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JOCIIIKEHHSA XAPAKTEPUCTUK EJIEMEHTIB ABTOHOMHUX
CUCTEM EJIEKTPOXXUBJIEHHSA HA OCHOBI ®OTOEJEKTPUYHHUX
INEPETBOPIOBAUYIB

Axmyanvnicms memu oocnioycennsn. Cyuachni menoenyii @ c8imogiil enepeemuyi CMumMyaoOmMs iCMomHe 3pOCMAnHs
inmepecy 00 anbmMepHamuBHUX Odxcepen enepeii.

ITocmanosxa npoonemu. B oanuii wac nadyau wupoKo2o po3nogCioONCeHHs IHMeNeKmyaibti CUCeMU eNeKmpOoICUB-
nenns (cucmemu Smart Grid). LLlupokomy enpoeaddcennio ma po3gumKy OaHUX cCUCmeMm CHPUAIOMb He Jule MexHiuHi pi-
wiennsl, ane U opeanizayitini 3axoou, 30Kpemd, 3anpoBaodiCeHHsl «3eIeHUXy Mmapugie Ha enexmpoenepeiio, 6upobieny Ha oc-
HOBI BIOHOBNIOBANHUX OJiCePEl.

Ananiz ocmannix docnioxcens i nyonikayii. Hasedeni dani cgiouamv npo Hedocmamubo eQexmuene SUKOPUCTIAHHS
6CMAHOBNIEHUX CUCTIEM eIeKMPOICUBTEHHSL HA OCHOBI (hOMOEeIeKmpUIHUX Nepemeoplosatis i, 6ionoeioHo, HeobXiOHicmy 2nubo-
K020 p0321a0y WIAXI6 ma 3acobie 3a0e3neyents eheKmugHOCH ABMOHOMHUX CUCTIEM eNeKMPodCUients Ha ocHo6i PEIL

Buoinennsn neoocniosycenux yacmun 3azanvhoi npoonemu. B poszensnymux 0dcepenax ne 3anponoHo8ano €OUH020 yHi-
8epcanvHo2o cnocoby gUOOPY aKyMyasamopis 0s NOOIGHUX cucmenm.

ITocmanoeka 3aedanua. Ilposecmu oensio ma knacugixayiro mexniunux 3acodie 3abe3neuents epekmugnozo PyHKyio-
HYBAHHS ABMOHOMHUX CUCTEM elIeKMPOICUBNEHHS HA OCHOBT YPOMOENEKMPUYHUX NEPEmBOPIO8aAtis.

Buxnaoenns ocnoenozo mamepiany. Posensinymo onuc ocnogHux munié ¢homoenexmpuynux nepemeopiosayis, ix ocHo-
6Hi napamempu ma xapaxmepucmuku. A makodic, po3ensiHymi ochogni ckiaoosi cucmemu Smart Grid, cyyacui menoenyii 6
ceimosii enepeemuyi ma obcsie 8upobeHoi enekmpoenepeii 06'ekmamu ionogosanoi enepeemuxu 6 Ykpaini. Onucani
OCHOGHI efleMeHmu CIMPYKMYPHOI cxemu pomoenepeemuunux cucmem, a maxoaic ix @ynkyii. Ilpoananizoeani nepegazu ma
HeOONIKU OCHOBHUX MUNI@ AKYMYISIMOPIE (e1eMeHmié HaKonUYeHHs eneKmpoenepeii), wooo ix 0OCHOBHUX napamempig, Kia-
cughixayii, gapmocmi, uacy srcumms, 3apsaoy ma nepe3apsoy.

Bucnoseku. /[na 3a6e3neuenns 8ionogionoi sxocmi ma HAOIIHOCHI cucmem eleKmpOodICUBNeHHs Ha OCHOBI albMepHamu-
6Hux Odicepen enepeii 6 Ykpaini neobXiono 6nposaoicyeamu HO8I MexHoI02l ma cmanoapmu, HOpMamueHO-NPaAGosi axKmu.
I]ooo subopy enemenmie enexmpooicugients Oinviut OOYiNbHe BUKOPUCMAHHS CaMe C8UHYeBo-Kuciomuux. Bonu oinvw oewe-
61 ma npocmi y 6uKopucmanni, He ubaznugi 0o ymos 30epicants ma eKCniyamayii, @ maKosic 00CUms NOWUPeHi Ha PUHKY.

Knrouogi cnoea: inmenexmyanvii enekmpomepedici; COHAUHA eleKmpoeHepeemuKd; pomoerekmpuuti nepemsoposai
(DEII); agmonomna cucmema eleKmpodCUgIeHHs, elemMenmu HakonuierHs eneKmpoenepeii.

ITocTanoBka npodaemu. CydacHi TEHJIEHIIi Y CBITOBIM eHepreTull CTUMYIIOITh 1CTOT-
HE 3pOCTaHHS IHTEepecy /10 aJbTepHATHBHUX JpKepes eHeprii. BpaxoByrouu nenani Ouiblie
BUKOPHUCTAHHS JEKUIbKOX JDKEpes eHeprii B OJIHIM cucTeMi, HUHI IIHPOKOTO PO3IMOBCIOIKEH-
Hs HAOYJIM 1HTENCKTyaJIbH1 CHCTEMHU €JIEKTPOXKUBIIEHHs (Tak 3BaH1 Smart Grid). Ynepiie tep-
Min Smart Grid BukopuctoByBaBcsi Maccymom AminoMm Ta bprocom BosenGeprom y my0i-
kauii «/lo iHTenexkTyanbHoi Mepexi» y 1998 p. Po3ymH1 mMepexi enekTpornocrayaHHs (aHr.
Smart Grid) — e MoepHiI30BaH1 MEPEXkKi €IEKTPONOCTauYaHHs, Kl BUKOPUCTOBYIOTH 1H(OP-
MalliiiH1 Ta KOMYHIKaIliiH1 MepexXi, TEXHOJIOT1I st 300py 1H(OopMaIlii Tpo eHeproBUPOOHHMII-
TBO Ta €HEProCIOKUBAHHS, 110 JO3BOJIIE aBTOMATUYHO MiJBUINYBAaTH €(EKTUBHICTb, HAIIN-
HICTb, EKOHOMIYHY BUTOJTY.

