MUWHWCTEPCTBO HAYKHU U BLICIIIEI'O OFPA30BAHWS POCCUMCKOW ®EIEPALIAN
®EJEPAJBHOE T'OCYIAPCTBEHHOE ABTOHOMHOE
OBPA3OBATEJILHOE YUPEJKJIEHUE BBICIIEI'O OGPA3OBAHUA

«CEBACTOIIOJILCKHUI TOCYTAPCTBEHHBIA YHUBEPCUTET»

/Y TBEPHCIAIO
| Ampexrop Mopeyoro Komemvka

/gi,;'? /M | M.M. MalicTpUIIuH

B don. ST

METOJIUYECKUE YKA3ZAHUSA
JUISI BRIMOJIHEHW S MPAKTUYECKHAX PABOT

MJIK.03.01 OcHoBbI 3HeprocHadkeHHs 00HLEKTOB 0TPACTH

CIIEL[MAJIBHOCTE 13.02.13
DKcITyaranus 4 00CIy)KHBaHUE IEKTPUICCKOro U
3IIeKTPOMEXaHIIecKOro 06opyoBanust (1o OTpacysim)

ypOBEHb CpeIHero mpodeccno-

CrenuaimcT CpeHero 3BeHa
HaJILHOTO 00pa30BaHHsA

KBaTAGhUKALAL TexHuk

['ox mpuema 2025

CepacTomnoib
2025



Conepxanue

1 Pacuér mMolHOCTH CY0BOM 3JieKTposHepreTudeckoir cucreMmsl (COIC) u
BBIOOP T€HEPATOPOB

2 Br16op nipeobpazoBaresnieid 3JeKTpoIHEepPTHH (TpaHCHOpMaTOpOB)

3 TlocTpoeHue (YHKIIMOHAIBLHONW OJIHOJIMHEHHON CXEMbl pacrpe/eeHus
ANEKTPORHEPTUH CYI0BOM 3ekTpocTaHuu (COC) U cyA0BOM 3IEKTpOIHEpreTUYe-
ckoit cuctemsl (CI3C)

4 OmnpeneneHne pacy€THBIX TOKOB M BbIOOp Kabened Mmpu OJWHOYHOM Mpo-
KJIaJIKE C TIPOBEPKOM Ha MOTEPIO0 HAMPSIKEHUS B CYAOBOM 3JIEKTPOIHEPTEeTUUECKOU
cucteme (COIC) NOCTOSIHHOTO U MIEPEMEHHOTO TOKa

5 Onpenenenne NOTepb HAMPSIKEHUS HA YYACTKE CETU OCBEILICHUS

6 OrmpeneneHue pacueTHBIX TOKOB M BBIOOp KaOens Mpu rpymnmnoBOM Mpo-
KJIaJIKe

7 BriOop 1 mipoBepKa anmnapaToB 3allUThl

8 Pacuér TokoB Tpé€x(}a3zHOro KOPOTKOTO 3aMBbIKAHUS METOJOM PaCUYETHBIX

KPHBBIX

9 Bri6op coopubix muH ['PI]

Jluteparypa

[Tpunoxenue A. Tabnuia Harpy30k reHepaTopoB COIC
[Tpunoxenue b. Tabnuna qu3enb-reHepaTopoB
[Tpunoxenue B. OcHOBHbIE mapaMeTpbl OAHO- U TPEX(Pa3HBIX CHUIIOBBIX
TpaHCcPOPMATOPOB HANPSIKEHUS
[Tpunoxenune ['. OqHONMHENHAA CXeMa PACTIPEACIICHUS JJIEKTPOOHEPTUUA
[Tpunoxenue JI. 3HaueHUe 3NEKTPUUECKUX HATPY30K OAMHOYHO IPOJIOKEH-
HbIX kaOeneit mapok KHP u KHPD, cooTBercTByroIme HarpeBy TOKOMPOBOISIICH
Kuibl 10 +65°C u Temmeparype okpysxaromiero Bosayxa +40°C
[Tpunoxenue E. KabGenbnast BeoMocTh
[Tpunoxenue JX. OcCHOBHbIE NapaMeTpbl TPEXIOMIOCHBIX aBTOMATHUYECKUX
BBIKJIFOYATEJIEH IIEPEMEHHOIO TOKA
[Ipunoxenue M. BenoMOCTh aBTOMaTUYECKUX BBIKIIOYATETIEH
[Ipunoxenne K. OCHOBHBIE NMapaMeTpbl CUMHXPOHHBIX T'€HEPATOPOB CEPUU
MCK wyacroron 50 I'rg
[Ipunoxenue JI. OCHOBHBIE MapaMeTPbl CUHXPOHHBIX T'€HEPATOPOB CEpUU
MCC u I'MC gacrtotoit 50 I'g
[Tpunoxenue M. NHOyKTUBHOE M aKTUBHOE CONPOTHUBIIEHUS KabOened npu
Temmneparype +65°C
[Tpunoxenne H. UHAYKTUBHBIE U aKTHUBHBIE CONPOTHUBIICHHS aBTOMAaTHYe-
CKHX BBIKJIFOUaTeneit mpu temmneparype +65°C (50 ')
[Tpunoxenue I1. 3aBucumocts ynapuoro kodddunuenta Kyy ot cootHote-
HUst Xp/Ip
[Ipunoxenue P. PacuérHbie KpUBbIC ISl ONPEAEIIEHUS MEPUOIUYECKON CO-
CTaBJIAIOUIEN TOKa KOPOTKOro 3ambikaHuss COIC B 3aBUCUMOCTH OT pe3yJbTHPYIO-
LIEr0 CONMPOTHUBIICHUS LIENU KOPOTKOI'O 3aMbIKAHUS U BPEMEHU
[Ipunoxenue C. HopMbl 3JEKTpUUECKUX HArpy30K Ha MEIHBIC LIWHBI ITPU

3

5

16

18

25

27
28

32
41

43

44
45

46
47
48
49

50
o1

52

53

54

55

56

57



Temreparype Harpeanus 10 +90°C 58
[Tpunoxxenue T. Kpusble 1151 onpenenenus koddpduimenta ¢popmsel mmH K3 59
[Tpunoxxenne Y. KpuBbie amst onpeeseHns TeMIeparypbl HarpeBaHus TOKO-

IIPOBOJIOB 60




1 Pac4yéTr MOMIHOCTH CYJA0BOH 3JIEKTPOIHEPTreTHYECKON CH-
creMbl (CIIC) u BLIOOP reHepaTopoB

Harpy3ka renepatopoB COOC xapakTepusyeTcs MOIIHOCTBIO, 3HAUEHHE KOTOPOH
B JII000I1 MOMEHT BPEMEHH PaBHO MOIIHOCTH, MOTPEOIIeMOll MPUEMHUKAMHU SJIEKTPO-
SHEPruu. 3ajayda Mo ONpPEACNICHUIO HAarpy3Ku T'€HEpaTOpOB 3aKIII0YAETCS B ONpPENEICHUN
MOIIHOCTH TOTPeOsieMoil TPUEMHUKAMH AJIEKTPOIHEPTUN B PA3IMUHBIX dKCIUTyaTallMOH-
HBIX peXXUMax padOThl CyJHa.

MomHocTb, noTpedaseMas NPUEMHUKAMU 3JIEKTPOIHEPTUU, 3aBUCUT OT WHTEH-
CUBHOCTH MX HCIOJb30BAaHUS B PA3JIMYHBIX PEKUMaX dKCIUTyaTalluu cygHa. B pesynbrare
ATOr0 MU3MEHEHHE MOIIHOCTU MPUEMHHUKOB DJIEKTPOIHEPTUU U (POPMUPOBAHUE HATPY3KU
reHepaTopoB COOC nMeeT ciaydaHblld XapaKTep, YTO YUYUTHIBAETCS MPU MPOEKTUPOBAHUN
CO3C. [lnst 3TOro coCTaBIsAIOT TaOIUILy pacyéTa Harpy30K TeHePaTOPOB.

Tabnuia Harpy30K reHepaTopoB npuBeaeHa B [Ipunoxxenun A.

3anonHeHue TaOaMIbl HArpy30K T€HEpaToOpOB MPOU3BOANTH B CIEAYIOLIEH MOcCIe-
JOBATEIbHOCTH:

1 3anonanutk rpadwl 1, 2, 3, 4, 5 Ha OCHOBAaHUM TaHHBIX MOJYUYEHHBIX B 3aJIaHUU
(T IpUEMHMKA 3IEKTPOIHEPIHH, KOJIUYECTBO ATUX NMPUEMHHMKOB, HOMHHAJIbHAS yCTa-
HOBJIEHHAst MOITHOCTh Py y, kBT, k03 purment mournoct cose, KI1/1 n).

2 OmnpenensieM HOMHHAJIBHYIO MOTPEOISIEMYI0 MOIIHOCTh, Py, KBT, kaxaoro
IPUEMHHUKA 3JIEKTPOIHEPTHH 110 popMyJIe:

Pyn = Py, ’ ( 1 )
n

3HaYeHUE MOITHOCTHU KaXKJI0ro MPpUEMHHUKA 3aHOCUM B rpady 6.

3 Iocnexnyronue, nocine rpadsl 6 TabIUIBI, Tpadbl COACPKAT TapaMETPhI IPUEM-
HUKOB JJICKTPOIHEPTHH B PA3IMYHBIX peXUMax paboTsl cymHa. [Ipu sTom B Tabmuiry
BKJTFOYAIOTCSI BCE XapaKTEPHBIC PEKUMBI, OXBATHIBAIOIINE PEHCOBBIN UK PabOTHI CyaHA.
OmnpenenseM 5TU PEKUMBI B 3aBUCUMOCTH OT THUIA HA3HAYEHUs Cy/1Ha, Tabnuma 1.

Tabnuia 1 JkcruryaTanmoHHbIe PEXXUMBI paObOTHI CYJI0B

Tun cynna PexxumMbl paboThl CyiHA
I'py3oBbIE TPAHCIIOPTHBIE | IIBAPTOBHBIM, XOJOBOM, ABAPUWHBIN, CTOSHKA C TPYy30M,
cyna CTOsTHKa 0€3 rpy3a

IIBAPTOBHBIM, XOJIOBOM, aBapUWHBIN, CTOSHKA C MAacCaXu-

[Taccaxupckue cyna
paMu, CTOsIHKa 0€3 MacCaXXupoB

IBAPTOBHBIM, X0/ Ha IIPOMBICEII, X0 BO BpEMs IIPOMBICIIA,

IIpomeicnOBBIE Cyna N .
ABAPUMHBINA, CTOSHOYHBIN

IBAPTOBHBIM, XOJI B YUCTOM BOJIEC, XOJ BO JIbJIaX, aBapyuu-

JIemoKkoIbI o g
HBIW, CTOSHOYHBIN

4 OnpenensieM rpad@uk paboOThl MPUEMHUKOB 3JIEKTPOIHEPTUU B JAHHOM pPEXUME
AKCIUTyaTalluu cyAHa. [IpuéMHUKHM 3IeKTposHEepruu mojapasjessercs Ha pabdoTaroliue
HernpepbiBHO (HP), nepuoanuecku (I1P) u snuzonuuecku (OP). HenpepsiBHO paborato-
IIUMU SIBJSIIOTCS OJIHOKPATHO BKJIKOYaeMble TPUEMHUKH, BpEMsI pabOThl KOTOPBIX COCTaB-
et 70-100% oT npoaoKUTENBHOCTH pEeXUMa JKCIUTyaTallud CyaHa, T.€. B Mpenaenax
17-24 4qacoB B cyTku. [lepuoanuecku pabOTAIOMIMMU SBISIOTCS MOTPEOUTENTH, CYMMapHOE
BpeMs paboThl KOTOpbIX cocTaBisieT 15—70% OT mpoa0DKUTEIPHOCTH peXuMa, T.e. 3,5—
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17 9acoB B CyTKH. DTU30AUYECKH PAOOTAOIIMMH SIBJISTFOTCSI OTHOKPATHO MJIM MHOTOKpAT-
HO BKJIIOYaeMble MPUEMHHUKH, CyMMapHOe BpeMs paboThl KOTOphIX MeHee 15% ot mpo-
JIOJDKUTETFHOCTH PeKUMa paboThI, T.€. MeHee 3,5 4acoB B CYTKHU. Y CIIOBHBIE 0003HAYCHHSI
(HP, ITP, OP) rpaduka paboThI CyJHa yKa3bIBalOT B rpadax 7, 13, 19, 25, 31.

5 Onpenensiem k03¢ GUIMEHT 3arpy3Kku CyA0BBIX oTpeduTenei, Ks:

P
K3:PCI>.H.’ (2)

rae Po . — paktuuecku notpedisieMast MOITHOCTb, KBT.

3nauenue Po 1 onpezenseTcss Ha OCHOBaHUM aHaIM3a pabOThl MEXaHU3Ma UJTU CHU-
CTEMBI, B COCTaB KOTOPBIX BXOJUT JaHHbIN NMpuéMHUK. 3HaueHue K3 onpenensercs omnbIT-
HBIM IYTEM U JUISl DJIEKTPOABUTATENIe BEHTWIATOPOB, HACOCOB, KOMIIPECCOPOB HAXOIUTCS
B nipenenax 0,8—0,9 T.k. MOIITHOCTh UX JABUTATENEH BEIOMPAETCS C HEKOTOPHIM 3aI1acoM.

3arpy3ka pyJieBoro yCTpOMCTBA 3aBUCHUT OT COCTOSIHUSI MOPsI, CKOPOCTH CyAHa U
CKOPOCTH MEPEKIAIKH pyJisl. MOLIHOCTh PYJIEBOT0 3JIEKTPONPUBOA BEIOMPAIOT C 3a11acCOM
o HauboJee TKEIOMY pexumy padoTbl. [loaTomy koddduIMeHT 3arpy3ku pyJieBOro
anekTponpuBoaa 0,6-0,9.

3arpy3ka KpaHOB 3aBHCHUT OT BHJa TPY30B, Macca KOTOPHIX 9acTO OBIBACT MEHBIIIE
HoMmuHAaNbHOU. [ToaTomy K03 dunmenT 3arpys3ku kpanos 0,8-0,9.

3arpy3ka mmnuiaeld u Opamnuie 3aBUCUT OT TTYOUHBI CTOSIHKH, COCTOSIHUSI MOPSI
U CUJIbI BeTpa. MOIIHOCTh 3TUX AJIEKTPOINPUBOIOB BHIOMpAETCA MO HauboJee THKETOMY
pexumy padotsl. [loaromy koaddutinent 3arpy3ku mmuieit u opammuiei 0,7-0,9.

3arpy3ka OyKCUPHBIX JIEOEI0K 3aBUCHUT OT COCTOSIHUS MOPS U BUAa OYKCHPYEMOTO
oobekta. Koauruent 3arpysku 6ykcupusix e6énox 0,6-0,9.

3arpy3ka kamOy3HOro OOOpY/IOBaHMS 3aBUCUT OT YHCICHHOCTH MACCaXXUPOB U
AKUIMAXKA CyJHA. DTa YUCIEHHOCTh CYIIECTBEHHO M3MEHSETCA B PEXKUME CTOSHKH CyJIHA
[0 CPAaBHEHUIO C JPYrUMHU pekuMamu. [loatomy koddduiiveHT 3arpy3ku KamOy3HOTO
o0opynoBaHus B pexxume cToIHKU 0,4—0,6 B Ipyrux pexuMax OKOJIO €AHMHUIIBL.

MONIHOCT, TIPOTHUBOIIOKAPHBIX W OCYIIMTEIBHBIX CPEICTB BBHIOMpPAETCS MO aBa-
puiiHOMY pexxuMy padoThl cynHa. B apyrux pexkumax KodQQGUUUEHT 3arpy3Kd 3THX
cpencts 0,6-0,9.

Jns ocBenieHus W MOAOOHBIX MPUEMHUKOB SJIEKTPOIHEPTUU KOOI UIIMEHT 3a-
IPY3KH AUHUIIA.

3anonHseM 3HAYCHUAMH KO3(PPUIIMEHTOB 3arpy3Kd MOTPEOUTENECH B Pas3IUTHIX
pexumax rpadsl 8, 14, 20, 26, 32.

6 OmnpenensieM KO3(PPUIUEHT MOIIHOCTA COS(Q TOTpeOuTeNel mo rpaduKy 3aBu-
cumoctr K3=f(C0S@), nmpuBenénnomy Ha prucyHke 1. 3HaueHHs KOA(PPUIIMEHTOB MOIIHO-
cTH 3anoJiHsgeM B rpadbl 9, 15, 21, 27, 33 TaGauiibl Harpy30K reHEepaTOpPOB.

7 OnpenensieM KOJTUYECTBO MPUEMHUKOB, M, pabOTAIOMUX B JAHHOM PEXKUME. 3a-
BHUCHUT OT YCJIOBHM SKCIUTyaTalldd M JIPyrux ocobeHHocred. KonmmuecTBO MpHEMHUKOB
yunTtbiBaeTcs B rpadax 10, 16, 22, 28, 34.

8 OmpenenseM aKTUBHYIO TTOTPEOIIEMYI0 MOIIIHOCTh, P, kBT, kaxxmoro motpedu-
TeJIs B KQXKJIOM PEeXXUMeE, M 3aHOCUM JaHHbIe B Tpadwl 11, 17, 23, 29, 35.

P=Py, -m-K;, (3)

9 Omnpenensem 3HaYeHHE MOTPEOJIIEMON HEAKTHUBHON MOIIMHOCTH IS KaXKJO0TO
moTpeduTens B kKaxaoM pexume, Q, KBA, u 3anocum B rpadsr 12, 18, 24, 30, 36.

Q:P'tg(p’ (4)
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1 — nns nBurateneit MouHocThi0 A0 10 kBT; 2 — a5 aBUrareneil MOIIHOCTHIO
cebie 10 kBr.

Pucynok 1 — M3MeHenue ko3 @puiirieHTa MOIMHOCTH COS( aCHUHXPOHHOIO JBUTa-
TEJSl B 3aBUCUMOCTH OT Koa(duirenTa 3arpy3ku Ks.

[Tpu 3anonHeHny Ta0IUIBI HEOOXOAMMO YUUTBIBATH CIEAYIOIINE OCOOCHHOCTH.

