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A H H O T a U H II 

OnucbiBa!OTCH )lallbH08WH0 OnbITbl_ no HayqeHHIO KHH0THKH MJO-aTOMHblX npo

U0CCOB. vfcnoiib3oBaHHe M0TO)lHKH Jlmpq,yaHOHHOil KaMepbl B MarHHTHOM none noa

BOllHllO H3MepHTb. pacnp0Jl0110HHH u·o npooeraM dµ -aTOMOB npH paanHqHblX. KOH

U0HTpaUHHX Jl0ilTepHH H Z -npHMeceil (yrnepOJl, KHCllOpOJl) B BOJlOPOJle H onpe

Jl0llHTb ceqeHH!I ynpyroro. pacceHHH!I dµ · -aTOMOB, CB0)l0HH!I . 0 _KO'!)Opb!X
0 

OTCYTCTB!I)"" , 

san1t. 

CeqeHHH HaxO)lHllHCb nyTeM cpaBH0HH!I npH UOMOWH )( a -aHallH38 SKcnepHMeH

TallbllO HailJleHHbIX pacnpeJleneHH8 c paccqHTaHttbIMH no MeToJly MottTe-Kapno, n~
·11yqeHbI Cll0JlYIOWH0 eenHqHHbl ceqeHHil ynpyroro pacceHHH!I: . 

( ) ' -19 2 . +0,8 , -21 2 
q4'+d " 4,15 _! 0,29 ,10 CM ; qdµ+p" (0,8 ) 10 CM ; 

-0,4 
-18 2 

adµ+z•_{l,2 :!: 0,3),10 CM, 

Hail)l0HHbl0 BenHqffHbl C0'!0HH8 ·HaxOJl!ITC!I B cornacHH C TeOpHeil, OnpeJlene.:.. 

HO TaK:lKe ·epeMH :lKH3HH, dµ -aToMa B raaoo6paaHOM BOJlopoJle, KOTopoe· ·npH 

KOHueHTpauHH aToMoB C H O 1/4000 H 1/800 cocTae1111eT 1,25 + 0,16 H 

0,38 ':±-. 0,05 MKC0K0 COOTB0TCTB0HHO, . -

A b s t r a c· t 

Further experiments on a study of. the kinetics of mesonic atom processe~ 

are· described, The use of a diffusion chamber in the magnetic field allowed . to 

measure the range distribution 6t qi- atoms for differe~t concentrations of deu.

terium and Z - admixtures ( carbon, oxygen) in hydrogen a,nd to determine . the 

elastic scattering cross sections for dµ - atoms on which the data wer~ not 

k~own before, ~ 

The cross sections were obtained, with the. aid of x 2
- analysis, by. com·

paring the experimental distributions with those calculated. by the Monte- Carlo 

method. The values of the elastic scattering cross sections were ·found. to be 
·c . · ) -19 2 ( + 0,8 ) :..21 2 ' 

a· . • 4.15 + O,29 .10 cm ; a·d + • 0,8 . 
0 4 

• 10 cm 
.tµ+d - µ p -. • 

· ( . ) -18 · 2 a4,_. + z • . 1,2 =. 0,3 • 10 cm • 

'These value~ are in -agreement with theory, The Iifetim~ of a dµ- atom in the· 

gaseous hydrogen was determined to be 1,25 '!:.. 0,16 and 038 =. 0,05. msek , 

for the C · and O atom concentrations of i/ 4000 and 1/ 800, · respectively.-
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1. BB e Jl e H He. 

' 1 · 113aecTHo, llTO oTpHuaTe.n~ble MlOOHbI, ocTaaaBnHaasc& B ~o.o.opo.a.e H · o6paayst Me~ 

_308TOMhl; Bhl3b1B8IOT • paane'!Hhle M8308TOMHb18 H M830MoneKym1pHbie npoueccu. 8 'IBCTJfOC-
' . ' ' . ,. ' '/1/' ' ' ' 

/' ·a·· TH, 8KCllE!pHM8HTBnbllo 6uno' ll0K838HO ;, ,'ITO B )f{HJlKOM ,BOJlOpOJle C 8CT8CTB8HHOJI 'npe-· 

_M8Cbl0 Jl8ll_Tepeg B peaynbTBTe 60nblllOJI CKOpOCTH o6M8HHoll peaKUHH 

P/L + d ➔ d/L + p ( 1) 

acpcpeKTHBHO o6pa3yIOTCH · d,, -aTOMhI. npu 8TOM yaaeTCH Ha6nIOJlSTb npo6er TSKOl'O Me

"soaroMa' B BHJle Manoro CM81U8HH51 .( ,. MM) cneaa aneKTpoHa OT pacnana. MJOOHa OT-
>c : ', • ' ., ' • 

11_oc11Tenbllo, TO'IKH OCTSHOBKH MIOOH~. ,npe KOHU8HTpaueax aellTepea ';' 1% CM81U8HHH y:lKe 

I'' 11e HS0llIOJlSIOTCa.' Ka'!8CTB8HHOe 061.11c118HH8 8TOl'O "l'P'P8KTS '~SKlll0'188TCa I B TOM I '!TO cor-
r , I • . ' /2 3/ · . · · • 
. I nacHo TeopHH I C8'18HHe ynpyroro, pacceaHHll d/L -aTOMOB Ha npOTOHSX 

.,· d/L.+ p .. d/L + p .. (2) 
BHOManbllo.Mano, a ce'leuue pa_cceHueH aa ·aellTpoaax· 

(3) 

OTHOCHTenbHO aenHKO. Cy~eCTBeu'uo 60llblllH8 npo6eru if,, -aroMOB ( ... 10 MMJ'·ua6nioaa

llHCb HSMH ·npH. Manon nnOTHOCTH 50.z:\Opoaa B JlH<pq>y3HOHHOll KaMepe; H ST0T \8<p<p8KT 6hm 
". . · ·.· . . .. · · /4 5/ 

H~UOllb30B8H Jlllll on~eaeneHHll CKOpOCTH peSKUHH ( 1) . I • 

. Uellb!O HSCTOlllU8Jl pa60Thl llBllll8TCll KOllH'l8CTB'eHH08 8KCnepHM8HTMbHOe . onpe)leneHH8 

·ce'le~ell·npouecc~a· (2) _H (3) u~ ocHoBe aaaneaa pacnpeaeneH1ill npo6~roa d/L -aToMoa 

. II ~paaHeHHH RX C 'npeJlCK~38HHblMH. TeopeTH'l8CKH. 8 ~THX OllblTSX JlHcp<pyaHOHHSH KSMepa 

HanonHHnacb aoaopoaoM c He6onblllHM .coaep:lKaHeeM aell:repeH ( .. 5%). CxeMa npoueccoa 

C )'.'18CTH8M dj,. -aTOMOB npe.acTaaneHa HS puc. 1 • O6paayI01UHllCll B peaKu~H ( 1) ·d,, -

aT0M o6nai:taeT sHepreell OKOno 45 eV. ( .. 'l/3_ p83HOCTH 'a ·aeeprHHX .1 s COCTOHHHll d,,-

H . p\;_ . -aroMa, paaHoll 135' · eV ) • a' npouecce y~pyrex coy aapeHHll c npoTo~auu, aell- ' 

:TJio~aMH H CnO,:lKllhlMH. llJlpSM~ (11apa ,C 11 0 1 BXOJllllUHe_ B COCTSB CllHpTa - pa6o'leJI 

:lKHJlxoc;; ·KaMepbd, ~TOM: dµ 'TepHeT cao10 auepre10,. noKa He npoaaollaeT KaKoll-ne6o 

,''Heyn~y~~Jl•~ npouecc, B _peaynbTSTO KOTOpOl'O M830STOM nepeCN18T CYlll8CTBOB8Tb, TaKH-. 

MIi' HeynpyrHMH npoueccaMH aBnllIOTCH: ~a) pacnaa MIOOHa c op6HThl , d/L -aToMa (cK0-
1 . ' . 6 -1 . ., : . ' 
pOCTb pacnaaa ).0 ..; 0,45.10 , <:eK ); 6)' nep~XOJl MIOOHS OT aellTp~Ha K_ CllO:lKHOMy 

-11apy ~cxopoCTb >.\c'z ); a(o6paao~aHue Me~oMoneKyn pd/L. ., co cxopocTbIO/\•P.,/L H 
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' 
nocne.ny10mell K8Tanea s.nepHb!X peaKuel!: B 9TOl!: M030MOneKyne, CyMM8pH8SI BeposTHOCTb 

'Heynpyrex• nponeccoB A c ___ Ao +c )..'i CZ+ A Pdµ onpe.nenseT BpeMs 2KB3ltB dµ -aTOMa 

e BMecTe c' ceqeHBBMB ynpyrex npoueccoa (2), (3), a TaKme npouecca 

dµ + Z ➔ dµ + Z 
( 4) 

',- -

onpe.nensieT nonHyio .nnHHy npot5era . dµ -aToMa a raae .no ero ret5ene, Hcnonb3yeMbil!: 
• ·1 • . • 

B HacTosmel!: pat5oTe MeTo.n aHanea_a Hapsi.ny c eayqeHeeM ynpyrex ~poueccoa noaaonHn on· 

pe.neneTb -T8K2K0 H03aBBCBMblM nyTeM Bp0MH 2KB3HB dµ -aioMa B raaoot5pa3HOM Bo.nopo- ' 

.ne B T0M . C8Mb!M YTO'lHBTb .naHHble_ 0 CKOpOCTB nepexo.na ( Ad ) .MIOOHa OT .neATpoaa . . z . 
K CllOlKHhlM H.£lp8M Dpl!M0Cel!:, KBH0TBK8 B38BMO.lleACTBB4 dµ .-aTOMOB 1 ·,B3)''l8BWaHCH B 

H8CT0Hlllel!: pat5oTe, C)'lll0CTB0HH8 T8K2Ke .nnsi BHTepnpeT8UHB nony'leHHblX H8MH .ilaBHbIX 0 
. · · ' . /5 6/ . 

