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OE!llAH XAPAKTEPVICTVIKA PAEOTli 

AKTYBnbHOC'l'I, ps60TH. IlHOH-nHOHH08 B88HIIOA8ICTBKe npH HHSKHX 
aaeprHHX 88HHMBeT oco6oe IIBCTO B asyqeHHH CHnl>BliX BS8HllOA8ACTBHI qac
THUo 8KCnepBM8HTBnl>IUl8 ABHHHB O pBCCeHHHH IlHOBOB npH HBSKHX 8HeprBHX 
KpBIHe aeo6XOAKIW AJlfl npoBepKH KOHKpeTHHX tHSH'leCKHX pesynI,TSTOB Teo
PHH HBpyweHHOI KHpaniHol CHMMBTPHH CHnl>HHX B88HIIOA8ICTBHA. TBK K8K 
BCCnBAOBSHHe pacceHHHH IlHOHOB IlBOHBIIB B8AOCTYRHO npHIIOIIY SKCnepHM8BTY, 
HH~PMBUHH O :r,::r. -B88HMOABICTBHH HBBneKaeTCH HS BHBnHSS AP,YrHX npo
uecCOB C yqaCTHBII Ji -1188OHOB. IlpH nonYTKe BHABnHTI, ABHHHe O BH8K0-
8HepreTHqecxo11 Ji3i -pacceHHHB xs peaxuldt c 06pasoBBBHe11 :1i -1teso
HOB axcnepHMeHTBTOPH CTSJIRHBSETCH C cepieBBHIIH TP,YAHOCTHIIB, KOTOpHe, 
B OCHOBHOII, CBHBBHH C MSnOCTI,E BKn8AOB AHBrp8MM C oco6eHHOCTHIIH, o6y
cnoBneHHHIIH IlHOH-nHOHHHII B88HIIOA8ICTBH811. IlOSTOll,Y AO COBCell HeA8BHe

ro BP8118BH Be 6uno AOCTOB8PBHX ABHHHX O Ji :Ji -B88111110ABIC'rBHH npH 
BHBKBX aHeprHHX. VlccneAOBSHHH, nonoaeHHHe B OCHOBy H8CTOH~eA AHCCep
TSUHOHHOI paOOTH, IlOSBOnHnH He TOnl>KO nonyqHTI, 'r8KH8 A8HHH8 0 nHOH
IlHOHHOII B38HMOA8AC'rBHH, HOH YCTSHOBHTI, C AOCTSTOIIHOA oope.zteneHHOCTI,E 

xapaa-rep H8pymeHHR KHpSnl>HOA CHllll8TPHH CHnl>HliX B88HIIOAelcTBHA. 

llemt HCCne40BBHHA. B AHCCepTSUHH npe.ztCTBBn6HH pesynl>TBT~ HCCne
AOllSHHI peBKI.lHA rr. N- ar ;r, Al BOnHaH no pore H peBKUHH K-f' ➔ /\ vr -t .Ji

B oonac-rH p880HBHC8 A (1520) C uen1,m nonyqeHHH A8HHHX O HH3K08H8pre
TH'l6CK0M JiJi -paoceHBHH H npoBepKII T80PHH HapymeHHOff KHpSnl>BOIA CHll

ll8TPHH CHnl>HYX B88HIIOAeffcTBHA. B AHCC6PT8UHH HCCne.ztOBSBH paanBqHH8 
M6T0AH H8BneqeHHH HH~PMBUHH O JiJi-B88HIIOA8AC'rBHH HS 3KCnepHM8H-
T8UHHX ABHHHX no pe8KUHHII Ji N➔ Jiv, ,l/ H JCp- /\ .;r,+.r,- • IlonyqeHH 
HOBH6 8KCnepHM8HT811l,HH8 ABHHH6 no (l>83811 S -BOnHOBoro JiJi -pacceH
BHH npH HHSKHX SHeprHHX H nOnHHll ceqeHHHII p88KUHH Ji A/-,. JiJi ,{/ 

B6nBSH nopore. B p811K8X KHP811l>HOI T80pHH npOB6A6H 8H811H8 axcnepiU18H-
TBnl>HHX ABHHHX no HHSK08HepreTH'l6CKOIIY JiJi-B38HIIOA8ACTBHE H IlOnBHII 
ceqeHHHM nsTH aattanoB peaKUHH Ji N ➔ JiJi N B6nH3H nopora. 

Hay'IHSH BOBB8H8: 
- MeTOAOll qy-]oy B IlC8BAOnepH(l>epH'l6CKOII npH6~U6HHH HS 8H811H88 

pe8KUHH Ji"f-'> JjT Ji-n npH HH8KHX aaeprHHX no11yqeHH (l>BSH .r.vr-pac
CBHHHH BOUSH nopore H BnepBHe noK888HO, qTo SKCnepH116HT8nbHY6 ABHHH8 
no qiase b: no.ztuepa.ztam-r' TBOP8TH'18CKH6 yK888HHH B8 HSlIH'IHB no.ztnopo

roBoro ayna B aMnnHTYA6 5 -BonHOBoro Ji~ -pacceaHHH. 

Hayq " o-TexauqecKaB 
GuqnuoTeKa 

OHRH 



- 3KCTp8ll01Illl.Ulll K nopory HOBUX A8HHUX no ~aae s: C yqeTOll 
nOAllOporoBoro HynH noaB01IHll8 cymeCTB6HHO yTOQHlfTb 8KCnepHll6HT81IbH06 ·- . . - . . 

8H8'18HHe A1IHHU S -BOnHOBoro Jivi-pacceHHHH Q g H OU8HHTb no-
noxeHHe noAnoporoBoro BynH B 8MllnHTYA6 S -BOllHU. 

- BnepBue nonyqetiu nonH1i1e ceti:eBHH peaKllHH_ ;r,-p ➔ vi 0 Ji•n 
Bc5nH'sli nopora { ~ ~ 270 LlaB) t 'ITO ll08BOlW1IO ripOB8CTH H80TOllH'l8CKHlt 
aHanHa peaxnun Ji N➔ Ji·.r. Al npH :meprHHX 270 H 240 MaB H cpaBHe
Hlle no_nHIDC C8'18HHn BC8X K8H81IOB STHX peaxuun C pactieTBllll B TeopHH . 

