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BB8.Jl€HH9 

B RCCJIS.IIOBaHID!X c opH€HTNB8.HHHMH RJWaMH Ba.lKHYIO poJli> HrpaiOT 
orrrHqecKHe MeTO.Jlbl rroJIHPH38..UHH I. B rroCJie,llHMe ro.n;hl 3TH MSTO.IIbl no.ny

qKITH .n;~Heliwee pa3BHTHe 6~ro.n;apH Mcno~30BaHHro ~a3epoB c nepecrpaH

:saeMo:ti ,n;JIHHO:fii: BOJUill. B M8TO.ll€ OITTU:qecKof.:i: Ha.I\atrn:H/2/, Ror.n;a npH B38.H

MO.II:€liCTBRH aTOMOB C UHPKY~HO TIOJmpH30BaHHHM CB8TOM BC€ OHM nepeBO

.II:HTCR B COCTORJULII C Ma.KCHMa.JThHOii npo€KU!i8li TIOJIHOrO MGM8HTa Ha Hart

paBn9HH8 ~38pHoro ~qa, CT8IT€HD IIO~H3anHM R,I1;8p MO~ST ,IJ;OCTHraTb 

IOO%. O,n;Ha.KO ,IJ;OCTHI'aSTCR Ta.K8.Ji ITOJIHPH3a..UIDI 3a Bper&r, COOTB8TCTBYiaJ488 

HSCRORDKHM CITOHTaHHHM II8p8XO.II8M C B036y~eHHoro ypOBHR aTOMa Ha OC

HOBHOli (I0-7 - IQ-<) c). 3TO orprumqJUlaeT liCCJ!9J!OBaHWI Jm9p B li30Mep

H~ COCTORHHRX C 60~88 KOpOTKHMH Bp8M9HaMH ~3HH. 

~ IIOXHpHsaqHH TaK~ KOP,OTKO~HBJmHX R.ll8P MOK8T 6HTb HCIIQnb30-
BaH M9TOJ! pa6!1-0CW~~all/3 ,4t RJlll Jr-HMUYJibCa/5/. il 3THX M9TOJ!3X 

H9p8BHOB9CHaR 3aCeH9HHOCTb COCTORHH~ C pa3HHMH npoeK~ TIO~OrO 

MOM€HTa ,IIOCTHraeTCH TORDRO B pe3y~bT8T8 ~UHpOBaHHHX nepeXO,llOB, 

BH3HBa9MRX ~HPKY~RPHO nanapH30BaHHHM H~qeHHeM. ITosTOMY npe,D;e~bHHe 

Bp8M9Ha XH3HH HCCH8~€MHX ~ep OIIp8,II9JmiDTCR B8XHqHHOtt CB8pXTOHKOrO 

B3aEMO.II9HCTBHH M9~ S~8KTp0HHOH 060~Qq&Ofi H ~M H MOryT COCTaB

~b 10-IO C, XOTR B STOM c~qae CT8II9Hb TIOJIHPH3aUHR He ,IJ;OCTHra9T 

IOO% ( O!<a OK8.3!1Ba9TCJI I - 50% B 3aBI!Cl!MOCTll OT CITIIBOB II 3Jl9KTpoH!!Ol! 

o6o~oqza). ITpoueccH nonRpH~ ~a npH onrHqecKofi Haxaqze H npa 

pa6v.-ocu~RX npe.IICTasneHH cxeMaTzqecxa Ha pRe. I. 
~CTOTa pa6ll-OC~ OITp9,IISHH8TCR nHOTHOCTbD MO~OCTH ~39p

HOro K&nyqeHHH H ~ OCymSCTBn9HHR 6HCTpO! IIO~H3aURH ~ep 88 Be

JlllqJ!Ba J!OJI>llia 6HTb 3HaqJ!Tem.Hol! (6oJiee ro3 
BT/ml). TaK8.!1 MO!IlliOCTb 

Hru<6oJiee npocTo peaJII!syeTca B HMUYJIDCHHX .11asepax. Uem.JO Jlaf!IIOl! pa6o
TH .RBJIJlJIOCb HCCJI8,It0Ba.HH9 M9xa.HH3Ma TIOJIR.PK38J.UDI pa,IUWaKTHBHI:lX B;D;ep 
22Na ll 

24No. K CTa6W!bHOro 
23Na C ITOMO~Jlbl!l HMUYJIDCHOro Jla3epa C 
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PHC. I. llpo~ecc rro~H3~HH 

-1 0 ·1 -1 0 •1 ffic• ~ep TIPH OTITHqecRoH HaKa~e 

/I 7_! 
( CJISBa) H padH-OCUV.,!l.T.L81J;:~IHX 

(crrpasa). CnxoWHHe cTpe~n-

~OBaHH~e rrepexo~. 

