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Summary 

Consequence of the analyticity of the electromag­
netic form factors in the invariant hadron masses and 
the uni tari ty ·condition· has been investigated.· The sys­
tem of linear ecju.ations for the form factors F" (k2 ), 

Fw(f•)TrJ' (k
2 J and FN1 470 Ny (k

2 J , allowing one to 
express them in terms of the nucleon form factors, were 
obtained by the sidewise dispersion relation in the 
elastic· uni tari ty. The obtained. meson form facto'rs. 
behave like k -l for large k 2 • The pion -radius is equal 
to ·· r" ·• = ·· r N · -0 .13f = 0. 68f. The magnetic moments of 
the tril:nsition Nt470 • Ny are equal to fliv*~Ny = 0.95.:!' 0.061, 
fl!•. Nv = -0.082= 0.01. The, system ~f th~ equations 
leads to the ratio. (1 'fl~)G~( r ). G~~ (k 

2
J · wh~ch deviates 

·from the scal~ng ~n the reg~on 1: " 4. 2 ~eV , but no 
deviation. ·appears at k 2 =0 and k 2 >> 2 GeV • In the frame.:. 

work of.the Chew-Goldberger-Low-Nambu·approach, a model-of 
the electroproduction for the saturation of the sidewise 
dispersion relation has·been.choosen so~ that besides the 
Born terms there was taken into account · the exchange of 
o>(PJ. mesons in the t-'channel and the· electric quadrupole 

E
1
! i of the .\ 33 -resonance in the u -channel. 

·. 

r·· 

I 
·'· 

~ ':, .. 

I. rrocTaHoB&a 3ana~i 

RaK. HSBeCTHO HS TeopHH .CHMMeTpHfi su.3 II 5 u6 (eM •• · Harr­

pHMev,'I~H~cnepcliiOHHHX 1Ip8BHJI CYMM (eM. 
1 

HarrpHMep/2/), cy­

ll!eCTBym' npocTL!e COOTHOilleHHH Me.JK,ey p8SJIHlJHHMH COc5CTBeHHHMH 

H nepexo~HMH MarHHTHL!Mlii MOMeHTaMH CRnhHO _BSaHMO~eilcTBJ'DillHX 

lJ8CTKU. llO~Oc5HL!e COOTHOmeHHH ~ npoHSBO~hHUX nepe~aBaCML!X liiM-
. . 2 

IIYJID,COB K MOlltHO noJiyt-mn, HCXOM liiS oc51ltHX Tpec5oBaHHH aua-

JIHTHlJHOCTH H YHHTapHOCTH 1 CBJISL!BaJDillHX qiopviqJaKTOpL! (rp.'rp.) 

q:;; (K~ /n.~ · l?j·2j BCeBOSMOatHb!X ~arOHMhHIDC (i =.!) H nepexo~­
HllX{/'*/) S~eKTpoMarHHTHHx BepmHH ~poHOB 

?· ffjt.f~P{~J) 
t/ ·, ' 
I . . 

~. {K~ "'i~ m;_j = 5f {r~ #?,;_ PJ) · 
lJ ;; .. . ·. . (I) . 

3~echmi- r.iaccll "irci.cTHD;; n~e:Kc11 i H / onpe~eJ!IIJOT· Hac5op 

BCeBOSMOJICHIDC ~CKpeTH!lX KB8HTOBL!X llliCe~; ~ ~J/' (K~.~·, ;:J 
_H ~(rf ~·, ~) 1 KaK c5y.neT ll0KaS8HO HID!te, MOI'yr c5!1Th 

.... ~ ( 

BwmCizeH!l B·TOH Ml'I:'HHOil MO~wm. 

C~ecTBOBaHHe ~HcTeMH (I) ecTh nPfiMo~ ~e~cTBHe aHaJIHTHlJ-

·HocTli rp.rp. no HHBaJlHaHTHOH ~poHHOH Macce H y~oBWI YHHTapHo, ~ 

CrH;~eHCTBHT~H0 1 S~eKTpoMarHHTH8R BepmHHa, y KOTOpoH ~po-· 

Hl1 C 4-HMIJjr~h~aMH f} . H lj. H8XOMTCH BHe MaCCOBOH UOBepx­

HOCTH (,pHc. I),· o~cuBaeTCH rp.~. % {K~ ft~ lj~eM. 
Tpex HHBapHaHTOB: KB~paTa nepe~aBaeMoro 4-mmy~hca ·/( .. H. 

' KBa,ItparoB 4-iiMII!~COB ~~~OB R.t 1'[ /}ot. • CJie~H npe,IUIMo­

JJtemm, C~e~aHHOMY B pac5oTaxl3 •4/ 1 c5y~eM Cl!HT8Th
1 

'tJTO: rp.rp.:. 
·" . rr_ :_,_~ •j:,;,t if2 P, ~--) . M(,JitH~. aHwrii'THlJeCKH npo~O~Th ~ KOMnJieKC::-

J""'(j (.K~; l, .I / . R.:l IA/.t 
HyXl MOCKOCTh HHBapHaHTHOH ~poHHOH M8CC!1 i "" YYjit . (MH 
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2. 1 .. /..t ) lj "". yy (JUt . • 
ECJIH Tenep:& nperoJOJIOJKHT:& (rum .noKasaT:&) 

(.n.e.) .wm ~ (W} enp&Be.I(Jll!BOeTl> ,IUienepCHOHHHX COOTHOmemtii: 

no W' e>O Pf27n_ Jij (K'; w;J .-~ , 
+- ~w 

1/ . w'- w , 
11/,opoz ( 2) 

Re % (K~ w) = 6'Ht: t/1. 

TO B eRJIY eOOTHOmeHIDI YHHTapHOCTl'I . 

. f -<-(;~~· ff2 ~ _)4 T m ~- { K 2 b/ 1 = -;;- ...C:::::::.. . ~ .....:::::::::: (£7;/ d (I?- fn} • - j'J / YY/ . &;; s-r -'11i PI d 

'. 

.. df sf J;roJ fnq~><nrn/)'Mfo>}IW) !I (P;, s), (3J 

B a6eop6THBHyiD ~aCT!> .I(.C • .I(a.nyT BKna.I( 8MnnHTY.rtH BCeB03MOXHHX 

nponecco:s*). 3TH aMnnHTY.rtll 6y.nyT eo.nei>JKaTl> pas.mrtffil:le sJiaKTpo­

MarHHTHHe <fJ.<fJ, onpe.rteJieHHHe Y"JK9 Ha MaeeOBOH TIOBepXHOeTH, a 

noToMY BHXO.rtmill'Ie ns-no.n ,n;Hcnepcuouuoro HHTerpaJia. TaKJIIM o6pa­

soM~ COOTHOWeHHe YHHTapHOeTH (3) npeBpaiilaeT .I(.C. (2) B Cl'ICTe-

:JE-) Bonpoc o -.:nJCJie Bll~TaHHii B (2) Cly.rteT o6e~eH HIDKe; B eooT­
Homemm_.(3) onepaTop,. troJ_~ T~!Ufa3H~aewit ncTo~HK 
crmnopii6ro noJIH (io-m}f//fo)=z~ a ~(W}- onepa­
TopH, Bhi.I(9JIHIDmH9 eOOTBeTCTByiDmHe tP•tP• H3 tiDTp~oro 3JI9M9H­
T8 3JieKTpoMarHl'ITHOro TOKa. · 

} 

4 

'I 
.} I 

~ ,:' 

MY· JIHHeitHHX aJireelprurt!eCKlDC ypaBHeHHit OTHOCHT9JI1>HO pas~HHX 

1maron~:&Hmc (t ~;) n nepexo.IUIHx (i-t;;) <fJ.<fJ •• · OcTaeTCJI sa.na­

~a aaxoJlt.I(eHWI · KOs{fxllH:nueHTOB B STHX ypaBHeHH.aX. .IVm aToit neJIH 

. !I.O.tmO HenOelJe.rteTB9HHO. ircnOJl:&SOBaTl> 8KenepHM9HTaJI:bHHe .I(8HHHe 

OCI 8MI1JniTY.rt8X eOOTBeTeTBYIDJ!liDC npoueeeoB, JIHCIO BWlliCJIRTl> STU 

8MIIJIHTY.rtH B. onpe){eJieHHHX MO.I(eJIHX. lfiiCJIO lP•tP•, BXO.rtmJll'IX B 

encTeMY (I) .JI mm WYIIKUHfi ftjf7{K~ ~/'j)u J;rK7~; "}) IWK 

pas u· onpe.rteJIHlDTCJI MO.I(eJilliO, UeiiOJil>SyeMOH .I(JIH BWUICJIEH!IDI 

c.Lm :J;. (K~ W) ;eaMo xe e~eeTBOBanHe. _TaKoit eHeTeMH: eBH;.. IJ . . . . .· .· . .. . . 
sa:Ho npeJ:Ute Beero .c anwmTH'IHOeT:&IO aJieKTpOMarHHTHHX <fJ.<fJ. ··no 
·.:·,. . . ·' . . . 

:a:H:BaiJHaHTHOii a.npoHHoit Maeee. 

Bo3MOEHa. HeCKOJI:&KO HHaH TO~ speHHH Ha e~eeTBOB8HUe · 

eHeTeMH (I). llperoJOJIOmiM~ ~To· Bee a.npoHH omieHBaiOTCJI e,ItHHHM 

aJieKTpoMarimTHHM lP•tP•, to ect~ B npocTpancTBe HHBapM:auiuwe. ne_ pe- · 
-~) ~ennme K 2 

, 111: , t~ e~eeTByeT ~ f/J(K~ 111: lftvt 
(Ha30B9M ee "o6o6~eHHID.f <flop~KTOpoM~),cetieHLiSi KOTOPOH MaeeOBID.m 

IJJIOeKOeTRMI~ U1n2
""1t{·

2
. ,JI?u~ =n;·~aiOT 3JI9RTpoMarHHTHiie lP•tP• 

. C"(' 22-e ... ·. 

a,J:tiX>,HOB J: iJ ( K / .. IJ'e:/. '7 } . Tor.na eHeTeMa (I) ecT~ npoe;o . 2. 

MilTeMaTUTieeKOe CJie.rteTBHe e~eeTBOBamm qJyRKWmy?(K / 11{;, / ~vJ.. . . . 
~ 06o6~eHHOrO tP•tP• MOXtHO TIOJIYtmT!>,npo.rtOJVXaSI 8HaJIHTH'leeKU . 

. <WHKillUI ~ (K~ ~~ ~·J HS 06Jia~Tii .I(9HCTBHT9Jll>HHX ,ItHeKpeTH~ 
.:! . 2 . . 

· 3Ha~enufi Wi,n(otd)-_ ""-"t'J) Ha Be!O KO~IDJieKeHyro_ IIJIOeKOCT·l>. 

OtieBH,ItHO, ~0 TOtnWH B~~,06061!leHHHoro tP•lP" MOmiO 6WIO 6H yeTaHo­

BHT:&, eCJUf 6u c~eeTOOBaJm .n.e. (2) .rtJIH Bcex a.npoHHHX aJieKTpo-

. MarHH'l'Hux <P·<P· H Momo Clwzo 6u npocyw.mpoBaTI> .Bee!> YHHTapwfi · 

Pff,J4. Tor.zta (2) H (3) .I{a.Jm CIH HE:iKOTOPYJO 6yTeTpaimpoB8HHyiD1 ene-
. " 

T9MY, B KOTOpoii ~ HS fll•tP• OltaSElJICSI 6H BhlpaJJteHHHM ~epe3 ·Bee 

. OeTaJI:&HHe • 
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O.nuaKo cyw,mpoBaT:& noJIH!lli YHHTapmut p!'I.I( MH He YMeeM, 

a ,n:.c. (2) CTporo .D:OK838HH TOJI:&KO ;IJ)UI B9KTOpHOH (TaR Jf83HBae­

M!Ie"s1dew1se dispersion relat1on")i3/H a.KCHaJibHOH/S/HYKJIOHHOH 

Bepnmrn. OrpaHHtnma.fiC:& cTporo ,n:oKasaHHHMH .n:.c. Emm;epa ·,nJIH 

~epnmiH C HYKJIOHHHMH KBaHTOBHMH truCJiaMH y a,n:poHOB, MOlKHO 

llOJiytruT:& HeKOTOpble ypaBHeHHJI, 06 p83YDI!lH9 CHCTeMY THna (I). 

Bonpoc 0 pa3PemHMOCTH 3THX ypaBHeHHH, a T8KlK9 llOJIHOit CHCT9Ml1 

(I) Henocpe.n:cTBeHHO CBfl38H C MO.IJ:BJI:&JO HaCbiiilBHWI H truCJIOM Bbltru­

T811HH B ,n:.c. (2) H 6y,n:eT pacCMOTpeH HHJKe. B CJie.IJ:YDIUBM paa,n:eJie 

npHBe,n:eM cxeMY .D:OKaSaTeJI:&CTBa .n:.c. Emm;epa H c.n:eJiaeM KpaTKHH 

0630p H3B9CTHHX UaM pa<:)OT, BblllOJIHBHHbiX iia OCHOBe 3THX ,n:.c. 

B paa.n:eJiax lli -Y HSJIOliteHH OJlHrHHaJI:&HHe pesyJI:&TaTil, noJIJ"IeHHHe 

Hrurn~ ·Pas.n:eJI YI CO,l\eplitllT Odl!IHe 3aMetiaHH.f! H BUBO-

.D:bl• B npWioliteHHHx I-3 paccMoTpeHu TBXHHtiecKHe oonpocu noJIJ"IeHHR 

Hanmx ypaBHeHnii. 

II.· JWonepCIIOHHble COOTHOWeHWI no HHBapHaHTHOft 

C!JUX?HHOii Macce 

PaCCMOTpHM 3JieKTpoMarHHTHYJO Bepmmy (PHCo 3), y KOTOpoii 

2 O.D:HH H3 HYKJIOHOB H8XO,n:HTC.fl BHe M8CCOBOit llOBepxHOCTH: /( ~0 

P2 .? t!! .. 
PL.a. :::. 111.2 , =-If' ( K - npocTpaHCTBeHHono.n:odeH). meeT:& 

(p.c]?., · OIIHCHBaJOIUHX TaicyiD BepnHHy, 3aBHCJIT OT ,nByx mmapHaHTHbiX 

nepeMeHHb!X K2 n W : . 

{/ ( 11) ;; ( I?L~ P_,· K) = 

= ti(Pt} f" {t.f, H (K"; rW)+ (4) 

+ 1 ~;/f_. f} (1r~ :t:wJ + K
1
Jf fK; ,._WJ]Ji (oP;1:w) . 

6 

IlOCKOJI:&KY napaMeTpHsawm .. TOKa . ti8CTHU CO . CIIHHOM I/2 

MOlKeT ~o,n:epllta.T:& ;r MaTPHU!l B CTeneHH He BI:IIIIe. TpeT:&eii/3' 40/, 

~oc5Ho BH6~TI, J1. ( r P;~W) ~ .BH.D:e npoeJtUHoHHHX onepaTopoB 
. ' ,• - - --.: . ' .· ~ . '. . 

·J\·· (. p ,,i,,., W + t. rP 
. o j1:rv / .. ~ 2 W • . . 

lfHBapHaHTHYJO nepeMeHHyx) JV MOlKHO !})HKCHp0BaT:& KaK Ha MaCCOBOit 

llOBepxHOCTH HYKJIOHa w:· m.a: T8K H.Ha MaCCOBOH.·llOBepxHOCTH 

ayKHOHHOit H30c5apu fl1 c HYKJIOHHHMli KBaHTOl3HMH truCJIOMH H Mao­

coil 1'1N * m (Hanpimep, pesoHaHca Pone:i;m Nt;7o) •. ToJK,ItecT­

BO Yop.n:a-TaKaXanm/
8/ CBff3HBaeT aJieKTpHtiecm fi (K' H npo-. 

.D:OJI:&HHft · F; ( K1 !f!.qi. CJie.IJ:YDIUHM oc5pasoM: • 

a) WIR ,nHaroHaJI:&Hoii no Macce BepuHHH ( W = m) 

p; (K' = _i- K
2 'f;1

{K 2 ) J 

ue F;. (K 2
) ··'Q~ fi.{K~ W/j,~/ .:· ... ·.· 

· · w-m . 
6) ,nJili nepexo,nHoii no MaCCe Bepnmru ( w- M_f * nt} 

(5) 

- K2 
C'(2M 2 

2)_ · ~/2Mil. 2) 

~:t. K ,~liR ,m / -: ·~ -m ~3 , K, ,-,ll, m /. (&), 

3c;MeTHM, tiTO paB~HCTBO Hy.n:D n~pexo,nHoro. aaPH,Ita(M~ { Q . / m) 
.· - . M~t.l11 

B (~), CJIB.nylXIIee R3 'l'O~eCTBa Yop.zta-~aKaXa!IIH, B H9PeJl!ITHBHCT-

CKoM- CJIYtiae ecT:& llllfiMOe. 'CJie,nCTBHe YCJIOIDm HeUpepHBHOCTH TOKa! 

lk.<~ / QM~JW/~)= ~v<NK//rzJ/m);V=O(r;:) 
Ko =Fo ;,' 

; - ,· >, ~ :. '-:.' 



061:fCJHO . B ~cnepCHOHHOM no,zoco.n;e HCCJie.n;yeTCH BOllpOC · 06 aHaJIMTH­

qecKHX cBollcnax. W·W· no BeJIHtmHe kl. ,ItaK ',ZtJili ·npocrpaHcrBeHHo-
··. a · /9/ .. .· . 

no,n;oelH:UX. ,t' (eM. ,HanpuMep ) ,TaK H ,ItJili BpeMeHHOO,It06HRX 
R /IO/ 

1C • HsBeCTHo, tfl'o .n;. c. ,ItJili W•W• no IC II. .n;am1 sHa'tlH-

Te.1IhHyiO mrifx>~ o6 aJieKTpoMal'HHl'HI:DC W•W• ,HanpuMep ,HyRJioHa 

H ... 7i -MeSOHa. 

ECJIH ze HYI<JIOH (- HJIH Jm<Sol Jij>yrol 8JUlOH ) HaXO.n;HTCil BHe 

'MaCCOBOitnOB~pxHOCTH, TO MOJCHO llOCTaBHT:&·BOnpoc 06 aHaJJ:HTUlieCKOM 
' ' ' .. . . '. . ' - . ' ~ ~-

npo.n;oJDiteHHH aJieKTpoMarHHTHHX W•W• HYRJIOHa B KoMnJieKCHyiO nJioc-

IrocT:& HHBapuaHTHOR ~HHoA MaCCHo IIpe,n;noJIOlltHM/3, 4/, qro 3JieKTpo­

Mai'lllfrHUe W• W· HYRJIOHa .HBJiliiOTCJI aHaJIHTWiecKHMH ~r.m KOM­

nJieKcHoA nepeMeHHOA ~. B"BepxHeA OOJ!YnnOCKOCTH. MOXHO C~ 
ro .n;oxasaT:& .n;.c. no ~ ,ItJili aJieKTpoMarHHTHHX W·W· (4)-(6) • 

IIpne.n;eM cxeMY .n;oxasaTeJI:&eTBa Bmmepa .n;. c. no W. . BBe.n;eM 

B MaTpWiHHA aJieMeHT onepaTopa TOKa (4) npoe~oHHHe onepaTopu 

~ i.(IC~ It'}, i~2, 8 ,BH.zteJlHIO!IIHe cooTBeTcTBYJO!IIHe W•W• ~3 (ott'' 

