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I. BB8.118HI!8 

MnoronyRJioHHHe .I11!HBMl!'lecKl!e RJiecTepH Ha noBepxnocTJI ll.n

pa XOpoWO ISBOOTHH H3 9ROIT8PI!M81lTOX~IIIlX [I-8, I9-20J H T80-

P9TinaoKi!X paOOT [ 9-I?, 2I-22, 271 . HanoMHHM S.lleal> HelloTopHe 

3J<OIT8pMM8HTBXI>HH? ii\OKTbt, yKB3btBO!ll1118 HB MBOT8PZ30!\I!Il. 

B 9H9praB OBR3H R,118p HMB9TCK HeqeTHo-qeTHbtA 9il\ii\BJ<T )1nK 

HYMOHOB 11 ay&noRRHX nap: aHepraa OT.IIeneRBK Hy~<noHa OT 'leT-

nero R,11p8 II HYMOHHOA napH OT R,l1p8 A • 4 k OOX!.IIJ9 9H8pi'llll 

OT.I1BX9HBK nyKXOHB OT HeqeTHOI'O R.I1PB H Hyi<XOHHOA napH OT R.I1-

pa A • 4k • 2. l!s eneprnA OT.IIBXBHHII SM1!A,Z I MSOTepoB 

6 A j oT R.I1PB ! A, Z I MOliOIO nooTPOHTI> enepi'Illl Ropperunum 

[ I I : 

cor S 
E6A, • 6A/A ''l )• 6A,fA.Z) • S6A 2 (A ,Z)-S6A,•6Az (A ,Z ). ! I) 

~pMYXa (I) onpe,118XR9T 0 0ROXI>KO 9HBprHB. BH.IIBXRBTCK, 1<0~8 Re-

aSBHOIIMHB MaOT8pbt {jA I I! 6A z CBR9btB81lTOR B M80T8p 

5 A, • 6 A 2 • .IJiLt1 OOJ!I>IIII!HOTBa R.I18p anepraa xoppeJ!Illllll! aya

noRRoft napbt ITOJIOIJ!TBXI>Ha, B R,11p8X, B KOTOPHX HeftTpoHbt II :tpo

TOHH eanoXHR~>T TO ae CBMHB O)IHO'I90T~b18 ypoBHII, &Reprza KOp

P8.1IIliUIR R8ftTpoR-npDTORROI napa 00~0 OOJ!I>IIII 8H8prD aoppeM

Iljlll napa HYMOROB O)IHOI'O OOPTa. 3'1'0 CJ!yqaeTOll TSKI!8 B H8-

KOTOPHX TJII!BJ!HX R,l1p8X II 00008HRO SS...,TRO B R.I1PBX 0 .IIB)'Iolll 

HYMOHaMII BH8 SBMKHYTHX OOOJ!O'IOK (OM.Ta6JIRQy).STOT 9il\ii\BKT 

BOSHIIKBOT 1!9-Ba TOI'O, UO B8ftTpoR-npoTORRIUI nape BSalllo«l)l81-

ony·eT He TOJ!I>KO il OOOTOIIIDIJIX 7 - 'loTBoe , T • 1 , ao B 

B 1 - H8'18THoe, T • 0 • B ope,IIH811 BSaiiiiO.I18IOTBBe B .KB-

&11111 o l!aoonBHOM T • 0 OI!J!I>Hee, 'leu B .KBH!Uie T • 1 : 
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GT=O /G,=t:::: 5/3 [I7] (eM. TaKJKe Ta6muzy I pa60TH [IBJ ). 
llapa Hel!TpcHOB i!JIH npcTOHOB Ha ypcBHe j B3allMOueiiCTByeT 

TOJI.:&KO B COCTO.JIHllllx: 'J -'t:ICTHOC, T = 1 , a HaHHqze anepreTB-
't19CRDI Dt6JIB B treTHO-'t{CTHilX JI.IU>8X IIO,IJ;CKa3I:maCT, 't{TO B38RMO,ItC:9:

CTBi!8 CaM08 cwn,aoe B COCTOJIIIi!J[X C ')• Q, T = 1 • 
Ha CYJII8C'fBOB811i!e Hy&llOIIIIla IUlp yR83WI8Jl'r T8Dll J()JYX-

UpcTO!IliHe pacllll,llll " yBe.IDI'IeHI!e cneHI!II nepeus'Dl npcTollllla 

[ I9] II HOiiTpcHHHX [20] nap~ JIM 06MCHOHIIII [!4-15] peaK-

Dill! J()JCltHOI'O 38plUOBOI'O o6MeHa 14C ( 'fi~ 'Ji -) 
14

0 He06XO,!JJ'!Mil 

HYRJIOHHHe napH, He TOJI!JKO RBR ,IJ;HH~ecrote MSCTBpH C orrpe

.u;eJieHHHMH .KBaHTOB!lMB 'IDICJISMII, HO Jl RBK OCi'LCR'l'H C IIpocTpaHCTBCH

HIIMII pa3MepaMH MOl!Dl!Ie I iiJM. 