nyHKTHpHH8 - CTIOHTaHHH8 rrepe-
-1 0 •1 -1 0 ·1 m, XO.Ubl, (lJF- rrpOSKUIDI IIOJIHOI'O 

Jrn:·'· :100°/o MOM9HT8 8TOMa Ha HaTipaBH9HH9 

_10 

~aepHoro ~qa. CHH3Y - OT-
_l HOCHT8~HH8 3aC9JI9HHOCTH coo-

TORHHff C pa3HHMH lli'r • 

rrepecrpaRBaeMoll .UJilliOfi BOJIHH. IIo;mpHaa.r..urn JicoJie.uyeMiiX MBP onpe.n;e.mr

mc:& no H3Mepemuo yrJioBoii aHa3oTpomm. t -HanyqeHHJI, BcrzycKa.eMoro npH 

HX pacrra,n;e, HJUI IIOJIHPHaa.IJ;Im p830HaHCH0:1il: ilVr.fOp8CI.l8illl}nl: CB8TOBOI'O H3JIY

T{8HRR:. 

3KcnepKMeHTaRbHaH ycTaHOBKa 

CX8Ma 3KCTI8pHM8HTanDHOf1 YCTaHOBKH, HCTI0~3Y8Mof1 HaMH ~ HCCH8-

.U0BaHRff 3~KTOB OpH8HTauHH paAHOaKTHBHHX M8p, TIP9.UCT~8Ha Ha 

pMC • 2 • :VlCTOtffiHKOM m.fi1YJThCH01'0 CB9TOBOI'O H3JIYq9HHH CJIY1iUL71 nepecTpaM-

w 
n-

n 

~ ---ol---+--+--+- ~:3:::;::~ 

PHC. 2. ~OK-CX8Ma yCTaHOB-

KH: JIK - Jia38p Ha RpaCl'I-

TM8, Z· - ,n;KafPparMB., II -Jm:

HefiHHfi rro~HaaTop, A/4 -
nnaCTKHKa B qSTBSpTb ~MHH 

BOJlllli, K - KIOB9Ta, KI' -
K8TyniKH reJibr..rr'OJihlla, .Jl11 -

~sepHoe HanyqeHHe. 

saeMHH ~sep Ha KpacHTeJie - po~e B . HaMeHeHHe ~ BOXHH B rrpe
J19JJaX 575 - 600 11M OCYJl19CTBJI>IJl0Cb IJJiaBHiiM IIOBOpOTOMoJ11<WpaM~OHHOi! 

pemeTKI!. llpH 3TOM llll!pMHa reHep~MH COCTaBJIJDia 0,25 A (20 I'Ii:(). l.\Mp

KYJIJiPH8..ff IIOJI.'I.PH3a!4IDI HarryqeHHH COS,n;a:ean:ac:& JIHHSihmM: IIO.li.KpH3aTOp0M 

H ~CTHHKOfi A/4, IIOBBpHJTOn OTHOCHTS~HO TinOCKOCTH ~efiao~ IIOJIH

pHaaQI!H Ea3epHoro ~qa Ha yro11 ff/4. 

V~~CHOS B03d~BHH8 Kp8CHTeHB Ilp0H3BOJJ;KHOCb TB9pJJ;OTenbHHM 

~38pOM Ha OCHOBS MOHOKpHCT~ axnMOHTTpHBBOrO rpaHaTa, JISrHpoBaH

HOrO H90)1l!MOM (JITilii'j-7), pa60TaiiJJ19rO B pell<l!Me MO~JIHpOBaHHOH )106pOT

HOCTH. 3roT ~sep reHepxpyeT HMTIY~CH CBBTOBor~ RsnyqeHHH Ha ~e 

BOJllW 1064 HM c ,IVill.TBJil,HOCTJJIO IO HC, MOW:HOCTDIO .n;o I MBT B EMIIYJI:E:.Ce 
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If qacTOTOti CJI8Jl.0Ba.HHJI OT 12,5 .UO 100 f~ . .if..Jm B036YJK,II;8Hllil KpaCI1T8JIR 

IIpOBO,TIJiJIOC.b rrpeodpa30B8..HH8 ,D;JIHHbl BOJIH.bl 1'i3JIYti8HIDI EO BTOpylO rapMOHH

KY ( C A= 532 HM) C IIOMOU{hKI H8JIHH8JiHOI'O KpHCT8.JT.1Ia 113 HH06a.Ta JIHTHJ!. 

