IIpakTnueckoe 3ansitue 8-9
Bb100p 1 000cHOBaHME 3JIeMEHTOB JJISI MCTOYHUKA MUTAHUS

Heas pabdoThl: HAyYUTbCS OOOCHOBAaHHO BBIOMpAaTh dSJIEMEHTHI JJs  cTabmim3aropa
HaINpsKEHUs1 UICTOYHUKA IIUTAHUS C YYETOM pa3IMuHbIX (PAKTOPOB U YCIOBUH.

1. KpaTkne TeopeTnyecKkue cBeaeHUs

Cpenu MHOXECTBA 4acTed W/WJIM JIEMEHTOB TPAaHC(POPMATOPHOIO MCTOYHHKA MHUTAHUS €CTh
y3ell, KOTOpbIM HasplBaeTcs crabunuzatop HamnpspkeHus. Crabuiaus3atop HalpsDKEHUs —
ANEKTPUUECKOe (JIIEKTPOHHOE) YCTPOMCTBO, HMEIOIIEE BXOJ M BBIXOJ [0 HANPSKEHUIO,
NpeJHAa3HAYCHHOEe I IOAJCpXKAHUSA BBIXOAHOTO HANpsHKEHHWs B Yy3KUX IpeAenax, Ipu
CYIIECTBEHHOM HM3MEHEHHWH BXOJHOTO HANPSOHKCHUS W BBIXOJHOTO TOKA Harpy3kd. B mcToyHmMKax
NUTAHUS MPUMEHSIOT CTa0WIIN3aTOPbl MOCTOSHHOIO ToKa. OHM MOJpa3JeNsAlOTCsS Ha JIMHEHHbIE U
UMITYJIbCHBIE CTa0MIIN3aTOPBI

Juneinviii cmadbunuzamop npeacTapisier coOoi ennTeNb HaNpsHKeHUs, Ha BXOJ KOTOPOTO
nogaéres BXoqHOE (HecTaOMIbHOE) HAIPsDKEHHUE, a BBIXOAHOE (CTaOMIM3MPOBAHHOE) HANPSIKEHUE
CHMMaeTCsl C HIKHero Iuieya jgenutens. CraOuiau3anus OCYIIECTBIAETCS IMYyTEM H3MEHEHUs
COIIPOTHBIICHUS] OAHOTO W3 IIJIeY JEIHTENS: CONPOTUBICHUE MOCTOSHHO TOAJEPKUBACTCS TAKHM,
4yTOOBl HANpsHKEHHE Ha BBIXOJE CTAaOMIM3aTOpa HAXOJWJIOCh B YCTAHOBJIEHHBIX Ipenenax. llpu
OOJIBIIIOM OTHOIICHWH BEJMYMH BXOJHOTO/BBIXOJHOTO HANPSHKCHUN JIMHEHHBI CcTaOmimm3aTtop
umeer Hu3kuil KIIJl, Tak kak Oonblias 4acTh MOIIHOCTH pacceMBaeTcsi B BHJE TeIUla Ha
perynupyomeM 3ieMeHnTe. [1lo3ToMy perynupylommidi 3JIeMEeHT JO0JDKEH HMETh BO3MOXHOCTb
pacceuBaTh J1OCTaTOYHYIO MOIIHOCTb, TO €CTh JOJDKEH OBbITh YCTAHOBJIEH Ha PajHaTop HY>KHOU
wiomaan. [lpenmymnecTBo NTUHEHHOro cradbWim3aTropa — TPOCTOTA, OTCYTCTBHE IOMEX H
HEeOO0JIBIIOE KOJIMUYECTBO MCIIOJIb3YEMbIX JeTaleH.

B 3aBHCHUMOCTH OT pacIoJIOKEHHs AJIEeMEHTa C M3MEHSEMBIM COIMPOTHBIICHHEM JIMHEHHBIE
CTaOMIIN3aTOPBI AENATCS Ha JIBa THUIIA:

1) nocnenoBaTenbHBIN: PETYIUPYIOLIUI 3JIEMEHT BKIIOUYEH MOCIIEI0BATEIBHO C HATPY3KOM.

2) napasienbHbIi: PeryIUpYIOLUIUHA 2JIEMEHT BKIIIOUYEH MapajlyieIbHO HarpysKe.