B pexxume cTostHkM 0€3 rpy30BbIX oneparuil (1 0e3 maccaxupoB) Ha CyJHE Haxo-
JIUTCSl 4acTh SKMIIAXKa, 3aHUMarolasics npoduiaktuueckumu padoramu. [lpu stom ua-
CTUYHO pabOTarOT HEKOTOpblE NMPUEMHHUKH AJIEKTPOIHEPIUU: OCBEILEHUE U OTOIUICHUE,
KaMmOy3, CpeZICTBa CBsI3U, OOIIECYI0BbIE CUCTEMBI, CTAHOUYHOE 000pyA0BaHHEe. MeXaHn3Mbl
CUJIOBOM YCTaHOBKH, ATYOHBIEC U JPYTHE B PEKUME CTOSTHKH OOBIYHO HE paOOTaloT.

B pexume paboThl ¢ MOTpy3Koil paboTaloT rpy30MnoAbEMHbBIE MEXaHU3MBI (KpaHsbl,
ne6énku, rpy3oBble Hacockl). Ha cyaHe HaxoauTcsl BECh SKUMAX, Al KOTOPOTO JOJKHBI
OBITH BCE YCJIOBHSI OOMTAEMOCTH.

B 1mBapTOBHOM peXHME CYJTHO MOJHOCTBIO MOJATOTOBJIEHO K XOJI0BOMY PEXKUMY,
CUJIOBasl yCTaHOBKA pabOTaeT, Ha CyAHE HAXOAUTCS BECh SKUMAX U Mmaccaxkupsl. PaboTator
AKOPHO-ILIBAPTOBHBIE YCTPOMCTBA.

B xomoBoM pexxume paboraer OoJblIas 4acTb MPUEMHUKOB 3JIEKTPOIHEPIUU 32
WCKIIIOUEHHEM aBapUNHBIX, PE3E€PBHBIX, IIBAPTOBHBIX, MOTPY30YHBIX, CHACATEIbHBIX U
apyrux mexaHu3moB. [Ipu 3Tom cozpaércs kompopT Ui dKunaxa v naccaxupon. Pado-
TalOT MEXaHU3MbI, OOECIIEUNBAIOIME X0/ Cy/IHa. [IeHCTBYIOT CpeACcTBa Cy/IOBOXKICHUS U
CBA3U.

XO0M0BOW peXUM JIEJOKOJIOB BO JIbJIaX XapakTepu3yercss paboToil KpeHo-
b depeHTHBIX HACOCOB.

X070BOM MPOMBICIIOBBIN PEXHUM JOOBIBAIOIINX CYI0B XapaKTepuzyercs padoTon



TPaJIOBbIX, CEHHEPHBIX U IPYTUX JEOEN0K. X0I0BOM PEKUM MJIEHTUYEH IBAPTOBHOMY, HO
IIBAPTOBHBIN OTJIMYAETCS OT XOJI0BOTO PabOTOM SIKOPHO-IIIBAPTOBHBIX YCTPOMCTB.

B kauecTBe aBapuMHHOIO paccMaTPUBAETCS PEXKUM, KOTOPBIA XapaKTEpHU3YETCs
BO3HUKHOBEHUEM II0Kapa, 3aTOIJICHUEM IOMEIIEHHH, TOJIOMKEe 000pyI0BaHus, odecrie-
YUBAIOIIETO pabOThl TEHEPATOPHBIX arperaToB W T.II. MPU COXPAHEHUU PabOTOCTIOCOOHO-
ctu reHeparopoB CO3C, mpu 3TOM MOXKHO OTKa3aThCs OT pabOThl MEXaHU3MOB U CHUCTEM,
o0ecreunBarMmX KOMGOPT IKUIAXKY U MaccakupaMm (KamOy3, OTOIJICHUE, BEHTUIISIINSA,
KOHJIMIIMOHUPOBAHUE BO3ayXa W T.A.). OTKIIOUaeTCsl BEHTWIAIMS, epeKayka TOIIMBA U
Macja B MOMEIIEHUSX, T/Ie BeaéTcs 6oprda ¢ mokapoMm, HO 00s3aTEIBHO JOJDKHBI pado-
TaTh TPUEMHUKHU 3JIEKTPOIHEPIUHU, 00ECIEUNBAIOIINE X0 Cy/JHA, BHEIIHIOIO U BHYTPEH-
HIOIO CBSI3b, CY/JIOBOXKJICHHE, a TaK K€ MPOTUBOIOKAPHBIC, OCYIIUTEIIbHBIE U APYTUE CIa-
caTesbHbIE CPECTBA, T.€. noTpeduTenu |l kareropun.

10 Onpenensiem aktuBHYIO Pyp, KBT, 1 peaktuBHyt0 Qup, KBA, MOIITHOCTH HETIpE-
pPBIBHO paboTaromux norpedureneit. s 3Toro npous3BoauM apupMETHIECKOE CIOKEHUE
YUCJIEHHBIX 3HaUYeHUM MOIIHOCTEH, yKka3aHHbIX B rpadax 11, 12, 17, 18, 23, 24, 29, 30, 35,
36 nns HempepbIBHO paboTaronux norpeduteneii. Jlannsie 3anectu B Tabnuiy [lpunosxe-
Hus A.

11 Onpenensiem aktuBHYIO Prp, kBT, 1 peaktuBHyto Qrp, KBA, MOIIHOCTH mepu-
OJIMYECKH pabOTAIONIMX MOTpeOUTeNeH aHaTOTHYHO HEMPEPBHIBHO padoTaroimuM. JJaHHbIe
3a”ecTH B Ta0nuny [lpunoxenus A.

12 Onpenensiem cymmapHyto akTuBHYyIO Pc, kBT, u peaktuBHyto Qc, kBA, mor-
HOCTH 1O TpeOyeMbIM pexkumam. J[Jist 3Toro CyMMUpyeM ux 3Ha4€HUSsl, JTaHHbIC 3aHOCUM B
tabmuny [Ipunoxenus A

P.=P,, +P, (5)

Qc =Quwpr +Qrp s (6)
13 Brioupaem kosdduureHT pazHoBpeMeHHOCTH Kp, yduThIBarommii pasimuue
rpaduKoB pabOThl MPUEMHHUKOB JIEKTPOIHEPTUU U BEPOSITHOCTH COBMECTUMOM UX pabOThI
B JJaHHOM pexxuMe. OH 3aBUCUT OT COOTHOIICHHUSI MOITHOCTH HEMPEPHIBHO U MEPUOINY €-
CKH pabOTaIOMIMUX TPUEMHUKOB.
Ecmmn PHP>PHP, TO Kp:1,0+0,8.
Ecmn PHP:PHP, TO KP=O,8+O,7.
Ecmn PHP<PHP, TO KP=O,7+O,6.
14 Onpenensem aktuBHyIO Py, kBT, u peaktuBayto Qur, kBA, morpebiasembie
MOITHOCTHU T€HEPATOPOB JJIsl KAXKJIO0T0 PEKUMa,
Pyr =Pc-Kp - Ky, (7 )
rae K — koaddummeHT norepb MOITHOCTH B CETH (17151 MaJbix cynoB — 1,02, uist cpeHux
- 1,03, nns kpynHbIX -1,04)
Qur. =Qc Ky, (8)
3HaueHust 3aHocuM B Tabnuny [lpunoxenus A.
15 OnpegnensieM NOJIHYIO TTOTPEOJISIEMYIO MOIITHOCTh T€HEPATOPOB Sy r., KBA, npu
CpeaHEB3BEIICHHOM K03 (UITUEHTE MOLITHOCTH, COSPcp, IS KAXKIOTO PEKUMA,

SH.F. =4 Pi{.r. + Qar ' ( 9 )

P
COSQgp = SH'r' : (10)

H.I'.

16 BriOupaem reHepaTopbl Ha OCHOBAHWU 3HAYEHUN HArpy3Ku reHepaTopoB Pyr,
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kBT, Qur, kKBA, Sur, kBA, u cpenHeB3BenieHHOro Ko3pduiimeHTa MOIIHOCTH, COSPcp.
Ecnu cos@cp<0,8, TO BEIOOp MPOU3BOAUTCS MO MOJTHONW MOIIHOCTH Syr,, €ciiu COS¢pcp >0,8,
TO BBIOOp TE€HEPATOPOB MPOU3ZBOAUTCS MO aKTUBHOU MOIIHOCTU Pyr. IIpu 3TOM K akTuB-
HOM WJIM TIOJIHOM MOIIHOCTH HEOOXOJIMMO MPUOaBUTh AKTUBHYIO MOIIHOCTh CaMOT'0 MOTII-
HOTO MU30AMYECKH pabOTAIOIIET0 NOTPEOUTEINS IAaHHOTO PEXXUMA.

17 Ha ocHOBaHuHU TaOJUIIBI HArpy30K, MpuBeA¢HHON B [Ipunoxenun A, cocTaBis-
€M UCXOJHYIO TabJuILy JJisi BBIOOpA KOJIMYECTBA U MOUTHOCTH F€HEPATOPHBIX arperaTos.

Hameuaewm 2-3 BapuanTa komruiektanun CO9C, tabnauna 2.

Tabnuna 2 Vicxognas Tabnuna juist BBIOOpa reHepaTopoB

[IBapTOB-
HBIN

ABapuii-

N Pabounii
HBIN

Pexumel CrosHka XO0JI0BOM

MonHocTh, KBT

KomnuectBo n mour-
HOCTh I'€HEPaTOPOB:

| BapuaHT

Il BapuaHT

18 CocTaB aieKTpoCcTaHIIUM, TabauIa 3.
Ta6nuna 3 CocTaB NPOEKTUPYEMOM SJIEKTPOCTAHIIMY IO BApUAHTaAM

Howmep BapnanTa | BapuanT Il BapuanT

OCHOBHBIE T'€HEPATOPHI

Pe3epBHbIE reHEepaTOpbl

OO611ee KOJMYECTBO reHepaTOPOB

19 CocrapinsieM TaOHILy 3arpy3Ku FreHepaTopoB, Tadmuia 4.
Tabsuua 4 3arpy3ka reHepaTopoB M0 BaprHaHTam

Pexxum paboThl | BapuanT Il BapuanT

CrosHKa

[IIBapTOBHBIN

XO0I0BOH

ABapuHBIN

Pabounii

Koaddumment 3arpysku, Ks, nponent, onpeaensercs no popmysie:

K, = ;-"-100, (11)

B
rae Pp — pacu€rHas MOIIHOCTH COOTBETCTBYIOLIETO peXUMa, KBT;
Pg — oOujas BeIOpaHHasi MOUIHOCTH T'€HEPATOPOB AJII COOTBETCTBYIOIIETO PEXHUMA,
kBT.
20 IMonw3ysce [Ipunoxenuem b, Tabmuuel nu3enb-reHepaTopoB, NPOBOAUM TEX-
HUKO-3KOHOMHUYECKOE CPaBHEHNE HAMEYEHHbBIX BAPUAHTOB, JAHHBIE 3aHOCUM B TaOJUILy 5.




Ta6J'II/II_Ia 5 TeXHMKO-3KOHOMHUYECKOE CpaBHCHHMC HAMCUCHHBIX BAPHAHTOB

Howmep BapuanTa

| BapuanT

Il Bapuant

KomnnuecTBo u MOITHOCTB I'CHCPATOPOB

Tun gu3ens, Tu3enb-reHepaTopa U reHepaTopa

HomMuuanbsHas MOITHOCTB reHepaTopa, KBT

Pacxon :
> kBr-u

TOIIJINBa
Macljia

Cpox ciryx0b1 (MOTOpECYpC), U:
710 TIEpBOM TIepeOopKH
710 KalMTaJIhbHOTO PEMOHTA

Pa3zmep MecTa yCTaHOBKH, MM

Macca, kr
cyxou pabounii

KIIJl, npouent

Ha ocHoBanum I[ElHHOﬁ Ta6HI/II_IBI MOJXHO CHOCJIaThb BBIBOA: CTYACHT OOJIKCH BbI-
6paTB BapHaHT U CACIIATb HOIIpO6HO€ TEXHUKO-YKOHOMHYECKOEe 000CHOBAaHME BBI6paHHO-

I'O BapuaHTa.

ITPUMEP PACUETA

1 Ha ocHOBaHMM TaOJMIBI HArPy30K T'€HEPATOPOB HAYYHO-HCCIIECTOBATEIHCKOTO

CyJiIHa TOJIyYE€HBI CJICIYIOIINE TaHHBIC, KOTOPhIE TPUBEICHBI B Ta0IuUIIE 6.
Tabnuia 6 MomHOCTh MO peXuMaM HayYHO-HCCIIEIOBATEIILCKOTO CyAHA

XO0I ¢ uc-
Pexxnmbl paboThl Crosiika LHBap”EOB— X010BOi cienoBa- ABapI:m—
CyJlHa HBII TEIbCKUMH HBI
paboTamu
MoimHocTb, KBT 115,8 248,5 215,3 294,7 263

2 Hameuaem 2 (MOxHO 3) BapuaHTa KOMIUICKTAI[MM CYJOBOW 3JIEKTPOCTAHIIUU

(C3C) B Tabnure 7.
Tabnuna 7 IlpenBapurenbHbiil BBIOOp BapraHTOB KoMruiekTammu COC
X0 ¢ uc-
[IIBapTOB- . CJIe/I0Ba- ABapuii-
Pexxumpl CrosHka . XO0J0BOM .
HBII TEIbCKUMHU HBIT
paboTamu
MouHocTh, KBT 115,8 248,5 215,3 294,7 263
KonunyectBo n moui-
HOCTb F€HEPATOPOB:
| BapuanT 1x160 2x160 2x160 3x160 2x160
Il BapmaHT 2x100 3x100 3x100 4x100 3x100
3 CocTaB CyJ10BOH AJIEKTPOCTAHIIUM MPUBEAEH B TabuIe 8.
Ta6nuna 8 CocTaB CyJ0BOM AJIEKTPOCTAHIIUU
Howmep BapuanTa | BapuanT Il BapuanT
OCHOBHBIE T€HEPATOPHI 3x160 4x100
PesepBHbIE reHepaTOpbl 1x160 1x100
OO6111ee KOJMYECTBO TreHEePaTOPOB 3)
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4 OnpenensieM Ko3DPUITMEHT 3arpy3Ku TeHepaTopoB, Ks, mpoleHT, o pexumam,

Hns pexxuma "Crosiuka" | BapuanTa
1158

K, ==2.100=72,4
160

KOB(I)(bHHI/IeHTBI 34Ipy3KHU OCTAJIBHBIX PCKUMOB OIIPCACIIAIOTCA aHAJIOTUYHO, JaH-

HbI€ PacYE€TOB 3aHOCSTCS B TabnuILy 9.

Tabnuia 9 3arpy3ka reHepaTopoB 10 BaprHaHTaM

Pexxum paboThI | BapuanT Il BapuanT
CrostHKA 72,4 57,9
[IIBapTOBHBIN 77,7 82,8
XomoBon 67,3 71,8
X0/ ¢ uccaea0oBaTeIbCKUMU paboTaMu 61,4 73,7
ABapuitHbIi 82,2 87,7

5 IIpoBeiéM TEXHUKO-3KOHOMUYECKOE 0OOCHOBAaHME HAMYHBIX BAPUAHTOB, JJAH-

HbIE 3aHOCHUM B Tabnuiry 10.

Tabsmuua 10 TeXHUKO-?PKOHOMHUYECKOE CPABHEHHE HAMEUYECHHBIX BAPUAHTOB

Homep BapuanTa | BapuanT Il BapuanT
Konn4ecTBo 1 MOIITHOCTh F€HEPATOPOB 1x160 | 4x160 | 1x100 | 5x100
Tun nuzens, nu3enb-reHeparopa u reieparopa 6uH18/22 6ul5/18
JI'PA 200/750 | AT'P2A 100/1500
MCC 114-8 MCK 92-4
HoMunanbHast MOITHOCTB T€HEpATOpa, KBT 160 640 100 500
Pacxopn, v
TOILJIMBA 252 1008 265 1325
Macia 2,25 9 5,55 27,75
Cpok cityx0b1 (MOTOpECYpC), U:
710 TIepBOM TIepeOopKU 12000 4000
710 KalMTaJIbHOTO PEMOHTA 45000 90000
Pasmep mecTa ycTaHOBKH, MM 5000x | 10000x | 4100x | 8200x
2000 4000 1900 5700
Macca, kr
cyxoii pabounii 6050 24200 2560 12800
KII/I, mporieHt 90 90
x2 x3
Pacnionosxenue reHepaTopoB MO BapuaHTaM — 9 9

Ha ocHoBanuu Tabnuil 4 U 5 MOKHO C/I€JIaTh BBIBO/I, YTO KOMIUICKTAIIMS CYI0BOM
AJIEKTPOCTAHIIUKM HAYYHO-UCCIIEIOBATEIHCKOTO Cy/IHA JI0JKHA ObITh cleniana no | Bapuan-
Ty, TaK KaK JIN3€JIb T€HEPATOPbl PACXOAYIOT Maciia MEHbIIE B 3 pasa, TOIUIMBA MEHBIIIE
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npuom3uTenbHo Ha 300 , CPOK CIIY>OBI 10 MepBoil nepedbopku B 3 pasza OOJbIIIE.

KIT[ Heckonbko BbImie. Mcxoas U3 BBINIEU3I0KEHHOTO, MOKHO TNpeHeOpeub B 2 pasza
OoJiblIel Maccol (JIJ11 HayYHO-HCCIIEIOBATEIIbCKOTO CY/IHA ATO HE OCHOBHOM ITOKa3aTelb)
U B 2 pa3a MEHBIIIMM CPOKOM JI0 KallUTAJIbHOTO PEMOHTA.

KoaddunmenTsr 3arpy3ku y 000MX BapHaHTOB MPUOIU3UTEIIBHO OJWHAKOBBIE U
YAOBJIETBOPSIIOT ONTUMATbHBIM 3HAUCHUSIM.

Takum oOpaszom, CyAoBasi JNEKTPOCTAHIUSA COCTOUT U3 T€HEPATOPOB, MPUBEICH-
HBIX B TaOauIe 11.

Tabmmma 11 OxoruarenpHbI BapuadT KoMmruiekTarun COC

Hasnasenue re- MomHocTh, KBT Tun Kommectso, Harmpsoxenue, B
Heparopa T

OcHoBHOM 160 MCC 114-8 3 400

Pe3epBHbIN 160 MCC 114-8 1 400
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2 BbiOop mnpeoOpa3zoBartesiedl 3JIeKTpo3Heprum (Tpancdop-
MaTOpPOB)

Br16op TpanchopMaTOpOB OCYIIECTBISETCS B OCHOBHOM MO TPEM HOMHUHAIHHBIM
napameTpam:

- KoJm4ecTBo (as;

- BXOJIHOE W BBIXOJHOE HAIPSKEHUE;

- MOIIIHOCTb.

