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1 . BBE,QEHI-1E 

np~-1 nepH¢epM4eCKOM 83dMMO.Qe~CTBMM ny4KOBOrO R.Qpa BWCOKO~ 
3HeprMM C R.QpOM MMWCHI-1 o6pasy~TCR penHTMBMCTCKMC (jJparMeHTbl, KQ

TOp~e MMe~T npaKTM4CCKH TO me HanpasneHHC H TY me CKOpOCTb, 410 
H nepBH4H~e R.Qpa. 3gecb B03HHKaeT Y.Q06HaR MeTO.QH4eCKdR B03MOM

HOCTb .QflR H3MepeHHR BpeMCHH mH3HH B036ym.QCHHWX ~parMCHTOB Hanc
Ta~~ero Hgpa, HX Ce4eHHR B3aHMO.QCRCTBHH, H3Y4eHMH CBORCTB KO
pOTKOmHBy~HX M30TOnOB H rHnep¢parMeHTOB, C03.QaHMR YHHKdflbH~X 
ny4KOB H T . .Q. npoHCXO.QHT KaK 6~ BpCMCHHdR paasepTKa B npOCTpaH

CTBe C pdCTRmKOR Ha penHTHBHCTCKOe ysenH4CHMe BpeMeHM npOTCKaHHR 
npOl\eCca. 

B He.QaBHHX 3KcnepHMeHTax11-4/ 6wno Ha6n~.QeHo aHoManbHOe yse
nH4eHHe CC4CHMR B3aHMO.Qei:1ClBHR BTOpM4HWX CTpMnnHHrOBWX ¢parMeH
TOB R.Qep-cHapR.QOB C 3apR.QOM Z > 3 8 CTOflKHOBCHHRX C FI.QpaMH QOT0-
3MyflbCHJ-1, B pa6oTax11·3/ Hcnonb-3osan!-1Cb ycKopeHHble R.Qpa KHCnopo

.Qa, aproHa H meneaa c KHHeTM4ecKoi:1 3Hepr!-1eR..., 2 r3B/H,VKnoH. B pa-
6oTe141 npOBC.QCHa o6pa6oTKa CTOnOK 3MYflbCHH, 3KCnOHHpOBaHHWX 

B pa3HOC speMFI B KOCMH4eCKHX ny4aX. YTBepm.QaCTCR, 4TO Ha nepBWX 
HCCKOflbKHX CaHTHMCTpaX OT T04KH B03Hi-1KHOBCHHR (jJparMCHTOB CC4CHMC 
1-1X B3aHMO.QCHCTBMR aaMeTHO 60nbWC omM.QaeMoro, KOTOpoe nerKO Ol\C
HHTb Ha OCHOBC HMe~~HXCR 3KCnepHMCHTaflbHWX .QaHH~X no CC4CHMHM 

B3aHMO.QCHCTBHR C 3MYflbCMCH nepBM4HWX R.QCp /s~neTa~~HX H3 YCKOpH-
TCnFI/ C aapR.QOM 2 ~ Z 'S_ 26. ABTOpbl/lS' .Qena~T BbiBO.Q, 4TO 3QJQJCKT 
HC4eaaeT npH nepBH4HOi:1 3HeprHM To -1 r3B/HyKnOH. 

B pa6oTax 1 ~11/, BWnOnHeHHWX C KOCMH4CCKHMH ny4aMH, ManaR CTa

THCTHKa He n03BOflHna C.QenaTb .QOCTOBCpHWX B~BO.QOB. Hccne.QOBaHHR 
B 3TOM HanpasneHHH Ha4anMCb B 50-e rO.QW, O.QHaKO .QO CHX nop 3KCne
pHMCHTanbHaR CHTyal\Hfl HCO.QH03Ha4Ha. 1-'lHTepec K TaKHM 3KCnepHMCH
TaM B HaCTOR~ee BpeMR 04CHb BWCOK, 4TO o6ycnosneHO B03MOmHWM 

Ha6n~.QCHHCM B036ym.QCHHWX (jJparMCHTOB C aHOMaflbHO 60flbWHM CC4CHHCM 
B3aHMO.QC~CTBHR H BpCMCHCM mH3HH r < ]Q-lOC. 

PaHee HaMH 6b1n1-1 ony6nHKOBaHbl np-;;.QBapHTCJlbHble peaynbTaTbl/12,13/ 

HCCflC.QOBaHHR 3TOrO RBflCHI-lR Ha CHHMKaX, nony4CHHWX C 2-MeTpOBO~ 
nponaHOBO~ KaMCpbl, o6ny4CHHOH Fli:WaMH yrnepO.Qa C I-1MnynbCOM 

4,2 r3B/c Ha HYKflOH. B HaCTOR~e~ pa6oTe npegcTasneHW 3KCnepHMeH
TanbHWe gaHHWe, nony4CHHWC Ha YBCflH4CHHOH CTaTHCTHKC. KpoMe TO-
ro, .QaeTCR 
TCpHCTHKaX 
(jJparMCHTOB 

.QOnOflHHTeflbHaR 3KCnepHMCHTaflbHaFI HHQJOpMal\HR 0 XapaK

y-KBaHTOB, conposom.Qa~~HX o6paaosaHHe MHoroaapR.QHwx 
ny4Kosoro R.Qpa yrnepo.Qa. 

r-~ .. ·~~-;: ~-- .::::;··:·:··J· 
J ~ • ,.., .. • ·'" ' • 
f ~rr 1 ~ 

.a " . .. .... ~ ... • • • 

t r-=. ··.::. , · , · ·~ 
I:J ~· Jl ~ •'-.J ~ ... .... 1 

·-... ~---....-~u:l;-1>-..,• 

I 



2. METOAHKA 

nyTeM npOCMOTpa CTepeOCHHMKOB OT6HpanHCb B3aHMOA6HCTBHR C o6-
pa30BaHH6M CTpHnnHHIOB~X MHOrosapRAHWX ~parMeHTOB ny4KOBOrO R,qpa 

yrnepo,qa. CTpMnnv:HrOBbiMH C4~nanv:cb ~parMeHTbl c HMnynbcaMv: PJiafi;:: 
>3 I3B/c, BbiJleTaiOUjMe nOA yrnoM e 6 < 4° K HanpasneHHIO nepBH4HOro 
- /14/ JIB·-
ny4Ka • 3<jJ~eKTHBHbiH 06beM KaMepbl AIIR nepBH4HbiX 3B63A Bbi6HpancR 

Tai<HM o6pasoM, 4T06bl MHH!1ManbHaR noTeH4HanbHaR AllHHa, Ha KOTopoH 

npov:cXOAHT B3aHMOAeHCTB11e <jJparMeHTOB, 6~na pasHa 33 CM. Ha 3ToA 

AJ1HH61CJ16A~ MHOr03apRAHWX ~parMeHTOB npocMaTpHsanMCb OT B6pWHH~ 

nepBH4HOH 3B63A~ C uenbiO nOHCKa BH3yaJ1bHO Ha6J110AaeMOro B3aMMO

A6HCTBHR. PaccTORHHe oT sepwMH~ nepBH4HOH seesAw AO T04KH ssa!1MO

AeAcTBHR BTOpM4HOro <jJparMeHTa 113M6PRJ10Cb C T04HOCTbiO 0,1 CM. 

