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· 1. BBE,l!EHHE 
I ' 

MeTO.UHKH Bbi.UeneHHJI 6na,ropo,llHbiX ra3oB, rronytJaeMbiX B H,llep-
HLIX peaKUHJIX, 6a3HPYIOTCJI Ha neTy'leCTH -ra30.B, 6naro.uapJI 
KOTOpOH B03MO)KH0 6biCTpOe H rronHOe HX Bbi,IleneHHe H3 o6nytJaeMOH 
MHWeHH /1-7/. . . ~ .. 

A.ucop6UHJI 6nar'opo,llHbiX ra30B Ha aKT.HBHpoBaHHOM yrne, 
oxna)K,IleHHOM .uo TeMrrepaTypbi )KH,IlKoro a3oTa, TaK)Ke . arpaeT 
6onLWYIO ponL.~naro.uapJI eii BO BpeMJI paCTBOpeHHJI o6ny'leHHOH 
MHWeHH B03MO)KH0 6biCTpoti"'H non Hoe KOHUeHTPHPOBaHHe ra30BOro 
IIPO.IlYKTa Jl,llepHOH peaKUHH, OT,IleneHHe ero OT ,llO'IepHHX IIPO.UYKTOB 
pa,llHOaKTHBHOro pacrra.ua, H, HaKOHeU, Bbl,lleneHHe B 'IHCTOM BH,Ile 
rrocne '.uecop6uaii ero H3 yrnH, HarpeToro .uo TeMrrepaTypLI 
300 °C/2/ .llony'leHHbie TaKHM o6pa30M rrperrapaTbl 6naropO,IlHbiX 
ra30B 06bi'IHO CO,Ilep)KaT He6onbWOe KOnH'IeCTBO IIpHMeCeH B BH,Ile 
!JO,Il0pO,Ila,KHCnOpO,Ila,a30Ta,BO,IlJIHOrO napa .H LII., 'ITO 3aTpy,llHJieT 
HX Heiiocpe,llCTBeHHOe Macc·cerrapHpOBaHHe. 34>$eKTHBHOCTb HIIpo· 
.uon)KHTenhHOCTh Macc-cerraplfpoBaHHJI a 6onLwoii cTerreHH 3aBitCJIT 
oT HanH'IHJI rrpaMeceii'B 'rrperiapaTax 6naropo.UHLixra3oB; a.ucop-
6apooaHHLIX Ha aKTHBHpOBaHHOM yrne •. ::_3TH IIpHM.eCH, BbineTaJI 
H3 yrnJI IIpH ero HarpeBaHHH, CHH)KaiOT 34!4leKTHBHOCTb cerrapaUHH, 
a B OT,IlenbHbiX cny'laJIX ,llenaiOT ee rrpaKTH'IeCKH HeB03MO)KHOH. 

llpH CIIeKTpOMeTpH'IeCKHX HCCne,llOBaHHJIX KOpOTKO)KHBytUHX 
H30TOIIOB 6n,ropO,IlHbiX ra30B HCIIOnb30BaHHe OIIHCaHHblX paHee 
MeTO,IlHK /Z,S . 6hlnO 3aTpy,llHiiTenhHbiM BBH,Ily,llnHTenLHOCTH O'IHCTKH 
rrony'leHHbiX rrperrapaTOB OT ra3oo6pa3Hb!X npa:Mec'eii. B CB.II3H' 
c .3THM 6Lma pa3pa6oTaHa orrHCLIBaeMaH MeTO.UHKa Bbl,lleneHHH 
KpHIITOHa /rrpaeMneMaH TaK)Ke a . .unH .upyrax 6naropo,llHbiX ra3oB/~ 