HanzBuuaitHo BakimuBy poiib y cuctemax Smart Grid Bigirpae HanidHicTh (K 1H(opma-
1ifHa, Tak 1 ¢pizuyHa). KpiM TOro, TeXHOJIOTISA J103BOJIsIE 00’ €IHYBATU B MEPEXKY ITOHOBIIIOBA-
HI JDKepena eHeprii (BITPOBY, COHAYHY) — «PO3YMHD» MEpeX1 TOIoMaratoTb OOpOTHCS 31 3Mi-
HOlO KiiMaty [1]. MbKHapOIHUM JOCHITHUM IIEHTPOM y Tany3i eHepretukud VaasaETT
copmoBaHo «BiciM 0co0IMBOCTEH IHTENEKTYyaIbHUX MEPEK», IPECTaBIeHUX Ha puc. 1 [2].
Bkpaii BaxxnuBo agantyBatu enemeHTH Smart Grid amas ykpaiHChbKUX pealid, 311HCHUTH YTO-
YHEHHsI 0a30BUX apXITEKTYPHUX pIlI€Hb, PO3POOUTH TUIIOBI apXITEKTYpH JUIsl PI3HUX KJIaciB
Smart Grid [3]. Ogniero 3 ocHOBHUX ckiafoBux Smart Grid € BIHOBIIIOBaHI JKepena eHeprii,
SK1 CTBOPIOIOTH JIOJIATKOBI (@ B JESKMX BUIAJKaX — 1 OCHOBHI) HOTYKHOCTI, 1110 BUKOPUCTO-
BYIOThCSl crniokuBaueM [4]. Illupoxomy BmpoBa/KeHHIO Ta po3BUTKY cucteM Smart Grid
CHPUSIOTH HE JIMIIE TEXHIUHI pILICHHS, ajie i opraHizaliiiHi 3aXoa1, 30KpeMa, 3arpoBaKEH-
HS «3€JIEHUX» Tapu(]iB HA €IEKTPOEHEPrito, BUPOOIEHY Ha OCHOBI BIIHOBIIIOBAHUX JIXKEPEI.
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Puc. 1. Bicim ocobrusocmeii inmenexnyaibHux mepelc
VY 2015 poui B YkpaiHi BCTaHOBJIEHA MOTYXHICTh 00’€KTIB BIIHOBJIIOBAHOI €HEPIETUKH,
SIKUM HaJaHO <«3esieHui» Tapud, cranoBmwia 1469 MBT [5]. BcraHoBiieHa IOTYKHICTH Ta 00-
csir BUPOOJIEHOT eJIeKTpoeHeprii 00’ €eKTaMU B1IHOBIIIOBAHOT €HEPIeTUKH, IO MPAaloloOTh 3a

«3esieHnMY TapudomM, rpeacTaBieHi B Taom. 1.
Tabmums 1

Bcmanosnena nomyascnicms ma oocse eupobiaenoi enekmpoenepeii 06’ ekmamu
BIOHOBII08AHOT eHepeemUKU, W0 NPayooms 3a «3e1eHUM» mapugdom

. . Bupoo6JieHo eaekTpo-
. .. | 3aranpHa KinbkicTe | BcTaHOB/IE€HA NOTY:KHiCTH
Ne | Hanpsim BinnoBaIOBaHON [ ., = . . eHepril y
00’ekTiB BigHoBJII0- |(cTanoM Ha 01.04.15) .
/N | eHePreTHKA BAHOT CHEDICTHEI 2015 poui
P MBTt % miH kBrrog | %

1 BitpoeHepreruka 21 513,9 35,0 314,7 64,5
2 CoHSIYHA eHepreTuKa 102 824,7 56,1 75,1 15,4
3 Mauta rizpoeHepreTuKa 105 81,4 5,6 67,0 13,7
4 Biomaca 5 35,2 2,4 20,1 4,1
5 Bioras 9 13,9 0,9 11,4 2,3

Berboro 242 1 469,1 100 488.3 100

3 HaBeneHUX y Ta0n. 1 manux 6aunmo, 1o OCHOBHA YaCTHHA BCTAHOBJICHUX MOTY>KHOCTEH

(6mu3pko 830 MBT) npunagae Ha COHSYHY €HEPreTHKY, 1110 CTAHOBUTH NOHAM 56 %. 3a Bia-
HOCHUM 00csiroM BUpoOieHoi enekTpoeneprii (75,1 miaH kBT TOa) COHAUHA eneKTpoeHepre-
THKa CTAaHOBUTH ONM3BKO 15 %. B 1O ke "ac BirpoeHepreruka (monan 513 MBT BcranoBie-
HOT MOTYXHOCTIi a60 35 %) 3a0e3neuye BUpoOHUITBO Osin3bko 315 muH kBT roa, abo 65 %.

HaBeneni nani cBiiyaTh Mpo HENOCTAaTHHO €PEKTUBHE BUKOPUCTAHHS BCTAHOBJIEHUX CHC-
TEM EJIEKTPOKMBIIEHHSI Ha OCHOBI (hoToenekTpuuHux nepersoproBauis (PEII) 1, BianosigHoO,
HEOOX1IHICTh MIMOOKOro pO3IJIsly HUISXIB Ta 3ac00iB 3a0e3neueHHs e(peKTUBHOCTI aBTOHO-
MHHUX CHCTEM eJIEKTpOKHBJIeHHS Ha ocHOB1 DEIL.

Mertoto 1i€i poboTu € po3rian Ta kiacu@ikaiis TEXHIYHUX 3ac00iB 3a0e3redeHHs edek-
TUBHOTO (DYHKI[IOHYBaHHS aBTOHOMHUX CHUCTEM €JIEKTPOKHUBJICHHS Ha OCHOB1 ()OTOEIEKTPUY-
Hux neperBoproBauiB (PEII). Oxpema yBara B po6oti npuauiena tunam OFEII Ta enementam
HAKOIMYEHHsI €JICKTPOEHEPrii — akyMyassiTopHUM Oatapesim (AD).

CucremMu ejieKTpoKUBJIeHHs Ha ocHOBI DEIL.

