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BCTYIl

Hucnuninina «lHXeHepHE NPOEKTYBaHHS EJIEKTPUYHHUX MAlIMH Ta
TparHcPOpMaTOpiB» y BIAMOBIMHOCTI 3 HABYANHHUM IJIAHOM BHBYAETHCS
cTyaeHTamHu crieniainbHocTi 141 «EnexTpoeHepreTrka, eleKTpoTexHiKa Ta
eJIeKTpoMeXaHika» ycix GpopM HaBYaHHSI.

Y posmimi aucuururian «lH)XKeHEepHe MPOEKTYBaHHS EIEKTPUIHHUX
MalliH Ta TpaHchopMaTopiB», MPHUCBIYCHOMY NPOCKTYBAHHIO CHIIOBUX
TpaHchopMaTopiB, aBTOTpaHCHOPMATOPIB Ta PEaKTOPiB AETAIBHO PO3TJIs-
JTAIOTHCST OCOOIMBOCTI KOHCTPYIOBaHHS Ta PO3paxyHKIB IMapaMmeTpiB Ta Xa-
PaAKTEPUCTUK OCHOBHMX KOHCTPYKTHBHHUX CKJIaIOBHX TpaHcopmaTopa. B
IUX METOAMYHUX BKa3iBKaxX HABEJCHO: OCHOBHI PO3IIIH, SKi IOBUHECH
BKIIIOYATH B ce0e KypCOBHI MPOEKT, peKOMEHAIll 31 3MiCTy PO3ILTB Ta
peKoMeH Il 3 BUOOPY TOMOMIXKHOTO 00JIaTHAHHS TpaHC(HOPMAaTOpiB.

[Tpu poboTi Hax MaTepiaoM AUCHUILTIHA HEOOXiTHO KOPUCTYBATHCh
KOHCIIEKTOM JICKLiH, miaApydYHUKaMu (c. 48) Ta METOANYHUMH BKa3iBKaMH.
Ilin wac omparfoBaHHS Ta MIArOTOBKH 10 3/4adi KypPCOBOTO TPOEKTY
000B’SI3K0BO TpeOa 3BEpHYTH yBary Ha IMHTaHHS JJIs caMoIepeBipku. SIk-
110 BiJIMIOBIJIi HA Il MUTAHHS CTAHOBJISAThH TPYIHOILI, HEOOXITHO BiJIMIOBIIHY
TEMY OIPAaLIOBATH 32 IHIIMMH MiIpyYHUKAMH a00 3BEpHYTHCS 38 KOHCYJIb-
Tali€ero 10 BUKJIAAaqa.

[TpuiioM KypcoBOTO MPOEKTY 3IIHCHIOETHCS KOMICI€l0, B CKIIaM SKOT
BXOANTH KEPIBHUK KYPCOBOT'O MPOEKTY, JIEKTOP Ta BUKIazadi. Jo 3axucty
JOITyCKaeTbesa KypcoBuid mpoekt opopmiennit 3a CTII 15-96 nepesipennii
Ta MiAMUCaHUH KepiBHUKOM IMpoekTy. CTyAeHT MOBUHEH MiAr0oTyBaTH JIO-
noBib Ha 8-10 XBUJIMH Ta IPYHTOBHI BiJIIOBI/II HA MUTAHHS IS cCaMoIlepe-
BipKH.



1 META TA 3AJAYI KYPCOBOT' O IIPOEKTY

MeTa BUKOHAHHS KYPCOBOI'0 MPOEKTY: MMOTJINOIICHE BUBYCHHS Ma-
tepiany 3 posainy "Tpanchopmaropu" [1, 2]; 3aCBOEHHS OCHOBHHUX MPHH-
[UTIB, OCOONMMBOCTEH Ta IH)KEHEPHOI METOIWKH MPOEKTYBAaHHS CYYaCHUX
JIBO- T2 TPUOOMOTKOBHX TpaHc(opMaTopiB Ha 0a3i BUKOPUCTAHHS HOBITHIX
JOCSATHEHBb B Tally3i pO3paxyHKy Ta BHPOOHMLTBa TpaHc(opMaTopis; Mmif-
TOTOBKa CTYACHTIB 0O CAMOCTIHHOTO BHPIIICHHS IH)XKCHEPHHX 3a7ad MpU
KOHCTPYIOBaHHI, IPOEKTYBaHHi, BUPOOHUITBI Ta eKcIuTyatauii TpaHcgop-
MAaTopiB.

MeTomuuHi BKa3iBKH MpU3HAYEHi IS TPo¢eciitHOl M IrOTOBKY CIie-
iaTICTiB Ta MAriCTPiB JO MPAKTHIHOI JisSUTBHOCTI.

3agayi KypcoBOro mpoeKkTy

Jns mocsTHEHHS BKa3aHOI METH B MPOLIECi HABYAHHS CTy/ACHTaM He-
00XiTHO TOTTMOIEHO BUBYUTH HACTYIHI PO3IIIN TUCIUTUTIHU:

—  KOHCTPYKIIisl OKpEMHX BY3JiB TpaHC(HOPMATOPIB;
—  METOJUKa MONepeTHhOr0 PO3paxyHKy TpaHcopmMaTopa Ta BUOIp or-

TUMaJIbHOTO BapiaHTy 3TiIHO 3aBJAaHHIO Ha MIPOEKT;

—  METOJ¥Ka MOBHOTO PO3paxyHKy TpaHc(hopMaTopa.

PoGoTta Hax KypcOBHM HPOEKTOM ITOBHHHA JIOIIOMOITH CTYAEHTaM
OIMaHyBaTH MPOEKTYBaHHS OCHOBHUX BY3JIB TpaHChOpMaTopa 3 ypaxyBaH-
HSIM HOBUX aKTUBHHX 130JIAIIHHUX Ta KOHCTPYKIIHHUX MaTepialiB, Cpus-
TH 03HAHOMJICHHIO 3 JIOCBiZIOM TpaHCc(OpMaTOpoOyaiBHUX 3aBOMIB B rairys3i
NPOEKTYBaHHS Ta BUTOTOBJICHHS TPAaHC(HOPMATOPIB 3 ypaxyBaHHSIM OCTaH-
HiX JIOCSATHEHbB, KpaIllUX TEXHIYHUX pillleHb Y BAOCKOHANEHHI TpaHchopma-
TOpIB.



2 3ABJAHHA, OBCAI TA 3MICT
KYPCOBOI'O IPOEKTY

2.1 TexHniuHe 3aBIaHHA

Kypcosuii npoekt (KII) 3 npoekryBanHsi TpanchopMaTopiB CTyIEH-
TH BUKOHYIOTH BiAITIOBIHO 13 3aBIaHHSIM, K€ BHUIACTHCS KEPIBHUKOM IPO-
eKTYy.

3aBmaHHs BKIIOYA€E B cebe: TUN TpaHcopMaTopa; HOMiHANBHY IIO-
TYXHICTh; HOMIHAJIbHI HAIPYru 0OMOTOK; CXEMU Ta TPYIy 3’ €IHaHb 0OMO-
TOK; Harpyry kopotkoro 3amukanas (K3); Brpatu K3; BrpaTnn Hepobodoro
xony (HX); ctpym HX; marepian 0OMOTKOBOTO MPOBOAY — Mifb ab0 aito-
MiHil, pe)KUM HaBaHTaKEHHS — JOBTOTPHUBAJINIA; XapaKTep PO3MIllIeHHS —
BHYTpIIIHE 200 30BHIIITHE.

B Tabmumsx Al, A2 nonaTky A HaBeleHI BapiaHTH TEXHIYHUX 3a-
BJIaHb Ha KypCOBHH MPOEKT. 3aBIaHHA MiAiOpaHi TaKUM YUHOM, 1110 KYpCo-
BUH TIPOEKT pa3oM i3 TUINIOMHUM MPOEKTOM CKJIaJIa€ €MHY CUCTEMY B3ae-
MOTIOB'SI3aHUX MPOEKTIB, AKi MOCHTITOBHO YCKIIATHIOIOTHCS.

2.2 06csAT KYpcoBOI0 MPOEKTY

KypcoBuii poeKT 3 MpoeKTyBaHHS TpaHChOopMaTopa CKIATAETHCS 3
PO3paxyHKOBOI Ta rpagiyHOT YaCTHH.

P03paxyHKOBOIO 4acCTHHOIO € MOsICHIOBaNIbHA 3amucka (45-50 cropi-
HOK), pO3po0JieHa Ha KOMIT'IOTEpPi Ta MepeBipeHa KEPIBHUKOM MPOEKTY Tie-
pell po3IpyKyBaHH:M, sika 0QopMIroeThes 3rigHo 3 Bumoramu CTII 15-96
[8].

OdopMiICHHS PUCYHKIB MOSICHIOBATIBHOI 3aIIMCKH Ta KPECICHb MOXKE
OyTu KoMIT' PoTepHUM. [ 'padiuHa yacTHHA NPOEKTY CKIAMAETHCS 3 ABOX JIH-
CTiB KpecnieHb opmary Al: Ha MepUIOMY JHCTI NOAAETHCS 3aralbHUN BH-
risit Tpancdopmaropa (2-3 Buau, SKi JO3BOJSIOTH CKIACTH YSBICHHS TPO
KOHCTPYKTHBHI 0COOJIMBOCTI TpaHcHOpMAaTOpa); Ha APYrOMy — OKpeMi By3-
M (MarHiTHa CHCTeMa, akTHBHA YacTHHA, OOMOTKH Ta IHILE) Ta JeTalli Tpa-
HCOopMaTopa 3TiIHO 3 BKa3iBKaMH KEPiBHUKA IPOEKTY.

[MpaBuia oopMIICHHS OSICHIOBAILHOI 3aITUCKH Ta KPECIIeHb JIOKJIa-
JTHO 13 IPUKJIaJaMyd HAJaHO B KOMIT FOTEPHOMY BUTJISZII B KOMIT IOTEPHOMY
kiaci kapeapu «Enekrpuuni MammHm» (ayauropis 268).



2.3 3mMicT KypCcOBOT0 MPOEKTY

Ta6auns 2.1 — CkjagoBi KypcoBOro npoeKkTy Ta TepMiHH iX BUKOHAHHS

06- Yac Tepmin
Ne HaiimenyBanHs po3ainy cAT, |BuKoHaHHS, |BUKOHAHH,
% TOINH TIDKHIL
1 |BusHadeHHS OCHOBHUX EIEKTPHYHHIX
BEJMYHNH 2 1 1
2 |Po3paxyHOK OCHOBHHUX PO3MipiB 7 4 3
3 |Po3paxyHOK 0OMOTOK 15 8 4
4 |Po3paxynoxk K3:
BU3HAYEHHSI BTPAT 5 3 5
PO3paxyHOK HAMpyT 5 3 6
BU3HAYCHHS MEXaHIYHUX CHJ, HapyT
Ta HarpiBaHHS 0OMOTOK mpu K3 5 3 6
5 |Po3paxyHOK MarHiTHOI CHCTEMH:
3aKJIIOYHUN PO3PaxyHOK MarHiTHOI
CHUCTEMU 8 4 7
PO3paxyHOK MapaMeTpiB HepoOOYOTro
X0y 4 3 8
6 |Po3paxynok KKJI TpanchopmaTopa 2 1 9
7 |TermmoBuii po3paxyHOK Ta PO3PaxXyHOK
CUCTEMHU OXOJIOKEHHS 7 4 9
8 |BusnaueHHsT MacH aKTHBHOI YaCTHHU,
KOHCTPYKIIMHUX MaTepiajliB Ta Macia
TpaHchopmarTopa 2 1 10
9 |Po3pobka KOHCTpYKIi TpaHChopMaTOpa
Ta ii onMCcaHHA 3 ypaxyBaHHIM €KOHOMIi
MPUPOJHUX PECYpPCiB Ta OXOPOHM Ha-
BKOJIMIITHBOT'O CepeIOBUIIIA 8 5 10
10|BukonaHHs KpeciieHb Ta OQOPMIICHHS
TTOSICHIOBJIBHOI 3aITHCKHU 30 16 12
Ycworo 100 56 12

3aXUCT KypCOBOI'O MPOEKTY IIaHy€eThes Ha 12 - 13 TrokHI.




3 METOANYHI BKA3IBKHA 3A PO3AIJIAMHA
KYPCOBOI'O IPOEKTY

3.1 Bu3HayeHHsI OCHOBHHX eJIEKTPUYHHUX BeJuuuH [1, rir. 3-4]

3.1.1 Po3paxyHoxk JIiHiliHMX Ta (pa3HMX HAIIPYT Ta CTPYMiB 00MOTOK

Po3zpaxyHok TpancdopmaTopa modaTH 3 BU3HAUCHHS OCHOBHUX elle-
KTPUYHUX BEIUYMH: MOTYKHOCTI Ha (a3y Ta CTPWKEHb; JIHIHHUX Ta (a3-
HUX CTPYMIB 3TiIHO 31 cXeMaMHu 3’€JHaHHS OOMOTOK BHCOKOi HAaIlpyTH
(BH), cepennboi nanpyru (CH) ta Husbkoi Hanpyru (HH), dasnux nanpyr
00MOTOK.

3.1.2 Bu0ip Bunpo0yBajabHUX HAPYT 00MOTOK

3a kjmacaMu Hanpyr oOMOTOK 0OpaTH BUIIPOOYBaIbHI HANIPYTH, MiCIs
YOro BU3HAUMTH KOHCTPYKIIIO Ta MiHIMaIbHO TMPUITYCTHMI 130JISILiKHHI Bif-
CTaHi TOJOBHOI Ta MOIOBKHBOI 130JIs1MIii. 32 00paHUMH TaHUMHU HAKPECIH-
TH ecKi3 301l Tpancdopmaropa [ 1, puc. 4.6 a6o 4.7]

3.1.3 Po3paxyHOK aKTHMBHOI Ta pPeaKkTHBHOI CKJAJ0BUX HaNpyru
KOPOTKOT0 3aMHKAHHS

Po3paxyHOK aKTUBHOI Ta peaKTHUBHOI CKJIaJIOBUX HAMPYTU KOPOTKOTO
3aMHUKaHHS IIPOBECTH 3a MMOYATKOBUMHM JAHUMM HA IIPOEKTYBaHHA: IOTYXK-
HICTIO TpaHC(opMaTOpa Ta BTpaTaMK KOPOTKOTO 3aMHUKaHHSI.

3.2 Po3paxyHoK 0CHOBHHUX po3MipiB Tpanchopmaropa [1, ri. 2-4]

3.2.1 Budip cxemMH, KOHCTPYKHIii Ta TeXHOJIOrii BHMIOTOBJIEHHS
MAarHiTHOI CHCTEMH

OO0patyu IWIOCKY CTPHKHBOBY 200 OPOHECTPHKHBOBY (B 3aJI€KHOCTI
BiJl TabapuTy) KOHCTPYKIIFO MAarHiTHOI CUCTEMH, CXEMy INUXTYBaHHS Ta
CIOCOOM CKPIMJICHHSI CTPHXKHIB Ta SpeM B 3aJIEKHOCTI BiJl IMOTYXHOCTI
TpaHchopmaropa Ta kiacy Hanpyru oomotku BH 3a [1, 2].

3.2.2 Bubip Mapku Ta TOBHIMHH JIMCTiB cTajdi Ta THOY i30suii
NJAaCTHH, IHAYKIl B MArHITHIA CUCTEMI

BubOpaTti mMapky ctaji Ta TOBIIMHY JHCTIB. 32 TIOTYXHICTIO TpaHC-
(dopmaropa BU3HAYUTH YHCIIO CTYIEHIB B IEpepi3i CTPUXKHIB Ta speM, 00-
patu KoedilieHTH Kpyra Ta 3allOBHEHHS Kpyra 3 ypaxyBaHHSM MOJOBXKHIX



KaHaJiB, po3paxyBaTH KOe]illieHT 3aII0BHEHHS CTAILTIO0. 3aJaTHCh 1HIYKITi-
€10 B CTPIDKHI Ta, BPaXOBYIOUM KOE(IIIEHT MOCHIICHHS SpMa, BU3ZHAYUTH
IHAYKLIIO B ApMi; pO3paxyBaTH IHAYKIIIO B KOCOMY CTHKY.

3a BIIOMHMH iHOYKLiSIMUA 0OpaTy MUTOMI BTPATH B CTalli Ta MUTOMI
HaMarHivylo4i MOTYKHOCTI B CTPIDKHSX, IPMaxX Ta CTUKAaxX MarHiTHOI CHC-
temu. OOpaTH, B 3aJI€)KHOCT] BiJl KOHCTPYKTUBHUX Ta TEXHOJOTIYHUX (hak-
TOpiB, Koe(ilieHTH 30UIBIIEHHS BTPAT Ta PEaKTHUBHOI MOTYKHOCTI TpaHC-
dbopmaropa.

3.2.3 Ionepenniii BUGIp KoHCTPYKUii 00MOTOK [1, ru1. 5]

3a [1 Taba. 5.8] 0OpaT KOHCTPYKI[it0O 0OMOTOK, BPaXOBYIOUH TEXHO-
JIOTiYHI OOMEKEHHs, OCHOBHI JIOCTOTHCTBA Ta HEJOTIKM KOHCTPYKIIii, MaTe-
pian oOMOTOK Ta MeXi BUKOPHCTAHHS 3a: TOTYXKHICTIO TpaHchopmaropa,
CTPYMOM Ha CTPHWKEHb Ta HAaIPyToIo.

3.2.3 IlomepeaHiii po3paxyHok TpaHcdopmaTopa Ta  BHOIp
cniBBiHOLIEHHSI OCHOBHUX po3Mmipis P [1, § 3.4-3.7]

[lomepennilt po3paxyHOK TpaHchopMaTopa A KiJbKOX 3HaYeHb [3
BUKOHATH 3 METOI0 BU3HAYCHHS OCHOBHHMX ITOKa3HHWKIB: MacH aKTHBHUX
MaTepiaiiB (CTaji MarfHiTHOI CHCTEeMH Ta OOMOTOK); pO3MIipiB MarHiTHOL
CHCTEMH Ta OOMOTOK, BTpaT Ta CTpyMy HEpOOOYOro XOay, BApTOCTI aKTHB-
HOT YaCTHHHU TpaHCc(opMmaropa. AHaJI3 I[MX MOKA3HHUKIB JI03BOJIUTh BHU3HA-
YUTH ONTHMAJbHE CIiBBiJHOIIECHHS F€OMETPHYHHUX PO3MIpIB, sSIKE Bi/IMOBI-
Jla€ 3aBJAHHIO HA MPOEKTYBAaHHS Ta OJHOYACHO 33J0BOJILHSE YMOBI MiHi-
MaJIbHOI BapTOCTi aKTUBHUX MaTepiaiB.

VY3aragpbHEHUI METOJ MOMEPEeJHHOTO PO3paxyHKy 3abesredye BU-
3HA4YCHHS BUILEBKA3aHUX BEIWYMH TpaHCPOpPMaTopa BiJI HE3AICKHUX
3MIHHHX, IO 3MIMCHIOIOTh HANOIMBIINK BIUIMB HAa KOHCTPYKIIIO Ta po3pa-
XYHKOBI XapaKTepUCTUKU TpaHchopMaTopa. TakuMu 3MIHHUMH € JiaMeTp
CTPIIKHS MarHiTHOi cuctemMu d Ta CHiBBIJHOIICHHS OCHOBHHX PO3MipiB
00MOTOK TpaHcdopmaTopa

p=mdpp/l, (3.1)
e 7Z'd12 — CepeHsl IOBXKUHA PadialIbHOTO KaHATy MiXK OOMOTKaMH,

| — BucoTa 0OMOTOK.

BenuunHa £ MOXe 3MIHIOBATHCh B HIMPOKUX Mexax Big 1.0 mo 3.5.
MeHmM 3HaYeHHSM f BiJINIOBIIalOTh BiTHOCHO BHCOKI Ta BY3bKi TpaHC]O-
pMaropu, OiBIIMM 3HAYEHHSAM [ — HHU3bKI Ta IIMPOKi TpaHchopMaTopu.
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IIpu 3pocranHi £ 301TBIIYETHCS Maca CTalli MarHiTOIPOBOAY 1 3MEHIITY€Th-
sl Maca MeTaixy OOMOTOK.

Po3paxyHOK OCHOBHHMX KOHCTPYKIIMHUX Ta €JICKTPUYHUX BEIUYUH
TpaHc(opMaTopa B 3aJICKHOCTI Bi £ CIIiJ MPOBECTH 3TiTHO PEKOMEH/IAIli-
sum [1]. 3a maHUMH po3paxyHKy Pi3HUX BapiaHTiB KOHCTPYKTUBHOTO BHKO-
HaHHS TpaHcopmaropa o0y yBaTH HACTYIHI rpadiku:

G, Gy: Gem, G = f (ﬁ)v Cas = f(ﬂ); Pyx="f (ﬁ)'

ib=f(8); op=F(B); I=F(B): d dp I, C=1(p),

ne G., G,;, G G
Iy Ta OOMOTOK BiAIIOBiTHO, KT;

C,, — BIIHOCHA BapTiCTh akTHBHOI YacThHM (32 100 % HeoOXimHO
NPUAHITH MiHIMalbHY BapTiCTh aKTUBHOI YaCTHHU), %0;

P, — BTpatu Hepobodoro xony, kBt;

— MacH CTaJli CTPUKHIB, SIPEM, MarHiTOIPOBO-

cm? o

o, — MexXaHiuHe HanpyxenHs, Mlla;

J —ryctuna ctpymy, A/m;

d, di,, I, C — miameTpu CTpHXKHS Ta KaHATy MiX OOMOTKaMH, BUCO-
Ta OOMOTOK Ta BiZICTaHb MiK OCSIMH CTPIIKHIB MarHiTOPOBOY, M.

