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l.BaeaeHHe 

3TOT KOHrpecc fiOCBlUUeH 30-neTHIO OTKpblT_HH HCKyCCTBeHHOl! p8JJ.H8KTHBHOCTH 38Me

'18TenbH blMH <P_pBHUY3CKHMH yqeHblMH <t>peaepHKOM H Vlp3H )KonHo-KIOpH. 3a npoWeJJ.lJJHe 

rO.Obl 9T0' SIBII9HH9 BC9CTOpOHH 8 H3YliBHO. Q llOCII9.0HHX .QOCTH>KBHHSIX B o6naCTH KCCII9.llOB8-

HHH CBO'iCTB p8/J.H08KTHBHblX HJJ.ep Mbl MHOrO Y3H8nH H3 C006!UeHHQ HS HBCTOH!UeM KOH-

rpecce, KOTOpbti:t cerO.UHH 38K8Ht{H889TCSI. 

noJJ.rOT8BnHB8H JJ.OKnBJJ., HSM XOTenOCb, fiOMHMO 06Cy>KJJ.eHKH OG06eHHOCTel! pe8KUKA 

M9>K.llY CnO>KHbiMH R.Up8MH, OC060 OCT8HOBHTbCSI H8 HCllOIIb30B8HHH TSDK91IbiX HOHOB B KS-

'leCTBe CpeJJ.CTB8 JJ.nH JJ.BnbHel!!llero HCCneJJ.OBSHHH HCKYCCTBeHHOl! p8JJ.H08KTHBHOCTH. 

!. 06naCTb HJJ.epHOl! ¢R3HKH, KOTOpag HCCneayeT B38HMOJJ.el!CTBHe Me>KJJ.y CnO>KHblMH HJJ.pa · 

MH, Cy!UeCTByeT y>Ke 15 neT. nsTH8JJ.U8Tb neT H838JJ. fiOHBHnHCb pa60Tbl, fiOCBH!UeHHbl" 

H3y'leHHIO OCHOBHblX OC06eHHOCTel! B38HMOJJ.el!CTBKH TH>KenhiX HOHOB C HJJ.pBMif. HBJJ.O CKB-

38Th, l.ITO nepBbl9 flOITbiTKH nonytteHRSI nyttKOB TSIJKf:llbiX 1.18CTHU OTHOCHTCH K 6onee p8HHe-

MY speMeHH. B 1940 roay Anbsapeu nony'IKn ny'IOK Ro~oa C12 
c aHeprHeA 50 ~aa. 

V!HTeHCHBHOCTb COCTBBnHnB BCero JQ YceK/1/ • 3TO 6binO HeJJ.OCTSTO'IHO JJ.nH npoBeJJ.eHHH 

CKOnb-HR6yJJ.b Cepbe3HblX HCCneJJ.OB8HHl! HJJ.epHblX peSKUHl!. J1 nocneJJ.yiO!UHe rOJJ.bl TeXHHK8 

yCKOpeHHH TH>KenbiX HOHOB 6b!CTpO p 83BHB8n8Cb. nepBOH8'18nbHO HCfiOnb30B8nlfCb 06bl'IHbl e 

UHKnOTpOHbl, fiOCTpOeHHble JJ.nH yCKOpeHKH nerKHX '18CTKU (p, d, a ) • .Llns nony'leHHH 

ny'IKOB MHOrOKpBTHO-aaps>KeHHb!X HOHOB ( +6 C12 ;oNI<;t''I:J16
) npHMeHHnCH H3BeCTHb!l! MeTOJJ. 

yCKOpeHHH HS KpBTHblX rapMOHHKSX ( CM., HBfipKMep/
21 , TBM >Ke JJ.BHbl CCbtnKK HS 6onee 

paHHKe pa6oThtl. XoTH TBKHe ny'IKH He o6naaanH BhiCOKRMR napaMeTpBMH (KHTeHCHBHOCTb -

He 6onbW9 0,} MK8 1 3H8'1HT91IbH8H "p83M838HHOCTb, llO 8HeprHH), T9M H9 ~d9Hee 6btll npo

B9.ll9H PH.Il. aKcnepHM9HTOB no BbHtcHeHHIO KaqecTBBHHbiX oco5eaaocTeA saaHMo.neAcTBHH 

CnO>KHbiX HJJ.ep (a /
3-

41 
JJ.BHbl 0630pbl pa6oT, BblfiOnHeHHblX K J96Q roay). 

B Te'!eHHe nocneJJ.HKX aecsTif neT nosalfnlfCb ycKopKTenK (nKHel!Hbie H UKKnH'!eCKHe), 

cneulfanbHO npeJJ.HB3HB'IeHHbie ans nony'leHKH ny'IKOB Tll>KenhiX HOHOB. B na6opaTopKK 

llJJ.epHblX p eBKUKA Cel!'IBC JJ.e'iCTByiOT JJ.BB UHKnOTpOH8 Tll>KenbiX HOHOB C JJ.RSMeTpOM noniO

COB 3JQ H J5Q CM. Ha nepBOM 1{3 HHX RCnOnb3yeTCl1 BHyTpeHHRli, HS BTOpOM - Bb!BeJJ.eHHbll! 

nyqoK. B Ta6nRue I npKaeaeHbt napaMeTpbi ny'IKOB Tll>KenhiX ROHOB, KOTOpbie RMeiOTCH 

B pacnopH>KeHKH ¢H3HKOB .Lly6Hh!. 
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YloH E (M as) I (MKa) UHKnoTpoH 

+<c'~ I 80 7 - 11 Y-150 

+3N" 100 7- II Y-150 

+ :• 01 6 I 
110 5 - 7 Y-150 

+"1310 
70 100 Y-300 

+a o'• 113 80 Y-300 
+4 liO 

Ne 14 0 50 Y-300 

+a Si~ 200 10 Y-300 

+• Ar 
40 

300 5 Y-300 

40 
HAr 300 2 Y-300 

HeMOHOxpOM<&T>P.!HOCTb BHyTpeHHHX ny'IKOB He npeBhtwaeT 3% . Dns BhiBe.neHHhiX ny'IKOB 

a T8 UHcjJpa M9HbW9 . ~biCOK8!1 HHT9HCHBHOCTb ny'IKOB TH>K e nbiX HOHOB n03BOn!leT cjJH3HK8M 

-33 2 
Dy6Hbi H3y'I8Tb npoueccbt, H.llYIJ.lHe c nonepe'IHbiMH ce '! eHHH .no 10 eM • 

B CWA, a Y!enbCKOM H KanH cjJOpHHl!CKOM YHHBepcHTeTax, pa6oTaiOT nHHel!Hhie y c KOpH

Tene T!I>KenhiX HOHOB. 3HeprHH ny'IKOB a THX ycKopHTeneit ( 10 Maa/ HyKnOH) HeCKOflbKO 

Bhtwe, '!eM Ha UHKnoTpoHe Y-300 B Dy6He, XOT!I no HHTeHCHBHOCTHM nHHeAHbte ycKopHTenH 

ycTynaiOT .ny6HeHCKOMy. Ha aTHX ycTSHOBKBX BbtnonHeHa cepH.!I pa6oT, .naawHx aecbM a 

B8>KHbl9 pe3yflbT8Tbl 1 K8K flO H CCnenOOBH H lO M9X8H if 3MOB pe8KUHA., T8K H no CHHT93Y 1-lOBbiX 

!!Llep. n oao6Hbll! ycKOpH Ten b coopy>KB9TC!I B AHrnHH, B MaH'!ecTepe . 

B p !!Lle n a 6opaTOpHil HMeiOTC!I 6 onee cKpOM Hble ycKopHTenH T!I>KenhiX HOHOB . B n o

cneLlHHe r oLl hi 6 htnH C03ilBHbl reH e pa Tophi BaH - a e-rpa acjJa TBHLl9MH o r o THna, no3aon11IO-

1UH9 rtpO B O.!l.H.Tb npeu H 3 HOHHbl9 Oll biTbl C nyYKBM I-1 TSI>K91lb1X HOHOB C 3HeprHeA B tl9CK01lbKO 

.nec!ITKOB Mas . 

/V\Q>KH O CK 838Tb, t.{T Q :3 KcnepHM9HT8nbH8H 6838 ¢ H3HKH TSI >K9n biX H OH OB .QOCT8 T O "'H O 

Cepb93HB. DanbHeOw ee ee p83BHTHe 6y.lleT, 0'19BHilHO, HilTH KBK no nHHHH YB9flH'I€HH!I 

3HeprHH H HHT9HCHBH OC TK ttaCTHU, T 8K H n o 1IlfHHH p 83BHTIHI M9TO.llOB YCKOpeHHH ewe 

6onee T!I>I<enhiX !!Llep. H a e 6onee cywecTaeHH hJM npeacTaBn!leTC!I p a3pa6oTK8 MeTo.noa 

YCKOp9HH51 BCe 6on ee T51}1(91lblX \f8CTHU a VfHT9HCHBHOC TH HM 9K>WHXCSI nyt~KOB .OOCT8 TO \fH O 

BbiCOKH LlTI!I H3Y'I9HH!I 0'19Hb p9LlKHX npOU9CCOB , 8 npBKTHKe HBWeA n a 6op8TOpHH Mbl 'IBCTO 

C T81IKUB 89MC SI C T 9 X HH1.{9CK OA Tpy.llHO C TblO Hc n onb30B8HHR Ma KC HM81lbH OA: HHT 9 H C H. BH OCTH TOK8. 

B p!!Lle aKcnepHMeHTOB 3TO npocTo He y.naeTc!l c.nenaTb. ~MecTe c -eM 1nony'leHHe aoa-
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MO>KHOCTH pa60T8Tb C 6onee T! 

'19CTBeHHO HOBbiM peaynbT8T8M 

ae HOBbiX H30Tonoa. He HcKniO· 

B.llep TeCHO CB!I38H8 C y CKOp eH 

2. PeaKuHH Me>I<ay cno>1<1 

Dns Tor o, 'IT06bt Harns.nJ 

CTBHSI TSUKBnbiX HOHOB C B.llf 

c.nenau, HO a oaMo>KeH. DonycT 

B.llep-npo.llyKTOB p eBKUHJ! M9>Kt 

CKHA 6Bpbep). nony'!eHHbiJ! CnE 

MYM npe A
1 

a -20 , BTopoll r 

Dn!l onpe.nen eHHOC TH CKS>KeM, 

coaoe pacnpe.neneHee, OTpa>Ka• 

npe .llSneKHX Coy.napeHHH 

HOCTH, HMeeT M9CTO XynOHOBCK 

nepBbiX .llByX MBKCHMYMOB, ¢< 

B p eayn hTBTe KOTOpbiX nOHBflltK 

npoHCXO.ll!IT npe nepu<tJepeqecKH 

TpeTHJ! M8KCHMYM o6saaH 

'!epe3 CTB.llHIO KOMnByH.ll-H.llp8 

nony'I89M nHK, M8KCHMyM KOTOJ 

noHoa. 

0'!9BH.llHO cyweCTBYIOT 6c 

aoa6y>K.lleHHeM sapa H c nocm 

TO'IHO TH>KenbiX MHWeHeA (npHl 

UHH 6y.neT .neneHHe saep. t:l c 1 

KaK BH.llHTe, KSpTHHa .llOI 

H3Y'I9HH!I B38HMO.ll9l!CTBH!I CflO> 

nbiTBeTC!I yCT8HOBRTb npH'IHHbl 

8B TOM06HneA, 

HcHo, 'ITO cjJH3HKa TH>Ken J 

peBKUHA, KOTOpbie H3Y'IMHCb C 

Kpyr aa.na'l, HanpaaneHH' 

nocne.llHll!l KOHcjJepeHUH!I 



Y-150 

Y-150 

Y-150 

Y-300 

Y-300 

Y-300 

Y-300 

Y-300 

Y-300 

b, JlnH BbiBe,aeHHbiX ny'IKOB 

X HOHOB ll03BOnReT ~H3HK8M 

.00 10-33
cM

2• 

•x, pa60T810T nHHeAHbie yCKOpH-

1 M3BIHyKnOH) HeCKOnbKO 

BHOCTHM nHHeAHbie YCKOpHTenH 

HR p a60T, ,08BWHX aeCbM8 

{UKA, T8K H no CHHT93Y HOBblX 

J\.lecTepe. 

·en H TH>KenhiX H OH OB. B n o -

·aH,o,eM Horo THna, no3aonsuo-

JHOB C 9HeprHe~ B H9C KOnhKO 

TSI>KenhiX HOHOB .QOCTB T OY.H O 

K8K no nHHHH yeenH~eH HSI 

MeTO.OOB yCKOpeHH>t ewe 

ReTCH p aapa6oTK8 MeTo .aoa 

>WHXCSI nyqKOB ,O,OCT8 TO Y.H O 

H8Weil n a60p8TOpH11 Mbl '! 8CTO 

~CHMBnbHOA HHTe HCIIBHOC TII TOK8. 

MO>KHOCTH pa60T8Tb C 6onee TH>Ken&IMH HOH8MH, qeM HMeiOLUH.IilCH , MO>KeT npHBeCTH K KS

'!eCTBeHHO HOBbiM peaynbT8T8M K8K B HCCne.OOB8HHHX MeX8HH3MOB pe8KUHA 0 T8K H B CHHTe-

3e HOBbiX H30Tonoa. He HcKniO'IeHo, 'ITO nepcneKTHBB nonyqeHHH .aaneKHX TpaHcypaHOBbiX 

H.Oep TeCHO CBH38H8 C yCKOpeHHeM CBepXTH>KenbiX HOHOB, T8KHX K8K KCeHoH-ypBH, 

2. PeaKUHH Me>K.ay cno>KHbiMH H.apaMK oTnK'IBIOTCH 6onbWHM MHoroo6paaHeM, 

JlnH TOro, 'IT06bl HarnH.OHO npe.OCT8BHTb ce6e H860p p83nH'IHbiX THllOB B38HMO.Oell-

CTBHH TH>K9n hJX H OH OB C H.Op8MH 0 p8CCMOTpHM peaynbT8Tbl Ollb1T8 0 KOTOpbiA eiUe He 

c.aenan, no B 03MO>Ken. JlonycTHM, 'ITO Mbl npoaene Macc-cneKTpocKonH'ieC KHll a nanKa 

H.ae p -npo.ayKTOB pe a KuKA Me>K.ay Ni 68 
H Ne 

20 
( c 3HepraeA, npeB&IWBIOIUeA Kyn o Hoa

CKHll 6apbep), nony'ieHHblll cneKTp co.aep>KHT TpH WHpOKHX llHKB: nepBblll HMeeT M8KCH-

• TaKoe Mac-

COBOe pacnpe.aeneHHe, OTp8>K8eT OCHOBHble THllbl B38HMO.ael!CTBHH CnO>KHbiX H.aep, 

npH .aaneKHX coy.aapeHHSIX npoHCXO.OHT ynpyroe H Heynpyroe pacceSIHHe HOH8, B 'i8CT
! 

HOCTH, HMeeT MeCTO KynoHOBCKOe B036y>K.aeHHe. 3TH npoueccbl onpe.aenl!IOT nono>KeHHe 

nepBbiX .OBYX M8KCHMYMOB, ¢OpM8 3THX llHKOB CBH38H8 C pe8KUHHMH nepe.a&'iH HyKnOHOB, 

B pe3ynbT8Te KOTOpbiX llOliBnliiOTCll li.Op8 C M8CC8MH, 6nH3KHMH K HCXO.OHbiM, 3TH peBKUHH 

npOHCXO.OHT npH nepH~epH'IeCKHX COy,aapeHHHX. 

TpeTHll M8KCHMYM o6SI38H coaepweHHO HHOMY MeX8HH3MY -peaKURliM, npo:neKBIOIUHM 

'iepe3 CT8.£1HIO KOMnayH.a-H.apa C M8CCOl! A
1 

+ ·A
2 

• J:l pe3)';nbT8Te HCnapeHHSI 'i8CTHU Mbl 

nonyqaeM llHK, M8KCHMYM KOTOporo C.OBHHYT OTHOCHTenbHO A I+ A 2 

noHoa. 

H8 HeCKOnbKO HyK-

QqeaH.aHo cymecTBYIOT 6onee cno>KHble npouecc&I, HanpHMep, nepe.aa<~a HyKnoHOB c 

B036y>K.aeHHeM li.Op8 H C nocne.ayiOIUHM npoueCCOM HcnapeHHll. npH HCnOnb30B8HRH .OOCT8'7" 

TO'IHO TSI>KenbiX MHWeHeA (npHMepHO, H8'1HH8ll C pe.OKHX 3eMenb), O.OHHM H3 K8H8nOB peaK

UHH 6y.aeT .aeneHHe H.aep. J::S cneKTpe Mace noaTOMY nol!BHTCH naK npH A• • \S•:( A
1

+A
2
). 

KaK BH.OHTe, KBpTHHa .aoaonbHO aanyTaHHBH. npo~. ApuHMOBH'i, roaopll o aa.aa<~e 

H3y'ieHHH B38HMO.aeACTBHll CnO>KHbiX li.Oep, Cp8BHHBM ee C Tpy.aoM KpHMHH8nHCT'8 0 KOTOpbiA 

llbJTBeTCSI yCT8HOBHTb npH'iHHbl H .aeT8nH 8BTOM06HnbHOll K8T8CTpOitJbl, HCCne.ayll o6nOMKH 

8BTOM06HneA. 

.HCH0 0 'iTO ltJH3HK8 Tli>Ken&IX HOHOB OXB8TbiB8eT Up8KTH'IeCKH BCe 8CUeKTbl SI,OepHbi X 

pe8KUHA, KOTOpbie H3y'i8nHCb C HCnOnb30B8HHeM nerKHX '18CTHU. 

Kpyr aa.aa'i, HanpaaneHHll, <~Keno Hccne.aoaaTenell a.aecb nocTOliHHO pacwHplleTCll, 

nocne.aHllll KOH~epeHUHll no peaKUHliM Me>K.ay cno>KHbiMH ll.apaMH a AaHnoMape 
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npO.ll8MOHCTpHpO.BBna, KBK HBM K8.>K9TCH t HOBYlO T8Htl8HUHIO 8 KCCneLl,088HHRX C TSDKenbiMH 

HOH8MH. 06U.Ule · qepTbl B38HMO.ll81lCTBHSI ceA,qac 6onee HflH M8H89 RCHhl 1 K8"18CTB9HHbl9 

XBpBKTBplleTIIKH yeTBHOB/lBHbl. 

C n eAyJOwHll aTan - nony'leHRe .llBTB/lbHbiX KOilH 'IeeTBeHHhiX .llBHHhiX, Henonb30BBHHe 

HOBbiX B03MO>KHOeTell .ll/111 nonyqeHH!I op!H'HHB/lbHOil HH¢opMBUHH o !!Ape. TaKoll llO.llXO.ll 

H8M8"189TCS1 BO BC8X H8Up8BJ18HHSIX Q:lH3HKH TSDK8JlbJX HOHOB . 

