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BmteHbKHH C .H. 
Oc~HnnH~HH ~eliTPHHO 

P2-83-441 

fleK~HH noCBH~eHbi ~eTanbHOMY paCCMOTpeHHID HBneHHH OC~HnnH
~HH Hef!TPHHC • Ilo~po6HO OOCYJK,O;aiDTCH Bee B03MO)KHble CXeMbl CMemH
BaHHH HeilTp¥HO C ~paKOBCKHMH H MailopaHOBCKHMH MaCCaMH. Pac
CMaTpHBaiDTC~ sosMO)KHbie onbiTbi no noHCKy scMJeKTOB CP-HapymeHHH B 
OC~HnnHUIUIX Hei1TpHHO. IlpHBOAHTCH orpaHH'le.HHH Ha napaMeTpbl ~m 2 
H sin 2 28, ncnyqeHHbie H3 nocne~HHX OnbiTOB no nOHCKY OC~Hnn~HH 
HeH:TpHHO. K~aTKo HsnaraeTcH TeopHH GesHeilTpHHHoro ~BoilHoro 
{3 -pacna~a. 

Pa6oTa BblllOnHeHa B na6opaTOpHH TeopeTH'leCKOH !PH3HKH OIDIH. 

Bi lenky s .. M. P2-83-441 
Neutrino Os::illations 

The lectures are devoted to a detailed consideration of 
neutrino oscillation phenomena. All possible schemes of neut
rino mixing with Dirac and Hajorana masses are discussed. Pos·· 
sible exper:.ments on the search effects of CP-violation in neu
trino oscillations are considered. Constraints on parameters 
~m 2 and sin 1!28 obtained from the latest experiments searching 
for neutrintl oscillations are given.The theory of the neutrino
less double {3-decay is briefly presented. 

The in'restigation has been performed at the Laboratory 
of Theoretical Physics, JINR. 

IlepeBo~ O.C.BHHOI'pa~osoil 
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I. ~!lli!!2 

B BTHX llSK~ IT0~6HO paCCMOTpeHO HBnSHBe OC~Qa:J.i HS:J.iTpH

H~I/. JIOHCR OC~Qaii He:J.iTpHHO .fiB7Ul9TC.fl B HBCTO.fllllee BpeMR: O~IOii 
Ha caMHX ai<Tyan:&uwc aa,naq ~SHKH ueiiTp:HHo. Awl ee peweHB.FI oo Bcex 

He:J.iT.PHHHWC JIS160paTOPH.flX Mlipa ITpoBO,w!TC.fl (J1H6o ITJlaHH.P.YJOTC.FI) ,neC.FITKif 

CJlOEHe:J.iwHX BKCITepHMSHTOB. 

B03HBKlli2!:J.i B ITOCJle,nHBe I'O,nll 60JIDlllo:J.i HHTepec K ITpo6JleMe MaCC H 

OC~~:J.i H3:J.iTPHHO CB.Fl3aH rJISBHHM o6paSOM C ITO.flBJleHBeM H paSBHTK9M 

TeOpHil BeJlHK)I'O o6be,nHHeHB.FI. KaK XOpoWO K3BeCTHO,B 6onDWKHCTB9 MO,ne

Jiel B9J1HKOI'O 06~9,nKHeHH.fl MaCCU H yrJIH CMeWKBaHH.fl HeilTpKHO 0Ka3HBSDT

C.fl OTJ1H'IHHMH OT HyJl.fl. 

!Ali paCCJ40TPHM a,nec:& HBneHBe OC~QHI HeiT.PHHO C 061Jlel ifleHOMe

HDnOrK'!ecKOI TO'IKH 3peHH.Fl. MaCOH K yrJIH CMeWKBaHH.fl Hel'rp:HHO Mli 6y,neM 

C'IKTST:& ITSpal49TpaMR 1 ITO)lf1Ie.lK81ltHMK orrpe,neJieHHIO i13 OITHTS • Pa60TH 1 B KO

TOpWC B paMKilX p83J1H'IHWC MO,neJieit BeJlHKOI'O o6be,n:HHeHH.fl BH'IKOJIJJllTC.fl 

aTH rrapaMe~u4,1sJiaraT:&C.FI s.nec:r, He 6ylJYT. 3TH pa6oTH paocMaTPKBaKJTC.FI 

B o6sopax ' • 

Bo BTOJlOM pas,neJie paCCMOTpeHH BOe BOSMOJKHl:le CTSH,nS.PTHHe CXeMii 

CMeWKBa.HHJi HllitT.PHHO ( cxet.tLI, OTB9'181011lHe ,nHp8KOBCKOl.fj' 1 MaitOpaHOBCKOl.fj' 1 

a TaiOJte ,nHpal:OBCKOf.fj' H Ma:J.iOpaHOBCKOMy Hel'rp:HHHHM M8CCOBHM 'UleHaM) • 

PaccMoTpeHa ~~age crreQaan:&uas:r cxeMa CMeWKBaHH.fl uel'r.PKHO, rrpe,ncTaBJI.fl

l!lllWI 00601 OCi061JleHBe HS CJryqB:lt HeCOXpaHeHB.FI JieiTTOHHHX 'IKCeJI K ITpoK3-

Bon:bHOI'O 'IKCJ:a THITOB HeitTpHHO CXeMii 3eJI:&,nOBK'la 1 KoHOITHHCKOI'O K Max
My,na. HaKOH9It1 B STOM pas,neJie Mli ITO.npo6HO paCCMOTJlHM CMeWKBaHKe ,nByx 
rroneit ueiT.PKI :o Malopaua c OTJIH'IHHMK oT HYM MaccaMK. 

B TpeT:&EM pas.neJie rro.npo6uo pacCMaTPKBSeTC.FI .flEJieHBe oc~Ul! 

HeiTpHHo. JIOJ.ytl9HH K rrpoaHaJIH3KpoBaHH 06111He BHpa:at9HB.fl NISi Bepo.FIT

HOCTeit rrepexc,nOB Me~ paSJIH'IHUMK H91TPKHHHMK COCTO.flHR.flMK. PaCCM8TpK

BalOTC.fl BosMOJ.Hlie MeTO.nH rrpoBepKH CP- HHBaPKaHTHocTK. 06cY3.naDTC.FI 

YCJIOBK.fl 1 II.Pil KOTO.PWC MOryT 6HT:& Ha6Jm,neHH OCll;WI.JISil.l14 HeiTPHHO• 

B 3SRJm'GBTeJI:bHOM paa,neJie ITPKBO,w!TC.fl ITOJIY'l9HHH9 HB ,naHHHX ITOCJle,n

HHX OITHTOB OipaHH'l9HB.fl Ha rrapaMSTpH, xapaKT9Pii3YJIIIKe OC~ Hei

T.PHHO. B rrp:r.t~OJ!t9HHH A KpaTKO KBJiaraeTC.FI T90pii.Fl ITOJl.fl Malopaua. B IIpH

Jl<WlHml B pac OM8TPKBa9TC.Fl 6eaueATPHHUHI .nBOIHOI ft -paorra,n. IlOJIYileHo 

061Jl99 BHpa:ateHKe NISi Bepo.FITHOCTH 9TOI'O rrpo~oca. dpHBO~TC.fl ,naHHHe o,n-
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HOI'O HS IIOCJIS,IOmX reOXHMH'iSCKHX OJ:JHTOB ITO IIOHCKy 6eSH9ltTpHHHOI'O 

,JtBol!:Horo f -pao~a 128 T e. H 130 T e.. • 

Ilpo6J:teMa OCUWIJISIIJ,I'Ii HeaTpHHO, 06CYJK,I(9Hlm KOTOpo:ll HOCBRIII9Hbl 3TH 

JISKIJ,I'IH, HM99T ,ll;OJlryJO HCTOpmo. ThiiOT938 OC~IJ,I'I:Il HSaTJlHHO 6Wia Bll,Il;

BHHYTS B.M. I!OHTSKOpBO B 1957-1958 r r. / 1 , 21. B TO B~iMR TOJlbKO 'iTO 

IIORBWISC:D TSOPHJI ,ltBYJCKOMIIOHSHTHOI'O HeaTpHHO JlaH;n;ay, JIH H IIHra, Ca

JlaMa. I!O,ll;TB9~9HH9 BTO:It TSOpHH H8 OII!lTe, Ka38JIOC:b 1 CBH;n;E•TeJI:&CTBOBaJIO 

B IIOJI:&Sy TOI'O, 'iTO M8008 HS:IlTpHHO paBHa HyJiro. 

060YJK,l(8H B TS l'O,ll;Ll IISpBije OII!lTbl 0 peaKTOpH!lMH aHTlli:!S:IlTPlfHO, 

B.M. IlOHTSKOpBO IIpe;n;IIOJIOJmJI 12/, 'iTO JISIITOHHbl:ll 38~ M(IJ!t9T He 6b1T:& 

CTporo COXPaH.Rl<lltHMCJI KBaHTOBbiM 'il'ICJIOM H 'iTO BSKTOp COC~'OJIHHJI Hetl

TPlfHO, Y'i8CTBYD!I9l'O B CJI860M BSSHMO,n;etlCTBHH, MOlltST rrpe; \CTaBJIJIT:& C0-

6otl cynepiiOSHIJ,I'IID BSKTOpoB COCTOJIHHJI HeaTpHHO MaitopaHa <: OTJIH'mllMH 

oT HYJIJI u pasHIDI!H Maccru.m H rrpoTHBOIIOJIOJKHbiMH CP-'ieTHom•JIMH. B ocHo

Be BTOit rHIIOTSSbl J19lK8JI8 r;ry6o.KaJI H B Bblameit CTSIISHH He~·pHBHaJI:&HSH 

aaaJiorHJI co CJIY'iSSM Het!TpaJI:DHbiX KaOHOB. B BTHX rrepBbiX pa6oTax 'j1'i.e 

06CYJK,I(aJIHC:& BOSMOlltHll9 9KCIIepHMSHTaJIDHbl9 CJIS,ll;CTBHJI rHII0~'93bl OCUWIJISI

IJ,I'Itl HeaTpHHO: 11H900XpaH9HH9 HeaTpHHHOI'O sa~a IIpH paSJ:U'BfMOCTH Hetl

TPlfHO H 8HTHH9i!TpHHO ( :wm, 'iTO TOJI(,ll;9CTB9HHO, Cytq9CTB0118.HH9 ,JtByx 

HeaTpHHO MaiopaHa 0 pa3HOH KOM0HHHpoB8HHO:Il 'iSTHOCT:&ID) li9H366JKHO IIpH

BO;n;HT K ~KTSM THII8 DeJIJI-MaHHa-IIa:ltca-IlH'i'iOHH. ~KTH IIpeBp8m6HHJI 

HaiiTpHHO B 8HTHH9iiTPHHO MOryT 6b1T:& Ha Ha~ae~ B JlE.6opaTOpHH, HO 

6y;n;yT m&eT:& MaCTO B 8CTPOHOMH'l90IGIX MaCmTa6ax" / 2/. 

IlOCJIS TOI'O, KaK H;n;SJI OCUWIJISIIJ,I'Iit 6Wia Bbi0Ka38H8, SE' 06061119HH9 H8 

CJIY'i8:1l ,ltBYJC THIIOB HeaTp~O ( Ve.. H i) ) r!f He rrpe,n;C~'aBJIJiJIO Tpy,n;a 

H 6wzo c,n;eJiaHO B pa6oTe 51, B pa6o. 12 • I 6Wio BBe;n;E •HO rroHJITHe 

CTSpWI:DHbiX H6aTPlfHO: "ECJIH HMSIDTCJI ,ltB8 pa3Hb1X Jl6IITOHHW: sa~a, rrepe-

XO,ll;Ll V ~i') H l> ~ ";) npeBpamaroT IIOT6HIJ,I'IaJI:&HO 8KTl:BHble 'iaCTl'I-

IJI.l B ~cT:aU:: Ko""./tpRe ho'iKH speHHJI o6Jl'iHoro CJia6oro liSSHMO,n;etlcTBHJI 

JIBJI.IIIDTCR CT9pWI:&Hb!Ml1, T. 9, rrpaKTH'iSCKH H9H86JIID,ll;89MilMH, TSK KaK 

OHH HM6IDT 11H9IIp8BWI:DHyro CI!HpaJI:&HOCT:& 11 
• B BTOM CJIY'i89 9);HHCTB6HH'fltl 

OII0006 Ha6J:t~eHHJI 06CYJK,I(86MOI'O ~KTa COCTOHT B HSM6p! HHH HHT6HCJID

HOCTH (i eyeMeHHOil ~P.H~ HHT9HCKBHOCTH) nepBOHS'iaJI:DIWX '180-

~.,," 51 ,B pa6oTef 57 J"K9 IIO,lijl06HO 060Y'K.naJ18Cl> HS06XO;J;HMOCTl> Y'i9Ta 

a<I$1KTOB OC~ Haihp:r.mo npH OpaBHeHHH 0 TeOpRei pllSYJI:&T8TOB ro

TOBfliiiWCOR B TO BpeMR OIIUTOB IIO perRCTPar:tHH HSiTPHHO OT COJllfil;a, 
11

, • ,3q)
qJeKT Ha IIOBSpXHOCTH 3eM1!H 3aKJIID'i8JlCJI 6bl B TOM, 'iTO IIOTt>K Ha6JJ:ro;n;ae

MUX COJIH6'1HbiX H6i!TP,~O ,ll;OJllltSH 6RT:& B ,ltB8 pasa MeH:Dm6 IICIJlHOI'O IIOTOKa 

cOJIHe'iHbiX Het!TPHHJ5 ". IIo;n;'iepKHeM, 'iTO BTO IIHcaJioc:& SE. HecKOJI:&Ko 

JIST ,ll;O H8'i8Jl8 9KCII6pHMeHTOB )l9BHC8 H .n;p., B 'OTOpbiX 6w:a 06HapYJiteHa 

TSK H83b1B86M8H "sara,n;Ka COJIHS'iHJlX HSITPlfH0 11 G/, 
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B OCH)Be Bll,ItBlfHYTOit E.M. IlOHTeKOpBO l'HITOTeSbl OCUWIJIS[ll.Hftl HeitTpH-

HO ne~a pw3H~6CRSH ~eH aHBnOrHH C OCUWIJIS[~ HeitTpanhHHX KSOHOB. 

B 1962-1963 r r. Ma.IGI, CaKSTa H AP• B pa6oTax 7 , npaRTH~ec.lGI HeHa

Be CTHI:DC ,11;0 H6,II;SBHero B peMeHH, BBMH CMelliHBaHlle ;rr;Byx ,II;Hp8KOBCKHX 

HeitTpHHo c Maccoit ( a Ta~ cMemHBSHHe 6aPHOHOB I ). B BTHX pa6oTax 

ManO 06CYJK~MHC:b MS,II;CTBWI Bli,II;BHH,yTHX rHYOTeS. Ewla Jlliiii:b ILO,ll;'i6pru!Y

Ta H606XO,II;~CT:b yqeTa BOSMOEHOro CM6WHBSHRR HeftlTpHHO ITPl:f HHTepnpe

Tall,HH ,II;SHHiiX, ROTOpUe 6y;zyT UMy~eHU B rrpoBO,II;fiiii6MCH B TO BpeMII 

6pyKXBB6HCKOM H6itTPHHHOM BKCrrepHMeHTe. 

IlepBa~ Teo~ ocUWIJIS[ll.Hit HeitTpHHo 6Hna paaBHTa B pa6oTe IPH6oBa 

H IlOHT6KOpBO /S . B BTOit pa6oTe ~ ~ ;rr;Byx THUOB HeitTpHHO 6Hn 
nocTpoeH o6mero B~a (Hapywal(lltd coxpaHeHHe neUToHHJ:DC SSPfl,II;OB ) 

MaitOpaHOBCKHftl M8CCOBH1tl ~eH. Ewlo ITOK838HO, ~TO UOJIJi TOROBHX HeitTpJI'

HO (rrOJIJi, BXO~e B rBMHn:E.TOHHaH Ma6oro B38HMO,I1;61tlCTBHH) npe,D;CTaB

JlfliOT 00601! B ~ae TaKOro MaCCOBOro ~aHa OPTOroHBn:bHUS ROM6HHall,HH 

,IJ;Byx ITOJiei! HeitTpHHO MaftlopaHa C OTnH~h!Mif OT HYM MaCCSMH. 06111Hit 

crryqaftl ITpOHSBOJI:bHOro ~Ma MaitOpaHOBC.lGIX H6itTpHHO 6HH BITapBUe pac

CMOTpeH B pa6oTe / 9/. 

B I9'i5 ro,IJ;y nocne OTKPUTM H61tlTp8n:bHI:DC TOKOB H o~poBaHH!:DC ~C

THI.J; ( C.. - KBapKS) BHOB:b ITO.IiBHJIHC:b pa60Tbl ITO OC~SII.J;Rmll HeitTpHH/
10/. 

ABTOpU 91HX pa60T OCHOB~C:b Ha KB8.pK-JI6ITTOHHO!.t aHMOrHH III 

ITpe,II;ITOJiaraJm, ~TO nerrTOHU, TaR JKe KSK III KBapKH, BXO,II;IIT B raMHn:E.TOHHaH 

B CMelll8HHCM BH,IJ;e. 

Gnyqeftl ,D;HpaKOBCROro H Ma1t!OpaHOBCKOro MaCCOBOro ~eRa ~ ~~3-

BOJI:bHOro ~HMa THITOB HeftlTpPUIO 6un BITepBble paCCMOTpeH B pa60T6 • 

HaKOHei.J;, EiMJeRTU CP - H~ymeHM B OCUWIJIS[ll,HHX HeitTpHHO 6Hnn BITepBUe 

paCCMOTpeEH Ka6H66o / 13 . 06aop BCeX BTHX pa6oT, BKRD~~ ITO,IJ;po6-
HOe 06CyJK.I,eHHe B03MOJitH!:D5 MeTO,II;OB ITOHCKS OCUWIJIS[ll,Hil: HeftlTpiD!O, 6Hn 
ony6nHKOBEH B 1977 ro,zy/ 12/. 

IloCJ.e ITOJIBJieHM H p83BHTM T60pH1tl BMHKOro 061.e,IJ;HH6HM HHTepec 

K ocUWIJIS[ItHJIM HaitTpm10 peaKo aoapoc. ,llaJieRO He nOJIHHI nepe~eH:E. no

.RllmllllHXCH B ITOM6,II;H66 BpeMII pa60T UpJI'Be,IJ;eH B CITHCKS nRTepaTypii'l4-20/. 

2. !:XSMH CM6!lliiiBa.HWI HeitTpHHO 

::.I. BBelieWie 

Bee I!Me!OO!HeCH B HaCTOHmee Bper.UI ,IJ;SHHUe ITO HSy-qeHIIIIO o6yMOB1leHHblX 

Ma6UM B3liiDwi>,IJ;eitCTBH6M Upoi.J;eCCOB OITHCUBSIOTCH 6~~ TSOpHeit &neKTpo

CJia6oro B:SaHMO,IJ;elcTBWI Diewoy-BaitH6epra-CanaMa 2 • ~RTHBHHI ra

MHJI:E.TOHHa.JI BTOil: TeOpiD! HMaeT BH,II; 
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X =::: ~:j::' T;: j: ). (I I 

-sl ·~ 
S,n;ec~ 

0 
G- ~ I 0 11 1, - ROHCTaHTa ~pMH ( H -Macca npc TOHa) , _}-e4; 

H ~~ COOTB9TCTB9HHO sa~eHHH~ H HefiTpanhHHfi TORr, 3ap~HHHfi 
ToR cnpoHTC.R: H3 JieBwc: ROMIIOHSHT IIOJieA JienToHoB H KBai ROB H HMeeT 

CJie.lJYIOOIHA Ban; x : 

J:) = :tL i./ct. eL + .t r uL1d._ eLL/+ v~ .s:.-~- ~~c(_ ~: ••• ~2) 
f:e/ u, -c1 ... 

3,nech I · 

a"-'>u, q 
IL -L 7 7 JL ' 

9=dA~··· 
(3) 

r.ne U- yruiTapHM MaTpHrr,a cMeUIHBa.HHJI. B CJiyqae wecTH KBapRoB 3 x 3 
MaTpHII,a t.f, xapaRT9pH3Y9TCJl TpeMil: yrJiqMH H O,nHOi! illf.30~ H MOJK9T 

6HTh napaMeTpHsoBaHa CJie~ o6pasoM 122~ 

U - s~;._ c,::J~ s_.s/0 c,~s:J +- s_..:,/") (
4

) 

ib ~ 
.s-ts.z. -c.'1.s..z.c.J-c4 sJe. -c;..s..z..sJ+c;.~c3e .J 

HeATpanhHHA TOR TeopHH Dlawoy-Baibi6epra-CanaMa ( CTSH.n8PTHOil 

TSOPH:li M9RTpoCJia6oro B3aHMO,nei!CTBHJI) HM99T BH,n 

jC:=f'iJ~ ~ +f-!.Jd-rgv+/J.+js>l +f7!~ (J + a.?J)1, 
/5/ 
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r.ne napaMeTJ>H Jv , d ,(: , 1 H ~ ,naiOTcst CJie,l(yllltHMH BHpalleHH.IiMH: 

I · ~7\ 1 
Q =-- f- .2..S£rL-tr q = -- I ov ..:L ~,} (/,4:.. ...t. 