3.2.4 BuOip pniamerpy crpuxkHsi TpaHcdopMaTOopa Ta PO3PaXyHOK
PO3MIpPIB MAar"HiTHOI CUCTEeMH

3rigHo nmoOyxoBanuM (m. 3.2.3) rpadikaM HakpecIuTH Jiarpamy [1,
puc.3.13], 3a 10MOMOror0 SIKOT BU3HAYMTH ONTHUMAJIbHE 3HAUCHHS [ 1 mia-
METpPY CTPH)KHS MarHiTHOI CHCTEMH, TP SKUX BTPATH Ta CTPYM HEpoOOUo-
ro xoay OynyTs BiamoBigatu TexHigHOMY 3aBaanHio 10 KII, Ta HOopMoBaHi
BEJIMYMHHU TYCTUHH CTPYMY 1 MEXaHIYHHX Hampyr B oOMoTkax npu K3 He
OyIyTh TEpPEBUIIYBATH IIPUITYCTHMHX MEX.

[TpuitHATH HAWOIMBII OMU3BKHUI HOPMAJI30BaHUMA JiaMeTp CTPIKHS
MarHiTHoi cuctemu [ 1, C.87-88], micis yoro nepepaxysaru 3 ta X. [Lmomry
nepepizy CTPHKHS BU3HAYMTU 32 HOPMAaJIi30BaHUM JiaMeTPOM CTPHIKHS 13
[1, Tabm. 8.7].

3a ¢opMysaMH MOMEPEIHBOTO PO3PAXyHKY 3 HOPMaJi30BaHUM Jia-
METPOM CTPWKHS pPO3paxyBaTh CEpeIHid JTiaMeTp OOMOTOK, Opi€HTOBHY
BUCOTY OOMOTOK, BUCOTY CTPHXHIB, BiICTaHb MK OCAMH CTPHXHIB, Macu
CTajli MarHiTHO1 cucTeMH, 0OMOTKOBOI'O MPOBOIY, I'YCTHHY CTPyMy B 00-
MOTKaX, BAPTICTh aKTUBHOT YaCTUHH B YMOBHUX OJIMHUIISX.
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3.3 Po3paxyHok o6moToK [1, ri. 5, 6]

3.3.1 Po3paxyHOK 00MOTKH HU3BKOI HATIPYTH

ITpu pospaxynky oOmorkn HH Bu3HAuWTH: 4MCIO BUTKIB 3 OKpYT-
JICHHSIM 0 1isoro uncia, yrounene EPC oxHoro BuTKa, cepeHIO TYCTHHY
CTpyMy, TIOTIEpeAHii Tepepi3 BUTKA 3 OJHOYACHUM BHOOpPOM PO3MIipiB cTa-
HAapPTHOTO MPOBOJY. YTOYHHTH, 3 YpaXyBaHHSAM Iepepi3y BUTKa, THUI 00-
MOTKH [1, Ta6.5.8]. [Ipu BUKOHAHHI OOMOTKH i3 JCKUILKOX IMapaieIbHUX
MIPOBITHUKIB ONMCATH BUKOPUCTAHY CXEMY TPAHCIO3WIIii; BUKOHATH PO3-
MOJTi7T OOMOTKH B OCHOBOMY Ta pa/ialbHOMY HamlpsMax; BU3HAYHTH KOHCT-
PYKIIIO Ta pO3MipH MO3J0BXKHBOT 1301511

Po3paxyBaTu MOBHY BUCOTY OOMOTKH 3 YpaxyBaHHSM YCiJJaHHS MPO-
KIIQJOK ITiCTISl CYIIiHHS W OMpecyBaHHS, paliaJbHUI po3Mip OOMOTKH, BHY-
TPILIHIHA, cepe/IHiii Ta 30BHIIIHIN JiaMeTpu 0OMOTOK, PO3pOOUTH KOHCTPY-
KIIi}0 Ta BU3HAYUTH PO3MIPH TOJIOBHOT 130JISIIi.

Po3paxyBaTu ryCcTHHY TEIUIOBOTO MOTOKY Ha OXOJIO/XKYBaHii MmoBep-
XHI OOMOTKH. SIKIII0 0OMOTKA CKJIAJA€ThCS 13 KIIBKOX KOHIIEHTPIB TO T'yC-
TUHY TEIJIOBOTO IMOTOKY PO3paxyBaTH LISl KOXKHOTO 3 HUX 1 HAHOLIbIIY Be-
JTUYUHY PUAHATH 32 TYCTUHY TEIUIOBOT'O TIOTOKY OOMOTKH.

PospaxyBaTu Macy MeTany Ta mpoBOJy OOMOTKH.

3.3.2 Po3paxyHOK 00MOTKH BHCOKOI (CepeaHb0I) HANPYTH

Po3zpaxynok oomotku BH (CH) nouatu 3 Bu3Hau€HHsI 4nciia BUTKIB
oomotku BH (CH) 3 okpyrnenssaM ao nijoro uncna. Pozpaxysatu Hanpyry
Ta YKMCJIO BUTKIB (3 OKPYTJICHHSM JI0 LIJIOTO YKCJIa) Ha OJHOMY CTYIICHI pe-
T'YJIIOBaHHS; PO3pPaxyBaTH HAMIPYTH Ta YUCIIO BUTKIB JIJIsI KOKHOTO CTYICHS
PETYIIIOBaHHS, pO3paxyBaTu KoedimieHTH TpaHchopMaIllii Mo BUTKaM Ta 110
Hanpyram Jijisi KOKHOTO CTYIEHSl pEeTyJIIOBaHHs Ta MEPEBIPHTH BiJIOBil-
HICTh BIIXWJIEHb KOE(III€HTIB TpaHCHOPMALIil BAMOTAM CTaHJIAPTY

ky — K
w Ky
Ak :giOO%SO.S%, (3.2)
ce
ae Ky, Kk, - koediuienta Tpanchopmaii Mo BUTKaM Ta IO HApyram
JUTSL KOSKHOT'O CTYTICHS peTyJIIOBAaHHS BiJIIIOBIIHO, B.O.;
K¢, - cepenHiil reoMeTpuuHMI KoedilieHTH TpaHcdopMmallii, B.o.

ke, =K, K, .
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BusnaunTtn cxemy perymoBaHHs Hanpyru. Cxemw, sSiKi HaldacTimie
BUKOPHCTOBYIOTBCS JJISI PETyIIOBAHHS HANPYTH — HMEPEMUKaHHS PO3Taly-
KeHb 00MOTKHM 0e3 30ymxkenHs ([1b3) Ta perysiroBaHHs MiJi HAaBaHTaKEH-
usam (PITH) HaBeneno y [ 1, puc. 6.6-6.9; 6, 7].

Pospaxysatu oomotky BH (CH) ananoriuno oomoriii HH (m. 3.3.1).
3BecTH pe3yIbTaTH PO3pPaxyHKy 0OOMOTKH 10 Tadmuti [1, Tabm. 6.1].

Bukonaru eckiz oomorok HH, BH (CH) omHoOro cTprxHS, Ha SIKOMY
BKa3aTH pajliajgbHi Ta OCHOBI pO3MipH OOMOTOK, PO3MIpH TOJIOBHOI Ta M03-
JIOBKHBOI 130JISLIIH.

3.4 Po3paxyHOK mapaMeTpiB KOPOTKOro 3aMukaHus [1, ri. 7]

3.4.1 Po3paxyHOK BTPaT KOPOTKOI'0 3aMHUKAHHSA

Po3zpaxyBaTu BTpaTH KOPOTKOTO 3aMUKaHHS TpaHcopMaTopa Mmomi-
JISIFOYM 1X Ha HACTYIIHI CKIIA/IOBI:

- OCHOBHI BTpaTH B 0OMOTKaX BiJl poOOYHX CTPYMiB OOMOTOK;

- IOJATKOBI BTPaTH B OOMOTKAax BiJl BAXPOBHUX CTPYMiB, HaBEJIEHHIX
MOJIIMHU PO3CIIOBaHHS 0OMOTOK;

- OCHOBHI BTpaTH Y BiZIBOJIaX Mi 0OMOTKaMH Ta yBOJIaMH;

- IOJATKOBI BTPATH y BiJIBO/AX BiJ MOJIB PO3CIFOBaHHS Bi/IBOJIB;

- BTpaTH B CTIHKax 0aKy Ta iHIIMX METaJIeBHX, TOJIOBHUM YHHOM (e-
POMarHiTHHX, eJIeMEeHTax KOHCTPYKIIii TpaHcdopmMaTopa Bij OB po3cito-
BaHHS OOMOTOK Ta BiBOIIB.

s TppoOMOTKOBOTO TpaHchopMaTopa po3paxyBaTH TPHU 3HAUEHHS
BTPaT KOPOTKOTO 3aMHUKAHHS JIsl TPhOX MAapPHHUX CIOJIY4YeHb OOMOTOK IpH
HaBaHTa)XKEHHI KOKHOI Mapu 0OMOTOK cTpyMoM BignoBigauM 100 % moty-
JKHOCTI TpaHcdopmaropa. BTpaTamyu KOpOTKOro 3aMUKaHHS IMPH LBOMY
BBa)KAIOTHCS BTPATH Ti€l mapu 0OMOTOK, PUBEJICHI 0 pO3PaXyHKOBOI Te-
MIIepaTypH, SKa Ma€ HaOUIbIIe 3HAaYE€HHsI BTPAT KOPOTKOT'O 3aMHUKaHHSI.

Brpatn KOpoTKOTO 3aMUKaHHS HE IMOBWHHI BIPI3HATUCH Bija 3aja-
HUX O HiXK Ha 10 %, 3 siKUX 5 % NPHUXOAATHCS HAa PO3PaxXyHOK, a 1HIII
5 % - Ha TeXHOJIOTTYHI BIAXUJICHHS.

3.4.2 Po3paxyHOK HANIPYT'H KOPOTKOI0 3aMuKaHH [1, § 7.2]

Hampyra kopoTkoro 3aMukaHHSI BU3HAYAE MMAJ[iHHSI HANPYTHU B TpaH-
chopmaropi, HOro 30BHIIIHIO XapaKTEPUCTUKY i CTPYM KOPOTKOTO 3aMH-
kaHHs. BoHa BpaxoByeTbcs TakoXk mpu mmigdopi TpanchopMaTopa s Ia-
pasiesibHOi poOoTH.
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Y TprodMoTKOBOMY TpaHC(hOpMaTOpi Hampyra KOPOTKOTO 3aMHUKaH-
HSl BU3HAYAE€THCS MOAI0HUM K€ YHHOM, K 1 B TBOOOMOTKOBOMY, /ISl OYIb-
AKO1 TIapu HWoro oOMOTOK MpH PO3IMKHYTIH TpeTtiik oomoTHi. Tomy TpuoO-
MOTKOBHH TpaHC(OPMATOP MAa€ TPH Pi3HUX HAMPYTH KOPOTKOTO 3aMUKaH-
Hi. st Bcix TpaHcdopmaropiB Hampyry KOPOTKOTO 3aMHUKaHHS 1 HOTro
CKJIQ/IOBI IPUHHATO BHPAXKATH Y BiJICOTKAX HOMIHAJIBHOI HAIIPYTH, a aKTH-
BHY CKJIaJIOBY BH3HAYaTH JAJIsl CEpelHbOI EKCIUTyaTalliifHOI TeMIiepaTypu
o6mMoTok 75 °C miis BCiX MacisHHX 1 CyXHX TpaHC(OpPMAaTOpiB 3 i30JIAIIER0
KJ1aciB HarpiBocTiiikocti A, E, B. [l tpanchopmaropis 3 i30JsIIi€r0 Kila-
ciB F, H, C po3paxynkoBa temnepatypa 115°C.

IIpu po3paxyHKy peakTHBHOI CKJIAI0BOI Up HAIIPYTd KOPOTKOrO 3a-
MHKaHHsI, @ TAKOXK TPH BCIX MOAATBIIMX PO3PAaXyHKaX BapTO KOPUCTYBATH-
cs peaIbHUMHM PO3MipaMu pO3paxOBaHUX OOMOTOK TpaHc(opmaropa (ai, ay,
aiz, diz, 1). Bech po3paxyHOK HAMPyTrd KOPOTKOTO 3aMHUKAHHS TPOBOTUTHCS
JUTSE OJTHOTO CTPYKHS TpaHcopmaropa. ToMy mpu KopucTyBaHHI (Popmy-
JaM¥ T BU3HAYEHHS Up TIPU PO3PAXYHKY SIK TPU(PA3HOTO, TaK 1 ogHODA3-
HOTO TpaHcdopMaTopa BapTo MiACTABISATH B 11l popMyIH CTpyM, HAIIPYTy 1
MOTYXKHICTh, @ TAKOX YHCJIO BUTKIB OOMOTKH OJHOTO CTPWOXKHS IUTSI HOMi-
HaJIbHOTO PEKUMY.

st GUIbII TOBHOTO PO3paxyHKY IOJIIB PO3CiIOBaHHS TpaHc(opMa-
TOpa JOLIBHO KopucTyBaTtuch nporpamoro RASPOLE, sika € B obunciro-
BajgbHOMY IieHTpi kKadenpu EM (ayn. 268). [lpu BUKOHAHHI pO3paxyHKY
TOJIIB PO3CiIOBaHHS HEOOXITHO KOPUCTYBATHUCS JOJATKOBOIO JITEPATYPOIO
[3, 4].

Hampyra kopoTkoro 3aMHUKaHHS HE TIOBHHHA BiIPI3HATHCH BiJ 33/1a-
HOi Oinbir Hix Ha +10 %, 3 axkux 5 % NpUXOAATHCA HA PO3PAXYHOK, a 1HIII
5 % - Ha TeXHOJIOTTYHI BIAXUJIECHHS.

3.4.3 Po3paxyHOK MeXaHIYHUX CHJ B 00MOTKaX

[Iporec KOpoTKOrO 3aMUKaHHS TpaHChopMaTOpa, IO € aBapiitHUM
PEKUMOM, CYITPOBOIKYETHCS OaraTopa3zoBUM 30UIBIIEHHSIM CTPYMIB B 00-
MOTKax TpaHchopMaTopa B MOPIBHSHHI 3 HOMIHAJBHUMH CTPYMaMH, ITij-
BUIIICHAM HArpiBaHHSAM OOMOTOK 1 yJapHUMH MEXaHIYHHUMH CHJIAMH, IO
JII0Th Ha 0OMOTKH 1 ixHi yactuHH. [lepeBipka 0OMOTOK Ha MEXaHIUHY Mill-
HICTh MIPU KOPOTKOMY 3aMHUKaHHI BKITIOYAE:

- BUBHAYCHHA HAWOUIBIIOro, CTajoro W HaWOLIBIIOro yaapHOTO
CTPYMy KOPOTKOT'O 3aMHUKaHHSI;

- BU3HAYECHHS MEXAHIYHUX CHJI MK OOMOTKaMH 1 TXHIMH JaCTHHAMH;
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- BU3HAYCHHSA MEXaHIYHUX HAIIPYT B 130JIAMIHHAX OMOPHUX W MIKKO-
TYIIKOBUX KOHCTPYKIIISIX 1 B IPOBOJIaX OOMOTOK;

- BU3HAYCHHS TeMIIEpaTypu 0OMOTOK ITPH KOPOTKOMY 3aMHUKaHHi.

VY nmo4yaTkoBUIl MOMEHT CTPyM KOPOTKOTO 3aMHUKaHHS BHACIIJIOK Ha-
SBHOCTI alepioAnYHOl CKJIaZ0BOI MOXKE 3HAYHO MEPEBUILUTH CTATIUH CTPYyM
1 BUKJIMKATH ME€XaHIYHI CHJIA MK OOMOTKAMH 1 IXHIMHM YaCTHHAMHU, IO IIe-
PEBHIIYIOTh Y KUJTbKA pa3iB CHJIM NPH CTAIOMY CTPyMi KOPOTKOTO 3aMH-
kaHHA. [[i MexaHIYHI CHIIM HEOOXiTHO BpPaXxOBYBAaTH NPHU PO3PAXYHKY
KOHCTPYIOBaHHI TpaHc(hopMaropa, y NPOTUBHOMY BHIIAJKy BOHH MOXYThb
MPUBECTH 10 PyHHYBaHHS OOMOTKH, 10 Aedopmaiii abo po3puBy BUTKIB
a0o pylHHYBaHHS OTIOPHUX KOHCTPYKIIIH.

3aBmaHHSAM pPO3paxoByBaya € HE TITBKH PO3PAaXyHOK 1 OIiHKA CHII,
ale TakoXK 1 3a0e3MedYeHHs] KOHCTPYKTUBHHX 3aXO[liB, CIPSIMOBAaHHUX Ha
3MEHIIECHHS MOXJIMBUX MEXaHIYHUX CHII, IO BUHUKAIOTh B OKPEMHX Yac-
THHAX 0OMOTOK. /[0 Yncia X Mip BiTHOCATHCS — PIBHOMIPHHHA PO3IIOILT
BUTKIB TI0 BUCOTI KOXHOI 3 00OMOTOK; BUKOHAHHS BCiX OOMOTOK CTPYKHS 3
OJTHOIO BHCOTOIO; CUMETPHYHE PO3TAIllyBaHHS BCiX BUTKIB, IO BiAKIIIOYA-
10ThCs, 00MOoTKH BH cTOCOBHO Cepeanan BUCOTH OOMOTKH.

3.5 Po3paxyHoKk MarHiTHOI cuCTeMH.
Po3paxyHok nmapameTpiB HepoGo4oro xoay [1, ru. 8]

3.5.1 Bubip p03M1p13 NaKeTiB Ta nepepizis CTmeHlB Ta sipem

B npomy po3zini octaTouHO 00paTH KOHCTPYKIIiIO MarHiTHOI cucTe-
MU, MapKy CTaJli, CXeMy LIMXTyBaHHA Iu1acThH. HaBecTn ecki3u:

- cxemu muxtyBanHs [ 1, puc. 2.17].

- TIepepi3iB CTPWXKHS Ta ApMa i3 3a3HAUYEHHSIM PO3MIpiB MaKETIB Ta
OCHOBHHX PO3MipiB MarHiTHOI cuctemH [ 1, puc. 8.13];

Bkazaru criocoOu npecyBaHHSI CTPIIKHIB Ta sipeM [2].

Bu3HaunTH MOBHUH Ta aKTHBHUI IEepepi3u CTPUIKHIB Ta SIpPeM, JIOB-
JKUHY CTPYKHIB Ta BiICTaHb MIXK OCSIMH CYCIZHIX CTPYKHIB.

3.5.2 Po3paxyHoK Mac CTPUIKHIB, SipeM Ta MacH cTaJi

Macy craii B CTPHKHSIX 1 SpMax IUIOCKOT IIMXTOBAHOI MAarHiTHOT CH-
CTEeMHU BH3HAYUTHU LUIAXOM IiJCYMOBYBAaHHSI Mac MPSIMHUX IUISHOK 1 KYTiB.
KyTtom marniTHOi cucTeMu Ha3uMBaeThes il yacThHa, oOMexxeHa 00'eMoM,
YTBOPEHUM TMEPETHHAHHSIM OIYHHMX MPU3MATUYHUX 200 IUIIHAPUYHKX I10-
BEPXOHB OJIHOTO 3 SIPEM 1 OJTHOTO 31 CTPHKHIB.
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3.5.3 Po3paxyHoK BTpaT HEPOGOYOro Xoay

BrpaTtu Hepobodoro xoxy TpanchopmaTopa, IIIOCKa IMIUXTOBaHA Ma-
THITHa CHCTEMa SIKOTO 3i0paHa i3 IUIACTUH XOJIOJHOKATaHOI TEKCTYpOBaHOT
aHI30TPOMHOI CTaji, BU3HAYAIOTHCS ii KOHCTPYKIIIEHD, MAcOK CTalli OKpe-
MUX JUISHOK CUCTEMH, THAYKIIEI HAa KOXKHIN 13 IUX JUISTHOK, SKICTIO CTa-
J1i, TOBIIWHOIO TIJIACTHH 1 TEXHOJIOTI€10 BUTOTOBJICHHS I 0OPOOKH TTACTHH.

Jlo KOHCTpYKTUBHHX (DaKTOpiB, SIKi BIJIMBAIOTH HA BTPaTH HEpoOO-
YOTo XO/y, BapTo BigHeCTH: (OPMY CTHKIB IUIACTHH y KyTaX CHCTeMH, (o-
pMy TOIIEPEYHOTO TEpepi3y sApmMa, CIociO MmpecyBaHHS CTPIKHIB 1 sipem. 3
TEXHOJIOTIYHUX (PaKTOpiB HAWOIIBIN BINIMBAIOTh HA BTPATH B MAarHiTHIH
CHCTEMi: pi3aHHs PYJIOHIB CTaji Ha IUIACTWHH, BUIAICHHS 3ayCEHIIIB, IO
YTBOPIOIOTHCS TP Pi3aHHi; BiNMANIOBAaHHS TUTACTHH, MOKPUTTS iX JAKOM,
TIpecyBaHHs MarHiTHOI CHCTEMH MPH CKIIAJaHHI i IepEIUXTOBIlI BEPXHBO-
TO sipMa, IPU YCTaHOBIII OOMOTOK.

