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B nocneAHee BpeMJI B o6nacTH JIAepuoii cnexTpocKonHH 
Bee 6onLmee pacnpocTpaueuue nonyqaroT MeTOAW MHoro
Mepuoro aHanB3a. 0TJJHqHTeJJbHOB OC06eHHOCTbiD 3THX 3K
cnepHMeHTOB JIBJJJieTCJI TO, qTo HCnOJJb3yeMwe aMnJJHTYAHO

UHI)pOBWe npeo6pa3oBaTenH I AI.UII HMeiDT 6onLmoe qucno 
KBaHToBaHHii no Ka)KAOMY H3 napaMeTpoBI-10

4 1. Ilo3TOMY, 
Aa)Ke npH ABYXMepHOM auaJJH3e, Tpe6yeMWB o6'beM naMJITH 
COCTaBJJJieT 10 6 7108 KaHaJJOB npH pa60Te B HHTerpHpyro
(UeM pe)KHMe. IlpH H3MepeHHJIX B HeHHTerpHpyromeM pe)KHMe 
B03HHKaiDT 3HaqHTeJJbHWe TPYAHOCTH, CBJI3aHHWe C COpTH
pOBKOB orpOMHWX MaCCHBOB HHI)OpMaUHH, KOTopaJI xpaHHTCJI 
Ha OTHOCHTeJJbHO MeAJJeHHWX BHeWHHX 3anOMHHaiDIUHX 
ycTpOBCTBaX. C Apyroii CTOpOHW, BCerAa HMeeT MeCTO 
H36WTOqHOCTb HHI)OpMaUHH B 3HaqeHHJIX Ka)KAOrO H3 napa
MeTpOB, T .K. "none3HaJI" HHI)OpMaUHJI B BHAe nHKOB cneKTpa 
cocpeAoToqeua B HeJuaquTenLHoii qacTH ee o6'beMa, qTo 
oco6euuo xapaKTepuo npH ucnonL30BaHHH Si~Li)- , Ge~Li)
AeTeKTopoB, o6naAaiDIUHX swcoKoii paJpemaromeii cnoco6-
HOCTbiO H o6ecnequsaiDIUHX nonyqeuue cneKTpoB c JipKo 
BWpa)KeHHWM AHCKpeTHWM xapaKTepOM pacnpeAeJJeHHJI HH
TeHCHBHOCTH H3JJyqeHHJI no 3HeprHH. 

3TH 06CTOJITeJJbCTBa CTHMYJJHpOBaJJH pa3BHTHe MeTOAOB 
H3MepeHHB C UeJJbiO C)KaTHJI HJJH OT6opa "noneJHOB" HHI)op
MaUHH C HCnOJJb30BaHHeM 6WCTpOB lonepaTHBHOBI naMJITH 
eMKOCTbiO -104 xauanoB. K qucny 3THX MeTOAOB MO)KHO 

OTHeCTH: 
1. C)KaTHe uul)opMaUHH nocpeACTBOM BBeAeHHJI Kycoquo

nuueiiuoii mxanw AI.UI /I/. 2. C)KaTHe uul)opMaUHH nyTeM 

COBMeCTHOrO npeo6pa30BaHHJI KOAOB perHCTpHpyeMWX Be
JJHqHH 12 •31 · 3. 0T6op none 3HOB HHI)OpMaUHH nocpeACTBOM 
BBeAeHHJI uul)pOBWX OI<OH HJJH AHCKpHMHHa TOPOB I 4-:- 10 I. 
4. MeToAw accouuaTHBHoro auanH3a 12 •51 . 5. MeTOA C)Ka
THJI no "BepTHI<anB" / 5/ 
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Hu*e onuchlaaeTCB cnoco6 perucTpauuu ~ayxMepHhlX 
cneKTpOB COBllaAeHHH C yMeHLllleHHeM He06XOAHMOro 06'Le
Ma naMBTH 6e3 noTepu cyll.{ecTBeHHOH HH$opMauuu. YMeHL
meHue AOCTHraeTCB TeM, qTo nepeA 3allHCLID HHcPOpMaUHH 
ocyll.{eCTBnBeTCB nepexo~ OT nonB ABYXMepHOH MaTpHUhl, 
onpeAenBeMo:H qucnoM KaHanoa B cneKTpe xa~oro napa
MeTpa N, K noniD ABYXMepHo:H MaTpHULI, onpeAenBeMo:H 
que noM yqacTKOB M , BLI6paHHhlX 3KcnepuMeHTa TopoM 

