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B NORCHUTENLHOI! 3aNMCKe AOMKHBI 6Tl NPEACTABNEHS! 8 OGR3ATENSHOM NOPAIKE CREAYIOLLIME PUCYHKM, FPaCIUKIt 1 CXeMbi
INaH WMXTOBKM MATHUTHOM CUCTEMS! (PHCYHOK 3).

3CKI3 IaBHOM U3ONALMM OOMOTOK BH 1 HH (DUCYHOK 1 MM 2 B 33BHCHMOCTH OT KNaCCa HaNPAXEHIA TPaHC(OPMATOpa);

CXeMa PeryNUOBaHIR HANPAKEHNA OOMOTKI BH (PHCYHOK 7 8 32BUCHMOCTH OT BIIA PETYNUPOBAHIA HANPAKEHNA):
3CKI3 OCHOBHBIX Pa3MEPOB TPHCDOPMATOPA (PHCYHOK 5)

5. TIORCHNTENEHaR 3aNNCKa AOMKHA ObiTh BLINONHEHA B COOTBETCTBMH C TPeGoBaHIAMM ECKI.
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Macca Macna s Gake, K-

Macca uacna  paauaropax, k-

e G, - Macca Macna s OHOM paawaTope, NPHHUMAIOT N0 TaG. 3.21 uni 3.22, KT
O6uan macca wacna, k-
Giuo = Guo * Gup:

Macca Gaka TparccopmaTopa, -

=7850(IT,; + 2T,

e &= (0.8 = 1,0)10°% M - TonwwHa cTerky Gaka.

Macca panuaTopos, k-
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Gpas = NpasGom pas:
18 Gy p = NpgoG, - MCCa CTaNh OIHOM PAAHATOpa, MPHHMMAIOT N0 TaBn. 3.21 wi 3.22, K.
Macca TpaHcopuaropa, K

Gy = Gem = Gip + Guo * Goax + Gpao
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3. MeToaMuecKue yKa3aHUsA K pacyeTy TpaHcdopmaTopa

3.1. Pac4eT OCHOBHbIX 3MIEKTPUYECKUX BENUYMH U IMaBHOMN N30MALMUN 0GMOTOK

Pacuer NPOH3BOAAT 1A TPEXHAIHOTO TPAHCOPMATOPa. MOLHOCTS OAHOF (236 S H OHOTO CTEPKHA Sy, KBA

TRE Mg - WCNo b3 TpaHCHOpMETOPa (Mg = 3);
- ueno cTepxHeit (¢ = 3).

@astible Hanpmxenia U, (B) n TokM I, (A) (onpeAensior Ansi 0BGMOTOK BH 1 HH B 32BUCHMOCTH OT CXeM X COSTUHEHNS)

u, 5,
o Up=—5; Iy = —="— — ANA COBANHEHNA «3BE3aAN;
T A,

s,
o Up=Uy Iy =% _ 1na cOBANHEHMA «TPEYTONBHUK>,
' Ly =5 —am ey

e U - HOMMHaNsHOE MIMHENHOE HANpSXEHHE OGMOTOK BH 1 HH (Tpun. 1).
TMapameTpel 06MOTkM HH HANPAXEHNA GyaeM 0B03HaYaTs MHAEKCOM 1, a BH-2

AKTHBHAR L. W PEAKTHBHAZ iy, , COCTABNAIOLLME HANDRKEHHA KOPOTKORO SaMBIKGHNR, %
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PK
Hea = g, e =N s

A€ Py, Sy ty - N3paMETpbl TparcopuaTopa (Cun. 1).

TNasHas WIOMALMA OGMOTOK ONPEENRETCA, B OCHOBHOM, SMEKTDUECKON MPOSHOCTBIO NpW vacToTe 50 Ty W COOTBETCTBYIOLMMM
MCTIBITATENLHEIMY HANPAKEHHAMH, KOTOPbIE 3ABUCAT OT HANDRKEHHA OGMOTOK M AOMKHB GiTe ONPEAENEHs! N0 Tatn. 3.1: ANA 0GMOTKA HH - Uy iy

AR OOMOTKN BH - Uycr gn

TaGnuua 3.1- HauGonsLiee HanpsxeHue 0GHOmOK.

_ fone : ¢ ° * “ = "

12 35 72 2 175 2 45 126

KOHCTPYKUMA MaBHOM W3ONALMM OGMOTOK BH  HH ANA MCBTaTeNkHeIX HANMKEHWit OT 5 0 85 KB NPEACTaBneHa Ha pucyHke 3.1, a AnA
MCTbITATENbHOTO HanpsKeHWs 200 KB (Kace Hanpskenus 110 kB) - Ha pUCyHKe 3.2,
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Vi3onaumio HaxopALMXCA MO HaNPRKEHWEM acTedl MEXQy COOOA M OT 3a3EMNEHHbIX YacTell TPAHC(POPMATopa BLIMOMHAIT U3 TBEPAbIX
AVneKTpUKOB [1-3, 5] - 3NEKTDOMIOMALMOHHOTO KApTOWA, KAOEMbHOW OyMard, NaKoTKaWel, Nepesa W APYTUX MATepHanos. B MacnsHbix
TPAHCPOPMATOPaX YACTH UIONAUMOHHIX NDOMEKYTKOB, HE JaHATsle TEEPASM AMGNEKTDUKOM, 3JANOMHEHsl KMAKAM AWSMEKTDMKOM -
TPAHCOPMATOPHIM MaCTOM.

TnaBHan SORALYA - UONALA KAXAO/ OGMOTKH OT [DYTX OGMOTOK M OT 3a3EMMEHHBIX YaCTelt (pHCYHOK 3.1, 3.2)
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‘nepezopodka

PucyroK 3.1 - Dpazutesm oBMOMKU MDBHCHOPMEMOpa.

63, A BH
2
HH o
oA
75

Pucypon 3.2 Koncmpyauus anaenod usonauuy MmmBH}u HH
- MpeceyrOLUEe KO (GHTEEHHOE OpeessHO-GToUCIOe)
2 yunup BywaxHo-DaKenumOsail;
3 - YUAUHGP U3 AMEKMPOUSNAUUORHOEO KEPMOHa
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Vsonaumio Mexay ooMOTKaMi BH W HH OCYUIECTBRAIT KECTKAMH OyMaKHO-GAKENMTOBIMA LMHADAMA MW MATKAMA LMNMHADAMH M3
aMEKTPOMIONALMOHHOTO KapTOHa. BBICTYMsl UMANHAPOB Iz7j, Iz72 33 BHICOTY (0ceBOMt pasMep) OGMOTKH (DHCYHOK 3.1) MCKMIOWaKOT paspamsl Mo
NIOBEPXHOCTH UMAMHAPE MEKDY OBMOTKAMH MK C OBMOTKN Ha CTEpKEHS.

TP MCNITaTENbHOM HANPAXEHUM 85 KB U3OMALWMO OGMOTOK OT APMA YCUTMBAIOT WAiGaui 1 MOJKNAAKaMM U3 SNeKTPOKapTOHa. Mexay
0BMOTKaMM BH COCEAHNX CTEpXHElt YCTaHABNMBAI0T MeXay(asHsie NEPEropoaKi U3 3NEKTPOKApTOHa.

MUHAMHBIE H3ONAUMOHHbIE PACCTORHHA W PASMEPS! OCHOBHAX MIONALMOHHEIX AETANEM MABHOM USONALWN MACAHEIX TPAHCHOPMATOPOS
A MCTIBITaTENkHBIX HANPRKEHWT 5 = 85 KB NPHBEAEHS!: ANA 0GMOTOK HH - 8 TaGN. 3.2, ANA OGMOTOK BH - 8 Tatn. 3.3,

TaGnuua 3.2 - MUHUMBNsHsIE USONFUUOHHSIE PACCORHUS U PaSMEDs! OCHOBHAIX USONSUUOHHAIX demaned ons
06MOmoK HH
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25-250 205
00-630 205 = 5 =
1000-2500 4 6 15 18
630- 1600 4 6 15 2
25006300 Mpwsars paswiie[g) fnn 4 8 5 =
6200 n sse oBoTox BH o Tadn. 3.3 5 10 B )
300U skive. 5 1 5 5
Bce wouocrn 5 19 ) )

TaGnuua 3.3 - MUHUMANsHsIe USONFUUOHHSIE PACCORHUS U PaSMEDs! OCHOBHAIX USONSUUOHHSIX demaned ons
o6MomoK BH
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25-100 18,25135
160630 13,25u35 Ell - 9 3 15 10 -
1000 - 6300 18,25135 50 = 20 4 20 3 -
630 n Bsie 45 50 2 20 4 20 3 2
630 n Bbie 5 50 2 20 5 20 20 3
160630 8 7 2 2z 5 50 20 3
1000 - 6300 8 75 2 2z 5 50 20 3
10000 u B 8 80 El £ 6 50 £ 3

MpW HanWsuu MDECCYIOWMX KOMel pAccTOSHME OT BEpXHEro SpMa lg; MpWHUMATO YBEMMYEHHbIM NPOTHS AGHHBX Taon. 3.3 Anm
‘TpaHCopMaTopos 1000 + 6300 KBA Ha 45 MM; ANA TPaHCOPMaTOPos 10000 + 63000 KBA Ha 60 M.

VIS0MIAUMIO COCEAHMX BUTKOB MEXAY COOOM, MEXAY CMIORMM BUTKOB, MEXIY KATYLIKMI OAHOH OOMOTKA Ha3biBaloT MPOAOMIbHOM M3OMALMEN
OBMOTKM. [10CTATONHAR USOMALMA BUTKOB OOHI4HO OCECTEYMBAETCA COBCTBEHHON USONAUMEN OOMOTOSHOM NPOSOAA. [OMONHHTENEHYI0 MONALMO
MeXay BUTKGMM NDUMEHSIOT TONEKO ANA BXOHBIX (KDAFiHWX) KaTYILIeK OGMOTOK a3, TOMUUMHY M3OMALMM NP0B0A0S M5 1 A6 ANA GOMbWMHCTSA
KaTylWeK ¢ HOPMANsHOM U3ONALYIER MOKHO BIOpaTL N0 TaGN. 3.4. OCTaNkHeIe Pa3Mepsl MPOAONEHOM U3ONALYN OGMOTOK ONPEAENSIOT NPH pacyeTe
OBMOTOK TPaHC(DOPMATOPa.
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Tanuuya 3.4 -TonuuHa usonsuuy nﬁs 116 u A6

s 504-831 045-182
ATE 839-289 045-182
In® 06MOTKM BH Npw Knacce Hanpmxenns 110 KB 1 npu Uy, = 200 KB M3ONALMOHHSIE PACCTORKHA YKa3aHsi Ha picyHke 3.2. 3nece Hy
npencTasnAeT CoGoii pasMep MPECCyILIENo KONbLA, CKEEHHOMD U3 ADEBECHO-CNIONCTOrD MaTepuana (Hl = 60 1 80 MM NPH MOWLHOCTAX A0 25000
40000 + 80000 KBA COOTBETCTBEHHO).
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3. MeToaMuecKue yKa3aHUsA K pacyeTy TpaHcdopmaTopa

3.2. BuI60p KOHCTPYKUMW MarHMToNpoBoaa, Mapkv CTanu u MHAYKUMu

1IN% TPEXasHIX CHTIOBBIX TPAHC(HOPMATOPOS MOUIHOCT=0 A0 0,1 MBA HaWGoMsluee PacnpocTpaHeHWe Nonywina MNOCKAR WMXTOBaHHaR
CTEPXHES2A MATHUTHAA CUCTEMA CO COOPKOFi 8 NEpenneT ¢ 4 KOCkIMM W 2 MPAMBIY CTLIKAMM (DUCYHOK 3.3) [1-3, 5]

PucyHK 3.3 - LIUXMO8arHas cmepxHesas PUCYHOK 3.4 - [TONEPENHOE CeYeHLE CIEpKHS.
MazHUMHaS cucmena 7 - 0epeassitas nnarika; 2 - 0GMOMKa;
3 - OepessHHbIE PACKNUALSAIOLLLE CMEDKHL

TlonepesHoe CeyeHite CTEPKHA B CTEPKHEBBIX MArHATHIX CUCTEMaX OOBISHO WMEET BU CHMMETDUSHOT CTYNEH|ATO/ DHTYPe, BIHCaHHOM 8
OKDYXHOCTS (DHCYHOK 3.4). [IMaMeETD 37Ot OKDYKHOCTH d Ha3biBaloT AUGMETPOM CTEPXHA TPaHC(DOPMATOPA, OH ABMAETCA OfIHAM U3 OCHOBHBIX
Pa3Mepos TPAHCHOPMATOPa. CTYNEHYAToR CeveHHe CTEPXHA (ApMa) OGPA3YETCA Ce4EHHEM NAKeTOB NNACTUH. P STOM NAKETOM Ha3IBaIOT CTONy
MINACTHH OIHOTO Pa3Mepa. “HCTOE CeveHHe CTanu B NONEPEUHOM CENEHI CTEPKHA W ADMA HASHIBAIOT KTUBHAIM CeNeHen CTepKHA 1T, ui Apua
1T, Ha AaHHOM 3Tane pacuera, Koria pasmepsl NaKETOB CTEPKHA ELie He YCTAHOBNEHbI, UCMOMb3YHOT KOSMMULMEHT 3aMONHEHNR CTanbio K, pasHbIil
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OTHOLUEHMIO BKTMBHOTO CedeHs CTepKHA 1T, K NNOLIaAN Kpyra AaMETPOM d. STOT KOS(MULHEHT PABEH NPOIBEAEHHIO ABYX KOSDMHUMEHTOS:

ke = gk,

e Ky - KOAPOUUHEHT 32MONHEHNA NNIOWAAH KPYTa NNoWAAbI0 T3 ¢ CTYNEH|ATOM (DHTYPI CEYEHH CTEpKHA;
k; - Ko3(HUHIEHTa 3aN0NHEHNA NNOWaAY CTyneHyaToR (HTyPel [T, ¢ YHCTOf CTanbio.

