
\ 
05'bEllHHEHHbiJ1 

HHCTHTYT 
SlllEPHbiX 

HCCnEllOBAHHI1 

Lly«Saa 

~ 
II: -:1: • 
E • = = 
.; 
w --

P4 • 4142 

YCWIEID1E 
3nEKTP~ECKOrO AHTIORbHOrO MOMEHTA 

3REKTPOHA B ATOMAX 

1968 



P4 • 4l4.2 

B.K.HrHBTOBH'I 

YCIIJIEHIIE 

liiEK'I'PWIECKOrD !111nOJibHOrO MOM >!ITA 

3nEKTPOHA B ATOMAX 

HanpaBneuo B >K3T4> 



HapymE'III!E! CP-'l.eTUOCTH n pllCil81le K 0 - M(!301!0fi IKH3hiBHfJT Hfl BO<I

MOlKf!OCTh Cy!UE'CTBOBlli!HSI <HJeKTpH'l.eCKHX ll.HilO/lhllb!X MOMJIITOB (C>,Jl,M,) y 

3/leMeH'l'apHb\X 'l.llC'l'H\1. 8 CBSI:3H C 3'l'HM IJOHCKH 3,/l,M. y 31leMeHTllp1!1oiX 'l.I!C

TII\1 llpi!O!'ipe'!'aJO'l' llK'l'YllllbHOe :311/l'l.E'IIHe. 

LlaHIIIHI pal'iO'l'll IJOCBSIUIE'IIIl llp0611eMe 061!1.lf'Yli<E'IIIIll : ,!l,M, y 31WK'l'p011ll 

K HllBE!SIIIIl pal'iO'l'llMH Caunapca Ill, B KOTOpblll 61MIO ltOK13liHO, 'l.TO npH IUI-

1111'11111 3,1\.M. y 3/l(!KTflOI!ll llTOMI!bl(! ypOEHIII BO BHCU!IIE!M >II(!K'l'pl!'!eCKOM tlO

ne, lllliKe llpll OTCy'l'CTBHII Clly'laAuorO Bh!pOIK.IleiiHII, CMOlUl!OTCfl rrpouOpUIIo

llllllhHO IJOII~J. f1Hh!MII C/10EIIlMII 1 y aTOMa B UE!IlOM TO>K(! IOIIBilH(!TCH 3,/l,M, 

B Tell >KC pa6oTax 61>rno uoKa3alto, 'lTD 3,.11,M, nonoponon:::>no6HbiX liTOMOB, 

KllKOBLIMII 1111/IIIJOTCSI IJIElllO'l.llbiE' 3119M(!IITbl 0 MO)I(OT 6h!Tb ~:::> MilOrD p113 l'iOilb-

we 3,./l,M, 3/leKTpona, T,e, J • R d , r.ne - 3,11.~ , 3/leKTpoua, a 

R - K03cjl41111U!eH'l' ycnlleHIIR. B cny'!ae B'l'OMOB f' • , l·llllpHMep, K03~fll!-

UIIE!HT ycnneHI!II ' panefl 130. 

8 CBII311 C STIIM B03/II!KaeT BOnpOC, lle/lb3SI 1111 IICUHllb30BilTb YC!!IlCfiHC 

3./l.M. 3/l(!K'!'flOIIIl B a'l'QMC C TOM, 'lT05bl flOCTllllHTb IIPSI"Ofi MllKpOCKOJIH'l.CC

KIIil :'II~Cf!Cpi!ME!IIT llO O!'i!!apy)l(eHHJO 3.!l,M, IITOMB, 3TOT 8\CflepHMeHT MO>KO'l' 

BblrllHJle'l'b C/lellyK>IUHM o6pa30M: ~ppOMlii"III!TIIhlll o6p03€U JIOMewaeTCR D 

Cl!llb/IOC! Mlii"KHT/109 110116, CllHIII>I o6pa3Ull BloiC'l'PilKIHll<lTCl II B03HI!K<ICT 31ICK

TflH'lCCK!lR IT011Rp1!3BUHH 

l"J!O - 3.,l.M. 11T0Mil, 

- "',l'l,,M, 3/10KTI'Oll<l., [I 

l'•<l 

(I) 

'i - 'II!CIIO l!TOMO!l B CllJ!IIJJUe 05t.eM,1 06pa3UO, 

11 - K03~HUIICI!T YCI!/lt'lll<>l, ]pH '31"0M !M TOr-



lliO< OC'i[Ho-lll<l TOilliii,IIOif [ CM COOllliH'TCSl p;,;lll0CTb IIOT('JII(Hai!Oil, I<OTOpu ... , CC-

Jill llpLIII>ITI>, 'ITO •2.\Q-23 CM /'J.f, C<WT/lllll>ll'T IJflH-

Ml')JIIO 

" -' "' " . 
(2) 

rne -nH3119KTp t'le<:Kasr npoHHllaeMOCTb o6pamw. Ec1111 MarnHTHoe n011c Me-

HRTh C 'IIICTOTOil; ~,To ll03fiKKIICT ncpeMellllhlil TOK C 1lM/11111TYIIOI\' 

I - 1 ,, R 10 
_,. 

". (3) 

Bo3MO)I<IIIl II 11pyraH llOCTllJIOBKII 3KCII!lpHMCHTil, KOrllH ojocppOMHriiHTHiolii 

o6pll3Cll ll()Milll(IICl CSI B 311CKT)JH'IeCKOC llOile II K3MCpReTCSI llllMIJTIIH'IC!IIIOCTb, 

3TOT llll[lHHHT OKll3hlllllllTCSI eiom!O llhtrOflllhiM, T.K. II IHlCTORIIH'O fl)JCMR Cy• 

ll!OCTayJOT 'IYECTill TCJJblll:ole MllTIIIITOMeTphl, ll031lOIIIIJOIIIKe JaMeTIITb H3MCIIC

IIIIC MIITliHTHOrO ~OilR 1111 JQ-9 rc llil ¢'011C ll JICCKOilbKO KllllOr«)'CC 131 . flp11 

3TOM II)JOI\CTllllllSI(TCII ll03MOll<llhiM 111160 flOilTO)JHTb, l\1160 yny'lllii!Tb llC'flXII~>VI 

OUCHKY '!,1\,M. 3JJCKT)JOI!a, )1fli\IIYIO 2.\o-23 CM /2/, 

p0TH'WCIUtii paC'll T, 

liORTO[JJITb HeKOT< f'LI0 

Jl)ISJ !ll"'lll')'K<t l~f!llllltm,J!OCT<t 'IIIC."((_•IIJIOrn 

'l;oC.le>IJihle pitC'lC'T!oL C.Jil:ltii'C" x), 

.'\\r•Ton [MC'I -'TIL H ]l<?'lylll,Tn'fl·l llf'HI\OI(OI!hl ll pn:li(C'J)() II 

Ill 06Cy"'/tlli<1TC>I ll'.l~'JJbTilThl II IIOIJ]l,1JIKII 111J ]lCJJ~T .. I\l!CHJ, MIIOI"D'I<lCT~'lliOCTh 

11 r!<l 1\JtyTpeHil€'€' I:OJJO Kpit<:Tn.'\"1<1. B KCoHII<' p,l6DTil, II np"fl'-'·~•'11<1,1 A, 11-~:o:•

l'aeTC>I r\I.'IIOJl 0.1 !D'liiCTfl'fHOI'O KoqQ<[•<tU:I<'IITII yC!!fl<'l!<t>l, El II]•"'"'"'OHIU! E lip"-

ol R ~ 
TO hj'-OM~, '"~ _,TtL ptfi'ITIJ !"OTOl'"·~dC"b K 11<"\nT<J, L'·ll!J.,n 1101\.~<1 J'iiUO-

Tl Cai!IUlpCit !]3•, 1\ ><0T0p0fl t1p11BC:H'K IIO;lp06lfJ,III T"l']H?TII'l<'lKI!>l !l!•l\0.1 

KQC~L~JL~ItiiJ!<liiTll yc LJI()IIll~ ;lll\1 llJNIO'!I!biX ·•,~C~tei!TOil, 



BOilRTCII Kll113HKilaCCII'IBCKHB II KYilOHOBCKIIB OUBHIIII YCHIIBI!l II Sl.ll.M. SIIBKTpo

Ha B aTOMB, II B rrpHilOli<BIIIIII 8 llp0113BOUHTC.C paC'IBT K034cjlHUHBIIT11 YCIIliB-

' ' 'I~~~ IIOIIB ypana, 

KaK rlOK<lel8.HO B !IpHIIOli<BHIIII A (27 A), K034wjJIIUIIBIIT YCII/Jelll\>1 "•lloMo 

311BKTpOHH U llTOMB ll cny'<aB Ol!HOI"O BllHHCTSBHIIOI"O IIBCfll PBIIHIIOI"O 311BKTpOI!ll 

C Yf'llO!l!.[M ~IOMCIITOM II llpll MallbiX 

" " " , rae 

R 1,2=-
' 2( z a) f if, 

0 1,2 
1/J ,Jr I 

" 
(4) 

' - -Japsm nnpa; a - !IOCTORHKB.R TOHKOH CTPYKTYPbl; '/ r -caMocor-

llaCOBallllbllt IIOTBHUHBil; .;, 0 -peweHHB ypaBHBHHII 

2 f~(fo+!l 
(-' r - -' -~·--,-- • ) • ~ +--E 1/J ... o, 

2 ,]r2 2 r ~ r n 0 

1-'-, 

!!Otl'IHHSI!OTCH ypaBHBHIIRM 

(f +ll 

-_.,.,.'::-_.,.,·'--- . ·--,, ' 