Ha nepaoM 3Tane1121 oT6v:panHCb co6~THR, rge o6pasoswsancR xoTR 

6bi DAHH ~parMeHT c sapR,qoM z<P ~,2. Bcero 6b1no o6pa6oTaHo 3700 Ta
KHX C05biTHH . .QsyxsapRAHble l:)lparMeHTbl ysepeHHO MA6HT(1~H4HPOBa[lHCb 

no nJlOTHOCTH HOHH3a4HH. 8 nponaHOBOH KaMepe HOHH3a4HOHH~e noTepM 

AJlR ~parMeHTOB C z<!J: 3 HaCTOJlbKO B6JlHKH, 4TO T6pfl6TCR B03MOm

HOCTb BH3yanbHOH HA6HTH$MKa4HH ~parMeHTOB no nnOTHOCTH HOHH3al.IHM. 

1-i,qeHTH~HKal.\Hfl TaKHX ~pan~eHTOB npOBOAI-1J1aCb no nnOTHOCTI-1 lJ -3neKT
pOHOB/IS/ H nyTeM 04eHKH CYMMapHOro 3apR,qa CTp!-1nn!-1Hf"OB~X ~parMeH
TOB B nepBH4HOH H BTOPH4H~X 3B63gax. AHaJlH3 MaTepHana noKa3aJ1/l2~ 
4TO HMeiOTCR M6TOAM46CKI-16 TPYAHOCTM, CBR3aHHWe C HanomeHHeM APYI" 
Ha gpyra B6nM3H nepBH4HOH 3B63A~ CJ16AOB H 3B63A OT pa3HWX ~par

M6HTOB, o6pa30BaHHWX B OAHOM M TOM me nepBI-14HOM B3aHMOA6HCTBHH. 

no3TOMY AllR HAeHTM~I-IKal.\HI-1 oTgenbHOro ~parMeHTa H onpeAeneHHR ero 

ce4eHHR B3aHMOA6HCTBHfl He06XOAHMO OTCTynHTb OT nepBH4HOH sge3Abl 
Ha HeKOTOpoe pacCTOflHM6, KOTOpOe 6~110 8~6paHO paBHWM 10 CM. 

Ha BTopoM 3Tane113/ c 46J1bl0 yMeHbWeHH~ MeTOAH4eCKHX norpewHo

cTe~ B HA6HTM~HKa4HM sapRAOB <jJparMeHTOB H ~H3yanbHOrO MCKJ1104CHMR 

nomH~X B3aHMOgeHCTBMA 4aCTH4, conpOBOmAa~mHx MCCJ1e,qyeMWR ~parMeHT, 

OT6HpanHCb TOTlbKO nepH~epH46CKMe B3aHMOAeHCTBMfl ny4KOBOrO RAP8 

yrnepOAa C nponaHOM. npH46M ATIR <J>parMeHTOB C Z <!J~-=6 TOnOIJOrMl'l OT-

6HpaeM~X co6~TM~ 6~na BHayanbHO nOA06Ha TononorHM ynpyroro pac

ce.RHI-ifl .RApa yrnepoAa Ha npoToHe nponaHa I ABYXIlY4eBbte seesA~/. 
AnR ~parMeHTOB c zcp"" 6 TononorHR co6b!THfl noA06Ha Tononorv:H AH<1>

paK4HOHHOro passana ny4Kosoro RApa yrnepoAa Ha OAH03ap.RAH~~ M 
nl'ITH38PRAH~R ¢parMeHTW C BHAHMWM npOTOHOM OTAa4M MJlH 6ea Hero, 

T.e. Ha ,qsyx- H TpeXJ1Yll6Bble 3B63Abl. B nponaHOBOH KaMepe npOTOHbl 

BHayanbHO xopowo aat-leTHbl np~-1 MMnynbce PP ~ 150 M3B/c. 

4HCI10 HeHTpOHOB 8 WeCTH3ap.RAHWX <J>parMCHTaX, o6pa30BaHHbiX 8 Ta
KHX nepH¢epH4eCKHX B3aHMOAeHCTBI-1RX, MCHbWe HTIH paBHO WCCTH.B3aHMO

Ae~CTBHe He~TpoHoB ny4Kosoro RAPa yrnepoAa c nponaHO~I MomeT npH

secTH K o6pasosaHI-!IO P.ayxny4esoi1 aeeap,hl. AHanorH4Hble coo6pameHH.R 

cnpaaeAJlHBbl AnR nflTHsapRAHbiX ~parMeHTOB. 
EcnH npeAnono>KHTb, 4TO Ha6nWAaeMoe ysenH4eHHe ce4eHHn ssaHMo

AeAcTBH.A Ha nepBbiX HeCKOJlbKHX CaHTHI>1eTpaX o6yCTIOBJleHO He TOJlbi<O 

MeTOAH4eCKHMM npH4MHaMH, a CBR3aHO OT4aCTH C o6pa30BaHH6M B036ym-
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AeHHbiX ~parMCHTOB C 3K30TH4CCKI-1 60JlbWI-IM BpeMeHeM mH3HH, TO CHA

TMe B036YlKAeHHfl MO>KeT HATH nyTeM HCnycKaHHfl y -KBaHTOB. "f>aAHa

LIHOHHaR AllHHa B nponaHe Xo = 108 CM, 4TO n03BOJ1fleT 3¢~eKTHBHO 
pen1cTp!-lposaTb y-KaaHTbl c 3HeprHeA EY ~30 M3B. 'TaK KaK ~parMeHT 
ABHmeTCR C OKOJlOCBeTOBOH CKOpOCTbiO, {J = 0,976, TO CHflTMe B0,36ym

A6HM.R y-KBaHTaMH c 3HeprHeH a HecKonbKO M3B npH H30TponHoM HX 

HCnycKaHHH 6yAeT rtpORBJl.RTbCR B na6opaTOpHOH CHCTeMe B BMAe y
KBaHTOB, B OC.HOBHOM, C 3HeprHeH 8 HeCKOnbKO AeCRTKOB tbB, Jl6TA

lljMX a nepeAHI-lH KoHyc no HanpaeneHHIO BbiJleTa ~parMeHTa. TaKHe y
KBaHT~ AOnmHbl npo.ABJlATbCR Ha ¢oHe Y-KaaHTOB, o6pasosaHHbiX npH 
pacnaAe ~-Me30HOB H HMeiOlljHX XapaKTepHyiO <!JOpMy 3HepreTH4eCKOrO 

cneKTpa c MaKCHMYMOM 'npM 3HeprHH 70 M3B. 
npH npOCMOTpe CHHMKOB perH.CTpHpOBaJlHCb BCe e+e- -napbl, 11 CMOT

pf!UjHe11 8 OKpeCTHOCTb nepBH4HOro B3aHMOAeRCTBHfl, B KOTOpOM o6pa-

30BaJlCR ~parMeHT c sapRAOM z <P. = 5 HJlH 6. Bcero 6biJlO HaAAeHo 

1771 ~parMeHT C sapRAOM Z$ = 5 H 1272 ~parMeHTa C Z<tJ = 6. 4Hcr.o 
saperHcTpHpoeaHHbiX e+e--nap oKasanocb paBHWM 382. 

