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MPOIECH 3BYUKEHHS BIJI AKYMYJISITOPHOI BATAPEI TABILJIMB TAPAMETPIB
HA POBOYI XAPAKTEPUCTHUKHA BEHTUJIBHO-IHAYKTOPHOI'O TEHEPATOPA

IIpoBeneHo IOCHIKEHHs MpoLeciB 30yMKEHHS BEHTUIIBHO-IHAYKTOpHOro reHeparopa (BII') Big akymynstopHoi Gatapei 3a 3MiHM mapaMerpis.
3’51cOBaHO BIUIMB €EMHOCTI KOHJEHCATOPa, OIIOpYy 0OMOTOK (ha3u Ta KyTiB KOMyTaLlii Ha 30BHIlIHI XapakTepuctuku BII'. 3a pesynpraTamMmn JOCIiKeHb
3aIIPOIIOHOBAHO 3aXOM¥ ILIOJ0 3MEHIICHHS €MHOCTI aKyMyJsTOpPHOI OaTapel Ta 3HIKCHHsS TPUBAIOCTI Hpouecy 30yMKEeHHs i3 30epeKeHHIM
HaJiiHOCTI OO MPOLIECY.

Ku1io4oBi ciioBa: enekTpoMexaHidHEe MIEPETBOPEHHs eHeprii, BEeHTUIbHO-IHIYKTOPHHII TeHepaTop, BEHTHIbHHUN EepEeTBOPIOBAY, aKyMYJSITOPHA
Garapesi, MAaTEMaTHYHa MOJIEIIb, TIEPEXiJHUM MpOLEC.

IIpoBeneHo uccienoBaHUE MPOLECCOB BO30YKACHUS BEHTHIbHO-MHAYKTOpHOro reHeparopa (BUI) or akkymyssTopHOH OaTaped Nnpu M3MEHEHUU
[apaMeTpoB. BBISCHEHO BIMSHUE EMKOCTH KOHICHCATOPA, CONPOTHBICHUS 0OMOTOK (a3bl M yriIOB KOMMYTAIIMU HA BHEIIHHE Xapakrepuctuku BUT'.
o pe3ynbraTam UCCIENOBAHUH MPEUIOKEHBI MEPHI [0 YMEHBILECHUIO EMKOCTU aKKYMYJISATOPHOI OaTtapen U CHUXEHUIO NPOJOKUTEIbHOCTH NpOLec-
ca BO30YK/IEHHs C COXPaHEHUEM HAJI©KHOCTH 3TOrO IPoLecca.

KiroueBble cj10Ba: 3J1€KTPOMEXaHUYECKOE MPeoOpa3oBaHUE SHEPrUU, BEHTHJIbHO-MHIYKTOPHBIH T'€HepaTop, BEHTHWIBLHBIA Mpeodpa3oBaTelib,
AaKKyMYJIATOpHast Oatapes, MaTeMaTHYeCcKasi MOJEIb, IIEPEXOIHBIN MPOLIECC.

Investigation of excitation processes of the switched-reluctance generator (SRG) from the battery with parameters change was performed. Influence of
the capacitor capacitance, the phase windings resistance and the switching angles on the SRG external characteristics has been defined. According to
the research results, measures were proposed to reduce the battery capacity and to lower the excitation process duration while maintaining the reliabil-

ity of this process.

Keywords: electromechanical energy conversion, switched reluctance generator, semiconductor converter, battery, mathematical model, tran-

sient process.

Beryn. BentunbHo-iHnykropauii reHeparop (BID)
Mpe/ICTaBiIsie cOOOI0 TOETHAHHS EJIEKTPUYHOI MAaIlIWHH 3
HAITIBIIPOBIIHUKOBUM TIEPETBOPIOBAYEM, SIKHH KOMYTYE
00OMOTKM MAIIIMHU Y BiAITOBITHOCTI 3 MEPEMIIICHHAM PO-
topa (puc. 1). Iumykroppua wmammua (IM) He €
CaMOCTIIHUM  €JIEKTPOMEXaHIYHUM  IepEeTBOPIOBAYEM
eHeprii. 3’e/iHaHHs 1 3 HABAHTAXKEHHSIM (B PEXUMI reHe-
paropa) 3a0e3nedyye BeHTWIbHHU meperBoproBau (BII).
Enextpomexaniune NIepETBOPEHHS eHeprii BIT'
3IiHCHIOETBCS 3a curHanamu cucremu kepyBaHHs (CK).
Eneprito mist migrpumanss camo30ymxenHs BII' otpumye
B pe3yNibTaTi OOMIHHHMX MPOIECIB Mik oOMoTkamu IM Ta
KOHJICHCATOPOM B KOJII TOCTIHHOTO CTPYMY 3a JIOIOMO-
roro BIL.

