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I'MBKASI YETBEPTBbBOJIHOBASL
YHPABJSAEMAS QJIEKTPOIIEPEJAYA

3acJ. gesiTesib HayKu U TexH. PB, 1okT. TexH. Hayk, npo¢. IIOCITIEJIOBTI'. E.

benopycckuii nayuonanshulil mexnuyeckuil yHugepcumen

UeteprhBomHoBas BJIDII — Bo3aymiHas JIMHUAS DJIEKTPOIIEpEeIad MepeMeH-
Horo Toka mpu yacrore f = 50 ' cooTBercTByeT npotsbkeHHOCTH 1500 KM 1
BostHOBOM mnHe A = 90°. DToM 3j1eKTponepenadye yaeusaoch BHUIMaHUE B Iie-
puOIUYecKol W y4eOHON JUTepaType,  OTMEYaIlCh OCOOEHHOCTH, MPETATCT-
BYIOIIIME €€ HCIIOJNB30BAHUIO I Tepemaun siekTposneprun [1-6]. Opmako
no3ke OBUIO TMOKa3aHo [7], YTO YETBEPTHBOJIHOBAs DJIEKTpOIepeaada MOXKET
OBITH UCTIONIL30BAHA JIJISI IEPEAaYH DIIEKTPOIHEPTHH.

B nanHO# cratbe paccMaTpHBalOTCSI BO3MOXKHOCTH TIOBBIIICHHUS YIIPaB-
JISIEMOCTH YETBEPTHBOIHOBOM 3JIEKTPOIEpEIauy 3a CUST IPUMEHEHUS YCTPOUCTB
CHJIOBOW TpeoOpazoBaTeNIbHOM TEXHHKH — MpeoOpaszoBaTeNiell HampsHKeHHS
(ITH).

OO6paTtuMcst Ipesxie BCET0 K OCHOBHBIM CBOIICTBaM YETBEPTHBOIHOBON AIIEK-
Tporepenaun 6e3 Kakux-I1u00 BCIIOMOTaTeNbHBIX YCTPOHCTB (puc. 1).
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Puc. 1. Cxema nepenayu

YPaBHeHI/ISI CHUCTCMBI IEpcaavn 0e3 NOTEPh 3aANUIITYTCH:

U, =U,cosh, + jl,z,sin}; 1)
U, :
I, =1,cosA+ Jz—cosk, 2
£b
E= 91 - jxrll' (3)

WITU TIOCJIE TIOJICTaHOBKY BhipaxkeHuii (1) u (2) B BeipakeHue (3)

Ezuz(cosk—ﬁsin X}L j1,(x, cosA +z,sin ). 4)
z

B

OTKyIna BHIHO, YTO SKBHUBAJICHTHOE CONPOTHBICHUE CHCTEMBI IEpeaayn
(puc. 1) 6ymer
X, =X, COSA+ z,SiNA, (5)

COOTBETCTBCHHO II€pcaaBacMast MOIIIHOCTDb

o_ EU,

= —sineo, (6)
X.COSA +z SINA

rae ® — yron mexnay Hanpspkeruem U, u 3J1C rerepaTopos.
Jnst ueTBepTHBOIHOBOM nuaum: A = 90°; Sink = 1; cosA = 0, u ypaBHEeHUS
(1)—(6) 6ynyT umeTth BUL:

U,=jl,z,; (7)

.U
1, =j=% (8)

Z,
E=U,2+l,2,=U,-U, = jl,,-U,, ©)

X
IIPUHATO L= 1, YTO COOTBCTCTBYCT CHUHXPOHHOMY COIIPOTHBJICHUIO T'CHEPATOPOB,
z
b

X, =X, (10)

sin @. (11)