Ilpll 3TOM MOJ.nHOCT:b ll3JIY!.I8HHR Jia38pa H8. KpaCUT8JI8 COCTaBJIHJia 15 K:iT 

(npl1 T8X JK8 3Half8H1LRX lffiCTOTbl l1: Jl..lrnT8JI:OHOCTa I11VITiyJThCOB). 

PesoHa.HCHoe Bos6y;~U~;emm MCCJie.uyeMllX a·roMon npoBO,n;1JIOCI> B I:rom;
re o6'beMoM _ _.I c:r.I3 :as KanpoJioua - .dil Tep::cL1a, cG;ra.iLaF~ei ·o H:;aK;:.,; c lh.J
aueM Jl.€30pM8HTauEH ,UJI.fi aTOMOB !J (, npospaqJ-IQl'O .U:JIH OIITHti8CKOI'O USJIY

qeHl:UI n o6ecrreq1marallero .n;ocraTOqHO BblCOitMH BO.KyyrA. Kronera aaxo;:rJuraci:. 
BHYTPH Ba.KYYMHO:il Ka.M:epbl, OTKatiJ[BaeMoU Jl,O Jl.aBJI8HHH ro-6 ToJ • H MOI'Jia 

HarpeBa.TI>CJl .UO T8MTI8paTypbt 400°C C IIOMO!l\blO CIU!:pc'l.Jrn, qep€3~ KOTOpy!O 

IIpOXOJl.IDI M8KTp11qecKHii TOR. llpn paciOT8 C pa3JHlqllh{MH C08)J;11H8H:E1.ltM:E1 JV[H 

HX aTOMM3a,wlli HCTIOJTh30BaJIOC:b M.O!llH08 IDVmyJI.hCH08 JI8.38pH08 ll3JIYqemm 

( oT Toro JKe Jiasepa .IITEirl-7). 
'IT06I:l ycrpa.HHT:b .n;esopHeHrauuro aroMoB, Bb!3hlBaeMyro CJIYqa}iH:illJ!H 

TIOJI.RJI.U!, K H3M8pH8MOti: 06JiaCTM IIpHKJI~BaJIOCL JJ;OCTaTOqHQ CHJibH08 Bll8W

H88 MarHHTHO€ TIOJI€ (~0 200 rc), HanpaBn8HH08 ITO ~38pHo~zy JIYqy, C03-

~aBa8M08 napoil KaTymeK reJibMrO~~a. 

Penrcrpau:M .f -:w3JIYqemm, HcrrycxaeMoro np;-r pa..n::~ma.KTUBHOM pac-

~e OpH8HTHp0BaHHb!X ~ep, npoH3BO~HnaCb CUllHT~MOHHUM Cll8KTpo

M9TpOM c KpncTa.JIJIOM NuJ(Tt) pa3MepoM 60x60 ''"~· )leTeKTop Mor pacrro

~raTLCH ITO~ pa&rrllqHID~ yrRaMH ITO OTHOlli8Hll.IO K HarrpaBJI8HHID JI8.38pHOro 

H3JIY'qeHlm (or 0° ~o 90°) , npH aToM era TeJiecHH.fit yroJI coc·raBJm.JI 0, 28 
CT8~HaH. CneKTpi:l r-n~eHIDi npH paSJIH~HX yr~ H HarrpaBJJ.eHHHX 

MarHHTHOl'O TIOJIH perHCTpHpOBaJIMC.h IltHOl'OKa.HaJI:bHtlM aHaJlli3aTOpOM. 

B KaMepe HM8JIHC:& CT8KJI.fiHHH8 OIUia, KOTOphiO CJIY)iUIJIH ~JIH ITpOrryCKa

HIDI ~sepHoro H3JIYqemm:, a TaiQ!te pesoHB.HCHoro (Iuzyopec~eHTHoro H3JIY'

qeHHH npn pa60T8 CO CT8.6HJIDHHMM H30TOITaMH. ~ perHCT~HH ITOCJI8~e

ro rrcnoJID30BaJICH WoTOYMHO~TeJID, nepe~ xoroprnv! ycraHaBHMBaJICH apa

ma.Ia.QIDl:ca TIOJIHpOll,U. 3TOT Q:JOTOYMHOJKJ.1T8JTh C TIOJmpO~OM TI03BOJlliJI H3M8-

pJITb TIOJIJipll3aUIDQ p830H8.HCHO-paCC8ID-IHOl'O Hs.;rryqeHIDI H T8M CaMI:ll'l! CYJJ)ITL 

