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BBEOEHUE

TpancpopmaTop — craThyeckoe 3JIEKTPOMArHUTHOE YCTPOWCTBO,
MMEIOIIlee Yallle BCEro JBe MHIYKTUBHO CBA3aHHbIE OOMOTKM U INpeaHa3Ha-
YeHHOe sl IpeoOpa3oBaHus OCPEACTBOM SIBICHHS 3JIEKTPOMArHUTHON HMH-
AYKIAWA OTHOW (TIEpBUYHON) CHCTEMBI MEPEMEHHOTO TOKa B JIPYTYIO (BTO-
PUYHYIO) CUCTEMY MepeMeHHOro Toka. CuioBble TpaHC(HOpPMATOPhl N3MEHSI-
IOT TOJILKO 3HAYCHHsI IEPEMEHHOTO HAPsHKEHUS U TOKA, SBISIOTCS HEOTHEM-
JIEMOM COCTABIISIIONIIECH 3IEKTPOTEXHUUECKUX YCTAHOBOK, a TAK)Ke DHEpPreTH-
YECKUX CHCTEM Iepejauu U pacipeiesieHus 3JIeKTPOIHEPTUH.

BrimonHeHne KypcoBOro mpoekTa Ha TeMy «Pacder akTMBHOW 4acTH U
OLIEHKA IKCIUTYyaTallMOHHBIX CBOWCTB CHUJIOBOI'O TpaHCHopMaTopa» popMUpy-
€T HaBBIKM KOHCTPYKTOPCKON pabOThI, TOMOTAET TOHATh U OCO3HATh MaTepH-
aJl JICKIIMOHHBIX U JIA0OPATOPHBIX 3aHATUH. PacueTsl, mpoBOaUMBIC TIPU KYP-
COBOM NPOEKTHPOBAaHUU, JAIOT JOCTOBEPHbIE OTBETHI HA MHOT'OYHMCIICHHbIE
BOTIPOCHI MBITJIMBOMY CTYACHTY, MPUYYAI0T aHATU3UPOBATh U 00OCHOBHIBATH
MIPUHUMAaEMBbIC PEIICHHUS.

PacueT akTMBHOW YacTH MPOBOJUTCS B IMOCIEIOBATEIBHOCTH, COOTBET-
CTBYIOILIEH CXeMe pacyeToB, IpenactaBieHHoil B [1, .95, 96]. Kpome cobito-
JI€HUSl TMPABUIBLHOM MOCIIEIOBATENIBHOCTH BBINMOIHIEMBIX PacyeToB, CXema
OpUEHTUPYET Ha MpeABaApPUTEIbHOE M3YyYEHUE KOHKPETHBIX TJIaB U Iaparpa-
¢oB. IlpoBepuTh OCBOEHHE TEOPETUUYECKOTO MaTepuaia MOKHO IYTEM OC-
MBICIICHUSI TIPUBEJICHHBIX MPUMEPOB pacueToB. Ecnu pemieHus, mpuHUMae-
MBbI€ B MPUMEPE pacyuera, BaM MOHSATHBI, TO MOKHO MPUCTYNATh K BBITIOIHE-
HUIO OJHOMMEHHOTO pa3fesia KypcoBOro MpoekTa. B mpoTruBHOM ciiydae,
HY>KHO BEpHYTbCSI K 00Jiee TIIATETbHOMY M3YyYEHHIO TEOPETUUYECKOTO Marte-
puana u MPOKOHCYIbTUPOBATHCS Y PYKOBOJUTEINSI MPOEKTA.

AHanu3upys OpUMeEpbl pacyeToB, KOHTPOJIUPYHTE, COOTBETCTBYIOT JIU
OHU TIPUHATHIM BaMH PEIICHUSM MO0 KOHCTPYKIIMM MarHUTHON CHCTEMBI, Ma-
Tepuasy oOMOTOK, TUIy oOMOTOK. [lonb3ysice Tabmuiiamu, oOpaiaiTe BHU-
MaHH€ Ha MpUMEYaHUs K HUM, TJI€ YKa3bIBalOTCSI OCOOCHHOCTH PacueToB
TpaHCHOPMATOPOB C Pa3HBIMU CHUCTEMAMH OXJIAKIEHUS, TUIIAMU OOMOTOK U
T.JI. DTO TMO3BOJUT M30€KaTh JOCAJAHBIX OIIMOOK U MPUHATH KBaTU(UITUPO-
BaHHBIC PEIICHUSI.

MPABUNA O®OPMIEHUA TEXHUYECKOU AOKYMEHTALUU



KypcoBoii mpoekt — yueOHast paboTa, coneprkalasi pe3yyibTaThl BbIIIOJ-
HEHUs 3aJlayd, cPOpMYyJIMPOBAHHOW MO Y4eOHOW AMCIUIUIMHE, COCTOUT W3
TEKCTOBOM JTIOKyMEHTAIUH (MOSICHUTEIBHON 3aMUCKU) U rpaduyecKoro marte-
puana (cOOpOYHOro UYepTeka akTUBHONW YacTHU CHUIIOBOTO TpaHC(HOpMaTopa).

[losicHUTENbHAS 3alMCKA — HAYYHO-TEXHUYECKHM TOKYMEHT, COIepikKa-
IIUH CUCTEMATU3UPOBAHHBIE TAHHBIE O BBIIIOJIHEHHOW CTYIEHTOM IIPOEKTHOMN
paboTe, ONMUCHIBAIOLIUHI MPOIIECC €€ BHIMOIHEHUS U MOJYyYEHHBIE Pe3yIbTaThl
B BUJIE TEKCTA U HEOOXOIUMBIX MIUTFOCTPALIHIA.

ITosicHuTENnbHAA 3amKMCKa JOJKHA BKIIIOYATh B YKAa3aHHOW HUXKE I1OCIIE-
JOBaTEIbHOCTH:

e turynbHbli nuct (Ilpunoxenue 1);
o  Onank 3amanus (IIpunoxenue 2);

o coJlep KaHHUe;

o BBEJICHUE;

®  OCHOBHYIO 4acTh (pacyeT aKTMBHOM YacCTH U OIEHKA IKCIUTyaTallMOHHBIX
CBOMCTB);

®  3AKIIOYEHUE;
®  CIHCOK HUCIMOJIb30BAaHHBIX UCTOYHUKOB;
o MPUIIOKECHHUS.

[losicHuTenbHAs 3aNTMCKA BBITIOJIHAETCS Ha iucTax popmara A4.

CozepskaHue JOJMKHO OTpa)kaTh BCe MaTepuasbl pabOThl, IpeICTaBIsie-
Mbie K 3ammure. CiaoBo «COJIEPXKXAHHME) 3amuceiBaroT B BHJE 3aroJIOBKa,
CUMMETPHUYHO TEKCTY, MPOMUCHBIMU OyKBaMu. B copepxaHuu nepeyucisior
3aroJI0BKH Pa3[eiioB, MOJAPA3/IENIOB, KaXKI0€ MPUII0KEHUE U YKa3bIBalOT HO-
Mepa JIMCTOB (CTPAaHMII), Ha KOTOPBIX OHU HAaUMHAIOTCS. B KOHIIE conepxaHus
MEePEeUncsioT rpaduueckuii MaTepua, NpeACcTaBIsIeMblil K 3alllUTe, C yKa3a-
HueM: «Ha oTaenbHbIX IucTaxy.

BBeneHue coaepKUT KpaTKOE U3JI0)KEHUE HA3HAUYECHUS! U POJIM CHIIOBBIX
TpaHCc(HOPMATOPOB B SHEPTrOCUCTEMAX, COBPEMEHHBIE TEHJEHUIMU B KOHCT-
PYUPOBaHUM U IMPOU3BOJACTBE TpaHC(HOPMATOPOB, HA3HAYEHHUE MPOCKTHUpYe-
MOTO TpaHcpopMaropa, oOIIHMe U TEXHUYECKUE TpeOOBaHUS TOCYAapCTBEH-
HBIX CTaHAApPTOB.

OCHOBHAasi 4acTb COJEPKUT LIECTh NEPBBIX PA3AECIOB CXEMBI pacyueTa
TpaHchopmaropa, U3NoxKeHHOU Ha €.95 u 96 [1], U pe3yabTaThl OLIEHKH JKC-
ITyaTallMOHHBIX CBOMCTB [35,6].

3aKIIFOUYEHHE JTOJHKHO COAEPKATh KPAaTKHUE BBIBOABI IO pE3yJbTaTaM BbI-
MOJIHEHHON paboThl, OLEHKY MOJHOTHI PEUICHUS MOCTAaBIECHHBIX 3a/a4, PEeKO-
MEHJAllMU MO0 KOHKPETHOMY HMCIOJB30BAaHUIO PE3YNIbTaTOB pabOThHI. 3aroio-
BOK «3AKJIFOYEHUE» numyt ¢ ab3ana nponucHbIMU OyKBaMHu.
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CHucoK HMCNOAb30BaHHBIX MCTOYHUKOB COJAEPKUT BCE MCTOYHUKHU, HA
KOTOpbI€ UMEIOTCSI CChUJIKUA B MOSICHUTENIbHOM 3amucke. VICTOUHUKH B CIHCKE
HYMEpPYIOT B MOPSAKE UX YINOMUHAHUS B TEKCTE MOSACHUTENBHOM 3amuCKu
apabCckuMu nuudpamu oe3 TOYKH. 3aroy0BOK «CITMCOK
NCITOJIB3OBAHHBIX MCTOYHUKOB) 3anuchiBalOT CHMMETPUYHO TEK-
CTY MPOIMUCHBIMU OYKBaMHU.

[punoxkeHuss pekoMeHayeTcs: GopMHPOBATH U3 MaTEPUATIOB HILTIOCTpa-
IIMOHHOT'O U BCIIOMOTaTEIbHOIO XapaKTepa, B YaCTHOCTH: TAOIHIIbI U PUCYH-
K1 O6oJbIIoro opmara; JOMOJHUTENbHBIE PACUEThI; CAMOCTOSITENIbHbIE MaTe-
pHaNbl U TOKYMEHTBI KOHCTPYKTOPCKOTO, TEXHOJIOTUYECKOTO U MPUKIATHOTO
xapakrepa. [Ipunoxxenus, cojepxaiiyue JTONOJHUTEIbHbIE TEKCTOBbIE KOHCT-
PYKTOPCKHE TOKYMEHTHI (crielupUKaIfio) clieyeT MoMenaTh B IPUI0KEHHE
B MTOCJIEJTHIOI0 OYEPEib.

COopouHbIil yepTex — OOIIMA BUJI aKTUBHOW 4acTH TpaHchopmaTopa B
Tpex mpoeknusx. IlpocraBnsitorcss  raGapuTHble W YCTaHOBOYHO-
MPUCOEIUHUTENbHBIE pa3MEpPbl, MO3UIMH COOPOYHBIX €JAMHMI], JAeTalleH,
CTaHJAPTHBIX U3, 3alKUChIBAlOTCS OCHOBHBIE TEXHUYECKHE TPEOOBaHUSI.

1. ONMPEOENEHUE OCHOBHbIX 3JIEKTPUMECKUX BENUYUH
[1,rn.3 n 4]

Onpenenenue JUHEWHBIX U (Pa3HBIX TOKOB, HAMPSHDKEHUH OOMOTOK BBbI-
cokoro (BH) u nuskoro (HH) Hanpspkenuit, kak npaBuiio, HE BBI3BIBAET OCO-
ObIx 3aTpynHeHuil. HeoOxoqumo ydecTb, 4To B OJaHKE 3aJjaHUsl YKa3aHbl HO-
MUHaJIbHBIEC JUHEIHbIE HAMPsHKEHUST 0OMOTOK. CXeMbl coeTuHEHUs: 0OMOTOK
MOTYT OBITh yKa3aHbl B 3aJJaHUU 3aIUCBHIO B BUJE JPOOU: B YHCIUTENE yC-
JI0OBHOE 0003HaueHue cxeMbl Juisi ooMoTku BH, a B 3Hamenatene ans oOMOT-
ku HH. Ecam cxembl coenvHeHns oOMOTOK HE 3aJlaHbl, TO UX HEOOXOJIHUMO
000CHOBaTh U3 CTaHAAPTHBIX (Tabin.1.8, c¢.43), mpuHsAB peuieHue sl MHUTa-
HUSl Kakoil Harpy3ku (CHUJIOBOM WJIM OBITOBOM, CHUJIOBOW M OBITOBOI) Oyner
npeaHa3HavyeH TpaHchopmarTop.

HcnpiTarenpHble HANpsKeHUST OOMOTOK MPOMBIIUIEHHONW 4YacToThl (50
I'm) onpenenstorcst mo Ta6mn. 4.1, ¢.169, mo knaccy HampspKeHUsST 0OMOTOK.
Krnaccom HanpskeHrss 0OMOTKH Ha3bIBAIOT €€ JIUTENIbHO JOMYCTUMOE pado-
yee HampspkeHHe (HOMUHAJIbHOE JIMHEWHOE), OH COBMAJAeT C HOMUHAJIBHBIM
HaIpsHKEHUEM 3JIEKTPUUECKON CeTH, B KOTOPYIO BKiItouaeTcs ooMoTka. Kiac-
COM HampsDKEHUs TpaHcQopMaTopa CUMTAIOT KIIACC HANPSDKEHHS OOMOTKHU
BH.



AXTHBHAsI U peaKTHUBHAsI COCTABIIAIOIINE HATPSHKCHUS KOPOTKOTO 3aMbl-
kaHus onpeaesitores 1o (3.9) u (3.10), cobmroast pa3MepHOCTH BETUYHH.

2. PACHET OCHOBHbIX PASMEPOB TPAHC®OPMATOPA
[1,rn. 2,3 nd]

JlnameTp OKpPY>KHOCTH d, B KOTOPYHO BIIMCAHO CTYIICHYATOE CCUCHHE
CTCP)KHS MarHUTHON CUCTEMBI (B JallbHEHIIIEM— JHAMETP CTEP)KHsI), OCEBOM
pasmep [ (BricoTa) (a3 0oOMOTOK, CpEHUM THUAaMETP BUTKOB OJIHOMMEHHBIX
¢dha3 oOMOTOK (CpeaHU AHaMETp OCEBOro KaHajla MEXIy STUMH (azammu)
d|y, BBICOTA CTEPXKHSA /., paCCTOSHUE MEXIY OCSIMU COCeIHUX cTepxHed C

Ha3bIBaIOT OCHOBHBIMU pa3Mepamu TpaHchopmaropa.

~~

Puc.1. Ocnosnvie pazmepvr mpancghopmamopa

[Ipu BBIOOpE KOHCTPYKIIMM M TEXHOJOTUM HW3TOTOBJICHUS MarHUTHOM
CHUCTEMbl HEOOXOAUMO MPUHATH BO BHUMAHKE, YTO B 3aJJaHUM Ha MPOEKT Ja-
Hbl MCXOJIHbIE JaHHBIC PEAIbHBIX CHJIOBBIX TpaHC(OPMATOPOB CO CTEpIKHE-
BOM MarHUTHOW CHUCTEMOW. DTO BHOCHUT OMNPEAECICHHbIC OTPAaHUYCHHS TPHU
OCYIIECTBIICHUH BHIOOpA PEIICHUM 110 MAarHUTHON CHUCTEME.

Br16op OyzaeT 3akitouathbcsi B TOM, KaKM€ CTHIKM U B KAKOM KOJIMUECTBE
MMETh MAarHUTHOM CHUCTEME M KaK €€ IIMXTOBATh: B OJHY WM B JBE€ ILIACTH-
Hbl. BEIOOp Mapkul ¥ TOJIIMHBI JTUCTOB DJICKTPOTEXHUYECKON CTaTM HYXKHO
clenaTh, CPaBHUBAs CBOMCTBA TOPSAYCKATAHBIX M XOJOJHOKATAHBIX CTAJICH.
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[IpenmymiecTBO 37€Ch 3a XOJOJAHOKATAHBIMUA AHU30TPOIHBIMU CTAJISIMHU, OHU
MMEIOT MEHBIINE 3HAUYCHUS YNIETbHBIX MOTEPh U YAEIbHBIX HaMarHWYMBaIO-
IIMX MOIIHOCTEN, OOJIbIINE 3HAUCHUS PEKOMEHyeMON MHIYKIIMN B CTEPIKHE.
DT0 MO3BOJISIET TOJYYUTh MAarHUTHYIO CUCTEMY 0o0Jiee KOMMIAaKTHYIO, YMEHb-
IIUTh PACcX0]] MaTEPHUAJIOB.

Jlenast okoHYaTeNbHBINA BHIOOP MapKH M TOJNILIKHBI JIUCTOB CTallu, 00pa-
TUTE BHMMAaHHE Ha IMEpPEYeHb MApOK M TOJIIMH JUCTOB B TabiuLax ri. §,
4YTOOBI HE OBUIO 3aTPyJHEHUN C TOUCKOM MHGOPMALMK TO 3JIEKTPOMArHHUT-
HBIM CBOMCTBaM BBIOPAHHOM CTaJIH.

Martepuaiom 0OMOTOK MOTYT OBbITh BIOpaHbI JUOO0 Meb, TUO0 aTIOMHU-
Hui. OOOCHOBaHHWE MOXXHO C(HOPMYIMPOBATH, MCHOJB3YS CPaBHEHUS ITHX
METaJIOB MO (PU3UYECKUM, DJIEKTPUUECKUM U Jp. cBoiicTBaM. [lpu sTom He-
00X0JIMMO MTOMHHTb, YTO PALIMOHATIBHO CIIPOCKTUPOBAHHBIN TpaHc(opmaTop
C aJIOMUHHUEBBIMH OOMOTKaMM CYIIECTBEHHO OTJIMYAETCS IO OCHOBHBIM
pa3MepaM OT TpaHchopMaTopa ¢ MEAHBIMU OOMOTKaMU. MarHuTHasi cucteMa
TpaHchopMaTropa ¢ aITIOMUHUEBBIMU OOMOTKAMHU MMEET MEHBIIUN AUaMETP
CTEepKHs1, OOJBIIIYIO BHICOTY CTEP>KHS M OOJIBIIYIO IJIOMIAh OKHA MAarHUTHON
CUCTEMBI. AJIIOMUHUEBbIE OOMOTKM MMEIOT HECKOJIbKO OOJIbIINE CEUEHHUs U
YuCJia BUTKOB.

[IpenBapurensHbiii BbIOOp TNa oomMorok HH u BH nenaercs mo Tabu.
5.8, ¢.258. TlepeuncneHHble TUMBI OOMOTOK MMEIOT TJIABHOE U BO3MOXKHOE
MpUMEHEHUE, JOCTOMHCTBA W HENOCTaTKU. PekoMeHayeTcs HadaTb BBIOOpP
TUINa OOMOTKH, BO-TIEPBBIX, 10 IIaBHOMY MpUMeEHEeHut0. Bo-BTOphIX, MpoBe-
PUTh, COOTBETCTBYIOT JIU OTOOpPaHHBIE MO INIABHOMY IMPUMEHEHUIO TUIIBI 00-
MOTOK TPEOOBAaHMSIM IO KJIACCy HaIpsDKEHHs, MOLUTHOCTH TpaHcopMmaropa,
TOKY Ha CTepkeHb ((hazHOMY TOKY). B-TpeTbux, eciu BbIOOp He 3aBeplIeH, TO
c/ieJlaTh €r0 Ha OCHOBAHWU CPABHEHMSI OCHOBHBIX IOCTOUHCTB M HEIOCTATKOB
OCTaBIIUXCS MpeTeHAeHTOB. OKOHYATEIbHBIN K€ BBIOOp THMA M OoJee Moj-
pobHoii koHcTpyKinu oomorok HH u BH Oyzaer cnenan mo3aHee, mpu BbI-
MOJIHEHUU UX PACcueToB, MPUHUMAs BO BHMMaHHE, KPOME BbIIIE Ha3BAaHHBIX
TpeOOBaHMIA, CEYEHHUs] BUTKOB U TUIOTHOCTH TEIUIOBOT'O MOTOKA Ha MOBEPXHO-
CTH OOMOTOK.

Bb160p KOHCTPYKIIMM M pa3MepOB OCHOBHBIX H3OJISIIIMOHHBIX PACCTOS-
HUM TJIaBHOM M3OJSAIIMM OOMOTOK Jenaercs mo Tabn. 4.4, ¢.183 (oOmoTka
HH), ta6n. 4.5, c.184 (o6moTtka BH). MmmrocTparuio riiaBHOM U30JIAIIMH 00-
motok HH u BH Brinonnsiite, 0eps 3a ocHOBY puc. 4.6, Tak 4TOOBI KOHCT-
PYKIIMS TIaBHOM M30JISIIIMM COOTBETCTBOBAJA MPOCKTUPYyEeMOMY TpaHchopma-
topy. Eciin nipu monp3oBanuu Tabi. 4.4 u 4.5 ©MeeT MECTO HECOBIAJICHUE
CTPOK TaOJMIIbI, B KOTOPbIE MOMAIal0T MOITHOCTb TPaHC(POPMATOPA U UCIIBI-
TaTeIbHOE HANpPsHKEHHE OOMOTKH, TO BHIOOP MHUHHMAJIbHBIX W3OJISIIIUOHHBIX
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PAcCTOSIHUM JAENAETCs MO CTPOKE, COOTBETCTBYIOUIEH HCHBITATEIbBHOMY Ha-
MIPSIKEHUIO.

Ocoboe BHMMaHuE cienyer oopatuth Ha [Ipumeuanue 1 k Tabm. 4.5.
[Tpu momHocTH Tpancpopmaropa meHee 10000 kBA He3aBUCHMO OT UCHIBI-
TaTeIbHOro HampsbkeHuss oomotkun BH nnst Bcex pa3sHOBUIHOCTEW LUIUHA-
PUYECKHX 00MOTOK MHUHHMMAaJIbHOE U30JISILUOHHOE paccTosiHUE

ayjp =27- 1073 , M. IIpu knacce HanpspkeHUs HUIMHIPUYECKOH oOMOTKH 20 U

35 kB nog BHYTpeHHUM CJI0€M OOMOTKHM YCTaHABJIMBAECTCS W30JUPOBAHHBIN C
00€UX CTOPOH METANIMYECKUU 3IEKTPOCTATUYECKUM 3KpaH OOIIeH TONIIH-

Hoit 3-107° m.

[IpenBaputenbHbIil pacyeT 1 0OOCHOBaHME OCHOBHBIX Pa3MEpOB TpaHC-
dbopmaropa, COOTHOIICHHUS] MEXKIY HUMHU MOXKHO BBIIOJIHATH 000OIIEHHBIM
WM YCKOPEHHBIM METOaMHU.

O00061eHHbIH MeTO MOAPoOHO m3naraetes B §§ 3.4-3.7. B pesynbrate
HY>KHO TMOJIy4UTh HauOosiee IPOCTOM B MPOU3BOJACTBE TpaHChOpMaTOp, Tpe-
OyrolMi HAMMEHBIIMX 3aTPaT MPU U3FOTOBJICHUM, HAJEKHBIA B IKCILTyaTa-
IIMU U COOTBETCTBYIOIIUI COAEpKaHUIO 3a/laHus U TpeboBanusM ['ocynapct-
BEHHBIX CTaHAApTOB.

Orta 3a/1a4a pemiaercsa pacyetamu B Buje Tabi. 3.8 win 3.9, HamonHeHue Ko-
TOPBIX JIENIA€TCA C MCIOJIb30BAHUEM TOJYYEHHBIX OCHOBHBIX KO3 (uIneH-
ToB: A, Al, A2, Bl u . 1. Ilo pe3ynbratam pacueToB CTPOST 3aBUCUMOCTH

Py.igsJ,0 p.d = [ (),

rne  Fy,ip - IOTEpU U TOK XOJIOCTOIO X0Ja, COOTBETCTBEHHO KBT 1 %; J -

IVIOTHOCTh TOKa B 00MOTKaX, MA/M’, 0, - MEXaHHUYECKOE PACTATHMBAOIICE

p
HanpsbkeHue B rnpoBojie oOMoTku, Mlla; d - nuamerp crepxHs, M; [ - Ko3(-
(ULKUEHT YKOHOMUYHOCTH (COOTHOIIIEHHE OCHOBHBIX pa3MeEPOB TpaHCHopMa-
TOpa), peKOMEHIyeMbI€ TpeJeNbl €ro BapbupOBaHMs JaHbl B Tabm. 12.1, c.
504.

HazBaHHble MTh 3aBUCUMOCTEN MO3BOJIAT HATJSHO 0OOCHOBATH IMpEA-
BapUTENIbHbIC 3HAUCHUS JIUaMeTpa CTEpKHA d, KoddPUuImeHTa 3KOHOMUYHO-
CTH 3 ¢ IOMOIBIO PUCYHKA MOAOOHOTO, HO HECKOJIBKO M3MEHEHHOTO, pPHC.
3.13a unm 3.136, c.151, B COOTBETCTBUHU C BHIOPAHHBIM METAJLIOM 0OMOTOY-
HBIX ITPOBOJIOB.

B BepxHeill yacTu 3TOro pucyHka Hy»HO M300pa3uTh IIKAJIy apryMeHTa
byHkuui — koddPuimenTa [ ¢ TaKUMHU K€ 3HAaUSHUSIMU, KaK B TaOJIHIIE C pe-
3ylbTaTaMH pacyeToB. B HMKHEH dYacTH pUCYHKa H300pa)kaercs IIKaja
CTaHJAPTHBIX 3HAYEHUI HaMeTpa CTEePKHs, KOTOpbIE MPUHUMAET (PYHKIUS
d = f() B pekOMEHIyeMbIX Mpejesiax BapbUpPOBaHMs KOA(DPUIIMEHTa KO-

8



HOMUYHOCTH. CHIIOBBIE TpaHCPOPMATOPHI MOTYT UMETh TOJIBKO CTaHJAPTHbHIE
3HAYEHUS JUAMETPOB CTEPXKHS, IPUBEICHHBIE Ha C.87-89.

YeTbipe CTPOUYKM PHUCYHKA COOTBETCTBYIOT UETHIPEM aHAIU3UPYEMbIM
¢byakuusaM. Kaxnas u3 cTpouek MOXKET MMETh 3allTPUXOBAaHHBIA y4acTOK
(w1 nBa ydvacTka), €clii Ha WHTEpBaJie BapbupoBaHuUs koddduiueHta [
GyHKIUS TPUHUMAET 3HAYEHUS, COOTBETCTBYIOIIME KOMMEHTAPUIO MPABOTO
KpaiiHero croyona.

Ecnu pucyHOK B mepBoil U (UJM) BTOPOM CTpOYKax HE COAEPKUT He3a-
IITPUXOBAHHOTO YYacCTKa, TO MPUYHH 3TOTO MOXKET OBbITh HECKOJbKO. Bo-
NEPBBIX, BO3MOXHA omuOKka B pacuerax ¢QyHkuud Fy = f(f) u (umm)

iop = f(B). Ilostomy mnenecooOpa3HO CHayajga HPOBEPUTH IPABUIIBHOCTH

pacueToB. Bo-BTOpBIX, BO3MOXKHO [Jii MarHUTHOM CUCTEMBI HCIOJIb3yeTCs
JIUCTOBAs JIEKTPOTEXHUYECKAs CTallb C HEJOCTATOYHO BBICOKMMH JJIEKTPO-
MarHuTHbIMH cBoMcTBaMHU. [loBTOpUTE pacueT 3THMX GYyHKIUN C MPUMEHEHHU-
€M JIydlled 3JIEKTPOTEXHUYECKO cTanu. B TpeTbux, KOHCTPYKIUS MarHuT-
HOM CHUCTEMBI COJEPXKHUT CIUIIKOM OOJBIIOE KOJUYECTBO TMPSMBIX CTHIKOB.
CxoppekTupyiTe BapHaHT IIUXTOBKHU 10 puc. 2.17, ¢.80, yMEHbIINB KOJINYE-
CTBO MPSAMBIX CTBHIKOB WJIM MCHOJb3Ys TOJBKO KOChI€ CTHIKU. B-4eTBepThIX,
BO3MOXHO MPUHATO CJIHUIIKOM OOJBIIOE 3HAYCHHE HHAYKIHHU B CTEpPIKHE.
YMeHbIIUuTe UHAYKIHIO B CTEP)KHE B COOTBETCTBUU C PEKOMEHIALMSIMU TalJI.
2.4,c.78.

PucyHOK B TpeThell WM YETBEPTOM CTPOUKAX MOKET COJEp)KAaTh HE3a-
IITPUXOBAHHBIE YUYACTKH.

Br16op nuameTpa ctepkHs d U COOTBETCTBYIOIIETO eMy KoddduineHta
HKOHOMHYHOCTH [ BO3MOXEH HE TOJBKO B Tpejiesax He3allTPUXOBAaHHBIX
YYaCTKOB YeTbIpeX CTPOYEeK pUCYHKA. OOBICHSAETCS ITO TEM, UTO PaCUETHbHIE
3HAYEHUs MOTEPh U TOKA XOJOCTOTO XOJa MOTYT NpPEBBIIIATH 3aJJaHHbIE, CO-
OTBETCTBEHHO Ha <+7,5% u <+15%. DT0 mo3BojsieT BHIOMPATH IUAMETP
CTEp>KHS B 3alITPUXOBAHHBIX YUaCTKaX MEPBOW U BTOPOH CTPOUEK PUCYHKA.

HemanoBaxxHo npu BeIOOpE AMAMETpa CTEPXKHS YUUTHIBAThH CIEAYIOLIEE:
YeM MEHbIIE JUAMETpP CTEepPXKHS, TEM MEHbIIE Macca 3JIEKTPOTEXHHUYECKOU
CTaJIA JJIsl MATHUTHOM CUCTEMBI; 4eM OOJIbIlIe AUAMETpP CTEP>KHs, TEM MEHb-
e macca Merajmia oOMOTOK. DTO HEOOXOAMMO MPHUHATH BO BHUMAaHUE INPHU
MUHHMHU3AIUU MacChl JIEKTPOTEXHUYECKON CTalld WM MeTalljla 0OMOTOYHO-
ro MpoBOAA.

