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Bonpoc o B03MOmHOCT~ ~CnOnb30BaH~~ KnaCC~4eCKO~ MeXaH~K~ An~ 

On~CaH~~ KBaHTOB~X ~BneH~~ M~KpOM~pa RBn~~TC~ OAH~M ~3 $YHAaMeH
TanbH~X B TeOp~~ ~ npaKT~Ke n03HaH~~. Yme B n~pB~X paGoTax no 
KBaHTOBO~ MexaH~Ke cne4~anbHoe BH~MaH~e YAen~nOCb paCCMOTpeH~~ 

B03MO*HOCTe~ KBa3~KnaCC~4eCKoro np~6n~meH~~ np~ on~caH~~ KBaH
TOBO-Mex!1/~4eCK~X RBneH~~1. TaK, Hanp~Mep, B MOHorpa$~~ MOTTa 
~ Mecc~ 1 OTMe~aeTC~, 4TO nOBeAeH~e 3neKTpOHHoro nY4Ka, npeA
CKa3~BaeMOC ypaBHeH~eM WpeA~Hrepa, COBnaAaeT c pe3ynbTaiaM~, B~

TeKalOU\~M~ ~3 Me'xaH"lK~ HbIOT'oHa, e cna An~Ha aonuu ne 6po~n~ An~ 

3neKTpOHa He MeHReTCR 3aMeTHO Ha paCCTO~H~~ HeCKonbK~X An~H 

3TO~ aonau. BbInOnHe~~e aroro ycnoaua r peõyer /CM!l~·c. 12/, 4T06bl 

I grad V I Ã « W, /1/ 

rrie V ~ W  nor euuaans aaa ~ 'K~HeT~4eCKa~ 3Hepr~~ 3neKTpOHa, 
Ã - Ae6po~neBcKa~ An~Ha BonH~ 3neKTpOHa. 

H.6op B OAHO~ ~3 CBO~X nepB~X pa60T no Teop~~ TOPMomeH~~ 
OCKonKOB AeneH~~ ~Aep Be~eCTBOM /2/oTMe4aeT, He np~Gerap. K cne
4~anbHOMY AOKa3aTenbCTBY, 4TO np~ paCCMOTpeH~~ CTonKHOBeH~~ 

ABYX 3apFlmeHHblX 4aCT~4 npOCTaR A~$paK4~oHHa~ KapT~Ha BonHOBO~ Me
xaH~K~ ~Bn~eTC~ c r ooroã ronsxo npa ycnoaaa , 4TO ,K« 1. Kor-
Aa me K» 1, XOpOW~M np~ôn~meH~eM, HecoMHeHHo, ~Bn~eTC~ Knac
C~4eCKa~ KapT~Ha op6~TanbHoro AB~meH~~ OAHO~ 4aCT~4~ OTHOC~Tenb

HO APyro~. B'3TOM B~~Ka3~BaH~~ Ge3pa3MepH~~ napaMeTp K. ecn~ ~c

nons ao aar s o603Ha4eH~~, np~H~Tble B nocneAYIOU4~X naõor ax H.6opa, 
ec r s K = 2[e1e21 /hv', rne e1 , e2 ~ v - 3neKTp~4eCK~e 3apRAbl ~ OT-
HOC~TenbHaR CKOpOCTb .cTanK~Ba~~xc~ 4aCT~4. 

60nee AeTanbHoe paCCMOTpeH~e 3TO~ npo6neM~ AaeTC~ H.6opoM 
B pa60Te ~~ B 3TO~ paGoTe, nOAroToBneHHo~ B 1942 rOAY ~ ony6
n~KOBaHHO~ n~Wb cnYCT~ weCTb neT ~3-3a 06cTo~TenbcTB, B~3BaHHbIX 

BTOPO~ M~pOBO~ BO~HO~, AaeTC~ C~CTeMaT~4eCKoe paCCMOTpeH~e ~B

. -, neH~~ pacceRH~~ 3ap~)KeHH~X 4aCT~4, ~BneH~~ 

3a4~~, B03H~Ka~~x np~ AB~meH~~ 3ap~meHH~X 

B03GymAeH~~ ~ ~OH~

4aCT~4 B Be~eCTBe. 

Teop~~ 3T~X ~BneH~~ ~Mena B CBoe BpeM~ 60nbwoe 3Ha4eH~e An~ no
nY4eH~~ ~H$opMa4~~ o CTpoeH~~ aTOMá ~3 pe3ynbTaToB on~TOB, aHa
nor~4HblX onuraa TOMCOHa ~ Peaepeopna , ~Mena ~ npononxaer ~MeT b 
Ba}KHOe 3Ha4eH~e AnFl pa3paGoTK~ 3Kcnep~MeHTanbH~X MeTOAOB ~ccne

I AOBaH~~ aTOMH~X F1Aep 
peH~~ nOTepb 3Hepr~~ 

~ ~AepH~X npeBpa~eH~~, 

3ap~meHHbIM~ 4aCT~4aM~ 

OCHOBaHH~X Ha ~3Me
np~ ~x npOXomAeH~~ 

per~cTp~py~ero YCTpo~cTBa. 