. Bbixo.nax s.nepHbIX peaKueA xaTaneaa B raaoot5paaHOM Bo.nopo.ne ' • 

2, 3xcnep~~HTanbHbie ycnosesi e ot5pat5oTxa <poTorpacjleA 

.[].ecjlqJ)'3H011118ll K8M0pa '.£lH8M0TpOM 380 MM B M8rllHTHOM Done 7000 9 9KCDOltHpOB&

naCb B ll)''!Ke OTpeuaTenblU,IX Me30HOB, TOJ;>M03BBWBXCH cpenbTpOM B_- OCT&HaBnHB&IOlllBXCH B 

raae_ K8Mepbl, no.npot5Hoe onecaHee cxeMbI ODbITS B ycnoBBl!: 9KCUepHMeHT8 Ha ll)''IKe Me- · 
. . . ~~ 

aoHOB OT ceHxpoueKnOTpoHa OHHH .t5hlno npeBe.neHo paaee • 

.Unsi Toro, 'lTOObI onpe.neneT'i,, K&K BnesieT Ha xapaKTep pacnpe.neneaelt ·aµ -a To-·" 

MOB no Dpot5e;a~ p~H'lHblll OTHOCHTenbHbill BKn8.£l ynpyr;X (2-:-4) H HeynpyrHX npoueccOB1 , .. 
Oblna npo.nenaaa_ cepHH 83 5. ODbITOB, OTnB'laBWBXCSI .npyr OT .npyra paanH'lHOll 'KOHU0HTpa

ueeA .neATepHH ii n.nep C H O B H8DOllHHIOlll0M K8Mepy BO,llopo.ne, 0CHOBHble' .£l8BHble, 
. . ' ' 

xap&KTepH3)'10lllHe 9TH ODbITbI1 DpHBe.neiii,1 B T85llHU0 1, 
> 

CyMMapHoe .naaneHee B.o.nopo.na e .neATep11si BO. ecex onb!Tax cocTann~no oKono ·, ~ 

23 &TM, KoHue_HTpauesi .neATepesi, e ·KaMepe aa_.naaanacb DC)• er·o napueanbH·oMy .naB

neHHIO e t5blna eaeecTHB c T0:1HOCTbIO ·He xy>Ke 4%, . 

B ODl,IT~X 1,2,5,BbIDOnHeHHblX O paane'lHOA KOHueHTpaueel!, .neATepeH, -~- K~qeCTBe pat5o-_ 

qeJl 2KH.£lKOCTB K8M8pbi npeMeHllllCH MeTHllOBblll cnepT, npe si-oM UHKll', pat50Tbl K8M8pb1 co~

TaBnHn -8 cex, 

C uenb10 yMeHbweHl!H ioHneHTpanee aTOMOB C e · 0 ; axo.nsimex B cocTae. napoa 

paooqell lKH.llKOCTH, B Ollb!T8X 3 ·H 4_ B~8CTO MeTBUOBOro cnHpTa H<;norib30B8UCH HOpM~bHbli!:• 

"npon11noBbIA -cn11pT, C 3111 OR' , npil 9TOM TeMnepaTypHblll pe'm11M KaM_epLl OCTaBancH T8KH.M; 
. . 0 , . . . . . 

me, K8K B B Ollb!T8X 1,2,5. npe TeMnepaType - 18 C, COOTBeTCTB)'IOllleA Tei;mepaType Bepx-. 

Hell· rpaHBUbI 'l)'BCTBHTenbHoro· cnosi KaMep1,1; .naBneHee Hac1,1meHHhlX napoB nponenoaoro • 
' • • - f I . •• 

• - cnepTa B' 10 pas M0Hbllle, 'teM MeTHllOB·oro·. Benll'lHHbl KpHTH'l0CKOro nepeCbllll0HHH .nnsi' 9TIIX 

CDHpTOB OUB3°KB .npy·r _K .npyry, nosToMy ·c: )''10TOM. pa3HHUbl B MOll0K)'UHpHblX B9C8X M02KH0
1 

' • • ½ , - I . , 

C'lHT8Tb, 'lTO._cyMM8pH8H KOHU0HTp8UBH 'aTOMOB C H O B ODbITax 3 B 4. npeMepHO. B' 5 
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Ta6n-11n,a .I 

HoMep Pae5ollail· CywapHaH . qHCJIO 
PH+D . C~(%)' 

lltlti.ztKOCTI, KOHI~eHTpa- qioTorpaqmil OIIblTa I.UIH . 
(aTM). 

C H O (%) 

' l , 4,3 0,125 50310 
_· CH 3 0H .. 

±.0,030. ·2 2.3,0 6,7 52950 _ 

.en 

3 6,7 
Od025 . 

38680 

·4 .. . 5 ,6 
. c,n,on ±. ,006 17070 ' 

5 22,7 0,44 CH
3
bH 

0,125 . IOIOO 
.. \ ±,O,p30 

i .. 169IIO 
- .. 

Om>IT JKu,zi;m,iit -- KOHU8HTpaJ:tHH aTOMOII 0,04 
IIIHqiqia171 IIO;llO- . -2, ) 

po,zi; . HeoHa 1,8.IO- % 
" 

~-

qHCJIO .. qHCJIO 
\flDOHHitl[. . 
ociaHOIIOK 

HSMepeH-· 
.HbIX coe5u-

THii 

·. 12500. 1465 

!5160 . 916 

8430 II14 

4120. . 405 

1220 341 
' 

~ 41430 :_Ic. 4241 

28068 · · . 68 

' 

,-
~ 1 • 

. , . 

0KOHllaTeJII,HOe 
llHCllO 

coC5uTHil 

1029 ·~ 
. 

623 ... 

-- 937 

405 ;· 

.. 269. · 

,!~ 3267 

68 

.. 

~ 

.-..,_, 

~ ..... 
'?" ... 

~ ""."·,:. 

,· 



,, 
paa Menbwe, qeM 'a· onb1Tax 1,2_ n 5, B Ta6nene 1 {xononxa 5)' npaaeJleHbl· cyMMapnb1e_, 

KOHll0HTpamm OTOMOB C H O I oue11e11H_ble Ha cp0Jl110l! _acpcpeKTHBHbll! BblCOT8 'IYBCTBH

Tenblloro cnon, 

Ka'!BCTBO cpoTorpacjmll np11 paooTe C nponll110BblM CDHpTOM cymecTB8HHO 110 yxyJl

waeTCS!. 0Jlnaxo xoacj,cpeunenT JlHcjicj,yann napoa 3Toro cmipTa a BOJlopoJle a nonTopa pa

aa M0llbW8, '18M napoa M0THn,oaoro cn11pTa, '!TO yaenll'IIIB/i0T Bp8M!I BOCCT8HOB110HH!I 

'IYBCTBHT811bHOCTH K8M0pbl, TToaTOMY B OflblTOX/3 ~ 4 _ UHKn pa60Tbl K8M0pb! COCT8B11S!n, 

13 CeK. 3cj,cj,eKTHBHOCTb perHCTpaum1 aneKTpOHOB OT µ ➔ e --pacnaJlOB COCT8B11!1118 43% B 

-OllblT8X 3,4, B ,TO apeM!I K8K B Ollb!T8X 1,2,5 OHS 6blll,8 B Cp0JlH0M OK0110 60%. 

B cepHH Oflb!TOB 1-5 6bl110 nony'leHO OK0110 170000 CTepeocpoTorpacpnll. Bee cj,oTO

rpacpHH noaaeprari11cb JlBOltHOMy' npOCMOTpy. B cpeaHeM na 4 -KSJlpa Ha6mdJlM8Cb 0JlH8 

OCT0llOBK8 MIOOIIO D raae K8M0pbl (T~6n. 1. K01IOHKH 6,7). npa npoCMOTpe Bblll811S!1111Cb 

co6bITHll, 06ycnonneH11b1e ,o6paaoaanneM dµ - STOMa H nocneay10WRM npo6eroM ero a 

raae K8Mepb1, Ha cj:,0Torp~_¢1rnx TOKHe cnyqa11 Ha6n10aa10TCS1 rnaaHblM o6paaoM a BH!l'f 

cneaa OCT8HOBl!BllierocSI MIOOHa II, CM0lll011HOro 0THOCHT0llbll0 TO'IKR OCT8HOBKR MIOOHa 

cne,na 31!0KTpOII8, KOTOpb111 B0311IIK B p~aynbT8Te pacnaaa MIOOHa Ha op611Te dµ- llllll Zµ-

8TOM8, llllH pdµ -Monexynbl. Ha cp0Torpacp11S1x, OTIIOCS!lUIIXCS! K Oflb!TSM 1,2 II 3, OT-

6npan11cb co6blTIISI om1ca1111oro Bbllll0 T11na TOllbKO B TOM cnyqae, ecnH B Hli'lMB cneaa- r 
aneKTpoHa 'lBTKO BHJlH8 'TO'!Ka~- cnea 3110KTpoHa O)Ke, B03HHKSIOll{ero np11 K8CK8i:!HOM_ 

nepeXOJl0 M10011a C B~a6y)KJ:i0HHblX ypoanell M0308TOMOB µC R µ0 B OCHOBHOe COCTOSI-