( {'M. npHJIOllteHHe I) ,H, npm.!:eHHJI K HeMY pe.n;yKIJ.HoHH!lA ifx>p.!SJIHSM 

.JieMaHa , CHMBHs:r.ma, UHMMe p.mHa, no.nytmM 

;=; (:t w) = <fl/l711J) f f~ ~·~e) 'f~CK:~ ~JY/ Ill>= 
/!!.~ . - i~ . > • • 

~~~ j;:. e t!J{~ <-2ft;;/'f
1
/(JCiJlo> j-'~~t,•IV)?/qJ 

r.n;e 

Him 

tt:~J·(-~ ~ -AP/SI'l-*/_, 6'/'KIJ}•ff!Y ~ ~)J 
?t.c) -onepaTOPHYRJIOHHoro noJill. IlpH BHBo.n;e BHpallte­

( 7) 6HJIH OilYl!leHU O.n;HOBpeMeHHUe KOMM;yT8TOpbl ,BOSIDntaiOJltHe B 

npoue.n;ype CBePTHBaHH.H, TaR K8K OHH ,ItaiOT TOJihKO KBaSHJIOKaJl:&HUe 

'UleHH. B COOTHOmeHHH (7) 3SBHCHMOCT:& OT .n;HCnepcHOHHOit nepeMeH-

8 

·. 

HOii W co.n;epxrn:TCf. 

Topax ~i(K~ J.y 

ft. :::' ( m, ()) ; f. 
r.n;e .. -w2 A·=· +m 

·
0 .211 

~. j - e.n;mmtlHilH BE 

· no.n;oc5eH, MeTpHB 

F;(rW}= .A 
0 

s.n;ec:& z; = 1 .i!'/ 
.I 

· 4' /.r lr: .x.,. :~)·.-= 1/i (.;. ./ .,. 
t ' 

npKqeM onepaTop:u 

r.n;e je - cWeP~ 
( CM. · UpHJIOJKeHHe I 

-- IIpe.n;noJiollteHHe 

nepeMeHHofi ~ B Be 

TOMY, ~TO Ha OCHOB 

i(~W; 
H He HMelOT CHHryJI.H 

(eM. TaKme npHJiollte 

· IIpe.n;rrOJIOJIWM, · 

Tope .HBJI.HeTc.H Henp 



·. 

ne.Icy'eTca BOnpoc · o6 aHaJIMTH­

e. ,ItaR . .Wlfi npOCTpaHCTBeHHO­

K H ~ riPeMeHHno~o6HHX 

[>. q,. no 1e. a ,lta.11H anatm ... 

x i!J.q,. ,uanpJ~Mep ,HyKJioHa 

I am)oH ) HaXO,ItR'l'CS. BHe 

BTD BOnpoc 06 aHaiHTHqecKOM 

1IOHa·B KOMDJieKCnyiD nnoc­

,D;llOJIOlmM/3,4/,qro 3JI8KTpo­

rriecKHMH ~WI KOM­

OJJYIIJIOCKOCTH. MoJKHo eN 
rHHTHHX W•W• (4)-(6) • 

~.c. no :If/ . BBe~eM 
) npcieKUHoHHHe onepaTopu 

TB9TCT;BYIDlllR8 q,.q,. i3 (~' 
y pe)zyKUHOHHHH <lJop&lJIH3f4 

M 

c~ ~IYJ Ill>= 

',9{.:r~·:t«~ ~)' ' ' /:r,l J 

oJifi. llpH BHBO~e BHpru!te-

MMYTaTo~,nosHHKaiOlllRe B 

1DT TOJIDKO KB83HJIOK8JIDHH9 

OT ,ItHcnepcHOHHO~ nepeMeH-... " . . 

·. 

1P~ 
HOH w. CO~SplKHTCR B SKCllOHSHTe .e H npoeKUHOHHh!X onepa-

TOpaX }tl{K~ W') , 't!TO :mHO B~HO B Jia6. CHCTeMe· If ,;.0 

~:::('"' o); P= (R,J Ji); K= (Po-mJJ'A), 

r;z:r;e '"'2 2 2 2 ( 2 · 
f) = rr + m - K • h ::: f?, -m ) - K 2 
10 2m J · · " . '/ ' (B) 

.J :_ e,IJ;HHlfllliilH Be~T~p ~ HanpaBJI9Hl1H p ; .K ~ 0 npocTpaHCTDSHHO· 

llO~o6eH, MeTpm<a + - - - .B STOH C:UCTeMe KOOp,nHH8T HMSSM 

F;(rw) f kiPa~f: (~#)· 
. I 

.Xo ~) cl.:ro • 
/ ' (9) 

3~8CD z; s /z'"/ 
J 

( (:r w;- ..-., t}- i ~"' _,.,?J?_,. (J(x.J ~"'/ ljro),tl-ri//o). 

. . .. · · Ai {:tw; ;.) f7rmJ, era>. 
npHtie~1. onepaTopu .. l;. (:t:Jt{x)co;z:r;~p:!!JJT BupaJKemm'jl' (?:h#J , 
r;z:r;e Je - cq,ep;uqec~e ~ EecceJIR nopH,JU<a -~ (C'=q~2) 
( CM. npMOJKeHHe I). 

IIpe;z:r;noJioJKeHHe o ·BOSMOJKHOCTH · nHaJIHTHqecKoro npo;z:r;oJDKeHIDI 

nepeMeHHOH Po B BepXIDOIO KOMllJISKCHYKl llOJIYllnOCKOCTD ll!J:UBO,IJ;HT K 

TOMY, qTo Ha OCHOB8HHH .Tpe6onaimn·npHqHHHOCTM 

. i {:t W; .X~ e)= 0 ,lJ;JISI Zo < OJ Zo :;> 2:-

H He HMeiOT cHHryJIRpHocTeit KaK <IJYHKWIH h/ , qTo BM,nHo Hs · (IO) 

(eM. TaKJKe npHJIOJKeHHe s:/3/). 

Ilpe;IJ;llOJIODnvt, qTo MaTpHliHHH SJieMeHT 38ll83,II;b!BO!Oll~ero KOMMyTa­

TOpC: HBJIRSTCH HenpepUB!Ib!M BHYTPH CBSTOBOrO KOI-IJCa; TOr;z:r;a 

9 



no JieMMe PHMaHa-Jieelera. acHMIITOTHtiecKoe none.n;eHHe.· cWimWiii 

,;;. (t-wjnpH w~oo onpe,n;eJiffeTCH OCo6erumcTHMii .l{OJ\!MYTBTOpa. Ha 

cneTOBOM KOHyce. ECJIH npeHe6peq:r, B03MOEHOCT:&ID oco6eHHocTeii 

Ha OeCKOHeqHOCTH OT O~eHHHX qJieHOB C O,n;HODpeMeHHUMH·KOMMyTU­

TOp3Ml1 ll B03MOJKIIOCThiD oco6eHHOCTei1 THlla J'_ qlyHKURH y sanas­

~BaiO!IIel'O KOMf.zyTaTopa Ha CBeTODOM KOHyce: TO l ft' Jr/) IIMeiOT . 

Ha 6eCKOHeqHOCTH Xopomee noBe,n;eHHe H -~· ~~ 

F; ± ( P., ?; ) = ./ _;;::. e -i /;1 cell: ( w;· .Xo, >) ± 
-.~ . ' ' .. 

.1; ~f- w; X~ ~J] (II) 

.MOJKHO Ha OCHOBadmi TeOpeMbl KOWH- HanHcaT:&: 
·. - + I 

Re F~fP. . .,)= _? /I;.,F(f!?, ") riP.: 
. - I. . ll _;- n - /2. ·<r2) - ·. ·_ ·. ·-~-- t;; . 

liTodu no~IT:& .n;.c. ]J)IJI ff {::t: W). , m3oc5xo.n;liMo npoHHTerpHpo­

BaT:& (!2) no ~-. 3,n;ec:& B03HHicieT HeTpHBHaJI:&Ha.R: B .ztHcnepcHOH-

, HOH T~oplfii npo6JieMa, H3MeHeHllfi nOPfl,I(Ka HHTerpHpoBamUI. Y,n;aqHilM · 

'. MOMeHTOM npH BHBO,n;e .n;.c~ bHHQepa. SIBJISieTCR TO,iJTO .n;Jiff npocTpaH­

CTBeHHOllO,ll~d~HX:··'K<i:?u . .n;Jiff K 1
',; 0 B 06JiaCTH- oo< tv<. c:>o 

:le B03HUKaeT negiHsHqecruix o6~acTeii, aHaJIOI'HqHO .n;.c~ ]J)IJI pa.cce.fl- ' 
- ' 

HH.fi Bnepe.n; peaJI:&Horo llJoTdHa. OnepaWI.fi saMeHH iiop.fl.n;Ka HHTerpHpo-

BaiiliR B paCCMaTpHBaeMOM Myqae - 3aKOHHa, TBK Ka~ BeJIH1mHa h 
\. " . . '-"... '· 

· BXOMII!a.R: B WYHKQHH EecceJiff 

j;{~h} --
~A 

ft'h -?:~ 

z-A 

10. 

,,lleliCTBHTeJibHa. 

{ 
··J, 
-., ., 

( 
I 

I 

I 
' • .1 

-;:..... 

'• • 

: + . 

IlpoHHT~rpHpoBaB Re p; -re ~J no ~ ' . EHHIJ:ep nwryqHJI '.n;.c. 
. , . + 

no HHBapllaHTHOll a,n;pollliOH Macce .n;Jiff giYHKQHii r:- tPo} 
oo . r~ ) 

· :t _p!Imr,-(l?.r/p' 
ReF fF:)- 7i .;- rl' /) o ·• 
. '- . - 00 r; - ;-; ( !3) 

B·~sHqeCIWX ,n;~c. (!3) ·paspes B KOMIIJieKCHOH ITJIOCKOCTH Po B 

,n;eiicTBHTeJI:&HOCTH HaqJ!HaeTCH C. TOqrui Po no~~+J'. + (jt~ K2Jftn? 
( COOTBeTCTBYIO!lleii IV~ m ~ . , r,n;e f -Macca 'fi -Me30Ha) • Ilo-

' KaE:eM 3TO. CneKTpaJI:&Ha.fi _<fJyHKnwl B ,n;. C. ( !3) giop.1aJI:&HO Ta i!te, 
. 2 ' . 
~o H B .n;.c. no K : % . ·· . - . . , 

f (K~ w") =-r P!~ ~ .21/&f-P.) J'(w~ MD· 

·<_''1/j/-rl f!n) \Pn/zroJ/r:)+ ::;F-RKo · <r4> 

·/l(Ko}J'(/1,~ -K_v .(~/tfo)J~'K) < 11: 1</ j;Jo>. . 
TaK KaK B (I3) ,n;Hcnepcldoruroii nepeMeHHoii RBJiffeTCH HHBapHaHTHa.fi · 

. . . . . . I ' 

MaCCa a,n;poHa; npoMe!tyroqaue . COCTOSIHH.fl 11. H 11. ,Il;OJD!tHH HMeT:& 

6apHOHHHe qHCJia COOTBeTCTBeHHO paBH~ I H 0. Tor,n;a· HHSWHM . . . ( . ' 

npoMeJB:YT01fl!HM cocTo.fiHHeM, .n;aD!lBM BKJia.n; B CYf/MY no n , ecT:& 

-r--N cbcroRHHe c W=m:Jt, a. c~ no 11 1 . ~ myry d'(M,,-K/ 
c K2~ o HcqeaaeT .n;Jiff JII0611X n' • 3.n;ec:& cY!llecTBYeT oTJIHlme . . . . . e .. . . .. . . 
oT .n;oKasaTeJI:&CTBa .n;. c. no K , r.n;e HS-sa roro_, ~o npoMeE:yroq-

, I - . , . 
HHe COCTO.fiHWI If H n ,Il;OJilltHH liM8Th 6apHOHIIDe qHCJIO, paBHOe 

HYJIIO, HcqeaaeT. cy~ no n j , a HH3WIIM. npoMelcy'ToqHHM cocT~.fi­

HHeM B. Cyw.le no IZ RBJISieTC.fi ,n;ByxmiOHHOe COCTO.fiHHe. B HTOrei,l\o C. 

,1\JIH HS~BeKTOpHHX H_H~OCKaJI.ffpHllX 3~8KTpoMarmrrlmx gi.gi.· "HyMOH-
. ) . - . . . ~ .. " .. 

HOH11 BepmHHH HM~IJT Bll,l\: 

• -rt .. -~ . 

II 



. . ~s 

ri:e w:l.;::: d _ K2 .!··;r::.f/_Tm ·;;;::20 r ;/. . J './ 2 'I urv' I I . + 
" ;,:/' l JY -: Jt/ )2. 

Im:rK:-j27. 
(w + 11/)] / 

. _, 

· t!:S · .. o0 

F; {K~ It/) = p ~/r'w~Tm Ji (;;IY) 
. ~s (15) 

:r n: ;;; r-K: ~WJl 
. T ~a . I + 

·. "':/' h/- f1/ W-r-W .]_· _, 

p (,~m&?::IY1+Zn,f;~~~ 
- )a'JY ;y!_w w'-w J. 
"11 . ( )' 

W:m. 
. . u;s . . 2 

C1.2 J> K 
r.:( (K., w.~= . my .· 16 

r. ~-! ./). ~ . P Cr t/J-m f(f-:: w1 ~ Im fi' ;:•-w)l 
f], (K' f</ . >7 m? a ~.- IY L If/ . lr'!,. 11/ ], 

Jr'=.~. 
lfuCJio BUtmTaHHfi B ,n;aHHHX ,n;.c. nocTyJIHpyeTc.a. Emm;ep npe,n;noJio-

~~ tiTO MarHHTHHfi W•W• fi (~ W}no;rr.tmHReTCII 6esButmTaTem.HHM. 

,n;. c.,. a ,JJ,Jlli f] (K; W) :B (15) iieo6xo,n;HMo npoHsBeCTH o,n;Ho BH­

tmTaHHe. 0TCyTCTB:>te I<OHCT8HTH BHtiHT8Hiffi B ,n;.C ,JJ,Jlli F; (IC~ hi) 
B (16) CBffS8H~ C COOTHOmeHHeM (6' ). 

KaK yYE.e o6cyYl.,II;anoc:o B npe,I{H,l(YllleM pas,n;eJie, ,n;.c. no · 

a,n;poHHo:it Macce . nosBOJiiiiOT cBHsaT:o aJieKTpoMarHHTHHe W• W· BceoosMO:ll 

HHX Bepmrn. 

CYJ!leCTByeT sHatmTeJI:oHoe llHCJIO pa6oT/II-19~ Henocpe,itcTBeH­

HO licnoJI:&SYJOlllHX ,n;~c. EHnuepa. YCJioBiiO HX MOJKHO pas6HT:D Ha 

,n;Be. rpynmi: wenoMeHOJIOrHliCCKHe H TeopeTHKo-noJieBue. B nep­

Bb!X/Il-I8/ BHtiHC]JfliOTCR B pa3]JHtJHllX MO,JJ;eJillX ai!ouan:bime MarHHTHhl~ 
M~MeHThl HyKnoHa, pesoHaHca Po~epa #t/,-o u · cpe,n;He:fma,n;paTHti­

HHfi pa,n;eyc IIYKJIOHa. DropaR rpynna pa6o~19/ noc:BmrteHa HHTepnpe­

Tau;tm: pesym.TaToB no (rJIY6oKo) Heynpyl.oMy paccemmro. B HHX 

H3 06IItliX Tpe60BaHHll YHHTapHOCTH, npHtmmiOCTH H cneKTpam.HOCTU, 

12 

.I 
l' 

I 
I 

) 
·. I. 

.\ 

C noMOIIl:&IO ,n;.c. (15) ycTaHOBJieHa a6COJIIOTHM rpaHHUa na BeJIH­

tiHHY W•W• HiioroHa .H iroJIYlleHa olieima' :a8 B~H~y· KoHcTaHTU 

nepeHOIJMHPOBKH BOJIHOBOH ~ npoTOHa ;:: ::: 0' liTO' BH;.;, 
.. . . 2 . 

,n;HMO, rOBopHT 0 COCTaBHOH npHpo,n;e npoTOHa. 

KpuTH'llecroo.t' MoMeHT~M _:B <PeHor.~eHoJiornliec~ pa6oTa/II..;.18/ 

SIBJI.fieTCII. :Bonpoc o HaCUIIleHHH • ,n;. c. EHHUepa npoMeJKYTOllHID.ru: h_. 

-liaCTHllHHMH COCTO.!I~ill H pesoHaHc&Mu. Co6CTBeHHO B pa6oTe 

Emmep/31 c,n;eJiaHo npa,n;noJioJKeHHe o noporoBofi .IJ;m.ru:nanTHOCTH, 

T.e~ 0 TOM, liTO OCHOBHOH BKJiaA Bim F; (K-; J.v)~HOCHT 'npo­

MeJKYTOllHOe -r-/1/' COCTO.!IHU~ ( puc. 4), H noK838HO, liTO a6-

COpdTllBH8R tiacT:o ,n;. c:. cM:saHa c MYJI:DTHTIOJI:DHHMH aMITJIHTy,n;aMH 

3JiekTpO(i.{JoTO) po:HW;e~ H CHJI:DHHM W•W• eyMOHa. B 3TOH CB.!I3H . 

Poiieif2D/ JioKa3aJI TeopeMY 0 TOM·, liTO, (lCJIH B cyMMe ;;;t=:.._ (11/+I!Q 
npoMelKyTO~~ COCTO.!IHHH TIHOHH Mllme (jt~o) :• TO rroporOBafl • 

,n;uarpatiMa (puC?• 4) ,n;eitcTBHTeJI:ono ·.n:oMUHHpyeT •. B o·6ri!eM JKe CJiy-qae 

(/t-f;o) 
/ IIOIJ<?roBa.!I ,II;OMHH8HTHOCT:b CYT:b TO]JbKO npe,n;nOJIOJKeHHe, 

XOT.!I-H.Tpa,n;unaOHHOe. 

HcnoJI:osyn ,n;Byx-qacTu~yro-r....:. IV yrntT~ pnocT:o · u pa~JIHllliHe 
MO,II;eJIH <PoTopo~eiDI.fi,: B. pa6oTax/1~-14/ Butnr'cneHH. UHO;~an:om.rli 
MarHHTHidt MOMSHT H cpe,n;He~,n;paTiillir~fi pa,iJ;uyc HYKJIOHa. Ilpu 

3TOM HCnOJI:bSOBaHHC:b caMUe IIpoCTUe MO,n;eJI:.I ( y-qeT .TOJI:DKO 6opHOB­

CKHX llJieHOB B/14/ H 6opHOBC~e.'4:JieHH + L13~pe30H8HC B rrepeK~ 
pecTHOM KaHane B/II,I3), nonytiE;'H~HEi .pesyJI:&Ta~u HaxO,IWTCH TOJI:&-

KO B KalieGTBeHHOM COrJiaCIDI, C. ::mcnepUMeHTOM: 

. II'{/"'. - . /13/ 
_/ ·0/fo#. - ~ 2 j 

/14/ 
< 1:2 > = IJ /{g _r-2 • p J ) 

.13 

' tr { :!1KC"'11?~UM..} . · 

f a.HOH . = d., g5.. (17) 

. (' ~ 2 >.f'Kt!"hi!',P.v.M= {:? 66 :f'.e· 
p , • 



._ .. 

B .pacioTax;rS:..I?/~pm.mnen Imoii no.itxo,l{ K oonpocy o nacH!l{e..;. 

mm ){.c. Emm;epa. Bc3Ie,l{ sa RopHBOJIOM u IlaT~1or/2~/ npeJmo- · · 

JiaraeTcn, ~To B a6cop6Tmmoii tiacni nyRJroHHoro ~.iJJ._~m F;::/~<~~ 
B (I5)-{I6) .ziOMH!IlipyeT BitJIU.l{ OT pesonanca Ponepa Ntno (pnc. 5) . . . . . 
Tor,l{a B (I5)- (I6) BOSIDIItaeT CBffS.ll Me.lK,l{y W•W• HyRJIOHa 

2 . ' ' * F;2 (K/H ip.!lJ. pesonanca J'lltq;ro : 
I ' 

. ··.- /15/ 
F::l (K2J'= -K

2 
fl_.u_".,., £ (K2) (18) 

. cfA.rrv .f A('flfl d 

Q_~h-- r · /15,16/ 
. . 2 - dH/V/V. I!. K.e) . . F:. (K ') -.$:,.-W 2 A!Wr (. •. . . (I9) 

·. 3,l{ec:r, li HID:te J?,.vlf/>~<-, $t*IV - KOHCT8!ITII CBffSH B ,l{HarpaMMaX _ 

~C. 5; $-AI# , $-,v"';{/- KOHCTOI!TII CBHSII COOTBeTCTBYJOlllliX Bepmm. 

COOTHOIDeiDie (18) He HMeeT CMHCJia B npe,l{eJie K2~0 (;;; (o/=O 

. BMeCTO ;;;. fo/=.f) , a COOTIIOIDeHHe (I9) IlpHBO,l{HT R pesyJILTa-

TaM, B,ItBOe OTJIHtiaiOIIIHMCJI OT SKcnepm,feHTaJI:&Hlllt/IG/. 06a pesym.-

TaTa nonyqeHH c noMOmED 6eSBHtiHTaTeJILHUX ){.c. no ~ • 

C .npyroii CTOpoHu, _KUR BH,l{HOHS o61!1eil CT:pyRTypU CHCT9MU 

u/18
/, H8CHII{eHHe 6esBwmTaTeJILHUX ,!{.c. Bmmepa pesoiiaHcaMH 

6es yqeTa IIIHplm, lll'HBO,l{HT. K O,ItHOJX>.l{HO.ii CH_CTeMe JIHHeAm.ix OTHO­

CliTCJILIIO !lJ.cp. ypaBneHH.ii c OTJIHtiHUM OT HYM ,l{eTeiMfHaHTOM 

(. ~~ ( r m· nzj = 0· ~f .. 1'_, {r hJ.· m. w.,.,\ • TaKoJ.l . c_ nococi Ha-. 7e , •, 7 , ae JiJ~ , ., t!~ 
CHli{eHH.ff npHBO.IUiT TOJI:&Ito · K TPHBHUJII.HUM pemeHH.ffM. liOSICHltM _ STO Ha 

npm;~epe. COOTHomemur (18)-(19), )(BKlltHe H9TJliiBHaJILHUe, 1!0 He­

TOtnme pesyJILTCTU, llO.nyti9Hbl . C TIOMOI!ILIO H9ll0JIHO.ii CliCT9MI:l ypamie­

HHii TJIIIa' (I) sa CtieT yqeTa TOJI:&KO ,l{HarpaMMII 5a; ec.mi Jite yqecTi. 

* noJIHllli: naciop .zmarpar.'IM (Mfi Q1.rp. )(Byx tiaCTJm:HyKJioHa H /V;~,7(::) )-

14 
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5a,ci,B,r,, TO I 

MOM9HTOB .. 

-.!' 1/ 

_/1,v,p-A 

-fN'*AI 

. ./'11/AI' 
HMeeT TOJILKO 'I 

. ~4'N' ·n~--j 
CJie.nyeT ns spu 

liT- HHBapna 

TaKHM oc>i 
Emm;epa pesona 

tioenoJIHoii cHc 

BOSIIHKaiOI!IM ·III: 

~ ·' '-;. 
2 . 2 

ij (K/ ~·~.< 
l'!MeeT TpHBH'¥11> 

' B ,!{.C. c 

Ilpn HSCI:ll!l 

)t1IJI Fi ( ~ Jv)~ 
TOlJHI:lM COCTOIDI 

OY.l{eT Heo.l{Hopo. 

I,·;:;;, 3 ( K,2 w)~T; I 

,!{9Hlifi (OM._ PliO 

ll1!1IHCJieHHH aMn 

.mmy 5~6)- B9R 

ococ5eHHOCTell a 



BOnpocy o Hacume~ 

:ror/
2F npe~o-: 

r!o>iiJ.iiJ. Im F. (~e~ ~ - ' . * 2,3 ' 
:mepa Nt'l10 (pHc. 5). 

P•W• HyMoHa 

/15,16/ 

' (!9) ' 

m B ,nHarpaMMaX 

~.BeTCTBYJ:ll!lHX. BepnHH. 

r2~o (ii; ro)=-o 
~KBO,D;HT K pe3fJII>Ta­

WX/IG/. OCSa pesyJID- . 

~. no W. 
