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nOC6.RL4aeTCR 'lIIeHY·KoppeCnol-loellry AH eeep 
M .r.MeL4ep.RKoey, 

75-l/.erue co OI-l.R pO}l(OeHUR. KOTOP020 
OTMeWZeTC}I (1 3TU OHU 

B noeneAH~e rOA~ penRT~B~CTeKaR RAe p HaR .~a~Ka nep~~~BaeT 
3Tan ~CKn~4~TenbHO 6YPHOrO pa3B~T~R. AocT~~eH~R B o6nacT~ 3Kcne
p~MeHTanbHO~ TeXHMKM, B oc06eHHOCT~ YCKopeH~e aTOMH~X RAe p AO 
penAT~a~CTCKMX 3HeprM~, 3ne KTPoHH~e, M~OHH~e M He~ Tp~ HH~e nY4 
K~ Gonb~O~ 3HeprM~ ~ MHTeHc~BHoC T~, B03MOMHOCT b AOCTaT04HO T04
110 ~3MepATb 60nbwMe n epeAa4M ~MnynbcoB Da3n~ 4 Hb1M KOM IlOHeHTaM 
peaK4MM, Ha6n~AeHMe ~ M3MepeHMe xapaKTep~cTMK MHo~ecTBeHHoro, 
B TOM 4Mcne cTpyAHOrO 06pa30BaH~R 4 aCTM 4 npM B~eOK ~X 3 Hepr~AX, _ 
Bce 3TO cAe n ano peanbH~M Bo npoe 06 ~ccneA08a H ~M ey6aAPOHH~X 
CTPYK1YP McaOH OB M HYKn OHOB, a TaK*e aTOMHWX RAe p. 

CClloPM~poBan~cb OCHoe~ TeopeT~4eCKoro onMc aH~ R H a6n~AaeM~X 

R8neH~~: KsaHTOBa R XPOMoA~HaM~Ka , HeCMOT p A Ha cy~ecTBy~~~e e~e 

Cepbe3!1bll TPYAHOCTM, npeTeHAyeT Ha Kon~4 eCT B el-lHoe o6"RcHeH~e, 


B np~HUllne , Bceli! cOBoKyn HocTM ~3BeCTHbIX CIlaKT08 , OTltOCA~V1XCA 


K B3aM~,oAc~CT8MRM aAPOHOB ~ C Bo~cTBaM AAepHO~ MaTepM M. npOAon

~a~TCA MI11~Hc ~ eH~e nOMC K~ npOABneHMA KeapKoeo~ eT pYKTyp~ aAPO

HOB M ilTOMHbl X AAep e n e n TOHHblX M aAPOHH blX B3aMMOAe~eTB~AX. j,1~YT 


KBapKl1 I' e CBo60AHOM B~Ae: B 3K cnepMMeHT ax Ha YC KOpMTcnAX, 

e KOCMM4CCKMX nY 4ax VI B cTa6Mn b HOM Be~eC T Be /T .H. KBapKosaR 


XMMMA/ . 3TM nOMCKM cy~ecTBeHHO 3a TpYAHAeT 60nbwaA Hcon peAe n eH 

HoeTb HaWMX 3 HaH~~ 0 xapaKTcpH~X n p M3HaK ax MCK OMWX oG"eKTOB. 

He~3BecTHo, HanpMMep , KaKOBa Macca CB06oAH~X KBapKOB ~ KBap 

KOBWX MCWKOB, ~nM KaKMM 06pa30M npOAsnR~T c e6R 4eeTH~e CMnw. 

HeT TaK~C, HeCMOTpA Ha AOCTMrHYT~~ B nocn eAHee epeMA 3aMeT HW~ 

nporp~cc. YC TaHOBMBWMXCR Kp~T epMee o6Ha py*e HMR $a 30Boro n epe 

XOAd aAPOHHO~ MaT ep~~ B KBapK -r n~OHHy~ xpOM o nn a3MY, nM60 np~ 
M~CH KBapKoBO~ .a3~ B reTe p oClla3HOM COCTOAHMM. n 03TOMY AnR 06
lIapY~L'H~R BHYTpelilte~ CTPYK Typ~ aAPOHOB B aAPOHHblX B3a~MoAe~cT
BHRX BCCbMa ~KTyaneH nOAxoA, COCTOA~~~ B AeTanbHOM MccneAoea 
HHM 3TMX B3aMMoAe~cTBM~, B nepBY~ o 4epeA b , B paMKax MOAene~, 
He npMeneKa~~MX npeACTaBneHM~ 0 KB apKax. npM 3TOM pa3H~4a Me~
AY 3KC n c.' DMMeHTanbH~MM AaHHblMM M pe3YJl b TaTa MM TaKoro " Kn a CCM4e 
(KOro" ,JHam13a Morna Ubi CBMAeTenbC TB OB aT b 0 npOABneH"IM BHYTpe H
HMX CTcneHel-' CBo6oAbi B3a~MoAeti!c TB Y!OUlM X 4a c TM4 1 ' . BMec Te C TeM 
yc~nMA $M3MKOB KOHueHTPMpY~TCA Ha ~3yyeHMM RBJleHM~, KOTopwe 
np., B3a"lMOAC~C T B~M aAPoHOB C aAPoHaMM KaK KBa3M4aCT~4aMM RAe p 
HOI-1 MaTcpM~ nM60 eoece He Aon~Hbl MMeTb MeC TO, Jl~60 MX eepORT
HOCTb npM AOCTM rHYTWX 3KcnepMMeHTanbH~x ycnos MRX BeCbMa Hese 
JlMKa. nVlOHCpCKO~ B 3 TOM OTHoweHMM OKa3ana Cb MAeA T.H. KYMYJlR 
TMBHoro 3<PCIleKT a 'z . OAH dKO KaK B nepeOM, TaK 11 BO BTOpOM cny 
4ae, 3aAa 4a c~nbHO ocn O*HAe TCA or paH ~4e HHOCTb~ c y~ec T BY~~MX 
MOAene~ M HanM4~eM CIloHOBblX RBneHMti!. K TaKMM RB n eHMRM B c nY4ae 
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aAPOH/RAPO/-RAepH~X CTOnKHOBeH~~ OTHOCRTCR, B yaCTHOCT~, ~epM~

