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AH Ho· Tau Hg 

M eTO,llOM H .H. Boromo6oBa nony<IeHbI ancnepcHOHHbie QOOTHOill e

llleHHff ang ¢HanqecKHx aMnnnTya B cHcTeMe ueHTpa Mace anR npoueccoB 

TOpM03HOro HanyqeHHH sneKTpOHOB Ha HyKnOHe ll pO)K.[leHHff nap f" 
KB8llT8MH Ha HyKnOHe B HH3llleM no '2- npn:6nH)K eHHH. 



BBe.lleHHe 

B HaCTOSII.Uee BpeMSI O,llHHM li3 HaH6onee scpcpeKTHBHbIX MeTO.llOB yqeTa 

CRnbHbIX B3aHMO,lleHCTBHfi SIBnSieTcSI MeTO,ll .llRCnepcHOHHbIX COOTHOWeHH:ll:. 

B npHMeHeHHH K sneKTpoMarHHTHblM npoueccaM, TaKHM KaK KOMnToH-scpcpeKT 

Ha HyKnOHax, TOpMO3HOe H3nyqeHHe HnH pO:1K,lleHHe nap Ha HyKnoHax II .llP, 9TOT 

MeTO.ll nO3BOnSieT, B onpe,lleneHHblX npe,llnonomeHHSIX, nonytJHTb CBe,lleHHSI O CTpyK

Type HyKnOHa. Ha.llO 3aMeTHTb, 'iTO H3ytJeHHIO CTpyKTypbl HyKnOHa B nocneaHHe 
· · xi · · 

I'O,llbl Y.llenSieTCSI 6onbwoe BHHMaHHe ' noci:onbK.Y 9TOT BOnpoc HMeeT He TOITbKO 

caMOCTOSITenbHbI:ll: HHTepec, HO OKa3bIBaeTCSI TaKme TeCHO CBSI3aHHblM C rpami:uaMH 

npHMeHHMOCTH KBaHTOBOH aneKTPO.llHHaMHKH Ha Ma~wx paCCTOSIHHSIX. 

ilHcnepcHOHHwe COOTHorueHHSI ,llnSI npoueccoB TOpMO3HOI'O HanyqeHHSI sneKTPO~ 

HOB Ha HYKITOHaX H pO:1K,lleHHSI aneKTpoH-:,no3HTpOHHbIX nap r -KBaHTaMH Ha HyKnO

HaX noaBonHIOT TeopeTH'ieCKH cTporo paCCMOTpeTb Bonpoc O BnHHHHH CTpyKTYPbI 

HyKnoHa Ha yKa3aHHbre npoueccw. C aTofi TOtJKH 3peHHH Hccneao~aHue aucnepcu-

• OHHbIX COOTHoweHRH ,llnH BHpTyanbHOI'O KOMnTOH-scpcpeKTa, Oo'be,llRHHIOI.Uero B ce6e 

o6a Ha3BaHHbIX Bbrrue npouecca, npe,llcTaBnHeT BnonHe onpeaeneHHbrtt KHTepec. 

. 1/ . 
B nepBott tJacTR aaHHOfi pa6oTbI MeTO.llOM H .H. Boron1060Ba nonyqeHbI axc-

nepcROHHbre COOTHOWeHHSI ,llnSI BKpTyanbHOI'O KOMnToH-scpcpeKTa B Hli3WeM no e 
npu6nu m eHHH. 

UoKa3aTenbCTBO .llKcnepcucrnHbIX cooTHoweHRfi anH npoueccoB TOpMO3Horo 

2/ 
:1rnnyqemrn H pomaeHRSI nap npOBe,lleHo a K no9TOMY B HaCTOSII.Uett p_a6oTe OCHOB-

HOe BHRMaHHe 6bmo Y.lleneHo nonytJeHKIO ,llRcnepcHOHHbIX COOTHoweHHH ' npRI'O,llHblX 

anSI npaKTHtJeCKRX npunomeHHfi. 

TaK KaK MeTO.ll BblBO,lla .llHCnepcHOHHbIX COOTHOWeHHfi noapo6HO li3nomeH 

1-3/ 
B pa6oTaX ' TO B ,llaHHOfi pa6oTe MHOI'He npoMemyTO'IHbre aTanbI 9TOI'O BblBO.lla 

onymeHbl. B § !l 2 ,3 BbIBeaeHbl .llRCnepCHOHHbie COOTHoweHHSI B ca Mott o6ruefi cpopMe, 

a TaKme np~Be,lleH MRHRMYM BbIKnaaoK, He06XO.llRMbIX anSI nOHHMaHRSI RX BblBOJ:la, 

xi n o.zipo6HyIO 6u6nuorpacpHqecKyro cnpaBKY no Bonpocy o cTpy"KType 

HyKnOHOB MO:1KHO HattTR B 063ope" u.1-1 .BnoxHHUeBa, B.C.BapaweHKOBa 

u B.M .Bap6awoBa •cTpyKTypa HY_KnoHa •, Y<:t>H, B neqaTR. 
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4~ 

HatJHHa.lI C § 4, Bee H3nO)KeHHe BeneTC.II TOnbKO nn.11 npouecca TOpM03HOI'O 

uanytJeHH.II, TaK KaK HeT npHHUHIIHanbHOH: pa3HHUbI B HanucaHHH LlHCrrepcHOHHbIX 

COOTHOllleHHH: ,lln.lI rrpoueCCOB e + JI~ e +JI+ r I 
II r +JI_.,. JI+ e_. + e;,_ , 

11-ccnenoBaHHe HeHaomonaeMoii: o6nacTH /§ 4/ rrpHBOLlHT x aaxmotJeHHIO, 'ITO 

B ripouecce TOpM03HOI'O HanytJeHH.II cymecTByeT KOHe'If!blii: HHTepBan· HMIIynhCOB 

OT,lla'IH, nn.11 KOTOpbIX OTCyTCTByeT HeHaomonaeMa.lI o6naCTb, B § 5 ttpOH3BO,llHTCSI 

Bhl'!HcneHHe O,llHOHyKnOHHOI'O qneHa H IIOKa3hlBaeTCSI, 'ITO ceqeHHe rrpoueccoB, Bhl

C'IHTaHHbIX B 0,llHOH_yKnOHHOM rrpHonK)KeHHH, COBrranaeT C cetJeHHeM npouecca, IIO,ll

C'IHT8HHOI'O B TeOpHH B03My1UeHHil C Tott, O,llHaxo, pa3HKue:ii,. 'ITO MeTo,ll LlHCrrep

CHOHHbIX COOTHOlll 9HH:ii II03BOnHeT CTporo BBeCTH cpopMcpaKTOpbI xocpcTa,llTepoBCKOI'O 

TKIIa B HYKnOHHbie BeplllHHbl cpe~HM8HOBCKHX rpacpHKOB, KOTOpbie CB.II3aHhl C BHpTy

anbHOii: cpoTOHHOii: nHHHeii:, B 8TOM aaxnroqaeTCSI 0,llHO H3. cepbe3HblX nperrM_ymecTB 

MeTO,lla ,llKCnepCHOHHbIX COOTHOllleHH:ii no cpaBHeHHIO C Teoprreii: B03MymeHHii:, B 

§§ 6-8 aan11caaa·penSITHBHCTCKH-HHBapHaHTHaS1 CTpyxTypa BHpTyanbHOI'O KOMIITOH

acpcpexTa H nonytJeHbI LlHCIIepcHOHHbJe COOTHOllleHHSI nirn OT,llenbHblX KOacpcpnurreHTOB 

CTpyKTY:PhI B CHCTeMe ueHTpa _Mace, 'ITO K SIBnSieTCSI KOH9'IHOii: uenbIO nepBoii: tJaCTH 

paooThI, 3TH · cooTHOllleHK.II MOrYT obITh B nanhHeii:weM KcnonhaoBaHhI rro xpafiHeii: 

