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· Pa6oTa llOCBmI!SHa paCCMOTpemm BOnpoca O BKJ1a,Il;9 p88JllPIHHX THIIOB 
B88HMOA8ttCTBID1 B MSCCOBYJ) MSTpmiy J18llTOHOB''ll KBapKOB (,IU1paKOBCKllX 

~aCTHU) H B CM9IIIHBBHH8 Jl9llTOHOB H KBSpKOB,. 
B' o611{9M c.nyqae MSCCOBlitt JlarparumaH ,,napaKOBCKWC ~SCTHU (JI9llTOHOB 

H KBapKOB) -M011HO 8aIIliC8Tl> B m!'A8: . 
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M=3x3 MaTpHUa c HeAHaroHaJU,HHMH ~JleHaMH. 
'JIM Toro, ~T06H npHB9CTH MK o6~HOMY ,nHarOHSJll,HOMY Bll.UY, MOJKHO 

BOCllOJll,SOBSThCH cTaHAapTHHM MSTOAOM ,naaroHaJmaa~ npoHSBQJll,HOtt KOM-
wiexcHott MaTpmv/1/. TPrAa M ·6yAeT HMeTii B:im: · · 
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T.e. c~e~CTBH8M ~arOHaJm3a~mr HBHJIOCb rro~emi:e CM81lllll38HID! rrepBOHa­

'l~Hl:lX ~8IITOHOB M11 RBa.pKOB 'fa, ' 'ft ' ~ . Co6CTB8HHHMH M8CCOBHMH 
COCTOHHHffMH J'!BJUIIOTCH COCTOHIDIH !/!1 7 

!J!.:i, 
1 

':( 3 
B Hawe paCCMOTP9HH8 Ml:l He 6/ASM BKJ110(!8Tb MailpaHOBCKH8 HeilTpliHO 

no rrpnirnHaM,YK838HHHM B pa6oTel2 . ]arpaIDJm:aH (I) llHB8pll8HT8H OTH0Cll­
T8~HO r~o6a~Horo Ka~6poBO'l'.Horo rrpeo6pasoBaHID! 

I cA. -1 - ·-,:A 
~,,Cx)= -e '.f1<U}} 'ikCKJ-== ~Ke. , (5) 

r~e A - rrocTOHHHaH. 

llHBapll8HTHOCTD ~arpammaHa (I) OTHOCllT9~HO (5) 03H8'l'.89T, 'ITO 

~8IlTOHHHe ~ apOM8Tll'l'.eCKH9 'l'.HC~a BC8X ~9IlTOHOB ll~ KBapKOB SIB.illnOTCH 

~eHTH'l'.HHMH H OHH coxpaHmOTCH. TaK K8K ~8IlTOHHH9 Wll'I apOM8TR'l'.8CKH9 

'l'.HC~a BC9X ~9IlTOHOB HJm KB8PKOB JIBJUllOTCH ~9HTH'l'.HHMll, TO Hl!R8JC08 

HapyweHHe ~errTOHHHX H apOM8TK'I8CKHX 'l'.HCe~ B T8KOtt CX9M9 He HM99T M9C­

Ta. YTBepJK.ll;eHHe O TOM, 'ITO B ~8HHOM c~ae RMeeT MeCT~ HapyweHne 
~enTOHHHX H apOM8Tll'l'.eCKHX 'l'.HCe~. OCHOB8HO Ha TOM, 4TO B T8Icy10 CX9MY 
BM8,D;I:lB88TCH H3B9CTH08 IlOKMemi:e ~eilTOHOB ll KBapKOB. 

Ilpe.lli,ll;e 'l'.eM rrpOH3B8CTR T8K09 MO~emi:e,H800XOAHMO CA9~8Tb H8KOTO­
pHe 38M8'l'.8HHH, 

I, Hy,iwo rrpeAUO~OJmTb, 'ITO !fa_, ':ft , ~ _OTJ.IH'l:8IOTCH CBOHMl'l 'l'.RC­
MMll, KOTOpHe HX p83.7.IH'l:8IOT (sKcrrepHM9HT, HMeHHO,Bl:lOllpaeT STOT BapuaHT). 

