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AHIIKIIH8 M.X., EaHHIIK E.n •• EaCIIII8ll36 c.r. II llp. 13 - 9030 

CIICT6M8 aanyCKa 2-MeTpOBOll CTpiiM6pHoll K8M6pbl B ITY'<IK6 

a -'<laCTIIU C IIMITYilbCOM 17 raB/c 

8 pa60T6 OITIIC8H8 CIICT6M8 SanycKa CTpiiM6pHOll K8M6pb! B 9KCIT6pii

M6HT6 ITO 113Y'<I6HIIIO 06Ulell KapTIIHbl B3811MOll6llCTBIIll p61IHTIIBIICTCKIIX a -'<laC 

TIIU C Hllp8MIIo 3anyCK K8M6pb! npOIICXOlliiT B Clly'<!ae Bbi6b!B8HIIH a -'<18CTIIUbl 

113 ny'<!Ka Ha Y'<I8CTK6, H8XOllHUl6MCH BHYTPII o6'beMa K8M6pb!, npiiB6ll6Hbl 

xapaKT6piiCTIIKII OTll61lbHb!X y31IOB CIICT6Mbl II H6KOTOpb16 pe3yllbT8Tbl pa60Tb! 

B ny'<!K6, 

Pa6oTa Bb!ITOIIHeHa B J1a6opaTop1111 BbiCOKIIX aHepi'IIll OHHH, 

Coo6JUeHHe 061.eJlHHeHHoro HHCTHTyTa JIJlepHblX HCCJJeJlOBaHHit 

.r.y6Ha 1975 

C)J975 061.eOUHeHHt.JU IIHC•U•YJII A(}epHWX UCC.IIeOo6aHUU .lly6Ha 

I . BeeOeHue 

llepawi :nan B3ylfeHHJI B3aHMO.zteicTBHi u -qacTHil c 
JI,ApaMH C nOMO~h~ .ABYXMeTpOBOB CTpHMepaoi KaMepw B 
MarHHTHOM none /ycTaHOBKa CKM -200/ npe.ztycMaTpasan 
Ha6mo,AeHHe BCeX B3aHMO,AeBCTBHB ll- 'laCTHil C MHWeHh~ /I/, 

CacTeMa oT6opa co6wTai .ztasana 3anycK aa KaMepy a 
cnyqae BW6WBaHHJI ll -qaCTHilW H3 DYlfKa Ha y'laCTKe, Ha
XO,AJillleMCJI BHyTpB 06beMa KaMepw. 

reoMeTpHJI pacnono~eHHJI TeneCKODOB CllHHTHflflRilHOH
HWX C'leT'IHKOB, OCyllleCTBflRBWHX Tparrep,pa3Mepbl nnaCTH
KOB H noraqecKaJI cxeMa 3neKTpOHHKH npaae.zteHbl ua puc.J ,2. 

CuaHTHnnRilHOHHble C'leT'IHKH pa6oTaJOT ua <P3 Y- 30. 
Bee Hcnonb30~~HHble 6noKH 6blcTpoil 3neKTPOHHKH pa3pa6o-
TaHbl B JIB3 21 • 

K cHcTeMe on5opa npe.ztbRBnRnHcb cne.ztYJOlllHe Tpe6oaa
HHJI: 

I. Ha.zte~uoe Bbl.zteneuae u - 'laCTHil BXO.AHLIM TenecKo
DOM. 

2. Mana• aepoRTHOCTb B3aHMo.zteilcTaail u-qacTHil B 
nocne.ztHeM nepe.zt BXO.AOM B KaMepy TenecKone. 

3. BhlcoKa.tl 34MtleKTBBHOcTb no.ztaaneaaR aaTacoana.zta
TenbHbiMH C'leT'IHKaMH cnyqaeB, KOr.zta He 6blnO B3aHMO.ztei
CTBHJI DpH MHHBManbHOB 'IYBCTBHTeflbHOCTH K O,AH03apR,AHbiM 
'laCTBilaM . 