KOSOUUMEHT 3aN0NHEHNA K; 3aBUCHT, B OCHOSHOM, OT TONUMHbI MNACTWH CTanW, BIAA USONALMM MNACTHH. COMACHO PEKOMEHAAUMAM,
npiBEAEHHSIM 8 [1, 5] NPW TOMLUMKE NMCTOS 0,35 MM PEKOMEHAYETCH NPUHATS k; = 0,965, @ U TonuWHe MCTOB 0.3 MM - k; = 0,955

KOSh@HLMEHT 3aNONHEHWA NNOLIAAH KPYTA Ky, U WHMCTIO CTYMENelt B CeNeHM CTEpXHA, ONPEAENAeNoe N0 YHCNY NaKeTOS CTEPKHA B OAHO
NONOBMHE KDYra 71, 33BUCAT OT MOUHOCTH TPaHCPOPMATOPa Sy AWAMETPA CTEpXHA d, CNOCODA KPENMEHHA MMACTUH, CMOCOSA OXMAKIEHHA

TPAHCOPMATOPa, 1t Ha JaHHOM 3Tane PAceTa MOTYT GiTb ONPEAEneHs! N0 33aHHOM PACHETHOM MOWHOCTH ANA MACAAHOTO TPaHCopMaTopa (Mpur.
2,7a6n. 1).
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3.3. OnpepeneHne OCHOBHbLIX Pa3MepoB TpaHCcgopMaTopos

CepesHUK TPAHCHOPMATOPa RBNAETCA OCHOBOM €M0 KOHCTPYKUMM, NOSTOMY BbIGOp MaBHBIX Pa3Mepos CEpaedHiKa ONpenenser TaKke W
OCHOBHbIE PasMeps! OGMOTOK - AMMETP i BHICOTY

B A2l PaGOTe AByXOGMOTONHEI TEX(a3HbIi TPAHC(HOPMATOP BHINONHIM € NNOCKOM MATHTHOM CHCTEMON CTEPKHEBOTO THNA CO CTEPKHAMN
WMEROIMMM CeEHHE B (POPME CHMMETDUHHON CTYNEH|aTO (OHTYPE, BNUCAHHOM B OKDYAHOCTS,  C KOHLIEHTDUIECKUM PACONOKEHHEM OGMOTOK U3
MEAHOTO WM ANIOMUHUEEOTO MPOBOJA & BHdE KDYMIOTO WANWHApA. MaruTHas CUCTEMa TaKOTO TD2HC(HODMATOpa ¢ OOMOTKAMM CXeMaTH4ECKi
300paxeHa Ha pHCyHKe 3.5




image18.png




image19.png
PucyHok 3.5 - MagHumHas cucmewma 0syXoGMOMO4HO20 MpaHCopHamopa

[MaMeTp OKDYKHOCTH d, B KOTODYIO BMIUCAHO CTYMEHYATOR CeYEHMe CTEDKHA, RENAETCA ONHUM U3 OCHOBHBIX PAsMEDOB TPaHCOpMATopa
BTOPLIM OCHOBHBIM PA3MEPOM BNAETCA CPEAHHIA AMAMETP BUTKA ABYX OOMOTOK MM AMAMETP OCEBOrO KaHana Mexzly oOMOTKaMK d| ), CBR3bIBAIOWMIA

AMaMETp CTEPKHR C PAaWANHLIMM Pa3MEPaNM OOMOTOK @ 1 @ W OCEBOTO KaHana MEXAy HAMM a ;5. TETbiM — BbICOTa 0GMOTOK TpaHCopMaTopa |
(0BBIYHO OGE OGMOTKHHMEIOT OUHAKOBYHO BLICOTY).
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I182 OCHOBHLIX Pa3Mepa 0OMOTKI d 1 | CBR3aHb BbIpaKEHUEM

7y

£==

(]
Benndna f ONpefeneT COOTHOLIGHWE MEX1y AMAMETPOM W BICOTOM ODMOTKN. 3HaYeHWe B MOXET BapbWpOBaTs ANA MACMRHBX
TPaHCOPMATOPOB B Npeenax 1 - 3.5. MpH STOM MEHbLLNM SHAHWAM f3 COOTBETCTBYIOT TPAHCDOPMATOPE! OTHOCHTENBHO Y3KHE H BICOKHE, GONbLIM -
LIMOKME 1 HU3KHE. Pa3NMIHbIM HA4EHUAM f COOTBETCTBYIOT  PasHble COOTHOLIGHUA MEXKAY MACCaMit aKTHBHSIX MATEHANOB - CTAMM MATHUTHOM
CUCTEMI 1 METaNNa OGMOTOK. MeHbLLIM SHAJEHWAM f3 COOTBETCTBYET MEHBIUAR MACCa CTaNM W GOMbILAR MACCa METaNna OGMOTOK. C yBenwyeHMeN &
MaCca CTanu YBeNUMBAETCs, Macca MeTannia OGMOTOK YMeHbLIETCA. TaKi 0GpasoM, BbI00P B CYLIECTBEHHO BMAET He TOMSKO Ha COOTHOUWEHIE
Pa3MepOs TPaHC(OPNATOPa, HO 1 Ha COOTHOLIEHHE MACC aKTMBHSIX W APYTUX MATEPHANOB, a CMIEA0BATENbHO, 1 Ha CTOMMOC TS TPaHC(OpMaTopa

BulecTe ¢ STUM 3HaueHie § CKalbIBAETCA M Ha TEXHWYECKWX NapaMeTpax TPaHC(OPMATOpa - NOTEPAX 1 TOKE XOMOCTOTO XOAa, MEXaHNHECKO
IPOSHOCTH  HArPESOCTOMKOCTH OGMOTOK, FaGAPHTHBIX PasMepax

B [1] npuBeneHa hopMyNa, CBA3LIBAIILAR AMAMETP CTEPKHA TPAHCDOPMATOP € €10 MOLLIHOCTLIO U KOIDDULMEHTOM 5.

2

rae ky= 0,93 + 0,97 - KOSDPULMEHT NPUBEACHHA UASATBHOTO NONA PACCEUBAHINA K PEATBHOMY (KOSDMULMEHT POTOBCKOMO);
X




image21.png
@y - LIMPHHA NPUBEAEHHOTO KAHANA PACCERHNS, M.
aa+(a +a)

a,=A2r\ATE)
» 3 >

(@ra) 4y (S 1072

e k - KOSMULMEHT, 3BUCSLLMA OT MOLLHOCTH TPaHCHOPMATOpA, METanna OGMOTOK, HANPAXEHHA OOMOTKI BH W NOTEPb KOPOTKORO 3aMBIKaHH,
onpeaenseTca no Tadn. 3.5;

e~ KOSDDULYEHT 3ANONHEHNA CEPAENHNKA CTaflbIo;

B, - WHAYKUMR B CTEDKHE, NPEABAPUTENLHO NPHHMMaeM B, = 1.55 + 1,65 Tn AnA cTaneit 3404 1 3405;

f-uacTora Toka cemw, 1y,

Uy - PEAKTHBHAA COCTABNAILLAA HANPAKEHIA KOPOTKOTO 3aMbIKaHIUA, %.
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Tabnuua 3.5 — Benuyura kosgguyuerma nomeps

Mes Antommnmit
Tpa“gg:‘::g;al - Knacc HanpaxeHus, kB
10 35 110 10 35 110
o250 063 065-056 - o7 081-073 E
400-630 05 085-058 - 085 081-073 =
1000-6200 047 052-048 - 05 065-08 -
10000- 20000 = 043-046  058-058 - 06-0%  085-072

IMameTp CTepxHA d, KaK BUIHO U3 BEIPAXEHNS (3.2), NIpH NPOSIX PABHBIX YCTIOBHAX SABHCHT OT KOIDOULYIEHT B, KOTOPSI KaK Gbi0 OTHENEHO
Bbillle, MOKET BapLUPOBATS B AOCTATONHO WMPOKAX MpeAenax. OfHOM U3 3anaY NPOEKTUPOBAHMA AENAETCA BHGOP ONTUMANLHBIX MO CTOMMOCTH
TPAHCOPMATOPA SHAHEHHT] COOTHOWEHIA OCHOBHLIX PAIMEDOB B H AMAMETPa CTEPKHA d. 3Ta YaCTb pacyeTos npHseaeHa s [1]. Mpy nponsseneHm
PACHETOB PEKOMEH]IYETCA BOCTIONL3083TECA ONTUIANBHBIMM SHAYEHHAMMN 3 8 SABHCHMOCTH OT S, (T2GN. 3.6)
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Tabnuua 3.6 - OnmuwmansHsie s+a1exus f & sasucumocmu om Sy,

25-100

160630 = =
1000 - 6300 -
10000 - 16000 11-13
25000 - 80000 10-12

[IN% AMaMETPOB CTEPKHEl CHNOBBIX TPAHCHOPMATOPOS MPUMEHAIOT CTAHAAPT, KOTOPSi CONEPKUT CREAYIOLUME HOPMANMIOBAHHIE AWAMETDb!
(MarHTHIE CUCTEMBI Ge3 nonepesHeIX KaHanos), : 0,08; 0,085; 0,09 0,092; 0,095: 0,10; 0,105; 0,11: 0.115; 0,12 0,125 0.13; 0,14; 0,15 0,16 0.17;
0,18; 0,19, 0.20; 0,21; 0.22; 0,225: 0,23; 0.24; 0,245 0,25; 0.26; 0,27 0,28; 0.29; 0,30; 0,31: 0,32; 0,33; 0,34: 0,35; 0,36; 0.37; 0,38: 0,39; 0,40; 0,42
0,45 0.48: 0,50.

'BTOPOIA OCHOBHO/! Pa3Mep TPaHCHOPMATOPa - CPEAHHT! AUAMETD BUTKA OGMOTKaMM, M

djy=ad,
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TAe @ - KOIMMULMEHT, NIPUHUMAEMbI 110 TadN. 3.7.

Ta0nuua 3.7 - Havenus ﬁiuwenma a niu Knacce Nanﬁmm oomomiu BH

o830 138 140 - 144 148
071000 206300 138 140 - 146 148
Casiwe 10000 - 140 145 - 148

‘TpeTHii OCHOBHO/! Pa3Miep TPaHCOPHATOPa - BLICOTA OBMOTOK, M:

PaavansHelt pasuiep 0GMOTkH HH MOXET GiiTs NPHGAIMKEHHO NOACHHTAH N0 hopHyne:

@ ta
& wky ‘33,
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e k; =110 S, = 25 = 630 KBA,

ky=14amS,

0 unm 35 kB;

000 + 6300 KBA, Ugy
k7 =1.1an8 Ug, = 110%B.
/AKTMBHOE CEyeHHe CTEPKHA No cTan, M2
I, = k,JT,107,
3 5.c107%,
1 [T, MOLIAAb CE4EHNA CTEPKHA, BLIOUPAETCA N0 Ta0N. 3.6 1 3.9,

HanpmKeHHe OHOr BUTKa OGMOTKW (NpensapHTentHo), B

44

Onpenenenue pasMepoB CTEPXHA W OOMOTOK, MPOBOAMMOE B Hauane pacveTa, ABMAETCA NpeABapuTENbHbIM. 3aJaua MpedBapuTENbHOr
Pacyera 3aKnio4aeTCs B NPUBMIKEHHOM ONPEAENEHHM OCHOBHEIX Pa3MEPOB CepaeUHIKa U 0BMOTOK (d}, d, [), a TaKKe B pacyeTe aKTUBHOTO CedeHUR

CTepiin 1T, W HaNPRKEHUA OZIHOT BUTKA OGMOTKI U, HTO HEOOXORMMO B AATbHEHLLEM AT MOTIHOTO PACYETa OMOTOK
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Ta0/1uua 3.8 - MM10wads ceserus ome

012 1049 1065 1050
0125 1123 153 1104
013 1219 1249 1299
014 1415 1440 1620
018 1617 1659 2040
016 1835 1883 2470
017 2085 2141 2008

018 2328 2376 452
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Tabnuua 3.9 - Nnowaos cevexus mﬁn c ﬁmyuu munamu naacmus

019 2673 4118 223 2533 4012
02 Zsﬂ,l 2062 4811 2178 2734 4685
021 3192 2272 5680 084 3116 8522
022 3830 3605 6460 425 2437 6334
023 2877 3040 7432 76 784 7342
024 4193 4258 8428 4078 4004 8274
025 4562 4626 o532 4462 4486 o302
026 4206 07,1 10746 4780 4885 10850
027 5326 5434 12018 5158 5186 1758
028 5700 so1,1 13738 5562 5666 13480
020 6124 6228 14858 5040 5064 14554
03 8572 6752 16556 6445 8542 16336

031 7020 7158 18672 8830 6894 18312




image28.png
032 7462 7624 20144 7327 7439 18830

03 97,1 8202 22382 7701 7782 21828
03¢ 8448 8608 23722 8286 8374 23416
035 2036 w16 26814 836 8760 26118
036 0292 s 27044 o103 o178 27574
037 EH 10038 30606 o608 o758 0228
038 10358 10834 33074 0106 10376 2116
038 11052 1236 35986 10800 10858 35438
04 1886 11676 30550 1432 11804 30234
042 12829 13180 46220 12580 12700 45528

Mpu pacueTe XapaKTEPHCTUK KOOTKOTO 3aMbIKaHUA M XONIOCTOTO XOA@ W APYTMX MOACYETAX, CEAYET NMOMb3OBATLCHA HE MPEABApHTENbHO
nonyserHeM aecs akaseruamit dy, do, | (ag + ay)/3, ay, IT w B, a pasepaiu, HalBeHHbIMI ANA PEaTsHbX OGMOTOK H CEpAESHHKE
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3. MeToaMuecKue yKa3aHUsA K pacyeTy TpaHcdopmaTopa

3.4. PacyeT 1 BbIGOP KOHCTPYKUMM OGMOTKM

ONMCaHHe TEXHUMECKIX TDEGOBaHWI K OGMOTKAM, 3 Talke OMMCAHME UX TMNOS NpEACTaBNeHs! & [1-5] B AaHHOM painene HEODXOUMO
POU3BECTH BIGOP THNA OGMOTKH. OCHOBHEIMU KDATEDUANMM NpH BLIGOPE TMNa OGMOTKY CAYKAT CEAYIOLLME BENMUMHEI: TOK HArPy3Kit OHOTO CTEPKHA
1, MOLLHOCTS OBMOTOK ORHOTO CTEPAHA Sy Yt HOMMHANIBHOE HanpxeHHe Uy, a TaKkKe NONEpeuHoe Ceveniie BUTKa oBwoTk M [1-6].

(OPHEHTUPOBOHOE CEyEHHe BUTKa (MM2) KaX10/ OBMOTKN MOKET BbiTb ONpEdeneHo:

T J - CPEAHAR MOTHOCTS TOKA B OOMOTKaX BH M HH

B 33BHCHMOCTH OT B5IGOPA 3HjEHIR J ) OYAYT HIMEHATHCH OOBEM U MACCa OGMOTKH, 3, CIEAOBATENbHO, W JMEKTPHIECKHE NOTepH B HX Py,
OBbI4HO Npi pacyeTe TPaHCOPMATOpa NOTEPH KOPOTKORO 3aMbIKaHWA Py GLIBAIOT 33/aHI, 1 BLIGOP CPEAHENt ANOTHOCTH ToKa AOMKEH GbiTs CBA3AH C
3anakHoi BenM KON Py

ONpenenuTs CPEaHioK NNOTHOCTL Toka (A/MM2) B 0BMOTKaX MOKHO N0 (OpMye:
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e k3 - KOSDMUUMEHT YUUTEISZIOL MaTEpHan ooMOTkM, ky = 0,746 - wes u k7 = 0.463 - aniommHnii
Py - noTepy KOPOTKOTO 3aMbikaHi, BT,
3 - KOSXDULIMEHT, Y4 THIBaIOLIIT HaNW4ME AOCAB04HEIX NIOTEPb B NEMeHTaX TPaHCOPMATOpa, MPHANMAETCR N0 Ta0r. 3.10.
Tanuua 3.10 - Koagghuuuiesm, y4UmbI6aiouuLl Hanuue 000a804HbIX omeps

_ 0.0 0600 oo-fe0 2500 6m  80uao 10000

Mony\enHoe 3HadeHite MNOTHOCTH TOKA J,, HEOGXOMMMO CBEPHTS C AGHHSIMM TaBn. 3.1, e MPHSEAEHs! OPHEHTMPOBONHBIE HAYEHIA
NpaKTHdECKH MPHMEHAEMBIX MNOTHOCTE/i TOKA A7 MACTAHBIX TPAHCDOPMATOPOS. CBEPKA PACCUMTAHHOTO SHAUEHHT J ) C AHHBIM TABMMLLI MiMEeT
LieNbIo UIBEXKaTS PyGLIX OLLMGOK B pacyeTe.

