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np~ B38~MOAeHCTB~~ He~TPOHOB
 C ~AP8M~ ¢opMa ce~eH~A B pe-

30H8HCe cy~ecTaeHHO aae~c~T OT AB~meH~A AAep M~weH~. B Ka

~ecTee np~6n~H<eH~A, y~~TbiB810Uiero OCHOBHbl€ 0C06eHHOCT~ ABne

HI-1~, o6bii..IHO ~ttcnonb3YeTCA raaoaaA MOA€Jlb, B KOTOpoH YI..IVlTbiBaeT

CA Tennoeoe ABVl>KeH~tte aToMoa. OcHoBHbiM napaMeTpoM TaKoH MOAen~tt 

ABnAeTcA AOnnepoacKaA w~p~Ha, saa\rlc~maA OT TeMnepaTypbl rasa 

\.1 3HePrltlltl HelliTpOHa. 0AH8KO, ecn~ Tpe6yeTCA 60JlbW8A T04HOCTb, 

TO rasoaaA MOA€Jlb CTBHOBVlTCA CJllrlWKOM rpy6o~. 

HacTOALl.IBR pa6oTa 6blna nocTaaneHa .a ceAS\.1 c 3Kcnept.1MeHTanb

HbiM \r1CCD€AOB8HH€M XI'IMV\46CKOrO CABHra Hei4TpOHHb\X pe30H8H-

COB /t-4 /, o6ycnoaneHHOrO CBepXTOHK!riM 3D€KTpOCT8T\rii..I€CKio1M B3aYt

MOA€~CTB!II€M 38PAA8 AAPB ~ 3Jl€KTPOHHOiil o60D04KH B pa3Hb1X XI4MH-

46CK\r1X CO€A\r1H€H~AX. no CBOeJ4 np~ttpOA€ X\r1M\r14€CK\r1~ CABitlr HeliiTpOH

HOrO pe30H8HCa ABJ1A€TCA 8HanorOM H30M€pHOrO CAB~ra, H86JliOAae

MOrO M€TOA8M\r1 M€CC6ay3pOBCKOIIi cneKTPOCKOn~tt~tt. 8eJl\r14\r1Ha Xlt!M\r1-

4€CKOrO CAB~ttra 046Hb Mana, nopAAK8 10-4 38. 3Ty B€Jl\r14YIHY 

Cfl€AY€T Cp8BH\r1B8Tb C C06CTB€HHO~ W~ttp~t~HO~ pe30H8HCa, COCT8BflAIO

Ll.I€J4 OKOJ10 0,1 38. 0TC10Aa Blt!AHO, 4TO H€06XOA~~ 046Hb T04H~J4 

y4eT BJllt!AHit!A ¢OPMb1 pe30H8HCa H8 B€11~4\r1HY H3MepAeMOrO CAB~ttra • 

8 pa60Te /2/ 6b1Jl0 nOK838HO, 4TO MOA€11b TB€PAOro Tena, Y4111-

TbiB81011.\8R cneKTp KOne6aHHi4 peWeTKH, C AOCT8T04HOiil T04HOCTbiO 

OnHCb188€T lti3M€H€HI-16 ¢OpM~ HeliiTpOHHOrO C€4€HHA np~tt nepeXOA€ OT 

OAHOro X~t~M~tt4ecKoro coeA~t~HeHHA K APYroMy. 8 ABHHOH pa6oTe CAe

naH cneAYIOILI~ttlil war: nposeAeHo cpaaHeH~e He~TPOHHoro ce4eH~
t~A 

AflA TB€PAOT€JlbHOrO 06pa3~a \r1 MOI1eKyJlAPHOro rasa. 8 3TOM 

cny4ae np~MeHAIOTc~ pa3H~e MoAen~tt, 
~ cpaaHeHHe TeopeTYt4eCKYtX 

"' 3Kcnep\.1M€HTanbHbiX peaynbTaToB noaaonAeT nony4~t~Tb 6onee 

CTporyiO O~€HKY K846CTB8 K8>1<AOJ4 1-13 HYIX. 

B H8CTO~ILieH pa6oTe onYtcaH 3KcnepYtMeHT c non~r~KpHcTannYt4eCKHM 

o6paa~oM U0 3 Yt raaoo6pa3H~M UF 6 • PeaynbTaTbl conocTaenAIOTCA 

C T€0P€T\r146CK\r1M p8C4€TOM. 