I f · .tn ....,. - :f.. J - LL C. -t 7 = dt.. - 3.stn..-r:riV) '-A-7 -L I - ,} ,} I 

.. .-- _.L ..L .t...se.n..~ a.. =-1.. ,} Q = ~.s,J 6' (6) 
v-;<..'.3 ){' "7 ..t. / ( z -YI'OJI. Ba!Hdepra). 0TMeTHM, 'tiTO HS aHaJIHSa .naHHilX OIIHTOB no 

'It 
HSyt!SHHIO odyCJ[OB118HHliiX HSJ.iTpaJI:&HHMH TOK&m npouecCOB CJie.nyeT, 'tiTO 

s u,_:t.B 1i = 0,:!3 ± O,OI. 

B CTaH,na]~HOil TSOPHH aneKTpoCJladoro BSaHMO,neilcTBBH MBCCH He!TpH

HO MOrYT dHT:& KaK paBHHMH HyJIIO, TaK H OTJIH't{HHMH OT HfJlH.. 0TMeTHM, 

'tlTO B MHHHMaJihHOM BapHaHTe TeopHH (nOM XHrrca odpasYJOT .ny6JieTH, npa

BHe KOMllOHSHTH UOJieil HS!TpHHO He BXO~T B JiarpammaH) MBCCH He!Tp:BHO 

paBHH HYJIIO. 

MaCCH HeitTpHHO OKaSHBaiOTcst Ojf.~ OT HfJlH. B dOJil>IIIHJfCTBe MO

,neJieil BSJIHKOro Od'b8,nHH8HHJI ( OM. 3 • ) • Bxo,JVmtHe B CJiadHe TOKH (2) 
H (5) nOM Hei!TpHHO Yll. npe,nCTaBJIJmT codoil UpH STOM JIHHeiHHe OPTO

roHaJI:&HHe KOMclHHaUJiU!I JISBHX KOMllOHSHT nOJiei! Hei!Tp:BHO C onpe,neJISHHHMH 

MaCCaMH: 

.VP. =L Ut· .Y . • 
f...L " (..t. • .L (?) 

!:\n;ec:& U -: YHHTapHM M8TpHIJ,9. CMelliHBaHHJI t i) i - UOJie HBitT,PHHO c MSCCOI 

rn..i. • 
CMelliHBaHHe nOJie:A HeilT,PHHo ( ?) aHaJIOrH'tiHO CMelliHBaHHIO ( 3) nOJieii 

KBapKOB. BoSMOlltHOCTH CMelliHB8HHJI nOJieit He!TpHHO cymeCTBSHHO IIIHpe, 

O,nHaKO , 'ti8M llOSMOlltHOOTH OMSWHBaHHJI nOJieit KBapKOB. 3To 0Bfl38HO C TSM, 

'tiTO KBapKH - )J;Hp8KOBCKHe 'tiaOTHinl, a He!Tp:BHO C onpe,neJieHHHMH MaCCS

MH MOrYT dHT:& KaK .nHPSKOBCKHMH, TSK H MaitOpaHOBCKHMH 'tiaOTHIJ,9.MH. Kpo

Me TOro, 'tiHCJIO MBCCHBHliiX MaitOpaHOBCKHX He!Tp:BHO MOlleT KSK paBHSIT:&CSl 

'tiHOJIY TOKOBliiX HSitTpHHO, TaR H npeBH1118.T:& 8TO 'tiHCJIO • 

P83Jil!l'tiHHII CXeMH CMelliHBaHHJI He!Tp:BHO OTJIH't{8JOTCSI THUOM He!TpHHHO

ro MaCCOBOro 'rJ18H8o ECJIH HelaTpwJH1>11 MBCCOBHlt 'lJI8H SamiOaH -qepes no

JlH. TOKOBliiX Hei!T,PHHO, TO llpJII STOM B OdiiiBM CJiy-qae MOrYT dHT:& llOCTpoeHH 

TpJII THna H81tT]~ MSCCOBliiX 'l.118HOB: 

I) ,nHpaJtOBOKH:lt MSCCOBuit 'lJieH; 

2) MSitOj)aHOBCKHil MSCCOB!di 'lJieH; 

3) ,nHpa!tOBCKH:li H MS:ftiOpaHOBCKHil MSCCOBuit 'lJieH. 

M:l1 nepe~eM TIIUep:& K no.JUl(l6HOMY paccMOTpeHHJO STl'IX TpeX BOSMOltHOCTelt 

CM9DJHBaHWl HeHTpHHO. 
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2.2. CMeruMBaHHe HettTpMHO c nnpaKOBCKH~m Macca~ 

CnnpaKoBcKHtt MaccoButt ~eH) 

IIpe~rrOJIOlKHM BHatJ:aJie 1 'ITO HeftTpHHHHii MaccoBH~ ~eH narpawKMaHa 

HMOOT B~ 1 8HaJ!OrHtJ:HHft .KB8pKOBI1M MaCCOBilM ~eHaM CTa!I~apTHOli TOOplm: 

-1- h. c. 
(8) 

MH 6y~eM paCCMaTpHBaTb 0611{HH CJiytJ:aft /1.- THIIOB HOHTpHHOj COOTBOTCT

BOHHO MaTpHIJ,a J1 B BHp8}KBHHH (8) - o6mero B~a n. X 'L MaTpHu,a, 

0tJ:eB~0 1 'ITO JiarpaHJKHaH (8) He coxpaHSieT MeKTpornoe Le. 1 

MIOOlrnoe L , TayoHHoe Lr , ... , JieiiTOHHue 'IHCJia. IlOJil utt JiarpaH.lKH

aH ID!Ba~TeH, O~aKO, OTHOCllTOJlbHO KaJIH6pOBO'IHIDC II pee 6paSOBaHHit 

(9) 

r~e ~ - IIOCTORHHaH ~sa. lliiBapnaHTHOCTb OTHOCHTeJibHO rrpeo6pasoBa

HHH (9) osHatJ:aeT 1 'ITO B TeopHH c MacoOBilM ~eHoM (8) ccxpaHSieTCSI 

CyMM8pHU3 Jl6IITOHHHtt Sa~ 

(IO) 

MaCCOBHft ~eH (8) HOCRT H8SB8HH6 .ItHpaKOBCKOrO MaO<:OBOI'O ~eHa. 

tifii IIO.Kal!tOM Terrepb, 'ITO Oil IIpHBO.ItHTOSI K CTan~ap'l'HOMY mi.l~, 3amnueM 

BupaxeHHe (8) CJie~ o6pasoM: 

sa- -"H ,/ I o( =- .V v + n..c. 
'i.. L 

(II) 

J {-(~ ( I2) 

.UaJiee, IIpOHSBOJlbHYJO MaTplltzy', ~eTepMIDianT KOTOpoft OTJIHtJ:OH OT HJJISI, 

9 



MOJK.HO IIpHBellTH K ,Itl'.I8I'OHaJI:bHOM,V mm.Y 0 IIOMOlJI:hiO 6HymiT8pHOI'O rrpeo6paso

B8HRII X 

+ 
H=Vm..U, 

r,n;e V H .:,t - .YHHTapHHe MaTpHilll. ITO.IJ;O'MBJIJIII ( 13) B (II) , 

t~..•- _ -;r rn...lJ + A. c. =-"il rn..i> =-£ rn... -;;-. l} .. 
Jt. '- i.-:7 (... c... (.. 

3,n;eo:r, 

+-- / + / 
i>=UiJ v=Vi> 

L /... ' ~ Jt..' 

i) = i) ·f- ~ = (:f;.) 
1... Jt. : 

(13) 
HMeeM 

(14) 

• c. c. 
0'I8Bl'I,IJ;HO, "lTO i). - KOM!L118KOHOe IIOJie ( i>. ;t:. ~·- ; )) (. - 38PIOJ;OBO-

C. " -OOIIpJDiteHHidl OIIl'IHOp ). TaKHM o6pa30M, i) · - IIOJie HeliTpHHO )tHpaKa 0 

MaOOOit m_. :ex (HeitTpHHO H aHTHHei!TpHHO 'OTJIH'IaiOTCSI qJepMIIOHHHM 'IHCJIOM). 
~ 

x ,ll,eiiOTBHTilJil>HO, paccMoTpHM r.aTpmzy M M + • O'IeBl'I,IJ;Ho, 'ITO aTp. MaTpH

~a apMHTOB8 11: ee co6cTBeHlllie SHa'!eHRII IIOJIO.l!WTeJI:hH!i. HMeeM 

+ ~ + 
~H = V rn... V 

I (15) 

~ 
r.ne V - .YHI'!TapHaJI MaTPHIJ,a, a rn...- .Itl'lBI'OHaJil>HaJI MaTpHn.a. Orrpe-

,n;eJIHM ,I(H8I'OHaJI:bHYJO MaTpHey rrz.. T8K, 'ITO rrz..m_ =rn. ~nz. =+(;;!f. 
H V U + + -'v+ (,J(.. c.,l( 

HMeeM = rn.. , r,n;e U = ,n.,. H • HeTpy,IJ;Ho BH.IJ;eT:h, 'ITO 

M8TpHIJ,a lt .YHHT8pH8. ,lJ,ei!cTBHTeJI:bHO, HCIIOJll>SYJI ( 15), IIOJly'!8eM 

+ -1 + +- -1 -1 .t. -1 
U U == m. V H H V rn = rn.. rn.. /7Z.. = '1. 

XX 
HCIIOJll>SY~ YHHTBPHOOT:b MaTpH~ \1 H ~.~ KHH8TH'IeCKOI'O qneHa 

Jl8rpaH.l!W8H8 IIOJieft HeitTpKHO HMeeM 

__ , / --- ..... ··" ,.-:-:;- ~ l> p __ ~ Y. Q y - )) Y.: l1 v = -L- v. )'COL ""- i. 
0'\.... o- ·'-f! co1.. ""- ~ '- 0 «- ce. L. '- "tF 
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0TCJO.IJ;a HMeeM 

~/ = 
L 

t.LiJ 
L 

rz-

~J'. =L ut. ~ .. u... . ~.- ~.-L 
t.=1 

(16) 

JI!TaR, MH llpHXO.IJ;HM R BlffiO.IJ;y, 'ITO B CJiy<Iae, 8CJIH II "i1:Tpi1HHUM 1.180-

COB!l:ll: 'L1.18H HM88T BH.IJ; ( 8) , TOROB!le Jl8Bll8 liO.lJ.ff .JfL_ npe,n ~T8l3JlJIJOT COO Oil 

JIHHenH!le ROMOIDial.l;lill Jl8BL!X ROM!IOH8HT !IOJ18H ,IU1p8I\OBCRIIX HGliTplmO C 

OTJIH'l:HHMH OT HYJI.ff MaCCBMH. 0TM8THM, 'ITO L(..x.) B Bllpa!K)I!J!.ffX (2) I! (;j)-

ITOJI.ff Jl8ITTOHOB C qm3H'l8CRIIMH MQCC8MH rn_{_. , 

roHaJIH38llWI Jl8ITTOHHOH MBCCOBO!ii MBT,PHUhi y;r.e 

B B!lpruKe!ntli:X:" ( 2) H (II) BKJIJOtraiOT YJU!Ta PHYIO 

TaRo:ll: .IJ;HaroHaJIMaaunn. 

::!TO 03Hatra lT, 'ITO JUl8-, 
llpOBG.l(CHQ 1 IlO.lJH })L 

WlTpHey, B )3!1HI<aiO!ll,YKJ Tlf!ll 

ECJIH HM88T M8CTO CM8lllHBBHHe (Hi), B !Iy<II<BX Hei1Tp HlO B03H!IRBIOT 

OCUWJ.)IJII.ll:IH Vt 4;:! Vl.'' , 3TO .ffBJleHHe Oy,n:eT liO.IJ;poOHO p 1C~MOTp8HO B 

TpeT:De:ll: rJiaBe, 3,n:eC:b MH OTM8THM Jllllllb, 'ITO B CJiy<Iae CM )llll'!BBHH.ff (If.) 

Hap.ff.IJ;y C OCI.ll:IJIJl.ffl!lUIMH He:ll:Tplll!O CTBHOBJITC.ff B03MOJK!!Il!.!H TaKJKe TBIG!C 

HecoxpaH.ff!OIJ.tHe JieiiTOHHb!e truCJia rrpoueccu, r<aR jL -+ e.! H fL --P ..ie./~'-'1 
ECJIH HCIIOJI:b30BaTI> !10Jlyt!8HHU6 Ha OllbiT6 B6pXHH6 r )aHJIIJ;U l.iflCC 

HeJiiTpii!!O, TO MOJKHO, O,JUIBRO, TIOR838Tl> / 23/, 'ITO OJKH,n:ae. ;!L[e BepOHTHOC

Tli STIIX IlpOUeCCOB !!8 MHOPO IIOp!I.l(ROB HJL'i\8 .IJ;OCTHPHJTL!X 3 IIBCTOHll!eG 

BpeMH rpaHIIU. 

XapaRTepHoil. oco6eHHOCTI>ro paccMoTpct:Holi 3,nec1> cxe ,ru cMenmnamm 

HeliTpHHO C ,IJ;HpaROBCRIIlllli MaCC8Ml1 .ffBJI.ffeTC.ff 38IIpeT !IpOUG ~COB, B ROTO

pL!X He COXpaH.ffeTC.ff CJMM8 Jl8!ITOHHL!X tJ:liC8JI. C SI<C!I8pliM8 fTaJI:bHOH TO'l:RII 

3peHH.ff HaiiOOJiee UHT8p8CHlliii rrpouecc Tar<oro po.n:a- d03HliiiTpiiHHUH ,!UlOH

HOii fJ - pacrra.n. Mil rrepeH,neM Teiiepr, R paccr.~oTpenHIO Ta rnx cxerA cMe

nmBa~IIR H8HTPIIHO, B ROTOpL!X Hapsmy C OCUWJ.)IJII!lUIMH HeiiirpiiHO pa3p8lll8H 

T8KJK8 H STOT IIpoU8CC. 

2.3. C111eunmaHHe HeliTpHHo c liiDliopaHoBcRJIMH MBccaMi 

(MaiiiopaHOBCRIIli 1\laCCOBlliii 'L1.18H) 

MaCCOBUli 'IJieH (8) CTpoiiTC.ff RaR C IIOMO~:b!O TOROBL!X JI8BL!X IIOJieli 

))tL , TaR II C ITOMO~l>IO IIpaBL!X IIOJieli ~t'L , He BXO;ll.ffil!IDC B CJia6ue 
TORII CT8H.IJ;8pTHOiii T80pim. B 8TOM CMHCJie paCCMOTpeHHM B § 2.2 CX61\la 

CM6lllHBaHHfi HeaTpHHO He .ffBJI.ffeTC.ff 8ROHOMHOH cxeMOH. !JIOiiUO, O.IJ;H8RO, TaR 

IIOCTpoiiT:b CXeMJ CMe!llHB8HRil HeliTpiiHO, tJ:TOOll B H8HTPHHH>IJ!i 1\laCCOBllil 

'IJieH BXO.IJ;HJIH TOJI:bRO TOROB!le JieBHe ROM!IOH8HTll )) f!.t_ • ,!l,JrJI CJ!y<IM 

II 



,IJ;Byx THIIOB 119it'r~O /aKyro CX9M,V CM9llMBaHIDI BII9pBHe IIOCTpoHJIH rpH-

6oB H IlOHTSJ:OpBO 8 , · 

By.n;eM paccMaTpHBaT:o o6!llM~ CJIY'lait 11- THIIOB HeitTpHHo. HanoM-

HHM, 'ITO crurnop '+c. , sapR,IJ;oBo-conpmKeHHllli ciiHHopy Y. , onpe.n;eJIS!eT-

CH CJIS.nyi<XlliD! o6paaoM: 

C.. -T 
'+ =C'i--. 

3,n;ec:o c -yiD[T8pHM MaTpHI.I,a, Y,IJ;OB119TBOpma!laH COOTHOIII9HIDIM 
T -1 

(17) 

(_!~(_=-lei..' 
c... ::: - c. ( 18) 

Vl3 ( 17) H ([8) IIOJiy'!aeM, 'ITO 

'f.- C.=- 'f.- T c.-: 
,Ua.rree, HCIIO.I:03YH COOTHOIII9HH9 

T -1 

else =Js' 
IIOJiyqaeM 

T 

(+ t::: (..~'::.IS'¥- T = ~S' -..L C. -
~ Z ~ r -

AH:anorn'!Ho ;meeM 

~ c. 
(..., ) == --1--"L L. 

(19) 

(20) 

c. 
'f-1... 

(21) 

(22) 

TaKHM o6p83)M 0 npH 38pa,ll;OBOM COI!pax8HHH ~eBOa (npaBoit) KOMIIOH9HTR 

IIOJIH "f Ml:l IIOJiy'!89M IIpaByro (~eByro) KOMIIOH9HTY IIOJIH Y., c , Y'll!TR

BM (21), H9it'rpHHHR:It MaCCOBR:it ~eH ~arpaHJIGtaHa MOllt9T 6RT:O CJI9.n;yll

!llMM o6pa30M IIOCTpo9H C IIOMOl!ll>!O TOKOBRX ~9BRX KOMIIOH9HT IIOJie:lt He:lt

TpMHO: 

11 I --
c/_ = ·- - L (')) ) c.. H I :i) + l. c. 

dLee/ t'- ee tL / 
/ 

(23) 

r.n;e H- KOJVMeKCHM n "n_ MaTpHr.r.a. 

HeTPY.IlHO BH.n;eT:o, 'ITO MaTpHr.r,a H cHMMeTpH'!Ha. ,I(e:ltCTBRTM:OHO, 

RCIIOJI:OSYH ( 19), S8IIHIII9M BRpallteHHe (23) B BH,IJ;9 

f' H •• :f._ v"'rC.-IH.).) .; + lz..c. 
()(., -· ~ L L / (24) 
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r.ne 

(25) 

,1{8.1188, y<lliTimM 3Ha.K MI'IHYC, B03!ill.Ka1001Hil: IIpll rrepecTaHOBJ(8 cpepMl10HHIDC 

orrepaTopoB, a TaKKe (18), :rrMeeM 

"'T -1 , /T, _, r T / _, -1 r _, 
i> ( H)) =-)) (C. ) H JJ == JJ C H iJ • 
L L L L L L. 

0Tc:ro.n;a CJie;n;yeT, 'iTO 

HT =H. (26) 
,lJ,Jm TOI'O 'lTOClH 3ailllCaT:b M8CCOB!li1 'IJI8H ( 23) B CTaH; ~aPT HOM Bll,I\8 _, 

Heoelxo,I(llMo ,ll;llaroH8JIH30BaT:b MBTp:rrrzy H . Km.m.neKcHaH ,mMMeTpH'lHM 

MaTpllu,a IIpllBO.I(llTC.Il K ,ll;llai'OH8.1l:bHOMY Bll;n;y C IIOMOl!l:biO O,I(HO.t YlillT8pHOH 

MBTPH~ x • MMeeM 

+T r 
H =(U ) tn_ U. 

(27) 
3.I(8C:b (1 - yH:rrTapHM MBTPHIJ,a, a /71;- ,ll;li8I'OH8.1l:bHM M8T)HIJ,a C IIOJIO-

l!il1T8Jl:bHHMI'I M8M8HTaMI'!, ilO.I(CTaBJIHH (27) B (24), ,TI,IDI H8HT)lll!HOI'O Macco

BOI'O 'IJieHa rroJiy-qaeM CJie.TIYKlllee BHpaJKeHHe: 

/) H 1 - c.) 
o<.,. =-- {(v >c. rn.. v + l5" rn..(i> > 

.:._, L L L L , 

r.ne ,,+ / 
== (....t... i) . 

L 

+ 

(28) 

(29) 

x B o6me111 CJiy'lae :mile eM H = V /72.. U , r.ne V :u U - ymiTapH!le 

MaTpl1I.J,b[, a rn,;/'C.= m. '$. , n-z.. > o . MH 6y,neM rrpe,nrOJiaran, 'iTO 
/...t.K, L. + ~ + rn. · :;t: rn... x.... . OY:eBimHO, 'lTO H H = V tn.:. V . C ,npyroli cTOpoH!l, 

'- -r ;-~-_1 -rr ~ T 
TaR RaK H = H , TO HH:;;;:j,U )m..CL. IIp:rrpaBHHBM c·6a BUpaJKeHHH 

,IJ,J.I.fi H H+-, rroJiy-qaer.1 LL..,. V n-z... J(=rrC-Ur V. OTciO,na CJif ;n;yeT, '!TO 
..,. "·..,.v {.L V - ,ll;li8I'OHMbHM MaTpl!II,a. ,1{8.1188, TaR .KaK. ~. - yHll-

TapHa.ll MaTpl1II,a, TO /...LTV= S , r,ne $, ·- = ~i ;~ 1ol...- Be-+ + .....,.. t.l( (., 
l!l8CTB8HHU8 '!MCJia. TaKll!ll o6pa30M, u =..S vr .. ,U8Jlee, Hp8,I\CT8BllM lv!aT-

+ -r // / -t.ci· 
pnrzy ..$ B Bll,I\8 .5 = S .$ , r,ne .$ . :e. '-$. , 0KOH'l8T8Jl:bHO ITO-

I / r ; t.J<. "' t.x.... 
;ryqaeM H = V rn.. V , r.ne V = S V . 
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0KOH~8TeHDH0 HMeeM 

H 1- 1n--

£ =-:tJ rnJ =-.;t{;/"-j/JL 
3,JJ;eCD 

(30) 

J' = ~L -• rv/' = ({:-) 
(3I) 

O~eBR,IJ;Ho, "tJTO 

c. 