B 3aBucumoctu ot cnoco6a cTabuIn3anuu:

1) mapamerpuueckuil: B TakoM cTaOmiM3aTrope ucmoib3dyercs ydactok BAX mpubopa,
UMEOIINH OOJIBIIYIO KPYTH3HY.

2) KOMIIGHCALlMOHHBIM: UMeeT OOpaTHYI CBs3b. B HEM HampshkeHHe Ha BBIXOJE
cTa0Win3aropa CpaBHUBACTCS C OJTAJIOHHBIM, M3 PA3HHUIBI MEXIy HHMH (OPMHUPYETCS
YIPaBJISAIONUIUI CUTHAMT [UI PETYIMPYIOLIETo IeMEHTa.

IMapajuienbHbIii MapaMeTpUyYecKUil CTaOMIN3AaTOP MOXKET ObITh COOpaH Ha CTAOMIUTPOHE
(pucyHok 1).
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CTaOMIIN3aTOp HA CTAOMIINTPOHE

[Ipumensiercs s CcTaOMIM3alMM HANpsDKEHHUsS B CIA0OTOYHBIX CXeMaxX, TakK Kak JJis
HOpPMaJIbHOH pabOThl CXeMbl TOK Yepe3 crabuaurpon D1 momken B Heckoinbko pa3 (3-10)
NPEeBBIIIATh TOK B cTabmimm3upyemoii Harpyske RL1. Yacto Takas cxema TUHEHHOTo cTabuiIn3aTopa
IPUMEHSETCS KaK UCTOYHUK ONOPHOrO HampshKeHUs B 0oJiee CIOXKHBIX CXeMaX CTaOMIIN3aTOPOB.
Jis CHIKEHHMS HECTaOMJIBHOCTH BBIXOJHOTO HANPSIKCHUS, BBI3BAHHOM W3MEHEHHSIMU BXOIHOTO
HaINpsDKEHUs, BMECTO OTPaHUYMTEIBHOTO pe3rcropa RV npumensercs ucrounuk toka. OnHako 3ta
Mepa HE YMEHbBIIAET HECTaOWIBHOCTh BBIXOJAHOTO HANPSIKCHHS, BBI3BAHHYIO HW3MEHEHHEM
COIIPOTHUBIIEHUS HArPy3KH.

IHocienoBarenbHblii  cTAOMIM3ATOP Ha OWIOISIPHOM TPAH3UCTOPE IO CYTH, OTO
pPAacCMOTPEHHBIM BbILIE NapajljiebHbIA MapaMeTpUYeCKU CTaOMIu3aTop Ha CTaOWIMTPOHE,
MOJKJIIOUEHHBIA KO BXOAY 3MMUTTEPHOrO MOBTOpUTENs (pucyHOK 2). B HEM Her neneil oOpaTHOM
CBS131, 00€CIIeYNBAIOLINX KOMIIEHCAIIMIO H3MEHEHUH BBIXOJHOTO HANPSHKEHUS.
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Pucynok 2 — IlocnenoBarenbHbli apaMeTpu4ecKuid CTaOMIIN3aToOp Ha OUITOJIIPHOM
TPaH3UCTOPE

BbixonHOoe HampsbkeHME JTOro CTa0MiIM3aTopa MEHbIIE HamnpshKeHHs CTaOuiIM3aluu
crabmwmmtpoHa Ha BenuunHy Ube, KoTopas TpPakTUYECKH HE 3aBHCHUT OT BEJIMYUHBI TOKa,
npoTeKaromero vepes p-n nepexoxa. [lis npuOopoB Ha OCHOBE KpeMHHsS MPUOIU3UTENBHO
cocrapisier 0,6B. 3aBucumocts Ube OT BeTMYMHBI TOKA M TeMIEpaTyphl YXYAIIAET CTaOUIBbHOCTD
BBIXOJTHOT'O HAmNpsKEHUs, 10 CPAaBHEHUIO € MapauIeTIbHBIM MapaMeTpUYECKUM CTaOUIM3aTOpOM Ha
CTaOMIIUTPOHE.