8 aTOM o6aope Mbl KOeHeMeSI TO/lbKO Tpex p83.lle/lOB cpH:J<KH pBliKUHli Me>K.llY e/lO>KHbi

Mll SIAPBMK . Mbl paeeMOTpHM peaKUHH nepe.llB'IH, CllHSIHKSI H KOHe'IHblB Sl.llpa-npo.~:~yKTbl , 

ellBUKtPH'IHb!e .llllSI peBKUHl\ llO.ll )lelteTBHeM T!I>Ke/lb!X HOHOB. 

n. PeaKUHK nepe.llB'IH HyKnoHoB 

1. PeaKuHH nepe.llB'IH HyKnOHOB paablrpblaaJOTCSI a .llH<P<PyaHOM enoe Sl.llpa. noaToMy 

e TO'IKH 3peHHSI 110/ly'IBHH·SI Sl.llBpHOll HHcpOpMBUHH Mbl enpaee O>KK.llBTb, 'ITO HCellB.llOBBHHe 

TliKHX peBKUHll ABeT HOBble eBeAeHIHJ 0 Sl)lepHO~ llOBepXHOeTH . noKB qTQ HBH60/1BB KO/lH'Ie

eTBeHHb!ll llO.llXO.ll B aTOM eMbJe/lB yABeTCSI oeyweeTBHTb B enyqae B3BKMO.lleilCTBH!I !!.llBp 

c aHeprKeA HK>Ke KynoHoeeKoro 6apbepa. HaH6onee eepOSITHbiMH KBHB/lBMK peaKuKA nepe

.llB'IK npK TBKHX aHeprHSIX !!BilSIJOTeSI npoueeebl nepe.llB'IH O.llHOro HyKnoHa. Cellqae MO>KHO 

CllHT8Tb BblHCH9HHbi~, l{TO M9X8HH3M 3THX peBKUHA npH no.a5apb9pHbiX 3HeprHHX xopd wo 

/5-JO/ 
onKehJeaeTeSI nonyKnaeeHqeeKoll TeopneA 6pel!Ta 11 eOTP,Y AHUKOB • Teopi!SI npe.llnona-

raeT, 'ITO Sl.llpB .llO peBKUIIH H noene .llBK>KyTC!I 110 K/lBeel!'leeKHM peaepcpOp.llOBCKHM TpOeK-

TO(:H SIM, Sl.llBpHble noeepxHoeTH He eonpHKliCBJOTeR; nepexo.ll HYKilOHB 113 S!Apa a Sl.llpo oey

wee T BilSIBTeSI nyTeM TyHHB/lbKOI'O acpcpeKTa . TeopHSI ABeT BKB/lH TII'IBeKne Bb!pa>KeHIISI 

)l/lSI .lllfcpcpepeHUKB/lbKOI'O K 110/lHOI'O llOllBpB'IHbiX ee 'IBHIIll p eliKUHII nepB.llli'IH HeilTpOHB. 

B onpe.lleneHHhiX ynpow a JOwux npeAnono>KeHH SI X nonyq eHo e n eAyJOwee Bbipa>KeHHe AilS! 

non Hero ceqeHHR: 

I'.llB A 

SI,UBp, 

A~ 
u · ~ ----.--

S(aa"A.\1 

Rl Rs. I· exp { y 'ZAI --r-[(R, + R 2 )B:. < 

(l + :a R 1 Xl +a-R ~) 

E - - ~ Ea 
(1- ~) + ( R

1 
+ R 2 )· B" • {1 - -)II 

E E 

- npiiBB.lleHHll!l .llllKHa BO/lHbi .llllSI nepe.llaeaeMoro Hel!TpOHa1R 1 , R2 - pa.llKyebl 

B - aHeprKSI eBSI3K Hel\TpOHB , E B - KYilOHOBeKHli 6apbep a a (~ ,~ 
n 1i 2 • 

CKMBO/lbl e qepToli OTHOe!!TeSI K KOHeqHoli eKeTeMe. A6eonJOTHBSI eenH'IKHB eeqeHKSI 

onp&.=tenHeTCSI npOH3B 8 .£l9HH9M npHB9.0.9HHblX WHpHH H9liTpOH8 .O.nH .llBYX H.ll9p - OT.ll810-

W Q.,... n H OpHHHM810W9rO H9H:Tp0H (_1_) 
.\'X 

TaKHM o6paaoM , HaMepeHHe nonHero cetteHHH 

6 

II' 

.llBOT enoeo6 onpeAeneHHSI n 

HOlt BB/lH'IKHbl AilS! TeOpKK II. 

liM 

Cel\qae HBKonneH 6ora1 

nepeAa'l/
11- 251• Oeo6e. 

UKOHB/lbHOli na6opBTOpKK . ~ 

A/lSI pB3nii'IHbJX KOM6HHBUHll 

BKTKBBUHOHHbll\ K pBAKOXKMH 

HHl! Sl.llep. H noeneAHKe I'O.ll 

6oraqe. Tenepb HMBIOTCSI .llB 

AOeTKI'HYTO 111<60 K3MepeHKeJ 

llpHMBHeHHeM BBebMB a¢¢eK· 

IOWHX E 11 dE 
~ 

nn11 H/1/liOeTpBUKH B3BH 

HBilbHOl\ TBOpHH H aKenepHME 

Toea H LlyKep/
221• 3TH pe 

Ha pHe. I npeAeTaeneao .llH• 

6onbwero c6ni!>KeHKSI Me>K.ll) 

o6pB3YIOTCSI B OeHOBHOM eoe1 

( E8 ~32 Mae) aKenepi!MeHTa 

du 

dRmln 

no Mepe YBB/lii'IBHHSI aaeprHI 

eTBBHHyiO pOilb HB'IHHBeT Hrp 

pacnpe.lleneaH/ 
6•261 • 3To 

8TCSI C8'18HH8 HB M8JlbiX yrn 

paeTBHHIO BKilBAB peBKUKH 11~ 

Ha pRe . I. 

AHanorH'IHOe COOTHOW9l 

B38HMO.ll81tCTBH SI HM88T MSCT1 

MaKHHTal!pa
1241 

noKB3BHO nc 

eoeTOSIHA e N
15 

: N"(Nu, ~ 

x) 
3Ta npHBBAeHHBSI WI 

npHBeAeHHBH wHpHHa npK R 



Hccne.a.osaHHStX c TH>KenbtMH 

Hee StCHhi , KaqecTseHHbte 

IX ,D.8HHbiX, HCU On b30B8HH9 

" o stape. T aKoll noaxoa 

KKH PeaKuHA Me>K.ay c n o>KHhr-

t OH8'1Hb19 stapa-npO.riYKTbl, 

·3H OM C/1 0 8 stapa. n o 3TOMY 

iOI.D.aTb, l.!TO HCCn9D.088HH9 

noKB 'ITO H 8 1<60 110e KO/IH'Ie-

lly'!ae B3aHMOU8ACTBHR sta e p 

<H KaH a liBMI< pe8KUHll nepe

:' 0 HyKnoHa. Cellqac MO>KHO 

;JbepHbtX 3Hepru:nx xopo wo 

)B/
5- 101• TeopHst npeanona

:nM p e3ep<llopaOBCKIIM Tp8eK-

·KnoHa H3 stapa a stapo ocy-

a nHTH1.!9CKH9 Bblp8>K9HHS1 

UHII n e p8U8'111 H e liTpOH B , 

uyJOwee Bbtpa>K eHne anst 

I' 

·liTpo H a, R
1

, R 2 - p aanycht 

pbe p a- (2!.~~ )~, 

)nJOTH BR senH1.!HH8 ceqeHHR 

~/lSI a ayx stae p - OTUaiO-

f 3MepeHH e n o naoro ceqeHHR 

a aOT CUOC06 OUpeaeneHHst npHB8U8HHOll ll.IHp11Hbl U/1!1 CBst38HHbiX COCTO!IH!1JI - B~CbMa B a>K 

x) 
HOJI 88/lii'IIIHbl U/1!1 T80p1111 11apa 

Cel!qac HaKonneH 6oraTbtll aKcnep11MeHTMbHbtll MaTep!1an no oaHoHyKnoHHbtM peaKU"

stM nepeaa'IH/ 
11 - 251. Oco6eHHO 6onhwast pa6oTa npo aenaHa rpynnoll a 0K-P11a>KcKoll Ha

uHoHanhHoi! lla6opaTOP""· V13MepeHhl cpyHKUHII B036y>KaeHIIst, yrnoahle pacnpeaeneiiHst 

Allst p a3/lii'IHblX KOM611HBU11ll MHll.I8Hb-'!acT!1Ua. B nepBbiX OfibiTSX npHM9HRnC S 1 B OCHOBHOM t 

aKTIIBaUI10HHblJI II paaiiOXIIM11'18CKHll M8TOU 6e3 BblU8118H11H onpeaeneHHblX KOH8'1H b!X COCTOst

HIIJI staep, J:l /10C/10UHII 8 r OUbl 3KCll8p11MOHT yC/lO>KHII/1Cst 0 UO/ly'laeMa!l IIHcpOpMaUH!I CTMa 

6oraqe, Tenepb 11MOIOTCst aaHHbte o nepexoae HYKnOHOB B onpe aeneHHbte cocTOstHH!I, 3To 

.llOCTIIrHyTO nH60 H3M9 p9H11 8M npo6erOB KOHO'IHblX pa.D.!108KTIIBHbiX npo.o.yKTOB p88KUH H 0 /IH60 

UpHMOH9HI19M B9CbM8 3cpcp9KT11BHOJI T9XHIIKII 0 BK/liO'!aiOll.l8i! T8/19CKO/l 113 C 'I8T'IifKOB 0 113M8pst-

IOUIHX E 11 dE 
dx-' 

nilS! H/1/liOCTpaUIIII B3aiiMOO THOll.I8HHi! M9>K.D.Y KBa311KnaCCII '18CKIIM llpllfillii>K9HH9M T yH

HO/lbHOl! Teop1111 11 aKcnepiiMeHTOM Ha p11c, I noKa3aHbl .o.aHHhte, B3stTbte H3 pa6oTbt Hel!MBHa, 

Toea 11 UyKepa
1221 • 3TII pe3yll b TaTbl OTHOCSITCst K peaKuHH nepe .o.a'IH npoToHa: AfT (018 ,t?')sf'&. 

Ha pHc. I npe.o.cTaaneHo .o.II<P¢epeHullanbHoe ce'!eHHe a 3aBIICIIMOCTII OT p accTORHI1SI aaH-

60/lbll.lero C6/lii>K8HI1st M8>K.lly st.D.paMH R a 
min 

_z--''Lz_,.L-_ [ 1 + esc iL I , 
2E 2 

06a KOH8'1Hb!X !1.D.p8 

o6pa3yiOTCSI B OCHOBHOM COCTO!IHI111 , J:lii.D.HO, 'ITO .0./lst llO.D.fi8pbepHOJI 3 Hepr11H :.18,5 M 3 B 

( E
8 

-32 M3a) 3Kcnep!1MeHT8nbHbte TO'IKII no>K&TCst Ha TeopeTII'18CKYIO Kp11BYIO 

no Mepe yB8/111'18HHst 3HeprHII COrnacHe YXY.lllli88TCst, 3TO CB!I38HO C T8M, 'ITO 6onee Cyute

CTB8HHYIO p 0 11b Ha'IHH88T llrpaTb st.D.9pH09 B3811MOU8JICTBII9, KOTOpOe .ll8cpOpM11pyeT yr/10808 

p acn pe.o. e n e HII8/ 
6•261 , 3TO 113M8H8 HII8 3aK/liO'!aeTCH B TOM, 'ITO OTHOCIIT8/lbHO yB8/lii'IIIB8 -

8TCSI C8'18HHe H a Ma/lbiX yrnax II na.o.aeT Ha 60/lbll.IIIX, 3TO UpHBO.lliiT K ¢11KTIIBHOMY B 03-

p 8CTaHH IO BKna.o.a peaKUIIJI np11 60ilbWIIX f ( ( - ~In 0 KOTOpoe BH.D.HO 
o o 1/a t/a 

H a puc. 1. A 1 + A 2 

A Hano rii'IH Oe COOTHOW8HH8 Me>K.D.y 3 KCU8p11M8HTOM II T8 0 p11el! 6e3 BK/110'19 HIIst SI.D.epuoro 

B3811M O.ll8JIC TBI{SJ 

MaK11HTallp/
241 

COCTO!IH~ e N l5 

!1MeeT M e cTo " .o.n11 peaKU11H n epe.o.a'IH Hel!TpoHa. Ha pHc. 2 H3 p a6oTbl 

UOK83aHO /10/lHOe C8'18H!18 .0./IR pe8KUII11 nep8.D.B'111 H 8l!TpOH a B OCHO BHOe 

: N
14 

(N 14
, N

18 
) N 

18 
CnnowHast nHHI1st nony'leHa no Teop1111 6pel1Ta, 

3~ x) "'Ta v np11B8.D.8HHast WHpHH8 pasH a 
R 

, r.o.e 8 ~ - 06bt'IH8st O.D.HO'IBCTH'!HaSI 

npHae.o.eHHBSI w11p11Ha npH R , paBHOM pa.o.11ycy R.D.pa. 

7 



\. 

B pae'!eTe He Henonb3oBaHo HK onHol'o napaMeTpa KpoMe HOpMHpOBO'IHOl'O c:j)aKTopa, 

onpenenHIOWel'o npKseneHHYIO wHpHHy. HopMHpOBKa npoaeneHa no To <iKe npu MBKe •• Manb-

HOA aHeprHH, .anSI KOTopoA H3MepeHne yrnonoro pacnpe JlL"!.'19HHst .aoKaaano cnpase.a.mtaocTh 

Teopuu. BaKny HneHTK'IHOeTK aaaHMonei!eTByiOWKX qaeTHU Kenonb3oaaneH aapuaHT TyH
/8/ 

HenbHOi! TeopHH, y'IHTbiBBIOWHi! HHTepcjlepeHUHOHHbie ac:j)tpeKTbi • CoPnoeue e Teopuefl 

oeooeHHO xopowee M9lK..'lY 5,5 " 6,5 Maa. npl! oonee HH3KHX 3H9pl'HHX SKenepHMeHTOnb-

H bl 9 3H8'L{eHH SI H 9C K OilbKO BbiWe T90p9TIPI9CKHX , B03M O>K HO H3- 38 BniHlHlHI DltpTyBil bHOr O 

/5/ x) 
Kyn OHOBeKOl'O B030YlK..'l9HHH 

Vfo a6C011JOTH Or O 3H 8 l.l9HIHI U nonyqeHB B911HttHH8 O.QHO"'8CTH'IHOA. npHB9D.9HHOH: 

14. 1~ 
Wllpi!H bl ..'lfiSI H9ilTpOH8, npenn onaPaeTeH • 'ITO OH8 onHH8KOB8 nnSI N " N 

2 / 2 
0

0 
~0,08 .±..0,01 5 . 3TO 3H8'19HK9 HeeKOfibKO Bb!W e 0

0 
, onpeneneHH Ol'O npyl'HM nyTeM 

(Monenb ooonoqeK : o: = 0,052.±..0,025). 

no MH9HH IO' npocjl. 5peATa onpeneneHH9 npHB9..'l9HHbiX WHpHH Ha oeHOB8HHH TYHH9nb

HOlt Teopuu enenyeT paeeMaTp>IB BTb KBK npenaapKTenbHoe. HeooxonuMo Kenonb3oaaTb 

oon ee TO'IHY IO T90pKIO , KOT OpaH Y'IHTbiB 89T BKpTy8nbH09 KynOH OBeKOe B030YlK..'l91lH9 H 

M//l - a,P,PeKT/B/, KOTOp biM a H9KOTOpbiX eny'IBSIX H9Ub3SI npeHeopel'BTb. 

npHB9.0.9HHbl9 .LJ.8HHbie, KBK HBM K8)K9TCH, r OBOpHT B Il011b3y TOrO, 'iTO HCC119.C.OBB-

HH 9 tPYHKUHlt B030YlK..'l9HHJI B OonaeTH aHepr'Klt HH lK9 KynOHOBeKOl'O 08pbe pa B9CbM8 

nepcneKTHBHO; aMecTe c TeM ,srcHo , liTO a To Tpy.nHaR o6nac Tb .anst 3Kc rrepnMeHTa, no

eKonbKY ee 'I9HHSI p98KUHil 3..'l9eb HeBenHKH, 

2. no Mepe yaenK'I9HHH 3H9pl'HK HOH8 H8..'l KynOHOBeKHM 08pbepOM K8pTHH 8 pe8KUHA 

nepena'IH eTBHOBKTeSI oonee MHOl'OOOp83HOfl , npoKeXO..'lHT npoueeebl nepeXOll8 1{3 Sl..'lp8 
/ 28-41/ 

a Hnpo KoMnneKeoa HyKn OHOB • KapTHHa yenolKHHeTeH TeM, 'ITO , KBK upaauno, 

TBKOlt npoueee eonpoaolKnaeTeH ao36ylKaeHHeM Hnep. TaKHM o6pa3oM, nepaaH eTaauH 

peaKUKK eonpOBOlKllBeTeH npoueeeOM eH HTKH B030YlKll9 HKSI nyTeM HenyeKBHI{H HyK-

llOHOB H y -KBBII TOB. K MHOrOHYKilOHHblM p98KUHHM nepe.Q81.1H. OTHOCRTCSI H T 8K li e , 

Kor.a.a 3HBttHT911bHBSI qacTh HOHB nornowaeTCR H.npoM. TaKHM o6paaoM, npoHcxo.nHT, no 

eyweet·ay, HenpepbiBHbilt nepexoa MelKny peaKUHHMH n e peaa 'IK H nonHol'o enKHHKH, 

BepoHTHOeTb peBKUIIA MHOl'OHyKnOHHOA n'epea a 'IH paeTeT e 3Hepl'H el\ . npH aHepl'HflX 

8-10 M aa / HyKnOH ee 'leHKH 00 p830B8HHSI p8llHOBKTHBHbiX npoayKTOB e OC TBBUHIOT HeeK OnbKO 

MKnnK6apH131 - 351 • B blXOll eTBOH.BbHbiX H30TOOOB oonbw e . CyMM8pHo e ee'!eHII e aeex npS'I

MbiX p e8KUHA llOeTKl'89T 3H8'1KT9fibHOli 'IBeTK UOUHOI'O ee'I9H>IH (eM. enenyiOW>Iil p83,.'len) . 

