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of lifting and transport equipment (students, workers, foremen) need to be familiar with the

requirements for discarding wheelsets and methods for their restoration. Lifting cranes play a leading

role in the system of machines used for mechanizing assembly and loading/unloading operations in

construction. With the help of lifting cranes, high productivity rates and industrialization of

construction and assembly work are achieved.

Bridge cranes are a type of lifting crane with a load-carrying mechanism suspended from the
hoist trolley, which is mounted on a moving bridge. These include: a) Bridge cranes — bridge cranes
with direct support of the bridge on an overhead crane track; b) Gantry cranes — bridge-type cranes
with the bridge supported on the crane track by two support legs; ¢) Semi-gantry cranes — bridge-
type cranes with the bridge supported on the crane track on one side directly, and on the other side
using a support leg.

Wear, which occurs due to various factors (operation outdoors, dusty conditions, atmospheric
precipitation, etc.) during normal crane operation, is called natural wear. The result of this is called
natural wear. Rapid wear, which occurs due to poor maintenance or manufacturing defects, is called
accidental wear, and its result is called accidental wear. Based on the nature of the interaction of
friction surfaces, there are mechanical, molecular-mechanical, and corrosion-mechanical types of
crane wear.

Solving the wear problem is an important task, as restoring a crane wheel is more economically
advantageous than purchasing a new one, with the price difference reaching up to five times.
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PO3PAXYHOK PEXKUMIB TEPMOBAKYYMHOI OFPOBKH CUJIOBUX
TPAHC®OPMATOPIB

Egexmusnicmv pobomu nionpuemcme npu cyuacuomy pieHi erekmpugbikayii 3anexrcums io
CMaobiNbHO20 eNeKMPONnoCmaiaHHs, 0OHUM 3 eJleMeHmis K020 € mpancgopmamop. Haoitina poboma
mpancopmamopa  3ymoenena Cmamom U020 izonayii. Jna eioHo6nenHs  OieleKmpudHux
gnacmugocmell i301ayii, NOPYUEHUX Yepe3 360JI0HCEHHsl, MPAHCHOPMAMOpU, Wo 3HAX0OAMbCSA HA
MOHMAMNCI, 8 eKCHyamayii ma pemMoumi, Hacpiearomuvcs ma CyuamsCs. NOKA3and, wo Hauodiibul
npocme ma 3pyyHe 8 eKCnayamayii € 001A0HaHHA OJis1 MEPMOBAKYYMHOI 00POOKU. He3ANeHCHO IO
Memoody, Wo BUKOPUCMOBYEMbCS, Npoyec CYWIHHA 8UXo0umv 0opozum i eHepeoemuum. Mema
cmammi — 3anpononyeamu i peanizyéamu NOpso0oK Oil 071 noOy0osu MamemMamuiHoi mooeui
mepmosaxKyymMHoi obpobKku cunosux mpauncgopmamopis. Mamemamuune MOOen0O8aHHs 8PAXOBYE
CKIAOHy, bazamowiaposy KOHCMPYKYil0 — mpanchopmamopie, pi3HOpiOHi — mamepianu, — ix
Meniogizuuni 61ACMUBOCMI, a MAKONMC 0COONUBOCII MEXHONIO2IYHO020 npoyecy. AKMusHa 4acmuna
po32180aemvcs AK 00'€km, wjo CKIA0AEMbCS 3 NOCHIO08HO 3'€OHAHUX PI3HOPIOHUX elleMeHmis,
8UCOMOGNIEHUX 3 DpIZHUX Mamepianie, wWo 6x00amb 00 KOHCMPYKYIi aKmueHoi 4acmuuu.
Bnpoeaoowcennsn npozpamu po3paxynKy pexicumie mepmo8aKyymMHoi 06pooKu 00360.18€ po3pooasamu
MeXHONI02IUHI npoyecu Ha cmaodii NpPoeKmy8aHHs HOBUX BUPODOI6 ma BOO0CKOHAN8amu Oilo4y
MEXHONI02II0 MEPMOBAKYYMHOI 00pOOKU cepitinux mpancgopmamopis. 3anponoHosana mMemoouxa
CYWIHHA — mpaHchopmamopis, 0038014€  30ibUMU  IXHIO  eKCHAyamayiuny HaOituHicmby,
00TPYHMOBAHO 30LMLUUMU MEePMIH IXHbOI CryocOU i, omoice, 30eule8umu IXHIO eKCNIyamayiio.
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IIposedeno xomniexc excnepumMeHmaibHux pooim Ha nonicoHi, wo niomeepoulu 00CMoOBIPHICMb
pe3yibmamis, OMpUMAHUX N0 YaAC MeopemudHux OO0CHIOJCeHb, | NOKA3ald, WO 3aNnponoOHOBAHI
napamempu € HaOiHUMU OJisl OYIHKU CMAaHY i304ayii mpaucghopmamopis.
Knrwouoei cnosa: mpancghopmamop,  i3015yis,  CYWIHHI, MAmMeMAMuyHa — MOOeib,
mepmosaxyymHa oopooxa.

