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OBill,AH XAPAitTEPIICTMKA PAiiOTU 

AKTYBJI~HOCTI, npo6JieMH. Sqi~eKT Jill;z(HpOBBHHfl OTHOCHTCH K qnCJiy 

Han6oJiee HHTepecHmc 88KOHOMepHOCTe~ npoueccoB MHOllteCTBeHHOro po

llt;z(8HHH, nsyqeHHIO KOTOpHX B nocne;nHHe ro;ni. y;neJIHeTCR 60JII,lliOe BHH

Mamrn. HHTepec K 3THM npoueccaM H HX 88KOHOMepHOCTHM BH3B8H TeM, 

qTo MHOllteCTBeHHOe po~eHne qacTHU flBJIReTCfl ;z(OMHHHpyIOUlllM K8H8JIOM 

B a;npoH-a;npoHHHX CTOJIKHOBeHHHX npn BHCOKHX 8HeprnHX H, CJie;z(OBB

TeJII>HO, HeceT OCHOBHYIO llH~OPMBUHIO OTHOCHT8JII,HO ;z(HHBLIHKll B38llMO

;net!CTBlltt qacTHU npu BHCOKllX 8HeprnHX. 

9qlweKT JIH;z(HpOB8Hl1fl 06HqHo CBH8HB8eTCfl C qaCTHUeiii TOiii llte npH

po;ni.·, qTo ll H8JieTaIOIQ8fl. O;nHBKO B03MOlltHOCTI, Jlll;z(ll!)OBB!illfl ;npyrux 

'l8CT11U O'leHI, B8lltH8 ;z(Jifl BHHCHeHttfl npupo.1111 8Toro flBJ!eHHfl, C TBKOH 

TOqKu speHHfl npe.l(CT81lJIReT OOJII,lliOt\ llHTepec U3y'leHHe npouecCOB He

ynpyroi1 ne pe sapHJIKll ii- p - Ti O 
-1- X n cpallHettue ux c npo~ecca-

uu Jlll.l(l'lpOBaHl'lfl ii- - Me30HOB iT-p - ii- + f. • ;no cux nap B 

Jil'l'repaType HeT npHMHX .1(8HHHX, KacaIOIQIIXCfl llCCJ!e.l(OB8llllfl 31j)<J!eKTa 

Jill.ll11POB8l!llfl I/ O - Me30HOB B Ill'IOH-HYKJIOHIIHX B.:J8llMO.l(ei1cTBllliX, 

UTil'IC8HHe noBe.l(eHHtt Jll1A11PYIO~HX ~aCTl'I~ 'l8CTO npOBO.l(llTvfl B paM

KUX Tpexpe.11llieo11Horo JIO.l(AO.l(a, Tait K8K 3TO 1103BOJ1fle 1· uOJIY 'lllTI, llH

qio p1.1auu10 OTHOCHTeJII,HO npupo,llH pe.11llteOH-8,I\POHHblX CTOJIRHOBellllll, 'ITO 

flBJ!ReTCfl B8lKIJOll npo6neuoiii ;z(Jifl COBpeMeHHOll Teopuu CllJII,HHX B38llM0-

.11ei1CTJll'IH. 

L1ccne.11uBaHne npoueccoB ii-p-" ll 0 + X B aToM CMblCJie OT-

KPHBaeT HOBblM R8H8JI .l(Jifl l'IBY'leHUfl CBOiiiCTB pe.l(llieOH-8.l(pOHHOro pac

ceRHllfl, 8 HM8HHO: .11aeT B03MOlltHOCTI, HCCJie,I\OB8TI, CBOl1CTB8 J-p
CTOJIRHUBeHl'lll (no.11y- llO,l\pasyMeBaeTC/1 pe,l\llteoH). 
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lle11I, pa CiOTl! - YCTa.HOBHTI, l303MOJKHOCTI, 1H'l,lll1pOB8Hl1ll /JO - Me 30-
HOB B lll10H-HYK1IOHHl!X B3al1MO,llettcTBl1llX np11 l1Mny111,ce 40 rsB/c, onpe
,lle1Il1TJ, Be1111tI11Hy cetieHl1ll ~ynpyrott nepesapll,llKl1 Ti-p - ;; 0 -t- X 
B 0611acTH qiparMeHTaU1111 11- - MesoHOB 11 :mepreTHtiecmrn xapaKTep11-
CTl1Kl1 3qlqleKTOB 1IH,llHpoBaHHll, HCC1IC,llOBaTJ, ,lll1H8Ml1tieCKl1e OCOCieHHOCTH 
poJK,lleHl1ll BTop11tIH11x tiaCT11U B c11cTeMe X B peaKUHHx Ti-p- Ti-+ X 
H 11-p- ii" -t- X c 1IH,ll11p0Bamrn1,1 y:_1,1 ii 0 - ueaoHoB , Bl:l-

llCHHTl> P01IJ, pa31IHtIHUX MexaHH3MOB B o6pasoBaHHl1 1Il1,lll1py101Jll,!X ,i:1,1 jj.9 
Me30HOB B paMKax pe,llJKeBCKHX npe,llCTaBneHHtt. 

HoB11~Ha paOoTu. B pa6oTe Bnep1311e onpe,lle11eH11 napU1,1a111,H11e 
K03qlqll1UHeHTl! HeynpyrOCTH B f,- p•H jj- n - B3al1MO,llettCTBl1llX llpl1 HM
ny111,ce 40·raB/C H 11aytieHa HX TOll01IOrHtI6CK8ll aaBl1CHMOCTJ,. 

BnepBue noJiytieHa oueHKa BenHtIHHl! cetieH11H Heynpyrott nepeaa-
Pll.llKl1 ;;-p - TT 0 + X B 0611acTH qiparMeHTaU1111 ,,- - ueaoHOB 
np11 X~0,7. 

BnepBue noKaaaHo, tITo B npoueccax c 1111,ll11poBaH11eu Ti-- 11 JJ"'
MeaoHuB o6paayIOTCH aCHMMeTpHtIHl!e Cl1CT6Ml1, B KOTOpl!x, B CBOIO oqe
pe,lll>, Ha61IIO,llaeTCH ~HepreTHtiecKall Bll,lleneHHOCTJ, BTOpHtIHl!X tiaCTHU 
onpe,lle1IeHHoro THna. aro ll03B01IWIO C,ll8Jl8TJ, BliBO,ll O KaqecrBeHHOM 
ITO,llOCiHl1 O,llHOtiaCTHtIHLIX pacnpe,lleJI8HHll sapRlKeHHLIX ITHOHOB B pe,lllK80H
B,ltpOHHLIX H 8liPOH-B,ltpOHHliX CTOJIKHOB8HHRX. 

B paOuTe onpe,lle1IeH BtcJia,ll A.llQlK):tl!ITOMepoHHOro MexaHl13Ma B3aHMO
,llettCTBHll B .llBYXtiacTw1H11e HHM10a11BH11e peaKUHH Ti-? -_ii- -t-p .,. X 
npH HMny111,ce 40 raB/c H nonytieHl! oueHKH Tpexpe,llJK60HHNX KOHCTaHT 

B peaKUHHX ji-p - 11- -t X H u-p - JJ"' + X • 
Ha,ytIHall yeHHOCTJ,. llpe,llCT8B116 HHlie pe 3Y1Il>TaTl! HCC1Ie,llOBaHHll B 

3H8tIHT61Il>HOtt Mepe 0Ciorama10T npe,llcTaB1IeHl1H O 38KOHOMepHOCTllX MHO-
l ' 

lK€CTB€HHoro pOJK,ll6Hl,lll tiaCTHU npH BliCOKl1X 3Heprl1HX H MoryT 6NTJ, 
11CIT01IJ,30BaHl! ,ll]lfi npoBepKH H paapa60TKH MO,llenett MHOJKeCTB6HHOro po
lK,ll6Hl1ll. 