HRe (p11c. ,2a). TaKoli OT6op noaaonsieT npo11aaOJlHTb'_6onee TO'lHOe onpe,nene11ne ,nnllHbl 

npo6era dµ -aTOMa, Ba11ay cpaBIIIITenbllO He6onbworo CTSTHCTR'l0CKOro M8T0pR;,.na, ~o

nyqe1111oro B Oflb!TSX 4 H 5, B 3TOM C11Y'l88 JlllSI 06pa6oTKH BKnIO'!SnllCb H cn'y'!!iR 603 an

lll!MOH 'TO'IKH' B 118'1811~ cneaa 3110KTpo11'a (pHC. 26), 110 ,C '10TKO onpeJleneHHOl! aenll~H-

x/' 
IIOfi CM8lll811HSI 

K 3TOMY )K0 xnaccy C06b!Tlllt npRH8i:lll8)K8T 3ll8'1HT0llbHO 6onee p0JlK110 cny'l8H, 

1mrJla 

llbl pq, 
dµ - 8TOMbl, CT811KIIB8S!Cb C npoTOH8MH -H Jl0J!.Tp0118MH; o6p83YIOT M030MOneKy:-

H ddµ C nocneay10mHM K8T811H30M 11aepllblX p88KUHit CRHT038 p +' d H d+ d, 

a T8K)K0 cny'lOH nepexoaa MIOOll8, OT _ael!Tpo11a K CllO)KHOMY S!JlPY I B KOTopb!X, npn_ 38Xaa

Te MI00118 HapoM o6paayeTCH •aaeaa8'. T8KH8 ,co6hITIIH 118 HCll011b30B81111Cb' anH i:l811b

H0llWell 06p860TKH. 

,IlnH acex OTo6pBimblx co6b!THJ!. Tpe6oaanocb, 'IT06b1 cne,n aneKTp0118 6bm 'l0TKO an- , 

Jl0H II ero anHH8 npeBbtW8118 5 MM. 4ncn8 co6b!THll B K8)Ki:l0M Ollb!Te, KOTOpbl0 6bl1111 

OT06p8Hbl T8KHM o6p830M Jl11S! nocneayIOlUHX-H3,M0pei11111,, npnaeaeHbl B T86n. 1 (x,;no11-

K8 8), 

x/48CTOT8 IIOHB11011HSI B_llllHMblX "TO'!eK' T8K )K0, KSK H B cny'188 nepexoaa MIOOH8 

OT pµ -aTOMOB K C1!0)Kllb!M HJlpaM/4/, 38BIICHT OT KOIIU0HTpaun11 npHMecelt H COCTaB-

,,, 

nSieT ~ 70% llll!I Oflb!TOB 1,2 _H 5 H, BBH!ly M0Hblll0l! B8pO!ITHOCTH nepexoaa, '.1'011bKO < 
~40% amt Oflb!TOB 3 H 4. 
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06pa6oTJia'· OT_D6p8llllb1X cny,1aee npOH3BOaHnacb .C _nOMOlllbIO MHKpOCKona_ Y'l1/'Y\_:-22,• 

Ha KOTQpOM H3MepS!nHCb 'anHHbl npoe1uuin ·f Ha ropH30HTanbHyIO 

dµ: ;-aTOMOB·: (puc, 3 ). TO'!HOCTh H3M8peH_H_s:: anH,H npo6eroa'. (a 

nnocKOC'tb np?o~rOB 

nn_OCKOCTH OO'beKT~)L 

-: ,, HallaeaHaS n'? OTKnoi1eHHIO QT cpeaHero npH aayxKpaTHOM H3M8J)eHHH BC8X· COOblTHll oaHH,M 

onepa_TopoM,' a. TaK}Ke npH K?HTponhHblX H3M8p8HHSX BTOpblM onepaTopoM, COCTaBnsna 

·O,l_MM. 

TaK :Ka~. acp!p~KTHBHOCTb perHCTpan11H npo6era dµ - aTOMa ·c .l:\nuaoll npoeKUHH. f 

cymeCTB8HHO 3aaHCHT OT eenH'IHHbl , ,f , TO ans nocTpoeu11s pacnpeaeneaHll no ..onuHaM 

' npo6eroe Heo6xoaHMO y'!eCTh cneayromue nonpaBK~: 

I. Bautiy KOHe'!Holl H aoeonhHO 3Ha'!HTenbHoll urnpHHbl cne..oa ,MIOOHa a6nH3H TO'IKH 

-~CTaHOBKH (,. 0,4 MM)_ 8cpcpeKTHBHOCT'i, perHCTpanHH MO:lK8T 3aBHC8Tb 'OT YfnOBhlX, xapaK-

(puc. 3), Yron· 0 dp. ecTh npoeKuHs yr-

na, o6J?a3yeMoro KacaTenbHoll K cne..oy MIOOH_a a -TO'!Ke ocTa~o.a~u II HanpaaneHHeM_· npo6e'--_ 

ra dµ -aToMa, yron- : 0 • "; np08KUHS yrna, o6pa3yeMOro _Hanpatm8HHeM npooera Me3o-

~TOM8 ;~ K~caTe~bHoll K cne..oy aneKTpoHa pa~na..oa a_ :o_'!Ke pacn~..oa. Yrnb1 0 d/J.· H , o·~ 
OblnH H3M8p81_1bl Ha ,MHKpOCKone c_ TO'IHOCTblO OKOno 5 • Ha p11c·. 4 npHB8..08Ho.pacnpe..oene

'HHe ;cnyqaea B !)nb!Te f no 8THM, yriiaM:. BBH..ll~ H30TponHH c'ooT
0

JrnTCTBYIO,lllHX · pacnpe..oene- , 
' l • I • • 

. _Hull no npocTpaHCTBeHH~lM yrnaM ,pa~npe..oeneHH!I no YX:naM 0 dJL. H ; 0 • TaK:lKe He ..oon-: · 

:lKHbl 3aBHCeTb OT yrnoe. 1-13 puc.4 BH..OHO, _'ITO 8TO nono:lKeHue"ewnonHS!eTCS ..ong pacnpe- , . 

-aeneHH!I no yrny 0
0

, a TO epeMSI K~K -a_.
0

pacnpe..oeneH11u· no yrni' 0d/J. Ha6n10.z:i~_eTc~ __ yMellhWeHHe. 

qucna c_nyqaea ..on!I 6onbWHX yrnoe .0 dp. • MeHbWaSI acpcpeKTHBHocTb perucTpauHH cny-

'!aea, KO!'..Oa . dµ -a TOM neTHT 'Ha3a..o• ( 0 dµ 6n'!3KO K 180° >., CBSI3aHa. c_ TeM,. '!TO Ta

KHe. C~Y'l,aH MOX:YT BblrllsaeTb u3-3a ,KOHe'!HOll WllpHHbl cne..oa 'MIOOHa KaK cny'!~H;_ 6e3 cMe· 

meHH!I aaqana cne..oa aneKTpoHa. 3To oco6enao cymecTaeHao ..on!I. ~ailblx a_enH'IHH npo6e--· 

, a TaK:lKe ..On!I peruc:rpauHH COOblTHll, a KOTOpblX Tpe6yeTC!I aanH'!He ~TO'IKH' B_

aaqane cneaa aneKTpoHa pacna..oa; noaToMy · am1 ..oanbHellwero aaanu3a B cnyqae Onb1-

_'. TOB 1,2,3 'OTOHJ')anHCb nHWb ~OOblTHS c 0 d/1.. • < 120°. (B OnbITaX 4 H 5 pacnpeaeneHHS 

no _0 dµ 6wnn 6n_H3Kli K H30Tponu_w,M 1,u OTCe'!Kli no yrny ~e .npoi3ao..ounocb). Tionp~e-

. Ka ua acpcpeK;!'aHocTb perHcTpaunu no yrny cymecTB8HHa -ronbKO ans:· caMbrx Manhlx ee-

nn'IHH f H ans e' < 
1 
2 MM- cocTaansna · e cpe..oHeM ..ons acex onbrTOB I 2%, · 

' , ' 
2. noopaeKa Ha acj:,cpeKTHBIIOCTb perllCTpauHli u3-3a KOH8'1llblX pa3M8pOB 'IYBCTBli-

TenbHoll o6nacTH 'KaMepbr cymecTae1111~. nnwb ..om1 6on~wui 3\1aqe111~n H 6bma eae-

'.aeaa TOnbxo a ..oaHHble onwTa ·5, rae u3-3a Manoi! KOHueH-rpauu11 ..oellTepnll: npo6ern 

"dµ . .:..aToMoB ..oocrnr~roT. 20 MM; nonpaaKa co_cTaensna a cpe..oHeM oKono · 10%. 

3, nonpaaKa Ha· cpoH no:lKHblX co
0

6b1THll, .. ;.e. TaKux cJiyqaee, Kor..oa 3a cne..o aneK

'rpoHa. pacnaaa Mo:lKeT Ob!Tb npnHST cnyqal!Hbrll cne..o qaCTHUbr, pacnono:lKeHHblll a6n113u, 
' . 