W3 3TUX NPOCTBIX COOTHOLIECHUN CIEAYIOT BaXKHbIE CBOWCTBA YETBEPTHBOJI-
HOBOU 3iekTponepenayn. M3 Beipaxenwii (7) u (8) BUAHO, YTO HANpsDKEHHE
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B Havase JUHUW HE 3aBHCUT OT HAMPSDKEHHS B KOHIE M MPSIMO MPOTMOPIHOHAIh-
HO TOKY KoHIa l,, a Hanipsbkenue U,, B CBOIO odepellb, HE 3aBUCHT OT HaMpsKe-
Hus Uj; mHampspkenne U; omepexaer Ha 90° Tok l,. Tox B Havane muHum |; He
3aBHCHUT OT TOKa KOHIA lp, TPSMO NpOHOPIMOHAICH HampsbkeHuto kouia U,
u onepexaer ero Ha 90°. Ilpu sToM cormacHo [7] ko3(h(UIUEHT MOIIHOCTH
Cosp; = 1. DTo monoxkeHue cornacyercs ¢ [8], rae mokazaHo, 4TO MO TEXHHUKO-
HSKOHOMHYECKHM YCIIOBHSAM MPOTSDKEHHBIX 3JIEKTpOIepenad OH JIOJDKEH OBITh
paBeH wiu Onn3ok exunuue. B coorserctBun c (9) 3/1C renepaTopoB mpen-
CTaBJICHA BBIPAXKEHUEM

E =U,(-1+ j) =~/2U,2£90° + 54°, (9"
Hcnons3ys, cormacHo 3TOMYy BbIpakeHUI0O MoAysp U yron DJIC, BMecTo
¢dhopmyiel MomHOCTH (11) momyuum

2 2
= @5“’11350 = U_2 =
Zy Zy

P P

- (119
rae P, — HaTypajibHas MOITHOCTb.

Taxum 00pa3oM YeTBEpTHBOIHOBAS dJIEKTpoIepeaada OyaeT padoTaTs B Ha-
TypajbHOM pexkume. Ha puc. 2 mpezicraBieHa BEeKTOpHas AuarpaMma Harpsbke-
HUI ¥ TOKOB CHCTEMBI Iepeauu, paboTarouiell Ha 4YeTBEPTHBOIHOBYIO JIMHHIO
anekTpornepenayn. M3 BeIpakeHUs Takke CIEAyeT, YTO MapaMeTphl KOHEUHBIX
YCTPOMCTB HE OKAa3bIBAIOT BJIMSHUS Ha MPOITYCKHYIO CIOCOOHOCTH CUCTEMEI I1e-
penaun. 1Ipu 3TOM reHepaTopsl yYHUTHIBAIMCH CUHXPOHHBIM COIPOTHBIICHUEM.
AHaANOTUYHBIA pe3yabTaT MOJIYYHUM TPU IPYTHX 3HAYCHHUSX COTPOTHBICHHH
KOHEYHBIX yCTpOWCTB. J[si mpumepa mprMeM 3KBUBAJICHTHOE COTIPOTHUBIICHHE
KOHEYHBIX YCTpOHCTB X; = 0,42, 4TO COOTBETCTBYET 3HAUEHHUIO INEPEXOHOTO
CONPOTHUBJICHUS TeHEepaTopoB. it aTOr0 3Ha4YeHUS X 0 popmyre (9) Haifimem
OJIC:

E=042, + jl,z,=-0,42U, + jU,,
WA
E=U,(-0,42+ j)=1084U,/112,8°.

-U, Es 0420,
Eq N § A
U
I, A
YU;
45° /
22,8° 90°

Puc. 2. BextopHas auarpaMma HarpspKeHUH U TOKOB CUCTEMBI IepeiadH,
paboTarolei Ha yeTBepThBOIHOBYIO JIDIT
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Ha puc. 2 u300paxeHpl BeKTOpHI HampspkeHUH, TokoB U DJC mis maHHOTO
clryuasl.
B cooTBeTcTBHM ¢ 3TUM 3HaUEHHEM NepeaBaeMasi MOIHOCTb!

P= EU, sSin® = EU, sin112,8°,
Z, Z,
nim
2 2
p_Lt08; gpp_Y2
Z, Z,

[lonTBepsxnaercs BHIBOJ O HE3aBUCUMOCTH IEpeJaBaeMON MOIIIHOCTH OT Ta-
paMeTpOB KOHEYHBIX yCTPOUCTB.