OMUTTEPHBI TOBTOPUTENHh (YCHJIUTENh TOKA) IMO3BOJSET YBEIMYUTh MAaKCHUMAJbHBIN
BBIXOJTHOW TOK cTaOwim3aropa, TIO CpPaBHEHHIO C TapaUIeNbHBIM  MapaMeTPUIECKUM
CTa0MIIN3aTOPOM Ha cTaOMIMTpOHE, B B pa3 (rae B — ko3 UIMEHT ycuiIeHHs M0 TOKY JaHHOTO
IK3EMIUTIpa TpaH3ucTopa). Eciu 3Toro HerocTaToOYHO, MPUMEHSIETCSI COCTaBHOM TPAH3UCTOP.

IIpu OTCYTCTBMM CONpPOTHUBICHHUS HArpy3Kd (WIM TMPH TOKAaX HArpy3kd MHKpPOAMIIEPHOTO
JMara3oHa), BBIXOJAHOE HANPsDKEHHE TaKoro crabmiam3aropa (HampsDKEHHE XOJIOCTOTO X0j1a)



Bo3pactaer Ha 0,6B 3a cuér Toro, yto Ube B 00:1aCTH MUKPOTOKOB CTAaHOBUTCSI OJM3KUM K HYIIO.
Jns mpeonosieHuss ATOH OCOOCHHOCTH, K BBIXOAY CTa0MIM3aTopa IMOAKIIOUYAIOT OauIacTHBIN
HArpy30YHBIA PE3UCTOP, 0OCCIICUMBAIOIINI TOK HATPY3KU B HECKOJIBKO MA.

B kauecTBe crabuim3aTopa HANPsDKEHUS MOXET MPUMEHSATHCS WHTETPalbHBIA CTa0WIN3aTOop
HANPSDKEHUS, KaK ¢ (PUKCUPOBAHHBIM HANPSOKEHUEM, TaK M C PETyIUPYEMbIM HANpsOKEHUEM Ha
BBIXOJIE (PUCYHOK 3).

Pucynok 3 — MHTerpasibHblil cTaOUIN3aTOp HAMPSHKEHUS

Hmnynscuotit cmadunuzamop HAnpad3ceHus — 3TO0 CTaOWIM3AaTOP HANPSDKEHHS, B KOTOPOM
PEryJIUPYIOIIUi 3JIEMEHT paboTaeT B KIOYEBOM PEKHUME, TO €CTh OOJBINYI0 YacTh BPEMEHH OH
HAXOJUTCS JTUOO B PEXHMME OTCEYKH, KOTJa €ro CONMPOTHUBJICHHE MAaKCHMAaJbHO, JTUOO B pEXKHME
HACBIIICHUS — C MUHUMAJBbHBIM CONPOTHBICHUEM, & 3HAYHUT, MOXKET PACCMATPUBATHCSA KaK KITIOY.
[11aBHOC M3MEHEHHE HAMPSKCHUS MTPOUCXOIUT OJarogaps HaJIMYUIO WHTCTPUPYIOIIETO dJIeMEHTA:
HAINpPsDKEHUE MOBBIMIACTCS 110 MEPe HAKOIUIEHHsSI MM SHEPIUU W CHHIKAETCS 10 Mepe OTAavyu e€ B
Harpy3ky. Takoi pexum paOOTHI MO3BOJSIET 3HAYMTEIBHO CHHU3WTH MOTEPHU DHEPIHU, a TAKKE
yIAY4IIATh MaccorabapuTHbIC TIOKa3aTelH, OJHAKO HMeEeT CBOoM ocoOeHHocTH. [Ipumep
MOJIKJTFOUEHUST MHTETPAITLHOTO HMITYJIbCHOTO cTabmimm3aTopa LM3670 npencrasien Ha pucyHke 4
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Pucynok 4 — [Ipumep BKITIOYSHHST UMITYIIbCHOTO cTabmimm3aropa LM3670

B umnynecHOM crabuin3zarope TOK OT HECTaOWJIM3UPOBAHHOTO BHEUIHET0 MCTOYHHKA
nogaércs Ha HAKONMUTENb (OOBIMHO KOHIEHCATOP WM JIPOCCENb) KOPOTKHMMM HMITYJIbCaMH; HpU
9TOM 3amacaercs SHEprus, KOTopas 3aTeéM BbICBOOOXKJAETCSI B HAarpy3Ky B BUJE AJIEKTPUUYECKOU
SHEPIuH, HO, B CIIy4yae JPOCCelis, YK€ ¢ IpyruM HampspkeHueM. CTaOuin3anust OCyIIecTBIIETCS 3a



