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§ 1. B a e A e H H e 

EonbwHHCTBO sKcnepaMeHTallbHhiX pa60T, nocsmneaa&IX accne~:~oaaaaro aaaaMo

AeACTBHH aeliTpOHOB C HAp8MH, BXOABmHMH B COCT8B MOJieKyn, OTHOCHTCH K 06JiaCTH 

ae60ilbWHX SHeprHA HeliTpOHOB, MeHbWHX 1 SB. 3TO 06'bHCHHeTCH, B nepayiO O'lepeAb, 

cpaBHHTellbHOli npOCTOTOli llOJiy'l6HHH H perHCTpanHH MOWHbiX ny'IKOB T8KHX HefiTpo

HOB. Me:lKAY TeM o6naCTb saeprHA BbiWe 1 :3B npeACT8B.IIH6T He MeH&WHfi HHTepec 

)lJIH HCCJie)lOB8HHH MQ116KY11HpHblX CpeA H ll03B01IH6T 8HaJIH3HpOBaTb pa3JIH'lHhie TOH

KHe a<lx!JeKThi, pacwaljlpOBKa KOTOpbiX no cneKTpaM M6AJieHHbiX aellTpOHOB npaKTH-

'16CKH HeB03MO:lKHa. 

Ill 
Ha OCHOB8HHH pBAa TeopeTH'leCKHX HCCJieAOB8HHA, CyMMHpOB8HHhiX B o6aope , 

o6mae npeACT8B.II6HHH 0 pacceHHHH aneKTpOHBOJlbTHbiX HeATpOHOB BAP8MH, BXOAHWH

MH B COCT8B MOJieKyn, MO:lKHO CljlopMyJIHpOBSTb CJI6AYIOWHM 06pa30M. llpH AOCTBTO'l

HO 6on&woll saepraa na)laromero aeli:Tpoaa H, cneAOBaTellbHO, npa AOCTSTO'IHO 6ollb-

moll (KaK npaaano) nepeAa'le aaepraa OT aeATpoaa K pacceasaromeMY BAPY 

{nopBAKa aecKO.IIbKHX sa) a<lx!JeKTHaaoe apeMH nepeAa'lH aaeprHH "' hIE OK83hiBa-

eTCH 3H8'lHTellbHO MeH&mHM nepHOAS MOJleKyJIHpHbiX KOJie6aHHA, T.e. h/ l << 1/ cu , 

rAe CU - XapaKTepaag 'l8CTOTS MOJieKyJIHpHbiX xone6aHHli paCCeHBSIOWero HApS. 

11aa'le rOBOpH, KBaHTOBOe COCTOHHHe MoneKynhl ae ycnesaeT aaMeHHT&CH cyme-

CTBeHHblM o6pa30M. lloaTOMy B cny'lae, KOrAa 1/ l << 1/ CU , XHMH'l6CKH CBH38H-

HOe HApO BeAeT ce6H K8K KB83HCB060AHOe, H MOJieKyngpaaH CBH3b npOHB.IIBeTCH 

TOJlbKO 'lepea HMnyJI&CHhiA paa6poc, KOTOpbiM 06Jia)laeT BApO H3-aa H81IH'IHH XHMH-

'leCKHX CBH3eA. 

O'ieBHAHO, 'ITO npa yKaaaHHhiX ycnOBHRX paG'leTbl ABa:lKAbi AH<tx!Jepeanaan&aoro 

Ce'leHHH pacceHHHB HeHTpOHOB 
d 2 a 

AOJI:lKHbl 6biT& aaa'lHTeiibHo 6onee npo-
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CThll\111, '18M 13 cnyqae MenneH!Ib!X HCl!TpOHOB, TaK K8K OHH CBOASITCSI TOnbKO K npa

BHnbHOMY y'leTy 'HMnynbCHblX pacnpeneneHHll paCCCHBBIOWBX "KBB3BCBOOOAHbiX' !!Aep, 

B cBoio oqepenb, TaKae aMnynhCHble pacnpeneneHHSI, KOTOpbie, Boo6me roeopSI, 

MOryT Y'IHTblBBTb BCSIKOI'O pOA8 TOHKBe OC06CHIIOCTH MOneKynSipHOr'O CTpOeHBSI (aa

npHMep, pa3nH'IHbiC a!j>!j>eKTbl HerapMOHH'IHOCTH, a!j>!j>eKTbl CBSI3B MC)I{AY BpameHHCM H 

Kone6aHaeM MOneKynbi, a T8K)I{C a!j>!j>eKTbl B3BHMOAellcTBHSI MC)I{AY MOneKynaMH B 

KOHACIICHpOB8HHbiX cpenax), llOAABIOTCSI CpBBHHTenbHO nerKoll paCIIIH$pOBK9 B paMKBX 

YKB38HHOli K8pTHHbl HB OCHOBBHHH B3MepeHHbiX cneKTpOB HCHTpOI!OB, ClTMeTHM, 'ITO 

1!8 aTHX coo6pa)l{eHBHX 6bma ocHOB8H8 BbiABBHYT8SI B.VI. [onbA8HCKBM eme B 1956 ro

/2/ 
AY HACH MCTOAB MOneKyJH!pHOll CneKTpOCKOllHH, T.e, HCCneAOBBHHSI CBOllCTB MOna-

Kyn no cneKTPBM p8CCCSIHHblX '6biCTpb!X' HellTpOHOB, 

0nHGBHHbl9 HH)I{e aK;::repaMeHTbl HMena uenbiO OTpa60TKy MeTOAHKH H3Y'I9HHSI 
/3/ 

cneKTpOB p8cceSIHHSI aneKTpOIIBOnbTHbiX uei!:TpoaoB, npenno)l{eiiHYIO <1>.11. lllanupo 

H OCIIOB8HHyiO 118 !j>HKC8UHH KOH9'1110ll 3HeprHH 119llTp0118 C nOMOIIIb!O pe30IIBIICIIOI'O 

neTeKTOp8, a T8K)I{e npoeepKy ilanoll<eiiHbiX Bbliiie TeopeTH'!eCKHX npencT8Bneaull, cyM-

/1/ 
MHpOB811HbiX B p860Te , B KB'I9CTBe 06beKTB HCCneAOBBIIHSI 6bin8 Bbi6paH8 BOAS 

BBBAY Cp8BHBTenbiiOll nerKOCTH 3KCnepBM9HTOB C HCIO H B CBSI3H C TaM, 'ITO ace 

neo6xonaMbie AnSI p8c'JeT8 nap8MeTpbi MOneKynbi 

lib! MR. 