Bcnencrue HezaBucuMOCTH TOKa |, OT Toka |y M3MEHATH BeMMUMHY nepeaa-
BaeMOW MOIIHOCTA MOXXHO TOJBKO IIyTeM peTyJIupoBaHus HampspkeHus U
B Hayalie JIMHUU. PaHee Takoe peryiupoBaHue Mpeagaraaoch [2] ocyleCcTBIsITh
MyTeM IMOCIIEA0BATEIFHOTO COEANHEHUSI BTOPHUYHBIX OOMOTOK MOBBIIIAFOIINX
TpaHc(POpPMATOPOB W PETYINPOBAHUS HANPSDKEHUS WX MNEPBUYHBIX OOMOTOK.
B coBpeMeHHBIX YCIOBHSAX MOYKHO BOCIIOJIB30BaThCSl HOBBIMH YCTpPOWCTBaMH,
o0ecrevrBaoIMMU BO3MOKHOCTh aKTHBHOTO YIPABICHHS PEXUMaMH PaOOTHI
JIIEKTpONepenadd. DTH yCTPOHCTBa OCHOBAaHBI HA NMPUMEHEHHH IpeoOpa3oBa-
TENbHOW TEXHHUKH, HCIONB3YIOTCS Uil CO3JaHHMsl THOKHMX 3JeKTpolepenady
(I'DI0); B wactHOcTH 3T0 CTATKOH, cxembl u mpuHOUIE paboThl KOTOPOTO
nonpo6Ho omucansl B [9, 10 u ap.]. CTATKOH - cratndecknii KOHAEHCATOp —
HOBOE TIOKOJICHHE CTaTHYECKUX YMPABISIEMBIX WCTOYHHKOB PEAKTUBHOW MOII-
Hoctu (UPM); sBsroTcs Oe3bIHEPIIMOHHBIMA MCTOYHHUKAMHU PEaKTHBHOM MOII-
HOCTH 0Jarojapsi aBTOHOMHOMY HHBEPTOPY HAIPSHKCHHUSI HA 3alTUPAEMbIX THPHU-
CTOpax, LIYHTUPOBAaHHBIX BcTpeuHo BkiItoyeHHbIMH juonamu. CTATKOH
npeAcTaBisieT co00ii MHBEPTOPHBIN MOCT, BKIIOUEHHBIN yepe3 TpaHCPOopMaTop
NapajuIedbHO WM MocienosarenbHo K muHaM JIDII. B Hamem ciydae npeamno-
naraerca npuMmeHeHue mnociegoatearHoro CTATKOHA. Cxema BKIIHOUYEHUS
CTATKOHA B 4eTBepThBOJHOBYIO JUHUIO [TOKa3aHa HA pUc. 3a, TI€ OH IO CBO-
eil gu3mdeckoi cymHOCTH npenctaBiser CcTOYHUK OJC mepeMeHHOTro TOKa,
MO3BOJISIIONINH peryiupoBarh HanpspkeHne U; B Hawane JIOII. PerymupoBanue
HanpspkeHus: U 1aeT BO3MOKHOCTB PeryJIMpOBaTh HAarpy3Ky 4e€TBEPTHBOITHOBOM
JIDIL. Ilpu 3TOM, Kak BUIHO U3 BBIPAXKECHUS (11*), nepenaBaeMoi MOITHOCTHU
MapaMeTpbl KOHEUHBIX YCTPONCTB HE OKA3BbIBAIOT BIUSHUS Ha IPOITYCKHYIO CIIO-
CcOOHOCTH CUCTEMEI TepeIadm.

CTATKOH, Bxmrouennsiii B Hagase JIDII kak mociaemoBaTeIbHBIN peryiisi-
Top MomHoCcTH ([IPM), MOXKeT M3MEHATh €¢ HaTypalbHyI0 MOIIHOCTh, B YacT-
HOCTH yBEJIMYMBaTh. BIUSHUS Ha COOTHOIIEHUS HANpSKEHUH U TOKOB HE OKa-
KET, a TaKKe He MOBJIMIET Ha YACIbHYIO MPOIMYCKHYIO CIIOCOOHOCTH CHCTEMBI
nepeaayn (MOIIHOCTE B JOJISIX HATYpalbHOM).

MosxHO TOKa3aTh, YTO B CIIy4asx yd4eTa CONPOTHBIIEHHI KOHEYHBIX YCT-
POICTB cUCTEMBI IIEpeaYl UMEIOTCA NPOTSHKEHHOCTU JIMHUM, IPU KOTOPBIX IS
CUCTEMBI IIEpEIayy B LEJIOM MOTYUYaETCsl PEKUM YETBEPTH BOJHBI CO BCEMU €0
cBoiicTBamMu. JlmTMHA JMHWHM, TPU KOTOPOHW cHCTEMa Tepemadu OyIoeT HMeTh
CBOICTBa PEKMUMa YETBEPTH BOJHBI, OMIPEACIUTCS YPAaBHEHHEM
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cos) — sina = 0. (12)
Zy

a

X

IMH

/ U,

/ 900

——————————
a

S

I, U

N

Puc. 3. a— cxema cucteMsl iepeaayn; 6 — BEKTOpHAs AUarpaMmma
YeTBEPTHBOJIHOBOH CHCTEMBI IIEpeayun

