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MEXAHI3M PO3BUTKY IMOIIKO[)KEHb 130JIALIII
CHJIOBUX TPAHC®OPMATOPIB HIJ YAC
EKCIIVIYATALII
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KaHIUAAT TeXHIYHUX HayK, TOUEHT Kadenpu «ExexTpoTexHika i eJeKTpoMexaHika
iMeH1 npodecopa B.B. OBuapoBay,

TaBpiiicbkuil ep>kaBHUN arpOTEXHOJIOTIYHUHN YHIBEPCUTET iMeH1 JMutpa
MoTtopHoro

HaniiiHicTh enekTponocTayaHHs € BU3HAUYaIbHUM (aKTOPOM HOPMaIbHOI poOOTH
CJICKTPOJIBUTYHIB TeXHOJoriyHuX JiHiA 1 BupoOoHUNTB B AIIK. besnepebiiine
CIIEKTPOIIOCTAYaHHS ~ CIIOKMBAYIiB  CIICKTPUYHOI  CHEprii  arpompoMHCIOBHX
MIAOPUEMCTB B OUIBIIIA  CTyNmEHl 3aJ€XUThb Bl  HAOIHHOCTI  CUCTEMH
€JIEKTPOIIOCTaYaHHs B LyIoMy 1 cuioBux TpaHchopmatopis KTII 10/0,4 kB 30kpema.
B arponpomucioBomMy KOMIUIEKCI HIOPIYHO 3 Jagy Buxoaarh 8-10 % cuioBux
Tpancopmartopi. [I[puurHamMu Takoro crany € cnerudiudi yMOBH pOOOTH CHUIIOBUX
TpaHcOpMATOpIB CHOKUBYMX TIJCTaHIM, J0 SKUX 30KpeMa BIIHOCATHCS
HECMMETPUYHE HaBaHTaXEHHs (a3, CE30HHWM Tpadik HaBaHTaKEHHS, KOJMBAHHS
TeMIepaTypd  HaBKOJMIIHBOTO  CEPENIOBHINA, BEJIWKAa MPOTSKHICTH  JIHIN
eJIEKTporiepead Ta €KOHOMIYHI YMOBHM B KpaiHi, Y 3B’s3Ky 3 skumu Maibke 70 %
CWJIOBOTO OO0JaJHaHHS BUPOOUIIO CBIA pecypc. | Xxoda BICOTOK BUXOIY 3 Jamay
CWJIOBHX TpaHC()OpPMATOPIB CHOXKMUBUMX TpaHCHOPMATOPHUX MIACTAHIN B
arpoIpoOMHUCIOBOMY KOMILUICKC] 3aTMIAETHCSI HEBEIMKHUM, OJTHAK BUX1J 3 Jady Xo4a O
OJIHOTO JDKepesa eIeKTPONOoCTavYaHHsI MOKe CIPUUYMHUTH 3HAYHI €KOHOMIYHI BTpaTU
32 paxyHOK HEJOBHUITYCKY TPOAYKI[i Ta TMOCIyr JeCsSTKaMH 00 €KTIB
€HEeprocroxuBaHHs [1].

["'on0BHUMU pUYMHAMU BUXOY CUIIOBUX TPAaHCHOPMATOPIB € KOPOTKI 3aMUKAHHS
B €JIEKTPUYHIN Mepexi, NepeBaHTAKEHHS, aTMOC(EPHI MepeHANPY>KEHHS, 3HUKESHHS
SKOCTI TpaHC(OpPMATOPHOTO Macjia MiJ 4Yac eKCIUTyartailii, MOTIPIICHHS YMOB
OXOJIO/DKEHHS, aCUMETpisi CTPYyMiB HaBaHTaXEHHS. 3HA4YHY poJib y 3a0e3MeueHHI
HAJIWHOCTI BIJITpa€ po3TallyBaHHS TPaHC(HOPMATOPHUX ITIACTAHIIN Ha BEITUKIH
BIJICTaHI BiJl IICHTPIB OOCIYrOBYBaHHS, iX PO3MOPOIICHHS HAa 3HAYHUX IUIOMIAX.
CunoBi  TpancopMaTopu CIITBCHKHX CHOKHUBUMX MIJICTAHINN MPAKTUYHO HE
00CITyTOBYIOTBCS PETYJISIPHO, BiICYTHS 1H(OpPMAIIlis TIPO MOTOYHI PEKUMHU X pOOOTH,
HECBOEYACHO 1 B HEAOCTATHIX 00'€eMax MPOBOAMTHCS PEKOHCTPYKINS MIACTAHINHN 1
Mepexx. I[lpm 1mpoMy cimig  BpaxoByBaTH, IO 3HA4YHA YacTHMHA  CUJIOBUX
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TpaHcOopMaTOPIB CUILCHKUX CHOKUBYMX IIJCTAHIIN BUpoOWia CBIA pecypc — 25
POKIB, a TEXHIYHE IEPEOCHAILIEHHS TpaHC(HOPMATOPIB, B CUITy EKOHOMIYHUX YMOB, e
nyke TmoBiTbHO. B MemitononbebkoMy paiioHi 3amopizbkoi oOmacti 3a 2005 pik
onosjeHo 1,2 % tpancdopmaropis, 2006 pik -1,1 %, 2007 — 1,1 %.