Mepe nnH ouEiHKK BKnana . 0,llHOIIKOHHOI'O COCTOSIHHSI B paccMaTpHBaeMhle 
,,:;,.. 

npouecc·h1, 

4,5/ 
aHanorK'IHO TOMY' KaK aTO ObinO C,ll enaHO nnSI cpoTopO)K,lleHKSI jf. -Meao-

HOB • 

6/ B paooTe ObinK pacctJKTaHhl npouecCbl TOpM03?0I'O HanytJeHKSI H po )K,ll eHHSI 

nap B mi:ameM .rrpKonK)KeHKH TeopKH B03My1UeHKfi, C ytJeTOM nKlllb nrrarpaMM THIIa 

BeTe-rafiTnepa, B KOTOpbie. ObinH .BBe,ll9Hbl xocpcTa,llTepOBCKHe cpopMcpaKTOpbl, 

QqeBH,llHO, 'ITO LlO 8HeprKii: nanaromrrx tJaCTHU - 150 MaB, Korna BKnaa OT Me-

30HHOfi ill YO bl HYKnOHa K aneKTpOMarHKTHbie norrpaBKH ~bIClllK_X' IIOpSI,llKOB eme He 

6/ . . . 
cymecTBeHHbI, peaynhTaTbl paoOTbl MOI'YT OblTb HCIIOnh30BaHbl ,llnSI npoBepKK KBaH-

TOBO:ii aneKTpO,llHHaMHKlI Ha -ManbIX pacCTOSIHlISIX, rI 0,ll rrpoBepxoii: KBaHTOBOfi aneKTpo

LlKaaMKKH IIOHHM8eTCSI_ npo:eepKa nOKanhHOCTH B3aHMO,lleii:CTBHSI aneKTpOMarHHTHOI'O 

nonH C TOKOM aapn)KeHHOfi '!8CT.Hllbl, AHanorH'!Hbie peaynhT8Tbl ObinH nonytJeHbl 

7-/ 
T8K}!{ e B paooTe • OnHaKO C B03pacTaHHeM sHeprHfi ,llO 500-600 M SB BKnaa OT. Me-

30HHOtt lllYObl HyKnOHa ,llOn)KeH CTaHOBKTbCSI Bee aaMeTHefi K 0,llHOIIHOHHOe npK-

6nu)KeHHe MO:>KeT BHeCTH cymeCTBeHHOe H3MeHeHKe B ce~eHHe paCCMaTpHBaeMhIX npouec-

COB, nosTOMY yqeT O,LJ:HOIIHOHHOI'O COCTO.IIHH.II II03BOnHT 3Ha'IHTenbHO OTO,llBHHYTb 
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9HepreTHqecKyro rpaHHUY npH npoBepKe KBaHTOBOJ:l: aneKTpO.llHHaMHKH Ha ManbIX 

paccTOSIHHSIX H .llOB9CTH ee .llO SHeprHJ:l: aneKTpOHOB H cpoTOHOB - 500-600 Maa. 

np11 aToM, HanpHMep, _ B npouecce TOpMOaHoro HanyqeHHSI .nnSI aHeprHH na.narome

ro aneKTpoHa "'550 ,Maa H aHeprHH. HanyqeHHoro cpoToaa ""250 M_aa cymecTBye'l 
.. - . -14 

BO3MO)KHOCTb npoaepHTb KBaHTOBYIO aneKTPO.llHHaMHKy .llO paccTOSIHHA ~ 1,5•10 ·cM. 

§ 2~ MaTpHqHbIJ:l:. aneMeH't' TOpMO3HOI'O Hanyqemrn aneKTpOHa 

Ha HVKnoHe 

_.Un.II npouecca TOpMO3HOI'O Hanyqe~HSI aneKTpOHa Ha Hyi<nOHe e +.JV'-

- e-t- .N-t r MaTpHqHbIA aneM8HT s - MaTpHUbI HMeeT BH.ll: 

< f /s/i;,~<p,s;q,c;v; t<,JJ /s/10,0',,j p.,a;, >=-
. /2.1 / 

= ( .i~) o/z < p, S / C -{ f, <l'} a,,- ( K, JI} 5 ,{, *+ { f;, ~) / ~ So>, 

r.ne P,S (Pa,So) - 4-x HMnynbc H qnHH KoBe"IHoro IHaqanbHoro/ cocTOHHHSI 

HYKllOHa; i
0
,~ ( q,, G'}- 4-x HMnynbc H cnHH Ha"lanbHoro /KoHe"IH~roi cocTOstHHH 

an.iteKT~oHa; · _ K , y - 4-x HMnynbc H_ nonSipHaauHSI cpoTOHa; C ( 'J,, C'} H · 

,& + ( i OJ ~) - onepa~pbI pO)K,ll9HHSI H YHH'ITO)K 9HHSI _ a!eKTpO.Ha B COCTOSlHHSlX 

I i{ , CJ' I H / q,,., , ~ I cooTaeTcTaeHHo: a,,{K,V}- onepaTop pO)K.ll9HHSI 

cpoToHa c HMnynbCOM K H nonSipHaauHeft)) ; /P0 ,Sa>={Z1')3fa.c"'~(fi:,so)'Po 
4f' - . 

- aMnnHTy.na HaqanbHoro cocTOSIHHSI HYKllOHa: C -t {Po, S0).- onepaTop pO)K.ll9HHSl 

HyKnOHa a cocTOSIHHH c HMnynbCOM Po H cnHHOM So 'P0 -aMnnHTy.na 

BaKyyMHOI'O COCTOSIHHSI 0 

B HH3W9M no arieKTpH'l9CKOMY aapHi:ly _ e DpH6nH)K9HHH MBTpH'lHbift ane

M9HT /2.1/ co.nep)KHT .naa Knacca .nHarpaMM /la/ H /16/. 

B .naHHOft pa6oTe MbI 6y.neM paccMaTpHBaTb TOnbKO Knacc ,llHarpaMM 

/ 16/x/. nepeHocH onepaTopbI -6-( f,G"'} :ii a,- {"ft, JJ} Hanpaao OT 5 , a . 

xi 
Knacc .nuarpaMM - /la/ paccMoTpeH a pa6oTe l1 .C.3naTe~a H n.C.Hcae-
aa, )KST<l>, 35, 309 /1958/; Nuovo C im. / a netJaTu/. 
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~ 

+(- (lJ_) ii io I O - H8ll8BO OT s H HCIIOllb3YH o6o6meHHyIO TeopeMy BHKa 

. 3/ 
xpoHonorHqecKHX npOH3BeaeHHH ' 38IIHllleM Bbipa)KeHHe /2.1 / B BHae: 

It, me 
. . ht e 9 <} /s/ l / =~e--__ --~=:; 

. -V!lJC0 Co' f 
u (f, (rl) f ht, u (f, c; )· 

.ll llH 

• -
0 

X + i, I< 'i / C J D Po, So "?' , / -ts' / 12.21 -je'(p) . rh,-Jx-o/z.lJ (x-z'.)<P,S li'll~(ijo11;(z , 

rae I<~ , 'to ll' i - 4-e KOMIIOHeHTbI HMnynbCOB K , i
0 

H. {j,, cooTBeTcTBeH-
e ➔ . 

Ho; ~"' -MeTpHqecKHil: TeH3Op; a{1,6)-cnHHOP, OIIHCbIB8IOUlHil: aneKTpOH B COCTOHHHH 

( l{, O) j en -BeKTOp IIOllHpH38UHH CB060.llHOI'O (pOTOH8 1 a 9:)C ( X- )!:1) - (pOTOH-

HSH cpyHKUHH · pacnpocTpaHeHHH,· He (i} - l-aJ. KOMIIOHeHTa onepaTopa aneKTpo

MarHHTHoro nonH; cmrnopbl HOpMHpOB8Hbl TaK, qTo ii,{tf.<i") u ( f; q,,J = 1. n pOBO.llH 