~PYKTYPH CHCTeMH 

meJXl pesonaHcar.m 

~Me JIHHeiHux OTHO­

teTe.IMJHSHTOM 

LKoit .. cnococ5 Ha~ 

tmll~ IIOSICHliM ' 3TO Ha 

rnHMI>HHe , HO He-

roii CHCTeMU yp:liDie;_ 

5a; ec.mi xe ytiecT:& · 

HYRJIOHa H AI;:~)-

5a,6,B,r, TO n~e~ CHCTeMa :coOTHOilleHHll ~ MnrHHTITIIX 

MOMeHTOB .. 

1' k' = j;v,v*_/1 !V*A/iJ' 

fv*'IV7 = - t7 ;tt. 
' d'N'*tV ./ A/ 

.!' tV*A/'1' = -g.,~ h¥*t7 

. ./'IVAI* I= j'.,vtf/* ./A."*A/*7 . 
HMeeT TOJIDKO TpHBHMI>HEe pemeHIDI ,JJ;JIJI npoii3BOJIDHllX :'3H8'1leHlll1 

~*..V -.H fA!' .tV~ <s~ecz, j,.vw.r := _/l~*r , ~To 
CJie~eT liS SIJMHTOBOCTII nepexo.D;HOro SJieKTpol\llirnHTIIOro TOKa 

n T - nHBapuaHTHOCTH; f - s.D;ec:& sHaK KoMIIJieKcHoro coii~eiiWI;) 
TuKltM oc5pasoM, npoue.n:ypa naci:IDleHIDI CSesBWIHTaTeJI:&Hb!X ~.c • 

. EHHitepa pesoHaHcaMII 6es yqeTa mupnH MoxeT ~e.naT_I> ~alite B. CJIY­

~ne llOJIHOH CHCTeMU TOJII>KO COOTHOIDeiiWI Mex,rty ifJ.ifJ., TaK IWK 

B03lmKaiOmrui. npli STOM CHCTeMa 

rc ". tJ 2 2 -s:.- ~ r· 2 2 2, - . 
.::J i;J l K / 111t,. IJ ") = 7-- ", K, me·/ n;·) J'~i (2o> 

llMeeT TpHBHMI>HHe pemeiiWI <$y·-BCeBOSMO.fnUle KOHCTaHTb! CBiiSlt). 

. B ~.c. c BwmTaiiWIMli TaKoii Tpy~uocTli ue BOSHHKaeT. . · , . ; 

IlpH uacHmeHIDI .D;.c. EHHUepa (I5)-(I6)-6esBwmTaTeJI:&HblX 

~ fi (K~ Jv}H c O.D;HliM BwniTaHHeM ~ F; (K: W}- T-hTipoMeJKY­

TO~HM COCTOSIHHeM, no.nyqaeMrui CHCTeMa li3-3a HaJlHliiDI BlllmTamtit 

6y;n;eT HeO,IUIOpo.n;HOii,a _SaBHCHMOCTl> a6cop6T~IDHOH ~aCTII 

I ni I{ 
3 

( 1(,2 w} oT if!. if!. onpe,14eJIHTCJI aMIWITy,n;oii ~JieKTpo (if!oTo). pox­

~eiiWI (eM. pHc •. 4). IlosTOMY B CHJfY o6srsaTeJII>Horo yqeTa npH 

·· nu~CJieHIDI aMIIJIHTy,D;I:l, ooMeHa 1i ~esoHaMH n BOSMOXHOI'Q lc eM. Tad­

JIHIJ;Y ·;~6)- BeKTOpHWtm MeSOHa~ B t KaHaJie1 a TaKllte yqeTa :,14pyrHX 

OCOdeHHOCTe1l aMllJIHTY,I4U, llOJiyqaeMaJI CHCTeMa JIHHe1iHbiX no qJ•lP• 
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ypaBHCIDIH c5y,IJ;eT .BMeTI. ll.PflMOyr'OJII.HYJO . (a He KBa,IJ;paTHYJO) M8Tpmzy 
. ' 

RO:$ImUHeHTOB,, R npoc5JieMH COBMOCTHMOCTR STOH CRCTeMI:l He B03HR­

KaeT. D ·TaKoH CHCTOMe Bcer,IJ;a c5y,IJ;eT KOHel:!Hoe .l!HCJIO rp.£l>., llepes 

KOTOpue BHpaJKa!OTCH Bee OCTaJiblill8. OTMeTliM, liTO. npoc5JieMa 

paspelliRMOCTH CRCTeMU (T.e. BlJ:pa.JKeiD!!I qJ.(p. TOJII.RO tiepes KRHeMa-:­

TUlleCKiiC tiJieHH II BceBosMoXHUe KOHCTBHTH cBfisH) BOsHRKHeT, 

eCJIR c5y,IJ;eT llOCTpoeHa no.mian: CHCTeMa ypaBH8HRH (I). · 

B ·HacTO.ffllle:i1 paOoTe c noMOJlli>IO ,IJ;.c. EHI!Qepa (I5)-(I6) :11 rimo-

Tesu noporoBo:i1 IF-:- A/ ,IJ;OMHHaHTHOCT~ IIOJIY'IeHH ,IJ;Be CHCTeMbl~Thl­
c- ~~;g . 

peX ypaBHeHHH, CBJI3h!BaiO!ll:IIe rp ~ d;. HYKJIOHa ~e. ( ~ ~ , 1/" - Me3~Ha 

f; (Kz_} ,"a Ta.IOKe nepeXO)IHhiO O!.cp:BeRTOpHhiX M030HOB ;;;_,JF/.Ir' 

:II HYKJIOHHOTI :II300aphl Porrepa ,A;:;,: ·. F r~!.J . ,.,.,.o · N.* Nr · 
. . . ll{jf<) . 

Ilpn STOM, ;IJ.7I.fl Bhl1IHCJI8ID!!I arAIIJmTY,IJ;hl 3JieRTpO-

pOllt)leHHR,i Bhl61IpaJIOCI. TaROe npiic5JIIDKeHRe·, l!T06hl C TIOMO!llb!O 

·no~ernmx cucTeM w.!IJ. ;;;ri(:J, ~ .. ,.flrx9u F:,... (K 2 l 
· J ~~'/1 · MwoiVl' / 

BHpa~CI. TOJII.KO tiepes HYKJIOIIHUe W•W• H BCCBOSMO.lKHhle ltmiOMa-

THlleCRRe tiJieHu;JJ.aJiee,nyTeM·llPHBJieqeHHli 3KC11Sp:IIMeHTaJI:&HhiX )laHHhlX. 

0 HYKJIOHimx rp.rp.f{jK/ ; OHJIO RCCJI8,IJ;OBaHO B paMRax ,IJ;aHHOH 

MO,IJ;OJlli llOBe,IJ;eiiRe W•W• IDIOHa, BeRTOPJlh!X MeSOHOB H R30c5apu. 

PaccMoTpnM no;.1po6uo aTH peaym,~aTH. 

III. CBllsi. Mew qxmrti!IJaRTopar.m pa3JIRtiHh!X aJieRTOOMarHHTHhiX 

Beplll:IIH ' 

llpRMeHHM R ,IJ;.C. (I5)-(I6) I'HIIOTesy noporoBOH ,IJ;OMRHa:irT­

HOCTU. Tor,IJ;a adcopdT:IIBHaR TJ.aCTJim E. {K~~hlliHCJIRCTCH C 
. &3 . 

IIOMOilll>IO rpaqi:r·IRa JliiC. 4 n saBncuT oT aMnJIRTY,!J;H aJieRTpopoJ.r,IJ;eiimi 

n CIIJII,Horo «>·«>·. HYKJIOHa K fw,J Hcxo,IJ;ff 113 npaBM oTc5opa 
· . FN'W (~ '/• . 

no cnRH':"'"lleTHocTH H cooTHomem!H · Ma!t-,llay3Jl1.Ia ,II;Jili MYJII.THnOJII.HHX 

ar.~TY,!J;/22,23/ ·' 
I . 
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I 

- (~:!} ~" f-IYJ=4 .. v-· fJtl) + f/+R) llfr6;;- r~J_, 

(/~:t) 0+ {-tv)- flr~+v·- /IY)- ~ £i~v- (IY )~ 
Le~ (-~;~) = - lr~~I)-IIP) . . · .. 
HBXO,II;HM ,nJlH pacCMaTpHBaemH "HYKJIOHHOit" Be~HH, liTO B 

L' ') c • (¥2) . . Imr.., (IY ,IJ;8JI.YT :sRJia.D: Mal'HHTHM H.t- (K~ IV) .. 
2,d .j(~) ~ ' t} . . 

H Ilpo.Itom.HWI lJ _ 'l'K2 #: a :s7,;, C' /_JV. - 3JieRTpHtieCKM CfiJ . '.1 (11/ ~ (:- . ~.3.c . Eo+ (k/2Jr)n. npo,IJ;~~Hru! L'{.r;rK1 Jt/) ~JII.THllOJII.lille aMIJJIRTY,II;hl. 

aJieKTpopoz.n;e~). B c.u.M ItOHelffioro u-A/ COCTOmmsi, · 

Im £.. ~~ r. }II_} nMeiOT CJie.nyiOOlHil: Bll,IJ;/
3/: 

2,d l, / '/ : . . . . % 

Im (F; :.JK;~r).J=- f?w,v (iJ/ {£;,-"']/( .. t (w)· 
F: / (1(1 w} w I ;o; I L~ .,.111) iif/W 

4 

[
(w·f-/11) t?;S j £1 -w . ~. v:s <

2r> 7 
. ( IY-m/ ~r r-r:w) r (Qv-c;Jfr~"''fL~- (.:~ IY)/; 

L / rf_l.-}-'>'))·::::- $;vA/!..f![E2+~7% 1/t (-w1 . 
m ( f: r~/2 -IY J/ w / p; I E/ -if l\-;,~w '/ 

r jw-m) . ~s ~~-JV _j ~s .,l 
L( W+m £;+ 'r.-:IY) + { (w-~i~w?_1£Pp:HJ. C22l 

x)Be~ HH,II;8KC (I/2) YR83h!BaeT 3HatieHHe H30TOnRtieCKOro CllHH8 

ROHel!Horo 7i- AI cocTosnnm; B ,IJ;aJII.HeHineM .wrsl ynpo!lleiOOI 

3anHcR onycKaeTcR. 
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2 / . . . /32/ 
~~.nee:& . j'7rA/..V / ¥1 =, .1' f 7'1!? :i: q £3.~ . · 
f>:t =- (i( &) . . 11, =- (ir".E.). 

/ .J 2 2_, . 2 / 

2 
W+ m2-;,l! 2 • . 2 

E 
w-4--- 2 2 :L = ,, - .1{" 

2W :/. 0t= / 2W 
KIIHel.taTHqecKJH~ OcJ03IIa'1eHIDI BBe.n;eHH Ha pnc. 4 (eM. Tarote 

npii.JIO;;teHJie 2 IIacTORIIleii paeioTU). 

(23) 

lb (I5), (16) lii (21), (22) BH.n;HO, '1T01 HCIIOJIDSY.IT .n;.c. Dml-

uepa, MOJKIIO CBR::iaT:& B CHCTeiw ypaBHeHIIii SJie~poMal'Hll:TliUe ~.£1>. 
HYKJIOHU Fj2 (K2) - .n;.c. (15) -_:wm: c?•£1>_. HSociapu flt 
· . r . (K2 J - .n;.c. (16) - CO BCeBOSN!Omi:lMH SJieKTpo-

/}.2 N•A/ r / 2 2 · 2 · 
M3I'HllTHID~ £1>•W• 1ij {K1 ~-, ~- 'J, BXO,JVllllliMH B MYJI:&TIIIIOJI:&Hlle 

UMIIJIIITy.n;I1. SJICKTpopoiii,II;CHllfl ·.··· .· 1 . -.~ s . . . . . ·."' 
v, · 2 .. d' P:l F; rK:"'~ ;;J 2L + 

!J z?,'S , if, S . (24) 
... 2 r;:- .e 22 

+ ~ ti~fK.~;~) :f. (K, me·, ~-v 
~I if -~· 4 · d . ~ . -· 'd 

I'= .::t, 2 . ; ~o.n;ana~ .. .::;= cpe.n;H m :~j ( K ~ n7~-~ ~-~ 
MOryT BXo.n;n:T:& T_aKl!te -:a- c; (K2. 1172 Mz )• 

. - R ' ' R I ~2m-m) 
PasMepHOCT:& CIICTCli!H (24) li BU.It WYIIKWtit n {/~ . ~. rl 

onpe.n;e.JIHeTca npueiJIID:temmM, yqHTHBaKX!tllM Bsam.Io.n;eficTmte B KOHe'1-

HOM COCTO.IT~ npouecca _ S~eKTpopoiii,II;eHIDI. lf:mecTH0/24/, '1TO 

cymeCTeyeT .n;Ba npueimmemm: .n;ucnepClloHHoe/23-26/u Mo.n;eJID 

O.IUI0'1acTI!'1Horo oei;!.ena/24 •27 I. Ilpn ncnOJIDsoromrn JIIOCioro 113 

S~l:IX MeTO.iJ;OD 'liicJrO. ypaBHei~ii /' B (~) OKaSHBaeTCR MeH:&I!lllN 

f1 ;;;;; mtZX(i,J) - 'liiCJI~ HCHSBCCTI!h!X (<!x>pMt!llKTOpoB). Pe3YJII>T8TU, 

no.nyqeHHHe HaMu/6 , 71, cMsaHH c .ItHcn.epcnoHHLJM no.n;xo.n;oM B sa­

.zta'1e ::meKTpopolli,Il;eHW!~ Thm cHcTel\ru (24), oosHHKa~Wlllii npH HcnoJib-( . 
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1' 

.soBaHint KO,J;eJIH_ O,li;HOIJaCTKIJHoro oOMeHa, Oy,1(er paccMorpeH B saxJinlle­

HHH.RpoKe. roro, B~ !fJYHRIUtl hye. (1(:7m.Z,mJ) onpe,J;eJIJI8'fCJI. ra:ue CJIU­

HWL ~-«P· HYitJIOHa Kv,l'W(tw),xoTopul MOser Our:& BHIJHCJI6H 1 xaxol-c 

U0y,J;:D JIO,J;6JIII,JDI00 B3JI'f Henocpe~CTBeHHO H3 3KCnepHlleHrao0cT8JIO­

BJDIC$l xpano Ba :saimCJieBD ·~~y.nmonmti: 8lllllllTY'Jt ueupo~emrs: 

M _ ( ~. w ), £
0

t { K!. W) , ·· i, {k~ w) 11 cJ~JI:DHoro · ij.ij •. QUOBa 7/. ·(l 
l · r~~ . . · J~• 

llo~dno &'1'11 BoupoCH 1 > paccaorpnamca. B npuoaeBD 2 Jt -

• BaC'l~el pado'f~ 11 -a/3 i13/• . 

II .llfpmwpe AM11!!7'YJH ifm'popopepp 
· ltm iaABCJiemrs: yx&88JI!IBX Q"nmo.nnx 8IIIJ.D'f1X uexTpopcm.lti 

BIUI CSu.m icno.nsoBSHa CJieAJII{U CBC'leMa 11.. c/23-$~. 

. ( v-) · rs.z,;J ( v-) ( 112 w \ me 5j =- mt . ~ . :1- ?rl:) T 
~ . e 

T ( ~) :. J dw' ( j{ mt M,';• &~w, .;_,)J·· _Tm A.M:" l 
. ~~ "'U' c :1. ') . (''1 J J. 

. J\.. :f~ Jc I Vt/1 W . (25) 
_ mt.E1+ 

T: J . :r .. , 'mt {:) tlw' . 
lttfJ" . w - w 

SJt~ca me ( k_ ~ ~) (:) _ - .JIIdas: . D BHII8YJC888HIIIiiX.IQ'D'l'JIIIO.IUIIX 

8IIJlD'1'11I. (DOBeK'l'OPme • DOCit&IJIPHHe KOIIIIOBeB'l'll); 

/("LA 11:vz_ (E~) (~}w1w~-perJJI1'. pmte JW8• 
mt t+ 1+ · · · 

TOT (!aft, 'll'fO IIOIBSI[ CKC'l'eMa ,~;.c. :annposcmpo•ua CBC'l'e 

Jml (25), oupe,B;e.IB8'1'Cil 'feJI, 11'1'0 B JtKCDepCBOJIBOJI IIOJt[O,J;e - OrpBo 

'DDCI. ~eAJ .... II}IIC1IoeHKeK: 

l)KPO• dopwBCDX U8HOB. (~c. 6), sa C118'f :KO'fOpiX B ~ 
. •J . 

B (24) ~b;J'f I• I• QUOD F: ( K'-) • T! .-soD F { K 
- ~,..1 '71 

-- ~-----

c:1WI yueB B UOJIDCHOll Up11c:1.1D6HBH 00KeH B t -ItaH8..18 B8Jtt0pl0DIIl 
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------------.... ---:-----,-----------,-----;--------,------------------ -------- ------------ ---

} 

32/ 

. h/2_ C'2. .. (23) 
~w 

pnc. 4 (eM. TaRlite 

HCTIOJI1)3YR ~.c. Emr-

1 aJieKTpoMarHHTlille cp.cp. 
cp.cp. Hso6apu flt 
BCeB031V!OJKHl:lMH 3JieKTpo­

;mqm.ru -- B MYJil)THTIOJI:&HUe 

~ if, s (24) 
( I(J! /11-· J! /7/_. I! ' / ,, d / 

G.. (!it 2 ~l 
2J/j JC' mi, ~- / 

,2 )· 
R I (K 2 m· m) 
1IKUltil n {!~ , ', / 
B3aiD.IO~eitcTBHe B KOHeti­

• H:mecTIIo/24/, tiTo 

Hoef23-2G/1I MO~eJil) 
m,so:saHIDI JII06oro ns 

) OKa3UBaeTC.fi MCI!:OillllM 

tiEKTOIJOB). PesyJI:&TaTnt, 

r!OHHHM TIO,IOCO~OM B sa-

t B03HHK~ll Tipll llCllOJI:&-

\ 

.30BaHHH MOA6BB_ OAHOqacTHqHoro 00MeHa, Oy~eT paCCMOTpeH B 3aEHDqe­

HHH.KpOM6- roro, B~~ lflYHK~Hl hyt (K'~m~,trtJ) onpexenaeTCJI 'fRltlt6 • CBnlo­

HWL lfl.lfl. HyxnoHa K~(tw),xoTopust xose'f oun BuqncneH B xaxoi­

KHOYX» MOA6HB,BH~O B3!'f HenocpeAC'fBBHHO H3 3KcnepHMBHTa•Oc'faHO­

BBIICSi xpa'l'KO BS Blitmc.neDD JQnTHII().JlDHYX 8JIDJDlm uenpo~emm; 
M _( k'\w), £

0
,.(K! w), /..,(k~w) H ci£111>Horo iJJ.iJ. JC!Uom)\,/-+0. 

J. f"(OI-) - -- . I W 

Ilo,IijJOdHO 8ft BOIIPOCii I > paOC118Tpnam'Cit B IIJUODHD 2 lt -

• HSC'l'OIDI{el pado'l'e, H yja;Ia/; . . 

· Jtm :BIIlDic.nemm; yxasamna: JIYD'l'BIIOJWDIX 8111lD'f1X ueKTpo~e­

BD dwra J!CDQnSOBSHa ·c.neJO'DI'Bfl CHC'l'elfB ,ll;.c./23-$~ • 

. (v-) :=. (BeZJt)(v-) + ( me)w-m e $ J me j . . ?Ul p _,.. 
- ~ e 

+ { ~) ;, J ~·( 1{ mtM,';• &~w,w') 
- JtJ~ }{ ~:t ( ~:z w, w') 

- _ mt. E1-~ ' 

-t ..E J :rH1 m, (;'"} cLw' 
"1i I 

ltlt-r w - w 

Im ft.t~ £4l . ( ''1 J J..,.; 
(25) 

8,1tec:& me ( t: ~ ~) (:) - .Didaa . n mtllle:yK888BDla .IQ'.IL'1'JIIIO.IHBX 

8IIII.D'1'J,1t (DOll8lt'fOPme II DOCKS.IfiPBH6 KOIIIIOBeB'fll); 

/( nt~H'f/- (E~) {k'~w,w~-pei'fJJHp&e ~· 
TO'l' C,[JU'r, 'lft'O IIo.IJIU CKC'l'elfB .lt• c. :annpoECJOOtp01U8. C:KC'l'e-

11>1 (25), OJIP8Jte.Vl8'1'Cit '!'e., 11'1'0 ll ,1ti[CII8pcl[OBBOJI IIO,JtX0,11;8 liB orpmm-

tmDCL c.xeAJ .... up;d.lueDe•: 
l)Kp)• dopso»cax U8HOll (~c. 6), 88 C11e'!' lltO'l'OJ;IIX ll ~ 

IJ 

I (24) BOI.Q'!' •·•· QUOBa r: ( K1) J[ 11 -lleiOHB F ( K) 
.. 1,.1 7i' ' 

-- ·------
dan yqTeB B DOHDCHOK npKdiKZ6HBH 00MeH B t -KRHRI8 BeKTOpHKMJ[ 
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MesoaaMH · fl H · W (p.Hc. 7), 'liTO iiBeJio_ B (24) qi.qi. ,.- . . ( .tJ•> . . ·. : . - •. . 
r w(.f)'Ti)J k: • . . , ·. . . . . . 

. ·· 2) 6HJI yqTeH 06MeH 3-3 peSOHaHCOII B nepexpecTHOII. KSHaJie 

{Clio. pHCo 9), Mmnrlt ·~BXe npii HHSKO:it 3Heprmt, npne11 He TOniw 

sa· ·c~eT uarmrrHoro ~OJn.Horo. nepe
3
xo;rr.a 1':1

1 
'!'.2. , ~o H. sa 

. ct~eT aJiel't'l'p.Ht{eCl'toro JtBa.1tPYIIo.llli E 1~i I 2.6/. 

3) CJie,IcyH t{l![CJieHHIDI· OiteHKaM pa6oTJ/2ll/, MH_ npeHeCSperJIH Bl'tJia­

)!.011 peryJmpHHX HHTerpaJIOB 

00 

J X m m ( l:~ w, w') J 111 ~ { k~ w 
1
} k ', 

11\-t~ t e . . 

me rvL:.. E L. L .,.. · 
. :~. '· ot ' 1 ~ ) D 

r~e 

Yt~eT oCSMeHa B t -ItaHaJie Bel't'l'opHHMH MesoH81111 osHat~aeor, 'liTO IIi 

~HBaeM He TOJl::&l'to 6.nuaAmre ·x l].iHslfliecxo~q paspe~y, Ho H CSoJiee · 

OTMJieHHHe JieBOCTOpoHHHe cJDii.y.mpaOCTH CSopHOBCKIIX aiiiJJIIITYlt"~t 42/ • 
JleiCTBHTeJII.H0 1 E8l't CJie~eT HS .paCSoTH/42/, JieBee l].ililsfieCKOI'O pas­

pesa Rew ~- (m t~) ua ~eicTBHTeJII.Hol ocH uaxo~Tcs:: He Tom.­

~ n~a»> ~: 1M 1 r , HO H qiHSfieCl'td paspes OT. - e>a 

~o W0 =- (wrl-mu -u.l) ( eM. pile. !3). l{oCTaTotiHo 6.11HSKO ""+r . ·r / . 
. K TO tiRe .. BeTBJieHIIll 9TOro paspesa HaXO~TCS:: llOJIDCa oCSMeHa . CU -

H _f. . - MesoHaMH. Yt~eT noJIIlc~o:it ,ll;rlai'paiOIH (.pile. 7) 

1E)CMe!!!l![MHHft , 'f- K W'"-.Me30HOB He npoHSBO.IQVZOCI>, Tax KaK 

~ "'- . -~,y J ""0 /I/ 
