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1 META TA 3AJAYI KYPCOBOI'O IPOEKTY

Memoio KypcOoBOTO TPOEKTY € MOTIHOJIEHe BUBYCHHS MaTepiany 3
tematuku “TpancdopmaTopu cTpymy”’, 3aCBOEHHSI OCHOBHHX MUTaHb, OCO-
OJIMBOCTEH METOJUKH aBTOMATH30BAHOTO MPOEKTYBAHHS CY4aCHUX TpPaHC-
(dopMaTopiB cTpyMy Ha 0a3i BUKOPHCTaHHS HOBITHIX JOCSTHEHb y Tamy3i
PO3paxyHKy Ta BHPOOHHIITBA TpaHC(OpMATOpiB CTPyMy; MiATOTOBKA CTY-
JISHTIB 0 CAaMOCTIHHOTO BHUPIIIEHHS 1HKEHEPHUX 3a1ad MPH MPOEKTYBaHH]
Ta po3podiii TpanchopmaTopa ctpyMmy. lIpoektyBaHHS TpaHchopMaTOpiB
CTpyMy NPHITYCKA€E HE TINbKH BUKOHAHHS 33JJaHUX TEXHIYHUX BUMOT LIOZO
METPOJIOTIYHUX XapPaKTEPUCTHK, ajie i BU3HAYEHHs TAKOTO TEXHIYHOTO pi-
IICHHS 1 TAKUX TapaMeTpiB, sKi 6 3a0e3medyBany Halkpali (ONTHMAIbHI)
3HAYCHHS MOKa3HMKIB AKOCTi. EpekTuBHE pillleHHsT Takoi 3aadi MOXKIMBO
TIIbKA Ha OCHOBI aBTOMATH3allil MPOIECY MPOCKTYBaHHS, 1110 3a0e3nedye
MOJKJIMBICTh KOMIUIEKCHOTO 3acTocyBaHHs EOM, 3po0iieHnx Maremarud-
HUX MOJICJICH 1 METO/IIB TIOIIYKY PIllICHb

3adaui KypcOBOTO MPOEKTY — PO3PaXyHOK Ta MPOCKTYBAHHS TpaHC-
(hopMaTOpiB CTPYMY 3TiTHO TEXHIYHOTO 3aBIaHHSI



2 3ABJJAHHA, OBCAI' TA 3MICT KYPCOBOI'O
IHPOEKTY

TexHiune 3aBaaHHsa

KypcoBuii mpoekt 1o po3pod1i TpanchopMaTopiB CTpyMy CTYICHTH
BUKOHYIOTH BIJTIOBITHO 3 3aBJaHHSM, K€ BHUIA€THCS KEPIBHUKOM MPOEKTY
Ha CHeHiaJbHOMY OJIaHKY. 3aBJaHHS BKJIIOYAE B ceOe CIIiIyHOUd mapamMerT-
pU: HOMiIHAJFHY HANPYTY, HOMIHAIBHUH TIEPBUHHAN Ta BTOPHHHHAN CTPYM,
HOMIHAJIFHY TOTYXHICTh, KJIaC TOYHOCTI, KPaTHICTh MEPBUHHOTO CTPYMY;
Matepiajl 0OMOTYBaJbHOTO MPOBOLY — MiJlb 200 aIFOMiHIMH.

VY nonatky A HaBeICHI TEXHIYHI JaHi pi3HUX BapiaHTIB MPOEKTOBA-
HUX BHUMIpIOBaJFHUX TpaHC(HOpPMATOpiB CTpyMy. 3aBHaHHS MimiOpaHi Ta-
KHM YHUHOM, 110 KYPCOBHUH MPOEKT Pa3oM 3 JUILIOMHHUM MTPOSKTOM CKJIJIa€
€JIMHY CUCTEMY TIOCIIIOBHO YCKJIaHIOIOUMX B3a€EMOIIOB’ I3aHUX IIPOCKTIB.

O0csr KypcoBoro npoekry

KypcoBwuii nmpoekt mo po3poOiii BUMipIOBAIBHUX TpaHCHOpPMATOpiB
CTPYMY CKJIaJIAETHCS 3 PO3PaXyHKOBOI Ta rpadiyHOl YaCTHH.

Po3paxyHkoBa yacTHHa ABJsiE COOOI0 MOSICHIOBANBHY 3aIIMCKY, 0]o-
PMIIEHHS SIKOi BUKOHYETHCS Ha apkymax gopmary A4. OdbopMieHHS pucy-
HKIB, TpaikiB Ta KpecJIeHb MOKEe BUKOHYBAaTUCh 3a JIOIOMOTOI0 TpadiuHux
maketiB AutoCAD, SolidWorks a6o Kommac.

I'padiuna yacTHHA KypCOBOIO MPOEKTY CKIAAAETHCA 3 JIBOX JIMCTIB
KpecneHb hopmaty Al: Ha mepmIOMy JIMCTI MOJAETHCS 3arajbHUN BUIIISI
TpaHchOpPMATOPY CTPYMYy 3 Y3JOBKHHM Ta TMOINEPEYHHUM pO3pi3aMu, Ha
JIPyroMy — OKpeMi JieTaii Ta By3Ju TpaHchopMaTopy CTpyMmy (3TiTHO BKa-
31BOK KEpiBHHKA MTPOEKTY).

3MicT KypcoBOro npoexkTy
[osicHrOBasIbHA 3aMMCKa MOBUHHA BKJIFOYATH BCi PO3MiNIM, BKa3aHi y
Tabmmmi 2.1.



Taoauus 2.1- OpienToBaHuii 00cAT PO3ALIiB, TEPMiH BUKOHAHHSI

Ta 3aXHCTY KYPCOBOI'O POEKTY.

Yac BUKO- Tepmin
Haszsa Oocsr, HaHHS, BUKOHAHHS
% TOJMH 3aBJaHHs,
THKICHB
1 2 3 4
Beryn
1 Po3paxyHOK MarfiTHOI CHCTEMH
tpanchopmaropa crpymy (TC) 14 8 1-3
2 Po3paxyHOK eleKTpoAuHaMiy-
Hoi cTiiikocTi TC 4 2 3
3 Pozpaxyrnok moxu6ok TC 18 10 5
4 Amnaniz poboru TC npu Benu-
KAX  KPaTHOCTSAX  MEPBHHHOTO
CTpyMy 6 3 6
5 TeruoBuii po3paxyHOK 8 4 7
6 Ontumiszanis TC 10 7 9
7 Po3paxynok Bitpocritikocti TC 2 1 9
8 Po3pobka xonctpykuii TC Ta ii
OIMCAHHA 3 ypaxyBaHHSIM E€KOHO-
Mii IPUPOTHUX PeECypCiB 1 0OXOPO-
HU HaBKOJIMIIHBOT'O CepeJIOBHIIA 8 5 10
Ycboro 70% 40 10

Ha BukoHaHHS KpecieHb Ta OQOPMIICHHS MOSICHIOBAIBHOI 3aIMCKH
BiIBOUTKCSA 16 romuH, mo ckiagae 30% Bijg 3araibHOTO 00CsTy Yacy.




3 METOANYHI BKA3IBKH 11O PO3A1JIAM
KYPCOBOI'O IPOEKTY

Beryn

Y BCTYNHIHN 9acTHHI KypCcOBOTO MPOEKTY HEOOXITHO CTHUCIIO OXapak-
TEpPHU3yBaTH 3aBIaHHS PO3BUTKY CIICKTPOTEXHIYHOI MPOMHUCIOBOCTI, Bif0-
Opa3uTH MUIAXM PO3BUTKY TpaHC(HOPMATOPIB CTPyMy, yKa3aTH Ha MepCIeK-
THUBHU po3po0kn KoHCTpyKIii TC.

HeoOxigHO Big3HAYMTH HOBI PIllICHHS TEXHIYHUX IHUTaHb B 00JACTi
po3podku TC, siki 6 3a0e3meuriiu iX BUCOKUN PiBEHb, HAIIHHICTD Ta JOBrO-
BIYHICTH pOOOTH.

3.1 OcHoBH Teopii TpaHchoOpMAaTOPIB CTPYMY

Tpancdopmatop crpymy (TC) BigHOCHTBCS 1O BUMIpIOBaJIbHUX €lie-
KTPUYHHX arapartiB, 10 SKUX HPeIIBISIOTHCS BUMOTH MEPETBOPSHHS KOH-
TPOJIBOBAHOTO CTPYMY JI0 CTAaHIAPTHOI BEJIMYHMHY, IO MiAJsrac BUMipy, Ta
130JIF0BaHHS BUMIPIOBATLHUX MPUIAJIB BiJl JIaHIFOra BUCOKOT Hampyru. TC
— 1e TpaHchOpMaTop, y SKOMY HPH HOPMAITBHUX YMOBAaX 3aCTOCYBAaHHS
BTOPUHHHUM CTPYM HPOTIOPHIHHAN TIEPBUHHOMY 1 MIPHU MPABUIBHOMY BKJIIO-
YeHHI, 3/IBUTHYTHH 1110/JI0 HHOT'O Ha KYT, OJM3bKui 10 Hys /1-3/.

3 no3uuii 0co0NMMBOCTEH €NeKTPOMAarHiTHUX MpoLeciB TpaHchopma-
TOPH CTPYMY MO>KHA PO3AUIATH Ha ABa TUNH: cuMeTpuyHuid TC i3 MOBHOIO
CHUMETPI€I0 MarHiTHOTO ¥ €NeKTPUYHOTO JaHIoriB Ta HecuMeTpuaauil TC,
y SIKOTO CHUMETpis MOpYIIeHa Yepe3 HeMOBHE 3aIlIOBHEHHSI MAarHITOIPOBOLY
BUTKaMH BTOPUHHOI OOMOTKH, a00 yepe3 aCHMETpUYHE PO3TAIIyBaHHS T1e-
PBHHHOT OOMOTKH II0JI0 MarHiTHOT CHCTEMH.

o nepmoro tuny TC MOXHA BiIHECTH OJHOJIaNa30HHI YOy 10BaHi
TC /1-3/ npu piBHOMIpHOMY pO3MOALII BTOPUHHOI OOMOTKM Ha MarHiTom-
poBozi; yOymoBani TC y Bumaaky, Koiu pododa cexiisi BTOpHHHOI 00Mo-
TKA PIBHOMIPHO PO3MOJIiJieHa Ha MarHiTonpoBoii, a Takox muHHI TC i3
KPYYEHUM TOPOIOAIOHMM MarHiTonpoBojgoM. Jlo Apyroro THUMy - IIMHHI
TC i3 nNpsAMOKYTHHM, IIMXTOBAaHMM MAarHiTOIIPOBOJOM 1 30CEPEIKEHOIO
(KOTYyIIKOBOIO) BTOPUHHOI 00MOTKOI0, TC 13 MarHiTonpoBogom tuiry "3",
OararomianazonHi yoynosani TC npu poOoTi Ha Mayux KoedillieHTax Tpa-
HcopMariii, Ko pododa ceKiliss BTOPHHHOT 0OMOTKH 3aiiMae Ha MarHiTo-
NPOBOJII CEKTOp 0<2m abo 3aiiMae npoboBe uwmcno mapis, TC i3 U-
00pa3HoI0 200 NETIbOBOIO IEPBUHHOIO OOMOTKOIO.



3.2 ABromaTu3oBaHe npoektyBanHs TC

IIponec HaByanmpHOTO TMpoekTyBaHHS TC opraHi3yeTbcs y mepepHuB-
4acTO-/11aJJOTOBOMY peXuMi, TOOTO eramu mpoekTyBaHHI Ha EOM uepry-
IOTBCSl 3 aHaJi30M, PYYHHM PO3PaXyHKOM 1 KOPEKTYBAaHHSM pE3yJbTaTiB.
[Ipn 1bOMy BUKOPHCTOBYIOTBCS IBOPIBHEBA MaTeMaTHYHA MOJEIb 1 MIPUH-
1y aexommo3uiii 3amadi nmpoekryBanas TC. Ilepmmit piBeHs MaTeMaTHU-
Hoi Mozeni TC ciaykuTh Ui BU3HAYCHHS MOYATKOBUX 3HAYCHb T€OMETPH-
YHUX PO3MIpiB MarHironpoBoxy. Ha npyromy erami mpoekTyBaHHS 3a I0-
ITOMOTOI0 JIETATLHOT aTOPUTMITHOI MaTeMaTHIHOI MOJEN 3IiHCHIOETHCS
NouIyK ontumanbHoro Bapianta TC 1 picT HOro METPONOTIYHHX MMOKA3HU-
KiB.

3.3 Po3paxyHok marHiTHoi cuctemu TC no 3aiaHUM TeXHIYHUM BUMOTaM

[Mepmmii etan po3paxynky TC € monepenHiM Ta NpU3HAYCHHUN IS
BU3HAUYEHHsI MOYAaTKOBUX 3HAYCHb OCHOBHUX IEPEMiHHMX MaTeMaTHYHOI
Mozeni (FreOMETPUYHHUX PO3MIPiB MarHiTHOI CHCTEMH — 30BHIMHBOTO (Dy),
BHYTpITHBOTO (Dyy) miamerpiB i BucoTH (h) MaraiTonpoBoy) 3 ypaxyBaH-
HSIM TEXHIYHUX BUMOT, MTPOIMIOHOBAHKX JI0 TIPOEKTOBAHOTO TpaHchopMaro-
pa (HomiHambHUX 3Ha4eHb nepBUHHOTO (l14) 1 BTOopuHHOTO (l2M) CTpyMIB,
KpPaTHOCTI CTPYMY TE€PMIiUHOI CTIMKOCTI (ni:) KJIaCy HaPyTH, KJIACy TOYHO-
CTi, TUIY 130J1s1Mii T.7.). Buaun i mocnigoBHICTh po3paxyHKiB, BAKOHYBAHHX
Ha TIePIIOMY eTalll HaBeeH] y a0 3.1.

Ta6anuns 3.1 - 3micT nepmoro erany npoekrysanust TC
Ne  |TlowarkoBi maHi liy, lou, Nir, THIT 1305151011, KITac Harpyru TC,
KJIaC TOYHOCTI

Busnauenns ryctunu crpymy oomMotok TC —Jg, J2

11 [1.1.1 |PospaxyHOK TepMiYHOi CTIHKOCTI

1.1.2 |Po3paxyHok J1

1.1.3 |Po3paxyHok J,

1.2 |Po3paxyHOK 4mcia BUTKIB OOMOTOK

1.3 |Po3paxyHok i30mawii

1.4 |TlomepenHiii po3paxyHok reomerpii MarHiTHOT cuctemu TC




3.4 Bu3zHayeHHs TYCTHHH CTPYMY B 00MOTKAX

O6motkn TC moBWHHI 33JJ0BOJNIBHATH PSAAY TEXHIYHUX BUMOT: Tep-
MIYHOI 1 MEXaHI9HO1 CTIHKOCTI, 3a0e3meuyBaT HEOOXITHHII PIBEHb EJIEKT-
PUYHOT MIITHOCTI 13011111, TEXHOJIOT1YHOCTI T.II.

IIpu BuOOpi rycTHHU CTpyMy B 0OMOTKaX HalOIIBII iCTOTHUIN BIUIHB
MOXYTh 3pPOOUTH BHMOTH IO TEPMIYHOi CTIHKOCTI 0OMOTOK. TepmiuHa
ctitikicte TC BU3HAYa€THCSI 4acOM MPOTIKAHHS CTPYMY KOPOTKOTO 3aMU-
KaHHS sIKa MOXKE 3a7aBaTUCS B TEXHIYHOMY 3aBAaHHI Ha MPOEKTYBaHHSI,
a0o0 mpuiMaeThCs BiamosigHo 10 /1-2/:

t =4 ¢ na TC Ha HOMiHaNBHY Hanpyry a0 35 kB;

te = 3 ¢ na TC Ha HOMiHaNBHY Hanpyry ao 220 kB;

te =1 ¢ mia TC va HOMiIHaNEHY HanpyTy 330 kB i BuIe.

CTpyM TepMid4HOI CTIMKOCTI - HaHOLIbINe Aif04Ye 3HAYEHHS CTPYyMY
KOPOTKOTO 3aMMKaHHA 3a 4Yac tg, Skuil TC BUTpUMYeE HpPOTIATOM IBOTO
MPOMiIXKY O€3 HarpiBaHHA CTPYMOBEAYYHX YaCTHH IO TEMIIeparyp, IO
MEPEBUIYIOTh TPUITYCTUMI MPU CTpyMaxX KOPOTKOTO 3aMUKaHHSA 1 0e3
VIIKO/KEHD, MO MEePENIKOHKAIOTh HOro MomajblIiii crpasHiit podoTti /I/.
Jns HaOMMKeHOi OILHKU TEIJIOBOTO CTaHy OOMOTOK BHKOPHUCTOBYETHCS
3aexHicTh (puc.3.1) mpumycTuMoi TemmnepaTypu oOMoTok (6;) Bix Teruio-
BOTO €(eKTy PO3PaxyHKOBOTO IEPEMIHHOTO CTPYyMY, IO i€ B Iepedir gacy
te — (J%t) Ilpumyctuma temmeparypa o6motok TC mpuiiMaeTbes 1o
Tabm.3.2.

Taéauus 3.2 - IlpunycTtuMi TemmepaTypu CTPYMONPOBiIHHUX
yactud TC

Tun i3omsmii TC, npusnsraro- 0:,°C
401 10 CTPyMOBELYYHX Yac- Mizb ATIOMIHI
TUH

[oBiTps 300 200
[30stsmiis kmacy B 300 200
Cyxa i3omsuis ki1aciB Y ta A 250 200
MacnﬂHa.Ta nanepoBo- 200 200
MaclIsTHa 130JIA11isT




10

Temnepatypa TC, mo BimmoBimae TpuBaJoMy MPOTIKaHHIO HOMiHa-
JBHOTO CTPyMY, 3BHYaiiHO mpuitMaeThest 00=90°. 3 ypaxyBaHHSIM MpUAHS-
TUX 3Ha4eHb Temrepatyp 0 i 6o HeoOXiAHO BU3HAUUTHU MO PUCYHKY 3.1 Te-
nnoBuit edext ctpymy (J24): i (J°1)o. BRaxkarouwm, 110 yce BHUiIEHe B PO3T-
JSIHYTOMY PEXHMi TEIUIo He Ha HarpiBaHHS TpaHcdopMmaropa, TEIUIOBHHA
e(eKT y pesknMi KOPOTKOTO 3aMHUKAHHS:

(PP 1)= (P4 — (B%1)o, (3.1)

3BijcH rycThHA cTpyMmy TepMiunoi crilikocTi TC (A/MM?):

(3.2)

KpatHicTh cTpyMy TepMidHOI CTIHKOCTI amapara (niy), 0 MPEaCcTaB-
nsta co00I0 BITHOUIEHHS CTPYMY TEPMIYHOI CTIMKOCTI A0 Iif0Y0ro 3Ha-
YEHHIO HOMiHAJBHOTO TEPBUHHOTO CTpyMYy /1/, 3ajaeThcsl y BUXITHUX Oa-
HHUX Ha MPOCEKTYBaHHS. 3 ypaXyBaHHSM 3HaY€HHS N1y TYCTHHA HOMiHAaJb-
HOT'O CTPyMY II€PBUHHOI OOMOTKH (BUXOASYH 3 TPUBAJIOI0 HarpiBaHHS HO-
MIHAJIBHUM CTPYMOM):

\]IH: \]K3/ Nir - Ksan, (33)
ne K = 1,1...1,5 - koedilieHT 3amacy 1o TepMivHilA CTIHKOCTI.

