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B qac. HB aacexaHHH CneUHaJ114314pOBaHHOrO COBeTa 
. ,ZI047 •. OI.02 npl4 Jia6opaTOPRR BHCOKHX SHeprRli1 06'.be~HeHHOrO 

HHCTRTYTB J'Ui8PHYX 14ccne~Oll8HHD, r • .lly6HB, MOCKOBCKO!i1 oOnaCTH, 
Jia6opaTOPHH BHCOKHX aHeprHli1 owrn, KOH\l)epeH~-aan. 

C ~HccepTaUHeli1 MOSHO 08H8KOIIHTbCH B 6H6Hl40TeKe JIBS Om:lli. 

YqeHYli1 cexpeTBPb CoBeTa rU>f7 M.~.JIHxaqeB 

liccne~OBBHl48 HeynpyrHX PBCC8HBH!i1 8JI8KTPOHOB R (pOTOHOB BHCOKO!i1 

aueprRH HB H.ltPBX npe~CT8B1IH8T RHTepec KBK ~H W148HKl4 8JI8U8HTBPHHX 

'IBCTH~, B-qacTHOCTH,~H noHRUBHRH U8X8HJrf8U8°HX OOpaaOBB.HH.11, 

rax H ~na ~H3HXH aroworo H.1tpa. 

IlpH BHCOKHX 8HeprHHX npo~ecc·(pOTOnorno111eHHH ( BHPTY81IblWX HRH 

peanbmlX wo~OBOB ") Ba H~ax paanHqH!ix 8JI8U8BTOB noaBOXH8T nony'D!Tb 

HHWOPUBUHE OTHOCRTenbHO a~poHuott CTPYKTYPH WOTOHOB, npoBepHTb uo

~enb B8KTOPHO!i1 'AOUHH8HTHOCTR. 

EcnH WOTOH B88RUO~ettcTBY8T C H~pou KBK CBJlbBOB88HUO'A8ffCTBYE

lll8H qacTH~a - B8KTOpHYtt ueaoH, TO nonaoe ceqeHHe w0Tonorno111emi:n 

6Y'A8'f nponopUHoHauuo Jl 213 , T.e. woToH BSaHuo~eflcTBy8'f c no

BepXHOCTHHWH BYKJIOH811B H'A9a. B cnyqae npauoro B88HUO~eli1CTBHH ceqe

ue, npo~ecca t'(r N) B ~ ?OO pas ueume ceqeuH nornooteHHH CHJibBOB38-

JU(0X81CrBym•e• qaCTHitH,TSK q'fo ~HHa BaaHuo~elcTBHHOon»me,~oroH uo

zer B38JDIO'A81CtBOBat» co BC8KH HyUOH8lOI H.ltPa,H nonaoe ceqeHH8 ~oro

norio.eHH.11 Oy~er-A.no axcnepuearan»HW ~B.HHHK no nonaouy ceqe~xm 

foororiorno111eH11H Ba HXPIIX paanH1Ull:IX aJJeUeHTOB IlOK888T8nb CT8Il8HH J/ 
B8XO~'fCH 118QY 2/3. I. B oOnaCTH aaeprBB O - KB8HTOB O'f 4,0 rBB 

io !8 raB 6VfrJ1) H8118HHBTCH C HOIIHYII HOll8POII HXP8 KBK~J/°•9/I.]. 
~KTHBHO8 ucno BYKJIOHOB, C KOTOPHII B38HIIOX8IC'fBY8T ~oroH,OXa3H

Baercs ~eBiHe A, r.e. npo•cxo~•r aareueue uyuoHOB axpa. 

. no axcnepa11euoram.Hli11 XSHHlill no Heynpyro11y 8JieKorpoodpaaoBaHBm 

qacor•~ Ba MPBX ~8K'f 38'f8B8HHH uyxnoHOB MPS Yll8Hbm&8TCH C POCTOII 

KB8,tP8T8 · 4-uepHoro nepexaBae11oro BIIUY1IbC8 - IIBCCH BHPTY8JlbHOro 

t<>ToBa - K'.t • B odnacu aHeprBH snenpouoB oor 4,5 raB 'AO I9,~ rs~ 

• 0,4 ~ K'l ~ , 3,7 ( raB/c )2 ceqeHHe Beynpyroro pacceHBBH 

U:8K'fPOBOB HS wax P83Jlll'IIWX 8Jt8118BTOB B npe'Aenax OIIIJ!~OK paBHO 

CJMN8 ceqeHHI pacceHHJIH BS OT'A8XbBHX BYK.1lOB8X MPS, 

061.e,I:r.i1tl!1Ht.!{i rmcmryr I 
l:JJlepHBZ £:CfJJJ;;,!J.Onaud 

· 6t1E.Jn•lOTE_ijA 



T.e. ~ (e..A)~Ji.(/J(eN f'2.J. 8aTeHeHHe H,YKJIOHOB He Ha6JI1>;ztae'l'CH, 

llTO npOTHBOpetIHT MO;zt8JIH B8KTOPHOit ;ztOIIHHaH'l'HOCTH. 

HccJie;zto:eaHHe woTonorJio~eHHH_ Ha H;ztpax Bll,YJII,CHH 6wro :eunoJIHeHo 

npH SHeprHH () - KBaHTOB ;ztO e! .. a.x = !!43 MsBf3]. C ;ztpyrol CTOpo

H&,o6JI,YtieHH8 WO'l'OSll,YJlbCHOHH&X cnoe:e nytIKOII O -KBaHTOB C SHeprH

en Er~? I,O rsB npe;ztCT8BJIHe'l' HH'l'epec He 'l'OJIHO MH onpe;zteJieHHH 

noJIHoro cetieHHH woTonorno~eHHH Ha _H;ztpax, HOH ;ztJIH uccJieio:eaHHH 

peax!U!tt H;ztepuoro pac~enJieHHH, :e t1ac'l'HOC'l'H,MH onpe;zteneHHH napIU1-

aJibHoro cetieHHH o6paso:eaHHH p8.3JIHtIHllX tiaCTHn, 11,1tep HT.A. 

