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1. B a e A e a H e 

Ill B sacTOs~el pa6oTe npoH3BOAHTCK o6cy~aes&e peayn&TaToB axcnep&MeaTa 

no o6p830BBRH~ aaps~eHR~~ nHOROB B COyAapeRHHX seATpOROB C HAp8MH. 

npe~e 'laM npHCTynHTb K 06cy~AeHH~, He06XOAHMO 38M9TBTb, 'ITO TO'IHh!e 

paC'I~T~ paCCMaTpHBBeM~X B H8CTOK~el. pa6oTe aljMjleKTOB conps~eHbl C 6onbWRM 

KOnH'19CTBOM Tpy~oeM.KBX B~'IBcneRHI, rpOM03AKOCTb KOTOp~x 3H8'1BTen&RO ycyry6ns-

9TCB mapo~M ssepreT&'IeCKHM pacnpeAenes&eM naAa~mero aeATpoanoro ny'IKa. 

noSTOMY npoBoABMbie aa~e o6cy~aesxs npecneay~T uen& nony'IRTb a ocnoanoM 

xaqecT~HRY~ xapTBHY npoueccoa, onpeaenes~m•x oco6eaaocTH o6paaoaanRs nu-

OHOB Ha HApax. 

3seprua ayxnosoa B necKon&.KO coT Mas cooTBeTCTBY~T anRHaM aona, Mea&

WHM p83MepoB C8M~X nerKHX saep. noaTOMY RCXOAH~M nyHKTOM BCeX paCCMOTpeRBI 

npoueccoa coyaapeaHA ayxnoaoa B~coxax saeprHA c sapaMH sanseTcs npeanono~e

RBe 0 B38HMOA9ICTBHH nepBH'IHOrO RYKnOHa C OTAenbH~MR HyKnOHBMH HApa. 

nepBH'IH~A syxnoa-ayxnoaa~A xapaxTep B3aRMOaeAcTBHH BRAoRaMeaseTcs noA 

aeACTBHeM aljMjleKTOB, CBB38RH~X- CO CTpyKTypolt HApa. K HRM, B nepByiO O'lepeab, 

OTHOCHTCH ~KT HMnyn&CHOro pacnpeaeneHHH RyKnOROB B HApaX, H3MeRHIOlliHI 

BHA cjlyRKilHH BOa6y~eHHH 06pa30BBHHH nHOROB Ha SIApaX H
1 

!10-BHAHMOMy, OK83biB8IOWHi1 

.6onbllloe BnHKRHe sa cjlopMy cnexTpoa nuoaoa B o6naCTH 6on&mnx aaeprHA • .OpyrHMH 

onpeaens~IllBMH cjlaKTOp8MH B X8paKTepRCTHK8X 06pa30BBRHSI nHOHOB Ha H.llpax, B 
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oco6eHHOCTii LlnH 38Bl!CiiMOCTii OT BTOMHOI'O HOMepa 1i YI'llOBbiX pacnpeaeneHnli, 

HBnmoTcH rrornomeHHe n pacceHHHe naaaromnx HYKliOHOB " o6pa3oaaBIIIIiXCSI nnoHOB 

n >~nepHOM aetuecTse. HeManoBa)I<Hoe 3Ha'!eHne MoryT nMeTb sqxpeKTbi, CBH38HHbie 

c nepe3apHLIKOH llliOHOB B Hape li C B03MO*HO!i HepaBHOMepHOCTbiO ITllOTHOCTii pacnpe

AOllGHI!SI HGiiTpOHOB li npOTOHOB B HJ:Ipe, 8 T8K}i(8 s<jl<jlGKTbi, CBH38HHbl€ C KyllOHOBCKiiM 

6apbepoM. 

PaccMoTpnM BllHHHHe nepeqncneHHbiX <jlaKTopoa sa pasnn'!Hbie xapaKTepncTnKn 

npo~eCCOB 06p830B8HiiH ITiiOHOB H8 11Lip8X. npn 9TOM B 60llbillliHCTBe CllY'!BeB ):IllS! 

npOHBliGHiiH Oco6eHHOCTeli HAepl!Oii CTpyKTypb! l!eo6XOAiiM 8H8llli3 Bceli COBOKynHOCTH 

liOJIY'!GHHbiX pe3yl!bT8TOB. 

2. C e q e 11 n 11 

Ill 
ConocTaBnM nonyqeHHbie B pa6oTe ceqel!HSI c ceqel!nSIMH o6pasoaal!nSI 

38p~~el!HWX ITI!OHOB B COYA8p8HHSIX npOTOHOB C S!Lip8Mii, 

C TO'!Kii 3p8Hiil1 38pHLIOBOH CliMMeTpiiH Al!Sl SILIGp C OLIHH8KOBb!M '!HCllOM ITpOTO

HOB H HGJ1Tp0l!OB xapaKTepHCTiiKii o6pa30B8HiiSI nHOHOB OAHOI'O 3H8Ka npn B38HMO

aetiCTBiili l!eHTpoHoB c HapaMn aon*Hbl 6biTh, ecnn l!e Y'!HTbiB8Th KynoaoacKoro 

9~ltjleKT8, OLIIiH8KOBb!Mll C XapaKT8piiCTHK8Mii o6pa30B8HHSI llliOHOB npOTiiBOnOl!O*-

HOI'O 3HilK8 npH B381iMOAGilCTBiiH npOTOHOB C 9TiiMH me S!Lip8MH. 

HaH6onee npocT&IM c CJKcnepnMel!Tan&lloli TO'!Kn spel!nH HapoM c oanl!aKOBbiM 

qncnoM "IeiiTpoHoa n npoTol!oB HBnSieTcSI Hapo yrnepoaa. K co manel!niO, aalll!&re 

I!O o6pa30B8HI!IO IlliOHOB B CTOl!KHOBel!HHX !IpOTOHOB C HLIPBMH, H B TOM '!liCl!e C 

yrnepOAOM, IIOJIY'1el!bl B OCHOBHOM B orpal!n'!eHHOM HJITepaane YI'llOB, H II09TOMY 

HMe!OIIlHeCSI CBe):lel!HH ITO IIOl!HbiM Ce'!eHn>IM CKy.[(Hb!. nomme Ce'!GHiie o6p830B8HiiSI 

"+ -M~30HOB B coyaapeHuHx npoToHoB c yrnepoaoM npn sHeprnn 660 M sa 6&mo 

121 
nony'!el!o MemKOBCKnM n ap. 

• 

(} "+ 
pC 

2 
= (46,7 ± .5,! )lo-27 CM. 

4 

(I) 

I 

M3Mepesaoe saMR 11 np11seaessoe K aaepr1111 660 Mas ceqesne anR 

COCT8BnHeT 

• 
rr- -IT 

o nc•(5o,O :1: 3,0)10 
2 

CM' 

'!To xopbmo cornacyeTCa c (1). 

Asanorii'IIIO MOlKIIO CoUOCT8BIITb HM8IOW118Cil ll8HHbl8 no llllcjlcjlepeJ 

ce'I8HIIIIM o6pa30B8HIIIl rr+ -M830HOB B ( p+C)-coyaapeHIIIIX noll yrnt 

H8WII peayn&T8Tbl Allll ,- -Me30HOB (Ta6n. 1). 

Ta6n11ua 1 

-27 2 Mcnonb3J PeaKUIIH 10 CM I CT8p8ll 
peayn&Ta 

n+C .. rr-+ ... '+,6 ! o,s 7U 

- ,., 62 !. 0,28 /21 
p+C .. "++ ... 5,1 !. o,a /3/ 

3,02 !. 0,30 /'+/ 

Ms npnseaess&IX s Ta6nuue uRIJ!p aecKon&xo s&maaaiOT aaaa&re pa6oTJ 

Kax RasecTao, ce'leBHH o6pas.osaans sapslKesa&IX H ael!Tpan&Hbl 

ssaHMOAellcTBHH ay~tnoaos c sapaMH c H3oTonH'IeCKHM cnnsoM T • 0 
/5/ 

CBII38Hbl COOTHOW8HH8M 

o ++o-·2o 0
• 

Hal!lleHHble saMH asa'leHHH ce'!esnll o6paaosasHH aapalKeHH&IX nnosos 
/6/ BMecTe c peayn&TaTaMH no o6paaosaHHIO rr 

0
-Meaosos B coyaa~ 

C yrnepOAOM U03Bol!BIOT nposepHTb STO COOTHOUI8HII8. 00llCT8Bl!SIIl CC 

ce'leHHB B BblpalKeHHe ( 8), nony'IHM 

-27 2 ) 10 eM , a ans npasoA (44,8±.2,8 

ana ero nesoll '!aCTII senH'IHBY 
-27 2 x 10 eM • TaKHM o6pasoM, nc 

ayn&T8Tbl B8XOASITCII BO snonse YAOBneTBopHT8llbHOM 

rHnOT83bl 38pHllOBOl! H838BHCHMOCTH SIA8pHblX CHn. 

cornacHH c npe 
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BMCHMOCTM OT 8TOMHOI'O HOM9p8 M yrnOBbiX pacnpeaeneHHl!, 

e M p8CC8<IHM9 f18Jl810UIHX HyKJIOHOB M o6p830B8BlllHXC!I llHOHOB 

HeMaJIOBBX<Hoe 3Ha'!eHHe MoryT HM8Tb s¢¢eKTbi, CBII3BHHbi9 

HOB B 51Jlp8 M C B03MO*HOM HepaBHOMepHOCTbiO fiJIOTHOCTH pacnpe

M ripOTOHOB B <Illpe, 8 T8K)J(e 9tPtPGKTbi, CB5138HHbl8 C KYIIOHOBCKHM 

JIM51HM8 nepe'!MClieHHbiX QJ8KTOpOB H8 p83JIH'!Hhie X8p8KTepHCTHKM 

M<I llHOHOB H8 11llp8X, f1pM 9TOM B 601IblllliHCTBe cnyqaeB Jlii<I 

CT8I'i 51U8pHOi! CTpyKTypbl Heo6XOUMM 8H8nH3 BCei! COBOKYllHOCTH 

8TOB, 

2. C e q e H u <I 

Ill 
1IY'!8HHWe B pa6oTe Ce'!eHH<I C Ce'!eHM<IMH o6pa30B8HH51 

B coynapeHH<IX llpOTOHOB C 51Jlp8~11i. 

38p51Jl0BO!'i CHMMeTpiiH 1111<1 <Inep C OlliiH8KOBbiM '!HCJIOM llpOT0-

8KT8piiCTIIKH o6p830BilHH51 IIIIOHOB 0/lHOI'O 3H8K8 llpH B38HMO-

C 51Jlp8MH JlOII*Hbl 6b!Tb, ecnH He Y'!HThiB8Tb KYIIOHOBCKOI'O 

H C xapaKTep!ICTIIKilMH o6pa30B8HH51 llHOIIOB IIpOTHBOIIOIIO*-

MOnGilCTBIIH llpOTOHOB C 9TIIMII me 511lp8MII. 

hiM C 3KCI1epHMeHT8JibHO!'i TO'!KH 3peHH51 <IIlpOM C OllHH8KOBh!M 

npoToHoB HBn<IeTc<~ <Inpo yrnepona. K co maneHHIO, naHHhie 

Oil B CTOIIKHOBeHH<IX llpOTOHOB C 51Jlp8MH, H B TOM '!HCI!e C 

,J B OC!!OBHOM R OI'p8HH'!eHHOM HHTepBane yrnoB, H 1109TOMY 

llO fiOI!Hb!M Ce'!eHH>JM CJ<YllHLI, f1omwe Ce'!eHH9 06p830B8HH51 

ynapeHH<~x npoToHoB c yrneponoM rrpu sneprHH 660 M sB 6bmo 

/2/ 
M ll np. 

+ 2 
= ( 46 , 7 ± S, I ) 10 - 2 7 CM • 

4 

.;. 

( 1) 

·I 

MaMepeaaoe aaMH H npaaeaeaaoe K saepraa 660 ~sa ceqeaHe ana ft -M830ftoB 

coCTaanseT 

U ,-• (50,0 ± 3,0)10 -IT 
nC 

'!TO xopomo cornacyeTCa c (1). 

2 
CM • 

( 2) 

AaanOI'R'iHO MOlKHO COllOCTSBRTb HM8K>U1H8CH Jl8HHbl8 no JlRcj$epeHJlR8JibHb!M 

+ ( C) o /2,3,4/ 
C9'i9HHHM o6p830B8HH51 rr -M830HOB B p+ -coy)lapeHHRX DOll yrnoM 56 H 

aamH peayn&T8Tbl JlnH ,- -Meaoaoa ( Ta6n. 1). 

Ta6nHna 1 

-27 2 
PeaKUHH 10 eM I cTepall M cnon&aye Mble 

peayn&TaT&I 

n+C .. rt-+ ... 4,6 !. o,s Ill 

. 4,62 !. 0,28 /21 
p+C .. Ir++ ... 5,1 !. o,a 131 

3,02 !. 0,30 1'+1 ...____ 

/4/ 
113 npHB9Jl9HHbiX B Ta6nHU9 JlHcjlp H9CKOIIbKO Bblll8Jl810T Jl8HHbl9 pa60Tbl • 

K&K H3B9CTHO, C9'!9HHR o6p83.0B8HH51 38pHlK9HHbiX H Hal!Tp81lbHbiX OHOHOB npH 

B3.8HMOJl91iCTBHH HYKIIOHOB C HJlp8MH C H30TODH'i9CKHM CllHHOM T • 0 JlOIIJKHbl fibiTb 

/5/ 
CBH38Hbl COOTHOW9HH9M 

u ++u-·2u 0
• 

(3) 

HaltaaHHbl9 B8MB 3H8'i9HBR C9'i9BHlt o6p830B8BBH 38pHlK9HHbiX DHOHOB H8 yrnepoae 

161 
BM9CT9 C peayn&T8T8MB ITO o6p830B8HBK> ft 

0
-M930HOB B coyaapaHBHX npOTOHOB 

C yrnepOilOM ll03BOJIHIOT npoaepHTb STO COOTHOTll9HH9. noJlCT8BIIHH COOTB9TCTBYIOWH9 

C9'i9HB51 B Bb!p8JK9HB9 (3), nony'iHM Jli!H ero neaolt 'i8CTH B9JIH'iHHY (47,9;!:.2,0) It 

-27 2 ( ) -27 2 10 CM , a ans npaaolt 44,8;!:.2,8 x 10 CM • TaKHM o6paaoM, nony'iaHH&Ie pe-

3YIIbT8Thl H8XOJl51TCH BO Bll01IH9 YJlOBn9TBOPHT9JibHOM cornaCHH C npe)lCK838HH9M 

I'HllOT93bl 38pHJlOBOII H938BBCBMOCTH H)lapHb!X CHI!. 
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CooTHOIIIeHHe (3) cnpaae.ttnHBO TBKlKe llJISI .ttHcpcpepeHtlHSJihHbiX ceqeaHii. OpHMeHHM 

0 171 
ero K HMeiOIIlHMCll .ttaHHbiM no.tt yrnoM 90 a n.c. Ha aTOM yrne a pa6oTe aa 

TOM lKe HeltTpOHHOM ny'!Ke, KSK H B HSCTOliiilHX H3MepeHHliX, UOJiy'JeHbl ceqeHHll 

o6p830B8HHSI 7T 
0 -Me30HOB HS H.ttpax. 

ConocTaaneHHe cooTBeTCTByiO:UHX .ttHcpcjlepeauHanhHbiX ceqenHI1 npoae.tteHo a 

Ta6n. 2. 

Ta6nHua 2 

H.ttpo 
d u rr• d u "-

(d{l)9o" + <-;rn-> 90° 
d u 7T 

.2(~)9o" 

-27 2 
10 CM /cTepa.Q 

-27 2 
10 CM /cTepa.Q 

Be 2,68! 0,009 2,04 ! 0,30 
c 2,80! 0,15 2,62 ! 0,38 
AI 5,15! 0~12 4,20 ! 0,60 
Cu 7,6 ! 0,2 7,30! 1,0 
Pb 14,8 .:!:. 0,7 II,O! 1,6 

!.fa Ta6n. 2 BHAHO, '!TO TaK lKe,KSK H AJ!ll llOJIHhlX Ce'leHHlt, COOTHOl!JeHHe ( 3) BblllOJII;ISI

eTCSI llllll yrnepOAS, 8 llJill OCTBJihHbiX 3JieMeHTOB ( 38 HCKJIIO'JeHHeM Me.QH) paCXOlK

AeHHe BDIXOAHT 3a npeAeJihi OIIIH6ox. Opoae.Qeaaoe cpaaaeaHe ceqeaH!t, nonyqeHHbiX 

B YCIIOBHSIX OAHOI"'O H TOI"'O lKe HeltTpOHHOI"'O nyqxa, MOlKeT CJiylKHTh eme OUHHM 

DOATaeplKAeHHeM rrpnauHna 38pHAoaofi He3aBHCHMOCTH. 

3, 3aBHCHMOCTh OT STOMHOI"'O HOMepa 

EoJihiiiHHCTBO axcnepHMeHTOB noxa3oiBaiOT 6nH30CTh 3aaHCHMOCTefi oT aToM-

2/3 
HOI"'O HOMepa ( A-38BHCHMOCTefi) K cjlyHKUHH A , T,e, CBH.QeTeJibCTBYIOT 0 npe-

HMyi!leCTBeHHOH penH noaepxaoc_Taoro o6pa3oBSHitH nHouoa. OnbiThi no cjloTopolKAeHHIO 

6 

.. 
\ ,, ~~ ~ 

:1\''( 

I --- ·- . ... 

2/3 
nHoROB H8 liApax TSKlK9 noKS3b!BaiOT 3aBHCHMOCTh, 6nH3KYIO K A • T 

38BHCBMOCTb o6~liCHH9TCll CBJibR¥M llOI"'JIOIIl9HB9M llHOHOB B ll.ttpe. 

Ill 
AaaJIB3Bpy9Mb19 B HBCTOliiil9A pa60T9 Cll9KTpbl llBOHOB xapaKTe~ 

IIIBpOKHM p8Cllp9.tl9119HH9M UO aH9pi"'BliM, ~Jill YI"'IIOB 16° B 30° OCHOBH8ll 

Cll9KTpOB Jl9lKBT B o6JISCTB HSB60Jibiii91"'0 B3M9H9HBH C9'!9HBll B38BMO.tteftc 

HOB C B9IIl9CTBOM. nonHble C9'19HHll B38BMO.tl9ftCTBBll UBOHOB C RyKJIOHaM 

6on99 '19M a 10 p83 npu n9p9XO.tt9 oT aaeprult nuoaoa 50 Maa K aa9pr• 

CooTaeTCTBeaao u .ttnHRbl cao6o.ttRbiX npo69roa nBOHOB a Slll9pRoM B9IIl9C 

cyiil9CTB9HHO B3M9HliTbCll B aTOM HHT9pB8Jie SH9pi"'Hlt, ~Jill 3H9pi"'BB 50 'J 

CB060.ttHOI"'O npo691"'8 llBOHOB HM99T B911H'IBRy, Cp8BRBMYIO C p8UBYCOM lll 

BHyTp9HRBe HYKJIOHbl B ll.tlp9 llOJilKHbl ll8B8Tb OrrpeneneRRhlft BKJI8ll a· BJ,iX 

H3 H.ttp8. ~Jill 3H9pi"'BH )1(9, 6JIB3KHX K pe30H8HCHOft, 83-38 CHJibHOI"'O UOI"'; 

UBOHOB pOJib BRyTp9RHBX RYKJIOHOB ll0Jili<R8 6b1Tb ae3R8'1BTeJibHOft. B pea 

A-a8BHCBMOCTb nns auaxoaaepreTH'IRbiX '18CTeA nony'leRRbiX cnexTpoa nc 

CH 60JI9e KpyToft cjlyRKUH9ll, '19M llllll UBOHOB C aaeprBHMB 200 Maa. 

