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MOKA3HUKHU SAKOCTI EJJEKTPOEHEPT'TI TA EHEPTETUYHI
XAPAKTEPUCTUKHU CUCTEM EJIEKTPUYHOI TATH
B IIEPEXIITHUX PEXKUMAX

3abe3neueHHs sikocTi enekTpoeHeprii (SIE) — 1ie HaliBaxkiuBimIa npodiemMa He
TUIBKH TPOMUCIIOBUX MiAnpueMcTB [1], ame ¥ enekTpu@ikoBaHOTO 3aJTi3HUYHOTO
TpaHcnopty. Sk Bimomo, SE HOpMyeTbCs NOKa3HUKAMHU SIKOCT1 €JIEeKTpOEHEeprii
(ITSE), cucremy sikux, BianmosigHo g0 'OCT 13109-97, yTBOpIOIOTH HACTYITHI Xapak-
TEPUCTUKU 3MIHM HANPYTH. BIAXWICHHS 1 KOJIMBAHHS HAIPYTH; CTYIIHb HECUMETPIl
Ta HECUHYCOIJHOCTI; MPOBaj HANPYTH; 3MiHAa HOTr0 YaCTOTH, a TAKOX IMIYJIbCHA Ha-
npyra 1 TuMuyacoBa nepeHanpyra. Lli mokazHuku, mo-nepuie BiJHOCSITHCSA A0 CHOXKH-
BauiB, SIK1 JKUBJIATHCA BlJ] €JICKTPUYHUX MEPEXK 3arajibHOro MpU3HAYEHHS TpUdazHOro
1 omHOGazHoro crpymy vacrororo 50 ['1, 1m0 mpamoTh y cranioHapHux (ycraie-
HUX) pexumax. Tomy, icHyroui [ISIE MoxHa Ha3BaTH cTaTUMHUMU a00 CTalliOHAPHU-
mu (CITAE). Kpim 3a3Hauenoro, pesynbratu Bumipy CITSE abo ycepeaHioThes 3a
4acoM, iKMW piBHUN a00 KpaTHU mepiogy ocHOBHOI yacToTu (a6o 3a 60, 20 i 3 ¢),
a00 BU3HAYAIOTHCS SIK Jitoue (CepeHbOKBAPATHUHE) 3HAUCHHSI OCHOBHOI YaCTOTH.
[lo-npyre y Takomy CIISE sik iMIynbC Hampyru periaMeHTyeTbest (GPOHT IMITYIbCY,
AKUI He moBUHEH nepepuiyBatu 5 mc. Hapemri, 'OCT 13109-97 pernamentye 36e-
pPEXKEHHSI MapaMeTpiB TUIBKA HANpPYrd MEpPEKi KUBJICHHS, 3alMIlaiouu 0e3 yBaru
3MIHY CTPYMY.

OnHak, K BiIOMO, OOMIBI CUCTEMH €JIEKTPUYHOT TATHU MPAIIOI0Th Y HECTAaIll-
OHApHUX, YaCOM HAaBITh Pi3KOHECTAI[IOHAPHUX, NUHAMIYHUX (TEPexXiTHUX) PeKu-
Max: IpaKTUYHO Oe3MepepBHUX EKCITyaTalliHUX 1 HailyacTiie — aBapiiHux. bes-
CYMHIBHO, IO 111 PEeXUMH MOMITHO BIUTMBaIOTh Ha SAE y cucteMmi, it ToMy HE0OX1-
Ho 3HatHu IISIE B nux pexumax, sxi HazBemo nuHamivaumu [IAE (AITAE). Bapro
Bin3HauutH, mo 'OCT 13109-97 npunyckae B aBapiiinux pexxumax Buxig CITAE 3a
JOIYCTUMI MEX1, ajie Hl 4ac, Hi 3Ha4Y€HHs MOKa3HUKIB y IIUX PeXUMax HE 0OMOBJIS-
€ThCA, 10 TAKOX BHUKJIWKae HeoOxigHicTh Bu3HaueHHs [[IISE. Ha Binminy Bifg
CIIAE, mo xapakTepu3yoTh 30epexeHHs napameTpiB Tuibku Hanpyru, AIIAE mo-
BUHHI OyTH YMHHUKOM OIIIHKH 1 TsiroBoro ctpymy (TC).