HHKJillSHBHOe 8JI8K'l'p0 - H ~OT000pa30BaHH8 qacTHn RBJIH8'1'CH npe;zt-

118'1'O11 HCCJie;zto:eaHHH MHOrHx SKCnepHll8H'l'aJIIiHlilX pa6or. Hau6oJiee 

npu11etI8'1'8JIIililill wax'l'OII HBJIHe'l'CH H36U'l'OK noJIOU'1'8JibHliX a;ztpOHOB, OTMe

tieHH&tt B pH;zte pa60'l' npH onpe;zteJieHH&X KHHeMa'l'Hll8CKHX YCJIOBHHX. B 

pa6o'l'aX no HSytieHHD HHKJillSHBHOtt SJ18K'l'POreHepaIU!H a;ztpOHOB Ha npO'l'O

He H ;zteil'l'pOHe H36ll'l'OK nOJIOlltHTeJIIiHlilX ll8C'l'Hn HS6JI1>;ztae'1'CH KaK 0'1' npo

'l'OHHOil, 'l'aK H 0'1' Hett'l'pOHHOil MHmeHel [4, 5J. IloJiytieHHWt peayJib'l'S'l' 

8B'l'OPU pa60T o6~HCHHll'l' IIO;zteJibll napTOHOB, corJiaCHO KOTOpol OXH;zt88'1'

CH H36H'l'OK nOJIOllH'1'8JlbHHX ll8C'l'Hij 0'1' npO'l'OHHOil H cpaBHH'l'eJIIiHO 118Hii

umn - OT HeRrpOHHOil MHmeHen. IlpoOJie11a-- H30UTKa noJIOZHT8JlLHUX 

tiacTHn Tpe6ye'l' c:eoero ;ztaJIIiHelmero '1'eopeTHt1ecxoro H sxcnepH11en'l'aJIIi

Horo HCCJie;ztOB8HHH. 

B ;ztHCcepTSIU!OHHOI pa6o'l'e HSytiaDTCH: 

± K'1: I. HHKJill3HBH08 8Jl8KTpoo6paao:eaHHe ;:JT - 1188OHOB, - ueaOHOB 

H npo'l'OHOB Ha H;ztpax 118;ztH. 

2. PeaKIU!H ~O'l'OnorJI0~8HHH Ha H;ztpax BIIYJIIiCHH npH SH6Pl'HH 

0 - KB8HTOB ;ztO 4,5 rsB. 

3. ~O'l'OH;ztepHUe peaKIU!H C o6pa~oBaHHell H8C'1'86H.lIIiHliX H;ztep 6e

,PHJIJIHH. 
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llHccep'l'aIU!H COC'l'OH'l' HS 'l'pex rna:e, BB8;zt8HHH H 88KJ!llll8HHH. 

B nep:eol rJia:ee npHBO;ztH'l'CH D'l'epa'l'ypHUe ;ztaHHUe no BJI8K'l'PO-H 

wo'1'006paso:eaHH11 t1acTHn Ha HYKJIOHax H H;ztpax. 

Bo BTOpo« rne:ee npHBO;ztH'l'CH SK0nepH118HTaJibHll8 ;zt8Hml8 no o6pa

SOB8HHll Jr± - ueaouo:e, X'± - 11630HOB H npOTOHOB npH o6JIYll8HHH 11e;zt

HOI IIHmeHH 8J18KTPOHaMH c SH8pruel 4,0 rsB. 

Bnex'l'po- H woToo6paso:eaw,:e 3r±- 11es0Ho:e H npoToHo:e npH pas

JIHtIHUX SHeprHHX HBtIBJIIiHOff tiaCTHitI,I HHS PB3JIHtIHHX H;ztpax HBYtIBJIOCii 

BO IIHOrHX pa60'1'8X. CpaB~'l'eJIIiHO 118Hiime HBytieH nponecc WO'l'006paso

B8~H K':l: - ues·oHOB, ;ztO I972 ro;zta noJIHOC'l'bll O'l'CY'l'C'l'BOBBJIH ;ztaHHUe 

no 8JI8KTP006paso:eaHHll K'±- 118BOHOB. B CBHSH C B'l'KII C HCnOJibSOBa

HJl811 BOSIIOZHOC'l'el 8JI8K'l'POHHO-KOJIIine:eoro ycxopH~eJIH mH f!,J B I966-

I967 r.r. 6WI npe;ztJIOZ8H H B I97I ro;zty BHllOJIH8H excnepH118H'l' no . ± . 
onpe;zteneu» cetieHHH BJI8K'l'poo6paso:eaHHH K' - uesouo:e 11e'l'o;zto11 H;ztep-

ma: WO'l'OBIIJJIIiCHI fll. 
B § I rn. Il npHB6;zt8Hli cxeua yc'l'aHOBKH H JCJIOBJIR 06JiytieHBH 

wo'l'os11yJIIiCHOHHOI xa11epu. lhlmeuii - ue;ztHaH WOJIIira 'l'OJIIIIHHOI 

~ I,S•I0-3 pa;zt. e;zt. tO'l'OSIIYJII,CBOHHaH xa11epa, coOpaHH8R HS CJIOeB 

HHKtB BP-2 pas11epo11 IO x IO cu2, 'l'OJID!HBOlt 600 11u,pacnonaraJiacii 

BB p&CC'l'OHHHH ( 2,08 t O,OI ) 11 0'1' IIBll6HH no.it yrno11 ( 60 ± I,4 )0 

x uanpaBJieHH» BJI~K'l'POHHoro.ny1Uta. Bo :epeua oOnytiellllH wo'l'osuyJIIiCHOH

BIR K8118P8 B8XO.ltBJ[BCii B CBHHno:eol 88111H'l'B, 'l'OJIIOfB8 nepe,ltHBI C'l'BHKH -

