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Ha 6ase SBM "MMHCK.:2" cosnaHa ycTaHOBKa JlllH nByMepHbiX M3Mepe-

HMfi nepMOJlOB ITOilypacnana B036y)KneHHbiX COCTOHHMfi srnep B H8HOCeKyHn

HOM JlHBIT830He. B YCT8HOBKe lfCITOilb30B8nMCb !jJOTOyMHO)KMTeJIM TMIT8 

XP-1020 co cnHHTMJIJIHTopaMM NaJ (TI) 

BbiCOKasr s¢¢eKTMBHOCTh perMcTpaUMM raMMa;.;nyqefi. M BpeMeHHoe pas

pemeHMe NaJ(TI)cuMHTMJIJIHTopoB nosBonsrroT npoBOllMTh B psrne cnyqaeB 

BpeMeHHbie MSMepeuirsr Ii naHoceKyHJlliOM nnanasoHe. HcnonhsoBamw B xo.tf; 
. ' . ~ . 

9KCITepMMeHT8 . Bbl'IHCJIMTeJibHOfi MalliMllbl paClliMpHeT TeXHH'!eCime BO~MO)K-. 

HOCTM ycTaliOBKM 1 IT03BOJIHeT ITpOBOJlllTb )lByMepllblfi BpeMeHHOfi 81l8JIM3o 

B Jl8liHOfi pa6oTe OITMCb!BaeTCH CUMHTMJ111HUMOHH8H yCT8liOBK8 1 OCHOB8H

ll8H 118 MeTone raMMa-raMM8-COBIT8)lel!Mfi 1 C ITOMOllibiD KOTOPO,fi ITOJiy'leHO 

speMenHoe paspemeHMe: 

2r 0 =. 

2r 0 ·=. 

2r = 

-9 
1,89.10 

-9 
2,56.10 

' -9 
4,5.10 

ceK (1,17 "* 1,33 MsB) na HCTO'IHHKe 6°Co 

CeK (515 of 511 KSB) 

ceK ( 100 -+ 511 KSB) na HCTO'IHHKe 22 Na 

a TaK*e npoBeneHhi usMepenMsr nepMonoB nonypacnana Bos6y)KlleHHbiX coc-. 

TOHHMfi. 155 Gd 
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Ann8p8TYP8 

1.:EnoK-cxeM8 ycT8HOBKH 

B ycT8HOBKe npnMeHSIIlHCb ~oToyMHo~nTenn THrr8' XP~1020 co cunn-

TnnnSITOp8MH NaJ ( Tl ) p83Mep8MH r:l 40 x 40 MM. EnoK-cxeM8 ycT8HOB-

KH ITOK838H8 H8 pnc. 1. 

Cnrnanbi nnSI BpeMennoro 8H811H38 cnnMannch c 8HonoB · ~oToyMHo

~nTeneil n nocne ¢opMnpoBaHHSI no nnnTenbHOCTn, ocymecTBnSieM~ro c 

noMombiO orp8HH'IWreneil ( orp 
1
, orp

2
) n ~opMnpoB8Teneil ( <P 1, <P 2>, no-

cTyn8nn .· na BpeMSI"""aMnnnTyllHbiH npeo6p8aosaTenb (KoHB. t .... A ), nociie 

qero .qepes aMnTTepHbiH noBTopnTenb (an3 ) non8B8nncb H8 8MnnnTynno~ 

un~pOBOH npeo6p830B8Tenb (AUn- 5J2) - "Tp8KT" - A , • nnSI BbJ6opa 

onTnManbHbiX ycnoBnil nsMepennil n K8nn6poBKH · KOHBep7opa B onnH ns. 

KaHanoB.BBenen M8r8ann a8nep~eK (fl3). 

CnrH811bi nnSI aMnnnTynnoro 8H811H38 cnnM811HCb c 9-ro nnnon8 

~OTOyMHO~HTe/lSI H qepe3 3MHTTepHbiH noBTOpHTe~b ( 3n 1 ). llHHeHHbiH ycn

llHTellb (flY 
1

) H ( 3n 
1

) nocTyn811H H8 8MnllHTYllHO':"UH~pOBOH . npeo6p830·

B8Tellb (AU n-4096) - "Tp8KT E". nn~~epeHUH811bH~in nncKpHMHH8TOp,ocy:.. 