AB~~eH~e BHYTp~RAepH~X HYKnOHOB, BTOp~Y HWe B3 a ~MOAe~CTB~ R , 

a TaK*e penRT~B~CTCK~e 3~¢eKT~. 
HapRAY C nOCTaHOBKO~ HOB~X 3Kcnep~MeHTOB HAe T nepeCMOTp paHee 

nonyyeHHO~ 3 Kc nep~MeHTanbHO~ ~H¢opMa4~~. B HaC TOR~ee BpeMR, Kor Aa 
AOCTaTOYHO y e TKO B~Ae H KPyr np06ne M ~ conYTCT BY~~~X 101M TPYAHo
CTe~ B :HO~ 06naCT~, MQ)KHO Aon~HbiM 06pa30 M 0 4 eHIHb 3HaY~MOCTb 
Tex nepBblX 3Kc ne p HMe HTanbH biX pa60T, B KOTOPblX Ha 6 JllOAan HCb RBne
HHA, npHBneKa~~He HblHe Bc e06~H~ HH Te pe c . Ell\e B 1959 rOAY M. I . Me 
~epAKOB~M 101 COTp YAHHKa MH 6~n B~nonHeH Ha 6 - Me TpoBoM CHHXP0 4H K
nOT pOHe 3KcnepHMe HT, B KOTOPOM n pH nOMOll\~ Ma rH~THoro c neKT pOMe T
pa C TeneCKonOM ~3 C 4 HHTHnnR4~OH H~X Cye TYH KOB H3yya nHCb 3Hepre
THyeC KHe cneKTp~ npOT OHOB C 3Hep r He~ 1 00 -700 M3 B, ~c nY CKaeM~X 

nOA yrnaMH 7~ 12 , 2, 18, 2 4 H 30 ° H3 RAe p 6ep~n11H A , yrnepoA a, 
MeAH ~ ypaHa nOA Aei1cTB~eM npOTOHOB C 3HeprHe~ 6 6 0 M3B / 3 ' , AHa
11H3 3 Kc n epHMeHTa11bHwx AaHHwx, npo Be AeHHw i1 Ha OCHOBe HMnynbcHoro 
npH6nH~eHHR C y y eTOM penAT H BHc TCKO~ KHHeMa TH KH, nOKa3a Jl, YTO 
n Y4we i1 napaMe TPH3a 4 He~ HMn y n bcHoro p ac n pe Ae Jle HHA BHYTpMR AepH~x 
HYKJlOHOB AnA RAe p 6epHJlJlHR H yrne poAa RB11Re TCR ra y ccOBc KaR ~YH K

Ll HA co 3H a4eHHeM l i e npH 3He p r HH n pl>16JlH31>1TenbHO 2 0 M3B , HJlH CY
nepn03H Ll MR AB YX r aYCCOBC KHX p ac npeAen eHI>1i1 , KO TopaA n y 4we YYH
TblBaeT BbICOKOHMnYJlbCHY~ yaCTb ¢epMMeBcKoro AB H*e H ~ R HY KJlOHOB 
B RAp e . ABTOPbl nonYYHnH Aa HH~e , n03S0JlRIO~H e 04eH HTb ~MnYJl b CHOe 

pacnpeAeJleH~e nep~~ep~yeCK HX HYK110 HOB ~ B 60nee T AmeJl ~X RA pa x -
MeAH H y pa Ha. AHan~3 3T~X p e 3YJl bTa TOB np~sen K 3aKn~yeHHIO , KO
Topoe, KaK OKa3anOCb BnocneAcTBH~, MO*HO OTHe CTH KO MHor~M 6 0
nee n03AHHM aHanorH4H~M ~ccneAOBaHMR M, CYTb e ro B TOM, 4TO AnR 

HHTepnpeTaLlH~ BbICOKOHMnYJlbCHo i1 4aCT~ 3Kc n e p MMeHTaJlbHOrO pa c n pe
Aene HHR KB a 3V1y npyro-pacceRH HbIX aAPOHOB Heo6 x OAHMO y 4 ~TbI BaT b 
pac ceR HHe a APOHOB Ha TeCH~X ABYXHYKJlOHHblX r pyn nax H , B03MO* HO, 
Ha 60nee TR me JlwX BHY Tp l>1 RAe p HWX Kn aC Tepax . 

Pe 3ynbTaTw, OTHOC R~He C R K $epM~eBCKOMY AB Hm eHHIO BHYT p HRAe p
H~X HYK n OHOB , noc 11ymHJl~ AnR 0 60C HOBa HHR MOAen~ BHY TpH RAe pHoro 
KaCK aAa, KOTo paR Oy e Hb yaCTO np HMe HReTCA B pa3JlH4H~X ac n e KTax 

n p~ aH an~3e 3KcnepH Me HTanb HW X Aa HH~X . n 0 3 AHee , Ko r Aa MccneAO Ba
HHe B 3aM MOAe ~cT B Hi1 p e n RTHBH CTC KHX yaCTM 4 M RAep C a TOM HWMH AA 
p aMH CTano YHHKa n b HblM ~CT04HHKOM CBe AeHH i1 0 np 04ec c a x, n pO Te 
Ka~~~x C Y4 a CTHeM Ko pOT KomV1B Yll\HX 4aCTH4, M 0 cne 4 H¢ M4eCKMX 
nOKanbH ~X CBO~C TBa x RAep Hoi1 Ma Te pHH 1Z/ HaAe* Hoe 3Ha HMe AB Mme
HHfI BHY Tpl1RAe pHblX HYK nOHOB Ka K I IKJ1aCC~4eC Koro C!lOlia", flB l1 n OCb 
$aKTopOM, onpeAenfl~ll\HM KoppeK T HOCTb 3T HX I1 CC Jl eAOBa H I1 ~. 

B 1957-1958 r OAax 6 bln BblnOJ1 He H PRA 3Kcne p HMe HTOB , s KOTOPblX 
H3 1~epRnl1Cb 3 He p reTM 4eCK ~e c neK Tpbl " +-11 " - - Me30 HoB, Hc n YCKaeMblX 
nOA y r n o M 5 6 ° K nY4 KY ne pBI14 HWX npOTOHOB C 3 Heprl1e i1 670 M38 14 
3TO 3 Ha 4 eH He yrna B na50 pa TopHO~ CI1 CTe Me OTC4eTa COO TB e TCT SO
Ba no y r ny 90° B CHCTeMe ~e HTpa Ma c c HYKnO H- HYKnOH , MI1We H b ~ 
6wnH RA p a y rJl e p OAa. nonY4eHH~e a BTopaMH 3Hepr e TI1 4 e CKH e pac npe
AeneHHR 3a pRme H H~X nMOHOB npOCT~ pa nl1Cb AO 3 Ha 4e HI1A 400 M3B, 
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11 He MC Kn~4anaCb B03MO*HOC Tb Toro, 4 TO Be pXHfl R r p a HH4 a 3Hepr HI1 
3 TMX LJ aC TM~ AO CTM r a eT 4 7 0 Ma S , KaK npH pe aK4MI1 p + 12c. ,,+ + 13 C. 