~85 1111. IlytIOK B88BMO~elc'l'BJDll(IX BJlBK'l'POHOB IIOBH'l'OPHPOBSJICH KB8H

'l'OIIHPOMi pacnoJIOXBH!U,111 Ha p&CC'l'OHHHH ~70 II 0'1' omen. SapH;zt, Ha

XOD!eHBHI Ha EB8H'l'OM8Tpe, H3K8pS!CS a1exrpo11erpo11 C 

noc,0JD1BOI C ~ 2,25•Io-I6 Kn:/raB. llo 11ecH pecnonoxeHHH KBau

toMe'l'pa npOBCXO,ltHJI8 ;ztBOlt~aH KOJI:lllUIBnD nyua ( Ha P8CC'l'OHBBH ~ IO II 

R ~ 50 II ) , KO!OpaH OCJI80JIHJI8 nytIOK B~ 790 ± 90 ) PB 8 • 
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06Jiy'll8HH8 WOTOSYYJIDCHOHHOff xauepH npoHSBO;ltHJIOCI, npH 8H8pl'HH 

8Jl8KTPOHOB 4,0 rsB, 'llaCTOT8 c6poca Ha YHmem, ~ 50 ~- ' Sa BpeYH 

SKCnOSHitHH KBaHTOY8TPOY 6WIO saperHCTpHpOBaHO Nr=Cl,OCJ±0,06)•la1ixB. 

KBaHTOB,'ll?O C?OTB8TCTBOBMO qzcny O - KBaHTOB Ha BWCO;lt8 HS omem1 

Wi= (7,9CJ±0,99)•l013 sxB.KBaHTOB.C It8JILD KMHOpOBKH if>OT03Jcy'JILCHOHHHX 

CJIOeB WOTOKauepa noBTOPHO 06JiyqaJiaCL nyqxou Jr-- Y88OHOB C HYDYJIL

COY 4,0 raB/c oT czwcpowasoTpoHa JIBS OHHR. MapKHPOBKa • woroXHYH'lle

cxaH o6paOOTKa CJIOeB 6WIH BHnOJIH8HH B JIBS OHHH. 

B § 2 rn. fl DPHB8;lt8HH ;itaHHLle no npoCYOTPY H H;lt8HTH4/HKaitHH 

OCTaHOBHBlfflXCH qaCTHit. IlpOCYOTP WoTODJiaCTHHOK npOBO;ltHJICH B;ltOJIL 
11 ceporo 11 MH 11'1lepHoro" cne:ita, BXO.nHll!HX -qepes iopen l!aCTHit npH yBe

JIH'll8HHH 15x20X Ha YHKPOCKOne MEH-9. To'llKa OCTSHOBKH 'llSCTHit H80;ltHO

KpaTHO npocuaTpHBaJiaCL no;it YB8JIH"q8HH8Y 15x6cf C It8JILD O6HapyzeHHJI 

pacna;itHOI 'llaCTHQH. Ha yqacTKe WOTOSIIYJIDCHOHHOlt KauepH C T8JI8CHWI 

yrJIOMAl~ ( 1,2 ± 0,01).I0-5 cp. 6WIO npocJiezeHO 1029 -qacuq. 

~8KTHBHOCTL npoc11orpa - 0,82. 

.Ha I029 qac:rm:~ 98 OWlH if>OHOBmm: - BTOPH"qHHe qaCTHitH, 

BHXO;ltHll!H8 HS BSaHYO;itelcTBHH HJIH Yll8HLmaDutH8 HOHHBanHD BrJiy6L suym;

CHH; 55 qacTHit ltimJIH HS CTOnKH; 141 CJI8;lt qacTHit - CJI8'Aii npO!OHOB 

OT;ita'llH OT BSaHYO;iteffCTBHH H8ffTpOHOB C MPaYH SIIYJILCHH; 74 CJI8;ita qac

THit npepHBaJIHCL B SIIJJILCHH; 40 'llaCTHit o6pasoBaJIH SB8S'AU. OcTaBmH8-

ca 621 H,Jt8HtHif>HitHPOBWIHCL cne~yn111w oOpaaou. 

HSB8CTH0 1 'llTO 118'AJI8HHH8 .JT'±- 118SOHI,I OCTaBJIHDT B SYJJI:6CHH xa-
+ . . 

paxTepmtt CJie;it, npH ocraHOBKe Jr - ueaom pacna;itaDTCll no cxe11e 

Jr+-r"f'- e + 1 Jr- - ll880HH aaXllaTHBaDTCH MPOII 8l13'JII,CHH,06pa

ayH <l'""- HJIH f - SB8S'Aiio H;it8H'.rHWHKaitHH STHX 'llSCTHit npOBO;ltHJiaCL 

TaKXe no H8Y8p8HHD uaccH 'llaCTHQH no HOHH8aitHOHHHII norepu H ocra

TOllHOIIY npo6ery. H;it8HTH4/HKanza I('± - ll880HOB C npo6erou > 20 JIii 
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i/1:t npOBO;itHJiaCL H8118P8HH811118CCH no HOHH88ItHH H npo6ery. JlJIH A -11830-

HOB C npo6erou:= 20 JIM H;lt6HTHWHKaitHll npOBO;itHJiacL BHsyaJILHO, no pac

na;itau HJIH no CJ-' - H _f - 8B88;itaY. HeTO'llHOCTL H;lt8HTHif>HK8ItHH Ha KO

POTKOff 'AJIHH8 COCTaBJIHJia ~ 0,81. 

0DIH6Ka B onpe;it8JI8HHH uaccH llaCTHit CKJia;itHBaJiaCL HS omH6ox HS

uepeHHll HOHHSaIVUI H npo6era. 0CHOBHOff BKJI8;lt BHOCHEOmH6Ka B H8118-

p8HHH HOHHSaitHH. B Hameu CJIJl!ae OmHOKa B H8118p8HHH HOHHS8ItHH BTO

pHqmx qacTHit COCTaBJIHJia ~ (3-t4)%, 'llTO npHBO~HJIO K OIDH6Ke B onpe

;lt8JI8HHH 118CCH 'llaCTHit~lO'fo. 