MeTo10 cTaTTi € HOCHIDKEHHS TPOIECIB 30YIKEHHS
BEHTUJILHO-1HYKTOPHOT'O T€HEepaTopa BiJl aKyMyJISITOPHOT

Oarapei Ta BIUIMBY ITapaMeTpiB Ha Horo pododi Xapakre-
PHUCTHKH.

Hocnigxennss mnpoueciB 30ymxenns BII' Bin
aKyMyJsiTOpHOi OaTapei. Ha pasi Bizomo mano poOiT
MIPUCBSTYEHUX AociipkenHo npouecis BIT [1, 2].

Oco0uBUl 1HTEpEC MPEACTABIAIOTH JOCIIHKEHHS
0COOJIMBOCTEH TPOTIKAaHHS MEPEXiJHUX MNpOLECiB 30y.-
KeHHs reHeparopa. [lepexiaHi mporiecH, HaBiTH 3a HOp-
MaJbHUX YMOB pOOOTH, CYIPOBOKYIOTHCS 3MiHAMHU
CTPYMiB Ta/ab0 Hampyr B 0OMOTKaX, HAIIiBIPOBITHUKOBHX
enementax BIl Ta nHaBantaxenHi. Lli mpomecn MOXyTh
CTaTH TNPUYMHOI0 BUXOMY 3 JIaJy HaIiBIIPOBIIHUKOBUX
enmementiB  BII. KpiMm Toro, 3amis 3a0e3nedcHHS
BiJITIOBITHOCTI €JIEKTPOEHEPTii CTaHAapTaM SIKOCTi, 3MiHH
HANpYTd Ha HaBaHTa)XEHHI HE ITOBHMHHI IEpEBUIYBaTH
BCTaHOBJICHUX TPAaHUYHHUX 3HAYCHb.
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Puc. 1 — Cxema BEHTHIIBHO-1HIYKTOPHOT'O T€HEpaTopa

Jnst 3anycky BII' HeoOXimHUI MOYATKOBHIA 3amac
CIICKTPUYIHOI €Heprii, SIKUil 3a0e3MeUYNUTh 3POCTaHHS HOTo

EPC 1o 3HaueHHsl OCTaTHBOTO JUIS MOKPHUTTS BTpaT (B
mammui ta BII) Ta 3apsgy xonmeHcatopa B Koui
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MOCTIHHOTO CTPYMY JIO PiBHS HAIpyTd JOCTATHHOTO JUIS
Hioro 30ymkeHHs. [l cTBOpEHHsI HaliHHOTO TOYaTKOBOTO
30yPKEHHS] TeHepaTopiB BUKOPHUCTOBYIOTh KOPOTKOYACHE
MIAKIIOUEHHS JpKepesia Halpyrd HEBENUKOI MOTYXKHOCTI
(manpuknazn, akymynsatopHoi Oarapei (AB) Hampyroro
12...24 B) no xoma mocritinoro ctpymy BII.

30ymkennst BI' Bin AB 37iliCHIOETBCS HACTYIHUM
YHHOM: T€HEpaToOp PO3TaHSIETHCS MPHUBOAHUM JBUTYHOM
JI0 HOMIHQJIBHOT YacTOTH 00epTaHHs, IOTIM JI0 HbOTO Ye-
pe3 BEHTWIbHUHN TepeTBOprOBaY miakiIodaeThess Ab 1 BiH
OTpPUMYE EHEprito I IOoYaTKoBOro 30ymkeHHs. OmgHO-
YacHO 3 I JKJIIOYESHHSIM DKepelia Hapyr 3apspKaEThes 1
KOHJICHCATOp KOJla TOCTIHHOro CTpyMy. AKyMYJsITOpHA
Oarapes 3abesnedye 30YyKEHHS T'€HepaTopa JIMIIE B KO-
POTKHIA MPOMIXKOK 4acy, IMOKH He 3apsUThCs KOHJ/EHCa-
TOP.

