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B craTbe paccmaTpuBaeTcs 3ajava CUMHTE3a U KaYeCTBEHHOMN OLEHKU rapmo-
HWYECKOro COCTaBa OLHO- U MHOFOKPaTHbIX LUMPOTHO-MMMYMBbCHBIX MOOYNALMA
(LWAM) HanpsibkeHWiA npu BPEMEHHOM PErynnpoBaHnK, SIBMSIHOLLEMCS, Hapsgy ©
aMNNUTYOHbIM, YacTOTHLIM U (Pa30BbIM, OOHUM U3 CMOCOBOB yNpaBneHUs acuH-
XpOHHbIM ABuratenem. CyLHOCTb BPEMEHHOrO PerynmpoBaHUs COCTOUT B. TOM,
YTO MPU HEM M3MEHSIETCS May3a Mocre KaxAabiX ABYX pasHOMONSPHbLIX UMMYNbCOB
opHokpatHbIX LUAM unn aByx pasHononspHbIX NocnefoBaTensHOCTEN UMMNYNbCOB
MHorokpaTHbIX LUMM. OcobeHHOCTbI0 BpEMEHHOMO . perynnpoBaHusa sBnsieTcsa To,
yTO ABUratenb B 06nacTy marnbiX CUrHamnoB YNpPaBlEHUS UMEET MOBbLILUEHHYHO
YYBCTBUTENBHOCTb M XOPOLUYK JIMHEWHOCTb MEXaHUYECKUX XapaKTepuCTUK BO
BCEM AuanasoHe perynupoBaHusi. [onyyeHbl aHanMTUYECKUE BbIPaXEHWS napa-
mMeTpoB LWWMM nmnynbcoB o 1 Ti, NO3BONSAOLIMNE 3HAYUTENBHO YNPOCTUTL NpoLEecc
(POPMMPOBaAHMSA U peanu3auuio BPEMEHHOTO PErynMpoBaHUS C UCMONb30BaHNEM
TabNMYHbIX UNU UHAEKCHO-TabnmnyHbIX crnocobos. Bnarogaps aTum aHanutuue-
CKMM BBIDEXEHUSIM MOXHO HE TOIIbKO OMpeAernuTs aMnnutyay U, HanpskeHus

N- rapMOHWUKK, HO N NPOBECTU KAaYECTBEHHYIO OLEHKY rapMOHMYECKOro coctaBa
BbIXOAHbIX HANpPsHKEHWN NP BPEMEHHOM PErynMpOBaHUN. YCTAHOBIEHO, YTO Mpu
perynupoBaHnn 4actoTbl FAPMOHUK i = ®o/( M3MEHSIIOTCA 00paTHO Mponopumo-
HanbHO BENWYMHE NapameTpa g 1 MPOUCXOAMUT 3aMeLLEHNE OCHOBHOWM YacTOThl mo
YacToTaMu BbICLUMX FaPMOHMUK.

Mpeanaraembii NoAgxo4 MO3BOMSET CMHTE3MPOBATb HAMPSIKEHWUS paBHOMEp-
HbIX OAHO- U MHOrokpaTHbIx UM, npoBecTu nx cpaBHUTENbHbBIA N KAYECTBEHHbIN
aHanma, a NoslyYyeHHble BblpaXXeHWsi MOryT ObiTb MCMONb30BaHbl NPU MOLENUPO-
BaHUM paboTbl 3NeKTpoaBUraTensi NepemMeHHOro Toka. Jlydwummn nokasaTtensimu
Nno KpUTEPUIO MUHUMYMa rapMOHUYECKUX COCTAaBMSIIOLLMX MU Makcumyma koadhdu-
LueHTa HecuHycoupanbHoCcTM Kyc Mpu BpEeMEHHOM perynupoBaHun obrnagaroT
HanpsbkeHnsi MHorokpaTtHbix WM, npyn dopmmnpoBaHMM KOTOPbLIX UCMONb30BaHO
CTYNEHYaTOe 3JTarioOHHOE HanpspkeHue, WMelollee YeTHOe YMUCMO CTyMneHek
B Monynepuoae 1 copepxatlee naysy Ha HyneBOM YPOBHE.