TaKBII o6pasou ,OWIH :Bl,l;lt8JI8HH 72 .::f"±- ueaoHa, HS KOTOPHX no 

Jr-r-.. e - pacna;itaY H;lt8HTHif>HitHPOB8JIHCL 46 .11'+- lle30HOB H no fS - H 

f - SB8S;ltall - 26 Jr-- 11830HOB; 42 K'~ 11880Ha I HS KOTOpllX 3 CJI~

llaH )<' ~Jr -r~ e , 14 CJiyqaeB c pacna:itH,olt 'llSCTHitel ( e , / ;Jr). 

Ilpapo;ita pacna;itHolt qacTHitll H8 onpe;iteJiimacL. IO C06HTHI H;lt8HTHif>HitH

pOBWIHCL Ka.It (J" - 3B83~H,· H I5 - xor~a H8JIL38 OHJIO qe:rKO Ha

OJID;itaTL pacna:itHYD qacrHey. 5CY7 qacTHit H8 pacna;itaJIHCL, He saXB8TH

B8JIHCL MPOY auyJILCHH. TaitH8 qacTHitH npH'llHCJillJIHCL R npoTOH811. 

OrHomemte 'llHCJI8 Jf-- H JTt- 11880HOB 6HJIO nOJiyqoHo P8BHWI 

N('Jl-J/Ncy•J = o,565 ± o,I4. 

Cpe;itHJle npodel'JI qacran B auynLCHH noiyqeHH panHwm: ~xa 
- t 

Jr± - 11680HOB R:irt = ( 14,2 ± I,8 ) IIY; ~H k'- - 118SOHOB 

Rkt = ( 24,0 ± 3,7 } 11ir; ~H npoTOHOB Rr = ( 26,3 ± 1,3 ) 1111. 

C nonpaBKOI Ha no,ep11 BHepl'HH qacran B •aalltll!e" cpe;itWle sHaqeHHH 

BllfiYJII,CO;B Ha JIHXO,ne BS IIHll8HH nonyqem: 'AJIJI Jr1 - JIOSOHOB &.t = 

• ( 280 ± 33 ) llaB/c; 'AJIH )(' 1 - 1188OHOB ~! = (5?0 ± ,88 ) llsB/c; 

~ll npo!OHOB Pr = ( 856 ± 38 ) llaB/c. 0n6BII TOn:LKo CTBTHCTHqe

cue. 
B § 3 r1. rr ~B.HH pesynL?a?H BHqHcienxA pasizqHwr nonpanox, 

BBO~JDlllX HaKH npH onpe~eieHHH ceqeHHI oOpaaOBB.HHS qac?H~. 

5 



L IIonpaBKa aa ctteT imoroxpaTHoro pacceamrn 'IISC'l'H~ npH npo

xoz.zterum qepea CBHH~OBYll 11aa111ny11 : ;ztJIH Jr±- M8BOHOB ~ 0,80; ;ztJIH 

K'±: - MeBOHOB ~ 0,98. 

2. IlonpaBKa Ba CtteT !l.ztepHoro BBaHYO.zteltCTBi'IH ttaC'l'H~ B 11 Ball!HT8 11 : 
± . 

;ztJI!I Jr± - M8BOHOB ~ 0,48; ;ztJI!I X' - Y8BOHOB ~ 0,57; ;ztJIH npoTOHOB 

IV 0,64. 

3. IlonpaBKa Ha if,OH BTOpHttHNX qacTHU OT BBaHMO.zteltcTBHH B 11 aa-

1!1HTe11 ~ ( IQ + IS )% B MaJIOBHeprHttHon ttaCTH cneKTpa npoTOHOB. 

4. 11onpaBK8 aa CtteT pacna.zta II Ha JI8TY II H8CT86HJIJ,HWC ttaCTHU 

Ha nyTH OT MHW8HH .ztO qJOTOBYYJIJ,CHOHHOlt xa11epu: ;ztJI!I .:n-±- M8BOHOB 
T . 

"' 0,89; ;ztJIH xi-- M8BOHOB ':. 0,62. 
t 

5. IlonpaBKa Ha /f)OH OT pacna.ztHllX ttaCTHU, ~ 5% OT pacna.zta A -
-Y8BOHOB. 

6. IlonpaBKa aa Ctl8T nepeaapH,!tKH ttaCTHU Ha !1.ztpax BMYJIJ,CHH: 

;ztJIH ~ - M8BOHOB ~ 0,93; ;ztJIH J<' - M8BOHOB '.= 0,98; ;ztJIH npOTOHOB 

"' 0,93. 

7 •• IIonpaBKa Ha B/fJif,eKTKBHOCTJ, npoCMOTpa ~ 0,82 H B/fJif,eKTHBHOCTJ, 

H.zteHTH/fJHKa~H K' - ueaoHoB Ha xopoTKolt ;ztJIHHe ~ 0,8I. 

HeTOtlHOCTH B oueHKe nonpaBOK COCTBBJlffJIH B cy1111e ~ IQ%. 

B § 4 rJI. Il npHBO,lt!ITCH pactte'l'll cetteHHH c ytteTOII BC8X nonpa -

BOK. 

,llHiM)epea~aJI:r,Hlle no yrJiy H aHeprHH cetteHHH BJI8KTpoo6paaoBaHBH 

ttaCTHU noJiyttelill paBHllllH! 