'TO'!Kli' OCTaHOBKH ':flOOHa, ,.ons onblTOB 1-4 He npeBb!Wana HeCKOn:KHX npoueH_TOB n He, 
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BBOJJ.Hnacb, ,llnn 11pHMepa Ha pHc, 5 11p1rneJJ.eHo pacnpeJJ.eneHHe 110 £ a HHTepaane 

-·e - 0 t 10 MM t5e3 BBeJJ.eHHll 11onpaBoK (OllblT 1), H3 KOTOporo .MO:IKHO BHJJ.eTb, 'ITO 

. q:>OH ·no:iKllblX C06bl_THI! a HIITepaane 11po6eroa f 0 -:- 5 MM 11peHe6pe:1KHMO Man, ,llnll Ollbl"" 

Ta_ 5; rJJ.e npo6eru cyIUOCTae11110 6onbIUe, 11011paaKa cocTaannna 7%. 

.llnn 11ocTpoeHHll pac11peJJ.eneHHl! nc11onb3oaanacb cnyqaa c 11po6eraMH a HHTepaanax 

MM < f < 5 MM JJ.n!I OllhlTOB 1-4 H I MM < f < 15 MM JJ.nll Ollb!Ta 5, 0KOH'laTenbHbl8 

qacna cnyqaea JJ.nll Ka:iKJJ.oro onb1Ta a yKa3aHHhlx HHTepaanax 11ocne BBeJJ.eHHll acex 11011pa

BOK 11p1rneJJ.elll,I B KOnOHKe 9 Ta6n,l. 

nony.'IeHllbIO pacnpeJJ.enenHll 110 11po6eraM f llpHBeJJ.Ollbl Ha pHC, 6-8, YKa3aHHbl8 

OIUH6KH B K8)KJJ.Oii TO'!Ke y'IHTblBBIOT K_aK cTaTHCTH'leCK~e OIUH6KH,- T8K H Heo11peaeneHHoc

TH OT neeaemrn 11011paBOK, Ha pHC, 6-8 yKa3aHbl TaK)KO' 'IHCna _cnyqaea B OllblTax 1,2 H 4 

C 11po6eraMH O <' f < I MM, B 9TH 'lHCna BKnl0'18Hbl KaK 3aperHCTpHpOB8HllblO cnyqaa C BH

JJ.l!MblMH 11po6eraMH, MeHblUHMH I MM, TBK H cny'IaH 6e3 BHJlHMbIX 11po6eroa, q11cno KOTo

pblX oueneHO H3 _eepOllTHOCTH o6pa3oBaHHll ,,dµ -aTOMa B 11pouecce (I). B aa/lbHel!IUeM 

aHanH3e 9TH TO'IKH pac11peaeneHHll He Y'IIITbiaanHCb, 

HapllllY C pac::11peaeneHH!IMH 1 110/IY'IOHHhlMII B HaIUHX OllbITaX1 llpH anan113e 6bl/lH He-

w "'"' 111 ' , IIOnb30B8Hbl TaK)K8 JlBHHble OllbITa H't''t'a I BhlllOnHeHHOI'O C IIOMOlllb!O )KHJlKOBOllOPOll-

'1101! KaMepbl, 3KC118pHM8HTa/lbHblO ycnOBH!I 9TOI'O OllbITa TaK:IKe 11pllB8Jl8Hbl B Ta6n. I. Ha 

p11c. 9 llpeacTaeneHO B Bllll8 I'HCTOI'paMMbl pac11peJJ.e/18HH8 110 11po6eraM dµ -aTOMOB, 
, - xi · 

IIOCTp08HHOe no 68 cnyqal!M, H3M8p811HblM B pa6oTe illH<pq:,a • 

3. AHanH3 9KCll8£HM8HT8/lbHblX aaHHblX 

1'13 Ka'!OCTBOHHOI'O pacCMOTp8HH!I pac11peaeneHHii 110 11po6eraM, 11onyqeHHblX C pa3-

/IH'IH011 KOHuen:rpauHel! aell:repHll ( Ollb!Tbl I H 5, p11c, 6) H .pa3nH'lHOli KOHUOHTpOUl!ei! l!Jlep' 

C ' II O ( OllblTbl 2 H 3, pnc. 7) l Bl!Jl~O, '!TO C ynen_H'l8HH8M KOn11'18CTBa KaK .oei!TepH!I, 

TaK H z -11p11Mecel!, 11pOHCXOJlHT CM8IU8HH8 pac11peaeneH11ii ,B CTOpOHy MOm,Ix 11po6eroa, 

3TO yKa3bJBaeT Ha OTHOCRTenbHO CHnbHyro 3aBRCl!MOCTb pacnpeaeneHRli OT MaKpOCKOIIR'IOC

KOI'O ce~eHH!I y11pyroro paccel!HH!I di' -aToMOB Ha ae.iiTpoHax n 4 a + ( n d -qHcno 
' 3 . , . dµ d 

aTOMOB aei!TepRll n CM ) H ita cy1Uec:rneHHy10 ponb neynpyroro npouecca - 11epexoaa 

MIOOHa OT aell:rpoHa K napaM c 6onee BblCOKHMH z Konnqec:rnenHoe 011peaene11Re 

ceqeHHl! a • a H a ' MO:IKOT 6b!Tb 11pOB8Jl8HO M0TOJlaMH nel!TpOHIIOil cj:m311-
dµ+ d dµ+p dµ+z 

Kil, T,K, 38MeimeHHe dµ -aTOMOB, o6pa3y!OIUHXCS1 B 11pouecce ( 1) C 3HeprRei! 45 ev 
BO MHOI'OM 8H8/IOI'H'IHO 38M8Jln0HHIO 11aa:re1m0Bb!X Hel!TpOHOB B cpeae, COCTO!IIUei! H3 pa3-

/IH'IHOI'O copTa naep. 0JlH8KO pewenRe. KHH8TH'18CKOI'O ypaa~e1mst, OIIHCblB8!0IUero TaKol! 

xi B d . 3TOii .pa6oTe "H3M8pstnHCb nenll'Il!Hbl 11po6eron µ -aTOMOB TOnbKO Jl/lS! cny-

qaee, B KOTOpblX na6nroaanHCb 3883/lbl C BRJlRMblMII nyqaMII, B03HRK8IOIUll8 npR 3axaaTe 

Mroona napaMR neona. 

8 

,,,, 



; . . 
npouecc, B aHanHTH'leCKOM BH.r:te cymecTayeT nHWb '.r:tml HeKOTOpbIX '18CTHblX cny,iaea; B 

~ .HaweM, cnyqae ·aa~_a'la, ocno:nrn_seTCll eme H Te~, '!TO apeMH :lKH3HH dµ. -aToMa cpaaHH~ 

MO·C;l' apeMeHeM aaMe.r:tneHHH J:lO Tennoaoll CKOPOCTH; B CBH3H 'c 'leM _o6mee 'IHCno CTOnK"" 

HO~eHHll Mano ( ... 10), H .r:tOnH CT~nKHOBeHHll B Tennoaoll o6naCTH TllK:lKe ·Mana; noaToMy' 

'_.r:tns .pac'!eTa .r:tHcpcpepeHu~anbHbIX pacnpe.r:teneHHll no npo6eraM 6bln acnonbaoaa~, MeTo.r:t 

cnyqaAnblx HcnblTSHHll (MeTo.r:t MoHTe-Kapno). napaMeTpb1 aaMe.r:tneHHH. (ceqeHHH u apeMH 
•, . 

· ~Ha11u'f 66mH nony'l~llbl cpaa11e11HeM aKcnepHMeHTanbHhlX pacnpe.r:teneHHll .H pacnpe.r:tenen~ll, 
. . . 2 

paCC'IHTSll~blX MeTOJ:lOM Mo111:e- Kapno, C noMOIUblO X -ananuaa. Bee pacqeTbl, 6hlnH np~':" 

·•H3Be.r:tellhl Ha a_neKTpOHHO-Bhl'IHCnHTenblloll MSWHHe, 

·, . 
nocne.r:toaaTenbllOCTb MO.r:t,enHpOBSHHH npouecca aaMe.r:tneHHH dµ. -aTOMOB H Bbl'IHc-

neHHH npo6eroa noKaaana Ha pHc. 10. nocKOllbKY HSH60nbWYIO ponb a paccMSTpH~aeMOM 

.npoue<!ce, Kaic OTMeqanoc~ a1,1we, urpaeT paccesHHe dµ. -aTOMOB Ha .r:tellTpoHaxj o~o 

MO.r:tenapoaanocb 6onee .r:teTSllbHO. KaK x.opowo HaaeCTHO. H3 TeOpHH H 8KCnepHMeHTOB no 

pacceHHHio Me.r:tneHHhlX Hel!TpOHOB B BO.r:topo.r:te, annOTb J:lO 3HeprHll HellTpOHOB ncipH.r:tKa 

· aaeprHH nepaoro Kone6aTenblloro ypOBHSI MoneKyn1,1 C.r:tnH MoneKyn1,1 D 
2 

hvK'o';'i~•~ eV J; 
paccesiHHe MO:lKHO paccMaTpHBSTb, KSK paccesmHe Ha cao6o.r:tHhlX '18CTHU8X, npu .rianbHellweM yMeHb

WeHHH aHeprHH acpcpeKTbl Mone~ynspHOll CBSl3H nposiBnllIOTCSI B/ TOM, '!TO 3cpcpeKTHBHOe ce

.'lenne (npHBe.r:tellH08 Ha. OJ:lHy 'illCTHUY_ B MoneKyne) B03p8CTaeT H npeo6na.r:taeT pacceg

·.HH8 Ha MSnhle yr~~I, 1-fa .tianblteAwero aHanuaa 6y.r:teT BH.r:tHo, '!TO paan1t'iHb1e npe.r:tnono

:lKeHHll O xapaKTepe B38HMO.r:tellcTBHll B o6nacTH 3HeprHA dµ. -aTOMOB,. 6m1aKoll.; K Ten_

noaoA, Mano cKaa1,rnaIOTCll Ha pacnpefieneHHllX no f noaToMy Beeb HHTepaan. KHHe

TH'leCKHx· 3HeprHll dµ. .-aTOMOB T .r:tenuncll TOnbKO HS .r:tae o6nacTH: a) Ha.r:tTennoay10, 

. 0,05 eV '~ '1 <.45eV 11 6) Tenn_~BylO (MSKCBennOJ;lCK)'IO), T !5 O,0SeV, 

B iia.r:tTennoaol! o6nacTH C'IHTanOCb, '!TO paccel!Hlle npOHCXO.[lHT HS cao6o.r:t·HblX ;:tell'."" 