AHaJi3 po3moAlTy OCHOBHUX ITOIITKOKEHB BY3JIiB CHIIOBUX TpaHchopmaTopiB 63-
250 xBA Memnitonoibehbkoro paiioHy 3amopi3pkoi obmacti (2004-2007 pp.) y
BIJICOTKOBOMY  BIJIHOIICHHI JEMOHCTPYE TakKi MOKa3HUKHU:  MOIIKOKCHHS
BHCOKOBOJBTHHX BBOIIB - 21 %; mHOMKOIKEHHA OOMOTOK Ta 130idmii - 57 9%;
MOIIKOJKEHHST a00 Teul TpaHcpopMaTopHOro macia - 9 %, MOUIKOHKEHHSI MarHiTo
npoBoiB 4-5%. HallicTOTHIII HACTIAKKA CIOCTEPIraloThCs MPH TakuX AedeKTax, sK:
3HIDKEHHSI €JIEKTPUYHOI MIITHOCTI MACISIHOTO KaHaly BUCOKOBOJIbTHUX T€PMETUYHUX
BBEJICHb; 3BOJIOKEHHS, 3a0pyIHEHHS i1 3HOIIYBAHHS 130JI11i 0OMOTOK. 3ayBakHUMO,
mo y poOOTI CHJIOBUX TpaHCPOpMaTOpiB dYacTKa THUX MOIIKO/KEHb, IO
CYNPOBO/KYIOTbCSI BHYTPIIIHIMA KOPOTKUMH 3aMUKAHHSIMU 3 TOIIKOJKEHHSIM
00MOTOK TpaHc(opMaTopiB, CTaHOBUTHL OJu3bKO S0 % BiJ 3arajabHOI1 KIJIBKOCTI Bij
3arajpbHOI KUIBKOCTI aBapii micas 10 pokiB ekcryaramii, 60 % — micist 20 pokiB
excrutyataii 1 61 % — micis 25 pokiB ekcrryaramii [1]. B Ykpaini 3pocTtae mapk
CUJIOBUX TpaHCcHOpMaTOpIB, 110 MAIOTh TEPMIH eKCIuTyarailii Oiubiie Hixk 30 pokiB -
yacTKa TaKoro ycTaTKyBaHHsI cTaHOBUTH S50 %, a B HalOmumkul M'SITh POKIB
30uIbIUTRCS 111e Ha 20 %.

JI0 KOHCTPYKIIHHUX Ne(PEeKTIB OKpEMUX CKIIAJIOBUX CHIIOBUX TpaHChOpMaTOpiB
MOKHa BIJHECTH JAE€PEKTH 130JsLii TMPOBITHUKIB, HEIOCKOHAJICTh TEXHOJOTIN
BUT'OTOBJICHHSI 0OOMOTOK 1 HEJIOCKOHAJIICTh BUTOTOBJICHHS] MAarHITONPOBOY. BrinmuBaru
Ha KOHCTPYKIIAHY HAJIHHICTh CIOXHBAY HE B 3MO31, 3QJIUIIAETHCA JIUIIE
MiIBHMIIYBAaTH CKCIUTyaTaIliiHy CKIa0BYy [2].