PosrisiHeMo OCHOBHI BapiaHTU cUCTeM eleKTposkuBieHHS Ha ocHOB1 DEII nns moctiiiHo-

ro Ta 3MIHHOTO CTPyMiB. ABTOHOMHA CHCTE€MA /ISl CIIO’KMBAYIB MTOCTIHHOTO CTPYyMY IMpeJICTa-
BJICHA Ha pUC. 2.
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Puc. 2. Aemonomna cucmema 0151 CnodiCUBawi6 NOCMIIHO20 CMPYMY:
1 — @EII; 2 — koumponep 3apsdy, 3 — akymynamop; 4 — cnoscusau

[Toni6Hi cTaHIlli € OCHOBHUM JKEPEJIOM €HEPrii Ta 3aCTOCOBYIOTHCS MJISl €IEKTPOIOCTa-
YaHHS CHCTEM OCBITJIICHHS a00 CIemiaibHOT MOOYTOBOI TEXHIKH, SKa MPAIIOE B PEKUMI MOC-
TiliHOTO CcTpyMy. IloTyXHICTh Takux cucrteM 31e0uIbIoro He nepesuinye 1 kBr. HaBanta-
YKEHHS HEOOX1THO MIAKIIF0YATH J0 €JIEMEHTIB HAKOTTMYCHHS €JIEKTPOCHEPTii Yepe3 KOHTPOJIEP
3apsany-po3psany. oTomMoayni nepeTBOPIOIOTh COHSYHY €HEPTilo B €IEKTPUYHY, aKyMYJISTOP
HaKOMHUYY€E CHEPrito, KOHTPOJIEP 3aps1y 3aXHINA€ B1Jl 30BHINIHIX BIUIUBIB.

ABTOHOMHA CHCTEMa JJIsl CIIO’KMBAYIB 3MIHHOTO CTPyMy IpencTaBieHa Ha puc. 3. CoHsUHe
BUIIPOMIHIOBAHHS HETIOCTIMHE B Yaci, ToMy oocsr eHeprii, Bupooaenoi @EII, He 3aBxau BiANOBI-
nae 00cATy CIOKMBaHHS eHeprii. JIsl HaKONMMUYEeHHS HaJUTUILKOBOI eJIEKTPOEHEPrii Ta BUKOPUC-
TaHHI ii y BUMaKaX, KOJIU CIIOKUBAHHSI TIEPEBUIITYE BUPOOJICHHS, BAKOPHCTOBYIOTH aKyMYJISITOPHI
Oarapei (Ab). IMinkmrouennss DEII Ge3nocepeHbo A0 €IEMEHTIB HAKOTIMYECHHS €JIeKTPOSHEPrii
JUTSL 1X 3apsily HEMPHUITYCTHMO, OCKUTBKH 11€ MOYKE TPU3BECTH 10 iX MOIIKOPKEHb, 5Kl MTOTATHYTh
3a co0oro Buxif 3 iaxy. Came s 3aXHUCTy €JIEMEHTIB HAKOITMYEHHS €JIeKTPOSHEPrii Bif rmepe3a-
PSUDKEHHSI Ta IS TATPUMKH ONITUMAIIBHOT pOOOTH BUKOPHCTOBYIOTh KOHTPOJIEPH 3aPSITy.

1 2 4 5

 e— |

000000

Puc. 3. Asmonomna cucmema 05t CnoKHCUBaUi6 IMIHHO20 CIPYMY:
1 — @EII; 2 — koumponep 3apsdy,; 3 — akymynamop,; 4 — ineepmop; 5 — cnodxcusay

OcCKUIbKM OUIBLIICTh CIIOKHBAYIB E€JIEKTPOEHEPrii BUKOPUCTOBYIOTh 3MIHHHMM CTpyM, a
@OFII ta eneMeHTH HAaKOMMYEHHS €JIEKTPOEHEprii BUPOOJIAIOTH MOCTIMHUM CTPyM, BUHUKAE
HEOOXIHICTh Y MEPETBOPEHHI CTPYMY 31 3MIHHOTO B HOCTiiiHUH. L0 QyHKIIII0O BUKOHYE 1H-
BepTOp. Y pa3i HEOOXITHOCTI NIAKIIOUEHHS HaBaHTa)KEHHS MOCTIHHOTO CTPyMY — HOro MOX-
Ha 0e3rmocepeIHbO MIIKIIOUYUTH 10 BUXIIHUX KJIeM KOHTpoJjepa 3apsny [6]. Takum yuHOM,
00 cucTema rnepeaaBajja eHeprito J0 Mepeki, HeOOXiTHO BCTAHOBUTH JTOJAATKOBI OJIOKH, 30-
Kpema: IHBEpTOp, 10 MEePEeTBOPUTH NOCTIHHUI CTPyM y 3MIHHMI; aKyMyJsTOpHY OaTapero,
POJIb SKOI HAKONMUYYBaTH €HEPrio M 3riaJKyBaTH Iepernaaud Hampyru yepes3 3MiHy OCBITIIE-
HOCTI; KOHTPOJIEp 3apsily aKyMyJIsTopa, SKUMl He J03BOJISIE aKyMYJSITOPY Iepe3apsiiuTUcs
abo po3psAUTHUCS 3aBYACHO. YCe 1€ B KOMIUIEKCI Ha3UBAE€ThCS aBTOHOMHOIO CUCTEMOIO €JIEK-
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TpokuBieHHs Ha ocHOB1 DEII. Pa3zom 3 TuMm y cucteMi, sika Mparioe Ha MOCTauyaHHs €Heprii B
3arajbHy Mepexy, HeoOX1THUN TUIbKH MepexeBuil iHBepTop [6].

ABTOHOMHA CHCTEMa He3aJIe)KHa BiJl 30BHIITHBOT MEpeXi eJeKTponocTadanus (puc. 4). 3a
BHUHSITKOM JIESIKUX CIIELIaIbHUX 3aCTOCYBaHb, B AKHX €HEPris BiJ COHAYHUX OaTapeil Oe3mo-
CepeIHbO BUKOPHUCTOBYETHCS CIOKMBauaMu, BC1 aBTOHOMHI CUCTEMH NOBHUHHI MaTH y CBOEMY
ckiani Ab. Exepris BiJ akyMyJsiTOpiB BUKOPUCTOBYETHCS IiJ] 4YaC HEJJOCTaTHbO1 IHTEHCUBHO-
CT1 COHSYHOTO BUIpOMiHIOBaHHs. CucTeMa, Mo€IHaHa 13 30BHINIHBOI0 Mepexero (puc. 5). ¥V
HIM TaKo>X BUKOPUCTOBYIOThCA Ab, ane Taka cuctema 0 JHOYaCHO MIJKIIOYEHA J10 30BHIIIHbOT
Mepexi. ToMy HaIUIMIIOK €HEprii, IKUi TeHepyeThCs COHSIYHUMU OaTapesiMu, MO>Ke HaIpaB-
JISITUCS B HAaBAaHTa)KEHHS a00 Mepexy. JIsl IbOI'0 BUKOPUCTOBYIOTHCS IIEPETBOPIOBAUl HAIPY-
I'¥l IOCTIHHOTO CTPYMY B 3MIHHUII — IHBEPTOPH, K1 MOXKYTh MPALIOBATU MapajiesbHO 3 Mepe-
Kero. SIKIo Cro’KUBaHHS MEPEBUILYE T€HEPALII0 eIeKTPOEHEPrii COHAYHUMU OaTapesMHu, TO
HEJ0CTaTHS eHepris OepeTbcs Bl Mepexi.

