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C J I y P B e  IIOTOKE ~ 0 3 6 m e H ~ h l ~  H H ~ B O B ~ Y ~ ~ H W D C  BTOMOB H e  K O M I I e H C H p p  

npyr xpyra E a T o m  upmecE B u m o ~  npei@ym~ B HarrpaaTIerrmm ~ e ~ b m e t  CR- 

JIH CC(PaTIXHOBETeJI5HO~O TOPMOXeHZW. 
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IIpeNlWIaJ'aeTM, P T O  er0 MollmO O C y Q e C T B E T b  C B T O M m  H npYl?kTX ;IJIeMBH- 

TOB. C X O P O C T ~ W  Ck& 3SLBHCHT O T  M H O W  IIapZUdeTpOB, TBXHX K a K  OTCTPO~~- 
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o 6 m  3BBBCHMOCTb 7.4 OT pa9HJJX I l a p a M e T p O B  I I p e A c T a B J r e E a  B pa6o- 

T a X  /3 ,Io/. 
rn MHOI'OmOBHeBHX aTOMOB 3aBECHT,KPOMe TOI'0,H O T  PHCJIa IIpOMe- 

lry~owarx H 6auee HEPKHX y p o ~ ~ e 8 ,  OT EX p a c u a u m e H m ,  OT ~ o a @ I w e ~ -  
T O B  ~ Y S H H  BTOMOB, B a X O m C R  Ha BTEX SPOBBRX,  O T  EX 3aCWIeHBOC-  
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Wl'HEU, ¶TO '&@~XTEEHO~ C e P e H H e  61ff B 0 3 6 y m e m  aTOMOB H 3  i -TO- 

r0 gPOBHR P a B H O  Seri  Wi. KoI'.I@ B CHCTeMe OTCYTCTBgeT O I I T W B C K 8 R  Ha- 

Ka¶Ka,  T O  S a C e J I e H I i O C T b  w, /,0BHe8 6 g n e ~  COOTBeTCTBOBaTb P a C I I p e A e J I e -  
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H 3 J I P e H I I R .  IIOCKaTIbKY BCJIeHCTBE8 Cm H c c J I e A y e ~ &  H3OTOU M e H R e T  C B O e  

pacupem.neeae B T p y b K e ,  B xo~opo8 o c y u e c T m e T c f i  H s M e p e m e .  One~b 
BaEikUM JlWIHBTCf3 TO O ~ C T O R T W I ~ C T B O ,  P T O  H3MepeHEJ3  BTEM C ~ O C O ~ O M  M&O 
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UOCTYUaeT B 9 0 B T p  4pe@0~0a TPY~I(H yepe3 BXOLPIOe OKHO 3 H 3  T O H X O ~  

@AblV BO BpBLLR H3MepeHHR, ¶TO KOMlIeHCqyBT 0M) UOTepH 3a c ¶ e T  paqK0-  

sKTEBHOI'0 p a C U W .  B T U O M  clrgsae paCQeA€iJIeHEe ECCJIeJIJeMOrO H3OTOIB 

B qpe@o~oii ~ p y d ~ e  6 y ~ e ~  CEMM~TP- OTHOCHT~JILHO ee UeHTpa .  HE, TOP 

lJ,aX q p e i @ o ~ o &  T ~ ~ ~ I S E  BMBDTCR OIITWeCKH0 OKHa 4 &7IR B B O m  B ~ p y 6 ~ y  H 

BHBOAa H 3  H e 0  JB30pHOrO H%J'¶eBaR 5, lVIEHa BoJIHH L- KOTOpOrO C-y- 

e ~ c a  B C I I ~ K T ~ & I I ~ H O ~ ~  O ~ J I ~ C T E  H c a e n y e M o r o  peaoaa~ca. C L ~ J T ~ M H  AeTeRTO-  

pOB 6a E 6b XapaRTepHOrO a e p H O I ' 0  H w e H H R  PaCIIWIOXeHH CEWMeTpBYIfO 

OTHOCETWILHO U e H T p a  Tpy6R.E H P0I 'ECTplQg83T HHTeHCEBBOCTb 3 T O r 0  H-0- 