bw n c Ae n a H s we DA 0 TOM, 4 TO AnR 0 6bR CHeHMfI Ha6n~AaeMO~ BwC OKD
3Hep reT114eC KO~ 4 aC TH c ne KTpOB B paMKax HYKnOH- HYKnO HHWX BH YT PI1 
RACPHblX CTonK HO Be HI1R Tpe6yeT c R Ao nYC TI1 Tb cy~ec T BOBa Hl1 e BHy r pH 
RApa y r Jle p OAa HY KnOHOB, 06naAa~~HX HMn y n bc o M He Me He e 35 0 M3B/c. 
3 TO 3 Ha4 e HI1e I1Mn yn b c a AnR HYKn OHa B RAp e yrnepoAa 60nee 4eM Ha 
10 0 M3 B/ c n pe sblwae T r p a HI1LJHOe 3 Ha4eHH e, Aa Ba eMoe MOAe n b lO $ e pMH
ra3 a Hes3aHMo Ae Rc TB YIDLUM X HY KnOHOS . bonee Ae c fl TH n e T cnYCTfi Ta
Kor o DOAa 3MI1CCMA u a CTI1 4 B a APOH-RAepHWX S3a I1MOAe ~C T B HRX. KorAa 
4 ac r H ~ bl I1cn y c KatOTCR SHe o 6na c TH. COOTBeTC T B YY.ll4e ~ KMHe MaTI1 Ke 

a APoH-I 'YKn o HHblx cTonKHoBeHH~ . CTa 11a npl1B neKa Tb Bcco6~HR I'I HT e 
pec S CBA3 H C B0 3 MO>KH OCTb tO 113Y4aT b Ta KH M o6pa30M nO Kanb Hwe 
c Bm1c'Rd flA e p Ho (;1 Ma Te p J.1 M ' 2 ' , 

OA"<l I(O Bonpoc 0 TOM, n p l1 Ka KHX ycno BHRX MO* HO AOC r a T0 4H 
y6eAI1TenbHO r OBOpl-l T b 0 npOR BJleH MI1 He T p ~ B H an bltbIX, C T04KI1 3pe 
HI'IR RA e pHoR $ H3 I1KH , CBO~CTS a T OMH~X RAe p , Ok a3a nCA 6 0 n e e cnom 
H~M , 4 € M n p c An oJ1a r anOCb BHa4an e , B p a MKax HeKOTopblX MOAcn b Hwx 
nOAx o Ao B 6wno nOK a 3 a Ho , HanpHMe p, 4TO AnR Tor o , 4T 0 5 w BTOP H4 
HaR LJ aC 111~ a , ofipa30s aHH a fi B 8 APo H-fiAepHw x c Ton KHo BcHI1 RX , fi wna 
H c ny~eHa BHe KI1 H eMa T H4 ecKo~ ofin ac TI1 , pa 3 p ewe H Ho~ An R c B o6oAH~X 

aAPo H-HYKnoHHblx CTOJlKitOBC HI111 n pM TO~ >He 3 Hepr J.1 H B YlH Te pBa n e 
3Ha4cHH ~ MacwT a6Ho~ ne pcMe HHo ~::; 2, He T Heo6xOA I-1 MOC'1 H npl1B JleK aTb 
Hee~e n pUACTaSJ1CHnA 0 n pl1pOAe B3aHMOAe ~c TBHR 5 ', He JlI-1We HW He 
AocTaT Ko B 11 APyr~e KpHTe p HH , CKope e s cc r e Ka 4e CTBe HHor o xapa K
Te p a , Ha npJ.1Me p , LJ TOGw n epe Aa 4a I-1Mn y Jl bC a 6~Jla He MeH bwe - 1 r 3 B/ c , 

MJlH YT o6w 3$C!leK TI1BHa fi Mac c a MHW € HI-1 5~na 6 0 Jl bWe Ma CCbl nOK Ofi HY K
n Orl a ~ 1 . n , HaH60 n ee a p rYMeHT Hpoe aHH~M Teop e TH4 eC KI1 11 3Kcne p M
MCII T.:JIlbH O FlBI1R CTC A np CAIl01KCHHoe He AaBH o A. M. ba JlAl1HbiM '6' yc no 

BI1C , npl1 BbmOfll~ e rl HI1 t< OToporo MomHO C'-I1-1 TaT b , YTO aAPOHbl Boo6~e. 
11 BHYT\JYl AA e plihle HyKno Hbl B TOM 4 HCJle , YTpa4H Bav.JT CBOIO HHAI'IB H
Ay a nbH OC Tb . T.e. y* e n e p e c TatO T HrpaTb POIlb KS a3M y aCTMLI AA CP HOR 
Ma Te pl1l'1. fI HMeHHo, np c AnonaraCTCA, LI TO AJlfl 3 To r o H€ o 6 XOAI1MO, 
'-I IOON nppCAa4a KBdApaTa 4 eT wp e XC KOpOCTI1 BT OPMLl HO~ ~aCT Mue 6WIla 
He MCH bwe 5. B yn o MAHYT OM 3K c nepHMeHTe~ 3Ta BCJlM4 11Ha, COOT
BeT C T eYlOO\ilR B~ C OI'031 1e pr e f H4CCKOi1 4ac TI1 3apR*e HHblx n HOHOB, MC
nycK~eM~x B 0 6 n aC1 M ~pa rMe H T a 4MM AApa-MI1WeHM, npe B ~wana 5. Ta
KHM o6pa 30M , yme B 1957 r OAY Ha6 nlOAaJlCA Ka4 e CTBeHHO HOBbl~ TMn 
I1BIlIJ HIl i:1 , H3 Y4eH I1 e I<OTOPbIX (TanO OC HOBHblM c OAepma HI>1eM COBpe MeH 
HO ~ p enA T I18 M cTCKO~ RAep Hoi:1 ~M 3I1 KI'I, TaKoMY Bbl BOAY He np OT I1B o pe
4 MT TOT $ d l<T, '-IT O Ha 4 a llbHaR 3HeprHA n p OT OHOB , HHYl4 MHP Y!OCi l<1 X 
B 3 aI1MOAe ~ C TSHe. AaIleKa OT 3 Hep r HI1 n p e Aenb Hoi1 $pa rMeHTa 4 111'1 fl Re p 
f>. I~ r3 B!. KaK nOKa 3 an a HanM3 n po 4ecca a H I~l1 rM11R 4MH e- e+ B a A
POHW , KBapKoB~e CTe n eHM C S060A~ Mor y l n pORSJlAT bCR y~e n pl1 3Ha 
4e l~ I1M 3He p r MI1 -, 0, 6 r 3 B 17 ', 

60 11 b llloe 3 H<l4CHl1e MMen o OTKp blT He B 19 57 rOAY M.I . t'le l4e p RKOBblM 
H COTpYAH~KaMH Rs ne HMR npRMo ro B~6~ Ba HI1R Aei1 T p o HoB ~ 3 aT OM HW X 
RAe p n pO TOHa ~'H C 3 Hep n 1e);1 6 7 5 M3 B '8 / . B 3 TOM 3KcnepHMeHTe n Y40 K 