Cb (| K (- Ab || 1 ||+ PII H

Puc. 4. Asmonomna cucmema nezanedicHa 8io 306HIUHBOT MEPEICI:
consiuna bamapest - Chb; konmponep - K; akymynsmopua bamapest - AB; ineepmop - I;
posznodineruii npucmpii - PIT; nasanmaoicennss — H

Cb | K [ AB | - PII1 Mepexa

PII2 — H

Puc. 5. Asmonomna cucmema noeoOHana i3 308HIUHbOIO MEPENCEIO

Cucrema 3 6e3aKyMYJISITOPHUM 3’ €THAHHSM 3 MEPEXKEI0 € HAUIPOCTIIIOO 3 YCIX CUCTEM (pHC.
6). Bona cxiaaetbes 13 COHSSUHUX Oatapel, MIKIIoUeHNX 10 Mepexi. Best BupoOiiena enekrpo-
€HEepris NOJA€Thesl B MEpeXKy. Y Takii cucremi Hemae Ab, TOMy BOHa HE MOK€ BUKOPUCTOBYBa-
THUCS SIK pe3epBHa cuctema. Koiau mepexka BiIKIIOYa€ThCs, TO 1 BUPOOJIEHHS eJIeKTpOeHeprii co-
HSYHUMH OaTapesiMi Tako)XK NpUMUHAEThCS. Lle Moke Oy OOMEXEHHSM Takoi CHCTEMH, aje
OCHOBHa ii mepeBara — BUCOKa e()eKTUBHICTb, HU3bKa I[1Ha, @ TAKO>K BUCOKA HAINHICTS [6].

Cb - I -| PII ~| Mepema

Puc. 6. Asmonomna cucmema 3 be3aKymyIssmopHUM 3 €OHAHHAM 3 Mepedicelo

IIpunuunu po6oTu, nepearu, Hegodiku Ta Kiacugpikauis ®EIL. 3a npunuunom po-
6otu OFEII sBisitoTh 00010 POTOECIEKTPUUHHI F€HEPATOP MOCTINHOTO CTPYMY, KU BUKOPHU-
CTOBYE €(EeKT MEepEeTBOPEHHS IPOMEHEBOT €HEPTii B elNeKTpuyHy. TouHilIe, BAKOpHUCTaHa Bila-
CTHBICTh HAIlIBIIPOBIJIHUKIB Ha OCHOB1 KpeMHit0. KBaHTH cBiTja, NOTPAIUIAIOYM HA IJIACTHHY
HaIIBIPOBIIHUKA, BUOMBAIOTH €JIEKTPOH 13 30BHIIIHBOT OpOITH aToMa bOrO XIMIYHOIO ee-
MEHTY, 110 CTBOPIOE JIOCTaTHIO KUIbKICTh BUIBHUX €JIEKTPOHIB /Il BAHUKHEHHS €J1eKTPUYHO-
ro ctpymy. s Toro, mo6 Hanpyru i noTy»KHOCTI TaKoro Jpkepesa Oysno JI0CTaTHbO IS 3a-
CTOCYBaHHsI, OJTHOrO a00 IBOX KPEMHIEBUX €JIEMEHTIB HEJOCTaTHbO. ToMy iX 30MparoTh y L1
MaHedl, A€ 3’ €IHYI0Th napajienbHo abo mociinoBHO (puc. 7) [7]. Ilnoma Takux maHene Moxe
CTAaHOBUTH BiJl JACKUIHPKOX KBAJPATHUX CAHTUMETPIB 10 ACKUIHKOX KBaJpaTHUX METpiB. 30i-
JBITYIOYH KUTBKICTh TTAHENCH, MOJKHA TOOMTHUCS OUTBIIOT TeHEPOBAHOI MOTYKHOCT1 COHSIYHOIO
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Oarapeero. OgHaK MPOTYKTHUBHICTh COHSYHOT OaTapei 3aj1eXuTh HE TUTBKH BiJ TUIOIII, aje Ta-
KO B1Jl IHTEHCUBHOCTI COHSIYHOTO CBiTJa M KyTa maJaiHHA poMeHiB. OTke, MpOAyKTUBHICTh
COHSIYHOT OaTapei 3aJIeKUTh BiJl MICLIEBOCTI Ta reorpadiqyHoi UPOTH, BiJ OTOAU U MOPU po-
Ky, Bil yacy no0u. Tak, onTuManbHUM KyT A1 OTPUMaHHS MaKCUMaJIbHOT €Heprii B LIEHTpa-
JBHUX palOHax HaIIoi KpaiHu cTaHoBUTH Big 30 10 45 rpanycis.

Ne 2 (8), 2017

IIaneas Ha OCHOBI
amMop(dHOro KpeMHi0

Consiyna naHe s
Ha ocrogi CIGS

Hoaikpucraniyea nage s

LA A A A A A A

LA A A0, A A A0, A

LA A A A, A

IIameas Ha ocHOBI
TeaypHAY KaaMiio

MosokpucTaTIYHA NaHEIb

Puc. 7. Buou consunux nanenei

IlepeBaru Bukopucranus ®FEII Taki: JpkepenoM eHeprii € T0CTyIHEe Ta HEBUYEPIIHE COHSI-
YHE BUIPOMIHIOBAHHS, €KOJIOTTYHO O€3IeYH1 JUIS OCBITJICHHS, €KOHOMIYHI Y BHKOPHUCTAaHHI;
BHUCOKA HAJIIMHICTh Y po0oTi (0 50 pokiB); NOTPEOYIOTh MIHIMAJIBLHOTO TEXHIYHOTO 00CIYyro-
ByBaHHs. [lopsizg 13 mepeBaramu OEII matore Hemomiku: edekTUBHE (YHKIIOHYBAHHS 3alie-
XKUTh Bl TIOPU POKY, MOTOJM Ta 4acy J00u; MOTPeOYIOTh aKyMYJIOBAHHS €JIEKTPOEHEPrii;
HEOOX1IHO MEepIOJUYHO OYMIIATH MOBEPXHI B MUY Ta aTMOCHEPHUX OIAJIB; BUCOKA Bap-
TicTh manenei. [lepeBaru ta Henomiku ocHoBHUX THNIB PEIT mpeacrasnena B Taba. 2.