B cneKTpe Ka*~oro H3 napaMeTpoa I puc. 1/. 

f-----1024 ------1 

CneKmp 6 

n = 1024 x 1024 ~1o' 

1-------1024 .., 
CneKmp 6 

,/ 

·:~---~~~---J)/' 
( n = 64 x 64 =4096) 

Puc. 1. HA/IIOC111paijWI nepexooa 0111 oeyxMepHoii Ma111pUflbl, 
onpeoeA.ReMoii 'IUCAOM KaHaAoe, K Mampufle, onpeoeA.ReMoii 
'IUCAOM y'laC111K06 pa36UeHUJI cneK111pa /e OQHHOM npUMepe 
'IUCAOM "noAe3HbiX" nuKoe/. 

Cnoco6 OCHOBaH Ha HCllOnL30BaHHH ABYX CHCTeM AHCK
pHMHHaTOpOB, ll03BOnBIDII.{HX pa36HBaTL Ha yqacTKH cneKTphl 

xa*Aoro H3 ABYX TpaKTOB. Taxoii noAXO~ 6Lin ucnonL30BaH 
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paHee /7,8,9/ AnB OT6opa HH$OpMaUHH B uenBX 3- MepHoro 
aMnnHTYAHO-aMllnHTYAHO·BpeMeHHOrO aHanH3a /H3yqeHHe 
apeMeHH *H3HH B036Y)I(AeHHhlX BAepHLIX ypoaHe:H/. B Ha
CTOBIUe:H pa6oTe 3TOT CllOC06 npHMeHeH AnB 3allHCH ClleKTpa 
coanaAeHHii ua ABYXMepHOM none. IIpu 3TOM npeAnaraiDTCB 
ABa noAXOAa a ucnonL30BaHHH 3Toro cnoco6a. IIepaLI:H 
aapHaHT MO*HO paCCMaTpHBaTL KaK pa3BH'l'He aCCOUHaTHB
HOrO MeTOAa perHCTpaUHH. B HeM COBllaAeHHB ~nB yqacT
KOB cneKTpOB, He COAep)l(aiUHX Cyll.{eCTBeHHOB HH$OpMaUHH 
/06LiqHo 3TO yqacTKH C OTHOCHTenLHO paBHOMepHLIM KOMn
TOHOBCKHM pacnpeAeneHHeM/ 3allHCLIBaiDTCB C MeHLWeH 
TOqHOCTLID /KaK npaBHnO, 3TO 6onee npOTB)I(eHHLie yqacT

KH cneKTpOB/, HO AnB HHX He npOHCXO~HT nonHOH llOTepH 
HHcPOpMaUHH, KaK 3TO HMeeT MeCTO B 06LiqHOM aCCOUHa
THBHOM pe*UMe. llOA perHCTpaUHID Ka~oro B03MO)I(HOro 
sapHaHTa COBllaAeHHH Me~y pa3nHqHLIMH yqacTKaMH OTBO

AHTCB OAHH KaHan naMBTH. 

IIepsLii sapuaHT peanH30BaH cneAYIDIUHM o6pa3oM: AIJ.ll 
B o6oux KaHanax AOllOnHJIIDTCJI 6noKaMH HenHHeiiHoro npe
o6pa30BaHHJI H WH$paTOpOM C uenLID KOHBepTHpOBaHHB KOAOB, 
CHHMaeMLIX c AUII B KOA HOMepos yqacTKOB no 3apaHee 
3aAaHHLIM rpaHHUaM. linox-cxeMa Taxoii ycTaHOBKH noxa-
3aHa Ha puc. 2. YcTpoiicTso pa6oTaeT cneAYIDIUHM o6pa3oM. 
IIpH perucTpauHH aKTa cosnaAeHHJI raMMa- xsaHTOB o6oHMH 
AeTeKTopaMH I 1 ,2/, cHrHanoM cosnaAeHHJI, BLipa6a Thlsae
MLIM CXeMOB BpeMeHHOB npHBJI3KH /3/, 3anycxaeTCJI 6noK 
ynpasneHHJI /6/, KOTOpLIB BLIAaeT HMnynLCLI pa3peWeHHB 
o6oHM AUII /4,5/ Ha aHanH3 aMnnHTYALI BXOAHLIX cHrHanos, 
a TaK)I(e ycTaHaBnHBaeT B "0" cqeTqHKH /7,8/ H aApeCHLie 