IlepetnH nepBUHHOI OOMOTKM BUXOZSYU 3 TYCTHHHU CTPYMY TE€pMid-

HOi cTiiikocTi (MM?):

|1 nlr'll
=W _ AT " (34
Cir 3 3 (3.4)

JJ1ss HOMIHAJILHOTO PEKUMY MOJKHA 3aMKMCATH aHAJIOTIYHE CITIBBI/I-
HOIIICHHS:

Ay, =1y, 13, (35)

SIK po3paxyHKOBE 3HAYCHHS (1p TPUMUMAETbCS HaiOLIbIIe 31 3HaYeHb
Q:r Ta (. OcraTouHe 3HAYCHHS TMEPETHHY NEPBHHHOI, OOMOTKH (Qup:)
NpUAMaeThCsl MO0 COPTAMEHTY Ha BHKOPUCTaHWHU mpoBif (nonatok E) 3a
YMOBH, O Qp; > (75, YMOBA 1S TapaHTye 3a0e3neueHHs HeoOXiIHOT KpaT-
HocTi Tepmiunoi crifikocti TC. Mapka nmpoBogy NMepBUHHOI OOMOTKH BH-
3Ha4Ya€eThcs KOHCTpyKUieto npoekroBanoro TC. Y TC i3 nutoro i3omswieto
Ha Hampyry g0 10 kB GaratoBuTKOBa NepBHHHA OOMOTKA BUKOHYETHCS 3
rojoi mmHHOI Miai (nogatok E.1) 3 HamoTyBanH:AM ii Ha peOpo Ta i307sLi-
€10 MI’K BUTKaMH 3 €JIeKTPOKAPTOHY.
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Pucynok 3.1 - [Ipunyctuma TemnepaTypa 0OMOTKH B 3aJIEXHOCTI BiJ] TEIIOBOTO eekTy
PO3paxyHKOBOTO 3MiHHOTO CTPYMY

Y TC i3 nanepoBoo i30JLi€I0 MEPBUHHA OOMOTKA BUKOHYETHCS 3
kpyrioro npooxy mapku [1JIBJl (ATUJIB/]) (mpu meperuni Q< 10...12
Mm?). TIpy BEIMKKMX MEPETHHAX MEPBUHHOT OOMOTKH 3aCTOCOBYIOTH MiIHHIA
rayukuit mposia [1BJ10O), i301p0BaHMid 1BOMA MIapaMH 130J1Ii1 Ta OOTLIIT-
Koo 3 OaBoBHAHOI npsxi (Hogarok E.3). CtpymMonpoBiaHi XuiaM IPOBOAY
CKPYYYIOTbCS 3 OKPEMHX JPOTIB Ta NMPOBAIBLBOBYIOTHCA O OACP>KaHHSA
npssMOKyTHOT opmu. KoedilieHT 3anI0BHEHHS IJIONII TIEPETUHY MPOBOTY
Migaro gopieaioe 0,8. TopuiuHa i30imsmii Ha a8i ctoponu - 0,85 mm. [pu
3HAYHMX MEPETHHAX BUTKAa OOMOTKHU (Qups > 70 MM?) HOTro BMKOHYIOTH 3
JEKLTBKOX PIBHOODKHUX MPOBOAIB. PO3Mipy MiZIHUX 1 allfOMIHIEBUX TPOBO-
JUB JUIS OJJHOBUTKOBUX Ta 0araTOBUTKOBUX MEPBUHHUX OOMOTOK TIpHBE/IC-
Hi y nonatky E.
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3.4.1. Bropunna o6mMoTKa

BropuaHa 00MOTKa BUKOHYETHCS 3 Kpyriioro mpooxy mapku [1C/I.
IIpn HOMiHATBPHOMY BTOPHHHOI CTpyMi 5 A 3BHYalfHO BHKOPHUCTOBYIOTH
npoBig miamerpoM 1,81 MM, a mpu npoekryBanHi TC, mpu3HaueHHUX IS
po0OTH B 3aKpUTHX yCTAaHOBKaxX ab0 MpHW MiABHINEHIN TeMIeparypi - mpo-
Bix miamerpom 1,95..2,1 mm. [Ipu BropuHHOMY cTpyMmi 1 A miamerp mpo-
BOay BuOMparoTh v Mexax [,21...1,35 M. [Iyis BUKOPUCTOBYBAaHMX MapoOK
CTaJjiell KpaTHICTh BTOPUHHOTO CTPYMY MpPU HOMiHAJIILHOMY HaBaHTaXXKEHHI
npuiiMatoTh He Oinbmr 40. Tomy momepenHbO MOXKHA IPUHHATH KPATHICTH
BTOPUHHOTO CTPYMy PiBHIM: Nor = Nir mpu Nir <40 Ta N2r= 40 mpu Nir
> 40.

Haii6inpmmmii crpyM BTOPHHHOT OOMOTKH:

|21c5 = Izn “Nyr (3.6)
3 ypaxyBaHHAM IPUAHATOrO IIEPETUHY NPOBOAY BTOPUHHOI 0OMOTKH
(Qup2) TycTHHA CTPYMY KOPOTKOTO 3aMUKaHHS (A/MM?):

J2K’)‘ = I21c3 /qnpz (37)

Sxmo 3HaYeHHS J26< | (11.3.1), TO BTOpuHHA OOMOTKA BBAXKAETHCS
TEPMIYHO CTilKOI0. B iHmomy Bunaaky (Jzx>Jxs) HEOOXiTHO 301TBIIHTH

MIEPETHH IPOBOAY BTOPUHHOI OOMOTKHM a00 (SKIIO KPaTHICTH TEPMIYHOI
CTIMIKOCTi HE OOMEXeHa, Y TEXHIYHOMY 3aBJaHHi) 3MEHIIHTH Ni7.

3.4.2 Bu3dHayeHHs 4MciIa BUTKIB EPBUHHOI 00MOTKH

[MpakTuka xoucrpyroBanus TC /1/ nokasye, mo TC 3am0BOJIbHS-
I0Th TEXHIYHUM BHMOTaM piBHS, TMOTPIOTHOCTEH /5/ mpu MiHIMaIbHOMY
3HaueHHi MPC nepBuaHOi 00MOTKH Fimin= 800... 1000 A. Lle cmiBBimHO-
IICHHS MOYE 3MIHIOBATHUCS B 3aJIeKHOCTI Bijl kiacy Hanpyru TC. [Tpu ma-
TUX 3HaYeHHSIX Hanpyru (MeHIe 35 kB) BHYTpilIHIN JiaMeTp MarHiTompo-
BOAy (CepenHs AOBXKUHA) HACTLUIBKH 3MEHIIyeThes, mo TC Moxe OyTH BU-
KOHaHMH 3 MeHIMMHU 3HaueHHIMH MPC  Fimin = 600 A. 3011bIIeHHS KiJib-
KOCTIi BUTKIB IIEPBHHHOI 0OMOTKH 3MeHInye norpinmaocti TC, ane 301inbIrye
pO3MipH MIEPBUHHOT OOMOTKH, 1[0 CIPUYHHSE 301TbIIICHHS MACH TIPOBiTHH-
KOBOI'O Marepiaiy, po3MipiB i MacH CTalli MarHiTornpoBoy. ToMy npu BH-
3HAYEHHI YMCIIa BUTKIB IEPBUHHOT OOMOTKH HEOOXiTHO KepyBaTHCS HACTY-
MHUMHU PO3YMiHHIMHU:
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- B ogaopianazonHux TC mpu |7, > 1000 A gucno ButkiB Wi=1;

- ipu nipoekTyBanHi TC Ha ABa HOMiHaNBHHUX MEPBUHHUX CTPYMH (TIpU
(174 min> 1000) 3 BigHOmMEHHIM 1:2 - uncio Butkis Wi = 2. IlepeTnH BUTKa
0OMOTKHM PO3paxOBY€ThCS HA MEHINE 3HAUYeHHS HOMIHATHHHUX CTPYMIB Ta
NpY Mepexoii Ha OUTBIINN CTpyM OOMOTKa 3'€IHYETHCS B B piBHOODKHI
T1JIKH;

- pu npoekTyBaHHi TC Ha Kinpka ( > 2) 3HA4eHb HOMIHAJIBHOTO TeEp-
BUHHOTO CTPYMY |47 ... |7, HEOOXiAHO AJISL BCIX 3HAYEHB CTPYMY BH3HAYH-
TH Jliania30H, y SKOMY BUKOHY€ETbCS CITIBBiIHOILICHHS:

I - Wi = const.

[IpumyctrMo, HampuKiIam, MO HEOOXIMTHO CIPOEKTYBAaTH BiApPi30K
cepii TC i3 HOMiHanpHMMH TIepBHHHUMHU cTpymamu l;, = 15, 30, 40, 100,
150, 300, 600, 1000, 1500 , 2000, 3000 A. [nsa mianazony ctpyMmiB |,
=15... 600 A HOMiHaNTFHA KUTBKICTh aMIep-BUTKIB IEPBUHHOI OOMOTKH, IO
3a/I0BOJIFHSIE TIPUBEACHIA BHUIIE YMOBI HUJIOYUCENBHHOCTI, AopiBHIOE 600
A. Ilpu oMy YUCIIO BUTKIB IEPBUHHOT OOMOTKH MOKHA PO3MOIUIATH O
tunopukoHnanHio TC y Takuii crioci6 (Ta6:m.3.3):

Ta6auusa 3.3 — Po3nogijienHs 4nciaa BUTKIB MepPBUHHOI 00MOTKH Bij
nepBuHHOrO crpymy TC

Fi,A 600
I/l-ti! A

15 30 40 100 | 150 | 300 | 600

Wii 40 20 15 6 4 2 1

Tpanchopmarop 3 HoMiHanEHUMEU cTpymMamu 1000 A, 2000 A moxHa
BukoHatu 3 Wy = 2 i 3 po3paxyHkoBuM ctpymoMm 1000 A. AHanoriuHo Bu-
KOoHyeThcsl nepBuHHa oOMoTka TC 31 crpymamu 1500 A ta 3000 A (W= 2,
pospaxynkoBuii ctpym 1500 A). B ocrannix nBox Bapiantax TC mpu nepe-
X011 Ha Benuki nepBuHHI crpymu (2000 A ta 3000 A) nepBuHHa 0OMOTKA
3'€IHY€ETHCS Y JIBI piBHOOIKHI Taiy3i.
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3.4.3. Po3paxyHok po3MipiB mepBHHHOI 00MOTKH

IIpu BuKOHaHHI 0araTOBUTKOBOI IEPBUHHOI OOMOTKH 3 TOJI01 MiTHOT
mmHy, o mMae micue y TC na Hanpyry 1o 10 kB, po3Mipu 00MOTKH y BikHi

MarHiTOMPOBOY BU3HAYAIOTHCS TaK (puc.3.2):
b = b,, - 6inbIIHiA pO3Mip rOJIOT IKUHH, MM;

d: - HaWOLTBIINIT PO3MIp MEPETHHY EPBUHHOT OOMOTKH, MM;

&,p - MCHILIUH PO3MIp TOJI0i IIIMHU, MM;

A; - TOBIIMHA NPOKJIAAKH 3 eNeKTpoKapToHy: 4,=0,8 MM

di=a, Wi+ A, (w1 -1) (3.8)
'Im _
B R
di B M"bﬂa
N — 1. 12

Pucynok 3.2 - BaratomapoBa nepBiHHA 0OMOTKA 3 TOJI0T MiTHOT IIHHA

[Tpu BuKOHaHHI 6araTOBUTKOBOI MEPBHHHOT OOMOTKH 3 130JIbOBaHUX
MPOBITHUKIB, 1X PO3MOMALISIOT, TAKUM YHMHOM, 1100 PE3yJIbTYIOUHI Mepe-

TUH OOMOTKHM 3a Gopmoro OyB OM sK HailOMmkuuM g0 kosa (puc. 3.3.a).
Haii6inpmmii po3mip niepetuHy di IEpBHHHOT OOMOTKH BH3HAYAIOTh 3 00JIi-
KOM BJIACHOT 130JIA1[iT IEPBUHHOI OOMOTKH, IO HaKJIaaaeThcs Ha Hel. [Ipu
3HAYHIH BiIMIHHOCTI TIEpeTHHY NEPBUHHOT OOMOTKH BiJI KOJa, IO Ma€ Mic-
1€ IPY BUKOHAaHHI OOMOTKH 3 NpsiMOKyTHOro nposoxy I1BZIO i Benukomy
TIEPETHHI BUTKA, MOXe OyTH BCTAHOBIIEHA JIOJIATKOBA 130JISIIis, 1110 HAOIHU-
JKae MepeTHH NMEepBUHHOT 0OOMOTKH 70 Kona. HaiGinpmmii po3mip nepBuH-
HOT 0OMOTKY di BU3HAYAETHCS SK JAiaroHANb (IrypH, yTBOPEHOI MPOBiIHU-

KaMu y nepetuHi ooMotku (puc. 3.3.0).
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a- HPOBiJ KPYTJIOTO MIEPETHHY;
6 - mpogin [IBJ1O
Pucynok. 3.3 - BararouiapoBa nepBruHHa 0OMOTKa

3.5 Po3paxyHOK roJioBHOI i30.is1ii

3.5.1 TpancdopmaTopu 3 ManepoBO-MaCISIHOIO i30JIAII€I0

TouHuil po3paxyHOK TrOJIOBHOI 130JISIIii JOCUTh CKJIATHHIA, TOMY IO
HEOOXiZIHO BPaXxOBYBaTH XapaKTep PO3MOJIiTY eIEKTPUIHOTO TOJIsl B Hill SIK
Yy HOMIHAJIbHOMY PEKHMi Ta PeXXUMi KOPOTKOTO 3aMHUKaHHS, TaK i IPU MO-
JKIIMBUX MepeHanpyrax. ToMy Ha MpakTHIli BAKOPUCTOBYETHCS CITPOIIEHHH
MeTOJT po3paxyHKy /1-3/.

VY mpunymieHHi, Mo Hampyra mojaHa Ha IepBUHHY OOMOTKY 1, a 30-
BHIIITHS TTOBEPXHS IMAarepoBol 130Js1ii 3a3eMieHa (puc. 3.4), po3paxyHOK
3BOJIUTHCS 10 BU3HAYEHHS HAIPY>KEHOCTI eJeKTpuuHoro mnois (£, kB/mwm)
MIX JIBOMa KOaKCialbHUMH MTOBEPXHAMHE 3 pajgiycamu R i dy 2.

u -k
posp 3an

E =
d,/2-In(2-R/d,), (39

ze:

U,osp - PO3paxyHKOBE 3HAYEHHS MPUKIIAICHOI HANpyTH, KB;
R - paziyc 30BHIIIHBOT TOBEPXHI 130JISIIIiT, MM;

d: - HalOLTBIINIT PO3MIp MepeTHHY MEPBUHHOT OOMOTKH, MM;
K.an - xoeiuient 3anacy (Ks., = 1,1...1,15).
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Pucynoxk 3.4 — IIpoBix nepBUHHOI 0OMOTKH 3 130JIALIEI0

V sikocTi Up,s, BapTO TipuiiMaTH Aitoye 3HaUYCHHS HAHO1IBIIOT poOo-
4oi ¢azHOI HAPyTH UIA MEpPeX 3 HOMiHAIBEHOK Harpyror 110 kB i Bume
Ta JitoYe 3HAYCHHS HANOLIBIIOT PoOOYOl JNHIMHOT HAIPYTHU IS MEPEK 3
HOMIHAJILHOIO Hampyroto 1o 35 kB BkmtouHo. Pagiyc 30BHIIIHBOT MOBepXHi
1301l (MM):

_ dl e 2U posp “Ksan

2 E,d

VY (3.10) Hanpy>KeHiCTh €IEKTPUYHOIO MOJIA Hpu pobodiil Hampysi
(Ep) mpuiiMaeThest He Oinbm Hik 4 kB/MM /4/. (3.10) 3acTOoCOBYETBCS ISt
PO3paxyHKy ToyoBHOI i30ismii oomMoTok U - 00pa3HOro i puMOBHAHOTO
tury. [Ipu BukoHanHi TC Ha BelMKi 3HAYSHHS HAIIPYTH AOLIIBHO 3 TOTJIS-
Iy 3MEHIIEHHs 130JSIIHHOTO MPOMIDKKY TMOAUISITA TOJIOBHY i30JIAIiI0 Ha
KiJbKa cTymiHei /1-5/.

R (3.10)

Tabanust 3.4 - 3HaveHHs HalOLIBIINX PO6GOYHX TA ICIMTOBUX
Hanpyr 3rigno ICT 1516.1-76

HowminanbsHa Ha- Haii6inbina podoua Hocninna
npyra, kB Harpyra, KB Harpyra, KB
1 2 3
3 3.5 24
6 7.2 32
10 115 42
15 175 55
20 24 65
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IIponos:kenHs tadia. 3.4

1 2 3
24 26.5 75
35 40.5 95

110 126 230
150 172 300
220 252 440
330 363 560
500 525 760

[Ticas po3paxyHKy poO3MipiB TOJOBHOI i30JIA11ii HEOOXIAHO BH3HA-
gty 10 (3.9) 3HAUeHHS HANpPYKEHOCTi EIEKTPUYHOTO TIOJIS IIPH 1CTIUTOBIN
Hanpy3i. Po3paxyHkoBe 3HaueHHS HANPYKEHOCTI €JEKTPUYHOTO TOJIS He
noBuHHE TiepeBuntyBaty 10 kB/mMM /4/.

3.5.2 TpancdopmaTopu 3 JINTOIO i30J151Li€I0

ToBUIMHY TONOBHOT 1301511111 (MM) MO>KHA BU3HAYHTH:
A= Uposp [Ep, (3.11)
ne Ep - cepenHs HAMPY>KEHICTh IEKTPUIHOTO TOJS B IUTHH 130IAIIIT TPH
poOouiii Hanpy3i: E, = 2 KB/MM.

ITpu BukonauHi TC i3 JUTOIO 130JIAIII€I0 HA MEPBUHHY OOMOTKY Ha-
KIaiaoTh OydepHy i30isito 3 nepopoBaHoi Ta CKISHOI cTpidok. OmHO-
01uny TOBIIMHY OydepHOT 13071111 MOKHA TPUHHATH Asyg = 2 MM. MiHima-
JbHA TOBIIMHA T'OJOBHOI JIMTUH 130715111 32 yMOBaMH MEXaHIYHOI MIITHOCTI
MOBHHHA OyTH He MeHII Hik 4 MM. Ilicist po3paxyHKy TOJIOBHOI i30J1sIIii
HEOoOXiZIHO BU3HAYUTH 110 (3.9) HaNpyKeHICTh eJICKTPHYHOTO OIS B 130715-
il mpu poboudil 1 icnuToBiit Hanpyrax (auB. Tadu. 3.4). [Ipunyctumi 3Ha-
YEHHsI HAIIPYKEHOCTI eNeKTPUIHOTO TIoJIs /4/ ipuBeieHi B Tadu. 3.5.

Ta6auus 3.5 - JlonmycTuMi 3HAYEHHS HATNIPYKEHOCTI eJIeKTPUYHO-
ro 1oJisi
MaxkcuManbHa HaIpy>K€HOCT] eNeKTPUIHOTO MO | Epmax= 8 kB/MM
pu poOouUiil Hanpy3i
JonycTrMa HampyKeHICTb eJIeKTPUYHOro Mois | Epmax =20 kB/MM
MIPY OCIiAHINA HAIPY>KEHOCTI
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IIpu BukoHanHI po3paxyHKiB 1o (3.11) paaiyc 30BHIIIHBOT MTOBEPXHI
B3oytii (puc. 3.5) BU3HAYa€eTHCS (MM):

R=d,/2+A,, +A, (3.12)

3.5.3 TpancdopmaTopH 3 NOBITPSAHOIO i30JI51Li€10

IIpu pospaxynky TC i3 MOBITPSHOIO 130JAIIEI0 BiICTAaHh MK 0OMO-
TKaMH BU3HAYAETHCS PO3PSITHOIO JOBKHHOIO MOBITPSHOTO MPOMIXKKY, JUIS
HaOIMKEHO1 OLIIHKM BEIMYMHH SKOTO MOYKHAa CKOPHCTATHCS EMITipHYHHM
BUPA30M:

A, = D14 (313)
0.316
ne: A, — po3psAaHa BiICTaHb BiJl IEPBUHHOI OOMOTKH, MM;

U,e; — pO3psiiHA HAIpyTa, BEJIMYKMHA SKOI MOBMHHA 3a0€3ICYUTH Bi-
JCYTHICTH PO3pPSNIB NpH OYIb-sKili MOXJIMBIN MEpeHanpy3i, BKIOYA0YH
JOCIiAHY Hampyry, KB.

[Tpu po3paxyHKy 13071111 MOKHA TPUHAHSTH:

Upas = 1.4 -Ugun.

[MpuBenenuit Bupas (3.13) cnpaBemIMBUN MPHU BETHMYNHI TPOMIKKY
4,:<1200 mm. IlepBurHa oOMoTka TC 13 MOBITPSIHOIO i30JISLIIEI0 BUKOHY-
€TBCSL y BHUJI TPSMOKYTHOI IIUHH, TOMY HEOOXiJTHO BPaxOBYBaTH NpPHU BU-
3HauYeHHI pajiiyca 30BHINIHBOI MOBEPXHI 130711111 (MM) HacTymHE (puc.3.5):

R=0.707 b+A4,., (3.14)

b — po3mip 6iIbII0T CTOPOHHU MPSIMOKYTHOI ITUHU, MM

Bu3HaueHHs BHYTPIIIHBOTO JiaMEeTPy MarHiTOIPOBOILY

I[Tpu BimoMux po3mipax nepBHHHOI 00MOTKH (01) Ta TOJIOBHOI 130JIs-
it (4y.) JiamMeTp BikHA MarHiTONPOBOLY (MM):

do =d; + Z-Aqul, + 2-A,.. (315)

KinpKicTh BUTKIB y 1api BTOPUHHOI OOMOTKHU:

W — ﬂ'dO'aZ'kaan
cn2 (36Odnp2) /(3.16)

ae:

0> — BEJIMYMHA CEKTOpa 3allOBHEHHS MarHiTONPOBOAY BUTKaMH BTO-
pUHHOT OOMOTKH , Tpas;
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Ksan = 0.8 — xoedimient 3amacy, KAl BpaxoBy€e HETIOBHY HAMOTKY
BHUTKIB;

d,p2— AiameTp 130Jb0BAaHOTO MPOBOJY BTOPHHHOT OOMOTKH, MM.

3HaueHHS We;2» OKPYTIIOETBCS 10 HAWOJIMKYIOro 1ijoro uncna. Kinb-
KIiCTh IIapiB BTOPHHHOT OOMOTKH:

N, =W, /w_,+0.25. (3.17)
BenuunHa N2 OKPYIIIOETBCS A0 Hioro yucna. CymapHa TOBIIMHA
130111 (MM) BTOPMHHOT OOMOTKH (IHB. puc.3.5):

AuZ = AZM + Ac,'tZ (n 1)+ AHZ ! (318)

w2

Ie:

Ay, — TOBIIWHA 130JIA1[i1 Mi’)K BTOPUHHOK 0OMOTKOIO Ta MarHiTomnpo-
BOJIOM, MM; A2, = 1 MM;

A¢z2— TOBIIMHA 130JIS1IHT MiXk IIapaMy BTOPUHHOT OOMOTKH, MM;

Az, — TOBIIMHA 130141111 30BHINTHBOI MOBEPXHI BTOPUHHOT OOMOTKH,
Az, = 0.5 MMm.