Ta6mmrs 2

Ilepesacu ma nedoniku ocnosnux munie OEIT

YHOI'0 KPEMHIIO

POKiB po0OoTH);
CTa0lIBHICTh ApaMeTpiB
MPOTSITOM TPUBAJIOTO Yacy
(mamiHHS MOTYKHOCTI 10
80 % Bix MakcUMaJbHOI 3a
25 pOKiB eKcILTyaTarfii)

HOJIOT1YHICTb,

BUIIA YyTJIUBICTH JI0 PiBHS
Ta KyTa JpKepesa CBIiTIa;
BHCOKA BapTiCTh yTPUMAaHHS
Ta EHepro3aTpaTHicTh TeX-
HOJIOTii BUTOTOBJICHHS

Tun @EI IlepeBaru Henoniku Cdepa BUKOPHCTAHHA
OEII Ha ocuoBi | Bucokuii KK/I (17-19 %); | Ginbln BUCOKA BapTiCTh podeciiiHi COHAYHI EHEProCHC-
MOHOKpPHUCTANIi- | BUCOKA HamiHHicTh (25-50 |((2,5-3,3 $/BT); MeHIIa TeX- | TeMH;

COHSIYHI €JIeKTPOCTaHIIii;
CHCTEMH JKUBJIEHHSI KOCMIYHHX
amaparis;

BHCOKOSIKICHI TPUBATHI COHSYHI
CHCTEMH

®EII Ha oCHOBI
MOJTIKPHUCTAIY-
HOT'O KPEMHIIO

HIDKYa BapTicTh (2,1-

2,8 $/B1);

BHCOKa TEXHOJIOTIYHICTE,
CTa0lIBHICTh ApaMeTpiB
(mamiHHS MOTYKHOCTI 10
80 % Bix MakCUMaJbHOI 3a
25 pOKiB eKcILTyaTarfii)

mmxunii KK (15-17 %);
MEHIIIA CTa0IBHICTh Mapa-
MeTpiB

LIMPOKO TTOIIUPEHI SKICHI COHSY-
Hi €HEPrOCUCTEMH;

MaJli eJIeKTPOCTAHIIIT;

MTOKPUTTS JaxiB OYIHUHKIB;
(oToeneKTprYHi MOOYTOBI MPH-
cTpoi

TOHKOILITIBKOBI
®EII Ha ocHOBI
aMophHOro
KpEMHiI0

BHMCOKA TE€XHOJIOT1UHICTb;
HU3bKa BapTiCTh
(1,5-2,4%/BT)

nmsbpkuid KK (7-11 %);
HecTaOlIbHICTh TapaMeTpiB;
HU3bKa HATIHHICTH (CTPOK
ciryx0u 5—8 pokiB)

MOIIUPEH] OLTBII JeTieBi IprBa-
THI COHSYHI €HEPTOCUCTEMH;
CHCTEMH CBITJIOIOAHOrO MO0Y-
TOBOT'O OCBITJICHHS
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CoHstyH1 naHeni 3 NOJIKPUCTATIYHUX (POTOETEKTPUYHUX €IEMEHTIB HalOUIbII MOIMIKUPEH]
y 3B’s13Ky 3 onTUMalibHUM criBBiiHomeHHsAM 1iHu 1 KKJ cepen Bcix pi3HOBUIIB maHesei.
CoHsiyH1 aHelNl 3 MOHOKPUCTAIIYHUX (OTOETIEKTPUYHUX €JIEMEHTIB €(PeKTUBHI, ajie i Jopo-
ri. 3a3BU4ail MOHOKPHUCTAJIIUHI €1EMEHTU MaloTh (GOpMy OaraTOKYTHUKIB, SIKHMHU Ba)XXKO 3a-
MIOBHUTH BCIO IUIOLTY NaHesi 6e3 3auuiky. B pe3ynpTaTi nMTOMa NOTYXKHICTh COHSYHOI Oarta-
pei TpOXH HMXKYa, HDK IUTOMA HOTYXXHICTh OKpeMoro ii enemeHTa. COHSYHI HaHeni 3
aMop¢HOro KpeMHiI0 MaroTh oauH 3 HaOuIhin Hu3bkux KKJI. Tlaneni 3 Temypumay xammiro
(CdTe) BUroTOBIAIOTHCA Ha OCHOBI IUTIBKOBOT Te€XHOJIOr1l. HamiBnpoBiTHUKOBY IUTIBKY HaHO-
CSITh TOHKUM ILIapOM Y Kuibka coTeHb MikpomeTpiB, KKJ[ 6mu3bko 11 %. Consiuni naHesni Ha
ocHoBl CIGS (HamiBIpoOBIIHUK, SKUW CKIAAAETHCS 3 Mial, 1HIII0, Tallilo Ta ceneny). Llei tun
COHSIYHUX OaTapeil TeX BUKOHAHUH 3a IUTIBKOBOIO TEXHOJIOTIEI0, ajie B MMOPIBHSIHHI 3 MaHENs-
MH 3 TeIIYpULYy KaJaMit0 Ma€ OUTbI BUCOKY edeKTuBHICTh, Horo KK/ csrae 15 % [9].

EnemenTH Hakonn4yeHHs ejleKTpoeHeprii. Po3risHemMo fetanbHO BUIM, TUIIH, Tapame-
TPU Ta XapaKTEPUCTUKU €IEMEHTIB HAKOIUYEHHs eNeKTPOEHEprii. IX pisHOMAaHITTS IpHU3BO-
JUTH 10 HEOOX1THOCT1 aHaTi3y X BJIACTHUBOCTEH NJIsi BUOOPY HAWOLIBII paljioHATHPHUX Bapia-
HTiB [10]. V Tabn. 3 HaBeneHI OCHOBHI XapaKTEPUCTHKHW HAKOMWYYBadiB €HEPrii pi3HOTO
tuiy. OcHoBHi Bugu AB posrisHeMo Huskde. [X mapamerpu HaBeeHi B Ta0m. 4.