H2 0 M0)1{110 C'JHT8Tb H3BCCT-

§ 2. MeTonaKa aKcnepaMeiiT8 

CymHOCTb M9TOA8 pe30H8HCHOI'O ACTeKTOp8 6yneT SCHOll B3 OllBC8HBSI llpHMe

x) 
HSIBIIIellCSI yCT8HOBKB, CXCM8 KOTOpOll B306p8)1{eH8 H8 pHC, 1 , Tiy'IOK HellTpOHOB 

14/ 
aMnynbcaoro pe8KTopa HEP , npollASI paccTosaae ,250 M, 'lepea KonnaMaTop 2 no-

n8A8eT aa o6pa~·.cu 1, npencTaanH!OmHll co6oll nnocKall aniOMHHBeBbiil KOHTeitaep 

2 
nnom8Ab!O 7 x 20 eM , ycT8HOBneHHbii! non yrnoM cz K H8UpaeneHBIO llY'IKa H 

38nonHeHHblit nacTannapoB8HHoi! eonoi!. PacceaaaeMble o6paanoM non yrn8MH () 
1 

H 

() HellTpOHbl perHCTpapyiOTCH ABYMSI AeTeKTOp8MH 4, KB)I{Abli! 113 KOTOpbiX COCT8BneH 
2 10 

H3 10 nponopllHOH8nbHblX C'ICT'IHKOB THna CHM0-5, HanonaeHHbiX B F3 • nnSI 

yMeHbiiieHHSI ljloHa nocTopoHHHX Hei!TpOHOB neTeKTOpbl 6bmH noMemeHbi B 38IIIBTY 5 

x) B pa6oTe/3/acnonb30B8nacb aH8norH'IHaSI ycTaHOBK8 a ObinH npoBeneHbi 

H3Mepeaas 118 rp8!j>HTe a LiF • 

4 

• 

;\ 

:~ 

',~1 
if 

. )1: 

aa nap81jlalla c B4 C H KaAMHSI. !1MnynbCbl OOOHX AeTeKTOpOB C 

BpeMeHB nponeT8 aeitTpOIIOB OT pe8KTopa no neTeKTopoe H8 BpeMeJ 

TIOCKOnhKY paCCTOSIHHe OT 00p83ll8 AO AeTeKTOpOB (80 CM) MHOI'O 

nponeTHOll 6aabi, TO nonyqaeMbie BpeMeHHbie pacnpeneneHHSI 38perJ 

aei!TpOHOB xapaKTepaayiOT co6oi! cneKTP a11eprall, KOTOpbiMH o6n8J 

no p8cCeSIHHSI aa o6paane. 

Ecna aaSITb ljlanbTp c yaKoll nonocoit nornomeaas aellTpOIIOB 

aoaanacb ljlonbra aa aonOT8 Tonma11oll 0,04 MM, y KOTOporo aMeeT 

TpoHHbill peaoH8HC npa anepraa 4,91 aB) a nocTaBBTb ero a ny'IO! 

o6p83na, TO B cneKTpax aaperacTpapoBaHHblX nellTponoB oT o6oax 

BHTCH rny6oKall npoaan npa aaepraa, p8BHOll aaepraa aToll nonocb 

Ka38H cneKTp nornomeHHH aonoToll !j>onhra, npeo6pa30B8HHbill K 

WK8ne. TipoBan B COOTBeTCTBYIOWeM CUeKTpe nponyCKBHHH A0CTHr'8 

ayns, a ero wapHH8 0,57 aa onpenenseTCH CBOllCTB8MH ljlanbTpa a 

p83peweaaeM acell ycTaHOBKH • 

Ecna )l{e TaKae ljlanbTpbi noMecTaTb aenocpencTaenno nepen 

IIOnO)I{eHHH npoBanOB B cneKTpBX 6yAyT COOTB9TCTBOBBTb aHeprHH 

KOTOpbie nocne p8ccesaas aa o6paa~e non 38A8HHbiM yrnoM aaep 

naiOT a nonocy nornoweaaH ljlanbTp8, a ax ljlopMa Tenepb onpenen 

CBOHCTB8MH o6pa3!l8, T.e. eena'IHHOll nepeAB'IH SHeprRH Me)I{AY He 

paMH. 

TaKHM oopaaoM, npoeons aaMepeHHH c ljlanbTpaMH nepen ne1 

nony'laTb aal\lopM8IU!IO o npouecce paccesHHH nellTpoaoe p8ana'1Hl 

TipH 3TOM ea)I{HO, 'IT06bl IIIHpHHB nHHHH nornoweHHSl 1\lHnbTpa ObinB 

MeHbWe aena'IHHbi cpenaeii: nepena'IH a11eprHH B aKTe p8CCeHHHSI. 

§ 3. 06paOOTKB ABII!IblX H peaynbTBTbl 

EbmO rrony'le!lo 8 epeMeiiHbiX crreKTpOB rrpa yrnax paccesHHI 

() 
2 

= 44° AnSI Tpex o6pa3UOB BOAbl C TOnWH!IBMH 1 MM, 2 MM H ~ 
B Ka'leCTBe rrpaMepa rrpaeeneHbi 8KcnepaMeH·r8nbHbie pacrrpeneneHI 

TOnWHHOll 1 MM. Ha o60HX ClleKTpax BI<AHO IIO OAHOMY IIIHpOKOMY 

llOpHAKB 20%, COOTBCTCTBY!OlllCMY paCCCSII!HIO HellTpOHOB HB BTOMB 
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e Me.c:tneHUI>IX H9lrTpOHOB, T8K K8K OHii CBOASITCSI TOnbKO K npa

nbCHbiX pacnpe.c:teneneli pacceRBB!OlllHX 'KB83HCBOOOAHblX' SI.Qep. 

, TaKRe HMnynbCHble pacnpeneneHHSI, KOTOpbie, aooome roBopSI, 

S!KOI'O po.c:ta TOHKHe OCOOeH!IOCTH MOneKynSipHOI'O CTp09HHSI (na

ljlljleKTbl nerapMOHii'IHOCTH, aljlcjleKTbl CBSI3H Mem.c:ty BpamenaeM a 

bl, a TaKme aljlcjleKTbl B381iMO.c:teiiCTBHSI Mem.c:ty MOneKynaMH B 

enax), nonnaroTCSI cpaBHnTenbno nerKoil pacmHijlpoBKe B paMKax 

a OCHOBaHHH H3MepeHHbiX cneKTpOB HeiiTpO!IOB. ClTMeTHM, 'ITO 

Obina ocaoaaHa BblABHHyTaSI B.H. fonb.c:tancKHM eme B 1956 ro

oneKyngpnol! cneKTpOCKOnHH, T.e. HCCne.c:tOBaHHSI CBOiiCTB MOne

CeSIHHbiX "oniCTpb!X' HeiiTpOHOB. 

