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AHoTanis. /Jlocnidocenns i3 6naugy GiOXUNeHHS mMa HecuMempii Hanpyeu Ha MeXHONO02IYHI |
eHepeemudHi XapaKmepucmuky poooyux Mawiur i MexaHiamie 3 ACUHXPOHHUM eNeKmponpuU8oo0oOM NoKaA3aU,
wo npu ix GiOXujieHHI 3MEHULYEMbCA NPOOYKMUBHICMb MA 3POCMAlOMb NUMOMI eHepeemuyHi eumpamu.
Ilpome siocymmui docniodicents 3 6NIUBY GIOXULEHHSA HANPYeU HA e1eKMPONpuUsooUu HOCMIUHO20 CIpPYM).

Mema Oocnidocenns — 6CMAHOBIEHHSA BNIUBY BIOXUNEHHS HAPYeU 8 eNeKMPOnpusooax 3 O8USYHAMU
NOCMILIHO20 CMPYMY HE3ANeHCHO20 Ma NAPANeNbHO20 30V0JCEeHHS HA MEXHONO02IUHI ma eHepeemuyHi
Xapaxkmepucmuxku pooouux MAawut 3 MOMEHmMOM CIAMUYHUX ONOPI6, AKUL NIHIUHO 3a1exHCums 8i0 KYmogoi
WBUOKOCI.

Ilpu eioxunenni Hanpyeu 3MIHIOEMbCA KYmMo6a WBUOKICMb O08USYHI8 NOCMINUHO020 CMPYMY
He3aNeNCHO20 MA NAPANeTbHO20 30Y0XCEHHs, W0 GUKIUKAE 3MIHY NPOOYKMUSHOCMI poboyoi mawunu. Y
08ULYHIB NOCMIUIHO20 CIMPYM) HE3ANeNHCHO20 | NApanenbHo20 30V0XHCEeHHA NPU HACUYEHIll MA2HIMHIU cucmemi
3a1eHCHiCMb NPOOYKMUBHOCME pOOOYOT MAUMUHY 8i0 3MIHU HANPY2U € NIHIUHOW

Ipu sioxunenni Hanpyau 3MIHIOIOMbCA ROCMIUHI [ 3MIHHI 8Mpamu NOMYHCHOCMI 8 eleKMPOOBUSYHI
HOCMIUHO20 CIMPYMY.

3anpononosano npogooumu eHepeemuyHy OYinKy e1eKkmponpugood NOCMIiHO20 CIMPYMY 3a RUMOMOI
BUMPAMOIO eleKMPOeHepeii.

Ilpogedeno OocniosxcenHs @nau8y 6iOXUNEHHS HANPY2U HA eHepeemUYHi XApaKmepucmuxku poboyux
MAWUH 3 MOMEHMOM CHAMUYHUX ONOPI8, NIHIUHO 3ANeHCHUM 810 KYMOBOI WEUOKOCMI, AKI NPUBOOSIMbCS 8
0it0 8i0 08ULYHIB NOCMILIHO20 CIMPYMY HE3ANeHCHO20 MA NapaieibHo2o 30yodxcenHs. Bcmarnosneno, wo npu
SHUDICEHHI HaNpy2u 3HUICYIOMbC NUMOMI BUMPAMU eIeKMPOEHeEP2Il.

KarouoBi ciioBa: 0suzyn nocmiilHoz0 cmpymy He3aiedcHo20 ma NApaneibHoz0 30y0iceHHs,
GIOXUIEHHA HANPY2U, RUMOMA GUMPAmMa eJ1eKmpoenep2ii

Beryn. BigxuieHHS Hampyru B EJIEKTPONPHBOAAX IOCTIHHOTO CTPYMY HPHU3BOIUTH 0
30MTKIB, SIKI MarOTh €JEKTPOMArHiTHy 1 TEXHOJIOTTYHY CKJIaJ0By. EnekTpomarHiTHa ckiajoBa
BU3HAYAETHCSI  BTPATOI0 AKTHUBHOI TOTYXHOCTI 1 3MIHOIWO TEpMiHY CIyXOM  130Jswii
eJlekTpooOnaqHaHHsA. TeXHOJoruHa CKIaioBa 30MTKIB 00yMOBIIEHA BIUIMBOM BIAXHJICHHS Halpyru
Ha MPOJYKTUBHICTh TEXHOJIOTTYHUX YCTAHOBOK Ta COOIBAPTICTh MPOIYKILii, IO BUITyCKa€eThes [ 1].

Orusig JlitepaTypHuX [JuKepes. BHacHiIOK BIIXUIEHHS HAPYrd 3MIHIOIOTHCS TEXHOJIOTIUHI
Ta EHEPreTUYHI XapaKTePUCTHKH PoOOYNX MalvH [2].