Xapaxmepucmuku Hakxonuyyeauie enepeii
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Taonuis 3

HakonuuyBau IMutoma enepris Jx/kr Yac BuBOaY eHeprii, ¢
3i CTaTHYHOIO aKTUB- | XiMIYHHUA 10*-10° 1-10°
HOIO 30HOIO [HnyxTHBHUI 1-10 10°-10
€ MHicHHiT 0,1-0,5 10*-107
3 IUHAMIYHOIO aKTHB- | MexaHIUHUHA 10-10° 1-10°
HOIO 30HOIO EnexkrpomexaHiuHuit 1-10 102-10
Enexrpoaunamivnmii 0,05-1 10°-102
Tabmuns 4
OcHosHI napamempu aKymyisamopie
. . Lead . . Li-ion Reusable
IMapameTpn NiCd NiMH Acid Li-ion polymer Alkaline
Hlibicts eneprif 45-80 60-120 | 30-50 | 110-160 | 100-130 80
(Br-rog/xr)
Brvimimiit oip. mOy | 100 20 2007 [200 10 300" [ <1007 [ 150 50 250" | 200 10 300" | 200 510
P P 6V 6V 12v 7.2V 7.2V | 2000'6V
0, 1 3
Hac xurea (o 80 % Bin 5500 | 300 5002 | 200-300 | 500-1000° | 300-500 0
HOMIHAJIBHOT EMHOCTI) (mo 50%)
Yac mBHIKOTO 3apsamay 1 rog 2-4 ront 8-16 rox 2-4 ron 2-4 ront 2-3 ron
. JTyXKe
UyTIuBICTh 0 TIepe3apsiny | CepemaHs BHCOKa HU3bKa BHCOKA BHCOKa cepemHs
Camopospan / Micsiits 20 %" 30 %* 5% 10 % ~10 %° 0,3 %
(KimnaTHa Tem.)
Hanpyra KoMipku (HOM. ) 1,25 B 1,25 B 2B 3,6 B 3,6 B 1,5B
. . 5C 7 >2C >2C 0,5C
HaB.aHTaXfyBaJ'H)HI/II/I CTp}u’M. 20C 0.5 C a6o 5C 1C 1C 02C
MMKOBUH, ONTUMaIbLHUN 1C 0,5C
HUXK4e abo Hwk4e | abo0 HIK4Ye | abo HIDKYE
Poboua TemmepaTypa Bix -40 1o | Bim-20 mo | Bix -20 mo | Bix -20 mo Bix 0 10 Bix 0 10
(ipu po3psii) +60 °C 60 °C 60 °C 60 °C 60 °C 65 °C
Bumoru o nepionn4HoCTI 30-60 mmis | 60-90 iz .3—6. . He nmotpe- | He morpe- | He notpe-
00CITyrOByBaHHS MICSAIIIB Oye Oye Oye
OpienTosHa nina (USS) 508 60 $ 259% 100 $ 100 $ 5%
P 5 (72 B) (72B) | (60B) | (72B) (72 B) (9,0 B)
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Hikenb-kanmieBi (NiCd) MaroTh HU3bKY LIUIBHICTH €Heprii. BukopucroByeThes Tam, Jie Ba-
KJIMBI1 JIOBIOBIYHICTh, 3JaTHICTh 3a0€3ME€YUTH BUCOKUN CTPYM HaBaHTAXXEHHS Ta HU3bKa LIHA.
Hikens — meranorigpuaai (NiIMH) y nopiusnHi 3 NiCd MatoTk OUTbIIl BUCOKY LIUIBHICTH €HEpP-
rii, ane MeHmui yac xutTs. NIMH He MicTATh TOKCHYHUX MaTepialiiB. 3aCTOCOBYIOThCSA B MO-
OUIbHUX TenedoHax 1 mopraTuBHUX KoM torepax. Jlirid-ioHHi (Li-Ion) BUKOpPHCTOBYIOTHCS
TaM, Jie¢ TOTpIOHAa BUCOKA IIUILHICTh €HEeprii Ta Mana Bara. [Ipu ekcrutyaramii HEOOXiTHO J10-
TPUMYBATHCSI PEKUMU 3apsaly 1 po3psay, 3a3Hau€HUX BUPOOHMKOM 3 MIpKyBaHb Oe3reku. 3a-
CTOCOBYIOTHCSI B KOMIT IOT€pax 1 CTUIbHUKOBUX Tenedonax. Jlirii-nmomimepni (Li-polymer) my-
K€ KOMIIaKTHI, B OCHOBHOMY, BHUKOPHUCTOBYIOThCSI B MOOUIbHMX TeJedoHax. ['epMmernuHi
CBUHIIEBO-KUCIIOTHI (SLA) 3acTOCOBYIOTHCS TaMm, i€ MOTPIOHA BEJIMKA MOTYXKHICTh, a Bara He
Mae 3HaueHHs. [lepeBaru Ta Hegoniku Ab npencrasneni B Tabmumi 5 [11].

Tabnuus 5
Ilepesacu ma nedoniku 0CHOBHUX BUOIE AKYMYIAMOPIE
Bun IlepeBaru Henomaixkn
Hikenb- 1. Benuxwuii pecypce (1000-1500 1). 1. Jlocuth HU3bKA, B MIOPIBHSHHS 3 HOBUMH
KaJMi€Bi 2. Benukuii cTpyM HaBaHTaXKEHHS. TUITAMHU aKyMYJISITOPIB, IIUTBHICTH €HEPTii.
(NiCd) 3. JloBruii TEpMiH CITY)KOH. 2. Edexr mam’siti. HeoOXiaHICTh iepioany-
4. IIpocTota 30epiraHHs 1 TPaHCIIOPTYBAHHSL. HUX TPEHYBaHb ISl HOrO MPOQIIaKTHKH.
5. IliaxoasaTh a1 poOOTH IPU HU3BKKX TeMIiepa- | 3. MicTATh TOKCHYHI MaTepiaH.
Typax. 4. JlocuTh BEJIUKUI CTPYM CaMOpPO3PSIAY.
6. He xpuTH4HICTB 10 pi3HUX pexuMiB podotH. | NiCd akymynsiTopu BUMAratoTh J103apsaKH
7. Huzbka BapTicTh Tricyist 30epiraHHs
Hikenp — 1. €mHicTh, Ha 3040 % OinbIna, HIK y Hikelb- | 1. BiTHOCHO HEBEIHMKHIA pecypc.
MeTajo- KaJIMi€BUX aKyMYJISITODIB. 2. OnTuMajIbHUM HaBaHTAXKYBAJILHUM
rixpuaHi 2. Edexr mam'sti B NiMH akymynsitopax Bupa- | ctpymom € Benuuuna 0.2C-0.5c.
(NiMH) KEeHHUI Habarato cnadkime, Hix y NiCd 3. Binbur ckiiaiHui alropuT™ 3apsiay
3. IIpocrora 30epiraHHs i TPaHCIIOPTYBAHHS. 4. Benukuii camopaspsi.
4. Exomnoriuna Oe3rmeka 5. YUymnuBicTh 10 3MiHH TEMIIEPATYPH.