06 OpH8HTa.IUUi aTOMOB. 

JlOJI!i]lH3a[(Hi! JIIlSP 22Na H 241Jtr 

Ha OTIHCaHHOil Balle yCTaHOBK8 6HJffi IIpOB8~8Hli 8KCIIepHM8HTH ITO H3-

M8p8HlUO yrJIOBOil aHt130Tponm; y-:vr3JIYq8HID1 $8p 22/Ja ll 24Na , B03-

HII:Ka!Cill8fi rrpn HX rro.mrp:V.:38.Ull¥I no~ ~eti:CTBH8NI mmyJIDcHoro Jia3epHoro M3JIY

qeHHH. AKTHBHOCT:b ilCTO~HKOB COCTa~ 3-5 MR Ci , qro COOTB8TCTBO

Bai!O - IOI3 Jll19p )lJUl 
22/Ja. H - IOIO JIIlep :UJI5! 24Na. AapaKTepHCT>!KH 

,\"-H3JIYqemrn: (era 8H8prlUI I1 TIOCJI8)JOBaT8JibHOCT:& CTIHHOB rrpM ,y -pacna,n:e 

~ npe.umecTBY!al\SI.i eMy . .fi-pacna.,n;e/
6/ rrpe~craBJieHll B racimrue I. 



J~8pHH8 xapaRTBpHCTKKH ll30TOTIOB HaTpHR 

il.J\po E li -li Az A4 ROB jl-pac= j'-paclJfU\ 

22N1~ I28U 3+- z+ 2+-- o+ -0, 7I4 -0,286 
24Na 2753 4+-- 4+ 4+- z+ -0,608 -O,I43 

Vicrol.llnnnr B BH,JJ;B co,1~ NaCt Ha.HOCHJlJIIC:b Ha TaHTaJIOByro IIOWJ:OJKKy 

H ITOMBilla.JlliC:b B KIOBBTJ, r;n;e TIOCJI8 OTKatffili OCiJIYt{aJIHC:O HMIIYJI:OCHHM Jia-

38pH!iM H3JIYqeHHBM B reqemm 8-10 C. fipH 3TOM npo:lfCXO;n;IDIO HCnapeHHB 

H paarro~eHne co~, TaK ~o ae Meaee 70% ncnapHBrueroca aarpRH aaxo

~Knoc:o B aroMapHOM COCTOBHHH/7/. KIDBeTa HarpeBanaCb ;r:t;O T8MIT9paTypa 

200°C, rrpH KO'DOpOft scfxlleKTH ,II;B30pH8HT~ aTOMOB Ha. CTSHKa.X MHHHMa..lii:o

HH. KpoMe TOro,npH STOfi TBMTIBpaType .n;a~eHHB HaCHmBHHHX napOB HaTpHH 

6aRO TaKOBO, qro TipH y.Ka3aHHOM BHillB qncJie aTOMOB C ~HOaKTHBHHMH 

H,IJ;paMH H8 npoHCXO~HJIO IDC KOH,Il;8HCa.rnm: Ha CTBHKa.X. 

IToJIYqeHHHH TaKHM cnoco6oM cJiotl napoB IVa B KIOBBTB 06JIYqaJicR 

UHPKYJIRPHO no~naoBaHHHM JiaaepHHM n~qeaneM c ~oH BOJIHH 

589,6 HM, cooTseTcTBYKII\en ;Df JIHHID< Na. (rrepexo.I( c ocHOBHoro Sr;z 
B nepBOS B036~9HH09 P1; 2-COCTORHH9). nzaMeTp Jia39pHOrO _JIYqa COOT

BBTCTBOBan pa3M8paM KIDBSTH, TaR qro OCHOBHaR ,II;OJIR aTOMOB HaTpHH Ha

XO;r:t;HJiaC:O B 30H8 B036~8HHH. 

H3MepeHl!Ji crreKTpoB j' -J<a.nyqeHIDI 22Na J< 24Na rrpoBO,l(l<J!J<Cb rrp11 

yrnax 0°, 30°, 45°, 60° H 90° OTHOCHTB~HO HallpaBJISHHR ~39pHOrO JIY
qa. flpH ~OM yrJIB H3M9p~C:O 4 t-CTIBKTpa, COOTBBTCTB,YIDmH8 ;r:t;ayM 