Haniiinicts cunmoBoro TpancopmMaTopa B 3HAUHIN Mipl BUBHAYAETHCS HAIHHICTIO
oro oOMOTOK, $iKa, B CBOIO 4Yepry, 3ajieKUThb BiJ CTaHy 130JIs11i MPOBITHUKOBOTO
Marepiainy. CunoBi TpaHchopMaTopu MICTSITh B co01 BU3HAYeHI JedEKTH
BUTOTOBJICHHSI Ha BUPOOHMLTBI. [loyaTkoBI Je(EKTH TEXHOJOTTYHOIO MOXOKEHHS
MiJ €0 eKCIUTyaTalliHUX BIUIMBIB OTPUMYIOTH MOAAIBIIMN po3BUTOK. ONHAK B
CWJIOBHX TpaHc(opMaTOpax BOHM HE € BU3HAYAJIBHHUMHM y PO3BHUTKY IPOLECIB 1
MOIIKO/KEHH 130Jis111li. Bu3HayanbHe pojib BIAICPAlOTh MPUPOJHI MPOLECH i
CTapiHHS T1J BIUIMBOM €KCIUTyaTalidHuxX (¢akTtopiB. TemaoBuil 3HOC 130701 €
BU3HAYAJIBHUM Y 3arajlbHOMYy i1 3HOCI, 110 BUKJIMKAE SIK JIOKAIbHI MeHEKTH 13071111
BUTKIB OOMOTKM, TaK 1 TIOBHI BHUTKOBI 3aMUKaHHS 1 BIJIMOBY CHJIOBOTO
Tpanchopmaropa. Pobora mpucBsiueHa aHami3y MPUYMH TOMIKOJKEHHS OOMOTOK,
MarHiTOMPOBOAY CHUJIOBUX TpaHC(HOPMATOPIB CUTHCHKUX ITiICTAHIIIN.

[linm wac ekcruryararii cuioBl TpaHCchOpPMATOPH MIANAIOTHCS PI3HOMAHITHUM
eKCIUTyaTaI[iiHUM BILJTUBAM.

TeMreparypa HaBKOJHUIIIHHOTO CEPEJOBHINA Ta COHAYHA pajiallis € HalOUIbII
PO3MOBCIODKEHUMHU  (pakTOpamMu, IO BIUIMBAIOTH Ha CHUJIOBI TpaHCPOpPMATOpPH.
TemmepaTypa MoBITpsT Ma€e 3HaYHI KOJWBAHHS SIK MPOJOBXK OO, TaK 1 HA MPOTSI3i
ce30HHOi  3MiHW. [ligBUINEHHA  TeMIepaTypd  OTOYYIOUOTO  CEpeOBHIIA

408



TECHNICAL SCIENCES
THE LATEST IMPLEMENTATION OF TECHNOLOGIES IN EDUCATION

0e3nocepe/IHbO BUKJIMKAE MEPErpiB 13011111, IHTEHCUBHUM 3HOC Ta PYWHYBaHHSA i,
BHUTKOBI 1 MiXk (ha3HI 3aMUKaHHS, BIIMOBY CHJIOBOTO TpaHchopmaTopa (pucyHox 1).

[ToripieHHs 0X0J0KEHHS
[TigBumena
TeMITepaTypa — :
CEDENOBUINA IeperpiB 1307111
IlepeBanTaxeHHA l
| TemmoBe 3HOLIEHHS 13011
[TyckoBi pexumu T 00MOTOK
EJIEKTPOIBUTYHIB
¢ \ 4
N Bi6partii 06MOTOK - JlokaspHi ,.[[e(bel(l:ljl BUTKOBOI
7 130J1A1111
SHUKEHHS MEXaHIYHO1 ||
MILHOCTI 130JIs11ii N — 3HOILIEHHS 1301111
KopoTki 3aMuKaHHs B
. v
—| Mepexax CIOKHUBaJiB > . :
> PviinyBaHHSA 130151111 1
Bucoka Bosoricte
HABKOJIMIITHEOTO v
v BUTKORI RaMuKanHs —
3BOJIOKEHHS Maciia

v

Crapinng
TpaHcGHOPMATOPHOTO

Macjia
\ 4

Haxonunuenns ocagky
Ha aKTUBHMX YaCTHHAX

A 4

Mix dba3Hl 3aMUKaHHS

A 4

BingmoBa tpancopmaropa [

Pucynox 1 — briok-cxema Nomko;»KeHb €JIeMEHTIB KOHCTPYKITiT CUIIOBUX
TpaHchopMaTopiB