ToBiyHa BTOPUHHOT OOMOTKY (MM):

) ., N, d (3.19)

np2 "
BHyTpimHii giaMeTp MarHiTonpoBoay:
D,, =d, +2-A,. (3.20)

CrpykTypa i307s0ist y BikHI TopomonxioHoro marnitonposoxy TC
npencrasieHa Ha puc 3.5a. CriBeigHomenHs (3,15. ..3,20) npuBeneHi mis
TopoigansHoro MarHitonpoBogy TC. [y iHMIMX KOHCTPYKIH po3Mipu
BiKHa MarHiTONPOBOJy HEOOXiJHO BH3HAYATH 3 ypaxyBaHHSM pPO3Tallly-
BaHHS BTOPUHHOI OOMOTKHM Ha MAarHiTONPOBOAI i MEPBHHHOI OOMOTKH Yy
BikHI TpaHchopmaropa ctpymy. s TC i3 TpSIMOKYTHUM HIMXTOBaHHM
MarHiTOMPOBOJAOM HEOOXiJJHO BUKOHYBATH TAaKOX PO3PaxXyHOK HIMPHHU
BikHa D, . [Tocmi0BHICTh pO3paxyHKy npuBeaeHa y 1oaatky E.7.
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3.6 IlonepexnHiii po3paxyHok po3MipiB MarHiTHoi cuctemMu TpaHcdopmaTopa

3HaueHHs BHYTPIIIHBOTO JAiaMeTpa TOPOIIOAIOHOTO MarHiTOIPOBOTY
(Dgx) um mmpuHa BikHA MPSIMOKYTHOTO MarHiTonpoBoay (Do) BU3HAYAETHCS
NpY pO3paxyHKy TOJOBHOI 1301smii. ONTHManbHi pO3MipH MEPETHHY 1 30B-
HIITHBOTO JliaMeTpa MarHiTOMPOBOAY BU3HAYAIOTHCS y Pe3yNbTaTi IMOIIY-
KOBHUX po3paxyHKiB Ha EOM. /Iy BUKOHaHHs WX PO3paxyHKiB HEOOXiIHO
MOTIEPEHHO BU3HAYUTH TIOYATKOBI 3HAYCHHS 30BHIIIHBOTO Hiametpa (Dy) i
Bucotu (h,) MarHiTompoBoy.

O/HO3HAYHO BU3HAYHUTH aKTUBHHM MEPETHH MArHITONPOBOAY (Scw) 1
HOro BUCOTY AOCUTH CKJIaJHO, ToMY 1110 Jutst TC y 3aieHOCTI Biji He0OXi-
JTHOTO KJIACy TOYHOCTI B HOMIHAJIbHOMY PEXUMIi 1 HOMIHAIBHIN TpaHUYHIN
KpPaTHOCTI TIEPBUHHOTO CTPYMY 3HAa4eHHS iHAYKI[il B MarHiTOMPOBOI 3Mi-
HIOETBCS B JIOCHTh IIMPOKUX MeXkaxX. Po3paxyHOK mepeTHHYy MarHiToIpo-
BOJly BUKOHYETBCS JIJIsl TBOX HOPMOBAaHUX KPATHOCTEH IEPBUHHOTO CTPYMY
y HOMiHaBHOMY pexumi (Kip = 0.05(abo 0.5) ta Kiz = 1,0) i HOMiHaTBHOT
rpannyHoi kpatHocTi ( Kit = Kig). s pexuMy rpaHUuHOi KpaTHOCTI
ctpymoBa (f) morpimuicts Moke O6yTu mpuiiasaTa piaoi 7 %, Jlns iHmmx
KPaTHOCTEH MEPBHHHOTO CTPYMY B HOMIHAIBHOMY PEKHMi CTpyMOBa IOT-
PIIIHICTH BU3HAYAETHCS 3TIAHO M0omaTKy B.2 mig 3amaHoro kiiacy TOYHOCTI
TC. XapakTtep po3noily MarHiTHOr0 MOTOKY B MarHiTONPOBOJIi HA JaHO-
My eTari po3paxyHKYy BpaxOBYe€ThbCs NMpHOIM3HO. HampykeHicThb, MarHiT-
HOT'O TOJIS B CTaJli MarHiTONPOBOAY ISl BCIX MPUHHATHX KPAaTHOCTEH mep-
BUHHOTO cTpymy (A/M)

H, =k, f -1, K,y -w /1, (3.21)

Jie: ¢ - BeJINYMHA CEKTOpa, 3aiiMaHOTO BTOPUHHOIO OOMOTKOI0 Ha
MarHiTONpPOBO/II, TPA/I;
I, - cepelHsi TOBXXHUHA MarHiTOIPOBOY, M.
Jst mepioi iteparii MOKHA IPUAHSATH:
a) MpH TOPONIOAIOHOMY MarHiTOIPOBOII:
I, =1,15-7Dg. , (3.22)
0) mpu MPSIMOKYTHOMY:
I, =2,15- (bo +ho). (3.23)
Jis moAaibInX po3paxyHKiB:
a) ISl TOPOMOIiOHOTO:
l, =7-(Dy, +T,,), (324)
0)/UTs1 IPSIMOKYTHOT'O IIIMXTOBAHOTO MAarHIiTOIPOBOJLY:
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l,, =2-(b, +h,)+~x-T,,. (3.25)
Benmnunna Ko 3amexuts Big kimacy Hanpyru TC, tumy i3osmsmii, mep-
BUHHOT'O CTPYyMY, OIIOPY HaBaHTaKECHHSI.
Moxna npuitastu: a) aast TC na Hanpyru Big 10 kB 1 Hrxue:
0,4 +0,6-2/360<K<0,6+ 0,4 -2/360
0) s TC i3 manpyroto Bix 10 g0 35 kB:
0,6 + 0,4-02/360<K<1;
B) st TC i3 Hampyroro Buie 35 KB:
Ko=1
[lo xpuBiii HaMarHiYyBaHHS BHKOPHUCTOBYBAaHOI MapKH cCTali (I10-
natok ['.1) BU3Ha4aeThcs BETMYMHA MAarHiTHOI iHAYKUIi B ctam Bmi (Tin),
mo Ui pexxuMmy rpaandHoi kpatHocTi (mpu Kii = Kio) moBuaHa OyTH HE
Oimpmie iHAyKmii HacwdeHHs cTani. [IpM HEBMKOHaHHI I[HOTO CITiBBiAHO-
HICHHS, SIK PO3PaxyHKOBE 3HAYCHHS TPUIMAETHhCS I1HIAYKIiS HACHYCHHS
craui. [1noma akTHBHOTO TIEPETHHY CTall MATHITOIIPOBOY (M?):
Semi= Ki2-l12Z2/200-Ky W -Bri,  (3.26)
ne kg = 1,17 - nnst pexxuMy HOMiHAJIBHOI TPAHIUYHOI KPATHOCTI;
K¢ = 1,11 - s kpaTHOCTE HOMIHAIIEHOTO PEKUAMY;
Z; - IOBHMH OTip BTOPHHHOTO JaHIfora, OM.
JUTSI TIepIoi iTeparii MO>KHA IpUAHATH Z2 = Z,, ;
K12 - KpaTHICTH BTOPHHHOI'O CTPYMY, IIO BiANOBIiAA€ PO3IIISIHYTOI
KpaTHOCTI TIEPBUHHOTO CTPYMY;

K, =K, -(1-001:[f)  (327)

Sk BuXifHE 3HAYEHHS IUIONII MEPEeTHHY MarHiTONpOBOMY (IUIA Ha-

CTYIHOI iTepailii) mpuiiMaeThCs HalOiIbIIe 3 OTPUMAHUX 3HAYEHbB, TOOTO:
Ser = max( SCTi)

OnrtumankHe, 0 BKJIaJICHHIO aKTUBHUX MaTepialliB i TEXHOJIOTIYHUX
BUMOT, criBBigHomeHHs BucotH (h,) i mmpunu (T,) nepeTnH MarHiTonpo-
BOJIY JISXKUTH y MEXax:

h,/T, =1..2
TOMY, SKIIO HEMAE iHIIUX 0OMeKeHb, BUCOTY Maruitonposoxy (h,, ,M) Bap-

TO BUOMpATH 3 HOPMAIi30BAaHOTO PSAAY ILIMPHHU CMYT €JIEKTPOTEXHI4HOI
CTaJll 3 ypaxyBaHHSM CITiBBiTHOLIEHHS:

Niin :\/Scn/kc <hy, <h =42-Se /K, (3.28)

ne Ke - KoedilieHT 3aoBHEHHS EPETHHY MarHiTONPOBOY CTAJLIIO:
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k.=(0.9...0.96).
[Hvpraa makeTa MarHiTOMPOBOILY (MM):
T =SemlKe s (3.29)
30BHINIHIN AiaMeTp MarHiTonpoBoay (M)
D111:D3u+2 TM (330)

ITo oTpumanux po3mipax YTOYHIOIOTHCS CEPEAHs TOBKUHA MAarHiTO-
nposoxy ( | ), akTuBHMI omip BTOPHHHOT OOMOTKH (I2) TIpH TeMIiepatypi
90 °C:

I 1.05(2-h +2-T +4-A

r2 — pnpz — 0023 ( M M 2)

np2 qan

W,, (3.31)

Ta MOBHHH o1ip BropuHHOTO JNaHiora TC (Om):
Z,=(r,+R,)?+ X% . (332

PospaxyHok po3mipiB marHiTHOI cucteMu TC BHUKOHYETBCS 5K iTe-
pamiiiHui mporiec, o MPOIOBKYETHCS 0 30Ty MEepeTHHY MarHiTOPOBOLY
B MIONIEPEIHIH 1 HACTYNHIH iTepauisx 3 TOUHICTIO 10 5 %. [ns Bu3HaueHHA
3HaYeHHS MepeTuHy MarHiTonpoBony TC, sk mpaBuito, AOCUTH 2-3 iTepailii.
Po3paxyHKu AOIIIFHO cucTeMaTH3yBaTH y TabnuuHiil ¢popwmi. [licist nmome-
PEIAHBOTO PO3pPaxyHKYy T€OMETPHUHUX pO3MipiB MarHiTHOI cucremu TC
BUKPECIOETHCS 11 €CKi3 1 CKIIaAaeThes crierudikaris 30111 MaraiTonpo-
Boay /1-3/. HactymHuii po3paxyHOK HOJSTaE y BU3HAYEHHI Mac i BAPTOCTI
€JIEKTPOTEXHIYHOI CTalli MarHiTOMPOBOJY Ta MPOBIJIHUKOBOTO Martepiany
O0OMOTOK 1 BUKOHYETBCS B TAKOMY MOPSIKY:

Maca TIPOBIHUKOBOTO Marepiany BTOpWHHOI (G.p2) 1 mepBUHHOL
(Gyp1) 0OMOTOK (KT):

anZ = ]/an ' qan ' I82 ' WZ .1076 ’(333)

anl = }/npl : qnpl ’ Iel ) Wl .1076 1(334)

cepeHs TOBXKMHA BUTKA BTOPHHHOI 1 IEPBUHHOT OOMOTOK (M):
l;=2(h,+T,)+4-A2 (3.35)

l,=7-(b,+T,, +A,, (3.36)
BapTICTh MPOBOY NEPBUHHOI 1 BTOPHHHOT 0OMOTOK (B.O.):

Cnpl = llnpl : anl; Can = Llnpz ’ anZ '(337)
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MOBHA BapTicTh mposoay TC:
C,=C,.+C

npl np2?

(3.38)

Maca cTaji (Kr):BapTicTh craii (B.0.):

Ger =¥er Ty -0y Ko -2y +by +2-7,,],(3.39)

JUISL TOPOTIOAIOHOT MarHiTHOI CHCTEMH:

Ger =Ver ly - Ser (3:40)
BapTICTH cTalli (TpH):
Cen = Gem Lem. (3.41)

VY (3.31... 3.41) no3HaveHo:

Yapls Yin2 — IIIJIBHOCTI MPOBITHUKOBOI'O MaTepialy MEpBUHHOT, 1 BTO-
PUHHOI 0OMOTOK Ta cTani MarHironposomy (Kr/m®), (11 MiTHUX IIPOBOJIB
Yin = 8900 kr/M3, 1151 amromiHieBHX )5, = 2700 KIr/M , JUISl €1€KTPOTEXHIYHOT
crani Yem = 7600 kr/m°);

Oy - TTATOMUIA eNeKTpUYHMIA onip MaTepiany (OM-MM%/M) 0OMOTOK,
npu t =90 °C (st mimi pi = 0.0223, wis anrominito o= 0.0375);

L1, Lup2, Lew —11iHU IPOBOJIIB Ta €IEKTPOTEXHIYHOI cTami (B.0.).

IloBHa BapTicTh akTuBHEX MatepianiB TC (rpH.):

CAM = Cp+Cen . (3.42)

Sxuio BUKOHATH po3paxyHKH 1o (3.22... 3.42) ans AeKinmbKox 3Ha-
yenb MPC niepBunHOi 00MoTKH (F1) , TO MOXKHA TIOOYIyBaTH 3aJI€KHOCTI
Cwp = ¢o1(F1), Con = @2(F1), CAM = @3(F1) Ta BU3HAYUTH ONTUMAJIbHE YHC-
JIO BUTKiB IMIEPBUHHOI 1 BTOPUHHOI OOMOTOK Ta MEPETHH CTalli MarHiTOIPO-
BOTY.

[MpuBeneHi MacoBO-Ta0apuTHI CHiBBIIHOIICHHS JIO3BOJISIIOTH BU3HA-
YUTH ONTUMAJIBHE CITiBBITHOIIEHHS po3MipiB Ny i Ty MarHiTONpoBOaY, 110
3a0e3rnedye HOro MiHIMallbHY Macy:

(h_J _1+0785 xSk (3.43)
T onm 7/ﬂp : qan 'W2 ' '

M

Hns TC, y skux MOXHa He BpaxOBYBAaTH Macy EpBUHHOT OOMOTKH
(yOynmoBaHi, IIMHHI § 1H.)
hM Ver SCT ) kc
——=14+157-———(3.44)
TM

7}1}7
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Ko CcrHiBBiTHOMEHHS —Z->>2, TO Marzitonposig TC HeoOXiaHO
M
BUKOHATH CKianeHuM. [lomepenHi po3paxyHKH pO3MipiB MarHiTOMPOBOIY
MpH HABYAJILHOMY MPOSKTYBaHHI JOLIILHO BUKOHYBAaTH 0€3 3aCTOCYBaHHS
nporpamHoro 3abesnedeHHs EOM 3 MeToro OUThII INIMOOKOTO BHUBYCHHS
MatematndHoi Mozeni TC, B3aeMO3B'A3KiB MiXk 1i mepeMiHHUMH, pO3yMiHHA
CYTHOCTI mponecy ontumizanii po3mipis TC.

3.7 MaremaTu4He 3a0e3MeYeHHS] ABTOMATH30BAHOI 0 IPOCKTYBAHHS
3.7.1 Onrumizauis Tpancpopmaropis crpymy Ha EOM

PospaxoBani Ha erarri orepeIHLOro MpoeKTyBaHHA (11.3.6) reoMer-
pPUYHI PO3MipH MarHiTOIPOBOJY BUKOPUCTOBYIOTHCS AJISl BU3HAUEHHS 00-
JacTi momyky ontuMansHoro Bapianta TC. Tomy 1o KinbKicTh BapiiioBa-
HUX 3MIHHUX TIPH TOMIYKY He OinbIne TphoX (30BHINIHIN, BHYTPIIIHIN [ia-
METPH 1 BUCOTA MarHiTOMPOBOY), TO MOMIYK IOIIEHO OpPTaHi3yBaTH IILJIs-
XOM TMeperiisigy 00iacTi MPUITyCTUMHX PIllieHb METOAOM CHPSMOBaHOTO
nepedopy mapaMeTpiB ONTHUMI3aIli.

3.7.2 KpuTtepiii onTuMaJbHOCTI

Ha posrnsnaemi Bapiant TC Ta 001aCTh MOIIYKY HAKIAAAIOTHCA, SIK
napaMeTpuyHi (KepyeMi 3MiHHI), TaK 1 (pyHKIIOHAIBHI (Ha METpPOJIOTiuHI
XapaKTepUCTUKH) oOMexeHHs. [Ipu mpomMucIIoBOMY IPOEKTYBaHHI B SIKOCT1
KPHUTEPII0 ONTUMAIBHOCTI MPUHMAETHCS BAPTICTh

BapricTh akTUBHHUX MatepiaiiB sk (DYHKIS KOHCTPYKTHBHUX Tapa-
metpiB TC i3 TOpoigaabHUM MarHiTONpPOBOJIOM MOXeE OyTH IpeAcTaBIeHa
TaK:

F=C,=Co+Cpp=Ccr +Cppy +Cpp, =
e verhy Ty K- (Dy, +T,,) +
L e Ve A - Wy 7 (Ay+Dyy +T),)+
L ipy -V ipa “Qp2 W, (A, +2-(hy, +T,,))
ToMy 10 KpUTEpili ONTUMATILHOCTI € HENiHIHHOI (YHKIIEI0 Kepo-

BaHuXx 3MiHHUX (K3) , 116 00yMOBIIIOE HEOOXIIHICTh 3aCTOCYBaHHS METOIIB
HEJIHIMHOTO MaTeMAaTUYHOTO MPOrPaMyBaHHS TPH IMOIIYKY ONTUMAIBHUX
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napameTtpis TC.

Anroputm nporpamu ontumizamii TC rpyHTyeThCS Ha METOI CTIpsi-
MoBaHoro nepebopy K3 y 3amaniii obnacti iXHbOI 3MiHU. Y Tpolieci mepe-
0Opy BIIKUIAIOTHCS BapiaHTH, MO0 HE 3aJI0BOJBHSIOTH MPOCKTHUM OOMe-
JKEHHSIM. Y pe3ynbTaTi poOOTH MporpaMu ONTHMI3aIlii popMyeThes Oe3mid
MPUITYCTUMUX BapiaHTiB, a 3 HEl B SKOCTI ONTUMAILHOTO BUOHMPAETHCS
BapiaHT i3 MiHIMAJILHUM 3HAYCHHSIM KPUTEPIIO.

3.7.3 Anaui3 pe3yabTartiB po3paxyHky Ha EOM i BuGip onTuMaasHoro
BapiaHTa

Ontumaneamii  BapianT TC BHOMpAETHCS MPOEKTYBaJILHUKOM 3 Ma-
CHBY PO3paxyHKOBHX BapiaHTIB 3 ypaxyBaHHSIM CTAHIapTH30BAHOI IIHPH-
HU CMYT eNeKTPOTeXHIYHOi cTanm. Tomy mo po3paxyHok Ha EOM Buko-
HYEThCS MpH Oe3yNUHHIA 3MiHI KEPOBaHUX MEPEMiHHHX, TOOTO OOpaHMit
onruManbHid BapiaHT TC 3 ypaxyBaHHSIM CTaHJApTH3allli 3HAYEHb BHCO-
TH MarHiTOIIPOBOIY MOKE He 30iraTtucs 3 HalKpamuMm BapiaHTOM, BH3HA-
yenuM EOM 6e3 00Ky TexHonoriuHux oomexenb. Ilicis BuOopy onTu-
ManbHOrO BapianTa TC cKiIamaeThcs TaOIUIS TOPIBHIHHSL.

3.8 Po3paxyHok ejeKkTpoaMHaMivHoi cTiiikocTi TpancopmaTopa

Enexkrponunamiuna cridikicte TC BU3HAYAETHCS CTPYMOM EJIEKTPO-
JMUHAMIYHOI CTIMKOCTI - HaWOLNBIINM aMIUTITYJHHUM 3HAYEHHSIM CTPyMY
KOPOTKOTO 3aMHUKaHHS 3a 4ac ioro mporikanusi, mo TC Burpumye 06e3
VIIKO/KEHB, 1[0 TTEPEITKOHKAIOTh HOTO moaaibiiii pobori /1-2/

Llinb po3paxyHKy esnekTpoanHamiuHoi crilikocti TC - BU3HaueHHA
TPaHUYHOTO 3HAYCHHS CTPYMY, ITPU SKOMY MEXaHIuHi Halpyrd Ha BUTHH Y
Mmartepiaili 0OMOTOK (C) HE MEPEBUILYIOTh 3HAYECHb, IIPUITYCTUMHUX TIPH KO-
POTKOYACHHUX TIEPEBAHTAKEHHAX 1 PO3PaxXyHKOBiM Temmepatypi & ( ans
Mizti [G]on= 60 MIla i s anroMiHito [6].0n=30 MIla. YMOBY enexTpo/u-
HamiuHOi ctiiikocTi TC MOKHa 3amucartu Tak:

[ol= ©  <[oloon.
obm

ne F —3ycwmns, mo nie Ha BUTOK 00MOTKH, H;
(ot — TUTOIIA TIOTIEPEYHOTO TMEPEPi3a BUTKA OOMOTKH, M,
[Tpu piBHOODXXKHOMY pPO3TallyBaHHI MPOBIJHUKIB MEPBUHHOI 1 BTO-
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pUHHOT 00MOTOK KOediIieHT Ky, 1110 BpaxoBye B3a€MHE pO3TAIIyBaHHS i
PO3MipH MPOBITHUKIB, 3aJICKUTH BiJ BiIHOIICHHS BiICTaHI MK PiBHOOIK-
HHMH TIPOBITHUKAaMHU () 10 JOBXUHH NPoBiTHUKIB ( |).

