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Pa60T8 BYilOJIH8H8 B Jla6op8TOPHH H8HTPOHHOH IJ!H3HKH 06be'AHH8H-

Horo HHCTHTYT8 fl~epHYX HCCJI8'AOB8HHH, ,ily6Ha 

HayllHYH pyKOBO'AHTeJI0: 

CT8pWHH H8YllHYH COTPY'AHHK 

K8H'AH'A8T ~H3HKO-M8T8M8THll8CKl4X H8YK B.A.IIAP'l>EHOB 

O~H!Ul8JI0HYe OililOHeHTY: 

CT8pWHH H8YllHYH COTPY'AHHK' 

'AOKTOp IJ)H3HKO-M8T8M8THll8CKHX H8YK H.M.IIJIAKM;nA 

CTapm1dl H8YllHUH COTPY'AHHK 

K8H'AH'A8T WH3HKO-M8T8M8THll8CKJ4X HBYK C.H.HIIIMAEB 

BeAymee IlP8'AflPHflTHe: 

MHCTHTYT ~H3HlleCKIIX npo6neM AH CCCP, MOCKB8 

3amHT8 'AHCC8PT8UHH COCTOHTCfl n n I978 r. 

B 11 11 qacoB Ha 38C8'A8HHH Cne!Ul8JIH3HpOB8HHOro COBeTa 

.il~04?.0I.05 IlpH Jla~opaTopHH HeP!TpOHHOH ~H3HKH H Jla6opaTop,rn 

fl'A8PHYX pe8KUHH 06b8'AHH8HHoro HHCTHTYT8 HA8PHUX HCCJI8'AOB8HHH 

(r. ,ily6Ha MOCK. o6n.). 

C 'AHCCepT81Ul8H MOEHO 03H8KOMHTbCH B 6H6JIHOTeKe OlllH~. 

A:BTope~epaT p830CJI8H n 11 

Yll8HUH CeKpeTap0 
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Ilpomno 40 neT c Toro apeueHH, KOrAB Kanuua OTKPHJI, llTO ~HA­
Kwt reJIHH npH TewnepaType HHEe ~2,18 K CT8HODHTCfl CB8PXT8KYVMM. 
CBepxTeKyllBCTb 6038-lffl'AKOCTH CJI8'AY8T H3 npeACK838HHOH JlaHAOY ~op­
MY cneKTpa 3JI8M8HT8pHlilx B036Yl!A8HHH H M0~8T ocymecTBJUiTbCfl npH 
YCJIOBHH, ecJIH CKOPOCTb T8ll8HHfl EH,ltKOCTH H8H0W8 KPHTHllBCKOH, onpe­
A8Jif18MOH H8 Cll8KTP8 B036Y~'A8HHH. CB8pXT8KYllH8 CBOHCTB8 6038-~llA­
KOCTH 06NllHO CBfl3liB8DT C Eo3e-SHHWT8HHOBCKOH (ES) KOHA8HC8UllCH, 
T.e. C H8JIH'lH8M M8KpOCKOilHll8CKOro llHCJI8 8TOMOB re1IUH B OCHOBHOM 
COCTOflHHH C HMilY1I0COM fip= 0. 

ijen0 E860TN. ~8HH8H pa60T8 IlOCBflm8H8 HCCJI8AOB8HHD B ~H'AKOM 
reJIHH-4 Cil8KTPOB 3JI8H8HT8pHNX B036YJ!t'A8HHH H OAHOll8CTHllllllX B036yz­
'A8HHH 8TOMOB reJIHH, IlOHCKy ES KOH'A8HC8T8 H H3M8p6HH~ TeunepaTyp­
HOtt 38BHCHMOCTH OTHOCHT8JI0HQH.IlJIOTHOCTH ES KOH'A8HC8T8. 

AKTyam,HOCTb 3TOH.p860TY OllP8'A8JIH8TCfl 38'A8ll8MH nonyllBHHfl 5KC­
nepHM8HT8JibHOH OU8HKH IlJIOTHOCTH ES KOH'A8HC8T8 B reJIHH lI H HCCJie­
'AOBBHHfl KOppeJiflUHH M8E'AY f!BJI8HHHl!H CBepxTeKylleCTll HES KOHA8HC8-
u1rn. 

HOBll3H0. OcHOBHYM peayJibT0TOM 'AHCC8PT8!UIOHHO~ pa6oTY flBJif16T­
CH BnepBY8 nonyllBHH0fl no 3KCnepHM8HT0JibHHM 'A8HH~M reunepaTypHBH 
30BHCllMOCTb OTHOCllT8JibHOH IlJIOTHOCTH ES KOH'A8HC8T8, HS KOTOpon 
CJIBAYBT, llTO TeunepaTypa ES KOH'A8HC8!UIH, B npeA8JI8X omH60K, COB­
ll8A86T C Tewneparypon nepeXOA8 XllAKOro renHH-4 B CB8pXTeKyqee 
COCTOf!Hlle, 8 xap8KT6P 38BHCllMOCTll K8lleCTB6HHO COBil8'A88T C T8Mil6-
paTypaon 38BHCHMOCTblO llHOTHOCTH CB8PXT6KYll8H KOMIIOH8HTY B re-
JIHH II. 