Bonoricte HaBKOJTUIIHKOTO CEPEJIOBHINA BIUTMBAE HA 130JISIIIIHI BJIACTUBOCTI
TpaHCQOPMATOPHOIO Macia, 3BOJOXKEHHIO Maciia, HAKOMWYEHHIO Y Macii KHCHIO,
CTapiHHIO TPAHC(POPMATOPHOTO Maciia, HAKOMUYCHHIO 0Caly Ha aKTUBHUX YaCTHHAX
TpaHnchopmaTopa, 3HIHKECHHIO MEXaHIYHOT MIITHOCTI 130JIS1Ii1 1, HAUTOJIOBHIIIIE, 3HOCY
13051111, Takok B mporieci ekcruryaTarii TpancopMaTopiB B Macili HAKOMTUIYIOTHCS
1HII Ta3u, M0 MOXKYTh XapaKTepU3yBaTu MEBHI BUIU J1eeKTiB y TpaHchopmaTopi:
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BojaeHb H», anietnnen CoHy, eran CoHg, MeTan CHg4, etnnen CoHy, okuc CO 1 gBoOKHC
CO; Byraero.

Boaens xapakrepusye nedekTd €IeKTPUYHOTO XapakTepy (4acTKOBi, 1CKpOBI 1
AYTOBI pO3psiAM B MAacii); aleTujeH — IMeperpiB akTUBHUX €JIEMEHTIB; €TaH —
TePMIYHUI HArpiB Maciia i TBEpHOi 130JA1li 0OMOTOK y Aiama3oHi TeMIepaTyp 10
300°C; eTuieH — BUCOKOTEMIICPATYPHHUM HArpiB Maciia i TBEp0i 1301s11ii 0OMOTOK
Buie 300°C; oKHC 1 TBOOKHC BYTJICIIO — TMEPErpiB 1 PO3PSIAM Y TBEPIid 130JIsIIii
obmoTok [3].

HactynauMm ekcrutyaTaliiHUM BIUIMBOM € TE€pPEeBaHTaXEHHS TpaHC(HOpMAaTOpiB.
I'padix HaBaHTa)XEHHS CHIJIOBHX TpaHCPOpPMATOpPIB Ma€ 3aJCKHICTh Bij Oararbox
(hakTOpiB — CE30HHOCTI1 pOOOTH, KIJTLKOCTI 1 BUAY CIIOKMBaviB Ta iH. [lepeBaHTaKeHHSI
CUJIOBUX TpaHCc(oOpMaTOpiB MOXKE TaKoXX OYTH TIOB’s3aHI 3 HEIOCKOHAIICTIO
IPOCKTYBAHHS €ICKTPUYHUX MEPEXK, BIJICYTHICTIO 3aC001B aBTOMATH3AIIli 1 KOHTPOJIIO
32 HaBaHTWKEHHSIM pOOOYMX MAaIlMH 1 MEXaHI3MiB, fAK HAWOUIbII MOTYXHHUX
CIIO’KMBAYIB €JIEKTPOEHEPTi.

Hebe3neunnMu  eKkcrulyaTaliiHUMHM — BIUIMBAMHM  Ha  130JSILII0  CHJIOBOTO
TpaHcpopmaTopa € IMyCKOBI CTPYMH TOTY>KHUX €JEKTPOJIBUTYHIB B YMOBaXxX CIIiB
BUMIPHOi iX TMOTY)XHOCTI, KOpPOTKI 3aMHKaHHS 1 KOMYyTAIliiHI TepeHanpyrd B
po3noainbHUX ~Mepekax. (CucreMaTH4Hi TIEpeBaHTaXEHHS TpaHCc(HOpPMATOpiB,
JUHAMIYH1 3yCUIIIA BHACIIIOK KOPOTKUX 3aMUKaHb 1 CTAPIHHSA 130JIAL11 IPUBOJATH 10
MDKBUTKOBOTO 3aMUKaHHS 1 BUXOY 3 Jajay TpaHcpopMaropa B ujiomy [4].

