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Jata BBeaenus 01.01.95

Hacrosimuii crangapt pacnpoctpaHsieTcss Ha Tpex(das3Hble IEKTPOYCTaHOBKU HaIPSHKEHUEM
1m0 1 kB mpOMBINIIEHHOW YacTOTHI, MIPUCOEAUHEHHBIE K SHEProCHCTEME WU K aBTOHOMHBIM
MCTOYHUKAM DJIEKTPO3HEPT U, YCTaHABIUBAET OOIYI0 METOIUKY pacueTa TOKOB CUMMETPUYHBIX
U HECUMMETPUYHBIX KOpPOTKuX 3ambikanuii (K3) B HavyanpHbIf M MPOU3BOJIBHBII MOMEHT
BPEMEHH C YYETOM I1apaMeTpPOB CHHXPOHHBIX W AaCHHXPOHHBIX MAIWH, TpaHc(hopMaTopos,
PEaKTOpOB, KaOETbHBIX M BO3IYIIHBIX JHHUA, IIMHOIPOBOIOB U Y3JI0B KOMIIEKCHON HATPy3KH.

CraHgapt He yCTaHaBIMBAEeT METO/IUKY pacueTa TOKOB:

- MIPU CJOXHBIX HECHUMMETPHSIX B 3JIEKTPOYCTaHOBKax (Hampumep, oaHoBpemeHHoe K3 u
00pBIB TpOBOIHUKA (ha3bl), pu MOBTOpHBIX K3 1 pu K3 B a5ekTpoycTaHOBKaX ¢ HETMHEWHBIMU
3JIeMEHTaMU;



- TpH DIJIEKTPOMEXAHWYECKUX TMEPEXOJHBIX IMpoIeccax C YYETOM HU3MEHEHHS YacTOTHI
BpAILICHUS DJIEKTPUIECKUX MAIIIHH;

- mpu K3 BHYTpH 3JICKTPUUSCKUX MAITUH B TPAHCPOPMATOPOB.

[Mynkter 1.5, 1.7, 2.4.2, 2.11, 2.12, 3.6 U NOPUIOKEHUS SBIAIOTCA PEKOMEHIYyEMBIMHU,
OCTAJIbHBIE TTYHKTHI - 00513aTeTLHBIMHU.

1. OBIIME ITOJIOKEHUSA

1.1. Hacrosimuii cTaHzapT yCTaHaBIMBaeT OOIIyl0 METOJUKY pacdyeTa TOKOB B
3JIEKTPOYCTAHOBKAaX MEPEMEHHOI0 TOKa HampspkeHueM 110 1 kB, HeoOX0oauMBIX Ui BBIOOpA U
IPOBEPKH IIEKTPOOOOpYyI0BaHus 10 ycinoBusaM K3, mis BbIOOpa KOMMYTAITMOHHBIX aIllapaTos,
YCTaBOK PEJIEHHOM 3aILUTHI U 3a3€MIISIFOIIUX YCTPONCTB.

1.2. CranpapT ycTaHaBIMBAaeT METOAMKY pacueToB MAaKCUMaJbHBIX M MHMHHUMAJIbHBIX
3HAUEHUN TOKAa IPU CHUMMETPUYHBIX U HeCUMMETpHUHBIX K3, BUIBI KOTOpPBIX ONpPEIEICHBI B
cootBercTBUU ¢ ['OCT 26522.

1.3. BeanunHel, nouIeXkKaliue paciyery, U JOIycKaeMas IOIPEIIHOCTh UX pacyeTa 3aBUCAT OT
yKa3aHHBIX II. 1.1 menei.

JlonyckaroTcs ynpoIIeHHbIE METOAbl pacueToB TOKOB K3, ecnM HMX NOrpemHocTs He
npesbiiaet 10 %.

Pacuery 11 BeIOOpa U IpOBEPKHU AIEKTpooOopy1oBaHus Mo ycinoBusm K3 monexar:

1) HauanpHOE 3HAUEHUE MEPUOINYECKON cocTaBisromen Toka K3;

2) anepuoanueckas coctapistomas Toka K3;

3) ynapusiii Tok K3;

4) neiicTByroliee 3HauYe€HUE MepHOAMYECKON cocTaBisomedl Toka K3 B Nmpou3BOIbHBIMN
MOMEHT BPEMEHH, BIIOTH /IO PACUETHOTO BPEMEHU Pa3MbIKaHUS TOBPEKICHHON ETH.

Jlna npyrux neney, yka3aHHbIX B 1. 1.1, pacdeTy noanexar MakCHUMajabHOE€ U MUHHUMAJIbHOE
3HAUEHUs MEPUOIUYECKON cocTaBsitome Toka B Mecre K3 B HadanbHbIM M MPOU3BOJIBHBIN
MOMEHT BPEMEHHM, BIUIOTH /0 PAacYeTHOIO BPEMEHH pPa3MbIKaHMs IMOBPEKICHHOW nenu. s
1esieit BHIOOpa 3a3eMIISIIOIINX YCTPOUCTB pacueTy MOJUICKHT 3HaUeHUE Toka ogHodazHoro K3.

1.4. ITpu pacuetax TokoB K3 B anekrpoycranoBkax 10 1 kB He0OX0UMO YUHUTHIBATH:

1) MHAYKTHBHBIE CONPOTUBJIEHMSI BCEX 3JIEMEHTOB KOPOTKO3AMKHYTOM ILE€NH, BKJIIOYas
CHJIOBBIE TPAHC(POPMATOPBI, IPOBOJHUKH, TPAHC(HOPMATOPBI TOKA, PEAKTOPBI, TOKOBBIE KaTyIIKH
aBTOMATUYECKUX BBIKIIIOUATEIIEH;

2) aKTHBHBIE COIPOTUBIIEHUS JIEMEHTOB KOPOTKO3aMKHYTOH LieNy;

3) aKTUBHBIE CONPOTHUBIICHUS PA3IMUHBIX KOHTAKTOB U KOHTAKTHBIX COEIUHEHMIA;

4) 3Ha4YeHUs TapaMeTPOB CUHXPOHHBIX U ACUHXPOHHBIX JIEKTPOBUTATEIEH.

1.5. IIpu pacuerax TokoB K3 pekoMeHyeTcsl yUNThIBATD:

1) conpoTuBIIEHHE IIEKTPUIECKOM ayTH B MecTe K3;

2) U3MEHEHUE AaKTHUBHOTO CONPOTHUBIIEHUS IPOBOJHUKOB KOPOTKO3aMKHYTOM L€NU
BCIIeICTBUE UX Harpesa npu K3;

3) BIMSHUE KOMIUIEKCHOW HArpy3kd (DJIEKTPOJIBUTATENH, MpPeoOpa3oBaTeNi, TEPMUUYECKHE
YCTAHOBKH, JIaMITbl HaKaJnBaHWs) Ha TOK K3, ecnmu HOMWHAIBHBIM TOK JJIEKTPOJBUTATEICH
Harpy3ku npesbimaer 1,0 % HayaJbHOTO 3HA4YE€HHS NEPUOAMYECKOM cocTaBisitomieid Toka K3,
paccuuTaHHOTrO O€3 yuera Harpy3Ku.

1.6. Ilpu pacuerax TokoB K3 nomyckaercs:

1) MakcHUMajabHO YIpPOINATh M HKBHUBAJIECHTUPOBATh BCIO BHEIIHIOK CETh 110 OTHOIICHHUIO K
Mecty K3 1 mHAMBHAYanbHO yUHUTHIBaTh TOJIBKO ABTOHOMHBIE MCTOYHUKHU JIEKTPO3HEPTUU U
JNEKTPOABUTaTENH, HEIOCPEACTBEHHO MPUMBIKaromue k mecry K3;

2) He y4uTHIBaTh TOK HAMarHUYMBAHUS TPaHC(HOPMATOPOB;

3) He yUUTHIBaTh HACBILIEHUE MATHUTHBIX CUCTEM 3JIEKTPUYECKUX MAIIVH;

4) npuHuMaTh KO3(pUIHMEHTH TpaHchopManuu TpaHCHOPMATOPOB PABHBIMH OTHOLICHHIO
CPEIHUX HOMHHAJIBHBIX HANPsKEHUH TE€X CTYyNEHEH HANpPSDKCHHs CETEH, KOTOPBIE CBS3bIBAIOT
Tpanchopmaropel. Ilpu »3TOM clemyer UCHONB30BaTh CIEAYIOIIYIO IIKAIy CpPEIHUX




HOMUHAIBHBIX HanpsukeHuit: 37; 24; 20; 15,75; 13,8; 10,5; 6,3; 3,15; 0,69; 0,525; 0,4; 0,23 xB;

5) He yuMTBHIBaTh BIMSHUS ACHUHXPOHHBIX OSJIEKTPOABMUIraTelei, ecam HuX CyMMapHBIH
HOMMHAJIbHBIA TOK He npeBbimaeT 1,0 % HayanbHOTro 3HaU€HUS MEPUOJUUECKON COCTABIIAIOIIEH
Toka B MecTe K3, paccuntanHoro 6e3 yuera 371eKTpOoIBUTaTENEH.

1.7. Toxu K3 B anexTpoycraHoBKax HampspkeHueM A0 1 kB pexkoMmeHnayercs paccuuThIBaTh B
UMEHOBAHHbIX €IMHUIIAX.

[Ipu cocraBneHHM SKBHUBAJCHTHBIX CXEM 3aMEIICHUS MapaMEeTpPhl SJIEMEHTOB HCXOIHOM
pacyeTHOI cXeMbl CileqyeT NMPUBOJUTH K CTYNEHHM HaNpsOKEHUs CETH, Ha KOTOPOW HaXOIUTCS
touka K3, a akTUBHBIE W WHIYKTHBHBIC COMPOTHUBICHHUS BCEX 3JEMEHTOB CXEMBI 3aMEIICHHS
BBIpa)XaTh B MUJUINOMAX.

1.8. IIpu pacuere TokoB K3 B 31eKTpOoyCcTaHOBKAX, TOJYyYAIONIMX TUTAHUE HETIOCPEACTBEHHO
OT CEeTH DHEProCUCTEMbI, JOIMyCKAaeTCs CYMTaTh, YTO MOHMXKAIOIUME TpaHCHOPMATOPHI
MOJKITFOYEHBl K MCTOYHWKY HEU3MEHHOTO M0 aMIUTUTYAE HAINpPsDKEHUS 4epe3 SKBHBAJICHTHOE
UHIyKTUBHOE COIPOTHBIIEHHE CHUCTEMbI. 3HAUEHHE STOrO CONPOTHUBIEHUS (X.) B MUJIMOMAX,
NPUBEICHHOE K CTYIIEHU HU3IIETO HANPSHKEHUS CETH, PACCUUTHIBAIOT 110 (opMyJie
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rac cp-HH - CpeaAHCC HOMUHAJIBHOC HAIPSAKCHUC CCTH, MOAKIHOYUYCHHOU K 0OMOTKE HHU3IIEro

HanpsDKeHUs: TpaHcopmaropa, B;

U .
BH - cpemHee HOMHHAJIBHOE HANPSHKCHHE CETH, K KOTOPOH TMOAKIIOYeHa OOMOTKa
BBICILIETO HAPsKEHUs TpaHchopmaropa, B;
1 . . .
Lepn = Luomn JieficTByIOIIIee 3HAUEHUE IEPUOIUUECKOM COCTABIAIONIEH ToKa MpHU Tpex(a3zHoM

K3 y BbIBOZOB OOMOTKH BBICHIETO HANPsKEHUsI TpaHCPOpMaTopa, KA;
Sk - YyClOBHas MOILIHOCTb KOPOTKOI'O 3aMbIKaHMSI Yy BBIBOJAOB OOMOTKH BBICLIETO
HanpspKeHus Tpancpopmaropa, MB-A.
[Ipu oTCyTCTBHM yKa3aHHBIX JAHHBIX YKBUBAICHTHOE MHIYKTHBHOE CONPOTHUBIICHUE CUCTEMBI
B MHJUIMOMAX JIOIyCKaeTCsl pacCYMTHIBATh MO (hopMyJie
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rac —— HOMMHAJIBHBIA TOK OTKJIIOYEHHS BBIKJIKOYATENS, YCTAHOBJICHHOTO HAa CTOPOHE
BBICIIIETO HAMPSHKEHUS TTOHIDKAIOIIETO TpaHchopMaTopa IerH.
[Ipumeuanue.B ciyuasx, Koraa HOHWKAIOUKUKA TpaHCPOPMATOP MOAKIIOUEH K CETH YHEPrOCUCTEMBI Yepe3

peaKkToOp, BO3AYIIHYIO WM KaOCHbHYIO JIMHHUIO, (IUIMHOW Ooyiee 1 KM), HEOOXOIMMO YYHUTHIBATH HE TOJIBKO
WHIYKTHBHBIC, HO U aKTHBHBIC COTPOTHUBIICHUS STHX 3JICMCHTOB.

1.9. Ilpu pacuere TokoB K3 B 3JEKTpOyCTaHOBKAaX C ABTOHOMHBIMM HCTOYHMKAMHU
AIIEKTPOIHEPTUN HEOOXOIMMO YUMUTHIBATh 3HAUYCHUS TTApaMETPOB BCEX DJIEMEHTOB aBTOHOMHOMU
JIEKTPUUYECKOW CHUCTEMBI, BKJIOYas aBTOHOMHBIE MCTOYHMKH (CHHXPOHHBIE T'€HEpaTophl),
pacrpeeuTeNbHYyI0 CETh U MOTPeOnTEINH.

2. PACYET COITPOTHUBJIEHUM PA3JIMYHBIX JJIEMEHTOB
SJIEKTPOYCTAHOBKH

2.1. AKTMBHOE M HHAYKTHBHOE CONIPOTHBJICHHS CHJIOBBIX TPaHCHOPMATOPOB

2.1.1. AKTHMBHO€ M MHAYKTUBHOE CONPOTHUBIIEHUS TMPSAMOM  IOCIEA0BATEIbHOCTU
HNOHMKAIOUMX TpaHchopMaTopoB (rr, Xy) B MWIIMOMAX, NMPHUBEICHHbIE K CTYNEHH HH3IIEro
HaANPSDKEHUS CETH, PACCUUTBIBAIOT 110 popMyJIaM:
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rne Sison - HOMUHATBHAS MOIITHOCTh TpaHchopMaTopa, KB-A;

Pron - NOTepU KOPOTKOT'0 3aMbIKaHUs B TpaHchopmaTope, KBT;

Ulittaon. - HoMHHATBHOE HanpspKeHue 0OMOTKH HU3ILIET0 HanpsbkeHus Tpancdopmaropa, kB;

Uy - HaTIPSKEHHE KOPOTKOTO 3aMbIKaHus TpaHchopmaropa, %.

2.1.2. AKTHUBHBIE U UWHAYKTHBHbIE CONPOTHUBIIEHUS HYJIEBOM MOCIEA0BATEIbHOCTU
MOHIDKAIONIUX TpaHCPOPMATOPOB, OOMOTKH KOTOPBIX COEAMHEHBbI Mo cxeMe A/Y, mpu pacuere
K3 B cetn HM31IEro HanpsKeHUsI ClIEAyeT NPUHUMATh PAaBHBIMH COOTBETCTBEHHO aKTHBHBIM U
UHAYKTUBHBIM  COINPOTUBIEHUSAM TpAMOM mocienoBaTenbHOcTH. [lpum  npyrux cxemax
COEJMHEHUSI 0OMOTOK TpaHC(POPMATOPOB aKTHUBHBIC W MHIYKTUBHBIC COMPOTHBIICHUS HYJIEBOU
MOCIIEA0BATEIHHOCTH HEOOXOAUMO IPUHUMATh B COOTBETCTBUH C YKAa3aHUAMU U3TOTOBUTENIECH.

2.2. AKTHBHOE M HHAYKTHBHOE CONMPOTHBJICHNUS] PeaKTOPOB

2.2.1. AKTHBHOE CONpPOTHBICHHUE TOKOOTPAHUYMBAIOIIUX PEAKTOPOB (rip = 7rp = Fop) B
MIIIHOMaX PacCUUTHIBAIOT O popmyIie

r = APK.HOM 103
1p 2 )

L ow (5)
rie APpyom - IOTEPU aKTUBHON MOIIIHOCTH B (aze peakTopa Ipyu HOMHHATLHOM TOKE, BT;
I wom - HOMHUHAJIBHBIN TOK PEAaKTOpa, A.
2.2.2. IHanyKTUBHOE CONPOTHUBIEHUE PEAKTOPOB (X1p = X2p = X(p) B MUIIMOMAaX IPUHUMAIOT
KaK YKa3aHO W3TOTOBUTEJIEM HJIM PACCUUTHIBAIOT O (hopmyiie

x, = o(L—M)-10%, ©)

IJie ® - YTI0Basi 4acTOTa HAIMPSDKEHUS CeTH, PaJi/C;

L - M'HIyKTUBHOCTD KaTYyIIKU Tpex(a3Horo peakTopa, ['H;

M - B3auMHasi UHAYKTUBHOCTh MeX 1y (pa3amu peakropa, ['H.

2.3. AKTMBHOE M HHAYKTHBHOE CONIPOTHBJ/ICHHS IIHHONIPOBO/AOB

[lpn onpeneneHUHM AaKTUBHOTO M HWHAYKTUBHOIO CONPOTUBICHUH MpPsIMON U HyJeBOH
II0CJIEI0BATENBHOCTEN HIMHOMNPOBOAOB CJEIyeT HCIOIb30BATh JaHHBIE 3aBOJA M3TOTOBHUTEI,
SKCHEpUMEHTa WIM TPUMEHATh pacyeTHbI MeToJ. PekoMenayemblii MeTon pacuera
COMPOTUBIIEHUN IIMHONPOBOAOB M TMapaMeTpbl HEKOTOPBIX KOMIUIEKTHBIX IIMHOIPOBOIOB
NPUBECHBI B IPUIIOKEHUH 1.

2.4. AKTHBHOE U HHAYKTHBHOE CONPOTHUBJICHHE Kadeei

2.4.1. 3HayeHus napaMeTpoB IpsMO (0OpaTHOM) K HyJEBOH Mocaen0BaTeIbHOCTH Kabeneil,
IPUMEHSEMBIX B 3JIEKTpOyCTaHOBKax a0 1 kB, mpuHnMaror, kak yka3aHo W3rOTOBUTENIEM WM B
MPUIOKEHUU 2.