IlpoBe,lleHHl!tt B pa6oTe 8Ha1Il13 3KCnep11MeHTa111,~11x ,llaHHl!X B paM
Kax Tpexpe,llJKeOHHoro on11caHHH OTKPNBaeT HOBl!e B03MOJKHOCTH ,ll]lfi 11c
C1I6,llOBaHl1ll np11pO,lll! pe,llJK60H-a,llpOHHOro pacceHHHll. 

IlonytteHHaH oueHKa BenHttHHl! BK1Ia.lla ,llB8lK.llliilOMepoHHl!X npouec-
COB B .llBYXttaCTHtIHNe HHK1II03HBHl!e peaKUHH 11-p - r,- tp -t- X , co-
CTa BmmmaH ~20 MK6 , yKa3NBaeT Ha H63Hatn1reuHyD pom, STHX npo
ueccoB BO MHOJK6CTB6HHOM POJK,ll6HHH tiaCTHU np11 HMny111,ce 40 raB/c. 
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IlpaKTHtieCKaH yeHHOCTJ,. Ilpe,ll1laraeu11e M6TO,llli HCC1!6,llOBaHHH npo
ueccoB MHOJK6CTB6HHOro pOlK,ll6HHll B jT- p - B3aHMO,llettCTBl1llX npH 
8Hepr1,111 40 raB/c uoryT 611TJ, HCIT01IJ,30BaHl! ,ll]Ill 3H81Il13a aHa11or11tIHLIX 
5KcnepHM8HTaJil>Hl!X .ztaHHllX, no11yqaeu11x C llOMO~bD nysHpbKOBliX 
xauep H ~OT03MYJibCHll. 

llpe,llCTa.ll1!6HHhle B pa6oTe ::mcnepl'IM6HTa1Il>Hl!e ,llaHHUe HCIT01Il>3YIOT
Cll npH pactieTe HHTeHCl1BHOCTH H cneKTPOB pa31IHtIHUX KOMITOH6HT KO
CMl1tI6CKOro H311yqeHl1ll B aTMOCWepe. 

Ily61111Kamrn. ,llHccepTaJ.Um Han11caHa Ha ocHoBaHHl1 wecTH-pa6oT, 
ony61IHKOBaHHl!.X. B Bl1,ll8 npenpHHTOB, CTaTett .ll xypnanax H4) H ll3B. 
AH cucP7 cep. qiHa.,H ,llOKna,lloB B TPY.llax KOnIDepenUHtt. 1I-G/ 

Anpo6ag1,111. OcHOBHble. peay1Il>T8Tl! pa6oTli ,llOK1Ia,llhlBcl1Il1Cl, na JluMO
HOCOBCKl1X tITeHJ.1HX Jj M1'.1 B I975, I976 ru,llax, Ha \;6CCl1ll.x. 0T,ll61I6H11ll 
H,llepHott qJH3HKl1 AH CCCP B I974, I975, I976 r.r., Ha MelK.llYHaPO.llHhlX 
KOHqiepeHUl,IHX no qll1311Ke KOCMl1tieCK11X nyqeij B MIOHXeHe, I975 r.,11 B 
Il1IOB,lll1Be, I977 r., na MeJK,ll,HapO,llHOtt KOHqiepeHU!,!11 no qll1311K8 BllCOKl1X 
aHepr11tt B T6111111c11, I976 r. 

06~eM pa60T11. A11ccepTaUHll COCTOHT 113 BB6,ll6H11H, IlllTH rnaB 11 
3alOIIOtI6HHH 11 CO,lleplKl1T 90 CTpaHHU M8Wl1HOill1CHOro T6KCTa, 37 CTpaHHU 
p11cyHKOB 11 6H61111orpaqJHIO, "BK1IIOtiaIOmYIO 98 HaHM6HOBaHHtt. 

ABTop aaIUHmaeT 
I. Peaynl>TaTl! onpe,lleneHHll napUl,!81Il>HliX K03qlqlHUl16HTOB Heynpy

roCTH H HCC1I6,llOBaHHH HX TOIT01IOrHtt6CKOtt 8aBHCHMOCTH B /1-f • H jj-n
B3aHMO,llettCTBHllX np11 HMny111,ce 40 raB/c. 

2. MeTO,ll HCC1le,llOBaHHH npoueccoB C 1IH,llHPOBaHHeM ii-- H ii 0 
-

- Me30HOB. 
3. Peay111,Tam onpe,lleneHHH Be1111tIHHl! cetieHHll Heynpyron nepeaa-

Pll.zlKH jj- p ~ 11° + X B 0611aCTH qiparueHTaUHH 11- - ueaoHOB : 
np11 1,1uny111,ce 40 raB/c. 

4. Peay1Il>T8Tl! HCC1I6,llOBaHHH acHMMeTpHH 11 OCHOBHLIX xapaKTepH
CTHK BTOpl1tIHl!X ttaCTHU B npoueccax C 1IH,lll1POBaHHeM 11--H ;;o - ue::io
HOB B jj-p - B8aHMO,llettCTBHHX npH HMny111,ce 40 raB/c. 

5. Peay111>TaT11 oueHKH BMa,lla ,llBalK):tl!nonepoHHliX npoueccoB B 
.llBYXtiacTHttHl!e HHK1II0811BHHe peaKUH11 r,-p --r jj-tp t-X npH 40 raB/c 
B HHTepBime 1,11,1ny11.bCOB npoTOHOB 200:!.P11 .c. !:: oOO MaB/c. 

CO.l!EPlKAHHE PAEOTl:l 
Bo BBe,lleHl1H ,llaeTCll KpaTKOe OITHCaHl,le COCTOHHHH HCC1Ie,llYeMoro 

BonpocaH ~OPMY1IHPYIOTCH aa,llatil1 HCC116,llOBalillH. 
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B rJiaBe I OnHCliB86TCH 116TO,l(HK8 5KCil6PllM6HTa. H~yqeHH6 npo

n;eccoB MHOJK6CTl!tHHOro POlllJt6HHfi qac!HIJ; l3 nHOH-HYKJIOHHWC CTOJIKHOBe.:: 

HHHX npuBO,l(HJIOCD nyTew.o6pa6oTKH ~MDIIOBOA Hl!4>0pMaIJ;HH, nonyqea

H0£1 C npuuaHOBOtt ( C
3
H8 ) nysupDKOBOtt Kauepu JITIIK-500 JIBJ OJUIB. 

Kauepa nTTIK-500 HM66T pa6oqym 06JiaCTD pa8M6pOM 210 X 65 X 43 cu3 

ll o6~eMoM 5 0 0 JI.Olia 8KCnOHHPOB8JI8CD B nyqI(e OTpun;aT6JlbHNX 

JI - M680HOl3 C HMnyJIDCOII p = ( 40,00 ± 0,24) raH/c Ha cepnyxoB

CKOM yc1wpuTeJie ( Y-70 ) • Bo Bpeua ceaHcoB oonyqenuH 1rnuepa ycTa

H8l!JIHBanacb B MarHl'ITHOM none co cpe.ztHeil H8IlPlllK6HHOCTbIO-<:H;,=15 xrc. 