TpOHax, a yrnoaoe pacnpe.r:teneHH8 ll30TpOnHO B c:u,M. 3Hepr'eTH'leCK8SI 38BHCHMOCTb ca-
. • /2/, 

'leHHSI u · . • ""'+ d 

6hlna B3SIT8 . 113 Teope!H'leCKOll pa60Tbl KoaHa H .r:tp. , B KOTopoll no-

K838HO, '!TO ce'leHH8 yaenH'IHB88TCSI TOnbKO B 1,5 paaa npH H3MeH8HHH SHeprHH OT 

45 .,y J:lO 0,05eV • 

B Tennoaol! o6nacTH npe.r:tnonaranocb, '!TO ynpyroe pac:cel!HHe dµ. - aTOMOB npouc

xo.r:tHT Ha MoneKynax D 
2 

·, npH'leM B OJ:lHOM H3 aapHaHTOB pac'!eTa C8'18HH8 B Tenno

BOA ·p6naCTR 6panocb noCTOllHHblM H B 1,5 paaa 6on:bWHM, '18M C8'18HR8 u::+_d HS rpa-

HRne 0,05 _eV ; B _.r:tpyrRX aa_p11aHT8X - .TSKHM :lKe, K~K H Ha rpaHuue. B pac<ieTax 

npe.r:tnonaranocb TSK:lKe, 'ITO·CTOllKH0B8HRSI B Tennoaol! o6nacTH npOHCXOJ:lllT C nOKOSIIUH-

MHCll MoneKynaMH .D 2 ', a MSKCBennOBCKOe J:lBH:lK8HR8 D 2 61,mo Y'IT8HO nRWb npR' 

pac'!eT~ cpe . .r:tHeA aHeprHH OTHOCHT8nbHOI'O J:lBH?K8HHSI dµ. -aToMa .R MOlleKynhl D 
2 

KoTopall npu t• 242°K (ycnoaHsi nawux onh!TOB) paana 0,045 eV • Yrnoaoe pac-

npe.r:teneHRe p8CC8llHHbIX, ·dµ -aTOMOB 6panOCb nH60, H30TpOnHblM .B C.U.M, 1 nH6o, B BH-.. , /~ . .·· . 

_..r:te, nony'leHHOM illBRHrepOM H TennepoM .r:tnsi pacceHHHll HellTpOHOB Ha MO~eeynax ·n 2' 



C yqeTOM pa3nH'-IIHI Mace ne8Tpo11a H npoT011a 0110 HMeeT aun: 

da 

an 
Sin ( 2,5 Sin 0/2) [ _____ _ 

.ZS Sin 0/2 
(6) 

3To pacnpenene11ue OTaeqaeT pacceg11uro dµ -aTOMOB npu a11epruu T ~ 0,045 eV 

11a MoneKynax D 
2 

, 11axonmuuxc>i B OCIIOBIIOM COCTOHIIHH, 

Bauny cna6oro BnHHHHH 11a pacnpeneneHHH no npo6eraM MaKpocKonuqeCKHX ce'-!e11u8 

n a H 
p d/L+ p n.adµ+z C'-IHTanoc&, '-!TO pacceHHHe dµ -aTOMOB npoucxo,auT Ha cao6on-

llblX npOTOHax H Hnpax C H 0 • Yrnoabie pacnpenene11HH dµ +· p H dµ + z pacceg-

IIHH npHIIHMOnHCb H30TpOnllblMH, a ce'-!eHHll pacceHIIHll - He 3aBHClllllHMII OT s11epr1111 BO 

BCeM 3HepreTH'-10CKOM HIITepaane. 

' nporpaMM8 pac'-!eTa Y'-IIITbIBana ,nOMHMO yrnoBblX II s11epreTH'-10CKIIX 3aBIICIIMOCTeft ce· 
; \ ' 

'-1011118 paccemIHH ,TaK)Ke Kl!HeMaTl!'-!eCKll0 3aBIICIIMOCTH ll/HI K8)Kll0rO Tllna pa<:Cell!lllll, '311a-

'-1eHl!ll M8KpOCKOnll'-!0CKIIX ceq.e1111ft B K8)Kll0M onb!Te 3anaaan11cb nponopu11011anbllblMII KOH-

U011Tpauuu COOTBeTCTByromero copTa llllep. BpeMH )Kll3IIH dµ -aToMa r = 1 
~ 

3anaaa-

nocb TaKHM 

'3 H 4, T,0, 

o6p830M, '-!TO a onb!Tax 1,2 H 5 OHO 6bmO a 

.\=1/iJ.\,=1/3.\ =.\ =.\ =11.3.\ xi 
1 2 3 4 5 

3 pa3a Mellbllle, '-!eM B. onbITOX 

Bo acex cnyqagx np111111Manoc&, 

'-!TO apeMH )KH311II dµ -aToMa He 38BHCHT OT ero CKOpOCTH, 

5bm npou3aeneH TOK,Ke pacqeT pacnpenene1111H a ycnoa11Hx onbITa Wucpq:,a111 , a Ko-

TOpoM· 38MeT11yro pon& urpaeT ynpyroe pacceH1111e dµ - OTOMOB 11a npoTonax. np11 
7 -1 , . 

STOM 11cnon&Soaanoc& 3HO'-!e1111e .\ = 2.10 , ceK , nonyqe1111oe H3 na1111ux pa6oT no 

onpe,aene11uro aepoSITHOCTeft 06pa3oaa11uSI Me30MoneKyn pdµ H nepexona MIDOHa K SinpaM 
IB 101 ' 

Heo11a a )KllllKOM aonopone ' • Manbl8 BKnan ceqe1111g a,,, , onpenene1111oro 113 
...,..+p ' 

aHan113a 9Toro, pacnpeneneHIISI 1 Y'-IIITbIBancH npn pac'-!9Te pacnpeneneH118 onb1~oa 1-5, 
I 

B xone pac'-!eTOB 6hm11 Ha8neHbl nnH Ka)Knoro onb!Ta TOK)Ke cpen11ee q11cno ynpyrmt 

coynape11n8 H cpenHHll CKOpOCTb dµ -aToMa, onpenengeMbie aupa)K01111llMH: 

q = 
l ,.q,. 

M 
V 

dµ 
l,,,.(r,),. 

l ( t J 
l,m I m 

(7) 

rne r
1 

-paCCTOll!lll0, npoXOllHMOe M0308TOMOM M0)Klly i II i + l CTOnKllOB011HeM, 

t 
1 

-apeMH nponeTa Me)Kny i II '+ 1 CTOnKHOae11ueMiH,llll0KC m OTHOCIITCSI K 

IIOMepy M030aTOMa, M -qucno p83blrpbIB80MblX cnyqaea. 

Ang YM011blll0llllll CTSTIICTH'-!0CKIIX Olllll60K B pac'-!eT!lblX pacnpen,eneHllllX '-!Hcno, pa-

3b!rpb!B80MblX cnyqaea nng Ka)l_{,noro onb1T,fl np11Mep110 11a nopgnoK, npea61wano q11cno 

cnyqaea a aKcnep~Me11,Tanh!lbIX pacnpenene1111Hx. 

xi , 
3To cooT11owe1111e 6bmo onpenene110 113 cyMMap11oro Bb1xona peaKu11ll 

dp. ➔ p ➔ He3 +µ- 11 dµ + d ➔ t + p +µ -. KOTOpblll 6bm a 3,0 ± 0,8 pa3a 6onhW0 a onb!Tax c 
nponllnOBbIM cn11pTOM, '-10M C MeTl!nOBbIM. 
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•1.,: . 

·,.., 

C .,11enh10 11poaep1rn 11porpaMMbl
0 

paC'lE!TS 110 M8TOlly MoHTe-Kapno OHS 6blna HCl10nb-

. a·oaaiia i1n11 pac'leTa p11i1a aap11aHToa 06hl'1HoA llHcpcpyaaoHHOA aai1a'lH, nony'leHHbie pac11pe-
, ,/ . . , . . . 

· ·lleneHHH Haxoi111Tc11 a xopoweM ~ornac1111 c TO'iHbl~ peweHHeM a-roll aai1a'l11, KoTopoe Mo

:>KeT 6b1Tb 11ony'18HO B 811MHTH'l8CKOM BHll8, 

3HS'l8HHSI 38llSB88MblX _11apaMeTpoa, aa11ny'lWHM o6paa~M 011HCb1B8IOII.IH8 9KC118pHMeH-
.· ' . 