U Torna 3/1C cucremsl iepenadn Oyaet

E= jlzzb[%coswrsinxj. (13)
b

[IpoBenem YMCICHHBIN aHATN3 PeKUMa B OTHOCUTEIIBHBIX CIUHUIIAX Ha 0a3e
mHarypanbroit mMomuoctd (U, — 1; z, = 1) mpu ydere TeHepaTOpPOB CHadaja
CHUHXPOHHBIM COIMPOTHBICHUEM, a 3aTeM — IMEpPEeXOJHBbIM. B mepBoMm ciydae
CyMMapHOE€ SKBHBAJIECHTHOE CONPOTHUBIECHUE T'CHEPATOPOB M TPaHCHOPMATOPOB
B OTHOCHUTEIHHBIX SAMHUIIAX MPUMeEM X = 1, a Bo BTopoM — x; = 0,42.

Jlnis1 mepBOTo 3HAYCHUS TIONYYUM JUTHHY JIMHUH, YIOBIETBOPSIOINIyo (12):

_ L _45°
| =

= =750 km
a 0,06

M COOTBETCTBEHHO 110 ypaBHeHusM (13), (1), (2):

E=iWZ U=+ s
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E=v2=14% U,=U,=1 11:€+jg:14450' (14)

Ha puc. 36 noka3ana (CIUIONIHBIMY JIMHUSIMHU) COOTBETCTBYIOIIAs BEKTOPHAS
auarpaMma HaHpH)KeHI/Iﬁ " TOKOB CUCTEMBEI IICPEaAYN.
IlepenaBaeMasi MOIIIHOCTD

S=U[l,=1/-45°1/45°=1 p=1, (15)

cUcTeMa nepeiaud paboTaeT B HATYPAIbHOM PEXKHUME.
AHAJIOTUYHO TIOJTYYUM JIJIs BTOPOTo 3HaueHus x, = 0,42:

arctg2,38 67,2
a 0,06

=1120 &M; (16)

l, =

=jL084; U,=1/678° |,=1/67,8°
1084 U,=U,=L l=1,=1 (17)
s=U;l,=1/-67,8°1/67,8°=1 p=1. (18)
Ha puc. 30 nmoctpoeHa (MyHKTHPOM) BEKTOpHAs AMArpaMma HampsOKCHHN H
TOKOB cUcTeMbl nepeadn. Cucrema mepeau paboTaeT B HATYPAIBHOM PEXH-
Me. M3 Moy4YeHHBIX COOTHOIICHHH BHHO, YTO IMepeiaBaeMasi MOLIHOCTh He

3aBUCUT OT yriia 0. YTOYHUM, KaKk B ITHUX CIIy4dasX PEryJHpyeTcs Harpyska.
ITycTh B OTHOCHTEJBHBIX €ANHHIIAX MOIIHOCTh M TOK p = | =y, Torma x, = 1. ITo-

TY9HM: (\/_ \/_j - ”

R

U, = > 72—(1+ ) (20)
. V2 2 2
'1—Y7 T— > @+ J). (21)

W3 seipaxkennii (16)—(18) BuaHO, uTo Harpyska 3aBucut ot DJIC reHepaTo-
POB BIIEKTPOCTAHIMK E, HanpspkeHus B Hadase JUHUA U; ¥ TOKa B Hadaie .
Takum 00pa3oM, 3a CHET STUX BEIIMYUH MOXKHO PETYIUPOBATh HATPY3Ky CHCTE-
MBI IIepeIadn.

Jiist X, =0,42 aHAIOTHYHO HOTYYHM:

E' = jy-(0,42-0,386+0,922) = jy-1,084; (22)

U, =0,386+ jy-0,022; (23)
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i, = 0,386y + j-0,922, (24)

BBIBOJI TAKOM k€, Kak B MpebLAYyIeM ciaydae (x. = 1).