Bignorigno mo JIECT 11677-85 miis BTpat HepoOOYOro Xomay B ro-
TOBOMY TpaHc(opmMaTopi BcTaHOBIEeHUH nomyck +15 %. Takum uuHOM, Y
PO3paxyHKy BapTO BUTPUMYBATH BTPaTH HEPOOOUOro XOAY B MeKax HOPM
BIJIMIOBITHOTO JIepKCTaHIapTy Iwitoc 7,5 %.

IIpu BimxuneHHsx BTpaT i (abo) cTpymMy HEpOOOUYOro XOIy BHIIES
MIPUITYCTUMUX MEX CJiJI OOpaTH IHIMY CXeMy IIUXTYBaHHS Ta Koe(imieHTH
JIOJIATKOBUX BTPAT. SIKIO BXKHTI 3aX0JH HE JOIOMOTJIH, Tpeba oOpaTH iH-
IIe 3HaYeHHs] MarHiTHOI 1HIYKIIil, MApKX CTaji, Ta iH. 1 TOBTOPUTH po3pa-
XYHOK TpaHcdopmMaTopa.

3.5.4 Po3paxyHoK cTpyMYy Hepo6040ro xoay

CTpyM NepBUHHOT OOMOTKH TpaHC(QOpMAaTOpa, 1[0 BUHUKAE MPH He-
poOouoMy XO/li TIpY HOMIHANBHINA CHHYCOINANBHIN HaNpy3i 1 HOMiHATBHIT
4acTOTi, HA3UBAETHCSA CTPYMOM Hepobodoro xony. IIpu pospaxyHky cTpy-
My Hepo0OOYOro X0y TpaHCPOpPMAaTOpa OKPEMO BU3HAUYUTH HOT'O aKTHBHY 1
PCaKTUBHY CKJIAJIOBI.

Po3paxyHOK peakTHBHOI CKJIQJIOBOi CTpyMy HEpOOOYOro Xomay
YCKJIaIHIOEThCS HASIBHICTIO B MAarHiTHOMY JIAHII031 TpaHchopMaTopa He-
MarHiTHUX 3a30piB. ToMy MarHiTHy cuctemy Tpanchopmaropa po30OUTH Ha
YOTHUPH JUISHKY — CTPUXKHI, SpMa, 32 BUHSATKOM KYTiB MarHiTHOI CHCTEMH,
KyTH ¥ 3a30pu. s KOXKHOT 13 KX AIISTHOK MigpaxyBaTh HEOOXigHI MOTy-
YKHOCTI, 1110 HAMArHi4yI0Th, SKI CKJIACTH MOTIM 10 BCIH MarHiTHIA CHCTEMI.
Tak camo SIK 1 BTpaTH, peakTUBHA CKJIaJ0Ba CTPyMy HEpoOOYOro xoay 3a-
JISKUTH BiJl OCHOBHMX MArHiTHHUX BJIaCTHUBOCTEH CTajJl MarHiTHOI CHCTEMH
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1 psily KOHCTPYKTUBHUX 1 TEXHOJIOTIYHUX (DAKTOPIB, IO BITMBAIOTH HA IO
CKJIQ/IOBY ICTOTHO OijIbIlle, Hi’K Ha BTPATH.

OTpumane 3Ha4eHHS CTpyMy HepoOOUYOro XOAy 3BIPUTH i3 TPaHUYHO
NPUIYCTUMUM 3HAYEHHSM 32 JIEPKCTaHAAPTOM, TEXHIYHUMH yMOBaMu a0bo
3aBIAaHHSIM Ha PO3paxyHOK TpaHchopmaropa. BimxuieHHS po3paxyHKOBO-
ro 3HaUYEHHS CTPyMy HEpOoOOYOTo XOAy BiJl 33J]aHOTO TAPAHTIHHOTO HE CITif
JIOITyCKaTH OB HIX Ha TIOJIOBUHY JOMYCKY, T03BOJICHOTO ACPKCTaHAAp-
toM (momyck +30 %).

3.5.5 Po3paxyHok koeginieHTa KOpUCHOT Ail
PospaxyBatu cymapni BTpaTH Tpanchopmaropa Ta MOPIBHATH iX i3
3aaHUMU.
PospaxoBani Ta 3agaHi cymapHi BTpaTy TpaHcopMaTopa BiIOBITHO
IP'=Pg3 + Pyy 23
TP =Py + Pyy | 33)
Pk3, Pry — PO3paxoBaHi BTpaTU KOPOTKOIO 3aMHKaHHs Ta HEPOOO-
4Oro X0y BiANOBiaHO, BT;
Px3, Py — 3alaHi BTpaTH KOPOTKOI'O 3aMHMKaHHS Ta HEpoOOUYoro
XO[Ty BiZllOBimHO, BT.
BigxuieHHS po3paxyHKOBOTO 3HAYCHHS CyMapHUX BTpaT BiJl CyMHU
3aJ]aHuX BTPAT HEPOOOUOro X0y Ta KOPOTKOTO 3aMHUKAHHS

ZPEP 0% (3.4)

HE CJIiJI JOIMyCKaTH OLIBII HIX Ha MOJIOBUHY JIOMYCKY, JO3BOJICHOTO JIEPK-
crangaptoM (momyck +10 %).
KoedimieHnt kopucHOI i po3paxysatu 3a HOpMYJIO0
p=l-—2F _ 100% (3.5)
S+ZP
ne S — oBHa NMOTYXHicTh TpaHchopmaropa, Br.

3.6 TenJi0oBHii pO3pPaxyHOK Ta PO3PaXyHOK CHCTEMH 0X0J101KeHHs [1 rir. 9]

3ajaua TEIIOBOTO PO3paxyHKy TpaHchopMaropa Imoisirae y:
- BU3HAUYCHHI MlepenaiiB TeMIIepaTypHu MiXk 0OMOTKaMHU i MarHiTHOIO
CHUCTEMOI0, 3 OJTHOI0 OOKY, 1 MaCJIOM - 3 IHIIIOIO;
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- miadopi KOHCTPYKIii ¥ po3MipiB Oaka i CHCTEMH OXOJOKEHHA,
o 3a0e3MeuyoTh HOPMAIIbHY TEIUTOBIAady BCiX BTpAT MPH TeMIiepaTy-
pax oOMOTOK, MarHiTHOI CUCTEMH W Macia, 0 He MEPEeBUIIYIOTh IPHUITYC-
TUMI TeMIIepaTypH;

- TIEPEBIPOYHOMY PO3PaXyHKY IMEPEBHUIIIEHb TEMIIEPATypH OOMOTOK,
MarHiTHOI CHCTeMH 1 Macia HaJl HaBKOJIHUIITHIM ITOBITPSIM.

3.6.1 IlepeBipouHuii TenI0BU po3paxyHOK 00MOTOK

PospaxyBatu BHyTpimIHill niepenaa TeMnepaTypu 0oOMOTOK Ta Tepe-
maj; TeMIepaTypy Ha TOBEPXHSAX OOMOTOK, BPaxOBYIOUI IIBHIKICTH PyXy
Maciia Ta yTpyAHCHHS KOHBEKIil Maciia B KaHanax OOMOTKH, LIMPHHY T'O-
PU3OHTAIHHUX KaHAIIIB OOMOTKH.

PospaxyBatu moBHi nepenany Temeparyp 0OMOTOK.

3.6.2 BuOip isonsAuniliHux BigcTaHeli Ta PoO3paxyHOK OCHOBHHX
radapuTHHUX po3MipiB 0aKy

OO0OpaTtu KOHCTPYKIIitO Oaka. 3a KjacaMy Hanpyr 0OMOTOK BU3HAYUTH
130JIIL1#HI BIACTaHl MK BIJBOJaMH Ta 30BHINIHIMA OOMOTKaMU; MIXK Bij-
BOJIaMH Ta 3a3€MJICHUMU eJIeMEHTaMH KOHCTPYKIIii.

PospaxyBaru rabaputHi po3Mipu 0aKy, HOro mepuMeTp Ta MOBEpXHi
KOHBEKIIIi Ta BUMpOMiHIOBaHHA. HamaTtu ecki3 0aka 3 akTHBHOKO YaCTHHOIO
Tparcdopmaropa 3rigHo 3 [1, puc. 9.13].

3.6.3 Po3paxyHOK CHCTEMH OXOJIOMKEHHSI

3a BUIOM CHCTEMHU OXOJIOMKEHHS oOparu THIl paziaropiB (abo Oa-
Ky). Criuparouuch Ha TIEPEBHIICHHS CEPeAHBOI TeMIepaTypH Maclia Haj
TEMIIepaTypoIo TOBITPsI Ta HEOOXiJHY MOBEPXHIO KOHBEKIIl po3paxyBaru
noTpiOHY KTBKICTh paliaTopiB.

3.6.4 Po3paxyHOK mnepeBHMIEHb TeMIepaTyp OoOMOTOK Ta Macijia Haj
TeMInepaTypolo NoBiTps

PospaxyBatu nepeBuiieHHs Temmneparyp aias oomorok HH, CH ta
BH nan TemnepaTyporo MOBITps, IEPEBUIICHHS TEMIIEpaTypu Maciia y Bep-
XHIX IIapax i TOPiBHATH 3 NPUIIYCTUMUMHU Temreparypamu 3rinno JECT.

[Ipu nepeBUIIICHHI TPUITYCTUMUX MEXK, BUKOHATH KOPEr'yBaHHS 0XO-
JIOJIXKYIOUO] TTOBEPXHI 3@ pPaXyHOK 3MIHH PO3MIPIB OXOJIO/IKYIOUUX €JIEMEH-
TiB — TpyO, 0XOJIOKyBayiB.
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3.7 BuzHaueHHsI MACH AKTUBHOI YaCTHHH,
KOHCTPYKUIiiiHUX MaTepianiB Ta Mmacaa Tpancdopmartopa [1 § 9.8]

3.7.1 Macu aKTHBHHX, i30JIIil{HUX Ta KOHCTPYKUIHUX MaTepiaxiB

Maca akTHBHUX MaTepialliB TpaHchopMaTopa 3 JOCTATHBOIO TOYHIC-
TIO BU3HAYAETHCS MIPH HOTO PO3PAXYHKY.

Maca KOHCTPYKTHBHOI CTadi KICTSKa MOXe€ OyTH MpHOIH3HO
npuiiasaTa 0,1 cymapHoi Macu TpoBOIy OOMOTOK i CTai MarHiTHOI CHCTe-
MH. Maca KapToHy B 130711111 0OMOTOK 3aJI€XKHTh BiJl MOTY>KHOCTI 1 KJlacy
Hanpyru TpaHchopmatopa. s tpanchopmaTopiB 3 MiTHIMH 0OMOTKaAMHU
MOKHa NpUHHATU Macy kaptony 0,12-0,15 Macu mpoBody mpH Kinacax Ha-
npyru 6, 10, 35 kB i 0,35-0,3 npu knaci Hanpyru 110 kB. Jlns amomiHie-
BHUX OOMOTOK BiJIHOCHA Maca KapTOHY 30UIbIIYEThCS B 2,4 pasu.

Maca akTUBHOI 4aCcTHMHHU, TOOTO KICTsIKa 3 OOMOTKaMHM i BiABOIaMu
(ayte 6€3 KpUIIKH), MOXKe OyTH IPUOJIM3HO BU3HAYEHA 110 (OPMYJTi

Gy ~1.2-(Gp, +Ggy ). (3.6)

ne G I Gy, - Maca IPOBIJHUKIB Ta CTaJli MAarHITHOI CUCTEMH, KT.

3.7.2 Po3paxyHok Mac 6aKy Ta JONOMI:KHOI0 00/1aJHAHHS

Macy 0aka HEBa)KKO BU3HAUUTHU II0 BiJJOMiH 3 TEIJIOBOTO PO3paxyH-
Ky TIOBEpXHi 0aka i MOBEpXHI KPUILIKU 3 YPaxyBaHHSIM TOBIIUHH CTiHOK,
KPHIIKH ¥ THA 6aKa i mIBHOCTI cTaii. Maca oXonogHuX TpyO 3HAXOAUTh-
cs o ixHil 3aranbHiil moBxwuHI i Maci 1M [1, Tabn. 9.7], maca pamgiaTopiB —
mo [1, Tabm. 9.9, 9.10]. Macu 1onoMikHOrO 00JIaJJHAHHS HABEJCHO y PO3-
i 4.

3.7.3 Po3paxyHOk MacH mMacJia

Jnst BU3HAauYeHHS MacH Macila HeoOXiJHO 3HATH BHYTPIMIHIN 00'eM
V5 raagkoro 0aka v 00'em, 3aliMaHU aKTUBHOIO YaCTHHOIO, V au. {151 BU-
3HAYCHHS V Ay MOXHA CKOPUCTATHUCS HAOJIMKEHOIO (hOPMYJIOH0

Vg =Gy /74y » 3.7)
1€ ¥ 4y - CepelHs MIbHICTh aKTUBHOI YACTHUHHU J 44 = 5500+ 6000

kr/M® st TpascopMaTopiB 3 MigHEME OOMOTKaMu y 44 = 5000 +5500

Kr/M® 17151 TpaHcOpMaTOPiB 3 AMFOMIHIEBUMH OOMOTKAMH.
3aranpHy Macy Maciia MO’KHa BU3HAYHTH 110 HopMydi

Gy =1.05-[0.9:(V5 =V 4y )+ Gy |, (3.8)

ne 1.05 - koediieHT, 1110 BpaxoBye Macy Macia B pO3IIUPHUKY;
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GuMEe - Maca Macia B eJIEMEHTaX CHCTEMH OXOJIO/DKEHHsI: TpyOax a0o
pazmiaTopax.

Maca macna B TpyOax BU3HAYAETHCS IO iXHIN 3arajbHii JOBXKUHI i
Mmaci macna B 1 M [1, Tabn. 9.7], maca macna B pazaiaropax — 3a [1, Ta0.
9.9, 9.10]. O6c¢sr po3UIMpHUKA 3BHYAHO CTaHOBHUTH OaM3bK0 0,1 3arais-
HOTO 00CcATY Maca.

3.7.4 Po3paxyHok Macu TpaHcdopmaTopa
PozpaxyBatu npubnm3Hy Macy TpaHcopmaropa, CKIABIIA MacH aK-
THUBHOI YaCTHHH, KOHCTPYKIIMHAX MaTepialiiB Ta Macia Tpanchopmaropa.

3.8 Onuc koHcTpyKUii TpaHchopmaTopa

KoHcTpyKIIito cripoekToBaHOTO TpaHCOpMATOpa OMUCATH MICIIS BH-
00pYy KOHCTPYKTUBHUX €JICMCHTIB aKTUBHOI 4aCTUHH, Oaka i 0X0JI0pKyBa-
4iB Ta BU3HAYEHHS 1X PO3MIpIB.

YV pozaini 000B’SI3K0BO MOBHHHI OyTH BUCBITJICHI HACTYITHI MATaHHS:

— TUI TpaHcQopMaTopa, NMPU3HAUCHHS, PEKUM HABaHTAKEHHS, Xa-
paKTep PO3MIIICHHSI;

— THIl MarHiTHOI CHCTEMH, CXeMa HMIMXTYBaHHS, MapKa CTalli, COCO-
Ou TIpecyBaHHsI CTPUIKHIB Ta SIPeM;

— TUI 0OMOTOK, PO3MipH Ta Marepiall IPOBiAHUKIB, KIIbKICTh Tapa-
JIENBHUX TPOBIHUKIB, CX€Ma TPAHCIO3MIIi] (SIKIIO BOHA €), KiIbKICTh KO-
TYIIOK (KOHIEHTPIB) PI3HUX THITIB, CXEMH PETYJIIOBaHHS HANpyTd, HasB-
HICTh €KpaHiB, IPeCyBaIbHUX KiJlellb, TOIIO;

— KOHCTPYKIIisSl Ta MaTepial roJoBHOI, TTO3/I0BKHBOI Ta 3piBHIOBAJIb-
HOI 1307s11i# Tparchopmaropa,

— (hopma Oaka TpaHCPOpMATOpA, THI CHCTEMH OXOJOPKEHHS Ta Ki-
JBKICTh OXOJIO/KYBaYiB;

— noroMikHe oOnaaHaHHs (po3ain 4).

3.9 BucHoBKH
Y BHCHOBKax HaBECTH OIIHKY OJEP)KaHHX PE3yJIbTaTiB PoOOTH Ta

MOJJIMBI rany3i il BUKOPHCTaHHS; HapOAHOTOCIIOJAPChKE, HAYKOBE 3Ha-
YeHHS pOOOTH.
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OcHOBHI pe3yJbTaTH PO3PAXyHKIB 3BECTH 10 Tabmumi. 3rigHO Tab-
JUII 3pOOUTH BHCHOBKH IIPO BiANOBIAHICTH PO3paxoBaHOro TpaHchopma-
TOpa BUMOTaM JIEPKaBHOTO CTaHAAPTY.

Tabmurs 3.1 — OCHOBHI pO3paxyHKOBI JiaHi TpaHchopMaTopa

Texuiuni | Bigxunenns
i %
HalimeHnyBaHHs ITo3HaueHHs Al k
BEJIMYHUHHI BEJIMYHUHHI 3ama- pO3- | HpH- | pO3-
ui |Paxo-| myc- [paxo-
BaHi | Tmi | BaHi
1 2 3
[MotyxHicTs, KB-A SH
Hanpyru niniitai, kB Ugh /Uen /Unn
Ctpymu miHiitHI, A lgn /lch /1HH
Hanpyra K3, % Ugs 10
Brpatu HX, kBt Prx 15
Brparu K3, kBt Px3 10
Cymapsi BTpaty, KBt >P’ 10
Crpym HX, % i 30
3aBaHTa)KeHHs TpaHchop-
MaTopa Ipy MaKCUMaJIb- Sa (77max )
Homy KK/, B.o.
KKJL, % M
Koedoimient tpanchopma-
. Kio, k
mi1i, B.O. 12: ™13
IlepeBuiieHHs TeMIepary- Oouriy
pu OOMOTOK HaJI TeMITepa- 06CH
Typoto nositps, °C 06BH
[lepeBuiLieHHs TEMIIEpaTy-
pH Maclia y BEpXHix LIapax, )

°C

Mme
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IIpomosxenus Tabmmi 3.1
1 2 3

Maca craii MartdiTHOI CHc-
TEMH, KT

Cm

Maca metany 0OMOTOK, KT G,
Maca TpancdopMaToOpHOTO
MacJa, Kr

3aranpHa Maca TpaHcdop- G
MaTopa, Kr

3rigHo MaHuWX mi€i Tabmuii poOJsATh BUCHOBKH MPO BiAMOBITHICTH
po3pobieHOro TpaHchopMaTopa 3aBJIaHHIO Ha MPOCKT.
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4 JOONOMIKHE YCTATKYBAHHA
TPAHC®OPMATOPA

4.1 Po3miupHuk

Jns 3axucty macma B TpaHc(hopMaTopi Bil 3BOJIOKEHHS W OKHCITIO-
BaHHsI, 110 MPHU3BOSATH A0 3HIKEHHS CIIEKTPUYHOI CTifiKOCTI Macna, a Ta-
KO TIaIepoBOi Ta iHIIOI BOJOKHHUCTOI 130JIA11is, 3aCTOCOBYIOTh PO3IIUPHU-
ku. [lpum ixHIN HasSBHOCTI 3HAYHO 3MEHIIIYETHCS 3BOJIOKEHHS M OKHCITIO-
BaHHsI Macia B 3BI3KYy 3 THM, L0 MOBEPXHS Macja B PO3IIUPIOBAaYl 3HAYHO
MeHIIIe, HiX y 0aky TpaHchopmMaropa, i, 0TKe, MEHIIIE TUIOIA MPUISTaHHS
Macia Ta moBiTps. Kpim Toro, Temmeparypa Macia B pO3IIMPHUKY HIKYE,
HIK y BEepXHill YacTHHI Oaka TpaHchopmaTopa, 1 OKHUCHHIA Mpoliec BigdyBa-
€THCS MTOBUTBHINIE. A TOMY, IO HUPKYJIALIS Macia B PO3MUPHUKY TPAKTH-
YHO BiJICYTHS, BOJA, IO TOTPAIISiE B PO3MIMPHUK 13 MOBITPA, i MPOAYKTH
OKHCITIOBAaHHA Maclla OCaPKYIOThCS B HIDKHIM YaCTHWHI PO3MIMPHUKA 1 HE
MOTPAIUIAIOTh y 0aK TpaHchopMaTopa.

Bci cunosi macnsHi TpaHchopMaTOpH MOTYXHICTIO 25 KBA 1 OinbIme
noBuHHI 3a6e3nedyBarucs posuupaukom (TOCT 11677-75).

Po3mupHuK 3BUMYAiHO BCTaHOBIIOIOTH TaK, 00 MiHIMalIbHUH pi-
BEHb MacJia OyB BHIILIE:

- MAaCIIOMiAMOPHUX YBO/IiB;

- Ta30BOTrO pele;

- aJanTepiB, Ha SIKi BCTAHOBJIIOIOTHCS YBOJIH.

OcHOBHI po3MipH # 00’€MH PO3IIMPHUKIB HaBeJCHI Ha PUCYHKY 4.1 1
B Ta0um 4.1.