Sa B6Cb nepHO,l( o6JiyqeuuH(l971 - 1972 r.r.)na 8TOW yCT8HOBKe 6UJIO 

nonyqeuo OKOJIO 300 THCflq WOTOrpawun. 

llpocMOTP CHHMKOB npoBO,l(HJICll Ha qeTupexoClMKTHBHlilX CTOJI8X 

Ellv-1 ll meCTllOO~eKTllBHNX CTOJI8X EIIC-2. B COOTB6TCTBllll co CTaH

,l(8pTHNMH KPHTepllHMH KJI8CCHWHK8Il;llll C06NTHil ,l(JIH nponaHOBUX nysupD

KOBUX KaMep OT6HpatMH6 B381'1MO,l(e£1cTBllH OTHOCllJillCD K O,l(HOil ll3 

rpynn: 7i- p , jj- h HJ!ll r,- C 17 ,BJ. lweKTllBHOCTb .ztBYXKP8THO

ro npOCMOTpa ,l(JIH 8B63,l( COCTaBHJia 99,9%,/ / 8qJW6KTllBHOCTb H8XOE,l(e-

Hlll1 VO 
- qacTHIJ; u o - KBaHTOl! - 99 ,0%. lfauepeHue oTo6paH-

HUx npH npocMOTpe co6NTHil npoBO,l(llJIOCD Ha ITOJiyaBTOMaTaX THna 

IIYOC, pa60Ta10mux Ha nunuu c .8BM BSCM-4. PesynuaTu ua11epem1lt 

aanucuBaJIHCb Ha MarHHTHYIO JI8HTY 8HM cnv-1604 A, a saTeM o6cqu

TUBoJillCb no nporpaw.,:e reoMeTpuqecKOH ll KHH6MaTHqecrrnl1 peKOHCTPYK

IJ;Hll co6HTHil r.l!lO<.WIT , 

vpe.ztHHH omHOKa ll8MepeHHH HMITYJibCOB I/ - 11680H0B oKa8aJiaCb 

paEnoll lJ,97/91,a HaHOOJiee l36pOHTHOO suaqeHHe - 6%.Cpe,l!HRR OWHORa 

ll3MepeHHH yrJIOB COCT8.tlllJI8: 

~ 1d3d."> = 0,0061 ± O,OOOI; ,: e,y;;, = { O,U037 ± U,0001 ) pa.zt. 

Cpe,l(H.1116 TOqHQCTH onpe,l(6JI6HHH uapaMeTpOl! °t - Kl!aHTOB/~/ nony-

qllJ1llCD pal!HNMH: 

~ 1,P/P'7-r = ( 12,4 ± O,l )%, 
~ d tgo<. '?~ = 0,0031'/ ±. U,00003, 

< t, J 7 'If = (0,0045 ±. O,OOOI) pa.zt. 

lJl'l:CJIO H61'18116p11MUX Tp8KOB II - 116 301!013 COCTal!l'IJIO - 3% OT l'IX 

IlOJIHoro ql'JCJia; ,l(OJIH H8H3M6pllMUX O - KBaHTOB - 5%. 

B rnaBe Il usyqaeTCH pacnpe.zteneuue cpe.ztuen .ztOJIH aueprl'IH, ne

pe.ztauuott B peaynTaTe r,-p- I'! ri- n, - CTOJIKHOB8HH!t l!TOpHqHUM qa

CTHIJ;aM pasJI11qnoro T1ma. 8Ta ll8JIHqffHa, oouquo uaau13ae11aa napn;H

anbHNM K08qJWl'IUH8HTOII ueynpyroCTH, ,l(86T l303110XHOCTD Hsyql1TD 
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OTHOCl'IT6Jlb!!YIO pOJib BTOpl'lqHUx qacTl'IIJ; pa3JIHquoro l!H,l(a B pacnpe.zteJie

Hl'l:ll nepBOHaqaJibHOl:1 auep1·llll ll T6M caMUM ycTaHOBllTb B03MOli\HOCTl, 

Jill,l(llpOB8HHH jj O - M63UHOB B 11- p - ll r,- n ~ B38llMO,l(6WCTBlll1X. 

Ilapn;H8Jll>HU6 K08q)Wl'IUl'l6HTH HeynpyroCTll BUqllCJIRilllCl> CJ!6,llylOU(llM oopaaou: 

:££:i c::f:,'?<n,? 
o('=--:, --'---' 

l Nc,,t £0 fo 
(2.1) 

r.zte HH.zteKC l o6oaHaqaeT THn qacTHIJ;bl; .:: Ei > u ~ n; ;,-cpe.ztHHH 

aHeprHH ll MHOlK6CTBeHHOCTD l!TOPHqHUX qacTHU .ztaHHOro THITa; 

Eo == E
11

- t mp - noJIHaH aHeprHH nepBHqHJ:JX qacTHU B 

na6opaTopROi1: CHCT6Me. PaccMaTpHBaJIHCD CJI6,l(YIOU(l'l6 qacTHIJ;bl: 

fr+-, 11--, r, 0 - ueaoHN, npoTOHH, uettTpoIW, K
0

- ueaouu u A -
-runepolW. 

Oco6oe BHHM8Hll6 B paOoTe Y.zt6Jlfi6TCH HaXOlK,l\6HHIO cp6,l!H6il ,l(OJIH 

,meprHH t YHOCHMOH /IO - 11eaoHallH t onpe.zteJIHeMOll no pacna.ztlWM 

l( - KBaHTaM. KoaqxpHUH6HT tteynpyrocTl'I o( ;; 0 13UqllCJ1l1JICH no qiop-

MyJie c:::Pr;;,<.nr"> 
cxr,o == Eo 

(2.2) 

J:SeJIH'lllHa cpe.ztHero 11Mnyn1,ca .::: P.,? 118MepeHHliX O - KB81!'!'0B 6uJia 
nonyqetta B pa6oTe /l/. 0.l\H8KO ,l(JIH npaBH~buoro onpe.zteneHHH aHaqe

uull < p~ 7 Bcex O - KBBHTOB B r,- p- ll ii- n - CTOJI!{HO

B6llllHX H606XOtJ,llMO 6UJIO HCCJie,l\UB8Tl, BJillflHJ/16 H01'13M6PllMblX O -RBaH

TOB 1/1 noTepb O - KBBHTOB BOJI1131/l 11 3B63,l\H 11 Ha BeJiuqHHY ll.X. cpe,l\

!16ru llMilYJlhC8, llPll HaXOlK,l\6Hlll1 cpem1el:1 MHOJKeCTBeH!IOCTll C::: nr;;, Heo6-

XO,l\l/!ML1C nonpaBirn ounu ytITe11u pauee n paooTe /IO/. KaR no1rnaanu l'!C-

cne,l\uBanue, H8lluOJil,li]et 'lllCJIO Ht:lll3M6PHMUX O - t\DaHTOB B03HHKa-

JI0 HS-38 H6,l(OCT8TO'lHOil ,l(JIHHH CJI€,l(OB et-e- - nap IlpJ/1 KOHBepCllll 

qJOTOHOB B6JIH31'1 Kpall aqxpeKTHBHOW o6JIBCTH, YM6HM6Hll6 aqir)'1eitTHBHOi1: 

o6JI8CTll perucTpaUHH O - KB8HTOB np1rneJIO K CORpatueHHIO qucJia 

H6ll3M€pllMHX O - 1rnaHTOB ,l(O ~ 1% H yBeJIHqeHHIO HX cpe,l\Hero 

1111nyn1>ca na 8;!,. 
MH onpe,l\eJieHHH noTepb t - KBaHTOB, KOHBepTHPOBaBlilJ/IX B6JIH-

3ll ,;3B63,l(U 11 ( ,1\0 - 3 CM ) , aHaJIH3HPOB8JIOCl> pacnpe,l(eJieHHe l[ -KBaH-

