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BCTYIl

Jucrtmrutina «[HKeHepHE TPOEKTYBAHHS ENEKTPUYHHX MAIIUH Ta
TparHcPOpMaTOpiB» y BIAMOBIMHOCTI 3 HABYANHHUM IJIAHOM BHBYAETHCS
CTyaeHTamH 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 JETaIbHO PO3TJIs-
JTAIOTHCST OCOOIMBOCTI KOHCTPYIOBaHHS Ta PO3paxyHKIB IMapaMmeTpiB Ta Xa-
PAaKTEPUCTUK OCHOBHHMX KOHCTPYKTHBHHX CKIJIaIOBHUX TpaHchopmaropa. B
IUX METOAMYHUX BKa3iBKaxX HABEJCHO: OCHOBHI PO3IIIH, SKi IOBUHECH
BKIIFOYATH B ce0e KypCOBHI MPOEKT, peKOMEHMAI] 31 3MiCTy pO3ILTiB Ta
peKoMeHaIlil 3 BUOOPY TOMOMIXKHOTO 00JIaTHAHHS TpaHC(HOpPMaTOpiB.

[Tpu poboTi Hax MaTepiaoM AUCHUILTIHA HEOOXiTHO KOPUCTYBATHCh
KOHCIIEKTOM JICKIiH, miapydYHuKaMu (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 ONpAIIOBATH 32 IHIIUMH MiIPYYHHKAMH a00 3BEPHYTHCS 32 KOHCYIIb-
Tali€ro 0 BUKJIagaqa.

[TpuiioM KypcoBOTO MPOEKTY 3IIHCHIOETHCS KOMICI€I0, B CKIIA SIKOT
BXOJIUTH KEPIBHUK KYpPCOBOTO IPOEKTY, JEKTOp Ta BUKIaaadi. Jlo 3axucTy
JOITyCKaeThes KypcoBui npoekT opopmitenuii 3a JCTY 3008-2015 nepe-
BipeHUH Ta MiANUCAaHUN KepiBHUKOM MpoekTy. CTyJeHT MOBUHEH MiJroTy-
BaTH JIONOBIAh Ha 8-10 XBUJIMH Ta IPYHTOBHI BIAMOBIJI HA MHUTAHHS JUIS
CaMOTIePEBipKH.



1 META TA 3AJAYI KYPCOBOT' O IIPOEKTY

MeTa BUKOHAHHS KYPCOBOI'0 MPOEKTY: MOTINOIICHE BUBYCHHS Ma-
Tepiany 3 po3ainy «Tpanchopmaropm» [1, 2]; 3aCBOEHHS OCHOBHHX MPHH-
[UTIB, OCOONMMBOCTEH Ta IH)KEHEPHOI METOIWKH TMPOEKTYBAaHHS CYYacHHUX
JIBOX- Ta TPUOOMOTKOBHX TpaHCPOPMATOpiB Ha 0a3i BUKOPHUCTaHHS HOBIT-
HiX JOCSTHEHb B Taly3i po3paxyHKy Ta BHPOOHHITBA TpaHC(OpPMAaTopiB;
MiATOTOBKA CTYIEHTIB J0 CaMOCTIHHOTO BHPIIICHHS IHXXEHEPHUX 3alad
NpY KOHCTPYIOBaHHI, MPOEKTYBaHHi, BAPOOHHUIITBI Ta EKCIUTyaTalii TpaHc-
¢dopmaropis.

MeTonuuHi BKa3iBKH MpU3HAYEHi IS TPodeciitHOl M ITOTOBKY CIie-
iaTICTiB Ta MAriCTPiB JO MPAKTHIHOI JisSUTBHOCTI.

3agayi KypcoBOro mpoeKkTy

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

—  KOHCTPYKIIisl OKpEMHX BY3JiB TpaHC(HOPMATOPIB;
—  METOJUKa MONepeTHOr0 PO3paxyHKy TpaHcopmMaTopa Ta BUOIp or-

TUMaJIbHOTO BapiaHTy 3TiIHO 3aBJaHHIO HA MIPOEKT;

—  METOJ¥Ka MOBHOTO PO3paxyHKy TpaHc(hopMaTopa.

PoGoTta Hax KypcOBHM HpPOEKTOM ITIOBHHHA JIOIIOMOITH CTYAEHTaM
OTMaHyBaTH MPOEKTYBaHHS OCHOBHUX BY3JIB TpaHChOpMaTopa 3 ypaxyBaH-
HSIM HOBUX aKTUBHHX 130JIIIHHUX Ta KOHCTPYKIIHHUX MaTepialiB, Clpus-
TH 03HAHOMJICHHIO 3 JIOCBiZIOM TpaHCc(OpMaTOpoOyaiBHUX 3aBOMIB B rairys3i
NPOEKTYBaHHS Ta BUTOTOBICHHS TPAaHC(HOPMATOPIB 3 ypaxyBaHHSAM OCTaH-
HiX JIOCSATHEHb, 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 CTyneH-
TH BUKOHYIOTH BiIMIOBIHO 13 3aBIAHHSM, K€ BHJIACTHCS KEPIBHUKOM IPO-
eKTYy.

3aBmaHHs BKIIOYA€E B cebe: TUN TpaHcopMaTopa; HOMiHANBHY IO-
TYXHICTh; HOMIHAJIbHI HAIPYTu 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 airro-
MiHil, pe)KUM HaBaHTaKEHHS — JOBTOTPHUBAJINIA; XapaKTep PO3MIllIeHHS —
BHYTpIIIHE 200 30BHIIITHE.

B Tabmumsx Al, A2 nonmaTky A HaBeleHI BapiaHTH TEXHIYHUX 3a-
BJIaHb HA KypCOBUH MPOEKT. 3aBAaHHs MiAiOpaHi TaKUM YHHOM, IO Kypco-
BUH MPOEKT Pa3oM i3 TUINIOMHUM MPOEKTOM CKJIaJIa€ €MHY CUCTEMY B3ae€-
MOTIOB'SI3aHUX MPOEKTIB, AKi MOCHTIJOBHO YCKIIATHIOIOTHCS.

2.2 06csAT KypcOBOI0 MPOEKTY

KypcoBuii poeKT 3 NpoeKTyBaHHS TpaHCHOpMaTopa CKIATAETHCS 3
PO3paxyHKOBOI Ta rpadiyHOT YaCTHH.

P03paxyHKOBOIO 4acCTHHOIO € MOsICHIOBaNIbHA 3amucka (45-50 cropi-
HOK), pO3po0JieHa Ha KOMIT'IOTEpPi Ta MepeBipeHa KEPIBHUKOM MPOEKTY Tie-
pel  pO3IpYKyBaHHSM, sKa O(GOPMIIIOETBCS  3TAHO 3  BUMOTaMHU
JCTY 3008-2015 [8].

OdopMiIeHHS PUCYHKIB MOSICHIOBATIBHOI 3alIMCKH Ta KPECICHb MOXKE
OyTu KoMIT' foTepHUM. ['padiuHa yacTUHA MPOEKTY CKIATAETHCS 3 ABOX JIH-
CTiB KpeciieHb (opmary Al: Ha HMEepIIOMY JIHCTI MOJAETHCS 3aralbHUN BH-
rsin TpaHcdopmaropa (2-3 BuIH, SIKi JJO3BOJSIFOTH CKIIACTH YSBICHHS TPO
KOHCTPYKTHBHI 0COOJIMBOCTI TpaHCchOpMAaTOpa); Ha APYrOMy — OKpeMi By3-
M (MarHiTHa CHCTeMa, akTHBHA YacTHHA, OOMOTKH Ta IHILE) Ta JeTalli Tpa-
HCOopMaTopa 3TiIHO 3 BKa3iBKaMH KEPiBHUKA IPOEKTY.

[MpaBuia oopMIICHHS TOSCHIOBAILHOI 3aITUCKH Ta KPECIIeHb JIOKJIa-
JHO 13 IPUKJIaJaMyd HAJaHO B KOMIT FOTEPHOMY BUTJISI/II B KOMIT IOTEPHOMY
kiaci kapeapu «Enekrpuuni MammHm» (ayauropis 268).



2.3 3mMicT KypCcOBOT0 MPOEKTY

Ta6auns 2.1 — CkjagoBi KypcoBOro npoeKTy Ta TepMiHH iX BUKOHAHHS

06- Yac Tepmin
Ne HaiimenyBanHs po3ainy cAT, |BuKoHaHHS, |BUKOHAHH,
% TOINH TIDKHIL
1 |BusHayeHHS OCHOBHUX EIIEKTPUYHUX
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
BU3HAUCHHS MEXaHIYHUX CHII, HAPYT
Ta HarpiBaHHS 0OMOTOK mpu K3 5 3 6
5 |Po3paxyHOK MarHiTHOI CHCTEMH:
3aKIFOYHUI PO3pPaxyHOK MarHiTHOT
CHUCTEMU 8 4 7
PO3paxyHOK MapaMeTpiB HepoOOYOTro
X0y 4 3 8
6 |Po3paxynok KKJI TpanchopmaTopa 2 1 9
7 |TernoBuii po3paxyHOK Ta pPO3pPaxyHOK
CUCTEMHU OXOJIOKEHHS 7 4 9
8 |BusnaueHHsT MacH aKTHBHOI YaCTHHH,
KOHCTPYKIIMHUX MaTepiajliB Ta Macia
TpaHchopmarTopa 2 1 10
9 |Po3pobka KOHCTpYKIi TpaHChopMaTOpa
Ta ii onMCcaHHA 3 ypaxyBaHHIM €KOHOMIi
MPUPOAHUX 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 Po3paxyHox JIiHiliHMX Ta (pa3HHX HANIPYT Ta CTPYMiB 00MOTOK

Po3paxyHok TpaHcdopmaTopa movaTH 3 BU3HAUEHHS OCHOBHHUX elle-
KTPUYHUX BEIHYMH: MOTYKHOCTI Ha (a3y Ta CTPWKEHb; JIHIHHNX Ta (as-
HUX CTPYMIB 3TiHO 31 cxeMaMH 3’€JHaHHI OOMOTOK BHCOKOi HaIlpyTH
(BH), cepennboi nanpyru (CH) ta Husbkoi Hanpyru (HH), pasaux nanpyr
00MOTOK.

3.1.2 Bu0ip Bunpo0yBajabHUX HAPYT 00MOTOK

3a kjmacaMu Hanpyr 0OMOTOK 00paTH BUIIPOOYBaJbHI HATIPYTH, MIiCIIs
YOro BU3HAUMTH KOHCTPYKIIIO Ta MiHIMaIbHO TMPUITYCTHMI 130JIsIiKHHI Bif-
CTaHi TOJIOBHOI Ta MOIOBKHBOI 1301s1Mii. 32 0OpaHUMH TaHUMHU HaKpeCIu-
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 CKJIaIOBUX HAMPYTU KOPOTKOTO
3aMHUKaHHS IIPOBECTH 3a [MOYATKOBUMM JAaHUMH HA IIPOEKTYBaHHA: IOTYX-
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

OO0patu WIOCKY CTPHKHBOBY 200 OPOHECTPHKHBOBY (B 3aJI€KHOCTI
BiJl TabapuTy) KOHCTPYKIIF0O MAarHiTHOI CUCTEMH, CXEMy IIUXTYBaHHS 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 TOBUIMHH JIMCTIB cTajdi Ta THOY i30/suii
NJAaCTHH, IHAYKIl B MArHITHIA CUCTEMI

BubOpaTti mMapky craji Ta TOBIIMHY JIHCTIB. 32 TIOTYXHICTIO TpaHC-
(dopmaropa BU3HAYUTH YHCIIO CTYIEHIB B IEpepi3i CTPUXKHIB Ta speM, 00-
patu KoedilieHTH Kpyra Ta 3allOBHEHHS Kpyra 3 ypaxyBaHHSAM IOJOBXKHIX



KaHaJiB, po3paxyBaTH KOe(]iieHT 3aMOBHEHHS CTAJUTIO. 3aJaTHCh 1HTYKIIi-
€10 B CTPIKHI Ta, BPaXOBYIOUM KOE(IIIEHT IMOCUIIEHHS SApMa, BUSHAYUTH
IHAYKLIIO B ApMi; pO3paxyBaTH IHAYKIIIO B KOCOMY CTHKY.

3a BiIOMHUMH iHAYKLiSIMA 0OpaTy MUTOMi BTPATH B CTalli Ta MUTOMI
HaMarHivyloo4i MOTYKHOCTI B CTPIDKHSIX, IPMaxX Ta CTUKAaxX MarHiTHOI cHucC-
temu. OOpaTH, B 3aJIE)KHOCT] BiJl KOHCTPYKTUBHUX Ta TEXHOJOTIYHUX (hak-
TOpiB, Koe(ilieHTH 301IBIIEHHS BTPAT Ta PEaKTHUBHOI MOTY)KHOCTI TpaHC-
dbopmaropa.

3.2.3 Ionepenniii BUGIp KoHCTPYKUii 00MOTOK [1, Tu1. 5]

3a [1 Tab:. 5.8] 0OpaT KOHCTPYKIIiF0 0OMOTOK, BPaXOBYIOYH 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 TIlomepenHiii po3paxyHok TpaHcdhopmaTopa 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 CHCTEMH Ta OOMOTOK); pO3MipiB MarHiTHOi
CHUCTEMH Ta 0OMOTOK, BTPaT Ta CTPyMy HEpOOOUYOTO X0y, BAPTOCTI aKTHB-
HOT YaCTHHHU TpaHCcopMmaropa. AHaJI3 I[UX MOKA3HHUKIB JI03BOJIUTh BHU3HA-
YUTH ONTHMAJbHE CIiBBiJHOIIEHHS T€OMETPHYHHUX PO3MIpiB, sSIKE Bi/IMOBi-
Jla€ 3aBJAHHIO HA MPOEKTYBAHHS Ta OJHOYACHO 3aJ0BOJIBHSAE YMOBI MiHi-
MaJIbHOI BapTOCTi aKTUBHUX MaTepiaiB.

VY3aranpbHEHUII METOJ IOMEPEeHHOTO PO3paxyHKy 3abesledye BU-
3HA4YCHHS BUILEBKA3aHUX BEIWYMH TpaHCPOpPMaTopa BiJI HE3AICKHUX
3MIHHHX, IO 3AIMCHIOIOTh HAHOIIBIINK BIUTMB Ha KOHCTPYKIIIO Ta po3pa-
XYHKOBI XapaKTepUCTUKU TpaHchopMaTopa. TakuMu 3MIHHUMH € JiaMeTp
CTPIIKHS MarHiTHOi cuctemMu d Ta CHiBBIJHOIICHHS OCHOBHHX PO3MipiB
o0MoTOK TpaHchopMaTopa ff

p=rdp/l, (3.1)
ne 705 — cepentst TOBKMHA PafialbHOTO KaHATY MK 0OMOTKaMH,

| — BucoTa 0OMOTOK.
Benuuuna f Moxe 3MiHIOBaTHUCh B MIMPOKKX Mexax Big 1.0 mo 3.5.
MeHmmM 3HaYeHHSM f BiJINIOBIIalOThH BiTHOCHO BHCOKI Ta BY3bKi TpaHC]O-
pMaropu, OUTBIIMM 3HAYEHHSM f§ — HHU3bKI Ta MIMPOKI TpaHchopMmaropH.
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IIpu 3pocranHi £ 301TBIIYETHCS Maca CTalli MarHiTOIPOBOAY 1 3MEHIITY€Th-
sl Maca MeTairy OOMOTOK.

Po3paxyHOK OCHOBHHMX KOHCTPYKIIMHUX Ta €JICKTPUYHUX BEIUYUH
TpaHcdopMaTopa B 3aJICKHOCTI Bi £ CIIiJI MPOBECTH 3TiTHO PEKOMEH/IaIli-
aum [1]. 3a maHUMHU po3paxyHKy pi3HUX BapiaHTIB KOHCTPYKTHBHOTO BHKO-
HaHHS TpaHcopmaropa o0y yBaTH HACTYIHI rpadiku:

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

io=1(8); op=1(8); JI=1(B);, d dp, I, C=1(B),
ne G, G,, G,,, G, — Macu craji CTPHXKHIB, IPEM, MarHiTONPOBOAY Ta
00OMOTOK BiJITOBITHO, KT}

C,, — BimHOCHa BapTicTh akTUBHOI 4acTuHu (3a 100 % HeoOXimHO
MPUIHATH MiHIMAIIbHY BapTiCTh aKTUBHOI YacTHHN), %0;
P, — BTpaTu Hepoboyoro xofy, kBT;

ay

o, — MeXaHiuHe HanpyxenHs, Mlla;

J —ryctuna ctpymy, A/m;

d, dyp, I, C — niamMeTpu CTpWKHA Ta KaHaly Mik 0OMOTKaMHM, BUCOTa
00MOTOK Ta BiICTaHb MiJK OCSIMH CTPHXKHIB MarHiTOIPOBO/Y, M.