KnioueBble cnoBa: VM, cuHTes HanpshkeHWn, anekTpoasuraTenb nepe-
MEHHOrO TOKa, 4acTOTHbIN Npeobpa3soBaTenb.

Wn. 3. bubnuorp.: 10 Ha3B.

SYNTHESIS OF VOLTAGES OF UNIFORM PWM
IN TIME REGULATION

STRYZHNIOU A. G.”, RUSAKOVICH A. N2, SHYKHAU A. A"
Yscientific Production Limited Liability Company “OKB TSP”,
Belarussian State University of Informatics and Radioelectronics

The article describes a process of synthesis and qualitative assessment of the
harmonic composition of voltages of multiple and single PWM pulses in time regu-
lation, being, along with amplitude, frequency and phase method, one of control
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methods of an asynchronous motor. The main point of time regulation is that a
pause after any two single PWM pulses with different polarity or after any two
groups of multiple PWM pulses with different polarity changes during a process of
regulation. Feature of time regulation is that a motor has fast response in the
range of small-signal of control and good linearity of speed-torque characteristics
in the whole control range. Analytical expressions of parameters of PWM pulses a;
and t; are obtained which allow to simplify considerably a process of formation and
implementation of time regulation using tabular or indexed-tabular methods. These

expressions allow not only to define voltage amplitude of ¢/, harmonic but also to

perform qualitative assessment of harmonic composition of output voltages at time
regulation. It is specified that harmonic frequencies wi = wo/q change in inverse
proportion to magnitude of parameter q during a process of regulation and there is
a replacement of a fundamental frequency by frequencies of higher harmonics.

The offered approach allows to synthesize voltage of uniform single and multi-
ple PWM pulses and to perform their comparative and qualitative analysis and the
obtained expressions can be used at modeling of AC motor work. Voltage of mul-
tiple PWM pulses which is formed using stepped reference voltage with even
guantity of steps in a half period and a pause on a zero level has the best parame-
ters by criterion of a minimum of harmonic components and-a maximum of a factor
of anharmonicity K, at time regulation.

Keywords: PWM, voltage synthesis, AC motor, frequency inverter.
Fig. 3. Ref.: 10 titles.

Beenenne. B anextpornpuBoje, cojepiaiieM 3JIEKTpOABUTaTENb MEPEeMEH-
HOTO TOKa, UCIMOJB3YIOT YacTOTHbIE NpeoOpa3oBaTesv, KOTOpble (OPMUPYIOT
HamNpsDKEHUS B BUJE MHUPOTHO-UMITYIIbcHOM Monymsamun (LLIMM) u peanusyror
WUMITYJIbCHOE YIIpaBJieHWE NHUTaHHEeM OOMOTOK naBurateins. [Ipm uMITyIbCHOM
ynpaBiieHUN MUTaHue 0OMOTOK ABHUTATENsl OCYLIECTBISIETCS] HANPSDKEHUSIMH He-
CHUHYCOHMAIBbHOU (POPMBI NIEPEMEHHOM MOJIIPHOCTH, YAaCTOTa U3MEHEHUS KOTO-
PBIX OIpeJeNnseT 4acToTy, a JJIUTEIbHOCTh UMIIYJIbCOB B IOIYNEPHUOIE — aM-
IUTUTYTy OCHOBHOM TapMOHUKU TIPWIOKEHHOrO Hampspkenus. B [1-3] ananutu-
YECKHU OMNpEeNICHbl MapaMeTpbl UMIynbcOB pasnuuHbix [TIMM HanpspxeHuit
U TpOBE/IeHa KaueCTBEHHas OIEHKAa rapMOHHYECKOTO COCTaBa MpPH IIHMPOTHOM
perynuposanuu HanpspkeHusMu LM, co3aHHBIMM C MCIOJIb30BaHUEM pa3-
JUYHBIX (POpM 3TaNOHHOro HamnpspkeHus. [lomydeHHbIEe BBIPaKEHUS TTO3BOJISIOT
3HAYHUTENILHO YIPOCTUTH Mpoliecc GOPMUPOBAHMS M peaH3alii HAIpsHKEHUH
HIMM, ucnosib3ys TaOMWUYHBIE WM HHIEKCHO-TAONMYHBIE CHOCOOBI peanu3a-
uuu [4]: BMecte 'c TeMm, Ha NpPaKTUKE MPUMEHSIOT HE TOJBKO LIMPOTHOE, HO U
BpeMeHHOe peryaupoBaHue. Ilpu BpeMEeHHOM peryjIMpoBaHHHU, B OTIHYUE OT
HIMPOTHOTO, € U3MEHEHHEM KOJIa YIIPAaBICHUS U3MEHAETCS Tay3a Mocie KaKIbIX
JBYX Pa3sHOMNOJIAPHBIX MMITyJIbCOB ofgHOKpaTHOH IIIMIM mnm nByx pasHomossp-
HBIX TPYII UMITyJIbcOB MHOTOKpaTHOM [IIMM. OcobeHHOCThI0O BpEMEHHOTO pe-
TYJAUPOBAHUS SIBISIETCSA TO, YTO JBUTATENh B 00JACTH MajbIX CHTHAJIOB yIpaB-
JIEHUS] UMEET MOBBIIIEHHYIO YyBCTBUTEIBHOCTh U XOPOLIYIO JTMHEHHOCTh MeXa-
HUYECKUX XapaKTEPUCTHK BO BCEM JAMAIa30He peryIupoBaHus [5].