JlnSI ll9MOHeTp8UK>I MHOl'OOOp83HS'I p a3nK'IHbJX K8HBnOB pe8KUHI\ nepell8'1H Mbl np>!BO

llKM pHe. 3, B3S'!Tblli H3 p aoOTbl B. rpoxynbCKOl'O " ap:
351

. 3nee b UOKB38Hbl ee'!eHIJS'! nnR 

x) B BbieTynneHKII HB KoH¢epeHUHH npo¢eeeop /V\aKI'IHTalt p eooow>In o HOBbix naH-

HbiX no cjlyHKUHH ao3oylKaeHKSI N "(NH, N13
) N 

16 
• V13 HIIX e n enyeT, 'ITO BKna a a>IpTyanb-

HOl'O KynOHOBeKOl'O B030Y}Kll9HHH M9HbWe
1 

'19M B paooTe / 24 f , 

8 

·, 

Haoopa pa3nK'IHbiX peaKuHll •• 

HHH HOH8MH Ne
110 

(160 M aa }, 

COOTB9TCTByeT onpe.neneHHOM) 

lOT p8BHOMY '!Keny UpOTOHOB ~ 

nepBbl9 ,ll8HHb19 UO yl'no 

fiOK83BnH, tJTO OHH 3H8qHTenbl 

O,llHOl'O Hy KnOH8, 3TO BbiHYll l 

grazing - MeX8HH3M .llnH 

e TBy iOWHe H,llpa npKXOllHT B 1 

OOB OIJOT8 H8 HeKOTOpbiA Y';'On 

a yaKOM KOHyee yPnoa a6nH3" 

aaHTbie K3 
131 1 

KpHBBH nnH 

yr'ne, 6nK3KOM K yPny Pe3epq 

UHH, npHBOllHWKe K C 
11

, N I 

B noenenyiOWKX aKenepi 

nyqeHbl .ll8HHbl9 1 KOTOpbte Ha 

H Kay,PMaH/
311

• r. KyMn¢ 

npH B38HMOll9lleTBIIH 
226 225 

Ac ( - p-Sn ~ Ac 

22 
Ne 

( -p -6n 

MYMOM a paltoHe y pna Pe3epc 

nony'leHhi .aeTanbHhie cse.neHE 

epbiBB ( p+n) , (p+3n), (p+2 

HOHOB Ne H Ar • 3TK naHH< 

HYKUOHHbiX nepe,ll8'1 H8 pHe, ~ 

npHOn KlKeHKK K 0° He HBnHeTo 

npH yenOBKSIX, eOOTB9TeTByiOU 

HOlt TpaeKTOpKK , T. e. llnH OTE 

oo'WeM enyqae B Yl'UOBOM ~ 

fl0K838Hbl HeKOTO p bie KpHBbie 

Bee OTMe'!eHHbJe oeooeH 

HOlt TO'IKH 3p9HKH H8 OCHOB8J 

( t.{TQ B ¢H3HKe TH>KenbiX H OHOE 

aaHo , OaHaKo npK paeeMoTpe 

'IBeTO OK83bJB89TeSI eyweeTBe 

'IK upoaeaeH a paooTax T.Ka 

THHeKol'o
1 441

• n onxoa K npo 

HM910TeH p83UK'IHH B ll9:1'ilfiH 

aaTb paooTe/ 44/. JlnH oeeem 



<e HOpMHpOBO'IHOI'O <j:> BKTOpll, 

H 8 no T O qKe npH M 8 KC .. M 8 nb-

H!l .no Kaaano cnpaae.nnnaoCTb 

~nonb3oaancH a apuaHT TyH-

181 . Co.-nacue c Teopu e~ 
X 3 HeprH51X 3 KCfi 9 pHM9HT<lnb-

:a - aa BniiRHlHI Dlt pTyan bH Or O 

)'I BC TH'IH O ~ npuae.neHHOH 

)88 Llll!l 

e.neneHHOI'O .npyi'HM ny TeM 

lH pKH H8 OCHOB BHHH TyHH 9 nb

f eo6XOLlHMO HCllOllb30BBTb 

HOBCKOe B036y)!( Lle!lHe H 

ue6pe.-aTb. 

:>n b3Y Taro, "'TO Hccne.nosa-

ICKOI'O 6apbepa B9CbM8 

b .O.IUI 3 K C n e pHM9HT8, no-

< 6BpbepOM K8pTHH 8 pe aKuHn 

pouecc bt nepexo.na H3 !l.npa 

S1 Te M, l.J:TO, KBK npBBHn O, 

1 o6p aaoM, nepaa11 CTBLlll!l 

nyTeM HCnyCK8HH!I HyK-

a.nat:t.H O THO C HTCH H: T B KH: e , 

o6p830M, llpOHCXOLlHT, DO 

H H no nH o r o c nHHHHH. 

J.yKT OB COC TBBflS:UO T H 9C K OJ1.bKO 

TMM8 pH09 C9"19HII 9 BC9X fipH-

151 (eM . c n e.nyJOLUH il paa.nen). 

)ellKUHi! nep eLlll 'IH Mbl rtpHao-

·..0.9C b fiOK838H bl C9 l.J 9 H il51 .OflR 

Blip C006LUHll 0 II OBblX LlBH
c n e.n y eT, 'ITO BKD BLl BHpTy anb
f, 

·, 

Ha6opa p83n11'1Hb!X peBKUHli " BbiXB8TbiB8HH!!" (pick -up ) HyKnOHOB K3 MHLUeHH npH o6ny'le-
20 

HKK KOH8MK Ne ( !60 .Maa ) . no OCH a6CUHCC OTDO)!(eHO 'IHCDO He l!TpOHOB, K8>KLl8!1 llHHH!I 

COOTBeTCTByeT onpe.neneHHOMY 'IKCny 38XB8'1eHHbiX npoTOHOB. MaKCHMYMbl KpKBbiX OTaeqa

IOT paBHOMy 'IKCny npOTOHOB K HeliTpOHOB, 

nepabie LlBHHbie n o YI'DOBbiM pacnpe.ne n eHH!IM npo.nyKTOB MHOI'OHYKDOHH biX -n epe.na4
311 

o.nuo.-o HyKnoua. 3 To BbiHYLlHno P.l:l om><j>PBHI'B H P. Kay¢Maua npe.nno>KHTb c n e uuanbHbiA 

Kl'•zing - MeX8HH3 M Llll!l 3 TKX pe8Kil_Hli. 3 T8 MOLlellb npe .nnonapaeT, 'ITO B38KMOLlel!-

CTBY IOLUHe !!Llp8 npHXOLl!IT B KOHT8KT 0 o6paay11 I'BHTeneo6p83 HYIO CHCTeMy, KOTOp8ll nocne 

noBOIJOTB ua HeKOTOpbtll Y':on paapbtaaeTc!l. llePKHil ¢paPM9HT npH aTOM .non>KeH neTeTb 

a yaKOM Kouyce y.-noa a6nK3 K 0°. Ha pHc. 4 noKB31lHbi TKnK'!Hbie y.-noabte pacnpe .neneHH!I, 

/31/ 
83SITbl9 H3 KpHBBH .nnH peBKUKH nepe.naqu ueATpoua HMeeT THDH'!Hblll MBKCHMYM npK 

yrne, 6nH3KOM K y.-ny Peaepcj:>op.na .nnH KBCBTenbHOI'O coy.napeHHll. 6onee cno)!(Hble peaK
IS 

UKH, npHBOLl!ILUK9 K C 
11

, N IS , F I Ll810T KpHBble C MBKCHMYMOM a6nH 3 K 0°. 

B nocne.nyJOLUKX a Kc nepKMeHTBX no H3MepeHHIO y.-noablx pacnpe.neneHHA 6btnH no-

ny'leHbi .n aHHbie, KOTOpbte u a nepabi A B31'nll.n npoTHaopequnH peaynhTBTBM Bonbcj:>.-au.-a 

H Kaycj:>M8H8/Jl/. r. KyMn¢ "H E.Jloueu
1

J
2

/ KCCne.noaanK MHOI'OHyKnOHHbie nepe.nB'IH 
22 232 227 

npu B38KMo.nellc TBKH Ne c Th • Y.-noabte pacnpe.neneHHll .nn11 Th ( -Sn ) 
226 226 22. 

Ac ( - p-Sn ~ Ac (-p-6n) , Ac (-p-7n) HMeiOT BHLl KpKBbiX C qeTKKM M8KCK-

MYMOM a paAou e y.-na Peaep¢op.na K c no.naeMoM y 0°. B pa6oTax llo>KHHCKOI'o
138

-
391 

nony'leHbi .neTBDbHbie cae.neHKll o6 yPnOBbiX pacnpe.neneHKliX .nnll peaKuHA no.nxaaTa K 

cpbtaa (p+n) ,(p+·3n), (p+2n) (2p) HB paanHqHblX MHW9HHX C HCfiOnb30B8HH9M 

KOHOB Ne K Ar • 3TH LlBHHbie TBK)!(e cywecTaeuuo OTDK'IBIOTCll OT KpHBbiX .nnll MHo.-o

HyKnOHHbiX nepe.naq H8 pHC. 4 . noK838H0 0 'ITO MOHOTOHHOe B03p8CT8HK9 Ce'!9HKll npK 

npu6nu>KeHHH K 0° He l!Bnl!eTCll o6LUHM npaaHnoM. TaKBll KBpTHHB llOl!BnlleTCll TODbKO 

npH ycnOBHliX, COOTBeTCTByiOLUHX M8ll0MY KllBCCK'IeCKOMY yPny OTKllOH9HHll Llllll K8CBTenb

HOlt Tp8eKTOpHH 0 T. e . LlUll OTHOCHTenbHO 60nblUHX aHeprHil H HeBbiCOKHX Z MKWeHall. 8 

o6'weM cnyqae a yrnoaoM pacnpe.neneHKK HMeeTCll xapaKTepHbill MBKCHMyM. Ha puc. 5 

ll0K838Hbl HeKOTOpbl9 KpHBbie H3 p860T 
132

•
381

• 

Bee OTMe'!eHHbie oco6eKHOCTH yrnoaoro pacnpe.nene HHll y.naeTCll o6al!CHHTb c e,llK

uoll TO'IKII apeHH!I H8 OCHOBBIIHH npoCTOli 4JeHOM9HOllOI'H'!eCKOll MO.nenH, Ha.no CK838Tb, 

I 1.{TQ B ¢H3HK9 Tst>KenbiX H OHOB Mbl 't8CTO HCfiOnb3yeM Kn8CCH'I9CKHA llO.O.XO.O., H 3TO p npaa-

LlBHO, O.nHBKO npH paccMOTpeHHH y.-noBbiX pa cnpe.neneuull aonuoaast np11po.na 'IBCTHU 

qacTo OK83biBBeTC!I cywecTaeuuoll . Pacqe'T y.-noBbiX pacnpe.neneuull .nn11 peBKUHll nepe.na

'IH npoae.neH B pa6oTax T.KBMMyp/
421

' 6.KanKHKHH8 H n.rpa6;BCKor/
431 

H B.CTpy

THHCKoro1 
441 

• no.nXOLl K npo6neMe B 3THX p860T8X B 06LUHX qepT8X OLlHHBKOB, XOTll 

HMeiOTC!I paanH'IHll a .ne:renllx. Jln11 onpe.neneHHOCTH a .nanbHellweM Mbi 6y.neM cne.no

BBTb p860Te/44/. Jlnll 6eCCflHHOBbiX !!Llep 8MnDHTy.na peBKUHH 38flHCbiB8eTC!I B BH.ne: 

9 

" 



f(O) = _ 1_ :E(2f + 1)'1• exp(2i<'l 0. )Po (cosO). 
2ik L • L 

1) f - OllpellensteT ~HTeHCIISHOCTb pe8KUIIII B K8Hane C op6HT8nbHbiM MOM9HTOM 

rHnOT938 0 "'Kp89BOM"' coy.oa p eH HH 03H8l.f89T 1 'iTO B pe8KUHH .LI0n)l{Hbl 1 8 OCHOBHOM, yqacT-

D OB 8 Tb n 8pUH8nbHbl9 BOnHbl C f s5nH3H f
0 

, OTBettaiOut e ro "'KacaTenbHOA ... TpaeKTOpHH. 

npH«eM f <f
0 

,llOn>KHbl BbiXO.O.H.Tb H3 lH'pbi 38 C1.f9T nornOLU9 HHH B MH:W9HH (coCT8BH09 

stllpo) ; llfl SI f > f
0 

S Kfl8ll p83flH'<HbiX ll8pUH8flbHbiX SOllH llOn>KeH yM e HbW8TbCSI C ysemt-

l.f91Hi 9M f - f
0 

, TBK K BK 3TO B Kn8CClP.I9CKOM CMhiCne OTB9489T nepexoa.y K 6~nbWHM n apa-

MeTp8M COyllapeHHSI . n oaTOMY npe)l!l0ll8f'8ll0Cb, 'ITO 

e (-f-fo )f>f 
xp M o 

1 <fo '1j1 =7) • q(f-f ) 
fo o 

·q(f-f
0

) 

,\f - 'IHCnO SOllH S !18KeTe, 

nn" cp83bl <'le 5 p8nocb Sblp8>KeHHe: 

<'l o = <'le + _Q_(f - fo l 
L 0 2 

d<'le e = 2(_ )fuf 
df 0 

() - Kll8CCH«eCKHA yron OTKll OHeHHSI llllSI KacaTen bH Oll Tp8eK TOpHH, 3TOT yf'Oll 5ylleT OTnH

'l iHI'bCSI OT pe3epcj:>OpllOSCKOf'O, ecnH y« eCTb SKll8ll Slll e pHOf'O llO TeHuH ana, 

(} H L\f - ll8paMeTpbl, onpellellRIOWHe SHll Yf'llOSOf'O pacnpelleneHHR, n pH L\ f = 0 

(OllH8 n8pUH8llbH8st sonHa) yrnosoe p 8 cnpelleneHHe CHMMeTpli«HO OTHOCHTenbHO 90°, npH 

ysen R«e HHii L\f nostsnsteTcst 8CHMMeTpHst s nonb3y nepellHHX yrnos. Yrnosoe p 8cnpellene

HHe C MBKCHMyMOM npH 0° COXp8HsteTCSI llO HeKOTOpOf'O KpHTH«eCKOf'O 3H8«eHHSI (} • ~f ¥ 2 • 

Dnst (}. M > 2 noHanHe TCH ... KpaeaoA.., MBKCHMyM . HcHo, q·To ycnoBHH noHaneHHR MBKcn:-

MyM8 5onee 5na r o npHSITHbl llllSI OllHOHyKnOHHblX nepell8'1, llllR K OTOpblX llOll>KHO 5b!Tb 5onb-

we L\f- B c nyqae MHOf'OHYKllOHHbiX n e pell8'< M8KCHMYM HC«e3aeT UpH OTHOCHTenbHO 

50nbW IIX a HeprHRX H HeSb!COKHX Z -MHWeHH ( () -M8nO, 0 • :L\f < 2) • 

VfMeiOWHeCst ll B HHb!e 06 yf'llOSbiX p8cnpelleneHHSIX XOpOWO OllKCbiSBIOTCR TeOpHell llpH 

pa3yMHOM llOll50pe 0 L\f • BenH'li!H8 L\f/f 
0 

OK83biB89TCSI ll0pH.C.K8 OTHOW8HIHI WHpH-

Hbl llH¢cpy3HOf'O Kp8R stllp 8 K cyMMe pllllHycos. W11p1<H8 M8KCHMyM8 - (L\f )-~ 0nKC8H-

J-18H TeOpKH p8CCM8TpHB89T TOnbKO KHH 9M8TKKY npouecca, ll03TOMY He .QBeT nonHbiX ceqe

Hifll peaKuKil. B aToM ee oTnH«He OT TeopHH 6peliT8, 

JlO>K KH CKIIM yCT8HOSneHo /
3S/ ,/ 391 , 'iTO npH HeKOTOpbiX ycnOSHSIX Yf'llOSble pacnpelle

neHHR p eB KUHH n e p e,aaqH llOMHM O OC HOBHOr o , 'Kpaeaoro' M8KCHMYM 8 HMe~T aononAHTenb

Hble (pHc. 5) . Dnst o5bstcH eH HR aToll oco5eH HOCTH asTop npHsneK8eT npellnono>KeHHe o 

HeKoTopoM LIOrronHK TenbH OM MexaHn.aMe . O.a.H BKO , no-sH.D.HMOMy, B03MO>KHO o6bHCHeHHe 

10 

S p 8M Kax p83SHTOll cpeHOMeHC 

lla n8puHanbH biX sonH c f < 1 

0CT8HOSHMCSI KpBTKO Ha 

aapsi.O.HhiMH HOHBMH. P aaaHTB! 

II03sonsteT nonyqaTb 5oraTb!ll 

KnacTe pHoll CTPYKType. T aKor 

SBHHSI pe8KUHll llHCCOUH8UHK J 

Dnst HnniOcTpauHH Ha pH 

( Es 11 •115,5 Mas). PHcyHc 

KOTOpb!M Yll8llOCb llOSeCTK M 

IIOK838Ha WK8ll8 aHeprHll SO 

IOWYIO H8 H35Kp8TellbHYIO 38C 

H8 C MeX8HH3MOM peaKUKH, l 

TOH8 RllpOM C
12 

, llOaTOMy C 
12 

C + (p +:n ) , T.e. coxpa)leH 
• 12 2 

COOTSeTCTsyeT ( C +' (d
5

;
2

) 

llO!lOllHiiTenbH OMY S035y>KlleH 

l::l p85oTe P.KapncoH/
4 

Li
8 

+:8
10

-. N
1
·\ :d ( E =3 

" eTcR yposeHb N 
Ll 

c aHept 

o6Hapy>KeH llnst pe8KUHH Li 

.>Kll8eTcst yposeHb 15,1 Mas, 

UHRX 38npeweHO llp8SHll8MH 0 

l!anH'!HeM 5onbworo KynoHosc K OI 

VfHTepecHast pa5oTa no 

IIpellCTaBlleH8 Ha KOHcpepeHUH I 

38 C«eT peaKUHll nepell8'<H. f 

MOf' o5p830S8TbCSI 38 C'leT pE 

'<TO cnellyiOwast rn8sa COllep: 

H8llH'IHe aKp8HHpOSKH OCHOSH 

05bstCHeHHSI - He05XOllHMbl llC 

1. Y>Ke HeollHOKp8THO o 

yHHKBnhHbie B03MO>KHOCTH .n.n~ 

Hb!X Rllep S WHpOKOM lllf8ll83 



lT8flbHhiM MOMBHTOM 

a o n m Hhi, e ocHOBHOM 1 yqacT

> w KacaTenbHOA~ TpaeKTOpHH. 

l.l9HHR B MHWeHH (cOCT8BH09 

n >KeH yMe HbW8TbCR C ye e nH

eT n e pexo Dy K 6~nbWHM napa -

r o pHH. 3TOT yron 6yDeT OTTIH-

lO T9HUHBna. 

:npeDeneHHSI, npH t.f = 0 

;JII'IHO OTHOCHT9TibHO 90°, npll 

yrnoa. Yrnoaoe pacnpeDene

q ecKoro 3HB'I9HIISI 0 • i'l.f - 2 • 

TO ycnOBHH fiOHBfl9HHH M8KCH

K OTOpbiX DOTI>KHO 6biTb 6 0 nb-

"19389T npH OTHOCHTenbHO 

' . :t.e < 2). 