Br1OpaHHbIN 1MaMeTp CTepKHs, KaK MPaBUIIO, HE TPEBBIIIAET OPUEHTH-
poBouYHOrO 1Mo Taodiu. 2.5, ¢.82 u 83, a Takke MOXKeT ObITh MEHbIIIEe, HO HE Ha
MHOTO (TIEpBBIN, B KpallHEM cily4ae, BTOPOW CTaHJIAPTHBIA B MEHBILYIO CTO-
POHY OT OPUEHTHUPOBOYHOTO).



Jliis BEIOpaHHOTO TUaMeTpa CTEPKHs YTOUYHUTE aHATUTHICCKH 3HAUCHUE
K03 DHIMEHTa SKOHOMHYHOCTH [, UCToNb3ys Gopmyny d = A3 . 3arem

paccuuTaiTe, WIM ONpeaAeIuTe TpadUyecK, OCTalIbHBbIC MpEIBAPUTEIbHbBIC
3HA4YCHHUS OCHOBHBIX Pa3MepoB TpaHchopMmaTopa U JAPYTHe €ro rnapaMmeTphl,
KakK dTO caenaHo Ha c¢.153.

Y cKopeHHBI METOJ] pacueTa OCHOBHBIX pa3MepoB TpaHchopMaTopa oT-
JTUYaeTCsl 0T 000OIIEHHOTO TeM, YTO €ro MCIO0JIb30BaHUE HE TpeOyeT pacueTa
MATH BBIIIE HA3BaHHBIX 3aBUCHUMOCTEH W MOCTPOEHHUS PHUCYHKa IMOJ0OHOTO
puc.3.13a u 3.136.

3. PACYET OBMOTOK HH u BH
[1,rn.5u 6]

BHuMaTenbHO 03HaKOMBTECH C TJ1.5, 3TO MO3BOJIUT U30€KaTh TOCAIHBIX
omunOOK mpu pacuere oOMOTOK. Pacuer oOMOTOK TpaHcopmaropa HauuHa-
etcsi ¢ oomotku HH, pacnonaraemoit Mexnay crep:kuem u oomotkoit BH.

Yucno BuTkoB Ha ¢azy oomotku HH okpyrisiercs no Onmxkaiiiero ie-
JIOTO YMCIIa U MOXKET ObITh KaK YETHBIM, TaK U HeUeTHbIM. OKpyTJIeHUE YHClia
BUTKOB MO>KHO [I€J1aTh, HE MPUIEPKUBASACH U3BECTHOIO MAaTEMATUYECKOTO
IpaBUja.

Ilocne OKpyrJieHHs 4YWcila BUTKOB YTOUYHSIOTCS HAIPSKEHHUE OJHOTO
BUTKA U MHAYKUHUA B CTEpkHE. IHAYKIMSA B CTEp)KHE TOJKHA MO-TPEKHEMY
OCTaTbCs B JIMANa30HE PEKOMEHIyeMbIX 3HaueHui Tadmn. 2.4., ¢.78. Ecnu xe
ATOrO HE BBINOJIHEHO, TO BEPHUTECH K OKPYIJIEHUIO YHCIIa BUTKOB U CKOPPEK-
TUPYWUTE MPEKHEE PELICHHUE.

JlanbHeiive yka3zaHus MO pacyeTy OOMOTOK 3aBUCSAT OT KOHKPETHOTO
TUTIA MPOCKTUPYEMOM OOMOTKM M IMO3TOMY JAIOTCS B BHUJIE 000COOJIEHHBIX
MIOAPA3EIIOB.

3.1. PacyeT ABYXCNOWHbIX U OQHOCNONHbIX LIUNMHAPUYECKNX
06MOTOK U3 NPAMOYTONLHOIo NPOBOAA

OTa 00MOTKA IPUMEHSAETCA 171 TpaHC(HOPMATOPOB MOIIHOCTBIO Sz 110
630 kBA BxitountensHo. YUCio €10eB 0OMOTKH 3aBUCUT OT MOLIHOCTH S

tpanchopmaropa. I[Ipu MomHOCTH Ha OMH cTepxkeHb 10 6-10 kBA oOmoTka
MOXET OBITh HAMOTaHa B OJUH CJIOW. YHCIIO c10eB OOMOTKH OOBIYHO PABHO
JIBYM, B PEIKHX CIy4asx - TpeM (y 6oJiee MOITHBIX TpaHC(HOPMATOPOB).
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[Tocnie 060cHOBaHUS YUCHA CIOEB OOMOTKH pacCUUTANTE YMCIO BUTKOB
B CJIO€, KOTOPO€ MOXKET OBbITh IeJIbIM WM JIpoOHBIM. [l BbIOOpa MpsMO-
YrOJIBHOTO MPOBOJA, KOTOPHIM OYyJET BBIMOIHATHCS OOMOTKA, HYXHO OMpe-
NEIUTh OPUEHTUPOBOYHBIE 3HAYEHUS JIBYX IapaMETpPOB: OCEBOTO pa3mepa

BHUTKa hélﬂ €ro CCUCHUA Hl/ .

IIpu pacuere OpUEHTHPOBOYHOIO OCEBOTO pa3Mepa BUTKA HCHOJb3YyETCS
MpeIBapUTEIbHOE 3HAYEHUE BBICOTHI OOMOTOK, KaK OJIHOTO W3 OCHOBHBIX
pa3mepoB Tpanchopmartopa. [Ipu onpeneneHnn OpUEHTUPOBOYHOTO CEUEHUS
BUTKa MCIOJIb3YETCS MPEABAPUTEIBHOE 3HAYEHUE CPEIHEN IJIOTHOCTH TOKa,
MIOJIyYEHHOE [0 AHAIUTHUYECKOMY BBIPAKEHHUIO, €CIIM OHA COOTBETCTBYET
MPAKTUYECKU MPUMEHSIEMbIM IUIOTHOCTSIM TOKOB Ta0j. 5.7, ¢.257. Ilpu Heco-
OTBETCTBUH DPACUETHOW CPEAHEN IUIOTHOCTH TOKA NPAKTUYECKH MpPUMEHsE-
MOM, OPUEHTUPOBOYHOE CEYEHHUE OINPENEIAETCS MO MPAKTUYECKN MPUMEHSIE-
MOH TUIOTHOCTH TOKa, KaK JOCTOBEPHOW. DTO MO3BOJUT H30€XKaTh rpyObIX
OLLINOOK.

[To OpHEHTHPOBOYHBIM 3HAYECHUSIM hé L H 171/ MOAOUPAIOT MOXO AU

MIPOBOJI C 00s3aTEIHHBIM COOJIFOZICHUEM IIIECTH MPaBWI, MEPEUNUCICHHBIX Ha
c.266, 267.

PaccmaTpuBaemblie BapuaHTHI pPEIICHUN MPHU BHIOOpPE MPSIMOYTOJIBHOTO
MPOBOJIA TIPEJCTABICHBI Ha pUC. 2 U 5. YUYUThIBas MPEUMYIECTBA HAMOTKH
iammMs nepej; HaMOTKOM Ha pedpo, 3TOMy crmocody HEOOXOAMMO OTIATh
MIPEAIIOYTECHHE.

[Ipu HamoOTKe TUTAIIMS TIEPBBIM BapUAHT PEIICHUS COOTBETCTBYET (ha3-
HOMY MPOBOJY, COCTOSILEMY U3 OAHOTO 3JIEMEHTAPHOT0, C CEYEHUEM OJIU3-
KHUM K OPUCHTHPOBOYHOMY CEUYEHHUIO BUTKA. bosblinii pazmep M30IUpOBaH-

HOT'O IIPOBOJA b/ JOJIZKCH OBITh MAaKCHUMAaJIbHO OJM3KHUM K OPUCHTUPOBOYHO-

My OCEBOMY pa3Mepy BHUTKa hé |- OpHEHTHPOBOYHOE 3HAYCHHE OOJIBIIETO

pasMepa HEW30JUPOBAHHOIO MPOBOJA HAXOJWM Kak b = hé | — 26, tHe 26 -

TOJILIMHA U30JISIIIUU TIPOBO/Ia HA JIBE CTOPOHBI.
TonmuHa M30AUMK TPOBOAA MMEET HOMHUHAIILHOE 3HAUYECHHUE M 3Haue-
HUE, YKAa3aHHOE B CKOOKax, KOTOPHIM M HY>KHO IOJIb30BAaThCS MPU pacyeTax
pa3MepoB KaTyiek. OnpeaenuTh TOIIIMHY BUTKOBOM M30JLIUA MOKHO BOC-
MOJIb30BABIIKMCH Ta0. 4.6.
OtpickuBaeM B Tabi. 5.2, ¢.212 , 3HaueHHe pa3Mepa NMpoBoja, OJMKaii-
miee K HaiiieHHoMy b. Eciu Takoil pasmep umeeTcsi, TO B CTPOKE TaOJIUIIbL,

11



COOTBCTCTBYIOH_ICﬁ eMy, OCYHICCTBIIICM IIOMCK CCUYCHMA (1)33HOI‘0 mpoBoaa

0JIU3KOTO OPUEHTUPOBOYHOMY CEUEHHIO BUTKA, T. €. Hl// ~ Hl/ .

a)

a a
%
é .
3 yA --- )
%
.
0)

b a [ BN BN [ N BN ] L ] [ BN BN [ 2N I J [ BN BN .../
[ N BN ] [ N BN ] [ BN BN o 00 [ BN BN ] [ N BN ] o|®o 0 [ BN BN ] ...\
[ N I ) ...A [ 2 N ] o o0 [ 3 BN J [ 2 N ] Hl o o0 .../
[ BN BN [ N BN ] [ BN BN o 00 [ BN BN [ N BN ] ...Q_ [ 2N )

Puc.2. Buibop pazmepog npsamoy2onsno2o npoeooda npu HamMOmKe NIauiMsL:
a - eapuanmel peuteHutl; 6 - cxema noib308anus madiuyen
JI71d peanbHO CyIIECTBYIOIIETO MEPBOIO BAPUAHTA PELICHUS] YTOUHEHHOE

3Ha4YeHHe ceueHus BUTKa [/} Oyner paBHO TabnuuyHOMYy: [ = Hl// . YTO0u4-
HCHHBIl OCCBOW pasMmep BHUTKA A, OyIeT paBeH OOJbLIEMy pasMepy H30JIH-

POBaHHOTO NPOBOAA /1 = b =b+25.

JlJist BTOpOro BapuaHTa PEIEHUs CEUYEHHUE BUTKA COCTOUT U3 JIBYX dJle-
MEHTapHBIX MpoBOAOB. OpPHUEHTUPOBOUHOE 3HAUEHHE OOJIBIIETO pa3zMepa
AJIEMEHTAapHOTO H30JMPOBAHHOIO MPOBOAA JODKHO OBITh MaKCHUMAJIbHO

OJIU3KUM K TMOJIOBUHE OPUEHTUPOBOYHOI'O OCEBOTO pa3Mepa BUTKA hé |- Ecim

nMeeTcs TaOJIMYHOE 3Ha4YeHHUE 6JII/I?>KOC, HO HC IIPCBBINIAOOICEC OOIBIINI
pasMEp HCU3OJIIMPOBAHHOI'O 3JICMCHTAPHOI'O IIPOBOAA, TO B CTPOKE, COOTBCT-
CTBYIOH.ICfI EMYy, OCYHICCTBIIACM ITOUCK CCUCHH: ITPOBOAA OJIM3KOI0 MOJIOBUHE
OPHUCHTUPOBOYHOI'O CCUHCHHA BHUTKA. N ecnu Takoe ceueHue HMCCTCs, TO pe-

HIEHUE HAaUJEHO. Y TOUHEHHOE CEYEHUE BUTKA cOCTaBUT [1] =211 // , ayTOY-
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HEHHBI OCceBOM pa3Mep BUTKa OyJIeT paBeH IBOWHON BeIMUYMHE OOJBIIETO

/
pa3Mepa H30IMPOBAHHOTO 3IEMEHTApHOTo mposoaa /iy =2b" .

h/

6l>

/
1

A 4
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MOTKH

—
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A

/

b=

hy,
b
b<18mmMm HeT ﬁznelzﬂ-q-
\4

BBI6paTB pasmep b BeiGpats pasmep b

B

B Ta01.5.2 B T20J1.5.2
v <
A 4 // &
Iouck ]71// B CTPOKE Ilouck 171 B CTPOKE g
Tabma. 5.2 Taba. 5.2 z
o g =
83 ~
Q
S a
=
o <
2 & HET
Her| § £
QU H
© o
ja & § 1a
Pemenue HaligeHo Pemenune HaiIcHO
Ngl =1 Ng1> 1
axb
ITb (AIIB) - ng X ——— —
a xb
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Puc. 3. Brnok-cxema gvloopa pasmepos npsamoy201bH020 Npoood
npuU HAMOMKe NAAWMS OOHO- O8YXCIOUHOU YUTUHOPUYECKOU 0OMOMKU

/ /
w1

6l’

A 4

MOTKH

Br16op cnoco6a Ha-

——

Hamortka Ha pebpo

/
H

cT

a

a < 5,6 MM

na

Bri6paTs pazmep a
B Ta01.5.2

A 4

ITouck 171// B CTOJIOIE

Tabmn. 5.2

HET
na

Pemenue naiinesno

[IpokoHTpOIMpPOBATH

BBIOOp THUIIA OOMOTKH

ngp =1

/

—— R Hg| =11.4.

5,6

A 4

Bri6paTs pazmep a
B Ta01.5.2

B

Y

ITouck 171// B CTOJIOIIE
Tabi. 5.2
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HCT
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ng1 > 1

—

IIB (AIIB) - ng %

axb
a/xb/
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Puc.4. Brnok-cxema 8vibopa pasmepos npsamoy20ibH020 NPo8ood
npu HAMOmMKe Ha pedpo 0OHO- 08YXCIOUHOU YUTUHOPULECKOU 0OMOMKU

[TogoOHBIM 00pa3oM MOTYT pacCMaTpPUBATHCS BCE IIECTh BO3MOXKHBIX
BAPHAHTOB pELICHUN Mpu HaMOTKe miamms. CKa3aHHOE BBIIIE BOBCE HE 0O3-
HA4yaeT, YTO MOMCK PelICHUsI TOHKEH 00s3aTeIbHO OCYIIECTBISATHCS UMEHHO
B M300paXCHHOW Ha PUCYHKE TMOCJIEA0BATeIbHOCTH. BeITWYuHbI OpUEHTHPO-

BOYHBIX 3HAYCHUI hé B Hl/ Cpa3y HalleTUBalOT Ha OoJjee 1enecooOpa3HbIi

BapUaHT PElIeHUs, UTO JeIaeT MOUCK 0oyiee OBICTPHIM.

[Ipy HaMOTKe MpOBOJAa Ha PeOpPO MOUCK PEIICHUS HAYWHAETCS HE CO
CTPOKH C TIOAXOASAIIUM pa3MepoM b, a co CTOIOIA ¢ TTOIXOASIINM pa3MepoM
a. OTo SBISICTCS SAMHCTBECHHBIM OTJIMYMEM IIPH BBIOOPE pa3MepOB MPSMO-
yrOJILHOTO MPOBO/IA MIPH HAMOTKE Ha pedpo.

a)
b’ b’

D %/% g Z;; 8

NNR

NN

0)
pd] e [ oo [eee e | e [magf eee | oo

Puc. 5. Bvibop pazmepog npsamoy2onsno2o nposooda npu HaAMOmKe Ha peopo:
a - eapuanmol pewienull; 6 - cxema noab308aHus madauyeu

VYuurtbiBas, 4To 3a/laya BbIOOpa MpPOBOJA SBISETCS TPAAUIIMOHHO TPYA-
HOM, mpuBeaeM npumep BbiOopa npoBojaa mMapku I1b. [Tomyuensl opueHTHPO-

BOYHBIC 3HAYUCHHUS OCCBOI'O pasMEpa BUTKaA hél = 20, MM H CCUYCHHA BHTKA

Hl/ =81,6, mm°. Tak KaK, B COOTBETCTBUH C npuMeUYaHueM K Tab1.5.2, Mak-
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CUMaJbHOE 3HAaY€HHE OOJBIIEr0 pa3Mepa HEU30JIMPOBAHHOTO IMPOBOJA CO-
cTaBisieT b = 16, MM, TO 1I€7€CO00Pa3HO PACCMOTPETh Cpa3y BTOPOM BapUAHT
pElIeHU HAMOTKH MPOBO/IA IJIAIIMSI.

Jljist 3TOr0 BapuaHTa peuieHus: OOJIbIIUN pa3Mep M30JIUMPOBAHHOTO 3Jie-

/
MEHTAapHOT'0 TIPOBO/JIA JOJKEH ObITh MAKCUMAJIBHO OJIU3KUM K TMOJIOBUHE hg1 ,
T.€. 10 MM, a ceyeHHe ero JOJKHO OBITh MAKCUMAaJbHO OJIM3KUM K IOJIOBHHE
2
11! , T.€. 40,8, MM"~.

bnnxaiiiee TabnuyHoe 3HaUeHKHE OOJBILIETO pa3Mepa HEU30JIUPOBAHHO-
ro 3JIEMEHTapHOTO MpoBOJIa JOJ>KHO OBITH OJIM3KUM

bxb -25= 10-0,50=9,50, mm. B cronbie Gonbmnx pasMepoB MPsSMO-
yroJILHOTO TpoBoja Tabi.5.2 umeetcs 3HadeHue b = 9,5, mm. B ctpoke, co-
OTBETCTBYIOIIEH b = 9,5, MM, OTBHICKMBaeM cedeHue mnponojaa onmskoe 40,8,
MM, Haunyumum o6pa3zoM moaxoauT cedeHue paBHoe 41,9, MM, KOTOpOe
COOTBETCTBYET MEHBIIIEMY pa3Mepy HEH30JHMPOBAHHOTO MpoBoja a=4,5, MM.
Takum oOpasom, pelieHre BbIOOpa pa3MepoB NMPOBOAa HAWIECHO.

. o /
YTOYHEHHBI OCCBOW pasmep BHUTKA cocTaBisieT h, =2b" =2-10=20,

MM, YTOUHEHHOE CEYEHHUE BUTKA Hl :2171// =2-41,9 =838, mm’. [Tomo6-

paHHbIE pa3MEPHI ITPOBOJIA, MM, 3aIIUCHIBAIOTCS TAK:
y 4,5%9,5
5,0x10,0
[Tocne BBIOOpa MPOBOAA YTOUHSAETCS IJIOTHOCTh TOKAa B OOMOTKE, €CJIH
YTOUHEHHOE CEYEHUE OTIMYAETCSA OT OPUCHTUPOBOYHOTO. A TaK)KE YTOUHSET-
Csl OCEBOM pa3Mep OOMOTKH, MPU pacuere KOTOPOro MCIOJIb3YEeTCsl YTOYHEH-
HBIi OCEBOM pa3Mep BUTKA U YUYUTBHIBAECTCS YBEJIWUYECHUE OCEBOr0 pa3Mepa Ha
5-15 MM BCeACTBUE HEMJIOTHOCTH HAMOTKH MPOBOJA M BO3MOXKHBIX OTKJIO-
HEHUU JEHUCTBUTEIBHOU TOJIIIMHBI BATKOBOW U30JIAIMHA OT PACUYECTHOM.
PanuanbHplii pa3mep 0OMOTKH 3aBUCHUT OT TOTO IUIAIIMS WJIM Ha pedpo
HaMaThIBACTCs MMPOBOJI, OT KOJIMUECTBA CII0EB OOMOTKH U OT TOTO, YTO UMEET-
Csl MEXIY CIOMU OOMOTKH (aj): MaciasHbIA KaHaJl WIN JKECTKas MEXIy-

1Ib?2

CJIOMHAsT U3OJIAIUS - JIBA CJIOSl SJIEKTPOU3OJISIIMOHHOTO KapToHa 1mo 0,5 M,
npu ($a3zHOM HanpspkeHun oOMOTKU He 6osee 1 kB. [llupuna kanana qoikHa
OBITH HE MEHEe, YeM yKaszaHo B Ta0i. 9.2a, c.426.

[Ipu HamoTKe TUTAIIMS JJI OJHOCIIOWHON M JABYXCIOHMHOW 0OMOTOK W3
MPSIMOYTOJILHOTO MPOBOJA paauaibHbIN pa3zMep OOMOTKH paBEH, COOTBETCT-
BEHHO,

a =a/, a =2a/+a11.
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[Tpu HamoTKe Ha pedpo:
al=b/, a1=2b/+a11.

TpaguumonHoe 3aTpyAHEHHE MPU pacueTe ABYXCIOWHBIX OOMOTOK CO-
CTOUT B MPUHATUU PELICHUS, HY>KEH JIU MACJSHBIN KaHaJ MEXIy CIOSIMU UITU
K€ MOYKHO NPUMEHHUTh >KECTKYI0 MEXIyCIONHYI0 H30yi1Mio. B kauecTBe
KpUTEPHs MPABUIBHOCTH PEIICHUS MOXHO MPUHSATH IUIOTHOCTh TEIIOBOTO
MOTOKA Ha OXJIAXKAAEMOM MOBEPXHOCTH OOMOTKH, KOTOpasi B 0OMOTKax 3TOTO
THna 06b4HO He mpesbimaer 800-1000 Br/m? mpu MexHOM nposoae u 600-
800 Br/M* mpu amomuHIeBOM. CHIKEHHE JONMYCTHMEIX TIIOTHOCTEH Terwo-
BOT'O MOTOKA JI0 TaKOTO YPOBHS MO3BOJISIET CYIIECTBEHHO 3aMEJIUTh CTape-
HUE Macja U YJUIMHUTb CPOKHU €r0 3aMEHBI.

Ecnu kaxnapiii mpoBoJ OOMOTKM OMBIBAE€TCS MAcCJIOM C JBYX CTOPOH, TO
IJIOTHOCTH TETJIOBOTO MOTOKA /I OOMOTKH TaKOW KOHCTPYKIIUH MOKET OBITh
paccurTaHa 0e3 OMNpejeseHHs] MOBEPXHOCTH oxjaxaeHus, no (7.17) wium
(7,17a). Ot dhopMyiibl COOTBETCTBYIOT HAMOTKE Ha peOpo, a JjIsi HaMOTKH

IiamMsi BMECTO JIByX COMHOKUTEEH bxi/ MOJICTABIIACTCA A xi/. [Tnor-
a b

HOCTh TEIUIOBOI'O MOTOKA, MOMAaJaollias B BbIlIE Ha3BaHHbIE HHTEPBAJIbI,
MOATBEPXKAAeT OOOCHOBAHHOCTh KOHCTPYKIMHU. Eciu monydeHO 3HaueHue
IJIOTHOCTH TEIUIOBOTO MOTOKA MPUMEPHO B JIBa pa3a MEHbINasl, TO 11eJ1Iec000-
pa3HO MPUHSATH PEIICHHE O 3aMEHE MACIITHOT'O KaHala MEXy CIOSIMH Ha e-
CTKYIO H30JSILMI0. DTO MPHUBEAET K HEOOXOJUMOCTH JOIMOJHUTH (POPMYIIbI
(7.17) n (7.17a) mHOXuUTENEM 2, TO3BOJUT OOOCHOBaTH Oojee pasyMHYIO
KOHCTPYKIIHUIO.

Ecnu kaxxnpiii mpoBoj 0OMOTKM HE OMBIBAETCS MACJIOM C JABYX CTOPOH,
TO IJIOTHOCTH TEIJIOBOTO MOTOKA pacCUUThIBaeTCs 10 (6.16) ¢ onpeneneHruem
MOBEPXHOCTH OXJaxaeHuss mo (6.48), rue uHmexc "2", COOTBETCTBYIOIIUI
oomotke BH, 3amensercs na "1". Jlist oqAHOCIOWHON WM JIBYXCJIOWHOW Ka-
TYIIKH, HAMOTAHHON HEMOCPEACTBEHHO Ha M3OJSLUMOHHBIA UUIUHADP, B (op-

myie (6.48) n=1; Dl/ =0; K =1. Insa nByXCIOMHON KaTylIIKH, HAMOTaHHOMN

HETMOCPEJCTBEHHO Ha LWJIMHIP U C MACISIHBIM KaHAJIOM MEXAY CIIOSMH,
n=15; K =0,83. O06ecneunBasi HCOOXOAUMYIO IJIOTHOCTh TEIJIOBOTO MOTO-

Ka, O6OCHOBBIBaCM, KaKOMY BAapHaHTY KOHCTPYKIHUU OTAATH HNPCAIIOYTCHUC.

3. 2. PacyeT BUHTOBOM OOMOTKM

C yyeTom HauOOBIICH TPUMEHIEMOCTH BCE BHUMAHHE YJIETSIEM TOJIBKO
OJIHOXOJIOBOM M JBYXXOJI0BOM oOMOTKamM. UT0OBI 0OOCHOBATH YMCIIO XOJOB

17



o o /
0OMOTKH HYKHO pacCUHUTATb OPUCHTHUPOBOYHBIM OCCBOU PA3MCP BHUTKA hel

no (6.17), yuuThiBasi, 4YTO OCEBOW pa3Mep FOPU3OHTAIBHOIO MACISHOTO OX-
JaXXJAIOUIET0 KaHala /| JOJDKEH OBITh HE MEHEe 4 MM.

Ecmu hél <0,0165 M g MegHOTO IPOBOJA U hél <0,0185 M s amro-

MUHHUEBOI0, TO CJIEIYEeT MPUMEHSTh OJJHOXOJOBYI0 BUHTOBYIO OOMOTKY. DTO
00yCJIOBJICHO MAKCUMAIbHBIM pa3MepoM 0OOMOTOYHOTO IIPOBOAA B U3OJISIIIUH.

Ecnu o (6.17) nostydeH OpueHTUPOBOYHBINA OCEBOM pa3Mep BHUTKa, Ipe-
BhIaromui Beiie Ha3BaHHbIe 0,0165 u 0,0185 M, HO He 6oxee 0,035+0,045
M, TO CJeAyeT MPUMEHSATH JIBYXXOJOBYIO BUHTOBYIO OOMOTKY. B 3TOM ciyuae
HEOOXOIUMO OMNpPENEIUTh OPUEHTHUPOBOUYHBIM OCEBOM pa3Mep BHUTKA 110
(6.18). OpueHTUPOBOYHOE CEUCHHUE BUTKA HAXOJUTCS, KaK U JJIsl BCEX 00OMO-
tok HH, 1o (6.6).

Jlanee npoBepsieTcsi OPUEHTHUPOBOYHBIN OCEBOM pa3Mep BUTKA MO  J0-
MyCTUMOM TUIOTHOCTH TEIJIOBOTO MOTOKA HAa MOBEPXHOCTU OOMOTKHU 110 (5.6)
wu (5.7) wim o puc. 5.34.

Ecnu opueHTUpOBOYHBIA OCEBOM pa3Mep BUTKA COCTaBIAET He Ooliee
MOJIOBUHBI 3HAYEHUS b, HAWJEHHOTO TI0 OAHOW U3 Ha3BaHHBIX (POPMYI WIIH 110
PUCYHKY, TO MOXHO YMEHBIIUTh MOBEPXHOCTb OXJIAXKJCHHUS OOMOTKH. [ms
ATOr0 B OJAHOXOJOBOM OOMOTKE NE€NaloTCsi paauajbHble KaHajbl yepe3 JBa
BUTKA, a B JBYXX0JIOBOM OOMOTKE MACJISTHBIM KaHaT MEXIY JABYMs TPYIIIaMu
MIPOBOJIOB 3aMEHAETCS U3O0JALMOHHON NPOKIaAKOW TommuHo#i 20,5 MM, eciu
hl —hgy <b.

[IpoBeneHHbIE YTOUHEHHS] KOHCTPYKUMU OOMOTKH IO3BOJISIOT MO OpH-
€HTUPOBOYHBIM 3HAYEHUSIM CEUYECHUsI BUTKA U OCEBOT0 pa3Mepa BUTKA M0 00-
paTh MOAXOIALIMN TpoBOA MO Tabd. 5.2 ¢ coONIoJeHHEM MSITH YCIOBHIA,
c.271.

[locne sToro ocraercs, Kak OOBIYHO, YTOUYHUTH CEYEHHE BHUTKA, TIOT-
HOCTb TOKa, OCEBOM M pajuaibHbIA pa3Mepbl OOMOTKH U THAMETPHI.

B 3aBepiienun pacuera cieyeT HaliTH MJIOTHOCTh TETJIOBOTO OTOKA Ha
noBepxHocTH 00MOTKH 110 (7.19) - (7.19B), B 3aBUCHMOCTH OT TOTO UMEIOTCS
paauaabHble KaHAJIBI MEKIYy BCEMHU BUTKAMH WJIM TOJIBKO MEXIY CIIBOCHHBI-
MHU.

3. 3. Pacyet uMnuHapu4eckon MHOroCIOMHOW
OOMOTKU U3 antOMUHUEBOW NEHTbI

[TosicHeHns1 M3nararoTcsl ¢ UCIOJIb30BAaHUEM INpUMEpPA pacyera MoJ00-
HOU 0OOMOTKH, IPUBEJIEHHOIO Ha ¢.298.
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AmomunueBasi geHta Beioupaetrcs nmo 'OCT 13726-78, B pesynbrate
BO3MOHA HE3HAUMTEIbHAs KOPPEKIUs OceBoro pazMepa oomMotku. CraH-
JapTHas TOJIIMHA JIGHTHl U OCEBOM pa3Mep OOMOTKH OINpPEAENSIIOT YTOUHEH-
HOE CEYEHUE BUTKA U YTOYHEHHYIO INIOTHOCTh TOKA.