OUHoBpeMeHHHX B3aHMOuelicTBHa HY MOHOB B KaHaJiax T = 0 H T • 1 
~ - KJI8CTCpH, H8IIpm.t:Cp, MOXHO "ymi.D:eT:& 11 B ynpyroM paCCeH-

HD oC-'Iacmn sa 40 ca i!JIH 
36

Ar. Ha6mwlaTCII((2J 

II CCKIIKi! B Hell, [3] JaHOM8.llLIIO 60JII>DI08 uaqq,epeiiiU!!IJil>HOO Ce'I8-

HII8 .JW< yrJtoB I2rf' 7 I8rf' ( A lAS ) • SToT a®eRT aeperyJtRp-

HO 38BKCBT OT 3H9PrBB OC-'t18CT~, H8~8TCH HS COCC~ 
H8'18'fHHX ~ Jl YJ<81il>11188~011 6R~pc C pcCTOM MSCCH ( Q 

JI Ar. ALAS MOm!O OOMCHI!Tl> ( 4 } , npeJJ;IIOJISI'Wi oC - KIISC'fe-

pPSIU!II UOBepxJIOCR Jljijl8 Jl CI!Jil>.808 O'fT!IJIKi!B8HIIe Me-"'Y OOTOBS

MJI H8.118TSIJit81 0C- '18 CTJIIlH Jl oC- KIISCTepa B JJ.llP8 lllllllllHJI, 

YMelil>llleHJie a®eRTa C pcc~oll MSOCR npcJICXOUJIT JIS-88 6JtOKJipcli

.KB oC- M80'1'9,PKB8IU!B li86H'l"011HHJm HeltrpoHaMII; .It068B1!9Hll9 ltD' 

Ylt8JIORJI9 O.ltROI'O HYMOB8 lf8J[0 MeBII9T OC-Itll80'1'9PJIS8D;Jm,lll IIOBTOMY 

ALAS Ha6Jm.ItaeTCII T8KII8 He 38K B 41ca (2,5). 

B HeynpyroM pacceJIHJIJI oe - 'laCTHI{ Ha 40 C a B036YQSeTC.fl 
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TOJII:.KO HeCKOJII:.KO ypoBHe~, PI He.EtoTOplm ll3 HHX :HMBIOT yrJIOBYID 

38BJ!CilMOCTb CO'!eHJlJJ, IIOXOMYID Ha (r:J6/d!2)ynp . . Hanpi!Mep, B 
4°Ca 

COCTOHHRO I-c 3Heproefi 6,94 M3B B6Hil31l yrna 180° B036y~aeTCJJ 

B 200 pas CllJ!bHOO, '!OM 2: ( 3) , 0( -lt718CT0jlJUIO CBOI!CT1l8 

JJ.IIP8 oco6eHHO 98MOTH!i B Jmpax N = Z - '!OTHOO [I-6) , a 

T8K*e B HOKOTOPHX cpenanx ll TBXOnliX JmPBX (7-8, 2I-22, 9,16). 

OHil npoJIBJISIIlTOR BO Bcex peaK!1llliX nepe.JI!I'Dl a£ -'!Bo~(a,a:«)B 

H peaKUW{X , CO,.lJ;epKBIIJlD{ ()( -'tJBCTl'H.Vl B H8'tlaJI:DHOM ( d, G) HJII( 

KOHO'!HOM ( G, c< ) KBHBXO. YIIOMRHJTliO peaK!l)lll IIpDXO,llllT 

ITYTBM IIp.f!MllX B3alfUO,lleitcTBID!: C xapa.KTepHHM BpeMeH8M I0-22 C 

H IT08TOM;y Tpe6yJOT "roTOBI:lX" MBCTepoB. 

B pacqeTax B paMRBx o6ono~e~oa MO~enH ~a raMKXDTOHBBH 

CO.llepEHT 06~0 O,llHO't18CTaqaHft qneH H OCTSTO~Oe CIT8pHBaTeJI:D

HOe H~ .lleH:DT8-B38BMO~elcTBHe Me~ B8JI8HTHHMM HYRnOHBMH. 