II. Cuc•eMa aMnAu•yoHozo KoH•poAJI 

HMnynbcbl acex ci>3Y cacTeMbl 3anycKa nocTynaroT aa 
pa6oqae cxeMhl qepe3 naaeiable pa3BeTBHTena. 
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TenecKonbl c~uf-lrunnsnJ,uoHHbiX c~eTI.lUKOD 
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4acruu.~ ~~~~u.q 4a.cruu.a 4a.c"Tuu,a. o1.. 1.aC"Tu-
~ ny4~e 1 Yo.c~u 2~-3a.pR0- t oow11a. u.a. ObiUJila 

n ~~C. HO.~ 0 KO.Me U3 KOMepbi 

A o lau K a 311 etnpoHuKu reJ1eCKon o 

KonH~e
cr~o ~ 
copoce d..·4ClCTULJ. 

~UCilO 
3anyc~<o~ 

nepec'-leTHble cxeMbl KOHTPO!ls:l nyl.lKQ 
u annaparypbi. 

Puc. 2. Jiozu'lecKa.R cxeMa 3AeKmpoHUKU cucmeMbl 3anycKa. 
CC A - cxeMa coenaoeHuu c exoOoM aHmucoenaoeHuu 
4CCJOO. 
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lfMnyJibC CO BTOporo BbiXO.Z:.a pa3BeTBHTeJIJI MO:lKeT 6b1Tb 

no.z:.au B CHCTeMy KOHTpOJIJI, OCHOBHbiM 3JieMeHTOM KOTOpOH 

JIBJIJIIOTCJI JIHHeHHble BOpOTa C Me.z:.neHHbiM BbiXO.Z:.OM Ha 

auaJIH3aTop /puc. 3/. 
3TO n03BOJIJieT: 

1. IlpH ynpaBJieHHH CHCTeMOH KOHTpOJIJI OT JII060H npoxo

.Z:.JJ:I.QeH lfaCTHIUd • ua6JIIO.Z:.a Tb COCTaB nylfKa no 3apg.z:.y H 

OUeHHBaTb B03MO:lKHOCTb u.z:.eHTH<iJHKaUHH KOMnOHeHT no aMn· 
JIHTy.z:.e HMnyJibCOB. 

2. IlpH ynpaBJieHHH OT .Z:.HCKpHMHHaTopa, BKJIIO'IeHHOrO 

nOCJie JIHHeHHOro pa3BeTBHTeJIJJ:, - onepaTHBHO KOHTpOJIH· 

poBaTb HJIH YCTaHaBJIHBaTb nopor .Z:.HCKpHMHHaUHH, O.Z:.HO· 

apeMeuuo ua6mo.z:.aJI ero nono:lKeuue ua aMnJIHTY.Z:.HOM cneKT
pe. 

3. OnepaTHBHO ycTauaanuaaTb pa6oqee uanoJJ::lKeuue ua 

cJ»3Y H KOHTpOJIHpOBaTb 3<b<lJeKTHBHOCTb pa60Tbl ClfeT'IHKa, 

BKJIIO'Ieuuoro ua 4JopMupoaaTeJib, npu ynpaaneuuu oT 3Toro 

<bopMHpoaa TeJIJJ:. 

4. IJpOH3BO.Z:.HTb npe.z:.aapHTeJibHYJO HaCTPOHKY ClfeT'IHKOB 

CHCTeMbl 3anycKa /pa6oque uanpJJ::lKeHHJJ:, noporu .Z:.HCKPHMH

uauuu/ 6e3 nyqKa, OT (3 "HCTO'IHHKa, npH ynpaBJieHHH OT CO· 

Bxodbt Ynpo~AeHu.ll 

cxeP'I!:J 

~U:LZ8 

Puc. 3. liAOK- CXeMa CUClfleMbl aMnAUlflYOHOZO KOH1flpOAJI. JJP
AUHeilHbiU pa3eemeuaeAb, A - ammeHKJamop 2Al00, JIB -
AUHeilHble eopo•a JJBJOO, CC A - cxeMa coenaoeHuu 
4CCJ 00, rY - zeHepaaop ynpaeAeHUJI FYJ 00, tP - ¢opMu
poeameAb 2tl>l00, AH-128- aHaAu3allop uMnyAbcoe. 

6 

ce.z:.uero "ClfeT'IHKa /BCTaBHB Me:lK.z:.y ClfeT'IHKaMH norJIOTHTeJib 

Me.z:.JieHHbiX 3JieKTpOHOB • 3 MM llJieKca/. 