cqeTqHKH·perHCTpLI /16,17/. 
Ilo oxoHqaHHH npeo6pa3oBaHHJI B o6oux cqeTquxax 

/7,8/ 3allOMHHaiDTCJI COOTBeTCTBYIDIUHe aMnnHTYAaM 
BXOAHLIX CHrHanOB KOALI, KOTOpLie cpaBHHBaiDTCB C npeA
sapHTenLHO 3aAaHHLIMH KOAaMH CXeMLI cpaBHeHHJI (9a -7- m ; 
lOa-:- n ). 

Ha BLIXOAaX Ka*AOB CXeMLI cpaBHeHHJI BLIAaeTCB llOTeH
UHan noruqecxoii "1" B cnyqae npeBLillleHHJI 3HaqeHHJI KOAa 
cqeTqHKa HaA 3HaqeHHeM KOAa i , j - CXeM cpaBHeHHB H 
noTeHuuan noruqecxoro "0", ecnu 3HaqeHHB KOAa cqeTquxa 
MeHLllle 3HaqeHHJI KOAa CXeM cpaBHeHHJI. 
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Puc. 2. EAoK- cxeMa ycmaH06KU co cxamueM uH¢opMaf#UU npu 
pezucmpaijuu zaMMa- zaMMa- co6naoeHuu nymeM nepexooa 
0111 MalllpUijbl N 2, zoe N - 'lUCAO KaHaA06 AQII, K MalllpUije 
M2 , zoe M - 'lUCAo zpaHUl# y'lacmKo6 pa36ueHuJJ cneKmpa 
Ha60pOM OUCKpUMUHOIIIOp06, UMeiOJIIUXCJi 6 KOJICOOM lllpOKI/Ie. 
/IloJJcHeHue Ha3Ha'leHuJJ y3A06 cxeMbl - 6 meKcme/. 

BLixo.nw ex eM cpasHeHHJI no,nKJIIOqeHLI K o,nHOMY H3 2- x 
BXO.l(OB CXeM "H" (12a 7 m; 13 a 7 n ), BTOpLie BXO.l(LI KOTOPLIX 
CBJI3aHLI C BLIXO.l(aMH KOMMyTa TOpa nOCJie,noBa TeJILHOrO 
onpoca /11/. 

KoMMyTaTop, 3anycKaeMLiii OT 6noKa ynpasneHHJI /nocne 
oKoHqaHHJI npeo6pa3oBaHHJI/ nocne.nosaTeJILHO no.naeT c&r
HaJILI JIOr&qeCKOH 1 Ha BTOpble BXO.l(bl oqepe,nHLIX CXeM 
"H". llpH COBna,neHHH CHrHaJIOB JIOrHqecKOH "1" C BLIXO.l(OB 
COOTBeTCTBYJOIUBX CXeM "H" nocTynaJOT HMnyJILCbl Ha CXeMy 
"HJIH" H ,naJiee Ha BXO.l(bl a,npeCHLIX cqeTqHKOB-perHCTpOB 
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/16,17 I, r.ne 3TH HMnynLcLI nocne no,ncqeTa cllopMHpyroT 
KO.l(LI a,npeca JiqeiiKH naMJITH 3anOMHHaJOmero ycTpOHCTBa 
/3Y /18/, K co,nep)KHMOMY KOTOpoii C nOMOJnLIO apHciiMeTH
qecKOrO ycTpOHCTBa /19/ ,no6aBJIJieTCJI e,nHHBUa. llpH HC
nOJIL30BaHHH ,naHHoro pe)KHMa uenecoo6pa3HO BLI6HpaTL 
Haqano Ka)K.l(oro cne,nyromero yqacTKa B ToqKax, r.ne H3-
MeHJieTcJI xapaKTep aMnJIHTy,nHoro pacnpe.neneHHJI HMnynL
COB Ha JIHHeHHOM cneKTpe. llpH 3TOM .l(JIHHLI yqaCTKOB 
B 06(UeM CJiyqae MOryT 6LITL HeO,nHHaKOBLIMH. 3TO Tpe6yeT 
npose,neHHJI ,nonOJIHHTeJILHOrO HOpMHpOBaHHJI Ha 3Tane o6-
pa60TKH HaKOnJieHHOH HHciiOpMaUHH, HO 3a cqeT ycpe,nHeHHJI 
3HaqeHHii Ha HHTepsanax 6onLwoii ,nJIHHLI noswwaeTcJI Toq
HOCTL B onpe,neJieHHH COBna,neHHH Ha ciiOHOBLIX yqacTKax 
C paBHOMepHLIM /KOMnTOHOBCKHM/ pacnpe,neJieHHeM. 