3 

http:YTpa4HBav.JT
http:3HeprJ.1H
http:MaTepJ.1M


npOTOHOB, nony~eHH~A Ha CM HXp04MKnOTpOHe OM~M, naAan nOo 4epeAHO 
Ha MMWeHM M3 H20 , D2 0, Li , Be M C. CMc Te MoA Ko nnMMaTopOB BblAe 
nRnHCb McnYCKaeM~e nOA yrno M 7,6 0 BTopM4H~e 4aCTM4~, KOTOP ~MH 
B OCHOBHOM 6~nM npOTOH~. n p M 06nY4eHMM Bc ex YKaaaHH~X MMweHeA 
Ha6n~AanMCb n MK M Ae~TpOHOB C MMnynbcoM OKonO 160 0 M3 B/ c, 4TO 
np MMe pHO Ha 30 0 MaB / c npe B~wano MMny nbc AM~paK~MoHHo-paccefl H 

H~X np OTOHO B . AH a nl-1a a KcnepMMeHTanbH~X AaHH~X nOKaaa n , 4TO 
perMcTpHpyeM~e a nnapaTYpo~ Ae~T pOH~ He MOrnH 06pa aOB a TbCR HM 
B pe 3ynb TaTe peaK~MM nOAXBa Ta He AT pOHO B 1-13 RAe p naAa~MMM n po
TOHaMM, HM B CTonKHOBe HMRX nepSM4 HW X npOTOHOB C He AT pOHaMM RApa 
MM weHM. 6~na T aK~e OTBe pr HYTa B03MO*HOCTb B03 HMK HOB e HMR 3 TMX 
AeATpOHOB B 60nee cnO*H~X n p 04e c caX KaCKaAHoro TH na. ABTOp~ 

06HaPY*M n M, 4 TO nMKM B M3Me peHH biX MMM MMnyn bc Hblx cneK Tpax Ae AT
pOHOa 3Ha4MTenb HO WM pe, 4eM nMK, Ha6n~AaeM~~ B ynpyroM pd 
pacceRHMM~.9/. B n peAnono* eHM M, 4 TO 3TO YWMpeH Me o6y cnoa ne HO , 
B oc HOB HOM • pa c n peAen eHMeM no MM nynb c aM KBa 3 MAeHT POHHblX Knac Te
pOB B RApa x, 6~nM nonY4eH~ 04eHKM cpeAHe~ 3Hepr MM ABM*eHMA 3TMX 
Kna c TepOB B HApax n MT MA, 6epMnnMfl, yrn e poAa M KM c n opOAa : 8 , 
11 , 14 M 14 M3 B, COOTse TC TBe HHO , a no c ABMry 3TMX nMKOB OTHO
CMTenbHO Ae ATpoHHor o nMKa OT pd -pacceRHMA - 3~ep rMH caR3H 
K8a3MAeATPoHH~X rpynn B MccneAoBaHH~x HApax; OHM OKa aan MCb CO
OTBeTCTBeHHO paB H~MM 9,5 ; 16,7; 25,2; 20,7 Ma S . 6~na nonY4eHa 
Ta K*e o4eHKa n onHo r o ce4 eHM R B~6MBaHMR Ae~TpOHOB M3 RAep. 
B Aan bHe~weM 6bln", M3Mep e Hbi AM$¢lepe H4MallbHble ce4e HM A Bbl5MBa HMR 
Ae ATpOH OB nOA pa3H~MM yrnaMM B MHTepBa n e 6,5-16° '" 6~na M3Y
4eHa 3aBMCMMOCTb 3 Toro ce4e HMR OT aT OM Ho ro HOMe pa RApa -M Mwe
HM / 10/. TaKMM 05pa30 M, 6bin Aa H M ne pB blA AOC TaT 0 4HO nonHblH Kom 1
4eCT BeHHbl~ aKcnepMMeHTanbHbI~ aHanl13 o6 Hapy*eHHoro R811eH IMI M, 
c n e AOBaTen b HO , ~8neHM~ KnaCTepH3a4MM RAe pHoA Ma Te pMH. 

B 1967 rOAY rpynno~ r. naneBcKoro / 111 B~nonHeH Ha 6pYKxe~8eH
CKOM KOC MOTpOHe aHanOrl14Hbli1 3Kcne p MMeHT, B KOTOPOM npM nOMOlltM 
MarH IHHoro cneKTpOMeTpa \.1CCneA08 a naCb peaK 4 11R p+(A,Z) -.d+p +(A-2,Z-1) 
Ha AApax 4He, aLi, 12C , 160 M Pb npM MMnynbce ne paH4HblX n pOTO-
HOB 1 r3B/c. ~ cnycKaHl1e Ae ~TPoHoB Ha6n~Aanocb nOA yrnaMM 5, 
10 M 15°. ABTOPbl nonY4MnM Ta K*e 04eHKY cpeAHei1 KMHe T M4eCKO~ 
3Hep r MM ABYXHYKnOHH~X KnaC Tep OB B 113Y4 eHH~X RAe pHblX MMweHRX , 
KOTopa R OKa3anaCb B n onHOM COr naCMI1 C 60nee pa HH MMM pe 3yn b Ta Ta
MM O~ll~. 

OTK p bl TMe RBneHMR npRMoro B~6MBaHI1R Ae~TPoHoB BblCOK03 Hepre
TM4eCKMMI1 npOTOHaHI1 M3 a T OMH~X RAep c yllteCTBe HHO cTMMynHpoBano 
MHTepec K MccneAOBaH I1~ CTPYKTYPbI aTOMHblX RAe p. BcneA 3a 3~cne

f121 p l1MeH TaMM a.M. 6noxM H4ee B~ABMHyn KO H4en4M~ 0 cyllteCTBOBa HI1M 
~nYK T ya 4M~ nnOT HOC TI1 RAepHo r o BellteC TBa, KO TOPOi1 cymAeHo 6~no 
B03pOAMT b C~ a SI1Ae TaK Ha3~BaeMO~ ¢nYK ToH Hoi1 MOAenM RAP~ npl1 
o6~R cHe HMM *eCTKoi1 4aC TI1 MMn ynbcHblx c neKTpOB n MOHoa, o6pa30
BaHH~X B KYMyn RTI1BHoi1 ofinaCTM B npOTOH-RAepHblX cOYAape HMRX npM 
3Hep r MRX B HeCKonbKO r 3B/ 13 ( Cn e Aye T TaKme OTMe TlHb, 4TO o5Hapy
meHHbl~l 3$~e KT BnepBble YKa 3an Ha peanbHY~ B03MO*HOC Tb 3Kc nepM 
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MeH Ta nb Ho ro Mccn eAOBaH MA 8 3a MMo Aei1 cT BM R o,q HOBpeMe HHO Tpex aA
POHOB Ha ManblX pa CC TORHMRX. 