TOB no paCCTOHHllflM /_, OT Beplillll!U 11 3B63,l!U
11 

,l(O TO'!Kll l'IX KO!IB6 p

Cllll. B cpe.ztH611 8TH noTepu cocTaBHJ!ll 2%, uo,KaK noKaaaJIO HCCJI6,l(O

Ballll6, OHll aaBHC6Jlll OT B6JlllqllHl,I llMITYJil>COl! t - KB8HTOB. C yBeJIH

qeHH6M llMilYJll>COB noTepu '5 - KBaHTOB B6JIH31'1 "3B63,l!U" yBeJiuqu

BaJIHCl> OT 0% ,l(O 6% np11 fJia6. ,?- 8 ratl/c. BB6,l(6Hll6 3TllX nonpaBOK 
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B l1MllYJIIiCH!li1 CllCKTp a - KB8HT013 11p11BeJIO K yBeJil1'-IeHl1!0 3H8'tl_e-

Hl1H l1X cpe,nttero l1MllYJil>Ca Ha ,,., I,5%. 
B l1TOre cpe,nnHH ,llOJIH 3Heprim, YHOCl1M8H JI() - Me30H8Ml1,COCT8-

13UJIO 0,2s ± o,or n 0,2s ± 0,02 B Ti- p- n ii- n - llaanMo-

.nettcTBl1Hx COOTlleTCTBeHl!O 121. 
3Ha'tlelll1H 11apl.(l18Jll>HhlX KOS<l)(I)l11.U1eHTOB ueynpyroCTl1 ,l(Jlft pa 3J!I,l'lHLIX 

Tl1IIOB BTOJJlflHlbJX 'llOCTlll.{ B Jj-p- l1 . ii- rJ - B381fMO,llettcTBl1HX 11Pl1 

p83l!blX TO!IOJIOrmix, 0 T8KJKe B€Jll1tll11la llOJIIIOro KO;$Dl,11.{l,1t;HTa Heyupy-

rocTI! o( -= Zo<.i. ITJJHJHi)(eHbl B TUOJJlll.{ax I n :.::. BLJITOJIHe1me. attep-

reT11t1ecxoro OUJJ8HCQ B Ti- p- 1f ;;- n - CTOJIKHOBeHllflX , KOK 

Bll,/\110 113 T80Jll1L!, 110,llTBCPJK,llOeT l1p8Bl1JII,HUCTI, UITpe.ne11em1H IT8pl.{.!UJJI,l!LIX 

1{031IrJ/111.{lltJHTOll 11eynpyrocT11 • 

C.:pa1rnem,1tJ cpe,n11ett ,llOJill :mer,r1111, YHOClfMOtl 13TUpl1'llHhlMl1 tI8CTl11.{a

. Mil J.183Jll1tIHOro Bll,lla, 8 T8KlK6 11aytJeH11e TOllOJJOr1111eCKOti 38Bl1Cl1MOCTl1 

3TUli BeJill'lHlihl Yt183!JDOeT 110 cY!Jl6CTDOBQHlle CJJe,lly!O!JlllX 38lWHOMep11u

CTei113 11l10ll-HYt1JIOHHblX B38l,1MO,ll611CTBllttX!" 

.t) HaHOOJll>IJJ8n ,llOJIH nepBJ1'llll011 :mepr¥ll1 B ii-p-n T,-n - CTUJIKHOBe-

HllHX uepe.naeTCH o•tp.tl.{oTeJil>JlblM llllOHaM ; ee lleJI.tl!llHa yBeJI.tllll-

13aeTCH C yMeHI,IJJeH11eM MHOJKeCTBeHHOCTll sapHlKeHHblX 'll8CT1fl.{; 

2) ,Z(OJIH 8Hepr1111, nepe.na BaeuaH HaJie T8 IO!Jll1M 11- - Me 30HOM 

HettTPSJil>HhlM lllfOHaM, B cpe,nHeM aaMeTHO OOJil>IJJe, 'lleM ,l(OJIH SHepr1111, 

nepe.nallaeMaH 11+ - uesoHaM. BeJI111!1111a o<ii" , TaK llCe KaK n oi.. 11-, 
yBeJilf'lll1BaeTCH B COOhlTllHX C Manon MHOJKeCTBeHHOCTl>!O aapHJKeHHhlX 

118 CTlll.{. 

3Tll 38KOHOMepHOCTlf YK8ShlB8!0T Ha cy!JleCTllOBaHlf8 ajl~eKTa Jlll,lllfpo

llaH.tH Ti 0 
- M830H013 13 llllOH-HYRJIOHHblX CTOJIKHOlleHlfHX, 

IlOCKOJII,Ky 13 HaIJJeM SKCITep11MeHT8 ii" - Me30Hhl He peatCTplf

PY!OTCH, a llMllYJil>Chl OhlCTphlX ji- - Me30HOB lf3M8pH!OTCH 13 cpe,nHeM C 

OOJII,IJJOtt OIJJllOKOtt ( ~ 25~ ), lfCCJie,llOBQHlle ITOBe,neHlfH Jll1,lllIPY!Ollll1X 

qacT.tl.( llPOBO,lllfJIOCI, M8TO,llOM, OCHOBaHHl:lll Ha HBJieHllll aCllMMeTpll'llHOro 

po:ac,nellllH llTOPlf'llHhlX 'llaCTlfl.( 13 lllfUH-HYKJIOHllllX CTOJIKHUBeHl1HX npll BhlCO

KllX SHeprllHX ;rr,r21. OnncaHlf!O sToro M8TO,na, a T8KlKe llCCJI6,llOBa

Hl1!0 HeJCOTOPblX aaKOHOMepHOCTett ajxpeKTOll Jill,llllpoBaHllH ll acllMMeTpllH 

llOCllH!JleHa III rJialla • Sqxpe!tT acm,MeTpHll COCTOllT 13 TOM, 'llTO 13 llllOH

HYKJIOHHhlX CTOJIKHOlleHHHX HaOJI!O,llaeTCH pOJK,lleHHe CHCTeM aapHJKeHHblX 

'llaCTlfl.(, KOTOpble HMe!OT l.(eHTP CHMMeTp11a, He COllllaAaDDU!ll C c.l.(.M. 

CTaJIKHllaDIIU'IXCH ~aCT.tl.{. CTeneHI, OTKJIOH8HHH OT CHMMeTpHH TaKHX 

rpynn llTOpHl!HblX qacTHI.( MOEHO xapaKTepl13013aTI, JIOpeHl.(--i.{laKTOpOM 
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...., 

'.ra6irnua I 
Il-p - B381lM0~eltCTBll!t (40 rsBjc) 

n-= 0\. ;;- o<r,7p ~ o<.jj-' 01.n ot,... .. JI.~ 
I 

0 0,47±0,13 0,J.7;t0,I7 
2 0,49±0,02 0,07±0,0I 0,28±0,03 0,07;t0,0I 
4 0,42±0,UI 0,19:t C,OI 0,c5±0,02 0,04:t0,OI 
6 U,39±U,OI 0,26:t0,OI 0,25:!:,0,U2 0,03±0,0I 
8 0,39:t0,0I 0,29;t0,0I 0,2I;tU,02 0,04±0,01 