10 Ofii!CbiBBIOTCSI T90pHell npH 

nopSIDKB OTHOW9HHSI WllpH

:HMyMa - (M f 1 
• OnHcaH-

TOMY He .aaeT nonHbiX cette-

r c noBHRX yrnoBbie pacnpeDe-

CHMyMB HM9lOT ,nononH:HT9flb-

n e KaeT npe.anono>KeHHe o 

ty, B 0 3MO>KHO 06bstC H9 HH e 

B pBMKBX p83BIITOll ¢eHOM9HOTIOrH'I 9 CKOll MOD9TIH/
441

, 38 C'I9T IIHTep¢epeHUIIOHHOrO BKna-

DB napUHBTibHbiX BOTIII C f < f
0 0 K O TOpble HCKTIIO'IBTIKCb B TlpOCTOM paCCMOTpeHHH, 

0CTBHOBHMCSI KpSTKO HB 'cneKTpOCKOfiii'I9CKOM" acneKTe npRMbiX peBKUHll C MHOro-

38pSIDHbiMII HOHBMH. P a 3BHTBR cellqac MeTODHKa c Hcnonb30BBHHeM T e necKona E x i.& 145
-

411 

dx 
n03BOTISieT nony'IBTb 6orBTblll MBTepHBTI 0 B036y>KDe HHbiX COCTOSIHII'!X nerKHX S!Dep, ~6 HX 

KnacTepHoll CTPYKType. TaKoro >Ke copTa HH¢opMBUHR MO>KeT 6biTb nony'l e H a 11 3 HCcneDo

aaHHR peBKUHll DHCCOUIIBUKII nerKHX RDep
1461 

nnSI IITITIIOCTpBUHH 'Ha pH C. 6 npHBeDeH cneKTP Be. 113 peaKUIIII c 12
( B 

11
• Ue 

9 
) N I< 

E 
811 

•115,5 M3B ). PRcyHOK B3RT 113 npeKpacHoll pa6oTbi CaKe a, l{acMaHa 11 6poMna
1451, 

KOTOpbiM yDanocb DOBeCTH MeTOD E x ~ DO coaepw e HcTsa. l:i .sepxHell 'IBCTH pHcyH KB 

dx 14 
noKa3aHa wKana 3HeprHJI B036y>KDeHHR N • CneKTp HMeeT 'leTKyiO CTpyKTypy, yKB3 biBa-

IOUlYIO HB H36HpaTeTibHYIO 38CeTISieMO C Tb OTDefibHbiX COCTOSIHHll, 3 T B H36Hp8 T e TibH OCT b CBH3 8-

HB c MexaHH3MOM peaKUIIH, npeDnonaraeTCSI, 'ITO N
1

' o6pa3yeTCSI 38 C'leT 3BXBBTB Dell-

TOHa SIDpOM C
12 

fi03TOMY OC060 BbiDenRIOTCSI COCTOSIHHSI, OTBe'IBIOUlHe KOH¢HrypBUHH 
12 

C + (p + :n ) 0 T,e, COXpa,HeHHIO HCXODHOll KTIBCTepHOll CTpyKTypbl, nHK C 3HeprHell -9 M 9 B 

COOTBeTCTByeT ( 'CI2 +' (d
5
/

2
) 

2 
l.j., nHK C 9HeprHell 12,4 M3B, 0'19BHDHO, C OOTB e TCTByeT 

6 • [(c 1._. ) (d )2 1 DononHHTenbHOMY B03 y>KDeHHIO KepHa: ,,,
8 

+· •/2 3, 7(?) 

H pa6oTe P.KapncoHa
1471 

nony'leH HHTepecHbill peaynbTBT npH HccneDOBBHHH peaKuHH 

Li 
8 

+ :8
10

-+ N
1
·\ :d ELl = 3 Mgs). YcTaHosneHo, "'TO c 6onbwoll sepoRTHOC TbiO B036y>K DB -

eTcR yposeHb N
14 

c 9HeprHell· 9,17 M9B H H30ToncnHHOM T= 1. AHanorH'IHbill ¢aKT 

o6Hapy>KeH DnR peaKUHH Li. + 3
10 

.. C
12 

+'d • 3DeCb c 38MeTHOll aepOSITHOCTbiO B036y-

mDaeTcR yposeHb 15,1 M9s, T= 1 a c 12 
• noSIBTI9HHe COCTOSIHHll C T• 1 B 3THX peaK-

UHSIX 3BnpeweHo npasHnBMH oT6opa no H30TOnCliHHy. HapyweHHe 9Toro npasHna CBR3BHO c 

kanH'!HeM 6onbworo KYTIOHOBCKoro non11. 

VlHTepecHaR pa6oTa no B3BHMODellcTBHIO Li (gHeprHR DO 10,5 M 9 s / HyKnoH) H Th
212 

/27/ • » 2 
npeDcTaaneHa Ha KOHcj:>epeHuHIO <Pp9pH H CHMOHOBbiM • 01111 Ha6niODBnK o6pa3oBBHHe U 

236 
38 C'leT peaKuHA nepeDB'IH. npeDCT8BTISI9TCSI yDHBHTenbHbiM OTCYTCTBHe Np • KOTOpbill 

MOr o6pB30B8TbCSI 38 C'I9T peBKUHH, HDyUliel! '1epe3 COCTBBHoe S!DpO (Li 
7 

, 3n ), 803MO>KH0 0 
7 

"'TO cneDyiOUlBSI rnasa COD9p.>KHT 06'bSICH9HHe cj:>BKTB MBTIOCTH C9'19HHSI ( Li o 3n ) ( HanpHMep, 

HBTIH'IK9 9Kp8HHpOBKH OCHOBHOrO COCTOSIHHSI H30M9pHbiM ypOBH9M), J:l03 MO>KHbl H Dpyrue 

06'bSICHeHHSI - He06XODHMbl DOnOTIHHT9TibHble OnbiTbl, 

PeaKUHH cnHRHHSI 

}. Y>Ke H90.0.HOKp8THO OTM9'18nOCb1 'ITO TSDKenbie HOHbl ,0810T 3KCIT9pHM 9 HT8TOp8M 

YHHK8flbHbl9 B03MOJKHOCTH .anH HCCne.O.OB8HHst M9X8HH3M8 o6p830B8HHR H pacna.aa COC TBB

HblX RDep B WHpOKOM DHBn830He 9HeprHll B036y>KD9HKII H MOM9HTOB KOTIH'I9CTB8 llBHJKeBBSI, 

II 

'\ 



. ' 

0K83bi8 89TCS! B03MO>KHbiM B H8 11 6onee '<H CTbiX ycnOBIIS!X npoaepHTb CT8TIICTK«9CKYIO TeOpiiiO 

st.09pHbiX pe8KUHA, H CCne.D.OB8Tb nap 8M9Tp bt COC T BBH OI'O H.npa. P a 60T8H C T 8KHMH TH>K9nbtMH 

H OH 8M H, KBK C 
12 I 016 Ne~ •o 

,Ar c aHeprHRMH 8-10 M a a/HyKno H, Mbi HM e9M 

B03MO>KHOCTh Hccne.uoaaTb cocTostHHR c cj:JKKC11poaaHHOl! aHeprllel! aoa6y>K.ll9HHR no - 200 M s a 

H yrnOBbiM MOM9HTOM B H 9CKOnbKO .ll9C51TKOB t 

2. npe>K.ll9 BCer o p8CCMOTpHM n e pBbill aT811 p98 KUHH - BKT COy.llapeHH<J R.llep, 3 TOT 
- 2 1 

aTBil 38HIIM BeT , B9p051THO, Bp9MHN10 C9K, npll OTHOC~TenbHO H960nhWKX napaMeTpBX 

COY.ll8p9HIIS! II aHeprH H, npeBbiW 810lU9ll KynOHOBCKIIl! 68pbep, npOIICXO.llHT llOnHOe Cm!S!HII 9 

II o6p83088HHe S036y>K.lleHHOrO COCT8BHOrO R.llpB, npH n apaMeTp8X COy.uapeHHR, 6nii3KIIX 

K MBKCIIMBnhHOMY, KBpT;<Ha ycno>KHsteTcH • Y acTKqHoe ne peKpbiTIIe o6beMOB s38KMO.lleli

CTSYIOlUKX st.llep M0)!{9T He np11secT11 K c niiHHIIIO, B p eaynhTBTe onpe.ueneHHast non " non

Horo c e« eHKR 6y.ueT noTepstHa .unst npouecca o6paaosaHKst cocTaaHoro H.llpa " pean11ayeTcst 

s a11 ne paanKqHwx peaKuKA nepe.ua«ll, 

noKB He npO B9ll9 HO CHCT9M8TKq9CK09 3KCn9pHM9HT8nbH09 HCCne.D.OB8HH9 BepOstTHOCTH 

o6paaoaaHIIR cocTasHoro H.llpa a peaKUIIHX c no>KHhiX H.llep, O.uHBKO KMeeTcst pst.ll pa6oT, 

H3 KOTOpbiX MO>KHO OU9HHTb BKn(l.ll npOU9CC OB llpHMOr' O B38HM0.09ACTBH R .nnst p83nH4.H biX 

/49-55/ 
3HeprHA H KOM6HH BUHA MHW 9Hb-'i8CTHU8 • H CHO, '!TO U~ /u~ (u'T=od+q

0 
• · CyMM8 ceqe-

HIIl! npoueCC OS np51MOro S3811MO.llel!CTSHS! II Cnii51HIIS! ) y MeHbWBeTCS! C p OCTOM aHeprKII 

'< BCTIIUbl II C ysenll«eHII9 M MBCCbl KOHB (npll .llBHHOl! aHeprllll H8 HyKnOH ), 13 KB«eCTS e 

npiiM epa MO>K HO npKsecTII c nenyiOwlle p eaynhTaTbi, CyMM8pHoe ce« eHKe npstMbiX peaKullll 

npll B3811MO.llel!CTSKII Pi +' 0 16 
( 160 Mas) ~ 5 00 Ms

1491
• Yla peaynhT8TOS pa60Tbl 

HoKe a 11 .up/
5 11 

cne.uyeT, «TO ce«eHIIe o6paaoaaHHR coc TBBHoro stnpa s peaKUIIK Ni + 0 16 

( 160 Maa) ~ 50 % oT nonHoro. rlp11 11ccne.uosaH11H saaHM O.lle llcTsllst Ne 
20 

(- 200 Mas) c 

st.llpaMII aMyn bCHII <PonoM " .up . ycTaHosneHo, «TO crd = u;t0,56 ( ~ =·0,44) 
u · 

H.lle p aMynbCIIII H :1;. = 0,38·u · (~ = 0,62) .llnR Ag II s/52/. T 
T u · 

T / 4, / 088 
B pa6.oTe CIIKKenaH.u a 11 Ballonht '-::1 ce«eHKR nonHor o cnllstHHR U 

.D.nH nerKHX 

H HOH O B C 
12

, 

o'o 20 
Ne (10,4 Mas/HyKnoH) onpe.uenstniiCh nyTeM H3MepeHKH yrnosoll Ko ppenHUHK 

M9)!{.lly oc KonK8MII . TaKKM o6p aaoM Sbt.llenHniiCh c ny«a H nonHoll nepe.ll8 '<11 HMnynhca. YcTa-
u 12 16 a) 

HOSn9HO, «TO - 0
- p 8SHO 0, 75 ( C ) , 0, 7( 0 ) ; 0,6(Ne ) • 

"T 
/ 54/ <0 

B j Ccne.uosaniiCh <jJyHKUIIH soa6y>K.lleHKH .unst peaKuHll Cd(Ar , xn ) • Yla pe-
• ,. 

aynbTBTOs c ne.uyeT, «TO ~ >0,5 • snnOTh -\lo aHeprHII aproHa -300 M as • 

T 

PaasHTH e cneuHanbHbiX MeTo.uos onpeneneHHR non e pe«Horo ce«eHIIR peaKullll cniiHHIIR 

npe .OCT·8BnH9TCSI B9C bM8 B8>KHbiM 1 OOCKOnbKY S T8 aen H ttHH8 >KeCTKO CBSI38H8 C M 8 KCHM 8 nb-

HblM yrnOBblM MOM9HTOM COCTBBHOPO Sl,llpa. 

/56/ 
llns p e W9HHSI S TOA 38.ll8 '1H , Ol.J.eBK.llHO, npHPO.ll9H M9TO.ll "'Bbi6btB8HHSI H 3 ny'IKa"' C 

.ll0688119HIIeM p e rKCTp8UIIH R.ll9p OT.ll8'<11. 

12 

/ 

3. PaccMoTpiiM Tenepb e 

ro stnpa. OcHOBHbte oco6eHHoc 

HanpHMep/
57 1 ) . Mo.uenbHO C< 

spawaiOwyiOCS! >KII.llKYIO KSfinK 

CTas neHa cne.uyiOLUIIM o6paao~ 

eoa6y>K.lleHHst, ER - aHeprHst e 

Hol! aHeprHH stnpa. 8Topoll «n 

>KeM, t.tT O B cnyt.tae nonHero c 

ViaM eH9HIIe KynOHOBCKOl! 

werocst R.llpa. B paanii«HhiX n 

yrnOBbiM MOM9HTOM p8CCM8Tp> 

onpeaensteTcst .usyMst n apaMe 

He6onbWHX aHepriiRX 8p8 lU9HII 

cnniOcHyThtll annHncoHn. CTenE 

HCXO.llHT ao Tex nop
1
noKa He 

Cy.ub6a st.llpa np11 .llMbHel!wer 

CywecTsyeT KpHTII«ecKast eem 

EcnH x > x
0 

, .R.Opo H CfibiTbtaa 

xo.ue qepea TO'IKY Y = Y 
0 1 

, I 

spawaiOwHl!CH soKpyr HaR6one 

cywecTeyeT sTopoe KpHTHqecK 

aToll BenH«IIHbl ueHTpo6e>KHl 

3Hna 11 CestTeuKoro
1631 

HnniOc 

/ 59/ 
cornacHo pac « eTy .unst sta 

npH nepBOM p8CCM0Tp9HJ 

6btno fi0K838H0 1 \ITO BbiCOKHB , 

.llnst .ll9n9HHS!, 3 TOT a<jJ<jleKT H. 

Jlnn He.uenllmHXCH st.uep 

XOTH OH .O.On >KeH CK83biB8T bCSI 

THU , HCnapst iOlUHXCS! H3 spama: 
/ 5 1/ 

HM910TCR B 

BnHRHHe .ue<jlopM auHH Ha 

TO, ecn11 y .ll8CTC51 OpraHH30S81 

n p ll ClliiRHIIH TS!>K9110rO HOH 8 < 

nii «HhiMH no senii«HHe (oT 0 r:. 

.llHKynstpHoA ny«Ky) . tj cnyqa, 



.epHTb CT8 TH CTH'!aCKYJO Te OpHIO 

1. Pa6oT 8 H c T BKHM H T i-DKenhtMH 

M bl H:MC 9 M 

•rHeA aoa6y)i{ aeHH!I ao- 200 M s a 

BKT c oy aapeHH!i !!Aep, 3 TOT 

bHO He60IIbWHX n ap8MeTp 8X 

npoHcxon KT nonHoe cnHHHHe 

MeT pax c oy aapeHH!I , 6nH3 KHX 

p b!THe 06beMOB B38HMOt:~e lt-

Te onpe nen eHHBH nonH non-

•CT8BHOrO S1Ap8 H pe8IIH3 ye TC!I 

to e Hccne noaaHHe s epOHTHOC TH 

AH8KO HM eeTC!I p!!A p860 T, 

IIO.LJ.8ltCTBHH .nnH paanK\.f: HhJX 

r~ /'J~ ( a T = Od + U 
0 

- · CY MM8 c e q e 

w aeTCSI C p OCTOM aHeprHH 

H8 HyKII OH) , J3 K8'! eC TBe 

oe ceqeHHe np!!MbiX peaxuHli 

13 pe3yii bT8TOB pa60Tbl 

3Hor o Ra pa a peaxuHH Ni + 0 
18 

RC TBH!I Ne 20 ( - 200 M as) C 

5(~ = 0,44) 
I " T 

.anH nerKHX 

CnHHHH SI U 
288 

H H OH OB C 
12

, 

!HHSI y rnOBOR KOppeii!IUHH 

ro ll n e peaaqa HMnynbca. Y c Ta-

3KUHl! Cd(Ar<O, xn ) • VI a pe

<a - 300 M an. 

o r o C8 \.f8H HH p e 8KUHA CnHHHHH 

<K 8 C TKO C BH38H8 C M BK CHMBnb-

" Bbi6biB8HH!i H3 nyqxa•
1561 

C 

/ 

\ 

3. P8CCMOTpHM Tenepb BIIH!IHHe BblCOKOro y:rnOBOrO MOMe HT8 H8 UOBeaeHHe COCT8BHO

ro Rapa. OcHOBHble oc o6eHHOCTH TBKHX Raep y)i{e HeoaHoxpaTHo p accM aTpHBBIIHC b (eM ., 
/57 / 

HanpHMep, ) • MoaenbHO c ocTaaHoe Rapo c. BbiCOKHM c nHHOM MO)I{ HO paccM aTpllBBTb xax 

Bp8lll8JOlllyJOCll )I{HAKYJO xannJO, n onH8ll aHe prHll B036y)l{a eHH!I npH a TOM MO)I{eT 6 b!Tb npea

CT8BIIeH8 c n eayJOlllHM o6paaoM : E'~ E T + ER + t.(E
0 

+ E
0
). rae E T - "Tennoa a!l• aHeprH !I 

aoa6y)l{ aeHHll, ER - aHeprHR apameHH!I, t.( E
0 

+ ,E
0

) - H3 MeHeHH e xynoHoacxoli H n oaepxHOCT

HOli aHeprHH Rapa. BTopoli qneH 6 onee cywecTaeHeH, qeM n ocn e aHHlt • .Lln!l npHM e pa y xa-

0
16 -

)!{eM , 'ITO B cny qae n onH or o cnH!IHH!I ( 160 Mas) H Ni E• = 125 M a a ,ER ~40 M a s. 

Vl a M eHeHHe KyiiOHOBCKOl! II noaepXHOCTH Olt 3He prRl! CB!i3 8H O C .ae<j:JOpM8UHel! Bp 8lll8JO-

meroc!l R.apa . B p aanH'IHbiX npH6ml)l{eHH!Ix npo6neMa paBHos ecH o ll <j:JopMbi R.apa c BhrCOKH M 

yrnoBbiM MOMeHTOM p accM aTpHaanacb B 
158

-
631

• YcTaHo aneHo , 'ITO paaHoaeCHB!I <j:JopMa 
2 2 Eo 

onpe.aenRe Tcll .UBYMll napaMe Tp8MH - X H y (x = i /(; )ko ' y = ~) 

He6onbWHX aHeprH!IX apameHHll ueHTpo6 e)I{Hbre CHIIbi npeapama JOT c <j:Jepaqecxoe !l.apo B 

cnnJOCHYTblll annHncoH.a. CTeneHb .ae<j:JopMBURH pacTeT no Mepe yaenH'Ie HK!I y • 3 To npo

Hcxo.aHT .ao Tex n o p
1

n o xa He 6yaeT .aocTHryTo He xoTopoe xpHTHqecxoe 3 H8'!eHHe y
01 

Cy.ab6a R.apa npH .aanbHe llweM yaenH'IeHHH yrnoaoro MOMeHT8 a aaHCHT OT 3H a'!e HH!I x 

CymecTayeT xpHTHqecxa!l aenH'IHH8 X 0 =0,.7, KOTopa!l .a enHT ac e R.apa HB .aaa xnacc a . 