I. 3KCnepllM8HT8HLH08 o6ecneqeHH8 

HCCJI6AOB0HHH CBOHCTB EH,ltKOro reJIHfl-4 npoBOAHJIHCb MeTOAOM 
Heynpyrouo pacceHHHH H8HTPOHOB Ha HMilYJibCHOM peaKTope MEP-30 c 
HCllOJIL30B8HH8M cneKTPOMCTpa nMH-IM. Ha pac. ! CX8M8TllqHo noKaaa­
HO paauemettHe OCHOBHYX YBJIOB Cil8KTPOM6Tpa ~H-IM. MOHOXPOM8THll8-
CKHtt nyqoK HettTpottoB, naABIOlllllH Ha o6paaeu (?), qiopuupyeTCfl us 
BCilHWKH HMllYJibCHOrO peaKTOP8 (I) M8X8HHll8CKHM npepYB8TeJieM (5) 
no Me~OAY Bp6M8HH nponeTa HBHTPOHOB nepBOH 6aai. ~ cl,1 =I0,94 M). 
SHepruH aettTpottoB, pacceHHHIDC Ha o6paaue tta yron f) , onpeABJIH­
eTca no BpeM8HH nponeTa BTOPOM 6aau ( '-L = I0,75 M) MBEAY o6paa­
UOM ~ A8T8KTOpOM (ii). iHAKHH reJIHPl-4, ucnonbayeMJ:JH B KaqecTB8 
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PHc. I. Cxexs ocHOBHHX yanoB cneKTpoxeTpa ~HH~IM. 
l - SKTHBHSH 30H8 peSKTOpa·c 8S)le,1{JIHTeJieK, 2 - BSKYYK­
HYe H8lil.TpOHOB0,1{Y, 3,- 881l!HTH!ili1 mH6ep, 4 - KS,1{KHeB8H 
8SCJIOHKa, 5 - K8XSHHqecKHH,npepYB8T6JII,, 6 - KOHHTOPHSH 
Kaxeps, 7 ~ o6pasen, 8 ~ Kaxepa o6pasna, 9 - HeATpoao­
BO.itY KSJIOA 6aay, IO - H8lil.TpOHOB0,1{Y 60JII,WOlil. 6asw, 
ii - ;n;eTeKTOpY. 

o6paana, HSXO.ltHTCH B KPHOCTaTe (7). TexnepsTypa o6pasna peryJIH­
pyeTcH CKOPOCTI,D OTKSWH nspoB H8,lt lltH~OCTI,D~ ToqHOCTI, JlO,lt,ltepxa­
HHH TelUlepSTYPY COCT8BJIH8T BeJU!qHHy (O,Oito,02) IC. IIponyCKSHHe. 
o6paana B XO,lt8,HCCJI8,1{0B8HHI He OCTSB8JIOCI, IlOCTOHHHllll, HO 6YJIO He 
K8HI,me 0,85. HaxepeHHH cneKTpS Helil.TpOHOB, .pacceHHHYJ.,)lH,ltKHK re­
JIHeK-4, npH 60JII>mHX nepe,1tsqax SHeprHH H HWIYJII>CS npoBO,l{HJlll:CI, no 
TSK HS8YB88110it K8]J;IIHeBoli1 KeTO,l{mte. C llOIIOll!l>D K8,lt11HeBOli1.aacJIOHKH 
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( Clf • .4 HS pHc. I), ycTSHOBJie HHOit nepe,lt K6X8HHtleCKIDI npepYBSTeJie11, 
HKeeTCH BOSKOUOCTI, nepeKpllBSTI, nyqoK TenJIOBlJX aeli1TpOHOB. 

~OH OT HS,JtTenJIOB!lX H O!iCTp!iX HeitTpOHOB :J(cpoHL) - H8KOppe­
JIHpOB8HHYlil. ~OH, CBHSSHHlilil. C pacceHHHeK HS ll,l{KOY reJIHH H KOHCT­
PyKnHOHHYX KaTepHaJiax, HaxepaeTCH B YCJIOBHHX, KOr,ltS K8,ltllHeB8H sa­
CJIOHKS ,HSXO,ltHTCH B nywe H JOUKHlil. renHlil. B KpHOCTare. 

~OH OT IIOHOXPOIISTHqecKHX Helil.TpOHOB :J('f"H1) - KOppeJU!pO­
BSHH!il ~OH , CBH88HH1il C pSCCeHHHeJl H_elil.TpOHOB HS KOHCTPYKnHOHHliX 
U8TepH8JISX, H8UepH8TCH C nyCTYK KPHOCTSTOU no p88HOCTH cneKTPOB, 
nonyqeHHYX C KS,ltKHeBOlil. SSCJIOHKOlil. BHe nyqKS H B ny'lllte Helil.TpOHOB. 

HHT8HCHBHOCTI, Helil.TpOHOB, pscceHHH!iX lltH,l{KHM renHeM-4, onpe;n;e­
JIHeTClf BllpSllt8HH8U: 

'J (If He J= [ J ('t lie, <f'O~i /poHJ- J (tpoHz.) ]-[:J{cpoH1 ,cpoHz.)-J(cp01)]. 
TeXHHqecKH HCllOJII,8QBSHHe KS;ltllHeBolil. xeTO,l{HKH CBO,ltHTCH K TOMY, qTo 
H8Uep8HHH K8K C EH,l{KHY reJIH8Y, TSK H C nyCTllY KpHOCTSTOU npoBo­
,l{HTCH nyTeM qepe;n;OB8HHH .ltBYX pexHYoB: C KBAKHeBOlil. 88CJIOHKOlil. BHe 
nyqxs H B nyqxe HellTpOHOB·. 

II. HccJie.ltoBSHHe cneKTpoB Boa6yiueHHi1 reJIHH 11 

CneKTPli B080YEAeHHl lltH,l{KOro reJIHH II YCJIOBHO KOlltHO paa;n;eJIHTI, 
HS TPH qacTH (pHC. 2): 8JI8KeHT8pHYe B036yx,1{eHHH (KPHBSH I), BHX­
PH (o6neCTI, 2) H O,ltHoqsCTHqHl,le B036yl1t,118HHH STOMOB reJIHH (KpHBSH 
3). IloHCKH HOB!lX B8TB8lil. Boa6yllt,1leHHI noxa He ,1{8JIH IlOJIOUTeJII,HOro 
OTBSTS. Ha6JID,1{8ellble BOS6y:11t,1t8HHH B OOJISCTH (4) )IOlltHO paCCKSTpH­
BSTI, TOJII>KO KSK npocTyD CYIIKY aneueHTSpH!iX B036yJt,JteHHlil. (MHOro~o­
HOHHYe B030Yl1t,116HHH). 06JISCTI,.BHXpeBYX B036YE.iteHHlil. (2) HS pHCYHKe 
IlOKS38H8 ycnoBHO. B HSCTOH~ee BpellH C noMOll!l>D He"TpOHOB BHXp8Blie 
B036yiit,lt6HHH He H86nD,1{8~TCH. 

