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1, B a e ll e a a e 

B aaCToSilllee apeMB nonyqea o6111BPBhlll &JtCDepBM811'1'811bBbiA M&Tepllan 0 11Jl01l8CC8X 

o1Spaaoaa1111a " -M83oaoa a ayJUioB-JIYEnOBBhiX coyllapeaaSCt, HaatSonee oiScTOftellbBO aay-

qeso OISp830B811119 IIOnOlKIIT&IIbBbiX B aeliTpallbBhiX DIIOBOB B CTOIDI:BOa&BBSIX IIJlOTOBOB C npo

TOBSMH npa aaepraax OT Dopora llO 1 raa. 

Aaanll3 ll&BBbiX DO o1Spa30B8BRIO DHOBOB a &TOll o!SnacTH aaeprall llpOB.3BOl(BTCII B oc

HOBBOM C DOMOIIUtlO ljleBOM8BOnornecKHX Teopall, no Mepe B8B:ODn8BIIB 91tCDepHM8HT811bBhiX 

ll&BBbiX a c yaenaqeaaeu aaepraa B3&HMOl(ellcTayiOmax ayEnoaoa IS~>~no pa3a&To aec:a:OIIbJtO 

TSBBX MOl(&nell 11Jl01l8CCOB Ol(HROqBoro o6pa30B8HBB M830BOa l(nB paanaqBbiX llB8n&30BOa 

aaeprall aaneTaiOmax ayiUioaoa. 

BISnaaa nopora ISOIIbWHHCTBO aitcnepBM&HTallbBbiX ll&BBbiX ycnemao o6'bllCBBn& Teopaa, 

/1/ /2/ 
paaaaTaa a paiSOTax renn-Ma1111a a BaTcosa a Poaell1Peru.ll8 • 3aeprlla aaneTaiOmax 

ayxnoaoa BOo-700 Maa coOTaeTcTayiOT peaoaaacaoll saepraa l(na B3&BMOl(ellcTBBB o6paayiO

merocll DIIOBa c OUBM aa ayKnoaoa, noaTOMY 3J:Iecb aaatSonee caru.ao J:lonlltea DpOIIBllllTb

ca peaoaaacBhiA xapa:a:Te)> B3&HMOJ:IellcTBHllo CoOTBeTCTByiOmasr ljleaoueaonoraqecitall MOJ:Iellb 

/3/ 6blna paaaiiTa Maal(ellbCT&MON • PeayllbT&Tbl 6011bWBBCTBa sacDepaMeaTba DO oiSpaaoaa-

BHIO DHOBOB B (p-p)-coyAapeiiiiSIX B o6n&CTH &Heprall 50Q-700 MsB B&XOl(SITCB B cornaCHH 

c Teopaell Maal(ellbwTaMa. 

npa ljleBOMeRonoraqecKOM aaanaae Dp01l8CCbl o6p&30B8BBB M830BOB l(enHTCB H8 J:IB9 

rpyllllbl B 38BBCHMOCTH 0T aaaqeBHB Donaoro H30TODHqecitOrO CIIHB8 CHCTeMbl llBYX B38HMo-

J:I911CTBYIOWHX ayitnoaoa T= 1 ana T= 0 • KnaccaljlBK&llHB Itoaeqa~>~x cocTOliBHII Dpoaa-
/1 2/ 

BOJ:IHTCll nyTeM Bbl):leneHBll 110l(CHCT9Mbl B3 J:IBYX &yltnOHOB ' ana DBOH8 C OllBHN B3 ay:a:-

/3 4/ noaoa ' , CeqeBBll acex B03MOlKBbiX peaKD:HII Bblp&lKaiOTCB qepea Tpa aeaaaBCHMble 

&MDnBTyJ:Ibl, 8 npellCTaaneBBB, KOrJ:Ia B ltOB&qaoM COCTOliHBH BBOl(HTCSI 110llCBCTeM8 83 

J:IBYX ay:a:nOBOB, COOTB8TCTByiOmHe STBM &MnnaTyl(&M TpH napDBanbHblX ceqellllll 3811HCbiBBIOT-

Cll a BHJ:Ie u 
10

, u 
11 

a u0 1 
, rAe BHl(eXCbl DPH u o6oaaaqaiOT aennnay nona oro aaOToDB-

qecxoro cnnaa &yitnoaoa a aaqallbacM a xoaeqaoM cocToaHHBX. nonable ceqeaBB poEJ:I&BBB 

M930BOB llpH B38BMOl(811CTBHH llBYX HyKnOHOB B COCTOSIBHH C H30TQDHq9CKHM CIIHBOM Tm1 
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H T=O ElhtpalKBIOTCSI qepea sseneHRbte napnnanhHbie C9'i9HHSI cnenyiOWHM 00p830M 

u·" a o + 2u 
Tc·t 10 11 (1) 

u" =3u 
T=O 0 I 

(2) 

. CseneHHSI o napnaanbHOM ce'ieHHH a0 1 
n coOTseTcTseaao o u" 

1 
ecTeCTseHHo, 

T=O 

MO*HO nony'iHTb T01lbKO UpH HCC1l9Jl0B8HHH B38HMOJl9fiCTBHSI aefiTpORa C npOTOHOM. C STOll 

TO'IKH 3peHHSI HBH001lee Y.llOOHbiM SIBIISieTCSI H3y'ieHH9 pO*JleHHSI 38pSilKeHHblX UHOHOB B peaK• 

UHHX 

+ 
n+p rr + n + n 

n + p " + p + p 

B ~eaoMeHonornqecKoe ElblpalKeane nnSI nonaoro ce'ieHHSI sTnx peaxnnfi 

,+ 
u .... 

,
=u 

DP 
=·* ( u + u 

II 01 

(3) 

(4) 

KpOMe HHTepecyiOwero HBC C9'i9HHSI 

1T0 -M930HQB B (p-p)-coynapaHBSilt: 

nopora no 660 ~ss151 • 

u 
~I 

BXOJlHT TOnhKO U01IH09 CQ'{eHBe 00p830EI8HBSI 

u-tf' = u , xopowo aayqenaoe El oonacTH saeprall OT 
pp 11 

/3/ 
B pe30B8HCHOII TeopBB ;tpennonaraeTCSI, 'iTO oopa30B8HHe M930HOB MOlKeT npoacxo-

JlHTb T01lblt0 B COCTOSIHBSIX JlEIYfiYK1lOBBOi! CHCT9Mbl C H30TOUR'i9CKBM CnBHOM T--1. no-

STOMY OUpeneneiUie B3 OnbtTOB B91lH'iHHbl Ce'ieHBSI 
IT 

a 
T=O 

Jl89T ll9HHbl9 CEI9Jl9HBSI Jl1lll 

BhtHCHeRHH cnpasennBEIOCTB npenc:KaaaaBSI o npeot5nanaiOwei! pona peaoaaaca (:s/2, 3/2) 

B pOlKJl9HHH M930HOB B 001l8CTH SBeprRil = 600 ~9Bo 

3:KCnepHM9HTanbHOMy BCC1l9Jl0B8BHIO nponeCCOB (3) UOCBmnaBO BCarO 1lBWb H9CK01lbKO 

paoOT. TpyJlHOCTR RCC1l9JlOB8HHH pe8KilHil (3) CEISI38Hbl C OTHOCRT91lbHO M81lb!MH Ca'i9HHSIMH 

STRX nponeccoa a aef5o1lbWHMH BHTeHCHBHOCTSIMB Rei!TpOHRhiX ny'iKOB1 EICerna HM9IOWHX 

wapoKoe saepreTR'ieCKoe pacnpeneneaae. npa aaepraa 400 ~as peaKnRR (3) accnenosa

/6/ 
1lHCb C nOMOWbiO ~OT09MY1lhCHOHBOil M9TOJlHKB. npa SReprRR 600 ~9B OOp830EIBHHe 

IT+ -M930HOB E1 (n.-p) -coynapeRHll B3Y'i81l0Cb B pafSOTax/
7 •81• 8 pa6oTe/7/ npH noMOWH 

. 181 
cnHHTRnnSillaoaaoro TenecKona aayqanacb ceqeaaa peaKuni! ( 3). B pafSOTe 6btnH npona-

seneabt H3Map9BHSI CU9KTpOE1 IT+ H IT -·-M930ROB ( B OTHOCHTenhHbiX 9JlHHHt:18X) non yr1IOM 

90° C UOMOWbiO ~OTOSMYnhCBOHHOil KaMepbt. 

06pa30EIBHH9 38pHlKeHHbllt M930HOB B (. ft - p) -coynapeHHSilt MO*HO R3Y'i8Tb, CpBEI

HHEIBSI oopa30BBHBe Me30HOB B coynapeRHSIX npoTOHOB c nefiTpOHBMH H npOTOHBMH. Heno

CT8TKOM T8KHlt pafSOT l!B1llleTCll T01 'ITO U01ly'i9HHbl9 B Ollb!T8X C Jl9i!TpOH8Mll 9HepreT&'ie

CKHe cneKTphl a yrnosble pacnpeneneaas 'MoryT t5h!Tb HCKalKeBhl no cpasaea&IO c xapa:ttTe-

4 

~· •I 
{I' 

-----------~ 

pBCTHlt8MH npollE>CCOB Of5p830B8HHSI M930HOB B 91l9M9HTBJ)HbiX 8KT8X H3-38 ElfiYTPHSI.Ilep

HOrO JlEIHlK9HHl! ay:ttnOHOB B nei!Tepaa. noaTOMY ObiJIO peweao npOB3F.eCTH JlOCTaTO'IRO 

nonpot5Hhte accnenosaHHSI peaKnalt (3) MeTOJlOM MarRHTaoro cneKTpoMeTpa na ny'iKe aei!