2.4.2. llpn ompeneneHMM MHUHUMaJIbHOTO 3HaueHHs Toka K3 pekoMeHayeTcs y4MThIBaTh
yBEJIMYEHUE AKTHUBHOI'O COINPOTHUBIIEHUS Kabenss K MOMEHTY OTKJIIOUEHHs IIeTH BCJEJICTBHUE
HarpeBaHusi kabenst TokoM K3. 3HaueHue akTHBHOTO CONPOTHBIIEHHUS Kalens B MHJUIMOMAX C

yueToM Harpesa ero TokoM K3 (78 ) paccuntsiBator no ¢popmyne

7’92097’90, (7)



Cy

rne - K03 (pULMEeHT, yUNTHIBAIOUINNA yBEIMYEHUE aKTUBHOTO CONpPOTHUBIeHUs Kabens. [Ipu

NpUONMKEHHBIX pacueTax 3HadeHme Koddduimenta €9 jmomyckaercs NPUHMMATD

paBEbIM 1,5. Tlpy yTOuHEHHBIX pacuerax KodpduIHeHT €9 clemyeT OmpenensaTh B
COOTBETCTBHUH C YepPT. 5-8 MPUITIOKEHUS 2 B 3aBUCUMOCTH OT MaTepHalia U CeUCHUs KU
ka0enst, Toka K3 u nponomxurensHoctu K3;

"5 - akTuBHOE COTPOTHUBIIEHUE Ka0Oesl TP TeMIepaType % , paBHbIi TUTIOC 20 °C, MOM.

2.5. AKTHBHOE M HHAYKTHBHOE CONPOTHBJIEHNUS] BO3AYIIHbIX JUHUHA U IPOBOI0OB

Meronuka pacdera mapaMeTpoB BO3AYLIHBIX JUHUN U IIPOBOJOB MPUBEJICHA B MPHUIIOKEHUN
3.

2.6. AKTHBHBIE CONPOTUBJICHUA KOHTAKTOB U KOHTAKTHBIX COeUHEHM I

[TepexomHOe COMPOTUBIEHUE DIICKTPUIECKUX KOHTAKTOB JIOOOTO BUAA CIEAYET OMPEIeIATh
Ha OCHOBAHUU JIAHHBIX HKCIIEPUMEHTOB HJIA C UCIIOJIb30BAHUEM PACUETHBIX METONUK. J[aHHBIE O
KOHTAKTHBIX COCJIMHEHHUSAX TMpHUBEACHBI B mpuioxkeHuun 4. [Ipum mnpubmmkeHHOM ydere
COIIPOTHBIICHUH KOHTAKTOB MPUHUMAIOT: 7 = 0,1 MOM - 111 KOHTaKTHBIX COSAMHEHUI Kalenei;
re = 0,01 MOM - a1 umHONPOBOAOB; 7 = 1,0 MOM - JIs1 KOMMYTAIlMOHHBIX allapaToB.

2.7. AKTHBHBIC U MHAYKTHBHbIE CONIPOTHBJICHUSI TPAHC(POPMATOPOB TOKA

[Ipu pacuere TokoB K3 B anekTpoycTaHOBKax HampsikeHueM 110 1 kB crnenyer yuuTeiBaTh Kak
WHIYKTUBHBIC, TAK M aKTHUBHBIC COIMPOTHUBIICHHS TMEPBHUYHBIX OOMOTOK BCEX MHOTOBHUTKOBBIX
U3MEPUTENbHBIX TpaHCHOPMATOPOB TOKA, KOTOphie uMetoTcs B 1ienu K3. 3HaueHus akTUBHBIX U
WHIYKTUBHBIX  CONMPOTHUBIICHUM HYJIEBOM  MOCJIEIOBATEILHOCTH TMPUHUMAIOT  PaBHBIMU
3HAQUEHUSIM  CONPOTUBICHUN MPsSMOM  MOCJIENOBaTeabHOCTH. [lapameTpbl  HEKOTOPBIX
MHOTOBHUTKOBBIX TpPaHC(HOPMATOPOB TOKAa TMPHUBEIACHHI B TPWIOKEHUU S. AKTUBHBIM U
WHAYKTUBHBIM CONPOTHBIICHHEM OJHOBHUTKOBBIX TpaHchopmaTtopoB (Ha Toku Oonee 500 A) npu
pacuetax TokoB K3 MoxHO npeneOpeyb.

2.8. AKTHBHble W WHAYKTHBHbIe CONPOTHBJIEHHS KATylIeK AaBTOMATHYECKHUX
BbIKJIOYaTeJIei

Pacuetsr TokoB K3 B snekTpoycraHoBkax HampsbkeHueM 10 1 kB ciegyer Bectu ¢ yuerom
WHIYKTUBHBIX M AKTUBHBIX COMPOTUBIICHUM KaTyIIeK (paclenuTesieii) MaKCUMaJbHOTO TOKa
ABTOMAaTUYECKHX  BBIKJIIOYATENEl, NpPUHUMAs 3HAYEHHUS AKTUBHBIX M HMHAYKTHUBHBIX
COTIPOTUBIICHUN HYJIEBOM MOCIIEI0BATEILHOCTH PAaBHBIMU COOTBETCTBYIOIIUM COMPOTHBICHUSIM
NpsIMOI MOCIEA0BATENIbHOCTU. 3HAUYEHUS CONTPOTUBIICHUM KaTyIIEK pacLEeNnuTeNeld 1 KOHTaKTOB
HEKOTOPBIX aBTOMATUYECKUX BBIKITIOYATENICH MPUBEICHBI B IPHIIOKEHUH 6.

2.9. IlapamMeTpbl AaBTOHOMHBLIX MCTOYHHMKOB JJI€KTPOIHEPrUM M CHHXPOHHBIX
3JIEKTPOABHIaTeJsiei

[Ipu pacuere Ha4aIbHOIO 3HAYEHHUS MEPUOAUYECKOW cocTaBistomel Toka K3 aBTOHOMHBIE
WMCTOYHMKH, a TAK)K€ CHUHXPOHHBIC SJICKTPOJBHUTATENN CIEAYET YUUTHIBATH CBEPXIEPEXOJIHBIM

COTIPOTHBIIEHHEM TI0 IPOJONBHOI ocH poTopa (V¢ ), a mpu ompeneneHnH MOCTOSHHON BpeMeHH
3aTyXaHHs amepuoaAnyYecKoil cocrapisomeil Toka K3 - WHIYKTHBHBIM COMPOTUBICHHEM IS
TOKOB OOpaTHOM MOCJIEIOBATEILHOCTH X M aKTUBHBIM CONPOTHUBIEHHEM OOMOTKH CTaTopa 7.

X " "
d(HOM)
[Ipu NpuOMIKEHHBIX pacdeTax NpuHuMaT: * = 0,15;x, = Ya;r=0,15%

2.10. ITapaMeTpbl ACHHXPOHHBIX 3JIEKTPOABHUIraTE e

[Ipy pacuerax HaA4YaJIBHOTO 3HAYEHUS NEPUOAMYECKOW cocTaBisionied Toka K3 ot
ACUHXPOHHBIX BHGKTPOIIBI/IFaTeJICfI nocjacaHue CJiacayecrt BBOJUTHL B CXCEMY 3aMCIICHHUA
CBEpXIIEPEXOJHBIM HWHAYKTUBHBIM compoTuBieHueM. Ilpu HeoOXonuMocTu MpoBeneHus
YTOYHCHHBIX PACUYCTOB CJICAYCT TAKKC YUUTBIBATH AKTHBHOC COIIPOTHUBJICHUC CTaTOpPA. Nx
3HAYEHUS] PEKOMEHJIyeTCs OIpeAeNsaTh, KaK ykazaHo B npuioxkeHuu 7. [Ipu mpuOIMKEeHHBIX
pacucTtax IMPUHHUMAIOT: CBCPXIICPCXOAHOC HHIAYKTUBHOC COMNPOTHUBJICHUC ACUHXPOHHOI'O



X ATI(som) Fan
JIBATATEIS * = 0,18; akTUBHOE COMPOTHUBIICHUE CTATOPA ACHHXPOHHOTO JIBUTATENS * =

Xan
0,36 -

2.11. PacueTHble mapamMeTpbl KOMILUIEKCHBIX HATPY30K

2.11.1. Ilpu pacyere TOkOB K3 OT KOMIUIEKCHBIX HArpy30K CIEIyeT YYUThIBATh HX
napaMeTpsl IpsiIMOM, OOpaTHOM U HYIIEBOHM MocienoBaTeNbHOCTEH. PekoMeHnayeMble 3HaueHUs
COMPOTHUBIICHUH TIpsiMOK (Z1) u oOpaTHOH (Z,) MOCIIEOBATEILHOCTEH OTIEIBHBIX JJICMCHTOB
KOMIUIEKCHOW HAarpy3Kd MpHBeACHbI B Ta0in. 1. 3HaueHUs MOAyJEH MOJHBIX COMPOTHBICHUN
npsiMoit (Zyr), o0patHoi (Zopyr) M HyJeBOU (Zopr) MOCIEIOBATEILHOCTEH HEKOTOPBIX Y3JIOB

Harpys3ku B 3aBUCUMOCTH OT UX COCTaBa OOITYCKACTCA ONMPCACIIATh, KaAK YKa3aHO B IPUJIOKCHUN
8.

Taonuna 1

IMapamMeTpbI 21eMeHTOB KOMILJIEKCHOWH HATPY3KH

3HaueHUsl CONPOTUBIIEHUH, OTH. €]1.
[ToTpeOuTeny KOMIUIEKCHOW Harpy3KH Ooosnauenns Cos @
Ha cxeMax o Z* 1 Z*z

ACHHXPOHHBIE JICKTPOIBUTATENIN Al 0,8 0,07+, 0,18 0,07+, 0,18
CHHXPOHHBIE BJIEKTPOJABUTATENH Cl 09 0,03+;0,16 0,03+;0,16
JlamIibl HaKaJIuBaHUS JIH 1,0 1,0 1,33
T'azopa3psaHbie HICTOYHUKU CBETA JIT 0,85 0,86 +; 0,53 0,38 +; 0,24
IIpeobpazoBarenu I1 0,9 0,9+;0,44 1,66 +; 0,81
DJIEKTPOTEPMHUUECKHE YCTAHOBKH €)% 0,9 1+;049 0,4+;,0,2

2.11.2. B npubnmKeHHBIX pacueTax A y3JoB, cojepxammx a0 70 % acMHXpOHHBIX

JIBUTATENEH, JOIMYCKAeTCsl 3HaYEHUsI MOAYJIEH MOJHBIX CONPOTUBICHUN KOMIUIEKCHON HArpy3KHU
ZIHT ZZHT ZOHF

NpUHUMATh paBHbIMH  * = =+ =04; * =30.

2.12. AkTHBHOe conpoTuBJeHue 1yru B mecte K3

[Ipu onpeneneHnn MUHUMAaNbHOIO 3HaueHUs Toka K3 cienyer yuuThiBaTh BIMSHUE Ha TOK
K3 akTuBHOr0 CONPOTUBIICHMS dJIEKTPUUECKON NyTH B MecTe K3.

[IpubnuxeHHbIe 3HAUEHNS aKTUBHOT'O CONIPOTUBIICHUS 1y IIPUBEAEHBI B Ta0I. 2.

Jlna npyrux pacueTHsIX yciaoBuil K3 3HaueHuss akTHUBHOTO CONIPOTUBIIEHUS NyTH JOIyCKAeTCs
PacCUUTHIBATh, 110 MPUIOKEHHIO 9.

3. PACYET HAYAJIbHOT'O 3HAUYEHUSA MEPUOJUYECKOM COCTABJISIOIIEN
TOKA TPEX®A3HOI'O K3

3.1. Meromuka pacyeTa HAYaJbHOTO JICHCTBYIONIETO 3HAYCHHUS  MEPHOAMYECKON
coctapsstomel Toka K3 B anekrpoycranoBkax g0 1 kB 3aBUCHT OT crioco6a 3J1eKTpOCHA0KEHUS
- OT SHEPTOCUCTEMbBI WJIH OT aBTOHOMHOTO UCTOYHHKA.

TaOnuma 2

3HayeHUs1 AKTUBHOIO COIIPOTHUBJICHUS IYT'H

AKTHBHOE cOnpoTHBIIeHHE OyTH (75), MOM, tipu K3 3a

Pacuernsie ycnosus K3 TpaHchopMaTOpaMu MOIIHOCTEIO, KB-A

250 400 630 1000 1600 2500
K3 BOmMm3u BBHIBOJOB HU3IIETO HAMPSDKEHUS
TpaHcdopmaropa:
- B pazfenke Kkabenel HalpsHKeHHEM:
0,4 xB 15 10 7 5 4 3
0,525 xB 14 8 6 4,5 3,5 2,5
0,69 xB 12 7 5 4 3 2
- B mmHonposoze tuna IIIMA HanpsoxkeHunem:
0,4 xB - - - 6 4 3




AKTHBHOE COTIPOTHBIIEHHE OyTH (75), MOM, ipu K3 3a
Pacuernsie ycnosus K3 TpaHc(hopMaTOpaMu MOIITHOCTEIO, KB-A

250 400 630 1000 1600 2500
0,525 kB - - - 5 3,5 2,5
0,69 xB - - - 4 3 2
K3 B konme mmuonpoBoaa tuna IIIMA mnuHOM

100 - 150 m

HaNpsHKEHUEM:
0,4 xB - - - 6-8 5-7 4-6
0,525 xB - - - 5-7 4-6 3-5
0,69 xB - - - 4-6 3-5 2-4

3.2. Ilpu »1eKTpOCHAOKEHUH AIIEKTPOYCTAHOBKU OT SHEPrOCHCTEMBI 4epe3 MOHIKAIOIIUN
TpaHchopMaTop HayaJdbHOE JACHCTBYIOIIEE 3HAYCHHE TNEPHUOJUYECKON  COCTaBIISIONICH
tpexdaznoro Ttoka K3 (/) B kuimoammepax 0Oe3 ydeTra MOIMUTKA OT 3JIEKTPOABHUTaTENeH
PacCYUTHIBAIOT 1O opmyIie

U

Ino — cp.HH ,
V3 USRS (8)

rae Ugpnn - CpelHEe HOMMHANBHOC HANPSHKCHHE CETH, B KOTOPOM IPOM3O0ILIO KOPOTKOE
3aMbIKaHue, B;

iz, MI - COOTBETCTBEHHO CyMMapHOE aKTHBHOE U CyMMapHOE HHIYKTHBHOE
COTMPOTUBIICHUs TpsiMOM  mocienoBatenbHocT  1enu K3, MOMm. Otm
COTIPOTUBIICHUS PABHBI:

s =7"T+7’p+VTA +7’KB+Fm+7’K+I’iK6 -i-l"BH-i-l"}:l
Xy :xc+xT+xp+xTA+xKB+xm+le6 +xBH,

A€ 7y U Xy - AKTUBHOE M WHIYKTUBHOE COMPOTUBIIEHUS NPSIMOM IMOCIEA0BATEIbHOCTU
MoHMXaromiero Tpaachopmaropa, MOwm;
rtA W XTA - AaKTHUBHOE U HMHIYKTUBHOE CONPOTHBJICHHUS TMEPBUYHBIX OOMOTOK
TpaHnchopmaTopoB Toka, MOM;
X - DKBUBAJEHTHOE WHAYKTUBHOE COMNPOTUBIECHUE CHUCTEMbI JO MOHMKAIOIIETO
TpanchopmaTtopa, MOM, TPUBEICHHOE K CTYTICHH HU3IIETO HATIPSIKCHUS;
7p - aKTUBHOE U MHIYKTHBHOE COIIPOTUBIICHUS peaKTOPOB, MOM;
Fxs U Xy - QKTUBHOE U MHJyKTUBHOE CONPOTHUBIICHUS TOKOBBIX KaTYyIIEK aBTOMaTHYECKUX
BbIKIItOUarene, MOM;
Fm ¥ Xy - AaKTUBHOE U MHAYKTUBHOE CONPOTUBIIEHUS IIMHONPOBOI0B, MOM;
7'x - CyMMapHO€ aKTUBHOE CONPOTHUBIICHUE PA3IMYHBIX KOHTAKTOB, MOM;
Fix6s Ven ¥ Xixg, Xszx - AKTUBHbIE W HMHAYKTUBHBIE CONPOTHUBIIEHUS TMPSIMOMN
MOCIIE0BATEILHOCTH KaOEIbHBIX U BO3AYUIHBIX TUHUHN, MOM;
7y - aKTUBHOE compoTuBieHue ayru B Mecte K3, MOM, npuHuMaemMoe 1o JaHHBIM
TabJl. 2 WM pacCYMTHIBAEMOE KaK YKa3aHO B MPUJIOKEHUH 9, B 3aBUCHMOCTH
ot ycioBuit K3.

3.3. Ecnu anekTpocHa0KeHHe AJIEKTPOYCTAaHOBKU OCYIIECTBISETCS OT SHEPTOCHUCTEMBI Uepe3
NOHWKAIOMMI TpaHchopmarop u BOMM3M Mecta K3 HMMEIOTCS CHHXpOHHBIE W aCHHXPOHHBIC
3JIEKTPOJIBUTATENN WM KOMIUIEKCHAas HArpys3ka, TO Ha4aJbHOE JEHCTBYIOLEE 3HA4YCHHE
NEPUOANYECKON cocTaBismomeld Toka K3 ¢ y4eToM NOANMTKH OT 3JIEKTPOABUraTeNed WiIn
KOMIUIEKCHOW Harpy3KHU CJeyeT ONMpeesiTh Kak CyMMY TOKOB OT 3HEPTOCUCTEMBI (CM. II. 3.2) U
OT DJIEKTPOABUTIATEIICH WU KOMIUIEKCHON Harpys3KHu.

HauanbHoe pelcTBylolllee 3HA4YEHUWE TNEPUOAUMYECKOM cocrtaBistomet Toka K3 ot
CHUHXPOHHBIX AJIEKTpoABHraTeneit (/nocy) B KUJI0aMIepax pacCUUTHIBAIOT MO (hopMmyie



$.CI

\/(x; +x1z)2 +(rCI[ +”12)2 ’ (9)

E
1

noCJ] =

"

rIe Eyen . cBepxriepexoanas JJ]C cunxpoHHOT0 AnekTpoasuratens (ha3Hoe 3HadeHue), B;

"

xd H rcpg - COOTBCTCTBCHHO CBCPXNCPEXOAHOC HHAYKTHBHOC W AKTUBHOC COIIPOTUBJICHHUA
anexTpoaBuraresns, MOwM;
3HAYEHUS ITUX COMPOTUBJICHHUM MOMYyCKaeTCsl ONMPEAENATh Kak yKa3aHo B 1. 2.9;

fis ' m %X - cymMmapHOe HHIYKTMBHOE M CyMMapHOE AKTHBHOE CONPOTHMBIEHHS HPAMOIi

MOCJIEIOBATENILHOCTH 1I€TH, BKIIOYEHHOM MEXy S3JEKTPOABUTATENIEM U TOYKOU
K3, MOwm.
JUisi CUHXpOHHBIX D3JIEKTpoJBUTaTeNel, KoTopbie 10 K3 paboramu ¢ mepeBo30y)IACHHEM,

ceepxnepexoanyo 3/1C (E ¢.CA ) B BOJIbTaX PACCYUTHIBAIOT MO (pOpMYJIe

Epen = \/(UW + 15, singlO])? + (1, cos o), )

U .
rae 9o - ¢a3HOE HanpsHKCHHWE Ha BBIBOJAX AJICKTPOBUIATEII B MOMEHT, MPE/IICCTBY O
K3, B;

I, o
0l - TOK cTaTOpa B MOMEHT, ipeamiecTBytomuii K3, A;

(P|O| - yroi casura (a3 HanpspKeHHUsI M TOKa B MOMEHT, npeamecTsytomuii K3, rpaz,
L,

Y4 - cBepXmepexogHOE CONMPOTHMBIEHHME 110 MHPOJONBHOH OCH CHHXPOHHOTO
aneKkTpoaBHraTessi, MOM.