(
JLr \ . 

o(J.dE ;JT;=(0,42 ± 0,IQ ± 0,04 )•I0-
32 c.;/ cp. M3B 

c.~:: )JT~(0,22 ± 0,05 ± 0,02 )•ID-
32 c.;/ cp. M3B 

;ztJIH Jrt - H Jr-- 116BOHOBj 
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( J '-r 1 -33 2 - = (0,8! + 0,16 + 0,08 )•IO CM / cp. M3B 
JJ,<>IE (:!: - -

;ztJI!I K'±: - 11880HOBj 

c:;rc)f=(l,37 ± 0,19 ± 0,14 )•lo-33 c.;/cp. M3B 

;ztJIH npOTOHOB. CetteHHH paccttHTaHl,I Ha.ayKJIOH H.ztpa ue,ztH. IIepBaH OWH6-

Ka CTa'l'HC'l'Htl8CKSH H omH6Ka MOHHTOPHPOBaHH!I, B'l'OpaH - CHC'1'8MS'l'Htte

CKa!I omH6Ka, CB!IBaHHaH C H8'1'0tlHOC'l'l,I) B OU8HK8 nonpaBOK. 

B § 5 rJI. II o6cyz,ItallTCH axcnepHM8H'l'SJIJ,Hl,l6 .ztaHHlle. )tH!p/fJepeH~-

8JIJ,H08 ceqem,:e HHKJillBHBHOro BJI8KTpoo6paaoBaHHH npo'l'OHOB cpaBHHBa-

8'1'CH C HH'1'8Pll0JIHP9BBHHllll no 8KCnepHM8H'l'aJil,Hl,III .ztaHHllll /BJ 8Hatl8HH-

8M cett8HHH. CetteHHH corJiaCyllTCH 118z.ztY co6olt B npe.zteJiaX 'l'Ot{HOCTH 

HBMepeHHH. 

Ilpouecc 8Jl8KTP006paaoBaHBH CBO,ltHTCH K npoqeccy !pOT006pa130.Ba-. . 
HHH ttaC'l'HU B CJiyttae perHC'l'pa~H 'l'OJIJ,KO O,ltHOlt 'IISC'l'HUJ:,I H8 peaK~H 

e+ f>- .JT-t+ •••• • 0CHOBHOlt BKJia.zt B IISTpHey paCC8HJUlH :BHOCHT 118Jlll8 
.. .a. 

aHatteHHH KBa.ztpaTa 4-:11epuoro nepe.ztaBae11oro H11ny11:r,ca K' , npH6nH-

xeuae Ban~aexxepa-BHJI:r,HJ1ca. 

Ilpo~ecc BBSHIIO,zteltcTBHH 8Jl6KTPOHOB C H.ztpou C o6paBOB8HH611 

( Jr - ~ - f ) ttacTH~ 110:no xatteCTBeHHO npe)tC'l'BBHU. cie,u11111H11 

06paao11. SJtex,poHll Bsaauo.ztelcTByll!' c OT.zte,n:r,m111 HYKJIOHOM H.ztpa, aa

'1'811 npOHCXO.ztH'l' BHYTPHH.zt8pHI,tl npo~ecc ('K8CK8.zt 1 nepepacc8HHH8 H r • .ztJ. 

BraJtO:M npe,nnOJIOX8HHH llHJI BllllOJIHeH paciier cetteHHll oelp~oBa-
-t . . . 

UH Jf - 118SOHOB C HCllOJIJ,80BBHH811 npH6JIHX8HJIH Balt~B8KKepa-BHJI:r,-

HJfC8 H 88BHCHIIOC'l'H UOJIHOro cett8HKH WQ'l'Onorxo~8HHH 0'1' S'l'OMHOro 
. q1~ 

uo11epa H.ztpa, 6"((.Jl) ~ .A 6V((ftl) • PactteTuoe cettemte BJ18K'l'pore-

uepa~• JT+- 11eaouoB 6HJio nonytteuo paBHHM 

- .. 0,36·10 cu-/ cp. ll3B. ( 
of Lq-) -32 ? 

. .:>ll.c,IE Jr-f 
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~3uepeHHoe H pacqeTHoe ceqeHHH cornacyDTCH uew co6ott B npe'Aenax 

TOqHOCTH. 

B TpeTbett rJiaBe 'ABHO onHCaHHe 3KCnepHUeHTa no HayqeHHD npo~ec

ca Q}OTopacllleniJeHHH H'A8P 3MYJibCHH TOPM03HblUH O - KB8HT8UH C 3HeprK

ett oT r,o raB 'AO 4,5 r3B. 

B § I rn.lli npHBO'AHTCH onucaHHe 3KCnepHMeHT8JlbHOtt ycTaHOBKH 

no HayqeHHID QJOTOP8ClllellJieHHH H'Aep 3MYJibCHH TOpU03HblMK O - KB8HT8MH 

BblBe'AeHHOro nJtUta 3JieKTPOHHoro CHHXPOTPOHa EpeBaHCKOro Q}H3HqecKO

ro HHCTHTyTa. 

TopM03Hble O - KBaHTbl KOHBepTHPOBaJIKCD Ha BHj'TpeHHett MHW8HH 

YCKOPHTeJIH, npOXO'AKJIH qepe3 KOJIJIHUSTOpbl H 'ABaX'Al,I Otmlll!lJIHCD MarHH

TOM TKna Cil-5?. ~OT03MYJibCHOHHbl8 CJIOH THna HHK~" EP-2 pa3Mepou 

5 X IO c~ TOJill\HHOtt ~ 600 JIKM OC5JiyqaJIHCD 0'11Hll\8HHblY nyqKOM O -
KB8HTOB. 06nyqeuue npoBO'AffJIOCD no O'AHOMY CJIOID npK KSlE,llOU OllblTe, 

Q}OT03MYJibCHOHHble CJIOH pacnonaraJIHCD nepneH'AHKYJIHPHO nytUty O -KBaH

TOB. MSKCHllaJIDHaH 3HeprHH o'- KBaHTOB 6b1JI8 I,0;_ I,5; 2,0; 3,0; 

3,5; 4,0; 4,5 raB. 

OC5nyqeHHbl8 CJIOH TpaacnopTHpOBSJIHCD B omra, r'Ae 6b!XH BblilOJIHeHl,I 

MapKHPOBKa H QJOTOXHUHqecKafi oe5pa60TKa CJIOeB. 