Co6cTB8HH.ble WYHKI.J;RH oTero rar.mJII>TOHHaHa He co.nepxaT .n;ocoraToq -

a oro .Ko.mnecTBa o(- KJIBCTepoB, Heo6Xo.n;RMQro ,l1,7IJ1 06'1JlCHeHIDI 

eKcnepmi!IHTSJ!bHHX .IIaJIJIHX [9-I2 ,I61 . MoZHo yBeJ!JI'IIJTt. 'D!CJIO 

0(-RJISCTepoB JIYT8M BRJIIlqeHBH B rSMHJO,TOHBBH 

'!OTHpexaylt7loHH!iX BSSI!MO.IIei!CTBHII [ I4 J: 

r,11e 

cyTt. onepeTop poM.IIOIIIIJI 4 HY1t7IOHOB aa ypoBHe j c IIOJ!BIIII oro-

(2) 

IIIIHTCII EOJIJAOCTB8 -IIIIJI 'J. D B BSOCIIBHOII T • a . Iloc.lle 

BBIIIIHH (2) HS 



H4 = -r?5.
2 

"X1 a; Cj,j') Q1 (j,j') 
(3) 

j.j'•Sd,h;z 

OTIRCBHHe 0+-COCTOHHHa ~eTHO-~eTHUX nony~aeTCR Hennoxoe 
H.l(ep 40-46ca 
,!IOICTBI!Ji ( 6 ~ 0 ) , 

H 42-48Ti 683 CIT8puMT8JffiHOro B38BMO-

HocX.·X.z = 43 KaB [II]. 
llepe'IIIIeJIBHHile 3KCIIepm.reHT8JI:&HHe ipaKTa, yTIOMSIHYTHe pac

l!BTH ,II)lJI CRCT6f.nl B38MMO.zt.BfCTBYJ]ltHX HyMOHOB- BHe OCTOB8 

(IQ-Ill , a TB!Oie MHOI'O'DICJiel!HHe ycneXH p33JII!!'lllHX MO,!IOJiel! 

B38HM0,!10l!CTBY~ 6030HOB((2I-26} H pH,!( .IIPYrRX pe6oT ) yxa

:nmam,. 'liTO IIpJI HH3KBX aHepi'RHX: Bos6yli,I{eima R,Itep HyMoHHHe 

rrapH lii)J£!{0 c'D!Tan MeMBHTapHHMH qiparMeHT8MH H,l(pe. ITPH aTOM 

npe.IlliOJio.&emm Hy.MOHHo:a rrape c KBaHTOBHMlil 'l!HCJiaMH J'ii. , T 
COOTB8TCTByeT 60SOH C T8MR Ee KBBHTOBHMH ~cnaMH. ~ Bccne

,!IOBBIIIIH OC-KJiacTepaoll CTPYKTYPH H,!lep B3JiTH TOJihKO caMHe CJ!JII,

nae B3BBMO.II9ICTBBH,H 1108~ OCHOBHHMH 60SOHBMH MO,!I9JIH (27} 
aBJUmTCR 6osoHH sp c 1'ii. = o+, T = I, p = o. :t r B 

r.,_ c j'il = r+. '/ = o,± I, T = o. EosoH s COOTBeT-
O~IT HY.UOHHOI nape, B3Blll«l,!IOICTHYDI{Oll C CIWlllll CIIBpllliiiHW<, 

B r OIIHCHBBeT ,!19J!TpOHOil0,!106HHB ROppeJill!llll! 

c y~oueM G 1 •!J'~ f. 
B § 2 npe.IIcTaMeHa cxe119 MC.IIeJIH, a B § 3 - pac-.eTH 11 BX 

odcyll',lte!IU. 
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2. Monen 

PaCCMOTpl1M CHCTeMy B38llMo.IJ;e:McTBYKIIU!X 6030HOB .I4BYX cop--

TOB: S l1 r . Cm.ruil o61ll;Hit rar..mJI:&TOHl'IBH 3TOit C:HCTBMI:l HMeeT 

Bllll( 

H- t, n, •c, "· •c, [r•r• J'••.T•O[rf]•' 'C4 [ s•s• J"Cs s] ... 

•c5 [r•r•J'"·[i'f]'"·E6
[s•s•]02-[ss]". (4) 

•c 
7 

[r•s• ]"· [s r'J''•E
8

( [r•r•]"[ss J"• [s•s•)"[i'f]"). 