3.2.4 Bubip niamerpy cTpu:kHA TpaHcopMaTopa Ta PO3PaxyHOK
PO3MIpPIB MAarHiTHOI CHCTeMH

3rigHo noOyzxoBanuM (m. 3.2.3) rpadikam HakpecauTH miarpamy [1,
puc.3.13], 3a 1omoMoror SAKOi BU3HAYHTH ONTHMAJbHE 3HAYEHHS [ 1 mia-
METPY CTPWKHSI MarHiTHOI CUCTEMH, TIPH SIKMX BTPATH Ta CTPYM HEPOOOUo-
ro xoay OyayTh BiamoBigatu TexHiuHOMY 3aBaanHIo 10 KlI, Ta HOpMOBaHi
BEJIMYMHU TYCTUHH CTPYyMY 1 MEXaHIYHHMX Hampyr B oOmoTkax npu K3 He
OyAyTh TEPEBHIYBATH MPUMTYCTHMUX MEX.

[MpuiiHsaT HAKOLIBII OMM3BKUN HOPMATi30BAaHHW JiaMETp CTPYIKHS
marHiTHol cucremu [1, C.87-88], micns woro nepepaxysartu f3 ta x. [Inomnry
nepepisy CTPXKHS BU3HAUYMUTH 38 HOPMAaJIi30BaHUM JIiaMETPOM CTPIKHA 13
[1, Tabm. 8.7].

3a gopMmynamMu MONEepeIHBOr0 PO3PAXyHKY 3 HOpMalli30BaHUM [ia-
METPOM CTPWXKHS PO3paxyBaTh CEpeAHid HiaMeTp OOMOTOK, Opi€HTOBHY
BUCOTY OOMOTOK, BHCOTY CTPHXHIB, BiZICTAaHb MiXK OCSMH CTPHXHIB, MacH
CTaJli MarHiTHOI CHCTEMH, OOMOTKOBOTO HPOBOJY, 'YCTUHY CTPyMy B 00-
MOTKaX, BapTICTh aKTUBHOT YaCTUHHU B YMOBHUX OJWHHLISX.
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3.3 Po3paxyHok o6moToK [1, ri. 5, 6]

3.3.1 Po3paxyHOK 00MOTKH HU3BKOI HATIPYTH

[Tpu pospaxynky oomotkn HH Bu3HaumTH: 4MCIIO BUTKIB 3 OKpYT-
JICHHSIM 0 1isoro uncia, yrounene EPC oxHoro BuTKa, cepeHIO TYCTHHY
CTpyMy, TIOTIEpEAHI Tiepepi3 BUTKA 3 OJHOYACHUM BHOOPOM pO3MIpiB CTa-
HAapPTHOTO MPOBOJY. Y TOYHHTH, 3 YpaxyBaHHSAM Iepepidy BHTKa, THUI 00-
MoTkH [1, Ta61.5.8]. [Ipn BUKOHAHHI OOMOTKHM i3 JEKIIbKOX HapalelbHUX
MPOBITHUKIB ONMMCATH BUKOPUCTAHY CXEMY TPaHCIO3WINi{; BUKOHATH PO3-
o1 0OOMOTKM B OCHOBOMY Ta pajliajlbHOMY HalpsiMax; BU3HAUYUTH KOHCT-
PYKIIIO Ta pO3MipH MO3J0BXKHBOT 1301511

Po3paxyBaTu MoBHY BUCOTY OOMOTKH 3 ypaxyBaHHSAM YCiaHHS IPO-
KJIQJOK ITiCTISl CYIIiHHS W OTMpeCcyBaHHs, paliadbHHUA po3Mip OOMOTKH, BHY-
TPILIHIHA, cepe/IHiii Ta 30BHIIIHIN JiaMeTpu 0OMOTOK, PO3pOOUTH KOHCTpY-
KIIi}0 Ta BU3HAYUTH PO3MIPH TOJIOBHOT 130JISIIi.

Po3paxyBaTu IyCTHHY TEIUIOBOTO MOTOKY Ha OXOJIO/DKYBaHIH moBep-
XHI 0OMOTKH. SIKIIO0 0OMOTKA CKJIAJAa€ThCs 13 KIIBKOX KOHIIEHTPIB TO TyC-
TUHY TEIJIOBOTO IMOTOKY PO3paxyBaTH LISl KOXKHOTO 3 HUX 1 HAHOLIbIIY Be-
JUYMHY TIPUHHSTH 33 TYCTHHY TEIUIOBOTO MOTOKY OOMOTKH.

Po3paxyBaTu Macy mMeTaiy Ta IpOBOIY OOMOTKH.

3.3.2 Po3paxyHOKk 00MOTKM BHCOKOI (cepeHbOI) HANIPYTH

Po3zpaxynok oomotku BH (CH) nouatu 3 Bu3Hau€HHsI 4nciia BUTKIB
oomotku BH (CH) 3 okpyrnenssaM ao nijoro uncna. Pozpaxysatu Hanpyry
Ta YKCJIO BUTKIB (3 OKPYTJICHHSM JI0 IIJIOTO YKCJIa) Ha OJJHOMY CTYIICHI pe-
T'YJIIOBaHHS; PO3PaxyBaTH HANPYTH Ta YUCIO BUTKIB JUIS KOXKHOTO CTYICHS
PETYIIIOBaHHS, pO3paxyBaTu KoedimieHTH TpaHchopMaIllii Mo BUTKaM Ta 110
Hanpyram Jijisi KOKHOTO CTYIEHSI PETyJIIOBAaHHSA Ta NEPEBIPUTH BiIMOBiI-
HICTh BIIXWJIEHb KOE(III€HTIB TpaHCHOPMALIil BAMOTAM CTaHJIAPTY

Ky — Kk
Ak = M -100% < 0.5%, (3.2)
ce
ae Ky, k, — xoediuieHTH TpaHcdopmalii M0 BUTKaM Ta IO Hampyram st
KOXKHOTO CTYTICHSI PETYJIFOBaHHSI BiJINIOBITHO, B.O.;
K¢, — cepenHiii reomeTpudHHil KoedilieHTH TpaHcdopmallii, B.o.

ke, =k, K, .
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BusnaunTt cxemy perymoBaHHs Hanpyru. Cxemw, sSiKi HalgacTimie
BUKOPHCTOBYIOTBCS JJISI PETyIIOBAHHS HANPYTH — HMEPEMUKAHHS PO3Taly-
KeHb 00MOTkH 0e3 30ymxenHs (I163) Ta perymroBaHHS Miag HaBaHTaKEH-
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 pajliajabHi Ta OCHOBI PO3MipH OOMOTOK, PO3MIpH TOJIOBHOI Ta 1MO3-
JIOBKHBOI 130JISLIIH.

3.4 Po3paxyHoK napamMeTpiB KOPOTKOro 3aMukanus [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 0OOMOTKaX BiJl p0OOYHX CTPYyMiB OOMOTOK;

- IOJATKOBI BTPaTH B OOMOTKAax BijJ] BUXPOBHUX CTPYMiB, HaBEJIECHUX
MOJIIMHU PO3CIIOBaHHS 0OMOTOK;

- OCHOBHI BTpaTH y BiJIBOJax Mi>k 0OMOTKaMH Ta yBOJIaMH;

- IOJATKOBI BTPATH y BiJIBO/IaX BiJ MOJIB PO3CIFOBaHHS BiJ[BO/IB;

- BTpaTH B CTiHKax 0aKy Ta iHIIMX METaJEBUX, TOJIOBHUM YHHOM (e-
POMAarHiTHHX, eJIeMEHTax KOHCTPYKIIii TpaHcdopMaropa BiJl TOMIB po3Cito-
BaHHS OOMOTOK Ta BiBOIIB.

st TppoOMOTKOBOrO TpaHchopMaTopa po3paxyBaTH TPU 3HAUCHHS
BTPaT KOPOTKOTO 3aMHUKAHHS JIsl TPhOX MAapPHHUX CIOJIY4YeHb OOMOTOK IpH
HaBaHTa)XeHHI KOKHOI mapu 00OMOTOK cTpyMoM BignosigauMm 100 % moty-
JKHOCTI TpaHcdopmaropa. BTpaTamyu KOpOTKOro 3aMUKaHHS IMPH LBOMY
BBa)KAIOTHCS BTPATH Ti€l mapu 0OMOTOK, MPHUBEJCHI 0 PO3PaXyHKOBOI Te-
MIIepaTypH, SKa Ma€ HaOUIbIIe 3HAaYE€HHsI BTPAT KOPOTKOT'O 3aMHUKaHHSI.

Brpatn KOpoTKOTO 3aMHKaHHS HE MOBHWHHI BIAPI3HATUCH Bija 3aja-
HUX O HK Ha +10 %, 3 sikuX 5 % NpUXOAATHCS HAa PO3PaxXyHOK, a HIII
5 % - Ha TeXHOJIOTIYHI BIAXUJIECHHS.

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

Hampyra kKopoTkoro 3aMuKkaHHS BU3HAYAE A [iIHHSA HANPYTH B TPaH-
chopmaropi, Oro 30BHILIIHIO XapaKTEPUCTHKY U CTPYM KOPOTKOTO 3aMU-
kaHHs. BoHa BpaxoByeTbcs Takoxk mpu mmigdopi TpaHchopMaTopa s ma-
pasiesibHOi poOoTH.
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Y TprodMoTKOBOMY TpaHC(hOpMaTOpi Hampyra KOPOTKOTO 3aMHUKaH-
HS BU3HAYAETHCS MOAIOHWM JK€ YHHOM, SK 1 B JABOXOOMOTKOBOMY, IS
Oyap-sikoi mapu Horo oOMOTOK MpH PO3IMKHYTiH TpeTiii oomotui. Tomy
TpUOOMOTKOBHI TpaHCHOPMATOP Ma€ TPU Pi3HUX HANPYTH KOPOTKOTO 3a-
MukaHHs. g BCiX TpaHCOpMaTOpiB Hampyry KOPOTKOTO 3aMHKaHHS 1
HOTo CKIJIAZIOBI MPUIHATO BUPAXKATH y BIJICOTKaX HOMIHAJIHHOI HANPYTH, a
aKTUBHY CKJIaZIOBY BU3HAYaTH JAJISl CEPEIHBOI eKCILTyaTaliifHol Temmepary-
pu oomoTok 75 °C uia BCiX MacisIHUX 1 CyXuX TpaHc(hOpMaTopiB 3 i3014-
1i€ro KaciB HarpiBocTiiikocTi A, E, B. Jlnsa Tpanchopmatopis 3 i30JA11I€10
kinaciB F, H, C po3paxynkoBa temneparypa 115°C.

IIpu po3paxyHKy peakTHBHOI CKJIaJ0BOI Up HAIIPYTM KOPOTKOTO 3a-
MHKaHHSI, @ TAKOK TIPH BCIX MOJAIBIIMX PO3PAXYHKAX BAPTO KOPUCTYBATH-
cs peaIbHUMHM PO3MipaMu pO3paxOBaHUX OOMOTOK TpaHc(opmaropa (ai, ay,
aiz, diz, 1). Bech po3paxyHOK HAMPyTrd KOPOTKOTO 3aMHUKAHHS TPOBOTUTHCS
JUTSL OJTHOTO CTPYKHS TpaHcopmaropa. ToMy Tpu KOpHCTyBaHHI QOpMy-
JaM¥ T BU3HAYEHHS Up TIPU PO3PAXYHKY SIK TPUQPA3HOTO, TaK i ogHO(a3-
HOTO TpaHcdopMaTopa BapTo MiACTABISATH B 11l popMyIH CTpyM, HAIIPYTy 1
MOTYKHICTh, & TAKOX YHCJIO BUTKIB OOMOTKH OJHOTO CTPIKHS JUIS HOMi-
HaJIbHOTO PEKUMY.

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

Hampyra kopoTkoro 3aMuKaHHS HE TIOBHHHA BiIPI3HATHCH BiJl 3a1a-
HOi Oinbir Hix Ha +10 %, 3 axkux 5 % NPUXOIATHCS HA PO3PAXYHOK, a iHIII
5 % - Ha TeXHOJIOTTYHI BIAXUJIECHHS.

3.4.3 Po3paxyHOK MeXaHIYHUX CHJ B 00MOTKaX

IIporec KOpoTKOTrO 3aMUKaHHS TpaHChopMaTOpa, MO € aBapiitHUM
PEKUMOM, CYITPOBOKYETHCS OaraTopazoBUM 30UIBIIEHHSIM CTPYMiB B 00-
MOTKaxX TpaHchopmaropa B MOPIBHSHHI 3 HOMIHANEHUMH CTPyMaMu, Mij-
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 HaANOIIBINIOro, CTajoro W HaWOUIBIIOTr0 YAapHOTO
CTPYMY KOPOTKOTO 3aMHUKaHHS,

- BU3HAYEHHS MEXAHIYHUX CHJI MiK OOMOTKAMH 1 IXHIMH YaCTHHAMHU,
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- BU3HAYCHHSA MEXaHIYHUX HAIIPYT B 130JIAMIHHAX OMOPHUX W MIKKO-
TYIIKOBUX KOHCTPYKIIISIX 1 B IPOBOJIaX OOMOTOK;

- BU3HAYCHHS TEMIIEpaTypu 0OMOTOK MTPHU KOPOTKOMY 3aMUKaHHi.

VY mo4yaTkoBUIl MOMEHT CTPyM KOPOTKOTO 3aMHUKaHHS BHACIIJIOK Ha-
SBHOCTI alepioAnYHOl CKJIaZ0BOI MOXKE 3HAYHO MEPEBUILUTH CTATIUH CTPYyM
1 BUKJIMKATH ME€XaHIYHI CHJIA MK OOMOTKAaMH 1 IXHIMH YaCcTHHAMHU, IO I1e-
PEBHIIYIOTh Y KUTbKA pa3iB CHJIM NPH CTAIOMY CTPyMi KOPOTKOTO 3aMU-
kaHHA. [[i MexaHIYHI CHIIM HEOOXiTHO BpPaXxOBYBAaTH NPHU PO3PAXYHKY
KOHCTPYIOBaHHI TpaHc(hopMaropa, y NPOTUBHOMY BHIIAJKy BOHH MOXYThb
NPUBECTH 0 PyHHYBaHHS OOMOTKH, 10 Aedopmarii abo po3puBYy BUTKIB
a0o pylHHYBaHHS OTIOPHUX KOHCTPYKIIIH.

3aBmaHHSAM pO3paxoByBadya € HE TUTBKH PO3PaXyHOK 1 OIIHKAa 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 BiTHOCATHCSA — PIBHOMIPHHHA PO3IIOALT
BUTKIB TI0 BUCOTI KOXHOI 3 00OMOTOK; BUKOHAHHS BCiX OOMOTOK CTPYKHS 3
OJTHOIO BHCOTOIO; CUMETPHYHE PO3TaIllyBaHHS BCiX BUTKIB, IO BiJKJIIOYa-
10ThCs, 00MOoTKH BH cTOCOBHO Cepeanan BUCOTH OOMOTKH.

3.5 Po3paxyHoKk MarHiTHOI cMCTeMH.
Po3paxyHok napameTpiB HepoGo4oro xoay [1, ri. 8]

3.5.1 Bubip p03M1p13 NaKeTiB Ta nepepizis CTmeHlB Ta sipem

B npomy po3aini octaTouHO 00paTH KOHCTPYKIIO MarHiTHOI cucTe-
MU, MapKy CTaJli, CXeMy LIMXTyBaHHA Iu1acThH. HaBecTn ecki3u:

- cxemH muxTyBaHHs [1, puc. 2.17].

- TIepepi3iB CTPWXKHS Ta ApMa i3 3a3HAYEHHSIM PO3MIpIB MaKETIB Ta
OCHOBHHX PO3MipiB MarHiTHOI cuctemH [ 1, puc. 8.13];

Bkazaru criocoOu npecyBaHHSI CTPIIKHIB Ta sipeM [2].

Bu3HaunTH MOBHUH Ta aKTHBHUI MEepepi3u CTPUIKHIB Ta SpeM, J1OB-
JKUHY CTPUXKHIB Ta BiJICTAHb MIX OCSMH CYCIZHIX CTPHKHIB.

3.5.2 Po3paxyHoK Mac CTPUIKHIB, SipeM Ta MacH cTaJi

Macy craii B CTPHXKHSX 1 SpMax IUIOCKOT IIMXTOBAHOI MarHiTHOI CH-
CTEMH BH3HAYUTH IUIIXOM MiJICYMOBYBaHHS Mac MPSIMHX JIJISHOK 1 KYTiB.
KyroMm MariTHOi cUcTeMH Ha3WBaEeThcs il YyaCTHHA, OOMEXeHa 00'eMoM,
YTBOPCHHUM IEPETUHAHHAM OIYHHMX MPU3MATHUYHUX 200 IMIIHAPUYHHUX T10-
BEPXOHB OJIHOTO 3 SIPEM 1 OJTHOTO 31 CTPHKHIB.
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3.5.3 Po3paxyHoK BTpaT HEPOGOYOro Xoay

BrpaTtu Hepobodoro xoxy Tpanchopmaropa, IIIOCKa IMUXTOBaHA Ma-
THITHa CHCTeMa SIKOTO 3i0paHa i3 IDIACTHH XOJIOJHOKATaHOI TEKCTYpOBAHOT
aHI30TPOMHOI CTai, BU3HAYAOTHCS ii KOHCTPYKIIEI, MacOI0 CTalli OKpe-
MUX JUISHOK CUCTEMH, THAYKIIIEI HAa KOXHIN 13 IUX JUISHOK, SKICTIO CTa-
J1i, TOBIIWHOIO TIJIACTHH 1 TEXHOJIOTI€I0 BUTOTOBJICHHS I 0OPOOKH TTACTHH.