CTIHEA RpOSIHPHAES Macjao  JHO posIHpHES

PucyHok 4.1 — Po3miMpHuk



23

Ta6mmms 4.1 — OCHOBHI mapaMeTpH PO3ITHPHHUKA

e L Maca macrna mpu pi3HHX
§ § -’E éﬁ E % % = é KIIMAaTHYHUX BUKOHAHHAX, KT
< = E A < = S = 5
= | B 55 5 ¢ -
=2 |55 & [2=%] 8
= = & N lels v T v T
415 20 8 7 145 | 200
510 25 11 9 180 | 250
= 250 650 25 32 14 12 235 | 325
g 810 40 17 15 300 | 410
% 660 50 21 18 400 | 560
800 60 25 22 480 | 670
310 1060 25 80 34 29 690 | 890
1320 100 | 43 36 800 | 1115
e E 720 125 54 46 980 | 1360
== E 920 160 69 58 | 1260 | 1750
g 2 o | 470 [ 1150 50 200 86 73 | 1580 | 2190
5 2B 1440 250 | 107 91 | 1970 | 2730
= o 1840 320 | 138 | 117 | 2520 | 3500
1040 400 | 172 | 146 | 3220 | 4475
600|134 50 500 | 215 | 182 | 4030 | 5590
= 1680 630 | 271 | 230 | 5080 | 7055
E 2140 800 | 345 | 291 | 6450 | 8950
e 1420 1000 | 427 | 471 | 8995 | 8030
B 940|180 go | 1250 | 534 | 589 | 11225 | 10020
e 2310 1600 | 683 | 754 | 14250 | 12825
‘8 2820 2000 | 854 | 943 | 17990 | 16065
E 2000 2500 | 1065 | 1178 | 23180 | 20700
g 2250 2800 | 1193 | 1320 | 26050 | 23170
§ 1260|2520 go |.3150 | 1342 | 1487 | 30310 | 26100
& 2820 3550 | 1513 | 1673 | 32930 | 29410
3200 4000 | 1705 | 1886 | 37090 | 33115
3610 4500 | 1918 | 2121 | 41720 | 37250

s 3amo0iraHHs 31TKHEHHs Maciia TpaHcopmaropiB 3 atmocdep-
HAM TIOBITPSIM 3aCTOCOBYIOTH IUTIBKOBHM 3aXHCT TpaHC(opmaTopiB, M0
SBIIIE COOOK0 €MHICTH 13 €JaCTUYHOI IUTIBKH, MOKIAJIEHY yCEepeInHi po3-
mupHuKa. [Ipu 3armoBHEHHI PO3MIMPHUKA MAcCIOM BOHA CIUIMBAE; TOBITPS
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KOHTaKTy€ He 3 MaciioM, a epedyBae B TumiBIi. [10BITpS HAAXOANUTH Y TITIiB-
Ky 4epe3 MOBITPOOCYIIHUK, 110 3 €AHY€ETHCS Yepe3 HOro MacsiHUN 3aTBOP
3 arMocteporo. I3 mpocTopy MiX €IacTHYHOIO ILTIBKOIO W PO3MIUPHUKOM
noBiTpst BuiydeHe. [Ipu 3MiHi piBHS Macia B pO3LIMPHHUKY 3MIHIOETHCS 00'-
€M eJJaCTUYHOT €MHOCTI 32 paxyHOK BUTUCHEHHS a00 3aCMOKTYBaHHS IOBi-
Tps 3 armocdepu. IlmiBka, BATOTOBIIEHA 3 MAacIOCTIHKOI MPOTYMOBaHOI
TKaHUHH, Ma€ HE3HAYHY MOBITPO- 1 BOJIOTONPOHUKHICTE. [IiBKOBHI 3aXUCT
BCTaHOBITIOIOTH Ha TpaHchopmaTopax III rabapury # Bume. 106 yankHy-
TH KOHTaKTy Macja 3 TOBITPSM y TpaHc(opMaropax 3aCTOCOBYIOTH KpiM
TUTIBKOBOTO W a30THHI 3aXMCT, L0 3a0e3meuye MOCTiiHY HasBHICTh a30Ty B
PO3LIMPHUKY ¥ BHKIIOYAE 3BOJIOKEHHS BHYTPIIIHBOI 13075111 TpaHchop-
MaTropa, a TAKOXK HACHUYEHHS ii KUCHEM. A30THUH 3aXUCT YCTAHOBIIOIOTH B
OCHOBHOMY Ha IMOTY>KHHX CHJIOBHX TpaHchopmaropax Hanpyroto 110 kB i
OinbIIe.

B tpanchopmaropax 3 PIIH, ne mpuctpiit PIIH posminryerscs B
OKpeMOMy 0aKy, PO3IIMPHUK BUKOHYETHCA IBOKAMEPHHUM i3 TBOMa Maclo-
BKa3iBHHKaMu: 1 6aky Tpanchopmaropa Ta s 6axy PITH. Lle 3ymoBie-
HO THM, IO TIpy KoMyTaiisx B 6aky PIIH macno mBuame Hix B OaKy Tpa-
Hc(opMaTopa BTpadae CBOi BIIACTUBOCTI.

4.2 TTokak4yuKM piBHA Macja

Macnsni TpaHcdopMaTopH MOCTA4alOTh MOKAKYMKAMH PiBHS Maciia
— MacioBkaziBHukamu (M). M posramoByroTs i3 0oky HH. Bin noBunen
OyTH BUKOHAHMI TaK, 1100 JIETKO OyJo crocTepiraTé 3a piBHEM Macia 3
piBHS ycTaHOBKH TpaHchopmaropa. 3acTOCOBYIOTHCS TPU KOHCTPYKIIii M:

- IJIOCKI,

- TpyOyacri,

- CTpLJIOYH.

M yCTaHOBIIOIOTH HA JHI PO3UIMPHUKA B MEXaX HOTr0 KOPHCHOI €M-
HOCTi, a B TpaHcopmaropax Oe3 pO3MIMpHUKA — Ha CTiHLI Oaka B HOTro
BEPXHIN 4aCcTHHI.

M BUKOPHUCTOBYETHCS K NPU KOJUBAHHAX PIBHS Macia 3aJIe)KHO Bij
3MiH HaBKOJMIIHBOI TEMIEpaTypy i HaBaHTaKEHHsI TpaHCPOpMaTopa, TaK i
NpY 3ajJMBaHHI Macia B TpaHcdopmaTop abo ioro momiBii. Bin moBuHeH
MOKa3yBaTH PiBEHb Maciia y BCIM JIiana3oHi PO3UIMPEHHS Macia Bij MiHi-
MasibHOTO (i3 3amacoM Ha BUPOOHMYI BIAXWICHHS) A0 MaKCHMAIbHO NpH-
nyctumoro. CkisiHI M nmpaiitoroTh 3a MPUHIUMIIOM CITOTYYEeHUX TOCY/IHH.
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Inockuii ckassumuii macaoBka3iBHuk. [Imocki M (puc. 4.2) ycra-
HOBJIIOIOTHh Ha po3mupHuKax miamerpom 200-470 MM abo Ha BepxHiX dac-
THUHAX CTiHOK 0akiB TpaHC(HOPMATOPiB, 10 HE MAIOTh PO3MIMPHHUKIB.

[Tnockuii M BUTOTOBJISIETHCS 13 Op-
TaHIYHOTO IMPO30POT0 CKJIa 2 TOBIIMHOIO
3 1 mupurOO 20 MM. JloBkuHA M cTaHo-
BiaTh 141, 186 1 371 mm. Ha ckmi nane-
CeHI TPU KOHTPOJBHI PHCH, IO BiAIOBI-
JAal0Th PIBHAM Macia B HENPALIOIYOMY
TpaHchopMaTopi Mmpu TeMIepaTypax Mac-
na -45, +15 1 +40°C.

CKJIO BCTaBISIIOTH y (QirypHY TYyMO-
By maii0y 3, mo yminsHioe ckiio M. Ckio
pa3oM i3 maitbol0 HaKPUBAIOTh MPUTHUCK-
HUM cTaneBuM (hacoHHUM QuaHieM 4 To-
BITMHOIO 2 MM, IO TailkaMu 6 Ha yBapeHi
1 - AHO po3lMpHHKa; 2 - CKIO; B 3HIMHE CTaJleBE JTHO PO3MIMPHHUKA M-

3 - rymoBa 1maii6a; JBKaxX 5 KpIMHUTHCSA Ha JHI po3IMMpHHUKA |
4- q’“aH%m’; 3 - WIMHIbKa; abo criHmi Oaka. Y 1Hi poOusaTh JBa
— ranka . otBOpH JiameTpoMm 10 MM ajis Toro, 100
Pucynok 4.2 - Ilnockuid .
. Maciio 3 PO3MIMPHHKA HAIXOJUIO TIiJ
MaCJOBKa31BHUK

ckio M.
JoctoincTBO 1Iockoro M — mpocTtoTta KoHCTpyKmii. Hemomiku: pi-
BEHb Maciia MOYKHa OA4UTH, TUIBKH SKIIO CTOATH MPOTH JTHA PO3UIMPHHUKA;
HEBEJHKI po3MipH (depe3 TPYAHOIII CTBOPEHHS HAIIHHOTO YIIiIEHEHHS 110
BCIM TIEpUMETPI CKJIa).

Tpy6uactuii macioBka3ziBuuk. TpyOuacti M BCTaHOBIIOIOTH Ha
po3mmpHHKax fiameTpoM Big 470 mwm i 6inbmie. M (puc. 4.3) siBise co6oro
CKIISIHY TpyOKy 1 niamerpom 16 a6o 30 MM, repMEeTHYHO, 3aKpiIUIeHY 3Bep-
Xy ¥ 3HU3Y B KOJiHaX 2 3 aTIOMIHIEBOTO CIUIABY.

I'epmeTu3ariist 1ocsAraeTbCs 3a JOMOMOTol0 (PaCOHHUX TYMOBHUX IPO-
KJIQJIOK - MIaii0 5 HamiBKPYIJIOro MepeTHHY, IO IIIIBHO OOJSraloTh CKISTHY
TPYOKY B MICIISIX 3WIEHYBaHHS 3 KOJIHBMH, i CTHCHYTUMH CTaJIeBUMU TPU-
TUCKHUMU (IIaHISIMU 4 32 TOTIOMOTOO OOJITIB 1 TaloK.

BepxHe i HIKHE KoJliHAa Yepe3 TyMOBI YIIUIbHIOBAJIbHI MPOKIAAKH
KpimisaTh OonTaMu ¥ raiikamu 0 nmaTpyOKiB, YBapeHUX y 3HIMHE CTajeBe
JTHUTIE PO3ITUPHUKA .
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'{q ey

[NaTpyOxu Ha
OHUIAX HeoOXiaHl It
CTBOPEHHSI JIOCTaTHHOTO
3a30py MDK CKIISTHOIO
TpyOKoro M 1 mHHUIIEM.
T e ] KonTpoinbeHi Temmepary-

)4
{

pHI OITIHKH PiBHIB Maciia
HaHOCSITh O€3IToCcCepeTHbEO
| \ Ha THUIE PO3LINPHHKA.
JlocToiHcTBO -
3pYYHICTh B €KCILTyaTa-
i, y OpIBHSHHI 13 TUIO-
ckumu. Hemomnik - HeOa-
JKaHe  3aCTOCYBAaHHS B
KIIMAaTUYHUX padoHax 3
IHTEHCHBHOI COHSYHOIO
pamiaiiero.

[ et )
A
:;:;:a_-ﬁ';‘t
e,
B
1 - cknsiHa TpyOKa; 2 - KoiHa; 3 - TyMOBI IPOKJIaI-
Ku; 4 - IpUTUCKHI (ranmi, 5 - maiou; 6 - nHO

PO3IIUpPHHUKA; 7 - 3aMipHUIA TBHUHT

LAR MBI E N ETNN TN TN P

Pucynok 4.3 — TpyouacTuii MacjJoBKa3iBHUK

Crpinoununii MarniTHuii mMacjioBka3iBHUK. Y TpaHcdopmaTopax
notyxHicTio 10 MBA i Ginbliie 3aCTOCOBYIOTh CTPUIOYHUI MarHiTHHA M
(puc. 4.4). M mpusHaveHi AN yCTAHOBKM Ha PO3IIMPHHUKAX IiaMeTpaMu
470-1570 MM 1 BUTOTOBJISIOTHCS Y JABOX BUKOHAHHSX: JUISI TEPMETUYHUX
TpaHchopMaTopiB, MOCTaueHUX yOy/JOBaHUM TUTIBKOBUM 3aXHCTOM Macia
BiJl 3BOJIOKEHHS i OKUCITIOBaHHS (puc. 4.4, a), 1 171 TpanchopMaTopiB, 110
CIIONTyYaIOTHCS 3 aTMOC(EPOIO 32 JTOMOMOT 00 TIOBITPOOCYIIHUKIB (pHC. 4.4,
0). [TpuBoau M 000X BUKOHaHb B3a€MO3aMIiHHI.

Konctpykiist M noriaBkoBa; 3B'I30K MOIUIaBI 6, 1110 nepedyBae Ha
MOBEPXHI Maclia ycepenuHi PO3MIHUPHUKA, 31 CTPIJIOYHUM 30BHIILIHIM MOKa-
KIIKOM PIBHS 3IHCHIOETHCS 3a TOTIOMOTOI0 BaXKUIBHOTO MPUBOAA 5 1 TBOX
nocTidauxX marditis. OIUH 3 MardiTiB 3 MEXaHIYHO IOB'I3aHUN 3 IIOILIAB-
KOBUM IpuBoJioM (4 a6o 10) 1 po3ramoBanuii pa3oM 3 HUM Y BHYTPIiLIHIN
MOPOXHMHI po3iupHuKa. Apyruil MarHiT 1 (IpsSMOKyTHa IJacTHHA), PO3-
TaIIOBaHUH 30BHi, CIIIBBICHO BHYTPILIIHEOMY.



1 — 30BHIIIHIIN MarHiT,
2 — MITUH KOPIIyC,

3 — BHYTpIIIHI{ MarHiT,
4,10 — mpuBon,

5 — Baxiib,

6 — momIaBenp,

7 — 0OMEXHUK,

8 — MarHiTokepoBaHHI
KOHTAaKT (T€pKOH),

9 — BimBOOM KOPOOKHM
3aTHCKIB

a) JUT pO3MIMPHHUKIB 13 IITIBKOBUM 3aXHCTOM Maclia;
0) [ pO3MIUPHUKIB, IO CHOIYYCHI 3 aTMOC(EPOI0;

Pucynok 4.4 - Ctpitounuii Mac10BKa3iBHHK

BiH BiagineHuii BiJ mepmoro TOHKOK (<2MM) HEMarHiTHOIO repMme-
TUYHOIO TIEPETOPONIKOIO 2 1 Hece Ha co0i CTpinKy nokax4unka. [lomst marsi-
TiB B32EMOJIIOTH Yepe3 MEePEropoAKy i 0OMaBa MEPEMIIIAIOThCS OJHAKOBO
1 CHHXPOHHO 3aJIeKHO BiJl TIOJIOXECHHS TMOIUIABI. [3 30BHIIIHBOT CTOPOHHU
JI0 KOpIlyca T'BUHTaMU NpUKpiIUieHa o0oiMa (KpHIlKa) 3 allOMiHIEBOTO
CIUTaBY i3 YCTaHOBJICHOIO YCEepeIuHi i MIKaJIor0 JaiaMeTpoM 245 MM, MarHi-
TOM 1 cTpiiikoro. [ToposkHuHa 000¥MK 3aXHIIICHA Bijl 30BHIIIHLOTO CEpPEI0-
BHUIIA CKJIOM, IO HMPUTHUCKAETHCSA IO 000WMU depe3 TyMOBI KiJIbICBI TIpO-
KJIAAKU (QIaHIeM, TBUHTAMH i raiikamu.

Ikana M KpiM cTaHOApTHHX KOHTPOJBHUX OLIHOK MOCTauyeHa Ta-
KOXX OI[IHKaMH, HIO BiJINOBiAal0Th MiHIMAaIbHOMY i MaKCHUMaIILHOMY TIpH-
MYCTHMUM PiBHSIM Maclia.

4.3 T'azoBe peJie

MacnsHi TpanchopMaTopy i3 po3IMHUpHUKAMHU MOTYKHICTIO IMBA i
OinbII 3a0€3MeYyIOThCS TA30BUMH peJie Ul 3aXUCTY BiJ BCiX BHUIIB BHYT-
PIIIHIX YIIKOMXKEHB, 10 CYNPOBOIXYIOTHCS BUIUICHHIM ra3y i nmpuckope-
HUM TIepeTiKaHHsAM Maciia 3 6aka TpaHcopMaTopa B PO3UIMPHHUK, a TAKOXK
BiJl BUTOKY Macia i3 TpaHcdopmaropa il BiaydeHHs moBiTps B Oak. Pene
NPU3HAYEHO JJIsl yCTAaHOBKU B MAcJOIpPOBiA 3 yMOBHUM mpoxonaoM 50 i 80
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MM, 0 3'eAHYyE Oak TpaHchopMaTopa 3 PO3IMIHMPHHUKOM, i MOXKE HaIliiHO
MIPAIIOBATH MIPH TEMIEPATypi HABKOJIHUIITHBOTO MOBITPsI Bif -45 mo +40 °C.
Hpunoun aii pene. [lpu BHYTpI-
LIHIX YIIKO/KCHHSX TpaHcdopmaTopa
(BUTKOBOMY 3aMHKaHHI B OOMOTKax,
EIEKTPUIHOMY TP00O0T 13071, «TI0XKe-
X1 B CTaJll» MarHiTONpOBOAY i T.I.) BiA-
OyBa€eThCs PO3KIJIAZAHHS MACIa, eJIEKTPO-
I3OJIAIIIMHAX MaTepialliB 1 BUAUIIETHCS
ra3. ['a3 migHIMaeTbCca y BEPXHIO YaCTH-
Hy Oaka i momangae B TpyOOMNpOBIM, IO
3'eqHye 0aK i3 PO3MIMPHUKOM, Y SKOMY
BCTaHOBJICHE pelie, a TOTIM y BEPXHIO
YacTUHY peie, II0 TPOXH MiJHIMa€eThCs
1 — nomnasews curnanbHoro ko-  HaA Tpybdornposogom. I'a3, mo ckomuBcs,
HTaKTy; 2 — nomiaBenb KOHTaK- BUTICHAE 3 BEPXHBO1 YaCTHUHU PEJIE MacC-
Ty, IO BiAMUKaE; 3 — pTyTHUM  JIO, TPH IOMY OIYCKA€THCS BEpXHiil

CKJIAHUN nepeMukau tumy ['P; eJIeMeHT peie (CHUTHaIbHHI) 1 3amMuKa-
4- PerHIOBaJ?BHI/Iﬁ BaHTaX; IOTBCSI KOHTAKTH CUTHAJILHOTO JIAHITIOTA.
5 — Kinbue Le Takox Mae miciie pH BIy4YeH-

Hi B 0aKk TOBITpS ab0 3HIKEHHI DiBHS

Pucynok 4.5 — Pejie razoBe . -y
MacJia Ipy BUTIKaHHI Horo 3 0aka.

Ty PI'3-61

VY Bunajaky HOJANbIIOTO PO3BUTKY aBapii B 0aKy IiJBHUILY€ETHCS
THUCK, 1 Maclio 3 HhOTO CIPSIMOBY€EThCSI B po3MIMpHHUK. [ToTik Macna BIutMBae
Ha HIKHIN eneMeHT pesie (BiAMHKAIOYHii), IO PO3TAIIOBAHWI Ha PiBHI
TpybonpoBoay. Ilpy nboMy 3aMHKalOTECSI KOHTAKTH JIAHLIOTA BiJKIIOUCH-
Hs Tparchopmaropa. TpaHCPOpPMATOP BIIKIFOYAETHCSA 1 Y TOMY BHUINAJKY,
SKIIO PiBeHb Macjia B pelie 3HIKYEThCS JI0 PIBHS TPyOONpPOBOIY PO3IINp-
HUKa. JJOCTOTHCTBO ra30BOro 3aXMCTy MOJISTa€ B TOMY, IO BiH CHOBIIa€e
PO PO3BUTOK aBapii B 1i mouaTkoBii crazii. [Ipy BUTKOBMX 3aMHKaHHSIX Y
OUTBIIOCTI BUMAJKIB CTPYMOBUH 3aXUCT BUSIBISETHCS OUIBII YyTIMBHM,
yuM audepenuiansHuii. KpiM TOro, ra3oBuil 3aXHCT NMPaKTHYHO €IUHUH,
pearyioumii Ha «I0eXy B CTalli» MarHiTONPOBOIY.

l'azoBe pene HEe TOBHHHE MaTH «IIOMHJIKOBUX» CIIPallbOBYBaHb.
BepxHili eneMeHT (CUTHAJILHUI) CTIPAIIbOBYE TPH CKYIMYEHHI ITiJ] KPUIITKOIO
pere razy abo mositps B 00cs3i He Mennt 400 cm®. HkHiit enement pene
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(BigMmuKarouwmii) 3abe3rmedye MOXKIWBICTh HACTPOIOBAHHSA HAa KOXHY 13
TphOX (HIKCOBAaHMX IMIBHIKOCTEH (YCTaBOK) IIOTOKY Macjia y BXiTHOMY IIaT-
pyOxky pene: 0,6; 0,91 1,2 m/c.

Pene mae xpan i Binoopy npo0 razy.