[licns 30ymkeHHA aKyMyasaTOpHa Oartapes abo

3aJIMIIAETHCS MIAKIIOYEHO0 10 KOja TIOCTIHOrO CTpyMy,
a00 BiJIKITIOYAETHCS, SIKIO HOMiHAJIbHE 3HAUYEHHS HAIPYT'H
reHeparopa He J03BOJISIE pealli3yBaTH iX mapajeibHy po-
6ory. B ocTaHHbOMY BUTIAIKY, SIK TiJIbKH PiBEHb HALPYTH
reHeparopa nepeBumuTh Hampyry AbB, ocraHHs
BiJIKJIIOYAETHCS 33 JOMOMOTOIO Jiofa. MaliuHa BUXOAUTh
Ha PEXKUM CTAOUIILHOT POOOTH.
Jocnimkenns nepexinaux nporecis BII' 3 Ab nposeneHo
3a JIOTIOMOT 010 MaTeMaTHYHOI Moei (1),
3ampornoHoBaHOl B [4, 6], g reHeparopa 3 HACTYIHUMU
HOMIHAJIGHUMH  JaHUMH:  Pyoy=1 KBT, Uy, =460 B,
nHOM=3000 06/xB. ['eomerpuyna koudirypauis IM mis
PO3paxyHKIiB BH3Hayajach 1o [3], Moaenb KOMyTaTopa
BUKOHAaHa 33 CXEMOI HECHMETPHUYHOTrO HaMiBMOCTY
(puc. 1) [5]. docmimkeHHsT TPOBEAEHO 3a MOCTIHHOI Yac-
TOTH OOEpTaHHs, MaIllMHA IOBHICTIO poO3MarHiueHa,
cTabimizalisi Hanpyru BUKOHYETHCS NUISIXOM 3MIHH ce-
penHbpOro 3Ha4yeHHs (asHoro CcTpymy (BIUIMBAalOYHM Ha
MaKCHMaJlbHE 3HA4YEHHs CTPYMY, IO HPOXOIHUThH 4epes3
TpaH3UCTOpH) IpU (DIKCOBAHUX KyTax KOMYTalii, mapa-
Metpu CK He3MiHHI.
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ne Uy — da3Ha Hampyra;

R¢ — omip dasu cTaTopa;

ip — cTpyM (asu craropa;

Y — TOTOKO3UeIUIeHHs (a3u craTopa;

L4 — iHOyKTHBHICTB a3y cTaTopa;

My — eneKTpOMAarHiTHHH MOMEHT, IO YTBOPEHO
omHiero (azoro;

M, — cyMapHUii eleKTpOMarHiTHUHA MOMEHT TeHepa-
TOpAa;

M — MoMeHT 0OepTaHHs IEPBUHHOTO JABUTYHA;

J — MOMeHT iHepuii arperary;

® —yacToTa 00epTaHHA POTOpa;

0 — KyT IOBOPOTY pPOTOpA.

JocnimkeHHs nepexigHoro npouecy 30ymxenHs BIT
Bin AbB mpoBoauThCcs 3a Xomocroro xoay. Ilporec 30yx-
KeHHs (puc. 2) IpOTiKae IUIaBHO (XapakTep 3MiHH HaNpy-
I'M Ha HAaBaHTAXXEHHI 1 CepeqHbOro 3Ha4YeHHs (a3HOro
CTpyMy BiJNOBifae mepeximHii (yHKUiT anepiogndyHOl
JIAaHKH JIPYTOT'O TOPSIZIKY).
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Puc. 2 — Ocuuiorpama nepexiHoOro nporecy 30ymKeHHs
BII" Big AB (Uas=12 B, Rx5=0,03 Om)