Jlo KOHCTpYKTMBHHX (DaKTOPIB, SIKi BIUIMBAIOTH HA BTPaTH HEPOOO-
YOro X0y, BapTo BigHEeCTH: (OPMY CTHKIB TUIACTHH Y KyTaX cUCTeMH, (o-
pMy TOIIEPEYHOTO TEpepi3y sApmMa, CIociO MmpecyBaHHS CTPIKHIB 1 sipem. 3
TEXHOJIOTIYHUX (PAKTOpiB HAWOIIBII BIIMBAIOTh HA BTPATH B MAarHITHIN
CUCTEMi: pi3aHHs PYJIOHIB CTali Ha IUTACTUHY, BUIAJICHHS 3ayCEHIIIB, IO
YTBOPIOIOTHCS TP Pi3aHHi; BiNMANIOBAaHHS TUTACTHH, MOKPUTTS iX JAKOM,
TIpecyBaHHs MarHiTHOI CHCTEMH MPH CKIIAJaHHI i epEeIUXTOBIlI BEPXHbO-
TO sipMa, IPU YCTaHOBIII OOMOTOK.

Bignoeigno mo JIECT 11677-85 myis BTpat HepoOOYOro Xomy 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 %.

[Ipu BimxuneHHsx BTpaT i (abo) cTpymMy HEpoOOUYOro XOmy BUIIE
MIPUITYCTUMHUX MEX CIIiJT 0OpaTH IHIIY CXeMy IIUXTYBaHHS Ta Koe(ilieHTH
JIOJTATKOBUX BTPAT. SIKIO BXKHTI 3aX0JM HE JOIOMOTJIH, Tpeba oOpaTH iH-
1€ 3HaYeHHs] MArHITHOI 1HIYKIIii, MApPKHU CTai, Ta iH. 1 IOBTOPUTH PO3pa-
XYHOK TpaHchopMaTopa.

3.5.4 Po3paxyHoK cTpyMy Hepo0040ro Xoay

CTpyM nepBUHHOT OOMOTKH TpaHC(QOpMaTOopa, 1[0 BUHUKAE MPHU He-
poOouoMy XO/li TIpY HOMIHANBHINA CHHYCOINANBHIN HaNpy3i 1 HOMiHATBHIT
4acTOTi, HA3UBAETHCSA CTPYMOM Hepobodoro xony. IIpu pospaxyHky cTpy-
My HepoOOYOro X0y TpaHCOpMaTOpa OKPEMO BU3HAYUTH HOTO aKTHBHY 1
PCaKTUBHY CKJIAJIOBI.

Po3paxyHOK peakTHBHOI CKJIQJIOBOi CTpyMy HEpOOOYOro Xomay
YCKJIaIHIOEThCS HASBHICTIO B MAarHITHOMY JIaHI031 TpaHchopMaTopa He-
MarHiTHUX 3a30piB. ToMy MarHiTHy cuctemy Tpanchopmaropa po30OUTH Ha
YOTHUPH JUISHKY — CTPHXKHI, SIpMa, 32 BUHATKOM KYTiB MarHiTHOI CUCTEMH,
KyTH ¥ 3a30pH. sl KOXKHOT 13 WX AIISTHOK MigpaxyBaTh HEOOXiTHI MOTy-
YKHOCTI, 1110 HAMArHi4yI0Th, SKI CKJIACTH MOTIM 10 BCIH MarHiTHIA CHCTEMI.
Tak camo SIK 1 BTpaTH, peakTUBHA CKJIaJ0Ba CTpPyMY HEpOOOYOro Xoay 3a-
JISKUTH BiJl OCHOBHMX MAarHiTHUX BJIACTUBOCTEW CTaji MAarHiTHOI CHCTEMH
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# pAly KOHCTPYKTUBHUX 1 TEXHOJOTIYHUX (PAKTOPIB, IO BILTUBAIOTH HA IIFO
CKJIQ/IOBY ICTOTHO OijIbIlle, Hi’K Ha BTPATH.

OTpumane 3Ha4YeHHsI CTpyMy HEpoOOUYOro XOAy 3BIPHTH i3 TPaHUYHO
NPUIYCTUMUM 3HAYEHHSM 32 JIEPKCTaHAAPTOM, TEXHIYHUMH yMOBaMU a0o
3aBIaHHSIM Ha PO3paxyHOK TpaHchopmaTopa. BigxuneHHS po3paxyHKOBO-
ro 3HaUYEHHS CTPyMy HEpOoOOYOTo XOAy BiJl 33J]aHOTO TAPAHTIHHOTO HE CITif
JIOITyCKaTH OB HIX Ha TIOJIOBUHY AOMYCKY, TO3BOJICHOTO JACPKCTaHAAp-
toM (momyck +30 %).

3.5.5 Po3paxyHok koedinieHTa kopucHoi aii
PospaxyBatu cymapni BTpaTH Tpanchopmaropa Ta MOPIBHATH iX i3
3aJaHUMHU.
PospaxoBani Ta 3agaHi cymapHi BTpaTy TpaHcopMaTopa BiIOBITHO
IP'=Pg3 + Pyy

: (3.3)
ZP = PR'3 +PHX

ne Py3, Ppy — po3paxoBaHi BTpaTH KOPOTKOTO 3aMHMKaHHsS Ta HEPOOOYOro
XOJy BianoBinHo, BT;
Px3, Pyy — 3aJaHi BTpaTH KOPOTKOTO 3aMHKaHHS Ta HEPOOOUYOIo XOmy
BiamosigHo, BT.
BinxuneHHs po3paxyHKOBOTO 3HAYCHHS CyMapHHX BTpaT BiJl CyMH
3aJ]aHuX BTPAT HEPOOOUOro X0y Ta KOPOTKOTO 3aMHUKAHHS

ZPEP 00w (3.4)

HE CJIiJI JOIMyCKaTH OLIBII HIX Ha MOJIOBUHY JIOMYCKY, JO3BOJICHOTO JIEPK-
crangaptoM (momyck +10 %).
Koedimient kopucHOi i po3paxyBatu 3a HOpMYIIO0
!
nzl—i-loo%, (3.5
S+XP’
ne S — MoBHa MOTYXHicTh TpaHchopmaropa, BT.

3.6 TensioBUii pO3paxyHOK Ta PO3PAXyHOK CHCTeMHM 0XO0JI0:KeHHs [1 ri1. 9]
3aaya TEIUIOBOTO PO3paxyHKy TpaHCPOpPMATOpa MOJIATAE Y:

- BU3HAUYCHHI MepenaJiiB TeMIIEpaTypH MixK 0OMOTKaMH i MarHiTHOIO
CHUCTEMOI0, 3 OJTHOr0 OOKY, 1 MacjaoM — 3 IHIIIOTO;
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- miadopi KOHCTPYKIii ¥ po3MipiB Oaka i CHCTEMH OXOJOKEHHA,
mo 3a0e3MedyoTh HOpMalbHY TEIUIOBIAIady BCIX BTpaT IpU TEMIIEpary-
pax oOMOTOK, MarHiTHOT CUCTEMH i Maclia, 010 He MEPEeBUILYIOTh IPHUITYC-
TUMI TeMIIepaTypH;

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

3.6.1 IlepeBipouHuii TenyI0BU po3paxyHOK 00MOTOK

PospaxyBatu BHyTpimIHiil epenaa TemnepaTypu oOMOTOK Ta Tepe-
maj; TeMIepaTypy Ha TOBEPXHSAX OOMOTOK, BPaxOBYIOUI IIBHIKICTH PyXy
Maciia Ta yTpyAHEHHS KOHBEKIIii Maciia B KaHalax OOMOTKH, IIUPHUHY TO-
PU3OHTAIHHUX KaHAIIIB OOMOTKH.

PospaxyBatu moBHi nepenaay remreparyp 0OMOTOK.

3.6.2 BuOip isonsAuniliHux BigcTaHeli Ta PoO3paxyHOK OCHOBHHX
radapuTHHUX po3MipiB 0aKy

OO0OpaTtu KOHCTPYKIIitO Oaka. 3a KjacaMy Hanpyr 0OMOTOK BU3HAYUTH
130JIL1#iHI BICTaHl MK BIJBOJAaMHU Ta 30BHIMIHIMA OOMOTKaMU; MK BiJ-
BOJIaMH Ta 3a3€MJICHUMU eJIeMEHTaMH KOHCTPYKIIii.

PospaxyBatu rabaputHi po3mMipu 6aKy, HOro epuMeTp Ta TOBEPXHi
KOHBEKIIIi Ta BUMpOMiHIOBaHHA. HamaTu ecki3 0aka 3 akTHBHOIO YaCTHHOIO
Tparcdopmaropa 3rigHo 3 [1, puc. 9.13].

3.6.3 Po3paxyHOK CHCTEMH OXOJIOMKEHHSI

3a BUIOM CHCTEMHU OXOJIOKEHHsS oOparu THIl pazaiaropis (abo Oa-
Ky). Criuparouuch Ha TIEPEBHUIICHHS CEPeAHBOI TEeMIepaTypH Maclia Haj
TEMIIepaTypoIo TOBITPsI Ta HEOOXiJHY MOBEPXHIO KOHBEKIIl po3paxyBaru
noTpiOHY KTBKICTh paliaTopiB.

3.6.4 Po3paxyHOK mnepeBHMIEHb TeMIepaTyp OoOMOTOK Ta Macijia Haj
TeMIepaTypolo NoBiTps

PospaxyBatu mepeBuiieHHss Temmeparyp mias oomorok HH, CH Ta
BH nax temneparyporo MoBiTpsi, NEpeBUILIEHHS TEMIIEPATypH Maciia y Bep-
XHIX IIapax i TOPiBHATH 3 NPUIIYCTUMUMHE Temreparypamu 3rigno JECT.

[Ipu mepeBHIICHH] TPUMTYCTUMUX MEX, BAKOHATH KOPETYBaHHS OXO-
JIOJKYFOUO] TTOBEPXHI 32 paXyHOK 3MIHH PO3MipiB OXOJIO/DKYIOUHX eJIeMEH-
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, i30JIIiliHUX Ta KOHCTPYKUIHUX MaTepiaxiB

Maca akTHUBHUX MaTepiasiB TpaHchopMaTopa 3 JOCTATHBOIO TOYHIC-
TIO BU3HAYAETHCS MIPH HOTO PO3PAXYHKY.

Maca KOHCTPYKTHBHOI CTadi KICTSKa MOXe€ OyTH MpHOIH3HO
npuiiaaTa 0,1 cymapHoi Macu poBOIy OOMOTOK 1 CTaii MarHiTHOI cHCTe-
MH. Maca KapToHy B 130711111 0OMOTOK 3aJIeXKHTh BiJl MOTY>KHOCTI 1 KIJ1acy
Hanpyru TpaHchopmatopa. s TpanchopmaTopiB 3 MiTHUMH OOMOTKaMHU
MOJKHa TpuitHsaTH Macy kapToHy 0,12-0,15 macu mpoBoay mpu Kiracax Ha-
npyru 6, 10, 35 kB i 0,35-0,3 npu knaci Hanpyru 110 xB. Jlns amoMinie-
BHUX OOMOTOK BiJIHOCHA Maca KapTOHY 30UIbIIYEThCS B 2,4 pasu.

Maca axTUBHOI 4aCTHMHHU, TOOTO KICTsIKa 3 OOMOTKaMM I BiABOJaMHU
(ayte 6€3 KpUIIKH), MOXKe OyTH IPUOJIM3HO BU3HAYEHA 110 (OPMYJTi

Gy ~1.2+(Gp, + Gy ) (3.6)

ne G I G, —Maca IpOBIAHMKIB Ta CTaJli MATHITHOI CHCTEMH, KT.

3.7.2 Po3paxyHok Mac 6aKy Ta J0NOMI:KHOI0 00/ 1aJHAHHS

Macy 6aka HEBa)XKO BU3HAYHTH I10 BiJIOMil 3 TEIIOBOTO PO3paxyH-
Ky MOBEepxHi 0aka W MOBEpXHI KPUIIKY 3 YpaxyBaHHSM TOBIIMHU CTiHOK,
KPHIIKH ¥ THA 0aka i IIIBHOCTI cTaii. Maca 0X0J0JHUX TPYyO 3HAXOIUTh-
cs o ixHil 3aranbHiil nowxkwuHi 1 Maci 1M [1, Tabn. 9.7], maca pamiaTopiB —
mo [1, Tabm. 9.9, 9.10]. Macu nonmomixHOTO 00JIaTHAHHS HABEICHO Y PO3-
i 4.

3.7.3 Po3paxyHok Macu mMacJia

Jis BU3HAaYeHHsT Macu Macia HeoOXiJIHO 3HATH BHYTPIIIHIA 00'eM
Vi rnagkoro 0aka i 00'eM, 3aliMaHU aKTHBHOIO YaCTHUHOIO, V au. lJIs BU-
3HAYCHHS V Ay MOXHA CKOPUCTATHUCS HAOJIMKEHOIO (hOPMYJIOH0

Vay =Gy /74y » @.7)
1e ¥4y — CepeAHs WiNbHICTh aKTHBHOI YaCTHHU ¥ 4y =5500+ 6000 kr/m?
aist TpaHcOPMATOPIB 3 MifHUMU OOMOTKaMH y 4y =5000+5500 Kr/m®

JUTst TpaHC(HOPMATOPIB 3 ATFOMIHIEBUMH OOMOTKaMH.
3aranpHy Macy Macia MO>KHA BU3HAYHUTH 1O (hOpMyITi

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

ne 1.05 — koediuieHT, 110 BpaxoBy€e Macy Maciia B pO3LIUPHUKY;
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GwMme — Maca Macna B eleMEHTaX CUCTEMH OXOJIOJKCHHS: Tpybax abo pa-
JiaTopax.
Maca macna B TpyOax BU3HAYAETHCS IO iXHIN 3arajbHii JOBXKUHI i
Mmaci macna B 1 M [1, Tabm. 9.7], maca macna B pamiaropax — 3a [1, Ta0.
9.9, 9.10]. O6csr po3mMpHUKA 3BHYAHO CTaHOBHUTH Oam3bK0 0,1 3arajis-
HOTO 00CcATY Maca.

3.7.4 Po3paxyHok Macu TpaHcdopmaTopa
PozpaxyBatu npnbnm3Hy Macy TpaHcopmaropa, CKIABIIA MacH ax-
THUBHOI YaCTHHH, KOHCTPYKIIMHAX MaTepialiiB Ta Macia Tpanchopmaropa.

3.8 Onuc koHcTpyKUii TpanchopmaTopa

KoHcTpyKIIito cripoekToBaHOTO TpaHC(OpMATOpa OMUCATH TICIIS BH-
00pYy KOHCTPYKTUBHUX €JICMCHTIB aKTUBHOI YaCTHHHM, Oaka i 0X0JI0pKyBa-
4iB Ta BU3HAYEHHS 1X PO3MIpIB.

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

— TUI TpaHcQopMaTopa, MPU3HAUCHHS, PEKUM HABaHTAKEHHs, Xa-
paKTep PO3MIIICHHSI;

— THIl MarHiTHOI CHCTEMH, CXeMa HMIMXTYBaHHS, MapKa CTalli, ClIOCO-
Ou TIpecyBaHHsI CTPUIKHIB Ta SIPEM;

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

— KOHCTPYKIIisl Ta MaTepiay roJoBHOI, TT03/I0BKHBOI Ta 3piBHIOBAJIb-
HOI 1307s11i# Tparchopmaropa,

— (hopma Oaka TpaHCPOpMATOpA, TUI 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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OcCHOBHI pe3yJbTaTH PO3PAXyHKIB 3BECTH 10 Tabmumi. 3rigHO Tab-
JUII 3pOOMTH BHCHOBKH IIPO BiANOBIAHICTH PO3paxoBaHOro TpaHchopma-
TOpa BUMOTaM JIEPKaBHOTO CTaHAAPTY.