Tabnuya 3.11 - [NOMHOCMU MOKa 0715 MACTAHAIX MPAHCHOPIAMOpOS:

Megs 22-35 22-35 20-35 20-35
Amownsii 12-25 15-26 15-27 -

Mocne onpefienenwa cpeaHeli NNOTHOCTH ToKa J Mo Tabn. 3.11 NPOU3BOANTCA BHIGOP THNa 1t KOHCTPYKUyH OGMOTKH. Tpi BbIGOPE OBMOTOK B
[A@HHOM KYPCOBOI paboTe MPEANaraeTc UCMONb30BaTb B OOMOTKe HH MioGOW TMM OGMOTKN B 3ABUCHMOCTA OT MOLYHOCTH TPaHC(POPMATopa
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NPEABAPUTENBHOTO CeYeHMst NPOBOAA MO Tabn. 3.12. B 0GMOTKe BH PEKOMEHAYETCA HCNONb30BATL HENPEPBIBHYIO KATYLIEYHYIo OOMOTKY U3 NPoBoaa
IDAMOYTONBHOTO CeNeHMR. Ha PUCYHKE 3.6 NPECTABNEHS! CXEMbI OGMOTOK, a Ha PHCYHKE 3.7 - CXEMel PETyTUPOBAHHA HANDRKEHHA.

A A A A
J [ kam 46 4y
o——/AK

H
———m =Jant \_:}J
)

‘F— - X4 P
r A 12 52 112 B2 K moure X

X
a) o) P a) 8 2
PuGyHOK 3.6 - GXeMs! 0GMOMOK: Pucy+o 3.7~ CxeMa coeduHers 00MOmOK
8) UUNUHOPUHECKaS OGWOMTKa; 6) SUHMOBaS 0OMOMKa;
&) KamywesHas oGwomKa
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Tabnuua 3.12 — Ta0/uya UCTIONs3063HUS 0OMOMOK

ppsienenuer] TIpenent! pHMEHEHIR, BKRIOUTENEHO
cTopoke wneno
Tun oBmoTkN e napannensHbix  Cxema PH
oBmoToK 0 Toky Ha no nocevenmio | MposOHos
tnaBkoe  BoamoNHOR SuXBRA crepKew.  Hanpxennio )
# PN aumxa, 7, un
Unnwngoniecran M Mo 15-200 os 5,04-250
wanpAoyroneoro HH - 18 -
e A fos:0  10-650 os 539-300
B A e | G o35 OT75 nase 5
16
npANOyroNBHoro HH - = == 0 | -
noso; w  or3oon
po2028 " 7% T30 o35 OT75 nase
Henpepuisiar
xaTyuewan 12 or100u  Ori0-13u . y
e BH HH A e D=t 3-M0  Ore3omswe 1 35 pucyora?

nposona
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3. MeToaMuecKue yKa3aHUsA K pacyeTy TpaHcdopmaTopa

3.5. PacyeT 0GMOTKM HU3KOFO HanpsiXeHns

HHCRO BHTKOB 8 0GMOTKe HH NpeasapyTensHo:

e Ug; - basHoe HanprxeHite ooMoTk HH,
Up! OMOTKM HH, B.
3naventie T7] HEODXORUMO OKDYTIMTL 710 UEAOTO YiMCNa 8 GOMLLYIo CTOOHY. YTOMHEHHOE HANPRKEHHE ORHOTD BUTKA, B:

Yo
m

YTOMHEHHOE 3HAYEHME MHIYKUMK, TrT
Us
444TI,

3.5.1. PacdeT LUNMHAPMHECKNX OBMOTOK M3 NPAMOYTONIBHOTO MPOBOAA

5=

"PaININMEHOT OJHOCTOMHEIE, ABYXCTIOMHBIE 1 MHOTOCTIORHSIE LUTHHAPHHECKHE OOMOTKH U3 NIDAMOYTONIBHOTO MPOE0ga [1-3, 5]

UHCTIO BUTKOB B OAHOM CTIOS: ANIA OAHOCTIORHOM OOMOTKI TW,zy; = TF77, ANIA ABYXCTOMHON OOMOTKH TWzy; = T7}/2; ATIA MHOTOCTOMHOI OOMOTKH
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mel; =

- BLICOTA 0OMOTKM HH, M.

(OPHEHTUPOBOYHOE CEYEHHE BHTKa, MMZ:

o 3

Mo nonysentieim senimnan 177 1 g, o COPTAMEHTY OGMOTONHOTO NPOBOAA ANA TPAHCDOPMATOPOS NOAGHPAIOTER NOAXORALIHE NPOBOAA ©
cobnioneHmen cneAylowyX Npasn

UHCNO NapannentHbIX IPOBORO 71, He Gonlee 4 = 6 MU HaMOTKE «INALLME> U He Gonee 6 = 8 NP HAWOTKE «Ha PEGPO;
HCO Pa3NUHeIX PASMEPOB MPOBOAOS He Bonee 2;

panuansHsle pasueps! BCEX NapanniensHsix NPOSO0B BUTKA PaBHL! MEXaY COGOM:

NIpit HaMOTKe «Ha PEGPO» OTHOLIEHHE PAAHANBHOTO Pa3MePa NPOBOAA K OCEBOMY €10 PAIMEpY - He MeHee 1.3 1t He Gonee 3;
DACHETHAR BHICOTa OBMOTKH (IF oy +1)/ig Ha 50 = 150 1 WeHslwe, vt |

KaKk 8 2HHOM NYHKTe, Tak 1 8 AanbHefiluem packeTe BMOTKY NMPEANaraeTEs BHINOMHHTL NPOBOAAM NPAMOYTOMEHOTO CEHEHNA € PASMEpaMH: Gy,
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W by - 083 MIONAUMH, i ys W By ys - C MIOMALMEHH (PHCYHOK 3.8). OCEBOM PasMEp MPOBOAA by, OTPAHUMBACTCH YCTIOBHAMM OXTEKACHHA 1
MKCUMANGHBIMM Pa3MEPaMM (bygy) MO COPTaMeHTY MPOBOROS, BHGMPaeMbiX NO (Mpun. 2, Taon. 2). MpW 3TOM MaKCHMAnkHsie pasMeps!
PAMOYTONsHBIX MPOBO/IOB HE A0MKHbI NPEBBILATS: 15 1M - AN1A MEAHsIX NPOSOA08; 18 MM - ANR ANIOMHHIESHIX NPOBOAIOS.

bupas

PucyHOK 3.8 — MpsAMoy20nsHOE Cevenue Mposoda

0 TEXHONOTHYECKIM NPUYMHAM BBITOIHO MPUMEHATH NPOBOAA BO3MOKHO GONBLIMX PA3MEPOB C YYETOM OTPAHHYEHNS N3 YCIIOBHAM OXTTAKAEHHA
W BENMdMHE A00ABOMHbIX NOTEPb, XBPAKTEPHIYEMbIX KOIDMUUMEHTOM o5 HaUOOMbLLIA PASMED DNIp. HE AOTKEH MPEBHILIATL SHAHEHHA Dy
HallEHHOM MO TPAUKaM, MIOOPIKEHHSIM Ha PUCYHKE 3.9, O WIBECTHBIM HAIEHWAM Jo, W AONYCTMMOI MNOTHOCTH TEMNIOBOTO MOTOKa g Ha
OXNEXAAENON MOBEPXHOCTH OGMOTKM (5 TPAHC(DOPUATOPAX C ECTECTEGHHSIM MACTAHBIN OXTZKASHHEM ¢ < 1200 + 1400 BT/M; ¢ MCKYCCTEEHHOR
MpKynALVedt Macna g < 2000 = 2200 BT/M2)
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34an by, 1 IT), 10 COpTaMeHTy OBMOTOMHEIX NP0B0A08 (Ul 2, Tabn. 2) NepeSopoM PAIANEHOTO 7P PasMepa NPOB0AA MOABHPAIOT YHCTo
napannenHeiX IPOBOA0B NS1 H PA3Mep aNp OUHONHOTO NPOBOAA Tak, YTOGk!

g iTyp) =11} (c TouHOCTENO 1= 5 %),
1 [Ty p] - NONEPEHHOE CeueHHE IPOBORA C PASMEPANIN Gy 1 By, MM

T0R0GpaHHIft N0 COPTaMEHTY NPOBOA CREAyeT 3anHcaTs Tak

Gt bt I

o o Ty
Gt 2 Dpt s
[INA NPOBOA0E ¢ OBLIYHOI IONALMEN CTIEAYET NPUHATS TOMLUMHY H3ONALMM Ha ABE CTOPOHBI 0,45 MM, C YCUNIEHHOM U3oNALMeN - 0.9 MM,

aKTH4ECKaR MNOTHOCTS TOKA B OOMOTKE, A/MMZ

Js
£
= HTP‘ (3.4)

Ocegoit paswep 0GMOTKH, 1
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11 = hg1(Wea +1) + (0,5/1,5).
Ocegoii pasmep BUTKa, M

+ DM HAMOTKE Ha €PeOPO>: ) = Mg 1dp] us:
* Npit KamoTKe «nnaw>: g

Mg1bnp] us
PanuansHuii pasiiep ORHOCTIONHOR OOWOTKI G} = Gypy s MPH HAMOTKE «NNAWME> W a7 = byl ys MPH HAMOTKE «ha PeGpo». TR
ABYXCROHOR OGMOTK @ = 20ty 5 MDW HAMOTKE «TNAME> 1 @} = 2Byp7 45 DU HAMOTKE <2 PECPO»

'BHYTPEHHMii AUAMETD OBMOTKH, M

D =d+2ay107
HapysHblii AHAMETP OGMOTKH, M

K=K+

CpeaHHit AMaMETD OBMOTKH, M:
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3.5.2. Pac4eT BUHTOBOW O6MOTKM
OceBoit pasmep 0aHOTo BUTKa:
/ANA OAHOXOA0BOM OGMOTKM, M:
=t .
R
* AnA RBYXXOR0BOM OBMOTKI, M.
By =k ,
o

1€ gy - OGSO PASHED MACTAHOTO OXTZHAZIOWIETO KAHANA MEXKAY BTKAMH. OPUEHTHPOBONHO fyzy; % 0,1ay. Ho He Menee 0,004 W, e aj -

panuKkansHeii pasiiep 06MOTK HH, NDUGNIDKEHHO OnpeaeneHHsii 8 . 3.3

pi 1< 0,015 M CTIEAYET MPIMEHAT ORHOXO0BYI0 OOOTKY, 3 NpH /g > 0,015 ABYXXOAOBY0 OBMOTY.

ODHEHTHDOBOYHOE CEYEHNE BUTKA HAXOAUM MO (3.3).
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Mo ussecTHbiM IT; W 1g] NOAGHPAIOT NOAXORALIEE CedeHMe NPOBOAA ¢ COBMIoNEHHEM CREayolLMX Npasir

* MHIMZNEHOE YCTIO NDaNENLHLIX NPOBOROS 4;

* 8ce NapannenHsie NPOSOA UMEIOT OMHAKOBIE Pa3MEPs! 1 NNOULIATL NONEPESHOTO CEeHNA.

BLiGOp CeveHus NPOBONA W (DOPMA 3AMUCH TaKie Xe. Kak W ANA UMMWHADUMECKOR OOMOTKA. QaKTUYEcKas MMOTHOCTb ToKa B OOMOTKe
onpeaenseTca o hopwyne (3.4). Ocesoi pasuep oBMOTKM,

* ANA ONHOXONOB0/ OGMOTKH € TPEMS TPAHCTOSLMAMI

b= Bt (1 +4)+ gl (W 43);

* A% OZIHOX071080/1 OGMOTKI € KaHANI2MI 4EDE3 0K BHTOK € TDEMS TPAHCTIOSHLIMAMM

w w
= 440 b (B2 ],
e d - TonULHa NPOKNAZK MEXY CAIBOEHHBIMM BUTKAMH, 00bINHO d = 1,15 1M,

+ ANR A8YXXOM0EO/ OOMOTKIA C PABHOMEPHOW PACTIPEACTIEHHOM TPaHCNOSHLMETE
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b= 2

W+ 1)+l (29 +1);
* ANA ABYXXOAOBOI1 0OMOTKY 63 kaHana Mexay ABYMA rpynNami NPOBOAOS:
I = 2yt gy (7 +4)+ K [l 77+ (7 +1)],
rae kg = 0,94 + 0,96 - KOIDDULMENT, YIHTLIBAIOLLMI YCATKY MEKKATYLIEHBIX NPOKNAOK MOCNE ONPECCOBKH OBMOTKA.
PaananHbiil pasMep BUHTOBOI OBMOTKM @ (M) ONPEAENAeTCs:
* ANA 0AHOXOA0BOW OBMOTKM:
aj = Ngilyplus.

* ANA ABYXXOR0BO/ OOMOTKL

* AN MHOTOXO0BOM OOMOTKH.
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Py
@ = gt

€ 71 - 9ICTI0 X008 OOMOTKI

Ha picykke 3.10 NOKa3aHs| PA3NKHHLIE BAPUAHTE! BLINOMHEHHA BUHTOBLIX OGMOTOK W METOAWKA ONPEENEHHA OCEBOro PasMepa BUTKa. CxeMs!
TPEHCTO3MLMI MPOSOA0B B BUHTOBBIX OOMOTKAX NORCHAIOT PUCYHOK 3.11 1 3.12.

n,-22H

Dupas=ba Dupas bupas
anp
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PucyHoK 3.10 - PasnuuHsle 6apuaHms! 65IM0NHEHUS 8UHMOS5IX 0OMOMOK:
3) 00HOX0008a5 OGHOMKA C KAHANAMU MEXOY S0EMU BUMKAML;
) 00HOX0008a5 OGMOMKA C USONFUUOHHSIMU LIBLICAMU MEXOY UMKaML;
) 06yXx0008a5 OGMOMKa C OXNXOBIOLLIM KSHANIOM MEXDY XOOBMU § 00HOM BUMKe;
2) 06yXX000635 OOMONIKa 03 OXNAXOBIOUIEE0 KaHaNa MEXOY X00MU 6 00HOM GUMKE.
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BHYTPEHHMi AAMETP OOMOTKM, M.