Hapymeimon KHP81IbHOit. CWl.ll8TPHH. 
- IlOK888H8 cauocornacoB8HHOCTb axcnepHll8HT81IbHWC A8HIWX H KH

panbHOlt Teop1rn npoueccoB JiJi...,JiJi H JiN➔ JiJiN npu BBi!Hc5eproB
cKol1 8H8'18HHH 'napa11eTp8 aapymeHHH KHP81IbHOl'I CIUl118TPHH ~ ;_ I/2. 

. ' . '} 

Hayqaoe H npHK1I8AH08 8H8'18HH6 pac50TU. BBEHOCTb HCC1I8AOBBHHH 
nHOH-llHOHHOro B88HMOA8ltCTBHH npH Hll8KHX aaeprHHX onpeA81Ill6TCH, B nep
BYll 0118P8Ab, Teu, IITO llHOH-nHOHH8H CHCT6148 Hl!Jlll8TCH 881,lKHYTOlt C TO'I
Kll apeHHH T60p8THll8CKOro OllHC8HHH ~8 OCHOB8 CSliUX oc5max npHHUllllOB 
8H81IHTHllHOCTH, Yf1HT8pHOCTH H nepexpeCTHOlt CIUlll8TpllH, 8 8llll1IHTYAS 

JjJj -pacceHHHH BXO,ltHT B 81tI1IDITY.lllil B~ex np_oueccoB, oc5ycnOB1I8HHUX 
CH1IbHUWI B88!MOA8.liCTB£1.HW!. IlOSTOllY HCCJ18AOB8HH6 CBOi!CTB B88HllOA8ltCT
BHH Ji -ll880HOB. Heoc5XOAIWO ,ltJill nocTp08HHH COBpeueHHOil T80PHH CH1IbHO
ro B88HUOA8llCTBHH. IlpOB8A8HHH8 B HBCTOHmelt pa60T8 HCC1I8AOB8i&H W88 
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llOK8881IH, IITO T80PHH HapyweHHOli KHpB1IbHOH CHJ.!UeTpHH ll0llt8T 6un. ycnem
HO npHM8H8H8 ,ltJ!ll OllHC8HHH STHX npoueccoB npH HH8K£1.X SHeprHHX. Peaynb
TBTU STHX HCC118AOBSHHlt, H8COUH8HHO, CTHUynnpyllT ,lt8JlbH8Mmee p88BHTH8 
T80PHH CHllbHUX B88H~o,neltCTBHH npH HHSKIIX aaeprllHX B_ BTOU H8llp8Bll8HUH. 
Cn6AY8T T8Kll6 OTM8THTb BaJIHOCTb 11syti:8Hllfl B88Hl.lO,lt_encTBHfl llHOIIOB C llllO
H814H B CBHSH C npoc5neuon cyut8CTBOB8HHfl. Ji -ueaonHoro KOHA8HC8T8 B 
HABPHOU B8lll8CTB8. Xap8KT8pl!CTHKH JjJi -B8811110,ltel1cTBHH B BBKyyue npu 
HIISKHX SHeprHHX ucnon~ayDTCfl B UOA61IbHHX p8Cll8TSX, C~H88HHUX C BHHC
H8Hl18M KOHKp8THHX qlH8Hll6CKHX ycnoB11l1, np11 KOTOp!iX B H.118PHOM BemecTBe 
B08li0:&HO oc5p880B8HH8 Ji -KOHA8HC8T8. 

Anpoc58Ullfl pa60TU. Marepuanu, l!8110llt8HHU8 B pa6oTe, AOKJl8,1{UB81IHCb 
Ha C6MHH8p8X Jffifl II JITct> Oillrn, B H~B3 {CepnyxoB) 1 HS COCCHH OT,11eneHHH 
H,lt8pHOl\ WHSIIKH AH CCCP ·c1.1oc1rna, !979 r.), a T8Kllt6 O~JIH npe,1{CT8Bn6Hli 
Ha XX Mex,11yHapo,11HyID Koawepeauuv no ~aHKe BHCOKHX aHeprun (Ma,nucoH, 
ClIIA, 1980 r.). no M8Tep11anaM ;QHCC8pT8llHH onyc5nHKOB8HO II pac5oT. 

t . . , 

Q(51,e1,1 pa60TU. ,llHCC8pT8UHil COCTOHT HS -BB8,lt8HHfl, ti:eTupex rnaB H 
88KRDll8Hl1H. B Helt HU88TCil II3 CTp8HHU uamHHOIUtCHOro T6KCT8, BK1ID'l8il 
22 p11cyHK8, IO Tac5nuu H c5Hc51IHOrpa~Hti:8CKHit CllHCOK llHTepaTypu 131 H8H

M8HOB8Hl1H. 
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conEPIAHHE PAEOT~ 

B nepBOl1 rnaBe oc5cyz,naDTCH peaynLT8TU napuH8llbHO-B01IHOBOrO 8H8-
11H88 p88KUHH K-p ➔ /1,J; ♦ Ji- B oc5naCTII peaoaaaca /\ {!520) B PBMKSX 
uaoc5apaol\ 11O.nena C yqeTOJl BmtHHHil norapH~UHll8CKOl1 CHBrylUipHOCTH Tpe
yronLBOro rpaq,ua. 3KcnepliUleHT81ILHY8 ,naniwe/I/ 61i1JIH nonyqeiw B EepK
nH HS 25-].lDl1MOBOA nyaupbKOBOit Kauepe·c BOAOPOAHYU H8ll01IH8HH6M. B 
npOB8A8HHOU B81Ul 8H81IH88 c5HJIH HCll01Ib80B81W 7404 coc5UTHH p8SKUHH 
K- p ➔ /I Ji ... Ji- B HHTepBane aaa11en11it mmynLca nepBHti:Horo K -uo
aons OT 370 MaB/c AO 410 MaB/c. BnepBU8 no,npoc5HO uccne].IOBSHO B1IHflHH8 
paanuqnux uo.11enLHHX neonpe,11eneaaocTeit na peaynLTBTH napuHanLao-Bonao