Sxmo a/l<0.2, To:

k, = 2—"(1—3}. (3.45)

a I
VY Bunanky, komu a/l > 0.2, To:

K, =2?'|(\/1+(all)2 —(a/|)).(3.46)

st 6arateox koHCTpyKIiit TC nepBHHAY 0OMOTKY MOXHA TIpeICTa-
BUTH y Buai Kinbls. KoedimieHT GopMu KOHTYpY KiJBIEBOI MEPBUHHOT
00MOTKH:

8-R,

k, =hn ~0.75, (3.47)

Jie I - paziiyc NepeTUHy MePBUHHOT OOMOTKH.

[ BUTKA NPAMOKYTHOTO NIEPETHHY:

8-R
kqb =1In L_05. (3.48)
r

I'pannvHe 3HaUEHHS CTPYMY €IeKTpoArHaMiuHoi cTiiikocti TC:

. O\, Yoon

i = []@—f , (3.49)

k, 10

MOBHHHE 3a0e3MeuyBaTH BUKOHAHHS CITiBBITHOIICHHSL:

It)uH = Kdlm ’ \/E ' IlH’ (350)

JI€ Ky - KPATHICTB CTPYMY eJeKTpouHaMiuHoi cTiiikocTi TC.
Bignosigao g0 Bumor JACT Mix cTpyMaMu eleKTpOAXHAMIYHOI 1 Te-
PMIYHOT CTIHKOCTI TIOBUHHE BUKOHYBATHCS CITiBBiTHOIIECHHS:

i, >1.8-4/2-1; =1.8-4/2-n; -1,,. (351)
3.9 Po3paxyHok norpimHocreii Tpancpopmartopa

Po3paxynkoBa maremarnyna mozeib TC sBisie co0OK0 CYKYIHICTb
AQHAJITUYHUX CHIBBiAHOLIEHb, WO JO3BOJSIIOTH BU3HAYUTH MapaMmeTpu
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Tparcopmaropa, i CKIAAAETHCS 3 PAAY HiAMOAETEH:

- TapaMeTpiB BTOPHHHOTO KOHTYDY;

- TapaMeTpPiB MOBHOTO MMOTOKY PO3CiIOBaHHS;

- PO3MOiTy MarHiTHOI iHAYKLIi 0 AOBXKWHI MarHiTOIPOBO.Y;

- CTpyMy HaMarHidyBaHHS 3 YpaxyBaHHSIM HEPiBHOMIPHOCTI po3mozi-
JIy MartiTHO1 1HAYKIIl1 B MardiTOIIpoOBO/I1;

- IOTPIlTHOCTEH.

3.9.1 ITapaMeTpH BTOPMHHOTO KOHTYpPY

PesynpTyrounii MarHiTHHHA MOTIK Ha MUISHII MarHiTOIPOBOAY Haj
BTOPUHHOIO OOMOTKOI BU3HAYAETHCS CIIAJaHHAM HANPyTy Ha OTOpi:
Z,=(R, +1r,)+jX,, (3.52)
ne R, X, — akTHBHa 1 peakTUBHA CKJIaJIOBI OITOpU HaBaHTa)xxeHHs, OM;
I, — aKTUBHHH OITip BTOPUHHOT 00MOTKH, OM:

n
Pnp X Prp
= : ZISZi Wy = Wep %
Up = n
P i1 p

dan
2T+ 2N, 4882, +8 7" 0 (i 1A, +8d,,5 )| (353)

JIe Ne; — KUTBKICTD IIapiB BTOPUHHOT OOMOTKH

n =1_2W;d"1”2

Ci1 po3p
Ien ) a2

, (3.54)

e lon— IOBKHHA BHYTPIIIHBOT MOBEPXHI MarHiTONPOBOIY;
lo,=7Dg, — 11 TOPOINATIBHOTO MarHiTOIPOBO/LY;
ls,=2(ho+bo) — U1 MIMXTOBaHOTO MArHITONPOBO/LY.

3HAYCHHS Nes posp OKPYTILIETHCS JI0 HAHOIMIKIOTO 1LI0r0 Yrcia (Ne; ),
MiCJIsl YOr0 BUKOHYETHCS PO3KIIAIKa BUTKIB BTOPUHHOI OOMOTKH I10 IIapax,
BUKPECIIOETHCS TIEPETHH BTOPUHHOI OOMOTKH 1 IPUBOIUTHCS crienudika-
ist 1307l oomotku /1-2/. Tlpu mpoekTyBaHHI Oararojliana3oHHuX YyOy-
noBanux TC BTOpMHHA OOMOTKA BUKOHYETHCS Y BUJ1 CEKIIH, MiXK SKUMH
3aJIMIIAE€THCSl HEOOMOTaHa YacTHHA MarHironpoBony (xiuHH). Ilpu umcii
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KJIIMHIB Ny, 1 BEIMUMHI CEKTOpA MiJ HBOTO 4, (TPaa) KUIBKICTh MIapiB 00-
MOTKHU:

. Z12 w, dnp2 360

e Isn(l_nm .am /360)&2

KoedimienT 1.2 BpaxoBye HemiibHe HAMOTYBAaHHS BUTKIB BTOPUHHOI

0OMOTKHM IO BHYTpilIHIN moBepxHi MarHiTonpoBoxay. Jis TC 3agaroTses

MOTYXHOCTI HABaHTAXXCHHSI y BTOPMHHOMY JaHIt03i (S,, BA) 1 koedinieHT

MOTYXHOCTI HaBaHTAXCHHS COSQy.. 3BHUYalHO cos@y =0.8. [loBHUI1 omip
HaBaHTaxeHHs (OM):

z =S /12, (3.56)
a CKJaJoBi OmopH HaBaHTakeHHS (Om):
R,=Z,cos¢, 6 X,6 =2,sng@,. (3.57)

[Ipu 3amaHOMy HaBaHTa)XE€HHI y BTOPUHHII OOMOTIII HABOAUTHCS

. (3.55)

OPC:
E..=1, Ky Z,, (3.58)
ne K1z - KpaTHICTh BTOPUHHOTO CTPYMY.

OcrarouHe 3Ha4eHHS KPaTHOCTI BTOPHUHHOTO CTPYMY MOXKe OyTH
OTpUMaHe NMPH BHUKOHAHHI iTepaIlifHOro paxyHka (3BHYaiiHO 2-3 iTepailii)
MOTPINIHOCTEH Micyst 30iry 3Ha4eHb CTPYMOBOI MOTPILTHOCTI  JABOX IOC-
migoBHUX iTepaniii 3 TouHicTiO < 10 %. Sk moyaTkoBe 3HAYEHHS MOXKHA
NPUAHSTH CepellHE 3HAYCHHS MOTPITHOCTI JJIS 33IaHOTO  KJIacy TOYHOCTI 1
PO3IIISIHYTOI KPaTHOCTI mepBHUHHOTO cTpyMy (Ki2).

Kyt 3pymenns Bektopa DPC E,,, momo Bekropa BTOPHHHOIO
crpymy I,  oOyMoBieHWiA, XapakTepoM BTOPHHHOTO HABaHTa)KCHHS
(rpan):

X
=arctg—=*—. 3.59
?, g R+, ( )

3.9.2 ITapaMeTpHy NOBHOI0 MOTOKY PO3CilOBAHHA

ITix morokoMm po3sciroBanHss TC mpuiiMeMo BEKTOPHY Pi3HHITIO MiX
3HA4YCHHSM MOBHOTO MarHiTHOIO IOTOKY B MarHiTONPOBOAI Ha cepeluHi
IOUISHKY, BUIBHOTO BiJA BUTKIB BTOPUHHOI OOMOTKH (Dcy) 1 pE3YIBTYIO-
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YUM MArHiTHAM TIOTOKOM Ha OUISHIII MAarHITOTPOBOAY ITiJI BTOPUHHOIO
00MOTKOIO (D,2). AMIUTITYTHE 3HAYEHHSI MarHITHOTO MMOTOKY PO3CIFOBaHHS
32 YMOBH PiBHOCTI CTPYMiB NMEPBUHHOI 1 BTOPHHHOI 0OMOTOK MOXe OyTH
BUpaxkeHe B Takui criocio (BO):

D, =2 py-G, -1, -w, (3.60)
ne Go - MPOBIIHICTh NUISAXY MOBHOTO TOTOKY PO3CIIOBAHHS, M.

Sxmio npoBigHicTh G,, BH3HAYCHY JUISA JESIKOTO MIiHIMaIbHO MOXK-
JUBOTO KyTa (TPUHHATHHA O2min = 45°), mo3HauuTH Yepe3 Gomax, TO MOKHA
nobyayBatu 3anexHICTh Gor =G o/ Gomax = @ () (puc.3.6), AKy MOKHA
XapaKTepU3yBaTH SK MHUTOMY IPOBIJHICTh [UISXY MAarHiTHOTO ITIOTOKY
poscitoBanHs TC omuanynoi Bucotu. st TC i3 BHCOTOIO MarHiTornpo-
Boay dh mpoBigHICTH NUISIXY MOTOKY PO3CIFOBAHHS:

4G, =G,.-dh=G_.R,-dea, (3.61)

ze:
R, =(R1+R2)/2; R, =(Dcp—d1)/2; DCp =(D6H+DH)/2.

.

'_ ey
nERVRENEL :
06 ' ‘
| 1D
oY f—t
) Ny )
a2 \\.
0 ' - B
@ @ W 2m 360 o2, wped

Pucynok 3.6 - 3anexHiCTh MUTOMOI MPOBITHOCTI NUIAXY PO3CIIOBaHHS BiJ 02
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3HaueHHs MPOBITHOCTEH i BHYTPINIHBOI 1 30BHINIHBOI 0OJIacTei
TC npakTHYHO OJHAKOBi, TOMY HMOBHY NPOBIIHICT IUISIXY MOTOKY PO3Ci-
toBaHHs TC i3 MarHiTONMPOBOJOM KBaJpaTHOTO MEPETUHY MOXKHA OJiepXkKa-
TH, inTerpyroun (3.61) y mexax Bin =0 10 o= 27

2z
G,, = [dG.R,da =21G.R,. (3.62)
0

IIpn BigmiaHOCTI Qopmu meperuHy marHiTorpoBoay TC Bim kBaj-
paTHOT HeOOXITHO BpaxyBaTH MpPOBiIHICTH oOnacti po3mipom (hy — Ty):
AG, =2G_.(h, -T,) (3.63)
3 ob6mikom (3.63) mpoBimHICTH NUIIXY MOTOKY po3citoBanHs TC i3
MarHiTONpPOBiAOM MPSIMOKYTHOTO ITEPETHHY:

G, =G, +AG, =G_,|7(D, —d,)/2+2h, | (3.64)

3.9.3 Po3noais1 MaruiTHOI iHAyKIii M0 TOBKUHI MATHITOIPOBOTY

VY 3arajbHOMY BHIIQJKy BTOPHHHA 0OMOTKAa MOXKE 3aiiMaTh JOBiIb-
HY KUIBKICTB N, = N+ /360 mapis, ne n=0,1,2... 3arajbHa KUIbKICTh BHT-
kiB BropuHHOI 0OMOTKH (W.) MoxkHa mpencraButh sk cymy W, (dmcna
BUTKIB, PO3TAallOBaHMX Yy BCIX IIJIKOM 3allOBHEHUX HIapax oOMoTkn) 1 W4
(urcia BUTKIB OCTaHHBOTO HEMOBHOT'O HIapy, IO 3aliMae Ha MarHiTONpo-
BOJI CEKTOp a2), TOOTO:
Wz = WM — W@,
LinbHICTH OTOKY PO3CIIOBaHHS B MarHiTonpoBoi Takoro TC
(To):
B, =42-7-107 -G,
1.77-107 -G, - Iy, W, - Ky - (W, =W, ) /S, - W,

(e

’ |1u 'W1'k|1 '(Wz _Wu)/SM W, :(3.65)

[MoBHuit marHiTHUH TOTIK Y MarHiTonpoBoi TC (D) BU3HAYAETH-
Csl HaKJIaJIeHHSAM MarHiTHOTO MOTOKY B3a€MOIHAYKLii @, Ha MMOBHUN Mar-
HITHHUH TOTIK po3citoBaHHs @ TOMY IO CKIIQJIOBI BEKTOpa MAarHiTHOI iH-
IyKiii By, 1 Bug BiJl IOTOKY B3a€EMOIHIYKIT 30iratoThcs mo ¢asi, To ixX
MOYKHA CKJIACTH apu(METHIHO:

B,, = By, + B,y = 1,,K,Z,1222-S,, -W,. (3.66)

3 orysiy Ha 3pyLICHHS MarHiTHUX MOTOKIB B3a€MOIHAYKLIi 1 po3ci-
IOBaHHSI, 1HIYKIiSl TOBHOTO MarHiTHOTO MOTOKY (Dcy.) Y MarHiTONPOBO/II:

MOp
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B, = 1/3{52 +B;p. (3.67)

Bupas (3.67) cnpaBeyiBHii 17151 JOBUTBHOTO PO3TalTyBaHHSI OOMOT-
KM Ha MarHIiTOIIPOBOi, OMHAK MPH WOr0 BHKOPHUCTaHHI HEOOXITHO BPaxo-
BYBaTH HACTYITHE :

- SIKIII0 BTOpUHHA 00MOTKA 3aiiMae MeHI ofHoro mapy (n=0), to W,
= O’

- O - BEJIMYMHA CEKTOpa 3allOBHEHHS MAarHiTONPOBOAY BTOPUHHOIO
0OMOTKOIO 3 ypaxyBaHHSM KIIHHA (2<27);

- SIKIIO OOMOTKA 3aiiMae wine yucio mapis (N>1), To mpu po3paxyH-
kax HeoOxinHo npuiinatu W, = Wa, o = 27,

- K0 0OMOTKa 3aiimae npobose umcno mapiB (N>1), to W, sBise
co00r0 CyMy BUTKIB Y BCIX N MIOBHUX IIApax BTOPUHHOI OOMOTKH; Ol2 — Be-
TMYuHa cektopa, 3aiimanoro (W.-Wy) BuTKamMu BTOPHHHOI OOMOTKH B
OCTaHHBOMY MIapi (L<27).

Bropunna oomoTka yOynoBanux TC 3BHUYaifHO BUKOHYETHCS Y BHI
OKPEeMHX CEKI[ilf TAKUM YHHOM, II[0 MK CEKIISIMU 3aJTUIIA€THCS HEOOMOTa-
Ha YacTWHA MAarHiTONPOBOAY, HEOOXiJAHA JUIA pO3TAllyBaHHS KIWHIB Ha
MicCIli ycTaHOBKH TpaHcdopmaropa B afgantepi. JJociikeHHs BIUIMBY LIH-
PUHHU KIIMHA HA PO3MOJIT MarHiTHOI iHAYKIIl B MarHiTONPOBO/I i mapaMeT-
pu TC noka3yoTh, 110 NPHU BiAHOCHIN IINPUHI KIHHA:

Ko= 0l aes <0.4
BEJINYMHY CEKTOPA MiJ] KJIHH () HEOOXiIHO BKIIOYATH B CEKTOP 3aIrOB-
HEHHS MarHiToONpoBOy BTOPUHHOIO 0OMOTKOIO.

[ BUKOHAHHS MOAANBIIMX Po3paxyHKiB TC BHKOPHUCTOBYETHCS
po3paxyHKoBa Mojienb (puc. 3.7), y sikiii BiJlbHa YaCTHHA MarHiTOIPOBOILY
TC po3cikaeTbcsi HEMAPHOIO KUIBKICTIO pafialbHUX IUIOMIMH A0 = q (pHcC.
3.7, 3.8). Ilpu upoMy yTBOPHUTHCS MapHE YHCIO eneMeHTiB i (i=q—1), po3-
TaIIOBAaHUX MK CIYHUMH IUTolMHamHu q, q+1 (puc. 3.7 g=11, i=10). O0y-
MoBiteHa 110 (3.67) MarHiTHa iHAYKISA Beyy BiAMOBINAE iHAYKIIIT B IEpeTUHI
(g+1)/2.
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£=f / - s
u i

Pucynok 3.7 - Po3zpaxynkoBa mojens TC

Po3mnonin MarHiTHOT iHAYKIIT y310BX BiIBHOI AUISHKHA MarHiTONPO-
BOJY 3 IOCTAaTHHOI JJIsl IPAKTUKHU CTYIIEHEM TOYHOCTI MOXKe OyTH NpUitHA-
TO CHHYCOiZalbHUM (pHC. 3.8) 3 MaKCUMYMOM y CEpeuHI BIIBHOTO BilX
BUTKIB BTOPUHHOT OOMOTKH JUISHKY MarHitonposoy mpu kK = (q+1)/2.

2 1/2

B, =B sin| z—— || +B%,| ,k=111,(368)
qg+1 ’

ne Bk - 3HaYeHHS Mar”iTHOI 1HAYKIT B JOBUTBHOMY TIEPETHHI BUTBHOI Ii-
nstHKY MarHiTonposoxay (To).

Ha ninstHIi Mar"iTHOrO JIaHITIOTA ITiJ] BTOPUHHOK OOMOTKOI MarHi-
THA IHIYKIIisS TPUAMAEThCS HE3MIHHOIO 110 JTOBKHHI JIUISIHKY 1 BU3HAYA€ETh-
Csl BEJIIMYMHOIO MATHITHOTO TIOTOKY B3a€MOIHAYKII. 3 ypaxyBaHHIM
NpUAHIATOT anpokcumarii Ha puc. 3.8 mpeacTaBieHa 3aJeXHICTh PO3NO/Ii-
JIy MarHiTHOT 1HIYKII 110 JOBXHHI MarHiTONpOBOIYy. 3 OIJIAAY HA CHMeE-
tpito kpuBoi B( 1,,) (puc. 3.8) BimHOCHO (Q+1)/2 nepeTrHy MarHiTONpoBO-
Iy, yCi MOAaNbIili PO3PaXyHKU JOCUTh BUKOHATH JIJISl TIOJIOBUHU BiJIBHOI BiJ|
BUTKIB BTOPUHHOT OOMOTKH IIJITHKA MarHiTOPOBO/Y.