Ha TtpancdopmaTopax 3 perymoBaHHIM ITiJ] HABAHTAKEHHAM Koedi-
mieara tpanchopmarii (PIIH) mns 3axmcty mpuctporo PIIH Bix ymiko-
JOKCHB yCeperHI Horo 0aka 3acTOCOBY€EThCs ra3oBe peine Tumy URF 25/10,
Has3uBaHe CTpPYMUHHUM. lle pere Mae OJuH eNeMeHT, MO BiJKIIoYae, pea-
TYIOYMM OPraHOM SIKOTO € TIOBOPOTHA TUIACTHHA, YCTAaHOBJICHA MOIEPEK
NOTOKY MacjiorazoBoi cymimri. Sk i B pesne tumy BF80/Q, moBopoTHa ruiac-
TUHA TIPH CIPallbOBYBAaHHI peJie MepeMilllye MOCTiHHUK MarHiT, mo mnepe-
MuKae repkoH. [Ipu cparboByBaHHI pelle MOBOPOTHA MIACTHHA (PIKCY€ETh-
sl B TOJIOKEHHI, IO CITPaIlOBANIO, 10 TIOBEpHEHHS Bpy4Hy. Lle He mae Mo-
JKJIMBOCTI BBIMKHYTH B po0OOTYy TpanchopMarop, 1o BiJKIFOUYUBCS Ta30BHM
3aXHUCTOM, JO B)KMBAaHHS HEOOXITHHUX 3aXO0/IiB.

4.4 Tepmocudonnuii pinetTp

Macnstai Tparchopmaropu moTyxHIcTI0 160 kBA i Ginbie, y sKkux
Macjo B PO3IMHUPHHUKY CTHKAETHCS 3 HABKOJIMIITHIM MOBITPSIM, IIOBUHHI MaTh
tepmocuponnuit Ginetp (FOCT 11677-75). Macnsani TpancopmaTopu
notyxHicTio 1000 kBA i Giibile 3 a30THAM 3aXHCTOM TaKOX IMOBUHHI Ma-
1 Tepmocudorumii pineTp (TD).

Td 3acTocOBYIOTH Jjisi Oe3MepepBHOT aBTOMATHUYHOI pereHeparii
TpaHCc(HOPMATOPHOrO Maciia 3 METOK YIOBUILHEHHS HOTO CTApiHHS.

T® 3a 1OIOMOroI0 TBOX CBOIX MaTpyOKiB MPUETHYETHCS 10 INTOCKHX
KpaHiB Ha nmaTpyOkax O6aka Tpancdopmaropa. [latpydku T® npuBapesi 10
craneBux TpyO 3 yMoBHHM IpoxoaoM 80 mm. TD 3amoBHIOETHCS TOTINHA-
I0UOK0 PEYOBHHOKO - COpOeHTOM. BHacmiziok pi3HHUIl TemriepaTtyp Macia B
Oari mpairrorouoro TpaHcopmaropa i Macia, sike 3HaxoauThcs B T Bu-
HUKa€ KOHBEKIiHA nmupKyssist Macia yepe3 Td. CopOeHT npu oMHUBaHHI
MAacJIOM BiIOMpAaE 3 HLOTO BOJIOTY, IIIJIaM, KUCJIOTH 1 TIEPEKUCHI 3'€THAHHS,
110 YTBOPIOIOTHCS B IPOLIEC CTapiHHA Macia i TBEpOi i30iwii Tpancop-
Maropa.

Yucno T, siki yCTaHOBIIOIOTH Ha OJHOMY TpaHCPOpPMATOpi, peKo-
MEHJIyeTbCcs BUOMpaTH BinnoBigHo Ao Tabmuui 4.2. OcHoBHI po3mipu T
HaBeJeHi B Tabnui 4.3, nig’exnands TP no Oaky TpancdopmaTopa moxa-
3aHO Ha PUCYHKY 4.6.
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a—Ha 4.6 ta 10 xr copbenty; 6 —Ha 50, 100 ta 150 kr copOeHTy;
1 - repmocudonanit GPinbTp; 2 — BepXHii NaTpyOOK; 3 — HIDKHIKA MaTpyOOK;
4 — 6ak TpaHChOpPMATOpPa; 5 — KpHIIKa TpaHCHopMaTopa

Pucynoxk 4.6 — Tepmocudonnnii pinbTp

Tabmuis 4.2 - Kinekicte T® Ha oquH Tparcdopmarop

€MHICTD €MHICTD
Maca macia B Maca macna B
. | omaoro | Ywmcio . | omroro | YUwmcio
Tpanchopmatopi, ¢binbTpa, | ineTpiB Tpancopmaropi, GhinbTpa, | pimeTpiB
T KT ' KT
0.25 4 1 10 100 1
0.5 6 1 15 150 1
1 10 1 20 100 2
2 10 2 30 150 2
3 10 3 40 150 2
4 50 1 50 100 4
5 50 1
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Tabmuirs 4.3 — Posmipu repmocuonanx GinsTpis (prc. 4.6)

Maca cuikareno Posmipu (inbrpy, MM Maca
y GinbTpi, KU D D1 H h hl |dinerpa, kr

4 180 | 240 | 522 | 370 | 380 8.81

Puc. 4.6.a 6 180 | 240 | 707 | 530 | 565 10.4

10 200 | 265 | 867 | 690 | 725 13.54

D D1 H H1 L

50 415 | 406 | 740 | 1150 | 408
Puc. 4.6.6 | 100 530 | 416 | 885 | 1310 | 526
150 620 | 608 | 970 | 1420 | 526

4.5 MoBiTpPOOCYIHUK

Po3mmpHyKN MacIsIHUX TpaHC(POPMATOPIB MTOBHHHI ITOCTAYATUCS T10-
BiTpoocymaukamu (I1) i3 maciuaaum 3atBopom (I'OCT 11677-75). I1 vacto
BCTaHOBIIOIOTh HA TpaHc(hopMaTopax, M0 He MAOTh PO3IMMpHUKA. Pi3HO-
MaHITHI CIIOCOOM 3aXHCTy Macia B TpaHc(opmaropi mokaszaHi Ha puc. 4.7.
I1 npu3HAYa€eThCS I OYHUIICHHS BiJ BOJIOTH 1 IPOMHCIIOBUX 3a0pyIHECHb
MOBITPSI, O HAAXOAUTH Y TPaHCHOPMATOp MPU TEMIIEPATYPHHUX KOJIMBAH-
HSIX PiBHS Macha.

t
i
}

a 6 B r
a — MOBITPOOCYIIIHHK, 3’ €IHAHUI 3 BEPXHBOIO YACTHHOIO 0aka; 0 — pO3LIMPHHUK,
3’€IHaHMH 3 BEPXHBOKO YaCTHHOO 0aka Ta MOBITPOOCYIIHUK; B — PO3LINPHHUK, 3’ €IHAHUH 3
HIDKHBOIO YaCTHHOIO 0aKka Ta MOBITPOOCYIITHHK; T — eJacCTHYHA IIeperopoka (TUTiBKa), 1o
BIZIOKPEMITIOE MAacJIo B 0aKky TpaHchopMaTopa BiJl Maciia B PO3LMIAPHUKY

Pucynox 4.7 — PisnomaniTHi cmoco6u 3axucTy Macja B TpancdopmarTopi
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Bin € MeTaieBUM IHIIHAPOM
1 (puc. 4.8), HarOBHEHUM CHUITIKa-
relieM 2, y HIDKHIN 9acThHI SKOTO
€ MmacisiHuE 3atBop 10, mo mpa-
LI0€ 332 NPHUHLUIIOM CIHOTYYEHHX
MOCYAMH. 3aTBOP CIYXKHTh JAJIS 3a-
MoOITaHHs BUTBHOTO JTOCTYITY TTOBi-
Tpst B TpanchopMarop i OUHILyE
MOBITPsI, IO 3aCMOKTYETHCS, BiJ
CTOPOHHIX JoMimIoK. 1, mo BMinTye
Macy CHJIIKaremo 5 KT, TOCTaYeHUN
MOKaXYMKOM DIiBHS Maciia B Mac-
nssHOMY 3aTBopi. I1 Mermoi emHOC-
Ti IOKQ)XYHMKA PIBHS Macyia He Mae.
Y BepxHiii uvacTmHi numiHgpa I1
BCTAHOBJICHUH IIATPOH, KU 3aIlo-
BHEHO IHAWKATOPHUM CHIIKarejieM
3. Ilarpon Mae ormsmoBHil OTBIp,
. . 3aKPUTHH CKJISTHUM JIUCKOM 6.

1 — xopmyc; 2— cunikarenb; 3 — CHJIiKa- ..
resib iHIUKAaTOpHU; 4 — QuaHens 1 B 33..H6>KHOCT1 B BFOHQ'
i’ €AHAaHHS 10 TpyOompoBoay; 5, 13 — JKCHHs CHJIIKarejb y HaTpoOH1 3Ml-
maibn rymMoBi; 6 — ormagose ckino; 7~ HIOE CBOE 3a0apBIICHHS 3 OJIAKUT-
rafika paconna; 8, 9 — citki; 10 - mac-  yoro ma poxese. I1 HeBenmukoi

nsHA 3aTBOp; 11 — mpodka; 12 — macno .

TparcopvaTopie; 14 — 1o E€MHOCTi 333HAYEHOTO MATPOHA He
Ma€ 1 3alOBHIOETHCS IITKOM 1HIH-

Pucynox 4.8 - IloBiTpoocymnuk KaTOpHUM CHJIIKAICJIEM.

4.6 3ano0ikHUIT KIaaH Ta BUKWIHA TPYy0a

Y T'OCT 11677-75 3a3HaueHo0, 10 MacisiHi TpaHcopmaTopu MoTy-
xHuictio 1000 kBA 1 Oinbine i3 po3mIMpHUKaMU TIOBUHHI OyTH MOCTaveHi
3aMo0KHUM KJIallaHOM (BHKHJIHOIO TPYOOI0), IO CHpaIbOBYE TPH PAITO-
BOMY IiIBUIIIEHH] THCKY TIOHAH 5 10* IMa.

3ano6ixui Kaananu BCTAHOBJIIOKOTH YaCTIIIe YChOI'O HA BEPXHIN Yac-
TuHi cTinku 6aka. i knananu pospaxosani Ha Tuck 8-10%+ 12103 Ila, npu
AKOMY TIOUYMHAETHCSA iX crpanboByBanns i Tuck 35-10° Ila, npu sskomy BoHH
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3aKpHUBAIOTHCA. Yac crpanboByBaHHA AopiBHIOE mpubdau3Ho 0,05 c.
[IpuaTIITT POOOTH 3aMMOOIKHOTO
KJlarmaHa nokazaHuil Ha puc. 4.9. Bu-
HUKAIO4Wd B 0aKy THCK 3MYILY€ YIIi-
THHIOIOYUI TUCK 5 TepeMillyBaThCs
0 HAPSMIISIFOUNM 4 1 4epe3 CUCTEMY
BakemiB 10 po3TsAryBaTH NPy HHU 9.
Macno depe3 HIDKHIH OTBIp Kopmyca
BUKUAA€eThCs 3 Oaka. Ilicis ckunaHHS
TUCKY B 0aky TpaHc(opmaTopa cuc-
TeMa BaXeNiB 1 TPYXHH TOBEPTAE
VIIUTBHIOIOYNA JUCK Ha CBOE MicIie,
MIPUTUCKAIOYX MOro JO T'yMOBOI MaH-
xketu 3. 3amoOiKHUN KiianaH BCTaHO-
BIICHWH y BEepXHill YacTHHI CTiHKH 0a-
ka 1 Ha ¢maHmi 2 1 3akpituieHnd Ha
HBOMY 32 JAOTOMOrot0 6onTiB 6. Pery-
JMOBaHHS TPYXHHH  3aM00DKHOTO
KJIaraHa 301MCHIOETHCS MiAKIAAaHHIM
CHemiaNbHUX INaiH0 TiJx MpYKUHU.

1 — crinka 6aka; 2 — ¢uaHens;
3 — rymoBa MaHxeTa; 4 — HanpsAMIISIOYa;
5 — yIIinpHIOIOYH AHCK; 6 — O0NTH;

7 — KpHILIKA BEPXHS; 8 — KPHLIKA o6, He 3HIMalOUM KJiamaHa 3 TPaHC-
6oKOBa; 9 — CHCTEMA MPYKHH; (dopmaropa, BUKOHATH HOTO peEryIIro-
10— cucrema paxenis; 11 —xopnyc  pappg i oryisAa, 3HIMAOTh KPUIIKY 7,

TOMY IIO KpHIIKa § 3aBXKAW 3HAXO-

Pucynok 4.9-3ano6i:knuii ki1anan i
JATHCS M1 THCKOM IPYXKHUH.

Buxugna (3axucna) Tpyoa (puc. 4.10, 4.11) ciryxuts ans 3amo6i-
raHHsl pydHanii 6aka TpaHcpopmaTopa, y SKOMY MpH BHYTPILIHIX YIIKO-
mkerHHsx (K3, enexTpuunuii npoOiif 1 1H.) MiABHIIYETbCS THUCK, a 3aXHUCT,
o BiAKiIO4ae TpanchopMarTop, He crpaioBaB abo CIIpaifoBaB i3 3ami3-
HeHHAM. Bukuana tpyOa (puc. 4.10) € craieBuM OWITIHIPOM, 3BapSHHUM 3
JIMCTOBOI cTan TOBIMHOK 1.5 MM. MIOro BCTaHOBIIOIOTH HMKHBOKO ITiIC-
TaBOIO Ha Kpuuiui TpaHcopmatopa 1. Bepxniil pnanens Tpyou 3akpuBa-
I0Th MEMOpaHo10 — CKIISTHUM AuckoM 1 (puc. 4.11). Ilpu aBapii memOpana
JIOTIAETHCS ¥ MacIio 1 Ta3u BUKUJAIOTHCS HA30BHI. BukuaHy TpyOy poOsiTh
Takoi BUCOTH, IIPH SIKiH ii MeMOpaHa 3HAXOUTHLCS BUINE PO3NIUPHUKA Tpa-
Hcopmartopa. Kpim Toro, TpyOy poOnsTh MOXHUIOI i BEpXHil KiHeup ii
JIEIO OIMYCKAIOTh ISl TOTO, MO0 Macio, 0 BUKUAAETHCS 3 TpaHcdopMma-
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TOpa, He MOTPAIUISIIO HA HBOTO 1 Ha 00IaTHAHHS, K€ CTOITh OPYY.

1 — kpumika 6aka; 2 — HIDKHIHA CTaneBuit 1 — cxissHa MeMOpaHa; 2 — TyMOB1
(manens TpyOH; 3 — YIIUIPHIOIOYA TYMOBa  YIIUTBHIOIOYI KB, 3 — raHelb, SKUi

mraii6a; 4 — kopmyc TpyOu; 5 — BepxHiii  HpUTHCKYE; 4 — QiaHenp, SKUH IPHUBAPEHO 10
¢uanens TpyoOH; 6 — oOMexyBanbHa TpyoOa; obmyaiiky; 5 — kopryc Tpyowu;

7 — naHenp, NPUBAPEHHUH O KPUIIKH 6 — oOMexxyBalbHE CTajIeBe KiJble

Pucynok 4.10 — Bukuana Tpy6a  Pucynok 4.11 — Bepxwiii ¢paranens BK

Hiamerp BukumHOI TpyOW BHOMpPAIOTh B 3aJIS)KHOCTI BiJ Jiamerpa
po3mmMpHHKa 3rigHo 3 Tabdmn. 4.4. 11lo6 piBHI Macna y BUKUAHIA TPyOi Ta B
PO3LIMPHUKY OYJIM OJHAKOBI, IX MOBITPSHI TOPOXKHUHH CIIONYYarOTh TPYO-
koto 14. [Honi nependayaroTh (praHenp ISt yCTAHOBKY MOBITPOOCYIITHHUKA.

Tabmuis 4.4 — Bubip niamerpy BUKHIHOL TpyOH

JiameTp po3mmpHIKa, MM 470 - 940 940 — 1260 1260 - 1570
00’eM pO3MIMPHUKA, JT 200 — 1250 1600 — 4000 > 4500
HiameTrp BUKHIHOT TPYOH, MM 150 255 350

4.7 Tpancdopmaropu cTpymy yoyaoBaHi

Yoynosani Tpancopmatopu ctpymy (TC) ycTaHOBIIOIOTH Ha YBO-
nax croponu BH, a B TppodMoTkoBuX Tpanchopmaropax 3 oomorkoro CH
kiaciB Hanpyru 35 kB i Buiie - Takox Ha cropoHi CH. Tparnchopmaropu
knaciB Hanpyru Hik4de 110 kB noryxHnictio 2,5 MBA i Oinbiiie, a Takox
knacu Hampyru 110 kB moryxnicTio mMeHm 6,3 MBA 3a0e3neuyroTbes
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yoynoBanumu TC, sxmo ne cremianbao oomoBisietees JJECT a6o TV.
Bropunni crpymu TC moBunHI Oyt omHakoBumu. Ha xoxwiit ¢aszi cu-
noBoro Tpancopmaropa ogua TC npuzHAUYEHWHA IS MiIKIIOUYEHHS TpH-
JaziB BUMIpY, a iHIIOT — MPHUIIaiB 3aXHCTY.
Hominanpauit mepBUHHTI
3 ctpym TC, ycTaHOBIIOBaHMX Ha
JiHIMHUX yBOAaX 0OMOTOK KIlacy
Hanpyru 110 xB i Bume cwuio-
BHX TpaHC(HOPMATOPIB, 3BHUAK-
HO TPHUAMAETHCS TPUKPATHUM
CTOCOBHO HOMIHAJILHOTO CTPYMY
TpaHcdopMaropa 3 OKpYIJICH-
HSIM 10 HaWOJIMKYOro OLIBIIOrO
3HauyeHHs. Ha HelTpanbHuX yBO-
Iax TpaHchopMaTopiB yCTaHOB-
nror0Th TC Ha HOMIHAJIBHUN Tie-
pBuHHHH cTpym 600 A. YV HeilT-
a pase oomotku CH knacy Hampy-
a - KOHCTPYKIIis; 6 — cxema ru 35 kB TC He BOYIOBYIOTb.
TC BUTOTOBIAIOTH Ha CTa-
Pucynok 4.12 - YoynoBaumii H/IapTHI HOMiHaJbHI cTpymH 1; 5
TpaHcpopmaTop cTpymy 110 A.

Ha puc. 4.12 noka3zani tpancopmartopu ctpymy 3 i 4, yOynoBani B
nepexiguuii guanens 1 yBonay Hampyroro 110 kB, ycraHoBneHoro Ha Kpu-
i 8 cuoBoro Tpancdopmaropa. [logatku i KiHIII BTOPHHHUX OOMOTOK
T KITFOYEH] 710 3aTHCKIB YBOMAIB 7, PO3TaIllOBaHWX HA MUTKY QuaHIs. [lep-
BUHHOIO OOMOTKOIO CJIY)KHTh BIJIBIJl 5, II0 MPOXOIUTh YCEPEIUHI Macio-
HAIOBHEHOTO YBOAY 9, 3aXWINEHOTr0 BiJi METANeBHUX YaCTHH MarepoBO-
OaxemitoBuM muinapom 10.

BropunHi 00MOTKH TpaHchopmaTopa cTpymy Apyr Bia apyra i Bin
3a3eMJICHOTO (QJIaHIlA 130JIbOBaHI €JIEKTPOKapTOHOM 6. MexaHiyHa Mill-
HICTh OOMOTOK JIOCSITAETHCS PO3KIMHIOBAHHAM X TUIAaHKaMH 3 Oyka 2.

IIpu ycranosui TC Ha BizBoIaxX BOHU PO3TALIOBYIOTHCS B 0aKy cu-
JIOBOTO TpaHc(opmaropa B OUIBLIOCTI BHIAIKIB Y BEPXHIM 4acTHHI IMif
kpuwkoro. IIpu ycranosui TC Ha yBogax iX moMilaroTh y cHemiajibHi KO-
Kyxu («agantepu»), iKi BCTAHOBJIIOIOTh Ha KPHIII CHIIOBOTO TpaHCchop-
Maropa. Ha TC maneceHuit Hammmc «Bepx», M0 BU3HAYAE HOTO TIOJIOKCHHS.
Ha 6iuniii moBepxHi TC ycTaHOBIEHUH IUTOK 3 HOr0 TEXHIYHUMHU JaHUMHU

|01 (L T NN

—
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1 TIO3HaYeHHSIM PO3TAITyBaHHS BUBOJIIB 0OMOTKH.

Bropunna oomorka TC Moke MaTh KilbKa CEKIiH 3 Bimmaikamu, 1o
BiJMOBiAal0Th Pi3HUM KoedimieHtam TpaHcopmanii. [ligkmouenns TC
JIOITYCKAEThCsI Jintie 10 onHiel cekii. [Tpusnaueni TC mist TpuBanoi pobo-
TH TIpU TEMIIepaTypl HABKOIWIIHBOTO MOBITpA Big -40°C (emizommdaHO
-45°C) mo +40°C. BOynoBani B cuinosi Tpanchopmaropu TC pospaxosani
Ha HOMiHanmbHI Hampyru 35; 110; 150; 220; 330 i 500 xkB. B ocHoBHOMY
3actocoByioTs TC Ha HacTymHI HOMiHambHI nepBuHHI cTpymu: 300, 600;
1000; 1500; 2000; 1000; 4000; 6000 i 12000 A.

st TC ycranosneHi HoMmiHanbHi kinacu TouHocTi 0,2; 0,5; 1; 31 10,
IO XapakTepu3yloTh rpannuHi morpimHocTi TC mpu pi3HUX 3HAYEHHSIX
HNEPBUHHOTO CTPyMYy i 3alaHOMY BTOPHHHOMY HaBaHTakeHHIO. Lndpa, mo
MO3HAYa€e KJIAC TOYHOCTI, BIJNIOBiIa€ TPaHUYHO MPUITYCTUMOMY 3HAaYEeHHIO
CTPYMOBOI TMOTPIIIHOCTI MpPU HOMIHATBHOMY IepBUHHOMY cTpyMi. Kiac
TOYHOCTI HeoOXigHO BpaxoByBaTH it TuX TC, BToppHHa OOMOTKa SKHX
npU3HaYeHa JUIsl MiAKII0YeHHST BUMiptoBanbHUX npuiaais. s TC, mpus-
HA4YCHUX U1 TU(EPEHIIIATBHOTO 3aXKMCTy, 3aMiCTh KJIacy TOYHOCTI BKa3y-
eThest OykBa /.