6. HeoOximHICTB peryasipHOro o0CiIyroBy-
BaHHA. J[ns npodinakriku edexty mam’sri
MOTPiOHI TPEHYBaHHS

. Bucoka niinpHicTh eHeprii. 1. CneniasibHi CXeMH 3aXHCTY, OOMEKEHHS
2. CTpyM caMOpO3psAy TOCUTh HU3bKHH. CTpYMY 1 HaNpyry.

3. He motpi0OHo nepiomuunoro oocinyropyBanus | 2. CTapiHHS HE3aJEKHO BiJl pSKUMY.

3. Oco0suBi yMOBH TpaHCIOPTYBaHHS.

4. Bucoka BapTicTh BUPOOHHUIITBA

—

JIiTiii-10HHI

[MomimepHi 1. Tonki enemenTH (10 1 MM). 1. binpn HU3bKA LIIBHICTD €HEPTii Ta pe-
2. [TnacTuuHICTS. Cypc y HOpiBHSHHI 3 JIITii{-IOHHUMH.
3. Mana Bara. 2. lopore BUpOOHHUIITBO
4. besnexka.
5. Cri¥iki 70 iepe3apsiay
CBUHIIEBO- 1. demieBi Ta IpocTi Y BUPOOHHIITBI. 1. HeMOXTUBICTB 30epiraTi B pO3psimKe-
KHCJTOTHI 2. BiamnpanpoBaHa TEXHOJIOT IS HOMY CTaHi.
(SLA) 3. Camopo3psin — HaliMeHIuni cepen BCix TUmiB | 2. Hu3bka mIibHICTH eHeprii.

aKyMYJISITOpIB 3. Binbur ckiiaiHui aqropyuT™ 3apsiy.
4. MicTsITh IIKiZJIMBI MaTepianu

BuytpimHiit onip Ab 3aiexuTh Bl EMHOCTI CEPEIOBUINA, CXEMU 3aXUCHUX KUT Ta Kib-
KOCT1 eyleMeHTIB. CXeMU 3aXUCTy JITI-10HHUX 1 JiTii-nojgiMepuux Ab nonaroTe GiM3bKO
100 MOwM. 3HaueHHs B Ta0Jl. 4 BpaxoBYye, 10 aKyMYJIATOP PEryiasipHO obciayroByeThes. [Ipu
BIJICYTHOCTI ME€PIOIUYHOrO 00CIYrOBYBaHHs, 4ac pOOOTH aKyMyJsITOpa CYTTEBO 3MEHILYETh-
cs. Yac )KUTTS 3aJ1eKUTh Bl TIIMOUHU po3psiay. HenmoBHuii po3psn 3a0e3neunTs OUIbIINMA Yyac
KUTTS, HDK rIuOokuid po3psa. CTpyMm camopaspsiay HalOuibnid Oe3nocepeHbo micis 3aps-
ny. 3menmenHs: emHocTi NiCd akymysitopa ckinagae 10 % 3a neprni 24 roauHu Micas 3apsi-
ny, a MoTiM najaae a0 BenuuuHu 10 % xosxHi HacTynHi 30 qHiB. TunoBe crnoXWBaHHS BHYT-
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plHIX cxeM 3axucty 3 % Bij Bciei eHeprii B Micslb. Hanpyra xojg0cToro xoay oJHOTo €je-
MEHTy cTaHoBuUTH 1,25 B, ane 1,2 B € 3aranpHONIpHitHATAM 3HaueHHAM. Lle HE € BIMMIHHICTD
MDK CepeJOBMILAMHU, a CIIPOLLEHHS AJIs 3pyYHOCTI PO3paxyHKIB. 3aTHICTb €JIEMEHTIB HAKO-
MUYEHHS €JIeKTPOCHeprii BUTPUMYBATH KOPOTKI IMIYJIbCH BeIMKOI amIutityau. O6cimyroBy-
BAaHHS MO>K€ ITPOBOJUTHCS Y BUIJISA1 «BUPIBHIOIOUOTO» a00 «104aTKOBOro» 3apsny [12].

BucnoBku Ta nmponosumii. [IpoananizyBaBiiu HaBeneHi Bulle (AaKTOpPH, MOKHA JIMTH
BHUCHOBKY, 1110 JUIsl 3a0€3MeYeHHsI BIAMOBIIHOT IKOCTI Ta HAaJIITHOCT1 CUCTEM €JIEKTPOKUBIICH-
HS Ha OCHOBI1 aJIbTEPHATUBHUX JUKEpesd eHeprii B YKpaiHi HeoOXiIHO BIPOBAIKyBaTH HOBI
TEXHOJIOT1I Ta CTaHJIApTH, HOPMATUBHO-NIPaBOB1 akTu. CTBOPEHHS HOBUX TEXHOJOTIH mepe-
TBOpPEHHS Ta 30epiraHHs eHepTii T03BOJIUTh BUPIIIUTH TOJOBHI MUTAHHS 3 MIBUIICHHS SKOCTI
(YHKIIIOHYBaHHS €JI€KTPOCHEPTeTUYHOI CUCTEMH, 1aCTh MOXJIUBICTh 3aCTOCOBYBATU «PO3Y-
MHI» Tapudu JUIsi CIIOXKKUBaYiB, 3MEHIIUTH BTPATH TPH PO3MOALII €IeKTPOCHEeprii, 3abe3re-
YUTh BIAMOBIAHY AKICTh Ta HAJIMHICTb €IEKTPOCHEPTIl, MIABULIUTH O€3MeKy, CHOHYKaTUME /10
3aCTOCYBAaHHS HOBUX METO/IIB YIPaBJIIHHS CIIOXKHBAaHHSAM €JIEKTPOCHEprii, 3a0e31ne4nuTh HO-
BUI pIBEHb SIKOCTI MOCITYT JUIsl HACEIEHHS Ta MMOKPALIUTh €KOJIOTTYHY CUTYallil0 B KpaiHi.