OO0mmii cymMMapHbIid JOMYCTUMBIM pagualibHbIA pa3Mep aJtOMUHHUEBON
neHThl 1o (5.7), moaeaeHHbI Ha TONIIUHY JEHTbI, MO3BOJISET MOIYYUTh Mpe-
JETBHOE YMCIIO BUTKOB B KAaTyIIKE IIPHU MPEAETbHON JTOMYCTUMOM MIIOTHOCTH
TEIJIOBOTO TNOTOKAa Ha €€ MOBEpXHOCTH. CpaBHUTE 3TO MPENEIBHOE YHCIIO
BUTKOB B KaTYIIIKE C YMUCJIOM BUTKOB Ha OJHY (pazy pacCUUTHIBAEMON 0OMOT-
ku HH. Ecnu yucio ButkoB (ha3el 00MoTkn HH He mpeBbimiaeT nmpeaesbHOro
Yuclia BATKOB B KaTylike, To ¢aza ooMoTku HH MoxkeT ObITh BBINOJIHEHA O]1-
HOM Karymkou. [IpuHuMas pelieHue, IOMHUTE, YTO HE HYKHO CTPEMUTHLCS
MOJIYYUTh TIOTHOCTH TETUIOBOTO MOTOKA OJM3KOW K MPEeIbHO AOMYCTUMOM,
0COOEHHO 3TO OTHOCUTCS K TEM TUIIaM 0OMOTOK, Y KOTOPBIX UMEIOTCS TOJIBKO
TOPU30HTAJIBHBIE MACIISTHBIE KAHAJIBI.

Ecnu yncno ButkoB ¢a3sl oOMoTku HH mpeBbimiaeT npeaenbHoe Yncio
BUTKOB B KaryIike, To ¢aza oomorku HH BeimosnHseTcst B BUae AByX KOHIICH-
TPUYECKHUX KATYIIEK C OJMHAKOBBIM YMCJIOM BUTKOB. DTH KaTYLIKH pa3ielie-
Hbl OCEBBIM OXJIAXKIAKOUIMM MacisHbIM KaHajoM. [llupunHa kaHana nomkHa
OBITH HE MEHEe, YeM yKazaHo B Ta0i1. 9.2a, c. 426.

Pa3mepsl M3015IMOHHOTO HMUJIMHApa Mexay ooMoTkoi HH u maruuro-
MIPOBOJIOM OTPEACIISIIOTCS 10 WUTIOCTPAIlMU TJIaBHOU m3ossiiiuu oomotrok HH
u BH pa3zgena "Pacuet ocHOBHBIX pazMepoB TpaHchopmarTopa'.

[110THOCTH TEIMJIOBOrO MOTOKA HAa MOBEPXHOCTH OOMOTKH ONpenesieTcs

o (7. 17a), rae 3HaueHus: korpduinuentoB K3, Ko u ala MIPUHUMAIOTCS
TaKMMH, KaKk B IMpUMEpe pacueTa. BMmecto mapamerpa b MoACTaBISICTCS MPO-
W3BCJICHUE YWCJa BUTKOB B KaTYIIKEe Ha TOJIIUHY aJTIOMHHHCBOW JICHTHI.
CnemaiiTe BBIBOJI MO 00ECIEUEHHOW IJIOTHOCTH TEIJIOBOTO IMOTOKa Ha IIO-
BEPXHOCTH OOMOTKH.

3.4. PacyeT UMNMHAPNYECKON MHOTOCNONHON
0OMOTKM U3 Kpyrnoro npoeoaa

Ota 06MOTKa MpUMeHsieTcsl B kauecTBe 00MoTkr BH mipu HanpspxkeHusx
ot 3 1o 35 kB u oomotku HH npu nHanpsoxenusix ot 3 1o 10 xB.

Yaenum ocoboe BHUMaHUE pacyeTy, MPUHUMAas BO BHHUMAaHHUE TJIABHOE
npuMeHeHue ee B kauecTBe oOMoTkM BH. Pacuersl uncia BUTKOB JJIst TIOJTY-
YEHUsI HOMUHAJIBHOTO HANPSKEHUS, I HANPSHKEHUN BCEX OTBETBIICHHM Ya-
1€ BCETO HE BBI3BIBAIOT 3aTPYAHEHUM.
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OpueHTHpoBOYHAs TUIOTHOCTH TOKa B oOmoTrke BH ompenensiercs mo
(6.33) nns monaydeHus OpUEHTUPOBOYHOTO ceueHus. [[MOTHOCTh TOKa MOJKHA
OBITh KaK MOXHO OJIMXKE K IUIOTHOCTH TOKa, obecneueHHoi B oomoTtke HH.
OTO HY)XHO TOMHHTH MPHU BBIOOpE KPYIJIOro MPOBOJA, MoAdupas Hambosee
noaxojdilee ceyeHue mno tadmn. 5.1, c.211. O0a3aTeNnbHO JOIKHBI YTOUHATHCS
CEUYECHME BUTKA U TUIOTHOCTb TOKA.

PaccuuThiBasi 4uci0 BUTKOB B CJIOE€, MCHOJB3YETCS IAUAMETP H30JIHUPO-
BaHHOT'O MTPOBOJIA, MOJYYEHHBIN ¢ yueToM npumedanuid 1 u 2 tabm. 5.1.

Ocesoii pasmep [, oOMoTku BH npuHnMaercss paBHbIM yTOUHEHHOMY

oceBoMy pasmepy /; oomoTku HH, ecnu ObuM MPUHATHI OAMHAKOBBIE U301
nuoHHble paccrossHus ooMorok HH u BH ot sapma [y =[j,. B apyrom ciy-
yae npuHuMaetcsa [y =1 —2(lypp —ly1). Uucno cioeB B 0OMOTKE OIpeens-
etcst 1o (6.39) u okpyrisercs 10 Onrrkaiiiero OOJIbLIETO 1EJI0ro, e wy -

YHCJIO BUTKOB HA BEPXHEW CTYNEHH PEryIUpOBaHU.

B nanpHeiinieM HY»XHO OOOCHOBAaTh KOHCTPYKIIMIO OOMOTKH C Y4ETOM
TOTO, YTO BO3MOXXHBI BAPUAHTHI a, O, T, A 1o puc. 5.22, ¢.237. l[IpennouyreHue
HY>KHO OT/aTh BapUaHTY, JIJIsl KOTOPOro OYyJEeT MOJy4YeHa IUIOTHOCTh TETIOTO
notoka 800-1000 Bt/M”> 1 HaUMeHBIIM paguanbHEIT pasMep oOMoTKH. ITo-
BEPXHOCTh OXJIAKJICHUS onpeaeseTcs 1o (6. 48).

3. 5. PacuyeT HenpepbIBHOM KaTyle4YHON OOMOTKM
U3 NPAMOYronbLHOro NpPoBoAa

B MexaHnueckoM OTHOIIEHHMH 3Ta OOMOTKA SIBISETCS OJHOM M3 CaMbIX
IIPOYHBIX U3 IPUMEHSAEMBIX B TpaHCPopMaTopax. OHa MOKET IPUMEHATHCS B
oueHb OOJIBLIOM Auana3oHe MmomHocTted Sz : or 160 kBA no 1000 MBA.

Jlnana3oH NpUMEHEHUS €€ N0 HANpPSKEHUI0 cocTaBisieT oT 2-3 10 500 kB u
oonee.

OpueHTHPOBOYHOE CEUYCHHE BHUTKa orpejensercs no (6.34), ucnonsiys
MpeBapUTEIbHOE 3HAUYCHHE IUIOTHOCTH TOKA B OOMOTKE, TMOJIYYEHHOE IO
(6.33).

Tak kak MCHOJNIB3YETCsl MPOBOJ MPSIMOYTOJILHOTO CEUYCHHSI U HaMaThIBa-
eTCsl TutalMsi, TO OOJBIIUK pa3Mep MpoBoja b HE JNOHKEH MPEBOCXOJUTH
MpeAeibHBIN pa3Mep, HAWJACHHBIN MO MPeAeTbHO JOMYCTUMOMY 3HAYEHUIO
IJIOTHOCTU TEIUIOBOIO0 TOTOKA Ha OXJIAXKJIAeMOW MOBEPXHOCTH (OOBIYHO HE
6onee 1200-1400 Br/m?) 1o (5.6) n (5.7).

[To OpHEeHTHUPOBOYHOMY CEUYEHHIO BUTKA U MaKCUMaJIbHO BO3MOXXHOMY
pasmepy npoBoja b, UCnoyib3ys Taba. 5.2, BIOUPAIOT MOJIXOSIIEe CEUCHUE
MPSIMOYTOJILHOTO MPOBOJA TaK, YTOOBI MIPU HAUMEHBIIIEM YHUCJIE dJIEMEHTap-
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HBIX TPOBOJAOB, obecrneunuTh TpeOyemoe cedeHue BHUTKa. OOsA3aTENbHO CO-
OsronaiiTe mpu BeIOOpE MPOBOJA MATH TpeOOBaHUM, yKa3aHHBIX Ha €.289 u
290 [1]. B »TOli 0OMOTKE BBICOTA KaTYLIKA paBHA OOJIbILIEMY pa3Mepy MPOBO-
7a B U3OJISIIIUH.

B obmotkax knaccoB HampspbkeHus 20 kB m Gonee BXOJHBIE KaTyIIKU
KaXJI0M (a3pl ¢ JABYX €€ CTOPOH BBINOJHSIOTCA C YCHJIEHHON H30JsLUEH,
MpeIoTBpallatone pa3psa MeXIy BUTKaMH IPHU BO3JAEHCTBUUM Ha OOMOTKY
MUMITYJIbCHBIX MTepeHANPSIKEHUIN.

PacueT ycuiieHHON M30JIA1IMA BXOJHBIX BUTKOB M KaTyIIEK MPOU3BOIUT-
Csl COIUIaCHO yKa3zaHusM § 4.5 u 1a6:1. 4.10.

PexkomenyeTcs, 4ToObl pajguagbHble pa3Mepbl KaTyIIeK, OTIUYaroIe-
CSl YUCJIOM BUTKOB U TOJIIMHON BUTKOBOW M30JIALIUU, ObUTA MPUOIU3UTENHHO
paBHBIMH, a UMEIOLIEECs OTIMYME HE COCTaBIsUIO Oosee yeM JIBOMHas TOJ-
nMHa npoBoja. [lomyckaercst BhIpaBHUBAHHUE PaJHAIBHOTO pa3Mepa OTAeIb-
HBIX KaTyIlIeK IyTeM BMaTbhIBAHHS MEX]y UX BUTKAMU TOJOCOK 3JIEKTPOU30-
JSUMOHHOTO KapTOHA.

Ecnu Oonbiiuii pa3Mep BbIOpaHHOTO IpoBoAa b cocTaBisieT He Ooiiee
MOJIOBUHBI, TTOJTy4eHHOTO 10 (5.6) unu (5.7), To MOXKHO pajualibHbIe KaHaJbI
c/eslaTh Yyepe3 JIBe KaTylIKU. B TBOWHBIX KaTyIIKaX 3TH KaHAJbl 3aMEHSIOTCS
M30JSIMUOHHBIMU 111aii0aMU, COXPAHSIOTCS KaHAJIbl MEXAY IBOMHBIMH Ka-
TYIIKaMH.

B 3aBepiuennn pacuera 0OMOTKU ONPEIENSIOTCS BHYTPEHHUN U HapyX-
HBIM nuameTpsl no (6.58), (6.59), a Taxke MIOTHOCTH TEIJIOBOrO MOTOKA Ha
noBepxHocTu 00MoTkH 1o (7.19) - (7.198).

3. 6. Pacyet umnuHapu4yeckon MHOroCIOMHOW
O0OMOTKM 13 NPSAMOYroNibHOro NPoBoAa

OTta 00MOTKa MOXKET IPUMEHATHCS B OCHOBHOM B KauecTBe 0OMoTkM BH
B TpaHc(hopMaTopax ¢ MacCISHBIM OXJIXKJICHUEM KJIacCOB HampsikeHus oT 10
1o 35kB momHocThIO OT 630 KBA 1 6071€€.

OcHOBHasi TPYAHOCTh MPH MPOSKTUPOBAHUH ITOTO TUIA OOMOTKH KakK B
kadectBe oOMoTku BH, Tak u HH 3akmouaercs B BeIOOpe pazmMepoB MpoBoOJIa.

Pazpemate ee ciemgyer Takum o0paszom. BwiOop mpoBoga HaumHaeTCs
MoCJIe TOJIYYeHHUSI OPHUEHTUPOBOUYHBIX 3HAYEHUN OCEBOTr0 pazmepa OOMOTKH

5, ceuenus Butka I1 / , TIIOTHOCTU ToKa J,. IIpoBox 0OMOTKH, KOTOpPBIi

MOKCT COCTOATH U3 OJHOT'O MJIHN HCCKOJIBKUX IMapaJlJICJIbHBIX ITPOBOAOB, HOJI-
’)KeH 00€CIICYUTh INIOTHOCTH TEIJIOBOI'O ITIOTOKA Ha omamnaeMoﬁ IMOBCPXHO-
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cTu 06MOTKH He Gonee g =1200-1400 B1/M”> 1 NpUHSATHI ypoBEHb 100aBOY-

HBIX TToTeph (0T 5 10 20%).

[[TOTHOCTBH TEIUIOBOTO TIOTOKA HAa OXJIAXKAAEMON MOBEPXHOCTH KOHTPO-
JUPYETCsl CpaBHEHUEM OOIIIET0 CyMMapHOTO pagralbHOTO pa3Mepa MpOBOIOB
0OMOTKH, HEOOXOIMMOTO /ISl TIOTYYCHHUS TIOJTHOTO CEUEHUSI BCEX BUTKOB 00-
MOTKH 110 (6.49), ¢ npenensHbIM pazmepom 1o (5.6) unu (5.7). B pesynbrate
NPUHAMAETCS PEIIeHne, CIAeAYeT JIM JACTUTh OOMOTKY Ha JBE WM TPU KOH-
[EHTPUIECKHE KATYIIKH, YTOOBI Y KaXXI0H M3 HUX CYMMapHBIH paauabHbIA
pasMep MpPOBOOB HE MPEBHIIIAT PESITBHO TOMYCTUMOTO.

3areM BBIOMpAETCS paauaiIbHBI pa3Mep MeTaia MpoBOJa d, T.K. MPO-
BOJI HAMATBIBAETCS IIIALIMS, U YUCIO CJIOEB OOMOTKH nrj7p MO Tadiu. 5.9,

c.264, ¢ y4eToM MPUHATOIO YPOBHs J00AaBOYHBIX MOTEephb. YHcCio ciaoeB 00-
MOTKH JIETKO U3MEHSETCS MMyTEM BAPBUPOBAHMS COOTHOLIEHUSI Pa3MEpPOB I0-
IIEPEYHOr0 CEYEHHUs NPOBOJA MU 3aJaHHOM €ro Iuiomaau mo tadm. 5.2, c.
212.

OcranbHOE TIpHU pacyeTe 0OMOTKH HE BBI3bIBAET TPYIHOCTEH U B JOCTa-
TOYHON Mepe MOSACHEHO MPUMEHUTENIBHO K JPYTUM THIIaM OOMOTOK.

4. ONMPEOENEHUE NAPAMETPOB KOPOTKOIO 3AMbIKAHUA
[1,rmn. 7]

4. 1. OnpepeneHue NoTepb KOPOTKOrO 3aMbIKaHus

OcHoBHbBIE TIOTepU B 0OMOTKax omnpenenstorcs no (7.3) unu (7.4), taoe
Macca MeTajijia MpoBoAa MOXET ObITh moiydeHa mo (7.6) unu (7.7). OOmas
Macca Mmetayuia ooMoTku BH ompenensieTcss st uncia BUTKOB Ha BEpPXHEU
CTYIICHHU PETyJIUPOBAHUS, HO TIPU ONPEICIICHUN OCHOBHBIX IMOTEPh B OOMOTKE
BH, xak o7HO# U3 COCTaBISAIONINX MOTEPh KOPOTKOTO 3aMbIKaHHUSI, UCIIOIb3Y-
eTcsi Macca MeTtauia ooMoTku BH 1151 yncia BUTKOB Ha cpelHEe, HOMUHATIb-
HOH, CTYIICHHU PETYIHUPOBAHMUS.

Ecnmu npu npoextupoBanuu ooMotrok HH u BH oGecnieuennas mosty-
CyMMa YTOYHEHHBIX 3HaUYE€HUM TJIOTHOCTEH TOKOB MPEBBIMIACT OoJiee, YeM Ha
5-10% 3HaueHHWe CpeIHeW TUIOTHOCTU TokKa, mosydaemou 1o (7.10) wim
(7.10a), To pacdeTHBIC MOTEPHU KOPOTKOTO 3aMBIKaHUsI OYIyT HEIOMyCTHUMO
oTnnyaThes oT 3ajaHHbIXx. OOMoTka BH, kak HapyxHas, Bceraa 1mo oobemy u
Macce Oosbiie ooMoTku HH, mosTomy npu Bblllie Ha3BaHHOM COOTHOIIICHUH
YTOYHEHHBIX TUIOTHOCTEH TOKOB B 3THX OOMOTKAX, pac4eTHbIC OTEPU KOPOT-
KOT'0 3aMbIKaHUsl OyAyT OTJIMYATHCS OT 3aJJaHHBIX B OOJIBIIYIO CTOPOHY.
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Puc.6. Brok-cxema obecnevenus nomepsb KOponikoco 3aMblKAHUA

Koppexkius Beibopa
npoBoja ooMoTku BH:
YMEHBIINUTE J»H

Omnpenenenre 100aBOYHBIX MOTEPh B OOMOTKAaX CBOJMTCS K PacueTy KO-
s dunmenTa 100aBOYHBIX MOTEPh, BEIMYUHA KOTOPOTO OOJNBIIE €AMHHIIBI.
Ortot ko3hduiment nonyqaercs no (7.14), (7.14a), (7.15), (7.15a) B 3aBucu-
MOCTH OT Marepuaia U GopMbI CEYeHHs MPoBoaa. B 3TuX dopmynax 3Haye-
HUe [ (He myTalTe ero ¢ paHee onpeneasieMbiM KO3 PHUITMEHTOM SKOHOMUY-
HOCTH) paccunutbiBaetcs 1o (7. 13) B cnydae HamoTku 1iamms u no (7.13a)
11 OOMOTKH M3 KPYTJIOTO MPOBOAa. Eciu MpsiMOYTOJIBHBIN TIPOBOJT HAMATHI-
BaeTcs Ha pedpo, To B (7.13) BMecTO OoJbIIero pasmepa MmpoBojia, MoICTaB-
JIAETCS MEHBILINM.




B dopmynax (7.13), (7.13a) yacto uMmeeTcsi 3aTpyJHCHHE TIPU OIpee-
JIEHUU M - YKClia MPOBOJHUKOB OOMOTKH B HallpaBJCHUH, MapaJlIeIbHOM Ha-
MPaBJICHUIO JTUHUH MAarHUTHOM WHAYKIMH TPOJOJBHOTO MOJISI paccesHusl.
[TocmoTpute BHUMaTenbHO Ha puc. 7.2, ¢.309. CneBa nzobpakeHa MHOTO-
CJIOMHas UMIUHAPUYECKass 0OMOTKa U3 MPSAMOYTOJIBHOIO MPOBOJIA, HAMOTAH-
HOTO IUJIAlIMSI, CIIpaBa MHOTOCIIONHAS [HJIMHApUYEcKass OOMOTKa U3 KpPYTio-
ro nposoja. Jlyis 3TUX IBYyX OOMOTOK 7 - KOJWYECTBO 3JIEMEHTAPHBIX IMPO-
BOJHHUKOB B OJJHOM CJIO€, 00Opa30BaHHOM IO BBICOTE OOMOTKHU. PHCyHOK mO-
ACHSIET pacueT KO3(P(ULIHUEHTOB T0OABOUYHBIX MOTEPHh OT MPOAOIBHOTO OIS
paccesiHus ¢ OCEBbIM IO OTHOILIEHHUIO K OOMOTKaM HarpaBiIC€HUEM WHIYKIIH-
OHHBIX JIMHUHM, TJ€ # — YHUCIO 3JEMEHTAapHBIX MPOBOJHUKOB OOMOTKH IO
TOJIIMHE OOMOTOK PAaBHOE YUCITY CJIOEB JJISl 3TUX ABYX OOMOTOK.

Ecnu pacueTHoe 3Haue€HHE MOTEPh KOPOTKOTO 3aMbIKAHHUS IPEBBIIIAET
6osnee yeM Ha +5% 3aJaHHOE 3HAUYECHHE, TO MPOBEAUTE AHAJIU3 CO3AaBIICICS
cutyauuu. I[IpoBepbTe MpaBUIBLHOCTh PACUETOB, MPABUIBHOCTb MCIOJb30Ba-
HUs (GOPMYJ, COOTHOIIEHUE MEXKAY YTOUHCHHBIMH TIUIOTHOCTSIMU TOKOB B
oomoTtkax HH u BH. CHuxenune norepb KOPOTKOTO 3aMbIKaHUS, MPU OTCYT-
CTBUU OIIMOOK B pacyeTax U B MPUMEHEHUHU (HOPMYJ, ETAETCS CHUKECHUEM
IUIOTHOCTH TOKa B TOM OOMOTKE, TJie IJIOTHOCTh BBIINIE WM CHUXKEHUEM
I0THOCTH B 00MoTKe BH, ecnu cooTHOLIEHHE MIIOTHOCTEH TOKA COOTBETCT-
ByeT TpeOOBaHHUSAM, O KOTOPBIX TOBOPWJIOCH B Hauaje JAHHOTO MOjpa3ena.
Jlnst 5TOro HEe0OXOAUMO 00ECIeUnTh HEOOJIBIIOE YBEIUYEHUE NEHCTBUTEIh-
HOT'O CEUYEHHMsI BUTKA, CKOPPEKTHUPOBAB BEIOOP MIPOBOJA.

4.2. Onpe,qenel-me HanpsaXxeHusa KOPOTKOro 3aMmbiKaHus

OTKJIOHEHHE PACUETHOTO 3HAYCHUS HAIMPSKEHUSI KOPOTKOTO 3aMbIKaHUS
OT 33JJaHHOTO paspemiaercsa He Oonee + 5%. YcrpaHeHHe 4pe3MEpHOro OT-
KJIOHEHUS] HANPSKEHUS KOPOTKOTO 3aMbIKaHUS MOXKET ObITh IOCTUTHYTO 3a
CUYET MU3MEHEHHUs] PEaKTUBHOM COCTABIIAIONICH. AKTHBHASI COCTABIIAIONIAS OTI-
penenseTcss BEJIMYMHOM IMOTEPh KOPOTKOIO 3aMbIKaHHs, OOECIEYEHHBIX B
MpeabIAyIIEM pacuere.

IIpu pacuere peakTHUBHON COCTaBJISIOIIEH CIEAYET MOJIb30BATHCSA YTOU-
HEHHBIMHU (peaJIbHbIMHU) pa3MepaMu OOMOTOK, YTOUHEHHBIMU 3HAYEHUSIMU
MPUBEACHHOTO KaHala paccesHus U K03 PUIMeHTa SKOHOMUYHOCTH.

He6omnpiioe ymMeHbllleHHE PEAaKTUBHOM COCTABIISIONIEH MOXKET OBITH IMO-
ay4yeHo 3a cueT yBenuyeHuss g0 10-15% oceBoro pasmepa oOMOTOK Npu
YMEHBIIIEHUH UX pauaibHBIX pa3MepoB. [Ipu 3ToM KOppeKTUpYyIOTCs pacue-
Thl, HAYMHAs C MPoeKTHUpoBaHus oomMoTku HH.
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Puc.7. Brok-cxema obecnevenus HANPANCEHUSA KOPOMKO20 3AMbIKAHUA

He6onpiioe yBennyeHne peakTUBHON COCTABISIONIEH MOXKET OBITh IO-
Jy4yeHo 3a cueT ymeHbieHus no 10-15% oceBoro pasmepa oOMOTOK mpu
YBEJIIMYEHUU UX PAAUAIbHBIX Pa3MEPOB.

CyliecTBEHHOE M3MEHEHUE PEAaKTUBHOM COCTABISAIOLIEH OCTUraeTCs
M3MEHEHHEM HallpsSKEHUs OJHOTO BUTKA 3a CYET M3MEHEHHUs JHhaMeTpa
CTep>KHS MarHMUTHOM CHCTEMbl NpPHU TMPEIBAPUTEIILHOM BBIOOPE OCHOBHBIX
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pa3MepoB WM (M) MHAYKUUA B HeM mpu pacuere oomorku HH, okpyrisis
YHCIIO €€ BUTKOB.

CamMoe CynieCTBEHHOE U3MEHEHUE PEAKTUBHON COCTABIAIOIIEH BO3MOXK-
HO IPUMEHEHHUEM BCEX BBIIIE HA3BaHHBIX BO3JAECHCTBUN OJJHOBPEMEHHO.

5. OKOHYATENbHbIN PACYET MATHUTHOU CUCTEMbI.
ONMPEOENEHWE NAPAMETPOB XOJIOCTOIO XOAA
[1, rn. 8]

5. 1. OnpegeneHne pa3mepoB MarHUTHOW CUCTEMbI M MacChbl CTanm

Pa3Mepsl makeToB BbIOMparOTCcs 10 Tabiu. 8.2-8.5 B 3aBUCUMOCTH OT
IMaMEeTpa CTEPHKHS, TaM JK€ YKa3aHbl YHCIIO CTYIIEHEN B CTEPIKHE U APME.

OO61mast ToNIMHA MMAKETOB CTEPKHA (IIMPHUHA SpMa) OMpeaesieTcsl Kak
yIBOECHHAsl CyMMa TOJIIIHMH NaKETOB.

[Tnomans crynenyaroil ¢purypsl crepxusa /1. u spma I, BO3bMUTE U3

Ta011.8.6 nim 8.7, 31ech ke MPUBEIECHO 3HaUeHHEe O0ObeMa Yriia MarHUTHOU
CUCTEMBI.

[Ipu pacuere aKkTUBHOIO CEUEHHUs CTEpXKHA, spMa, a TaKxke oObeMa
AIEKTPOTEXHUYECKON CTald YIjia MarHUTHOW CUCTEMbl MCHOJB3YHTE 3Haue-
HUe KO3 PUIMEeHTa 3aM0HEHHS] JIEKTPOTEXHUYECKOHN CTalbIO 10 Tadu. 2.2 u
ee NpuMevaHusm, c.77.

JlIMHA CTepKHS MarHUTHOM CUCTEMBI PaCCUUTHIBAETCS] CyMMHUPOBAHUEM
OCEBOTr'0 pa3Mepa KakJ10d OOMOTKU € M3OJSIUOHHBIMU PACCTOSHUSIMHU OT MX
TOpOB A0 ApM. CpaBHMBAs [JIMHBI CTEPKHS, MOJy4aeMble TaKUM 00pa3oM,
BbIOMpaeM HauOOJBIIYIO U3 JBYX, B CIIy4ae UX Pa3IHuus.

5.2. OnpepeneHne NnoTepb XONOCTOro XoAa

[ToTepu xoJ0CTOrO X0/4a B IUIOCKOM Tpex(azHOW MarHUTHOU cTepiKHe-
BOM KOHCTPYKIIUM PACCUMTHIBAIOTCS 110 (8.32), onpenensis yAeabHbIe MOTEPU
B JICKTPOTEXHUYECKOM CTajJu M B 30HE IIMXTOBAHHOT'O CTHIKA 1O Tabi. 8.9
unu 8.10. PacdueTHOE 3HaUYE€HWE MOTEPH XOJOCTOTO XOJa MOMKET OTINYATHCS
OT 3aJIaHHOTO He Oosee yeM Ha +7, 5%.

Ecnu B mpoliecce OKOHYATEIBbHOIO pacyeTa MarHUTHOW CHUCTEMBI HE
o0OecrieyeHbl MOTEPH XOJIOCTOIO X0J1a, TO B MIEPBYIO Ouepe/b MPOBEPhTE Ipa-
BWJIBHOCTh pacyeTa notepb. CpaBHUTE MAacCy MarHUTHOW CHUCTEMBI CO 3HaYe-
HUEM, TOJYyYEeHHBIM B TPEABAPUTECIHHOM pacyeTe, MpU BbIOOPE OCHOBHBIX
pasmepoB Tpancopmatopa. [IpoBepbTe, HAXOAUTCS I UHIYKIIMS B CTEPKHE
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MarHUTHOM CHUCTEMBI B PEKOMEHIyeMbIX mpexaenax. [Ipoananusupyite cio-
XKUBIytOca cutyanuio. Ecinu ommOok B pacueTe HET M MHAYKIUS CTEPKHS
HaxOJIUTCSI B PEKOMEHJIyEMOM TIpejiesie, TO MOTYT OBITb NMPUMEHEHBI CJie-
AyIoIe Mephl (€CIM OHU HE pear30BaHbl B MOJIHOM Mepe): 3aljaHupOBaTh
IIMXTOBKY B OJMH JIUCT, MIPUMEHUTH JYUIIYIO JIEKTPOTEXHUUYECKYIO CTallb
(TOJBKO M3 OTEUECTBEHHBIX), YBEJIIMUUTH KOJMYECTBO KOCHIX CTHIKOB.

5.3. Onpenenel-me TOKa X0J&10CTOro xoaa

Tok xoJ0cTOro X0/a BBIIIE HA3BAHHOW MarHMUTHON CHCTEMBI PaCCUUTHI-
Baercs 1o (8.43) u (8.48a). PacueTHOe 3HaUeHHE TOKA XOJOCTOTO XOJa MO-
KET OTIMYAThCs OT 3aJaHHOTO He Oosee yem Ha +15%. Ecmu B mpomecce
OKOHYATEIBHOTO0 pacyeTa MarHUTHOW CHUCTEMBI OH HE O0ECIICUeH, TO MyTH
BBIXOJ/Ia U3 3TOH CHUTYyaIMH TE K€, YTO U IIPH 00ECIICYCHUH TTOTEPh X0JI0CTOTO
X0/1a.