CUYET yOpaBiCHUS MJIUTEIbHOCTHIO HMMIYJIBCOB M May3 MEXKIYy HUMH — HIMPOTHO-UMITYJIbCHOM
Monynauud. MmMmynabcHBIA cTaOWIM3aTop, MO CPAaBHEHHUIO C JIMHEHHBIM, OOJalaeT 3HAYUTEIbHO
6onee BeicokuM KIIJI. HegocTaTkoM UMITYJIBCHOTO CTAaOMUIIM3ATOpPA SBISCTCS HAJTHMYUE UMITYJIbCHBIX
IIOMEX B BBIXOJHOM HANPSKEHUH.

B ominume oT nuHEWHOro  CcTa0WIM3aTOpa, MMIYJIbCHBIA — CTAOMJIM3AaTOpP  MOXKET
peoOpa3oBbIBaTh BXOJHOE HAIPSHKEHHE IPOU3BOJBHBIM — 00pa3oM  (3aBUCHUT OT  CXEMBI
CTabMIM3aTOPA):

1) moHmwkamomui CcTabUIN3aTOP: BBIXOJAHOE CTAOWIM3UPOBAHHOE HANpSOHKEHHE BCEraa
HUKE BXOJHOI'O U UMEET TY XK€ MOJISIPHOCTb.

2) NOBBIMIAIOMIMKM CTAOMIN3AaTOpP: BBIXOJAHOE CTAOWIM3MPOBAHHOE HANPSIKEHUE BCeria
BBIILIE€ BXOJJHOTO U UMEET TY K€ MOJISIPHOCTb.

3) moBbIIIAOIIE-TIOHMKAIOIINI CTaOUIN3aTOp: BBIXOJIHOE HANPsHKEHUE CTAaOMIM3UPOBAHO,
MOJKET OBITh KaK BBIIIE, TAK U HUKE BXOJAHOTO U UMEET Ty Ke MOJSIPHOCTh. Takol cTabmiIn3arop
MPUMEHSIETCA B Cy4asiX, KOI/la BXOJIHOE HANpsHKEHHE HE3HAUUTEIbHO OTINYAeTCsl OT TpeOyemMoro u
MOYKET U3MEHSTHCS, IPUHUMAsI 3HAYCHHE KaK BBIIIE, TAK U HUKE HEOOXOIUMOTO.

4) UHBEPTUPYIOUIUI CTAaOUIN3aTOP: BBIXOJHOE CTAOMIM3UPOBAHHOE HAMPSDKEHUE MMEET
00paTHYIO MOJSIPHOCTb OTHOCUTENIBHO BXOJHOT0, a0COJIIOTHOE 3HAYEHUE BBIXOAHOIO HAIMPSIKEHUS
MOKET OBITh JIIOOBIM.

2. MeToauka pac4yéra nmpocToro napaMeTpu4ecKoro cradmimzaropa

Cxema UCXOIHOTO MOCIIEI0BATEILHOIO MApaMETPUIECKOT0 CTA0MIN3aTOpa MPECTaBICHA Ha
pucynke 5. COCTOUT OH U3 JIBYX YacTei:
1 - cam crabunuzarop Ha crabunutpore VDI ¢ 6amnactHbM pe3uctopoMm R1
2 - SMUTTEPHBII MOBTOPUTEND Ha Tpan3uctope VT1.
HenocpencTBeHHO 3a TeM, YTOOBI HANPSHKCHHE OCTABAJIOCh TEM KaKUM HaM HaJo, CICTUT
CTa0MIIN3aTOp, a SMUTTEPHBIH MOBTOPUTENH TIO3BOJISIET TIOAKIIOYATh MOIIHYIO Harpy3ky K
ctabunuzaropy. OH UTpaeT poiib YCUITUTES.
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Pucynok 5 — I[TocnenoBarenbHbli MapaMeTpu4ecKuidl CTabMIM3aTop.