. Wli 1'- . 'fr;~ '-
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i· 

osH~t~aeT, liTO MH annpo:Kcm.mpoBa.JIH pas pes - ~ <:: Jt/-: ~ 
no.ilmcaMH W' = m/4) {!Jf). Heno~pe~CTBemutii yqeT o6MeHa Be~~ 
TOPHHMH MesoaaMK 6HJI aeo6xo~231, Tax xax npH Bl:ltiHCJieHHH 

~JII>THnOJII>HHX aMnJIHTY.D: 1J2i" MH orpaHHt~HJIH ,1\JIH oCSecrre'!eHIDI 

CXO~OCTH ,n:HcnepcHOHHDfO HHTerpMa BepxHHi npe,n:eJI HHTerPH-

poBaHIDI 3aat_~eHHeM W ~ 111 , noTepm! TeM .caMHM BKJia.n;: BeKTop-
. ·· A35 · 

Hl:lX MeSOHOBo ilpoBe,n:eHHaR npoue,n:ypa HCKHIDliaeT B03MOXHOCTI> ,D;BOH~ 

HOI'O yqeTa t- KaHaJII>HI:l:X OC06eHHOCTeii. 

liTO xacaeTCJI He06XO,n:HMOCTH yqeTa B ll-xaHaJie He TOJll>KO 
~ £~ . . • . !'1

1
+ , HO H :l+, TO STO npHCSJIIDKeHHe ocaoBaHO aa t~HCJiemroM 

8HaJIH3e pa60TH/2G/. !BTOPJ:l IIOK83aJIH, liTO XOTSI SJieKTpm ecKHii · . . £* . .. . lv1 .3/..z 
~pynOJII> ~+ Ha IIOps!.I{OK iJmKe MarHHTHOI'O• ,n:HIIOJISI I"/ :L+ , 

HO peryJISipHoe R.D:po J{;-w? C"*Ha IIOps!.I{OK Bl:lllle Slll.P8 c:t',.,.,;, M.'¥z 
'"lf'C,:f+ II...// . . 'HCtr '.f.+ 0 

K<lliecTBeHHI:lH aaaJIHs noBe,n:eHHJI n.n:ep JLL %H -:/£ , 
· rrojf'1:t.~ L[(o+)£1~ 

llpoBe~eHHHH HaMH,. llOK83aJI 1 liTO 3TH pesyJII>TaTH MOXHO pacnpocT- ' 

paHHTI> H Ha rrpo~OJIDHI:le aMIIJIHTY~. 

· MyJII>THIIOii>HHe.aMIIJIHTY~ 3-3 pesoHaaca--MarHHTHHn .n;HIIOJII> 
% . II . · £ ~ 2 ktl M

1
+ {K~ w/ . H aJieKTpH'lecKHii KBa.n:pyrrOJli> :~+ r~ o/""HCIIOJID-

30BaJIHCI> HaMH B qx,:pMe, IIOJIY'leHHon .A,n:.nepor./23/, KOTOpiDi .,D;JISI • 

Bl:ll!HCJieHHSI MarHHTHO~,IIHOHHOH H 3JieKTpHliecKon KOMIIOHeHT 8M-
. f1.~A £~ . 
IIJIHTy:Il; + H · 

2
.HCII_OJII>30BaJI ,n:.c. H, yqHTI:lBaR TOJII>KO 6JIH8-:f 'L4- •, . 

·JieJKanttie CHHryJISipaocTH CSopaoBcKHX aMIIJ!Hzy~ . . 

M%{6ozni CO'?Sf •.. n·% t6oU7} I 
_,- . . ....., (!QHJ 

i+_f) . W'-m .I . · :f""tf;) (h/-:-P?/2 ' 
IIOJiyqHJI pemeHHe ,n:HcrrepCHOHHOI'O ypaBHeHHSI. MyJII>THllOJII>HI:le 8MIJJIHTY-

M.3}2 ,,} £::'* r/} . . 
· ,m,r 3-3 pesoHaHca '1.+ {i<~JV.;:a ~1.+ {K~ I(; B MO,n:eJIH ,Unepa. 

HMeiDT mv/231: · . · 
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ll!i 
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•. 

~. 

.• 

.... 
• ·~ ~ l 

• . . .3_4 . . . '""· . .. -i 
rv1 o/2 t} : ·M% ~oz~J .:ft.+~ cw) ('j~ ari~l l . 
r r1 +r, 1 (K~ f;/__ = ,.,:t.+(MJ (I(~ It/) .:£ %'~17, f! + ~2~(w-m2J· 

f)". . J, .f.~" (It/) . / I 

. • f:-~-{1i) rx:, h'. rJ .:. . .i.;(ff) · r K~ w J ) ·. ~·~a M .3~ 2 ~- . 1'1 ~ (13a~;;J 

£ % . - 0 ' 0 
(K~ /tl) ~- £ !!o_k (.t?Jcrz.,) L- CQ-5 0.3.3 ) 

1. +(F) · . · f~"f~r} (..t:~ Jt/) . 
{26) . ·%;? . £ 3h .. . ··c% 

}1t+(e) ·::::: j_.+(,M) -~ ;:::.Z-~"(e) ::::: 0 .' 
r ~/2 / .. 

. 3.I(ech :r :1.+ (If:") :- na~:&HaJI aMI11mTY.I(a 
. pacceJimr.n/23; 28/; . . 
. . . . . .:.f.. . 

a fKV=:.J:!~to~3tt~k-~- f-':J()·~~.J.z7 ·. - qiylntwm, 

· .I(aiOI11arr CYJ!leCTBeHHlJH BIUia.I( TOJI:&Ko npH K2 ~<'5"rsB2; 

~3- qasa 3.-:-J. pesoHaHca, Bu6pamiM B ~PM/23,29/ 
··-e2i~3_1 · . _52 r 

.. = -:{ . ) 
2 i. · '~t, - c. ~ %~_. r · 

. ./' ~ . ~ . . 

/27/ 

;:· 1,2fl2/'fl3[_tir.+o)(I;q5o¥ j})]-z; 
9, == .·hl2-m2~)t2. . d . t .9.2.1 M_ ~ .• 

0 · 2 ft/: . .. ) . :f. 1 . / .I :z',~ 

[( 
. . .. 2 . ' 7 ~[i· / . -)2 .• d ~ . 

/(} ~-~m) ;tt~~YV t ~+-m/ ~ .. •. •. 

YcJIOBfie' .I(IlYJCtiacTHtiHoil YHHTap~OCTH {Te~pe~ ~epMH-Ba'l'CO~a) · 

., · · . -ic£(w) · ; · · · 

. Imr/l:; (it!)= -t' ~nJ;.(W)~(w) (2Sl 

npeBpamaeT {25) B JIHHeill1He cKHry~pH~e HHTerpanoHlle ypaBHe­

urur - "xapaKTepHcTHtJecrure" ypai:meHrur Or.meca/30/ 
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B.KOTOpUX ponD HeO~Ol . . . ~ .. 

aMIIJIHTy~, aMIJJIHTJ.ItH. c 

... · . Wlii HBOBeKTOpHUX KOMIIC 

. ~MB,It:·3-3 _peBOHaHca,. ( 

( 25) • Toqaoe pemeHHe J 

/J11 >K~ f(,} . -~. 
'ttte·'~ :; .. '~' 

.· /r/; (IY) .. ,· ~ 
. .t f!/Jd;fiY)-. 

r.I(e 1}(w)~ ex,PL 

qiyaxnwd1~cTa; P ( W} 
Ollpe.I(enReTCH BCHMDTOTB 

("-i.)r..c. cf'(ao)' (/J 
. xopomo annpoxcH:ampye:rcJ 

.112 (k~Jt!)_'~ 
. ""/. : 

-
O'l'MeTHM, tiT~ .. H3 ~PM!:l : 

W•W•, KaR .TOtiHoro (30), 

(25) onpe.neJIIIeTcn HCRJI: 
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(26) -

. ' 

- <f!y'HRwur, 
2 . 

K ·:Pt!'5" raB2• , ' 
~/23,29/ 

-) /27/ 

•' 

I) 112 (hi) (28) 
( 

~ nHrerpa.IJbH!le _ypaBHe-

IMHeca/30/ 

. ~- -

· .. ·l}y) __ - . (K2 ;;J~,:~~I)lZ·~-. . _il'lho{o'!J.c? IA/-J +·· 
. fl &-- I '/ . - - K, I'Y / . ·. . ~- -- e . . . . 

"+ f)-C'~i:~;~~~)ile (K:k/~~< .· 
. hNM ' · . · · ./ . - · · i"Mm. · . . · · 

B. KOToim:x: po.71~ Heo.IUIOpo.ItHHX 1JJieHoB ~ {tt"~ WJ~~ 6opHoBcKHe · .. -

aMIJJmTy-.lnl, aM:IJmrry,lijl o6t.reHa BCKTOpHLIMH Me30HaMH 1 . a TaKllte (TOJI:DKO 

·: .. _Will HSOBeKTOpHllX KOMIIOHeHT) pe~JISipHble HH~erpaJII:I, ~TI:liiaDJtHe 
BR.iza.n;· 3-3 pes~HaHca, (t.e. _Tp'u nepnH:x: 'UleHa npaooA qacTH ypanneHHii 

(25). To1iHoe pemeHHe ypan~emd (25), (29) HMeeT. BH,It: ~ 

1f2e (K~ Jr) = 1ll/"t~ n) + 9J -rw)! YJy >x; {It/). 
11!1-Jif 

·t£ (IY) tnhod? .I) './ 

-.t~t 'e. r£ flY}~ (K~ ~r/ + .. o(w) ;o-~IY) 
..fJIJ 'I' ;y I- f1/ r . . (30) 

. .I lr'- /
00 rf(~rtJ _ -dw'Z · ' 

r;lte ~(w)~ e.z,Pz-:,- / -lf''(w'-W-i~) ."_/-. 
~ n~cTa; Pfw)- no:;&: cTene~ h-i .• r;~te BeJIHllliHa 11 

onpe;!teJISieTCH acBMOTOTHqCCKHM noBe;lteHHeM ~SI:l Ha 6eCKOH8tlHOCTH 

(11- 1. )r <:. J'(o0) L (/f+L)r . To1illoe pemeime (30) ;~tocTaTotiHo 
:x:opomo annpoKcH:ampyetc.ll np&d.mmeHHHM pemeHHeJ3I ,!3,23/: · , · 

J/?('·~ fll/-=~ '(;;iY) ;tFY;r/ (ar> 

0TMeTHM, 11T? __ HS i!JopMH pemem (30)-(3!) Blmao, 'liTO saBHCHMOCT:D OT 

q,.q, •. KaK T01illoro (30), _TaR H npH6JIHllteHHoro (3I) pememti! ypamteiJH! · · inliom 
(25) onpe;ltCJISICTCSI HCRJIXJ'IIHTCJil>HO BH,ItOM HeO;ItHOpo;ltHbiX tJJICHOB /J7) .. I'K2W) . . . 'l'c,e l~ , /. 
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.. · 
in.?C?m •. 

IloaTOMY B JII06oil MO.IteJIH, -onpe.zteJifilDllleii BH.It ~- ("A-f fi), paOoTa 

e TO~HHM HJIH npHOJIWKeHIUW! (31) pemeHHeM llpHBe.zteT .K CHeTeMe (24) 

. ;rT.JIH O.ItHHX H ·. Tex 'Ite · ~JieKTpcjMarHHTHHX cp. cp. , Ho e HeeKOJII>KO pasJIHlJHHM 

rumoM Koaif4)HnH~HToB' h ft' ( K'~ ~; :.J) .. • . . 

. JVm: llO.nyti6HIDI eUeTeMl:l. ypaBiieHH:ii (24) HenOJI:&SyeM npHOJIWKeH- · 

HOe pemeruxe· (3I) e· <IJYH~eil: ~(IY), B~JITOH B eT~TlttieeKOM-npe.zteJie/23/. 
MyJI:&THllOJI:&Hl:le aMIIJIHTY.ztU 3JieKTpopollrJ{eHIDI B 3TOM c.nyqae HMeJOT BH,I{ 

(eM. np:wre'IteHHe 2): · · ti:s (t'tiAon.J 

(t&~sr"': 1Y, <~:")~_ · · ·( !11~ . {K~ n: J;:s) 

L tJ;~,. 2 IY. r) = 1 V;s ~nA&h?) 
~- l K I .I O.H /..J ( 2 fl ) . _ . .. '.1:- . ,C I w; 033 

e ,;;; !:!J; r~~ 
(32) 

. 1/:S . 

£ , (K:;}J{ cf'a3) 
o+ . ·. 

:C· ~s (i'?Aont} 

L 
t!;S 

. ()+ (i<~.M~) 

E.:: (J+ ( ~~ ~~) t'~(lt/) 

L ,~;s (ih~J . :If? CBJJ;.Cw) 
t} + ( /;; I hfJ'?J:?J)j . 

' (33) 

r.zte J; (JY} -· rf(w) , c/1; (IY )_ ~{-hj eOOTBeTeTBeHHO, !))asH . 

7T-J11 pacceJIHIDI Pt.t H sii BOj!Hl:lj S.ztee:& HCllOJI:&90BaHO COOTHOmeHHe 

MaK-.l{ayaJIJia .ItJlli ~Pa_sl22/ o;-r (- IY) = frv- ( Jt/) • . 
2. C:wr:&HHil !IJopM!JaKTO p- HyRJIOHa. . _ . · 

CM:&Hl:lil (Mesonlll:lil) cp.cp. HiMoHa Ku.AI'w· {:t-IY} (eM. pHc~ 4) 

onpe.zteJIJieTeJI MaTputiHb!M 3JI8M6HTOM TOKa B8p!IHHl:l///(/A/ ~- B KOTOpo:ii 

O.I{UH HyRJIOII H8XO.I{HTCR BHe MaceoBOil llOBepxHOCTH . 
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o( 

!){~) ~ (~ W) =jg-M 
,_o( . . 

r.zte t - enHHOBafl. I 

-KrA!w (;rfl/)" 
Pa6oTaa B Jia6. cucT. 

.2 • . -
L · 2 2 

llq = f/o -:/1 ; fJo · 
·CllpaBS)l;JIHBO Oe9BWmTa~ 

, ,_ p 
Re /(#w)= 77./ 

m".J 
. ){oitasaTeJI:&CTBO (35) : 

• HeKJJIOti6HH8M TOro, tiT< 

riHHMh!M, .ItJlli - _/1 <1 
KaSaHO, TaR .KaK B HSI 

. :J}n /( {r fY) panua HyJIIO 
(eM. puc. 9) pemeHn 

r/;/JY) H Is ( Jt/) 
. ,IT,11HH paccemOOI .ItJI.II .5 

. . . . J 

H pesoHaHCHOM npHOJIH 

(KaK H.B H6KOTOpinc .It 

rf{d:Jt!) . npHfll~o 
Bl:ltiHTaHHe. · Tor.zta pem 

/(1iA!J1l ( IY) = t 

··t?(:tiY) = 4-h/ 

(}(i) = 

E.-

~-m 
# ... 

·hN 
J 



· i11.Jom~. 

~- (Rf lr), pa6oTa 

le,neT ·K CMCTeMe (24r 

I C He CKOJIDKO paSJIHtrHHM 

mOJI:&syeM npH6JIWKeH­

cTaTHqecKoM npe,neJie/23/ •. 
; . 

'OM ~ae HMem B~ 

e
. lJ;(IY) . . 

. t»-r ~ {ir ~ 

(32) 

J CO~OTBeTCTBeHJIO, ¢aim . 

l0JIDSOB8HO COOTHOWeHHe 

')-(If/)., 

, ftiY} (eM.' pnc~· 4)· 

l tY /(/A/ ~ B KOTOpoii 

m ·' 

.. 

·o l/t_t~)'=-~~=f:Im~(IY}+ Iml"(-q~· .. 
1\ e " rr YJI . - . . . u/1 lA/ I+ lA/ (35) 

I/ rY +If/ ry .- ry • 
m~/' . 

. )lOitaSaTeJI:&cTBO (35) aHaJIOI'WIHO ,I(OKaSaTeJI:&CTBY ,I(.C. (I5)~(16) sa 

- HCRJllOqeHHeM TOI'O, lrTO ;,(/ (B OTJIHqHe OT h B (8)), MO~eT CTUT:& 

r.ffiHMhiM, ,n.n:;r - .J'1 < fc <~ . O,nHaKo ,n.c. (35) MO:KeT 6IIT:& .no­

KasaHo, T8K KaK.B He<lJHSHlleCKOH 06JiaCTH a6cop6TI!DHUS! .tiUCT:b . 

. 7.~ I{ {:t: h') paBna HYJIIO•. B · npH6JIHJKeHIDI ,nByxqacTn~oii YJmTapJIO~TH 
(eM. pnc. 9) perneime ,n;c. (35) saBHCIIT OT qas"#-;V'pacceJIHIDJ 

(1;-(JY) n rfs { Jt/) ·. RaK no&a~mHo _B pa6pT/I3~ B npn6JIID.<emm 

,If)IHH pacCe.fllOOI ,I(JlJI ~JBOJIHII, cnp£1B9,ItJIIIDOM BnJIOT:& ,I(Q Jt/=_.{:f"/ft:f·j,]sB, 
ll pesoHaHCHOM npH6JilllKeHHH, COOTB9TCTBYJ0~9M peSOHUHCY Pone:pa A{#o 
(KaK n B neKoTopinc .rtPYI'llX MO,neJIJIX), acm.mTOTHllecKOe noBe,ne~me qas 

0 (t-ft/) . npH/Y ~ cP, TaKOBO, qTO B ( 35) He06XO,I(HMO npoli3BO,I(IIT:& 

B~anne.' Tor,na peweHHe .it.c. (35) HMeeT BII.It: /13/ 

/(7itVW (JY) = e:r~ {?( IY}, 

t;J(:t IY) = dh/ 6/(t;y .:t-~c:.), 
E.-? o+ 

t{(Z)- :«-mp,. / ,/'(IY') -
T my "l?ff'.!~)(w!..m) 
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j~l 

II 

H D YKa3aHHOM IIpH6JOOKemm c!J.c!J. A:: ~If!)- cpa3H ~ (;e/, ell ( IJ/) 
lfti/Jt/ ~J/1 UMe!OT Dn.zt: -

/{7/tVW (It/)=~ 3 A: . z :£_ . (-!Y)=~ -. -
.1: / ,ww ~ . 

·fl ~J L . ·fl { ,} . f3;rj ~"c7p()r/ .:z-3(/-~.x) tos IY/ , . 
£? ~ rJ; (!Y) = ~ _; .e' C<H.· cfJs {)v ):= ...:L 

I 'JJ! . 4 .) 
r~e · . . % ,.el% 
~ = _z 

3 (L :-~~ ~ ~· C3 fi--/_).:_ Jj ~--v-:. -1 _5 __, 
~ ~ ..,}2 27%£ 2 1<7% 

,;:-.2 =:='" _:c- t" Cs L(-Z"--1/- -4 _/ -Lf.Z-~"L J - "'_/ ~ 

:z = W/m j .A= f/.1?7. · (38) 

&mcTaHTHc CL-··s- BHrmcaHH B IIPHJIO.lltemm 3. 

lRR TOro, qT06H IIO~Tb ?HCTeMy·ypaBHeHHli (24~ 
He06XO~hD IIO~CTaBHTb (32)-(33) H (3?)-(38).B (2!)-(22) H npoH3-

BeCTH HHTerpHpoBaHHe B (!5)-(!6). B HTore ~ H30BeKTOpHHX H 

H30CKWI.iipHUX: KOMIIOHCHT IIOJiyqneM CHCTeMI:l 4-X-.ypaBHeima, CO~eP.lKal!lRX 
COOTBeTCTBeHHo cfJ.c!J. 

v-
F (1(2} . 
L2 ./ 
'· 

r (K'C) • F_ (K'V . rli . .J uJ?/r . .J 

s '11' $ 

F (,c2) J . . Fo:-f'"' {,c~; FL [-e-:{ 
:1,2 . . ~2 . 

r~e ~ npocTOTH sarmcH BBe~euo ,oc>oanaqeHHe: 

~ V'". 

F r..r~ 
L;2 (39) 

cr/-s . ~s . 

r _ c .cv == F (-t: 2 m.E' /lt. 1 
.:f,R ~.: AI*A/r " / ',.(J • 

ilOJiyqeHHHe' CHCTeMH HMe!OT Bn,It: 
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(38) I 

mn:n: 3. 

reMy·ypaBHemtli (24~ 

3);B (2I)-(22) n: npons­

~ ll30BeKTOPHHX R 

-x:oypaBHeFmii, co~epjltal!IIDC 

rn:e: 

. l 

(40) 

J
s . U/s d' 

. (,c~ ~ 1') J/1 (.c-2} =- 2 

(4I) 

r f; (K2) 

. v-

I /J[lc1= 
. ~~ 

f r{.c2) 
2 

p;_ (!C2) 

F W77;J {,ct) ~_4c) 
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Jl 
,I 
'i 

II 
~~ i!!. 
'II !11 

w 
'I 

s 
~ fK2)_ F; (K' 

ps F; cr(K2) ·(K~) 
2 

!(r;v1 F; (If~ 0. 

·r;:r;)=: fJ,rr7 ( K';il 
F;llJ' (K 2

) 

. 
(43) ) 

B * s 
*'" F; (K2) fi cr(lf~ 

• -If-

*' ~S(K2j 1 • F;(lfJ 
. /IV': s . 

{.~:: m, .... j 
pa3MepHOCTH (2 X 4) H 

v:g . 

, .13 ;.,.c~ -w .... ) -np.HMoyromwe MaTPHnU 

(2 X 6),cOOTB9TCTB9HHO •. 

Tarunv'! o~pasoM, npe.zmoJiaraJI aHaJIHTlf!1HOcT:r:. no HHBaPHaHTHoii 

Macce WoPr~KTOpoB ~poHOB ( B ~8HHOM CJIY~ae C KB8HTOBHMH qHCJiaMM 

HYRJIOHa) ,MH CBfi3aJII'£,C IIOMOII!I:.lO ~.c. Eromepa,rHIIOT93U noporOBOH ~OMII­
H8HTHOCTH H OIJpe~eJieHHOH MO~eJIH 3JI9KTpopo~eHHR ~ Me30HHHX H 6a­
pHOHHHX rp.cp.,T.e •• IIOJiytiiiJIH CHCTeMy THIIa (I). BJiaro~aPII cneUH- . 

~e BU6PsHHOH MO~e.mi 3JI9KTpopo~eHHR,CHCT9lW (40)-(41). Ta.KOBU, tJTO 

!IJ.~ nHOHa !;. {.t:j{ EeKTopmrx MeaoHOB ~p i7 p--1f nao6aPH 4;0 

F; {c;J MOJKHo BupasHT:o TOJII:.Ko ~epes HyRJioHHUe !IJ.!IJ. 0TMeTHM 
d,2 . 

9II!e pas, ~TO HCIIOJI:&SOBaHHaH MO~eJII:. sneKTpOp0~~9HHR RBJIH9TCH . 

~ocTaTo~Ho o6II!eii. OcHOBUBBJic:& Ha qHCJieHHHX ~~eHKaX lliBeJIU H ~p./26~ 
. /'3'3/ . 

Mil H9CKOJII:.I«> paClllliPHJIH T~OHHy!O MO~eJII> ~HHH-H.aM6y-BaTarHHa, , 

ytJHTUBan ~onOJIHHTeJI:&Ho oeiMeH BeKTopHUMII MeSOHaMH B i; -KaHa­

Jie H BKJia~ 3-3 peSOHaHCa B nepeKpeCTHOM KaHaJie He TOJI:&KO Sa C~~T 
~~~12 . ,, ll 