Hccne~OBSHHH cnaKTps SJieMeHTSpHliX B036yx,1{eHHli1 npoBO,l{HJIHCI, 
B 06A8CTH BOXHOBYX BeKTOpOB <1, =(l,2+4).J1_, • liaMepeHHH BeJIHCI, 
0,l{HOBpeMeHHO AJIH CeMH yrJIOB pacceHHHH HeilTPOHOB,B o6naCTH 
0 = 45+122°. Ha pHC. 3 IlOKS88Hli THnH'llilie cneKTpli Helil.TpOHOB, 

pacceaHHli6 ~H,ltKHK reJIHeM-4 npH TeYnepsType T=l,2 K. 3HeprHH MOHO­
xpo11aTHqecKHX HelTpOHOB, ns~aD~HX H8 o6paaen. p8BH8 6,69 M3B. 
BepTHK8JIJ,Hli)IH JIHHHHlUl BH.iteneHS o6JISCTI, cneKTpa, R KOTopoil cqeT B 
OCHOBHOJl onpe;n;eJIH8TCH KOpp6JIHPOB8HHblll WOHOM .• IlyHKTHpOM llOK88SH8 
06JI8CTI,,B OCHOBHO)I onpe.iteJIHeMSH HeKoppeJIHPOBSHHliM ~HOM. KaK BHA-
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Puc. 2. CneKTps BOa6yitA8HHH B renHH II npH T=I,2 K. 
I - 8Jl8118HT8pHH8 B086YlE,lt8HHll, 2 - BHXpH, 3 - OAH0118CTH'I­
HH8 B086yQ8HHll 8TOIIOB remill, 4 - IIHoroipOHOHHHe Boa6yx­
A8HHll. IlyHKTHPOII llOK888H cneKTP BOa6y:QeHHit CB060AHWC 
8TOII.O_B_ renHll. 

HO HS pHCYHKa, B __ Cll8KTP8 Heynpyroro paCC8lIHHll H8HTPOHOB D,llKHII 
_r_eueu. JI B o6na~TH B~nHoBux B8KTopoB q, ~ l/ .1-1 . aa6nDJt8_DTCH 
ABB M8KCIDlYL!8: nepBstt, C 118HLmel;t nepe)taqeii 8Hepr.1m, OTHOCHTCH K 
OJtHoipoaoaaoMy pacceHHH~ HetiTpoHoB, nopon, 6011ee-BHQOKoa~epreTH­
qecKuti, n_pH q, ~ .2. JI_., 06'.blICHH8TCll paccelIH:11811 Hei;tTpOH9l3 c_ 
B086yitA8H~eu OT)t81ILHHX 8TOIIOB. 
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3KcnepHM8HT8nLHH8 cneKTPH H8HTPOHOB, pacC8lIHHH8 renH811 
JI npH .T=I ,2 K )t1Ill ceua yrJIOB pacceHHHll 0 • Hatt9JIL­
H8H aaeprHH HellTpOHOB 6,69 M8B. BepTHK8llLHHIIH JIHHHHIIH 
BH)t8Jl8H8 oOnaeTL KOppeJIHpOB8HHOro ipOH8. YpOB8HL ipOHa, 
nOK888HHUA.nyHKTHpo11, B OCHOBHOII CBll88H C H8KOPP8JIHpO­
-l38HHbllil (pOHOl,t. 
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SaBllCIUIOCTL aHeprHH O]tHO~OHOHHNX B086yllt]t6HHa OT BOJIHOBoro 
B6KTopa e.(ey) npH Telmepacype lltHAKOro reJIHH II. T=l ,2 K llOK888-
H8 Ha puc. 4. 8KcnepllM8HT8JILHNe SHaqeHHH E..(q,) nonyqeHN npH 
CJie]tyID~HX aHeprHHX ll8]{81llllHX HettTpOHOB: Et (uaB)=6,69; ?,12; 
7,21; 7,28;-?,36; 7,56; 9,09; 9,51; 12,94. 

§'z.o 
~ 
c.., 

1,5 

1,0 

o.s 

0 ,_ __ ____(_ ___ J_ ___ L__ __ _,_ ___ ...i....._--'---L----'----L--' 

0,5 1,0 1,5 z,o z.s J,O J,S 

q[k1J 

Puc. 4. CneKTP 8116M8HTapmi1x_ Bos6yllt]t6HHa reJIHH II npH T=l,2 K, 
HSMepeHHNI IlpH p88JIHqHNX 8HeprHHX ll8]{8D!l{HX H61TpOHOB 

Ha puc. 5 npe]tCT8BJI6HN pe 8YJILT8TN HSMepeHHI HHTeHCHBHOCTH 
O]tHO~OHOHHOro pacceHHHH B 88BHCHMOCTH OT BOJIHOBoro BeKTopa </, , 
nonyqeHHNe npH TeunepaType T=l,2 K. Ilo OCH op]tHH8T OTKJI8]tNB86TCH 
BenuquHa nno~a]tH nHKa OAHO~OHOHHoro pacceHHHH, yuHoxeHaaa Ha oT­
HomeHHe BOJIHOBNX B8KTOPOB ll8]t81l~ero H pacceHHHOro He~TPOHOB (l). 

HauepeHHH llOK888JIH, qTo cneKTP 8JieMeHT8pHNX B086yllt]t6HHI 
npH 9,.,_ =(l,93½J,02) )-I Hl488T _T8K H88HB88MNI pOTOHHNI MH_HHMYM, 

a npu . CJ, = lf .A-1 ]tOCTHraeT ·noporoBoro aHaqemm, aHeprHH Boa6yx-
1teHHH KOTOporo npuuepHO p8BH8_YAB08HHOl_aHeprHH B6s6yx]teHHtt B 
poToHeoi.i MHHH11yue .. c ::::. 2 • A · · 
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PHC. 5. HHT8HCHBHOCTI, O]tHQ\POHOHHoro pacceRHHH HeBTpOHOB B 
reJIHH 11 npH T=l,2 K. 