4aCTb CHHMKOB npocMaTpHBanaCb C 4CJ1bl0 perHCTpal.IHH BCeX B3aHMQ

AeHCTBHH ny4KOBOrO fiAPa yrnepOAa C nponaHOM, He3aBHCHMO OT HanH

~Mfl MHOI03ap~AHbiX ~parMeHTOB, 4T06bl nOJ1Y4HTb HH<jJOpMal.\H~ 06 OTHO

CHTeJlbHWX BbiXOAaX cneKTaTOPHWX ~parMeHTOB HaJleTaiOUjero RApa yrr.e

poga c aapf!AaMH z<P :::l. 

3. 3KCnEPI-1MEHTAnbHbiE AAHHbiE 

B Ta6n. 1 AaHw peaynbTaTbl Hesw6opo4Horo npocMoTpa, e KOTopoM 

6wno HaAAeHO 530 B3aHMOACHCTBKH RAeP yrnepoAa c nponaHOM. Ha 
PHC.] 3TH AaHHbiC npeACTaBJleH~ B BHAe Ce4eHHA BWXOAa ~parMeHTOB 
pa3J1H4HOH sapRAHOCTH 

a "" ~a 
N CaHa 

t 

/1/ 

rAe N$ - 4Hcno Ha6niOAeHHbiX ~parMeHTOB onpeAeneHHoro sapRAa, N 1 -
nonHoe 4HCJ10 Ha6!110A6HHbiX C06b1THH, a CgH S - 3KCnepHMeHTaiJbHOe ce-
4eHHe B3aHMOAeHCTBHR yrnepOAa C nponaHOM. nHHHH npoBeAeHbl 4epe3 

3KcnepHMeHTanbHble T04KH A11R ~parMeHTOB c sapRAaMH z¢= 1,3,4,5,6. 
PaHee 6blnH nony4eHbl ce4eHHR BbiXOAa <jJpart-1eHTOB, o6pasoaaHHbiX npH 

B3aHMOAeHCTBHH f!Aep yrnepOAa C RApaMH TaHTana 114~8 3TOH pa6oTe 

noKaaaHO, 4TO Ce4eHMfl BbiXOAa ~parMeHTOB BCeX 3apf!AHOCTeH XOpOWO 

OnHCbiBaiOTCfl ABYMfl 3KCnOH6HTaMH C H3Jl0MOM npM Z<tJ= 3. 3AeCb l<a-

4eCTBeHHO Ha6n~AaeTCR TaKafl >Ke 3aBHCHMOCTb. 0AHaKo BbiXOA ~par

MeHTOB C Z~= 1,2,3 He cornacyeTCR C 3KCnOHeH4HaJlbHOH saBHCH
MOCTbiO. Ha~~AaeTCH HS6biT04HbiH BbiXOA RAep reJlHfl. 

B Ta6n.2 npeACTasneHw pesynbTaTw npocMoTpa 3700 ssaMMOAeAcT

BHA, rAe o6paaosancfl XOTR 6w OAHH <!JparMeHT C aapRAOM Z > 2. 
3AeCb Ha CylljeCTBeHHO 60J1bUJeH CTaTHCTHKe noKa3aH OTHOCH~Jl-bHbiH 
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Tat5nHu;a I 

qHCJIO Haomop;eHHbiX ¢parMeHTOB BO B3aHMOp;ei1cTBHf!X 
Hp;ep yrnepop;a c rrporranoM 

z I 2 3 4 5 6 

No 879 414 91 62 46 24 

I 

TaonHu;a 2 

qHCJIO Ha6JIID,IJ;eHHb~ \IJparMeHTOB c sapf!,IJ;Or.t 2 _$ Z 'S.P 
/3700 COObiTHH/ 

z 2 3 

No 2892 645 
-
10 

r 
C-C3H8 

! 
1.0 

J 
\) 

0.! 

0 2 3 4 5 6 7 

i!f 

P.11c. I . Ce<IeHHf! Bbixop;a H3oTorros 
BO,IJ;Opoga, reJIHH, JIHTHH, oepHJIJIHH, 
t5opa .11 yrnepoga so ssaHMOp;ell:cT
BHHX H,IJ;pa yrnepop;a c rrpona-
HOM, 

4 

4 5 6 

517 481 329 

i!·2 o-0-o-"o-o-o-o-o-o-o-o-o-o-o-o--o-

"-c..o 

o -<l-o-o-o-o-o-oo-o- z • 51 
- 2. -0 -o OQ O--o-

-o __ o_o_O_o_O_o __ - l '"'6 

o o-oo-o-::-

~ ~--~~-J--~20~~~3~0 
XCcM) 

PHc.2. 3aBHCHMOCTh <IHCJia ue
rrponsaHMop;ell:cTBOBaBwHx ¢par
MeHTOB ny<IKosoro f!,IJ;pa yrnepoga 
OT paccTOHHHf! X oT nepBH<IHOH 
3Be3p;bl (0) .lliTpHXOBble JIHHHH COOT
BeTCTBYIOT'· OlKHgaeMOMY Bb!ObiBaHHIO 
\IJparMeH'rOB, HOpMHpOBaHHOMY Ha 
HaOJIJOp;aeMOe HX 'IHCJI6, Ha pac
CTOf!HHH X = 10 CM. 

r\ 

I 

BWXOA MHOroaapRAHWX $parMeHTOB. AHaJI~3 MaTep~ana noKaaan, 4TO 
cneKTaTopHwe HAPa renHH I a -yacT~~w/ 4acTo o6paay~TCR rpynnaM~: 

~ 
C + C

3
H

8 "'-. 

la /39+3/% 
2a /51"+3/% 
3a I 1 o::f3/% . 

/2/ 

B npaao~ 4aCTVI np~BeAeHbl OTHOC~TeJibHble BKnagbl B npo~eHTaX AJIR 
C06WT~~, rAe o6paaosanacb XOTR 6w OAHa a-4aCT~~a. np~ B3a~Mo
Ae~CTB~~, no-B~A~MOMY> npORBJIHeTCR CTpyKTypa HApa yrnepOAa.Kpo
Me Toro, 6wno Ha~AeHo -7% co6wT~~ oT 4~cna nepB~4HWX aseaA 
c MHoroaapRAHWM~ $parMeHTaM~, rAe HMenacb napa $parMeHTOB c aa
PHAaM~ 2 ~ 3, -0,5% - c aapHAaMH 3 ~ 4 ~ -0,5%- c aapRAaM~ 2 
H 4. , 