Tabmurs 3.1 — OCHOBHI pO3paxyHKOBI JiaHi TpaHchopMaTopa

Texuiuni | Binxuienns
i %
HalimeHnyBaHHs ITo3HaueHHs Al k
BEITNYMHI BEITNYNHI 3ama- po3- | TIpH- | po3-
ui |Paxo-| myc- [paxo-
BaHi | Tumi | BaHi
1 2 3
[MotyxHicTs, KB-A SH
Hanpyru niniiini, kB UgH /Uch /YnH
Ctpymu miHiitHI, A len /lch /THH
Hanpyra K3, % Ugs 10
Brpatu HX, kBt Pyx 15
Brparu K3, kBt Pr3 10
Cymapsi BTpaty, KBt >pP' 10
Crpym HX, % ig 30
3aBaHTa)KeHHs TpaHchop-
Maropa npu MaKCHMallb- Sa (77max )
Homy KK/, B.o.
KKJ, % MH
Koediuient tpanchopma-
. Kio, k
1ii, B.O. 12: 13
IlepeBullieHHs TEMIIEPATY- Ooey
pu 0OMOTOK HaJl TEMIIepa- OoscH
Typoto nositps, °C 06BH
IlepeBunieHHs TEMIEpary-
pH Maclia y BEpXHixX Lapax, )

°C

Mme
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Kineus Tadmumi 3.1
1 2 3

Maca craii MartdiTHOI CHc-
TEMH, KT

Cm

Maca meTany 0OMOTOK, KT G,

Maca TpancdopMaToOpHOTO
Macia, KT

3aranpHa Maca TpaHchop-
MaTopa, Kr

3rigHo MaHuWX Ii€l TaOmuIi poOJATh BUCHOBKH INPO BiAIMOBIAHICTH
po3pobieHOro TpaHchopMaTopa 3aBJIaHHIO Ha MPOCKT.
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4 JOONOMIKHE YCTATKYBAHHA
TPAHC®OPMATOPA

4.1 Po3miupHuk

Jns 3axucty mMacna B TpaHchopMaTopi Bil 3BOJIOKEHHS i OKUCITIO-
BaHHsI, 110 MPHU3BOISTH A0 3HMKEHHS CIIEKTPUYHOI CTiMKOCTI Macna, a Ta-
KO TIAaIIepoBOi Ta 1HIIOI BOJOKHHUCTOI 130JIA11i5, 3aCTOCOBYIOTh PO3IIHPHU-
ku. [Ipwm ixHIl HasBHOCTI 3HAYHO 3MEHIIYETHCS 3BOJIOKEHHS W OKHCIIO-
BaHHsI Macia B 3BSI3KYy 3 THM, [I0 IOBEPXHsI Macjia B PO3IIMPIOBAYi 3HAYHO
MeEHIIIe, HiX y 0aky TpaHchopmaropa, i, 0TKe, MEHIIIe TUIOINA MPUIATaHHSI
Macia Ta moBiTps. Kpim Toro, Temmeparypa Macia B pO3IIMPHUKY HIKYE,
HIK y BepXHill yacTHHI Oaka Tpanchopmaropa, i OKUCHHI mporiec BinOyBa-
€THCS MTOBUTBHINIE. A TOMY, IO HUPKYJIALIS Macia B PO3MIMPHUKY MPAKTH-
YHO BiJICYTHS, BOJA, IIO TIOTPAIUISE€ B PO3MMUPHUK 13 MOBITPS, 1 POTYKTH
OKHCITIOBAaHHA Maclia OCa/PKYIOThCS B HWKHIM YacTWHI PO3MIMPHUKA 1 HE
MOTPAIUIAIOTh y 0aK TpaHchopMaTopa.

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

Po3mupHuK 3BHYAiHO BCTaHOBIIOIOTH TaK, 00 MiHIMalbHUHU pi-
BEHb Maciia OyB BHIILIE:

- MaCIJIOMIATIOPHUX YBO/IiB;

- Ta30BOT'0 peJie;

- aJIanTepiB, Ha SIKi BCTAHOBJIFOIOTHCS YBOJIH.

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

CTIHEA RpO3IHPHAES Macjao  JHO posIIHpHIES

PucyHok 4.1 — Po3muMpHuk
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Ta6mmms 4.1 — OCHOBHI mapaMeTpH PO3ITHPHHUKA

V@ L Maca macrna mpu pi3HHX
E § -’E éﬁ E % % = é KIIMaTUYHUX BUKOHAHHIX, KT
< = E A < = S = E
= | B 55 5 ¢ -
e |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
310 060 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 E S | 470 | 1150 50 200 86 73 | 1580 | 2190
5 2B 1440 250 | 107 91 | 1970 | 2730
=0 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
‘g 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 E€MHICTH i3 €JaCTHYHOI IUTIBKH, MOKJIAJIEHY yCEepeIrHi Po3-
mupHuKa. [Ipu 3armoBHEHHI PO3MIMPHUKA MAcCIOM BOHA CIUIMBAE; TOBITPS
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KOHTaKTye€ He 3 MaciioM, a iepedyBae B TutiBIi. [0BITpsS HAAXOMUTH Y TUTIB-
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 # ume. 106 yankHy-
TH KOHTaKTy Macja 3 TOBITPSM y TpaHc(opMaropax 3aCTOCOBYIOTH KpiM
TUTIBKOBOTO W a30THHI 3aXMCT, L0 3a0e3meuye MOCTiiHY HasBHICTh a30Ty B
PO3LIMPHUKY ¥ BUKIIOYAE 3BOJIOKEHHS BHYTPIMIHBOI 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: s 6aky Tpanchopmaropa Ta s 6aky PITH. Lle 3ymosne-
HO THM, IO TIpu KomyTanisfx B 6aky PIIH macno mBuame Hixk B Oaky Tpa-
Hc(opMaTOopa BTpadae CBOi BIIACTUBOCTI.

4.2 TTokak4uKM piBHA Macja

Macnsni TpaHcdopMaTopH MOCTA4alOTh MOKAKYMKAMH PiBHS Maciia
— macioBkaziBHukamu (M). M posramoBytoTs i3 6oky HH. Bin nosunen
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 HOTO KOPUCHOI €M-
HOCTI, a B TpaHcopmaropax 0e3 po3IIMpHUKA — Ha CTiHII 0aka B HOToO
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 Horo nomiBii. Bin moBuHeH
MOKa3yBaTH PiBEHb Maciia y BCIM Jiana3oHi PO3LMIMPEHHS Maciia 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 macaoBka3iBuuk. [Imocki M (puc. 4.2) ycra-
HOBJIIOIOTH 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 ckni nane-
CeHI TPH KOHTPOJBHI PHCH, IO BiAIOBI-
JAal0Th PIBHAM Macia B HENPALIOIYOMY
TpaHchopMaTopi mpu TeMIepaTypax Mac-
na -45, +15 1 +40°C.

CKJIO BCTaBISIOTH y QirypHY TYMO-
By maii0y 3, mo yminsHioe ckiio M. Ckio
pa3oM i3 maitbol0 HaKPUBAIOTh MPUTHUCK-
HUM cTaneBuM (hacoHHUM QuraHieM 4 To-
BITMHOIO 2 MM, IO TailkaMu 6 Ha yBapeHi
B 3HIMHE CTajeBe JHO PO3IMIMPHUKA IIITH-
JBKaxX 5 KpIMHUTHCSA Ha JHI po3IMMpHHUKA |
abo criHmi Oaka. Y gHI poONATH OBa

1
:
:
;
{i
H
f
i
;
'
i
’

1 — nHO pO3MIKpPHHUKA; 2 — CKJIO;
3 — rymoBa maiia;
4 — ¢pmaHenp; 5 — MTHITBKA;

6 — raiika . otBOpH JiameTpoMm 10 MM ajis Toro, 100
Pucynok 4.2 — Ilnockuii .
. Macjio 3 PO3IMIMPHUKA HAIXOMWIO IIiJT
MacCJd0BKa3l1BHUK

ckio M.
JocToincTBO 1Iockoro M — mpocTtoTta KOHCTpyKmii. Hemomiku: pi-
BEHb Maciia MOYKHa OA4UTH, TUIBKH SKIIO CTOATH MPOTH JTHA PO3UIMPHHUKA;

HEBEJHKI po3MipH (depe3 TPYAHOII CTBOPEHHS HaIIHHOTO YIILIEHEHHS 10
BCIM TIEpUMETPI CKJIa).

Tpy6uactuii macioBka3ziBuuk. TpyOuacti M BCTaHOBIIOIOTH Ha
po3mmpHHuKax fiameTpom Big 470 mm 1 G6inbine. M (puc. 4.3) siBiisie co60r0
CKIISIHY TpyOKy 1 miamerpom 16 a6o 30 MM, repMETUYHO, 3aKpiIUIeHY 3Bep-
Xy ¥ 3HH3Y B KOJIiHAX 2 3 aJIFOMIHIEBOTO CILIaBY.

I'epmeTu3anist focsAraeTbes 3a JONOMOTOI0 (PaCOHHMX T'yMOBHX IPO-
KJIaJI0K — a0 5 HaIiBKPYTJIOro NepeTHHY, IO MIIBHO 00JSTalOTh CKISTHY
TPYOKY B MICIISIX 3WICHYBaHHS 3 KOJNIHBMH, i CTACHYTUMH CTAICBUMH TIPU-
TUCKHUMU (IIaHIISIMU 4 32 TOTIOMOTO0 OOJITIB 1 TaloK.

BepxHe i HIKHE KoJliHAa Yepe3 TyMOBI YIIUIbHIOBAJIbHI MPOKIAAKH
KpimisaTh OonTaMu ¥ raiikamu 70 maTpyOKiB, yBapeHHX y 3HIMHE CTajeBe
JTHUTIE PO3ITUPHUKA .
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[MaTpyOxu Ha
OHUIAX HeoOXiaHl It
CTBOPEHHSI JIOCTaTHHOTO
3a30py MDK CKIISTHOIO
TpyOKoro M 1 mHHUIIEM.
T KontponbpHi Temnepary-
pHI OITIHKH PiBHIB Maciia
HaHOCSITh O€3IToCcCepeTHbEO
Ha THUIE PO3LINPHHKA.

JocToiHcTBO -
3pYYHICTh B €KCILTyaTa-
i, y IOpiBHSAHHI i3 TUIO-
ckumu. Hemomik - Heba-
JKaHe  3aCTOCYBaHHS B
KIIMAaTUYHUX padoHax 3
IHTEHCHBHOI COHSYHOIO
pamiaiiero.

)4
]

PRl D S NPT R TN P,

1 - ckisHA TpyOKa; 2 - KoJiHa; 3 - TYMOBI
MIPOKIAAKY; 4 - MPUTUCKHI (pranmi, 5 - maiidun;
6 - MHO pO3MMpPHHKA; 7 - 3aIiPHUA TBHUHT

Pucynok 4.3 — Tpy6uacTuii MacioBKa3iBHUK

CrpisiouHuii Mar”iTHMii MacjioBka3iBHUK. Y TpaHcdopmaTopax
notyxHicTio 10 MBA i OinbIiie 3aCTOCOBYIOTh CTPIIOUYHUI MarHiTHHIA M
(puc. 4.4). M mpusHaveHi JUIsl YCTAHOBKHM Ha PO3IIMPHHUKAX JiaMeTpaMu
470-1570 MM 1 BUTOTOBJISIOTHCS Y JABOX BUKOHAHHSX: JUISI TEPMETUYHUX
TpaHchopMaTopiB, nmocTaueHUX yOyJOBaHUM ILUTIBKOBUM 3aXHCTOM Macia
BiJl 3BOJIOXKCHHSI i OKUCIIFOBaHHs (puc. 4.4, a), 1 1 TpanchopMaTopiB, 110
CTOJIYYaIOThCSl 3 aTMOC(Epor0 3a JIOTMIOMOTOK TOBITPOOCYITHHKIB (pHC.
4.4, 06). [IpuBoan M 000X BUKOHaHb B3a€EMO3aMiHHI.

Koncrpykuiss M nomnaBkoBa; 3B'430K MOIJIaBIs 6, MO MepedyBac Ha
MOBEPXHI Maclia ycepeInHi PO3NIMPHHKA, 31 CTPIJIOYHAM 30BHIIIHIM MTOKa-
JKYMKOM PiBHS 3/11HCHIOETHCS 3a IOTIOMOTOI0 BayKUIBHOT'O IPUBOJIA 5 1 ABOX
IMOCTIMHUX MardiTiB. OQUH 3 MAardiTiB 3 MEXaHIYHO MOB'SI3aHUI 3 IIOIUIAB-
KOBUM TpuBoJioM (4 a6o 10) 1 po3ranioBanuii pa3oM 3 HUM Y BHYTPIIIHIN
MOPOXHMHI po3iupHuKa. Apyruii MarHiT 1 (IpsSMOKyTHa MjacTuHa), po3-
TaIIOBaHUH 30BHi, CIIIBBICHO BHYTPILLIHEOMY.
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1 — 30BHILIHII MarHir,

2 — TUTHH KOPITyC,

3 — BHYTpIIIHIH MarHit,
4, 10 — npuBop,

5 — Baxiib,

6 — normurasenp,

7 — 0OMEXHUK,

8 — MarHiTokepoBaHHI
KOHTaKT (TEepKOH),

9 — BimBogM KOpOOKH
3aTHCKIB

a) JJIsl PO3ILIMPHUKIB 13 TUIIBKOBUM 3aXHCTOM Maclia;
0) [ pO3MIUPHUKIB, IO CHOIYYCHI 3 aTMOC(EPOI0;

Pucynok 4.4 — Ctpijiounuii Maca10BKa3iBHHK

BiH BiggineHuii BiJ Mepioro TOHKOKW (<2MM) HEMarHiTHOIO repMme-
TUYHOIO TTEPErOPOAKOI0 2 1 Hece Ha co0i cTpiKy mokak4uka. [lomns marHi-
TiB B32EMOJIIOTH Yepe3 MEePEropoAKy i 0OMaBa MEPEMIIIAIOThCS OJHAKOBO
J CHHXPOHHO 3aJIS)KHO BiJ] MOJIOXKEHHS MOIUIABIL. I3 30BHIIIHBOI CTOPOHU
JI0 KOpIlyca T'BUHTaMU NpUKpiIUieHa o0oiMa (KpHIlKa) 3 allOMiHIEBOTO
CIUTaBY i3 YCTaHOBJICHOIO YCEpeIuHi 11 MIKalow AiameTpoM 245 MM, MarHi-
TOM 1 cTpinkoro. [loposkHHA 000¥IMH 3aXHUIIIEHA Bil 30BHIIIHBEOTO CEPeo-
BHUIIA CKJIOM, IO HMPUTHUCKAETHCSA IO 000WMU depe3 TyMOBI KiJIbICBI TIpO-
KJIAJKHU (IiaHIieM, TBUHTaMH i raiikamu.

Ikana M KpiM CTaHOApTHUX KOHTPOJBHUX OLIHOK MOCTadyeHa Ta-
KOXX OI[IHKaMH, HIO BiJIMOBial0Th MiHIMAaJbHOMY 1 MaKCHMAILHOMY TPH-
MYCTHMUM PiBHSIM Maclia.

4.3 T'azoBe peJie

MacnsHi TpanchopMaTopy i3 po3IMHUpHUKAMHU MOTYKHICTIO IMBA i
O1ITbIIT 320€3MEeYYIOTHCS TA30BUMH pelie JUIs 3aXHCTY BijJ BCIX BHUIIB BHYT-
PIIIHIX YIIKOIKEHB, 110 CYNPOBOIKYIOTHCSI BUIUICHHSIM ra3y i npucKope-
HUM TIepeTiKaHHsAM Maciia 3 6aka TpaHcopMaTopa B PO3UIMPHHUK, a TAKOXK
BiJl BUTOKY Macnia i3 TpaHcdopmaropa i BiaydeHHs moBiTps B Oak. Pene
NPU3HAYEHO JJIsl yCTAaHOBKU B MAcJOIpPOBiA 3 yMOBHUM mpoxonaoM 50 i 80
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MM, 0 3'eAHYyE 0ak TpaHchopMaTopa 3 PO3MHPHUKOM, 1 MOXKE HaIiHHO
MIPAIIOBATH MIPH TEMIIEpaTypi HABKOJIUIITHHOTO MOBITPA Big —45 no +40 °C.

Hpunoun aii pene. [lpu BHYyTpI-
IIHIX YIIKOJKCHHSX TpaHchopmaTopa
(BUTKOBOMY 3aMHKaHHI B OOMOTKax,
EIIEKTPUIHOMY TIP000T 130Ms1Ii1, «IoXKe-
X1 B cTali» MarHiTonpoBoay i T.1.) Bif-
OyBaeThCs pO3KIAIaHHS Macia, eeKTPo-
I3OJIAIIIMHAX MaTepialliB 1 BHIIIAETHCS
ra3. ['a3 migHIMaeTbCS y BEPXHIO YaCTH-
Hy Oaka i momanae B TpyOONpORiA, IO
3'eqHye 0aK i3 PO3MIMPHUKOM, Y SKOMY
BCTaHOBJICHE pelie, a TOTIM y BEPXHIO
YaCTHHY peJjie, IO TPOXHU IiJTHIMAETHCS
Haj TpyOomnpoBoaoMm. ['a3, mo ckomuBcs,
BHTICHSIE 3 BEPXHBOI YACTUHU pejie Mac-

?{‘; (LT e i iﬁf#fﬂj’,ﬂl’ﬁ

Wi
1 — momnaBenp CUTHATIBLHOIO KO-
HTaKTY; 2 — MOIJIaBelb KOHTaK-

Ty, IO BiIMUKaE; 3 — pTYTHUI
CKJIIHUU nepeMukad tuny I'P;
4 — perymoBajibHUIN BaHTaX;

JI0, TPU IIbOMY OITYyCKA€ThCS BEPXHIH
eJIeMeHT peje (CHUTHaIbHHI) 1 3aMuKa-
FOTHCSl KOHTAKTH CHTHAJILHOTO JIAHITIOTA.