5. IlpOH3BO.Z:.HTb KaJIH6pOBKy CHCTeM H.Z:.eHTH4JHKaUHH no 

3apH.r.y /eM. n. III I c noMOl.QblO {1 -ucTO'IHHKa, npu ycno
BHH JIHHeHHOH 3aBHCHMOCTH aMDJIHTY.Z:.hl HMnyJibCOB <1>3Y OT 

BeJIH'IHHbl HOHH3a.l.UIOHHbiX noTepb 3HeprHH lfaCTHU B nJiaCTH
Ke. 

!1/. CucmeMa uoeHmu¢UI<ai.IUU u- 'IQClflU/.1 

CucTeMa Bbi.Z:.eJIBeT u - lfaCTHUhl ua <)lone o.z:.uo3apJJ:.Z:.HbiX 

lfaCTHU. ,l\JIJI 3TOrO HCllOJib30BaHa 3aBHCHMOCTb aMnJIHTY.Z:.hl 

curuana <1>3Y OT 3apJJ:.z:.a npowe.z:.weB: 'lepe3 nnacTHK "!aCTHUhl 

( rl E __ zZ ) . 
rl X 

liJioK·cxeMa cucTeMbl npuae.z:.eua ua puc. 4. 

Bbi.JC 

Boporna 

Puc. 4. liAoK- cxeMa cuc•eMw u<>eH • ....,K0¥1111. JJP - AUHeii
HWii pa3eeaeu•eA•, A - <>ucKpUMUH•op All 100, CC A 
cxeMa coeraaoeHuii 4CC100. 

H3 cpasaeaa.a cneKTpa HNnym.coa clfeT'IBKa a nyqxe 

a -qacTHU I puc. Sa/ k KaJIB6posoqaoro cneKTpa, nonyqea

aoro oT /)- HCTO'IHBKa I puc. 56/, BB.IUIO, 'ITO nB.KB nyqxo

BOrO cneKTpa COOTBeTCTBYIOT O.lUfO· B "'BYX3ap.a.lUfbiN lfac
TBUaN. 

Ba.z:.uo TaK:lKe, 'ITO pa3~eneaae O.lUIO- B ~syx3ap.a.z:.nhlx 
DB.KOB ~OCTaTO'IBO XOpowee. 

7 



Puc. 5. KaAu6po6Ka cucmeMbl uOeHmu{fiuKat~uu no 3ap.110y. 
a/ cneKmp uMnyAbC06 ct~elll'lUKa 6 nyt~Ke a- t~aciiUfl c npu
Mecbro 1 - 3ap.110HbiX 'laCIIfUfl. A111111eHroamop 12Jojoc.tJa6;JeHue 
6 4 pa3a/; 6/ CYMMQ cneKIIIp06 0111 {:3- UCIIIO'lHUKa npu no
AOJIC€HU.11X Q11111f€HKXliiOpa J2Jo U 0 Jo . 

llo,IJ;aBneHBe O,IJ;H03ap.II,D;HLIX 'laCTBIJ, CBCTeMOH B,IJ;eHTB<ilB

Kau.aa nonyqaeTC.II -10 4. 

IV • TeAecKon 1/fOHKUX ct~emt~uK06 

TenecKon npe,D;Ha3Ha'leH .IJ;n.ll peracTpaiJ,BB a -qacTHIJ, 

npH MBHBManLHOH, no cpaBHeHHJO C MHilleHLJO, BepO.IITHOCTH 

B3aHMO,IJ;eHCTBHJI B HeM a - 'laCTHIJ,LI. 

ToJIJ.lJ,BHa naTaeBoii MHmeHa, acnonL3oBaBmeB.c.ll B ceaH

ce - 1,5 z/cM 2 • llpa pa6oTe Ha ra3e KaMepLI, KaK Ha 

MHilleHB, TOnllJ,HHa ABYX MeTpOB HeOHa -180 MZ/CM 2 • 

8 

I 
)\ 

TonanaHa no nyqKy TenecKona H3 Tpex C'leT'IHKOB 

- 100 Mz/cM 2 I puc. 6/. 

2 

cpJY cpj!J <P3Y 

3 

.. ... 