KBB.JW8THl:le CK06KH 03H8ll8101' CIIHHOBOe wm/.a l'f30CrmHOBOe COll

jllmeHII9 I! 

T"· T"= (·1l(2k•1 )~'z [T"Tk]' 

hp o(-1 )f·P !J-jJ. 

raMHJllo'lOHHaa ( 4) He MeBJieT nOJIHoro lDIOJIB 6o3oHoB N • n r + n s 

II JllWIOTCII Clt8JUlpoM O!'IIOCll'fOJIJ>HO Bpllllt9HJJI B llpoCTp8HCTB8X 

B80CIIBH8 II nOJIHoro YOM8HT8 ROJI]I"q8CTBB .u;BltKBHHSI. Ero MO&HO 

BHpaSliTI> qepes 36 orrepaTopoB: 

[ ,~J3•0.1,Z;T•0 [s•s]'•D,T•D.I.Z ( ,-111 (S'f)" 
r r p , .., , r s JN, 11~ , (S) 

KOTopae JDWIIJTCII reHepaTOpaMJI yal!Tapaol rpyllliH U I 6 I • KoM-

yYTaUKOHHHe llp8BBX8 l!OS!OXRDT BH)(OXJITL liO)(rpyllliH II liOG

TpoUL rpyli!IOBHB ~liii 

H 
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KBaHToBue 'llll:cJia, orrpe.n;eJIJIJootne HerrpHBo.ron.rn:e rrpe.n;cTaBJiemm 

rpynn B (6) n (7),s~aror 6asncu 

II 

iNw 'JM3 TM 1 >, 

(8) 

(9) 

B KOTOpUX MOlEIIO ,ll;II8IDRaJIII30B8Tt. raMIIJ!t.TOHIIBH ( 4) • .!11IH STOll 

I:\OJIII y,11o6aee Bllp831!Tt. H 'Iepes orrepaTopH KasiiMI!pa rpynn, 

i)illrypl!pYDI!I!X B (6) I! (7): 

r.11e 

k i: fi a, 0 ••• c& ), 

BC
50

m·3N• j•. f•. 2 !9, n5 ~ 3([ r•r•] 00[ss ] .. • h.c.), 

9Csu,c,,=nr(nr•3), 9Csu
1

C3J = ns(ns •3). 
3o PesyJI1oT8Tii II DX o6cyll,l!OHI!O 

(IO) 

lb~~ npaMBB&aac~ K qeTBo-~eTHHM .H ae~eTao-ae~e~ 
Jt1ij>8K C 8-E Z -E 16 , 1! HOBO'rOpue npe,IIBapliT8JI1oHii8 peaym.Te-

Tii 61iJ111 Y11.8 OI:\]6JmKOB811K [27-28) , B arol pa6o"re He UjliiiiOpe 

JI.IIOP 26-28 A l ll0l!B38Hii B031«llWOCTK IIO)IOJIII (27 I II HOKO

'lOPiiO o6J11Bo BHBO.IIIio 

I'aNI!J!t.TOHI!SH (10 ) 6WI ,ll;IISIDH8JIII30:s&B B 6e3ICO ( 8) ,IIU 

'IBCOJI 6oaoaoa N = I/2! (BaplleH"r "a") 11/JtD N • I/2(A-I6) 
(BII.(BI8HT "6") II 1130CIII!HOBUX 'IBCOJI T = I/2 ( N - z ) Jl 

T = I/2 ( N - Z ) + I. Pac'IeTH o'IeHt. npocTH 0 IIOTOMY 'ITO 
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KB83M.tmaroHaJI:&Ha.a MaTpH:ua H ,IJ)Lfi N OosoHOB m.1eeT car.rue 60Jib-