3Ha4~TenbHoe MeCTO B paôor e /3/ OTBeAeHO auanaay npeaenoe. 

. 1 . . 
np~MeH~MOCT~ pa3n~4Hblx M§IQQ09 pac,~MQ*~e~, 

.1 ~U1\litieHHwg tmtnri'Yl , 
B 4aCTHOCT~, nep
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BOMY nOAPo6HOMY paCCMOTpeH~~ Kp~Tep~R CnpaBeAn~BOCT~ ~CnOnb30

BaH~R KnaCC~4eCKO~ MeXaH~K~ B TeOp~~ KynoHoBcKOrO paCCeRH~R 

3apR~eHH~X 4aCT~4. B pe~aK4~OHHOM npeA~CnOB~~ K nepeBOAY paGo
Tbl Ha·· PYCCK~~ R3blK np~Op~TeTHbl~ xapaxrep 3TOrO paCCHÓTpeH~R OT
Me4eH cneAY~l1.l~M~ cnoaaau : "8 cOBpel~eHHo~ <t>~3~4ecKoi1 rnrr epar ype 
OTCYTCTsyeT ••• RCHoe ~3nomeH~e ycnoB~~ np~MeH~MOCT~ KnaCC~4e

CKO~ MexaH~K~ K paCCMOTpeH~Kl CToIlKHoBeH~~ aTOMHblX 4aCT~4 "/CM. /3/, 

c.s): 
B pa60Te H.Dopa paCCMOTpeHa /CM.~/ , c. 17-19/ KnaCC~4eCKaR 

n1nep60n~4ecKaH rpaexropan 4aCT~4bl c nOIl011(~TenbHblt~ 3apRAOM B KY
nOHOBCKOM none T04e4Horo 3apRAa RApa. 3Ta TpaeKTop~R B npOCT
paHCTBe 3aAaeTCR np~4enbH~M napaMeTpOM P. KOTOP~~, B CBO~ 04e
peAb,<t>~Kc~pyeTCr1 c nOMOl1.lb~ A~a~parM~ c OTBepCT~eM A~aMeTpOM d. 
Han~4~e A~a~parM~ B~3~BaeT BonHOBY~ A~<t>paK4~~ nY4Ka 4aCT~4 ~ TeM 
caM~M B~3~BaeT HeKOTOpy~ HeonpeAeneHHOCTb yrna OTKIlOHeH~H 4a
CT~4bl. "Bce neno r eneps B TOM, - nvurer Aanee H. 60p - 6YAeT n~ 

3Ta A~<t>paK4~R Mana no cpaBHeH~~ c oTKnOHeH~eM 4aCT~4~ B none 
c~n ~n~ OHa 6YAeT Ben~Ka ~ COBepweHHO ~CKa3~T OTKIlOHeH~e Op6~T~. 

B nepBOM cnY4ae B03MO~HO CKOHCTpy~pOBaTb BonHOBO~ naKeT, KOTO
p~~ c 60nbWO~ T04HOCTb~ 6YAeT cneAOBaTb no KnaCC~4eCKO~ opG~Te, 

BO BTOpOM - M~ 6YAeM ~MeTb Aeno c HaCTOR~~M KBaHTOB~M 3<t><t>eKTOM, 
auanaa «oroooro B TepM~Hax 06b14HO~ MexaH~K~ HeB03Mm:<eH". 

A~~paK4~oHHaR HeonpeAeneHHOCTb yrna OTKnOHeH~R 4aCT~4~ npeA
CTaBneHa H.DopoM CO cc~nKO~ Ha pa60TY ~l KaK 

oe/; = x/d., /2/ 

yron ~e OTKnOHeH~R 4aCT~4bl a KynoHoBcKOM none T04e4Horo 3apRAa 
RApa B C~CTeMe 4.M. onpeAeneH co CC~IlKO~ Ha pa60TY 4/ ~opMyno~ 

tg(0/2) = b/2P. /3/ 
2,rAe b = 2[ 818 2\ Imo v mo - npaaene-u-aa Macca pacceuaaesosi -ra

CT~4~ ~ paCCe~Ba~l1.lerO RApa. 06~4HO Ben~4~HY b ~HTepnpeT~pY~T 

KaK M~H~ManbHoe paCCTORH~e Mell<AY CTanK~BaIJIll~M~CR nonosorr eris ao 
v v 6 6 B 6- 13/

3apRmeHHO~ 4aCT~4e~ ~ RAPOM np~ no OBOM C n~~eH~~. pa OTe 
AaeTCR APyraR, He MeHee Õ~3~4eCKaR, HO MeHee B~A~MaR ~HTepnpe