llpOTHBOTIOJIO~HM HallpaBJIBHIDIM: Ma.rHHTHOrO llOJIR (ITO Jia38pHOMY JIYtzy H 

rrpOTHB) rrpH BKAJOqBHHOM H B!iKJ!DqBHHOM Jia39pHOM TIYo:rKB. llo.n;o6Haff MBTO

;n;mta. TI03BOJIHBT nonpaBKH Ha H3MBH9HH9 TBJIBCHOrO yr.rr.a H 3(W>eKTJ!BHOCTH 

perncrparum J" -z3JIYqea:aa, a Truate rronpa.BKH, CBflaaHHHe c BJIHRHHBM 

MarHHTHOrO TIOJL'l Ha ~3Y • 1--13 CpaBH9HWI HHTBHCHBHOCTH ,f -H3JIYt{9HWI, 

rrpm!a,JVI9lll8lllero 22Na l1Jll1 
24Na , B IIPHCYTCTBl<li H de3 Jia39pHoro ~qa 

MOJKHO TIOJIYqHT:O yrJIOBOe paCnpB;r:t;eJI9HH9 .r -H3JIYq9Hlffi ;mep OpHBHTHpO

BaHHHM TI0~~30BaHHHM CBBTOM ~3epa. 0HO npencTaBHeHO Ha pHC. 3 H 

~ cpaBHGHHH paccqaTaHO no H3BeCTHOMY BHpaEB~ .n;Jifl yrJIOBOrO 

paCilpe.I(eJ!eHl!Ji J'-Ha.nyqeHID! Op!!9HTl<pOBaHHHX H,l(ep/8/ 

W(?J) == I"'"II<I',;.(Ccst!J +II.P,.(t:os ?!), (I) 

r.I(e fUU.sl) 11 P.({Ds~- rro~oMH JleJKaH,l(pa, Az J< A4 - Ko3<I>JiJII1l<eHTb! yr

JioBott KOppe~, saBHCRmHB OT CITHHOB ~BH9tt H MY~THIIO~HOCTBH 

rrepeXO,l(OB (,llJ!H J'-IlepeXO,l(OB B 22#~ l< Wa OH!! rrpl<B9,!(9HH B TadJI,I), 
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WI J.) 

1.1~· 
I 

1,0 

0,9 +f 
0.5 

I 1'·' 1,q-

~.-/J: 

Ha pn:c.3 BJVJ:HO, tiTo yr.rroBoe 
pacnpe.z:teJieHHe t -M3JJY"tremur RBJI.fiSTCR 
aHZ30TpoiTHHM, qro YKa3UBaeT Ha opHeH
TauHID ~ep non neficTBHeM URPKYRRpHO
no~HaoBaHHoro ~sepHoro HanyqeHHH. 
0,ItHaKO B9JII1'll!Ha 8!lli30Tp0lli'.J1 ( OTHOCH

T9~H09 ITp9BHill9HH9 HHT9HCHBHOCTH 

Y-HanyqeHIDI rro.n: yrJIOM 90°), cocTa:amno
~aH COOTB9TCTB9HHO 15% H !2% ~ ZZN~ 
H 

24Na. , 3a.M9THO MSHDUlS paCCtiHTaHHOfi 

C ITOMOmD~ BHpaE8HHR (I). 3TO 03HaqaeT, 

0"-- 30" 60" 90"" 

t[TO HS BC8 H,rij)a B MOMSHT HCilYCKa.HHJI 
~-KBaHTOB OKa3HBaiDTCH IIO~H30BaHHHMH. 
B aTOM c~qae BHpaKeHne ~ yr~oBoro 
pacrrpe~e~eHHR HMeeT B~: 

WiJ) ~ f + !'fil?,f.J';:(IM d)+!?•I•P.(Cbh'}}_ ( 2) 

PHc.3. Yr~oeoe pacnpe~ene
HJ<e J'-K~qeHIDI R;Itep 22Na 
(HaBepxy) l< 24Na (BHJ<3y). 

HaT - 8KCII9pmd9HT, CIJ.JIOI!IHaJI 

KpHBa..R: H IIpaBaJI IIIKaJia - pac
qeT no @opMy~e (I) c non-
paBKaMH Ha yrJioBoe paape-
lli€HH9 .z:tST9KTOpoB. 

r.n:e P.t - CT9II9Hl> IIOJI.R:JHl:38llHH JUJ;ep, 
/ft- K08•.[xDm:J;H9HT QCJia6JISHHR IIOJJJIPR3a

!lHl< npJ< fl -pacna.I(e, npe)l1lleCTBYIW<eM 
HCnyCRaHHID r-KBaHTOB. CreneH:O nona
PMsaunM ~ep co cnKHoM I orrpe~eKHerca 
cpe.wteit BeJn-xqHHOil: npoeKIJ,Mn emma Ha 
HanpaaneHHe JiaaepHoro_ n~qeHHH ll 
nnH OTHOCHT9~HOfi 3aC9JI9HHOCTI>ID COOT
B9TCTBYKII(9ro Mai'HMTHOro ITO.JJYPOBH.fi nm: A_,<[,>/ ==I ~JI?Jf/ml (3) 
1- / J lrl?m . 