B /2.2/ HHTerpHpOB8HH8 no apryMeHTY '/JC cpyHKUHH, nonyqHM OKOHqaTenbHOe 

Bbipa)KeHHe .llllH HHTepecyrom~ro Hae MaTpHqHOI'O aneMeHTa 

H, Ml . #t,e £ j/5/ i >= e ·- .I. < · -Vik-o·.~•c::., 

· u r;r,<J" J 1 '"'U, r ,r;. a"o) 
.?e~ 

/2.3/ 

-i:,ei iK? I . P
0

,S
0 

> · , I 0~ s / ·J e · e · J"l;-olt<p.s /j'IJB(lJ-5Ae(l) • 

rae 

·ae ~ io - CJ, • 

§ 3. ,llHCIIepcUOHHbie COOTHOllleHHSI ,llllSI aMIIllHTY.llhl BHpTyanbHOI'O 

KOMIIToa-a~~KTa 

npe)K,ll8 qeM. nepeil:TH K H8IIOcpeacTB.eHHOMY B:bIBO.llY ,llHCIIepcHOHHbIX COOT

H.Olll8HHA, BBeaeM HeCKOllbKO, o6o3HaqeHHil: H nonyqHM HeKOTOpbie none3Hbl9 .ilm1 

aam.Heil:lllero cooTHOlll eHHSI. 



Ir.Ile 

BBe.lleM onepaTopbI sneKTpOMBI'HHTHOI'O TOKa: 

je (i)c i ~s s+ 
O fl e (i) · 

iri-(l')=i lfS . 5+ 
o II ri (l') 

Jt. = (/eJ+ 

'In-~ =i <p,c;v/i~(i'J-i'(i)/Po,~> 

r .. \ = i < P, G" Ii e ( 1:,) · i n, ( l ')/ Po, G",, >. 

via /3.l /-/ /3.6/ cne.llyeT, 'ITO 

t c-.: 'J 7.r,/;_ r+ = :r aolv_ 1'-

HaKoueu,. BBe.ll eM ct>ypbe-o6pa3bI .ll.lISI qlYHKUHH 

13.1 I 

13.21 

/3.3/ 

13.4.I 

/3.5/ 

13.6/ 

/3.7 / 

13.B/ 

/3.9/ 
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vI crronbayst Terrepb CBOHCTBO ycTOH'IHBOCTH_ O!J.HOHyKnOHHOI'O· COCTOHHHH 

5 +/Po So> -:a/Po So >j cBoil:cTBo Tpancnsiunonnoil: 1rnBapHaHTHOCTH H HHTe-

1 
rpnpyH /2.3/ rro l + 'l , rrony'IHM 

<f /s/i>=--i.e. men,te 
l/ 2 ICo !,, ~o • 

V c (K+U) 
(it;) . ~ (1<.+p-ce-?o) Tne -9,- , 

ae t. 
/3.10/ 

rae E H £ 
0 

- qeTBepTbre KOMIIOHe.HTbI 4-x HMrrynbCOB p H P0 cooTBeT-

e - (- ) t - ) cTBenno, c -= U CJ,, <i" J" U { io , ~ - "rronsipnaaunsi" BHpryanbHoro 

q:lOTOHa, 

a T C ( J< + af.) J i ~+IC X 
n.,e ·-;:- -= e $., 1/e ( x} dx. /3.IOa/ 

B aanbHeil:meM MbI 6yaeM pa60TaTb c" aMIInHTyaoil: 

T c ( K + ae.) .. n. e T c 
i e c ne ( K;~) • 

Llnst uenett narrncaHHH aHcrrepcHOHHbIX COOTHOilleHHfi 'Ba}KHO OTMeTHTb, 'ITO 

re ( K;ae) = T wt ( T) /3.11/ 

B o6nacTH, .rae crrpaBeanHB aaKoH qoxpaneHHH aHeprHH H anH rronomBTenbHhlx 

anaqenHtt sneprnH, T.e. Koraa 

AHanOI'H'IHbIM o6paaoM, anH 

Ko+~o 
~o z. 

I< 0 +aeo < 0 
Q, 

T c ( K ~ ~ ) = T a~v { K ~;e) 

HM99T MSCTO COOTHOill9HHe 

/3.12/ 

°Y:T06bI B SIBHOH cpopMe Bbl.z:(9JlHTb H93aBHCHMbie rrepeMSHHbie 9H9pl"'HH H HMrrynh-- -ca, yn.o6Ho rrepeil:TH K 6pail:TOBCKOH CHCTeMe KooparrnaT P. -t- p = 0 • B 9TOfi 

- - 0 
CHC:eMe KOOpaHHaT BB9.z:(9M ea:irnH'IHbIH B9KTOp a= 3/;.z; t OpTOI'OHanbHblH 

K p • Toraa nony'IHM ·TaKHe COOTHOill9HHSI 



I I· 

K== "[{;., + ( L- 6) Ff 

ie= ii.il. (J.+5)-;s: 
K -= aeo 

0 

/3.13/ 

rne 

CooTHOlll0HH0 /3.9/ 38IlHllleTCSI Tenepb B BHne: 

c · j i (1<ox.-axV11.:-r1-8J~ptt~ o[x) _ 
T ( 1<01 ~) = · dx- e 1"c (x) _13.141 

via /3.14/ BH.llHO, qTo rc{K., it) onpen~neaa lIHlllb ~a .llBYX OTp03K8X 

nettcTBHT0llbHOH OCH 

DBy3H8qHOCTb B 3KCDOH0HUH8llbHOM MHO:>KHT0ll0 ycTp.aIU10TCSI nyT8M BBe-

.ll8HHSI CHMM0TpHqHbIX H 8HTHCHMM0TpHqHbIX KOM6HH8UHA: 

ST( -) _T{l<.,Zi)+T(Ko1 -ii) t· K.)a = -
2 /3.15/ 

T {K.,a}- T (Ko>-~) 5_ T {1< 0 , ~-) = -
2, .tl • 

T c 
t.{To Kacae-Tcst aonpocoB aH&lIHTuqecKoro nponon:>Kemrn Ha aepXHIOIO H 

HU:>KHIOIO nony:nnocKOCTb 'KOMillI0KCHOI'O. nepeM0HHOI'O I( 
0 

. H onpe,creneHI{SI 

ee o6nacTH 8H8lIHTHqHoCT~ TO OHH nonpo6uo paccMOTpeHhl B pa6oTe 
2/ 
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7/ 
Cne.nyst Tenepb. nyTeM, 1rnno:>KeHHbIM B pa6oTe i n npe.nnonarast, 'ITO aM-

. 1/ 8/ 
nnnTy.na BHpTyanbHOI'O KOMIITOH-acpcpeKTa Be.neT ce6si Ha 6ecKoHe'IHOcTH -v /Ko~ 

nony'IHM JlHCil9pCHOHHbl9 COOTHOW9HHSI B T8KOM Bli.ll9: 

Oo 00 

'1J (Ko)= L j JI ( K: )d K: -~; II f K:}J K: . II "t-na-f) /3.16/ 

:fr K-K :J( I + E ,/ + f o .·· 0 • 1 · · .. · 1{ 11 +K 0 .. f'-"o 

. J. E1 . + 11(~)(+.,l.ci-a~p) 

I'.ll9 

1J ("o)= 
ST -eet (Ko)+ 5 'f adv(1<,,) 

~ 

E p+ 1<.o 

A/i<o)... 5 r ul ( K., )-ST .ao/v {K.) 
2 i 

, 

/3.17 / 

l
1 

- - l + c,. f rt, - • -,. - -
t.J Ma. ~ - .i . . . . e / . : 