BTopoii sap&aHT paccq&TaH Ha perHcTpau&ro 3ase.noMo 
JIHWL qacTH HHciiOpMaUHB, OTBeqaromei BLI6paHHLIM yqacT
KaM-OKHaM B cneKTpax Ka)K,noro H3 napaMeTpos. 

B cnyqae .nsyxMepHoro aHaJIH3a raMMa-raMMa-cosna
,neHHii C q&CJIOM KaHaJIOB no Ka)K.l(OMY napaMeTpy - 10

3 
, 

Tpe6yeMLIH 06'beM naMJITH COCTaBJIJieT -106 KaHaJIOB. 
O.nHaKo H3 CJIO)KHBwerocJI onwTa H3MepeHHii H3BeCTHo, 
qTO 3KCnepHMeHTaTopa HHTepecyJOT B03MO)KHLie B3aHMHLie 
COBna,neHHJI npHMepHO 50 pa3JIHqHLIX yqacTKOB B Ka)K,l(OM 
cneKTpe, B npe,neJiaX KOTOpLIX HaXO.l(JITCJI HJIH nHKH, BJIH 
yqacTKH KOMnOTOHOBCKOrO pacnpe,neJieHHJI. ECJIH no,n pe
rHCTpaUBIO Ka)K.l(OH B03MO)KHOH KOM6HHaUHH COBna,neHHH 
OTBO.l(HTL TOJILKO O.l(HH KaHaJI, TO Tpe6yeMLIH 06'beM naMJITH 
cocTaBHT 50 x 50 = 2500 KaHanos. TaKHe noTpe6HOCTH 
MO)KeT y,nOBJieTBOpHTL npaKTHqecKH Jli060H aHaJIH3aTOp. 

BTopoi sapHaHT MO)KeT 6wTL peaJIH30BaH nporpaMMHLIM 
nyTeM, Kor,na ciiYHKUHH npeo6pa30BaHHJI H WHcilpoBaHHJI KO.l(OB 
BLinOJIHJieT 3BM Ha OCHOBaHHH npe,nsapHTeJILHO BBe,neHHLIX 
B naMJITL 3HaqeHHH rpaHHU yqacTKOB /UHcilpOBLIX OKOH/. 
ITocne.nHHii sapHaHT 6wn HaMH peanH30BaH Ha 6a3e 3BM 
"MHHcK- 2". Pacnpe.neneHHe M03Y .nn.11 3Toro pe)KHMa 
,naeTCJI Ha puc. 3. 

llpH eMKOCTH M03Y - 8K no 37 6HT - o,nHoBpeMeHHO 
perHCTpHpYJOTCJI 2 HHTerpaJILHLIX cneKTpa COBna,neHHH no 
2048 KaHaJIOB C ycTaHOBJieHHLIMH UHcilpOBLIMH OKHaMH H 
4096 B3aHMHLIX COBna,neHHH 64 yqacTKOB H UBcilpOBLIMH 
OKHaMH o,nHoro cneKTpa c 64 yqacTKaMH BToporo cneKTpa. 
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Puc. 3. PacnpeoeAeHue onepa•ueHoii naMJIIIIU 3BM 
"MuHcK- 2" e pexuMe pezucmpaijuu zaMMa- zaMMa- coena
oeHuii c om6opoM noAeaHoii uH,PopMat~uu no oeyM KaHaAaM. 