Ha p~c.2 npeACTaaneHa aaBHCHMOCTb 4~cna HenposaaHMOAe~cTso
sasw~x $parMeHTOB OT paccTORH~R X OT nepBH4HOA aseaAw /T.e. 
CKOpOCTb ~X BW6wsaH~H B 3aB~C~MOCTH OT TOJI~HHW MHWeHH/. BeJIH4H
Ha HaKJIOHa np~ 3TOM OAH03Ha4HO ~ npHMO nponop~HOHaJibHa BenH4HHe 
Ce4eH~H B3aHMOAeACTB~H $parMeHTOB. H~W.HMe T04K~ COOTBeTCTBYIDT 
$parMeHTaM c aapRgaM~ z~= 5 M 6, o6paaosaHHWM a nepw$epw4ecK~X 
CTOJIKHOBeHMHX. 3aBHCMMOCTb AJIR ABYX3apRAHWX $parMeHTOB B3RTa H3 
npeAbiAYIJ.Ie~ pa60Tb! 1121 M COOTBeTCTByeT MeHbWei1 CTaTI-1CH1Ke nepBM4-
HWX B3aMMOAei1CTBHA /CM, Ta6n.2/. CTpeJIKBMH yKa3aHa rpaHM~a,cne
Ba .OT KOTOpoA ~03MOW.HW MeTOAM4eCKMe MCKBW.eHMH. B 3TOM MHTepaane 
Ail.A <!>parMeHTOB c z~ = 6 Ha6niDAaeTCH saMeTHoe ysenw4eHMe ce4eHI-1R 
MX B3aHMO,Qe~CTBHR no cpasHeHMID C Ce4eHMeM B3BMMOAeACTBI-1R ny4KO
BbiX R,Qep yrnepo,Qa, 4TO 4BCTM4HO Bbi3BaHO HaJIOW.eHI-'teM CJieAOB !f>par
MeHTOB APYr Ha .Qpyra s6nM3M nepBM4HO~ aae3.Qbl. Ha pwc.2, np~-1 Ma
nwx paCCTO.AHMRX OT T04KM nepBV14HOro B3aMMO,Qe~CTBH.A, OT~eTilHBO 

BMAHB noTep.A .QBYX3BPAAHWX ¢parMeHTOB, KOTOpwe B peaynbTBTe CIJMH
HMR C ,QpyrHMVI TpeKaMH HMMTHpOBaJlM lj)parMeHTbl 60JibWe~ 3ap.AAHO
CTM/1e~3KcnepHMeHTBJ1bHWe T04KM, HaXO,QR~MeCR cnpaaa OT X= 10 CM, 
xopowo cornacy~Tc.A c eAMHO~ 3KcnoHeH4MBJ1bHO~ aasMCMMOCTbiD. WTpH
xoswe IlHHMM COOTBeTCTBY~T OW.M,QBeMOMy BW6WBaHM~ lj)parMeHTOB, KOTO
poe O~eHV~BaiJOCb Ha OCHOBe 3KCnepMMBHTa!lbHWX Ce4eHMA B3BHMOAe~
CTBH.A B nponaHe/lG/ ny4KOBWX npOTOHOB, ,Qei1TpOHOB, H,Qep renMA M yr
nepOAB. flMHHM HOpMHpOBaHW Ha Ha6niDgaeMOe 4MCI10 $parMeHTOB HB 
paccTO.AHMM X= 10 eM. ~nR wecTM3BPRAHWX $parMeHTOB HaKnoH nHHMM 
COOTBeTCTByeT 3KCnepHMeHTBJ1bHOMy Ce4BHMID B3aHMOgeACTBM.A nyYKO
BWX .A.Qep yrnepoAa c nponaHoM, T.e. noKaswsaeT MaKcHManbHO aosMom
Hw~ HBKI10H ,QJI.A HeB036ym,QeHHWX WeCTVI3Bp.A,QHWX lj)parMeHTOB. flMHHM 
AJIR ABYX- VI nRTM3apH,QHbiX ¢part-~eHTOB npOBeAeHbl C y4eTOM He60JJbWHX 
KOppeK~M~ K 3KCnepMMeHTBJlbHWM Ce4eHH.AM B3BHMO,QeACTBM.A ny4KOBWX 
R.Qep renMA M yrnepo,Qa c nponaHoM, awssaHHWX npwt-~ecb~ .Qpyrwx V~ao

TonHwx COCTORHHR. BMAHO, 4TO pacnpe,QeneHMe 3KCnepHMeHTBilbHWX 
T04eK ,QJIR $parMeHTOB C Zcp= 5 M 6 ~MeeT 60!lbWH~ HaKJIOH no cpaBHe
HI-'IID C HaKJIOHOM WTpMXOBaHH~X JIMHHM. 

5 



..... 
• T a6nHu;a 3 

I -
BenH'IHHbi ce'!eHHH asaHMop;eikTBHH p;nR ¢parMeHTOB c sapHp;OM 

2 < z < 6 

z 2 3 4 5 6 

a¢ 

/6H/ 2,06~0,08 3,39~0,25 ~,90~0,32 4,65~0,20 5,30~0,27 

I 
\!) 

2 ·-

/" 

~1 ..._ 
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PHc.3. Ce'!eHHH asaHMo,n;eAcTBHH 
¢parMeHTos Hp;pa yrnepop;a B sa
BHCHMOCTH OT HX aTOMHOro BeCa 

A¢ /Kpy)!(KH/. TpeyronhHHK~M 
ITOKa3aHhl CeqeHHH B3aHMOp;eHCTBHH 
ITY'lKOBbiX Hp;ep, 

B Ta6n.3 H Ha pHc.3 npegcTasneHw ce4eHHA saaHMoge~cTBHA $par-
1 

Me1HTOB Ha paCCTORHHH X ::::_ 1 0 CM OT T04KH HX o6pa30BaHHA B 3aBH
CHMOCTH OT aTOMHoro 4Hcna A¢ /Kpy>KKH/. Ce4eHHA onpegenAnHcb Ha 
OCHOBe $OpMy Jlbl 

N =N
0
(1-e-na6. ), /3/ 

rge N 0 - 4HCilo $parMeHTOB Ha paccTOHHHH X = 10 eM; N - 4Hcno 
¢parMeHTOB, nposaaHI~oge~cTsosaswHx Ha AilHHe 10 <X <30 eM; n-
4HCJ10 MOJleKyJl nponaHa B 1 CM3j tJ.- TOJl~HHa MHW;HH f20 CM/; a
MCKOMOe Ce4eHHe. TpeyrOJlbHMKaMH noKaaaHhl Ce4eHHR B3aMMOge~CTBMR 
C nponaHOM AJlH ny4K08hlX npOTOHOB, ge~TpOHOB, Rgep reJlMH M yrne
pogallG~WTpMXOBaH JlMHMH np08egeHa 4epea 3KCnepv.MeHTa~bHhle T04KH 
AilR ny4KOBWX Rgep /BeJlM4~Ha Ce4eHM~ B3aMMOAe~~TBMR ny4KOBWX Agep 
renv.A v. yrnepoga c nponaHoM pasHa /2260+50/ M6 v. /4780+60/ M6 
cooTBeTCTBeHHo/16/ I. AToMHbte 4v.cna $parMeHTOB c 3 ~ z¢~ 5 6pa
nv.cb paBHWMM YABOeHHOMY aapRAY· AnR gsyxaapRgHwx $parMeHTOB T04-
Ka nocTasneHa Me>KAY aTOMHbiMM 4v.cnaMv. 3 < Adl<4, a gnR $parMeHTOB 
C Z¢ = 6 - Me>Kgy aTOMHbiMM 4MCJlaMv. 11 <A < 12. flpv. TaKMX nepBH4HbiX 
3HeprMRX BepOATHOCTb nogxsaya He~TpOHa ~3 Rgpa-MV.WeHM He3Ha4v.
TeJlbHa. ¢parMeHThl C 3SZ¢~5 MOryT 6WTb KaK He~TpOHOM36WT04HhlMM, 