B T8611. 3 B 4 B OTHOCBTellbHbiX e.ttBHBUSX npuaeneaa 38BBCBMOCTb 

rr t R " - -M930HOB c aa9pi"'R9A 50 M aa, a Ta6n. 5 - aa8JIOI"'H'IR8ll 381 

.t!Jill aaepi"'HB UROROB 190 Maa llOll yrn8MB 16° H 30°, 

T86nuu8 3 

d 2u { I < d 2 u 
, 

Hapd < d n dE dO dE ) c E• 
(A/12)

2
/

3 

16° 30° 600 90° 

Be 0,82 0,72!0,19 0,60!0,15 0,52!0,00 0,63!0,0f 
c 1,00 I,<X>!,O,I9 1,<X>!,0,13 1,00!;0,00 1,00!;0,0E 
AI 1,71 2,64!0,80 2,06!0,32 2,12!,0,20 1,92!,0,1f 

Cu 8,01 5,8 !,0,8 8,64+0,44 8,51!,0,27 8,07.;t0,3~ 
' -

Pb 6,66 - - 4,15!,0,55 4,0 !0,6~ 
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3) cnp8B9llnHBO TAKll<9 llnSI /lHcpcpepeHl{HBnhHblX C9'19HHI1. npHM9HHM 
0 111 

M non yrnoM 90 B n.c. Ha aTOM yrne B pa6oTe na 

KBK H B HBCTOSIIllHX H3M9peHHSIX, nony'I9Hbl C9'19HHll 

na Hnpax. 

nn<jl<jlepennnanhHbiX ceqenHJ1 npoaeneno a 

Ta6nnua 2 

.2 ( ...!!.£:.__) 1T 
d n 9rP 

-27 2 
10 eM I cTepan 

I 

! 0,009 2,04 ! 0,30 

! 0,15 2,62 ! 0,38 
+ 0.12 - ·• 4,20 ! 0,60 
+ 0,2 - 7,30! 1,0 
+ 0,7 II,O! 1,6 

0 TaK li<9,KBK H lliTll nonHbiX C9'19HHi!, COOTHOI!l9HH9 (3) BbiiiOn!;lll

OCTanhHbiX Sn9M9HTOB ( 38 HCKn10'19HH9M M91lH) p8CXOli<

OillH60K. npoB91l9HHOe Cp8BH9HH9 C9'19HHi!, nonyqeHHblX 

ll<e H9i!TpOHHOI'O ny'IKa, MOll<eT CITYli<HTb eme OUHHM 

na 38pllllOBOi! HeaaBHCHMOCTH. 

3. 3aBHCHMOCTb OT 8TOMHOI'O HOMepa 

ITOK83b!B810T 6nH30CTh 38BHCHMOCTei! OT BTOM-
2/3 

Tel!) K cpyHKllHH A , T.e. CBHileTenbCTByJOT 0 npe-

noaepXHOCTHOI'O o6paaoaan11H nnouoa. OnbtTht no <jloTopol!<neHHJO 

B 

•• 

2/3 
nnonoa na Hllpax TaKJKe noxaabiBBJOT aaancnMOCTb, 6rrnaKyiO K A • TaKas 

38BHCHMOCTb o6~SICHSI9TCSI CHnbHbiM noi'llOill9HH9M ITHOHOB B Slllpe. 
' /1/ 

AnanuaupyeMble B nacTosmeA pa6oTe cnexTpbi nuonoa xapaKTepuayiOTC,SI 
• 0 0 

WHpOKHM pacnpell9IT9HH9M no a&eprHSIM, ~ITS! yrnOB 16 H 30 OCHOBHBSI 'IBCTb 

cneKTpOB neJKHT s o6nacTH aau6orrbwero H3Me&eHHSI ceqeans saaHMoneAcTBH!I nno-

HOB c aemecTSOM. nonHble Ce'leHHSI B38HMOileACTBHSI nHOHOB c HYKllOH8MH pacTyT 

6onee qeM s 10 paa npH nepexolle oT aaeprHA nnoaos 50 Mas K aaeprnHM 200Maa. 

CooTaeTCTBeaao H nnHHbl cso6oll&b!X npo6eros llHOHOB B !lllepaoM aemecTBe llOn>f(Hbi 

cymecTaeaao H3MeHSITbC!I s aToM H&Tepaane aaeprnA. ~n!l aaeprHH 50 ·Mas llnHaa 

cso6onsoro npo6era nnoaos HMeeT senH'IHHy, cpasaHMYIO c pauaycoM !!llpa, H noaToMy 

BHyTp9HHH9 HYKITOHbl S SI.Qpe llOlllKHbl ll8B8Tb onpe.QeneHHblft BKllBn a· BMXOn nUOHOB 

ua Hnpa. ~n!l anepruA JKe, 6nuaKHX K peaoaaacnoA, ua-aa currh&oro nornomeHH!I 

nnonoa ponb anyTpeB&Hx ayKnoaos nonJKna 6b1Tb aea&a'IHTerrbnoA. B peayrrbTaTe 

A-aaBHCHMOCTb nrr!l HH3KoaaepreTH'IHbiX qacTeA nonyqeanblx cneKTpoa nOJKHa BbipaJI<aTb

C!I 6onee Kpy-roA cjlyaxuneli, qeM llllH nuoaoa c aneprH!IMH 200 Mas. 

B Ta6n. 3 H 4 B OTHOCHTenbHbiX 9nHHHll8X npHBenesa 38BHCHMOCTb nllll 

rr t H rr- -Meaoaoa c aaeprneA 50 Mas, s Ta6n. 5 - asanornqaas aaBHCHMOCTb 

nn!l aaeprHH nnoaoB 190 Mas non yrnaMH 16° H 30°. 

Ta6nnua 3 

< d 2u >rr- I < d 2q 
, 

.H.!ipC 
dO dE ) c E- 50 Mas 

(A/12)
2
/

3 d n dE 

16° 30° 600 90° 123° 

Be 0,82 0,72!0,19 0,60!_0,15 0,52t.O,oo· 0,63!0,00 0,71!0,12 
c 1,00 I,<X>!,0,19 I, OQ!0,13 I,~o,QI 1,~0,08 I,OQ!0,10 
AI 1,71 2,6Ji!0,80 2,0~0,32 2,12t_0,20 1,92t.0,18 2,37t.0,31 
Cu 8,01 5,8 !,0,8 . 3,6~a;t0,44 S,51t.0,27 3,07.;t0,3S 4,95,;t0,4l 

Pb 6,66 - - 4,15,;t0,55 4,0 !,0,65 5,35.;t0,85 
I ----

7 
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Ta6nuua 4 

E • 50 Mas 
Hnpo 

< d u 1,- I < d u 1 ,-

2hj d0dE dOdE c 
(A/12) I - l ----, 0 I 16° 30° 60° I 90 123° 

Be I 0,82 

B I 1,00 

AI 11,7! 

Cu 13,01 

6,66 Ph 

0,85!,0,08 

1,~o,oa 

1,~0,06 

1,0~0,06 

2,42z0,2o 2,S7z0,12 

4,2~0,30 4,2~0,17 

7,9 z0,7 8,6~0,85 

Ta6nuua 6 

o,94!_o,04/ 1,03z0,04 
1,~0,04 1,~0,04 

1,97z0,10 1,85!_0,10 

3,31z0,14 2,82z0,14 

6,S2z0,45 5,7SzO,s5 

1,~0,04 

1,~0,04 

1,90!,0,08 

S,28zO,II 

6,43zO,s5 

2
;

8 
<dfl tE )" /( 

d u )~; Eal90Mas( d&d~ )rr""/<d'bTI-7JiE=I90Mas 
Hnpo dUdE --

(A/12) . 
160 30° 16° 30 ° 

Be 1 o,82 o,61z0,06 0,6~0,08 0;9~0,06 1,0~0,06 

I 

c I 1,00 1,~0,07 1,0~0,12 1,~0,07 1,00!,0,05 

" I I,7I I,29!,0,II 1,75!_0,!2 11,37zo,oa 1,58z0,09 

Cu I 3,01 2,~0,18 2,S7z0,25 2,03zO,IO 2,08zO,Il 

Ph I 6,66 2, 64!,0,50 4,0 !0,8 2,63!0,29 s,22z0,25 
i 

Opus9n9HHbi9 naHilbl9 noKB3biB8JOT cym9CTB9HH09 paanH'IH9 s nos9n9HHH A-3a

SHCHMOCTH nn11 pa3HblX 3H8'19HHi! aH9prHH llHOHOS. A-38SHCHMOCTb nn11 UHOHOS C 
2/3 

aa9prH9il 50 Mas pacT9T 3AM9THO 6biCTp99, '19M A • nnH SIU9p oT yrn9pona no 

M9nH, a nn11 yrnos 16° H 30° H no CSHHU8. nnSI aH9prHH lK9 UHOHOS 190 Mas 

A-aaSHCHMOCTb SbipaJKa9TCSI <i>YHKUH9i!, 3HB'IHT9n&Ho 6on99 nonoroil, '19M A 
213

. 

8 .. 

3aBHCHMOCTb A-<j>yKKUHH OT aH9prHH ilHOHOB CBHneTenbCTByeT 0 

B8HHe nHOHOB npOHCXOAHT ilO BCeMy 06~eMy SIApa. D09TOMY <j>opM8 A 

B 3H8'1HTenbHOil Mepe onpeuenSieTCSI BenH'IHHOl! nornomeHHSI nHOHOB B 

meCTBe. nng aaeprHi!: nHOHOB, cymeoTBeKHO MeKbWHX pe30H8HCHOi!: 9H 

AOCT8TO'IHO nerKHX SIAep A-38BHCHMOCTb AOillKHS 6biTb 6nH3KOi!: K ljlyJ 

<jlaKT nouTBeplKuaeT cpasaeaae uaHKbiX no oTHOCHTenhHbiM BbiXOuaM r 

ell 50 Mas aa yrnepoue H amoMHHHH. DpH nanhHellweM ysenuqeHHH 

2/3 
Mepa A-3aBHCHMOCTh npu6nHJKaeTcSI K <jlyHKUHH A • OTcTynneaue o 

B o6nacTH TSIJKenwx Huep CBSI3SHO c ysenu'!eHHeM noTeph aaeprHH n~ 

HHSIX 6oM6apuHPYIOIIIHX HYKilOHOB C HYKilOHSMH Slupa, B peaynhTaTe 'IE 

/8/ 
H3 npouecca o6paaoBaHHst Meaonos • 

Oo ABHHb!M Ta6n, 3 H 4 MOlKHO npocneJlHTb H3MeHeHHe C yrnor.. 

JlilSI UHOHOB C aaeprHell 50 M 9B. MOJKHO BHueTh, 'ITO B ycnOBHSIX, K 

qeaa aaBHCHMOCTh oT aaepruu ilHOHOB, aaMeTaol! pa3HHllbi MeJKuy A

non pa3HbiMH yrnaMH ae aa6monaeTcSI, AaanorH'IHbJl! peaynhTaT MOlK 

H npH npyrHx <jlHKCHposaHHbiX aaa'!eHRSIX aaeprHR nHoHoB. CneuoBaTe 

wecTseaayJO ponh B H3MeaeHRH c yrnoM A-3aBHCHMOCTR HrpaeT npou 

CO CMSir'leHHeM cneKTpa reae,pHpOBSHHblX ilHOHOB C B03paCT8HHeM yr 

B o6weM cnyqae wupoKoro cneKTpa o6paayroliiRXCSI nRoHoB pa: 

KH cneKTpa uaiOT p83Hb!l! BKil8A B cyMM8pHyiO A-38BHCHMOCTh H pe3 

<jlyHKllHSI BO MHOrOM onpet:~enSieTCSI KOHKpeTHOH <jlopMOl! cneKTpa o6pa: 

OHOB. 

PSIA OC06eHHOCTel! Huepaol! CTpyKTyphl MOJKeT npOSIBHThCSI·npH 

A-38BHCHMOCTel! AilS! p83Hb!X 3H8KOB nROHDB. Pa3HHll8 B OTHOCHTenh. 

+ -BbiXOilDB 11 - H tr -MeSOKOB, Bo-nepBb!X, CBSI38H8 C TeM, 'ITO 'IHCil8 

ael!TpOHDB BD3p8CT8IOT pa3ilH'IHb!M o6p830M C H3MeHeHReM 8TOMHDrO 

TOrD, 'IT06bi HCKiliO'IHTb B nepBOM npR6i1HlKeHHH atfltfleKTbl, CBSI38HHbie 

uel! 
1 

MOlKHO Cp8BHHB8Th ceqeKHSI, OTHeCeHKbie H8 DAHH ilpOTOH AilS! 06 

11+ -Me30HOB H HS DAHH Hei!:TpOH AilS! o6pa30B8HHSI 77- -Me30HOB, 
/1, 

aeo6xouHMO paanenRTh nonyqeHHbie ceqeKHSI ( Ta6n. 2 H 3 pa60Tbi 

30HOB Ha Z , a ceqeHHSI AilS! ,- -Me30HOB Ha BbipalKeHHe 

F - • (A - Z } + U n: / U n-n Z • 
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Ta6neua 4 

-d u ) , E • 50 Maa 
d OdE c 

30° 600 900 123° 

I, 0<>.!_0, 06 0,94!,0,04 I,03!,0,04 I,0<>.!_0,04 

I,OQ!.0,06 I,0<>.!_0,04 I , 0<>.!_0, 04 I , 0<>.!_0, 04 

2,37!,0,I2 I,9'7!,0,IO I,85!,0,IO I,90!,0,08 

4,2Q!.O,I7 3,3I!,O,I4 2,82!,0,I4 3,28!,0,II 

8,64!,0,85 6,32!,0,45 5, 78!,0,35 6,43!,0,35 

Ta6neua 5 

; E = 190 Maa ( d&d ~ ) ,-/ (~1JTE=l90 Maa 

- -
30° 16° 30 ° 

0,60!,0,08 0;94!,0,06 I,04!,0,06 

I ,00!_0,12 I,QO!,O,r;r. I,00!,0,05 

I, 75!,0,!2 1 I,37!.o,oa I,58!,0,09 

2,37!,0,25 I 2,03!,0,IO 2,08!,0,Il 

4,0 !,0,8 2,63!,0,29 3,22!,0,25 

noKa3biBBIOT cymecTBeHHOe paaneqee a noaeaeHHH A-3a-

3HaqeHnA SHeprHH ITHOHOB, A-3aBHCHMOCTb LtiTH ITHOHOB C 

2/3 
6bicTpee, qeM A • anH Haep oT yrnepoaa ao 

H 30° H LtO CBHHUa. llnH SHeprHH JKe ITHOHOB 190 MSB 

<i>YHKUHeA, 3HB'IHTenbHO 6onee nonoroA, qeM A 
213
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3aBHCHMOCTb A~yHKUHH OT SHeprHH nHOHOB CBHUSTSITbCTByeT 0 TOM, 'ITO o6p830-

B8HH8 nHOHOB npOHCXOUHT ITO BCeMy o6~eMy HUp8. noaTOMY <jlopMa A-aaBHCHMOCTH 

a aaa'IHTenbHOl! tJepe onpeuenl!eTcll aenH'IHHol! nornomeaHH nHOHOB B HuepHoM ae

mecTae. llnll aHeprHl! nHOHOB, cymecTBeHHO MeHbWHX pe30H8HCHOA aHeprHH, H Unll 

UOCTBTO'IHO nerKHX l!Uep A-38BHCHMOCTb JlOnlKHB 6b!Tb 6nH3KOA K <jlyHKUHH ,.A, ::hoT 

<jlaKT nOJITBeplKJIB.eT Cp8BHeHHe UBHHbiX no OTHOCHTenbHbiM Bb!XOUB.M nHOHOB C 9HeprH

el! 50 Maa Ha yrnepoue H amoMHHHH. npH uanbHel!weM yaenH'IeHHH aTOMHoro H0-

2/3 2/3 
Mepa A-aaBHCHMOCTb npH6nHJKaeTcH K ¢yHKUHH A • OTcTynneHHe oT ¢yHKUHH A 

B o6naCTH Tl!JKenhlX l!Uep CBli38HO C yaenH'IeHHeM noTepb aHeprHH npH CTOnKHOBe

HHHX 6oM68pJIHPYIOillHX HyKnOHOB C HyKnOHBMH l!Jlp8, B peaynbTB.Te qei"'O OHH Bbi6biB810T 

/8/ 
H3 npouecca o6paaoaaHHll' Meaonoa • 

no JlBHHbiM Ta6n. 3 H 4 MOJKHO npocneJIHTb H3MeHeHHe c yrnoM A-aaBHCHMOCTH 

JlnH nHOHOB C aHeprHeA 50 M aB, MOJKHO BHUeTb, 'ITO B ycnoBHHX, KOrua HCKniO

qeHa aaBHCHMOCTb OT aHeprHR nRoHoB, aaMeTHOl! paaHHllbi MeJKJIY A-aaBHCHMOCTl!MH 

non pa3HbiMH yrnaMH He Ha6niOuaeTcl!, AHanorH'IHbil! peaynbTBT MOMHO nony'IHTb 

H rrpR upyrHx ¢HKCRpoBaHHhlX aHa'leHRllx aHeprHH nROHOB. CneuoaaTenbHO, rrpeHMY

mecTaeHHYIO ponb B H3MeHeHHH C yrnoM A-aaBHCHMOCTR HrpaeT rrpouecc, CBli38HHbil! 

CO CMllr'leHHeM cneKTpa reHepHpOBB.HHbiX nROHOB C B03pB.CTB.HHeM yrna, 

B o6weM cnyqae WHpoKoro crreKTpa o6paayiOillRXCll nHoHoB paanH'IHbie yqacT

KR cneKTpa JlB.IOT pa3Hbll! BKnau B cyMMB.pHyiO A-aaBHCHMOCTb H peayiTbTHpyiOillB.ll 

<jlyHKUHll BO MHOrOM orrpeuenl!eTCll KOHKpeTHOH <jlopMOH CITeKTp8 06paayiOWHXCll ITH-

OHOB, 

Pl!Jl oco6eHHOCTel! l!UepHOl! CTpyKTyphl MOJKeT ITpOl!BHTbCll rrpH cpaBHeHHH 

A-aaBHCHMOCTel! UITll p83HbiX 3HB.KOB ITHOHOB. PaaHHUB. B OTHOCHTenbHOM H3MeHeHRR 

+ -BbiXOUOB 71 - H IT -MeaoHOB, Bo-nepBb!X, CBH38HB. C TeM, 'ITO 'IHCna rrpOTOHOB H 

Hel!TpOHOB B03p8CTB.IOT paanH'IHbiM o6p830M C H3MeHeHHeM B.TOMHOrO HOMepa, llnll 

Taro, 'IT06bl HCKniO'IHTb B rrepBOM npR6nHJKeHHH a<jl<jleKTbl, CBli38HHbie C 9TOl! pa3HH

uel!1MOlKHO cpaBHHBB.Tb ceqeHHll, OTHeCeHHbie HB. OUHH ITpOTOH Unll o6pa30BB.HHll 

71+ -Me30HOB R HB. OUHH Hel!TpOH Jlnll o6pa30BB.HHll 71- -Me30HOB. llrrll 9TOrO 

Ill 
Heo6xouHMO paauenRTb nony'leHHble ce'!eHHll ( Ta6n. 2 H 3 pa60Tbi ) unll ,+-Me-

30HOB HB Z , a Ce'leHHll lliTll ,- -Me30HOB HB. BblpB.JKeHHe 

F ~ .. (A - Z ) + a n: /an~ Z , (4) 
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KoTopoe noasonHeT HCKnro'IHTb OTHOCHTenbHO ue6onbwyro ~onro 

p830B8HHhlX H8 npOTOHSX. 