Haii6unpm BruinBoBuMu Ha SIE 1 ToMy MOBHHHI OyTH J1€TalbHO OCHIIKEH] €
TaKl OCHOBHI HECTAllIOHAPHI PEXUMHU: 3HUKHEHHS HANPYTH KUBJEHHS 3 HACTYITHUM
il BIIHOBJICHHSAM SIK y CaMiil CUCTEM1 €HEepronoCcTayaHHs, TaK 1 Ha CTpyMONpUuiMayi
enexkrpopyxomoro ckiany (EPC); pymanns 3 micus EPC, #ioro posrin, mepexin 3
OJIHOTO 3'€/IHAHHS TATOBHUX JIBUTYHIB Ha 1HIIE, EpeXij 3 MO3UIlii Ha MO3HUIII0; Pi3-
HOro pony kopotki 3amukanHs (K3) y Tsarosiit mepexi it Ha EPC, 3amukanHs Ha 3e-
MITI0; OykcyBaHHS 1 103 KoJdicHux nap EPC rta inme. He kaxyuu Bxxe npo 3a3HayeHe,
HaBITh €KCIUTyaTal[iiHI NepexiHl peKUMH MOMITHO BIUMBatOTh Ha popmy TC, TO-



My 10 XapaKTepu3yIOThCsS cepedHiM miamasonoMm 3minu di/dtB  mMexax
50- 1300 A/c mpu makcumanbHux kKuakax TC 10 (1,5- 1,7)|H0M,

(15- 20)x10°% - (150 - 200)40% A/c npu xuakax crpymy (5- 6)I,,,, .
excrutyataniiaux nepexigaux npouecis (I1I1p) cranosuts y cepenqaromy 0,5 — 1,5
c, a aBapiitaux 0,05-0,3 c.

[Ipu upomMy He ciif] 3BEpTaTH yBary Ha KOPOTKOYACHICTh aBapiHUX PEKUMIB.
Hanpuknan, xoua pexumu K3 y 1irosiii Mepexi i € koporkoyacHumH, 1o 0,2-
0,25 c, ane, mo-nepiie, BOHA OyBarOTh YacTUMH, 70 60 Ha oauH dixep B pik (nmpu Ha-
ssBHOCTI 4-8 ¢ifepiB Ha TATOBIN MiJCTaHIIIT), &, TO-APYyre, CTPUOKU CTPYMIB 1 HATIPYT
€ 0araTopa3oBHMMH CTOCOBHO CTAaJIOI0 peXUMY, a TOMY ixHii BruB sk Ha [TSE, Tak 1
Ha €HEePreTUYH1 XapaKTepUCTUKU CUCTEMH 3HaYHUM.

EnexTpoBuMiproBaibHi npuianau, 3aaTtHi BumiptoBatu [AIIAE, noku mo Bia-
cytHl. Kpim Toro, cknaguicts oninku [ISE Bu3HayaeThest TUM, 110 CIIOTBOPEHHS 1
HaIpyru, 1 CTpyMy B HEPEXiJHUX, OCOOJIMBO B aBapiiHUX, peXKUMaX SBISIOTH CO-
0010 HemepioAUYHI IMIYIbCH AOBUTbHOI (hopMu ¥ TpuBasocTi (muB. puc. 1), mo He
J03BOJISIIOTH 3aCTOCOBYBATH /10 HUX KJIacuyHU Dyp'e-aHamizy.

OxpeMi BUAM HECTALIOHAPHUX JAMHAMIYHUX CIIOTBOPEHb HANPYTW perjiaMeH-
tytotbea ['OCT 19705-89, ane BiH mpU3HAUYEHUN AJI CUCTEM €JIEKTPONOCTaYaHHS
JiTakiB 1 renikonTepiB. BpaxoBytoun, mo EPC, sik HaBaHTa)keHHs, € apaMeTpuy-
HOIO ¥ Ay’K€ AMHAMIYHOIO MOAIOHO JIiTaKaM 1 reJiKonTepam, JOLUIBHO JJIsl CUCTEM
enexktpotsiru po3pooutu ['OCT wa AIIAE, noxionuii FOCT 19705-89.