HWi B 3 0 B a X  H3MepBHWi 7a H 7b. Korna W H a  BOJIIIbI JB30pHOI'O H%J'¶~HILQ 

QOXOAET ~ 3 ~ 0 p I I e M 1 1 a  P e 3 0 H a H C ,  BO3HKKaeT CUJ HCCJIBJIJBMHX aTOMOB, KOTO- 
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T p y b x e ,  B TOM m a e  H B A ~ T ~ R T U ~ O ~  7a, 76. 3 ~ 0  nepepacnpe- 
A0JIeHEe 6 g A e T  C O l I p O B W a T b C R  H3MBHBAHRMH HHT0HCEBHOCTH XapaKTBpHOrO 

m 0 p H O r O  E w e - ,  J l 0 T 0 K ~ e M O r O  C H C T W M  AeTeKTOpOB 6a E 6b. CKO- 

pOCTE C s e T a  $a H Sb 3TEX CHCTeM AeTeKTOPOB B CXeMe C P a B H e m  8 BH- 
WTaP)TCR,H Pe3~JIb~IifpJXEQlifi ClWH&II (I),% - d b )  P e I X C T p E p y e T C R  B MHOI'OKa- 
UIEHOM a ~ m 3 a ~ o p e  9 B ~ ~ B H C E M O C T E  OT ,~JJEHH BOJEBZ A m e p H o r 0  n a y -  
¶ e m .  Do s ~ o a  ~~BHCEMOCTH M ~ O  cym~b 06 o n m e c K m  pesorraacax aTo-  

MOB HCCJSeJIJeMOI'O H3OTOIIa. 
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P OCTb  C E ~ ~ H O I ' O  C W T a  d,s , O ~ ~ C J I O B T I ~ H H ~ B )  PCIIEIqOM wep aTOMOB 

HCCJI0w0MOrO H3OTOIIa, KOTOpHe Q H  CUP0 IIepepaCllpeAeJLUXlTCR, E H a  CKO- 

POCTb C Y e T a  i ? f  XOTOPaR BCJIeACTBEe H e  MeHReTCR. CKOPOCW CY0- 

T a  AeTeKTOpOB, KOTOpHe BCJIeACTBSfe BO3paCTyT  EKE gMeHblUaTCR, 0603- 
H a m  3; E 3;' COOTBeTCTBeHHO. D O J I O ~ ~ ~ M ,  ¶TO AeTeKTOpH 0TbBX:THpO- 
BaHH T U ,  ¶TO B OTCYTCTBLle C m  UPH PaBHOBeCHOM paClTPeAeJleHE4 ECCJIe- 

L7J0MOrO H 3 0 T O I B  B T p y 6 ~ 0  EMBeT MeCTO 11,s d5 LI J,i = ~ ' f  . B TaKOM 

CJIpae ~ C J I O B ~ ~  ~Pli~epHlGf W W e J I e H H R  CHI'HaJIB. (Y",' - r'b ) UepepaCU-  
p e x a e m ,  o ~ ~ C J I O ? U ~ ~ H H O ~ O  CUPOM, H E I ~  c p e m  K E a q p a m r n  o n o r o H e m e M  

CEI'HaJIa (3, - So ) m H O B e C H O r 0  paClIpe.JJ0JIeHE8 B 0 FCYTCTBHe C m  MOX- 

r A e  2, - qehw   ado pa H W ~ .  I k u m m y  US M O ~ O  -ET~ vepea 
~ K ~ H O C T L  A n c c l r e A y e M o m  H ~ O T O I B  B gpei@o~oP Tpyb~e,  a s e a m m y  
[ j - - ) M-0 OIrpeJ(eJIETb KaK 

L'IC - &'XL/SY $5 = j i l z l - ,  (11) 
me n - K O ~ @ @ I ~ I ~ H T  n e p e p a c u p e A e J r e m  nccrrenymoro H s o T o n a  B qpeik- 
@OBOB T p y b ~ e ,  '? - @ ~ K T E B H O C T ~  p e m c l m  aeTeKT0patd.n XapaKTepHo-  

I'O JlAepHOrO E w e H H R  HCCJIBJIJeMOrO BBOTOUa, r - X'~OMBT~E¶~CXEB @R- 

TOP AaJIHOrO CUeKTpOMeTpa. ~ o A c T ~ W L ~ ~  (11) B H e m e H C T B O  (10) E p e m a R  

ero, u o x y ¶ a e M  

3 &1'71,1  = ( 9  + v g 4  + I ~ X ~ T ~ $ ~ ' ) / ( X ~ T ~  I - ) ,  (12) 
I'A0 ff 'n"' XapaKTepH3J'DT YYBCTBETWIXHOCTb C I I e K W B T P a .  