Ta4~R Ben~4~H~ b KaK A~aMeTpa cOYAapeH~R, nOCKonbKY napaMeTpaM 
P <;;. b /2 ~ nonepevuoay ce4eH~1O a = 1Tb2/4 COOTBeTcTByeT B C~CTeMe 
4.M. pac ceaune 4aCT~4 B 3aAHIOIO nonyccepy: O ~ ir/2. 

v /3/ H r:B AanbHe~weM paCCMoTpeH~~ B .oop orpaH~4~BaeTcR TonbKO 
"1Man~M~ yrnaM~ OTKnOHeH~R 4aCT~4~ O, OTBe4alOl1.l~M~ Ha~60nbw~M np~

4enbH~M napaMeTpaM P ~ n03TOMY ~MeDIll~M~ Ha~60nbw~~ CTaT~CT~

4ecK~~ Bec ~ onpeAenR~~ee 3Ha4eH~e BO MHor~x r1BneH~Rx. np~ 0« 
~3 <t>opMynu /3/ cneAyeT 

O "" q/p. /4/ 

npoA~<t><t>epeH4~poBaB /I./ no p ~ nonoxua op d/2. H. DOp nonyuaer 

ao = bd/ 2 p 2 = 02d/2p /5/ 

2 

KaK Mepy HeT04HOCT~ 9 onpeAeneH~~ KnaCCK4eCKoro yrna OTKnOHeH~A 

B pe3ynbTaTe npORBneH~R HeonpeAeneHHOCT~ np~4enbHoro napaMeTpa 
p. AnA onpenene-uia Mepbl 06Lile~ HeT04HOCT~ yrna OTKnOHeH~R 4aCT~

4bl B pe3ynbTaTe npOABneH~R KBaHToBo-MexaH~4ecKo~ A~~paK4~~ 

~ Knacc~4ecKo~ HeonpeAeneHHocT~ ~cnonb3yeTcA cTaHAapTHoe B~pame

H~e r'----
ô.0 = J(0e/;)2+ (00)2, /6/ 

~3 KOToporo, cc~naRCb Ha <t>opMyn~ /2/ ~ /6/, H.Eibp nonY4aeT COOT
HoWeH~e . 

Ô.OL~·O /7/ 

KaK He06xoA~Moe ~ AOCTaT04Hoe ychoB~e AIlR onpeA~neHHOCT~ Knacc~

4eCKO~ TpaeKTOp~~ Ô.O~. (1 np~ pacceAH~~ 4aCT~4~ B KynoHoBcKOM 
none RApa ~3 Tpe60BaH~R /7/ cneAyeT HepaBeHCTBO 

/3/
K = b / x = 218182 \ /~ v » 1 . 

HepaBeHcTBo /8/ cneAyeT TaK~e ~3 06~ero ycnoB~R /1/ np~ nOA
CT'aHOBKe B /1/ B Ka4eCTBe grad V npoaasonaoã OT «ynouoecxoro no
r enuuana V = 8 

18 2/ r , B3ATO~. Ha paCCTORH~~ Ha~60nbwero cõruose-
H~R ABYX CTanK~BalOlll~XCR RAep r "= b . 

np~ ycnoBHoM paBeHcTBe b =0, 06A3aTenbHo BeAYl1.leM K KnacC~4eCKQ~ 
~HTepnpeTa4~~ KBaHTOBblX RBneH~~, ~MeeM K ='oo,4TO ABnReTcR npe
AenbH~M B~pa~eH~eM HepaBeHCTBa /8/. 

B paCCMaTP~BaeMO~ pa60Te ~/ nepeXOA OT ~opMyn~ /6/ K $opMyne 
/7/ He conpOBO~AaeTCR npOMe~YT04HbIM~ Ae~cTB~RM~, 4TO nOH~~aeT 

CTeneHb AOKa3aHHOCT~ AaneKO He 04eB~AHoro COOTHoweH~R /7/. nepe
XOA OT <t>OPMyn~ /6/ K <t>opMyne /7/ pacw~<t>pOBaH B pauoTe ~/ KaK 
nO~CK M~H~ManbHoro 3Ha4eH~A ~o np~ Bapb~pOBaH~~ pa3Mepa·A~aMeTpa 

oTE3epcT~R A~a<t>pan"bl. 113 ycnoaua 3KCTpeMYMa d( ô.O)/dd =0, rne dd 
A~<t><t>epeH4~anbHoe np~pal1.leH~e A~aMeTpa OTBepCT~A A~a<t>parMbl, AnA 
ManblX yrnoe , paCCMaTp~BaeMblX B/~~ cnenyer d~ 2~p 2;b. 3TO npu
BOA~T K 

( ô. O)min= 2 \TVb O /9/ 

np~ BbmonHeH~~ ycno aaa 3KCTpeMYMa BKnaAbl B (Ô.O)min, oôycnoanea
H~e KBaHToBo-MexaH~4ecKo~ ~ Knacc~4ecKoi1 HeonpeAeneHHocTRM~, 

1/ paBHbl npyr npyry : I ae/; \ = I ao I . 
B pa60Te ~/ paCCMoTpeH~e np~MeH~MoCT~ KnaCC~4eCKO~ MexaH~K~ 

AnR on~caH~R pacce~H~R 3apRmeHH~x 4aCT~4 B KynoHoBcKOM none RA
pa pacnpoCTpaHeHO Ha 60nbw~e yrnbl pacceRH~R O. AnA 60nbw~x yr
nOB O <t>opMyna /9/ npe06pa3yeTcA B 

(Ô.O)min= 2r;:;b sin(0/2). /10/ 

He06xoA~MOCTb B <t>opMyne /10/ 6YAeT npo~nnIOCTp~pOBaHa H~me. 