EcnH x > x0 1 R.apo HCnhiTbtBaeT .aeneHHe npH y > y
01 

• EcnH x < x0 , TO npH nepe-

xo.ae qepe3 TO'!Ky y = ·y 
0 

I , p8BHOBeCHOl! <j:JOpM Ol! !i.Up8 CT8H OBHTC!I TpeXOCHbllt 3 IIIIHnCOH.0 0 

Bp8lll810 lllHl!C!i BOKpyr H8H6onee KOpOTKOi! OCH, Jln!l aTHX 0 OTHOCHTeiibHO n e rKHX !I.Uep 

Cy!lleCTByeT BTOpoe KpHTH'!eCKOe 3H8'!eHHe aHeprHH BpaweHK!I ( Y 
02 

) , n pH .UOCTH)I{aHHH 

3 T O A aenH'IHHbi U8HTp0 68>KHbl8 CHn bi 

aRna H CaRTeuxoro
1631 

RnnJOcTpRpyeT 

cornacHo pac'!eTy
1591 

.amt R.apa Kr 

pa3pb!B8JOT P..apo. PK c . 7 H3 p a60Tbl KoaHa , nna

H3UO)I{eHHbie Bb!BO.Ubl, Jln!l npHM epa yKB)I{eM, 'ITO 

c j = so n apaMeTp .aecp o pM8Uiflf '1 !!. 0,5 -, 

npll nepBOM p8CCMOTp eHKII <j:JOpM p8BHOBeCHll Bp8ll.I8JOWeroCl! li .Up8 nHx-nH'IBKOM /
5 8 1 

6binO nOK838H0 0 'ITO Bb!COKHlt yrnOBOlt MOM eHT .UOI1)1{9H npHBO.UHTb K CHH)I{eHHJO 6 8pbep8 

.UUll .aeneHH!I , 3TOT acpcpeKT H86UJO.U8UCll axcnepHMeHT8l1bHO rHUM Op OM II .ap/
641 

.Llnll He.aenl!IUKXC!I R.aep acpcpexT .ae<j:JopMBUKK noxa ewe '!e TKO He 6btn o6Ha py)l{ eH, 

XOTH OH .C.On>KeH C K83bJB8TbCSI H8 Cll8KTp8X H yrnOBbiX pacnpe .ae neHHHX 1 3 8pSOK 8 HHbJX qac 

TKU, HcnapRJOWKXCll Ka aparuaJOwKxc " R.aep. Hexo To pbte yxaaa HH!I Ha aTo T acpcp e xT 

/ 51/ 
HM810TCH B 

BnH!IHHe .ae cpopM 8UHH H8 HcnapeHH e a ap!l)l{eHHb!X '18CTHU npo!!BKTC!I 6onee n o .aqe pxHy

TO, 9CUH Y.UBCTC!I opraHK30B8Tb axcne pHM eHT C OpHeHTKpOB8HHb!MK Bp8ll.I8JO IUKMHC!I li.Up8MH , 

n pH CnHSIHHH TSl>Kenoro HOH8 C MHWeHbiO B 03HHKB IOT H.apa C y rnOBbiMK MOM eHT8 MH 1 p a 3 -

Uif'!Hb!MH no BaiiK'IHHe ( OT 0 .00 jmax H H8np8Bn eHHJO ( K3 0TpOnHO B niiOCKOC TH, nepneH-

.UHKYDllpHOl! nyqxy) , tl cnyqae KpBeBblX COy .aapeHHl! IIpOIICXO.U!IT pe8KUKK '1 8CTK 'IHOrO 
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1'0 

COHSIHHSI C Shln9TOM cpparMeHTB OOMoapaHpyJOWeA 'lBCTHUhi , <i>IIKCBUIIII HMnyobCB aTOro 

cpparM9HT8 Sblll90IIT T8KH9 llllpa, 38XBBTIISWII9 OCTBTOK HOHB, yroOBOII MOM9HT KOTOpbiX 

nepneHaHKyngpeH nnocKOCTII, onpeaeo!IMOA IIMllyobCBMII 11011a 11 cpparMeHTa. HaM KB>KeTCII, 

'ITO 113Y'IBSI cneKTpbl Hcnap!IIOWHXCII 'lBCTIIll noa p83Hb!MII B3HMyTBObHbiMH yroaMII, MO>KHO 

nooy'lHTb SB>KHyiO HHcpOpM BUHIO , 

4. Ha OCHOSBHIIH aKcnep11M9HTBObHbJX II TeopeTH'l9CKIIX HCC09llOBBHIIA, nposeaeHHbl X 

38 nocneaHHe rOll bi, MO>KHO HapHCOSBTb KB'l9CTB9HHO eepHyJO KBpTHHY pacnaaa BpawaJO

werOCII COCTBBHOrO Rapa. npH pacnaae TaKOrO Rapa OCOOYIO pOnb HrpaeT y -llaoy'leHHe , 

13ocnonb3yeMCII a11arpaMMoll, aHanorH'lHOA nposeaeHHoA PaccMyceHoM 
1651

, Ha 

pHC, 8 napaoona npOXOllHT qepe3 3Ha'l9HHSI aHeprHH 0 OTB9'laJOWH 9 MHHHManbHOA nnOTHO CTH 

yposHell c aaHHbiM cnHHOM ( El ) • 3Ty oHHIIJO nerKo pacc'lHTBTb, ecnH eocnonb3oeaTb-

/67/ 
Cll 113S9CTHbJM COOTHOW9HII9M llliR noOTHOCTII ypOBHell Rapa p ( E*, j) , 

J111arpaMM8 pHC. 8 OTHOCHTCR K Rapy C MBCCOA A=l50. ToqKa Ha n apaoone cooT"" 

eeTCTeyeT •xonoaHoMy• epawaJOweMycg Rapy (MOM9HT HHepuHH - TsepaoTeo b HbiA) , 

nepeMeweHHIO esepx OT n a paoonbi ( E j ) OTseqaeT aKcnoHeHuHaobHbJl! poeT nnOTHOCTII 

yposHeA. 

PaCCMOTpHM, KBK Ha aTOll llllarpaMMe BblrORlliiT p a cnaa COCTBBHoro Rapa C Bb!CO

KHM MOM9HTOM, nocne COHSIHIISI Mbl IIM99M H9KOTOpOe pacnpeaeoeHHe KOMnayHll-11ll9p no 

yrnosoMy MOMeHTy. B · npiiMoyroobHHKe e sepxHel! qacTH aHarpaMMbi nnoTHOCTb nHHHA 

COOTB9TCTsyeT sepOliTHOCTH pB30H'lHbiX yroOSbJX MOM9HTOI\ 11ll9p Dy , B03HHKWHX np11 

COHSIHIIH Nd
143 

H C
10 

( - 95 Mas), 

nepBbiA aTan pacnaaa COCTaBHOrO llllpa 38KliJO'laeTCR B HcnycKaHHH H9l!TpOHOS (anH 

onpeaeneHHOCTH orpaHH'lHMCII aTHM cnyqaeM), .Hapo oyaeT KPYTO CMewaTbCR no aHarpaM

Me eHua. KpyTHaHa onpeaengeTCII cpeaHHM yrnos biM MOMeHTOM, yHoCHMbiM Hel!TpoHOM. 

HeATpOH oyaeT yHOCHTb aHeprHJO ( E" ~ B + 2T + _i_ ER ) - 10 Mas, oaHaKo, cpeaHRR 
n n 6A max 

senH'lHHa t nopRaKa eaHHHUbi , 3Ta eenH'lHHa cneayeT 113 pacqeTos no paanH'lHbiM Moae-

n /51 68/ 
OHM. 3Kcnep11MeHTMbHbie oueHKH TBK>Ke aaJOT aHaqeHIIe 2-4h ' • TaKKM o6paaoMJ Ha 

nepBOM 9Tane llllpO OCSOOOllHTCR OT OCHOBHOA 'IBCTH *TennoeoA* aHeprHH S036y>Kll9HHSI H 

O'lyTHTCSI BOllll311 OHHHII MIIHIIMBObHOA nnoTHOCTII ypoeHeA, KoHe'lHO, Hei!TpOHHbiA KaCKBll He 

OKOH'IIITCR TO'IHO Ha napaoone, nocxonbKY npouecc HcnapeHHII qacTHU - CTaTHCTH'lecKIIA, B cpeu-

HeM, H9l!TpOHHbii! KBCKaa npeKp8TIITCII np11 aHeprHH, KOTOpaR npeBbiW89T E j Ha eenll-

/66/ 
'liiHy, np11Mep110 paeHyJO aHeprllll CBR311 HeATpoHa • B npHsoaiiMOM npiiMepe aHepriiR 

eoaoy>KaeHIIII aaecb 10 - :.!0 Mae. HeATpoHHaR WllpHHa an11 aTIIx cocTORHIIll KpaAHe Mana, 

llOCKOObKY IICllYCKBHIIe H9l!TpOH8 C HeOOObWHM yroOBbiM MOM9HTOM aanpeweHO OTCYTCTSHeM 

noaXOllSIWIIX ypoeHel! S OCTaTO'lHOM Rape . TaKIIM oopaaoM, SlllpO OKB3biSBeTCSI S CBOeoo

pa3HOM * HeATpOHHOM MeTacTaollllbHOM• COCTOSIHIIII , 8Topol! aTan (oonee MeaneHHbiA) 
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38Kn~q89TCH B HcnyCK8HKH Kf 

yMeHbWeHHe yrnoaoro MOMeH' 

llllarpaMM9 oyaeT llpOXOlliiTb 

HIIJI oyaeT liOCTeneHHO Cy>KaT 

TaKaS! KBpTHHa obina np· 

9Kcnep11M9 HTOB KapaMRHa 11 J 

C TSUK9nbiMH HOH8MH. 

npS!Mbl9 113MepeHHSI Clle 

pooH y -naoy'leHIIR e pacn 

113 paooTbi OraHecgHa 11 ap. 
1 

HHR TSM >Ke IIOK838H CIT9KTJ: 

nepBblll ClleKTp 3HBqiiT9 llbHO 

CpeaHRR aHepriiR y -KeaHTO 

HbiX MHW9HHX 1 M9HS19TCSI OT 

KacKaae 11 ero nonHoA 9Heprr 

HHH. EbJIIO IIOK838HO, liTO tf.HC 

aHeprHRX 8-10 Mae/HyKnoH c 

y-KaCKaaa-10 Mas. npH 

ceqeHIISI oopa30BaHIISI COCTaBf 

lla-aa HeyqeTa BKnaaa npRMb 

Ha OllHO COC T aBHOe RllpO Bb!I 

B paooTe MonneHayapa 

VIa nonyqeHHbiX aaHHbiX cneL 
to 

nHeT cnyqaA Te+ :C ). 3 · 

H30Y'<9HHSI Bpall.lBIOWIIXCSI IIlli 

y -nyqell npoe eaeHo B.E a6H 

BbiX pacnpeaeneHuA e 6onbt 

COOIOCHYTOrO anollllCOIIlla, 

B paooTax AneKcaHaep. 

nonyqeHbi aaHHbre o6 a Heprll ' 

, lllHX K a -aKTHBHbiM H30TOII 

TWaTeObHOrO II3M9p9HHR cpyH 

XoTR peaynbTBTbi ue npeTeH , 

cyJOweec!l noaTsep>KaeHIIe c 

KOIIHtf.9CTB9HHbil\: OT89T HS p! 

X) Vfcnon b30BMHC b 1131 



auKR KMnynbea aToro 

nOBOl! MOM9HT KOTOpbiX 

parMeHTa. HaM Ka>KeTeR, 

8JlbHbiMH yrll8MH, MO>KHO 

19.LlOBBHKl!, upose.aeHHbiX 

ITHHY paena.aa spawaiO-

"b HrpaeT y -Hany'leHHe. 

eeMyeeHOM 
1651 

• Ha 

MHHHM81lbHOfi llllOTHOCTH 

Tb, 9CilH BOCllOJlb30B8Tb

* /67/ 
. ' j) • 

O'IKB HB napa6one eOOT

HH - TB9p.LlOTenbHbJl!). 

bH&Il! poeT nnOTHOeTH 

eTBBHOrO R.LlpB e BbJeo-

eHHe KOMnayH.a•R.aep no 

.MMhl nnOTHOeT& nHHHll 

Dy , soaHHKWHX npH 

IyeKBHHH H9l\TpOHOB (.anR 

) eMeWBTbeSI no .LlHBrpaM· 

YHOeHMhiM Hel!TpOHOM. 

1 Mae, o.aHaKo, epe.aHRH 

eTOB no p83Jllt:t1HbiM MO.a.e-

68/ 
TaKHM o6paaoM> Ha 

• aHeprHH eoa6y>K.Ll9HHII H 

{HO, Hel\TpOHHhll! KBeKa.Ll H9 

- eTaTHeTH'IeeKHli, B epell-

•s&IwaeT E 1 

!MOM npKMepe aHeprHII 

eoeTOIIHHli Kpal!He Mana, 

M aanpeweHo OTeyTeTeHeM 

> OK83biB89TCR B CBOeo6-

( 6onee Me.aneHH&Il!) 

38KJl10t{89TCH B HCllyCK8HHH K8CK8.[t8 y -KB 8HTOB, ttHCJlO KOTOpbiX .aOil>KHO o6ecne"tHTb 

YM9HbW9HHe yrnoBOrO MOM9HTa .LlO senH'IHHbl eJ!HHB KOH9'1HOrO SI.LlpB, .LJ.BH.>K9HHe SI.Llpa no 
t-111'1· 

.LlHBrpBMMe 6y.aeT npOXOJ:lHTb e.aonb nHHHH MBKeHMBnbHOl! nnOTHOeTH, npH'I9M HB60p eoeTO!I-

HIIl! 6y.aeT noeTeneHHO ey.>KaTbCSI. 

. /69/ 
TaKaS! KapTHHB 6&ma npe.anono.>KeHa sneps&Ie CTpyTHHeKHM e npK o6ey>K.aeHKH 

aKenepHMeHToe KapaMRHa H .ap. 
170

-
721 

no H3MepeHHIO <j:>yHKUKli eoa6y>K.aeHKSI e peaKUHRX 

C TH>K91lbiMH HOH8MH. 

npRMble H3MepeHKII eneKTpa H 'IHena Y -KB aHTOB no.aTeep.aHnH npe.anono>K9HH9 0 

ponH y -uany'leHKH s paena.ae spawaiOWKXeH eoeTBBHblX H.aep
173

-
751

• Ha pee. 9 

K3 pa6oT&t OraHeeRHa H .ap/741 
noKaaaH eneKTp y -nyqell H3 peaKUHH Cu +Ne~. JlnH epas se

HHH TOM >Ke nOK838H eneKTp Y -ny'lel! OT pB.LlKBUHOHHOrO 38XBBTB TennOBbiX Hel!TpOHOB. 

nepBhtli eneKTp 3HB'IHTenbHO MSir'le BTOpOrO, 2ho ene.LleTBHe BnHSIHKSI B&JeOKOrO enHHB R.Llpa • 

Cpe.aHRR aHeprHR y -KBB){TOB B peBKUHSIX, e&J3bJeBeMb!X HOHaMK C
12 

,0
16 

,Ne
00 

e paanHq-

HhiX MHweHHX, MeHHeTeR OT 0,8 .ao I ,2 Mas. Onpe.aeneHHe e pe.aHero 'IHena KBaHToe e 

KBeKa.ae H ero nonHOli aHeprHH npoeO.LlHnOeb nyTeM H3M~peHHSI KHTeHeKBHOeTH y -Hanyqe-

HHR. EblllO ll0K838HO. "'TO tfHCilO KBBHTOB p8CT9T e ysenH'IeHKeM aHeprHH ny'IKB, npH 

aHeprHHX 8-10 Mas/HyKnoH OHO .aoeTKraeT 10-15, 'IT ·o eooTeeTeTeyeT epe.aHel! aHeprHH 

y-KBeKBJ:lBNIO Mae. npH 9TOM paeqeTe Kenonb3osanoeb TeopeTH'IOCKOe 3H8'19HHe 
x) 

ee'I9HKSI o6paaoeBHKSI eoeTBBHOrO SI.LlpB 3aee.LlOMO MO.>KHO eKB38Tb, 'ITO OHO 38BhiWeHO 

H3-3B HeyqeTa BKnB.LlB npSIMhlX peBKUHli. 3TO 03H8'189T, 'ITO cp8KTH'I9eKOe 3H8'19HHe <Ty > 

Ha O.LlHO eoeTaeHOe SI.LlpO Bh!We B I ,5 -:.! paaa, 

13 pa6oTe MonneHayapa eeene.aosanHeb TBK.>Ke yrnoe&Je paenpe.aeneHHll 
175/ 

Y -eany'leHHH • 

Via llOJlyqeHHhiX .0.8HHhiX Clle.a,yeT1 ttTO OHO, B OCHOBHOM, KB8.0.pynOJlbH09 (HCK1l10'19HH9 COCT8B~ 
12 

nReT enyqali Te + : C ) • 3To, no-sH.LlHMOMY, yKB3&JeaeT Ha KonneKTKBHYIO npHpo.ay y 

HanyqeHHSI epawaiOwHxeH H.aep. TeopeTH'IeeKoe paeeMoTpeHHe yrnoeoro paenpe.aeneHHH 

y -ny'leli npoee.aeHo B.Ea6HKOB&IM/
761 

H Cnep6epoM
1771

• 13 1771 
noKaaaHo, 'ITO sH.a yrno~ 

Bh!X paenpe.aeneHHl! B 60nbWHHeTB9 enyqaee OTBe'IBeT Kea.apynonbHOMy H3ny'I9HHIO 

cnntocHyToro 31lnHncoH.oa. 

B pa6oTax AneKeaH.aepa H CH.MoHosa
1681 

npoeT&IM, HO oeTpoyMHbiM MeTo.aoM 6&tnH 

nony'leHhl .LlBHH&Ie 06 9HeprHH, YHOeHMOl! HeliTpOHBMH H y -ny'IO.MH e peBKUHRX, npHBO.Llii

.WHX K a -aKTHBHbtM HaoTonaM Tb H Dy • 3TH ese.aeHHSI 6&InH nony'leH&I nyTeM eeebMB 

TWBT9nbHOrO H3MepeHHSI <j:>yHKUHli eoa6y.>KJ:l9HHR H yrnOBbiX paenpe.aeneHHli SI.Ll9p OT.LlB'IH. 