Wsmenenus Hanpsokenust U; mis perymupoBaHus Harpy3Kd MOXKHO OCYyIIe-
ctBiATh nocpeacteoM CTATKOMa nocnenoBatensHoro Tuma (IIPM). Cuctema
repeaady CTAaHOBUTCS YIIPaBIIseMOi, paboTaromeil Ha JIMHUAIO epeIadH.

Pexxum HampspKeHUM, Kak clielyeT U3 NMPUBEACHHBIX COOTHOIIEHUH U BEK-
TOPHBIX JHarpaMM, OTAaceHW! He BBI3BIBaeT. lIpM XOJIOCTOM XOlIe CUCTEMBI
anextponepenaun (I, = 0; u Uy = 0) HanpsokeHne B KOHIIE JTMHAK COXPAHUT CBOE

.U
suauenue U,, Tak B Havase quHuH, cormacHo dpopmyrne (8) |, = j—2. DJIC re-
Z

b
HEpaTopoOB ynajueHHoM 3nekTpoctannuu £ = —U,. CooTBETCTBYIOIIas BEKTOPHAS
IuarpaMMa uzo0pakeHa Ha puc. 4.

/2

I

Puc. 4. BextopHas quarpaMma XoJIOCTOTO X0J1a CHCTEMBI IIEpejauu

BbIB O I bl

1. UeTBepThBOJIHOBAS JIICKTpOIEpenada MOXKET OBITh HCIOJIh30BaHA IS
TPAHCIIOPTA JICKTPOIHEPTHH.

2. Bxirouenue B Hauasne yeTBepThBONHOBOM JIDII CTATKOMa nocnenosa-
TETHLHOTO THIIA JIEJAeT €€ THOKOW, a CUCTEMY Mepeaadn — YIpaBIsIeMOM.

3. Ilpu paboTe BPIEKTPOCTAHIIMH HAa YeTBepTHBOIHOBYIO JIDII mapamerps
KOHEYHBIX YCTPOMCTB HE OKa3bIBAIOT BIMSHUS Ha TPOIYCKHYIO CIOCOOHOCTH
CHUCTEMBI ITepeaadn.

JUTEPATVYPA

1.XK nanos [I. C. IlepcnekTHBBI Iepeaadn SJIEKTPOIHEPTUH TEPEMEHHBIM TOKOM Ha
6ounbinme paccrosiaust / I1. C. XKaanos // Dnextpudectso. — 1946. — Ne 4. — C. 7-13.

2. K manos, Il C. YcroitunBocts smekrpudeckux cucrem / [1. C. Xmanos. — M.; JI.: 'O,
1948. - 199 c.

3.Benukos, B. A. DiekrpoMexaHHUeCKUE NEPEXOAHBIE IPOLIECCHI B ANEKTPHYECKUX CUC-
Temax / B. A. Beankos. — M.; JI.: DU, 1958. — 488 c.

4. lansHue nepegaun nepementoro toka/ U. C. Bpyxk [u gp.]. - M.: AH CCCP, 1958. -
259 c.

S5.locmenos, . E. Dnexrpuueckue cucteMsl U cetu: npoektuposanue / I'. E. [Tocnenos,
B. T. ®eaun. — Munck: Bemmiimr. mik., 1988. — 308 c.

6. IIpuMepBHl aHaNM3a U pacyeTOB PEKMMOB DIIEKTpOIIEpeiad, UMEIOIUX aBTOMAaTHIECKOe
perynupoBaHue U ynpasieHue / nox pex. B. A. Bernnkosa. — M.: Beicmr. mik., 1967. — 296 c.

29



7.ITocumemnos, ' E. HoBbIif B3rIsA Ha BO3MOXKHOCTH 3JIEKTPOIIEPEAaYy IEPEMEHHOTO TO-
ka B pexxume dyerBepTH BonHbI / [ E. Tlocmenos // DHepretuka... (U3B. BbicmI. yueO. 3aBeqeHUI
n sHepr. ooveunennit CHI'). — 1996. — Ne 5-6. — C. 3-8.

8.[locnmenos, . E. DaeMEeHTH TEXHUKO-DKOHOMHUYECKUX PACUETOB CUCTEM JJICKTpOIepe-
nau /T, E. Ilocnienos. — Munck: Beimiim. mk., 1967. — 312 c.

9. UBaxun B. H IlepcnexTuBsl NpUMEHEHHsT CHIIOBOH NMpeoOpa3oBaTeIbHON TEXHUKH B
anektposnepreruke / B. H. Bakun, B. /1. Koanes // Onekrpudectro. — 2001. — Ne 9. — C. 30-37.