A (-.Aa.-S-p)+•J· M•+ ;. te .sf< P,"'/J (,} -J.a.,-~::f>~A<!--

- a-f,y U (o)/Po.~~ 

"(l) . ~ -~ . .. . 
II ( l - .,;;'...,.) ( )3 N-tof e n,r' - I . /1, / ➔ s--- ) -
H .rl. Ov-vf = 2..]j ~ M'L -.i le J·r < p,(;V,d (o) .il~+op ><"J\(t, + 

' 1-f Y ;•e;:,,;- -
.· +tp-;f J ( O; P0 , ~) 

,Ung npouecca pO:>K.lleHHH nap q)OTOHOM .Ha IIpOTOHe .llHCIIepcHOHHbie COOTHOW9HHSI 

nonytialOTCSI K.3 /2 .4 / npocToil: 38M9HOA 
. ~ ~ -~ • il--i-fio H m, =:3Co-Je • K-ae 

§ 4. Hccne.nosa_H_!le HeHa6n10.naeMoil: o6nacTH 

Tipn BblBO.ll9 .llHCIIepCHOHHbIX COOTHOW9HHil: /3.16/ HaMH 6bma paccMOTpeHa 

pa3HOCTb 

S T= S T ~e,t_ 5 T adv= S T +_ ST ~ 
B o6nacTu . .neil:cTBHTenbHbIX nepeMeHHbIX K.., • ,Uanee 6hmo c.nenaHo npe.nnono

* euHe, 'ITO' paccMaTpHB8lOTCH .. TOnbKO _CHnbHble B3.8HMO.ll9HCTBirn.· Cna6hIMH 

B3aHMO.ll9HCTBHSIMH Mbl npeHe6pernx. a aneKTJ)OM8I'HHTHbl9 Y'IT9Hbl B HH3W9M 

no e. npH6nH:>K 9HHK. 
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PaanaraSI Tenepb · s T + H s r-. no noirno:il: CHCTeMe <pyHKIIH:il: H HHTerpu

pyg no TpexMepHbIM HMnynbcaM npoMe:m.yTO'IHbIX COCTOSIHH:il:, .nony'IHM 

ST"\ K.,~)-5 f°d~ (K., ii)• i (P.:J;/j f {< f,r;-fj'(o) j-il.it-/i-f:J' > 

<-l~-a-p,y /jn(o)/~ .. ~ ,.s·(.e.+x.-E.;-E +e.).- . . 
. . . 2 

/4.1/ 

ApryMeHT nepBo:il: s . -cpyHKUHH HM_eeT BB.a I( 0- ii M ~+ Pl."'+ 1M p'J..,. jl \s1p-~ 
a BTOpoa - K.o+,/M2.-tp'l..

1

_ ,/r1}+1.4-otl,f;, -r.ae M.f- Macca npoMe:m.yToq-

HhlX COCTOSIHH:il:. . . . 

B o,aHoil:yKnoHHOM cocTOSIHHH / Mp-= M I nepBbIA '!lneH cnpaBa B pa3HOCTK 

/4.1/ 6y.aeT OTnH'leH OT Hyng npH ycnOBHH 

c1.-S) P._ . 
K :: E = ----;==::::-

o p VM R.+ FR.' ' 
a. BTopoA - npu ycnoBHH 

K=-E-=-
o P' 

{1-S} p'
,/M~-,.p~' • 

HenpepbIBHbI:il: cneKTp H6'1H8TCSI co 3H8'1eHHA 

/ 1<0 } > f r.ae /"'1'. • - Macca 1( -MeaoHa, 

2M,,,u,y#t-... il, {l-o)fi!J.. 
+E1=+ -- - -

i ✓ N O.+ p'.'-_
7 

H BTopqa d_ - <pyHKUHSIM COOTB0TCTB_8HHol, 

14.21 

14.31 

Mf "' N ~ ; To ecTb .ans 

l3H8Kll T O_TB8'18IOT nepaott 
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ilnH Toro, 'IT05bI o.u~oHyKnOHHbie rro~10~a + f p ·, He rrorrann: B o5nacTb 

HerrpepbIBHoro crreKTpa . /Ko/~ .£ 1 . , T~.e. 'IT05bI /E p / ,( E 1 , pa, 
non:lKHO y .llOBneTBOpSITb ycnoBllIO 

-!I, £M 2. ,., 
P. < · · YtY .,. m-1 

'f ' 
/4.5/ 

KOTOpoe H8Kn8.llbIBaeT orpaHI!'leHlle 'Ha :,rneprliIO HaneTaY.>ruefi · '18CTllUbI-aneKTpOHa. 

Ba)KHO OTM~TH'I'bs 'ITO B paccMaTpKBaeMbIX .llllCIIepCHOHHbIK COOTHOWeHHHX 

5 5 - p-.i ' HeHa n10.uaeMaSI O nacTb OTCYTCTByeT .unSI KOHe'IHOH rrepena•rn H~mym,ca • 

vi HTepBan llMIIY1IbCOB t .lllISl KOTOpbIX OTCyTCTByeT HeHa6n10.uaeMaSI o5naCTb, orr

pe.uenSieTCSI ll3 HepaBeHCTBa 

(1-a) /f/> 
2, ry,,·;,w !l_ 9, (t-/f) f ~ 

2 ,/ M !l-t p!l 1 /4.5/ 

Paapewast /4.5/ oTHOCllTenbHO / p /, rrony'IHM 

If I<: (!l, f1w+,;W')~ (N~? mj-,. mf N ~ (t~7;V(P.tjirr/lttm1~~ 'ff19.m~· 

8 ( M-yi,)!l 
a, 

B cnyqae pea1IbHOI'O KOMIITOtt-9cpcpeKT8 f1v t 
I. C -; < !lMg+ti:a, 

p . 9, ✓ (M-t;M) J 
' ' '9/ 

'ITO COBrranaeT c peaynbTaTaMll pa5o~bl • _ 

=0 - H Mb! rronyqaeM 

§ 5. Bbi'lllcneHlle O.llHOHy1rnoHHoro qneHa 

t.fT05bJ Bbl'IHC1Il1Tb O.llHOHyKnOHHbJe '11IeHbl B /3~23/. paCCMOTpHM CH8'181Ia 

Bblpa:iKeHlle 

< rc:/ie(o) /-10:-af;,,> , 15.11 

-
KOTOpoe 38IlliWeM qepe.3 Bap~aUHOHHYIO IIpOH3BO.llHYIO: 

.. 
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r.!le _,, - ("' - . " 
p -= -,A Q - 0 ·f '· f: s • 

n epexO.!lSI oT BapbHpoBamu1 no ,4 e ( X) K BapbHpoBaHH ro no I/ e { I( ) , 

nonytrnM 

i."" I ,, . ) - f · e I. ) I -,, ,, i - . I a s ·; _,, I/ 

0 \ p-p- K <p I G" J l O f J s > = ( 11;} 5 < f, G' s II i {K} f, 5 > . /5.3/ 

_,, t . . / _,, ,, 
JierKO npoBepHTb, 'ITO p ~ o_- . 3To noaBom1e.T. p~~OT8Tb C p I s /' KaK C 

peanbHbIM ·coCTOSIHHeM~ K OMMYTHpySI onepaTOpbI po_:m.o: eHHSI li YHH'ITO:>KeHHSI HyKno

HOB li3 aMnnHTY ll < f, G"j H. If,'' s'' > C O ¾ I/ ( K)~ony~HM, 'ITO 

r.!le 

yja C005pa:»<eHHtl: penSITHBHC;I'CKOtl: HHBapHaHTHOCTH · cne.!lyeT,_ 'ITO 
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( ) 

2 M g_ $: -!I, M t1. .,_ 

A ne lei ~-{ili) 3 · f'1; ;~:l · Vi , SL W {f.G'){~(K~/-
. · 

1
. · ... +p E·Eo·E'' s" . 