me 3K,~repnMeHTbl HMenn uenb!O OTpaOOTKY MeTOAHKH H3y'leHHSI 
/3/ 

aneKTpoHaonbTHbiX uei!Tponoa, npennomeHnyro <P.n. WanHpo 

caunn Koneqnoil aneprnn nefiTpona c noMOlllbiO peaoaancnoro 

npoaepKy l!anoJKeHHbiX Bbime TeopeTH'IeCKHX npe.c:tcTaaneanfi, cyM
/1/ 

• B Ka'leCTBe o6'beKTa accnenosaang 6bma BblOpaaa aona 

nerKOCTH 3KCnepHM9HTOB C HeiO H B CBH3H C T9M, 'ITO BCe 

'leTa napaMeTpbl MoneKynbi H
2

0 MOmHO C'IHTaTb H3B9CT-

§ 2. MeTOAHKa aKcnepaMeHTa 

•lla pe30HaHCHOI'O .c:teTeKTOpa oy.c:teT SICHOA B3 OnBCaHBSI npaMe

cxeMa KOTopoll: aao6pamena Ha pac. 1 X) • ny'IOK Hell:TpOHOB 
14/ 

a HEP , npoll:.c:tSI paCCTOSinae 250 M, qepea KonnaMaTop 2 no-

, npe.c:tcTaBnmomall: co6oil nnocKail anroManaeBbiH KOHTeilnep 

, YCTBHOBneHHbli!: no.c:t yrnoM (I K HanpaBneHBIO ny'IKa H 

apoaannoi!: aono11. PacceaBaeMble o6paanoM no.c:t yrnaM.a (} 
1 

a 

papyiOTCSI ABYMSI AeTeKTOpaMB 4, KamAbii!: B3 KOTOpblX COCTaBnen 
10 

HbiX c'leT'IHKOB Tnna CHM0-5, nanonneHHbiX B F
3 

• .LlnSI 

TOpOHHBX HeilTpOHOB .c:teTeKTOpbl ObinH noMellleHbl B 38lllHTy 5 

ncnonbaosanacb ananorn'IHaSI ycTaHOBKa n Obln.B npoBeneabi 
e n Li F 

4 

• 
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aa napaljlaaa c B4 C a KSllMBSI. HMnynbCbl o6oax .c:teTeKTopoB copTapyroTCSI no 

Bp9M9HB nponeTa Hell:TpOHOB OT peaKTOpa AO ll9TeKTOpOB Ha apeMeHHOM ananaaaTope. 

nocKOnhKY paCCTOSIHHe OT o6paana llO .c:teTeKTOpOB (80 CM) MHOI'O MeHbllle nonnoA 

nponeTnol! oaabi,' TO nonyqaeMbie BpeMeHHble pacnpe.c:tenenaSI aaperacTpnpoBaHHbiX 

nel!Tponoa xapaKTepaayiOT coooA cneKTP aneprnll:, KOTOpbiMB o6na.c:tana aTB aell:TpOHbi 

llO paCCeSIHHSI Ha OOpaaue. 

Ecna B3S!Tb ljlanbTp c yaKoll: nonocol! nornomeHBSI neATponos (a paooTe acnonb-

30Banacb ljlonbra aa aonOTa Tonmanol! 0,04 MM, y KOToporo aMeeTCSI canhHblfi aeA

TpOHHhlA pe30HaHC npB 3Hepraa 4,91 3B) B IIOCTaBBTb ero B ny'IOK HeilTpOHOB llO 

06paaua, TO B CU9KTpaX 3aperacTpapoBaHHblX HeATpOHOB OT OOOBX .c:teT9KTOpOB nog

BBTCSI rny6oKaA npoBan npa aneprna, paBnoA aneprna aToll nonocbi, Ha puc. 2 no

Kaaan cneKTP nornomenaSI aonoToA ljlonbrH, npeoopa30BaHHhlfi K anepreTn'leCKOil 

ll!Kane. nposan B COOTB9TCTBY!Olll9M cneKTpe nponycKaHHH llOCTaraeT npaKTH'IBCKH 

aynH, a ero wapana 0,57 3B onpe.c:tenSieTCB caol!cTBaMB ljlanbTpa a anepreTB'IeCKHM 

paapewenaeM seen ycTaHOBKB. 

Ecna me TaKae ljlanbTpbl noMeCTBTb nenocpencTBeHHO nepell neTeKTopaMH, TO 

nonomeHBSI npoaanoB B cneKTpaX OYllYT COOTBeTCTBOB8Tb 3HeprHSIM TeX HeilTpOHOB, 

KOTOpbie nocne pacceBHHSI aa o6paa~e no.c:t aa.c:taHHblM yrnoM anepreTn'leCKH nona

.c:taiOT a nonocy nornomeHHSI ljlnnhTpa, a nx ljlopMa Tenepb onpenenSieTCH TaKme n 

CBOll:CTB8MB oopaaua, T.e. BenH'IBHOH nepe.c:ta'IB 3HeprBB Memny nei!:TpOHaMH H BA-

paMR. 

TaKHM o6paaoM, npoBOllSI H3MepeanH c ljlnnhTpaMH nepen neTeKTopaMH, Momao 

nonyqaTb HHijlOpMaUHIO 0 nponecce paCCeSIHHSI H9HTpOHOB paanB'IHbiMB BeWeCTBaMB, 

npa aTOM aamno, 'ITOObi wepHHa nnnnn nornomennH ljlnnhTpa Obma ana'IHTenhHO 

Menhwe aenn'IHHbi cpennell: nepena'IH anepren B aKTe pacceHHHH. 

§ 3. 06paOOTKa ABllllbiX H peaynhT8Tbl 
0 

Ebmo nonyqeno 8 speMeHHbiX crreKTpos npn yrnax pacceHHHH (} 1 = 31 n 

(} 
2 

= 44° AnSI TpeX o6pa3UOB BOAbl C TOnllll!llaMH 1 MM, 2 MM H 4 MM. Ha pHC. 3 

a Ka'leCTBe npaMepa npnaeneHbi eKcnepHMen·ranhHbie pacnpenenenHH nnH o6paaua 

Tonwnnoi!: 1 MM. Ha o6onx cneKTpax Bi<AHO no OllHOMY wnpoKOMY npoaany rny6nnoii 

nopHAK8 20%, COOTBeTCTBY!Oill8MY pacceHHHIO nefiTpOHOB H8 aTOMaX BOAOpO.c:ta, BXO-
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ASIID.HX B COCTSB MoneKyn BOAbl. llpOBBnbl OT p8CC951HH51 BB KBCnOpOil9 B aniOMBBBB 

KOHTeilnepa B npeAenaX OWBC50K He o6napylKBB810TC51. Bee OCTBnbHble KpBBb19 BeCbMB 

noXOlKB B8 npBB91leBHble H8 pBCYHKe, npH'I9M nonolKeBBSI MBHBMyMOB R8 BC9X KpBBblX 

YAOBneTBOpHTenbHO cornaCylOTCSI C aenH'IHBBMH, nony'IBIOID.HMHCSI H3 ljlopMynbl llnSl 

paCCeSIRHSI sefiTpOHa H8 HenOilBHlKHOM npOTOHe; 

2 
E

0 
•E'/cos 0, (1) 

rAe KOHe'IH851 9HeprHSI pacceSIHHOro HeilTpOH8 E' • 4,91 9B (KSK 9TO BblTeKaeT B 

Ill 
H3 TeOpHH ). 

~anbHeilwaSI o6pa60TKa CBOAHnacb K cneAyiOW.eMy. qepea TO'IKH c o6enx cTo-

pon OT npoaana npoBOAHnacb OT pyKH rnanKaSI KpHBBSI, KBK yxaaano na puc. 3, H 

OpllHHBTbl TO'IeK B pailone npoaana Bbl'IHTanBCb H3 COOTBeTCTBYIOID.HX OpllHBBT 

!CpHBOll. llony'laeMble TBKBM nyTeM cneKTpbl nornow.eRHSI ReHTpOHOB 30nOTblM cjlBnbT

pOM, npenBapnTenbHO HOpMHpOB8RHble R8 RepBBHOMepRblli cneKTp ReliTPOHOB, peru

CTpHpyeMblX neTeKTOpOM ( Ta )!{e C8M851 rn81lK851 KpBB851), B306p8lK8nBCb rpacjla'leCKB 

B wxane aneprnil (eM. npnMep aa puc. 4). qepea nony'leHHbie TO'IKB on51Tb npoaonu

nHCb rnaAKHe KpHBbie, KOTOpbie Mbl xapaxTepuayeM nono~BRO.l! wupBHbi A E axcn 

no neBOMY cxnony na nonoanne BbiCOTbi nuxa. 