Koa,_£x1JHU:H9HT OCJia6JI9HIDr fJ< onpe.n;eJIHeTOR OTHOlilSHJ:teM CT9II9H9n IIOJL'IpH
~HH IIp0MS*YTOt[HOrO (H3 ROTOpOro ITpOHCXO.IJ:HT HCrryCKaHHe 6-RBaHTa) 
H Haqa.JibHOrO COCTOHHHi1 .q;npa.. EcJm BC9 JUI;P8. OKa3b!BaiOTCJI C MaiCCllMM:O-

HO:i1 ITP,09KUH9H CITIDia IJ'"(l);: 1imm 1 
1 

TO Bl:ipaiK8HH9 ,11/Ul fx Hr;ISST 

BM.Il/97 - (C!K) -.1- -K ( dl}/ t. - K j (.Z/-K J] (4) 
B c;zyqae 22Na OCJia6JI9HH€ IIOJI.f!Pl138.IUIH rrpH /J -pacna,n;e H9 npoHCXO,IVIT, 
a= 24Na 3HaqeHIDI / 2 = 0,85, a I.= 0,50. I13MepeHHHe 3HaqeHIDI 
aHH30TpOID1l1 J"-H3JIYI.I9HIUI H BHqHCJI9HHH9 3Hatt9HHJI ~K II03BOJIRIOT OIIp9-
~9~Tb CT9II€Hh IIOJI.flpH3auKR HCCHS,I:tOBaHHHX ~ep. 0Ha COCTaBnHST ~ 
22Na. (I2±I)%, a )1JlJi 

24Na. (s±I)%. Heo6XO,l\l<MO OTM8TKTh, qro 3Ta 
CT9II9HD IIOJiflPH3aUHH RBnff9TCR ycpe~SHHOH ITO BC9MY HHT9pBan] Bp9M9HH 
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06c~~8Hll6 pesy~DTaTOB 

PaCCMOTpiD\1 IIOJU)06H68 rrpoUBCC IIOJI.ffiH13an;llii JU!;Sp KOpOTKH!/l Jia38p

HblM Mill.IIYJII:.COM, KOT,II,a 8TO WfiiTB.J.[I:.HOCTI:. ( 10-S C) M8Hbill8 Bp8M8Hll CIIOH

TaHI-:IOii peJia.KC8llllJ1 SJISRTpOHHO:i-t 060JIOqKll (Bp8M8HM jfi}i3Hll B036y;:\Il;a8!110TO 

ypoBHfl aroMa HaTpMR - 1,6.10-8 
c). B Ta6JI~e 2 rrpuBe.n.eHH sHaqeHRH 

U30TOIIWI6C101X C,I:\BHI'OB ,UJIR 
22fh H 

24/t.;; ITO OTHOlllSHHIO K CTa6H.lThHO!'/lY 

:23N,., , a T8IDK8 B6Jil1qMH~ CB?XTOHKOTO paCli\6IlJI6HH.H .I(JIR OCHOBHOTO U 

B036yJK.II;SHHOTO COCTOJIHaJ/IO • 

li30TOll 

22N...._ 
23tw.( 
24 II, 

Tao.mma 2 
OnTnqecime xapaxTepHcTMKli usoTorroB HaTpM . ., 

t.1Y...,J L1 Ycr. I .s'<c) tJ Vc 'r, {f! t_} 
IIIT'U liiT'u i\ffi.J; 

-754 I220 I30 

0 I772 190 

+705 II40 I26 

!tis Ta6Jllillbl 2 BU,ll.HO, !.ITO TipM IIIlipiD16 Jia38,PHOi1 JIHHIDi B036YJK.I!;BHIDI 

20 rru o6eCTIS!.Il1Ba8TCR ITOJIHOS nepeKp~Tll8 BCSX H30TOTIHqecKllX C,II,BMrOB 

li KOMUOHBHT CB8PXTOHKOJ.1 CTpyRTypbl, a Ta.KlK6 ,IJ;OIIJiepOBCKOTO KOHTypa 

aTOiviOB N1 B KIOB8T8 (BeJDFUllia TIOCJI8,IVi8TO COCTaBJI.!l8T ........ z TI'u). ilOST0-

1ry Tipli 3Hepnrn Jia38pHOTO m.myJIDCa 0,15 MJL'K ( "'"'1015 
ci)()TOHOB) ID1186T 

MBCTO HaCbllU8Hl18 aTOMHOTO nepexo,ua, T.e. sa Bpmm JiaaepHOTO MMIIYJIDCa 

cro-8 c) npaKTMqecKI1 Bee aTOI\Ilb! Na • norraBI.lll::l:e B 30H:y 06JIYqemm:, llC

flllTJ::lB8JOT pe30Ha.HCH08 B030y-,.;merme, li J,1Q/KGT peMH30BaT:bCJI peJKHM pa6u

-OCUUJIJ:UIU:H}1. 