6. OLEHKA 3KCMNYATALUOHHbIX CBOUCTB TPAHC®OPMATOPA

6.1. BHelHMe xapaKTepUCTUKM

Paccuutare 3aBucumoctun U gy = f(k,,) npu nutanun ooOMorku BH

MOHIKAIOIIETO TpaHchopMaTOopa HOMHHAJIBHBIM HANPSXKEHUEM HOMHUHAIIb-
HOM 4YacTOThI NPU U3MEHEHUN BEJIWYMHBI CHMMETPUYHOW HArpysku no 1,25
HOMHUHAQJIBHON M HEU3MEHHOM 3HAa4YCHHM COS(, IIPU aKTHUBHO-UHAYKTHBHOU

Harpyske cos@, = 0,7, npu akTUBHO-€MKOCTHOM Harpyske cos(—¢,)=0,8.

[Ipu n3menenuun koduimenTa Harpy3ku Tpaichopmaropa B Auanazo-
He 3HadeHud k,, =0+1,25 paccuuraTs 111 00OMX XapaKTepOB Harpy3Ku

W3MCHCHHE HANPsOKEHUS TpaHchopMaropa
AU =k, (g cOS@y +up,sing) ), %

Tac ua,up — paCdYCTHLIC 3HAYCHUS aKTUBHOM U peaKTI/IBHOﬁ COCTAaBJIAOIIHNX

HaIIPAKCHUA KOPOTKOI'O 3aMbIKaHUA, %;

npu cos@, =0,7  singy = \/1 —COS(p22 = \/1—0,72 =0,714, o.e.;
npu cos(—¢p,) =0,8 sin(—¢y) = —\/1 — cos(—(p2)2 =—/1- 0,82 =-0,6,0.¢.;

dazHoe (MuHelHoe) HamnpshkeHue ooMotkn HH
Uy =100-AU , %
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Pe3ynbTaThl pacyeToB BHEIIHMX XapaKTEPUCTUK NMPU U3MEHEHHH KO3(-
(unMeHTa Harpy3ku B AuamnasoHe 3HaueHus k,, = 0-+1,25 mns oboux xapak-

TEpPOB HArPYy3KW MPUBECTH B TabI. 6.1.

Tabnuua 6.1
Pezynomamul pacuemos sHewnux xapaxmepucmuxk mpanc@opmamopa
Koadbdurment
b 0 025 1050 |075 [1.00 |1.25
Harpy3KH k., o.e.
AKTUBHO- AU% 0
I/IHJIYKTI/IBHaSI
cos@, =0,7 U gy ,% | 100
AKTUBHO- AU% 0
E€MKOCTHast
cos(—¢,) =08 | Uy ,% | 100

[Io pe3ynpTaTaM pacueToB IIOCTPOUTH BHEIIHHWE XapaKTCPUCTHKU

Tpancopmaropa B OTHUX OCSIX KOOPAMHAT U CAENATh BHIBOJIBIL:

®  OT Yero 3aBUCUT U3MEHEHHE BTOPUYHOTO HampsokeHus: AU;

®  KaK CKa3bIBAIOTCS IMOJIOKHUTEIBHOE M OTpHUIlaTenbHOe 3HadeHus AU npu
yBenu4eHnU Kod(uimenTa Harpy3ku Tpancpopmaropa Ha €ro BTOpUY-
HOM HaIpsHKCHUU;

®  KaKOMYy XapakTepy Harpy3Kd H MpH KakoM Kod((UIMEHTEe Harpy3Kd
COOTBETCTBYET HaWOOIbIIIeE W3MEHEHHE BTOPHUYHOTO HAMPSIKCHHUS
TpaHchopmaropa.

6.2. 3aBucumoctu AU=f{¢2)

3aBUCUMOCTH OTKJIOHEHUSI HANPSKEHUS Ha KJIIEMMaX BTOPUYHON 0OMOT-
KA TpaHcopmaropa OT Xapakrepa cCUMMeETpUUHOM Harpy3ku AU = f(¢;),

paccuMTarth IS JBYX HEM3MEHHBIX BEIMYMH KOI(PQPUIMECHTA HArpy3Ku
(k,> =0,5; 1,0) npu nuranuu co ctopoHsl oOMoTku BH HOMHMHanbHEIM Ha-

NpsHKEHHEM HOMHHAJIbHOM 4acTOTBHI.
Pe3ynbTathl pacueToB npuBecTH B Ta0M. 6.2.
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Tabnuua 6.2
Pesynomamul pacuemos 3asucumocmeti AU = f(¢5)

AU = f(p7)
®>, Tpag -90 -75 -60 45 -30 -15 0
k,.=0,5
k,.,=1,0
Oxkonuanue ma6a.6.2
AU = f(p7)
@y.tpax | 90 75 60 45 30 15
k,.=0,5
k,.,=1,0

ITo pe3ynpTataM pacueToB nocTpouth 3aBucuMoctd AU = f(¢,) B on-

HUX OCSIX KOOPAUHAT U CJeIaTh BHIBOIBI:

®  KaK CKa3bIBaCTCs XapaKTep HArpy3KH Ha OTKJIOHCHHH HampsikeHus AU,

®  KaK CKa3bIBaeTCs OTKJIOHEHHE HampspkeHus AU Ha HanpsiKEHUU BTO-
pUYHOM 0OOMOTKH TpaHchopMaTopa;

®  TIpU KaKOM XapaKTepe Harpy3Ku OTKJIOHEHUE HAMNpsHKEHUS MaKCUMallb-
HOE.

6.3. 3aBucumocty n=f(k..)

PaccuutaTth 3aBUcUMOCTH KO3 UILIMEHTA IMOJIE3HOTO JAEHCTBUS OT Be-
JUYMHBI CUMMETPUYHON HArpy3Ku MpU MUTAaHUU TpaHchopmaTopa co CTOpO-
Hbl 00MOTKM BH HOMUHanbHBIM HampsskeHHEe HOMUHAJIBHOM YacTOTHI, MpU
3aJJaHHBIX KO3(PPUIMEHTaX MOLIHOCTH aKTUBHO-UHAYKTUBHOTO COS®, = 0,7

Y aKTUBHO-€MKOCTHOTO c0s(—¢,) = 0,8 xapakTepoB Harpy3kH.

TpauchopmaTtop paboTaeT ¢ MaKCHMaTbHBIM KO3 (DUIIMEHTOM IOJIC3HO-
ro JeHCTBUS MPU KO3P(ULIMEHTE HATPY3KH
F

Kot = p

KoaddunmeHT nosesHoro AeHcTBUs ONpeeauTh 10 hopmylie
Py +k2, Py

n=1- PR
k.S cos@y + By +k;,, Py

Tac PO — PaCUYCTHOC 3HAYCHUC ITIOTCPb XOJIOCTOI0O X014, KBT,
P 'K — Ppacdy€THOC 3HAYCHUC IIOTCPb KOPOTKOI'O 3aMbIKaHHSI, KBT.
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Pe3ynbTatsl pacueToB npuBecTH B Ta0M. 6.3.

Tabnuua 6.3
Pesynomamur pacuemoé 3asucumocmeii n = f(k,,,)

Koaddunu- k k
ittty o 0 ]0,25]0,50 [0,75 | 1,00 | 1,25 | kpo(y,. )

AKTHUBHO- Fo, xBr
UHyKTHBHAS k}%g - Py

Harpyska . S cos
cospy =0,7 |12 H COSP)

n,0.e.

AKTUBHO- Fo, kBr
€MKOCTHas k}%g - Py
Harpyska k571 005 0
cos(97) =08 |41

ITo pe3ynpTaraM pacd4eToB MOCTPOUTH 3aBUCUMOCTH 1) = f(k,,) B on-

HUX OCSIX KOOPAMHAT U CJeJaTh BbIBOJIBI:

®  OT 4ero 3aBUCHUT KOA((PUIIMEHT MOIE3HOTO ACHCTBUS TpaHCPOopMaTopa;

®  OT Yero 3aBUCUT KOA(DPUIMEHT HArpy3KH, MpU KOTOPOM KOIDPUIIUEHT
MOJIE3HOTO JIEWCTBUS pABEH MAKCUMAJIbHOW BEJIMYMHE;

®  OT Yero 3aBUCHUT MaKCUMaJIbHOE 3HAaueHUEe Kod(PuIueHTa Moye3HOro
nercTBus TpaHchopmaropa.

6.4. MapannenbHasa paboTta AByX TpaHCOPMaTOPOB OAMHAKOBOWN MOLYHOCTH
Npu pasHbIX KO durumeHTax TpaHchopmaumu

OueHuTh Harpy>KeHHOCTh YPAaBHUTEIBHBIM TOKOM JABYX TpaHchopmaTo-
POB OJAMHAKOBOM MOIIHOCTH NpH NapajjieNbHONW paboTe NMpH HEU3MEHHOM
XapakTepe Harpy3ku (cos@, =0,7) s AByX clydaeB: KOrJa OJMH U3
TpaHchOpMaTOPOB BKJIIOYEH Ha OTBeTBIIeHHE 0OMOTkKM BH, cooTBercTBYy!O-
1ee HOMUHAJIbHOMY YHCIY BUTKOB, a JIPYroil - moodepeaHo Ha JBa U3 OC-
TaJIbHBIX YEThIpeX OTBETBIEHUN: +2,5% u +5%.

T.e. xoaddunuent tpanchopmaiu BTOporo Tpancpopmaropa Oyner
OoJbie yeM y nepBoro Ha +2,5% u +5%.

Koaddunment tpanchopmanuu mnepBoro TpaHchopmaropa paBeH OT-
HOILICHUIO yucia BUTKOB (a3bl 00MoTku BH k uncny BUTKOB (ha3pl 0OMOTKH

HH k=22,
W
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Torna, ecnu ky =k, 10 ky =1,025k u 1,05k.
PaccuuTaem nmapamMeTpbl CXeMbI 3aMEIIECHUS KOPOTKOTO 3aMbBIKaHHUS
®  [IOJHOE CONPOTUBJICHUE KOPOTKOTO 3aMbIKaHUS

urUgppH

Zy =208 oy,
K= 10015y

Il€ Uy — PACYCTHOE 3HAYCHHME HAIPSDKCHHUS KOPOTKOIO 3aMBIKAHUA, %o
Ugppy — pasnoe nanpsokenue oomorku BH, B; /gy — HOMHHANBHOE 3HAYC-

Hue (azHoro Toka oOMoTku BH, A;

L4 AKTHBHOC COIIPOTHUBJIICHUC KOPOTKOT'O 3aMBbIKAHU

P
rg = K ,OM,

2
3/ BH
Tac PR‘ — PaCUYCTHOC 3HAYCHHUC ITIOTCPb KOPOTKOI'O 3aMbIKaAHH, BT,

L4 HHAYKTUBHOC COIMPOTHUBIICHUC KOPOTKOI'O 3aMBbIKAHU S

Xg = 11212{ —r2 , OMm.

@da30BbIl YTOJ YPAaBHUTEIBHOTO TOKA OTHOCUTENBHO AU
Xp1+Xx X

FK1T7TK2 'K

VYron Harpysku ¢, = arccos@, = arccos0,7 = 45,57, rpan.

Qg = arctg

[Tpu nmapaniensHOM paboTe ABYX TpaHC(HOPMATOPOB OJMHAKOBOM MOIII-
HOCTH, KOTJla BTOpOM TpaHchopmaTop BKJIIOYEH Ha oTBeTBieHUE +2,5%,
YpPaBHUTEJIBHBINA TOK PaBeH

UgpBH

11
~ (k 1,025kj‘ _ 0,025U g
- 27 © 2,05kZg
[Tpu mapasmienbHON paboTe ABYX TpaHCPOPMATOPOB OJAMHAKOBOW MOIII-

HOCTH, KOTJla BTOpOM TpaHchopmaTop BKIIOYEH Ha orBerBieHue +5,0%,
YpaBHUTEJIBHBINA TOK PaBEH

1

b

0,05U gy

I
Y 2 lkZg

b

VYpaBHUTENbHBI TOK JOMOJHUTEIBLHO HArpykaer TpaHchopmaTop ¢
MEHBLIUM KO3 PUIIeHTOM TpaHCchOopMaLIUH

2 2
1 hax 2,5% :\/IBH +15,+2I gyl cos(px —93), A,
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2 2
Imax 5% = \/IBH + 1y + 211y, cos(pg —92) 5 A,
a Tpancopmarop ¢ OoJbIUM KO3(POUIHMEHTOM TpaHcPopMalUyd ypaBHHU-
TEJIbHBIA TOK pa3rpykaet

2 2
I inin 2,5% :\/]BH +15, =21 gyl cos(pg —93), A,

2 2
Imin 5% = \/IBH +1y =2Ipg 1y, cos(pg —¢2) , A.
OnpenenuTs HArpy>K€HHOCTh TpaHC(HOPMATOPOB NPHU HAIMYUU YpaBHU-
TCJIBbHOI'O TOKaA I10 CJICAYIOIIUM BBIPAKCHUAM:

I 0 / !
max—w’_\/pr( Y )2 12— cos(pg —¢2) , 0.e.,
Ipy Ipn IpH

1 0 1 !
max 5% _ \/1+(_y)2 +2—yCOS((pK —¢y),0.€.,
]BH ]BH ]BH

I o 1 I
M_\/H( Y )2 -2 cos(px —92) . 0.,
Iy Ipy Ipr

I 50 1 !
min 5% _\/1+(—y)2—2—yCOS((pK—(02)90-6-
IpH Ipy Ipr

ITociie pacuera HarpyKEHHOCTEMN CIEIIANTE BBIBOJIBI:

®  Kak HY)KHO YMEHBIIUTh Harpy3ky TpaHc(hopmMaTopoB IpU IBYX Ba-
puaHTax pa3nuuuii ux K03 UIMEHTOB TpaHc(opMaluu, 4TOObl Yy MEPBOIO
TpaHcdopmaropa, Kak Hambojee HArpyKEHHOTO, YMEHBUIUTh Harpy3ky 10
HOMHUHAJIBHON U 00ECNEeYUTh €My BO3MOXKHOCTbH pad0TaTh B MPOJOJIKUTENb-
HOM peKuMe padoThI.

6.5. MapannenbHas paboTta AByx TpaHchopmMaTopoB
pa3HbIX MOLHOCTEN

Paccunrate nomycTuMyro Harpys3ky TpaHchopMaropa MpH Mapajuieib-
HOI paboTe ¢ APYyruM TpaHCHOPMATOPOM MPENETHHO JAOMYyCTUMOM OOJNBIICH
(w1 MEHbIEH) MOITHOCTH npy  3aJaHHOM XapakTepe Harpy3KH
(cospy, =0,7).

'OCTomMm nomyckaeTcsi BKIIOUATh Ha MapajljielIbHy0 padboTy TpaHchop-
MaTOpPBI, OTIIHYAIOIINECS] HOMUHAILHOW MOIIHOCTBIO He OoJiee ueM B 3 pasa.
HomuHaIbHBIE MOIIIHOCTH M HANPSDKEHUS KOPOTKOTO 3aMbIKaHUsS TpaHC(Op-
MaTOPOB, PabOTAIOIINX MMaPaAIIIEIBHO
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SH]) KBA, Ui, %, SH29 KBA, Ugo, %,
rac S H2s Ugoy — TaOIUYHBIC 3HAYCHUSI HOMHHAJIBLHOM MOIDHOCTHU W HAIIPA-

JKCHHUA KOPOTKOI'O 3aMbIKaHUA TpaHC(bopMaTopa npcaciabHO IIOHYCTI/IMOﬁ
MOIIHOCTH.

Ecmu wugy #upgo, TO NpU TOBBILIEHUM HArpy3Kd TpaHcGopmarop ¢
HaUMCHBIINUM HAIIPAKCHUCM KOPOTKOI'O 3aMbIKAHUA TICPBBIM HJOCTHUIHCT HO-
MHHAJIbHOM MOIIIHOCTH.

Harpyska Ka)1oro u3 napauieibHo padboTaronux TpaHcGopMaTopoB

Sy
S| = Ei l __ SmtSm _kBA
UK ZSHZ' UK1 (SHl N SHZ)
SHi T uki  SH1 UKl UK2
Sy
S, = Ei l __ Sm+Sm _kBA
UK ZSHZ' UKD (SHl N SHZ)
SHi T uki SH2 UKl UK?2
2. S Hi > SHi
Si i Si i
S1*=S - = S -, 0.¢., S2*=S - = S -, 0.c.
Hi oy 3 = Hi gy 2
i UKi i UKi

ITocite pacyeToB ClemaiTe BHIBOIBL:

® Ha KaKyI0 BCJIIMUUHY HCO6XOI[I/IMO YMCHBIINUTH CYMMAPHYIO HArpy3-
Ky TpaHC(HOPMATOPOB JIJIsI HCKITFOUYCHHS TTEPETPY3KH Y CaMOT0 Harpy>KEHHOTO
51 O6CCHeqCHHH cro pa6OTBI Ipu HOMUHAJILHOU Harpy3ke B IPOAOJIZKUTCIIb-
HOM peKuMe padoThI.

9

9
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7. KOHTPOIIbHbIE BOIMPOCHI

7.1. Onpe,qenel-me OCHOBHbIX 3J1IeKTPNYECKMX BeJIUYUH

7.1.1. N306pa3ute 3ME€KTPUUECKUE CXEMBI COETMHEHUs TpeX(pa3HbIX 00-
MOTOK (TpeyroJibHUK, 3B€3]1a, 3Ur3ar).

7.1.2. YKaxuTe COOTHOIIEHUS MEXIy (a3HbIMU M JIMHEHUHBIMU HAIpPS-
KEHUSMU (TOKaMM) B Tpex(a3zHbIX 0OMOTKAX.

7.1.3. Yro xapakTepu3yeT rpylia COeIWHEeHUs Tpexda3HbIXx 0OMOTOK
TpaHchopMaTopa v OT YeT0 OHA 3aBUCUT?

7.1.4. Kakue rpynmnsl coelMHEHUs Tpex(a3HbIX 0OMOTOK TpaHcpopMma-
TOPOB MPUMEHSIOTCS?

7.1.5. Uro Takoe Kjiacc HanmpsiKEHUs: 0OMOTKU?

7.1.6. Uto Takoe Kjiacc HampsiKeHus Tpancpopmaropa’?

7.1.7. Uto Takoe MCHBITATEIbHOE HAIPSKEHUE OOMOTKU M KaK OHO BBbI-
oupaetcs?

7.1.8. Kak MOXHO OINpenenuTh aKTUBHYIO M PEAKTUBHYIO COCTaBJISIO-
1€ HAMpPsHKEHUs] KOPOTKOTO 3aMbIKaHMSI TIPU pacyeTe OCHOBHBIX AJIEKTpHUYE-
CKHMX BEJINYUH?

7.2. PacyeT 0CHOBHbIX pa3MepoB TpaHcdopmaTopa

7.2.1. Ilepeuniciure OCHOBHBIE pa3Mephl TpaHchopmaTopa.

7.2.2. llosicHUTE KOHCTPYKIMIO MAarHUTHON CUCTEMBI CLIPOEKTUPOBAHHO-
ro TpaHcopmaropa.

7.2.3. Kak BpiOupaeTcsi MaTepual MarHUTHOM CUCTEMbl U 3HAYEHUE WUH-
TyKITUn?

7.2.4. Tlosicaute copepx aHue TaKUX MOHATUN Kak KOd(hOUIIMEHT 3a11oi-
HEHUs Kpyra U Kod(PUIMEHT 3aNI0JIHEHUS CTabIO.

7.2.5. Kak BeiOMpaercs Tumn 0OMOTOK?

7.2.6. Uem pyKOBOJICTBOBAJIUCH IIPH BHIOOpE MaTepuana 0OMOTOK?

7.2.7. Uto xapakTepu3yeT K03hPUITUEHT yCHUICHUS sipMa?

7.2.8. HazoBuTe U30JIALIMOHHBIE PACCTOSIHUSA, BHIOMpPAEMbI€ 110 UCIBITA-
TEJIbHBIM HATPSKEHUSM.

7.2.9. Kakoii METOZI UCITONB30BAJICA IIPU PacYeTe OCHOBHBIX pa3MEpOB U
KaK MOKHO MX PaccuMTarh MO-uHOMY?

7.2.10. Yto Ttakoe kKod(PGUIMEHT YKOHOMUYHOCTH U KaK OH PaCCUUTHI-
Baercs?

7.2.11. Kak 000CHOBaH NpeaBapUTENIbHOE 3HAYEHUE JHAMETpPa CTEPK-
H?
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7.3. Pacyet oomotok HH n BH

7.3.1. Kak 3anucsiBaeTcs pe3yibTaT BIOOpa IPsIMOYTOJIBHOTO NpoBoaa?

7.3.2. Kak yrounsiercs uiotHocTh Toka oomotku HH (BH)?

7.3.3. Kak paccuuthiBaeTcss macca metaiiia oomorku HH (BH)?

7.3.4. Kak 000CHOBBIBaeTCS BEJIMUYUHA OCEBOTO MACJSTHOTO KaHaja?

7.3.5. Kak onpenensitorcss pasMepbl U30JALUOHHOIO LWIMHAPA MEXKIY
0OMOTKOH M MarHUTOIPOBOAOM?

7.3.6. Kak onpeaensieTcsi yTOUHEHHOE CEUYCHUE BUTKA?

7.3.7. Kak paccuntbiBaeTcsl ynucio BUTKOB 0OMOoTkH BH Ha HOMHHAaB-
HOM CTyneHu?

7.3.8. Kak paccumutbiBaercs uncio BUTKOB oOMoTku BH Ha oxHOM cTy-
MIEHU PEryJIUPOBaHUS?

7.3.9. CKoJIbKO CTYIICHEH peryiupoBanus umeetr oomoTka BH?

7.3.10. Kak paccuutbiBaeTcsi yucio BUTKOB oOMoTkM BH Ha Bepxuei
CTYIIEHU PEeTyIUpOBaHUs?

7.3.11. Kak perynupyercss HalpspKEHUE Ha KJIEeMMaX BTOPUYHON 0OMOT-
KM MOHMXKAIOLIEro TpaHchopmaropa Ipu HEM3MEHHOM HaIpsiKeHUH 0OMOTKHU
BH?

7.3.12 UYto Takoe€ OpUEHTHPOBOYHAS TUIOTHOCTh TOKa OOMOTKH U Kak
OHa ompenensercs?

7.3.13. Uto mpencrasisieT coO0M 3JIEKTPOCTATUYECKUNA IKpaH OOMOTKHU
BH u xorna oH yctaHaBinuBaeTcs?

7.3.14. Kako#l Tun nepekitoyatesss HaMpsHKEHUH UCIMoJIb3yeTcs B 00-
Motke BH?

7.3.15. Tlo xakuM mapameTpam BbIOMpAETCs MEpeKItodaTellb HampsoKe-
Huii ooMoTku BH?

7.3.16. Kakoe 4iCiI0 BUTKOB UCMOJB3YETCS MPU pacuyeTe MacChl MeTaJIa
oomotku BH?

7.3.17. JIns yero HeoOXOAMMO OTKIIIOYATh TpaHCHOPMATOP OT JIMHUN
BBICOKOT'O M HH3KOTO HAIPSKEHUH TMepeja TeM, KaK U3MEHSITh YUCIO0 BUTKOB
oomoTku BH nepekitouatenem BeIOpaHHOrO THIA?

7.3.18. 3auem cTpemsATca co3narh 0ojiee KOMITAKTHYIO KOHCTPYKIIHIO
00OMOTOK?

7.3.19. Kak 000CHOBBIBaeTCS BEIMYMHA PAJAHAIIBHOIO MACISHOTO KaHa-
na?

7.3.20. HazoBUTE pEeKOMEHAYEMOE PACUECTHOE 3HAYEHUSI INIOTHOCTH TEIl-
JIOBOTO MOTOKA AJig npuHsAToro tuna oomotkn HH (BH).

7.3.21. Kak paccuuThIBaeTCcsi OCEBOM pazMep OOMOTKM Ha Ha4aJbHOM
aTarne pacyera’?
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7.3.22. Kak onpenenstoTcsi pasMepbl U30JALMOHHOTO HWIMHAPA MEXKIY
oomotrkamu HH u BH onHoumennsix dasz?

7.3.23. Uto Takoe yTOYHEHHAs TUIOTHOCTh TOKa OOMOTKH M KaK OHa Ofl-
penensercs?

7.3.24. Kak BbIOMpaeTCs TOJMIIMHA BUTKOBON HU30JISIIMK MPOBOA?

7.3.25. Kak 3aBUCUT YpOBEHb I0OABOYHBIX MOTEPh B OOMOTKE OT YMcCia
ee cioeB?

PacueT ABYXCNOMHBLIX U OOGHOCNOWHBIX LUNMHAPUYECKNX
0GMOTOK M3 NPAMOYroNbLHOro NpoBoaa

7.3.26. OT 4ero 3aBUCHUT YHUCJO CIO0EB OOMOTKU?

7.3.27. Kak onpenensieTcsi 4Mcio BUTKOB Ha a3y oomotkun HH?

7.3.28. Jlist TpaHcPOopMaTOPOB KaKOM MOIIHOCTH MPUMEHSETCS TaHHBIN
TUIl OOMOTKH?

7.3.29. Kakue mapaMeTpbl MCHOJB3YIOTCS MPHU BbIOOpPE pa3MepoB Mpsi-
MOYTOJIHOTO ITpOBO1a?

7.3.30. Kak paccuuThIBacTCs OPUEHTUPOBOYHBIN OCEBOM pa3Mep BUTKA?

7.3.31. Kak paccuuThIBaeTCs OPUEHTUPOBOYHOE CEUEHHUE BUTKA?

7.3.32. Ilepeuncnute MECTh MPaBUI, COOIIOICHHE KOTOPHIX HEOOXOaH-
MO MpHU BEIOOPE Pa3MEPOB MPSMOYTOJIBHOTO MTPOBOJIA.

7.3.33. [losicauTe cnoco6 HaAMOTKHU IPSIMOYTOJIBHOTO MPOBO/IA MJIAIIMS.

7.3.34. [losicauTe cioco6 HAMOTKHU IPSIMOYTOJILHOTO MPOBO/IA HA PedpoO.

7.3.35. Kako#t U3 nByX crmocoOOB HAMOTKH MPSIMOYTOJBHOTO IMPOBOJA
UMeEEeT MPEUMYILIECTBO U YEM 3TO 0ObsICHSETCS?

7.3.36. Kak nonb3ytorcs Tabiuiei npu BeIOOpe pa3MepoB MPSMOYTOJIb-
HOT'O TIPOBO/Ia MPY HAMOTKE TIIaIIMs?

7.3.37. Kakue BapuaHTbl pelieHUIl BO3MOXKHBI MPHU BBIOOpPE pa3MepoB
MPsIMOYTOJILHOTO TIPOBO/IA MPY HAMOTKE TIIaIiMs?

7.3.38. Kak nonb3ytorcs Tabiuiei npu BbIOOpe pa3MepoB MPSMOYTOJIb-
HOT'O TIPOBOJIa MPU HAMOTKE Ha pedpo?

7.3.39. Kakue BapuaHTBhl pellIeHHI BO3MOXKHBI IPU BBIOOpE pazMepoB
PsIMOYTOJILHOTO MPOBO/IA MPU HAMOTKE Ha pedpo?

7.3.40. Kak paccuMThIBaeTCs yTOYHEHHBIA OCEBOM pa3mep 0OMOTKHU?

7.3.41. Kak paccuuThIBacTCsd YTOUYHEHHBIM OCEBOW pa3Mep BUTKA s
J000r0 U3 BO3MOXKHBIX BAPUAHTOB IOCJE BHIOOpA Pa3MEpOB MPSIMOYTOJIbHO-
ro MPOBOJIA IPU HAMOTKE TLIAIIMs?

7.3.42. Kak paccuuThIBa€TCAd YTOUYHEHHBIM OCEBOW pa3Mep BUTKA s
J000r0 U3 BO3MOXKHBIX BAPUAHTOB IOCJE BHIOOpA Pa3MEPOB MPSIMOYTOJIBHO-
ro MpoBOJia MPU HAMOTKE Ha pedpo?
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7.3.43. Kak paccuuThIBaeTCs paaualbHBIM pa3sMep OIHOCIOWHOWU 00-
MOTKM TPH HAMOTKE MPOBOJIA MIaIiMs?

7.3.44. Kak paccuuThIBaeTCsS paavalbHBIM pa3sMep OIHOCIOWHOU 00-
MOTKM TIPH HAMOTKE MPOBOJIa Ha pedpo?

7.3.45. Kak paccuuThiBaeTCsl paJHalibHbII pa3Mep IBYXCIOMHON 0OMOT-
KU IPU HAMOTKE MPOBO/IA IIalIMs?

7.3.46. Kak paccunThiBaeTCsl paHalibHbIN pa3Mep JBYXCIOMHON 0OMOT-
KU TpU HAMOTKE MpOoBoja Ha pedpo?

7.3.47. B xakoM ciiy4ae B JBYXCIOHHON 0OMOTKE HEOOXOAUM MACIISTHBIH
KaHajl MeXy CIO0AMU?

7.3.48. B kakoMm ciyyae B IBYXCJIOWHOW 0OOMOTKE HEOOXOIMMa >KEeCTKas
M3OJISIUS. MEXKAY CIOSAMU?

7.3.49. OT yero 3aBUCHUT HIMPUHA MACISIHOTO MEXAYCIOWHOrO KaHaja
JIBYXCIIOMHON OOMOTKH?

7.3.50. HazoBuTe BEIUUUHY JOMYCTUMOW IUIOTHOCTU TEIUIOBOTO MOTOKA
Ha OXJIAXKIAeMOUM MOBEPXHOCTHU JIJIsl IBYXCIOMHOW OOMOTKHU U3 METHOTO MPO-
BOJIA.

