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lpacbukn OBP nossonsoT oueptuts TPAeKTopuI0 3awuThl, oTAe-
NALLYI0 JONYCTUMbIE BONbT-amMnepHLIe NapameTpbl KOHKPETHOW Cxe-
Mbl BBIXOQHOMO Kackana. Pabota cxeMb! 3auuTbl foMXHa 2apaHmupo-
6amb HEBbIXOA, PEXUMOB PaboTb! MOLYHOO NONYMPOBOAHMKOBOO NpU-
6opa 3a npegenst OBP.

MoxHo npeanonoxutb, 4To ageksaTtHas 3awmTta BK o6ecneunsaert-
CA NPOCTOW CXEMOW OrpaHWYEHUA TOKa BbIXOOHBIX TpaH3nucTopoB
(puc. 4.2), Hanpumep, Ha ypoBHe npubnusuTensHo 5 A (Npu HopMarsb-
HOWM Temnepartype).

OMUTTEpHBIN pesncTop 0,33 OM B Lieny BLIXOAHOO TpaH3aucTopa si-
NACTCA TOKOHYBCTBUTENBHBLIM 3NEMEHTOM: NafeHue HanpPSHKEHUS Ha HeM
NPONOPLUMOHANbHO TOKy aMUTTEpa TpaHsuctopa T3. OHO NpUNoXeHo
K Aenutento Hanpsbkexuss R3,R1, koTopewiit o6ecneunsaet Macwtabupo-
BaHME NPOMOPLMOHANBLHOMO HanpshkeHns Ha Gase TpaHaucTopa 3almTbI
T5. Ecrm Tok amuTTepa T5 yBenuumsaetcs CBEpX pacyeTHOro npeaena,
UMNEeAaHC KONNeKTop-aMUTTep TS HaumHaeT nagathb U acpeKTUBHO LyH-
TMpyet Gagy TpaHauctopa T1, ycraHaenusas MaKkCUMyM TOKa aMuUTTepa
T3 ucxoas us napameTpos Harpysku (MPU KOPOTKOM 3aMbIKaHUN eLlie Hu-
xe). Korga neperpyska CHUMaeTCs, yCUnuTeNb aBTOMAaTUYECKU BO3Bpa-
taerca kK HopmansHoMy pexumy pabotbl. KomnnemeHTapHble npuGopel
T4 1 T6 paboratoT aHanormuHo T3 u T5.

Avoasl D1 u D2 B KONNEKTOPHLIX Lensix NpefoxXpaHsIoT 3aUTHbIE
TpaH3ucTopbl T5 u T6 oT npoeoguMoOCTH Ha nonyrepuoae Apyroi no-
NAPHOCTW. JTO NPOMCXOAUT, €CU NAAEeHVA HaNPsSKEHUs Ha TOKOMYBCT-
BUTENbHLIX PEe3UCTOpax CTaHOBATCA AOCTaTOMHO BLICOKUMM, YTOBbI
CMecCTuTL Nepexopapl konnektop-6asa T5 v T6 8 NpsiMOM HanpaeneHuw.
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Puc. 4.3. TpaekTopus 3awmTsl MPOCTON CXEMb! OrPaHUYEHUS TOKa
(6e3 TennooTBOAA) NPK PA3NUYHBIX ANMTENBEHOCTAX UMNYNbLCA T;
MT — NoCcTOAHHbIA TOK

Ha puc.4.3 nokasaHa TpaeKTopus 3aluTbl NPOCTOrO OFpaHUuMTENS
TOKa ¢ noporom cpabarbisaHua 5 A,

[opusoHTanbHas NMHUA nposeaeHa oT ToYku 5 A Ha BepTUKanbHOW
oCW B npefenax BbIDpaHHOrO HanpsKeHUst NUTaHWsA NO TOPU3OHTANLHOW
ocu. 3To NPUBOAUT K NPSMOYFrOMbLHOW TpaeKTopuu, ovepymsaloen Ao-
AYCTUMbIE COYETaHWS HaMPsPKEHUS! U TOKa, KOTOPblIe HE akTUBUPYHOT
cxeMy 3alwmTel. Kockle nuuuvm npeactasnawnT coBoR TpaekTopum Harpy-
30k 4 u 8 OM npuy HanpsbkeHuw nuTaHus ycunutens x40 B, a Taioke
HauxyalWWh cnydan peakTUBHOW HArpysku (C yABOEHUEM HANpPsHKeHUs
nuTaHus). Bce Harpy3ouHbie npsiMble HaxoasiTca B npeaenax ObP.