/5.66/ 

II n 

- r, ( K •J /". [~~ 1) w(-P,'s")-w (-P,'s'){J;(~'-J(+ 
" (. i) ft [ ;e,t J) w (P.~) + J"s, Jt, y M o, o 

" npoBO.[(H Terrepb cyMMHpoBam1e rro S u ocyruecTBnmi orrepauuIO cHMMeTpH3a-

UHM S I CM. 3.151, rrony<rnM: 

II t M ( M!l-1-f>•p-i\ _ 
rien,-=-e• . 1 wt-, f/cr( i 1 e ,, e 

_ 2 ( l.lf J\ ( N '+ P')E"-v'E-i: ( f.G'1 L\"'i X; I y t 'J,, M /". [:P){fl'tM) 

. ( 'f {K 9t': :F,_ (•") /':~~f "l)) w (ii:,~) 

11 .t l'1 (M t-,.5 ...:.t l 
_ H n,{ -=--f p J - - ( (." ,, 

Z (9.:Y)'(M',f')E'v'IT: W (P,'? 'F, (K'J/ ': 'T,.(• '} I v":: 1) 

" e 

(t. E ~ff: 11)_{ T, (z~/+ r, (a,') ,tv [;~ J ~ W (ii., G"J 

B COOTHOlll eHHHX /5. 7 / '.T, ( 0):: 1 , r9, (o) :: 1 t e - aneKTplitJeCKlifi aa-

pH.[( HyKnoHa, a ~ - aHOManbHbJ8 M8T'HliTHbI8 MOMeHT HyKnOHa, Bbipa)KeHHbI8 

B HaepHhlX MarHeTOHax. 

Ba)KHO OTM0TliTb, 'ITO B 0.[(HOHyKnOHHOM rrpu6nli)KeHHH, T.e. KOT'.[(a 
n e . V . 

JI I. . · me ~ . ( 2Ji) a( (_/Jen. fine ) 
<: $ i > = - le ·v2 Ko•!.,~,,' . ~ t . l<t-J:>-2f-o-f., )( Ep-Ko + Ep+Ka 15.81 
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Bbipa:>K emre /5.8/ COBrxa.o.aeT C cyMMOti MaTpH'IHbIX aneMeHTOB, COOTBeTCTBYIOIUHX 

rpacpHKaM 2a / H 26 /, B KOTOpbIX B aepUIHHax, CB513aHHbIX- C BHpTyaJibHbIM cpoTo

HOM, BMeCTO cpopMCpaKTOpHbIX cpyHKUHti q,1 (~ ~ P"J H <Pi(~~p'''-) CTOSIT 

g:; ( ~ g,) H 'li ( ;JC 
11J· t a B BepWHHax, CB513aHHbIX C peaJibHbIM ¢oTOHOM, 

BM9CTO <Pi (0, p''R.) H <Pf/,,- /o J p"e) CTO~T 'F, (o). H ~ (o). 

TaKHM o6pa30M I HCnOJib3OB8HHe .D.HCnepcHOHHbIX COOTHOW8HHA no3BOJI510T 

CTpOI"HM o6pa30M BBeCTH B n:pouecc TOpMO3HOI"O H3Jiy'leHH51 H pO:>K.D.0HH51 nap B 

HH3llI 0M, no .e. npH6JIH:>KeHHH cpopMcpaKTOpbI, aaBHCSIIUHe OT OD.HOA nepeMeHHott, 

KOTOphle .D.JIH OTpHuaTeJibHhlX 3Ha'l0HHti apryMeHTa 6hlJIH HCCJie.o.oBaHhl B pa6oTax 

XocpcTaATepa lO/ 

§ 6. CTpyKTypa aMnnHTY.D.hI BHpTyaru,11oro KOMnToH-acpcpexTa 

Paano>KHM aMnllHTY.D.Y BHpTyanbHOI"O KO,MTITOH-acpcpeKTa Ha penRTHBHCT-

CKO-HHBapHaHTHbie CTpyKTypbI, y.o.oaneTBOpSIIOIUHe Tpe6oaaHH51M rpa.o.H0HTHott HH-

r c 
BapHaHTHOCTH. npe.o.cTaBHM B cne.z:yromeM BH.o.e: 

16.l I 

.D. OJI)K Ha Y.D.OBJieTBOp51Tb ycnOBHSIM K,i,. r:t • 0 /6.2/ 

11/ (PJ 
Bae.o.eM, KaK npe.o.no:>KeHo B -:/ cpaKTOpbI! 

{ P + Po) n ,< ..C. 

( P+ f-'.., K} 16.31 

{ P+ Po )e 'Jf,. 
I 

r.o.e {P+P0 ,K.} O3Ha'laeT CKanSipHOe npOH3Be.o.eHH0 .D.BYX B9KTOpOB 

H I{ 

I 6.41 
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B Bblpa}K,emrn 16.41 Uj - cpaKTOpbl aBT0MaTHtteCKH yttHTbIBaJOT yCJl0BHe rpa.aneHT-

"iioA HHBapHaHTHOCTH. via er,16opa tf':J - cpaKTOpoe cne.ayeT1 ttTo 

( P,~ Po )cl ulj ntl. = 0 

{ p-,. Po}f l1lJef -:.0 

K ,J., "':J t,.cit .. kn. 

11 / 
vfcnonbayst· 06my10 TeopeMy paano*eHHH MaTpHttHoro sneMeHTa l'?M• · I, npe.acTc1-

BHM · r C B BRJJ. e: 

m c - Ii n, e , (s) i ( ) 
I = W l P) e. c l .0 5 t 11 tej n-<., 'Ye a R_ J.ll W Po , 

$,+ I I I 16.51 
I 

r.o.e .Q. S, + - HeK0.T0pbie CKSIIHpHbie cpyHKUHH, 38BHCHlllHe T0JibK0 OT CKanHpHbIX 

npOH3Be.aeHHH 4-x HMilYJlbC0B HattaJlbH0r'0 H K0HettH0r'0 C0CT0~HHH, 

(,) 
/\ =i > 

(i) " 
/\ = I< ' 

(,) 
(!l.} ' ~) (~ . 

R.J.f : r "'rf ; ~ fcl. ~lf/,1.,; Relf =t~~ ; ~~ =t ~ 

(s) . (6) (1-} 

R = XJ';, j R, ~ .. Jl,J,K,f,_; R, "'-I' = ll "'- XI-> 
16.6 I 

TaKHM o6paaoM,R3 16.41, 16.5/ H /6.6/ nonyttaeM 

T C n. e S + I 
= e l [. I Te,~ n .s + 

S,. 1, 2. I •. 

. ~ .. 1, .... +-
. rn s, +- 11. e 

O.oaaKo, paccMaTpHBaeMbie tteTblpHaJJ.USTb CTpyKTyp / en e l 
. 11. ( r,,1 r'•.t) 

CH mrneil:HO -He3aBHCHMbIMH! KQM6HH8UHU 7~ -

He HBJlSIIOT-

H '/4 (T !l,!. T.t'J 
JlHHefiao Bblp8}K.8IOTCH ttepea 0CTBJlbHhie CTpyKTypbI. B 0K0HttaTenbH0M BH.ae BbI-

6paHHbie HSMH .aeeaa.auaTb JlHHefiHo-He3aBHCHMblX CTpyKTyp HMeIOT BH.U: 

·., 
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OhcJJ:m1eHHlJil 1111crnr;, I 
' ! 

ll.!4t:pm,n;: 11ccJ1e.noBa1•1-1!! I 
6!jGJl~iOTEKA l 
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R (,t W (P) ~ ((e )e)- ( e, P+ Po) ( fC. ik?) )(< l k}·
( P+ Pa, K) 

(~. P+Po ){k. :>c) ) w (Po) 
( p-,.po x) 

(e,P+Po) (1oe) (c, P-t-Po) X 12. R, (•~ W (P) -((ex)-
( P +PoJ ") 

( (c -x)-
( P+Po,ie) 

w (Po), 

/6.8/ 

TaKHM o6paaoM, 

/2. t 

TC: L. R, .0. i /6.9/ 
i=1 

CTpyKTypbI /6.8/ ynoaneTBopgIOT Tpe6oBBHHgM pengTHBHCTCKOH HHBapHaHTHOCTH, 

rpanHeHTHOft HHBBpHBHTHOCTH H ycnoBHgM THU a TeopeMbI "0r0SSillg Symmetry C, 

. . i + R/" ± ( R, ) ( p - Po 1 (j" -~ ) 
K-- "-, :>e -- X , 

nocnenHee ycnoBHe npHBOllHT K cnenyIOlllHM COOTHOUleHHgM nm1 K09q:JcpHuHeH

TOB n L : 
+ ni =-·+Qi i = !,S,6 

/6.10/ 

!li~-.n.: i = !l,
1
3,V,'1-,8,9,I0,11,i!l. 

npH nepexone K peanbHOMY KOMUTOH-acpcpeKTY CTPYKTypbI R, 3 R,", R,!I 
n~ . . 