[ToripiieHHsT yMOB OXOJIOJPKEHHS 130JISALIMHOI KOHCTPYKIUi — TaKoXX OJHA 3
HaWUTMOMIMPEHIIINX MPUYUH BUXOAY 3 JIady TpaHCc(POpMaTopiB, sKa BUHHUKAE UYepes
BUTIK TPAaHCPOPMATOPHOIO Maciia, HEAOCTATHIO MPUPOJHY BEHTWIAII0. Buxin
TpaHcdopmaropa 3 Jlagy MOXKE BIOyBaTHCS BHACTIAOK «IOXKEXKI CTall» 4Yepes
MOPYIICHHS 1301111 MIXK CTJIEBUMHU JIUCTaMU a00 CTSHKHUMH OOJITAaMH, CIa0KHM
IIPECYBAHHAM CTaJIM, YTBOPEHHAM KOPOTKO3aMKHEHOTO KoJIa [5].

[lepenidyeni pakTopu MOXYTh BIUIMBATH SIK OKPEMO TaK 1 CYKYNHO Yy pPI3HHX
koMmOiHarsx. [{e BriinBae Ha HaIIMHICTD 130JIA11THOT KOHCTPYKIIIi 0OMOTOK CHUJIOBOTO
TpaHcdopmaropa, OCKUIbKM caMe OOMOTKH € Hail ypa3jiuBUM 3 KOHCTPYKTHBHHUX
eneMeHTIB. TakoX MpUYMHAMU MOLIKOKEHb MAaCISHUX TpaHCHOPMATOpiB MOXKYThb
OyTH: TOIIKOJKEHHS B CHCTEMI 3aXHUCTy, HEUITKE PETyIIOBAHHS IMEPEMUKAIBHOIO
MIPUCTPOIO, MK (Pa3HE KOPOTKE 3aMUKaHHS, 3a0pyAHEHHS BUBO/IIB, HEAOCTATHS SIKICTh
TpaHcOpMATOPHOTO Maciia, HE3aJOBUIBHUN CTaH BHUBOMIB B TOYIll 3'€IHAHHS
O0OMOTOK.

Takum 4MHOM, 3 ypaxyBaHHSAM BUKJIAJICHOTO BHIINE, Y TOJATBIINX JTOCITIIKEHHSIX
HEOOXITHO BpPaxOBYBaTU MPUYMHHO-HACIIIKOBI 3B S3KH EKCIUTyaTallliHUX MPUYHH,
yepe3 AKi CHIIOBUN TpaHchopmaTop BUXOIUTH 3 Jaay. B cunoBux tpanchopmaTtopax
KOHCTPYKITIiHA HAMIMHICTh HE € BU3HAYAIOUOI0 B PO3BHUTKY IPOIIECIB YIIKOKEHHS
130715111i. Baromy posb BiZIrpar0Th NPUPOAHI MPOUECH ii CTApiHHA IMiJl BILIMBOM
eKCIUTyaTaliiHux (akTopiB. A TEIJIOBUM 3HOC 130JIA111T € TUM (DAKTOPOM, IO BiJIIrpae
TOJIOBHY POJIb Y 3araJIbHOMY ii 3HOILIEHHA. buibIIicTh (hakTOpiB MPU3BOAITH came 10
MIJBUILEHHS HArpiBy 130JIS111 1 BUKJIMKA€E 30UTbIIEHHS ii TEMJI0BOTO 3HOCY.
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Bucnoeok. 1lpoBenenuii aHani3 NpUYMHHO-HACIIIKOBUX 3B’SI3KIB IOLIKO/KEHb
€JIEMEHTIB KOHCTPYKIIi CHJIOBOTO TpaHCc(hopMaropa sl CTaHy IMX €JIEMEHTIB
JOBOJINTh, IO OOMOTKHM TpaHcopmaTopa € HAHUOUIBII Yypa3IUBUM EIEMEHTOM
KOHCTPYKIi, a B 0OMOTKaxX HaWOUIbIIE YIIKOJKYETHCS 130JIALiS MPOBOAIB. AHami3
MPUYMHHO-HACTIIKOBUX 3B’SI3KIB €KCIUTyaTalliHuX (DaKTOPIiB JO3BOJISIE BUSBHUTU
TIarHOCTUYHI TTapaMeTPH ISl KOHTPOJIIO CTaHy CHIJIOBOTO TpaHc(opMaropa.
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