· TMbllb18· pac11pei1eneH1Jll 110 11po6eraM,. HSXOllHnHCb ny:i-eM MHHHMH3811HH cpyHKUHOllanll: 

s , .axcn·; ·pac'l, 
2 % (N",l - N ",l J X I· I (8) 

k-=1l-=t 2 
81< 

N pac'l, 
t,.1<,/ + 

"'·' · aKcn. ( ) 
ri1e Nie., - 'lHCno cny'lBl!B a HHTepaane J J --1,2· ... 7 llnll OllblTS K(K= 1,2.,,5); 

pac'l,· · . . • . 
N "'•' - 'lHcno cny'laea a HHTepaane ·; pacC'lHTallHoro 110 Me'roi1y MoHTe-Kapno pa.cnpei1e-

neHHll i1nH Ol1b1TB; K, HOpMHpoaa11Horo 11a. nonHoe 'lacno cny'laea aKc11epHM8IIT'7nhHoro pac-
, ax.en 1 ... 

=· I N l:J. .,. owH6Ka a aKc11epHM8HTSnbHOM 'lHcne 
_ ·i-=t k,I k,I . 

Y'lHTbIB·aeT cTaTHCTH'leCKHA paa6poc· pac'leT11hix pac11pe-

11pei1erieHH!l 011b1TS K 

·cny'laeia 

i1eneHu:JI - 11onHoe 'lHCno paab1rpblaaeMbIX cny'laea 011b1Ta K J .-. 

· MHHHMYM cpyHKllHOHl)Jia (8) HSXOllHnCH nyTeM aapHSUHH 11apaM8TpOB A. 1 CT dp.+ ,d 

' /11/ . . 
H CT M8TOllOM nHHeapH3SUHH • nocxonbKy KBSllPSTH'lHOCTb cpyHKIIHOHa.Jta (8) B 

dµ +·z · . 
o6nacTH MHHHMyMa abl11onm1nacb i1oc:i-aTo'lHO xopomo, i1n11 Haxo:>KlleHHH MHHHMyMa Tpe6o-. 

•-aanocb oobl'lHO ·He· 6onee 3-4 HTepa1111A, 

4, PeiaynbTSTbl SHaneaa 

PeaynbTSTbl cpaBH8Hlin 9KC118pHM8HTSnbllbIX pacnpei1ene11H8 110 f C paC'l8THblMH 

;11pei1cTaane11i,i a Taoneuax· II· H Ill ., B Ta6n1111e. II 11peaei1eHbl 11apaMeTpb11 oTae'laro-

. ll.lH~ MHII. HMYMY 
I x 2 

, It a~a_'leHHe x 2 i1nn Tpex. aapHSHTOB, xapaKTepeayIOII.IHXCll paa-
mln 

llH'lHblMH 11p8lll10110:>K8HHSIMH O ,paccel!HHH dµ - 'aTOMOB Ha ll8JITpOHax B 06nacTH
0 

Te11-

llOBbIX 9H8pl'HA, KaK BHllHO. H3 Taon. II .• HSHM8Hblllee 3HS'l8HH8 X 
2 ~ 37. 11pH 0:>KBl:(ae-

i, • ' , · • • min . 

MC>M 32 ('lHcno 9KC118pHME!HTMbllbIX. TO'l8K 35, '1HCJ10 _aapbHpy8MblX 11apaMeTpoB 3) llOCTH-

raeTCll llllSI aapHSHTS 3,' 11pH p~C'l8T8 KO;l'Oporci 11p8llllOnaranoCb,· 'ITO C8'18HH8 pSCC0llHH_SI . 

dµ + d H8 M8Hll8TCSI llnH. T ~ T ·~· H yrnoaoe ·pacnpei1eneHH8 ll/lSI T • T B3~ 
Tenn, ·· . Tenn • 

. TO a·aei1e (6). 3HS'l8HH!l napaMeTpOB 'i1nn· KS:>KllOro H3 OribITOB, 
0

0THOCS1ll.lH8CSI K 9TOMY 

BSpHSHTy; npHB8ll8Hbl B TS6n. III . i. pSC'l8THble KpHBbl8' i1nH 9THX 11apaM8TpOB _11peaei1e

Hbl Ha pHC, 6-9 c11noW~blMH -n~HHSIMH, 

KaK BHllHO Ha Ta6n,· · II , i1~a i1pyrex · aapuaHia · ( x 2 · • 42 ii x 2 = 41 ) TaK-
mfn min. 

:>Ke ll()CTSTO'lHO xopOlllO cornacyIOTCll C 9KCl18~Hl\4~HTOM H 3H8'18HH!l napaMeTpoa llnH 

. : KS:>KllOro H3 Tpex aapnaHTOB 6nH3KH, 3i-o' CBS138H0° C TeMf 'ITO B T811nOB08 o6nacTH CKo

poCTb M8308TOMa Mana H OH, coaepmae·T. cpaaHRTenbllO Manoe '!Reno CTOnKHOB8HHA, B 
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;:;; I. 

2. 

3. 

-· 

', 

_Ta 6 n Hu a Il 

BapJ.l8HT (T -' TTeITJI) 3H8'18HJ.lf! rrapaMeTpOBx), OTB81!8IOIJIM8 
2 

MTA If . MVUV )( x!,n 2 -
x lx• 

.YrJioBoe pacrrpe.z1eJie- min 

nda4t+d 
- >. ' HJ.le B C,l.l,M, 04'+ d 

n,.041-+p n• actit +z 

(cM-I) (cM-J) (cM-J) (106ceK-l) .. 
q 

JilaoTpOlIHOe dµ+d 35 ,3±,0,6 0,76:t0,03 42 1,31 ' . ' • l o+l ,0 
_.!!.!!_ ~ I Sin(ZSSin0/2))2 

1,Su<t-t+d 34,8±,0,B '-0,5 l ,8±,0,2 0, 76±,0,04 41 1,28 

dO Z5Sin0/2 ad~+d 35,2±,0,6 0,81±,0,04 37" 1,16 

,· 

x) B T8C5JIJ.ll.l8 np,IB8,l\8Hbl aHa'IeHJ.lll ua:icpOCKOlIJ.l'I8CKJ.lX Ce1Iem1!,1 .llJIH OllblTa 3. 3H81!8HJ.lll 8TJ.lX B8Jl1,l'lJ.lH 

)\Jill .llPYrl!X OllbITOB MOryT ClblT:& lIOJiyl!eHbl, J.lCXO;llll 113 COOTHOUl8Hl!ll KOHl.l8HTP81.lJ.lf,1. fl'Aep d l! Z 

ll 8Tl!X Ollb!Tax. 

' I 
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Ta~-n~ua Ill 
-~ 

~apairnTpbl, ·oTBetJaIO!l\l'le Ml'lHl'llJJ!.iY X 
2 

.. 
V°'1. C!]C.llHee 11!1CJIO pa- !I OBTO paeMoc TI, 

.' .,. 
_Houep _x• 

tJHCJJO 3Lirp,rnae 
Oilb!Ta (I05cwceK) co:;;:i~-- :.:!)!X CJiy- l 

, 
2 3 " •· 

RdO'dfJ.+cf. npodµ+P n,.uc1µ+P ~ pemrn ? tJaeB '.!I • -
- ·(c,.-1) (cM-\) (cM-\) ( t06ceK -t) 

-
I . 22,6 1,0 r°,llO 2,43 5,8 !i,l 7000 II,4 - II•i II, 7 

c::; 
2 35,2 l ;o 1,80 2,43 4,7 · 9,2 5000 I0,8 . ~0;9 · II~0, . •' 

3 · 35,2 1,0 0,36 0,81 3,0 1_5,3 7000 3,5 3_,4 3,7 

4 _29,0 r,o 0,36 0,81- · 3,2 13,7 3000 2,7 2,6 2,8 
-..:· 

'5 2,5 1,0 
f 

l ,80 2,43 15,2 5,8 3000 8,5' · 8,I 8,4 
- . 

OrrbIT - . 

'-l;lm;,pa • 0 30,0 0 ' 20,0 17,5 4,7 1000 - - -(;itl'l)lKl!il 
BO)lOpO,ll, ::S= 26000 36,9 36,6 37,6 

-
-

' 

.... .., .~' 

,· 
:- ·.1 

'>; 
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Ta6neue m npHB8.ll8Hbl cpe.llHHH CKOpOCTb dµ -aToMa V tip. H cpe.oaee 'IHCnO CTOnKHOBe-, 

HHli_ q · .om1 Ka:lK.ooro H3 onb!TOB,, KaK BH.llHO H3 Ta6nHUbl, _q npeBblW88T cpe.oaee 'IHC-

no CTOnKH0B8HHli .oo 38M8.llJl8HHH, paaaoe 10, TOJibKO .onH onb!TOB 3 H 4, BpeMH )KH3HH· Me-

30aToMa r B KOTOpb!X cpaBHHT8nbHO aenHKO, 

, ' 5 
nocKOJlbKY cpe.oHH8 CKopOCTH .llnH Ka:lK.ooro onb1Ta npeBblW-OIOT Tennoayro (2.10 cM/ceK)' 

MO:lKHO c.oenaTb 38Klll0'18HH8, '!TO HH B O.llHOM 113 onblTOl; H8 .llOCTHraeTCH nonaoll, TepMa.;, I 

JIH3auHH, B, onb1Te 3, B KOTOpOM 'IHCJIO CTOnKHOB8HHli B TennoaoA o6naCTH cocTaBnHno OKO

no 5, 6wno y'IT8HO, '!TO CTOJIKIIOB8HHH dµ ·-aToMOB npOHCXO.llHT aa MOJieKynax D2 ',\ 

HM8l0UlHX MaKCB8JIJIOBCK08 pacnpe.oeneHHe no CKOpOCTHM, KaK BIi.OHO 113 pHC, 11, ooe Kp~