:? IO 0,41:t,U,Ul 0,.:>4:t0, QI O,2Q±U,02 0,U3:t0,Ul 

nee U,42+0,o:( 0,22:t0,0I 0,25:t0,0I 0,04+0,0I 0,04;t0,0I - ' I 

x) t.:pe.n;H!UI ,lJ;0ll!t s~epr1m, nepe;aaHH8!t np0T0H8M, C0CT8llll!t€T °"-f' = 0,04. 
B Be11ntU1HY ex. / BR1I10'!eH11 .n;onR stteprnn, yHoc11MaR napaMn Jlamnua, n noTepn 
nepBll'lB0ro ii~- M€30H8 H8 ll0Hll38UllD .n;o B381lM0,lJ;€l!CTBll!t, .n;aromne BM€CTe BKr.a.n;, 
paBHhllt O,OI. , 

' 

°" 

0,98:t0,02 



Q) 

'l'a 6;rnua 2 
IT-n - l;!38!1MO,l.leticTBl1ff ( 40 l's.8/c) 

n::. \ «rr- ex,,-~ P O< ;;o °" n O("'~"., 
' 

1XX) 0,33+0,03 - 0,60±.0,08 0,06±.0 ,02 
1-

3 0,48±.0,02 0,16±.0,0I 0,29±.0,04 u,03±.0,0I 
5 0,42±0,02 U,21±,0,0I U ,22±.0 ,02. u,04±0,0I 

~7 0,4It,0,02 0,27:tO,OI 0,20±0,04 U,03±.0,0I 

BCe u,43±.0,uI O,I9±0,0I 0,28±0,02 0,04±.U,OI 0,04±0,0I 

x) t;peAHffff ,I.IOJ!ff sttepr1111, nepe,1.18HH8ff upOTOHaM, COCT8Il,1HeT o<p = 0,04. 
X X) l.,06NTRH C MHOJKeCTB8HHOCTI,JO n,;=I per11CTPl1PYIOTCH, eCJI!1 yroJI UTKJIOH!:Hl1ff BTOfll1t!HOro 

11-ueaoHa OT HanpaBJieHl1H ,1.1BRJK~HRH HaJieTaromero n11otta npeBNmaeT r0
• 

0( 

0,;19±0,03 



osc C.IIMMeTpWIH0A CHCTeMhl, onpe,D,eJiel!HIIM 0Tl!0CCHTeJII,ll0 C.L!.M. Ben11-
lJHHB.' ~ sc. BhllJHCJIJIJiaCb. CJie,D,yIO!llHM oeipa30M/J-::>I: . · 

fsc ~ .ts 0c ~ Vt/- L '{tc '"-~ ~! !Js_~ ~ (3.I) 

i·.l(e Os - nopemt-(ll8KTOP c11uuerp111Juon 'i'(Jifl )J,8Hl!Oti •rpynnbl :ttnCTHIJ, • · 

CHCTeMbl; o'c - nopeHL!-qJ8KTOp C.L!.M,; 0se. - yron OTHO"". 

c11ren1,uo H8np8BJ1emm ,ll,BHJKemrn nepmttuioro Ti"- - Me:;ona. · ll,;rn 

,mcnepm.lettT8JIIiltoro ~hl,ll,eJ1.emut 11s ,061J1e ro tt11CJI8 B<J8L1Mo,11eiicTBi1U rrpu.:. 

L!eCCOB Jll1,ll,lljJOB8!11'.i'H C Oi'(l!OBpeMel!HhlM OOjJ830B8HvieM 8Cl1MMttTpl1'lliblX 011-: 

creM •BTOpHt!HblX tH.JCT11Ll 6hIJJO nocrpoetto pacnpe,ll,enemie· codbITHil no .. 

BeJilillJHHe tsc ,' /BhllJl1CJfettuoil .z\ilfl BC8X 38PHJ!teHHbiX t!aCTYIL\ B 'co6bl..: 

r1111 38 11cKJI101Je1rneM JI11,ll,11py10ll(ero ·/I' - Mesdu8 H nporoua. 

!IepeMe!IUOti tsc. npH 3TOM npHfll1CbIB8JICfl 3HflK 11+", 8CJ!l1 Qs?Oc, 
H 3IIaK 11

-", ecnH Os"" o'c • 8ro pncnpe11enett11e np11Be,ll,eno ua • · 

pHc~I. HH,ll,HO, t1To B 31!8t!HTen1,uon.·,ll,one ll-p ·- B3 □ 11MO,ll,ei\cr
B11il BbJ,ll,eJieHUble rpyn'nb! BTOpi1t!llb!X lJ8CTi1Ll ROJIJIHMl:lpOBflHhl Jil:!60 no. Ha

np8BJI81111!0 i'(Blll!i8lll:lfl nepBl1lJHOro 11- ' - M630,H8' JIH60. B: npoTIIBOilO

JIOlKHOM 118Ilp8BJI8HHH".li8 S'IOJ JK8 pHCYH!C8 110M3flll0 P8CI1pC,ll,CJ1elllrn no BC-

Jll:lt!l:!He Ose. , Bb!t!l:ICJie11uoti npH · Tex JKe ycnoBl:lflX, ,ll,JIH cuo,ll,eJIHpOB8H-

HblX no ccpep1:1t1eCROMY '(1)8 3UBOMY 06'.beMy co6blTH!1, H3 C paB!Ie 1!11fl i'(BYX 

paunpe,ll,enett11tl cne,ll,yeT, lJTO uaOJJIO,ll,8eM8H BCJ!lilJrIHa ac11MueTpH11 · npH · 

/ Osc, / 7 I,I5ue MoJKeT Ob!T:& 06:r,Hcneua c;ryqntiHHM pacnpeJ(ene1rneM 

BTOpnqnux lJ8CTl1Ll B co6uTnffx l1 o6ycnoBneu8 ,ll,111!8M11K □ U rrpoIJ,eccon, 

He 3QJIOll\eHHO.i B qJ830Bhlii OCi'I>eM. B i'(8JJI,HetlllleM
0

8CIIMM8TplllJl!bIMl:I ctin

T8Jll1CI, co6hlTHff, nh1xoi'(ff1J1Htt 38 npe,ll,enhl Ql8:io:iioti KpnBou, T.e. coohl-

THff, .l(Jifl KOTOphlx Jt'sc I;;- I,IS. 

~i,_ ___ K_·~p __ 40_D_8/_c ___ __, 

0,01 

j fl j 
I + 

0,001 

·2,0 

.. 
!,. 

2,0 J,0 
Tse 
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l'HC.I 
P8cnpeAenett11e no BenHqH-

. He tsc li-p B3811MO,ll,eilcTBHtl 

np.11 HMnyn:&ce 40 raB/c 

H MHOmeCTBelll!OCTH 

Y) ±. 7 Lt ; CilJJOUIH8.II 

KpHBaf!-pacqeT no uo~enH 

c~epHqecKoro ~830Boro 

o6'.l'Jeua. 