D =d+2ay107
HapysHblii AHAMETP OGMOTKH, M
o= I+2q
CpeqHit AMaMeTp OGMOTH, I
3.5.3. PaCYET HeNPepLIBHON KaTyWE4HOM OBMOTKI
OnMcaHme AaHHOM THNa OGMOTKH MPMBEAEHO B [1-3, 5]. OPUEHTHPOBOMHOE CEHEHME BUTKA HAXOAHM N0 (3.3).
TpH MCNONb30BAHUM ARHHOT THNA OGMOTKH HEOBXOAUMO MPUASPKMUBATHCA CIIEAYHLUMX TPEGOBAHHIL

* 0Blijee HUCTO KaTyLUEK AOMKHO GbiTh YETHSI, YHCTIO PASTIMHBIX BIIOB KaTYILIEK He Gonee YeTbipex:

*+ paGouee HaNpAKeHWe OHOM KaTywwKi NPH U, N0 35 KB He A0MKHO NPEsocxoauTs 0.8 - 1 kB; npu U, = 110 KB HanpsixeHue OQHOM KaTyuukn
MOXET focTHraTs 1,5 + 1.8 KB;

© npi Uy, = 35 KB U Bbillle BCE BUTKW, CTYXaWWe N3 PETYAWDOBAHUA HATDAXEHNR, W BATKN C YCWMIEHHOR WSOMAUMEN JOMKHSI ObiTo
DasMEllEHsl B OTAENbHLIX KATYLKAX KATVIUKH CONEDMALIME DA3NMuHbIe YNCNA BUTKOS MMM OTNHYAIOWIMECH Da3MEDaMu MnW W3onaumei
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BBegeHune

TPaHCQIOPMATOp (OT NaT. transformo - MPeospasosbisaTs) - CTaTHECKOE 3NEKTPO-MArHWTHOE YCTPOWCTSO, MMelllee Ase wnn Gonee
WHAYKTMBHO CBRIAHHBIX OGMOTOK Ha KaKoM- MMGO MArHUTONPOBOQE W NPENHasHaueHHoe ANA MPEeoOpasosaHMA NOCPENCTEOM ANEKTPOMATHTHOM
MHAYKUMM ORHOM WM HECKOMKIX CHCTEM (HNPAXEHTT) NEPEMEHHOTO TOKA B OBHY UM HECKOMSKO APYTUX CHCTEM (HANPAXEHMH) NEPEMEHHOM ToKa
663 U3MEHEHNR 4aCTOTb! CHCTEMS! (HANRXEHNR) NEPEMEHHORO Toka [1].

TpaHCDOPMATOP OCYLLECTBNAET NPEOGPAI0BAHUE HAMPAKEHHA MEPEMEHHOTO TOKA WINMM FaNbBaHUECKYI0 PA3BA3KY B CaMbiX AIMYHEIX
OBNACTAX NPUMEHEHH - ANEKTPOIHEPTETHKE, SMEKTPOHHKE U PAAMOTEXHIKE.

‘3HaHWeE OCHOB NPOSKTUDOBAHHA IMEKTDHYECKMX MALLIMH 1 TPAHC(DOPMATOPOB HEODXOAUMO MHKEHEPaM-3NEKTPOMEXaHHKaM, SKCAMYaTHpYIoLIMI
SHEpTETHYECKAE YCTAHOBKN W GNEKTPONPHBOA. OHM AONKH! 3HaTb, KaK NDOSKTUDYIOTCA SMEKTDMMECKME MAlLMHBI U Kak MOTYT GbiTb NOMySeHs
HanGonee BHICOKME UX XBpaKTEDUCTUKN. 3TH 3HGHWA NOMOIYT B COSHATENSHO SKCMNYaTaLMi W MOMEPHHSALMM CYLLIECTBYIOIUX SHEPETHYECKUX
YCTaHOBOK

VIHTEHCHBHIA POCT GHEPTOCHCTeM TPEOYET AansHEMILIErd NOBLILIEHIA MOLIKOCTH W YMYLIGHUA Ka4ECTSa BbIMYCKAEMBIX TPaHCOPMATOPOS.
TIO3TOMY UCKNIOMUTENEHO BaKHOE 3HAYEHWE WMEET BOMPOC O PALMOHANLHOM MPOEKTOBAHWW 1 NPOMIBOACTBE TPaHC(DOPMATOPOB OGLETO
CNeUMANEHOTO HasHaveHN

Liensio KypCOBOro NPOEKTUPOBAHHA ABNAETCA M3yHeHHE CTYAIHTAMH OCHOBHBIX METO/I08 PACHETa U KOHCTPYKTHEHO/ Pa3pacoTKit aneKTpHIECKOft
MALLMHE! MM TPAHCOPMATOPa. KypcoBa PacoTa - 3TO KOMMNEKCHaR PaGoTa, KTOPaR TPEGYeT MOHMIAHIS CBA3E MEXAY NOKasaTENMM MAMHS! 1
ee pasmepami.
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0003H24ITCA PasnuuHbIMM Cyksammu Ana yaoocTea;
* UICNO BUTKOB B KATyLLIKE MOKET GbiTb LENkIM MM APOGHSIM; B MOCNEAHEM CRyyae 3HAMEHATENeM APOGH, AOMKHO GbiTs, YHCNO Peex Mo
OKDYXHOCTH OGMOTKA

BLiGOp CeveHMR NposOZa U OPMa 3AMMCH TaKME Ke KaK W ANA LMMMAIDUYECKO OOMOTKM. DaKTWYECKaR MNOTHOCTb TOKA B OOMOTKe
onpeaenseTca o hophyne (3.4). YUCNO KATYLIEK Ha ONHOM CTEPKHE:

510
baptas +ia

Pramt

e I} = 1 - BbICOTa 0OMOTKM HH, M; /'y 1 - BHICOTa (UMPUHA) PAAWANBHOTO MACTIAHOTO KaHANA MEXAY KaTyLKaMH, M.

BLICOTa PAZMANEHOTO MACMAHOTO KaHANA MEXAY KATYLIKAMM /gy, BbIOHPAIOT MO YCMOBMAM SMEKTPUYECKO NPOYHOCTH W NPOBEPAIT N
YCROBMAM OXNZXAEHNA (0TBOAA TeNNa OT OGMOTOK). PEKOMEHIYETCA B PAGOTe HCMONs308aTh CReAylouyte AaHHbIE: NpH Us, < 35 KB, Mgy = 4 < 6
MM, 3 B TPAHC(OPMATOPaX GOMBILION MOWHOCTH M MpH U, = 110 KB /gy = 12+ 15 MM, LUIMDUHA KAHANOB N0 BLICOTE OGMOTKI MOKET MSMEHATSCA
LWaroM He MeHee 0,5 MM, TaK KaK CTaHAapTHEIE TONLHEI IHCTOB aNEKTPOUSONALMOHHOTO KApTOHa KpaTH! 0.5 MiA

HICIO KTYLLIEK 71,7 OKPYIIRIOT 10 LENOTO HETHORO YHCNa B MEHbLLYI0 CTOPOHY.
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4MCNO BUTKOB B KaTYLIKE OPHEHTUPOBONHO:
#

Wy = ——
et

TonyueHHoe sHaseHHe Wy, 1 OKPYIIAIOT 40 UENOTO YHCNa 8 GOMbLUYI0 CTOPOHY 1 Aanee NPO3BOAAT PACTPEAEneHHe BUTKOS N0 KaTYLLKaM
YTOMHAIOT YUCTIO KATYLIEK 7z

IR0 BUTKOS B KATYLLIKaX, KaK G6INO OTMENEHO Bbillie, MOXET GbiTb LENLIM W APOGHBIM; B MOCMIEAHEM CMy4aE SHaMEHaTeNls ApOCH AOMKEH
65T paBeH YHCIy Peex N0 OKPYXKHOCTH OBMOTKH Npggy. HaseMe Nyoqy BHIOHPAIOT N0 T261. 3.13. LUMPHHY POKNAAOK byypo (PHCYHOK 3.13) 0BbidHO
MPUHIMAIOT PaBHO/ 40 - 60 MM, ANMHY NPOKNaA0K ONPEAENAIOT PAZWANISHEIM 3pa PaskepoN OOMOTI
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PUCYHOK 3.13 ~ [10SCHeHLE K 65160pY LUPLHbI IDOKAE0OK:
1 - UUAUHOP, 2 - KamywKa, 3 - pedKa, 4 - NPOKTAOKU




image49.png
Ta0/uua 3.13 - Oniedenenue suena ieex

OT 100 20 630 KBA

B
071000 70 1600 KBA 8-12
OT 2500 70 10000 kBA 12-16
O 16000 70 63000 KBA 16-24

OBMOTKY HaMaTLIBAIOT Ha LMANHAD W3 ANEKTPOUSONALYMOHHOTO KAPTOHa, BHYTPEHHHI! AMAWETP KOTOPOTo Ha 10 MM GonblLie AMaMeTpa cTepxHA d,
2 TONLMHY U BEICOTY UMNMHIPA BLIOMPAIOT 13 TGA. 3.1 M N0 PHCYHKY 3.1 1 3.2

1In% TOr0 4TOGk! paawansHsle paskeps! KaTyLIEK CTEPKHA OTNUYANVCS He GONee YeM Ha ASOiiHYI0 TOMUUMHY NPOB0Aa, PacnpeAeneHite BHTKOS Mo
KaTYLLIKaM AJ0KHO OCYWECTBAATSCA N0 METORUKE, ONMCaHHOM HitKe.

Tp¥ Yncne NapannensHsIX IPOBOAOS B BUTKE KATYLLKA He GOMIEe ABYX (5] < 2) OOMOTKY Hano BLINONHATL W3 ABYX TUNOB KATYILEK C LENbIMM
HCREMM BUTKOB, OTAUNAIOUMICH Ha EAMHNLLY. MK 3TOM GepeTcs.

X KATYWeK A N0 Wy BUTKOB;
(tym1 - ) Karywex E 10 (Wi - 1) HTKOE

B pesyniTaTe cocTaBAM ypaBHeHHe:

Wy = Wygmix + (Wign] - 1) (nami - %) (35)
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V3 ypasHeHis (3.5) MOXHO BLIpasHTs X

W1 - xami (Wyami - 1)

TIpi 715 > 2 OGMOTKY CTIEAYET BLIMONHATS U3 ABYX THTIOB KATYLUIEK ¢ AOCHSIMI HUCNaMH SATKOE, OTAMHAIUIMMIACS Ha 1/Npqgy H2CTs BATKA, Te.
OTAMMEOUMMIACS Ha OHO MEXDEEHOE PACCTORHHE. D STOM GEDETCA X KaTYILEK A 10 Wy, peex/Npeex EHTKOS,

188 Wiami peex = (7 Ytz 1)Npex - OPYTIEHHOS 20 GOMBLLETO LENOTO YHCIIO MEKDEESHBIX NPOMEXYTKOB B KATYLUKE.
(tyng - ) KaTYWEK E 0 (W) pec - 1) Npeex 8HTK0B,

PUNENM X ONPERENAETCR U3 YPasHEHNS:

o popmyne:

X = WNpeex - xam1(Wiam1. peex - 1)-
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OceBoit pasuiep OGMOTKH, M

b ={ P Brpt s + [t = 1 1) Bt + PPzt Py} 107 38)

e ky,; = 0,94 + 0,96 - KOIPDULHMEHT, Y4TLISAIOUMTE YCATKY MEXKATYILIEHHBIX NPOKTAZIOK MOCIE CYLUIKM 1 ONPECCOBKM OOMOTKI.
3] - 9CTIO MACNAHBIX KAHANOB PASMEDOM 1Sz -
Pgau1 M h"y - PASMEDS! MACNRHLIX KAHANOS, OTMYZOLIXCR ADYT OT APYTA HA BENMYUHY, KDATHYIO 0.5

ECAM pasMeps! MACTHbIX KaHATIOB MEX{y BCEMH KaTYLUKAMM MPHHATS! OAHAKOBBIMH, TO V] = 0 U DOpMYa (3.6) IpUHMMAET Buay
. -
b ={PamBrpt o + [ (it = 1)t JRye 10
3navenw 1] NpH 3TOM A0MKHB! OTTIMYATBER OT | He Gonee vem Ha 10 %
PanuansHeli pasmep oGMOTM, M

ay

np] e 1 MWami] o

[lanee CrienyeT NpoBepHTL PaaMaNbHbI Gyy; PASMED OAMHOMHOTO NMPOEOAA MO BEMMuMHE AOGABOMHBIX MOTEDH, OOYCTOBMEHHBIX MOMeM
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paccesHus. [1006aBodHbIE NOTEPU OT NONA PAcCEAHMA OLEHMBAIOT KOIDMULMEHTOM NOGABOYHBIX MOTEPL Kjsp7, XAPAKTEPUIYIOLWMM YBENMYEHHE
CONpOTUBITEHHE OBMOTKA NEPEMEHHOMY TOKY 1O CDAEHEHIIO C NOCTORHHLIM TOKOM. OH He AOTIKEH NPEBLILLATL A0NYCTUMORD SHAYEHNR, ODLIHHO Kags)
<1,05. B AaHHOM PacHeTe MOXHO AOMYCTHTS, 4T kyog; < 1.1

KOSOHUMEHT 1052804HbIX N0TEPb ONPEAENSIOT N0 OpMyTe:

Epoer = 1+ 1P Ry, 107, @n

= 0,095 - ANA MeAHoro NpoBoaa U ks = 0,037 - ANA aNKOMUHKEBOTO NPOBOAA;

Tipgc - YHCTIO NPOBOAHHKOB OOMOTKI & HANPABNIEHMH, NEPNEHAUKYTIAPHOM HANPABNEHHIO NHWA MarHWTHOMMHAYKUAN IONR PACCERHMA (PHCYHOK
3.14) (WUCNY CMIOEB 71z77 WM Mgg) B UMAMHAPUYECKIX OGMOTKEX: WHCNY NapanfiefbHbix NPOBOAOS B OJHOM XOOE B BUHTOBLIX OOMOTKAX 71g1/ity.
POU3BEAEHMIO YMCTIa BUTKOS KATYLLKH Ha YMCTIO NapannenbHsiX POBOAOB B BUTKE ANA KATYLLUEHHbIX OBMOTOK W g 171g]):

B1 = (byylipgc10°3)11; m - WWCTO MPOSORHHKOB OGMOTKH & HANpABNEHHM, NAPAENsHOM HANPABNEHINO NMHIIT MATHUTHOM MHAYKUMH NORA

PACCEAHHA (ANA UMTHHAPAIECKAX OOMOTOK 711 = g [W a1 W T = Mg W73: B KATYLIGHOR OOMOTKE 11 = Mgy B BHHTOBLIX OOMOTKX /71 0Ny alor,
NIEPENHOXaR YHCTIO BUTKOB W Ha YHCTIO XOIOB 72y OGMOTKH):

Jpac - Ko3DOUUHEHT NpHBeeHIA nonA paccesHiA (kyq = 0.95)

Ecin ko7 > 1.1, TO CEAYET BIOPATS HOBLIE SHAYEHNA 7lg 1, YMEHBLUTb Gyp1, M C STOTO MOMEHT IOBTOPHTS PACHETHL.
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1 nposodos
PucyHOK 3.14 ~ Hanpaenenue NUAUL MaZHUMHOII UHOYKULUL FIONS PACCESHUS.