J.I.G.18 cy6J.1aTPHI.lPI pa3uepooB 1/2 { N + 1 ) IVUl N Hel:leTHUX PI 

1/2 N + 1 .n;n.a N l:leTHax. PHcyrurn I n 2 rroR83llB810T '!acT:o 

oneKTpa MH 26A t H 2 8A t. 3RcnepHMeHT8JI:OHHe H pacc'tJliT8HHHe 

cneKTpH o~eH:& rroxoMH, oco6eHHo npn N = I/2A. 3Ta cHTy.auaa 

IIDBTO]JROTCf! B 22- 24 N Q, 3(}-34 p . l! ili'YI'HX i\J\PBX C doJI~-

IIIHM l.JHc.nOM: HyKJIOHOB BHe OCTOBS. B ~eTHO-~eTm.tX H,I{p8X C N f. Z 

068 .B8pJ<8HT8 )(BlOT IIOXOlKI!e CliOKTpH, 8 B iiJ\PBX 3(}-3S S Jcy'<

nme peayJILTBTH IIDJIY'<BKlTC!l [ 28]c N = I/2 (A-I6). 3TH !ll(pB 

oKaaHBaiDTcn xopomHM npHMepoM npoHBJieHBH ~a~ecROI cHMMeT

pn SU~I3)CIPSUT(3 l (T.e. B raMHJil>TDHHBHe (IO) napeMeTp 

k z = 0). B ili'YI'HX i\J\PSX TOJte IIOJIY'<810TCJi MBJIHO k z , 'ITO 

SKBHBaJieHTHO r.taJIHM £
8 

B raMHJI:&ToHBaHe (4). BsaHMo,n;eftcTmte 

Me~ r- H s - 6osoHar.m Toze cna6oe, 

8Ta KOH~rypaiiJ<il liMI!THpyeT KJIBCTep 4H 

CodcTBeHHHe WYHK~ raMHJil>TOHHBHB (IO): 

HUA~N·t 

iNJM~TM1,E>=I On,(1T,E)InrJN1>1N-n,TM 1 > (II) 
n,.•3stR/12 ' 

l(SDT B03MOKHOCTl> pacc'lHTHBBT~ r -6o30HHY~ CTPYKTYPY cocTORHHI, 

IIR'r81laDIIOCft ( p, t ) peaKIIJ<I H Y!IlJYroro paCCOJillll!l OC-'<SC'l'li!I 

II j(pyl'll8 X8paltT8piiCTHKII. Ha pliO. 3 IIOKSl'laHO cpel(Hee 'IBOJIO n, 
6030HOB r: 

n: Lian.(JT,Ell
2
ni • (I2) n, ' 

B paalliiX coC'rolllll!!lX 26 A l • Jlo oaepl'llll ROppeJIIIllJDI Hei!TpoH-rrpo-

TOHIIOI II8pH (3,13 MaB). fir IIO'<ft IIOCTO!lHIIO B HeMHoro !IpeBwnaeT 

'lHOJIO liSp Hyl<JIOHOB Ol(HOro COp'r8. 3'l'OT .R'r CB.Kl!SH C 'rOM, '<TO 

8Hepl'IIJI ROppeJIIIllJDI Hei!TpoH-IIpoTOH 60JIJ>Il!e BHOpl'llll KOppeJIJDld 

8 



I 

5 
a; 
" !. 4 
• s 
s :: 
.P a • 

0 

2 .. l 

_, 

MCn. a) 6~ 3flcn. a) 6~ lKCn. aJ 6) 

Pile. I. 3KenepiiMflHTa>n.HHit L3IJ H paee'!BTSHHHe 

erreKTpH 26AI B Bapi!SHTe "a" (" b ") e HS60paMIJ H8jl811eTpo11 

B MaB: H0 ={) (0), k, = 4,0634 (-1,9393), k 1 = 0,0!26 
(0,038!); k3 = -0,0629 (0,2454), k4 a 0,2020 (0,0499), 
k5 = -0,0486(-G,IOOO), k, • 0,6263(0,5206). 

'iii 
" !. 
• s 
s .. .. • > .., 
" 0 .. 
• s 
~ 
~ • s 

"' 

Y, f 

5 

4 

l -

2 

1 

0 - - -...... •I Ill 

Pile. 2. To s, 

... 2 2\2 

hp a.) Dl ~p a.l 6) 1XP a.) 151 

'iTO Ha p~~e. I, HO .lVIJI 28 A 1 • 
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Ta6nzua.2Hepn<M Koppen~ nap HeATpoH-He~poH, 

He~poH-npoToH H npoTOH-npoToH, SM H3 [ 33 J 

fear fear fear 
nn np pp 

Jl,lijiO 
M>B 

Jl,lijiO 
M>B 

Jl,lijiO 
M>B 

6 He 
2 2,76 lli 8,76 ~Be 2,56 

'~O 3,97 'sF 
9 

7,24 18Ne 
10 

3,32 

"Ca 
20 

3,I2 ~1Sc 5,42 "T. ,, 2,68 

SO(a 
20 

I,24 sosc 
21 

3,I4 sor ,, 3,55 

ssw 
"' 

I,98 SS(u 
29 

4,34 sszn 
30 

I,36 

13t.Sn - 134Sb 3,82 13LTe 0,96 
50 51 52 

210 Pb 

" 
I,24 2 ~~Bi 2,90 210 Po ., I,I8 

ft, 

12 

10 

8 t:T·l·,o 
I 

6 

4 

2 r.1--

0 
,·,o--

0 1 2 ) 4 5 6 
3HeprH• 80l6ylKAeHHA [M3B) 

"1. 