. B OCHOBY MeTO,Ila rronO)KCH npHHUHII 3MaHHpoBaHHH. KpHIITC:)Ha 
B oaxyyMe H3. MHWeHH SrO B' MOMein o6nytieHU ee ripoTOHaMH 
66Q.M.3B Ha CHHXPOUHKm>TpOH~ ~:>lU:Ul'. . . 
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Y'IHThiBaH HH4JopMaUHIO, co.nep)KaiUyiOcH B pa6oTax .npyrHx 
aBTOpOB, TaK)K,,CDOflh30BaBillHX npHHUHD 3MaHHpOBaHHH 6naro
pO):IHhiX ra30B 6 , OC06oe BHHMaHHe Mhl y.D;enHnH npHrOTOBneHHIO 
MHilleHH, 'ITO D03BODHDO npOBO):IHTh 3KCDepHMeHThl 6e3 3HalJHTenh
HOrO HapyrneHHH BaKyyMa 'BO BCeH CHCTeMe. lJOMHMO 3TOrO 
pa3pa6oTaHa H peanH30BaHa CHCTeMa TpaucnopTHPOBKH pa.nuoaK
THBHhiX H30TODOB KpHDTOHa, o6pa3YIQIUHXCH BO BpeMH o6nylJeHHH, 
Ha paCCTOHHHe ):10 40 M, 'ITO c.nenano B03MO)f{HhiM npose.neHHe 
uccne.nosauuii raMMa-nyqeii B pe)KHMe "on line", 6e3 ucnonh30Ba
HHH Macc-cenapaTopa. 

141 H KpaHOM 151, H3rOTOBneHHaH H3 CTeKna, COe):IHHHnaCh 
c Me Tannuqe CKHM Tpy6onposo.noM 17 I. Tpy6onposo.n, HMeiOIUHH 
Ha KOHUaX KnanaHhl 161 H 181, co6paH H3 0Tpe3KOB Me):IHOH 
Tpy6hi /f/ 18 MMI, coe):IHHeHHhiX BaKyyMHOH pe3HHOH, a 06IUaH 

· ero ):lflHHa B DpOBO):IHMhiX · 3KCnepHMeHTaX MeHHflaCh OT 5 .riO 
40 M. Ha Bhlxo.ne. H3 Tpy6onposo.na pa3Memanach CHCTeMa O'IHCTKH 
H nornoTHTenH. Bo speMH o6nytJeHHH KpaH 191 nepeKphiBancn, 
a noTOK ra:ia rrpoxo.nun qepe3 nornoTHTenh KHcnopo.na - Tpy6Ky 
c MenKO uape3aHHOH Me):IHOH nposonoKOH , IIOMeiUeHHYIO B rretJKY, 
uarpeTyiO .no ,... 400°C 110/, saKyyMiii.Ie Kpa_Hhi 1111 u 1121 
H 3aTeM qepe3 nosyrnKy Kr I 131, oxna)K.naeMyiO )KH.z:I~HM a30TOM 

2. 3KCllEPHMEHTAHhHAX ~ACTh 
~------~-- ·· - ---"--·-·a--.niiiOape-1 141 :-a -nepephiBax-Me)K.ny-oqepe.nHhiMH-o6ny'leJlHHMH ... 

XuMu'lecKa.JI annapamypa. CxeMa · pacnono)KeHHH annapaTyphl 
.nnn npose.neHHH 3KcnepHMeHTOB npe.ncTasneua ua puc. 1. Ma Tepuan 

SrO 

~220V. 

15 

16 

14 

n\:140K nPOTOHOB 
660 MeV 

9 

-·220V 

7 

'\ 

8 

Puc. 1. CxeMa XHMHtJecKoii arrrrapaTyphi .nnn Bhl.neneHHH pa.nuoaK
THBHoro KPHIITOHa I o6'hHCHeHHH B TeKcTel. 

MHilleHH I oKono 460 r SrO I rroMemancn · B KBapuesyiO aMrryny 
Ill c Bhixo.niioii Tpy6Koii, 3aKphiTOH KBapuesoii BaToii. Bhixo.nuan 
Tpy6Ka coe.nuunnach rrpu rroMOIUH rnnu4Ja 121 co cTeKnHHHhiM 
KpanoM 131. Cne.nyiOIUaH qacTh arrrrapaTyphi c saKyyMHOH naMrroii 
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rroTOK ra3a rrpoxo.nun rrpHMO qepe3. OT~Phi;Thijf KpaH 191 rrpH 
.3aKphiThiX 3a)KHMax 1111 u/121. Tonh!<O B 3THX ycnosuni MO)KHO 
6hinO BO BpeMH 3KCDepHMeHTa OTCOe):IHHHTh flOByrnKy Kr OT CHCTe
Mhl. ~nH 3aiUHThl OTpa):IHOaKTHBHOrO 3arpH3HeHHH 4JopBaKyyMHOrO 
uacoca I 17 I I cKopoCTh OTKalJKH 60 niMHHI rrepe.n HHl.{ rroMema
nach nosyrnKa c aKTHBHposaHHhlM yrneM 1151, oxna)K.naeMaH 
)KH):IKHM a30TOM 1161. AMrryna C MHilleJihiO H .rrornOTHTenh KHCDO
po.na HarpesanHCh·llpH IIOMOIUH rreqeii ):10 O):IHHaKOBOH TeMrrepa Typhl 
-400 ° C. Perynuposauue uarpesa. ocymecTsnnnoch c rroMOIUhiO 
aBTOTpauc4JopMa Topos A H ·A

