ﬁ Hayxoswuii Bicauk TIIATY Bumyck 15. Tom 2

y/

EJEKTPOEHEPI'ETUKA, EJIEKTPOTEXHIKA TA EJIEKTPOMEXAHIKA

DOI https://doi.org/10.32782/2220-8674-2025-15-2-18
VK 621.313.3.025.3-78

O. 10. BoBk, kaH/. TEXH. HAYK ORCID: 0000-0003-0154-6972
Taspiticokuti Oeporcasruii acpomexHoaociunull yuieepcumem imeni J{mumpa Momoprozo
e-mail: Oleksandr.vovk@tsatu.edu.ua

PECYPCO3BEPITAIOYE PET'YJIIOBAHHS HAITPYI'M ACUHXPOHHHUX
JABUTI'YHIB 31 3BHUKEHHAM HABAHTAKEHHSA

Anomayis. Y poOOTi pO3NISHYTO METOJIM KEPYBAHHS ACHHXPOHHUMH JIBUT'YHAMH 32 MIHIMyMOM BUTPATH PECyp-
cy. BcranoBneHo, 110 OiTBIIICTh 13 HAX CIPSIMOBAaHI HA KOHTPOJb BTPAT MOTYKHOCTI i HE BPaXOBYIOTh IIBHIKOCTI
3HOIIIEHHS €JIEMEHTIB KOHCTPYKIIii enexTpoaBuryHa. st MOKIMBOCTI 3/1iICHEHHS pecypco30epiralodoro KepyBaH-
HS 3aIPOTIIOHOBAHO SK KPUTEpid OIIHIOBAHHS 3aCTOCOBYBATH IIBHIKICTH TETIOBOTO 3HOIIEHHS 130MIA11ii 0OMOTKH
CTaTopa aCHHXPOHHOTO JBUTYHA. P03po0iieHo MaTeMaTnaHy MOJIENb ITPOIIECY TEIIOBOTO 3HOMIEHHS 130711111 00MOT-
KU, 32 JIOTIOMOTO0 SIKOT OTPUMAHO PiBHSIHHS KPaTHOCTI KUBJIAI0I HANPYTH y PyHKIIIT KoedirieHTa 3aBaHTaKeHHS 32
YMOBH MiHIMyMY IIBHAKOCTI TETUIOBOTO 3HOMICHHS 13071s11i1. Lle 1ae MOKIHMBICTH OyMyBaTH alrOPUTMH Ta MIPUCTPOT
PETYIIOBAHHS HANPYTH KUBJICHHS SNICKTPOIBUTYHA IS 30epexeHHs HOro pecypey 31 3HHKEHHSIM HABAHTAKCHHSI.

Knrouosi cnosa: enekTpryHi MaIllWHHU, €IEKTPOIPUBOJL, 30EpPEKEHHS PECYpPCY, MIBUIKICTh TEIIOBOTO 3HOIICHHS
130JTA1111, TIEPEBUIIIEHHS TEMIIEPATyPH, BTPATH TTOTYKHOCTI, KPATHICTh HANPYTH, KOe(]IlliEHT 3aBaHTaXKEHHSI.