IlpOCMOTP gJOTOnJiaCTHHOK npOBO'AlrnCH Ha MHKPOCKone ME"-9 npH 

yBenuqeHHH I5x2oX, npocMaTpHBanacD oe5nacTD npoxox'AeHHH nytUta, pe

ncTpHpoBaJIHCD ipOT03Be3'Al,I c tmcnou ny11ett i2. ;:::.2. Kpoue ·Toro,npoc11aT

PHBaJiacD nJIOlllB'AD, uaxo'AHlllBHCH Brie nyqKa 'AJIH o~eHKH tmcna IPOHOBWC 

3B83'A OT yCKOpHT8JIH H KOCJIHqeCKHX JiyqeM. JlfxpeKTHBHOCTb npOCJIOTpa 

HWCO'AHJiaCb B npe'AeJiax (0,77 + 0,85). 

"3B8CTHO, qTo ce11eHHe gJOTOpaClll8llJI8HHH onpe'A8JIH8TCH CJie'AjDll\HU 

06paao11: 

8 

i 
i1\ 

,J 

1 
I 

J 
,I, 

Er .. ,.,. 

E~ J a-'a-. fl ( '=a-, cl"""-•)o/Ey 
~ _ a"'"-' 1:. u 

q, - JEr-.eu ' 
Sr· 12. ( Ei, E:r .. <u<) c:H=-r 

(I) 

E~.~ u 
r'Ae (r't - ceqeaue <J}oTopaclllenneHHH.H'A8P npH onpe'AeJieHHOli aHeprHH 

0 -KBaHTOB; n.. {Ed'. Ea,..,~.) - cneKTP TOpll03HOrO H3JiyqeHHH. 4>0T0-

3Be3'Al,I o6paayDTCH O - KB8HTaUH OT BblCOK03Hepruqaott qacTH Cil8KTpa 

TOpll03HOro H3JiyqeHHH, rie cneKTP B xopomeu npHC>JIHEeHHK UOE8T OblTb 

OilHC8H B BH'A8 

h {E E , ) ~ N~l(-t.' 
'L ir, r ... ~. - E • 

( 
(2) 

Ilo'ACTaBJIHH (2) B 1Popuyny (I), uoxHo noJiy'llHn 

r,, - t::, ~ {3) 
y - t:, l..E;r .• 

6'-'y onpe'ABJifie~ HaKnOHOJI npHUOtt saBHCHUOCTH ~ OT_ f.,_ £ O • ITO 

HSWHM 'A8HHblU, O"y = (I?Q :t. I4 ) MKC>H/HYKJIOH 'AJ!fi 3HeprJ,rn d -KBaH

TOB B HHTepBane Ed'= (I~0+4,5) raB fJJ. 
-B § 2 rn. ill 'ABHO oe5cyx'AeHHe pesyJIDTaToB. no MO'AeJIH BeKTopaott 

'AOMHHaHTHOCTH qHCJIO HYKJIOHOB, C KOTOpmm B8aHMO'AettCTByeT BblCOK0-

3HeprHqHHR Q}OTOH, yM8HDWaeTCH 88 cqeT T8H8BOrO 31PQ}8KT8, J➔ t7/J1 
MeHH8TCfi C HSM8H8HH811 sHeprHH O - KB8HTOB. IlpH 3HeprHH ;r -KBaH

TOB Br = I,0 raB ,fi➔n/JJ = I,0. IlpH 6onee BHCOKOl-i ::rneprHH 

Jhnf.A '.::: 0,?5. HaMH J:nrt/.P. onpe'AeJIHeTCfi no <J}OpMyJie (4) 

.fl~.,.r I.A = ~J 
G"rf Br) 

(4) 

r'Ae "'r -H3MepeHHOe H8MH ceqeHK8 B pacqeT8 Ha HYKJIOH; 

0V ( r N) - 3HaqeHH8 ceqemrn IPOT0IlOrJIOll\8HHH Ha HYKJIOHe, ycpe'AH8H

H08 B HHTepBaJie 3Hepr11H Er = (I,0 + 4,5) raB. Ila <J}opMyJie (4) 

HauH nonyqeao 

;➔ 'rt I -11 = o, 10? :t. o,os. 
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IlpHBe;neHHaH omH6Ka BKJIJOqaeT B ce6H K8K omH6Ky H3116peHHH,T8K H 

omH6KY oT ycpe;nHeHHH ceqeHHH ~(J'N) B HHTepBa11e imeprHn Ed 
= { I,O + 4,5) raB. 

= 

!lo 3KCnepHMeHT8JlbHHY 'A8HHHY no WOTonor11o~eHHJO Ha H;npax npH 

BNCOKHX SHeprHHX HSBeCTHO, qTQ B nponecce B88HMO]!encTBHH BKJI8'A YO

;neJIH BeKTOpHott ·;noYHH8HTHOCTH COCT8BJIHeT ~ 8~~ Ila ~opuy11e (5) one-

HHBaeTCH BKJia]! YO]!eJIH BeKTOpHon JtOYHHaHTHOCTH 
- -01 J -6YftJJ) = ov1 = [1-'.Lrol·JI 'Ja--c0NJ, C5> 

ol - OTHOCHTeJibHaH ]!OJIH YO]!eJIH BeKTOpHOtt ]!OMHHaHTHOCTH. no H81lll!Y 

:naHHNM,aHaqeHHe ol no11yqeHO paBHHY 

ol = ·o,9I ± D,103. 