BpemenHnoe peryiupoBanue. [Ipu BpeMEHHOM peryjaupoBaHUM OOMOTKHU
3JIEKTPOJIBUraTENs MUTAIOTCSI KBAHTAMH 3HEPIHH, B KaU€CTBE KOTOPBIX MOYKHO
B34Th JBa Pa3HOMNOJISIPHBIX HUMIyJibca oaHokpaTHoW MM wnm nBe pasHo-
MOJISIPHBIE TIOCNE0BATENIbHOCTH MMITYJIbcOB MHorokpatHoi LIIUM (puc. 1).
CymecTBYIOT pa3nuuHble criocoObl GopmupoBanus MHorokpatHoi LIIHUM [6],
OJTHAKO JYYIIMMH IOKa3aTeIsIMHU [0 KPUTEPHUI0 MUHUMYMa FapMOHUYECKHX CO-
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CTaBJIAIOIUX U MaKCUMyMa KO3(1)(1)I/ILII/IGHT3 HCCHHYCOUAAJIbHOCTH Knc Inpu 1mu-

POTHO-UMITYJILCHOM PETYJIUPOBAHUM 00JIafaeT HampshKeHue, pu (HOpMUPOBa-
HUM KOTOPOTO UCIIOJIb30BAaHO CTYIEHYATOE STAIIOHHOE HANpPsDKEHHE, UMEoIee
YETHOE KOJIUYECTBO CTYICHEK B MOJIYIIEPUOJIE U COCpIKAIIEe MMay3y Ha HYJICBOM
ypoBHe [2]. Jlns mpuMepa B naibHelieM OyneT UCHOIhb30BaHA MHOTOKpAaTHAS
[INUM [2], co3maHHas ¢ TOMOINBIO ABYXCTyHmeHYaToro (r =2) 3TajoHHOTO
HanpspkeHus ¢ 4eTHbIM (| =4 ) 4nciaoM CTyneHeK OAMHAKOBOU MPOTSHKCHHOCTH
B nonynepuoje, npu Hanuuuu Q, =0 may3bl Ha HyJIEBOM YPOBHE, Ha KaXJOH

CTYICHBKC KOTOPOTO CO34aCTCA BCCro JIMIIb OJUH UMITYJIbBC k=1

H.
] Uar---
TH
4 To , Tn
—T0/2 Ol T0/2 I
6
i A
] Ua =1 |
H NN T _ ul| vl welloN To
. Y, " + — L - | . .
—T0/2' / oy O O Olg To/z 4
L 1L

Puc. 1. IlpuMepbl BpEMEHHOT'O PEryAUPOBaHUS pa3IUYHbIMU HanpsokeHussmu HIM:
a — OTHOKPaTHON; 6 — MHOTOKPAaTHOH