34

Bt}

Pucynoxk 3.8 - Jlo po3paxyaxy MPC marsiTorpoBoy

3.9.4 Ctpym HamMarHiuyBaHH# 3 ypaxXyBaHHSIM HepiBHOMIpPHOCTI po3noaiay
MAarHiTHoi inaykuii B Marsuironposoi

HepiBHOMIpHICTE PO3IOMiTY MarHiTHOI iHAYKIIIi 1O JOBXHWHI MarHi-
TOIPOBOJTY MOYKHA OIIIHUTH 32 JOTIOMOTO0 KPUTEPIIO:
&=Byu /B, -1
[Ipu bOMy B 3aJI€XKHOCTI BiJi BETUYHHU & JOLITHFHO BUKOPUCTOBY-
BaTH Pi3HI CHOCOOM BHU3HAUEHHs CTpyMy HamarHiuyBaHHs TC.
ITpu &> (.25, mo BianoBinae 3Ha4HOT HEPIBHOMIPHOCTI XapaKTepHC-

tuku B( |, ), BisibHA AiNsIHKA CKIIagaeThest 3 1 = ( — 1 eleMeHTiB, a cTpyM
HaMarHiYyBaHHS BU3HAYAETHCS BUXOJSIUYH 3 3aKOHY TIOBHOTO CTpyMy (A):
1
lo = [Hl.
W I

ITpu po3paxyHKy MpUHMAEThCS JOMYIIEHHS, 110 MAarHiTHA 1HIYKIis
B Oy/Jb-IKOMY TIEPETHHI 10 MOBXHHI i-r0 eneMeHnTa maraitonposoay (li)
OJIHAKOBA, a BETWYMHA 1HAYKIIII BU3HAYAETHCSI TaKUM criocooom (To):
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B = %[Bk(k:i) + Bk(k:i+1)] : (3.69)

CxutaoBi Hampy’>KEHOCTI MarHiTHOTO TOJS B CTajl i-TO elleMeHTa
Mar"iTonpoBoy (A/m)
HiX:HiCOSlPi;HiyZHiSIH\Pi. (370)
3HaueHHs HaNpy>KEHOCTI MArHITHOTO TOJIS B CTaJI 1-TO €JIEMEHTa Bi-
JbHOT YacTUHM MarHitonpoBony (Hi, A/mM) 1 kyra Brpar y ctani ( ¥, rpan)
BHU3HAYAIOTHCS IO XapakTepucTukax Bm(H) i ¥(Bm) (Homarok I'l). Anaio-
TiYHO BU3HAYAKOTHCSA CKIIAJO0BI HANPYKCHOCTI MAarHiTHOTO TOJS B CTalli
JIUISTHKY MarHiTOITPOBOY ITiJT BTOPHHHOIO 0OMOTKOIO:
HM2X = HMZ cos'ts; Hsz = HM2 sin Y. (371)

3naveHHs KyTa Ya(rpan), Mo 3aJeKUTh Bill BEIMYMHU 1 XapakTepy
HaBaHTaXEHHS, BU3HaudaroThCA 1O (3.59). Pesympryroua MPC (Fo, A) Bu-
3HAYAETHCS TEOMETPUYHHMM IIiJICYMOBYBaHHSIM ckiagoBux MPC mo ocsix
00paHOi cUCTEMH KOOPIWHAT:
(9-1)/2

F = 2Ii z Hi+H,,. 'Iz’ 3.72)
i=1
(9-1)/2
F,=2 > Hy+H,, -, (3.73)

i=1

Fo=1F¢+Fy, (3.74)

e lp =1,a,/360 - noBxuHA HIISHKH MarHITONPOBOAY i BTOPUHHOIO
0OMOTKOI0, M;
lj = O.l(l | 2)- JIOBXKMHA €JIEMEHTA BUILHOI JISHKH MarHiTOIPOBOIY, M.
Kyt 3pymenns (rpan) Bekropa pe3yibryrouoi MPC mono oci X:
Fy
o =arctg—-. (3.75)
Fx
CtpyM HamarHiuyBaHHs (A) BH3HAYa€ThCS 3a 3HAYCHHSAM ITOBHOI
MPC:
g =Fo/W,. (3.76)
Y Bunaaky, konu £<0.25, HepiBHOMIPHICTh HE3HAuHa, 1 AOLUIBHO
3aCTOCYBATH OUIBII MPOCTHH aJrOPUTM PO3PaXyHKY MpH 3a0e3neueHHi 10-
CTaTHBOI TOYHOCTI pe3ynbTariB. CyTh alTOPUTMY MOJISTAE y BHU3HAYCHHI
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€KBIBAJICHTHOTO 3HAYEHHS MArHIiTHOI iHAYKIT Beg, MO BIAOBiga€ MarHi-
THOMY TIOTOKY, PIBHOMIPHO PO3MOAIIEHOMY Y37I0BXK BLTHHOI YaCTHHH Ma-
THITOTIPOBOAY. 3aMiHIOIOYM AIMCHUI HEPiBHOMIPHHMH PO3MOALT MarHiTHOL
IHAYKIi1 eKBiBAIECHTHUM NPSIMOKYTHUKOM 3 BUCOTOIO Beg,, 00yMOBIIEHOT 1O
¢dopmyni CiMIICOHa, OIEPKIMO:

Begg = %[Bk(l) + Z(Bk(a) +By(s5)+ Bk(e))+ 4(Bk(z) + Bk(4))], (3.77)

ne Bya)...Bes) — 3HaYeHHS MarHiTHOI 1HAYKIIl B mepeTwmHax m0=1...6...6
BUTBHOI YacTWHU MarHiTonpoBoay (puc 3.8), Tim.
Jns HactynmHOro po3paxyHKy MarsitompoBig TC mpeacraBise co-
0010 1Bi MUISHKH: UISHKY MiJ BTOPUHHOIO OOMOTKOIO JOBXKHHOKO |2 (3
BEJIMYHHOIO MArHiTHOI iHIYKIMT B CTali B,2) 1 AUIAHKY HOBXKUHOKO lce=Iu-1>
(3 Mar”iTHOO IHAYKII€IO B cTaN B.y,). Pedynbpryroua MPC (A):
2 2
Fo =1 Fox +Fs
ne:
F3x = 1‘]083 . |Cg . COS‘I"C6 + HMZ . |2 . COS‘P2,

. . 3.78
F,, =H., 1l -sSiNY,, +H,>-ly-sin¥s. (3.78)

Kyt 3pymenns Bexkropa pe3ynbryrodoi MPC (oo oci Ta cTpym
HaMarHiuyBaHHS po3paxoByroThes 1o (3.75), (3,76).

3.10 MorpimuocTi TpanchopmaTopa

CtpymoBa (%) i kyroBa (xBuimHM) norpimHocTi TC BU3HAYAIOTHCS
sk BimHomeHHss MPC namarniuyBanas 10 MPC nepBuHHOI 0OMOTKH 3
ypaxyBaHHSM KyTa 3pyiieHHs (o) Ta BeKTopa pe3yibTyodoi MPC:

l, .
i :ﬁsm (a +¢,)-100,
l”l ' (3.79)
5= I—°cos(a+¢2)-3440.
w i
Tomy 1m0 3HaueHHs nepBuHHOTO cTpyMy TC 0€3 BUTKOBOI KOpeKIii

3aBXKAH OUTbIIEe TPUBEICHOTO 3HAYEHHSI CTPYMY BTOPUHHOT OOMOTKH, Te
CTPYMOBA MOTPINIHICTh 3aBXJIM HETaTUBHA.
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3.10.1 ®opmyasp po3paxyHKy NorpimHocTe

Po3paxyHOK BUKOHY€TBHCS Uil HACTYIHMX 3HAa4€Hb KPaTHOCTI Hep-
BUHHOTO CTPYMY Ta OIIOPY HaBaHTa)KEHHS

Kis 005 | 02 | 05 [ 10 1.2 1.0

Zu Zu HoM Zn min 0

Po3paxyHkoBi 3HaueHHs1 KpaTHOCTel nepBuHHOro cTpymy (Ki1) mpu
omopi Zyon TPUHAMAIOTBCS 3aJI€KHO BiJ KJ1acy TodHoCTi o Tabm. B.2 (o-
nmatok B). 3HaueHHsS onopy Zymin  BUOMPAETHCS BIAMOBITHO 110 Tadi. B.2,
B 3.1-3.2 (Honatok B). 3a pesynbTaTamMmu po3paxyHKy OyIYIOTHCS 3aJICikK-
HOCTI JUTs BCiX 3HaueHb KpaTHOCTI mepBuHHOTO cTpymy (B(l))), a Takox
3aexHocti ctpymoBoi f(l1+) 1 kyroBoi J(l1+) morpimmHocTeii. Po3paxyHKoBi
3HaueHHs f #f § MOBUHHI PO3TAIIOBYBATUCS yCEPEANHI MIPUITYCTUMOT 00J1ac-
Ti 3MiHH OTPIIIHOCTEH.

B Bumanky 3acTocyBaHHS BUTKOBOI KOpeKiii Ha rpadiky HEoOXiIHO
MOKa3aTH KPUBY AIMCHOT cTpyMOBOi morpintHocTi # norpimmocti TC 3 HO-
MiHAJIBHUM YHCJIOM BTOPUHHHMX BUTKIB.

3.10.2 Po3paxyHok TpancopMaTopa cTpyMy HpH OLIbIIHMX KPATHOCTAX
MEPBHHHOIO CTPYMY

Jiist maHoro pexxuMy poOOTH BHKOHYIOTHCS PO3paxyHKH MaKCHMa-
JLHOT KPAaTHOCTI BTOPUHHOTO CTPpyMY K2 max, 3a7I€KHOCTI TpaHUYHOI KpaT-
HocTi TC (K1) Bix omopy BTOPHHHOTO HaBaHTaXEHHs (Z,), HOMiHAIbHOI
rpaHU4YHOl KpaTHOCTI epBUHHOTO cTpyMy (K1o), EPC Ha KiHISX pO3IMKHY-
TOi BTOPHHHOI OOMOTKH. [Ipr 1[bOMY BHKOPHCTOBYETHCS MOHATTS MOBHOI
norpimuocti TC, mij sIKO0 Ma€eThCs Ha YBa3l BUPAXKEHE Y BIJACOTKAX JIi0Ue
3HAaYeHHS PI3HHUINI MiX JTOOYTKOM HOMIHAIBFHOTO KoedillieHTa TpaHchop-
Mallii Ha MUTT€EBE JifiCHE 3HAUEeHHS BTOPUHHOTO CTPYMY Ta MUTTEBUM 3Ha-
YEeHHSIM TIEPBUHHOTO CTPYMY B CTajiomy pexumi /1-3/.

100 [1¢,W,, . ..,
e=— |= iy —i
T!(Wl =)

I,
[loBna norpimnHicts TC Moxe Oyt Bu3HaueHa i sik BigHocHa MPC
HamarHiuyBanHs TC




F H-I
e=—2.100=—™".100 (3.80)
F L, -w,
abo
1 l,-Z, -1,

E=—-" (3.81)
oA Ky fw, Sy ew

3 poctoM nepBUHHOTO cTpyMy (l1) 301TBIIYETHCS CTPYM Y BTOPHHHIH
oomorti (I2), mo o6ymosiroe pict EPC BropuHHOT 0OMOTKH Ta MarHiTHOT
iHaykmii B cram maraironposony TC. Ilpu 3miHI BemnYnHA MarHiTHOL iH-
IOyKLii y MarHiTONpoBoAi A0 3HaYEeHHS B, 110 BiAMOBiAae MakCHMalbHO-
My 3HA4YCHHIO IOXIJHOI MAarHiTHOI TNPOHUKHOCTI CTald IO IHIYKIIil
(du/dB=max) BinOyBaeThCsi 3MeHIIeHHs MOBHOI morpimmHocTi (¢) TC. ¥V
PO3TISTHYTOMY peXHMi OiNBIINX KPAaTHOCTEH MEPBUHHOTO CTPYMY MAarHiT-
Ha IHAYKIiS Y MarHiTONMPOBOAI 3HAYHO OuIbIIe 3HAYCHHS Bym. 3HaueHHS
MAarHiTHOT 1HAYKIIT By, U PI3HUX MapOK eNEKTPOTEXHIYHOI CTaji mepe-
OyBae B miamazosi 0,7...0...0,9Tn. MaruiTHa iHIYKIIS Yy MarHiTONMPOBOAI
npy OUTBIIUX KPaTHOCTSIX IEPBUHHOTO CTPYMY HAOIMKAETHCS A0 3HAYCHHS
IHAYKIIT TTHOOKOro HacuueHHs ctand. [Ipu oMy pi3ke 3MEHIICHHS Mar-
HITHOI IPOHUKHOCTI cTaiay 00YMOBIIOE 3HAYHE 30UIBIICHHSI CTPYMY Hama-
THiYyBaHH, OTKe, BIAMOBIAHO i cTpyMoBoi morpimHocTi TC.

3.10.3. Po3paxyHOK MaKCMMaJIbLHOI KPATHOCTi BTOPUHHOTO CTPyMY

MakcuManbHa KpaTHICTh BTOpuHHOTO cTpyMy TC BH3Ha4aeThes iH-
JYKI€I0 HACHYCHHS MaTepiany MarHiTonpoBOaY (Bu.c); 3HAYCHHSAM MarHi-
THOT THAYKIIIT, 3011bIeHHs siK0T Ha 1 % npUBOAMTE /10 30UIBIIICHHS HAIPY-
JKEHOCTI MarHiTHOrO mosist B ctajii Ha 50 %. MakcuManbHa KpaTHICTh BTO-
PUHHOTO CTPYMY BH3HAYA€ThCS, SK BiJIHOUICHHS BTOPHHHOIO CTPYMY MPH
MAarHiTHIA 1HAYKIT y MarHiTONPOBO/II, PiBHIN 1HAYKIIT HACHUYEHHS, 0 Be-
JUYUHHA BTOPUHHOTO CTPYMY Yy HOMIiHAJILHOMY POO0OYOMY pEeKUMi, TOOTO

k — I 2 max
12 max | '
2nom

3Ha4yeHHS BTOPUHHOTO cTpyMy (A) BiAmoBinHOT IHAYKIIT HACHYEHHS,
MOJKHa BU3HAUUTH 3 BUPaA3y
Brox Sy oW, -4-k,, - f
Ly = ——1—2 2 1. (382

2max
ZZ
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Y pexxnMi OLTBIINX KpaTHOCTEH hopMa BTOPUHHOTO CTPYMY ICTOTHO
BiZIPI3HAETHCA BiJl CHHYCOI !, TOMY JJIsi HOMIHATBHOTO pexumy pobotu TC
npuiiMaemo 3HaueHHs Ko>1.11. Toune 3HadyeHHS Ko y peskuMmi OLTBIIMX
KpPaTHOCTEH BWU3HAUWTH CKJIaJHO, TOMY 3HAueHHs lomax, OOyMoOBIEHE 3
(3.82) mpu ke=1.11, € nocuth HaOIMKEHUM. 3 IHIIOrO OOKY, 3 POCTOM Iiep-
BUHHOTO CTpyMY, 3HaueHHS |2, E2, Bmax POCTYTH IOTH, TIOKHM HE HACTYIHUTH
pexxuM HacuueHHs. [Ipu qocsirHeHHI iHAYKIIT HACHYeHHS TPUIHHAETHCA (Y
BUTAJAKY i7lealTbHOI XapaKTepUCTUKNA HaMarHidyBaHHs) 3MiHa |z, Ez, Bmax.
Opnak, 3 OISy Ha Te, IO MPHU JOCATHEHHI PeXUMY HACHUYEHHS] MarHiTHA
iHAYKOis By y AiicHOCTI TpOXH 3pocTae, HEOOXiAHO MPUHHATH 10 YBaru
nesike 3poctanHs |2 # E» 3a 10IOMOT0r0 arpoKCUMYIOUOTO CIiBBiTHOILICHHS

12 max

k :%+(2....5), (3.83)
BHO,\/t
ne Biou - 3HaAYEHHS MarHiTHOI iHAyKmii y Mar"itonpoBoai TC mpu
HOMiHAJILHOMY pexumi, T11.
3HaueHHs HaANOLTBIIOT KPAaTHOCTI BTOPUHHOTO CTPYMY PO3PaxoBYy-
€TBCSI ISl TPHOX BHIIAJIKIB!

|, =100%,Z2, =2

HHOM
— 0, —
. =120%,Z2, =Z ... - (3.84)
. =100%,Z,6 =0
Bion BIATIOBiIa€ PO3PaxXyHKOBOMY 3HAYCHHIO MArHITHOI 1HIYKIIT Ha
JUISHIII MarHiTONpoOBOAY T BTOPUHHOIO OOMOTKOIO JUISl TIepepaxoBaHUX
BUMIAAKIB. Po3paxyHKH NpeACTaBIsSIOTHECSA B TaONU4HIN dopmi (auB. TaoOI.
3.6).
Ta6auns 3.6-po3paxyHok MaAaKCHMAJIBLHOI KPATHOCTI BTOPHHHOTO
CTPYMY

Buac H [1.01* | H(1.01* | li« | Zy |Buou |Po3paxynkoBe| JlilicHe 3Ha-

(BHac) BHac BHac) 3HAYCHHA YCHHA
KIZ max KIZ max
Tn | A/M Tn A/M % |Om | T - -
100 | Zyom
120 | Zmin

100 O
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Pospaxynkosi 3HaueHHs Ki2 max, BU3HaueHi 3 (3.83), HeoOXiqHO 3piB-
HSTH i3 KpaTHicTiO TepMiunoi crifikocTi TC (N1r). IIpu 11boMy, SKIIO  PO3-
paxyHKOBE 3HAYCHHS KPAaTHOCTI BTOPUHHOTO CTPYMY
Ki2 max < N7, TO AilicHE 3HAUEHHS KPATHOCTI CTPyMY Yy BTOPHHHIN 0OMOTII
JIOPIBHIOE PO3PaxyHKOBOMY 3HA4eHHIO K2 max. ¥ BUTAAKY, KO Ki2 max >
NiT, TO AiiCHA KPATHICTh BTOPUHHOTO CTPYMY Ki2 max = N1

3.10.4. Po3paxyHOK rpaHM4HOI KPaTHOCTi

I'parmuna xpatHicTs TC — HaiOLTBINIE 3HAYCHHAS KPATHOCTI TTEPBHUH-
HOTO CTPYMY, IIPU SIKOMY ITOBHA IOTPIIIHICTH NPH 3alaHOMY BTOPHHHOMY
HaBaHTaXCHHI He NepeBHUIlye 3Ha4eHb 1o Tadi. B.4 (lomatok B). [Ipu po-
3paxyHKy TpaHUYHOi KpaTHOCTi HEOOXiTHO BPaxOBYBaTH Ty OOCTAaBUHY, L0
po3paxynkn TC y ob6macTi BeTMKHX IHAYKIIA € AOCUTh HAOIMKCHHUMHU.
Kpim Toro, xapakrep KpuBOi HaMarHidyBaHHs B 00JIaCTi 3HAYEHb IHAYKIIIH,
ONMU3BKUX A0 1HAYKIIi HaCHYEeHHS, 00YMOBIIOE PI3KUH PICT HANPYKEHOCTI
MarHiTHOro noJs B crani Ta norpimHocteit TC. I, HapemTi, po3kua xapax-
TEPUCTUK HAMarHi9yBaHHS HaBITh OMHIET i Ti€l 5K MapKy CTalIH MPUBOIUTH
JI0 BIIMIHHOCTI iHICHOI XapaKTepUCTUKU HamarHidyBaHHs Bm(H) maruito-
MPOBOAY BiA po3paxyHKoBoi. Tomy He ciin po3paxoByBaTu TC Ha HaiiOi-
JBIIE TIPUITYCTUME (€j0n) 3HAYCHHS TOTPINTHOCTI PO3TISTHYTOTO PEXUMY
(muB. Tabn. B.4 (Tomatox B)). JIOMiNbHO y SIKOCTI PO3PaxyHKOBOTO 3Ha-
YeHHsT T[IOBHOI TMOTPINIHOCTI ~ MPUWHATH  BEIMYMHY  IMOTPIITHOCTI
&pace=(0,5...0,7)&0n.

Lline maHOTO PO3paxyHKy - BU3HAYECHHS 3QJICKHOCTI TPAaHMYHOI Kpa-
tHOCTI TC Bij BEIMYMHU BTOPUHHOTO HaBaHTaXKeHHs. [Ipyu BUKOHAHHI PO3-
paxyHKy HE0OXiTHO 3a/1aTUCS PAOM 3HaYeHb rpaHn4dHOI KpaTHOCTI (K10=1,;
5; 10; 20; 40; 50), mst Hux BuzHauntd MPC HamMaraiqyBaHHsI

F.=(05..0,7)-¢,, xy-1, -w /100 .(3.85)
1 Hampy>KeHiCTh MarHiTHOTO MOJIS B CTaJll MarHiTonpoBoy (A/M)
H,=F,/l,(3.86)

[To xapakrepucTHIli HAMAarHiYyBaHHS BUKOPUCTOBYBAHOI MapKH CTa-
mi (tabn. I.1) HeoOXimHO AJIs KOXKHOTO 3HaUYeHHS H,« BU3HAYNTH 3HAYCHHS
MAarHiTHOT IHAYKIIT Yy MarHiTonpoBoi Bmk. [Ipu nmpuitHITOMY pO3paxyHKO-
BOMY 3HAQU€HHI IMOBHOI MOTPINIHOCTI Epacy KPATHICTH BTOPUHHOTO CTPYMY
MOYKHa IPUOJIM3HO BBAXKATH

K,, =K, -1-0.01 ¢

on

(3.87)

pacu ) '
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IToBHuwuii omip BropunHoro mamora TC (Z:x), o BKIFOYAE TOCIIIO-

BHO 3'€/IHaHi BTOPUHHY OOMOTKY 3 OIIOPOM I 1 HABAaHTAXKEHHS 3 OIIOPOM Z,
(Om),

E,« _ 444.-f-w,-S,, -B,,

|2u K, L, K,

Onip BTOPHMHHOTO HAaBAaHTAXEHHA, MPH SKOMY 3a0e3MedyeThest
NpUAHSTE Ha IOYAaTKY PO3paxyHKY 3HaYCHHS IPAHUYHOI KPaTHOCTI

Ly =2y —2,. (3.89)

Po3paxyHku, BUKOHaHI A7 BCIX MEepepaxoBaHUX 3HAUYCHb PAHUIHOL
KPATHOCTI, MPEACTABISIIOTLCS y TaOIHuHii dpopmi (Tabi. 3.7).

Ta6auus 3.7-Pe3yiabTaTn po3paxyHky rpanu4dsoi kpataocti TC

Z,. = (3.88)

Kio Fox Hox Bk Ko Zox Zuk Su
- A A/M Tn - Om Om B-A
1
5

[To oTpuMaHuM po3paxyHKOBUM JaHUM (Tabu. 3.7) HeoOXigHO TOOY-
nyBatu 3anexHicts Ki10=f(Sy), ne 3nauenns nmoryxuocti (B-A)

S, =Z, 1. (3.90)
Ha Ttim sxe rpadimi morpibHo mobyayBaru 3anexHicts Ki10=f(Sy) 3a
JTaHUMH po3paxyHKy Ha EOM i 3piBHSTH OTpUMaHi pe3yJbTaTH.

3.10.5. Po3paxyHOK HOMiHAJbHOI TPAHUYHOT KPATHOCTI

HowminanbHa rpanuuna kpatHicts TC — 1m0, rapanTye TpaHcgopma-
TOpY CTpyMy TpaHW4Ha KpaTHIiCcTh (Koy) MPH HOMIHAILHOMY BTOPHUHHOMY
HaBaHTaXeHHI (Z,= Zuuou). J7 BU3HAUEHHS MMOYAaTKOBOTO 3HAYEHHS Tpa-
HUYHOI KPaTHOCTI HEOOXiZHO 3HAWTH TpaHMYHE 3HAYEHHS 1HOYKLIi JaHOi
MapKu CTalu (Bypes), ML IKUM PO3YyMIiIOTh Take 11 3Ha4eHHsI, 301IBIICHHS
skoro Ha 10 % mpuBOANTS /10 30UTBIIICHHS HAITPY)KEHOCTI MArHITHOTO TIOJIS
B crabli Ha 50 %. IloyaTrkoBe 3Ha4YEHHS rPaHUYHOI KPaTHOCTI
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K :i (3.91)
" 095-B ' '

HOM

ne Byoy - 3HAYCHHS 1HIYKI1, IPUAHATE 3 PO3paXxyHKy HOTPIITHOCTEH
TC mpu 11+=100% # Z,=Zon, T11 (TaG11. 3.6).