AB~~eH~e 3apR~eHHoi1 4aCT~4~ no Kna~~~4ecKo~ r~nep60n~4ecKo~ 

TpaeKTop~~ B KynoHoBcKOM none RApa np~BOA~T K ~3BeCTHOMY pe3ep
<t>OPAOBCKOMY 3aKOHY pacceauaa 3apR~eHHb1X 4aCT~4, BbIP.a~eHHOMY -re

3 



pe3 A~$$epeH4~anbHOe Ce4eH~e paCCeRH~R. M~BeCTHO TaK~e~ 4TO oeneneuuoro npuuens aor-o nap axe r pa np-r CTOIi't<HOBeH~~ ABYX' caepx-: 
KBaHTOBO-MeXaH~4eCKOe paCCMOTpeH~e paCCeR~~R 3apRmeHHWX 4aCT~4 

TeKY4~X anep ~, cnenoaarensuo , (IMKc~poBaH~'R onpeneneuuor-o yrna
B KynoHoBcKOM none RApa np~BOA~T K ~wpameH~~' ce4eH~R pacteRH~R, 

pacceRH~R GOM6aPA~PYIO~ero RApao
TomAeCTBeHHO COBnaAa~~eMY c Knacc~~eCKO~ $OpMyno~ .Pe3ep$OPAa, 

CTonKHOBeH~e ABYX TR~en~x RAep B peaK4~RX CBepXTeKY4~X nepe
ecn~ pacce~BaeMaR ~ p~cce~Ba~~aR 4aCT~4W He ~AeHT~4HW ICM./ l / , Aa4 xapaKTep~3yeTcR XOPOW~M~ ycnoB~HM~ AnR KnaCC~4eCKoro on~ca

c.42-51/. TomAeCTBeHHOCTb B~pameH~~ ce4eH~~ pacceRH~H 3apRmeHHWX 
H~R IK~ 2001. Yron KBa3~ynpyroro pacceRHHR np~ 3TOM onpeAen~

4aCT~4 B KynoHoBcKOM norte RApa, cneAYIQ~~X ~3 paccuo r peuaü MeTO eTCR Kna~C~4eCKO~ G>opMyno~ 131 c Y4eTOM n04TH KacaH~R ~BYX 
AaM~ KnaCC~4eCKO~ ~ KBaHTOBO~ lv\exaH~K~, He 03Ha4aeT OTCYTC"",:B~R CTonKHYBW~XCR RAep, Heo6xoA~Moro AnR CH~meH~R KynoHoBcK6ro
Heo6xOA~MOCT~ B Kp~Tepv.~ np~MeH~MOCT~ KnaCC~4eCKO~ MexaH~K~ 

~ RAepHoro, 6apbepoB, ~ ~3MeHe~~~ 3Hepr~~ opG~TanbHoro Aé~meH~R 
K paCCMO'TpeH~I~ pacceauua • <PopMyna Pe3ep<POPAa onpene.naer c r aracra

~ 3Hepr~~ 3neKTpOCTaT~4eCKoro B~a~MoAeHcTB~R ~3-3a nepeAa4~''~
KY yrnoB pacceRH~R cnY4a~HO pacnpeAeneHHWX no nno~aA~ 4aCT~4, 

~MelO~~X ac e B03MO}KHble 3Ha4eH~R npauensuor-o napa-rerpa . nO::nOMY 
B c~ny OTCYTCTB~R BWAeneHHOCT~ nRH4enbHoro ~apaMeTpa HeonpeAe
neHHOCTb Knàcc~4eCKoro paCCMOTpeHHR He npORBnReTCR B KOHe~HOM 

pe3ynbTaTe He3aBHcHMO OT 3Ha4eH~R napaMeTpa K.OAHaKO nonomeH~e 

MeHReTCR npH pacCMOTpeHHH pacceRHHR 4ac~~4 c BWAeneHHWM~ TeM 
Hn~ ~HWM $~3~4eCK~M cnoco6oM np~4enbHwM~ napaMeTpaMH. 