B aenH'IHHhi 1\E BHOCHnHCb nonp8BKH Ha annapaTypHylO lli.HpHHy naHHH 
3KCn 

1\E 
ann 

H WHpHHy L\ Eo , . CBSI38HHYIO C KOHe'IHblM yrnOBblM paapeWeHBeM YCT8HOB-

KH. HcnpaaneHH8Sl WHpBH8 Bbl'IHCnSlnaCb no cjlopMyne: 

AE •yAE2 -i\E2 
ucnp aB:cn ann 

'/ 
-A Eo 

qncneHHbie sna'!eHHSI L\ E ann nony'lanucb H3 wupHHbl nuxa 0.57 aB na puc. 2, co-

OTBeTcTayrow.eli 3HeprHH HefiTpOHOB 4,9 38 0 KOTOp8Sl nepeC'IHTb!B8n8Cb K 3H8'19HHSIM 

3HeprHH tl,7 H 9,5 3B C HCnOnb30B8HBeM H3BeCTHOH cjlyHKUBB 3HepreTB'IeCKOrO paape-

WeHHSI ycTaHOBK)I, 8 !\ E 0 Bbl'IHCnSlnHCb nyTeM AHcjlcjlepeHUHPOB8HHSI lj!OpMynbl ( 1) 

no 0 H HCnOnb30B8HHSI reoMeTpHH 06pa3U8 H AeTeKTOpOB. 

Bee 'IHCnOBhle peaynbT8Tbl CBeAeHbi B Ta6nnue. KaK BHAHO H3 Ta6nHUbl, BCe 

3Ha'leHHSI !J. E AnSI naHHoro yrna 0 
ncnp 

H8XOASITCSI B pa3yMHOM COrnaCHB 

Jtpyr C ApyroM, a BenH'IHHbl nonpaBOK, T.e. p83HOCTH 

npeBOCXOASIT pas6poca MelKAY OTAenbHblMH 3H8'1eHHSIMH 

6 

• 

!J.E 
ax en 

L\ E , He 
HCnp. 

A E • 
ncnp. 

'\ 

'I 
·~ ··.; 
/,.,: 

,1~~-

:· .. :,.~t 
·~: ~ 
. 

·lu~' r 

,;•, 

·\ 

MOlKHO 6binO O>I<HAaTb, 'ITO C poCTOM TOnlli.HHbl o6paana 6yneT B 

wnpnHa nuxa aa C'leT axnaAa OT npoueccoa MHoroxpaTaoro pacces 

B o6pa3Ue. 0AHaKO K8~ no1 /!;. E , TaK H He npHBOAHMble HaMH 
ax en 

nBKOB C y'leTOM 060HX CKnOHOB He 06Hapy>KRB810T aaMeTHOli KOppenSII 

o6pa3U8. 8 3THX ycnOBHSIX Mbl BnpaBe C'IHTaTb, 'ITO BnBSIHBe MH\.lrOK! 

HHSI He BblXOAHT Sa npencnbl 0Wli60K, ycpeAHl!Tb nony'leHHble peaynbT 

own6xy KaK cpeAHee oTKnOHeHne OT cpeAHero: 

NYN! 
nn 

I. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 

AEeti.E 

TonW.HHa 

o6pasua 

IMM 
2MM 
4:uM 
4MM 
Iw 
2w 
4MM 
4:Mll 

ucnp 

0 

31° 
31° 
31° 
31° 
44° 
44° 
44° 
44° 

( 1,9;t0,2) an npu 

(3,4;t0,3) sa np11 

Ta6naua 

L\E 
Cl 

60° 
60° 
60° 
135° 
60° 
60° 
60° 
135° 

3KCn 

3B 

1,9 
2,2 
1,8 
2,2 
3,7 
3,4 
3,8 
3,2 

L\E 
ann 

3B 

0,58 
0,58 
0,58 
0,58 
0,60 
0,60 
0,60 
0,60 

0 = 81° 
0 = 44°. 

L\ Eo 

3B 

0,28 
0,28 
0,28 
0,41 
0,49 
0,49 
0,49 
0,97 

A E ucnp 

3B 

1,78 
2, IO 
1,68 
2,08 
3,62 
3,31 
3,73 
3,00 

§ 4. TeopeTB'Iecxae ljlopMynbi H !IX conocTaaneHHe 

C peaynbTaTaMH 3KCnepBMeHTa 

8HyTpl!MoneKynSlpHbie KOne6BHBSI AnSI BOAbl, H8XOA511D.eliC51 npB 

paType ('ITO ll 6bino B 3KCnepHMeHT8X), MOlKHO C'IHT8Tb anonHe r1 

B aTOM cnyqae ce'leHHe pacceSIHHSI HeilTpOH8 8TOMOM BOA0pOA8 B 3 

aoro yrna d 0 c nOTepeli aHeprua dt naeTCSI ljlopMynoA (eM. 

OTBe'!SIOW.eli MOAenH KB83~CB060AHOrO pacCeSIHHSI H cnpaBeAnHBOA C 

- x) 
TO'IHOCTb!O nOpSI):IK8 y w/ f 

X) 8 AanbHeliweM HCnOnb3yeTCSI CHCTeM8 eAHHHU, B KOTOpOA no< 

u nocTOSIHHSSI EonbUMaHa npHHSITbi paBHbiMH eAHHHne. 

7 



fipOBSilbl OT paCC9!1HHSI HS KHCIIOpOlle R 811JOMHHRH 

He 06HapylKRB8JOTCII. Bee OCT81lbHble KpRBble B9CbMa 

cyHKe, npH'IeM nonolKeHHSI MRHRMyMOB HS BCeX KpRBblX 

!1 C BellH'IUHSMU, nony'ISIOWUMUC!I U3 <jlopMynbl llllSI 

lKHOM npOTOHe; 

-E'/cos
2 

0, ( 1) 

uef•Tpoua E • = 4,91 sa (KaK STO BbiTeKaeT H 

CBOllUIISCb K CllellyiOWeMy. 'l{epe3 TO'IKH C o6eUX CTo

OT pyKU rnaAKS!I KpHBSSI, KSK YK838HO HS puc. 3, H 

npoaana Bbl'IHTallHCb U3 COOTB9TCTBYIOWHX OpAHHST 

cneKTpbi nornoweau!l ueiiTpouoa 30IIOTblM <jlan&T

Ha uepaauoMepu&Ili cneKTP ael!TpOHOB, pera

caMa!l rnanKa!l Kpuaa!l), aao6palKanuc& rpa<jla'leCKH 

sa puc. 4). 'l{epea nony'leHH&Ie TO'IKH onSITb npoaonu

M&I xapaKTepusyeM nonoi!UHO.l! WUpUHbl f'l E SKCn 

BbiCOTbl nuKa. 