IHocranoBka mnpodaemu. CyyacHHH piBeHb eJleKTpUdiKalii BUPOOHHMIITBA Ipe'sBISE
IIJIBUIIICHI BUMOTH JO HAJIHHOCTI Ta SKOCTI €JEKTPONOCTAadyaHHS, PAaIlliOHAJIBLHOI EKCIUTyaTarlii
oOJIalHAHHS EJIEKTPUYHUX MEpEX, 3aCTOCYBAaHHS NPOTPECUBHUX METOIIB OOCIYroBYBaHHS Ta
pemonty. lle crocyeTrbecs 1 ekcruryatanii TpaHcopmaTOpHHMX —IijacTaHin. HamiiHICT
eJIEKTPONIOCTauYaHHs 3HAYHOIO MIpOIO 3aJIeKUTh BiJ HaailtHOCTI poboTu Tpanchopmaropis. OqHier0
3 TOJIOBHMX Ta HaWOUIbII BiAMOBIAANBPHUX YAacTUH TpaHC(OpPMATOpIB BUCOKOI HANPYTH, SK 1
ACHHXPOHHUX ABHUTYHIB [1, 2], € BHyTpIlIHS €JICKTpUYHA i30JIsMlis, €JICKTPUYHA MILHICTh SKOi
BHU3Hauae HaJliiHy poboTy TpaHnchopmaropiB. Tpanchopmaropu, SK 1 iHIII €IEKTPUYHI YCTAaHOBKU
MOXYTh HAIIHO TpAIIOBaTH JIMIIEC 31 CIPABHOIO i30JsIi€r0. Y Tpoleci eKciuryaTamii depes
3BOJIOKEHHS, TIEPerpiBy, IMHAMIYHUX HaBAaHTAKEHb 1 MEPEeHAIpyT BiAOYBa€TbCA CTApIHHS 130JIALLIT,
T0OTO. moTipiIeHHs ii xapakTepuctuk. IlopyrnenHs 3051l 0OMOTOK CTaHOBHUTH 67,5 % BCix aBapiii
TpaHcopmaTopiB B ekcruryatanii. Lle oco0nmMBO Ba)xJIMBO Ha €Tarli eKCIUTyaTallii eHepreTHYHUX
cucreM, ko noHan 70% OCHOBHOTO TpaHC(HOPMATOPHOTO YCTATKyBaHHS BXKE BHUPOOHMIIO CBii
pecypc uacy, perjaMeHTOBaHWH HOPMAaTUBHUMHU JOKyMeHTamMH. OJIHI€0 3 OCHOBHUX HIpPUYMH
MOpYIIeHHS 130JA1i1 mpu 30epiraHHi Ta ekcruryaramii TpanchopmatopiB € ii 3BojoxeHHs. [lyis
BITHOBJICHHA  JII€JIEKTPUYHUX BIACTUBOCTEH  130J1Lii, MOPYLUIEHUX uepe3  3BOJIOXKCHHS,
TpaHcGopMaTOpH, IO 3HAXOASITHCS HAa MOHTaXi, B €KCIUTyarTaiii Ta PEMOHTI, HArpiBalOThCSA Ta
cymarscst [3]. Kpim Toro, ayxe yacto HOTpiOHO MPOBOJUTH MPOrpiBaHHS TpaHCHOPMATOPIB HEepe
KOHTPOJIEM CTaHy 130JIsIL11, M1/l Yac MPOBEIEHHS PEBi31i aKTUBHOT YaCTUHU Ta IHIINX BUIAJKaX.