,- -Me30HOB, 06-

CpasuenHe nonyqeHHhlX TSKHM o6paaoM ceqeuuA noKS3hlBSeT, 'ITO no~ BCeMH 

yrnaMH OTHOCHTenbHSH 38BHCHMOCTb Bb!X0~8 ,- -M930HOB OT 8TOMHOrO HOMepa 

oTcTaeT oT aaBHCHMOCTH Bhlxona ,+_MeaouoB. McKnroqenHe cocTasnHeT 6epannuA, 

nnH KOToporo Bhlxon 1T- -M930HOB npeBhlW89T BblXOn tr + -Meao&oB. 

3cjlcjleKT8MH, onpenenSIIDlllHMH ua6nro~aeMyro paaauny A-aaBHCHMOCTeA, MoryT 

HBnSITbCSI : H9p8BBOM9pHOCTb pacnpe~eneHHSI llpOTOBOB H H9ii:TpOHOB H8 llOBepXHOCTH 

Sl~pa H nepeaapSI~a nuouoB B Slape. PaccMoTpHM aTH aljMjleKThl nonpo6uee. 

Uo nocnenuero speMeuu 6onee pacnpocTpaaeuuaSI Toqxa apeuuH cocToSina a 

TOM, 'ITO pa~HYChl pacnpe~eneHHSI npoTOHOB H HeATpOHOB ~nSI nerKHX B cpe~HHX 

Slnep cosnanaroT, a ~nSI TSIJKenbiX Sl~ep pacnpeneneaue ueATpo&oB numb aeana'IH

/9/ 
Tenb&O (sa 0,1 - 0, 2 cjlepMH) npOTSIJKe&aee pacnpe~ene&HSI npoTOHOB • OnaaKo 

110/ 
pS!n noSIBHBWHXcSI aa nocne~&HA ron pa6oT H aeKoTOphle 6onee paaaue 

/11, 12/ 
pa60Thl CBH~eTenbCTBYIDT 06 OTHOCHTenbBO 6onhWOil: KOBlle&Tp8llHB &eii:Tpo-

HOB H8 ROBepXBOCTB Slnpa, B OC06eH&OCTH anSI THJKenhlX Slnep. 

Ecna rosopHTb o6 uccnenoaa&BhlX B o6cyJKnaeMoil: pa6oTe snpax, To npoSIBneaue 

&epaBBOMBpHOCTH pacnpe~ene&HSI &eATpOBOB H npOTOBOB MOlKHO OlKHn8Tb nnH Be 

/13/ H Ph . &S! 06'bSICHeBBSI CBOii:CTB Slnpa Be BCROnb3yeTCSI Monenb , cornacao 

KOTOpoil: Slnpo Be
9 

COCTOHT H3 nByX anbcjl8-'18CTBll B &eATpo&a. Anbcjla-'ISCTHllhl 

pacnpe~ene&bi B o6'beMe c MBKCHManbHOA nnoTHOCTbiD snepuoro BemecTBa, a aeii:T

poa, TSK JKe KSK H B ~eii:TpO&e, B8XO~HTCSI '18CTH'IHO BBe panHyca neii:CTBHSI Slnep

HhlX cun. Cornacao TBKOil: Monena, cne~yeT OJKH~aTb nns 6epHMHSI 6onee BhlCOKoro 

- _, H /1/ Bbixona tr -Meao&uB sa onus aeii:Tpoa no cpaB&e&HID c yrneponoM. ail:~eaaoe 

OTHOlll9BH9 non&biX Ceqe&Hil: o6p830B8BHSI ,- -M•30BOB aa yrnepo~e H 6epannHH 

OKa3biB89TCSI H9 OTnH'ISIDlllHMCH OT enHHHUbl! 

u- I u- • 1 ,o2 ± o,os 
C Be 1 (5) 

uecMoTpSI ua TO, 'ITO B yrnepone ua O~HB ueii:Tpou 6onbwe. 

BenH'IH&a JKe OT&omeHHSI BhlXO~OB tr + -Meao&oB 

U + / U + a 1,72 + 0,14 
C Be -

( 6) 

j,U:'' 

m 1 
j 

a 

' • \i) 

I 

OKa3hlB88TCH 60nbW8, '18M BenH'IHBa OTBOW8BHH 'IHCen npOTOHOB H8 a 

( 1,5). 3TO 06CTOSIT8nbCTBO MOlKHO H&TepnpeTBpOB8Tb T8KHM o6pa30M 

HHil:' &eii:TpOB ue TOnbKO coneii:CTByeT OTHOCBTenbBOMy yBenB'IeHBID Ol 

IF- -Me30HOB B8 Slape Be
1 

, HO H BhlllOnBSieT pOnb o6onO'IKH, npE 

B onpeneneauoA cTeneuH Bhlxony B3 S!llpa It+ -M930HOB, o6p830B8HJ 

&aX S!llpa. QqeBBllHO, 'ITO nnH S!llp8 CBBJDla H36hlTOK Beii:TpOBOB H8 llC 

nonJKe& npBBonBTb K 6onbmeA BenH'IBHe nornomeHHSI IF+ -M930HOB. 

acjlcjleKTOM B cnyqae 60M6ap~BpOBKB Slnep &eii:Tpo&aMH KOBKypHpyeT ~ 

~eKT, CBH3a&Bhlil: C nepeaapS!nKoil: RHOHOB. 

Oponecchl nepeaapSI~B npBBOllSIT K o~BOCBTenbBOMY BoapacTaHI 

tr + -Me30HOB. 3TO CBSI38HO C TeM, 'ITO 'IBCllO nonon&BTenbHhlX 1T 

o6paayromaxcSI B peaynbTaTe nepeaapHnKH tr O -Me30HOB, npeBhlWae 

HhlX ,+ -Meao&oB aa C'laT nepeaapSI~B nocnenuax, Torna KaK nl 

HOB auanprB'IHhle nponeCChl CK83biB8IDTCSI 3H8'1BTenbHO MeBbWe H na 

BeCTB K CYMMapHOMY YM9BbW8HBID BhlXOlla rr- -M930HOB. C yBenH'I' 

HOMepa ~KT nepeaapSinKB Ha'IHH8eT HrpaTb B03p8CT8IDlllYID ponb, 

6nronaromeMyCSI OTCT8B8HHID OTHOCHTenbBOrO BhlXona ,- -Me30HOB. 

oco6eauo aaMeTBO nn11 Hnep A1 B Co UnS! CBBJDla BnHHHHe ae 

no'IKB nonJKBO npHB01lBTb K yMeabweHBID pona nepeaapS!llKB. Ha6nrol 
+ 

meBBe OTHOCHTenbHOil: pa3BHllhl BhlXOllOB 1T - B lr -Me30HOB &a C 

MOMy, HBnSieTCSI pe3ynbT8TOM COBOKYRijOro neii:CTBBSI paCCMaTpBBaeJ 

CnpaaennHBOCTb paccMoTpeauoA KapTBBhl nonTaepJKnaeTcH cpa 

BhlX pe3ynbTaTOB C na&BhlMH llO o6pa30BaBHID RHOBOB B coynape&HSI 

paMB, OTHeceH&hlMB a&anorB'IBhlM CROC060M Ba onBH npOTOH HnB I 
I i2, 14/ 

.aeACTBBTenbHO, peaynbTaThl pa60T llOK83biB8IDT, 'ITO f 

pOBKe RpOTOB8MH BhlXOll ,- -Me30HOB C yBenH'IeHHeM aTOMHOro I 

JK88T BhlXOll tr +-Me30HOB. .anSI Slllep OT C no Co , anSI KOTOpb!X 

BhlA c aeii:Tpoaaoil: o6ono'IKoA,aecymecTaeaea, aa6nronaeTCSI 6nBaoc 

Ba OllHH HyKnOH A-aaBHCHMOCTeil: anSI rr + -Me30BOB, o6p830B8BHhll 

npoTOBOB C HapaMB J H tT- -M930BOB, o6pa30BaHHhlX ueii:TpOB8Mi 

0oK838TenbHhlM HBnSieTCSI p8CXOJKn8BBe OTHOCHTenbHblX Ceqe!l 

HOB H npOTOBOB H8 CBBHll8, KOTOpOe B paMKaX p8CCM8TpBB88MOil: H 

TenbCTByeT 0 UpOTHBOROnOlKHOM neii:CTBBB acjlcjlexTa, CBSI3a&Boro C 

11 
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HCKniDqHTh OTHOCHTenhHO ae5onhWYID AOniD fl- -M930HOB, 06-

ceqeaHlt IIOK83blB89T, qTQ IIOA BC9MB 

38BBCBMOCTh BbiXOAS fl- -M930HOB OT STOMHOrO HOMepa 

"+-Meaoaoa. HcKniDqeaae cocTaanneT 5epannalt, 

rr -M930HOB 1Ip9Bb!W89T Bb!XOA rr + -M930HOB. 

aa5niDnaeMyiD paaaany A-aaaacBMo=elt, MoryT 

pHOCTh pacrrpeneneHHH 1IpOTOHOB B H9ltTpOHOB HS IIOBepXHOCTB 

PaccMoTpHM aTB aljlcjleKTbl rronpo5aee. 

Bp9M9HH 6onee p8C1IpOCTp8H9HH8H TQqKa 3p9HBH COCTOHna B 

pacrrpeneneHHH IIpOTOHOB B HeltTpOHOB AnH nerKBX B Cp9AHBX 

a nna TH)f(9JiblX nnep pacrrpeneneaae aeltTpoaoa nBWh aeaaaqa-
191 

0,2 ljlepMH) rrpoTH)f(eaaee pacrrpeneneaaa rrpoToaoa • OnaaKo 
1101 

ron pa5oT a aeKoropble 6onee paaaae 

06 OTHOCBT9nhHO 50JihWOlt KOHll9HTP8llBB H9ltTpO

OC059HHOCTB AIIH TH)f(9nb1X Hlt9p. 

o5 accnenosaHablx B o5cy)f(ltaeMolt pa5oTe HApax, To npoaaneaae 

pacnpeneneHHH aenTpOROB B OpOTOROB MO)f(HO 0)f(Hlt8Th AIIH Be 

1131 
CBOltCTB HApS Be HCDOnhayeTCH MOA91Ib , COriiSCHO 

COCTOHT B3 AByX anhljla-qacTBll B aeltTpoaa. Anhljla-qacTBllbl 

C MSKCBMSnhHOlt DnOTHOCTbiD HAepaoro B9ill9CTB8, a H9li:T

neltTpOHe, HSXOABTCH qacTHqHO BH9 p8AHYC8 A9ltCTBHH HAep

TSKOlt Monena, cnenyeT O)f(HltsTb nna 5epannBH 6onee BblcoKoro 

Ill HS OABH aeltTpOH DO CpaBH9HBID C yrnepOAOM. HaltA9HH09 

,- -Meaoaoa aa yrnepone H 5epannsa 

qaiDwHMCH OT 9AHHHllbi: 

a-/a- •1,02 +0,05 
C Be - I 

qTo B yrnepone aa OAHH aeltTpoa 5onbwe. 

OTHOW9HHH Bb!XOAOB If+ -M930HOB 

a+ /a+ a 1,72 + 0,14 
C Be -

10 
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(5) 

( 6) 
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OK83blB89TCH 5onbW9, qeM BenBqBHS OTHOW9HHH qacen npOTOHOB H8 9THX 51Ap8X 

(1,5). 3TO 05CTOHT9nhCTBO MO)f(80 BRTepnpeTBpOBSTb TSKHM o5pa30M, qTO 'nBw

HHll:' aeltTpOB H~ TOnbKO coneltCTByeT OTHOCHT91IbHOMY yaenaqeHHID o5pa30B8HHH 

fl- -M930BOB 88 RApe Be
1 

, HO B Bb1DOIIHH9T pOIIb o5onoqKH, npenHTCTBYH 

a orrpeneneaaolt cTerreaa BhlXOAY aa nnpa If+ -M930HOB, o5p830B8HHblX HS IIpOTO-

H8X HApS. QqeBBARO, qTO AIIH HApS CBBHllS B35b1TOK H9ltTpOHOB HS DOB9pXHOCTB 

non*eB npBBOABTb K 5onbwelt aenaqaae rrornomeaaa "+ -Meaoaoa. Ho c aTBM 

~KTOM B Cllyqae 5oM6apABpOBKB Hltep BeJI:TpOHSMB KOHKypHpyeT BTOpOlt B8)f(Hbllt 

a$1jl9KT, CBH38HBbllt C rrepeaapHAKOlt IIBOBOB. 

nponeCCbl nepeaapHAKB npBBOAHT K OTBOCBT91IbHOMY B03p8CT8HBID qgcna 

fl + -M930BOB. 3TO CBH38RO C TeM, qTO qBCIIO AOIIOIIHBTenbRblX fl + -M930HOB, 

o6paayromaxca B peaynbTaTe nepeaapHAKB lf 0 -M930ROB, llp9Bb1W89T y5blllb HCXOA-

BblX If+ -M930BOB 38 Cq~T nepeaapBAKB IIOCII9AHBX, TOrAa KSK AIIH ,-_Meao-

HOB 8H8119rBqHbl9 npOll9CCbl CK83blB8IDTCH 3B8qBT91IbHO M9HbW9 H lt8)1(9 MOryT npB-

B9CTB K cyMM8p.ROMY yMeBbW9RHID Bh!XOA8 "--Meaoaoa. C yaenaqeaaeM aToMaoro 

aoMepa ~KT nepeaapHAKB aaqaaaeT arpaTb aoapa=aromyro ponh, rrpaaona K aa-

61IIDA8IDill9MYCH OTCT8B8HRID OTBOCBTellbROrO BblXOAS fl- -M930HOB. 3TO OTCT8B8HH9 

oco5eaao aaMeTao nna anep AI H Ca nna CBHHll8 BnRHHBe B9ltTpOBBOlt 060-

noqKH AOJI)f(BO npBBOIUITb K yMeBbmeaaro pona nepeaapaAKH. Ha5nronaeMoe yMeRb-
+ -

W9HB9 OTHOCHT91IbHOll: p83HBllbl Bb!XOAOB fl - B fl -M930BOB H8 CBHBU9, 110-BHAH-

MOMy, BBIIH9TCH peayllbT8TOM COBOKYIIIJOrD AeltCTBHH paCCM8TpBB89MhiX ~KTOB. 

CnpasennaBOCTb paccMoTpeaaolt KapTHHbl nonTsep)f(ltaeTca cpaaaeaaeM nonyqea

HblX peayllbTSTOB C A8HBblMR DO o6pa30B8HRID IIHOBOB B coynapeHHRX npOTOBOB C BA

paMR, oTaeceBHblMR aaanor&q&b!M cnoco6oM aa onaa npoTOH ana aeltTpoa. 
li2,141 

neli:CTBBTellbBO, peaynbTSTbl pa60T IIO-.Il3b!BSIDT, qTo npH 60M58pAH-

pOBK9 npOTOH8MH BblXOlt fl- -M930BOB C YB9JIHq9HB9M STOMHOro HOMepa onepe-

JK89T Bb!XOA fi+-Ma30BOB. nna BAep OT C AO Ca, AIIH KOTOpb!X a$1jleKT, CBH38B-

Bbllt C aeltTpOHHOlt 050JIOqKOJI:,aecymecTB9B9B, B85JIIDA89TCH 5nH30CTb OTBeceBBblX 

HS OAHB HYKIIOB A-aaBBCRMOCTell: AIIH "+ -M930HOB, o5paaOB8BHbiX B coynapeBHHX 

npOTOHOB C HAPSMB , H If- -M930BOB, o6pa30B8HHhlX H9ltTpOB8MH H8 HApax. 

noK838T91IbBblM HBIIH9TCH p8CXO)f(lt9HH9 OTHOCHT91IbHblX ceqeHHlt AIIH HeltTpO

BOB H npOTOHOB H8 CBRHne, KOTOpOe B p8MK8X p8CCM8TpHB89MOlt KSpTHHbl CBHA9-

T91Ib=ByeT 0 IIpOTHBOIIOIIOlKHOM A9ltCTBBR ~KT8, CBH38HHOrD C HeltTpOHHHOlt 060-

11 
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llO'IKOit ( pOilb KOTOpOit /ll151 CI1Y'IB51 CBHHUB B911HK8), HB Cp8BHHB89Mbl9 OTHOCHTellbHbte 

Bb!XO/lbl 11 + -Me30HOB B ( p+ 51/lpO)- COy/lapeHH51X H ,- -Me30HOB B ( D + 51/lpO) • 

coy/lapeHH51X. 

PaccMaTpHaaeMbie oco6eeeocTH, xapaKTepH3YIOI!IHe aaaHCHMOCTb o6paaoaa!UI51 

IIHOHOB OT BTOMHOI'O HOMepa, rrp051BI151IOTC51 H rrpH COIIOCTBBileHHH o6CylKJlB9MbiX pe• 

aynbTBTOB C /lBHHbiMH ITO o6pa30BBHHIO HB 51/lpax IT 
0 -Meso eo a. PeaynbTaTbi 

cpaBHeHH51 rroKa3biBBIOT 6nH30CTb MelKilY A-saancHMOCT51MH o6paaoaaHH51 ,- -Meao-

HOB rrpH 6oM6ap/lHpOBKe HeitTpOHBMH H o6pa30BBHH51 fr 0 -Me30HOB B ( p -51/lpO) -co-

I~ IV 
yJlapeHH51X H ( D -51JlpO)-coy/lapeHH51X • 

DpoBe/leHHbie conocTaaneHH51 noaaon51IOT c/lenaTb BbiBO/l o TOM, 'ITO cxoii.CTBO 

nnH paannqne A-saancnMocTeit 11.1151 paanH'IHbiX npoueccoB o6paaoaaHH51 IIHOHOB onpe

JlenSleTcSl B OCHOBHOM He rrepBH'IHbiM xapaKTepOM aneM9HT8pHbiX B38HMOII.eitcTBHit 

B SlApe, a a(jl(jleKTBMH, CBSl38HHbiMH CO CTpyKTypoit Slll.pa. Ha KOHKp9THYIO (jlopMy 

A -saancnMocTn 6onhiiioe BnH51HHe OKB3biBBIOT npouecCbi, CBSl3aHHbie c nepeaapSlii.KOit 

IIHOHOB H B03MOlKHbiM H36b!TKOM HeitTpOHOB HB IIOBepXHOCTH 51/lpa. nn51 BCeX HHTeH

CHBHbiX peaKUHit a(jl(jleKT rrepe3ap51/lKH nrpaeT He3HB'IHT911bHYIO pOnb, H IIOSTOMY 

llllSl HHX Ha6niO/laeTC51 6nnaocTb A -aaBHCHMOCTeit 1 ecnn ncKniO'IaTb 51/lpa c na6biTKOM 

aefiTpOHOB. nng TBKHX lKe CTHOCHTellbHO MallOHHTel!CHBHbiX peSKUHit, KBK 

+ 
P + 51/lpO ... IT + H n + 51/lpO ... IT + 

a(jl(jleKT rrepe38p51/lKH BHOCHT 3HB'IHTenbHbie KOppeKTHBbl B HCXO/lftYIO 38BHCHMOCTb 

BbiXO/lB IIHOHOB OT BTOMHOI'O HOMepa. 