J ::: J (32) 

TaKRM o6pa:;oM~. rrOJie nei1:TpnHo Ma:llopana c Maccoit rn.."K: • 
H ~ 

Maceo I hlii en ot ne coxpaHHeT ne TOJIDKO MeKTpoHHoe, MIOOHHoe, 

TayOHHOe, • , • ,JiellTOHHble ~CJia IIO OT,ll;eJIDHOCTll, HO li CYNJMY JieiiTOHHbiX 

'U'IC8JI (JiarJ81DIGI&ll .. at H He l!HB8pllaHT8H OTHOCHTeJIDHO KaJIH6poBO'IHHX 

rrpao6paao:aamrli (9)). BcJia,JJ;cTBRe 3Toro ~acnm;aMH c onpe,ll;eJI9HHhiMH Macca-

MH .IIBJIRlOTCS: B paCCMaTpHBaeMOM CJiytlae Hei1:Tpl!HO Ma:ltopaHa - ll:CTliH- II 

HO H8il:TpaJIIHbl8 ~aCTHllPI CO CIIHHOM I/2. 0TM8THM, ~TO MaCCOBblii ~eH~ 
HOCHT H83B€HH8 Ma:ltOpaHOBCKOro MaCCOBOro ~eHa, 

ilOJIY'fiM T8II8pD COOTHOWeHHH, CBR3b1Ba~e TOKOBbl8 IIOJIR Heil:Tpll:HO 0 

IIOJI.IIMH Heii~'PHHO c orrpe,JJ;eJieJUWMH MaccaMH. HcrrOJID3.YR .YHHTapHocTD MaTpH

IJ;bl Ll , ~.3 (29) H (3I) IIOJiyqaeM 

~: Lf/L· 
(33) 

OTc~a CJie)yeT, ~To 

rt-

~ =L u~J.·L ~. . c..c.. c.. 
U.. L=1 

I ,J.LT, .. , =e.,/ ., ~ (34) 

Ta.KHM o6pa30M, B CJiyqae Mail:OpaHOBCKOro MBCCOBOro ~eHa rL

JI8BbiX TOKOBbiX H8iiTpHHHbiX IIOJieil: rrpe.n;cTaBJIJnOT C060il: JIHHeil:Hble OPTOro

HaJIDHhl8 KOI!6:HH8Il.IDl: I'L- JI8BbiX KOMIIOH8HT IIOJieii HeiiTpl!HO C MaiiOpaHOB

CKHMH MBCCHMH, 

KaK II B CJiytlae CM8WHBaHHJI H8J.lTpl!HO C .n;HpaKOBCKHMH MaCCaMH, 

CMellJHBEUme (34) IlPll:BO.n;HT K OCUHJI,IlJIJlKIIM ~ ~ ~..- , a T8.10K8 K 

X AJm Kmi<lTH'l9CKOro '1JieHa JiarpaiDIG!aHa IIOJIJI HeHTp14HO IIOJIY'I89M 
( - c. 

-" ....... _, / - --.,. -'"' I - d y ...!..JJ) )C.. )(i) )-
cfO =- i)L rd..~ .vL. =- :J)Ll""-~ .vL =-2. J)L~d..ct.. L -.i, \ L ""fo.ct.. L-

I - -.... =, - .t.J ;rc(_v . 

}4. 



pacna,n;aM fl.-+ eX , ft. - .3e M .n.p. CYJ!1eCTBeHIIOe c TJIM'IMe Teopirn 

CO CM8111MBaHH8M {(eih'pmfo C MaiJ:OpaHOBC.IGIMM MaCCa1lli OT ~ eop1rn CO CM8111M

BaHM8M H8i1Tp:li:HO C ,llllpaKOBC.IGIMM MaCCaMII COCTOMT B TOIII, 'ITO B Ma}iopa -

HOBCKOM CJIY'!ae CTaHOBfiTC.fi B03MOJKHb!MM Ta.Illi9 H9COXpaH.fll.iql!9 CYMMapmili: 

.nenToHHh!fi 3apnn; npo~ecchl, KaK 6e3HeiiTpHHHIDi ,!U3oirnoi1 _/J -pacna,n;. Teo

pmo aToro noCJie,mrero npo~ecca Mlo! H3JIOliWM n npMJio;;temm l3. 

!db! 3aKOH'IHM 3TOT pa3.D;8JI CJI8.J:(.YICilll!M 33M8traHMeM. ,ll,c CMX ITOp He 

,n:eJIMOCh HMKaKMX npe.nno.no.JKeHMii o .narpaH.lili'laHe rL H. TE rrepL Mbl npe).l

no.no.JKHM, 'ITO HM88T M8CTO HHBapMaHTHOCT:b OTHOCHT8JI:bHO PC-rrpeo6pa30B3-

IDI.fi. B aToM CJIJ'lae HMeeM 

+ H =H. 

YtiHTHBM, '!TO H -cHMMeTpM'lHM MaTpMua, H3 ( 35) rro.nJ' a erA 

JI-
H =H. 

(35) 

(36) 
B8l!l8CTB8HIIM CMMM8Tp:ll:'lHM MaTp:VIll,a !IpMBO).\IITC.fi K );IJaroHM:bHOMY 

BM.IJ:Y C ITOMO!llh!O OpTOroHaJI:bHOro rrpeo6pa30B3HM. J!JA88M 

/ r 
lf = 0 rn_ 0) 

/ (37) 

r.ne 0- OpTOI'OHM:bHM !.l3Tpl1ll,a, a /71...- B8l!l8CTB8HHM m aroHM:bl!aSI 

MaTpHll,a. 3JieM8HThl MaTpMil,hl rn::'MoryT Oh!Tb Kal< ITOJIOliG!TE JibHhiMI1, T3K 11 

OTp~aTeJI:bHh!Mll. 8al1Hlll9i,J 

/ 

mi. = 2 i mi~ (3G) 

r.ne m.i =I rn:/, a r;i =::!:. 1 . IIo.ncTaBJI.fi.fl ,na1.1er (37) B (23) n 

J'IMTHBM ( 38) , ITOJIJ'la8M t ' 

3.necn r ,., 
l)L = Q ).)L 

0I(OH'laT8JI:bHO li!M88M 
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(39) 

(40) 

(4I) 

(42) 



Hs (42) CJie.nyeT, 'ITO 

Jt = zJi· (43) 

TaKHM o6pascM, )(~ ~eTcR rr~eM HenTpRHo Mail:opaHa c Maccoil: n1i; 
MHouTeJr:orb. Il'fJ'6.ncTaBJI.IIeT co6oil: C-tzeTHOCT:o nMR~· • IIOJiy<mM Te-

L· ~ 
nep:o COOT ll8HIDI, CBR31ffi8Kl!IH8 Jl8BH8 TOROBR8 ll ),)LL_ C Jl8BW.ID 

ROMnoHeHTaMr. rroJieil: HeJ.iTpii!Ho Mail:opaHa. Hs (40) H (42)-Haxo.JJ:HM 

QT).): =JL· 
0TCIO,D;a, HCITCJI:03YR OpTOI'OHaJI:OHOCT:O MBTPHUI:l Q , HMeeM 

n.-

(44) 

·~ =? 0ti fiL · (45) 
/.. =:'1 tJ ' 

HTaR, B CJiytzae, eCJIH HM88T MeCTO PC- IIIHB8pH8HTHOCT:O H MaTpH

ua CM8WHB8HIR B COOTHOill8HHH (45) ~8TCR BemeCTB8HHOl OpTOrOHaJI:OHOil: 

M8TpHD;eil:, C-·'I8THOCTH rr~eJ.i HenTpRHO 0 MalopaHOBCRHr.ll MaCCaMH MOrYT 

6RT:O Ra.K ITOJ OUT8JiblWMH, TaR H OT,P.HD;aT8JI:OIWMH, 3aMetzaT8Jl:OHO, Ha 3TO 

o6paTHJI BHlrnaHHe BoJI:oqeHillTeJ.iH 1247, 'ITO C -tzeTHOCTH rroJiel MalopaHa 

BXO,Il,l!T B aNn:JIHTY.JJ:Y 6e3H8il:Tprut!!OI'O .n;BOJ.iHOI'O /3 -pacrra.n;a H JlBJl.fi!OTOR, 

CJI8,D;OB8T8Jl:OI:O, Ha6JIIO,!I;aeMUMH B8JlH'IRHaMH, /lfi,r bepHeMOR R 06CYJK,D;8Hm0 

STOI'O BOIIpoc:a B IIpHJIOJK9HIDl E. 

B paccrv.oTpeiDIOM HaMH a.n;ec:o CJiytzae MaiiopaHOBCROro MaccoBOro tiJie

Ha 'IHCJIO JIOJ:eii H9:!1Tpl!HO C Mail:opaHOBCRHMH MBCC8MH COBIIa.n;aeT C 'IHCJIOM 

TO.KOBHX IIOJIEI:ll YtL_ ('IHCJIOM THITOB Heil:Tpii!HO), Ml1 rrepeii.JJ:eM Terrep:o R 

paCCMOTp9HIDJ T8RHX CX8M CM8WHBaHHR HehpiDIO, B ROTOpRX 'IHCJIO II~el 

HSlTpRHO C I!Sil:OpaHOBCRHMH MaCCaMH npemmJaeT 'IHCJIO n~eii TO.KOBHX Heii

TPHHO, 

2. 4. CHe!!!l!Ba!ll!e HehpRHo c Mai!:OOOHOBCRHMH MBCCaMH; 

.,Urn:oaROBCRHI H Mai!:OOOHOBCRHi!: MBOCOBH:ll 'IJISH) 

Ml1 paOC:MOTpl!M Tenep:o mm6~ee o6ll{j'IO OX8MY OMeWHBaHHR, OTBStJ:aiO

II{j'IO MaCOOBOUY tiJieey, ROTO.IJRI IT~.JJ:CTaBJIRST 00601 C'JMMY ,ItHpaROBOROI'O 

H Malo paHoB• :RHX OJiaraeMRX'ti I • I I8/. 
' :ir 

IlpH ITO•lTpoeHHH ,ItHpaROBO.KOI'O MBCCOBOI'O 'IJieHa cl.. B § 2.2. HO-

IT~:030BaJIHC:, Ra.K Jl8BH8 TO.KOBRe .KOMITOHSHT!i n~el HehpiDiO l)tL.., , T8.K 

H IIpaB!i8 ROIIDOH8HTR J~ , He BXO,ltflli\R8 B 38pRXteHHRii H H8hpaJI:Omdt 

TORR CT8H.JJ:8.JTHOI TSOpHH, B § ·2,3 npH ITOOTpoeHHH MBi!:OpaHOBOROI'O MBO

OOBOI'O 'IJieHa a(, H HCll~:030BaJIHO:O T~:O.KO TO.KOB!i9 ITOJ!R ,)&., • B 061!18M 

OJIY'ffi8 ,ItHpa. tOBOROI'O H Mail:OpaHOBOROI'O MBCOOBOI'O 'IJI9H8 K OYMNJScl:, & +o(._ H 

H806XO.JJ:HMO .~o6aBHT:O Mai!:OpaHOBORHI MBCCOBul 'IJI8H 
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3.n;eo:& 

/ ()) ) "' elL 
),)~ = r.t. 

(48) 

a H , 11 H H - KoMIIJie.RoHue n >< n.. MaTPH~. VfMeeM (,}M. (26)) 
L JL :rr 

r r 
H -11 H =H. 

~ L- LJ ~ ~ 
:b+H 

\-J 3aiDlllleM MaOCOBblft "VIeH cl B BH,IJ;e 

~ £J+H I -c.. 
'-... o( = -- (tt > H n 
·~ .;L t... L 

(49) 

+h. c. (50) 

3.n;ec:& 

(5I) 

a 

(52) 
otteBH,IJ;Ho, "<ITO 

r 
H =H. (53) 

Terrep:& Mbl IIpoBe,n;eM OTaH.n;apTHYJO rrpoue.n;ypy ,n;Hai'OH8JIH3aU!lli MaCOOBOit MaT

pH~. IIocKOJI:&ey M -cmi!MeTpH"tJ:Hasi MaTpnn.a, nMeeM ( eM. IIJ>HMettaHHe Ha 

CTp. 13 ) : 
t- 7" i-

H ::::(U } rn- U / 
(54) 

r.n;e U - YHHTapmur .tn.xi.n..- MaTpzn.a, a m..- ,n;HaroHaJI:&Hasi MaTPHI.I.a 

C ITOJIOlKl!TeJI:&HHMl:l MeMeHTaMH. liO,D;OTaBJIIDI (54) B (50) , IIOJ :yq:aeM 

---- - ·-c. 7" c. 
X lilbl BOOITOJI:&30B8JIHO:& O'leBH,IJ;HbiM COOTHOIUeHHeM -;;/iH ))L =(li) H (vJ[_) · 



~ :O+H 1 - 1 .tn- -
ol- = -v ny =: --;: f";/"n_~ f/i I 

r.n;e 

+ J .::U n...L 

O'ieBH.JUio, qro 

+ c. (J5t) 
+(U nz_) = l ::;;~ . 

'J:vr. 
c. 

J J· 

(55) 

(56) 

(57) 

Ta!GIM o6paaJM, qaoTIU.I,8MH o onpe.n;eJieHHllMll: Maocar.m 1IBJUIIOTCH B paoOMaT

pHBaeMOM CJ1r'l88 .n;Hp8KOBOKOro H MaiOp8HOBOKOro MBOCOBOro ~eHa Hei.iT

piDiO MaiopaHa, IlpH STOM ;IJ,JlSI CJiy'iaJl rz_ THllOB TOKOBHX HeATpHHO 'IHO

JIO MaiOpaHOBOKHX He~TpHHO paBHO 2.rz- , 
I!OJIY'IHM Tenep:b OOOTHOID8HHII, OBSI3!m~e TOKOBHe llOJlll i) 0 

J18BHMH KOMDJH8HT8MH llOJiei HeATpHHO C Mai.iOpaHOBOKaMH M8008MH~O
ll0Jlb3Y.II YHll1'8pHOCTlJ MaTPHI:nl U , II3 (56) H8XO.n;HM 

n'- = Lf/~.- · (58) 

OToro.n;a CJie~yeT, 'ITO 
:tn.-

v =L LL!.L 'fiL. 
t.L- i. ="' ry (59) 

MTaK, 8CJlli He~TPIIHHH~ MBOOOBHA ~eH .n;aeTCH BHpWKeHIIeM (47), TO 

/1- TOKOHlX llOJiei npe.n;OTa.BJlJilOT 0060i.t JIIIHeitHHe KOM6IIH8Illm .fl..rz_ 

J18BbiX KOMllCHeHT llOJIOR MaOOHBHbiX Mai.iopaHOBOKHX HeATpHHO, I!OJlll 
c. c. 

VtL :(~4) , He BXO.n;mi!He B JiarpaHliGiaH OTBH.n;apTHOi.i TeOpHH M8KTpoCJia-

6oro B3MiM<:.n;ei.iOTBH.II, .1IB11.1Il0TC.II JIHHeiiHHMH l{OM6HH8~ T8X JKe .2./z.. 
Jl8BbiX KOMllCHeHT llOJiei.i MBOOHBHbiX HeATpKHO Mai.iopaua. neftOTBHTeJilJHO, 

B3 (48), (E,I) II (58) m&eeJC 

~+N 
X IlpH llOC'lpoeHIIII ~eHaoC MH OOl!OBiiB8JlliClJ Ha npe.n;IIOJIOJit8Hliii 0 TOM, 

'ITO 'IH~O OT8PHJI:bHHX llpaBbiX KOMTIOH8HT TIOJieft HeftTpHHO COBn8.n;88T 

C 'IHCJIO~I 8KTIIBHHX JieBHX KOMTIOH8HT, QqeBH.JUIO, 'ITO 8H8JIOI'l'I'iHHM 06-
paSOM MCXOT 6HTlJ llOOTpoeH .n;HpaKOBOKHft R MaftOpaHOBOKHft MaCOOBHi.i 

nOJieft ~eH C nrrorro /1..-- 8KTJ/IBHbiX Hm<tt.OTepWI:bHbiX KOMllOHeHT 

HeATpmiC IS , B STOM CJIY'i88 llOJiyq8eM _ 
n.+rrt- rl.-tlr'L 

;>t. ~ UpJ. ., ~~ ==?.iL-,Ji.L , 
1 • {...t, U- J c.. L c. :1 ~ 7:. '-
- (.. =-1 / 

r.n;e {. npJIIHJIIMaeT n.. aHa'ieHIIIA, a t- /?"1.. aHa'!eHIIIA. 
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~ ..tn... 

~&. =£:, '-'-li_Ji.L (60) 
O~e~o, ~To B paccMBTpKBaeMOM a~ecb crryqae nipaKoBcKoro 

l! Mai!OpaHOBCROro MaCCOBOro 'l'JISHa He CYJIISCTBJeT HJIK8K1X COXpaHmO

IIlHXC.A: JISIITOHHHX 'I:JICSJI. OTO 03H8~89T, ~TO B aTOll CXeM l, KaK 11 B ex e

MS C Mai!Op8HOBCKJIM M8CCOBbiM 'l'JISHOM, B03MOJKHH TaKHe Il)01\9CCh! 1 KaK 

693HS!TpHHHI:rli ,1030!HO! f3 - pacrra,n ( a TaRllte, pa3YM99'~C!'Ir -> e;y , 
~ ~3e.. H .np. rrpoueccu). BoaHHKaJOume B paccMaTpHna,;Moi1 cxeM~ oc

il;wuuriGiH He!TpHHO IIpHH.[ijii!HaJibHO OTJIH~a!OTC.A: OT OC!.U1JJJI:IUllJ.i, .JJ,OIIJCKa

eMHX rrpe.nu.nYJIIHMH ,nB.YMfi cxeMaMH. HMeHno B cxeMe c ~pa WBCKHM, a 

TaRllte B CXeMe C Ma!OpaHOBCKllM MaCCOBHM 'l.lleHOM B03MOJKI!hl OCIJl'[JJJJ!'Il\lll1 

TOJlbKO MeJK,nY TOKOBbiMH aRTHBHbiMH (y~8CTBYJO!IlHMH B CTaH.~apTHOM CJI8UOM 

B3aHMo,neilcTBHH) He~pHHo(~ ~ ~t;). Ma (59) 11 (60, tJie~eT, qTo 

B CX9Me C ~paROBCKJIM H MaiopaHOBCKJIM MaCCOBbiM 'l.II9HOH Hap~ C OC

lJl'[JJJJRIGi.fl:MH l)t ~ ~l" B03MOJKHH TaRllte OCUllJIJI.A:IGiH MeJK,ey aRTHBHHM11 

HS!TpHHO )) H CTSpHJibHbiMH (He yqaCTBYl<Jlll!MH B I)TaH,napTHOM 

CJia6oM Baa~o.ne!cTBHH) JieBHMH aHTHHei1TPHHol:1/ ( .J" ~ ;~,l. B OJie.It,YIO-
t...L L 1'-L. 

me! rJiaBe MH IIO.npo6HO paCCMOTpHM OClJl'[JJJJ.A:lijiH HeHTpHHO, B03HHRaJOmue 

BO BCSX TPSX CXeMaX CM9rnHBaHH.A: 0 

2.5. CMeumnaHHe He11TpHHo c MaHOpaHOBCKJIMH Maccmm 

(o606W9HHM CXeMa 3eJibllOBH~a-KOHOIIHHCROro-l~l~ 

!IpH IIOCTpoeHHH BCeX paCCMOTpeHHHX no CHX IIOp CX!:M CMeumBaHM 

MH OCHOBHBaJIHCb H8 rrpeniTOJIOlKeHHH 0 TOM, ~TO K8JK,nOMY :lap.A:JKeHHOMJ 

JieiiTOHY OTBe~aeT O.In!H THII He!TpHHO. 3,neCb Mli paCCMOT]JHM TaRYJO CXe

MJ, B OCHOBe ROTopoil: JI9JKHT rrpe,niiOJIOJKeHHe 0 TOM, ~TO B 38p.A:lKeHHOM 

TORS ,103JM IIOJI.A:M 38p.A:JKeHHHX JieiiTOHOB OTBe~aeT O,nHO tr9~'b!p9XKOMITOH9HT

H09 ITOJie HSMTpHHO. PaccMoTpeHHM B aTOM rraparparpe c;:eMa CMernHBaHH.A: 

rrpe~cTaBJI.A:eT co6oii o6o6meHHe (Ha CJiyqaii HecoxpaHeHH.A: JierrToHHoro 'I:Jic

Jia H IIpoH3BOJibHOro 'I:JICJI~ 3~eHHHX JI9IITOHOB) CXSMH !!eJib~OBH~a / 25/, 
KoHOIIHHcKoro H MaxMy,na /26/. 

Mu paCCMOTpHM BH8~aJie IIpoCTe!illHi\ CJiyqaH ,103JX 3a]J.A:lK9HHHX JieiiTO

HOB (MeKTpoHa H MIOOH8). Xopomo H3BeCTH0 1 ~TO HM9JOIIUWC.A: aKCIIepHMeH

T8.7IbHH9 ,naHHHS MOrYT 6HTb OIIHC8HH, SCJIH rrpe,niTOJIOlKHTb ~TO 3ap.A:lKSH

HHil: JieiiTOHHHil: TOR KMeeT ~ 

d: =L (;;Lif«- eL + ~~~a,._l)Jt) • (6I) 

0T CT8~8pTHOro BHpaJKSHM ,ll;liR 38PRJK9HHOro TOR8 BHp8lKEiHH9 (6!) OTJil!

traeTC.A: TSM, ~TO B Hero BXO.In!T O.IU!O tf9THpeXROMIIOHeHTH09 IIOJie Heil:T

pl!HO. llpH aTOM BCS ROMITOHeHTH IIOJI.A: He!TpHHO RB.7I.A:IOTC.A: TOROBbiMH 
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KOMIIOHeHT8Mh. Q'ieBH,IUIO, 'iTO Jiai'paHJ!UlaH, B KOTOpblf!i BXO.iHT TOK ( 61) 
- + • 

coxpaHJieT O)\llli JieiiTOHHblit sapsr,n;, o.u;HHaKoBbif!t ,l7,1IJ! e H !;t . 8ToT 

JieiiToHHblit sttpR:,IJ; 6blJI BB_reH MHoro JieT Hasa.n 3eJI:&,:noBH'ieM 12 I, KoHo

IIHHcKHM H Ml~,I\OM 126 • 0TMeTHM, 'iTO B COOTBeTCTBHH C (61) aneK

TpoHHoe Heit~~pHHO IIpe,:ncTaBJL!ieT 00601 JieBOe HeiTPHHO, a MIOOHHOe aHTH

HeitTpHHO - Hp8BOe HBITpHHO. 