AHaJi3 ocTaHHIX Aoc/iKeHb i mybaikaniii. MeToro cymiHHs TpaHcopMaTopa € BUAAICHHS
BOJIOTH 3 130JIAIIIHHOTO MaTepiany TpaHchopmaTopa, MiABUINEHHS WOro Omopy 130Jsmii Ta
301IbILIEHHS HAIPYTH MPOOOIO.

IcHytoTh pi3HI crocoOu CymliHHSA TpaHc(opmaTopiB (HAMpPHUKIAJL, METOAOM B IHAYKLIMHHUX
BTpaT cTaiii 0aka, B crerianbHiil madi, iHppauepBOHUMHU IPOMEHSIMH, MTOBITPOLYBKOIO, Y BaKyyMi,
CTpyMaMH KOPOTKOTO 3aMHKaHHS Ta iH.) [4], HU3bKOYACTOTHE HArpiBaHHS — MPOIEC CYIIHHS 32
paxyHOK oJiadi peryJbOBaHOr0 CTPyMY HU3bKOi YaCTOTH Ha MOr0 BUCOKOBOJIBTHI OOMOTKH [5] abo
KoMOiHaiis MeToiB [6, 7]. AJie mpakTHKa mokasaa, o HalO1IbII IPOCTE Ta 3pyYHE B EKCILTyaTaIlii
€ 00najiHaHHs 711 TEPMOBaKyyMHOi 00poOKu. ParfioHanbHUM € X CYIIIHHS HUISXOM MPOJIyBaHHS
rapssunM nositpsaM (1o 110°C) quig tpancdopmaTopiB Hanpyroro 110 35 kB, abo cymiHHS y BakyyMm-
cymmiabHUX 1magax npu Bakyymi (-600 ITa, a6o ~5 MM pT. cT.) OLIbII HOTY>KHUX TPaHCHOPMATOPIB.
TepmoBakyymMHa 00poOKa akTUBHHX YaCTHH TpaHC(OPMATOpiB 3aBISKH 3HEBOJHEHHIO Ta Jiera3anii
130111111 3a0e31euye HeOOXiAHY eNEeKTPUYHY MIIHICTh 130JIA11 1 € BIAMOBIJAIEHOO JJAHKOIO B ITUKII
BUTOTOBJICHHSI BUCOKOBOJIETHUX CHJIOBHX TpaHCc()OpMaTopiB.

OnHak He3aJekHO BiJl METONY, III0 BUKOPUCTOBYETHCS, MPOLIEC CYIIIHHA BUXOAUTH JOPOTUM 1
eHeproeMHuUM. B pesynbrari, mpu BUOOpPI BIAMOBIIHOI HPOLEAYpPHU CYIIIHHS, OCHOBHa yBara
NPUIUIAETBCS Yacy OOpOOKHM Ta 3arajJlbHOro CHoXHBaHHS eHeprii. Llelt mporec He Mae YiTKHX
KpUTEPIiB, SAKI XapaKTepU3YIOTh CTYIMIHb CYUIIHHS 13011l Yy BCbOMY 00cCs3i. 3acTOCyBaHHS B
eKCIUTyaTalliifiHii MpakTHIl HaWOUIBII TOYHUX CIMOCOOIB PO3paxyHKy MapaMeTpiB HarpiBaHHS Ta
CYIIIHHS JO3BOJIUTH 3HU3UTH BUTPATH, TPUCKOPUTH BBEJICHHS TpaHC(HOPMATOPIB y poOOTY.

B po6orti [8] po3risiHyTa ciporieHa MoJIeNIb aHATITUYHOTO OMUCAHHS MPOLECY CYIIKH 130111
TpaHcGopMaTOpiB CTpyMy IpU 00 yBaHHI FapsYUM MOBITPSIM BaKyyMHOT0 200 IMTMOOKOBAKYYMHOTO
CYLIIHHS, IO JI03BOJIIE€ OLIHUTH BOJIOTICTh 13011 y OyIb-sIKUH MOMEHT 4acy 3 BUKOPUCTAHHSAM
HECKJIaJJHOTO MaTeMaTUYHOTO aJIFOPUTMY.