Hamnpsoxenus (puc. 1) omnmygaroTcs HE TOINBKO (OpMOH, HO W TapMOHUYE-
CKAM COCTaBOM, KOTOPBI TpeOyeTcs OmpeNeNuTh W IPOaHAIH3HPOBATH.
Hanpsokenue omnokpatHoit. LIIMM-nocnenoBatensHocTH (puc. la) comepkuT
B TIOJYTIEPHOE OJINH UMITYITBC IMOCTOSHHONW aMITUTy sl U, U XapakTepusyercs

T, = o .
napameTpamu: o, = -2 ——2 — (azosbiid yron IIUM-ummynbca, OTCUMTaHHBIA OT
4 2

Haydana MNoiaynepuona; t, — AnaurensHocts ITMM-umnyneca. JInuTensHOCTH
HIUM-umnynsea (puc. la) moxer ObiTh He Oonee T,/2. UToObl mpu Maxcu-
MaJbHOM CUTHaJe ynpasieHus (korga T =0) amMmiauTyaa nepBoil rapMOHUKH
ObLJTa paBHOH eAMHUIIE, AJIUTEIBHOCTD JOJDKHA OBITh T, =T,/3,5.

Hanpspkenue muorokparsoi [IIMM-nocnenoBatensHoctu (puc. 16) coxep-

JKUT B MOJTYTIEPHUOJIE YEThIPE UMITYJIbCA MOCTOSIHHOW aMruiuTyabl U, U XapakTte-
11T, . .

pusyercs ImapamMeTpamu: o ZE ?—ri — ¢dazoBbiit yron i-ro HIWM-um-

IIyJibCa, OTCUMTAHHBIM OT MOMEHTa IMPOXOXKIACHUA TIEPEMEHHOTIO CHHYCONAJIb-

HOTO HAMpPsDKEHHS Yepe3 HyJIeBOe 3HAUCHHE J0 Hayaia uMmynbea, i=1, 2, 3, 4;

T = I_gsin%c — ATENBLHOCTS I-ro [IIMM-ummynbca.
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PCFYJ'II/II)OBS.HI/IC (pI/IC 1) CKOPOCTHU JJICKTPOABUTATCIIA MOXKHO OCYHICCTBUTH
IMyTEM U3MCHCHMUS IMAay3bl MCXKAY OCHOBHBIMU IICPUOAAMHU ITOBTOPCHUSA TO

T, =T, =T, =T,(a-1D), )

rae Ty =2m/w, — OCHOBHO} MEpUO[ MOBTOPCHNUS; ), — OCHOBHAs 4acTOTA II0-
sropenus; T, =(qT, = 21t/ ®; — PEryIMpyeMbli MEPHOA  IOBTOPCHHS;

®, — peryiupyemas 4acToTa MOBTOPCHHMs; ( — IapaMerp peryiupoBa-

wus (=1, ..., ).

B o6mem Bune mHorokpatHast [IIMM-tmiociiemoBaTenbHOCTE (puc. 10) MOXeET
paccMarpuBaThCs Kak cymma OJHOKpaTHbIX [IIMM-uMITynbcoB, aiisi KOTOPBIX
psan @ypse [7]

i)=Y SU,sinnot, @)

i=1 n=l

rae U, — aMIMTyja rTapMOHHKY; N — HOMep rapMoHukH (N=1,2, 3, ...); i — HO-

Mep ummyibca B nonynepuone (i=1,2,3,4); ®, — peryimpyemas 4YacToTa

q
MOBTOPCHHSI.