2
• KouTponh BaKyy~m so speMH 3Kcrre-

1 • . 
pHMeHTOB llpOH3BO):IHflCH ):IHCTaHUHOHHO. 

llpuzomoeAeHue Muweuu. Ilpose.neHHhie rrpe.nsapHTenhHhie 3K
crrepHMeHThi IIOKa3anH, 'ITO BO BpeMH o6nytJeHHH IIOPOillKa SeQ 

B 3arraHHHOH Tpy6Ke, KpOMe pa):IHOaKTHBHOrO KpHIITOHa,.Bhi):IenHnOCh 
eme. ue6on1.rnoe Konuqecrso ra3a. Ilo3TOMY rrposo.nunach rrpe.n
sapHTenhHaH o6pa6oTKa MaTepuana MHilleHH. IIopornoK SrO IKsa
nu4JuKaUHH X.'l.l B TelJeHHe 3 ~ 4 'JaCOB BhiCYillHBanCH rrpH TeM
rrepaType 150 °C, 3aTeM· TIUaTenhHO pacTHpancn H rrepeci.mancn 
B BhlcyrneHHYIO aMrryny. Ilocne :noro aMrryna c rropornKoM uarpesa
nach ):10 450°C H OTKalJHBanaCh B BaKyyMe .riO 1.10-J MM pT: CT. 
Orrepauun BhlCYillHBaHHH B BaKyyMe rrposo.nunach nepe.n Ka)K.z:lhiM 
OlJepe):IHhiM OllhiTOM. 

Mace- cenapupoeauue u U3MepumeAbHU.JI annapamypa. ~nH rro
nytJeHHH cerrapHpOBaHHhiX HCTOlJHHKOB KOpOTKO)KHBYIUHX H30TOIIOB 
KpH.IITOHa HCIIOflh30BancH 3DeKTpOMarHHTHhiH Mace- cerrapaTOp yc
rauoBKH JICHAIIII - JIJIII OHJIH. Ero KOHCTPYKUHH H TeXHHtJeCKHe 
rrapaMeTphl ):laiOT B03MO)KHOCTh rronytJaTh Ha KOnneKTOpe ):IOCTaTOlJHO 
CIInhHhie H XOpOillO c4JOKYCHpOB~HHhle IIY'IKH HOHOB. ~eTanhHOe 
orrucauue 3Toro npu6opa .nano B 8 •91. PaJ.neneuue H30TOIIOB Kpurr
Tona llpOH3BO):IHflOCh DpH IIOMOIUH COOTBe

7
TCTBt:HHO llpHCIIOC06neH-
10 11/ 

HOrO HCTOlJHHKa-HOHOB MarHHTHOrO THIIa ' • 
H3MepeHHH raMMa- crreKTpoB cerrapuposaHHhiX HCTO'IHHKOB rrpo-
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:H3BO.D;HilHCL C .IIOMOIULIO 

. anallu3a Topa. -. 
Ge(Li) ·-.n;eTeKTopoB u 4096-KaHallLHoro 

3. IIOJIYIJEHHblEPE3YJihTATbl H HXOECY)J(,ll,EHHE 
i' 
I 
I 

BpeM.II o61ly'ieHH.II _Bo acex rrpoae.n;eHHLIX OIILITax ue rrpeBLIWallo ~~:1 
15 MHHyT. t 