[Tpu cyminHI 13075111 TpaHCPOPMATOPIB BUHUKAE 3aBIaHHS PO3PaXyHKY HEOOX1THUX PEKUMIB
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HarpiBaHHsa o0poOiroBaHMX BHPOOiB. Crnenudikoro Takoi 3ajavi 4acTo € JOoKami3allis HarpiBy B

obnacti moBepxHi BupoOy. Lle, B 3aranbHOMY BUIIAJIKY, BiAPI3HSE aHI TEXHOIOTIYHI YCTAHOBKHU Bif

neyel 1 He 103BOJISIIOTh BUKOPUCTOBYBATH JJIsl PO3PAxXyHKY Ta IPOEKTYBAHHS allpoOOBaH1 METOIUKH,

II0 3aCTOCOBYIOTBCS IIPH PO3PAXyHKY IeUei.

TakuM YMHOM, pO3paxyHOK Ui BaKyyMHO-TEPMIYHOTO OOJIaHAHHS BUMAara€e po3poOKH
crieniagbHOI METOJMKHU, L0 J03BOJIAE€ BU3HAYATH TEMIIEpaTypHU B3a€MOJIIOYMX IOBEPXOHb INPHU
3aJJaHUX MOTYXHHUX XapaKTePHCTUKAX TEXHOJIOTIYHOTO MPOILECY, IO peai3yeThes, abo HeoOXimHi
MOTY>KHICHI XapaKTEPUCTUKH TEXHOJIOTTYHOI YCTAHOBKH JJIsI HEOOX1HOTO PO3MOILTY TEMIIEpaTyp 3
ypaxyBaHHSIM I€OMETpPii CUCTEMH Ta TEIUTIO(I3UIHUX XapAKTEPUCTHUK 11 €IEMEHTIB.

MeTta fpocaifzkeHHs. 3a1IPOIIOHYBATH 1 pealli3yBaTH MOPSI0K A1l U1 T0OYyA0BU MaTeMaTHYHOL
MO/JIeTIi TEPMOBaKyyMHOI 00pOOKH CHIIOBUX TPpaHC(HOPMATOPIB, 10 O3BOJISE pO3paxyBaTH HEOOX1THI
XapaKTepUCTUKH JUIs 3a0€3MEeUeHHs PEryjabOBaHOI 3MIHM TEMIIEPAaTypd IOBEPXOHb, L0 OEpyTh
y4acTh y Ter1000MiHi. OLUIHUTH TOYHICTH Ta €(PEeKTUBHICTH METOLY, JaTH PEKOMEH A1 010 HOTo
3aCTOCYBaHH.

3aBIaHHs JOCTIDKCHHS. OTPUMAHHS DPO3PaXyHKOBUX 3aJ€KHOCTEH BH3HAYCHHS 3HAYCHb
napameTpiB, 00 3a0e3MeYuTH peanizalito HEOOX1THOTO PeXUMY TepMOoOpabOTKY;

OTPUMAaHHSI E€KCIEPUMEHTAIBHUX JaHUX Yy BAaKyyMHO-TEPMIYHHUX YCTaHOBKaxX 3 JIOKAJbHHM
PO3MOALIOM TeMmIeparyp Ta iX 3ICTaBJIE€HHS 3 pe3yJbTaTaMH pPO3paxyHKIB 3a pPO3pOOJIEHUMHU
MaTeMaTHYHUMH MOJICISIMH 3 BU3HAYECHHSIM MOXHOOK PO3paxyHKiB.

OcHoBHUI1 MaTepiaJ 1ocaigkeHHs. EkcriepuMeHTanbH1 JOCHIHKEHHS IPOBE/IEH] Ha CHIIOBUX
TpaHchopMaTopax, IO [if0Th, 3 BHKOPHCTAHHSIM CYYacHOTO JiarHOCTUYHOTO OOJaJHaHHS.
JIOCTOBIpHICTb OTPUMAHUX peE3yJbTaTiB 0a3yeTbCs Ha KOPEKTHOMY 3aCTOCYBaHHI Teopii
TeruIonepenadi, 30iry pe3yabTaTiB po3paxyHKiB 3 eKCIIEpUMEHTAILHUMHU JaHUMHU, BUKOPUCTAHHI ITPH
IIPOBE/IEHH] EKCIIEPUMEHTIB CYy4aCHUX MOBIPEHUX BUMIPIOBAIBHUX 3aC001B Ta CTAHAPTHUX METOUK
BHUMIPIOBaHb, aJI€KBaTHOCTI Ta HECYNIEPEYHOCTI BUKOPUCTOBYBAaHUX MOJENEH.