Tponos c saepraalt ~ 600 ~as npa coynapeaaa ax co csofSOJlHhiMR npOToaaMa. 

OnaospeMeaao c aacTomnei! pafSOToi! 10.~. Kaaapaaosh!M a IO.H. CnMOHOEihiM t5bt1lll 

nposeneHhl accnenosaHHSI ceqeanlt R yrnoBhiX pacnpeneneaai! peaKuBI! (3) c nOMOWbiO 

CllRBTRnnSIUROHHOro TenecKona. PeaynhTBThl ax ll3Mepeaai! cornacyiOTCSI c aacTomnell 

pafSOToll. 

OpenBapllTanhHhle peaynhTSThi aacTomnell pa6oTbi t5btnB ony6nHKOEI8Hht s MaTepaanax 

Koa~peauBR no ~BaRKe Bh!COKHX saeprall s Kaese s 1950 r. a B PoqecTepe a 1960 r. 

2. 3;;,cnepBM9£81IbBoe ycTpoi!CTBO 

~eTOJl MBOroKaaanhaoro MarRRTaoro cneKTpoMeTpa noasonHeT aaa6onee uonao .11 scjlcpeltTHBIIO 

BCC1l9Jl0B4Tb CU91tTpb1 M930HOB oliORX 3H8lt0B B WHpOitOM RHTepaane yrnos1 B OCOf59HHOCTB_ 

B yCIIOBIISIX Ref501lbWBX RHTaHCHBHOCTelt aei!TpOHHbiX ny'iltOB II OTHOCHT91lbHO M81lb!X Ce'lel!B:JI 

of5pa30B8HHl! 38pSI:lK9HHhlX M930HOB B ( D - p ) - coynape!IRSIX. 

OpaMeHeaaoe BBMB s~~:cnepBMeBTallbaoe ycTpoilcTBO npencTasneao aa pac. 1. CocTaa

HhiMR S1l9M9HT8Mil erO l!Bill!IOTCSI S1l9ltTpOMBrHHT C M8ltCBM81lbHbiM noneM 19 000 spcTeJl, 

CBCTeMa C'i9T'iHKOB H Sll9ltTpOJIH8ll CX9M8 C JlHCT811UBOHJibiM ynpaBneBReM. IT - M930Hbi, 

reaepBpyeMbiS ny'iKOM HeiiTpOHOB B MHW9HH, npOXOJlHT qepe3 K01l1lHM8TOp B ElepTHlt81lhHOII 

t 
CToi!xe HpM8 MarHRTa, nepeceJ:al! C'ieT'iHKH c1 H C2, nonanaiOT B Me:JKnoniOCJIOe npocTpaH-

CTBO 91l9ltTp0MarHHTB, rna 8J181lH3BpyiOTCSI no HMUY1IbC8M C'iaT'iBKBMH C
3

, C 
4 

H C
5

• 

YlaMepeaaa cneKTpoa rr -Meaoaos Morna 6hiTb BhlnonBeHbi non niOf5btM H3 yrnoa 

OT 0° no 150° 1t aanpasneaBIO aei!Tpoaaoro ny'lltB. nng aToro sneKTpoMaraaT noaopa'la

sancSI c noMOWhiO sneKTpOMOTopa ao~~:pyr sepTBKanbaoi! oca, npoxanli!J.(ei! qepea neaTp 

HeiiTpoaaoro ny'iita. ~ameah pacnonaranacb 11a ocR apameHRH a 1TaKRM ot5paaoM,anH acex 

yrnos B3Mepeaall coxpaHSI1IBCb aneaTB'iHbte reoMeTpaqec:.:ae ycnoaaa • 

B ycnoaaBX OUbiTOB ot5ecneqasanacJ> B03MO:lKIIocTh onaospeMeHBoll peracTpaoBR 

M930HOB o60BX 3H8ltOB MHOrO~ftH81lbBOi! CBCTaMOII, 38XB8Tb!BaiOWei! seCb cneKTp of5pa3yiO

WHXCSI M930HOB. 

nnSI H3Mepeaall UOn pa3Rb!MH yrnaMB HCU01lb30B81IRCI> JlBe *RJlKOBOJlOpO,IlHbl9 MBlli9HHo 

Onaa as.aax npencTaangna co6olt 3-nBTpOB~ cocyn•JliOap c BHyTpeHHHM naaMeTpOM 

140 MM, BTOpaSI f5b11l8 RBrOTOBneaa B BHJl9 llH1lBHAp8 H3 HeplKBBetowell CT81IH CO CTeH

K8MB Tonwaaol! 0,1 MM. Uanaanp coot5wanca Tpy6Koll c pesepa~poM, aanonaeMhiM lKIIJlltBM 

5 



aol\opoi\OM. Peaepsyap c BOilOPOAOM oKpy>Kanca pyiSamKoil c lKBllltBM a30TOM. Bca KOII

cTpyKilBll pacnonaranac& B neuouonBCTBponoaoM Ko>Kyxe. 

PerucTpupyromaa cucTeMa npeJ:tcTasnana coiSoil KOM6BH81lBID ra3opa3pliA!IhlX B CllBHTBn

nauHOBBhlX C"'eT'iBKOB, KoBpbl C"'eT'iBKOB C 3, C 4 B C
5 

(puC, 1) COCT8BU8Hhl B3 I'830H8r•Jn• 

neHHhlX C"18T"'BKOB 0 pa60TaiDWBX B pe:>KBM8 'orpaHB"'8HBOil IlpOUOpllHOH8IlbHOCTH'. rpynna C 3 
('nepei\HB8 C"'eT"'BKB') B3 8 C"'8T"'BKOB Cny>KBT A.llll yMellbW&BBll ~OH8 cnyqaiiBhlX COBil8Ae

BHil. KoopABH8TBhl8 C"'eT"'BKB C 
4 

pa36BThl Ba {l rpynn (K8B8IlOB) C K8:>KilOil CTOp011b! 0 UO 8. 

cqeT'IHKOB B rpynne. Kosphl ceneKTBpyromux C"'eT'!BKOB c
5

, no OllBOMY KOBPY c rta>KJ:toil 

CTOpOHb!, yCT8HOB.II&IIhl ll.llll TOI'00 "'T06b! HM8Tb B03MO>KHOCTb0 IlOM8!!l8!1 M8:>KilY C"'eT"'Bit8MB 

C 
4 

B C
5 

ltUBH006pa3Bb!il Mellllhlil cpBn&Tp, BCitn>v"'BTb <jloB UpOTOHOB. C"!&T"'BKH C 1 B C 2 
COCTBBU!IIDT CllHHTBMmBOBIIhlil T8.118CKOil, cny>KamBil Jl.II!I Bhlll&Il&IIB!I tly"'KB fr •M830IIOB 

u yMellbW&BBH qucna cnyqailabrx cosnal\eHBil. KpucTannhl c"'eT"'BKOB, aaroToaneallb!e 113 

CUBIITBnnupyromeil Dn8CTM8CI;b!, BM&.Illl p83Map 85 x55 X 1MM, 

KoiiCTpYK!lBSI M8I'BIITIIOI'O cneKTpOM8Tp8 D03BDnllna npOB3BOJlHTb p!IA KOHTpOn&BhlX 

aaMepeHBil. Bo-nepBbrx, CBMM&TpB"'IIOC'I'b ycTSIIOBitB Aaaana B03MO:>KIIOCTb npoH3BOilBTb 

H3MepeRRH K8K C llpliMhlM0 TBK B C o6p8TIIb!M noneM, 3Ta nponeAYPA Il03BDn!ln8 KOIITpDnB

pOB8Tb np8BHnDHOCTb pa60Thl BC8X K811a.IIOB C"'eT"'HKOB B aneKTpOHBOil annapBTYPhl B ycTpa

IIHTb ( OC06e!IBO npB B3Mepe!IHB OTBOmeiiBll BhlXOAOB ,+It rr :.Me30B8M) B03MO>KI!Y!O O!!lR6-

Ky !13-38 BeOJ:tiiB8KOBOI 8~8KTBBBOCTH TeX BnB BllhlX KAB8IlOB B aneKTpOIIHhlX CBCTeM llBYX 

nonoau11 cnexTpoMeTpa. DpyroA cnoco6 :rr.oaTponll s<jl.peKTIIBIIOCTB pa6DTM cneKTpoMeTpa 

COCTOlln B B3Mepe11BB cnaltTp8 nOA OJ:tiiBM yrnOM npB pa3.1IIf1lllhlX 38.8"1811BliX BenB"'BIIb! M8r

BIITHOI'O DOilll, 3TY >Ke nen& npecneAOBSn B TpeTHI KOUTpon&Bhlil onhlT0 38Kn10'1810!!lBiiCSI B 

TOM, "'TO "!ICll CIICTeMA KOOpABB8TBhlX H CeneKTBPY!Q!!liiX C"'eT"'HKOB M8Jta!IB"'8CKB CABBI'8n8Cb 

no B8np8BilliiD!!lHM BADnb Kp88B DO.IIIOCBhlX B8KOBS"'BBKOa npB H8B3M&HBOM MBI'IIBTBOM none. 