OA~~M H3 np~MepoB orpaHH4eHH~ npH4enbHWx napaMeTpoB HnH op
6HTanbHwx MOMeHtdé Koh~qe~Ti~ ~B~meHHH pacceHBaeMWx 4aCT~~ RB
nReTCR "MOAenb pe axoro 06pe3aH~RII /6/. B, 3T0i1 MOAen~ npennonara
eTCR, 4'1"'0 4aCTH4a nornouraer ca RAPOM', ecnu KnaCC~4eCKaR A~CTaH

4HR HaH60nbwero c6n~meHHR B KynoHoBcKOM nohe paBHa HnH MeHbwe 
CYMMbl paAHy'COB ABYX CTanK~BalO~HXCR RAep. KaK noxaasraanr axcne
pHMeHTW np~ K» 1 yrnoBoe pacnpeAeneHHe pacceRHHWX TRmenwk ~OHOB 

AOCTaT04HO XopOWO on~CblBaeTCR KnaCCH4eCK~M~ npeACTaBneH~RM~~ 

B 06nacT~ Manwx yrnoB pa2c~RH~R, orpaH~4eHHo~ HeKOTopWM npeAenb
HblM 3Ha4eHH,eM yr.na , A~<pltJepeH4~anbHoe ceueu-re aupaxaerca $opMyno~ 

Pe3ep$oPAa, a BHe 3TÓ~ 06n~cTH pe3KO YMeHbwaeTCR. np~ HeBwnonHe~ 

HHH ycnoaua K» 1 A~G>$epeH4~anbHoe ceueune oaccea-raa "ocuunrnr
pye r " OTHOCHTenbHO Knacc~4ecKoro ce4eH~R, OTpa}KaR peayns r a ru 
cynepn03~4~~ pacceRH~R nap4HanbHWX BonHOBWX <PYHK4H~ c yrnoBwM~ 

MOMeHTaM~, MeHbW~M~ HeKOToporo 3Ha4eHHR, ~ norno~eH~R nap4Hanb
HWX BonHOBWX $YHK4~~ c 6onbw~M~ yrnoBwM~ MOMeHTaM~. 

Orpa~~4eH~e npH4enbHWX napaMeTpOB pacce~BaeMWX B KynoHoBcKOM 
none 4aCT~4 AonmHO npORB~TbCR a peaK4~H TYHHenbHo~ nepeAa4~ cna
peHHWX HYKnOHOB np~ cOYAapeH~~ ABYX RAep CBepXTeKY4ero T~na, 

pac caorpeuuoã B paúor e !7 /: OAHOÇi H3 nIJH4~H, cH~malO~~x BepORT
HOCTb CBepXTeKY4ero nepeXOAa cnapeHHWX Hy~nOHOB, RBnReTCR Heo6
XOA~MOCTb ~cnYCKaH~R ~n~ norno~eH~R KBaHTOB 3neKTpOMarH~THoro 

nonR AnR KOMneHca4~~ pa3HOCT~ 3Hepr~~ CBR3~ nap HYKnOHOB B.RApe
AOHope H RApe-aK4enTope. 3TO RBneHHe aHanor~4HO HeCTa4~0~apHOMY 

3$<i>eKTY ,lJ,mo3e$COHa np~ CBepxnpOBOAH~eM TYHHenbHOM nepeXOAe 3neK
TPOHOB ~/. KaK nOKa3aHO B pa60Te /5/, KOMneHca4~R pa3HOCT~ 3Hep
r~~ CBR3~ nap HYKnOHOB MomeT 6WTb ocy~ecTBneHa ~ 6e3paA~a4~OH

HWM cnoco60M. 3TO MomHO AOCT~rHYTb nYTeM ~3MeHeH~H 3Hepr~~ Bpa~e

H~R C~CTeMW np~ He4eHTpanbHOM CTonKHOBeH~~ ABYX RAep B pe~ynbTa
Te ~3MeHeH~R MOMeHTa ~Hep4~~ np~ nepeAa4e HYKnOHpB. Ocy~ecTBne

H~e 3Toro MexaH~3Ma CBepXTeKY4ei1 nepeAa4~ Tpe6yeT pean~3a4~H on

'4 

HYKnOHOB. AnR paCCMOTpeHHblX: B paõor e /5/ peaK4~~ nepen a-ur pa3n~4
Horo 4~cna nap He~~pOHOB np~ CTonKHOBeH~~ YCKopeHHWX ~OHOB60Ni 
c cenap~pOBaHHwM~ ~30T0naM~ onOB~ e = 52~ - 63°·~ cornaCHO ~op
Myile 1101 (~e)min = + 10. Ilooaep-ca npaB~IibHoCT~ knaccu-reckoro : 
on~caH~R aaeun-e ro np'o;:::JBneH~R cyrytio KBaHTOBO-'-1eXaH~4ecl<o'roHS

neH~R - c aepx.rexyveã nepeAa4~ cnapeHHblX HYKilOHOB - Aeno 6YAY~~X 
3KCnep~MeHTaTOpOB. 