OCHOBHUMHM NapaMeTpaMH MpoILecy TEPMOBAKyyMHOI 0OpOOKH € TemIepaTypa, 3aJIUIIKOBUN
TUCK, TPUBAJICTh (a3u mporpiBy 1 ¢a3u rIMOOKOBaKyyMHOro cyurHHs. TemmepaTypa Ta
3aJMIIKOBUM THCK BU3HAUYAKOTHCS JOCIIIPKEHHSAMM 1 3ajekaTh BiJ BJIACTHUBOCTEM MarepiajiiB Ta
0co0IMBOCTEN 001 JHAHHS.

TpuBanicte (a3u nporpiBy i1 a3y raMOOKOBAKYyMHOTO CYLIIHHS TpaHC(OPMATOPIB B JaHUN
Yac BU3HAYAETHCS y TIEPi0]T aBTOPCHKOTO HATIISY 32 TOJIOBHUMU 3pa3kaMu 1 IPYHTYEThCS Ha METO1axX
HENpsSMOTo KOHTPOJIIO 3a CTAHOM 130JI11i1, TOMY 10 JUIsl OTPUMAaHHS JaHUX MO KIHETHIlI IPOTpiBy Ta
CYLIIHHS 130J1s10i1 TpaHc(hOpMaTopiB, BUBUEHHS PO3MOAULY TeMIepaTyp 1 3aJHIIKOBOIO BMICTY
BOJIOTH B 1307151111 1O BCiif TOBIMHI, HEOOX1THO BUKOHYBATH CEPii0 TPUBAIUX 1 JOPOTUX JOCITIJKEHb
Ha BEJTMKOMACIITA0OHUX MOJIENSIX, MPAKTUYHO PIBHUX TpaHCHopMaTopam.

Jlnst po3poOKH TEXHOJIOTIYHUX PErjiaMeHTIB TePMOBAKyyMHOI 0OpOOKH 3 KOHCTPYKTOPCHKOT
JTOKyMEHTaIlii Ha TpaHc(hopMaTop CTBOpEHA MaTeMaTHIHA MO/JIEIb, SIKa OITUCYE MPOIIEC i po3polIIeHa
METOAMKA PO3PaXyHKY MPOIECy TEPMOBAKYYMHOI 0OPOOKH.

MaremMaTiuHE  MOJICNIOBaHHS ~ BPAaxOBY€  CKJIAQHY, 0araTomapoBy  KOHCTPYKIIIO
TpaHchopMaTopiB, PI3HOPIIHI MaTepiaiu, iX TemIo(i3UuHI BIACTHBOCTI, @ TaKOX OCOOIUBOCTI
TEXHOJIOTIYHOTO TIpoIeCy. AKTHBHA YaCTHHA PO3TISAIAETBCS SK OO0'€KT, MO CKIATAEThC 3
MOCTI/IOBHO 3'€IHAHUX PI3HOPIIHUX €JIEMEHTIB, BUTOTOBJICHHX 3 PI3HUX MaTepiaiiB, 10 BXOAITh 10
KOHCTPYKII1i aKTUBHOI YaCTHUHHU.

VY mporeci TepMOBaKyyMHOiI 0OpoOKM aKTHBHA YacTHHA TpaHc(opMaTopa OTpUMYE TEIUIO 3
HABKOJIMIIIHBOTO CEPEOBHINA 3a PaxXyHOK BHUIIPOMIHIOBAHHS Ta TEIUIOOOMIHY B PEXHMI BUIbHOI
KOHBEKIIII.