7.3.51. HazoBuTe BEIUUUHY JOMYCTUMOW IUIOTHOCTU TEILIOBOTO MOTOKA
Ha OXJIaXKJIaeMOM MOBEPXHOCTH JIJIsl IBYXCJIOMHOW OOMOTKH W3 aTIOMHUHHUEBO-
ro MpoBO/JA.

7.3.52. Kak paccuuThIBaeTCsl IUIONMIAAb MOBEPXHOCTH OXJIAXKICHHS OI-
HOCJIOWHOM OOMOTKH, HAMOTAaHHOM HEMOCPECTBEHHO HAa WU3OJISIIIUOHHBIN 111-
nuHap?

7.3.53. Kak paccunThIBaeTCs IJIOIIAIb TOBEPXHOCTH OXJIAXKICHUS JIBYX-
CJIIOMHON OOMOTKHM, 0€3 MACISHOIO MEXKIYCIOMHOro KaHaia, HaAMOTAaHHOMN
HEIMOCPEJICTBEHHO Ha U30JISIIIUOHHBIN IIWIHH]IP?

7.3.54. Kak paccuuThIBaeTCs IIOLIA/Ib IOBEPXHOCTU OXJIAXKICHUS ABYX-
CJIOMHON OOMOTKH, C MaC/ISIHBIM MEXAYCIOMHBIM KaHaJOM, HAMOTAaHHOM He-
MOCPECTBEHHO Ha U30JIALIMOHHBIN IUIUHIDP?

7.3.55. CKOJIBKO M KakKHUX MOBEPXHOCTEW OXJIAXKICHUS y OJHOCIOMHOU
O0OMOTKH, HAMOTaHHOW HEMOCPEICTBEHHO Ha U3OJISIIMOHHBIN IWIHH]IP?

7.3.56. CKOJIBKO M KaKUX MOBEPXHOCTEH OXJIAXKICHHS y JABYXCIOWHOU
O0OMOTKH, 0€3 MaCISHOTO MEXIYyCIOMHOr0 KaHajda, HAMOTAaHHOM HENocpe.-
CTBEHHO HA M30JIALIMOHHBIN LIMIUHIP?

7.3.57. CKOJBKO M KaKMX MOBEPXHOCTEH OXJIAXKICHHS y JABYXCIOWMHOU
OOMOTKH, C MAcCJSHBIM MEXIYCJIOWHBIM KaHAJIOM, HAMOTAaHHOW HEMOCPEenCT-
BEHHO Ha M3OJISIIIUOHHBIN IIWIHH]IP?

7.3.58. Kak paccunThIBaeTcs IJIOTHOCTh TEIUIOBOIO MOTOKA Ha MOBEPX-
HOCTH OOMOTKH?
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PacyeT BUHTOBOW OOMOTKM

7.3.59. Ha3oBuTe MUHUMAaJIbHYIO BETUYHHY OCEBOTO pa3Mepa rOpU30H-
TaJbHOTO MACIISTHOTO OXJIAXIAI0IIero KaHaa.

7.3.60. Kak onpeessieTcst YUCiIo X0/10B BHHTOBOM OOMOTKH?

7.3.61. Kak paccuntaTh OpHEHTHPOBOUYHBII OCEBOI pa3Mep BUTKa HEOO-
XOJIUMBIH 1151 000CHOBAHUS YHCIa XOI0B?

7.3.62. KakuM MOkKeT ObITh OPUEHTHUPOBOUYHBIN OCEBOW pa3Mep BUTKA U3
MEJHOTO TIPOBO/IA Y OJTHOXOA0BOM OOMOTKH?

7.3.63. Kakum MoKeT ObITh OPUEHTHUPOBOUYHBIN OCEBOW pa3Mep BUTKA U3
AIIOMUHUEBOTO MTPOBOJIA Y OJTHOXOJ0OBOM OOMOTKH?

7.3.64. KakuM MOKeT ObITh OPUEHTUPOBOUYHBIN OCEBOW pa3Mep BUTKA U3
MEJIHOTO TIPOBOJA Y ABYXXOA0BOMH OOMOTKH?

7.3.65. Kakum MokeT ObITh OPUEHTHUPOBOUYHBIN OCEBOW pa3Mep BUTKA U3
AIIOMUHUEBOTO MIPOBOIA Y ABYXXOA0BOH OOMOTKH?

7.3.66. Kak paccUuThIBa€TCsS OpPHUEHTUPOBOYHBIN OCEBOM pa3Mep BHUTKA
JIBYXXOJ0BOH OOMOTKH?

7.3.67. Kak aHaJIMTHYECKU OMNpPENEISETCS OPUEHTUPOBOUHBIA OCEBOM
pa3Mep BHUTKA IO JOIMYCTUMOM IUIOTHOCTH TEIUIOBOTO MOTOKA Ha MOBEPXHO-
CTH OOMOTKHU?

7.3.68. Kak rpaduuecku onpezensieTcsi OpueHTUPOBOUYHBINA OCEBOM pa3-
Mep BHUTKa MO JOMYCTUMOW IMJIOTHOCTH TEIJIOBOIO MOTOKA Ha MOBEPXHOCTHU
oOMOTKH?

7.3.69. Kak MOXHO YMEHBIIUTh IUIOMIaJb IMOBEPXHOCTH OXJIAXKIACHUS
OJIHOXOZ0BOM BUHTOBO OOMOTKHU?

7.3.70. Kak MOXHO YMEHBIIUTh IUIOMIaJAb IMOBEPXHOCTH OXJIAXKIACHUS
JIBYXX0JIOBOM BUHTOBOM OOMOTKH?

7.3.71. Ilepeuncnute TATH YCIOBUN, KOTOPhIE HEOOXOIWMO COOIOCTH
pH BBIOOpE MPOBOJIa BUHTOBOM OOMOTKHU.

7.3.72. IIpoWSLTIOCTPUPYHTE CEUCHHE BUTKA OJTHOXOJ0BOM OOMOTKH M3
HIECTH 3JIEMEHTAPHBIX MPOBOJIOB.

7.3.73. IIpoULIIOCTPUPYHTE CEUYCHHE BUTKA OJTHOXOJ0BOM OOMOTKH U3
JIECSITU DJIEMEHTAPHBIX TPOBOIOB.

7.3.74. 1151 4ero B BUHTOBOM 0OMOTKE HEOOXOAMMA TPAHCIIO3ULINA?

7.3.75. Kak paccuuTtbiBaeTcs paAualibHbIN pa3Mep BUHTOBOM OOMOTKH?

7.3.76. Kak paccunThIBaeTCsl yTOUHEHHBII OCEBOU pa3Mep OAHOXOJA0BOM
BUHTOBOM OOMOTKH?

7.3.77. Kak paccuuThIBAETCSI YTOUHEHHBIM OCEBOM pa3Mep IBYXXOJ0BOU
BUHTOBOM OOMOTKHU?

7.3.78. Kak BbINOJIHAETCS TPAHCIIO3UIUSI B BUHTOBOM 0OMOTKE?
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PacyeT uMnuMHApPUYECKOW MHOrOCIONHOW
OOMOTKU U3 antOMUHUEBOW NEHTbI

7.3.79. Tlosicaute, 4TO TaKOE MPEAEIbHOE YNCIIO BUTKOB B KaTYIIKE?

7.3.80. Kak onpenensercst npeiesibHOE YUCI0 BUTKOB B KATYIIKE?

7.3.81. Kak onpenensercss IOMyCTUMBIA CyMMapHbIA paguaibHBIN pas-
Mep aJIFOMUHUEBOM JIEHTHI?

7.3.82. Korna ¢a3za oOMOTKM MOXET OBITh BBITIOJIHEHA OJHOM KaTylll-
KOM?

7.3.83. Kakoe 4nclio BUTKOB COJEPKUT Ka)KJas M3 KaTyllek, eciu (aza
OOMOTKH BBITIOJIHAETCS B BUJIE IBYX KOHIICHTPUYECKUX KaTyIIeK?

7.3.84. Kak BbiOMpaeTcs TONIIMHA U IIUPUHA aTIOMUHUEBOU JICHTHI?

PacyeT uunuHapnyeckon MHOroCnouHou
0OMOTKM 13 Kpyrnoro nposoaa

7.3.85. Kakoit mapameTp UCIOJIb3yeTcs MPU BBIOOPE KPYTJIOro mpoBoja?

7.3.86. Kak paccuuTbIBa€TCs YMCIO BUTKOB B CJIO€?

7.3.87. Kak paccuntbiBaeTcsi oceBoil pazmep oOmorku BH mocne 3a-
BeplieHus pacuera oomotku HH?

7.3.88. Kak onpeaesnsieTcst 4ucio ciioeB 0OMOTKU?

7.3.89. Kakue BO3MOXHBI BApUAaHThl KOHCTPYKIIUU OOMOTKH?

7.3.90. Kak 060cHOBBIBaeTCS KOHCTPYKIUS OOMOTKH U3 BO3ZMOXHBIX Ba-
pUaHTOB?

7.3.91. Kak ompeaensieTcs mioniagab MOBEPXHOCTH OXJIAKICHUS 0OMOT-
KU JIJIs1 BBIOPAHHOTO BapHaHTa KOHCTPYKIUU?

7.3.92. Kak BbIOMpaeTcs TONIMHA MEXIYCIOMHON N30SI ?

7.3.93. Uto mpeAcTaBisieT co00M MexXaycIonHas U0 OOMOTKU?

7.3.94. Kak paccuuThIBacTCsd HANPSHKEHUE MEXKIAY BUTKAMHM COCEIHHUX
CJ10€B?

7.3.95. Kak onpenensieTcsi yTOUYHEHHbIH pauaibHbIA pa3Mep OOMOTKH
JUIsl BBIOpAaHHOTO BapUaHTa KOHCTPYKIIMK?

7.3.96. HazoBuTe pEKOMEHIYEMYIO IUIOTHOCTHh TEIUIOBOTO MOTOKA JJIs
MHOT'OCJIONHOHN MUJIUHIPUIECKON 0OMOTKH U3 KPYTJIOro MPOBO/IA.

7.3.97. CKOJIBKO M KaKMX IMOBEPXHOCTEN OXJIaXKAEHUS UMEETCS Y MHOIO-
CIIOMHOW IWJIMHAPUYECKOM OOMOTKM, HAMOTAaHHOM HEMOCPEICTBEHHO Ha
U3OJISIIUOHHBIN UIHH]IP?

7.3.98. CKOJIBKO M KaKHMX IMOBEPXHOCTEN OXJIaXXAEHUS UMEETCS Y MHOIO-
CJIIOMHOM IUJIMHIPUYECKOW 0OMOTKHM, HAMOTAHHOM Ha perkax?
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7.3.99. CKoJIbKO M KaKMX MMOBEPXHOCTEN OXJIaXKAEHUS UMEETCS Y MHOTO-
CJIOMHOM UUIMHAPUYECKON OOMOTKHM C MAcCJIsIHBIM KaHaJOM, HAMOTAaHHOM He-
MOCPEICTBEHHO Ha U30JIALIMOHHBIN LIUIUHIP?

7.3.100. CkonbKO M KaKUX IMOBEPXHOCTEN OXJIAKJICHHS UMEETCA Y MHO-
TOCJTIOMHON IMJIMHJIPUYECKON OOMOTKHM C MAaCJSHBIM KaHaJIOM, HaMOTAHHOMU
Ha peirkax?

PacueT HenpepbIBHOW KaTylle4YHON OOMOTKM
U3 NPAMOYronbLHOro NpPoBoAa

7.3.101. HazoBuTe Auana3oH HOMHHAJIBHON MOIIHOCTH TpaHchopmaTo-
POB, Y KOTOPBIX IPUMEHSIETCS JaHHBIA TUIT OOMOTKH.

7.3.102. Ha3oBute auama3zoH KIJIACcCOB HAINpPSHKEHUH OOMOTOK TpaHC-
(bopMaTopoB, y KOTOPBIX MPUMEHSETCS TaHHBINA TUI OOMOTKH.

7.3.103. Kak BbIOMpaeTcs mpsiMOYTOJIbHBIM MTPOBOJ M YTO MPUHUMAETCS
IIpU 3TOM BO BHUMaHue?

7.3.104. Kak HaMaTbIBaeTCsl MPSMOYTOJIbHBIN MPOBOJ (TUIalIMs MM Ha
pedpo) B HEMPEPHIBHON KaTyIIeuHOH 00MOTKE?

7.3.105. Kak ompenensiercs npeaenbHOE 3HaUYCHHE OOJBIIETO pa3Mepa
MPSIMOYTOJIBHOTO TTPOBOIA?

7.3.106. Kakoe 3HaueHHE MJIOTHOCTHU TEIJIOBOTO MOTOKA MCIOIB3YETCS
IpU ONpeNeICHUHN MPeAeIbHOTO 3HAaUeHHsI OOJIBIIET0 pa3Mepa MpsSIMOYTOJib-
HOT'0 IpoBoOa?

7.3.107. Ilepeuncnure nsaTh TpeOOBAHUM, KOTOPbIE HEOOXOIUMO COOJIIO-
JaTh MpU BEIOOPE MPSIMOYTOJIBLHOTO MPOBOAA?

7.3.108. Yto pexkoMeHayeTcs JnenaTh NpHU BBIOOpE MPSMOYTOJbHOTO
MPOBOJA JJIs MOTYYeHHs 60Jee KOMIAKTHON KOHCTPYKLIUHA OOMOTOK?

7.3.109. Kakoii BeTMYMHON OrpaHUYMBAETCS OTINYHUE PATUAIBHBIX pa3-
MEpOB KaTylIeK?

7.3.110. Kak obGecrnieunBaeTcsi JOMYCTUMOE OTJIMYHME PaJUAIIbHBIX pa3-
MEpOB KaTylek?

7.3.111. 3aueM orpaHMyMBaeTCs OTIIMYME PAJAUAIBHBIX Pa3MEPOB KaTy-
mek?

7.3.112. Korga BO3MOXHO YMEHBIICHUE KOJIUYECTBA paiMaIbHBIX KaHa-
JIOB U BBITIOJIHEHHUE JIBOMHBIX KATyIIEK?

7.3.113. [losicHUTE KOHCTPYKLIUIO JBOMHOM KATYLIKH.

7.3.114. IIpowiUTIOCTpUPYUTE CEYEHHE BUTKA HEMPEPHIBHOW KAaTyIlleu-
HOM OOMOTKH, COCTOSIIIETO U3 HECKOJBKHUX AJIEMEHTAPHBIX TPOBOIHUKOB.

7.3.115. Korga m 3adeM BBINOJHAETCS TPAHCIIO3UIUS BUTKOB HEMpE-
PBIBHOM KaTyIIeYHOH OOMOTKHU?
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7.3.116. Kak onpenensieTcss KOJIMYECTBO BUTKOB B PETYJIIMPOBOYHBIX, OC-
HOBHBIX KaTyIIKaX U KaTylIKaX ¢ yCUJIEHHON U30JIA1Hei?

7.3.117. Kak omnpenensercss 4UCIO PeryJnpOBOYHBIX. OCHOBHBIX KaTy-
HIEK U KaTYIIEK C YCUJICHHOW U30JISIIUEN?

7.3.118. Jlyig 4ero BBINOJHAKOTCSA KAaTYIIKA C YCHJICHHOW HW30JSLUCH?
[TosicHuTe KOHCTPYKIUIO KaTYIIKU C YCUJIEHHOW M30JIALIUEH.

PacyeT uunuHapn4eckon MHOroCnouHou
0OMOTKM M3 NPSAMOYroNibHOro NpoBoAa

7.3.119. HazoBure kiacc HampspKeHHs] TpaHCPOPMATOPOB, Y KOTOPBIX
MPUMEHSETCS [IWINHIpUYECcKass MHOTOCIIOHAas 0OMOTKa U3 MPSIMOYTOJILHOTO
MPOBO/IA.

7.3.120. Kak u nouemy HaMaTbhIBaeTCsl MPSIMOYTOIBHBIA TPOBOJ (TLTalll-
Ms UM Ha peOpo) B UIMIMHAPUYECKON MHOTOCIONHON 00MOTKE?

7.3.121. Kak BbIOMpaeTcst MpsSMOYTOJIbHBIA MPOBOJA, YTO MPUHUMAETCS
IIpU 3TOM BO BHUMaHUe?

7.3.122. Kak nmoaTBepx)aaeTcs HEOOXOIUMOCTh HAJIMUUS OCEBOTO OXJia-
KJIAIONIero KaHasua?

7.3.123. Kak pacnpenensiercs uncio cioeB ooMoTku BH mexny kartyii-
KaMH, pa3/IeICHHBIMHU OCEBBIM OXJIaXK/IAIOIIUM KaHaIoM?

7.3.124. Yem 000CHOBBIBAETCS OTIUYME B YUCIE CIOEB KaTyIIEK, pa3jie-
JIEHHBIX OCEBBIM MACIISIHBIM KaHAJIOM?

7.3.125. Kak omnpenensiercs IVIOTHOCTh TEIUIOBOIO MOTOKA Ha OXJaX-
JTaeMOM MOBEPXHOCTH OOMOTKH?

7.3.126. Kak MOXHO U3MEHUTH YHCIIO CIIOEB OOMOTKH?

7.3.127. Kak paccuuThIBaeTcsi OCEBOIl pa3Mep OOMOTKM Ha Ha4aJlbHOM
aTarne pacyera’?

7.3.128. Kak paccuuTbIBaeTCs YTOUHEHHBIN 0CeBOM pazmep 0OMOTKU?

7.3.129. TIpounmocTpupyuTe CEYeHUE BUTKA MHOTOCIONHOMN ITUIWH/I-
pu4ecKkoil 0OMOTKH, CHOPMHPOBAHHOE HECKOJIBKUMU 3JIEMEHTAPHBIMH IPO-
BOJHUKAMHU.

7.4. OnpegeneHune napaMeTpoB KOPOTKOIO 3aMbIKaHMUSA

7.4.1. Uto Takoe MOTepU KOPOTKOT'O 3aMbIKAHUS M KaKUe OHU UMEIOT CO-
CTaBJIAIOLIHE?
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7.4.2. OT KakuX MapaMeTpoOB M KaKuM 00pa3oM 3aBUCIT OCHOBHBIC IIO-
Tepu B 00MOTKe TpaHcopmatopa?

7.4.3. Kak pacCUMTBIBAIOTCS MOJHBIE TOTEPH KOPOTKOTO 3aMbIKAHUA?

7.4.4. TlosicHUTE OT KaKMX MapaMeTpOB U KaKUM 00pa3oM 3aBUCUT KO-
s urreHT 106aBOYHBIX TOTEPh OOMOTOK?

7.4.5. HazoBuTe HOPMHUPYEMOE OTKJIOHEHUE PACUECTHOIO 3HAYECHUS IO-
TE€pbh KOPOTKOTO 3aMbIKaHUS OT 3a/IaHHOTO.

7.4.6. U3noxurte paccykIeHus, KOTOPBIMU I1eJ1ecO00pa3HO PYKOBO-
JICTBOBATHCS ISl YCTPAHEHHUS] HEJAOMYCTUMOTO OTKJIIOHEHUSI PACUE€THOTO 3Ha-
YEeHHs TOTePh KOPOTKOI'O 3aMbIKaHUs OT 3a1aHHOTO.

7.4.7. HazoBute aBa cocTosiHusl TpaHcpopmaTopa, HAXOAsICh B KOTOPBIX
OH 00J1aJ1aeT HOMUHAJIBHBIMU MOTEPAMH KOPOTKOTO 3aMbIKAHMS.

7.4.8. UTo Takoe HalpsyKeHHE KOPOTKOTO 3aMbIKaHUsA?

7.4.9. OT Kakux mapameTpoB U KaKUM O0OPa3oM 3aBHUCST aKTUBHAS U pe-
aKTUBHAs COCTABJISIOIIME HAMIPSHKEHUS] KOPOTKOTO 3aMbIKaHUS ?

7.4.10. Kak u 3a4eM NpOBOJAUTCA ONBIT KOPOTKOI'O 3aMbIKaHHS TpaHC-
dbopmatopa?

7.4.11. Kak nony4utb HEOOJbIIOE U3MEHEHHE PEAKTHUBHOW COCTaBJISIO-
el HanpsHKEHUs KOPOTKOTO 3aMbIKaHUA?

7.4.12. Kak moJiydyuTh CYHIECTBEHHOE€ M3MEHEHHE PEAKTUBHOW COCTaB-
JSIOIIEN HAMPSHKEHUS] KOPOTKOTO 3aMbIKAHUS ?

7.4.13. Kak MOKHO U3MEHHUTH JIEKTPOJABHUKYIIYIO CHIIy BUTKA?

7.4.14. Yto Takoe aBapuiiHOE KOPOTKOE 3aMbIKaHUE?

7.4.15. OT 4ero BO3HUKAIOT MEXaHUYECKUE CUIIbI B 0OMOTKaxX?

7.4.16. Kak naelcTBYIOT paaualibHble MEXaHUYECKHUE CUJIbl HA OOMOTKHU
HH u BH?

7.4.17. Ha xakue 37eMEeHThl KOHCTPYKIIMM OOMOTOK JIEUCTBYIOT OCEBbIE
MEXaHUYECKUE CUIIbI?

7.4.18. Tlosicuute Haunbosiee HEONArONMPUITHOE B3AaUMHOE PACIOJIOXKE-
Hue oomotok HH u BH mo cooOpaxeHnsM BO3HUKHOBEHUSI OCEBBIX MEXaHU-
YECKUX CHJL.

7.4.19. HazoBuTte nmpeAenbHO AOMYCTUMbBIE MEXAHUYECKUE HANPSIKEHUS
CoKaTHsl 17151 TPOBOJIa MEHBIX U AJIFOMUHUEBBIX OOMOTOK.

7.4.20. HazoBuTe mpeaenbHO TOMYCTUMbIE MEXAaHMYECKUE HAMPSIKECHUS
Ha pa3pbIB JJIs1 IPOBOAA MEJAHBIX U AIFOMUHHUEBBIX OOMOTOK.

7.4.21. Ha3zoBute npeaeiabHO JOMYyCTUMbIE MEXaHUYECKUE HAIPSKEHUS
CoKaTHsI Ha OMOPHBIX MOBEPXHOCTSIX CIIPOCKTUPOBAHHOTO TpaHCcPopMaTopa.

7.4.22. Ha3oBuTe mpeneabHO TOMYCTUMBbIE TEMIIEpaTypbl MEIHBIX U
AIIOMUHUEBBIX OOMOTOK MPU KOPOTKOM 3aMbIKaHUU TpaHc(opmaTopa ¢ Mac-
JITHBIM OXJIQXKICHUEM.
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7.5. OKOHYaTeNbHbIN pacyeT MarHUTHOW CUCTEMbI
OnpeneneHne napamMeTpoB XONOCTOro XoAa

7.5.1. Ilepeuncnure HAaMMEHOBAHHS PAa3MEPOB MArHUTHOM CHCTEMBI
TpaHchopmaropa.

7.5.2. Kak onpenenTb pacCTOSHUE MEXKIY OCSIMHU COCETHUX CTEPIKHEN?

7.5.3. Kak onpenennuTts IJIUHY CTEPKHS?

7.5.4. Kak onpenenuTts BBICOTY sipMa, IIUPUHY CTEPHKHSA?

7.5.5. Kak onpeaenuTs LIMPUHY ApMa, TOJNIINHY HaKETOB CTEPHKHS?

7.5.6. UTo Takoe moTepu XO0JI0CTOro xoaa?

7.5."7. HazoBute InpenesbHOe OTKIOHEHNUE PACUYETHOIO 3HAUYCHUS IIOTEPh
XOJIOCTOTO X0Ja OT 3aJaHHOTO.

7.5.8. Kak 1 3auemM ImpoOBOAMUTCS OMBIT XOJIOCTOTO X0Aa TpaHchopmaTo-
pa?

7.5.9. OT Kakux mapameTpoB M KaKUM 00pa3oM 3aBUCSIT MOTEPHU XOJO-
cToro xona?

7.5.10. OT Kakux MapaMeTpoB U KakKUM 00pa3oM 3aBUCUT TOK XOJIOCTOTO
xoaa?

7.5.11. UBnoxute paccyxkaeHHs, KOTOPBIMH II€I€CO00pa3HO PYKOBO-
ICTBOBATHCS ISl YCTPAHEHUS! HENOITYCTUMOTO OTKJIIOHEHHUS PACUETHOIO 3Ha-
YEHUS IMOTEPh, TOKA XOJIOCTOr0 X0Aa OT 3aJaHHbIX.

7.5.12. C kakol UEIbI0 CEUEHHsI CTEPKHS U sipMa BBINOJHAKOTCS CTY-
MeHYaThIMU?

7.5.13. Kak MOXHO yMEHBUIUTh MAacCy MarHUTHON CUCTEMBI MPOEKTH-
pyemMoro TpaHncdopmaropa?

7.6. OueHKa aKcnnyaTauMOHHbIX CBOUCTB TpaHccthopmaTopa

7.6.1. OT 4ero 3aBUCHUT U3MEHEHUE BTOPUYHOIO HaNpskeHust AU?

7.6.2. Kak cka3pIBarOTCs MOJOKUTEIBHOE U OTPULIATENIBHOE 3HAYEHUS
AU mipu yBelIMYEHUU HArpy3Ku TpaHc(opmaTopa Ha €ero BTOPUYHOM HAMps-
HKEHUU?

7.6.3. KakoMy xapakTepy Harpy3ku U mnpu KakoMm KoddduimeHnre Ha-
IPY3KH COOTBETCTBYET HauOOJIbIlIEE M3MEHEHHE BTOPUYHOTO HAIPSKEHUS
Tpanchopmaropa?

7.6.4. Kak cka3bIBacTCsl XapakTEp HAarpy3kd Ha OTKJIOHEHWM HaIpsiKe-
Hust AU?

7.6.5. Kak ckaspiBaeTcs OTKIOHEHHE HampspkeHUs AU Ha HapsyKEHUH
BTOPUYHOU 0OMOTKH TpaHcopmaropa?
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7.6.6. Ilpu kakoMm xapakTepe Harpy3ku OTKJIIOHEHUE HAINPSIKEHUS Mak-
cuMalibHOE?

7.6.7. Ot yero 3aBUCUT KOA((PUIIMEHT MOJE3HOTr0 AeHCTBUSA TpaHChOp-
Maropa?

7.6.8. OT yero 3aBUCUT KOA(DDUIIMEHT HATPY3KHU, TPU KOTOPOM K03 hu-
LUEHT TOJIE3HOT0 JEHCTBUS PaBEH MaKCUMAaJIbHON BETUYUHE?

7.6.9. OT yero 3aBUCHUT MaKCUMaJbHOE 3HaueHUE Kod(p UIMEeHTa MO-
JIE3HOTO JEUCTBUS TpaHchopmaropa?

7.6.10. Kako#t u3 ABYX MOHMXAIOMIMX TPaHC(HOPMATOPOB C Pa3IUYHBIMU
koapurrieHTaMu TpaHncPopMaluu TOTOJHUTENBHO HArpyXaeTcsi ypaBHHU-
TEJIbHBIM TOKOM?

7.6.11. Kakoil u3 1ByX MOBBIIIAIOMIMX TPAHCPOPMATOPOB € PA3TUUHBIMU
koapurrieHTaMu TpaHncPopMaluu TOMOJHUTENBHO HArpyaeTcsi ypaBHHU-
TEJIbHBIM TOKOM?

7.6.12. Kako#t u3 ABYX MOHMXAIOMIMX TPaHC(HOPMATOPOB C Pa3IUYHBIMU
koadpurrieHTamMu TpaHchopMauu pa3rpyKkaeTcs ypaBHUTEIbHBIM TOKOM?

7.6.13. Kakoil u3 1ByX MOBBIIIAIOIINX TPAHCPOPMATOPOB € PA3IUUHBIMU
koappurreHTamMu TpaHchopManuu pa3rpykaeTcs ypaBHUTEIbHBIM TOKOM?

7.6.14. Kakoe cOOTHOIIEHHME HOMHMHAJIBHBIX MOIIHOCTEH TpaHchopMa-
TopoB gomyckaerca ['OCToM nmpu ux BKIIIOUEHUHU Ha NapaJlJIeIbHYI0 padoTy?

7.6.15. Kakoii u3 aByx TpaHc(hopMaToOpoB pa3IMUHBIX MOIIHOCTEN J0C-
TUTHET MEePBbIM HOMUHAJIBHON MOIIIHOCTU TIPU MOBBIIICHUH HArPy3Ku?

8. MEPEYEHb UCMOJIb3OBAHHbIX NICTOYHMUKOB

1. Tuxomupos I1.M. Pacuer TpanchopmaropoB: Yuebd. nmocobue s
BY30B.- 6 u3n., crepeorunHoe. — M3narensckuii oM AnbsHe, 2009.-528 c.:
WiI.
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2. CTO TIIY 2.5.01-2011 Cranpapt opranuzanuu. Cucrema oopa3o-
BaTEJIbHBIX CTaHAAPTOB. PaboOThI BBIMYCKHBbIE KBaTU(UKAIIMOHHBIE, TPOEKTHI
1 paboThl KypcoBble. CTpYKTypa U npaBuiia opopMIIeHUS.

3. Yemwesa T.B., Bunokyposa I'.®., Ctykau B.C. KoncTpynpoBanue
TpaHchopmaropoB. YuebHoe nocodue. - Tomck: U3n-so TIIY, 1992.-116 c.:
WiI.

4. PacyeT CWIOBBIX TPaHC(HOPMATOPOB C ECTECTBEHHBIM MAaCISTHBIM
OXJIAKJIEHUEM: METOIMUYECKHE YKa3aHUsl K BBIIIOJIHEHUIO KypCOBOTO MPOEKTa
/ coct. B.M.Urnarosuu, B.B.I'onemrpeiin. - Tomck: M31-Bo Tomckoro mosu-
TeXHUYECKOro ynusepcurera, 2008.-52 c.