BHOCUnHCb nonpaBKU Ha annapaTypHyiO WHpHHy IIBHUB 

B!l3aHHYIO C KOHe'IHblM yrllOBblM pa3peW9HHeM ycTaHOB

'IUCII!InaCb no <jlopMyne: 

2 2 
eyf:IE -I:IEarrn 

3KCn 

r 
-A Eo 

nolly'lallHCb U3 ll!UpUHbl nUKS 0.57 3B HS pac. 2, CO

OHOB 4,9 3B, KOTOpa!l nepeC'IHTbiBanaCb K 3H8'19HH!IM 

OBaHHeM H3BeCTHOH <jlyHKUBH 3HepreTU'I9CKOrO paape

<jlOpMynbi ( 1) 

o6paaua u neTeKTopoa. 

Ta6nuue. Kax BHAHO as Ta6nuuhi, ace 

0 HaXOASITC!I B pa3yMHOM COrllSCHU 

pa3HOCTU 1"1 E - 1"1 E , He 
SKCn UCnp. 

OTAellbHbiMH 3Ha'leHU!IMU 1:1 E 
UCDp. 

6 

.~ 

"·'.~' ~\ :' 
;··' 

:,t •. :., 
-~· 

·:;\~,. 
1! 

.x;, 

··:~ 

''I /J 
"!. 

• 
''~: 

:t: 

MOlKHO 6blll0 0}1<HA8Tb, 'ITO C pOCTOM TOIIWHHbl o6pa3Ua 6yaeT B03p8CTaTb H 

WHPUHS nuKa 38 C'leT BKnaaa 0T npoueCCOB MHOrOKpSTHOrO paCCe!IHU!I Hel!TpOHOB 

B o6paaue. 0aHaKO KS~ f'l E SKCn , TSK U He npHBOAUMbie HaMU nOIIHbie ll!HpUHbl 

nHKOB C y'leTOM 060UX CJ<IIOHOB He o6Hapy»<HB810T 38MeTHOA KOppen!IUHK C TOilillKHOA 

o6paaua. B sTux ycnoaaSix Mbi anpane C'IUTaTb, 'ITO anuSIHue MH\JroKpaTnoro pacceH-

HUSI He Bb!XOAUT Sa npeACilbl Oll!U60K, ycpeAHHTb nony'leHHble pe3yn&T8Tbl H aaTb 

Oll!H6Ky KSK CpeAHee OTKIIOHeHHe OT CpeaHero: 

f'lE.,f..E = ( 1,9±_0,2) SB npu 8 = 31° 
11cnp (3,4±_0,3) SB npH 0 m 44°. 

Ta6nuua 

NYN! TonwuHa 
!'!E /'..E to. Eo I'!E 

BpeMSI uaMe-8 Cl 
SKCn ann acnp 

nn o6paana 9B SB 3B 3B pOHUSI, 'laC 

I. IMM 31° 60° 1,9 0,58 0,28 1,78 32,0 
2. 2MM 31° 60° 2,2 0,58 0,28 2,10 39,5 
3. 4MM 31° 60° 1,8 0,58 0,28 1,68 20,6 
4. 4MM 31° 135° 2,2 0,58 0,41 2,08 15,5 
5. 1w 44° 60° 3,7 0,60 0,49 3,62 32,0 
6. 2MM 44° 60° 3,4 0,60 0,49 3,31 39,5 
7. 4MM 44° 60° 3,8 0,60 0,49 3,73 34,8 
8. 4l0l 44° 135° 3,2 0,60 0,97 3,00 15,5 

§ 4. TeopeTu'leCKHe <jlopMynhi u ux conocTaaneuue 

C pe3yllbT8T8MH SKCnepHM9HT8 

BHyTpUMoneKyn!lpHbie KOne6aHU!I AilS! BOAbi, HSXOASilllellcg npH KOMHSTHOll TeMne

paType ('ITO II 6blll0 B SKCnepuMeHTaX), MOlKHO C'II!TaTb BnonHe rapMOHH'I9CKHMH. 

B aTOM cny'lae ce'leHae pacceSIHHSI 

c nOTepell sHeprHH 

HeliTpoHa aTOMOM aonopoaa B sneMeHT Tenec

/1/ 
d f A89TCSI <jlopMynoll ( CM. , CTp. 73), Horo yrna d 0 

OTBe'ISIOWell Moaenll xeaa~ceo6onHoro pacceSIHHSI H cnpaeeanueoll c OTHOCHTenbHoll 

TO'IHOCTbiO nop!IJ:lK8 V w/ f 
x) 

X) 8 l18llbH9lllli9M I!CnOn&3yeTCSI CHCT9M8 eAIIHHU, B KOTOpOll nOCTOSIHHaSI finaHKS 

a nocTOSIHHaSI Eon&uMaHa npi!HSIThi paBHbiMH enaHane. 
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I 

d 2 0 2 

d:d'O = 41 FH I 
k' 1 2 -< .ezp[- (f-R) ]> 
k ~ ... ' 

v'h Rru (a) 2Rru (a) 
(2) 

.. .. 
f'Jl9 F - 8MllllHTYJl8 pacC951HB51 ReiiTpOHS CB060JlHbiM npOTOHOMj k H k~ HM-

H (It• - k) 2 
nym.cbl uei!Tpoua JlO a nocne pacceHHHH, R = 

2 
aueprHH OTJlS'IH aTOMS 

.. m 
BOJl0p0Jl8j m -MSCCS llpOTOHS. H Cd ( a ) - a$jleKTHBH851 9H9pl'H51 paCC9HB81011l9f'O 

STOMa, BKJ110'181011l851 K8K a<flljleKTbl MOJ19KY1151pHOl'O KOne68HH51, TSK H a$jleKTbl no

CTynaTeJibHO!'O H Bp811l8T9JlbHOf'O JlBH~9HHil: 

.. 
3JleCb c

1 

ru(;).I(;1 ;) ru cth 
l 

ru, 

2 T 
+ 2 Tit m -I ; . 

8MllllHTYJlHbl9 B9KT0pbl Jll151 paCC9HB81011l9f'O STOMa, Bblpa~eHHble B 

9JlHHHil8X 1/m B CB5138HHbl9 C CHJlOBbiMH llOCTOHHHblMH MOJleKynbl, T - '1'9Mne-

" 
paTypa a m -TeH30p MSCC Jll151 p8CC9HB81011l9f'O 51Jlp8, KOMllOH9HTbl KOTOpOl'O J:lll1-

pa~9Hbl B 9JlHHHil8X m BeKTop ; , llpHHBMSIOI!lHil npOH3BOJlbHbl9 H81lp8BJ19lt1!51 

B npOCTpSHCTBe, X8p8KT9pH3yeT OpH9HT81lHIO MOJ19KYI1bl, a CHMBOJl < > 03Ha'la-

eT ycpeJlH9HB9 no OpBeHTallBSIM MOnexynbl, T.e • .HHTel'pHpOBaHBe no d n/4 fr. 0rMe

THM, 'ITO a <flopMyne (2) nocTynaTenbHOe H apamaTem.uoe JlBH~eHHH MoneKynbl 

npe)lnonaraiOTcSI cao6oJlHblMB. 