3 [9] mporecu TertoMaconepeHoCy MOB'A3aHi CITiBBITHOIICHHSIMH:

q = —Agrad t; 1)
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V =—K,grad P, (2)

1ie q — TETUIOBUH TIOTIK, Br/Mm?;

V — mMacoBnii notik, Kr/(M?xc);

A — KoedIIieHT TEIIONMPOBITHOCTI MaTepiairy, B1/(Mxc);

K, — eexTuBHMI KOSILIEHT IEPEHOCY NMAPH B KAIIAPHO-MIOPUCTOMY Tiii, Kr/(MxcxIla);
t — Temneparypa, °C;

P — mapuianbHMiA TUCK B Kamepi, [1a.

CraH 3B’s13aHO1 BOJIOTH B IEJTFOJIO3HIN 130151111 OMUCY€EThCs 3akoHOM Dpenixa:

U(t) = aexp (—b x t)Pk+axt) (3)
ae a, b, k, d — ewmnoipuyni koedirieHTH, aOCONIOTHI 3HAYCHHS Ui KOXKHOTO
SIIEKTPOI30JIAIIHHOTO Marepiany i3 [1];
U(t) — BosoroBmicT B i30sts1tii, %.
Ha ocnosi piBasiab (1) — (3) Ta kimacuuyHmx 3amad TterutonposimHocti [10] po3pobiena
MaTeMaTH4Ha MOJIeNb (pa3u MpOrpiBy 1 CYIIIHHS aKTUBHUX YaCTUH TPaHC(HOPMATOPIB.
VY 6e3po3MipHUX 3MIHHHX MaTeMAaTUIHUH OMUCAHHS MO Ma€ BUTIISI;

00 320
3 ot Fo>0, xe/0,1] 4)
3 IIOYAaTKOBHUMMU Ta I‘paHI/I‘IHI/IMI/I YMOBaMI/IZ
8|F,=0=0; (5)
0|x =1—exp (—BiLF,); (6)
20 .
a|x_0_131(9—1). ©)

Bupimyroun 3aBnanus (4) — (7) 3a JOMOMOIOI OMNEpaIiifHOrO OOYHUCIEHHS, OTPUMYEMO
3HaYeHHs 0e3pO3MIpHOI TeMIEpaTypH B OyAb-sIKiii TOUlll (pa3u B pi3HI MOMEHTH 0€3pO3MIPHOIO Yacy:

0 = @(Bi,L,Fy, x), (8)
ne 6 — 6e3po3MipHa TemrepaTypa;
Fy — ancno @ypbe (y3araabHeHHH Yac);
L — BiTHOCHMIA pO3Mip;
Bi — xpurepiii bio.
[Tepexin 1o po3MipHOI TeMIIEpaTypH Ta Yacy 3IHCHIOEThCS depe3 3anexHocTi [10]:

b = to T 0(t: — to); 9)

T = FOXlz, (10)

a
1e ty — Temreparypa B IO4aTKOBUII MOMEHT 4acy, YuceNnbHO JopiBHIoE 20° C;

t. — TeMIiepaTypa cepeoBHIINa, YucenbpHo piBHA 115°C;

t(x,r) — TEMIeparypa B Oyab-sKiit Touni ¢asu no yacy, °C;

a — koedillieHT TeMIIepaTypONpPOBiTHOCTI, unceTbHO piBHuit 79,8x10° M%/c;
| — xapakTepH#Hii po3mip, M;

T — 4ac, C.
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Po3paxyHok mpoliecy TepMOBaKyyMHOI OOpOOKHM 31MCHIOETbCA B JIBa €TAlM: PO3PAXyHOK
3MiHHU TEMIIEPATypH 1 BMICT BOJIOTH B 4aci Juid (pa3u mporpiBy i po3paxyHOK 3MiHH ITOJIiB TEMIIEPATyD,
THUCKIB 1 BOJIOTOBMICTY IS TTTHOOKOBAKYyMHOTO CYITiHHS.

BuxignumMu naHuMu JUIs pO3paxyHKY TPUBAJIOCTI €Taly MporpiBy KpiM Temtodi3suuaHux
KOE(QIIIEHTIB, 1[0 XapaKTEPU3yIOTh BIACTUBOCTI MaTepialiB, € TEOMETPUYHI PO3MipH KOHCTPYKIII,
TeMIIepaTypa Mpoliecy, IoyaTkoBa TeMIiepaTypa 130J11ii, TOYaTKOBUI BMICT BOJIOTH 130JIs1111, Maca
eJIEKTPOKAPTOHY, KaOEIBHOrO TMamepy, Mijai, KUIBKICTh €JIEKTPOKapTOHHUX Oap’epiB, peiok,
MOBITPSIHUX IIPOMDKKIB Ha (ha3y akKTMBHOI YacTHHH TpaHchopmaTopa [9].