5 — Kinbue Le Takox Mae Micie MpH BIIy4YeH-

Hi B 0aKk NOBITps a00 3HWKEHHI PiBHSA

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

Ty PI'3-61

VY Bunajaky HOJANBIIOTO0 PO3BUTKY aBapii B OaKy MiJIBUILY€ETHCS
THUCK, 1 Maclio 3 HhOTO CIPSIMOBY€EThCSI B po3MIMpHHUK. [ToTik Macna BIutMBae
Ha HIDKHIN eleMeHT pene (BiIMUKarOUWii), 110 PO3TAlIOBaHWH Ha PiBHI
TpybonpoBoay. Ilpy nboMy 3aMHKalOTECSI KOHTAKTH JIAHLIOTA BiJKIIOUEH-
Hs Tparchopmaropa. TpaHchOpMaTOp BIIKIFOUAETHCS i Y TOMY BHUIMAJKY,
SKIIO PiBeHb Maciia B pelie 3HIKYEThCS JI0 PIBHS TPyOONpOBOIy PO3IIUp-
HHUKa. J[OCTOTHCTBO ra3oBOro 3aXucCTy HOJSTa€ B TOMY, IO BiH CHOBIlLIae
PO PO3BUTOK aBapii B 1i mouaTkoBii crazii. [Ipy BUTKOBMX 3aMHKaHHSIX Y
OUTBIIOCTI BUMAJKIB CTPYMOBUH 3aXUCT BUSIBISETHCS OUIBII YyTIHBHM,
yuM audepenuiansHuii. KpiM TOro, ra3oBuil 3aXHCT NMPaKTHYHO €IUHUH,
pearyioumii Ha «I0eXy B CTalli» MarHiTONpPOBOAY.

l'azoBe pene HEe TOBHHHE MaTH «IIOMHJIKOBUX» CIIPallbOBYBaHb.
BepxHili eneMeHT (CUTHAILHUI) CIPAIbOBYE TIPU CKYIMTYEHHI ITiJ] KPUIITKOO
pere razy abo mositps B 00cs3i He Mennt 400 cm®. HkHiit enement pene
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(BigMmuKaroumii) 3a0e3redye MOXKIWBICTh HACTPOIOBAHHS Ha KOXHY 13
TphOX (DIKCOBAHMX IIBHIKOCTEH (YCTaBOK) IMOTOKY Macjia y BXiIHOMY Iat-
pyOxky pene: 0,6; 0,91 1,2 m/c.

Pene mae xpan i Binoopy npo0 razy.

Ha TtpancdopmaTopax 3 peryimoBaHHIM ITiJ] HABAHTAKEHHAM Koedi-
mieara tpanchopmarii (PIIH) mis 3axucty mpuctporo PIIH Bim ymiko-
JOKCHB yCeperHI Horo 0aka 3acToCOBYeThCs ra3ose peine Tumy URF 25/10,
Ha3WBaHe CTPyMHHHHM. Lle pene Mae ofuH eneMeHT, o BiAKIIOYae, pea-
T'YIOYUM OPraHOM SKOTO € IOBOPOTHA IIIACTHHA, YCTAHOBJICHA ITOTIEPEK
HOTOKY MaciiorazoBoi cymimri. Sk i B pesne tumy BF80/Q, moBopoTHa ruiac-
THHA TIPHU CIPallbOBYBAaHHI peJie MepeMillye MOCTiHHUK MarHiT, mo nepe-
MuKae repkoH. [Ipu cparboByBaHHI pelie MOBOPOTHA IIacTHHA (PIKCYETH-
sl B TOJIO’KEHHI, IO CIIPaIlOBANIO, 10 TIOBEpHEHHS BpyuHy. Lle He nae mo-
JKJIMBOCTI BBIMKHYTH B po0OOTYy TpaHc(hopMaTop, IO BiJKIIOUUBCS Ta30BUM
3aXHUCTOM, JO B)KMBAaHHS HEOOXITHHUX 3aXO0/IiB.

4.4 Tepmocudonnuii pineTp

Macnstai Tparchopmaropu moTyxHIcTI0 160 kBA i Ginbie, y sKkux
Macjo B PO3IMHUPHHUKY CTHKAETHCS 3 HABKOJIMIITHIM MOBITPSIM, IIOBUHHI MaTh
tepmocuonnuit ¢inetp (FOCT 11677-75). Macnani TpancopmaTopu
notyxHicTio 1000 kBA i Ginbpiie 3 a30THUM 3aXHCTOM TaKOX IMOBHHHI Ma-
1 Tepmocudorumii pineTp (TD).

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

T® 3a 1OOMOror0 TBOX CBOIX MaTpyOKiB MPUETHYETHCS 10 INIOCKHX
KpaHiB Ha narpyOkax O6aka Tpanchopmaropa. [latpydku TD npuBapeHi 10
crajeBux TpyO 3 yMoBHHUM MpoxoaoM 80 mM. Td 3amoBHIOETHCS TOTIUHA-
I0UOK0 PEUYOBUHOI0 — COpOeHTOM. BHacHiok pi3HUI TemMmnepaTyp macia B
Oari mpairrorogoro TpaHcopmaropa i Macia, ke 3HaxoquThest B TD Bu-
HUKa€ KOHBEKIiHA UpKyIsiis Macna yepe3 Td. CopOeHT npu OMUBaHHI
MAacJIOM BiIOMpAaE 3 HLOTO BOJIOTY, IIIJIaM, KUCJIOTH 1 TIEPEKUCHI 3'€THAHHS,
110 YTBOPIOIOTHCS B IPOLIEC CTapiHHA Maciia i TBEpOi 130wii TpaHcdop-
MaTopa.

Yucno T, siki yCTaHOBIIOIOTH Ha OJHOMY TpaHChOpMaTOpi, peKo-
MEHJIyeTbCcs BUOMpaTH BinnoBigHo Ao Tabmuui 4.2. OcHoBHI po3mipu T
HaBeJieHi B Tabnuui 4.3, nig’exnanas TP no Gaky Tpanchopmaropa 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 — TepmocudonHuit GinbTp; 2 — BepxHill maTpy0OoK; 3 — HIKHIN MATPyOOK;
4 — 6ak TpaHChOpMaTOpa; 5 — KpHIIKa TpaHchopmaTopa

PucyHok 4.6 — Tepmocudonnuii ginsTp

Tabmuis 4.2 — Kinekicte T® Ha ogue TpanchopmaTop

€MHICTD €MHICTD
Maca macia B Maca macna B
.| ogaoro | Ywucimo . | omaoro | Ywmcio
Tpancopmatopi, ¢binbTpa, | ineTpiB Tpanchopmatopi, GbinbTpa, | 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 Trepmocuonunx GpinsTpis (puc. 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

Po3mmpHrKN MacIsIHUX TpaHC(HOPMATOPIB MTOBHHHI ITOCTAYATUCS T10-
BiTpoocymHukamu (I1) i3 macmaaum 3atBopom (I'OCT 11677-75). I1 wacto
BCTaHOBIIOIOTh HA TpaHc(hopMaTopax, M0 HEe MAOTh PO3MMpHUKA. Pi3HO-
MaHITHI CIIOCOOM 3aXHCTy Macia B TpaHc(opmaropi mokaszaHi Ha puc. 4.7.
I1 npu3HAYa€eThCS I OYUIICHHS BiJ BOJIOTH 1 IPOMHCIOBUX 3a0pyIHCHb
MOBITPSI, MO HAAXOAUTH Y TPaHCHOPMATOp MPU TEMIIEPATYPHHUX KOJIHBAH-
HSIX PiBHS Macha.

a — MOBITPOOCYIIIHHK, 3’ €IHAHUI 3 BEPXHBOIO YACTHHOIO 0aka; 0 — pO3LIMPHHUK,
3’€IHaHMI 3 BEpXHBOIO YaCTUHOIO OaKa Ta MOBITPOOCYIIHHK; B — PO3IMIUPHHK, 3’ €THAHUHN 3
HIDKHBOIO YaCTHHOIO 0aka Ta MOBITPOOCYIIHHK; I — eJIaCTHYHA Meperopoka (IIiBKa), o

BIZIOKPEMITIOE MAacJIo B 0aKky TpaHchopMaTopa BiJ Maciia B pO3LIPHUKY

PucyHok 4.7 — Pi3HomaHITHi cioco0u 3axucTy Macja B TpaHcdopmarTopi



1 — xopmyc; 2— cumikareib; 3 — CHIIiKa-
reib iHIUKATOpHUIL; 4 — dhruaHens s
i’ €AHAaHHS 10 TpyOompoBoay; 5, 13 —
MIai0M TYMOBI1; 6 — OryIsIIoBE CKIIO; 7 —
raiika ¢aconHa; 8, 9 — citku; 10 — mac-
nsHA 3aTBOp; 11 — mpodka; 12 — macno
Tparcdopmaropue; 14 — nHO

Pucynok 4.8 — INoBiTpoocymHuxk
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BiH € MeTaneBuM IHITIHIPOM
1 (puc. 4.8), HarlOBHEHUM CHUITIKa-
reneM 2, y HIDKHIA 9acTHHI SKOTO
€ macissari 3atBop 10, mo mpa-
IIOE 332 TPUHIMIIOM CIIOJY4YEeHHX
HOCYIIMH. 3aTBOP CITYXKHTH UIS 3a-
MoOiraHHs BUTBHOTO JIOCTYITY ITOBi-
Tpst B TpanchopMaTrop i OUHILyE
MOBITPsI, IO 3aCMOKTYETHCS, BiJ
CTOPOHHIX JoMimIoK. 1, o BMimIye
Macy CHJIIKAreio 5 Kr, OCTaYeHUN
MOK&KYMKOM PiBHS Macia B Mac-
nssHOMY 3aTBOpi. I1 Mermoi emHOC-
Ti TIOKa)KYHKA PiBHS Macia He Mae.
VY BepxHiii wactuHi nwmminapa I1
BCTAHOBJICHUI MATpPOH, SKUU 3aIlo-
BHEHO IHAWKATOPHUM CHIIKareieM
3. IlarpoH Mae OINIAAOBUE OTBIp,
3aKPUTHH CKJISTHUM JTUCKOM 6.

B 3anexxHocti Bif 3BOJIO-
JKEHHS CHITIKareidb y MaTpOHi 3Mi-
HIOE CBO€ 3a0apBJICHHS 3 OJIAKHT-
HOro Ha poxese. Il HeBexmuKoi
€MHOCTI 3a3HAQYEHOro IaTpoHa He
Ma€ 1 3alIOBHIOETHCS IIIJIKOM 1HIHU-
KaTOPHHUM CHJIIKareJiem.

4.6 3ano0ikHUIT KIaaH Ta BUKWIHA TPYy0a

Y I'OCT 11677-75 3a3HaueHo, 110 MacisHi TpaHCHOpMaTOpH TOTY-
xHaictio 1000 kBA 1 Oinble i3 po3MIMPHUKAMHU MMOBUHHI OYTH TOCTa4eHi
3armo0i>KHUM KJIamaHoM (BUKHIHOKO TPYOOR0), 10 CIPaIbOBYE MPH PaNTO-
BOMY IIiIBUIIIEHH] THCKY TIOHAH 5 10* IMa.

3ano6ixui Kaananu BCTAHOBJIIOKOTH YaCTIIIe YChOI'O HA BEPXHIN Yac-
TuHi cTinku 6aka. Lli knananu pospaxoBani Ha Thck 8-10%+ 12-10° ITa, npu
AKOMY TIOUYMHAETHCSA iX crpanboByBanns i Tuck 35-10° Ila, npu sskomy BoHH
3aKpUBaKOThCS. Yac cripanboByBaHHS JlopiBHIOE pruonu3Ho 0,05 c.
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[IpuaTIITT POOOTH 3aMTOOIKHOTO
KJanaHa IokasaHuii Ha puc. 4.9. Bu-
HUKAIO4Ud B 0aKy THCK 3MYIIYy€E yIli-
JBHIOIOYUI JTUCK 5 TepeMilllyBaTUCS
0 HAPSAMIISIFOUNM 4 1 9epe3 CUCTEMY
BaxxenmiB 10 po3TaryBaTé mpyXuHHU 9.
Maciio uepe3 HWXKHIN OTBip KoOpmyca
BUKUAA€eThCs 3 Oaka. Ilicis ckunaHHS
THCKY B 0Oaky TpaHcdopmaropa Cruc-
TeMa BaXeNiB 1 TPYXKHH MOBEPTAE
VIIUTBHIOIOYHI JTUCK Ha CBOE MiCIIe,
MPUTHCKAIOYN WOTO IO TYMOBOI MaH-
xetu 3. 3anmoOiKHUN KiianaH BCTaHO-
BJICHWH y BepXHil YacTUHI CTiHKH Oa-
ka 1 Ha ¢maHmi 2 1 3akpituieHnd Ha
HBOMY 3a JAOMOMOTO!0 OouTiB 6. Pery-
JIOBaHHA TPYXHHUA  3amo0iKHOTO
3 — rymMoBa MaHxeTa; 4 — HalpsAMIISIOYa; KHaH?.Ha 3HiﬁCHIO€j bei leiHKHaHaHHHM

5 yuribHiooumit auck; 6 — Goxrw; | CHEIIATBHHEX mad Tix TPYKAHU.

7 - KpHIIKa BepXHS; 8 — KpHIIIKa 1100, He 3HIMarOYM KJanaHa 3 TPaHC-

00Ko0Ba; 9 — cucTeMa NpPYKUH; (dopMaTopa, BUKOHATH HOTO PETYJIIO-

10 — cucrema pacenis; 11 —kopnyc  pagpg i orysa, 3HIMAIOTH KPHIIKY 7,

TOMY IIO KpHIIKa § 3aBXKAW 3HAXO-
JUTHCS T1JT THCKOM IIPY>KHH.

1 — crinka Oaka; 2 — ¢uiaHels;

Pucynok 4.9-3ano6i:knuii ki1anan

Bukuana (3axucna) tpy6a (puc. 4.10, 4.11) cnyxwuth ans 3ano0i-
raHHs pydHarii 0aka TpaHcopmaropa, y SKOMY TP BHYTPIIIHIX YIIKO-
mkeHHsx (K3, enextpuunuii mpoOiif 1 1H.) MiABHUIYETHCS THUCK, a 3aXHUCT,
10 BiJIKJIIOYaE TpaHcopMaTop, HE CIpalioBaB ad0 CIpallloBaB i3 3ari3-
HeHHAM. Bukugna tpyOa (puc. 4.10) € craieBuM OWITIHIPOM, 3BapEHHUM 3
JNIMCTOBOI CTayi TOBIMHOK0 1.5 MM. MOro BCTAHOBIIOTH HMKHBOIO TIiIC-
TaBOI Ha Kpuiii TpaHchopmatopa 1. Bepxwiit pnanens Tpyom 3akpuBa-
I0Th MEMOpaHo10 — CKIISTHUM AuckoM 1 (puc. 4.11). Ilpu aBapii memOpana
JIONIAE€THCS M1 MacIo 1 ra3u BUKUAAIOTHCS Ha30BHI. Bukuany tpyOy poOisTh
Takoi BUCOTH, TIPH SIKiH ii MeMOpaHa 3HAXOIUTHLCS BHUINE POIMIUPHUKA Tpa-
Hcopmaropa. KpiM Toro, TpyOy poOIsTh MOXHUIOK 1 BEpXHil KiHenp il
JEII0 OIYCKAaroTh IJIsi TOro, HI00 Maciio, 10 BUKUIAETHCS 3 TpaHchopma-
TOpa, He MOTPAILIUIO HA HBOTO 1 HA 00JIaIHAHHS, SIKE CTOITh IMOpPYY.
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1 — xpumika 6aka; 2 — HIWKHIH cTaneBnit 1 — cxisiHa MeMOpaHa; 2 — TyMOBI
(nanens TpyoH; 3 — yIIUIbHIOIOYA TYMOBA  YIIUTHHIOKOYI KiITBIIS; 3 — (raHelb, SKUit

maiiba; 4 — Kopryc Tpyou; 5 — BepxHiii  NpHUTHCKYE; 4 — (uiaHenp, SKUil IpUBapeHo 10
¢uarens TpyoH; 6 — oOMexyBanbHa TpyOa; obmyaiiky; 5 — Kopryc Tpyowu;

7 — (hmaHenp, IPUBAPEHUH 10 KPUIIKH 6 — oOMexKyBanbHE CTajeBe Kiblie

Pucynok 4.10 — Bukuana tpy6a Pucynok 4.11 — Bepxniii ¢pianens BK

Hiamerp BHKHIHOI TpyOM BHOMpPAIOTh B 3aJIS)KHOCTI BiJ AiameTpa
po3mmpHHKa 3rigHo 3 Tabmn. 4.4. 11lo6 piBHI Macna y BUKUAHIA TPyOi Ta B
PO3IIMPHHUKY OyJIM OJHAKOBI, iX MOBITPSIHI TOPOKHUHH CIIOIYYalOTh TPYyO-
koto 14. [noai mependavaroTs QIaHels A1 yCTaHOBKH MOBITPOOCYIITHHKA.