Ilocmanoexka npoonemu. Ha chOrofHi HaWTOIIMPEHIIIUMH €IEKTPOJBUTYHAMH € ACHUHXPOHHI —
y CBITI iX HamiuyeThcs 6mu3bko 300 MITH, @ COXKUBatOTh BOHU Npuoan3Ho 40 % BUpoOIEHOi y CBIiTI
enekTpoeneprii [1; 2]. [IppanHOIO 1IHOTO € BUCOKA KOHCTPYKIIIMHA HAIIMHICTD Ta MOPIBHIHO HU3bKA
BapTICTh BUTOTOBJICHHS 3a3HAYCHUX €IEKTPoABUTYHIB [3; 4]. IIpu oMy HaliiHICTh aCHHXPOHHUX
JIBUTYHIB B €KCIUTyaTaIliiHUX YMOBaX 3HW)KYETHCS Yepe3 30BHIIIHI BIUIUBH, SIKI MIOBHICTIO HE OyJIn
nepen0adeHi mia yac mpoekTyBaHHsA [5]. Lle miaTBepIKy€eThest TAKUM: IIOPIYHI BUTPATH HA PEMOHTH
Ta TEXHIYHE OOCITyrOBYBaHHsI 3a3HAUEHUX EJIEKTPOABUIYHIB CTAHOBIATH ONU3bKO 8 % BiJ PiUHOTO
00Iry TrpoInoBHX KOIITIB MPOMHCIIOBUX Taly3el eKOHOMIKH €Bpomu [6], MIOPIYHO BUXOATH 13 JIaTy
10 4 % BCTaHOBJIEHMX ACUHXPOHHUX ABWUTYyHIB [7]. HaifuacTime mo Takoi cuTyallii mpU3BOAUTH
TEIJIOBE CTApiHHS 130JIA1i1 aCHHXPOHHHUX JIBUTYHIB, SIKe€ 00yMOBIJICHE pi3HUMH (hakTopamiu [8], roso-
BHUM 3 SIKHX € BITUB POOOYMX MAIIMH (3MiHHE HaBaHTAKEHHS, IEPEBaHTAKECHHS, MTOILITOBXH, BiOparlii
toto) [9—11]. Tomy gocmimkeHHs ii poOOYMX MAITMH HA PECYPC aCHHXPOHHUX JABUTYHIB 1 pO3po0Ka
pecypco30epirarouoro BILUTUBY Ha €JIEKTPOJIBUTYHU 3a 3MiHM HaBaHTAKEHHS € aKTyaJbHOIO 3a/1auelo.

Ananiz ocmaunix docaioxcens. ICHYIOUI TOCTIIKEHHS TIEPEBAXKHO CIIPSMOBaHI Ha €Hepro3oepi-
rarode KepyBaHHS aCHHXpOHHUMH JBUTYHaMH. Ha mro Temy € Gararo orsgoBux poOit [12—14], ne
3aMpoNOHOBAHO METOJU KEPYBaHHS ACUHXPOHHUMH JBUTYHAMU 3 MOMIISATY €HEpro30epe:KeHHs po3-
MOJUTUTH Ha Taki rpynu: 1) MeToau KepyBaHHS 32 CTAHOM €JIEKTPOABUTYHA; 2) METOIU KepyBaHHS
13 3aCTOCYBaHHSIM MOJEJIi BTPAT MOTY>KHOCTI B €NIEKTPOABUTYHI; 3) METOU KEPYBaHHS €IEKTPOJIBU-
TYHOM 32 JIONOMOTOI0 MpsiMoi onTuMizarii. J[o HeJoIiKiB METO/AIB MEPIIO] IPyHH HANEKUTh T€, L0
B KEpYBaHHI HE BPaXOBYIOTHCS 3MiHA HAIIPYTH KUBUJIBHOI MEpEKi, HABAHTAKECHHS €JICKTPO/IBUTYHA,
BU/JI MEXaHIYHOT XapaKTepUCTUKH POOOYOi MAIlIMHU, HArPiBaHHS BCI1X HOT0 aKTUBHUX YaCTHH 1 IIBU/-
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KICTh TETJIOBOTO 3HOILIEHHS 130Js11i enekTpoAaBuryHa. Hempomikamu MeTodiB Ipyroi rpynu € 3Ha-
YHa JIiHeapu3allisd napaMeTpiB eJIeKTPOABUTYHA, BIACYTHICTh peakiii Ha 3MiHY HalpyTru *KUBUIbHOI
MEpEeKi, TAKOXK HE BPaXOBYIOTHCS BUJ MEXaHIYHOI XapaKTEPUCTUKU POOOYOi MAITMHU Ta IIBUJIKICTh
TEIUIOBOTO 3HOIICHHS 13011l enekTpoaBuryHa. KpiM Toro, BUHUKHEHHSI HECIIPAaBHOCTEN Yy By3Jax
€JIEKTPOJIBUTYHA (HaBITh HE3HAUYHUX ) IPU3BOAUTHME 0 301JIbLICHHS BTPAT MOTYKHOCTI B €JIeMEHTaxX
AOT0 KOHCTPYKIIIi, a I1€ TaKOX HE BPaxOBYIOTh 3a3Ha4€Hl METOIU KepyBaHHS. Jlo HEMOJIKIB METO-
JIB TPETHhOI IPyNU HajekaTh MOPIBHAHO 3HAYHMUN 4yac ONMTHUMI3allil, BIACYTHICTh peakiii Ha 3MiHY
HanpyTH >KUBUIIBHOI MEpEXi, TAKOXK HE BPAXOBYIOTHCS BHUJI MEXAHIUYHOI XapaKTEPUCTUKH POOOYOi
MaIlTMHU Ta MIBUIKICTH TETUIOBOTO 3HOIICHHS 130JIS1I11 €JIEKTPOABUTYHA.