M8KCiUIYM XHT8HCHBHOCTH O]tHO~OHOHHOrO p8CC8HHiffl H8ATpOHOB 
H86JillA88TCfl. npK Cy =(2,03±o,02) J- 1 

; npH npHC>JIHX8HHH llt8 K no­
poroBOMY SHaqeHHI> HHT8HCHBHOCTL Yll8HLW88TCH H npaKT11qecKH paliHa 
HyJill ~PK . q, .:,:. l.f J-I · ·· · 

IlOHCKH HOBliX BeTBei CBH88HHoro COCTOHHHH AB1X POTOHOB CJNJIH 
npe~pHHIUH B8MH B 06JISCTH B01IBOBUX B8KTOpOB 11=(O,8-t3,2) J-.f 
H SHeprHI E<2.o • B pa6oTe IlHT88BCKoro npe]tCK88HB88TCH cy111e­
CTBOB8H11e B STOA o6naCTH ]{Byx HOBJ,JX B8TBeA CBH38HHoro COCTOHHHfl 
]{Byx POTOHOB. 8TB B8TBK HB1IlDJTCH CTporo H888Tyx8ll1JIHKH T01II,KO npH 
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TewnepaType T=O. IloHCKH H8 AaHH nono:m:HT8HblillX pesynbTaTOB. B 
IlP8A8nax CTaTHCTHqeCKOR TOllliOCTH 3KCll8PHM8HTOB B Cll8KTpe Heynpy~ 
I'OI'O paCC8HHHH HeitTpOHOB B reJIHH JI npl! T=I ,2 K HHKaRHX ocoCleH­
HOCTeit He ua6nDAaJIOCb. B03MOl!tHO, AHH Ha6nDAeHHH yKasaHHUX B8TB8it 
CBH38HHOI'O COCTOHHHH AByx POTOHOB Tpe6yDTCH 6onee HH3KH8 T8Mnepa­
Typu. 

liCCJI8AOBaHHH cneKTPOB B036yllt,lteHHit B ltHAKOM renHH ll. IlOK83H­
BaIDT HHTepecHyD ocooeHHOCTb. CneKTP OAHOqaCTHqHl:ll{ B03ClYEAeHHit 
aTOMOB renHH B ltHAKOCTH npM aHeprMHX e.,:S 2 MSB OUCTPO saTyxaeT 
H He HM88T npOAOJlllt8HHH B oClnac·u M8Jil:lX 9, H e (cw. 3 Ha 
puc. 2). STo y1taauBaeT Ha To, qTo B EHAKOM reJIHH II: .HMeeTCH 06-
nacTb BH8PI'Hit, B KOTOpoU'Bo36YJ!tA8HHH HOCHT TOJibKO KOJineKTHBIWit 
xapaKTep. IlpH.6onbwHX :m:e aHeprHH:X ( e ~ 2 MaB) xpoue xonneKTHB­
HHx B036YJKA8HHH Ha6nroAaDTCH .H BOs6y:m:A8HHH OTA8JibHHX aTo»oB re­
JIHH. 

CneKTP OAHoqacTHqHl:lX Bos6y:m:AeHHi1 aToMoB B XHAKOM reJIHH-4 
HM88T aaMeTIWe OTKnoHe'HHH OT KPHBOH B030Yl!tAeHHH CB060AHOI'O aTOMa 
I'8JIHH npH suaqeHHHX '1,- <. 6 ,;-i • C yBeJiuqeHH811 nepeAaq SHep-
I'HH H HMilYJibC8 pacceHHHe HeitTpOHOB npM6nH:ata8TCll K paCC8llHHD Ha 
CBOOOAHl:lX aTOM8X. Ha PHC. 6 npeACTanneHH 3KCnepHll8HTanbIW8 pesynb­
T8TH OTHOW8HHH aueprMH OAHOtlaCTHllliUX B030YJ!tA8HHH aTOMOB B ltHAKOM 
reJIHH-4 K aHeprMH CB060AHOI'O aTOMa renHH: f = e./{P,2.c// 2:M) J 

I'A8 M ".'" Macca 8TOMa renHH. J,13 PHCyuKa BHAHO, qTo C poCTOM Cf' 
a»nJIHTYAB OCUHJI~I.UtH .z. yueHblllaeTCH H npH CJ..,,.. b ;-, f_,.. 0,95. 

ill. IlOHCK H HCCJI880BaHHe EB ROH88HC8T8 B ltHAKOM renHH-4 

SKcnepHMeHT8JibHH~ OU8HKH llJIOTHOCT; ES KOHA8HC8Ta B lKHAKOM 
I'8JIHH-4 CT8JIH B03MOl!tHH TOJibKO C p83BHTH8M 118TOA8 Heynpyroro pac-
C8HHHH H8HTpOHOB. . 

PacceHHHe H8itTpOHOB lltHAKHM renHeM C OOJibWHMH nep8A8tl8MH 
SHeprHH M HMil,YHbCa ( E >.> Ll , .fl,,>> c1,-i.) npOHCXOAHT l3 OCHOBHOM 

.. > • ~,. • - .• , • - • • - -.. • • 

H8KOrepeHTHO Ha OTA8JibHl:lX 8TOl48X renHH, npHtl8M 8TOMU npH pacceH-
HHH B8AYT ceClll K8K KB83HCB060AHH8~ 3aKOH pacceHHHH,HeitTpOHO~ B 
renHH JI. B HMnynI.CHOM npH6m.uteHHH MOli:eT 6un IlP8ACT8BJI8H B BHA8 
cyuw saKoHoB pacceHHHH Ha arouax.E3KOHAeHcaia H H8AKOHA~HC8TIWX 
aTOM8X. . . -~ . 