J13yqaeMhl8 cneJ:Tphl fr -M830BOB npeACT8B.II!IIDT COfSOI mBpOKH& &llepreTB"'8CKBe 

pacnpaAen&IIRll, accn&Jl0B811B!I KOTOphlX He npeA~!IB.II!IIDT ocOfS&BIIO >K&CTKBX Tp&fSOBSIIBil 

x paape!!lRIOmeil cnocoiSaocTB cnexTpoNeTpa. Pa3pemaromaH cnocoiSaocTb 38BBCBT OT pBAa 

<jlaKTOpOB: OT Mec't8 ofSpa30B811BSI M830B8 B MB!!l&IIBo 0T yrna Bhl.II&T8 M830B8 B3 MB!!l&BB, 

nOTepb &llaprBB B MBW811B B a aemecTBa B8 tlyTB "'BCTB!l B Cll8KTp0MeTp80 0T paCC&liBHSl 

"'BCTBil. Pac'leT ee nposoJ:tancst M&TOJlOM 'IBcneHBoro BIITarpii))OBBIIRst., Bhl'lllcneBIIb!a 3Ra"!e

IIBB paapemaromeA cnocoiSHOCTB AE/E B3M&IIst&TCst c yM&IIbmeueu &Beprall perBCTpll))yeMMX 

rr •M830ROa OT 15 ,110 80%, 

Yrnoaoe paapemeue cneKTpOM8Tp8 OJipa.lleruuiOCb mBpBBoil cnBHTannSITOpos TanecKona 

ll COCT8Bnstn0 1°451
, 

8 

,1~ 

l~j 

:m 
;;t 
'\! 

.f 

•i 

8. CnexTP B&l!pOBOa ll s<P<PexTRBH8B a.BeprRll 

OcoiSeaaOCTDro ny'IKOB ISMCTphlX aeATpoBos, ncmyqaaMMX u ycKopll'ttN!stX, liBnSIM'CH 

•x WJ1Pili:08 eaepreTnecxoe pacnpeAeneue, CnexTp BaiiTpoaoa OT caaxponBUOTpoaa 
/8/ . 

0J1.HJ1 IINaeT 'l&TKO Bblp8llt811Bhll MBKCHMYM llpll &lleprBH 610 M&B C nonymBpBIIOI 

• 100 Mea, OTCTOSIIllBil OT sepueil rpaB.Bilhl cnexTpa ( • 680 Mea) aa 70 Mas. 3Ta UCTJ. 

CD8KTP8 liBnB&TCSI Onp8AfNISDOWail Anst OlliiCHB88MhlX &KCilapBM&HTOB, 

nocTap&&MCSl 8b!SlCIIBTb0 8 K&JWlt CT&Il&IIB HanB'IH& WBpOKOI'O Cil&KTpB ll&iiTpOBOB 

M0llt8T OTp83.11TbCSl H8 IIBT&pllpeTB!lBB .B:8!!liiX pesyn&TBTOB, 

0cT8.B:OBBMCSl CB8"18n8 118 onpaAen&IIBB C&'laBBil, J13MapB&MY10 Ba Oilb!Te &<jl<jleJ:TilBByl) 

BenB'III.B:y Ca"'&IIBSI ofSp830B811BSI M830BOB U &cp MO>KBO Bb!p83BTio UK: 

u 
f u< E) N

0
(E) dE 

f, N
0 

(E) a E 

rAe · o(E) - cpyBKnall aoa!Sy>KA&IIBll peaxnn: o1Spa30B811Bst ,;. • M830liOB 8 (a-p) 

(5) 

-eoy.ttapesaa:x, 

N D (E) • Cll&J:Tp BaiTpOBCUI. 0AB8KO B3-38 TOI'O, "'TO Cll&KTp B&iiTpO.IIOB HMeeT "'eTKO B~ 

lK&BIIb!ll M8KCliMYMo pesynJoT8T B3M&pe!IBB C8'la.B:liA Ql[83hlB88TCll M&nO 'I)'!ICTBBT81IbJ1b!M I: 

WBKiliiB soaiSylKAeBRst u{E) • Pac"!aT nousMaaeT, 'ITO caMMa paMII"'!!hle cpyBKilBB aoaiSylK-

A&BB!I llpiiBOASlT K O'l&llb fSna3KHM SH8"181lBstM &<jlcjJeKTij:BBOil &Bapr!IB I!&ITpOI!OB E s.po 3TO 

03B8"188T0 'ITO H3MepeBHll C&'le.B:liA BB DiiTpO.B:BOM tly'IK& II STOM CMbiC.II8 MO:>K.B:O C'IIIT8Tb 

&KBBBB.II&.B:TBhlMB B3Mep8BBliN H8 ny'IKAK C B83H8'1HT8nloi!J.IM paaiSpocOM &Baprd, 

3q,cjJeKTBaaa• e.11eprast aeiTpoaoa AAst Bb!ISpaa.a:oro ·nopora periiCTpallBB aeiTpOI!OB 

450 Mas cocTaBnH8T 585±).5 Mas. 

I' 
HaAO HM&Tb a BHAY0 'ITO B8eA8BH8ll TAKBM o6pa30M B&nB"'B.B8 s<P<PeKTBBBOI &l!eprRil 

BCUOn&3yeTCll Ton&KO ,ll.llll COil0CT8Bn8BBll afSeoniOTBb!X Beml'IHB C8'1811Bil0 Iltmyq8B.B:b!X B 

8TBX OllhlTAX, C C8"1811BBMil ofSp830B8HBll M830.B:OB npll ApyrBX 8H8pi'BliiXo 

PacCMOTpHN Tenepb BnHSlBB& Cll8KTp8 H&llTpO.IIOB 88 TBKH8 OCBOBHhl8 napaM&Tphl1 lt8K 
· (max) 

&HeprBst, COOTBeTCTBYIO!!l8!1 M8KCBMYMY pacnpeAa.II&IIBll rr -M830BOB ED' 0 B Bony• 

mllpRB8 ClleKTpOB fr -M930HOB, 

j 

nnll npOB8ll8BBSI ll0Jlp06Boro 8HallB38 SltCnapRMeBTBnb.B:b!a &BepraTB"'8CKB8 pacnpeAeR&-

BHll rr •Maaoaoa npeAcTaanstnac& a BliA& cyMMhl napnaan&Bb!X cnaKTpOB a -Ma30.B:OB 

pa3nB"'HOI! <jlopMbi A.llll Ollp&Jl&IlaBHhlX &BeprBil BeltTpOBOB, 3&1:18'18 38Kn!O"'8n8Cb B TOM, 

"'TOtlbi B8iiTH TBJ:YIO 38BBCHMOCTb cjJopMhl napnBan&BhlX Cll&J:TpOB H IlDnOJK&IIBil HX M8KCII• 

MYM08 OT 9B9pi'BII BaiiTPOBOB, 'ITOfShl nonyqell.B:b!e B pe3ynbT8Te BBTerpBpOB8BBB DO CU&KT

py B&iiTpOBOB CyMM8pllb!8 paC"'8'!'.B:hl8 Cll8KTphl f1 -M&30BOB BAHny"'WHM ofSpa30M cOrnaco

BBilliCb C 8KCn&pBM8BT8n&BJ.IMIIo 
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B pe3ynbTaTe TaKoro auaJIH38 f5bma Donyqeua oueHJta necjK>pMaullll ljlopMbl cneltTpOB 

If aeJIH'IHHbl CASHra SHeprau, COOTSeTCTSY!Omelt DOJIO)I{9HB:l0 MBKCIJMYMa CD9KTpa rr -MeSo

HOB. Li.nH SCeX sapHaRTOS HCDOJib30S8HHb!X napUHllnbHblX CUeKTpOS MaKCHMYM CyMMapaoro 

crreKTp8 OKa3blS80TCll CJlBHH:yTblM H8 12-15% B CTOpOH:y M9HbWHX SHeprHli DO OTIIOW9HH!O 

K MBKCHMYMBM DpeJlDOJiaraeMblX CU9KTpOS M930HOS, OOp830SaHHblX MOHOXpOM8TH'I9CKBMll 

HeiiTpoHaMH c suepruelt 600 Mas. 

Eonee cymecTBeFIRO neljlopMupyeTCH caMs ~opMa cneKTpos rr -Me3ouos. HanH'l:He 

nlHpOKOrO suepreTH'19CKOro p8CDP8Jl9JI9HHH uefiTpOHOB Dpl!BOAHT K yS9nll'l8HHIO DOnyWHpHHbl 

napnaanbuoro cneltTpa rr -Me30HOB, coOTseTcTayrmuero 3Hepr•• ueii:Tpouos 600 Mss, ua 

25- 35 % B SaBHCBMOCTB OT yrna H3MepeuHH, 

Yrnosbre pacnpeneneuBH " -Me3ouos B of5nacTu sueprul!. uaneTaiOmRx nyJtnOROB 

400-650 Mas npeTepneBSIOT 3H8'1HTenbHO M9HbWRO OTHOCHT9JibHbl8 H3M9H8RRH DO CpaBll&-

HH!O CO CD9KTpaMR0 TaK 'ITO aBaJIH3 yrnosoro pacnp&Jl8D9BBH MO)I(HO DpOH3BOAKT~, OTBOCH 

Dony'leHHbl& pacnpeneneHHR K saepruu ueATpoaos a 600 Mss. 