(5) 

(6) 

EcnH OJl\UICTBBIIHhiM HeCttapBHH~IM 9llBKTpOHOM RBIIOOT ;R s - 91lBKTpOK, 

o;aK B IQOIIO'IIIb!K MBT111lll8.K1 TO llllll 1101"0 KOS4$BliHCIIT YCHII••HHR Ollpeaellll-

~I'" f o -l 
" ' , TEIK KBK npll fO,.O nonpaeKa o/J1 

O'IBBIIIlHO OTCYTCTBYBT, .Qm1 MH0f'03110KTpO IHLIX aTOMOB C 

IIBCKOIIbKIIMII lleCIIEIPBHI!I>IMH 91lOKTp0HllMII Mbl 6yllBM 110Jlb3CB11TbCH TOll )I(() 

¢>opMynoi! (4) ll/111 KB>KtlOI'O "'JI!JKT[>OI!EI, a 110/IIIL!Ii K034wjJKUII< llT 6y11eT' CKilll

llblBBTbCll llol OTilOI!biiLIX K03~KttiiCI!TOll flO 3aKOIIY o6pa30ll' HHR KOH~Hrypa

UK~ TllK, KEIII 9TO CllBII[lllO, HEI!!pKMep, ll flpllllO)O(eHIIK 8 Jl/111 KOH~HI'ypaUKK 

1" ; l ~ 1~ 



reu.:efiHe fif'( 1HO)'Oill!h'X YP1llli!£'!!Hii (6) np01!3/lOJIHITOCb MeTO/lOM Pyfirf'-

KyTTil, npH'H'~' en .wcornacon11HI!hlA [lOTeHUf!an t ' GpaiTC>I a3 Tl.l61TfiU !4!. 

nn" lll•l'<!!CilefiH>I I )'1\l\h!X 'l1lCTeii yp1111fiP.HI!il (fl) )'P.lllll/IOCb TtlKA<E' H YJ!llFIHGHHe 

(."i). flolly'lefiHOC J•<'IIIOI!He ,,, 
' " 1\ lll'JH!X IT)'OB0)'KH MeTOJla peweHH~ l')'llB-

lilt!I[I.'JOCh C TAfiiiH' IIILM /4/• C013ll11JH'I!IIC llOII)''lllllOCb o6hJ'lll0 Xop0!ll0<', C 

TO'n!OCTbKJ ilO e,ll lll!!(hl noc;Je/lHero 3HilKa, n;mne,1eHHoro " rni\-

mmilx/4/. P11cxo +:il""lle !lOIIY'li!IIOCb TO/IbKO ,1/IH I - oOno•1~11 ypaHa, 

BOJlHOf\ll;J <f>J'IIKUIIII I• 
" 

OTJlll'ltl/ICLCh OT TOGilH'I.IILJX 3Jl[l'I.Ollllii !Ill 

]Q'I;,. Jlp!!'l!!Hhl )'<i( XOit</leHHII He )'CTIII!OBIICHhl, YpO!<II<'IIHII pE'lllllllHCL CO CTOpo-

no 6o1lhlllC~ TO'I.KH , rne: 

t'o(f+ll 
-'-+ f: ,.11, 

' 0 " 

B ro•1xe r .. ' 
0 11<'1\lol<' H npaBJ.Lf' pC'!IJCHHH " ' ClliHnaiiHCb no ll<'np<>phlB-

IIOCTII 4•YHK11HH H ']JOH3!lO;:tHOli, a ,J 0 - Cll!IIBililHCb TO.'lLKO HV l!ellp<'ploiBHOC-

Fl T >'IKU ClllHBllll!HI, Pl!3[lhiFI lleao~ H IlflHI\Oii IIOPBpl!<joMH'WCKO!\ 

OK1J.'3llllC>l JlOCTilTO'IIIO MB11LJM 1\0 l\COX CJIY'l1HIX, I<Jl0M8 

()JIHOro, )'KCL31lHHOI 0 hl.l\lle ( - OfiOJlO'IKB '" I ). OnHoBpCMPHIW ' pe-

~::C'I!H<'\1 J')'Cl?I!CI!IC llilXO.:IHIIC>I IIOJlMHpORD'lHLlfi IIHl'<'I'IJll•~ 

•lllliii!<'IITJ,I " 1.~ ffll'lllllbl!biC 3!1/IYflfiH>I <fl 

' 
Oll[>f'-

1\0ili!IIIICb aH>!IIHl'H H'CKII nyTeM P""IIO>Kl'HHH ll ['fill Tc>AllOpa ITO CTOIWI!>lM r 0 

n no CTerreHI!M llp!! ISOIIbll!HX r , npH C-lTOM 113 /lll)'X 

l\O:lM0/0\lll·IX pelUl'J Hil OKOIIO HYIII! 11 h 6f'CKO!!O'IIIOCTH ]\1.16Hp0.1lHCb TOilbKO 

1\oriJ,IlDr H 3TO 011 l£'/1CII<IIIO pelllellll<' ypOBHCI!ll<l 1\0 1\<'01! o6.'JOCTI! HI!THI')JH-

)'01\IIIJHI! cneua 111111pnno ( T.P, oT Mll.1lhlX 3HCL'l9HI!il K 601lbll!HM) 1!1111 

CIJ)JIJI\fl fl81l91lO Of IIO"Hil'IHO C TO'lllOCTb!O JlO !!pO!!:·HWilLHOf"O l!OCTO>IIIHOro MJ!Q-

"'I!Tf'/1<1, 0CTil1lhll' 110 K0>¢'¢'11IIH0HTI·E J>ll3110A<eHH>I llilXO,lllili!Cb C l!OMO!abl<' ypan-

HPHUii 13) H (fl). Ill'<' Tlp01!3B01Ibllf.!(! KOIICTaHTbl ,11111 0 1 (, "'I.~) "lnTe.\.l 

onponOIII!Ili!Cb II:! liBYX yCIIOBHii l!OIIpr'pblUHOCTH 
,, 

" "' tl TO'IKe r ~r 0 
Lln>l <\'yiiK!\HH \'' " 

I<OIICTOI!Thl fif,lliH Jlll~Jl9Hbl II:' yCIIOUH>I He!lpe)Jhll\I!OCTH 

<J!
0 

II ll3 ycn01 H>l IIO)JMHp05KII 

ll 



1/1 2 ,Jt ~I' 
" 

... - MB!\CI!MBllbHQe 31fH'IeHI!e , flO !\OTC pOI"O rrpOBOfll!llHCh 'IIIC.-

neHHhiB p8C'IeThl; 0110 COCT<lllllS!eT /4/: 

-1/3 
~,,' "'!1,88 1 ~.1 • 

B ):181JbHeilrneM MLI BCIOily 6yneM o6oaaa'l<lTb 3118!\0M 

TBTbi paC'IeTa C06p8Hh! B TB6n, I 1 l"ll.e Oli.HOBpeMeHHO Y!\<l31lllhl <lll1l'lei!H~ 

'1,2 B eli.HilllllBX h/m~z<l 11p11 KOTOpLIX IIHTel"l8J1hl (4) llllll 

C aepXHeJi I'pBHIIUeii HHTei'pllpOBtliiiiSI, ptlBIIOJi , a He ~ 

l"lliOT llp11Mepao ITOliOBIII!hl OJIOH'ItlTellbiiOI"O 3111l'lelli!H, 

Ta6n11ua 

t 1 11 r 2 paCCTOSIIIHH, HB KOTOphiX H l ll il 2 1\0CTII-

!"1li0T llpi!MepHO !JOJJOBI!Ilbl OKOH'IaTellbi!Oii rlOllii'IIIHLI , '
12 Iff 

03Ha'laeT - 3lleKTp011 " "' - COOTBOTCT-

Be IIIlO - 3J10KTpOH 

3neMeHT 
92 

Ill 
92 

tid " "' " " ,. " '· c. c~ c~ ••• Cr 

'' 9,1 74,3 45,1 1,B 1,85 0,76 0,56 

6 2 

". 0,05 -11,44 

' . 20 6 

cj>I!IHJellT YCHlleHI!H II Co ~131 

2 6 6 2,5 2 

1,7 0,3 0,003 283x) 0,01 0,1 

5 20 

MHOlKI!TellSI J ,39 

y Cannapca /I/ 

15 10 10 

II op6 fTilllbiiOI'O 1/3 JI03cj>

R00~33, 

H3 T86JI, 1 BIIJliiO, 'ITO K03<!><PHUIIe)lTbl yC!IlleHHH to'ITII acex 3JieMelfTOB 

, Telt He Mel!ee MBKpOCKOllll-

'leCKHil 3KC!JepHMei!T, 6naronap.11 60.rtbli10ii M81"11ll'l'HOli BOCllpiiHM'IIIBOCTII 

<lleppOMBI"'UITIIb!X MaTepHSnOB 0 OKa3biB<IeTCSl ace paai<O llOCTilTO'i/'10 'lyi'CTBII-

Tellb)'lbiM. 