[IpeaBapuTenbHO OMPEALISIIOT MECTO YCTAHOBKY M TUIT TpaHChOopMaTopa.

B C33C npumensitoT ogHodasnbie u TpéxdasHbie TpaHCHOPMATOPHI.

Opnnoda3znbie TpaHcHOPMATOPHI U3TOTABIUBAIOT HA!

- Ug=127 B, 220 B, 380 B, 660 B - nepBuuHas oOMOTKa.
- Up=26 B, 133 B, 230 B, 400 B - BrOpnyHas oOMOTKa.

MomnocTs oT 0,25 1o 63 kBA.

Tpéxdaszubie TpanchopmMaTopbl U3rOTABIMBAIOT Ha!
- Up=220 B, 380 B, 660 B - nepBuuHas oOMOTKa.

- Ug=133 B, 230 B, 400 B - BTOpruyHas oOMOTKa.

Momtnocts oT 1,6 10 100 kBA

Br160p TpaHchopMaTOpoB MO HAMPSHKEHUIO OCYIIECTBIISIOT B 3aBUCHMOCTH OT €T0
Ha3HAYCHMUsI, BEIOOP TTO MOIITHOCTH - HA OCHOBaHUH pacuéTa.

[Tpu pacuére MmomHOocTH TeHepaTopoB COIC KO3PPUIMEHT MOLTHOCTH HATPY3KU
TpanchopmaTopoB npuHuMaroT B npeaenax ot 0,9 go 1,0. [Ipuuém cumraror, 4TO TpaHC-
(dhopMaTop UCIBITHIBAET HEMPEPHIBHYIO HATPY3KY.

VYcnosue BeiOOpa TpaHchopmaTopa Cieyromiee:

n-S,.>x,-Y.P, (12)

i=1
r7ie N - 4ucio TpaHchopMaTopoB;
Su.t. - HOMUHAJIBHAS MOIIHOCTH TpaHcpopMaropa, KBA;
Ko - KO3 (DULIMEHT OAHOBPEMEHHOCTH;
Pi - MOIITHOCTH MPUEMHHUKOB, MOTYYAIOLIMX MUTaHUE yepe3 TpaHchopmaTop, KBT.

Ecnmu Ttpancopmatop mnHTaeT OAHOMMEHHBIE MOTPEOUTENH JIIEKTPOIHEPTHH,
HaIpUMep OCBEIIECHHE, TO MOIIHOCTh €r0 BBIOMPAIOT MO HAWOOJBINEH HArpy3KH, MPUHS-
TOH B TaOJMIE HArPYy30K reHepaTtopoB. OOBIYHO 3TO COOTBETCTBYET paboueMy IKCIUTyaTa-
[IMOHHOMY PEXUMY TPEUIOKEHHOTO CyaHa (HampuMmep, Ui TPayJIepoB - MPOMBICTIOBBIN
peXKUM, I OYKCUPOB - XOJI C BO30M).

Ecnmu tpanchopmaTop muTaeT rpynmny pasHOMMEHHBIX mMoTpedurtenei, padoTatro-
IIUX C Pa3IMYHOM 3arpy3KON B Pa3IUYHBIX pPEKUMaxX paOOThl, TO JJIsi OMPEICICHUS €ro
MOIIIHOCTA HEOOXOAMMO COCTaBHUTh TAOJHUILy HArpy30K JaHHOTO TpaHc(opmaTopa Imo pe-
KUMaM aHaJIOTUYHO TaOJIHIIE HArPy30K T€HEPATOPOB.

OOBIYHO HYepe3 MOHIDKAIIINE TpaHCHOPMATOPHI MONYYAIOT MUTAHUE TAKWE I0-
TpeOUTENN KaK OCBEIIEHUE, paIMOHABUTAIIMIOHHOE 000pyI0BaHNE, KaMOy3HOE U OBITOBOE
obopynoBanue. [Ipu 3TOoM I11€M€CcO00pa3HO NMPUMEHEHHE TapalieIbHOW padOThl OJHO-
UMEHHBIX TpaHchopmaTopoB. He pekoMeHayeTcs BKIIOUATh MapaielbHO TpaHchopMa-
TOPBI C COOTHOIIEHUEM MOIIHOCTEN 1:3.

Yucno TpaHchopMaTOpPOB 3aBUCUT OT HA3HAUEHUS CyJTHA U PACIpEICNICHUs MpH-
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EMHUKOB JIEKTPOIHEPTUU HA HEM.

CornacHo TpeboBanusm IlpaBun Mopckoro Peructpa TpanchopmatopHas moj-
cranuus (TII) nomkHa oGecrieunBaTh MUTAHUE BCEX MPUEMHHUKOB B Cllydae OTKa3a caMoro
MOIITHOTO TpaHcdhopmaTopa. Yaiie Bcero Ha cyjax cTaBar 2 wid 3 TpaHcpopmaropa pas-
HOW MOUIIHOCTH, TTOJIKIt0Yas uxX K pa3HbiM cexkuusaM ['PILL, ayis moBeieHuss HaaEXKHOCTH.

BriOpaB 1o pacdy€THO MOITHOCTH HEOOXOJAMMOE YHUCJIO TpaHC(HOPMATOPOB HAIO
BBIOPATh Ha OJWH OO0JIBIIIE, YTOOBI HCIIOIH30BATh €0 B KAYECTBE PE3ESPBHOTO.

ITOPSATOK BBINNOJTHEHUS PACUETA
1 HeoOxomumo u3 oOmiero yucina npuéMHUKOB mpenioxeHHon COIC BbIOpaTh
nepeyeHb MPUEMHUKOB, TMONYYAOIIUX MUTAaHHE 4Yepe3 MOHIDKAIoUUK TpaHchopmarop.
JlaHHbIE 3TUX MPUEMHUKOB 3aHECTH B Tabnuiy 12.

Tabmuma 12
AKXTUBHas
HaumenoBa- | motpe0ise- Koapdpumu- | PeaxruBHas [TomHas
N KonnuectBo,
HUE NIPUEM- Masi MOIII- €HT MOIIIHO- | MOIIHOCTh, | MOIIHOCTD,
m, T
HHUKa HOCTb, P, CTH, COS® Q, kBA S, kBA
kBT

1
2
3
n-1
n

KonudecTBo, akTHBHYIO MOTPEOIsIEMYIO0 MOIIIHOCTh M COS® OepyTcs u3 rpad 2, 4,
6 Tabnuibl Harpy3ok renepatopos (IIpunoxenue A).

2. OnpenensieTcsl peakTUBHAS MOIITHOCTh, Q, KBA, mpuéMHNKOB

Q= Pur - 190, (13)

rjae tge - momyyaercst U3 COOTBETCTBYIOIIETO COSQ.

[TogpoOHO paccUMTHIBAIOTCS PEAKTUBHBIE MOIIHOCTU KAXKIOTO MPUEMHHKA U3
Tabauibl 12 ¢ pacmudpoBKoii.

Hanpumep: OmnpeneneHue peakTUBHONW MOIIHOCTH KaMOY3HOTO OOOPYIOBaHUA,
Ql, kBA.

Ipumeuanue: Eciu y xakoro-nmmo6o nmpuéMuuka CoSe=| (Hanpumep, OCBEIICHHUS),
to Q=0, cinenoBaTeNbHO aKTUBHAS U MOJIHAS MOIIIHOCTH 3TOTO MPUEMHIKA paBHBI P~S.

JlaHHBIEe pacy€ToB 3aHOCT B TaOIMITy 12.

3. Onpenensercs MOJIHAs MOIITHOCTh, S, KBA. mpuéMHHKOB

S=.P*+Q%, (14)
[ToapoOHO pacCYMTHIBAIOTCS MOJTHBIC MOITHOCTH KaXKJ0TO MPUEMHUKA U3 Ta0IH-
161 12 ¢ pacmmdpoBKO.
Hanpumep: OmnpenensieM MOJHYI0 MOITHOCTh KaMOy3HOTO O0OpyIOBaHHS, Si,
kBA.

Jlanubie pacy€ToB 3aHOCATCS B Tabnuiy 12.
4. OnpenensieTcst MoJHAs MOIITHOCTh TpaHC(HOPMATOPOB
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n-S,; ZKO-ZH:Pi,

rzie Ko — Koo UIMeHT OJHOBPEMEHHOCTH paboThI TpaHCHOPMATOPOB, Ko=1.
Syt =K, (5 +S,+S;......+S,),

5. Ilo copaBounsiM Tabiuuam [lpunoxenus B BbiOuparorcss TpancpopMaTOpHl,
JaHHbIE BBIOOpA 3aHOCSTCS B Tabnuiy 13.

(15)

(16)

Tabmura 13
Hanpsxenne, B Hamnpsixe-
Tun Mor- HUE KO- [Torepu
TpaHC- HOCTL porkoro | momHoctu | Konmnye-
dopmaTto- <B A’ Bricokoe Hwuskoe 3aMBbIKa- K3, IIpO- CTBO, LUT
pa HUs, MIPO- LIEHT
L[CHT
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3 Iloctpoenue (GYHKIMOHAJIBHOM OJHOJMHEHHON CXeMbI
pacnpenejieHusi 3JEKTPOIHEPrUU  CYJAOBOMl  JIEKTPOCTAHIUM
(CI2C) u cynoBou dieKTpoIHepreTuueckoi cucremsol (CIIC)

K MCXOIHBIM JaHHBIM, BIUSIONIUM Ha BBIOOP CXEM, OTHOCHT:

- KOJIMYECTBO pabOTAIOIINX FEHEPATOPOB B BOZMOKHBIX pPEKUMaX pabOThI CY/IHA;
- COCTaB M MOIIHOCTb MOTPEOUTEINEH;

- KOJMYECTBO U MOIIHOCTh TPaHC(HOPMATOPOB.

Cxembl COI3C u COC 10mKHBI yIOBIETBOPSITH TPEOOBAHUSIM:

1 HanéXHOCTH U KUBYUYECTH;

2 I'ubkocTH:

3 Y100cTBY AKCILTyaTaluy;

4 DKOHOMHUYHOCTH.

1 HanéxHOoCTh 1 )KUBYYECTh OOECIIEUYNBACTCA:

pe3epBUPOBaHUEM DJIEMEHTOB (renepatopos, JIDII);

nenenueM ['PII Ha cexiuu;

yrpoumearneM COIC 3a CYET COKpAIIEHUS KOJMYECTBA alapaTos;
MPUMEHEHUEM CEIICKTUBHBIX aBTOMATHYECKHUX BBIKITIOUATEIICH;
MPUMEHEHUEM PAIMOHATILHON CXEMbI TEXHUYECKOTO 00CTY>KUBAHUS;
apTroMaru3anueit ynpasienuss CO9C.

2 I'mbxocTh nokHa OBITH TakoM, uToObl COIC yaoBIeTBOpsIa CBOEMY Ha3Ha-
YEHUIO B HOPMAIBHBIX M HECHOPMAJIBHBIX pekUMax paboTel. OHA 0OecrieYrBaeTCs:

ceknoHupoBanuem coopusix muH ['PIL;

pE3€pBUPOBAHUEM JIMHUM;

palMOHANBHBIM TOAKIIOYECHUEM TOTPEOUTENICH K Pa3IMYHBIM CEKIUSM IITUH
I'PIIT;

MPUMEHEHUEM TapajuieIbHOW paboThl T€HEPaTOPOB, TPAHCHOPMATOPOB.

3 Y 1006CTBO AKCIUTyaTalMi 00€CTICUnBACTCS:

BBIOOPOM, BO3MOKHO, IPOCTOM CXEMBI;

BbIOOpOM KkomIuiekTanuu COC, ymeHpmatrouiedi o0bEM MpOPUIAKTUUECKUX U
PEMOHTHBIX padOT U YBEIMUYHMBAIOLIEH EPUOJIBI MEXY STUMH PEMOHTAMH:
NPUMEHEHUEM CUCTEM JUCTAHIMOHHOTO U aBTOMATHYECKOr0 yIPABJICHHUS, YCT-
POVCTB KOHTPOJIS M 3aIUTHI, YIPOIIAOIIMNX IOUCK HEUCIIPABHOCTEN U MPOTHO-
3UPYIOLIUX UX MOSIBJICHUE.

4 DKOHOMUYHOCTbH IKCIUTyaTaIluu 00eCIIeunBaETCS:

BBIOOPOM pallMOHATBHOTO 00BEMA aBTOMATU3AIINH:
BBEIOOPOM 000pYI0BaHMS, 0OSCIICYHBAIONIETO HAMMEHBIIINE TOJOBBIE IKCILTya-
TallMOHHBIE PACXO/IBI IO AMEKTpOocHaOKeHuto (utanue ¢ 6epera, YTI', BI).

[TopsAnoK MOCTPOECHUS OJHOJIMHEWHOM CXEMBbl PACHPEAEIEHUS SICKTPOIHEPTUH
CIICIYFOLIIHM:

1 Ctpostcsi reHepaTOpHbIE CEKIIMU B COOTBETCTBUM C OOIIMUM KOJIMYECTBOM BBI-

6paHHBIX reaeparopoB, CCKUUU pa3ACIAaIOTCsd CCKINMOHHBIMA aBTOMATUYCCKUMHU BBIKJIIOYa-

TCJISAMU,

2 Heobxomumo B COC MMETh CEKIIMM MOHUKXEHHOI'O HAMNpsDKeHUs, 4To obec-
MEYMBAET pa3/CelIeHHe MPUEMHUKOB 3JIEKTPOIHEPTHUH, UMEIOIINX HU3KOE COMPOTHUBJICHUE
m3oisiuu. [lutanue Tpynn npu€MHUKOB 3JieKTpodHepruu HampsbkenueM 200 B ocyie-
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CTBJISIETCSL OT COOCTBEHHBIX TpPaHC(HOPMATOPOB, KOTOPHIE MOAKIIOYAIOTCS NEPBUYHBIMU
0OMOTKaMH K pa3HbIM I'€HEPATOPHBIM CEKIIMAM JIJIsl TOBBIIICHUS HAJIEXKHOCTH PaOOTHI.

3 Pacnipenenenne npuéMHUKOB 3JIEKTpodHepruu no cekuusm [P nomkHO BBI-
MOJIHATCS ¢ YYETOM PAaBHOMEPHOCTH pacHpeeeHUs] Harpy3KH BIOJb IIUH U CHEUPUKU
CyJHa.

4 B COC nomxkHa ObITh IEpEMbIUKa, MPEAYyCMaTPUBAIONIAs NapaJJIebHYI0 paboTy
TE€HEPATOPOB.

5 I'eneparopsl noakmroyarorcs K muHaM [ PLL yepe3 renepatopHble aBTOMaTH4E-
CKME BBIKIIFOYATEIH.

6 IIpuéMHMKHN 37IEKTPO3HEPTUH NOAKIIOUaroTes K mmHaM ['PII] ¢ momombio aBTo-
MAaTUYECKUX BBIKJIIOYATEIICH.

7 OaHOMMEHHBIE TOTPEOUTENH MOAKIIOUAIOTCA K Pa3HbIM T'€HEPaTOPHBIM CEK-
LWSIM JUISA TIOBBIICHHS HAAEKHOCTH. ECiM NMPUEMHUKOB HECKOJIBKO, TO OHH HYMEPYIOTCSA
apabckumu rudpamu.

8 Ha cxeMe ycTaHaBIUBAIOTCS TUI U MOIIHOCTb T€HEPATOPOB, TUIIHI TpaHCPopMma-
TOPOB.

B Ilpunoxenun I' mpuBenén oOpasen OJHOIMHEHHOM CXEeMbl pacmlpeeieHus
AIEKTPOIHEPIUH.
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4 OmnpepesieHue Pac4€éTHbBIX TOKOB U BbLIOOP KaleJsiedl mpu
OJMHOYHOM NMPOKJIAJIKE ¢ MPOBEPKOH HA MOTEPI0 HANPSIKEHUS B
Cya0BOi 3eKTpodHeprerudeckoi cucreme (CII9C) moCTOSAHHOTO
U NIEPEMEHHOI0 TOKA

B C39C naunbonee TpyJOEMKUMHU SIBISIFOTCS] pacYEThI CUIIOBOM CETU U PA3IMYHBIX
BCIIOMOT'aTEJIbHBIX CETEW, HAIPUMEpP CETEeN OCBEIIECHUS, IPOTEKAHUE DIEKTPUUECKOI0 TOKa
0 KaOeto WM MPOBOAY HEHU30EKHO CBSI3aHO CO CIEAYIOLIMMHU OTPULIATEIIbHBIMU SIBJIE-
HUSIMU:

- IOTEPU ¥ MOIIHOCTH:

- IOTEPU PHEPTUMU:

- HarpeBaHue Kalems U BbIIEJICHUE TeIIa:

- IOTEPH HANPSKEHUS.

[ToTepst MOIIHOCTH U PHEPTUA B KaOesaX TpeOyeT YBEIMUYEHHsI MOIIHOCTH T'eHepa-
TOPOB Y NOBBILIEHUS PACXOA0B TOIUIMBA, HATPEBAHUE KaOesl BBI3BIBAET CTAPEHUE U3O0JISI-
MU, KOTOPOE MOKET MPUBECTU K KOpoTKoMy 3aMmbikaHuo (K3), a moTeps HanpsikeHus B
ka0esne NpUBOJIUT K CHUYKEHUIO HANPSYKEHUS HA 3aKUMax MOTpeOu reliei,

Taxum 00pazoM, Bce 3T SBJIECHUS HOCIT OTPULATENbHBIA XapakTep U IJIs UX yCT-
paHeHMsI MOKHO BbIOpaTh Kabenb Oosblero ceueHus. OgHako, 3T0 MPUBOJUT K Iepepac-
XOZly M€Y, YBEJIMUYEHUIO MAacCOrabapUTHBIX MOKa3aTenel KaOeabHBIX Tpacc, a, Cel0Ba-
TEJbHO, YBEJIMUMUBAETCS CTOUMOCTD 3JEKTPOMOHTAXKHBIX padOT M 0011as CTOUMOCTb IPO-
ekta. [loaToMy, B KaXk/10M KOHKPETHOM pacuéTe KabeJIbHOU CEeTH, JOJKHBI ObITh BHIOPAHBI
orpeenéHHbIe ONTUMaJIbHbIE CEUEHUs KaOenen.