Ha puc. 4 npHBe,IJ,eHa 6noK-cxeMa nporpaMMbl ,IJ,aHHoro 

pe)I(JIMa. B Ka'leCTBe npHMepa B ma611. 1 npHBe,IJ,eHbl pe3ynL· 

Ta Tbl KanH6pOBO'IHbiX H3 MepeHHH raMMa- raMMa" COBHa,IJ,e" 

HHH c H30TonaMH: 226 Ra , 60Co, 137Cs, 22Na. IlpH 3TOM 

B Ka>K,IJ,OM H3 cneKTpOB ,IJ,llHHOH 2048 KaHanOB Bb16HpanOCb 

HO 16 yqaCTKOB, COOTBeTCTBYIOII.\IIX HaH6onee HHTeHCHBHbiM 

raMMa- nepexo,IJ,aM H yqacTKaM <lloHa B Henocpe,IJ,CTBeHHOH 

6nH30CTH OT 3THX nHKOB. Pe3ynLTaTw HnniDCTPHPYIDTCJI 

Ha puc. 5. 
,l].anbHeHwee HOBbiWeHHe 3<ll41eKTHBHOCTH ycTaHOBKH H 

HCHOllb30BaHHJI naMJITH ,IJ,OCTHraeTCJI BBe,IJ,eHHeM ,IJ,OHOllHH" 

TellbHOrO npH3HaKa /Ha MeCTe 14 pa3pJI,IJ,a B KO,IJ,e :UH<ilpOBblX 

OKOH/, ll03BOllJIIOI:uero npH O,IJ,HOM H TOM >Ke KO,IJ,e :UH<ilpoaoro 

OKHa OTllH'IaTb yqaCTKH COBHa,IJ,eHHH C :i -nHKOM OT yqaCTKOB 

coana,IJ,eHHH c <lloHOM :i -nHKa. TaKHM o6pa30M, y'leT <lloHo

BbiX 3<ll41eKTOB npOBO,IJ,HTCJI B npo:uecce 3KCnepHMeHTa npH 

O,IJ,HOBpeMeHHOM yMeHbWeHHH HOTpe6HOCTeH naMJITH, 'ITO 

HlllliOCTpHpyeTCJI pUC. 6. 

8 

i} 

\ 

'/ 

\ 

Onpoc 111 

I cpopMMpo&. 11HTe-rpahiiH. cnekrpaA I 
1 

r np~o~eM kOAa Aun 2 l 
! 

I cFopMMpo6.i1H11!rpaAbH. cnekrpa 6 I 
l 

i- j - Y"~ ka 

I np1116a6heH.( 1) no OA.pecy(i j)-y4-ka I 
[ 

Puc. 4. liAoK- cxeMa npozpaMMbl peJKUMa 2- MepHozo aHaAuaa 
zaMMa- zaMMa- coenaoeHuii c om6opoM "noAeaHoii" uH,Pop
Mat~uu no oeyM KaHa/laM. 
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6. (qlegtAIHUI &te AGgQ qiOIII 

& npo"'cce uJMiptHuG. 
npu ogwo8pePIIHHOPI COIIpa
~HUU o6'eMQ nGHtllnU. 

Puc. 6. Cnoco6r.r y~e•a co6naoeHuiJ c 'oHoM.A - onpeoeAe
HUe 6KAaOa ,OH06biX C06naoeHUU nocAe U3MepeHUU. Ji -
onpeoeAeHue 6KAaoa 'oHa 6 npot~ecce uaMepeHuiJ /6r.r~u
llaHue 'oHa e npot~ecce uaMepeHuiJ/. a/ HHIIezpaAr.Hr.re 
cneKIIpr.r co6naoeHuiJ, 6/ IHKaAa c liU,p06biMU OKHa.Mu, 
6,0/ CneKIIpr.r co6naoeHuiJ c 'OHOM oo u nocAe nuKa, z/ 
CneKIIP co6naoeHuiJ c nuKoM u ezo 'oHoM, e/ CneKIIP co6-
naoeHuiJ C nUKOM. 
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3aKA10~eHue 