ITpe,:nii~!OXHM Teiiep:&, 'iTO JieiiTOHHblf!i sapR:,IJ; 3e,:&,:nOBH'ia-KoHoiiHHcKoro

-MaxMY.na Ha)ymaeTC.fi Heil:TPHHHbiM MaccoBbiM 'iJieHoM 27 I. Hrut60Jiee o6muit 

MaCCOBblil: 'lJ!IlH, KOTOpblf!i MOlKBT 6biTJ> IIOCTpoeH C IIOMOIIU>IO IIOJI.fi lJ , 
HMBBT CJIB.n:yJlJIIHa BH,I\: c. - c..p 
P -- ..L. {tn. (-;i'")c..J) + rn .)) (JJ) + tn..tr(~ J)L +(VL.)C{:V~ ~' 

OL- - ,L L L L Jt... IL )t. ,.._ 
+h.. c. (62) 

r,:ne tnL, /'"l)t. H /n.~ KOHCT8HTbl. IlepBble ,:nBa 'iJieHa BblpalKe:HHI! ( 62) 
rrpe,:ncTaBJL!i!O r co6o!l: Maito paHoBCKHe MaC COBble 'iJieHH, noCJie,:nHH:It-.nupa

KOBcKH!l: MaC)OBblil: 'iJieH. TaKHM o6pa30M, MaCCOBbllt 'iJieH (62) .fiBJL!ieT-

C.fi .nupaKoBCKHM H MalopaHo:scKHM MaCCOBbiM 'iJIBHOM. IIo,:n'iepKHeM, 'ITO B 

OTJIH<me OT paCCMOTpeHHOI'O B npe,Jl;bi,IJ;y1lleM naparpa<!Je 'iJieHa _,e~,..H(Bbipa
~eHHB (4?))~aCCOBbllt 'iJieH oC CTpoHTC.fi TOJIJ>KO H3 TOKOBbiX KOMIIOHBHT 

IIOJI.fi He itT pH EIO (.npyrHX KOI\ffiOH9HT y IIOJI.fi V H9T) • 

3aiiHmeM BblpalK9HH9 (62) CJie~M 06pa30M: 

oC 1-= - - (n. ) c. H n 
.t '- '- + h.. c._, (63) 

r.ne 

nL = (~~c)= (:Lz)' (64) 

a JL '-(rn rn~) /1 - L 
- rrt~r rn.lt. • ( 65) 

ITpuBe);eM Tenep:& MaTpuey H K .nuaroHaJI:&HOMY BH.IlY. IIocKOJI:&KY 

H -CH~IMeTpH'lHM MaTpHII,a, TO 

i- T +-
H =(U ) rn... U , (66) 

r,:ne U - YHHT8pHM 2 X 2 MaTpHII,a, a rn-- ,:nHaroHaJI:&HM MaTpHII,a C 

nOJI~TeJI:&HbiMH aneMeHTaMH. !Io,:ncTaBJI.It!l (66) B (63), nOJiy'laeM 

1 1 -cL =- -J rn..)( ==-..t.. ~ rn..,;_ JCsfi. ' 
.L J '=~~ ~ : 

r.ne 

J; = U+~ -;-(U~c = pr ). 
/~ 
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O'ieBH,I\Ho, 'iTO 

c:.. 
YL- ==Ji. 

TaKHM o6pasoM, ec.rlll: HettTpMHHb!tl: MaccoBbltJ: 'LJieH .n;aeTC.f BhlpaJKe-

IDieM ( 62) , TO 'i8CTHIJ,aMH C OIIpe.n;eJieHHb!MH Mace aMI'! IDlJI.flJOTC.f Heifr pMHO 

MattopaHa, Ms (64) H (68) Haxo~M, 'iTO BXO~e B CJI86b!e TOKH IIOJIR 

HetiTpMHO CJie.n;yromMM o6pa30M BblpaEBIDTCR 'iepe3 JieBHe KOW:OHeHTb! IIOJieH 

HeHTPHHo MattopaHa: 

:Y =L U: 'f'LJ L i.:::.7,4 'y L. 

vf -= ?::r,2... t..L~i.J' iL . ( 69) 
HeTpy.n;Ho Bn.n;eT:&, t[TO .wm UJiy'irur li)3yx saproKemnnc Jier TOHOB pac-

CMoTpeHHrur CXeMa CMeJIJHB8HIDI HeHTPIDIO 3KBMBaJieHTHa CXeMe rpn6oBa M 

ilOHTeROpBO, 06CYJK,Il;8BilleHCR H8Mf! B § 2. 3,,lLeHCTBMTeJII:>HO ,IIOJ e "~1 MrpaeT B 
38pmit6HHOM CJiaOOM TORe TY lite pOJI:&, 'iTO H IIOJie :YeL. B O( b!'iHOM CJI8-

60M TORe (BXO,nHT B TOR BMeCTe C €., ) , a IIOJie '}) - ~'Y lite pOJI:&, 
c. .... R.. 

'iTO H IIOJie c.. ( )) J.AL) , ECJIH B Bb!pallteffiUI: ( 62) c.n;eJia TI:> 38Th reHy )) L. ~ ~, 
V ->(>)fi.L) ({l TB.IOKetn. ~ rne:.e_, rrt- __.,. ~ , ~_,. n~, TO 

~ rrp:rlo.n;HM R JiarpaHlltH1ffiy I'pH6oBa H 1toHTerC',rGc; /a/: I 

" tr ~c. -c. 
o<.. = -.2., L ~e(vd_) .VeL -1- ff(r:-) ~ + 

+ n-tpe. ((}LJc.. veL + (veLJc..F) J + h... c./ 

rrpe.n;cTa~eMY co6ol MaHOpaHOBCRHH MaCCOBb!tJ: 'LJieH, 

(70) 

MTaK, .rr,Jili CJiy'iaR: .n;Byx aapmKeHHb!X JieiiTOHOB IDIRaRHX IPl:sM'>ecRHX paa

JIH'iHH Me~ paCCMOTpeHHOH s.n;ec:r, CXeMOH CMemMBaHHH H CTBl~BPTHOH 

cxeMott c MaftopaHOBCRMM MaccoBHM 'i.lieHoM HeT. C.YlUeCTBeHHOE OTJIHtme 

Me~ CXeMaMH B03HMKa6T B CJiy'iae, Ror.n;a 'iHCJIO aapmKeHHID: JieiiTOHOB 

60JII:>me .n;Byx. MMeHHO, IIOCROJII:>R,Y B pacCMaTPHBaeMOH CXeMe );BYM aapmKeH-

HHM JieiTTOHaM OTBe'iaeT O.n;HH THII HetJ:TpHHO, TO O'ieBH.n;HO, 'iTO TaKaR: 

CXeMa MOllteT 6HT:& IIOCTpoeHa TOJII:>KO IIpH 'ieTHOM tm:CJie sapm;eHHb!X Jieii

TOHOB. CXeMa C MaHOpaHOBCRHM MaCCOBI:iM 'iJieHOM MOllteT 6!:iT:& IIOCTpOeHa 

rrpH JIID6oM 'iHCJie sap&XeHHb!X JierrToHoB. ~JmCCMOTpHM 60JieE· rro.n;po6Ho 

CJIJ'iBH qeTHpex sapmKeHHb!X JieiiTOHOB 1271. HaaoBeM 'ieTBeJITI:iH JieiTTOH 

S . 3apmKeHHJ:iH JieiiTOHHHH TOR sarmmeM B BH.n;e -

~>=~P:Lfct,eL. + i!u.)'et- rL. t-?-i;fc~..~t +-fifc~..lLl)(n) 
r.n;e ..Y

1 
H :Y.:t, - 'i6T!:ipeXROMIIOH6HTHb!e IIOJIR HeHTpMHO. fiE,pBb!e TpH 

'LJI6Ha BHpallteHIDI (7I) IIOSBOJI.fDOT OIDIC8TI:> HMeiOIIIMeC.R: ,ll;aHHHE·X • Y:eTBep-

X B -;;~~eTCTBID:I c ( 7I) ~ L CJie.n;yeT OTOlK,II;e CTBHTI:> C .Vel ; ~L C i)rL H 

T,.n;. O'ieBH.n;HO, 'iTO B 3BpallteHHOM TORe KOMIIOH6HTI:i ITOJiel HetJ:TpHHO MOllt

HO 6HJIO 6H H rro-.n;pyroM,Y ROM6HHlipoBaT:& C KOMIIOHeHT8MH HOJieft 38pallt6H

Hb!X JieiTTOHOB, 
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THii 38p!Dlt8 IH!lii JISUTOH .ll;O C:HX nop He H86JIIo.naJICR:. Hs .ll;8HHHX , llOJIY'{eH
r -

HHX Ha BOT ~e"'HHX e. - e llj"UtaX, CJie.n;yeT, tiTO /77.. > !9 raB. 
IlocTpllfM Tenep:& HeiiTPl'IHHHii MaCCOB!lii tiJieH. ~6JlleM c.nyqae HM88M 

P __ .LL-(~>c.H iJ"' + iJAY H t:iJ;>c.t- JJ ....... H.iJ( + 
CX.... - .;t. L L L ·t- )L '1- ,,_ 

+ (iJ(_Jc. H T(J): ) c.] + h... c. 
~..... . 

_, (;;'L) " (iJtlt..) 

(72) 
S,nec:& 

JL = ~.tL ~ i)Jt. = ~ .i>.l.~ ' 

a H L , H H H~- KOMrL1IeKcHHe 2x2 MBTPHUH. IIepBHe .n;Ba tiJieHa BH-

pallteHIDI ( 7~ JIBJIJnOTC.II .Mail:OpaHOBCKHMH MBCCOBHMH tiJI8H8MH, llOCJie.n;HHii 

- .ll;HpaKOBCKHM MBCCOBHM tiJieHoM. B 60Jiee KOMnaKTHOM BH.ll;e BHPallteHHe 

(72) MO~eT 6HT:& sanHcaHo CJie.n;ym~J~HM o6pasoM: 

oC. 
r.n;e 

a 

..J_ -c.. I 
- - (n) H n..L + n.c. 

~ L ~ 

n. - L ~))") 
L - J)-" )c ' 

I\., 

H = (HL 
H~ 

T H.,.) 
HA.. 

(73) 

(74) 

r 
- 4 x 4 w:TpHu,a. HeTpy.ll;Ho BH.ll;eT:&, t~To H = H . B pesyJI:&TaTe cTaH

y.r +-
.naPTHOI UJOI:~e.n;ypH .n;l'laroHaJIHsarnm MBTPHUH 1-f ( H=(U ) m.. LL, U-
- yHHT8pHE.II 4 X 4 MaTpHII,a, tn. =m ."a;.,,nt~)nOJiy<~aeM 

Ll{,. L. ..... l 

' 1 - 1 It -
d.. =-..iJ lnJ = --t, f1 rn!/J '- ~ 

+ + ~ t{1) 
/ = U rz.L r (t.L "L_) = ~ . 

Ot~eBH,I(HO, tiTo J ~ 

(75) 

r.n;e 

(76) 

c. 

J -:: )( . . i. -J (, 
HTaK, Heit~pHHo c onpe.n;eJieHHHMH Maccar.m .IIBJIJIIOTCR: B pacc.MBT,PliB8eMoM 

CJiy<~ae MallCOBOI'O tiJieHa (?2) HeiTpHHo MaiiopaHa. 

Hs ( '16) H8XO.ll;HM 

n..L :: tt/L. (77) 

0TCJO.n;8 no.ryqaeM CJie.n;yD~tHe COOTHOWSHHJI Meli!,I(y TOKOBHMH llOJI.IIMH HeiTpHHO 
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H ~8BHMH KOMITOH8HT8MH IT~e~ He~TpHHO C Ma~opaHOBCKHMH MaCCaMH; 
So' 

l>.L =L u .. IK-L., 
t.. K -1 '-"-J (78) 

)) c.. - £ tL . . X • I ( L. ::::: 0 .<..) • 
LL - 1(.:::/ t.+-4_. ~ K..I-

TaKHM o6paaoM, eMH HeiTpHHHH1ii MaccoBH:il "l..leH HMe ~T BJm (72), 
TO TOKOBlile IIOJI.II He1iiTpHHO :i)ti.,. H l)l rrpe,n;cTaBJL<IIOT C06 )it ~HHe:ilHHe 
OPTOrQH~l>Hlile KOMOHHaUKH ~8BliiX KOMITOH8HT MaCCRBHliiX Ma~opaHOBCKHX 
IIMeil. 0'!8BR,ll;ll0, 'ITO TaKM lK8 CX8!V!8. CM8JllllBaHIDI B03IlliKH8T II B 
c.rryqae CTaH,n;apTHOrQ MaftOpaHOBCKOro M8CCOBOro "!JleHa ,JJ.7J.l '!8T!1p8X 38PJI
X8HHliiX ~eiTTOHOB H, COOTB8TCTB8HHO, 'l8T!1pex THIIOB ~eBJil{ TOKOBliiX He:ilT
pHHO. llpH~8K8T8~l>HOCTl> p8CCMOTp8HHOil B 8TOM pa3,n;e~e JX8Mli B ee 

8KOHOMHH - Bee KOMITOH8HTlil IIO~e1ii H8ilTpHHO BXO,n;ffT B TOKI. E~H o~eT
CR, 'ITO B IIpHpo,n;e C~eCTByeT 'l8Tlilpe 38PRJK8HHliiX ~eiiTOHl ( B o6meM 
~y'!ae 'I8TH08 'IH~O 38pmit8HHliiX ~eiiTOHOB), TO 8TO MOllte r 6!1Tl> apry

M8HTOM B IT~l>3Y IIpaBWil>HOCTH paCCMOTpeHHOil 3,ll;8Cl> CX8Mi. 

2.6. CMeum:BaHHe .JlBVX rr~eil He1iiTpHHO c MailopaHoBc mMH MaccaMH 

B aTOM rraparpa~ Mil rro,n;po6Ho paccMOTPHM rrpocTeillirtlt "My'!alt CMe
IIIHBaHH.H: ,n;Byx rr~e:lt He:ltTpHHO c Ma:ltOpaHOBCKHMH MaccaMH. ITpe,n;rro~oJKHM, 

'ITO He:ltTpHHHlil:lt MaCCOB!l:lt "!Jl8H rrpe,n;cTa~eT C060lt ,ll;Hp8K)BCKH:il H Mall

Op8HOBCKH:lt M8CCOB1i11ii "!JlaH, IIOCTpo8HHliiH C IIOMOmi>ID ~eBOr) TOKOBOro IIO
JJ.H. i) L ( ITOJI.II M8KTpoHHoro HeilTpHHO ~H60 MIDOHHOro -Ie1iiTpHHO, •• •) 
H IIOJI.II V JL , He BXO,n;Rmero B JiarpaHJKHaH B38HMO,n;e1iiCTB lR CT8H,n;8PTHOM 
Teopn. 

HMeeM 

=- ..1. {m (-;;-)c. v -r rn., l3' (.)) l c:. -r rn. (;> v r 
..t, L. L L ,.._ It_ ~ .:0 }L_. I. 

+ (vL.)c.. ().).1\.t)) + ft. c.~ (79) 

r,n;e mL., tn H tn~- KOHCT8HTlil. KaK Odlii'IHO, 38Imlli8VI BlilpaJKeHHe 
(79) B BH,I:{e A 

+ h..c. (80) 

3,n;eci> 

C, v ) { v ) (rn.. rn..~ ) n..- L- L H- '- -
L. - v le - ').)c ) - rn.:ir rn. . (8I) 

~ L IL 

By,n;eM rrpe,n;rro~araTI>, 'ITO HMeeT MecTo PC - HHBapHaHTHocri>. B aTOM + 7" If' 
c.rryqae H == H • ITocKo~I>KY H == H , To , ~e,n;oBaTMI>Ho, H=H. 

23 



~ B8Di8CTB8HHOit CHMMeTpH'mOit MBTPHUH HMeeM 
/ T 

H = Om. 0 , 
"' "' s~ec:r, Q - opTOI'OHaJil>HaJI MBTpHIJ,a, a /nix.., = /'T'Li. a i.X.. ' 

r~e m.[- R<•PHH ypaBHeHH.R: d.£t(H-m)=O• Haxo,mm, 'ITO 

(82) 

"'-~( 0 ~ ~) rn.l,4- - -t, rn.L + tn IL ::1; /mL- m._,,._} + ~m.e- . (83) 

OpTOI'Ol aJI:DHaJI 2 X 2 MBTpHu,a 0 HM88T CJie.IzylllllHit 06111Hit BH,IJ;; 

_ ( coo~ - .st.h -B-) 
0 - . 1'1_ 1'1. • 

J c.rt. 17"' u:o v (84) 

C IIOMOIJU'>IO (E.2) H (84) llOJry<!aeM 

.2 I -' ,-
rrt = (..():) "..{)- rn.. + JUt.. :e- IlL ' 

'- 1 ~ 
·~ I ~ _, 171 It = .s UL 17"'"' rn.t + UJo t:r ;n.t.) 

rn.~ = c.o:r(}·.st.h-&- (tn./- rn.{). 
0TCIO,IJ;a CJie,IU ·eT, 'ITO 

(85) 

n-z.L- tn It = c..O;;l.tr ( rn./- rrz.~). (86) 

H3 (85) H (c6) HSXO,m!M, 'ITO yroJI ~ CBIISaH CJie,I(yDitHM OOOTHOWeHHeM 

c napaMeTpru.H mL, rnA. H ~: 

I 2~ 
rq2-& = . (87) 
0 "\.- /1'1../{_ 

,UaJ!ee, 1'13 (83) O'leB~O, 'ITO BeJrH'lHJni n-2; ;_ MOryT 6I:lT:b .KaR IIO-

JIOlltHTeJ!l>HI:lMII , TaR H OTpHIJ,aT8Jil>HI:lMH, 3aiiHWeM J 

"' rn.. = "Y). m.. 
/ ~ t-"" 1.. -' 

r~e rn.,;, = / m. i./ , a 'J i = :i: 1 • IIo~cTaBIIHH Te~e p:r, ( 82) 
JiarpaHlltl'laHa IIOJryqaeM ~e~ee CT~aPTHOe BI:lpa&eHHe: 

L = - .:LJ rn.. )(" = - ..1....? m." Y J'- , 
J.., J ..t. '-=~..t J . 

r~e .,... ,. c. t./T) 
J = 0 n L + t (0 nL ) = tj .t- • 

O'leBH,IJ;Ho, 'l~o 
c. 

JL· = z,Ji . 
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(89) 

(90) 

(91) 



TaKKM o6pa30M, rr~e~~ HBRRSTCR rr~eM Hei!:TpMHO Ma~op~a C M8CCOH 

m · ; z · IIpe~CT8BJIJI9T C060ii C - "l9THOCT:b II~ f · X , 
~ t.. v (... 
IT~yqHM Terrep:b COOTH0~9HHR, CBR3RBa~e TOKOByro K)MITOH9HTY ~L 

H CT9j)HJI:bH,YIO KOMITOHeHTY l) L C JI9BhiMH KOMITOH9HT8MH II~9H Hei!:TpmiO 

MaiiopaHa. Hcrr~:b3YR OPTOI'OHaJI:bHOCT:b MaTpHI.l;ll 0 , H3 (90) HD.XO,ll;liM 

0TCID~a CJie~eT, "'TO 

ILL= C!../L. (92) 

(93) YL = C..O=> f!]<,L - .st.i-z..7.u..' 
v~ = .st.A.{)-J,L + U»(}-J.tL. 

YI'OJI-8- npe~cTa:BJIJieT co6oii, CJie~oBaTeJI:bHa, yroJI cMelllliB~IDI. KaR 

BH~O H3 COOTHOIII9HIDI (87), yroJI CM9IllliBaHIDI OTJIH"l9H OT :ryJIH. TOJI:bRO 

B CJIJ"l89, 9CJIH B H9itTpmiHOM M8CCOBOM 'IJ19H9 HM99TCR ~p3.ROBCK09 CJ18-

raeMoe. 

Bee II~J"l9HHH9 ~0 CHX IIOp COOTHOIII9HIDI 6WIH TO"'HHM;i, Teiiep:b 

MH p8CC~TP.HM ~a IIpe~CT8~ ~H3H"l9CKHii ID!Tepec IIpe~eJI:bHHX 
CJIY"!M /287, 

I. ITpe~rr~oEHM, "'TO 

/?'lL. = rn. ,q_ J ,milt ¢ 0 0 
( 94) 

Vl:3 COOTHOIII9HIDI (87) O"l9BH,!Ui0 1 "'TO IIpH 3TOM e =7C/ 4 (Ma.KCHMallliH09 

CM91ID1Balm8) • ,lLaJiee, H3 COOTHOW9HIDI (83) IIOJ1y"!89M 
/ 

rn..l = n-z. L ::i:. rn.tflr ' 
.1~ (95) 

,lJ,1m II~eii MaiiopaHaJ H )<'..t. C IIOMOIII:biD (90) H8XO~ C.Ie~e BHpa-

lKSHIDI: 1 ./ • 

J1 = ~ [)JL + J)Lc_ 

JJv = v:i- [- ~L + vt 
+ z1{JJ:_-rviL)J~ 

+ l~ (- ~; +~It)]. 
(96) 

X ,!Ulyroii 3KBHBaJ19HTHHi!: CIIOC06 IIpli!Be~eHIDI M8CCOBOI'O 'IJ19:Ja K ~8I'OH8Jl:b
HOMY BHM COCTOHT B CJie,n:yiOOleM, ITo~CTaBHM (82) B (80), ilClJIY"illM 

L ==-ljrnJ =-lfrn.JJi, 
r TG C. / 

r~,VC' = 0 nL + ~ ~). O"'eBH,!Uio, "'TO_/ i =J i. 
1 

• ECJIH 'J'Li. > 0 , TO 

JiarpaHEHaH HM99T CT8HJJ:8PTHHii B~. ECJIH /72. >0 H m ..::: 0 , TO 
1 / .:t. 