OTpuMaHe MoYaTKOBE 3HAUYEHHS KPATHOCTI MEPBHHHOTO CTPYMY BH-
KOPUCTA€EThCA TMPH po3paxyHKy morpimHocteid TC no BuknaaeHidt y m. 3
MeToauili po3paxyHky. [ToBua morpinmicts TC po3paxoByetbest mo (3.80).
SIK0 BUSABUTBCS, MO0 HOBHA HOrpimiHicTs MeHir 0,56, TO HEOOXigHO
TPOXH 301IBIINTH MEPBiCHE 3HAUYEHHS TPAHUYHOI KPaTHOCTI i 3HOBY BHKO-
HaTH po3paxyHok morpimHoctrerd TC. Llel iTepamiitamii mporec 3aKiHTy-
€THCSI, AKINO MOBHA morpimHicTs TC

0.5 €0on<e<&oon

VY Bunaaky, konu nosHa norpimHicts TC BHABISETHCS Oibllie 3HA-
YeHHsI KPATHOCTI TIEPBUHHOTO CTPYMY HEOOXiHO 3MEHIITYBaTH TOTH, TTIOKH
3HAYEHHS IMOBHOT MOTPIIIHOCTI HEe Oy/ie 3aJOBOJILHSATH IIiif yMOBI.

3.10.6. Po3paxyHOK Hampyru Ha KiHISIX po3iMKHYTOI BTOPHHHOI 00MO-
TKH.

Hns TC cnpaBeqnuBo piBasHET MPC

F+F =F
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TC BKITIOYaeThCS B MEPEXKy MOCTIZOBHO, TOOTO HOTO MEpPBUHHHA
CTPYM 3aJTUIIA€THCS HE3MIHHUM TIPH HE3MIHHOMY PEXHMi POOOTH MEpexi.
VY 11poMy BUNAIKy PO3MUKAHHSI BTOPUHHOT OOMOTKH IIPUBOAUTH 10 Pi3KOT0O
3pOCTaHHSI HAMarHiuyBaHHS, TOMY 1[0 TIEPBUHHUI CTPYM € B IbOMY BHIIa-
Iky ctpymMoM HamarHiayBaHHS (lo=I1), mo cnpuunHse 3HaYHE 301TBIIEHHS
Mar"iTHOTO TMOTOKY y MarHiTorpoBoxi. [Ipu mpomy y BTOpHHHIA 0OMOTIII
uHaykryerses 3HaunHa DPC. V posrmsanyromy pexxumi TC mparoe anano-
rigao mik-Tpanchopmaropy. IIpu BenmkoMy 3HaUeHHI CHHYCOITaIBHOTO 32
¢dopMor0 cTpyMy HamarHidyBaHHS MarHiTHa cucrema TC CHIBHO HAacHUy-
eTbesl. Uepe3 HEMiHIHHICTh XapaKTepUCTUKU HamarHigyBaHHs (Bm(H)) ma-
Tepialy MarHiTONMPOBOY B KPHBi MarHiTHOTO MOTOKY Oy/ie BTPUMYBaTHCS
TpeTs TapMOHiKa, TOOTO ¢opMa KpHUBOI MAarHITHOTO TOTOKY Oyie CIuIoIIe-
Horo. CrulonieHa KpuBa 3MiHM Mar”iTHOro nmoroky OPC, mo HaBoauTh y
BTOPUHHIN 0OMOTII:

e, =-W d;fo . (3.92)

Makcumanesae 3HadeHds DPC Moke gocaraTh 3HAYHOI BEIUYHUHU,
10 CTAaHOBUTH HeOe3IeKy It 00CIyroByto4oro nepconany. s npakruy-
Horo Bu3HaueHHs DPC Ha KiHIMX pO3IMKHYTOI BTOPUHHOT OOMOTKH BHKO-
pucTaoTh 3anexHocTi Eyo= ¢(Ho) (puc. 3.9).

3Ha4YeHHS HAIPY>KEHOCTI MarHiTHOro moJjs B craiyi (A/M) y po3ris-
HYTOMY PEXUMI

Ho=1, -w/l, . (3.93)
OPC BropuHHOT 06MOTKH (KB)
E,=E,-w,-S, -107. (3.94)

Haii6inbimie 3nauenns DPC i popmy io(t), MOXKHA BU3HAYMTH TAKOK
IUITXOM TpadivHoTo MU(epeHIiFOBaHHS 3aNIeKHOCTI Do= ¢(1).

ITicnsa BusHauenHs DPC HeoOXinmHO NepeBipUTH BHUTKOBY 130JISLIO
NPOBEJIECHHS BTOPHHHOI OOMOTKH Ha eJIeKTpUUYHY MinHicTh. [IpoOuBHa Ha-
npyra i3o5s1mii Mixk aBoma npoBogamu [1CJ] cranoButh 1.4 KB.

YMoBa eneKTpu4HOi MIITHOCTI BUTKOBOI i30JIs1Li1 BTOPUHHOT OOMOT-
KU TIpe/icTaBnsaeTbes y BUDIs i (Eo/w2)<1.4 kB/BuT.
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3.10.7 ButkoBa Kkopekuis TpanchpopmaTopa

Haiibimem npoctum crmocobom 3MeHmeHHs morpinrtHocti TC € BUT-
KOBa KOPEKLis - 3MEHIIEHHS! CcTpyMoBoi morpimuocti TC nuisixoM 3MiHK
YKclia BUTKIB BTOpUHHOI 00MOTKHM /1-3/. TlutaHHS BUTKOBOi KOpPEKIIil
HEOOXiTHO BHPINTYBaTH B TOMY BHITQJKy, KOJH PO3PaxXyHKOBE 3HAYCHHS
ctpymoBoi morpimHocTi: f > 0.5 f50,, 1€ foon — TpaHuuHe 3HAYECHHS CTPYMO-
BOT MOTPIIIHOCTI HEOOXITHOTO KJIacy TOYHOCTI mpoekToBanoro TC (mona-
Tok B). Ilpu HeaminHOMy nepBuHHOMY cTpyMi TC, 31 3MEHIIEHHAM HOMi-
HAJBHOTO dYHclia BUTKIB BTOpHHHOI 0O0MOTKH (W) BigOyBaeTbes 306imb-
IICHHST BTOPHUHHOTO CTpyMy |2 = l1/Wo. SIKIO NpUAHATH, 10 301IBIICHHS
BTOPUHHOTO CTPYMY BiJIOYBAa€THCS MPOMOPLIHHO 3MEHIIEHHIO YHCIIa BTO-
PUHHUX BUTKIB, TO IPU BiIMOTYBaHHI YaCTUHH BTOPUHHUX BUTKIB BTOPUH-
HUU CTPyM:

L, =L+, W _/w, (3.95)

ne |2 - miticHe 3Ha4eHHs BTOpUHHOTO cTpyMy TC i3 HOMIHAEHUM YHCIOM
(W2, BUTKIB, A,
Wop,m- 9UCIIO BIAMOTAaHUX BTOPHHHUX BHUTKIB.

CTpyMOBY MOTPIIIHICTH MOXKHA PO3PaXyBaTH TAKHM CIIOCOOOM :

I I (I2+I2H.WOHZ/W2H)_I

H!

. _ Zom—_ZH:LOO _ I 2H 100 =
ol -, 100 o
ke TR W IR B e YV
2n 2n WZH WZH

ne f - crpymosa norpimisicte TC i3 HOMIHAJBHUM YKCIOM BTOPHH-
HUX BUTKIB, %. [lorpiiiHicTh I 3aBXKIM HETATUBHA, TOMY IO JiHCHE
3HAYEHHs BTOPUHHOTO cTpyMy lo < I5,. (3.96) mokasye, ctpymoBa morpir-
HicTh TC i3 BUTKOBOIO KOpPEKIIi€l0 3aNexuTh K Bifg "miam" Butka (100 /
Wy, TaK 1 Bil KUTBKOCTI BiiMOTaHUX BUTKIB. Y TC i3 HEBEIMKMUMH HOMi-
HaJIbHUMH TIEPBUHHUMH CTpyMaMu "HiHa" OHOTO BHTKA BHXOJAUTH JYKE
BEJIMKa 1 IPH BiAMOTYBaHHI HaBiTh OJHOIO BUTKAa CTPYMOBA IMOTPILIHICTH
(4 %) w™oke mepelT B 00JaCTh TO3UTHBHUX 3HAYCHBL Ta MEPEBUITUTH
3HadeHHs1 norpimHocTi TC i3 HOMIHANBHUM YHCIOM BTOPHHHHMX BHTKIB
(W2,). MiHiMambHe 3HAYCHHS CTPYMOBOI IOTPIIIHOCTI B HOMiHAJIBHOMY
pexkumi podotu TC i3 HOMIHAJILHUM YHCJIOM BHTKIB BIATIOBIZa€ ([101aTOK
B) crpymy li= = 1,2:1;, 1 onopy HaBauTaxeHHS Z, = Zuin. TOMY po3paxy-
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HOK morpimrHOcTi TC 13 BHUTKOBOIO KOPEKITIEI0 BapTO MOYMHATH 3 IHOTO
pexxuMy poOOTH.

3.11 TenuioBHii po3paxyHoK TpanchopmMaTopa cTpymy

3rigHo cmpormienoi Teopii Harpiy TC posrisimaeTbes K OgHOpPiAHE
TiJIO, SIK€ PIBHOMIPHO BHIIPOMIHIOE TEIIO B OTOUYIOYE CEPEIOBHIIE BCI€O
noBepxHer. KibKicTh TEIIOTH, IO MEepelaeThesl B OTOUYIOUE CepelOBH-
11e, MPUHMAETHCS MPONOPLUiHHUM pi3HuUI TemmnepaTyp Mixk TC 1 HaBkonu-
ITHIM CEePEeIOBHINEM Ta HE 3aJIe)KHUM BiJl aOCOIOTHOTO 3HAYCHHS ITUX Te-
Mmreparyp. [IpuiHATI AOMYyIIEHHS T03BOJISIOTh XapaKTePU3yBaTH TCILIOBHIMA
cTaH TpaHcdopmaropa TakuM 4uHOM. ko mpu poboti TC 3 mocTiiHUM
NEPBMHHUM CTPYMOM BTpaTH CKIanaroTh AP, 1o 3a yac dt B HbOMY BHIi-
TSETHCA KUTBKICTh TETUIOTH

dQ =Ap-dt.

Onna yactuna uiei Terotn dQ, iie Ha npupicT TemnepaTypu Tpa-

HCchopMaTopa
dQ, =c-G-d&,

e C - nosHa TemroeMHicTh TC, TOOTO KIJIBKICTh TEIUIOTH, 110 HEOO-
xigHa as migsuieHHs remnepatypu TC Ha 1 °C; G - maca TC.

Iumra ckragosa 0Q,, BH3HAaYae KiMBbKICTh TEIUIOTH, IO BHALIAETHCS
TpaHC(HOPMATOPOM B OTOUYIOUE CEPEIOBUIIIE 32 Yac, SKIIO PH I[LOMY Tij-
suieHHst remnepatypu TC ckinamgae A6

dQ, =a-S-A6-dt,

e & - koedimieHT TemmoBiaaadi 30BHINTHKOI moBepxHi TC mrometo

3aranpHu BUpa3 TemaoBoro 6anancy TC
Ap-dt=c-G-dé+a-S-Af-dt. (3.97)

TemnoBuit po3paxyHok TC BKJIIOYaE PO3PaxyHOK B HOMIHAILHOMY
pexkuMi pobOTH Ta B pEKMUMI TPAHUYHUX KPATHOCTEH MEPBUHHOTO CTPYMY.
s BupimeHHs piBHSAHB TeryioBoro 6anancy (3.97) HeoOXiAHO BU3HAYUTH
BTPaTH y TpaHcHOpMaTopi.
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3.11.1 Po3paxyHoK BTpPAT B eJieMeHTaX KOHCTPYKIIii

CymapHi BTpatu B eneMeHTax KoHCTpyKiii TC (BT)
Ap=Ap, +Ap,> + AP, (3.98)

e - Apal BTparu B niepBuHHii oomoriii TC, Br;

Ap,, - BTpatu y Bropunsii oomorui TC, BT;

Ap,.,, - BTpaTH B CTaJli MarHiTONpoBoy, Br.

Enexrpuani Brpatu B ooMoTkax TC (BT)

I
Ap, =iy 1% r=rk,- 1> p—=xy-J%-q-p-1,(3.99)
q

ne K,- Koedimient 30i1blIeHHs BTpaT; | - qiloue 3HaYeHHS CTpyMy
st gasoro pexkumy poboru TC, A; J - ryctuHa cTpymy B OOMOTII,
A/MM%,  p - TUTOMMI eNeKTpUYHHMIA Omip Tpu pobovili Temmeparypi,
OmemM%/M; | - MOBHA JIOBKXKMHA MPOBIJHUKIB OOMOTKH, M; - ILIOIIA Mepe-
THHY BUTKa OOMOTKH, MM,

Tounuii po3paxynok koedinicHTa 301IbIIEHHS BTPAT K, JHOCTaTHBO

CKJIaJHHI, TOMY IPU NPaKTHYHUX PO3paxyHKax HOro AOIiILHO, BU3HAYATH
3 kpuBHX (puc. 3.10), npu npOMy JiHIMHI PO3MipH TPOBIAHUKA @, 6, 1, A1
Ti/ICTABIISIOTECS B MM, @ TIEPETHH TIPOBIHKKA (] - B MMZ.

Brpatu B cram maraitronpoBoja (Br)

Ap,,, = Pyso - B - (hy, - T,, -k;)-1,, - 7800 ,(3.100)
e Pl/50 - 3HAYeHHS MMUTOMHUX BTpaT, BiAmoBimHuX iHAykmii 1 Ti i

yacToTi nepeMardiuyBants 50 I'n, npuiimaroThes o Tabs. 3.8. 3HaveHHs
nigcraBisitoTees B (3.100) B M.
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Pucynok 3.10 - [To po3paxyHKy KoedilieHTa 301IbIIeHHS BTPaT

ﬁ)é‘f 0 100 m%vg—p—

Mapxka crani 3411

3413

3414

P, s .BT/Kr 1.1

0.8

0.7

3.11.2 Podora TC B HOMiHATBLHOMY pexRHMi

Temnonepenaya BiJ JpKepena BTPAT A0 OXOJOMKYIHOUOTO CepeIOBU-
Ia MOXKITUBA 3aBJSIKA TOMY, IO BCi MaTepiald MaloTh TEIUIONPOBIIHICTS.
BpaxoByroumn, 1mo TETIONPOBiAHICTH MPOBITHUKOBUX MaTepialliB Ta CTali
MarHiTOIPOBOa 3HAYHO MEPEBUIILY€E TETUIONPOBIAHICTh 130JAIHAX MaTe-
piajiB, mepernagoM TeMIepaTypu B €JIeMeHTaX KOHCTPYKLIl 3BUYaifHO HeX-

TYIOTb.

A
AHI/[M :L.Aw,

ﬂ’I/IM ' SI/IM

ne A,,, - cymapHa TOBIIMHA i30JIALi{, HAKJIaJeHOI MOBEPX MAarHiTo-

npoBoaa, M; S, - IUIONIA MOBEPXHI i30MMii, M?, A,,, - Pe3yabTyrounii

KoedimieHT TermonpoBiaHocTi i30msuii, B1/(M°C).

[epenax Temnepatypu B i305s1mii MarHiTonposoza (°C)

(3.101)
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[epenan Temmnepatypu B i30J111iT BTOPUHHOT OOMOTKH

Ap.,, +Ap
AG,, =22 "TT A, (3.102)
Ay S
n2 X2
ne A,,- cymapua toBumHa (M); S, - mioma noepxui (M?); A,
pe3ynbTyIounii Koe(ilmieHT TETUIONPOBIAHOCTI  130JIsMii, HaKIaaeHOi To-
BepX BTOpUHHOI 00MoTKH [BT/( M*°C)].
[epeman TemmnepaTypu B 130J111i1 HIEPBUHHOI 0OMOTKH
Ap ]
/Im ) Sm
Jns naHux eneMeHTiB KOHCTPYKIIiSl 1301111 BUKOHY€ETHCS 3BUYAHO
OaraTomapoBoIO 3 Pi3HHX MaTepialiB. B mpoMmy BHIIaAKy pe3yinbTyrOunit
koedimieHT TeronposiaHocTi i305smii Br/( Me°C)
A

Ay = n .(3.104)
Ayl Ay + o +A, Ay

Tyr A,,....A,, - TOBIIMHA WapiB 6araTomapoBoi 130111, M;

A, = A, (3.103)

Ay Ay~ TEIUIONPOBIMHOCTI MapiB i30MsMii 3 pi3HUX Marepianis,
Bt1/( M*°C)
3HaueHHS TEIUIONPOBIAHOCTEH 130JIALIMHUX MaTepialiB IPUBEICHI B

Tabx. 3.9.

Tabmuus 3.9 - TensonpoBinnicTs i30asniiiHNX MaTepianiB

Marepian Bt/(M°C)
TpanchopmaTopHe Maciio 0.164
baBoBHsiHa cTpiuka 0.27
JlakoTkaHni 0.25
[amip cyxuit 0.12
[Manip mpomaciieHui 0.14
Enextpoxapron 0.18
Enokcuanuil koMnayHj 3 HanoBHIoBaueM Ermo- 0.53
KCUAHUHN KoMnayH1 O6e3 HarmoBHIOBaua Emais, 0.2
dbapdop 1.55

Jnst poboumx Temreparyp TpaHcGopMaTopa CTPyMY BiIBEICHHSIM
Teia LIISIXOM BUIPOMIHIOBaHHS MOXKHA HEXTYBaTH 1 BBa)KaTH, IO BCE
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TEIUIO BIJBOIWTHCS INUISIXOM KOHBEKTHBHOTO TerutooOMiny. [lpu 1mpomy
MiABUIIEHHST TEMIIEpaTypy HArpiToi MOBepXHI TpaHchopMaTopa Haj TeM-
MePaTyporo 0X0J0pKy4oro cepenosuiia (°C)
2 Ap;
_ I
AO iy =——, (3.105)
a; S
ne &, - koediuienT TeroBinnadi 3 mosepxHi, Br/(m?+°C).
KoedinmienTn TeruoBimmadi A pi3HUX OXOJOMKYIOUHNX CEPETOBHII
npusezeHi B Tabm. 3.10.
Ta6muns 3.10 - 3Hayenns koedinmieHTiB TemIoBiTNAYi

OXO0I0KyI0UE CePeTOBUIIC Bt/(M2°0C)
[oBiTps pu IPUPOTHOMY OXOJIOKYBaHHI 20
[ositpst mpu mBHAKOCTI 061yBa 10 M/c Tpa- 40
HcpOopMaTOpHE Maciio
MIPH TIPUPOTHOMY OXOJIO/KYBaHH1 110
Enokcunnuii koMmmayHg 6.5
Ddapdop 14-18

VY nesxux koHCTpyKIisix TC BTopuHHAa 0OMOTKAa BUKOHYETHCS Y BU-
rsini GararorrapoBoi KoTymiky /1-3/. B poMy BUNIaIKy MakCHMaJbHE Tie-
PEBHIIECHHS TEMIIEpaTypy OOMOTKH Haj TEMIIEPaTypol0 OXOJIOIKYHOUOIro
CepeIoBHINA, IO Ma€ Miclle B eHTpi koTymrku (°C)

AOy o =AOyop +AO,, +AO,,,, (3.106)

ne  AGO,,, - nepeBUIIEHHES TEMIIEPaTypH 30BHINIHBOI TOBEPXHi KO-
TYLIKH HaJ TEMIEPATypOI0 0XOJIOIKytouoro cepenonuia °C;

A6, - nepenan Temnepatypu B i3omsuii kotyuku °C;

A6, ,, - nepenan temmeparypu B Koty °C.