H I'\, 06pama10Tcg B Hynh. TaKHM o6pa30M, nnH peanbHOI'O KOMUTOH-acpcpeKTa 

OCTaeTC5l 8 HeaaBHCHMbIX. CTpyKTyp. 3TOT peaynbTBT cornacyeTcg c peaynbTaTOM 

12/ 
pa60TbI • 

OnHaKO nHcnepcHOHHbie COOTHOWeHHH He MOI'YT 6bITb aanHCBHbI H91!0Cpen-

CTB9HHO nnH K09cpcpHUH9HTOB .Q. i, ' TBK KBK CTpyKTypbI R, i He 06nana10T -onpeneneHHbIMH CBOilCTBBMH ClkIMM0Tpmt: no .A. • noaTOMY Heo6xonHMO CHaqana 
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- -paanO)KHTb B CHCTeMe p O + p =- 0 no 12-TH He3aBHCHMbIM TpexMepHbIM 

CTpyKTypaM. M bl BbI6HpaeM cneayIOLUHe He3aBHCHMbie cTpyKTypbI: 

i 5 =-i(lX){cr[P-_ eJ) 
i, -=l (l-PJ{e~p;{C:[1>xJ:J} 7,

10
=i{t.-p){<F[J.~ej) 

/6.11/ 

1,3 .; (ep-)([P) z1= ½,.(lP)(tXJ(C:[px~) i,,-=¼1.(t.l)(~[,t"e]) 

Zy: i (li5) (ff [ px e]) Zg-= i (ef){f- [ pxl]) 

TaKHM o6pa30M, B CHCTeMe 

3 anHCaHa B BH .ll e 

Tc=- ~ 1,1( (lo 1p'-) 'lt< 
1 

I( . 

aMnmITY.ll8 

( 1(0 J f 2,) - CKansrpHbie q:>yHKUHH nepeMeHHOtl: -
/6.12/ 

H OT.ll8'1H rae ·. it< 
Onepaunsr CHMMeTpH38UHH S no . .il ocymecTBnsreTCSI Tenepb TpHBHanbHO -BcneacTBHe RBHOtl: 3aBHCHMOCTH CTpyKTYP OT BeKTopa .A. 

fl 7. ,UncnepCHOHHbie COOTHOIUeHHSI ansr nopem1-HHBapHaHTHbIX 

Koscpd:rnuHeHTOB 

Oti:eBH,llHO, 'ITO Ha-aa . He3aBHCHMOCTH CTpyKTyp 'lK ,llHcnepcHOHHbie 

COOTHOIU eHHSI /3.16 / MOI"yT 6bITb 3anHC8Hbl ansr· K8)K,ll0I"O KOSq:>q:>HuHeHTa :/.,,,. 

B OT .ll enbHOCTH, npHti:eM K8)K,llbitl: H3 STHX K08q:>q:>HUH0HTOB .llOlJ)KeH B0CTH ce6sr 

T c 
B nnocKOCTH KOMnneKcHotl: nepeMeHHOtl: Ko He Xy)Ke, ti:eM aMnlJHTy,lla H 

Ha 6ecKOH0'1HOCTH y6hIBaTh He MeaneH'Hee ti:e114 l/ t< 0 • OnepauHsr CHMMeTpHaa

UHH s 
HbIX no 

aononHHTenbHO BeaeT K T~MY, 'ITO KOSq:>q:>HuHeHTbl npH 8HTliCHMMeTpH'lJ

r CTpyKTypax 6yayT y6hIB8Tb He MeaneHnee, ti:eM l/1<. 1 
• 
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. tq' f 00/ 1 1 ) · I I 

Re i1<(Ko)-=- i · (-K!-K.+ K;+K. 1,n,i,I(. (i<,,}JK,, + 
E, 

{1) i . (a} 

f- ii(, + . K • 

f p ._Ko f p +1<0 

1 
I<: 1,Sl.,3 

.I Pf Joo(' 1 1 ) · A ( I · I . 
f?.e~,c(Ko)=- /i( E. J<~-K,,-_K~+I<., Jm<f.,I( Ko)c/1<0+ 

1 

.1 (1) 
+ o(, I( 

;p-Ko + 

ii( (t} 

Ep +K,, ; 
t -= 11, S-, . . . . . It • 

/7 .1 / 

LITOObl nepefiTH OT .llHCnepcHOHHblX COOTHOWeHHH /7 .1 / K COOTHOWeHHHM anH 

KOS<:p(pHUHE!HTOB _Q L , CHa'iana HeoOXO.llHMO H8HTH CBH3b .Q. i C i, K. t a aa-

TeM npoaaanM3HpOB8Tb n.oBeaeHHe .f2. t (Ko} B KOMnneKCHOH nnocKOCTH. 

Ha /6.9/ H /6.12/ HMeeM: 

C: (i) r ,:r R. ..Q,cZi,l('lK., 
i . ( 

- - n B CHCTeMe p., .,. p =- 0 qeTbipexMepHbie cTpyKTypbl ,,, i CBH38Hbl C TpexMepHbI-

MH 'i,c cneayrowHM oopaaoM: 

(,) 1 (- iE ££ {1+5) ) 
R, -:- - E•i1+-•i .. + _...., __ . rz N t<~ ... .· 1<,.i 3 

' • 0 

. R,(z~...L {{-,? (1+5){1<,e)) (,oe) ) 
M + 1' ~ 'Zv T Ka. 'l-s-

" 0 

D (•t J_ { '/.!. I. (i + 5) ~ :t. } 
Iv M . t. 'l:y + K IL -is 

K0 a 
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{i+i}(Je,x)J'l I;,,_ (t+/i)(K,~))i -
~vL J+(a ~~ G 

R, ("~ _!_ {. M ( K,;t_) iJ-- M ICo (1~ 
, M to · O V 0 

. - ( Ii, x) ! J.. ti}· 
k,o 

R, {~)~ { Mx"' M(i-i-5)-x-L . . _ (l+o)-x,.t _ J&.t-.tl.:t.. · } .. 
-N IC i,_+ IC 7,?, Jc .i. i, k- ~ 'l; • 

a o o o 

3ami:weM 11.21 xpaTxo: lli-= ~ a,ll(.. ii( • TaKHM o6pa30M z .Qi. .ail<. 'll("' ~ ii<.''lt< 
. • ll. 

C"" r'\ n - :l . ,,K 
HnH ~ ~l. · \N(1', - I<. i L . 

BbinHWeM CBSI3H Q [ H i, I( B SIBHOM BH,lle: 

~- Q 10' Cl-10,1i -=. i If, 

1· Q1. 0..,7,,9 -=-ig 

.y. Q1' a,;,(f: Q 1°a,1,L-= 1., L 

~- .Q't• 0/,,,; + .n.,o a,,o,i~ i,g 
' . . . 