4 
1 

5 

6 

Puc. 6. KoHC11fPYKfiU.11 JJeAecKona 1IIOHKUX ct~emt~UK06. 1 - nAe
HO'lHblil nAQCIIIUK IIOAUIUHOU 80 M KM, 2 - OlllpaJICQII€Aio- AQ6COH 
M€111QAAU3Upo6QHHbiU - 12 MKM, 3- C6€110U30A.11fiU.11 - t~epHa.11 
6yMaza - 100 MKM, 4 - onpa6a - neHonAacm - 1 MM, 5-
c)epJICallleA b M€111QAAU"l€CKUU ¢ 2 X 100 MM, 6 - C6€1110600 -
M€KCU2AQC. 

Ha puc. 7 npe,D;cTaBneHa 6noK- cxeMa 3neKTPOHHKH 3Toro 

Tene(O:KOna. llpB OTKniO'IeHHB O,IJ;HOrO 83 BXO,IJ;OB CXeMLI COBna

,IJ;eHBH N 1 - OTHomeHHe noKa3aHBH nepec'leTHLIX ex eM IIC- 1 
a IIC-2 xapaKTepa3yeT 34l<lleKTHBHOCTL OTKniO'IeHHoro C'leT

'IBKa. 

AnnapaTypHa.ll 34l<lleKTHBHOCTL c'leT'IHKa c nnacTHKOM 

TOniiJ,BHOH 80 M K B npOTOHHOM Uy'IKe npHBe,IJ;eHa Ha pUC. 8. 
H3MepeHB.II B nyqKe ·a -qacTHIJ, He npoBo,IJ;anacL, HO O'leBH,IJ;

HO, 'ITO 34l<ileKTHBHOCTL K a-qacTBIJ,aM ,IJ;OIDKHa 6LITLnyqwe, 

TaK KaK BLIXO.IJ; caeTa nponopu.aoHaneH Z 2 
. 

Pe3ynLTaTLI accne.IJ;oBaHH.II 3aBHCHMOCTB 34l<lleKTHBHOCTH 

C'leT'IHKa OT KOHIJ,eHTpaiJ,HH CIJ,HHTHnn.IIIJ,HOHHLIX ,IJ;06aBOK B 

nnacTBKe npe,D;cTaBneHLI Ha puc. 9. BH.IJ;HO, 'ITO B wapoKoM 

9 



om C'fJJY orn <PJ9 

Bb! x 

Puc. 7. liAoK- cxeMa •eAecKona •oHKux c<~e•<~uKoe. Y - ycu
AUIIIeAt. 2 JIY 100, fl> - (/JOpMupoea•eAb 2fl> 100,. CC A -
cxeMa coenaoeHuii 4CC100, llC - nepec<~e•Ha.ll CXeMa. 

.QB&Da3oae JCOH~eHTp&IUii PPO a POPOP 3c)teJCTBBHOCTL 
Dp&JCTB'IeCJCB He MeH•eTCJI. 

v. Cuc•eMa aH•ucoenaoeHuu 

BepoJITHOCT.t. nona.l{&HBJI a c'leT'IHJC auTacoana.l{eHai 

0.l{H03&pJI.l{HWX DpO.l{YICTOB B3&BMO.l{CHCTBBJI a - 'I&CTBIUal B 
MBWeHB DpB6JIB3BTen.t.HO p&BHa 0,3. 

3To 3H&'IeHBe p&BHO OTHOWeHBJO .l{OJIB O.l{H03&pJI.l{HWX 

'I&CTBQ /-0,02/ B& CDCICTpe BMDynLCOB C'ICT'IHICa &HTB

COBD&.QeBBH, nony'leBHOM npa ynpaaneaaa OT caruana BXO.l{a 

10 

f. r C 
.a 
.6 
.4 

.8 

2 2.2 2.4 2.6 2.8 2.~ (K&) 

Puc. 8. 3a6UCUMOCI/Ib 3tjj(/JeKI!IU6HOCI/IU C'lelll'lUKa C nAUCIIUKOM 
80 MKM 0111 Hanp.IIJICeHUJI Ha fl>3Y 6 npOIIIOHHOM ny<~Ke. 

o.a 1E 
0.7 

0.6 

a) KOHU.eHTpau.u~ POPOP-.05/o 

0.5 ....__---:;-----7-~---L-..L.___.J 
/ 

.5 1. 1.5 2.0 2.5 3. 
KOHUeHlpauuS~ PPO (0/o) 