5. Konsuos W.II. Dnexrpuueckue MamuHbl: Y 4eOHUK-4-€ U3/., UCTIP.
- M.: Beicirag mikoia, 2009. — 607 c., u.

6. Tokaper b.®. Dnekrpuueckrue MalmMHbl. — M.: DHeproaTroMu3aar,
1990.-624c.

MPUNOXEHUE 1

¢opma TUTYNbHOrO NINCTA NOACHUTENbLHON 3aNUCKK
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MHUHHUCTEPCTBO OBPA3OBAHUS U HAYKH
POCCHUHCKOM ®EJIEPAIINA
FOCYIIapCTBeHHOC O6p330BaTeJ'IBHOG YUPCIKACHUC BBICHICTO HpO(i)eCCI/IOHaJIB-
HOTO 00pa30BaHUs
«HALTMOHAJIBHBIN UCCJIEJJOBATEJIBCKUI TOMCKUI
[NOJINTEXHUYECKNI YHUBEPCUTET»
JHepreTH4eCKUM HHCTUTYT

HamnpagneHnne — «IEKTPOIHEPTETUKA U IIEKTPOTEXHUKA
Kadenpa «3nexkrpomexaHu4eCKre KOMILIEKCHl U MaTePHUAIIBI

PACYET AKTUBHOM YACTH ¥ OIIEHKA
SKCILTY ATAIIMOHHBIX CBOVMCTB
CUJI0BOI'O TPAHC®OPMATOPA
[losicHuTeNnbHAS 3aMTUCKA K KypPCOBOMY MPOEKTY MO TUCLUILTUHE
«ONEKTPUYECKHE MAITUHBI)

®HOPA 672000. XXX I13
CryneHT (ka)
TPYIITIBI (ToAmuch, nata)
®.1.0.
[IpenopnaBarennb (momuch, 1ara)
®.1.0.
Tomck — 20

47



MPUNOXEHUE 2

dopma bnaHka 3agaHus

MHUHHUCTEPCTBO OBPA3OBAHUS U HAYKH
POCCHUHCKOM ®EJIEPAIINA
FOCYIIapCTBeHHOC 06paSOBaTeJIBHOC YUPCIKACHHUC BBICIICTO HpO(i)eCCI/IOHaJIB-
HOTO 00pa30BaHUs
«HALITMOHAJIBHBIN UCCJIEJJOBATEJIBCKU TOMCKUI
[NOJINTEXHUYECKNI YHUBEPCUTET»
JHepreTH4eCKUM HHCTUTYT

YTBEPXKIAIO
3aB. kadenpoit IKM A.C. UBammyTeHko
« » 20 T
3AJAHUNE
10 KypCOBOMY IIPOSKTHPOBAHUIO CTYJICHTY
WHCTUTYTA Kypca TPYIIIBI
1. Tema mpoekra: «PACYET AKTHBHOM YACTH H OIEHKA

SKCILTYATAIIMOHHBIX CBOMCTB CHJIOBOI'O TPAHC®OPMATOPA»
2. Cpok HayaJia IpOEKTUPOBAHUS
3. Cpok ciauu CTyJIEHTOM 3aKOHYEHHON pabOThI
4. VicxonHbie TaHHBIE K MIPOEKTY:

Su= KBA;

UBH= KB; Unn= KB;
Po= KBT; Px= KBT;
Uk= % i= %
m=3; =50I"11;

OXJIAKJICHUE —€CTECTBEHHOE MACISHOE;
pPEeXHUM paboThl- S1.
5. JlokyMeHTaIus: IOSICHUTENbHAs 3alliCKa, COOPOUHBII YepTeX aKTUBHOW YacTH

Jlara BbITaun 3agaHust

PykoBoauresanb (moamuck, 1aTa)

3aIIaHI/IC K BBIIIOJIHCHHIO ITPHUHAII (naTa, IO AITNUCH CTYIICHT&)
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MPUNOXEHUE 3

[Mpumep pacyeTa

3AOAHUE

MoutHocts TpanchopmaTopa Sz =1600 kBA; uncno a3 m=3; yactora
f=50T'n. Homunansneie HanpspkeHus oomortok: U gp =35, kB; U g =3,15,

kB. Pexxum paboThl mpogospKuTenpHbIN. HanpsbokeHrne KOpoTKOTro 3aMbIKaHUS
u g =6,5%; norepu xoporkoro 3ameikanus Pg =18000 Bt; nmorepu xosnocToro

xoxa F;=3650 Bt; Tok xomocroro xona iy=1,4%.

1. ONMPEAENEHUE OCHOBHbIX SNEKTPUYECKUX BENMUYUH

Pacuer MMpoOBOAUM IJIA TpeX(I)aBHOFO TpaHC(bopMaTopa CTCPIKHCBOI'O THU-
I1a.
PacueTtsl TpaHC(bopMaTopa BBITIOJITHATOTCA IIO MCTOAUKCEC, HU3J10)KCHHOH B

MotHOCTb 0J1HOH (a3bl U OJTHOTO CTEPKHSA:

Spp = s/ = Sy /3=1600/3 =5333, xkB-A.
HomuHanbHbie (JIMHEHHBIE) TOKHM OOMOTOK
BH: I, = Sy /(N3 -Ugp ) =1600-103 /(+/3-35000) = 26,4, A;

HH: I, = Sy /(N3 - Uy ) =1600-10% /(+/3:3150) = 293, A.

Bri6upaem cxembl U rpyniy coequHeHus: ooMoTok Y/Y(-0. BeiOpanusbie
CXEMbI MpeaycMOTpeHbl ['ocyqapcTBEHHBIM CTaHAAPTOM U MpeIHA3HAUYEHBI
it Tpex@a3HbIX ABYXOOMOTOUYHBIX TpaHchopmaTopoB. Da3Hble TOKU paBHbBI
JIMHENHBIM.

da3zHple HanpsKEeHUs: 0OMOTOK MPU BHIOPAHHOM cXeMe COeIMHEHHUs 00-
MOTOK:

BH: Uy =Uppy /+/3 =35000/+/3 = 20207, B;
HH: Uy =Upyy /3 =3150/+/3 =1819, B.

BriOupaem ucnbITaTeNbHblEe HANpsbKeHUss oOMOTOK mo Tabn. 4.1: mns
oomorku BH U, ., =85 kB; nns oomorku HH U, =18 xB.

CornacHo pekomeHpamusaMm §1.1, B 1enIX SKOHOMHUHU 3JIEKTPOIUTHYE-
CKOW MeJu, B BUIY OOJIBbIIICH PacIpOCTPAHEHHOCTH M JOCTYITHOCTH aJllOMU-
HUS, MPUHUMAEM MaTeprall 0OMOTOK — aJTFOMUHHM.
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ITo Tabu1. 5.8 BeIOMpaeM npeaBapUTEIHHO TUIT OOMOTOK:

oobmotka BH nipu nHanpspkenuu 35 kB u Toke 26,4 A — nunuHApUYecKas
MHOTOCJIOMHAs U3 IPSIMOYTOJIBHOTO aJTFOMUHHUEBOTO MIPOBO/IA;

oomorka HH npu nanpspkenun 3,15 kB u Toke 293 A — nunuHapuye-
CKasi MHOTOCJIOMHAS U3 IPSIMOYTOJIBHOTO alTFOMUHUEBOTO ITPOBO/IA.

Jlns ucneltaTenpHoro Hampsbkenus oomorku BH U, ., =85 kB no tabu.

4.5 HaxoOuM H30JSILMOHHBIE PACCTOSIHMA: djp =30 MM, T.K. HEOOXOAUM
3Kp
MEKTPOCTATHYCCKHI dKpaH; [ =75 MM; 617 =5MM; ap =30 Mm; /;5 =50 mMm;
097 =3MM; O,,=2MM.
Jls ucnbiTarensHoro Hampspbkenus oomorku HH U, =18 kB no tab-
miue 4.4 HaXoOuM M30JIALIUOHHBIE PACCTOSHUSA: ag1=15 MM; [j1=75 MMm;
601=4MM; a,1=6 MM; [, =25 MM.

Pacnonoxxenue rinaBuoi nzossanuu oomorok BH u HH npencrasneno na
pucyHke 1.

Puc. 1. I'nasnas uzonayus oomomox BH u HH

[IIupuHa MpUBEAECHHOIO KaHajla PacCesiHUs a P

ap=ap, +(aj+az)/3=0030+0,0306=0,0606, .

e (a;+a0)/3=kVS 1072 =0,6384/533.3-1072 = 0,0306, m,
k=125-0,51=0,638, o Tabm. 3.3.

AKTHUBHAA COCTaBJAOIIAA HAIIPSAKCHUA KOPOTKOI'O 3aMbIKaAHHA:
u, = Py /(10- S5 ) =18000/10-1600 = 1,125, %.

PeakTuBHAasg COCTaBJAOIIAA HAIIPSAKCHUA KOPOTKOI'O 3aMbIKaAHHA:
uyp =l —u? =652 ~1125% = 6,4, %

CornacHo ykazanHusiM §2.3 BbIOMpaeM Tpex(]aszHyro CTEpKHEBYIO LIUX-
TOBaHHYIO MAarHUTHYIO CUCTEMY C KOCBIMHM CTBIKAMHU Ha KPaHHUX CTEPXKHSIX U
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MPSIMBIMH CTBIKAMHU HA CPEIHEM CTepkHeE. [IaH MIMXTOBKM MpEICTaBIECH Ha

puc. 2. Marepuan MarHuTHOW CUCTEMBI — XOJOJHOKaTaHasl TEKCTypOBAaHHAs

pYJIOHHAs 3NIEKTpoTeXHuUeckas craiib Mapku 3404 tonmunoit 0,30 Mm.
Wunykuusa B crepxHe B,.=1,62 Ta cormacHo pekomMeHaanusM TaoOl.

2.4.
B ceuenun ctepkHs BoceMb CTymneHer, KodhPUIMEHT 3amoJHEeHUsI Kpy-
ra ka =0,928, cornmacHo Taba. 2.5; WM3OJALMS IJIACTUH — HArpeBOCTOMKOE

W30JISIIIMOHHOE TOKPHITHE; KOI(PDUIIMEHT 3aloHEHUS CEUCHUsSI CTEePKHS
AIIEKTPOTEXHUYECKOH cTanblo k,=0,96, o Tabm. 2.2.

Puc.2. IInan wiuxmoexku Ma2HuUmHoOUu cucmembl

Koadduunent 3anonnenus cransto: k. = kak3 =0,96-0,928 =0,891.

SIpMO MHOTOCTYIEHYATOE, YUCIIO CTYIECHEH IIeCTh, KO3(PPUIIMEHT yCH-
neHus spma k,=1,027, no tabi. 8.7.

Wunykuusa B sspme: B, = B. /k,; =1,62/1,027 =1,58, Tu.
Uucno 3a30poB B MarHUTHOM CHCTEME: Ha KOCOM CTBIKE 4YEThIpe, Ha

pssMOM Tpu. MHIyKIMs B 3a30pe Ha IPSAMOM CTBIKE: B3/,/ =B, =162, Tn; na

KOCOM CTBIKE BS/, =B, /N2 = 1,62/\/5 =1,146, Tn.
[lo tabn. 8.10 ompexenseM yaenbHbIE MOTEPU B AIEKTPOTEXHUUECKOU
CTaJM: B CTepKHAX p.=1,278 B1/kr; B sipmax p,=1,190 Br/kr.

ITo Ta6n. 8.17 ynenbHble HAMAarHUYMBAIOIIME MOITHOCTH: B CTEPIKHSIX
q.=1,850 BA/kr; B sipmax ¢, =1,600 BA/kr; 111 HEMarHUTHBIX 3a30pOB B

IPSIMBIX CTBIKAX qé,/ =25100 BA/M* ; Ans HEMAarHUTHBIX 3a30POB B KOCHIX

CTBIKaX qé,/ =3190 BA/M™.

[lo Tabxn. 3.6 HaxonuMm KO3(PUIMEHT, YUYUTHIBAIOUIUN OTHOILIEHHUE OC-
HOBHBIX IIOTEPh B 0OMOTKAX K NOTEPAM KOPOTKOro 3aMblkanus ky=0,91 u no

Taba. 3.4 u 3.5 — nmocTostHHBIE KO3(PHUIIMEHTHI TSI ATFOMUHUEBBIX OOMOTOK:
a=1,40-1,06=1,484; b=0,31-1,25=0,388. Ilpunumaem kod3pdunuest Poros-
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ckoro k,,=0,95 (ko> @uImenT npuBeIeHNs HICATU3UPOBAHHOIO MO pac-

CEesIHUS K peajbHOMY).

2. PACHET OCHOBHbIX PASMEPOB TPAHC®OPMATOPA

ITo dopmynam (3.30), (3.36), (3.43), (3.44), (3.52), (3.65) HaxoauM KO-
¢ puULMEeHTHI:

A=0,5074

/
S'a  k . )
Pr 05044 5333 0,06;)6 0,952 _0.035:
fit B2k 50-6,4-1,62% 0,891

Ay =5,633-10%,.4%a = 5,633-10% -0,891-0,235° - 1,484 = 964,7, kr;

Ay =3,605-10%k . 4%1y =3,605-10%-0,891-0,235% 0,075 =132,9, kr,
rae ZO = 0,5(101 + 102) = 0,5(0,075 + 0,075) =0,075, m;

By =2,4-10%k k4> (a+b+e) =
=2,4-10%.0,891-1,027-0,235° (1,40 + 0,31+ 0,41) = 529,7, kr;
B, = 2,4-104kckﬂA2(a123Kp +ayy) =
=2,4-10*.0,891-1,027-0,235%(0,030 + 0,030) = 72,7, k;

C12:1072Sya®  12-1072-1600-1,4842

G ~
kok2B2u 4> 091-0,891% 1,622 -1,125-0,2352

=359.4, xr;

~ 6,2 Pg
M = 015610 ki skoky, K- =

~0,156-107%.34,19%.0,91- 0,95ﬂ —8.14, MIla
1,484-0,235

rae ky , = 1,41@(1%‘”““/ “ry = 1,41%(1%_”'1’125 164y =3419.

u K )

B coBpeMeHHBIX 3KOHOMHUYECKHUX YCIOBHIX ONMpeesonumMu Gpakropa-
MU ONTHUMH3ALUU TPAHCPOPMATOPOB SIBJISIOTCS CHM)KEHHE OTHOCUTEIBHOU
MaccChbl, YMEHbIIIEHUE radapuToB, 3aTpaT MaTEPUAJIOB U IMOBBIIICHUE YHEPre-
TUYECKUX IoKa3aTenel. OnpeneneHue OCHOBHBIX pa3MepoB TpaHcpopmaTopa
IIPOBEJIEM 10 YCKOPEHHOMY METOAY.

[lo Tabn. 2.5 npuHUMaeM PeKOMEHAOBAHHBINA TuaMeTp cTepxkusa d=0,25,
M.

x=d/A=0,25/0,235=1,064;

x2 =1,0642 = 1,133 x> =1,064> =1,206:
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B =x*=1064* =1,2836.
3HayeHue £ JISKUT B peKOMeHJ0BaHHOM Ta0. 3.12 mpexaene — 1,2+3,6.

Macca crepKHE MAarHUTHOM CUCTEMBI:

4
G, =Lt 4yx? = 964’1 +132,9-1,133 =1057,25, .
X

b

Macca sipM MarHUTHOW CHCTEMBI:

G, = le3 + Bzx2 =649,1-1,206+72,7-1,133 = 865,184, xr.

Macca MarHuTHOW CHCTEMBI:

Gy =G.+G,; =1057,254+ 865,184 =1922,434 , xr.

Macca oHOTO yrjia MarHUTHOM cUCTeMBI o opmyrie (3.45a):

4 3.3

G, =0,492-10"k kA" x" =

= 0,492-10%.0,891-1,027-0,235 -1,206 = 70,32, k.

AKTHBHOE cedeHue crepxHs 1o hopmyne (3.59):

11, = 0,785k, A*x* =0,785-0,9-1,03-0,235% - 1,133 = 0,0437 , m".

[Imomans 3a3opa:

Ha MPSIMOM CTBIKE HS/,/ =11, =0,0438, M

Ha KOCOM CTBIKE Hé, = HC\/E =0,0618, M.

Jl1s1 BBIOpaHHOM MarHUTHOM CUCTEMBI (pUC. 2) MOTEPU XOJIOCTOrO X0/aa
paccuuThIBatoT 1o popmye (8.33):
Py =k 9pc(Ge +0.5k, ,G))+ky 9pq(Gy —60G), +0,5k, ,G,,) =
=L15-1278(G. +0,5-10,45G,,) + L15-1190(G, —6G, +0,5-10,45G ) =
=147G, +1,37G; +6,62G ), =1,47-1057,25+1,37-865,184+6,62-70,32 =

= 3205, Br.
Py = 3205, Br < 3650, Br.

PacyeTHOE 3HAaUEHHME MOTEPH XOJOCTOTO XOJa MEHbIIE 33JaHHOTO, YTO
YJIOBJICTBOPSCT TEXHUYECCKUM TPEOOBAHMSIM, MPEIBIBIIEMBIM K TpaHCQOp-
MaTopam.

Hamarauuuparonast MOIIHOCTG 110 hopmyiie (8.44):

Qo = k/m,ék;z,aqc(Gc + OaSkm,ykm,nﬂGy) + k/mﬁkiz,d%z (G, — 6Gy +

//
+ O,Skm’ykm’nﬂGy) + km’62q3n3173 =
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=1,20-1,07-1,850(G,. +0,5-41,7-14G,) +1,20-1,07 -1,600(G,, — 6G,, +
+0,5-41,7-14G,) +
+1,07-3190-4-0,0618 +1,07-25100-3-0,0437 =
=238G, +2,05G,, +117G, +4366,6 =

2,38-1057,25+2,05-865,184 +117 - 70,32 + 4366,6 = 16883,92 , B-A.

Oy 1688392

108, 10-1600

PacuerHoe 3HaueHHME TOKa XOJIOCTOTO XOJa MEHBIIE 3aJaHHOTO, YTO
yIIOBJIETBOPSIET TEXHUUECKUM TPEeOOBaHMSIM, MPEIBABISIEMbIM K TpaHCchOp-
MaTopam.

IImoTHOCTH TOKA:

J= | FoPr g6 _ | 0118000 56 _ 5 013,106 A < 2.7 MAAL,
12,75G, 12.75-317.21

C

e Gy =Sl o 359,4
2 1133

MCXaHI/ILICCKI/IC HaHpH)KCHI/IH Ha pa?)pBIB B O6MOTKaX:

o, =Mx> =814-1,206=9,82, MIla < 25 MITa.

Huametp crepxus d =0,25, m.
AkTHBHOE ceuenue cTepxkus 11, =0,0438 M°.

Toxk xonocroro xozna: i = =1,055% < 1,4%.

=317,21, xr - Macca MeTaJl1a 0OMOTOK.

Cpennuit nuameTp 0OMOTOK

diy =aAx =1,484-0,2349-1,064 = 0,371, m.

Beicora oomotok / = dy, / B =7-0,371/1,2836 =0,905, m.

Beicora crepxnusal,. =1[+2[; =0,905+2-0,075 =1,055, m.

PaccrosHue Mexay CcTepKHIMU

C=djy+ajp +bd +ay, =0,371+0,030+0,388-0,25+ 0,03 = 0,530, m.

ONEKTPOABHKYILAS CHJIA OTHOTO BUTKA

u, =4,44- f11.B. =4,44-50-0,0438-1,62 =15,72, B.

BbIBO/I: BeiOpanbl MaTepuaibl MarHUTHOM CHCTEMbI U OOMOTOK, MpO-
U3BEJIEH pacueT OCHOBHBIX pa3MepoB TpaHcpopmartopa. [IpenBaputenbHble

PaCUYCTHBIC 3HAYCHHA ITOTCPb U TOKA XOJIOCTOI'O XOJ44a YAOBJICTBOPAIOT TCXHH-
YCCKUM Tpe6OBaHI/I$IM, NpCaAbABILICMBIM K TpaHC(l)OpMaTOpaM.
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3. PACHET OBMOTOK HH v BH

3.1. Pacuet oo6moTku HH

Yucno BUTKOB Ha ojiHYy ¢azy oomoTku HH

wy =Ugy /(4,44 fII.B.)=1819/4,44-50-0,0438-1,62 =
=1819/15,75=115,49

[Ipuaumaem wy| =116 BUTKOB.

YTounsem:
HanpsHKEHUE OJHOTO BUTKA U, = Uqbl /wy; =1819/116 =15,68, B;

HCﬁCTBHTeHBHyIO HHAYKIOWIO B CTCPIKHC

B, =u, /(4,44 f1,) =15,68/(4,44-50-0,0437) = 1,615, Tu.

3HaueHue HUHAYKINHN HaXO0AUTCA B PECKOMCHAYCMOM npeacie
B. =1,55+1,65 , Tn no Ta6x. 2.4.

CpenHsist IIIOTHOCTh TOKa B 00MOTKax 1o (hopmyiie (5.4)
Jop = 0,463k, Lrls 104 _ 0,463.001130001568 545 503, MAM

Sydis 1600-0,371

3HadyeHne IOTHOCTH TOKA YAOBJICTBOPACT PEKOMCHIOBAHHOMY HHTCP-
BaJry Tabi. 5.7.

CeueHue BUTKA OPUCHTUPOBOYHO

M}y =111 J g, =293/(2,003-10°) =1463-107°, v,

[To Tta6n. 5.8 mo momuoctu 1600 kBA, Toky Ha oauH cTepxkenb 293 A,
HOMMHAJIBbHOMY HampsbkeHuro ooMoTku 3150 B u ceueHuro BUTKa MOATBEp-
KJaeM IpeJBapUTEIbHBINA BBIOOP KOHCTpyKIMH oOMoTkM HH, xak muimHz-
PHUYECKON MHOTOCJIOMHON OOMOTKH U3 MPSIMOYTOJIBHOTO aJIFOMUHHUEBOTO IIPO-
Bosna. OOMoTky HH npunumaem u3 yetbipex cioeB. Toraa 4ncio BUTKOB B
OJJHOM CJIO€ W.;1 =Wy /n., =116/4=29.

OpHEeHTUPOBOYHBINH OCEBOW pa3Mep BUTKA

gl =1 (o +1) = 0,905/(29+1) = 0,0301, m,
rae [} =/=0.905m. [y =1=0.905m.

[lpuHUMaeM cedeHHe BHTKA M3 JBYX 3JEMEHTAPHBIX MPOBOJOB (TalII.
5.2), T.K. HET TabaUYHOr0 3Ha4YeHUs b=30MM.
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Haxoaum oprueHTHpOBOYHBIN OCEBOM pa3mep MpoBoia 6€3 U30JALUn
b= (h/gl /2)—26 =(0,0301/2)—-0,0005 =0,0146, m.
IIo mony4eHHbBIM OPUEHTUPOBOYHBIM 3HAaYeHUSIM [/ é | ¥ b mo Tabm. 5.2

noadupaeM  Ce4YeHHe BHTKa M3 JIBYX [apalieJdbHBIX  MPOBOJIOB:
5,30-14,00
5,80-14,50
MM”. Dckm3 BUTKa ooMotku HH npusenen Ha puc. 3.

AIIB —2 x C CEUYCHUEM JJIEMEHTAPHOTO MPOBOJHUKA 171// =73,3,

[y}
€3]
h

14 .

145
N

29

o'

S
N

~

- :] I

ao

Puc. 3. Ceuenue esumxa oomomrku HH

[Tonuoe ceuenue BUTKa 1] = naﬂﬂl// =2-73,3- 1076 = 146,6 - 1070 M2
[TnotHocts TOKA J| =11 /1] =293- 100 /146,6 = 2,00, MA/Mm.
Yucno BUTKOB B OJTHOM CIIO€
Weat =11 10° /(h ) ~1=0,905-10° /(2-14,5) 1~ 29.
Yucno cinoeB B 00MOTKE 71,1 = Wi/ W1 =116/29=4.
BricoTa 06MOTKH
I = (hyy 1073 )(wyyy +1)+(0,005+0,015) =
=(2-14,5- 1073 )(29+1)+ (0,005 +0,015) = (0,875 +0,885), m.
[Tpunumaem /; = 0,880, m.
OOmumii cymMmMapHbIi MpeAesbHbI paguaibHbId pa3Mep aJlOMUHUEBBIX
poBo10B 110 hopmyiie (5.7)
boon =gk /(1,727 1070) =
=1200-0,75/(1,72-(2,00-107%)% . 1078 = 0,0131, m,
rie g=1200 B1/M? - mpefieIbHO JOMYCTHMOE 3HAYeHHE MIOTHOCTH TEIIOBOTO

MOTOKA.
OO61mumii paguanbHbIA pazMep MeTaia 0OMOTKA
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ang,;| = 5,3-10_3 4 = 21,2-10_3, M OoJIbllIe TPEeAeIbHO JOMYyCTUMOTO, IIO-
TOMY OOMOTKY paseisieM Ha JIBe€ KOHICHTPUYECCKHUE KATYIIKH — BHYTPCH-

HIOIO A ¥ BHEIIHIOIO b, 110 1Ba CJI0s B KaXKI01A.
Mexay KaTylkaMyu OCEBOM OXJIAXKAAOIIMN KaHaAJ IMUPUHON

a/11 =0,01/; =0,01-0,880 = 0,009, m.

Hanpsibxenue nByx cioeB 0OMOTKH

U,enl =2Wepttg =2-29-15,68 =910, B.

Mexpaycioiinas u3onsuus no tadn. 4.7 — kabenpHas 6ymara mapku K-
120 mo I'OCT23436-83E, aBa ciosi, BeICTYyn M3oysiiuu 10 MM € KaxkJ0ro

TOpIIa OOMOTKH.
PanuanbHbiil pazmMep 0OMOTKH

a = [a/ Nenl T O penl (Mg —2)+ 0{1]‘10_3 =
=[5,8-4+0,24(4—2)+9]-107> = 0,0327, m.

BHyTpenHuii tuamerp oOMOTKH

D| =d +2ag; =0,25+2-0,015= 0,280, m.

Buewnuit fuametp oOMOTKH

D{' = D] +2a; =0,280+2-0,0327 = 0,345, m.

CornacHo T1abn. 4.4 oo6omorka HH wnHamatbiBaercs Ha OymaxkHO-

0aKeJIMTOBOM OUJIMHAOPEC C pasMEpaMu

® 0,260 % 0,900, m.
0,268
[110THOCTH TEMJIOBOrO MOTOKA HA MOBEPXHOCTH OOMOTKH IO (opMylie

(7.19)

 Pyouky  6891-1,036
1, 7,77
rac nmoTepru OCHOBHLIC
_ 12 ;2,4 _ -12 62 _ :
Poen1 =12,75-10712 712G,y =12,75-10712(2,00-10%)% -135,12 = 6891, Br;
Macca MeTajia OOMOTKH
G,1 = 847-10° Dy w11} =8,47-10° -3-0,32-116-146,6-107° = 13512, r;

=918, Br/m* < 1200 Br/m>.

q1

rae Dyo,= (D] +D]')/2=(0.280+0.345)/2=0.32, m;

Kod(pduLMeHT 100aBOYHBIX MTOTEPh
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feyy =1+0,037-108 82a*n? =1+0,037-10%.0,876% -5,3% 10712 .42 = 1,036
ol 1

PR 14,0107 580,95
=y 0,880
m=Weyng =29-2=58;

=0,876;

IMOBCPXHOCTDb OXJIAKIACHUS
My = cnk,m(D] + D)l =3-2,0-0,75-7 (0,280 +0,345)-0,880 = 7,77, M.

Macca npoBoja 1o taou. 5.5
anl =G, +(3,3-1,5/100)- G, =135,12+0,0495-135,12 =141,81, xr.

3.1. PacyeTt o6mMoTku BH

Bri6upaem cxemy peryiaupoBanus 1o puc. 4 [1] ¢ BBIBOJOM KOHIIOB BCEX
Tpex gaz oOMOTKH K OJHOMY Tpex(pazHoMy mnepekitouarennto. KoHTakThl 1e-
pEeKIIoYaTelis pacCUUThIBAIOTCS Ha padoumii Tok 26,4 A. Haubonbiiee Ha-
NpsDKEHUE MEXAy KOHTaKTaMM TMepeKiiouarenss B OJHOM (¢aze: pabouee

10/\/§%U2, 1.€. 2020 B; ucneitarensHoe 2 - 10/\/§%U2 , T.e. 4040 B.

Puc. 4. Cxema pezynuposanus nanpsoicenuss oomomku BH

Yucno BUTKOB B O6MOTKC BH IIp1 HOMHWHAJIBHOM HAIIPSKCHUU
Wwyp =Ugy g =20207/15,68 =1289.

Huco BUTKOB HA OJTHOW CTYIEHU PEryJIMPOBaHUs
wy, =AU /(\3ug) =875/(+/316,63) ~ 32,
rae AU =0,025U g = 0,025-35000 =875, B.

JInst nATH CTynEeHE:
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Hanpsxenue, B Yuc0 BUTKOB Ha OTBETBIECHUAX

36750 1289+2-32=1353
35875 1289+32= 1321
35000 1289
34125 1289-32= 1257
33250 1289-2-32= 1225

OpI/IeHTI/IpOBO‘IHaSI IIJIOTHOCTH TOKaAa

J'2 =27, - J; =2-2,003-10° -2,00-10° = 2,006, MA/M.

OpI/IeHTI/IpOBO‘IHoe CCUCHHUC BUTKA

1) ~ I/ J'2 =26,4/(2,006-10%) = 13,1610, M.

