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OJEMIMP®UNPOBAHNE KOJIEBAHI OBMEHHOW MOLLUHOCTHU
JIOKT. TexH. HayK, npodh. MABJIOB I". M., acn. PULLAT XYCCEWH TAHU

FOY «CaHkT-MeTep6yprckuii rocyapcTBeHHbIA NONNTEXHNYECKNA YHUBEPCUTET»

Mpo6nieMa perynmpoBaHus YacToTbl B 3HEPreTUYECKMX CUCTEMAxX MpakTuye-
CKM peLUeHa nyTeM Bblfe/neHns Tak Ha3blBaeMbIX BefyLMX CTaHuuii. B 06beau-
HEHHbIX 3HeprocmMcTemMax AaHHas npobnema YCNOXHAETCA U3-3a HeobXoaMMO-
CTU [OMO/IHUTENIbHOrO PEryMpoBaHnsi O6MEHHbIX MOLLHOCTE Ha MeXcuc-
TEMHbIX IMHWAX nepefayn. MNofyvepKHeM CrneLmn@uKy Takoro ynpasneHus:

1) MeXCUCTEMHble IMHUW Nepejadn SBAIOTCA, KaK Npasusio, cnabbiMu CBs-
35MW C MPOMYCKHOM CNoCcO6HOCTLIO B 5...10 % yCTaHOBNEHHON MOLLHOCTK OT-
[e/bHOl 3HeprocucTeMbl. B Takom cryyae cpaBHUTENIbHO HeGOMbLLNE OTKOHE-
HUA (B OTHOCUTE/bHBIX eAMHMLAX, 0. €.) MOLHOCTY OTAE/IbHOW 3HEPTrOCUCTEMBI
NPMBOAAT K OONbLIMM, 3a4acTyt) HefOonyCTUMbIM, W3MEHEHUSIM OOMEHHOM
MOLLHOCTW, YTO BefieT K HapyLLEHWIO YCTOMYMBOCTM NapaniensHoin paboTsl [1];

2) CTyneH4yaToe BO3MYLLEHVE Harpy3KM B OLHOW U3 3HeProcUCTeEM NPUBOLUT
K KonebateslbHOMY NepexofHOMY MpPOLeccy YacToTbl U OOMEHHOW MOLLHOCTM.
3a cyeT nepeperynnMpoBaHns TOMYOK 0OMEHHOW MOLLHOCTU MOXET MPeBbICUTb
CBOE YCTaHOBVBLLIEECH 3HAYEHWE NOYTY B [Ba pasa. ATO TakxKe HeraTuBHO BNUS-
eT Ha YCTONYMBOCTb NapasifieNlbHoi paboThl;

3) 13-3a UHEPLMOHHOCTW 3/1EMEHTOB CTPYKTYPHON CXeMbl PerynmpoBaHus
MepBUYHBIA 1 TeM 60Nee BTOPUYHBINA PerynsaTopbl NPakTUYeCKU He OKasblBatoT
B/IMSIHUA Ha HaYa/IbHYHO CTaJWIo NepexoAHOro npouecca. MoaToMy Bo3aeincTauve
Ha TYpOuHY Yepes 3TN PerynaTopbl He NPUBOAUT K YMEHbLLEHNIO MaKCUMaIbHO-
ro 3Ha4YeHUs To/1YKa 06MEHHOI MOLLIHOCTH.

WcenepoBaHns AMHAMUKW PErynMpoBaHns 4acToTbl U 06GMEHHOM MOLLHOCTM
B 06bejHEHHOI 3HeprocucTeme (puc. 1a) NpoBefieHbl HA MaTEMATUYECKOR MO-
[enu, CTPYKTypHas Cxema KOTOpOW npeAcTas/ieHa Ha puc. 16. MpuHUMibl Mo-
[envpoBaHns M3NoXeHbI B [2]. Ha pucyHke npeAcTasiieHa MOAENMb 3HEprocu-
CTeMbl A, onaras Yto MoZenb CUCTEMbI B aHanormyHa.