·meCT511SII1 Bbiflop aHepreTH'IeCKOro 'oKH8" B cneKTpe 'E" nn6ci p860T811 

K8K nn-ferpanhHbiH nncKpHMHH8Top. B Tp8KTe "C". 8MnnnTyJlHhiH cnrH811 

c 9-ro .nnnona ~oToyMHO~HTe!JSI qepe3 an2 flY 2 fll1 2 nocTyn811 H8 nn2, 

rn~ nponcxonnn8 anepreTn'leCK8SI Bbi6opK8 r8~M8-nsny'l.eHHSI; conpoBo~-
- ' ' . . '. ,· 

na10mero p83pSillKY Bos6y~nennoro Sinepnoro cocToSIHHSI, nepnon nonyp8c-

n8n8 KOTOPOI'_O H3MepSI11CSio CnrH81lbl C BbiXOllOB p.n 1 nn2 H ynp8BilSIIOmero 

BbiXOll8 KOHBepTop8 nonaBanncb H8 MennennyiO cxeM:y' conn8nennil (MCC), 

KOTOp8SI ocymecTBilSI/18 BpeMeniwe corn8COB8HHe i::nrH8110B OT· Tp8KTOB "A", 

"E" ,· "C". nocne MCC cnrH811 coBn8ne.linn, K8K cnrnan ynp8BileHHSI, no-. 

· cTyn8n na .6noK nornqecKoro ynp8BneHHSI ( EflY) nnyMepHbiM 8H8nnsoM• 

PerncTp8UHSI co6biTHH ocymecTB11SII18Cb 38M "'MnncK-2~ B pe~nMe nByMep"' 
. /1/ 

HOrO 8H811H38TOpa C "UH~pOBb!MH'. OKH8MH • 8 KOMnneKC . ycTpOHCTB BXOJlHT 
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Pnc. 1. BnoK-cxeMa JlByMepHoro aHannaaTopa. 
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ocuunnorpa<l;l co cBeToBbiM KapaHJlallioM ( OCK), noaBonmomiiii npoii3BOJliiTb 

Bb!50p UII<l;JpoBbiX OKOH II Ha5mo)leHIIe periiCTpiipyeMb!X cneKTpOB B npouecce 

Ha5opa iiH<l;JOpMaUIIII. 

llByMepHhlfi BpeMeHHOfi aHanii3 npOIICXOJliiT- cne)lyiOlliiiM o5pa30M! 

B cneKTpe "C" . llll2 Bbi5IIparoTC51 ·raMMa-nytJII 1 ·cooT~eTCTBYIOlliiie nepexo

Jl8M II3 IICCne)lyeMbiX 51Jle~Hh!X. COCT051HIIi1i CrreKTp "E" Ha6IIpaeTC~ ,B n~:.: 
. ~~ 

MHTh 8BM II c noMomhro OCK rrpoiiaBolliiTcH paaMeTKa uii<l;lpoBhiX .oKoH, 

KOTOpb!e COOTBeTCTByiOT, ra,MMa-nytJaM, IIJlYlliiiM B K8CKa)le C raMMa-ny"!a

MH B Bb!5paHIJOM "OKHe 1
' cneKTpa "C" • Bcero MO)KJIO paaMeTIITb JlO 32 

UII<l;JpoBbiX OKOHo Oocne pa3MeTKII OKOH H8tJIIHaeTC51 JlByMepHbifi BpeMeHHOfi. 