7 



Eld/]L Jll'•e•<Ono, Tn X03•ji(~HUHE'IIT YCIIJl<'lfH~ TCM flOJlL!IJe 0 'IE'M M<'J!],JII!' 

r Q H '10~1 6JlHJt.e ll 11: ·1P• ypO!lel!b 3HCJ•I"HH CCoOTFH'TCTI\)"1•>11!0!'0 3,1<•KT['OH0 0 

l. PoiHITHF'IJI-'" 

ll<l Cti~IOM MO /lO,'Ie Jlil<l fioJlbiHliHCTllO '""'~"'I!TOIJ, II[HI!\o'[l<)l!l!hiX: ll T<J.6/1, l, 

ZO HD MA.'IO, no-~T( ~1y 11031!HK[1CT 1\(>llj>UC, 'ItO llpOn:loli~~t•T, eCJlH Y'IPCTI, 

pE'IHITitliH3M IJQJllfOCTh~>' f'PJl>ITHIJll3~1 ll:!~" 1!\IT <joOp~1J'o1y (<\) fli\O!!KliM (oflp<l-

;JOM, !:3o-HepllbtX, I! pi! < <' llh<HO."lC C.lc•,'I}'<'T 110·1b.~OBciTLCH polii!THI\HCTCXII~I Cll'<U-

CO!'llaCOI\1\I<HhiM IIUTei!U t/1110~1, Ta6o11!U KOTopO!'O .[lllS! T!l)l-.0/lhlX 3llE'MCHTOIJ 1!0-

Kil '-liHO I!P.T x:), H, liD- >TOJlhl~, flJlS! "llfliii!II<>!'O flOTOI!UliUllll HYMHO IIOJlbC)OliiiTlo

Cil TO''"'·'" ypmliWHH<'" Lli!paKo. Km1 ""K"-'"Ho., pa6o:ro Ill, ""''H!CII<'H~II 

" 

l'IHJ 

" " " 3TII MEIO)I-. ITo'III! llhiO~)T f\1!;1: 

., 
' 

K =- f' 
' 

Oi!HilKO IIE'llH'lHilhl 3TI!X 'IJJO>+<HTeJJeii JlllH JIHTepecyJolUHX IIIIC -~1\CCb -~neKTJ•O-

HOB C Op6KTflllbHLI~! M< -'II'JITOM j'" :' II 3 M8<10 OTIIH'!fHOTCH OT O;JHI!KU!•I, 

II 1103TOMY 01111 ]{!1['11<' IC' J''IHThiBiloli!Cb, TOJlbJ(Q 1\ilH ' . , rne """-

'leH1!8 K03,PcjlHllHC!HTll y< Hllo•HI!~ CIIYMHllO KpHTepHE'M llf'lllHIIIhiiOCTII 'III<'IIOI!IIh!X 

pAC'IE'TOH 0 :n'OT MHO>!WTenb Y'!fl'l'bll3iliiCH IIOIII!OCTb~1, 

x) Af\TOp 6nuroaapHT • '. KoH«l aa HpHU.IIIK)' 11pellpi!HTOI\ l\<1/, 1\ KOTuj>I.LX 

paCC'II!Tilllhl pei!S!TI!BHC TKHU Cii~IOCO!'/ltiCOI\ilHffhEe IIOTPI!UII,IJlhl 1\llS! HPKOTO

phiX '!lWMCI!TOIJ 6e3 }''11TU 06Mel!a, 3TH EIOTCOH!!IIOIILl 6y11yT IICI10llb301li1Eil,l 

B ilfl1Ib!IOlllll'-lli pa60TO. 

8 



0CT8E'TCSI OTI\E'TI!Tb HB BOnpOC, HElCKOilbKO CnpaBC!,IIIIBO IIO!lb30El<lTbCSI 

llllplllli!TI!Eli!CTCKIIM CllMOCOf'llllCOI\HHHbiM JlOTElHI.II!UIIOM, n111 3TOM XOpOI!IO i:5hl 

8JlE'II11HpOB8Tb K TOM pP3YilbTfiTilM, KOTOpblll JlOily'IBI!bl C IIOMOUlbiO Toro :>KO 

Hepell<l'l'HBHCTCKOf'O JlOTEli!UIIEllll'! H IJ.OCTI'!TO'IHO xop· nuo 

IOTC!! SKCIIepi!MBHTHilbiiO, no-D!Uli!MOMy, El!lHIICTBellllhiM I fl0ll<'•1CI!TOM B 3TOM 

OTHOWElHHII !!BIIHeTCII YCHIICI!Hil HJ.JBpHblX KllllllPYITOilhfi!,IX MOM<'fiTOFI, Flbl'li!C

IICtu!Oil illTBpHXEI~MepOM /S/, Ci!TyaUHH THM HCCKOilhKQ 11\!IOMHIIIl<'T f!MBIOWYIO 

C!l 31lllCb, nefiCTBitTElllLIIO, llpll llilllll'tlll! KBallp)"l!OilbHOI'O MOMOI!Ta )" >!Llpll 

Q fH' K KYo101!0BCK0).1y ,.:;Hl!IMO/leilCTBIIIO Me:>KilY 3/ICXTpl HOM II HllpOM il06a-

llllTCII El3ai!MO,'llli\CT!lllf' 

~ () 0 

I"' (7) 

3TO El31111M0JlCilCTBIIEl CHMO JlO Ce6e !Ill llpl!DO/lHT K Cl\llH 'y UTOMHLIX ypOBHell, 

BCIIII 311BKTpOHHbJe Of'iOIIO'IKH 38MKHYTbl, Ec1111 :>Ke, OIIW1K J, liB paCCTOi!HIIH 

R OT CITOMH JlOMeCT~Th IH!eWHHil 3ap>I/1, TO C!lfli!I' RT< MHblX ypOBHei\ !Ipo-

H30~fleT, I! OH OKEl>KCTCH pallHblM: 

_\f.= < 0 
R I' H 

Q 0 

I"' 
--

ll H ,_. 

" 

" 
'0 '> + 

.L, 
' 
H ' 

' ,, "' 

Pile () -3<!Jo\>C!KT~Il!!].lf< KlllltlpyHQIIbf<L!ll MOMef<T IJTOMil: ,, 
\) -- () I I -<- K ) , 

!" I" 

" Ill" {8) 

19) 

EcJI~ OUOHHTh II<'IIH'!HI!Y 0 I' ' TOM )K(' MeTOIJOM, KllX!n! !; 11pl1110l!\eHHH 6 

HpO~JIIeoH'H,l Oilf'!<Kil l~l1110JlbHOPO '-!OMOIJT8, TO OK,:!>+<f:'T,C>I, 'ITO BKilall El ()I"' 

!1flf<lT ll (IL"Ho11l!!OM TO/IbKO 1\!H"!!!HHC 060l10'!Kfl, 11pfi'H'~l •T JT HKIIIl•l .'\fl>l OT-



f\l!!lOilbHOrO MOMeH"B Hy>KIIO Y'l.HT!.IB8Tb TQJlbKQ HeCfl<lpei!HI>Ie 3/leKTpO!!hlo llll<l 

YCHilCHHI! KlJBilPYfiOlbKOrO MOMeHTa .QOII>+<Kbl fihiTb Y'ITl'Hhl BCC 1\lleUIHHC 3/lOK-

TpOlll,l. \1."1 flhlpa>Ke<IIH (8) 1111/lHO, 'ITO liOCKOilbKy ll .'\f: f\XOAI!T MBTpii'I"KhiO 

TO HtlllfiOilee CyU\eCTflellflhlil BKilBfl B 

.-\ r. BIIOCHT ofill3CTh l'f\e 0 B006l!le r'OBO(HI, BaMHI·I pellHT!IIliiCT-

CKIH) 3ofl4>CKTblo no: TOMy, eCilll fiO/IHblil y<JeT pell.IITI!Ili<CTCKKX ::>¢¢eKTOfl, B 

'l<lCTIIOCTII HCII01lb30BBJII!e peiH!TIIfii!CTCKOr'O C!lMOCOf"lliiCOBaHHOf"O TIQT<'II!UIIIIJl!l, 

MOMOT B K0p11e 113 -'eHHTb BCJO KOJlTIIHy, TO 6h1Jlll 61,1 TllKJKe HeCilpllBCillli!ElLI 

fljl<'."lCK83llll!ll! OTHCCI!TellbHO KllBilJlYIIO/lhllhlX MOMeiiTOB, Ha CBMOM me aene 

IIIVli!'/He Cl!llbHOr'O KBilllPYTI011b)WI'O yCHil<'HHII, llpOACKB3hiB1leMOf"O TeOJJ>Iell, 

KBfiiHOilBCTCH BO MIOri!X. 3KCilejli!Mef<TtiX. /6/, 'ITO r!O KpBillleil Mepe KEl'!eCT

fleHIIO TIOJlTBep<KJlB•>T TeOpiiiO, A 1l )leKOTOJlLIX Clly'lBIIX. IIMOE>TCII IJ:<llKO KOJIH-

qeCTBeHf<Of' COf"JlG(!!C, 

LlllH y.c106CTB < 'II!TilT911eli f!JlKile!lC!M HE>CKOilbKO UH4>Jl YCKilfHIIIH KB<UtPY-

llOJI:..HLJX MQMe!ITOI !til. 