Cepenne nepeBuieHHs TeMuepaTtypu ooMotku (°C)

AO,., = AO, s + A6, + g - AB,,, (3.107)
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Pucynok 3.11 — Jo TemmoBoro po3paxyHKy BTOPUHHOI OOMOTKH

[lepenan Temnepatypu y kotyui (C)

oI HA
AB,,, = Pcuz " Pop Per ‘b2, (3.108)
8 Aoks

Ac Dy - KoeqnuleHT 3alIOBHCHHA KOTYIIKHA JpOTOM

(¢c47,=06,..,0.8); A, - EKBiBATIEHTHA TETIONPOBIIHICTE 30MsAIii KOTymI-
ku B1/(M*°C).
Aoig =8 Ay -
3HaueHHs (o BuOMparoThes o puc. 3.116; 4, - mo tabun. 3.10, b, -

TOBILMHA KOTYIIKH, M (puc. 3.11a).
[lepenan Temmnepatypu B i305suii koTymku (°C)

AB,, =¢CH2'/0HP"]2'AH2 b

: 3.109
2 ¢ (3109)
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ne A, , - TOBIIMHA i30JS1iT KOTYIIKH, M

[epeBuieHHsT TeMIiepaTypy 30BHIIIHBOI MOBEPXHI KOTYIIKH HaJ
TEMIIEPATypPOI0 OXOIOMKy0oUoTo cepenosua (°C)

2
Peya Prpd” + AP
AOppp = -by ,(3.110)
2-a;
Je - Koe]ilieHT TEeIUIOBIAJaui OXOJOAXKYKUOro areHra
(Ta61.3.10).
Temmneparypa 1aHOTO €IeMEHTY KOHCTPYKIii (£, ) BU3HAa4aeThCs Te-

MIIEPaTypOI0 OXOJIOKYr0Uoro cepenosuma (6, ), NEPEBUIICHHAM 30B-
HinHBOI moBepxHi TC HaJ TeMIepaTypor OXOJOKYHYOro CepeIoBHIIA
(AB,,,,) 1 cymapaum nepenanom Temmnepatypu (A6, ) mo Bcix enemMeHTax

BiJI JDKEpesa TeIuia 0 0X0JI0PKYI0U0i TOBEPXHI
n
0, =0,y, +AO o5 + ZAH,,, (3.111)
i=1

JonyctiMa Temmepartypa, Mpy sIKili TapaHTyeTbcs TPHUBaia IMpares-
nmatHictb TC, moBuHHa OyTH He Oinbm 90°C /6/ .

3.11.3 Po6ora TC npu BeITMKHUX KPATHOCTAX NEPBUHHOIO CTPYMY

TernoBuit cran TC mpu BETUKHX 3HAYEHHSIX MEPBUHHOTO CTPYyMY
MOJKe OyTH OLIHEHHWH IpH JOMYIIEHH], 1[0 TpoIec MpoTikae 6e3 Termioo0-
MiHy TpaHC(OpMaTopa 3 OXOJOKYIOUMM CEPEIOBHIIEM, a BCSA TEILUIOTA
fize Ha mpupicT Temneparypu Tpancdopmaropa. Ilpu BukoHaHHI po3paxy-
HKIB Y SIKOCTi pO3paXyHKOBUX BEJIIMYHUH MPHUAMAIOTHCSL:

N, - KpaTHICTb CTpyMy TepMiuHoi cTiiikocti TC;

t,; - 4ac npoTiKaHHs CTPYMY TEPMIYHOI CTIHKOCTI, C;

B, - 3HaYEHHs MarHiTHOI IHIYKIii 3 ypaXyBaHHAM JiiicHOT Kpat-
HOCTI BTOPUHHOTO cTpyMy (Tabmn. 3.6 mpu lik= 100 %, Z, = Zy; uowm)-

[o nmpuBenenux B 1. 3.11.1 BUpazax HEOOXiJJHO pO3paxyBaTH BTPATH
B eJleMeHTaxX KOHCTpYKIii. [Ipu 1iboMy ormopu 0OMOTOK HEOOXiJHO TpUBEC-
TH JI0 TeMIIepaTyp, HOMYCTUMHX JUIS PEKHUMY BEJIUKUX KPAaTHOCTEH mep-
BUHHOTO CTPyMY

r, =ry - (1+0.00424-6,). (3.112)
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Temnepatypa maHoro enemeHTy KOHCTpYKIIii (°C)
0, =0, + VKt (3.113)
C, -G,

ne 0, - TeMnepaTypa JaHOTO €JIEMEHTY B HOMiHAJIBHOMY PEXUMI
podotn TC °C. MokHa TPHAHATH TPAHUYHO [OIMYCTHMY TEMIIEPATypy
amapaTy Juis HoMiHambHoro pexumy 6, = 90 °C; G, - maca enemeHTy
KOHCTPYKIl, KI; Ap,, - BTpaTH B €JIEMEHTI IPH NPOTIKaHHI CTPyMY KOpPO-
TKOro 3aMuKaHHs, Bt; C, - nMTOMa TerioeMHiCTh MaTepialy TaHOTO ejle-

MeHTY KOoHCTpyKii, I/ (kr«°C).
3HaueHHs TEIUIOMPOBIAHOCTI PI3HUX MartepianiB ImpuBeaeHi B TaOmI.

3.11.
Tabanus 3.11 - [Iuroma TenyioemuicTs gesiknx marepiauiB TC
Martepian C, JIx/(xkr+°C)
Mins 390
AnromiHIT 910
Cranp 480
baBoBHsHA cTpivuka 250

Temneparypa pexuMy BEIUKHX KPAaTHOCTEH NEPBHHHOTO CTPyMY
PO3paxoBYETHLCS IS IEPBUHHOT 1 BTOPUHHOT OOMOTOK, T4 MarHiTOIPOBO/Y.
Po3paxoBani TemmepaTypu MOBHHHI OyTH MEHIIE TPAaHHUYHO JOMYCTHUMHUX
JUTSl KOPOTKOYACHOTO PEKUMY TPOTIKaHHS BEJTHKUX CTPYMIB.

KoedimieHT 3anacy mo HarpiBy B pexXnMi KOPOTKOTO 3aMHKaHHS

0,

iK

o,

ioon

KBAHH =2-

BpaxoByroun HaONMKEHUH XapakTep PO3paxyHKy TEIUIOBHUX IMPOIe-
ciB, HeoOxinuo, mod K, > 1.1.

3.12. MexaHiuHuii po3paxyHOK

Jns TC 30BHIIIHBOI YCTaHOBKHM HPU AOCTATHBO BEIMKHX PO3Mipax
armaparty HeoOXiJIHO BUKOHATH MEXaHIYHUIT po3paxyHok 1o /1-3/ .
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KouTpoabHi nuTaHHs 1151 caMonepeBipKH i KOHTPOJIIO MiATOTOBIEHOCTI CTY-
AEHTA 0 3aXHCTY NMPOEKTY

1.YoMy pexuM X0I0CTOro Xoay € HenpuryctuMumM st TC?

2.Yomy npu posrisini TC He MoKHa 3HEBaXKaTh CTPYMOM Hamardi-
qyBaHH:?

3.Uu moxxe OyTr JOPIBHIOBATH HYNIO cTpymoBa morpimHicTs TC i3
KoedilieHToM TpaHcopmarlii, piBHUIM HOMiHATEHOMY?

4.Yomy mpu 3MiHI HaBaHTaXEHHs y BTOpuHHOMY JaHmo3i TC motik
PO3CIOBAHHS 3aTUIIAETHCS HE3MIHHITH?

5.IlosicanTr XapakTep 3MiHU morpimHoctei TC mpu 3MiHI TIEpBHH-
HOi 0OMOTKH?

6.5k BIUIMBa€ 3MiHA amIep-BUTKIB TIEPBUHHOI OOMOTKM Ha MOTPilll-
Hocti TC?

7.5IKMU KpUTEPisIMHA KEPYIOThCSI IPH BU3HAUEHHI YMCIIa BUTKIB Tie-
pBUHHOT 0OMOTKH?

8.Y YoMy CyTHICTh BHTKOBOI KOPEKIIii HOTPIITHOCTEeH TpaHcopma-
Topa?

9.IlosicHuTe CHiBBIIHOWIEHHS MIiX CTPyMaMH eJICKTPOJHMHAMIYHOL
CTIHKOCTi, CTPYMOM TE€PMIYHOI CTIKOCTI i CTPyMOM KOPOTKOTO 3aMHUKAHHS
Mepexi?

10.ITosicanT popMy KpWBOi MarHiTHOTO MOTOKY B MarHiTOMPOBOJII
TC y pexxuMi BETUKUX KPaTHOCTEH TIEPBUHHOTO CTPYMY.

11.I1osicaut popmy kpusoi EPC, mo HaBoanuThCS Yy BTOPUHHIN 00-
motmi TC npu po3MuKaHHi i KiHIIB.

12.5lk BIJIMBAIOTH BJIACTHUBOCTI MaTepiany Marsitornporonay TC Ha
METPOJIOTiIYHI TOKa3HUKH TpaHchopmaropa?

13.Ilosicant minxin o pospaxyHky MIC y TC nHecumeTpuuHUX
KOHCTPYKITiH.

14.TTosicHuTe, YoMy MaKCHUMalbHa KPaTHICTh BTOPUHHOTO CTPyMY
npu po6oti TC i3 Zy = 0 Ginbiue HX Zy = Zy vom?

15./Iificha HOMiHaNBbHA rpaHudHa KpaTHicTh TC MeHIIe po3paxyH-
KOBOi. Sk 1ie Bii6’€ThCst HA poOOTI peeHHOTO 3aXUCTY?

16.Y 4omy nepesara I1-oOpa3noi cxemu 3amimenus TC nepen T-
o0Opa3zHor0?

17.51x 3MIHIOIOTBCS METPOJIOTIUHI Mmoka3Huku TC, Ko aildcHe Ha-
BaHTaXeHHA TC BUILIE PO3PAXyHKOBOI?
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18.Yomy mpu BH3HA4YEHHI JOBXKHHH MUIAXY ITOTOKY pPO3CIIOBAHHSA
MO’KHA 3HEBXHUTH IUISTXOM 3aMHUKaHHS HOTO 10 CTaJli MarHITOIIPOBOAY?

19.Yomy mist IOTOKY pO3CirOBaHHS HAOLIbIE CHIBHO BUSBISIETHCS
y pexuMax KOpPOTKO 3aMKHYTOi BTOPHMHHOI OOMOTKH 1 MPHU MaJMX BTOPUH-
HUX HaBaHTKEHHIX?
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JHonaTtoxk A
braHk 3aBOaHHS HA KypCOBUIN IPOEKT

3ANOPI3bKUI1 HALIIOHAJIbHUM TEXHIYHUMW YHIBEPCUTET

Kadempa

Jucrumiina

CrenianbHICTh

Kypc I'pyna Cemectp

3ABJAHHSIA
Ha KypCOBHIA IPOEKT (pPOOOTY) CTYJCHTOBI

(mpi3Bue, iM's1, MO0 6ATHKOBI)
1 Tema npoexTy (poboTn):

2 TepMmiH 3/1a4i CTYIEHTOM 3aKIHUEHOI'O MTPOEKTY (POOOTH):
3. BuxinHi gasi 10 npoekty (podoTH):

4. 3MicT po3paxyHKOBO-TIOSICHFOBAIBHOI 3aMCKY (TIEPENiK MUTaHb, 110 iX
HaJISKUTh PO3POOUTH):

5. llepenik rpadivnoro marepiaiy (3 TOYHHM 3a3HAUYEHHSIM OOOB'SI3KOBHX
KpECIIeHb):

6. JlaTa Buaadi 3aBAaHHS:




Tabmurs b.1 — Buxigsi qani 1uis mpoekTyBaHHSA TPaHCHOPMATOPIB CTPYMY

Honatox b

Ho | Homi- | Howmina- Howmi- Howmi- Kirac Koe- | Kpar- | Koe- Koe-
Mep | Halb- JIBHUN HaJlb- HaJbHA TOY- ¢imi- | wmicte | dimi- ¢imi-
Ba- | HaHa- | TEPBHH- HUH HOTY)X- | HOCTI €HT nep- €HT €HT
pi- | mpyra, HAN BTOPHWH- | HICTb, TpaH- BHH- IUHa- | TOTY-
aH- kB CTpYyM, HUHN BA chop- | HOro | MiYHOI | KHOCTI
Ta A CTpyM, Mamii | cTymy | CrTili-
A KOCTI
Uu lin lon Son K Ko N1t Nix Ccos ¢
1 2 3 4 5 6 7 8 9 10
1 15 15 1 3 1 16 30 150 0.8
2 15 15 2 3 0.2 8 37 140 0.8
3 24 30 5 7 0.2 7 32 170 0.8
4 24 30 1 7 1 32 37 130 0.8
5 27 25 5 10 3 20 30 120 0.8
6 27 40 2 10 1 44 33 130 0.8
7 27 45 5 10 0.2 10 42 125 0.8
8 27 40 2 10 0.2 25 39 150 0.8
9 220 75 2 40 3 25 90 200 0.8
10 150 75 1 30 0.2 76 65 150 0.8
11 110 75 5 20 3 27 70 160 0.8
12 110 75 2 20 0.2 39 75 165 0.8
13 150 80 1 25 1 80 70 125 0.8

LS



[Iponopkenns tadu. b.1

1 2 3 4 5 6 7 8 9 10
14 150 80 5 25 0.5 20 70 130 0.8
15 150 100 5 10 1 21 60 140 0.8
16 15 15 5 3 0.5 4 30 160 0.8
17 150 100 2 30 3 51 70 150 0.8
18 220 75 2 40 0.2 40 80 190 0.8
19 220 150 5 30 0.2 32 75 200 0.8
20 110 50 1 20 0.2 16 70 240 0.8
21 110 50 5 20 0.5 26 70 240 0.8
22 110 75 1 20 0.5 32 70 240 0.8
23 110 100 5 20 0.2 80 70 160 0.8
24 110 150 1 40 0.5 10 70 240 0.8
25 110 200 1 40 0.2 16 70 200 0.8
26 220 600 5 40 0.2 32 90 120 0.8
27 220 800 1 40 0.5 25 90 120 0.8
28 220 1500 5 60 0.2 80 70 100 0.8
29 220 2000 5 20 0.2 44 70 90 0.8
30 220 3000 1 20 0.5 51 70 90 0.8
31 33 100 5 3 05 10 32 169 0.8
32 33 150 5 3 0.5 25 37 150 0.8
33 33 300 5 10 0.5 44 30 110 0.8
34 33 600 5 10 0.5 10 37 120 0.8
35 33 1200 5 25 0.5 70 54 56 0.8

8G



[Iponopkenns tadu. b.1

1 2 3 4 5 6 7 8 9 10
36 35 500 1 40 0.5 44 49 145 0.8
37 35 2000 5 40 0.5 80 57 145 0.8
38 35 3000 5 63 0.5 80 49 125 0.8
39 35 40 5 63 0.5 25 18 130 0.8
40 35 50 5 20 05 76 24 78 0.8
41 35 75 5 20 05 39 55 100 0.8
42 35 100 5 20 0.5 80 42 98 0.8
43 35 150 5 20 0.5 25 37 80 0.8
44 35 200 5 25 0.5 39 51 80 0.8
45 35 400 5 25 05 27 55 141 0.8
46 35 800 5 25 0.5 44 12 70 0.8
47 35 1000 5 63 0.5 39 50 130 0.8
48 35 1500 5 63 0.5 37 46 100 0.8
49 35 2000 5 80 0.5 76 34 90 0.8
50 66 200 1 6.3 05 27 18 96 0.8
51 66 350 5 6.3 0.5 37 20 74 0.8
52 66 600 5 10 0.5 51 30 90 0.8
53 66 1200 5 10 05 39 36 96 0.8
54 132 200 1 25 0.5 18 34 70 0.8
55 132 300 5 25 0.5 44 32 50 0.8
56 132 400 5 25 0.5 25 30 80 0.8
57 132 300 1 20 0.5 37 28 60 0.8

65



60

Jonatoxk B

3aranpHi TexHiuni yMmoBu Ha TC mo 'OCT 7746-78.
Tabmuus B.1 - HominanbsHi napameTpu TpaHCQOPMATOPIiB CTPYMY

HaiimenyBanHs mnapa-

3HaveHHs mapaMeTpa

MeTpa
Hominanena  manpyra|0,66; 6; 10; 15; 20; 24; 27; 35; 110; 150;
tpanchopmaropa crpy-|220; 330; 500; 750
MY Unom, KB
Haii6inema poboua Ha-(0,8; 7,2; 12; 17,5; 24; 26,5; 30; 40,5; 126;
npyra U, kB 172; 252; 363; 525; 787

HominaneHuii mepBuH-
HUH CcTpyM TpaHchop-
Matopa liuow, A

1. 5; 10; 15; 20; 30; 40; 50; 75; 80; 100;
150; 200; 300; 400; 500; 600; 750; 800;
1000; 1200; 1500; 2000; 3000; 4000; 5000;
6000; 8000; 10000; 12000; 14000; 16000;
18000; 20000; 25000; 28000; 30000; 32000;
35000; 40000

HominaneHuii BTOpHH-
HUN CTPYM  Douow, A

1,5

HominanmbHe BTOpUHHE
HaBAaHTAXKCHHA Souow 3
Koe(illieHTOM  TIOTYX-
Hocti cosp=0,8, BA

1. 2; 2,5; 3:5;75; 10; 15; 20; 25; 30; 40;
50; 60; 75; 90; 100; 120

Tabmurs B.2 - Mexi JoImycTUMUX MOTPIITHOCTEH BTOPUHHIUX 0OMOTOK IS
BUMIpiB
. | Mexi 1onyCcTUMHX HOTPIIIHO- | Mexi BTOpUH-
IlepBuHHNMI N
Kmac cTen HOT'O
CTPYM OT HO-
TOY- h HaBaHTAXEHHS 3
mocri | N HAIBHOTO, CTPYMOBOI cosp = 0.8, %
% py% ’ KyTOBOi, XB I;?Il 7 -
5 0,75 30
0,2 20 0,35 15 25...100
100... 120 0,2 10
5 15 90
0,5 20 0,75 45 25...100
100... 120 0,5 30
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IIponoskenus Tabnuii B.2

5 3,0 180 25... 100
1 20 15 90
100... 120 1,0 60
3 50...120 3,0 HE HOPMYETHCS 50... 100
5 50... 120 50 HE HOPMYETHCS 50... 100
10 50... 120 10,0 HE HOPMYETHCS 50... 100

Tabmurs B.3.1 - HmxHs Meka BTOPHHHHX HaBaHTa)KeHb TpaHCOpMATo-
PHOIO CTPYMY 3 HOMiIHAJIHHOI BTOPUHHOI HABaHTaXXEHICTIO MeHIe 15 BA

HoMiHanbHe BTOpUHHE HABAHTAXKECHHS S2nom, 25 5 10
BA
HwxHsa Mexa BTOpUHHOT'O HAaBaHTaXEHHs Z ¢ 50 75 375
€0Sp=0.8, % OT Z2 wom

Tabmums B.3.2 - Hukast Mexxa BTOPHHHUX HaBaHTaKEHb TpaHCPOpPMATO-
piB CTpyMy 3 HOMiIHAJIGHMM BTOPHHHUM HaBaHTaXeHHsM Outbi 60 BA

HowmiHanbHe BTOpuHHE HaBaHTaKeHHS Zy, BA 60
HwxHst Mexa BTOpHHHOTO HaBaHTaXXEHHS Zp TIPU 15/Iruom
€08(=0.8, Om

Tabmuis B.4 - Mexi 10ITyCTUMHX MOTPITHOCTEH BTOPUHHUX 0OMOTOK

JUIs 3aXHUCTY

Me:xi TOIyCTUMUX TOTPIilTHOCTEH

Knac | Ilpu HOMiHanbHOMY nepBuH- | Ilpu cTpymi HOMiHAJIBbHOT
TOYHOCTI HOMY CTpyMi IPaHUYHOI KPATHOCTI
cTpymoBa, % | KyToBa, XB MOBHA MOTPIIHICTh
5P 1 60 5%
10P 3 10 %




Honarox I'

62

EnexTpoMarsiTHi XapaKTepHUCTUKH BUTHX KUTBIIEBHX MarHiTOIIPOBO/IIB

Tabmums 1.1 - XapaktepucTUKu HaMarHiYyBaHHS €JIeKTPOTEXHIYHHUX CTa-
neii 3405 toumHo0 0,35 MM Ta 3aJIeKHICTh KyTa BTPaT BiJl iHIyKIii

Hanpy:xenicte MarnitHoro nosst H, A/m| Kyt Brpar v, rp.en

MarnitHa| XapakTepuctuka | XapaKTepHUCTHKA

. . . ) XapakTeprucTuka

IHAYKUIA | HAMArHIYYBAHHS Ma- | HAMAHI4YBaHHS VTa BIPAT
B, Tn THITOIIPOBOAY rorosoro TC Y p

Kpara ripma | kKpama | Tipma | Kpama | Tipma
1 2 3 4 5 6 7

0,000 0,000 0,000 0,00 0,00 39,00 17,0
0,001 0,042 0,100 39,05 17,1
0,002 0,084 0,200 39,10 17,2
0,003 0,125 0,300 39,15 17,3
0,004 0,168 0,400 39,20 17,4
0,005 0,210 0,500 39,25 17,5
0,006 0,252 0,600 39,30 17,6
0,007 0,294 0,700 39,35 17,7
0,008 0,336 0,800 39,40 17,8
0,009 0,378 0,900 39,45 17,9
0,010 0,42 1,000 0,42 1,20 39,50 18,0
0,011 0,459 1,08 39,55 18,25
0,012 0,498 1,16 39,60 18,50
0,013 0,537 1,24 39,65 18,75
0,014 0,576 1,32 39,70 19,00
0,015 0,615 1,40 39,75 19,25
0,016 0,654 1,48 39,80 19,50
0,017 0,693 1,56 39,85 19,75
0,018 0,732 1,64 39,90 20,00
0,019 0,771 1,72 39,95 20,25
0,020 0,810 1,80 0,81 2,16 40,00 20,50
0,021 0,849 1,867 40,15 20,7
0,022 0,888 1,934 40,30 20,9
0,023 0,927 2,001 40,45 21,1
0,024 0,966 2,068 40,60 21,3
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IIpomosxenns tadu. I'.1