JUIs  CHHXpOHHBIX 3JCKTpOABUTATeNeH, paboraBmux g0 K3 ¢ HEmoBO30YKIACHHEM,

ceepxnepexoanyo 3/1C (E $.C1 ) B BOJIBTaX PACCUYUTHIBAIOT TTO (hOpMYyJIe

_— R 3 ; >

Eycn= \/(U(D\O\ 1%, smq)|0|) + (4%, coscp|0|) , (11)
HavanbHoe peiicTBylolliee 3HayeHHE NEPUOAMYECKON cocraBistomeil Toka K3 ot

ACHUHXPOHHBIX 3JIeKTpoABUraTeneu (/noay1) B KWIOAMIIEPAaX pacCCUUTHIBAIOT 11O (popmyie

Eyan

\/(an + x1z)2 + (rA)Z[ + ’”12)2 (12)

] moAJ =

"

re “ALl U raj - COOTBETCTBEHHO CBEPXIIEPEXOIHOE HHIYKTUBHOE M AKTHBHOE COMPOTHBIICHHS
anekTpoasurarens, MOM;  3Ha4eHHAd  OTHX  COIPOTUBIICHUU
JIOITY CKaeTCs ONPEIENATh, KaKk yKa3zaHo B 1I. 2.10;

"

AL - cBepxnepexonHas DJIC aCMHXpOHHOTO 3JIEKTPOJBHUTATENsSl, KOTOPYIO
MO>KHO pacCUYHTaTh Mo popmyie

E

(13)

Ilpy HEOOXOOUMOCTH ydeTa KOMIUIEKCHOM Harpy3kd COOTBETCTBYIOIIEE HAyaJIbHOE
JENCTBYIOIIEE 3HAUEHUE NEPUOANUYECKON cocTaBistoleil Toka K3 cienyer paccuuThiBaTh, Kak
yKa3aHo B mpuiiokeHuu 10.

3.4. B 2neKTpOyCTaHOBKAaX C AaBTOHOMHBIMH MCTOYHHMKAMM DJIEKTPOIHEPIUU HayalbHOE



JEUCTBYIOIEEe 3HAYCHUE TEPUOAMYECKON cocTaBsitomeld Toka K3 0e3 ydera MOANMUTKH OT
anekTpoaBUrarenei (Iy,) B KujaoaMIepax pacCYuThIBAIOT MO Gpopmyie

I B
m s
2 2
Vhy Xy (14)
rie ' m MT - COOTBETCTBEHHO CyMMapHOE aKTHBHOE H CyMMApHOE MHIYKTHBHOE

conportusnenus nenu K3, MOM. OTu conpoTUBIICHNS PaBHBL:

I’IZZI"TA+VKB+FP+VM+I’;< +r11<6 +r ;

BII?

Xiy =X+ Xpp + X + X, X, + X6+ X,

"

rjae Ey . skpusanentnas ceepxnepexoanas DJIC (daznoe 3nauenue), B; 3nauenue stoit IJC

CJIEJIyeT PACCUMTHIBATH TaK K€, KaK M JUIsl CHHXPOHHBIX JJICKTPOJBUTATENCH (CM. II.
3.3).

3.5. [Ipy HEOOXOOUMOCTH ydYeTa CHHXPOHHBIX M ACHHXPOHHBIX JJICKTPOIBUraTeNICH WIN
KOMIUICKCHOW HAarpy3kd B aBTOHOMHOHM JJICKTPHUYECKON CHCTEME HadallbHOE JEHCTBYIOIICE
3HaUEHUE MEePHOJUYECKON cocTaBisitomel Toka K3 cienyer omnpeaensiTe Kak CyMMy TOKOB OT
ABTOHOMHBIX UCTOYHHKOB (CM. M. 3.4) M OT 3JIEKTPOJBUTATENICH WM KOMIUICKCHOW Harpy3Ku
(cm. m. 3.3).

3.6. Ilpu HeoOXomuMOCTH Yyuera BIUsSHHA Ha TOK K3 aKTUBHOTO COMPOTHBIICHUS
AJEKTPUUYECKON AYTH PEKOMEHIYETCSl UCIIOJIb30BaTh YKa3aHuUs MPHIIoKeHus 9 (1. 4).

4. PACUET AITEPHOIMYECKOM COCTABJISIIOIIIEN TOKA K3

4.1. HauOonbliee HavyalbHOE 3HAYEHUE aneprogudeckor coctamistoniel Toka K3 (iy) B
00111eM cTydae CYMTAIOT PAaBHBIM aMILTUTY/I€ IEPUOANYECKON COCTABIIAIONICH TOKA B HAYAIbHBIN

momeHT K3
iaOZ\Izlno' (15)

4.2. B paguanbHbIX CETSAX amnepHOIMYECKYI0 COCTaBIAONIyI0 Toka K3 B mpOHM3BOJIBHBIN
MOMEHT BPEMEHH (i,¢) PACCUUTHIBAIOT 1O hopMyJie

—t/T,

Iy =l ", (16)

rae ¢ - Bpems, C;
T, - TOCTOSIHHAsI BPEMEHM 3aTyXaHUsl allepuogndeckoi cocrasistouei Toka K3 ¢, paBHas

Xy

T, = ,
(DCFZ (17)

rae ¥ u 'S - pesynpTHpylomMe HHIYKTHBHOE U aKTHBHOE CONMPOTUBJIeHU nermu K3, MOM;
®. - CAHXPOHHAsl YTJIOBas YaCTOTa HAPSHKEHUS CETH, pajly/c.

IIpu ompeneneHun *T u 'S CHHXPOHHBIE T'€HEPATOPHI, CHMHXPOHHBIE M ACHHXPOHHBIE
AIIEKTPOABHUTaTEeN JIOJUKHBI OBITh BBEJCHBI B CXEMY 3aMEIICHUS B COOTBETCTBHH C
TpeboBanusMu 1. 2.9 u 2.10.

KommiekcHast Harpy3ka JIOKHAa OBITh BBEJCHA B CXEMY 3aMELICHHS B COOTBETCTBHH C
TpeOOBaHUSIMU pas3. 2.

4.3. Eciu Touka K3 nenut pacdyeTHyro cxeMy Ha pajuajibHble, HE3aBUCUMBIE PYT OT ApyTra
BETBU, TO Aall€pUOJUYECKYIO0 CcOCTaBisiomy Toka K3 B MNpoOW3BOIBHBIE MOMEHT BPEMEHHU
CJIEIyeT ONpPEAEIATh KaK CYMMY allepUOJUYECKHX COCTABIISIONIMX TOKOB OTIEJIbHBIX BETBEH 110

dbopmyre



m
. . —t/T,;
lat - laOie s
i=1

TJI€ M - YUCI0 HE3aBUCHMBIX BETBEH CXEMBI;
ia0; - HAYAJIbHOE 3HAYCHHUE allepuoIMuecKoi coctasistomien Toka K3 B i-if BeTBH, KA.

5. PACUYET YJIAPHOI'O TOKA K3

(18)

5.1. VYnpapueni tok Tpexdasznoro K3 (iy;) B 2IEKTpOyCTaHOBKax € OIHUM HCTOYHMKOM
SHEPruM (SHEProcucTeMa WM aBTOHOMHBIN UCTOYHUK) PACCUUTHIBAIOT 1O opMyIie

iy, = V21, (1+sing,e™ ") =21, K, (19)

. 1, /T,

rae K, =(+singe ™) yAapHbIA KO3(h(UIIUEHT, KOTOPBI MOXKET OBITh OMpeseNieH MO

KpPUBBIM 4epT. 1;

T, - mOCTOSIHHAsA BPEMEHU 3aTyXaHHUs allepUOJUYECKON COCTaBIISIONICH
toka K3 (cMm. 1. 4.2);

¢x - yron casura 1o (aze HampsokeHus wiau OJIC ucToUyHMKA W
MIEPUOANYECKOMN COCTaBJIISIONIEH TOKa K3, KOTOPBII

PacCYUTHIBAIOT 1O popmyIie
¢, =arctgx,y /1is;
tyx - Bpemst oT Hadasa K3 10 mosBieHus yaapHOTro TOKa, ¢, paBHOE

/24,

1y = 0,017

Kpusebie 3aBucumocts yaapHoro kodgguuuenra Ky, 0T OTHOLIEHHUH /X U X/r

K
oA T
161\ /.

! y
ol N 4 1.
2}~ \\\4\_ - |

L e :
g 02 &% §& 08 [Orix g5 2 5 W20 50780 xir

X - MHIYKTHBHOE conpoTuBieHue uenu K3, 7 - aktuBHOE conporusienue nenu K3
Yepr. 1

5.2. Tlpu pacuere ynapHoro Ttoka K3 Ha BBIBOJAaX aBTOHOMHBIX MCTOYHHMKOB, a TaKXe
CUHXPOHHBIX U aCUHXPOHHBIX AJIEKTPOJIBUraTeNIel JOMYCKAETCsl CUUTATh, YTO:

yaapHslid Tok Hactynaet yepes 0,01 ¢ mocne Hagana K3;

aMILTUTy1a Tiepuoanyeckor coctasisitonied Toka K3 B moment Bpemenu ¢ = 0,01 ¢ paBHa
aMIUTUTYZie 9TOM COCTaBIsAIOLIeH B HauanbHbIi MoMeHT K3.

5.3. VYpapHeli TOK OT AaCHHXPOHHOIO DJEKTpOABHraress (iy;ay) B KHIOAMIIEpax
pPAcCUMTHIBAIOT C YYETOM 3aTyXaHHsl aMIUIMTY[bl Iepuoaudeckoil cocrasisomeil Toka K3 mo
dbopmyne

0,01 0,01

. T B T,
Lyan = \/ElnoAH(e P te ),

(20)

rae T, - pacdyeTHas INOCTOSHHAs BPEMEHM 3aTyXaHHUs MEPHOJUYECKON COCTaBIAIOIICH TOKa
cTaTopa, C;



T, - MOCTOSIHHAS! BPEMEHHU 3aTyXaHUs allepHOJNUECKON COCTaBIISIONIEH TOKa cTaTopa, C.
[Tpu atom T}, u T,y NOMyCKaeTcst pacCYUTBIBATH MO (hopMyIaMm

"

Xan t Xics |

Xan t Xie

N
’ (’Oc(rl-i_rlkﬁ)

I7I€ . - CHHXPOHHAs yIJIOBas 4acToTa, pajy/c;

o

r¥1 U T2 - COOTBETCTBEHHO AKTUBHOE COIIPOTUBIIEHHE CTAaTOpAa M AKTUBHOE COINPOTHBIIEHHE
poTopa, MPUBEACHHOE K CTATOPY, KOTOPBIE TOMYCKAETCA paCCUUTHIBATh, KaK YKa3aHO

B IIPUJIOKEHUHU /.
5.4. Eciu Touka K3 nenuT pacdyeTHyro cxeMy Ha pajualibHble, HE 3aBUCUMBbIE PYT OT Jpyra
BETBHU, TO yjapHbiil Tok K3 (iy,) onpenenstor kak CyMMYy yIapHBIX TOKOB OTJEJIbHBIX BETBEH 110

dbopmyne

i, = SN2 (L),
w=2 o

TJIe M - YUCJIO HE3aBUCHUMBIX BETBEH CXEMBI;
Twoi - HauaJdbHOE ACHCTBYIOLIEE 3HAUCHHE MEpPUOIUYEcKON cocraBismomet Toka K3 B i-if
BETBU, KA;
tyni - BpEMs MOSIBIIEHHS YAAPHOIO TOKA B i-i BETBH, C;
T, - MOCTOSIHHASA BPEMEHM 3aTyXaHUs allepuoauyecKoil cocrapisitonieit Toka K3 B i-ii BeTBH,
o

6. PACYUET IEPUOJUYECKOM COCTABJISIOINIEN TOKA K3 OT ABTOHOMHBIX
WCTOYHHUKOB JIEKTPOOHEPT UM B ITPOU3BOJIbHbIII MOMEHT BPEMEHU

6.1. B CJIOXKHBIX aBTOHOMHBIX CUCTEMAaX pacyeT NepUoAUYECKOi coctasistomeil Toka K3 ot
HMCTOYHHUKOB 3JIEKTPOIHEPTUU (CUHXPOHHBIX T'€HEPAaTOPOB) B MPOU3BOJILHBII MOMEHT BPEMEHU
CJeAyeT BBITIOJHATh TYTEM pEIICHUST COOTBETCTBYIOIIEH CHUCTEMBbI au(depeHITnaTIbHbIX
YpaBHEHUH NEPEXOIHBIX IPOLECCOB € UCTIOIb30BaHNEM DBM.

N3menenne nepuoanyeckoi cocrapiasiomeii Toka K3 or cHHXpOHHOI MaIIMHBI
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Yepr. 2

6.2. B npubnmKeHHbIX pacueTax AJs OnpeeseHHs JeCTBYIOIIEro 3HaueHus! IepruoanYecKon
cocrasisitolieil Toka K3 B mpou3BoSIbHBII MOMEHT BPEMEHU OT aBTOHOMHBIX MCTOYHHMKOB MU
panuaibHOM CcXeMe MNPUMEHSIOT KpHUBbIE, NpPUBEJCHHblE Ha uepT. 2. PacueTHble KpuBbIE
XapaKTEepU3yIOT U3MEHEHHE 3TOM COCTABISIONIEH BO BPEMEHHU NPU Pa3HBIX yAAJCHHOCTAX TOUKU
K3. 3nauenus nepuoguueckoi cocrasistonied Toka K3 B npou3BOiIbHBIE MOMEHT BPEMEHHU
OTHECEHBI K HAYAJIbHOMY 3HAYEHUIO 3TOM COCTaBIIAIOLICH, T.€.

l

nz

1

110

Y=

1o(HOM)

VY nanennocts Toukd K3 OT cuHXpOHHOW MamuHbl ( * ) XapaKTepU3yeTcsl OTHOLIEHUEM
JIEUCTBYIOIIETO 3HAYCHUS MEPHOIUYECKON COCTABJISIONIEH TOKA 3TOW MAalllMHbl B HaYyalbHbIN
MoMeHT K3 k ee HOMUHATIBHOMY TOKY, T.€.

I no(Hom) Ji
* HOM
JelicTBy1oliee 3HaYEHUE TTEPUOUUECKON cocTaBIsitoniel Toka K3 B MpoOn3BOJILHBIIT MOMEHT
BPEMEHU OT CHUHXPOHHOW MAaIIMHBI (MJIM HECKOJBKUX OJHOTHUITHBIX CHUHXPOHHBIX MAIIHH,
HaXOJSIINUXCS B OJIMHAKOBBIX YCIOBHSX MO OTHOIIEHUIo K Touke K3) (/y), caenyeT onpenensirsb
o popmyne
ly=v.1

no(HOM) ]HOM >

) (22)



npuieM IMpu HECKOJIBKUX MallWHAaX I104 HOMHWHAJIBbHBIM TOKOM CJICAYCT IIOHUMATb CYMMY
HOMMHAJIBHBIX TOKOB BCCX MAIIIMH.

7. PACYET HEPUOJUYECKOM COCTABJISIOUIEN TOKA K3 OT CUHXPOHHBIX
U ACHHXPOHHBIX DJIEKTPOJABUTATEJIEN B ITPOU3BOJIbHBIA MOMEHT
BPEMEHHA

7.1. TouHblld pacyeT MNEpUOAUYECKON cocTaBisAoniei Toka K3 0T CHHXpPOHHBIX U
ACUHXPOHHBIX AJIEKTPOJBHUIaTejIei B IPOU3BOJIBHBII MOMEHT BPEMEHH CIEAYET BBIINOJIHATh
MyTEeM pelIeHus cucTeMbl T depeHInaTbHbIX YPaBHEHUH NEPEXOAHbBIX IPOLIECCOB.

7.2. llpu npuOMMKEHHBIX pacueTax i OINpEeACNICHUs JICUCTBYIOIIETO 3HAYCHUS
NEPUOANYECKON COCTABIIAIOIIEN ToKa K3 OT CHHXPOHHBIX 3JIEKTPOJBUTATENEH B IPOU3BOJIbHBIN
MOMEHT BPEMEHH IIPHU PAIUAIBLHON CXEME HCIIOJIb3YIOT TUIIOBBIE KPUBBIE, IPUBEACHHBIC HA YEPT.
2.

7.3. Ilpu npuOMMKEHHBIX pacueTrax i OMNpEACNICHUs JICUCTBYIOMIETO 3HAYCHUS
NEPUOANYECKON cocTaBistoniel Toka K3 0T aCHHXPOHHBIX 2JIEKTPOIBUraTeNIel B IPOU3BOJIbHBIN
MOMEHT BPEMEHM INpPHU paqUAIBHOM CXEME HCIOJIB3YIOT KPHUBBIC, NPHUBEACHHBIE HA 4YepT. 3.
3HaueHusi MNEepUOJUYECKON cocTaBisitomed Toka K3 B INpOU3BOJIBHBIM MOMEHT BpPEMEHU
OTHECEHBI K HAYAJIbHOMY 3HAYEHUIO 3TOM COCTaBIIAIOLICH, T.€.

1
1

mtALl

YtALL =
oA/l

VnanenHocth Touku K3 OT aCHHXPOHHOTO 3JIEKTPOABUTATEIIS XapAKTEPU3YyETCsI OTHOLUIEHUEM
JIEUCTBYIOIIETO 3HAYECHUSI TMEPUOAUYECKON COCTABJISIONICH TOKa ATOTO 3JEKTPOJBHUIaTeNsl B
HavaJabpHbIM MOMEHT K3 K ero HOMMHAILHOMY TOKY

] _ 1 n0AJl
no(Hom) Ji .