Ta6nuua 2 

f1 OH 3Kcnepi!MeHT Teop11.11 

'" • 7 11 5,6 • 
Hb + 40 • 50 50 
c. • 90 90 

3necb noKa3lllhl TOJlbKO UH4>Jlb1, HBH6onee xopowo cornacyJOWHeCI! c 

<lKCilepHMCHTOM. (:yUISCTBYIOT TllKMe II pa3HOf"JlBCIIII, l'BK, HBT!pi!Mep, llllSI 

K TeQp. ~58, HO KB'!eCTBOHKO IIBJlll'lll8 60/lb-

WOrD YCI!Ile)I[III 01 Me'leHO 1\0 MHOrHX 8KC!lejlHMeHT<l1lh/lhlX pa60TUX, B '!aCT

/7/ 
IIOCTH, l<allpHM9fl, B 

2. flpK'I"IIHbl ycHJieHKH 

06cy.llHM Tetepb npH'li!Hhl ycl!lleHHII, CallbneTep /8/ llOKa3an, 'ITO IJ:IISI 

B0.1lOflOilOil01l06HOf 0 UTOMa YCH/IeHI!e [l llpHI<llllllE> MOlKeT ISL!Tb o!'iycnOHJlE>HO 
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TeM, 'ITO HMeiOTCR IIO'I'l'H BblpO>KllCIIIIhtC ypOBHI! C pa3HOi 'leTHOCTbiO, pac-

CTO>IHI!e Meli<:JlY KOTOfli·IMH - II<!M60BCKHA CJlBIH' MBIIO, no3TOMY CMCWHna-

IIHe llnyX 4lYHKllHfi C pll3HLIMI! 'le'l'HOCTRMH 6yne'I' IIOp!!/lK I 

_::iiHtiJ> 
E 1 -E J (10) 

f'lle II t - 3Hepf'H'il B3/lHMOJle!!C'I'BHH 3,Jl,M, 311eK'I'POHB C 'il/lpOM1 a " j-

ABll COCTO<IIII!H, ypOBIIH 3l!Cpr!!i! KOTOpt.!X pB3Jl(!lleHiol II<!~ 60BCKUM CJlDIII"OM 

1 HIHlpi!Mep, COCTORHHR 2S% H 2P 1\ , [ pll <I'I'OM 6narona-

~; -~

' ' 
UHii pi13t!OA 'leTHOCTII, 

llpOHCXO!IIIT Cl!llbl!Oe CMeiiiHDIII! te BOlli!OBhiX 4lYHK-

0nHBKO E CllY'Ille peallbf!Of'O BTOMll Clly'laitHoro Bioi >Oii<JH!HHH 110 

He'!', H IIO:'ITOMY pa<tJJOC'l'l! Mel!{Jly 6111!1i<BJl.IIII!MII ypOBHSIMH no t!OpftAKY BCIIH'IH

HI.ol pilBlllol IIIITepBallaM TOHI{Oit CTpyKTypbt, T,e, yCIIJIE'HH9, Kll<!BllOCb 6hl, :~a 

9TO'I' C4eT 01!<11/lB'I'b IIC npHXO/li!TCI1, Ha CllMOM Jol<e JlCflC, Ll<lli<C B Cl'ly•tae pe

lllllillloiX C!TOMOfl yCHflCI!IIC eCTb, II OliO 'lllC'l'l!'!llO 06<!3!11!( MBJIOCTH f: l - E J 

KOTOpll>t .!lfl<l Bfi61UIUIX <IJJOKTpOHOB I!OpHJlK<l eJlHHI!Ulol I! ~ OllblUO. Hanpi!MOp, 

'"" 
'll!l!ll )'113fi0CTII 

,J/dr{:__) 

' 
1!p11BOI11!'1' K 

' OT ""1-'>1.1<-l >lnp8 1 KllK 

, KaK llOIW 18110 B I!pi!JJOliH'II~ ~ 5, Milllllft B01!11-

n CO'IOT!lllHII C Cl!Hf'Yil11pllOCTb 0 OI!OpllTOpll 

TOMy, 4'1'0 Ko•¢<1lHll~OfiT )"CI!lte, ~~~ UOJll!<eH 3<11\HC<:'Tb 

, II, 'I'd-

KHM o(Jpa<tOM, llOJl~«'ll Cl\llbl!O B03pllC'I'I\Tb JJO ~epe ll<'p 'XOJ[a K BC/l 60ilC{' 

'l'<ll!<>)llt,IM 91IOMeHT/lM, npiiMOii 'IIICilCIJHlolil pllC'IeT llOIHia! IBlleT, 'ITO llll C!l-

MOM U<'llf' K03¢qliiUIIO!lThl YCJI.'H'llll<l T<lA<PltloiX 1\TOMOT\ XO)I)IIIO 1!01!<t!TCJ.t Itt! 111'1-

TOf'IIOfl<lUIJOHHY!O Kp1Hl)'IO 

" HHTopnonmr. 

rue \I' (I -KOI!CTt!liTil, 3BUHC<1Illt!<l QT yr/lOBOrO MOMOH~a 9llCKTp0Hil., 11/IJ.t 

KOTOpOJ""O llff<OTCII K09¢qlHUI!eH'!' )'CH1!0lii!H, HH>t<e llpl!uO;[e It! Ta61l<!Ua 311<1'10>-

tmA " ll R liii'I'Ojl!IO/IflU' 1!p11'16M <llltl'!elllle on Jouenello no CaMoMy 

JlOilOM)' C.JIOMOHTY COOT!lOTCTllYIOll!OII HOllOHKII, Kos.¢ciJ!tUH• ·HThl yCHIIeHIIft B 

Jll'lll IIH'JJO'Illh!X 311CM611TOU B311Thl 113 p11f'iOTI.ol 111, 

l1 



Ta6.11Hila 3 

-'r '• . l,t. ]() -~ '• ~ 1,7. w-6 

' ~1,10 

" " 
3neMei!T " l'b ~~ c~ " " " Cr "6 r~ " ' 

92 lid 63 Eu 92 ll 

' ~7,5 127 \002 0,55 0,78 48 37 1,8 
HIITeprronRu. 

' 2 7,5 133 1150 0,56 0,78 45 74 1,8 

3. MHOf"O'!IlCTI!'I/fOCTh 

3nech cnenyoT pacCMoTpeTb Tpa aojl<jleKTa. Bo-nepEH•IX, noRSneaae o6-

M8Jillb!X 'lne!IOB B !J .rpa>+<C/11111 ll/1>1 ~ E ; llO-E>TOpt.!X 1 BK/lllll B 11/lllO.IIbllb!ll 

MOM81l't' !!TOM<! Kill+</ OrO 'lnc>KTpOHB, OC/111 HB BIIOU!HBII 060l!O'IK8 JlllXO.QIITCII 

118 0/lllll aneKTpOII, 1 JI8CKOllbKO; li, B-TpOThiiX, II011i!p!13BUI<l0 Kopa, 

a) 06MBI!!lt.IO 'IIICfiLI. EC/111 B Ka'leCTBB BOnliOBOA ojlyHKilllll B311Th 

BO/li!OBYIO ojlyUKUKKl >COI'O ATOM!!, npe/lCT!IBIIeHfiYIO ll lllll16 xapTpK-¢0KOBCKo

I'O llBTepM!IHBIITB 11: Oili!O'IIlCTII'IIlhiX ojlyi!KUHH, TO Bh1p!1>+<611HO (12,A) llllll 

CllBIIrB i\ F: H3MIHHTCII TOilbKO a TOM OTiiOlllc>HHH, 'ITO non IO> ' i >-

IIYli<HO TIOHI!MliTb Xll oTpH-¢0KODCKI!Ii /lOTBpMIIHBHT, DMOCTO 1f" 

MY 110 II< OpJliiHBTBM BCeX 31lOKTp0110B 

TOli<B El3.ETb CYMMY 

Cl! TOlll..KO B TOM C/ Y'l1l8, OC/111 f\0 B3BIIMOilOflCTBIIIIII C DIIOU!IIIIM 11n11 BHyT-

pei!HHM 110/lBM 6y11y·' II MOTh MOCTO llBYX'I!ICTH'IJI!oiC OIIOpliTOphl, 83t!H"101l8fi-

CTBHB C DHeWI!HM 11 l.1CM - 111'110 01\HO'IBCTfi'!H!,tlt OIIOJlllTOp, 1!0 B38HMO!NII-

C'l'lli!H C llliyTpBHI!II~ ltOIIDM llOYX'!<lC'l'II'IIILifi OI!Op11TOp ll llpHI!I!H(]O MOli<CT !lo-

>mi!TbC>I1 eCIIII !10,1 (r !IDHIIMilTh He TOIIbKO CaMOCOI'/liiCOila!ll!hlfi (]OTOI!-

UHan, 110 II OCTil'rO'I IOC fQ!li!~IOHC~Cf"lle, B ."Jili!I!Oii p>JGOTO OC'l'llTO~HOO B38-

IIMOil.CACTiliiB 118 Y'll ThltltHIOCb, 06M0J!IIOB >+<0 B-XIHMOHCII(. filii(' y 'li!ThiBi!llOCb 

pOili!O I!BCTO/'lbKO, Jl" KOJibKO 0110 Y~ll'l'hlf'.<'IJ!OGb ll rllMKliX Ccl:.rOl'OI'Il·CICOBllHHo-

I'O fiUTeUUI!llJ!B • flpll 3TOM BCO M!lf[Ht'ltli.J(' .SOilOM>li!Tbl OKtl'lh!l'Hii<JTC>I 

011H0'18.G'i'll4 IJ:,!MH, ll< :J6y >1</!l' 11!100 t;OGTQ',TH!!O i i > M<Ht<OT t>l'HI!'III"'hGSI OT 

12 
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IICTb aeCI<Ollbi<O HeCIIapEII!HbiX 3lleKTp0HOB, TO BX Bl<ll8!1 I llHIIOllbHblil MOMIIHT 

Bbi'IHCllHEITCR 110 OTIJ.Eillbl!OCTH K CKllaiJ,biBaeTCH COOTB8TCT8eHHO HX OpHaHTa

UHH C IIOMO!llb!O HOSIIjlljiHUHSHTOB Kne0:wa-fopJlOH8 Hllll I'EIH9RllOI'II'IIICI<HX Kos¢>-

<j>auaewroa. 