B pejf{ID\Ie pa6a-oCII,WIJLHllillt creneHI:. IIOJI.ff}m:sa.rurn: H,IJ;ep onpe,n;eJIRBTCH 

BbipruK8Hl-!9M: 

(5) 

T,II,8 j M J - COOTB8TCTB9HHO CIIMilli H,IJ;pa M 8JI9KTpOHHOH 060JIO!.IKI1, 

F- nomrn:H MOMBHT aroMa, lllF - ero npoeKr..:J;:wJ Ha Hanpa.BJieHHe Jia.3epHo

ro JIYtia, ?m,- K08(f~f1J.ITJ;I18HT IIOJI.RJH13a.IJ,KH. Blipa.;KeH;1e ,UJIR j;;,F M ero KOillC-

peTHble BSJIM!.IHHH rrpn pa3JIII!.IHblX aHaqoHJ.UIX f , _7 11 F rro.rryqeHH B 

pa6oTe/II/, Ha puc, 4 npe,ucTaBJieH OJlilH R3 napaMeTpOB pacqeTa - saBR

CllMOCTD CT9ll9HH ITOJIJipli3a.I.l;IH1 R,llpa. 
22Na OT napaMeTpa Z , KOTO,Pl:lii 

orrpe,ueJii!eTcJI qac•roTofi paOil-OCI1l!JIJill!1fill Jl(t}; .,. 
z = .f /l(t}clt.) (6) 

0 

T,II,8 Z"" - ,ll.JIMTBJihHOCTb Jia38pHorO m.myJII:.Ca. "Y.aCTOTa pa6li-OC~1"i 

saBMCMT DT BSJIHqMHH MaTpM!.IHoro aJIBMSHTa aToMHoro rrepexo.n.a VtJ), MO!l\

HOCTM W Jia38pHOTO IDIIIIYJThCa H ,UJilUill BOJIH~ _;t CBSTOBOTO l13.rryqeHIDI 
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Pt. 0/o ! ----
101-

hrc • 4. 3aBHCIDJOCT:b eT8TI8HH 
rroMP~<sawr~o: ~ep 22Na. oT na
paMerpa Z , onpe.n;eJIHeMoro 
BHpa!K9HK9M ( 6), 3a!llTpi<XOEaH
HaH o6~CT:O COOTB8TCTBY8T 
HeTIOJTh3Y€MOfi B Olll:lTax JIHT8H-
eHBHOCTH CB€TOBOrO HSJIYq8HHR 
Msepa. 

(7) 

H3 pnc. 4 BH,IUio, qro 3aBMcmvrocTb 
CT8IT8HM ITOJUrpH38.UHJ1 OT MOII{HOCTH Jia3ep
HOrO H&nyqeHHR HBnff€TCJl OC~KnnHpyrome~ 
Qlym<:r::tHeH. IIo.n;ociHa.H saBHCJJ:M:OCTh :MMeer 
M€CTO 11 Will .li,Iij)a. 24Nu. • fila.Kcmzyur B 
8TOfi 3aBHCllMOCTH, ROr~a CT8IT8Hb ITO~
pH3aqHM COCTaBRHST ~I2%, COOTB8TCTBy
eT Ta.KOfi MOIIUiOCTn Jia38pHOrO lls.:rryqeHHJ:£, 
rrpH ROTOpoli sa Bp8MH MMITYJibCa Msnyqe
HH.f.l: rrpmicxo.n;nr JIHUlli o.n;Jffi mwrrapoBaH
HUfi rrepexo.n; B B03ci~8HHO€ COCTORHH8 
aTOMa (pelltllll! JT -HMJIYJ!I>Ca), lJpl< MOl!l
HOCTH, ciJIHSROll K TOft, KOTOpaR Tpe6y-
9TCR ~ ~ocT~eHHR peJltlfMa Jr-HMJIY~b
ca, H npOBO.D;RRMC:O H~~8p8HHH yrJIOBOrO 
pacnpel(e~em<R J"-H3JIYqemm. 