JKCNepPMEHT Ha MOAeny NPOBOAMTCS Criefytowmm obpasom. B Touky C
nojaeTca AOMOMHUTENbHAA Harpyska AP, B pe3ynbTarte 4ero BO3MYLLEHMe
AP = AP, npuknagpiBaeTca K aHeprocucteMe A. Mo AeiicTBYEM BO3MYLLEHWS



B 9HEProo6beJMHEHNN BO3HMKAET MepexonHbIi MpoLecc, npy 3ToM napameTpsbl
AfA(), Afg(t) 1 Posu(t) mkeupytoTcs B BUge ocuuanorpamMM. Ha mogenu Bbinosi-
HEHO [OCTAaTOYHO 60/IbLUOE YMCNO 3KCTEPUMEHTOB, B K&XKAOM U3 KOTOPbIX Ba-
PbUPOBA/IUCL TaKMe NapamMeTpbl, Kak CTaTU3M pPerynnpoBaHuns NepBMYHbIX pery-
NATOPOB, KO3N(MULMEHTbI YCUNEHUS BTOPUYHbLIX PErynsaTopos u ap. Mpusegem
pesynbTaTbl Hanboree XapaKTePHbLIX PEXXMMOB.
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Puc. 1. a - anekTpuyeckas; 6 — CTPYKTYpHasi CXeMbl 3HEPr006beANHEHUS

Ha puc. 2 npeactasneHsbl ocuunnorpammbl Afa(t), Afg(t) n Posu(t) Npu oTCyT-
cTBum (puc. 2a) 1 Hanmumm (puc. 26) BTOPUYHOIO PerynvpoBaHMs B KaXKAoW
aHeprocucteme (A v B). 3akoH BTopryHOro perynmposaHua KAf + K,APqsy = 0.
OTKNOHEHNSA 4acTOTbl U 0OMEHHON MOLLHOCTM NpUBeLeHbI B NpoueHTax. 3a ba-
3MCHYI0 MOLLHOCTb MPUHSATA MOLLHOCTbL BCEr0 3HEproobbLeauHeHns. BennumnHa
Bo3myLleHna AP, = 3,0 %.

OcuunnorpammMbl puc. 2 AOCTaTOMHO MOJIHO MOATBEPXKAAKOT BbICKA3aHHbIE
paHee MoNOXeHNs, & UMEHHO:

1) nepexogHble npouecchbl Afa(t), Afg(t) 1 Posu(t) HOCAT KonebaTenbHbIN Xa-
pakTep;

2) [felicTBME BTOPUYHOIO PerysmpoBaHus MPakTUYeCKW He OKasblBaeT 3a-
METHOIO B/IMSIHWS HA HaYa/lbHYKO CTafMI0 Nepexo4HOro npoiecca, BhaoTb A0
t= 20c;

3) 3a cuyeT KonebaTenbHOro MepexofHoOro npouecca MakCuMaibHoe OTKI10-
HeHue 06MeHHOI MowHoCTY (t = 1,0 €) MoYTK B ABa pasa NPeBOCXOAUT YCTaHo-
BMBLLIEECA 3HayeHue. B Hawem cnyyae npn AP, = 3,0 % APgsuyer = 1,5 % 1
AP ooy max = 3,0 %.

Ecnm Ppsn = 0,1(Pa + Pg), TO MakcManbHOe OTKIOHEHWE 0OMEHHOI MoLL-
HOCTW, NepecyMTaHHoe K 6a31CHON MOLHOCTY Ppsp, cocTaBuTt 30 %.
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Puc. 2. MepexofiHble NPOLLECCHI B 9HEPrO0GbEANHEHNM NPU: @ — OTCYTCTBUM; 6 — HA/IMUMK
BTOPMYHOIO PEryNMPOBaHUs. I3MeHeHVe Harpysky B aHeprocucTeme A

Ha puc. 3 npefcrasieHbl OCLWANOrpaMMbl MepexofHOro npoiecca npu
N3MeHeHUN KOo3(hpuLMeHTa ycuneHus (CTatvaMa) MNepBUYHOrO perynstopa.
CraTvam perynvMposaHusi Typbo- WAM rugpoarperara Haxogutca B npefenax
S =15...6,0 %. [ina aHeprocuctemMbl 3TOT Mokasarte/ib Bo3pacTaeT Ao 16 %
n 6onee.

Mpn S = 16 n gaxe 5,0 % NepBUYHLIA PerynsaTop NpakTUYecKn He BANSET Ha
BE/IMYMHY MepBOro «6pocka» OOMEHHON MOLYHOCTW. [anbHeiilluee CHUXKeHWe
cratnaMa (puc. 3a) NPUBOAUT K 3aMETHOMY CHUKEHUIO «BpOCKa» 06MEHHON
MOLLHOCTM, OAHAKO MO/MY4YNTb Takoe 3HaueHue cTaTusma [/ BCell 3Heprocu-
CTEMbI MPaKTUYECKM HEBO3MOXHO.

CrenaHHble BbIBOAbI yOeauTeNlbHO MOKasblBalOT TPYAHOCTU CO34aHUsA CU-
CTEMbI YNpaB/eHNs No YacToTe U 06MEHHOIN MOLLHOCTU B 06beUHEHHBIX 3HEpP-
rocucremax. OCO6eHHO 3TO NPOSAB/IAETCA HA MEXTOCYLAPCTBEHHBIX CBA3AX, rae
0YeHb BbICOKV TpeboBaHWS K peryimpoBaHnio 06MeHHON MOLLHOCTW.