Cucrema kepyBaHHs 3a0e3reuye He3MIHHUI piBEHb
00MEXEHHS MaKCUMaJIbHOI'O 3HA4YeHHs (DasHOTO CTpyMy
(ctpym yepe3 Tpanzucropu). CtpubOok (asHoro crpymy
yepe3 mionu (puc. 3) B inTepBam 0,06...0,12 ¢, skuit npu
IIOMY CITIOCTEPIraeThCsl, 3HAXOMUTHCS B MEXaX JOIYCTHU-
moro. [lomiOHi  3miHM  cTrpymy  Oe3meuHi s
HAITIBIPOBITHUKOBHX eeMeHTIB BII, OCKIIBKH aMILTITY U
CTpHOKIB (ha3HOrO CTpyMy Ipu 30Yy/KEHHI reHeparopa
0e3 HaBaHTa)KCHHsI 3HAYHO HIDKYI 332 aMIUTITYyau (pa3HOro
CTPYMY HaBaHTa)KEHOT'O TeHEPaTOpa.
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Puc. 3 — OcuunorpamMa MUTTEBOIO 3HaYEHHS (Ha3HOTO CTPYMY
nipu 30ymxenHi BII Bin AB (Uxs=12 B, Rx5=0,03 Om)

[Iporiec 30yKEeHHS CIIOBUIBHEHUI Ha PaHHIA CTail
MOKU Hampyra pocte 1o nesHoro piBas (50...100 B), npu
JIOCSITHEHHI SIKOTO TIpoliec Ha0yBae npuckopenHs. Ha vac
MepexiIHOro  MpOlecy BIUIMBAE BEIMYMHA HAIPYTd
akymynaropHoi Oatapei UAB, 1i 3mina Big 5 B g0 100 B
3MeHIye yac 30ykenss BII' B qBa pasu (puc. 4).
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Puc.4 — 3anexHicTh TPUBAIOCTI Mporiecy 30yPKeHHs t Bif BEIH-
YUHU HAIIPyTru akyMynaTopHoi Oarapei Uyp

Jlns BU3Ha4YeHHsS Oe3MeYHHX PEeXHMIB POOOTH CHC-
TeMH 30y/DKEHHS Ta o0JacTed HamiiHOTO 30YIKEHHS
MIPOBENCHO JOCIIDKEeHHs mporeciB 30ymkenns BIIT Bix
Ab npu 3MiHi T BHYTPILIHEOTO OMOPY, EMHOCTI KOHJEH-
caropa, oropy oOMOTOK (ha3u Ta KyTiB KOMYTallii.

[lepeBaHTa)KeHHSI 1O CTPYMY HEIOLIBHE IS
akyMyJsITopHOI Oartapei. BayrpimHiii omip Ab maiixe He
BIUIMBAE Ha Yac MEPEeXiJHOro IMpoIecy Ta Ha XapakTep
3Minu BuxigHoi Hanpyru BIT. Tlpu Horo 3miHi B giana3oHi
0,02...1 Om (UAB=12 B) CTpHOOK CTpyMy
aKyMyJIATOpHOI OaTapei (puc. 5) B MOMEHT IIiJAKIIOYCHHS
3HMKYeThes Bim 570 mo 12 A (xapakrep 3anexHocti IAB
Bix RAB BiamoBinae rinepOoniyHii creneHeBiil GyHKIIIT).
Sk BuaHO 3 puc. 3, Qa3Hi CTpyMHU NpH IIbOMY HU3BKI (Ha
4...2 mopsaku HWKYI 3a cTpymMH AD), HaBaHTa)KEHHS
BiJICYTHE (30y/PKEHHSI reHepaTopa BiAOyBaeThCsS Ha XOJO-
CTOMY X0/[ii), TOOTO Maiike Bech cTpyM Ab criokuBaeThest
KOHJieHcaTopoM. 30UIbIIeHHsS BHYTpIilIHbOro omopy Ab
3HWKYE TIePEXiJiHI CTPYMH 3apsiy KOHJIEHCATOpa.

300

200

0

[y —
0 0,2 0,4 0,6 0,8 1 Rag, OM

Puc. 5 — 3anexHicTb cTpyMy akyMyasTOpHOI 6atapei /s
Biz 1 onopy Rap

OCKIIBKM ~ €Heprist  akyMmynsTopHoi  Oarapei
CHOXKUBAETBCS JIMIIE JUIS 3apsily KOHIEHCAaTopa, TO JUIs
MOYaTKOBOTO 30Y/KEHHS JIOLIIBHO BUKOPUCTOBYBaTH Ab
MaJIoi HOTY>KHOCTI.

