIICIUTH 32 PACIIOIOKEHUEM OTICIIbHBIX y3JI0B aBTOMAara
710 BKJIFOUEHUS U TIOCTIe BKIIOUYECHHUS;
0) BKJIIOYUTH aBTOMAT W NPOHM3BECTH €ro MOOYEPEIHOE OTKIIYCHHE OT
HE3aBHCHMOTI'0 PACLENUTENS, OT MUHUMAJIbHOTO PacLeUTENs.
4. CosepxaHue oT4eTa

4.1.HaumeHnoBaHHe pabOTHI U €€ HOMED.

4.2.11ens paboOTHI.

4.3.BBIMIOJHUT 3CKU3 aBTOMATa, yKa3aHHOTO MPETOaBaTEIIEM.

4.4.TTpuBecTH TaOIUIy JaHHBIX JIJIS 3AIIUTHON XapaKTEpUCTHKU aBTomara (tadi. 1).
[TocTpouTh 3aIUTHYIO XapaKTEPUCTUKY aBTOMATA.

4.5.OTBeTHTh THCHMEHHO Ha KOHTPOJIbHBIC BOIIPOCHI IO YKA3aHHIO MPETIOIaBaTEls.

5. [IpuMepHLIl nepeuyeHb KOHTPOJIBHBIX BOIIPOCOB.

5.1.Tne u 1 kakux 1enei npuMensitotest asroMatbl 10 1000B?

5.2. I3 KaKuX OCHOBHBIX KOHCTPYKTHUBHBIX 3JIEMEHTOB COCTOAT aBToMarthl Tuna ABM u
AII-50?

5.3. /15 yero aBTOMaThl CHa0KEHBI OJIOK-KOHTAKTaMu ?

5.4.KakoBo 3HaueHue pacuenuresneii B aBromatax AIl-50u A 31007

6. [lepeueHp HEOOXOMMOTO 000PYIOBAHUSI
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7.1.TIpenoxpanurtenu tunos [1P-2, [TH-2, HITH-2, HI1b-2, I1/]-2.
7.2.Bo3nymnbie aBromaTsl TunioB ABM, AM, A 3100,A 3700,ATII-50.
7.3. Amniepmerp.

7.4.BoabTM™meTp.

7.5.Harpy3o4Hblii peocTar.

4 CamocTosiTeIbHasi padoTa CTY/IeHTOB

4.1 MeTtoauueckue yKazaHus 0 MPOBEIECHUIO CaMOCTOATENbHOM paboThI CTYICHTOB.

CaMmocrosiTenbHass paboTa CTYIEHTOB BKIIIOYAET M3YYEHHE JIEKIMOHHOIO Marepuaia u
JOTIOTHUTENFHOW JIUTEpaTyphl MO MUCHUIUIMHE TMPU MOATOTOBKE K  3aHATHSM, PabOTy B
OMOIMOTEKe, HAMMCAHWE OTYeTa IO JTAbOpaTOpHBIM paboTaM U chady 3adera. KoHTpoJb
CTETIEHU YCBOCHHS MaTepHajia OCYIIECTBISETCS C IOMOIIBIO BOMPOCOB Ui CaMOIIPOBEPKH.
Taxke Ha KaXmI0H JCKIUH MpeaycMOTpeH 15 MHHYTHBIH Ompoc CTYAEHTOB Mo paHee (u
CaMOCTOATENILHO) U3YUYCHHOMY MaTepHay.

Tema 1. Beenenmue.

OCHOBHBIE TIOHSATHS U OTIPENICNICHUS 00 IIEKTPUUECKUX CTAHIIHSIX.

Bomnpock! 151 caMonpoBepKH.

1. Knnaccudukanus JIeKTPUIeCKIX CTAHITHI?

2. Knaccudukarus TEmIOBBIX JIEKTPUUECKUX CTAHIIHMA ?

3. Knaccudukanus rujpaBInyecKux EeKTPUYECKUX CTAHIUI?

4. HazHaueHue TypOOT€HEpaTOPOB U THAPOTCHEPATOPOB?

5. Haznauenue tpanchopmMaTopoB 1 aBTOTpaHc(hopMaTopoB?

Tema 2. [Ipou3BOACTBO 3J1eKTPUUYECKOI IHEPTUH

Buabl, HasHadueHus, BO3AeUCTBUSL Ha okpyxatomyio cpeny [DOK, TTADC, TOC.
Bo3oOHOBNsiIeMble WCTOYHUKM SHEPruHM, BUABI, HA3HAUYCHUS, YCIOBHUS HCIHOJIb30BaHUS.
I'padukn  HArpy3ku SHEPrOCHCTEMBI. 3allOJHEHHs CYTOYHOTO TpaduKa HarpysKH.
DNEKTPONPUEMHHUKHU U UX KaTErOpPHH.