Boro 8H8rut88 STOl\ peaKUHH. 
ll011Y.ti:8HHU8 H8UH poayn0T8Tli CYD18CTB8HHO OT1IH1181lTCH OT peaynLT8TOB 

pac5oTul17 C T8M ze Ha6opow 8KcnepHW8HT8nbHHX ,1{8HHWC. B '18CTHOCTH, yc-
110Bl4H ].!JlH onpe,neneBHfl B811HIIHHH S -BOnHOBOit AnHHli JjJ; -paCC8HHHH 
a: C DOMO.Lll BU;lt8118HHfl BK1I8A8 norapH@'HQ8CKOl CHBrynHpBOCTH B 

p8CCK8TpBB88UYll p88KUHll OK8881IHCL ror83AO U6B88 c5naronpHHTBUUH 1 11814 
aTo cne.110Bano us peaynbTSTOB pac5oT/ I. BenHIIHHa oTnomeHHH 

r < " < 1s 2 o) ...... z: -1. c i 5 rs) Ji+ ) 

r ( A<1s20)- A.:r.+Ji-) 
R =-

K01I8c5118TCH 1ll0 H81l1HU OU8HK8M,OT 0,22±o,05 ,ltO 0,52±o,04 B 38BHCHIIOCTH 
OT B8fH8HT8 uo,nanH napUH811LHO-B011HOBOro aaanuaa, B TO BPBUH K8K B pa
c5oTe/ / R = o,a2to,10. IlOSTOKY H80DPe.zt8116HHOCTb B OU8HK6 a: 
B8CbK8 B811HK8: ag K011861I8i'Cil OT {-0,02±o,04) w,~1. AO 
(o,osto,oa) m-:,.1 

• Tell HI ueaee, H8 YPOBH6 ,ltOCTOB8pBOCTH 95% MOXBO 
YTBlp-,tten, 'ITO a:~ 0,2! w,~'i. 

BTopaH rnaB& llOCBHlll8H8 IICCn8AOB8HHll P88KUHA ;r,-p ➔ Ji O Ji 0 n. 

H Ji-p-.. vi-+ $-n Bc5.JIHSH nopors. PeaKttHH Ji"f' ➔ vi"w•n :accne
AOBanacb np:a KHH8THti:8CKHX saeprHHX HaneTa~D1ero Ji -ueaoas 270,240 H 
200 MaB HS YCT8BOBK8, COCTOHD18l H8 4-KSHSllbHOro ro,nocKona ti:8p8HKOB-
CKHX ~ -Cll8KTPOK8TPOB H CUIIHTH11JlHUHOHHIDC Cll8TIIEKOB {pac. I). 3Kcne-
pHll8BTli BHllOXB8HY H8 CHHXPOUHK1IOTPOH6 Jlac5opsTOpHH HA8PHHX npo6neu. 
P88KUHH ~J,it~11HR8Cb no f ( -COBll8A6HHHIII. Onpe,neneHU ll01l!W8 C8'18HHH 
P88KIUllf . '1i"f ➔ Ji"w 0 n. Bc5111!81rl nopora, IITO ll08BOJIHJIO npOB8CTII 1180-
TOnHeCitHlt ananua nonHHX ce11eaHlt peaKu:an ,r, N-+ Ji Ji N npH aaep
rHHX 270 H 240 MaB. HaoTOllHll8CKHlt 8B81IH3 noKaaan, IITO ll01IHU8 C8'18HIIH 
Bcex KaHanoB pesKUHll •· Ji N, JiJi N aaXOAflTCH ll cooTBeTcTBHH c 
Tpec50B8HHHKH ·uaOTOllH'l8CKOlt HHB8PH8HTHOCTH. Ilony118HO OTHOm8HH8 H80TO
nHll8CKHX aKnnHTYA X-=- F1o I Fu , KDTopoe HBnHeTCH ocHOBHUK napa
ueTpou B U8T0,1{8 rpuc50B8-ABC8llbU8-ABHCOBHqa. PeaynbTSTU HauepeHHA 
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Puc. I. 
CxeuaTHqeCKHll BH.lt SKCnepHM8H

T8JILHOll ycTBHOBKH: a) BH.zt 

CBepxy; 6) BH.11 co CTOPOHU 

nyqKa 

nonHux ceqeHHI! peaKUHH .Ji-F ➔ ,r,• Ji" n H OTHOwemrn HBOTonHqe-

CKHX aunnHTY.lt F 10 / F ~2. npHBe.zteHU B TB61IHl.{8. 

Ta6m111a 

TJi, MaB i::r (,1,·p..., Ji•Ji"'n) X-= F1o /F32 
116H 

200 o,032to,cios 
_,,_ 

240 o,nto,02 3,8±o,6 

270 o,26to,02 4,4±o,4 

MBTO.zt AHIICOBHqa-rpH60B8-AHC81ILMB I C nowo lll!>IJ KOTOporo MOJIHO no-

nyqHTL .lt1IHHU ;r.,:r,-pacceHHHfi .118 8KcnepHM8HT8nI>HUX .zt8HHUX no peBKUH-

fil( Ji N ➔ .Ji .r, N npH HH8KHX aHeprHHx, ocHOBBH HB nony(J/eH011eHono-

nqecKon TBOPIIH o6paaOBBHHfi Tpex CHJit,HO B88HMO.ziel!cTBYllll!HX qaCTllll 

:seinHaH nopora. B aTol TeopHH a11nm1Ty.11u peaKUHI Ji N ➔ .r, vi A' uoryT 

6UTL npe.ztCT8B116HU B Bll.ltB paanoxeHHH no CTeneHHII OTHOCHTBJILHUX 11unynt,

COB qacTHll H CO.ztepsaT K8K 8H81IHTHqecKHB, TBK H CHHryJIHpHUB no OTHOCH

TBJILHUM uunynLcau qneHU. Ilocne.ztHHe CBH88HH C nepepacceaHHBU qacTHll B 
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KOHetJHOM H HaqanLHOM COCTOHHIIHX H 88BHCHT OT .ztJIHH pacceHHHH COOTBeT

CTBylllllHX qaCTHll. IlpH X ~ 0,3 HB nopore peaKUHll ;rrAJ-, JiJil/ , B paa-

nozemrn aunnHTY.lt peBKIIHll Ji N-+ Ji Ji N 11ouo- orpaHHtrnTLCH TOJILKO 

JIHHBllHUMH no OTHOCHTBJILHUU Hunynt,caw qneH8UH, qTo CYlllBCTDeHHO ynpo

utaeT 8H8.JIHS 8KCnepPll.leHT81ILHliX .l{BHHUX. 0.ztH8KO BBJIHqffH8 f I no·nyqeH-

aaa 148 HaoTonHqec1<0ro aHanHaa peaKUHll Ji N-. Ji ;r, N 
CH np.11 aaeprHHX 270 H 240 MaB 14 ll8XO.ztHrCH HB YPOBHB 

, cna6o IIBHHBT

x -:t 4,Ito,5. 