2. 3KCnEPHMEHT 

VlccneAoaaH~e nponycKaH!-1A HeHTpOHOB M~t~WeHAMio1 1-13 UO 3 "' UF 6 

npOBOAit!IlOCb no MeTOAY Bp€M€HH npOJleTa HB ny4Ke Hei4TpOHOB lt!M

nynbCHOrO peaKTopa VIGP-30, pa6oTaawero e 6ycTepHoM pe>K~t~Me 

C m'IH€1iiHbiM YCKOPI-1T€Il€M 311€KTPOHOB JlY3-40, K8K On\r1C8HO B pa-

60Te 111 
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~nR HaKOnneHHR cneKTP08, ynpa8neHVIR CMeHO~ 06pa340B VI onepaTH8HOrO KOHTPODR XO,qa 3KCnepHMeHTa HCnOJlb308anacb MaDaR Bbi4J.1CJ1HTenbHaR MaWHHa TPA-i. 4ro6br o6ecne4VITb o,qHHaKoabre 3KCnepHMeHTBJ1bHble yCJ108HR, H3MepeHHe BeJlOCb C ,qByMR MVIWeHRMVI, 880AVIMbiMVI B nyl.fOK n004epe,qHO Ha 5 MHH • Ka>K,qblt1 nRTitfMitfHYTHbl~ cneKTp KOHTPOJlHPOBBJlCR no noKa3BHHRM nyYKOBoro MOHHTOpa VI C4eT41tfKB CTBpTOSbiX HMnyJlbCOB, H npi-1 Bbln0!1HeHI41tf aa,qaHHbiX ycJ10Bi4t1 nOCTORHCTBa ,qo6aBJ1RDCR K XpBHR~eMyCR 8 naMRTH 38M cneKrpy ABHHOrO 06pa34a. nocne 3TOro B ny40K aBTOMBTH4eCKH BBOAHJlCR cne,qy~~HH o6paae4. 
A.nR perHCTPB4HH HeHTpOHOB HCnOJlb308BDCR C4HHTHJlilR4HOHHblt1 ,qereKTop c JlHTHesbrM creKnoM VI 4>oroyMHO>KHreneM 4>3Y-49. Becb rpaKT perHCTPB4HH HeHTpOHOB o6ecne4HBBJ1 B03MO*HOCTb pa60Tbl npill MrHOSeHHbiX 3arpy3KBX AO 3 .1 0 5 HMn/C 1 4TO 6b!J10 H€06XOAHMO AllR nonyYeHHR A0CTBT04HO BbiCOKOH CTBTHCTH4eCKOt1 T04HOCTH cneKTPOB. 8 ny4Ke nOCTORHHO HaXO,qHnCR o6pa3e4 H3 Tep5HR, pe-30HBHCbl KOTOporo CJlY>KHJlH AIIR 06beKTHBHoro KOHTpOJlR BpeMeHHbiX cneKrpos. 

raaoo6paaHblt1 UF 6 Haxo,qHnCR 8 Me,qHoM 4HJ1HH,qpe, creHKH KOTOpOrO 6biJ1H nOKPbiTbl BHYTPH 3alqHTHbiM CJlOeM Te¢lJlOHa. X 4HJ1VIHJ.1-py 6biJ1 npHcoe,qHHeH MaHoMerp AllR Ha6n~,qeHHR aa ,qasneHHeM. nopOWOK OOMe~aJlCR B aJl~MHHHeByiO KBCCeTy C AOOOJlHHTellbHbiM Me,qHbiM 3KpBHOM. ToJl~ltfHB CTeHOK Bbi6Hpanacb TaKO~(, 4To6bl BblpOBHRTb HepeaoHaHCHoe ocna6neHHe HeHrpoHOB 8 o6oHx o6paa4ax. TeMneparypa o6pa340B no,q,qep>KHeanacb pasHoH 373 K c T04HOCTbiO 0,5 K npH noMO~H cne4HBJ1bHOH cxeMbl. npH raKot1 reMneparype ,qasneHHe UFs 6nH3Ko K aTMOc¢lePHOMY, 111 ron~HHa o6paal.I08 U03 H UF 6 o,qHHBKOBa H pasHa 4 · 1 0 20 R,qep 238 U Ha CM 2. 

3. CE4EHHE PE30HAHCHOrO nornomEHHR 
HE~TPOHOB 8 MOnEKYnRPHOM rA3E 

~JlR Bb14HCJleHHR Cel.feHHR pe30HBHCHOrO norno~eHHR Het1Tp0H08 8 MOJleKynRpHOM raae Heo6xo,qHMO Y4HT~BaTb ABH>KeHHe MOJleKyJl 8 ~enoM H BHYTPeHHee B036Y>KAeHHe. 
8 HaCTOR~e~ pa6oTe pacCMBTP~BaiOTCR TOJlbKO CHMMeTpH4H~e MOJ1€KYJ1bl nma XY n /n =2,3,4,5,6/, y KOTOpblx RApa X nornotqaiOT H€HTpOHbl H HBXOARTCR B 4€HTpe Mace MoneKyJl. ~nR TBKHX MOJleKyn OKB3biBaeTCR B03MO}f(Hb1M pacCMOTpeHitfe TO!lbi<O KOJle6aTeJlbHbiX nepeXOAOB H npeHe6pe}f(eHHe apa~aTeJlbHbiMH /6/. 

OcHOBbl o6~eH reopHH l-1cnycKaHJ.1R H nornou~eHHR y-Hanyl.feHHR RAPBMH B CHMM€TPH4HbiX MHOroaTOMHbiX MOJleKynax 6bli1H pa38HTbl a pa6orax neroxoaa H MHHOrt.1Ha /6,7/. Ha ocHoee 3Toro no,qxo,qa 6oyMaH H WpaK /8/ anepebre noKaaa.nH, 4TO BHYTPeHHee 8036y>K,qeHHe MOJleKy!l 3aMeTHO BJ1J.1ReT Ha ¢lOpMy HeHTpOHHbiX pe30HaHCOB. 



Ce4eH~e peaoHaHcHoro norno~eH~~ He~rpoHoe e aae~c~Mocr~ 

OT 3Heprlo1VI En Allfl MO!le.KYilfiPHOfO ra3a MOH<HO npeACTSB\IITb B 8\IIA€ 

In b l 
a (E ) ~ :1: WI a l :1: P i. a (E , t\E ) , I 1 I 

n I a l n. I b\ In• l G n M 
a n.