4. C II e K T p bl 

B Ta6n. 6 npnae/leHbi aeaqean51 cpe/lHHx aeeprnit E H aeeprnl!, cooTBeTcTay-

(maxl cp I I I 
IOIIIHX MaKCHMYMY E ll1151 acex Hccne/loBaHHbiX cneKTpoa rrHOHOB BMecTe c 

1151 
/lBHHbiMH /ll151 BOilOpO/lB 

06111elt 38KOHOMepHOCTbiO 51BI1519TC51 •cM51!''IeHHe• cneKTpOB C pOCTOM BTOMHOI'O 

HOMepa 51/lpa. 3Ta oco6eaaocTb aaMeTHee npo51BI15lSTCSl /ll151 crreKTpoB IT- -Meaoaoa. Oll

HHM H3 (jlaKTOpOB, Orrpe::<em!IOIIIHX 3TY 38KOHOM9pHOCTb, IIO-BH/lHMOMY, SlBI1519TC51 38BHCH

MOCTb Ce'I9HH51 B38HMO/l9itCTBH51 IIHOHOB C 51/l9pHbiM B91!19CTBOM OT SH9pl'HH. <llopMa 

1151 
CII9KTpOB IIHOHOB B HyKilOH-HYKilOHHbiX COy/lapeHH51X IlpH '" 600 MaB TBKOBB, 
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KOTOpOI! IJ.llfl Cnyqag CBHHUa B9llHKa), Ha Cp8BHHB89Mbl9 OTHOCHT9llbHbt9 

-M930HOB B (p+ 51/J.po)- COYIJ.8p9HH51X H ,.- -M930HOB B ( D + 9/J.po) .. 

OC069HHOCTH, XapaKT9pH3YID~He 38BHCHMOCTb 06pa30B8HH51 

HOMepa, 1Ip0f!Bll51IDTC51 H 1IpH COIIOCT8Bll9HHH 06CYlK.ll89MbiX pe-

HHbiMH no o6paaoaaHHro Ha 51/J.pax 
,. 

0 
-MeaoHoa. PeaynbTBTbr 

6nH30CTb MeJKny A-aaaHCHMOCTflMH o6paaoaaHH51 ,. - -Meao

Hei!TpoHaMH H 06pa30B8HHH If 0 -M930HOB B (p-51.Qpo)-co

/7/ 
n -51Apo)-coynapeHH51X • 

COIIOCT8BII9HHfl II03BOllfl!OT C.Q91I8Tb BbiBOil 0 TOM, 'ITO CXOilCTBO 

A-aaBHCHMocTel! Jlng paanH'!HhiX npoueccoa o6paaoaaHHll nHoHoa onpe

He nepBIP!Hb!M xapaKTepoM 91I9M9HT8pHblX B38HM01l91!CTBHI! 

CB5138HHbiMH CO CTpyKTypol! 51/lpa. Ha KOHKp9THyro ¢opMy 

6o1Iblll09 BIIH51HH9 OK83b!B8IDT 1IpOU9CCbi, CB5138HHbl9 C nepeaapllllKOI! 

M H36b!TKOM HefiTpOHOB Ha IIOB9pXHOCTH flllpa • .[ln51 BC9X HHT9H

a¢¢eKT nepeaap511lKH HrpaeT H93H8'1HT91IbHyro ponb, H II09TOMy 

.,llaeTcl! 6nHaocTb A -aaaHCHMOCTel! 1 ecnH HCKnro'!aTb flllpa c H36biTKOM 

TaKHX JKe OTIJOCHT91IbHO MI.IIIOHHT9HCHBHb!X p98KUHI!, KaK 

.. ,. + 
H D + !tllpO + 

.. " + 

BHOCHT 3H8'1HT91IbHbl9 KOppeKTHBbl B HCXOilHyro 38BHCHMOCTb 

OT 8TOMHOro HOMepa. 

4. C II e K T p hi 

3H8'19HH51 Cp91lHHX 9HeprHI! E H 9HeprHI!, COOTB9TCTBy-

cp /1/ 
ll1I51 Bcex HCCII9JlOB8HHblX CII9KTpOB IIHOHOB BM9CTe C /15/ 

HBII519TCH "CM51r'!9HHe' CII9KTpOB C POCTOM 8TOMHOrO 

oco6eaaocTb aaMeTHee npoHBII51eTcg lln51 cneKTpoa ,.- -Meaoaoa. Oll

onpe.:~en51ronmx STy 38KOHOM9pHOCTb, IIO-BHilHMOMy, 51BII519TC51 38BHCH

B38HMOil91!CTBHH IIHOHOB C llll9pHb!M B9~9CTBOM OT 9HaprHH. <J>opMa 

B HYKIIOH-HYKIIOHHb!X COyllap9HHl!X IIpH '" 600 Maa TaKOBa, /15/ 
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~TO npaKTH~9CKH non BC9MH yrnaMH IIHORSM 60nbWHX aaeprHI COOTB9TCTBYWT H 

6~nbWHe ce~eRHH BSaHMoneiCTBHH C B9W9CTBOM. 8TO 06CTOHTenbCTBO npHBOnHT 

K TOMy, ~TO H3 ~aCTH IIHOHOB, o6pa3yWDlHXCH Ra BRYTpeRRIIX Ry::tnOBaX SI-J:Ipa, B 

aa6nronaeMbii cnexTp naroT 6onhmat sxnan naoRbi BH3KHX aaepraA. B nonh3y 

TaKoro M9X8HH3M8, IlpHBOlUIDl9I'O K CMH1"~9BHW CII9KTpOB C pOCTOM aTOMROro RQ

Mepa, rosopHT yrnosag saBHCHMOCTb paccMaTpHaaeMoro aljlcjlexTa. CMSir'leRHe 

cnexTpoB non>KHo' 6onhme npoHBnSITbCSI nng ManbiX yrnoB, nocxonbKY • aneMeHTapHbre' 

CII9KTpbi IIHOBOB non 9THMH yrnaMH 3aXBaTbiB8WT 110 aaeprHH o6naCTb HaH60nbWHX 

H3M9R9RHI C9'19BHSI B38HMonetCTBHH IIHOHOB. LlaRBble Ta6n. 6 IIOKa3biB8WT, 'ITO 

nnH CII9KTpOB rr- -M930HOB non yrnaMH 16° H 30° Ra6nronaeTCH OTHOCHTenbRO 

6onhmee CMSir'leaae cnexTpoB. 

Llpyrol npH'IHROI, npHBOnHmet K OTROCHTenbRO 60nbW9My CMSII''I8RHW CII9KTpOB 

non MSnbiMH yrnaMH, MO>KeT HBnSITbCH p8CC8SIRHe IIHOBOB B Rnpax,. B pesynbTaTe 

KOTOporo B CII9KTpbi IIHOROB non ManbiMH yrnaMH naroT BKnaa IIBOBbl BH3KHX &Rep

rat, po>Kneaable non 6onhWHMH yrnaMa. 

LlononRHTenhRbiM M9X8RH3MOM, IlpHBOnSIDlBM K CMSII"'I8BBW CII9KTpOB IIHOHOB Ra 

Rnpax, MO>K9T cny>KBTh 06p830BaRH9 IIHOBOB RyKnORaMH, HCIIb!TaBWHMH paCC9SIRHe B 

Rnpe. npa 9BeprHHX RaCTOSIDl8I'O 9KCIT8pHM9RTa 6onbWaH 'laCTh ynpyro paCCeSIRHbiX 

ayxnoaos Mo>KeT yqacTBOBaTb B npouecceMe3oaoo6pasosaaaH, cnoco6cTayg yaenaqe

aaro o6pa3oBaRHSI naoaos Manbrx saeprHA. 8ToT aljlcjlexT llOn>Kea pacTa c ysena'le

aaeM aTOMHOI'O. HOMepa Hllpa. Llpyrot ero oco6eRROCTbW SIBnS19TCSI YM9RbiiBHHe ero 

ponH C yBenH'I9HH9M yrna lt8T9KTHpOB8HHSI. nocnel{aee 06CTOSIT9nbCTBO, RapSillY 

C paccMaTpHBa9MbiMH HH>Ke sljJcjlexTaMH pacce.HHHSI ITHOROB B BHyTpBHllepaoro llBH

>K9RHSI, l!On>KRO CIIOC06CTBOBaTh Ra6nrolla9MOMY OTBOCHTenbBO M9BbWeMy CMSII"'I9RHW 

crrexTpoa nHoaoa aa Hllpax no cpasaeaaro co crrexTpaMa aa soaopone rrpH yaena

'19RHB yrna aa6nroaeRHR. 

Llpyrag oco6eaaoCTh noeeneaag cnexTpos rraoaoa aa Rllpax rrpoasnReTcSI 

npH cpaBH9BHH BX IIOll pa3nH'IBhiMH yrnaMH CO CII8KTpaMJI Ba BOllOPOll8. Ji3 Ta6n. 
0 

6 BHllBO, 'ITO llO 60 CII9KTfb1 ITHOHOB Ba BOllOPOlle '>KeCT'Ie' 6onbWBRCTBa CII8KTpOB 

ITHOBOB Ba CIIO>KBbiX Slllpax B COOTB9TCTBHH C ll9ICTBH9M paCCMOTpeBBbiX Bb!W9 

0 0 
npoueccoa. Llns yrna 90 a B oco6eaaocTB llnB yrna 123 BMeeT MeCTo o6paT-

aas KapTBBa. Cp9llHB9 9B9pl"BB CII9KTpOB aa Bllpax OKa3biBaWTCB CllBBBYTbiMB B 

cTopoay 6onhmax aaeprBA no cpaaaeaBro c BOllopoAoM. 
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0CHOBHOI npH'IHHOI TaKoro HBneHHH MO>KeT cny>KHTb p8CC9HHHe IIH 

115/ OueaaTb ponh pacceHHHSI MO>KRO, conocTaBnHH ceqeaag po>KneaaSI a 

/16/ 
naoaoa a cao6oJ:tHbiX coyllapeaaHx • TaxaH oueaxa noxasbrBaeT, ''ITO 

xoraa npo6era naoaoa cpaBHHMbi c paaMepaMa SIJ:tpa a MeHbme ax, 6on~ 

OT IIHOHOB, Bbin8T8WDlRX non 60nhWHMH yrnaMH H3 Hnpa, MoryT COCTaBn 

HCIIbiTaBWHe pacceHHHe B HJ:tpe. 

LlpyraM Ba>KHbiM ljlaxTopoM, onpeaenHromaM PHA oco6eaaocTel! cnex 

aa HApax, HBnH9TCSI BRyTpHRnepaoe ltBH>K9HHe HyKnOHOB. 

CneKTpbl IIHOHOB H3-3a BHyTpHH.QepHOI"O .QBH>K8HHH OK83b!B8WTCH II] 

MHCSI AO 9ReprHI, 3H8'1HTenbHO 60nbWHX, '18M B HyKnOH -HyKnOHHb!X coy 

Ill 
npaseaeRHhiA a xaqecTae npaMepa aa pac. 12 pa6oTbi cnexTp rr 

Ra M9llH IIOA yrnoM 60° II03BOnHeT OT'I~TnHBO BHA8Th 'XBOCT' M930HOB, 

ao 300 Mas, Tora.a xax MaxcaManbHSH saepraH naoaa, o6pa3yrowerocH 1 

B9HHH HeiTpORS C 9Heprael 600 Mae, C IIOKOHWHMCH HyKnOHOM COCTaBm 

KaaeMaTaqecxaA pac'I~T noxa3biBaeT, 'ITO secb aa6nroaaeMbrl • xsocT • n 

6b!Th 06'bHCH9H BHyTpHHAepHbiM ltBH>K9HH9M. 

XapaxTepaol oco6eHBOCTbW BHyTpHHAepaoro ABH>K9HHH HBnS19TCH 0 

ace yaena'leaae ero pona npa Bo3pacTaaaa yrna aeTeKTapoBaHHH. 8To o 

CBSI38HO C KHR8M8THKOI npouecca CTOnKHOB9RHSI C ABH>KyWHMCSI HyKnOHOI 

TenbHSH pa3HHU8 rpaRR'IHbiX 9R9pl"HI npH Y'I~Te H 6e3 Y'I~Ta l{BH>K9RHH I 

a Rnpe B03pacTaeT c yrnoM aa6nrolleHHSI, nonyqeaabre pe3ynhTSTbi aaxo~ 

cornacaa c aTol xapTHHot. LlnH acex accnenoaaaHbiX H.Qep HMeeT MecTo 

Bo3paCT8WW8H pOnh BHyTpHHAepaoro nBH>K9HHH npHBOnHT TaK >K9, KaK H f 

IIROHOB, K OTHOCHTenbBOMY pocTy conep>KSHHH BbiCOKOaHepreTH'IHbiX IIHOR 

pax aa Hapax nnH 6onhwax yrnoa no cpaaaeaaro c sonoponoM. . 
PaccMoTpHM Teneph pa3nenbHO oco6eaaocTH nony'leBHbiX cneKTpoB 

rr --M930HOB. 0'19BHAHO, 'ITO OTROCHTenbHSB pa3HHU8 B cneKTpax rr +- H 

HOB non>KHS 6b!Tb CBH38Ra, BO-nepBbiX, C pa3nH'IH9M B nepBH'IROM M9X8H 

30BaHHst IIHOROB, H, BO-BTOpbiX, C aljlcjleKTSMH HnepaoA CTpyKTypbi, KOTOp! 

no-pa3HOMY B03netcTBOBaTb aa cnexTpbi rr +- a , -M930ROB. 
/15/ 

Pe3yn&TSTbi pa6oTbl IIOKa3b!BaroT, 'ITO CII9KTpb1 3apH>K9HHbiX liB 

30BaHHblX B (ll- p) - coyAapeHHHX npa aaeprHH aacToHmero axcnepaMe 

p8KTepH3yro·rcH OTHOCHTenbRO 6onbWHM COA9p>KaRH9M IIROHOB RH3KHX 9H9J; 

~ . ~ 

I 
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BC9MH yrnSMH UHOHSM 6~nbWHX aaeprHA COOTBeTCTBY~T H 

.aHMoaeacTBHH c eewecTBOM. 8To o6cToaTenbCTBO npHBOAHT 

H·Apa, B 

6onbWHA exnaa nuoabr HH3KHX aaepraA. B nonb3y 

K CMHrqeHH~ cneKTpOB C pOCTOM aTOMHOro Ho-

g aaeacHMOCTb paccMaTpHeaeMoro a$jlexTa. CMarqeaue 

npoaenHTbCH ana ManbiX yrnoe, nocxonbKY • aneMeaTapHLre• 

MH yrnaMH aaxBaTbiBa~T no 9HeprHH 06naCTb HaH60nbWRX 

Ta6n. 6 noXa3b!Ba~, 'ITO 

yrnaMH 16° H 30° aa6n~AaeTCH OTHOCHT&nbHO 

OTHOCHTenbHO 60nbW9My CMHr'leHH~ cneKTpOB 

HBnHTbCH pacceaHHe nHOHOB B HApax, B peaynbTaTe 

noA ManbiMH yrnaMH Aa~T BKnaA UHOSbl HR3KHX 9Hep-

yrnaMH. 

npHBOAHU!HM K CMHr'I&HH~ cneKTpOB nROSOB Ha 

nHOHOB HYKnOHaMH, RCnb!TaBU!RMH pacceSIHHe B 

9KcnepHM9HTa 6onbWaSI 'ISCTb ynpyro pacceHHSbiX 

npouecce Meaoaoo6paaoBSHHSI, cnoco6cTBya yaenR'Ie

ManLrx aaeprHA. oToT a«!>«!>exT AOnJKes pacTH c yaenH'Ie

aapa. llpyroA ero oco6easocTb~ asnaeTCSI yMeHbiiBHHe ero 

A9T9KTHpOBaHHH. nocneaHee 06CTOHT9nbCTBO, SSpi!Ay 

a«<>«<>exTaMH paCC&i!SHil UROSOB R BHYTPRHAepsoro ABH

sa6n~AaeMOMy OTHOCRT9nbHO M&SbU!eMy CMHr'leHR~ 

cpaaaeau~ co cnexTpaMR aa BOAOpoae npR yaens-

noB9A9SRH cneKTpOB nROHOB sa HApax npOHBnH&TCR 

aa aoaopoae. Ha Ta6n. 

nROSOB Ha BOAOpoae 'JKeCT'Ie' 6onbU!HHCTB8 cnexTpOB 

COOTB&TCTBRR C A&ACTBReM paCCMOTpe&SbiX Bb!W& 

OC06&BHOCTR AnR yrna 123° RMeeT M&CTO o6paT-

cnexTpOB Ha HApax OKa3b!Ba~TCR CABRHYTbiMR B 

cpaaae&R~ C BOAOPOAOM. 
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OcaoaaoA npH'IHHOA Taxoro aaneaua MoJKeT cnyJKHTb pacceaaHe nuoaoe a aape. 

115/ 
OueHHTb ponh paccea&HH MOJKHo, conocTaenaH ceqeaHH poJKneaHH a pacceHHHH 

/16/ 
nHOHOB B cao6oAHbiX coyaapeaHHX • Taxa11· oueaxa noxaabrBaeT, ''ITO a ycnoBHHx, 

KOrAa npo6erH UHOHOB cpaBHHMbl C pa3MepaMH HApa H M9HbU!e HX, 6onbury~ qaCTb 

OT nHOHOB, Bbin9Ta~U!HX nOA 60nbWHMH yrnaMH H3 HApa, MOryT COCTSBUHTb llHOHhi, 

HCllbiTSBWHe pacce!IHH9 B HApe. 

llpyrHM BaJKHbiM «!>aKTopoM, onpenenH~IliHM p!IA oco6eaaocTell cnexTpoa nuoaoa 

aa SIApax, HBUH9TCH BHyTpHHAepaoe ABHJK9HHe HYKUOHOB. 

CneKTpbl UHOHOB H3-3a BHyTpHHAepaoro ABHJK9HHH OKa3b!Ba~TCH npOCTHpa~mH

MHCH AO 9HeprHA, 3Ha'IHT9ilbHO 6onbmHX, '19M B HyKnOH -HYKllOHHblX COyAap9HHSIX. 

Ill -
npHB9A9HHb!l! B Ka'leCTBe npHMepa HS pHC. 12 pa60Tbl cneKTp 1T -M930HOB 

Ha M9AH non yrnOM 60° n03BOnHeT OT'I~TUHBO BHA9Tb 'XBOCT' M930HOB, TiiHYU!HIICH 

AO 300 MaB, TOr,!:(a KSK MaKCHManhHaH 9HeprHH UHOHa, 06paay~merOCH B CTOUKHO

B9HHH aei!Tpoaa c aaeprael! 600 Maa, c noKoHiliHMCH ayxnoHOM cocTaBnHeT 156 Mae. 

KaaeMaTH'I&CKHI! pacq~T noxaaLraaeT, 'ITO eecb aa6n~aaeMLIII • xaocT • nuoaoa MOJKeT 

6b!Tb 06'bHCH9H BHyTpHHAepHbiM ABHJK9HH9M. 