S(o. w) = n(oJ.J(ti~-tf.9:.
2
) + _j_ ~ n (p).~I~~ - r:i_z._ i/-e-i)•. 

r' n 2.M n f;-o 1 (' 2.M 11 , 

8 

I'A8 n{O) H n4{p) - nnoTHOCTll E9 KOHABHCaTHblX H H8AKOH.l{8H-

C8THHX STOKOB B JDIAKOM 1'8.llllH. 

1 
1,0 

-0,8 

0,6 

0,4 

0,2 

1 

foJ t ½+MM . ~ I .. t t,,f!ri 

2 . 3 4 5 6 78910 2D 3040 50 
q, [l-' J 

Pac. 6. 0rHOCHT8!bHOe OTKJIOH8HHa cneKTJ)a OAHoqaCTHqHHX B03Cl:ylt)(e­
HHil aTOMOB B reno II OT KJJHBO.it B03Clyx,Jt8HH1t ,l(Jllt CBOClO,llHO­

ro aToxa renHa nJ)H T=l,2 K. 

IlpH ~eKnepaType UAKoro ran.Ha T<1'0 (T0 - Te1mepaTypa ES 
K0~8HCaIU4H) B Cll8KTP8 pacceHHfillX HeitTpOHOB ·Ha JIIHPOKOM 11a1tcwyKe, 

\ . 
CBH3SHHOK C pacceHHH8K B6itTpOHOB HS Ha.l{KOH,llBHCSTIWX 8TOK8X, AOn-
xeH HSOHDAST~CH yaKHit IlffK, CBH3aHHHit C paCC8HHH8K H8itTpOHOB HS 
BS KOHJte_HCST8. JIIHpHHa KOH.l{8HCaTHOit tl8CTH --cneKrps onp5AenaeTCH 
B8nHqHHOit BaaHMOAeitCTBHH B KOH0tlHOll COCTOHHHH H 3HepreTHtl8CKHM 

paapeweHHeM cneKTpoueTpa. ._1 
lisKepemrn, BHilOJIHeHHhle npH BO)IHOBhIX BeKTOpSX. 'f, a:. ,II{ JI , 

He IlOKSBaJIH OT'l8THHBOI'O pa3A6110HHH KOH]t8HCaTHOia H HaAKOHA8HC8THOit 
qacreit Cil8KTpa. IloaTOKY npH 8H8JIH38 a1tcnepHM8HT8JibHl:lX A8HHUX HC­
Il0llb80Banca M8TOA M8T8M8TH~ecKOI'O paaaozeHHH ~neKTpa aeitTpOHOB, 
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I· 

I 

pacceHHHHX JltH,!UtHM renHeM-4, C llOMOlllbll ,llByx rayccOBCK.l'IX KpHBblX C 
nonpaBKOil HerayccoBcKoro BH.zta ( ,llByxrayccoBCKrut uo.zteno) 

!f{ t) = E:-11, · e~p( I{) + E/-1111 • up{Pa_) + ( .ll1 + .Ag· l) 
··" 

FJ.,z. = -, ( f-iw - hwo + Ab,6? ( llz.,s ·q,2. f 1 
(I) 

r,11e .II, -f- .111 - napaMeTp1,1 uo.zteJIH, c - HOMep Rattana BpeMeHHo-
ro 8H8JI.1'188TOpa, hwo ~ aHeprHH B086yiE.zt6H.l'IH CB060,llHOro 8TOM8 
remrn, £ p - attepraa aeiiTpoH~B nocne pacceHHHH. 

IlepBHil raycc~aH OllHCHB86T p8CC6HH~6-H6ilTpOHOB H8 H8,llKOH,ll6H­
H8 8TOM.8X ES C8THbOC 8TOl,48X, BTOpoil rayCC.1'181{ OllHCllB!i'6T pacceirnHe 

KOH,ll6HC8T8. 

BB6,ll6HH6 TP6Tbero t{JI6H8 B BHpaxeHHe/1/ CBH38HO C T6M, tITO 

MO,ll6Jib C .ztBYMH rayCC.1'18H8MH He OllHCl,IB86T 8KCnepHM6HT8nbHO HB6n11.zta­
e11.oro Cll6KTpa B o6naCTH 6onbWHX nepe.ztaq aHeprHH, TO 6CTD Ha 
11 Kpl,IJibHX 11 IlHK8 O.ztHO'laCTJ!tIHl,IX B03dyX,ll8H.l'li aTOMOB reJrnsr. IlJ)l!po,n;a 

8TOil tIBCTH cneKTpa OCT86TCH H6HCHOi. Bo3MOEHl,IMH npH'lliH8MH MOryT 

6liTD·llPHCYTCTBH6 B pacnpe.zteneHH.l'I n(p) B 06JI8CTH 6onbWHX HM­

nynbCOB M8KCHMYM8 nH60 MOHOTOHHO-y61,1Ba11111eil t{8CTH. 

AHanHa BC6X aKcnepHM.6HT8nbHl,IX ,ll8HHblX npOBO.ztHnCH T8KE6 6ea 
ytieTa KOH,ll6HC8THOro qnetta (A4=D), T.e. C HCllOJib80B8HH6lol O,llHOrayc­
COBCKOh MO,ll8H.l'I 

f{t)= £,_2--111 -e.)(.p (~) + ( Jl,_+.113 -t). (2) 

CB060.ztHl,IIIH napaMeTp8MH B BlipazeHHHX/l/ a/2/ Bl,16Hp8nHCb. 