[Tpu 3TOM MOXKET OKa3aTbCsl, YTO I YMEHBILECHUS IOTEPU HANpsKEHUs B Kabele,
HE00XOAMMO BBIOpaTh CceueHHe OO0JbIlIe, YEM MO YCIOBHUIO HAarpeBaHUs Wiau HaoOopoT, B
MEPBYIO OYEPEb 3TO 3aBUCUT OT JUIMHBI KaOEIbHOU TPACCHI.

[Tpu BbIOOpE Kabeneil 00sA3aTeIbHO HAZAO0 YUYUTHIBATH PEKUMBI UX SKCIUTyaTalluHy,
KOTOpbIE COBNAAAIOT C PEXKUMOM padOThl NPUEMHHUKA, MOIYYAIOUIEro MUTAHUE M0 ITOMY
Ka0ento (IJIUTENbHBIN, KpAaTKOBPEMEHHBIN, TOBTOPHO-KPATKOBPEMEHHBIH ).

Takum 00pa3oM NOPSAOK pacyéTa CUIIOBBIX SJEKTPUUECKUX CETEH CIIETYIOIIMIA:

a) OMpeeNAIoT pacuéTHbie (paboune) TOKU Kabens;

0) ompenenstoT peKUM pabOThl KaOers;

B) BBIOMpAIOT CeueHHUE Kalessi ¢ HEOOXOIMMBIM KOJMYECTBOM JKUJI, MOJB3YICh
tabnaunamu, [Ipunoxenne /1;

') IPOU3BOIAT MPOBEPKY CETHU, COCTOSAIIUX U3 BHIOPAHHBIX KaOeyel, Ha MOTepU
HaIpPsSUKEHUS.

Pacuer cunoBoii cetn CO3C paccMaTpuBaeTcs Ha IPUMEPE CXEMbI, IPUBEAECHHON
Ha PUCYHKE 2.

1 Onpenensiem pabouuit Tok kabens, lpas, A, coegunstomuii reaeparop u ['PII,
BBIOMpaeM Kabelb, onpeiesisieM MoTepy HarpsixkeHust, AU, MpoLeHT, B HEM.

Ha nocrossHHOM TOKe

P
IPAB :U_Fr’ (17)
200-P-I
= , 18
A ySUZ ( )



Ha nepemennoM Toke

P
g = ——F——, 19
M J3.U, -cosg (19)
100-P-1
Us—i | 20
V=5 (20)

rne Pr - HoMuHanpHass MOIIIHOCTH TeHepaTopa, BT;
Ur - HoMuHaIbHOE HaNpsKEHUE reHeparopa, B;
COS( - HOMUHAJIBHBIN KO3(PHHUITMEHT MOIITHOCTH TeHepaTopa, CoSer=0,8
| - nmuHa BRIOpaHHOTO Kabels, M;
M
Y - yA€IbHAA IPOBOAUMOCTE MaTepraia, —— s, JUIi Mean v=48;
M - MM

S - ceuenue xabens, MM?.

UPIL L ~ 0 N
5 i=2  Lipimepin @ Pr. Uc. cosgi,

AUt

Ii7 -
Pr. Ur. cosor

I' - reneparop; I'PIL] - rmaBHBIN pactipenenutTebHbld WAT; [1—/3 - mpuEMHUKN
anekTposneprun; P - pacnpeaenurensuplil wut; TP - noHmwxkaromuii Tpanchopmatop.
Pucynok 2 - Pacuér cunosoit cetn CO9C

ITPUMEP PACUETA
Hano: Pr=100 kBrt, 1=10 M, nocrosaublli Tok — Ur=220B, nepeMeHHbII TOK —
Ur=400 B
Ha nocrossHHOM TOKe pabounii Tok kadens, lpas, A
100-10°
lpas = = 4545
AR 220

PexxuM paboThI - JUIUTENbHBIN.
ITo IMpunosxenuto JI Beioupaem kabens KHP 2(2x120 mm?).
Ha nocrossHHOM TOKe noTepu HanpsbkeHust, AU, mIpoLeHT
U= 200-100-10° -120 033
48-2-120-220
0,33%<6%, uto cootBercTBYeT [IpaBunam Mopckoro Perucrpa.
Ha nepemennom Toke pabouunii Tok kabens, lpag, A
L 100-10° _
" J3.400-08
PexxuM paboThI — JUTUTENBHBII.
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ITo IMpunoxenuto JI BeioupaeM kabens KHP 3x95 mm2,
Ha nepemenHOM TOKe moTepu HanpsokeHus, AU, mporieHT
3
U= 100-100-10 210 _188
48-95-400

1,88%<6%, uto coorBeTcTBYeT IIpaBmimam Mopckoro Peructpa.

2 OnpenensieM pabounii Tok kadens, lpas, A, coenunsitonuii I'PIL — PII u npuém-
Huku 1 u [, BBIOUpaem kabenb, onpenesnsieM MoTepro HanpsokeHus, AU, mponeHT, B HEM.

3 PaccunthiBaem yuactku PII — 13 u PII] — JIo.

Ha nepemennom Toke

N s '
V3- Uc -COS@p; My (21)
lpas2 = Pz ,
V3. Uc - COSQp, -1y,
rie P - HOMUHaIbHAS yCTAHOBOYHAsI MOIIIHOCTh NMPUEMHUKA, BT;
Uc - HOMUHaIBbHOE HANpsKEHUE CeTH, B;
COSQr1 - HOMUHATBHBIA KOA(D(UIIMEHT MOITHOCTH MPUEMHUKA;
N - KO3 (ULKUEHT MOJIE3HOro ACUCTBUSA (K.I1.1.) IPUEMHHKA.
Ha nocrostHHOM TOKE
PHl
Ipas = U-—,
c ' Mm (22)
N Pz '
Uc M,

[ToTepu HanpsixeHus onpenensics mo popmynam (18) u (20) cOOTBETCTBEHHO.

4 PaccmarpuBaem yuactok ['PII[-PII] na nmepemennom Ttoke. [l onpeneneHus
pacu€tHoro Toka Pl HeoOX0IMMO MpeaBAPUTEIBHO ONPEAETUTh CYMMY AKTUBHBIX la, A,
u lp, A, TOKOB IOTpEOUTENEH.

Ly = Ipap - COSQy,
L2 = lpas2 " COSQ,,

........................... (23)
Lot = VoAb ~COSQyy,
I, =lpas, COSO,,
Ipl = lppp -SINQ,,
Ip2 = lpap2 "SINQ,,
........................... (24)
Lont = lpagns -SINQ,
Loy = lpapa SINQ,,
e SiNQ - MOJIy4arT U3 COOTBETCTBYIOIIETO COS(.
L =Kg-(I,+1, 4+, +1 ), (25)
|o=Ko-(Ly+ 1, et 1) (26)

rae Ko - ko3 duurentT ofHOBpeMEHHOCTH padoThl MOTpeduTeneit nuratonmx ot PILI.

Lo =12 +12 (27)

Ha mocrosaaOM TOKE.
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Hns onpenenenust pacu€étHoro toka PII], HeoOxoaumo HalTH apupMeTHUUECKyIo
CyMMy pabouux TOKOB noTpeduTeneit, nutaronuxcs ot P, Takxe yunutsiBas kosdduiim-
€HT OJJTHOBPEMEHHOCTH.

IPLu :KO'(IPABl_'_IPABZ+"'+IPABn—l+IPABn)’ (28)

IIpuMmeuanue:

Ecnu xo3dduiment mouHocTH NMpuEMHUKOB, opydatonux nuranue ot PII Ha
EPEeMEHHOM TOKE, UMEET OIM3KKe 3HAaUeHU s, TO JJI Moay4yeHus: pacuétnoro toka PIII me-
PEMEHHOTO TOKa MOKHO TOJIb30BaThCs (hOpMyIaMu MTOCTOSTHHOTO TOKA.

Kabenb BbIOMpaeTcss B COOTBETCTBUU C IMOJTYYEHHBIMU PACUETHBIMU TOKAMHU I10
[Ipunoxenuto | ¢ yu€toM pexumMoB pabOThl MPUEMHUKOB U HEOOXOAMMOIr0 KOJIMYECTBA
xwui. [loTepu HanpsKEHUs ONPEneNstoT IS JAHHOTO Y4acTKa CETH CIeIyIonuM 00pa3om

AUOBHIZAU3+AU1’ (29)
AUOELL[:AU3+AU2’ (30)
ITPUMEP PACUETA

Hano: P1=30 kBT, P=15 kBT, cosg;=0,8, c0s¢1=0,84, n1=0,87, 1»=0,89, I1=15 m,
I,=18 M, Uc=380 B nepemennoro toka, Uc=220 B ocTOsSHHOr0 TOKA.

PaccuuthiBaem yuacrok PII-/1; mo popmynam (21) u (22).

Ha nepemeHHOM TOKE

30-10°
| = =6549
T J3-380-0,8-0,87
Pexxum paboThl — IITUTEIBHBIN.
Bri6upaem kabens KHP 3x16 mm2.
3
U, :100 30-10 35 _041
48-16-380
Ha noctostHHOM TOKE
30-10°
=———=156,7
AR 220.0,87
Pexxum paboThl — IITUTETBHBIN.
Bri6upaem kabens KHP 2x70 mm?.
3
U, - 200-30-10 215 055
48-70-220

PaccuuthiBaem yuactok PII-/; mo popmynam (21) u (22).
Ha nepemenHom TOKE
15-10° ~
J/3-380-0,84-089
Pexxum paboThI - IITUTETBHBIN.
Bri6upaem kabens KHP 3x6 mm2,
~100-15-10°-18

PAB2 —

_ =0,65
AT1 T 48.6.380°
Ha mocTogHHOM TOKE
15-10°
o =—— =766
PABL T 920.0,89

Pexxum paboThl — IITUTETBHBIN.
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Bri6upaem kabens KHP 3x16 mm2.
B 200-15-10°-18
AT 48.16-220°
PaccunteiBaem yyactok ['PII-PII] o dopmymam (23) — (28).
Ha nmepemeHHOM TOKE

=145

|, =655-08=524
l,, =30,5-0,84 = 25,6
l,, =655-0,6=393
l,, =305-054=16,5
|, =1-(52,4+256)="78
|,=1-(393+16,5)=558

oy =/ 78° +558° =959

PexxuM paboOThI — JTUTETHHBII.
Bri6upaem kabens KHP 3x25 mm?.
Ha noctossHHOM TOKe

oy =1-(156,7 +76,6) = 2333

PexxuM paboThl — JUIUTENBHBIH.

Bri6upaem kabens KHP 2x120 mv2.
OmnpenensieM MOTEPH HAMPSKEHUA 110 GopMyIie
Ha nepemeHHOM TOKE

AU4=100'\/§"'|, 31)
v-S-U
Ha nocrosHHoM TOKE
200-1-1
U, = , 32
W= (32)

Ha nepemenHom Toke

u, :100~J§-95,9~20 _073
48.-25-380

Ha nocrosHHoM TOKE
200-233-20
2Ug=——F——=
48-120-220
OmnpenensieM 001IMe TOTEPU HAMPSHKEHUS.
Ha nepemenHOM TOKE
A UOELLIle U4+A U1 )
AUosn =0,73+0,41=114
A UOBL]_l:A U4+AU2 )
2Uogy =0,74+0,65=1,39
Ha nmocrossaHOM TOKE
A UOELLI1=A U4+A U1 )
AUosa =0,74+0,55=1,29
A UOBLL[:A U4+AU2 )
AUogn =0,73+1,45=219
5 OnpenensieM padounii Tok kabens, lpas, A, coequnsroniero I'PII u /I3, BeiOHpa-
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eM KaleJjb U oIpeeisieM MoTepu HanpsbkeHus, AU, mpoueHT, B HEM.

ITPUMEP PACUETA
Hano: Ps=23 kBt, c05¢3=0,79, n3=0,81, 15=25 M, Uc=380 B nepemeHnHoro Toka,
Uc=220 B noCcTOsIHHOT'O TOKA.
Ha nmepemMeHHOM TOKE
T 23-10° _
% /3.380-0,81-0,79
Pexxum paboThI - KpaTKoBpeMeHHBIH (60 MUHYT).
Bri6upaem kabens KHP 3x10 mm2.
_100- 23.10°-25

LU= =083
48-10-380

54,61

Ha noctossHHOM TOKe
23.10°
A 220-081
PexxuM paboThl - KpaTKOBpeMEeHHbIN (60 MUHYT).
Bri6upaem kabens KHP 2x25 mM2.
U= 200-23-10° ~225 _198
48-50-220
6 Onpenensem padounii Tok kabdens, lpas, A, Ha yuactke ['PI] - Tpancdopmarop,
BBIOMpPAEM Kabelb U OnpeiesisieM MOoTepu HarpsikeHus, AU, Mpo1eHT, B HEM.
Pabounit Tox qys yuactka ['PIII - TpancdopmaTop onpenensieTcs: mo ¢popmyiie
S

IPABI - \/§ . Ul '
rzae S - HOMUHaJIbHAs MOIIIHOCTH TpaHcopmaTopa. BA;
U, - HOMHHaJIbHOE HanpsbKEHHE MEPBUYHON 0OMOTKHU TpaHchopmaropa, B.
Jnst yuactka BTopuuHOil 00MOTKHM Tpancdopmarop - I'PII pacuér npousBoautcs
o opmyiie

=1291

(33)

o asn = Lf
J3-U,
rae U; - HOMUHAJIbHOE HaNpsiKEHHWEe BTOPUYHOM 0OMOTKHU TpaHchopMmartopa, B.
[Ipumep pacuéra
Hano: monwmwkaromuii Tpancopmarop — S=100 BA, U;=380 B, U,=230 B, |5=5 m,
|6:1,5 M.

(34)

Pexxum paboThI - ITUTETLHBIN.
Bri6upaem kabens KHP 3x70 M2,
I _ 100-10°
PABII \/§ . 230
Pexxum paboThI - JUTUTENTHHBII.
Brioupaem xadens KHP 3x150 mm2,

=251
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3
U, _100-100-10 22 0041
48-70-380
3
U, = 100-100-10 1,5 0,04
48-150- 230
[ToTepu HanpsKEHUSA COCTABIIAIOT MEHBIIE 6 MPOLIEHTOB, UTO COOTBETCTBYET TpE-
ooBanusam [IpaBunam Mopckoro Perucrpa.

Bri6pannbie kabenu 3aHOCUM B KaOenbHYI0 BeloMocThb, [Ipuinoxenue E.
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S OmnpeaesieHue NOTepsb HANPIKEHUS HA YYACTKE CETH
OCBeIlCHMS

JIns onpeneneHus moTepb HANPSKEHUs HA Yy4aCTKE BTOPUYHOM CETH OCBELICHUS
HEO0OXOJMMO ONPENIETUTh HAa UCXOAHOW CXEME Y3JIOBBIE TOUKH, TPOHYMEPOBaTh UX apald-
CKUMH IH(ppaMu. B kaxmoil y31m0Boil Touke HEOOXOAMMO ONpPEAETUTh Haubosee yaaueH-
HBIM CBETWJIBHHK, IPOHYMEPOBATh €r0 puMckuMu mudpamu. [Totepu HampsokeHus: OyayT
OTIpe/IeNsATCS Ha Hanboyiee YJaJICeHHOM OT y3/a CBETHJIbHHUKE. 3aTeM, JUIsl KaKJIOro CBE-
TUJIBHUKA BBIYEPUYMBACTCS pacdeTHas CXeMa M cocTaBisercs (opmyna A pacyeTa IMo-
TEpb HANPSHKEHUS HA JAHHOM Y4acTKe.

[ToTepn HanpspKeHUS ISl IEPBUYHOM M BTOPUYHOM CETEM OCBEUICHUS, COTJIACHO
TpeboBanuto [IpaBun Perucrpa, He gomxHbl npeBbimaTh 10% ISl CETH HANPsHKEHUS 10
55 B u 5% niig cetu HanpsikeHus cBhiie 55 B.

[ToTepu Hanps>KeHUs IJIs1 CETU MOCTOSTHHOTO U OJHO(A3HOTO NMEPEMEHHOTO TOKa
OTpeeNsIoTcs 1Mo hopmMyIie
~2.100-P-I
- y-S-U?

Y

rae P - momnHocTh naminsl, BT;
| — paccTosaue, M;

M
Y - yaeJibHasg IPOBOAMMOCTh MaTepHuasia MPOBOJHHUKA, VR U1 Menu y=48;
M - MM
S — oAk MONEPEYHOTO CEUYEHHUs IPOBOTHUKA, MM |
U — Hanpspxenue cetu, B.

ITPUMEP PACUETA:
OnpenenuTs NOTEPU HANPSIKEHUS HA YYACTKE CETH OCBEUIEHUS CO CIEAYIOINMU
HOMHUHAJIBHBIMU AaHHBIME Pr= 60 BT, S=1 MmM? , Uc=127 B.
HMcxomgnas cxema

FL/o
/O S P 5 1O v
4 w 4
g Ent ¢ 61/ ®
7

1. OnpenensemM y3/10Bbl€ TOYKM Ha CXeMe M HaumOoJiee yJajeHHbIE OT HUX CBeE-
TUJIbHUKH.

2. CocTaBiisieM pacueTHbIE CXEMbI U OIpeAelisieM MoTepu Hanpsbkenus, AU, mpo-
LEHT

a) 11 CBeTUJIbHUKA |
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k/,=/0,¢/ ! fo=8 7

=240 Br /—3=605?‘

~ 200-P-I U - 200-(P,-1,+P,-(1,+1,))  200-(240-10+60-(10+8))
y-S-u2 T AT v-S- U2 B 48-1-127°
0) nst ceeTwibHUKA |

=09

—

10y S LGy 2 4-/O4 X

Zr20BT  R:100 By /%60 BV

_200:(Py-1,+Py- (I, +15)+P, - (2-1,+15)) _ 200-(120-10+120-(10+4)+60-(2-10+4))

U
AT v-S-U? 48-1-127°

=11

BeiBoa: IloTepu HanpsKeHUS HA y9aCTKE CETH OCBEIICHUS HAXOIATCSA B JIOITYCTH-
MBIX IIpEaeIIax.
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6 OmnpenesieHHe pacuyeTHbIX TOKOB W BbIOOP Ka0eJs NpuU
rpynnoBoH MpoKJIAJAKe

CynoBbie KabebHBIE TPACCHI IPEICTABIIIOT CO00M, KaK MPaBUIIO, ITyYKH KaOeIeH.
[Ipu pacnosioxxeHnu kadenel B MydyKax MO0 CPAaBHEHUIO C OAMHOYHOM MPOKIAIKOW Kax0-
ro Kabens MPOUCXOAUT 3HAYUTENIbHOE YXYAIICHHWE YCIOBUHA MX OXJIaXKICHHUS, TaK Kak
YMEHBLIAETCSl BEJIMYMHA MOBEPXHOCTHU Kabess, HEMOCPEACTBEHHO CONpHUKAcaromascs C
okpyxatomei armocepoit. Hapsiay ¢ 3TuM mpu mydkoBOH MPOKIATKE MPOUCXOIUT Kak
Obl B3aMMHBII noforpeB kademneit. [lo aTuM npuyrHaM TeMriepatypa HarpeBaHus KalerneH,
IPOJIO’KEHHBIX B ITy4KaX, OOBIYHO BBIIIE, YEM MPU OJAMHOYHOM Mpokiaake kadeneil. Ta xe
npoOJieMa BO3HUKAET P IPOKIaaKe Kabenei B TpyOax u B xKeao0ax.