Hel1Tp8JII,llh!e 'l8CTJU.\l,I I t1p1rna,nJie1Ka ui;ie 8CllMMCTplltJHllM Cl1CTeMaM 

B ;;-p - B3811MO;lleiicTBl1ttX, HO ne Y118C'PBYJO!:ll1C B onpe;neJiemm 

Jiopemi-qiaHTOpa o'se ' BHOCttT HCHOTOPYIO norpewHOCTI, B ee nemt'lll-

H.Y • OwnoHa I Cllfi38HlH:lH co CJiytJaiiHllM pa cnpe,l.\eJie HlleM HellT!J81ll,HhlX 

tJacTlll\, owra uu,1ytJe11a B Mo~e;m c[l)ep111!ecHoro wasunuro 001icMa n eo

cTawrncT 6 ,Si~- .tlonpuc O BJ!l1Hlll111 HCHTP8JlhHLIX '181,;TUI\ ua lJeJil11!11HY 

ac11 .. ueTp1111 paccJAuTpe11 'l'8HJKe li pauHax 1.1yJI1,T1mep11,11ep1c111ecHoli MO,lle1111 

MHOlitCCTBCHHllX llPUl\CCCOB, pa3pa6U!1'8HHOl1 B i!>MAHefIJ/. B pa6oTe 110-

.. a 38110, 'ITO HeiiTp8JII,HUe 'l8CTllIUl, npllH8;!1JielK8U(lle 8CllMMeTplltJHllll cu

CTeMau ll He ytJaCTBYIO~lle B Bll'!IICJieHllll napaMeTpa fsc, He l13MeHHIOT 

xapaRTepa pacnpe;ne.r.cmm drl /dose D OClJiaCTII f~sc I? I,IS 

11 nJJl1BO,'lfl~' K ITUl'jlCi!iHOCTll D onpe;neneHlll1 ero BCJil11!11Hlil, pnBHOfl B 

cpe;z(HeM IS%, 

113 npone;neHHoro 8H8Jlll38 61lJI c;neJiaH BlilBO;ll O TOM 1 'ITO 6CllMUeT-

Pli1!Hlile Cl1CTeMlil BTUPlltJHlilX tJ8CTl11\ C BeJil1'!11HOH 3' S C::. ?( C.. 11 

/ <l'Jc. / ? I,IS 06pasy10TCH n"oc11on11ou n npul\eccax 

Jll1;1(11POB8HJ,1fl ll-- ·11 Ti 0 - Me30HOB: rr-p ~ 1/'J -J- X 
Llcxo;nH 113 30!COHOB cox pa He 1111H aHepr1111-11MnyJI1,ca, MH 6CIIMMe

Tp!,!1!llhIX CllCTeM MOlKHO nony1!11TI, CJie ,ny10~11e 36Bl1Cl1MOCTl1 MelK;ny ;!IIICp

g}e pe Hl\l18JII,HlilMII ce q elll1HMl1 / 5 /: 

df: z dfJ 
d aict 'fsc == 2 Mx dH/ • <3 - 2) 

r;ne Mx - uacca acRM1JeTp11tJ11on CllCTel.!h! X • OTcIO;na cne;nyeT, tJTo 

n Tex cnytJanx, Hor;na Hen1,sn 11enocpe;ncTneH110 Rs1,1epnT1, uaccy Mx, 
B03MOlKHO npoBeCTll a11amrn aCIIMMeTplltJHllX 'B38l1MO;lleiicTBl1ii, no11:r,3ync:r, 

nepeMemrnl1 o'sc 
B IY rnane llCCJie;nyeTCH pacnpe;neJieu11e 8Cl1MMeTpl1tJHhlX Cl1CTCM no 

nen,1tJ1rne tse B npol\eccax n11;ni,ipona1111n u-- 11 ii" - MesoHOB B pau
Hax Tpexpe,llJKeOHHoro on11ca11RH, 8 TaKllte paCCM8Tpl1BaIOTCH CBOttCTBB 

38flHJKeHIIhlX 11 HeiiTpaJII,HllX 'l8CT11U, 06pasy10m11.x. 3Tl1 CUCTeMh! / 4 , 5/. 

i'!Jrn. a11an113a OT611pa111,1c1, ;nne rpyrnm nsai,iuo,11eiicTn11ii: I) ;;-p 
B3811MO;lleiicTmIH, B HO'l'OPlilX nee 38flHlKCHH!le qacTlll(hl OCipasyIOT 8Cl1M-

MeTpl111HYIO CllCTeMy C BeJil1'!11HOii (sc. ~ - I,I5; 2) ii-p_-_ 
B3811MO;lleiicTBl1H, B HOTOpllX cauon 6hlCTpott tJ8CTllUett HBJIH6TCH // 

MeaoH H nee OCTBJll>HHe,BTOPH'lHble tJaC~HUU TBK~e oopaayD1 aCmtMeTpHq-
HYD cncte:uy, 111.1e10~y10 11opeHl\-rpaHTop 6'sc. ~ - I ,IS ( c yt1eTuM 

Jlll;z(llPYIO~ero 11- -. 1,1eso11a 3Tl1 C0611Tl1H noua,l(aIOT B Cl1MMeTpl111HYIO 

0611aCTI, /fsc./'I,15 ). B116pa111111e T8Kl1M o6pa30M C00hITl1H B 60JII,ffi!,IHCT

Be cJiy4aen Y:zlOBJieTBOpHJil1 peaKl\HHM: 
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;r-p-,. 11°.,- X, (11.l) 

ii-p ~ Ti- 1-X l4.2) 

B OOJiaCTll .X ~ o,? MH JJ.BYX ,YCJIOB11/.i OTCiopa COOTBeTCT-
Beuno. t.;e11emrn at11x rrpuucccun cocTaunmoT: I,I? ± L,::.6 ud :1 

3,4 ± O,I 146 • :lccJie.l(OBamie CllCKT!)OB y - ICBUIITOB D OT0Ciµa11-

HHX C061i1THHX .ll□JIO B03M0li(HOCTL He3aBUCl11JO onpe,Z!eJlllTI, CC'leHHe ne-

yupyrotl rrepe:rnpH,atrn Ti-p--,, 1[ 0 +- X npn X ;,;:. C,7. 

Ullo OHU38JIOCI, paBHhIM U,93 ± 0,15 MO ' 'ITO HOX0/1!,ITCH B xopu!lleu cu

r.1acl1l1 c llblwenpuBeJJ.ennoU Ol\CHRoti ce11emm 3Tl1X upoucccon. 

A11amrn a1wnep11MeH'1'aJihHoro pacnpe;w;1emrn d¼cuie.4 dji: JJ.JIH 

;nnyx rpynrr B38H1Jo;neticTB1111 B paMKax Tpexpe;nl!leormoro orr11can11H nu
Ka 38JI: 

a) n peaKl\m1 iT-p - ii 0 + X ;no1,1111111pyioQnii BR1rn;n noeT 

/(, f2 p - tJJleH, r,lie fl 00U3H01186T 3ql(pC!(THBl!YIO J -
TpaeHTOflUIO, a p - nouepOHHYIO TpaeRTOpl-110; 

o) cetJe1111e peaKl\lltl 11-p - ji- ·+ X n odnacT11 

0, 7 ~ Xr-~ 0 ,95 B !:CHOB!IOM onpe,l(CJ!HCTCH BKJI8.l{OM /(, f2 p -
n PPP -11Jie110B, r,lle no.Q R. no,llpaayYenaeTCJJ acpipeKT.IIBHall.J' - .11 P' -
TpaeKT0p1rn. 