4.8 YBoau

YBoau SBISIOTH COOOK0 MOPLEISHOBI NMPOXiAHI 1307STOpH, uYepes
BHYTPIIIHIO MOPOXKHUHY SKHX HPOXOAUTH CTPYMOBEIYYHH CTPWKEHb, 1
CIIy’KaTh JJIsi BUBOJLY KiHIIIB 0OMOTOK 13 TpaHcdopMaropa Ha30BHI ¥ MijiK-
JIIOYCHHS 1X JI0 Mepexi. YBOJIM BCTAHOBJIIOIOTh HAa KPHIII, piaimie Ha Oid-
Hill cTiHLi 6aka. OCHOBHUMH JETAJISIMH YBOJIB € CTPYMOBEAYUYHH €EMEHT
— METaJIeBUH CTPYIKEHb, TPYOa, Kabeiab ado MpoBiJ — 1 HOPLENITHOBHH 130-
JSTOP.

3oBHIIHA KoHOIrypamis i po3Mipu yBOAIB 3ajekaTh BiJl Ki1acy Ha-
NPYTH, POAY YCTAaHOBKU W CHJIM CTPYMY. YBOIM Ul BHYTPILIHBOI yCTaHO-
BKH MarOTh TJIaJIKy TTOBEPXHIO, JJIsl 30BHINIHLOI YCTAHOBKU BIIPI3HSIIOTHCS
Olnbllle PO3BUHEHOIO 30BHIIIHBOI MOBEPXHE (30HTONMOAIOHI pedpa), y
pe3ysbTaTi 4oro 301MBLIYIOThCA IUIIX [TOBEPXHEBOTO PO3psiAy MO IOpLe-
JISIHI U eNIeKTpUYHA MIITHICTh YBOJY.

[MpunycTMa TycTHHAa CTPyMY B CTPYMOBEOYYOMY CTPHXKHI
2-4 A/MMm?. YBOJM BUTOTOBJISIIOTE Ha HOMiHaibHI Harpyru 0,5; 1; 3; 6; 10;
20; 35; 110; 120; 330; 500; 750 kB i Bume # crpymu 100; 250; 400; 630;
1000; 1600; 2000; 2500; 4000 A u Ginble.
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YBoau MacnsHUX TpaHC(POPMATOPIB TTOBUHHI PO3TAIIIOBYBATHCS TaK,
o0, Ko TUBUTHCS 3 00Ky yBoaiB BH, Oyma HacTymHa iXHS TOCTIIOB-
HICTB:

y Tpudaznux tpancdopmaropax: BH 0-A-B-C,

CH Om-Am-Bm-Cm,
HH 0-a-b-c;
B ogHO¢a3Hux Tpanchopmaropax: BH A-X,
CH Am-Xm,
HH a-x.

PosramyBanHs yBOAiB Ha KpHIILi TpaHCPOpPMAaTOpa MOBHHHE 3a/10-
BOJIBHSATH HACTYITHUM BUMOTaM:

—y TOBITPI MK CTPYMOBEIyYUMH YaCTHHAMHU CaMHUX YBOIIB, a TaK
caMo MDK CTPYMOBEAYYHMH YaCTHHAMH YBOJIB 1 323€MJIICHUMH YaCTHHAMHU
TpaHchopMaropa NOBUHHI OyTH BUTPUMaHI HEOOXI1IHI 130JIALIHHI BiJCTaHI;

—YBOAM MOBHHHI OyTH pO3TaIllOBaHi B IMOCTIJIOBHOCTI, YCTaHOBIIE-
noro JJECT 11677-75;

—TMOoBUHHE OyTH TependadeHe 3pydHE NPUETHAHHS IIPOBITHUKIB
EJIeKTPUIHOT MepeXi IO YBO/IIB,;

—YBOIIM HE TIOBHMHHI 3aBaKaTH MiAHOMY KpaHOM 3i0paHoro Tpancdo-
pMaTopa 3a raku Ha 0aKy a0o migiioMy aKTHBHOI YaCTHHH TpaHchopmaropa
3a KiJIbLIsl, YKPIMJIeHI Ha KPHIIIII.

Taomuus 4.5 - [3omamiiai BigcTani

Knac wanpyrn 6 |10 |15 |20 |35 |110(150 330 [500
yBoxy, KB

CHUMETPHUYHI eJIEKTPOIU

YBOJIH - YBO/IH,
YBOJH - TEPMOMETD, 80
YBOJIM - TIPUBO/T TIEPEMHU-
Kar04yoro MpUCTPOIO

110{150]180|300{840{1175{1700{3900

HECUMETPHUYHI EIEKTPOIU

Bincrans B
CBITY, MM

YBOZM - PO3LIMPHHUK,
yBOAM - BUXJionHa TpyOa, |80[110]150]185|315|880}1230]1750}3900
YBOJIH - KOPOOKH 3aTUCKIB

YBoau 1o 35 kB. Ha HOomiHanbHi Hanpyry Big 0,5 no 35 kB BkitouHO
3aCTOCOBYIOTh y TpaHchopMaTopax 3HIMHI (po30ipHi) YBOIH, KOHCTPYKIIis
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SKUX JIO3BOJIAE 3aMIHSTH MOPIEISTHOBHU 1307ATOp 0€3 miaioMy aKTHBHOI
yacTHHU TpaHchopmaTopa abo BepXHBOI YACTHHU Oaka I3BOHOBOTO THITY.
Maiixe BCi 3HIMHI YBOAM € MAaCIOMIAMIOPHAUMHU — BHYTPILIHS MOPOKHUHA iX
3aroBHEHa TpaHC(HOPMATOPHUM MacioM (abo iHIIMM PiAKHM JieNeKTpH-
KOM) TIiJ1 THCKOM 3 Oaka TpaHcdopmatopa (puc. 4.13 - 4.15).

Ilo3znauenns 3HiMHUX yBOniB: B — yBim; C — 3aimuniA; T — Tpancdo-
pmaropHuii; A u b — kareropii BctarkyBaHHS;, HOMiHanbHa Hanpyra (kB),
HOMIHATBHUH cTpyM (A), 1 — po30ipHa cIoTyKa CTPIDKHS YBOAY 3 OOMOT-
KOI0; 2 — 3BapeHa crionnyka; Y1, XJI1 1 T1 — kniMaTidHe BUKOHAHHS Ta Ka-
TEropis pO3MIIICHHSI.

e

e
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1 - cTpymMoOBetyuHii CTpHKEHb;

2 - raiika; 3 - maii0a; 4 - KOBIIaK;
5 - yminpHIOBaTbHA MTPOKIIAIKA;
6, 10 - moprensHOBHIT 130JATOD;

1 - mmmnbKa; 2 - TaTyHHA BTYIIKA;
3 - natyHHUI KOBHNaK; 4 - rymoBa
MIPOKJIaJIKa; 5 - po3pi3Ha maiiba;

7 - ryMOBa MpokJaika; 8 - Kpuiika; 6 - mopIessIHOBHH 130J14TOP; 7 - KyJIauoK;
9, 11 — enexkTpOKapTOHHA MIaii0a; 8 - kpumika; 9 - npoknazka; 10 - BiaBig
12 - naryHHa BTYyNKa

Pucynok 4.13 — 3uiMmumnii ckiaagenuii  PucyHox 4.14 — 3HiMHUIi ckiageHuit
yBia Ha cTpyMm 400 A ii Hanpyry 1 kB yBin Hanpyroio 35 kB
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CtpymoBenydi cTprkHi yBoAiB 35 kB 1 Hmkue Ha ctpymu 4000 A u
OinpIe BUKOHYIOTH TIOPOKHIMHA 3 MiTHUX TPYO.

1 - KOHTAKTHUI HAKOHEYHUK; 2 - OOJT, raiika
i maiiba; 3 - 6oxT; 4, 16, 23 - raiika;
5 - BTynKa; 6 - ryMoBe KilbIle; 7 - KOBIIAK;
8 - rBUHT; 9 - TYMOBA MPOKIIA/IKA;
10 - Buctym; 11 - enekTpokapToHHA IIaiioa;
12 - 6opruk; 13 - ycryn i3051TOpA;
14 - migHU# CTpUKEHb; 15 - MIMUITbKA;
17 - pnaneup; 18 - MPUTHCKHUIA KyIadoK;
19 - npoxnanka; 20 - kpuiIKa;
21 — reTuHakcoBa BTYyJKa; 22 — 1miaiida

Pucynok 4.15 — 3niMunii yBig Ha cTpym
3000 A Ta nanpyry 6 - 10 kB
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1 - i3omaTop;

2 - cTpyMoOBey4a
[ITHIIbKA (CTPHIKEHB ),
3 - KOBMAaK METaJICBHIA;

4,9 - maiidba rymoBa;

5 - mMaruesianbHUI [IEMEHT;
6 - maiida; 7 - maiida
JlaTyHHa; 8 - raiika JaTyHHa;
10 - meraneBuil TUTHIA
(dbnanenp

Pucynok 4.16 — ApmoBannii
yBin Ha 10 kB
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ApmMoBasi yBoau kjiaciB Hanpyru 10 35 kB BkiIo4yHO

VBoau Ha Hanpyru a0 35 kB BrirouHo (puc. 4.16) sBistoTh 00010
MOPIENTHOBUH 1307TOP NWIIHAPUIHOI (popMH, ycepeauHi SIKOTo MpOoXo-
JIUTH MifHA cTpyMoBeAy4a mmmwibka. [Ipu knaci nanpyru 35 kB i3omstop
3alOBHCHUI MaciioM CIUIBHHM i3 TpancpopMaTtopoMm (MaciomiImopHHi
yBon). IIpu kiacax Hanpyru Hmwkde 35 KB 130J1TOp 3alOBHEHHIA TIOBITPSIM.
Inuneka yBoay 35 kB i301p0BaHa manepoBo-0akeIiTOBOIO TPYOKOIO 3 TO-
BIIMHOIO CTiHKK 6-8 MM. KoHTakTHE mpue€qHaHHS 0 YBEACHD SK 30BHIII-
HBOI IITUHM, TaK 1 BiABOAY OOMOTKH € OOITOBUM.
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Pucynok 4.17 —
I'epmernunmii
MACJIOHATIOBHEHH I
yBia Ha 110 kB

YBoau 110 kB i 6inbiue

[pu knaci nanpyru 110 kB i Bume yBoau €
CaMOCTIHHUM TPUCTPOEM 1 MaIOTh OUTBII CKIAAHY
KOHCTPYKITIO 130111111, Y fKii mepemdadeHe BUPiB-
HIOBaHHsI PO3MOJTY HAmNpyru ycepeAwHi i 30BHI
YBOAY.

Konctpykuist repmMeTndHOro yBoay:

1, 25 - HakOHEYHHK, 2 - METaJIeBHU KOPIIYC;
3 - TpyOa; 4 - moKpuIIKa; 5 - I30NALIHHUE cepaed-
HUK; 6 - MeTaleBa CIIOIydHAa BTYIIKa; 7 - BUBII;
8 - BenTmIb; 9 - mokpuika; 10 - reTHHAKCOBA IIAM-
0a; 11, 19 - rymoBa npoknanka; 12 - naryHHu# cra-
kaH; 13 - amominieBuit expan; 14 - dnanens;
15 - rBuHT; 16 - miadparma; 17 - 3aXHCHUN KOXKYX;
18 - cunpdon; 20 - npyxkuHa; 21 - HanmpsMHA TITTH-
JIbKa; 22 - HATUCKHHK IucK; 23 - raika; 24 — OOuIT.

BupiBHIOBaHHS Hampyrd YcepeauHi YBOAY
3IACHIOETHCS 3PIBHAJIBHUMH OOKIIAJKAMH — IIHJIi-
HApam#u 3 QOJIBTH, SIKi PO3TAIIOBaHI MiX CTPyMOBe-
Jy4UM €JIEMEHTOM 1 3a3eMJICHUM (hJIaHIIEM 1 YTBO-
PIOIOThH Ps MOCHiZOBHO BKIIOYEHUX KOHIEHCATO-
piB.

Jiist 30UTBIIIEHHS eNIEKTPUYHOT MIITHOCTI BHY-
TPIIIHBOT 130JISii B MAaCISHOMY MPOMIKKY MiX
CTPYMOBEIYYHM €JIEMEHTOM 1 3a3eMJICHUM (IiaH-
[eM TOMIMATh 0ap'ep, BUKOHAHI 3 TanepoBO-
0aKeNniTOBUX IWIIH/PIB.

YBOIM BUTOTOBJISIFOTHCS SIK HOPMAJIEHOT'O
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BukoHauus (kareropis A 3a JJECT 9920-75), tak i mocunenoro (kareropis
b) mnst excrumyararttii B paifoHax 3 mMiIBUIIIEHAM 3a0pyJHEHHIM aTMOc(epH.
VYBOIM MOXHA BCTAHOBIIIOBATH HA TPAHC(POPMATOpax BEPTHKAIBHO, i
kytoMm 15; 30 abo 45° o BepTukami i 15° 1o ropuzoHTaIi.

I'epMeTHYHI YBOIM MalOTh TO3HAYCHHS, HATIPUKIIAT:

FEM;“ —-110/630- V1, % —-110/630— XJI1

I' — repmernunnii yBoa; BM — mamepoBo-macisiHa BHYTPIIIHS 130JISIiS;
T — ans tpancdopmatopis; 0-45 - KyT Haxuily 0 BEPTHUKaJIl B rpagycax;
110, 220 — vominansHi HarpyrH (kB); 630, 2000 — HOMiHANMBHI cTpyMH (A);
VY — mocwitena 3oBHinHA 13omamist; Y1, XJI1, T1 — xinMaTuHe BUKOHAHHS
1 KaTeropis po3MileHHS.

4.9 ManoMeTpUYHHIT TEPMOMETP

TemnepaTypy macia B TpaHchopMaTopax MoTyxHIicTI0 630 kBA i
MEHIII KOHTPOJIIOKOTh CKISHUM TEPMOMETPOM, Yy TpaHCopMmaTopax Oiib-
1101 MOTYXXHOCTI — MaHOMeTpUYHUMH Tepmomerpamu TCM-100 (puc. 4.18)
a6o TKII-160 Cr (xoHmeHCamiifHAH, MO TOKa3ye, o0 curHamizye). IlpuH-
IIUI IXHBOT Jii 3aCHOBAaHUI Ha CTPOTii 3aJIE)KHOCTI TUCKY HAaCHUCHHUX Map
3aIoBHIOBaYa TEPMOCUCTEMH (Kamiispa, OalloHa) BiJ TeMIepaTypH BHUMi-
PIOBAHOTO CEPEIOBUINA (Macia).

1 — koprryc, 2 — MOKXYUKH YCTAHOBKY MEX Ha CUTHAJI 1 BIAKITIOYECHHS,
3 — mTynep, 4 — xanispaa TpyoOka, 5 — TepMoOaoH, 6 — 3aTUCKH IS
IIIKJIFOYSHHS €JIEKTPOXKUBIIEHHS, 7 — CK00Oa JUIs KpilUIeHHS
Pucynox 4.18 — Manomerpuunuii repmomerp TCM-100
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[Ipu migBHIEHH] TeMIIepaTypy TUCK MapiB y TepMobaioHi 5, 3'eqHa-
HOMY 3 KopmycoM 1 kaminmsipHOIO TpyOKOIO 4, 30UIBIIYETHCS, TIPU IHOMY
crienianbHUH IPUCTPill y KOpIIyci TepMOCHTHaJIi3aTopa i€ Ha CTPUIKY, IO
MOKa3ye Ha LIKalli TemrepaTypy Macia. [Ipu qocsrHeHHI rpaHudHO MPHITY-
CTHMO]I TeMIIepaTypHu KOHTaKTHA CHCTeMa MpHIasy 3aMHUKa€ JIAHLIOT CTPY-
My Ha curHai. [lomanpiie 30UIbIIEHHS TeMIEpaTypy IPUBOANUTH IO 3aMH-
KaHHS KOHTAaKTiB JIaHIIOTa BiKIIOYEHHS TpaHcopmaTtopa. Tepmobanon
YCTaHOBIIOIOTh Y CIIELialbHy TiJb3y, IPOMYIIeHY ycepeauHy Oaka U 3a-
KpITUIEHY Ha KPHIIILi, KOPIYC IpHIaly KpIIJIsaTh HA CTiHII OaKa.

Tpancdopmatopu 3 oxonomkenusm Buai [, Il i L] mocrayarots
JBOMa TEPMOCHUTHAI3aTOpaMH, OJWH 13 SKUX CIYXHUTh IS BUMIpy TeMIIe-
paTypu y BEpXHIX IIapax macjia, Apyruil - Ajs KepyBaHHS aBTOMAaTHKOIO
BEHTUJIATOPIB IYTTS ¥ HACOCIB LIUPKYJIALIT Maca.

Kopmyc curnaiizatopa Ha TJIaJKuX TpaHC(OPMATOPHUX Oakax ycTa-
HOBIIIOIOTH Ha cTopoHi HH. [Ipu HEMOXIIMBOCTI pO3MIIIIEHHS CHUTHAITI3aTO-
pa Ha cTiHIlI 6aKa JOMYCKaeThCs MOTO yCTAaHOBKA Ha OAMHAPHHUX PajiaTo-
pax 1 Ha Kpyrimx TpybOax TpyOdactux OakiB. Ilif curHamizaTop y Micusx
HOT0 KPITUICEHHS BCTAHOBIIOIOTH TYMOBI MIAHOM, IIO CIYXaTh aMOPTH3aTO-
pamu.

Kopnyc curnanizaropa BCTaHOBIIOIOTH Ha TpaHcdopMmaropi Ha BU-
coti 6mu3bko 1.5 M Bin piBHA QyHIamenTy. Bin atmocdepHux onaaiB Kop-
MyC 3BUYAiHO 3aXHMIIEHUI MeTaneBUM Ko3upkoM. Kaminsp tepmocuruari-
3aTopa, 00 YHUKHYTH YIIKO/KEHb, PEKOMEHTYEThCS TPOKIIAIaTH B ra3o-
Bili TpyOI.

Mexi BUMipy TemmepaTypu TepMmocurHaiizatopom tumy TCM-100
cranoBisATh 0-100°C. Tepmobanon mae miamerp 16 MM i gomxuny 160,
250, 315 a6o 400 mm. JlomxuHa Kamijispa ctanoBuTh 1, 1.6, 2.5, 4, 6, 10,
12 aGo 16 m.
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5 BKA3IBKH 3 O®OPMJIEHHA
MNOSACHIOBAJBHOI 3AITUCKHA

[MosicatoBanpHa 3amucka (I13) moBuHHA BMILTyBaTH: THUTYJIbHHHA
JIMCT, 3aBIAaHHS Ha KypCOBHI NPOEKT; pedepaT; 3MICT; Mepeslik YMOBHUX
MO03HaY€Hb, CHMBOJIB, OJUHHIIb, CKOPOYEHb 1 TEPMIiHIB; BCTYII; OCHOBHY
(po3paxyHKOBY) YacTHHY; OIMUC KOHCTPYKIIii; BHCHOBKH, TEpETiK MOCH-
JIaHb; JOJIATKH (SIKILIO BOHH €).

3aBgaHHS Ha MPOEKTYBaHHS BUIAETHCS KEPIBHUKOM MPOEKTY.

IIpu odopmienni 113 HEOOXimMHO TOYHO HOAEPKYBATUCH BUMOT [0
oopMIIeHHS KypCOBUX MPOEKTIB, siki HaBeaeHi y CTII 15-96 [8].

ABTOpH KypCOBUX TPOEKTIB, MOSCHIOBAIBHI 3alUCKU SKUX O(opM-
neHi 3 BigxwineHHsM Big Bumor CTII 15-96, no 3axucty He AOMyCKArOTHCS.

3aranbHi BUMOrH

I13 odopmitoroTs Ha apkymax GopMaTy A4 pyKOITUCHUM CHOCOOOM
a00 3a JOMMOMOT 00 KOMII FOTEPHOI TEXHIKH Ha OJJHOMY 0011l apKymia 6ij1oro
namnepy 4epes miBropa iHTepBamm 12 — 14 po3mipom mpudty. AG3arHuit
BifcTym - 1.25¢m.

Iupuna noJis:

- BEpXHE i HWKHE — He MeHe 20 MM,

- JiBe — HE MEHII 25 MM,

- mpaBe — He MeHII 10 MMm.

3aronoBku

CrpyktypHi enementn «3ABJAHHS», «PEDEPAT», “3MICT”,
“TIEPEJIIK YMOBHUX IIO3HAYEHb, CHUMBOJIB, OJAWMHUIIb,
CKOPOYEHb I TEPMIHIB”, “BCTVYII”, “BUCHOBKW”, “IIEPEJIK
ITOCHUJIAHDB” He HymepyrOTh, a iX Ha3BU IPAaBIATh 3a 3arOJIOBKH CTPYK-
TYpPHHX €JIEMEHTIB.