[Tpu BuOOpi Ab 1 aBTOHOMHHX cHCTeM efleKTposkuBieHHs Ha ocHoBl DEII, BapTo Bpaxo-
BYBATH, 110 HIKEJIb-KaJIMI€B1 MAtOTh JIOBTUW CTPOK CIY)KOHM, a TaKO>K BOHH JICIIEBII, HDK 1HIIII,
ajle MICTATh JOCUTh TOKCHYHI MaTepiajii Ta MaloTh HHU3bKY IIUIbHICTH eHeprii. Hikenb-
METaJIOTPHU/IHI MalOTh BUCOKY €EMHICTh Ta €KOJIOTIYHO Oe3IeyHi, ajie B TOM K€ 4ac MaroTh BEJM-
KN caMopaspsl, BUCOKY YYTJIMBICTb JI0 3MIHU TEMIIEPATyp Ta € HEOOXIIHICTb B PETYSIPHOMY
oOcnyroByBaHHi. JIiTiii-ioHH1 Ab MalOTh BUCOKY IIUIBHICTH €HEprii, He NOTPIOHO MPOBOJIUTH iX
nepioJuyHe 0OCITYroBYBaHHS, ajie 1€ JOCUTh JIOpOre BHUPOOHUITBO, a TAKOX JOCUTh BHCOKA
MMOBIPHICTb CTapiHHS HE3aJIEKHO Bl YMOB eKcIuTyaTarli. CBUHIEBO-KUCIOTHI Ab Oubi fere-
Bl Ta MPOCT1 Y BUKOPUCTAaHHI, HE BUMAratoTb OCOOJMBHUX YMOB 30€epiraHHs Ta eKCIuTyaTallli, a Ta-
KO>X BOHM JYy’K€ IMOIIUPEH1 Ha PUHKY, TOMY BUKOPUCTAHHS TAKOT'O BULY MOK€ OyTH JIOLIUIbHUM B
CKJIaJll aBBTOHOMHUX CHUCTEM €JIEKTPOKUBIICHHSI HA OCHOBI (DOTOEIEKTPUYHUX [IEPETBOPIOBAUIB.

JlocmiiKeHHsT BUKOHYIOTBCSI B MEKaxX HayKoBO-10CimHOT podoTu Ne 0116U006960.
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INVESTIGATION OF ELEMENTS’ CHARACTERISTICS FOR AUTONOMOUS
POWER SUPPLY SYSTEMS BASED ON PHOTOVOLTAIC CELLS

Background research. The modern trends in the global power stimulate significant growth of interest in alternative en-
ergy sources.

Formulation of the problem. Nowadays the Intelligent Power Systems (so-called Smart Grids) become widespread. The
wide adoption and development of these systems is possible not only due to the new technical solutions, but also due to the
organizational measures, including the introduction of «green tariff» for electricity generated from renewable sources.

Analysis of recent research and publications. The obtained data indicate a lack of effective utilization of installed pow-
er from photovoltaic cells and, therefore, the necessary of deep consideration of ways and means to ensure the effectiveness
of autonomous power systems based on solar cells.

Bold unexplored aspects of the problem. In the available publications single universal methods of choice the elements
for these systems are not offered.

Setting objectives. Perform a review and classification of means of ensuring the effective functioning of autonomous
power systems based on photovoltaic cells.

Statement of the material. The description of the main types of photovoltaic cells and their main parameters and char-
acteristics are considered. Also, the key components of the system Smart Grid, current trends in global energy and the vol-
ume of electricity of renewable energy in Ukraine is the formation of the state is to introduce "advanced" technologies are
considered. The basic elements of the block diagram photovoltaic systems and their specific functions are described. Ad-
vantages and disadvantages of the main types of batteries (electric storage elements) on their basic parameters, classifica-
tions, cost, lifetime, charge and overcharge, etc. are studied.

Conclusions. To ensure the appropriate quality and reliability of alternative energy sources in Ukraine we need to in-
troduce new technologies and standards regulations. As for selections of power is more advisable to use lead-acid ones. They
are cheaper and easy to use, lightweight in storage and use, and they are very common in the market.

Keywords: Smart Grid, solar energy, photovoltaic cells (PV), autonomous power supply system, electrical energy stor-
age elements.

Examepuna Pesa, Cepeeti Cmenenko

NCCIEJOBAHUE XAPAKTEPUCTHUK 3JIEMEHTOB ABTOHOMHBIX
CUCTEM DJIEKTPOIIUTAHUSA HA OCHOBE ®OTOJ3JEKTPUYECKUX
IPEOBPA3OBATEJIEN

Cospemennvie menoeHyuu 6 MUpogoll IHeP2emuKe CIUMYAUPYION CYWecm@eHHblll pOC UHMepecd K anbmePHAMUSHbIM
ucmounuxam snepeuu. Ilpusedennvie Oannvle cGUOEMENbCMEYIONM O HeOOCAMOYHO IPHEKMUBHOM UCNONL30BANUU YCIA-
HOGNEHHBIX CUCTEM INeKMPONUMAHUS HA OCHOBE YOMOINEKMPULECKUX NPeodpazosameneil U, COOmEencmeenHo, HeooxXoou-
Mocmu 2ny60K020 paccmMompenus nymeil u cpeocme obecnedenus 3@exmueHoCmy aGMOHOMHBIX CUCIEM INEKMPONUMAanUsL
Ha ux ocnose. B oannoui pabome paccmompeno u kiaccuguyuposarno mexnuyeckue cpeocmea obecneuenus sppexmusnoco
DYHKYUOHUPOBAHUS. ABMOHOMHBIX CUCIEM DNIEKMPONUMAHUA HA OCHOGe omodnekmpuyeckux npeobpazosameneil. Ocoboe
sHUMAaHUe 8 pabome YOeleHo Munam omoaIeKmpudeckux npeoopazosamencii u SNeMEHMAM HAKONLEHUS DNEKMPOIHEPSUL —
AKKYMYTIAMOPHLIM OAMAapesim.

Kniouegvie cnosa: unmennexmyanvivie 1eKmMpocemu; COTHEUHAs INEKMPOIHEPLEMUKA, (POMOINEKmpuyeckue npeoo-
paszosamenu (OII1); agmonoMHas cucmema SNeKMPONUMAans, 2NEMeHNbl HAKONAEHUS DNEKMPOIHEP2UL.
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