4. H3MepeHHH H oopa60TK8 pe3ynbTaTOB 

H3MepeuHH nposonuJIHCb ua 5 yrnax: 16°, 30°, 60°, 90° u 123° B na6opaTopuoll: cue

TaMe, nponenypa B3MepeHBII: COCTO!IJia B DOCJI9JlOSaT9JibHOM Ba6ope CTaTHC'I'BKR 0T Mlimellll. 

C SOJlOpOJlOM B 6&3 BOAOPOAa DOll 3TBMB yrnaMH, a TaK)I(9 H3MepeiiBH Bb!XOAa DpOTOHOB 

OT!la'IB OT ynpyrHX ( D - p )-coynapeaull: DOll yrJIOM 60°, nocne}lHHe B3MepeHBH DpOB3BD

!lHJIHCb !lnH ODpe}leneHHH a6COliiOTHblX S9JIB'IBH !lllljl~epeHDHBJibllDlX C9'19HIIII: of5pa30BaHIISl 

M930.HOB. 

CoOTHOmeuue M&)l(}ly 9~4JeKTOM 0T MBmeueA C BO!lOPOilOM 11 cjK>HOM OT JXyC'l'b!lt MIIIne-

Bell 3asuCHT OT yrna uaMepeBBH. Benu'luua ~oua .nnH rr+ -Me3oHOB s 38BHCBMOCTB OT 

yrna M9HHJiaCb OT 15 AO 35%, a }lJill lr-Me30HOB - OT S5 AO 65%, 3ua'IHTenbHO 60JibWHA 

~OH !lllll ,..--M930HOB DO CpaBH9BIIlO C ~OHOM }lli!il rr+ -M930BOB CBH3aH C TeM, 'ITO OCHOB

HbiM BCTO'IHBKOM lj)OHil cny~T CT&HKB MBW&HR (4Jou f5e3 MBmeHB npaKTR'I9CKII OTCyTCTBO

san), u o&&llcBSI&TCll npeiiMYmecTseBBbiM pO)I{Jl&BReM rr- -Me3ouos uei!TpoHaMB sa cno)I(

Hb!X Sl!lpax. 

B pe3yJibTaTbl uaMepeuull sso.nunllcb nonpaBKII, y'IBTb!BBIOmue senu'IHBy npuMecu 

Sli&KTpOHOB B MIO-M830HOB, paCDB!l rr -M830IIOB0 Sl}lepuoe DOrnO!Il8HB8 rr -M&30BOB B 

lj)BnbTpe, Li.BHHbl& DpHBO,IlJIJIRCb K 

TenecaoMy yrn:y, 

OABBaXOBOMY RHTepsany 9B&prRR B K OnBHaKOBOMY 

a) cJ>ou MeJ[TpOHQB, HCTO'IBHJtOM aneKTpOHOB, JIODB}lBIOIIliiX B CII.K'I'pOMeTJit SIBJilDOTCJI 

8 

\} 
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·'' 

', 
f.l 

'! 

rawMa-KB8B'I'b! u napb! llall/~Tlla OT pacna.na n" -MesoHoB, o6pa3yiOIIliiXCSI B Mumeau, 

Hs-aa TPY!lHOC'I'eA aenocpe.ncTB&BHb!X usMepeHuA, llnH oupe.neneHRSI cjK>aa an:eKTpOHOB ucnom.-

aosanHCb R3B9CTRhl8 Alll1Rb18 DO OC5pa30BaBRIO Tf
0 

-M830110B B JIYKnOB-uyltnOHIIbiX Coyllap~ 

lllllllt. Ba OCBOBBHBII KOTOphiX paCCUThiBBliRCb CD&I[Tpbl II yrnOBb19 pacnpe.neneHIIH, Jlng 

ODp&}leneHRSI ~e a6eOJIIOTHOA BenH'IBIIb! 'IRena eneK'I'pOBOB IlpOR3BOABJiaCb BopMBpOBKa 

CB&KTpOB, Dony'I&HIIDlX B OTBOCRT9JibllDlX &!lHHBilBX, DO 9KCD8piiM8BTanbBbiM p83YJibTaTaM, 

DpR'I&M npBHBMBnO<;:b BO BBIIMaHBe, 'ITO B B3M&peHBSIX JIO!l C50JibWBMB yrnaMB (90° R 123°) 

COC5biTBll B IlepBOM KaHane CD81['1'p0M&Tpa MO~O ll&nHKOM OTB8CTII 3a C'I9T sn&KTpOHOB, 

nocn&JliiQQ OC5cTORr9JibCTBO CBSI3aHO C TaM, '1'1'0 BCneACTBHQ DOTep& 9Hepr11R 9~~8KTBBHOCTb 

peraC'I'pa,IUIB 17 -M830HOB nepBbiM KBHa.llOM DOA 9THMH yrnaMB CTaBOBBTCSI HB'ITO~O Ma

noA (MIO-M830HilMB OT pBCDa}lB 17 -M830BOB B3 !lpyrBX suepreTII'l9CKBX KaHaJIOB, KaJ[ • 

IIOKA3b!B88T pac'leT, MO~HO DOJIBOCTbiO npeuef5pe'lb), 

B Ta6n11ne 1 npellC'I'asneabl pesynbTaTbl onpe.neneHBSI OTHOmeuRll 'IRena snexTpouos 

II: Bb!XOJlY 17 -M830HOB, 

TaC5nulla 

Yron 16° 30° 60° 90° 123° 

N ++IN"" 
e " 

0,073 0,095 0,120 0,174 0,215 

N er/ N,.- 0,073 0,095 0,124 0,192 0,252 

6) Pacnas rr -M§30HOB • upaMec& MIO-Mesoaos. Pac'l:eT nonpasox, csH3auBb!X 

C paCDA}lOM rr -M830BOB0 ocnO)I(HSI&'I'CSI T&M, 'ITO KpOMe Bblf5biBaHBH 1T r_M930HOB 311 C'I9T 

ax pacna.na aa ne7y, aeoC5xo.naMo o.nuospeMeuuo Y'IBTblsaTb sepOliTHOCTb perllcTpallBB MIO-

M830BOB0 of5pa30BIIBWHXCSI npu.paCDBA8 9TBX ,.. -Me3ouos, KaK 11 s cny'l:ae c sneKTpo-

BBMB, 9KCDepBM&RTaJibH09 ODpe}leneHBe DpHM&CB Ml0-M930BOB DpBKTH'I&CKB H8B03MO)I(B00 

B3-3B TpY!lBOCTB BX B!l&BTH(jJHKalliiB H H9f50JibllliiX CKOpocTell: C'I&Ta, 

Pac'I&Tbl noKa3aJiu, 'ITO npuMec& MIO-Me3ouos B 3aBIICBMOCTII OT yrna R3MepeHBSI 

II BOMepa KaHana B3M9Hli8TCll B B&C50JiblllHX Dpe}leJiaX OT 3 JlO 7,5%, nosTOMY B03MO~Hbl9 

B&TO'IBOCTB B 'IHCJI&HIIblX paC'IeTBX H9 MOryT IIM9Tb CymeCTB9HHOrO 3Ha'I9HIISI, 

Bena'l:Bll:bl nonpasox .Ha y6biJib 

MIO-Mesoaos npase.neBbi s Tat5nune 2. 

rr -M930HOB B3 •3a BX pacna.na C y'leTOM DpiiM&CB 
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Yron 

flonpsBKS BS pSCDSlt 
11 -M930HOB H DpHM9Cb 

f.I-Me30HOB 

Ta6nalla 2 

1a
0 

80° 

10% 12,5% 

a) fipOTOBbl a SU~epaoe Dornomeaae 11 -Me3oaos. 

ao0 90° 128° 

20% SO% sa% 

fipo6era a semecTse upOToaos 

H 11 -M930BOB 0 BM810DlBX OltHBSKOBble IIMDyllbCbl, CYDl9CTB8BHO p83llii'ISIOTCSI, fiO&TOMY 

npOTOBbl nerKO HCICl!IO'ISl!HCb M8ltBbiM ICliHH006pa3HblM cjmDbTpOM, KOTOpblll YCTallaBiliii!Sl!C.II 

B 3S30pe MelK.C(y rpyDDBMB ICOOpAHBaTBblX H CelleiCTHpy!ODlBX C'18T'IBICOB (CM, puc, 1 ), 

BMeCTe C TaM BSnB'IHe cpBDbTpS upHBOAHT IC aeo6ltOltBMOCTB BBOAIITb DOnpaB&B HS 

nornoweaae 11 -Me3oaos, casaaBRoe c aeynpyraMB cTonxaoseBBHMB. BenB'IIIBbl &Tax 

nonpsBOK pSCC'IRTblBaDBCb Ha OCHOBe ltSHHb!X 0 Ce'leHBHlt aeynpyroro B3aHMOAeliCTBBB 

11 -Meaoaoa coOTseTcTsyiOmax saepr&lt. noupaaKII sa S!Aepaoe DornomeBBe 6blno aeo6xo

ltHMO BHOCRTb TODbltO ltliH yrnoa, M8HbWHX 90°, rAe OHB COCTaanHAB: 10%, a%, H 8% Al!H 

yrnoa 1a
0

, 80° B a0°, COOTB8TCTB8BBO, 

5. Pe3YDbTaTbl 

PeaynbTaTbl H3MepeBHi! CD8KTpOB 71+ H 11- -Me30HOB DOA DBTbiO yrnaMB B ns6opsTop

aolt cacTeMe DpeACTssneabl as pac. 2, S, 4, 5 a a • .UnH yrnos 90° a 128° CDexTpbl 
+ -