B 3TOM CJiy"!89 BM9CTO II~ )(, BBe~eM IIOJ19 )( = 'Jfo~, ~· J1MeeM "- "'-"' ., ./...., ./~ u· 'Jc _,.,, 
tn~/ J~ = - m :~......fJ~ . .UaJiee, rrOJiy"!aeM • Yi_ = :;,. :~.., · 

Ta.KHM o6pasoM, n~e ~L JiBJI.IieTcR IIOJieM Hei!:Tpmro Maiiop~a c Maccott 
(- rn.' ) H OTpJUl,aTeJibHOit C-'leTHOOT:biD, 

).... 
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ECJUt rn. .: : n'l "> 0 , TO B STOM CJIY'i86 7') = ?) = 1 H H3 ( 96) nOJiy"laeM 
~ ~ ~1 ~ 

X = _L (JJ +))c.) 
J1 V£ " 
./~={sit, {-i> + i>c). 

ECJm rrzL ·N?~ > 0 , ~- "], C:: D , TO B STOM OJIYll86 

H ,n;JlSI A H./ .2., HSXO~ 

c/t = a. ()) + J) c.), 

_/.)., = vi- (- .v + vc.). 

(97) 

zt:'· z~=- 1 

(98) 

0TMeTHM 1 'ITO MB.itOpaHOBC.KHe COCTOsnmJl aHaJIOI'll:'!JHLl B STOM ITOCJI6.Jn'{6M 

CJtyqae 1<1 H K....t. COCTOsnmJIM; OCIJ;MJIJiUIDI HeiTpHHO SHMOI'll:'!JHL! 

/(. 
0 
~ J<.:~ OCUJ!l,liJI.IIUKJIM, 

2. IT:>e.nnOJiolmM, ':ITO 

~ >> ''1_ ) 177.. IL / ~ >0. (99) 

Ha (83) H (87) npn aTOM Haxo~ 

, .L { X_/. rn . = Cl IYZ, + rn_D ) .:f:: /Y1_ > e = /~ 0 1
1 

.2.- ~ ... ,...... .• ~ (IOO) 
/ / 

O':leBH.Jnio, ':ITO rn1 > o , n7.z., < o . Ta.KHM o6paaoM, 2, =1 , ~= -1. 
C ITOMOIIU>IO (96) ITOJIY'!SeM, ':ITO ITOJI.II HeiTpMHO MalopaHa -:/t H /.1... 
HMeiOT B p~CCMB.TpHBaeMOM CJIY'iSe ~ 

. Jt = ~ ( i> + i>t:.), 
,)(~ = ~ {-iJ + i>c). 

MaccLI HelrpiHo Mai6iraHa paBHLI 

(IOI) 

rn.~..t. = n1.~ +- J_ ( rn.L. + rn.)L) · (I02) 

HTaR, eCJIH BLinonHRIOTCH yCJtoBHH (99) , TO C-':leTHOCTH HeiTpHHo 

C MB.itOpaHOBC.KHMH MBCCaMH npoTHBOITOJIOlltHL!, yrOJI CMeUIHBaHWI paBeH ~, 
pa3HOCT:& MaCC HeiTp:I'IHO MHOI'O MeHbll!e HX MB.CC, l10JIHM SHaJIOI'WI CO CJrY
':laeM HeiTpanl>HHX KaOHOB O':le~a. 

I10Jie3HO paCCMOTpeT:& TS.!Olte npe.u;eJI:&HLtit CJtyqait 

rn.'- = l'n.IL = 0. (!03) 
Ha (79) C':leBH.u;HO, ':ITO HeiTpHHHL!it MBCCOBL!it ':lJieH npMHHMB.eT npH 9TOM 

rom 

c1.. = - ;n ;e. ]" i) 
(104) 
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TaKHM o6pasoM, nOJie {) npe.n;cTaB7!1IeT co6o:i! B aToM npen;eJI:&HOM CJIY-

'Iae nOJie HeitTpRHO 0 .I(HpaKOBCKO:i! MBCCO:i!. C .n;pyro:i! CTOfOHll, C IIOMOllll>IO 

(83), (87),(89) H (90) nOJiyqaeM 

r.n;e 

(!05) 

J1 = k {v + vc.>, 
x .. = ~ (-iJ + vc.> . 

./...... f4 (I06) 
ilOJIJI._l:, H )l k .a:BJIJIIOTOSI nOJIJIMH He:i!TpHHo Mall:opaHa c npoTHBonOJiolKHI:l

r.m: c - (eTHOCTHWI H Macco:i! nl,:. Ms (!06) HMeeM 

~ -~ (/1 -_~~)_~ 
)} c.= v.i: ( ;<., +/A-). ( !07) 

MH npKXO.n;HM K HSBeCT~~YTBe~eHHIO:nOJie Hell:TpRHO C D;Hp8KOBCKOM 

MBCCO:i! BOer.n;a MOJKHO npe.n;CTaBHTl> B BH.n;e KOM6HH8I.llm .I(BJ'X IIOJie:li Mait
OpaHa 0 O.n;HO:i! H TO:i! xe MBCCO:i! H yrJIOM CMemHBaHHR ~~ 

,Uo CHX nop Ml:l paCCMBTpHBaJIH CXeMj' CMemHBaHH.fl HeiJTpJaHO, OTBe'Ia

I<JeyiO .n;HpaKOBCKOMY H MB:i!OpaHOBC.KOMY MBCCOBOMY 'IJ!eey, DOCTpoeHHOMY 

0 IIOMOlii:&IO TOKOBOrD JieBoro IIOJIJI ~L H IlpaBoro IIOJIJI V ,It_ , He BXO,IVI

mero B JiarpaHEHaH B58HMO.n;e:i!CTBHH CT8H.n;8PTHO:i! TeOp:iiH. B T8KO:i! CXeMe 

CMemHBe.HWI BOSMOJKHI:l OC~H THna V L-~ .l)L. • O'IeiDl.n;HO, 'ITO Bee 

qop~JII:l aToro rraparpa~ oTHOOSITCR TaKXe K o6o6meHHCll: cxeMe 3eJI:&-

.n;oBH'I8-I\oHornmcKoro...;,jB.XMY.n;a, paccMoTpeHHo:i! B § 2. 5. E aTo:i! cxeMe 

Ka.K ~L. , T8K H l)A.. RBJIRIOTOSI TOKOBI:lMH IIOJIJIMH. 3aiRXeHHJ:lll: TOK 

.n;aeTOSI Bl:lpSXeHHeM (6!), a Hei!TpHHHI:l:i! MBCCOBI:l:i! 'IJieH m,eeT BH,I( (62), 
H.n;eHTH'IHI:l:i! no qopMe (79). CMelliHBaHHe B 3TO:i! CXeMe npYBO.I(HT K OCUKn-

JIRUMM MeJKJ!Y "aKTHBHI:lMH" He:i!TpRHO (HanpHMep, ).)e. ~ .l~ ) • 

HaKOHel.(, O'I8BH,I(HO, 'ITO 06lllHe qopM,YJII:l 3TOI'O rrapai'pa~ OTHOCRT-

OSI Ta!Qte K CXeMe I'pH60B8 H ilOHTeKOpBO, paccMOTpeHHC:i! B § 2.3. 
ilpH 8TOM, HanpHMep, ;IJ,1lii CJiy'J:M SJieKTpoHHOrD H MIOOHHOl'O HeitTpRHO B 

rrpHBe.n;eHHI:lX Bl:lllle WoPMYJiax Heo6XO,IJ;HMO c.n;eJiaT:& saMeey n~-+, ~~ 

rn. --'trncu' m ~m- (o6osHa'!eHKII eM. B (70)). 
ll rr- ~ 1"-e. 

3. Oc!WJW!!nm HeiiTmmo 

3. I. Q6!1Il'1e Bl:lpall!eHM lWl BeOORTHOCTeit OCU!:~ 

Bo BTOpo:i! I'JI8Be Ml:l paCCMOTpeJm p83JIH'!Hble B03MOJIU:.He CXeM!i CMemH

BaHHR HeitTpRHO. CMemHBaHHe HeitTpHHO npqRBHTOSI B TOM, 'ITO B ny'!Kax 

HeitTpmtO 6y}IyT HMeT:& MeCTO OCl.(WIJIJIIJ,Rltl /I' 2f, aHaJIOI'l'I'IHble OCl.(WIJIJilJ,RRM 

HeitTpaJI:&Hl:lX KaOHOB. 3.n;ec:& Ml:l no.n;po6HO paCCMOTp!tiM 8TO RBJieHHe. 

MT8K, npe.I(IIOJIOJitltiM, 'ITO JieBI:le TOKOBI:le IIOJIJI JfL. npe.n;CT8BJIRIOT 
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co6ofi OpTOIOHannHHe KOM6HHauaH ~6BHX KOMTIOHeHT ITQHefi He!TpHHO C 

OT~H'ffib!MH C T HYJI.II MBCCaMH: 

~&..=~uti vu_. 
(I08) '-

3~eCb /..t - yJIHTapHM MBTPHIJ;a CM6ImiBaHIDI, .i)i - ITMe He:ltiTpHHO c 

MBCCOH m.L , l.fu B~e~ B rrpe~e! r~aBe , liTO He!TpHHO MoryT o6-
~~aTb KaK ~paKOBC.KliMH,TaK H MB!OpaHOBCKHMH MBCCaMH, I!pH ITpoli3BMn

HOM 'lliMe 11..-- 3apmKeHHHX ~eiTTOHOB '!HMO HeJ.iTpHHO C ~paKOBCKOfi Mac

CO! paBHO I 06l!leM Myqae n... '!HMO HefiTpHHO C MaitopaHOBCKOfi MBCCOfi 

MOlK6T PaBH.f.TbCH n_ (MB:ll:OpaHOBCKHfi MBCCOBI:dl '!JieH) D60 2n_ 
(~paROBC.Kl'fi H MBitOpaHOBOKHit MBCCOBblfi '!JI6H) • 

PaCCMCTpHM ITOBe~eHHe ITyqRa HeitTpHHO B Myqae, e~ HM66T MeCTO 

cMeurn:BaHHe. By~eM rrpe~Maran, 'ITO I pI» tn..i ( p -HMITYJIDC HeitT

pHHo). ll3 ( I08) ,wiH B6RTOpa COCTO.fllm.h HeiiTpHHO /;J( t ;::;;e_~)", r_, .•. ) 
UOJiyqaeM HJIH 3TOM ,._ t 

/v-==- =LLLt./i./L>, t i t.. (I09) 
r~e I i L>- BeKTop cocToHHIDI HeiiTpHHo (~pa.KoBcRoro m6o Maitopa-

-' ... 
HOBCROro) C HMTIYJIDCOM p , MBCCOfi rn.;_ H OTPHIJ;aT6JibHOfi CITHpanb-

HOCTJ>IO. CO<THOllleHHe (I69) 03HatiaeT, 'ITO Be.KTOp COCTOHHIDI HeitTpHHO, 

yqaCTB~el~ B CJI860M B3aHMO~eiiCTBHH, rrpe~CTaBJI.IIeT co6oit .KOrepeHT

HYIO cyrreprr< 3HIJ;m0 B6KTOpoB COCTOHHIDI H6itTpHliO C p83D'IHbiMH MaCCaMI!. 

0TM6THM, '1~0 B OCHOBe STOrO COOTHOI!l6HHH JI6XHT rrpe~MOJKeHHe 0 TOM, 

liTO pa3HOC~'H MBCC H6itTPHHO ~OCTBTO'IHO Manbl. 

IlyCTJ> B peayJIJ>TaTe HeKoToporo Ma6oro rrpoQecca o6paayeTc.fl 

ITYtJ:OK H6itTJIHHO ~£. • Ta.KOit ITYtJ:OR B H8tianbHI:dl MOM6HT BpeMeHH OITH-

Cb1Ba6TC.fl BE .KTOpoM / i -;:. . BeKTOp cocTOHHIDI ITYtJ:.Ka B MOMeHT BpeMeHH 

t ,IJ;aeTC:.fl BHpallteHHeM 'H -t 
-L. 0 

I ~ ;>t = e I 1 ";:» , 

r~e H. - c11o6o~Hit raMHJIJ>TOHHaH. ltlMeer.(C 
0 

H /i L> = £./LJ. L>, 
0 I L. 

(IIO) 

(III) 

x B paccMaT)HBaeMHX HaMH TeopHHX HeitTpHHo c orrpe~eJieHHm.m: Maccru..m 

.fiBJI.IIIOTC.fl :tecTa6HJIJ>HbiMH tiaCTHIJ;aMH. E~, Harrpmi!ep, m.
1 

.,. rn;._., 
To B03MOJK,m pacrr~ v1 -~> i+-o· PactieTbl rro.KaaHBaiOT, o~a.Ko, 'ITO 

BpeMeHa llt:!3HH H6itTpHliO Ha MHOro ITOp!l.Il;.KOB ITpeBOCXO~T BpeMII D3HH 

BceJieHHoit 1291. IlpH paccMOTpeHHH oc~U3it HeitTpHHo HecTa6HJIJ>

Hocn Hel~pHHO MOlltHO, Me~OBaTeJI:&HO, y<mTHBaTb. 0rMeTHM, 'ITO He

CTa6HJIJ>HO )Tb HeitTpHHO MOlK6T HM6Tb CY!ll6CTB6HH06 3HatreHHe ,wiH 8CTpo

@i3HKH/30 I. 
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r,IJ;e E = 1/ c;!l-+ rn.i..:J.. • Hs ( I09)-( III) nOJIY'{aeM 
t. I . t -(..E. 1f-

IV,7 =Z.e t. li,L> U, .. (., t i (..{... 
(II2) 

Hei!:TpiDio pe!'HCTPHPYJOTOJJ ITYTeM Ha6Jno,IJ;eHHJI o6yCJioMeH:rnx CJia6UM 
B3aHMO,IJ;8i!:CTBli:8M npoueccOB, ~ TOrO qTo6u H8i!:Tll: 8Mnnli:T~~ BepoHTHOC

Tll: 06HapyxeHHH Hei!:TpiDIO ,IJ;aHHOrO Tli:IT8 B nyqKe, KOTOpuR OIT!CUB88TCH 

BeKTOpoM / iJt. ;>t- , aTOT B8KTOp He06XO,I41fMQ pa3JIOE.li:T:b ITO ITO.lHO:li Cli:C

TeMe B8KTOpoB COCTOHHHH He:ltTpiiHO, Ilpll: aTOM li:Me8TOJJ cymec•meHHOe OT

~qne CX8M C ~paKOBCKKM ll: Mai!:OpaHOBCKKM MaCCOBUM qneHOM ( B ,IJ;an:&Hei!:

WeM :ti-n M-cxeM) OT cxeMU c ~paKOBCKli:M 11: Mai!:opalioBcK!M MaccoBUM 

qneuoM t/Jt}1), /I.JIJI nepBUX ,IJ;Byx OX eM CM9llll1BaHIDI 'illCJIO Tic:UI )B HSMTpllHO, 

yqaCTBYJOOIHX B OJI860M B38li:MO,IJ;eiiCTBlU'I, COBIT8,IJ;88T C qnCJIOM : Iei!:Tpli:HO C 

onpe,neJieHHOi!: MaC CO! • .JWyrmm OJIOBBMH,li:H,IJ;8KC i_ B BUpaJ!te mll: ( I09) 
npiD!li:MaeT B OJiyqae aTli:X CXSM CTCJI:&KO xe 3HaqeHHi!:,CKOJI:&KO ll: li:H,IJ;8KC~. 
HcnOJI:&syn YHHTBpHocT:& MaTPIUl,'ll CMSWli:BaHHH U , 11:3 ( I09) np ~ aToM Ha-

XO,Iti!M n-

li L ::- = L I ~t~ ;::. u~~. . ) tl ~~ =1 . ( II3) 

B c.nyqae cxeMU ~ + H cyw.mpoBaHHe no i B BUPaJ!teiD m ( !09) 
rrpoH3BO~TOJJ OT I ,IJ;O 2tul: cHcTeMB. BeKTOpoB / !.?t > ( BeKTopo:3 cocTOHHHH 

Hei!:TpiDIO, yqaOTBymtWC B OJI860M B3aHMO,IJ;eftCTBll:ll: ~ He HB11H8' ~CH ITCJIHOft , 

Hapsr,n;y c (I09) H3 (60) ll.TOM CJj:yqae !-wryqaeM 

;;r > =L I i) L > uz. , (II4) 
tL i=1 t.. 

r,IJ;e fi?- BSKTOp COCTOHHHH JieBOro aHTIDiei!:Tpli:HO (BeKTOp C•>CTOHHHJI 

CTSpllJI:&HOii '18CT~~z' 5/ - qacTHIW:, He y'18CTBYDII9H B CTaH; ~pTHOM CJla-

60M B38HMO,IJ;ei!:cTBHH). HcrrOJI:&syn YHli:TapHocT:& .Zn )( .2...tz.. J~TPHIJ,'Il U., 
H3 (!09) ll: (!!4) HBXO,IJ;HM 

/t..~· L > =L. I ;).I> a~~. + L I~> 1.1'1· • 
t/ t "' t/ !t.. c-t.. (!!5) 

TaKPIM o6pasoM, BeKTopu I i_;L > rrpe,IJ;cTaBJIJDOT co6oi!: B OJ!y'l8•~ ~ +N 
CXeMU cynepil03ll:~ B8KTOpoB COCTOHHHJI 8KTHBHUX H CT8PHJI:&:rnx Hei!:TpruiO, 

Ilo,IJ;cTaBJIHJI ( II3) B ( II2) , B OJiyqae £J-- H H - cxeM HMeeM 

t1.- - i.Ei.f *' 
1 vt > =L I vt' >(~ U.t1. e up. ) . ens) 

t e/ '-=' ' u .. 
B CJiyqae ~ + H cxeMU H3 (!!2) H (II5) HBXO,IJ;HM 
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') .trz.. - t.'E'. t *" 
1J > =L lvt1 >fZ. u.t~.e ~.. u~ ) 

'5"' - ..1/z. _i£..t-
+ L.. I ~I > (L L0. e. 1.. t.L./:'J. 

t t e"' ,·=t ~... t.i t/ "'- i=r t.. (.. (..(.. 
(II7) 

Hs (116) R (117) oqeB~o, ~o aMUHRTy~a BepoHTHOCTR o6Ha-
PYJKeHIDI ~~~ qepes BpeMR: t rroCJie o6paaoBaHIDI .vl- paBHa 

.... . t 
) - £./:. It-a.) . l) (t; =L:- uti· e (... u~. . <ns) 

'"!,_/) t '- (... (;../... 
B ( II8) c YMMHpoMHRe rro i rrpoBO.IniTCSI oT I ~o n. B CJiyqae 2"=-R H
cxeM R o~ I ~o )..n... B CJIY'iae ;J -rH cxew. OTMeTRM, qTo aMIJJmTY~ 
a . ~ (t) MO.lKHO rrpe~CT8BRT:b T810lte B B~e 

~II t 
-i£·t u f 

a~ · v (t:; = e d ( ~~ + Z u / (i.i e;.·-')'~i)tl)19 > 
t/1 t tt i.. ti 0 ti 

( j <IGu:cHpoBaHo). Ha aToro BhlpalKeHIDI oqeB~o, qTo/a~,,·v./:;6 ~l 
T63J::&KO B CJiyqae, 8CJIR IIO Kpa:ll:He11 Mepe ne MaCChi He:ftTpRH<f-He Z'paB-
Hhl ~yr ) r;pyry. 

B ~ t-11 CXeMe B8KTOp COCTO.mm.R: Heit'rpRHO rrpe~CT8BJIJieT co6o:il 

KorepeHTHYJO CM8Cl> B8KTOpoB COCTO.mm.R: 8KTHBHhlX R CT9p.I'IJI:&IIHX H9H

TpRHO. H:1 (II7) CJie~eT, qTo aMIJJmTy~a BepoHTHOCTR o6HapYJKeHM 

CTepRJI:&Horo aHTRHeit'rpRHO .VtL qepes BpeMR: -t IIOCJie polK,ll;8llli.li 

V l- ~ILSTCSI B l:lTO:il CX8Me CJIS,IJ;,YI<lfiRM BblpalK8Hl'I8M: 

:l.n.- - i£· t- ~ a'S . v (-tJ == z_ t..L-,. e. '- u .. 
t L. 1 t i_ = J t {.. li.. ( 120) 

C IIOMOIIU>JO (I!8) H8XO~, qTo BepoHTHOCTl> 06H8pYJKellli.li B MOMSHT 

BpeMeHl'! ;~ He:ilTpliHO .Vt,.-" B IIyqKe, KOTOpbl:il IIPH f: = 0 rrpe~CT8B1IHJI 
co6o:il ey IOK v[.. , ~aeTcH B CJiyqae £/- R H- cxeM BhlpalKeimeM 

I n... -a:.t- t- I ..t... 
Pi) . v (t) = ~ LLt/· e. t.. LL~. • 
t/ I t. /.. =1 /... u (121) 

B CJIY'iae ~ + M cxew Bepo.IITHOCTR o6HapYJiteHIDI B MoMeHT ~MeHR 
+ 8K'mBHOI'O HeitTpRHO ,))t,.' H CTepRJI:&HOI'O aHTRH811TpRHO v~~aJOT-

01! (IIpH {CJIOBHR, qTO B HaqaJil>Hhltt MOM8HT BpeMeHH o6pa3YJOTCSI t) Bll-

palK8Hlf.ID/I'l ..tn... . E t- .t. 