CBH38HH ~ STR 'l'.HC~a C KaKHMH-Jm:00 COOTB8TCTBYJOIIUIMH K8Jm:0pOBO'l'.HHMH 
rrpao6pa30B8HHHMH Wll'I OHH B03!ilIK8IDT .npyI'HM crroco6oM? M!:r IlOK8 He 1IM98M 

OTB8T8 Ha STOT Borrpoc. Ho TaKoe 3H8Hli8 H800XO,IUIMO )JJ.[R Toro, 'IT06H BH0-
p8TI, crroco6 HaPY.meHM STHX 'l'.llce~. 0AUH ns T8KHX crroco6oB HapyweHHH 
orrucaH B pa6oTe13/. 

lls-sa crre~wll'l'.ecKoro cBottcTBa c~a6oro B38lIMOAeilcTBM )JJ.[.fI c~a6oro 

B38lIMO~ettcTBM STY rrpo6~9MY MO.lltHO o6ofiTll ,(CM. n.2.r). 

2. KaK BllAHO HS rrpe,Itl:l,llYIIIHX paccYJK,IJ;eHHil, CM8IllHB8H:IIe,B03IDIK~ee 
B T8KOil CX9M9, B rrpu~e, MO~HO YM38TI, C KOHKp9THID,f. K8Jm:0pOBO'l'.HHM 
npeo6pa30B8HHeM n,COOTB8TCTBeHHO,C KOHKp8THHM K8Jm:0pOBO'IHHM B38HMO­

AeficTBH9M. A C~9ACTBIDI, B03IDIK8IOil!R9 HS K~OpOBO'l'.HOro B38IDv!OA9ttCTBHH 
B 8TOtt cxeMe,MO.lltHO npe~CT8BRTb B BUAe YHHTapmrx M8TPHU (OTB8'l'.8IDil!RX 
sa CM91JJHB8IDI8). 

Terrepb, KOr~a Ml:l 3H88M, 'ITO STY CX9MY CM9l1Ilra8HHH, B rrpu~e. 
MO.lltHO JBH38Tb C K8KHM-~6o B38lIMOA8ilCTBH9M, B03HllK88T BOrrpoc. KaKoe 
ID,!8HHO BS8lIMO~ettcTBll9 OTB8TCTB8HHO 38 M8CCH H CM9IIIHB8Hll9,B03IDIK8IO~ee 

B TaKott CX8M9? Kaxoa.-~ ~aeT-c4a.Ooe. B. aan~{A9ffCTBH9 B T8KOe CMSIDI!l-
ilotihr:nnii-il IUi:raryT 

U'!jt3WX liCt'lt:J~BIUd 

6WSJ1~!0TEKA , 



BaIDie ? __ Arui: Toro, ~TOOH OTB9THTh Ha T8Kll9 BOnpocu,npoBe~eM OOIIUIB aHa­
Jm:3 C ~8.7.U,D BlilIC!m:Th,RaKlle MaCCOBHe MaTp!ID;H B03HHRaIDT npH BRJilOlI9HHH 
pa3JI:rr~Hl1X B3aHMO~eilcTB:lffl. 

a) Ha~H9M C aneRTPOMarHHTHoro B3aHMo~eilcTBHR • .llJm 3apmlt9HHI1X 
Jl9IlTOHOB li RBapROB C ~liCJIOM apoMaTOB_, paBHHM 
~efiCTBIDI HM99T BJa,JJ;: 

1 t n-t = - i· t 'f I" Y 11 t1 J 

~= ffl V\, NJ • 

Vv, Jiarpammaa , B3aliIMo-

(6) 

B pesyJlbTaTe BRJilOlI9HIDI TaRoro B3aliIMO~eilCTBIDI MOlKeT IlOHBHThCR MaccoBaR 
MaTpim;a M.3 

U; (M)-:: - Y:1 M""t', (7) 

r~e BJa,JJ; M~HYlKHO orrpe~eMTh :rrs ~aHHOro B3aHMo~eilcTBIDI. 

KaKOB oy~eT BJa,ll; 8TOH MaCCOBOil MaTplil.Ul .1'17 ? B M9KTpOMarHHTHHX B3ali­
MO~e:tiCTBIDIX coxpaHJnOTCR P 
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C > C P :rr ~p. ~eTHOCTH 
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p lVl p -=- M. :rr T.~. (8) 

OrpaITTCTSHHR, KOTOpHe MOlKHO ITOJJY'IllTh ll3 TaK:rrX rrpeo6pa30BaHHil,CBOMTCR 
K TOMY, ~To MaTplil.Ul v; V , KoTopue ~aroHamrn:rrpyro-r MaTplll.Ul .M~ , 
1.(0llHH OHTh OpToroaa.llbHllM:rr MaTpim;amr 

J'1 3 
-:::. V m V f :, ~ V ➔ 0 

1 
0 O'T' =- i , < 9) 