~ ~ ~ K T p a Z b B 0 0  p a 3 p e m e H R e  I rpe? JCTWeHBOrO M e T o m  O r p U n ¶ e H O  m- 
pemw a T o b m x  nepexogoa. Towoc~b o n p e ~ a e ~ a ~  q e n T p a  o ~ o w o r o  on- 
THseCKOrO p030EBI ICa  6 y ~ e ~  3BBHCeTb B OCHOBBOM OT BM) 9- H CTa- 

TECTEKH ~ a 6 p a H B o P  H @ O ~  H MOXeT 6 ~ ~ b  g O B e A 0 B a  a0 3HaYe- IIO- 

p m a  20 MIb. 
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'wo&ewmr A~IH~L o amao EH @ wodaauuem mmvudoa 3 ~xplkII 
goao~a~ oE nmmemoE 'enoaos~ o~owaAfemo~ aowoae mE - 51 ~EJ 

(02) ' :/ !/ = J 
:xImlHr 

-wrooo xe& wameEa~~~o& ~3aeb-m~ J doan'ea gmoam&ewoe~ 
'OEH8Q&3~08~003 

emamrema maHemq~ew6 5 mHeh~~9aL 'm3 ernE&o&loao a med 
-ewsH aaos a EONO~~ xmvafiam3~ rmim&,~eh~oa +Y~I "cFy~,h/ '(7'p),v em 
(61) ' (P~lN/(("7-~',1/ - f7'r?/V) = X 

n'ex 
qamr~edm omw 8 ae- worn& g 'mpL& go~o@e& &emm - em 

(81) 'z(VP'+/d)/U = S 
nes ~JHEB&B OHXOW 

OJ 'IJeH 3 XT5HeEOHXTCO&3 ~dIl eXH0&3 H W~UH~URIM~II 'XU WOHEOHDO E 

eHewomLpo EOWOJ,~ mehfemo~ emm amsemqsa~ vn-q.rn3 amaoEema: 
~oram~ewL HVH 113aammmeaL ~6~erno~ EHK~~E mmLm3aa~aoo3 

eu~on 'aea LO x 1nmoa33ed 88 H mgL& goao@gadY 5aoeh UOHW&H~~ 

gloane8zind a enoaosnr o~oweAtam3~ m&~atraox -(:)A/ ' (yN ' 'N 
cL-[@z/o + z./,(@/d + 2(7+/Zn)J= "7 

(LI) ((~Y/v-) dv3JN = (*IN 6 (, 7/~-~d~c~~Nz Iz),4/ 
yc/ E ~~r(3Load11 aodoaox ' (L) me~&db warnamed i~~d13~0ahe~3 m~daw 

-orno Hoaeamomo HHII~B[HITQH& ~10~hoaea30E E axgL& goaoWad2 E enoa 
-OEB 0~0we&am3~ emamEednoed aehsrro woma 8 'eEoxaden o~ovue~p 
-EOE EdLaaox o~oxoEodaunoE LIIH~ &fH~llf?dL~a113 Eedah IMH~~~II'EH OJOH 

-dem ma mm ~EHEEO~EH~~~ meda - F'J 'XIFBEO~~ mm&~amd 
-9II3XB XRHm Hdll m3 qa3odon3 nHPVZ?HIHDmW -,,,,I2 'bEHeda~E5 HAOE 

BKehEH Or ~~gb& goffoaam FU3eh IJoHH~~~~ LO amoa33ed - ')'p2 0EJ 

(91) ( ~2 v?< rsz u ~/JJ > rLL, 11 ,/ 7'3? 

e~aornL ~3aemwa oah 'mxosron H mgL& ?$o~oi&a&r mmh 
goacmdzaan goan- E 8noaos~ o~owefiernomr ~3 emamEerna memeu 

-eredIIoadedan ~e~edgeaadn mELg mhKm OJOIWEWE~E~~ woaoodn 
*~~XIB o~aoa:, mkmd oE IF~UBB~L~O Baa BH afiLg E Bea o HHaaaonma:, 

Hdn emeao n mmdu V caqaooaurode~ gonemne$@e :, enoaosE OJOR 

-e&remm maa oah 'w~~~rrontredn (21) mema a J ~o~ oJoa 
-oam&ema~ H at mereEadn3ededen aaae~ox mmemEedno H~JJ 

'2 amE~ed E RIABE~E~EIIO 'mg03on3 RIAIRBB~~~~ medem~ meze~odn rn 
omoxpoe~ oah 'ma8 e~~amdqen emogoa:, E maemedn m~Mo 