P, . ).1 (t) ~L. ut/· el.. i u..P~ I~ 
t' ) t i :I {.. £.(.. ~ 

j. .tn. - '-E" .t- t- I 
f';; . ~ (t) =-~ U-1, e. (... t.L~. . 

t/L' t /...:/ f l.. t.l.. 

(122) 
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llTaK, SanE BSKTOpU COCTOHHHR HefiTpRHO rrpe~CT8!UUIDT C060H KO
repeHTHUS cyrrepiT08H~H BSKTOpoB COCTOHHHH HSHTPMHO C paarrH~UMH MaC

CaMH, TO B ITytiKe HeiiTpRHO Vt. OKaJKYTCR OTJIH~IiMH OT HYJIFI Bepo.fiTHOC

TH rrepexo~on ~ - Yt' (B ~ytl:ae :tr- H H- cxeM) JIH6o sepo.fiTHOCTM 
rrepexo~on vl ... .vl:' :e: vt --. 'iL. ( n CJiyqae 2 + H cxeMU). KaK BH,ItHo H3 
BU~eHHii (l2I) H (I22),Bepo.fiTHOCTH ITO.fiBJISHH.fi HeiiTpHHO ~OBOro THIT8 
ITSpHO~SCRH 88BHCfiT OT BpeMeHH, oTO .fiBJISHHS HOCHT H88B~HH8 OCuaJIJI.fl
~~ He!TpRMO /!, 2/. 

KBaHTOBOM8XaH~8CKa.fi rrpnpo~a OCUKJIJIR~ii HefiTpHHO ~a H3 BU
paxeHH! (109) H (II2) H COCTOHT B CJie~eM. KorepeHTHU3 COCT8BJIRID
mll:8 BSKTOpa COCTOHHHH HCXO~Oro HSfiTpRHO ~epe3 M8KpoCKOIH~8CKOe Bpe

M.fi -f ITpH06peTam pa8JIH~Ue wa30BUe MHOlKHTSJIH ( B Cll:JIY TOro, ~TO Vi 
06JI~aJOT p88HiiMH MaCC8MH) • TaKoit BSKTOp COCTOHHHH YJKS H 3 .fiBJI.fi~C.fi 

BSKTOpoM COCTO.fiHH.fi HSiiTpHHO HCXO~Oro THITa, a rrpe~CT8BH.fl8T co6oit 
cyrrepiT08HIJ;mO BSKTOpoB COCTOHHHH HSiiTpHHO, o6pa3YJOOUIX ITOI!H,YIO CHCTeMy. 

l!BJISHHe OCmiJ!JIJ!~ii HeitTpRHO aHaJIOrll:~O .fiBJISHHJO )CUKJIJIR~ii 

HefiTpaJI:&HUX KaOHOB, ,Urui TOro ~T06U OCuaJIJI.fl~ 6UJIM B03 \IOJitHU ,Heo6xo~
MO, ~T06U! 

I) raMHJI:&TOHH8H, OTBSTCTBSHHU! 38 po~eHHe H ITOPJIOmeHHe ~ac
TH~, COXpaH.fiJI HSKOTOpUe KBaHTOBUe ~CJia ( CTpaHHOCT:& B ~yqae KaOHOB, 

JienTOIIHlle ~CJia B CJIY'iae He fiT pHHO) ; 

2) CB060~UH raMHJI:&TOHH8H ( MaCCOBllf 'UieH) 6UJI :Su He~aroHa
JieH ITO 3TJIIM KBaHTOBUM ~CJ!aMi COCTOHHHR C orrpe~eJieHHOH vlliCCOH (H li!JII

pHHoit) rrpe~CT8BJI.fiJOT C060it ITpH 3TOM cyrrepiT03H~IO COCTO.fiH~H C orrpe~e
JISHHOH CTpaHHOCT:&JO B CJiyqae KaOHOB II orrpe~eJieHHUMH JISITT )HHiiMH ~CJia

MH B CJiyqae HeitTPMHO. 

PaccMoTpHM Terrep:r:. rrone~eHHe rryqKa aHTHHeiiTpJI!Ho B CJiyqae, eo-
JIM JI!MeeT MSCTO CM8WJIIB8HHe, ,Urui BSKTopa COCTO.fiHH.fi 8HTJIIH8~TpHHO C HMITyJI:&

COM f (ff">>IT2.i)JIIM88M 

;J:;;. =Lii IL> U~ .. t / u (I23) 

3:n;ecb I 4 R.. > - BeKTop cocToHHHH rrpanoro aHTHHei1TpHHO c Maceo! tn.L_ 

B CJryqae 2/- CXSMU JIH60 rrpanoro HSHTpllliO C Maiiopa.HOBCKOd MaCCOll f'YLiB 

H-cxeMe. B CJiyqae 2J + H cxeMU HMeeM 
ht. 

;.;; .,. =L. It.~ R.. > Liu. ~ 
t i=1 (I24) 

/J) > =L /i" R... > Uz· / 
tl{, i==l l.. 
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r.n;e / i /{ > - BeKTop cocTO.fliD!R rrpanoro HebpruiO c MB:tiopaHoBcKo:ti 
J 

Macco:ti mi. ,li,7u:r nepo.flTHOCTl'l rrepexo.n;a 1 ~ t' 3a npeM.fl t B 2' 
.11 M CJIY'Ja.f!IC IDI!e eM 

/7.. *"" -iE·t I ..t. 
~ .;s(tJ =/Z.. LL11 1.e L- LL11 . • 

[ 1 1 t L =I /..- t.. l-/..- ( 125) 

D ~ +f.f cxe11e Hap.fl,Il;Y c nepo.RTHOCTnro rrepexo.n;a 

..tn. *' -i.E ·t I ..t... 
?~ . :iJ (t) =I? uti. e. " u~~. 
t/' L '-=' " l-'-

';)__.~ 
l t 1 

(126) 

OT~l'!~a OT nr~.fl Ta~e Bepo.flTHOCTb rrepexo.n;a Me~ 8KTl'IBHHM aHTl'I-

He:ti'1i)ID!O J)[ .11 CTepMbHhiM !1paBhlM H9HTPllliO 1R.... 
.1.n... '£ t ~ 

_ JL.. ul*>e.'- i up. /. 
i;::: 1 (... "" 

f... . i) 

21:' t (127) 

113 (12I) l'l (122) O'leBH,IJ;HO, 'ITO Bepo.flTHOCTb 06HapYJKeHl'l.fl ~,(f_1) 
Ha paccTO.flHY.l'l IL oT MeCTa o6pa30BaHl'l.fl j (~ ) MOlKeT 6h1Tb 3!1'IIl'!ca
Ha B Me.n,yJOI! eM Bl'I,Il;e ~ 

ll "'5" .f.,/ ""' F;; ·v (~ -)5 ,( xf) =L)Ut;_l u~. I +-
l11 t t/) t i '- l...t-

. ~ /(1 ..t. .I(,) tZ. (128) 
+:<-L../tLt'·ul'· ut~ u~ /t..o:>(-mi.-.m.tr,.fl~<i>. ), 

· (... u J'(., (.I(. .2. P I '-I<. 
t..;-1<.. I 

3.n;ecn 

dtt (. *' '*-
{lk -= ad ~i ~i ut~ u&..) · (129) 

' m.· 
Ilpl'l IIM,V'lelf.m Bhlpal!teHl'l.fl ( 128) Mhl orprum'IMI_Cn DHeill!hiM rro ~.t 
lJJ19HOM B pa 3JI01Kemm: E i ( E. :!:- p -1- £!1-i ) • B MY'Jae ;J-- l'l I H-
cxeM cyw.m:p)BaHl'Je B (128) rrpo~o.n;iTC.fl o~1 .no ~ , B M,V'lae1J+H 
cxeMhl - OT I .no .2.n- • O'leBH,IJ;Ho, 'ITO BhlpalKeHl'!e ,I!,7L!l Bepo.RTHOCTl'l 

P.il
1 

; ~ l'!~eeT aHaJIOI'l'l~hl:ti Bl'I,Il; ( C O'leBH,IJ;HOi! 38MeHO:ti ~[ ~~i 
l'l 'ti.. C..(L 1-~U..,). 

Bep&'~tlO~ ~ . )) l'l It •p MOryT 6HTb 38IIl'!OaHhl TBKlKe B 
Bl'I,Il;e /'

1 t t/' t... 
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~ ·l) (II ·v )(lilpJ = ~" t-U I u,, u;. u~'/" t.L~ I f'.a:)(r;;m.~:;: 
l 1't t/'t /f tl i,,.;c. t.-i '-'- (...IC. (.../(, 

_ f'h.t'tJ _ CLr.> ~.e't] <r3o) 
+ T"k. /(..1< . 

0TM8THM, 'ITO• ~ IIOJiytie.HIDI 3TWC IIOCJI8.IUiliX BblpaJKeHH~ H80:5XO.n;HMO llO-

IIOJih30B8T:b ymtT8pHOOTI> MaTpHil;bl U 
B 38K1!D"'IeHHe IIOJiytiH!Vl 061ltHe OOOTHOW8.HIDI, KOTOpb!M 06 i!38Hbl y,n:oBJieT

BOp!IT:b BepoJITHOOTH ocmwr.a:rmtt. CpaBHHBaJI B!IpWKe.HIDI ( I21) H ( 125), a 

T8Klit8 (122) H_j126), Mil 38KliiO"'IaeM, 'ITO B8pOJIT~CTH ~ep~XO,l(OB 

~f~ il' H ~ - 1~ oTJIH"'!aiOTcJI aaMenoii uti .... uti , uL'i -:• ~ . TaKHM 

o6pa30M, ~ BC8X p8CCMOTpeHHb!X H8MH CX8M HM88T M8CTO O)OTHOWeHHe 

Py . l) (t) = ~. :i) (t>. 
t/) t t) t' 

( 13I) 

O"'IeBH,n:ijO~ 'ITO aTo o6~ee cooTHoweHHe JIBJIJieToJI OJie,n:cTBHeM CPT-HHBapHaHT

nocTn f 1;j~ ,I$Jiee, eOJIH B!:lpWKe.HIDI (121) H (!25) IIpOOYMM:If)OB8Tl> IIO BCeM 
PI 

B03MOJKHbiM 3H8"'!8HHJIM (.... , TO H3 yJIHTapHOCTH 12.. >f 12.. M:!Tp!.Ill;bl CMeWH-

z. f., . _, (t:) == r, I Pi) . ;; fiJ = 1. 

t' t1 't t' t'~t (I32) 

3TH cooTHoweHJ.IJI cnpaBe,nJDIBI:l TOJI:&RO ~ ~-H H - cxeM H HMeiOT Kpatt

ne npocToit CMI:lOJI: CYMMa BepoJITHocTeit nepexo,n:oB He:I!:TpKHo (anTKHeit

TPKHO) ,l(aHHOI'O TJ.III8 BO BCe B03MOlltHble 8KTHBH!:le He:lhpKHO :anTKHe:I!:TpKHo) 

paBHa e.n:mmue. B CJIY'Iae ~ + H cxew nettTpKHo ( aHTKHeitTpKHo) .n:an

noro THIIa MOJKeT nepeXO,n:HT:b RaK B 8KTHBH!:le H8HTpKHO (8HTJ!He:lhpHHO), 

T8K H B cTep:w.t:&Hble aHTKHeitTpKHo (Heil:TpKHo). HciiOJI:&ayH y:nnTapnocT:& 

2tz.x ..t/'2.. M8Tp!.Ill;bl CM8WHBaHJ.IJI,J.I3 (122), (126) :II (127) IIOJ[yt!88M B aTOM 

CJiyqae 

2. P . (t) + L 1, . v (t> = 1 
t' t" >[ e:' 't/t../ t ) 

2:.. li, . )J (t) + L. 
e./ t 11 t. e/ 

(I33) 

HaRoHeQ, c<fx>prey.1IHpyeM o61ltHe YOJIOBJ.IJI, npH ROTopl:lX Me ryT HMeT:& 

MeCTO OO!JlWIJIQ!.I!.I HeitTpKHO, Ilpe,n:rrOJIOJJUIM, 'ITO Bee MaCC.I:l r'2i_ O.n;HHa

ROBI:l, Tor,n:a -M~HHli (I2I) :II ,lijlyriDC Bb!pWKeHJ.IJIX ~ BepoJITH?CTeii 

3KCIIOH8HT8 e. 1.. MOJKeT 6HTI> B.l:lH808H8 38 3H8R Cy:MMI:l IIO t.. , B 

C:w.ty YHliT8pHOCTJ.I MaTpJ.Ill;bl CMeWHBaHIDI IIOJiyq88M IIPJ.I 3TOM ~,.,.. i ~ = se~ 1 

P.:z,j 'i = ~'£ 11 T.,n:. ,nanee, nyoT:& titi = ~,·; ~t JIBJIJie'I'!}JI '11 aToM 
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I! 

I 
l 

OJIJ'Iae IIOJiel~ HeftTpHHO 0 MaOOO:li (,nHpaKOBOKOil: mt60 Ma:liOpaHOBOKOii ) 

ml . B ST<lM OJlJ'I88 TaKiKe ~ /; !)t = aee. , TaK:HM o6pasoM, ,WJ.Ii TOro 

lJ:T06U HeiiTp:mo O,w-IOro THIIa MO;JIO rrepeXO.Jn'IT:b B BRKYYMe B HeiiTP:HHO 

,n;pyroro THill ( JIH60 B OTepM:bHOe HeiiTpHHO) He06XO,nHMO, 'IT06H: 

I) M8CJI:l He:liTpHHO 6HnH paSHHMH; 

2) He,n;~aroHaJI:bHI:le MeMeHTI:l MaTPHUI:l OMeimmaHRH GHn:H OTJIH'lHI:lMH OT 

HYJI'l. 

3. 2, _§KBHBaJieHTHOOT:b OOI.!HJIJLtiill{:li B @MISOBOKQM H MaitOpaHOBOISOM 

,grryqamc. BosMoJKHHe MeToJI!I nooBepiSH CP-rumamta1ITHocrn 

BepORTHOCTH rrepeXO,I\OB Me~ p83JlH'lHI:lMH COOTORHHRMH H8iiTpHHO OII

pe,n;eJIRJOTOR paSHOOTRMl! MaOO HeiiTpHHO H rrapaMeTpaM!i, BXO.wrutHMH B MST

pHIJY OMenrn::EaHHR U , YHHTapHM /2. ><rl- MaTPHIJ,a xapaKTewrsyeTCR r1-~ 
Bell(eOTBeHHhMl'l rrapaMeTpaMii X , 3To 'IHOJIO OOOT8BJlmoT ~ yrJIOBXX 
l! 17- (n. +I) was' L 

J.., 
B ,n;eiicTBHT8JI:bHOOTH 'IHOJIO ~SH'l8CKHX was B MaTpHUS OMenrn:BaHRH 

SH8'!HTeJI:bHC MeHJ>llle, '!eM 17- {rz. +-/) , 3'1'0 CBRS8HO C TeM, 'ITO wasH 

cpa pMHOHHI:lX IIOJie it He JIBJIJIJOToha6JilO,JJ;aelVII:lMl! BeJIH'!HH8Ml'!, PaooMOTpHM 

BH8lJ:a.Jle OME lillffi8Hl!e HeiiTpHHO C .ln'IP8KOBOKHMH Ma008MH, 3apmKeHHI:lii TOK 

H MaOCOBI:l:li 'IJieH IIOJieii HeiiTpHHO H SapHXeHHI:lX JieiiTOHOB HMeroT B STOM 

OJIJ'Iae BH.II *" 
(f·) - II ~ 

1~- = ..t? ))iL uti J«- l-L ' 
(} :t... (..) t - ( 134) 
rf_ = - L. rn. .;r. i>. -L. rn." t..L. 

~... "'"'"' e"' IlepeiiHrneM <)Jle.n:.YJOOlliM o6pasoM aTH Bl:lpalKeHRH: 

·(1·> L -" t.L/~ t/ 
Jd.... = ;., L~ t )) LL f.i fc~.. L , ( 135) 

X ,Ueil:OTBH"reJI:OHO 1 yHHTapHM MaTpHIJ,a BCer,n;a MOJKeT 6UT:O npe,n;CTaBJieHa B 

D BH,JJ;e lL = e 1.-R... , r,n;e H- - apMHTOB8 MSTpHIJ,a, 3pMHTOBStz.x n.... 
MSTpE:u,a xapaR:TepHsyeTOR n.. (,JJ;Har. MeM,) + 2 (~) 
(He,JJ;Har. MeM. )= rz.. ::L, BeiJ.!eOTBeHHHMH napaMeTpaMH, ...<... 

XX lfuOJIO YI:'JIOB, xapaR:TepHSYJO!IliDC yl!HTSPHYJO MaTpHIJY, OOBIIa,n;aeT 0 'IHC

JIOM Me ~teHToB opToroHaJIJ>Hoil: MaTPE:UH. OpToroHaJI:bHM MaTpHu,a 0 
MOJKeT 6tlT:b rrpe,I\OTaBJieHa B BH,I\e 0: e. ,.t , r,I\e lt- Bell!eOTBeHHSR aH

THOHMMeTP:H'lHM MaTpHIJ,a, 0'!eBH,I:lHO, lJ:TOrl..x/1... aHTHCHMMeTp:I'Il!HM MaT

pE:IJ,a xapaR:TepHsyeTCR n_ (rz.-1) MeMeHTSMl!, 
~ 
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(136) 

r.ne ci.i, H /t... - IIpoHSBOJI:bHI:Ie B8Iq8CTB8HHI:I8 rrapaMeTphl, a 

U/=SU.S+ 
J) 

~,se i..<.i s / =e. I I $'"I (.5 ) . = .~ $". • 
t t t t I !) (..1(.. '-4( 137) 

IIOJUI )): , e/ H, COOTB8TCTB8HHOJ '))i,. lie. f[ll'l!IH'l8CKI'I HCOTJIH-

~MI:I. TaKRM o6pasoM, M8TpRua cMelll'!BaHHR orrpe,neJieHa c ~'o~ocTbiD .no 

rrpeo6paSOB8HIDl ( 137). 3TO OSHa"<IaeT, 'ITO TOJibKO TO qBSll B M8TPl'!U8 

CM8illl'!B8HliR 0 KOTOphle He MOryT 6h1Tb ycTpaHeHhl rrpeo6paso:~aHHCM (!37)
1 

J!BJL'IIOTCR !j}lisR"<IecKI'!MH. IIpH rro,nc"<IeTe ~CJia rrpoHSBOJibHhlX ~as, I<OTOphle 

BXO,nRT B c$ l'l $ i)
1
HC06XO,!UiMO l'!S STl'!X MaTpliU Bhl.ll,CJIHTb 06l.l\l'le qJa3hl, 

3aiiiDIIeM 

3,necb 

"" O(i. =cit.. +d./ 

"' ft = ft + t· 

L. ol"V. = 0 
i /... / 

,....,; 

f!t = 
0 

l'l, CJIC,nOBaTCJibHO, 

I 
o(, = -2.a.. 

rz_ i /... 

C IIOMO!qbiD ( !38) IIOJIJ'laCM 

/ u 
i ( fJ -oL ) """ "V + 

=el .SUS, 
JJ 

r.ne 

(138) 

(139) 

(140) 

(141) 

(142) 

T8Kl'!M o6paSOM, ~CJIO HMCIDiql'!XCR B H8ill8M paCIIOpRX8Hlil'l IIpol'!SBOJib

HI:IX ~3 p8BHO .t.,. {rz. -I)..;. 7 • 0KOH'l8T8JibHO B MaTPl'!UC ClV8illl'!BaHWI Hefi

TpHHO C ~paKOBCKl'!Ml'l M8CC8Ml'l OCT88TCR 
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I'L ( n. +I) (n. -1 ){11. -Z) 
- - (.Zn. -1) = ..z.. (I43) 

qma>'!'IecKHX ( ne ycTpaHHMWC nepeorrpe.n;eJiemreM !faa qJ8pMHOHHiiX rrOJie!) 

g)aa. 3TH !flaab oTBeTCTBeHim aa napymemre CP- HHBaJlHaHTHOCTH x • Ha 

( I43) CJie,ey-e'I, 'ITO rrpH rz. = ..<:. 'IHCJio Q>HaH'leciWx !faa B MaTpHue cMenm-

BaiDI.ff Jl8BHO EyJIIO, 3TOT !flaKT XOJlOiliO HaBeCTeH:B CJIY'J:88 /1.. =~ 

PC - HHBapH8BTHOCT:& 8BTOMaTH'l8CIW BID10JIH.ff8TC.ff, IlpH 17.. = 3 B MaTpH

uy CM8IIIHB8ffi1i: BXO.JnlT O.JJ;Ha OTB8TCTB8HHM aa Hapymemre PC- HHB8JlHaHT

HOCTII qJ838 H T,)J;, 

06paTHMC.ff Terrep:r, K 06lltW!M Bb!Jl8.lK8HHmll (I2I) H (I25), Ma cpaB

HeHIDI 8TllX Bh pa.lKeiDIH O'l8BH.n;HO 1 'ITO B CJIY'J:~e ~ e CJIH M8TJlHIIa CM8IIIHBa

ffim Bel.q8CTB8I:Ha, HM88T M8CTO COOTHOili8Jill8 /I /: 

P-v . J) (t > = ?;;-- . l5 {-1:-). 
t/' t t/ ~ L (I44) 

MTaK, eciH HMeeT MeCTo PC-HHBapHaHTHOCT:& B JieiiTOHHOM ceKTope, 

~o Bepo.!ITHOCT:, rrepexo.n;a :Vl ~ v l/ 

X HeTpy.n;Ho B~~eT:&, 'ITO B CJIY'l88 1 8CJIH JiarpaHEXaH 

£ = i!i. L. l.~ LL/)~ 'f., (t+rs>lw' .+ J!J.. 5"" h {t+Ys>LL1 .l). >!: 2../1: ~e ... ar"·· (!· cL .z~ fl- . fl. u. " ........ 
HHBapHanTe~ o~~HOCHTeJI:&Ho PC - rrpeo6paaoBaHH.ff, MaTPHIIa tL BemeoTBeH

Ha. B aToM BI rpa.lKeHHH ~ - rroJie aap.IDiteHHiiX rrpoMelKYTO'IHiiX 6oaoHoB, 

8hm; = ~~ ) wq,_ ==-J, ~+ rz= -1/ l9 = 1) • 

.lleitOTBHTeJI:&HO eCJIH u~ orrepaTop PC-rrpeo6paaoBaHIDI. TO 
I r .._ --r -1 T -I 

U.- t Cx:.J/L =- YttCt ~~J ULU- j).Cx.Jt.i_ = ~ ~.'>C Yy, 
PC PC {/ _ ~ ''- l ,._ {I 

LL -I W (.l:.; tL =- 1J W (x.'), 
PC. '(. PC. t "'- <(.. 