XapaKT9pHOII OC06eHHOCTb~ BHyTpHHA9pHOrO ABHJK9HHH HBnH9TCH OTHOCHTenb-

H09 yaenaqeaae ero pona npa aoapacTaHHH yrna aeTeKTHpoBaHHH. 8To o6cTOHTenhCTBO 

CBH3aHO C KHH9MSTHKOI! nponecca CTOUKSOB9HHH C ABHJKYiliHMCH HYKllOHOM. 0THOCH

TeilbH8H p83HH!l8 rpaHH'IHbiX aseprHI! npH y'I~Te H 6ea yqeTa ABHJK&HHH HyKnOHOB 

a HApe aoapacTaeT c yrnoM aa6n~aeau11. nonyqeaaLre peaynbTaTLr aaxoAiiTCH a 

cornaCHH C STOll KapTHHOA. llnll BC9X HCCn9AOBaHHbiX HAep HM99T M9CTO T8KOI! a«!>«!>eKT. 

BoapacTa~wa!l ponb aayTpHSIAepaoro ABHJKeHHH npHBOAHT TaK JKe, xaK H pacceaaue 

nHOHOB, K OTHOCHT&nbHOMy pOCTY COAeplKaHHSI BbiCOKOSHepreTH'IHbiX nHOHOB B cneKT

p8X aa aapax AnH 6onbwax yrnoe no cpaeaeaa~ c BOAOP9AOM. 

PaccMoTpHM Tenepb paaaenbHO oco6eaaocTH nonyqesablx cnexTpoe 

IT --M930SOB. QqeBRAHO, 'ITO OTHOCHTenbS8SI pa3HHUa B Cll&KTpax 1T +- H 

+ 
rr - H 

rr -Meao-

HOB AOnlKH8 6b!Tb CBSI38S8, Bo-nepBbiX, C p83nH'IH9M B nepBH'IHOM M&X8HH3M9 o6pa-

30B8SHil nHOHOB, H, BO-BTOpbiX, C a$jleKT8MH SIA&psoA CTpyKTypbl, KOTOpbl& MOryT 

no-pa3SOMY B03A9ACTBOBaTb Sa cneKTpbl IT+- H " -Me30HOB. 

115/ 
Peayn&TaTLI pa6oTLr noxa3b!Ba~, 'ITO cneKTpbl 38pSilK&HBbiX nHOSOB

1
06pa-

30BaHSbiX B (n- p) - coyaape&HSIX npH aseprRH aacTo!lmero axcnepHM&STa, xa-

paKTepH3y~·rcSI OTBOCHT9nbBO 60nbWHM COAepJKaSH&M nHOHOB HH3KHX aaeprHA, '19M 
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cneKTpbl rr + -M930HOB, o6pa30BaHHbiX B 
( p - p) -coyAapeHHSIX npH &HeprHH 

660 M&e
1171 Ho aTo paanH'iHS seeennKo, H nosToMy cneAyeT OlKHAaTb, 'iTO oT-

HOCHTSnbHaH ponb a¢$eKTOB, CBH3aHHhlX CO CTpyKTypo!\ HApa, 6yA9T npOHBnHTbCH B 

6onbill9A CT9il9HH B pa3HHU9 cneKTpOB ,+ -H tr- -M930HOe, e OC009HHOCTH AnH 

HASP C 60nbillHMH aTOMHbiMH HOMepaMH. PeaynbTaTbl H3M9p9HHII ilOATe9plKAaiOT 

STO npeanonoJK9HH9. VIa Taon. 6 eHAHO, 'ITO AnH HASp A I Ca H Pb cneKTPhl 

,- -M930HOe OKa3bleaiOTCSI HSCKOnbKO MHrqe CUSKTpOB 
rr+-Meaoaoe. EcnH 

nepeH'iHbl9 Cil9KTpb1 ilHOHOe, o6paaoeaHHbl9 e HyKnOH-HyKnOHHbiX COyAapeHHSIX e 

pe, HCKaJKanHCb Obi H93Ha'IHT9UbHO, TO AOUJKHa Ohlna Ohl HM9Tb MSCTO oopaTHaH 

KapTHBa: Cil9KTpb1 
,- -M930HOe, OCHOeHbiM HCTO'IHHKOM KO'rOpbiX nenHIOTCSI 

Sill-

( n -'n") -coyAapeBBSI, ohlnH Obi 'JKecTqe'. TaKoA a¢$eKT KaK paa HMeeT MeCTO 

AUSI nerKHX S!Aep, AUH KOTOpbiX 'SIA9pHble' npoUSCCbl AOUlKHhl M9Hbill9 nponenSITbCH. 

Has6onee yllOOHbiM e STOM CMbiCne e HaillHX H3MepeHHSIX SienneTCSI S!ApO yrnepolla 

C OllHHaKOebiM 'iHCnOM npOTOHOe H H9l!TpOHOe. VIa Ta6n. 6 eHAHO, 'iTO AUSI yrne

poaa cpeaase aaeprsn 
,- -Me30HOe OKa3bleaiOTCH HSCKOnbKO oJnbillHMH Cp9AHHX 

aaeprsA 
rr + -M930HOB. 3Ta pa3HHUa 3aMeTH99 JlUH ManbiX yrnoe. 

CoeMeCTHbiA aaanna cneKTpoe 
,+_H tr--M930HOe aa npOTOHHOM H HS!\TpOH-

HOM nyqKaX npH aseprHSIX 600-700 Mae ll03BOnSI9T O)JenaTb BhlBOA 0 TOM, 'ITO 

HX cpaBHHT9UbHbl9 OC009HHOCTH onpeaenSIIOTCH rnaeHbiM oopa30M 'SIA9pHbiMH' 

npoueccaMH. H aa npoToaax, H aa 'Hel!Tpoaax sTH npoueccbi anSI ae cnHIIKOM nerKHX 

S!Aep npHBOAHT K OCHOCHTSnbHOMY H30b1TKY HH3K09HepreTH'iHbiX ll!JOHOe B cneKTpax 

rr--Me30HOB, eenH'iHHa KOTOpOrO eoapacTaeT C pOCTOM aTOMHOrO HOM9pa. 

PaCCMOTp9HH9 pS!Jll! 'gJJepHbiX' S(jltileKTOe, CeSI3aHHbiX C TaKHMH SienOHHSIMH, 

KaK H30b!TOK ae!\TpOHOe Ha noeepXHOCTH S!Jlpa, o6paaoeaHH9 ilHOHOB HyKUOHaMH, 

scnbiTaemHMH ynpyroe pacceSIHHe e SlApe, paannqse sMnynbCHbiX pacnpeaeneasll 

npOTOHOe H se!\TpOHOB, Jl9ACTBH0 npHHllHUa naynH,I ilOKa3bieaeT, 'iTO 9TH atPtileKTbl 

rr+ -Me30HOe 
JlOnlKiibl CilOCOOCTeoeaTb OTHOCHTeUbHOMY CMSir'l:eHHIO cneKTpOe 

e ( n + Slllpo)- coyAapeBHSIX, a e cnyqae ( p + SIApo)- coyaapeanll aeAcTeyiOT 

atPtPeKTbl ae MoryT o6'hSICHHTb aa6n10-
e npoTneononoJKHYIO cTopoay. VI noaTOMY aTH 

Ill 
AaiOIUH9CH e OOCYJKJla9MbiX H3M9p9HHHX 6onee MSirKK9 cneKTpbl 

, -Me30HOe 

sa TSIJKenbiX SIApax. 

PaccMoTpHM Tenepb atPtPeKT, CBSI3aHHblll c nepeaapSIJJKOll nnoaoe. CneKTpbi 

nepeaapS!JlHeillHXCSI nHOHOe, O'i9BHJlHO, JlOnlKHbl OTUH'iaTbCSI OT cneKTpOe nepeH'I:HbiX 

UHOHOB. VlaMeH9HH9 nepBH'iHOrO cneKTpa UHOHOB npH nepeaapSIAKKB 3aBHCHT OT 
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ero tPopMhl H pacnonoJKeHHH OTHOCHTenbHO tPYHKUHH eoa6yJKJJeHHH JJnH 

TeM caMbiM B 3aBHCHMOCTH OT SHeprHH llaJlaiOIUHX HYKUOHOB H yrna 

CU9KTp nepeaapHJlHBillHXCH llHOHOB MOJKST ObiTb CM9Ill9H B pa3Hbl9 CTI 

Jlng HaCTOSIIUHX H3MepeHH!\ MOJKHO Oll9HHTb aetilopMaUHIO CUBKTf 

I 151 
aoeaemHcb e KaqecTee nepeoaaqanbHbiX cnel!iTpoe JJaHHbiMH • Pea: 

noKa3bieaiOT, 'ITO HaHOOUbill99 H3M9H9HH9 Cil9KTpoe cne~:tyeT OlKHAaTb 

30° H 60°. 3seprBH, COOTB9TCTBYIOIUH9 MaKCHMyMaM Cll9KTpoe nepe3 

llHOHOe !lOll STHMH yrnaMH, UO TaKo!\ OUBHKe, OKa3bieaiOTCSI ClleHHYTl 

ebiCOKHX aaeprsl! Ha 40-45. Mae. Jlng yrnoe 16° H 90° TaKO!\ CABHr 

AUSI 123° OH npaKTH'ISCKH OTCYTCTByeT. M bl BHASnH, 'ITO stPtileKT nepE 

HrpaeT cymecTeeHHYIO ponb e o6pa30BaHHH ,+ -Meaoaoe. B HX Bb!X 

TBUbHYIO eenH'iHHY llOUJKHbl COCTaBnHTb nepeaapHAHeillHBCH llHOHbi. Tal 

nepeaapSIAKa e HaCTOSIIUHX H3MepeHHHX AOnJKHa npseOAHTb K OTHOCHTE 

illeMy COAepJKaHHIO llHOHOB ebiCOKHX SHeprHJI B CUeKTpax rr + -M930f 

3~:tecb eme paa cne~:tyeT OTMSTHTb, 'ITO ~:teAcTese atPtPeKTa nape; 

onpe~:tenSieTcn KOHKpeTaoA !j>opMcill cneKTpoe. TaK AnSI npoTOHHbiX nyq 
}, 

rseA 600-660 Mae AnSI ManbiX yrnoe aa6niOJJeHHSI cne~:tyeT 01KHAaTb c 

KapTHHY - Cll9KTpbi nepeaapHAHBillHXCSI llHOHOe AOlllKHbl Ob!Tb CJleHHYT 

M9HbillHX sHeprHJI. 

BTopoll tilaKTOp, ABJICTeyiOIUHA ·TaKJKB e CTOpOHY aa6niOJla9MOro 

Cll9KTpOe ,- -M930HOe OTHOCHTenbHO cneKTpOe rr+ -Me30HOe, M 

ceSI3aH C KynoHOBCKHM noneM HJlep. He6onbillaH BenH'iHH8 KynOHOBCKC 

OTHOCHTenbHO KHH9TH'i9CKOl! sHeprHH llHOHOB H cpaBHHTBUbHO MBJlnBHJ 

ero H3M9H9HHH OTHOCHT9llbHO JlpyrHX napaMeTpOB U03eOnHIOT Oll9HHT~ 

I 
KynOHOBCKOrO nonH, HC~AH H3 UpOCThlX KnaCCH'iBCKHX C006paJKBHHll 

raeTCH, 'ITO llBACTeHe KynOHOBCKOrO nong CBOAHTCSI K YCKOpBHHIO ebU 

H3 S!Apa tr + -M930HOe H K 3aMBiln9HHIO ,--Meaoaoe. B rpy6oM 

KOnH'i9CTe9HHO STOT stPtileKT Up9ACTaBnH9TCSI TaKHM o6pa30M, 'ITO 

o6paaoeaemnl!CH e SlApe c nepeoaaqanbHOll aaeprnell E 
0

, npH BhiXOJlE 

HMeeT aa6niO~:taeMyiO aa OnbiTe aaepr1uo E • E + V , a 
o Kyn 

"--M4 
eeTCTBSHHO E - E 

0 
v 

Kyn' rae 

B peaynbTaTe cJJeHr MBJKAY cneKTpaMH 

Ann TSIJKSnbiX Slll9p 3aM9THOA eens'I:HHbl 

sHeprHSI KynoHoeCKC v 
Kyn 

rr+-H rr -M930HOB, MO:H< 

3 6 M ae llnH CeHHUa). K 

HaH OU9HKa eenH'iHHhl KynOHOeCKOrO atiltileKTa Ha OCHOeaHHH CpaeHBHHS 

17 



B 
(p -pl -coynapeHHRX npa aaeprHH 

H IIOSTOMY CIIBllyBT OlKHll8Tb, 'ITO OT

CBRSSHHhlX CO cTpyKTypoit Rllp8, 6yneT npORBIIRTbCR B 

cneKTpOB IT+ -H IT- -MeSO HOB, B OC069HHOCTH llnR 

aoMepaMH. Pesyn&TSTbi asMepeaHA nollTBeplKJlSIOT 

'ITO nns snep AI Cu H Pb cneKTphl 

H9CKOilbKO MRr'le CIISKTpOB IT+ -Mesoaoa. EcnH 

o6pasoBaHHbi9 B HYKIIOH-HYKIIOHHbiX coynapeHHSIX B 

T'.> llOmKH8 6bin8 6hl HM9Tb MSCTO o6paTH8Sl 

Rll-

OCHOBHbiM HCTO'IHHKOM KO'rOpbiX SIBIISIIOTCSI 

6 )1(9CT'IB'. TaKOit aljKjleKT KSK pas HM99T MSCTO 

biX * SlllBpHbiB' npoUBCCbl llOII)I(Hbl M9Hb!U9 npORBIISITbCR. 

b!CIIB B HSIUHX HSMepeHHSIX SIBIIRBTCSI SlllpO yrnepOll8 

H aeATpoaoe. Hs Ta6n. 6 BHllHO, 'ITO nns yrne

OKBSbiBBIOTCSI HSCKOIIbKO 66nbiUHMH CpBllHHX 

p8SHHU8 SSMBTHBB lliiR MSIIbiX yriiOB. 

+ -IT -H IT -MBSOHOB HS npOTOHHOM H HBitTpOH-

MaB rrosaonseT onenaTb Bbieon o TOM, 'ITO 

orrpe.QBIISIIOTCSI rnaeHbiM o6paSOM 'Sl.QSpHbiMH' 

HS aeitTpOHSX 9TH IIpOUBCCbl AIISI HB CIIHliiWM nerKHX 

HS6b!TKY HHSK09HBpreTH'IHbiX IIIj:OHOe e CII9KTp8X 

eospaCTSBT C pOCTOM STOMHOrO HOM9p8. 

seneHHSIMH, 

e H.Qpe, p8SIIH'IH9 HMIIYilbCHbiX pacrrpeneneHHit 

e 1IpHHUHII8 DaynH, IIOK8SbieaeT, 'ITO 9TH 9lPlP9KTbl 

IT+ -MBSOHOe 

a e cnyqae ( p + napo)- coyaapeaHit neitcTeyroT 

II09TOMY 9TH a¢¢eKTbl HB MOryT 06'bRCHHTb HS61110-

/l/ 6 -HSMepeHHRX 01199 MRrKK9 CIIBKTphl IT -MeSOHOe 

ceRSSHHblit C rrepesapR.QKOI!: IIHOHOB. CrreKTpbl 

O'leeH.QHO, .QOIIlKHbl OTIIH'ISTbCR OT CIIBKTpoe nepeH'IHbiX 

CIIBKTpa IIHOHOB IIpH nepesapR.QKKB SSBHCHT OT 
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ero ¢opMhl H p8CIIOIIOlK9HHR OTHOCHTBilbHO lPYHKUHH eos6ylKABHHR .QIIR nepesapSIAKH. 

TeM CSMbiM e SSeHCHMOCTH OT 9HeprHH II8.Q810IUHX HYKIIOHOe H yrna HSM9p9HHSI 

CIIBKTp nepesapSIAHBIUHXCR IIHOHOe MOlKBT 6b!Tb CMBIUBH e paSHbiB CTOpOHbi. 

,llns HSCTORIIUIX HSMepeHHII MOlKHO Oll9HHTb .Q9lPOpM8UHIO CIIBKTpoe, BOCIIOIIb-

/15/ 
soeaeiUHCb e K8'19CTee nepeOH8'181IbHbiX CIIBKTpOB ABHHbiMH • PesyllbTSTbl OUBHKH 

IIOK8Sb!e810T, 'ITO HSH6onbiU99 HSM9HBHH9 CIISKTpoe CIISAyeT OlKH.Q8Tb AIISI yrnoe 

30° H 60°. 3aeprHH• COOTeeTCTeyromHe MSKCHMYMSM CIISKTpoe nepesapSIAHBIUHXCSl 

DHOHOe IIOA STHMH yrnSMH, 110 TSI<OI! OU9HK9, OK8Sb!B810TCSI CABHHYTbiMH B CTOpoHy 

ebiCOKHX aHeprHII HS 40-45. Mae • .llns yrnoe 16° H 90° TSKOII CAeHr MBHbiUe, a 

AIIR 123° OH npaKTH'IBCKH OTCyTCTeyeT. Mbl eanenH, 'ITO aljKjleKT nepesapSIAKH 

HrpaeT cymecTeeHHYIO pOilb e o6pasoeaHHH IT+ -Mesoaoe. B HX ebiXOA9 SHB'IH-

TBIIbHYIO ee/IH'IHHY AOII)I(Hbl COCTSBIIRTb rrepesapRAHeiUHBCSI IIROHbi. TaKHM o6paSOM, 

rrepesapSIAK8 e HBCTOSIIUHX HSMepeHHSIX AOIIlKHS IIpHeOAHTb K OTHOCHTBIIbHO 6~nb-

IUBMY COA9plK8HHIO IIHOHOe ebiCOKHX aHeprHII e CIIBKTpax IT + -MBSOHOB. 

3necb eme pas cnenyeT OTMSTHTb, 'ITO nell:cTBHe a¢¢eKTa rrepesapsnKH 

orrpe.QSIISIBTCSI KOHKpBTHOII ~OpM611 CIIBKTpOB. TaK AIISI IIpOTOHHbiX IIy'IKOB C aaep-· 
J, 

raell 600-660 Mae AIISI MSilbiX yrnoB H861IIOA9HHR Cll9AYBT OlKHASTb o6paTHYIO 

K8pTHHY - CII9KTpbl rrepesapSIAHeiUHXCSl IIHOHOB .QOIIlKHbl 6biTb CABHHYTbl B CTOpOHy 

M9Hb!UHX aHeprHI!. 

BTopoll lPSKTOp, ASIICTBYIOIUHII•T8KlK9 B CTOpOHY H861IIOA89MOrO CM!lr'ISHHSI 

CIISKTpOB IT- -MaSOHOB OTHOCHTSilbHO CIISKTpOB IT+ -MaSOHOB, MOlK9T 6b!Tb 

CBSISSH C KYIIOHOBCKHM IIOIISM RAap. He60ilblll8Sl eenH'IHHS KYIIOHOBCKOrO IIOIISI RAep 

OTHOCHTSilbHO KHH9TH'19CKOI! aaeprHH IIHOHOB H Cp8BHHT91lbHO M9AII9HHhlll xapaKTep 

ero HSM9H9HHSI OTHOCHTallbHO ApyrHX II8p8M9TpOB IIOSBOIISIIOT OUSHHTb ASIICTeHe 

/12/ 
KYIIOHOeCKOrO IIOIISI, HCXOAR HS rrpOCThlX KIISCCH'IaCKHX C006pameHHII • DpaAIIOIIS-

raeTCSl, 'ITO A91!CTeHe KyllOHOeCKOrO IIOIIR CeO.QHTCSI K yCKOpaHHIO Bhlll9T810IUHX 

HS SlApS IT+ -M930HOB H K S8M9Ail9HHIO 11--Mesoaoe. B rpy6oM npa6na)l(eHHH 

KOIIH'ISCTeaHHO aTOT aiP¢aKT npeACTaenstaTCSI TSKHM 06paSOM, 'ITO IT+ -MaSOH, 

o6pasoeaewallcn e SIApe c nepeoaaqanbHOII aaepraell E
0

, npa BbiXone as stapa 

HM99T H861IIO.Q89MYIO HS OIIbiTa aHeprHIO E • E 
0 

+ V , 8 IT- -MBSOH COOT-
KYII 

eeTCTBSHHO E - E 
0 

v 
Kyn' rne 

B pesyllbTSTa CABHr MBlKAY CII9KTp8MH 

.QIISI TSI)I(91lb!X S!Aep S8M9THOII B91IH'IHHbl 

v 
KYII 

IT+-H 

aaeprHSI KyllOHOBCKOrO 6apbapa. 