.ti Ta dJilll\e 3 npe;ncTa liJieHh! c pe,zvme xapa ttTe p11cT11K11 38JlHlKeHHhlx 

ll Hel1TpaJI1,Hux tJaCTl'IU B npoueceax c Jil1.l{l1ponamrnM ,,-- 11 ii 0 -Me-

30HOB, Gpan11eu11e 3Tl1X BeJill'lltH YR83blB8eT Ha TO, '!Tu OCHuBHhle xapa

KTe pUCTl1Kl1 iT O 
- MC30HOB B npoueec;:ax ueynpyro.n nepeaapH;z(Kll np.11 

X-?-0, 7 CO.llil8A8IOT C xapa1{Tep11CTl1K8Ml1 ;r- - Me30HlJB B peaRUl'IHX 

11-p -r- 11-+ X B o6nacTi,i •0,7 ~ Xr;-~ 0,95. vJie,llyeT 

oco6u OTMeTIITI, 3ttepreT11qecHyIO libl.l{eJie!IHOCTh u- - Me30HOB, po-

lK;ll810[!111XCH B peaKl.\l'IHX (4.I), n 'Ti 0 
- Meso11on, poli\,40IOIJ1ll.X.CH n ve-

llHl\nHx .( 4.c), no 1,;panueu,110 C ,llpyrm.m 'l8CTl11\8Ml'l, OCipu3YIOU(l1MVI 8Cl1M-

MeTplltJHl,le CRcTeuu X B aT11x npoueccax. H pacrrpe;ne11e1111nx sa-

PHlKeHnux n110HOB no nepe1Je1111otl ~et1HM8H8 X $ B CUCT6Me nOKOH 

X , rrpe;ncTaMeHHh!x Ha pl'!c. 2, HarJIH;nHo npoHBJIHeTcH sqirpeHT 

Jil'l,l!Mpona11nn F- - 1,1ea0Hon, 06paay10ui;,xcn n c11cTe11e X n npoueccax 

(4.I). B_paMKax pe;nEeBCKHX npe;ncTaBJieHlfH 3Tll CBOHCTBa BTOpl1tJ!lllX 

'l8CTl'IU roBopHT O ll0,ll06lflf O;!IHO'laCTll'lllh!X pacnpe,lleJieHnli 38PHlKeHHUX 

nl'IOHOB B pe;nlKeOH-a;npOHHhlX ll a;npo11-a;npo11nUJt CTOJIHHOBeHl'!HX, 

B rJiaBe y onpe,lleJIJJeTCR BKJia,ll ,llBB.lt,llHIIOMepoHHWC llPOl\eCCOB B .llBYX

tJaCTJiqHHe l1HKJID3l1BHhle peaKunn Irp-rr+p+X npn HMIIYJil>Ce 40 raB/c 
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T A E J ~ U A 3 

Gpe;11H11e 
xapaRTe-

1rnT1rn11 

PemW,11H 

< Pr;o;;, , raB/c 

~ nr,o 7 

~ ol.if";,, 

.:: Pr,- 7 
1 

raB/c 

< P rr- 7 6e 3 J!l!}.111.[.,YIOITUiX 

fC - Me30HOB 

< n y,--7 

<: 0(. r,- / 
~ Pnt;,, I 1'::Jti/c 

....!.. dN 
HCfll ax). ~ 

. 
·} Jr!,Hr 
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0,53 ± 0,05 
2,12 ± 0,07 

1,73 ± U,03 
0,090± 0,003 
1;17 ± U,04 
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Nco6ll' ~. 

iCp _,. 1C + X 
0,7~ ~;;-~0,95 

4,56 ± 0,24 
1,83 ± 0,05 
0,20 ± 0,Ul 
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0,56 + 0,01 
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P11c. 2. ~acnpe;11enett11H aapH~eHHblX nnottoB, oopa

ay10m11.x.cH B c11cTeMe x, no nepe1.,e1rnoll X s 
B npoQecca.r..: 

a) r,-p- ii 0 + X ; 
6) r,-p _., 11- + X npl'I o,7 ~ x,,-~o,~5. 

OTCiop palK;!l,blfiOMepoHHllX C06b!T11ti ocymecTBJIRJICH .c noMOU!1>10 nepeMeH-

HblX J 11 f 11, 011pe;11enHeMllX cne;11y10IIUiM o6pa aoM: . 
. f 1= ~ (SfiML ) , r11 == &,, (S liM") (5.1) 

Xi - ~p ' 
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r,lle Mxr H Hxp 0003H848IOT He;!!,OCT81UIIUiC 1.1acchl K ;;- - Mel:JOHY 11 npo

TOHY' COPTDCTCTBOHHO. Tax K8K noMepoHIWU oOMeH npeoCina~ae~ npH ;!!,O-

CT8TOIIHO 00111>!IIHX Ben11qHaaxJ'/M~.,. .11 · $IM; ;;,'7 I/ 0T6.11pa-
" • ,-p I"' "F'' JIHCI, Te B38IDJO;!l,ettcTBHH, }.\JIH KOTOPHX 3H8t{CHHH nepe!JeHHllX I H f 

Ob!JIH 00Jll>W8 38;!!,BHHllX! 
I · II • J , f 'l .d, (5.2) 

r;!l,e .1 npHHHMaJIOCI, paBHblM nocne;110B8TCJII,HO: LI = 2,3; 2,0; I,5. 
COOblTHH C t{HCJIOM 38PHlKGHHhlX nyqell n ± = 2 OTOHpan11c1, TOJ!bKO B 

TOM cnyqae' ecJIH B Hl1X 6b!JI 3aperncTpnpoBaH XOTfl Oil 0}.IIIH O -RBaHT. 

IlOJIHOe t{HCJIO C06tlTHll C MHOJKeCTBCl!HOCTI,IO n ± = 2, y }.IOBJ!E! TBO pfl!OII(HX 

KPIIITCPHH!.! OT6opa (5.2), onpe;11eJ1flJIOCI, c yqeTOM 3qlq)eKTIIBHOCTH per11-

CTpaQHH r - KB8HTOB: . 

/\1z = ·z w'y /< ny >, (5.3) 
r;11e ~ w'r - CYMM8pHhlil Bee ( - KB8HTOB B OTOCipa HHtlX B38HMO}.lefiCT-

Bl1HX, <:: na-? - cpe;!!,HHH MHOl!WCTBeHHOCT!,. l!OJIHOe }(OJ111qecTDO OTOOpaH

HhlX COOhlTHtt H COOTBeTCTBYIOm11e l!M ceqeHHH B HHTepBaJle HMIJii,JI!,COB 

npoTOHOB 200 !: Pn.c. ~ 600 MaB;c np11Be;11eHhl B TaCinnue 4/ 1 

TAEJIMUA 4 

Ll N coo. G12, !.!KO 
b. PP 

12 tMKCi 

1,5 (<-n11=4 ) 42 ± 6,5 122 ± 19 32 ± 6 
1,5 ~ nr>=2 ) 63 ± 8,0 184 ± 23 48 ± 8 
2,0 18 :t 4,2 52 ± 12 21 ±. 5 
2,3 I4 ± 3,7 41 ± II 20 ± 6 

~ Bhl~eneHHHe TaKMU oopaaoY COOHTliH MoryT A8B8Tb BKJI8}.I ~OHO

Bli8 npoueccu, K8KHllli B ;naHHOM CJiyqae HBJIHDTCH O;!!,HO.lUIWP8KIUIOHHhl8 

B381UIO,lle'1CTBHH H B88HJIOA8nc!rDHH C 06118ll0U Henouepoirnium Tpa8KTO- ., 
puauH. Jl;,ra yqeTa woH□Bb!X npouecco.u CiW!o ~;!l.enaHo npe;!!,n□noxeHHe · 

0 W8RTOpnayeMOCTH BKJ18;!!,0B nouepOHHllX 06MeHOB B }.\ByxqacTHt{H~e HH-

KJII03i1.uHlle peatt:1.urn: P P 
dzr; PP 1 o/01 oloz 
_..,.-f~L- - - - --
df I df 11 - s;.;,t cif1 rJ f'' (!>.4 ) 

~;!l,ec1, d€'/ H c1s: od'u3H8t{8IOT BRJia;!l, B38HIIO,'ltCMCTBHn C oa'MeHoM 

IlOMepOHHOH Tpae11:TupHell B 0AHOt{8CTHt{Hhle 11l!KJII03HBHhle peam:urn: 