Beipaxkenue mJis onpenesieHus aMIUIMTYABI K- TapMOHUKU KaXJIOTO HM-
mynbea [8]

T,/2
Un =1 [ U, sinno,t dt= A, 2oy 1) N
0

. nw Tq Tq

()

Ucnonezys popmynst (1) u (3), mosryyum B 00IIEM BHJIE BBIPRXKCHUE IS
OTIpeJIeNICHUST AMIUTATYABl M- TapMOHHUKH KaXJIOTO HMMITYJIbCca IPH PEryiu-
poBaHUH

U’ - 40, sin nm(2o; + Ti)sin nmr; @)
nm qT, qT,

Hcnonb3ys BelpaskeHus (4) v 3HAYCHUS TAPaMETPOB UMITYJILCOB Pa3INYHbIX
HIMM-mocnenoBarensHOCTEeH (pHUC. 1), 3amumeM (HOPMYIBI IS OTPEISICHIS
aMILIUTY 16T #-1 TAPMOHUKY TP PETYIUPOBAHUH:

a) JUTSL HanpsbKeHUs puc. la

. . nn(20,+71,) . hnt
2.sin (2a °)sm 0

U=
" nn qT, qT,

, (5a)

rac

— _ 0.
Oy =—"——"; Tp=—1,

T 1. T,
3,5

0) U1 HanpspDKeHUs puc. 16
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in nn(2o, +1,) sip T nn(2a, +1,) sin "%

U Si T Tl +sin T =

U: _ a q20 al q20 al (56)
| cin nn(2a, +tz)sin nme, | Go nn(2o, +rl)sin nm, ,

qT, qT, qT, qaTy
rae
T, =—°sin£; =2 1—£sinE T, —T—Osin@,
10 5 10 2 5 10 5
oczzT—O 2—£sinﬁ ; aB:T—O 3—lsinﬁ ; oc4=T—° 4—£sinE .
10 2 5 10 2 5 10 2 5

[locne moacTaHOBKM M HECIOXKHBIX MpeoOpa3oBaHUil BbIpakeHUs (5) mpH-
MYT BHIL

U = W, sinT gjn T _. (6a)
nm 2q 3!5q
U:=8U‘“‘sinm cosgn—nsin ﬂsinE +cosﬂsin n—nsinﬁ . (60)
nt 2q| 10q \10q 5 10g. (10g = 5

C momoInsio BEIpaKeHUH (6) MOCTpoeHsl TpaduKy HA pHC. 2, TTOKA3bIBaIO-
IIUE 3aBUCUMOCTb OTHOCUTENBHBIX ammunTyn U, /U, HepBBIX IATH rapMOHHK

(n=1, 2, 3, 4, 5) or napamerpa perynupoBanus g = 1-6.

a » 0
1,0 ,
UJUN U, \

08 081\, -

0,7LA\n =1 0.7 y 1|

0,61\ 06l \ .

0.5: -2 o \2 !

O’A. Iy 0,5 : '.\...

0:3 _.'_I3 [ _""":-..,__ 0,4. ; . T

0 2r,‘ ; \\{_...._-._ .l - 0,3 _;. 3 ‘>(—'--,,__;_.

0 1.' /i 4 B [0 "‘--...___._._."‘:-:‘:.-'?"t 0,2 T 4.. = = -“::-:_..' -

okt ¥ T Py A e S R D s

_01101520,253085 40 4550 g 60 Py a.0.Nu FT T
_0‘2'1 Jibnd 014015202530 35 40 45 50 d 60
o5 4 B

Puc. 2. I3menenue otHocuTenbHbIX amuatya Up/U, rapmornk n =1, 2, 3,4, 5
IIpYU perynupoBanuy ( = 1-6 paszmuausiMu HanpspkeHussmu [TM:
a — OTHOKPaTHOH; 6 — MHOTOKPAaTHOH

U3 puc. 2 cnenyert, 4To B mpolecce peryaupoBanus = 1-6 npucyTcTBYIOT
rapMOHHMKH ¢ HOMepamu N =1, 2, 3, 4, 5. bmmxaiime kK OCHOBHOW TapMOHHKE
HUMEIOT aMIUTUTYAbI He Oonee:

puc. 2a: 53 % — ¢ Homepom N=2; 36 % — ¢ Homepom N=3; 27 % — ¢ HOMe-
poMm n = 4; 23 — % c HoMepoM n = 4,

puc. 36: 52 % — ¢ Homepom n = 2; 34 % — ¢ Homepom n = 3; 26 % — ¢ HOMe-
pom n = 4; 20 % — c Homepom N =5.