75 

so 

25 

0 

Pm'c. 3. r -6030BH8.11 CTpyKTypa COCTOJIH.II:Cl,npe~'l8:MBHHHX 

HB pJIC. I. 
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HeilTpoH-HeilTpon (2, 78 MsB) " rrpoToH-rrpoToH ( 2 ,88 MaB) . BJ<-

me 3 MsB COCTOH!llll! !lMeiDT paaHyiO r -doaOHffYIO CTPYI<TYPY (jJJ!C. 

3 H 4) . !'Ire. 5 rroKaaW!aeT RRTeHcl!BHOcTII peaK!l)lll I p, t l liS 

pasJIH'IHHX :fii, T = 3+, I cocToJIJlJill 28Al : a) 0,00 MaB, 

6) I,OI MaB ll B) I,62 MaB B paaBJ<e 3+, 0 COCTOI!Blll! 26Al. 

BanHO, qTO rHBBHHM ~eTCH rrepeXO~ H3 OCHOBHOro B OCHOBH09 

COCTOJIIDI& 26 A J , napaXO.IUI liS OCHOBHOI'O B Bos6yll,lleHRI<e ~, 0 

COCTOJIHIDI H8 .n;B8 IIOpR,IUta MeH:Dme. KpRBHe ff l'I 5 IIOKa3HB81lT, 

qTo BOSMO&HH e~e E ~rze cHn:&HHe rrepexo~, eanPI B Haqane 

~ HBXO~~OCD B BOSdy~eHHOM COCTORHHK. 

I!ycu 

rrpe.n;cTSBJIJieT codoil RJiacTep, :m.mTwpyKIItlrl! Jmpo 4 He • BoaMO&Ho, 

a+ L, HO, XOTI! BO BCeX rrpoc'IIITSRRax JUP8X J e 4l > 1 f. 3 I 

HeBOslllXB.o o,lJ;HoaaalDio oRBs aT:&, liTo a > L , IIOTOMj" 'ITO 

B'8MeH8Hll8 .JID6oro E. i B r8MIIJIJ,TOHB8H8 MOZHO t{8CTI'ni.O KOIIII8R-

CllpoBBT:E. )ij)YI'HMII rrapaMeTpaMII. IIs-sa noxOZBX E~~r, E ~~r 
cor 26 

11 Enp B AI BJ<dpaHo a • b • KBa.rlpaT MBTpli'Dioro 

....... HT8 II COCTOJDll!JI I A > 

(I4) 

nponoplll!OHSJieH nOJIHo~ oe'leRllll ynpyroro pacceJIIIJII! oe- 'lBCTll

llli ua I A > . Pl!cyuox 6 .llei«<HCTPJIPYOT liHTeRCl!BHocn pacceRIIIU! 

0(-'lSO!'IIlt H8 OCHOI!HOM 5+, 0 ll p88Jill'liiiiX ~, 0 ll r+, 0 

COCTORIIIU!X 
26

AJ , B od.ltacn (3-6 ) MaB KJliii!HO HS jJJICyru<aX 

3 I 6 oqen noxou mr aa .1WYI'8, ll'l'O, no-:BJJ.nmiOUY, yKS.aHBBe'l' 

HB SHS'll!TeJIIol!ytl poJil, r- 60SOROB B OC-KJI!ICTepe, Cpe.JlHee 'DIOJIO 

11 



;;, 
"lo 

12 
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10 
3·.1 

60 8 

6 40 

4 
20 

2 

0 0 

0 1 2 3 4 5 

Plr:c. 4. r -6030HHSJI CTpyKTypa COCTOJDJd,npe,ltCTSBJieHHHX 

Ha p!!C. 2. 