Tabmus 4.4 — Bubip niamerpy BUKHIHOT TPYOH

JiameTp po3mmpHUKa, MM 470 — 940 940 — 1260 1260 — 1570
006’eM pO3MIUPHUKA, JT 200 — 1250 1600 — 4000 > 4500
JliameTp BUKUAHOI TPYOH, MM 150 255 350

4.7 TpancdopmaTopu cTpyMy yoyaoBaHi

Yo6ynosani tpancpopmaropu crpymy (TC) ycTaHOBIIOIOTH Ha YBO-
nax ctoponu BH, a B TppoOMoTKOBHX TpaHchopmaTopax 3 oomoTkoro CH
kiaciB Hanpyru 35 kB i Bume — Takox Ha croponi CH. Tpanchopmaropu
kiaciB Hanpyru Hiwk4e 110 kB nortyxHnictio 2,5 MBA i 6inbie, a Takox
knacu Hampyru 110 kB moryxnicTio MeHm 6,3 MBA 3a0esnedyroTbest
yoynoBanumu TC, sxmo me cremiansHo oomosnserscss JECT abo TV.
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Bropunni crpymu TC moBunHHI Oyt omHakoBumu. Ha xoxwiit a3l cu-

moBoro TpaHchopmaropa onuH TC npu3HAYCHHUH IS T IKITIOUCHHS TIPH-
JaziB BUMIpY, a iHIIOT — MPHUIIa/iB 3aXHCTY.

HominansHuii nepBUHHUAN

3 ctpym TC, ycTaHOBIIOBaHHX Ha

THIAHIX yBOAaX 0OMOTOK KJIacy

Hanpyru 110 kB i Bume cuio-

7 BHX TpaHC(HOPMATOPIB, 3BHUAM-

HO TPUHAMAETHCS TPUKPATHUM

CTOCOBHO HOMIHAJILHOTO CTPyMY

TpaHcdopmaropa 3 OKpYIJICH-

HSAM /10 HAWOIMXKYOTro OUIBIIOTO

3HauyeHHs. Ha HelTpanbHuX yBO-

Jax TpaHCOPMAaTOpiB YCTaHOB-

nror0Th TC Ha HOMIHAJIBHUN Tie-

pBuHHHI ctpym 600 A. Y HeilT-

pans oomotku CH knacy Hamnpy-

[S61LEL R W ON

a

a— KOHCTpYKHiH; 0 — cxeMa ™ 35 kB TC ue B6y,Z[OBy10TL‘
TC BUTOTOBIAIOTHL HA CTa-
Pucynox 4.12 — YoynoBanuii H/IapTHI HOMiHaJbHI cTpyMH 1; 5
TpaHcdopmMaTop cTpymy i10 A.

Ha puc. 4.12 nmoxa3zani Tpancdopmaropu ctpymy 3 i 4, yOymoBaHi B
nepexiguuii Guanens 1 yBonay Hampyroro 110 kB, ycraHoBneHoro Ha Kpu-
umi 8 cunoBoro Tpanchopmaropa. [TodaTku i KiHIII BTOPUHHUX OOMOTOK
T IKITFOYEH] JI0 3aTHCKIB YBOJIB 7, pO3TalioBaHUX Ha MUTKY (ranms. Ilep-
BUHHOK OOMOTKOIO CITY’KHTh BiJIBiJl 5, IO MPOXOIUTh YCEpeauHi MacIio-
HAIOBHEHOTO YBOAY 9, 3aXWINEHOTO BiJi METANEBHUX YaCTHH MarepoBO-
OaxemiToBuM muaiHapom 10.

BropunHi 00MOTKH TpaHchopMaTOpa CTpyMy IpYT Bif apyra il Bix
3a3emiieHOro (byaHId 130JbOBaHI €JICKTPOKApTOHOM 6. MexaHiuHa Mill-
HICTh OOMOTOK JIOCSITAETHCS PO3KIMHIOBAHHSAM X TUIAaHKaMH 3 Oyka 2.

IIpu ycranosui TC Ha BizBoIaxX BOHM PO3TALIOBYIOTHCS B Oaky cu-
JoBoro Tpancopmaropa B OLTBLIOCTI BUMAAKIB y BEpXHIH YacTWHI Mix
kpumkoro. [Ipu ycranosni TC Ha yBojax iX MOMIMAIOTh Y CIEIialbHI KO-
Kyxu («amgantepu»), siki BCTAHOBJIIOIOTh Ha KPHIII CHIIOBOTO TpaHCchOop-
MaTtopa. Ha TC HaHeceHmi Hanuc «Bepx», 0 BU3HAYAE HOTO MOJIOKEHHS.
Ha 6iuniii moBepxHi TC ycTaHOBJIEHUH IUTOK 3 HOr0 TEXHIYHUMHU JaHUMHU
1 MO3HAUCHHSAM PO3TAlTyBaHHS BUBOJIB OOMOTKH.
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Bropunna oomorka TC Moke MaTh KilbKa CEKIii 3 Bimmaikamu, 1o
BIMTOBIAIOTh Pi3HUM KoedirieHTam TpaHchopmarii. Iligkmouerus TC
JIOITYCKAEThCsI Jintie 10 onHiel cekii. [Ipusnaueni TC mist TpuBanoi pobo-
TH TpU TeMIlepaTypi HaBKOJMIIHBOTO mMOBITps Big —40°C (emizogudHO
—45°C) no +40°C. BOynosani B cmiioBi Tpancdopmaropu TC pospaxoani
Ha HOMiHaNmpHI Hampyru 35; 110; 150; 220; 330 i 500 xkB. B ocHoBHOMY
3actocoBytoTh TC Ha HacTynmHi HOMiHanbHI mepBuHHI ctpymu: 300, 600;
1000; 1500; 2000; 1000; 4000; 6000 i 12000 A.

Hns TC ycranosneni HominanbHi kinacu ToynocTi 0,2; 0,5; 1; 31 10,
IO XapakTepu3yloTh rpannuHi morpimHocTi TC mpu pi3HUX 3HAYEHHSIX
MEPBUHHOTO CTPYMY U 3alaHOMy BTOPUHHOMY HaBaHTakeHHIO. L{udpa, mo
MO03HAYa€ KJIaC TOYHOCTI, BIAMIOBiAa€ TPAHUYHO MPHUITYCTUMOMY 3HAYECHHIO
CTPYMOBOI TMOTPIIIHOCTI MpPU HOMIHATBHOMY IepBUHHOMY cTpyMi. Kiac
TOYHOCTI HeOoOXisHO BpaxoByBaTH A TuX TC, BTOpHHHA OOMOTKa SKHX
NpU3HaYeHa JUIsl MiAKII0YeHHS BUMiptoBanbHUX npuiaais. s TC, mpus-
HA4YeHUX U TUGEPEHIIaTbHOTO 3aXHUCTy, 3aMiCTh KJacy TOYHOCTI BKa3y-
erbest Oyksa /1.

4.8 YBoan

YBoIU SBISIIOTHE COOOI0 TOPLEISHOBI MPOXiAHI 1307TOpH, Uepes
BHYTPIIIHIO TIOPOXHHUHY SKAX TPOXOIUTh CTPYMOBEAYYH CTPIIKEHbB, 1
CITy’KaTh JUIs BUBOJY KiHIIIB OOMOTOK i3 TpaHchopmaTopa Ha30BHI ¥ TiAK-
JIIOYCHHS 1X JI0 Mepexi. YBOJAM BCTAHOBJIIOIOTh HA KPHIII, pijalie Ha 014-
Hili cTiHIi 60aka. OCHOBHMMU JIETAJIIMU YBOJIIB € CTPYMOBEAYUHIA SIIEMEHT
— MeTaJeBHi CTPWIKEHb, TpyOa, kKaberb abo MpoBi — i TOPIENSTHOBHHA 130-
JSATOP.

3oBHIIHS KOHGITYpalis i po3MipH YBOAIB 3aJieKaTh BiJl K1acy Ha-
MIPYTH, POJIy YCTAHOBKU ¥ CHIJIA CTPYMY. YBOJU JUTsl BHYTPIIIHBOI YCTaHO-
BKHM MalOTh TJIAJIKy TIOBEPXHIO, JJISl 30BHIIIHBOI YCTAHOBKH BiJ[Pi3HSAIOTHCS
OlNbIIIe PO3BUHEHOIO 30BHIIIHBOIO MOBEPXHEH (30HTONOMIOHI pebpa), y
pe3yibTaTi 4oro 30UTBIIYIOThCS IIUISIX MTOBEPXHEBOTO PO3PSIy MO ITOpIe-
JSIHI # eNIeKTpUYHa MILHICTh YBOJY.

[MpumyctimMa TrycTHHA CTPyMY B CTPYMOBEIAYYOMY CTPHKHI
2-4 A/mM?%. YBOIM BUTOTOBJIAIOTH HAa HOMiHaNbHI Hanpyru 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 Oinblie.
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YBoau MacnsHUX TpaHC(POPMATOPIB TTOBUHHI PO3TAIIIOBYBATHCS TaK,
o0, K0 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 KpulILi TpaHchopMmaTopa MOBHHHE 3370~
BOJIBHSATH HACTYITHUM BUMOTaM:

—y TOBITPI MK CTPYMOBEIyYNMH 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 IOCTIJIOBHOCTI, YCTaHOBIIE-
noro JJECT 11677-75;

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

—YBOIIM HE TIOBHHHI 3aBa)KaTH MiAHOMY KpaHOM 3i0paHoro Tparcdo-
pMaTopa 3a raku Ha 0aKy a0o migiioMy aKTHBHOI 9aCTHHH TpaHc(opMarTopa
3a KiJIbLlsl, YKPIMJIeHI Ha KPHIIIII.

Taomuus 4.5 — [3onaniitai BiacraHi

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

CHUMETPHUYHI eJIEKTPOIU

YBOJH — YBO/IH,

YBOJAH — TEPMOMETD,
YBOJIM — TIPUBO/T TIEPEMHU-
Kar04oro MpUCTPOIO

80]110]150]180]300}840{1175|1700|3900

HECHMETPHUYHI EIEKTPOIU

Bincrans B
CBITY, MM

YBOAM — PO3LIMPHHUK,
yBOAM — BuxJionHa Tpy6a, |80[110]150]185|315|880}1230]1750}3900
YBOJM — KOPOOKH 3aTHCKIB

YBoau 1o 35 kB. Ha HominanbHi Hanpyry Big 0,5 no 35 kB BkirouHO
3aCTOCOBYIOTh y TpaHchopMaTopax 3HIMHI (po30ipHi) YBOIH, KOHCTPYKIIis
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SKUX JIO3BOJIAE 3aMIHSTH MOPIEISTHOBHU 1307TOp 0€3 mimioMy aKTHBHOI
yacTHHU TpaHchopmaTopa abo BepXHBOI YACTHHU Oaka I3BOHOBOTO THITY.
Maiixe BCi 3HIMHI YBOAM € MAaCIOMIAMIOPHAUMHU — BHYTPILIHS MOPOKHUHA iX
3arMmoBHEHa TPaHC(HOPMATOPHUM MacioM (ab0 IHIIMM PiAKUM JieICKTPH-
KOM) TIiJ1 THCKOM 3 Oaka Tpancdopmaropa (puc. 4.13 — 4.15).

Iloznauenns 3HiMHEX yBOiB: B — yBin; C — 3nimunit; 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.

1 — crpymoBeyunii CTpHIKEHD;

2 —raiika; 3 — maiiba; 4 — KOBIIaK; 1 — mmmpka; 2 — TaTyHHA BTYIKA;
5 — yuinbHIOBaJIbHA NPOKIIA/IKA; 3 — naryHHuit koBMaK; 4 — rymoBa
6, 10 — nopuensHOBHH i30J15ITOP; NPOKJIaJKa; 5 — po3pi3Ha 1maiiba;
7 — rymMoBa IPOKJIa/IKa; 8 — KPHUILKa; 6 — mopueITHOBHIA 130J15ITOP;
9, 11 — enexTpoKapTOHHa Iaiida; 7 — Kymna4ok; 8 — KpuIKa; 9 — mpokiaaka;
12 — naryHHa BTyJIKa 10 — BigBig

Pucynok 4.13 — 3uiMmumnii ckiaagennii  PucyHox 4.14 — 3HiMHUIE ckiageHuit
yBin Ha cTpyMm 400 A ii Hanpyry 1 kB yBin Hanpyroio 35 kB
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CrpymoBenydi cTprkHi yBoAiB 35 kB 1 Hkue Ha ctpymu 4000 A u
OinpIe BUKOHYIOTH TIOPOKHIMHA 3 MiTHUX TPYO.
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1 — KOHTaKTHHI HAKOHEYHHUK; 2 — OOJT, raiika 1 — i3onsTop;
it maiida; 3 — 6our; 4, 16, 23 — raiika; 2 — cTpyMoOBey4a
5 — Brynka; 6 — TyMOBe KiJblie; 7 — KOBIIAK; IIMUIbKA (CTPIKEHB);
8 — rBuHT; 9 — ryMOBa MPOKJIAIKA; 3 — KOBIIaK METAJIEBHIA;
10 — Buctym; 11 — enexTpokapToHHa 1aiiba; 4, 9 — waiiba rymoBa;
12 — 6optHK; 13 — yerym i30maTopa; 5 — MarHesianpHHIA IIEMEHT;
14 — miHWIA CTPIOKEHB; 15 — mmTbKa; 6 — mraiida; 7 — maiida
17 — ¢nanenp; 18 — NPUTHCKHUH KyTadoK; NmaTyHHa; 8 — raiika JaTyHHA;
19 — mpoxknanka; 20 — kpuika; 10 — meraneBuit TUTHR
21 — reTnHakcoBa BTYyJIKa; 22 — maiiba ¢anens
Pucynoxk 4.15 — 3niMuanii yBia Ha cTpym Pucynok 4.16 — ApmoBanmii

3000 A ta Hanpyry 6 — 10 kB yBin Ha 10 kB
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ApmMoBasi yBoau kjiaciB Hanpyru 10 35 kB BkiIo4yHO

VBoau Ha Hanpyru g0 35 kB BrirouHo (puc. 4.16) sBistoTh 00010
TOPIEHOBUH 1307TOP NWIHAPHYHOI (hopMH, ycepeauHi SIKOTo MpoXo-
JOUTH MigHA cTpyMoBeAy4a mmmwibka. [Ipu knaci nanpyru 35 kB i3omstop
3alOBHCHUI MaciioM CIUIBHHM i3 TpanchopMaTtopoMm (MaciomiInopHHi
yBon). IIpu kimacax Hanpyru Hmwkde 35 KB 130J1TOp 3alOBHEHHIA TIOBITPSIM.
[nuneka yBoay 35 kB i301p0BaHa nanepoBo-0aKkeTiTOBOK TPYOKOIO 3 TO-
BIIMHOIO CTiHKU 6-8 MM. KOHTakTHE mpueqHaHHS 0 YBEACHb SK 30BHIIII-
HBOI IITUHM, TaK 1 BiABOAY OOMOTKH € OONTOBUM.

Y
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Pucynox 4.17 —
I'epmeTnunmii
MACJOHATIOBHEHHI
yBia Ha 110 kB

YBoau 110 kB i 6inbie

[pu knaci nanpyru 110 kB 1 Bume yBoau €
CaMOCTIHHUM TPUCTPOEM 1 MaIOTh OUTBII CKIAAHY
KOHCTPYKITIO 130JI11i1, ¥ SKii rmepemdadeHe BUPiB-
HIOBaHHsI PO3MOJTY HAmNpyru ycepeAwHi i 30BHI
YBOAY.