1
bl n 1 1 

fA€ ! ll i l ~ 1 lli J - COBOKYnHOCTitl KBSHTOBbiX 4HCeJ1, onpeA€Il.AIOW,VIX 

COCTORHIIIfl MOJ1€Ky!lbl AO VI nocne B3SI-'IMOA€i1CTBVIR, W { na J - BepOfiT

HOCTb cocro.AHI-1R In~ I np1r1 onpeAeneHHoH reMnePP1:YPe raaa, Ko

ropyiO MOH<HO 8~4\IIC!l~Tb no $OpMyne f11166ca, plnf\- eepORTHOCTb 
ln~l 

nepexoAa MO!leKY!lbl vt3 cocTO.RHI-1R lnf I s cocroAHVIel In~ l np~t~ aax-

sare Hei1TpOHa /4epTa 03HS4SeT ycpeAH€HVIe no OPVI€HTS~VIRM MO!le

Ky Jlbl/ , a G (E n, 6.EM) - C€4€H\.It€ A!lfl MOJleKy J1, KOTOPbl€ nor !lOW, SlOT 

J.1JH1 LIICnycKaiOT 3Heprlo110 t\EM= Eln~t- E lnaJ• 
CVIMMeTpV14Hble MOileKYilbl nma 1 XYn VIM~IOT HeCKOilbKO HOpManbHbrx 

Kone6aH~~, KOTOp~e e noAaen~~~eM 6onbW~HCTBe cny4aee B~PO*Ae

Hbl. CpeAH H~X eCTb ~ TaK~e, npl-1 KOTOpbiX flAPO OCTSeTCfl B no

KOe. 3n1 HOpMa.nbHble KO.ne6aHHfl He B036Y*ASIOTCfl np~ 3SXBSTe 

HeihpoHa flApOM X 1-1 no3TOMY Hei-1HTepeCHbl npl-1 Bb141-1C.neHI-11tt Ce4e-

HH~ pe30HSHCHOrO norno~eHI-1fl He~TpOHOB. 

HHTepecyiO~He HSC KOne6aHI-1fl MOneKyn Oni-1C~BSIOTCfl C noMO~biO 

coeoKynHOCT1-1 KBaHTOBbiX 4Hcen In sa 1. HHAeKc s onHCbiBaeT paa

Hble HOPMBilbHble KOne6SHJ.1fl 1 a - pa3Hb1e COCTSBJ1fl10U\&.1e OAHOrO Bbi

PO*AeHHOrO HOpManbHOrO KOne6aHHfl. 8epOflTHOCTb nepeXOAa MOne-

Kyilbl 1-13 cocToflHI-1~ ln~al e cocTORHHe f n ~a I npH aaxeaTe He~T-

poHa flAPOM X MO)I(HO Bbi4HCn&.1Tb cornacHo pa6oTe /6/ c nOMO~biO 

¢opMynbt 

\n~al 
p 

f n:al 

II \«!> (G ) I exp lik b Q 
b sa asasa 

s,a nsa 
121 

Q8a - HOpManbHSfl KOOPAHHSTS a -cocTaBflfiiOU\e~ S -ro HOpManbHOrO 

Kone6aHHfl 1 ¢na , $ nb - BOJlHOBble ¢yHK4HH 11HHe\4HOro rapMOHH-

4eCKOrO OCI...IHJln'ifTopa, sab sa - HOpMHpOBSHHOe CMe~eHHe flAPS X H3 

noJ10)I(eHI-1fl paBHOBeCHfl, ka - BODHOB0\:1 BeKTOP Hei71Tp0HS, m X -

Macca RApa X. 
BenH41-1HS b sa MO)I(eT 6b1Tb onpeAeneHa 1-13 311eMeHTOB MaTPHI...Ibl 

f, OCyll\eCTBJlRIO~e\4 o6pSTHOe npeo6~a30BSHHe MSTpH~bl MSCC -

83BeWeHHbiX AeKapTOBbiX KOOPA~HaT q B MSTp~UY HOPMSilbHbiX KOOp-

AHHST Q ·/G, tO/ 1-1flH 1-13 CH110Bb1X nOCTOfiHHbiX MOneKy11. 

MaTPH4Hble 311eMeHTbl e /2/ Y*e Bbl4~ttcneHbl aeTopaMJ.1 pa6oTbl:/&/ • 

.llnR cny4aA nor no~eHHfl 3Hepr1-11-1 (n 8~ ~ n ~a) nony4aeTCR: 

\<<!> (G )\exp\ik b Q m-'h l\<1> (Q a)>\ 2 
nb sa a sa sa x n a s 

sa sa 
n:t I (nb -na ) 

(__.s!L_ ) , z sa sa I z 2f3 l 
nb ! sa exp- sa cos sa x 

sa 

x cos2(n~a-n~a)f3sa (L n~a-n~a (Zsa cos2{3 sa))2. 

n sa 

131 
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,.anr~ cny4afl (n bsa < n ~a) noJly4aeTcA aHanorlo14HaR ¢opMyna, noTOMy YTO MaTplo14Hbli1 3JleMeHT He YI3MeHReTCR, eCJlYI Mbl nepeBOpaYY!BaeM HSYSJlbHOe Yl KOHe4HOe COCTORHY!R. 8 ¢0pMyJle /3/: L ~(X)- npHCOe,QHHeHHble noJlYIHOMbl nareppa, {3 sa - yron Me}I(AY HanpaBJleHY!eM na,Qa~~ero HeHTpoHa 1o1 HanpaeneHHeM CMe~eHHR R,Qpa X 3a c4eT a -cOCTSBJlftiO~ei1 S -ro HOPMSJlbHOrO KOJle6aHHR • 
napaMeTpbl Z sa Cy~eCTBeHHO onpe,QeJlR~T BepORTHOCTb nepeXOAa 

z ~-R-. M+rnn 2 
sa hvs mx+mn . bsa' /4/ 

3HeprHR OTAS4H MOJleKyilbl 
mn R ~ --- · E , /5/ M+rnn n 

hv - 3HeprYIR KBaHTS S -ro HOpMSJlbHOrO KOJle6aHHR, M - Macca MoAeKyn~, m - Macca He~TpoHa. 
n fnb I 

4To6bt ycpeAHHTb PIn::} no opY!eHTS~YIRM MOileKyflbl, BbtrOAHO 
npeACTSBHTb yr!lbl {3 sa K~K ¢IYHK~HY1 OT yr!lOB c¢epY!YeCKVIX KOOPAH-HST 8,¢ (x""r·sin8· cos¢, y=r sin61·sin¢, Z=fCOS0). noTOM MO}I(HO 
Bbi4HCJlHTb pIn ~al no ¢opMyne 

In a I 
fnb I sa" " fnbl p sa ~-1- f f sme P sd(e,¢)d0d¢. !6/ fn~) 417 r1=0 ¢=-'If Ins~! 