10.Tocnenosa T.I. [Norenumansuele obnactu ucnonb3oBanus FACTS u ACM B be-
nopycckoii sneprocucreme / T. I'. TTocnienosa // Dueprus u Menemxment. — 2006. — Ne 4 (31). —
C. 37-43.

[Ipencrasnena kapenpoit
ANEKTPUIECKUX CHCTEM Iocrymuna 14.04.2008

YK 621.385.6

SHEPTETUYECKHUE COOTHOLIEHUA
B OJHOKOHTYPHOM PE3OHAHCHOM I'EHEPATOPE

Kamnpa. Texn. nayk, nou. MOPO3 B. K., kana. ¢pus.-mart. Hayk, gou. [IOJIMIIYK A. A.,
unzkeHepsl MUXAJIBHEBUY I. A., CAIYKEBHY E. M.

Benopycckuii 2ocyoapcmeennulii mexnonio2uuecKkull yHueepcumen,
bBenopyccruil HAYUOHANLHBLI MEXHUYECKULL YHUBEpCUmMen

B 0IHOKOHTYpHOM r'eéHepaTope C OTpaXkaTeJIbHbBIM IIOJIEM OJUH U TOT XK€ pe-
30HATOp SBJSICTCS W TPYMITUPOBATENIEM W yhaBiuBaTenaeM (puc. 1). DiekTpoH-
HBI TMOTOK, CO3/IaBaeMbId KaToJoM 1, GOKyCHpPYyeTCs U YIPaBISICTCS HaMpsKe-
HreM U, Ha ympaBisromei cetke 2. YCKOpSIoIIee Mojie CO3AaeTCs CETKaMu 3,
MMEIOIIUMH MOJOKUTENbHBIA moTeHuan. [Ipu BkiIroueHHH reHepartopa B pe-
30HATOPE BO3HUKAIOT CBOOOJHBIC KOJICOAHUS, HA CETKaxX 3 MOSBISETCS Iepe-
MEHHOE HAaNpsyKEHUe, MOJ AEUCTBHEM KOTOPOIO AJIEKTPOHBI [PYMIHUPYHOTCS
no ckopoctu. Ha otpaxkarens 4 nogaercs HampsikeHue U, OTpUIIaTENbHOE
[0 OTHOIICHUIO K KaTOMy, MIOTOMY JJIEKTPOHHBIM IMOTOK IMOMAAaeT B TOPMO3S-
IIee moJie OTpaXKaTelsl M BO3BPAIIaeTCss 00paTHO K PE30HATOPY.

Hanpspkenue Ha oTpakaTelle MOKHO TOJ00paTh TakK, YTOOBI TPYIIIBI AJIEK-
TPOHOB BO3BpaIIaIUCh K PE30HATOPY B TOT MOMEHT, Korjaa Ha cetke C; oTpuiia-
TEJTBHBIN MOTEHIHAI, a Ha ceTke C; — MOJIOKUTENbHBIA. J[BHKeHne 2JIEeKTPOHOB
TOPMO3UTCS, U OHU OTJAIOT YaCTh CBOEH HEPIUH PE30HATOPY. ITO MOBTOPSIETCS
MIEPUOINIECKHY, U B PE30HATOPE BOZHUKAIOT HE3aTyXaloIre KoneOaHus BBICOKOM
YacTOTHI.

UYacrora koneOaHuil 3aBUCUT OT Pa3MEPOB PE30HATOPA M HAMIPSDKESHUS Ha OT-
paxareine. [Ipy moMomu KOaKCHATBHOTO BUTKA, BBEJCHHOTO B PE30HATOP, MOXK-
HO TIepeliaTh SHEPTUI0 KoueOaHui B HArpy3Ky. Takue reHepaTopbl MIMPOKO HC-
MOJIB3YIOTCSl B CXEMax PaJUOJIOKAIMOHHBIX CTaHIMi. C yd4eToM H3JI0KEHHOTO
BBIIIIC TIPEACTABIIICT WHTEPEC HCCIICNOBAaTh BIMSHUE 3a30pa pe3oHaTopa Ha
SHEPreTUYEeCKUe COOTHOIIECHNS B OAHOKOHTYPHOM I'€HEpaTope.
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