XOTSI peaynbTBThl HQ npeT9H.LlYIOT HB BbJeOKyiO TO'IHOeTb, OHH npe.aeTBBnSIIOT B38HMOeorna

eyiOWeeeSI no .a TB9p>K.Ll9HHe OnHe aHHOl! BbiWe KBpTHH bl paena.aa BpBWBIOtUerOell H.LlpB, H .LlBIOT 

KOJlHtt9CTBeHHbllt OTBBT H8 pR.O BOilpOCOB. 

x) 
Vlenonb3oeanHeb HaseeTH&Ie paeqeT&I .Ll,. ToMaea ( Phys. Rev. :116, 703 (1959)). 
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" 

Ha pHc. 10
1681 

noKaaaHbl peaynbTaTbl no.o.c'leTa cpe.o.Hel! aHeprHH , yHOCHMol! 

y -Hany'l9HH9M 8 p aanH'iHblX peaKaHRX C BblneTOM Hel!TpOHOB, Bbl3b!BaeMblX KOHaM K OT Bll 

.0.0 0 16 
• 3KcnepKM9HTMbHblM MaTepKMOM .O.nR LI0.0.C'l9Ta RBKnHCb .o.aHHbl9 06 yrnOBOM 

p a cnpe.o.eneHKK R.O.ep OT.O.a'IK . 8 cnyqae, KOr.O.a KOH9'1Hb!M R.O.pOM RBnRlOTCR H30TOllbl Dy 

Ha y - Kany'ieKH e a cpe.o.HeM npHXO.O.KTCR 10-~0 ~as a aaBKCKMOCTH oT Kcxo.o.Hol! aHeprHH 

B036y>K.0.9HHR. npaBHnbHOC Tb peaynbTaTa LIO.O.'lepKKBaeTCR TeM cpaKTOM , 'iTO .O.nR o6paaoaa

HHR H30TOl.la Tb Hll 8 OCHOBHOM COCTORHKK yrnoaoe pacnpe.o.eneHH e COOTB9TCTByeT cywe

CTB9HHO M9HbW9l! 9HeprHK, YHOCHMOA y -ny'iaMK (aepXH RR 'laCTb pKC . 10). 3TO CBRaaHo 

149 
C T9M, 'iTO 8 9TOM cnyqae .O.BK>K9HHe y -KaCKa.o.a K OCHOBHOMY COCTORHK!O Tb CKnbHO 

l~m 149 
aKpaHKpyeTcR Bb!COKOCLIKHOBblM naoMepoM Tb • K OCHOBHOMY cocTORHK!O Tb npK-

BO.O.RT TOnbKO COCTaBHbl9 R.O.pa C Manb!M yrnOBblM MOM9HTOM ( <91i LIO Ol.I9HKe aBTOpOB) • 

3TOT actxPeKT 9KpaHHpOBKH HaXO.O.KTCR B COOTB 9TCTBKK C yTaep>K.0.9HK9M, C.O.enaHHblM npK 

o6cy>K.0.9HHK LlHarpMMbl Ha pHc.8: no Mepe npO.O.BK>K9HKR K OCHOBHOMy COCTORHK!O .O.On>KHO 

npOHCXOLlHTb npH6nK>K9HHe K nHHKH MHHHManbHOI! llnOTHOCTK ypOBHeQ, H a6op COCTOl!HKA 

non>KeH cy>KaTbCl!. 

Ha pile. II 
1681 

noKaaaHbl aHeprllll H MOMeHTbl, yHOCI!Mble y -ny'iaMH • .[lnl! onpe-

.o.eneHI!R <Ty > H j y K3 Ha'ianbHblX 3 H a 'ieHI!l! 9HeprHil BOa6y>K.0.9HKll H yrnoaoro MOMeH-

Ta ncnonb3oaaHbl aenH'iKHbl nonHol! aHeprKil H yrnoaoro MOMeHTa, yHOCI!Mble Hel!TpoHaMil . 

Yfa pKC. BllllHO, 'iTO 9Hepri!R 0 yHOCKMaR y -llanyqeHHeM, npeBb!WaeT 9Heprlll0 'xonOLlHOro' 

BpameHMH B COOTB9TCTBHH C O>KH.D.8BHeM. 

no Ol.leHKe aaTopoa cpe.O. HHl! MOM9HT, CBl!aaHHbll! c Hel!TpOHOM u 3t .I a r; D ( l,S:0,6)h. 

Pe3ynbTBThi, nonyq,eHHhte AneKcaH.aepoM H CHMOHOBhiM, Heo6xoll.HMo, oqeaH.OHO, nononHHTb 

npRMblMH K 6onee TO'iHb!MH 9KCnepKM9HTaMI! no HCCnellOBaHKlO y- H HyKnOHHOrO Kany'le-

HHR COCTaBHblX llll9p. 

iaMMa-KacKall - l!BneHHe cnenKcpH'lecKoe nnll BpawalOWHXCll cocTaBHblX l!.O.ep. 8Mec

Te C TeM 1 K nepBbll! 9Tan pacnana COCT8BHOrO llllpa (KcnapeHKe HyKnOHOB) l!Bnl!eTCll KHTe

peCHbiM 06'b8KTOM .anst H3Y1.19HHS1; 3TH HCCn9.QOB8HHS1 .aon)l{Hbl .Q8Tb CHCT9M8TK'I9CKH8 CBe

Ll9HKR 0 nnOTHOCTK ypOBH~l! 8 aaBHCKMOCTK OT 9HeprKH BOa6y>Kll9HHll 0 yrnOBOrO MOM9HTa, 

Maccoaoro 'iKcna li.O.ep. Y >Ke nony'ieHa KHTepecHall KHcpopMal.IHll npK Hay'ieHKH cneKTpoa . 

H :rrnOBbiX pacnpe.o.eneHHl! npoTOHOB K a -qacTKU npH o6ny'leHHK 0
16 

, Na 28
, Al

27 

KOHaMH Nl< (27 ~aa/79 • 801 , npH aaaKMO.O.eliCTBKH 0
16 

(160 ~as) C Ni 
15 11 

K B 

o6nacTH TR>K enbtX R.o.ep -MilweHel!
1 50 1

• 

Cne.o.yeT OTMeTKTb, 'iTO HBATpOHH a ll cneKTpoMeTpHR R.O.epHbtx peaKuHl! c Tli>KenbtMH 

1781 
HOHaMH HaXO.O.HTCll Cel!'iaC 8 caMOM Ha'iane nyTH. 6pyK H3M9plln Cli9KTpbt H yrnOBbl9 

pacnpe.o.eneHHl! HellTpOHOB K3 peaKnHA, Bbl3biBaeMbiX KOHaMK C
12 

,0
16 

B AI,Cu,N>, Au. 

8 C OOTB9TCTBHK C IJpe.O.CKaaaHHliMK T90p1111/
691 

apaweHHe Rllpa cna6o CKa'abiBaeTCR Ha 

Hel!TpOHHbiX cneKTpax. Yrnoaoe pacnpe.o.eneHHe yKaabiaaeT Ha npHMBHHMOCTb cTaTI!CTI!'ieCKo-

16 

ro p accMoTpeHHR nponecca . O.a 

3KCnepHM9HTanbH8SI BenHlJHH8 B . 

XO>KJl9HH8 OTM948nOCb p8HbW9 

8 .[ly6He f'.KyMn cpoM ll 

Kll apeMeHH nponeTa • .[lnll KnnK 

'leHHb!e npH o6ny'leHHH onoaa 11 

BBnBCb BHyTp9HHSU;I MHW8Hb UHJ 

CT8TO'"IHO H8.08>KHO Bbi.OenHTb S 

CLIBLl , OTBe'lalOWKll T9MnepaTyp 

Ha.ao CK838Tb, qTo 3TH a 

B8HHH B38HMO.Ue&iCTBHR HOHOB A1 

cpyHKUKK BOa6y>K.0.9HHll .O.nll pee 

no.o.po6Hee, nocKonbKY a cny'la< 

BOrO MOM9HTa Ha BH.O. cpyHKl.lllA 

Bbiwe y>Ke OTMeqanocb, ' 

o6Hapy>KeHbl npH Hccne.o.oaaHKH 

HanH'lHe y -KacKa.o.a, y 

HH!O LIOliO>K9HKll MBKCHMYMOB cp 

nH'lBHH!O HX nonywHpHHbl. Ha f 

Cd(Ar ,4-7n) TaM >Ke Lll 

~aKCilMYM C9'19HHll peaKnHH C 

,Ma Llllll peaKnHil C yrnepOLlOM. 

Bbi3biB89MbiMH nerKHMH '18CTHU~ 

yaenH'!HaaeTcR npH nepexone 

KpHBble Llnll peaKnHl! c A 

HHeM MonenH .[l>KeKcoHa
181 1, c 

'iTO Fx -aepol!THOCTb l!cnapeHt 

r1111 aoa6y>KlleHHR E ~ E* - E. 

F, 

W(ER) - nnoTHOCTb aepOl!THO• 

CKall BepOliTHOCTb HCnycKaHI!ll 

'l9Tbl BHOCHT 38M9'tBHHbie Ha 

.0.0CTH)K9HHH COrnaCHH C 3KCfi • 

HB B03MO>KHbie 3H8'leHHH CfiHHO 



il 3HeprHH, yHOCHMOll 

8bi3bt8aeMbiX HOHaMH OT 8 11 

anHcb .o.aaHbte o6 yrno8oM 

)OM H8nliiOTCH H30T0Ubl Dy 

CHMOCTH OT HCXO.O.HOJI 3H8pr'HH 

cpaKTOM, 'ITO .o.nn o6paao8a-

n e HH f> COOT8eTCT8yeT Cywe

IaCTb pHC. 10). 3TO C8H3aHO 
U9 

MY COCTOHHHIO Tb CHllbHO 

UII 
HOMY COCTOHHHIO Tb npH-

(<9t no oueaKe a8Topo8). 

~p>K,ll9HH9M 1 C.OenaHHbiM npK 

CH08HOMY COCTOHHHIO .O.On>KHO 

ypo8Hell , aa6op cocTO!IHHll 

bte y -ny'laMH, nn11 Onpe-

y)i{.o.eHHH H yrno8oro MoMea-

!HT8 1 yHOCHMbl9 H9A:TpOH8MH . 

BhtwaeT aaeprHJO 'xono.aHoro' 

)HOM u 3\i , a r • ( 1,8+0,6)h . 
y -

O.O.HMO, oqeBH.llHO, .O.OllOflHHTb 

y - H HYKllOHHOf'O H3nyqe-

HXCH COCTa8HbiX !I.O.ep. BMec

te ayKnoao8) H8n!leTC!I HHTe-

,llBTb CHCT9M8THqeCKK9 cse-

>K.09HHH 1 yrnOBOrO MOM9HT8, 

:n npH HayqeHHH cneKTpo8 . 

euaa o'" ,Na 08
, Al

71 

: teo ~a8) c Ni 
1511 

a 8 

JHbiX p88KUHA: C TSI>K9flb1MH 

3Mep!tn cneKTpbt H yrno8bte 

:
10 

, 0 16 
8 AI , Cu , Nt, Au • 

18 cna60 CK83biB89TCH H8 

npHM9HHMOCTb CT8THCTHq9CKQ-

\ 

ro paccMoTpeHHH npouecca. O.o.aaKo OTMe'!eHbl HeKOTOpbte P{'CXO)I{.O.eHH!I c pacqeTa MH . TaK, 

aKcnepHMeHTanbaan 8enH'IHHa auaaoTponHH oKaaanacb 6onhwe pacqeTaoA. AaanorH'IHoe pac

XO)I{.O.euae OTMe'!anOCb paHbWe HOKCOM H .D.p. TaK)I{e H .O.n!l aapH)I{eHHbiX qaCTHU, 

B ny6He r . KyMncpoM H .D.p. HCClle.O.ytoTCH Hei!TpOHHbte cneKTpbt C UOMOW biO MeTO.O.H-

KH 8peMeHH nponeTa, nn!l HlllliOCTpaUHH Ha pHC. 13 npe.O.cTa8neHbt CUeKTpbt HeJITpOH08, nony-
. 40 

qeHHbte npH o6ny'leHHH ono8a HOHaMK Ar c paaaoll aaepraell. B a THx onbtTax acnonb3o-

8ana cb 8HyTpeHH!I¥ MHweHb UHKnoTpoaa, o.o.aaKo cneunanbHbte KonnaMaTopbl noa8onnnH .o.o

CTaTO'IHO Ha.O.e)I{HO 8bt.O.ellHTb 3cpcpeKT, l:lK.O.HO, 'ITO CfieKTpbt HMetoT 3KCUOHeHnHanbHbtll 

cna.o., OT8 e 'latoWHJI TeMnepaType - 2 ~38 . 

Ha.ao CK838Th, '!TO aTH onbtTbi 6btllH npe.anpHHHTht KBK oqepe.auoA aTan B Hccn e.ao-

aaHHH B:;38HMo.aeAcTBHSJ. HOHOB Ar .co c H.O.pBMH. Ha nepaoM aTane
1541 

6btnH nonyqeHbt 

cpyHKUHH 8036y)I{.O.eHH!I .o.n!l peaKuell Ieana Cd (Ar
40 

, xn) 0cTaH08HMC!I a a 3 TOI! pa6oTe 

40 
UO.O.p06Hee, U OCKOnbKY 8 c nyqae HOH08 Ar OC06eHHO '!eTKO npO!t8n!leTC!I 8llH!IHHe yrno-

80f'O MOMeHTa Ha 8H.0. cpyHKUHll 8oa6y)I{.O.eHH!t. 

BbtWe y)l{e OTMeqanocb, 'ITO 8nep8bte acj:lcpeKTbl 8btCOKoro yrno8o ro MOMeHTa 6btnH 

o6aapy)l{eHbt npH accne.o.o8BHH.H cpyHKUHll 8oa6y)I{.O.eHK!t . 

HanH'!He y - KacKa.o.a, yaoc!lwero c ywecT8eaayto 3Hepreto, npH80.0.HT K cMewe-

HHto nonO)I{eHH!t M8KCHMyM08 cpyHKUHll 8036y)I{.O.eHH!t 8 CTOpOHY 60llbWHX 3HeprHl! H K y8e

nH'!eHHIO Hx nonywHpHHbt. Ha pac . 12 noKa'aaabt cpyHKUHH 8oa6y)I{.O.eHH!t .o.n!l p eaKuni! 

Cd(At ,4-7n) TaM )l{e .o.n!l c pa8aean!l noKaaaaa KpH8B!I .o.n!l peaKnHH Nd
14

tC 12,oo)
168

: 

~8KCKMYM ce'leHH!I peSKUHH Cd (,\;
0 

, 6n ) CMeWeH HS - ~Q ~38 OTHOCKTen bHO MSKCHMy· 

.Ma .o.n!l pea KUHH c yrnepo.o.oM. CMe weane ewe 6onbwe, ecnH cpa8HH88Tb c p eaKUH!!MK, 

8bl3bl88eMbiMH nef'KHMH q aC THU8MH (npOTOHSMH, !t.O.p8MH renH!J), nonywKpHHS cpy HKUHll 
12 40 

y8enH'IH8aeTC!I npH nepexo.o.e OT C K Ar npHMepa o aa 15 ~38. 

KpK8bte 
40 

.O.ll!l peBKUHi! C Ar HS pHC, 12 nony'leHbl pacqeTHbiM nyTeM C HCUOllb308S-

HH&M MO.O.enH n)l{ e KCOH8/Sl/, o6o6meaaoli Ha cnyqai! 8pamaiOmeroC!I Sl.llpa. Ope.unonaranocb, 

'ITO Fx -8epo!ITHOCTb acnapeHH!I ael!Tpoaa aa8HCHT TOnhKO OT 8enH'IHHbt Tenno8oi! 3 Hep

rHH 8oa6y)l{.o.eHH!I E ~ E* - ER 

(E ) 

Fx c f"W(ER)P(E - ER ,x)dER 
0 

W( E R) - nnoTHOCTb 8epo!ITHOCTH .o.aaaoll aaeprHH 8parueHH!I !t.O.pa, P( E, x) - .O.)I{eKcoao8-

CK8Sl aepOHTHOCTb HCllYCK8HHR X -aei!Tpoao8. TaKoe 88e.o.eane 3HeprHH 8paweHHSI 8 pac-

'!eTbt 8HOCHT aaMe'!eHHbte aa onbtTe H3MeHeHH!I 8 cpyHKUHH 8036y)I{.O.&HH!t. O.o.uaKo .o.n11 

.QOCTH>K9HHSI COrnaCHSI C SKCll9pHM9HTOM OK83anOCb He06XO.OHMblM BB9CTH orpa HH1.{9 HH e 

H8 B03MO>KHbie 3H8tt9HHSI CllHHOB COCT8BHOrO SJ.Qp8: 6bJnO npe,an o nO>K9H0 1 'ITO R a ps 
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He cn11eaJOTC S1 np11 M 'OMeKTe, 6onbW9M KeKOTOporo j 
0 

• KpKBbte Ha pHc. 3 nony'!eHbl 

ami 3 Ha'I9KKSI TeMn e paTypbl T=·3 Mae II i. = 75~ • npSIMOe 113MepeHHe TeMnepaTyp bl 113 

cnexTpa Hel!TpOHOB aano MeHbWyJO eenH'IIIHy. Pa3Kornacl!e MO>KeT 6btTb ycTpaH e H o y'leT oM 

exnaaa npoueccoe HenonHoro cnHSJHIIH H yTO'IHSKI!eM pac'!eT6B Fx , KOTOpbte caenaHbl noxa 

B9CbMa rpy6 o . 

Vfcno n b3y SI LlaKHbl8 IIO CII 9 KTpaM H9J!Tp0HOB H cjlyHKUIISIM B036y>Kll8KHSI, MO>KKO oue-

KI!Tb a K e priiJO, 1Ip11XOLlSIWYJOCSI Ha y -113ny'leHII9 

X 

< T > = E0 
- S B - x! 

Y f.,.l nf n 

E0 - aHeprHSJ B036y>Kll9HHSJ B M a KCHMyMe peaxuHH ( Ar, xn) • B ni , r • - aHeprHSJ 

CBSI3H H Cp9LlKSISI KHK9TII'19CKaH aHepriiSI HeliTpOHa, 3TH OU9HKII LlaJOT L!nSI BC9X peaKUHJI 

c X = 4-7 <T/ •30-40 Mae. 

npHB9Ll8HHbl8 BblW8 aKCII9pHM9HTanbHbl9 LlaHHbl9 0 KOTOpbl9 SIBnHJOTCH TOnbKO '!aCTbJO 

Taro, 'ITO caenaHo, cornacy.JOTCH c o6mell xapTIIHOl! pacnaaa epamaJOmerocSI cocTaBHoro 

Hllpa, ynoMSIKyToll paHee. BMe cTe c TeM npellCTOKT 6onbwag axcnepKMGHTanbKaR 11 Teope

TH'!ecxag pa6oTa IIO BblHCH9KIIJO Ll9Tanel! II KOnH'I9CTB8HHblX xapaKT9p11CTIIK 1IpOU9CCa, 

IV. npoayKTbl peaKUIIA M8>KLlY cno>KHblMII HLlpaMI! 

Cneul!cjll!xa paal!oaKTIIBKbtX npoayxToB peaxu11l! c TSJ>KenbtMII IIOHaMI! CBR3aHa, no 

xpal!Hell Mepe, c LlBYMH o6cTORTenbCTBaMH. Bo-nepBbix, c oco6eHHOCTIIMH caMHX ~eaxuHll, 

C 3cjlcjl9KTOM BblCOKOrO yrnOBOrO MOM9!1Ta; BO-BTOpblX 0 C B03MO>KHOCTblO CIIHT9311pOBaTb 

HOBble H30TOIIbl B TaKHX o6naCTHX, KOTOpbl9 npaKTII'19CKII H9LlOCTyliHbl 693 HCIIOnb30BaHHH 

TH>K9nblX IIOHOB. 