9TO YK88UB88T HS uanocTt, JIHHBKHUX no OTHOCHT81ILHUU HMnynLCBU qneHOB 

peanoxeHHH a11nnHTY.zt pe.aKUHll Ji N ➔ Ji Ji N :a Teopn.11 rpn60Ba-AH-

cen1,1,1a-AHHCOBHqa. IloaTOUy .l{Jlfl nonyqemm .lt1IHH s -BOJIHOBOro J;.Ji -

pacceaHHH 8THM MBTO.l{OU H806XO.ztHU yqeT qneHOB paanoxeHHH BUcwero no

Pll.ltKB. 

MeTO.ztOM qy-Roy B nceB.ztonepH~ep.11qecKOII npH6nHEBHHH npoBe.zteH 8H8-

n.11a .ltBHHliX no 495 co6UTHHM- peBKIIHH Ji"f ➔ Ji-f- Ji"tt B_ HHrep:sane KH-

HeTHqBCKHX 8Heprnn HBJieTBllll!BrO IlHOHB 200 MaB ~ ~ ~ 260. MaB. ,llBHHUB 

nonyqeau B Ra6opaTOPHH ff.llBPHUX npo6ne11 q()TOSMynLCHOHHUM IIBTO~OM. Ilpo-

B8;D,8HHUll 8H8JIH8 noaBon11n onpe.l{Bnl!TL nOJIHUe C8118HHH 14 ~aau ;r,-t-Jj--

pacceam'IH B HHTBpBane ·;zi,unHOHHUX MBCC OT nopora ·.110 mJivi' = 320 MaB. 

9KCTp8nOnffllHH K nopory (J}aa 5 -BOJIHOBOro JjJj .:pacceHHHR t: ;D,8118 

B npH6JIHll6HHH sqiweKTHBHOrO pa;11Hyca aHaqeHHB .ztnHHU pacceHHHH 

a: = {0,24±o,o7) m".r.1. • MeTO.zt qy.:.Roy OCHOBBH HB npe.ztnOJIOllBHlrn, tlTO 

np.11 uanux nepe.ztaqax 11unyJILca HyKnoHy A2 
BKna.zt .ltHBrpauuu O.ztHon110H

Horo OCiM8H8 ;D,OMHHHpyei H811 BKJIB;D,OM OCT81It,HUX "IJ/OHOBUX11 ;zi,uarpaull npo-

1{8CC8 Ji N-,. Ji Ji N , 6naro.ztapa Hamsq.111J B nonHon a11nJIHTY.zte nponara-

Topa 06M6HHOro nHOHB ( A 2 
- mi ) . 1. • TaK K8K 11 (J}OHOBUe" ;zi,11arpa11-

llli ;!IBDT CYIIIBCTBBHI!Ult BKJIB.zt B nonm,1e C8118Hl!fl peBKUHil Ji ..v➔ vi Ji /41 
npH 9HeprHHX 200 MsB ~ T,1; ~ 260 MaB, BOSMOJIHOCTt, npiiueHeHHH MBTO.zt8 

qy-Roy B 8TO!I o6nBCTH HYJ.:1188TCf! B .ztODOJIHRTeni,'HOJ.1 o60CHOB8HHH. ' 

B Tpenen rnaBe npOBO.ztHTCH Cp8BH8HHe nocne;zi,HHX BKCnepHMBHi'BJILHhlX 

.lt8HHUX O (J/aaax H ;D,1IHH8X S -B01IHODOro vi'J&"-p8CC6RHHH C nony~e1101rn-

BOJIOrHt18CKHMH npe.ztCK888HHRMH, nonyqeHHhlMH B no11xo.zte, OCHODBHHOM HB 

TeopHH H8pymeHH0'1 KHpBJILHOlt CHUMBTPHH. IlOK888HO 1 'ITO aKcnepHM8HT81IL

HUe .ztBBHUB ,DO ,4}888 o:, BCiJIHSH nopore, no,ryqeHHU6 H8 8H8JIH88 M8TO.zt0M 

qy-Roy (J}<>T&a,uypt,CHOHIIUX .ztBllH!lX no peBKIIHH Ji -r ➔ ,:r,-t 'fi- n , . DO.ztTBep

ll;D,8p-l TeopeT·eqeCKHB YK888Hl!H HB H,811Hqff8 no.ztnoporoBoro HYJlfl B BMilJIHTy-

;zi,e 5 -BOJIHOBOro Ji J;-pacceHHIIH. 

OnirnaHHult B STOit rnaBe no.ztXO.zt K onHCBHHll (JJaa Ji Ji -pacceHHHH B 

p8MK8X Teop111,1 HapyweHHOlt KHPBJILHO!I CUUMBTPHH OCHOBBH 118 11cnonI,80B8HIIII 

COOTHOID6HIIH ynpyro~ YllHTBPIIOCTH I KOTOpoe noaB01Ill8T Bhlpa8HTL ll!IHMYll 

qacTL BMDnHTY.ztU Ji .:r, -pacceHH HH ll O.l{HODBT JIBBOJ.I npHCiJIHE6Hllll qepe 3 

npOH8Be.zteHH8 6opHOBCKHX Bllnm1Ty.zt. CB060.ztH1,16 napaueTpll, BOBHHKB~He B 
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STOii no;i,;xo;i,;e KSK KOHCTSHTli BliqHT8HHH, onpe;i,;eJIHJlHCb KS SKCnepH118HT8JlL
HWC ;D;BHHHX no d -BOJlHOBLll,I ;D;nHH811 .T,' vi-pacceHHHH. TaKo.11 no.itXO;D; no-
3BOnHJI npocTo_yqecTL paaHHe cnoco6u uapymeu1rta KHpaniuoa cz1111eTpH1rt • 
npoB8CTH nonyqieHOll8HOJIOrHqecKH.11 BH8nH3 SKcnepHll6HTBJlbllllX ;D;SHHWC no 
!p83811 H · ,ltnHH811 S -BOJlHOBOrO J1 vi -paCC6HHHH B pB11K8X teopHH uapy
meHHOI KHPBJlLHOI C1111116TPHH. Ha PHC. 2 DOKB38HO llOB6;D;8HH6 S -BOllHO
BliX ~3 JiJj -pacceHHHH B mHpOKOII HHT8PB8Jl6 3H8116HHI m,;u; • • Pac-