B paõore 1.3/ I c. 19-2 OI B Ka4eCTBe np~Mepa, ~1nnlàcTp~pYloUl"éro He
np~rOAHQCTb np~ K~ 1 npeACTaBneH~R o Knacc~4ecKo~ op6~Te, np~

BOA~TCR T~n~4HO KBaHTOBO-MexaH~4eCK~~ 3$$~kT'o6MeHa np~ CTonKHO
BeH~~ 0AHHaKOBbIX 4aCT~4. B 3TOM cnyuae ceueuae pacceauna B W~
pOKO~ o6nacT~ yrnoB cy~ecTBeHHO 60nbwe ~n~ cy~ecTBeHHo MeHbwe 
IB 3aB~C~MOCT~ OT T~na cTaT~cT~K~, KOTOPO~ nOA4~HR~TCR 4~cTH4w/, 

4eM ceveuue , AaBaeMoe KJ1ac'c~'4écKO~ MexaH~KO~. npi-1 'K» 1 A~Q'>$e
peH4~anbHoe ce4eH~e pacceauua TO}/{AeCTBeHHbIX 4aCT~4 'TaK}Xe He COB
naneer c $opMyno~ Peaepoopna-, ·9TO~ Ka}Kyu4~~CR nap anoxc "HaxoA~T 
c aoe paspeureaae B TOM, - n-uuer H. 50p -. 4TO rva6aR nonsrr ica pasne
n~Tb nocpeACTBOM nOAkoAR~~X A~a(j)p~rM OpG~TW CTanK~Ba~~~XCR 4a
CTH4 ~ ~cKnI04~Tb, TaK~M oGpa30M, ;:::JBneH~e 06MeHa B~30BeT A~<ppaK

4~1O, KOTopaR noaeuiae r HaGnloAeH~1O KBaHTOBO-MexaH~4eCK~X ocoõeu
HocTe~ B ;3aKOHe pacceRH~R". 

nocne BWXOAa B CBeT pa6oT~ H.bopa ~/ Kp~Tep~~ K» 1 AnR 
06ocHoBaHHocT~ KnaCC~4eCKO~ KapT~Hbl ~ Kp~Tep~~ K «1 AnR 060CHO
BaHHOCTH KBaHToBo-MexaH~4ecKo~ KapT~H~ ~cnonb30BanCR np~ pac
CMOTpeH~~ 'rp ae rcropari 3apR}KeHHblx 4aCTH4 co ccunkoü Ha paõory /3/ 
~n~ Ha ee aBTopa. TaK, Hanp~Mep, B pa60Te ~3BeêTHoro <p~3~Ka 

Eipe~Ta /9/ 4~TaeM: 11,lJ,~ano3~T~B 1 noxaauaaer , l<aK Mbl 6YAeM rpax
TOBaTb KnaCC~4eCKH AB~meH~e 3apRmeHH~X 4aCT~4 .•• M3BecTHo, 4~O 

04eHb BamHWM B TaKOM paCCMOTpeH~~ RBnReTC;:::J 3Ha4eH~e napaMeTpa ~ 
~i . K. CornacHo XopOWO ~3BeCTHOMY aprYMeHTY H~nb~a bopa, ecn~ 3TOT 

napa~eTp MHoro 60nbwe eA~H~4~, TO AB~meH~e AonmHO 6WTb cy~ecT
BeHHO Kf1aCC~4eCK~M ... 11 

OAHaKO B nocneAH~e rOAw napaMeTp ~ Kp~Tep~~. B03MomHOcT~ Knac
C~4eCKoro on~caH~R AB~meH~R 3ap~~eHH~X 4aCT~4 4aCTO CBR3~BaeTCR 

c ~MeHeM 30MMep$enbAa 6e3 cc~nOK Ha 060CHOBaHHOCTb TaKO~ CBR3~o 

TaK, Hanp~Mep, B MOHorp~$~~ 5acca ~o/ napaMeTp KnaCC~4HOCT~, 
0603Ha~eHH~~ C~MBonOM n, Ha3~BaeTCR napaMeTpOM 30MMep$enbAa 
6e3 cc~nK~ Ha ~CT04H~K ~H~opMa4~~. AHanor~4HaR c~Tya4~R ~MeeT 
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MeCT:O B KHlllre 1111 11I pRAe APyrlllx pa60T. B HeKOTOpblX CnY4aRX geno 

AoxoAIIIT AO Kypbe30B. Hanpuraep , B 1121 AnR KnaCCIII<!>IIIKau,1II111 CTOI1KHO
BeHIII~ ABYX cnomHWX RAep SBOAIIITCR Benlll4l11Ha, Ha3WBaeMaR napaMeT
POM, aHanorlll4HWM napaMeTpy 30MMep<t>enbAa. QAHaKO aBTOp APyro~ 

paÕOTW ~31 nplll ccwnKe Ha h21 Ha3WBaeT 3TOT napaMeTp napaMeTpOM 
Pe3ep$oPAa, YCOMHIIIBWIIICb, nO-BIIIAIIIMOMY, B 060CHOBaHHOCTIII nepsoro 
HaIllMeHOBaHIIIR. 