Bonpocs! 1151 camonpoBepKH.

1. Bunpl, HazHaueHus1, BO3IeUCTBHS Ha okpyxatomryto cpeay ['OK, TADC, TOC.

2. Tenosas snekrpuyeckas cranius (TIC). [Ipusectn nprumMepsl.

3. T'upposnexrpocrannus (I'DC). [IpuBecTr MpUMEpBHI.

4. AtomHast snextpudeckas cranuus (ADC). [IpuBectn npumepsl.

5. T'uapoakkymynupyromas cranius (ITADC). [IpuBect mpuMepsI.

6. Termoanektpouentpans (TOL). [TpuBectn npumepsr.

7. TernoBas KoHaeHCaIMoHHas 3aekTpudeckas cranuus (KDC). [IpuBectu mpuMepsi.

8. Bo300HOBIIIOMINE HCTOUHUKH 3JICKTPOIHEPTUH.

9. I'padpyku Harpy3Ku SHEPTOCHUCTEMBI.

10. 3anomHeHNE CYTOYHOTO TpaduKa Harpy3KH.

11. 3AeKTpONPUEMHHKHN U UX KaTETOPHUH.

Tema 3. JjekTpuyecKue cXxeMbl JIEKTPHYECKUX CTAHLIMI U MX 000py/10BaHMe.

ONEeKTpUYECKHEe  CXEMbl  JJIEKTPUYECKHX  CTAHLHUU; ANEKTPOOOOpYyI0BaHHE
AIIEKTPUUYECKUX CTAHLUH; COOCTBEHHBIC HYKIBl JJIEKTPUYECKHX CTAHIUH U HMX CXEMBI;
pacnpenenuTenabHble YCTPOUCTBA U UX CXEMBbI; 3a3eMJICHHE AJIEKTPUYECKUX CTaHIIMM; cucTtema
U3MEPEHUs, KOHTPOJIS, CUTHAIM3ALMHU U YIPaBICHHS; aBTOMAaTU3aIUs Tpoliecca MPOU3BOICTBA
AIEKTPOIHEPTHH Ha DJIEKTPOCTAaHIUAX; cxeMbl PY, obnacTe MX NmpUMEHEHUs, 3aKpBIThle U
OTKpBITBIE PYVY; KOHCTpyKTMBHOE BBINIOJIHEHHE PVY; 3azeMisiomiue YCTpPOWCTBA; pacyer
3a3eMJISIFOIIUX YCTPOMCTB.

Bonpocs! 1151 caMonpoBepKH.

1. Knaccuduxamus 3MeKTpHUEeCKUX CXEM JIEKTPUYECKUX CTaHIH.

2. DneKTpooOOpyI0BaHNE IEKTPUICCKIX CTAHITHIA.

3. CoOCTBeHHBIE HYXIbI JJIEKTPUUECKUX CTAHIMM U UX CXEMBI.
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4. PacnipeieTuTENbHbIE YCTPONCTBA U UX CXEMBI.

5. 3akpeIThie U OTKPBITHIE PY.

6. Cxemsl PY, 0051acTh UX MpUMEHEHHS.

7. 3a3eMIISIOIINE YCTPONCTBA, pacyeT 3a3eMIISIOIINX YCTPOUCTB.

8. Cucrema n3MepeHusi, KOHTPOJISl, CATHAIU3AINH U yIIPABICHHUS.
9.ABTOMaTH3aIMS IPOIECCA TPOU3BOJICTBA JIEKTPOIHEPTUU HA IJIEKTPOCTAHIIUAX.
10.IIoustusa: OPY, 3PV, KPVY, KPVH.