. aHanii3 1 , T.e. npOIICXOJliiT Ha5op n ~ 3~ BpeMeHHh!X cneKTpOB1 K8)KJlblfi H3 

. KOTOpb!X 'onpeJlenHeTCH COBIT8JleHIIeM I"8MMa-nyqefi, ITOIT8Jl8IOlliiiX B." OKHO"' 

cneKTpa "C 1
' II I"8MMa-nyqefi n I -UII<l;JpOBOrO OKHa~ Bb!5paHHOI"O Ha cneKT

pe "E". no OKOH'I8HIIII aHaniiaa IIH<j;JOpMaUIIH aanHCb!BaeTCH Ha M8I"HIITHYIO 

neHTy1 · COpTIIpyeTCH II Bh!BOJliiTCH Ha UII<l;JponetJaTbo 0onpo5HO pe)KIIM 
, I 1 2/, 

pa50Thl 8BM "MIIHCK...;2" KaK JlByMepHOI"O aaanii38TO!J8 OITIIC8H B pa50T8X . 
1 

• 

" 

XapaKTepiiCTIIKII oTnenhHhlX yanoB ycTaHoBKII 

neniiTenb <j;JoToyMHO)KIITenH XP-1020, a T8K)Ke cxeMbl orpaHII'IIITe;_ 

nefi II SMIITTepHb!X ITOBTOpiiTenefi ITpiiBeneHbl Ha piiC. 2. B KatJeCTBe <j;JopMII

poBaTenefi 4>
1 

II 4>
2 

npiiMeHeHhi nBa nocnenoBaTenbHo BKnrotJeHHhiX tiJopMII

poBaTen~ Ha TYHHenbHhiX Jliionax, 'ITO no3BomieT nonytJIITb Bhixonnoii CIII"Han 
. ' /3/ 

C aMnniiTY.OOfi, He 38BIICHlliefi OT aMITniiTYJlhl BXOJlHOI"O CIII"Hana • l1Mnynb· 

Chi C <j;JopMIIpOBaTenefi, . aMnniiTY.OOfi 1 BOnbT; .OniiTenbHOCTb!O lO HCeK 

qepea Ka5enu aanep)KKII nocTynaroT Ha Bxon BpeMH-aMnniiTY.OHoro npeo5pa

aoBaTemi, pa5oTaromero no "cTapT-cTonHoMy" npiiHUIIITY. Opeo5paaoBaTenb 
• ./4/ 

co5paH no cxeMe, ·paapa5oTaaaoi1 B na5opaTopim HaepHhi.x npo5neM • Opii-

MeHHBrnuiicsi: naMII npeo5paaoBaTenh IIMen niianaaoHhi IIaMepeniiii ( 30,130, 

6 
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. 6) . 

r,~~ - rr 31.3 · 

c). 

Puc. 2. rr~mauunuanhH~re ~X~Mbi: '~) aenuTenH tPOTOYMHO)I{HTemr XP-1020, 
6) orpaHH'IUTeneii, B) 9MHTTepHbiX TIOBTOpHTeneii. 
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350) nceK u 6,5 MKceK. 3neKTpnqecKoe paspernaiOmee BpeMH npeo6pa-
. -12 

= 12.10 ceK. soBaTenH 2r nu~~epenuuanbli8H nenunefiHOCTb ~Oli-
· sn 

BepTopa B nuana3onax 30, 130, 350 nceK a ::: 1% B nuanasone 6,5 IiceK 

a 2,5%, l1sMepenue noporoB cpa6aTbiBaliUH orpanuquTenefi, npoBe.:. 

nennoe c noMOlllbiO u~ToqnuKoB59 Co+
241 

Am , noKasano, qTo U ~30 K9B, 
nop 

Onuaoqnbre cneKTpbi u -cneKTpbi coBnanenui'i, nonyqeHHbie npu ynpaBnenuu 

oT. orpaxmquTenei!, npuBe_nenbi na puc. 3. AMnnuTyAHbie TpaKThi "E" u "C" 

COCTOHT U3 9MUTTeplibiX noBTOpUTenefi, nune!"!Hb!X ycunuTenefi U UHBepTOpOB, 

AU~~epenuuanbHb!X AUCKpHMUHaTopoB. B KatieCTBe nY 1 . { TpaKT "E") ucnonb-
. /5/ 

30BancH YCT -1, paspa6oTaHHblll B na6opaTopuu HAepl!b!X npo6neM • Cxe-

Mbl nuHeHI!blX ~HBepTOpOB U JlU~~epeHimanbl!biX JlUCKpUMUHaTOpOB co6p8lihl 

no cxeMaM, paspa6oTalii!biM B na6opaTopuu nei!TpOHI!Oll ~H3UKU AnH nuana

sol!a aMnnHTYA OT 0 AD 10 ~OnbT. nnnei!Hb!H yc~nuTenb nY 2 { TpaKT "C") 

co6pan naMu no cxeMe; npencTaBnennoi! na imc. 4. nepBbilf_ KacKaA {T1 -

ycunemi.H3; BTOpOll KaCKaA T 
3

) - nnBepTupyJ()mn i! c Kos~~uimenToM 
· T 

4 
- T 

7 
- KacKaA c nocTOHI!I!Oil 6asoBoil narpysKoil, ycunenue KOTopo-. 