Posainu ¥ migpo3iiv MOBUHHI MATH 3aroJIOBKH. 3arojlOBKH CTPYK-
TypHHX eneMeHTiB [13 1 3arooBKHM pO3MiIIB CIIiAg pO3TAalIOBYBaTH IOcepe-
IUHI psAKa 1 ApYKyBaTH BEJIMKUMH JIiTepaMu 0e3 Kparok B KiHIi, HE MiiK-
pecmotoun. [lepeHeceHHst CIliB y 3aroI0BKY pO3/IiTy HE HOITyCKAETHCSL.

3aroJ0BKU MiAPO3IiNiB, MyHKTIB i miamyHkTiB [13 ciix mouunaru 3
a03amHoOro BIACTYMY 1 IPYKyBaTH MaJleHbKHUMH JIITEpaMu, KpiM MepIIoi Be-
JIMKOT, HE MiAKPECIIoYn, 0e3 KpanKku B KiHII.
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BiacTans MK 3arojIOBKOM 1 MOAAIBIIAM YH TOMEPEIHIM TEKCTOM
Mae OyTH HE MEHII, HiX /1Ba pAIKA. Bijmctans Mi>k OCHOBaMH PSJIKIiB B 3a-
TOJIOBKY, & TAKOXK MIXK JIBOMA 3aroJIOBKaMH MPUHMAIOTh TaKOIO, K Y TEKC-
Ti. He momyckaerbcsi po3MilllyBaTH Ha3BY pPO3Iiy, MiAPO3ILTY, a TaKOK
MyHKTY ¥ MAITyHKTY B HIDKHIA 9aCTHHI CTOPIHKH, SIKIIO TIcis Hel po3Mi-
IICHO TUTbKU OJIMH PSJOK TEKCTY.

Hymepauis cropinok

Howmep cropiakm apaOckkuMu nudpamMu MPOCTaBISIOTh y TIPAaBOMY
BEPXHBOMY KyTi CTOpPIHKH 0€3 KpaIlky B KiHIII.

TuTynpHHI JTUCT, 3aBAaHHS Ha MPOEKT (2 cTop.), pedepar Ta 3mict
BKITFOYAIOThH JI0 3arajbHOI HyMepallii CTOPIHOK, aje HOMepa CTOPIHOK He
NPOCTaBISIFOTh. HoMepa CTOPiHOK MOYMHAIOTH MPOCTABIIATH 3 CTPYKTYPHO-
ro enementy «I[IEPEJIIK YMOBHUX ITO3HAYEHbD ... ».

HoMmepa cTopiHOK Ha crenuikallisSx He HpPOCTABJAIOTh. IX ITimmu-
BatoTh 110 113 micist momaTkiB (AKIIO BOHH €) 20O MICIS MepeltiKy MOCHIIaHb
(sSIKII0 AOJATKIB HEMA) 3rifHO 3 HoMepaMu Bkaszanumu y kogi ['KIHO.

Hymepauisi cTpyKTypHUX eJleMeHTiB
Pozminm 113 moBrHHI MaTH MOPSIIKOBY HyMEpAIlifo B MeXax BHUKJIA-
nennst cyti [13 1 mozHadaTucs apaOcbkuMu 1udpaMu 0e3 Kpanku, HarpH-
KJa:
1 IONEPEJTHINA PO3PAXYHOK

[Tigpo3niny NOBMHHI MaTH HOPSIKOBY HYMEPAIIiIO B MEXKaX KOXKHOTO
po3aiy, sKa CKJIaJa€ThCcsl 3 HOMEpa PO3JAUTY 1 MOPAAKOBOIO HOMEpa Iij-
PO37iiy, BIJOKPEMIICHUX KPAIKOIO, HATIPHKIIAT:

1.1 IloyaTkoBi 1aHi po3paxyHKy

[lyHKTH MOBHHHI MaTH MOPSAKOBY HyMepallio, sIKa CKIaJaeThes 3 3
HOMeEpa POo3Jiiy, MOPSIIKOBOIO HOMEpA MiIPO3ILTY Ta MOPSIKOBOTO HOME-
pa myHkty, Hanpukaaza: 1.1.1, 1.1.2 it.x.

Sxmo posmin abo MAPO3AUT CKIAMAETHCS 3 OMHOTO IYHKTY, abo
MYHKT CKJIQJAETHCS 3 OJJHOTO MiJITYHKTY, HOTO HyMEPYOTh.

TaOmuiri, iIrocTpalii ¢ HyMepyBaTH B Mexax posairy. Homep
TaONMILI CKJIAAAETHCA 3 HOMEpa PO3ALTY 1 MOPSIKOBOrO HOMEpa TalJuLi,
BiJIOKpEMJICHHX KPAIKOI0, HAPUKIA;:
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Ta6auus 2.1 — Pe3yJbTaTi po3paxyHkKy
Pucynok 3.2 — Cxemu 3amineHnnsi Tpancgopmaropa

®opmynu 1 piBHsiHHSA Yy 113 cnig HyMepyBaTu MOPSAIKOBOIO HyMepa-
€10, KA CKIIAJAETHCS 3 HOMEpa PO3MALIY 1 MOPSIKOBOTO HOMEpa (popMyn
abo piBHSHHS, BIAOKPEMIIEHUX KpaIKoIoO, Ha PiBHI popMyinH abo piBHSIHHA
B Jy’KKax y KpailHbOMY MPaBOMY IOJOXCHHI Ha PsKY, Hampukiam, Ghop-
myina (1.3) — petst hopmyiia mepIroro posminy.

IIpaBmia oopmieHHs TaOMUIh, TEPENiKiB, ITFOCTpaliii, GopMmyI Ta
piBHSHB, TOcWIaHb, nomaTkiB [I3 Ta kpecienb 1 crenudikamii y
KOMIT FOTEpPHOMY BHIJISI/I 3HAXOATHCS B ayiuTopii 268 3a aapecoro

d:\ Opopmuennsi KIT ITEM T 2009\
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6 IMTAHHSA 10 3AXUCTY KYPCOBOI'O IPOEKTY

Cunogi Tparchopmaropu. [Ipu3HadeHHs, raxy3b 3aCTOCYBaHHS.
[Ipunmun gii TpancdopmaTopa.
Knacudikanis Tpanchopmaropis.

4 Kouctpykuis cuiioBux TpanchopmaTopiB. OCHOBHI By3JH 1 iX mpu-
3HAYCHHS.

5 BmuB  Ha reOMETPi0 MarHiTHOI CHCTEMH.

6 [Ipu3HavyeHHs MOMEPEeIHHOrO PO3PAXYHKY.

7 BapTicTh aKTHBHOI YaCTHHH, SK OIWH 3 OCHOBHHUX ITapaMETPiB T0-
HEePETHBOTO PO3PAXYHKY.

8 Buau MarHiTHHX CHCTEM CHJIOBUX TpaHc(opMaTopiB.

9 CxemH HIMXTYBaHHS] MarHITHUX CHCTEM.

10 Cramni, siKi BHKOPHUCTOBYIOTH B TPaHC(OPMATOPOOYAyBaHHI.

11 3aco0u npecyBaHHS i CTSHIKKU CTPUKHIB MAarHITHUX CHCTEM.

12 3aco0u npecyBaHHS 1 CTSKKU SAPEM MarHiTHUX CUCTEM.

13 Tumu 0OMOTOK CHIIOBHX TPaHC(OPMATOPIB.

14 Cxema po3paxyHKY OJTHO- Ta JJBOIIAPOBOT MITIHAPUIHAX OOMOTOK.

15 Cxema po3paxyHKy OJTHOXOJIOBOi FTBUHTOBOI OOMOTKH.

16 Tpancmo3urisi OJHOXOJOBOI TBHHTOBOI OOMOTKH.

17 Cxema po3paxyHKy 6araToxoJOBUX 'BUHTOBHX OOMOTOK.

18 Tpancmo3uirisi 6araToxoa0B01 TBUHTOBOT OOMOTKH.

19 TpusHaveHHs TPaHCTO3WIII 1 ii BUAM.

20 Cxema po3paxyHKy OararomapoBoi HUIIHIPUIHOT OOMOTKH.

21 Cxema po3paxyHKy Oe3repepBHOi KOTYIIIKOBOI O0OMOTKH.

22 PerymoBanHs Hanpyrd. CXxeMu peryJaioBaHHS HaNpyTH i HaBaH-
Ta)KSHHSM IPU PI3HOMAHITHUX KJIacaX HAIPyrd OOMOTKH.

23 PerymoBanHs Hanpyru. CxeMu BUKOHAHHS BiJiralyeHb B 0OMOT-
i IpH MIepeMUKaHHI 0e3 30yPKEeHHSI.

24 KoHCTpyKIlis aKTUBHOT YaCTHHU CHIIOBOTO TpaHc(hopmMaTopa.

25 Knacudikanis i307s1ii B cUI0BHUX TpaHchOpMaTopax.

26 OCHOBHI THIH 130JIAIIHHIX KOHCTPYKIIIH.

27 EnexTpoi3ousiiiiHi MaTepiaiu, siKi BUKOPUCTOBYIOTh B TpaHCHOpP-
MaTopoOyTyBaHH.

28 Pexum HepoOOYOro X0y CHIOBOro TpaHc(opmaTopa.

29 Brpatu i cTpyM HepoOO4Oro X0y CHIOBOI0O TpaHcdopmaropa.

30 3acobu 3MeHIIeHHS BTpaT HEpoOOYOro XOy.

WwWN -
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31 PexxyM KOpOTKOr0 3aMHKaHHSI CHJIOBOrO TpaHc(opmaropa.

32 Brpartu i Hampyra KOPOTKOT'O 3aMHKaHHSI CHUIIOBOTO TpaHc(opma-
TOpa.

33 OcHOBHI 1 10JaTKOBI BTpaT KOPOTKOTO 3aMUKAHHS.

34 3aco0u 3MEHILIEHHS BTPAT KOPOTKOI'O 3aMUKaHHSI.

35 Bu3HaueHHS MEXaHIYHUX CHJI B OOMOTKaX TPU KOPOTKOMY 3aMH-
KaHHi.

36 Emopn MOIOBKHBOTO 1 TONEPEYHOT0 OIS Y KOHIEHTPHYHUX 00-
MOTKaXx.

37 Mis panianbHUX CHJI HAa KOHICHTPUYHI OOMOTKH.

38 YMoBH MakcHMaJIbHOTO Koe(illieHTa KOPUCHOT Aii.

39 Cxemu i Tpymu 3'eTHAHHS OOMOTOK CHIIOBHX TpaHC(HOpPMaTOPiB.

40 Bak cunoBoro Tpancopmatopa. [Ipu3HaueHHsT 1 BUIM KOHCTPYK-
TUBHHUX BUKOHAHb.

41 Cucremu OXOIJIOKEHHs CHIIOBUX TpaHchopmaTopiB. Buan i mpus-
HAa4YeHHS.

42 KoHCTpyKIis i MpU3HAYSHHS PO3IIUPHUKA

43 KoHCTpyKIIis i Mpu3HaUYEHHS MacIOBKa3iBHUKA.

44 KoHCTpyKIIis 1 TPU3HAYEHHS MOBITPOOCYIITHHAKA.

45 KoHCTpyKIlis 1 MpU3HAYECHHS Ta30BOTO pelie

46 KoHcTpykKilis i mpU3HAYEHHST TEPMOCUPOHHOTO QibTpYy.

47 KoHCTpyKIIisl 1 MpU3HAYEHHST MAHOMETPUIHOTO TEPMOCUTHAIII3aTO-
pa.

48 KoHcTpykilis i mpr3HaYeHHs 3a1001KHOTO KilanaHa (Tpyon).

49 KoHCTpyKIIis 1 MpU3HaUYEHHS TPaHCPOPMATOPIB CTPYMY.

50 Koncrpykuis i mpu3HaueHHs npuctporo PITH.

51 Koncrpykiis i mpusHadeHHs npuctporo [153.

52 KoHcTpyKIlis i MpU3HAYEHHS YBOJIIB CHIIOBOTO TpaHcopMaTopa.

53 IlapanensHa poOoTa CHIIOBUX TpaHC(HOPMATOPIB.
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JonaToxk A
IToyaTkoBi 1aHi 10 KYpCOBOI0 MPOEKTY

Ta6mums A.1 — [TogatkoBi naHi TBOOOMOTKOBUX TpaHC(hOpPMATOpPiB

Howminanbha ©
g nanpyra, KB CxeMa Ta Ha Brparu, kBt i_
S Tun rpyna on
g Tpanchopmaropa 3’€IHaHb npyra =
2 BH HH K3,%| Px | Px | &
g 00MOTOK g
@)
1 | TM-25/10 6+2-2.5% 0.4 Y/Yn-0 4 0.09 10.525] 3.2
2 | TM-25/10 10+£2-2.5% 0.4 Y/Yn-0 4 0.09 1 0.525 ]| 3.2
3 | TM-30/10 10£2-2.5% 0.4 Y/Yn-0 4 0.1 0.7 3
4 | TM-40/10 6+2-2.5% 0.4 Y/Yn-0 4 014 | 0.77 | 3
5 | TM-40/10 10£2-2.5% 0.4 Y/Yn-0 4 014 | 0.77 | 3
6 | TM-50/10 10£2-2.5% 0.4 Y/Yn-0 4 016 | 0.95 | 3
7 | TM-63/10 6+2-2.5% 0.4 Y/Yn-0 4 0.175]1.025| 2.8
8 | TM-63/10 10£2-2.5% 0.4 Y/Yn-0 4 0.175]1.025| 2.8
9 | TM-63/20 20+2-2.5% | 0.23 Y/Yn-0 53 | 029 | 147 |4.43
10 | TM-63/20 20+£2-2.5% 0.4 Y/Yn-0 53 | 0.29 | 1.47 |4.43
11| TM-100/10 6+2-2.5% 0.4 Y/Yn-0 4 0.25 | 1.935] 2.6
12 | TM-100/10 10£2-2.5% 0.4 Y/Yn-0 4 0.25 11.935]| 2.6
13| TM-100/20 20+£2-2.5% 0.23 Y/Yn-0 6.5 |0.465| 1.97 |4.16
14 | TM-100/20 20+£2-2.5% 0.4 Y/Yn-0 6.5 |0.465| 1.97 |4.16
15 | TMK-100/35 27.542-2.5% | 0.4 Y/Yn-0 6.5 | 0.38 2 24
16 | TM-100/35 35+2-2.5% 0.23 Y/Yn-0 6.5 |0.465| 1.97 |4.16
17 | TM-100/35 35+2-:2.5% 0.4 Y/Yn-0 6.5 |0.465| 1.97 |4.16
18 | TM-160/10 6+2-2.5% 0.4 Y/Yn-0 45 | 042 | 265 | 1.8
19 | TM-160/10 10£2-2.5% 0.4 Y/Yn-0 45 | 042 | 265 | 1.8
20 | TM-160/35 20+£2:2.5% | 0.23 Y/Yn-0 65 | 066 | 265 | 24
21| TM-160/35 20+£2-2.5% 0.4 Y/Yn-0 65 | 066 | 265 | 24
22 | TM-160/35 20+£2-2.5% 0.69 Y/D-11 65 | 066 | 265 | 24
23 | TM-160/35 3542:2.5% | 0.23 Y/Yn-0 6.5 | 066 | 265 | 24
24 | TM-160/35 35+2-2.5% 0.4 Y/Yn-0 65 | 066 | 265 | 24
25 | TM-160/35 35+2-2.5% 0.69 Y/D-11 65 | 066 | 265 | 24
26 | TM-250/10 6+2-2.5% 0.4 Y/Yn-0 45 | 056 | 38 |16
27 | TM-250/10 10£2-2.5% 0.4 Y/Yn-0 45 | 056 | 38 |16
28 | TM-250/35 20£2-2.5% 0.23 Y/Yn-0 65 | 096 | 3.7 |23
29 | TM-250/35 20+2:2.5% 0.4 Y/Yn-0 65 | 096 | 3.7 |23
30 | TM-250/35 20£2-2.5% 0.69 Y/D-11 65 | 096 | 3.7 |23
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Howminanpaa e

g nanpyra, KB CxeMa Ta Ha Brpatn, kBT ;
-3 Tun rpyma ani
g Tpancdopmaropa Peuans |0y 2 =
- BH HH K3,%| Px | Px | &
2 0O6MOTOK =
O

31 | TMX-250/35 27.5422.5% | 0.4 Y/Yn-0 65 | 082 | 42 | 2
32 | TM-250/35 35+2:2.5% | 0.23 | Y/Yn-0 65 | 09 | 37 |23
33 | TM-250/35 35+2-2.5% 0.4 Y/Yn-0 65 | 096 | 3.7 |23
34 | TM-250/35 35+2:2.5% | 0.69 | Y/D-11 65 | 09 | 37 |23
35 | TM-400/10 6+2-2.5% 0.4 Y/Yn-0 45 | 073 | 52 |11
36 | TM-400/10 10£2-2.5% 0.4 Y/Yn-0 45 1073 ] 52 |11
37 | TM-400/35 20+2-2.5% 0.23 Y/Yn-0 65 | 135 | 55 |21
38 | TM-400/35 20+2-2.5% 0.4 Y/Yn-0 65 | 135 | 55 |21
39 | TM-400/35 20+22.5% | 0.69 | Y/D-11 65 | 135 | 55 |21
40 | TM2K-400/35 27.542:2.5% | 0.4 Y/Yn-0 6.5 11 59 |19
41 | TM-400/35 35+2-2.5% 0.23 Y/Yn-0 65 | 135 | 55 |21
42 | TM-400/35 35+2-2.5% 0.4 Y/Yn-0 65 | 135 | 55 |21
43| TM-400/35 35+2:2.5% 0.69 Y/D-11 65 | 135 | 55 |21
44 | TMH-400 /35 35+4-2.5% 11 Y/D-11 6.5 15 55 |18
45| TM-630/10 6+2-2.5% 0.4 Y/Yn-0 55 1.1 7.4 1
46 | TM-630/10 10£2-2.5% 0.4 Y/Yn-0 55 1.1 7.4 1
47 | TM-630/35 20+2-2.5% 0.4 Y/Yn-0 6.5 2 7.6 2
48 | TM-630/35 20+£2-2.5% 0.69 Y/D-11 6.5 2 7.6 2
49 | TM-630/35 20+£2-2.5% 11 Y/D-11 6.5 2 7.6 2
50 | TMXK-630/35 27.542:2.5% | 04 Y/Yn-0 6.5 2 7.6 2
51 | TM-630/35 35+2-:2.5% 0.4 Y/Yn-0 6.5 2 7.6 2
52 | TM-630/35 35+2:2.5% 0.69 Y/D-11 6.5 2 7.6 2
53 | TM-630/35 35+2-2.5% 6.3 Y/D-11 65 | 245 | 63 |1.97
54 | TM-630/35 35+2-:2.5% 10.5 Y/D-11 65 | 245 | 63 |1.97
55| TMC-1000/10 3.1542-2.5% | 0.4 Y/Yn-0 8 22 | 122 |14
56 | TMC-1000/10 6.3£2-2.5% 0.4 Y/Yn-0 8 22 | 122 |14
57 | TMC-1000/10 6.3£2-2.5% 0.4 D/Yn-11 8 22 [ 122 |14
58 | TMC-1000/10 10.542-2.5% | 0.4 Y/Yn-0 8 22 | 122 |14
59 | TM-1000/35 20+2-2.5% 0.4 Y/Yn-0 65 | 275122 |15
60 | TM-1000/35 20+2-2.5% 0.4 D/Yn-11 65 | 275122 |15
61 | TM-1000/35 20+2-2.5% 0.69 D/Yn-11 65 | 275|122 |15
62 | TM-1000/35 20+2-2.5% 6.3 Y/D-11 65 | 275|116 |15
63 | TM-1000/35 20+£2-2.5% 10.5 Y/D-11 65 | 275|116 |15
64 | TM-1000/35 35+2-2.5% 0.4 Y/Yn-0 65 | 275|122 |15
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Howminanpaa e

g nanpyra, KB CxeMa Ta Ha Brpatn, kBT ;
-3 Tun rpyma ani
g Tpancdopmaropa Peuans |0y 2 =
- BH HH K3,%| Px | Px | &
2 0O6MOTOK =
O