*

AllHom

I[eflCTBYIOH_Iee 3HAa4YCHUC HepHOHquCKOﬁ COCTAaBIISIONIEH TOKA K3 B HpOI/I3BOJ'II>HBII71 MOMCHT

1
BPEMEHHU OT AaCHUHXPOHHOIO »JJIeKTpoaBuratenss (- mAA) (MM HECKOJbKUX aCHHXPOHHBIX
AJIEKTPOJIBUTATENICH, HAXOMASIIUXCS B OJWHAKOBBIX YCJIOBHSX MO OTHOIIEHHIO K Touke K3)
pPacCcUUTHIBAIOT 1O hopMyIie

[ntAII = YtA}I [HO(HOM) IHOMAI[ N (23)

HN3meHenne nepunoanyeckoii cocrapisiromeii Toka K3 oT acHHXpOHHBIX IBUraTes el
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8. PACYHET TOKOB HECUMMETPHUYHbLIX K3

8.1 CocraBJiieHue cxeM 3aMellleHUs!

8.1.1. Pacuer TokoB HecumMMmeTpuyHbIX K3 BBINOTHAIOT € HCIIOJIB30BAHMEM METOAA
CUMMETPUYHBIX COCTaBISIOMUX. [Ipy 3TOM mpenBapuTeNbHO HEOOXOAUMO COCTaBUTH CXEMBI
3aMeNIeHUs IPsIMO, 0OpaTHOM U HYJIEBOU MOCJIEI0BATEILHOCTEH.

8.1.2. B cxemy 3amemieHusi mpsIMOM TOCIEAOBATEIbHOCTH JOJDKHBI OBITH BBEICHBI BCE
DJIEMEHTBl  PACYCTHOM CXEMBI, TMpPHYEM TMPH pacdyeTe HAYaJbHOrO 3HAYCHHS TOKa
HecumMMmeTpuyHoro K3~ aBTOHOMHBIE  HCTOYHUKH, CHHXPOHHBIE W aCHHXPOHHbBIC
DIIEKTPOABHUTATENI, A TaKXKe KOMIUIEKCHAsh  Harpy3ka JIOJDKHBI ~ OBITh  BBEJEHBI
cBepxriepexoanbiMu DJIC 1 cBepXmnepexoJHbIMUA COTIPOTUBIICHUSIMHU.

Cxema 3aMmenieHusi 0OpaTHOM MOCIeOBATEILHOCTH TaKKe JOJDKHA BKIIFOYATh BCE JIEMEHTHI
pacuetHoit cxembl. IIpu »tom OJIC o00paTHOW TOCHEAOBATEIHLHOCTH CHHXPOHHBIX U
ACHHXPOHHBIX MAIllMH, a TaK)Ke€ KOMIUICKCHOW Harpy3KH, CIeIyeT MPUHUMATh PaBHBIMHU HYIIIO.
ConpoTuBieHre 00paTHOI MOCIEA0BATEIHLHOCTH CHUHXPOHHBIX MAIIMH CIEAyeT MPUHUMATh IO
JAHHBIM KaTajora, AaCHHXPOHHBIX MAaIlWH - NPUHUMATh PaBHBIM CBEPXIIEPEXOTHOMY
COTMPOTHUBIICHUIO, & KOMIUIEKCHBIX HAIPY30K - B COOTBETCTBUU C Ta0M. 1.

ComnpoTtuBieHne 00paTHON MOCIIEI0BATEIIEHOCTH TPAaHC(HOPMATOPOB, PEAKTOPOB, BO3YIITHBIX
U KaOeldbHBIX  JIMHMA  ClleAyeT MNPUHUMATh  PaBHBIM  CONPOTUBJICHHUIO  MPSIMOU
MOCJIEI0BATEIBHOCTH.

8.2. Pacuer TokOB ogHOo(pa3zHoro K3

8.2.1. Ecnm anexTpocHaO) eHUe 3IEKTPOYCTAaHOBKHU HampspkeHHeM 10 1 kB ocymecTsisiercs
OT DSHEProCHUCTeMBbl 4Yepe3 TMOHWXKAWIIUKA TpaHchopMmaTop, TO HAYaIbHOE 3HAYCHUE

@
NEPUOANYECKON cocTaBisitonieil Toka omHodasznoro K3 or cucremsl ([ mo ) B KUJOAMIepax

PacCUUTHIBAIOT 1O popmyIie

[(l) — \/chp.HH
\/(242 + roz)2 +(2x5 + xoz)2 (24)

roe 1= u Niz OMPEENAI0T B COOTBETCTBUU C 1. 3.2 HACTOSILIETO CTAH/IAPTA;

Tox u %oz - CyMMapHO€ aKTHBHOE M CYMMAapHOE€ HWHAYKTUBHOE COMPOTHUBJICHHS HYJIEBOI
MOCJIeIOBATENILHOCTU PAcYeTHOM cXeMbl OTHOCUTENbHO Touku K3, MOwm. Dtu
COTIPOTHUBJICHUS PaBHBI:



oy = Vor +7'p +rTA +VKB +7"K -|-l"0LH +r01<6 +I”OBB +I"ﬂ
HXyy =X, +xp +xTA +XKB +X0m +x01<6 +XOBB,

TA€ 7or U Xor - AKTUBHOE M WHIYKTHUBHOE COMPOTHBIICHUS HYJEBOHW MOCIEI0BATENIFHOCTU

MTOHIDKAIOIIETO TpaHchopMaTopa;

Fom U Xom - AKTHBHOE€ W HHIYKTHBHOE COMPOTHBIICHUS HYJIEBOW IOCIIEIOBATEILHOCTU
IIMHOMIPOBO/IA;

Foxs U Xox6 - AKTMBHOE M HMHIYKTHUBHOE COMPOTHUBIICHUS HYJEBOHM MOCIIEI0BATEILHOCTU
Ka0ens;

Fosn U Xogx - AKTHUBHOE M WHIYKTHBHOE COMPOTHUBICHUS HYJEBOW IMOCIIEI0BATEILHOCTU
BO3JIYIITHOM TUHUU (F0sy = F1pg, X081 = 3X151)-

8.2.2. B a5ekTpoyCTaHOBKaX C aBTOHOMHBIMH MCTOYHHMKAMH YHEPTHM HAa4aJIbHOE 3HAYCHHUE

)
HepHOANYECKOH COCTaBIsIONIEH Toka oxHodazHoro K3 (I mo ) B KMJIOAMIIEpax paCCYUTHIBAIOT 110
dopmyie

o _ 3E,

\/(21”12 +7y5)? + (2x,5 + Xp5)’ (25)

"

rac Eq) - OKBHUBAJICHTHAA CBCPXIICPCXOIHAA QI[C AdABTOHOMHBIX HCTOYHHKOB, B, KOTOPYIO

OIPEEIISAIOT B COOTBETCTBUMU C II. 3.4.

3uauenus 1= u Y1z ompenensior B coorBeTcTBHU ¢ 1. 3.4,a 70 u Yox -mom. 8.2.1.

8.2.3. HauanpHOe 3HaueHWE MEPUOAMIECKON COCTABIISIIONIEH Toka ogHodazHoro K3 ¢ yuetom
CHHXPOHHBIX U ACHHXPOHHBIX 3JIEKTPOJBUTATENICH B KUJIOAMIIEPAaX PACCUUTHIBAIOT, KaK YKa3aHO
B 8.2.2.

8.2.4. Ilpu HE0OXOUMOCTH OTIpeCIICHUs] IEPUOANUECKON COCTABIAIONICH TOKa 0THO(DA3HOTO
K3 B npon3BOIbHBIA MOMEHT BPEMEHU MPUMEHSAIOT METO/bI pacyeTa, NPUBEACHHBIE B pa3. 2, 6
u7.

8.3. Pacuer TokoOB aAByx¢azHoro K3

8.3.1. [Ipu snexkTpocHabKEHUH NEKTPOYCTaHOBOK HaNpshKeHHeM 10 | kB oT sHeprocucremMsl
yepe3 TOHIKAIIMK TpaHChOpMaTOp HAYalbHOE 3HAYCHUE MEPUOIUYECKON COCTaBIISIONICH

(2)
Toka aByx¢azHoro K3 (I mo ) B KWJIOaMIIepax pacCUUTHIBAIOT MO GopmyIie
](2) _ Ucp.HH
no 5 5
24y + Xy (26)
rne
By =l A1+l 1, 1, 1+l + 1, +r, /2
Xy =X, F X+ X+ Xy + X, + X, X+ X,
8.3.2. B snekTpoycTaHOBKax ¢ aBTOHOMHBIMH HMCTOYHHKAMU SHEPTUM HAYAIbHOE 3HAUYCHHE

)
(I

MEePUOINYECKON COCTABIIAIONMIEH ToKa Byx(azHoro K3 (“mo ) B KmymoaMiiepax pacCunuThIBAIOT 11O

dopmyie
L

8.3.3. HayanpHOE 3HaYeHNE MEPUOINIECKON COCTaBIIIONIEH ToKa AByxdasHoro K3 ¢ yuetom



(2)
ACHHXPOHHBIX JIEKTPOABUTATENEN (1 moA/l') B KHJIOAMIIEPax PACCUUTHIBAIOT MO (hopmyIie

Al — o
2\rs +xy (28)
E

rue X - okBuBajeHTHass OJIC acHHXpPOHHBIX JJIEKTPOABUIATENe W HUCTOYHMKA
3JIEKTpO3HEpruu, B;

"ix u MiT - cymmapHble aKTHBHOE M MHIYKTHBHOE CONPOTHBIIEHHS OTHOCUTENHLHO Touky K3
(c yueToM mapaMeTpoB aCHHXPOHHBIX AJIEKTpoABHTraTeleit), MOM
8.3.4. HauanbHoe [felcCTByIOLEE 3HAUEHUE TEPUOJMYECKOM  COCTABIAIOIIEH  TOKa
nByxdaszHoro K3 ¢ y4eToM CHHXPOHHBIX JJICKTPOJABHUIaTENICH B KAJIO0AMIIepax ONPEACIsIoT, KakK
ykazaHo B 11 8.3.3.
8.3.5. [Ipu HEOOXOAMMOCTH OTIPEACIICHHSI TIEPUOIUICCKON COCTABIISIONIEH TOKA TBYX(ha3HOTO
K3 B npou3BONIbHBII MOMEHT BPEMEHH PUMEHSIOT METOJIBI pacueTa, IPUBEICHHBIC B pa3. 6 u

7.

IIPUJIO)KEHUE 1
Pexomenoyemoe

PACYET CONPOTUBJIEHUM IIUHOIIPOBO/I0B

1. Heobxoaumeie ytst pacyeToB TOKOB K3 mapaMeTpbl MIMHONIPOBOOB MOTYT OBITh B3SITHI U3
HOPMATUBHO-TEXHUYECKON JOKYMEHTALMM WM IOJIy4eHBI pacdyeTHbIM MeToaoM. Ilapamerpsl
muHOonpoBoAoB cepuu [IIMA u IIIPA nans! B Ta0m. 3.

AKTHBHOE COIIPOTUBIICHHE OJHOHN (a3bl MMHOMPOBOAA (7)) B MAJUIMOMAX MPHU TEMIEpaType
9 paccuuThIBaIOT 1O hopmyIie

[ T+9 10°,

Vm=p HOpM_.— bl
s T+3 (29)

HOpM

roe P Fopu YAEJIBHOE CONPOTUBIICHUE MaTepHalia IIMHBI IIPY HOPMHUPOBAHHOU TeMIIepaType

9

2
nopm - OM-MM "/ M;

9

HnopM - HOPMHPOBaHHAs TEMIIEpaTypa, IpU KOTOPOH 3aJaHO yelIbHOEe conpoTuBieHue, °C;
[ - nHA UHBI OHOM (a3bl, M;
§ - CCYCHHUE IIMHbI, MM ;
T - nocTosiHHAs, 3aBHCAIIasl OT MaTepuaia MpoBoHuKa, °C: 11 TBepAOTAHYTOU Meau T
=242 °C, gns oroxokeHnon meau 1 = 234 °C; g amomunus 1 = 236 °C;

K, - xoapdunmeHT n00aBOYHBIX TOTEPh, YYUTHIBAIONIUI BIHMSHAE IOBEPXHOCTHOTO
addekra, rddekra OIU30CTH, a TaKKEe T0OABOYHBIX MOTEPHh OT PACHOJIOKEHHBIX
BOJIM3U METAJUIMYECKUX JIEMEHTOB.

3HadyeHue Kod(p¢uimenta 100aBOUHBIX MOTEPh MOXKHO OLIEHHUTh, UCXOAS U3 PE3yJIbTAaTOB

OKCTIEPUMEHTAIBHBIX ~ WCCIIEZIOBAHUH  TOKONPOBOAOB  AHAJIOTUYHBIX KOHCTPYKIHMUA WM

paccuuTaTh (MPUOTU3UTENHHO) O hopMyIie

K, =Ky KK,

rne Ky - KodpQUIMEHT, Y4YUTHIBAIOIIMN H3MEHEHHE TeMIepaTypsl MHHBI (3HaueHHs K
NpUBE/ICHBI B IPUIIOKEHHH 3);
K - ko3 punment 6muzoctu;
K, - k03 PuIreHT moBepXHOCTHOTO 3P deKTa.

TaOnuma 3



ITapameTpbl KOMIJIEKTHBIX IIMHONPOBO/I0B

Comnporusienue ¢asbl,
. ConpoTHBIeHHE HYJIEBOTO
Homunanenoe | HomuHanbHbBINM MOM/M
Tun mmHONIPOBOAA npoBoaHuka, MOM/M
HarpsbkeHue, KB TOK, A p N
1 l rHH xHH
1IIMA4-1250 0,38/0,66 1250 0,034 0,016 0,054 0,053
[IIMA4-1650 0,38/0,66 1600 0,030 0,014 0,037 0,042
1IIMA4-3200 0,38/0,66 3200 0,010 0,005 0,064 0,035
IIIMA68T1 0,38/0,66 2500 0,020 0,020 0,070 0,045
IIIMA68T1 0,38/0,66 4000 0,013 0,015 0,070 0,045
IIPA73 0,38 250 0,210 0,210 0,120 0,210
ITPA73 0,38 400 0,150 0,170 0,162 0,164
IITPA73 0,38 630 0,1 0,13 0,162 0,164

3rauenuss kodpuimeHToB Kg u Ky, A MEAHBIX W ATIOMHHUCBBIX IIHH 3aBUCAT OT
pa3MepoB TOMEPEYHOTO0 CEYEHHUS, PACIOJOKEHUS W 4yucia MmuH. JIs OAMHOYHBIX IIHUH
IPSIMOYTOJIBHOTO CEUEHUs, UMEIOIUX pa3Mepsl 25x3 - 100x10 MM, npu pacroyioKeHUH IIHUH
«Ha pedbpo» 3HaueHus kodpdunuenta Ky, cocrapmsroT 1,02 - 1,1. 3nauenus kodpdunuenta Ky,
JUTSI TIAKETOB IIMH JIOMYCKAeTCsl MPUHUMATH KaK JUIsl OAMHOYHBIX IITUH.

KoodduupeHT 106aBOYHBIX mOoTeps K, IS alTFOMHHHEBHIX mMH cedeHneM 100x10 MM’ B
3aBUCHMOCTH OT YHMCJIa IIMH 71 JOJIKEH UMETh cieayomue 3Hauenus: npu n =1 K, = 1,18; npu n
=2K,=125;mpun=3 K, = 1,6;npun=4 K, ~=1,72.

[Tpu mpokiagke MIMHOMPOBOA B rajepee WM TyYHHEIe KOAPQPHUIUEHT T00aBOYHBIX MOTEPh
cienyet 6path Ha 0,25 Gosblle, YeM MPH ero MPOKIIaIKe Ha OTKPHITOM BO3IYXE.

2. IHayKTUBHOE CONPOTHBIIEHUE MPSAMOI MOCIE0BATENbHOCTH (Da3bl MMHONPOBOAA (X 1) B
MUJJTMOMAaX Ha METP PaCCUUTHIBAIOT MO (hopmyrie

Xy = 0,1451gi,
8o (30)

rze d - pacCTOSIHUE MEXIY IUHAMMU, M;
g0 - CpeHee reOMETPUYECKOEe PACCTOSHUE, M, PACCUUTHIBAEMOE MO OAHOHM M3 IMPUBEICHHBIX
HUXKE QOopMyIT:
1) a1 MKUHBI OPSIMOYTOJILHOTO CEYEHUS

80=022 (b +h),

rae b u h - pazmepsl CTOPOH NPSIMOYTOJIBHUKA;
2) 1S MIMHBI KBAIPATHOTO CEYCHUS

g0=0,450,

rae b - pa3mep CTOPOHBI KBaapaTa;
3) st TpyOUaTOl MMHBI KBAAPATUYHOTO CEUCHUS

g0 = 0,58 CBm,

1€ by - pa3Mep HapyKHOM (BHEIIHEN) CTOPOHBI KBaAPATHOTO CEUCHUS;
C - k03 puLKeHT, 3HaUEeHUsI KOTOPOTO JOJHKHBI COOTBETCTBOBATh IPUBEJCHHBIM B Ta01. 4.

Taonuma 4
3nayeHus kodppuunenta C
OTHOIIEHHE BHYTPEHHETO PaIiyca TpyObl KPYTIOro CEYeHUS K
BHEIITHEMY PaJiyCy WIN BHYTPEHHEH CTOPOHBI TPYOBI KBaIpaTHOTO 3naueHue kodpduuuenta C
CEUYEHHUs K BHEUIHEH CTOPOHE
0.1 0,78
0,2 0,79
0,3 0,81

0,4 0,83




OTHOIIEHHE BHYTPEHHETO PaIiyca TpyObl KPYTIOro CEYeHUS K
BHEIITHEMY PaJiyCy WIN BHYTPEHHEH CTOPOHBI TPYOBI KBapaTHOTO 3naveHue kodpunuenta C
CEUYEHHUs K BHEUIHEN CTOPOHE
0,5 0,85
0,6 0,88
0,7 0,91
0,8 0,94
0,9 0,97
1,0 1,00

CpenHee T'€OMETPUYECKOE pAcCTOSIHME go JJIs [MaKeTa IIWH MOXXHO paccyuTarh IO
crenyrommmM Gopmynam:
1) it ABYXIOJIOCHOTO MaKeTa:

g, =+/0,22(b + h)dk,

rae b u h - COOTBETCTBEHHO TOJIIIMHA M IIMUPUHA OJTHOM TOJIOCKHI TUHBI (CM. 4ePT. 4), MM;
d - paccTosiHUE MEXTy MPOIOJILHBIMU OCSAMHU (IICHTPAMHU MacC) CEYCHHM IIUH MaKeTa (CM.
4epT. 4), MM;
k - xo3dduument, 3aBucAIMiA OT OTHOUICHUS di2/h, €r0 ONPEAENSAIOT MO KPUBOM,
MPUBEJACHHOMN Ha YepT. 4;
2) 1Sl TPEXIOJIOCHOTO TTaKeTa

Ing, = é[31n0,22(b +h+2Ind k, +2Ind,k,, +2Ind, k)],

rne diy, dy3 U diz - pacCTOSHHSI MEXIy LEHTpAMH MacC CEYCHHUH COOTBETCTBYIOIIMX IIUH
MaKera,
k12, ka3 ¥ k13 - ko3 duLMEeHTHI, 3aBUCAIINE OT OTHOIICHUSA d12/h, da3/h, di3/h u onpenensembie
110 KpUBOM, MPUBEJICHHON Ha uepT. 4.
3HaueHUs] CPEeHUX T€OMETPUUYECKUX PACCTOSIHUM (g() Haubonee ymoTpeOiaseMbIX MaKeTOB
OIMH C 3a30paMH MEXIy IIWHAMH, PABHBIMH TOJIIMHE IIWHBI, JTOJDKHBI COOTBETCTBOBATH
NPUBEICHHBIM B Ta0I. 5.