/ ( -· . ) X. :: -.x. / t. .:leo . 
Ms YCJIOBH.ff PC-HHBapHaHTHOCTH JiarpaHJKHaHa 

' t.i -I~ ~Jt.L~ =~ (x..'> 
PC. ,._ 

JierKO H8XO.Jn'(M, 'ITO 

*-
u.ti = ut~ · 
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paBHa BepoSITHOOTH rrepexo,na ).} ~ .:Jl-/ • 0TM8TH~ 'ITO paBe IOTBO Be

poSITHOOTeil ,II,H8I'OHaJlbH!lX rrepeXO,nOB i - i H i.--+ ~ .IB1ISI8TOSI 

OJI8;I(OTBH8M CP!' - TeopeMH. IlpoBepKa OOOTHOIII8HHH ( I43J IIpH t/p t 
~aob 6ll, cne;n;oBaTarri>HO, B03Mo~oil rrpoBepRoil PC-HHBapHlHTHOOTH 

OJiaOoro B38HMo;n;eiloTBHSI ~eiiTOHOB (rrpH yOJioBHH, 'ITO HMeeT ~eoTo oMeliiH

BaHHe), Mhl B8pH8MOSl K 060YJK,n8HHIO aTOI'O BOIIpoOa B KOHUe laparpaqa, 

Ilepeil;n;eM T8II8pb R p800MOTp8HHIO cny'IaSI OM8illHB8HRff n~ H8ilTpHHO 

0 MaitOpaHOBOKIIMH Ma008MH, 3apJ'IlK8HH.blit TOR R MaOOOBhlii ~eH ,U810TOSI B 

aTOM OJiy'!ae BlipaJKeHHSIMH 

(+) *" p 
d~- = ~fJiL LLei;, ~-L • 

L =- + L. ,..,_/:)<J. -z in, lt 
"""i !/" '- t c ~ 

r;n;e 

- IIOJie MailopaHa. 

(I45) 

( I46) 

YOJioBHR (I46), no OYlJleOTBY,<PllROHPYJOT gjaahl MaiiOI•aHOBORHX 

IIOJieft. ~83li IIOJI8il ~8IITOHOB e {.x:..) IIp0H3BOJibHli, COOTB8TO~'B8HHO, BM80-

TO e (x.) BBe;n;eM 

r;n;e ft- IIpoH3BOJI:DH.bl8 rrapaMeTpli, 3apJ'IlK8HH.blil TOR H MaOOOBliH ~eH 

rrepeRHillYToSI IIPM aTOM OJie~ o6paaoM: 

(f) - /*" e / id, =2? JiL Uti Yot. L ~ 
(} L)t (/ (I47) 

-/ / -z rn,t t t {... ~ 

r;n;e 
I 

U =..SLL I (I48) 
HTaR, B OJiy'!88 OM8111HB8HHSI HeilTpHHO 0 MailOpaHOBO.KID<II'I: M8008MH 

MaTpHna OM8111HBaHHSI orrpe;n;e~eHa 0 TO'IHOOT:DIO ;I(O rrpeo6pa30E8HRR (!48), 
3TO 03H8'!89T, 'ITO lfiiCJIO <J!H3H'I90IWX <J!aa, BXO,ll;AillWC B MaTI J:llzy CMennma

HHR, paBHO B aTOM ~e 
n.(n..+l) n..Jn..-1) 

.Z. -n.::::: L (!49) 
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CpaBHHBM ( [43) 11 ( I49), Mbl saRJiro'!aeM, '!To 'l!1CJIO <Pas B MaTpHue 

CM8llll1BaHIDI 3 CJiyqae MallO paHOBCROI'O MaCCOBOrO 'IJI9H8 60JI:&We, '19M B 

CJiyqae ~pa~oBcRoro Macconoro qneHa x • 3To yTBe~eHRe RnniDCTPR

pyeTcJI Ta6JHU8M I, B ROTOpoi1: ,WIH 11.. = 2,3,4 rrpRBe,n;eHO 'll1CJIO <lJas, 

nxo.ll',ffilll!X B llaTPHIJY cMelli11BaHIDI B CJiyqae M- H :b-- cxeM. 

Ta6JIHna I 

lfiiCJI) tflas, BXO~ B M8Tp!1IJY CM8lii11B8ffi1JI B CJiyqae /1•11 

c%"-c ceM ( 11.- - '!HCJIO sapmKemna: JieiiTOHOB) 

n. 

2 
3 
4 

M 

I 
3 
6 

~ 

0 
I 
3 

Ms odrrpro m-lpmKemm ( I28) CJie,n;yeT, '!TO nepoJITHOCTH rrepexo,n;oB 

~ -'> ~~ (~ - 'l.1~ ) S8BHC.f!T Jt81t OT paSHOCTeif M8CC HeifTpHHO l1 

yrJIOB CM8IliiB8HIDI, TElK U OT WUS 3JI8!.!8HTOB l.!aTpU!.U:I CM8lii11B8HIDI. Tart 

rmrt '!IiCJio rpls, nxo,WIIJ.!Hx B MaTpHuy cMeliiUBaHHJI, pasuoe, B H- H 

:;c.- CJIY'JruiC BOSHURaeT BOil poe, MOJKHO JIH ITYTCM HSyqeHI'!.H OCI.U1JIJIJIJJ;l-!ii 

HeiiTpHHO.BhliCHnT:O,RaROM '!8CTI1Ueii JIBJUICTCJI HeiiTpHHO C OIIpe,neJieHHOM 

MaCCOH - ~ :J8ROBCROH IIJIH MaiiopaHOBCROii. 0TB8T H8 STOT BOIIpoC 6WI 
,n;aH B paOOT~ /15 •20/. PacCMOTpHM BHpalKeHIDI (I2I) H (I25) ,WIH Be-

po.f!THOCTCM mpexo.non ,)e .... ~~ H "Je. ......, .).)e, • OtieBH.D:Ho, '!To BepoJIT-

HOCTH t l.l · ~. n P....- . :-; He H!3MeHJITCJI, eCJJll B (I2I) u Z/' ._ ~,, V, 
(I25) c.ne.nar:o saMeHy t (...... 

X B ~paROBCFOM CJiyqae JICBHe 11 rrpaBHe ROMIIOHCHTH IIOJieii Hetl:TpJIIIO 

HeSaBHCHMH. ECJIH JieBHe Ror,moHeHTH YMHOJKPJT:& Ha rrpoHSBOJI:OHHe !fla-

( 
, U>l. • 

SOBhle MHOJ!tl1 TBJIH i) i..L .: e. "~,TO rrpaBHe KOMIIOHBHTH MOJKHO BCer,na 

rrpeo6paSO~STI> ITYTBM YMffOXCHHJI Ha Te Xe !flaSOBHe MHOJKPITCJIH 

( ~ :' =e. uXi,)). ) • B pesyJI:oTaTe rrpH rrepexo,n;e R liiTpHXOBaHHHM 

II~ HeiiTpiHHi'f MaCCOBHii qneH He HSMeHHTCJI. B Matl:opaHOBCROM 

CJiytiae JIBB!ie I1 !Ip8BHB ROMITOHCHTH IIOJietl: HBtl:TpHHO He HeSaBHCl'!MH .11 

CBJIS8Hbl OOCTHOllleHneM X.o = l''fL}C =C)( T • ECJIH BBBC'J.'H 
/ teL · ../ n.. ._y·, <.../ L .,; -Lc{ · 

./LL = e .. f u_ , To .wm rrpaBHX ROMIIoHeHT HMeeM J UL = e y ~ . 
HeaTpHHH~MaCCOBhlil: 'IJIBH He I1ID38pi18HTeH OTHOCHTeJI:OHO TBRHX 

rrpeo6pasoBaHUtl:. 
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' (150) 

r.n;e y t- H Ot:, - rrpoH3BOJr:&nue rrapaMeTp!i, CpanmiHlJI ( 150) c 

(137), fiN.' 38.KJIIO'l88M 1 'ITO '!HCJIO cpas MaTp!Ul;U CM81IMBUHiffi, liOTOpt!e BXO

.n;JIT B BepoJITHOCTH rrepexo.n;oB I'M · ~ H P;r/ ·)l" , O,ll!!O H TO JKe 

B CJIY'Jae .n;HpaKOBCKoro H !'.miiop;fuo'nd"Koro Mlftc~imc 'IJ!enon. O'IeBH.n;Ho, 

'ITO OHO paBHO 

( I5I) 

TaKHM o6pasoM, H3Y'J8HHe ocl.J,lWUIUHii _1 ~ ~~ ~ i ~=-- ·~_:" ~e 
IT03BOJI.ff8T OTB8THT:& Ha BOITpOC 0 TOM, K8KO.I1 'l3CTH!l;8H JIBJLF 8TC.ff H8H

TpHHO 0 orrpe.n;eJieHHOll MaCOOH - .n;HpaKOBCKOll JIHOO MaiioparOBOKOJ1. 2To, 

B llpHHIJ;lme, MOJKHO BWIO!!HT:& rryTeU HCCJI8,ll;OBamm 083118J1Tpin II Oro ,ll;BOH

HOro f - pacn~ (eM. rrpMOJK9HRe E) • 

.Uo cRX rrop paccMaTPHBaJinc:& TOJI:&Ita Jtr- 11 H- ..::.e1ru." D MY'Jae 

.n;HpaKoBcKoro n MaiiopanoBcKoro MaccoBoro 'IJ!ena ( St-H cxeua) J'IaCT

B,VKlllHe B CJI8001.1 B33IIHO,ll;8J1CTBHJ1 3I\Tl!BH118 H8iiTpimO II 3HTHH8iiTpHHO 

( ~, ~> Ve,.J ~) , , , ) MOryT IT8 peXO.n;HT:& B CT8 p!1JihHh!8 il!ITI!H! ~iiTpimo ll 

H9HTPHHO, )J.Jm Toro '!TOO hi OTJIH'UIT:& of} + f\1 CX9MY OT CfB - H fVf -
CX9M, H900XO,ll;HMa ITOCTaHOBKa TaKHX 3KC!l9pHM9HTOB !IO IIOI<ll:KY OC~i, 
ItOTOpt!e IT03BOJI.ffJJU Ohl ITOJ!Y'JilT:& HH<I>opr.mr.nno 06 OCUHJIJI.ffUH.R:: iJ e. i}j_; 
i ;;;:::! illt.. . Bos~IOJKIDIMI'! OlltiTaMl'! Tai\oro po.n;a JIBJimOTCJI 3K' :rr~pnMeHThl, B 

KOTOpiDC H8i1TpUHO perJiCTpllpyroTCfl liYTSM HUOJIIQ,D;8Hl1fl OOyCJI,)BJI9HHIDC H8iiT

paJibHUlll! TOKaMl'! rrpou;eccoB I I!3/, ECJIR l!cxo.wme neii·rpnno npe.n;cTaBJimoT 

COOOH, H8IlpH!,18p, l1UOOlllihl8 H8HTpl!HO, TO HU paCCTO.f!HHll 

TO'IH>IKa H8i1TpHHO HM88M IIpH 3TOM 

NC ( NC 
N {IL) =L ~ ·l) IL/p>ll , 

e t'ilf o 

K OT llC-

(152) 

#C NC 
r.n;e N(!V- '!HCJIO co6h1Tllii Ha paccTORHHH R... , a lv'0 - olltH,ll;aeMoe 

B OTCy-TCTBH8 OClJ,lWUIIJ;IlH '!HCJ!O COOt!THH. 0Tli18THM 1 'ITO Ilp<I IIOJ!Y'J8Hlm 

(152) MU rrpe,ll;IIOJIOJKHJ!H crrpaB8,w!HBOCTb CTaH.n;apTHOll T80pH<Ii HM8HH0 1 

MU rrpe.n;rrOJIOJKHJ!H 1 'ITO B H8ii:TpaJI:&Hhl:i1: TOR BXO.n;JIT TOJI:&KO 1!8BUe KOM!IOHeH

Thl IIOJ!e:i1: H8itTpllHO H 'ITO HM88T M8CTO € -~- 'Z:' , , , ynHB8pCaJI:&HOCT:&. 
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,,;, 

I 1 

,!J.n.II d!f- n M- c: ceM cMennmaHWI cyr.!Ma Be po.IITHOCTeft B rrpanoii 'IacTn 

(!52) paBHa e.nn:um;e, B OOOTB8TOTBHH 0 ::lTHMH OX8M8MH OOI.J;lWJI.IllJ;Im 

HOiiiTpHHO He ,I\OJtlllhl, CJIO,I\OBaTeJibHO, H80JIIO,I\8TbC.Il B T8I\OI'O po,n;a OIThi

Tax. 

B c.rryqae ~J+ H oxeMU oMennmaHWI oyriJMa nepoJITHOOTeft B OOOTHO

meHHH (I52) pan:ra 

L fv . v C%f) 
t t' r-

= 1 - L f'i) . ~ ( 1?./p > • 
t u~ 1 7! (I 53) 

TaKID.I o6pa30!.!, ·~ oJiyqae ~+H oxeMH BeJil!'IHHaLPi;Y. , no-rrep

DJ:DC, M8!Iblll8 C,l\!Ul!l.ijl H, BO-DTOpJ:DC, rrepl!O.l4ll'I80rot 38B~ OT % , 
Ha6JIID,I\8Hll8 OOLWLLnHDnH B T8Kl!X OIIHT8X, B KOTOpHX H8ftTpHHO ,n;eTeKTH

p.YJOTC.fi IIJT8M pe :'IWTpall;lm 00JCJIOBJI8HHHX H8ftTpaJibHHMH TOKaMH IIpo~eo

OOB, Oano OH, CI8,IJ;OB8T8JlbHO, ,I\OKa38T8JlbCTBOM TOI'O, 'ITO HeftTpHHO 0 

OIIpe,neJieHHHMH Ml008MH - MaHOpaHOBOKll8 'I80TH1ijl R 'ITO "!HCJIO MaOCRB

HHX HeiiiTpRHO O~Ibllle 'IRCJI8 TOKOBHX H8iiiTpHHO ( '!RCJia 38~8HHHX Jieii

TOHOB), 

• 
1\fu paocMoTII'IM B sa.KJIIO'IeHRe B03MOJKHW1 MeTo.n; rrponepKM CP-HHBa

pnaHTHOOTn B.J18ITOHHOM 08KTOpe / 3!/, MeTO,I\ OOHOBaH H8 H3Y'J8HRH OC

J.WL]L1IJIIlliiH B !IyqR3.X HeftTpHHO, IIOJiyqeHHHX OT paOIIa,nOB HeftTpaJI:&HHX Ka

OHOB, BH8'IaJie1 B 00!1l8M CJiyqae Hapymelm8! PC - HHBapHaHTHOCTH1 ITOJiyqHM 

OOOTHOJli8Hll.ll M81K,J;Y P,83HOOT.fiMH Bepo.IITHOOT8H rrepeXO,I\OB M81KJI.Y HeftTpn

HO ll 8HTHH8HTpn: ro 73I' 32/. Orrpe,neJI:llM BOJIII'IHHY 

~I 
t e f . )..) i/} t 

F- ·}) 
~/I e._ 

(IS4) 

Hs oooTHollleHHi1 ( I3I) ,.FIBll.fUOII{llXC.fi CJie,n;cTnne•.l CPI' - mmapnaHTHOoTH, 

CJie;nyeT, 'ITO 

,J!j
l1t 

:lr 
tt/ 
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0TCIO,ll;8 HMeeM 

~l =o. 

~anee, ITpH ~DOOM ~HKCHpOB8HHOM SHaqeHHH t: HM88M 

f :t;t'e. =L. P)) . ~ - z_ ;;, ·li 
", e- e"" t t/ t' ' t. 

=o 

(CYMMHPOB8.HH9 ITpoBO,n:IITCJl ITO BC8M BOSMOJKHHM SHaqeHHJIM e 1 

,I • 

(I56) 

(I57) 

C ITOMO!I\:&10 (!55) R (I 57) ,IVIJl MytiaeB OCIJ;ltJIJIJIIJ;Hi!: Me]l(,Ly ;rr;BYMJI H 

TpeMJI TRIT8MH H8i!:TpHHO M8llt.JT.Y Ben~H8MH :IJ-t'e_ MoryT 6b1T:& ITMy

qeHbl ITM88Hbl8 COOTHOilleHR.R:. ~ei!:CTBHTe~:&HO, pacCMOTpliM BHEqane rrpoc

T9~ CJiyqa.U OCI:(liLJIJI~ MaJK.D;y .ltBYMJI TliiiTaMH H9HTpliiHO (HaiipiDv!ep, 

'\)~ ~ VJI). C IIOMO!I\:&10 (!57) B STOM CJiyq89 IIO~ElM 

~ ~ + :1) re.. = o, 

:f) .. r- -~- :/) rr = o · 
~anee, HS (I56) HMeeM 

Q = :a 1-'-fl- = o. 
O(J e. e.. I I 

(I58) 

(I59) 

/i!Jf = ~~e. = 0, (I60) 

TaKRM o6pasoM, B CJiyqae OC~IJ;Hi!: MeJK,Izy' ,D;BYMJI THIIaMlil i9HTPliiHO B9-

nqJiiHbl $ t l. ( e I:¢: e... ) o6pa.maiOTc.R: B HY~:& l! ITPH Hapymemrn: CP-liiH

B8pH8HTHOCTH. 0TM8THM, qTO I:!S (I60) I:! (I3I) MoryT 6biT:& HMY'J:8Hbl 

M8,n;yiOmH8 COOTHOill9HI:!Jl: 

(I6I) 

PaccMoTpHM Terrep:& 6CJiae liiHTepecHbli!: CJiyqai!: oc~~~i!: MeJK.n.Y 

TpeMJI THIIa.MH H8i!:TpHHO ( .I) e..~ vf4 1 J)e.. P l)-r , ~ ~~ ) • 

Hs (I57) B STOM CJiyqB.e ITMY'J:89M 



;I 

II !I 
.,[ 

,i 

;D- + $!). + ~- = 0 ee. re -- J 

.Jl)-c.r· + $1/ 7- ~-r; = 0, 

,fl} + ~ - + 1/}rr = o. ez: r .. 
nanee, H3 CPT- T80peMH ( COOTHOWeHKH (!55)) CHe~eT, ~TO 

(!62) 

:1) e e = ~r == .:llr-c: = 0, 

Q - 01 ~ = - :i!Je-c ' so,JL =- 2,u:r. (!63) 
ov~ - - GGi".: J Te I I 

,l.T.7m B8JIH"'UJI ~z:e, .:i) H $e H3 (!62) H (!63) IIOJI,Y'I88M ,IJ;Ba ypaB-

HeHM. ,llBE BeJIH~Hll ~ruKaiO~, CH8,1l;OBaT8Jl:bHO, ~epe3 TpeT:&IO Hesa

BHCHMYJO, l!MeeM 

5Jre = ~:r = ~j"- • (164) 
0TM8THM, '(TO B o6meM Mytiae OCUWIJIHUHi!: MeJK,n;y rz.. THII8MH Hei!:TpHHO 

~nno He3!1BHCHMIDC BeJIH~ 53, paBHo (n-,){n-.~.J, 
te .z 

IlepEii1.n;8M Terrep:& K 06CYJK,IJ;8HHIO B03MOlKHOI'O M8TO,na IIOHCKa s<fxlleK-

TOB HapymuHHa PC-HHBapHaHTHOCTH B ocUHJIJIHII;IUIX Hei!:TpnHo 13!/. B 
CKOpoM BpEiM8HH Ha pa3JIH~IiX YCKOpHTeJI.IIX MHpa 6y~T IIOJI~8Hll II~KH 

Hei!:TpHHo oT pacrra.n;oB KL. -MeSO HOB. TaKHe rr~KH rrpe.n;cTaBJIHIOT co6ott 

cMec:& Pe. , .))e.. , :V H v . IlpH aToM, eCJIH rrpeHe6pe% MaJINMH 

--{0-3 aqxpeHTaMH ~pyme~ B pacrra.n;ax K'- -MesoHOB, TO B Ha~:&-
Hiiil MOM8H" BpeMeHH ~CHO ,1) ( )) ) B TaKHX II~Kax p8BHO ~MY .Ve. 
( }r, ) , ,l.T.7m IlpoBepKH PC-~ap~THOCTH B OCUHJIJIHII;IUIX Hei!:TpHHO 

HeO~,ll;l'!MO, CH8,1l;OBaTeJI:&HO, Ha H8KOTOpOM paCCTOHHHH )l OT HCTO~-
Ka Hei1TpHl!O Cp8BHl'lrb ~aHa Ve H ~ JIH60 ),) l'I "J, JIH60 l)r H l)'"C, 
Orrpe.n;eJIHM PC-HeqeTHYIO acHMMeTpHIO ;u /' 

Il} (8 If_)- I;r 0 ~) 
A. Gf 1i )= -t • e. ) 
t I ~ 0.1 P..) + I~ Yilt) -

r.n;e IlJ (f'., A.) l'! I~ ~~ ',V cooTBeTCTBeHHO rroToKH ~ H ).) 