6) C YMM.!IpHblil Sl<ll.!lll H9CKOllbi<IIX H9CI apeHHbiX 3ll9H-

TpOHOB B /liii!Ollbl!blll MOM9HT 8TOMR, Jnecb Mbl TO/IbKO paCCMOT-.. 
piiM UpOCTeillllHil CllY'IRII BTOM8 '" , B KOTOpOM Ha - o6ono'IHe pac-

110llOlK9HO 7 3ll91<TpOHOB, no npaBHllY ryana 7 Sll9KTpOH03 p.!ICI!Oll.!II'SIOTCJJ TB

KHM o6pB30Mo'ITO CIIIIH CTSHOSIITCH M<li!;CMMSllbHblM, Tollo 712. npM SITOM llllii/ICTSIIH-

Hhlll op611TBllbHblil MOMIIHT, I!;QTOpblil OHII MOI'YT HM9Tb0 - 3TO L • 0 , nos-

TOMY BOllHOBYIO ljlyHKUHIO CllMH - SlleKTpOllOB MOlKHO 3BIIIICBTb B BHile 

' 

l ' ...;7r p 

)( 0 - Clli!HOSSH ¢.yi!KUIUI C npoeKUHIIA HB OC~ 
.. ' 
"' 

(II) 

i -ro sneKTpoaa c npoeKI:Heil m1 MOMeHTa 

1" aa ocb p m - 03HB'IReT nepeCTSHOBKY m y BOllHOBbiX 4JyHK-

uall, npa'leM (-l)P paBHO +1, 9CllH nepeCTSHOBKa 'leT!aR, H -1, 9Cllll ne-

peCTSHOSKa Hii'ITHSII, OTKyna BHAHO, 'ITO ace llOJ lKHbl 0:h1Tb pa3HbiMHo 

Kos¢1\lauaeHT ycanei!IIH llllH 1<8)1(/IOll: </1 ~l1 onpet:~aiU!eTcH <j>opMynoll: (28 A), nos-

TOMY llllH BCIIX 9lliiHTpOI!OB CO CIIRI!8MK BllOnb 

"" 
' 

.. 
R • I 

f ~- m 

2 f _, m-f 2f .;.I 

• ' ' 
., 

-Kos<flljlauaeHTbl 

0 ... f 0 + COOTaeTCTBIIllllO, 

ycaneH!IR 

To• '" 
nn. 

'• 
''" Meabwe "' . TO '" MOlKHO npeae6pe'lh, ' 

' . 1 

' 
• 
rl Eu -0,51 

,, 

no.ly'luM: 

''I (12) 

nepeX)IlOB ' " •• ·• " 
""' 

UE" 3H8'U!Tenb-

' pe: ynbTaTe 1101ly'18IIM: 

(IS) 



AKa110r'II'IIIO Tpexealle !THhlll 

' 
HOH )1(91111311 IIMEieT l.OK¢'HrypaUHIO d 

3 
T.e, 

111111 nero R .. J R 1 ~0,52; 8 npnnO>KIIHHH B !'>bl

c Kon¢'Krypaulfell ~ 1 
3 4

1 9;~· 
D.nR npyrHX HOHOB ypHIII, rne OCTaeTCJI d - 3lleKTpOH, MOlKHO B i!pHHUH!le 

>KAIITb 6ollb111ero YCIIliiHHSI 0 HO TIIK KIIK llPHMeCb d -3/leKTpOHII o6LI'IHO 

i!pHBOAHT K 6ollbWHM yrnOBbiM MOMIIHTIIM 1 TO 60llblllllll aEIIIH'IHHII H I Allll 

<I - 060110'lKII llOilllll/ISie'tCII MIIIII>IMif K03.p¢>11UHIIHTIIMII Kne6wa-fop1101111, 

a) nonnpnaa 11111 Kopa. Korna Ha aToM nellcTeyeT eaewaee none . . • 
F: 0 BHyTpeHHHII 06< /IO'IKII ll'tOMII I!Ollllpii3YIOTCII : 'P • a ,, , rne a

0 

11RpH3YIIMOCTb i<Opa. 3 pe3ylli>TIIT8 !101111 1 neiiCTBYJOIUIIII Hll BIIIIIUHJIII 3/IIIKTpOH, 

y"'e ae 6yneT npOCTc paano </> .. t: ... , ... II 113MIIHIITCII a COOTBIITCTBHH C no-

nllpH311UHell aHyTpeHHdX o6ono'leK, Ecn11 y'<eCTb nonllpH3BUIIJO Kope TaKIIM 

>Ke o6pe30M, KBK iitT( C.O.IIlliiHO y Caanapca 111, TO HIITPYiliiO i!pHMO OUeHifTh, 

K KIIKIIM lf3MeHeHIIIIM 3TO !lpiiBII.IliiT B OKOH'liiTIIllhHOM 31111'<9HHif .llllll t, E , 

D,eiiCTBHTBllhHO, Y'IIIT llOllllp11311llHH KOpa 03HII'<IIIIT, 'ITO none it 
YMIIOlKHTb Ha 3i<PIIHHJYJOIIIIIII MHO>KIITIIllh 

a 0 +(z-llr
3 

a + (,-I) r 1 
0 

rne a - nonRpn3 'IIMOCTb Kopa, a - aap1111 Hnpa. B peaym.TaTe e a•>l

pa>KeHHe (12 A) BM<CTO MBTp!l'lHOr'O 3lliiMIIHTa <OI i1[;> BOIIIleT MIITpH'l

Hhlll 3/liiMIIIIT 

--'----,--,,---,,-- .. ' t: r 1 i >, 
+ ( ~-1 l r 3 '" 

Ho T,K, onpllll.lllllliOIII~li 061lBCTbJO 111111 3TOr'O MIITPII'U!Or'O 3/liiMIIIITH IIB/1.119'1'-

Cll o6naCTb T"' I • ,, 
, TO BIICb ~TOT MBTpii'!Hblll: 3/leMIIHT OKH-

31>1BIIeTCR npOCTO p8BHI>IM 

-,-'---- .. -; < 0 I E r I l >, 
' . " 

Cy.o.R no Ta6n~ue, npHeeneHaoA y D.am.repao 191, nonRpH3HUHH Kope 

Y ACeX 31leMeHTOa ropllllKII }, T,e, BllllHO, 'ITO y'leT nollsrpH311UIIH KOpll He 

113MIIH>IIIT K034$HUHo•HTII YCIIIIIIHIISI cymeCTAeHHblM 06pa30M, 

14 



4, 611KRIIKE' KpKC'rll/11\K'!eCIIOI"O 1101\R 

HaKOHE'U, OCT~HIOBRMCR !Ill 111\KRIII!I! 11pKCT!l/111K'IE'CIIO_-o 1101\R Hll 3.1l.M. 

aTOMS. 3TO B/IIIRIIRE' npORBJlRE'TCR llllORIIIIM o0pa30M. 60··/lE'pllhiX, II CaMOCOr-

1\aCOB<!HHOMy nOTeliUKll/IY ll00aB/IRE'TCSI /lOTEllllll\811 llpi!CTtliiJlii'IOCIIOii peUieTKH. 

11, aO-BTOpb!X, Kpi!CTa/11\II'IOCKllll pewe'!'K(I I!CIIlllKHOT BJ!Clli!Oe none, ne$1-CTBYJO

lllElEl Ha llllHHbtll aToM. no rroso11y nepooro MOlKHO CKa3a1 1> cneJlyrouwe. noc-

110/lbKY 1111>1 3.U.M. ti'!'OMll BllJi\llll Of511HC'!'b TlOpHIIKH 1/z 

AaHIIOI'O aTOMll1 !"liE' KYllOIIOElCKIIll nOTOI!Illlllll ll!l!IIIOI'O HJlJill PllBElH , ~ , a 

noTellllHllll OT OCTallbllbiX a'!'OMOil pellleTKII nponoplli!OIIllll•>ll C/lllllllllC, TO OT-

CJOJlll C/lE'IIYE''l' 1 'ITO BllH>IIIHEl KpiiC'!'Il/lllll'lllCKOI"O nonR Jill >.ll,M, llTOMll B , ~ 

pa3 ME'HblliEl Bllll.llllllll /lOliR COf5CTBE'Hil0r'O R/lpt!. 