OCHOBHBIMU MCXOIHBIMHU JAHHBIMU JJIS pacueTa SIBJISIOTCS HanpspkeHue Ha BeIxoje UBBIX u
MaKCHMaJbHBIA TOK Harpy3ku Imax.
2.1 Bbi6op 1 000CHOBaHNE TPAH3UCTOPA CTA0MIN3ATOPA HANIPSIKEHUS.



Jlns Havayia HEOOXOJMMO OTPEACINTh KaKoe HampspDKeHHEe Ha Bxoje crabuims3aropa UBxX
10JaTh Ha CTAOMJIM3aTOp, YTOOBI HA BBIXOJAE MOJYYUTh HeoOXoauMoe UBBIX. DTO HampsHKEHHE
ompeaensercs o Gopmyne 1:

Usx = Unix + Uxo,

1)
rae Uks — najgeHue HanpspkeHUs Ha Iepexo/ie KOJUIEKTop-3MUTTep TpaHiuctopa VT1

Jlnst BeIOOpa Tpan3ucropa VT1 HeoOXoauMo ompeneanTh, KaKyrd MOIIHOCTh Pmax oH Oyaer
pacceuBaTh. MOIIHOCTh MOKHO OTIPENEINUTH O hopmyIie 2:

Pmax=1,3 (Usx — UBbIix) Imax @)

[Tpu BeIOOpE TPaH3UCTOPA B CIIPABOYHUKE TTOMHUMO MOIIHOCTH, HAJIO YYECTh, UTO MPEACITHLHOE
HAIPSDKEHUE MEXAY SMUTTEPOM U KOJJIEKTOPOM JOJKHO ObITh Oobiiie UBX, a MAKCUMAIbHBIM TOK
KOJIJIGKTOPA J0JKEH ObITh Ooubiie Imax.

MakcumanbHbii TOK 0a3bl 10 Max BbeIOpaHHOTO TpaH3ucTopa V11 MOXHO ONpenenuTh IO

dbopmyne 3:
16 max=Imax / h21> min, (3)

rae — h215 min - 3T0 MUHUMaNBHBIA KOA(GGUIIMEHT NIepeIadn TOKA TPAH3UCTOPa U OepeTcst OH
u3 cnpaBouHuKa. Ecnu Tam ykaszanbl mpenensl 3toro napamerpa Hampumep 30...40, To Gepercs
CaMblid MEHBIIUH.

2.2 Boi0op u 000cHOBaHMe CTA0MJIMTPOHA H 0AJLUIACTHOIO pPe3uCcTOopa AJs cTadujm3aropa
HaNpPsIKeHUs.

Bo160p cTabmiinTpoHa mpou3BOJUTCS 110 IBYM IapaMeTpaM - HanpsKeHuto ctadbunuzanuu Uct
U TOKY cTaOunu3anuu lcr.

Hanpspxenne ctaOuau3ayy J0JDKHO OBITh paBHO MaKCHMAJIBHOMY BBIXOJHOMY HANPSKECHHIO
6soka nmuTaHus UBBIX, @ TOK - HE MEHEe MaKCUMallbHOro Toka 0a3bl 16 max Tpan3ucropa VT1,
KOTOPBIN OBLT paccunTaH mo ¢popmyse 3.

MoXeT cIy4uTbCs, YTO MAJOMOIIHBIM CTAOUIMTPOH HE MOJOWIET MO0 MaKCUMAaJIbHOMY TOKY
CTa0MIIM3alnK, TOTJA TPHUIETCS BBECTH B CTAOMIIM3ATOP IOMOJHHUTEIBHBIA TPAaH3UCTOP Majlon
MOIIHOCTH, KOTOpBIA TO3BOJIUT CHHU3UTh MAaKCHUMaJbHbI TOK HArpy3kud [Uid CTaOMIUTPOHA
npumepHo B h215 pa3 u npUMEHUTh MaJOMOIIHBIN cTaOMIUTPOH. Takoe ciiydaercss mpu OOJIBIINX
TOKaX MOTPeOJIEHHUS U UCTIOIb30BaHUH TPAH3UCTOpa ¢ MalbIM K03 duurentom h215.