5).; .Q g. Q,8,10 +fig· ~')
1
10:.. i,o 

")- Q g. a.,r,,, + F2,9_· <.'19.,, .... i,, . 

t) . .Qi, Q,.t,'t + .Q.s· Q,J,'t + .Q 1 ·Gt- l,f + ..Q9 .a,9,lf = i,lf 

~) · Sla,· a,2,5' +.Ql. a.3,s+ .O.g·a-a,s +!lg· a,·,.s = is- /7.3/ 
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10) . .Q. 'I Q,1/,1 +.Q1 Q.1,1 + .Q.8 0.,8,1- + Qg a,9, 1, + .SJ..,o Q,,0,1- +.fl.If a.,,,'/.+ Q /'4 a.,iz,1 "" il

l/) . .Ql. C-t,l,i + .QG ,a,S:.t + _Q(,,Oi,(,,S + .Q 1 ·0v1,2, /Q S. ct,8,2, + .0.9 .a_.9,;t +_a,o ·a,o,t + 

Tenepb oeTaeTeH OTBeTHTb Jllllllb Ha BonpoebI: He IlOSlBJISJIOTeSJ ,llH y fl i aonon

HHTeJibHbie nonroea no epaBHeHHIO e i I(.. H KaK BeayT ee6SJ .(2 i Ha 6eeKo

He11HoeTH? 0TB0T Ha 9TH BOnpoebI MO:>KHO nony'IHTb H3 pellleHHSJ eHeTeMbl 11.31, 

npeaaapHTeJibHO eaenaeM cneayromee aaMe11aHne: npH 

,llOJI)KHbl He11eaHyTb Bee eTpyKTypbI,. eoa·ep:>KaIUHe BeKTOp X , H 1 erieaoBa-

TenbHo, L,1--=- L,, "'0 npH 9TOM' aua11eHHH .A • 
K oacpcpu1u~eHTb1 H L II SJB.11.1110Tc.11 aHaJIHTH11eeKHMH cpyHKUH.IIMH no 

KO H MoryT 6bITb paano:>KeHbI B p.11a TeAnopa B To11Kax .A • 0 

LK (i<o)"' LK {(1-5)/p/)+ L: {(1-0)/p-;){1<:o-(i-o)/pl)+ ... 
. L ,<./ .i - ___ L_"-________ _ 

TaKHM 06paaoM,Bb1pa:>KeHne /.A - [Kb-{l-6)/P!][J(.o+(t-5}/?IJ 
He eoaep:>KHT ,llOilOJIHHTeJibHblX nonroeoB 1IpH .i\·= o · • 

PelllaH Tenepb eHe;eMy /7 .3/ OTHOeHTeJibHO .Qi H aHaJIH3Hpy.11 noBe-

,lleHHe Il i no K. 0 e y11eToM npeabI.llYIUero aaMe11aHn.11, nony11HM, 'ITO Bee 

K09!p!pHUHeHTbl .(l i, .IIB.11.IIIOTe.lI aHaJIH?H'IeCKHMH. cpyHKUHSIMH nepeMeHH01!- /( 0 

ST C 
B TOA )Ke o6naeTH, rae aHaJIHTH11ecKoA .IIBn.11eTe.1I cpyHKUH.11 • Koscpcpu~ 

UHeHT ..(lG Ha 6eCKOHe'IHOCTH .Be,lleT ee6.11 KBK KOHc5TaHTa H IlOSTOMY. ,llJISJ Hero 

CT ucuepCHD.HlilQe COOT HO ill 0HHe cneayeT nHeaTb C O,llHHM Bbl'IHTaHHeM. 
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np1:1H1:1MaSI BO BHHMBHHe yc110B11e /6.10/ nonyrrneM cne.uyrouurn .u11cnepc110H- -HbI0 COOTHOlll0HHSI .z:ilISI K08cpcpHilH0HTOB .(l i., /B CHCTeMe f t-f., = 0 / 

Re D. ( .( "·) = ;i' joO 
. . 1j ( 

1 
I + 

.Ko -K.o 11,~ ••·) :J,.. Q_; {<) d IC~-,. 
E, 

·_a._(,] 
+ l 

£ p -Ko + 
. .a.: (a.) 

fp + K 0 

l :::.1,5" 

00 

. q,;. ( 1 -R.e Q·i (,<.) = 1( . K
0

1 - J<o 
. . . E, 1(/+K.)jm Q,- {K.'J di(:+ 

(1) (R.) 
fl i .Q; 

+ + . - i '1 It 
' l - 1 3, '1, , .... 

fp- l<. 0 f p -t- Ko 

00 

fle n. (~.)- ~":- q,j 
E, 

I 

j.,Q, (x:}-dK. f fleQ• (•)-,. 
. }(./ ( IC,, It_ K,/) 

{,) (:i} 
.a.6 Q.6 

t -- + -------- , f p -K. Ep+ K.. 

n., (•): 1J.-: Qs {•) f r-~p a., (•}. 

/7.4/ 
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(,) (~) 
B COOTHO.ll1 emrnx /7 .4 / KOa<pq:mmrnHTbI _Qi n .Qi. HBJIHIOTCH COOTBeTcTByro-

lllHMH 'I8CTHMH 0.UHOHYKJlOHHbIX 'IJleHOB II en (-J.. a) H II ne ( 2ii) . HBHbiti BHLl 

8THX KOa<pcpnuneHTOB .uaeTCH cne.uyrownMn Bbipa>KeHHHl'vm: 
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(1 (1.) 
Me :t r Mx. (1-;J "}] 9). fl.9 ;- !lg = 

Ep-Ko Eptl<o ( J.trj!'-lE iE.A.t .t 

• (1) (t) ,t (i ) 
'o/ .a,. n,. _ M, (- MK. 1-i' A ) 

.. £ p-Ko -j- fp -tK.o - {J,JrF'· R,E - . YE). 2 1~.,' + 1tf'1 'i 
'(1} M 

Me" (- M'•• ) '9· .Q,, + .Q.// 
= 

(~1il tE - 1Ep'-J.I. 
1

t - ~t 1
v ·£

13
-Ko Ep-t K0 

I~ 

n (,1 <'-) 
: II. -f" .a Ill. ,:. 0 

Ep-l<o Ep+Ko 

2~e 
' i ) 
J, = -!;ff- (~+ (1~) 'ft 

·e. r.-)(1 I) 
)'~ = 1 • 'J, T (1 -1;u} ( '.Ji t,)> 'Jt pi< - pJ< 

1~ = ( ~ +jvt,.}(i. KT iK) 
'1 ~ g_ 1". (L+.L)· 

'( !J, M t Po I< PK • 

17.6/ 

liTOObI nepeATH K ,Z:lHCDepcHOHHbIM COOTHOW0HRHM B CHCTeMe ueHTpa Mace yno6-

HO sanHC8Tb ·CHa'lana COOTHOW0HHH /7 .4/ B HHBapHaHTHbIX nepeMeHHbIX 'Z • I:. J 

KOTOpbI9 MbI BbioHpaeM cnenyIOlllHM OOp
0

830M 

z-...K (P-,.P,,) 
n.11 

t -= ( ;t,- 1<) i_ 

DnB 6paATOBCKOA CHCT9Mbl KOOPllHHaT HM98M CBH3b: 

!=-£K 0 f:!lK,, -/M~p< t=--~pJ..; "l=-K0 /~Mq,.-{ 17.81 
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B CHCTeMe ueHTpa Mace 38 HeaaBHCHMbie rrepeMeHHbie ,BbIOepeM IIOnHyIO 
0

8HeprHIO ~HCTeMbI w H yron Cos 0 Me:>K,uy HBIIpBBneHHSIMH IIB,llBIOUlero 

BHpTyanbHOI"O qlOTOHa H HanyqeHHOI"O peanbHOI"O qlOTOHa. B 9TOM cnyqae CBSI3b 

OK83bIBaeTCSI BeCbMa rpOM03,llKOtt 

i = \'=-w;t [w'+ M~ mJ' + -/cw ~11)'+ !l!nJ' (w',. M')+ mj' ·Uls 0 J 

t =- mf +: WQ,~~ [- w ~ M ~ mf + /rw '=- M •;~ hf rW',.rr~+m; ;. ~er·"' 

.UHcrrepcHOHHbie COOTHOWeHHSI /7.4/ B rrepeMeHHbIX 'l. • t HMeIOT' Terr~pb 

cne,uyromHfi BH,u: 

of I o 

i+.n.i• 
J 

i. = t,3, Y, 1,B, 9,10, If. 