Tenepb paCCMO'!'pKM1 KllK allllll£1'1' KpHCTllllllii'ICCKH.II pellleTKll Jill IICKll

lKE'HKe SIIE'WIIE'r'O n0/1.111 llllliCTBY!OWElr'O Hll llTOM. LJ.nst Kyfi~'IE'CKOI"O KpHCTll/11\ll 

::>TO B1111Rill!e XOpowo 1!3ElElCTilO II CBOUI!TCR II TOMy, 'ITO Hll KlllKJlLl!i aTOM 

n,eACTByeT 110Kll11bHOE' none: 

f: o - llHewHee none, a ,. 
nRplt3llU1te$1 BO!I!eCTBEI! P .,a • 1-. /\OK, 

Til 11113/lOKTpH''IIlCKYIO npOHIII.lllElMOCTb 

''· (15) 

- nopeuueBO none, o5ycnosnemwe rro-

" 
t- I J 

-nollllpH3YCMOCTI>}. Ecn11 BBec

~al/(J .. .!...!:a 
' ' MO}I{IIO 110Kll3EITb, 'ITO nona, IICACT!ly>Ou.tee 11(1 II(IHI!t.IA EIT JM, pllBHO /]Q/ 

)'; liOII,"' 
f + 2 

(16) 

Ecn11. Kpi!CTBJI/1 He Ky5K'IE'CIIItli It COCTOHT 11.3 3/lEIMf HTOB C pll311H'IHOA 

!IOJH!p113YElMOCTbiO, TO llYli<HO CIIEI'IIJ/18 IIEIATK nonstpK3lll.lKI I BTOMOB KEI}I{IIOI"O 

S/IBMEliiTll. KaK /lQKE13b!BEIElT !!pliMCp CBI'IlOTOSlleKTpKKOll, llElAC'l'llYIOll!ElE' none 

MO}I{El'J' 311EI'III.'l'E'III>HO npeBL!WllTb UpiiiiOlKBHHOO none, '1'1'0, B0061Ue r'OBOp>l, 

'I"OllbKO 11a PYKY :s>KcnepliMElHTy. 
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II, 3aKJl!O'IellKC 

AllTOp II!JKIIOCHT CBO~l KCKp<lHHIOIO l'iJI<WOiltlpiiOCTb $,Jl, lliltnllpO 38 no

CTUIIOHKY 31l>lll'lll II I OCTO>IIIII1·11\ III!Tepec K He~, M, II B. $ypMilH 30 COlleT!,[ 

II 11flflKTII'!OCKY!O IIO~OIIU•, MIITOMaTHKilM H,C, 51tXHilllOBy, C,K, fo):lyi!OIIy, 

E.n. X..HJ..lKOBy, ~1. lly:JiolHHHY, A. H. c,~IIThiKOBy, c. CeplliOKOBO~. I-t. H. CHJOH-

HY II f1. f1. UJenon !CBy, KOTOP"Ie OXOTHO IWfliiiii!Ch CBOIIM 

TOM, B. E¢H~tOBy, E, ¢>yp'-<,lllY II n, noHOMilJ"'"Y 3(l TO, 'ITO OHK B3Hllll H1l 

Cel'iR Tpya IIPO'ICCTb pyKOIIHCL, II 3a HX I!Oiuu,oe YKilJIIHHH, a TaKlM' 5. Ba-

CHilLCny, B. KollKYH my, fl. A. C~wpO!lHHCKOMY H Hr·ycuy BaH XLey .'Ja none::J-

HLI(' 05LY>t<l(81111>1, 

3neKTpH'IOCKH!i fiiii!Ollbllhl!i MO..,.eHT a'r'OMa C OllHKM 

IIOCnapei!I!LIM 31l0K'r'Jl01!0M 

Ypalll!<'tllfe n11 Jllllll II CllMOCOI'IlllCOB1liiHOM lJOlJe ll'r'OMil llllll 31lOK'r'f10Hil1 

p ,1-a~E 
" 

-Y,-"Y 0 IJ-;i;J .. ea ' . 
' ' " 

t"" IW ~ o 

- /lOC'r'OIIIIH<III 'r'OIIKO!i C'r'pyKTypbl; 

(l,A) 

' - yponcub 

3119pi'HK, Ho:\MepHeM!IJi El Oi111HIIU8X a 2 
m c 

'r'OIIUHall, HM9!0lilHli a~HMIITOTHKY B Hy.lle +-
u -CaMOCOI'IlaCOBIIUHl.IA roo-

II B 6eCKOHe'IHOCTII u'" 1/r 

0 BCe illl.tHl>l H3MepH~)'f'CI! B eJlHHHUaX i/n,ca , 
J-'liUI~ D.HJ-'8KII; ( <Of<CTIII!TII, CBII3<"HHIIH C 3,/l,M, 3JleKTp0Hil Clletly!OIUII"' Ofi-

(2.A) 

YpuHJIOHIIO (i,A) \.IO}KHO ,J<ti!H<:II'r'b B 60J1CO llpOCTOM CIIMFIOl!H'l"CKQM !1111\C: 

,, " , .. " (3,A) 



ecnH 'lepeJ L 0 
o6o.3Hll'IHTI> onepnTop ' . P0 +" u-Yn-"Yo(:· P l , B nepenR-

TIIBO<CT'CKOM npenene npw a -+ 0 L , lll'fJOXO/liiT' B a~L !II _, 
H ypllBHeHHB {3.t\) nepBXOIIHT' f IIBPBJIIIT'IIBHCT'C-

KOB ypllBIIBHHB 

{4,A) 

Corl'IBCHO TeopeMB llilf$¢la B.3BHM011BACT'BIIB a,a.M, a.~BKT'pOHl C llO/IBM MOlt<!lO 

e nepBOM JIOpSl/IKB JIO e HCKJlJO'IHT'b 11.3 ypaBHBHHR (4,A • 3TO l!Bf'KO Cne

llllT'b C JIOMO!IIbJO npeo6pll.30BllHHR 

(5.A} 

BCIIH 3llllHCllTI> B.3llHMOJlBACTBHe B Billie KOMMYT'!lT'Opa: 

(6.A) 

B penRTH:BHCTCKOM ypanHBHHH ( l.A) yno6no TOJI(B c.nena'!'b npeo6pa<~oaaHne, 

BHllllOf'H'IHOO (5.A), 'IT'Ofibl npHBBCT'H ypBBHBHIIB K T'BKOMY I HllY, KOTOpblA B 

HBpBIIRTHBHCT'CKOM llp911911B ylt<e He COIIBpJI(HT B3BIIMOIIBACT'I.HR 3,Jl.M, C no-

IIBM B nepBOM nopRJUtB llO e • TaKHM npeo!5paaoaanKeM MOJI(eT 6b!T'b cne-

"' .. •• (7,A) 

Oeo ll03B011Re'C' nepBiliiCBT'b ypBBHBHKB (l,A) B 6onee llOil.X>Jil.H!IIBA ¢>opMe: 

' .. 
(y

0
-ll( IV u l].p .. o, (B.A) 

'-iT06bl l!pH IIBpBXOLIC! K HepellRTKBKCT'CKOMy rrpellBJIY BC~ lt<'! HB IIOTepRTb 

BJBHMOJlBACTBKR 3.Jl.M. C llOIIBM B IIBpBOM IIOpRAKB 110 ( HB06XOJlKMO 

B llOl!Y'IllJOIUBMCII ypae)IBHKK llipBJlKHI'Bpll COXpllHHTI> PB/li!TII II!CTCKI!B llOIIpae-

KK, !!pOilOpUHOHallhHhiB a 
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' " --Llll;- Up(, -~:)up-
< . '· 

(9.A) 

ypaBKBHHR (8,A) II (9,A) o!'ipeTy'l' '!IIBIIhl, 

nponopUI<OifBIIbHble .~ .• 

~ _.,-- . ~ .. .. ~ -o .. 

+afi,r+<a(y
0

- I) I'Vu +Ca (y
0
-lll8,)1fJ 

a• -o-> ..... 
-up (u-E)ap + 
• 

~ ..... .. -o .. -> 
....!!..op{(i;rlop-

• 
' ' ~ -> a .. ,- P 

, ul-op- of--a Q> -lt/1 
' ' 

• 0. 

0(S0'3HB'li!M HBI'I03MYilllllllhlll BOill!OBh!ll <f>YHIU\1111 'll!p83 o/J o 

• 0 
(IO.A) 

(II. A) 

, a COOTBBTCT• 

BYK>W.HII liM ypOBHH ~ Heprllll 'lllp113 F: 0 

ypOBH£ /\ E , lipC"!OpUIIOHBJlhllbiA f. 
HaC 6y!IIIT IIHTapiiCOIIBTb CIIIIHT 

T.K. AKIIOIIl>Hbllt MOMIIHT B'!'OMB 

, 8 HBIIHII3WIIM liOpll.ll-

Ke no B p111111TIIBIICTCKOM II HBpiiJUITII-

t..E --ft:< 1 llr- qi& 1o >+ pen. o 

< 0 I & -;II>< l I ( y 0 -I) fV u[o> ____ ], 

AE Hepen. 

[ 1 - E o 

'I ' • •-f« -<Diu 
' 

&· < 0 I r ; ><;I 

. ' 
&~I o > + 

' 
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rae I 0 > o:3Ha'laeT HBBo:3Myweaaoe coc'!'ORHHB, a 

•' COCTOSIHHR. Ecrm Y'IBCTb, 'ITO -,-1 i )., (u-E 1 l] i > 

I i > - B036Yll<llBHHbiB 

u 'lro I]i><i] .. l, 
' 

TO BblplllKBHHB llllR HBpen. llBpBilHWBTCSI B CllBilYJOUIBM B:l/l,B: 

. 
+..!....<o](;'V, 

' 
. •• -(aV, < o I &~ I ; >< ; I t: o ( 0 "," 

'''----------------------
l] 0 '> 

1 ~: t -E o 

I o > + 

(14.A) 

]. 