Buxonsuu 3 onTUManbHUX YMOB 3aKiHUEHHS eramy nporpiBaHHs [9] (Temmeparypa i3ossii
85°C, 3anumIok BMIicTy BOJIOTH 2 %), BA3HAYAETHCS HOTO TPUBATICTD 1 TITBHULS 130JIA1M11 (1ITBbHUTISA,
10 BO)XKO IPOTPIBAETHCS Ma€ HANMEHIIy TeMIleparypy i HalOUIbIIMNA BMICT BOJIOTH y MOMEHT
3aKiHYEHHS [IPOTPIBY.

BuxigHumMu HaHUMU Ui pO3PaxyHKY TPUBAJIOCTI TIIIMOOKOBAKYyMHOTO CYIIIHHSA €
TeMIlepaTypa 1 BMICT BOJIOTH JIUISHKH, IO BaXKKO MPOTPIBAETHCS, HOTO BUCOTA 1 3aJJaHUI KIHIIEBHIA
BMICT BOJIOTH 130JIAII111, SIKWH 3aJICKUTH BiJl KJIAaCy HAPYTH BUPOOY.

HeoOxinna indopmartia anst po3paxyHky t ta U mocBigueHuM criiBpoOITHUKOM MiI0OUPAETHCS
Tpoxu Oinbmre 3 ToA.

B nmanuit yac sk miHIT enekTporepeaadi B OCHOBHOMY BHUKOPHCTOBYIOTHCS JIiHIT HANPYyroro
110 kB i Bumie, a sk poO3MOAUIBHI - JiHII Hampyrow 35 kB i1 Hmwkue. Tpancopmaropu 110 kB
HalyYacTile BUKOPUCTOBYIOTHCS B CHUCTEMax €NEKTPOMOCTauyaHHs /Jisi TMEePEeTBOPEHHS HAmpyru
nepenadi 110 kB manpyra po3noniny 35 kB, 20 kB a6o 10 kB, 115 BUKOpHCTaHHS KOPUCTYBadyaMu
abo TpaHchopMaTopaMy CYCHIILHOTO pO3MOALTY. Benmuki CHoKuhBaui eJNeKTPOCHEprii TaKokK
BUKOPUCTOBYIOTh TpaHchopmaropu Ha 110 kB sk KopHucTyBambHHIBKI TpaHcpopmaropu. Maiti
€JIEKTPOCTAHLIi TaKOXX BUKOPUCTOBYIOTH Hampyry 110 kB sk MepexeBy Hampyry, TOMY
TpancpopmaTtop 110 kB BUKOPUCTOBYETHCS K MiABUILYIOUYMHA TpaHchopMaTop. BukoHaHo HU3KY
PO3paxyHKiB PEeKUMIB TEPMOBAKyyMHOI 00poOku 11 TpaHchopMmaTopiB kiacy Hampyru 110 kB i
BUIIIE i TPOBEIEHO OPIBHIHHS 3 EKCIIEPUMEHTATHBHUMH JTaHUMH.

Hanpuknan Ha puc. 1 Ta 2 mnokaszaHi pe3yiabTaTH pPO3PaxyHKy MpPOIpiBy CHIIOBOTO
BHCOKOBOJIFTHOTO TpaHcopmaTopa. 3 puc. 1 ciia, 1o 10 KiHIE OporpiBy AUIBHULS 1301111, 1110
3HAaXOAMTHCSA B 30HI TOUKM 6 pajialbHOrO po3Mmipy (a3u akTHUBHOI YAaCTMHH, MA€ MiHIMaJbHY
temneparypy (85°C) 1 makcuManbHUI BMICT BosiorH (2%).
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Pucynok 1 — Posnoain BonorosmictiB (1) Ta Temmeparyp (2) B 130151111 aKTUBHOT YaCTHHH B KiHII1
MPOTpiBY
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BianoBigHo 10 NpHAHATOT METOAMKU AaHY AUTHHMINIO CJIIJI BIIHECTH JO Ba)KKOIPOTPIBAEMOI,
sIKa BU3HAYA€ TPUBAIICTH IPOTPIBY.