6 

4 

7\ 
<( 

101> 2 --<( 

~ 

0 a,6. L 

0 t 2 3 4 5 
3KeprMR ao:J6ylt<AeHMft lM38J 

l'l!c. 5. ID!TeRC111!110CTK peaKili!JI 28AI ( p,t) >!3 p83JIH'IHHX 

3+, I COCTOJI!Drll 28 A I • 
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35000 

~ 25000 

" "" 
:- 15(0) 
~ 
'tS 
:( 
!Lsooo 

0 

0 2 3 4 5 6 
3HeprHA B036yJK.QeHHA (M38) 

PKc. 6. HHTeHcHBaocTH yrrpyroro pacceRHRH ~acrxn aa 
pa3JIJ!'<IIIIl COC'rOJ!IIHHX 26 A I • 

"· 
.,. 
50 

3 

40 

2 30 

20 

-.·· 10 

0 ---- .5" 0 

0 2 3 4 5 6 

3Hept"HJI 8036yM.QeHMJI (M36l 

l'llc. 7. Cpe.1111ee 'II!CJIO oC - Mac"'" poB • llp<!IJI!HT By R

JIOHoB,HBXOJtiDllBXCJI B d-RJISO'l'epax B p83Jill"iHl::X COCTOHHHSIX, 

llpe.JICT8BIIOHJIHX H8 jli!C. I. 
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o( -RJ18 CTe poB B MP" n« MOlKHO 01\BHRT» ( 27) • Ha PHC • 7 

npe.n;cTaMeHH nee il npoueHT HYKJIOHOB, Hax:O,IUIIIOIXCH B OC"-Mac~e

pax ~ ~yx cxyqaeB: (a) oTBeqaeT qzcxy 6oaoaoB N = I/2A 

li (6) OTBeqaeT N = I/2 (A-!6). 8 BHPHBHTO (6) ncxyqaeTCH 

Mem.me Ooc • ~0 IIO)lCKa9HB88T, 't!TO B OCTOBe !60 MO&e'l' 6HTlt 

3H8'q!M'8JlLH08 ttJICJlO CX: -I<JI8CTepoB. ,IleiCTBBTeJU>BO, eCJIB IIO;D;06-

p8T~ n&pmMTIJII Ta&, qro6y nO>JY'DITL cnelt'rp IGo (plio. 8), " 

OCHOBHOM COCTOJIJIJIJ( HabeM 66 % HYKIIOHOB B OG-K118C'repax (JIJill 

n!- = 2, 64). floCJie .n;o6aBJieBB.II n!: K n« BSJI8H'l'HHX 

HyRJ!OH011 (KPHBHO 0 ) ncxyqamCH ~ OCHOBHOI'O COCTOJIIIIJJI 

26Al H COCTOsnml! 3+,0 (0,42 MaB) 11 I+,O (I,06 MaB) BeJIJrn!HH, 

cy!OM9PHO p8BHH9 .IU1H11HM C KpHOOll (a). C pOCTOM SHepritil B036YJJ

Jl8H:JUI JI/BJIIl YOMeHTS ROJIJ(1l8CTBB .n;BD8BJIJI nCIC YJ!13RbDI8e'l'CJI , BO 

B K&aJtOM MP" MODO HBitnl rpynnH COCTOJIIDII C 60Jilollllla n_ • Ilo

Jll"'eHHH9 s.nec:L nCI( He OTJI)fqaMCJI pe:uw OT BeJIX1D!IB H3 pammx 

pa60T l7 ,8 ,),B KOTOPHX BOpoll'r!IOCTII HBX<>Z.IlOIIJIJI o<-qaCTJillH II 

ayuoaa aa no11epx!IOCTII Jllijl8 npll(l.Usrre.u.ao pBllRH. 

o<:-uacTepa li!IIOMCH 11 11 TDel!HX Jllijl8X. Hcno.u.sol181111YJl 

3,1100~ lm,IIOJ!L ( C TOI lr8 C&lml rpynnOBOI CTpylt'r)'pol, HO C 

s8JI!IHOI 6oaoaa r HB 6oaoa p c :::1" , T • 1- , 0 ) lmliiiO 

IIIJDII'D'rll, B8IIpJIMBp, It 11e'I'BG-lle'l'RIDI Z30TOH8M N .,. 92, 

56 4i Z 4 68 II H30TOD8M I54-I66oy [ 29]. llcxyq&OTCH 

HOOD,li8IIIIO XOpoiDOO OIIII0811110 CBOICTB 3TIIX J!,j18p. B OOH011111il< 

cooTOJIIDIIIX 1130Tono11 ncxyqaeTOJI I, 5 ~ n,. "' 2, a B Jllijl8X I 54-I66 D y 

""' pacTeT c pocTOM IIBCCH,II 11 IS4-I
66 Dy n,. "" 5. 