Mal'HHTHoro ~HJIOJIR: f}-r ,Ho n sa cqer aneKTpnqecKoro KBa,i{pyrronn£, ~ 
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OCipaTHM BmiMaHHe Ha .TC 

TeJII>Ho !IJ.!IJ~ onpe~eJISie~ 

(28) no·aMIInHT~e ·~ 
I 

OIIpe~9JJmlTCR BH).(OM aMll 

W•W• HyRJIOHa (37)~ .TaR 
/11? ti!nPm. · 
'N% {~~ ff)OTISHI:. rpoMO 

L2 ~~ ). B ~Byx 1 

LJC.e,~···· . 
H 2 -~ 2 a IC ?,iC/J t:Jtf. • 

/C22J"tq5/;~2 no: 
? . mz 

' _cTeneWIM ~--~ ·iic e. • 
BH,Zt: 

~s ~ 
I! (-c:~ ... ) = .0::::: 
~v ·n 

0 (/; ~ • -c:: 8 /:2. )= . . -C.~/~··· ...:::::::: 
'j't . . 1: 

17 =IJ.:ff23 · M=L .P · 
/ / J .I ./ . ./ / 

!{oa~eHTU o(~SH/-

d.·~ d~fjliNNI,jwiV,V, 
. s_ s(, II. r; . n: « = o(. (/ll"N,V, tf/A/~ .. 

J ~ .J' ~;-NA/, Jl;-u~f1~ 

I~ ,I s if.:.-.;, J • ..,. ~: .. 



F;~K, 
F'.z S (K2) 

0. 

~"r (K2J (43) * . 
F;_s(K2) 

*'s F{ (K2) • 

~· 

10~ 

:T:& ·no IDIBapHaHTHOH 

C KBaHTO:BW.m TIHCJiatm 
'· 

moTeai:I noporoBoit ~oMu­

rnR pgn Me30HHI:IX H 6a-
EJraro,Itapll . cneUII- . 

1:1 (40)-(4I).Ta.KOBI:I,tiTO 
{.1:2} A/>f" 
r". --11: naoc5ap!:I l~.t,'Fo 

omme qi.qi. 0Tr.teTHM 

llt,ll;eHHR SIB1!HeTCR 

n;eHRaX lllBeJII:I H .ztp. 126< 
. . . /'3'3/ . 

y6HHH-HaMC5y-BaTal'Hlffi, , 

H MeSOHaMH B -/; -KaHa-. 

aJie He TOJil>KO 38 CTieT 

• . . . ' l/;z.. 
tecxoro KBa.l{pynou £ 
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v,s ~s 

3HatieHIDI o( H~ 6wm BwmCJieHH Ha 8BM. OHH npime.n;eHH BMeCTe 

co sHatieHH.HMH ncnOJ.II,SOBaHlillX KOHCTaHT CB.HSH B Ta6Jr. I-4. OTMe-. 

· THM, tiTO SHatieHH.H KOHCT8HT #tVCP..J.tV,..V. . IlpHBO.n;HMHX B JIHTepa-
. /32/ J · ' ~s 

Type, CRnbHO p8CXO.D;ffTC.H • ~CTBHTe.J.II,HOCT:& KO~eHTOB ~ , 

H f ~S K HSMeHeHHIO c?~f)## .D;OCTlU'aeT 40%. ~S 
Hs Ta6mm I-4 mr.n;Ho, tiTo c pocToM 11 Koari$nnreHTH oG_;,;; 

A 
~s . (/ 

H •. y6HBaiOT Me,IVIeHHO, a B HeKOTOpHX CJIYtia.HX .D;W!te paCTJT. 8TO, $111 
Bn.n;HMO,_ CB.H38HO CO CJia60H CXO.D;HMOCT:&IO .n;HCnepCHOHHllX HHTer~OB B 

.n;.c. EnH~epa. Bu6op BepxHea rpaHHqU BHTerpnpoBaHH.H B o6~acTH BTo­. * . 
poro pesoHaHca -~~~~ nosBo~ He Hccne.n;oBaT:& oonpoc cxo.n;HMOc-

TH 3TliX HHTer~OB. 
. 2. 

IlpH ,.t; ""'" 0 CHCTeMH (40)-(4!) .n;am COOTHOmeHIDI MCJK.n;y MarHHT-

HHMH MOMeHTSMH MeSOHOB H 6apHOH~B 

v- v- _-v-
- a -r tf' __/w;;-p- ' 

· (46a) 

!h -cr -rr r 7/"" rr · 
./.')£~ .:::: c + t:T !Jt + .f jw77T J 
... 1'170 J -

(466) 

s s s 
. _/1 . = a + 5' Jjo;~ , (47a) 

/Jts s 5: s s . 
./ ~:OA/r = c + d' ./' + ::f /}/7r J <476> 

1/-.s .£ v;s 
Koa<I$nmeHTH a / ' .. "IJ .HBJlHIOTC.H WYHKIJ;HSIMH KOHCT8HT CB.HSH H 

~ 
e.I';S . 

HHTerpMOB OT MYJibTHllOJI:&HIDC UM!JJIHTY.!{ '/ (3JieKTpHIIeCKOlt H . rJl2 rvqJ . _ ~{//,e) /? p;s 
MarHHTHOH IIaCTelt H • 3HatieHH.H BC9X KO~eHTOB ~ 1"" 

~ . ~ . . . ••' .:f ' ilpnBe,IJ;eHH B Ta6~. 5-6. lfs 3TliX .n;aHHHX BJmHO, B. RaKOH 
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cTeneHH K03q~J).ul;>ielHTH 'tjy'BcTilliTemHH: R H3MeHeHllD KOHCT8HT CB.H3H. 

TaK KSK ~HCT~WI (40)-(4I.) n (46)-:(47) ni.1em llps!MO;;o~:&Hue 
MaTpHUH KOSqx'Ill~eHTOB, OHH He ·HMelOT O.n;HOSHatiHOro pemeHIDI, HO 

llOSBOJimDT C llOMOIIU>lD SKCnepm.ieHTMbHHX .n;aHHHX 0 lfl.cJ>. HYRJIOHa 

nccne.n;oBaT:& noBe.n;eHHe W•W• ~-tAesoHa, BeKTopHHX MeSoHoB n 

HYRJIOHHOH HS06apH. 

Ilo~eM, · Kairne pesyJ.II,TaTH MOmiO no~:& ns cncTeM {40)-{4I), 

{46)-{47) ~ cpaBHliM .liX C SKcnepHMeHTOM. 

IY. <fupMpaKTopu nnona n BeKTopHHX MesoHOB 

I. 4lc>I.MliaKTopf.:.MeSoHa 

Hs cncTeMH {40) lfl.cJ>. '1i -MesoHa BHpru!(aeTC.H qepes ~oHHue 

W·W· CJie.n;ylOI!tHM o6pa30M: 

F;r..,:J=;:; ;;97!f;1:ref'"'·~-;: f'r;!l ~~(48) 
<liyHKUim ¢n>rKVs;ec~~ .n;a.iree ~~cii ~e~ KoM6HnarumMn MST-

pnqHHX a~eMeHTOB ~; 'H 3 ;z-:.nE~ orpaHHtiHT_:&C.H TpeT:&HM _ 

llOPff.D;KOM paS~OlleHH.H, TO !J!Y'HltURH 'TJ;. (",rj6Jli.YT m.mT:& BH.n;: . 

.!5 . . ~ s /. n;.z... ) /' 

¢2 v:s . ~-tine' ( /r,t':Y 
/. ,e) _.:.L..:::,:#0-~0---::--~-~-

17 ( J:J ./ = . -3 ~ s ~ 1112. ) ? ' 
~ · Z:ni · · /i r2/. · {49) 

t.-=0 

/./ ~s ~>'~s 
r.n;e KO~eHTH u ne n (..,.l1l ecT:& .mmeimlle KOM61IHawm KosqxJiw;HeH-

_,~s . . _ A~s. · 
TOB ')-tf-iln H/?Z"n ~ CooTHomeHHe (48) .n;aeT 6o~ee MOJIWYID cB.Hs:& 

Mellr.n;J W•W• "'F" -MesoHa n HYRJIOHa, tieM aTo Me.n;yeT ·Hs pasJ.IWmHX 

MO.D;Mei¥34/ 
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'.~.· t 

'·. 

· r : 2 _ . r:f r ;z . rpa,nHOH,T~. HHBapHaHTHOCT:& . 
r...,- (A:2) :-- r./ {); V - ~OpHOBCKOit aMIIJIHTY,11;ll ailex'rpo-(50?) 

. . · .L pOllt,l4eHHSI, \ 

:£ {c:) = ·:· G; P(cj
1 7i.. ·.?.· 

~506) ·: . 

ue . GJ=P (:t-.3}- oaitooBoRH~ <P.<P. HYKJIOHa. 

.e 
·C (,tz} = IJJf . - MO,JteJI:D BeKTOpHol! ,JtOMHHaHTHOCTH G / . IJJ.2 -A; 2 ( MB.J( ), (50B) 

T. . 
H3 pa6oTI35/ ane~eT, ~To o~Horro~cHBR no~HKa W·W-~Mesoua 

£r~v · Y-.r L2 
.t: 2-!.-L 

2 . 2 ' 
t2 /:9~ ' ' 

(51) 

r~e a 3 < tZ 
2 < q 5S ( 3KCTparrOJ'lJilutJI lJy-Jioy/35/) J 

CZ, .e = t?. 5 (MeTo~ ~.c/35/), . . 

xopowo corJiacyeT~ c aKcrrepHMeHT~:&HHMH ~aiiHHMH 'ill£ SY, /VI !1/ 11· 
H C E..;{' no aJieKTpopolK,ll;eHIDO g--MesouoB. 

BupruKeHHe (5!) ClJIHSKO K TOMY, KOTOpoe ~aeT Jl1J3;(} :a~tf5£5 . . . . 
CpaBHHM Haw pesyJI:&TaT (48) c (50)-(5!). ,U7m aToro ueo6xo.n;IDJIO noc- .. 

TyJIHpoBaT:& onpe~eJieHHUe cBoilcTBa HYKHOHHHX w.~. 

ECJIH cTporo crrpaBe~ _MBcwTa6Hblit saitoH 

p 0-t uz)-

.s 75 
/'"" J7 (.t'V 62-;-.cV cr;_, - ' '"' . - £ 

-.:/.91 , 
(52)' . 
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TO H3 (48). CJie,icye~~ 

. L'fir21= G=;.~J r:q' .I -

r~e 
~ ·,..r·2 
t:::=.­. 4m2 

<li~W· . f-.MeSOHa~~ 

... 
' .. ·· ·' ·p·' 

·· hl/l'V= ~ t.t:') 
~~ "~-~' ~ ·. '/'lhi 

113 .. ( 54) BH,!UiO , ~TO ·IT 

B rrpe~ITOJIO~eHHH, ~TO 

nocTpoeH W•W• '7i ~, 
(50a,6),aKcrrepHMeHTa. 

HM aaBHCHMOCT:& !i't 
3KCITepHMeHTOM. -~ 

HWI, 6oJiee 6JIHsKHe K 

3UT:&CR OT CTpororo Mi 

q1-cLJ ~ oocnc 
EHJieH:&KOH H ~./36/, 

·· ' p {;,o 40 .:f;l 
r /<l. ·.·.· 
b'"E t.t"./ . = . 

... 

a HS :,(53) CJie~eT, ~~ 

. r (//t7 .sclld'1/; 
.;;. (ICV =-/ 



( 

HHB8pH8HTHOCTI. 

!lMIIJIRTY~ aiieK'TpO- (50~) 

\ 

~506) · .. 

ra. 

(50B) 

. ,-- . 
~roHKa cp. cp. 1-M630H8 

~-~ 

' 
(51) 

qy-ioy/35/) J 

' 
), 
:aHHHMil f/J£5.!/, A/I !VII 
lOB. 

1e ~aeT fr/13;() :ae=tf5£t 
[,1m eToro Heo6xoJtKMQ noc - , . 

[£cp.cp. 
lKOH · 

p . 
6:.·•C"cV E . , 

(52)' . 

.· 

• i 

I 
'I 

i 

, I 
i 

TO H3 ( 48) CJI6.Jzy6T , 't!TO 

r~e , /11. -r::_/ .::f5 - 8HOM8Jll>HbiH H30B6KTOpHIDi: 

,/ ·. ~ . MarHHTHltit MOM6HT HYRJIOHa • 

di~cp •. "'1"- M630H8 B Hallleii MO~eJm M021tHO npe~CT8BHTI., B Bll',I(G: 

'.. . :,_, ·p ... 

.Et~V·.~£~ 
1- . 2 

' ... · 'II~· 

Ms (54) ~o, tiTO npH 6oJI:&ll!JIIX tC 
2 4'c.cV oe ~. Ha pHc. IO, 

. . ~~ 2) . 
B npe~OJIOlKeHHH, 't!TO ,ItJifi 'C7E (.C./ cnpaBe~B~ ~HnOJII.HM cpOpMyJia, 

. . 2 . 
llOCTpoeH cp.cp. '7/ -M630H8 KaK cpyHRD;IDI /C B p83JIH'tlHHX M0~6JlliX 

(50a,6),eKcnepHMeHT8JlbHaH no~oHKa (51), H B Hamen Mo~emi. HanueH­

.. HaJI sa~CHMOCTI. #r.c:J corJiacyeTCJI c' npe~,lzyll.trlMI-I MO~eJI.mviH H 

3KcnepHMeHTOM. )J.1Ii.l: K ~ '7~ }'~6' 2 
BHpruKeHHe (54) .z{aeT SHatie-

.. 
HWI, 6oJiee 6JmSKHe K 3KCnepHMeHTY, ti6M ~pyrne MO.n;eJIH. Ecmi OTKa-

30ThCJI OT CTpororo ~fficmTa6HOI'O 38KOHO.H .n;HIIOJII.HOH cJJoPMY~ ~ . 
&;'f C L_} H BOCllOJII.SOBa~I.C.fl no~rOHKOH ~KcnepHMeHTaJI:bHHX ~ammx 

W6HI.KOH H .n;p/36/, TO 

· ... p . /;,o "df/ :fit J . ,P {'~~fit) ·" 

G_E {.c2) .· == ~ [.c~}'. f.d-a.f.t2-r t2.e ·[c~J, 
'" (55) 

a HS .,(53) CJie.JzyeT, 't!TO 
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:! 

f 

" 

' 

r~ . 
;! -·: . ~-\·~ .. 
! 
II 
II 

II 
il. 

il 
II . 
I. 

'i · .. ~ 

.I<oa(f$1UHeiiTH a.:t;··:~ ~·. K ~ .:t;'zr3B2 paBHi~<;:,. 
.. t2_i ~ (~P.9-1 z .«?'.57~ )·(t?~~ ~ 

a.2 = ( ~.~r.?:z' ~ -~ tr.?:?;). >b·-:~· · ·· 
. ~ . 

(2~ · ... (- ~ 0~ x ~ o7~. 70-~ 

,..,.·~ 

T~~;a· sH~'IleHHJI !i}r.eV , na~eHJme c noMOillbiO. (56) ,6y;~zyT Jiexan B 
z . z 

nonoce,cylltaJOlltencSI c YMen:omeHHeM .K , lllHJIIHB ROTC?pol llPII ..t::=={O/-~ 

paBiia 0,05. :· 1 

, . B :CJie.IlYRJIIeM ·p~s.zteJiej_l.zteT. -TIOKasaHo, ;JT~ ci:BII3:&)4Elw CaKCOB -

C!t~UH ~.cp. ~ona ~ {,r 2
) H q /.t"~} HOCHT B ,ltBHHOI 

Mo.zteJIH CJie.ltYJOOIH.ti xapaRTep: · 

• ., t 

·•· (!;S · · · ~s .. q-s · ... · ··· . • 

~. ~.r•) -'-fl {-,r•) c;:; (-:'):_.A "'fK '), 
(35) 

· ~- lh!: ' · · - · ~s 
npH'IleM cfJyHituJm fl,; (~2) HMem TY JJte CTPYKTYPY I liTo H ~ ... <..r-9 
B ( 49) •· Tor.zta :Hs ( 48) H · (57) CJie,ItyeT, 'ITO 

. ... . . ~ . . . .. · .. • .. 

r,'(Kz) ::- .· ~ GJ(.c2) R, (i-j~ ~ ~2).(58) r.; · ./ J- c . E · . ~ . 2 , 

. r.zte paUI{OHaJI:&HHe ~ . ~ :2 {A:" 2) . HMeiOT BH,lt. OTHOWeHWI .ztByx 
2 ., :· 

noJIHHOMOB no IC O){HllaROBo:ii cTeneHH. lfs (58) CJie,ItyeT
1 

'liTo 

B ~aKo:ii M~).(eJIH npH ).(OCTaTo'l!no 6oJII.IIIHX K 2 
1 
~ f".t:2) c5y.zteT 

cTpeMHT:OM .K nocTommo:ii, yc5uBaiOJl!e:ii DPH j'qeTe BHcnmx tJJieHoB .pasJioJJte-: 

HIDI no 'ik .2. • lfcnOJI:03YR CHCTeMy (40) 1 MO~O CpaBHHT:O HaRJI~H cp.~. 
2. . . . 1/V:. ~ -"ff -Me30Ha H HYKJIOHa npH K ::=- 0. JlH~peHUllpyR ./f c K / ~· • ~ . 
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... 

I 
~ 

.· 

•, 

'~r . • 

. . ·. -iJ- : ,.:, ', . . . .. 

M: a/ z '~ ·JII<> ..t 
.:u,.c,~·-·· . . . .. 

'I . .. 

.. -~~coJ . 
~ ' ~ .. •' ~ . 

_.'ITo .ztaeT. CJie,IJylllllee c 

.npoTOHB 

<z-r+> =-. 

· noJiyt~eH~oe' sHat~eHHe 
. ({epnyxolia - ·ucLA:.:,,: 

j,• <IY )~ .. "­.. e"" • • 
. · , TaKHM oCSpa30M1 pesyJ. 

. . 
.Wlfl '1i- Me30HHOro ~. 

· .. · · r:' /. z ) · a 1UICJieBHE . .- · ftc.£/ t . 

2. neooxo.mme 'a 

CBcTeMH (40)-(~ 

HJie ~;cp. BBKTO~ II 
. HOI IIJ.ztm cB!IaaHH c 

. ;;:. r~:;·:~ ~ 
:: 'u/77;. 

+£A 

Fj.qt.-~i} 



J 
' .... 

~ CBR:S::b,,MeJ!,ItY CaKCOB -. 

') · . HOCHT B ~aHHol 

(35) 

. . ~. 
-.. :,_.· 

... 

~. k.: ~2) ' (58) 
_2{1( , 

T BH,ll; OTHOWCHWI ~yx 

58) CJie~eT, qTo 
2 

. ··· ;;; f,e-2) CSy~-~T 
BHCIJ!HX 'IIJICHOB ·.pasJIOllt&-' 

0, ~PfUJHH~ HaKJIOH cp.cp. 
'dpyii·yf cK; ~·. ~ . . 