4. Bbi411CnEHI1E CE4EHI1R PE30HAHCHOrO 
nornomEHHR ~nR UF 6 

MoneKyJl~ ra3006pa3HOrO UF 6 OTHOCRTCR K T04e4HOi1 rpynne Oh ,y HYIX OKTS3APH4eCKSFI CTPYKTypao ATOM ypaHa HSXOAYITCR B 4eHTpe MSCC MOJleKyilbl. PaCCTORHVIR OT STOMa ypaHa AO STOMOB ¢Tapa see OAHHSKOBbl. YrJlbl Me>KAY JlYIHYI.AMH CBR31o1 U-F TOJlbKO 90° HilH 180° /pr.1c. l/. UF6 HMeeT wecTb HOpManbHbiX Kone6aHHi1. 0AHaKO B CMe~eHHe .RAPS ypaHa ASIOT BKJlSA TOJlbKO TPYI}I(Abl BbiPOH<AeHHbte HOPMSJlbH~e KOJle6aHHR v 3 H. v4 T·r.-ma Cr.1MMeTPYIIo1 Ftf.t' Kone6aHHR v 3 H v 4 npeACTSBJleHbl Ha PYICo 1. BHAHO, 4TO f33a={34a/a =1 ,2,3/. Heo6XOAYIMbte 4SCTOTbl v 3 1o1 v4 npY!BeAeHbt e o6aope 1 11 1 · 
c-1 v

3 
=625 cM- 1 ,T.e. hv 3 ~0,0776 3B 
=186 -1 

CM ,T.e. hv 4 =0, 0231 3B. 
,QflR COOTBeTCTBYIO~Io1X KPVITr.14eCKHX TeMnepSTyp T C =ht-'s/k nony-4SIOTC.A T 03 =900,5 K; T04=268, 1 K. 3To 3Ha41-1T, YTO y>Ke npH oTHOC~t~Te!lbHO HH3Kio1X TeMnepaTypax 4eTBepTOe HOpMSilbHOe KOJle6aHHe CYIIlbHO B036Y>KAeHO. napaMeTpbt bsrl 6b!Jlt.1 Bbl4t.1CJleHbl !113 CIIIIlOBbiX 



t 
PHc.!. Kone6amiH 

"3 " 
v 4 

MOneKynbi XY 6 . 

nOCTOflHHbiX /iO,l 2 /. ¥13-aa 

8lt1CAT OT "' 
b31 b 32 bss 0,368 

b 41 b42 b 43 0,434. 

YcpeAHeHl<1e no yrnatvt ecneACTBlt1e c¢eplt14eCKo~ CI-1MMeTpHI-1 TpHel-1-

anbHO. 

Ce4eH~t~A Ail A 6, 6 7 3B-pe3oHaHca a 238 U F 6 6btm1 Bbt'-~1-1CileHbl np1-1 

Te.,nepaTypax 293 K " 373 K c noMOUibiO <IJOpMynbl /I/ s B"Ae 

a(E n) ~ :!: RAE u 0 (E n ,i\E M). /7/ 

l~n3 , i\n4 
M 

.On~~ pac4eTa ce4eHI-1fl Heo6XOAV1Mbt HeKOTOpbte orpaHH4eHV1FI. CHa'-lana 

HaAO orpaHVI41-1Tb 4HCI10 ¢OHOHOB 8 Ha'-laJ1bHOM COCTORHVH1. Mbt I-1CnOnb-

30Baillll ll ~ MaKe=:'"2 Ill ll: MUKC~9, T. e. BKill04liiJ1lll OKOilO 971_, BCeX Mo-

IleKyJ1 np1-1 TetvtnepaType 373 K. KpoMe Taro, Mbl Ao6aBI-1Jilll eeporn

HOCTVI Heyi..!TeHHbiX CTeneHeill B036y}I(AeHHA K BepOATHOCTAM 

W , W a liiJ1lt1 W • npo~eCCbl BVIAa 

na,na n ntt na _ , 11a 

3 4 M<lKC. 3 MdK( .' 4 3 MaKe. 4 ~laK(:. 

! a a a J 0
41 • 0

42 , n 43 = ll, 0, Ol => \0,1, 0\ npeACTaBJlAIOT co600 npou,eccbt 

BblCWliiX nopAAKOB Ill 6b1Jllll Yl.ITeHbl TOilbKO Ailfl HOpMailbHOro KOile6a

Hlllfl v 4 • 

KpoMe roro, Heo6xoAliiMO orpaHllll.lliiTb l.llllcno cnaraeM~x a /7/. 

Mbl yl.lliiTblBaJ114 ace K03¢¢114U.llleHTbl RL\E M, BKJlaA KOTOPblX BblWe 0, OQQ 1 • 

Pacl.leTbl noKa3aJllll, '-ITO npou,eCCbl, np\11 KOTOPbiX MOileKyila OAHOBpe

MeHHO nornow.aer 11111111 \I!CnycKaer HecKonbKO ¢oHoHoa, AaiOr saMeTHbl~ 

BKJlaA. 