QqeuL aa~HLIM ,D;Il.ll rrpaBHilLHoro :xo.n;a rrpouecca BLI.n;elleHH.II i · 
.... - ) ~ 

rrpo.n;yKTOB .II.D;epHOH peaKUHH .IIBil.lleTC.II · .n;aBileHHe B CHCTeMe. j' 

· 0IITHMallLHOe 3Ha'ieHHe, rapaHTHpyromee _6LICTpLIH rrepe~OC aKTHB" 1\ 
HOCTH H3 aMIIYilLI B llOBYUIKy;He-,noiDKHO!IpeBLIWaTJ>1-l0=MM:-pT."CT, ~ \ 

llpoae.n;eHHLie MO.D;enLHLie OIILITLI · IIOKa3allH; 'iTO< CKOpOCTL ~ 
.nepeHOCa aKTHBHOCTH _ B :JTHX YCilO,BH.IIX He HH)I(e 1,5 M/ CeK. 

1 

. BLIWeomicaHHble 'YCilOBH.II 3KCIIepHMeHTa II03BOJIHilH H3y'iaTL 

pa.D;HOaKTHBHLie H30TOIILI C IIepHO.D;OM IIOilypacrra.n;a IIOp.II.D;KaJ MHH. 

113Mepeuue · raMMa-crreKTpoa rroKaJallo, 'iTo rrolly'ieHHLie ua 

.D;aHHOH. YCTaHOBKe pa.n;HOaKTHBHLie ··.HCTO'iHHKH co.n;ep)l(a T TOilLKO 

H30TOIILI KpHIITOHa H IIpO.D;YKTLI ero pacrra.na. 

Ha puc. 2 rrpe.ncTaBileHLI peJyllLTaTLI auallnJa.crra.n;a aKTHBHo-

CTH 
79tlf{r c rrepuo.n;oM noll-ypacrra.n;a T y, = 55 ceK. 

N 1000 

• t27ul 79mKr 

500 

1000 \ 

·soo . 100 Tv2w S7uk 

50. 

190 200 N°KAHAJ1A 2 3 4 t [lo!HH] 

Puc. 2. <llparMeHTLI raMMa·crreKTpoa ¢paKUHH KpHIIToua u K~uaa.11 
crra.n;a aKTHBHOCTH raMMa-nyqeii . c 3Heprueii 127 K3B 9mKr. 

llpH pa3pa60TKe MeTO.D;HKH cerrapupoBaHH.II H30TOIIOB KpHIITOHa 

oco6euuoe BHHMauue 6LIJIO o6pameuo.Ha IIOily'ieHHe. MaKCHMallLHOH . 

repMeTH'iHOCTH HOHHOrO HCTO'iHHKa H o6ecrreqeuue OIITHMallLHLIX 
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YCilOBHii ero ~- pa6oTLI. _ Bee rrpe.n;aapuTellLHLie · HJMepeHH.II rrpoao.n;u

JIHCL C · HCIIOJIL30BaHHeM. CTa6HJILHOrO. i<pHIITOHa; KOTOpLIH B IIO

CJie.n;yiOIUHX OIILITaX BLIIIOilH.IIIl pOilL raJa" HOCHTeJI.II H Map!< epa. 

Ha pHC. 3 IIpe.LJ;CTaB!feHLI OCHOBHLie xapaKTepHCTHKH pa60TLI 

11K pn 

~·j ·A 6 -

"" t"· 1 - 140 . 
1000 

'l"'• 

120-

'~ I xy'\ I " 100 

80 3 

2 [ .. r H I 

40 . 

20 20: 

4 

3 
· 1 2 3 -- . 4 5 6 Jt -· 20 4·0.. 6il iO tOO 11. 

c~ ~ 

Puc. 3. 0CHOBHLie. xapaKTepHCTHKH. ·paGOTLI. Macc·cerrapaTopa. 
MapKep: cta6HilLHLiii KpHIITOH. A .. 3aBHCHMOCTL KoJ¢¢uuueHTa 
3¢¢eKTHBHOCTH cerrapHpOBaHH.II 1f /KpHBa.ll 2/ H CHilLI HOHHOrO TOKa 
Uk/Kpuaa.ll 1/ o:r cJ<opocTH rro.n;aqu KpHrrToHa H B HOHHLiii-itcToq