70•1- o: 
60' 

so• 

40' 

30• 

20• 

10' 

o• 

-10• 

-2o•t_i 

~f I 
-- ■----~T"'-"-<■t" 

300 400 500 600 700 
M1nc (MeV) 

P1rtc. 2 

Ilo:ee;i,;eHH8 S -BOJlHOBliX qias Ji Ti -p8CC8HHHH. 9KcnepmieHT8JlbHY6 Toq-
KH O HS 8H8JIH38 peSKUHH ... -f ➔ J1-f' ,:r,-11 npH 200 llaB-"~ ~ 260 llaB. 
ToqKH e, X , 4, A, 'v, ■ - HS pa6o./4- 9/, COOTB8TCTB6HHO. CnnOIIHH8 
JlHHKK - pacqeTY B Teopu HBpymeHHOI KHPSJILHOI CH11118TpHH, IlyllKTHPOII 
060SHBqeHli rpSHHUH BOSIIOEHliX OTKnOH6HHI TeopeTHqecK.IIX pacqeTOB, o6y
CJIOBJ18HH!i6 OIIH6KSIUI BHqHCJIBHHH :ewqHT8T8JlLHWC KOHCT8HT no SKCll8PHll6H-
!8JlLH!i11 aaaqeHHHll d -BoJIHo:eux .itnHH ,r,.r,-pacce11Hm1. 

qeTY npOB8;D;8HY npH B8lH6eproBCKOII 8HBqeHHH napa11eTp8 uapym81Ufll KHpSnb
HOli CliDU!8TpHH ( /J = I/2) H c KOHCTBBT0.11 pacna;i,;a Ji-t}l+Y f"y; =94 llaB. 
1ln11 S -BOJIHOBIIX .ltJIKH Ji Ji -pacce11BHH nonyqeH!i CJl6.llYlllllJl8 8H8118lillH 

a~= (O,I9to,02) rn~1 
, a~= c-o,024to)o04) m~1 

• 

B pa60T8X B.B.CepeClpllKOBS H Jl.B.lllBpKOBS 2 , 37 6b1Jl0 llOK888HO, qTO 
yqet KOPOTKOBOJlHOBOro OTT8.JlKWl8HHH B BK8KOSH6preTaqecxou Ji'Ji'-pacce
HHHH llPHBO;D;HT K 8BOM8JlLHOUj' llOB8'ASHHll SllllJlHTj';D;Y S-BOJIBOBoro pacceH
HHH, KOTOpoe onpe;i,;enaeTCH llOHBn8Hll811 no.ztnoporoBoro HYJIH B 8HllJIHTy;i,;e 

6 

~ 

~ 

S -BOJlHY. Ilo;i,;noporoBue HynH B 811llJIHTYA8X & -BOJlHOBOro JiJi -

paccellHHH llOHBJlllfOTCll T8K:K8 B KHPBnhHOlt T8 opHH, KOTOp8ll npe;ACK8S!iB88T 
llOJlO:K8HHe synelt B6JIHSH ~szqeCKOlt o6l!BCTH, EJlH30CTL no.itnoporoBoro Hy
Jill K qJH31rtqecKOI 06.naCTH npl!BO,llHT K TOI.IY, qTo np1rt6JlU8H!f8 ~qJ6KTHBHOro 
PBAHYCS CTBHOBHTCH HenpHrOAHlill ;D;Jlll onpe;i,;eneHHH s -BOJlHOBYX ;D;JlHH 

Ji Ji -pacceHHHH no (p8S 811 B OClJIBCTH ClOJIDWHX C/, 2. ( '/,, - HllnyJibC nH-
OHOB B BX c.u.11.). Ha PHC. 3 llOK838HY,pe3yJILT8Tli SKCTpanonHUHH 3KCne-

i\, 
I s 
I s 
I 

~-1 
<a>1 
.!.1 
t1 
-;;.I 

I 
I 
I 

__j__ 
-1 

i•ct? 6!;m, 

- ·----j-__ _ 
C\2/ml.: 

PHC. 3. 
9KCTp8IlOJllll.(.HH K nopory 8KCnepHll6HT8JlbHliX (p83 1: . ToqKH O H 
e - HS 8H8Jll'l88 peBKUHH Ji· f ..... JjT Ji- n npH 200 MaB ~ T,lf ~ 260!.laB 
u p~= I7 raB/c/4/, cooTB8TCTBeaao. IlpH11ue JIHHHH - aKc;panonH
UHH qiaa b! B npH6nHJK6HHH 81p(p8KTHBHOro pa,11Hyca. l!nno111HaH KpHBaH 
- SKCTpanoJIHl.(Hll K nopory C no11o~Lll napaueTpHS81.(HH, YlillTblB81l~8tt 
no;AnoporOBlitt HYJIL B 8MnJIHTY'A8 5 -BOJIHOBoro ,T,J;-p8CC8HHHH. 

pHU8HT8nLHIIX ;ABHHHX no lp888 

PB'AHYCB: 

' i r4 J: ,: 
b~ K nopory B npHClJIHZ8HHH ~(p8KTHBHOrO 

(a:Y1 -t ½-r: iz. 