\'\'\. - ~aroHaJihHaR MaTpim;a c VYl.- i, >., O 
':.11r MOlK9M ITOJJY'IllTb .npyl,He orpa1!~9HIDI, ecJI:rr oy~eM llCITOJI1,30BaTh CBOHCTBa 
caMoro 3Jl9KTpOMarHHTHOro B3aHM0~9HCTBHR. 3JreKTpOMarHHTHOe B3aHMo~eilCTB:rre 
,lll,1JH9TC.ll: CKaMpHllM OTHOCHT9JlhHO apoMaT~9CKHX H Jl9IlTOHHl1X ~C9Jl ( T. 9. 
~9-MOJK9T M9HRTh apoMaT~ecK:rre ll Jl9IlTOHHl19 ~cJia), IT03TOMY sa c~eT 
3Toro B38HM0~9HCTBIDI He MOryT ITOHBHThCR He~arOH8JlhHl19 qJieHH B MaCCO­
BOil MaTpHIJ;e • 

TaRHM o6pa30M, 38 cqeT 8Jl9RTPOMarHHTHOro B38HMO~eilcTBIDI MOJKe? 
IlORBHThCR TOJlbKO ~:rraroHa.llbHaR MaCCOBM MaTp:rr~a 
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6) B C.7JY'Iae xpoMO~HaMHK:rr M8CCOBaR MaTpim;a 1'1,c; 
TaKXe ~aroHaJihHHil BJa,JJ; :rrs aHaJio~HHX cooopalKeHHil 

I ' J 
l'\'\j 0 

_MJC ::: WI,~ • 

0 vYl-1'\, 

Oy~eT HM9Th 

(II) 

B) BepHeMCR K qiopMYJiaM (2)-(5), npemoJiarasr, qTo ~1. 1 <t'.2, 1 ~ 
(:rrJIH Y"a.., lj'g > '£e,. ) OT~aroTCR CBOHMH (JI9ITTOHHHMH :rrJIH apoMa-
T~9CKHM:rr) ~HCJiaMH, TOr~a He~aroHa.llbHOCTh MaCCOBOil M8TPlil.Ul _M Oy~eT 
osHaqaTh HapyrneH:rre aT:rrx ~:rrceJI. ,U:rraroHaJI:rrsauim MaTplil.Ul .1"1. oy~eT 
rrp:rrBO~Th R ITOHBJ19HHID M8Tp!ID; T:rrna M8Tp!ID; Ko6aRII1H-lilacRaBH/4/_ 0TM9THM, 
qTO MOlK9T rrpo:rrcXO)UrTh H9 TOJlhKO CMern:rrBaH:rre el-,~-, 8-, HO T8RX9 

u.--) C;) t - RBapROB. ::h'o RCHO H3 Toro,~TO c.- ll -/; - RBapKH 
pacna~aIDTCR qepe3 W ±; z 0 - 0030Hl1. iUI8JIOrI1'IllaR KapT:rraa MOlKST OHTh li 

C JISilTOHaMll. HarrOMHHM, ~TO B paOOTS/3/ npe~oJKeHa ~Ha~ecRaR M0~8Jlh 

CMernHBaHIDI Jl9ITTOHOB. 
Ilepe~eM R paCCMOTpea:rrro BOrrpoca O BKJia~e CJiaOoro B3aHMo~eilcTBIDI 

B MaCCOBYID MaTp~. 
r). OcoOeHHOCThID cJia6oro B3aHMO~eilcTBIDI HBJIH9TCR TO, ~TO BO 

B38liIM0~8HCTBllli np:rrHHMaIDT ~acT:rre TOJlhKO JI9BHe ROMITOH9HTH qiepMHOHOB. 
Iarpammaa 3TOro BSaliIMO~eilcTBHR HM98T BJa,JJ;: 

!113-:::. -if}-
.2., 

rj" fi/l t'J, A~ ( A 1 ➔. w±zj_fr3
) 

K KaKHM IlOCJie~CTBHRM MOlKST rrpHBSCTH TaKOH xapaKT9p CJiaOoro B3aHMo~eil­
CTBHR? 

CTa~apTHHH M8CCOBHil JJ.arpaHJK:rraH qiepMHOHa HM88T BJa,ll; (1): 

CJ.Ji -= - f J'10 If. (14) 

CymecTByeT 00Jlhill09 K0~9CTBO M8T9,J!OB H rro~o~OB B EepeMTHBHCTCKOil 
H peMTHDHCTCROH RB8HTOBOil Teop:rr:ir 5/ (CM • .zu>.paOOTH), ROTOpHe HCITO.llb-
3YIDTCR ~ no.nyqeHIDI (B~CJ19HIDI) Mace (co6cTB9HHl1X 3Hepr:rril) ~aCTJID;. 
Bo BC9X 3THX MSTO~ax rrpSMOJiaraeTCR,_ qTo JI9BH8 H rrpaBH9 ROMIIOH9HTH 
qiepMHOHOB np:rrHHMaIDT ~aCTHS BO B38liIM0~8HCTBHRX CHMM8Tpli~HHM o6pa30M. 
Tor~a BRJia~ B3aHMO~eilCTBIDI B Macey oy~e~ HM9Th BJa,JJ;: 