Bo wuzbexanue mneperpeBa kabeiield CBEpX TOMYCTUMOW TEMIIEPAaTypbl, HOPMBbI
Harpy3ku kaleseil B mydkax JIOJDKHBI ObITh HUXKE HOPMBI JUIsl OJJMHOYHBIX KaOenei. [o-
ATOMY pacueT pabouux TOKOB IPH IyYKOBOW MpOKJIaake Kadenei (B TpyOe, B xkemnobe)
MPOU3BOJAT CIEAYIOLIUM 00pa3oM:

- Omnpegensitor pabounii Tok Kabens;
- IlepecunThIBAIOT ATOT TOK C yueToM K03 duuneHToB Ki 1 ko
loacy = kIP‘—Ali 1 (35)
1 2
rae Ipap — IEUCTBUTEIBHBINA PACUCTHBIN TOK, IPOTEKAIOIIMK 110 Kabemto, A;

K1 — K03 GUIMEHT, YUUTHIBAIONINI YMEHBIICHHE JOMYCTUMON HArpy3Kd KaOels mpu
npokiaake B Tpyoe (ki=0,8), B sxemobe (k;=0,85), B myuke (ogHOpsaHOM k1=0,9,
nByxpsiaHoM ki1=0,8, Tpex- u 6onee psgaom ki1=0,6);

Ko — k03¢ hUIIMEHT, YIUTHIBAIOIINI BpeMsi padOThI KaOels B CyTKH

=2 (36)

rae t— cyMMmapHoe Bpems paboThl KaOess Mo/ Harpy3Koi B 4acax 3a CyTKHU.

B OonbmmHCTBE ciiyyaeB KaOelbHbIE MYYKH SIBJISFOTCS CMEIIAHHBIMH, TO €CTh
MMEIOT HArpyKEHHbIE M MaJIOHArPY>KEHHbIC KaOelu, MOITOMY MaJIOHArpy>KeHHBIE - pac-
MoJIararoTCsl BHYTPH MMy4yKa, HAarpyKEHHbIE OJIMKE K Kparo.

[Tpouseenenue ki-K, 10JKHO OBITH MEHBIIIE SUHUIIBI HJTH PABHOW €il B Ipesere.
[Ipu k1'K2 paBHOM €JMHHIIE BHIOOp cedeHUs KaOels Mpu OJMHOYHOW M MYyYKOBOM MpO-
KJIQJIKE MPUHUMAETCS OJIMHAKOBBIM.
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7 Bb10Op ¥ NpoBepKa anmnapaToB 3alUThI

Hanéxnas pabota 110000 37€KTpOyCTaHOBKU MOJTHOCTBHIO 3aBUCUT OT MPABUIIBHO-
ro BbIOOpa MPUMEHEHHBIX B HEH 3JIEKTPOAIIIapaToB.

Br16op ammapaToB MpOW3BOAUTCS MO TEXHUYECKHM YCIOBHUSM Ha UX TOCTaBKY,
Karajoram H crnpaBouyHukaMm. HeoOxomumo yOeauThCsi, 4TO JaHHBIA anmapatr yJOBJIETBO-
pser tpedboBanusM [IpaBun Mopckoro Peructpa mo yciaoBusiM 3KCIulyaTauuu (Temiepa-
Typa OKpYy>Karouledl cpenbl, BIAKHOCTb U T.H.), KOHCTPYKTHBHO COOTBETCTBYET MECTY
YCTaHOBKH, COOTBETCTBYET HOMHUHAJIBHBIM MapaMeTpaM 3JEKTPOYCTAaHOBKH (pOJa TOKa,
HalpspKeHue, yactoTa). [Ipu ycraHOBKE JaHHOIO ammapara B CXeMy HEOOXOAMMO, YTOOBI
€ro HOMUHAJIbHBIE TAPaMETPbl COOTBETCTBOBAIU pabOuuM

UH e UPAE’ (37)

IH ke IPAE’ (38)
rae Uy, Iy - COOTBETCTBEHHO, HOMUHAIBHBIC HAMPSHKEHUE U TOK HArPY3KH anrmapara;
Upas, lpas - pabodee HanpsKeHUE W TOK HArpy3KH arapara B JaHHOW CXeMe BKJItoue-
HUSL.

CobOmonenue ycnoBus (37) HeoOX0AUMO BO M30€KaHUE BIEKTPUUECKOTO MPOoOOos
M30JSIIMN anmnapara, a BeIMOJIHEHUE ycioBHs (38) HeoOX0IMMO BO M30€KaHHe Meperpena
anmnapara. Paboune HanpsKeHUs] U TOKH ONPEEISIIOT Ha OCHOBAaHUM pacuéra dJeKTphye-
CKOH CXEeMbI, B KOTOPOM OHHM yCTaHaBJIMBAIOTCS, @ HOMUHAJIbHBIC HAIIPSDKEHUS M TOKH all-
NapaToB NPUHUMAIOT U3 KaTaJOroB. 3allUTa CeTel AIEKTPOIHEPTUN OOBIYHO OCYIIECTBIISA-
€TCsI IO OT/IEIbHBIM yYacTKaM, C 3TOU LENbI0 CTPOUTCS CXE€Ma 3allUThl CUJIOBON CETH pac-
IpeJIeJIeHNs JIEKTPOIHEPTUN OT TOKOB MEpErpy3Ku U KopoTkux 3ambikanuu (K3). Ha oc-
HOBAHHUM OJHOJIMHEWHOMN CXEMbl pAaCIpeAEICHUs JIEKTPOIHEPTUN CTPOUTCS CXema 3alllu-
ThI, B KOTOPOH YYUTHIBAIOTCS BCE BO3MOXKHBIE YIACTKH 3aIIUTHI.

rem| B

G >  QF1 t, o QF4 —— M2
. N

QF3 s N

ars |—(x)

QF1 - renepaTopHbIii aBTOMaTHUYECKUI BhIKItOUarensb (cepus BA74, 1=0,18; 0,38;
0,63; 1,0 cexynanl); QF2, QF3 - celekTuBHBIE aBTOMATHYECKHUE BBIKIFOYATEIH (Cepus
A3700Cp. t=0,1; 0.25; 0,4 cexynnsl); QF4, QF5 - ycTaHOBOYHBIC aBTOMATHYECKUC BBI-
kirovatenu (cepun A3700bp, AKS0, AC25. t=0,04 cexyHbl).

Pucynok 3 - Cxema 3allUTHl CHJIOBOM CETH pacTpeeiCHUS 3JEKTPOIHEPTUU OT
TOKOB neperpy3ku u K3.

OmHUM U3 OCHOBHBIX TPEOOBAHUH, MPEIBABIAEMBIX K 3aIUTE, SIBIIICTCS €€ CEICK-
TUBHOCTb, TO €CTh B MOCJICTHIOI OYEPEIb JOJDKEH OTKIFOYUTHLCS ammapar ONMKalImii K
WMCTOYHHKY MMUTAHMS, TAKUM 00pa30M, TODKHO COOII0IaThCS YCIOBUE

t1>(t2 = t3)>(t4 = ts)
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Hanpumep:
1 ¢>0,4 ¢c>0,04 ¢

Opnnako, HE Bcerja MOIIHOCTb, a 3HAYUT U paboure TOKU MO3BOJISIOT YCTAaHOBUTH
CCIIEKTHBHBIC aBTOMAaTHYCCKUE BhIKIOYaTean Ha ydacTkax «['PII — MI» u «'PIL[ — P11y,
B 9TOM CJIy4yae, OCHOBHBIM YCJIIOBUEM CTAaHOBHUTCS HAJEKHOCTh 3AIIUTHI U JOMYCKACTCS
yCTaHOBKa OBICTPOJICUCTBYIOIINX aBTOMAaTUYECKUX BBIKJIFOYATENCH. ABTOMATHYECKHUE BhI-
KJIrouarenu Beiouparorces no [punoxenuro XK.

1. BeiObupaeM aBTOMaTHUECKUI BBIKIIIOUATENb Ha ydacTke «reHeparop — ['PII» u3
ycioBus (38)

IH.P. 2 IPAB
re lyp. - HOMUHAJIBHBIN TOK paclienuTens, A;
Ipap - paboumii TOK JAHHOTO YYacCTKa JICKTPUICCKOMN ceTH, A.

Bribupaem no Ilpunoxxkenuto A aBToMaTWyeckuil BbIKIIOYaTens cepun BA74 co
CIEAYIOIIMMUA HOMUHAIBHBIMU JaHHBIMU:
- |1 B. - HOMUHAJIBHBIN TOK BBIKITIOYATEINS, A
- ly 1 - IpenensHO TOMyCTUMBINA YAAPHBIN TOK KOPOTKOTO 3aMBIKaHUS, KA
1°t - TepMHUYECKas yCTOMYMBOCTH aBTOMATUYECKOTO BBIKIIIOUaTeN . Ac;
I - nelicTByIOIIEE 3HAUECHUE TOKA KOPOTKOT'O 3aMbIKaHUs, KA.

OmnpenensieM TOK TporaHus pacuenures, lrpp, A
lrpp, =Ky Lipps (39)
rie K, - KpaTHOCTB TOKa, MPOTEKAOIIETo Yepe3 PacIeUTelb, TOKa3hIBACT 30HY KOPOTKO-
ro 3aMbikanus (K3).

KpatHocTh TOKa Ky [Isi aBTOMaTHYECKUX BBIKJIIOUATENICH OCHOBHBIX CEPHid Clie-
AYIOLLIAS:

BA74 — k,=2+8

A3700Cp — ky=2+10

A3700bp, AK50, AC25 — k;=10

2. BeiOupaeM aBTOMaTHYECKHI BhIKIIOUaTesb Ha yuactke «[ PI — MI» u3 ycio-

BUS
IH.P. 2 IPAE

Bribupaem no npuiioKeHUI0 aBTOMATUYECKUN BBIKIIIOUATENb CO CIEAYIOLIUM HO-

MUHAJIbHBIMU JAHHBIMH:
lng., lyon, THII pacuenuTens
OmnpenensieM TOK TporaHus pacuenutens, lrpp, A
LT

[IpoBepsieM aBTOMATUYECKHA BBIKIIFOYATEh 10 yciaoBuio (40) ¢ 1enbro uckiroue-

HUS JIO)KHBIX cpadaThIBaHUI MpU OpOCKaxX MyCKOBOTO TOKA.

ITP.P. >12- Ir[.z[.l (40)
[TyckoBo#t TOK ABUTATENS OMpeiesieTcss U3 (hopMyIibl
In.z[. = (5+7)' IH.JJ.’ (41)

Ecmu ycnoBue (40) BBITIONHSIETCS, TO JIOKHBIX cpabaThIBaHUN MpU OpocKax myc-
KOBOT'O TOKa HE OyJIeT.

Aptomatnueckue Beikmouatenn QF3, QF4, QF5 BrIOuparoTcs aHAJOTHYHO, CO-
TJIACHO TIOPAJIKY, YKa3aHHOMY B TTYHKTE 2.
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ITPUMEP PACUKETA

t, Ipap=38 A
Pl = A PyzieBas
(_\\ t QF2 —vanmma ty
G — QF1 ¢ Pl )
N . QF4 LBeHrnm[Topm
Ipas=375 A QF3 ts MO
IPAB:S9 A QFS -“-JI

Ipar=8 A

QF1 - aBromaTmueckmii BeIKIIOUaTeab BA74; QF2, QF3 - aBTOMaTHYCCKHUE BBI-
kmouarenu A3700Cp; QF4, QF5 - aBromarmueckume Bbeikimtouatenn A3700bp, AKSO0,
AC25

t, =1c)(t, =t,)=0,4c)(t, =t,)=0,04c
PucyHok 4 — Cxema cenekTuBHOCTH 3amuThl COIC
1. BeiOupaem aBTOMaTHUecKuil BeIKITIOUaTeNb Ha yuactke «I enepatop G — I'PIL»
IH.P. 2 IPAE
l,, =625 A;  |,,=575 A
625575

BriOupaem aBTomaTmdeckuii BhIKIIOUatelb BA74-40 co ciaeayronuMu HOMH-
HaJIBHBIMU JaHHBIME: |13 =800 A; lyy =110 kA; 12t=1300-10° A%c; I;=45 KA.

OmnpenensieM TOK TporaHusi pacuenuress, lrpp, A

lipp =Ky - Ly,
lpp =5-625=3125

OnpenensieM KOJIMYECTBO aBTOMATHYECKUX BBIKIIIOYATENICH W JJaHHbIE 3aHOCUM B
BEIOMOCTh ABTOMATUYECKUX BBIKIIOUATEIEH.

2. Boibupaem aBTOMaTH4YeCKUil BhIKItouaTenb Ha yudactke «['PI - pyneBas ma-
IMHA»

I, =40 A; 1,,=38 A
40A)38A

Bri6upaem aBromaruueckuii Beikimodaresb A3724Cp co cienyonumM HOMUHATb-
HbIMU TaHHBIMU: |y =80 A; lyy =15 kA; IIITPK

OmnpenensieM TOK TporaHusi pacuenurens, lrpp, A

Lpp =9-40=360

OmnpenensieM MycKOBOM TOK, I, A.

In.zx. =5+, (Tp5)
I, =6-38=228

CpaBHUBaeM IyCKOBOM TOK JBUTaTeNsl ¢ TOKOM aBTOMAaTHYECKOTO BBIKIHOYATENS

BO M30€KaHUE JIOKHBIX CpabaThIBAHUM MPU MTYCKE TI0 YCIOBHIO
ITP.P. >212- In.n.
380)1,2-228=2736

KonuuectBo - 1mT. JlaHHBIE 3aHOCUM B BEJIOMOCTh aBTOMAaTHUYECKUX BBIKJIIOUATE-
JIEH.

3. BeiOupaem aBTOMaTHuecKuil BhiKiIrOYaTeNb Ha yuactke «I PII-PII»
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l,, =63 A; 1,,=59 A
63A)59A
Bri6upaem aBromatuueckuil Beikitouaresb A3724Cp co cienyonuM HOMUHAIb-
HbIMH aHHBIMU: I =80 A; lyy =15 kA; IIITPK
OmnpenensieM TOK TporaHus pacuenurens, lrpp, A
Lipp =8-63=504
OmnpenensieM MMyCKOBOM TOK, I, A
I, =5-59=295
CpaBHUBaeM IyCKOBOM TOK JBHUTaTeNsl ¢ TOKOM aBTOMAaTHYECKOTO BBIKIIFOYATENS
BO M30€XaHUE JOKHBIX CpabaThIBAHUU MPU MTyCKE
504)1,2-295 =354
KomnyectBo - 1mt. /[aHHBIE 3aHOCUM B BEAOMOCTh aBTOMATUYECKHUX BBIKIIOYATE-
JICH.
4. BpiOupaeM aBTOMaTHYECKHI BBIKIIOUaTeNlb Ha ydacTke «PIIl - BeHTUIATOPHI
MOy
lp, =10 A; 1, =8 A
10A)8A
BriOupaem aBroMatnueckuii BeikiItouaresb AK50-3M co creayromuM HOMUHAIb-
HbIMU JaHHBIMU: iy =50 A; lyg1=9 kA; I=5 KA.
OmnpenensieM TOK TporaHus pacuenurens, lpp, A
Iy, =10-10=100
Omnpenensaem mycKoBo ToK |y, A
Iy, =7-8=56
CpaBHUBaeM IyCKOBOM TOK JBHUTaTeNsl ¢ TOKOM aBTOMAaTHYECKOTO BBIKIIFOYATENS
BO M30€XaHUE JOKHBIX CpabaThIBAaHUM MPHU MTyCKE
100),2-56=67,2
KomnyectBo - 2 mt. /laHHbIC 3aHOCUM B B€JOMOCTh aBTOMAaTHYECKUX BBIKJIHOUATE-
JICH.
Bce aBTomMaTHueckue BBIKITIOUATENIN MTPOCKTUPYEMOIN SHEPTrOCUCTEMbI BHIOMPAIOT-
Cs aHAJIOTMYHO, JaHHBIE BHIOOpA 3aHOCATCS B BEAOMOCTh aBTOMAaTHUYECKUX  BBIKJIFOYATE-
JIel, npuBeieHHY10 B [Ipunoxenun U.
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8 Pac4éT TOKOB TPEX(PA3HOr0 KOPOTKOI0 3aMbIKAHUA METO-
JOM PACYE€THBIX KPUBBIX

PaccMoTpum pacd€Tr TOKOB KOpOTKOro 3aMbikaHus B COOC nepeMeHHOro ToKa co
CJIeIYIOIUMU UCXOAHBIMH AaHHBIMH: COOC yKOMILJIEKTOBAHA YETHIPbMSI F€HEpaTOpaMu
cepun MCK 92—4, P=100 xBt, U=400 B.

Pacuér TOKOB KOPOTKOTO 3aMBIKAHUSI HAUMHAIOT C COCTABIICHUSI HCXOAHON CXEMBbI
CDO3C. B 3Ty cxeMy BKJIIOYAIOTCS BCE AIUTENBHO MapajuiesIbHO padoTaIolUe TeHePaTOphl
C YKa3aHHUEM UX THUIIOB, MOITHOCTEH U IPYTHX OCHOBHBIX JAHHBIX, IPUBEIEHHBIX B HCXO/I-
HBIX JIaHHBIX U B npuiiokeHusix A u b (To ectb Bce reneparopsl COIC 6e3 pe3epBHOTO).
Ha cxeme yka3piBaeTcsl JJinHa KaOemsl, €ro CEYEHUE U KHIBHOCTh, THII aBTOMAaTHUYECKOIO
BBIKJTIOYATENS, IO HEOOXOAUMOCTH, THI IIMH TPaHC(HOPMATOPOB TOKA, HANPSKEHUS U BCE
aHAJOTMYHBIE AIIEMEHTBI, CONPOTUBJIEHUS KOTOPHIX HEOOXOANUMO YUUTHIBATD.