3ycTpivaloTbes OKpeMi poOOTH, SIKI MPUCBIUYEHI caMe Pecypco30epexeHHIO M Yac KepyBaHHS
aCMHXPOHHMMHU JBUTYHaMu. Hanpukinan, y [15, 16] nponoHyeThCsl MPpaBUIIO PETYIIIOBAaHHS HANpyru
€JIEKTPOJIBUTYHA 3a Moro eHeproz0epirawodoro kepyBaHHs. BoHo cripsimoBaHe Ha 30epeKeHHSI HOMI-
HaJbHOTO 3HAYEHHS LIBUIKOCTI TEIUIOBOTO 3HOILIEHHS 130JIA1ii 3a PErylIiOBaHHS Hamlpyru, MpoTe
HE J1a€ 3MOTHU 3[1MCHIOBATH PETYNIIOBaHHS HANpyTrH y (QYHKI] 3aBaHTaXKEHHS €JIEKTPOJIBUTYHA IS
3a0e3neyeHHs MIHIMAJILHOIO 3HAYEHHS BKAa3aHOT IIBUIKOCTI.

Taxkum 4MHOM, 13 BUKJIQJ€HOTO BUILIMBAE, 10 HAa CHOTO/IHI BIJICYTHI CIOCOOU KepyBaHHS acCUHX-
POHHUMH JBUTYHAMH 32 MIHIMyMOM BUTPAaTH HOro pecypcy.

Dopmynioeanus memu cmammi (NOCManHosKa 3a60anHs). Y CTaTTi HOCTABIEHO 3a METY OOIPYHTY-
BaHHS CIIOCO0Y pecypco30epiralouoro KepyBaHHs ACHHXPOHHUX JBUTYHIB B yMOBaxX 3MIHU HaBaHTa-
YKEHHSI IUISIXOM PETYITIOBaHHS HAIPYTH HAa HOTO 3aTHCKavax.

Ocnosna yacmuna. Po3rnsiHeMo, 3 SKUX MPUYMH BiIOYyBa€ThCsS 3MEHILIEHHS PECypcy aCMHXPOH-
HOTO JIBUTYHA MPOTAroM ekcrutyarauii. 3rigHo 3 [17-19] pecypc acHHXpOHHOTO ABUTYHA 3MEHIIY-
€THCSI BHACIIJIOK PI3HOMAHITHUX BIUIMBIB 13 00Ky €JIEKTpUYHOT Mepexi (TpoBaJiM HAIIPYTH, acHUMe-
Tpisl HAIIPYTH, BIAXUICHHS YaCTOTH TOLIO), poO0Y0i MalIMHHU (TIOIITOBXH, BIOpallii, HepeBaHTaKEHHS
TOI[0), HABKOJIMIIHBOTO CEPEeIOBHINA (TeMIlepaTrypa, BOJOTICTb, MU, arpeCUBHI XIMIUHI CHOITYKH
TOIL[0), YHACNIJIOK YOTO B €JIEMEHTax KOHCTPYKIl eNeKTPOABUIYHA Bil0YyBalOThCS PI3HI MPOLIECH
crapinus. Binmosimao mo [17-19] y mporeci excrutyarailii e1eKTpoIBUTyHa IIBUIIE 3a 1HIII eJie-
MEHTH BIJIOYBA€THCS 3MEHIIIEHHS peCypCy 13071111l 0OMOTKH cTaropa. 37Ae0UIbIIOro pecype 130l
00OMOTKH CTaTopa BUTPAYaE€ThCs BHACIIJOK 11 TEIUIOBOrO 3HOLIEHHS. TomMy sIk KpuTepiid 30epeskeHHs
pecypcy eneKTpOoABUTYHA T Yac KepyBAaHHS BI3bMEMJI IIBUKICTh TEIUIOBOTO 3HOIICHHS 130JISIIT
00MOTKH cTaTopa, BUpa3 AKoi 3rifiHo 3 [20] 3anumemo Tak:

1 1
e=g,-exp| B-| —-— ) (1)
0, T, *+9,+273

H

JIe € — MMOTOYHA IMBHJIKICTh TEIIOBOTO 3HOIIEHHS 1307151111 0OOMOTKH cTaropa, 6a3. Toi/Tox;
€, — HOMIHaJIbHA IIBUJIKICTh TETUIOBOTO 3HOIICHHS 13011111 0OOMOTKH cTaTropa, 0a3. To/I/ToI;
B — mapamerTp, 1110 XapakTepu3ye Kiiac i30Js1ii 0OMOTKH cTaropa, K;
0,, — HOMiHQJIbHE 3HAUCHHS a0COJIFOTHOI TeMIiepaTypu oOMOTKH cTaropa, K;
Toau — TOTOYHE TIEPEBUILICHHS TEMITepaTypu oOMOTKHU cTatopa, °C;
9., — IOTOYHA TEMIIEpaTypa HaBKOJIMIIHBOTO cepenoBua, °C.
3Ha4YeHHS €,, B, Ti,, Y, BU3HAUAIOTHCS KOHCTPYKIIEI0 ACHHXPOHHOTO JIBUTYHA, 3HAUYCHHS 3.
BpPaxoOBY€ BIUIMB TEMIICPATypH HABKOJMIIHBOTO CEPEJAOBHINA, a 3HAYCHHS T,; BPAXOBYE BILIUB
HABaHTAXXCHHS 1 )KUBUJIHLHOI HANPYTH HA IIBUJIKICTh TETUIOBOTO 3HOIICHHS 130JIA111i 0OMOTKH CTaropa
CJICKTPOJIBUTYHA.
SIKII0 aCMHXPOHHUH JIBUTYH BCTAHOBJCHO B MPHUMIIIICHHI, TEMITEpaTypa HaBKOJIHUITHLOTO Cepe/l-
OBMIIIA ITiJT YaC Oro poOOTH MPAKTHYHO HE 3MIHIOETHCS 1 MOYKE BBaXKaTHUCS MOCTIHHOI. TomMy rojo-
BHUM YMHHUKOM, SIKHH BIUTMBA€E Ha IBHU/IKICTh TEIUIOBOTO 3HOIICHHS HOTO 130JI411i1, € IIOTOYHE TIepe-

158 ISSN 2220-8674



P Hayxoswuii Bicauk TIIATY Bumyck 15. Tom 2

BUIIEHHS TeMIepaTypy oOMOTKH. J{ociiuMo 3a1eKHICTh MOTOUYHOTO MEPEBUIICHHS TeMIIepaTypu
0OMOTKHM B1J1 HABaHTAXXCHHS Ta KUBWJIbHOI HaNpyru. BBaxarnuMeMo, 110 aCHHXPOHHUM JBUTYH IIpa-
LI0€ y TPUBAJIOMY PEXHUMI POOOTI, 1 3aIIUIIEMO BUPA3 Toq, JUIS LIBOTO PEKUMY B TAKOMY BUIJISIL

T =1 . APWI}” + A})const (2)
oom 0oMm.1 AP 4

1

I€ Ty, — HOMIHATBHE IEPEBUIICHHS TeMIIEpaTypu ooMoTkH, °C;
AP, — TIOTOYHI 3MiHHI BTPAaTH aKTUBHOI MOTY>KHOCTI B ACHHXPOHHOMY JIBUTYHI, BT;
APt — TIOTOYHI MTOCTIMHI BTPATH aKTHBHOI TTOTY>KHOCTI B ACHHXPOHHOMY JIBUTYHI, BT;
AP, — HOMiHaJIbHI BTPAaTH aKTUBHOI MOTYXHOCTI B ACHHXPOHHOMY JIBUTYHI, BT.
Jlnsi 3HaXOIDKEHHS BHpPAa3iB 3MIHHUX 1 MOCTIHHUX BTpAaT aKTUBHOI IOTYKHOCTI PO3IIISTHEMO
I'-nozxiOny cxemy 3aMillleHHs1 aCHHXpOHHOTO ABUryHa [20], HaBeneHy Ha puc. 1.
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Puc. 1. I'-moniGHa cxeMa 3aMillleHHsI aCHHXPOHHOTO JIBUTYHA