Koy duuuenT & 1u1s1 onpeesieHus: cpeTHEro reoMeTpHIECKOro pacCTOSTHUSA MEKAY
HIMHAMY NPSIMOYTOJIbHOTO CeYeHHs

K 1 }
\ — —e]
20 \K\ - ‘*: / :
'\}\L ] ¥ F; i )

0 =t :

7 0,2 04 g6 08 afn

UYepr. 4
Tadonauua 5

3HaueHns g0 HEKOTOPLIX INMAKETOB IINH

CeueHue nakera, MM’ 20, CM
2(80x10) 1,53
2(100x10) 3,0
2(120x10) 3,45
3(80x10) 2,99
3(100x10) 3,50
3(120x10) 3,95




3. B kaudectBe nmomycTuMoil (pacyeTHOM) TeMIepaTypbl
IPOIOJDKUTEIBHOM pexXuMe cieayer npunumars 3 = 70 °C.

Harpeésa MIMWHOIIPOBOAA B

4. AXTUBHOE ¥ WHAYKTUBHOE COIPOTHBIICHUS HYJIEBOM MOCIENOBATEIBHOCTH (ha3bl
IMHOTIPOBOAA (7o U Xoy) B MIULTHOMAX Ha METP MIPUHUMAIOT (OPHUEHTHPOBOYHO)

Vom=r1m+37"pm;

Xom = (0775_954) X1m-

HIPUJIOKEHUE 2
Cnpasounoe

AKTUBHBIE 1 UHIYKTUBHBIE COITPOTUBJIEHUS KABEJIEN

TaGnuia 6

HapaMeprI Ka0eJIq ¢ aJIOMMHHEBBLIMY KHJIAMH B aJIIOMHHHEBOI 0007109YKe

CeueHue kabes, MM

ComnpoTHBIEHNE TPEXKUIBHOTO KaOesl B alFOMUHNEBOH 00o0uke, MOM/M

ry =rp X1 = X) ro X0

3x4 9,61 0,092 10,95 0,579

3x6 6,41 0,087 7,69 0,523
3x10 3,84 0,082 5,04 0,461
3x16 2,4 0,078 3,52 0,406
3x25 1,54 0,062 2,63 0,359
3x35 1,1 0,061 2,07 0,298
3x50 0,769 0,06 1,64 0,257
3x70 0,549 0,059 1,31 0,211
3x95 0,405 0,057 1,06 0,174
3x120 0,32 0,057 0,92 0,157
3x150 0,256 0,056 0,78 0,135
3x185 0,208 0,056 0,66 0,122
3x240 0,16 0,055 0,553 0,107

Tabnuma 7

ITapamMeTpbl ka0eJisi ¢ AJTIOMHHMEBBIMH KMJIAMH B CBUHIIOBOI 000J104YKe

Ceuenue Kabenst, MM>

ConpoTHBIICHHE TPEXKUIBHOTO Kabessi B CBUHIIOBOM 00010uke, MOM/M

rL=r X| =X e Xo
3x4 9,61 0,092 11,6 1,24
3x6 6,41 0,087 8,38 1,2
3x10 3,84 0,082 5,78 1,16
3x16 2.4 0,078 4,32 1,12
3x25 1,54 0,062 3,44 1,07
3x35 1,1 0,061 2,96 1,01
3x50 0,769 0,06 2,6 0,963
3%x70 0,549 0,059 2,31 0,884
3%x95 0,405 0,057 2,1 0,793
3x120 0,32 0,057 1,96 0,742
3x150 0,256 0,056 1,82 0,671
3x185 0,208 0,056 1,69 0,606
3%x240 0,16 0,055 1,55 0,535
Tab6mnuma 8

IHapameTtpsl ka0ess ¢ aJTIOMHHHEBBIMHY KWJIAMH B HENPOBOAsiIed 000/104Ke

Ceuenue xabeis, MM

COHpOTI/IBJ'IeHI/Ie TPEXIKNUJIBHOT'O Kabeis B HerOBOI[HHICfI O6OJ'IO‘IK€, MOM/M

rn=rnr X1 =X ro X0
3x4 9,61 0,092 11,7 2,31
3x6 6,41 0,087 8,51 2,274
3x10 3,84 0,082 5,94 2,24




CeueHue kabeus, MM

ConpoTHBJICHHE TPEXKUIBHOIO Kabessi B HeMpOBOAstieii 000m0uke, MOM/M

rn=r X1 =X3 ro Xo
3x16 2.4 0,078 4.5 2,2
3x25 1,54 0,062 3,64 2,17
3x35 1,1 0,061 3,3 2,14
3x50 0,769 0,06 2,869 2,08
3x70 0,549 0,059 2,649 2,07
3x95 0,405 0,057 2,505 2,05
3x120 0,32 0,057 2,42 2,03
3x150 0,256 0,056 2,36 2,0
TaOonuma 9

IHapameTpsl kades ¢ AJTIOMHUHHEBBIMH )KWJIAMH B AJJIOMUHUEBOH 000/104Ke

Ceuenue kabes, MM

COHpOTI/IBHCHI/Ie YCTBIPCXKUJIILHOT'O Ka0ells B aIFOMUHUEBOM O6OHO‘1K€, MOM/M

ry=r, X1 = X3 re X0

3x4 +1x2.5 9,61 0,098 10,87 0,57

3x6 + 1x4 6,41 0,094 7,6 0,463
3x10 + 1x6 3,84 0,088 4,94 0,401
3x16 + 1x10 2,4 0,084 3,39 0,336
3x25 + 1x16 1,54 0,072 2,41 0,256
3x35 + 1x16 1,1 0,068 1,94 0,232
3x50 + 1x25 0,769 0,066 1,44 0,179
3x70 + 1x35 0,549 0,065 1,11 0,145
3x95 + 1x50 0,405 0,064 0,887 0,124

Taonuma 10

ITapameTpbl KaleJisl ¢ ATIOMUHHEBBLIMH KUJIAMHU B CBUHIIOBOI 000/1049Ke

CeucHue kabess, MM

ConpoTHBIICHHE YETHIPEX)KIIHPHOTO Ka0elsl B CBUHIIOBON 00010uKe, MOM/M

ry =rp X1 = Xp o X0
3x4 +1x2,5 9,61 0,098 11,52 1,13

3x6 + 1x4 6,41 0,094 8,28 1,05
3x10 + 1x6 3,84 0,088 5,63 0,966
3x16 + 1x10 2,4 0,084 4,09 0,831
3x25 + 1x16 1,54 0,072 3,08 0,668
3x35 + 1x16 1,1 0,068 2,63 0,647

3x50 + 1x25 0,769 0,066 2,1 0,5
3x70 + 1x35 0,549 0,065 1,71 0,393
3x95 + 1x50 0,405 0,064 1,39 0,317
3x120 + 1x50 0,32 0,064 1,27 0,301
3x150 + 1x70 0,256 0,063 1,05 0,248
3x185 + 1x70 0,208 0,063 0,989 0,244

Tabonuma 11

HapaMeprl Ka0eJiq ¢ aJJIOMHHHEBLIMH KHJIaMH B Hel'lpOBOIIﬂllleﬁ 000/10UKe

Coucnue Kabems. M COnpoTHBIICHHE YETHIPEX KIIBHOTO Ka0eIs B HeMPOBOAsIIeH 000m0uke, MOM/M
’ =7, X=X, ro Xo

3x4 + 1x2,5 9,61 0,098 11,71 2,11
3x6 + 1x4 6,41 0,094 8,71 1,968
3x10 + 1x6 3,84 0,088 5,9 1,811
3x16 + 1x10 2,4 0,084 4,39 1,558
3x25+ 1x16 1,54 0,072 3,42 1,258
3x35 + 1x16 1,1 0,068 2,97 1,241
3x50 + 1x25 0,769 0,066 2,449 0,949
3x70 + 1x35 0,549 0,065 2,039 0,741
3x95 + 1x50 0,405 0,064 1,665 0,559
3x120 + 1x50 0,32 0,064 1,54 0,545




CeueHue kabes, MM

COnpoTHBIICHHE YETHIPEX KIIBHOTO Ka0eIs B HeMPOBOAsIIeH 000m0uke, MOM/M

r=r X1 = X2 o X0
3x150 + 1x70 0,256 0,063 1,276 0,43
Taonuma 12

IMapameTpbl KaleJisl ¢ MeTHBIMHM KUJIAMHU B CTAJIbHOH 000J10UKe *

Ceuenne ConpoTuBieHHe TPeXKUIbHOro Kabes, MOM/M, Ipu Temrepatype >kuibl 65 °C
TOKONIPOBOAALIEH
JKHITB, MM2 ry=rp X1 = X2 ro X0
3x6 3,54 0,094 4,07 1,69
3x10 2,13 0,088 2,66 1,65
3x16 1,33 0,082 1,86 1,61
3x25 0,85 0,082 1,38 1,57
3x35 0,61 0,079 1,14 1,54
3x50 0,43 0,078 0,96 1,51
3x70 0,3 0,065 0,83 1,48
3x95 0,22 0,064 0,75 1,45
3x120 0,18 0,062 0,71 1,43
3x150 0,14 0,061 0,67 1,41
3x185 0,115 0,061 0,65 1,39
3x240 0,089 0,06 0,62 1,36
* 3a3eMyICHHE BBIIOIHEHO MEHBIM IPOBOIOM ceueHueM 120 My’.
Tabnuna 13

ITapameTpbl KaleJisi ¢ MEAHBIMH KHUJIAMH B CTAJIBHOI 000J104Ke

Ceuenue ConpoTHBIICHHE YEThIPEXKHIBHOTO Kabessi, MOM/M, 1ipu Temieparype xuibl 65 °C
TOKOIPOBOISIIIEH

JKITBL, MM ri=r; X1 =X, o Xo

3x6 + 1x4 3,54 0,1 4,19 1,55

3x10 + 1x6 2,13 0,095 2,82 1,46
3x16 + 1x10 1,33 0,09 2,07 1,31
3x25 + 1x16 0,85 0,089 1,63 L11
3x35+ 1x16 0,61 0,086 1,37 1,09
3x50 + 1x25 0,43 0,086 1,18 0,88
3x70 + 1x25 03 0,073 1,05 0,851
3x70 + 1x35 ’ 0,074 1,01 0,654
3x95 + 1x35 0,92 0,69
3x95 + 1x50 0,22 0,072 0,84 0,54
3x120 + 1x35 0,88 0,68
3x120 + 1x70 0,18 0,07 0,7 0,47
3x150 + 1x50 0,74 0,54
3x150 + 1x70 0,14 0,07 0,66 0,42
3x185 + 1x50 0,7 0,54
3x185 + 1x95 0,115 0,069 0,54 0,34

Taonuna 14

IHapameTpsl ka0ess ¢ MEAHBIMH )KWJIAMH B CTAJIbHOH 000/109Ke

Ceuenue ConpoTHBIIEHUE YETBIPEXKIIbHOrO Kabens, MOM/M, ipu TeMneparype xuibl 65 °C
TOKOIPOBOAIIEH
)KI/UILI,MM2 ry=rp X1 = X3 ro X0
4x6 3,54 0,1 4,24 1,49
4x10 2,13 0,095 2,88 1,34
4x16 1,33 0,09 2,12 1,14
4x25 0,86 0,089 1,63 0,91
4x35 0,61 0,086 1,33 0,74
4x50 0,43 0,086 1,05 0,58




Ceuenue ConpoTHBIICHHE YETHIPEXKIWIBHOTO Kaberss, MOM/M, TIpH Temneparype >kmwibl 65 °C
TOKOIPOBOAALIEH
JKHITBL, MM2 ry =rp X1 =X ro Xo
4x70 0,3 0,073 0,85 0,42
4x95 0,22 0,072 0,66 0,35
4x120 0,18 0,07 0,54 0,31
4x150 0,14 0,07 0,45 0,28
4x185 0,115 0,069 0,37 0,27

YBEJUWYEHUE AKTUBHOI'O COITPOTUBJIEHUA KABEJIEH

3naueHust Ko (PUIMEeHTa, YIUTHIBAIOIIETO YBEINYCHHE aKTUBHOTO COTIPOTHBIICHUS METHOTO
kabenst mpu HarpeBe ero TokoM K3, ompenenstor B 3aBUCUMOCTH OT ceueHus kabens, Toka K3 u
npoaomkutenbHocTH K3 10 KpuBBIM, MPUBECHHBIM Ha YepT. 5 WK O, a ATFOMUHHEBOTO KaOes
- IO KPUBBIM, IPUBEJICHHBIM Ha YepT. 7 WK 8.

JlanHbple, yka3aHHbIE Ha 4epT. 5-8, MOIy4YeHBI MPH CIEAYIOMUX pacdeTHhIX ycioBusax: K3
MIPOUCXOANT B PAJMAIIBHON CXeMe, CojieprKaleii BeTBb (TpaHcpopMaTop, Kadesb) ¢ HCTOYHUKOM
Hen3MeHHoM no amrutyae C;

TeMIiepaTypa Kabesst u3BMEHSAETCS OT Iy = 20 °C 10 9 1onx = 200 °C,

npoAomkuTeabHOCTh K3 (Zon) cocTaBnser 0,2; 0,6; 1,0; 1,5 c.

TemnepaTypy HarpeBa kaOemsi OMpeeNsioT ¢ TMOMOIIBI0 YPaBHEHHUs HarpeBa OJHOPOIHOTO
MPOBOJHUKA MPU ainadaTHUECKOM Mpoliecce, MPeoOpa3oBaHHOTO K BUAY

ﬁ_ [r?tpS
dt B ’
shgey| 1+————(p, _psmpm)
0Py

HOpM

rae Iy - Tok K3 K MOMEHTY BpeMeHHU £, KA;
Ps U Pguopw - YHACIbHBIE comporTuBieHus, OM-M, Marepuana kabens Ipu Temieparype 3 H
HayaJabHOU HOPMUPOBAHHOM TeMIEPATYPe Suopw;
§ - ceueHue kabed, MM2;
A - IVIOTHOCTH MATEpPHANa IPOBOIHUKA, KI/M;
g - YCKOPEHHE CHITBI TSKECTH, M/C’;
Co - yZeNbHas TEINIOEMKOCTh MaTepHaia kabems mpu TeMneparype 3o = Suay = Fuopws
JIx/(kr-K);
B - TemniepaTypHbIit K03 durment TemtoeMkoct, 1/K,
oL - TeMIepaTypHbId KOd)PUIMEHT yneapHoro conpotuieHus, 1/K.

3aBucumoctu k03¢guiueHTa yBeJIHYeHNsI AKTUBHOT0 CONPOTUBJIEHNs Kalesieil pa3HbIX
ceyeHHuil ¢ MeIHbIMH KkWjIaMu oT Toka K3 npu npopoxureasnoctsax K3 0,2 ¢ (cnuiomnbie
JuHuM) 1 0,6 ¢ (MyHKTHPHBIE JIMHHUN)
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Yepr. 5

3aBucuMocTH KO3(PGUINEHTA YBeTHYCHUS] AKTHBHOI'0 CONPOTHBJICHUS KaleJieil pa3HbIX
ceyeHMH ¢ MeAHBIMM kujamMu oT Toka K3 npu nponosxurensnocrsax K3 1,0 ¢ (cniiomnbie
JuHuM) 1 1,5 ¢ (MyHKTHPHBbIE JIUHUH)
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UYeprt. 6

3aBucumMocTu KO3 puuuenTa ypejJnueHnsi AKTUBHOT0 CONPOTUBJIEHUS KaleJiell pa3HbIX
ceYeHMIl ¢ aJIOMMHHEBBIMH KWiIaMu oT Toka K3 npu npono/zkureasnoctsax K3 0,2 ¢
(crutomHble JIUHUM) U 0,6 ¢ (MYHKTHPHBIE JIMHIH)
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Yepr. 7

3aBucumocTh K03 puuneHTa yBeJNUeHNsS] AaKTUBHOIO CONPOTUBJICHUs KadeJell ¢
AJIIOMHHHMEBBIMH kui1aMu oT Toka K3 npu npoposuxknrenasnoctax K3 1,5 ¢ (crutomnsbie
aunum) 1 1,0 ¢ (MyHKTHUPHBIE JINHUH)
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UYepr. 8

W3meHeHne ynenbHOro CONPOTHBIICHUS MaTepuaia Kadeis MpH MOBBIILIEHUU TEMIIEpaTyphl
OIIPEIEIIAIOT 110 BEIPAKEHUIO

pS = pSHOPM CS’
rIe

o T+39
YT+9,

1IPUJIOKEHUE 3
Pexomenoyemoe

PACYETHBIE COITPOTUBJIEHUA ITPOBOJOB, ITPOJIOXKEHHBIX OTKPBITO HA
N30JIAATOPAX, X ITPOBOJOB BO31YIIHBIX IMHUHU

1. PacyeTHOE CONPOTHBJ/ICHHE NPOBO/I0B
1.1. AKTHBHOE COIIPOTHBIICHHE TPSMOI TTOCIIEAOBATEILHOCTH OJTHOU (pa3bl MpoBOIHUKA (7) B
MIIIMOMaX pPacCUUTHIBAIOT MO popMmyIie

[ 0s
r:CSKcKnapE\HOpM_'IO 9
§ (1)
rae cg - K03(1)(1)I/IHI/ICHT, y‘H/ITBIBaIOIIII/Iﬁ YBCIIMUCHUC COIIPOTUBJICHHUA C IMOBBIIICHHUEM

TeMIiepaTypsl (CM. mpujokeHue 2). B kauecTBe pacueTHON TeMIiepaTypbl HarpeBa

JUIS IPOBOJIOB C PE3MHOBOM M IJIACTMACCOBOM M30JIALIMEH MpuHUMaloT 3 = 65 °C;
K. = 1,02 - k03pGUIHMEHT, YIUTHIBAIONINI YBEIUYCHHE COMPOTHBIICHUS MHOTOIPOBOJIOYHBIX

JKWJI TIPOBOJIOB U KaOenel BCIeNCTBUE CKPYTKU. [ OJJHOMIPOBOJIOYHBIX MPOBOJIOB



K.=1,0;
Ky» - KO3QHUIUEHT MOBEPXHOCTHOTO 3P eKTa mpu mepeMeHHOM Toke. J[is MeaHbIX H
QTIOMAHHUEBBIX MTPOBOIOB KO (UIIMEHT MPUHIMAIOT PABHBIM €IHHUIIE;

Py Ps

o - YIIETBHOE COMPOTUBIIEHNE TipoBoa mpu & = 20 °C. [l MeAHBIX MPOBOAOB ' Juwom -

0,0178 OM-MMZ/M, JUISL QIFOMUHUEBBIX IPOBOJIOB P - 0,02994 OM-MMZ/M;
S - CeYeHHUe TIPOBOTHUKA, MM
[ - nHA TPOBOJAHUKA, M
1.2. MHAyKTUBHOE COTMPOTHBIICHHUE MPSMOM MOCIEA0BATEIHLHOCTH (X) OMHOM (ha3bl MpoBoOJa
KPYTJIOro CEYeHHs B MUJUIMOMAX Ha METP PACCUUTHIBAIOT MO Gopmyie

x=0,1451g- %,
R, (32)

IZIE€ a - paCCTOSIHUE MEXly IPOBOJHUKAMU, M;
R, - pagnyc npoBOHHKA, M.
1.3. Ecau ¢a3Hblil ¥ HyIeBOH MPOBOJHUKHU BBIMOIHEHBI U3 KPYIJIBIX MPOBOAOB OJAMHAKOBOTO
CEYEHHs U MPOJIOKEHbI MapajielbHO, TO HHAYKTUBHOE CONPOTUBIICHHE e  (Pa3a - HylIb (Xg-u)
B MIJUIMOMAaxX Ha METP PaCcCUUTHIBAIOT O popMyJie

Xy, =0,291g—.
R, (33)

[Ipu npsmoyronbHO#l hopMe ceueHHs HyJIEBOrO MPOBOAHMKA COMPOTHBIEHHE Lenu (asa -
HYyJIb ONIPEEIISIIOT 10 CEYEHUIO (Pa3HOTO MPOBOIHUKA.