65 | TM-1000/35 3542-2.5% | 3.15 Y/D-11 65 | 275|122 |15
66 | TM-1000/35 35+2-2.5% 6.3 Y/D-11 65 | 275 | 116 |15
67 | TM-1000/35 35+£2-2.5% 10.5 Y/D-11 65 | 275|116 |15
68 | TMH-1000/35 20+6-1.5% 0.4 Y/Yn-0 65 | 275|122 |15
69 | TMH-1000/35 20+6-1.5% 0.4 D/Yn-11 65 | 275|122 |15
70 | TMH-1000/35 20+6-1.5% | 0.69 | D/Yn-11 65 | 2751122 |15
71 | TMH-1000/35 20+6-1.5% 6.3 Y/D-11 65 | 275 | 116 |15
72 | TMH-1000/35 20+6-1.5% 11 Y/D-11 65 | 275 | 116 |15
73 | TMH-1000/35 35+6-1.5% 0.4 Y/Yn-0 65 | 2751122 |15
74 | TMH-1000/35 35+6-1.5% | 0.69 Y/Yn-0 65 | 275122 |15
75 | TMH-1000/35 35+6-1.5% 6.3 Y/D-11 65 | 275 | 116 |15
76 | TMH-1000/35 35+6-1.5% 11 Y/D-11 65 | 275|116 |15
77 | TM-1600/35 20+2-2.5% | 04 Y/Yn-0 65 | 365 | 18 |14
78 | TM-1600/35 20£2-2.5% 0.4 D/Yn-11 6.5 | 3.65 18 |14
79 | TM-1600/35 20+2-2.5% | 0.69 | D/Yn-11 6.5 | 3.65 18 |14
80 | TM-1600/35 20+2-2.5% | 6.3 Y/D-11 6.5 | 365 | 165 |14
81 | TM-1600/35 20+2-2.5% 10.5 Y/D-11 6.5 | 365 | 165 |14
82 | TM-1600/35 35+2-2.5% 0.4 Y/Yn-0 6.5 | 3.65 18 |14
83 | TM-1600/35 35+2-2.5% | 0.69 | Y/Yn-0 65 | 365 | 18 |14
84 | TM-1600/35 35+2-2.5% | 3.15 Y/D-11 6.5 | 365 | 165 |14
85 | TM-1600/35 35+2-2.5% 6.3 Y/D-11 65 | 275|165 |14
86 | TM-1600/35 35+2-2.5% 10.5 Y/D-11 65 | 275|165 |14
87 | TMH-1600/35 20+6-1.5% 0.4 Y/Yn-0 6.5 | 3.65 18 |14
88 | TMH-1600/35 20+6-1.5% 0.4 D/Yn-11 6.5 | 3.65 18 |14
89 | TMH-1600/35 20+6-1.5% | 0.69 | D/Yn-11 6.5 | 3.65 18 |14
90 | TMH-1600/35 20+6-1.5% 6.3 Y/D-11 65 | 365 | 165 |14
91 | TMH-1600/35 20+6-1.5% 11 Y/D-11 65 | 365|165 |14
92 | TMH-1600/35 35+6-1.5% 0.4 Y/Yn-0 6.5 | 3.65 18 |14
93 | TMH-1600/35 3546-1.5% | 0.69 Y/Yn-0 6.5 | 3.65 18 |14
94 | TMH-1600/35 35+6-1.5% 6.3 Y/D-11 65 | 365|165 |14
95 | TMH-1600/35 35+6-1.5% 11 Y/D-11 65 | 365 | 165 |14
96 | TM-2500/10 10+2-2.5% 10.5 Y/D-11 65 |38 | 235 | 1
97 | TM-2500/10 6+2:25% | 3.15 | Y/D-11 65 |38 | 235 | 1
98 | TM-2500/10 10£2-2.5% 3.15 Y/D-11 6.5 | 3.85 | 235 1
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Howminanpaa S

g wanpyra, kB Cxema Ta Ha. Brpatn, kBT ;
S Tun rpyma ani
g Tpancdopmaropa Peuans |0y 2 =
2 BH HH K3,%| Px | Px | &
2 0O6MOTOK =
O

99 | TM-2500/10 10+2-2.5% | 6.3 Y/D-11 65 | 385|235 | 1
100| TM-2500/35 2042-2.5% | 0.69 | D/Yn-11 6.5 5.1 25 |11
101] TM-2500/35 20+£2-2.5% 6.3 Y/D-11 6.5 51 | 235 |11
102| TM-2500/35 20£2-2.5% 10.5 Y/D-11 6.5 51 | 235 |11
103| TM-2500/35 3542-2.5% | 0.69 Y/Yn-0 6.5 5.1 25 |11
104| TM-2500/35 35+2-2.5% | 3.15 Y/D-11 6.5 51 | 235 |11
105| TM-2500/35 35+2-2.5% 6.3 Y/D-11 6.5 51 | 235 |11
106| TM-2500/35 35+2-2.5% 10.5 Y/D-11 6.5 51 | 235 |11
107] TMH-2500/35 20+6-1.5% | 0.69 | D/Yn-11 6.5 51 25 |11
108| TMH-2500/35 20+6-1.5% 6.3 Y/D-11 6.5 51 | 235 |11
109| TMH-2500/35 20+6-1.5% 11 Y/D-11 6.5 51 | 235 |11
110 TMH-2500/35 35+6-1.5% | 0.69 Y/Yn-0 6.5 5.1 25 |11
111] TMH-2500/35 35+6-1.5% 6.3 Y/D-11 6.5 51 | 235 |11
112| TMH-2500/35 35+6-1.5% 11 Y/D-11 6.5 51 | 235 |11
113] TMH-2500/110 110+10-1.5% | 6.6 Yn/D-11 | 105 | 6.5 22 |15
114| TMH-2500/110 110+10-1.5% | 11 Yn/D-11 | 105 | 6.5 22 |15
115| TMH-2500/110 110+£10-1.5% | 22 Yn/D-11 | 105 | 6.5 22 |15
116| TM-4000/10 6+2:25% | 3.15 | Y/D-11 75 | 52 | 335 |09
117| TM-4000/10 10+2-2.5% | 315 | Y/D-11 75 | 52 | 335 |09
118| TM-4000/10 10+£2-2.5% 6.3 Y/D-11 7.5 52 | 335 ]0.9
119| TM-4000/35 20+2-2.5% | 6.3 Y/D-11 75 | 67 |35 |1
120| TM-4000/35 20+£2-2.5% 10.5 Y/D-11 7.5 6.7 [ 335 | 1
121| TM-4000/35 35+2-:2.5% | 3.15 Y/D-11 7.5 6.7 [ 335 ] 1
122| TM-4000/35 35+2-2.5% 6.3 Y/D-11 7.5 6.7 {335 | 1
123| TM-4000/35 35+2-2.5% 10.5 Y/D-11 7.5 6.7 [ 335 | 1
124| TMH-4000/35 15.7546-1.5% | 6.3 Y/D-11 7.5 6.7 [ 335 ]| 1
125| TMH-4000/35 20+6-1.5% 6.3 Y/D-11 7.5 6.7 | 335 1
126] TMH-4000/35 20+6-1.5% 11 Y/D-11 7.5 6.7 | 335 1
127] TMH-4000/35 35+6-1.5% 6.3 Y/D-11 7.5 53 [ 335 ] 1
128 TMH-4000/35 35+6-1.5% 11 Y/D-11 7.5 53 | 335 1
129| TM-6300/35 20+2-2.5% | 6.3 Y/D-11 75 | 94 | 465 | 0.9
130| TM-6300/35 20+2-2.5% 10.5 Y/D-11 7.5 94 | 465 ] 0.9
131] TM-6300/35 35+2-2.5% 3.15 Y/D-11 7.5 9.4 | 465 | 0.9
132| TM-6300/35 3542-2.5% | 6.3 Y/D-11 75 | 94 | 465 | 0.9
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HowminanpHa S
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§ Mmaropa BH HH 3’€THaHb K3.%| px | Pe é
2 0OMOTOK =
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133 | TM-6300/35 3542-2.5% 10.5 Y/D-11 7.5 9.4 | 465 | 0.9
134 | TMH-6300/35 13.846-1.5% | 6.3 Y/D-11 7.5 8 46.5 | 0.8
135 | TMH-6300/35 15.75¢6-:1.5% | 6.3 Y/D-11 7.5 8 46.5 | 0.8
136 | TMH-6300/35 20+6-1.5% 6.3 Y/D-11 7.5 9.4 | 465 | 0.9
137 | TMH-6300/35 20+6-1.5% 11 Y/D-11 7.5 94 | 465 | 0.9
138 | TMH-6300/35 35+4-2.5% 6.3 Y/D-11 7.5 94 | 465 109
139 | TMH-6300/35 3544-2.5% 11 Y/D-11 7.5 9.4 | 465 | 0.9
140 | TM-6300/110 110+2-25% | 6.6 Yn/D-11 | 105 | 27.3 | 55.16 |3.72
141 | TM-6300/110 110+£2-2.5% 11 Yn/D-11 | 105 | 27.3 |55.16 |3.72
142 | TM-6300/110 12142-25% | 6.3 Yn/D-11 | 105 | 27.3 | 55.16 |3.72
143 | TM-6300/110 121+£2-25% | 105 | Yn/D-11 | 10.5 | 27.3 |55.16 [3.72
144 | TM-6300/110 12142-25% | 15.75| Yn/D-11 | 105 | 27.3 | 55.16 |3.72
145 | TMH-6300/110 | 115+9-1.78% | 6.6 Yn/D-11 | 105 13 50 1
146 | TMH-6300/110 | 115+9-1.78% | 11 Yn/D-11 | 105 13 50 1
147 | TMH-6300/110 | 11549-1.78% | 22 Yn/D-11 | 105 13 50 1
148 | TMH-6300/110 | 11549-1.78% | 385 | Yn/D-11 | 105 13 50 1
149 | TA-10000/35 38.5£2-2.5% | 6.3 Yn/D-11 75 | 145 65 |08
150 | TA-10000/35 38.542:2.5% | 105 | Yn/D-11 75 | 145 65 |08
151 | TAHC-10000/35| 10.548-1.5% | 3.15 | Yn/D-11 14 145 85 0.8
152 | TAHC-10000/35| 10.548-1.5% | 6.3 Yn/D-11 14 145 85 0.8
153 | TAHC-10000/35| 13.8+8:1.5% | 3.15 Y/Y-0 14 145 85 0.8
154 | TAHC-10000/35| 15.75+8-1.5% | 3.15 Y/IY-0 14 | 145 | 8 |08
155 | TAHC-10000/35] 36.75+£8-1.5% | 3.15 | Yn/D-11 14 145 85 0.8
156 | TMH-10000/110| 115+9-1.78% | 6.6 | Yn/D-11 | 105 | 18 60 | 0.9
157 | TMH-10000/110| 115+9-1.78% | 11 Yn/D-11 | 10.5 18 60 | 0.9
158 | TMH-10000/110| 115+9-1.78% | 22 Yn/D-11 | 10.5 18 60 | 0.9
159 | TMH-10000/110| 115+9-1.78% | 38.5 | Yn/D-11 | 10.5 18 60 | 0.9
160 | T/TH-10000/110 | 110+9-1.78% | 6.6 Yn/D-11 | 10.5 27 74 0.9
161 | TTH-10000/110 | 110+9-1.78% | 11 Yn/D-11 | 10.5 27 74 0.9
162 | TAH-10000/110 | 115+9-1.78% | 6.6 Yn/D-11 10.5 27 74 | 0.9
163 | TTH-10000/110 | 115+9-1.78% | 11 Yn/D-11 | 10.5 27 74 0.9
164 | TAH-15000/110 | 110+9-1.78% | 6.3 Yn/D-11 | 10.5 40 130 [0.85
165 | T/TH-15000/110 | 110+9-1.78% | 11 Yn/D-11 | 10.5 40 130 [0.85
166 | TAH-15000/110 | 115+9-1.78% | 6.6 Yn/D-11 105 40 130 [0.85
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1 2 3 4 5 6 7 8 9
167 |TIH-15000/110 11549-1.78% | 11 | Yn/D-11 10.5 40 | 130 |0.85
168 | T1-16000/35 38.5+2-:2.5% | 6.3 | Yn/D-11 8 21 90 |0.75
169 | TA-16000/35 38.542-2.5% | 10.5 | Yn/D-11 8 21 90 [0.75
170 | TAHC-16000/35 10.548-1.5% | 6.3 | D/D-0 10 21 | 105 |0.75
171 |THHC-16000/35 13.8+8:1.5% | 6.3 D/D-0 10 21 | 105 |0.75
172 |TAHC-16000/35 15.75+8-1.5% | 6.3 D/D-0 10 21 | 105 |0.75
173 |TAHC-16000/35 1848-1.5% 6.3 D/D-0 10 21 | 105 |0.75
174 | THHC-16000/35 36.75+8-1.5% | 6.3 | Yn/D-11 10 21 | 105 |0.75
175 |TAH-16000/110 11549-1.78% | 6.6 | Yn/D-11 10.5 23 85 [0.85
176 |TAH-16000/110 11549-1.78% | 11 | Yn/D-11 10.5 23 85 [0.85
177 |TAH-16000/110 11549-1.78% | 22 | Yn/D-11 10.5 23 85 [0.85
178 |TAH-16000/110 11549-1.78% | 38.5 | Yn/D-11 10.5 23 85 [0.85
179 |TAH-16000/150 15848-1.5% | 6.6 | Yn/D-11 11 19 88 | 0.8
180 |TIH-16000/150 158+8-1.5% 11 | Yn/D-11 11 19 88 | 0.8
181 |TA11-80000/35 38.542:2.5% | 6.3 | Yn/D-11 9.12 129 13594 | 1.5
182 |TA11-80000/35 38.5+42:2.5% | 10.5 | Yn/D-11 9.12 129 13594 | 15
ITouaTkoBi JaHi JBOOOMOTKOBUX TPaHC(HOPMATOPIB 3 PO3MIEIUICHOI0 0OMOTKOIO
1 2 3 4 5 6 7 8 9
183 |TPJTH-25000/35  |15.754+8-1.5%| 6.3/6.3 D/D-D-0-0 | 95| 29 145 10.7
184 |TPIH-25000/35  |15.75+8-1.5%| 6.3/10.5 D/D-D-0-0 | 95| 29 145 0.7
185 |TPJTH-25000/35 18+8-1.5% 6.3/6.3 D/D-D-0-0 | 95| 29 145 0.7
186 |TPJTH-25000/35 18+8-1.5% 6.3/10.5 D/D-D-0-0 | 95| 29 145 10.7
187 |TPJTH-25000/35 20+8-1.5% 6.3/6.3 D/D-D-0-0 | 95| 29 145 0.7
188 [TPJIH-25000/35 20+8-1.5% 6.3/10.5 D/D-D-0-0 | 95| 29 145 0.7
189 [TPJTH-25000/35  |36.75+8-1.5%| 6.3/6.3 D/D-D-0-0 | 95| 29 145 0.7
190 |TPJTH-25000/35 36.75+8-1.5%| 6.3/6.3 |Yn/D-D-11-11] 9.5 | 29 145 0.7
191 |TPH-25000/35 |36.75+8-1.5%| 6.3/10.5 D/D-D-0-0 | 95| 29 145 0.7
192 |[TPAH-25000/35  |36.75+8-1.5%| 6.3/10.5 |Yn/D-D-11-11| 9.5 | 29 145 0.7
193 |TP/{H-25000/35  [36.75+8-1.5%| 10.5/10.5 | D/D-D-0-0 | 9.5 | 29 145 0.7
194 |TPJTH-25000/35 36.75+8-1.5%| 10.5/10.5 |Yn/D-D-11-11] 9.5 | 29 145 0.7
195 |TPJTH-40000/35 20+8-1.5% 6.3/6.3 D/D-D-0-0 | 14 | 39 225 | 2
196 |TPJTH-40000/35 20+8-1.5% 6.3/10.5 D/D-D-0-0 | 14 | 39 225 | 2
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I'abapuTHi Ta ycTAaHOBOYHI po3Mipu TpanchopmaTopiB
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RO W e a1
T Tromoetner Ko 0 1] ]
M/ 37712 KATKE
15 16 11 £l £l 1 - 8Boau BH; 2 — BBogu HH;
T T 7 i 3 — elgeMeHT mIs Mif €qHAHHS
\ ﬂH‘] 3azemicHHs; 4 — Tabamuka
TpaHcopmaTopa; 5 — Tabmm4-
f;a\C J,-f\‘E? f;ﬂ‘t?" | KM BBOJIB; 6 — KOTKH JUISl 1103~
VESVES VES === [ noBkHBOrO Ta MONEPEYHOTO
= ] = = [ || mepecyBanHs TpaHcopMmaropa;
W = 7 — ckoOu A migiiomy; 8 —
! C A (1 |» =3

TATOBUI MPUCTPiil U1 Tepecy-
BaHHS TpaHcopmaropa; 9 —
CKOOHM Il PO3KPIIUICHHS TPH
TpaHcioptyBanHi; 10 — kpaH
JUTsL 37IMBaHHS Ta Binbopy mpob
Mmacna; 11 — mrynep ans 3anu-

BaHHS Macna; 12 — mpoOKa Ui 3IMBaHHS 3QJHINKIB Macia; 13 — posmmpHuk; 14 — macis-
HHI 3aTBOP MOBITPOOCYIIHUKA; 15 — MaclOBKa3iBHHUK ,,[UIOCKOr0” THIly; 16 — yOynoBaHui
MOBITPOOCYIIHUK; 17 — mpHuBOJ IepeMukaya; 18 — tabnnika eHTpy Baru; 19 — eneMeHT uis
i’ eqHaHHS 3a3emieHHs; 20 — Oak; 21 — kpumika; 22 — Tabnudka 3aBOJICBKOT0 HOMEPY Tpa-
HCopmMaTopa

Pucynok B.1 — I'abaputHe kpecinennss Tpancopmaropa (I — II radapur)
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Tabmus b.1 - ['abapuTHi Ta yCTaHOBOYHI PO3MIpH TpaHCPOPMATOPIB

Tun L |B|H/J|H | h |h]|fl]f
TpaHcdopmaropa

MM | MM | MM | MM | MM | MM | MM | MM

TM-25/10/0.4-V 1 965 |325]1095| - 638 |291]175] 95
TM-40/10/0.4-V 1 980 |350]1095| - 638 |296]180| 95
TM-63/10/0.4-V 1 1023 1390|1219 - 762 |375]180)| 95
TM-100/10/0.4-Y1 1098 1539|1294 | - 837 |413]180]120
TM-160/10/0.4-Y1 12231598 1339 | - 882 |435]180]120
TM-250/10/0.4-Y 1 13181683 | 1414 | - 957 |523]180]120
TM-400/10/0.4-Y1 1393887 | 1586 | 1697 | 1056 | 492 | 265] 150
TM-630/10/0.4-V1 15651930 1674 | 1785 ] 1144 1600 | 265 | 180
TMI'-25/10/0.4-V1 735 |473| 888 | — | 638 |291]175] 95
TMI'-40/10/0.4-V1 765 |498| 888 | — | 638 |296]180] 95
TMI'-63/10/0.4-V 1 835 |518]1012| - | 762 |375]180| 95
TMI'-100/10/0.4-V1 966 |604|1087| - | 837 |413]180]120
TMI'-160/10/0.4-V1 11016531132 - | 882 |435]|180|120
TMI'-250/10/0.4-V1 1231]703] 1207 | 1319 | 957 |523]180] 120
TMI'-400/10/0.4-Y 1 12351887 1306 | 1418 | 1056 |492]265] 150
TMI'-630/10/0.4-V 1 1258|853 | 1422 ]| 15331 1172 | 578 265| 150

[Ipumitka. TparchopmaTop HE Mae KapeToK, SKIIO B KOJOHII ,,H1”

9

CTOITH .
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JdonaTtoxk B

Kpeciaenns cusoBux tpancpopmaropis
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Pucynok B.1, aucr 1 — T'aGapurHe kpecienns Tpancdopmaropa TMH-1600/35
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4
“ 1 — posmmpHuK; 2, 2’ — Ma-

j CJIOBKa3iBHUK TpaHchopma-
S ‘ - topa ta PIIH; 3 — yBix BH;
L 4 — yBix HH; 5 — 3acyBka
2 == 2 (BeHTHIIB) I 3IMBAHHS
)5 ' Macja; 6 — mpoOKa s 37H-
BaHHsI 3a0pyJHEHOTO Macia;
7 — TIOBOpOTHA KapeTka;
il 8 — KoroK; 9 — IIOK;
10 — pagiarop; 11 — npuBoxg
nepemukaua; 12 — cko0a st
migiiomy; 13 — kpaH I 10-
nuBy Macnia; 14 — 3aBOjCh-
KUl mUTOK; 15 — KpaH s
pamiatopa Ta TepMOCH(OH-
HOoro (pimeTpy; 16 — Tepmo-
cudonHmii Ginetp; 17 — mo-
BiTpsiocymHUK; 18 — razose
pene; 19 — BukumHa TpyOa
(3amobi»HUH KIIanaH);

57

20 — xabemni; 21 — ckoba myist migiioMy AOMKpaToM; 22 — KpaH JJIsl B3STTS
npobu macia; 23 — TepMOMETPUYHMNA cUTHaITi3aTop; 24 — OONT 3a3eMIIeH-
HsT; 25 — MaHIEOT A7 3’ €IHAHHS Pa/iaTopiB MPU TPAHCIOPTHPYBaHHI; 26 —
HYIBOBH yBin, 27 — nepemukad PITH, 28 — penykrop, 29 — mpusoz PITH,
30 — 6ak, 31 — kpumika, 32 — kopoba kabenis, 33 — razose pene PITH, 34 —
yCTaHOBKa TpaHc(opMaTopiB cTpyMmy, 35 — npoOka il JOJIMBaHHS Maca,
36 — KoneKTop.

Pucynok B.1, nuct 2 — T'abaputHe KpecjieHHs TpancdopmaTopa
TMH-1600/35

CknazanbHi onuHHLI (IeTalti) CHIOBUX TpaHCOpPMAaTOpiB HaBEICHI
1o puc. K.1 € 3aranbHuMH TakoX i AJ1s1 BCiX pUCYHKIB monaTtky K.
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Pucynox B.3 — I'a6aputHe kpeciaenus Tpancdopmaropa TMH-4000/35
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Pucynok B.4 — T'adaputHe kpeciaenns rpancgopmaropa TMH-6300/35