TexHMYECKN XOPOLLMM PeLLEHMEM SABJIETCA NPUMEHEHWE BCTABOK MOCTOSAH-
HOro Toka. Mprmep Takoli BCTaBKN — MeXcUcTemMHas cBsisb EQC Poccusi — duk-
naHama. Ho nofo6Hoe peLleHne 0YeHb [JOPOroe.
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Ons addekTMBHOro AemngupoBaHns KonebaHuii OOMEHHOM MOLLHOCTY
npegnaraeTca OCyLeCTBATb BCTPEYHOE BO3AEWCTBME C OTKIOYEHUEM NoTpebu-
Tenell Ha 3aflaHHyt0 BenMuuHy. MycTb B cuCTeMe A MPOM30LLNO yBe/NYeHue
Harpysku Ha APy, 1 NpeaBapuTenibHO cucTeMa A «MoKynana» 3/eKTPO3HEPT o
13 CUCTeMbl B. YpaBHEeHMe 3HEProCUCTEMbI 3aMKLLEM B BUE

7,9 Lk Af =P
1— + KyAf = AP, 1)
dt
roe AP * — BO3MYyLLEHWe, 0. e.; Ty — MHepUMOHHas NOCTOs\HHAs BpeMeHu, ¢; f * —
4acToTa, 0. e.; K, — perynvpytowwuii ahthekT Harpy3Kmn no vactore.

B nepBbIii MOMEHT nocrie Bo3myLeHus Af * = 0, noatomy (1) 3anumiiem

df * 1
—|t=0=—AP".

*

df
Takvm 06pa3omM, M3MepVB NPOV3BOAHYHO e MOXeM 3ahMKCMpoBaTh Kak

(paKT BO3HVMKHOBEHWS BO3MYLLEHUS, TaK U €ro BeINUNHY.

Mpn BO3MYyLLEHNM B cucTemMe A MepexOfHbIiA npouecc norgeT no puc. 26,
4TO MOXXET BbI3BaTb NEPErpy3Ky MeXKcucTeMHomn S1301.

B sHeprocucteMe A cnefyeT OTKNOUMTL NOTPe6uTeneli Ha BeNnUmMHy AP”.
Takoli peXxxuM BOCNPOu3BeeH Ha MOAENN 3HeproobbveauHeHus. Lienb oTkoYe-
HWUA Harpy3kn — CHW3UTb MaKCMMaJbHOE OTK/IOHEHWe OOMEHHOV MOLLHOCTM
P06M.max-

[ns BbISBNEHNUA BO3MYLLEHUS U OTK/IOUYEHWUSA HArpysku TpebyeTcs Bpems

T MoaToMy AeMMQUPYIOLLEE BO3AEWCTBME MO OTK/OYEHUIO Harpy3ku Ha

oTKn !
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AP* npou3BoanTCS C 3anasfblBaHNEM Ha Ty, . OYEBMAHO, UTO MPU Ty, = O
MPON30INAET NOMHAsA KOMMEHCALMS BO3MYLLEHWS.

Ha mogenn npowusBefieHbl 3KCMEPUMEHTbI C PasHbIMW 3HAYEHUAMU T, .
pasHbiMn 0,1; 0,2; 0,3 n 0,4 c. Ocunnnorpammsl NepexofHOro npotecca npea-
CTaB/fieHbl Ha puc. 4. Ha HMX BMAHO MONOXWUTENbHOE BUAHME OTKIHOYEHUA

Harpysku. Yem MeHblUe T, , TEM 3HauMTeNbHee 3(M(eKT BO3AEHCTBUA Ha

Harpysky. rlocne npoxoxaeHust Posymax €€ CNeAyeT BKIOUYNTL 3aHOBO B MOMEHT
BPEMEHU T g, MOCKOMbKY Aa/bHelillee TeueHne npouecca Poygy(t) He npusogmnT
K neperpyske mexcuctemHon JI9IN. Takum 06pa3om Mpon3BOAUTCA MMMY/bC-
HOe OTK/IHOYEHMNE HArpy3KM C MOMEHTA T orgn 0 T sxn- BPEMSA OTK/IKOUEHHOTO CO-
CTOSIHUA NOTPEOUTENA COCTABUT AT = T gen— T orn = 0,6 — 0,8 C.