1.4. AXTHBHOE ¥ MHIYKTHBHOE CONPOTHUBIICHHS HYJICBOW IMOCIEIOBATEIBHOCTH BO3IYIIHBIX
JMHAN, UMEIOIINX HYJIEBOU MPOBOJ C MOBTOPHBIM 3a3€MJICHUEM, 3aBUCST OT YMCIIA 3a3E€MIICHHUH
U K03 puIrieHTa Ce30HHOCTH.

[Ipu onpeneneHNHM aKTUBHOTO M WHIYKTHBHOTO COINPOTHBIICHWH TeTiH (a3HBI NpOBOJ -
HYyJIEBOH TPOBOJ (7¢-u, X¢-u) UCHONB3YIOT COOTBETCTBEHHO (opMyibl 31 u 33 mmm pacuyeTHble
JaHHbIe, TpPHUBEIEHHBbIE B TaOi. 15. AKTUBHOE W HHIYKTHBHOE CONPOTHBICHHS TETIH C
IPOMEXKYTOUYHBIMHU 3a3€MIICHHSMH OIPECISIOT YMHO)KEHHEM pacYeTHBIX CONPOTHBICHHUN Ha
COOTBETCTBYIOIIME TONpaBOuHble KodpduuueHTsl Kp u K, B 3aBUCUMOCTH OT YHCIA
MPOMEXKYTOUHBIX 3a3eMiIeHHi (m), 4epT. 9, u Ha K0dpuIueHT ce30HHOCTH K3 (Tabm. 16).
3navyenus kodpdunmenta Kp Ha puc. 9a JaHBl MPU Pa3HBIX CEYEHUSX IMPOBOJOB TETIH -
dazHoro (yKazaHbl B YUCIHUTENE) U HyJeBOro (yka3zaHbl B 3HaMeHarene), a K, Ha puc. 96 - npu
Pa3HBIX CEYCHUAX HYJIEBOTO U JIIOOBIX CEUEeHUX (ha3HOTO MPOBOJIA.

IHonpaBounsbie Ko3pGuuueHTs! (K 1 K) K aKTUBHOMY M HHIYKTHBHOMY
CONPOTHBJICHUSIM NETJIH «(a30BbIi NPOBOJ - HYJICBOH MPOBO/ BO3AYILHON JTHHUW
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[Ipumeuanus:

1. Ha BepxHeM pHUCYHKe CIIpaBa OT KPHUBBIX JIJaHbI CEUSHHUs IIPOBOJIOB METIIN: B YUCIUTENE - Pa30BOro MpoBOAa, B
3HaMeHaTeJe - HyJIeBOTO IIPOBO/JIA.

2. Ha HmXHEM pHCyHKe CrpaBa OT KPUBBIX JaHBl CEYCHUS HYJIEBBIX IPOBOJOB METIH. DTH KPHUBBIE MOXHO C
I[OCTaTOlIHOﬁ TOYHOCTBIO HCIIOJIB30BATH IIPU BCEX BO3MOXKHBIX COYCTAHUAX CeYeHUM (ba3030r0 n HYJIEBOTO
MPOBOJIOB.

Yepr. 9
Taomuma 15

3HaueHMs CONPOTHUBJICHNUS NMET/IN «(a3HbIi NPOBOJ - HyJIeBOM NPOBOI» 0e3 yuera
3a3eMJISIIOIIHUX YCTPOMCTB

AxTuBHOE (B YMCIIUTENE) U HHIYKTUBHOE (B 3HAMEHATEJIE) CONPOTUBICHUS reTau, MOMm,
Ceuenue ¢a3Horo 2
IpoBoza, M MIPH CEYEHUH HYJIEBOTO MPOBOJIA, MM
16 25 35 50 70
16 3.68 - - - -
0,68
25 2.98 2,28 - - -
0,67 0,66
35 - 1.99 1.70 - -
0,65 0,64
50 - 173 1.44 L18 -
0,64 0,63 0,62
70 - - 1.27 1,01 0.84
0,62 0,61 0,60

Taonuna 16




IIpu3HaKU KIMMATHYECKUX 30H U 3HAYEHUSI CE30HHOT0 KO3(ppuuueHTa

K

*

c3

I[aHHI)IC, XapaKTCPU3YHOINEC KIIMMAaTUICCKUC 30HbI,

Knumartnyeckue 30HbI

Y TUII IPUMEHAEMBIX JJIEKTPOJIOB 1 | 2 | 3 | 4
1. Knnmatnaeckue npu3Haku 30H
1. Cpemusst  mHorometHsss  Temmeparypa| (-15)-(-20) (-10)-(-14) 0-(-10) 0-(+15)

(stHBapB), °C

2. CpenHsist MHOTOJIETHSS BBICIIAS TEMIIeparypa
(mromm), °C

3. IIpoaomKHUTETbHOCT 3aMEP3aHusl BOII, CYT.

4. BepTukanbHbIe 3JIEKTPOABI UIMHOM 3 M mpHu
riyOuHe 3aj10xkeHus ux Bepimisl 0,7-0,8 M

5. To xe, Ipu JUIMHE 3JIEKTPOAOB 5 M

6. To ke, 1y TOPU3OHTAIBHBIX 3JIEKTPOJOB
JuimHo# 10 M ipu riryoune 3anoxenus 0,7-0,8 m

170-190 150
2. 3nayenue kodpurpenta K,
0,61 0,67
0,74 0,80
0,18 0,28

(+16)-(+18)

(+18)-(+22)

(+22)-(+24)
100
0,77

0,87
0,4

(+24)-(+26)
0
0,91

0,91
0,67

*  Ce30HHBIN KO3(1)(1)I/IHI/ICHT OIPCACIACT CHUIKCHHUE CONPOTHUBICHUA 110 CPABHCHHUIO C MaKCUMAJbHbIM
COIIPOTUBJICHHUEM B CE30H NPOMEP3aHUA UJIN BBICBIXaHUA.

COOTBETCTBCHHO B TabmI. 17-19.

1IPUJIO’KEHUE 4
Pexomenoyemoe

PACUYET COPOTUBJIEHUA KOHTAKTOB U KOHTAKTHBIX COEJMHEHU

3HayeHUsI TEPEXOJHBIX COMPOTHUBICHUNA KOHTAKTHBIX COCIMHEHHMH Kaleyed, pa3beMHBIX
KOHTAaKTOB KOMMYTAI[MOHHBIX aNIaparoB M IIMHOIPOBOJOB B MWIIMOMAax IPUBEICHBI

Taonuma 17

ConpoTuBJ/IeHUs] KOHTAKTHBIX COeIMHEeHNH Ka0eJiei

Ceuenue aIOMHHAEBOTO | ¢ 25 35 50 70 95 120 150 240
Kabesst, MM
ConpoTusienne, MOM 0,085 | 0,064 | 0,056 | 0,043 | 0,029 | 0,027 | 0,024 | 0,021 | 0,012

Taonuma 18

COHpOTI/IBJIeHI/Iﬂ KOHTAKTHBIX COeJNHEeHMI1 INHHOIIPOBOAOB

HomuHanbHbINH TOK, A 250 400 630 1600 2500 4000
Cepust IMHONPOBOJIOB 1IPA-73 1IPA-73 1IPA-73 IIMA-73 | IIMA-68H | IIMA-68H
CornpoTtuBieHue 0,009 0,006 0,004 0,003 0,002 0,001
KOHTAKTHOT'O COEIUHECHUS,

MOM
Taonuma 19

[IpudaukeHHble 3HAYECHHUS COMPOTUBJIEHUH Pa3beMHbIX KOHTAKTOB KOMMYTAIIMOHHBIX
annaparoB Hanpsi:keHuem 10 1 kB

. AKTHBHOE conpoTHBieHrne, MOM, pa3beMHBIX COSTUHEHHIA
HoMuHanpHBIA TOK
aBTOMATHYECKOT'O
anmapara, A pyOuIIBHUKA pa3zbeIUHUTEN
BBIKJTFOYATEIS

50 1,30 -

70 1,00 -

100 0,75 0,50

150 0,65 -

200 0,60 0,40 -
400 0,40 0,20 0,20
600 0,25 0,15 0,15
1000 0,12 0,08 0,08
3000 - -




IIPUJIO’KEHHUE 5
Cnpasounoe

ITAPAMETPBI UBMEPUTEJIbHBIX TPAHC®OPMATOPOB TOKA

[Ipy OTCYTCTBUM [aHHBIX H3TOTOBHUTENS OO0 WHIYKTUBHBIX (XTA) M aKTUBHBIX (7Ta)
COMPOTHBIICHUSAX H3MEPUTEIBHBIX TPAaHCPOPMATOPOB TOKA JIOMYCKAeTCS HCIOJIB30BaTh
3HaueHUsl, MpUBeIcHHBIC B Ta0M. 20.

Taonuma 20
COl'lpOTHB.TIeHI/Iﬂ NMEPBUYHBIX 00MOTOK MHOIOBUTKOBEIX TpaHC(bopMaTOPOB TOKa
ComnpoTuBieHe IEPBUIHONH OOMOTKH MHOTOBHUTKOBOTO
Koaddunment tpanchopmarmu tpanchopmaropa, MOM, KJ1acca TOYHOCTH
TpanchopMaTopa TOKa 1 3
XTA LSVN XTA VN
20/5 67 42 17 19
30/5 30 20 8 8,2
40/5 17 11 4,2 4,8
50/5 11 7 2,8 3
75/5 4.8 3 1,2 1,3
100/5 2,7 1,7 0,7 0,75
150/5 1,2 0,75 0,3 0,33
200/5 0,67 0,42 0,17 0,19
300/5 0,3 0,2 0,08 0,088
400/5 0,17 0,11 0,04 0,05
500/5 0,07 0,05 0,02 0,02
IIPUIIOJKEHUE 6
Pexomenoyemoe

COIIPOTUBJIEHUE KATYIIEK ABTOMATHYECKHX BBIKJIIOYATEJIEN

[Ipn OTCYTCTBUM MJAaHHBIX H3TOTOBUTENEM 00 WHIYKTHBHBIX (Ygp) W AaKTUBHBIX (7kgp)
COMPOTUBIICHUSAX KATYIIEK pacUenuTeNed M MEepPeXOJHbIX COMPOTUBICHUSX MOABHKHBIX
KOHTAaKTOB aBTOMATHYECKMX BBIKIIIOUATEIEH JIOMYCKAETCs MCIOJIb30BaTh 3HAYEHUSI ITHX
COTIPOTHUBIICHUH, TPUBECHHBIC B Ta0M. 21.

Taomnuma 21

COleOTI/IBJIeHI/Iﬂ KaTyll€K U KOHTAKTOB aBTOMATHY€CKHUX BBIKJIIOYATEel

. ComnpoTuBIeHHE KaTYIIKH U KOHTakTa, MOM
HoMuHanpHBIA TOK BEIKITIOYATEIS, A
T'kb Xkb
50 7 4,5
70 3,5 2
100 2,15 1,2
140 1,3 0,7
200 1,1 0,5
400 0,65 0,17
600 0,41 0,13
1000 0,25 0,1
1600 0,14 0,08
2500 0,13 0,07
4000 0,1 0,05

[Tpumeyanue. B Tabnuie yka3aHsl CyMMapHbIE CONPOTHBIICHHS KaTyIIEK M KOHTAKTOB aBTOMATHYECKHX
BeIKmtouarene (cepuit A 3700 «Onexktpon» U BA), 118 KOTOPBIX 3TH CONPOTHBICHHS 3aBHCAT OT HX
HOMUHAJIBHOTO TOKA U HE 3aBUCST OT TUIIA BBIKJIIOYATEIS.

IIPUIIO)KEHHUE 7
Pexomenoyemoe



PACUET TAPAMETPOB ACUHXPOHHBIX DJIEKTPOJBUT ATEJIEN

IIpu pacuere mepuoauueckoi coctapisomiel Toka K3, o0yciioBIeHHOro acHMHXPOHHBIMU
AIIEKTPOJIBUraTeNIIMM  HampsbkeHneM 10 | kB, HeoO0XoAuMMO y4YuTBHIBAaTH HE TOJBKO HX
UHIyKTHUBHBIEC, HO U aKTUBHbIE CONPOTUBIICHUS.

CyMMapHOe aKTUBHOE CONPOTUBIIEHUE, XapaKTEPU3YIOLIEe aCHHXPOHHBIN 3JIEKTPOABUTATETD
B HauasbHbIH MOMEHT K3 (74) B MIJIITHOMaX pacCYUTHIBAIOT O (hopMyie

I’Aﬂzrl +0,96Vz, (35)

T7I€ 7| - aKTUBHOE COMPOTHUBJICHUE cTaTopa, MOM;

72 - aKTUBHOE COIMPOTHBIICHUE POTOPA, IPUBEACHHOE K CTATOPY, ITPH 3TOM 2 B MHJUTHOMAax
PacCUYUTHIBAIOT TIO (hopMyJie

; _ 0936MH(PH0M +PMX) 106
’ ]lf I}?OM (l_SHOM) ’

(36)
M

it

rae * - KpPaTHOCTh IIyCKOBOTO MOMEHTA JJICKTPOJBUTATENS] TO OTHOIICHHUIO K €ro
HOMHMHAJIbHOMY MOMEHTY;
Pyon - HOMMHATBHASI MOILHOCTB JJIEKTPOABUTATENS, KBT;
Px - MEXaHMUYECKHE TIOTEPH B AJICKTPOIBUTaTENE (BKIIt0Uast 100aBOoYHbIE IOTEpH), KBT;
IH
* - KpaTHOCTh IyCKOBOT'O TOKA 3JIEKTPOJIBUTATENS IO OTHOIIEHUIO K €r0 HOMHUHAJIBHOMY
TOKY;
I;0 - HOMMHAJIBHBIN TOK 3JIEKTPOJBUTATEIS, A;
Suom - HOMHUHAIBHOE CKOJIBKEHUE, OTH. €.
AKTHUBHOE COIPOTHBJICHHE CTATOpa AJICKTPOJBHUTraTess (r;) B MWUIMOMAax, €CIH OHO HeE
3a/1aHO MU3TOTOBUTEJIEM, PACCUUTHIBAIOT 1O opMyIie

2
s UHOM cos (puom

HOM

n= ' >
100 P, 37)

TAC Syom - HOMHUHAJIBHOC CKOJIBXKCHUC ACUHXPOHHOTI'O 3JICKTPOABUI'ATECIIA, %.

"

CBepXIIepexoHOe HHAYKTUBHOE COIPOTUBICHUE aCMHXPOHHOTO dJIEKTpoaBurarens (VA1) B
MWIIMOMaX pPacCUUTHIBAIOT MO opMmyIie

, U

_ ¢b.HOM 3 2
' (38)
rae Ugpuow - HOMHHAIBHOE (ha3HOE HANPSHKEHUE AIIEKTpOoABUTaTENs, B.
IIPUJIO)KEHHUE 8
Pexomendyemoe

HAPAMETPbI KOMILUIEKCHOM HATPY3KH

1. B cocraB KOMIUIEKCHOW Harpy3Kd MOTYT BXOIUTh ACHHXPOHHBIE M CHHXPOHHBIE
AIIEKTPOJIBUraTeNd, MpeoOpa3oBaTesiid, 3JIEKTPOTEPMHUECKUE YCTAHOBKH, KOHJIEHCATOPHBIE
Oatapeu, TaMIIbl HAKaJTUBAHUS U ra30pa3psIHbIe HCTOYHUKU CBETA.

2. Ilpu ompeneneHMM HAYaIBLHOTO 3HAYEHUS MEPUOIUYECKON cocTaBistomeld Toka K3
KOMIUIEKCHYIO HAarpy3ky B CXeMy TMpsSMOW TOCIEIOBAaTEIbHOCTH CIEAyeT BBOJUTH



9KBUBAJIEHTHOU cBepxmnepexonnoi J/1C Eur n COINIPOTHBIIEHUEM IMPSAMOU MOCIEI0BATEIBHOCTH
Ziur, @ B CXeMy OOpaTHOH M HYJIEBOHM IOCIEI0BATEILHOCTEH - CONMPOTHBICHUSIMH OOpaTHOM
Zour ¥ HyJIEBOM Zopr MOCIEA0BATEIBHOCTEM.