'BHYTPEHHMii AUAMETD OBMOTKH, M

D =d+2ay107
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Hapy i AMaueTp ooMoTKH, M

f= O +2a
CpeaHMit AuameTp oOMOTKH, M
o+
Dep 7
3.5.4. PacveT Maccl NPOBOAA Ha OBMOTKY
Macca meTanna oGMOTKH, K-
Gy = kscDep W T,y 10%, ©8)

e ks = 28x10° - A7 MeAHOro Nposona ks = 8,47x10% - 1A aniouMHESO0 NPOBORA

Macca nposona oGMOTKH, Kr:

.
G =G [ 14|,
=i 1422
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e k7 - KOSDHUMEHT, Y4THIBAI0UMIT YBENMIEHHE MaCCHI NPOBOAA 32 CYET HIONALMM, MPHUHUMAEMBIA N0 TaGN. 3.14 (AN MapK M5 Np 26 = 0,45
(0.5) Mm). Mpi TonuwHe u30NALMM 2 = 0.9 (1,0) MM AaHHsle TaGN. 314 CREAYET YMHOKATS Ha 2.5. [INA aNOMIHHESOT0 NPOBONA MapK! ATTE AaHHbIE
TaGn. 3.14 CnenyeT ymHoXaTs Ha 3.3
Tab1uua 3.14 - KoSqQUULUEHM, y4UMBI6aioLUUL yBENUHEHLIE WaCCs! POSO0A 33 CHEM USONFUUU
a,mm
b,am
1,40+ 1,80 1,90+265 280375 4,00+7,00
375750 35 3 25 20
80+180 25 2 20 15
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PacueT TpaHCQOPMaTOpa AOMKEH TECHO CBA3BIBATBCS C €10 KOHCTPYWPOBaHWEN. TpH STOM aHAMUTUNECKHE BBICTIEHHR CONPOBOKAAIOTCR
CXEMaMH 1 SCKI3aMM, BbIMEPSEHHLIMM B MaCLLTaCe. TOCTEAHEe AAET BOSMOXHOCT GOMEe HarMALHO U NPASUIEHO OUEHNTS PE3yNSTATS OTAENLHEX
3BEHbEB U FaPaHTHDYET OT GOMbLLIX OLIMGOK.

3ajaya NPOEKTUPOBAHHA TPAHCDOPMATOPA HE WMEET ONHOSHAYHOMD DElWEHR. BLINONHAR KYPCOBYIO PaGOT, CTYAEHT AOMKeH MPORSMTH
TBOPYECKYIO WHULWMATHBY B PELIEHUM DACYETHHX W KOHCTDYKTUBHBIX BOMDOCOB, MMER B BIAY, YTO OT WHKeHepa TPEGYETCA yleHie pewaTs
CaMOCTORTENEHO GOnee OTBETCTBHHbIE 3aauH.

MeTOQUKN PAcHEToB TPAHC(DOPMATOPOB, OCHOBHSIE CNPABOSHBIE CBEAEHNR OO OOMOTOMHLIX MPOBOAAX, SNEKTDOTEXHUMECKIX CTANAX, GaKax,
OXnaJMTENbHEIX CHCTEMEX W WX PacveTsl B3ATel U3 KHAT [1-4]. OCHOBHAR TEODETMSECKAR YaCTb MO KOHCTPYWOBZHHIO CUNIOBOTO MACMSHOTO
TpaHC(OpMaTOpa NpeacTasnena & (5.
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3. MeToaMuecKue yKa3aHUsA K pacyeTy TpaHcdopmaTopa

3.6. PacyeT 06MOTKM BbICLIErO HanNpsXeHUs

B NaHHO/i KypCOBO/t PaGoTe PEKOMEHAYETCH B OOMOTKe BH HANPMKEHHA MCMOMb30BATh HEMPEPLIBHYIO KaTyWedHylo OGMOTKY. OnMcaHite
KOHCTDYKUMM MaHHOW OOMOTKW MPEACTaBNeHo 8 [1-3. 5] TWN PEryNMPOBaHMA HANDRKXEHWR GEPETCA M3 MCXOMHBIX AaHHbX. OMMCAHME CXEM
PETYMUPOBaHUR HANPAKEHNA OTPAXEHO B [1-3, 5]

HHCRO BHTKOB 8 OGMOTKE BH NpH HOMMHANSHOM HaNPAXEHM

Y,
= 8
U
YMCTIO BUTKOB Ha OAHOM CTYNEHN PEryNUPOBaHHS:
AUy %)
Wpee = Wy om0
e =120

e AU,1(%5)/100 - OTHOCUTSIbHOE 3HaYEHHE HANPAXEHUR HA OTIHO CTYTIEHH DENYMUPOBAHIS, ONPEAENAETCA N0 Tadn. 3.15.

TonyueHHoe sHaveite T73pc; OKDYTIAETCA [0 UENOTO YHCTa B GOMbLyI0 CTOPOHY.
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£3-630
1000 - 6300
1000 - 6300

10000 - 63000

10000 - 80000

YHCTIO BHTKOS Ha OTBETBNIEHNAX:

Tabruua 3.15 - OmHocumersHoe staverue Haniﬂ»(eﬁm Ha 00Ol cminew iziuﬁmm

6,10,20,35
610
20,35
10-35
10

1 cTyners Uy max - Wamae = W2 + Kopes W pes

2 crynensUpy pos - 72

3 cTyners Ugmin - Womin = 72 - Kapee W apez

186 2952 - SHENO CTYMeHel PeryTPOBHYR BHI3 1 CTOMSKO KE BBEPX OT HOMMHATSHOTO.

HanpmKeHNA M YMCNa BUTKOB CMIEAYET PACCHHTaTS ANA KZXAOH CTYNEHN PH.
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(OpHEHTUPOBOYHAR NNOTHOCT ToKa, A/MMZ:

Ty = 2T
(OPHEHTUPOBOYHOE CEYEHHE BHTKa, MMZ:
J/
m, =2
72

Mo ceeHmio BTKa COpTaMEHTa OGMOTONHLIX NPOSOSI0B 3 (TIUAL 2, TaG. 2) CReayeT BLIGPAT ONMHONHAII POBO W KOMMYECTSO NPOBOR0B B
BHTKe 71, (METOAUKA BLIGOPA NPOBORA TaKas e, Kak 1 AR OOMOTKI HH) W 3anucaTe:

Gpz Bpz
s Bpras

* Mapka npooja (AMB wnm M6), 7y 11

2
* QaKTHuECKoe Ceuerme BHTKa, M.
II) = ngylly)

* DaKTM4ecKas NNoTHOCTb Toka. A/
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HICI0 KaTYLLIEK C NONIHBIM HYCTIOM KaHANOB Ha OHOM CTEpiHE ODHEHTUDOBOUHO!

B10°
baprus s

Pam2

e I = [ - BeicoTa 0GMOTKM BH, M
g2 - LMD PAAVANBHOTO MACNAHOMD KaHANA MEXEY KATYLIKaMH (IPHHATS M0 PEKOMEHAALMH, NDUBEAEHHOT BEILLE), MM

TOCKOREKY HEOBXOMMMO CAENATH MEXAY KATYWKAMM HECKOMSKO YBENUHEHHEIX KAHANOB, TO HHCNO My gy HAAO OKDYFMTS AO YETHOTO YiCha,
MEHBLLIE PACHETHOTO. YWICNO BHTKOB B KaTyLLIKe OPUEHTHPOBONHO:

Fymax
et =
a2

TTony|eHHOE 3HAUEHHE TF' g2 OKPYTTIMTS A0 UEMIOT0 3HAUEHHA B GOMbLUYI0 CTOPOHY.
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Pacnpezenexme BUTKOB N0 KATYLLIKAM NPOMIBOAAT HCXORA U3 CIEAYIOLIX COOBPAXEHHTL. M0 Kpasi OOMOTOK (a3 CneayeT PacronoxMTs o ase
KATYWKN C YCHTIEHHOM M3ONAUMEN (8XONHBIE KaTYWIKN Y) NPH HOMAHANBHOM HANPAKEHMH OGMOTKM Ug,™ 20 KB. YCUNEHHylo M3ONAUMIO crieayeT

NDHHATS 1 1M Ha 18 CTODOHbI. TaKi 0GPa3ON, CMEAYET BLINONHATS 4 KATYLIK Y N0 Tz, BTKOB B KaXaOM KaTYILKE: BCET0 BATKOB B KaTyluKax Y
DABHO 41702 (¥ - 4 KATYLIKM 10 TV, BUTKOB, BCEr0 4175, BUTKOE).

B CpeaHell YacTi BHICOTsI OGMOTKN CMIEAYET PacMONOKUTL PEryMMPOBONHbIE KATYLKW P. PEryupoBO4HBIX KATYLIEK HAZO MPUHATH CTOMBKO,
CKOMBKO MMEETCS CTyeHeit PeryIIMPOBaHIR HANPAXEHNR, Te. 2K 2pg (HANPUMED, ECTM CTYNEHeI DENYTIMPOBaHIS £8, TO KOMMYECTBO PETyTIMPOBOSHBIX

KaTyleKk paso 8x2 = 16), @ KOUYECTEO BUTKOS & KaXIOi KATYLIKe PABHO YHCRY BATKOB Ha OBMOR CTYNEHN PerynupoBarMa Tpe; OOuiee
KOMMHECTEO BUTKO® 8 KATYUUKaX P COCTaBNT 2K 3pe: 1 spez (P - 2Hopes KATYWEK MO TV gy, BATKOB, BCT0 2K 3502V 3paz BUTKOB). ECT Wapes > W2,

TO Ha KaX0/i CTYNEHM PETyNMPOBAHIA BLITONHAIOT N0 2 M GOnee (8 OBLEM CRy|ae 1) PEryANPOBOYHIX KATYLLEK € UENLIM (8 2 WA 8 | Pa3 MeHsWHM)
HCTIOM BUTKOB B KOO KaTYLLKE C TeM, 4TO0S! BHIPOBHATS PAAHANbHEIE PaSMEPs! KaTYLIEK. A€ct | MOKET GbiTo pagH0 2, 3, 4,5 M T A, n0Ka W ype;

MAKCUMANEHO He NDUBNUINTCA K Ty, OBLLIEE KOMUHECTBO BATKOB B PErYMPOBONHSIX KATYILIKaX NP STOM HE 0MKHO U3MEHHTECS:

2K 2pect(W 2pee/V) =2k opec W 2pez-
[lanee cneayeT OMpeaenuTh KOMMYECTSO BUTKOB M KATyLUEK OCHOBHO YacTW OBMOTKH (OCHOBHbIe KaTylukw). [Ina 3TO0 HAjo U3 0BlLero
KOMMYECTB KATYWEK 72 BLIMECTL YETbIDE KATYLUKM C YCHTEHHOTH MIOMALMEN, €CT OHM MPEAYCMOTDERSL, U 2k pez (W 21k 3pcz, eCTM KEXAYIO

CTYNEHb PEryNMPOBaHIA BLINOMHHT | KaTYLLKAMM) PETYMUPOBOYHBIX KATYLIEK [INIA ONIPEAENIEHH KOMMYECTBA BUTKOB OCHOBHBIX KATYLUEK HEOOXOQMMO
W3 OBLLETD MAKCHMANEHOTO KOMMHECTEA BUTKOB 17 2y,qy BHIMECTD BUTKA C YCHTIEHHOR MSONAMEN 4T7z,2 U PENYIMPOBOUHBIE BTKM 2K2p0sTT 2pes




image61.png
(OCTABLUMECA BUTKH PACMIPEAENAIOT MEXKIY OCHOBHLIMI KATyLUKaMW, 0BO3HAUME WX, HANpUMeD, B 1 B, N0 TaKoil e METOQNKE, N0 KAaKOil pacnpeaenini
BUTKM N0 KaTyLUKaM B OGMOTKe HH (C. . 3.5.3).

OceBoit pasmep 0BMOTKN, M.
1= (4bigi.0 + (ans = 4)Brgin +[ (s = 6) g + Wi + By Jye ) 107, 59

7 byp345 - 0CEBO/t PAIMEP NIPOBOA C YHETOM YCHITIEHHOT HSOMALIM 1 MM Ha [18€ CTOPOHSI,

a2 - WHPHHA DAAMANEHLIX MACTRHBIX KAHANOS MEXAY EXOMHBIMM KaTYIKaMM (1pH Uy > 110KB CreQyeT npuHATs Alxgys = 9 MM DU U<
35KB - Rygyy2 = 7.5 MM);

Jip - WMPHH PATMANIBHOTO MACHAHORD KaHANA & MECTE PA3pELIBa MEXIY PETyTMPOBONHbIMN KATYWIKAMM (NP U< 35 KB iy
Ugy= 110 KB -y = 25 ).