£t 1'1. • = - ~ { 11.o r M ef) f -= - !t' H't', (15) 
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1 
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M ef - BRJia,n B Macey, BoamIBaiJIIlllli OT B3aliIMo,neiicTBIDI. 
Onpe,neJmM Tenepb M8CCOBHH JiarpaWKl'!aH ~epMIIOHa C y,IeTOM Toro, ~TO 
npaBrui: KOMllOHeHT8 ~epMIIOHa He npnIDIMaeT y~aCTliR B c~a6HX B38liIMO,nett­
CTBIDIX (CM. ~OpM.(13)). Tor,na M8CCOBHH ~arpaHJKHaH ,lT,)lR ~epMHOH8 6y,neT 
m.ieu BH,n: . _ _ 

{j, .M :::. - ':f 1'1v \f - ft, M ef. 'i R. - 'j; R. .Me{ <J:,,_ • 

TaK KaK Y!R 1 ~ 
BIDIX, TO no~aeM 

He npHHHM8KlT ytl8CTIDI B c~a6HX B38HMO,ll;ellCT-

</. .11 = - IJ: M.o f -r 0 'j! 1'1,/( J ..M ==- J'1o. (I6) 

HTaK, c~a6oe B38liIMO,ll;eHCTBHe He .naeT BK/18,D;a B M8CCOB!fil ~arpaIDmaH. 
TaKJKe,cooTBeTCTBeHHO, c~a6oe B38liIMO,nefiCTBHe He .naeT BRJia,na B He.ll;l'Ia­
roHa~bHHe aJ.IeMeHTH M8CCOBOH M8TPHUH ..M . 

TaKJiIM o6pa30M, npnxo,ll;Ji!M K BHBO.ny, ~TO c~a6oe B38liIMO.ll;eHCTBlle He 
HeceT OTBeTCTBeHHOCTH 38 HapymeHHe ~ellTOHHHX ll apOM8T~eCKllX ~nee~ 
H CMeIIIHB8HHe ~enTOHOB ll KB8pKOB. Hy,irno OTMeTllTb, ~TO HapymeHne ~en­
TOHHHX H apoMaT~ecKHX ~nee~ n,COOTBeTCTBeHHO,CMeIIIHBaHHe ~ellTOHOB H 

KBapKOB, BO3HHK8IOllllle rrpn BBe,emrn: M8Tp:im, aHa~or~HHX M8Tp:ime 
Ko6a.imm-MacKaBH HJlli B MO,ll;e~ 3{ BO3HllK8KlT BHe p8MOK c~a6oro B38liIMO­
.nettcTBH.li.· 
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EemTOeBX.M. 
Macchl H cMemHBaHHe JierrTOHOB H KBapKOB 
():i;HpaKOBCKHX 'laCTHll;) 

-' P2-93-44 

Pa6o".ra IIOCBSIIIl;eHa o6cy.x<AeHHIO BOnpoca O BKJiaAe pa3JIH'IHhlX THTIOB 

B3am,10AeiiCTBHll B MaCCOBYIO MaTpHu;y JieIITOHOB H 1aiapKOB • .D:eJiaeTC51 BhlBOA, 1 , 

'ITO ::meKTpoMarHHTHoe u CHJibHoe B3auMoj:(eiiCTBirn He AaJOT BKJiaAa B HeAHaro­
HaJibHhle 'IJleHhl B MaccoBoii MaTpuu;e JienTOHOB u KBapKOB. IIoia3hlBaeTc51, 'ITO .. 
H3-3a cBoero crreu;mpuqecKoro xapaKTepa CJia6oe B3aHMOAeii~BHe He AaeT 
. . 

BKJiaAa B MaCCOBYIO MaTpHu;y JieTITOHOB H KBapKOB H He npHBOAHT K MaCCOBOM~. 
CMemHBaHHIO JieTITOHOB H KBapKOB. 

, Pa6oTa BbITIOJIHeHa B Jla6opaTOpHH Bhl'IHCJIHTeJibHOll TeXHHKH H aBTO-
MaTH3aD;HH OllSU:I. ------''-"" ________________ · ·· 
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MacCbI H CM8IllHBaHH0 Jien 
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