PeaynbTST COUOCT8BJ19HB51 TeOpHH C 9KCnepHM9HTOM npHB9Jl9H Ha pHC. 5, l'Jle 

9KCnepBM9HT8JlbHbl9 TO'IKH npeJlCT8BJ15110T co6oil CYMMY BC9X Cll9KTpOB, OTHOC5111lHX

CSI K JlaHHOMY yrny pacce51HH51. CnllOI!lHbl9 KpBBbJ9 Ha pHCYHKe nony'leHbl HS OCHOBe 

<flopMyJlbl (2) nyTeM 'IHCJ19HH0f'O HHTel'pBpOBSHHH, a nyHKTHpHbl9 KpBBble OTB9'1aiOT 

ynpOI!l9HHOii TeopeTH'I9CKOil <flopMylle 

2 
2 

1 
(E-E) 2 

d 0 =4IF I --ezp£- 0 1 
d f d 0 

H __ ft.2 

v' , !I 

(3) 

f'Jle 

2 
2 2 ala 6 

E'; • /'o = 
cos 

4 
6 

(4) 

llOJlY'ICHHOli H3 (2) nyTeM 3aM9Hbl CTpOl'Ol'O ycpeJlH9HHSI BB9Jl9HH9M cpellH9li B911H-

'IHHbl 

ru•<<U(;)>;;; (0,17 + 1,IT) aa ;0,2 aa (npa T=300°K) 
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a c acnom.aoaauaeM npennono~esag, 'ITO E- E0 < 6. • Heo6xonBMbie ll 
/5/ 

KOHCTSHTbl JlJl51 MOneKyllbl 8 I 0 38BMCTBOB8Hbl 113 • 

Ecna aa aKcnepaMesTanbHbiX aaaqesail mapHHbi 6. E sailTH n1 

a rayccoaoM pacnpeneneHHH (3), TO no <flopMyne (4) MO~Ho onpenena 

M9HT8JlbHbl9 3118'19HBSI cpenseil 'ISCTOTbl Cd • CoOTaeTCTBYIOI!lHe Bbi 

BOllSIT K TSKOMY pe3ynbTaTy: 

- 0 
Cd "' (0,26!_0,06) 9B llpB 8 = 31 , 

i; • {0,24 !_0,04) SB npH 6 =44°. 

l1 TSK, Cp8BHBB851 TeOpHIO C 9KCnepBM9HTOM, MO~HO 38KniO'IHTb, ' 

MaKCHMYMOB sa6niOJl89MblX pacnpeneneHBil, 8 TSK~e BX lllHpHHbl YllOB. 

COf'J18CyiOTCSI C TeopeTB'IeCKHMB. 0THOWeHBe BblCOT MSKCHMYMOB pacn~ 

'181011lBX llBYM p83HbiM yrnaM paCC951HH51 31 O B 44° H OllHOMy H TOMY 

ceHBHbiX aei!Tpouoa, paeaoe 1, 7, TaKlKe npaMepuo coananaeT c TeopeT 

nB'IBHOii aToro OTsomeHBH, paasoil ft. ( 44 °) I /'J. (31 °) = 1,9. Teopu~ 
ll89T HS6J110ll89MYIO Ha OllbiTe aCBMM9TpHIO B SHepl'eTH'IeCKHX pacnpeJlE 

ceaaaeMbiX uei!Tposoa. HeKoTopoe xona'lecTeessoe pacxo~nesae, .aa~ 

p8CC951HB51 31°, B03MO~HO, o6'b51CH519TC51 KaKHMH-TO H9Y'IT9HHblMB llOf'J: 

SKCnepHMeHTa, 8 T8K~e, B03MO~HO, llp051BJ19SH9M a<flljleKTOB ~BllKOl'O C 

y'!T9BHblX B TeOpBH, B OlllB6K8MB, CB513aHBblMB C HCllOnb30B8HB9M ll) 

![B83HCB060llBOii 'ISCTBilbJ, KOTOpble MOf'YT BMeTb nop!lllOK 10%. B nenc 

SSM npellCTSBn!leTCSI B03MO~BbJM ClleJ18Tb Bb!BOll, STO 9KCnepBMeST I 

/1/ 
BCe Ka'leCTBeHHbie BblBOllbJ TeOpBB H H8XOllBTC51 C Hell T8KlKe B : 

TenbHOM ( Y'IBTbiBSSI 3H8'1HTeJlbHbie 9KCnepBMeHTaJlbHbie Ol!lH6KB) KOm 

cornacBH. 

HaM npencTaanHeTc~ TaKlKe, 'ITO nocne nanbaeilwero ycosepweu' 

OllBCSHHOil 9Ke'll9pHM9HT8JlbHOil M9TOllHKH (nOBbllll9HH5l TO'IHOCTH H3M9p 

60TKB nponenypbi H3MepeHH51 a6coniOTHOii senH'IHHbi ce'!eHH!l pacceSIHJ 

~eT 6b1Tb HCilOJlb30BaHa llllSI KOJ1H'19CTB9HH0f'O Ollp9ll9119HH51 H9KOT0pb 

HbiX KOHCT8HT (aanpHMep, CHJlOBblX llOCT051HHbiX), a TaKJKe llll!l BCCJ19) 

JlB'IHblX s<fl<fleKTOB Hel'apMOHH'IHOCTH BHyTpBMOJleKynHpHblX KOne6aHBli. 

OTMeTBM TaKJI{e, 'ITO <flaKT nonTeepli{JleBBll Monena •Kaaaacao6o)l 

HBll CB5138HHblMB 51JlpaMB ll03BOJ1ll9T, no-HallleMy MH9HHIO, TaK~e C'IBTI 

a o6my10 KapTBHY ueynpyrax nponeccoa, npoacxonHIIlHX a MoneKyne nc 
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2 
u k' 2 

c 41 FH I 
k 

2 
( f- R) 

< .ezp [- 1 >. 
y2rrRcu(;) 2Rcu(;) (2) 

pacceSIIfHSI ael!Tp0H8 CB060ilHbiM npOTOHOM; k H k~- HM-

(t;' - k) 2 
nocne pacceSIHHSI, R = 

2 
:aaeprHSI OTLU!'IH 8TOM8 

.. m 
npoToHa. H cu ( n ) - :a<jxpeKTHBHBSI :aaeprHSJ pacceHBBIOIUero 

S1 K8K :a$1jleKTbl MOileKyilSipHOI'O KOne6aHHSI, T8K H :a<P<!>eKTbl no

p81U8T9ilbHOI'O llBHlK9HHll: 

;).l:(;.;) cu cth 
I 

cu I 

2 T 
" + 2 T n m -l ; . 

'UilHTYilHb!e BeKTOpbl llilSI paCCeHB8IOIUero 8TOM8 0 Bblp8lKeHHb!e B 

a CBSJ3aHHhie c cHnOBbiMH nocTOSIHHhiMH MoneKynhJ, T - 'l'eMne-

aop Mace llilSI pacceHB8IOIUero Slllpa, KOMnoaeHTbi KOToporo ~llf-.. 
x m BeKTOp n , npHHHM810IUHll npOH3BOilbHble HanpasneHIISI 

apaKTepHayeT OpHeHT8UHIO MOileKyilhi, a CHMElOil < > 03H8'I8-

OpHeHT8llHSIM MOil9KYilb1 0 T,e, .HHTerpHpOS8'HHe no d n/ 4 rr. 0rMe

e (2) nOCTYnaTeilbHOe H BpaiUaTeilbHOe llBHlK9HHSI MOileKynbl 

060ilHbiMH, 

'UOCT8Bil9HHSI TeOpHH C 3KCnepHM9HTOM npHBelleH H8 pHC, 5, I'lle 

TO'IKH npellCT8BilSIIOT co6olt CyMMY SCeX cneKTpOB, OTHOCSIIUHX

pacceSIHHSI, CnnoiUHbie KpHSble Ha pHCYHKe nony'!eHbl H8 OCHOBe 

'IHCileHHOI'O HHTerpHpOS8HHSI 0 a nyHKTHpHbie KpHBble OTB9'!8IOT 

'H'I9CKOJ! $opMyne 

2 
d u --= 4 I F I ·2 1 ( E - E ) 