naHH~e M.r. MelltepRKoBa M COTpy,qHI1KOB BHOBb 06paTI1nl1 Ha cefiR 
BHM MaHMe B Ha4ane 70-x rOAoB, Ko r Aa nORBl1nMCb nY4 KI1 n e r KI1X p e 
nRTMBMCTCKI1X ~Aep M, B ocofieHHocTM , B CBR 3M C M3Y4eHI1eM KYMynR
H1BHoro 3¢<1leKTa '2 " 

nam'Hei1wl~e pafiO Tbl, Bbln OJ1HeHHbte Ha CMHxpo(\la30T pOHe OM.RM C no
"\OUlb~ 0A ltO nne4eBoro HarHMTHoro c neKT poMeT pa C npOBon 04HbtMI1 MC
KpOB~MM KilMcpaMM Ha nl1Hl111 c 3BM, I1MenM CBoe ~ ~enb~ nOAPofiHoe 
M CI1CT~Ma TI14eCKOe 113Y4eHMe MHKn~3114H~X c neKTpOB 6~CTP~X ,qei1Tpo
HOB 11 npOTOHOB.l1cnYCKaeM~X a CTonKHOBeHI1RX AeA TpOHOB M npOTOHoa 
C pa3nl14liblMM MMweHR~111 (p,d, C,Al,Bi) npM Tpe x 3 Ha 4 eHI1AX MMnynbca 
naAa~lItMx 4aCT114: 4,3; 6,3; 8,9 raB/c '14 - 18 / Xopowee MMnynb cHoe 
pa3pewcliMe cneKTpoMeTpa (L\p/p "'" 2:,0 ,25%) M 60nbwaR CTaT I1C TM I<a 
HaKonneHHuro aKc n epMMeHTanb Horo Ma Tepl1ana AanM B03MO~HOC T b n po
cnLAMl b AeTanM CTpyKTYP~ a~co KoMMnynbcHo~ 4aCTI1 cneKTpa BTOPH4
Hbl X npOTOHOB 11 Ae ilTpoHos 8 MHTepBane nepeAaHH~X I-1MnynbcoB 
0 ,2 ~ I I I _ 0,8 (r3B/c)~ . npM H4MnManbH8R cxeMa MOAM¢1-14I1pOSaH
Ho ro sapMdHTa 3Kc nepMMeHTanbHo~ YCTaHOBKM nOKaaaHa Ha pHc.1 . 
nnA aHanM38 nonY4e HHo~ MH$opMa4 MM n pMsneKanaCb MOAenb MHoro
KpaT Horo AM¢paK4MoHHoro pa c ceRHMR. neno B TOM, 4TO no Mepe ne
pexoA8 OT n pOMe)t{YT o4HbIX 3Hep r MA K BblCOKI1M aAPOH-HYKnOHHOe pac '· 
ceAHMe npM06peTaeT Bce 60n ee AI1~paK4MOHH~~ xapaKTep . npM 3TOM 
yrnoB~c pacnpeAeneHMR pacceRHH~X 4aCTI-14 xapaKTepM3Y~TCR pe3KO 
B~p8*eHHblM MaKCMMYMOM B HsnpaaneHHI1 anepeA . n03TOMY npM n po
XO~AeHI1M aAPOHa 4epe3 RAPO Be pORTHOCTb ero pacceRHMR Ha 3aAa H
H~~ yron 60nee 4eM H8 OAHOM HYKnOHe Mo*e T CTaTb cpaBHMMo A Mn M 
./:Ia*e GOJ1bWe~, 4e M BepOAT HOC T b pac c eR HMR lia 3TOT *e ·yron Ton b KO 
Ha OAHOM HYKnoHe'19.20" npMMeHeHMe TaKoro, cKopee KnaCCM4eCKoro, 
nOAxoAa npOAMK TOBdHO TeM OfiCTORTenbC TBOM, 4TO AnR M3Y4 eH MR 
TOHKMX aQl¢eKTOB , CBR3aHHbiX C npORBneHl1eM aHYTpeH HMX C"TeneHei1 
CBo6oA~ aAPoHoa a AApax, a nepBY~ 04epeAb, Heo6xOAMMO MMeTb 
AOCTaT04HO no n Hoe npeAc TasneHMe 0 RApe KaK MHoroHYKnoHHoA CMC
TeMe. 3TO o c 06eHHO Ba:KHO AnA npoMe~yTo4 Horo MHTepBana 3Hd~eHMA 
nepeAa4M 4eTblpeXCKOpOCTI1, B KOTOPOM, HapRAY C aAPoH-RAepH~M 

B3aMMoAe~CT sMeM Ha YPoBHe KBa3M4acTM4 MorYT npORBnA TbcA M Keap 
KOBble 3~~eKTbl . 

Pa c cMO TpMM n po4e cc KBa311ynpyroro Ic pa3BanoM Ml1weH MI pacceH
HMR npocTeAwMX RAep-AeATpOHOB Ha Aei1TpoHax. B p a MKax MOAen M 
KpaT Hblx HyKn o H-HYKnOHHblX coy,qapeHMi1 3TOT np04ec c cxeMaTM4eCKIo1 
nOKa3a H Ha pMc . 2 . B 4a c THOCT M, M3 pMCY HKa SI1AHO, 4TO B Ksa3M 
yn pyroM Ae~TPOH-Aei1TpOHHOM paCCeRHI1M B03 MomHbI ABYK paTHble HYKJlOH
HYKn OHHble CTOJl KHOBeHI1f1 pa3Horo TMna. 

OKa 3wB aeTcR, 4TO Aei1TpoHbI, Mcn~ TaBWMe KB83Mynpyro e pa cceRH lo1 e 
Ha Aei1TpoHax Bc n eAc TBMe HYKnoH-HY KnOHHblX COYAapeHMA pa3 Hoi1 
Kp aTH6c TM, MMe~T MMnynbc H~e pac npeA e n eHMR C Ma Kc MMYMaMM npM ~a3
nM4H~X 3Ha4eHMRX nOT epM I1Mny n bca. Ta K, ecn", n OTep~ MMnyn bca 
B pacceRHMM, o6ycnoBneHHoM oAH oK paTHblM CTon KHOBe Hl1eM I AMar paM
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yn py r o ro HYK n o H- HYK noHHoro pacceRHHR B ' BM~e CYMM~ 4neHoB, OT
Be4aD~Mx pa3nM4H~M Kpa THocTRM cTonKHoBeHM~ HYKnoHoB. AMnn MTYAa 
ynpyror o HYKno H- HY KnOH Horo pacceRHMR napaMeTpM30Banacb, Ka K 
06b1 4HO, B B"'Ae f(q) =(k a (i + p) / 411) exp(-f3q2/2) , rAe q - nepeAaw 
Hbli1 MMnynbc, k - MMnynbc HaJleTalO~ero HYKnoHa,p=Ref(O)/lmf(O). 
f3 - napa MeT p HaKnOHa ~M$$epeH~",anbHoro ce4eHMR yn pyroro HYKno H
HYKnoHHor o pac ce~ HMA. BapMaHTbI pac 4eToB , OT Me4eHHble ~"'$paMM Ha 
p Mc . 3, OTnM4an"'Cb 3Ha4eHM AMM napa Me Tpa f3 M OTHoweHM~ p. B"'AHo, 
4 TO pe3ynbTa Tbi pac4e To B 6e3 KaKMx- n M6o ~ononHM TenbHblx npeAnono
~eHMi1 	 Ka 4eCTBeHHO BocnpoM 3 BoAAT OCHOBHble oc06eHHoc TM "'3MepeH
H~X pacnpeAeneHM ~ AeHTpoHoB, ~ n03 ToMY o6Hapy~eHHY~ CT PYKTYPY 
eCTeCTBeHHO MH Tepnpe T"' poB aT b KaK npoA BneH~e 3$$eKTa KpaT H~x 
HYKnoH-HYKn oHHblx cOYAapeH~H. 