HeCMOTpH Ha 60JibWHe omH6KH,nonyqeHHOe aHaqeHHe noKaSHBaeT, qTQ B 

0611acTH aHeprHH O - KBaHTOB ;no 4,5 raB npH BaaHuo;nettcTBHH woTo

HOB c a;npou, :eKJia;n uo;ne11H BeKTOPHOlt ;nouHHaHTHObTH ~ 80%. 
Ilaparpa~ ·3,4,5 r11. m nocBH~eHH HayqeHHJO nponecca o6paao:eaaHH 

anep 6epHJIJIHH E WOTOHnepHHX peaKUHHXo 

B noc11e;nHee :epeua Boapoc·HHTepec K nponeccau reuepaUHH 11Horo

aapMHHX qacTHU { z:-? 2) - wparueHTaUHB MeP - Bo BaauonencT

BBHX qacTHU BHCOKon 8HeprHH C H;npew. ~parueHT8UHH anep non ;neltcT

BHeM a;npOHOB HayqeHa BO YHOrHX padoTax. Cpa:BHHT6JIDHO ME!HbW8 ;lt8HHHX 

no HayqeHHIO pac~ellJleHHH H;!t8p llO;lt :nencTBHeM O - KB8HTOB, ocoOeHHO 

B oonaCTH 8HeprHB?l,O raB. HuemutHeCH 8KCnepHM8HT8JibHHe ]tSHHHe He 

:naJOT O]!HOSHaqHoro OTBeTa OTHOCHTeJlbHO uexaHBSYa ~parueHT8ItJUI Mep 

- npHY8H peaKUHH, zcnapeHHe, ;iteneHHe H T.;n. 
. g 

Haw uayqanca nponecc o6paaoBaHHH H;itep Ee'f npz BaazuoneKCT-

BHH TOpllOSHHX '( - KB8HTOB C 8Heprzeft OT I,5 ;ltO 4,5 raB C H;itpaMII 

WOTOBIIYJibCHH fl.OJ. 
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B § 3 rn.lli npHBO]!BTCH 116TO'Al,fK8 no OT6opy C06NTHtt, co;nepza~x 

pacna;nHHe cnyqau H;nep 6epHJIJIHH. 

~8B6CTHO, qTo B H;nepHHX peaKUHHX o6pasyJOTCH ;n:ea pasJIHqHHX co

CTOHHHH a;nep (a llt~) a,;H ( 
8 ~~l:s H;np~ (

8 & ... Ju.r c qeTHHM yrno:eNM 110-

ueHTou sa :epeua ~ ro-16 c pacna,llaetca Ha ;n:ee oL - qacTHUll, 

~ ~*~) Oi - .2. '1 J-./e, :t • .ztnH H;npa ~ ~ ~) l<J.ur C HeqeTHNII ~rJIOBNM 

1101.1eHTOM paspemeH TOJibKO O - nepexo;n l: &~y)~.u~ _.. B,?. + 0 . B:eH

;ny Toro, qTQ 8HeprHH CBHSH 'ABYX ol - qacTHU B OCHOBHOII COCTOHHHH 

H;npa 118Jl6HbK8H z ~ 96 KsB, pacna;nHHe o/_ - qacTHUN He ;na;nyT BH

]lHIIOro cne;na :e suynbCHH; B cnyqae pacna;na II Ha neTy II ol - qacTH

UN Hll8JOT 6JIH3KHe SHeprHH H BNJieTaJOT HS neHTpa pac~enJieHHH B O]!HOM 

HanpaBJieHHH. HaMH_BH]leJIHJIBCb ~OTOH;nepHHe peaKUHH C YSKHIIH napaMH 

qacTHU. 

.ztna Toro qTo6N yae;nHTbca, qTo Ha6nD:naeMJ,Ie HaMH naps . g 
ol - qacTHU ;nettCTBHT6JlbHO HBJIHIOTCH npo;nyKT8MH pacna;na H;npa ~ 'f , 

Heo6xo;nH110 cpaBHHTb yrno:eNe H aHepreTHqecKHe pacnpe;neneHHH nap 

qacTHU C Te.llH,KOTOpHe uoryT OlltH]!aTbCH B cnyqae H6KOppe11HpOB8HHNX 

ol - qacTHU. no pesynbTaTa11 npo:ee;neHHoro aHanHaa 6011bmaa qacTb 
. • 8 B 

Ha611JO;nae11NX HaMH co6NTHtt CBHsaHa c pacna;no11 anep ~'f. 

B § 4 r11. ill npH:ee;neHH aHepreTHqeCKHe z yr110:eNe pacnpe:neneHHH 

H;nep 6epHJIJIHH. 8HeprHH H;nep 6epHJIJIHH onpe;neJIHeTCH K8K cy1.111a KHHe-
. a 

THqecKHX 8~rHR ol - qacTHU. Cpe]!HHH 8H8prHH a;nep Be~ no11yqe-

Ha paBaott Erlic... = {44,5 ± 0,7 ) MaB. Pacnpe;ne11eHHe no aHeprHH co

rnacyeT~H C Y8KCB8JlJIOBCKHY cneKTPOY•C napaMeTpaYH: B8JIHqHH8 npT8H

I0!8JlbHOro 6apbepa V = II MaB; TeunepaTypa :eoa6yz;neHHH n;npaT =17 

MaB; CKOpOCTb OCTSToqHoro H]!pa tJ' = 0,005. BHepreTHqecKHtt cneKTp 

c11a60 38BHCHT OT HaqaJibHOtt.aHeprHH qaCTHU. 
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YrnoBoe pacnpeAeneHHe a,Itep 6epHnnHH paccuarpHBaercn 

OTHOCHTeJILHO HanpaBJieHHH ,nBHxeHHH nepBHqHoro ~OTOHa. no HamHM .naH

HliM,yrJioBaH aHH30TponHH pacnpe,neJieHHH - OTHOmeHHe qHcJia ~parMeHTOB 

C yrJIOIJ Bl,IJI6Ta::: 90° K qHcJiy ~parMeHTOB C yrJIOM > 90°. S/H • no

JiyqeHa paBHott B / 1-f = (l ,37 ± 0,17 ) • AmrnoTpoima yrnoBoro pacnpe

.neneHHH cna6o 3aBHCHT OT HaqaJILHOtt sHeprHH O - KBaHTOB, M8~6HHO 

pacTeT C noBlimeHH6M sHeprHH O - KBaHTOB. 