11. CxembI IpUCOEAMHEHUS TIOICTAHIIHN.

12. HaznaueHue moACTaHIN U X 000pyI0BaHUE.

4.2 T'paduk caMOCTOATENbHON yueOHOM paboThl CTYICHTOB
I'paduk camocrosiTenbHOM pabOTHI CTYACHTOB O JNUCIHMIUIMHE HA KaXIBIM CEMECTDP C

yKa3zaHHEM ee co/Iep)KaHus, 00beMa B 4acax, CPOKOB U (hOpM KOHTPOJIS MOKa3aH HUXKE.

o Dopmbl Cpokn,
No ConeprxkaHre caMOCTOSITEIFHON paboThI
KOHTPOJIS HeJenu
1 2 4 5
1 OnexTpuuecKue CTaHIUM. Ha3HauyeHue, Buasl | baumn-omnpoc 1 Henens
ocobenHocTu. CucremMa  COOCTBEHHBIX  HYXK]
ANEKTPOCTAHIIMA W MCTOYHHKHU YHEPrOCHAOKECHUS
cuctembl CH OC
2 Buner pabounx wmammu B cucreMe CH 3C c | 3ammra o | 2 HeJelIst
HEJIMHENHO BO3pacCTaloIIeH MEXaHUYECKOH | TaOOpaTOPHBIM
XapaKTePUCTHKOM paboram
3 Paboune xapakTepruCcTUKH HACOCOB M BEHTHJIATOPOB | bruir-onpoc 3 Henens
0CEBOT0 THUTA
4 Beibop Tuma snextpoasuratenss mexanusmoB CH | 3amura no | 4 Henens
OC ¥ UX KOHCTPYKTUBHOT'O UCIIOJTHEHHUS 1a00paTOPHBIM
paboram
5 Br16op snexkrpoasurarens mexanusmoB CH. OC no | brui-onpoc 5 uenens
MOIIHOCTH U 9aCTOTE BPAIICHHUS
6 Brei6op MomrHOCTH 3neKTpoaBurarens. MeToasl | 3ammra o | 6 Hexes
pacuera camo3airycka aekrpoasurareneii CH 1a00paTOPHBIM
paboram
7 Omnpenenenne HOMUHAIBHOW MOIITHOCTH pabounx u | baui-ompoc 7 Heneis
pesepBHbIXx TCH TOC
8 Kommyrannonnsie anmapatsl HanpstkeHus 1o 1000| 3ammra 1o | 8 Henmens
B B cucreme CH 3C u I1C 1a00paTOpPHBIM
pabotam
9 XapaKkTepHUCTHKA TOKOPOBOAa (CETH) B CHCTEME Baui-omnpoc 9 Henens
CH. Bb160p MOIITHOCTH 3J€KTPOIBUTATEIIS
10 Ocobennoctu anekTpocHabxenuss cucrembl CH | 3amura no | 10 nenens
I'oC. 1a00paTOPHBIM
paboram
11 CriocoObl TIPUCOCTMHEHHSI TOKOMPUEMHHKOB 6 u | biui-ompoc 11 menens
0,4xB x cetu CHI'DC
12 CxeMma AIEKTPOCHAOKEHUS CH I'aC ¢ | 3ammra mo | 12 Henens
OOBEIMHEHHBIM  THTAHUEM  arperatHeIX U | Ja00paTOpHBIM
00IIIECTaHIIMOHHBIX noTpeduTeneit CH Ha | paboTam
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nanpsokenuu 0,4xB

13 CxeMa ANEKTPOCHAOKEHUS CH I'sC ¢ | biun-onpoc 13 uenens
OOBEAMHEHHBIM  THTAHWEM  arperatHbIx U
oOmecTaHIMOHHBIX ~ moTpebutener CH  Ha
Hanpspkenun 0,4xB

14 Ocobennoctu anektpocHabxenus cucrembl CH | [Tomydenue 14 uenens
ADC. CriocoObl mpucoeaNHEHUSI TOKOIPUEMHHKOB | JOITyCKa K
61 0,4xB k cetu CH ADC HK3aMEHY

4.3MeTtoandecKkne yKa3aHUs MO BBITOJHEHUIO JOMAITHUX 3aJaHUI
[lenbt0 BBINOJHEHUS JOMAIITHErO0 3aJaHus SIBIISIETCS CaMOCTOSITENIbHOE HW3y4YECHHE

MaTepHaﬂa HpI/I IIOATOTOBKE K cne;[ylomeMy 3aHATHUIO. OCHOBHBIM TUIIOM OJOMaAIIIHETro 3aJaHUsl
JUIs. TaHHOW NUCUUIUIMHBL ABJISETCA M3ydeHue, U npuMeHeHue cxem OPY Ha snekTpuueckux
CTaHIIUAX U ITOACTAHIIUAX, U CXEM CO6CTB€HHBIX Hy)KI[.

4.4 ®onapl JOMAIIHUX 3a0aHUN
Jlomarraue 3a7jaHus BBITIOJIHEHBI B BUJIE TIEPEYHS BOTIPOCOB.
KomrmuiekT 1oManiHux BOmpocoB.