2 

d f d o H --- exp[- o l 
v;-t-. !12 

(3) 

[\ 2 = 2 sin 
2 e E'-

cos~ () 
cu, 

(4) 

nyTeM aaMeHbi CTpororo ycpellHeHHSI BSelleHHeM cpellHeA aena-

< w( ; ) > ;; ( 0, 17 + 1, 1 T ) :as ;; 0, 2 :as ( npH T = 300 °K) 

8 .. 
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H c acnom.aoaaaaeM npellnonoJKeHHSI, 'ITO E- E
0 
< !'J. • Heo6XOilHMhle llilSI pac'IeTOB 

KOHCT8HTbl llilSI MOileKyilbl H I 0 38HMCTBOB8Hbl H3 
151 

Ecna H3 :aKc;:nep&MeHTailbHbiX aaaqeaaA wapHHbi A E H8llTH napaMeTp !'J. 

B rayCCOBQM pacnpelleileHHH (3), TO no $opMyne (4) MOlKHO onpelleilHTb 3KCnepH-

M9HT8ilbHble 3H8'IeHHSI CpellHelt 'I8CTOTbl CU • CooTBeTCTsyiOIUHe Bbi'IHCileHHSI npH-

SOASIT K T8KOMY peaynbTaTY; 

;; • (0,26:!:,0,06) :as npH () ~ 31°, 

ii • {0,24 :!:,0,04) :as npa () -44°. 

HTaK, cpasaasaSJ TeopHIO c :aKcnepaMeHTOM, MOlKHO 38KniO'IBTb, 'ITO nonoJKeHHSI 

M8KCHMYMOB H86iliOil89Mb!X pacnpelleileHHll, a T8K:JKe HX WHpHHbl YllOSileTBOpHTeilbHO 

COI'il8CyiOTCSI C TeopeTH'I9CKRMH. 0THOW9HBe BbiCOT M8KCRMYMOB pacnpelleneHHti, OTSe

'I81011lHX llBYM p83HblM yrnaM paCC9SIHHSI 31 O R 44° H OllHOMY H TOMY X<e 'IHCily pac

CeSIHHbiX aeii:TpOHOB0 paBHOe 1, 7, T8KX<e npHMepHO COSII81l89T C TeOpeTR'ISCKOJ! se-

ilH'IHHOll :aToro OTaoweHHSI, paaaoA A (44°) I A (31°) = 1,9. TeopHSI TaK:JKe nepe-

ll8eT H86iliOil8eMYIO H8 OllbiTe 8CHMMeTpHIO B :aaepreTH'IeCKHX pacnpeAeneHHSIX pac

CeBS8eMbiX aellTpoaos. HeKOTopoe KOilB'IeCTseaaoe pacxo:lKileaue, .aaMeTaoe npH yrne 

p8CCeSIHBSI 31°, S03MO:JKHO, 06'bSICHS!eTCSI K8KHMR-TO aey'!TeHHblMH norpeWHOCTSIMII 

3KCnepHMeHTa, 8 T8K:JKe, B03MOlKHO, npOS!Bil9HHeM :a$$eKTOS lKRilKOI'O COCTOSIHHSI, ae

y'!TeHHb!X S TeOpRB, H OWH6K8MH, CSSI38HHblMH C HCnOilb30B8HHeM npH6ilHlK9HHSI 

~B83BCS060ilHOll 'I8CTHUbl, KOTOpb!e MOI'YT RMeTb nopSIIlOK 10%. B uenOM, OllH8KO, 

H8M npeACT8BnSieTCSI B03MO:JKHbiM Cll9il8Tb SbiSOil, 3TO 3KCnepHMeHT nOilTS9P*Il8eT 

Ill 
BCe K8'IeCTSeHHbie Bb!BOilbl TeOpHB H H8XOilBTCSI C Hell: T8KX<e S YllOSileTSOpH-

TeilbHOM ( Y'IHTbiB8SI 3H8'IHT9ilbHbie 3KCnepBMeHT8ilbHbie OWH6KH) KOilH'I9CTSeHHOM 

cornacua. 

HaM npellCTasnseTCSI T8KlKe, 'ITO nocne llailbHeAwero ycosepweacTsoaaHHSI 

OIIHC8HHOH 3KC!mep&MeHT8ilbHOi!: MeTOilHKH (nOBbiWeHHSI TO'IHOCTR R3MepeHRH, paapa-

50TKH llpOU91lYPbl H3MepeHBSI a6COiliOTHOll SeilH'IHHbl Ce'!eHRSI p8CC9SIHHS1) OH8 MQ

)!{eT 5biTb HCIIOilb30B8H8 llilSI KOilH'IeCTBeHHOI'O onpelleileHHSI HeKOTOpblX MOileKyilSip

HblX KOHCT8HT ( aanpBMep, CHilOBblX nOCTOSIHHb!X), 8 T8KX<e llilSI HCCilellOB8HHSI pa3-

ilB'IHblX :a$$eKTOB HerapMOHH'IHOCTB BHyTpBMOileKyilS!pHbiX KOne5aHHti. 

0TMeTHM T8KX<e, 'ITO <i>aKT nOilTBep:JKJleHHSI MOileilB *KB83HCB060ili!OI'O" paCCeSI

HHSI CBSI38HHbiMH S!llp8MH n03BOilS!eT, no-HaWeMy MHeHBIO, T8KlKe C'IHT8Tb npaBHilbHOH 

B 06IUyiO KapTHHY HeynpyrBX npoueCCOB, llpOHCXOJlSIIUHX B MOileKyne nOll llefiCTBHeM 
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/6/ 
sneKTpoasollbTHhiX aeliTpoaos • Cornacao sToli KapTHHe, TaKae aeyrrpyrae rrpouec-

Cbl pacnaaaiOTCR aa asa aeaasaCHMbiX sTana; B Te'teHae nepaoro aeliTpoH nepeaaeT 

CBR3aHHOMY RllPY H9KOTOpyiO 3HeprHIO, KOTOpag B aanbH9HW9M (aTOpOli STan) 

aaTpa'lHBaeTCSI Ha pa3ITH'lHbl9 Heynpyrae npOU9CCbl, npOHCXO.QRWH9 B MOITeKyne. Tio

CKOITbKY aa cneKTpax pacceRBHbiX aeliTpOHOB STH nocneayiOwae rrpouecchl (aanpa

Mep, .QHCCOUHSUI!R MOITeKynbi) COaepweHHO He CK83bi8810TCR, IIOITy'leHH9 H8 OCHOB8-

HHH 3THX crreKTpos KaKax-na6o cseaeaali o6 3THX aeynpyrax npoueccax (aanpaMep, 

o6 SHepi'I!H CBSI3H MOIT9KYITbl) cneayeT C'li!T8Tb H9B03MOlKHblM, 

AaTopbi ahipalKaiOT cao10 rrpaaaaTenbHOCTb ¢.n. lllanapo a !O.A. AneKcaaaposy 

aa rroneaHbie o6cylK.cteHHR, a TaKlKe r.K. 11saaoay aa noMOWb s TeopeTH'teCKHX 

pac'teTax. 

n H T e p a T y p a 

1. r.K. 11saaos, !O.C. Cagcos. Y¢H, 90, 47 (1966). 