F-p- u-t-X (5.5) 
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u rr- p - p + X, (5.6) 
d~6 :;,p - 'B ;llByx .. aCTll4Hb16 HHICJIIU3llBHI,I6 pe am:urn ; 

µ-p - u--t- p -t X • BICJia;zi Baam.io;zieilcTBllil c nouepoHHhlM 0611e-

HDM B O,llHO"l8CTlltJHhl6 llHICJII03HBHhl6 peaK[U1ll (5.5) H (5.6) Ol,IJI IlOJiytJeH 

Ha OCHOB6 Tpexpe;llllteOHHOro 8H8Jill38 3THX peaKI.lllii. IloJII,ayHCJ, Tep1m

HOJIOrneii Tpexpe'AlK60HHOrO no;zixo;zia, MOJKHO CK888TJ,, tJTO BKJI8;ll IlDMe

PDHHOro 0011eHa B cetJeHne npuueccoB (5.5) n (5.6) onpe;zieJIHeTCH cyM

Moii tJJieHDB PPP + PP fl , a RR- P n fJ R- /<. no OTH□ llieHn10 
K HHM HBJIHIOTCH qioH□BhlMH npouecca1111. YtJeT RP- P- u R- R.R. - tJJie HOB 

B O;llHOqacTnqHblX HHICJII03HBHhlX peaK[U1HX ( ;l!JIH peaKIU1H (5.5) 

ex.fl (t) = 0,5 + t ; ;l!JIH peaIC[U1H (5.6) °'R-(t) = 0,2 + t:) Il08BO

JIHJI IlOJ1ytUiTJ, oueHICY B6JIHtJHHhl BICJI8;ll8 ;llB8lK;llh!IlOM6pOHHhlX npouecCOB B 

,1tByxqa CTlltJHhle HHICJIIOSllBHhle pe 8KIU1ll 11-p - v- -,. p -,.. X B HH-

Te pBaJie llMnynr,coB npOTOHOB 200 ~ P JI.c. ~ 600 MaB/c. 8TH Dll6H

I(ll T8KlK6 npe;ziCT8.lill6Hhl B T86JIHI.le 4. 

OUHOBHhlE Bh!BO,llbl 

l. (.; Y"l8CTH6M 8BTOpa IlDJiytJeH 3KCnepnM6HT8JIJ,Hblil MaTepuaJI: 

10000 Il-p.H 3500 Il- n - B38llM0.1{6ilCTBHil npH HMnyJiliC6 

40 raB/c. 

2 • .Hnep:ahle Halt,qeHhl aHaqeHHH cpe,nHeil ,n□JIH aHeprmt, nepe.'l(aBae

uoil BTuplltJHhlM "l8CTHll8M paaJIHqHoro THna B Il-P-H n- n - CTUJIKHOBe

HllHX npu HMnyJir,ce 40 raB/c B JI86?P8TOpHott CHCT6M6 KOOp,nnHaT; 

B6JIH"lllH8 ~Uo COCT8BJIH6T 0,25 ± 0,01 H 0,28 ± 0,02 B K8lK,'l(OM ll3 

B38HMO,ll6ilCTBHH COOTB6TCTB6HHD. ttCCJI6,llOB8Hll6 TOilOJIOrHqecKOH 38BH

CllMOCTli! ll8PIU18JIJ,HhlX IC03qlq)ll!U16HTOB HeynpyruCTlil YKll3hlB86T Ha C,Y!Il6CT

BOB8Hll6 nplil M8JIOH MHUlK6CTB6HHOCTlil aapHJKeHHhlX tJaCTlilll 3HepreTJil"l6C!Cl1 

Bhl;ll6JI6HHhlX rr--lil n°- M630HDB. 

3. P83BllT M6TO,'l( 8H8Jilil38 8Cli!MIJ6Tpli!"lllhlX B88li!MO;ll6HCTBli!H 1 OCHuB8H

Hhli1 ll8,li!CilOJIJ,30B81llilll JIOp6Hll"."q}8KTOpa 8Cli!MM6Tplil"lHOlt Cli!CT6Mhl OTHOClil

T6JibHO C,ll~M.; A8Hbl Dll6HKlil ToqnoCTH 3Toro M6T0,1(8 H YK83Bllhl B03MOllt

Hhl6 D6JiaCTH ero npllM6H6HHH. 

4. Onpe,'l(eJiellhl: cetJeHH6 JIH'AHPOB8HHH rr--M630HOB B peaKI.lllHX 

lf-p- ii-+x H ceqeHHe Heynpyroil nepeaapH.Z{KH r;-p-ii 0 -tX 
B 06JI8CTHcJ)parMeHT8llllll rr--M630HOB npH X~0,7; OHll COCT8BJIHIOT co

OTB6TCTB8HHO 3,4 ± 0,1 MC> H 1,17 ± 0,06 MC> ( HCXO.Z{H ll3 8H8JIH38 

Cil€KTPDB '( - KB8HTOB C6"16HH6 HeynpyroH nepeaapH.Z{Kll ii--, Ji" 
noJiytJHJIOCJ, paBHhlM 0,93 ± 0,15 MO ). CetJ6Hll6 npouecco:a rr-p~ii"-t-X 
B 06JIBCTll X ;;/" 0,7 nonytJeHo BnepBhle. 
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5 • .tmepBhle IlOK83aHo, tJTO B npoueceax C Jil!,llHPDB8Hll6M rr:. H n°
M630HOB o6paaylO'l'CH 8CllMMeTpllqllbJe CllCT6Mhl, B HOTopmc, B CBOIO oqe

pe,nr,, H86JIIO,ll8 e TCH aHe preTHtJe CKaH Bhl,1{6JI6 HHOCTl, qacTllll onpe,nene HIIOro 

THila. 3TO Il03BOJIHJIO c,qenaTL Bh!BO,ll O KatJ6CTB6HHOM no.nodnn O,l{HO

qaCTHtJHhlX pacnpe,qenenult 3apS!llC6HHhlX IlHOHOB B pe.n:m:eou-a,qpo!IHLIX · 

H a,llpOH-a,llpOHHhlX CTOJIKHOB6HHSIX. 

6. Ananua npouecco:a 11- p __., Ti 0 -t- X u ii-p - r,- -t X 
:a Oe5J18CTll X ~ 0, 7 B pai.max Tpexpe,nJKeonuoro 01rncaHHfl no-

Kaaan: 

a) B peaK[U1ll r,-p ➔ Ti 0-tX ,llOMllHllPYIO!Illli1'B.tCJI8,ll ;ziaeT R,f<.P-qnen, 

r.ne fl 06U3H8"l86T aqicJ)eKTllBH.YIO JJ - TP86KTOpH10; 

6) cetJenue peaKIU1fi jj-p - Ti-.,- X B o6JiacTH O, 7 ~ X ~ 0,95. 

B OCHOBHOM onpe;zieJIH6TCH BKJI8,Z{UM /GR.P-H f?.~R.- tJJI6HOB,r.zie no,11;;2 

no,qpa3yMeBaIOTCH 3cfxPBKTllBHble.p- ll p' -TpaeKTOPHH, 

7. IloJiyqeeHa Oll6HK8 BICJI8,1(8 ;llB8lK;llh!IlOMepoHl:lblX npuueeCOH B 

,n:ayx'IJacTuqllhle HHKJI10anBl:lble peaICIU1H ii-p-. ii--t-p r X npu p=40 ra.H;c 

H HHT6PB8JI6 llMilYJIJ,COB IlPOTOHOB 200.::!:: P JI,C. ~ 600 Mat;c; oua 

COCT8HJIHeT 20 ± 6 MIC6 npll ycnomrn f', f''~ 2,3. 
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