Konctpykuist repmMeTndHOro yBoay:

1, 25 — HakOHEYHHK; 2 — MeETaJeBUil KOPIIyC;
3 — TpyOa; 4 — mokpHIIKa; 5 — i30ALIHHMIA cepae-
YHHUK; 6 — MeTaJieBa CIIONydyHa BTYyJNKa; 7 — BHBII;
8 — BeHTMNB;, 9 — mokpumika; 10 — reTMHaKcoOBa
maiiba; 11, 19 — rymoBa npoknanka; 12 — naryHHuit
crakaH; 13 — amominieBuit ekpan; 14 — dnaneny;
15 — rBuHT; 16 — giadgparma; 17 — 3aXUCHUI KOXKYX;
18 — cunpdon; 20 — npyxkwuHa, 21 — HampsMHa
IITHJIbKA; 22 — HATUCKHHUM JIHCK; 23 — raiika; 24 —
oonr.

BupiBHIOBaHHS Hampyrd YcepeauHi YBOAY
3MIHCHIOETHCS 3PIBHAJIBHUMH OOKJIAJKaMH — IIHJIi-
HApam#u 3 QOJIBTrH, SIKi PO3TAIIOBaHI MiXK CTPyMOBe-
Iy4UM €JIEMEHTOM 1 3a3eMJIeHUM (PIIaHIIeM 1 YTBO-
PIOIOTh PsiJl TOCIIZIOBHO BKIIOYEHUX KOHJIEHCATO-
piB. Jlnst 30UIBIIEHHS] €NEKTPUYHOI MIITHOCTI BHYT-
pilHBOi 1307501 B MAacisHOMY TNPOMIKKY MIiX
CTPYMOBEIYYHM €JIEMEHTOM 1 3a3eMJICHUM (IiaH-
[eM TOMIMATh 0ap'epy, BUKOHAHI 3 IarepoBoO-
0aKeNniTOBUX IWIIH/PIB.

YBOIM BUTOTOBJISIFOTHCS SIK HOPMAJILHOTO
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BukoHauus (kareropis A 3a JJECT 9920-75), tak i mocunenoro (kareropis
b) mnst excrumyarartii B paifoHax 3 MigBUIIEHUM 3a0pYyJHEHHIM 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:

LBM g _110/630-v1, LMY _110/630 - x0m1

I' — repmernunnii yBog; BM — mamepoBo-macisiHa BHYTPIIIHS 130JISIIiS;
T — ans tpancdopmatopis; 0-45 - KyT Haxuily 0 BEPTHUKaJl B Tpagycax;
110, 220 — nominaneHi HanpyrH (kB); 630, 2000 — HOMiHaNBHI cTpyMH (A);
YV — mocwitena 3oBHimHA 13omamis; Y1, XJI1, T1 — xinMaTuiHe BUKOHAHHS
1 KaTeropis po3MileHHS.

4.9 ManoMeTpUYHHIT TEPMOMETP

Temnepatypy macna B TpaHchopMaTopax MOTyxHICTIO 630 kKBA i
MEHIII KOHTPOJIIOKOTh CKISHUM TEPMOMETPOM, Yy TpaHC(opMmaTopax Oiib-
1101 MOTYXXHOCTI — MaHOMeTpUuHUMH Tepmomerpamu TCM-100 (puc. 4.18)
abo TKII-160 Cr (xoHaeHCANiifHUHN, MO TMOKa3ye, M0 curHamizye). [IpuH-
UM IXHBOT Jii 3aCHOBAaHUI Ha CTPOTiH 3aJIC)KHOCTI TUCKY HAaCHUCHHUX Iap
3allOBHIOBa4Ya TEPMOCHCTEMH (Kamijisipa, OajioHa) BiJ TeMmrepaTypH BUMi-
PIOBAHOTO CEPEIOBUINA (Macia).

1 — koprryc, 2 — MOKXYNKH YCTAHOBKM MEX Ha CUTHAII 1 BIAKITIOYECHHS,
3 — mTynep, 4 — xanispaa TpyoOka, 5 — TepMoOaoH, 6 — 3aTUCKH IS
T IKITIOYSHHSI €TIEKTPOXKUBIICHHS, 7 — CKO0A JUIS KPIMJICHHS
PucyHnok 4.18 — Manomerpuunuii repmomerp TCM-100
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[Ipu migBuIEeHH] TeMIepaTypy THUCK MapiB y TepMoOaoHi 5, 3'eqHa-
HOMY 3 KopmycoM 1 kaminmsipHOIo TpyOKOIO 4, 30UIBIIYETHCS, TIPU IHOMY
crienianbHUH IPUCTPill y KOpIIyci TepMOCHTHaJIi3aTopa i€ Ha CTPIUIKY, IO
MOKa3ye Ha LIKalli TemrepaTypy Macia. [Ipu JocsrHeHHI rpaHuYHO TIPHITY-
CTHMO]I TeMIIepaTypHu KOHTaKTHA CHCTeMa MpHIasy 3aMHUKa€ JIAHLIOT CTPY-
My Ha curHai. [lomanbiie 30UIbIIEHHS TeMIEpaTypy IPUBOANUTH IO 3aMU-
KaHHS KOHTAaKTiB JIAaHIFOTa BiJKIIOYeHHS TpaHchopmaTopa. TepmobanoH
YCTaHOBIIOIOTh Y CII€LialbHYy TiJb3y, MPOMYIICHY ycepeauHy Oaka i 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 BUMIpYy TeMIle-
paTypd y BEepXHiX LIapax Mmacia, JpyTuil — Uil KepyBaHHS aBTOMAaTHKOIO
BEHTHJIATOPIB IYTTS ¥ HACOCIB LIUPKYJIALIT Maca.

Kopmyc curnaiizatopa Ha TJIaJKuX TpaHC(OPMATOPHUX Oakax ycTa-
HOBIIIOIOTH Ha cTopoHi HH. [Ipu HEMOXIIMBOCTI pO3MIIIIEHHS CHTHAITI3aTO-
pa Ha cTiHIll 6aKa JOMYCKaeThCs MOTO yCTaHOBKA HAa OAMHAPHUX PajiaTo-
pax 1 Ha Kpyriux TpybOax TpyOdactux OakiB. I[lig curnamizarop y Micusx
HOT0 KPITUICHHSI BCTAHOBIIOIOTH TYMOBI MIAHOM, IO CIyXaTh aMOPTH3aTO-
pamu.

Kopnyc curnaniizaropa BCTaHOBIIOIOTH Ha TpaHchopMaTropi Ha BH-
coti 6mu3bko 1.5 M Bix piBHA PyHIamenty. Big atmMocdepHux omaaiB Kop-
MyC 3BUYAiHO 3aXHMIIEHUI MeTaneBUM Ko3upkoM. Kaminsp tepmocursari-
3aTopa, o0 YHUKHYTH YIIKO/KEHb, PEKOMEHIYEThCS TIPOKIIAJaTH B ra3o-
Bili TpyOI.

Mexi BUMipy TemmepaTypu TepMmocurHaiizatopom tumy TCM-100
cranoBisATh 0—100°C. TepmobGanon mae piamerp 16 MM i goBxuny 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 KYpPCOBHUI MPOEKT; pedepaT; 3MICT; Hepeslik YMOBHUX
MO03HaYeHb, CHMBOJIB, OJUHHIIb, CKOPOYEHb 1 TEPMIiHIB; BCTYII; OCHOBHY
(po3paxyHKOBY) YacTHHY; OIKC KOHCTPYKIIii; BHCHOBKH, TEpEeiK MOCH-
JIaHb; JOJIATKH (SIKILIO BOHH €).

3aBnaHHS Ha MPOEKTYBaHHS BUIAETHCS KEPIBHUKOM MPOEKTY.

IIpu odopmienni 113 HEOOXimMHO TOYHO HOAEPKYBATUCH BUMOT [0
oopMIIeHHS KYPCOBHX MPOEKTIB, ki HaBeaeHi y JICTY 3008-2015 [8].

ABTOpH KypCOBUX TMPOEKTIB, MOSICHIOBAIBHI 3alUCKU SKUX 0(OpM-
neni 3 BimxuneHHsaM Big Bumor JCTY 3008-2015, no 3axucty He momyc-
KarOThCA.

3aranbHi BUMOrn

I13 odopmiroroTs Ha apkymax gopmary A4 pyKOIIHUCHUM CITOCOOOM
a00 3a JOMMOMOT 00 KOMII FOTEPHOI TEXHIKH Ha OJJHOMY 0011l apKymia 6ij1oro
nanepy 4epe3 miBTopa intepBaium 12 — 14 po3mipoMm mpudty. Ad3anHuii
BifCTy™ - 1.25¢Mm.

Iupuna noJis:

- BEpXHE 1 HKHE — He MeHIe 20 MM,

- JiBE — HE MEHII 25 MM,

- paBe — He MeHI 10 Mm.

3aroy0BKH

CrpyktypHi enementd «3ABJJAHHA», «PEDEPAT», “3MICT”,
“TIEPEJIIK YMOBHUX IIO3HAYEHb, CHUMBOJIIB, OJAWMHUIIb,
CKOPOYEHbB I TEPMIHIB”, “BCTVYII”, “BUCHOBKIN”, “IIEPEJIIK
I[TOCHUJIAHB” He Hymepy1oTh, a X Ha3BM MpPABIATH 33 3arOJIOBKU CTPYK-
TYpPHHX €JIEMEHTIB.

Po3ainu # migpo3ainy NOBMHHI MaTH 3arojOBKU. 3arojioBKH CTPYK-
TypHHX eneMeHTiB [13 1 3aronoBKu po3AiIiB cii PoO3TAalIOBYBAaTH MOCEpe-
JIVHI psKa 1 APYKYBATH BEJMKHMU JIiTepaMu 0e3 KparoK B KiHIIi, HEe TiJIK-
peciroroun. [lepeHeceHHs ciIiB y 3arojoBKY pO3JIiTy HE IOIyCKA€ThCS.

3aroJ0BKY MiAPO3IiNiB, MyHKTIB i miamyHkTiB [13 ciix mouunaru 3
a03aIHoro BIICTYIY 1 JIPYKYyBaTH MaJleCHbKUMH JIITEpaMu, KpiM TepIoi Be-
JIMKOT, HE MiAKPECIIoYn, 0e3 KpanKky B KiHII.
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BigcTans MK 3arojloBKOM 1 MOJAIBITAM YH TOMEPEAHIM TEKCTOM
Mae OyTH He MEHII, HiX JBa pAAKU. BimctaHb Mk OCHOBaMH PSAAKIB B 3a-
TOJIOBKY, a TAKOXK MIXK JBOMAa 3ar0JIOBKaMH MPUHMAIOTh TaKOIo, SIK Y TEKC-
Ti. He momyckaerbcsi po3MilllyBaTH Ha3BY pPO3Iiy, MiAPO3ILTY, a TaKOK
MyHKTY ¥ MIIMyHKTY B HIDKHIA 9acTHUHI CTOPIHKH, SKIIO IMicis Hei po3Mmi-
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
BKIIFOYAIOTH JI0 3arajbHOI HyMepallii CTOPIHOK, aje HOMepa CTOPIHOK He
NpOCTaBISIOTE. HoMepa CTOpiHOK MOYHHAIOTH MPOCTABIIATH 3 CTPYKTYPHO-
ro enementy «I[IEPEJIIK YMOBHUX ITO3HAYEHbD ... ».

HoMmepa cTopiHOK Ha crenu}ikallisx He MPOCTABIAIOTh. IX miamu-
BaroTh 110 113 micist momaTkiB (AKIIO BOHHU €) 200 TICI Mepertiky MOCHIaHb
(sK1II0 MOJATKIB HEMA) 3riHO 3 HoMepamu BkazaHuMu y kogi ['KIHO.

Hymepauisi cTpyKTypHUX eJleMeHTiB
Pozminm 113 moBHHHI MaTH MOPSIIKOBY HyMEpAIlIo B MeXaxX BUKJIA-
nennst cyti 113 1 mozHauaTucs apabcbkuMu 1udpaMu 6e3 Kpanku, Hanpu-
KJIaz;
1 IONEPEJTHINA PO3PAXYHOK

[Tigpo3niny NOBMHHI MaTH HOPSIKOBY HYMEPAIIiIO B MEXKaX KOXKHOTO
po3auy, sKa CKJIAJa€ThCs 3 HOMEpa PO3AUTY 1 MOPAIKOBOIO HOMEpa ITiji-
PO37iiy, BIJOKPEMIICHUX KPAIKOIO, HATIPHKIIAT:

1.1 IloyaTkoBi 1aHi po3paxyHKy

ITyHKTH MOBHHHI MaTH MOPSIIKOBY HYMEpAIlifo, siKa CKIaJaeThes 3 3
HOMEpa Po3/iy, MOPSIAKOBOrO HOMEpa IMiIPO3/Iily Ta HOPSAKOBOIO 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 3amineHnsi Tpancgopmaropa

®opmynu 1 piBasiHHS Y 113 cimig HyMepyBaTH MOPSAKOBOIO 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 PAAKY, 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 IMEMTaT\
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6 IMTAHHSA 10 3AXUCTY KYPCOBOI'O IPOEKTY

Cunogi Tparchopmaropu. [Ipu3HadeHHs, raxy3b 3aCTOCYBaHHS.
[Ipuntun xii TpancdopmaTopa.
Knacudikanis Tpanchopmaropis.

4 Kouctpykuis cuioBux TpanchopmaTopiB. OCHOBHI By3JH 1 iX mpH-
3HAYCHHS.

5 BB  Ha reOMETPi0 MarHiTHOI CHCTEMH.

6 [Ipu3HavyeHHs MOMEPEeIHHOrO PO3PAXYHKY.

7 BapTicTh aKTHBHOI YaCTHHH, SK OAWH 3 OCHOBHHUX ITapaMETpPiB IO-
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 OaratomapoBoi HHIIHIPUIHOT OOMOTKH.

21 Cxema po3paxyHKy Oe3repepBHOi KOTYIIIKOBOI O0OMOTKH.

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

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

24 KoHCTpyKIlis aKTUBHOT YaCTHHU CHIIOBOTO TpaHc(hopmMaTopa.

25 Kiracudikarist 1305151111 B CHI0OBUX TpaHcopmaTopax.

26 OCHOBHI THIH 130JIAIIHHIX KOHCTPYKIIIH.

27 EnexTpoi3oisiiiiHi MaTepiajiu, siIKi BUKOPUCTOBYIOTh B TpaHC(hOp-
MaTopoOyTyBaHHI.

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 TpaHchopmaropa.

32 Brpartu i Hampyra KOPOTKOT'O 3aMHKaHHSI CHUIIOBOTO TpaHCc(opMa-
TOpa.

33 OcHOBHI 1 10JaTKOBI BTpaT KOPOTKOTO 3aMUKAHHS.

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

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

36 Emopyu mMomoBKHBOTO 1 IONEPEYHOr0 OIS Y KOHIIEHTPHYHUX 00-
MOTKaXx.

37 Mis panianbHUX CHJI HA KOHICHTPUYHI OOMOTKH.

38 YMoBH MakcHMaJIbHOTO Koe(illieHTa KOPUCHOT Aii.

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

40 Bak cunoBoro Tpancopmatopa. [Ipu3HayeHHs i BUIM KOHCTPYK-
TUBHHUX BUKOHAHb.

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

42 KoHCTpyKIis i MpU3HAYSHHS PO3IIUPHUKA

43 KoHCTpyKIIis i Mpu3HaUYEHH MacIOBKa3iBHUKA.

44 KoHCTpyKIIis 1 TPU3HAYEHHS MOBITPOOCYIITHHAKA.

45 KoHCTpyKIlis 1 MpU3HAYESHHS Ta30BOTO pelie

46 KoHcTpykuis i mpu3HaYeHHsI TEPMOCHU(POHHOTO QiIbTPY.

47 KoHCTpyKIIisl 1 MPpU3HAYEHHS MAHOMETPUIHOTO TEPMOCUTHAIII3aTO-
pa.

48 KoHcTpykilis i mpu3HaYeHHs 3a1001KHOTO Kilanana (Tpyon).

49 KoHCTpyKIIis i Mpu3HauYeHH TPaHCPOPMATOPIB CTPYMY.

50 Koncrpykuis i mpu3HaueHHs npuctporo PITH.

51 Koncrpykuis i mpusHadeHHs npuctpoto [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 S
g Hanpyra, kB Cxema Ta Ha Brparu, kBt ;
S Tun rpyna T
g TpaHchopMmaropa Penmans |02 2
2 BH HH K3,% Px | Px | 2
g 00OMOTOK g
Q
1 | TM-25/10 6+2-2.5% 0.4 Y/Yn-0 4 0.09 10525 3.2
2 | TM-25/10 10+2-2.5% 0.4 Y/Yn-0 4 0.09 10.525]| 3.2
3 | T™M-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 1 077 | 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 0.16 | 095 | 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 | 0.29 | 1.47 |443
10| TM-63/20 20+2-2.5% 0.4 Y/Yn-0 53 | 0.29 | 1.47 |4.43
11 | TM-100/10 642-2.5% 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 [1.935| 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 2042-2.5% 0.4 Y/Yn-0 6.5 |0.465| 1.97 [4.16
15 | TM2K-100/35 27.542-2.5% | 04 Y/Yn-0 6.5 | 0.38 2 2.4
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 61+2-2.5% 0.4 Y/Yn-0 45 1042 | 265 | 18
19 | TM-160/10 10£2-2.5% 0.4 Y/Yn-0 45 1042 | 265 |18
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 6.5 | 066 | 265 | 24
22 | TM-160/35 20+2-2.5% 0.69 Y/D-11 6.5 | 066 | 265 | 24
23 | TM-160/35 3542-2.5% | 0.23 Y/Yn-0 6.5 | 066 | 2.65 | 24
24 | TM-160/35 35+2-2.5% 0.4 Y/Yn-0 6.5 | 066 | 265 | 24
25 | TM-160/35 35+2-2.5% 0.69 Y/D-11 6.5 | 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 Brtpatn, kBT i_
2 Tun rpyna an
g TpaHcdopmaropa 3’€IHAHb npyra 2
= BH HH K3,%| Px | Pk | &
2 0OMOTOK =
O