3ameTum, 4To 8-OMHaA TPAEKTOPWUS MOYTU LIENTMKOM HaxoaWUTCA BHYT-
py TpaekTopuu 3awuTel. Flpun 4-oMHOM Harpy3ke NoNoXeHUe NpakTU4ecku
6e3HagexHo: NMHUA OrpaHMYeHUA TOKa nepecexkaeTt INHUKD 4-OMHOW Ha-
FPY3k# Ha ypoBHe npumepHO 4,5 B. Touka nepeceveHws npeacraenset
MaKCUManbHOE MUKOBOE HaripsikeHWe, kOTopoe MOXET ObiTh NPUIOXEHO
K Harpyske. CnefoBaTenbHO, NPoCTas CXema OrpaHudenus ToKa 3Hauu-
TernbHO CHMKAET BO3MOMHOCTU BbIXOOQHOrO Kackaaa No MOWHOCTW, OCOo-
GeHHO NpY HA3KOOMHBIX WY PEaKTUBHLIX Harpy3Kax.

CxeMa 3auwmTo! puc.4.2 ABnseTca PyHKUMOHANLHO 3aKOHYEHHOMN,
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MpocToe orpaHuyeHne Toka uenecoobpasHo ANs BCTPOEHHbIX Npu-
MEHEHWUI ycurmTenei, TO eCTb aKTUBHbBIX aKyCTUMECKUX CUCTEM («KOM-
6ukoBs»), rage Harpyska dukcupoBana. Ans YM3Y obuwero HasHauyeHusi
(C «Npou3BONbLHOW» Harpy3koW) cxema 3awuThi, B uaeane, AOMKHa
amynuposatb Tpaektopuio OBP.

Ha puc. 4.4 npeacraeneHa 3Ha4YMTENbHO yrydleHHasa cxema 3allu-
Tbl BbIXOAHOrO Kackaga Ha 3I1. OHa ugeHTu4Ha cxeme puc. 4.2 3a uc-
KNOYEHWEM OONONHUTENBHLIX pe3ncTtopoB R5,R6 v HoMUHanoB pesu-
cropoB. [JononHUTeNbHbIE Pe3ucTopbl NOAKMIOYEHLI K WWHAM MUTaHUS
1 obecrieumBaioT NOCTOAHHOE CMelleHue Ha Hasax TPaH3UCTOpoB 3a-
wuTet. Korga #anpsikenue Ha sbixoOHOW WwKuHe 6nU3Ko K Hynto, NocTo-
AIHHbIE CMeLieHns1 Hen3MeHHbl. OgHako NpU U3MEHEHNM BLIXOAHOMO Ha-
NPsHKeHNs NPoNOpUMOHaNbHO CUrHany, NOCTOsIHHbIE CMELLEeHUst usme-
HSIOTCA MPOMNOPUMOHANbHO PasHOCTU NOTEHLMAN0B MEXAY Hanpshke-
HUAMM Ha WNHAX NUTaAHWA ¥ BbIXOAHON WuHe. Hanpumep, ecnu Hanps-
XeHusl Ha wuHax nutaHua +40 B, a Ha Bbixoge O B, noteHuunan mexay
BbIXOZAHOW M NniocoBon WwnHamu 6yget 40 B. [nsA ykazaHHbIX B Cxeme
HOMWHANOB Pe3nCTOpPOB 3TO O0YCnoBUT YCTaHOBMBLUEECA NOCTOSAHHOE
cmeuueHuve 0,33 B, npunoxeHHoe k 6ase T5 nocpeacraom fgenvtensa R5
u R1||R3 (conpotusneHuem B Lienu amutTepa T3 MOXHO npeHebpeyb).
Ecnv nonoxurenbHoe HanpsikeHuwe curHana cMecTuT BbiXod Ha +32 B,
PAa3sHOCTL Mexay NICOBOA U BbIXOAHOM LiMHAMKU yMeHblunTcs 1o 8 B.
CriegoBartenbHO, NOCTOSIHHOE HanpsbkeHue Ha 6ase TS5 yMmeHbwnTea o
0,066 B (Ge3 Harpy3ku U nNpu HynesoM Toke nokof). Ecnu otpuuarens-
HOe HanpshkeHue curHana CMecTuT Boixof Ha —32 B, nocrosiHHOe Ha-
npsixeHve Ha 6ase T5 npu Tex xe ycnosuax ysenuyutca o 0,6 B. Ta-
kMM obpasom nageHue HanpsikeHUst Ha MOLLHOM TPaH3ucTope Hernpe-
PLIBHO KOPPEeKTUpyeT nopor cpabaTtbiBaHWsl CXeMbl OrpaHUYeHUs TOKa.
HeTpyaHo paccuvTartb, 4TO NpU MUHUManNbLHOM paboyeM HanpsHKeHun
Ha 3allWLEaeMOM TPaH3UCTOpe Nopor cpabaTkiBaHuA Cxembl 3aluTbt
Mo TOKY Harpysku coctaBuT npumepHo 9,3 A, a Npyu MakCUMansHOM Ha-
NpsHKeHUH ITOT NOpor ymeHbwaertca oo 1,5 A,