IT -MeSOHOe, MOlKBT llOCTHrBTb 

36 Mae ans ceaaua). KonH'IBCTBaH-

HSR OU9HK8 B91IH'IHHbl KYIIOHOBCKOrO alj>lj>eKTd HB OCHOBSHHH Cp8BHBHHR IIOily'ISHHbiX 

~ . 
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cneKTpoB aaTpy~aeaa aa-aa o~aospeMeaaoro soa~eAcTBHR sa cneKTphl nepeqacnea

Hwx ewwe cjlaKTopoe. 

Co CTOpOHbl Bb!COKHX aaeprHA KYROHOBCKHA aciJ$eKT llOnJKeS DpOliBHT&Cll B SaWHX 

H3MepeHHliX 6onee oTq~TnHso. STo o6CTOliTenbCTBO CliB3aso, so-Depewx, c 6onb-

weA TOqHOCTb~ pacCMOTpessoA KapTHShl CllBHra cneKTpOB llR~ DHOHOB 6onbWHX asep

rHA. Bo-BTOpbiX, lle!tCTBHe 6onbWHSCTBa llllepHbiX atjlcjJeKTOB B OCHOBSOM CKa3WBaeTCll 

sa ll~OpManRH SH3KOSHepreTRqHhlX qacTeA CD9KTpOB. 
Ill 

CODOCTaBnesae·cfieKTpOB DOKa3hlB89T CHCTeMaTHqeCKy~ paasany BepXRHX 

+ rpasun cneKTpos 11 - a " -Meaoaos llnR llllep AI , Co H Pb . CneKTpw 

fl+ -M930SOB npaKTHqeCKH DOll BC9MH yrnaMH TliHYTCll llan&We B CTOpOSY 6on&-

wax aaepraA, qeM cDeKTpbi "- -Meaoaos. Oco6eaaocTliMB aToro l!Bnesall liB-

na~TcH: 1) yeenaqeaae oTaocaTen&aoro CllBHra cDeKTpos c ysenaqesaeM aToMaoro 

HoMepa a 2) DOCTOBHCTBO B Dpellenax owa6oK a6con~aoA senaqaaw aToro CllBB-

ra DOll BCeMB yrnaMB. 06e 3TH OC069SSOCTH COOTB9TCTBY~T atjlcjJeKTy CllBHra CD9KT

p0B DOll lleAcTBHeM KynoaoscKoro noTeanaana. Dnll KonaqecTsesaoA onesKR Kynoaos

CKoro aljlcjleETa sa puc. 1 DpellCTasnesbi B oTsocaTen&SbiX ellasauax cneETp&I 

f1 +- H f1- -M930SOB Ha CBH&ne DOll yrnaMH 90° H 123°, CM9Jlle&Shl9 B p!I3-

Hbl9 croposw no ocR aaepraA sa 18 Mas. PacyaoK noEaawsaeT, qro sepxaue 

rpasunw cneETpos fl+- H " -MeaosoB Docne HCDpasnesaH aa EynoHOBCKBA 

~eKT B npellenax OWH60K COBDallS~T. 

llposelleaaaH ouesKa pons paanaqa&IX cjlaKTopoe noasonHeT CllenaTh DOD&ITKY 

cnelly~lllRM o6paaoM oxapaKTepaaosaT& oTnaqaTen&awe qepTw cneKTpoB "+- a 

f1- -M930SOB, o6pa30BaHHbiX B COy~apeHHliX DpOTOSOB H HeATpOHOB C llllpaMR. 

Dnll nerKRX llllep MOJKHO CqHT8Tb, qTo CD9KTpbl nROHOB B OCBOBBOM COXpaHli~T 

oco6eaaocTH Depsuqa&IX cneKTpos, xapaETepuwe llnB ayEnoH-ByEnouawx coyllapeuaA. 

DnH llllep c ~ocTaToqao 6on&WHMR aTOMH&IMi aoMepaMa npa aueprRliX aacTo

Hwero aKcnepaMeaTa npoliBnli~TCll cnelly~mue oco6euuocTH. DeAcTBHe KynouoscKo-

PO aciJ$eKT8 R atjlcjJeKT8 nepe3apllllKR CDOC06CTByeT CMemeHH~ Cll&KTpOB ,+ -Me3o-

HOB B a +ll~po)-coy~apeHRliX B cTopoay 6onee BWCOKHX aaepraA. llpa o6pa3o-

BSHHH " -M930HOB B 3TOft JKe peaKnHH atjJcjleKT nepe38pli~KH Meaee cymeCTBeHeH 

BBR~Y TOro, qTO o6pa30B8HHe fi--Me30HOB DpOHCXOllHT B HRT9BCHBSOft peaKnRH. 

KynOHOBCKHA JKe CllBrir ~eACTByeT B CTOpoay CMllrqesall CDeKTpOB. 8 TO JKe Bp9Mll 

T8KH9 aciJ$eKThl, KSK Oqpa30B8HHe DHOHOB pacceliSSbiMH HyKROSSMH H arp.jleKT, CBH-

38HHblft C H36b!TKOM HeilTpOHOB sa DOBepXHOCTH llllp8, llORlKHbl CDOC06CTBOBaTb 
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OTROCHTen&HOMY CMllrqeHH~ cneKTpa "+ -Meaoaos. B aTy JKe cTopc 

TOPO, ~ORlKBO llei1CTBOB8Tb paanaqae BO B3aHMOlleACTBHH HYKROHOB B 

COCTOSISHR. 

TeDepb pacCMOTpHM 06pa30B8HHe DHOHOB B ( p + ll~po)-coyllap< 

aaepraa npoTosoB 600-660 Mae, KSK yJKe ynoMHHanoc&, no~ ae6on&wl 

aljlcjleKT nepeaapllllKH llOnJKea cDoco6cTBOB8Tb CMllrqeaa~ cneKTpa 

aos. KynoHOBCKHA CllBHr lleAcTsyeT B aTy JKe CToposy. TaKHM o6paa1 

cpaKTopw, TSK JKe, KaK H npu 6oM6apnupoexe aei!TpoaaMH, BnHli~T sa 

DHOHOB O~HOHM9HHOPO 3H8K8 OllHHSKOBhlM o6pa30M. Ho 38TO T8KHe ¢ 

o6pa30B8HBe DHOHOB p8CC9HHHhlMH HYKROH8MH H KOaeqaoe B3aHMOll9AC 

HOB, B cnyqae 6oM6apllHPOBKH npOTOHaMH ll9ACTBy~T B CTOpoay eme 

OTHOCHTenbROPO CMarqeRHH CD9KTpOB f1- -Me30HOB. 

Ha ocaosaRHH nepeqacneaawx oco6eaaocTeA cnellyeT oJKHilaT& a 
I 

6on&mero paanuqaa cDeKTpoB 
+ 

f1 - H f1 -Me30HOB B (p+anpo 

RHliX DOll M8Rb!MH yrnaMH DO Cp8BReRH~ C (a + S!llpO)-coyJlapeHHHM 

BH3K03HepreTaqHhlMH .QORlKHbl 6b!Tb cneKTpbl f1- -Me30HOB, o6pa30B8 

( p +li.Qpo)- coyllapeaaax nna THJKenwx Rllep. CneKTpw ,--Me30HOI 

COyllapeHHliX TaKJKe llORJKHhl xapaKTepH30BaT&Cll C.QBHPOM B CTOpOHY I 

aaeprHA, ysenaqHBa~JllHMCH C pOCTOM 8TOMHOPO HOMepa. Ho 3TO CBO 

npOliBnHTbCH B MeH&meA Mepe, qeM .QRll f1 -Me30HOB B (p + li.Q) 

peHHHX. Eme Mea&me AOnJKHO npoaenHT&ca cMarqeaue cDeKTpoB ,+ 

e (a+ H~po)-coyllapeaaax. HaKouen, cneKTpw "+-Meaoaoe e ( 

~apeaaHx AOmKShl 6biTb uaa6onee BbiCOKOasepreTaqHbiMH H cna6o aaE 

aTOMROrO HOMepa. 

5. Y r n o B bi e p a c n p e A e n e H H a 

Yrnoswe pacnpelleneaua DHOHOB B cacTeMe n.M. DpHBelleHbi ua 
Ill 

14 pa6oTw • Cpasaeaue c DpHBelleHHbiMH sa aTHX JKe pucyuKax yr, 
1151 

CHMOCTBMH llRB BO~OpO.Qa DOK83biB8eT cymecTBeHHy~ pon& li.Qepll 

phl llaJKe .QnB caMbiX nerKHX HCCRe.QOB8HHbiX H~ep ( Re H C), All 

aa6n~naeTCB aaaqHTen&aaa acHMMeTpHH yrnoooro pacDpellenesHB na1 
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ua-sa onuospeMenuoro soaneAcTBHH ua cneKTphl nepe~ucneu-

aHeprHA KyDOHOBCKBA ~KT non*eH npOHBBTbCSI B HSWBX 

8TO 06CTOHT9DbCTBO CHB38HO, Bo-nepBhlX, C 6onb

K8pTHHhl cnBHPS cneKTpOB nn~ nBOHOB 60DbWHX 9Hep-

B OCHOBHOM CK83hlBSeTCSI 

~3KOauepreTH~HhlX ~acTeft cneKTpOB. 

Ill 
· clieKTpOB nOK83biB89T CHCT9M8TH~9CKYJO pa3RHI1Y B9pXRBX 

H "- -MeaouoB nns snep AI , Co B Pb • CneKTphl 

non BC9MH yrnaMH THHYTCH nanbme B CTOpoHy 6onb

rr- -Meaouos. Oco6euaocTHMH aToro Rsneaus sa-

OTHOCHT9DbHOro CnBHra cneKTpOB C yBenB~9HH9M STOMHOPO 

so B npenenax omu6oK a6conJOTaoA senH~HHhl aToro cnsu-

06e 9TH OC06eHHOCTH COOTB9TCTBYJOT ~KTY cnBHra cneKT

KynoHOBCKOPO rroTe&uuana. Dns Konu~ecTseuaoA oue&KH Kynoaos-

rrpenCTSBneHbl B OTHOCHT9DbHhlX enHHHUSX cneKTphl 

HS CBHHU9 non yrnaMH 90° H 123°, CMemeHRhl9 B p43-

H8 18 Mas. PucyaoK rroxaa&IBaeT, ~TO sepxaue 

1T -M930HOB nocne HCnpasneHHH HB KynoROBCKBA 

ljlaxTopos noasonseT cnenaTh non&ITKY 

OX8p8KTepH30B8Tb OTDH~HT9Dbllhl9 ~epThl cneKTpOB tr +- H 

pB30BBHHhlX B coyuapeRHHX npOTOHOB H HeftTpOHOB C HApBMH. 

MO*HO C~HTBTb, ~TO cneKTpbl nHOHOB B OCHOBHOM COXpBHHJOT 

cneKTpOB, xapaKT9pHhl9 AnH HyKnoa-HyKDOHHhlX COyuapeHBA. 

AOCTBTO'IHO 6onbWHMH BTOMHbiMH HOMepaMB npB aaeprBSIX HBCTO

rrpOHBll51JOTCSI cneuyJOmHe oco6eaaocTB. DeAcTBBe xynouoscxo-

cnoco6cTsyeT cMemeHBJO cneKTpos "+ -Meao-

cTopouy 6onee BhlCOKBX aaepruA. ITpu o6paao

*e peaKIIHH ~KT nepeaapHAKH Meaee cymecTseueu 

1T--Me30HOB npoHCXOABT B HHTeHCHBHOft peaKIIBB. 

ueftCTByeT B CTOpouy CMHP'IeHHH cneKTpOB. B TO *e BpeMH 

Oqpa30BBHHe ITHOIIOB pacC9HBHblMB HyKnOHSMH H a<p.jleKT, CBH

HeiiTpOHOB Ha noaepxHOCTH HApa, AOD*Hbl CllOC06CTBOB8Tb 
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OTBOCHT9DbHOMy CMHP~9HHJO cneKTpa rr + -Meaouos. B aTy *e cTopouy, KpoMe 

TOPO, AOD*BO neftCTBOBBTb pa3DH'IH9 BO B38HMOAeftCTBHH HYKDOHOB B KOHe'IHOM 

COCTOHHHH. 

Tenepb paccMoTpBM o6paaoaauue nuoaos B ( P + snpo)-coyuapeuusx. ITpu 

aaeprBB npoTOHOB 600-660 Mas, KaK Y*e ynoMHHanocb, non ue6onhWHMH yrnaMH 

a¢4eKT nepeaapsuKB uon*eH cnoco6cTBOBBTb cMsr~eRHJO cneKTpa " -Meao-

aos. KynouoBCKBA cnsur ueAcTsyeT B aTy *e cTopoay. TaKHM o6paaoM, aTH 

ljlaKTop&I, TBK *e, KBK H npu 6oM6apnuposKe aeATpoHBMH, BnHHJOT ua cneKTp&I 

ITHOBOB onHOHM9HHOPO 3HBKB OAHHBKOBhlM 06pa30M. Ho 38TO TBKHe ljlaKTOpbi, KBK 

o6p830BBHH9 llHOHOB p8CC9HHHhlMH HYKDOHBMH H KOH9'1B09 B38HMOA9ftCTBHe HYKDO

HOB, B cnyqae 6oM6apnHpOBKH npOTOHBMH ueACTBYJOT B CTOpoHy eme 66nbwero 

OTHOCHT9DbHOPO CMSIP~9HHH Cn9KTpOB 1T- -M930HOB. 

Ha OCHOBBHHH nepe'IHCneHHhlX oco6eHHOCTeA cneuyeT O*HABTb 3HB'IHT9DbHO 

I 
6onhwero paanH'IHH cneKTpos 

+ 
rr - H 1T -Me30HOB B (p + snpo)-coynape-

HHHX nou MSDbiMH yrnaMH no cpaBH9HHJO C (n + !!Apo) -coyuapeHHHMH. CSMbiMH 

HH3KOaHepreTH'IBblMH AODlKHhl 6b!Tb CIT9KTpbl 1T- -M930HOB, o6pa30BBHHb19 B 

( p +snpo)- coynapeuusx uns TH*enhlx suep. CrreKTphl tr--Me30HOB B ( n+Hnpo)-

coynapeHHHX TBK*e AOD*HW XBpBKT9pH30B8TbCH CABHPOM B CTOpOHy HH3KHX 

aHeprHft, ysenH'IHBBIOWHMCH C poCTOM BTOMHOPO HOMepa. Ho 9TO CBOftCTBO AOnlKHO 

rrpOHBnSITbCH B M9HbWeft Mepe, '19M ADH 1T -M930HOB B (p + Hupo)-coyua-

peausx. Eme MeHbWe uonl!<HO npoHBnHTbCH CMHr~eaue cneKTpoB "+ -MeaoHoB 

B (n + Hupo)-coynapeHHHx. HaKoneu, cneKTphl "+-MeaoaoB B ( p +Hupo)-coy-

uapeHHHX AOD*Hhl 6b!Tb HBH6onee BbiCOK09B9preTH'IBblMH H cna6o 38BHC9Tb OT 

STOMHOPO HOMepa. 

5. Y r n o B hi e p a c n p e u e n e H H H 

YrnOBhle pacnpeueneHHH nHOHOB B CHCTeMe !l.M. npHB9A9Hbl Ha pHC. 13 H 

Ill 
14 pa6oThl • CpaBaeuue c npHBeueHH&IMH ua aTHX *e pucynKax yrnoB&IMH aaBH-

1151 
CHMOCTHMH ADH BOAOpoua nOKB3hlBB9T cymecTB9HHyJO ponb HuepaoA CTpyKTy-

phl A8JK9 ADH CBMbiX nerKHX HCCnenOBBHHbiX suep ( Re H C ) , ADH KOTOpblX 

H86nJOI18eTCH 3H8~HTenbHBH 8CHMMeTpHH yrnOBOPO pacnpeneneHHH nHOHOB OTHOCH-
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Tenhao yrna 80°. TaKaH KapTHHa cnuueTenhcTnyeT o ToM, L£TO yrnoBbie pacnpeuene

HHH npeUCTaB!IHIDT xapaKTepHCTHKy, OL£eHb L£YBCTBHT9!IbHyro KO BTOpHL£Hb!M npouec-

CaM B HUpe. 

.llnH KO!IHL£eCTB9HHOli OH9HKH aCHMMeTpHH yrnOBOro pacnpeueneHHll BB9119M 
/18/ 

TaK Jl(e, KaK H B pa6oTe Manbuena H fipoKomKrraa , KoaljlljluuueaT 7J 

7J = 1(170°) -1(10°) 

I ( 90 ) ( 7) 

0 0 0 

rue 1(10 ), 1(90 ) , I (170 ) -3HaL£9HHH ljlyHKUHH yrnoBoro ~a<;npeueneHHll UHOHOB 

UOJJ. COOTBElTCTBYIDillHMH yrnaMH B C.U.l'y!. B Ta6n. 7 1IpHBeJJ.9Hbl KOaljlljJHUHeHTb! 7J 

nnH ncex rrccnenoBaHHhiX Haep BMecTe co 3HaL£eHHliMH nnll nouopona /15/ 

Ta6rrrrua 7 

51npoL ;--r--::=r c I AI-----,-- Cu I Ph 

7J+ 10,08~0,20 2,~0,4 3,2~0,5 
7J- .:..0,19;!_0,20 3,~0,5 3,1~0,5 

4,<>.!,0,6 

3,3~0,3 

1,9_tl,l 

4, 7~0,6 

9,8~1,1 

5,1~0,6 

fipHBeueHHbie 3HaqeHHll 7J IIOKa3biB8IDT 3H8L{HTOITbHyro BOITHL£HH)' aCHMMOT-

purr aa 1111pax, B03pacTaromyro c ynenuqeaueM aToMaoro aoMepa. 

Ha6rrronaeMall acHMMeTpHll o6ycrranrrunaeTcll nelicTBrreM coBoKyrraocTu BTO

prrL£HhiX rrpoueccon B llApe. B rrepnyro o•mpeub 3uech 11rpaeT ponh pacceHHIIe ITIIOHOB. 

PacCellHIIO IIIIOHOB 1Ip!!BOiliiT K B03p8CT8HIIID L£HCII8 ITIIOHOB, BbiiTeTaroillHX ITO.Q 

C5or!f,WHMII yrrraMI! B rra6opaTopaoi1 Cl!cTeMe, L£TO co
1
oTBeTcTneaao llO!IJI(HO rrpuno

lli!Th K rrpeo6rrauaa11ro BbineTa rrrroaon B 3auaroro rronycljlepy B c.u.M. 