2 1, 2 npn

ECIN KaTYLUKN C YCUNEHHOI M30NALMEN HE MPEaYCMOTPeHb!, TO (hopMyna (4.9) NPUHIMAET BUA:
. ’ 5
1 = {Panabipn *+[(anz = 2) Bz + By [y} 10

3Havenme 1) QOMKHO OTIMMETHCA OT | He Gonee uew Wa 10 %. ECTM [ > [, TO CTIEAYET NPUMEHAT HECKOMKO CABOSHHBX KATYILEK,
PasleneHHEIX He MaCnHsIN KaHaNOM. 2 JBYMA MSONALMOHHEIMMA WaiioauM A5, KaXAA W3 KOTODLIX UMEET TONUAHY 0.5 MM, T. €. dys = 1 1, Torma
Dopmyna (3.9) NpUMET Bita:
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1= (4Bl +(ana = 4) Bz +[ (an2 =6~ Mz )z + ¥z + Bua Pz + iy Ry} 1072,

08 7xgn2 - HICO CABOEHHEIX KaTYIWEK

PajuantHsie paswepsl Karyluex, u:

* ANA KaTYlWeK ¢ OGLISHOF M3ONAUMENt (DETYTMPOBOUHBIX P, OCHOBHLIX B 1 B KATYLLEK. PaavankHelii pasMep a; ANA KaXAOTO TMRA KaTYWKN
ONPEAensiT OTAENLHO, T. € A2, 25, Ap)5)

- 3

@206+ Anp2 us%62 MW kam21 07,

78 Ty - YHCTIO BUTKOB B COOTEETCTEYIOILEN KATyLIKe ¢ 0HI4HOM MSONALMEN, OKPYITEHHOE A0 LIENOTO YHCNa & GOMbLLYIO CTOPOHY;
* ANR KaTylLeK ¢ YCUREHHOT U3onALert

Bpan = Uy Wi 107,

7€ @'y, 5 - PATMANHBI PASHED OAMHOHHOTO MPOBOTA C YHETOM YCUTEHHOT WSOMALIM TOMILIMHOT 1 1M Ha ABe CTOPOHS, M
T g2 - YHCTIO BUTKOB B KATYLLIKaX C YCHTIEHHOT USOMALIEi OKPYITIEHHOE /10 UENOT0 Yicna
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Llanee Hano NPOBEPHTL PAAMATBHIN dyy,) PASHEP OAUHOHHOTO MPOBOAA MO HAIEHHIO AOGABOHBIX NIOTEPb, XAPAKTEPH3YEMBIX KOIMIOLHEHTOM
1106aBOYHLIX NI0TEb Koo, KOIDMULMENT! 10GABONHBIX NOTEPL ka0 HAZIO PACCHHTATS MO AHANOTMM € OOMOTKOR HH M0 (3.7) B 3a8UCHMOCTU OT
MapKM NPOBONA ANA KaTyLIeK Y, P, B, B OTAENbHO, 0G03HAYMB WX N0 HA3BAHMIO KATYIIEK Kaos23: Kaos2p: Ko0s28: kaos25 ECTM XOTA Gbl onuH U3

eTbipeX KOAP@UUMENTOS A0GABO4HbX NOTEPs OKAXETCH GoMble 1.1, TO CMEAYeT BEPHYTECA K BICOpY NPOBOAA OOMOTKM BH, BLIGPaTs HOBbIE
3HUEHUR 153, YMEHBLLMB @y, W C 3TOTO MOMEHTA NOBTOPHTL PaCHeTs.

'BHYTPEHHMii AUAMETD OBMOTKH, M

D = D'+ 20,107,

e D"} - HapyKHbIi AMAMETP OGMOTKM HH, MM, HapyXHsie AMaMETDbI KaTy LK OOMOTKI, M.

5-Dig= I+ 2,
5 Dig = D+ 2455

Cpepite AMaMETPb KaTyLIEK OGMOTKH, M
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CpeftHie AMaMETpE! KaTyLLIEK OGMOTHH, M

- 172
Pe Dy, = 1+ B0,
5= Dy - 1+ 2R,

Maccy MeTanna KaKaoro Tna KaTylliek 0GMOTKM (G2y; Gop, Gz, G25) HAAO PACCHHTATL N0 DOPMYTE (3.8) B 3ABUCUMOCTH OT MAPKA NPOBOAA.
Macca meranna oGMOTKHM, K-

Gy =Goy+ Gop = Gog + Gog.

Macca nposona oGMOTKH, Kr:

L]
G2 =Gy [ 1+
= (1+2)
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atHsle pacveTa cneayeT NpeACTasiTs B Biae Taon. 3 u3 [lpun. 2, a TaK e BINEPTUTS CXEMY PACTONOXEHIA OBMOTOK Ha CTEPXHE COMacHo
pycyHKy 18 [pnn 2




image3.png
1. 3anaHue Ha KypcoBylo pa6oTy M NPorpaMMa ee BbINOMHEHNA

VcxonHele AaHHbIe AR PacyeTa TPaHC(DOPMATOpa NpBeaeHs! 8 [punoxeHiy 1

* TUn TpaHcopmaTopa;

* MOLHOCTS TPaHCOPMETOPa Sy, KBA:

* HOMWHaNsHBIE NUHETHBIE HAMPAKEHNA OOMOTOK BLICOKOTO HANPKEHNS (BH) UEH W HSKOTO HanpmXeHns (HH) Uy, kB:
* HanpAKeHHe KODOTKOTO 3aMBIKaHHS, iy, %:

* TOK XonoCTOr0 X083, i, %;

* NIOTEPM MOLLIHOCTU KOPOTKOFO 3aMbIKAHHA P, KBT,

* NOTEPH MOLLIHOCTH XONOCTOr0 X0aa, Py, KBT,

* MaTepuan OGMOTOK (MeAs - M U anioMHwii - A).

* BUL NepeKnioveHMA OOMOTOK (MBH W PIIH - DETyUpOBaHMe HAMDRKEHWA OTBETBNEHWA Ge3 BOCYKIEHWA W NOR HANpRKEHHEM
CooTBeTCTREHHO),

* CXeMa ¥ TpyNNa COBAMHEHIA OGMOTOK (386303 MW TPEYTOMHMK). VICXONHEIE A2HHbIE NG PACYETa BLIAAIOTCA MHABMIYANEHO KAXAOMY
cTyaenTy

110 YKa3aHHbIM HCXORHSIM AaHKBIM PACHETa TPECYeTCA.

* paccuMTaTL CUNOBOM TPEXDa3HSI TPAHCHOPMATOP C MACNAHEIM OXTTZKAEHHEM;
* BLINONHUTL SCKI3LI OCHOBHEIX PE3YTIETATOB PacHeTa.

B nporpaminy pacyeTa sXoguT.
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3. MeToamnueckue ykasaHUA K pacyeTy TpaHccopmaTopa

3.7. PacyeT napamMeTpOB KOPOTKOrO 3aMbIKaHUA

K pacyeTHbiM NapameTpai KOPOTKOTO SaMEIKaHHA OTHOCAT MOTEpH KOPOTKOTO 3aMBIKaHHA, HAMAXEHHE KOPOTKOTO 3aMbikaHus, AefcTayioliee
3HaseHUe YCTAHOBUBLUETOCA TOKa KOPOTKOO SaMBIKaHHR, MEXaHAYECKUE CHbl, AEMICTBYKOUME Ha OGMOTKN, U TeMnepaTypy OGMOTOK NP KOpOTKOM
3aMbiKaHAM. B AaHHOW PaGoTe NMPEANAraeTCA ONPEEnuTL TOMbKO MOTEPH W HAMPAXEHHE KOPOTKOMO 3aMbiKaHHR. OCTAMbHsIE NaPaMETPsi MOXHO
PACCYMTATE N0 METORWKE, NpHBEReHHOT B [1-3]

ToTepH KOPOTKOTO 3aMbiKaHUA Py B TDAHC(OPMATOPE PaseNsioT Ha CMelyloLMe COCTABNAIOILME: OCHOBHAIE NOTEDH & OOMOTKax HH U BH,
Bbi38aHHEIE PAGONHM (HOMMHANEHEIM) TOKOM OGMOTOK, Pocy 1, Pocy2! A00aBONHsIE NOTEPH 8 OGMOTKaX HH 1t BH, T. €. MOTEp OT BUXDEBLIX TOKOB,
HABEAEHHLIX NONEM PACCERHUA B OBMOTKAX, Y4UTLIBAEMbIE YEPE3 KOIMMULMEHT J0GABOUHBIX MOTEP Kjop OCHOBHHIE MOTEH B OTBOAAX MEXAY
OBMOTKaMM U BEOAAMM TPAHCDOPMATOPA Pyyg ), Pomey: MOTEPH B CTEHKaX 6aKa M APYTHX METANMUNECKIX ANEMEHTAX KOHCTPYKLMH TPaHC(OpMaTOpa,
BbI3B2HHLIE NONIEM PACCERHINA OOMOTOK U 0T8OS, P

OCHOBHIE NOTepH B 0GMOTKaX HH, BT:
2
Fow = G,

.4~ A% MeAHoro NPoBoaa, ks = 12,75 - ANA aNOMMHKESOTo NPOBOAa.

e k=

OCHOBHIE NOTEpH B 0GMOTKaX BH, BT

2 G
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e kg = 12.4 - Ans Meproro posoa, kg = 12,75 - ANIA ANIOMAHMEBOTO NPOBOAA.

(OCHOBHbIE NOTEPH B OTBOAAX ONPEAENAIOT OTAENbHO ANA OGMOTOK BH M HH. PacyeT 3TuX noTeph CBOAMTCA K ONPESENeHio NPUMEPHON ANMHb!
MIPOBOAHHKOB W MACCH! METANNa 6 0TBOAAX. CedeHHE OTBORA CTIEAYET NPUHATL PABHbIM CESEHHIO BHTKE OOMOTKA, T.&. opg ~ ITyp, W2

[lnnHa npoBo0B 0TE0N0E, M.
lome = k1ol.

e kg = 7.5 - NDH COBAUHEHIM OGMOTOK B «3Be3aY».
k19 = 14 - DU COBAMHEHMM OBMOTOK 8 «TPEYTOMSHHK»,
1- AnuHa cooTBeTCTBYloLEl OGMOTKA

Macca ueranna 0780808, kr:
Gome = VomelTome:
T8e 73, = 8900 K3 1 7, = 2700 Kr/M3 — NNOTHOCTb MATEPHANa OBMOTOK 13 MEAY 1 ANKMUHUA COOTBETCTBEHHO.

OCHOBHbIE NIOTEPH B OTBOAAX, BT
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Pons = k117 Gone,
rae kjj = 2.4 - AnA mMeHoro npogoaa, k77 = 12,75 — ANA anioMHMEBOO NPOBOAA.

MoTepi B CTeHKax GaKa U APYTUX METANMMMECKAX IMEMEHTAX KOHCTPYKUAM TPRHCDOPMATOPA [0 BHIACHEHWA Pa3Mepos Gaka onpenensior
npHGnMKEHHo, BT

P =Sy

A Sy, ~ NONHas 334aHHaR MOLIHOCTb TPAHCOPMATOPa, KBA:
k12 - XOIMOUUMEHT, ONpeAenAeMbifi N0 TaGn. 3.16.
TaGnuua 3.16 ~ Onpedenenue Koapuuuenma k;

e woow  ewouw | wzen

015-02 025-04 04-045 045-0053

TlonHble NOTEPH KOPOTKOTO SaMBIKaHHR NP HOMMHANISHOM YHCRE BUTKOS, BT:

Pus = Pocukoool = Pocn2v%0062v = Pocn25ko0625 + Pocn28¥s0628 = Pocn2pkoos2p = Pomel = Pome2 * Po
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[lanee Hao CPaBHHTS NOYYEHHOE 3HaYEHHE MOLIHOCTH KOPOTKOTO SaMBIKaHIR C 3aaHHEIM SHadEHHEM Py

Bt 1000 o
95 % <100 % <105 %. (3.10)

Ecnin nonyuenHoe 3HadeHHe Py, He YIOBNETBODAET YCroBMio (3.10). TO HEOGXOMMMO U3MEHWTH MNOTHOCTs Toka & oBMoTKax HH u BH u
NOBTOPHTS PaCHeTsl, HadiHas ¢ N1 3.5

HaNpRKEHHE KOPOTKOTO SaMEIKAHIA 1,25 COCTONT 13 ABYX COCTABNAIOUIAX KTHEHOT Ly, 5 %% W PEAKTUBHO . , %.

AKTUBHaR COCTABNAIOUIAR HANPRXEHIA KOPOTKOTO 3AMBIKaHHR, %

A€ S, - 3a012HHAR MOLLHOCTS TPAHCOPMATOPa, KBA.

PeaKTiBHan COCTABNANLLAR HANPAKEHNA KOPOTKOTO 3AMBIKAHUR, %
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0,79 /53 Btyikpacky
2

tep =

T - ONpeenAET COOTHOLLIEHME MEX(lY AMAMETPOM  BbICOTOR OGMOTKH, BBIMMCNAETCA N0 (1.1);

a

= [dua‘; +D,‘I, +Dy ]/,1,2 LMPHHE NIDUBEAEHHOTO KaHANa PACCERHIS, M;

di3 = (D4 +D{')1 2 - cpeqnuii AMaMeTp KaHana Mexy oOMOTKaMMH, 1;

kg= 1,03 aj v a; - papansHie pasMepsi OOMOTOK HH W BH, . Kpg X 1 - & - KOGMMUUEHT, YUUTHIBAIOLIT OTKNIOHEHHE PEAnsHOro MonA

PACCERHIAR O WAGANEHOTO NAPANNENHOTD MO, BHI3BAHHO KOHEAHEIM JHAHEHAEH OCEBOTD PasMepa OOMOTO | 0 CPASHEHID C WX PaANATSHE
pasepah, 3aecs
ay tay+ay

Ed
HanpmKeHHe KOPOTKOTO SaMIKaHHR, %:

o = i+

CPABHHTL PACHETHOE HaNDRKEHHE KOPOTKOTO 3aMbIKaHIS UKH € 3faHHBIN Ly
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95%£%100%£105% (3.11)

ECAIN NONySEHHOE SHAHEHME UKH He YAOBNETBOPAET YCNIOBMIO (3.11), TO €10 UIMEHEHME B HYXHOM HANDABNEHH MOKET ObiTs AOCTUTHYTO 3a CHeT
3MEHEHNA PeaKTHBHOT COCTABNAIOEN Ly . HEGOMbLLIME HIMEHEHNA MOTYT BiiT NONYHeHb! MyTeM YBENMIEHHA WM YMEHbLIEHIA 0CEBOT0 PasMepa
OBMOTKM Y Pi COOTBETCTBYIOMLIEM YMEHBLIEHUN WM YBENMYEHHN PAAMANkHSIX PAIMEPOB OOMOTOK @ 1 @, T €. KoaMPUUyERTa £ Bonee peskoro
3MEHEHNA iy AOCTUTAIOT USMEHEHIIEM HAMPAKEHIA ORHOTO BHTKA U, 33 CYET YBENMMEHNR MITH YMEHBLUEHHA AMAWETPA CTepXHA d MarHNTHOT

CHCTEMBI W UHLYKUMH B HEM.
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3. MeToau4eckue yKkasaHus K pacyeTy TpaHccopmaTopa

3.8. Pac4eT MarHUTHOM cUCTeMb!

Tocre 3aBEPLIEHHA NONHOTO PACHETa OGMOTOK 1 NAPAMETPOB KOPOTKOTO 3aMBIKAHWA NPOU3BOAAT OKOHUATENbHBI PACYET MATHUTHO! CHCTEMBI, B
DesynsTaTe KOTOPOrO ANA MNOCKOW MATHUTHOT CHCTeMbl ONPEENAIOT WMPHHY MNACTUH U TONILMHY NaKETOS, PACTONOKEHHE 1 PasMEps OXNaXAaMILMX
KaHanos, NONHbIE U KTUBHHIE CEYEHIA CTEDKHR 1 AW, BLICOTY CTEIHA, PACCTORHME MEXIY OCAMM CTEpKHEN, MACCy CTan CTEpKHEN, ApH 1 Yos
MarHUTHOT CHCTEMb! 1 MONHYHO MACCY MATHATHON CUCTEMb TPaHCOPIATOpa. T10CTE YCTAHOBNEHHS BCEX PasMEpOB i MaCCs! CTaNK SacTell MarHHTHOT
CHCTEMBI ONPEAENSIOT IOTEPH 1 TOK XONIOCTOTO XOAA TPHC(OPMATOpa.