Bbl8 (c Y'l8TOM H 6e3 y'leTa BnHHHHH MaKCBennoBCKOro pacnpe.oeneHHH) 6nH3KH, 

Ma Taoneub!'III ae.oHo, '!TO BKna.o MaKpocKonuqecKHX ce'leauA pacceHHIIH ,11a npo-

ToHax H cnO:lKHbIX H.llpax Man .llJIH onb!TOB 1-4, JI cpaBHIIM co BKna.ooM MaKpOCKOnH'l8CKOro 

C8'18HHH paCC8HHHH Ha .oeliTpOHSX .onH OnbrTa 5, npe paC'!8T8 pacnpe.oeneae,H, OTHOCHUl8r_o• 

CH K Ollb!TY -WHcpcj:,a, BBH.lly Manoro 'IHCna SKcnepHMeHTanbHb!X cny'laea H HeKOTOpoA aeon

pe.oeneHHOCTH B 3H8'18HIIH A , BKna.ooM MaKpocKOnH'l8CKHX. C8'18HHA paCC8HHHH Ha .oeATpO

Hax H H.llpax aeoaa .npeHeoperanocb _H C'IHT}lnOCb, '!TO pacceRHH8 npoHCXO.llHT TOnbKO Ha 

npoToaax. Ha p~c. 9 cnnowrurn KpHBaH npe.ocTaBnHeT pacc'!eTaaaoe MeTO.llOM MonTe-Kap-

·•· 7 -1 -1 ' · 
no pacnpe.oeneaee .onH A,, .. 2.10 C8K H nPudµ+p a 30 'cM • 3BBHCHMOCTb pacC'IHTaH-

HbIX pacnpe.oeneHHli OT A MO:lKHO BH.ll8Tb no KPHBbfM, npHB8.ll8HHblM Ha STOM :lKe pHCyHK8, · 

B Koaue TaonHUbl 3 npeae.oeahr '!ucna pa3blrpblaaeMblX cnriae'a H· aaaqe11HH 'X 2
: .onll Ka:lK-

.ooro O~blTS, noBTOpH8MOCTb 3Ha'!8HHJ! X 2 
, npoaepl!BWal!CH noaTopHbIMH pac'!eTaMH, C 

I ' . ' ' , 

paanH'IHbIMH cnyqaliHbIMH 'IHCJiaMH, Oblna a npe.oenax 1,5%, 

YKaa'aHHbI8 B Tafineue 2 3H8'!81111H OWH60K Jlnll BenH'III~ MaKpOCKOnH'!8CKHX C8'18HH8 H 
' . / . 

,\ ,,Bbl'IHCnHeMbie a M8TO.lle mrneapeaauirn1 HeCKOJibKO aa11e:1KeHbl, .3To _CBl!38HO c-TeM, 
, 1· 

'!TO, K8K OTMe'!anocb Bbrwe, p8C'l8TllbI8 cpyHKUHH pac11pe.oene11m1 HM8IOT 1!8KOTOpbil! CT8THC-

TH'l8CKHA, paaopoc, Ana OKOH'l8TenbllbIX peayJibT8TOB HaMH OblnH HCnOJib30B8HbI 3ll8'18HHll 

OW HOOK napaM8TpOB, oi:tpeaeneHHbl8. 1{3 ycnOBHH X 2 = X 2 + J; 0KOll'18TenbllbI8 3H8'18HIIH -~ ' 
, C8'1811Hli ynpyroro pacceHHHH dµ -a TOM OB npHB8.ll8llbI B Ta6n11ue 4'. ·owaOKH B 3H8'18HHHX 

aenH'IHH u_cf/l+ d H U dµ+ z BKJIIO'!aIOT Heonpe.oeneHHOCTH B aa.oaaaeMOl! KO!fU811TpauHH .oel!

TepHll H B OU811K8 co.oep:lKaHHH ll.ll8p C H 0 

5., Oocy:IK.08HH8 pe3ynbTaTOB 

B ·Ta6nHU8 4' aapg.oy C 8KCltepHM0HTanbllbIMH 'aenH'IHHIIMII C8'18HHA; npHB8JJ;8Hbl 'Teo-
, ' ' , , /3/ , 

p8TH'l8CKH8 3H8'!8HHll,, Bbl'IHCJIGHHbIG B paOOTaX 3enb.llOBll'18 H !8p1UT8l!Ha H KoaHa H 
/2/ ' .' , ' , , , 

.op. , Cornacao 8THM paooTaM pacce!IHH8 dµ + d npH MMbIX _aaeprHllX C 0'18Hb xopoWHM 
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npHollll>K8HH'eM l!Bllll8TCll s '-paccesIHHeM· H 'no aaanof'HII 'c paccellHH8M HeitTpOHOB. C8'10Hl!8. 

MO»ceT OblTb sanHCaHo B BH,[18 (npH ~ -, O)x/ ,/ 

a ·= ,4"( 2 a 
2 + -1..a 2 J, (9) 

d/J:+ d , ,3 I ,3 a 

·r.ae a,r H au .anHHbI pacce11a1111 Ha MesoMoneKyn11pHbIX noTeHuHanax V
1 

H V 
u , coor· 

B8TCTBYIOIUHX COCTOllHHllM OTTanK11BaH11l1 H_ npHTll>KE;!Hllll a.aep • .Lln11 cny'!all o.a11HaKOBbIX 11.aep 
, I. _, ' ......... 

anpoKCHMa!lHll n0Teau11anon 11, aaxom.aeaue .an11H paccesrna11 H8CKOllbKO ynpouiaeTcsi H npous-
. T a 6 n H u a· .IV ' 

Ceqeaaa ynpyroro pacce11aH11 ·au aTOMOB 

Ilpol{ecc 3KcnepHMeHT8~nHUe Teope Tll!'tJ'.eCI\bre 
3HatreHHff aHatremrn 

I 

dµ. +:d-+ dµ. + d (4,I5±,0,29).IO~I9cM2 3 ,3.ro-1901/ 13
'. · 

3 ,s.ro-19cM2 121 

/· 

(o,~:8:2).ro-21 cM2 dµ. + p-+ dµ. + p 
: ;_ I 0-21 ml 121 

I 

(I ,2±.0,3).IO-I8cM2 ~10-rscM2 ' dµ.+ Z .. dµ.+ Z 

BO,ClHTCll B OObl'IHOM a,aHaoaTH'l8CKOM npHollll:lK8HHH C y'leTOM, rnaBHblM Oopa30M nonpaBKH Ha 

.ClBH»ceHHe MIOOHa B MesoaToMe, .Lln11 pacce11HHll dµ.- aTOMOB (n OTllH'!He OT pacce11aH·11 pµ.-
. /4/ ' I 

B!OMOB. Ha npoTOHax, H3y'!aewerocll HaMH paaee ) ce'!eHH8 l 9} npaKTH'l8CKH He saBHCHT 

OT cnHHOBOI"O COCTOllHHll iiit -aToMa (nonHb!Jl: cnHH dµ. -aTOMa MO»ceT Ob!Tb paBOH 3/2 

Hllll, 1/2). 3To 'cBl!3aHO C TeM, '!TO .ClllHHbl paccel!HRll a, H a 0,ClHHaKOBbl no sHaKy H 
.· /12/ , . /3/ . u 

no'!TH _paBHbl, no nenn-taae, ( cornacao , · a 
8 

.. 6,67 H au = .5, 76 B e,aHHHuax 
- , -11 . 12,3' 

2,56,10 CM), Xopowee conna.aeliae peaynbTaTOB .anyx T80p8TH'l8CKHX pac'!CTOB adp.+d 

a cornacne ax c 3KcnepHMeHTOM yKasblBBeT aa ooocHOBBHHOCTb npHHHMaeMbIX B TeopHH npn-

OllH>K8HHJl:, 

I 
, B Taonnne 4 n xaqecTBe aitcnepHMeHTanblloro saaqemrn a dp. + P npnne.aeaa nenH'IHHa 

ceqeHHll, nony'!eHHall us, aaannsa pacnpe.aenea,n111 nsMepeaaoro B onbITe c »cH.ClKHM no.aopo

.aoM/7/ Aaanris, npone.aeHH~Il! TonbKO no aawa·M ,aaHHbIM (onb1Tbl 1-5),noii:asan, '!TO 
-21 2 I , /2/ 

, a dp. + P <5,10 CM • Cornacao TeopeTH'!ecxnM pac'!eTaM , Koaaa H .ap. B ynpyroM 

/ paCC8llHIIII dµ. + p MO>KCT' npOllBnllTbCll 3cpcpeKT PaMsayepa-TayHC8H,aa, 8 LlBHHOM cny-

'188 paccel!HHe npH MBllblX 3Heprn'iix onpe.aeri11eTCll TOllbKO 0,ClHOl! S -cpasoJl:, H C8'18HHe 
' I 

CTaHOBHTCll paBHblM aynro npH 3H8pI"HH dµ. -aToMa n n.c. OKOllO 0,45 eV (pHc. 12). K 

3TOMy ,3cpcpeKTy npHBO,ClHT y'leT .aanbH0,[18Jl:CTBYIOlUIIX ·cnn 'B noTeHuHane paccellHHll Ha pac-
t ~, 

• CTOllHllllX,. o_onbWllX 20 oopoBCKllX pa.a1tyc·oe MIOOHa, Kosa a .q.p. noKasana TaK»ce, '!TO. 