. '!. ., 

) ' 

' . ' ~· ., ~ 

1 . . 

I 
f. 

I . '· 

l-,· 

-:. . ~.. .. . 
.,.· 

· · ; nOJiyqaeM 

.npoToHa 
~ 

. -<;z--r+> ;: <~ ·>- t!j /:S~ :~6'tP~ 
(60) 

llOJIY'IICHHOe .. 3Ha'lleHHC 0JIK3lt6 K 3KcnepHMeHraJI:bHOMY pe3ynrary 

Cepnyxo:Ba - ·ucLA · , :< 
: . . '. '. . . /37/ 

< z-.,) Mt"nr· -= ~ t!'.P( ~ . ttl vs F· . . 
. . ' 

.• Ta:KHM o6paSOM, pe3yJI:E.T~TH, H3BJIEHW.CMHe H3 CHCTCMH ypaBHCHHit .{40),~ 

·,nm~ '1i- MCSOHHOI'O ··(fJ.CfJ~~ ~aliT Ka'llecTBeHHO. Be·pHYD Kap.nmy IIWBe~eHHSI 
... ,. !ir~v I a 11HCJIC~-~ ,n8HHHC XOJ?OWO CO~JISCYJ)TCJI c· 8Kcne~HMeHTOM. 

'\' 

CacTeMii (.40)-(4I) B: (46)-(47) nosBOJlltll'l'. BcCJie~oBaT:E. nepexo~- · 

_HHe (fJ;(fJ. BC~TO~ Me~OHOB &r{K/v.lf770 (K'J,_ KOT?~e B ~aH~ . 
Hoi W>~eu CBil8aHH c HJUOHHI:OO'I W•W• CJie,eyDI~HM oCSpasoM 

•· • ... - ·. - 1 

;;, f,.iJ:)r_. 9:.~ . c?--. ,f} .. ~ c;zJ ?.,~ CS2l 

~ . ~ .. . : .. , .; .. ' -· . 
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r~· . ---·· 
I 
I 
·l 
I 
I 

- _d., ~s . - . 
YtmTHBaJI IlOBe,Iteime qJ.~. eyMOH'a 'H ~ 'f;f r.cV, Haxo,IUIM, . - ·: 

qoro qJ.qJ. tSrpurc-t'JcrraJJ;a.IOT Me.n;neHHee, -qeM qJ:qJ· HYKJIOHa~ n, ,1T)IR 

6oJiblllliX rrepe.ztaBa,eMIDC mirryJii>coB HMeeM f:cf)uo o<: k~. · 
ToT ~uci, qoro qJ.qJ. rrepexo.ztoB w uf' 'MesoHoB Be.ztYT ce6JI aHaJio­

~HtJHo, corJiacyeTCJI c Teopneii cHMMeTpnn/II, B KOTopoii w z .J ~ 
·. _,.- #; s . . 

ECJIH.,IT)IR o-E M[,r;2J crrpaBe.n;nHB)&lClUTa6mm srutoH, .To us 
. ., - . 

{6I)-(62) CJie,ItyeT 

-~P .. v-s £ a-,..t'lrV ~~ -t"_z )2 V ~-
t.J1j'Jii/KJ"fi:..--v 1- ~%"'2' ;,:/ /f .. {lr~ 

(63) 

.. vjS , , ·--· 
_i.Pymtwm }:' ?K2) pa:Bim 

- tr .. .. . . . -y r~ v = :1'4 t'Jd' - ~ o.r ~ 2 ~ ~ ¢ .c ~ . . 
::( 4'~- 4 ~ K 2 -r a_; ..c "Y' 

·.:· . /' . 

.I 

.. //- .z -'"/[. Lo· 

s . - - ·-· 7 ( ;cj = :(.92 -l!! OJ~2 + ~ 64 A: .v-

. . - 2 - //' a£f'~ -a . .z~ A: ..,. q .fK 

HarroMHIIM, qoro COOTHomeHIDI {61)-(63), nOJIY"qemme C IlOMOIIli>lO {40)-
. z . 2 '1/et'.S ~) 

-(4I) H {44),cnpaBe,JJ)IHBU ,1T)IR -/C ~tq.:1T3B .~ _,.c. · (K~ 

B o6JiacTH npocTpaHCTBeHHono.n;o6IiiDC K
2

He HMeJOT HH eyJieii , mi nOJID­

coB. Ha pnc. II rrot<asaH xapaKTep pacTa·~· 
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"'! ... 

-P:u,.r (.l-iJ £.--_e~-. 
~ . L"""' "",o / 

J ·tv//T . ~- (?c!!} 

-_. r;l7r (.~:~ 
J 

_:/JoJTr-
:L 
~ 

JIIDI JC ~-tJ tJ r3B2 3Ha~eHll.II: ~H {64) COBila 

meii CT9Il9Hl>10 TO"qHO~TH, -a B 06Jia~TH q.6-raB2 <-It" 2 • 

Be.JllllDUI8 

r;;r C.c.r;J /flw/7, - /!frr ("-rV //' 

/f:,;;-3'{K2J/ _/1«?17;- -r- 5//r{-<"9/./ 
COCT8BJiii9T He 60JI99 -IO%. 0TM9THM,· "qTO eCJIH MO,IteJI:& Be 

,ItOMHH8HTHOCTH 3KCTpailOJIKpoBaT:& B 06JiaCT:& IlpOCTpaHCTJ 

,C
2 , TO COBilaJJ;e~e qJ.qJ. ~;'; ~1H /fl7;~K 

pa3yMH09 06'b.IICH9ID'I9 o - · 

Y. Co6cTBeHHHe n rrepexonHHe ffigPh@aKTopu ~OHE 

I. Hapyrueime MnCIUTa6Horo saKoHa 

no HS,It8BHero ·BpeMeHH C"qHTaJIOC:&' "qTO 60JI:&lllaJI -qac 

TM:&HHX ,ItaHHHX 0 HYRJIOHHHX qJ.qJ. corJiacyeTC.fl C MaCIUT~ 

'(52) • O.ztHaKO B IlOCJie,ItHee BpeMH ecT:& YK83UlllUI Ha BOl 

H9HH9 OT aTOI'O 38KOita rrpH 6oJI:&IIIHX nepe.n;anaeMHX. HMI 

3Kcnepml!eHTH no rrpoBepite MacmTa6Horo sa~oHa/38/ rrpn1 

HlliO COOTHOill9Hll.II (52) .B 06JiaCTH ,C.
2

::::: .5r3B~ (eM. ] 

t.'q.,.!t)G;/'(._c2*3~3!=z_) 2. . . .· .. -
(-' J . · . . . = t2 h:f'"" r t!2 2 

. , ..y. ·- ,.. ~ 
,0 . - . . 

~ (.cz~ 3nt1";J . .. . . 
r.n;e.J'·p -aHOMaJI:bHHil MarHHTHllil MOMeHT IlpOTOHa •. 
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·.•.· ~s / .· 
pj (,c v, HBXO,Z:UW, 

leM qJ~qJ. HyKJIOHa, ~ ,wiH 
C:x::~ .. 

'}7ig k:z •. 

10HoB Be,eyT ce6JI aHWIO-

B KOTOpoH cV i:J ~ 
lTa6HIDl: SBKOH, .TO HS 

(63) 

.I 

.... , 

qeHHUe C llOMOmLID (40)-

82,~ yet-~/Cv 
aMem ·HH eyJieii , HH no.mo-

·. fl:u,3' {r2} ./-r ~~ . 
.J'ffQ//7 . tf)(~/C~ / 

L .r e_.,P 
~7!KV 

(64) '. 

JWi /C 
12-q'.? raB2 sHatteHHJI: ~n (64) coBna.n;aiOT c xopo-

weii CTeneHLlO TO't!HO~TH, .a B 06JiacTH q~-r3B2 <'- .K 2.<: ~ o.r3B2 

;;;Fr CcV /J'!wJTT - /!f777'(.r:J / hff'r. 
;:;;l7T{K2J/_/!~77J' 7- ;:;;//r{-<"9 //f/'TY 

cocTaBJISieT He 6oJiee IO%. OTMeTHM, 't!TO eCJIH Mo.n;e.n:c BeKTopHoii 

.n;oMHH8HTHOCTH 3KCTpaDOJIHpoB8TI> B o6JiaCTI> npOCTpaHCTB9HHOTIOA06HHX 

,c 2
, To coBrra;u;e~e qJ.qJ. ~r {£~H 7;;;-CKVnoJrTID.eT 

pasyr-.moe o6McHeiD!e• . 

Y. Co6cTBeHHHe H nepexogHHe WoPh@aKTOpH ~oHa 

I. HapyrueHHe MUcwTa6Horo saKoHa 

,llo He.n;aBHero BpeMeHJli C'qJ!f.TaJIOCI>, 't!TO 60JIDWM 't!UCTI> BKcnepUMeH­

TMI>HHX .n;aHHHX 0 HYKJIOHHHX qJ.qJ. COrJiacyeTCJI C MaCWTU6HUM 3UKOHOU 

·(52). O;u;HaKo B noCJie;u;Hee BpeMH ecT:c YKUSamm Ha BOSMOlltHoe OTKJIO-

HeHHe oT aToro saKoHa npH 6oJII>WHX nepe.n;anaeMHX · HMnyJI:ccax · 1381. 
3KcnepJ!f.MeHTH no nponepKe MacwTa6Horo sa~oHa/38/ npHBOWIT K napyme-::- · ·· 

HHID COOTHOWeHHJI (52) B 06JiaCTJli ,C.
2

::::: _3r3n~ (eM. pHc. !2} 

(65) 
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I, 
.1 

' 

:../ 

{.1:;/IJ~;, ( K 2
:-:: 3o:er2) 

_/1 ~ ~P (K 2~36~PV 
=q.:Z 

<66) 
B Hari!eii MO,Ite.IDI CIICTeMbl (40)-(4I) llPliBOMT R CJie.ztYIOl!leii CBli3H 

)Jy 3JieRTIJHtieCRIIM U MarHHTHllM cp.cp~ HyRJIOHa 

~ ~s ~s VO;S ets ( > 
erN r-eV-fl (K:JG; u-v7fl c-<"-R/, . 67 

~s/ .rJ ·. 
r.zte .ztpo6HO-paiUr0HaJI:&H!1e ~ fi,t.(.C/ paBH!1 (A:2£ t7 j: 

v- 2 .?J~ fl r~V= 6;3.!l_+ cq2.:r..c. + q. o?.37/"..c~ 

· tq S' ;r -r- tq ot:??' A: z ...... ~ t:Jr ~ uv 2 . ' 

fz.i:KV== ao-7- e:; oR ,c 
2 

_, .q o:ro-(KVC! , 

6;eP_ + L; //3 ~ 2. + 4 t!!J7{!t: 2_}~ . 

. ~ ~ IC 5) ~ _L_,_t?._::r:,__-_P_,_d'-:-. _A= __ 
2 r_9_a_~_:s-_. _f._,e_V_<-

.1 2 . :( t?2- ~ 06,4:2 -r c::t o.:5 0:V2 

fl (' ,c :J = t::J 0~/ 7""" ~ Ot!7d' .c 
2 

+ ~ O~o~ f'A:~< 
~ J.:r- 4 3~/,;;2 7'- ~ 0& {' ..t v.z 

2 z . 

(68) 

IlpH A; ::::0 H ,ItOCT8TOtiHO '60JI:&IIWX):. 53>./? raB2 COOTHOIDeHHH 

(67), (68) .ztaiOT CJie.n;yl:JUtHe pesyJI:&TaTu: 

{ 

&1- d-

~ rtV ~ 6;6 0=ro). ~ ~o.rz, 

G s s . 
M fo) :: ~02 ~ to./ -r?~ o2.s-. (69) 

38 

, 

MeJK-

·,· 

. . g<-

tG!. ~.e2 ~R /:9trV = f-3 6;'.. r ,c-~~~v .., . M ~ 

. G'~ s (;t-2~.£'r.94!'V = tq,J3 ~s(A:-2~-=:?r..u"',:: 

B TO BpeM!I RaR TOtiH!lli M8CIDT86Huii 3.UROH ,n:aeT ! 
,.., ~ er-
c::r M ro_} ~ ~ !;£ 6; l"'o!; 

s .s 
G,.., ro.J = ~~~ ere fo/. 

Taro:IM o6pasoM ,,ItJIJI npe,n:eJI:&HbiX o6JiacTe~ ciJymanm fi 
npHBOMT R :matJ:eHHJIM , 6JIH3RHM R TOtJ:I!OMY CRefunm:ry, . ~s . ~ 
iflyiiRriJtifii._/; OTHOCIITeJI:&Ho MaJI. ~IRUM fl (K V HMeeT 

H!1fii. 5, 7 npH A: :z ~ 4RraB2 , ciJymw;wr ft s( k::/' ~ 
paBHuii I, 06 np11 c ~.(..?raB 2 •. MaRcm.mJI:&Hoe napymei 

CRefii..mmra (52) , (71) B narueii MO~eJIH npoHCXO,ItHT np~ 

r.n:e~ 

Llr.czJ = /it!_!j;a;p f,r 2Jt' £ .R:f . L~- &~rKzJ 7-- L fl~ e•· 

(GJ: f 1C;)-:::: o) HMeeT MHHHMYM, paBll!1.fi -: 

L/hJi~ r~ 2z/;,2r:JF!z)= ~(;-~ z:t?;. 
I'pacpmt ~ Lf{,c~BMeCTe ·c SRCll~pi:IMeHTaJI:&lii1Mlii TO 

RasaH Ha pHc. !2. B Halllefii. MO~eJIH npu K~.c'&6"'2cRei 
JIHBaeTCli. 3aMeTHM, tJ:To no.n:o6noe noBe,n:enHe cp.<IJ. HyRJI' 

CSI XapaRTepoM CBli3H (67) C ~ c..cA RBJimOl 0:
~s _2J 

. . ,z 
HHeM ITOJIHHOMOB O,Itl!OrO no~. . . 

~ 

2. 3J:IeRTOOMarimTH!1e di.di. BeJliiHHll !f1qro/l/7 
,u*· A/r A/~ · 

Bepmma '~¥?ll , , r.n:e ~~~..0 - pesoHaHc. Pol 
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(66) 

: M6,Izyl011{6:Li CMSH M6llt-

·r/Cz_fe 

f: .::;.e ' 

.;-;~;: 

~v2· 

. ' 

(67) 

(68) 

o~6-.y--t:t-~2 
t'-tV2 . 

(69) 

, ... 

•.. t 

npHBO,IVIT K 3Hall6HIDIM , 6JIHSKHM K TOl!IIOMY CK6f1.7llmry, a BRJia~ . ~s ~ 

ifJyliKuJI!if. _/; "oTHOCHT6JI:OHO MaJI. ~IKIJ;HH .fj. (K V HMeeT Mai<CHMYM, paD-

mlli 5,7 npH ,C~-r:::4R. r3B2 , ciJyinw;IDl ft.s(.k:J liJ,o!66T MaKCllMyM, 

2 2 paBHHii I, 06 npH K :::: ~ .£ r3B •. MaKCHMaJI:bHOe Hllpyn!611H6 TOllHOrO 

CKeiiJIHHra (52) , (71) B Hlllll6H Mo.n;eJIH npOIICXO~T npH K~ ~2r3B2, 

r~e~ 

I 72 I 

i/mt:~ {,e ~~/;,2r:?~2)= ~6"~ Z:,t!J;,. (73) 

I'paqnm ~tanm Lf(_cPjBM6CT6 ·c 9KcnepHM6HTaJI:DHHMH TOl!KaMH/
38/ no-

2 0 2 
KaSaH Ha pHc. !2. B Hameii MO~eJIH llPli K ~C/]1~ CKeiiJIHHr BOCCTaHaB-

JiliBa8TCH. 3aMeTHM, liTO no~o6Hoe none~eHHe W•W• HyKJIOHa onpe~eJIHeT­
r pet;s 

CH xapaKTepoM CMSH ( 67) C ~ ./ :f,. z (.cj( .fiBJiffiOillliMHCH OTHOnie~ 

BHeM nOJIHHOMOB o~oro no~. . 
. * 

2. SJreKTOOMarHHTHHe iP.iP. B8J]!!HHH ;f1q~/f/r. 

Bepmma A{o/'~ AI/" , r~e ~~ - pesoHaHc Pon~pa c KBaHTo-
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i 1 
<. 
'' 
! J 

')' 

r . 

* 
BHMH 'IHC.JiaMH HYK.JIOHa,HMee't TPH ~P.cp. :3apiUJ:OBI1M ;=; (-t-~J MarHHTHilM 

lt(IC9 H IIpo,I\O.Tll>HilM F;fl\9 ( CM. (4),(6),-(s-) ). 

!13 CHCTell (40) ~ (4I) ri: COOTHOllleHII.ff (43) C.Jie.JJYeT, 'ITO OHH CB.fi3aHI1 

C IP.cp •. HYR.JIOH8 .I(OCT8TO'IHO npOCTilMH COOTHOllleHHHMH: 

d. -;_,LJ = $MY .117vU' 0 + ,t"~ r' ~~ (£_ 1;t; 
. 1'1 ./ i( L 2 . /MA. r"!)J (_JM , c 

-~ v-. . . . p- ~~ -1 I l (74) 
.• '16- f ~ "'~ #".) + 0i l"'V Y.S· r..-~,..., #~ . 

~ . jj . -.1 ... .t. .. ~ . ·* . k.L '1. & ,., .. , '= $.v....-$-....-.... f./.,. .7/~ -) .. 
E ../ . ..L. /"~t~-nyJ f / ~ '(-~ 

!6;_ ;;. :} dJ ;;;/ ~ ~ ) 7 K.t. 6::~ 4.t-~ -'", ~1. E %: . , / ~~« ~ ~( 
. . 

. . (75) 

COOTHOllleHH.II .I(JI.ff H30CKa.JIRpHI1X cp.IP. HMeiOT el!1e OO.Jiee npOCTYJO cpoprey: · . * . . . . . . ~ 
s ~ · a fJ .t.. }£;. s ~.s · 

_· ~- f,{'.t. J.,. dF?,.v.v du,v.v""f_j' -7'- ~ tl . /A--t) 'f::"lk:~z; 
. M ../ ~ . . (#;,JI-m) ·.t e / ~ J 

/ s/ ''~ $"" .... cf,;"'.,flj + "'. -t . /,u , J"' • 
* .L -;· -.f -c- .t. 

0£ ( -<=./ 1' .. .. L ..L 0/t+AJ) I l'lJe 1' m./ 

·r-:1~9 ¢;!~"'~ #..) (76) 

3.I(ec:& 

__,., ~s- ~s 

G_ {k9 == G' · . /K"! m~ H~~ 
E,M E,M 

40 

. . .;f 

aHanOr C8KCOBCIGIX W•W• Wm nepeXO,I\HOii Bepnmm ;V j1; 
+ ~s . ~ v;.s · .. · .·. * ~s 

G {,e!} = ·/{· (K2_} ~ (/J1,(7 >'h7/ IT (..c2__} 
M . i . 

~- t:?:- s -¥ d': s A:' 2. 

6 / CK.V = r; C.~ev- (~ -un) ;;- e 
E ·t~r~ 

!13 COOTHOliieHHM (74)-(75) B~o, 'ITO B COOTB8TCTBKrr C 

Tan:&HHMH A8HHHMH no Heynpyrouy pacceRHHID ·sneKTpOHOB J 
. . . -

npn 6onmnx A: 
2 

Heytipynie cp.cp~ G { r:J y6l:!BruoT cyn 

Me~eHHee, ~eM HYKHOHHile_cp.cp. neficTBHTen:&HO, ~KnKH 

paBHWI 

f? (c; ~ ~) = &;,wr {_t--; ~ NA') 

~ 
BeAeT ce6.!I CJie · A/A/7'" (.c~ ~ n?) :j 

AYJOli1HM o6paaoM: 

/7 K z {t · · r;_;z 
ey(..t:!~ ~)-~ 2 '.:£ + (ZM!~ *-.? 

· l~r#l} · -m_ • 
. 2 

T.e. npeACTaBJIReT HS ce6.!I paCTYJIIYIO no K qJyHitulm. 

PacCMOTpHM nap~Ham.Hoe ceqeHHe aJieKTpopo~el!ID 
. ' .P 

C HHB8pH8HTHO:il: M8CCOH h/, CIIHHOM J""' ~ + H H30Cillil 

cle6"c%J . (;,/%/ . , & 

~/ =u;o77LJ% t"-c-7-Y)~?~? ~ 
I • f72J 

CTpyKTypJrue qlyHKulm 11/:r.2 , B006l!1e roBOPfi, saBI 

HesaBHcHMHX nepeMeHHHX IC Z.. n -iJ , rAe -il orrpeAeJ 

HOnieHHeM W~ /n2+ fC.
2*2M.J. 3arrnmetl39/ ~ c.nytlrui :_ 

CEliS:& ~ ~ t {Kf iJ) C HeynpyrHMH W• cp. 6J=;: 
~ ~:J'Jt!"&rf. . 