MakcuManbHble 3HaYEeHHsT aMIDIUTY TapMOHHK oaHokpaTHOM LIIVM (puc. 2a)
HEe3HAuuTeNIbHbl — Ha 1-2 % Oonbiue, yem y mHorokpatHoi LLIMM (puc. 26).
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Bricmme TapMOHUKHU HUMCIOT 4YaCTOTBI, KPATHBIC HUX HOMEPY 7 OTHOCHUTCIILHO
4aCTOThl nepBoﬁ OCHOBHOH TrapMOHHKHU. HpI/I PEryaImpoBaHun g 4aCTOTHI

*
q=
pameTpa ( W MNOPOUCXOAUT 3aMCHICHHUC TI'apMOHHMKH OCHOBHOM 4YaCTOTHI

®, = 2n/T, YacTOTaMH BBICIIMX TAPMOHHK. DKCIIEPHMCHTAIBHO yCTaHOBJICHO,

rapMOHHUK HU3MCHAKOTCA (Dq /q O6paTHO IponopHuruOHaJIbHO BCIWYUHE I1a-

YTO HaJIMYME YETHBIX T'aPMOHMK B COCTaBE IMTAIOLIMX HAIPSDKEHUI OKa3blBaeT
OnaromnpuATHOE BIMSHUE HA DHEPreTHYECKHE MOKa3aTesu 3JeKTporpuBosa [9].
Crenyer 3aMeTHTh, YTO ONTHMAJBHBIA TUANa30H PeryJupoBaHusi OOBIYHO BbI-
Oupaetcs B mpezenax 3HadeHuit ( = 1-4.

KadecTBeHHBIH aHAIM3 HaNpPsKeHWII MHOTOKPATHBIX PAaBHOMEPHBIX
UM ocymiecTBUM ¢ MOMOIIBIO KO3 PunreHTa Hecunyconaaabaoctu [10]

U BbIX 1 (7)

= )
o0
.U
BBIX N
n=1

— aMIUTMTYy/Jja HapsDKEHUS TepBoi rapMonuky; U

K

HC

rae U — TO JKC TPOU3-

BBIX | BBIX N
BOJIbHOW TapMOHUKH.

C mnomomipio BeIpakeHud (6), (7) I TapMOHHK, WMCIOIMHUX HOMEpa
n = 1-5, moctpoeH rpaduk Ha puc. 3, U3 KOTOPOTO CIAEAYET, UTO JTYUIIUM KO3(-
¢unmentom K, (puc. 3, kxpuBag 2) o0OnagaeT MHOIOKpaTHas paBHOMED-
Has IIMM, mosyyeHHas 3a CUET HMCIOJIb30BaHUS CTYNEHYATOro 3TaJIOHHOIO
HaMpPSDKEHUS, UMEIONIETO YETHOE KOJHMYECTBO CTYIICHEK B IMOJYNEPHOJE U CO-
JeprKallero naysy Ha HyJleBoM ypoBHe. Xyammum kodpdunuentom K & (puc. 3,
kpuBas 1) odmamaer omHokpatHas [IIM, y KoTopoii HadaidbHAS [UIUTEIHHOCTD
UMIynsca To = 1¢/3,5, a OTHOCHUTEIbHAsl aMIUIUTyJa TMEPBONH TapMOHHKH —
Uy/U, =1.

1,0
Ko I\

s ] \

0,7

0.6 ;
05 AN

0,4 1 \.‘\
0,3 N
! -

0,2 . s

o
Pead
(%]

0,1
1015 20 2530 35404550 55 60

Puc. 3. 3menenune koddduipenta HecunyconaanbHocTi K,
IIpHU peryaupoBannu =1-6

BBIBO/J

[IpennaraeMpiif MOAXOA TO3BOJISIET CHUHTE3UPOBATH HAMNPSKEHUS OJIHO-
Y MHOTOKPATHBIX MIUPOTHO-UMITYJIBCHBIX MOAYJISIIIUM, CO3JaHHBIX Pa3IUYHBIMU
croco0aMu, IPOBECTH MX CPABHUTEIBHBIA W KaueCTBeHHBIN aHanmm3bl. [lomyde-
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Hbl aHAJIUTHUYCCKHUC BBIPAKCHUA IMAPAMCTPOB MHUPOTHO-UMITYJILCHBIX MOIYJISA-
LII/If/’I HMIIYyJIbCOB O; H T;, KOTOPBIC MOXHO HCHOJIB30BAaTh AJI IIPOIrpaMMHOIO