CrroHTaHHHfi nepexo.n; H3 B036~eH
Horo COCTOJIHlUI aTOMa B OCHOBH08 rrpo-
HCXO~T y~e nocJie oxoHqaHHH ~sepHoro 

mvmyJIDca. lijm 8TOM CT8TI8Hb IIOJI.R:PHS~HH H,IlJ)a YM€H:OIII8.€TCR, HO OHa BOC
CTa.Ha.BJiliBaSTCJl .n;o 6oJiee BHcoxo.ro sHaqemm BO BpeMJI CJIS.ICYKII\€ro Jiasep
Horo HMI!YJibCa. 3a HSCKOJibRO Jia38PHUX HM!IYJThCOB MOJKHO ,UOCTHI'HYT:O, B 
npKKQHIIe, creneHH rro~:a~HH, 6JIHaKofi x IOO%, KaK H rrpn onrnqecxoM 
Ha&aqxe. 0.n;EaKO B peaJI»HHX YCJIOBHRX 3TOrO He Tip0HCXO~llT H3-3a pac
CMOTpeHHHX BUill€ 8~RTOB ,U8TIO~ll8auHH Ha CTSHRax R~BSTH ll ll3-8a 
CTOJIKHOBeHHfi C aTOMaMH npEMeceH. B HamHX 3KCTI€pEM€HTax BpeMH M€~ 
HMJIYJIDCaMH ~aepHoro ll&nyqeHHH COeTaBJIEJIO 80 Me, H TI03TOMY BJIHRHH€ 
.n;eno~nsannn MorJio 6HTI> aHaqHreJibHHM • 

.UenoJIRJHfaarurn aTOMOB Na , a Ta.IOKe To o6croRTeJIDeTBO, qro He Bee 
OHll HeTIHTHBa~ peSOHaHCH09 B036~8Hll8 (qaeT:O aTOMOB aACOp6HpOBaHa 
eTSHKaMH K~B€TH RnH HaXO.D;HTeH B B~€ eoe,UHH€HHfi) H Oci~CHRIDT Ha6JIID
.n;aeivzy10 eTSIT€Hb TI0.1.fHPH~lm JU.Sp 22NC1. H 24Na , 3Hao:rE:T9JI:OHO MSH::&my~ 
IOO% H 6Jm3RyiO K roM, KOTOpaH eJie;zzyer H3 pacqeroB ,llJIJi o,llHoro Jia.3ep
Horo mvmyJlbca. ITo-Ba,uHMOMY, poeT ereneHH no~H3auHH JU.ep e ~ 
Jia3epHHM HMTIYJIDeOM KOMTI8HCHpyeTeR MX ~eno~HsauH€fi M~ HMTIYJIDea
MH (Bp€MR: .D;8ITO~H3aO;ID1 ,JJ;OJDKHO eocTaBJIJ:ITb JJ:€CRTbl8 .Il;OJIH CSKYII.nbl.) • 

~aKOfi M8xaHll3M OpH8HT~Hn ~ep ITO,Il;TB8~aeTeH H Hm~epeHHRMH yr~o
BOfi 8Hli30TpOTIHli H ITOJIRpH~HH p830HaHeHO ~Op8CU8HTHOrO H~qeHHH, 
a Ta.IOK€ 3aBHenMOeTH 8THX B9JIHqffH OT MOmHOeTH ~38pHOrO HSJiyqeHHR 
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.n.ITJI CTa6MJThHO.f'O H30TOITa 23/t~./I2/ • 3Tll ll3M9p9HlUI ll03BO.JlliJU'I 0Ilp9.I1;8JUI'£b 

CTOI18Hb Opi19HT8.1tiD! aTOMa llOCJI8 JT-:rnvtrryJibCa H TIOCJI9 CTIOHTa.HHO:ti pe-

Jia.RCar:J;IDi :;)JI8KTpGHHOil 060JIO'IKH, a OTCJO,IJ;a YI O,WI03HaqHQ CB.ll3aJIHYIO C HM

Ml1 CT8ll8H:O llOJIJI.Pllsa.IJ;J-rH .g;npa, XOpOUIO COrJiaCYICUJYIOO.fi C paC'i8TOM ITO Qxlp

M)'JJaM (5-6). 
TaKIDVl 06pa30M, IIPOB9.IJ;9HH1I9 H3M9pGHIDI H pacqeTH TIOKa3aJlli, qTO 

UMIIYJI:OCH09 IlHpKYJ!RPHO .. TIOJif!pK30Ba.HH09 Jia39pH08 H3JIYG:9llli:9 ll03B0Jlf!8T 

.D;OCTllrHyTb CT9IT8HH TIOJIJIPH38lll!H .ff,JJ;Sp, )tOCTaToqHoti .Jv.[.ff 3KCIT9piDI"[8HTOB 

c pa,n;HoaKTHBKID.m HY'".rUrn'Jl;aMH. IIpa :noM rroJIR:pll3aii;HB ocyrqecrBJIReTcH sa 

O.IJ;RH Jia38pHHH KMTIYJIDC R npR ero ManOli .n;JIHT8~HOCTH H BHCOKO~ MOmHOC

Tll - aa BpeWI .n;o 10-IO C, qTO OTit::pHBaeT rrepcrreKTRBH MCCJI9;D;OB8.HWI 

KOpOTKO~ymHX ~ep. 
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