JUia monydeHHus pacdeTHOro COMNpPOTHBIEHUS OamnacTHoro pesucropa R1 Heobxoaumo
BOCIIOJIb30BaThCs (hopMyioi 4:

R1pacu=(UBx-Uct)/(I6 max+IcT min), 4)
rae Icr min — MUHHUMaNBHBIH TOK cTabunu3anuu crabmmurpona VD1,
[Tocne HEOOXOAMMO BBIOpPATh HOMHHAJ PE3UCTOPA B COOTBETCTBUU C PSIaMU COMPOTUBIICHUI

N MEPCHIPOBCPUTE BJIHUAHHUEC HOBOI'O 3HAYCHHA COIPOTHBJICHUA PE3UCTOPA HA IJIEMCHTBHI CXEMBI U
IMPOBECTHU HCO6XO,[[I/IMBIC KOPPCKTHPOBKHU.



s ompeneneHuss pacyeTHOW MOIIHOCTH OaimacTHoro pesuctopa R1, mocme BeiOopa ero
HOMUHAJa U3 psiaa COMMPOTURICHUH, MOYKHO BOCTIOIB30BaThCS (hOPMYIIOH 5:

(Jex — et 2

Ppacu =
R1 (5)

Jlanee HEOOXOJUMO O PaCUETHON MOLIHOCTH BBIOPaTh MOLIHOCTb OANIACTHOTO Pe3UCTOpa U3
psiia cTaHAapTHHIX MoIIHOCTEH. [10 MOJydeHHBIM CONPOTHBIEHUIO W MOIIHOCTH BBIOpaTh W3
CIIPAaBOYHMKOB OIIPEIEICHHBIN TUII PE3UCTOPA.

Takum 00pa3oM, W3 MCXOJHBIX JNAHHBIX - BBIXOJHOTO HAINPSDKEHUS M TOKA, MOJYYMIIH BCE
3JIEMEHTHI CXEMbI U BXOJTHOE HAINPSDKEHUE, KOTOPOE JTOJKHO OBbITh IOJAaHO HA CTAa0MUIM3aToP.

Crnenyer MOMHHTB, YTO NHpPU BBIOOpPE TOTO HJIM HMHOTO 3JIEMEHTAa CXEMBbl CTa0HIM3aTopa
HalpsDKEHUs, HEOOXOOUMO IOMHUTb O KO3(@uuMeHTe Harpy3kd, CTOMMOCTH U pa3Mepax
JJIEMEHTOB.
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5.
CXEMBI?

3. IIlpakTnyeckas 4actb

. O3HaKOMHUTBCS C TEOPETUYECKUM MaTEpUAJIOM JaHHON pabOThI.

. [omyuuTs y mpenogaBaTesns UCXOAHbIC JAHHBIE U YKa3aHUs Ui pacueTa.

. [IponsBectu pacueT 1 000CHOBAHHO BBIOpPATH 3JIEMEHTHI JIJIsl CTAOMIN3aTOpa HAPSIKEHUS
. ObopMUTB OTUET MO BHIMOJIHEHHON padoTe.

4. Conep:xanme oT4yera

. TUTYJIbHBIN JUCT.

. KpaTkune TeopeTnueckue CBEICHHUs.

. DJeKTpuyecKas cxema cTabuIn3aTopa U UCXOJHbIE TaHHbIE.

. Pe3ynpTaThl aHAIMTHYECKUX PacyeToB C 0OOCHOBAHHBIM BHIOOPOM 3JIE€MEHTOB.
. BBIBOZIBI € aHAJIN30M pe3yabTaTOB 110 BHIIOJHEHHOI padoTe.

5. KoHTpo/bHbIE BONPOCHI

. UTo Takoe cTabuian3aTop HampsHKEHUs?

. Bunpl ctabmiimzaTopoB HanpsiKEHUSI.

. B yem oTnnumne mapamMeTpuuecKoro crabuian3aTopa HampsKeHHsI OT KOMIIEHCAIIMOHHOTO?
. B ueM cocTout oTiiMune pacyeTHOr0 3HAYEHHS OT BBIOPAHHOTO B CIIPABOYHUKAX?

Yro Takoe KOBCI)(I)I/ILII/IGHT Harpys3kKu M KaKo€ BJIMAIHHUC OH OKa3bIBACT Ha pa60Ty 9JICMCHTOB