2. B.11. ronb.QaHCKHli. )K3T¢, 31, 717 (1956). 

3. T.A. Maqexaaa, 3.11. OrlKesanbcKali, ¢.n. lllanapo. MaTepaanhi pa6oqero cose-
waaaR no <jlaaaKe MeaneHHbiX aeliTpoaos (7-12 aeKa6pg 1961 r.). TipenpHHT 

0115111 856, ,Uy6aa 1962, cTp. 180. 

4. E.H. EyHHH, 11.M. MaTopa, C.K. HaKonaes, n.E. TiaKellbHep, 11.M. ¢paHK, 
E.n. llla6anaa, ¢.n. lllanapo, !O.C. HasauKali • .UoKnaa aa m MelKayaapoaaoa 
KOH!jlepeauaa OOH no acnollbaosaHHIO aTOMHOli saepraa B MHpHbiX uenRx, 

28/P/324, 1964. 

5. E. BanbCOH, .n . .Uewayc, n. Kpocc. TeopHS! Kone6aTeiTbHblX cneKTpOB MOITeKyn, 

M., 11n, 1960. 

6. LK. 11aaaos, !O.C. Cagcos. MaTepaanhi pa6o'tero cosewaaaH no aeynpyroMy 
pacceRHHIO MeaneHHbiX aeliTpoaos. TipenpHHT 011 Hl1 2081, .Uy6aa 1965, cTp. 24. 
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PyKOnHCb IIOCTyrrana B H3AaT9ITbCKh~ OT.Qen 
29 HIOHSI 1967 r; 
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/6/ c u eATpoaoa ornacao sTOll KapTHHe, TaKHe aeynpyrae npouec-

aaa aeaaaHCHMhiX sTarra; a Te'leHHe rrepaoro aeATpoa nepeaaeT 

KOTopyiD saeprHID, KOTopal! a aanbaeAweM (aTopoA sTarr) 

aanH'lHbJe aeyrrpyrae IlpOUeCCbi, IlpOHCXOJll!WHe B MOneKyne. no-

X paccel!HHhiX aeilTpoaoa STH rrocneayiDwHe rrpouecchi ( aanpH

oneKynH) coaepweHHO He CK83biBSJOTCll, rrony'leHHe H8 OCHOB8-

KSKHX-nH60 caeaeaafi o6 STHX aeynpyrax rrpoueccax (aarrpHMep, 

oneKynbl) cne)lyeT C'lHTSTb HeB03MOlKHbiM. 

aiDT caoJO npaaaaTenbHOCTb <P.n. Warrapo H IO.A. AneKcaaapoay 

eHHll, a T8KlKe f.K. 11 B8HOBY 38 !IOMOlllb B TeopeTH'leCKHX 

n H T e p a T y p a 

Cagcoa. Ycl>H, 90, 47 (1966). 

• )K3T4>, 31, 717 (1856). 

3.11. OrlKeaanbCKHfi, <P.n. Warrapo. MaTepaanhi pa6oqero coae-
MeaneHHbiX HeilTpOHOB (7-12 )leKa6pl! 1861 r.). nperrpHHT 

a 1862, CTp. 180. 

• MaTopa, C.K. HHKOnaea, n.E. naKenbHep, 11.M. cl>paHK, 
.n. Warrapo, IO.C • .H3BHUKHil. LloKna)l H8 m MelKJlyHapOJlHOA 
no HCIT0nb30B8HHIO aTOMHOH SHeprHH B MHpHbiX uenl!X, 

ewayc, n. Kpocc. TeopHll Kone6aTenbHbiX crreKTpoa MoneKyn, 

• Cagcoa. MaTepaanhi pa6oqero coaemaHHll no aeyrrpyroMy 
HHbiX HeliTpOHOB. nperrpHHT 0l1.HI1 2081, Lly6Ha 1865, CTp. 24. 

PyKOilHCb nOCTyrrHna B H3Jl8TenbCKh~ OTJlen 
28 HIOHll }867 r; 
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P11c. 2. CrreKTP rrornomeHHSI HewTpOHOB B ~l!rrbTpe, nony'!eHHbilf rrp11 ycTaHOBKe 

~IIITbTpa B rrepBII'IHOM rry'!Ke HeHTpOHOB. 
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P11c. 3. BpeMeHHbie cneKTpbi pacceSIHHbiX HelfTpOHOB, nony'!eHHI>Ie c 
TOnWI!HOlf 1 MM. N - 'IIICITO 3aperHCTpHpOB8HHblX IIMITYITbC 

Mep KaHana aHanH3aTopa. 
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kJ IIOI'JIOIU9HH51 HeilTpOHOB B tPHJihTpe, IIOJiy'IeHHbiH IIpH YCT8HOBK9 

tPHJlhTpa B rrepBH'IHOM ny"!Ke HeiiTpOHOB. 
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Pnc. 3. BpeMeHHhie cneKTpbi pacce51HHbiX aellTpoaoa, nony'IeHHbie c o6paanoM 

T01IIUHHOH 1 MM. N - "'HCJIO aapei'HCTpHpOB8HHbiX HMliYJihCOB, n - Ho

Mep KaHana 8Ha1IH3aTopa. 
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PRe. 4. 3aepreTR'"!eCKRe cneKTpbr aeliTpoaoa, nornomaeMbiX ljlRnbTpOM nocne 
pacceRHRSI aa o6paaue. nonyqeahr nyTeM o6pa60TKR annapaTYpHbiX 

CUeKTpOB, R306paJKeHHbiX HS pRC, 3, 
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Puc. 5. CpaBaeaae aKcnepaMeaTa c Teopam1. 3KcnepaMeHTanhHbre TO'"IKE 
acex H3Mepeaaii npa AaHHOM yrne paccesrHHSI. KpHBbre aao6palKa 
TH'"!eCKHe paC'"!8Tbi: CllnOIIlHb!e - ITO qlOpMyne (2), nyHKTHpHble -
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epreTH'!eCKHe crreKTpbi HeilTpoHoa, rrornomaeMbiX lj!RnbTpOM rrocne 
cceSIHHSI Ha o6paaue. nony'leHbi rryTeM o6pa60TKII anrrapaTypHhiX 
eKTpOB, 11306palKeHHbiX Ha pHC. 3. 
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P11c. 5. CpaaaeaHe aKcrrepHMeHTa c TeopHel1. 3KcrrepRMeHTanbHbie TO'IKR - cy~1Ma 
acex R3MepeHuil rrpu naHHOM yrne pacceSIHHSI. KpHBbie uao6palKaioT Teope
TH'leCKHe pac'leThi: crrnOlllHLie - no qJOpMyne (2). rryHKTRpHLie - no cpop,.!yne (3). 
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