( npR ·fr= ;fiR (T /,cZ ;;/)= b ,../ 0M l· / / · 

41 



* 
F;f.t- ') Mai'lll'ITHHfi 

; (fs) 1. ) 

yeT, ~TO OHH CBHSaHN 

:vrn:: 

1~~) 
• 

\ 
. ' 

aHa.nor caKcoBcroiX q>.(p. ~. nepexo~Hon Beprunm ;1/'*' ;V 7 
· + ~s -.~<- tf;S · - * ~t: 
G H {,c:} = li· (K2J -+ (MJ(' ~h1) 11 ccz_},_, 

. """ ~- ~s *' ~s lf:" 2 F ~ S' 

6 E CK.V =;; (!CV- (~ .~-.m)(~rm}2 2 c:~v. 
Hs COOTHOmeHHfi (74)-(75) :B~HO, ~TO B COOTBSTCTBHH C 3KCll8pHM8H­

TanbHHMH ~aHHHMH no Heynpyrouy paccenHHD sneKTpOHOB Ha HyKnoHax, 
. ~ 

npH 6oJIJ>mHX ,t:J' Heynpyrne q>.(p. G { c2_} y6ImaiOT cymecTBeHHo 

M8M8HHee, tiSM HYKJi:omme ({l,\l),. l{eHCTBHTeJI:&HO t cWIIKIJ;HH tP f./( 2_}, 

paBHaH 

/) 2 . _ &;wr {-t:~ ~ N//J ex { .e / ~ ~) - -~_.:.::...£-----:--~ 

~.-vr {~~ ~ n?) (77) 

Be~eT ce6R cne~ o6pasoM: 
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i 
I 
I 

1' 
i' 

! a IIpll .IV= h7 CO:!lUW!DT 0 CIUtCOlscRilOI cp.cp. HJ'KJIOHa) • 

'- / ry.; . ~.:; ~~~6~,{ .J 
~ (A:!~- Cf?;~. fk'!'I!Jt.:rM,f~f~.J O/O..}i 

~(~) A"~ ~ '1~-t~~~.J 
2 {~:?')- ~2.-t-.Y~ ~ {k, ~ ('",tr~?J./ + 

-~ ,f'2. r. , ~ /,;,~&,~ J (i',,~.t1"..} ,~? 
-p2[~ {A", o/0£ ~!Y} _a's o;; f"A:f~.Ju.<BO) 

· Jv{K"'~ .Y !J 
3,I\ecb 

(£.J - .) ' - . J(.,!,.h?.}{,!~~.,.¥/ 

(h4~J(h/+n,<f'.,l}p. ~ _'Y2-~y. 
/J.~/ . J ~ ., ..2' . ' ,..- " , t 'Y+m./ .,.. A" . 

~2 'I&' 

(f~ • ~.p(~,'?l} 'l- 1¥--H?){JI/r~t~-.Y)J 
£..:? Jc2 J) 

npH m IC" ll 

w~ h1 :. cr4 ~ ~"" y/., r}j....,~ J t?Rz-= .f., ae 6 -~, 
a ce~eHHe (80) nepeXO.I\HT B ce~eHHe PoseH6~a. 

Tenepi», p&CCMa'l'Plll!aJI W B cg f'k~ ;I) 1taK liH:BapJiaH'l'HyD 
.:;-.,_,., -rP ..L r " MflCCy MHOroqaOTK'IHOI'O IlapiU!aJI:&HOI'O COCTOJ'UIJIJI C J • .2 ,' .J. ~ ~ 

- , 
Jll)liHO nepel'lll :a :8HpU8HliJ!X (-'74) ~ (76) K DPIAI.IY BJ.epKtBa: 

/('!,I~ c:::>Q . IIpll ~..,,;) \llDo.JpOBUIIO .. 3!0 DpDI,Ite"r K 
CJli.IcylliQBM SCIDIIITOTlNeCKIDI YCJl0:8liUDI BA Heyrrpyrlle cfl. cp. 
~ £,-nfl't!iV) . l't~dl~/ · 
CYE t ~t! ?1/ G:_ t'~! t~) · 

~o N -.o) J • -
(8I) 

HJm 

· c u~~-t!2is~ J 
~ {Kf 71) 

11/. ~o., 

. /t",f~&,.r.J r: t..c~ 'P/ ~0. ' 

ilOJII,3J.fiC:O COOTHOUieiiiDIMH (80) ,IIOJI~aeM, 'ITO napru-ra.; 
. l.t/(~) . . . 

HHe cp~ VV~2 (~~ ,Y}. B 8CHMIITOTIIlleCIWH 06Jia( 

ynpyroro paccemnm: 6Y.I\YT BecTu ce6H CJie.n;yromnM o6pasoM 

.y ~ ff"J(.t-f.,} <><: -'lm" (k//J.,.., j 
~~).(K'J,;J} . ,y· .:f + ~ ~ 

IIpH /("~ ,Y ~'> 0<;:) 1 k/_gm.::J -<'fMKCHpOB8HHOM •. 

llsBeCTHO,'lTO cpyHKIJ;IDI ~ (.t:{?J) H ~fA:'! .Y) 
HHHMll BHPTYaJII>Horo cpoTonorJiomeHHH npo,I\OJibHO H nonepe~J 

aoro cpoTOHa OS H 0'-r cooTHomemunm: 

~ r.t-:-vJ = K o:r j 
#i~o( 

t1{ (lr~-Y)= _5 
~,.;'t( A 

r.~te t'= W'!n-;2 
.:ln-? 

B aKcnepnMeHTax no rJiyOoxoHeynpyroMy paccemmro OTHI 

ClJil'I3KO K Hy JTIO. 

C 3Tln.1 iPaKTOM COrJiacyeTC.fi OTHOUieime H8IIIHX IIapU}I8JII,H1!X ( 

TOTHtieCKOM . llpe,I\eJie ,HeCMOTP.fi Ha Hli3K03HepreTH'leCKIIB n: 

IIOJI:030BaHHHe npH HX IIOJiyqeHHH. 

X) TaK KaK Jt/ eCT:O IIpoR3BOJII,Ha.fi nepeMeHHM B UCXI 

{2),To nepexo.n; K.npe,I\eJiy EbepKeHa BOSMoxea. 



\ 

-') ' 

eH6JIIOTa. 

/"k~y) MK BHBapJI&H'l'syD 

:TOJUIJIJI C :tt> .t / ~ j . , ' 

I _K Dpt,llt.I,Y EJ.ipKe&a: 

IOBUJIOM. S'l'O DpDI,Ite'l' it 
seynpyrxe W. <J!. 

fi'.W'dlpt/ 
('~~ ~) -

~ (BI) 
V' --.."' J 

ITo~b3YRCb cooTHorueHllffMll (80),rro~yqaeM,qTo rra~a~bHHe cTpyKTYP-
. Lt/ (~) t1 , ) . . 

HUe <l>YHKUHH VV..{ 
2 

(lc 1 ,Y/. B acHMITTOTif!IeoKofi oc5~acTII r nyOoKoHe-

yrrpyr~ro pacceru~ 6yJJ:YT necTn ce6R c~e,eyronurM o6pasoM:Jt) 

~ ~ f%t)(~f.Y} -fm fl (kft,/n,y ).1 
11/.t /yz;. (lr'J,:;} .o< .Y .:1 + ~ /.tn "' -"> c 

npH /('~ ~ ~'> o<:> , k/.?m..J -<lJHKCHpOBaHHOM. 

ll3BBCTHO, qTo cPYHKUHH ~ (Kt ?J) H l14t (K~ -,') CBfi3alill C ceqe-

IDISIMVI BHPTYMbHoro cPoTorror~omeHHR rrpo~o~bHO n rrorrepeqHo rroMpnsonan-

HOrO cPoTOHa fJS ii (7'-,. COOTHOmSHH.fiMH: 

~ ( .r:.,) = /( 0':::. j 
lfliZcl T 

r,Ite 

B ::mcrrepliMeHTax no rnyooxoHeynpyrouy paccerumro oTnorueHne Q; /or 
.6~3KO K Hymo. 

C 3TllM <!JaKTOM COr~acyeTCR OTHOill8Hll8 HaillllX nap~!MbHLlX cPY~ll B : aCHMIT-

TOTHqecKOM . npe~e~e ,HecMOTPR Ha HnsitosHepreTif!Iecrora npn6mmemm, nc­

IT~b30BaHHHe npn nx no~yqeHIIH. 

z) TaK KaK }V eCTb npoii3BO~Hrui nepeMeHHrui B HCXO~HOM BHpa'KeHllii 

. (2) ,To rrepexo~ K. npe~e~y EbepKeHa B03MO'KeH. 
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3. AHOMaJI:&HHe MarHHTHHe MOM6HTH HYKJIOHa H pe30HaHca 

Ponepa 

KaK yrulSHBaJIOC:& BHIIle, npH K' 2
=0 CHCTeMH (40)-(4!) ;l:{aiOT 

COOTHOIDeHHH (46?-(47) Me~ aHO~:&HHMH MarHHTHUMH MOMeHTaMH pa3-

JmtiHHX BeprnHH. 
~s . 

Koa@)HuHeHTH a OTpruKaiOT BKJia,ll;, KOTOpHi! ,ll;aiOT B aHOMaJI:&HHi! 

MarHHTHHH MOMeHT HYKJIOHa ./' &I;S 6opaOBCKHe aMIIJIHTY,ll;U H ( TOJI:&KO 
v-

lJ)I.R. .J' ) .,ll;HarpaMMa o6MeH~ 3-3 pesoHaHcoM. BMa,ll;U ,ll;HarpaMM pHc. 6,8 
. A/71< ~s 

B nepexo,ll;Hllli aHoMaJI:&Hllii M£.rrmTHHii MOMeHT Hso6apu /~4!12' A-
~s j~S /VW/ 

ytmTHBaiOTC.ff KOS®HIJ.HeHTaMH C ' H c;r • MomiO OD;6HHT:b OTHOCH-

~S &'"S t · 
TSJI1>HHH BKJIB,ll; B / ,.. .• H /#'A/J' - KaHaJl:&HDH ,ll;HarpaMMH 

06MeHa BeKTOpHllMH. MeSOHaMH (piiC. 7), BBe,ll;H BeJlHllliHH 

LJ "'= · ~~ w?;r : t9 f: ~."/jvtr. 
[7 acr / czs ./ 

!ltV_ (J'v;d'7,jJ.v#( 
c er+ a c'-t/p- / 

if~ (is +/s6'Vh7 r 
. . .S c ~.<:" 

· . ~s ~s 

Koaci$!x.meHTH a •. • f CO,ll;ePJKaT B Ka'tieC~Be napaMeTpoB KOHCTaH-

TH fa/,VV H j}v-r.-, npH onpe,ll;e.n:e:mm KOTOpliX B JIHTepaType- CYJileCTBY­

eT .60~EWOH pas6poc/
32/. B Ta6~. 5-6 npHBe,ll;eHH SHa'tieHHJI KOS~eH-

t/.!: t/:S ~P * a-!P: . 
TOB a : • ~ .1:f ' H BeJIHtmll Cl / H t9 "/ npH pasJmtiHHX 

·.onpe,ll;eJieHH.RX KOHCTaHT~.VV H cf},v.v . lJyB~BHTeJI:&HOCT:b 
BCeX pesyJI:&TaTOB K HSMeHeHHD KOHCTaHT CBHSH ,ll;OCTHraeT 4Q%. 

. . -v-
' BK.n:B,ll; ,ll;HarpaMMH o6MeHa BeKTopl:IHMII MeSOHaMH B · .11 Ko~e6~eTCJI s J" -

OT 8% ,11;0 40%·, B M - OT IO% ,11;0 6'i%; . . . ./. . . v-
MaKCl~:&HHH BKJIB,ll; TaKOH ~arpaMMll B hA;v-r ,ll;OCTHraeT I9.2%, a 

B_ ./,VK-A/6 - 69%. · . . · 

44 •·. 

. 3a.u;aBaJIC:& SftCllepHMel;lTaJI:&IWMH 3Ha'tieiiHmm BeJIH'tiHH _/ 

H Jf1_ _ /3~,32/. · · . . · 
J l'~r . . . . . . . 

/.-vTi =:r2 __ ,._ · ~l/.r =--< 55F 

MOiKHO BH'tiH~:b aHOMaJILHHS MarHHTHHe MOMeHTH HYKJIOHa 

ca A{~. HaH6Mee 6JIH3KHMH K SKCnepHMeHTaJI:&HHM /32,4!1 

. . v- . s 
/11 ..,_/ 05" IH =-0~6 

/' ,d·-' ./' .·-' ' 
v- .. 

.ft-vft/1/T · .. .;,. /!?.Y'J ~s 
OKa3lma.IOTC.ff B Hameii MO,ll;eJIH ~e.ItYJ!lllHe 3Ha'tieHHH _/1 .' , . 

v 
· iL} . 

Ja1..v/f/, = 6;0o_.r ~ 

~t?'2.) =a.R.9'r&o. ,,~~~# ., , . 

v--- . .. . 
_/' ... /?P -:&:41'4 npH 

s .. .JI =' -:.~ 06"-7 r q c:o65. npH e7. _c~ :... .. d /_MV - _:( _p.:j-:r 
m t21"2.J . 

d ./'A/,V ;::::- ~ 6£. 

. v- . 
./v"#r ~4 .?.i.f.r 400 

. (/.) 
DpH cf' e:V,-,v . .:: /~ ~ 

/'".?} 
/?1 t? = 0 ..e.!? 
~ C"U,v.v / 

.. IT~ ,ll;IJYI'HX ·.SHa'tieHHJIX. KOHCTaHT ~q )A" A/. BeJilffiiH 

/~~ "HM~JOT TOJI:&KO npaBHJI:&HHi! H~Pff,ItOK H SHaKo .. 

Cor~CHe llMY'tiSHHHX pesymTaToB c sKcnepHMeHTOM : 

~T:b TeCTO~ pa3YMHOCTH MO,ll;eJIH, HCllOHL30BaHHOn lJ)lR. no~ 

(46)-(47), MH llpli 6Mee,06uteMDO,ll;XO,ll;e Cl!CTSM (40)-(4! 

lllltHX <!J.!p. pasmttiHHX 6apHOHHHX _H MS30HHHX 3HSKTpOuarHHl 
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IOHa H pesoHaHca 

CHCTeMH (40)-(4I) ~aiDT 

~rHHTHUMH MOM8HT8MH pas-
. ' 

>TOp!lli ,IJ;aiOT B · 8HOM8JI:&HW 

1e. 8MIIJmTY.n;I1 . H ( TOJI:&KO 

, I3Ma.n;I1 ,IJ;HarpaMM pHc. 6,8 

jtsoc5apu A{~ / ~r 
•. Mo~HO OUeHHT:& OTHOCH-

• RaHaJI:&HD:Ii ,IJ;HarPaMMH 

~ Be.mrcntim 
s ., 

r./fvtr. 
czs '/ 

qec~Be napaMeTpoB KOHCT8H­

:DC.B'JIHTepaType-CYI!leCTBY:-

9,II;~H SH~qeHKff KOa~eH-
a?P· ' t9 "'/ llpH 'p83JmliHHX . 

• · .lJy:BCTBHTeJI:&HOCT:& . 

~SH ,IJ;OCTHraeT 4Q%. 
. v- . 

930HaMH B~ KO~e6~eTCH 

tr 
~k:vr ,IJ;OCTHraeT I9. 2%, a 

il~ ,II;pYrmc. SHaqeHIDIX KOHCT8HT ~tj' )#A/. BeJilffifii~ c.-: S H 

J/1 0 S "HMeiOT TO~:&KO npaBHJI:&HIIii llOPMOK H 3HaK • 
./ 'Vf"/1/T' . . . ' . 

Cor~CHe n~eHHHX pesy~:&TaTOB c aKcnepHMeHTOM Mo~eT ~-

'.KRT:& TeCTO~ pa3YMHOCTH MO,IJ;eJIH, HCllOJI:&30BaHHOti ,JWI no~eHHH CHCTSN. 

(46)-(47), HJIH llpH 6o~ee Oc5~eM no.n;xo.n;e CHCTSM (40)-(4I), CBffSHBa­

KllllHX rp.¢. pa3JIHtJHhiX ClapHOHHhiX.H M830HHhiX 3JI8KTpO!.!arHHTHhiX BeplllHH. 
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YI •. 3aMeqarum 
_., 

~/..:_ 

' ' '": ~ ·. ~ 

-· 

llOCKOJiblcy' KOHKpeTHUe pesyJI:&TaTH no.z:tpo6HO OdCY!U{eHH B npe,ItH-
~ . . . . . 

, .z:tYlllHX :ws.z:teJiax,_ C.z:teJiaeM B saKJIIOqeime Jmlll:& HeCKOJI:&KO o61$iiX saMe-

qamrti. 

I.' IIpe.z:tiioJiarru! aHMHTHT.IHOCT:& SJieKTpoMal'HHTHoro q,.q,. no :m­

BapHaHTHoii aitix>HHoii MaCCe H HCIT0.7II>3YJI YCJIOBHJI ymtTapHOCTH, J.W nOJIY­

·~ JIHHe~HYJO O~HOCHTeJI!>H.O W•W• C~CTeM;y COOT~omeHHii THna (I). 
RHHeftHoci:o riOJIY'qeHHoii cHcreMH (40)-(41) :cBHs~a c TeM, 'liTo B -

- YCJIOIDIH YHHTapHOCTH yqHTUBaJIHC:& TOJli>KO CMf:7Il>HO B3aHMO.z:tei!CTBYlDIItHe 
'.!: • • ' ~ .. ,. • • ' 

, 'l!aCTIIIU>I B COOTBeTCTBHH C onpe.z:teJieHHeM SJieKTpoMai'HHTHOI'O W•W• 
- a,D;IJOHOB. 

JlmieiiHOCT:&. CHCT~MH no SJieKTpoMal'HHTHHM W•W• He HapymliTCJI 

npH O;Kase OT HcnoJI:&30BaHHOii HaMH 71-# ,ItOMHHaHTHOCTH; yqeT BHCIIIKX 

a,D;IJOilliWC npoMeltj'TO'IIHWC COCTO.IIHHii nplme.z:teT TOJi:&KO · R· poCTf CTeneHei!, 

C KOTOpUMH BXO.!UIT CHJI:&HUe W•W• B KO~~HTH .fve (-c1 ~~ .,.) 
B (I). . 

PaCIIIHpeHHe onpe,IteJieHKH SJI~KTIJOMal'HHTHOI'O W•W• a,D;poHa B COOT­

BeTCTBHH C Odl!leil HAeOJIOrHei·l dfTCTpana, Tpe6YD!Iee BKJIIJ'l9HHII B CYJo'-
. . . 

MY HpoMe.r;yTO'IIUWC COCTomntlLBCeX 'II8CT:Hn, BRJlllqaJI, Q -RBaHTH (pHC.2), 

npH:aeJio 6u yxe K cHcTeMe, co.zte~eii npoHsBe.z:teHHe HeqeTHoro 

'IIHCJia BC9B03MOJ!tHHX SJieKTpoM'li'HHTHWC !lx>lMJaRTOpoB. 

2. IIOJiyqeHHHe cHCTeMH (40)-(4I) cnpa:ae,JVmBH NIH q,.q,. :aepmnm 

.::=:: z ({ t Bmr.z:tY ee O.z:tHHilKOBOH C BCp!IHHOH A/#r H30TOOHT.Iec­

KOR H cnHHOBOJ.t crpyxTyphl; :no nosBoJisrer Bhlpasnn. ip.t!JJ. ~ ::;::: /A" 1 
'llepes cp. W• F; (A: v H F'w(f )F7' . H COOTBeTCTBYlDIItHe KOHCTaH-

TH CBffSH. · 

3.06Cy,ItHM KpaTKO pesyJI:&TaThi,KOTOpHe·MOXHO nOJIYilHTL,eCJIH H8XO,ItHTL 

aMITJIHTY;Ithl SJieKrpopOX,IteHHn C HOMOI!l:&D MO,It9JIH O,ItHO'laCTH'lHOrO OdMeHa~ 
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B aToM: .. Mo.n;eJIH.pasp~sbl 
'riomoc~MH, COOTBeTCTBYIC 

_ H -r- 71 · pesoHaHcaM. 

TO- HJIH' SJieKTpopo~eHll 

nJIHTy.n;, c.OorBercrBYIDIIlll 

MllX C nOMOlli:&IO peSOHaHC 

· .u;e · cTa6~:cwx qacTHU 

B STOtt MO)J;eJIH JIB: 

mme: 
' ' .. ' ·- ·", -/30"Z'1 ·. 

J/~,-1:) = .lc~tJ.+ 
r.ne CYMMa pacnpocTparu 

CH , T. e. aMII:IDITY.z:ta ~e 

·_ · . - · 5oz:'1 

~ {s, C)'= Jl (M 1)', ( 

. . B aMIIJIHTY.IOI j/ (! 
HHX :aepmm T" , :, (,c.l 

r~111r .. 
_CBSI~H ~,1/,r , /IRA/~. 