3HWKEHHSI Halpyrd MPU3BOIUTH O 3MEHIIEHHS MIBUAKOCTI JBUT'YHA MOCTIHHOTO CTPyMY
HE3aJISKHOTO 1 mapaeslbHOToO 30y/DKEHHSI Ta 3pOCTaHHs BTpat eneprii [3].
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Huni oTpuMaHi aHaiTHYHI 3aJI€KHOCTI MOMEHTY JBUTYHA MOCTIHHOTO CTPYMY BiJ HAIlpyTd
Ta BTpPAT €HEprii B yCTAIEHUX peXHMax poOOTH MPU HOMIHAJIBHHUX MapaMeTpax XUBJISUOT MEpexi
[4].

[TpoBoaMIMCS TOCIIIKEHHS 13 BIUIMBY BIIXWJICHHS Ta HECUMETPIi HANPYyru HAa TEXHOJOTTYHI
Ta EHEPreTUYHI XapaKTePUCTUKU POOOYMX MAIIMH 1 MEXaHI3MIB B aCHHXPOHHHUX €JIEKTPOIPUBOIAX
[5-10]. BcraHoBieHO, M0 BIIXWJICHHS Ta HECUMETPIsS HANPYrd MPH3BOIMTH 10 3MCHIICHHS iX
npoayktuBHOCTi [11 - 14].

[IpoTe He MPOBOMIIUCS NOCTHKEHHS 3 BIUIMBY BIAXHJICHHS HAlpyrd Ha TEXHOJIOTIYHI Ta
SHEePTreTUYHI XapaKTEPUCTUKU POOOUYHNX MAIIMH B €JIEKTPOIPUBOIAX MOCTITHOTO CTPyMY.

Merta gociizkeHHsI — BCTAaHOBJICHHSI BIUIMBY BIAXWJICHHS Hapyr'W B €IIEKTPONPUBOJAAX 3
JIBUTYHAMH TIOCTIHHOTO CTPYMY HE3AJIEKHOTO Ta MapajeqbHOro 30y/DKEHHS Ha TEXHOJIOTIYHI Ta
SHEepPTreTUYHI XapaKTePUCTUKH pOOOUYNX MAIIWH 3 MOMEHTOM CTaTHYHHX OIOPIB, JIHIHHO 3aJICKHUM
B1Jl KyTOBO1 IIIBUKOCTI.

Marepianm i MeToau gociaKeHHA. AHaJII3 3MIHU KyTOBO1 IIBUJIKOCTI €JIEKTPONIPUBOAA MTPU
BIIXWJIEHHI HAmpyrd MpPOBEIEHUN 3 BUKOPUCTAHHSM MOJIOXKEHb TEOpli EIeKTPOINpPHBOJA, SKI
CTOCYIOTBCS €JIEKTPOMEXAHIYHUX BJIACTUBOCTEH €IEKTPOABUTYHIB OCTIHHOTO CTPYyMY, TPHBOTHIX
XapaKTePUCTUK POOOYMX MAITMH Ta 3aCTOCYBAaHHIM MAaTEMAaTUYHOTO MOCITIOBAHHS.

[Ipu ekcriepuMEHTANBPHUX MJOCHIDKEHHSIX BIUIMBY BIAXWJICHHS HANpyrd Ha MeEXaHIUHY
XapaKTePUCTHUKY €JIEKTPOJIBUTYHIB MMOCTIHHOTO CTPYMY HE3aJIE€KHOTO Ta MOCTIIOBHOTO 30y KCHHS
3HIMaJIM 3aJI€KHOCT1 KyTOBOT IBUT'YHA BIIMOBIAHO BiJl €JIEKTPOMArHiTHOIO MOMEHTY Ta CTPyMy IIpH
pI3HUX 3HAYEHHSX Hampyrd. Hampyry 3MiHIOBan# 3a JOTIOMOTOI0 THPHCTOPHOTO TIEPETBOPIOBaYa
Hampyry. 3a pe3yabTaTaMH J0CTIKEHb OTPUMAITH 3aJIEXKHOCTI w=f(M).

PesyabTaTH fociaigxeHnb Ta ix 00ropopeHHsi. MexaHiuHa XapakTepUCTHKaA €J1EKTPOIBUTYHA
MOCTIHHOTO CTPYMY HE3aJICKHOTO 1 MapaieIbHOTO 30y IKEHHS € JIHIHHOIO 1 OMMMCYETHCS PIBHIHHAIM

[15]:

M, :ﬂo(%_wj’ 1)
ne My — momeHT aBuryHa, H-M; fo — )KOpPCTKICTh MEXaHIuYHO1 XapaKTepuCcTHKU aBuryna, H-m-c; U —
Hamnpyra, B; C — crana asuryna, H-M/A; o — 3amana mBUIKICTh IBUTYHA, ¢t

[{i IBUTYHM TPAIFOIOTh MPY HACHYEHIM MarHiTHIN CUCTEMI, TOMY MOHa BBaykatu P=CONst.