1 .. Mbl y>Ke yliOMHHBnH 06 3cpcjleKT9 axpaHHpOB8.HHH OCHOBHOrO COCTOHHIISI Bb!COKOCIIH-

1<9 
HOBbtMII 113MepoM - acjlcjlexTe, xoTopbtll 6btn o6Hapy>KeH an11 Tb • B MaKCIIMyMe ce'!eHH.e 

ldm I~ 
Llnll o6pa3oBaKIIH Tb np11M9pKO B 100 pa3 6onbW9, '19M Llnll Tb B OCHOBIIOM COCTOH-

KIIII/681. BonbwoA Bbtxoa 1130Mepoe OTMe .. eH Tax>Ke a pa6oTe 6peaen11 11 ap/
821 

n Kapa

MRKa II Llp/
831

, 3TO 06CTOHT9nbCTBO aenaeT TH>K9nbt9 , HOHbl IICKnJO'IIIT9nbHO IIOLlXOLlSilUIIM 

Cp9LlCTBOM LlnSI nonyqeHIISI HOBblX H30M9pOB C BblCOKIIM CIIIIKOM. C IIOMOlUbiO TSI>K9nblX IIOHOB 

y>Ke nony'leK pRLl KOBbtX 1130Mepoa
1 84

-
881

• Bo3MO>KHOCTII an11 l!ccneaoeaHI!SI 1130Mep1111 

paCWIIpSIIOTCH, MO>KHO CTaBI!Tb BOIIpOC 0 CIICTeMaTII'19CKOM IICCnellOBaHI!II KOHcjlllrypaUIIQH-

/89/ f 
HblX 1130M9pOB, CBSI3aHHblX C pa3pblBOM nap II B036y>Kll9HII9M H9CKOnbKIIX HyKnOHOB , 

~ 03MO>KHO, qTQ IIM9HHO TaKyJO 1Ip11pOLlY IIM9JOT CIIOHTaHHO Ll9nSilUII9CH 1130M9pbl 0 OTKpblTbl9 

B Hawei\ n a 6opa TOp1111 B peaKUIIHX C TSI>K9nblMII IIOHaMII 
1881 

M o pKH a ra 11 !yreno 
1901 

npeano>KIInK eecbM a a cjlcjleKTIIBKbti! cnoco6 anSI B036y>KLle

iiiiSI Bbtco xon e >KaiUHX ypoeHell poTaul!oHKoil nonoc bt. OHII ycTaHOBIInll, 'ITO ecn11 npOBOLliiTb 

18 

: 

·.o:_' 

J 

J 

,; 

o6ny'I9KI!e MIIWeHK a -'lac· 

BbiXO.O. '19THQ-q9THOrO H30TC 

ypOBHHMII poTaUIIOHKoll n o na 

3TO IIpOIICXOLliiT IIOTO' 

OK8Ht{HB8e TCH H8 O.OHOM H3 

H a ra " !yreno Ha6nJOLlMK 

B 0 36Y>Kll9HHSI KOnneKTIIBK blX 

/ 91 / 
H .o.p. > aepoHTHO, y .nanoc 

ll ,. 19 
'!aCTIIUbt B , N , F A a 

186- lT2 + 
Hf ennoTb ao 16 

HOCTb KOBOro- CIIOC 0 6a B 036: 

Slll9p, LlOCTyliKblX LlnSI JI CCn < 

2. TSI>Kenble IIOK bt n 

Henb3H nonyqHTb HHKBKH M H 

- npo6neMa CKKT93 a HOBblX 

K9i!TpOHHblX IIOTOKaX Ll a BH O 

ll,BIOT 3.09Cb TSDK9nbie H OHbl 

CKa 'IKOM. 3neM9HTbi 102 H 

B peaxuHRX c TR >I<enbi 

npoeen11 axcnepi!MeHTbi no " 

Hllep B pal!oHe H9i!TpOH OLl9q 

CymecTeoeaKH e a Toll c 

6binH IICI10nb30BaHbl peaKUII < 

paM yaanOCb C KHT93KpOB a Tb 

nyqeHHH, conpoao)Kaaawero 

lUKe n e pex o a a M Me>Kay ypo 

M e Tpbl Ll 9cjlOpM a UHH LlnSI aTF. 

38HH9 H8 C yW. 9 CTBOB8HH e HO 

~ HcKniOqHTenbHbie B03M 

p acn a a a pallHO a KTIIBHblX SI Ll< 

I1 0 i!Ll e T p 9 'lb 06 OLlH Ol! 113 C 

CBHlU 9 K aTOT KOHrpecc. 

Bonpoc o B03MO>K H oc ~ 

Pe3 epcpopaa. tl nocne ay iUH e 

x) Bonee noapo6Ho eo 

a n9M9HTOB 06Cy>KL!aeTC H B C 



'>19 aa pHc. 3 nonyqeabl 

(9p9HH9 T9MnepaTypb1 H3 

: eT 6b1Tb ycTpaaeao y<teTOM 

;-x , KOTOpbte c.aenaHbl noKa 

oa6y>K.ll9HHSI, MO>KHO oue-

.B , r 
nl n 

- 3H9pi'HSI 

.naJOT .nnR scex peaKuHl! 

~ HBIIH~TCR TOflbKO ~8CTb~ 

p8W8JOW9I'OCSI COCT8BHOI'O 

KCnepHM9HT8UbH8SI H T90pe

o8KT9pHC THK npouecca, 

dH HOH8MH CBH38H8 1 no 

eHHOCTHMH C8MHX peaKURl!, 

)>KHOCTbiO CHHT93HpOB8Tb 

TynHhl 6ea HcnonbaosaHRSI 

!OrO COCTORHHR BbJCOKOCllH -

1~ 
• B M8KCIIMYMEl C9'19HII,9 

Tb l41l B OCHOBIIOM COCTOSI-

;ipe.neUSI R .np.
1821 

n Kapa-

CKUIO'IHT9UbHO nO.llXO.llSIWHM 

, C nOMOWbiO TSI>K9UbiX HOHOB 

HCCU9.llOB8HHSI H30M9pRH 

ne.nosaHHH KOH~HrypauHoa

/89/ t 
~CKOIIbKHX HyKIIOHOB 

RWH9CS1 H30M9pbi , OTKpbiTbi9 

lbiA cnoco6 .nn11 aoa6y>K.ne-

BHIIH 1 'ITO 9CIIH UpOBO.QHTb 

,, 
I 

o6nyqeHH9 MHW9HH a -q8CTHU8MH B T8KHX YCIIOBHSIX 1 'IT06bi H861110.0811CSI M8KCHMB/lbHbiA: 

BbiXO.ll '19TH0- '19THOI'O H30TOna, TO H86UJO.ll89TCSI Cfi9KTp, 0TB9'1810WRl! nepeXO.ll8M M9>K.lly 

ypOBHSIMH pOT8UHOHHOl! fiOUOCbl. 

3TO npORCXO.llHT nOTOMy, 'ITO HCnapHT9UbHbll! K8CK8.ll CO 3H8'1HT9UbHOl! B9pOSITHOCTbiO 

oKaH'!HsaeTCSI a a o.naoM Ha sepxaHx yposaeA poTauRoaaoA nonocbJ. TaKHM of?paaoM, MopH-

aara H lyreno aa6n10.nanH ypoBHH snnoTb .no 10+ s Sl.llpax Dy 
156

'
160 

• TaKoA cnoco6 

B036y>K.ll9HRSI KOUU9KTHBHb!X yposael! npHM9HHM R B cnyqae TSI>K 9Ub!X HOHOB. CTe~eHCy 

H .np/
911, sepOSITHO, y.llBUOCb 3TO OCyW9CTBHTb 0 HCn Onb3ySI B K8'19C TB 9 6oM68pf!HpyiOW9A 

'ISCTHUbl B
11

, N I< , F 
19 

• AsTOpbt coo6waJOT o aa6nJO.neHRR poTauROHHbiX yposaeA s Yb 
106 

, 

Hf 
166

- IT
2 

snnOTb .llO 16 +, 3TH .ll8HHbl9 Hy>K.ll810T CSI B YTO'IH9HHR, HO H9COMH9HH8 peanb

HOCTb HOBOI'O cnoco6a B036y>K.ll9HHSI KOUU9KTHBHbiX COCTOSIHRl!, KOTOpb!l! pacwHpS19T o6n8CTb 

Sl.ll9p, .llOCTynHbiX .llUSI .HCCU9.llOB8HHSI, 

2 . TSI>K9Ubl9 HOHbl n03BOUSIIOT CHHT93HpOB8Tb T8KH9 1130TOnbr, KOTOpbl9 npaKTII'19CKH 

H9Ub3SI nony'IHTb HRK8KHM HHblM nyTeM, HaH6onee H3B9CTHbll! npRM9p B 3TOM OTHOW9HI<II 

- npo6neMa CIIHT938 HOBbiX Tp8HCyp 8 HOBblX 3U9M9HTOB, MeTO.ll o6ny'I9HRSI B IIHT9HCHBHb!X 

H9i!TpOHHb!X nOTOK8X .ll8BHO y>Ke ycTynHn Sl.ll9pHbiM pe8KUI<SIM, npeHMYW9CTB0 0 KOTOpOe 

.Q810T 3.0.9Cb TSI>K9/lbl9 HOHb1 1 CBS138HO C T9M 1 "'TO 38pst,a R.Op8 B p 98KUHH YB'l(HittHB89TCR 

/92-94/x) 
CKS'IKOM . 3neMeHTbl 102 H Lw 6biUII CIIHT9311pOB8Hbl C noMOWbiO TSI>K9Ub!X I<OH OB , 

B peaKUIISIX c TSI>KenbiMII IIOHaMII nony<teH p11.n HOB hi X H30Tonoa. P . 4au.na 11 .np/
951 

npoaen11 3Kcnep11M9HTbi no Hccne.noaaHIIJO aoaoi! npe.nnonaraeMoJ! o6nacTII .ne~opMHpoBaHHbiX 

Sl.ll9p B pal\OHe HeJ!TpOHO.ll9~11UIITHblX H30TOnoa pe.llKIIX 39M9Ub, 

/96/ 
CywecTaoaaalle aToll o6nacTH npe.ncKaaaao a pal5oTe E. MapwaneKa 1< .np. 

6b!UII IICnOUb30B8Hbl p98KUIIII Tllna (016 
, XII ) II (C

12 
, xn) , C fiOMOWbiO KOTOpb!X 8BTO-

paM y.nanOCb CIIHT93HpOB8Tb H0Bbl9 1<30TOnbJ • B cneKTpe y 

nyqeHHst, conpoao)Kll.BBwero {3 -pacna.n 3 TIIX Sl.ll9p, 6b!UH o6aapy>K9Hbl UIIHHH, OTB9'18JO-

WHe nepexo.naM M9>K.llY ypoBHSIMH poT8UHOHHOA nonOCbl 1130TOnOB Ba • no OU9H K 8M, napa-

MeTpbl .ll9~0pMBUHH .llUSI 3THX Sl.ll9p {3 =0,15-0,20, 3TO nepaoe 9KC09p11M9HT8UbH09 yKa-

38HH9 aa cywecTaoaaHHe aoaoA o6nacTH .necpopMKpoaaHHbiX Sl.llep • 

.) VICK11104.HT9/lbHhl9 B03MO>KHOCTH .QBIOT TR>K9/lbl9 HOHbl .0./lSI KCCII9llOB8HHR npOTOHHoro 

pacna.na p8.llH08KTHBHbiX Sl.llep, 0CT8HOBI<MCSI HB 3TOl! npo6neMe no.npo6aee, nOCKOUbKY 3.ll9Cb 

nOl\.ll9T p9'1b 06 O.llHOll 113 CTOpOH SIBU9HIISI IICKyCCTB9HHOll p B.lli<08KTIIBHOCTK 0 KOTOpOMY no-

CBSIW9H 9TOT KOHrpecc . 

B'onpoc o B03MO>KHOCTK npoTOHHOro pacna.na o6cy>K.nancSI .naBHO, ewe ao apeMeHa 

Peaepcpop.na. l:S nocne.nyw11e ro.nbl a Ta npo6neMa .neTBUbHO paccMaTpHaanacb a pa6oTax 

x) 6onee no.npo6HO BOnpOC 0 C0Bp9M9HHOM COCTOSIHI<H HCCU9.ll0BBH11ll B o6nBCTH HOBblX 

3U9M9HTOB 06Cy>K.ll89TCSI B o6aopHOM .llOK/l'll.ll9 • .[leneHI!e Sl.ll9p', 
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l!. AnbB8peua, 6. Ll>Kenenoaa, 6. reAnHKM8H8 II A. MHI'll8na . (06aop pa6oT CM., J:anpHMep, 

B I IOOI) . nepBbie 9KcnepHMeHT8ilbHb!e nonbiTKK Ha6niOtl8TI;> npoTOHHblii pacnat:~ p8llH08KTHB .. 

. 1911 
HbiX Sillep 6binK npet:~npHHRTbi rt. AnbaapeuoM ell.le 15 neT H838ll , OllHBKo, OHH He npll -

aenll K >KenaeMOMY peaynbTBTy, TonbKO B !96~ r. TBKHe IICcn·etlOB8HifSI OK838i!I!Cb ycnew

Hb!MII: a HaweA na6opllTOpff11 6binll nony'leHbi peaynbTBTb,, KOTOpbie. noaaonllnff CtlenaTb Bbi

ao.a, ttTo a peBKUHH Ni+Ne~ B03HHKBIOT pa.aHOBKTHBHbi e H30TOITbJ, HCflbJTIJTBBJOlllHe npo

TOHHbiA pllcnat:~ 1981 B HACTOSIWee apeMSI IICcnet:~oaaHRSI no npoTOHHOMy paclldllY npoBOllSIT-

CSI rpynnoA npo¢. P.6enna B MaK- rHnncKOM YHIIBepCIITeTe (KaHatla), ll-poM npeAccoM 

11 tlp. B VlenbCKOM YHIIaepCIITeTe , t:~ -poM A.<PpllllMBHOM 1-1 llP· B AproHHCKOA HauH.o!fam--

198- 1041 
HOA na6opaTOp1111 (CWA), ll-poM VI.EHeKe B Kapncpya (<l>Pr) 11 B Lly6He (CCCP) • 

3 Hepre THl.l 9CK8H B03MO>KHOCTb npOTOHHOrO p8Cll8ll8 llOHBnSie TCSI KBK Cfl9.UCTBH9 CHH>Ke-

HIISI 9 HeprHR CBSI311 npoToHa "P" yMeHbWeHKH '!Kcna HeATpOHOB B Sillpe. TaKaSI aaKoHoMep

HOCTb o6ycnOBfl9H8 38BHCHMOCTbiO B9RH4HHbl H.09pHoro B38HM0.09"CTBlHI O T H30TOllHt{9CKOrO 

'IHCn a H B03p8CT8HH9M ponH KynOHOBCKO_ro OTT8nKHB8HIH1. 803MO>K HhJ HeCKOflbKO M9X8HU 3 -

MOB llpOTOHHOr'O pacnat:~a . 

Bo-nepBbiX, MOryT 6b!Tb CIIHTe311pOBaHbl Rtlpa C OTpHUBTenbHbiA 9HeprHeA CBSI311 

Il.pOTOHa ( B P < 0) • 3TII S!llp8 HeCT861fnbHb! OTHOCIITenbHO IICIIyCKaHHSI 11p0TOH8 113 OCHOBHO-

r o COCTOHHHH. 8 8TOM cnyqae K8pTHH8 p - p 8Cll8Ll.8 8HDnOrHttH8 TOMY • 'ITO M hl HM99M B 

cny'lae o6bi'IHOro a -pacnat:~a. 

Bo-a TOpbiX, aoaMO>KHa 'aanaa.O.biB8IOll.l8H' npoTOHHast paJl.HOBKTHBHOCTh, .aayxcTyn eH

qaTbi~ npouecc: Ha nepaoM a Tane noauTpOHHbill pacnat:~ c BbiCOKOA aHeprllell , u a BTOpOM -

BbineT 11pOTOH 8 >13 B036y>KtleHHOrO (a B HeKOTOpWX cny'!aSIX II ·113 OCHOBHO!'O) COCTOSIHIISI 

llO'Ie pH ero Sitlpa. Ecnu a HepriiSI HH>Ke Bbi COT bi KynoHOBCKoro 6apbepa, npoT OH Bb!l!tlef 3a 

npetleilbl S!llp8 n yTeM KB8HTOBOMeX8HII'IeCKOI'O 11pOHII KHOB€!HII SI CKB03b 68pbep, not:~68pb

e pHb!i\ p8CI18ll 113 B036y>KtleHHOrO COCTOSIHIISI IIOtl06eH SIBneHifiO lli! IIHH011p06e>KHb!X a - qac

TIIU. Ecnu ucnycKaeTCSI Hat:~6apbepHbill npoTOH, MO>KHO roaopHTb o6 aHanor HH c 381183llbi

B8IOlllHMII Hel\TpOH8MH . 

Bo3MO>KeH Tpentll MexaHH3M npoTOHHoro pacnat:~ a - H30MepHbil! . 

H .6. 3enbtlOBI!'IeM I 
1051 

" B . VI. ronb).l8H CKHMI 107 I npetlCK83aH PS!ll H30TOI10B , KOTo

pb!e llOii>KHb! IICI1b!Tb!B8Tb BeCbM8 cneuH¢11'1eCKHA Tltn p3CI18ll8 - IICIIyCK<lHIIe llBYX npo

TOHOB cpaay . 

VI. E HeKe BbtCKa3an npet:~ nono>KeHI!e 11041 
'-ITO B03MO>KHO HCllyCK8HHe .OBYX npOTOHOB 

113 B036y>KtleHHoro sttlpa ( '!eTHoe z + 
) nocne p -pacnat:~a. Ecnu TB Koe SieneHue cyll.le-

CTByeT, W8HCbl o6nnpy}!O! Tb tlByxnpOTOHHbiH pllCII8ll CylJ.l_eCTBeHHO yeemt'IIIBBeTCSI . 

Cei14ac COBMeC TH biM H ycHnHSIMH coaeTCKHx , KBHa.ncKHX H aMepuKaHCKHX ¢H3HKOB 

20 

I" AI. 

CIIHTe3HpOB8HO 9 11pOTOHHb!X 

no M9X8HH3MY "aanaaJJ. biBBJOt 

EcTecTaeHHO B03HH KaeT 

pacnpocTpaHeHHbiM? Bo3MO}! 

TOI'll8 He MO>KeT 6btTb pe'll• 

'!eHifSI liOBOil Sitl e pHO!I IIH¢0 J 

pacnpocTpaHeHHoe s!BneHIIe, • 

P1<c . 14 IIOK83biB8eT KC 

B.KapHayxOBbiM II r.Tep- AKOfib 

'ITO llpOTOHHblll p8CI18ll llOi!}! 