Paccrosiune ot reneparopa ao I'PII] nmpuBOauUTCS B COOTBETCTBUM C MCXOJIHBIMU
nanabiMu. Pacctostnue ot ['PII 10 BO3MOXXHOM TOUKM KOPOTKOI'O 3aMbIKaHUsI Ha KaOere
MOTpeOUTENS] MPUHUMAIOT JJI CPENHUX U KPYNHBIX cyAoB 1015 mMeTpoB, nis Maibix cy-
noB 5+10 metpoB. Ha pucynke 5 npuBenéH npuMep UCXOIHON CXEMBI ISl pacyéTa TOKOB
KOPOTKOT'O 3aMbIKaHHUS

P=100 kBt I'PII
S=125 xB K31 K32
U=400 B ] OF1 OF4
n=1500 22 Gl
MUH B 15 M | 15m KHP 3x1,5 mm?
OF2
G2
KHP 3x70 mm?
OF3
G3

G1 — G3 — cunxponnsie reHeparopsl cepun MCK 92—-4; QF1 — QF3 — aBromaru-
yeckue BbIKIouatenu cepuu BA74-40; QF4 — aBTomMaTHYeCKUil BBIKJIIOYATENb CEPHUH
A37-76 bp

Pucynoxk 5 — Mcxonnas cxema miis pacuéra

Ha cxeMy HaHOCATCS IpeAnoJiara€Mbleé TOYKA KOPOTKOTO 3aMbIKaHUS C TaKuM
y4€TOM, 4TOOBI OBUTM MPOBEPEHBI BCE 3aAIIMTHBIC KOMMYTAIIMOHHBIE amnmapatsl. [Ipu ma-
pajuIeTsHOM paboTe ABYX U OoJiee TeHEPATOPOB, MPOBEPKY UX aBTOMATHYECKUX BBIKITIOYA-
TeJled HaJ0 MPOU3BOAUTH MO TOKY KOpPOTKOro 3ambikaHusg Ha mmHax ['PII, touka K1,
TaKX€ MOKHO IMPOBEPUTH CEKIIMOHHBIMU BBIKJIFOYATEISIMA. ABTOMAaTHUYECKHE BBIKIIIOUATE-
mu Ha kabensx, orxonsamux ot ['PII, mposepstor B Touke K2, koTopyto pacmonaraior Ha
paccrossHuM 5+10 MeTpoB, Kak OBUIO YKa3aHO BbIIIE, MO JIMHE Kabens. Takxke e€ MOXKHO
PAcCIIOJIOKHUTh Ha BBIXOJHOM 3aKMME aBTOMAaTHUECKOTO BhIKItouarenss QF4. 3toT aBToma-
THUYECKUM BBIKJIIOUATENIEN PaCIIONOKEH Ha pacnpenenuTenbubix cekuusax [P, nHaxonut-
Csl TIOJ] IGCTBUEM TOKOB KOPOTKOTO 3aMBIKAHHUS BCEX MapalijIeIbHO paboTaomMuX reHepa-
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TOPOB, TO €CTh y HEro Hambojee TspKENble yciaoBus paboTel. Ha ocHOBaHMM HCXOAHOM
cxembl CODC cocTaBisieM pacu€THYIO CXEMY I OMpeAesieHUs TOKOB KOPOTKOTO 3aMbl-
KaHUsl, TPUBEAEHHYIO Ha pUCYHKE 6. B He€ BKIIOYAIOTCSI CBEPXIIEPEXOAHBIE CONPOTHUBIIE-
HUSl U aKTUBHBIE COMPOTUBIIEHUSI OOMOTOK CTaTopa reHepaTropa, TAKKe BCE JIPYTrue aKTHB-
HbI€ U PEAKTUBHBIC COMPOTUBIICHUS 3JIEMEHTOB CXEMBI.

Xd.1 Ral Xkl Rkl Xbl Rbl Xk4 Rk4 Xb4  Rb4

_FV\_|:|_FV\_|:|_FV\_|:|_

Xd,2 Ra2 Xk2  Rk2 Xb2  Rb2

_FV\_|:|_FV\_|:|_FV\_|:|_

Xd,3 Ra3  Xk3 Rk3 Xb3  Rb3

_FV\_|:|_FV\_|:|_FV\_|:|_

Xd+, Ra — peakTHBHOE CBEPXIIEPEXOIHOE U AKTUBHOE CONPOTHUBJIEHHS OOMOTOK
craropa; XK”, RK — peaktuBHOEe M akTHBHOE compoTtuBieHus kabeneit; Xb”, Rb — peak-
THUBHOE U aKTHBHOE COMPOTUBJICHHUS aBTOMATHUYECKHIX BBIKITFOUATEIICH.

PucyHok 6 — Pacuérnas cxema

HcxoaHble TaHHBIE TT0 COITPOTUBIIEHUAM ITpuBeAeHbI B npuioxenusax K, JI, M u H,
BCE JIaHHBIC HEOOXOJMMO MPEABAPUTEIHHO MPUBECTH K OA3UCHBIM YCIOBHSAM. 3a Oa3uc-
HYI0 MOIIIHOCTb NMPUHUMAETCA CyMMapHasi MOIIIHOCTh BCEX T€HEPaTOpPOB CXEMHI, a 3a Oa-
3UCHOE HANPSDKEHUE — HalpsKeHUE re’eparopa. i onpeneneHus TOKOB KOPOTKOTO 3a-
MBIKaHUSI HEOOXOJUMO 3HaTh TMOJIHOE (PKBUBAJIEHTHOE) compoTtuBieHue. [loatomy pac-
YETHYIO CXeMY HEOO0XO0JUMO MpeoO0pa3oBaTh OTHOCUTEIHHO KaXKJ0M 3aIaHHOM TOYKH KO-
POTKOTO 3aMBbIKaHHS.

ITOPSAJIOK PACUETA
CTporM HCXOJHYIO M PAcCUETHYIO CXEMY IS pacdyéTa TOKOB KOPOTKOTO 3aMbIKa-
HHUS.
1. Omnpenensem 6a3MCHYIO MOIIIHOCTh T€HEPATOPOB, S, KBA

Sp = Z St Hom> (42)
i=1

I'71€ Srnom — HOMUHAJIbHASI MOITHOCTH F'€HEepaTopoB, KBA;
N — KOJIMYECTBO FEHEPATOPOB UCXOJHOM CXEMBI, IIT.

S, =Y125=375

i=1
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2. IlpuHuMaem 0a3WCHOE HAIPSKECHUE PaBHBIM HOMHHAJIBLHOMY HAIPSKEHUIO T'e-
Hepatopa, Ug, B
Us=400
3. OmnpenensieM 0a3UCHBIN TOK, |5, A

=2

_ b
V3-U,’

. ~375-10°
" J3-400

4. Tonb3ysacek [lpunoxenusmu K u JI onpenensieM akTUBHOE U MHAYKTUBHOE CO-
MPOTUBIICHUsI 0OOMOTOK cTaropa reueparopa, Ra, Om, u Xd-, o.e.
Ra=0.0303
Xd-=0,176
5. OmpenensieM akTUBHOE M WHAYKTHBHOE COMPOTHBIICHUS Kalesel, Mmoib3ysch
npuioxenueM B. 3Hauenue comnportuBinenus u3 [lpunoxenus M HeoOXoguMo mnepecuu-

(43)

=5413

OMm
TaTh, TAK KaK OHU MIPUBEJICHBI B — 10 (hopMyIie
KM

Rk - (XK ) L
1000 (44)
JlanHble 3aHOCATCS B Tabnuiy 14
Tabmuma 14
Y4acTok cxeMbl neMeHT JlnuHa, M CequHez R, Om X, Om
CXEMBI KU, MM
I"'eneparop — I'PII] Kabeip 15 3x70 0,00464 0,00114
I'PIIl — moTpebuTenn kabeip 15 3x1,5 0,2160 0,00165

6. OmpenensieM aKTUBHOE U MHAYKTHBHOE COMPOTUBIICHUS aBTOMATUYECKUX BbI-
KJtouarened, nons3ysach [punoxennem H. 3Hauenus conpoTuBieHus B TaOJIUIlEe MPUBE-
neHsl B MOM, OATOMY JaHHBIE HeoOxoauMo pazaenuth Ha 1000. JanHbie 3aHocuM B Ta0-

nuiy 15.
Tabmuua 15
Y4acTok CXeMbl OmemeHTEI cxe- | Tun asTomarmie- lup, A| lup. A| lvon, A R, Om X, Om
MBI CKOI'O BBIKJIFOUATCIISL
Teneparop_TPII]| A FTOMATHHICCKHi BA74-40 190 | 800 50 | 0,00017 | 0,00014
BBIKJIFOUATCIIb
TPI- | ABTomMaTmieckud) ) 3700 20 | 25 | 10 | 001015 0,0038
HOTpe6I/ITCJ'IL BBIKJIFOUATCIIb

7. TlepecunThiBacM CBEpXIEPEXOHOE HWHAYKTHBHOE COIMNPOTHBIICHHE CTaTOpa,
Xd+", 0.e., M0 OTHOIIEHUIO K Oa3MCHBIM yCIOBHSIM

Xd, =Xd' S—B,
I

3
Xd. = 0,176% =0,528
125-10

(45)

8. MHIyKTUBHBIE M aKTHUBHBIE CONMPOTUBIEHUS, NpUBeAEHHBIE B OM MEepPECUUTHI-
BAaE€M B OTHOCHUTENbHbIE EAUHUIIBI 110 (GOopMyIie
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B*:B%,

b
rae B« - nepeBe€HHas BeIMYMHA B OTHOCUTENIBHBIE €IUHUIIBI, O.€.;
B — nepeBoaumast Benuunna, OM.
8.1 OmnpenensieM akTUBHOE COMPOTUBIIEHUE OOMOTKH CTAaTOPA, I'*, 0.€., o hopmysie

(46)

(46)

3
510 071
00

R. =0,0303

8.2 OcranbHbIe aKTUBHBIC U MHAYKTUBHBIE COIPOTUBICHUS Kabeleld U aBTOMAaTH-

YECKUX BBIKITIOYATENICH MePECUNTHIBAEM aHAJOTUYHO MO dopmyre (46) naHHBIC pacuéToB
3aHOCHUM B Ta0uIy 16.

Tabmuma 16
Ra-, o.c. Xax”, RKk1x, XK1+, Rb1x, Xb1x, Rk4+, Xk4~, Rb4«, Xb4«,
0.C. 0.C. 0.€C. 0.C. 0.C. 0.€C. 0.C. 0.C. 0.cC.
0,07102 | 0,5280 | 0,01088 | 0,00267 | 0,0004 | 0,00033 | 0,50625 | 0,00387 | 0,02379 | 0,00891

9. Ompenemnsiem obmee aktTuBHOE , R1+, 0.¢., m mHAYKTHBHOE, X1*, 0.€., COTPOTHUB-
JIEHUsI TEHEPATOPHBIX BETBEU
[TonHas MomHOCTH | reHeparopa paBHa MOIIHOCTU 2 M 3 T€HEPATOPOB, MOITOMY
MX aKTUBHBIE U PEAKTUBHOE IOJHOE COITPOTHUBIICHUE PABHBI
R1. =Ral, + Rkl, +Rbl,, (47)

X1, = Xd,. +Xkl, + Xbl., (48)
CymMMapHbie 3HAYCHHSI aKTUBHBIX W WHIYKTHBHBIX COINPOTHBICHHA OCTATHHBIX
TCHEPATOPOB PaBHBI MEXTY CO00
10.Ompenensem oOmiee akTuBHOE, R4+, 0.€., 1 HHIYKTUBHOE, X4+, 0.€., COPOTHUB-
nenue BetBu norpedurenet ['PUI-TI
R4. = Rk4. + Rb4., (49)
X4, = Xk4, + Xb4,, (50)

11. lannble, moaydeHHbie B myHKTax 9 u 10 cBogum B Tabauiy 17 u npeodpaszyeM
PACUYETHYIO CXEMY, IPUBEIEHHYIO HA PUCYHKE 6 B CXEMY ITOKA3aHHYIO Ha pPUCYHKE 7

Tabnuna 17
R1+ o.e. X1+ 0.e. R4, 0.e. X4+, 0.e.
0,53928 0,07402 0,50331 0,01278

35




PHL/ 1 K2

X1~ Rl X4+« R4

_FY\_|:|_

X2«  R2«

_FY\_|:|_

X3« R3«

_/V\_|:|_

PucyHok 7 — Pacuérnas cxema
12.T'eneparopbl pabOTaIOT MapalieabHO, MO3ATOMY IIPU pacy€Te TOKOB KOPOTKOTO
3aMbIKaHUs AeKTpoBrkyIre cuibl (DJC) Bcex mapamwienbHo padoTaronmMX reHepaTo-
POB MIPUHUMAIOTCS OJJUHAKOBBIMU
E1:E2=E3:E, (51)
rae E; — 3/1C nepBoro reneparopa, B;
E, — 5J1C BTOporo reneparopa, B;
E3; — 3J1C Tperbero reneparopa;
E — obmas 5/1C, B.
[Toatomy BeTBU X1+, R1x, X2+, R2x u X3+, R3+ OKa3pIBaIOTCS BKIIOUYEHHBIMU TIa-
pasuiesibHO. 3aMEHsIEM 3TH BETBHU OJIHOM U MpeoOpa3yeM pacu€THYIO CXeMy, MOKa3aHHYIO
Ha PUCYHKE 7 B CXeMY MPUBEACHHYIO HA PUCYHKE &

IPHL/ 1

X1,3» R1,3«

Pucynok 8 — Pacuérnas cxema

13.Tak kak Bce reHepaTopsl ogHoTHIHBIC. To 3HaUeHUS X1+, R1x, X2+, R2x 1 X3+,
R3+ mpakTryecku 0IMHAKOBBIC, U METO TPOBOAMMOCTH MOYKHO HE IPUMEHSTh, & BEJTNYU-
HBI 9KBUBAJICHTHBIX COMPOTHUBIICHUNA OMPEICIUTh CIICAYIOMNM 00pa3oM

R13. = R31* , (52)
R13, = 223928 _ 017976

X13. = X;* : (53)
x13. = 297492 _ 6 02467
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14.OnpenensgeM MOJIHOE PE3YNbTHpYIOLEE aKTUBHOE, Rp=, 0.e., U pEaKTUBHOE,
Xp+, 0.€., CONPOTUBIICHUSI TEHEPATOPHOU BETBU

Rp~=R1,3+, (54)
Rp~=0,17976

Xp+=X1,3+, (55)
Xp~=0,02467

15.1Tpumeuanue: Ecnu reHepatopsl HE OJJMHAKOBBIE, TO PACYET MPOBOAUTCS METO-
JIOM MPOBOIUMOCTEN

15.1 OnpenensieM TPOBOJAUMOCTH aKTUBHYIO, (lx, 0.e., M peakTuBHYyIO, Bl+, O.€.,
IE€HEPATOPHBIX BETBEN

R1?
=X (56)
X1?
Bl = R axi’ (57)
01,2,3x=q1l++q2++q3+=3q1~, (58)

Bl,2,3-=B1++B2++B3+=3B1+,
15.2 OnpenernsieM MOTHYIO TPOBOAUMOCTB, ¥ 1,2,3+, 0.€., SKBUBAJICHTHOM IETIH
V1,23, =4/q1,2,37 +81,2,32, (60)

15.3 Ompenensiem aktuBHOe, R1,2,3+, o.e., u peaktuBHOE, X1,2,3+, 0.€., COIPOTHB-
JICHUSI DKBMBAJICHTHOM IEITH

(59)

ql,2,3.

R1>293* = yl 2 32 s (61)
Bl,2,3.

X1,2,3, = V123’ (62)

15.4 Onpenensiem pe3ynbTHpYIOIEE aKTUBHOE, Rp+, 0.€., U peakTuBHOE, X+, 0.€.,
COTNIPOTHBJICHUS SKBUBAJICHTHOM 1ernu 1o ¢popmyiam (54) u (55)

16.ITpeoOpasyem pacu€THyO cxeMy, NMPUBEAEHHYIO Ha PHUCYHKE 8, B PacUETHYIO
cXeMmy, MOKa3aHHYI0 Ha PUCYHKE 9, HAXOJIUM TIOJTHOE COMPOTHBICHUE, Zp 1=+, 0.€., NI TOU-
ku K1

IPUL/ 1
Xpl+~ Rpl-

Pucynoxk 9 — PacuéTtHas cxema
Zpl, = \/Rplf + Xplf ,
Zpl. = \/0,179762 +0,02467° =0,18144

17.C nmomoipo rpadguka 3aBUCUMOCTH ynapHOTo kodddunmenta, Ky, oT coort-
Xp

(63)

HOLLIEHUS, R’ npuBenéuHoro B [Ipunoxenun I1, onpenensem yaapubiit koddduimmeHTt
1Y
Xpl.
: (64)
Rpl.
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0,02467
0,17976
Ky, =101
18.I1onp3ysich rpadukoM pacyETHBIX KPUBBIX, MpUBEAEHHBIM B [Ipunoxenun P,
ONpeaeNsieM NMEPUOANYECKYI0 COCTABISIONIYI0 TOKAa KOPOTKOTO 3aMbIKaHHUS B CJIEIYIOLINE
MOMEHTHI BpemeHu, t, c: 0,0; 0,01; o
- lo — Tox B MomenT Bpemenu =0 c, u3 rpaduka lp=5,5 o.e.;
- loo1 — Tok B MomenT Bpemenn t=0,01 ¢, u3 rpaduxka lop1=4,4 o.¢.;
- |, — TOK B MOMEHT BpemeHu t=o ¢, u3 rpaduka l..=3,7 o.e..
19.0mnpenensem ynapHbiii TOk reHeparopa, lyyr.ix o.e., 11 Touku K1

IV}I.F.l* :‘/5 ) (10,01 +1, '(KV):[ _1))> (65)
Lypre =2 (4,4+55-(L01-1)= 6,3

20.OmnpenensieM NOTHOE COMPOTUBIICHHUE ABUTATENS, Z 1, O.€., 11 Touku K1

=0,13723

ZI[BI =7 ) (66)

rae Ki — kpaTtHoCTh myckoBOro Toka, Kn=5;
S8 — MOIITHOCTD JABUTATEIS, ONPEIEsieTcs Mo 3arpy3Ke reHepaTopa.