TaK M He~TpOHOAe$H~MTHhlMM. llonepe4HhlMH JlMHMAMM noKa3aH BepORTHhl~ 

MHTepsan M3MeHeHHH aTOMHhlX 4MCeJl. 3Kcnepv.MeHTaJlbHWe Ce4eHMA AilR 
$parMeHTOB C Z¢ = 2,3,4 B3AThl M3 pa60Thl /12/ 

6 
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Ha npv.segeHHwx gaHHwx cnegyeT, 4TO ce4eHv.R saav.Moge~CT8MR 
¢parMeHTOB yrnepoga c aapRgaMv. Z¢= 5 v. 6 Ha -10% 6onbwe o>Kv.gae
Mo~ BeJ1~4HHbi.'3TOT $a~T rOBOpMT, nO-BMAMMOMy, 0 BKJlage B036y)f(-

1 -10 geHHhlX ¢parMeHTOB C BpeMeHeM >KM3HM T > 0 C, y KOTOphlX pa3Mep 
CTaHOBMTCR 60JlbWe, 4eM 8 OCHOBHOM COC:;.ORHMM, 

3geCb CJlegyeT OTMeTMTb, 4TO AilA onpegeneHHA OTKJlOHeHH~ Benv.-
4MHhl Ce4eHH~ OT O>KHAaeMWX AilR ¢parMeHTOB, HaXOAR~MXCA B OCHOB
HOM COCTOAHHH, ~eJleC006pa3HO HCITOJlb30BaTb MHWeHb C MMHV.MaJlbHhlM 
aTOMHWM secoM. HasecTHO, YTO HeynpyrHe ce4e~HA saav.Moge~cTBMR 
ABYX ~Aep onpegenRmTCR B OCHOBHOM CYMMO~ HX reoMeTpH4eCKHX paa
Mepos. C 3TO~ T04KH 3peHMR Agpa $OT03MYilbCMH,nO cpaBHeHMm C npo
naHOM (C3l! 8) CJlHWKOM BeJlMKH AilA Ha6nmgeHHR He60JlbWMX H3MeHeHM~ 
paaMepos $parMeHros. 

PaccMoTpv.M 3Kcnepv.MeHTanbHwe AaHHwe no xapaKTepv.cTv.KaM y
KBaHTOB, conpoBO>KAam~v.x MHoroaapRgHwe ¢parMeHTw, o6paaosaHHwe 
a nepv.¢epv.4ecKv.x CTOilKHOBeHv.Rx. OcHOBHwM ¢oHoBwM npo4eccoM npv. 
Hawv.x ;Heprv.Rx RBJlneTCR pacnag 17o. -Me30HOB Ha gsa y -KsaHTa. 
TopMoaHoe v.a~yYeHv.e y-KBaHTOB 3JleKTpoHaMv. v. noav.TpoHaMv. TaK>Ke 
gaeT $OHOBwe CJlyYav., KOTOpwe OTHOCMTeJlbHO nerKO HCKJlm4amTcR/17/ 
BCJlegCTBHe KMHeMaTM4eCKOH KOppeJlR4HM TaKMX Y-KBaHTOB C ppgv.
TeJlbCKMMM 3JleKTpoHaMv. /nosv.TpoHaMv./. AnR Ha6nmgeHHR y-KsaHTOB, 
v.cnycKaeMwx soa6ymgeHHWMH ¢parMeHTaMv., Hav.6onee ygo6Ho nepese
CTM 3KCnepv.MeHTaJlbHWe XapaKTepHCTMKH y-KBaHTOB B aHTMJla6opaTop
Hym CHCTeMy, B KOTOpO~ ¢parMeHT npaKTH4eCKH nOKOHTCR. HMnyJlbCHhl~ 

cneKTp Y -KsaHTOB, o6paaoBaHHbiX npv. pacnage 77°-MesoHOB, KaK 
B na6opaTOpH0~ 1 TaK H B aHTHna6opaTOPHOA CHCTeMe 6ygeT v.MeTb 
xapaKTepHym ¢opMy c MaKCHMYMOM npv. 70 M3B/c. B aHTv.na6opaTopHoA 
CMCTeMe, B CMCTeMe nOKOR $parMeHTa, y-KBaHThl OT B036y>KgeHHhlX 
$parMeHTOB 6ygyT v.MeTb 3Heprv.~ E <70 M3B. 

Ha pv.c. 4 noKaaa.H 3Kcnepv.MeHTaXbHbl~ v.MnyJlbCHbiH cneKTp y-KBqH
TOB C yYeTOM 3¢$eKTMBHOCTM MX perHCTpa~HH B na6opaTOpHO~ /a/ M 
8 aHTMJla6opaTOp~oA /6/ CMCTeMaX. CnJlOWHaR JlMHHR COOTBeTCTByeT 
CneKTpy y-KBaHTOB, 06pa30B~HHWX npv. pacnage 17°-Me30HOB. flMHMR 
nony4eHa no MeTOAY MOHTe-Kapno Ha OCHOBe 3KCnepv.MeHTaJlbHWX xa
paKTepv.C TMK "- -Me30HOB, po>KgeHHbiX B d(C3 H 8)- saaHMoge~CTBHRX 
npv. Po= 4,2 r3B/c Ha HYKJlOH. TaK KaK OT06paHHhle HaMM co6wTMR 

..... 

no TOnonorv.v. COOTBeTCTBymT B OCHOBHOM B3aMMOgeACTBMm OAHOro HyK
JlOHa HaneTa~~ero Rgpa c nponaHoM, TO v.cnonb30BaHv.e s KaYecTse 
$oHa r7 -MeaoHOB, pomgeHHbiX a d(C3 H8) saav.MogeAcTBio1AX, c HaweA 
T04KM apeHv.R, npeACTaBnReTCn Hav.6onee peanv.cTv.4HbiM. 3gecb cge
naHo npaBgOnOA06HOe npeAnOJlO>KeHv.e 0 TOM, 4TO KHHeMaTM4eCKMe xa
paKTepHCTMI(M rr- v. 17° coanaAa~T (rr 0 s 17- ... 2y ). BMAHO, YTO e aHTv.
na6opaTOpHo~ cv.cTeMe v.MeeTCR v.a6wTOK y-KsaHToa c P~< 70 M3B/c. 

Ha pv.c.5 npv.eegeHO yrnosoe pacnpeAeneHv.e y-KeaHTOB. rv.cTo
rpaMMO~ noKa3aHO $OH080e pacnpeAeJleHHe y-KBaHTOB, o6pa3oBaHHhlX 
npv. pacnaAe 17°-MeaoHoB. B na6opaTopHo~ cv.cTeMe 3Kcnepv.MeHTaJlbHOe 
yrnoaoe pacnpeAeneHv.e 6onee BWTRHyTo snepeA no cpasHeHv.~ c $oHo
BwM, a B aHTHJ1a6opaTOpHO~ CMCTeMe OHO 6onee M30TpOnHO. 