Konmencarop B KoJi MOCTIHHOTO CTPYMY CTBOPIOE
yMOBH s 3a0e3ledeHHs MalliHH  PEaKTHBHOIO
MOTY)KHICTIO HEOOXIHOI Uil MiATPUMAaHHS 30YIKEHHS
IIPY BiICYTHOCTI 30BHIIIHIX JyKepes eHeprii. 3MeHIIeHHs
€MHOCTI 3HIKYE TPUBAIICTh MEPEXiAHOTO Tpolecy 30y.-

xenusa. [lpum 3mini emuocti Big 0,1 mo 10 Cyoy
(Cion=100 Mx®D) yac 30ymxeHHs 3pocrae Bix 0,02 1o 1,7 ¢
(3aJIeXHICTB JTiHIHHA).

Bapro 3a3HaunTH, 10 3MiHA EMHOCTI KOHIEHCATOPA
TAKOX [MO3HAYAETHCS HA )KOPCTKOCTI 30BHILIIHIX XapakTe-
puctHk (puc. 6): npu 3HaueHHsx eMHocTi 0,1...0,5 Cyop
BOHHM BUCXIJHI, & IPH EMHOCTSIX OUTBIIIE Ciyoy — ACIIO
TIOJIOT ).
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Puc. 6 — BB eMHOCTI KOH/IEHCATOpa Ha 30BHIIIHI XapaKTepH-
cruku BIT'
ITpuunnoro I ABUILEHHSA BUXIIHOL HaIpyru

(3MiHIOETBCS B mianaszoni 477...456 B anst xomocroro xo-
IIy) SIBIISIETHCS PO3MIMPEHHS 00JIaCTi SJICKTPOMEXaHIYHOTO
MIEpETBOPEHHS €Heprii MpH 3MEHIIEHHI €MHOCTI KOHEH-
caropa. OTHOYaCHO 3 UM 3MEHIIEHHS €MHOCTI NPHU3BO-
JIITH JI0 3pOCTaHHS MYJIbCALlill BUX1THOT HAIIPYTH.

3MiHa 30BHILIHIX XapaKTEPUCTUK B IIbOMY BHNAJAKY
HE SIBIISIETBCS CYTTEBHM HEJONIKOM, TaK SK YCITIIHO
ycyBaeTbess 3a  gomomororo  CK  muiaxom — 3MiHM
pEeTyIIOBaIbHOI XapaKTepUCTUKU. Takox 3a HeoOXiTHOCTI
MIPUCKOPEHHS MPOIiecy 30YIHKEHHS MOXKIMBO peajli3yBaTH
cXeMy 31 CTYNiHYacTo KOMYTOBaHHUMH KOHJIEHCATOPaMH.

[pu mocnimkeHHi BIDIMBY onopy oOMoTku (aszu BIT'
Ha Tporec 30yMKEHHS BCTAHOBJIEHO, IO HOro 3MiHa
Maibke He BIUIMBA€ Ha TPUBAJIICTH MEPEXiJHOTO MPOIIECY.
36inbimenHs omopy ¢asu B aiamazoni (0,1...10) rgmom
npu3BoguTh 10 3MeHmenHs EPC reneparopa, i, sk
HACJIJIOK, /10 3HIDKEHHS HANpyrd XOJOCTOTO XOAy [0
piBHA Onu3bko 95% Bil HOMIHAJIBHOTO 3HAYCHHS
(3aJIeXHICTB JTiHIHHA).

30inblIeHHsT ONMOpY OOMOTKH IMPHU3BOIUTH IO 3pO-
CTaHHs BTPaT B MiJli, 1[0 CTAE€ MIPUYNHOIO 3MIHU BHUIIISAY
30BHIMIHIX XapaktepucTuk BII' (BoHM craroTh OuIbII TO-
JIOTUMH), MaKCHUMaJlbHa IOTY)XHICTh TIeHepaTropa NpHu
LLOMY 3HHXKYETBCSL.