" ro oiipenenHeTc.II conpoTuBnenueM B uenu KonneKTopa u 6asoBhiM noTen-

UII8nOM TpansucTopa T 4. npuMenenue TaKoro KaCKaAa nosBonuno yn~~H.lliUTb 

nunei!nocTb nnH ciirnanoB .6onbrnoi! aMnnuTyJlbi. · Kos~~uuuenT ycmienuH Kac

Kana - 10; nonHpi!OCTb CIIrHana OTpUU8TenbHa, M8KCUM8nbH8H Bb!XOAII8H 

8MIInUTYll8 - 10 B. nn.II A8HHOrO anannsaTopa 6l,ma paspa6oTal!a Mennen

HaH cxeMa COBnanenui!, puc. 5, 0Ha nosBOnHeT npou3BOAIIT~ OT60p ABOil

HblX II TpOlll!biX COBnaneHHll, nonyqaTb CHrHan ynpaBneHU.II no K8)KJlOMY. 

Kanany B oTnenbnocTu u ocymecTBnHTb nnaBHYIO sanep)KKY ciirnana B Kana-· 

nax oT 0 no 10 nceK. Bxonn:b1e curnanbl - oTpiiUaTenbHOil nonHpnocTII, aMIInii-

> 0,5 B, Bb!XOAHble IIMnynbCbl - nonO)KIITenbHOll II OTpiiUaTenbliOll no-

nHpHOCTII a'MnnHTYADll 27 II .12 BOnbT, COOTBeTCTBeliHO, nnuTenbHOCTb CIIrHa

noB 5 MKceK. Pasperna10uiee BpeMH MCC B pe)KIIMe · ABOllHbiX II TpOilllblX · 

CQBnaneHHll 2 MKC~K II 1,4 MKCeK, COOTBeTCTBeHHO·, E~ICTpOJlellCTBIIe Kana

nOB OT6opa npoBepHnOCb OT renepaTopa CABOeliHblX HMnynbCOB. MepTBOe 

Bp8MH He npeBbiU18eT 4 MKCeK, 

8 
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DnH npeMeHHoro n aMrrnnTyaHoro oT6opa ~oToyMHo~nTeneft HaMn 

6bm paspat?oTaH n co6paH refiepaTop HaHoceKyHaHbiX nMrrynhcon1 cxeMa 

KoToporo rrpnneaeHa 11a pnc. 6. 

B ocHony pa6oTbr reHepaTopa rrono~eH nsnecTHhrfi rrpnHunrr ~opMn

pona!Ins'r cnrHana: pasoMKHYThifi KoaKcnanhHbifi Ka6enb1. sapH~eHHhift ao 

?rrpeaene!I!Ioro HarrpH.lKe!InH U o 1 paspH.lKaeTcH rrepeKmo'laTeneM Ha pTyT

HOM pene -qepes nonuonoe corrpoTnnneHne Ka6enH1 rrpn: sToM ~opMnpyeTcH 

sneKTpn-qecKn:rr. RMrrynbc c ann:TenbHOCTbJO 1 orrpeaenHeMoft sneKTpn-qecKofi . u 
annuorr Ka6enH u aMrrnn:Tyaoft T . 