Ha I'-moniGHi#t cxemi 3amimieHHs (puc. 1) moznaueHo: U , — KOMIIJIEKC J1F040Tr0 3HaYeHHs (azHOo1
HaNpyTH eNeKTPOABUTYHA, B; I , — KOMITJICKC JIF0Y0TO 3HA4YeHHs (pa3HOTO CTPyMY €JIEKTPOJIBHUTYHA,
A; I;’ — KOMIUIEKC JIF0YOr0 3HAYCHHS CTPYMY HABaHTAXKYBAJLHOT BITKH CXEMH, A; 10 — KOMII-
JICKC JIIFOYOTO 3HAYCHHS CTPyMY HaMarHiuyBaJbHOI BITKH CXeMH, A; § — KOB3aHHS €JICKTPOJIBUTYHA;
K, X[, 1y Xy, T, X1, Fo, Xo— ONIOpH cxeMu, OM.

3rigHo 3 puc. 1 3MiHHI BTpaTu aKTUBHOI MOTYXHOCTI B ACHHXPOHHOMY JIBUTYHI BHIUISIOTHCS
B aKTUBHHUX OIOPaxX HABAHTAXXYBAJIBLHOI BITKUA CXEMU, TOMY 3alTUIIEMO IX TaK:

2
AP =3-(r+1)-(1), 3)
e ifoue 3HaYCHHS CTPYMYy HaBaHTaKyBaJIbHOI BITKU CXEMH JOPIBHIOE:
U
I = 1 @

m\2
' I"2 [ ”\2
[”1 +; + (X, +x3)

[Ticns mincranoBku (4) y (3) orpumaemo:
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s
Y HOMiHATBHOMY PEXHMI poOOTH BHUpa3 (5) MaTUMeE BUIIISI:
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(H+r)
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var. 3 2 ' Uln s (6)
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ne AP,,., — HOMIHAJBHI 3MiHHI BTPAaTH aKTUBHOI IMOTY>KHOCTI B aCHHXPOHHOMY JIBUTYHI, BT;
S, — HOMIHAJIbHE KOB3aHHS €JICKTPOIABUTYHA,
U,, — nitoue 3Hau€HHS HOMIHAJIbHOI (Da3HOI HANPYTH eJIEeKTPOJBUTYHA, B.
Po3ninuBim (5) Ha (6) Ta epeTBOPUBLIN, OTPUMAEMO:

2
"

r.
i | ()’
S

_ H 2
APi)ar - AR/an ’ 2 ) ku ’ (7)
i 7"2 ' "2
(’1 +j + (X + x;
s
ne k, — KpaTHICTh HANIPYTH Ha 3aTHCKa4daX €JEeKTPOJIBUTYHA, TOOTO
U
k, = (8)
U

1n

3rigHo 3 puc. 1 MOCTIiHI BTpaTu aKTUBHOI MOTYKHOCTI B aCUHXPOHHOMY JIBUTYH1 BUALISIOTHCS
B aKTHBHHUX OIIOpax HAMarHi4yo4oi BITKM CXEMHU, TOMY 3allULIEMO iX TaK:
_ 2
APcanst_3.(1/'1—+_l/'0).10’ (9)
Jie Jlit04e 3HaYeHHs CTPYMY HaMarHi4yBaJbHOI BITKU CXEMH JTOPIBHIOE:
Ul

I = .
' \/(’"1 +l”0)2 +(x, +x0)2

(10)

[Micns migcranoBku (10) y (9) orpumaemo:

. (rn+n) 72
(”14"’0)2*'(9514')(0)2 Yis (

const

VY HOMiHaJIBHOMY pexuMi po6oTH Bupa3 (11) MaTume BUIIISAA:

— (rl+r0) 'U2 (12)
(r1+r0)2+(x1+x0)2 "

const.H

1€ AP.onsi., — HOMIHATBHI MOCTINHHI BTPATH aKTUBHOI MOTY>KHOCTI B aCHHXPOHHOMY ABHUTYHi, BT.
Pozainueim (11) Ha (12) Ta mepeTBOPUBIIN, OTPUMAEMO:

AP, =AP, k. (13)

const const.H u

[MigcraBuBum (7) 1 (13) y (2) Ta nepeTBOPUBIIH, OTPUMAEMO:
r” 2
42| +(x+x0)°
T

S
__ _obm. H 2
oom Z;)” : AP:'/arA ' "2 +APconstAH 'ku . (14)
/ T
’ (,,lurz) +(x] +x7)°
S

Skio BBaXKaTH, 0 aCHHXPOHHUH JIBUTYH HaJa€ Pyxy poOoUiii MaIllInHi 3 He3aJIeKHOO BiJT IITBU/I-
KOCTI MEXaHIYHOI XapaKTEPUCTUKOIO, TO 3TiaHO 3 [19]

S

(15)

3

=—-9
2 “w?
ku

ne k, — KoeilieHT 3aBaHTAXKCHHSI €JICKTPOIBUTYHA.
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[TincraBuBumm (15) y (14), orpumaemo:

2
"
' rz ! "2
(Vl +? +(x +x3)

H 2

+ A})const.n ’ ku * (16)

T — _oom.n_, ) .
06Mm AP var. v 12
/ ' }"2 . ku ' "2
r+ + (x] + x;
s -k

H 3

BceraHoBHMO 3aJeKHICTh KPaTHOCTI HANPYTHW HA 3aTHCKauyaX aCMHXPOHHOTO JIBUT'YHA BiJl HOTO
KoediIlieHTa 3aBAaHTAXKEHHS, 3 SIKOI IIBHJIKICTh TEIUIOBOTO 3HOIICHHS 130JISI1i1 OOMOTKH CTaropa
Oyzae MiHIMaTbHO, BUKOPUCTOBYIOUH piBHSHHS (1)1 (16). Taky 3a/1e:HICTH MO’KHA BCTAHOBUTH BHA-
CJIIJIOK YHCEILHOTO PO3B’sI3aHHS BKa3aHUX PiBHSIHB. J[J1s MpUKIaay Bi3bMEMO aCHHXPOHHHNA JTBUTYH
tunoposmipy AUP90L4 noryxHictio 2,2 kBT, y sikoro:

€, = 1 6a3. rog/rox,

B=10200K,

0,, =403 K,

' =4,2950Mm, 1, =3,331 Om,

X, =2,629 Om, x; =5,697 Om,

s, =0,051,

U, =220 B,

AP, = 225,3 BT, AP s, = 324,7 BT, AP, = 550 Br,

Toann = 90 °C.

Beaxxatumemo, 1m0 3., = 40 °C, xoediuieHT 3aBaHTakeHHs 3MiHIO€ThCs B 0,1 10 1. YMoBa MiHi-
Mi3allii Taka: MOTOYHE KOB3aHHS HE MEePEBUIILY€e HOMIHATIBHE (TOOTO § < §,).

3 BUKOPUCTAHHSM YKa3aHHMX UYHCEIbHUX 3HAu€Hb (PI3MYHUX BEIMYUH 3M1HCHEHO PO3paxyHKH
B nporpami MS Exel uepes HanOynoBy «llomryk pimeHHs». Pe3ynbsraTi po3paxyHKiB MepeBUIICHHS
TeMIeparypu 0OMOTKH cTaropa y QyHKIIT Koe(illieHTa 3aBaHTa)KEHHsI HaBE/IEHO Ha puC. 2.
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Puc. 2. 3anexHocri 1,4, = f(k,) acuaxponnoro nsuryna AMP90L4
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Ha puc. 2 mo3naueHo: 1 — 3aJIeKHICTb T4, = f(k,) 32 HOMIHAJIBHOI HAIPYTH HA 3aTHCKaYax eJIEKTPO-
JIBUTYHA, 2 — 3aJIEXKHICTb T.q, = f(k;) y pa3i peryjitoBaHHs HaPyTy Ha 3aTHCKayaX eJIeKTPOJIBUTYHA.