BoapacTaHI!IO ne,mqi!Hhi acHMMeTpHII c pocToM aTOMHoro HoMepa, KpoMe rrpo

ueccon paCCOllHHll ITIIOHOB, COUOl!CTByeT ITOriTOlliOHHe HYKIIOHHOli KOMITOH9HTb! B llJJ.pe. 

Cpanaea11e aci!MMeTpllll yrrronwx pacrrpenerreauli rruoaon pa3Horo 3HaKa rro3Bo

nlleT TaK Jl(e, KaK u B rrpeuhiAYlliHX paauerrax, aa6monaTh aeKoTophie oco6eaaocTH 

ITpOllBITeHI!ll llA9pHOli CTpyKTyphl. -

l13 Ta6n. 7 nunao, L£To AITH CaMero rrerKoro 113 rrccrrenonaHHhiX Huep, Be , 

aCHMMOTpllll 1T + -Me30HOB MeHb!Ue aCHMMOTpHH ,- -Me3oHoB. TaKall pa3auua 
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MOlKOT 6b!Tb 06'bHCHOHa paanBL£HeM nepBOHaL£aiTbHOro MOXaHH3Ma 06pa: 

,--Me30HOB. 

.llnll l!Jlep C 60!IhillHMH STOMHbiMH BeCaMH UaHHbl9 Ta6nHUhl UOKa: 

KapTuay. YrnoBbJe pacnpeueneHHll ,+ -Me30HOB aa Co u Ph xapaK 

66nbme·A accBMMeTpuelt, qeM yrnoBbie pacrrpeueneHHll rr- -Me3oaon. 

ll!lep OC068HBOCTB II8pBHL£HOrO MeXaHB3Ma o6pa30BaHHll IIHOHOB HHBen 

pBL£HbiMH' l!Jlepl!h!MH rrpoueccaMH. 0UHHM H3 HHX, KaK BJ,l!Ue o6cylKuano 

nepe3apliJlKa UBOHOB, KOTopall cymecTB8HHbiM o6p830M CKa3biBaeTCll ft, 

HHH "+ -Me3oaos. fipouecc paccel!HHll c rrepe3apHuKoA, KaK u o6bJL£ 

UOITlKeH IIpHBOUHTb K IIOllB!IeHHID SCHMMeTpHH OTHOCHTenbHO 80° B CHC 

Mace. Ho,KpoMe Taro, yrnoaoe pacrrpeueneaue rrepe3apllllHBillHXCll rruo 

aaeprHit OT 40 UO 170 Mas caMO xapaKT8pH3yeTCll 60ITblliOl! SCI!MMeT! 

6. 0 T H 0 ill e H H e B hi X 0 U 0 B II H 0 H 0 B p a 

3 H a K a 

HeKOTOpb!O OC060HHOCTH IIpOUOCCOB o6pa30BSHHll IIHOHOB HS l!Upa 

IDTCll llCHee IIpH COUOCTSB!IOHHII OTHOilleiJHU Bb!XOUOB IIHOHOl'l pa3Horo < 

0Taomeaue Ul!ljlljlepeaul!anbHhJX ceqeallli (duldO) 
Ill 

unll uccrreuonaHHhiX Huep rrpencTanrreao aa puc. 18 pa6oTbJ 

K (do 

3apliAOB8ll CHMMeTpHll U03BOITlleT HenocpeUCTB9HHO COIIOCTSBHTb 

OTHOilleHHll HS yrnepoue C OTHOill9HI!llMH, IIO!IYL£9HHbiMH rrpH 6oM6apUI!p 

na npoTOHSMB. Pe3y!IbT8Tbl TaKoro COUOCTSB!IOHI!ll rrpeucTaBneHbl Ha I 
" 0 

PHCYHKa, B o6naCTH yrnoB AO 60 pe3ynbT8Tbl H3MepeHHll HI BHUHO H3 

H aeltTpoaax B rrpenerrax omu6oK coarrauaroT. TeopeTHL£eCKIIli pacq~T c 
/18/ 

MeToua MoaTe-Kapno rrpeucKa3biBaeT 3SMeTaoe yMeabmeJmo CJTHC 

AOB III!OHOB Ha yrnepone Ha 60!IblliHX yrnax. P11c. 2 ITOK83b!B89T, L£TO 
- + 

TOL£HOCTH HSCTOlllllHX H3Mepeault OTHOIII9HI!e ( d u I d n ) I ( d u I d n ) 
aa yrnepoue ae H3M9HlleTcll c yrnoM. Dpuquaa aToro pacxomueaull, B 

/18/ 
3aaa c ynpomeaaocTbro ucnonh3yeMoll a Mouenll, KOTopal! ae YL£11~ 

ueTanell l!uepaolt CTPYKTYPhJ. OuaaKo KaqecTaeaaoe npencKaaaHI!e o6 ~ 

oTaomeaull c ynenuqeaueM yrna aaxoni!T -::aoe nonTne):K.1eHue B namu; 
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TaKaH KapTHHa enHneTenheTnyeT o TOM, 'ITO yrnOBbte pacnpeaene

xapaKTepHeTHKy, 0'16Hh 'lyBeTBHT6llhHyro KO BTOpii'IHWM rrpouec-

aaoli oneHKH acHMMeTpHn yrnoaoro pacnpeaeneHHSI aaeneM 

/19/ 
pa6oTe ManbUeBa H npoKO!llKHH8 • Kos<P<PnuHeHT 1J 

1J 
1(170°) -1(10°) 

I (90°) (7) 

f (170 °) -3H8 '16HHH <f>yHKUHH yrnOBOf'O ~ac;rrpeaeneHHSI liHOHOB 

Mil yrnaMH B C.U.M. B Ta6n. 7 llp11B6ACHbl K09tf>tf>HUHCHTbl 1J 

BM6CT6 CO 3H8'16HHSIMII .llliSI BO.O:OpO,ll8 
/15/ 

Ta6n11ua 7 

-·-
Be I c I -~I~ Cu I Pb 

2,5:!:0,4 3,2,!.0,5 4,0+0,6 7,9!_1,1 ,9,8,!.l,l 
3,5:!:0,5 3,1,!.0,5 3,3,!.0,3 4,7,!.0,6 5,1,!.0,6 

3H8'16HIISI 1J liOK83blB8IDT 3H8'111T6llhHyro B6liH'IHHY 8CIIMMeT-

e yaerrii'16HIIeM aToMHoro HOMepa. 

8CHMM6Tp11H o6yerraBrrHB86TCSI .o:eliCTBIIeM eOBOKYITHOeTII BTO-

B H.O:pe. B rrepayro oqepenh 3.0:ecb 11rpaeT porrh pacceHHIIe ITIIOHoB. 

llpiiBO.lliiT K B03p8eT81!11ID 'IIICrra ITIIOHOB, Bblli6T8ID!lliiX ITOI:l 

rra6opaTopHoli ellcTeMe, 'ITO COOTBeTeTB611HO .O:Dnmao llpHBO

liiiOHOB a aanaroro rronyeljlepy B e.u.M, 

BeiiMMCTplll! C pOCTOM 8TOMI!Of'O HOMepa, KpOMe rrpo

COAeilcTByeT liOf'liOTUCHIIC HyKrrOHI!Oil KOMliOH611Tbl B SI.O:pe. 

TPIIII yrnoBbiX paenpeneneaHil rrHOHOB pa3aoro 3HaKa IT03Bo

rrpenbt.O:Ylll11X pa3nenax, aa6nronaTh HeKoTopbte oco6eaaocTII 

caMoro nerKoro 113 HecnenoaaHHblX saep, Be 
1 

B M6Hhme aCIIMMeTpHII "- -Me3oaoa. TaKaS! pa3a11ua 
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MOlK6T 6b!Th 06'b!ICII6Ha pa3nB'IH6M rrepBOI!a'!anh.lfOf'O MOXaHH3Ma 06pa30Bai!HSI 1T +_II 

,--M63011QB, 

LlrrS! Sl,llep C ~Onhllll!MII aTOMI!blMH BeCaMH ,llai!Hble Ta6rr11Ubl rrOK83b!BaroT oopaTHyro 

KapTHHy. Yrnoawe pacrrpe.o:eneHHH ,+ -Me3oHoB aa Cn H Ph xapaKTepH3yroTcSI 

66rrb!lleit aCCHMM6TpHeit, '16M yrnOBbl6 pacrrpeAerrei!HH 1T- -M630HQB, LlrrH TSilK6llblX 

S!Aep OC0561!HOCTH rrepBH'II!Of'O MeXai!H3Ma o5pa30BaHIISI liHOIIOB HIIBenHpyroTCSI BTO

pB'IIIblMB. !IA6pHblMB rrpoueccaMH, 0AHIIM 113 IIHX, KaK BhT!ll6 o6cylKA8nOCb, HBIT!I6TCSI 

rrep638pHAKa liHOIIOB, KOTOpaSI CYlllCCTB6HIIblM o6pa30M CKa3b!Ba6TCSI aa o6pa30Ba-

HHH 1T + -M630HOB, npouecc paCC6SIIIHSI C nepe3apHAKOli, KaK II 05bl'II!Oe paCC6SII!He 
1 

,[10lllK6H rrpHBOAHTb K noganeHHID 8CHMMeTpHII OTHOeHT6rrbHO 90° B CHeTeMe U6HTpa 

Mace. Ho,xpoMe Toro, yrnoaoe paenpeaeneHHe nepe3apHAHB!llHXeSI ITIIOHOB B o6naeTH 

/20/ 
sHeprHA oT 40 ao 170 Msa caMo xapaKTepH3yeTcH 6orrbllloil aeHMMeTpHei! 

6, 0 T H 0 ill e H II e B bl X 0 ,[1 0 B IT II 0 II 0 B p a 3 H 0 f' 0 

3 11 a K a 

HeKOTOpb!6 OC056HIIOCTH rrpOU6CCOB o6pa30Bai!HSI ITHOIIOB Ha HApaX rrpOSIBliSI-

IDTC!I SICHee rrpll COliOCTaBneHHH OTIIOWOilllil Bb!XOAOB liiiOHOB pa3HOf'O 3flaKa, 

0THO!ll6HBe AHifKilepeaunarrbHblX C6'10HHI! ( d u I d n ) - K ( d u I d n) + 

Ill 
.o:nH HccneaoaaHHblX Haep npencTaBneHo aa pHc. 18 pa6oTbl • 

3apS1,[10BaSI CHMM6TpHS1 IT03BOllll6T H6liOCpeaeTB6HHO COliOCTaBHTb lldH.ll6HHhl6 

OTHO!ll6HHSI Ha yrrrepoae C OTHO!ll6HHSIMH, liOliY'I6HHblMH rrpH 6oM6apaHpOBK6 yrnepo

aa npoToHaMH. Pe3yrrbTaTbl TaKoro eonoeTaaneHHSI npeACTaaneHbl aa p11e. 2. Kax 

BHAHO 113 pHCYHKa, B o6rraCTH Yf'liOB .0:0 60° pe3yrrbTaTbl H3MepeHHi! Ha rrpOTOHaX 

H Hei!Tpoaax a npenenax OlllH6oK coanaaaroT, TeopeTH'IeeKHll pac'!~T c rroMoDtbro 

I 19/ 
MeToaa MoHTe-Kapno rrpeAcKa3btBaeT 3aMeTHoe yM6Hblli61!l!e nTHo!lleHIIH Bbtxo-

aoa nnoaoa Ha yrnepoae aa 6orrbWHX yrnax. Pnc. 2 noKa3biBaeT, 'ITO a npeaenax 

- + 
TO'IHOCTH HaCTOSilllHX H3Mepeanl! OTHOlll6HHe ( d u I d n ) I ( d u I d n ) 
Ha yrrrepoae 116 H3M6H!I6TCSI C yrrrOM. npii'IHH8 9T0f'O p8CXOlK,llCHIISI 1 B03MOlKH0 1 CBSI

/19/ 
3aaa c ynpomeaaocTbro Hcrronh3yeMoi! B MoaerrH, KoTopa!l ae Y'IIITbiBaeT pHaa 

aeTaneA saepaoA CTpyxTypbi, O.o:HaKo Ka'leCTBeHHot! npencKa3aHIIe o6 yMeHbllleHHII 

OTHOJll6HHSI C yaerrH'I6HH6M yrna HaXOAHT ::aoe liOATneyK.16HIIe B l!BllliiX 113MepeHI!SIX 

i 
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AnSI TSilKenbiX '<lneMeaToa, rAe ponb BTOpH'IHbiX npotieccoa JlOnlKH.!I BOapacTaTb. TaK, 

JlnSI M9JlH H B oco6eHHOCTH Jlnll CBHHUa HMeeT M9CTO 3aM9TH09 YMOHbW9HH9 OTHOUE!HHH 

(dol d 0 ) -I ( d o I d 0) + aa yrne 123° ( pnc. 2). KpoMa Taro, aaliJleHHbie OTHO-

- + W9HHH BbiXOilOB rr - H rr -M930110B JlllH HJl9p C, AI H C a 6nH3KH npyr K 

I 191 
Jlpyry n K aennqnae • 6, paCC'IHTaaaoit ManbuaBbiM n OpoKOWKHHbiM • 3ToT 

~aKT roaopHT 0 TOM, 'ITO pOilb BTOpH'IHbiX npOU9CCOB B OCHOBHOM npaBHilbHO yq-

1191 
Taaa a 

.llpyraH OC069HHOCTb nony'I9HHblX OTHOWaHH!I, 3aM9THaH Ha pHCo 2, 3aKmoqaaT

CH a TOM, 'ITO llllH acex nccnanoaaaHbiX Hllep noll yrnoM 16° aa6n~naaTCH cacTa-

- + 
MaTn'lacKoe rroHHlKeane oTaoweanH ( d o I d 0 ) I ( d o I d 0 ) . 3TOT <jlaKT, 

nO-BHAHMOMy, SIBIISI9TCSI Cll9ACTBH9M s<jl<jlaKTa o6pa3oBaHIISI nHOHOB paCCaSIHHblMH 

HYKIIOHaMH. KaK 6binO OTMaqaao Bb!We, o6pa30BaHHa niiOHOB pacCaSIHHblMH HYKIIO

HaMH yaenH'IHBaaT B cnyqaa 6oM6ap)lHpOBKH Ha!ITpOHaMII OTHOCHT91lbHY~ JlOn~ 

rr + -Ma30HOBo 3TO npOHCXOilHT H3-3a Taro, 'ITO napa3apSIAHBWHaCSI B npouacce 

paccaSIHHSI Ha!ITpOHbl HnH npOTOIIbl 0Til8'1H o6pa3y~T rr+-Ma30Hbl, B OTIIH'!Ha OT . 
napaoaaqanbHblX He!ITpOHOB, B 3Hfi'IHTallbHO 6onee HHTaHCHBHO!I paaKUHH. 00A 

MallblMH yrnaMH )lallCTBY~ ABa <jlaKTOpa, ycHnHBa~wHa 9TOT s<jl<jlaKT. OapBblll CBSI-

3aH c TaM, 'ITO aepoSITHOCTb napaaapSIAKH aa!ITpoaa yaennqnaaaTCSI c yMeabweanaM 

yrna. BTOpbiM <jlaKTOpOM SIBIISiaTCSI B03pacTaHHa Ce'laHHSI o6pa30B8HHSI nHOHOB C yae

IIH'IaHHaM saeprHH HYKIIOHa nOll MallblMH yrnaMHo 

PacCMOTpHM Tenepb 3aBHCHMOCTb OTHowaHHSI BblXOilOB nHOHOB pa3HOrO 3HaKa 

OT aTOMHOrO HOMepa. 3AaCb TaK lKa, KaK H npH aHallH3a A-aaBHCHMOCTelt, Ueneco

o6paaaae conocTaBnHTb OTHOW9HUe BbiXOilOB, OTHaC9HHbl9 K OllHOMy HYKIIOHy. 

ConocTaBHM oTaecaHHbie K OllHOMy ayKnoay nonabia ceqaHHSI (o -)'I ( o +)' 

C OTHOWaHH9M JlnSI 'snaMaHTapRbiX' Ca'I9RHfi: 

o(p + p ... ,++d)+ o(p + p-> rr++n +p) 

o(n.+p .. ,t.+ ••• ) 
( 8) 

I 15,17 21/ 
.llnSI 9H9prH!I RaCTOSIWero 9KCnepHM9HTa OTHOWOHH9 (8) COCTaBnHaT ' : 

8
1
45 ±. 0,95. Jlng acax H3MapaHHbiX SIAap, KpoMa Be , OTHowaana ( o -)'I ( o +) ' 

MeRbwa npnaeneaaoll aanH'IHHbl. Opaq~M aa Slllpax oT yrnepoJla no M01lll aTa aena•maa 

YM9HblllaaTCSI. 3TO 06CTOSITallbCTBO CBSI3aHO C OTHOCHTenbHblM B03p8CTaHHallll BbiXOAa 

1T + -Ma30HOB 3a C'I~T nepeaapSIIlKHo 0Tilii'IH9 9KCnepHM9HTanbHOrO OTHO:JI9HHSI 
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(o-l'l ( o +)' * 5,15 ±_0,18 nnSI yrnepona aT npnaeAeaaoit aen1 

HHSI (8) MOlK8T CBHJleTenbCTBOBaTb 0 BnHHHHH npouecca nepeoapHJlKH Jl• 

TaKoro nerKoro SJnpa, KaK yrnepon. 

ConocTaaneane oTaoweanl! Bhrxonoa nnoaoa, o6paaoaaHHbtX aa Sill 

TO'IHb!M 'IHCnOM HO!ITpOHOB, npH 6oM6apnnpOBK9 npOTOH8MH H HeilTpOHal 

TenbCTByeT 0 npeHMymeCTB9HHOi! KOHU8HTpaUHH H36biTO'IHb!X H9i!Tp0HOB 

HOCTH S!Jlpa • .llei!CTBHT91lbi!O, a<jl~eKT, CBSI3aHHbli! C Hel!TpOHHO!I o6onO'IK 

CK83biB8TbCSI llpOTHBOliOnOlKHh!M o6pa30M Ha OTHOW8Hiili Bb!XOJlOB IIHOHOI 

6apnnpoaKe npoToHaMH n aeliTpoaaMH. TaKaH KapTHHa xopowo npoSIBnHe 

nocTaaneann oTaowaanl! nnSI HAap Be , c H Ph • TaK, cornacao naa1 

6oT1 12• 14• 22• 231 , oTaoweane ( d o +I d 0 ) 'I (do -I d 0) ', nonyqeaao< 

6apnnpoaKa npoToHaMH, npn nepexona oT yrnapona K 6apnnnn~ yMeHbii 

1,1 - 1,2 pa3a, a AnSI HaWHX H3MepeaHll C Hel!TpOHaMH ( O-)' l(o+)' 

aoapacTaaT a 1,38 ±. 0,06 paa. Opn nepexoae OT yrnepona K canauy a 

qaSIX OTHOWaHHa Bb!XOJlOB nHOHOB COOTB9TCTBY~WHX 3H8KOB JlOnXUIO yME 

H3-3a nepa3apHAKH, HO B cnyqae 6oM6apnnpOB!Ol aal!TpOHaMH 9TO yMeH 

H3-3a ae!ITpOHHOH 'o6onO'IKH' JlOnlKHO 6b!Tb cymeCTB9HHO MCHblll:iM. C~ 

H3liiHX peaynbTaTOB C Jl8HHb!MH H3MepeHHH UpH 5oMt'>ap:\HpODKe npoTOHa 

TB8plKJla9T 9TO 05CTOHTanbCTBO. 