[lo Tabn. 5.8 moaTBepkIaeM NpeaBapUTEIbHBIA BHIOOP LMIMHApPUYE-
CKOW MHOTI'OCJIOMHON O6MOTKI/I N3 MpAMOYTOJIbBHOT'O aJIFOMUHHCBOI'O IIPOBOIA
(S=1600 kBA, 1,=26,4 A; U,=35000 B, 17§=13,16-10-6 M>). O6MOTKY
BH npunnmaem u3 12-tu cinoes. Toraa 4ucio BUTKOB B OJJHOM CJIO€

Wepn =Wy /ngn =1353/12=113.

OpHUEHTUPOBOYHBIN OCEBOM pa3Mep BUTKA

W 62 =1y (W, +1)=0,880/(113+1) = 0,0077 ,m
npuly =1 =0,880, M, T.k. [y] =1.

HpI/IHI/IMaeM CCUCHHUC BUTKA H3 OAHOI'O 3JICMCHTAPHOI'O IIPOBOJHHKA,
TOT'/Ia €T0 OPUEHTUPOBOYHBIN pazMep 0e3 U30IAUn

b=h'gr =28 =0,0077 —0,0005 = 0,0072, M.
[lo mosiy4eHHBIM OPUEHTHUPOBOYHBIM 3HAUEHUSIM Hé u b o Tabin. 5.2
n0n61/1paeM CCUCHUC BUTKA n3 OJHOI'O HapaHHeHBHOFO HpOBOIIa

ATTE —1x 2,00-7,10

2,50-7,60

Ocku3 ceueHus: Butka oomotku BH npuBesnen Ha puc. 5.
[TnotHoCcTh TOKA B 0OMOTKE BH

Jy =1, /11, =264/(138-107%) = 1,915, MA/M.

C CEYEHHUEM DJIEMEHTAPHOTO BUTKA /1. é/ =13,8 MM”.
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Ny (v

71

25

Puc. 5. Ceuenue esumxa oomomrku BH

Yucno BUTKOB B OJTHOM CJI0€
Wepn =15 -10° f(nyb')—1=0,880-10% /(1-7,60)—1 ~ 113.
Yucno cioeB B 0OMOTKE 7., = Wy / W,;n =1353/113 = 12.

OO6muit cymMMapHbIi TpeaesbHbIA paguaibHbI pa3Mep aTFOMHUHHEBBIX
poBo10B 110 hopmyiie (5.7)

boon = gk, /(1,72J%-107%) =

~1200-0,8/(1,72-(1,915-107%)2.107%) = 0,0152,, m,
rie g=1200 BT/M? - mpesiebHO JOIYCTHMOE 3HAYEHHE MIOTHOCTH TEIIOBOTO
MOTOKA.

OOMoTKM HamaThiBaroTcs B 12 cioeB. JleBaTh cimoeB mo 113 BUTKOB u
Tpu cnost mo 112 ButkoB. Beero 1353 Burka. OOumii paguaibHbIi pa3mep
MeTaula OOMOTKU OoJibllle AOIMYCTHUMOro: b= n., -a=12:0,002=0,024m, no-

3TOMY OOMOTKY pa3feisieM Ha JIBe KOHIIEHTPHUUECKHE KaTyLIKH — BHYTPEH-
HI010 (He Oonee 1/3+2/5) n,,, B 4eTbIpe Ci104, U BHELIHIOO [ B BOCEMB CII0EB.

Mexny kaTylkaMu OCEBOM OXJIAKIAOIIAN KaHAJI IIUPUHOU

JI1s1 3aIUThl OT UMIYJIBCHBIX HAINpPSHKCHWM MO BHYTPEHHUH CIIOH 00-
MOTKH YCTaHABJIMBACTCS dKpaH — pa3pe3aHHbli M0 00pasyroumen UInHApP 13
ATIOMUHUEBOTO JUCTa TONMHUHON 0,5MM. DKpaH U30JUPYETCs C ABYX CTOPOH
kabenbHOU Oymaroi. O01Ias TOMMHA SKpaHa C U30JSAIUEH 3MM.

Hanpsibxenue nByx cioeB 0OMOTKH

U, cnd =2wepnug =2-113-15,68 = 3544, B.

Mexaycioinas u3osiius 1o 1abn. 4.7 — kabenbHast Oymara mapku K-
120 mo 'OCT23436-83E, 6 cioeB, BHICTYI U30JALMU 22 MM C KaKJI0TO TOP-
11a OOMOTKH.

PanuanbHbii pazMep 0OMOTKH

a = [a/ “Nen2 + 0 yen2 (Men _2)+a£/2]‘10_3 =
=[2,5-12+0,72(12-2) +9]-10~> = 0,0462 , m,
rae a” 22 =0,011, =0,01-0,880 = 0,009, M.
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BHyTpenHuii tuamerp oOMOTKH

Dy = D] +2ay3,,,, =0,345+2-0,030 = 0,405, .
Buewmnuit fuametp oOMOTKH

DY =D} +2ay = 0,405+2-0,0462 = 0,497, m.

[110THOCTH TEMJIOBOrO MOTOKA HA MOBEPXHOCTH OOMOTKH IO (opMylie
(7.19)
_ Pyeyokyy  10009-1,006

=841, Br/m* < 1200 Br/™m?,
1, 11,969

q2

rac noTepru OCHOBHLIC

Poera =12,75-10712 3Gy =

=12,75-10712(1,915-10%)? - 214,07 =10009, Br;

Macca MeTaia OOMOTKH

G,p =8,47-10° Dy, wyll, =

=8,47-10° -3-[(0.405+0.497)/2]-1353-13,8-107% = 214,07, xr,

Kod(pdunMeHT 100aBOYHBIX MTOTEPh
kyp =1+0,037-10% Br2a*n? =1+0,037-10% -0,750% - 0,002% - 10712 .122 =
= 1,006,
bmk, 7,10-107-113-0,95
Pr=— "= 0,880
m=Wghgy =113-1=113,

=0,750,

MMOBEPXHOCTh OXJIAKACHUS
M,y = cnk 2 (Dy + DY)y =

=3-.2.0-0.80- 7 -(0.405 +0.497)-0,880 =11,969 ,m*.

Macca npoBoja 1o Taoiu. 5.5

G G,y +(3,3-3/100)-G,r, =214,07+0,099-214,07 = 235,26, kr

CornacHo T1abn. 4.5 obomorka BH HamarbiBaercs Ha OyMma)xHO-

0,3 72 x 0,924 , M.

np2 =

0aKeIUTOBOM LMIIMHJIPE C pa3MepaMu &

b

BbBIBO/I: oxonuarenbHO BbIOpanu koHcTpykuuu odOmotrok HH u BH,
1o/100pay ceyeHus IPOBOIOB U OLIEHWIIU TEIJIOBOE COCTOSIHUE CIPOEKTHPO-
BaHHBIX OOMOTOK. ¥ 000MX 0OMOTOK pacueTHbIe 3HAUYE€HUS MJIOTHOCTEH Ter-
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JIOBOT'O TIOTOKA HE MPEBBIMIAIOT MPEIEIbHO OMyCTUMOro 3HadeHus B 1200
BT/MZ, 3HAYUT OOMOTKH CIIPOEKTHUPOBAHBI BEPHO.

4. ONPEAQENEHWE NAPAMETPOB KOPOTKOIO 3AMbIKAHUA

4. 1. OnpepeneHue NoTepb KOPOTKOrO 3aMbliKaHus

IloTepn KOpOTKOro 3aMbIKaHUs omnpenessatorcess cornacHo §7.1. OcHoB-
HbI€ [TOTEPH, PACCUUTAHHBIC PAHEE:
oomorka HH P, = 6891, Br;

oomorka BH P,.,,» =10009, Br.

KoadurmenTs! 100aBOYHBIX MOTEPH, pACCUUTAHHBIEC paHEe:
oomorka HH £, =1,036;

oomorka BH £,y =1,006.

OcHoBHBIE TIOTEpU B OTBOJax. JlJIMHa OTBOJOB OMpeaeiseTcsl MPUOIIN-
*eHHo 1o dopmyie (7.21)

lomg = Zomel = lomgz = 7,511 = 7,5 . 0,880 = 6,60 ,» M.

Macca orBogoB HH

Gomel = lome! Lome17 = 6,00-146,6 - 10762700 = 2,61, kr.

ITorepu B orBOnax HH
Pyel =12,75-10712J2G,, 1 =12,75-10712(2,00-10%)? - 2,61=133, Br.

Macca orBojgoB BH

Gome2 =lomellomery = 6,60-13.8- 10702700 = 0,25, kr.

ITorepu B orBOnax BH
Pyer =12,75-10712J3G, 5 =12,75-10712(1,915-10%)? - 0,25 =12, Br.

[lotepu B cTeHKax 6aka v APYrUX 3JIEMEHTaX KOHCTPYKUUHU ONpeessieM
npuoIkeHHo 1o Gopmye (7.25)

P; =10kS,, =10-0,03-1600 =480, Br.

[TonHbIEe MOTEPU KOPOTKOTO 3aMBIKAHHUS

Pg = Pociikor + Pocu2kon + Pomel + Pome2 + P =

=6891-1,036 +10009-1,006 +133 +12 + 480 =17833, Br.

JI71s1 HOMMHAJIEHOTO YKCjIa BUTKOB 00MoTkH BH

Pyg =Pk —0,05P,,,0ky> =17833-0,05-10009 -1,006 =17330, Br

Pr =17330, Bt < 18000, Br.
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PacueTHOC 3HaueHUE IMOTCPb KOPOTKOI'O0 3aMbIKaHUA MCHBIIC 3a/[aHHO-
ro, 4TO0 YAOBJICTBOPACT TCXHHYCCKUM Tp€6OBaHI/I$IM II0 €ro OTKJIOHCHUIO

(<5%).

4. 2. OnpenesieHue HANPSIKEHUSA KOPOTKOI0 3aMbIKAHUS

HanpsikeHre KOpOTKOT0 3aMbIKaHUSI paCCUNUTHIBAECTCS COTacHo §7.2.

AKTHUBHAS COCTABJIAIOLIAA
u, = Pg /(10-Sg)=17330/10-1600 = 1,083, %.

PeaktuBHas coctapistomas mo ¢popmyie (7.32)
/
_ 19S5 Payk, 107! =

Up 2
Ug
_ 7,9.50.533,3-1,3382. 0,0563-0,961 107! = 6,203, %,
15,68
7[d12 m-0,375
Tac = = . = 193387
ae B I 0,880

diy =D +a,,, =0.345+0,030=0375, m;
ap=ap,  +(a+a3)/3=0030+(0,0327+0,0462)/3 = 0,0563, u;

ky=1-c(1-¢7)=1-0,039(1-¢"" ")~ 0,961;

A2, T TA20,030+0,0327 +0,0462
7l 7-0,880
HaHpH)KCHI/Ie KOPOTKOT'O 3aMBbIKaHU

Uug = \/u% +u? =1/6,2032 +1,0832 = 6,297%.

wim Aug = W—IOO =-3,1%.

b

=0,039.

O =

BbIBO/I: PacuyeTHOoe 3HaueHuE HANPSHKEHUS KOPOTKOTO 3aMBIKAHHUS
MEHbBLIE 3aJaHHOr0. PacueTHOe 3HauYeHUE HAIPsKEHUs KOPOTKOTO 3aMblKa-
HUSl HaXOJIUTCS B TpaHUIaX JOMYCTUMBIX OTKIOHEHUH (£ +5%) oT 3agaHHO-
ro.

5. OKOHYATENbHbIA PACYET MATHUTHOW CUCTEMBI.
ONMPEOENEHWE NAPAMETPOB XOJIOCTOI0 XOAA
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5. 1. OnpepgeneHne pa3mepoB MarHUTHOW CUCTEMbI M MacChbl CTanu

JIns pacdera moTeph U TOKA XOJIOCTOTO XOJla HY>KHbl YTOUHEHHBIE Mac-
ChI CTaJii, KOTOPBIE OIpeeIsatoTcs coryacHo §8.2, 8.3.

[IpunsTa KOHCTPYKIMS Tpex(azHOoil MIOCKON MMXTOBAHHOW MarHUTHOM
CUCTEMBI, COOMpaeMoil U3 TUIACTUH XOJIOAHOKATaHOW TEKCTYPOBAHHOW CTau
Mapku 3404 tommmnon 0,30 MM. CTepKHU MarHUTHOW CUCTEMBI CKPEIUIAIOT-
csi OaHJakaMu W3 CTEKJIOJEHTHI, spMa MPECCYIOTCS SPMOBBIMHU Oalkamu.
Pa3mepsl makeToB BbIOMparoTcs Mo Tabmuie 8.3 JUIsl CTEPKHA AHUAMETPOM
d=0,25m 6e3 npeccyromei miacTuHbl. Yucno cryneHeil B ce4eHUH CTEPHKHS
8, B ceueHnu sipMa 6. CedyeHHE CTEpPXKHSA, IpMa U OCHOBHBIE pa3Mepbl Mar-
HUTHOM CHUCTEMBI NIPUBEIEHBI HA puUC. 6.

Ne makera CTep}KeHB, MM ﬂpMO (B ITOJIOBHUHC IIOIIC-
PEYHOTO CEYEHUS), MM

1 240%35 240%35

2 220x24 220x24

3 200x16 200x16

4 180x12 180x12

5 155x%11 155x11

6 140%x6 140x17

7 120x6 -

8 100x5 -

ARMO } = .
oo e N [ —
PR Sl 1 s A o
[l ’1F: — 120 - = - pasMep
/1= T 140 [ @, Lk_?]) T‘g .| A
= L 155 = =) N Y 3 E tnpasok
/ 180 =1 o -
j]r; 200 ?{ L " |
e 2 *\ 3 =) ,
200 ; gl _ s | s
) 6)

Puc. 6. Macnumnas cucmema cnpoekmupogarnHo2o mpancgpopmamopa.
a) ceuenue cmepoiCcHs U apma, 6) OCHOBHbLE pa3MePbl MASHUMHOU CUCTHEMbL

OO61ast ToNIKMHA MAaKETOB CTEPXKHS (IIMPHUHA sIpMa)
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2-(35+24+16+12+11+6+6+5)-10_3=0,230,M.

[Tnomanu cryneHyaTsix GUryp onpenensroTcs mo taosm. 8.7:
CTEPKHS qu’c =0,04562, m*; apma qu’ﬂ =0,04626, M.

OO0BeM yrila MarHUTHOU CUCTEMBI OTpeiesieTcs mo tadm. 8.7

V, =0,009532, w’.

AKTUBHOE CeYCHME CTEPKHA [/, = ks,qu’c =0,96-0,04562=0,0438, m°.
AxTUBHOE cedyeHue spma [/, = ks,qu’ 5 =0,96-0,04626=0,04441, M.

OO0beMm yriia cTaial MarHUTHON CUCTEMBI
Vy.em =k5Vy, =0,96-0,009532=0,009151, M,

rae k, — Ko3(Q(QUIMEHT 3al0JIHEHUs] CEYEHUSI CTEPXKHs JINCTOBOM DIIEKTPO-

TEeXHUYECKOU CTaJIbIO.
Hmuna crepxsd [. =1y +2-1,, =0,880+2-0,075=1,030, m.

PaccrosgHune Mexay ocaMu CTEPKHEN

C=DY +ay, 107> =0,497+0,030=0,527, m.

[Tpuaumaem C=0,530m.

Macca cranu crepxkneid G, = Gé + Gé/ =1035,37+31,25=1066,62, xr,
rae Gh=31.1T.y ., =3-1,030-0,0438- 7650 =1035,37, k,

Gl =3(I1,a1,7 o — G,) = 3-(0,0438-0,240- 7650~ 70,0) = 31,25, kr,

Gy, =V} em¥em =0,009151-7650=70,0, r.

Macca cranu sipm
G, =Gy +G) =211, -2Cy, +2G, =2-0,04441-2-0,530-7650+2-70,0 =
=720,24+140,0 =860,24, kr.

OOmas macca cramu G, = G, + G, =1066,62 + 860,24 =1926,86, kr.

5.2. OnpepeneHne NoTepb XONOCTOro XoAa

I/IHIIYKI_[I/ISI B CTCPIKHC
g 15,68

Be= 4,44 fTI.  4,44-50-0,0438

3HayeHWe MHIYKIUU HAaxXOAMUTCS B PEKOMEHIYEMOM HHTEpBalle
B.=1,55+1,65 Tn no tabm. 2.4.

Nupykuus B sspme

=1,615, Tn.
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B o Us  _ 15,68
444111, 4,44-50-0,04441

I/IHIIyKI_II/ISI Ha KOCOM CTBIKE

Bioe =B, /N2 =1,615/42 =1140, Tx.

HJIOH_IaIII/I CCUCHHNA HCMAIHUTHLIX 3a30pOB Ha HPAMOM CTBIKC CPCAHCTO

CTEpP>KHSI paBHBI COOTBETCTBEHHO aKTUBHBIM CEUEHUSM CTEPIKHS U sipMa.

[Inomaapr ceyeHus CTepaHS B KOCOM CThIKE

I, =~2IT. =~/2-0,0438=0,0619, m°.

VY nenpHbIE IOTEPH JJIs1 CTEPIKHEH, IPM U CTBHIKOB 10 Tabu1. 8.10 mis cra-
i Mapku 3404 tonmuno# 0,35 MM IIpH IMIMXTOBKE B JABE MJIACTUHBI (1S yII-
POILLEHUS TEXHOJIOTUU U3TOTOBJICHUS ):

npu B.=1,615 Tn p=1,266 Br/xr; p.,=1010 B1/™*;

pu B,=1,590 Tn p,=1,210 Br/kT; p, =976 Br/™*;

IpH Byoc=1,140 T1 p,,c=464 Br/™*,

JUisi TI0OCKOM MarHUTHOM CHCTEMBI C KOCBIMH CTBHIKAMHM Ha KpalHUX
CTEP>KHSX U MPSIMBIMHU CTBIKAMH Ha CPEIHEM CTEP>KHE C MHOTOCTYIEHYAThIM
ApMOM, 0€3 OTBEpCTUH JIJISl IIMUIIEK, C OTXKUTOM IUIACTUH IOCJE PE3KU CTAIIU
U yJajeHus 3ayCEeHIIeB Jisl ONpeeIeHHs MOTEPh XOJIOCTOr0 X0a MPUHUMA-
eM popmymy (8.32).

Ha ocnoBanuu ta6:1. 8.12 npuHuMaeM:

ky,=1,05 — KO3pPUIUEHT, yUUTHIBAIONIMI BINSHUE TEXIIPOLIECCA PE3KU;

k,s=1,00 — K03 PUIIUEHT, YUUTHIBAIOIUHN yIaJICHUE 3ayCEHIICB;

k. =1,00 — k03P dULIKEHT, yYUTHIBAIOIINK POPMY CEUEHUS IpMa;

ky,,=1,03 — k03 PUIMEHT, YIUTHIBAIOIIUHN BIUSHUE TIPECCOBKH;

knw=1,05 — xonhUIMEHT, YyUUTHIBAIOUIUN MEPEIINXTOBKY BEPXHEIro
spMa OCTOBA MPU YCTAHOBKE OOMOTOK.

ITo tabn. 8.13 Haxomum kodddunueHr k,,~10,45, yduTsiBaronmii 00-
1iee yBeJIMYeHHUE YACIbHbBIX MOTEPh B YIJIaX MAarHUTHON CUCTEMBI.

[Totepu xonocroro xoaa

+
Py =[kn, pkn,s(PcGe + paGy —4paG, + Pe 5 Pa kn,yGy)+ 2. psnsIl, Yen, akn,nkn,u =
=[1,05-1,00(1,266 -1066,62 +1,210-720,24-4-1,210- 70,0 +
1,266 +1,210
" 2

=1,590, Tx.

10,45-70,0) +

+4-0,0619-464+1,00-0,0438-1010+2-0,04441-976]-1,00-1,03-1,05 =
=3433, Bt < 3650, Br.
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BbIBO/I: PacueTHoe 3Hau€HHE MOTEPH XOJOCTOrO XOJa MEHBIIIE 3a]]aH-
HOro. PacuerHoe 3Ha4YeHHE MOTEPH XOJIOCTOTO XOJa HAXOAUTCS B T'PaHMUIAX
JOMYCTUMOT0 OTKJIOHEeHHS (<X + 7,5%) OT 3aJJaHHOTO 3HAUCHUS.

5.3. Onpe,qenel-me TOKa XOJy1oCToro xoaa

VY nenbHbIE HAMAarHUYMBAIOIIME MOIIHOCTH HAXOAUM 110 Taoi. 8.17:

npu B,.=1,615 Tn ¢.=1,810 BA/kr; g.,=24700 BA/M?;

npu B,=1,590 Tn ¢,=1,644 BA/xr; q,,=22800 BA/M*;

IpH Bioc=1,140 T ¢,0.=3100 BA/M’.

JUist IpUHATON KOHCTPYKLUHMKA MAarHUTHOM CHCTEMbI M TEXHOJIOTHH €€ U3-
roToBJieHUs ucnoyibdyem dopmyny (8.43). Cornacuo Ttadiu. 8.12 u 8.21 npu-
HUMaeM KO3 PUITUEHTHI:

kmp=1,18 — KOOPPHUIUEHT, YIUTHIBAIOIUKA BIMAHUE PE3KH MOJOCHI PY-
JIOHA Ha MJIACTUHBI;

km=1,00 — xKOo3dULIMEHT, YUUTHIBAIOIIUN BIUSHUE CpPE3aHMs 3ayCEH-
LCB;

ki ni=1,40 — KO3bPUIIMEHT, YUUTHIBAIOIINNA MIUPUHY TUIACTUH B yTriax
MAarHUTHOW CHCTEMBI;

ki =1,00 — kKO3 PuIMEHT, yuuThIBalOMUN (HOPMY CEUEHUS SpMa;

ki =1,05 — k03P dULIMEHT, YUUTHIBAIOIINNA MPECCOBKY MAarHUTHOW CHC-
TEMBI;

ko =1,05 — k03P HULUEHT, YUUTHIBAIOUIUN PACIIUXTOBKY BEPXHETO Sip-
Ma Tepesi yCTaHOBKOM 0OMOTOK.

ITo Tabiu. 8.20 Haxonum KodPPuIUEHT £, ,=41,90 - yunTeIBaromuii Ko-
JIMYECTBO YIJIOB C KOCBIMU U MIPSIMBIMH CTHIKAMH B MarHUTHOM CUCTEME.

HamarnuuuBarorniasi MOIIHOCTh XOJIOCTOTO X0/1a

Oy = [km,pkm,3(chc +q,G, _4qﬂGy + ge

+q
D A km,ykm,nﬂGy) + 4qKOCH3,KOC + 1qc,3Hc +

+2qﬂ’317

ﬂ]km,ﬂkm,nkm,m =

=[1,18-1,00(1,810-1066,62 +1,644 - 720,24 —4-1,644-70,0 +

1’81021’@"441,90-1,40-70,0)+

+4-3100-0,0619+1-24700-0,0438 +2-0,04441-22800]-1,00-1,05-1,05 =
=16950, B-A.

Toxk xomocToro xoaa
Qo 16950
10§ 10-1600

BBIBO/I: PacyeTHOE 3HAUYCHHME TOKA XOJOCTOTO XOJa MEHbIIIE 3aJaHHO-
ro. PacueTHoe 3Haue€HHE TOKa XOJOCTOrO XOJa HAXOJIWUTCA B TPAHULAX J0-
MyCTUMOTO OTKJIOHEHUS (X +15%) OT 3a1aHHOTO 3HAYCHUS.

i = =1,059, % < 1,4, %.
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6. OLLEHKA 3KCMNYATALMOHHbLIX CBOUCTB TPAHC®OPMATOPA

6.1. BHeluHMe xapakTepuCcTMKu

3asucumoct U gy = f(k,,), paccunTeiBaeM IpH MUTAaHUM OOMOTKHU

BH nonmxatomniero tpancopmaTopa HOMHUHAJIBHBIM HaMpsHKEHHUEM HOMH-
HaJIbHOM 4aCTOThI IPU U3MEHEHUH BEJIMYMHBI CHMMETPUYHON HArpy3KH U 3a-
JAHHOM 3HA4YC€HHH, IIPU aKTMBHO-UHIYKTMBHOW Harpyske cos@, =0,7, npu

aKTUBHO-€MKOCTHOH cos(—¢,)=0,8.

ITpu ko3¢ dunuenre Harpysku tpanchopmaropa k,, =1,0 (pabdora npu
HOMHUHAJILHOW Harpyske):

e JUIS AKTUBHO-WHAYKTUBHOW HAarpy3kd H3MEHCHHE HAMpsIKCHHSI
TpaHchopmaropa
AU =k, ,(u, cospy + Up sing,)=1,0-(1,083-0,7+6,203-0,714) = 5,187%,

1€ Ug,U; — PaCUCTHBIC 3HAYCHHS AKTUBHON M PCAKTHBHON COCTABIIAIOIIMX
HaIpsHKEHUs] KOPOTKOTO 3aMbIKaHUs, %o;

. 2 2
npu cosp, =0,7  sing, = \/1 —Cosp; = \/1 -0,7 =0,714, o.e.

dazHoe (MuHelHoe) HamnpshkeHue ooMotkn HH

Uy =100-AU =100 -5,187 =94,813,%.

® I AaKTUBHO-€MKOCTHOW Harpy3ku HM3MEHEHHE HanpsHKeHUS
TpaHchopmaropa
AU =k, (ug cos(=¢3) +u , sin(—¢p,)) =1,0-(1,083-0,8 - 6,203 0,6) = —2,855%,

rae npu cos(—¢,) =0,8

sin(—y) = —1—cos(—g2)? = —/1-08% = 0,6, o.c.
dazHoe (MuHelHoe) HamnpshkeHue ooMotkn HH
Uy =100-AU =100+ 2,8554 =102,8554,%.

Pe3ynbTaThl pacyera BHEIIHMX XapaKTEPUCTUK NPU M3MEHEHHH KO3(-
(uIMeHTa Harpy3Ku B uamna3oHe 3Ha4eHud k,, = 0+1,25 nusa oboux xapak-

TEpPOB HArpy3KW MpHUBEACHBI B Ta0. 1.

Tabnua 1
Pesynvmamul pacuemos snewHux xapaxmepucmux mpancgpopmamopa

Koadpunuent

0 0,25 0,50 0,75 1,00 1,25
Harpysku k,,, , o.e.
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AKTUBHO- 1,297 2,594 3,890 5,187 6,484

AU% 0
WHIYKTHUBHAS
CosSQy = 0,7 UHH % | 100 | 98,703 | 97,406 | 96,11 94,813 | 93,516
- -0,714 -1,428 -2.142 -2,855 -3,569
AKTHUBHO AU% 0 , s , > )

€MKOCTHast
cos(—¢>)=0,8 Uy % | 100 | 100,714 | 101,428 | 102,142 | 102,855 | 103,569

[To pe3ynbpraram pacdyeToB IMOCTPOMM BHEIIHHE XapaKTEPUCTUKH TPaHC-
dhopmaTopa B OJTHUX OCSIX KOOpJAUHAT (puc. 7).

% | Unu
104

102 —— /lﬁ\

100 </ ——— |cos(-¢3)70,8
98 R
% R cosP,+0{7
o B SN
92 kHZ

0 0,2 0,4 0,6 0,8 1 1,2 0.C

Puc. 7. Buewnue xapakxmepucmuku mpaucgopmamopa

BbIBO/I: nu3mMeneHue BTOpUYHOTo HanpsbkeHUust AU 3aBUCUT OT BEJIMYU-
HbI Harpy3KH U OT XapakTepa 3ToM Harpy3ku. OtpunareibHble 3HaUeHUs AU
npu pabote TpaHcopMaTOopa C €MKOCTHOM Harpy3kod COOTBETCTBYIOT IIO-
BBIIICHUIO HAMpsDKEHUs ¢ yBeluueHueM ko3dduuuenta Harpy3ku. Haw-
OoJblIee M3MEHEHHE BTOpUYHOro HampsbkeHuss AU=5,187% cooTBeTcTBYyET
aKTUBHO-MHAYKTUBHOW Harpyske npu cos@, = 0,7 u koappuuueHTy Harpys-

KU k,, = 1,0, T.K. JunTeNbHAs Neperpy3ka TpaHC(opMaTopa HEJOIMyCTUMA.

6.2. 3aBucumoctu AU=f(¢2)

3aBUCUMOCTH OTKJIOHEHUSI HANPSKEHUS Ha KJIIEMMaxX BTOPUYHON 0OMOT-
KU OT Xapakrepa cuMMmeTpudyHoi Harpy3ku AU = f(¢,) paccuuThiBaeM Ipu

MUTaHUU TpaHcPopMaTopa co cTopoHbl 0OMOTKM BH HOMUHaIBHBIM Hamps-
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KEHUEM HOMHUHAJIBbHOM dYacToThl. TpaHchopmartop paboTaeT mpu CHUMMET-
PUYHOMN Harpy3ke HEM3MEHHOW BeMMYMHbI. Pacuer BeneM st IBYX 3a/1aHHBIX
3Ha4YeHu# kod¢punuenrta Harpysku k,, =0,5; 1,0.

ITpu ko3¢ dunuente Harpysku tpancdopmaropa k,,, =0,5:
e 1pu yriIe @,=-30°<0 cos@,=0,866, sing,= - 0,5

AU =k, (ug c08(=¢2) + 1, sin(—¢5)) = 0,5 (1,083 0,866 — 6,203 - 0,5) = —1,082%,
e  1pu yrie ;=300 cos¢,=0,866, sin p,=0,5

AU = ky, (ug cos(=¢2) +u p, sin(—¢p7)) = 0,5-(1,083- 0,866+ 6,203-0,5) = 2,020,%.

Pe3ynbTaThl pacueToB NpUBEICHBI B TA0JI. 2.