3aBHCHMMOCTb NAPAMETPOB KOMILIEKCHON HATPY3KM Z1ur, Z20r1, ZoHT Eyr or ee cocTaBa.
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3aBHCHMMOCTb NAPAMETPOB KOMILIEKCHON HATPY3KM Z1ur, Z20r1, ZoHT s Eyr or ee cocTaBa.
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3. 3HaveHHs MOJYJIEH TMOJHBIX CONPOTHUBICHUN Ziyr, Zour, Zour, @ TaKKe YKBHUBAJICHTHOU

cBepxmepexongHoil DJIC KOMIUIEKCHOW Harpy3Ku Eyr B OTHOCHTENBHBIX CIMHMIAX npu
OTCYTCTBUHM JpPYTHX, OoOliee TOJHBIX JaHHBIX, MOTYT OBITH OIpeneJeHbl MO KPHUBBIM,
npuBeAeHHBIM Ha 4epT. 10 u 11 B 3aBUCHMOCTH OT OTHOCUTEJILHOTO COCTaBa MOTPEOUTENeH y31a

Harpy3ku P;/Ps, rae Py - cymMMmapHasi HOMHHAJIbHAsl aKTUBHAsI MOILIHOCTh Harpys3ku, kBt; P; -

P
. Al
YCTaHOBJICHHASI MOIIHOCTD ! HOTpGGI/ITeJ'IH Harpysku, KBt ( * - ACUHXPOHHBIC ABHUIATCIIH,
P Ca P JIH PS.Y
* - CHHXPOHHBIC IBUIATCIIH, * - JIaMIIbl HaKaJIUBaHU, * - JJICKTPOTCPMUUICCKUC

PHF P;[
YCTaHOBKHM, * - Ta30HANOJHCHHBIC JaMIIbI, * - Hp606pa3OBaTeJ'II/I).

o o o ZIHFHOM
ConporuBnenne  npsMoit  (oOpaTHOM,  HYNEBOH)  TOCIEIOBATEIHHOCTH *

ZZHFHOM ZOHFHOM
( * 5 * ) B OTHOCUTCJIbHBIX CIAWHHIIAX HpI/I HOMHWHAJIBHBIX YCJIOBI/IHX I[OHYCKaeTCH



paccuuThIBaTh 10 popMyJie

ZlHrHOM = Sz
*

+x1i (39)

IZie 7; U X|; - aKTUBHAsE U MHAYKTUBHAs COCTaBJIAIOIIME CONPOTUBIEHUS NpsMON (0OpaTHOM,
HYJIEBOW) TMOCTENOBATEIBHOCTH I-TO TOTPEOUTENs, BKIIOYAs COCTaBJISIOIINE
COIIPOTHBIICHUS AJIEMEHTOB, CBS3BIBAIOLIMX MOTPEOUTENb C MIMHAMU y3i1a (1o 1
kB); X 3HaueHUs B OTHOCHUTEIBHBIX €IMHULAX NPU CYMMapHOW HOMHMHAJIBHOU
MomHoctH Sy, KB/A, W cpeaHeM HOMUHAJILHOM HAINPSHKEHUW TOW CTYIICHH
HanpsDKEHUs CeTH, TJie OHA IPUCOEIMHEHA, IPUBEIEHBI B Ta0M. 1;

S, - modHAas ycTaHOBICHHASI MOUTHOCTH i-T'O TIOTPEOUTENS HATPY3KH, KB-A.

1IPUJIO’KEHUE 9
Pexomenoyemoe

YYET BJIUAHUA AKTUBHOT'O COIIPOTUBJIEHUSA IYI'N HA TOK K3

1. Vuer anektpuueckoid ayru B Mecre K3 pexkomeHayeTcss NpOU3BOAUTH BBEJICHUEM B
PacUETHYIO CXEMY aKTUBHOTO COMPOTHUBIICHUS AYTH 7.

2. IlepexonHoe akTUBHOE conpoTuBieHue nyru B Mecte K3 (7,) B MHUIMOMax 3aBUCHUT B
OCHOBHOM OT Toka K3 u 1uHBI yTu ¥ pacCUnUTHIBaeTCs 10 popMmyie

1oz (40)

rae Iyoy - HAUATBHOE ACHCTBYIONIEE 3HAUCHHUE TIEPUOINIECKOM cocTaBstomel Toka B Mmecte K3,
KA, ompefenseMoe C y4eTOM COMPOTUBIICHHUS TyTH;
[, - nuHA AyTH, CM, KOTOpasi MOXKET OBITh IPUHSTA PABHOM:
ly=4anpua<5 wmm;

lngef(),lSrz/xz

[,=204 2 upu a = (5+50) mMm;

[, =amnpua>50mm.

T/I€ 7'y ¥ Xy - COOTBETCTBEHHO CYMMapHOE aKTUBHOE U CyMMapHOE UHIYKTHBHOE COTIPOTHUBIICHUS
menu K3, MOwm;
a - paccrosiHie Mexay (hazamMu MPOBOTHUKOB, MM.

Jist anextpoyctanoBok 0,4 kB akTHBHOE CONPOTUBIICHUE IEKTPHUUECKON AYTH MOXKET OBbITH
ONPEAEIICHO MO KPUBBIM, MPUBEACHHBIM Ha uepT. 12-22.

Ha gept. 12-21 npencraBiieHbl pacueTHbIC KPUBBIC 3aBUCHIMOCTH aKTUBHOTO COTPOTHBIICHUS
IyTH 7y OT IUIOMATu Cce4YeHHs (S) ¥ JUIMHBI alfoMUHUEBOro KaOems (l), ompenensemMoit
paccTosiHueM OT BBIBOJOB Husmiero HampspkeHus (0,4 xB) TpaHchOpMaTopoB pa3iuvHOM
momHOCcTH 10 Mecta K3. KpuBbeie mocTpoeHsl ¢ wucnonb3oBanueMm Gopmynbl (40) mpu
TpexdazHoM u ognodaznom K3 u nipu /; = 3a.

Ha ueprt. 22 mpencraBieHbl pacyeTHbIE KpPUBBIE 3aBUCHUMOCTH aKTHBHOT'O COIPOTHBICHUS
JIyTH OT THIA W JUIMHBI IIMHOTPOBOJIA, MOKI0UeHHOTo K BhiBojmaM 0,4 kB Tpanchopmaropos
pa3IMYHON MOIIHOCTH, OmnpenensaemMoit paccrosaueM 10 mocta K3. KpuBsie cripaBeayivBbl s
muHOoNpoBooB cepun IIIMA u moctpoeHsl ¢ ucrnosib3oBanueM (opmyisl (40) mpu ycioBHH,
yto [, = 2a.

[Ipu ompeneneHuu aKTUBHOTO CONPOTHUBIEHUS nyru B ciaydae K3 B kalene amuHo# /i,
MOAKIIOYEHHOM K TpaHChOpMaTOpy depe3 MIMHOMPOBO JJIMHOH /i WM Yepe3 Kabelb IPyroro
CEUCHHUS, PE3YNbTUPYIOIIYIO UIMHY IPOBOJHHMKA IIMHOMPOBOA - Kabenb (kabenb - Kabenb)
BBIPAXAIOT Yepe3 JJIMHY MOBPEKICHHOIO Kales:



lse = lo + 2wl / Z146 (41)

TJI€ Zix6 U Z1y - TIOJHBIE CONPOTUBIICHUS MPSMOMN MOCIIEI0BATEIBHOCTH IIMHONPOBOA U Kabers,
MOM.

3. BnusHuEe aKTHBHOTO CONPOTHUBIECHHUS AYyTW Ha TOK K3 MOXHO Takke yYUTHIBaTh MyTEM
YMHOKEHHS pacueTHoro Toka K3, HaiineHHoro 06e3 ydera conpoTuBiieHus ayru B mecte K3, Ha
3aBUCALIMA 0T compoTuBieHuss nenu K3 mnompaBousbiii koapduuuent K.. 3HaueHue
kodpdurmenta K., TOMydeHHOro HKcrepuMeHTanbHo Tmpu K3 3a  Tpanchopmartopamu
MomHocThi0 630-1000 kB-A, MOXXHO OnpenenuTh N0 KPUBBIM YepT. 23.

Conporusnenue uenu K3 (zi) onpenenstor B 3aBucuMocTH oT Buaa K3:

3) _ 2 2
npu Tpexdasmom Zx — Viz TNz

@ _ [ 2
npu AByX(asHom “x 2031 + iy ;

npu oxHOGBA3HOM 20 =1/3(2r5 +735)” + (23,5 + Xgs ).

[TpuBenenHbIM Ha 4epT. 23 KpUBBIM K f(zx) COOTBETCTBYIOT BBIPAKEHUS

K, =0,6-0,0025z, +0,114,/z, —0,133/z,; w)

K, =0,55-0,002z, +0,1/z, —0,123/z,

4. Tlpn ompeneneHUM MHUHHMAJIBHOTO 3HaueHHs Toka K3 B aBTOHOMHOM 3JIEKTpUUYECKON
CUCTEeME MPUOINKEHHBIN yUeT BIUSHHS aKTUBHOTO COMPOTUBIICHUS SJIEKTPUUECKOM AyTH Ha TOK
K3 nomyckaercss mpou3BOIUTh YMHOXKEHHEM pacueTHoro toka K3, HailinmeHHoro 6e3 yuera
COTIPOTHUBIICHUS IIyTH, Ha TMONPaBOYHBIA Kod(pduinment K.. 3HadueHwe 3Toro koddduimeHra
JloTycKaeTcst NpuHATh paBHbIM 0,7-0,8.

3aBucumocts 7, = f{s, ls) npu Tpexdaznom K3 3a tpanchopmaropom MomHocTbI0 630
kB-A
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3aBucumocts 1, = f{s, lxs) npu Tpexdasnom K3 3a tpancdopmaropom MomHocTHIO 750
kB-A
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3aBucuMocTsb r, = f{s, ls) npu Tpexdaznom K3 3a tpancdopmaropom momnoctbo 1000
kB-A
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3aBucumocts r, = f{s, ls) npu Tpexdgaznom K3 3a tpancdopmaropom momuoctbo 1600
kB-A
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3aBucumoctsb ry = f{s, ls) npu Tpexdaznom K3 3a Tpancpopmaropom mouHocTs10 2500
kB-A
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UYeprt. 16
3aBucumocTtb r, = f{s, ls) npu onnodasznom K3 3a tpancpopmaropom momnHocThi0 400

KkB-A npu cxeme coeuHeHM i V\k (CIUVIOIIHBIE JIMHUHU) H Y/¥ (MyHKTHPHbIE JTUHUMN)
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3aBucuMoctsb r, = f{s, lys) npn onHogaznom K3 3a tpancdopmaropom MomHocTbI0 630

KB-A npu cxeme coeguHeHn i T\ (CIUIOIHBIE JIMHUH) H Y/¥ (MyHKTHPHBIE JIUHUMN)



?:"'ﬁ ALt
s

700

=1/

43

27

0t

5

0 50 90 50 Z00 L4 M

UYepr. 18
3aBucumocTsb ry = f{s, ) npu onHopasznom K3 3a Tpancpopmaropom mouHoctsio 1000

KB-A npu cxeme coexuHeHuit AV (CIUIOLIHBIE JIMHUM) U Y/¥ (MyHKTHPHBbIE JIMHUM)
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3aBucumocts r,; = f{s, ls) npu oqnogaznom K3 3a tpancpopmaropom mournoctsio 1600

KB-A npu cxeme coeauHeHui V\ k& (cnJIoMIHbIE JIMHUM) U Y/¥ (MYHKTHPHbIE JIMHUH)
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3aBucumoctsb r,; = f{s, ls) npu oqnogaznom K3 3a tpancpopmaropom Mmournoctosio 2500
KB-A (V\k )
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3aBucumocts r, = f(tun, /,,) npu tpexdaznom K3 3a TpanchopmaTopaMmn MOIHOCTHIO
1000, 1600 u 2500 xB-A
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3aBucumocTth K03ppuunenTa K., HaliIeHHOT 0 IKCIEPUMEHTAJIbHO, 1JI5l HAYaJIbHOI0
moMmeHnTa K3 (xpuBas 1) n ycranosuBumerocsi K3 (kpusas 2) or conporusiienust nenu K3
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1IPUJIOKEHUE 10

Pexomenoyemoe
YYET BJIUSAHUA KOMIIVIEKCHOM HAT'PY3KH HA TOK K3

MeTton yuera KOMIUIEKCHOW Harpy3ku npu pacuere Toka K3 3aBUCHT OT XapakTepa UCXOJHOU
CXEMBI 3aMeIIEeHUs] KOMIUIEKCHOH Harpy3ku (ueptT. 24) u nonoxenus Touku K3 (ueprt. 25).



B panuanpHOl cxeme (uepT. 25a) JOMyCKAaeTCss HE YUYUTHIBATH BIUSHUE CTATHYECKHUX
norpebureneit  (mpeobpa3zoBareny,  3JIEKTPOTEPMHUUYECKHE  YCTAaHOBKH,  AJIEKTPHUUYECKOE
oceleHue). HauanpHoe 3HaueHue nepuoauueckoi coctasisitomei Toka K3, yagapHseiii Tok, a
TaK)Ke MEPUOJUUYECKYIO COCTABIISIONIYI0 ToKa K3 B MPOM3BOIBHBI MOMEHT OT ACHHXPOHHBIX U
CHUHXPOHHBIX 3JIEKTPOJIBUraTeNel CIeAyeT pacCuuThiBaTh B COOTBETCTBMM C TPeOOBaHUSMU
pasn. 3,5, 7.

Cocras y3/1a KOMILIEKCHOM HATPY3KH

BH
7 Al
to]
f A s

K7t

gr & m
Tiiagil],

A2 CZ ax A a4 3

A/l - acunxponnble apuratenu; C/[ - CHHXpOHHbIe BUraTenu; JIH - naMiibl HakaJluBaHus; JII - naMIibl
rasopaspsiusle; /7 - mpeodpazoBaresu; DY - anekTporepMuyeckre ycTaHOBKH; K - KoHneHcaTopHble Oatapen; KJI -
kaOenpHas TUHAS, Al - aBTOHOMHBIH UCTOYHUK 3JeKkTpo3neprun;, K1, K2, K3 - touka K3; T - Tpancdopmarop.

UYepr. 24
IIpeoOpa3oBanue cxeMbl 3aMelleHUS] KOMILIEKCHOM HATPY3KHU
K2 Yoy
Xt Znz
Zal Zinr
Y Ear
2 5 5
Yepr. 25

[Tpu K3 3a oOmmM 1151 y3/1a Harpy3Kd CONMPOTHBICHHEM (UepT. 250) HadaabHOE 3HAUCHHUE
NepuoauIecKoil cocrapistomeil Toka TpexdasHoro K3 (ponr) B Kuiloamrepax cleayer
OTIPEEIIATh C YYETOM BIIUSHUS IBUTaTEIbHON U CTaATUYECKOW HArpy30K, UCIONIb3ys hopmyty

EHF Ucp.HH
I _ *
noHI" — P P H
cp.HH 2 cp.HH - 2
\/g (Zyur g COSPyr +1is)” + (Zyyr Sin @y + X;5)
% *
z z (43)
Eyr Ziur
rae * u * - oskBuBajgeHTHas DJ[C U compoTHUBIEHHE MPSIMOM MOCIEIO0BATEIBLHOCTH Y31a

Harpy3Kd; WX 3HAYCHUS B OTHOCUTEIBHBIX EIUHUIAX OINPEACISIIOT TI0
KpUBBIM, MPUBEIECHHBIM Ha 4yepT. 10 u 11 nmpusnoxxkeHust 8 B 3aBUCUMOCTH OT
OTHOCHUTEIILHOTO COCTaBa MOTPEOUTENICH;



i M X|z - COOTBETCTBEHHO CYMMApHOE€ AaKTHBHO€ H CYMMapHOE€ HWHAYKTUBHOE
COIPOTHUBIICHUS IIEMH KOPOTKOI0 3aMbIkaHus, MOM (cM. 1. 3.4);
S’y - cyMMapHas HOMMHaJIbHAsl MOILIHOCTb Harpy3ku, kB-A;
Uepnn - CpelHee HOMUHAJIBHOE HANpsHKEHHE CeTH, COOTBETCTBYOLee OOMOTKE
HU3IIETO HanpsHKEHUs TpaHchopMaTopos, B.
3HavYeHHUs YJApHOTO TOKAa M TEPUOAMYECKON cocTaBistomeid Toka K3 B NMpOM3BOIBHBIN
MOMEHT BPEMEHHU OT AJIEKTPOABHUraTeNeH CleAyeT ONpPeaesaTh B COOTBETCTBUU C TPEOOBaHUAMU
pa3a. Sul’.
[Tpu KOPOTKOM 3aMBIKaHUU 32 OOILIUM JJIsi HATPY3KU U CUCTEMBI CONIPOTUBIICHUEM (UepT. 25B)
U ONM3KUX 3HAYCHUSAX OTHOUICHWS X/7 BETBEH pAcueTHOH CXEMbl HayallbHOE 3HAYCHHE
nepuoanueckoi cocrapistomieit Toka K3 (/0x) AOMyCKaeTCsl pacCUUTHIBATH MO (opMyIie

1 "
Ucp.HH ;ZIHF +Eyr Ucp.HHZc
. %

I = : .
ZCZIHF +ZCZK +ZIHFZK (44)

EHF
rne * - OJIC y3na Harpy3ku;
n; - ko3 dunueHt Tpanchopmaiu TpanchopmaTopa;
Z1HT» Z¢s Zx - MOJIYJIM COITPOTHUBJICHUM BETBEN MCXOIHON CXEMbI 3aMelIeHus (4epT. 25 B), mpuyeM

2

_ Ucp.HH .

Z1ur = Ziar 5
* Sz

[ 2
Z, =y T Xy

I ) 2 .
ZK - ’/iZK +x121<’

Fisx U X|3x - COOTBETCTBEHHO CYMMapHOE€ aKTHBHOE U CYMMapHOE WHAYKTUBHOE COTPOTHUBIICHUS
uenu K3.
Y napHbIi TOK CleyeT OnpeeNaTh B COOTBETCTBUU C TPEOOBaHUSAMU pa3a. 3.

IIPUJIO)KEHHUE 11
Pexomendyemoe

pacCCUUTBIBACTCA KAaK YKa3aHO B II. 32,

ITPUMEPBI PACYHETA TOKOB K3

[Tpumep 1. [ng cxembl, IPUBEACHHON Ha uyepT. 20 OMpeNeNuTh TOKH MpPU TPEX-, IByX- U
omHoaznom K3 B Touke KIl. Jlnsa Tpexdasznoro K3 ompenenuTh MakcUMalbHBIE W
MHHMMaIbHBIC 3HaYeHus Toka K3.

1.1.UcxXxoagHEEe MaHHEE

Cucrema C

S« =200 MB-A; U, Ba = 6,0 xkB.

Tpancdhopmarop T: TC = 1000/6

Srtiom = 1000 xB-A; Ugy = 6,3 xB;
Unyn = 0,4 kB; Piyow = 11,2 kB;
ux =5,5 %.

PacyerHas cxema Kk npuMepy 1 u ee npeodpazoBaHue
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UYeprt. 26
ABTOMaTHUYECKHUH BBIKIIOYATEND « DIEKTPOH»
OF : rg = 0,14 MOM; X = 0,08 MOmM.
[unonposox HIMA-4-1600LLI:
rm = 0,030 MOM/M; X = 0,014 MOM/M;
7an = 0,037 MOM/M; Xy = 0,042 MOM/M; [y = 10 M.

BonroBrie koHTaKkTHBIE coenuHeHUS: 7, = 0,003 MOwMm; n = 4.
l.2.Pacyer mapaMeTpOB CXEMbl 3aMEU[EHUS

1.2.1. Ilapamempuol cxemul 3amewjeHus NPAmMol nocied08amerbHOCmu
ConpoTuBJIeHHE CUCTEMBI (X ), pacCUUTaHHOE 10 (hopmyiie 1, cocTaBUT:

2
. _(400)
© 200

AKTHUBHOE W MHIYKTHBHOE CONPOTHUBICHHS TpaHCHOPMATOPOB (7;) U (X;), pACCUUTAHBI IO
dbopmynam 3 u 4, COCTaBsIT:

107 = 0,8 MOMm.