Pe3ynbTaT~ pa c 4eToB 3aB"'CRT OT Mcnonb30BaHH~X 3Ha4eHM~ napa
MeTpa HaK nOHa A"'$$epeH4Manb Horo ce4eHM~ ynpyroro NN -pa cce fl 
HMR - AnA BapMa HToB 1 '" 2 3 Ha4e HM~ f3 pa3n~4anMCb n p MMe pHO Ha 
20% n pH 6,3 raB/c '" Ha 15% npM 8, 9 raB/c . OTMe THM T aK~e AOBon b
HO BbiCOKYIO 4 YBC TBHTenbHOCTb pe3ynbTa ToB BbI4M'cneHMi1 K 3Ha4eHH~ 
OTHowe HHA peanb Ho~ H MHHMOH 4acTei1 aMnnM TYAbi ynpyroro HYKnO H
HYKnOHHoro pacceflH"'~ Bne peA /TaK, Anfl BapMa HT08 2 H 3 3Ha 4e HM R 
p COCTaBn RnM - 0,43 ~ 0 cooTBeTc T~eHHo/. BcneAcTBHe TaKOH 4YS
CTBHTenb HOCTH pacce~ HHe AeHTpoHo B Ha AeHTpoHax Mo~eT cnY~H T b 

HOB~M He3aBHC MMblM c noc06o M onpeAeneHH~ a6CO~THOH a enH4MHbI OT
HoweHH~ p. n peAnar a eMblH Me TOA OCHOBaH Ha TOM , 4TO AH$$e pe H4Han b
Hoe ce4e H",e np04ecca dd ... dnp B blpa~aeTCfl B BHAe CYMM~ SKnaAOB, 
oTse4 a~~Mx pa 3nM 4HoH KpaTHo c TM pacceflH MR m, '" MHTep$ epeH4Ho HHblX 
4neH0 8 c MHO~MTen~MM THn a (1 +j!- )m 115( TpaAI14"'OHHblM cfloco6oM 
onpeAeneHM R OTHowe HM R p ~Bn~eTCR aHcU1M3 ~aHHbIX no pacc efl HMD 
npoToHoB Ha npoToHa x B o6n acT'" MH Tep$epeH4MM KynoHo8cKoro 
M ~AepHoro B 3a"'Mo~eHcTB"'A. 

B onMCblBaeMbiX 3Kcnep"'MeHTax, nposoAH8WMXC~ Ha CMHXpo$a30Tpo
He OH~H, "' 3Me peHHfl c ne KTpOB BTOPH4 HblX AeHTpoHoS, o6pa3YIO~HxCR 
nOA yrnoM 0, 103 pa~ BO a3aHHo~eHcTBMRX AeH TpoHoB C ~~paMM BOAO
pOAa, Ae~T epMA H yrne poAa npM 8,9 r a B/c, OX8aTbl8anM TaK~e '" 0 6
naCT'" cneKT pOB, 8 KOTopble nonaAanH 8 TopH4Hble AeHTpOHbI, McnblTa B
WHe 6 0nbWYlO nOTeplO MMnynbca, nopAAKa 1 raB/c '" 60nee. OKa3anocb, 
4TO cna6ocB~3a HHa~ flAepHa~ CMCT e Ma AeHTpoHa C AOBonb HO 6onbwOH 
BepORTHOC T b~ TepAeT 3Ha 4HTenbHblH MM nynbc H npM aTOM He paSBa
nM Bae Tc~ Ha oTAenbHble HYKnOH~. ~nA 06D~CHeHMA 3 THX pesynbTa ToB 
no r ny6oKoHeynpyrOMY pacc eRHMIO pen~THBMCTCKHX AeHTpOH08 Ha n po
TOHax nOMHMO BKnaAa pe30 HaHCHo ro MexaHM3Ma 3Toro npo4ecca , Kor 
~a B pe3ynbTaTe MHorOKpaTHoro pacceAH"'A KaapK08 CTanKMBa~MXC~ 
4aCT"'4 B MMweHM-npOTOHe B036Y~Aa~TC~ HYKnOHHble pe30HaHCbI, npMW
nOCb paCCMOTpeTb TaK~e M Hepe30HaHCHblH KBapK- napTOHHblH MeXaHI13M 
B3aI1MOAei1cTBMA, onM C blBa~M~ ynpyroe pacceflHMe HaneTa~~eH 4aC TI1
4b1 Ha KBapKax MMWe HI1 . B 3TMX paC4e Tax 6blno nOKa3aHO, 4TO y~e T 

5%-HOH np "'MeCM weCT"'KBapKoBoi1 KOM nOHeHTbI B aonHoao~ $ YHK4 MM 
~eH T pOHa n pl1BOAI1T K ynY4weHMIO onMc a HMA 3KcnepMMeHTanb HblX AaH HblX 
no r ny60KoHeynpyrOMY AeHT pOH -npOToHHOMY paCCeR HI110 /211 

9 



---

9 

~HTepeCHO~ oco6eHHoc T b~ , oTn~ 4a~~e ~ pacceR H ~e Ae~ T po HoB Ha 

Ae~TpoHax OT npoTo H- Ae RTpoHHor o pacceR H ~R B o6nacT~ n e peAa 4 ~M 

nynbcoB 0,6 -1 ,5 ( r 3B / c) 2 , R SIlAeTC A TO , 4T O, XOT R Ae~ TpOH n p eA 

CTa SIlR e T co6o~ AOBOI1b l~O pblx n y lO C~C T eMY , n pl-1 onpeAeJ1e HH~X ycno

B~AX y n py roe pac ceRH~e S cnY4ae 60M6apA~ pOBKI-1 AeRTpO HOB Ae~TPO

Ha MI-1 OKa3~BaeTC R OTHOCI-1 Te nb HO 6 0nee BepOR THWM , 4eM B CI1Y4 ae 

60M6a PA I-1 POBKI-1 Ae~ T pOHOB n pO TOH3 MI-1 , 3 TO 06ycnoBne HO B03MomHOC TbIO 

pean~3a 41-1 1-1 B c n y 4ae AeA TpOH -Ae~TPOHHoro p aC CeRHI-1R ABY Kp aTH WX 

cOYAapeHI4 ~ Ta Kor o Tl-1l1a, Ko r Aa 06a Ha neTalOlLll-1X Ha Ae~T pOH HY KnOH3 
OAHOBpe MeHHO p accel-1BalOT CR Ka~AwR H3 OA HOM ~ 3 06ol-1 x HYKnOHOB M~