3 OTpUMaHUX 3aJICKHOCTEH (pUC. 2) BUIUIMBAE, 110 3HWKCHHSI HANIPyTH Ha 3aTUCKAa4Yax €JIeKTPO-
JIBUTYHA, KM TpAIfO€ 3 HaBaHTAKECHHSIM, MCHIIMM 32 HOMIHAJIbHE, PU3BOIUTH 10 3MEHIICHHS
ioro HarpiBaHHs. e 00yMOBIIO€ 3HMKEHHS IIBUKOCTI 3HOLIEHHS 130J1511(1T HOro 0OMOTKH, 1110 Mij-
TBEPIIKY€ETHCS pe3ybTaTaMu, HaBeIeHUMHU Ha puc. 3. Ha HpoMy mokazani 3anexxHocTi € =f(k;): 1 —3a
HOMIHAJIBHOT HANPYTH Ha 3aTUCKaYax eJIeKTPOABHUIYHA, 2 — Y pa3i peryjlioBaHHs HANPYTH HA 3aTUC-
Kadax eJIeKTPOJBHUTYHA.

1.1
&

09
0.8
0.7

0.6

0az.roa./rox

k;
0 01 02 03 04 05 06 07 08 09 1 1.1

Puc. 3. 3anexnocri € = f(k,) acuaxponnoro jasuryna AMP90L4

3 pe3ynbTariB, MOKa3aHUX Ha pPUC. 3, BUIUIMBAE, 110 3HM)KEHHS HANPYTH HA 3aTUCKayax eJIeKTpo-
JBUTYHA, KU MpalIoe 3 HABAaHTAKEHHSM, MEHIINM 32 HOMiHAJbHE, MPU3BOIUTH O 3MEHIIICHHS
BUTpATH oro pecypcy. Hanmpukian, sKIIo BKa3aHWW aCUHHXPOHHUH JBUTYH IMpaIfoBaTUME 3 HaBaH-
TaxkeHHsM 70 % Bl HOMIHAJIBHOTO MPOTATOM POOOYUX JHIB MOTOYHOTO POKY MO 8 TOIUH Ha 100y
i ONTHMaJbHO 3HIKEHOIO HANpPYror, TO KiJIBKICTh HOTO 3€KOHOMJIEHOTO PEeCypCy CTaHOBUTHME:
(0,31-0,16) - 261 - 8 =313,2 6a3. rox. Kpim Toro, y nporeci poO0TH 3MEHIIUTHCS TEIIOBE HAaBAaHTA-
JKEHHS Ha BC1 €JIEMEHTH HOTro KOHCTPYKIIii, 1110 MO3UTUBHO BIUIMHE HA 1X 3HOILICHHS.

Jlis 3aificHeHHsST ONTHMANLHOTO PETYJIIOBAHHS HANPYTH Ha 3aTHCKayaxX e€JNeKTPOJBUTYHA OTPH-
MaHO 3aJIe)KHICTh KPAaTHOCTI HAMpyTH BiJ Koe(illieHTa 3aBaHTAKEHHS aCHHXPOHHOTO JBUTYHA, 32
SIKOT IIIBHUJIKICTh TEIIOBOTO 3HOILIEHHS 130J1s11iT 00MOTKH cTaTopa Oyze MiHiManbHOM (puc. 4).

Amnpoxcumartis 3anexHocTi k, = f(k,) Ha puc. 4 1ana MOXXJIMBICTh OTPUMATH TaKe i1 PIBHAHHSL:

k, = k.. (17)

Sk BuruuBace 3 (15) 1 ymoBu MmiHiMizaii (s < s,) oTpumaHe piBHsAHHSA (17) € cpaBeIMBUM IS
Oy/Ib-SIKOTO ACMHXPOHHOTO JBHUI'YHA, SKMH NMPUBOAMUTH y PyX poOOYy MAIIMHY 3 HE3aJIEKHOIO BiJ
HIBUJIKOCTI MEXaHIUYHOIO XapaKTePUCTUKOIO.