KpaTKo npe,IJ;naraeMbiH cnoco6 B3MepeHBH B pe)I{BMe 

,IJ;ByXMepHoro aHaJIB3a MO:>KeT 6b1Th OXapaKTepB30BaH CJie

cne,IJ;yJOillBM o6pa3oM: 

1. fipB OTHOCBTeJihHO He60JihiiiBX 06'heMaX ITaM.ftTB, BC

noJIL3Y.ft Al(Il u M03Y c npaKruqecKB O,IJ;BHaKOBhiM qucnoM 

KaHaJIOB, OH ll03BOJI.fteT Bhi,IJ;eJI.ftTh B perBCTpBpOBa Th C He

o6XO,II;BMOH ToqHOCThiO "none 3HYIO" BH$OpMaUBIO 0 COBna,IJ;e

HB.ftX, COXpaH.ft.ft, npB He06XO,II;BMOCTB, XOT.ft B C MeHLWeH 

TOqBOCThiO, BCIO OCTaJILHYIO BH$OpMaUBIO 0 COBna,IJ;eHB.ftX. 

2. Orna,IJ;aer Heo6xo,IJ;BMOCTh B ,IJ;JIBTeJILHOM B rpy,IJ;oeM

KOM npouecce COpTBpOBKB BH$OpMaUBB B B ,IJ;OnOJIHBTeJihHbiX 

npoue,D;ypax no BbJquraHuro $oHa, nocKOJILKY nonyqeHHble 

pe3yJihTaTbl npe,D;CTaBJI.ftiOTC.ft y:>Ke B BB,IJ;e, He06XO,II;BMOM 

,IJ;JI.ft nocne,IJ;yroll(ero aHaJIB3a. 

3. Hanuque, Hap.H,D;Y c ,IJ;aHHhiMB o coBna,IJ;eHBRx, 2-x 

BHTerpaJihHbiX cneKTpOB COBna,IJ;eHBH no3BOJI.fteT JierKO npo

BO,II;BTh nocJie,D;YJOil(BH aHaJIB3 pe3yJILTaTOB. IlO,IJ;CBeTKa BbJ· 

6paHHbiX yqacTKOB C UB$pOBbiMB OKHaMB n03BOJI.fteT B npo

uecce 3KCnepBMeHTa CY,IJ;BTh 0 npaBBJihHOCTB B3MepeHBH BJIB 

He06XO,II;BMOCTB BBO,II;BTh COOTBeTCTBYIOIUBe KOppeKTBBbl. 

4. Hau6onee 34>$eKTBBHhiM 3TOT cnoco6 oKa3hiBaerc.H 

npB BCnOJih30BaHBB O,II;HOTBnHbiX ,IJ;eTeKTOpOB B CBMMeTpBq

HOM pacnoJio:>KeHBB "uu$poBbiX OKOH" Ha o6oux cneKrpax. 

Ilpu 3TOM no.HBJI.HeTc.H B03MO:>KHOCTh y,IJ;BOeHB.ft pe3yJILTaToB 

3$$eKTa COBna,IJ;eHBH nyTeM CYMMBpOBaHB.ft 3HaqeHBH O,II;BHa

KOBbiX KOM6BHaUBH. 

5. fipBMeHBTeJILHO K HaiiiBM YCJIOBB.ftM C KOHKpeTHbiMB 

Al(fi B 3BM "MBHCK-2" MaKCBMaJILHa.ft BHTeHCBBHOCTh 

perBCTpaUBB C06b1TBH COBna,IJ;eHBH COCTaBJI.fteT 

/171 ,3/.1if co6/ceK. IlpB 3TOM 30'1o "MepTBOrO"BpeMeHB 

onpe,D;eJI.HIOT Al(Il B 70% - 3BM. IlpuMeHeHue ,D;pyrux 

6onee coBpeMeHHhiX Al(Il u 3BM no3BOJIBT 3HaqureJILHo 

yBeJIBqBTh qucJIO perBCTpBpyeMbiX COBITa,D;eHBH. 

ABTOphl Bblpa)KaJOT 6naro,D;apHOCTL 11. 3BOJibCKB, 
K.JI.rpoMoBy Ja none3Hhle o6cy:>K,IJ;eHB.ft. 
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