1 357
=—.——" _=0267
BL50,75-357

21.TlepeBoauM NEHCTBYIOIIUN YIAApHBINA TOK reHeparopa, lyjri+ U3 OTHOCUTEINb-
HBIX €IMHULI, 0.€., B aMIepbl, A
|w:[.r.1:|yzx.r.1*‘|13, (67)
lynri1=6,3-541,3=3410,19
22.0OnpenensieM IEHCTBYIOIIEE 3HaYCHHE TOKOB SKBUBAJICHTHOTO IBHTraTend, lygi,
o.c., 11 Touku K1

L =5 (69)
JIBlI — — »
ZIIBI
rae E — npotuBo-2J1C oOMoTku craropa apurarens, E=0,9
0,9
I, =——=337
BL0,267
23.0OmnpenensieM yaapHsiid ToK, lyy, A, ¢ yuérom noanutku, 1t Touku Kl
Iym = \/E'IB '(10,01 +1, '(Kya _1)+IILB1)) (69)

Ly =2 5413 (4,4+5,5-(1,01-1)+3,37) = 59723
24.OnpenensieM 3Ha4YCHUE YCTAHOBUBIIIETOCS TOKA, lo, A, 1y Touku K1
L=v2 1 (1, 41 - (Kyy = 1)+ 1) (70)
1, =+2-5413-(3,7+5,5-(1,01-1)+3,37) = 54380
25.0HPGJICJ'I${€M ITIOJIHOC aKTUBHOC U I/IHJIYKTI/IBHOC COHpOTI/IBJ'IeHI/Ie BCTBU HOTpe-

outeneit, Rp2+, o.e., u Xp2+, o.e., nis touku K2. Ilo pacuétHoli cxeme npuBeAEHHON Ha

pUCYHKE 8
Rp2-=R1,3++R4-, (71)
Rp2+=0,17976+0,50331=0,68307
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Xp2+=X1,3++Xp4+, (72)
Xp2+=0,02467+0,0127/8=0,03745
26.1IpeobpazyeM pacu€THyIO CXeMy, IPUBEIEHHYIO HA PUCYHKE 8§ B CXEeMY, MOKa-
3aHHYI0 Ha pucyHKe 10, HaX0I1M TOJIHOE CONPOTHUBIIEHUE Zp2+, 0.€., 11 Touku K2

K2
Xp2+~ Rp2-

Pucynok 10 — Pacuérnas cxema
Zp2. =+/Rp2? + Xp22, (73)

Zpl, = \/0,683072 +0,03745 =0,68410
27 .ITonb3ysce [Mpunoxenuem I1, onpenensiem yaapusiii kosdduiment
0,03745 _ 0.0548
0,68307
Ky, =1,002
28.Ilonb3ysch pacu€THRIMU KPUBBIMH, NMpUBEACHHBIMU B [Ipunoxenuun P, mo pe-
3YJIbTUPYIOIIEMY COMPOTHUBICHHUIO Zp2+ ONpENesieM MNEPUOJUYECKUE COCTABISIOIINE U
COOTBETCTBYIOIIIME MOMEHTHI BPEMEHU
t=0 c - 1,=1,48 0.e.;
t=0,01 c - |0,01:l,38 0.e.,
t=o00 — 1,=1,7 0.€.
29.0OmnpenensieM yaapHblid TOK reHeparopa, lyyrox, o.e., s Touku K2 no dhopmyne

(24)
Ly =2 -(1,38+1,48-(1,002-1)) = 1,96

30.0OmpenensieM MOJHOE COMPOTHBIICHUE ABUTATENs, Zyp+, sl Touku K2 mo ¢op-
Mmyie (25)
Z 5 =0,267

31.0npenensieM oCcTaTOYHOE HAINpsDKCHHE Ha 3a)kuMax japurarens, AUl, o.e., mis
touku K2
AU1=1g-Zp2~, (74)
AU1=1,48-0,6840=1,01232
[Ipumeuanue: Ecnu npotuBo-O/IC nBurareneid (Ha cxeme 3TO OJWH SKBUBAJICHT-
HBI ABUTATENb MOTPEOUTENSA) OKAKETCS OOJIbIIe 0OCTaTOYHOTO HanpsbkeHus AU Ha muHax
['PIL, To BCce OHM MEPEXOJAT B Ir€HEPATOPHBIN peKuM pabOThl U MOCHUIAIOT B TOUKY KO-
POTKOTO 3aMBbIKAHUSI JTOTOJHUTENBHBIN TOK lyj i, MEHCTByIOIIEe HANPSHKEHHUE KOTOPOTO
onpenensercs: popmynoii (34)
_ E-, U
B s
’ Ly
32.0mpenensieM JEHCTBYIONEE 3HAYCHHE TOKAa DKBUBAJICHTHOTO ABHUTATENs, |,
o.e., g Touku K2

I

(75)
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I = ) (76)
JIB
Ly
0,9

=——=337

0,267
33.0OmpenensieM yaapHblii TOK ABUratens, lyy as*, 0.€.

Ly = V2 1, (77)

Ly =V2:337=4,77
Iy 8 — 9TO TOK MOJAMUTKHU OT BCEX JBUTATENICH IHEPTrOCUCTEMbI, MPUILIEAIINX MIPU
KOPOTKOM 3aMbIKaHHH B T€HEPATOPHBIN PEKUM
34.OmnpenensieM IeUCTBYIOMNNA yAapHBIN TOK, lyy, 0.€.
Ly = Lyprs + Ly npes (78)
Ly =196+4,77=6,37
35.1TepeBouM ymapHBI TOK U3 OTHOCUTENBHBIX SIHMHHI] B aMIIEPhI
IYZ[.A2=IYI[*' I5,
(79)
lya2=6,37-541,3=3448,1
[lony4yeHHBbIE 3HaUYECHHS TOKOB B MyHKTax 23, 24 u 34 cpaBHUBAEM CO CIIPABOYHBI-
MM 3HAUYCHHUSIMM TOKOB aBTOMAaTHYeCKHMX BbIKItodaTeneid BA74—-40u A3776bp, cooTBeT-
CTBEHHO, 110 yciioBusM (80) u (81)
- Ha IMHAMUYECKYI0 YCTOMUYHUBOCTh
lyipr < lyanon [A] (80)
- Ha TEPMHUYECKYIO YCTOWYUBOCTD
|002.th < |2't)101'1 [AZ'C]
(81)
riae to — GUKTHBHOE BpeMsI KOPOTKOTO 3aMbIKaHUs, C, IJI ceTel TpEX(Pa3HOTO MepeMeHHO-
ro Toka te=2 c.
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9 Bo10op coopubIx miuH I'PIL

1 B tabnune Harpy3ok reHepaTopoB MPOECKTUPYEMOM CYI0BOM AJIEKTPOIHEPTeTU-
yeckoi cucteMbl (COIC) He0OXOAMMO HAWTH camblil 3arpy>KEHHBIA SKCILTyaTallMOHHBIH
pexum cyaHa. B kauecTBe MCXOIHBIX JaHHBIX JJISl ONPENEIICHUSI TOKAa HArpy3Ku, MpoTe-
katomero no muHaMm ['PII], Oepercst akTuBHAsE Harpy3ka reHeparopos, Py, U cpeaHeB3Be-
HICHHBIN KO3(PHUIIMEHT MOIIIHOCTH COS(Pcp.

2 OmnpenensieM pabounit Tok lpap, A, caMoro 3arpyeHHOTO IKCILTYyaTallHOHHOTO
pexuma

P

3-U,-COSQgp |

lors = (82)
rae Uc - Hanpspkenue Ha muHax ['PI, B.

3 Io Ipunoxenuto C BEIOMpaeM pa3Mepbl CTOPOH IPSIMOYTOJIbHUKA, ITHHBL, N, cM
u b, cm. OmnpenensieM pacCTOSIHHE MEXAY IIIMHAMU, a, CM.

4 OnpenensieM COOTHOIICHUS

Ha ocHoBaHMM JaHHBIX, MOJYYEHHBIX NpPHU pacuere, omnpeneiseM Kod3h@uuueHt
¢dbopmbl mnH, Ko, o rpaduxy B [lpunoxennn T.

H
5 OnpenensieM CHITy, TPAJIOKECHHYIO K ¢JIMHULIC JJTMHBI ITUPUHBI, T, —
CM

f:K-K(D-ifG-l-lO”, (83)
a

rae K - koaddunuent, nis caydas tpexdasHoro koporkoro 3ambikanus B COOC nepe-

MeHHoro Toka K=1,76; nna nyxdaznoro kopotkoro 3ambikanus B COIC nmocto-
ssHHOTO Toka K=2,04;

i2, - 3HAYCHHE yJIAPHOTO TOKa KOPOTKOro 3aMbikaHus B CODC mepeMeHHOro TOKa M

MAaKCUMAJIbHOE 3HAYEHHUE TOKa KOPOTKOro 3aMblkaHus B COOC MOCTOSHHOIO TO-

Ka.
6 OnpenensieM MOMEHT conpoTupieHus muH, W, cm®
w=2n, (84)
7 OmnpenenseM HaHOOJBIINK AOMYCKACMBbIA MPOJIET MEXIy OMOpaMH IIHH, |max,
cM
= EE%LW, (85)

H
I'’IC O jorn - AOIYCTUMOC HAIIPSXKCHUC B IIMHE, —

CM
_ H
Hus mequ 6on=14000 —
CM
8 OnpenenseM MaKCUMaJIbHBIN N3THOArOITNI MOMEHT mKHBL, M, H-cMm

f.I°
M=—7 (86)

9 OnpeznenseM MakCUMaabHOE PACUETHOE HANIPSIKEHUE B IIMHE, Op, —5
CM
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Op = W' (87)

10 CpaBHHMBaeM MaKCHUMaJbHOE PACUETHOE HAMPSKEHUE Gp C JOIMYCTUMBIM I10
YCIIOBHIO

Gp = Cpon s (88)
I[CHaCM BBIBOJ] 00 BHCKTpO,HHHaMquCKOﬁ YCTOﬁqHBOCTH IITHH.

11 Onpenensem 3HaueHUE MapaMeTpa KOHEYHOUM TeMIIEpaTypbl HarpeBa muH, Ag
:2
|
A=A, +2-1,, (89)
SZ
2

rae Ay - mapameTp, XapakTepu3ylni HavyaIbHyI0 TeMIepaTypy LIuH,

. Temnepa-

Typa onpenensiercs o rpaduky, npuBeaeHHoMy B [Ipunoxenun Y;
i - YCTaHOBUBILIEECS 3HAYCHHUE TOKA KOPOTKOTO 3aMbIKAHUS, A;
S - mwIO0mAabL NONEPEYHOrO CEYEHHUS IIHH, MM,
to - UKTUBHOE BpeMsi KOPOTKOTO 3aMblKaHus, C, =2 c.
12 CpaBHHBaeM pacCCUMTAHHYIO W JOIMYCTUMYIO TEMIIepaTypy HarpeBa IIHH TIO
YCIIOBHIO:
Ve = Vion s (90)
IJI€ Vp - pacueTHas TeMIepaTypa;
Vyom - IOIyCTUMAasl TeMIIEpaTypa, rpai.
Jnst mensbix WHH Vaon=300°C, A1 IUH U3 aJlOMHUHMS U Ka0enei ¢ pe3nHOBOU
m3ossuen von=200°C.
JlenaeM BBIBOJT 00 3JIEKTPOTEPMHUUECKON YCTOMUMBOCTH IITUH.
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MpMEMHMK 3MEeKTPO3HEPTUM

HomuHanbHble
napameTpbl NPUEMHMKA

MapameTpbl NPUEMHMKA B PEXUMAX

n* |PH.y|cos [KNA |PH.n
kBT kBT |FpadfKs |Jcos |m |P Q Mpadp|K3 |cos |m |P Q Mpacp]K3 |cos |m |P Q Mpacp|K3 |cos |m |P Q pad |K3 Jcos |m |P Q
pab. kBT kBA |pab. kBT |kBA |pab. kBT |kBA |pab. kBTt |kBA |pab. kBT |kBA
1 2 3 4 5 6 7 8 9 |10] 11 12 13 | 14| 15 [16] 17 | 18 | 19 | 20| 21 |22 23 | 24 | 25 | 26| 27 [28| 29 | 30 | 31 |32]| 33 [34] 35 | 36

PHp, QHp

Pnp, Qnp

Pc, Qc

Kp

Kn

Harpyska

reHepaTopos

AKkTVBHasi PHr v peakTuBHas QHr

MonHas SHr

npu cpeaHem Koad. MoLl. cos

Kon-Bo v MOLLHOCTb paboTaloLmx

reHepaTopos, kBT

3arpyska reHepaTopoB Mo aKTYBHOWM MOLLHOCTM, B NPOLIEHTax

Kon-Bo 1 MOLLHOCTb pe3epBHbIX

reHepaTopos, kBT

De€) godoredonal yoeAd.1eH eumIQR ],

V SUHXOIUd] ]



Jwnzenp I'eneparop Arperar
. Pacxon, r/(kBt-u)
& =
g E < Munu-
5 N5 £ g E m & MaJIbHBIE
: ) X § £ 5 g £ Macca, pasMepsl
M o S = 5 v g & ) KT, cy- | ['aGapuThl arpera-
apka JII' 5 S 5 o B 2, > & o MecTa
Mapka 3 T & o Mapka 3 E % 3 TOILIU- XOU Ta, AUHA, IIUPUHA,
e g 55 = - & = MacJjio 60- YCTaHOBKH,
g 2g & g = % g BO pabo BBICOTA, MM
o 58 4 S =) 3 S i AMHA H
= 2 e § p= % es > IIMPHHA,
% s MM
S 2
1 2 3 4 5 6 7 8 9 10 11 12 13 14
4410.5 4000 | MCK 82-4 1285
JAI'P25/1500 (K_égz) 40 12000 MCK 82-4 30 85,5 | 230 25 310 6,3 1330 200x810x1370 3500x1200
4410.5 4000 230 1470
4IM13M 13 40 12000 MCC 82-4 30 85 400 25 310 6,7 1530 2670x835x1285 4200x1200
7000 MCK 83-4 230 1920
JT'A50M1-9 6ul2/14 80 18000 MCK 83-4 50 87 400 50 290 35 1972 2485x907x1440 4000x1300
ﬂ;ﬁ‘;ﬁ;}f{;ﬁ" 6al2/14 | 80 142000000 MCC83-4 | 50 | 87,5 42138 50 | 201 | 37 igg 3340x787x1550 | 4900x1300
JI'P75M1/1500 5500 I'T1475/400- 75 2300
(400 I'm) 6uH12/14 115 16000 M101 75 85 230 65 296 3,3 2365 2565x820x1600 4100x1200
5500 230 75 2200
JAI'P75M1/1600-1 | 6uH12/14 115 16000 MCK 91-4 75 86,7 400 65 287 3,3 2965 2700x1000:x1515 | 4300x1700
AJIT®100-1500 6?715[/61)8 150 | 4o | MCC924 | 100 | 91 | 400 | 100 | 278 | 27 | 300 | 5100x1150x1630 | 6500x2100
JT'P2A100/1500 6ul5/18 150 940000000 MCK 92-4 100 90 288 100 265 5,55 2560 2740x915x1450 4100x1900
12000 230 150
JT'PA200/750 6uH18/22 225 45000 MCC 114-8 160 91 400 135 252 2,25 6050 3530x1004x1975 | 5000x2000
8000 200 3,25 6970
JIT'PA200/750 6uH18/22 | 300 40000 MCC 115-8 200 92 400 600 248 2,60 7900 3015x1040x2045 | 4500x2500
12415/18 3500 3750
JAI'P2A200/1500 (TIL12A1) 300 7500 MCK 103-4 200 | 90,5 | 400 200 277 55 3800 3030x960x1466 4500x2400
8423 8000 MCC 375- 230
JI'P2A300/750 30-2 450 30000 750 300 | 90,4 400 300 25,52 2,7 11000 3120x1375x2040 | 4600x2800

400dOLBUIHAI-GIQENN BITHIQR ],

q ouHaXOIUd] |



Jusens I'eneparop Arperat
: Pacxon, r/(kBT-u)
g =
= 5 Munu-
o 2 z E 8 = m e MaJTbHbIE
H g X Q @ 5 o e Macca, asMephnl
8 S =3 8 g B g KT, cy- | T'abGaputsl arpera- pasMep
Mapka AT 5 S 5 & E 3, ) & " MecTa
Mapka 3 - g o Mapka 2 = % 3 TOILIHU- XOH Ta, AUHA, IIUPUHA,
= SR = - N = MacJio 60- YCTaHOBKH,
5 2 g =1 = g, 5 BO pabo BBICOTa, MM
S 28 3 o = = 5 i JUTHHA U
= 25 = b 2 T S IIMPHUHA,
) 3]
S >§ MM
S &
1 2 3 4 5 6 7 8 9 10 11 12 13 14
129H18
JAT'P300/1500 20 3000 )
(ICAC-300) M400 440 8000 MCK 113-4 | 300 | 91,6 | 400 300 267 13,6 5900 3100x1080x2175 | 4600x2600
M50
6uH25 18000 I'MC 13-14- 16700
AI'P320/500 34-3 470 55000 12 320 | 92,5 | 400 320 240 2,3 17300 5495x1750x2725 | 7000x3200
8uH25 14000 I'MC 14-29- 202000
JAI'P320/500-2 342 600 55000 12 400 | 92,8 | 400 400 223 2,1 20850 6253x1900x2925 | 7600x3500
8uH25 12000 I'MC 14-41- 20360
JAI'P500/500 343 727 60000 12 OM4 500 | 93,5 | 400 500 24,28 2,3 21750 6355x1900x2225 | 7800x3500
184H18
AJIT'P500/1500-1 3500 MCK 625- 6630
(AJIT-500) 20 740 60000 1500 500 92 400 500 286 13,2 6687 3955x1920x1880 | 5500x3000
(M821m)
JAI'P800/1500 424H16 3500 MCK 1250- 13500
(ACAT-800/1) (MSSZB?) 1170 10000 1500 800 93 400 800 282 11,3 13720 4850x1890x2140 | 6400x3400
JATP100/750 4000 )
(IU1230) 6ul8/22 | 1375 30000 IcCc103-8M | 74 120 3,0 5380 3550x100x1735
AT'P150/750 6uH18 3000 )
(J1205) 29 207,5 30000 rccii4-sM | 10 120 3,0 6050 3530x100x1820
6425 3500 MCC 275-
JAT'P300/500 342 275 40000 500 147 124 3,0 15000 5290x1500x2600
6uH25 3500 MCC 375-
JAT'P200/500 34 415 40000 500 220 118 3,0 16260 5360x1750x2600

g0001RAOHI-AIIOEUT BIIUILQR ],
q suH¥OIUdII SMHXKIroOrod] |
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[Tpunoxenue /1
3HaueHUE IIEKTPUUECKUX HArpy30K OJIMHOYHO MPOJIOKEHHBIX Kabenei mapok KHP* u
KHPD2**, cooTBeTCTBYIOIIME HArPEBY TOKOMPOBOISAIICH Kbl 710 +65°C 1 TemMiieparype
okpy»xaromrero Bozayxa +40°C