1. BcnomorareneHble ucTouHMKM 3Heprun B cucreMe CH OC. Hx Ha3HaueHwue,

kiaccudukanmsi, TpeOOBaHUS K MapaMeTpam.

2.CuctemMa COOCTBEHHBIX HYXJ 3JEKTPOCTAHIMHA U MCTOYHUKHU SHEPrOCHAOKEHUS CHUCTEMBI

CH oC.

3.Bunsr pabounx mammu B cucteme CH DC ¢ HenmnHelHHOBO3pacTaroel MeXaHU4eCKOM

XapaKTEPUCTUKOM.

4.Cxema snektpocHaOxkenus cucteMbl CH KOC ¢ BbIKITIOUaTeNnssMu y T€HEPAaTOPOB U €€

O0COOEHHOCTH.

S5.Hagexuocts anmekrpocHaOxkenust cuctembl CH  anekTpocTaHuuié © - yCIOBUS €€

obecrieyeHus.

6. OcHOBHBIE U pe3epBHBIC HCTOYHHUKH AekTpocHabxkeHus cuctembl CH KOC u cxembr ux
MPUCOEAUHEHUS.

7 Kommytanuonsslie anmapatsl HanpspbkeHust 1o 1000B B cucreme CH OC u IIC. Pexum

paboTHI U yCIIOBUS BRIOOPA.

8.Meronbl pacuera camo3sarnycka snekrpoasurareneit CH.

9.0co6ennocTH 3ekTpocHadxkenus cuctembl CH I'OC.

10. PaGoune xapaKTepUCTUKH HACOCOB IIEHTPOOEIKHOTO THIIA.

11 Cxema snexrpocHabxenus cuctembl CH 61oka ADC ¢ peaktopom tuna PBMK-1000.

12 Cnioco6s1 npucoeaunenus TokonprueMHukoB 6 u 0,4kB k cetu CH I'OC.

13 Paboune xapakTEPUCTHUKHA HACOCOB M BEHTUJIITOPOB OCEBOTO THIIA.

14 Camo3anyck anextpoasurareneii CH wu  cpeacTtBa  NOBBIIIEHMS — HAJEXKHOCTU

obopynosanus CH.

15 Cxema snexrpocHadxenus cucremsl CH TOLI ¢ monepeyHbIMU CBA3SIMH B TETIOCUIIOBOM

YacTH.

16 XapakrepucTrka Tokornpooja (ceru) B cucteme CH.

17 Onpenenenre HOMUHAILHON MOIIHOCTH pabounx U pezepBHbIXx TCH TOC.

18 PacnpenenutensHble ycTpoiicTBa u cetu B cucteme CH ADC.

19.Croco6bl peryaupoBaHus MPOU3BOAUTEIBHOCTH pabOYMX MAaIIWH IEHTPOOEKHOTO THIA

cuctemsl CH.

20 Cucrema obecnieuenus 6e3onacuoctu ADC.

21 .Cnioco0sbl peryaupoBaHus MPOU3BOJUTEIHLHOCTH pab0UrX MAIIUH OCEBOTO THIIA CUCTEMBI

CH.

22 Knaccuduxanus norpeduteneit cuctemsl CH ADC.
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23 Cxema snekrpocHaOxkenus CH I'DC ¢ pa3nenpbHbIM MUTAHUEM OOIIECTAHIIMOHHBIX H

arperaTHbIX MOTpeOUTENeH.

24 OcHOBHOE 1 HEe 0OCHOBHOE oO0opynoBanue TOC.

25Hcrounnku sHepruu cucremMbl CH ADC.

26 Cxemsl utanust CH TIC ¢ mOCTOSIHHBIM U TIEPEMEHHBIM OTIEPATUBHBIM TOKOM.

27Bpi6op Tuma oanexktponsuratens MexaHnmsmMoB CH DOC ®w uX KOHCTPYKTHBHOTO

UCTIOJTHEHUSI.

28 Cxema anekrpocHabxkenus cucrembl CH TOL] 6;1ouHOr0 THMA.

29 Ocnosuble notpedutenu CH IIC u Bbi6op uncna momnoctu TCH TIC.

30 Br160p anexrponpurarens mexanusmoB CH. DC mo MOIITHOCTH U 4aCTOTE BpaIllCHUS.

31.OcHoBHble paboune MamuHbl 1 ux npusox B cucreme CH TOC.

32 Cxema anekrpocHadxkenus cuctembl CH 611oka ADC ¢ peaktopos Tuma BBOP-1000.

33IIposepka snextponsurarens CH no ycinoBuio mycka.