11 - a 71-.-Meaoaos npeACTsaneHbl paaAeDbao. EoDbwoll cjloa asTpyABHJI accneltosaaae DOlt 

9THMR yrliSMR. fiOBTOMY 3Aecb ltliH yseDR'i8HBH TO'IHOCTB peayDbTSTOB H3MepeHHH nposo

ltHliHCb C ltBYMH ps3liR'IBbiMH MRW9HSIMH H DpH p83llb1X 3Ba'leBHHlt-MSr HHTHOro DODH, 

fioporosaa saeprHH peracTpapyeMbiX Meaoaos cocTaBllana • 25 Mss a onpeAenSUiscb 

KODH'IeCTBOM semecTaa as nyTa Meaoaos s cDeiCTpOMeTpe. Taxoll Dopor npa H3MepeHHsx 

DOlt 60Jib111HMH yrnsMH B 3BS'IHTellbHOft Mepe orpsHB'IBBall perHCTpHpyeMYIO 'ISCTb CD8KT-

pa, DpRBOltH K He06XOltBMOCTH BB8C8HHH 60DbWHX DODpSBOK DpH oDpelteneaaa ltHcjlcjlepea-

DHSJibHbiX Ce'leHRi!, ,Una BC9X yrl!OB BepXHHH rpsHHna CD8KTpOB MQ30BOB HSXOAHTCH B COr

JISCHH C KHH8MSTH'I8CKH MaiCCHMSllbHO B03MO~Olt &Hepraelt ADH HCDOllb3yeMOrO CDeKTpS 

aeltTpoaos. 

Ha pac. 7 npeltCTssneabl ycpeltHeHHble DO o6oHM 3Ha!CSM " -Meaoaos cneKTpbl a 

cacTeMe n.M. Kpasble CDe!CTpos sa pac. 1 DposeAeHbl Tax, 'IT06bl oaa aaany'IWHM o6pa-

30M cornacosalliiCb C SICCDepHM8HTSDbBbiMH TO'IICaMH. 

PeaynbTaTbl aaMepeaalt ltHcjlcjlepeanaaDbHbiX ce'leaalt DpeltCTssneabl s Ta6nau:e 3. 
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8 ODlii61CB, upBB8lt8HHbl8 Iii Tselllllne 8, B&lii0'18Hbl TODbiCO CT8THCTB'I9CU8 OmB61CB OTHOCB

TeDbHblX 113MepeaHll. HopMaposxa a6comoTHbiX aaa'I&BIIII: upoii3BOAHli8Cb JIY'l'8M cpasaeusr 

C'leTa M830HOJil CO C'leTOM IIJIOTOBOB OTltS"'H 0T yupyroro ( D - p )-psccesumH, AHcjlcjlepeB-
/10/ 

llB8DbHbl8 C8'18BBII ICOTOporo H3MepeBbl B pa60Te , 

fiol!Boe ce'leHBe o6paaosaa&s Meaoaos oupeltensrnocb aBTerpaposaHBeM asltlteaaoro 

yrnosoro pacupe~teneusr (TsJn. 3). KpoMe Toro, DOillloe ce'leBRe oDpeAensrnocb DO 113M&

+ _peHHIO BblXOltOB 71- -M830BOB DOA ABYMII H30Tp0DH'l8CKHMH yrnaWH, COOTB8TCTBYIODlBMH 

.ana aamax saeprall: aeliTpoaos yrnaM 81° B 90° a na6opaTopaoll: CBCTeMe, 

Ta6na11a 3 

Yrllbl a n.c. 16° 30° 600 900 123° 

,+ 2 
( du ) •JQ28 CM 
dlr CTepaA 

4,88±,0,30 8,14j:p,23 1,45,tP,08 0,848:!:9,034 0,84+.Jl,04 

(l!!_{ -.1028 CM 
2 

dO CTepaA 
5,28±,0,30 3 .48:!:9,28 1,47,tP,08 0,821±!),084 O,S2,tP,04 

Yrnbl a c.ll.M. 31° 55°30' 101° 130° 155° 

(_. '!'+ •1028 cM2 
~ CTepaA 

1,2a,tP,08 1,0S±!J,07 1,02,tP,Q8 1,13,tP,06 1,41±,0,18 

(d~ )rr.1028 ci 
il* CTepaJt 

1,88;tP,09 1,13,tP,08 1,04tP,06 1 ,09+.Jl,08 1,32±,0,15 

BenB'IHHa nonaoro ce"'eHBB o6paaosaHBB " ~Meaoaos, aOII)"Ieuasr s J!'ea yDbTaTe 

HHTer p&posaHBs yrnosoro pacupeJteneBHB, xopomo cosnana c s8llii'IHHaMK, nOlly'leBHblMB. 

DO B3MepeBHHM DOA H30TpOIIH"19CitBMB yrnaMB, YcpeAB8llll08 3Ba'laHBe DOiliiOrO C8'18BHH 

coCTal!llllleT: 

u~ 
Dp 

-=a"
DP 

(1,8±9,2) ·10-27CM2 

a, 06cylKA8HB8 peayDbTaTOB 

A.nonable ce'leaaa 

(6) 

fauOTe3a 3apSUIOBOll BBBapHSBTBOCTH ycTaHSBIUIBSeT B3BeCTBOe COOTBOWeBRe M8lKAY 

DOl!BblMH Ca"'eBHSIMH o6ps30B8HBII 3apBlKeBBblX B aei!TpallbHblX M830BOB B &yXl!Oll-&y!CliOB
/4/ 

Hb!X coyltapeHHHX : 
71+ .; ,-

Upp + o'~n + UDD = 1 • (7) 
2(u~'

0 

+ u"
0 

PP Pll 
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no~cTaaosxa s (7) aaA~eaaoro ceqeBBa (6) suecTe co aaaqeBBaMK ceqeHHA oCTan&-
/5,11-13/ 

HbiX nponeccos • npu aaeprBH 585 Mas llpHSO~HT x senHqaae 0,90;t.0,08. YqaTbiSSII 

TO oocTOHTenbCTso, qTo Hcnon&3yeuble senHqnabi ceqeaall nonyqeabr pa3RbiMH asTopaMH 

8 c nouoWbiO paanaqaoli MeTo~uxa, MOlKHO cqaTaTb, qTo onpe~eneaaaa senu•mna OTHonre -

HHSI (7) snonHe COSM9CTHM8 C Tpe60SSHH9M OTMe'leHHOll rHnOT93bl 0 ~OC'rSTO'IHO:' CTporo 

~OK838/IHOH S H8CTOHIIl99 Sp9MSI, 

0~BH 113 OCHOSHbiX pe3yn&TSTOS0 KOTOpbiH MOlKHO nony'IHT& C DOMOWblo aal!~eHHOrO 

ce'leHHsr (6), smnsreTCSI onpe~eneBBe DapnHan&uoro ce'!eBBa 

u = 2u 
rrt 

01 np 

rro -a 
pp 

()' 

0 ·I 

(8) 

H TeM CSMbiM ceqeSBSI Ofip830SSHHII DBOHOS S CBCTeMe ~syx ByiUIOIIOS, HM910UlBX DOnHblli 
/5/ 

H30TODH'!eCKHII cnHH, pasHblll uynro. CornacHo , npa BHTepecyromell aac saepraa 585 Mss 

"
0 

-27 2 
aPP = a

11
• (1,72;!:.0,12)·10 CM • (9) 

DO~CTSBnHSI (6) H (9) S (8), nony'IBM 

( ) 
-27 2 

17
01 

• 0,9;!:.0,4 •10 CM (10) 

B COOTS9TCTSeHHO, CornaCHO (2), 

" -27 2 a •(2,7;!:.1,2)•10 CM ( 11) 
T=O 

DpH sToil lKe aaeprHB na~aromax ayxnoaos ce'!eHBe oopaaosaaHa ueaouos s CHCTeMe ~syx 

ByKnOHOS C DOnHbiM H30TODH'I9CitBM CDHHOM paSHbiM e~HIIH!l9 C,OCTasnaeT 

" -27 2 
O'T=;00,1;t.0,6)·10 CM. (12) 

3To noasonSieT c~enaTb nepsbill sblso~: npa saeprHH 600 Mss o6paaosaBBe ueaoaos a co-

CTOSIHBB ~syayxnouaoli CHCTeMbi c T•1 liiBJIH9TCSI llp9HMyUl9CTS9HHbiM, 3TOT ljlaKT liBnSieT-

CSI OTp8lKeHH9M Toro OOCTOSIT9nhCTB8 0 'ITO o6pa30SSHH9 DHOIIOS llpOBCXOABT, rnasHhiM o6pa-

30M, 'lepea llpOM9lKYTO'IHOe COCTOSIBHe DHOB-ByltnOBBOll CBCT9Mbi C T = j • 3/2 , JlnH 0Il9B

KH <!>axTopa, ycHnHsaromero MaTpH'IBbill aneMeBT s3aHMOAellcTsHSI ByiUIOBa c o6paaosasmHM

CH DHOHOM S (3/2, 3/2)-COCTOSIHBB, Heo6XOABMO CpasHBT& O~BB8KOSbi9 IUiaCCbl nepeXOAOS 