Ha puc. 4.5 nokasaHa TpaekTopusi 3almThbl, KOTOpas MPOCTUPAETCs no
Bcen OBP TpaHanctopa 25C3284, oxBaTbiBast TPAeKTOPWUM Harpysok
4 1 8 Om, a Tarke 4-OMHOW peakTUBHON Harpy3sku. 310 obecrneyvBaer Bbl-
COKyt0 HapeXHOCTb paboTbl TPaH3UCTOPOB BbLIXOAHOMO Kackaaa, Tak Kak
cxema, obecneqvsalouias Takylo TPAEKTOPWIO 3aLuUThl, NPOU3BOOUT OAHO-
BpPEMEHHbIN MOHUTOPWHI U moka, U HanpshkeHus. OnpegeneHHbiM Hedoc-
TATKOM PacCMOTPEHHOW CXeMbl ABNSIETCS BbICOKaA YyBCTBUTENLHOCTL NO-
poros cpabaTbiBaHUsi orpaHudUTEnei Toka K pasbpocy 3Hauvenuin conpo-
TuBneHuin RS, R6 U HaNpsXeHWn NUTaHWUSA: NPy UX HeyJayHOM codeTaHuu
TPaeKTOpUsi 3aLUMTbl MOXET onacHo NpubnuanTeest K Tpaektopun OBP npu
MaKCUMaTbHbIX HANPSKEHWAX Ha MOLLHBIX TPaH3UcTopax.
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Puc. 4.4. BeixoJHOI Kackag C yCOBEpPLIEHCTBOBaHHON CXEMO 3aLLMTbI

Kak nssectHo, HET npefena coseplueHcTsy, u B 1970-x rogax bbinu
pa3paboTaHbl CXeMbl 3alWuUThl, KOTOpble C MNPUeMIeMol TOYHOCTbIO
3MYNNPOBav KPUBbLIE PeaKTUBHbIX Harpy3ok.
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Puc. 4.5. Tpaektopus 3alMThl yCOBEPLUEHCTBOBAHHOW CXEMbI
(6e3 TennooTBOAA) NPY PA3NUYHLIX ANUTENLHOCTAX UMAYNLCE T,
NT — NOCTOAHHLIN TOK
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Puc.4.6. BoixogHOM Kackan ¢ MHOFOCKaTHOW CXEMOW 3aLUThI

OTU cxembl NOMYYANU HasBaHwe MHO20CKamHbix (multislope) -
aMmnepHbix ozpaHuyumesnel, B oTNu4ue oT odHockamHol (single-slope)
cxembi puc. 4.4. Ha puc. 4.6 npuseeHa BecbMa U3BECTHas U Nonynsp-
Haa cxema OfpaHUYNUTENA, PeanusyroWwero MHOFOCKaTHYI0 TPaAeKTOPUKD
3aLLUUTHI,