34 Cxema npucoeaunenust TCH Bropoit crynenu k cekiusasm CH-6 kB KOC.

35.BBI60p MOIIIHOCTH 3JEKTPOIBUTATEIIS.

36 Kakue acuHXpoHHBIE ABUTaTENN MpuMeHsroTcst Ha TOC.

37 Camo3zanyck  anmektponBuratened CH u  cpencTBa  TOBBIMICHUS — HAACKHOCTH

obopynosanus CH.

38 Cxema anekrpocHadxenuss CH I'DC ¢ oObeauHeHHbIM TUTaHueM Ha cropone 6(10) kB

TPAHCIIOPTEPOB arperaTHeIX U obmectaHnnoHHbIXx CH.

39 Xapaktepuctuka Tokonposoja (cetu) B cucreme CH.

40 OcHOBHBIE U pe3EpBHBIC UCTOYHUKHU deKTpocHaO)enus cucteMbl CH KOC u cxembr ux

MPUCOCAMHCHUS.

41 Cxema nanexunoro nutanus CH ADC ¢ peakTopaMu Ha OBICTPBIX HEUTPOHAX.

42 Kakue cuHXpOHHBIE ABUTaTenH npuMenstorcs Ha TOC.

43. Cxema snexrpocHabxenus cuctembl CH T ¢ monepeyHbIMU CBSA3SMHU B TETIOCUIIOBOM
CeTH.

44 . VICTOYHHWKHU OTIEPaTUBHOTO TOKA.

5 Meroanyeckue yKa3aHUs MO0 NPUMeHEHUI0 HH(POPMALMOHHBIX TEXHOJIOTHI

K nnpopmanroHHOMy 00€CTI€YeHNI0 MOYKHO OTHECTH CIIEAYIOUINE PECYPCHI:

1. Cucrema aBromatm3anuu Oubmmorek «IRBIS». Jlannas cuctema, mpenHa3zHadyeHHas
Ui oOecrieueHus] BOZMOXKHOCTH MOUCKa MH(opMau o KHIKHOM (ouae Oubmuorexkn BY3a.
Cuctema mO3BOJSIET HCKaTh HWH(OpManMi0 O OMOJMOTEYHOM H3JAAHUM TI0 CIECAYIOIUM
KPUTEPUSM: KIIFOUEBBIE CIIOBA, aBTOP, 3arjiaBue, IO U3AaHus U Jp.,

2. WudopmanmonHas cucremMa HOpMaTUBHBIX HokyMeHTOB «Kodeks». Cucrema,
npeIHa3HaueHHas JUisi TIOMCKa HOPMATHUBHBIX JIOKYMEHTOB, MPUMEHSIEMBIX B 001acTH
SHEPreTHKHU.

3. Bceemupnas cets InterNet. JlamHas ceTh TMO3BOJSET HMETh JOCTYIN K
nH(OPMaLlMOHHBIM pecypcaM BCEro MHpa M YHHUBEPCUTETa B 4YacTHOCTU. AJpec caiita
AMYypCKOTO TOCYAapCTBEHHOTO YHHUBEpPCHUTETa WWW.aMmUuSru.ru B 9acTHOCTH Ha TaHHOM caiiTe
MOKHO CBOEBPEMEHHO y3HaTh O coObITHsX B BVY3e, momyunts moctynm Kk MH(OpPMALHOHHBIM
pecypcam YHUBEPCHUTETa, B TOM YHCIie K HH(pOpMauy 00 aTTecTaluu, JIMIEH3UPOBAHHH.

4. JlokanmbHass Oubmmoreka kadeapbl OHepreTuku <«CtyneHT». JlaHHBIH pecypc
NpEeCTaBIsieT COOON AIIEKTPOHHBIE BapUAHTHI KHIDKHOTO (POHAA, HEOOXOIUMOro s y4eOHOTro
nporecca.

B mporiecce 00ydeHus UCTIONB3YIOTCS AIEKTPOHHBIE MTPE3ESHTAINH JICKIIHIA ¢ JIEMEHTAMHU
aktTuBHOTO oOOyueHms. Ilepeuenr neknumii: <« CoOCTBEHHbIE HYXIbI». lcnonb3oBaHue
MEANANPOCKTPOPA IS IPOCMOTPa GUITBMOB «IIEKTPHUUECKUE CTAHIINH U TTOICTAHITIY.