HHK. 6. 3aBHCHMOCTL paJpewaromeii crroco6uocTH_ Pfl /Kpuaag 4/ 
H K03¢¢HUHeHTa :J¢¢eJ<THBHOCTH cerrapHpOBaHH.II /KpHBa.ll 3/ 1f OT 
CHilLI HOHHoro TOKa Uk IIpH · IIOCTO.IIHHOH IIO,lla'ie 'raJa H 
= 1,6 eM 3 /qac. · · 

Macc--cerrapaTopa rrpu clle.llYIOJUHX ycnoau.11x: ycKopHwmee uarrp.11· 

)l(eHHe · Y a = ··45 KB, paCCTO.IIHHe Me)l(,lly BLIXO.D;HLIM OTBepCTHeM 

HOHHoro _HCTO'iHHKa u BLIT.IIrHBaromHM :JrreKTpo.noM · d = 35 MM 

H ,llHaMeTp BLIXo.zluor_o OTBI!pcTH.II HOHHOrO HCTO'iHHK·a· u = 2 MM. 

113MeHeHHe HOHHoro TOKa u k Ha KOillleKTope .D;Jl.ll ' rroiJyqeHHH 

OIIpe,llelleHHoro ero JHa'ieHH.II ocymecTBilHIIOCL IIyTeM BLI6opa niKHX 

pa60'IHX rrapaMeTpOB HOHHOrO _HCTp'iHHKa, KaK aHO,llHOeHaiipH)I(eHHe; 

HaKall KaTo.n;a, BellH'iHHa MarHHTHOrO IIOilH. lloTeHUHaJIBLITHrHBaro· 

mero 31leKTpo.na Y e rro.n;6upancH J<a)I(.D;Liii pa3 TaK, 'iTo6LI rrollyqnTL 

MaKCHMallLHOe. pa3peweHHe MaCCOBLIX JIBHBH Ha KOJIJieKTilpe. PaJ

pewaroJUaH CIIOC06HOCTL MaCCOBLIX JIBHBH Ha KOnlleKTOpe B3MepH

IlaCL C IIOMOIULIO 3JieKTpOMeXHB'ieCKOrO CKaHepa. llpe.D;CTaWteHHLie 

ua puc. 3 I A u li/ JaaucuMocT.H · paJpewunB: orrpe.n;eJIBTL orrTBMaJIL ~ 
HLie YCJIOBHH cenapHpOBaHBH · pa.n;uoaKTHBHLIX BJOTOIIOB KpHIITOHa. 
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- Ha pHC. 4 _npHBe,neHa,CHCTeMa BBO.IJ;a CTa6HnhHOrO II pa,nHO.aK· 
THBHOrO. KpHnTOHa B- HOHHhiH . HCTO'IHHK Mace· C~napaTopa. CTa • 

~H 

9 1J11 

~ 
PIIC. 4. CxeMa, BBO,IJ;a pa,nHoaKTHBHOrO KpiillTOHa MapKepa B HOHHhiH 
HCTO'IHHK Macc-cenapaTopa. 1 - 6annoH c MapKepoM; 2- noBywKa, 
Kr, 3 - ne'IKa, 4,5 - Hronh'laThie BeHTHnH, 6 - pa3pR.n;HaH KaMepa, 
7 · KaTO.IJ;, 8 • aHO.IJ;, 9- ;BhiXO)l.HOe O,TBepCTHe, 1Q - BhiTHrHBaiOIUHH 

_ 3neKTpo.n, 11 - Macc-cenapaTop, 12 - MariiHT. 

6HnhHhiH. KpHnTOH no.naoancH -H3 Ka:r.iephi /1/ qepe3 ·:Qronh'laThiH 
BeHTHnh- /5/. JloBywKa -c pa,nHoaKT.HBHbiM KpimToHOM /2/ noMema
nacb a ne'IKY /3/ II no.norpeBanacb .no Te:r.mepaTyphi -300° C. 
Pa:nHoaKTHBHbiH KpHnTOH _necop6HpoBaf!CH ·B 3THX ycnoBHHX c aK
THBHpooaHHoro yrnH II no.naoancH -~- pa3pH.nHYIO KaMepy /6/ 
HOHHOrO HCTO'IHHKa qepe3 Hronb'laThiH BeHTHnh /4/, KOTOpbiH 