(bopMHUpOBaHUs TAaHHOIO BUJA LIMPOTHO-UMITYJIBCHBIX MOAYJIALMMH, OIpenesne-
HUA aMIIUTYyAbl U HanpsbKeHWi 7-if rapMOHMKY IIPY BPEMEHHOM PEryJINpOBa-

HUU, a TaKkKe IS MOJCIUPOBAaHUS PabOTHI ANEKTPOJBUTATENS TEPEMEHHOTO
ToKa. JIydlmMMu MoKazaTensiMd 10 KPUTEPHI0 MUHHMYMa TapMOHUYECKHX CO-
CTaBJIIONINX W MaKCHMyMa Kod(QHIMeHTa HECHHYCOMmaIbHOCTH K, mpu Bpe-
MCHHOM PETYJIMPOBAHWMHM OO0JIAJIaeT HANpsHKCHHE MHOTOKPATHOW —INUPOTHO-
WMITYJILCHOM MOAYJSImHU (puc. 20), npu (GOpMHUPOBAHUKM KOTOPOT'O HCIOIBE30BAHO
CTYIIEHYATOE 3TAJOHHOE HAIPSDKEHUE, MMEIOIIEe YETHOE YKCIIO CTYIICHEK B MOy~
TIEpHOJIe U coJieprKalliee ray3y Ha HyJIeBOM YPOBHE.
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B HacTtosillee Bpemsi Gonblioe BHUMaHUE YOENSeTCA MOBbILEHWIO 3Hep-
roapeKTMBHOCTM Ha JKCMIyaTUPYyeMOM 3MeKTPUPULMPOBAHHOM FOPOLCKOM
TpaHcnopTe. MepcrnekTMBHLIM HanpasBfieHneM Mo MNoBbLILLEHUI0 3HEProaddeKTUB-
HOCTM Ha [aHHOM BWAe TpaHcropTa SIBMSETCH MPUMEHEHUE pPeKyrnepaTUBHOO
TOPMOXeHus. [iNsi AOMOMHUTENbHOMO MOBLILIEHUSI 3HEPro3adEKTUBHOCTU npea-
NIOXEHO WCMOSb30BaTh EMKOCTHOWM HAKOMUTESb 3MEKTPOIHEPTMM Ha LUMHAX TAro-
Boit nogctaHumn. OgHa U3 BaxHbIX 3a4a4y — OLEeHKa NPUMEHEHUS SHEprun peky-
nepaumu ¢ HakonuTenem u 6e3 Hero.

MpoBeaeHHbI aHanu3 paboT nokasarsl, YTo CYLECTBYIOLME anropuTMbl pac-
yeTa He NO3BOMAIT B NOSIHOM OGbeMe BbINOMHATL pacyeTbl KONMYecTsa U CTou-
MOCTM 3Heprum pekynepauuy 6es HakonUTeNs U Mpu ero Ncnosib3oBaHuu. Micxoas
M3 3TOr0 BbITEKAET aKTyanbHOCTb AaHHOW TeMbl. Llenb paboTel — cocTaBneHue
MeToaMKM pacyeTa U anroputMma Ans onpefeneHust Konmyectsa U CToMMOCTH No-
TpebnsiemMon, pekynepupyemMon 1 n3BbITOYHON SHEPruM 3NeKTPUMULPOBaHHOIO
rOpoACKOro TpaHcnopTa UCXOAsA U3 3aaHHOTO peXxuMa [ABWKEHWSI Ha MeperoHe.
PaspaGoTtaH anroputm, No3BOMSIOLWMIA PacCYUTBIBATL KOMMYECTBO M CTOMMOCTb
noTpeGnseMor, pekynepMpyemMon U n3bbITOYHOW 3MEKTPOIHEPIUM C YYETOM pe-
XUMa [OBUKEHUs1 3neKTpMULMpPOBaHHOIO FOPOACKOTO TpaHCnopTa Ha neperoHe
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