B paôo r e 5acca 1101, noenc r aansnourea c060~ 1113nomeHllle xypc a neK
~III~, KOTOpWe .4l11TanlllCb aSTOpoM CTYAeHTaM Ha4111HaR C 1967 rOAa, 
IIIcnonb3yeTcR npelllMy~ecTBeHHO KnaCC1II4eCKoe, a He sonHosoe onlllca
Hllle op6111TanbHoro ASlllmeHIIIR TRmenwx 1II0HOB. B CSR3111 C 3TIIIM aSTopOM 
AaeTCR /cM. h OI c.2/ AOCTaT04HO 061l.lee 3aKn~4eHllle o TOM, 4TO Knac
CIII4eCKoe onlllcaHllle B03MomHO, KorAa Ae6po~neSCKaR AnlllHa BonHW KO
p04e xapaKTepHoro An~ paCCMaTplllsaeMoro B3aIllMOAe~CTBIIIR paCCTOR
H11I R , HanplllMep, CYMMw.paglllYcos gsyx CTonKHYSWIIIXCR RAep IIInlll pac
CTORHIIIR Ha~60nbwero c6nlllmeHIIIH nplll KynoHoBcKOM B3aIllMOAe~CTBIIIIII. 

B Ka4eCTBe KplllTeplllR nplllMeHIIIMOCTIII KnaCCIII4eCKO~ MexaHIIIKIII np~HIIIMa

eTCR 6e3 KaKoro-nlll60 AononHIIITenbHoro 060CHOBaHIIIR ycnoBllle n = 
= Z1Z2e2/nv »1, rne Z1e 11I Z2e- eapnna CTanKIIIBalOlillllXCR RAep, 
napaMeTp n Ha3WBaeTCA napaMeTpOM 30MMep~enbAa. 3aMeTIIIM, 4TO BBe
AeHHbl~ napaaer p n o r.nav ae'r ca OT napaae rp a li. Gopa K OTCYTCTBllleM 
MHomlllTenR, paBHoro ABYM. 

HccneAoBaHllle pa60T 30MMep<!>enbAa,HanpIIIMep, IIIccneAosaHllle OA
HO~ 11I3 ero nocneAHIIIX pa60T - TpeTbero 1113AaHIIIA MOHorpa<!>IIII11 I ICTpoe

Hllle aTOMa 11I cnex rpu" 1.14/.RBnRlOll.le~CR 06061l.leHllleM, B 4aCTHOCTIII, pa 3
pa60TOK asTopa B KBaHTOBO~ TeoplIIlII HenpepWBHWX cneKTpOB aTOMa, 
T.e. Teopllllll IIIH<!>IIIHIIITHoro ABlllmeHIIIR 3neKTpOHOB,He BWRBlllno paCCMOT
peHIII~ OTHOCIIITenbHO ycnoBIII~ nplIIMeHIIIMOCTIII KnaCCIIIKIII IIInlll BonHOBO~ 

MexaHIII~1II AnR onlllcaHIIIA ABlllmeHIIIR 3apRmeHHWX 4aCTIIILJ,.TaKoro paCCMOT
peHIIIR HeT HIII nplII auaone <!>opMynbl Pe3ep<!>OPAa MeToAaMIII KnaCC1II4e
CKO~ MexaHIIIKIII/ CM /141 T. 11, c. 341 - 342/ ,HIII, npa BWBOAe 3"0~ <!>opMynbl

/MeTOAaMIII BonHOBO~ MexaHIIIKIII /cM(14 T.II,c.336-341/. 
B MOHorpa<!>1II111 /141 napaae r p n = Z e2/bv /CM/14' T. T1.c.72/ IIIC:

nonb3yeTcR KaK rnaBHoe KBaHTOBoe 4l11cno, nplll 3TOM AaeTCR ccwnKa 
Ha H.50pa KaK aBTopa nplllHLJ,lIIna KBaHTOBaHIIIR Op6111T 3neKTpOHOB B aTO
Me 11I KaK aBTopa nO~ATIIIR KBaHTOBoro 4l11cna. HanOMHIIIM, 4TO B pa60
Te H.50pa~51 nplllBeAe~w ycnoBIIIR paseHCTBa 4eHTp06emHO~ Clllnw, 
Ae~CTBYlOll.le~ Ha 3neKTpOH, HaxOAR~III~CR Ha KpyroBo~ op6l11Te, clllne 
KynoHoBCKoro npIllTRm~HIIIR 3neKTpOHa K RAPY aTOMa: 

rnv2/a = Ze 2/a2 ,	 /11/ 

rAe rn 11I v - Macca 11I CKOpOCTb 3neKTpOHa, a - paAIllYC Op6I11TW, a TaK
me IIICToplll4eCKoe ycnoBllle KBaHTosaHIIIH MOMeHTa Konlll4eCTBa ABlllmeHIIIH 
3neKTp~Ha 