MexaHI4H1 XapaKTEPUCTUKH IBUTYHA IMOCTIHHOTO CTPYMY HE3QJICKHOTO 30YIKEHHS TNpHU
PI3HHMX 3HAYCHHSIX HAIPYryd Ha OOMOTIII SKOPS IMOKa3aHi Ha PUCYHKY.

SIk BUIITMBAE 13 HaBEJICHUX 3AJIEKHOCTEH, MPU 3HUIKEHH] HAMIPYTd 3MEHIIYETHCS IIBUIKICTh
171eaTbHOTO  XOJIOCTOTO JIBUTYHA IIOCTIHHOTO CTPYMYy HE3aJIe)KHOrO 30YHKEHHS, NPU IBOMY
KOPCTKICTh MEXaHIYHOT XapaKTEPUCTUKH 3AIUIIAETHCSI HE3MIHHOIO.

Y pobounx MamuH, y SKHX MOMEHT CTaTHYHHMX OIOPIB JIHIHHO 3aJIGKUTh Bl KyTOBOI
LIBUJIKOCTI:

M6=M0+(MCH_MO)G)£' (2)

H

ne M. — MOMEHT CTaTHYHHUX OMOPIB MpH 3aJaHiil KyToBid mBuakocti, H-Mm,; Mo — modaTrkoBwHii

MOMeHT, H-M; @ — KyToBa MIBUAKICTH poO0OYOT MAIlIUHHY, ¢t @, — HoMiHabHA KyTOBA IIBUJKICTh

po060YOT MaIIHHM, ct

abo
M, =M, +p.o, ©)
1€ fc — KOPCTKICTh MEXaHIYHOI XapaKTepUCTUKU pobodoi mamuHu, H-m-c.
Toni B ycraneHoMy pexxuMi po6oTH

ﬁo(%_wj: M, + S0, 4)

31IKH
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Pucynok. MexaHiuHi XapaKTepUCTHKH IBUT'YHA NOCTII{HOr0 CTPYMY He3aJ1e5KHOT0
30y/AKeHHs NIPU HANpYy3i:
1-220 B (npuponna); 2—-180B;3-140B;4-100B;5-60 B

OCKUIBKHA
ﬂ() = (6)

ne Ry — omip oOMoTKH sikopst, Om;
OTPUMAEMO
CUIR,-M,
0w=—7="1—

(7)
B, + B
Takum 9uHOM, ISl pOOOYMX MAIIWH, y SKUX MOMEHT CTaTHYHUX OTOPIB JIHIHHO 3aJCKUTh
Bil KyTOBO1 IIBHJKOCTI, MPH 3MiHI HAmpyrd Ha SKOpi EJIEKTPOJBUTYHA KYTOBa IIBHUIKICThH
3MIHIOETHCS MPSMO MPOTIOPIIHO 3MiH1 HAIIPYTH.
SIKIIIO 3HEXTYBATH IMOYaTKOBUM MOMEHTOM poOovoi mamuuu Mo=0, Toi
o. =U,, (8)
ne w==wlw, — KyToBa MIBUKICTh y BIIHOCHUX OMUHUIX; Ux — Hampyra y BiTHOCHHX OJMHHIISX.
3HIDKEHHS HAlpyrW BUKIMKA€E 3HKEHHS KYTOBOi MIIBUIKOCTI JBHUryHa. BiamosigHo,
3HWXKYETHCS IPOAYKTHBHICTH POOOYOT MAITUHU:

Q=Qa., 9)
ne Q. — HoMiHallbHA IPOYKTUBHICTH poOOYOT MAIIMHU.
[TuToMa BUTpaTa eJIeKTpoeHeprii po6ouoi MaluHu, KBT-roa/M%, BU3HaYaeThes 3a GOPMYIIOI0:
q=P/Q, (10)
1e P1— NMOTY)XHICTh, CIIO’)KMBaHa JBUT'YHOM 3 Mepexi, KBT.
IIpy BiOXWJIEHHI HamNpyrd 3MIHIOIOTBCS TMOCTIHHI 1 3MIHHI BTpaTH TOTY)XHOCTI B
€JIEKTPOABHUTYHI.
3MiHHI BTpaTH MOTYKHOCTI €JIEKTPOABUIYHA BU3HAUAIOTHCS 3a popmyioro [8]:
AP, =M (@, - ), (11)
a0o 3 ypaxyBaHHsM (8)
AP, =AP U.. (12)

34



ISSN 2223-0858 "Enepzemuxa i agmomamuxa'’, Nol, 2026 p.