AnSI peaxnull, S KOTOpbiX llpOHCXOABT p930BaRCB09 S3aBMO~eliCTBB8 C pe8KilBBMB, B KOTo

pbiX ORO HeS03MOlKHO, TpyAHOCTH, CBSI38RHbi8 C BbiA&neRBeM SKnSAOB OT~en&RbiX nepexo

nos, ~enaiOT uesoauolKRbiM npoaaaecTB nono6BbiM o6pa30M TO'IHYJO oiteaxy ycHnusaromero 

ljlaKTOpa, DosTOMy MOlKBO SOCDOn&30S8TbCSI llpH6nHlK9HBOli Oil9RitOll, CpaBRHS D8pllB8nhBbJe 

Ce'!eHHSI u
10 

H a
0 

I , CoaoxynHOCT& 9KCnepKM9HT8nhBbiX LISHBbiX D03SOnSieT Dpe~nonOlKHT&, 

'ITO B OOOHX H3 HBX ~OMBHHPYIOUlHMB BBnSIIOTCB ( Sp) -nepeXOAb?), a HM9HHO, AnSI u· 
12/ 10 

x) 3~ecb a B Aan&aellnreu npHM&BSIIOTCSI o6oaaaqeaHa, acnon&ayeMbie B • Bon&nrue 
OYKSbl. COOTBeTCTSYIOT yrnosOMy · MOMeBTy CIICT9Mbl ASYX HyKnOHOB, 8 Mane&bKII9 - yrnoao
My MOMeHTy nuoua. 
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uepexoA s ( 
3

S p ) - xoaeqaoe cocTOBRRe, a AnSI 
I 9 

IJ· - nepeXO~ S ( IS p ) -COCTOBBB9, 
0 I 0 I 

TorAa c yqeTOM nonpasKR aa CTSTHCTaqecxull sec, onpeAenBIOmelica MBOlKHTeneu 21 + 1, 

oTaoweuue 9THX napnHan&BbiX ceqeaHll cocTaBBT senuqaay • 4, HaliAeaaoe OTRomeuae no

xaabrsaeT, qTo oxono 25% nepexo~os s u 10 ~onlKBbJ HATH no aepeaoaaacaoMy xasany, 
/14/ 

3Ta Oll9BKa HSXO~BTCSI S cornaCBB C peaynbT8TaMH , rAe B3y'lanOCb OOp830SaHHe DBOHOB 

s ( P - p )-coyAapeHHBX npu aaeprua 650 Mas. Benaqaaa axnaAa cocTo!IBall c nonHbiM 

H30TODHqecXHM CDRHOM DOACBCTeMbl ayxnoR-DBOB TfTN=% onpeneneaa s aToll paoOTe 

pasaoll (28;!:.3)%, Taxau oopaaou, MOlKHO CAenaTb o~aoaaaqao sTopoA sbrBoA: npeae6peraT& 

BKn8AOM aepe30BaBCHbiX nepeXOAOS S 00p830SSHBH M930BOS H9nb3B, DocneAHBll SbiBOA S 

eme !Som.well cTeneua OTHOCHTCB x accneAy&MbiM peaxnaSIM (3}, qTo cnenyeT B3 cpasueaBa 

BenR'IBH (9) B (10), Oxono nonOSBBbl pOlKAGHBblX S (n-p) -COYABPGBBBX M930!10S oopa3y-

~TCB DO H9pe30H8BCHOMY' Kaaany, 

B. 3 uepreTaqeexue pacDpeAeneHB 11 

.nns scex yrnos H3Mepeaall shrcoxosuepraqable qacTB cnexTpa ,+ a " -ueaouoa 

B npeAenax oma!Sox sxcnepaMeDTa coananaroT, B BBaxosuepraqaollqacTR noA yrnaMH 16° 

a 30° (puc. 2 a S) aaM&TBO npeo!Snanaaae BbiXOna ,- -ueaoaos, 

Ha npaunana aapHAosoll CRMMeTpRB cneAyeT1 qTo ~na 6on&wax yrnos naoopaTopnoll 

CRCTGMbl B STOA lKe '18CTB cneKTpOB AOnlKGH Ha6n~A8TbCB OOn&WHll SbiXO~ ,+ -Me30BOB, 

O~aaxo oTBOCHTenbRO shrcoxaa noporosas aHeprHll R MeB&waa TO'IHOCT& a3uepeHHll Ha 

STRX yrnax (pBC, 5 H 6) Be D03SOnBIOT AOCTaToquo H8A8lKBO 3aljiBKCBpOB8Tb STO paanaqae, 

Ha!SniDAaeMaB pa3HH!l8 CD9ltTpos s BR3K09HeprB'\IBOli qacTR, no-BB~HMouy, esgaaaa c TOll 
161 

6011bWOII ll.CBMMGTpRell yrnosoro pacnpe~eneBRll fr -Me30BOS, KOTOp8B DO ASHHblM pa60Tbi 

aat5nroAaeTCSI ~nH uel!Tpouos c aHepraBMB ~ 400 Mas, HalKe npa oocylK~eHRR yrnosblx pac

npeAenenall Mbl aa &TOM OCTaaosaMCB 6onee noApo6ao. 

Yron 60° S na6opaTOpBOi CIICTGMG COOTBeTCTByeT yrny 100° s c.n.u., T,e, ua-

CTOn&KO !SnB301t K 90° B C,Jl,M,, WO CornaCHO 38pBAOSOll CHMMSTpHH, MOlKHO OlKB~STb 

BA&HTR'IHOCTH cne.xTpos Ans o!Soax auaxoa ue3onos, Pac, 4 noxaabrsaeT, 'ITO cnexTpbi 

"+ R ,- -ueaouos DOA yrnou 60° c xopowell ToqaocTbiO coanaAaiOT, 

nonyqeBHbiG CRQKTpbi ,+ R JT- -M830HOS DOll yrnoM 90° BSCKOnhKO "lKSCTqe• 
/8/ 

CUGKTpOB, R3MepeHBbiX C UOMOWblO ljloTosMyn&CHOBHOli K8M8pbi S paoOTe , 

Kax oTueqanoc& sblme, pac'leT noxaabrsaeT, qTo nns cnyqaSI uoaoauepr&TH'!Boro 
(ma:r) 

cDeKTpa aeliTpoaos 600 Mss, auepras E', AOnlKaa 6biT& ysenHqeHa DO cpaaueBBIO 

c sxcDepHM&HTan&no ualiAeKHoll aa 12-15%, a nonywapaaa cnexTpa YM8Hblli8Ba s 38SB-

CllMOCTB OT yrna R3MepeBHll COOTSeTCTBGHBO BS 25-35%, C yqeTOM STOrO OfiCTOSIT8nbCTB8 
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ycpeAB8BII811 eBaprBII ,AIIII JIOIIOlK&BBII M8~M7MA CDUTpA fl -MHOIIOB B C,Jl,Mo COCT&BnlleT 

7Q-75 Mea, a n011;ymapasa cnew::TpoB 7o-BO Mea. 

XapaKTepBoA oco!SeBBOCTbJO enew::TpOB nsosoa, nOil}"leBBbllt B coyAapeBBIIlt seATpoBoB 

C JipOTOBAMB, IIMDTCII t5om.moe COA8plK8BB8 B BBlt M8SOBOB BB3KBlt &BepraA, Asanorii"'BAII 

1151 
KapTBBA Bat5nJO.I18MCb II paiSOTa , rAe JIOII;y'I&Bbl CII&KTpbl JIBOBOB An!l '18Tb!p8X ,aBTepaa-

noB saepraA BaATpOBOB OT 11opora ol5pa30B4BB!I Me3oaos AO 970 Mas. HeJiocpeACTaeBBOe 
1151 

cpaBHeBBa cjlopMbl IIon)"'&BBbllt B 114CTO!IW8A paiSOT& CII&KTpOB t.I830110B C pe3ynbTaTaMB 

AalKe An!l OABIIAKOBbiX BBTapaanOB saepraA seATpOBOB, 34TpyABBTenbiiO BBBA)' Toro, 'ITO 

CAMB CD&I:Tpbl B&IITpOIIOB C)'WecTB&HBO p83nB'IBbl B ot50BX OJibiTAlt, 0AB8KO Anll J[OnB'I8CTB8B

HOII xapai:TepBCTIIKB cjlopMbl CJI&I:TpOB t.IOlKBO BOCDOnb30B4TbC!I nonOJK8HB8t.l MaJ:CJIM;yMa 
(max) 

sHepreTII'I&CKBlt pacnpeAaneBBA E 
11 

110 OTHOmeHBIO II: rpaHB'IBOA &Hepr,IIB CD&II:TpOB 

E rp' 3Ta xapaw::TepBCTBJ:a OTBOCBTenloBO Mano 'I)'BcTBBTenbBa K B8MOIIOltpOM8TB"'BOCTB aeA-

TpOHBOrO JIY'IKAo 

MucRM:YM enew::Tpa 11 c.JI,M, s sacTOsmax B3MepeBBIIlt All!l aeATpOBOB 600 Mea ••-

xoARTC!I npa saepraa (0,59:t;P,05) Erp , 3To JKa OTBomeBBe MOlKHO oupeA&nBTb no AaB-

1151 HhlM ADII aeATpoaos co epeAB&I eaepraeA 620 Mea. Oso o~:aahlsaeTCII paBBbiM 

(max) I 
E, Erp 

-Q,6S, 11 cornaeaa c samBMB aaMepeBB!It.lll. 