9KcnepHll8H_TflliHli8 A811Hli8. no qiaae c: HS p88KUHH Ji-f ➔ .r,-t .r,-n 
niu 200 MaB -~ T.Ji ~ 260 J.laB .. ( 'l, z m;, 2 < 1) H npH P.r.= 17 raB/c 
I I ( q, z m;2 >,, 2 ) He. 11oryT Clun onHCSHY napa11eTpHaau1r1elt a,plpeKTHB
HOro p&,!\Hyca llPH O;AHOII H TOIi llt8 ,maqeHHH napaweTpOB a; H tg 
Ilone;i,;eHHe aKcnepHll8HTBnLHliX 3!18qeuHlt tt, ~ o: B 3BBHCH11ocTH OT 

c,.2· llO,llT:Bepz;i,;aeT T80P8TH1l8CI(H6 YKBS8HHH HS 118JIH1lH6 no;i,;noporoaoro 
Hj'JlH B a11nnHTY.zt8 S -BOJIHbl. IloaTouy qiop11yna a,.(qicKTIIBHOro pa.ztHYCB 
MOli8T 6liTD HCn01U,80B8H8 .ztnH 8KCTpan01lllUHH 8KCil6lJIIUOHT8JltllblX ~83 5 -
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l!OlIHOBOro $Ji -p8CC6lUUUI TOlII,1(0 B6lIH3H nopora ( 9,Z m;/ < 1) • B 
mHpOKOM HH'l'6PB8ll6 aaeprHA cne,cyeT npHY6HHTo napaweTpH88UHD, yqHTUB8D
~YD no,nnoporoBult ayni: 

,.f,. f/· .. -Ji i+ th q,2 :. ~ 
i "7 ° 2 l)I ( 1,2 _ 'j}) Z 

i+ Bu2 
a; m;; +7)I 12 

, 

'I "1' 2 -1 
ao"' -uI '/,t m.r , 

r.ite 1 - H30TOilH116CKHA HH;ll6KC JiJT -pacceHHHH, it - nonoxe-
HH6 no.ztnoporo:a oro uymt. 8 I H l)'I - H6KOTOpue KO 8ip(p~H6HTH. 

Co:auecTH!ilt ipHT axcneplU46HT8lloH!iX .zt8HHHX no qiaae cS~ (puc. 3) 
C HCilOllo30B8HH8U napaHeTpH88UHH, yqHTlil38D~ea no,nnoporoBult HYllo, ;zian 
cne;ziyD~He peaynoTBT!i: 

a: = (o,2Jto,03) m-;1., 
Bo= (-0,04to,02) m;2 , 

AuanorH'lllBH aKcTpanonHUHH K nopory tpaa 

a! = {-0,06to,o?) n-(1;
1

, 

82 = {O,I4±o,II) w,;,2 
, 

'l~ = {-0,?±o,3) m; , 
'Do= (0,32±o,04) m;2 • 

a~ .itana 

i~ = (-O,?±o,9) m! , 
Dz= (-0,09±o,05) m~2 

• 

Eonimaa ueonpe;zieJieHHOCTL nap~ueTpo:a B nocne;ziaeu cnyqae c:aaaaua, :a oc
ao:auo1o1, C OTCyTCTBH6K SKcnep1u,1eHT8lloHHX ToqeK B 06JI8C'l'H m,11~ < 500 MaB. 

B qer:aepToA rnaBe paccqHT8HH nOJIHH8 ceqeHHH KSHSlIOB peaK~HA 
Ji N ➔ .r. ..r. Al B pawKax reopu.a uapymeHaoa 1rnpanoaolt cu1111npHH. 

llpOB8,Jt8H nocne.itoBarenLHNA yqer Il.HOH-HYKlIOHHUX :zt148rpaww :ztp8B6CHOro BH-
,Jt8 (pac. 4 a-r), YHHT8PHS8~H 8~lIHTY.ltW JiJi-p8CC61'1HHH II .ltP8B8CH!:IX 

', .,,,.,,, ' ,,,,,.,.,, '~~--

', 
'~ 

a 

/~ "'-'...,. 

', 
' ' 

' ,,, ,, ' / ,,, ',,,..,./ (,,, 

----~.:=.=::... 

Ii 

', ', 

, , ,,, , ,,, ,,, ,,, ,,, 
2 

a 
' ' ' .l,, 

I 

6 

,,,:~/ 

,,, ,,, ,, ,, 
/ ,, 

a..t. 

PHc. 4. 
· JlHarpa1um npouecca Ji II➔ ,r, vi N 

B AP6B8CHOM npH6lIHlt6BHH. fiyHK
'1'HpHH6 nHHHH COOTBUCTBYD'f ma
OHBK, cnnomHH6 '1'0HKH6 lIHHHH -
HyKJIOHBM, CWIOSHH6 ltBPHHO Jm

BIIH - aao6apau A33 

,1.1aarpa11u (pHc. 4.it) c 11so6apo.ll 
THP8X HS IlHTH KBH8lIOB p8BKUUH 

A 33• Pacqnu nonaux ceqeuHI .ltlIH qe-
Ji I/ ➔ J; Ji N B HHT6pB8ll8 KHHUH-

8 

i 

~ 
u 
1 
I, 
f, 

,, 

1 

t) ~, 
I 

qecKHX auepratt Haneran~ero nHOHa 200 MaB ~ Tvi ~ 300 MaB xopomo corna
cynTCH C 8KCil6JlHM8H!8llHHKH A8HHHMH. HCKJIDqeHH6 COCT8BnHeT K8H8ll 
.li"'P ➔ v,'f'Ji't #1 , Aliff KOTOporo cornaCH8 C 8KCll8pHM6HTOK ua6nD,1.!88TCl'I 
TOnoKO ;zio T~~ 250 MaB. Ha PHC. 5 H 6 nOK8S8HU pacqers nonHHX ceqe-

I 
0,6 

0,5 

0,4 

0,3 

0,2r 

o,,t 

200 

Ci hi- p -rr1i-n I 
[146"] 

.Ill / 
/ 

/'.J ./ / -
. -----

250 300 
Tsr [M,6] 

PHc. 5 • 
fiOnHHe ceqeHHH p88KUHH :r.-,,-, ;p-t-,]i-n 

B6lIHSH nopora. 8KcnepHM6HT8lILHH8 
toqKH · • - as fa6oT/IO-I2/, y ~ 
0, b..- HS pa6o./ 3- 151, COOTB6TCT-
136HHO. fiyHitTHPH8H IDIHHl'I - pacqeTY B 

npH6nHlt6HHH nHOH-BYMOHHUX AH8rpau 
(puc. 4 a-r); mrpxx-nyHKTHP - pesyno
'1'8! YHHT8 pHS8IUUI 8Mil1.IHTYAH Ji Ji -
p8CC6HHHH B BHP8X6Hi!H .itnH CYMHW l!Kll8-
AOB ;ziHarpawu (puc. 4 a,6); cnnqmuaa 
lIHHHH - pacqeT C yqeTOH HS06apu 