_11,2-04° ‘

7, = > 10° =1,79 MOM;
(1000)



X, = \/5,52 - (100 1 1,2)2 04 i 2 8,62 MOM.
1000 1000
AKTI/IBHOG U MHAYKTUBHOC COIIPOTHUBJICHUSA HIMHOIIPOBOJA:
Fu = 0,030-10 = 0,30 MOM; Xy, = 0,014-10 = 0,14 MOM.
AKTHUBHOE COIIPOTUBJICHHUC OOJITOBBIX KOHTAKTHBIX COCHHHCHHﬁI
re =0,003-4=0,012 MOM.

AKTHUBHOE COMPOTHUBJIEHUE TYyTH ONPEICIAIOT, KaK YKa3aHO B MPUIOKEHUU 9, uept. 22: r, =
5,6 MOM.
1.2.2. ITapaMeTpbl CXeMBbI 3aMENIEHUS HYJIEBOM MOCJIEI0BATEILHOCTH.

7or = 19,1 MOM; x4 = 60,6 MOM;
Fun = 0,037-10 = 0,37 MOM; x4y = 0,042-10 = 0,42 MOwm.
1.3.Pacuer TokoB Tpexdaszunoro K3
hy=r+r, +r, +r=179+0,30+0,14 + 0,013 = 2,24 MOwm;
hy =x,+x +x,+x,=080+8,62+0,14 + 0,08 =9,64 MOwm;
Ry =hy +1,=224+5,6=7,84 MOM;

1 = 400 =2333KA;

T 342,247 49,647
;o 400
T 347,847 + 9,647

=18,6 KA.

iyn.max = \/Elnomax[{y;[ = '\/5 ' 23,33 : 1,45 = 47,84 KA,
iyu.min = \/Elnominl{ya = \/5 ' 1876 : 1:08 = 28932 KA:

rie Ky, onpenensioT 1o KpuBoHi 4epT. 2.

iao.max = \/Elnomax = 3299 KA:

i =~21 . =2623KA.

a0. min

l14.Pacuetr ToxkoB ogHodaszunoro K3
Tog =V, + 1y, +7,+7.=191+03+3-0,37+0,14+ 0,012 =20,66 MOwm;

rOm = rlm +3an;

Xoz = Xor T Xgy =X

,=00,6+0,14+3-0,42 + 0,08 = 62,08 MOwm;

KI

Tos = Tos +7, = 20,66 + 8,6 = 29,26 MOM;

[(1) — \/g * 400
Y J(2-2.24+20,66)° + (29,64 +62,08)°

=813 kKA

Tok onHodasznoro K3 ¢ yuerom akTHBHOTO CONIPOTHBIICHUS IyTH



o = - 7,46 KA.
J(2-7.84+29,26)> + (29,64 + 62,08)’
1.5.Pacuer TokoB aAByx¢pa3zHoro K3
@ = 400 = 20,21 KA.
24/2,24% +9,64>
Tok nByxdaznoro K3 ¢ yueToM akTUBHOTO CONPOTHUBIICHUS TyTH:
@ _ 400 — 18,39 KA.
2\/(2.24 +2.8) +9,64°

PesynbraTsl pacuera TokoB K3 cBenens! B Tabu. 22.
Taonuma 22

PesyabTaTsl pacuera TokoB K3 k npumepy 1

Touxa K3 Bix K3 MaxkcuMaibHoe 3Hauenue Toka K3, kA MunumansHoe 3HaueHnne Toka K3, kA
]no iao ivu Ino iao iV,H
K1 K® 23,33 32,9 47,84 18,6 26,23 28,32
K1 K" 8,13 - - 7,46 - -
K1 K® 20,21 - - 18,39 - -

IIpumep. 2. Jlns cxembl, NPUBEJCHHOW Ha 4epT. 27, ONPENENIUTh MaKCUMalbHbIE U

MUHHMMaJlbHble 3Ha4YeHHs TOKOB Ipu Tpexdaznom K3 B Toukax K1 un K2.

21.UcxoanHble JaHHBIE
Cucrema C Ucepa = 10,5 KB; oncnmon = 11 KA.
Tpauchopmarop T. TC = 1600/10,0
Stuon = 1600 kB-A, Ugy = 10,5 kB;
Unn = 0,4 kB, Piwon = 16 XBT, 1, = 5,5 %
[[InHOTIPOBOABI
111 : IIIMA4-3200 : Lion = 3200 A, 71 = 0,01 MOM/M;
X1m = 0,005 MOM/M, /1 =10 M.
12, I3 : IIMA4-1600 : Iy = 1600 A, 71 = 0,03 MOM/M;
X1m = 0,014 MOM/M, [, =20 M, /3 =30 M.
1014, 15 : ITPA-73Y3 : Luon = 600 A, 71,y = 0,1 MOM/M;
X1m = 0,13 MOM/M, 14 =50 M, [5 =40 m.
Kabenpuble TMHUN
KJI1, KJI2, KJI3 : AAILIB = 3%x185 : 71 = 0,208 MOM/M; x 15 = 0,055 MOM/M;
11 = ISOM, 12213 =20 M.
N3meputenbHbIe TpaHCHOPMATOPHI TOKA
TAl, TA2 : ]HOM =500 A, I'TAl = T'TA2 = 0,05 MOM;
XTAl = XTA2 = 0,07 MOM;
TA3, TA4, TAS : IHOM =200 A, I'TA3 = I'TA4 = I'TA5 — 0,42 MOM;
XTA3 = XTA4 = XTA5 = 0,67 MOM.

AKTHUBHOE COMPOTUBJICHUE OOJTOBBIX KOHTAKTHBIX COCTMHCHHIM:

7« = 0,03 MOM, n = 4.
ABTOMAaTUYECKHE BBIKIIOUATENIN THIA « DJIEKTPOH»

QF1, QF4. I1on = 1000 A, r¢s1 =7 xpa = 0,25 MOwm;

Xkl — X x4 — 0)1 MOM:

QF2, QF3, QF5, QF6 :
[HOM =400 A, Vxp2 = V3 = k5 = V'kB6 — 0765 MOM,
X2 = X k83 = XkB5 — X k86 — 0717 MOM,



QF7, QF8, QF9, QF10 : 1o, =200 A;
Fxs7 = Fe8 = F'xe9 = Fral0 = 1,1 MOM;
X7 = X 8 = Xxp9 = w10 = 0,5 MOM.
Cunxponnsiid geuratens CJI.

Ca-12-24-12A : P =125 kBT; Uyon = 380 B;

1, =2344, cose,,=0311, I . /1, =35
M
mec 10, Mue _p 18
MHOM MH()M

Al A2

Yeprt. 27
Acunxponnsie apuratenu A1 u AJ12.
A03-315M-6Y3 : P =132 kBT, Iiycex/Iuom = 7,0;
Uson = 380 B, Ion = 238,6 A, Max/Muom = brow = 2,6;
Miyex/Muon = 1,65 Mimin/Myuow = 0,8; €0 @uon = 0,9;
ne = 1000 o6/Mun; N = 93,5 %; Syom = 1,7 %.

Cxema 3aMeleHus K npuMepy 2



J:.H E—--""
AR o anz
737 /56

7 Fan?
..?,l?f.Té 53l

Yepr. 28

Kommnekcnas narpyska KH

CyMmMapHas akTUBHasi MOIIIHOCTh cocTaBiisieT Py = 350 kBT, cos ¢ = 0,8. B coctas Harpy3ku
BXOMIT acuHXpoHHble nBurarenu (A/l), mammel HakasmBanus (JIH), mpeobGpaszoBarenu (II) B

cienytomemM cootHomeHuu: Pag =175 kBt, Py = 35 kBt, Py = 140 xBr.



22.PacueT mapaMeTpOB CXEMBl 3aMeuleHU (uepT. 23)
2.2.1 Ilapamempul cxemvl 3ameweHus npamotl nocied08amelbHOCmU
ConpoTuBIEHHE CUCTEMBI (X¢), pacCUUTaHHOE MO Qopmyse (2) HACTOSIIEro CTaHIapTa,

COCTaBHUT:
2 -3
X, = (400)7-107 = 0,8 MOMm.
3-11-10,5

AkTHBHOE (r;) U MHIYKTHBHOE (XT) CONMPOTHUBICHHUS TPAHCHOPMATOPOB, PACCUMTAHHOE TIO
dbopmynam (3), (4) HACTOSIIETO CTaHAAPTA, COCTABSIT:

2
r.o= 16 0’42 -10° =1,0 MOMm;
(1600)
2 2
x, =./5,5° —[100 16) 04 -10* =5,4 MOwm.
1600 1600

AKTHUBHOE Y HHIYKTUBHOE COTIPOTUBIICHUS IIUHOIIPOBOJIOB.
1 : 7y =0,01-10 = 0,1 MOM; X1 = 0,005-10 = 0,05 MmOwm;
2 : ryp = 0,03-20 = 0,6 MOM; x12 = 0,014-20 = 0,28 MOM;
i3 : ru3 = 0,03-30 = 0,9 MOM; X3 = 0,014-30 = 0,42 MOM;
4 : rms = 0,1-:50 = 5,0 MOM; x1q = 0,13-50 = 6,5 mOwm;

IS : rws = 0,1-40 = 4,0 MOM; x5 = 0,13-40 = 5,2 MOwm;
AKTHBHOE ¥ MHJIyKTHUBHOE CONIPOTUBJICHHUS KaOeIbHBIX JIMHUH:

KJI1 : rixe1 = 0,208-150 = 31,2 MOM; X161 = 0,055-150 = 8,25 mOwm;
KJI2, KJI3 : k62 = V63 — 0,20820 = 4,16 MOM;
X1x62 — X1x62 — 0,055'20 = 1,1 MOM.

Pacuer napamerpos AJ[1 u AJ12.

ZAZ[HOM ZAZ[HOM
[Mpunumast Pyx = 0,02:Proy; 71 = Suom * =0,017 * ,momy4aem:
. 0,36-1,6-(132-1,02) 10° = 40 MOM:

2= 2 2
7,0°-200,5°-(1-0,017)

HOM

"“Jlo0 P =100 132

HOM

2 2 6
Spow. Unow €08Pyo _ 1,7 0,387-0,9-10 —16.74 MOWM:

3
U, on 380-10 — 132 MO

7' = =
MBI, 372385

oy =16,74+0,96-40=55,14 MOM;

Xy =+1327 =55,14* =119,9 MOwm;

119,9+3,09 119,9+3,09
T =—22">"2_00lc; T,= =
P 314-40 314(16,74 + 6,76)

2 b

E‘;AH = \/(220 -0,9-238,6-0,055)” +(220-0,44 —238,6-0,145) =195 B.
Pacuet mapamerpos C/I:

x:’i;“’“ =0,15; Yon :O,15x:,;



~0,382-10°

= =936,9 MOwm;
C/1.HoM 125

x; =140,53 MOm; 1 =21 MOwm;

Ejeq =+/(220-234-0,14-0,585)* +(234-0,021-0,811)° =239,2 B.

Pacuer mapameTpoB KOMOIeKCHOU Harpys3ku HI
[TapaMeTppl KOMIIEKCHOW Harpy3Ku ONPEAEISAIOT 110 KPUBBIM 4epT. 1la npuoxenus 8, npu
3TOM

175 s p _35 _op p _140_.,

MT350 0 T35 0 T35
Zy =03, Z, =035 E,. =0,75
* * * HNJIN B UMCHOBAHHBIX CIUHUIIAX:
3
Zyur =03 380-10 =104 MOm;  Z,,. =121 MOm™; E,; =285 B.

V3630

23.Pacuer TokoB TpexdazHoro K3
2.3.1. Tok Tpexdasznoro K3 B pacuernoit Touke K1 0e3 yueTa BIHUSHHS 3JIEKTPOIBUTATEIICH U
KOMIUIEKCHON Harpy3Ku

hy =t +r, +r.=1,0+0,1+0,012 =111 MOwm;
hy =X, +x, +x,=0,799+5,4+0,05 = 6,25 MOwm;

By =y +r, =1L11+4=5]11MO0m;

1n01<1max = 400 = 33’38 KA’
V3YL112 +6,25
100 =28,6 KA;

Inor( min
35,117 46,25

i =2.36,38-1,55="79,75 kA;

yaklmax

i =/2-28,6-110 =449 KA;

yaklmin

i =54,45xA; i

aomax aomin

=40,45 KA.

2.3.2. HeoO6xoauMoOCTh y4ueTa BIUSHUS JIEKTPOABUTATENICH M KOMIUIEKCHOW HAarpy3KH Ha TOK
npu MetammueckoM K3 B touke K1, ompenenenHas B coOTBETCTBHU C M. 1.4 HAcCTOSILErO
CTaHJapTa, MOKa3bIBAET, YTO

Toan =2 00 =2-238=4T6 A 5o
0,017, =0,01-36380=363,8 A

1 =234A Menbiie, yem 0,01-36380 = 363,8 A, mo3TOMYy CHHXPOHHBIN ABUTATENb HE
cne;[yeT quTBIBaTB.

, IOOTOMY ACHHXPOHHBIC ABUTaTCIIN CICAYCT YUUThIBATD.

Cllnom

3
__350:10° oo
3-400-0,8 Goubire, vem 0,01-36380=363,8 A,

M03TOMY BIIUSTHUE KOMILUIEKCHOIN HArpy3KH CIEAYyeT YUYUTHIBATb.

KH



Takum oOpazom, mipu pacuere cymmapHoro Toka K3 B Touke K1 ciemyer yauToiBaTh BIHsIHUE
ACUHXPOHHBIX JIBUraTelIel U KOMILIEKCHOM Harpy3ku. Takoi »ke BBIBOJ CIENYET U IPU YCIOBHUU
ydeTa dJIEKTPUYECKON AYyTH.

Pacuer cocrasnsromeii Toka K3 B Touke K1 oT KoMIiekcHoOM Harpy3KH.

Hig = Ve Ty F s + 7q 7, = 0,25+ 0,05+ 5,0+ 0,25+ 0,0126 = 5,56 MOm;
Xy = X T Xppy + X + X0 =0,14+0,07+6,5+0,1=6,77 MOwm;

Fy =l +7,=556+4=9,56 MOw;

noHI'max = 285 = 1’46 KA’
\/5\/(104 -0,8+5,56)° +(104-0,6 +6,77)°
onrme = V2 LA6 =206 KA; i 00 =V2 1,0-1,46 = 2,06 KA;
noHI'min = 285 = 1’42 KA’
V3,/(104-0,8+9,56) +(104-0,6 +6,77)*
i =V2-1,42=2,0KA; i =+/2-1,42-1,0 = 2,00 KA.

yaHI min
Pacuer cocraBnstomieii Toka K3 B Touke K1 0T aCMHXpOHHBIX ABUTAaTENIEH:

+ ¥ T

KB9 K KB2

s :%(FAHI F o Ty FFrag Tl F ls +hus TFrpn +1,
1
iy = (5144 L1+ 416+0,67+11)+0,65+4,0+0,05+0,65+0,6+0,12=37,16 MOw;

T Xys T Xpap T X T X0

KBS KB2

. 1 .
Xis = E (xAI[ F Xgo + Xgn F Xppq +Xr) +X

Xy = %(145,9 +0,5+1L1+0,67+0,5)+0,17+5,24+0,07+0,17+0,28 =80,23 MOwm;

~ 195
J37,16> +80,23°

1 =2,21KA;

moAImax

i =2.2,4=312xA;

ao AJlmax

. — \/5 . 3’12(6—0,01/0,01 + e—0,0l/0,0Z) — 3,84 KA;

l yrAlmax

195

J(37.16+4)* +80,23

moAJImin

i =2-2,16=3,05KkA;

ao Allmin

i =3,05kA.

yaAlmin

2.3.3. Tok Tpexdasznoro K3 B pacuerHoit Touke K2 0e3 yueTa BIHMSHHS 3JIEKTPOIBUTATEIICH U
KOMILICKCHOW Harpy3Ku

Ty =V, 1, +Fp + T+ 7 s et =L0+0,14+0,6+0,9+

+0,012+0,42+31,2+0,65 =34,88 MOwm;



Xjg =X, +X, +X,0 + X, + X5+ Xpas + X6 T Xy = 0,8+5,4+0,05+
+0,7+0,67+8,25+0,17=16,04 MOmM;

400

I -
V334,887 +16,04

=6,02 KA;

nok2max

i =2:6,02-1,0=8,50 kA;

yaK2max

i

aok2max

=8,50 KA.

IIpu onpeneneHnr MUHMMAJIBHOTO 3HAYEHUS TOKA CIEAYET YYECTb BIUSHHUE DIEKTPUYECKOU
JyTY ¥ YBEJIMYEHNE aKTUBHOTO COITPOTUBIICHMSI Kabensl BCIIeICTBUE HarpeBaHus ero Tokom K3:

Iy =nhs +7, + 161 (Cy — D),

T€ ¥y - CONPOTUBIICHUE TyTH, OMPEACIIIEMOE B COOTBETCTBUU C 4epT. 15 mpuiiokeHus 9, npu
9TOM B COOTBETCTBHH C (42) 51z = 158 M;
Cy - K0P GUIUEHT, ONpPeaeNIeMbIil IS fom = 0,6 C B COOTBETCTBUU C UePT. 7 MPUIOKECHUS 2.

7y =34,88+16,3+31,2(1,05-1) = 52,74 MOwm;

Ino KQmin 400 = 4,19 KA,
34/52,747 +16,04°
iyrl1<2 min \/5 : 4’19 : 1,0 = 5,93 KA,
iaonmin = 5393 KA

TaOnuma 23

PesynbTaTsl pacyera TokoB K3 k npumepy 2

COCTaBJISIIOH.II/IC ToKa MaKCI/IMaJ'II)HOG 3HAYCHUEC TOKa MI/IHI/IMaJ'IBHOC 3HAYCHUEC TOKaA
Touka K3 | Bug K3 K3, kA K3, kA
K3 o BeTBsIM - - ; ;

II'IO lao lV}l II‘IO lao lV}l
K1 K® T 36,38 54,45 79,75 28,6 40,45 44.9
K1 K® HI 1,46 2,06 2,06 1,42 2,0 2,0
K1 K® ALl 2,21 3,12 3,84 2,16 3,05 3,05
K1 K® K1 40,24 59,9 85,65 32,37 45,76 50,68
K2 K® T 6,02 8,5 8,5 4,19 5,93 5,93

NHO®OPMAILIMOHHBIE JAHHBIE
CCBIVIOYHBIE HOPMATUBHO-TEXHUYECKHUE JOKYMEHTbI

O603nauenne HT/I, Ha KOTOpBIH TaHa CChITKA Howmep nynkTa
TI'OCT 26522-85 1.2
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