0.9 c· 0) KOHU,eHTPQU.UR PP0-1.5% 

~:~ o I I I : --" 

.0 2 .04 .06 .0 8 .10 
KOHu_e,.npauu~ POPOP(0/o) 

Puc. 9. 3a6UCUMOCIIb 3(/J(JeK.U6HOCI/IU C'lel/l'lUKQ C nAeHO'lHbiM 
lt/UlC.UKOM o• KOHJ4€HIIIpaf1UU CJ4UHIIUAA.11J4UOHHbiX 006Q60K 
PPO u POPOP. a/ 3aeucuMOC111b 011 KOHJ4eHIIIpaJ4UU PPO npu 
noc•oRHHoii KOHJ4eH•paJ4UU POPOP; 6/ 3aeucuMoc•b o• 
FOPOP npu noc•oRHHOii PPO. 

II 



u-qacTHULI B KaMepy /puc. lOa/, K BepO.IITHOCTH B3aHMO

,Zt!BCTBHJI u-1.faCTBULI B KaMepe /- 0,06/.,qT06b1He nO)J,aBHTL 

3aiiYCK B 3TOM cnyqae H He BHeCTH TeM CaMbiM HCKruKeHHJI 

B o6w,y10 KapTHHY B3aHMO,IJ;eHCTBHB, C1.feT1.fHKH aHTHCOBna

,IJ;eHHB TaK )Ke, KaK C1.feT1.fHKH CHCTeMbl H,IJ;eHTHiiiHKalUIB, 

pl.60TaJOT B HOHH3ali;HOHHOM pe)KHMe. 

a) 
I 

1200 

1000 

800 

SOD 
400 
200 

I ~ -/I I I I I 

10 20 30 40 so 60 10 80 90 100 110 

12oo · o) 
1000 

BOO 
600 

4oo 
200 

I I I I 1/1 I I I I 1'-1 
10 20 30 40 50 60 10 80 90 100 HO 

Puc. 10. CneKIIIpbl UMnyAbcoe aHIIIucoenaOalleAbHOZO ctleiii
-.JKa. a/ IJpu ynpaeAeHUU CUCIII€MOU aMnAUIIIY0H020 KOHIIIpo
.IVf 0111 CUZHaAa 8X00a a- \laC111Uflbl 8 KaMepy; 6/ IJpu ynpae
AeHUU 0111 oucKpUMUHa111opa :1111ozo ctle111'lUKa e pa6o'leM pe
JitUMe. 

llpa 3TOM 3anycK 3anpew.aeTcJI TODLKO B cnyqae nona

~HHJI B C1.feT1.fHK aHTHCOBna,IJ;eHHB ,IJ;BYX3apJI,IJ;HOB "'aC

nm~>~. CneKTP curaanoa c1.feT1.fHI<a aHTHC<'na,IJ;eaaii npa 

ynpaaneHHa oT ero ,IJ;HCI<pHMHHaTopa npuse,IJ;eH aa puc. 106. 

12 

JinoK- CXeMa CHCTeMhl aHTHCOBna,IJ;eHHB npHBO,II;HTCJI Ha 

J:UC. 11. B cxeMe npHMeHeH MeTo,IJ; TaK Ha3biBaeMoro nac

aiBHoro y.D;nHHeBH.II :HMnyJILca c noMOutbiO nHHHi 3a;J.ep)Kei<, 

'11'0 n03BOD.IIeT H36aBHTbCJI OT MepTBOrO BpeMeHH B KaHane 

aHTHCOBDa.IJ,eHHi. 

BbiX. 