B § 5 rn. m onpe,neJIH8TCH ceqeHHe 06pa30BaHHH H,nep 6epHJIJIHH. 

AHaJIH3HPYDTCH 9475 ~OTOSB8B,n, o6paaoBaHHliX O - KBaHTaMH C SHep -

rHett oT l,5 raB .no 4,5 raB. Rs 9475 ~OT03Be3,n 6WIH 0To6paHH 272 co-

6HTHH, KOTopue co,nepll81IH pacna.nHHe cnyqaH H,nep 6epHJIJIHH. Ha6n».nae

uoe·KonnqecTBO co6HTHtt c~Be nonpaBJIHJIOCL Ha pa.n ~aKTOpoB: tmcno 
. 'f 

CJiyqattHlix nap qacTHn, HKHTHPYD!JIHX pacna.n H]t8p 6epHJIJIHHi Ha Bq)ql6K-

THBHOCTD per1rnTpannH a,nep 6epHJIJIHH H ~OT03B8B,n; Ha norepD C06liTHtt 

H3-Ba KOHeqHott TOJIIIIHHH ~OTOBMYJILCHOHHOro CJIOH H T.,n. 

B HHTepBa.1te 5H6prHH O -KBaH'fOB Ezr = ( l,5 .. 4,5 ) raB H8-

MH nonyqeHO ceqeHHe 06Jll30BaHHH a.nap 6epHJIJIHH 6r.~= (7,15±1,5) 

YK6H/HyKJioH HJIH,B pacqere Ha MPO a11ync1m ( Jl = 49,6 ),ceqem1e 

nonyqeHo paBHliM G'f,'ix., = ( 0,36 ± 0,08 ) 116H. 

B paa.nene"8aKJivqeHHe"npHBO,nHTCH nepeqeaL nonyqeHHliX B pa6oTe 

P83YJILTaTOB. 

I. lfayqeH nponecc o6pasoBaHHH ( JT - ~ - P, ) qacrmn B peax

UHH B3aHYO,nelCTBHH snexrpOHOB C 3HeprHel 4 raB C a.itP8llH M8AH IlOA 

yrnou 60°x HanpaBJieHHD ABD8HHfi 3JI8KrpOHOB.H3M8p8Hli AHqJq)8p8HIUlaJILHli8 
± . 

no yrJiy H 5HeprHH C8'18HZH 8JI8K'fP006paaoBaHHli Jf"±- 11830HOB1 X° -K8-

30HOB H npoTOHOB. IloJiyt1eHH nepBli8 ASHHli8 no C8'18HHD SJI8K'fpoo6paao

B8HHli K' 1 - M830HOB. BmIOJIH8Hli pacqe'fli C8'18HHH o6paSOB8HHli JT+ - 118-

SOHOB Ha 11,npax 116,Itl,I C HCilOJILSOBam1eu npH6JIHX8HHli BattnseKKepa-BHJIL

HYC8 H 38BHCHYOCTH IlOJIHOro ceqeHHH ~oironorJI0~8HHH O'f 8TOMHOro HO

Kapa H,npa. 
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Cet1eHH8 o6pa30BaHHH Jr+ - Y8SOHOB npHY8.PHO B.nBoe 60JILme ceqe

HHH Jr- - Y8SOHOB. OrHomeHHe :rr- hr~ noJIYtl8HO paBHHM 

~'it-(JT-)/Nrr.ir+)= o,38 ± 0,12, 

r.ne ~ - tmcJio npoToHoB; N - tmcJio HettrpoHoB. 

2. ll3yqeH nponecc ~oropac~enJieHHli a,nep auyJILCHH B o6JiacrH 

BHeprHH O - KB8HTOB OT l,O raB .no 4,5 raB. ll3!.18peHO noJIHOe ceqe

HH8 ~oronorno~eHHH Ha a,npax auyJILCHH. 

3. BnepBue B woroH,nepHHX peaxnnmc H3yqeH nponecc o6pa3oBaHHH 

H8CT86HJILHliX a.nep 6epHJIJIHli. Onpe,neJieHO ceqeHH8 ~parMBHTanHH a,nep 

6epHJIJIHH B 06JiaCTH aHeprHH O - KB8HTOB ,no 4,5 raB. 9HeprerHqe

CKH8 H yrJioBue pacnpe.neneHHH H,nep 6epHJIJIHH noxoim Ha ,naHHNe no a.n

pOHHHY aKcnepHuearau. B woroH,nepHHX peaKUHHX H B peaKnHHX, Bli3BaH

HliX a.npOHaMH 1 BWCO,n wparM8HTOB 6epHJIJIHH 6o~LID8 WP8rY8HTOB JIHTHH, 

'ITO rpe6yar CBoero ,naJILHettmero HSY'l8HZH. 0THOID8HH8 napnHaJILHOro 

ceqeHHH o6pasoBaHWi a.nap 6epHJIJIHH K nonaoYY a.npoHHOYY worocet1eHHD 

ocraercH noCTOHHHliK B mHpOKOY HHTepBaJie aaaprHH HaqaJILHOtt qacTHIU,I. 

Ila a,npOHH!,1)1 ,naHHHY,OTHOmeHHe napnHaJILHOro g raoMeTpHqecKOKY ceqe

HHD TaKllte ocraeTCH IlOCTOHHHHK B mHpOKOY HHT8pBaJie aHeprHH HaqaJIL

HOtt qacTHIU,I. Bee aro no,nTB8pQaer a.npOHHY~ crpyxrypy ~OTOHOB. 

MarepHaJI ,Itl,ICC8PT8nHOHHOlt pa60'fli ,noKJia,nHBaJICH Ha CecCHH or,neJie

HHH H,nepHon WH3HKH AH CCCP (MocKBa, 1971 r); Ha coBe~aHHmt ~0To

a11yJILCHOHHoro KOMHT8Ta arum H ony6JIHKOB8H ~ pa6orax.l61,flJ,fJ],[lO] 
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