3TO BblpBlKBHHB HBCKOilbKO OTllH'IaBTCSI OT TOro, KOTOpoe lip~ BB.!l,ei!O y Can

llBpca /l 1 : 

• 
<0]&-;] i><ii\3V,u

0 
IO> 

(15.A) 

01llt8KO, K8K ITOK8381'10 B 11pl!110lKOI!IIII 6, ll0611RO'II'Ihl8 'lllBI!hl Mallbl 0 llO:;>'l'OMy 

II Mil MOli<HO !1p81!B6pe'lbo TO'IHO TaK li<C MOll\1!0 npeHe6pO'Ib r epBblM C'llllr'8B

MI~M B \jlopMyliB (IJ.A), T.e. rrpi!HI!Tb, '1'1'0 

~· . 
<O ]/h~]i><illy 0 -ll~"llu]O> ( 16.A) 

lJ.1111 KOHKpBTHOr'O pllC'IB'!'B Hll 311BK'!'p01!H0-BLI'II!Cili!T<"lll !lOll Mlllllllflf) Bhl

pllli<BHHR (l5.A) H {l6.A) HYlK/10 neperrKCaTb KHa'ie: 

t..r:pen."'-2tfi/J o(yo-1\( 

19 

' ' ' (17.A) 



. \~: H.epen. ~ 'e .. • 

],>.-:; ]5;--;lo> 

;: -~: 

' " 
' ' 

• . ' (JS.A) 

(19,A) 

npH'!Olvl B pOIIIITI BKCTCKOM CII~'/80 1/J O II </J O - peJIRTIIBHCTCKI!e ,P~HKUIIII 

I!L .. LD/a~ ,a 

fiKCTCKI!e ljoyHKUII'/ II 

B llepeiiiiTKBIICTCKOM Tipllil9110 1/J O 

L ~ Lw , Ec1111 BOIIHOBL!e ljoyHKIIKII 

C06CTB0HHLlMH ljo)HKIIKIIMII /lOIIHOPO MOMeHT8 0 T,e, 

pen, 

•• ( 

i 8 !l'(r) 

• --,"'!'c'-'-'--

.r. 11epen. , ( ( 
0 

'+' --- f ' f o I I m 

_ Hepeii!ITII-

IIBIImoTCII 

(20.A) 

(L'UO filfrn -u·apO!lb19 CITKHOpb!, B 8 If f Jf II fl
1
f -patii!BIIbllble 

'IBCTH BOIIHOBb!X PYKKUKII), TO B DblpB>KOHKIIX (17,A) II (18,A) MOli<HO 11po-

H3BOCTH KHTerpKj OBAKIIP /10 YPIIBM ll B pP3YIIbTBTO OKBli<OTC>l, 'ITO: 

t!.r. pen. • 2e 
j(l + l) l 

.. 
I (r\ ,,. ( .i.. u \ r 

dr • If 

j o; <I • 
,-,-,--,,----!' ,,(-u )fl r(rlclr, 
j ( j +l) I <lr I 
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(22.A) 



rae 03Kil'taeT nunHI·lll ""~'eHT, a r Jf' 11 ri' Jf, CEH!31Hlbi 'ne:1y~>Hli!M 

oOpaaoM c </1 n ' 

1 ., pen. 
-,-,-,-- ,, 
i t~ I " 

f j f' 0 j f' .. {23A) 

Kepen. 

---1/J R, 1,n, 1,_ 
I~ I " ... 

8 'IBCTHOCTII, I'I'Jf" llOil'IIIIII!STCI! ypaBHei!HIO 

~'(f'+ll 

1"-, +"(,)-Eo Jf I' l' (24A) 

8 C1l0)1(1!0M llTOMe, Oili!BK0 0 KS1lb311 C'IKTBTb, 'ITO 31lSI<TpOH 061llllB<'T onpe-

ilOilSIIIIbiM MOMSHTOM , 11 '18CTHOCTK, ecm1 ocyuteCTilll'ilercl! paccerrb-

cayunepOBCJ<BII CBI!3b, TO ClleJlyeT BOiliiO!ilYIO ¢YIIKUIIIO 31lf'I<TpOHJ. B311Tb B 

of 0 -

~ ,, 
111 Y f X 

(25,A) 

rae - c¢epl!'!eCJ<BI! 4tYHKUI!H1 8. v /1 -cnuuop. Tor-!!8. Af noc " • uopen. -

/lS KI!Tf'I"pllj)OBBIIH>I 110 yi"IlOIIHM llf'pf'Mf'I!HhTM OK8lllf'TCI! piHl!!hlH 

.:.£[ ' ' " +II~ -m ' -~ 
/\ E " • II 

2 
] p. &,, 

Hepon. 2f +I ,, _, ' " '' 
(28.A) 

coo 

(27.A) 

,, ,, 
' "• m2(u! I 1\e f [ ;r;-

,_, I u r •I r ( i ~ 1,2 ), 

" 
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Rr
1 

ITOil'IHIHIIOTC: ypa811E'IIIIJO (24,A) C f'.f 1 ~f-1 

Alii!_ - 1, 2 CCOTB8TCTBE'HIIO, a CBI!3BHO C cneJlYIOllii!M 

o6pa3oM: 

' . "- ---. 
' (28.A) 

' Jlll3hiE1110TCII B TE'KCTe 'K03,p¢HUHCI!TilMII YCIIJlE'HIIII', KaK Bllili!O 

113 oj•OflMYJJhl (27,A , rjlaKTII'!eCKIIM napaMeTpOM 1 110 KOTOpOMY rrpO>!~IIOLUJTC!I 

' pa3J10JK8HIIe, ~llilHerCSI IH' a , II (za) . no3TOMy {27,A) CllpaiiE'llllKBB 

' npn lza\ '<I 

fCTb lll\11 CITC~06a OUE'!lHTb neJlH'lHHy 3,Jl,M, aTOMB B TO'II!Oll pellR'fiHliiCT

CKOil TE'Oflilll II B ll•lfl8/HITI!l\IICTCKOJ1, nepBb!JI C!10C06 QCKOEIL!BB8TCII liB KBB-

31!Kl1BCCH'l8CKKX OU••!IK!lX; 8 BTOpO!\- 11<1 KYllOIIOBCKOM llflH6fllllKE'IIIIII ('ITO 

ITOJl 8TIIM ITOI!l1Mti01C>I, 6yneT CII83Bll0 lll<>Ke), 

11TaK, pacc~wrpHM o6a cnoco6a, 

J, K11B31!KilBCCll'lOCKHe OUOIIKII 

Kaa31fKJlaCCIPLeCKHn oueHKK no3noM110T rwny'lll'I'b llpH6mt!f<ellHYU• :<aBH-

, ."\1,1 [ltlCC'..IOTp!!M KGK I!CpC:l>!TI!-

lHH'TCK~ti, TtlK H pei!"THfl~CTCK)fii C.~y'lllii, 

a) HepoJJ,THHHCTCKoe npi16lTH>KOilltC, B ll<.•pCJJHTHBIICTCKOM 

:Jpit6.1it;+.8HHii ;,n.'<, aTOM/0 onpeilenu~>TCll Bl->l]Jtl"'f'lllte~< (14,A). MuKCH,!LJI!L

Hiolit BKJia.Q Fl .'>TO B olpa,.,ouue il<'IE'T •weH { }5,A), conep"'alllllii MilTpl!•ll!blti 9Jle-

"'""'~' 

.. 
<i!(al",u 2 l_lll floiiCTBHTeJ!LEIO, IW1160Jln8 CyW,eCTI\O!IEWfi 

llOpllHKB 

HO n:J>!Tb B 'IHCTO >ylTOHO!ICKOM 1\HilC: 

!Ill -
llp0110pUHOIItlnbl!hE \ ' , TO El('llii'IHIHI pac-

CMfiT)JHB88MOrO M8!pH'IUOrO 9Jl8Me11Tll 0Ka3hllltiC'TCll npOITOpll!!OH8Jlbll0~ 
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' I I 0 > ., \' ' \· ;, --, (I.E) 

n I f.,-; i nponopUIIOH!li1C.I Oi!HHHUe, T,K, 

ill!!< nero C)'lliOLTUOKJJll ol'inacro r • 1 I'IIQ >IJlPO -~K[lllHHf'OilllHO )'JoKO 110/l-

HOCTbiO, II KBil3HKI1aCCH'IOCKl1<' BOlll!<>lll,L() <j>yHKUHII II[lOITO[Illi!OI 11110HLI \, ECIIH 

etUe )''!OCT!•, 'ITO ypOIH!H ~ftO[lr>lll 1111>1 1\l!OIIJ!IIIK 3110KTponoa 'Oii<C npO!IOpUHD-

llilm•llhl Oiliii!HUO, To OUOI!llT" m'llH'IHI!)' Bhl[ltlft<I'Hitfl (\5,A) Y"'O HC COCT1llli!T 

lntKilKO!'O Tf')'I\<J: 

(2,E) 

Bee OCTilllbllbl(' 'IJI<ll!l·l ll !lldj•ll~'<'I<HH (\4.A) /lll!OT ll Hllll ll 

)0113 "tel!bWHli 1\K/1/l/1 Jto <'f'n!H!f!IIH~O C (2,6), T,K, CO/lO[lll<llT MllT[lll'fHLJ(l 3/1()-

MOHTI>I OT MCII0P. CHI!l':fJIIlf!lllol)( <>lll'f'/\TOpOll, 

6) P<•llHTMBHcr<·xno' "J'll611HJoKL'HIIe. OueHKY p~ll>~TllBHCTCKoro 

" ' ,,, 

K.-j-(j-11/~l.j 

I I -'- I p 

-'-'' -lp + 
0 

-IIOnllb!l! MOMOIIT, ~ /r 

(3,6) 

- plllliH'flbHb!C 

1!aCTII COOT!lOTCTHeHHO 6oJlblliiiX II "'tllflLJ)l KOMilOHeHT llLipal Ol\Cl<OI"O CJ1HH0p8. 