Cxema paboTaeT HE3aBUCUMO OT HamnpPSXEHWUS Ha LUMHAX NUTaHWUA,
MOCKOMbKY 3MyNUPyeT TMNOBoE noseeHne 6onblunHCTBa Kpuebix OBP,
W JOBOSIBHO YCMELLHO, MO CPaBHEHUIO C APYIMMU CXEMaMU 3alUUTbI, YTO
ofecneuvsaeT HafeXHyI0 3alLUTY BbIXOAHOTO Kackada B LUMPOKOM Aua-
nasoHe Harpy3ok. OHa Gbina paspaboTtaHa nouru 30 ner Hasag, HO A0
cux nop ucnonedyertcs Bo MHorux YM3Y. U-o6pasHas xapakTtepucTtuka
orpaHuyeHuss Toka, peanusyemas cxemMon pvc. 4.6, umeeT fBa npe-
umyuiectsa. Bo-nepsbix, B CUEHUYECKUX NPUMEHEHUSIX, FAe NOMTU He-
N3BEXHO NPOUCXOONT NOAKIIOYEHUE U OTKIIOMEHUE aKYCTUYECKUX CUC-
Tem npu paboTaouieM ycunuterne, 40 MUHUMYMa OocnabnsaeTcs UCKpo-
obpaszosaHue. Bo-BTOpLIX, €Cny BbIXOA YCUNUTENSA 3aKOpoueH Onu-
TenbHOe BPEMS], MOLLHbIE TPAH3NCTOpPLI HE NeperpeBatoTcs.

Cxema puc. 4.6 paboTaeT aHanorM4yHo NPOCTON CXeme orpaHudeHns
Toka. Korga nagieHne HanpshXeHust Ha SMUTTEPHbIX pesucTopax AocTu-
raer MakcuManeHoro npefena (COOTBETCTBYIOLEro MakCUMyMy Toka
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[image: image6.png]3MUTTEPE BbIXOAHBIX TPAH3UCTOPOB), TPAH3UCTOPbI 3aLUTLI OTKPbIBA-
10TCs1 M 3aKopaunBaloT Ha cebs Tok 6asbl NPEeAOKOHEYHbLIX TPaH3UCTOo-
poB. JTO ygepxuBaeT makcumanoHbii Tok BK Ha BepxHem npepene.
OpHako B OTNM4NE OT MPOCTON CXeMbl OFfpaHU4eHUst Toka, H6asbl TpaH-
3UCTOPOB 3aLUUTLI NPUBSA3aHbI K 3eMJISHON LUMHE Yepes3 orpaHnynTenb-
Hble avoabl D3 n D4, a He K BbIXOOHOW LUMHE, YTO MO3BOMISET TpaH3u-
cTopam 3alWmTbi omcnexueams umnedaHc Haspy3Ku no OTHOLWEHWUIO
K BBIXOAHOMY TOKY.

MpoaHanuavpyem paboTy cxembl NpWU pasHbIX Harpyskax. [peano-
NOXMWM, YTO BbIXOZ 3aKOPOYeH Ha kopnyc. MNpu nonoxuTenbHOM Hanpsi-
XeHun curHana, npunoxeHHoro k BK, Bce BbiXOogHOe HanpsikeHwe
AOMKHO YNacTb HA 3MUTTEPHOM peaucTope. Koraa HanpsikeHne Ha Hem
npubnusutes k 0,7 B (4To cooTBeTCTBYET BLIXOAHOMY TOKY YyTh 6onee
2 A), TpaHauctop T5 OTKpOeTCsi U HadHeT orpaHquBaTb MaKkcumanbs-
HbIW BbIXOAHOMW TOK HAa 9TOM YPOBHe.