 OHO OH xmaamridoaas samh mmaHh= '1 mgL& go~ome&t edzaen E 

aaooar~odea gempma 3 em mo~odomrg a q3m~oPdoa AHOH  goa ah 

'm~xea qa~g omE I mpl& goso@@edV m30 or c eaxo xo emmo&33ed .La 
-H8&3 ff 930JPemgE aH 13 '0133~ ff 930mIIf?&30'E OHBO sedeh 0~0!JDt0m0dn 

'anoaos~ o~owe&rem3~ fimao EOHOH o~&omiuumg ngoah 'nemd sa~p 
ammz mmh goam&aeD geoao E mgL& goao@edE &em hason 

'N3 XnHqILDX38H JXBernRBedn 0H OHhHpO godoaax HdePi~Ed 'H&38~90 E 0- 

woade@p E ~~JIHB~~O&BE BA~Q&oI 'Bh13E&O BOBOH 2 VXhh mO68 

LIm@ EH OKXO ~&HB~I a 9&8RE VFIXIfOE 1 EXpL6 BBS0iPgIedk gmeden6~ 
HIfJJ' 'EOHOH HPYB~~ XHW0mEAB ' -6 XRKdeblf E XLTh 

+BHHHEOE '(I '3~d 'W3) HhWLO BOBOH 0dII E XBlIlXb&t3&~3HdII 'E0deW 
-0s5 H EO~O~DEH xBnL~~~~modon RORO~B H~~BBOE~~ am~emno wog030113 
m~axorrkradn ~JL~~~IAEH qa3omw~O~ ~3aern gon3aderaH eeuogw 



B 3BBHCmOCTb 7lni;l T W K O  B BHL[e CBOerO OTHOmeHHR. ~ O ~ T O M ~  H a  

PHC . 2 W A C T a B J I e H U  3aBECEUOCTE 'I' '"" OT BeJIHPHAhI V /zO HJIR ABYX 

3HaPeHEfi  K O ~ E U ~ ~ H T ~  IQaWnElHKR (2 E H e C K W W C X  ~ H ~ P ~ H E I ~  QOHO- 

BOP0 C'4'STa d + .  OTtdeTIKM, PTO &JM aTOMOB HaTpHR 6WU3 3KCU€?PEMBHTBTlb-- 

HO AOCTEI 'H~TH ~ H ~ P ~ H H R  2 / / 3 / )  = 25 cdIn/ .  M3 PHC. 2 BWO, PTO 

p a c c ~ a T p m a e m i i  cneKTpoMeTp  MoHeT xopomo p a 6 o ~ a ~ b  E n p ~  ~ H ~ P ~ H H R X  

~~ wlZDc0,01 - I cM-I, A r n e  K o r n a  E c w e q Y e r v m e  a T o m  c ~ W I M I O ~  

BepOHTHOCTbD IQlUIHIIaBT K CTeHKe rrPE CTQTIXHOBeHHX C H e n .  3 ~ 0  O ~ C T O H -  

TeJIbCTBO MOECeT 6 H ~ b  EICIIOJIbBOBaHO tTpH ECCJIeAOBWI¶Si IIepeXOAOB CO CpeA- 

~ e f i  E ,  M M e T  6 H ~ b ,  CO CJB60f i  cS~JIOE OC-Topa. H3 CKa3ElHHOl'O CBe- 

W e T ,  PTO t T p e ~ C ~ a a r r e H w l f i  CIIeKTpOMeTp RaxFIeTCH nOCTaTOPH0 YEEEepCaJIb- 

Hher! JJJD3 IICCJIe~OEBMHR p&iWOaKTELBH,~ H3OTOIIOB !LIiQOKOI'O KPyPa 3JIeMeHTOB. 

h b H l W a J 5 ~ 0 e  BpeMEI m 3 H M  cy ECCXeAYeMOI'O IIBOTOIIa COOTBeTCT- 

T/'? % Ct = d,% / t t  (24) 
B c n e K T p o M e T p e  M ~ O  B npxmme AOCTEI'aTb C K O ~ O C T ~ B  CMJii i o  

3 - 10 M/C . &2lE B H 6 p a ~ b  dd 1 CM, TO' T,~;''z 10 C. ~ X C H M ~ J I ~ H O ~  

~pe@ylXlIEX aToMOB E 3TO RBJIReTCEI ~JUUWIQHRTIMM O~CTQRTWBCTBOM JJJXX 

IICCJIBAOBaHEfi m O a X T E B H U  H3OTOIIOB T-eJIw WIeMBHTOB. %BECHHOCTL 

u / L )  OT AaBTIeHHR OIlpaQIIReTCH U e H O M  fA/( A f f,). Korm A << { 
(¶TO EMOeT MeCTO LWlR CEJIbHhM IIBpeXOAOB I Q E  AaBJI~HHB 6y@ep~0~0  rS38 

6mme 5 - I C  T o p p )  , TO Y / D  ~ o n o p m o t r r u ~ b a o  M a c c e  aToliaa, a OT awe- 
HEFI H e  3aBECET. 