OpoHaneaneM a<jl<jleKTa, caSiaaaaoro c aei!Tpoaaoii o6ono'IKOll a Hal 

HHHX, Mo>KeT TaK>Ke HBnSITbCH aaKoTopoe aoapaCTaana ( u-) 'I ( u+)' 

xone OT MallH K CBHHUY• 

7. 3 a K n 10 q e H n a 

Uenb~ aacToHmel! pa60Tbi nanstnoch KaqecTaeaaoe o5oSICHOHHe ( 6• 

Hb!X Bbl'IHCIIOHHi!) OCHOBHLIX 38KOI!OMepn·:>c;Tafi o6pa30B8HHSI IIHOHOB Ra 

llOMOWb~ aaanH38 COBOKyllROCTH 9KCnepHM8HTanbHblX peaynhTSTOB, non; 

Ill 
npu 6oM6apAHpOBK9 HJl9p ael!TpOHaMH H COIIOCTaBneHHH HX C HMaroW 

naHHb!MH Ha llpOTOHHblX IIY'!Kax. 

Bee nonyqeaabre naHRLie naTepnpeTHpy~TCH a npennonolKeHHH o n 

aneM9HT8pHOM xapaKTepe B38HMOJl0HCTBHH HyKnOHOB H reaepHpOBSHHb!X 

a Hnpa. 
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eTopH'IHblX npOtteccoe nomKHa eoapacTaT&. TaK, 

CBHHUa HMeeT MeCTO 3aMeTH09 yMOHbW8HH8 OTHOlli!HHSI 

yrne 123° (pHC. 2). KpoMe TOI"O, HallneHHbl8 OTHO-

C , AI H C o 6nH3KH npyr K 

1191 
0pOKOWKHHblM • 3TOT 

3aMeTHall H8 pHC. 2, 3aK/IIO'IaeT

llnep non yrnoM 16° aa6niOnaeTcll cacTe-

- + 
< d u 1 d n l 1 < d u I d n l. 3roT lflaKT, 

s4141eKTa o6pa30BaHHSI llHOHOB pacceliHHhlMH 

BbiWe, o6pa30BaHHe llHOHOB paCC8SIHHblMH HYKilO

HeliTpOHaMH OTHOCHTenhHYIO non10 

'ITO nepeaapHnaawaecH B npouecce 

"+ -M830Hhl, B OT/lll'IHe OT 

'IHT8/lbHO 6onee HHTeHCHBHOll peaKUHH. Oon 

yCH/IHBaiOWHe 9TOT s4141eKT. OepBblll CIISI

Hel!TpOHa yae/IH'IHI!aeTCSI C yMeH&WeHH8M 

H aoapacTaaae ceqeaall o6paaoaaHHll naoaoa c yae-

OTHOWeHHSI BblXOnOB llHOHOB pa3HOI"O 3H8K8 

KaK H npa auanaae A-aaBHCHMOCTell, ueneco-

BbJXOnOB, OTHeCeHHbie K anHOMY HYKiiOHy. 

nonH&Ie ceqeaall (u -) 'I ( u +) ' 

ceqeauil: 

d) +u(p+ .. "++n+ ( 8) 
(n_ + p .. "t. + .. •) 

115,17,211 
9KCnepHM8HT8 OTHOWCHHe (8) COCT8B/llleT : 

llblX Hnep, KpOMe Be , OTHoweaae ( u -) ' I ( u +) ' 

Opaq(!M Ha Hnpax oT yrnepona no Me_qH aTa aenH"'HHa 

CBSI38HO C OTHOCHT9/lbHbiM B03paCT8HHellll Bb!Xana 

PllllKH. 0Tn!fqae aKcnepaMeHTailbRoro oTao:JJeHHll 
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< u- l 'I < u + l ' ~ 5,15 :!:. 0,18 ansr yrnepoaa oT npaeeaeaaoll eenH'IHHhi oTaome-

HHSI (8) MO~eT CBHneTe/lbCTBOBaTb 0 BilHSIHHH npouecca nepeaapHJlKH Jla~e JliiH 

TaKoro nerKoro Hnpa, KaK yr~epon. 

ConocTaaneaae oTaoweaHil BhJXOilOB nuoaoa, o6paaoeaHHhiX aa ~mpax c H30bJ

TO'IHbJM 'IHC/IOM HC!ITpOHOB, npH 6oMoapJlHpOBKe npoTOH8MH H HCilTpOH8MH CBHJl9-

T9/lbCTByeT 0 np9HMyweCTBeHHO!I KOHU9HTp8UHH H36bJTO'IHbiX HElfiTpOHOB 118 110B9pX

HOCTH Hnpa • .Llell:CTBHTe/lbHO, 9414l9KT, CBll3aHHblll C H9ilTpOHHOfi OOOilO'IKO!I, non~eH 

CK83blBaTbCH llpOTIIBOliO/IO~HbiM o6p830M H8 OTHOW8HIHI BbiXOJlOB 11HOHOB TipH OOM-

6apllHpOBK9 rrpoToHaMH H HeilTpoaaMH. TaKaS! KapTHHa xopowo npoHB/ll!eTcll rrpa co-

rrocTaBneHHH OTHoWeHIIil nrrll l!Jlep Be , C 11 Pb • TaK, cornacao naHHblM pa-

l 12 14 22 231 + ' -OOT , , , , OTHOlii8HHC ( d u I d n ) I ( d u I d n) ' . nonyqeaaoe rrpH OOM-

oapnHpOBKe npOTOH8MH, 11p11 nepexone OT yrnepOJl8 K oepHiliiHIO yMeHbW89TCSI B 

I, 1 - I, 2 paaa, a Allll aawax 113Mepeallll c ael!TpouaMH ( a-) ' I ( u +) ' , aaooopoT, 

B03pllCT8eT B 1,38 :!:_ 0,06 paa. Op11 nepexone OT yrrrepOil8 K CBHHUy B OOOHX cny-

'18SIX OTHOW9HHe BbJXOJlOB liHOHOB COOTBeTCTBYJOWIIX 3H8KOB JlO/IX<i-10 YM9Hb!U8TbCSI 

H3-38 nepe38pllllKII, HO B cnyqae OOM08pJlHpOBIO! HetiTpOH8MH 3TO YM8HbW9HIIC 

11a-aa uel!Tpoauoit 'o6ono"'KII' non~uo ObiT& cymecTeeuao MCHblli~1M. Cpaeueu11e 

H8WHX p93YilbT8TOB C naHHbiMH H3M8p9HHil npH 5oM(')ap:tllpODKe TipOTOH8MH non

TBep~ll88T 3TO OOCTOSIT8/lbCTBO. 

0pOS!Bi18HII8M slfllfleKT8, CBSI38HHOI"O C HefiTpOHHO{i 000/IO'IKOti B H8WHX 113Mepe-

HHSIX, Mo~eT TaKJKe HBill!TbCll ueKoTopoe eoapaCTauae ( u-) 'I ( u+)' rr;Ju nape-

XOJle OT Menll K CBHHUy. 

7. 3 a K n 10 q e u n e 

llenb!O H8CTOSIW9il pa60Tbl HB/lli/IOCb K8'19CTBe!JH09 OOoSICH8HHe (oea KOHKpeT

HblX Bbl'IHC/leHHli) OCHOBHLIX 38KOHOM9p!D':":Teli oop830B8HHSI IIHOHOB H8 S!Ap8X C 

IIOMOWbiO 8H8/IH38 COBOKYIIHOCTH 9KC119pHMeHT8ilbHblX pe3yilbT8TOB, IIO/ly'leHHblX 

Ill 
npll ooM6apnHpOBKe l!Aep ueliTpOH8MH II COliOCT8B/18JIIISI HX C HM9IOWHMUCSI 

Jl8HHblMH 1!8 IIpOTOHliLIX IIy'IK8X. 

Bee rronyqeHHbie nauuLie HUTeprrpeTapyiOTCH e rrpeanono~eua11 o nepeii'IHOM 

aneMeHT8pHOM xapaKTepe B3811MOJlCHCTBHli HYKiiOHOB H reuepHpOB8HHblX IIIIOHOB 

e Hnpe. 

&?3 
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B xapaKTepscTHKax rrpoueccoa o6paaoaasHH nsosoa sa nerxsx s~pax ~~TKO 

rrpOHBnHroTCH OCOOSHHOCTB rrepBH~Boro M9X8BH3Ma reHepanBH ITBOHOB. C B03p8CT8HHOM 

aTOMHOrO HOMepa xapaKTOp KapTHBN B OCBOBHOM onpe~enHeTCH OC06eHBOCTHMH 

H~epsoa cTpyKTypN. 

ConocTaanesse saA~essNx a pa6oTe nonHNX H ~s~epesuaan~HNX ce

~essll o6paaoBaHBH ITHOHOB rrpB 6oM6ap~HpOBKO H~ep HeATpOHaMH C ~aHBhlMH ~ng 

cooTaeTcTayromsx npoueccoa sa npoTOHHNX ny~ax cas~eTen~cTayeT o cnpaaenns

aocTH npssusna aaps~oaoll eeaaBHCHMOCTH s~epshlx csn ~ns accnenoaaHHbiX npo

ueccoa o6pa30BaiiBH ITHOHOBo 

OnpenenHromyro ponh nnH npoueccoa o6paaosasss nsosoa srpaeT nornomesse 11 

pacceHsHe nsosoa a HnepsoM aemecTae. Ponb aToro (jJaKTopa, B nepayro o~epe~~. npo

HBIIHOTCH 13 3aBBCHMOCTH Bb!X0~8 ITHOHOB OT aTOMHOrO HOMepa. AHMH3 HaAfleBBbiX 

3aBHCHMOCTOll OT aTOMHOrO HOMOpa ITOK83b!B80T, ~TO H3MOHDHHH STOll XapaKTepH

CTHKH npH pa3Hb!X aBeprHHX na~aromHX HyKnOHOB H ITO~ pa3Hb1MH yrii8MH Ha6nro

~eHHH MOryT 6b!Tb 06'bHCHeHbl Ka~eCTBOHHO 38BBCBMOCT~ro OT aBeprHH ce~eBHH B3a-

BMOneiicTBHH fiHOHOB C HnepHbiM aemeCTBOMo 3Ta JKO rrpH'IBBa rrpHBOJ:IBT K CMHr~eaBro 

crreKTpOB UHOHOB rrpB B03paCTaHBH aTOMHOro IIOMepa. 

Asansa crreKTpon B yrnoBhlX pacnpe~enesall nsosoa noaaomieT c~enaT~ BbiBO~ 

o 6onhwoll pons paccessss naJKe ea caMNX nerKHX s~pax. npouecchl paccessss 

ITHOHOB HBIIHIDTCH OCHOBHOll rrpH~HHOll sa6nro~UOMOll 8CHMMOTpBH yrnOBNX pacnpe

neneHHll. 8enB~BH8 aCHMMOTpHH B03pacTaeT C pOCTOM aTOMHOrO IIOMepa. 3TOMY 

o6CTOHTOIIbCTBy CIIOC06CTBYST rrornomeHHO HyKIIOHOB B H~pe. 

AHaiiH3 CITOKTpOB llHOHOB CBHneTenbCTByeT 0 cymecTBOHHOM B03~0l!CTBHHH H8 

HX <jlopMy BHyTpHI!nepeoro ABHJKOHHH HYKIIOHOB. npoBe.r:teHHbiO H3MepeHHH, KOrna 

B OAMHaKOBbiX yCIIOBHHX Hay~aiiOCb o6pa30BaHH9 llB::>H:.JB 060HX 3H8KOB 0 ll03BOIIHIDT 
i + -

sa OCHOBaHBH COITOCTaBIISHHH XapaKTOpHCTHK J:IIIH rr - H rr -Me30HOB BCCIIO-

AOBaTb pon~ TaKHX a<jl<PeKTOB, K8K nepeaapHnKa ITHOHOB H HyKIIOHOB, a~eKT KYIIOHOB

CKOrO ITOTSHUHana l!nep, pa3IIH~He pacnpe.r:teneHBll HOllTpOHOB H IIj)O"l'OHOB !10 Hnpy. 

3<jl<jleKT, CBH38HHblll C rrepeaapHJ:IKOll ITHOHOB, OK83biB8eT cymeCTBeHI!Oe BII!iHHHe 

Ha OTHOCHTSIIbHO MaiiOHIITOl·I":;HBHblll rrpOUOCC o6paaoBaHHH rr + -M830HOB, IlpHBOJ:IH 

K aaMeTHOMY pa3IIH~HID 3aBHCHMOCTOll BbiXOna rr +- H rr -Me30HOB OT OTOMHOrO 

HOMepa. C a<jl<jleKTOM rrepeaapHrrKH CBH381Jbl: pa3IIH'IH8 CIIOKTpOB rr +_ H 

" -Meao-

HOB, paamma acHMMeTpllll nns rr +_ s rr -M830HOB, yMeHbiUSHHO OTHOWSHHH 

BbiXO.r:tOB rr - s rr + -M030HOB llO!l OOI!h'l!HM!I yrnaMH, OTIIH'IHO OTHOWOHHll Bbl-
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XO[J~B JIHOHOB pa3HOrO 3HUKa Ha Hrrpax OT COOTBOTCTByromHX OTHOWOHI 

MOHTapHblX CS'ISHHll. 

.llellCTBHeM KyiiOHOBCKOrO oapbepa Hrrep MO>KHO OObHCHHTb OTHOCII 

CITSKTpOB + 
IT - H 7t -M830HOB AIIH THJKOIIblX Hnep. 

Aaanl!3 HSKOTOpblX OC06SilHOCTei!, IlpOHBIIHIDWHXCH B OTIIOCHTOIIbl 

aaBIICIIMOCTell BbiXO[JOB IT+- II rr -M030HOB OT aTOMOro HOMe~ 

MOpOHIIH II03BOIIHOT cnenaTh Bb!BOJ:I 0 IlpOIIMYWOCTBOIIHOi! KOHUEHTpauH 

HbiX llOi!TpOIIOB Ha llOBOpXHOCTB H.r:tpa. 

ABTOp 6naronapHT B.n • .ll>KenenoBa H B.E.<Pnsrnsa aa oocyJKrrSHI! 
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DpOUGCCOB o6p830B8HHH DHOHOB H8 nerXHX Hapax 'IATXO 

nepBH'IHOI'O MeX8HH3M8 reHepaUHH DHOHOB. C B03p8CT8HHeM 

OCHOBHOM onpenenaeTCH OC06eHHOCTHMH 

sa~aeHHhlX a pa6oTe nonHhlX H as~epesusan&HNX ce

nsosoa npH 6oM6apa&poaxe aaep se~poHaMH c aaHHhlMH ana 

npoueccoa sa npoTOHHhlX nyqxax ca&aeTen&cTayeT o cnpaaeanR

aeaaascHMOCTH anepHbiX csn amt Rccneaosaaa&IX npo-

llHOHOB. 

pon& nm1 npoueccoa o6paaoaaHHH nsoaoa srpaeT nornomes&e H 

anepsoM aeurecTae. Pon& sToro (jlaxTopa, a nepay10 oqepen&, npo-

B&Ixona llHOHOII OT aTOMHOI'O HOMepa. AH8nH3 Ha~eHHbiX 

MHOI'O HOMepa DOK83biB8eT, 'ITO H3M9H£!HHH 9TOf!: XapaKTepH-

H non paas&IMH yrnaMH aa6niO

o6oacaes&I K8'19CTBeHHO 38BHCHMOCTbiO OT SHeprHH Ce'!eHHH B3a-

C HnepHbiM BemeCTBOM. 3Ta JKe llpH'IHHa llpHBODHT K CMS'II''Ie!IHIO 

B03paCT8HHH 8TOMHOI'O llOMepa. 

yrnoa&IX pacnpeneneas~ nsoaoa noaaonaeT cnenaT& BhlBOa 

naJKe aa caMhlX nerxsx stnpax. ITpouecchl paccestHRst 

BHOl! DpH'IHHOJ! H86lJIODllCMOl!: 8CHMMeTpHH yrnOBhlX pacnpe

BCHMMeTpHH D03pacTaeT C pOCTOM 8TOMHOI'O llOMepa. 3ToMy 

6cTayeT nornourease Hyxnoaoa a stnpe. 

B DHOHOB CBHDeTen&CTByeT 0 cymeCTBeHHOM B03nel!:cTBHHH Ha 

ro DBHJKeHHS'I HYKDOHOB, ITpoaeneHHbie H3MepeHHS, KOrna 

H3Y'I8DOCb 06pa30B8HUe llHJH:JB 060HX 3H.:lKOB, ll03BODS'IIOT 

+ -
XapaKTepHCTHK DDS'I ft' - H 1T -Me30HOB HCCne-

K8K nepeaapstnKa llHOHOB H HYKDOHOB, s~eKT KynOHOB

paanH'IHe pacnpeneneHHl! He~TpOHOB H ITPO"I'OHOB flO stnpy. 

~ C nepeaapstDKO~ DHOHOB, OK83b!B8eT cymecTBeHI!Oe Bn!i!IHUe 

DOH!ITF:H:OHBHbiJ! llpouecc o6p830B8HHS'I ft' + -Me30HOB, DpHBODS'I 

38BHCHMOCTe~ Bb!XOD8 ft' +- If ft'- -Me30HOB OT UTOMHOI'O 

cnexTpoa ft' +_ H 

" -Meso-

"+_ If 1T -Me30HOB, yMeH&JUeHHe OTHOWeHHS'I 

-Me30!IOB llO!l 60JihcilHM!I ji'D8MH, OTDH'!Ha OTHOII!eHHS'I Bbl-
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XOD~B llHOHOB pa3HOI'O 3H8K8 Ha HApax OT COOTBeTCTBYIOWIIX OTHOWeHHH UDH sne

MeHT8j)Hb!X Ce'!eHHil:, 

Jlel!CTBHeM x'ynOHOBCKOI'O 6ap&epa Hnep MO)I(HO OQbHCHHTb OTHOCHTenbHb!H C.1BHI' 

cneKTpoa 1T+ - II 1T -Meaoaoa nna TH)I(en&rx anep. 

Aaanaa aexoTop&IX oco6enHOCTel!, rrpoaanaiOmuxcst a OTHOCHTen&HOM paanH'IHH 

38BHCHMOCTe~ Bb!XODOB 1T +- H 
ft' -Me30HOB OT 8TOMOI'O noMepa 11 yrna 113-

MepeHIIH l103BODsteT cnenaTb Bb!BOD 0 llpCHMYII!eCTBeHHOil: KOHU£HTj)8UHll H36b!TO'I-

Hb!X Hel!TpOHOB H8 DOBepXHOCTH Hnpa. 

AaTop 6mlro~:~apHT B.rr • .n)l(enenoaa H B.E.<Pnarsaa aa o6cy)l(neasa. 
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Pac. 2. 0Taoweaae Bb!XOilOB aapHJKeaawx IIHOKOB aa Hllpe yrnepolla a aaBHCHMOCTH 
OT yrna B na5opaTopaoA cacTeMe. 

- + 
• - ~ -aeATpOKbl, aacToHmaH pa50Ta, A - .JlsL....: - npoTolibi 

du d u- + 
660 Maa, MemepSIXOB H llP· )f(3T<II, ll, 58 ( 1956). 0-~- npoTo-

Kbl 660 Maa, Mew~eoacxRA R llp. , )f(3T<II ~ 602 ( 1957). 

Q - 1 ~~ - npoToK&I 660 MaB, BoB'Ieaxo R llP• )f(3T41, ~ 1557 ( 1060). 

"-~ - npoTOHbl 660 Maa, CHilopoa, )f(3T<II, .a§, 727 ( 19515). V du-
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