(peanonoxuM, 4TO Ha BbIXOA NpucoeanHeHa Harpyska 1 Om, a no-
noxutensHoe Hanpsxexue, npunoxeHdHoe ko exody BK, gocrtatouHo,
yTobbl 0BecneunTs 3 B Ha Harpyske 1 Om. Mpu 3TUX yCnoBUSAX 3MUT-
TEepPHLI PEe3ncTop M Harpyska obpasyloT genutenb Hanpsbkedwms. [lo-
CKONMbKy 3 B cOOTBETCTBYIOT TOKY 3A, Ha 3MUTTEPHOM pe3ucTope naga-
eT npumepHo 1B.Takum obpasoMm, HanpskeHe Ha sMuTTepe T3 cocra-
BUT B CyMMe npumMepHo 4 B (oTHocuTenbHO kopryca). B cBoio ouepensb,
R4, R1 v D3 obpa3syioT gpyron genurenb HanpshkeHusa. HanpsxeHue Ha
amutTepe T3 BygeTt um ocnabneHo, npuyeM nageHue HanpsiKeHust Ha
R4 coctaBut 10% nageHuss Hanpsbkenusa Ha R1. Npamoe nageHuve Ha-
npsixexus Ha guoae D3 Bcerga paeHo 0,7 B, 4yTo ocrtasut npumepHo
3,3 B ans penexnns mexay R4 n R1, kotopble pacnpegenarcs rak: 3 B
Ha R1 n 0,3 B Ha R4. OTMeTuMm, 4TO NOnsipHOCTE HanpsbkeHust Ha R4
NPOTMBONOMIOXKHA NAaJEHUIO HaMpsPKeHWA Ha 3MUTTEPHOM PE3UCTOopE.
[Moatomy HanpsikeHne Basa-amurtep T5 cocrasut 0,7 B, 4yro gocra-
TOYHO ANA ero OTKpbiBaHUA. Toraa MakCUMasnbHbIA BLIXOQHOW TOK Te-
nepb GyaeT noaaepkvuBaTbCsi Ha ypoBHE nNpuMepHo 3 A,

[Ona 2-oMHOW HarpyskM MakCUMarnbHbIA TOK COCTaBUT nNpumMepHo BA.
Kak 6bino nokasaHo Bbile, cxema 3alutbl puc. 4.6 orpanuumeaet Tok BK
Npy KOPOTKOM 3aMblkaHumn Ha yposHe 2A. pu Harpyskax 1 u 2 Om TOK
6yner orpaHuyeH Ha ypoBHe 3 M 6A, cooTBeTCTBEHHO. Takum obpa-
30M MPOUCXOQUT MOHUTOPUHI UMAefaHca Harpyaku (€ UCNonbL308aHu-
eM [efnuTenst ONoOpPHOrO HanpsXeHUs AN CPaBHEHUSA C BbIXOAHLIM
HanpsPKeHeM) U COoTBETCTBYIOWIee orpaHuyeHune toka BK. Mpu yka-
3aHHbIX Ha cXeMe napamMeTpax TOoK B 4- 1 8-OMHbIX Harpyskax He or-
paHu4uBaeTcs BoBCe (A0 Tex Mop, NoKa peakTMBHas npupoaa Harpy-
30K HE 3acTasuT ynacTb UX UMMedaHC HKe HOMUHANbHOIO YpOoBHS).
KomnnemeHTapHas 4acTb CXembl 3aluTbl Ha TpaHaucrtope T6 pabo-
TaeTt aHanornyHoiM 06pasom.
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[image: image7.png]Ouoabt D3 u D4 aBnaoTca orpaHuinTenbHLIMKA, GOKUPYIOLLIMMI TOK
yTEUKU Ha NPOTUBOMONOXHOM fonynepuoae (OHW He NO3BONSIOT TOKY
npoTekaTb 4Yepes OTPULETENbHYIO Uerb 3aluUThli NPU NONOXUTENbHOM
nonynepuoge, U Haobopot). KongeHcatopel C1, C2 u pesuctop R2
obecneunBaloT YCTONYMBOCTL B PEXMME OrpPaHU4eHnst Toka.

Cxema 3awutbl puc. 4.6 OTHOCUTENLHO MPOCTa ANS pacyera Wmm
moavdukaummn. OHa uMeeT OOWH HeJoCTaTOK — He OTCMEXWBaeT Ha-
MPSHKEHNA NUTaHKS, NOITOMY 3HAYeHUe TOKOYYBCTBUTESILHOMO 3MWT-
TEPHOro pesnctopa [omkHO BbiTe BLIGpaHO Tak, 4ToBbLI HE AONYCTUTHL
BbiXx04a TpaekTopuu 3awuTel n3 ObP.