NOWAAL CTYNEHYATOM UYL MONIEPEYHOTO CEYEHNA CTEPKHA, M2

7A€ 7 - YCTIO NAKETOB B CTEPAHE; Qe W b - WIMPUHA M TONLUMKA £-70 NaKETA MNACTHH CTEPXHA, MM (TIpUI 2, Ta0n. 4-
. e M by Mpun. 2, Ta6n. 4-6)

AKTUBHOS CEveHHe CTepkHA, M
T =kl (3.12)

NOWaZAL CTYNEHYATOM HrypPbI NONEPEYHOTO CeveHs ApMa, M2

s .
Iy, = 22‘.1,,,5,,,10 .
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A€ 715 - YUCNO N1AKETOB B APME: @ W by - LUMHH 1 TONWLMKA i-70 NAKeTa ANACTUH ApMa, MM (CIpHL 2, Ta0M. 4-6)

AKTHBHOE CeveHue Apua, M2
I, =kl . (3.13)

LLIMpuHa ApMa (OBLLIAR TOMUUMHE NAKETOB CTEPKHR). MM

Lnna crepxs,

=1+ (i +ig)107,
e I'g v 1"p - PACCTORHMA OT OBMOTKH 10 HIDKHETO W BEPXHETO APMA (PUCYHOK 3.5), MM,

Tp¥ OTCYTCTBMM MPECCYIOLUX Konel, 0GMOTKN HaseHW )y 1" BLIGUPAIOT TOMSKO U3 YCROBMA €€ 3ONALMM 1 PasHbilM g, @ AnA Ug, = 110
KB - M0 pUCYHKY 3.2. MpeccyloLme KoMbLia PEKOMEHAYETCA YCTaHABAMEATb NPH HOMMHATIBHOM MOLLHOCTH TpaHCopMaTopa oT 1000 KBA M Bbilue, @ B
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“TPaHCOPMATOPaXx C MAarHUTHOM CUCTEMON C NPECCyIoLel NNACcTUHON - HE3ABMCUMO OT MOLUHOCTH. MMPM HANWYMKM NPECCYILNX Koney paccTosHue A0
BEPXHETO APMa YBENMUMBAETCA: [NA TPAHCHOPMATOPOB MOLIHOCTbI0 1000 = 6300 KBA Ha 45 MM; ANIA TPAHC(HOPMATOPOB MOUHOCTBHO 10000 = 63000
KBA Ha 60 MM.
PacCTORHHE MEXY OCAMM COCEAHHX CTEPIHE (PUCYHOK 3.5), M:
. 3
C= D +apl0
3navetme C OKpyMSIOT 10 BTOPOTO 3HaKa Nocne 3ansToi
Macca CTan yrma MarkUTHO/ CUCTEMBI (IpH MHOTOCTYTIEHYATOR (POPME CEMEHUA), KT
Gy = BTynl0,

e V- obbem;

Gem = 7650 Kri® - yaenbHbiii sec cTanu.
Macca cTanu cTepxHeii B pefenax okHa MarHHTHO/ CHCTEMSI, KT

G = cIledeYom

Macca CTanu B MecTax CToiKa NaKETOB CTEPKHA U ApMA, KT
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G = (T = Gy ).

e @, = hy - BHICOTA ADMA, PAEHAA LUMDHHE NESOTO NAKETa MNACTH AN, M. Macca CTanu CTepkHei, KT
G, =G +C

Macca yacTeil ApM, 3aKIIOYEHHBIX MEXKTY OCAMM KDAVHUX CTEPXHEN! (DHCYHOK 3.5), K-
Gy = 2(c=1)CT1, Vo

Macca CTanu 8 acTAX pM, 3aILTPUXOBAHHLIX Ha PHCYHKE 3.5, KT

ronkan Macca cTani s Apwax. K

Monkas Macca cTanu TpaHcopMaTopa, K7
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* BbIOOP KOHCTPYKLWM MArHUTHOM CUCTEMbI M KOHCTPYKLIMW IMAaBHOM U30NALNK;
* ONpefeneHme OCHOBHLIX PA3MEPOB TPAHC(OPMATOPa;

* pacyeT OGMOTOK BBICOKOTO  HSKOTO HAMIPSKEHMI,

* onpeseneHme NapameTpoB KOPOTKOTO 3AMBIKAHHA (OTEPK KOPOTKOTO 3aMBIKAHILA, HANPFXEHHNE KOPOTKOTO 3AMBIKAHIS);
* Pacuer MarHATHOI CUCTEM, ONPEAEneHie NoTepb XONOCTOro X0Aa;

* onpenenexiie KoatpULIMENTa NONESHOTO AeficTawA (KITM) TpaHcpopuaTopa;

* BLIMONHEHHE TENNOBOTO PACYETa H PACHETa CHCTEMs! OXTTAXASHHS;

* ONpeseneHme Mac aKTHBHBIX MATEPHANIOB M TPAHCHOPMATOPA B LIENIOM.

TonyeHHsie 8 Pe3yTTaTe PaCcyeTa SHAMEHIR BENMYHH JOMKHS| OTIHYATLCR OT 3AAAHHLIX He Gonee Yem Ha

* 5 % - HANPAXEHHE KOPOTKOTO JAMBIKAHNA,
* 5% - NOTEpH KOPOTKOTO SaMBIKaHI,

* 10 % - noTepH XoNOCTOrO X0Aa;

* +15 % - TOK Xon0CToro Xona

METOIMKA PACYETA TPAHCOPMATOPA H3MOKEHa B [1, 2] 1 UIMIOCTPUPYETCA NPUMEPAMH
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3. MeToaMuecKue yKa3aHUsA K pacyeTy TpaHcdopmaTopa

3.9. PacyeT notepb M TOKa XONocToro xoaa

MariTHele NOTEpH - MOTEPH B aKTUBHOM CTaM MATHHTHOM CUCTEMBI - COCTABNAOT OCHOBHYIO YaCTb MOTEPb XONOCTOTO XORA # MOTYT GbiTs
pasneneHs! Ha NOTEPH OT TUCTEPE3UCA W BUXDEBLIX TOKOB. [INA COBPEMEHHOM XONIONHOKATAHOM SNEKTDOTEXHUMECKOR CTanM (3404, 3405) ¢ TORUMHO
0,35 1 0,30 MM NEpBLIE U3 HitX COCTABNRIOT A0 25 + 30 %  BTOpLIE A0 65 + 75 % NONHLIX MOTEPb.

B NPaKTUKe PacveTos NpW YacToTe 50 Iy OGLIMHO ONPENENFIOT MATHUTHBIE NOTEDH, HE PAINENAA UX. M MCMOMb3YKT SKCMEPUMEHTANbHO
YCTaHOBNEHHYIO 3ABUCHMOCTL MEXAY MHAYKUMEN 1 yAENsHEIMI IOTEPAMA B CTANK. 3Ty 3ABHCUMOCTS BbIDAXAIOT 8 (YOPME NOTEPS B EAHHLE MACCH!
cTanu p, BT/KT NpH 33AaHHOT MHaYKYAM

ViHayKuA 8 CTepiie, T

U,

5-_ Y
44411 f

rae IT, - aKTHEHOE CedeHie CTepHA, ONpedeneHHoe Mo opyne (3.12), u2.
nayruns 8 spue, Tr:

v,
4,441, 7

e I, - aKTHBHOE CeNeHvie ApMa, OnpeneneHHoe no dopuyne (3.13), M
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1% nOnYeHHSIX 3HAMEH UHAYKUWTE B U B; 1 321aHHOM Mapki CTank u3 (TIpun_2, Ta6n. 7) ONpenensior yaeNsHeie NOTepit B CEpAeHHHKe g i
Apve p, BT

MoTepy XonocToro xopa, BT:

7= [mkm (rora-wa, +%m%]+zp,".,nm.,nm}kmkmw

1RE kyp = 1.05 - KOADDULHEHT yBeNMIEHNA VAETbHbIX NIOTEP B CTAMM 33 CHET BHYTPEHHIX MEXaHHIECKHX HAMPRKEHHI B NACTHHAX, BOSHHKAIOWMX
Npit pesKe NOOCe! PynoKa CTaNM Ha MAACTHHS
Jy5 = 1 - KOSDAHMLMEHT NOBBILIEHHS YAENBHBIX NIOTEDb, BOHHKAIOLLIX NPH CHATUN 32YCEHLEB (A OTOXIKEHHBIX NNACTHH).

iy = 10,423 - KO3(MMULMEHT YBENHUEHUA NOTEPD B YIMaX, 3ABUCALLMI OT (POPMBI CTHIKOB B YINAX 1 CPEAHNX CTEPKHEN MarHUTHOI CUCTeMbI (Ana
cTaneit 3404, 3405 TONLWMHOM 0,3 U 0,35 MM NPY LWAXTOBKE MATHUTHOM CUCTEMbI 110 PUCYHKY 3.3);

Pomeax - YAETIbHBIE IOTEPH 8 30HE NPAMOTO (Be) H KOCOTO CTBIKOS (B/ 7 ) (Qpun. 2, Tabn. 7), Briw

I - NNOLIARS 3830PA (CTIKA), MPUHAMEIOT ANA NPAMBIX CTHIKOB PABHOR AKTHEHOMY CeMEHMIo CTepkHA 1T, wnn Apwa IT;ANA KOChIX CTBKOE
Mo = 2 T W2

NICMBIK - YHCNIO CTHIKOB 334aHHOI (MOPMBI:

.z = 1.0 - KOIDOULMEHT YBENMUEHNA NOTEPb, 3ABUCALLMI OT (DOPMBI CEYEHNA APMA;
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T = 1,035 - KOSMMUUMEHT, YIUTHISAIOLIMA BIMAHHE NPECCOBKN CTEPKHA M ADMA HA NOTEPH;
Fyy 1 - KOSDOULYIEHT YBENUEHNR NOTEP 32 CHET NEPELLMKTOBKA BEPXHER ADHA NDH YCTAHOBKE OGMOTOK (MPH S}, = 630 + 6300 KBA kyyy, = 1.02 =
1,085; npu S, > 10000 KBA K, 5, = 1,09).

PUCYHOK 3.3 - LIUXMOBa#HaS CMEPKHESaR MAZHUMHES CUCmeNa

TONHas HaMArHHYMBZIOLLAR MOLIHOCT, BA

4
s 9 ts

[kmpkm [q,G, +,0:- 40,0, + whmnaCy ] + Eq,mnmyngm} oy s
T g 1 @ - YAENEHAIE HAMATHHEAIOLINE MOLIHOCTH B CTepKHe 1 ApMe (pun. 2, Taon. 7), BAKT.

Gesax- YASNBHAR HAMATHUMUEAIOWLaR MOILHOCTE B S0HE WWXTOBAHHOTO CTeiKa (TIpATL 2, TaGN. 7) (ANA NPAMOO CTHIKA NpW WHAYKUN B, AnA
KOCOTO CTIKa Ny Waykun B/ f2 ), BAMZ,

T p = 1,18 - KOSODUYEHT, yHUTIBAIOLLMIA BIUAHIE PESKM IOMOCH PYTIOHa Ha NNACTHHSI,
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.3 = 1.0 - KOIDMUUHEHT, Y4UTLIBAOLIMIA BIMAHHE CPEIAHUA 3AYCEHLES;
Fi 72 - KOSDDULIMEHT, Y4UTLISIOUITE WAPHHY NNTACTHHS B YTMIaX MArHHTHOM CHCTeMsi (Ta6n. 3.17);
0 - KOOWDXDMUMEHT, y4MTHIBOLIMI DOMY CeseHUR Apia;
2= 1.051 - KOSDMULMEHT, yIUTLISIOLTE IPECCOBKY MATHUTHOM CHCTEMSI
Fopy 1 - KOSODMUMEHT, YSUTLIBAOLE NEPELLHXTOBKY BEPXHEFD ADMA (MU S, = 630 = 6300 KBA Ky, = 1,02 = 1,08 npit S, > 10000 KBA Ky 3 =

1,55 - KOSAULMEHT, yHHTLIBAIOWNTE OPMY CTLIKOB B KDAIHHHX M CPERHUX CTEPKHAX MATHHTHOR CHCTEMbL

Tabnuua 3.17 - LupuHa nnacmuHsl 6mopozo nakema

1,401 1,60 200 150 135 125 120 119 118 116
15 300 200 150 135 130 125 120 118

OTHOCHTENbHOE 3HaveHHe AKTHBHOT! COCTABNAIOILEN TOKA XONOCTOTO XOR3 B % OT HOMUHANBHOM TOKa:

L
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AKTUBHaR COCTABNAIOLIAR (a3HOTO TOKa XONIOCTORO XOAia OOMOTKM BH, A

F
73U

OTHOCUTENbHOE 3HaNEHHE TOKA XONIOCTOTO XOAa 8 % OT HOMMHANHOTO TOKA TPAHCOpMATOPa:

TonHIf asHsii TOK XONOCTOO X0[1a 0GMOTKI BH, A

75Us2

PeaKTHBHas COCTaBNA0WAR (PA3HOTD TOKA XONOCTOTO X0Aa OGMOTKA BH, A:

OTHOCHTeNbHOE 3HaveHHe PEaKTHBHOM COCTaBNAILLIE/! TOKa XONIOCTORO X04a B % OT HOMHHANIEHOTO ToKa TPaHCopMaTopa:
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3. MeToau4eckue yKkasaHus K pacyeTy TpaHccopmaTopa

3.10. TennoBoii pacy4eT TpaHcopmaTopa

Mp¥t BLIGOpE KOHCTPYKUMM GaKa ANS TPAHC(OPMATOPa MMABHOE BHUMAHME CMEAYET OOPAUATS HA XOPOLLYIO TENMOOTAANY, MEXaHHNECKYD
IPOSHOCT, NPOCTOTY B U3TOTOBNEHHH 1O BOSMOXHOCT MEHBLLIMH FA0aPHT.