Bucnoexu. Takum yuHOM, y poOOTi OTpHUMaHa 3aJEKHICTh KPATHOCTI HApyTru BiA KoedilieHTa
3aBaHTa)KEHHsSI aCHHXPOHHOTO JIBUT'YHA, 32 SIKOi IIBUAKICTh TEIUIOBOTO 3HOIIEHHS 13015111 00MOTKH
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Puc. 4. 3anexHnicts k, = f(k,) acuaxponnoro asuryna AMP90L4, 3a sxoi € — min

cTaropa Oyne MiHiManbHOIO. Lle mae MoxknuBICTH OynyBaTu aJrOpUTMHU Ta MPUCTPOI PETyIIOBAHHS
HaIpyTH KUBJICHHS €JIEKTPOJBUTYHA Ui 30epekeHHs oro pecypcey 3a 3HMKEHHS HaBaHTAKECHHS.
Henonikom oTpuMaHoi 3a71€KHOCTI € Te, U0 I NEePEBIPEHO TUIbKHU JUIsl BUNIAAKIB MPUBEIACHHS €JIEeK-
TPOJBUTYHOM Yy PyX POOOYMX MAIIWH 3 HE3aJEKHOK BiJl MIBHIKOCTI MEXaHIYHOIO XapaKTEePUCTH-
koto. [lomanpmri mocaimKeHHs] MalOTh OyTH CIIPSIMOBAHI Ha BCTAHOBJICHHS TaKWX 3aJICKHOCTEH st
BUIAJIKIB MPUBEJCHHS Y PyX pOOOYMX MalIMH 3 IHIIMMH BUAAMHU MEXaHIYHUX XapaKTepUCTUK Ta Ha
BpaxyBaHHsI 30UIbIIIEHHS] HABAHTAXXEHHS 1110J]0 HOMIHAJILHOTO 3HAYEHHS.
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O. Vovk
Dmytro Motornyi Tavria State Agrotechnological University

RESOURCE-SAVING VOLTAGE REGULATION OF ASYNCHRONOUS MOTORS
WHEN REDUCING LOAD

Summary

The article is devoted to improving the reliability of asynchronous motors used to drive working machines and
mechanisms. These electric motors are most widely used in practice due to their high structural reliability and relatively
low cost. However, operational experience has shown that their reliability decreases in production conditions. This
is due to external influences that were not fully anticipated during the design phase. One such influence is variable
loading from the working machines. Therefore, researching its effect on the service life of asynchronous motors
and developing a resource-saving effect on electric motors when the load changes is a pressing task. This task can
be solved by implementing a specific control method. An analysis of existing methods has shown that most of them
are aimed at controlling power losses and do not take into account the rate of wear of electric motor components.
Therefore, the article aims to justify a method of resource-saving control of asynchronous motors under changing
load conditions by regulating the voltage

The rate of thermal wear of the stator winding insulation is accepted as the criterion for preserving the resource
of an electric motor during its operation. The main factor affecting it is the current excess of the winding temperature.
The paper considers the expression of temperature excess as a function of constant and variable active power losses
in an electric motor. Based on the equivalent circuit of an asynchronous motor, these power losses are presented
as a function of the equivalent circuit parameters, load factor and voltage multiplicity. Based on these equations,
a mathematical model of the thermal wear process of the winding insulation was developed. Using this model,
a study of the change in the service life of the AIR90L4 asynchronous motor was conducted. The results of the study
showed that a decrease in the voltage at the terminals of an underloaded electric motor leads to a decrease in its
service life.

To regulate the voltage at the electric motor terminals, the dependence of the voltage multiple on the load factor
of the asynchronous motor was obtained, at which the rate of thermal wear of the stator winding insulation will
be minimal. This allows algorithms and devices to be developed for regulating the supply voltage of the electric
motor to ensure that its service life is preserved when the load is reduced. The disadvantage of the obtained
dependence is that it has only been verified for cases where the electric motor drives working machines with
mechanical characteristics that are independent of speed. Further research should be aimed at establishing such
dependencies for cases of driving working machines with other types of mechanical characteristics and taking into
account the increase in load relative to the nominal value.

Keywords: electric machines, electric drive, resource conservation, insulation thermal wear rate, temperature
excess, power loss, voltage multiplier, load factor.
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