[TpenenpHO-10MYyCTUMBIN TOK, A, B pEXKUME
Ywuco xui u ce- MTOBTOPHO-KPaTKOBPEMEHHOM
YyeHne, MM? JUTATEIBHOM KPATKOBPEMCEHHOM, MHH (I1B), mporieHT
15 30 60 25 40
1 2 3 4 5 6 7

1x1,0 18 24 21 19 36 28
1x1,5 24 33 28 26 48 38
1x2,5 32 44 39 35 64 51
1x4 42 58 51 47 84 66
1x6 52 77 66 60 108 85
1x10 75 110 94 79 150 118
1x16 100 151 128 114 200 158
1x25 135 221 180 158 270 213
1x35 165 275 223 195 330 260
1x50 194 328 266 223 388 307
1x70 250 447 352 303 500 395
1x95 304 563 447 375 608 480
1x120 348 670 528 447 696 550
1x150 405 825 633 526 810 640
1x185 454 980 720 698 908 716
1x240 541 1200 | 918 742 1082 855
2x1 16 23 20 18 32 25
2x1,5 20 29 25 23 40 25
2x2,5 27 41 35 31 54 33
2x4 36 56 47 42 72 57
2x6 45 75 61 53 90 71
2x10 60 107 86 75 120 95
2x16 79 146 116 99 158 125
2x25 100 200 156 130 200 158
2x35 123 250 199 162 246 194
2x50 152 346 258 208 304 240
2x70 183 425 321 258 366 289
2x95 219 548 406 322 438 346
2x120 249 673 480 378 498 394
3x1 14 21 18 16 28 22
3x1,5 18 27 23 20 36 28
3x2,5 24 37 31 25 48 38
3x4 32 53 43 39 64 o1
3x6 40 67 95 48 80 63
3x10 95 102 81 69 110 87




1 2 3 4 5 6 /
3x16 70 132 104 89 140 111
3x25 95 198 151 125 190 150
3x35 118 262 194 157 236 186
3x50 146 332 256 204 292 231
3x70 178 415 318 258 356 282
3x95 214 645 412 330 428 338
3x120 245 685 446 377 490 387
3x150 281 800 586 454 562 444
3x185 316 960 687 527 632 500
3x240 372 1120 | 865 651 744 588

* - xabenb B HAHPUTOBOI 000JI0UYKE C PE3UHOBOM M30JISAIIUEH K.
** - kabenmb B HAMPUTOBON 000JIOYKE C PE3MHOBOW M3OJSAIUCH KU W DKPAHUPYIOIIEH
MEJIHON OIUIETKOM.



[Ipunoxenune E

KabGenpHas Be1oMoCTh

Mapka, ko- U
A
I JINYECTBO ’ JIMHA
Anpec kabens PABs po- A > | [Ipumeuanue
A JKUJI, ceue- L, m
) LEHTBI
HUE MM
1 2 3 4 5 6




[Tpunoxenue K

OcHOBHBIE MapaMeTpbl TPEXIIOIIOCHBIX aBTOMAaTUYECKHUX BbIKItouaTeseit cepun BA74 ne-

pemenHoro Toka (400 B, 50 I'tr)

JlericTByto-
Homunane- | IlpenensHo- Tepmuue- mee sHate-
o . o Hue Toka K3
Tur HOIXIPIH&JIL- HBIN TOK zlonyCTHUMbm CKasl yCTOM- B MOMEHT
HBIM TOK, A | pacuenure- | yIapHbI TOK YHUBOCTD,
1, A K3,KA | x10° A% | PUoromaes
HMS KOHTaK-
TOB, KA
130 30 51 20
190 50 100
260 55 170
BA74-40 800 375 63 340
500 70 580 45
625 110 1300
800 110 1300
1250
BA74-43 1600 1260 110 3000
2000
BA74-45 3000 2500 120
3000 3000 50
4000
BA74-48 5500 5500 120

OCHOBHBIE MApAMETPHI TPEXTIOIIOCHBIX ABTOMATUYECKUX BbIKItouareneit cepun AKS0 u
AC25 nepemennoro Toka (400 B, 50 I')

. . IIpenenbHO- .
Homunanensii | HoMuHaIbHBIN . JeiicTByromiee
JOITyCTUMBII
Tun TOK BBIKJIIOYA- | TOK paclenuTe- . 3Ha4YE€HHUE TOKa
Tenst, A a1, A YAAPHAIH TOK, K3, kA
KA
1;2;4,;5;6; 8;
Jensase 50 10; 16; 20; 25; 9000 5000
30; 40; 50
0,6; 0,8; 1,0;
1,25; 1,6; 2,0;
AC35-3MI’ 25 2,5; 3,2; 4,5; 3200 2000
6,3; 8,0; 10; 12;
16; 20; 25

[Ipumeuanne: M — BBIKIIOYATENIb C AJICKTPOMArHUTHBIM PACHENUTEIEM MIHOBEHHOTO
neuctBus; MIT — BBIKITIOUATENb C 3JIEKTPOMArHUTHBIM PACIECIUTENIEM, UMEIOIIAM THApPaB-
JIMYECKUU 3aMETUTEND.



OCHOBHBIE ITApAMETPBI TPEXTOIOCHBIX ABTOMAaTUYECKUX BbIKIItoUatTese cepun A3700p
nepeMenHoro Toka (400 B, 50 I'mr)

HomuHansHEIN TOK

HoMuHaneHbI TOK

[IpenenvHo-

Tun BhIKTIORATEN, A pacmemTens, A nonySTHMLIﬁ ynap- | Tun pacuenurens
HeI TOK K3, KA
80 40, 50, 63, 80
A3724CP 160 80, 100, 125, 160 15
250 160, 200, 250
250 160, 200, 250 [IIIPK
A3734CP 400 250 320, 400 50
400 250, 320, 400
A3744CP 630 400, 500, 630 60
16 5.5
25 20 10
25 15
32 20
40 20
A3776Bp 63 i ”
63 30
80 15
100 60
160 o o STP 1 DMP
160 75
160 65
A3786Bp 250 200, 250 o
250 250 65
320 320 100
A3796Bp 400 400 100
500 500 100
630 630 100
20 20, 25, 32, 40 18
A3714Bp 80 40, 50, 63, 80 36
160 80, 100, 125, 160 75
A3724Bp 250 160, 200, 250 75 LIIP 1 OMP
A37345p 250 160, 200, 250 1
400 250 320, 400
400 250, 320, 400
A3744bp 630 400, 500, 630 100
25 25 16
A3772Bp 63 63 36
160 160 75 SMP
A37825p 250 250 75
A37925p 630 630 125

[Ipumeuanue: Cp — CeNEKTUBHBIN BBIKJIIOYATENb, OTBEHAONINI TpeboBaHusM Perucrtpa;
Bbp — ObIcTpoaeHCTBYIOIMI BBIKIIOUATENb, OTBeUaOImui TpedoBanusm Peructpa; TITTPK
— TMOJIyIPOBOJJHUKOBBIN paclienuTelb KOMOMHUpoBaHHbIN; DTP — snexkTporemioBoil pac-
uenurtenb; DMP — snexkrpoMmarHuTHbeli pacuenutens; [P — momynpoBoIHUKOBEIN pac-

OCIIMTCIIb.




[Tpunoxenune 1

BC,Z[OMOCTB ABTOMATHUYECKHUX BBIKJIOYATEIICH

AJlpec y4acTka CeTH C Cepus aBTO-

ABTOMAaTUYECKUM BbI- leas, | lp, | lis, | lree, MaTH4YECKOIO
A A A A

KJI0YaTesieM BBIKJTIOYATEJIS

lvin, In, | Tun pac- | [lpume-
KA KA | menurens | 4aHue

1 2 3 4 5 6 7 8 9 10




Tok craropa, A,

Macca,

MouinocTs IpH HaIpsDKe- BqaCTOTa Xs X4 Xa’ X" ;Z;EZI_ KT
Tun HUH PAtEHi, patype Td', ¢
0 75°C
KB-A KBt 2308 400 B MHH OTHOCHUTCIIBHBIX €HHHIIAX OmMm ’
MCK-82-4 375 30 93,5 54,2 0,108 2,228 0,258 0,178 0,0465 0,148 530
MCK-83-4 62,5 50 157 90 0,0813 2,0813 0,21 0,143 0,0296 0,159 620
MCK-91-4 94 75 234 135,5 0,089 2,149 0,245 0,185 0,0359 0,166 720
MCK-92-4 125 100 312 180 0,078 2,158 0,202 0,176 0,0303 0,16 850
MCK-102-4 187,5 150 467 270 0,0763 1,996 0,186 0,124 0,0284 0,16 1410
MCK-103-4 250 200 - 361 0,055 1,915 0,23 0,176 0,0254 0,233 1520
MCK-113-4 375 300 — 542 0,0524 1,602 0,2 0,122 0,0185 0,31 2300
MCK-500-1500 500 400 — 722 100 0,0457 1,666 0,2 0,108 0,0197 0,34 2650
MCK-625-1500 625 500 - 902 0,098 2,178 0,228 0,167 0,0145 0,36 3585
MCK-750-1500 750 600 - 1084 0,086 2,306 0,236 0,15 0,013 0,39 3960
MCK-940-1500 940 750 - 1360 0,091 2,111 0,231 0,158 0,0126 0,43 4600
MCK-1250-1500 | 1250 1000 - 1800 0,093 2,053 0,213 0,15 0,0114 0,36 6055
MCK-1560-1500 | 1560 | 1250 — 2260 0,069 2,039 0,194 0,127 0,0093 0,39 6670
MCK-1875-1500 | 1875 1500 - 2710 0,056 1,976 0,176 0,11 0,0084 0,37 7535
MCK375-1000 375 300 940 542 0,097 1,8 0,177 0,148 0,0063 0,18 3470
MCKS500-1000 500 400 1250 722 0,083 1,76 0,18 0,133 0,0038 0,24 4275
MCK625-1000 625 500 1560 905 1000 0,095 1,54 0,24 0,161 0,0031 0,24 5200
MCK?790-1000 790 630 - 1140 0,084 1,52 0,21 0,145 0,0021 0,34 5560
MCK1000-1000 1000 800 — 1450 0,078 1,72 0,24 0,152 0,0016 0,37 6200

I ] 0S UOLOLOBh YDA MUAd0 90d0LBAIHII XITHHOAXHUD I9ALOWRARIT QI9HIOHI()
M ouHa¥OIud] |




Tok cTatopa, A,

la HpI/I
MOIIHOCTE IIPH HAIPSHKE- HacroTa , "
HUU BpalICHUA, Xs Xd Xd Xd remie- , Macca,
Tun 06 paTgrpe Td', C r
al 75°C,
KB-A KBt 2308 | 4008 MHH B OTHOCHTEJIBHBIX €IMHHIIAX OmMm

MCCS82-4 37,5 30 94 54 0,108 2,23 0,258 0,178 0,0512 0,148 455
MCC83-4 62,5 50 156 91 0,086 2,25 0,236 0,155 0,069 0,177 545
MCC91-4 94 75 233 135 1500 0,075 1,8 0,21 0,155 0,0446 0,192 730
MC(C92-4 125 100 312 181 0,071 1,93 0,21 0,152 0,0264 0,2 830
MCC102-4 200 160 500 289 0,067 2,23 0,2 0,22 0,0205 0,21 1410
MCC103-4 250 200 625 361 0,05 1,65 0,14 0,087 0,0093 0,25 1545
MCC103-8 125 100 312 181 0,085 1,91 0,235 0,136 0,0238 0,211 1330
MCC114-8 200 160 500 289 250 0,082 1,44 0,21 0,158 0,0095 0,23 2000
MCC115-8 250 200 625 361 0,084 1,53 0,23 0,17 0,00693 0,24 2200
MCC375-750 375 300 960 543 - - - — — — —

I'MC-13-26-12 250 200 625 361 0,08 1,1 0,18 0,12 0,0041 0,006 3700
I'MC-13-21-12 313 250 - 452 0,084 1,2 0,2 0,13 0,01 0,006 3900
I'MC-13-41-12 400 320 - 580 500 0,075 1,1 0,18 0,12 0,006 0,007 4300
I'MC-14-29-12 500 400 - 722 0,085 11 0,2 0,13 0,005 0,01 4900
I'MC-14-41-12 625 500 - 902 0,073 1,0 0,17 0,11 0,003 0,01 5600

II T )G HOLOLOBR DN [ ¥ DDA UHAI 90d0LBAIHAI XITHHOUXHHNI I9ALNRdRIT SIIHI0HI()

I suHoMOIUd] |



[Tpunoxenne M

VHIyKTUBHOE ¥ aKTHBHOE CONPOTUBJIEHHUS Kabenel nmpu Temneparype 65°C

Yacrtora Toka 50 I'g Yacrtora Toka 400 I'g

Ceuenne XWIbl, MM - s = x

X r X r

0,75 — 28,8 - 28,8
1 0,118 21,6 0,94 21,6
1,5 0,110 14,4 0,89 14,4
2,5 0,108 8,65 0,86 8,65

4 0,101 54 0,81 54

6 0,095 3,6 0,76 3,6
10 0,092 2,16 0,74 2,16
16 0,087 1,35 0,70 1,35
25 0,085 0,85 0,68 0,874
35 0,082 0,617 0,65 0,629
50 0,078 0,432 0,62 0,449
70 0,076 0,309 0,60 0,337
95 0,075 0,227 0,60 0,263
120 0,073 0,18 0,59 0,225
150 0,073 0,144 0,59 0,193
185 0,073 0,118 0,59 0,169
240 0,073 0,092 0,58 0,146

[lpumeuanne: I[lepecyéT aKTHBHBIX CONPOTHBICHHW HA APYrHE TEMIIEPATYphI
Harpera cjeayeT IpOoU3BOIUTE 1Mo Gopmyiie I=tgs[ 140,004 (t—65)].

x* - CONPOTUBJICHUE TPEXIKUILHOTO Kabes;

** - CONpOTUBIIEHUE OJTHOM KHUJIbI KaOemst




[Tpunoxenune H

I/IHILYKTI/IBHble N aKTUBHBIC COIIPOTHUBJIICHUSA aBTOMATHYCCKHUX BBIKJIFOUATEICH ITPpHU TEMIIC-

patype 65°C (50 ')
HoMuHnanbeHbIN TOK, A Conpotusnenne, MOM
aBTOMaTa pacuenuTes aKTUBHOE WHJYKTUBHOE
2 751,35 390
2,5 451,35 200
3 341,35 170
4 191,35 63
5 127,36 39
6 78,35 37
8 52,5 15,8
50 10 34,35 8,2
12,5 22,85 6,4
15 18,35 59
20 10,15 3,8
25 7,45 3,6
30 6,35 1,65
40 4,65 1,58
45 4,25 1,33
50 3,55 0,68
15 11 4,36
20 8,33 2,85
25 4,58 1,34
30 4,07 1,61
100 40 2,69 1,33
50 1,65 0,74
60 1,386 0,762
80 0,859 0,438
100 0,736 0,338
120 0,507 0,422
200 160 0,35 0,190
200 0,386 0,216
250 0,167 0,138
320 0,150 0,128
600 400 0,127 0,115
500 0,096 0,130
600 0,082 0,107
800 800 0,06 0,105
1500 1500 0,045 0,1




[Tpunoxenue 11

3aBUCUMOCTH yAapHOTo K03 duimenta Ky oT oTHOIEHUS
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ITpunoxenue P

PacuérHble KpUBBIE AJI ONPEAETIEHUS IEPUOJNYECKON COCTABIISIIONIEH TOKa KOPOTKOIO 3a-
MbIKaHus COOC B 3aBUCMMOCTH OT PE3YJIbTUPYIOLIETO COIPOTUBIIEHUS LIEMN KOPOTKOTO
3aMBbIKaHHS U BPEMEHHU
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ITpunoxenue C

Hopwmpbl aekTprudeckux Harpy30Kk Ha MEIHbIE ITUHBI
Ipu TeMrieparype HarpeBanus 110 90°C

Pasmep Tok, |, A, npu pazmepe Majioil CTOPOHBI IIUHBI, MM

0O0JIBIION
CTOPOHBI
IIAHEI,
MM

1 2 3 4 3) 6 8 10 12 15 20

10 80 | 118 | 150 | 180 | 205 | 235

15 118 | 171 | 214 | 255 | 290 | 330 | 395 | 460

20 157 | 225 | 281 | 332 | 337 | 420 | 500 | 575 | 647

25 194 | 278 | 348 | 408 | 460 | 515 | 610 | 697 | 782 | 932

30 231 | 333 | 410 | 485 | 545 | 603 | 713 | 815 | 900 | 1025 | 1250

40 307 | 439 | 540 | 635 | 713 | 788 | 923 | 1040 | 1170 | 1325 | 1590

50 382 | 548 | 675 | 780 | 877 | 959 | 1125 | 1270 | 1400 | 1590 | 1890

60 460 | 630 | 770 | 867 | 993 | 1084 | 1273 | 1425 | 1560 | 1775 | 2080

80 580 | 820 | 1005 | 1164 | 1293 | 1413 | 1630 | 1825 | 1970 | 2200 | 2510

100 725 | 1023 | 1247 | 1442 | 1594 | 1727 | 2000 | 2240 | 2400 | 2675 | 3140




ITpunoxenue T

Kpusblie miis onpenenenus kodpduuenta popmsl muH, Ks

Kp
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[Tpunoxenue Y

KpI/IBLIC AJIL OIIPEACIICHUSA TEMIICPATYPhI HArp€BaHA TOKOIIPOBOAOB

v,°C

0 1 2 3 4Ay10°

1 — 11st alFOMUHUEBBIX IITHAH;
2 — JUI ME€QHBIX IIUH.
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