Onsa sauwmtel Gokoseix MOfI-TpaH3nCTOpPOB WHOr4a MCOfL3YT
APOCTbiE CTabUNUTPOHHBIE OrPaHUUUTENN MAKCUMAIBHOTO HanpshkeHUs
Ha 3aTBope, KOTOPoOe yCTaHasfIMBaeT MaKCMMyM Toka CToka. OaHako
Honblio pa3bpoc xapakrepuctuk MOTM-TpaH3nCTOpPOB NPUBOAUT K Ma-
fnonpeacKkasyeMbiM 3Ha4YeHUAM MakcumanbHoOro Toka. Kpome toro, cra-
BUAUTPOHBI UMEIOT BOofbILYI0 EMKOCTb, KOTOpas BKMIOYAeTCA napan-
NenbHO BXOAHOW EMKOCTU TpaH3ucTopa, YTo ycyrybnsetr u 6es Toro
3HAYUTENBLHYIO EMKOCTHYIO Harpyaky KYH, a B CMNbHOTOYHbIX BbIXOOHBIX
Kackagax ¢ 6OMbLIOA CKOPOCTBIO HApacTaHUA CTabuNUTPOHbLI, U3-3a
HusKkoro beicTponencTans, Boobuwe HeadekTusHbl. Kak 6bino ckazaHo
Bbitie, MowHbie MORM-TpaHaucTope! He noasep)KeHbl BTOPUYHOMY Npo-
6ot0, obnagaloT oTpUUaTenbHbLIM ¢ TEMNepaTypHLIM KO3 hULMEHTOM
CONPOTUBIEHWSA KaHana w1, kak npasuno, y»ke 06opyaosaHbl BCTPOEHHOM
CXEMOW OrpaHn4eHus HanpsXxeHUst Ha 3aTBOpe, NMO3TOMY B BbIXOAHbBIX
kackapax Ha MO[M-TpaHaucTopax uenecoobpasHo ucnonbaosaTb NpPo-
CTble ofpaHuuMTENN TOKA.

HeycToluMBOCTL CXeM 3auuThl OObIYHO ABMISIETCS PEe3yfbTaToM
ctpemnenust obwenn OOC ucnpaBuTh YpOBeHb BLIXOAHOFO CUrHana
B TOT MOMEHT, KOrfla cxema 3awmTel NbiTaeTcs ero noHuanTs, (O0C, ec-
TECTBEHHO, «MyTAET» OrPaHUYEeHNE C HENUHENHLIMU MUCKaXKEeHUSIMU).
Takasi HeyCTOMYMBOCTb ODbLIUHO He MPOABAAETCA B THKENOH hopme,
npu kotopoit YM3Y Tepser ynpasneHue BbixogHbiM KackagomM. Ho,
B HEKOTOpbIX CAy4asx YCTaHOBKa ABYX KOHAEHCATOPOB NapannesnbHo
nepexogam konnektop-6asa (Hanpumep, C1 u C2 Ha puc. 4.6) moxer
ocnabute camoso3byxaeHve. OgHako B YM3Y ¢ 6onbluoit ckopocTbio
HapacTaHvst He criegyeT NPUMEHSTb Takne KOHO4EHCaTOPbl, NOCKONbKY
OHW MOTYT Bbi3BaTb SIOKHOE OFPaHUYEHNE U YBEINUUYUTD UCKaXKEeHUS.

PeanbHana Harpyska B BUZeE aKyCTUYECKON CUCTEMbI ABNSIETCA peak-
TUBHOW, BKIIOYaA PEakTUBHOCTY pasfenuTenbHbiX unsTpos (Kpocco-
sepa) U rpomkorosoputene. Ecny akyctvueckas cuctema [eMOHCT-
pUPYET BbICOKYHD €MKOCTHYID PeakTUBHOCTb (TO €CTb TOK onepexaer
HanpsXeHWe), BeCbMa BO3MOXHO, YTO Ha BbICOKUX YacToTax u GonbLumnx
YPOBHAX MOLLUHOCTW (ha30Bbil CABWUI MeX/Y BbIXOAHLIMY HanpshkeHuem
N TOKOM YCUMUTENS MOXET AOCTUYb MakCUMYMOB, NPpW KOTOPbIX BbIXOA-
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