KaK BVIAHO 1113 /4/ H /5/, napaMeTpbt Z sa' a no:.noMy 1t1 napaMer

Pbl RAE ,3aa\t!CRT or 3Heprlllltl He~rpoHa En. Mbt Y4HTbtaan~t~ 3TOT 

M , , 
E 

3¢¢eKT C nOMOW.biO Jlli!HeliiHOYI 14HTepnOJlRU,I4Yl MemAy 3HeprVIRMlll 111 = 

6,52 3B" En 2 ~6,82 3B. 
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0~-----L-----L-----J--~~~ 6.5 6..6 6.7 b.B EnhB P11c.2. CeqeHHe pe30Haucuoro norno
rn;eHHR .n;n.R 6,67 3B peaoHaHca E 238UF6 npH TeMnepaType T=373 K 
C yqeTOM /ciTJJOlUHaR KPHBaH/ H 5€3 
yqeTa /rryHKTHpHaH KpHBaR/ B035y~ 
,1J;€HHR MOJ1€KYJI. 

Ha PHC. 2 npe.QCTaane
HbJ ce4eHHR peaoHaHcHoro 
nornO~€HHR H€HTpOHOB ,QnR 
6,67 36-peaoHaHca a 
238 UF 6 c y4eToM 111 6es 
Y4€T8 BHYTP€HHero B036ym
A€HHR MoneKyn. BHAH0,4To 
BHYTP€HH€€ B036ym,QeHH€ 
MOJleKyll CHJlbHO BJ1111R€T Ha 
¢OPMY peaoHaHca, a TaKme 
o6ycnoenHsaeT CABHr MaK
c~;~MyMa Ha 6 M36. 

CaMoe eamHoe npeHMy
ll.I€CTBo e cJ1y4ae UF 6 co
CTOHT B TOM, 4TO paC4€T 
C€4€HHR pe30H8HCHOrO 
norl10ll.\€HHR H€~TPOHOB H€ 
COA€P>KIIIT CB060,QHbiX napa
MeTpOB 1.1 4TO llaCTOTbt Ko
ne6aH!.1H xopowo "13BeCTHbt. 

5oyMaH ~ WpaK e pa-
6oTe /8/ TQ}f{€ Bbt4~CJ1Hm1 
C€4€HJ.1€ pe30HaHCHOrO nor-
Il0~€HJ.1R HeHTPOHOB .QilR 
UF 6 np1-1 TeMnepaType 293 K, 

HHTepecyRcb e nepsy~ 

04€P€.Qb R.Q€pHbiMV1 .QSHHbiMI-1. 
J:lnR 3TOH ~em .. f 6btJlV1 .QOCTa
T04Hbt OTHOCHT€1lbHO rpy-
6bl€ npltl6.f11.1)1(€HHR • 8 Ha4allb-
HOM COCTORHit!H OHH y411Tbt-BanH TomKo In~ ,n• 1=10,01, 10,11, 10.21 H 11.01, T,e. oKono 60% ecex MoneKyn. RpoMe Toro, OHH Y4V1TbtBa11l-1 TOilbKO nepexo.Qbl L~n3 , i\n 4 1 =I 0,01, 10, 11, IO, -11, 11,01, 11. -11, 3TO oKono 93,7% ecex nepexo.Qoe. TaKoH pac4eT He.QOCTaT04eH .QllR ~ccne.QoeaHl-1R XJ.1MV14€CKOro C.QBHra H€i1TpOHHbtX pe30HaHCOB. 

5. X~M~4ECK~~ C/1B~r HE~TPOHHbiX PE30HAHCOB 
X11MJ.14eCKV1i:1 CABI<ir HeilrTPOHHoro pe3oHaHca :\E 0 MO}f(HO aanHcaTb 8 BV1.Q€ / 4 /: 

2rr 2 2 L\E 0 = 3 -ze ki\p
0 

(0) .;\<rP>, !81 
r,Qe ~Pe /0/- paaHOCTb nnOTHOCTV1 3Il€KTPOHOB Ha M€CT€ R,Qpa .QilR ABYX paccMaTpHBaeMbtX XJ.1MV14€CKJ.1X coe.QYIH€HI-1i1; A<r 2 > - J.13MeHeHV1e CP€.QH€KBa,QpaTH4HOrO pa.QI1YCa 3aPR.Qa R,Qpa npYI aa~eaTe HeHT-
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poHa; k - K03¢¢~~~eHT, Y4~T~ea~~~~· ~3MeHeH~e Ape no o6beMy 

flAP a. B pa6oTax I 1-41 enepBble 6b1Ill-1 npoeeAeHbl ~3MepeH~t~.A 3Toro 

3¢¢€KTS 1 o6ycilOBil€HHOrO CBepXTOHKHM 3Il€KTPH4€CKHM B3SHMOAe~

CTBH€M, Ail.A pe3oHaHca 6,67 38 238 U. B 3KcnepHM€HTe ~t~cnonb3o

san~t~cb nOilHKp\11CTSilil\114€CK\11€ o6pa3L.Ibl. 

,ll,n.A cpaBH€H\11.A nOilO>t<€HHfl p€30HaHCa B cneKTpax pa3Hb1X X\11MH-

4€CKHX CO€AHH€HH~ npOBOA\I!IlaCb nOArOHKa MeTOAOM Ha~M€HbW\11X 

KBaApaTOB, np\11 KOTOPO~ pe30HaHCHbl€ npoBailbl COBnSASilH HS\11Ily4-

WHM o6pa3oM lnoAp06Hee CM. Ill I. 3KcnepHM€HTSilbHbllll CABHr MOH<HO 

npeACTaBHTb 8 BHAe 

i\E ~ i\E + i\E 
'JKCIJ • o nonp. 