We HI-1 /Al-1a rpa MM 3 r Ha p l-1c. 2/ : TaKoR MexaHM3M y n py r o r o pac ceR HMA 

Ao n YCKa e T B03MO~HOC T b AOC TaT04HO 60n bWMx nepeAa4 I-1Mnynbc a 0 60l-1M 

HYKJlOHaM AeR TpO Ha np l-1 cna6 0 M B03MYlLle H~~1 I4X BHYTp~RAe pHor o OTHO

CI-1 Tenb HOro ABI-1~e H I-1 R . MomHo npeAnonom~ T b , 4TO CY lLl e CTBO Ba Hl-1 e l<paT
HWX cOYAa p e HI-1R Ta Ko ro Tl-1 n a AonmHO np~BOAl-1rb K 060ralLl€HMIO Bepx 

HI-1X Y4aCT KOB c n CKTpOB Ae~T pOHOB M B c n Y4a e AeRTp OH-AAe pHor o 

pa CCCAHI-1R, ~3 - 3a pa CCeRHI-1A Ae ~ T pOHOB Ha r py nna x HYKJlOHOB 8HYT PM 
RApa. 

BWcoKol-1Mnyn bcH~e 4 aCT M c n eK TpOB AeR TpOHOB OT MX paCCeRHI-1A Ha 

RApax yr nepOAa npM 3Ha 4e HI1RX Ha4a n bH biX MM ny Ilb COB 6 , 3 11 8,9 r 38/C 
n pl1BeAe Hbl Ha p~1c. 4 ' 17 ; c Tp en K aM~ n OKa3a Hbi 3 H<J 4e l-HoHl l--iM n ynbcoB, Bbl

4I1CJ~H HWe 113 KMHeMa TI1 K ~ yn pyr~x p ac c eR HI1R Ae~TpOHO B Ha RApax 

BOnOpOAa , AeM Tc p MR M y rne p oAa . B~A HO ) 4TO, Ae ~C T BI-1Ten b HO, MaK

CI-1 MYMbl 3TI-1X c n eKTpOB 3a Me THO CABMHYTbl K BepXHMt~ rpaHI14aM cneKT

pOB OTHO CI1Tellb"IO nOllomeH~R n MKOB, COOTBCTCT8YIOlLll-1X yn pyr ol~Y ACI1T

pOH-n p OTOHHOMY paC C€R HI1 IO. W T P I-1 XOB~ MI-1 KPI1B~MM Ha pl1c. 4 nOKB3aHW 
pe3ynb TaTbl paC4eTOB, BW I1 0 nHe HHbiX 8 paMKax MOAeI1~1 MHorOKpaTHoro 

p acc eAHMA, B npCAnOn O)l(CHI-111, 4 TO Bb16MBaeMbl€ ..13 l'lApa HaIle ra~MM 

AeATpO HOM HYKJ10H~ H~KaK He KoppenM pnBaH ~ M He 8 3aMMOAeGcTBYlOT 
B KO H€4 HOM COCT{)A HMI1 Me)!{AY c06o fi . B~A HO. 4TO J1MCCTCA 60nb woe 
paCXO)l(AeHMe C 3KCnepl1MeHTan bHWMI-1 AaHH~MM, OC06CHHO 8 06naC TM Ma 
nwx nO Tepb I-1MnyI1b c a . 

Ha6n1OAeHH~e ~MnynbcH~e pac npeA€neH~A PQCCCAH H~X Aefi TpOHUB 

YAae TCR llY4we 80cnpOM 3 Be CT~ Ha OCHOB€ npCAnOnO)HeHI-1R, 4TO q aCTb 

HyKIlO HOB, Bw6 MT WX AeM TpOHaM I-1 M3 RA Pa, B~ne T aeT B CBR3aliHOM CO 

C TORHM~, B B~AC RAe p Ae~Tep I-1R, TPI1THR ~ T.n. ; 3TOT BapMBHT pac
48 TOB n OKa3aH Ha p Hc .4 cnnOWHWMH KP H8WM M / OTMe THM, 4TO OnMcaHMe 

3 Kc ne p~MeHT anbH~X AaHH~x B c nY4ae p a c ceRHMR Ae~TpOHOB Ha 60nee 

TA~en~x RApa x /an~MHHM ~, BI-1 CMY1/ RBnAeTCR MeHee YnOBnelaop~Ten b
HWM, ~ OKOH4 a Te hbHaR M HTe pnpeT a~ ~R 3 T ~X p e3ynb TaToB rpe6yeT 

AaJlbHe~Wero pa3BI1 TMR Te OpeT I-1 4 eCKI-1X n peAC TaB n eHI1R 0 B3a~ MOAeRc T
B~IM MHo r OHYl<nOH HblX CHCTeM / . HeKOTopoe n peB bl WeH J1e 3 Kc n epMMe ltTanb

HO Ha6n1OAaeMO~ BblcoKoHMnynbcHO~ 4 a CTI-1 B TO p~4 HbIX Ae~ TpOHO B OT 

p eaK 41-1 11 d+C -+ d ~X n p l1 6,3 H 8 ,9 r 3 B/c HaA pe3Yflb T aTal~1-1 Teo 

peH14e CKo ro a Hanl1 3a Mom HO Ha Ae RTb CR KOM neHCl-1pOB aTt, pa BHblM o 6pa

30M Ka K n OA60pOM Gone e paQ>M H l1 pOB al~HbIX RAepHbl X MOAen ei'r M cn oc o

6 0B Y4eTa pellA T I-1 B ~C TCK I-1 X 3Q>Q>eKTOB, TaK M n peA no n OMH B H an l-1 4~e 
BHYTPI1 AApa - MI1We HI-1 WeC Tl-1 l<Ba p KOBblX np ~Mece~ i 1 " n OcneA He e He npo

5.8 6.0 6.2 
p,f3B /c 

8!,l,=103MP a,n 

u 
po==6.3f'3 b/c po"8.9 f sB / c lDZ lco 

(r) 
L. rl50 60 
0
U 

~N ~~ 
-c 

8.2 8,6 as 

PIiC. 4. CneKTpbl Ae l lTp OHOB, I1cnYlI1eHHbIX n OA YT'nOM 103 MP a,Q 

B c OYAapem,mx Ae MT p o HoB C ll.Ap aMli yr.ll epoAa n p H 6, 3 
Ii 8 ,9 '['3BI c. C1'peJIKa~nf YKa3a llbl 3 l!a"l eHfUl I1MnynbcoB , co

OTBe TCT BYlOlLlHe KTHl e Ma TI1Ke ynp y roro paC Ce.l'Ul I111. Ae il Tp OlJOB 

ll a ll.Apax BOAo p OAa, Ae liTe p l1H Ii yrJlepOA a . KPI1BblMl1 f1 0 l{ ~ 

3 8 1-Ib1 p e 3YJ1b T8Tbl p a cele TOB B p a MKax Mo p; e m1 MHOrOKp a TflOrO 

HYlUlO H-HYKJ10 HllO T'O paccemUlR 6e3 yqeTa IUITPI1XOBblC K p HBblel 

11 c YQe TO l>l I Cn nOIDHbie Kpl1B ble I npeAn OnOlKBHI1H , '-lTO 'Ia CTb 
liYK IJOHOB , 13bI6 J.l TbIX ,neHTpOH8M11 1i3 R,np a, I1 CnYCKae TCll. 
B CBRS8HHOM COC TORH I1I1. 