xi Cne.ayeT, OTM8THTb, '!TO 3KcnepHM8HTanbllall nenH'IItHa _ce'!eHnll dµ. +d, OTHOCUTCll K 

scpcpeKTII.BHOJl:, 3H8pf'RH T • ,0, 1 e V · 1 H BBR.Cly cnaooJl: saBitCIIMOCTit OT 3H8pf'HII OHO MO»ceT 
- OblTb OTH8C8HO K a . np11 T 0, paC'!8THbl8 3HB'l8Hllll KOTOporo npllB8,[18Hbl B Taon,4, 

dp. +d ; 
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( ,, 

,-

I; 1, 

6ea y_qeTa aTolt KoppeKUBH ceqeaue Mano Measie-rcsi c· aaeprHelt 
! . ' ', -21 '2 

B COCT8Bnl!8T 5,3,10, _CM , 
' ·'- . ' ' I 

8KcnepaMeHTanbH~si· nen.B'IBHa ce'leHBSI OTHOCBTC~ · K _acpcpeKTHBHOlt aaeprB11 · T ;. l eV, a · Ka-· 

'I0CTBeHHO cornacyeTCSI C npeanon'?,>KeHBeM O HanB'IBH acpcpeKTa PaMaayepa-:_Tayf!CE!,H.ll~, 

AaanHa, npone,lleHHbllt n· HSCTOll!llelt p~6oTe, noanonHn nony'IHTb T8K>Ke aeaaBHCBMbie 

CBe,lleHBll O BpeM8HH >KB3HB dµ -aToMa B rasoo6pa3HOM BO.llOpO,lle, npa 8TOM ,llnll onbl

TOB C ~ponanOBblM cnBpTOM (onblTbl 3 B 4·), Koraa· KOHUe~T~8UHll. ll.llep C H -0 coc-
. I·, , \ \ : I ' \ 

TaBnl!na OKono 1/4000, 8TO epeMll 6nH3KO KO _BpeMeHu· >KB3HB MIOOHa, CyMMapHal! CKOpOCTb 
, . , , , · ( ). 6 -1 . 
HeynpyrHX npoueccoB .llnl! 8TBX OilblTOB· ,\ a Ao+ ,\ · c + ,\ P''" • 0,8',:!:0,1 .10 ceK • 

• . , ! 6 -1 z z ..... 
B cnyqae onblTOB 1,2,5 ,\ a (2,4 :t0,3 ).10 ceK • vb nocneaaero peaynbTSTa c y,'leToM 

' . I ' 

Manolt nonpaeKB ( " 3%) Ha oopaaoeaaue MeaoMoneKyn pd/L B raae cneayeT, '!To cKo-

pocTb nepexoaa MIOOHS o'T 'dµ -aTo~a K ll,llpaM C H O COCTSBnl!eT 

d 1 • 6 -1 
(,\';;C z) 0 (l,9;j;0,3).10 ceK , '" ( 10) 

'ITO ,l!Bnl!eTcH cpeaaaM, aaa'I-OHHElM cKopocTelt nepexoaa 
• . . /4 5/ . ' 

K yrnepoay H KBcnopoay •. Vfcnonb- • 

3Yll ,llSHHbie pa6oT ' ,llml, CKOpoCTH nepexoaa K C B 0 OT . pµ -aTOMa, MO>KHo' 

nony'IHTb OTHOWeHHe 
d 

(~'zCz) 

(,\iCz)P 

· ·a -1 · 
(1,9 ± 0,3).10 ce.i 

· 6 -1 
(0,9 :!: 0,25),10 ceK I : 

2,1 :!: 0;1. 

8To OTHO~eHBe i:iano 'IYBCTBHTenbHO K_,He_on~e~eneHHOCTH B, KOHU8HTpauua npHMecelt, ,T,K, 

cpaBHHB8IOTCll OilbiTbl, npoB~flB_BwBeCl! B. O,llHHX H Tex ·>Ke ycnOBHllX, 8 nepec'le~e K' nnoT

HOCTH >KH,llKOr0 BO.llOpo,lla 3H8'1.eHHe ( 10) COOTBeTCTByeT eenB'IBHe . \ 

,\ d . • (4,7 + 1,4),lo10ceK-l,, 
C,O " -

KOTOpal! KS'leCTBeHHO COrnacyeTCll CO CK_OpOCTblO nep8XO,ll8 M!OOHS OT dµ - STOMa K Heo~y '1-
Z· 10), H3Mepsrnweltcl! e >KB,llKOM BO.llOpO,lle a paeaolt 1.1011c.eK'.'"117·9·10' OT-

• I / 

. \ /13/ 
MeTBM, 'ITO TeopeTH'leCKoe 3HS'leHHe .llml, CKOpOCTB nepexoaa K 

10 '-1 . ' 
KH_cnopoay 0UB3KO K 

5,10 CeK , ... 
I 

·ce'leuue npoue·cca nepexoaa Mrooaa OT a.e,ltTpoaa K ll.llpSM yrnepoaa H KHcnopoaa 

a MO>KeT 0b!Tb onpeaeneuo B3 COOTHOWeHHSI ,\'. = n a ; H ,llllSI ycnOBHil Oilb!Ta ·5· :· ,. 
Z · • _

18 2 ,· . · Z Z Z ': d/L- • . . 
COCTaBnl!eT 0,8.10 CM • 'Ce'!eHH_e ynpyroro paccel!H~ll adµ+ z HSXO,llBTCSI B cornaCHll 

c 8TOlt BenB'IHHOlt (cM. Taon. 4), T,K, cn~ayeT O>Kll,llSTb, 'ITO a + ,> a 41 z·.. z 

B· 3SKillO'leHHe Heo6xO.llllMO_ OTMeTHTb, 'ITO 

- BO.!lHTCll B HSCTomuee epeMll .llnSI. paccel!Hl!SI. 

attanHa, auanorH'IHbilt Hano>K0HHOMY, npo- .. · 
. / ,· \, 

pµ -a,:oMOB Ha upoTOHax. P~aynbTSTbl . /· . 

IISCTOl!Welt pa60Tb! cy~ecTBeHHbl -r°aK>Ke ,llllll llHTepnpeTSUllll Bb!XO,llOB ll,llepHblX peaKUBlt 

p + dµ ➔ He
3 

+ µ- H dµ + d ➔ t+p;µ-, ,llSHHbte' 0 KOT6p~IX 6yayT· onyo_nHKOBSHbl: ll03.ll··· 

aee. 
! 

ABTOpbl Bbipa>KaJOT rny6oKylO 6naroaapaocn, c.c. repwTeltny: !O_.M. Kaaapl!H0BY, 

11.H. CHnHHY, P.M. Cynsieey H B.M, UynKo-CHTHllKOBY, aa noneaHbie _LlllCKyC~Hll H ueir-_7 

. . \ 
Hbte 3SMe'laHHll, n.11. Kpacaocnooonueeolt, 10.n.CaltKHHolt H T.C.Oih,e3,llHOB08 38 Il0M0Wb B 

'H3Mepe';IH_llX, 16 
... ,,.:, . 
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6) 

P 1t c, 2, <l>oTorpacpHH cny,rnea 06pasoaaa1tr, ~ dµ -aT011.rn: a) OIIhIT 2 ( M0T,CIIHpT); 
6) O!Ih!T 3 (a.npoII,CIIHpT), ITpo6er dµ -aTOM8 aa6monaeTCSI KaK CMelUeHHe 
aaqana cnena aneKTpoaa pacnana OTHOCHTenbHO TO'iKH OCTBHOBKH M!OOHa, B 
cnyqae a/ a Ha'<ane cnena aneKTpoHa pacnana BH.UHa •TO'<Ka• ~ cnen aneKTpo~ 
aa O)Ke, ' 

19 



,1--_, 

'• '• 
- .. ,;,_' . ' 

•/ 

/ 

P H c. 3, CxeMSTH'IOCKHi! pHCyHOK co6bITHSI c npo6eroM dµ -aTOMa, 

20 

,: 

I , • 

. , I 

:· 



N 

120 

80 

40 

0 60 120 /BO 

?J.dl' (apad) 

N 

120 

80 
~ ·, 

40 

0 60 120 180 

-8e (epail) 

P II c. , 4. Pacnpe.nene1111e cnyqaea no. yrnaM 0dµ 11 0 • ( onhIT I). 

21 



I 
, 

,\ 

\ 

~_,.,/ 

I' 

I, 

'<••-

/! 

N 
,, 

350 

JOO 

250 
I I I 

200 

/50 

lOO 

50 

0 2 3 4 5 6 7 8 9· ,a 

f(HM} 

P. n c, .6. Pacnpe.llenenee cnyqaeB no .lln.nne ·n~o6era. dµ -aToMa (om,IT 1 ) • 

. • 

22 

.\ 

.f' 
i; 

,, 
• , I 

·1. 

·.: 



N 
400 

5 

2 

0 2 

Onb1m I 
(C.B = 4,3 ;I.) 

4 fj 8 10 /2 14 

l(MM) 

Onbim-5 
(CJ] =0,44¼) 

16 
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p H c. 10, CxeMa MOJlenepoaaHHll npouecca 3aMe)ln8HHSI dµ. -aTOMOB H Bbl'IHCnellHSI 
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p R c. 12. 3asRCRMOCTb ceqeaRH ynpyroro paccenHRH dµ -aToMa Ha npoTOH8X OT KH

H8THqecKoll BHeprHR M0308TOM8 B n,C, nyHKTRpH8H KpRB8H - 38BHCRMOCTb 

ceqeHRH no Kosuy n J:J.p/21 , cnnowuan nRHHH - 38BHCRMOCTb, ncnonb3oBaH..; 

uan B pacqeTe, 