MeHTOB Blln OTb .00 CBHHU8. ~ 

Ten e ll 1 106! OKB3anocb owu6 

BII>KeHIIR arny6b o6nacTII co 

TenH 38ll83.QbiB810LUHX llpOTO 

.a.anbHeA'weM ysenHqeHlUi HeJ 

TO MOMeHT Mbl npHXO,aHM K 

Z uaoTonoa. Ha puc . 14 ny> 

Anb(jla-pacnat:~ aoaMo>KeH 31 

HyiO KOHKypeHUIIIO TOfibK O BC 

HH.aHo, qTo .anH aHTy:: 

HOCTH. CeA'!ac Mhi HaxotllfM 

y>Ke OTKpb!Tb!X H3ny'laTeneA 

nony'!eHHbie B CWA (ollHH 

>KeHbi HanyqaTenH , nonyqeH! 

llBB 1130TOII8 Te ( Ru + 0 
16 

) 
~8 28 

UHH Ru + ·Si • Pd +Si • Cd 

l.ITO ecTb npoTOHHbte Hanyqc 

cneKTp npOTOHHOr'O H3 ily'I8T 

OH npHHB.ane>K HT nerKHM H:: 

COCT0 51Ul851 H3 HeCKOflbKHX I 

wue nepi!Ollbi nonypacnana 

CSI no MexaHHaMy, noao6Ho 

3 Tane noanTpOHHbiH nepexoJ 

THBHOCTH), 38TeM O TH OC HTE 

x) 6onee t:~eTanbHBR 
xx) 

CneKTpbi llBHbJ B 1 



(06aop pa6 oT eM., nanpr<Mep, 

pOTOHHblli pliCITBJl p8JlK08KTKB .. 

/ 97/ 
ill l OJlHBK0

1 
OH K He ITpK-

e..QOB8HlfR oxaaanHCb ycnew-

•pwe. noasonanH c.a enBT b Bbz-

30TOnbi 1 H C nbt1'UB8JOlUH9 npo-

OTOHHOMy pacnaJly npOBOJlHT

( Kanana), n-poM f1peAccoM 

up. B AprOHHCKOA HauuoHam-

Pr) n B Jly6ue ( CCCP {
98-IO:/ 

11H9TCH K8K cne.OCTBHe CHI-DKe-

a a !!Jlpe. TaKa!! aaKoHoMep

aeAcTB HH OT H30TOOH1.J9CKOrO 

II O>KHhl H9CKOnbKO M9X8HU3 -

T 9rrbHbll! 3HeprHell CBSI3H 

yCK8HHH llpOTOH8 H3 OCHOBHQ-

1.JH8 TOMY • ttTO Mbi HM99M B 

lH08KTHBHOCTb 1 ..QBYXCTyn e H-

JKOA 3Heprr<el! , H8 BTOpOM -

113 OCHOBHOrO) COCTOSIHKSI 

;apbepa, npoTOH Bbtl!JleT 38 

CKB03b 6apbep, noJl68pb-

) JlnHHHonpo6e>KHbiX a -qac-

rb 06 8H8nOf'HH C 38ll 83Llbi-

)MepHbtl\, 

lCK838H pH.O H30TOllOB 1 KOTQ-

1a - Hc nycKdHKe nayx npo-

0 HCnyCKBHI!e JlBYX npOTOHOB 

Ecn11 Ta Koe HBneHH e cyme-

~HHO yaen.,fl·IUB89TCS1 . 

8M8pHK8HCKHX ¢K3KK OB 

CKHTeaHpoaaHo 9 npoTOHHhtx r<any'laTenell . HaH6onee aepoHTHO, 'ITO ace OHK pacnanaiOTCH 

00 M9X8HH3MY "38ll83.D.hiB8lOlll9A' npOTOHHO~ p 8JlK08KTHBHOCTK, 

EcTecTaeHHO aoaHKKaeT aonpoc, HBCKOnbKO caol!CTBO npoTOHHoro p acnana HBnHeTCH 

pacnpocTpaHeHHhtM? BoaMO>KHO, 3TO caoAcTao He6onhworo 'IRena 3K30TK'IeCKHX HJlep H 

TOrJlB He MO>K9T 6btTb peq;. 0 WHpOKOM ero H3Y'I9HKK, 06 KCITOrrb30BBHHH ero JlrrH nony

'19HHH HOBOll HJl9pHOl! KHcjlOpMBUKK? AHBrrH3 ITOKB3biBBeT, 'ITO npOTOHHbill pacnan He M9Hee 

pacnpocTpaHeHHoe HBneHHe, '19M a -pacnan. 

PKc. 14 noKB3btaaeT KOHTypht o6nacTK npoToHuoro pacnana (pacqeTbi BhmonHeHbt 

/108/ xl 
B.KapuayxoBblM H r.Tep-AKonbHHOM c HCITOnb30B8HH9 M TB6nKU MBCC KaMepoua) . • l:lHJlHO, 

'ITO npOTOHHhiA pacnan JlOn>KeH 6btTb CBOI!CTBOM HeliTpOHO-JlBcjlHUHTHbiX H30TOITOB JlrrH ane 

M9HTOB BnnOTb .0.0 CBHHUB. MHeHHe, 'ITO 38 OnOBOM He .non>KHO, 6hiTb npoTOHH biX H3nyqa

T eneA./ I06/ oKaaanocb owK60'IHhtM, CaollcTaa npoTOHHoro pacnana MeHHIOTCll no Mepe npon

BH>KBHK!I arny6b o6nacTH CO CTOpOHbl CTB6HrrbHbiX H30TOITOB. J:l H8'11lJI9 Mbl KMeeM H3nyqa-
+ 

TenH 3BITB3JlbiBBIOUIIfX npOTOHOB H3 B036y>KJl9HHbiX nocne {3 -pacnana COCTOHHHil, f1pH 

JllirrbHeliweM yaenH'IBHI!If HeilTpOHHOrO Jl9cjlHUHTB aepO!!THOCTb npouecca pBCT9T H B K8KOJl

TO MOM9HT Mbl npHXOJlHM K llllpBM C 8
0 

< 0 , 3TO cny'IB9TC!I pBHbWB Jlrrll H9'19THbiX no 

Z HaoTonoa. Ha pHc.l4 nyHKTHpoM noKaaauo npKMepHoe nono>KeHHe H30Tonoa c B
0 

= 0 • 

Anbcjla-pacnBJl B03MO>K9H 38 OrrOBOM, HO OH 6yneT OKB3biBBTb CKOnb-HH6yJlb CyUieCTBeH

HyiO KOHKypeHUHIO TOrrbK O B6rrH31f liJlBpHbiX 060rrO'IBK, COOTBBTCTByiOUIHX 50 H 82 HyKnOHBM, 

J:lHJlHO, 'ITO Jlnll 3HTy3K8CTOB ITpOTOHHOrO pacnana HMBBTC!I 6oraTOe none Jl9HT9rrb

HOCTH, Cell'IBC Mbl HSXOJlHMCH B CBMOM HB'Iane ny.TH, Ha pHC, 14 ITOK83BHO nonO>KeHKe 

y>Ke OTKpbiThiX HanyqaTeneA npoToaoa; 3TO nerKHe H30TOllbi 0 18
, Ne17 

, Mg
21

'
20 

, Si
25 

nony'leHHbte a CWA (onHH H3 Hr<x), a CCCP (naa) K a Kauane (ace); nanee pacnono

>KeHbt r<any'IBTenK , nony'leHHbte B Jly6ue: 3TO nerKKll K30TOIT Br -Kr (peBKUKll Ni+ 0
16

), 

naa H30Tona Te ( Ru + 0 16 
) xx) TpK nerKHX H30Tona a o6nacTK peJlKKX aeMenb (peaK-

28 28 28 
UHH Ru +·Si , Pd +Si , Cd +:Si • Mo>KHO C1.!HT8Tb aKcnepHMeHTBnbHO LlOK838HHhiM, 

'ITO 9CTb npOTOHHbte K3rryqaTenH T!I>Kenee CrrOBB, JlnH neKMepa H8 pHC, 15 npHB8JleH 

cneKTp npoTouuoro r<any'laTen!l Ha peaKUHK Pd
106 

+ Si 
28 

no uaweMy npennono>KeHHIO 

oH npHHa.nne>K HT nerKHM H30TonaM Ce- Nd • tiH.QHO, t.J:TO HM99TCH CnO>KHBSI K8pTHH8, 

COCTO!IUIBSI 1<3 HeCKOJlbKKX nepeKpbtBBIOUIHXCll rpynn OT 2 JlO 4,5 Mas, VlMeiOTC!I CneJlyiO "' 

mr<e nepKOJlht nonypac naaa - I, 8 H 25 c e K, HaH6onee aepoSITHO, 'ITO npoTOHbi r<cnycKaiOT

CH no M9X8HH3My 1 ll0Ll.06HOMy KOpTHH9 BhtneTa .D.nHHHOnpo6e>KHblX a -t.J:BCTHU: H8 nepBOM 

a Tane noanTpoHHhiH nepexon (ou " o npenen11eT K3Mep!leMbtil nepr<on nonypacnana p -aK-

THBHOCTH) , 38T9M OTHOC HTenbHO 6blCTpoe KB8HTOBOM9X8HHl.feCK09 

x) Bonee neTBllbHBll JlHarpa MM a naeTCSI a npr<no>KeHHtt. 

xx) 
CneKTpbt .D. B HbJ a upHnO}l<:eHHH. 
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npOXOX<lleHHe ITpOTOHB 

; 



~"'!----

cKs03b KynouoscKHA 6apbep V 0 ~ 11 Mas ). Ha pHc . 15 HH>Ke ocH a6cuHcc yKa3aHbi 

r 0 - C06CTS9HHbl9 Bp9M9H8 .llllSI Sblll9T8 npOTOH8 C COOTS9TCTSyiOWeil aHeprHel! (cpe.o.uee 

Sp9MSI M9>K.lly Sblll9TOM n03HTpOH8 H npOTOHa) • 3 TO Bp9MH pace RHTb!S81lOCb no H3S9CTHo-

My COOTHOW9HHIO 
r • 2,1; exp(-Gfo >, 

D 

D - cpe.o.uee paccTOHHHe Me>K.o.y yposHHMH. Mb! Hcxo.o.HnH H3 npe.o.nono>KeHHH, 'ITO npo

TOH Sblll9T89T H3 S036y>K.ll9HHOrO COCTOHHHSI, 3HeprHH S036y>K.0.9HHH R.llp8 6pan8Cb p8SHOI! 

Ep • nnH OU9HKH 6panocb 3H8'!9HHe D a 100 Kas npH auepr HH S036y>K.ll9HHH 2 Mas , nnH 

6onbWHX aHeprHl! D npe.o.nonaran ocb aKcnoHeHuHanbHO na.o.aiOWHM s cooTB9TCTSHH co 

CT8THCTH'i9CKHMH cpopMynaMH, npH p8C'I9T9 npo3p8'!HOCTH KynOHOSCKOrO 6apbepa(exp -2Gf) 

nonaranocb, 'ITO f • = 0 

-12 -18 ~H.llHO, 'ITO S npe.o.enax cneKTpa r P M9HS19TCH OT 10 .0.0 iO C9K. 3TH 

-12 speMeHa noKa He H3M9pHMbl aKCnepHM9HT81lbHO, HO S91lH'IHH8 10 scero H8 .O.S8 nOpSI.llK8 

M9HbW9 .llOCTynHol! COSp9M9HHOl! aneKTpOHHKe, 

nnH nonyqeHHSI npOTOHHO- aKTHBHblX H.ll9p H8K6onee nepcneKTHSHblM HHCTpyMeHTOM SIB

IJRIOTCR TR>Kellbie HOHbi . Cne.ayeT, o.aaaxo, cxaaBTh, ttTO pH.n. H30Tonoa, a ttBCTHOCTH, .nnsr 

Z<ll MO>K9T 6b!Tb nonyqeH C nOMOWblO ny'IKOS npOTOHOS, .ll9l!TOHOS K a -qacTHU, 

3To ycnewHo noKa3ann CBOHMH 6neCTSHUHMH OITbiTBMH KBHB.OCKHe HCCI19.llOB8TeiJH 

P.6enn, P.6apToH, P. MaKcpepcoH H .o.p. C noMOlllbiO npoTOHos ( 100 Mas) OHH CHHT93K-
1 11 21 26 

posanK H30TOnbi 0 
3 

, N , Mg , Si • 0.o.HaKo
1 
no Mepe nepexo.o.a K 6 onee TH>Ke-

llbiM aneMeHTBM B03MO>KHOCTK nerxHx ttBCTHU yMeHbWBiOTCR . Heo6xo.a.HMo Hcnonb3oaaTb 

MHOr038pH.llHb!9 HOHbl, 60ilbWYIO CS060.lly S . CHHT939 npOTOHHblX K31lY'IBT91l9l! S o6nacTH 

p9.0.KHX 39M91l b K .llllH nocne.O.yiO!llHX aneMeHTOS .llBIOT T8KK9 60M6ap.o.HpylO!llK9 'IBCTKUbl , 
28 40 

KBK Si , Ca 

Mbi yeepeHbi, 'ITO CKopo npoTOHHbiR pacna.o. npeepaTHTCH s cpe.o.cTeo Kccne.o.osaHHH 

R.llBp s cosepweHHO HBH3y'ieHHoll o6nacTH H30Tonos , nepeHaCbill!eHHbiX npoTOHBMK . EcTb 

OCHOBBHHH O>KHilBTb, tf.TO B 3THX HCC IJ9.0.0B8HliHX 6y.a.eT flOilylf.eHB HOB8R, B03M0)KHO H90>KH-

.ll8HH8H H.ll9pH8H KHq:JOpM ilUHH. 

npe.O.CT8SilHBTCSI SB>KH blM K3M9pKTb r
0 - co6C TS9HHOe speMH .llllH Sblll9T8 npOTOH8, 

3To snonHe peanbHO. HaH6onee aKcnepHMBHTBnbHO y.o.o6Hblll sapHaHT - K3MepeHKe 3a.o.ep-

>KBHHbiX p - ' P -cosna.o.eHKl! npH {3+ -pacn a.o.e '!eTHoro no Z R.llpB R OCHOBHOe npOTOHHQ-

H9CT86HnbH09 COC TOHHHe, B03MO>KHOCT>I .llllR T8KKX aKcnepHMBHTOS nyqwe .llllH K30TOOOS 

38 onosoM . 3HaHHe .o.syx xapaKTepHCTHK P -pac na.o.a - E0 H r
0 

MO>KeT 6~ITb Hcnonb-

3osauo S TOM >Ke 8COBKT9, 'ITO H S a -pacna.o.e (pa.O.HYCbl H.O.ep, npHS9.ll9HHbl9 WHpHHbi), 

VfHT9p9CHO OTM9THTb, 'ITO f!OilOC8 npOTOHH0-8KTKSHblX K30TOnOS npOXO.llKT qepe3 

HOByiO npe.o.nonaraeMylO o6naCTb .ll9cpOpMKpOS8HHblX H.O.Bp S p8JIOH9 pe.O.KKX 39M91lb. npoTOH-

22 

Hblll pacna.o. MO>KBT SISKTbCH Yl 

y -nyqell nocne SbineTa npoTC 

6y>K.ll9HHOrO COCTOHHKR) 6y.O.yT 

HOI! KHcp0pM8UKI{ . 

~ aTOM .ll0Kil8.ll9 Mbl pac 

SHTb OCHOSHblB OC069HHOCTK pE 

flOK838Tb, tf.TO 3T8 06118CTb R.O. 

O>KK.ll8Tb S 6nK>K8l!WH9 rO.llbl 

.ll8pHbl npocp. r.6pel!Ty 38 BHH• 
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5 HH>K e OCH a6CUHCC yKaaaHbl 

BTCTByiOwea SHeprHell (cpeaHee 

pace RHTb!BanOCb no HaBBCTHO-

H Ha npeanono>KeHHll, 'ITO npo

Y>KllBHHll llllpa 6panacb paeHoJi 

HH aoa6y>KllBHHll 2 Mse, Jlnll 

l aiOWHM B COOTBBTCTBHH CO 

ynOHOBCKOrO 

0-
12 

llO 10-!8ceK, 3TH 

' 10-12 acero Ha aaa nopl!J1Ka 

lCfi9KTHBH biM HHCTPYM9HTOM SIB

l H30TOITOB, B 'IBCTHOCTH, .QIIR 

~. a.eATOHOB H a -qacTKQ. 

HB .O.CKKe Kccne.aosaTenH 

oa ( 100 M sa) 

Iepe nepexoaa K 6 onee Tl!>K e

Heo6xoaKM O Kcnonb3oeaTb 

HhiX Hany'!aTenell a o6nacTH 

e 60M6apllH.pyiO LUH 8 '!aCTKUbl, 

ll B CpBllCTBO HCCnBllOBaHHll 

hi i.l..!eHH biX rrpoTOH BMH. ECTb 

.9H8 H OB BSl, B03 M Q)KHO H 90}f{K-

BpBMll llnll BbinBTa UpOTOHa, 

•apHaHT - H3MepeHHe a aaep

llllpa R OCHOBHOB UpOTOHHo

HTOB nyqw e LlliR H 30 TOfl OB 

rp MO.>K eT 6~ITb HCflOIIb-

SlllBp, UpHB8llBHH bl8 !UHpHH bi), 

o Tonoe npoxoaHT qepea 

lloHe PBllKHX 3BMBnb. npoTol{-

Hblll pacnaa MO>KBT liBHTbCll Yll06.HblM CpBllCTBOM llnll H3y'IBHH!I STOll o6naC TH, V1 3MBp BHH8 

y -nyqeJI nocne BbineTa npoToHa, f3 - p " y- · p - yrnOBbiX KOppen!IURH (npOTOH H3 aoa-

6y>KllBHHOrO COCTOl!HH!I) 6yayT BBC bMa 3!p!peKTKBHb!MK CUOC068MH llnSI nony 'IBHHll llBTanb-

HOJI HH!pOpMaUHH, 

1::1 STOM llOKn aae Mbl paCCMOTpenH HBKOTOpbiB pa60Tbl, KOTOpb!B U03BOn!IIOT npBllCTa

BHTb OCHOBHbiB OC06BHHOCTK peaKUHll MB>KllY CnO>KHb!MK SillpaMH, HaM XO TBnOCb TaK>K B 

UOK838Tb, 'ITO STa 06naCTb !lllBpHOll !pH3HKH CBJI'ISC HaXOllHTCll Ha UOllbBMB H Mbl an paae 

O>KKllaTb B 6nH>Kal!wHe rOllbl nony'leHH!I HOBblX UBHHblX peaynbTBTOB, A BTOpbl 6nar o

aapHbl npo!p. r.6pel!Ty 38 BHHMaTenbHOB 03H8KOMn8HHB C HaCTO!IWBll pa60TOll H Ba>KHblB 

38M91.18HHH. 
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