Pa6oTari c ,I{. c. :Sl 

:ace:aoaMO~ Ha6op'coc 

OHOIIHHMH lfrK.Vqp~ 
: -.~RTOPaMH . F;tV ~· {tt 

: CHCTeMa (24). 6y.n;eT CO) 

... :: ··r:;{~}q-~'lra~'H, Hanpl 

T.,It. l!lfCJIO . nepeME 

~eM B CJIY'I{ae ,ItRcnepcH< 

syJibTaTH, noJiylleHHh!e · 

--: 



po6HO o6CYJ!meHU B npe,ltl:l-

1> HeCKOJI:&Ko · o6utHX saMe-

OMarHKTHOI'O tP•tP• no HH­

JIOBWI ymttapHOCTH, Mll OMy• 

cooTHomeHHa i.Kna (I). 
CBH3~a C TeM, qTo B 

~HO B3aHMO~eiCTB~e 

CKTpoMai'HHTHOI'O_tP•tP• 

HRM tP•tP• He Hapy!IIHTCJ'l 

~HaHTHOCTH;yqeT BRCmHX 

1'. TOJii.RO-R· pocTj" CTeneHeit, 

~~~BTu .fve r,c-; ~~ _,.) 

HOI'O tP•tP• B,lij)OHa B COOT­

pe6YJJ11ee BKJUJileHH.II B CYM­

BKJD:)qaJI .. ~ -KBaHTB (.IJIC.2) t 

crpoH3Be~eHHe HeqeTHOI'O 

laKTOpoB. 

BeW!HBH ~ tP• tP• BCp!IHHR 

ImHOit #/f/r H30TOIJ:HtieC-

1~pa3HTl>. rp.rp,~ :=: /.c-1 
[ COOTBeTCTB~e ROHCTaH-

tHO flOHYilHTL,eCnH HaxO~HTL 

nt • o~HotiacTHtiHoro oel!LeHa~ 

:·'• 

,• · .. 

B aroit :Mo~eJIH. pa~pe3H aMwm:Ti,nH B qm::m:qecKoii o6JiacTH saMeHmOT~SI 
, 'rfomocaMH, COOTBeTCTByrotl!IlMH . 3KCnepHM6HTaJil>HO 113B6CTHHM 7- If/ 
-~ -r -71" · pesoHaHcaM. ··aro osHaqaeT,· qTo aMIIJIHTy~a npouecca <Po­

. TO- rum' 3JI6KTpopo~eHHSI 3a,n;aeTC.fi CYMMQM 60pHOBCKHX qJI6HOB H aM-

nJIHTy~, cooTnexcxnyromnx o6Meey"11- AI H 7f -1i HS06~p, TpaKTye­

MUX C notlOIIU>IO peSOHaHCHOil tPoPMYJIH H paccM£1TpHDaeMHX, nosTOMY ,B BH­

·~e cTa6HJII>HllX qacTHU ~- sa,n;anHHMH :f p I'r · · 
' . ._, 

B a TOil; MO~eJIH · JIJD6M HHBapHaHTHa.fi aMOJIUTy~a 3anHcJ1BaeTC.fi B 

BH,IJ;e:. . [~· . ~/ . N~,Vj . • - . l!>oz-'1 . . . R 'V: . R. 

j/(,;,t)= .I (<t_t) f ~ . ~. ·-~ ~;;('"'" .. ··~ ;;-"' 

r~e CYMMa pacnpocTpaHSICTCH H8 BC6B03M0ll!:HI:le 7i- 1(/H p-/i peSOHaH-

CI:l, T.e. a~TY~a HMCeT B~: 

j(s,o= ./1 ~;;j,t)+2: .• : ~~e~.~~(JJ • 
· R - H +~ I? · s 

B aMnJIHTY)Ol )/ ~ t )nxolJI!T <PoiJ!$KTOPH paSJIHti~ _He,ItHaroHaJID-

HIDC BCpnmi f;;vrf~1 ,, ;:;7!3' {K9•li ~CeB03MOlltHHe KOHCTaHTU ' ·• 

_CB.II~Ii ~A/F , jR,vA/_ • _ · _ 
· . . ~ ·. Pa6oTaJI c Jt.c. BHBQepa H Hso6apHoit MO~eJIDIO, MOlKHO' no.nytniTl> 

'' ... , BCeB03MOJKHWi Ha6op COOTHomemtlt Mrutr,zy HYRJIOHHHMIII Prj; e) H : . 

: momniMH: lfr~v~~opaMH C O,llH_Of,i CTOIJOHH H n~~xo,ItHilMH tPoPM­

-: !PaKTOJmm · f;111 a' {.cZj i. -F;.T (,cV_ c ~pyroit,. nono:uy 

· .. Cl!CTeMa (24) 6y~eT co~epJKaTI>. ItaK. H K V , F;(K z_}, , . 
... · ,, .: .,f:,_('wl!f~~a~·H, HanpHM~p·, K "N,..(.t:'V.J. P* (tV, c:;* .. (K'JH· 

J / . . LJ3a (/ . . ;f/;.l{;roN1" rill}.,, IVY 
T.~. l!HCJIO nepeMeHHHX B CHCTeMe(2~) 6y~eT CYJitCCTB8HHO Bblllie, 

qeM B CJiyqae ,ItHcnepcHOHHOI'O no,IOCo~a. · Jlru~te e~ HcnoJIDSOBaTl> ,pe-
• I 

3YHLTaTll, nonyqeHHlle C flOMOmLD ~llCnepC!iOHHOrO M6TO~~' . 

"' 
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cHcxeua He nos:soJmeT BspasHTI> BOe qopfollarropa F;A/11/ T(~') 
TOJII>KO qepes HYRJIOHHHe qopyqaKTopu. Tell He MeHee, coBMecT-· 

HOe npHMeHeHHe LfJ,JteJIH O,JtHO'IaOTJ!IIHOI'O OdMeHa H ltaCaEHH!lepa 

fiOSBOJIHJIO 6H. fiOJIYliHTl> ypaBH6HHJ'I 1 · OBHSHBIWIIIH6 pa8JIJ!IIHH8 ne­

peXO,JtHH8 lfoPMiaKTOpH. 

4i 06cy,JtHM1 • RB.KOft Mepe IIOJIY1J8HHH6 pesyJII>TaTH saBH­

OJIT OT BOIJOJIJ!SOBaHHOI MO,JteJIH. !Jp.H BSBO,Ite OHOT6Mll T.Hfia (!) 

. 6WIH. npliUlSITH OJ!e,Ityi)IIIH6 npHdmilKeHHJ'I: 

a) rHTIOTe3a. aaaJIHTJ!IIHOCTH SJieKTpOMarHHTHHX ~~- no HH-

. BapBB,HTHOf! a,JtpOHHOI Macce 6wra npJIIMeHeHa TOJU>KO K cp. cp. BepmHH 

A/All H Af:toN Q, Bep~ lKe /Vj~ IV~ A/~=A{~u 
.,.... It- . , ,¥. . \ • J 

M-r~o /U.yj#(? r II 4,....,,-f tTHe paocMaTPHBa.DOl>, XOTH pe-
N '"Trv ,'('1-o . . 

SOHaHC ~~~~O no ,JtHCiqleTHIDJI KBaHTOBHM 'IHOJiaM Tade JiJ,lt6HTJ!li6H 

HYRJIOHYi 

6) B OHO'reMe .ltaOa .JtJIH M,YJ!l>THliOJil>HHX aMIIJIHTy,Jt :3JieKTp0pOllt-

.Jt6HHH B np.HdJIHDHIH ynpyroft YHHT&pHOOTB Y'llHTHBaHCH 06MeH 3-3 

pesoaaHcoM B fl- KaHaJie z tl)(/ )-MeSOH&.D B i ~ KaHaJie C 

· B) CWil>HHe BeplliBHll ic11jD)AIIJiotmOHB&.D01> 0 fiOMOI!ll>il KOH-

~ OBHSH /tJtj)4tW'• . a He OHJil>HHX ~ ~ · ;;;(f}N;f.f (k
2
). 

IToKa.aM,. 'ITO HOIJOJII>so:saHHHe npBdmureHM HaJial'81lT Ha 

no.nyqeHHHe pesyJII>T8TH .JtJIH cp.~ .JtOBODHO OJI86He Orp8HJ!li6HHH1 
*" ' 

a) ·paccMoTpeuHe BepmHH o pesoH&BOOM A/~ ue IDET ~s-
MeHHTI> IJOJIYlieHHUX pesyJII>TaTOB, TaKa ~1'0 Yfi8T npBBe)teT TOJ!l>KO 

K J{06aB.1IeHHII B 6JIO'llHO-AHaroHaHLHHX MaTP~X .It~: • ••.). H 

13/JC~ ... ) HOBHX 6JI~mB. ·HeHSB60THBe TaKOI CHOT8Mll Jiaxo,lUITOSI 

fiOCJie,JtOBaTeJII>HHM paspemeHHeM Ka~Oro 6JIOKa. . 
. A/.,.11 

Ilpe~edpe.auze BRJIB.ItaMH BepmHH o pesoaauooM /Y1 ~Go 

IIPHBOJUIT t OTpOI'O ro:sopg, K HeKOTOpOyY orpaameHHII Ha B6JIJ!IIBHy 
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. IC .t. • JieitcTBHTeJihHO, Hs ycJIOBIDI ( B Jia6. czcTeME 

wz: ~.t"P*K.!-JlmK111 ~ #,,/1 .-~ /6" f;B; 
·.z .. '~ . 

• CJie.JtY6T - IC :t: MP - h1 .Z r .Rm ,f;, .r 'liTO 
~ . . . 'Aav ' 

uanp:11uep, npz suat~eHHH JC · ir .fl..fT3B~ HcnoJI:cso:sc 
. . .. . . . "/Jttl" , . . 

SKCnepHMeHTe IJ0 B!:lCOKOaHepreTHtieCKOMY aJieKTpOpO~E 

npHBO.JtHT K CJie,eyiOmeMY orpaHWieiDOO: tt'~-~ 8 r::JB'! 

O,JtHaKo noBe,JteH~e uaMeHHUX uaMH q,.cp. B acl!Ml 

o6JiacTH K2-"~ocTaeTCH pa'sywrnM• 'ITo :KacaeTc.ir·Be] 

A/ ~ A/ * .Y TO npHMeHeHHe K Heil ,Jt. C • EHtm:epa l 
IV /'I~ l"ff';etJ U. J · . ·. ·· . . • . 

B8CTH JIHml> K MaJII:lM nonpaB~M, T • Ko 8JI6KTpOpOll';I(8HHI 

Ponepa KRH6MaTWieCKB CBJil>HO. llO,IUlMeHO.· 

6. Mo,JteJII> aJieKTPOPO~eHIDI,nplllMeHeHHM. B uame 

HBJIH6TCH, KaK 6WIO fiOKa3aHO BHIJI6 1 ,JtOCTaTO'IHO o6me 

Ha Ha CTpOrHX 'IHCJI8HHHX O_UeH:KaX; fiOJIY'IeHHHX lliBeJIO 

HHKaMH )26/~ l{aqecTBeHHOe cpaBHeHRe 3HatieHI1H ceq· 

d4o-jt.IJ2.1U~¥-e_) , c~e.nyxmun~ zs HamRx pesyJII>Ta 

yqeTOM COOTHOmeHHil' (54),' (61), (62) 11 ,ll;l!IIOJlbHOi 

~'(-~.t.J ,n;nH . ) c aKcnepHMeHTaJil>H!lMH' ,n;aHH 
. 7 . . . 

,JtaeT pasyMHOe COOTBeTCTBIIe •. 

. Bo ViciiOJI:DSOMHJ/Ie KOHCTaHT ;~j'.)NN BMeCTO q 

onpe,JteJIHeTCfl fiOCTaHOBKOi1 sa,Jta'IH - CBfl3aT:b .B CJIICT€ 

pOMarHHTHHe cp.~. BC8B03MO~HX a,ll;pOHHHX Bepm:11H·C I 

MaTH'lleCKHX MHOm!TeJieil H HeiiOCpe.n;CTB6HHO H3M8pfleMil 

~ 
MH 6Jiaro.n;apHI1 A.M. Ea.Mirny , C. E. fepac IDIIOBY , 

n.c. UcaeBy; .u. B. L.illpKOBY t !0. M.lliJ<!POP:?BY :11 yqaCTHl 

.JtHMHX HJvm ceMRHapoB sa o6cy~eHIDI pa6oTH. 



. . (x';) 
~~KTOPH FRA/ti}T . 
~!til He MeHee 1 COBM60T-

OdMeBa H ~.o.EJHUepa 

rsBBBDDtHe paSJIBIIHlle ne-

'mme pesyJI:&TaTu saBH­

BO~e OHOTeMH THIJ.a (I) 

~oi.lirHJ!THHX W. <I>; no HH­

aeHa TO~RO R <lJ,<lJ, BepmHH 

r-* A/ A/** A/~ 
'del FV 1::.; /Vd&P/V;~r 

. ) 

aooMaTPJriBaJIBO:&, XOTJJ pe­

M qJIOJiaM TaRZe iJ,lt6HTHti6H 

~BHX aMDnHTY~ aneKTpopox-

10Til ytiHTHBanca odMeH 3-3 

taMa B i - xaHSJie I 

lllOIDIILUO:& 0 IIOMOJ.Il:&JJ ROB-

We <lJ.. ;.;/f)N.,Y /lr2). 
lei.JmlreHM HBJial'81lT Ba 

GHO OJia6He orpaHJil116HIIJJ: . *' . . 
f&BOOM ltf~ He 8)Z8T H3-

_ero yqeT !IpllB~6T TOJI:&RO 

;.'rp'/iUilX.It~: • •• ) H 
TaROI OHCT8MH HaXO,IUl'l'CJJ 

:> dJiotta, . 
~/fll-11 

o pesoaaacoM tY1 ~Go 

111·· orpaHJil118Hml . Ba BeJIHIIBHy 

JC .t. • .Iiei!cTBHTeJihHO, Hs ycJIOBHJJ ( B Jia6,cHcTeMe IJYMOHa) 

W" = ,.t -1' /('.1-:lmK"~ ~ #~t .t .. ~ /G r;B
2 

·.z ·.~ 

cJie,eyeT .. -:-JC . ~ Ml( -mtl.-r .:lm Ao,-r ~.ITo, 
HanpllMep, npH saatJeHHH IC 'iii' /l,f'T'JB~ HCIIOJI:&soBaHHOM B 
. . . . .. . .· . pl}lf$" / . . . 
3KCIIepHMeHT8 IIO BHCOK03HepreTWI8CKOMY . 3JI8KTpOpo~emm {:t.!Ij, 
npH~~HT K CJI8,eyJ0!!18MY orp~HWieHlOO: 1\".!l = $ r'JB'! . . 

O.n;aaxo none.n;eHHe Hati.n;eHHHX HaMH c!J,<lJ, B acliMIITOTWieCitol1 

o6JiacTH·K2-..~ocTae;cn pa"sy-. liTo xacaeTc.R·nepmliHH 

* . /ttj:~ Alj..p; ~TO npHMeHeHHe K Heti .n;,c, EH!p.lepa MOllte'r rrp!11-

B8CTH JIHm:&_K MaJ1HM nonpanxaM, T.K. aJieRTpopo~eH!I1e pesonanca 

Ponepa KRHeMaTWie?KZ cBJI:&HO. no.n;aBJieHo.· · 

6. Mo.n;eJI:& aJieKTPOPO~eHM ,npHMeHeHHa.SI B namet1 pa6oTe, 

SIBJISI8TCSI
1 

RaR 6WIO IIORa3aHO BH!ll6 1 ,Il;OCTaTO'IHO o6meu !11 OCHOBa­

Ha Ha CTpOrHX 'IHCJI6HHUX ~UeHRaX 1 IIOJIY'IBHHHX lliBeJion C COTpy,n;-

HHKB.MH. /26/ ~. KaqecTB8HH06 cpaBH8Hl16 3Ha'I6Hl1i1 ceq'eHIUJ 

d.t,.._.Ib,.../n.:~~ J~je_:>.. ( v ;av~~ ~~ , cJie,eyiOmruc zs Hamlix pesyJII>TaToB T. e. c 

yqeTOM COOTHOlli8HHl1' (54),· (61), (62) 11 ,ll;HIIOJibHOfl tllOp!.-!YJihl. 

~~-~.t.) ) c aKcnepHMeHTaJI:&HHMH .n;aHHhlMil I 2.3/ 
. 7 

,n;aeT pasyMHOe COOTB6TCTBH6. o c c~~ 
· B. HonoJII>SOMHJie KOHcTaHT d~_/.)11/IY BMBCCTO 4.'• cp.IAJ(/JN-M 

onpe.n;eJISieTCSI llOCTaHOBKOi1 sa.n;a!JH- CB.fi3aTI> B CHCTeMe (1) 3JI6RT­

poMarHHTHH6 tP• fil, BC eBO 3MOlKHhlX a,JWOHHHX nepruHH 0 ·noMOlliMJ Rlme-

MaTWI6CRHX MHOlltHTeJI8l1 H Henocpe,Il;CTB6HHO .113M6p.R8Mb!X.ROHCTaH'r 

CBSI3H. 

Mbl 6Jiaro.n;apnu A.M.EaJI.nHHy, C~E.repacHMOny, A.E.roBopRoBy, 

II.C.HpaeBy; n.B.LillpKOBy, !O.M.lliHPOY.OBY H yqaCTH11RaM : pyROBO­

.n;HMHX ZMH ceMHHapoB sa o6cy~eHKR pa6oThl. 
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IlpJJJIOseHHe I. 

OnemiTopu rrpoeKTBpOMHHJJ d!OpK9Ja;Kti:lpoa_ 

.. ?"-J,~ ul · . 
~nepaTopu ~ _;HJB ~7~, onpe.zt~:mme CJirl!lliM ~dpasou: 

. n/.tw)• ~{{1m) (111-tP,)~~ ~~ w).J, ~·r~.! 
BMellT BJJ,It: .., · .f h . ~ . .I 7 -~ 
i 18J(:t1Y} =-- (iP~II')~AJJ~~ L~~w)-~~ t!S!M~/#')· 
~· . . J 
:;=~zf, ~fhi~IYJ}'}u -p,tt~~ ~hl:th')J~·a;,..,K~ ; . 

~ %
, .. . . - .e ' ' -6 _, 

r.,',~H)•/iP~ JY)f,mA ;/ •.r~-.(0~ -ti'M-6A ~ ~ ,. . 

o~'(hl ~wJfor"'~;Vj-:.1(':/14: -~"l'"'f"hjA--~_7 .,5~-t_llf'~lp}.: 

OnepaTOPH A~,,,(#(.;jB. (Ib) onpe~eJlfii)TCstCP..9T_HOmy~ 
, ..... ~)I . _.,.. (IV "') n. -

J',)A(~JY, ~-;_~(n- .,..5-lih/~D -e,SA: ·h7 · -

/. ) ·-~7i~ ,y.z_JY, -_RA~fl-.c2&_ - J:~ 
-~w.,, c r~J~ ~ , . L"!JC z-11 • 

fw-,Je-~v.!ifH .. z."'-~·rr~-v,~.:.J ~ )7 ... 
.,. :lll7 { .3 ";fi ~ /('t"A..J&)} ~ 

. ~ Ja II:~ 
~ .. . . ...._r?Y-m - ~-

Phl./•(.:t~~til)•.r{h,~~ ~?A7J~ .;.~·1",%-L . "'. 
( t} . -~' J; . . tr"- /f'M + +'hi 't, .t>fi;~;;:! i!- 'f" - IY-/1'1 I T 1'1 .!E.!..o ~ ,. , - •.L 

. ~~ hi ~, 

f_W-mJII.- -r~/J - .. -' ·/::.0~1/-~J ~~-}j ). 
-# .2m ( 3 j"h ~ -~,,-11:./r ~z/(FJ)~; 

B,Itao:r.. ~~ E /;.{c4) ( t':~ ~ 2.)- cq>ep~t~~ecRlle ci\YHRitllll IIDPBJtlfA 

· . ~ ~ 4-BeKTop. 11.1" oee_or aan.PaBJieHlle Tom/;. 11 onpe,tte.MeTcs ~ 
. COOTHOmeHllell~/'/61) =;/#)~ • 

1 
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llpMOllteHHe 2. 

BJ;m MyJI:&THITOJI:&HHX aMIJJIHTY8 aJieKTpopogeHll: 

MyJI:&THnOJI:&HHe aw:r.mrry.lUl ·aJieKTpopoJOJ;eHHS miellT c; 
-· 

,_ '11":./<5 ) . - ~ ,., . 

. f&.tf' !.f'Jw} ~ ~-(-JI i;-lw) .,s· If J M.t- (K. '! h 
e/ t!/ {b/ - . 

;, A;f~:t;) ''' ~ .~ 
+ ( x;~'f;,)); 2~1££:/;v/ 

I trlf·,_ "'"'') :l =. I V/~n, .Z ht'j -~.· / j} I."'/~·~ 
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Y CJIOBHS 06MeHa 

TipenpiiHThi II coo6meHIIH OIUIH paccbmaJOTCH 6ecrrnaTHo, aa 1 

nMHOrO o6MeHa,yHnBepcnTeTaM, IIHCTIITyTaM 1 na6opaTOp1IHM1 6n 
aaytiHhiM rpynnaM n oTnenhHbiM yqeHbiM 6onee 50 cTpaH. 

TionyqaTemtM nanaanfi OHHH npenocTaBnHeTcH B03MO)!{HOCTh 

HBIITh IIHIIUII8TIIBY B 6ecnnaTHOH nOCblRKe ny6nHK8UIIH B lly6Hy. 

o6MeHa np!IHIIM8JOTCSI H8YtiHbl9 KHIIrii, )!{ypH8Rbl1 npenpiiHTbl U 

ny6nnKaunn no TeMaTn:Ke Ol1Hl1. 
EJliiHCTB9HHhiH BIIJl ny6nn:KaUIIH 1 KOTOpbiH HaM Ilpl!Cbin8Tb H 

aTO peiipiiHThl l OTTIICKII CTaTefi t y)!{e OIIy6niiKOB8HHblX B HaytiHhlX 
B pHne cnyqaeB Mhi caMII o6pamaeMCH K aaytiHhiM yqpe)KJleJ 

6onee KpyiiHhlM nonytiaTenHM H8IIIIIX II3Jl8HIIH - C Ilp0Cb60fi 6ec1 
cnaTh aaM KaKIIe-nn6o KHnrn unu BhiiiHCaTb nnH aameii 6n6nuoTE 

*YPH8Rbl
1 

U3)l8JOIIIII9CH B liX CTpanax. 

OT,neJlbHble 3anpocbl 

J13Jl8T9RbCKliH OTJl9R 9)!{9rOJlHO Bb1IIORHH9T OKORO 3000 OTJlen 

coB aa BbiCbinKY nanaanfi OHHH. B TaKnx aanpocax cnenyeT 1 

YK83b!B8Tb HHJl9KC aanpaiiiiiB89MOrO II3Jl8HIISI. 

A.Qpeca 

TIIICbM8 ITO BC9M BOIIpocaM o6MeHa ny6nHK8UIIHMII 1 a T8K)!{E 

oTnenhHhle nanaHIIH cnenyeT aanpaBnSITh no anpecy: 

MocKBB, 
rnaBHbii1 no'lTBMT1 niH 79, 

HsaaTenbcKHi1 oTaen 
06beaHHeHHOTO HHCTHTyTB 
HaepHbiX uccneaosanui1. 

Anpec nmt nocbmKn Bcex ny6nn:Kaunfi B nopHJlKe o6MeHa, 

6ecnnaTHOil: IIOJlniiCKII Ha H8Y'IHhl9 )!{ypH8Rbi: 

MocKBR, 
rnaBHbii1 nO'lT8MT1 niH 79. 

HayrrHo-TexnurrecKBH 6u6nuoTeKa 
06beaHHeHHOTO HHCTHTYTB 

HaepHbiX uccneaos·anui1. 