.133 

(5{,i--p .... ,i-•n•n) 
0,4I- [M6'H) 

I 
0,3 

D,2 

0,1 

,/'~: 
,}:;-

I 
I 

/I 
// , 

/' ,,' 
/

. ,"' 
/ ,,"' 

...,., . .,,,.,· _.,., .... 
. ~---------

200 250 , 300 T,r [MJB 

Pac. 6. 
llOJIHH6 ceqeuHH peaK~H 
Ji"f ~ ,;r,o,r,o rt B6JIH8H no
pora. Bxcnepaueuraniuue 
1'011KH O nonyqeHl,I B H8CTO
H~el pa60T6. TOIJK8 0 

HS pa6oTul161. Teoperuqe
CKHe KPHBH6. re xe, 11'?0 H 
H8 pHC. 5 

HHS pOBKUHil :r,-p ➔ .r,•.;r,-n H J;-p ➔ ,J;•J; 0 n 
B T80PHH uapymeHHOil KHp8JiollOA CH¥116TpWI. 

:i36nll3H no pora 
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B·paMK8X T80Pl1H aapymeHHOl KHpanLHoa CHMM8TpHH npoBe~HO MOA8-

.JIHpOB8HH8 pacnpeAeneHWi 'lllcna co6iiTHa peaKIUIH Ji-f' ➔ Ji.,. ,r,-n no 
HHB8pHBHTHOMY neP:,A8HH014Y HMnynLCy HYKJIOH8 . A.2 

, COOTB8TCTBYllDtee 
SKCnepHM8HT8JII,H08 pacnp:,AeneHHe, nocTpOeHHOe no BC8M co61l.rHHM STOI 
pe8KIUIH B HHTepBane 200,MsB~. TJi ~ 260 MsB, nOK888HO H8 pHC, 7 • 

120 

100 

BO 

60 

40 

20 

0 

N 

2 4 6 B 

l&I /m; 
10 

PHC, 7 
Pe8yJILT8Tli MOA8nHpOB8HHH pac
npeAeJieHHH co6HTHit peaKuua 
vi - p - .r,-,. ;:r,- n. no HHB8pH8HT
HOMY nepeA8HHOMY HMnyn1,cy HYK
JIOH8 l:!.2 • r1'1CTOrpaMMa no
cTpoeaa no BC8M co6UTHHM B HH
TepBane 200 MsB ~ ~ ~ 260 YsB. 
CnnomH8fl KPHB8H - pacqeT B 
TeopHH HapymeHHott KHP81ILH0£1 
CHMM8TPHH, IlyHKTHP - BK1I8A 
qneaa c nHOHHliM nponaraTopow. 

Cnnoll!HOH KPHB0£1 noK888HO pacnpe,!leJieHH8 1 p8CCIHIT8HH08 B TeOpHH Hapy
meHH0£1 KHpanLHOK CHMM8TPHH c yqeTOM SKCnepHM8HT81ILHOrO pa86opa co6li
THR no KHH8THqecKo£1 sHeprHH H81I8T81lll!8ro nHOH8, PacqeT!i noK888nH, qTO 
BKJIBA qnena noJIHott aunnHTYAli npouecca .:r, - p ➔ Ji.,. Ji- n , co.z1ep:acall!ero 
8Mn1IHTY.!IY Ji.Ji -pacceHJHIH H nHOHHlitt nponaraTop ( CM, nyHKTHP H8 
pHC, 7), ,!IOMHHHpyeT npH M81Ib!X nepe,!laqax HMnyn1,ca HyKnoHy, Tew C8MUM 

nonyqeno 060CHOB8HHe B08MOl!HOCTH npHM6H6HHH M6TO,!l8 qy-Jloy K pe8KUHH 
Ji"f ➔ Ji+ Ji" 11 npH HH8KHX saeprHHX, 

OCHOBHble pe 8Y1ILT8TU npOB8,l(6HHliX Hccne,110B8HHli 88Knllq8KJTCH B cne
,!lyllll!8M: 

I. Onpe.l(enenu noJIHue ceqenHH .11 4)a8u s -Bonso.so1·0 JiJi -pacce
f!HHH o: Bc5nl18H nopora 118 8H81IH88 M8T0,l(OM qy-Jloy B nceB,l(OnepHqiepH
qecKOM np11CIJIHll8HIUf qJOTOSMynI,CHOHHUX ,!18BHblX no p68KUHH Ji-f➔ .T,+Ji- n 
B HHT8 pB8JI6 KHHeTHitecKHX SH8 prl1H aa neT8Klll!8rO nHOH8 
200 MsB ~ T.r, ~ 260 MsB, 

2. BnepBb!e nOK888HO, qTo no1J,YqeHHue SKcnepl1M6HT81ILHU6 ,!l8HH!i8 no 
4)888 . o: Bc51IH8H nopora no,!lTBep~,l(8KlT TeopeTuqeCKH6 YK838Hl1H Ha H81IH-
que no,l(IloporoBoro Hyna B aunn11Ty,!le s -Bonaoaoro v'ivi-pacceaa11H, 

10 

llapaweTpB88UHH Sqxf)eKTHBHOro PB.IUIYC8 He onHClil388T 8KCnepl1M8HT81ILHU8 
4)881i o: B IIHPOKOK HHTepBane SHeprHit (OT nopora ].tO 1'11;;;;,r = 700 MaB), 
JlnH nony'll8HHH ,!lnHHU pacceamm Q: C noMOll(I,ll 8KCTpanoJIHUH11 K nopory 
qias J: B YK888HHOM HHT8pBane saepr11n CJI8AY6T HCnOJII,80B8TI, napa1&eT
Plll88UHll, Y'llHT!iB81llltYll noAUoporOB!itt HynL B 8MnJIHTy,!l8 S -BOJIH!i, 

3. C noKOllll>ll napa11eTpl1881.\HH, yqHTJiB81lll!Bi1 no.z1noporOB!ill eynL, HB 
8KCll8PHH8HTBJILHliX ABHH!iX no 4)888 c5~ onp8A01I6HU ,!llIHHB ,T, Ji -pac-
08HHlf.B a~ = (0,23±o,03) m-;,,1. .11 nono:aea11e no;QJioporoBoro aynH 

z· ..... n ) 2 (j,o=(-0,,""U,3 mi1i. 
4. Onpe.iteneHu nonH!ie ce11eHHH peaK~HH .:,;-{' ➔ v. 0 .;r, 0 n np11 