/9/ 

rAe AE nonp.- ¢HKTHBHbllll CABHr, o6ycnoeneHHblill e nepey10 04€P€Ab 

pa3IlH4~t~eM ¢opMbl pe3oHaHcoe vt3-3a pa3HML.Ibl e cneKTpe Kone6aH~t~ill 

KpHCTaililiA4€CKIIIX peUJ€TOK pacCMSTPHBS€MbiX B€ll.I€CTB • 

,ll,n.A onpeAeileHH.A XHMVl4€CKOrO CABHra i\E O H€06XOAHM HaA€>f<Hblil! 

paclleT nonpaBK\11 i\E uoup· TaKa~ pacl.leT ?bin BblnOilHeH e pa6oTe 121 

Ha OCHOB€ nogXOAS AmeKCOHa \It niAHHa 151 • ~M\;1 6b1Ila HCnOJlb30BSHa 

MOA€Ilb HepHCTa-n~t~HA€HMaHHa, KOTOpa.A npeACTSBil.A€T co6oH MOA€Ilb 

3i11HWTei1Ha, pacnpocTpaHeHHYIO Ha As a e~t~Aa aTOMOB U \It X. B3ee

weHHblill LlSCTOTHblill cneKTP, T .e. K0Il€6SHH.A, C8fl3SHHbl€ C STOMaM\11 

ypaHa, MO>t<HO np€ACTS8HTb 8 BHA€ 

(J(hr') =- a
1
8(hv -hv 

1
) + a

2
8(hl' -hJ1

2 
), 

a 1 + a 2 o· 1; hv 1 /hrl 2 ""' ·J m I m U' 

r A€ Ill x \II m u - Maccbl aToMOB X \II U. 

/10/ 

/11/ 

PeaJlbHblill cneKTp ¢JoHOHOB HenpepbiBeH, HO BblpameH~t~e I 10/ .As

IlR€TC.A XOPOW\IIM np~t~6IlH>t<€HH€M, 4TO CBfl3SHO €11.1€ Ill C T€M, LlTO 

co6cTeeHHaA W~t~p~t~Ha pe30HaHca o6ecne4~t~BaeT AOnonHHT€IlbHOe yc

P€AH€HHe. 8 pa60Te ·' 21 Ha 0CH08€ 3TOro noAXOAS YASilOCb XOPOWO 

OnHCaTb pa3HOCTH H€ii1Tp0HH~X CneKTpOB Ail.A pa3HbiX XHMIII4€CKHX 

CO€AIAH€HH~, a TSK}I(€ 3aBYlCIIIMOCTH OT TOilll.IHHbl o6pa3L.~OB, TeMnepa

Typbl, A~t~ana30Ha noArOHKH. TeM He MeHee, Ail.A cTporo~ OL.I€HKH 

Ka4eCTBa on~t~caH!.1.A ¢JopMbl peaoHaHca c noMO!llbiO 3Toa::i MOAeilH mena

TenbHa AOnOnH~T€IlbHS.A npoaepKa. ~€Il0 B TOM, 4TO He HCKil~4eHa 

KOMneHCS~H.A CHCT€MST!.14eCKOH OW\116KW, KOrAa 6epyTC.A pa3HOCTH 

cneKTpos, pacc4WTaHH~X no OAHO~ 111 TOH me MOAen~t~. B 3TOM OTHO

weHit114 cpaBH€HH€ nponycKaHHH 4€P€3 non~t~KpiiiCTSilil1114€CKH~ UO 3 

Ill MOil€KYilAPHb1H ra3 UF 6 AaeT XOPOWYIO npoeepKy, TaK KSK MOAe

IlH np~t~ 3TOM Cy~eCTB€HHO OTil\II~S~TCA. ~Il~ TB€PAOrO T€Jla aTOM~ 

aa¢1-1KcwpoeaHbl e y3nax peweTKH, H XOA ce4eHH.A o6ycnoeneH TOilbKO 

norno~eH~t~eM w vtcnycKaHV~eM ¢oHOHOB peweTKoill. B cny4ae MoneKy

Il.ApHoro ra3a Y4HTbiBS€TC.A pacnpeA€Il€H\II€ MOil€KYJ1 no CKOPOCTAM, 

3HepriiiA OTAa~H, 8HYTP€HHH€ B036YWA€HHA MOileKyJl. 
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PHc.3. Pacc'tlHTaHHWe oT
HomeHHH Ce'ti€HHi.f ~JHI pag
nH'tlHhiX IIOJIHKpHCTaJlJIHl..JeC
KHX Of5pa3UOB a F K ceqe
HHJO aUF B IIPH TeMnepaType 
T =373 K • .LlnR ormcaaHR 
ceqeHHH IIOJIHKPHCTaJIJIH'tleC
KHX o5pa3UOB 5hillH HCIIOJib-
30BaHhl cne~yJO~e rrapa
MeTPbi: U MeT.: a1 = 1 , 0; 
hv 1 =0, 0 I I 3B I I I; 
U30 8 : a 1 =0,9, a 2 =0, 1, 
hv 1 =0,013 sB, hv 2 = 
=0,052 3B 121; U0 3 : a 1 = 
-0,85, a2 =0, 15, hv1 = 
=O,OI4 3B,hv 2 =0,054 3B 
131. 

CTpenKoH yKa3aHa 3Hep
I'HH pe3oHaHca. 