6 IlporpaMMHBble HPOAYKTbI, peajbHO HCHOJb3yeMble B MNPaAKTHYeCKOii
AeATeTbHOCTH BBINYCKHHKA
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B npouecce nzyuenus qucuuriinabl «CoOCTBEHHbBIE HYKABI» CTYAEHT IIPH MOATOTOBKE K

JOMAITHUM 3/IaHUsIM, K JICKIIMOHHBIM Kypcam

UCIOJIb3YeT MporpaMMHble TpoAyKThl. Ho

OPUMEHEHHE 3THX MPOTrpPaMM MPOUCXOIUT MOBEPXHOCTHO, T.€. JAIOTCS OCHOBHBIC IOHSTHSL.

[TogpoOHOE M3ydeHHE PTUX HPOTPaMM IMPOBOJUTCS MO AUCHUIUIMHE <«[lakeThl MPHKIIAQJHBIX

nporpamMm», «MaremMaTndeckue MOJeIu».

1. Ha xadenpe umeercs mporpamMmmHoe obecrieuenre. OHO MpeacTaBisieT coOOW MporpaMMBbl

HE00X0AUMBIE Uil Y4eOHOTO IMpoliecca U KOTOPOE MOXKET KaKAbI CTYACHT YCTaHOBHTH cele,

TUISl OCBOCHHS y4eOHOTr0 MaTepHajia Ha COOCTBEHHBIX IIEPCOHATIBHBIX KOMIBIOTEPAX.
IIpoepammul 015 03HAKOMIEHUS CMYOEHMO8.

HOONO O AWNE

=
=

12.

0.

MS Visio (2002, 2003)paduueckuii pemaktop

MathCad (2000, 2001, 2003)c#cTeMa MaTeMaTHUECKUX PACUCTOB,;
MatLab —cucrema MmomenupoBanus;

Modus —TpeHaxepHbIl KOMIUIEKC;

SDO-6 —Pacuer pexxumMoB 1 onTuMH3aIus pexxumMoB I9C;

RASTR, RastWin PacueT pe:KMMOB 3JIEKTPUIECKUAX CHUCTEM;
Energyl —Pacuer cety;

Uchet —Yy4er anektposnepruu;

Kaktys —koHTpoaupyroimas 1 o0ydarorias mporpaMmma;
Tkz-3000v.lut PacueT TOKOB KOPOTKOTO 3aMbIKAHHSI;

Runge Pacuer ypaBHeHHIT ABMKCHUS paOOThI CHHXPOHHBIX MAIIIHH;
Curspm G2, Curspm G2 —ABTOMaTH3UPOBaHHBI pacyer

INEKTPUUYECKUX HArPy30K;

13.
14.
15.

«Krnet» —PacueT TeXHHKO-IKOHOMHYECKUX MMAPaMETPOB 3J1.CETH;
Delphi-6.0 —cucrema ObICTpOIi pa3pabOTKH MPOrpamm;
Model —MopenupoBanue nmapameTpoB pexxuma.

7 MaTtepuaJbl 10 KOHTPOJIIO KayecTBa 00pa3oBaHust

7.1 Meronuyeckue yka3zaHuUs IO OpraHU3aI[ii KOHTPOJISl 3HAHUHN CTYJICHTOB

Ha nexkumsx mpoBomutcs Oaui-onpoc (TEKYIIMH KOHTPOJB) IO MPOWICHHOMY
Matepuaiy, MpoBepKa JTOMAIIHEro 3aJaHus. B KoHIle ceMecTpa MpOBOIUTCS dK3aMeH (BOTIPOCHI
K DK3aMEHY TPUBEICHBI HUXKE B yHKTE 6.3).

[Tnan npoBeneHus: OIUI-OIpoca:

1. HanomuHaeTcst TeMa peabIayIero 3aHsAThs;

2. Crynenram 3agaetcst 4 — SBOIPOCOB MO MPEIbIAYIIEH TeMe 3aHATHS,

3. [IpoBoauTCS aHAIN3 TIOJTYYCHHBIX OTBETOB.

7.2®0ouxa 3amanuii (Ui 6IUI-0npoca)

Baun-onpoc Nel.,

rpaduKoB

Tema 1. DnexTpuueckue CTaHIMU: Ha3HaueHHWe, BHUAbI ocoOeHHocTd. Cucrema
COOCTBEHHBIX HYKJ JJICKTPOCTAHIIMA W HMCTOYHHUKH 3HeprocHabxkenus cucrembl CH OC.
Omnpenenenre HOMUHaATBHOW MoHIHOCTH pabounx u pe3epBHbIX TCH TOC. OcHoBHOE U He
ocHoBHOe oOopynoBanue TOC. OcHoBHBIE pabouyne MamuHBI U UX npuBox B cucteme CH

TOC.