3a3HaueHe BUIlEC H 00YMOBIIOE€ HEOOXIIHICTh PO3POOKU TUHAMIYHUX (MHTTE-
Bux) [IS1E 3a THIIOM MUTTEBOTO BiAXUJICHHS HANPyTH [2]:

a aBapiiiHl —

Tpusanictb

du (t)= =/ —noa (1)

ne u(t) — MuTTeBe MOTOUHE 3HAUCHHS HANPYTH (HAKGLTbIIE 60 HaiiMeHIIe);
u

yon — HOMIHAJIbHE 3HAUYCHHH.
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Puc.1. TumuacoBi 3anexHOCTI (hifepHOT HATIPYTH 1 CTPYMY OJIHIET 3 TATOBUX MiACTAHIIIN
[TpugHinpoBcrKoi 3ani3HMLi B peskumi K3

Hageneni Buie mipkyBanHs 1ipo [ISE BinHOCATBCS 1 10 €HEPreTUUHUX XapaK-
TEPUCTUK (ITOKA3HUKIB) CUCTEMH CJICKTPOTATH 1, 30KpeMa, 10 KoeillieHTa MOTYKHO-
cti | , 110 KoedirieHTa peakKTUBHOT MOTYXKHOCTI tQ)]

Sk Bimomo, inTerpanbHi Bennuuan | 1 tg] BH3HauaroThCs akTuBHOIO P, pea-
KTUBHOIO QQ ¥ TOBHOIO STOTY>KHOCTSMH:

; (2)
3)

VY KJIacHYHIM eNMeKTPOTEXHII He mepeadadycHi moHATTS MUTTEBUX | i tg) ,
TOMY 3aITMIIIEMO X BUXOJSI4YH 3 IHTerpaibHUX BUpasiB (2) i (3) y Burismi

()= 2(3; @
tgi (t)= (58 - ©)

Onepxumo crovatky | (t) JUIS [IBOTO 3aMMIIEMO IHTerpaabHui Bupa3 (2) mis
| 3a moBinbHMIA yac T iCHYBaHHS MEPEXiTHUX BEIUYUH HATIPYTH u(t) 1 cTpymy i(t):
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| (t)=

ne u(t) 1 i(t) Ha PO3TJSHYTIN AUAHII yacy T guckpetusyeMo Ha N piBHHX iHTEp-
BaimiB DT =T,,1- T,, a B Mmexax iHTepBany DT y cBow yepry po3auiumo u(t) 51
i(t) Ha M piBHEX iHTepBamiB Dt =t - ty, (pHc. 2), TaKUM YHHOM OZIEPIKYEMO, IO
T=N>DT,a DT =M >Dt, npu upbomy KkBaHTOBaH1 (QYHKIIIi CTPyMY il HAlIpyru Mic-
aTh N*M 3HadeHpb (BIATIKIB) JOCTIIKYBaHOI BEIMYUHU a(t) (puc.2): a = a(tl);

a, =alty); ..., a, =alty); ...; ay =alty); m(n)=12...,M (N) thli;:- — inTep-

BaJl IMCKPETHU3Allll B pealbHOMY MacIlTadl yacy.
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Puc. 2 [luckperusaiiis HeepepBHOTO IMITYJIbCY MEPEXiTHOT BETUIUHA a(t)

Jani BBenemMo pankoBany 3MiHHY N =12...,N, y pe3ynbTaTi 4oro OTpuMaeMo
MoxknuBicTh Ha N ginsHkax yacy T Bu3Hauutu N 3HaueHb akTHBHOI B, 1 moBHOI

S, notyxxHocTell 32 M 3HaueHHsAMU CTpyMy il Hanpyry, TOOTO Yepe3 IHTEPBAIH Ya-
cy T, =DT,20T,...,NDT , a 3HaunTh BU3HAYMMO HE3MIHHI 3HAUEHHS MOTYKHOCTEH 1



BIIMOBIHO KOE(QILIEHT MOTYKHOCTI B Mekax KoxHUX AussHoK DT . Toxi qis inTep-
Bany yacy DT Ha puc. 2 MmoxxHa 3anmucaTu 3HauY€HHS Koe]ilieHTa MOTYKHOCTI 5K 1H-
TerpajabHOI BEJIMYMHU Y BUTIISL