feHepaTop ·. nsroTonneu ·n 'leThipexKaHanbHOM napn:aHTe1 'ITO rrosnonn:no 

ITpRMeHHTb ero He TO~bKO ripM OToope <f>8Y II H8CTpofiKe OhiCTpofi norRKR 

ycTaHOBKH1 Ho u rrpn:MeHsiTb ero KaK n:cTo'lURK apeMeHHhiX perrep!IbiX cil:r

uaiiOB1 RCITOnbsyeMb!X rrpn: KOHTpone arrrrapaTypHbiX U TeMrrepaTypHbiX' cann:-

ron B orrbrTax rro R3MepeHRJO rrepn:oaon rronypacrraaa nos6y.lKaeHHhiX cocToH

HRfi Haep. AMiii:miyna BhrxoaHhiX c·~rHanoB · ~ · H:a~oM KaHane perynn:pyeTCH . . 

rrnaBHO H CTyrremiMR OT 015 no 40 Bo ilonHpHOCTb Bb!XOaHhl.X CRI:'HanoB nono-

.lKRTenbH8H. RnR OTpRUSTenbHaH. qaCTOT8 ITO~TopeHRH CRrHanoB nnaBHO pe

rynn:pyeTCH OT 40 ao 70 ru. DnnTenbHOCTb ~pOHTa r cf; = 015 HCeK; 

criaaa r < 1 HCeK. feiiepaTop RMeeT Bb!XOahi. CRHXpORMrrynbCOB OTpnuaTenb-
·. 0 .· . '. 

· .HOti ITOnslpHOCTR C · 8MITnHTyaofi 6 BOnbT · n· annTenbUOCTbiO 2 MK.CeK. 

06cy.lKae!Ine pesyni.TaToB 

C .noMoutbJO aaH!Ioro nnyMepHoro aHann:saTopa 6brnn:. rrponeaeHhr BpeMeH-
22 . 60 c : 

Hhre R3MepeHRH Ha liCTO'lHRKax Na 1 o KaK Ha RCTO'lHRKax Mr!IoBeH-

HbiX connaaeun:fil a TaK.lKe n:sMepeui.r nepn:oahr nonypacnaaa Bos6y.lKne!Inhrx 

cocToHunft 
15 ~ Gd • Ha pn:c. 7, nplineaeHbi apeMeuubre cneKTphi1 rrony'leu

Rhre rrpH .COBnaaeHRR aHHRrRnHUHOHHb!X I:'8MM8-KBaUTOB ·EJ:': = 511 KSB C 

suepreTH'l9CKRMR OKHaMR { 1-18) 1 Bb!Op8HHbiMR ua cneKTpe raMMa-ny-qefi 
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lTOYMHO;>KllTenei!: IIaMll 

!!hiX nMnynhcoa, cxeMa 

!CTHhii!: npxmunn tflopMn-

5enb, 3apSI;>K9HHhii!: .llO 

rrepeKmo'laTeneM Ha PTYT-

npn aTo~ tflopMnpyeTcSI 

nSieMoi!: aneKTpnqecKofi 

aapnaHTe, 'ITO noGaonnno 

:Tp_oi!:Ke 6biCTpoi!: nornKn 

ipeMeHHhiX penepHhiX cnr

t.n .TeMnepaTypHhiX. C.llBII

rta. aoG6Y*.ll9HHhiX cocToSI-

.oM KaHane peryniipyeTcSI 

BbiXO.llHhlX CIIrHanoB nono-

IISI CIIrHanOB nnaBHO pe-

3• T cp. = 0,5 HC9Kj 

;pOIIMnynbCOB OTpiiUaTenb

~HOCTbiO 2 MKC~K. ' 

~a ·6hmn npoae.oeHbi .apeMeH-

H:a ,IICTO'IHIIKaX MrHOB9H

ypacna.oa aoG6y;>K.oeHHhiX 
,. 

H:Hhie cneKTpbi 1 nony'leH.: · 

H:TOB -~Y; = '511 K8B C 

·• cneKTpe raMMa-nyqei!: 
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22 
HeTO'IHHKa .Na • Ha puc 

pa3pewaromero BpeMean 2 

aana eneayromne 3HatieHnll 

2r0 

2r0 

I 

-9 . 
4,5.10 eeK (: 

. -9 (' 2,57.10 eeK .. 

. J 
. _:g .· 

2r0 "" 1,89,10 eeK C; 

Ha pne. 9 npnBeaeHbi em 
' . . 

lWHBepTopa H BpeMeHHbie • 

K~8HTOB e aHeprneii: 140_:~ 
t55Tb (0) II .