· OTKphiBancH nocTeneHHO, Ha'IHHaH C MOMeHTa, Kor,na cenapaTOp 
6hm ilacTpoeH: Ha onTHManLH:bie ycnoBHH pa6oThi npH HcnonL30Ba
~HII noToKa CTa6it:nhHoro KpHnToHa.· Y.noBneTBopHTenhHaH 'IHCTOTa 

' . . ' . \ ·pa.D;HOaKTHBHOrO KpHllTOHa ,nenana B03MO:>KHbiM COXpaHeHHe 3THX 
OllTHManbHhiX 'ycnOBHH pa60Thl BO BpeMH cenapHpOBaHHH. 

KonH'IeCTBO nony'leHHoro Ha Konne~Tope pa,nHoaKTHBHoro 

npenapaTa onpe.nenHnoch no cne.nyromeii ¢opMyne: . . . . ' . ' ' ~-

N = N 
0 

TJ exp (-At) ; 

r.ne: N
0 

- .KonH'IeCTBO H,nep onpe.neneHHoro H30Tona KpHnTo~a 
Ha KOHeU o6ny~eHHH, ;N - KOnH'IeCTBO H.IJ;ep 3TOrO :>Ke H30TOna 
KpHnTOHa nocne cenapaUHH, TJ - K034J4JHUHeHT 34J4JeKTHBHOCTII 
cenaplipooaHHH, .. ;>.,- ero nocTOHHHaH -pa.n;HoaKTHJlHoro. pacna.na, 
t - BpeMH. BenH'IHHa t B BhiWeyKa3aHHOH 4JopMyne BKnro<ui.eT 

B ce6R BpeMR: TpaHcnopTHpOBKH.nOBYWKH H3 3ana CHHXPOUHKno· 
TpOHa K Macc·cenapaTopy, ,necop6UHH KpHnTOHa H3 aKTHBHpOBaH· 
HOro yrnR, ero TpaHCnopTHpOBKH B HOHHhiH HCTO'IHHK, npe6biBaHHH 
B pa3pH.n;Hoii KaMepe II npoxo)K.IJ;eHHH HOHOB qepe3Macc·cenapaT<)p, 
a TaK:>Ke BpeMH 'nepeHoca'cenapHpOB.aHHhiX H30TOnOB K ,neTeKTOpy. 

B npooe,neHHhiX 3KcnepHMeHTax Bee 3TH onepaUHH /BpeMR t I 
3aHHManH 5·7 -Mit:H. 34J¢eKTHBHOCTh. :cenapHpOBaHHR TJ pa.IlHOaK·· 
THBHhiX. H30TOllOB KpHnTOHa onpe,nenHnaCh KaK OTHOWeHHe HHTeH· 
CH!3HOCTH · raMMa~nHHHH pa3,nene_HHOr_G. !f30TOn_a _K HHTeHCHBHOCTH 
3THX :>Ke caMhiX nHHHH B cnt!KTpe CMeCH H30TOllOB. Cpe.n;Hee 
3HalJeHHe K034J4JHUHeHTa 34J4JeKTHBHOCTH. cenapaUHH B HaWHX. OllhiTaX 
cociaBnHno 5t1o. - >· · .· 

Pa.n;HOXHMH'IecKHH Bhixo.n, -oenH'IHHa BpeMeHH cenapauHH II ee 
34J4JeKTHBHOCTh TJ n03BOnHnH nonyqaTh HCTO'IHHKH KOpOTKO:>KHBY" 
IUHX H30TOllOB KpHnTOHa C MHHHManhHhiM ,opeMeHeM )f{H:iHH -1_.MHH. 

B 3aKniO'IeHHe aBTOphl C'IHTaiOT CBOHM npHHTHhiM ,nonroM 
no6naro.napHTh pyKOBO.IJ;HTenR O.Hc··H PX JIJIII ,noKTopa K.JIXpo
MOBa 3a npOHBneHHhiH liM: HHTepec K pa6oTe, ·B.H.Co6oneaa 
II A. T .MapKoBa 3a TexHHt{ecKyiO noMOIUb npH no.nroToBKe annapa-· 
TYPLI, a TaK:>Ke JI.'llepHhi 3a yqacTHe B o6pa6oTKe pe3ynLTaToB. 
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