[TocriitHi BTpaTy NOTYXHOCTI B IBUTYHI OCTIHHOTO CTPyMY:

AP, =AP, +(AP,,, +AP,, o, (13)
ne AP; — BTpaTH MOTYXHOCTI B Ko 30y/ukeHHS; APyexu, APemy — BTpATH MEXaHIUHI 1 B CTaNl MpH
HOMIHAQJIbHIN KyTOBI HIBUAKOCTI.

[Tpu BigXwiieHH1 HAIPYTU MOCTIHI BTPAaTH MOTYXKHOCTI
AP, =AP, |w? +(AP,, +AP,, )o? ~const. (14)
Toni muToMa BUTpaTa EIEKTPOCHEPTi:
- P, + AP, + AP, % (15)
P +AR, +AR, Q
ne P2, i P2 — BIOMOBITHO MOTYXHICTh Ha Bally JABUTYHA MPH HOMIHAJIBHIN Hampy3i i BIAXWICHHI
Hanpyru, Bt; AP., i AP. — mocTiiiHi BTpatu moTyxHocti, Bt; APy, 1 APy — 3MiHHI BTparu
MOYyXXHOCTI, BT.
HowminanpHi 3MiHHI BTpaTH NOTY>KHOCTI MOKHA Bu3HauuTH uepe3 KK enextponsuryHa:

M €exH

M EexH

AP, = M., (16)
n,(a+1)
ne 1, — HomiHanbHui KK/, a — xoediieHT BTpar.
[ToTyXHICTh Ha BaJly JBUTYHA
P, =M. o. 17
[TincraBuBim Bupasu (16) — (17) y Bupas (15), orpumaemo:
_ Mca)+AF’v”(a +U*). (18)
P, +AP, (e +1)
Ockimbku
P,/P, =M o.0/M_ 0, =0l =UZ, (19)

TO PO3JUIMBIIY YHCEIbHHUK 1 3HAMEHHUK Ha BeMMUUHY P2, 3 ypaxyBaHHsM (16) micis mepeTBOpEeHb
OTPUMAEMO:

G =0 U+ (10, +1) (20)
a+l

[Tpu 3HWKCHHI HATPYTH 3HMKYETHCS KyTOBA MIBUJIKICTh €JICKTPOIBUTYHA MTOCTIHHOTO CTPYMY
HE3aJISKHOTO 1 MapayebHOro 30YKEHHS, 110 00YMOBIIIOE 3pOCTAaHHS ITUTOMOI BUTPATH CHEPTi.

BucHoBku. I[Ipu BiIxwiIeHHI Hampyrd 3MIHIOETHCS MIBUAKICTH 11€aJIbHOTO XOJYy JBHUTYHIB
MOCTIMHOTO CTPYMYy HE3QJIC)KHOTO0 Ta MapalebHOro 30Yy/DKCHHS, a MOPCTKICTh MEXaHIYHOT
XapaKTEPUCTHKH 3ATHINAETHCS HE3MIHHOIO.

[Tpu 3HIWKEHH] HAPYTH 3MEHIIYETHCS IPOYKTUBHICTh pOO0YOi MAIIMHU Ta 3POCTAE MMUTOMA
BHUTpAaTa CHEprii.
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INFLUENCE OF VOLTAGE DEVIATION ON THE DRIVE CHARACTERISTICS
OF WORKING MACHINES WITH DC MOTORS OF INDEPENDENT AND
PARALLEL EXCITATION AT THE TORQUE OF STATIC SUPPORTS LINEARLY
DEPENDENT ON THE ANGULAR VELOCITY
0. Sinyavsky, V. Savchenko, A. Chmil, N. Prudnikova

Abstract. Studies on the influence of voltage deviation and asymmetry on the technological and
energy characteristics of working machines and mechanisms with an asynchronous electric drive have
shown that when they deviate, productivity decreases and specific energy consumption increases. However,
there are no studies on the influence of voltage deviation on DC electric drives.

The purpose of the study is to establish the influence of voltage deviation in electric drives with DC
motors of independent and parallel excitation on the technological and energy characteristics of working
machines with a static resistance moment that depends linearly on the angular velocity.

When the voltage deviates, the angular velocity of DC motors of independent and parallel excitation
changes, which causes a change in the productivity of the working machine. In DC motors of independent
and parallel excitation with a saturated magnetic system, the dependence of the productivity of the working
machine on the voltage change is linear.

When the voltage deviates, the constant and variable power losses change in the DC electric motor.

It is proposed to conduct an energy assessment of a DC electric drive based on specific electricity
consumption.

The study of the influence of voltage deviation on the energy characteristics of working machines with
a static resistance moment linearly dependent on angular velocity, which are driven by DC motors of
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independent and parallel excitation, was carried out. It was established that when the voltage decreases, the
specific electricity consumption decreases.

Key words: DC motor of independent and parallel excitation, voltage deviation, specific electricity
consumption
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