Ha p~c. 3 npeAcTasne-
Hbl paCCl.li-1TSHHbl€ 0THOWe-6.S 6.6 6.7 6.8 En/38 Hl-l.R ce'-leH~t~C1 A11R pa~Jll-1!..1-HbJX nonvtKPI-1CTSJt111-1'-leCKVIX o6paa~os a F 1< cel..leHHIO A11R UF 6 npl-1 TeMnepaType T =373 K. BI-1AHo, '-lTO paan1-141-1e a ce4eHHRX ol.leHb 3HS4HTeJ1bHO. 

6. PE3YnbTATbl 3KCnEPHMEHTA H 06CYii(J1EHHE 
06pa60TKa 3KcnepVIM€HTSJlbHbiX cneKTpos AllR peaoHaHca 238 u 6,67 36 • U0 3 H UF6 Aana 3Ha"eHHe i\E OKcn.=/118:':66/ MK3B • .QnA onpe.QeneHVIR nonpaBKI-1 L\E nonp. 6bt!lltl pacc41-1TaHbl reopenf4ecKI-1e cneKTpbr. B pac4ere I-1Cnonb30BaHbt, KPOMe paccMorpeHHbtX BbtWe C€4€Hitlt1 B p€30HSHC€, TSK)I(€ 3Hal..J€HI-1R nOTOKa HeHTPOHOB, QJoHa, ¢YHKLt"'fl.1 paapeweHYIR 1-1 T • .Q. Ha p1-1c. 4 eeepxy noKaaaHbt 3Kcnepr.1MeHranbHbte To4Kr.1 1-1 reoper!-14eCKaR KpHeaR. Bi-1AHO, 4TO cornacYie ,Qocraro4HO xopowee • .QnR pac4era o60YIX cner<rpoe ace napaMeTpbt O,QJ.1HaKOBbl, KpOM€ xapaKT€pJ.1CTYIK KPI-ICTailJla J.1 ra3a • .QJ1.R T€0p€TJ.14€CKYIX cneKTPOB ,Qanee npOBO,QitlllSCb TSKSR )!(€ 06pa60TKa, KSK ,Qll.R 3KCnepJ.1M€HTSJlbHbJX, OTKY,QS 6btll0 nO!lY4€HO 3HS4€HJ.1€ 1\E IIOCIJ)':"l39 MK38 • napaMeTpbt Cn€KTpa KOJle6aH1.1ili peweTKitl /10/ 6btTII-1 no!1y4~Hbl 8 XO,Q€ no,QrOHKJ.1 1-1 HSV.,Q€Hbl pa BHbiMJ.1 a 1 =0, 85+0, 06 J.1 h1't =/14+1/ M38. Ha pVTc. 4 BHJ..13Y noKa3aHbr 3KcnepJ..1MeHTanbHble TOYKJ..1 pa3HOCTJ..1 cneKTpOB 8 o6naCTJ.1 He~TPOHHOrO pe30HaHCa, a KpV!BaR noKa3~BaeT aHanorVTYHy~ pa3HOCTb TeOpeTH4eCKJ.1X cneKT-
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Nr<f' 
2.0 

\.0 

a/ 

ANmfr-~----~------~
-------, 

PHc.4. a/ - 3KcnepHMeH

TaJlbHbiH CTieKTp rrporryc

KaHHH no speMeHH nponeTa 

AJlH 6,67 3B pe30HaHca 

238 UF 6 I ToqKH/ H pe

gynhTaT pacqeTa 3TOro 

cneKTpa /crrnomHaH KpH

saH/. 6/- pa3HOCTb 

3KCTiepHMeHTaJlbHblX CTieKT

pOB AJUI 238 uo 3 H 238 UF 6 

nocne nop;roHKH /ToqKH/ 

H pe3yJlbTaT pacqeTa 3TOH 

pa3HOCTH/CITJ10lliHaH KpHBaH/. 

k - HOMep KaHana aHanH-

3aTopa. 

poe. Ba~HO OTMeT~Tb, ~TO 

nonyl.leHHble napaMeTpbl 

Kp~cTann~4ecKo~ peweTK~ 

a 1 Y1 hv 1 xopowo cosna

AaiOT c nonylleHHbiMH 

paHee s pa6oTe 121. 

0KOH4aTeflbHbllll pe3yJ1b

TST AflA XHMH4eCKOrO 

690 700 K CAB'•ra 1\E ~ 1\E -1\E ~ 
"' o · ~)KCII. nonp. 

6/ ~/-21;t211/ MK3B. 

6 OWV!6Ky BXOAAT CTSTVICTVt4eCKSA OWH6Ka 3KCnepVtMeHTS VI OWH6Ka 

nonpaSKV!. nocneAHAA onpeAenAeTCA 8 OCHOBHOM OWV!6KSMH napaMeT

poe a 1 111 hv 1 AI1FI U03 ,a AI1FI UF6 HeonpeAeneHHOCTbiO clllnosbiX 

nocTO.AHHbiX H YaCTOT MOJ1eKYI1bl UF 6 . 