3Ba'IBTenbB08 COAeplK&BB8 II DOil}"leHBbllt cDei:Tpalt DBOBOB BB3KIIX eBepraA MOlKeT 

fSblTb o&J.!ICH9HO t50nlomliM BlUIA.QOiol Bep830B411CIIhllt nepeXOAOB B BCeneA)'&MbiX paai:JIB!Ilt. 

nna 9TOrO epaBliBiol II&AA8BBhl8 &BepreTB'I8CKB8 paenpeAQD8BB!I eo enai:Tp&MB rT
0 

-Meao-

HOB, oiSpaayJOWBltell B (p-p) -coyAapeBB!Ilt. CneKTphl tr
0 

-M830BOB B3y'!anBeb JlpJI 9R9p-
. 114 161 . 1111 

raa npOII'OBOB 650 Mas B patSOTax ' , a An!l nparoaoa 560 Ms1o - 11 • B fSonee 
1161 (mas) 

paHBBX aeene~tosaHBIIlt e DOMOIIJJ>JO snei:TpOBBKR DOII;y'I&Ro E rl' I E rp • 0,55, 
1141 B pa60Te , B I:OTopOA IICJ101lb30B81l8Cb BOAOpOARa!l JIY3hlpbii:OBall J:aMepa, saAA&R t5onee 

(mas) · 1111 
JKeCTKBA enew::Tp rt0 -M830ROB: E.,., IE .. 0,81. nn• npOTOROI!I 560 Mall T8KlK8 

e noMOIIJJ>JO ny3b!pbKOBOA B:awephl HaAAeBo ~;as) IE rp • 0,76. Om11tSKB An!l aeex npa

seAeHHbiX araom&RJIII Be npeshlmaJOT 10%, TaKBM otSpaaoM 1JIM&eT M&CTO oupe~teneaaas 

p43HBUa MelKA)' eneJ:TpAMB rT0 -Me30IIOB0 DOily'!eHBbiMB e DOMOIIJJ>IO &lleKTpOBBKil B Ra 

... .., 

D:Y3blpbKOBOA K&Mepe. EcnB uony'leHBhl8 eneii:Tpb! 38p!llKeHBbllt t.le30IIOB epaBHBTb, 1:811: e tSo-
114 17 I 

nee AOCTOBepllb!MBt eo enaKTpAMII ""-t.I830BOB, B3Mep8BHhlMB BA JIY3blpbKOBOA K&Mepe t t 

TO MOlKHO e,llenaTb BhlBOA 0 TOM, 'ITO nepBb!Q 

CTAM;y lSI' nonOlK8llB8 M8KCBM7MA II CD8KTp9 

eymeeTBeHHO •M.r'le'. Cornaeao MaRAenlo-

0 . 
rr -Meaoaos AOillKBO BaxoABTbe!l npa a11ep-

raa, paBBOA JlpBM&p.BO 218 MAKeBManloBOA, C TO'IKB 3p9HBII cjleBOM81101lOrii'I8CBOII TeopBB 

P8311BJ18 B eneKTp8lt ,t. -Me3011011 II ( D -p) -eoyAapeHBIIlt B rt
0 

-Me30ROB B ( p-p) -eoy-

AapeBBIIlt onpeAen..-rc:s naplUIADiollblt.l ee'lellBeM a
0 

• Eenx 15w BKnaA a· tSwn Man, + I 01 

TO o6pa30B411118 II fl 0-M83011011 B rr- -M83011011 Ollp9A8Dliiii0Cb t5w TOnbKO napllii8DioRbiM 

Ce'I&HII&M a II B eneKTphl Blt Cihlnll DOAot511hlo B paeCM8TpBB88MOA oiSnaeTII OCHOBHOII 

14 

BKnA.tl B ee'I.9RIIe ai 1 AAIOT pe30RaReRble nepeXO.tlhl, KOTOpbie JlpBBOA!IT II: C.tiBKry Cll&KT-

181 
pos DBOBOB B CTOpOay BbleOitlllt 9Repr11A • nosTOM:Y aal5nJO.Q88M811 OTHOCBTSDbBA!I •WSIJ'o 

+ 
KOCTb• CJIQJ:TpOB ,-·-M830HOB CBB.QeT&DbeTsy&T 0 cymecTB8HHOII pons HepeaOBaReRhlX. 

nepexoaos s a 
01 

B. Yrnoshle pacnpeaenea1111 

~8ROMQROilOrR'I9CXRA 8R8DII3 yrnosoro pacnpeAeneRBII M830ROB B peaXUHIIlt {S) YAoiS

RO Jlp0113BOARTb Anll CyMMApROro AHcjlcjlepeRJIRSDbllOro Ce'leHBSI M830110B 060llll' 3BUOB, 

I13MapeHBhle ADSI DSITR yrDOB CYMM8pllhl8 Ce'leSIHB npe.QCTABne.\lbl 118 pKeo 8, no IITRM 

.QARIIldM M&TO.QOM JlaRMellbmHX KB8Ap8TOII t5hln onpe.QaneB a&:anRTR'I&CXBA BB.tl WUJUIB 

ynpyroro paCnpe,lleneHBB, nna yrnosoro pacupe.QeneJIBSI II BRA& A + C cos2e Jlony'!eRO 

da* 2 -28 2 
Bblp8lKUB8: 4)i" • ((1,99±,0,06) + (0,77±,0,19) cos IJ) (1±,0,15)-10 CM leT&pAA (lS), 

PaenpeAeneJIBe (18) JI01t838BO 118 pse, 8 B BRAe KPRBOA. BenK'IRBa x2 
, Dltii&Rll851 

AnSI paeupe.QenellBSI (IS),' eOCTaMSeT 2,59 B xopomo eornac.yeTeSI e OlKllAA&MOII Benii'IB

HOA S, 3TOT peayn~oTa'l' DOKa:SblB8eT, 'ITO AnSI &BeprBII AABHoro aJteDapBM8RT8 JlpR 4118DB38 

OeHOBHhlX xapaB:TepReTRK JICene.Qy&MOrO JlpOil&Cea MOlKBO orpaBB'IRTbCSI p.&eCMOTp8HR8M 

8 - B P -eOCTOIIIIBA Me30BOB, 

HaAA&BSioa yrnosoe paenpeAenesse (18) xapaw::TepsayeTCSI uanoA aenB'IRBoA aaR3o

Tponaa ( OKODO 80% MQ30HOB pacnpeA8neliLI R30TpOJIBO), 

CpasaaM nony'!eaaoe paenpeAenaBBe e yrnoswu pacnpeAeneBBaM ,.., -MeaosOB, otSpa-
~I . 

aosaHHbiX s ( pop) -eoyAapeBBSIX. B patSOTe ADSI ,.., -Meaosos DOily'lello yrnosoe paenpe-
r 

neneBBe, tSnaaKoe 11: R30TpODHOMY, npaB:TR'I&CKII so seeM BRTepsane sccneAOBAHBbiX esep-

rHA OT 400 AO 660 Mas, 

nnll ss:eprBII 590 Mes xoecjlcjlRIUI&BT b.,O B yrnOBOM paenpeaeneBBB ADSI lr
0 -M83o-

l /51 
s:os, 3anacaHHOM s cjlopMe 1/3+btfcos8 , eornacao , paseSI 0,16±,0,12, Bonae TO"'.Boe 

as:a'leHHe b,o onpeAeneao npa SBeprss 660 Maa B eocTB.BnlleT: O,l4;!:P,04. B &Toll lKe 

ljlopMe K091jlcjlHilHeRT, nOily'leHBbiii B HaeTosmeA patSOTe, RMeeT BenB'IBRY b ,±-Q,lS:t;P,OS, 

TaKHM o6pa3oM nony'!eHHoa yrnosoe paenpe.uenellBe aaplllKeBIIldX M930BOII 11 ( o-p) -ooy

AapeHRSIX He OTIIR'ISeTCSI OT pacnpe.QeneBBSI ,.., -M830ROB, oopa30BABBbiX II (p•p) -eoy.Qape-

HRS!Xo noeKODbK;y ea"'eBBe a 
01 

Be O'lellb eBDioiiO OTnB'IAeTCSI OT a· , &TOT cjlaKT MOlKeT 
II 

CBRAeTen&CTBOBS'I'Io 0 TOM, 'ITO B pa3nB'IH8 MeJKAy yrnOBhlMB paCDpeA8D&BB!It.lll ADSI a-
01 

a
ll 

He AOJI)KS:O t5b!Tb 3118'1RTeDbBbiM, 

npH 9H&prBR ll&IITpOHOB •400 Mes 15wna saltllesa
161 

3SIS'IIITenbBaSI aeRMM9TpiiSI s 

yrnosoM paenpeAenellBB " -M830HOB OAHOrO 3BaKa: B CBeTeMe ]I,M, ,.-·-M830Hbl Be-

JlyeKanBeb B OCHOBJIOM B H8JipaBJI81lBII nepBII'IBOrO B&liTpOBa, 8 
+ 

1r -npeaM;ymeeTBeBIIO 
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aaaa Jl. 8 BaCTOSDilHX H3MepeliHS1X nony'leHa MaJJaH BeJJH'IHHa STOlt liCHMMeTpHllo 8 T86liHJie 4 
+ -

npHBe)leHbl OTBOIReBHH BblXO)lOS JT -M930HOB K 17 -M930H8M ·• 

Taonana 4 

Yron a n.c. 16° 80° 60° 80° 128° 

N,+ IN,_ 0,92±.0,05 0,91±.0,08 0,98±.0,06 1,04±_0,07 1,07±.0,10 

Hall:)lelllln!•& OTaoweHHa SblXOJlOS Neaoaos pa3Bb!X 3H8Jtos n03sonana onpeJleJJHTb Jtoaljl-