Ms (I  - 4) H (25) c n e A y e T ,  PTO ~036yxc~amee E w e m e  E C I I ~ B ~ -  

eTCH @ @ ~ K T E B H o  T W K O  TOrAa,  K O I n a  er0 HHTeHCEBHOCTh MeHbme HHTBH- 

CEBHOCTE H a c w e m .  W e e ,  as BTEX y p a B a e m l i  c r r e p y e T ,  ¶TO B ~ E T E E H  

.L( E u/U W C T y T  C gB0ZE¶eEEeM CXOPOCTEOTO E H T e p B m  (4d4 +- 4 u'//)/k, 

E 3  KOTOPOrO aTOMbt ~ 0 3 6 9 8 5 4 ~ ~ ~ ~ 1 ,  HO 3TOT POCT  dyne^ W e T b  MeCTO JlElU6 

no snavemB nopma nomepo~c~oii ~~ A +  ~ o a d y s g a e ~ o r o  pepexona. 
O W ~ T E M ,  ¶TO HJIII 2 = 580 HM E r d ~ ~ > ) / Z r =  0,5 mh IIOJJy"¶aBTCH 

r,-,'.t = 0,9 BT/C$. 113 3 ~ 0 r o  w x e p y e T ,  PTO MOQFIOCTE Q o B p e M e p m  m- 
s e p o ~  H a  K p a c n T m e  H e n p e p m a o m  neBc~mw (-- 0, I - 0,s BT) ADCTaTOQiH 

HJIII o c y a e c T m e m  c I I e K T p o c x o n w e c K E l x  E c c r r e n o s a m i i i  no npeAna;raetdonay 

cnocodg B ~ p g d ~ a x  c c e n e m e M  no Hecx- magpa- c a a m e T p o s .  

6. 

b3ep~asi  CUeKTpOCKOIIHR C ECUOJIh30BaEtEeM Cm MOXBT OKB3aTbCR 

I U I O A O T B O ~ H O ~  g m ~ p ~ 8 ~ 1 6 ~ 0 8  M~ToJQXKOB npH E3MepeHHB E3OTOlIE¶eCKEX 

CAEEI'OB E CB~PXTOHKOB CTpJ'KTnH aTOMOB C ROPOTKOXEfEJJ@%lE fLQBME E 

M M e T  6 H ~ b  ~ ~ K T E B H o ~ ~  M ~ T O J Q X K O ~  JJJD3 ECcJreAOBaHlW a e p ,  J'WeHHhcr OT 

XOJIEW C T ~ ~ E J B H O C T E .  3 ~ a  M e T Q m a  MOZeT O K a 3 a T b W  npamtTweCKH IIpEI'oA- 

HOB lUISI OIITweCKHX HCCJI~AOB~IU& CIIOHTaBHO A-CR E30MBpOB WepEWD? 
240,242,244 A; c u m n  rrpmoro o u p e A a r r e m  ~ o p  qqep B HaotaepHou 

COCTOIMHH H a  IIYTE K n u e m .  
khJIeAoBaFfEl3 UO aTOMOB C ~ O ~ T E B H H M B  IVZpaMH MOTgT A* 

UWIHET&ULHO RBJHTbCH ECTO¶EEROM O P E ~ X E B J ~ H O &  EI@OW~IWE 06 OTJlE'4EH 

pa3MepOB aTOMOB B OCHOBHCM H ~ 0 3 6 ~ 8 E H U d  COCTORHHRX, TO BCTb 0 CIIO- 

C O ~ H O C T E  aTOMOB HCIIhITHI3aTb m. 
A B T O ~ H  -T ~ S J I ~ ~ O ~ H O C T ~  IO.U.OT~HBCRB~ H r .H.aJIepoBg 3a 

nomepmy H nocmmioe B m m a m e  x pado~e E A.M.huamng E c o ~ p g m -  
~ a a r  ero r p p m  3a q e m e  cosem H 0 6 c ~ e m .  
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