7 
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PHc. 4. HMrryJibCHhiH crreKTp y -
KBaHTOB /TO~KH/, HCrry~eHHb~ 
rrpH rrepH~epH~eCKHX B3aHMOgeJ'l:
CTBHHX rrgep yrnepoga c rrporra
HOM: a/ Jia6opaTOpHaff CHCTeMa, 
6/ aHTHJia6opaTOpHaH CHCTeMa, 
J1HHHH COOTBeTCTByeT crreKTpy 
Y -KBaHTOB, o6pa30BaHHb~ 

IIpH pacrrage TT0 -Me30HOB, 

400•-

PHc.5. Yrnosoe pacrrpegeneHHe 
y -KBaHTOB /TO~KH/, HCIIy~eH
HbiX !1pH rrepH~epu~eCKHX B3aHMO
geil:CTBH.flX Hgpa yrnepop;a c-rrpo
nanoM: a/ na6opaTopnarr cncTe
Ma, 6/ aHTHJia6opaTopHarr cnc
TeHa. rHCTOrpaHHbi - yrJIOBbie 
pacnpegeJieHHR y -KBaHTOB, rro
Jiy'!eHHbiX rrpH pacrrage rr00-Heso-· 
HOB, 

npeACT8BJ1eHHWe Ha pHc.4 H 5 AaHHWe He npOTHBOpe4aT YTBepmAe

HHIO 0 HaJ1H'-lVIJ.1 AOnOJ1HVITeJ1bHOrO HCTO'-lHJ.11<a MaJ103HeprVI'-lHbiX y -I<BaK.

TOB C !1130TpOnHbiM yrJlOBbiM pacnpeAeJlCHVICM B CVICTeMe nOI<Ol'l qJparMeH
Ta. 

, AHan11a VIMeiO~erocA 31<cnepVIMeHTaJlbHoro MaTep11ana no xapaKTepV~-

CTv1KaM y-KsaHTOB 80 B3aVIMOAeikTBVIl1X AAep yrnepOAa .c TaHTaJlOM 
npVI 4,2 f"3B/c Ha HYKJlOH/lB/ VI rr- -Me30HOB C npOTOHaMVI ill fiApaMVI 

yrnepoAp npM 40 f"3B/c/19,201noKa3an, 4TO HMeeTCH 3aMeTHWR BKJlaA 

Y- KBB HTOB aApOHHOro TOpM03Horo 113I1y4eHHl1 121·23/. B npot.tecce CV.Jlb

HOro B3aHMOAeRCTBVIJ1 CTaJ1KVIBai0~!11XCH 4aCTVII.l npOVICXOAHT cy~eCTBeH
HOe VI3MeHeHVIC 3apRAOB 4aCTMl.\ VI MX HMnynbCOB. no3TOMy BAOJ1b TpaeK

TOpVIR BTOpMLIHbiX LlaCTMI.l VI BA011b ny4KOBOro HanpasneHHR BnepeA AOJ1»<

Hbl H<!61110AaTbCR TOpM03Hble y -KBaHTbl. 3HepreTVI4eCKVIi1 VI yrnosoR 

cneKTpW TaKHX y-KBBHTOB saBMCRT OT KMHeMBTM4eCKHX xapaKTepVICTVIK 

nepBV14HWX VI 8TOpV14HWX 4aCTVIl.\. 3HepreTM4eCKHR cneKTp TOpM03HWX 

y -KsaHi-os HMeeT pe3KO naAaiOll\YIO (j)opMy nma dE/E. B HacTOH~ee spe

MA B o6naCTH 3HeprHR, rAe OTI<pWTW KaHan~ pOmAeHVIR 4aCTHl.\, MMeeT

CA, no cy~ecTBy, OAHa pa6oTa/2S~B KOTOpoR npill 10,5 138/c H3y4a

I10Cb 3TO ABJleHMe 80 83aHMOAeWCTBVIRX "+_Me30HOB C BOAOPOA-HeOHO-

3 

.. 
I 
I .I 
~ 

t . ~ 

' 

( 

J 
j,J 

~ 
a. 0 Puc.6. HMrrynocnoe pacrrpegeneuHe 

dN I 
dP 

I 
Y -KBaHTOB / TO~KH/, ucrryiqeHHbiX B 
CT~ssauMogeil:cTBHHx: a/ na6opaTop
HaH CHCTeMa; 6/ aHTHJia6opaTOpHaH 
CllCTeMa. nnHHH COOTBeTCTByeT crreKTpy 
y -KsaHTOB, rrony~eHHbiX rrpn pacrrage 
"

0
-MeSOHOB, 

i100 

Puc. 7. YrJIOBoe pacrrpegeneHHe 
y -KBaHTOB /'TO'IKH/, llC!1~eHHhiX 
B CTa -ssaHMogeil:cTBHHX: a/ na-
6opaTopnaH CHCTeMa, 6/ aHTH
Jia6opaTOpHaH CHCTeHa, rucTo
rpaMMbl COOTBeTCTBYIOT yrJIOBbiM 
pacnpegeJieHHHM y -KBaHTOB, 
o6pasosaHHbiX rrpH pacrrage .,o -
He~OHOB, 

dN 
dcose 

2800 

2400 

2000 

1600 

1200 

I a I 0 

•f 

80,:; CMBCbiO B ny3blpbKOBO,:; l<aMepe. 5bii10 06HapymeHO, 4TO A011R aA

pOHHWX TOpM03H~X Y-KBaHTOB no OTHOWeHVIIO KO BCeM y-KsaHTaM, 

06pa30BaHHWM B 3TVIX B3aMMOAeRcTBVIAX, COCTaBnHeT -1%. 
Ha PVIC.6 H ] npMBeABHW HMnyJlbCHWe M yrnoswe pacnpeAeJleHMJ'l 

Y -KsaHTOB s HeynpyrHx OTa -cToni<HOBeHMAX. CnJlOWHble nHHMVI cooT

seTCTBYIOT (j)OHOBbiM y-KsaHTaM, o6pa30B~HHbiM npVI pacnaAe TT0 -Me-

30HOB, nony4eHHbiM MeTOAOM MoHTe-Kapno (.,0 "'"-~ 2y). Ha6niOAaeTCA A,B
neHMe, aHaJ10rM4HOe npeACTasneHHOMy Ha pVIC. 4 VI 5. lil36biTOI< y -
KBaHTOB c Py<70 M3B/c B aHTMna6opaTopHo,:; CHCTeMe Ha6niOAaeTcA 

M AI1H C06WTMR, B KOTOPWX HeT MHOrosapAAHWX ¢parMeHTOB. 