MpHieHsemle 8 TPACHOPMATOPOCTPORHMN GaKM C MAAKUMM CTEHKAMM, ¢ TPYOai W TPyGMaTbiMW DAIUaropami OTBEaloT BCeM STuM
TpeGosaHHAM

HeoBXOIMMO 03HAKOMUTLCH ¢ TURAMI W KOHCTPYKLMAMM G2KOB CHOBEIX TPAHCDOPMATOPOS M CNIOCOGOB OXaKaeHNs [1 - 3]. PekomenayeTen
B6I0paTL KOHCTPYKUMIO 6aKa C HABECHLIMA PAUATODAMH. BHYTPEHHHE PaaMepsl GaKa 0G03HakeHs! Ha pHCyHKe 3.15.6. COracko pucyHky 315, a
HEOBXOANMO ONPENENUTs CREAYIOLLIME MMHMMANHBIE PACCTORHUA 1 PASMEDBI: S] - MIONALMOHHOE PACCTORHIE OT MIONUPOBAHHOTO OTBOAA OGMOTKI

BH (BHelLHeit) 70 COBCTBEHHO/ OGMOTKH M PaBHOE ey PACCTORHHE OT 3TOT0 0TBOAA S A0 CTEHKM Gaka o Taon. 3.18; d] - AMAMETP UIONHPOBAHHOTO
08073 0GMOTKY BH (NpH KNaccax HanpRXEHHA 10 M 35 KB, d] = 20 MM NPH MOLIHOCTAX A0 10000 KBA 1 d; = 25 MM NP GOMLLIMX MOWHOCTAX): S3 -
W3OMALMOHHOE PACCTORKHE OT HEMIONWPOBAHHOT WM W3OMMPOBAHHORO OTBOAA OGMOTKI HH 70 OGMOTKM BH, onpeaensemoe no Taon. 3.19; Sy -
30MALMOHHOE PACCTORHHE OT OTBOAA OGMOTKM HH 0 CTEHKN GaKa, ONpeaenAemoe o Taon. 4.18; d; - AMAWETD UIONMPOBAHHOTO OTS0AA OT OGMOTKI
HH, paBHeiit d, Uni pasiiep HEH3ONMPOBAHHORO 0TB0A HH (W), paskbii 10 - 15 1M
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PUCYHOK 3.15 — BHympenHUe pasmepsl Gaka
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Taonuua 3.18 - Mapavemy 1epos Gaka

0 <6 2
o025 0 -6 2
2 - 20

0 <6 2

45 0 > a

2 = 2

2 12 %

m 2 2 o

Tabnuua 3.19 - Mapawemps! paswepos baxa (MonuiKa)

o2 no2%
5 Ho3s 6 =
20 20 2 105

Ilnuka 6aka TpaHcopMaTopa Knaccos npit Ugy 6. 101 35 KB, u:
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g = 20+ D5+ 2( 85 +dly + 8,107
LLnpwHa GaKa TpaHCOPMaTOpa, M
By = DS +(S)+5, +dly + 85+ 5, +d,) 107

1% TPaHCHOPMATOPOS € KNACCOM HANDRKEHHA OOMOTKI BH 110 KB NPU PACMONOKEHUM BEOI0B B MACNE MEXaY APMOM CEPAEHHIKA U CTEHKOT
6aKa pashepsl 0aKa B NaHe Aggy M BgxMOrYT GbiTo NPHGAIMKEHHO NPHHATS

=20 +D5 40,8,
B = D5 +0,8

TNyGiHa GaKa ONPeRenAeTcs BLICOTOM AKTUBHOT YACTH 1 MUHMMANBHBIM PACCTORHUEM OT BEPXHErD ApNA A0 KDLILLKW GaKa. BeICOTa aKTMBHOT
wacT, m
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Hyy = o+ 2y + Mypoil 07,
TE Myppox - TONUMHA MPOKNAZKH MIOR HWKHEE APMO (o = 30 = 50 MM)
O6was rmy6uHa Gaka, M:
Hege = Hgt Hy

e Hy . - MAHUMANSHOE PACCTORHHE OT BEPXHETO ApMa 40 KpBILIKK GaKa (Tatn. 3.20)
TaGnuua 3.20 - MUsUMaNsHOE PACCMORHUE O 6EDXHEZ0 FpMa 00 KDbILIKU BaKa

0 210 £ 4700
10 300 110~ 5000°

MpHiesaHuts. * B Cy4ae MPHMEHEHHR TDEXDAIHOr NEPEKIOHaTENS, MPUKDENNEHHOR K KDLILUKE GaKa, paccTonHwe Hay = 850

** Mpu Knacce HanpsxeHy 110 KB 88076 BH 8 Macne pacnonaraioTca MEXay APMOM U CTEHKOM GaKa: paccToRie Hy = 500 MM HE3asncuio
or senmMHE TP
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2. CopepxaHue 1 Tpe60BaHUA K 0OPMIEHUIO NOACHUTENBHOMN 3aNUCKU

[P

Conepiarite NOACHATENHOM 3anCKM:

THTYREHBI IMCT YCTaHOBNEHHOTO 0Gpa3La.
Conepxanrie.

Baepenve

VcxonHble AaHHsle pacvera.

OcHOBHaR (paCYETHAR) Y2CTb € SCKI3AMM OCHOBHBIX PE3YTIETATOB PaCcyeTa
BLIBOLI M0 MPOEKTY.

CIMCOK MCTIONL308aHHOT NUTEPATYPbl

‘TpeGosaHIA K ODOPMNEHHI0 MORCHHTENHOT JaMMCKA

TIOACHUTENBHYIO 3aMACKY BEMOMHAKT Ha NWcueli Oyware (opMaTa A4 Ha ONHOWM CTOPOHE MHCTA C MOMAMM ANA 3AMETOK DELiEH3EHT.
TIOACHHTENbHYIO 3aMHCKY PA3ACNAIOT Ha Pa3AEnsl M NOAPasAens.

PacyeTHan YaCTs OMKHA OTPAXATL BCE STaMbl NPOEKTUPOBAHHA, NEPEYHCTIEHHbIE B N. 1. B PACYETHO/ 3aNHCKE NPHSONAT KPATKOE MINOKEHHE
Xona pacyeTa ¢ 0GOCHOBAHHEM BbIGOPA KOHCTPYKIMN Y308, @ TAKKe 3HaYEHMil TEX UM MHBIX BEMMYMH W KOS(DDULMEHTOS CO CCLINKOM Ha
CTPaHHLYBI, TAGMHLs! U (DOPMYITb COOTBETCTEYIOLLIMX IMTEPATY PHEIX HCTONHHKOS

TP WINOXEHUM PaCHETa HEOTXOUMO NPUBECTH DOPMYTY C BYKBEHHsIMM OBOSHA4EHUAMM SENMYHH, 3aTeM MOACTABHTL YUCTEHHEIE SHAIEHNA
BENVHUH W NMWs MOCTIE STOTO MPUBECTI YUCTIOBON PE3YMETAT W PASMEPHOCTS BENMIMHLI. PE3yMsTaTs! PACYETOB OKDYFMIAIOT 70 TPEX SHavalLX
MDD, TWCTS, PUCYHKM 1 TAGMMLS! AOMKHSI GbiTh NPOHYMEPOBaHS

PUCYHKH, CXEMsl 1 FPACOHKM, OTHOCALLIMECA K PACYETHOM YaCTH, CMIeAYeT pacronarars o Xony HANOKEHWA NIMGO Ha MMCTaX ¢ TEKCTOM, NGO Ha
OTENLHBIX NNCTAX CTAHAPTHOTO (POPMATA He MeHee Ad.
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TepHeTp Gaka 0ankHof (OpHS, 1
Poax = 2(Aoax - Boar) = Boax
ToBepXHOCTS MaaKoro Gaka, M2
Tex = PoaxHoar
TMOBEPXHOCTH KPBILLKM GaKa 0BaNHOI OPMbI, M2:

2
7B,

T, = (= o+ 22

T08EPXHOCTL M3NyYeHNA GaKka, NPEACTABNAIOWAR OGO NOMHYI0 PASBEPHYTYIO CYMMADHYIO MOBEPXHOCTS €0 FAZKO YacTu. TPy, SOMH,
panwaropos, u

1, = ITikys.

7 k13 - KOSDDULIEHT, Y4MTIB2OLLYIA OTHOLLEHHE NEPUMETDA NIOBEPXHOCTH MaNYHEHHA K MOBEPXHOCTH FAAKOT YaCTH GaKa 1 PUOMMKEHHO PasHbIt
1,0 - ANA MaaKoro Gaka; 1.2 + 1,5 - AN 6aKa ¢ HABECHLIMM PAAUATOPaMH
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TOBEPXHOCTH KOHBEKLMN (OXNaXaeHNs) Gaka, M2:

e TP = Py, + Py, Py, - N0TEDH KODOTKOTO 3aMbiKaHMA, BT;
P, - norepm xonocToro xoga, BT
Op.6, = 50 “C - cpeaHee NpeBsillieHHe TEMNEPaTYPsI CTeHKH GaKa Han TeMNEpaTypoit 803ayXa.

115 yBeNM4EHIA NOBEPXHOCTH KOHBEKLMM MPUMEHRIOT GaK C HABECHIM PAUATOPAMI: C FHYTaIMI TPYGaMM MO PHCYHKY 316, @ 1t ¢ MPAMBIMI
Tpy6anm o pHcyKy 316, 6. TN PaauaTopa BHIGHPAIOT N0 PasMepy Apqy PAANATOPA, KOTOPbI NPEACTABNAET COBO/ PACCTORHME MEXY OCAMM
NaTpyGKoB, CAYXAUYX ANA MPHCOAMHEHNA PAANATOPA K CTeHKe Gaka. My NOAGOPE Pa3MepOBPAAHATOROB CIEAYET YUHTIBATS, HTO MHHUMANEHOE
PACCTORHME OT AHa WM KDEILLKW GaKa I0TOP3OHTANHOT OCH GMIKaLIEro NATPYGKa PAIATOPOS AOMKHO GAiTs He MeHblLe 0,17 M , CMlenoBaTensHo,
PasMep Apq; PAAMATOPa MOMKEH YAOBNETBOPATS YCOBHIO, M-

Ay SHpgy - 0,34
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[Pucyrok 3.16 — Hagectible paduamops! Gaka

Mp pasMellieHn AOMaTopos Ha Gake CMIEAYeT OCTABMATS MUHMMANbHbIE MPOMEXYTKA MEXIy TpyGaw COCEmHiX pamMaropos npu
NapannensHoM PacnoNoXeHiH KONNEKTOPOs: 160 MM - ANR ABOMHIX PAAMATOPOS; 100 MM - 1A OAMHADHSIX.

TonHas NOBEPXHOCTE KOHBEKWMI 5aKa C paauaTopami, Mm%
I, = Iy ki 20 + gy xp  NpaolTx mpkp mp + NpaolTi i x. (3.14)

1 Iy p - IOBEPXHOCTS KOHBEKLAM TPYO PAAUaTOpOB, M2

T,y - MOBEPXHOCTH KOHBEKLMM KOMNEKTOPOB PRAMaTOpOB (C FHyTLIMMA TpyGami 0,75 pM OLMHApHOM pajuaTope M 0.6 - NpM AEOMHOM: ANA
pauaTopa ¢ NpAMbIMuU TpyGamy 0,15 - oauk pAA TpyG 1 0,34 - asa pAaa), M2;

Npap - KONMHECTSO PAAHATOPOS;

.21 - KOSDHUMEHT, YUHTEIBAIOWLII] YRy HLIEHHE TENNOOTA4M KOHBEKUMER MAAIKO CTeHKM 0aKka kg ;= 1,0 - ANA TDAHCOPMATOPOB Be3 AYT,
k.22 = 1.6 - ANA TPAHCOPMATOPOS C AYThem);
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Kgp.xp = 0.5 - KOIDDUUNEHT, YIUTLIBAIOLIMI 33KPLITUE 4ACTH NOBEPXHOCTH KPLILIKK Gaka usonsTopamm 880408 BH u HH u apmatypoi;

J.mp - KOSDOUUHEHT, YUMTHIBAIOWIMTA YMyLLISHHE TENMOOTAZH KOHBEKUMEH! TPYG HABECHBIX PAAUATOPOB (ANA TPAHCPOPMATOPOS C AYTbeM C
THYTEIMI TPYGaMI kg 5y, = 2,24, AN TPAHCOPMATOPOS 633 AYTB: € MPAMBIMM TPYB2MH kg, 5= 1,265 C THYTHIMM TPYBaMH K = 1.4);

Jxc - KOSDMUUYIEHT, YUHTLIBAIOLLIIE YTy HLUEHHE TENNOOTAZH KOHBEKUHEN NOBEPXHOCTBIO KOMMEKTOPOB HABECHSIX PAAWATOPOB kg = 1.0 - Ana
TPAHCOPMATOPOB 63 AYTHA, ki, = 1.6 - ANA TPAHCHOPMATOPOS € AyThen).

3naue Iy, CREAYET BbIOUPaTH B 3aBUCUMOCTH OT TUNa PAAATOPA U3 TaM. 3.21 (HyTble TPyGbI) WK U3 TaGn.3.22 (NPAMbIE TPYGbi).
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TaGnuua 3.21 - S#asenus Iy, 6 S36UCUMOCTIL O MUa PAOUAMOpa (2Hymsle mpy0sl)

1145 29

2000 121 215 169 2415 401 201
2285 1385 23 184 27,08 442 21
2485 1455 249 194 201 468 3
2685 156 264 204 118 429 362
3000 72 285 219 3438 540 30
2250 1845 302 22 £ 575 418
750 2 337 258 2 644 489
4000 23 382 269 448 675 422

4250 246 73 284 a2 716 521
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Taﬁmma 3.22 - SraqeHus 17,(,,, 6 3a6LCUMOCMU OM MUNa PaoUaMOoPa(TpAMsIe MpyObi)

548 23 58

108 526 226

200 26 595 318 61 s 4
1150 34 886 £ 2200 675 1068 522
1400 42 776 £ 2400 74 114 553
1615 458 S 429

MpHieyanye: A1A paguaTopa ¢ ONHHM PAAOM TPYG PasMepsl Bygy 1 Cpay PasHel 354 1 158 MM, [4NA panMaTopa ¢ [18yMA PARAMM TPYG - 505 1
253 um

V3 ypasHeni A (4.14) ONPEAENRIOT KOMMYECTEO PAAMATOPOS:

Ty Thepky

.
. mohpp + Tk
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Monyyentoe 3nasere Nyg) HAT0 OKPYTTIHTL A0 LENOTO YHCa B GOMbLLYI0 CTOPOHY.
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3. MeToaMuecKue yKa3aHUsA K pacyeTy TpaHcdopmaTopa

3.11. OnpepneneHune Macckl Macna v TpaHccopmatopa

Obvem Gaxa, u*

OBbem akTHEHOI YacTH, 1

Yax

€ Jz - CPEAHAR NNOTHOCTL KTUBHOT YACTH (Jgs, = 5500 + G000 KIfM - A1 TPAHCDOPMATOPOS € MEAHEIMH OGMOTKAMM H 7z = 5000 + 5500 Kr/M - AnA
TPAHCOPMATOPOB C ANIOMHHIEBKIMH OBMOTKaNH);
Gyyp - MaCCa NPOBORA TPAHCHOPMATOPa, PABHAR CYMME MACC NPOBOAI0B OBMOTOK HH 1 BH (Gyppy, Gyp2) Y MACC MIPOBOAOS OTBOAO8 OGMOTOK HH

MBH (Gomels Gome2). K-
G,

pl + Gup2 + Gomsl + Gome?2-
OGen wacna & Gate,

Va6 = Voax = Vax