1 T,+0T

. M
oT ou(t)i(t)et 13 Uy D
— Tn — DT m=
I(t) 1 Ta*DT 1 Ta*DT \/ 1 M, \/ M (7)
A T — auyDt. |— 4iyDt
or T? u(t) dt = T? it) dt o aUmbt o d

Jie B YUCEIBbHUKY HaBeJeHa CIIO’KMBaHA aKTHUBHA MOTYKHICTh Ha 1HTepBaJi yacy DT,
a B 3HAMEHHUKY — IOBHA MOTY)XHICTh 32 TOM caMuil 1HTepBai. SIKIIO B3SITH MEXY
Bupasy (7) mpu DT ® O i Dt® O (a BignoBimHo N® ¥ i M ® ¥ ), npuuomy
Dt << DT, To010 Benuuuna Dt — maina G6inbin Bucokoro nopsiaky, Hixk DT (puc. 2),
toai Bupa3s (7) Oyme HaOmmKaTHcs 10 3HAa4eHHS | B 1el MOMEHT dacy, TOOTO 10
MUTTEBOI BEJIMYMHU KOE(]IIEHTA MOTY>KHOCTI

1M
lim m=1 ® | (t), (8)
Deo |1 M, 1M,
DT®0.|— a umnDt | — ainbt
DT m=1 DT m=1

Braxxaroun B Mexkax koxkHOro 3 iHTepBaniB DT Beauwuunu P, S i1 BigmosigHO
|  HEe3MIHHUMH, MOXHA PO3TIITHYTH SIK 3MIHIOFOTHCS Il BEJIMYMHU HA IHIIUX iHTEp-
panax wacy DT , T06T0 onepxyemo bynkmii P(t), S(t) il (t).

AHaNOTi4YHO BU3HAYAETHCS ¥ MUTTEBUIT {Q)] (t)

Ha puc. 3 naBeneni peamisamii | (t) i tgj (t) y pesxumi K3 tsrosoi mepesxi
OJIHI€T 3 MDKIIACTAaHUIMHUX 30H [IpUHINPOBCHKOT 3aT13HUIL.

Sk 6aummo 3 puc. 3, koauBanHsA 1 | , 1 1] y JOCHiKEHOMY PEXKUMI 3HAYHI.
VY HOpPMOBaHUX, FPAHUYHO MPUMYCTUMHX, PEKHUMaX BOHHU JOCSTAlOTh BiJMOBIIHO

3Hauensb 0,920,951 0,25.

OTtxe, Ha cboroaHi BuMoru 10 SIE mocTynoBo 3pocTaioTh, a TOMY, Ha TYMKY
aBtopa, CITSE (Binmosigno qo 'OCT 13109-97) noBuHHI AOMOBHIOBATHCS HE TiJTb-
ku [ITISE, | 1 tgj , sk kputepisiMu eheKTUBHOCTI €HEProONpOIIECiB, aie i HOpMOBa-
HUMU 3HAYEHHSIMU HEMPOAYKTHUBHUX BTPAT €JIEKTPOEHEPrii B IPUCTPOSAX €IEKTPUY-
HOi Tsru. OcTaHHE TUM OUIbIIE HEOOXIHE Y 3B'A3KY 13 3aCTOCYBaHHSIM HOBHX Tepe-
TBOPIOBAJIbHUX YCTAHOBOK, €HEPreTUUHUX (UIBTPIB HA TATOBUX MIJICTAHIIISNX, BUKO-
puctanHsaM HoBuX BuAIB EPC, BnpoBagXeHHSM MPUCKOPEHOI0 ¥ IMIBUAKICHOTO pY-
Xy, MABUIIEHHS KUIBKOCT1 BEJTUKOBAaroBUX MOTSTIB Ta 1HIIIE.
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Puc.3. MutteBi (uuamiuni, nepexinni) semunay | (t) i tg] (t) B pexxuMi K3 Ha onHiit 3 inep-
HUX TUISHOK [TpuaHImpoBChKOT 3ami3HAIIL
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