Ha pMc.B npeACTasne~w MMnynbcHwe cneKTpw y-KsaHTOB s aHTVIna-

6opaTopHoR CHCTeMe Ailfl "-p /a/ M "-C-s3aMMOAeRcTBMR /6/ rlpM 
40 I3B/c. 3AeCb MaTepMan CTaTMCTM4eCKVI o6ecne4eH cy~ecTBeHHO 
IlY4We VI n03TOMy 31<CnepMMeHTaJlbHWe AaHHWe npeACTasneHW C waroM 

10 M3B/c. WTpHXOBaA I1MHMA cooTseTcTsyeT y-KsaHTaM, o6pasosaH

HWM npM pacnaAe " 0 -Me30HOB. 0T4BTI1MBO BHAeH BKJ1aA npot.tecca aA

POHHOrO TOpM03HOrO M3J1y4eHMJ1, I<OTOpbiR COCTaBJlAeT -5% OT BCeX y-
I<BaHTOB, 9 
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4. 3AKni04EHHE 

PHc. 8. HMI!YJlbCHbJe cneKTpb! y -KBaH

TOB /TO'iKH/, HCI!y~eHHb!X B a/rr-p , 

6/rr -C -CTOJli<HOBBHH.HX B aHTHJla6opa

TOpHOH CHCTeMe, IliTpHXOBa.H JlHHH.H. 

COOTBBTCTBYBT HMI!YJlbCHbJM CI!BKTpaM 

y -KBaHTOB, o6pa30BaHHb!X I!pH pacrra

p;e rr 0 ··MB30HOB. 

~CHO, 4TO TOpM03HOe ~3ny4eH~e 
B na6opaTOpHoA CHCTeMe TaKme AOnm
HO HMeTb nOAOfiH~e K~HeMaTH4eCKHe 

xapaKTep~CTHKM. 0AHaKO Hs-sa HH3-
KO!It 3¢$eKTHBHOCTH perHCTpa~HH Mano-
3HeprH4Hbl>< y -KBaHTOB OCHOBHaf! AOnR 
Y -KsaHTOB c PY < 30 M3B/ c He AeTeK-

- + THpyeTCR B BHAe e- -nap. C APYrOA 
CTOpOHW, 3HeprM4HWe y-KBaHTW B na-
5opaTOpHOA CMCTeMe nonaAa~T B aHT~
na5opaTOpHOA CMCTeMe B o6naCTb Ma
n~X ~Hepr~A. TaKMM o5pasoM, scneA
CTBMe MeTOA~4eCKMX npM4HH 3TO AB
neHMe xopowo npoHBnHeTCR s aHTMna-
5opaTopHoA CHCTeMe. 

Ce4eHMR ssa~MOAeAcTBHR BTOpH4Hwx ¢parMeHTOB penRTMB~CTcKoro 
RApa yrnepOAa C sapAp;aMH Z > 3 Ha paCCTORHKM 6onbWe 10 CM OT 
T04KIII nepBI14HOrO B3aMMOAe!lt~TBi11R C~CTeMaT~~t4eCKM 50J1bWe OlKMAaeMbiX 
CB4BHMA B3aMMOABACTBIIIR COOTBBTCTBY~~illX RAep, HaXOAR~illXCfl ~ oc
HOB~OM COCTORHHH. ¢parMBHTW C sapRAOM Z¢= 5 H 6 HMB~T CB4BHHe 
ssaHMOAeAcTBMR, Ha- 10% 6onbwe omMAaeMoA senH4MHW. EcnM 3TO RB
neHMe CBRSaHO C BOS6YlKABHHeM ¢parMeHTOB, TO COOTBeTCTBy~~ee Bpe
Mfl X<!ti3HM He05bi4HO BBJ11.1KO, r > 10-lOC. 

Ha paccTOf!HHRX OT nepB~4HOi:\ 3BBSAbl, MeHbW~X 1 0 CM, B03MOmHW 
MeTOA~4eCKMe HCKameHKfl, CBR3aHHble C HanomeHKeM APYr Ha APYra 
CnBAOB ~ SBB3A OT pa3Hb1X ¢parMeHTOB, o5pasosaHHWX B OAHOM ~ TOM 
me neps~4HOM asa~MOAeAcTB~H. BcneACTBHe 3Toro c yMeHbweHMeM pac
CTOHHKR X TepRBTCR 803MOlKHOCTb HAeHTM~~Ka4HM sapRAa ¢parMeHTa 
M B~sya!lbHOf."O KCKJ1104eH~R nomHb!X BS8MMOAe~CTBHA OT COnpOBOlKAaiO
~HX HCCneAyeMb!A ¢parMeHT 4aCTM~. 

ltls-'3a YMBHbWeH~H 3Hepr~~ CBR3~ B036Y>KAeHHbiX (jlparMeHTOB A~~¢e
peH~~anbHOe Ce4eH~e MX B38~MOAeHCTB~R AOJllKHO 6WTb 60J1bWe C646H~fl 
B38~MOABHCTBHR COOTB6TCTBYIO~ero RApa B OCHOBHOM COCTORHHM /24,2•lzl. 

KpoMe TOro, Ha CHMMKaX B~3yanbHO Hafi!liOAaeMbl rnaBHbiM o6paSOM 3BeS
Ab!, nony4eHHwe s pesynbTaTe Heynpyroro asa~MOAeAcTBHH HAep. Yn-
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pyroe pacceRHHe MHoroaapRAHWX ¢parMeHTOB Ha HApax yrnepoAa 
/nponaHa/ npaKT~4eCKM HesaMeTH'o ekneACTB~e ManbtX yrnoe pacceR
H~R HBJleTa~~ero RAPB ~ fiOJlbWOA TOpM03HOA cnoco6HOCTH nponaHa 
AnR RAep. Ynpyroe pacceRHMe Ha npoToHax nponaHa ~n~ Ha Keaa~

cso5oAHWX HYK!lOHax RApa yrnepoAa per~cTpv.pyeTcR 4aCTM4HO. AnA 
$parMeHTOB c ManoA 3Heprv.eA CBRSH AOnH Heynpyroro ce4eH~fl 
B3a~MOAeACTB~.fl OT nonHOro· Ce4eHMR MO>KeT fibiTb 60J1bWe, 4BM A!lR 
fiAPa B OCHOBHOM COCTORHM~. no3TOMY B03MO>KHO yBenM46HHe Heynpy
roro ce4eHHR 6es saMeTHoro ysenv.4eH~R nonHero ce4eHHR esaHMO
AeikTBHR. 

CHRTMe Bos6ymABH~R RABP sa C4BT c~nbHbiX BSa~MOAeACTBI-'IH npo
~CXOAHT sa o4eHb KopoTKoe speMR, r - 10-28 c. BpeMR, CBR3aHHoe 

-2 
CO CJ1a6~M BSaHMOAeACTBHCM~ Ben~KO r >10 C. 3neKTpOMarH~THbiM 
BSaMMOABACTBMBM B035ymAeHHe, B OCHOBHOM, CH~MaeTCR Sa BpeMR 
T <10-12 c. no3TOMy r ?;10-lOC npeACTaBIIReTCR He06bi4HbiM. 0AHat<O 
HymHO SaMeT~Tb, 4TO OHO C~nbHO 38BMC~T OT BBJ1M4HHbl 3HeprHH BQ3-
5ymAeHMR. 4eM 60J1bWe 3HeprHR BOS6ymAeH~R, TeM MeHbWe BpeMR >KMS
H~ B036yli<AeHHOrO COCTORHMJ'i RAPB. 0HO MomeT peSKO B03p8CTM, ecm-1 
nepeXOA B OCHOBHOe COCTORH~e sanpe~eH HJlM nOAaBneH KaKHM-n~60 
sat<OHOM coxpaHeH~R. ~13 o6~MX coo6pa>KeH~i1 cneAyeT, 4TO apeMR 
CHRT~R B036Y>KABH~R sa C46T KBKOro-nM60 BSaMMOABHCTBMR MO>KeT M3-
MBHRTbCR B 04eHb WHpOKOM MHTepaane, Ha MHOrO nopAAKOB BBJ1H4~Hb!. 