Bomnpocsr .

1. DnexTpuyeckre CTAaHIMU: Ha3HAYCHHE, BUIbI OCOOEHHOCTH.

2.CucreMa COOCTBEHHBIX HYXKJ JJIEKTPOCTAHIMA M HCTOYHUKH HHEPrOCHAOKEHUS
cucremsl CH OC.

3. Onpenenenre HOMUHAIBHON MoOITHOCTH pabounx U pezepBHbIXx TCH TOC.

4. OcHOBHOE U HEe OCHOBHOE 0oOopymoBanne TOC.

5. OcHoBHBIE paboure MamuHbl 1 ux npuBoj B cucteme CH TOC.

baun-onpoc Ne2.
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Tema 2. Bunbr pabounx mamuH B cucreMe CH DC ¢ HenmHeiHO Bo3pacraromeit
MEXaHWYECKON XapakTepUCTUKON. Paboume XapakTepuCTUKH HACOCOB W BEHTHIISITOPOB
0CEBOT'0 THUTIA.

Bomnpocksr.

1. Buasl pabounx mamuH B cucreMe CH DC ¢ HenmnHeitHO Bo3pacTaromiel MeXaHHIeCKon
XapaKTEPUCTUKOM.

2. Paboune XxapakTepHCTUKU HACOCOB M BEHTHJIATOPOB OCEBOTO THUIIA.

brui-onpoc Ne3.

Tema 3. Beibop tuna snexrpoasurarens MexanuzMoB CH OC u uX KOHCTPYKTHBHOTO
ucronHeHus. Bwibop snekrpoasurarens MmexanusmMoB CH. DC mo MomHOCTH W 4YacToTe
BpamieHus. BpiOop MoIIHOCTH  3JeKTpojaBurarens. MeToabpl pacdera  caMmo3amycka
anextpoasurareneir CH. Ilposepka smektpomsuratens CH mo ycnoButo mycka. PaGouwme
XapaKTEPUCTUKH HACOCOB LIEHTPOOEKHOTO THIIA.

Bomnpocksr.

1. Beibop THuma snextpoasuratens mexannm3mMoB CH DOC M uX KOHCTPYKTHBHOTO
HCIIOJTHEHUSI.

2. Boibop osnextpoasurarenst mexanuzmoB CH. 3. 3amonHeHue cyTodHoro rpaduxa
Harpys3KHu.

3. 5C 1o MOITHOCTH U YaCTOTE BpAILICHUS.

4. Be10Op MOITHOCTH JICKTPOIBUTATEIS.

5. MeToapl pacuera camo3amycka aiekrpoasurarenein CH.

6. [IpoBepka anektpoasuratens CH o ycimosuto mycka.

7. PaGoune xapakTepUCTHUKU HACOCOB IIEHTPOOEIKHOTO THIIA.

brui-onpoc Ne4.

Tema 4. YcnoBus BbIOOpa M TpoBepkH ammaparoB. OrpeneneHne HOMUHAIBHOU
MorHocT padounx u pe3epBHbIX TCH TOC. KommyTtamnuoHHBIE amnmmapaThl HAMPSHKEHUS 10
1000 B B cucreme CH DC u IIC. Pexxum paboTbl M yciaoBusi BeIOOpa. XapaKTEepUCTHKA
tokorpoBoa (cetu) B cucreme CH. BbIO0Op MOIIHOCTH 3JIEKTPOABUTATEIIS.

Bomnpocsr .

1. YcnoBus BeIOOpa ¥ MPOBEPKHU aIIapaToB.

2. Ormpenenenne HOMHMHAIBbHOM MomrHocTH pabounx u pesepBHeix TCH TOC. 3.
KommyTrarnmonnsie anmapatsl HanpsbkeHust 10 1000B B cucteme CH OC u TIC.

4. PexxuM pabOThI U YCIIOBUS BBIOODA.

5. 3akpeIThie U OTKPHITHIE PY.

6. Xapakrepuctuka TokorpoBoja (cetu) B cucreme CH.

7. BB1OOp MOIITHOCTH 3JIEKTPOJIBUTATEIIS.

baui-onpoc Neb.

Tema 5. OcobGennoctu snekrpocHaOxkenuss cucteMbl CH IDC. CrnocoObl
npucoenuHenus: TokonpueMHukos 6 u 0,4xB k ceru CH I'DC. Cxema snexrpocHabxenuns CH
I'SC ¢ oObeauHEHHBIM NUTAHWEM arperaTHhIX M oOmecTaHMOHHBIX noTpeduteneir CH Ha
Hanpsokenuu 0,4 kB.