Tabmnnna 2
Pesynomamul pacuemos 3asucumocmeti AU = f(¢5)
AU = f(¢2)
@y, tpan | -90 -75 -60 -45 -30 -15 0

k,.=0,5| -3,102 | -2,856 | -2,415 | -1,810 | -1,082 | -0,280 | 0,542
k,.=1,0 | -6,203 | -5,711 | -4,830 | -3,620 | -2,164 | -0,561 1,083

OxkoHuanue maon.2

AU = f(py)
@y, mpan | 90 75 60 45 30 15

k,,=0,5 3,102 3,136 2,957 2,576 2,020 1,326
k,.=1,0 6,203 6,273 5,913 5,152 4,040 2,653

[To pesynbraTam pacueToB nocTpouM 3aBucumoctu AU = f(¢p,) B on-
HUX 0CsIX KoopauHaT (puc. 8).
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AU%

i

| _o———o kHFZ 1 ,0

%/ 0 k..=0,5
-90 X % ! 50 90 rp4n
2

A

®

go

Puc. 8. 3asucumocmu AU = f(¢,)

BBIBO/JIbI: Ilpu ¢,>0 3aBucumoctu AU = f(¢5) COOTBETCTBYIOT
CMEIIaHHOM aKTHBHO-WHJAYKTUBHON Harpyske, a mpu ¢, < 0 — aKkTHUBHO-
eMKOCTHOU. [lpyu aKTUBHO-WUHIYKTUBHON Harpy3ke BTOPUYHOE HAIPSIKEHUE

TpaHcopmaTopa IajxacT, a B ClIydyae aKTUBHO-EMKOCTHOH HAarpy3KH IpHU
¢7< 0 OHO IOBBIIIAETCS.

6.3. 3aBucumoctu n=f(k.)

3aBucUMOCTH KO3 (UIIMEHTA TOJIE3HOTO JCUCTBUSA OT BEJIIUYMHBI CUM-
METPUYHON HArpy3KH PacCUMTHIBACM IPHU MUTAHUH TpaHCHopMaTopa co CTO-
poHbl 00MOTKM BH HOMUHAIBHBIM HANPSOKEHWE HOMUHAIBHOW YacTOTHI, TIPU
3aJaHHOM Ko3(p¢duuuente wmomHocTH (cos@y =0,7 =const) aKTUBHO-

MHIYKTUBHOTO U aKTUBHO-EMKOCTHOTO XapaKTepa Harpy3Ku.
CornacHo 3aaHHOMY BapuaHTy IpU aKTUBHO-WHIYKTHUBHOW Harpyske
cos@, =0,7 1 pu aKTUBHO-EMKOCTHOI Harpy3ke cos(—¢,)=0,8.

TpanchopmaTtop paboTaeT ¢ MaKCUMaJIbHBIM KO3(()ULIUEHTOM I0JIE3HO-
ro JeHUCTBUS MPHU KO3P(ULIMEHTE HATPY3KH
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kHZ(nmax) - \/ PO :\/ 3’433 = 09445 , 0.C.

Py \17,330

KoadduiineHT mone3Horo AeicTBrst onpeaessieM 1mo hopmylie
2

n = 1— PO + kHZPK

k.S cos@y + By + k,%ZPK
rae Py — pacueTHOe 3HaYeHHUE MOTEPh XOJOCTOro xoja, KBr; Py — pacuer-

HOE€ 3HAaYeHHE MOTepPh KOPOTKOTO 3aMbIKaHUs, KBT.
PaccunraeM MakcuManbHOE 3Ha4eHHME KOA(P(UILMEHTA IOJIE3HOTO AeH-
CTBUA IIpHU k,,, = 0,445

®  IIpM aKTUBHO-WHJIYKTUBHOH Harpy3ske (cos¢, =0,7)
3,433 40,4452 17,330
0,445-1600-0,7 + 3,433 + 0,4452 17,330
® [P aKTUBHO-EMKOCTHOMW Harpyske (cos(—¢,)=10,8)
3,433 +0,445% 17,330

0,445-1600-0,8 + 3,433 + 0,4452 17,330
Pe3ynbTaThl pacueToB npuUBEACHBI B TA0JI. 3.

n=1-

=1-0,0136 =0,9864, o.e.;

n=1- =1-0,0119=0,9881, o.e.

Ta6muma 3
Pesynomamur pacuemoé 3asucumocmeii n = f(k,,,)
KoadpPpunu- k
T HArpy3H ki 0 | 025050075 | 1,00 | 1,25 | kne(nyax)
3,43 | 3,43 | 343 | 343 | 3,433 | 3433 | 3433
Fo. xBr 3 | 3 | 3 | 3
AKTHBHO- ) 0 | 1,08 [ 433|974 | 1733 | 27,07 | 3.432
WHAYKTUBHAS kij> - PK 3 3 ] 0 ]
Harpyska
cosg =07 | KueSHeospp | 0 | 280 | S60 | 840 | 1120 | 1400 498
0o 0,98 | 0,98 [ 0,98 | 0,982 | 0,979 | 10,9864
o 4 6 4
Ry xBr | [ 34343343 [ 3433 [ 3433 [ 3433
N 3 3 3 3
KTHBHO" 2 0 | 1,08 [433]0974] 1733|2707 | 3432
€MKOCTHAaA kHZ . PK 3 3 8 8
Harpyska
cospm) 08 | KneSHcos@p | 0 | 320 | 640 | 960 | 1280 | 1600 569
0,98 | 0,98 | 0,98 | 0,984 | 0,981 | 10,9881
n ,0.e. p g p

ITo pesynabpraTam pacd4eToB IOCTPOUM 3aBUCUMOCTH 1 = f(k,,) B OIHUX
ocsix koopauHar (puc. 9).
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o.e. |

0,988 b-\
M \i

. / AN — cos(-9,)=0,

0,984 \

0,982
// N
0,98

0 0,2 0,4 0,6 0,8 1 1,2 0O.C.

[o2¢]

Puc. 9. 3aséucumocmu n = f(k,,,)

BbIBO/I: KoadduuueHnt nosesHoro aeuctsus TpaHcopmaTopa 3aBH-
CUT OT BEJIMYMHBI U OT XapakTepa Harpy3ku. Uem Oosbllie aKTUBHAsI COCTaB-
JSI0IAsl HArpy3KH, TeM OoJblie KOod(Q@PUIMEHT Moie3Horo aeictus. Mak-
cUMajibHOE 3HaYeHHe Kod(p(dUIMEeHTa MOJE3HOro JEHCTBUS COOTBETCTBYET
k03 punnenty Harpysku k,, =0,445.

6.4. MapannenbHasa paboTta AByX TpaHChOpPMaTOPOB OAUHAKOBOW MOLLYHOCTH
npu pasHbIX KoaduumeHTax TpaHchopmaLmm

HarpyXeHHOCTh ypaBHUTEIBHBIM TOKOM JIBYX TpaHC(HOpMAaTOPOB OIM-
HAaKOBOM MOIIHOCTH MpPH NapajjiebHOW paboTe OIEHUM IpHU 3aJaHHOM Xa-
pakTepe Harpysku (cos@, =0,7) 11t AByX cilyyaeB: KOTJa OJMH M3 TpaHC-
(dbopmaTtopoB BKJIIOYEH Ha OTBeTBiIeHHE 00MOTkM BH, cooTBeTcTBylOIIIEe HO-
MUHAJbHOMY KO3 PUIIMEHTY TpaHCPOpMalluU, a IPYrol MOOYEepe HO Ha JBa
U3 OCTAJIBHBIX YEThIpEX OTBETBIECHUM: +2,5% u +5%.

T.e. xoaddunmentsr Tpanchopmanuu OyayT oTaMYaThCs Ha +2,5% u
+5%.
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Koaddunment tpanchopmanuu mnepBoro TpaHchopmaropa paBeH OT-
HOIIICHUIO YHKCJIa BUTKOB OOMOTKH BBICOKOTO HAINPSDKEHUS K YUCITY BUTKOB

12
OOMOTKHU HU3KOT'O HANpsDKEHUs Ky = wy 1289 11,112.

w
Torna ecnu k| =k, 10 ky =1,025k u 1,05k.

Paccuurtaem mapaMCTpbl CXCMbI 3aMCIICHUA KOPOTKOT'O 3aMbIKAHU A
L4 ITOJTHOC COIIPOTHUBIICHUC KOPOTKOT'O 3aMBbIKaHUA

_ugUppn  6,297-20207
1001 ., 100-26,4

® AKTHBHOC COIIPOTHUBJIICHUC KOPOTKOT'O 3aMBbIKAHU S
P, 17833

= 2’< = 3 =8,529, Owm;

3%y 3264
® HHAYKTUBHOC COIIPOTHBIICHUC KOPOTKOI'O 3aMBbIKAHU A
3, =2 Z2 — 12 =1481982 85207 = 47,437, O
@a30BbIl YTOJ YPABHUTEIBHOTO TOKA OTHOCUTENIBHO AU

X2

X1+ Xy
¢, =arctg———==qarctg— = arctg

Tl 12 T s

Zx = 48,198, Owm;

Ty

b

397 =arctg5,562="79,81, rpan.

VYron Harpysku ¢, = arccos@, = arccos0.7 =45,57, rpan.

[Tpu nmapamiensHOM paboTe ABYX TpaHC(HOPMATOPOB OJMHAKOBOM MOIII-
HOCTH, KOTJla BTOpOM TpaHchopmaTop BKJIIOYEH Ha oOTBeTBiIeHUE +2,5%,
YpaBHUTEJIBHBINA TOK PaBEH

11

;o e 1025k’ _0,025Uppy  0,025-20207

Y 27, 2,05kZ,  2,05-11,112-48,198
[Tpu mapasmienbHON paboTe ABYX TpaHCPOPMATOPOB OJAMHAKOBOW MOIII-

HOCTH, KOTJla BTOpOM TpaHchopmaTop BKJIIOYEH Ha orBeTBieHue +5,0%,
YpPaBHUTEJIBHBINA TOK PaBeH

/ _0.05UgpH _ 0,05-20207

Y 2,1kZ,, 2,1-11,112- 48,198

VYpaBHUTENBHBII TOK JOIOJIHUTEIBHO HAarpyXaer TpaHC(hOopMaTop ¢
MEHBLIUM KO3 PUIIEeHTOM TpaHChHOpMALIUH

2 2
hmm5%=Jhm44y+2@H5&%@k—¢ﬁ=

UpBH
6, A.

3 3

0,89, A.

= 26,47 +0,46% +2.26,4-0,46- cos(79,81 - 45,57) = 26,782, A,
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2 2
Imax 59 :\/IBH 1y + 211y, cos(p —@3) =

= \/26,42 + 0,892 +2-26,4-0,89-c0s(79,81-45,57) =27,14, A,

a TpancopmaTop ¢ 60JabIINM KO3(PHUIIMEHTOM TpaHCPOPMALIUU Pa3TPyKaeT

2 2
Inin 5 50, :\/IBH +15, =21 gyl cos(@, —92) =

26,42 10,467 —2-26,4-0,46-cos(79,81— 45,54) = 26,02, A,

2 2
nin g0, :\/IBH +15, =21 gyl cos(@, —9o) =

= \/26,42 + 0,892 -2-26,4-0,89-c0s(79,81-45,57) = 25,669, A.
OmnpenensieM Mepy HarpyKeHHOCTH TpaHC(GOPMATOPOB NpPHU HAIHYUU
YPaBHUTENBHOT'O TOKA IO CIEAYIOIINM BbIPAKECHUSIM:

Imax ) 50 I, 5 I
— = [l ()T 2 cos(g — ) =

Ipy Ipy BH

2
=1+ 0,46 +2 0,46 cos(79,81-45,57) =1,014, o.e.,
26,4 26,4

b

I <o ! !
M_\/1+(—y)2+2 Y cos(px —92) =
Ipy I Ipy

2
=1+ 0,89 +2 0.89 cos(79,81—-45,54) =1,028, o.e.,
26,4 26,4

b

Ipy Ipy BH

2
=1+ 046\ _ 2 0,46 cos(79,81—-45,54) =0,986, o.e.,
26,4 26,4

Lmin 3 5% Ly o 1
— =1 ()T =2 cos(g — ¢2)

b

I i o 1 1
—mmM—JH( Y)? -2 cos(p, ) =
Ipy Iy Iy

2
1+ 089 ) _ 2 089 cos(79,81-45,54) =0,972, o.e.
26,4 26,4

b
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BbIBO/I: Crenenb HarpyeHHOCTHU MO3BOJIIET 0OOCHOBATH yMEHBIIIe-
HUe Harpy3ku Tpancdopmartopa Ha 0,014 o.e. mpu paznuuuu K03PHULUEHTOB
Tpanchopmanmu Ha 2,5% u Ha 0,028 o.e. mpu paznuuuu Kod(PUIHEHTOB
Tpanchopmanmu Ha 5%, 11 TOro, yToOBI MEPBHIN TpaHchopMaTop padboTai B
MIPOIOJKUTENBHOM PEKUME IPU HOMUHAIBHOM Harpys3Ke.

6.5. MapannensHasa paboTta AByx TpaHcchopmaTopos
pa3sHbIX MOLHOCTEN

JlomycTumyto Harpy3ky TpaHchopmaTopa Mpu napamuieabHol padote ¢
ApyruM TpaHc(hOpPMATOPOM MPEAENbHO JOMYyCTUMON OOJbIIEH MOIIHOCTH
paccuuTaeM Mpu 3aJJaHHOM XapakTepe Harpysku (cos¢, =0,7).

I'OCToM pomyckaeTcst BKIIOYATh Ha MapajljiesIbHyI0 paboTy TpaHchop-
MaTOpBbl, OTIMYAIOUIUECS 110 HOMUHAJIBHOM MOIIHOCTH HE Oojee uyeM B 3
pa3a. Torga HOMMHaJIbHBIE MOIIHOCTH TpaHchopmaropoB Sz =1600, kBA,
Sy =4000, xkB-A; ugy =7,5% - TabnuuHOE 3HAYCHHE HANPSKEHUS KO-
POTKOT'0 3aMbIKaHUs TpaHC(hOpMaTopa MpeeIbHON MOITHOCTH.

Eciu upgy #ugp, TO IpU NOBBILIEHUHM HArpy3ku TpaHCHopMaTop ¢
HAaUMEHBIIUM HAIPSHKEHUEM KOPOTKOTO 3aMBIKaHUS INEPBBIM JOCTUTHET HO-
MMHaJIbHON MOIIHOCTH.

Harpy3ka kaxoro u3 napauieabHo paboTaroIuX TpaHCHOpMaTOpOB:

z SHZ

Su+S,  1600+4000

S = = = =1778, kBA;
1= ”’“Z R St Sz, 6297 1600 4000,
Syi T Syl e e 1600 6,297 7.5
S
5, = Z S+ S, 160044000 0 o
umz PR Su, Sizy” 751600 4000,
Syi T Sy el e 40006297 7.5
S .
o _ S Z SR bl 1600 + 4000 121129 0.
1* = = = = D) = D) ’ ey
S, Z S.i 1600 6.297( 1600 4000,
e i 6,297 7.5
S
o _S5 Z " 3749 1600+ 4000 0937 — 0948 . 0.c
ES = = = = = N = 5 5 . .
ST 5 Sui 4000 5 1600 4000,
T U 6,297 15
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BbIBO/I: HauGonbiiee 3HaueHHMe M3 S;+ TO03BOJIAET OOOCHOBATH

YMEHBIIIEHHE CYMMAapHOW Harpy3ku TpaHChHOpPMaTOpOB Ha KOHKPETHYIO Be-
JUYUHY I UCKIIFOUEHUS TIEPETPY3KH CaMOT0 HarpyXeHHOTo TpaHchopma-
TOpa U BO3MOXXHOCTH €TI0 pabOThl B MPOJIOKUTEIHLHOM PEXKUME MPU HOMU-
HAJIBHOW Harpys3ke.

MPUNOXEHUE 4
MCXO,Elele daHHblE K KypCOBOMY NPOEKTY
Tabnuma
I14.1
SH U2 Ul PO PK Uk iO No Bapu-
kBA kB kB kBT kBT % % aHTa
1 2 3 4 5 6 7 8
6 0,23 0,125 0,6 4,5 3,2 1
6 0,4 0,125 0,6 4,5 3,2 2
6 0,4 0,125 0,69 4,7 3,2 3
6,3 0,23 0,125 0,73 4,7 3,2 4
25 10 0,23 0,125 0,6 4,5 3,2 5
10 0,4 0,125 0,6 4,5 3,2 6
10 0,4 0,125 0,69 4,7 3,2 7
10,5 0,23 0,125 0,73 4,7 3,2 8
6 0,23 0,170 0,6 4,5 5,15 9
10 0,4 0,170 0,6 4,5 5,15 10
1,65 0,4 0,155 0,66 4,5 5,0 11
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6 0,23 0,18 0,88 45 3,0 12
6 0,4 0,18 0,88 45 4,0 13
6 0,4 0,18 1,00 4,7 3,0 14
6 0,23 0,24 0,88 45 4.5 15
40 6,3 0,23 0,18 1,05 4,7 3,0 16
10 0,23 0,18 0,88 45 3,0 17
10 0,4 0,18 0,88 45 3,0 18
10 0,4 0,18 1,00 4,7 3,0 19
10 0,4 0,24 0,88 45 45 20
10,5 0,23 0,18 1,05 4,7 3,0 21
6 0,23 0,265 1,28 4.5 2,8 22
6 0,4 0,265 1,28 4.5 2,8 23
6 0,4 0,265 1,47 47 | 2.8 24
6 0,4 0,36 1,28 4.5 4.5 25
6,3 0,23 0,265 1,35 47 | 2.8 26
10 0,23 0,265 1,28 4.5 2,8 27
10 0,4 0,265 1,28 4.5 2,8 28
63 10 0,4 0265 | 147 | 47 | 2.8 29
20 0,23 0,290 1,28 50 | 2.8 30
20 0,4 0,290 1,28 5,3 2,8 31
20 0,4 0,290 1,47 5,3 2,8 32
10,5 0,23 0,360 1,28 45 45 33
20 0,4 0,390 1,28 50 | 45 34
10 0,23 0,240 1,28 45 2,8 35
IIpooonicenue maon. 114.1
1 2 3 4 5 6 7 8
6 0,23 0,365 1,97 45 2,6 36
6 0,4 0,365 1,97 45 2,6 37
6 0,4 0,330 1,97 45 2,6 38
6 0,4 0,330 2,27 4,7 2,6 39
6 0,4 0,490 1,97 4.5 4,15 40
6,3 0,23 0,330 2,05 4,7 2,6 41
10 0,23 0,330 1,97 4.5 2,6 42
10 0,4 0,330 1,97 45 2,6 43
10 0,4 0,330 2,27 4,7 2,6 44
100 10 0,23 0,490 1,97 4.5 4,15 45
10,5 0,23 0,330 2,05 4,7 2,6 46
20 0,23 0,465 1,97 45 2,6 47
20 0,4 0,465 1,97 45 2,6 48
20 0,4 0,465 2,27 5,0 2,6 49
20 0,4 0,625 1,97 6,5 4,15 50
35 0,23 0,465 1,97 6,5 2,6 51
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35 0,4 0,465 1,97 6,5 2.6 52
35 0,4 0,465 227 6,8 2.6 53

3 0,4 0,510 2,65 4.5 2.4 54

6 0,23 0,510 2,65 4.5 2.4 55

6 0,4 0,510 2,65 4.5 2.4 56

6 0,4 0,510 3,10 4,7 2.4 57

6 0,69 0,510 2,65 4.5 2.4 58

6 0,23 0,730 2,65 4.5 3,85 59

6,3 0,4 0,510 2,78 4,7 2.4 60

10 0,23 0,510 2,65 4.5 2.4 61

10 0,4 0,510 2,65 4.5 2.4 62

10 0,4 0,510 3,10 4,7 2.4 63

160 10 0,69 0,510 2,65 4.5 2.4 64
10,5 0,23 0,510 2,78 4,7 2.4 65

6 0,69 0,730 2,65 4.5 3,85 66

20 0,23 0,660 2,65 5,0 2.4 68

20 0,4 0,660 2,65 5,0 2.4 68

20 0,4 0,660 3,10 53 2.4 69

20 0,69 0,660 2,65 5,0 2.4 70

35 0,23 0,660 2,65 6,5 2.4 71

35 0,4 0,660 2,65 6,5 2.4 72

35 0,4 0,660 3,10 6,8 2.4 73

35 0,69 0,660 2,78 6,5 2.4 74

IIpooonoicenue maon. 114.1

1 2 3 4 5 6 7 8
160 6 0,4 0,460 2,65 4,7 0,5 75"
10 0,4 0,460 2,65 4.5 0,5 76"

3 0,4 0,740 3,70 4.5 2.4 77

6 0,23 0,740 3,70 4.5 2.3 78

6 0,4 0,740 3,70 4.5 2.3 79

6 0,4 0,740 4,20 4,7 2.3 80

6 0,69 0,740 3,70 4.5 2.3 81

6,3 0,4 0,740 3,90 4,7 2.3 82

10 0,23 0,740 3,70 4.5 2.3 83

10 0,4 0,740 3,70 4.5 2.3 84

10 0,4 0,740 4,20 4,7 2.3 85

250 10 0,69 0,740 3,70 4.5 2.3 86
10 0,23 1,05 3812 | 46 37 87

20 0,23 0,960 3,70 5,0 2.3 88

20 0,4 0,960 3,70 5,0 2.3 89

20 0,4 0,960 4,20 53 2.3 90

20 0,69 0,960 3,70 5,0 2.3 91
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35 0,23 0,960 3,70 6,5 2.3 92
35 0,4 0,960 3,70 6,5 2.3 93

35 0,4 0,960 4,20 6,8 2.3 94

35 0,69 0,960 3,70 6,5 2.3 95

6 0,4 0,660 3,70 4,5 0,5 96

10 0,4 0,660 3,70 4,5 0,5 97

3 0,4 0,950 5,50 4,5 2.1 08

6 0,23 0,950 5,50 4,5 2.1 99

6 0,4 0,950 5,50 4,5 2.1 100

6 0,4 0,950 5,90 4,5 2.1 101

6 0,69 0,950 5,50 4,5 2.1 102

6 0,4 1,200 5,50 4,5 2.1 103

6,3 0,4 0,950 5,80 4,7 2.1 104

10 0,23 0,950 5,50 4,5 2.1 105

400 10 0,4 0,950 5,50 4,5 2.1 106
10 0,69 0,950 5,50 4,5 2.1 107

10,5 0,23 0,950 5,80 4,7 2.1 108

20 0,23 1,350 5,50 6,5 2.1 109

20 0,4 1,350 5,50 6,5 2.1 110

20 0,69 1,350 5,50 6,5 2.1 111

20 3.0 1,350 5,50 6,5 2.1 112

20 6,3 1,350 5,80 6,5 2.1 113

IIpooonoicenue maon. 114.1
1 2 3 4 5 6 7 8

35 0,23 1,350 5,50 6,5 2.1 114

35 0,4 1,350 5,50 6,5 2.1 115

35 0,69 1,350 5,50 6,5 2.1 116

400 35 6,3 1,350 5,80 6,8 2.1 117
35 11 1,350 5,80 6.8 2.1 118

6 0,4 0,950 5,50 4,5 0,6 119%

10 0,4 0,950 5,50 4,5 0,6 120*

3 0,4 1,560 7.6 5,5 2,0 121

6 0,23 1,560 7.6 5,5 2,0 122

6 0,4 1,560 7.6 5,5 2,0 123

6 0,69 1,560 8,5 5,5 2,0 124

6 3,15 1,560 8,5 5,5 2,0 125

6,3 0,4 1,560 8,0 5,5 2,0 126

10 0,23 1,560 7.6 5,5 2,0 127

10 0,4 1,560 7.6 5,5 2,0 128

10 0,69 1,560 8,5 5,5 2,0 129

10 3,15 1,560 8,5 5,5 2,0 130

630 20 0,4 1,900 7.6 6,5 2.0 131
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20 0,69 1,900 7,6 6,5 2,0 132
20 6,3 1,900 7,6 6,5 2,0 133
20 11 1,900 7,6 6,5 2,0 134
35 0,4 1,900 7,6 6,5 2,0 135
35 0,69 1,900 7,6 6,5 2,0 136
35 3,15 1,900 7,6 6,5 2,0 137
35 6,3 1,900 7,6 6,5 2,0 138
35 11 1,900 7,6 6,5 2,0 139
6 0,4 1,310 7,6 5,5 0,6 140°
10 0,4 1,310 7,6 55 0,6 141"
6 0,4 2,45 12,2 5,5 1,4 142
6 0,525 2,45 12,2 55 1,4 143
6 0,69 2,45 12,2 55 1,4 144
6 3,15 2,45 12,2 55 1,4 145
6,3 0,4 2,75 12,2 8,0 1,5 146
1000 10 0,4 2,45 12,2 5,5 1,4 147
10,5 0,4 2,75 12,2 8,0 1,5 148
10 0,525 2,45 12,2 55 1,4 149
10 0,69 2,45 12,2 55 1,4 150
10 3,15 2,45 12,2 55 1,4 151
10 6,3 2,45 12,2 55 1,4 152

IIpooonoicenue maon. 114.1

1 2 3 4 5 6 7 8

20 0,4 2,75 12,2 6,5 1,4 153
20 0,69 2,75 12,2 6,5 1,4 154
20 6,3 2,75 12,2 6,5 1,4 155
1000 20 10,5 2,75 11,6 6,5 1,4 156
35 0,4 2,75 12,2 6,5 1,4 157
35 0,69 2,75 12,2 6,5 1,4 158
35 3,15 2,75 12,2 6,5 1,4 159
35 6,3 2,75 12,2 6,5 1,4 160
6 0,4 33 18,0 55 1,3 161
6 0,69 33 18,0 5,5 1,3 162
6 3,15 33 18,0 5,5 1,3 163
10 0,4 3.3 18,0 55 1,3 164
10 0,69 33 18,0 5,5 1,3 165
10 3,15 33 18,0 5,5 1,3 166
10 6,3 33 18,0 5,5 1,3 167
20 0,4 3,65 18,0 6,5 1,4 168
1600 20 0,69 3,65 18,0 6,5 1,4 169
20 6,3 3,65 18,0 6,5 1,4 170
20 10,5 3,65 16,5 6,5 1,4 171
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35 0,4 3,65 18,0 6,5 1.4 172
35 0,69 3,65 18,0 6,5 1,4 173
35 3,15 3,65 18,0 6,5 1,4 174
35 6,3 3,65 18,0 6,5 1.4 175
35 10,5 3,65 18,0 6,5 1.4 176
6 0,4 4,6 25,0 5,5 1,0 177
6 0,69 4,6 25,0 5,5 1,0 178
6 3,15 4,6 25,0 5,5 1,0 179
10 0,4 4,6 25,0 5,5 1,0 180
10 0,69 4,6 25,0 5,5 1,0 181
10 3,15 4,6 25,0 5,5 1,0 182
10 6,3 4,6 23,5 5,5 1,0 183
2500 20 0,69 5,1 25,0 6,5 1,1 184
20 6,3 5,1 25,0 6,5 1,1 185
20 10,5 5,1 23,5 6,5 1,1 186
35 0,69 5,1 25,0 6,5 1,1 187
35 3,15 5,1 25,0 6,5 1,1 188
35 6,3 5,1 23,5 6,5 1,1 189
35 10,5 5,1 23,5 6,5 1,1 190
Oxonyuanue maon. 114.1
1 2 3 4 5 6 7 8
6 3,15 6.4 33,5 6,5 0,9 191
10 3,15 6.4 33,5 6,5 0,9 192
10 6,3 6.4 33,5 6,5 0,9 193
4000 20 6,3 6,7 33,5 7,5 1,0 194
20 10,5 6,7 33,5 7,5 1,0 195
35 3,15 6,7 33,5 7,5 1,0 196
35 6,3 6,7 33,5 7,5 1,0 197
35 10,5 6,7 33,5 7,5 1,0 198
10 3,15 9,0 46,5 6,5 0,8 199
10 6,3 9,0 46,5 6,5 0,8 200
10,5 6,3 9.4 46,5 8,0 0,9 201
6300 20 6,3 9,0 46,5 6,5 0,8 202
20 10,5 9.4 46,5 7,5 0,9 203
35 3,15 9.4 46,5 7,5 0,9 204
35 6,3 9.4 46,5 7,5 0,9 205
35 10,5 9.4 46,5 7,5 0,9 206

IIpumeuyanne. BapraHT HCXOAHBIX JAHHBIX KYPCOBOTO MPOEKTUPOBAHHUS
BBIIACTCSI TOJIBKO MPENOAABATENIEM. JTO AEJIACTCA I UCKIYCHUS ITOJIHOTO
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COBIIAJICHUS NIapAMETPOB MPOEKTUPYEMOI'O CHUIOBOTO TpaHc(hopMaropa, co3-
JaHUsl YCJIOBUI MaKCHMaJbHOM CaMOCTOSTENbHOCTU. JKUpHBIM 1IpUdTOM
BbIJICJICHbI BApUAHThl IPUMEPOB pacueTa B nmocodbuu u B [1].

COOEPXAHUE
BBOICHIIC ...ttt s 3
TIPABHIIA OOPMITCHIS . .. .vveetteett ettt et e et et et et e et e e e e eeeenneeennenes 3
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YyebHoe n3gaHune

NTHATOBWY Buktop Munxannosuy
YCAYEBA TatbsaHa BnagummpoBHa

PACYET AKTUBHOM YACTU U OLLEHKA
3KCNNYATALMUOHHBLIX CBONCTB
CUNnoBOIro TPAHC®OPMATOPA

YyebHoe nocobue

U3naHo B aBTOPCKON peaakumu

HayuHbIn pegakTop
O0KMOP MeXHUYECKUX HayK,
npogpeccop O.f1. Mypaenes

[n3ainH 06noxku

OtnevataHo B U3patenbctBe TIMY B nonHOM COOTBETCTBUM
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USAATEALCTBO U Y. 634050, r. Tomck, np. Nenmna, 30
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