8MllnHTY.zt1,1rsyccoBCKHX KpHBblX Ar H A4, KB8,llp8T1,1 WHPHH A2-H A5, 
C,llBHrH HCKOMWC rayCCH8HOB A3 H A6 (B p8CtI8T8X npHHHM8nH A3=A6) 
H ll8p8M.8Tpli Tp8TD8rO qneHa A7 H As• 

· 3KcnepHM6HT8IlbH1,18 cneKTPli H3M8PHJll!Cb ·B yCJIOBHHX ·noCTOHHHOrO 
yrna. pacceHHHH HeilTpoHOB .. ( 'I,,;. ccn.st) , _ •. B ,a TOM cnyqae aHatie-, 

HH6 BOnHOBoro B6KTOp8 q, CBH88HO C KOH8tIHOii aHeprHeil H8ilTpOH8 

£.f H yrnoM pacceHHHH 0 COOTHOW6HH6M ,-----, ' 

g; ~'}2. m'. t, __ , -{E, + £.,_ -2 :Cos 0 ./£, · £.,_ ... )~. . 

r,11e m - M8CC8 H6iTPOH8. 
0THOCHT6JlbH8H nJIOTHOCTb ES KOH,ll6HC8T8 B XH,zutOM renHH-4 onpe­

.ztenanacb . .1'18 B1,1paxeHHH 

n_(O)/n·= ·Ssx/. (S 6i +_SHK), 
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r.zte s61( H SHI( - nno111a.ztH Cll6KTPOB ,llJIH KOH,ll6HC8THOil H 
H8,llKOH]t6HC8THOil qacTeil COOTB6TCTB8HHO. 

CT8THCTHtI6CKH6 OWH6KH nap8M8TpOB Bl,lt{.l'ICHHHHCb C npHM6H6H~6M 

T60PHH OWH60K M8TO,ll8 H8HM6HbWHX KB8.ztp8TOB. 
. Ilpa o6pa6oTK8 aKcnepHM.6HT8nbHl,IX ,ll8HHl,IX C llOMOlllbll BliP8lltCHHii 

{l) H (2) HCilOJib80B8H8CD 6H6JIHOT6tIH8H nporpaMM8 11 COMPIL 1 Ollim 
C-401, ,1ly6aa 11 • 

3Kcnepm.l8HTl,I no HCCH6,llOB8HHll ES KOH,ll8HC8T8 npOBO,llHJIHCb 0,llHO­

BP8M8HHO ,llJIH Tpex yrnoB pacceHHHH H8tiTpOHOB 0 =96,5; 109,5; 
122,6°, npH aHeprHH ll8,ll81l111HX H8llTpOHOB B6JIH8H 190 MaB. Ha pHc. 7 
(a,6) llOK888Hl,I SKCll6PHM6HTBnbHH6 Cll8KTp1,1 HeilTpOHOB, paCC8HHHl,IX 

lltH,zutHM reJllleu-4 npH TeunepaTypax T=l,2; 1,8; 2,11; 2,17; 2,35; 
4,2 K. IlyHKTHPHliMH JIHHHHMH npeACT8BJI8Hl,I pactieTHl,18 KPHBNe, OTHOCH­
IIIH6CH K KOH,ll8HC8THOtt (KpHB8H l) H H8,llKOH,ll6HC8THOil (KpHBBH 2),qac­
THM. CnnOWHl,IMH JIHHHHMH IlOK888Hl,I KpHBNe, paCCtI.l'IT8HH1,18 C llOMOlllbll 
BlipBll8HHH (1). • 

IlpOB6,ll8HHbltt 8H8HH8 8KCll8PHM8HT8llDHl,IX ,ll8HHHX C nouo~bll O'AHO­

rayccoBCKOtt H 'AByxraycCOBCKOil MO.zteneil llOK881,1B86T Y'AOBH6TBOPHT8Hb­
H06 OllHC8HH8 Cll8KTPOB HBilTpOHOB, paCC8HHHl,IX EH,llKHM renHeM-4. 
YcnOllH8HH6 ,llByxrayccoBCKOil MO,ll8JIH nyTeM ,110C>8BH8HHH HOBblX rayccHa­
HOB He ynyqmaeT OllHC8HHH HSM.epeHHHX cneKTPOB. 

CpaBH8HHe 0,llHOrayccoBCKOtt H ,llByxrayccoBCKOtt MO.ztenen npoBO,llH-
JIOCb C TOtIKH apeHHH CT8THCTHtI6CKOro KPHT6pHH .f2./s ( S - 'IHC-

JIO CT6Il8H6A CB060.zt1,1, 'AnH O,llHOrayccoBCKOH MO,ll6JIH s, =116 H .ztnH 
,?tByxrayccoBCKOil 110,llBJIH s, =Il4): 

. 2. _ f [:t(t)- !f{t)]~ 
_J - t•I ~2. 

r'Ae y(t.) - aKcn_~PHM6HT8JibHl,lil CtI8T B t -.M K8H8Jl6 Bp8M6HHOro 
aHanaaaTopa, 6't ;,. cTaH.ztBPTHlie OTKnoHeHHH. 

B T86JIH~e l npHB6,ll8Hl,I 8H8tI6HHH _J,2/ s., ]tJIB O,llHOrayccoB-

CKOtt Mo.ztenH H y! / s 2 -:- )tJIH .ztByxrayc~oBcKoil 11.0.ztena, a Tana 
,1lHCil6pCHOHH08 OTHOW6HH8"•(_J//s,)/{.,fz;./S2.) ,llJIH .llBYX yrHOB 
pacceHHHH HeilTpOHOB npH paanHtIHHX T. 

KaK BH,llHO .1'18 T86JIHUl,I, 8KCll8pHM6HT8HDHli8 ,ll8HH1,16, llOHYll8HHbl6 
npa TBMnepaTypax T ~ T.l\, nyqme OllHCllBBIOTCH ,ltByxrayccOBCKOii MO,ll6HbD 
('AHCnepCHOHHOe OTHOW6HH6 npH YM8HbW8HHH Te11nepaTyp1,1 yBeHHtIHB86TCH 

,llO ~ I,2), a npH·T::;,,T.A - 0,llHorayccoBCKOA M0,1l8llbll, T8K K8K .zto6a-

ll 



5•103 

1 
~----_,:_ 

250 300 

-a) 

1,2K 

t 300 

6) 

2.17K 

2.35K 

4,2K 

t 

PHC. 7 a,6. 8Kcnej)HMell'f811LHHe cneKTPH H-Elit'fj)OHOB, pacceHHHliX 
JEE'AKHM reJIHeM-4 npH paaJIHqHHX TeuepaTypax . .ztnH 
0 = 122,6°. PacqeTHHe KPHBHe, OTHOCH~HeCH K KOH­

}t8HC8'fHOi (KpHBSH 1) H H8.llKOH.zteHC8THOJ (KpHB8H 2) 
qaCTHM, 0003H8qeHH nyHKTHPOM. Cnnomuoa JIJIHHel llOK8-. 
38HH peayn:&T8TH pacqeTOB C ·noMO~L~ ~Hj)a:mHHH (I). 