rnva	 = nÍi , /12/ 

rAe	 n - B~eAeHHoe H~50pOM KBaHTOBoe 4l11cno. KaK MomHO BIIIAeTb, 
11I3	 paBeHcTB /11/ 11I /12/ cneAyeT onpeAeneHllle n = Ze~hv. 
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B peõore 1141 noua r ae rnaeaor-o KBaHTOBoro 4111cna n, onpeneruuo
Il.lero crau,lIIoHapHwe Op6111TW 3ne~TpOHOB c oTplllu,aTenbHO~ nonHO~ 3Hep
rllle~ B aTOMe, pacnpOCTpaHeHO /CM!141 T.r!, c.l01-102/, Ha He
CBH3aHHbl6 COCTOAHIIIA 3neKTpOHa c nonomlllTenbHO~ 3Heprllle~ 4epe3 
n = Z,;. /1hv - 4111CTO MHIIIMoe 4l11cnô, He 06H3aTenbHO IIIMelO~ee ueno
4111cneHHoe 3Ha4eHllle MOAynH. MHIIIMOCTb 3Toro 4111cna IIIcnonb30saHa 
/ CM/141 T.l I , c. 337/ AnR nonY4eHIIIR cj)opMynbl. Peaepoopna 11I3 06
Il.le~ <!>opMynbl AnA KBaHTOBO-MexaHIII4eCKO~ aMnnlllTYAw pacceHHHO~ Bon
Hbl. 

ABTOP BwpamaeT rny60KY~ 6narOAapHOCTb npoep.A.A.THnKIIIHY, YKa
3aBweMY Ha HeoGxoAIIIMOCTb AononHIIITenbHblx pa3bRCHeHIII~ 11I IIInnlOCTpa
LJ,III~ KplIITeplllA nplllMeHIIIMOCTIII KnaCCIII4eCKO~ MexaHIIIK~ B CSH3111 ~ Tom
AeCTBeHHOCTblQ KnaCCIII4eCKoro 11I KsaHTOBO-MexaHIII4eCKoro BwpameHIII~ 

AnH AIII<!><!>epeHLJ,lIIal1bHOro ce4eHIIIR pacceRHIIIR.ABTOp 6narOAapIIIT 
5.W.nY~Tbll1bHIIIKa 3a 3aMe4aHIIIR,cnoc06cTBOBaaWllle ynY4weHlllIO 1113no

meHIIIH. 
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TapaHTHH H.li. P7-86-82 
KpHT~pHH H.Bopa OTHOCHTeJibHO rrpHMeHHMOCTH 
KJiaCCH~eCKOH MexaHHKH K OTIHCaHHID KYJIOHOBCKOPO 
pacceHHHH 3 apHlKeHHbiX 'laCTHI.J; 

HarroMHHaeTCH o pagpa6oTKe H.BopoM KPHTepHH TIPHMeHHMOCTH 
KJiaCCH'IeCKOH MeXaHHKH llpH paCCMOTpeHHH pacce.HHHH 3apHlKeHHblX 
~aCTHI.J; B KYJIOHOBCKOM TIOJie Hp;pa: K = b/!1. >> l, rp;e b - ,ll;HaMeTp 
coyp;apeHHH, )l- p;e6pOHJieBCKaH p;JIHHa BOJIHbl paCCeHBaeMOH ~aCTHI.J;bl, 

AaH aHaJIH3 rrpoHBJieHHH KpHTepHH npH paccMoTpeHHH KYJIOHOBCKoro 
pacceHHHH 3apfl)t:eHHblX ~aCTHI.J; H1 B qaCTHOCTH, paCCeHHHH, conpo
BOlKp;aeMOPO Hp;epHb!MH peaKI.J;HHMH, 06pa~aeTCH BHHMaHHe Ha npaBHJib
HOCTb HaHMeHOBaHHH KPHTepHH, 

Pa6oTa Bbii10JIHeHa B ITa6opaTopHH Hp;epHbiX pea.Ku;Hii OIDU:I. 

fipenpHHT 061>e)lHHeHHOfO HHCTHT}'Ta ll,llepHbiX HCCUe)lOBaHHH. ,Uy6Ha 1986 

llepeBop; 0, C.B HHorpap;oBoii. 

Tarantin N. I. P7-86-82 
N.Bohr Criterion Concerning the Applicability 
of Classical Mechanics to the Description of Charged 
Particle Coulomb Scattering 

It is reminded about the development by N.Bohr of the cri
terion of using the classical mechanics when considering char
ged particle scattering in the Coulomb nuclear field: K = 

= b I~» l, where b - collision diameter,x-de Broglie wave 
length. The analysis of manifestation of the criterion to the 
consideration of charged particle Coulomb scattering and,in 
particular, of scattering accompanied by nuclear reactions is 
given.Attention is paid to the correctness of the criterion 
name. 

The investigation has been performed at the Laboratory 
of Nuclear Reactions, JINR. 
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