Bomnpocsr .

1. OcoGennoctu snekrpocHabxenus cucremsl CH I'DC.

2. CnocoOs1 nmpucoeanHeHus TokonpueMHukoB 6 u 0,4xB k cetu CH I'DC.

3. Cxema snekrpocHabxenns CH I'DC ¢ oObeAMHEHHBIM NUTAaHHEM arperaTHeIX U
obmecrannoHHbIX motpebureneit CH na manpsokennn 0,4kB.

baui-onpoc Neb.

Tema 6 OcobGennoctu onekTpocHaOxkenuss cuctembl CH  ADC.  CnocoOsl
npucoequHeHus TokonpueMankoB 6 u 0,4kB k cetu CH ADC..

1. Ocob6ennoctu anexTpocHadx)enus cuctremsl CH ADC.

2. Cnoco0OsI pucoenuHenns TokonpuemMuukos 6 u 0,4xB x cetu CH ADC.

3. Cucrema obecnieuenus 6e3omnacuoctu ADC
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4. Ucrounuku sHepruu cucreMbl CH ADC
5.PacnpenenurensHbie yeTpolicTBa u cetu B cucteme CH ADC.

8 Kapra 00ecre4eHHOCTH AU CHUIIMHBI KaJgpamMu npogeccopcko-
NMPenoaaBaTebCKOro cOCTaBa
JlaGopaTopHbie CamocTosiTenbHast
Jlexuuu 3auer
3aHATUS paboTa
JlomeHT JlonieHT JlomeHT JlonieHT

Kadeapbl DHEPreTHKU
PoraueBa Amta
['eoprueBna

Kkadeapsl DHEPTEeTUKH
PoraueBa Anna
['eoprueBna

Kadeapbl DHEPreTHKU
PoraueBa Amta
I'eoprueBna

kadeapsl DHEPTEeTUKH
PoraueBa Anna
['eoprueBna
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3AKJIIOYEHUE

Y4eOHO-MeTOINYEeCKU KOMIUIEKC OPUEHTHPOBAH Ha OKa3aHHE MOMOIIM CTYJCHTaM BCeX
dbopm o0yuenus no crenuanbHocTH 140205.65 - QuekTposHEepreTHUecKue CUCTEMBl M CETH»
s GopMHpOBaHUs (QYHAAMEHTATbHBIX 3HAHUH 000 BceX pas3/enax »dHEPreTHKH M UuX
B3aUMOCBSI35X, 00 PHEPreTHYECKUX CHCTEMaxX M OCHOBHBIX, NPOMCXOMAIINX B HHUX HPOILECCax
npeoOpa3oBaHus, epeJadn 1 MoTpedIeHUs HIEKTPOIHEPTUH.

B nanHOM y4eGHO-METOIMYECKOM KOMILIEKCE OTPaKCHBI IOJIHBIC BOMPOCHL ITOKa3aHa
pabouass mporpamMma JUCHMIUIMHBI, TMOAPOOHO OMHMCaH TpaduK CaMOCTOSATENBHOW Yy4eOHOM
paboTHI CTYICHTOB MO AUCIMIUIMHE Ha KXK/BII CEMECTp ¢ yKa3aHUEM ee COo/epKaHus, o0beMa B
yacax, CPOKOB MU (OpPM KOHTPOJsI;, PAacCHUCAHbl METOJIMYECKHE YKa3aHUS IO TMPOBEICHHIO
CaMOCTOSATENIFHON pabOThl CTYACHTOB; MPEMJIOKEH KPATKUH KOHCIEKT JIEKIUH 10 JaHHOMY
KypCy; METOJMYECKHME PEKOMEHIAIlMM MO BBHIMOJIHEHUIO JIAOOpaTOpHBIX paboT;  mMoKa3aH
HepedeHb MNPOTPaMMHBIX TPOAYKTOB, pEaJbHO HCHONB3YeMbIX B IPAKTUKE JESATEIBHOCTH
CTYZICHTOB; KOMIUJICKTHI 3aJJaHU{ JUIs JOMAIIHUX 3aJaHUH; (OH TECTOBBIX 3aJaHUN JUIS OLICHKH
Ka4yecTBa 3HAHWH MO IWUCIMIUIMHE, KOHTPOJbHBIE BOMPOCH K 3a4eTy, KapTa 00eCHeYeHHOCTH
JUCLUTUTMHBI KaJpaMu MPpodeccopcKo-Iperno1aBaTeIbcKOro CoOCTaBa.
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