BneHHe KOH}t8HC8THOro rayCCH8H8 He ynyqmaeT OllHC8HHH 3KCnepHM8H­
Tam.noro cneKTpa (.ztHcnepCHOHHOe OTHOmeHHe paBHO ~l,0). 

12 

Tac5mma l 

. e ,= rn9,50 e = 122,6° 

' _j/-/s/ 
.f42. I sz. J/-1s;. 

T,K J/-/s, /,.''/s,. ff I S1. 
·ff /s,_ ff/s,.· . 

l·,2 ,, 1;03 .. 0,86 1,20 0,86 0,71 1,21 
l ,8 -· 1,02 0,83 1;23 ·• . I,34. I;I7 I,15 
2;II I,13. l,IO · I,03 ·. · ··l,06 · · I,00 I,06 
2,17 0,83 · 0,-79 I,05 . 0,79 · 0,'7'.> 1,05 .. 

2,35 ·1;18 1,19 0,99 ·I,05 . I,06. -1 0~99 
-4 ;2' 0,57 0,58- 0,98 0,57 0,56 ·· I 1,02 

IIIHpmia' raycco:scKoil KpHBOil ]Olli KOH;zt8HC8TH0il qaCT'H .B ,ll8HHHX 
3KCnepHM8HT~x·B OCHOBHOM onpe,llellileTCH BeIDfqHHOil aHepreTHqecKoro 

_. - . . , .. ,- . ,, -
pas:pemeHHH cneKTPOMeTpa. KOTOP8H B npe~enax HeCKOHLKHX nponeHTOB 
He aaBBCHT OT yrna pacceHHHH HeilTpoHoii. ·Ha· pHc. 8 noxaaaiu/ycpeA-

,oo 

0:, 
~ 

~so --:----1 L ----- -r--T◄-

o L----'-~~~'--''--'~~~---1~~~~--'---' 
3 2 T.K 

PHC. 8. 38BHCHMOCTL KB8,llp8T8-mHpHHH KOH,ll8HC8THOrO raycCH8H8 A5 
OT TeMnepaTypu. IlyHKTHpOM IlOK838H8 BenHqHH8, COOTBeT~ 
CTBY~~aH KB8,llp8TY WHPHHH ~YHKUHH paapemeHHH cneKTPOM8Tj)8. 
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aeHHHe no yrna■ aaaqeHH~ napaueTpa A5 npH paa~qlWx Te■nepaTypax 
o6paana. IlyHKTHpHOK JIHHHeK np8ACT8BJI8H8 B8JIHqHaa. COOTB6TCTBYD~8H 
3Hepr8THqecKOIIY paapemeHHD cneK'lpoueTpa. RaK BHAHO- H3 PHCYHKB, BO 
BCeM HHTepBane Te■nepaTyp T=(I ,214,2) K saaqeau A5 ae aaBKCBT OT 
TeMneparypH H, B npeAenax OIIIH60K, COBUBA88T C KB8,l(p8TOII mHpKHH 
~YHKI.UIH paapeweHHH. 

C,ltBHrH.HCKOWX rayCCH8HOB OTHOCHT6lloHO KpHBoK BoaOyJQeHHS 
AnH CB060]tHNX 8TOUOB reno, ycpeAH6HHH6 Ali pasuqmrx ,ewnepa,yp, 
COCTBBMDT BHJiltUIBY. (2+2,3) MSB. STO 03HB.qaH, qTO nepeABHHBH 
BTOMY remss B U;ltKOCTH 8B8Pr11Ji npH paccesan HelTpOHOB M8HH8 
nepeAaqa anepru Ha cBo6oAHOM aTOue npuepao ua 2%. 

illllpHHB Cil8KTP8 Hel'lpOHOBt pacceHHHIDC ~AKHJI reJIHeM-4, onpa­
A8IDJ8TCR- cpeAHeK KHHBTHqecxol SHaprxeK Ha 8TOM re,ma B %H,ltKOCTH 
<KE>• 1erui:qxuoK snapreTHqecxoro paapemeaaa cneKTpoueTpa. Ha 
PHO. 9 UOK838H8 Te1meparypaas 88.BHCDOCTD <KE> t KOTOp8H p8CCIU!TH­
B8Jl80D 113 cneKTpa H81TpOHOB, O~CHBBSMOro raycc~BCKUH KPHBHIUI. 
llpx Tew,ieparypax T>T.;1, auneHHs <KE>, B npa1tenax omH6oK, co:nna­
ltBDT Ami o6Hx 110Aenea, a np1r T< T.,_ sHaqamu1 <KE), nonyqeHHHB 
Ha OAHQraycco:ncxoK ll0,1(6JIH, fip}i:MepHO Ha I K HHJ:e. 

~ , .. : 
lJJ 

~ 

ts 

10 

a 

PHc. 9. 

1 Jt..j--------------1 
-- -t ........... ~ o...._ - I 

-----¥/ 

2 3 T, K 

88BHCHKOCTo CP8AHBK KHHBTHqecKoil SHaprHH HS 8TOK B ll:HA­
KOU. reJIHH-4 OT TeKnepaTypH. PacqeTH BHllOJ!H8HH C HCllOXo-
80B8HHeu OAHOrayccOBCKOK (6enHe KpyxoqKH) H l(ByxrayccoB-. 
CKOA (qepHHe Kpy:a:oqKH}KOAeneA. 
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PesynnaTH 8H82IH88 3KCll8PHll8HT8JioHHX A8HHHX no onpe,/.\en8HHIO··: 
OTHOCI-ITBnoHOil nnoTHOCTH ES KOH'A8HC,8T8 B lltHAKOM remm-4 B o6nacTH 
TeunapaTyp T=(I,2+4,2) K npe1tcTaBneHH na pHc. IO. TeMnepaTypaaa 
88BHCHKOCTo n(o)/n Hll88T ocoOeHHOCTD npH· ie11.nepaTJ7pe TeT.A. 
llpH TeimepaTypax T _..T.A :nenutmaa nnoTaocTH Ea KOHAencaTa, B npe­
Aenax omH60K, He H3M8Hff8TCff. MOEHO npeAnOnOJEHTo, qTO nonyqeHHaff 