3 puc. 2 BUAHO, IIO JUIsl JOCSATHEHHS 33JaHUX MapaMeTpiB, NPOrpiB aKTUBHOI YaCTUHU
TpaHcopMaTopa TOBHHEH TPOJOBKYBATHCS BOPOAOBXK 125 rona. 3a JaHUMU EKCIIEPUMEHTY
TpHUBAJICTh MporpiBy cranoBmwia 120 roa. OTpumana po30iKHICTh pe3yJIbTaTiB HE3HAYHA.

3anporoHoBaHa METOJAWKA CYIIHHSA TpaHcopMaTopiB, J03BOJISIE 30LIBIIUTH  IXHIO
eKCIUTyaTaliiiHy HaJiiHICTh, OOTPYHTOBAHO 30UIBIINTH TEPMIH IXHBOI CITY>KOH 1, OTKE, 3/1CHIEBUTH
iXHIO ekcruryartamniro. IIpoBeaeHO KOMILIEKC EeKCIIEpUMEHTAIbHUX pOOIT Ha TOJIrOHi, M0
MiATBEPANIIH TOCTOBIPHICTh PE3YJIbTATIB, OTPUMAHUX Ii/1 4aC TEOPETUYHUX JOCIIPKEHB, 1 TOKa3ana,

110 3aIPOIIOHOBAHI MTapaMETPH € HATIWHUMH VISl OIIIHKU CTaHYy 130JIs11i1 TpaHCHOpMAaTOPiB.
6T 120

5 F 100

. AN -
2 ~
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0
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g 20 40 60 80 0 T
1 — Temmnieparypa; 2 — BOJIOTOBMICT
Pucynok 2 — Kinetuka nporpiBy Ba’KKOIPOIpiBa€MOT AUTBHUII 1301511111 aKTUBHOI YaCTUHU

BUCHOBKHA

3anpornoHOBaHO METOAMKY pO3paxyHKy pEXUMIB TEpPMOBAKYYMHOI OOpOOKH CHJIOBHUX
TpaHcpopMaTopiB.

BripoBajpkeHHsT mporpamMu  po3paxyHKy pEeXHMIB TEpMOBAKYyMHOI OOpOOKHM J1O3BOJISIE
PO3pOOJIATH TEXHOJOTIYHI MPOLECH Ha CTajll NPOEKTyBaHHS HOBUX BUPOOIB Ta BJIOCKOHAJIIOBATH
J1I04y TEXHOJIOT1I0 TEPMOBAKYyMHOT 00pOOKH cepiitHMX TpaHC(HOpMaTOpiB.
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Tsokotun P.V., Kapustian O.Ye.

CALCULATION OF THERMAL VACUUM TREATMENT MODES FOR
POWER TRANSFORMERS

The efficiency of enterprises at the current level of electrification depends on a stable power
supply, one of the elements of which is a transformer. Reliable operation of a transformer is
determined by the state of its insulation. To restore the dielectric properties of the insulation, which
are damaged due to moisture, transformers that are under installation, operation and repair are
heated and dried. showed that the simplest and most convenient to operate is equipment for
thermovacuum treatment. Regardless of the method used, the drying process is expensive and energy-
intensive. The purpose of the article is to propose and implement a procedure for building a
mathematical model of thermovacuum treatment of power transformers. Mathematical modeling
takes into account the complex, multilayer structure of transformers, heterogeneous materials, their
thermophysical properties, as well as the features of the technological process. The active part is
considered as an object consisting of series-connected heterogeneous elements made of different
materials that are part of the design of the active part. The implementation of the program for
calculating the thermal vacuum treatment modes allows developing technological processes at the
design stage of new products and improving the existing technology of thermal vacuum treatment of
serial transformers. The proposed method of drying transformers allows increasing their operational
reliability, reasonably increasing their service life and, therefore, reducing the cost of their operation.
A set of experimental works was carried out at the test site, which confirmed the reliability of the
results obtained during theoretical studies and showed that the proposed parameters are reliable for
assessing the state of transformer insulation.

Keywords: transformer, insulation, drying, mathematical model, thermal vacuum treatment.
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