Q6o3H8'1HM 
' p 0 +1+a·n~T+ rrepellJJllHlM CHCTe-

MY (3.8) ll lllllle JlBYX ypa131!ei!Hil :.1-ro !10pH.1K8 OTr:leJlbH< llfl<l ¢'YHKUHII g 

" 
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" ' T ,, 
' ' '1'_,. • ' ·' --->1 • ' '" ' .'r a " ... d' '• • 

' 
T "" _._, _, _,_, 

I ' ' I T -· ' -,,, ' ·" 'I'_ 
" 

B ''TIIX yptmH<'HK"; Yll06Ho CIWJUlTb npoo6(>113ut"'HHO 
1121

: 

• d r , ~I r l ~ ~ ( r It + )) 1 

rlrln llrll n. 

noC/19 '!ei'O OJIK IIJl~MyT Bill~: 

' ' ' ,1;2 ' ·--T 2 
' 

,j" --,- (' 

'" 

' 

T ., 
1--·---

" ' 

' ' [~-
' -

' ' •' 

' • -,-• 
• 

• ,,, T+ 

.r " 1 
--1--llr~o. 

- lc "] 

' -"· 

'. (4.6) 

tS.E) 

(6.6) 

PetiWUKe ypafl1!9HKII TKJI<l I!OrKO HHXO/IKTC~ II KB~-

I v I ' ' 

---. 
cl I+ •'r 

' ' --,-'1 

(7.6) 

(8,[>) 



,, ·'- ' ,, 
T+ " T • --.-,- --,-,,, ,, + ,,, 

'( •' _._, _, 
I ' T -· T ,, ' "' " 

T ,lr. 
' 

~ (') ~ ~ (' ( ( + ll, 

! (r \~fir It \l, 

nocne 'lero 011n rrp<MyT nnn: 

,, ' ( ( 

L--•---
,[;2 ' ' T2 " ' 

' • 

Pewemte ypau•wunil THJtll 

' " 

' 
•' 

' " -,-• 
' 

( • 
,, 

,,, 

,, ' __ , 
- lr 

:__,_,, 
,( "· '. ' • 

" _,_,, (4.6) 
' . 0' 

( 

(5.6) 

{6.6) 

ITC!"'I(O 118~0ITKTCI! !l Kllll-

(7.6) 

0TKYil<l Bll/lllO, 'ITO l~llldHTY/11•1 llOJi!IO!lhll< tjlyK~omil g /r II f /r IlpOHOJ>I(HO-

l!llfll>lll·l: 

Tl 
~+-,:::_-

" 

' ' 
' ' <--,-.- (8,(;' 



"I T "'2 
d ....:i::- - - r T 

-~:! ,2 - olr 
' ' __ , 

' 
', (8.5) 

BcnoMIU<BH urrpenerretme T II T + II Y'liiThiBflH, 'ITO p 0 ~I -a f: , f'!1D 

f' -ypOBDJIL 3Heprll~, KOTOphill fl1l" B!IBWHIIX 3/JeKT)'O!IOB 110 ll:>p>l.llKY B(lll)I

'IHIII·L paaen I, norry'IHM, 'ITO e o6rracTH r .. 1 / z 

.J.., , 
ojo 

'- " . (9.E) 

0TCIOMl, 8H81l0f'H'If!O Hepell.\<THilHCTCKOMy Cf!Y'ltl~l, Bll/]110, 'ITO llepllhlil 

'111811 (\2,A) npO!IOpUKOI!Bl!BH a TOf'llO KIIK BTOpOR - '·'a , T,e, B 

pa3 601\LUJB. K COlKUITDHH!O, '>TH OUCHKII OKB3HilOIOTCH 0'18 lb 31lltll>l\BH-

Hh<MH, T,K, 'IKCI!BHI!hiB pBC'ICThl 1\BIOT 3flBIICKMOCTb '. 1103 'OM}' I!HTBpDC-

110 Hp0113BBCTII OUBIIKII II C 119CKOllbKO 1111011 TO'IKH 3JlOHHH. 

2. KynonoaCKoo rrpH611HlK!'IIHB 

non KyllOIIOBCKKM !1p1!61li!JKBIIIIBM 3ilBCL IIOIIIIMOl!TCI! Clll'/1) !Gillee: HCB 

MBTpll'illhiB 3/lBMBHThl OT CIIHI"ym;pi!!.IX OTI8p[]T0p011 IIY>KI<O Uloi'IK~IHI'I'L C Ky

lJOIIOBCKKMK 4>yi!KUIIRMII, Ollp8Jl8l!8111!hiMII B ll0l18 H!lpll C 31lpi!Jl01! L T,K, 

llll>l O>TKX MdTpi!'IHLIX 3l10M0HTOB CYIUeCTBeHIIU 06llllCTL llfflH311 <Ulpli, 

1'1\0 3ilpH!l OUIO 1!0 <lKpliHII.pODil!l • .Qn>l UeCHHI'YllHpHLlX MIITp!!'lllblX 9llOMOHTOU 

ClJO:IjeT 6pllTL KYllOIIOBCKIW 4oYIIKUHII, 011p8l10lJOI!IIb!O B none >lllP l C 31lp<LCIOM 

J, T,K, ll/HI 9THX MllTpi!'IH!.IX 3lleMOHTOII CYIQeC'rneuua o61!UC't!- r .. l • ['/l(' 

1!1\f!O y>Ke llOIIHOCTbiO <lKpll!!UpOBlli!O OCTilllbllhiMII 3l!BKTp01!1lMK, 

a) HopenHTKilHCTCKOe npu611H>Keuue. B 6e3pn;.n!epu!.IX Oil!!-

HHII!lX f> • rt • KYllOHOBCKilll BOJIIIOBIIR 4>YHKUHR 11p0110p!lHOHlllbl!a 

' ' ' 1/2 'i'o'' ,., ' TIIKKM o6pa30M 0 MllTPH'Hiblii 311CMOHT < i 

OKIIJh!BIIOTC<! IlpOilO[ll(I!OHallbHhiM: 

, v 2 I 
(-11/J ,,.,, .. ,.,, .• _f 

r 1 z a 
I' e z (IO.E) 
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J1 nOSITOMY BCB llblpBlKilHitll (J5.A) OK83blll86TC>1 llpOIIOpUHOHBilbflblM 

C TIOMOWbiO Till HX ll<ll paccyJKtH!HHJt, KBK H B J a ) , MOli<HO lJOKa30Th, 'ITO 

BKJlllllOM B llHIJI,Jlhflhllt MOMBHT HTOMH OT TBX 'illllfiOII (J4.A), KOTOphlll llll 

BOWilH D (J5.A:, MOli<HO npeue6p6'1ho 

6) Pen so: 'IIDIICTCKoe npa6JliiJI(OHIIO. PanKallhHaSI ¢YIIKUHSI Mant.lx 

KOMIIOHilHT llHpl KODCKO!'O CIIHHOpa ll 6e3p83M6pHhlll ('llHHHliHX p m z r 

-'--• 

TaKIIM o6paaoM .\ r 

'1 
( r l .. '· a ( p ). 

' ' pllllo 0Ka3LIB8BTCSI Ilp0Il0PUH011llllbll0il > U 

panna 

\1T,K, KYll<lHOBCKOB npH61lKlKBHK6 11a6T 3allbiWBHHYIO OUBHKy. 3TO IlpOHC

XOlliiT IIO;J'OMy, 'ITO ypOBCflh 3HBpf'HH B KynOJ<OilCKIIX <j>yHKUHSIX !1!-'0ilOpUHOIIll-

, TC!'IUl KHK 118 C8MOM nene OH nponopUKOHaiieH BJllllliiUB, To'!-

HhJe 'IHCilCHHbl(' pHC'I6Tbl 1101[83hlll810T, 'ITO 9./l.Mo aTOMll 11)l0llO)liiiiOHilllbll0 

, Ti'IKHM < 6pa30M, HI! KB/l31!KilaCCH'<6CKOil, 1111 KyllOIIOBCKOB llp116JJIIJKOHHB 

HO Llll.ICTT npaflHII,HOil OUBHKH. OnHaKO o6a llOilXOilll YKH3bllltl10T na CYWI'CTflo

BBHHe YCHilllHIIH H fltl 6!~CTpbllt pOCT YCHilllliiHI 9olloMo 3/lllKTpOHil B IITOMB C 

)lOCTOM aTOM HOI' J HOMilpa. 

HIIJKO 6yi1C'' pliCCMOTpeHll KOH<!>Hf'ypaUI!SI , KOTOpiiSI, 

HliiiPHMBp, BCTpO ~aeTC!I y TpeXBOlleHTHOf'O HOffa 
02 

ll • EyneM C'IHT8Tb, 'lTO 

BOllHOElblll 41YHK!l~i! HOIIO!l He OTflK'IIIlOTCII 0T BOilHODblX 41YilKUHII llllllTpllllbiiLIX 

liTO MOB, 

llocTpOHM < Ha'lalla nOilHOOYIO <I>YHKUI!IO 3-" ~lliiKTpOIIOB C MIIKCHMIIIlh

HOlt IlpOBKUHeii ~ L w (, : 

•• • ~ P(-l l 1 
(I B) 
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