/7.10/ 
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I:.+ m., .. 
!lm~· 0 s {o) + ~t .a, (o) 

r 

( 
1 i ) . 

v'-7, - 1, I+ t . y ,n, Q II. (i: t ) ol ~ I 
-l:-tm~ 

3., 

CooTHOW8HHSI /7.10/ 38llHC8Hbl C yqeTOM Toro, t{TO O.OHOHyKnOHHbl8 qneHbl npH 

n., H n 11, paBHbl Hynro; C),llHOHyKnOHHbl8 'ln8Hbl B HHBapHaHTHbIX nepeM8HHbIX 

HM810T BH.!l: 

Q :- Mel. . _!!. 
t ( l '1T )3 ,/r--'f M-•----.t' 

0 =· Me. 2., [r. ..g _ U f"!M' J(p K} 1. -Ii-L ~M t{l ~ mfJ1,. )) 
Q!l. (itr)!>V'tM'--~ 1 1 1'1 2 {P.,K)+{pK} 3 { l t l[lft-zf.,.(Yl'f!t_)(t+tni~1/~ 

~ . . 
0 

· M e [ . t, M ~i ( t + ,n, .t ) .z, ]· 

n~ ~ (Mr)",/w-t' - ! + t [~t.•, (t•Mf J'(vr1•-t)l · 1. 
.Q. _ Me~ [-1,-1, r-~+ 'IMti (f.+mf)

2 )il 
. " - (J.trf',/~N.f,-{ . 3 J.. -t. · -I: [lfl-i'-+ (l-t,n,(r{'fM1.-,)] 1 

~ 2,·. . ' 

Q. - M e, . [ j, - 8 M 'l, • J. -t-~ 1 + 1 l 
,- (iJ;Y,,f1tf1t-{ [ i(PoK) 'ftit+ (1:+mf)(VMLt) t £11 l 'J 

0 Me~ 
.Q.,: --,.::-_::-_:;- (1.+A-1,,)~ 

T (lt}3 -y'~M1-t / -

'· 



" 

0 

t 
Me 

{-

- 29 -

Lff't,M(l:-+mf) _ ·'J 
Lt t 7t ~ + ( t + m} ) ~ ( 4 M Li) 2. 

n,,= 

T enepb .UHcnepcliOHHbie COOTHOllleHHSI .unH K08cpq:>HUH8HTOB .fl. L B CllCTeMe ueHTpa 

Mace aneMeHTapHO nony<raIOTCSI H3 ./7.9/' /7.10/ :H /7.l I/ nepeXO,llOM OT nepeMeHHbIX 

~ H _ t K nepeMeHHbIM \.,v H Cose • 0KOH'IaTenhH~I:ll: BH,ll 8THX ,llHCnepCliOHHbIX COOTHo

lll eHH:ll: OKa3bIBaeTCSI 'Ipe3BbI'Ia:ll:HO rpOMO3,llKHM Ir a,uecb He BbinHCbIBaeTcst. 

§ 8. ,UHcnepCHD.HHbliLC_OO.TllOllI8HH.st .lllUI (pH3H'IeCKHX .aMnnHTy,ll 

B CHCTeMe U8HTp8 Mace 

4TOObI nony'IliTh .llHCnepcHOHHbie COOTHOllleHHSI ,unH q:>li3H'IeCKliX aMnnHTY.ll B CliCTe

Me ueHTpa Mace, paam:'nKHM aMnnHTY.llY TO 
no HeaaBliCliMbIM TpexMepHbIM c;pyKTypaM 
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.f K ' B TOA :m.e CHCTeMe: 

/1, 

T ~ ~ MK .f."- ' /8.1 / 
l<--1. 

r.lle NI<. cpHaHqecKHe aMnnHTY.llbI, aaBHCSill.{He OT w H Ct1 0 

-- p
5
-i (li<){qr[x xeJ) f .. e·e f

9 
"'i (ll)(i[ ,t,ij) .J 

· .f.t" (ex)("iiZ) §'ro" l (li)(ei)(<P[Ri i]) f,o: i {fi){cF[1<\ e}) 18
•
21 

f~,. (fi)(ti) f(• i (ti)(ir.J(tJv [r~i]) J,,: i (i i){tf [ix l)) 

J,,= i(1i)(;[i:xt]) Jg: i(li)(""[-i~il) J,t= i (ei)(~ [i<~ fl). 
Halt.lleM CBSI3b K08cpcpHu:eeHTOB ni (w,Cvs0) C Mi<. (W,Ciz.50); 

IlO.llCTaHaBnHBaSI paano:m. emre penSITHBHCTCKH-HHBapHaHTHbIX CTpyKTyp /6.8/ no 

JI(, 
R,c ~ 4 -&iK JI( 

/( 

B COOTHoweHHe 

r c = r n i R£ -: ~ r1 l(JK , _ 
I(. • 

nonyquM 

MK::.i.o.i 8iK.. 
l 

Koacpcp:eu:eeHTbI ~it< - H3B8CTHbI8 cpyHKUHH nepeMeHHbIX 

/8.3/ 

/8.4/ 

W H Cose·. MaTpH-

ua ff CiK // = // f,tl(.//- 1 
HaXO.llHTCSI H3 pew 8HHSI CHCTeMbI /8.3 /. CHcTeMa 

/8.3/, npe,llCTaBnmomasi CHCT8MY H3 12 ypaBH8HHft, HMeeT rpOM03.llKHft BH.ll. 

TTO.llXO.llSllllRM BbIOOpOM CTpyKTyp, HM8HHO BbI60pOM .CTpyKTyp /8.2 /. y naeTCSI. 

_pacmenHTb cH..CT.eMy /8.3/ n, cBecTH ee, TaKHM ocpaaoM, K pewemrro .llBYX 
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ClfCTeM BToporo nopH.n:Ka II ABYX. ClfCTeM _qeTBepToro nopH,n:Ka. OTCIO,n:a nerKo 

HaX0AlfTCH CBH3b: 

/8.5/ 

Koscpcp11u11eHThI Ci!<. B COOTHOWeHlflf /8.5 / lfMeIOT BeCbMa 'rpOM03AKlfil Blf!l 

If Il09TOMY CBH3b /8.5/ B HBH0M Blf,n:e He BhinlfChIBaeTcH. 113 11.101, /7.9/-11 

/8.5/ nonyqaeM .nucnepc11o~Hhre cooTHoweH11H .n:nH qma'11qecK11x aMnn~Ty,n: MJ 
B c11cTeMe ueHTpa Mace: 

()0 

I 8.61 

r.n:e r=+1.,. i=J.,s-; 
I . 

i, = 11,, 3, 1t, 6, ':/- · · · · I~ • 

B aaKnroqeH11e Mhl npliH0ClfM rny6oKyro 6naro.n:apHocTb A.A.noryHoBy aa 

ueHHhre o6cym..n:eHirH If Il0CT0HHHhitt lfHTepec K pa6oTe, a TaK m.e .n.B.W11pKOBY 

n A.H.TaBxenn.n:ae aa noneaHhre .n:0:cKycc11n. 
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