5 

0.03 r-------~ 

0,02 

0,01 

0 z 3 T.K 

PHC. IO. Te11nepaTypH8ff 88BHCJ.UIOCTo OTHOCHT8noHOR IlJIOTHOCTH EB 
KOHA8HC8T8 B ll:HAKOII renHH-4. llyHKTHPHOil Jll!HH8H noKasa­
HB B8JJHqHH8 CHCT~K8THqecKoK OWH6KH, cnnowaoK JlllHHeil 
o6osHaqena 88BHCHMOCTo (3) C napaueTpSMH (4). 

:nenHllllB8 n{o)/n npH T ;;,- TA ffBnffeTCff CHCT8118THqecKOH OWH6-:­
KOK, CBH88HHOK C HCUOnoayeuoK sxcnepHM8HT8JioHOA MBTOAHKOH H Cue­
TOAOM AByxrayccoBCKoro paa~Ollt8HHff cneKTPOB H8HTPOH~B, pacceffHHHX 
ZHAKHK renHeK-4. YpOB8HD CHCT8118THl!eCKOil omHOKH MOE8T 6HTo oueneH 
ycpeAHeHHe1& pesynuaTOB n (O) In np1-1 Taune.paTypax. T ;;,- 'I~· 
(T=2,35 H 4,2 K). 

8naqeuHH ·oTHOCHTenoHOil UJIOTHOCTH ES KOHA8HC8T8 npH Teunepa­
Typax T <:TA- OllHCHB8JIHCD s1mHpHqeCKOH ~OpKynoK 

5 = -·~o·[f-(T/To)m] 
' 

(3) 

rAe !so - OT~OCHT8XoH8ff UJIOTH.OCTo ES KOHA8HC8T8 npH T=O, To .;.. 
TeunepaTypa ES KOHA8Hcaum1. CB060AHH8 napaueTpH f O , T0 , m 
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onpe.iteJIHJIHCL M8TO,ltOM H8HM8HLlllRX KB8,ltp8TOB 

s0 = ca,024±o,o04> 

T0 = {-2,29±o,I2) 1t 

m = -(5,64,o). 

IY. B H B O l:l bl 

__ ,,: 

(4) 

IlpHB8,lt8M OCHOBHb18 pes YJILT8Tbl, noJiyqeHH!il8 B ,ltlICC6pT8UHOHHOH 
pa6oTe: 

I) 1/laMepeH cneKTP 8JI8M8HT8pmi1x B086YJKA8HHH B lEH,ltKOM renm,: 1L. 
nonyqeHbl 88Bll.CHMOCTH llOJIOX6HHH H HHT8HCHBHOCTH IlHKS O,ltHOWOHOHHOrO 
pacceaHHll OT BOJIHOBoro B6KTOpa B O()JISCTll. 9,=(I-,2+4) ;-, . 

2) lllaMepeH cneKTP O,ltHOqaCTWIHblX Boa6yZ,lt6HHH STOMOB B XH,ltKOM 

reJIHH If. IlonyqeHa 38BBCIDIOCTL sneprHH O,ltHOllSCTHqHblX BOa6yJKAeHHtt 
8TOMOB reJIHH B l!Ut,ll!COCTH OT BO:JIHOBoro B8KTOpa B 06JI8CTH ,,_, 
CJ, z (2+33) .II . 

3) IlonyqeHa 88BHCHMOCTL cpe.itHell KHH6THqeCKOH aHeprHH Ha 
8TOM reJIHH-4 B XH,ll!COCTH OT T6MnepaTypb1 B 06JI8CTB T=(I,2..-4,2) K. 

4) BnepBb18 no 8KCll8PHM8HT8JILHblM ,ltSHHblM nonyqeHa T6MnepaTyp­
H8ll 38BHCHMOCTL OTHOCHT8JILHOH llJIOTHOCTH E8 KOH,lt8HC8T8 B XH,ltKOU 
renmI-4 B OC>JIBCTH T=(I,2..-4,2) K. IlpH T< To c YM8HLm8HH8M TeMnepa­
TYPbl H86JIIO].t88TCH yBeJIHqemrn KOm1qecTBa E8 KOH,lt8HC8T8, a npH T> To 
B npe,Jtenax TOqHOCTH axcnepID!.8HT8 H M8T8M8THqecxoro 8H8JIH38 ES 
KOH].t8HC8T He o6H8pyJKeH. 

5) BnepBue no 8KCnepHM8HT8JILHblM 'A8HHW nonyqeHa T81lll8P8Typa 
E8 KOli,lt8HC8UHH 

T0(2,29±o,I2) 1C, 

KOTopaH, B npe.itenax omu6oK, coBna.itaeT c TeMnepaTypoll nepexo.ita 
lltH,ltKoro reJIHll-4 B CBepxTeKytree COCTOHHBe. 

6) BnepBb18 no 8KCnepHM8HT8JILHblM 'ABHHblM npoBe,JteHa OU8HK8 .OT­
HOCBT8JILHOM llJIOTHOCTH E8 KOH.iteHC8T8 B lltH,ltKOM reJIHH-4 npH Teune­
paType T-0 

~o = 0,024±o,004. 

7) IlonyqeHO, qTo xapaKTep TeMnepaTypHOH 38:BZCHKOCTH OTHOCH­
T8JILHOH llJIOTHOCTH E8 KOH,lt6HC8T8 COBll8,lt88T C TeMnepaTypHott 38BHCH­
MOCTLll IlJIOTHOCTH CBepueKyqeit KOMllOHeHTbl :B D,ltKOll re JIHH IL • 
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