KpoMe Taro, HaAo MMeTb a B~AY, 4TO ce4eHHe o6paaosaH~R cna6o
CBRSBHHWX $parMeHTOB /np~ 60nbWHX 3HeprKRX B036YmA6HHR/ AOn>KHO 
6b1Tb 3Ha4MTeJ1bHO MBHbWe CB4BHMR o6pa30BaHHR C~nbHOCBRSaHHWX 
<!>parMeHTOB. 

DPeACTaaneHHwe 3Kcnep~MeHTS!lbHb!e AaHHwe no xapaKTepHCTHKaM 
y -KsaHToe, conpoaomAa~~~x o6paaosaH~e ~parMeHTOB c sapAAaMK 
Z¢ = 5 ~ 6, He npOTHBOpe4aT YTBepmAeHH~ 0 Han~4H~ AOnOJlHMTenb

HOro MCT04H~Ka Man03HeprH4H~X y-KBaHTOB C ~30TpOnHbiM yrnoB~M 
pacnpeAeneHHeM B CHCTeMe nOKOfl ~parMeHTa. 0AHaKO aHaJ1M3 HMe~~e

rOCA 3KCnep~MeHTanbHOrO MaTepHa!la no y-KBaHTSM B C06WTHRX, rAe 
He o6pa3y~TCA MHorosapAAHble ~parMBHTbl, noKasan, 4TO B TOA >Ke 
K~HeMaTM4CCKOA o5naCTM MMeeTCR SaMeTHbiA BK!laA y -KBaHTOB, BOS
HHKW~X B peaynbTaTe aApOHHOrO TOpM03HOrO M3ny4eH~R. EcnM 3Hep
reT~4BCKHA cneKTP 3THX y-KBaHTOB ~MeeT nnaBHY~ cnaAa~~y~ ~op
My, TO y-KDaHTW, nony4eHH~e npM CHRTMH B036Y>KAeHMR, AOnMHW 
MMeTb n~HeA4aT~H cneKTp. 3KcnepHMeHTa!lbHOe paapeweHMe no ~Mnynb-

caM y -KoaHTOD I £._15%/ H Ma!laR cTaTMCTHt<a BPRA n~ noaoonRT pas-
p 

ABnHTb 3TH ABB npo~ecca. 

ABTOp~ C4HTB~T CBOHM npMRTHWM AO!lrOM Bblpa3MTb 6naroAapHOCTb 
TeXHM40CKOMy nepcoHany 2-MeTposoA nponaHoso~ KaMep~ sa nonyye
HHe CHMMKOD, DCBM y4aCTH~KaM COTPYAH~4eCTBa no ~ccneAOBaHMRM 
RApO-AAepH~X B3S~MOABACTBHA, a TaKme na6opaHTaM sa PRA no!le3HWX 
o6cymAOHI1H H nOMOI!Ib B nony4eHMM 3KCnepMMeHTaJ1bHbiX ABHHbiX. 

ll 
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I AraKHWHeD r.H. H AP· P1-82-795 

Xapat<TepHCTHt<H y-t<caHTOD, conpoao)t(AaKJlliHX o6paaoaaHHe 
MHOr038Pf1AHbiX cl>parMCHTOD flApa yrnepOAa npH HMnyJlbCe 4,2 faB/C Ha HYKJlOH 

,\ 
ill ~ 

npcACTDDJleH 3KCnepHMCHTaJlbHbiH MaTepHaJl, nony4eHH~H nyTeM o6pa60TKH 
CHHMKOB C Z-MeTpOBOH nponaHOBOH KaMep~, 06Jly4eHHOH RAPaMH yrnepOAa C HM
nyJlbCOM 4,2 raO/C HB HYKJlOH. YcTaHOBJleHO, 4TO Ce4eHHR B3aHMOAeHCTBHR BTO
pH4H~X MHOrO:JapnAHbiX l)lparMeHTOB C aapRAaMH Z<jJ 2: 3 Ha pacCTORHHH 60JlbWe J 0 CM 
OT ncpDH4HOH 3Be3A~ CHCTeMaTH4eCKH 60JlbWe Q)t(HAaeM~X Ce4eHHH B3BHMOAeHCTBHR 
COOTBeTCTDYKllliHX RAep, HaXOARUIHXCR B OCHOBHOM COCTORHHH. i)lparMeHTbl C 3apn
AaMH z~-5 H 6 HMeiOT Ce4eHHR B3aHMOACHCTBHR, Ha -10% 60JlbWe O)t(HAaeMoA Be
JlH4HHbl. 3KcnepHMeHTaJlbHble ABHHble no xapaKTepHCH1KaM y-KaaHTOB, conpoaom
AaKllliHX o6paaooaHHe l)lparMeHTOB c aapnAaMH z 4~= 5 1-1 6, He npoTHBOpe4aT yl'aepm
AeHHIO o HanH4HH /KpOMe y -KaaHTOB, o6paaoaaHHbiX np1-1 pacnaAe , 0 -Me30HOB/ 
MaJl03HeprH4HbiX y-KBaHTOB C H30TpOnHbiM yrJlOBbiM pacnpeAeJleHHeM B CHCTeMe 
nOKOR ¢parMeHTa. Ha6JliOAeH BKJlaA y-KBaHTOB OT aApOHHOrO TOp~03HOrO H3Jly4e
HHR. 

:~ 
Pa6oTa BblnOJlHeHa B Jla6opaTOPHH BbiCOKHX 3HeprHH 011J'H1. 

{ npenpHHT 06oeAHHeHHOrO HHCTHTyTa RAePHbiX HCCJ1eAOBaHHH. ~y6Ha 1982 
~ Agakishiev G.N.-et al. P1-82-795 

J Characteristics of y-Quanta Accompanying the 
~,~ of Multicharged Fragments of Carbon Nucleus 

Production 

1 at a Momentum of 4.2 GeV/c per Nucleon 

:. Experimental data obtained by processing pictures from the 2m propane 
bubble chamber exposed to carbon nuclei with a momentum of 4.2 GeV/c per 
nucleon are presented. The interaction cross sections of secondary multi
charged fragments having charges z >3 at a distance of -10 em from the 
primary vertex are systematically {a-r.ger than the expected cross sections 

t 

of the corresponding nuclei in the principal state. The cross sections of 
fragments having zc -5 and 6 are by -10% larger than the expected value. The 
experimental data on characteristics of y -quanta with accompany the produc-
tion of fragments with Zr• 5 and 6 do not contradict the statement that, 
except y • s from the decay of rt

0 -mesons, there are I ow energy y • s with 
Isotropic angular distribution In tho fragment rest system. The contribu-
tion o, y'a From hadron bremsstrahlung Is observed. 

Tho Investigation has been performed at the Laboratory of High 
Encrglea, JINR. 

, 
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