An.A conocTasneHII!FI Ha~AeHHOro 3HaYeH~.A AEo c pe3YJ1bTaTaMH, 

nonyYeHHbiMH s 141
• rAe 6biJ10 onpeAeneHo l\<r~> ==(-1,7~~:~) ¢1M; 

Heo6XOAHM0 3HaTb t\.p e /0/ AJ1FI uo 3 H UF 6. noKa TaKHX 3KCnepHMeH

TaJ1bHbiX A8HHbiX HeT, HO 1-13 OAHHaKOBOi'i BaneHTHOCTH 3Tir1X COeAVI

HeHVIH MOmHO OmHA8Tb, 4TO l\pe /0/ Mana. 3TO cornacyeTCFI C 

Ha~AeHHbiM 3KCnepHMeHTaJ1bHbiM 3Hal..leHHeM i\E o·O~eHKY AI1FI Ape /0/ 

MO>t<HO nOJ1Y4VITb Ha OCHOBaHHH A8HHbiX AI1.A aHaJ10rH4HbiX COeAHHeHI-1~ 

HenTyHHFI/13<eCJ1H npeAn0J10mHTb, 4TO HenTyHHi'i HMeeT TaKHe me, 

KaK ypaH, 3¢l¢leKTHBHble 3aCeJ1eHHOCTVI eaneHTHbiX 3J1eKTPOHOB nniOC 

OA1r1H AOnonHHTenbHbiH 5f -3neKTpoH. TorAa eepxH.A.A rpaHHL\a 

t\p e /0/ AnR UO 3 ~ UF 6 cocTaB~T OKono 5 ·1 0 26 CM -s. Cor nacHo /8/ 

" Ha.,AeHHOMy paHee 3Ha4eH"IO 1\ <r ~>, B 3TOM cny4ae "-EO ~ (-21 0 ~ ~ ~~) 
3Ta BeJ1H4HH8 T8Kme He npOH1BOpeYVIT npHBeAeHHOMY BbiWe 3HaLieHHIO. • 
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6.60 6.65 6.70 6.75 6.80 PHc.S. 0THOWeHHe cet.IeHHH pe3oHaHcHoro norno~eHHR HeHTpOHOB ,una 2:3BU30gH 238Uf6 npH KOMHaTHOti TeMrrepaType, TOtlKH - 3KCITepHM€HTa.JlbHhlif pe'3ynbTaT pa60TbJ /8/ IIYHKTHpHa.R KPHBaH - pe3ynbTaT pac"t.J:eTa pa5oThi 181, cnno,mHaH KPHBaH - pe3ynbTST pacqeya B paMKax HaCTOH~eH pa60Thl. 

AnA ,QOnOI1HIH€1lbHOH npoeepKI-1 Haw~x pac4eroe HaMH 6wn1 npoBe,QeHbl cpaeHeHt.1.A c ,QSHHbiMl-1 boyMaHa 1-1 WpaKa
181

. 0HH H3Mep.AI1t.1 cneKTPbl nponyct<aHl-1R no epeMeHI-1 nponeTa All.A peaoHaHca 6,67 3B e coe,QJ.1H€Ht~~Ax U3 0 8 1-1 UF 6 np1-1 KOMHarHoH reMnepaType. 3Kcnep~t~MeHTSJlbHble P€3YJlbTSTbl, nOI1Y4€HHbl€ HMH, npHBe,QeHbl HS P~<'~C. 5 BM€CTe C T€0P€Tl-14€CKOH KPHBOH /nyHKTHp/. 3,QeCb me npHB€,Q€Hbl peayJlbTaTM HawHx pac4eTo8 ,QnR 3T~x coe,Q~HeH~H /cnnowHaR n~HHR/. B~AHO, 4TO cornac~e c 3Kcnep~MeHTOM xopowee. npo8e,QeHHOe 8 ,QaHHOH pa6oTe conocTa8neH~e aKcnep~MeHTanbH~X ~ TeopeTH4€CK~x cneKTpo8 4epea paaHOCT~ AnR A8YX XHM~4ecK~x COe,Q~H€HHH RBJ1ReTCR 4Y8CT8HT€flbHMM M€TO,QOM np08€PKH MO,Qefl~ TBep,Qoro Tena ~n~ raaa 8 npHno~eHH~ K on~caH~~ HeHTpOHHOro Ce4eH~R. ,llJTR ,QaHHOro peaoHaHca C,QB"lr aa C4€T KOJTe6aHHi1 KP~C"" TaJTfl~4€CKOi1 peweTK~ U03 COCTa8J1R€T OKOJTO 25 M3B no cpa8H€H~~ c peaoHaHcoM AJTR aaKpenneHHoro R,Qpa. B UF6 TaKoH CAB~r aa Cl..leT OT,Qa4~ paBHR€TCR En· m n/ (m n+ M) ~ 19 M38 H ,QOnOJTH'-1T€1TbHbli1 C,QBHr 3a C4€T 8HYTPeHH€rO B036Y~A€HVIR MOJ1€KYJTbl OKOJTO 6 M38. Bee 3T'-1 eem14!.1Hbl MHoro 60JTbWe !.13MepeHHbiX X'-1M~4eCKHX C,Q8!.1ro8, 4TO YK63~BaeT Ha OTCYTCTBH€ 3aM€THMX Ct.1CTeMaTH4€CKHX norpewHOCTei1 B npY!M€H€HHbiX MO,Q€flRX. 0,QHOBP€M€HHO np08€,Q€HHblilt 3KcnepHM€HT '-1 paC4€Tbl CJ1y}l{aT ,QOnOJ1Ht.1T€J1bHbiM o60CH08aH!.1€M M€TO,Qa Ha6niO,Q€H'-1R XHMH4€CKHX C,QBV!rOB HeiiiTpOHHblX p€30Ha HCOB. 
B aaKJTtOLleHVIe C4!.1TaeM ceoHM np~RTHbiM ,QonroM 8blpa3!.1Tb 6naro,QapHOCTb M.M.$paHKY H ~.3eenvtrepy aa nOAA€P}I{Ky pa6oT~ H none3Hble .c!VICKYCC'-1'-1, a TaK}I{€ 3.3KWT€i1H aa nOMOtqb 8 o6pa6oTK€ ,QaHHbiX. 10 
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