OTKN
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Puc. 4. femndmpoBaHmne KonebaHWit 06MEHHOW MOLLHOCTU 3a CUET OTK/IKOUEHNS HArpy3Ku
B cucTeme A. Bpems OTK/OYEHUs T, =var:a— Torkn = 0,1¢c;6-0,2;8-0,3;r-0,4c

OcuwnnnorpamMmmbl NepexofHoro npouecca Pogy(t) Npy A4eNCTBAM MMMYNLCHON
pasrpy3kun nokasaHbl Ha puc. 5. s HUX BpeMs OTKIHOYEHUS Harpy3Ku CocTaBs-
NAET T grn = 0,2 €. TTOBTOPHO HarpysKy cnegyet BKIHOYaTb B 30HE MakCUMaslb-
HOro «BblfeTa» 0OMEHHOW MOLLHOCTU, T. €. MPU T g, = 0,8...1,0 ¢. Ecnm BKAtO-
YeHWe Harpysku 3agep>kaTb, HaNnpUMep CAenaTb T g, = 4...5 C, TO K 3TOMY Bpe-
MEHW OCHOBHOW MnepexofHblii npouecc Pysy(t), BbI3BaHHbI aBapUitHbIM
BO3MYLLEHVEM B 3HEPrOCUCTEME M WMMY/bCHBIM OTK/IKOYEHUEM Harpys3Ku,
MPaKTUYECKWN 3aKOHUYUTCA. VIMNY/IbCHOE MOBTOPHOE BK/HOYEHME HArpy3ku BOC-
NMPUMETCHA Kak HOBOE BO3MYLLEHME, YTO OTPXXEHO Ha ocuwunnorpaMme puc. 56.
[N CHWXEHUS 3TOr0 HeratMBHOIO SB/IEHWSI PEKOMEHAYETCH BK/OYeHMe
Harpysku npou3BOAWTL NOCTENEHHO, Kak 3TO NMOKa3aHo Ha puc. 56.
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Puc. 5. MepexogHblii npouecc Pygy(t)
) npyM  UMNYAbCHOM  OTK/IIOYEHWN
. HarpysKin: a — Tong = 0,2 C; Tyn = 0,8

1
0 ) t,c C; 6 — Torn = 0,2 C; Tgen = 5 C; B — Bpe-

Torin Ton > MeHHoli rpadmk MIOH

Bo3sHuKaeT BOMpoc 0O JONYCTUMOCTV UMMY/IbCHOrO OTK/HOYEHUA Harpys3Ku.
OTBeT JO/MKEH ObITb NONOXKUTENIbHBIM — Mbl XKe OTK/tOYaeM NoTpebuTenein aei-
CTBMEM YaCTOTHOI pa3rpy3ku [3]. 310 npous3soauTCS pagu TOro, YTobbl CrnacTy
OT pasBasia XoTA Obl YaCTb 3HEProCWUCTEMbI: MOBPEXAEHHAA /IMHUA Nepeaaymn
OTKNHOYAETCA C MOCNefyoLWmMM NOBTOPHBLIM BKItoUeHMeM (AlB, ABP).

WcenepoBaHns No feMnupoBaHnio KonebaHnii 06MeHHOV MOLLLHOCTH MoKa-
3bIBAlOT, YTO CO3ZaHWE W UCMONb30BaHWE MPELNIOXEHHOW aBTOMATUKW NS Mo-
BbILLEHWNS YCTOMYMBOCTN HA MEXCUCTEMHbBIX JIMHUAX Mepesayqn BO3MOXHO. Ta-
Kasl npobsiema y>ke CyLLecTBYeT B CO3[aHHbIX 3HEProobbeanHeHNsaX. MNpu 06b-
eanHeHn E3C Poccum ¢ aHeprocuctemamm 3anagHoin Esponbl (6e3 BCTaBKM
MOCTOSIHHOIO TOKa) Maes AeMngupoBaHns 06MEHHON MOLLHOCTM MOXET ObITb
CMo/b30BaHa Npy pa3paboTKe NPOTYBOaBaPUIAHONM aBTOMATUKM.

BbIBOJ,

WccneposaHvs Ha MOAeNV NOATBEPAUNU 3((PEKTUBHOCTL AeMMUPOBAHMA
KonebaHuii 06MEeHHOM MOLLHOCTY NMYTEM MMMY/bCHOrO OTK/OYEHMS Harpy3Ku
(MOH). B pononHeHne K MNOH BO3MOXHO MCMONb30BaTh BO3AENCTBME Ha Typ-
OUHY Yepe3 3neKTPOruApaBINYECKYHO NPUCTaBKy. [N pelleHns JaHHOR npo-
61eMbl UcCnefoBaHNA B 3TON 061aCTW LO/MKHbI ObITb MPOAOIKEHBI.
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