31| TMK-250/35 27.542:2.5% | 0.4 Y/Yn-0 65 | 082 | 42 | 2
32 | TM-250/35 35+2-2.5% | 0.23 | Y/Yn-0 65 | 096 | 3.7 |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 | 096 | 3.7 |23
35| TM-400/10 6+2-2.5% 0.4 Y/Yn-0 45 1073 ] 52 |11
36 | TM-400/10 10£2-2.5% 0.4 Y/Yn-0 45 | 073 | 52 |11
37 | TM-400/35 2042-2.5% 0.23 Y/Yn-0 65 | 135 | 55 |21
38 | TM-400/35 2042-2.5% 0.4 Y/Yn-0 65 | 135 | 55 |21
39 | TM-400/35 2042-2.5% | 0.69 | Y/D-11 65 | 135 | 55 |21
40 | TM2K-400/35 27.542:2.5% | 0.4 Y/Yn-0 65 | 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 5.5 11 7.4 1
46 | TM-630/10 10£2-2.5% 0.4 Y/Yn-0 5.5 1.1 7.4 1
47 | TM-630/35 2042-2.5% 0.4 Y/Yn-0 6.5 2 7.6 2
48 | TM-630/35 2042-2.5% | 0.69 | Y/D-11 6.5 2 76 | 2
49 | TM-630/35 20+2-2.5% 11 Y/D-11 6.5 2 7.6 2
50 | TMK-630/35 27.542-2.5% | 0.4 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 | 6.3 |1.97
54 | TM-630/35 35+2-2.5% 105 Y/D-11 65 | 245 | 6.3 [1.97
55 | TMC-1000/10 3.15+2-2.5% | 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 2042-2.5% 0.4 Y/Yn-0 65 | 275 | 122 |15
60 | TM-1000/35 20+£2-2.5% 0.4 D/Yn-11 65 | 275 | 122 | 15
61 | TM-1000/35 20+£2-2.5% 0.69 D/Yn-11 65 | 275 | 122 | 15
62 | TM-1000/35 2042-2.5% 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 o

g wanpyra, kB Cxema Ta Ha. Brtpatn, kBT i_
2 Tun rpyna an
g TpaHcdopmaropa 3’€THaHb apyta g
2 BH HH K3,%| Px | Pk | &
2 0OMOTOK =
O

65 | TM-1000/35 35+2-2.5% 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% 105 Y/D-11 65 | 275 | 116 | 15
68 | TMH-1000/35 20+6-1.5% 0.4 Y/Yn-0 65 | 275122 |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 | 275122 |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 3546-1.5% 0.4 Y/Yn-0 65 | 275122 |15
74 | TMH-1000/35 3546-1.5% 0.69 Y/Yn-0 65 | 275122 |15
75 | TMH-1000/35 3546-1.5% 6.3 Y/D-11 65 | 275|116 |15
76 | TMH-1000/35 3546-1.5% 11 Y/D-11 65 | 275|116 |15
77 | TM-1600/35 2042-2.5% 0.4 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 2042-2.5% | 0.69 | D/Yn-11 | 65 | 365 | 18 |14
80 | TM-1600/35 2042-2.5% 6.3 Y/D-11 65 | 365|165 |14
81| TM-1600/35 20+£2-2.5% 10.5 Y/D-11 65 | 365|165 |14
82 | TM-1600/35 3542-2.5% 0.4 Y/Yn-0 65 | 365 | 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 65 | 365|165 |14
85 | TM-1600/35 35+2-2.5% 6.3 Y/D-11 65 | 275|165 |14
86 | TM-1600/35 3542-25% | 105 | 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 2046-1.5% | 0.69 | D/Yn-11 | 65 | 365 | 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 3546-1.5% 0.4 Y/Yn-0 6.5 | 3.65 18 |14
93 | TMH-1600/35 354+6-1.5% 0.69 Y/Yn-0 6.5 | 3.65 18 |14
94 | TMH-1600/35 3546-1.5% 6.3 Y/D-11 65 | 365|165 |14
95 | TMH-1600/35 3546-1.5% 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+2:2.5% 3.15 Y/D-11 65 |38 | 235 | 1
98 | TM-2500/10 10£2-2.5% 3.15 Y/D-11 65 |38 | 235 | 1
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Howminanpaa o

g wanpyra, kB Cxema Ta Ha. Brtpatn, kBT i_
2 Tun rpyna an
g TpaHcdopmaropa 3’€THaHb apyta g
2 BH HH K3,%| Px | Pk | &
2 0OMOTOK =
O

99 | TM-2500/10 10£2-2.5% 6.3 Y/D-11 65 | 385|235 | 1
100] TM-2500/35 20£2-2.5% 0.69 | D/Yn-11 6.5 51 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 3542-2.5% 6.3 Y/D-11 6.5 51 | 235 |11
106| TM-2500/35 3542-2.5% 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 3546-1.5% | 0.69 | Y/Yn-0 65 | 5.1 25 |11
111 TMH-2500/35 3546-1.5% 6.3 Y/D-11 6.5 51 | 235 |11
112| TMH-2500/35 3546-1.5% 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 22 115
116| TM-4000/10 6+2-2.5% 315 | Y/D-11 75 | 52 [ 335 |09
117| TM-4000/10 10£2-2.5% | 3.15 | Y/D-11 75 | 52 | 335 |09
118 TM-4000/10 10£2-2.5% 6.3 Y/D-11 7.5 52 133509
119| TM-4000/35 2042-2.5% 6.3 Y/D-11 75 | 67 | 335 1
120 TM-4000/35 2042-2.5% | 105 | Y/D-11 75 | 67 | 335 | 1
121| TM-4000/35 3542-2.5% 3.15 Y/D-11 7.5 67 335 1
122| TM-4000/35 3542-2.5% 6.3 Y/D-11 75 | 67 | 335 1
123| TM-4000/35 3542-2.5% | 105 | Y/D-11 75 | 67 | 335 | 1
124| TMH-4000/35 15.75+¢6-1.5% | 6.3 Y/D-11 7.5 67 335 1
125| TMH-4000/35 20+6-1.5% 6.3 Y/D-11 75 | 67 | 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 |09
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 94 | 465 | 0.9
132| TM-6300/35 3542-2.5% 6.3 Y/D-11 75 | 94 | 465 )09
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HowminanpHa S
E nanpyra, kB Cxema Ta Ha. Brpatu, kBT ;
.a Tun Tpancdop- rpymna npyra an!
cig. Maropa BH HH 3’€JHaHb K3.%| px | Px é
= 0OMOTOK =
O
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 94 | 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 9.4 | 465 109
139 | TMH-6300/35 35+4-2.5% 11 Y/D-11 7.5 94 | 465 | 0.9
140 | TM-6300/110 110+2-2.5% | 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-6300/110 121+2-2.5% | 6.3 Yn/D-11 | 105 | 27.3 | 55.16 |3.72
143 | TM-6300/110 12142-25% | 105 | Yn/D-11 | 105 | 27.3 | 55.16 |3.72
144 | TM-6300/110 12142-2.5% |15.75| Yn/D-11 | 105 | 27.3 | 55.16 |3.72
145 | TMH-6300/110 | 11549-1.78% | 6.6 Yn/D-11 | 105 13 50 1
146 | TMH-6300/110 | 11549-1.78% | 11 Yn/D-11 | 105 13 50 1
147 | TMH-6300/110 | 11549-1.78% | 22 Yn/D-11 | 10.5 13 50 1
148 | TMH-6300/110 | 11549-1.78% | 385 | Yn/D-11 | 10.5 13 50 1
149 | TA-10000/35 38.542-:2.5% | 6.3 Yn/D-11 75 | 145 65 |0.8
150 | TJ1-10000/35 38.5+2:2.5% | 105 | Yn/D-11 75 | 145 ] 65 |08
151 | TAHC-10000/35| 10.5+8-1.5% | 3.15 | Yn/D-11 14 145 85 0.8
152 | TAHC-10000/35| 10.5+8:1.5% | 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/Y-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 | 10.5 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| 11549-1.78% | 385 | Yn/D-11 | 105 | 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 | 11049-1.78% | 11 Yn/D-11 | 10.5 27 74 1 0.9
162 | TAH-10000/110 | 115+9-1.78% | 6.6 Yn/D-11 10.5 27 74 109
163 | TTH-10000/110 | 11549-1.78% | 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 | TTH-15000/110 | 11049-1.78% | 11 Yn/D-11 | 10.5 40 130 |0.85
166 | TAH-15000/110 | 115+9-1.78% | 6.6 Yn/D-11 | 10.5 40 130 |0.85
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< HowminanbHa Brpatu, | £
= Hampyra, kB Cxema ta kBT 5
.a Tun Tpauncdop- rpyna |Hanpyra an
> 0

Cigl Maropa BH HH 3’eqnanb | K3, % px | Px é
= 06MOTOK =
O

1 2 3 4 5 6 7 8 9
167 |T/IH-15000/110 11549-1.78% | 11 | Yn/D-11 105 40 | 130 |0.85
168 |T/1-16000/35 38.542-2.5% | 6.3 | Yn/D-11 8 21 90 |0.75
169 |TA-16000/35 38.5+2:2.5% | 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 |TAHC-16000/35 13.848:1.5% | 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 18+8-1.5% 6.3 D/D-0 10 21 | 105 [0.75
174 |TAHC-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 |T/IH-16000/110 115+9-1.78% | 22 | Yn/D-11 105 23 85 |0.85
178 |TAH-16000/110 11549-1.78% | 38.5 | Yn/D-11 10.5 23 85 |0.85
179 |TAH-16000/150 158+8-1.5% | 6.6 | Yn/D-11 11 19 88 |08
180 |T/TH-16000/150 15848-1.5% 11 | Yn/D-11 11 19 88 |08
181 |TA11-80000/35 38.5+2:2.5% | 6.3 | Yn/D-11 9.12 129 [ 359.4 | 1.5
182 |[TA11-80000/35 38.5+2:2.5% | 10.5 | Yn/D-11 9.12 129 3594 | 15
ITouaTKOBI JaHi ABOXOOMOTKOBHX TPaHC(HOPMATOPIB 3 POMICIICHOI) O0OMOTKOKO
1 2 3 4 5 6 7 8 9
183 |TPJIH-25000/35  |15.75+8-1.5%| 6.3/6.3 D/D-D-0-0 | 95| 29 145 0.7
184 |TPJIH-25000/35  |15.75+8-1.5%| 6.3/10.5 D/D-D-0-0 | 95| 29 145 0.7
185 |TPJIH-25000/35 18+8-1.5% 6.3/6.3 D/D-D-0-0 | 95| 29 145 0.7
186 | TP/TH-25000/35 18+8-1.5% 6.3/10.5 D/D-D-0-0 | 95| 29 145 0.7
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 [TPIIH-2500035  |36.75+8-1.5% | 6.3/63 | YV Dl'lD'll' 95| 29 | 145 (0.7
191 [TPTH-25000/35  |36.75+8-1.5%| 6.3/10.5 D/D-D-0-0 | 95| 29 145 0.7
102 [TPAIH-2500035  (36.75:8-1.5% | 6.3/105 | "0 95 | 20 | 145 |07
193 |TPAH-25000/35  |36.75+8-1.5%| 10.5/10.5 | D/D-D-0-0 | 9.5 | 29 145 0.7
104 TPAIH-25000/35  (36.75:8-1.5% | 105205 | "D 95 | 29 | 145 |07
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I'abapuTHi Ta ycTAaHOBOYHI po3Mipu TpanchopmaTopiB

HI

L

r

17
=1y
s, 4
_,-—""_"_'__'_'_ 1
< | 2 g
=
Heel == | =5 $
T B
T Tromoetner Ko 0 1] ]
10/ 37]12 s
13 16 11 fl fl 1 - BBOIU BH; 2 — BBOIU HH;

S L W | i 3 — eneMeHT A A €AHAHHA

\ I_H] 3a3eMIIeHHsT; 4 — TabIuKa Tpa-

HCcpopmaTopa; 5 — TaOIHMYKH

f’;'ﬁ“\c J,-»\‘Ef f;%‘t'-"' | BBOZIB; 6 — KOTKH ISl TIO37I0B-

VESVES VES === [ kHBOrO Ta mMOmEpedHoro mepe-

w ] = = 1| cyBauns tpanchopmaropa; 7 —

4 5@—0@# —| CKOOM 1 migiioMy; 8 — TAro-

= i : = BUH IPUCTPIH IS TIepecyBaHHS

|” HHF TpaHcpopmaTopa; 9 — ckobu

IUIsL PO3KPIIUICHHS. TIPU TpaHC-

2/ 2] £ | 208 taz nmoptyBanHi, 10 — kpaH s

3MMBaHHA Ta Binbopy mpod
Mmacna; 11 — mwryuep ais 3anu-

BaHHS Macna; 12 — mpoOKa Ui 3TMBaHHS 3QJHINKIB Macia; 13 — posmmpHuk; 14 — macis-
HHI 3aTBOp MOBITPOOCYIIHUKA; 15 — MacIOBKa3iBHHUK ,,[uI0cKOro” THmy; 16 — yoynoBaHuii
MOBITPOOCYIIHUK; 17 — mpHUBOJ epeMukaya; 18 — tabnuika eHTpy Baru; 19 — eneMeHT Juis
i’ eqHaHHS 3a3emieHHs; 20 — 0ak; 21 — kpumika; 22 — Tabnudka 3aBOJICBKOT0 HOMEPY Tpa-
HCopmMaTopa

Pucynok B.1 — I'abaputHe kpecinennss Tpancopmaropa (I — II radapur)
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Tabmms b.1 —"'abapuTHi Ta yCTaHOBOYHI po3MipH TpaHC(hopMaTopiB

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-V1 122315981339 | - 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-Y1 12351887 1306 | 1418 | 1056 | 492|265 150
TMI'-630/10/0.4-V 1 1258|853 | 1422 ]| 15331 1172 | 578|265 | 150

[Mpumitka. TpanchopmaTop He Mae KapeTOK, SKIO0 B KOJOHII
«H1» cToiTh « —».




59

JdonaTtoxk B
Kpeciaenns cusoBux tpancpopmaropis

ARG

1790

N
ol
[l

Pucynok B.1, aucr 1 — T'aGapurHe kpecienns Tpancdopmaropa TMH-1600/35
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1 — posmmpHUK; 2, 2° — Ma-
CJIOBKa3iBHUK TpaHchopma-
topa ta PIIH; 3 — yBig BH;
4 — yBix HH; 5 — 3acyBka
(BeHTHIIB) I 3IMBAHHS
Macja; 6 — mpoOKa s 37H-
BaHHsI 3a0pyJHEHOTO Macia;
7 — TIOBOpOTHA KapeTka;
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-
BITPOOCYITHHK; 18 — razoBe
] pene; 19 — BukumHa TpyOa
(3amobi»HUH KIIanaH);

< .
—
5

2w

i

20 — kabemi; 21 — ckoba ans migiioMy JOMKpaToM; 22 — KpaH I B3STTA
nmpoOu Macia; 23 — TepMOMETPpUYHHIA CUTHAT3aTop; 24 — OONT 3a3eMIIeH-
HS; 25 — njaHmior ans 3’€IHAHHA PajiaTopiB MpU TPAHCIOPTYBaHHI
26 — mynpoBui yBin, 27 — nepemukad PITH, 28 — penykrop, 29 — npuBox
PIIH, 30 — 6ax, 31 — kpumika, 32 — kopoba kabemis, 33 — ra3zose pene PITH,
34 — ycraHoBKa TpaHchOpMaTOpiB cTpyMmy, 35 — mpoOka Ui JTOTUBAHHS
Macia, 36 — KOJIeKTOp.

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

CxiagaiibHi ogMHUII (AeTani) cUaoBUX TpaHchOpMaTOpiB HaBECHI
1o puc. K.1 € 3arabHUMH TaKOX 1 JIJIs1 BCiX PUCYHKIB ojatky K.
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Pucynox B.3 — I'aG6aputHe kpeciaenus Tpancdopmaropa TMH-4000/35
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Pucynok B.4 — T'adaputHe kpeciaenns Tpancgopmaropa TMH-6300/35
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