TM Bope4~T PRA Y AP y r I-1X, nOABI4BWI1XC R He AaBHO, 3KCnep11Me H TanbH~X 
Aa HHblX /Ha n p l-1Mep ,122/ / M, B n pI-1 H414 ne, B0 3MOlKHO no KpMTep~1O ne

p eAa 41-1 4 eTblpe x c KOpOCT I-1. TCM He Me Hee, OKOH4 a TenbHbl~ BblBOA no 

.n a HHOMY BOn pocy Mom HO 6YAeT CAe na T b Ha OC H oaaHM~ 60n e e 60raToR , 
4 e M I1 HK n lO3 1-1 BHble cneKTpw , 3Kcne p ~Me H TanbHO~ ~HQ>opMa4 ~M . B 4aCT

HOCTM, cneAye T C41-1 TaTb n epCne KT 1-1 8 Hb)MI-1 8 3T oR C B A3~ Kop penA

,-\ MO HHble 3 KCnep 14 Me HT bl, B KOTOP bl X , HapAAY C I-1Mnyn b cHblMI1 pacn pe 

AeI1e HMAM I1 penRT MB~C TC K I1X 4 a CT1-1 4 . ~cnycKaeM~X Bnepe A , 113MepRIOT CA 
KMHe MaTI14eCK14 e xapaKTe p l1C THKI1 601lee Me Ane HHblX conYTc TBY~lLl I1X 

a APOHOB, ~cnyc KaeMblX B WI1 POKOM HHT e p Bane yrnoB OTHOC I-1 TenbHO 
n Y4Ka n epB I-1 4Hbl X 4aCT1-14 . 

B HacToRlLlee Bp e MA CQ3Aa eT CR, 8 TOM 41-1Cne M B OHR H, PRA 3 Kcne

p MMeH TanbHblX YCTa H080 K /CM., Hanpl4Me p, p~c . 1/, 061laAatOlLll1x TaKO
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ro pOAa B03MomHOCTR M~ . C HX nOMO~b~ MomHO 6 YAe T H3AeRTbCR BHeC T ~ 

on peAene HHY~ RCHOCTb B 3aTpar HBaeMY~ 3AeCb np06neMY . 
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Jla .. "P,1TK~"; 1l6;tnp ll<r ncpUMCHTaJlbI1...X pa60T . 8 KOTOpWX 113y~anl1c" cneKT
pbt nI10"'''A, npOTo"lIOl 11 A" •• IpOlltlll, ,.cnYCKaeMblX MOA Oa3H...,..11 yrna,..11 8 I1HTep8aJ1e 
AO 30" 11 npl1 '10" 1111111111011 • .. COYAllpeHl1nx npOTOH08 C 3Hepnle"; 670 H3B. a TaK 
lICe npl:>r0>108 11 A'!~ lJ)I)t'OIi l; ",..nynbCO,", It. 3; 6, J 11 8 .9 r3B/c c pa3JlI1~H"'M" RA 
pa,.... (H. 0, Li. B,', C. Q, III. Cll, Pb. Bi, U). B 3TI1X I1C(;.J1eAOaaHI1~X onepsble 
6111no 06H.Jpy.eHO 11 npOaHan"JI1POBIIHO RaneHl1e npR...oro a~l1aaHI1R Ae";TpoHOB 
I1b1COK03I't:prl-1~H,.'MI1 npoTol'''''''''. B CT a flte onl1ca...... pe3ynbTaTbI I1cCJle,qoaaHI-111 111' 
KJl031-18HWX cneKIo08 Ael1TpOHOB .. npoToH08, OCH08Hwe oc06eHHocTI-1 KOTOP~X 

YAoaneT80pl1'eJlbHQ 80CnP0l13aoART~ B paMKax MOAenl1 M"orOKpaTlioro AI1~paK4"oH 

Horo NN -paCCellt;I1A. npl1BeAeH.bI Ta>OMe pe3ynbTaTbI aHanl-13a cneKTpoa Heynpyro
paCCeRHHbtX Ae",rpoHoB Ha OCHoaa",,,," K8ap K-naPToHHoro MeXaHI13Ma 83aI-1MoAe";cT
811" . 3Kcnepl.MeHTaIlbH.........Hep"'an 'lOnY4eH Ha 6-MeTP080M CI-1t-tX,P04I-1KSlOTpOHe 0l1SB1 
npl-1 nOM~11 MarHI1THOrO cne~TpoMeTpa c TeneCKonoM ~3 C4I1HTl-1nnR~110HH~X C4eT
411KOB 1-1 Ha Cl-1HxpO$a30TpOHe OI1RI1 c nOM~b~ OAHonne4eBoro ,..arHI1THorO cneKT 
pOMeTpa c npoBono4HWM'" "CKp08~MI1 ~aMepaM~ . 

Pa60T a BWnOJlHeHa B 11a6.opaTOPI1I1 8bl4..cnI1TenbHO':; TeXHI1KI-1 .. aBTOMaTI3a~,," 
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nepeBOA aBTcpOB 

ALhglrey L S., Sl owinski B. 	 01 -85-618 
Scattering of Relativ istic Protons and Deuterons 
from Atomic Nuc lei 

The paper reviel-Is briefly the experiments in whiCh momentum spectra of 
pions, protons and deuterons emitted at different angles in the interval 
up to 30' and at 900 (p ions only) in the collisions of protons with an 
energy of 670 MeV as well as protons and deuterons with a momentum of 4.3. 
6.3 and 8.9 GeV/c from various atomic nuc lei (H, 0, LI. Be, C. AI. Cu, Pb, 
Bi. U) are st~died. These experiments were the First in which direct 
knocking-out of deuterons induced by high-energy protons has been found our 
and analysed . The results 01 invesligiHion of Inclusive proton and deuteron 
spectra the main r~atures of which are reproduced satisfactorily within 
the multiple NN diffraction scattering mode l are described. There are also 
quoted Lhe resUlts of analysis of Inelastic scettered deuteron spectra 
wltnin tha q~ark-parton interaction picture. The experimental data have been 
obtained at the JINR 6 meter synchrocyclotron using the magnetic spectrome
ter with a telescope of scinti ll ation counters and at the JINR synchropha
sotron using the one-arm magnetic spectrometer with wire spark chambers. 

The investigation has been performed at the laboratory of Computing 
Techniques and Automation, J IN R. 
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