<j>HilB9HT npB 'IJI<'J!Ie COS (J s yrnosh!x pacnpeneneHBSJX. CoOTseTCTBYJODtHe yrnosble 

pacnpenenemut B c.ll.M. RMeiOT BHJl: 
+ rr-

(cb*/oi-1*) • [ (1,00±_0,04) + (0,056 ±.0,027) Cos (J + 

+ ( 0,89;t_O,l0) cos 
2 

(J 1 -28 2 
(1±.0,15) ·10 CM /cTepaJl 

(14) 

HaiSJIIo)laeMaa ae6om.wasr aana'laaa acaMMeTpHH MOlKeT ISbiTb npHllliCaaa acjKpeKTy OT Rell

/6/ 
TpOHOS HH3KHX aaeprall. 0Jt83aliOCb0 'ITO eCJJR SOCil011b30S8TbC51 BMetolltHMHC51 Jl8HHblMR 

B y'1:9CTb B B8WBX yrllOSblX pacnp&ll&ll&HBSJX liCHMMeTpBJ0 1 o6yCJJOSil8BIIylO yJr83811Bh!M sljl

<j>eKTOM, TO aCHMM&TpHSI B Dp&llenaX OntH60K HC'I938eT. 

ACHMMeTpHa S yrllOBOM pacnpell&ll&HHR IDIOHOS S0311HitaeT B p93yllbTI1Te Hll'X'ep<j>Apea-

llHH MelKilY onpelleneRBhlMB nepexolleMR napnaam.RhtX ce'leliHA o B; o a mm.Rll'l'CII 
It 01 

cneua<j>H'I8CXOll OCOO&HBOCTblO peaXJIHJl o6pa30S8HHH rr+ H rr- -M&30HOB B (n•p) -t:Oyllape-

HHHX • .UnH B03liHKHOB&IIH51 HHTep<j>epeHilHR H900XOJlHM00 'ITOObl llyltJIO!Ibl np!!; STHX nepexo

Jl8X H&XO)lHJJHCb B OllB!IaKOSOM llO CllHIIy H8'18nbHOM COCT0511!;HH H nep&XOJlB;JJH B OlliiO H TO 

JKe KOHe'IHOe COCTOl!HH&. 3TH npanana HCKil10'1810T S03MOlK!IOCTb HHTepljlepeHilRH MelKJlY 0~ 0 
H llBYMH JlpyrB;MH D8pllH8Jibllb!MR Ce'leHHHMH. B TO JKe speMa ,Qrul p&8ltllHll ( 8) COOTSeT

CTBYIOntH& Dep&XO)lbl B ~ I B 0
11 

HM&IOT NeCT00 'ITO R Dp.IIBOilHT X 8CHMM&TpRH snepen-

Ha3a)l. Ocaosaoll ( Sp) -nepelDA\ s o MOlKeT IIRTep<j>epapoaaTb TOilbKO c 'P .. ('S ,a).. 
0 I 0 0 1,0 

nepexolloM, B03MOlK!IhlM Jlll5'1 napua8Jibaoro ce'leRHII o • .Unn aaepraA HHJKe 500 Mas, 
/5/ 1 1 

cornacao naallh!M , s ce'lene o
11 

3aMeTaLIA sxnaA llBIOT aepe3oHaHcable (S s) -nepe-

XOJlhl, 'ITO, llD-SBJliiMOM;y, R DpHBOJlHT It CllllbHOll 8CHMMeTpRII yrJJOBOrO pacnpelleJJeiiHH 

Me3ol!os, aatSiliOilaeMoll npa saepra• " 400 Msa. fipB npeo6nal!aB>meA pOliH pe3oaaacaoro 

B3aHMOAellcTsHa OC.Ij:osaoa axnan s o 11 JlllH &llepMtll aeATpo11os " 600 Mas llODlKea 

BHOCBTb ( Pp) -nepeXO)l0 ltOTOpb!ll He MOlKeT HHTep<j>epaposaTb C OCHOSHblM ( Sp) -nepe

XO)lOM JlJJH o 0 1 • Taxau o6pa30M1 OTCyTCTsae acHMMeTpHH s nony'leHHhlX aaMD yrnoshlX 

pacnpeneneHUHX MOlKeT CSB)leTallbCTSOS8Tb 0 TOM, 'ITO S Ka'leCTBe OCBOSHOrO nepeXOilli 

B 0 II DpH SHeprHH " 600 Mas ShlCTYH88T pe30II411CHhlll ( p p) -.nepeXOl!, S TO speMH 

KBK )lJJH 0 
0 

I npeofSn81l810ntHM HBilSieTCH (Sp) -nepeXOil. 

16 

7. 3 a x n 10 'I e s a e 

1. 8 DtHpOKOM HBTepsane yrnos 113MepeHbt saepreTu'lecue cneJtTpbi 3aplllKeHHblX 

M930HOS, o6pa3yiOntHXCl! S ( D - p ) - COyl!apeHHHX. XapaJtTepaol! OC06eHHOCTbJO IICCJJe

l!OS81111blX cneKTpOS !IBJil!eTCll 60JibWOe COl!ep>KaHHe S HHX Me30HOS HB3KBX 9Hepral!. MaJt

CHM;yMhl ClleKTpOJI pacnonaraiOTCSI npB 9Hepraa, paSHOII ~ 0,6 OT M8KCBM8JibHO S03MOlK

HOll. 

$eaoMeaonoraq::ecJtaA aaanu3 Hai!Jlei!HbiX aaepreTH'Iecxux pacnpel!eneaal! csHJleTenb-

cTsyeT o cywecTSei!HOll pona napnaaJJbHOro ce'leHHSI 0 
0 I 

~. Halllleuaoe cyMMapaoe yrnosoe pacnpeneneaue Me3oaos xapaKTepasyeTCII Manoa 

seJJH"'HHOI! 6HH30Tp01I·BH R HMeeT BUll: 

cb* rr++.,- ~ -28 2 
(dO*) • [(1,99:!:,0,08) + (0,77;t_0,19) cos () 1 X (1 :_0,15) •tO CM / cTepal! • 

8 • .UaHRble DO yrJJOSblM pacnpe)leJJeHHHM JT + B ,- -Me30HOB llOK83biS810T np8KTH'IeCKOe 

OTCyTCTSIIe acaMMeT.:>RH. 3TOT <j>axT MOlKeT 6hlTb oo'bSICHell TeM, 'ITO npa saepraa ,. 600 Mas 

OCHOSHblMII nepeXO)l8MB DpH oopa30S81IBH Me30HOS CJJyJKaT HeHI!T&pcpepHpyiOWHe MelKJlY Co-

!ioJI ( Sp ) - nepeXOJl a 
00 1 

a pe3oHaHCI!hlA ( Pp )-nepexoA a napnaanbHOM ce'leHua 

(1• 
l-1 + ~7 2 

4. HaMepei!HaSI senaq::asa non11oro Ce'leHBl! polKJleHBH rr- -Meaoaos: (1,8±.0,2)·10 CM 

He npOTHBOp&'IHT COOTHOW911HIO MelKJlY Ce'I9HHHMH0 SbiT91t810nteM;y H3 runOTe3hl 38p51l!OBOJI 

HHSapll'81l'X'HOCTB0 H n03SOJJ51eT onpe)leJJHTb SeJJH'IHRY C&'leRHSI 00p830B811HII JT -Me30HOS 

S llyKilOB-ayKJJOHHhiX COyJlapeHBSIX C DOJII!b!M H30TOIIH'I9CKHM CllHBOM0 pasHbiM ayn10: 

11 -21 2 
0 • (2,7+1,2) •10 CM 

T=O -
, I -27 2 

5. ConocTaBJieHRe aallll&Haol! senH'IHHhi o·" c o • (10,1±.0,6)·10 CM 
'P'O T=l 

IIOK83b!BaeT, 'ITO BeCMOTpll 118 npeHM;y109CTSeHayiO pollb pe30H8HCHhiX llp01l8CCOS0 npeae-

ope)!(eBBe SKJI8)l0M l!ep930H8HCHhlX nepeXO,!lOS S <j>eHOM9HOJJOrH'IeCKHJC: MO)leJIHX oopa30S8-

HHH Me30HOS S IIYitJlOII-IIyltJJOHHbiX COy)lapeHHHX IISDH&TCH aeonpaSJl8HHhiM. 

AsTOpbl 6narOil8PHT lO.M. Ka3apaaosa, n.H. nanHilyCa B lO.H. CaMOBOS8 38 o6cyJKne

IIH9 pe3yJJbT8TOS paOOTbi. 
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2. A.Rosenfeld. Phys. Rev., 96, 139 ( 1954). 

8. S,Mandelstam., Proc. Roy. Soc., A, 244, 491 ( 1858). 

4. n.H.nanHilyc. )1(3T$ a 866 (1956). 
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