1 2 3 4 5 6 7
0,025 1,005 2,135 40,75 21,5
0,026 1,044 2,202 40,90 21,7
0,027 1,083 2,269 41,05 21,9
0,028 1,122 2,336 41,20 22,1
0,029 1,161 2,403 41,35 22,3
0,030 1,200 2,470 1,20 2,96 41,50 22,5
0,031 1,232 2,538 41,65 22,7
0,032 1,264 2,606 41,80 22,9
0,033 1,296 2,674 41,95 23,1
0,034 1,328 2,742 42,10 23,3
0,035 1,360 2,810 42,25 23,5
0,036 1,392 2,878 42,40 23,7
0,037 1,424 2,946 42,55 23,9
0,038 1,456 3,014 42,70 24,1
0,039 1,488 3,082 42,85 24,3
0,040 1,520 3,150 1,52 3,78 43,0 24,5
0,041 1,551 3,20 43,1 24,65
0,042 1,582 3,25 43,2 24,80
0,043 1,613 3,30 43,3 24,95
0,044 1,644 3,35 43,4 25,10
0,045 1,675 3,40 43,5 25,25
0,046 1,706 3,45 43,6 25,40
0,047 1,737 3,50 43,7 25,55
0,048 1,768 3,55 43,8 25,70
0,049 1,799 3,60 43,9 25,85
0,050 1,830 3,65 1,83 4,38 44,0 26,00
0,06 2,064 4,064 45,2 27,2
0,07 2,298 4,478 46,4 28,4
0,08 2,532 4,892 47,6 29,6
0,09 2,766 5,306 48,8 30,8
0,10 3,000 5,720 3,00 6,86 50,0 32,00
0,11 3,164 6,036 50,6 32,65
0,12 3,328 6,352 51,2 33,30
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IIponosxenns tadm.I'.1

1 2 3 4 5 6 7
0,13 3,492 | 6,668 51,8 33,95
0,14 3,656 | 6,984 52,4 34,60
0,15 3,820 | 7,300 53,0 35,25
0,16 3,984 | 7,616 53,6 35,90
0,17 4,148 | 7,932 54,2 36,65
0,18 4,312 | 8,248 54,8 37,20
0,19 4,476 | 8,564 55,4 37,85
0,20 4,640 | 8,880 4,64 10,70 56,0 38,50
0,21 4,769 | 9,202 56,45 38,95
0,22 4,898 | 9,524 56,90 39,40
0,23 5,027 | 9,846 57,35 39,85
0,24 5,156 | 10,168 57,8 40,30
0,25 5,285 | 10,490 58,25 40,75
0,26 5,414 | 10,812 58,70 41,20
0,27 5,543 | 11,134 59,15 41,65
0,28 5,672 | 11,456 59,60 42,10
0,29 5,801 | 11,778 60,05 42,55
0,30 5,930 | 12,100 5,93 14,50 60,50 43,00
0,31 6.077 | 12.36 60,85 43,3
0,32 6.224 | 12.62 61,20 43,6
0.33 6.371 | 12.88 61,55 43,9
0.34 6.518 | 13.14 61,90 44,2
0.35 6.665 | 13.40 62,25 44,5
0.36 6.812 | 13.66 62,60 44,8
0.37 6.959 | 13.92 62,95 45,1
0.38 7.106 | 14.18 63,30 45,4
0.39 7.253 | 14.44 63,65 45,7
0.40 7.400 | 14.70 7.40 17.60 64,00 46,0
0,41 7,511 | 14,96 17,92 64,25 46,25
0,42 7,622 | 15,22 18,24 64,50 46,50
0,43 7,733 | 15,48 18,56 64,75 46,75
0,44 7,844 | 15,74 18,88 65,00 47,00
0,45 7,955 | 16,00 19,20 65,25 47,25




IIponosxenns tadm.I'.1
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1 2 3 4 5 6 7
0,46 8,066 | 16,26 19,52 65,50 47,50
0,47 8,177 | 16,52 19,84 65,75 47,75
0,48 8,288 | 16,,78 20,16 66,00 48,00
0,49 8,399 | 17,04 20,48 66,25 48,25
0,50 8,510 | 17,30 8,51 20,80 66,50 48,50
0,51 8,60 17,60 21,16
0,52 8,69 17,90 21,52
0,53 8,78 18,20 21,88
0,54 8,87 18,50 22,24
0,55 8,96 18,80 22,60
0,56 9,05 19,10 22,96
0,57 9,14 19,40 23,32
0,58 9,23 19,70 23,68
0,59 9,32 20,00 24,04
0,60 9,41 20,30 9,41 24,40 67,5 50,5
0,61 9,509 | 20,53 24,67
0,62 9,608 | 20,76 24,94
0,63 9,707 | 20,99 25,21
0,64 9,806 | 21,22 25,48
0,65 9,905 | 21,45 25,75
0,66 10,004 | 21,68 26,02
0,67 10,103 | 21,91 26,29
0,68 10,202 | 22,14 26,56
0,69 10,301 | 22,37 26,83

70 10,400 | 2260 10,40 27,10 68,5 50,0
0,71 10,5 22,91 27,47
0,72 10,6 23,22 27,84
0,73 10,7 23,53 28,21
0,74 10,8 23,84 28,58
0,75 10,9 24,15 28,95
0,76 11,0 24,46 29,32
0,77 11,1 24,77 29,69
0,78 11,2 25,08 30,06
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IIponosxenns tadm.I'.1

1 2 3 4 5 6 7
0,79 11,3 25,39 30,43
0,80 11,4 25,70 11,40 30,80 68,5 48,5
0,81 26,09 31,27
0,82 26,48 31,74
0,83 26,87 32,21
0,84 27,26 32,68
0,85 27,65 33,15
0,86 28,04 33,62
0,87 28,43 34,09
0,88 28,82 34,56
0,89 29,21 35,03
0,90 12,3 29,60 12,30 35,50 69,5 45,5
0,91 30,01 35,994
0,92 30,42 36,488
0,93 30,83 36,982
0,94 31,24 37,476
0,95 31,65 37,970
0,96 32,06 38,464
0,97 32,47 38,858
0,98 32,88 39,452
0,99 33,29 39,946
1,00 13,6 33,70 13,60 40,440 69,5 41,5
1,01 34,12 40,944
1,02 34,54 41,448
1,03 34,96 41,952
1,04 35,38 42,456
1,05 35,80 42,960
1,06 36,22 43,464
1,07 36,64 43,968
1,08 37,06 44,472
1,09 37,48 44,976
1,10 15,00 | 37,90 15,00 45,480 70,0 36,5
1,11 38,46 46,152
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IIponosxenns tadm.I'.1

1 2 3 4 5 6 7
1,12 39,02 46,824
1,13 39,58 47,496
1,14 40,14 48,168
1,15 40,70 48,840
1,16 41,26 49,152
1,17 41,82 50,184
1,18 42,38 50,856
1,19 42,94 51,528
1,20 16,40 | 43,50 16,40 52,200 70,0 31,5
1,21 44,32 16,55 53,184
1,22 45,14 16,70 54,168
1,23 45,96 16,85 54,152
1,24 46,78 56,136
1,25 47,60 57,120
1,26 48,42 58,104
1,27 49,24 59,088
1,28 50,06 60,072
1,29 50,88 61,056
1,30 17,90 | 51,70 17,90 62,040 69,5 26,0
1,31 52,71 63,252
1,32 53,72 64,464
1,33 54,73 65,676
1,34 55,74 18,35 66,888
1,35 56,75 68,100
1,36 57,76 69,312
1,37 58,77 70,524
1,38 59,78 71,736
1,39 72,948
1,40 18,80 | 61,80 18,80 74,160 68,0 21,0
1,41 63,80 76,56
1,42 65,80 78,96
1,43 67,80 81,36
1,44 69,80 83,76
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IIponosxenns tadm.I'.1

1 2 3 4 5 6 7

1,45 71,80 86,16

1,46 73,80 88,56

1,47 75,80 90,96

1,48 77,80 93,36

1,49 79,80 95,76

1,50 21,80 | 81,80 21,80 98,16 65,0 16,0
1,51 84,44 101,328

1,52 87,08 104,496

1,53 89,72 107,664

1,54 92,36 110,832

1,55 23,70 | 95,00 23,70 | 114,000 | 62,0 13,5
1,56 105,00 126,000

1,57 115,00 138,000

1,58 125,00 150,000

1,59 135,00 162,000

1,60 25,70 | 145,00 | 25,70 | 174,000 | 58,0 11,5

1,65 28,20 240 28,20 288 51,5 9,5

1,66 318
1,67 348
1,68 378
1,69 408

1,70 31,10 365 31,10 438 42,5 7,5

1,71 31,88 406

1,72 32,66 447

1,73 33,44 488

1,74 34,22 529

1,75 35,00 570 35,00 684 30,0 6,0

1,76 972 1166,4

1,78 1776 2131,2

1,80 40,00 | 2580 40,00 3096,0 17,0 4,5

1,82 43,00 | 4400 43,00 5280 12,5 4,0

1,84 46,00 | 6900 46,00 8280 10,0 3,5

1,86 50,20 | 10000 | 50,20 12000 7,5 3,0




Tabmuus E.1 - Po3aMipu mmH KOpoO64YaToro nepeTuHy
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Po3mipu 06MOTYBaIBHIX POBOIIB

a,MM | b,mMm | c,Mm | r,MM | g, MM2
75 35 4 6 520
75 35 55 6 695
100 45 4 8 775
100 45 6 8 1010
125 55 6,5 10 1370
150 65 7 10 1785
175 80 8 12 2440
200 90 10 14 3435
200 90 12 16 4040
225 105 12,5 16 4680
250 115 12,5 16 5450

Tabmuus E.2 - MakcumanbHi po3MipH KPYTIIHX IPOBOJIIB MapoK
[I2JIBA, AIUIBA, TICA

Hiametp npory, | Hiamerp i30- | Hiamerp mpory, | Hiamerp i30-

MM JLOBAHOTO TIPO- MM JLOBAHOTO TPO-
BOY, MM BOJYy, MM

1,16 1,41 1,35 1,6
1,2 1,46 1,4 1,65
1,25 1,5 1,45 1,7
13 1,55 1,74 1.99
1,81 2,05 3,28 3,60
1,88 2,15 3,53 3,85
1,96 2,22 3,80 4,12
2,02 2,30 4,10 4,43
2,10 2,38 4,50 4,83
2,26 2,57 5,20 5,53
2,44 2,75 tinmeku AIIDJIB
2,63 2,94 5,00 5,38
2,83 3,14 6,00 6,34
3,06 3,37 8,00 8,35
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Tabmuig E.3 - Po3mipu npoBoy mapku [1BJ10
Po3zpaxy-
I_II{;);PII/II;I{ PosMipu MaxkcumanbHi | Enextpuanuii
30BHILIHI PO3MIpH orip
CIPYMOTI |+ JKHITH nposoay A x b, npu 20 °C,
poBigHOI | a X b, MM e OM/n
KUITH,

MM
13,4 3,3x5.1 4,5x 6,3 0,001354
15,5 3,8x 5,1 5,0x6,3 0,001171
15,5 4,4x 44 5,6 x 5,6 0,001171
18,0 4,4x5,1 5,6 x6,3 0,001010
24,3 4.4x6,9 5,6 x 8,1 0,000757
21,0 5,1x5,1 6,3x6,3 0,000864
32,6 5,1 x 8,0 6,3x9,2 0,000557
44,0 5,1 x10,8 6,3x 12,1 0,000413
28,2 5,9x5.9 7,1x7,1 0,000643
38,0 6,9 x 6,9 8,1x8,1 0,000478
51,2 6,9x9,3 8,1 x10,5 0,000355
51,2 8,0 x 8,0 9,2x9,2 0,000355
69,0 8,0x 10,8 9,2x 12,1 0,000263
80,0 3,0x 12,8 9,2x 13,8 0,000227




Tabmuus E.4 - Po3mipu MinHOT TPOBOJIOKH 1T

PAMOKYTHOT'O ICPETUHY

2

b, Mm |a, Mm| q, Mm% | a, MM | q, MM? |a, MM| g, MM® [a, MM| @, MM? |a, MM| q, MM
5 9,64 14,45 -
6 11,64 - 23,14
7.1 13,84 e 20,75 27,50
8 15,64 17’ 2 23,45 31,14
9 17,64 19 215 26,45 36,14
10 19,64 21’95 29,45 17,2 39,14
11,2 o 22,04 24’45 o 33,05 20,75 o 43,94
12,5 2 24,64 27’45 3 36,95 24,70 g 49,14
14 27,64 307 415 27,90 55,14
15 29,64 34'5 - 31,4 59,10
16 31,64 36 '95 47,45 63,1
20 - 39’45 59,52 79,5
25 - 49’52 74,52 99,5
28 - ' - 112,0
30 - - 119,5

cL
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Tabmums E.5 - Po3mipu MigHUX Ta aqroMiHIEBHX IIHH TPSIMOKYTHOTO TIe-
peTuny

b, Mm a, MM
10, 12 3, 4,5, 6
b |15 34,56 8 10
20 3, 4,5, 6, 8, 10,12
(|25 3,4,5,0,8, 10, 12, 15
30, 40, 50, 60 3, 4,5, 6,8, 10, 12, 15, 20
a 80 5 6, 8, 10, 12, 15
100 5, 6, 8, 10, 12
120 6, 8, 10, 12
Tabmuns  E.6 - Po3mipu anromMiHieBUX MIMH TPpyOYaCcTOTO MEPETHHY
di, Mmm d, Mmm di, Mm d, Mmm
16 13 50 45
20 17 55 50
22 18 60 54
30 27 70 64
36 26 80 74
30 25 80 72
40 36 85 75
40 35 95 90
45 40 100 90
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Tabnms XK. 1-rabapursi po3mipu TC

Tun TC Po3mipu, MM
A b B r )l E
TO3M35AY1 860 680 490 550 - 490
TO3M3SAXIIL 900 680 490 560 15 490
TO3M35B-1V1 1130 900 552 560 - 512
TO3M35b-1TY1

BapianT I 1080 880 552 560 18 512
Bapianr 11 1070 860 552 68 18 512
TP3M33T 1230 980 552 656 - 512
TP3M1105-1V1 1510 1230 512 560 - 552
TO3M150A-1V1 2345 2050 726 - - 810
TP3MI1506-1V1 2640 2140 670 720 - 670
TO3M1505-11Y 1 2246 1870 810 720 - 720
TO3M220B-111V1 3080 2755 990 900 18 990
TO3M2206-1VV1 3280 2850 990 1155 - 990
TP3M2205-1V1 3350 3080 740 920 - 740
TOPM3306-1Y1 4670 4340 1000 1702 - 600
TOPM330B-11V1 4900 - 1000 1880 - 600
TOPMS5006Y1 6320 - 1160 1880 30 1140
TOPM5006-1Y1 6400 - 1160 2085 30 | 1140
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Honatok JI

Taomuirst JI.1 - OcuoBHi Tepminu 1 BusHadeHns 3a JICT 18685-73

Kitac Tounocri

VY3araneHeHa xapaktepuctuka TC, oOymoBieHa
BCTAQHOBJICHUMH MEXaMH TOTPIITHOCTEH, 10 A0IyC-
KaroThCs, TPH 33JaHuX yMoBax pobotu. Kimac ToduHo-

TC CTi TIO3HAYAETHCA YHCIIOM, IO MOPIBHIOE MEXi TO-
KOBOT MOTPIITHOCTI, IO JOMYCKA€EThCS, Y BiJICOTKAX
MPY HOMIHAJLHOMY TIEPBHHHOMY CTPYMI.
[lepeurna 006-|O0MOTKaA, Yepe3 KOTpPY MPOTIKAE CTPYM, IO TiJIsTae
MoTka TC TpaHcopmartii.
Bropuana 00-|O0MoOTKa, 1O sKiff TpoTikae TpaHCHOPMOBAHUMA
MoTka TC (BTOpHHHUH CTpYyM)

Oomorka TC 13

Oomotka TC, 110 Ma€ BHUCHOBKH BiJ YaCTHHH BUTKIB
JUTSL OJIepKaHHS Pi3HUX KoeimieHTiB TpaHchopMariii .

BiJIraTy>KeHHSI-
MH
OOmMmoTKa J1aH-

koBoro tuiry TC

Ob6motka TC, BUKOHAHHS TakK, IO BHYTPIIIHS 130-
JiALis TpanchopMaropa KOHCTPYKTHBHO —PO3IOJiICHA
MiX TIEPBUHHOIO 1 BTOPHHHOIO OOMOTKAaMH, & B3a€EM-
HE pO3TallyBaHHS OOMOTOK Harajye JIaHKH JIAHIIIOTa.

Oomorka U -
o0pa3HOro TH-
ny TC

Obmotka TC, BUKOHaHa Tak, IO BHYTPIIIHS 13071s-
is TpaHCQOpMaTopa HaHECEHA B OCHOBHOMY TiIbKH
Ha MEepBUHHY OOMOTKY, 10 Mae U-o0pa3ny dopmy.

ObwMmoTKa pu-
MOBHJTHOTO
tuny TC

Obmotka TC, BuUKOHaHA Tak, MO BHYTPIIIHS 130J1s-
s TpaHcopMaTropa HaHECEHa B OCHOBHOMY TiIBKU
Ha BTOPMHHY OOMOTKY 111 BUBIOHI KiHII, a cami
O0OMOTKH YTBOPATh PHUMOBHJIHYIO (OpPMY.
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IIponoskenns Tadymi JI.1

Bropunne
BaHTAKEHHS

Ha-

[ToBHUI omip 30BHINTHEOTO BTOPHHHOTO JaHIora TC,
BUpaXCHE B OMaXx i3 YKa3iBKOIO KoedillieHTa MOTYX-
HOCcTi. BTOpuHHE HaBaHTa)KEHHS MOXKE XapaKTepH3y-
BaTHCS TaKOXK yAaBaHy IMOTYXKHICTb Y BOJIBT-aMIIepax,
CHIOKMBAHOI HEIO TIPH TaHOMY KOediIli€HTi TOTY>KHOC-
Ti IpY HOMIHAJTHHOMY BTOPHHHOMY CTPYMi.

Hominansue
BTOPHUHHE HaBa-
"raxeuas TC

3HaueHHS BTOPUHHOI'O HABAHTAXXCHHS, 3a3HAYCHC HA
MACTOPTHIN TaONW4YIl, PH SKOMY TapaHTYETHCS Ki1ac
TOYHOCTI YU TpaHC(hopMaTopa rpaHUIHA KPATHICTD.

Kparnicts mep-

BigHomenns nepsunHoro crpymy TC go ioro Howmi-

BUHHOI'O CTpPY-|HaJbHOTO 3HAYCHHSI.

my TC

YOynoBanuit TC, nepBUHHOI OOMOTKOIO SIKOTO CIIYXKUTh BBEICHHS

TC CJICKTPOTEXHIYHOTO MPUCTPOIO.

Omnopuanit TC  |TC, mnpu3HadeHW# UIA YCTAaHOBKH Ha OIOPHINA IUIO-
LIMHI.

poxigauit TC |TC, npu3HaueHwid A7 BUKOPUCTAHHS HOTO SK yBe-
JICHHSI.

Iuanauit TC TC, mnepBUHHOI OOMOTKOIO SIKOTO CIYXH OJHA YH
TPOXH HapalieIbHO BKIIOYEHUX LIMH PO3MOAUIBHOTO
MIPUCTPOIO.

Onnocryminva- |TC 3 ogHi€to cTyniHHIO TpaHcdopMallii cTpymu

il TC

Kackaguuit TC

TC i3 nmekimpkoma MOCIHIJOBHUMHU CTYIIHAMH TPAHC-
¢dopmariii cTpymy.




Tabmurs E.7 - Jlani monepeaasoro po3paxyHky MaraitHoi cuctemMu TC (ipukiiaza 3aoBHEHHS).

=
8 Hi, Bmi, Scﬁ, SCT; hmin, hmax, hM, TMy 2, ZZ,
= K| f K |l u AM | Tn M2 | M2 M M M M Om | Om
Z
0,05/ 0,03 (0,0485 2,45 10,0176 2,59
1/1,0/001| 0,99 (0,368| 16,3 |0,0286| 3,25 | 6,34 |0,0258|0,0373|0,035(0,0192|0,217(0,785
12 10,07 | 11,16 1370| 1,65 | 6,34
0,05/ 0,03 {0,0485 2,21 0,12 | 4,96
2110|001 | 0,99 [0,407|14,7| 0,254 | 4,78 | 8,3 |0,0296| 0,418 |{0,035| 0,025 (0,234| 0,8
12 10,07 | 11,16 1238| 1,65 | 8,3
0,05/ 0,03 {0,0485 2,19 (0,0109]| 5,56
311,0/0,01| 0,99 |0,429| 14 | 0,24 |5,15]| 8,54 10,0298(0,0422|0,035| 0,025
12 10,07 | 11,16 1174| 1,65 | 8,45

3a pesynbTaTaMH pO3paxyHKYy BHUKOHYETHCS €CKi3 BiKHa MAarHiTOIIPOBOAY 3 PO3MIIEHHIM
o0MoTOK (puc.E.1) i 3amoOBHIOETHCS MiJICYMKOBa TaOJUIISI, & TAKOXK BUKOHYETHCS €CKi3 MAarHiTHOI
CHCTEMH 3 TIPOCTABJICHHIM PO3MipiB
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