Puc. JJ. liAoK- cxeMa CUCIII€Mbl aH111UCoenaOeHUU. JIP - AU
HeUHbiU pa38€1118UJI€Ab, ,a - OUCKpUMUHaJIOp ,4H 100, p -
/V2U'l€CKUU pa3MHOJICUJI€Ab 4P100, C- A02U'l€CKUU CYMMa-
JVp CJOO. 
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VI. CucllleMa 6peMeHHou cozAacoeKu 

CacTeMa npe~HaJHaqeHa ~ns onepaTBBHoro BJMepeHBH 

OTHOCHTeJJLHOrO DOJJO:lKeHBB BO BpeMeHH 2-x HMDYJJLCOB 

B npe~enax ±25 HC C TOqHOCTLIO 0,5 HC. ,Ana cornaCOBaHBS 

cqeTqftKOB ~OCTaToqHo COTHB qacTBI(. 

flapaMeTpLI CBCTeMW onpe~eJJHIOTCH KOJJaqecTBOM KaHa

JJOB aHanB3a.Topa AH-128 a npe~enaMa BJMeHeHBH nepeMeH

Hoi 3aAep:lKKB B penepHoM 6noxe I puc. 12/. 
Onpe~eneHae 3a~ep)J(KH npoHJBOJJ.HTcs nyTeM BHJyanLHo

ro CpaBHeHBH Ha 3KpaHe aHaJJH3aTopa DOJJO:lKeHBH DHKa 

OT H3MepeHHOR 3a~ep)J(KH C DOJJO)J(eHHeM penepHLIX DBKOB 

OT reHepaTopa C H3BeCTHLIMB Ka6enLHLIMB Ja~ep)J(KaMB. 

CHCTeMa D03BOJJBna DORHOCTLIO 060RTHCL 6e3 CJJO)J(HLIX 

na6o Me~neHHWX cnoco6oa, acnonLJYJOII(HX xpaawe Ja~ep
>KaHHWX COBD~eHHR. 

• 1 .. 1crapr 

nK3 BAK 
1 1 .. 1 cron 

AV1 
128 

Puc. 12. CUCIIeMa 6peMeHHOU COZAOC06KU. r1J - gJOpMUP06a
l/feAb, r - zeHepallop UMnyAbC06, BAK - 6peM.R-aMnAUIIIyo
HbiU KOH6ep111op, AH-128 - aHaAu3allop uMnyAbC06, IIK3 -
nepeMeHHOJI Ka6eAbHOJI 3aOepJICKQ 10+60 HC C UIOZOM 5 HC. 

V/l . HeKolllopt.re pe3yAt.lllalllt.l pa6o111t.r 6 ny'IKe 

B peJynLTaTe npoae~euuoro ceaHca B nyqxe pensTa-

BBCTCKBX a-qaCTHI( MO:lKHO C~enaTL cne~YJOUUie BLIBO~LI. 

14 

1. llpH6JJH3HTenLHO 60~ 3anyCKOB COOTBeTCTByeT He

ynpyroMy B3aBMO~eiCTBBIO a -qacTBI( B MHWeHH. OcTaJJLHWe 

3a.DYCKB CBH3aHhl, no-B~BMOMy, C B3aHMO~eRCTBBHMH a
'la.CTBI( B CTeHKaX KaMepw. 

2. 0THOCBTenLHoe qacno a-qacTBI( B nyqxe npa Hop

ManLHOM pe:lKBMe pa6oTw ycxopaTens He MeHee 990/o. 
0~HaKO B nepHO~LI DO~CTpORKH nyqKa, KOr~a B HCTOqHBK 

BOHOB no~yaaeTCH ~eiTepHi, npol(eHT a -qacTBI( na~aeT 

noqTB ~0 HYJJH B 3aTeM BOCCTaHaBJJBBaeTCH ~0 HOpMLI B Te

'feHHe 6-10 'laCOB. 

IIpa 3TOM B npol(ecce aoccTaHoaneHHH ~eiToHw a a
qacTBI(Ll BLIBO~HTCH H3 YCKOpBTeJJH He CBHXpOHHO-DpOI(eHT 

a -qacTHI( 3aMeTHO pacTeT K KOHI(y paCTH:lKKH /puc. 13/. 

~ 
Nno1111oe 

/.0 

0 50 #10 /.SO 2.00 250 300 d50 ltOO ,.60 500 
t(Hcfill(} 

PUc. 13. PacnpeoeAeHue no epeMeHu OIIIHOCUIIIeAt.Hozo 'IUCAa 
a - 'IOCIIIUJI 6 c6poce /nocAe HOCIIIPOUKU ny'IKa 110 oeUIIIOHax/. 
lzyHKIIIup - cpeoHJIJI OOA.JI a - 'IOCIIIUJI eo eceM c6poce. 
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