22 
Na (X). C 

. ~ '•, 

WHX'KB8Jlp8TOB H no MeT 

pe3ynhT8Tbi nepHOJlOB non~ 

Jlmi eoeTOllHHll~ 

Ttj2 = (B;t 

Jlnll eoeTOllHHll 

T t/2 = (1,2 

flonytieHHbie pe3ynbTi 

113MepeanSI, npoBeaeE 

HOeTb OnbiTa 3H8'IHTenbHO 

H8MHOI'O npeBbiW8eT 06'ber-..l 

peHHllX. Bee aTo oeo6eaao 

e KOpOTKOX<HBylllHMH H30TO 

B 3aKnroqeane aBTop! 

HHTepee K pa6oTe, a T. 

H B.l1. CTeraiinoBy 3a noM 

Mepaoro BpeMeaaoro aaani 
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22 
ncToqHnKa .Na • Ha pnc. 8 npnseneHa 9HepreTnqecKan 3aBHCHMOCTb 

pa3p9I1I8!0III9rO Bp9M9HH 2r o. 8H8nH38TOpa. 05pa5oTK8 KpHBbiX COBnaneHHH 

22 Na nana cnenyromne 3HaqeHnsi 2r 0 nm1 ncToqHnKa 

2r0 
-9 

Ey 100 ' Ey = 511 K9B) 4,5.10 · ceK K9B 
-9 2r0 2,57.10 ceK Ey 511 K9B Ey = 511 K9B) 

nm1 HCToqHHK8 

2r0 
-9 ( E . 1170 K9B 1170 K9B). = 1,89.10 C9K = E = y y 

t55Tb -
Ha pnc. 9 npnBeneHhi cneKTp raMMa-nyqefi , Kann5poBKa t .... A··· 

KOHB9pTopa H Bp9M9HHbte. cneKTpb! 0 nonyqeHHhl9. npn .COBII81l9HHH J:'8MMa-
,• 

aHeprnefi 140-280 K9B .~ 

n 22 Na (X). 05pa5oTKa 

9HeprHSIMH 86,5; 105; nnSI HCTOqHHK8 

Bp9M9HHhiX KpHBb!X no M9TOilY H8HM9Hb-

IIInx· KsanpaToB n no MeTony cnBura ueHTpoB TSI)KeCTH nana cnenyromne 

pe3ynbT8Thi nepnonoB nonypac,nana 

nnSI COCTOSIHHSI 86,5 . K9B 
155 Gd 

' -9 
T 1; 2 = ( 6,64;!.:.0,37) ·to ceK 

nnSI COCTOSIHHSI 105 K9B 155 Gd 

Tt/2= (1,26;!.:.0,21)·10-9 
ceK •. 

rr ' 5 /6,7/' onyqeHHhte. pe3ynbT8Thi xopoiiio cornacyroTcSI. c pe3ynbTaTaMH pa oT , 

113MepeHHSI, npoBeneHHhie .Ha aHann3aTope, .noKa3ann, .qTo atMJeKTHB:-

HOCTb onbiT8 3HaqiiT9nbHO nOBh!III89TCSI II nonyqaeMblll o5'h9M HH<jJOpManHII 
. . .. 

HaMHoro npeBbiiii89T o5'heM nH!flopMaunn, Ha5paHHoi!: npn onHoMepHhiX 113Me-

peHI!SIX. Bee aTo oco5eHHo B8)KHO npn npoBeneHHII BpeMeHHhiX H3MepeHni!: 

C KOpOTKOX<liBYIIIHMH H30TOII8MH: 

B 3aKnroqeHne aBTOphi Bbtpa)KaiOT 5naronapHoCTb K.H. fpoMoBy 38 

I!HTepec K pa5oTe, a T8K)Ke M.l1~ <PoMI!HhtX, A.B. PeBeHKo 

n B.H. CTerai!:noBy 3a noMOIIIb npn H3MepeHI!SIX n oTnanKe pe)KnMa nBy-

MepHoro BpeMeHHoro . aHanH3a. 

17 
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