KHH8Tlllll8CKHX SHeprH!DC H81I8T81l~ero llHOH8 270, 240 H 200 MsB. IlpOB8.lt8H 
11.BOTOnHOCKHli BHBJIJIB llOJIHUX C81l8HHit p88KIUIA Ji Al➔ Ji v1 A/ npH 8Hepr11.
HX 270 H 240 MaB, KOTOpun llOK888ll, llTO C81l8HHH BC8X KBH81IOB 3THX pe
BX~HA cornacy1>TCH U8ZAY co6oit B COOTB8TCTBHH C Tpe60B8HHHMH HSOTOllH
qeCKOI BHB8pB8HTHOCTH, 

5. OTHomeHae 11aoTonH11ecKHX aunnum X" F"1.o I F32 cna6o MOHH-
8TCH npH SHeprHHX 270 11 240 MaB H HBXO.JtHTCH HS Yp0.llH8 X =4 ,Ita,5. 
9TO YKBB!iB88T HS M8JIOCTI, mtHeHHliX no OTHOCl!TOJILHUM Hllnynicaw 'll1I8HOB 
B pa3nozeruu1 aMnnHTY.ll peBKIUlit · Ji Al➔ .,;,:r, II B ~ op11.H rpH60Ba-
AacenHa-AHHCOBH11. IlOSTOMY ,ltJifl nonyqeHHH ].tIDIH Ji'Ji -paccemum STHK 
K8TO,7.tOM H806XOAHKO yqaTUBBTD qneH!i pasnOK8Hl1.H BUCl!l8ro ll0,l)li;zut8. 

6. PaBBHT nOllY\PSHOU8HOJIOrHqecKHA llO.JtXOA K onHCBHHll HH8KOSHepre
T11qecxoro pacce.eHHfi llHOHOB B PB.IIKBX T80PHH HapymeHHOit KHP81ILHOtt CHU
M8TpHH, B OCHOB8 KOTOporo JI8EHT YHHT8pl1381Ulfl 6opHOBCKOI 8MnJIHTY.ltH 

,Jj(Jj - pacceHHHH, llpOB8,!l8HHU8 pacqeTli 4)88 S -BOJIHOBoro .:7ivi-p8c-
C8HHHH xopomo cornacymca C 8KCnepHM8HT81ILHUKH .ltBHHUHH, nna S -BOlI
HOBHX AnBH Jiii- -p8CC8HHHH nonyqeHU 8H8'1l8HHH a: = (O,I9ta,02)hi1 

. ~' 
, a~ = (-0,024±o,004) m~l . Ilpe.itcKasaHHoe sHaqea11.e a':, xopowo 
cornacyetca c axcnepxueHTan1,Hol BeJlHqHnott o; = (0,23±o,03) 111;,1 • 

7 • PacClUIT8Hlil nomu1e C81l8HHH peBKUHli ::r, tV ➔ vi vi tf/ B6llHSH 
nopOF8 C yqeTOM nHOH-HYKJIOHHUX ].tH8rpao J.tPOBecnoro BH.ltB, YHHTBPl188Ul1.H 
aKnnHTy.ltli ma; -paccellllHH H .itPeBeCHwc .AHarpao c aao6apoll A 33 B 
T8OPHH Hapymennoll KHp8ll1,HOll CHNH8TPl1H. Pe8y1ILT8Tli pacqeTOB llOJIHlil ce
'll8HHI pea1c,hait. Ji N ➔ .;r, vi N xopomo cornacyllTCH c aKcnepHMeHTSJILHLIMH 
ABHHUKH B6nH3B nopora. 

8. B T80PHH uapymeHHOll KUpanLHOtt CHHM6TPHH AJIH peaK~HH 
Ji-f ➔ Ji+ Ji._ n np11 200 MaB ~ Ti]j' ~ 260 l.laB paCCllHTBHO pacnp:,,!l8l18-

HH8 no nepe,A8HHOKY HyKJJOHy nnyn1,cy. IlOK888HO, llTO np.11 H81IliX neP:,AB
qax HJ.IDYllLCB BlCIB.lt 'llJI8HOB, CO.JtOPlltBll!ilX aunnny,zty J;Ji -pacceHHHH II 
nHOHHHll nponaraTop, .ltOWUIHpyeT HBJ.t BKlIBAOK OCTBJII,HJ.IX llJI8HOB nonaon 
BKDJIHTyA!l npo~ecca Ji N ➔ v. Ji tV • Tau cawm nonyqeHo o6ocHOBBHH8 
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M8T0,7.t8 lly-Jloy ,7.tll11 8H8JIH88 pe8Kl{HH Ji~f , ➔ v,-+ Ji -n npH HH3KHX 
aaeprHHX. , 

9., IlpoBe,lleH nap1U1an1,ao-nona0Boll aHanHa peaKuHH K;, ➔_AJi+.r.~ 
B 06JIBCTH peaoaaaca A (1520) B paYKBX Hao6apao.ll YO,ll8JIH c yqeTOM 

Tpeyronaoro rpaqiHKa. OTaomeHHe 
r ( A (1.flO)'➔ z:.:t ( 13 f5) .r,':+) 

R-= r C /I C16ZO) ➔ A <Ji-+.;n- ) 

Y8Hll8TCH B npe,11enax OT o,22ta,05 ,11.0 0,52±o,04 B 88BHCHMOCTH OT B8pH-
8HT8 YO,ll8 JIH. Bel!HIIHHB a: ~ 0 ,21 1-11;, 1 HS ypoBH8 ,llOCT'o;aepHOCTH 
95%. 

· IlpoBe,AeHHlle Hccna.AOBSHHH peaituH.11 Ji Iv ➔ ;r, Ji Al R -Kvi -

p8CC8HHHlt npH HH8KHX aHeprHHX IlOK888llH, qTo TeopHlt HBpymeHHOI KHpan1,
HOil Cl4lW8TPHH MOllt8T 61,1n HCilOJl1,80B8H8 ,llllll onHCBHHll 8THX npoueccoB 
BOnuau nopora. 

IlyOnHKBUHH no Teue AHCCCJ?TBUHOHH0.11 pa6oTw: 
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