Mozao UOCTpoJITL lm,lllln, B KOTOpol ynoTpe6JiamCll 0030HH 

s , r 11 p • B Bel nOJcyqamOJI, 11po110 xapa.KTO PIIC'rJII! BHIII8-

npe;u;c'l'alUleama:. ne"'e!'Blle coc'l'WDDUI • MeR'l'poll8:nurt'IDI8 nepe-
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Pile. 8. 3KcnepmreHTaJIIoHHI [32] 

• pacc'II!TaaaHI cneKTlJH I6o. 
__ a•, a _ 
__ z•,o--
--o• •. o--=2.o--'o:.o= 
--2,0 

__ z•,o 
--o•.o== 

__ o•,o __ 
lKCn. reop. 

-t• _2p2s1r 

o• -'P1S 
-o•_ 2p3s 

,. 
--. .._2r2p1s 

_,·-lW 
0!.,... 2r Js 

_4Sit 
-t•-2p]r 

....., , . 
...__]r1s 

lKCO. BW"'. 

___ 2._2r2pts 
_ 2._4ptr 

_2r3s 
~t' 

-z•_2p3r 

3Kcn. Bbl'i. 

2p2slr 
,~ 

~ 

-4•-4p1s 

--.. . 
3~ 2r 2p1s 

_
3

.. Jr2s 
- -4plt 

5~4p1r 

_s•_sr 
JKcn. Bbt'-t. 

_ _ 2r2s1p 
1 :;=::'Jplslr 
0"2-:o- 2r2s 1P = 

\ 
o· 
..__)r~s1p 

lKCn. BI:IM. 

9. 3Kcnepm<eHTSJII>HW! [ 3IJ B p<iCC'II!TSHHHI cneKTjlH 

JlspBMeTPH B MaB: Ep·Er = 0,700, Es·Er a I,300 

E..,- -0,025, Er • -0,240. 
15 



xonhl EI n :.12. PHc. 9 .ner.l!oHcTpBpyeT npzr.tep .TI:HaroHam13811.B'H 

raMHJl:OTOHK8H8 (5) llS pa60TH [3QJ.roTOBHTCH rrporpaV1NL9 )Jl!BI'OH8-

Jm38IUllJ caMoro o6mero rarJIHJI:oTJHYaHa B3aJIMO.n:elcTBYKIIU'IX 

S.- , r- JJ p- 6030HOB. 

llpo~a&aHBH8 3~8CD paC~8TH ~8TH0-~8THHX B_HeqeTHo

HO'iOTHHX Jl.IIOP C 8 -" Z -" !6 , a TaKllte pa60TH [Il,27-29) no.n

TBeplt,ll8DT OCHOBHOe IIpe.ttnOJIImeHBB: IIpl'I HB3KBX 8H8prRSIX B03-

6yl!Ol;eHH.fl smep HJRJIOHHHe rrapl:l BBJzyT ce6.a,rwR Wparr.teHTH JI.It.P3 

6e3 BH,YTpeHHell CTPYI<TYPH • 

B 6oJibiiil'JHCTBe cocToHH.d lJIICJio ue:ATpoH-IIpoTOHHllX nap 

He MeH:Ome ~CJla nap HJKHOHOB O~OI'O COPTS. 

3Ha'tJBTBJI:OHrut 'l8C'l':O HJMOHHHX rrap o6pasyeT c::(-RJI8CT8pH. 

lfi!CJIO na 38BBCJJT OT 3HBprmJ B036yz,:zr;eHIDI H,ll.p8. CaMHe 60JID

IDJI8 Oat IIOJiy'l:I8DTCH [IO,!IJ ,1J,JISI OCHOBHHX COCTOJIHBit ISO, 40(Q, 
44 r;, I!X He'!eTHHX coce.nru! H )J,1U! .JIPyri!X JI.I~Bp,r.ne N ,z 
u•moe. Heou.naHHo 60Jibllllle n., ( "' 5 ) ITOJIY'I8DTC1! .llllll 

I64Dy I I66Dy • 

.llriOpii C'IITBDT CBOIDI ITPJIII'1'IIBII .IIOXI'OII no6JI8l"O.IlBpJI'l'lo 

88 KpJI'l'I'IOOD8 98..,'18!111Jl I 110.11881D18 o<!cyll,ll8llliJl nm. 

B.r .COJlom.eBa, npO<f!. l1.H.MI!X8iiJroBa, E.E.Eam.6YJ18Ba 

u r.r.HaaMlliT.nHHoBA. 
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