JocnmimKkeHHsT BIUIMBY KyTiB KOMyTalii Ha Tpolec
30yKEHHS POBOIMINCH TPH 30€pPEeKEHH] IUPHHU 30HH
komyrtaii (0xk=30°). [Ipu 3cyBi 30HM KOMYyTaIil BiTHOCHO
KyTa BMUKaHHA BiJ 76 1m0 90 rpamyciB yac mepexigHOoro
npotecy 30ymkeHHs 3MeHmyerses Binm 0,36 mo 0,16 c.
Jnst kyTiB MeHIHUX HOMIHATBHUX (05,=85°, 0,,=115°)
30BHIIIHI XapaKTePUCTUKHU (pUC. 7) BUCXiJHI, TOTYXHICTh
re’eparopa npu kyrax 76...79° 3HauHO 3HIWKYeThCA. J{mst
KYTiB OUIBIIMX HOMIHAJIBHUX 30BHIIIHI XapaKTEPUCTHKU
CHajHi, HOTYXHICTh TeHepaTropa 3HWXKYETbci. B 00ox
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BUIMAJIKaX 3HAYCHHS HAMPYr XOJNOCTOrO XOAY MaiiKe
uesminni (1,5 %).
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Puc. 7 — BruuB KyTiB KOMyTallii Ha 30BHIIIHI XapaKTEPUCTHKH
BII'

Tako BapTO 3a3HAYMTH L0 3HAYHE 3MEHIIICHHS
KYTiB KOMYTallii MPU3BOJUTH 10 301JIBIIECHHS! MArHITHOTO
moToky 4epes 1o reiepoBana EPC 3poctae. OnHouacHo 3
UM 3pOCTAIOTh BTPATH T'€HEPATOPa, IO CIIPUYUHIOE PICT
TIOPOrOBOr0 3HAUYEHHS HATIPYT JUIsl TOYaTKOBOTO 30y~
»KeHHs (U1 KyTiB Aiana3ony 78°...75° nanpyra Ab nmoc-
TaTHS [T 30y/DKEHHS MaliuHU 3pocTae Bin 13 1o 19 B).

BucnoBku. 3a Hu3bkux 3HaueHbp EPC 3anumikoBoro
MIOTOKY, AJ1s 3a0e3nedeHHs HaiitHoro 30ymkenns BIT,
BapTO peai3yBaTH CUCTEMY 30y/DKESHHS 3 i IKIOYCHHIM
aKyMYJISITOpHOI OaTapei Majiol OTyXHOCTI.

3MeHIIeHHsS eMHOCTI AB Ta BinoBigHO 11 rabapuTiB
OJTHOYACHO 31 30epeKeHHsIM HaAiiHOCTI 30ymkeHHs BIT
MOXITUBO JIOCSITTH BUKOPHCTOBYIOUH Ab 31 30UTbIIEHUM
BHYTpIIIHIM oropoM. B nibomMy BuUNajky cTpymu O6arapei
OyIyTh MEHIIIMMHU, [0 3HAYHO MOJETIIHTS 11 podoTy Ta
TIOZIOBXXUTH TEPMiH NPUIATHOCTI.

3HWKEHHS Yacy MepexiJHOro npolecy 30yHKeHHs
MOXITUBO JIOCSITTH MPU BUKOPUCTaHHI KOHAEHCATOPa
MEHIIIOT €EMHOCTI, O/IHAK MPH I[bOMY 3POCTaI0Th ITyJIbCaLli]
BuxifgHoi Hanpyru ta crpymy BII'. Kytu xomyramii ta
(ha3Huii onip reHepaTopa MPaKTUYHO HE BIUTUBAIOTH Ha
TpUBaNiCTh pouecy 30ymkeHHs BIT.

Bapro Big3HauuTH, 1110 3MiHa OyIb-IKHX MTApaMETPiB
BII" B Ti#i uu iHIIiH Mipi BIUTUBa€E Ha HOro 30BHIIIHI Xa-
pakrepuctuku. OfHaK IX BIUIMB MOXe OyTH KOMIIEHCOBa-
HUH 32 JIOIIOMOT' 00 CUCTEMH KEpYBaHHS.
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