Ha pac~T6:nmH R.. ~i iicTo~Ka Hei!:TpHHo. YqHTllBM,'-'l:To L 

( !65) 

o o .,/ o o e 
I).) Y' 1 =I)) (p> Iv lfJ = I-;s__{;>> I))= o .;6~,.u.., 

e. e/ " f- 1 / ! / I (!66) 

r.n;e Iy_ a tf" > (I;/ (b>) - HaqaJI:&Hwt rroToK l) 

l t T t. 
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I)) y1 1t J- IJJ ~~!{) =;. :!Jee_/('ijo)1;,: Cf). 
l t e=e,r- t 

(167) 

Ms STOI'O COOTHomeHIDI Oll6BH,li;HO, llTO B CJiy<rae, 6CJIIII 8CHMME,Tprui 

~ (f:::e.._,jL,~T:) OK888Jl8C:b OH OTJmllHOft OT HyJlli, STO OSH!illaJIO 6H, 'ITO: 

I) HMeiOT M6CTO OCil;HJIJIJl]]Jm HeitTJlHHO (eCJm Ae_ # 0 JIH6o 

k,P. # 0, TO~ ~,l)p.. OCil;HJIJIJliJ;l'IH, eCJIIII ~#0 , TOJ)e...;:.-~ 
H ( MH) J) ,P J) r oUil;HJIJIJliJ;l'IH) ; 

2) ~ymaeTCJI PC - HHBapHaHTHOCT:E. B JieiiTOHHOM ceJ:Tope; 

3) llHCJIO THIIOB OCIJ;l'IJIJmpYJ!llliDC HeftTpHHO OOJI:E.me ~Byx. 

,Jla.Jiee, 6CJIIII 8CHMMeTpKH A. e. OK888Jl8C:b 6H OTJIH"'lHOit <•T HyJlli, TO 

II pH STOM acHMMeTprui ,{ fL- T8KIIte 6wra 6H OTJmllH8 OT HYJIS:. ,lleitCTBH

TeJI:bHO, HS (155) H (167) IIOJiy<raeM 

IJ) - IJ) IJJ o 
-e.--L =- -7• (I68) 

I., - I;; I~ 

OTO COOTHOme~ OCHO~O T~:E.KO ~a CPT - HHB8pHaHTHOCTH. Ero ITpoBep

Ka OWia 6H, CJie~OB8TeJI:E.HO, ITpoBepKoii: CPT- TeOpeM!i B T8K<•M TOHKOM 

~KTe, KaK OCil;HJIJIJl]]Jm Heii:TpHHO. 

HaKOHeU, C IIOMOm:E.ID (164) HeTpy~o y6e~T:E.CR B TOM, 'ITO HMeiDT 

M6CTO CJie~e COOTHOmeHHR: 

0 0 
Iv -I- I.., -Iv 

r ~r e. r-, 
IJ) I;y I,0 

e. c.. Qr-.0 
I..J. :r., I..J. -I., 

T 1: = - -C..-~ • 

(I69) 

I)) - .r,; I,o 
3TH co<iftHome~ OCHOB8HH H8 -npe~OJIOJJteHHH 0 TOM, 'ITO HME,STCR TOJI:b.KO 

TpH THIT8 OCIJ;l'IJIJIHpyniUDC HSftTpHHO ( J)e_, iJ .J iJ7: ) • Hx ITpoBepKa II08BOJIH

JI8 6H, CJI8,I{OB8T8JI:E.HO, ITOJiyqHT:b HHcpop~ 0 llHCJie THITOB Heii:TpHHO. 

ECJIH acHMMeTpHH ~ OK888JIHC:b 6H OTJIH"'lHHMH OT HyJlli TO STO 6H
JIO 6H ~OK838T8JI:bCTBOM TOI'O, llTO PC-HHB8pH8HTHOCT:b He HMI!ST MSCT8 

(MaTpHrr.a CMemHBaHKH KOMIIJie.KcHa). O~aKo MaTpHu,a U nollteT 6HT:E. 

KOMITJieKCHOii:, HO COOTBeTCTBj'lOOtHe <lJaaH B BepoRTHOCTH rrepe::o~OB MeJK,Dy 

paSJIH"'lHHMH COCTORHIDIMZ Heii:TPHHO MOryT He BOitTH. Mbi pacenoTpHM ~e 

B08MOlltHH9 eHTY8IJ;l'IH T8KOI'O po~a. 

!. IlyCT:b Bee paaHOeTH ~paTOB Mace Heii:TpHHO HaeTOJI:b.KO BeJm.KH, 
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-, 
i! 
/ .. 1 

~~ 

,j:l 

~~--

'ITO 

I 
R../.. >> 
/P /m.~-rn.~/ I L K. 

(i.:;t=K.). 

(I70) 
B ycnOBRHX peMbHHX OTIHTOB BepoRTHOCTH ITepeXO~OB H8HTPHHO HS O~Oro 
COCTORHRff B ~pyroe H806XO~MO ycpe~T~ ITO o6~8CTH, B ROTOpOH o6pa-
3.YJOTCR Hefi'rpHHC, CIT8RTpy HefiTpHHo, paSMepaM ~8T8RTOpa, EcnH 
B11IIO.JlHIIJOTC.fl YCJ:OBM (I70), TO OMaCT~ ITepeMBHHOH o/p, ITO RO
TOpoH H.YJKHO ITp013B8CTH ycpe~eHHe, TaiOKe ORa.lKBTCR MHOro 6M~II18 

1 /lrnt-m.:Z/, B pesy~~TaTe ycpe~HBHHH ROCHHYCH B Bblpai!teHHRX ( I28) 
o6parnaiDTC.fl B HYQ~ H ~.fl ycpemieHHbiX BepO.fiTHOCTBH ITepeXO~OB ITMy'!88M 
ITpH STOM 

?J) . J) 
t/ J t 

p_ -
~I;~ 

') ..t. ~ 
= ;.:-~ut~/ I u1,. I . (I7I) 

TaRHM o6paSOM, eo~ BbiiTMH.fiiDTC.fl ycnOBH.fl (I70), TO 8CHMM8TpRll ~~ 
o6pamaroTc.fl B HyQ~ H ITPH HapyrneHHH PC-HHBaPHaHTHocTH. 

2. ITpe~ITO~J~IrM, 'ITO paSHOCTH RBa~aTOB M8CC HBHTpHHO Y~OBn8TBO
P.fiiDT HepaBBHCTB~M 

..(.. ..t. -<.. 4 
1n - m. >> rn. - rn. t. = ..2.. •••• n-t n.. I '- .,. / ' ( I72) 

( m./ < r,~ < ... < ;ni'Z. ) . 

,llanee, IIYCT~·IIpri BCBX ~OCTyrrHHX 8RCITepHM8HTY SHa'IBHHRX 

ITMHRIDTCR HepaBeHCTBa 
If_ HI Bbl-

~. ~ 
(m· -m. J 
~~R_ << 1 

.Zo J 

'- =..2..) ••• n.-1. 
(I73) 

I 
PaccMOTPHM BHpa~eHM (IIS) H (I25) ~ a~HTY~ nepo.fiTHocTea ITepexo

~oB ).)! _. ~ H ~ ..,.~v JiCITO~~SY.fl JHHT8pHOCT~ MaTpH~ U, HM88M 

-i.Et -$_..-ert *'" 
ai) . v 

! 1 ) t 
{f:):e. 7 (fLLt{e t, r -I)U'ti+~i).,(I74) 

-iEf:(. -If- /-i(E· -EJt ) 
aj) . '} (t) = e r z u/. ce L '1- I )tL;. + ~t . 

t1J e t.~ t.L (I75) 

HaiTOMHHM, '!To IVI:l: paccMaTpHBaeM cny-qaa / f I>> rn,__~ B aTOM <JJIY'lae 
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TaKIDI! o6pasoM, eOJm Bll!IOJIHmOTCJI yo.noBKfl: (I?3), TO B B!ipalteHHa .n;JIJI 

B6po.f!THOCT6! II6peXO,ItOB ~t _., ~,. lil J)t - ~,. ( t,. F t:_ ) 
BXO,Iti'IT TOJil>KO O,ItHa paSHOCTl> ~aTOB M8CC HeiiTJlHHO. ~88bl M8Tplil:Il;ll 

~ He BXO~T IIpH BTOM B BepoHTHOCTlil: rrepeXO,ItOB1H 8CHYM8TpHH 7tp 
o6paiiiaiOTO.fl B HyJI:o IIPH HapymaHHH I'C- HHBapHaHTHOCTH. '-

HaKoHen, C IIOMOmPID (I??) HeTpy,ItHo IIoxyqHTl> BblpSXeHEe ~ Be-

po.fiTHOCTH ,P~ . J) • Hs yHHTapHOCTJii MaTpHD;ll /.L CJJ e,nyeT, liTO 

t/ l 
~ 

L.IU.t/1 
tt:t n. 

...t... 
1 - /Ubz.../ 

(I?8) 

(I?9) 

B BTOM rraparpa~ Mbl IIO,Itpo6HO paCCMOTpHM CJIY'Iait OC~~UWii Me&

,ny He!TpmiHbiMH COCTOIIHHJ!MH. TaKJiie OCIJ;WIJI.fiUWJi! xapaKT8p1i8JllTCJI BCero 

,ItBYMfl II8paM8TpaMH ( yrJIOM CMelliHl3aHB.fl H p8SHOCTl>ID KBa,Itpa'~OB MBCC 

H8ii'rpHHO) .0TM8THM, 'iTO ,ItaHHb18 B08X OIIbiTOB IIO IIOHCKY OCUitlJJI.fiUW! 

H6!TpHHO 8HaJIHSHpymTCJI B BTOM IIpoOTeitmeM rrpe,ItnOJIO&eHHH. 

HTaK, rrpe.rtnOJIODM, 'ITO 
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II 

lfL = c. a:> -f)-~L 

vt£. = -· .scn.:fr))1L 

( e :11 t/ paBHll e_ 

+ .s~-et-~' 
+ coo-If~ 

Rr Jm6o 

~L = C.a:>ft/,L + .st.h7..u.' 

~: = -- .st.n:thL + c.oo7.u. · 

( !8!) 

e. :11 r :11 T • .D;o JIR6o 

(!82) 

CMeillHBaHRe (!8!) OTBe~aeT ,ll;RpaKoBOKOMY JIR6o Ma~OpaHOBOKOMY MaoooBHM 

lJJ.l8H8Mo B II9pBOM OJI,Y'l88 ).)
1 

:11 V~ - ,D;RpaKOBOKPie IIOJI.Il, BO BTOpoM 

- MaHopaHOBCKI'Ie IIOJI.Ilo CMemHBaHRe (!82) B03HRKaeT B OJI,Y'lae ,D;RpaKOB

oKoro :11 Maib paHOBCKOrO MaOCOBOro lJJ.leHa; J 1 :11 )( .-.L - IIOJI.Il He~-

TpRHO MaHOP9.H8o YroJI -(}- B (!8!) :11 (!82)-yroJI ~eUmBaiDlll (Jierr-

TOHHllH yroJI OM8illMB8IDlll, 8HaJIOr yrJia Ka6R660)o BupameiDlll ~ Bepo-

.fiTHOOTeH rrepeXO,D;OB JierKO MOryT 6HT:b IIOJI,Y'l8Hll :113• 06111ero BllpaJKeHR.fi 

(!28). HMee~ 

p)) · .v (I?.. I/' ) = ~ . .v ( R.~ ) = P:ii . ))" { R. /p ) = fJr . :i3.' ( IL/p ) = 
t./) t 11 t.' t.' 7f e/) e.. "'~/ t..,) -e/ lj 

-<-..z. (!83) = ...L .s u,4.:<.J~. c 1 - c.o::. LJrn. J r e ~ e J, 
2. ~ . 

?., ·~ (ll!;,J= ~ 'l) (1?./pJ=P:;r·~{..R.I)=f';r-·~(R~l, 184) 
t) t. 1/ 't" l lf £' L /f t,./-'e IP \ 

I • .<_ ( L) rrz_ <,.I{ = 1- i..' .St.rl. '2_f) 1- CO";) ), 

3.D;eo:b LJm. ~=lm/-rn:J, m
1 

:11 m..C ~ou HeHTPRHO o O'leBR,D;Ho, ~o 
8HaJIOrR~lle BllpaJKeHR.fi RMeJOT M80TO B OJI,Y'lae OOUIWJI.fiUI{H )} # l) H - t ft ~ ~ ))t'R... , B03HRKaRll1HX Ilpll OM8illMB8HHR ( !82) , 

BllpaJKe lliff ( !!:33) :11 ( !84) 38IIH03Hll B CROTeMe e,D;RHRI~ k = C = 1 o 

BBO,ll;.fr OOOTB3TCTBj110lllliM o6pa30M ft_ :11 C, IIOJI,Y'laerC 

1', . l:J (tUP) = _L .s~ ..<._z..e- (; 
t/) t 7j 2 -

~ 
<J/'n.. li. c.oo.-sss-- --J. crss) 
~ 

X B OI10T8Me Crt; )T.JI.fl aprJM8HTa KOORHyoa RMeeM 

.om. ~R. c. t- rAm.. ~c. f') (.fi) 
-- ::=. .2.1 5"$1 l' aB"L ..M-

2fc. h..c (~c/H~A) 
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3;!1901> C. ;-n._ ~ - p83HOCT:b KB8;I\p8TOB MaCC H9HTpHHO B 3 32 , fiL 
- paCCTOHHH9 M9~ HCTO~OM H ;I\9T9KTOJlOM B M9Tpax,f - KMnY~:bC 

Het!TpHHo B MaB. 

Ms ( !85) o'leBl!;I\Ho, '!To B CJIY'Iae, e MH BWIOJIHf{eTcR : 'CJIOBHe 

4R. 
..ern. - << 1 f ' (!86) 

BepoRTHOCT:b nepexo;I~a 1 - ~~ o6pa!llaeTCR B KY~l>. OciWIJI;ul;lm HeRT
PHHO B aToM CJIY'Iae Hac5JII<l;I\aT:bC.ft He 6y;I~YT. O'leBH;I\HO, '!To '>Cl.UWJIJ~lllm 

He!TpHHO MOryT 6HT:b Ha6~;!19KH, 9MH 

Z.ft 
..ern..-~ 1. 

f 
(!87) 

llpH STOM ITp9;I\TIO~ara9TC.ft, 'ITO yrOH CM9lliHB8KHR ;I\OCT8TO'!HO·B9~K. 

llepenHmeM CJie~ o6pasoM yCJIOBRe (!87): 

~rn. ~ ~ .,e . (!88) 
ft. 

llapaM9Tp ~ xapaKTepHSyeT 'lYBCTBHT9~bHOCTb OnHTa TIO 10HCKy 00-
UWIJIJIUH! He!TpHHO, 'tJeM M9H:bW9 STOT napaMeTp, T9M npH M9tl:bWHX 3H8-
'l9KMX napaM9Tpa .d.nt. ~ MOrYT H8~;I\8T:bCSI OCUWIJIJIUHH H9~TpHHO. 
B Ta6~~ IT ITpHBe;I\eKH xapaKTepKHe sHa'leKH.ft napaMeTpa~- ~ Het!T-
PHHHHX OnHTOB pa~'!HOro THna, KaK BH;I\HO 1'.13 STOil T86JIRUI:l1 peKOp;II-
HO! '!yBCTBHT9~:bHOCT:biD 0~8;!\aiDT OnHTH no nOHCKy OCUWIJIJID~il H9!TpHHO 
OT COHHI:J;\, 

ECJIH BHnOJIHf{9TCR YCJIOBH9 

Am.~/?.. >> 1 
f ~ 

TO BCJI9;I\CTBH9 ycpe;I\HeHHil (no cneKTPY He!TpHHO H T,):\,) 
OT % 'l.ll9HH B BHp8llt9KH.ftX (!83) R (!84) l'IC'i938IDT, 
BepoRTfiOCTR ;I\aiDTCR BHpaxtelm.ftMH 

I . z. p --.SUL2-{)-
_v/;~ -.z 

P t - P '.!'- = 1 - -f.sLn...2..:ur-. 

(!89) 

38Bl'ICJDilH9 
Ycpe,nHeKHHe 

(!90) 

J)J!· i J)l. - 1:/ I "l/ """' 
B 38KniD'leHHe OTM9Tl'IM, 'ITO BHp8llt9HH9 (!83) MOX9T 6HT:b 38I~C8HO B Bl'I-

;I\6 

f . 2.. ( R/ - ..<. Sen. .Z-8- 1 - c..tr.)2_7c /L ) , (I9I) 
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r.n;e 

L = ~n:__f:_ 
a rn. .:z.. • 

BeJrn'illlia L JIBJIR:eTcJI ,lJ,JlllHo~ ociJ;I'IJLJI.fiill:!it. MMeeM 

L = .z/ .s- f/H.J .M-. 

.arn.XA.:z.. 

(I92) 

(I93) 

YcrroBne Toro, qTo oc~.f!Dnll MOryT Ha6~.n;aTnC.fi ( ycrroBne (I87)), 

npmrnMaeT BJ1,ll; 

L:Sf?_. (I94) 

<1/ll3llqecrori1: CMhl en 8TOro ycrrOBll.f! oqeBll,ll;eH: OCJ.J;WIJI.f!Il;l:!ll HeitTpllHO MOrJT 

OhiTn HaO~.n;eHhl, eCJrn ~llHa OCIJ;I'IJLJI.fiil;I:!H M8Hblli8 JrnOO ITO~Ka pacCTO.fi

Hll.f! M6JK,Dy llCTC~ll.KOM ll .n;eTe.KTOpoM. Ecrrll .lJ.[llH8 OCIJ;I'IJLJI.fiil;l:!it MHOro OO.Jln

rne paCCTO.f!Hll.f! R_ , TO B 8TOM crryqae OCIJ;I'IJLJI.fiil;I:!H H80~,ll;8TbC.fi He Oy

lJ.YT. 
Ta6Jrnua rr 

Xapa.KTepHb!e aHaqeHll.f! napaMeTpa~/.At. ,JT,JI.fi orruTOB c HeitTpllHo 

OT p83.Jlll~hiX llCTO~ll.KOB 

MCTO~.K HeitTpllHO 
Ml'B 

R- ~~ M 

Pea.KTOP I ro2 ro .. 2 

MeaoHH!l.f! t!Ja6pllKa IO Io2 ro-r 

Y C.KO p:llr8.Jln 
ro3 ro3 (BucoR~e aHeprnn) I 

KocMRq9c.KRe Heil:TpllHO Io4 I0
6 ro-2 

CO.JIHue I roii Io-n 

4. 3aKJIIOqeHH<t 

B aaR.JIIDqeHne Mhl .KpaT.KO ll3JIO~M peay.JinT8TU OITUTOB ITO ITOllCKY 00-

Ill:!.Jl.Jl.fiill:!H Heil:TpmHO, Ecrrn H8HTPllHO .n;eTe.KTllPJIDTC.fi rryTeM HaO~.n;eHllff 

00JUUOBJI8HH11X 38pmK6HHI1Ml1 TOK8Mll rrpouecCOB, TO B03MOJKH11 .n;Be ITOCTaHOB

.Kll OITUTOB T8.KODO TlliTa, 

A. oKC.K.JIID3llBHa.f! ITOCT8HOB.Ka: ITOllC.K Ha H8.KOTOpOM pacCTO.f!Hllll OT 

HCTO~ll.Ka H8HT[lllHO ,ll;aHHOro TlliTa H8HTPllHO .npvroro TlliT8, 0IT11Thl Ta.Koro 

po.n;a rroaBOJI.FJl{)~ rro.Jiy<mTn IrnqJopMall;I:!Io o Bepo.FITHOCT:rr PYt/; ~ {e/::;~:t>. 
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(I92) 

(I93) 

He ( I87)), 

(I94) 

tlTpMHo MOrYT 

fi".I{Ka paCCTOII

B:II: MHoro OOJII>

IO~anCII He 6y-

c He:II:TpHHo 

10 IIOHCKy OC

lcJJII0,!18HH.fl 

l ~e IIOCTaHOB-

:CTO.f!HMH OT 

0IIHTbl TaKoro 
. ')) (e':;~:t). 

I 1 t 

B. ffiiKJIJOSHBHasi IIOCT8HOBK8: ?erHCTp8[(1'1.R: Ha HeKOTOpoM pacCTO.f!HlUi 

OT MCTO~MKS He!TpMHO ~aHHOro TM18 He!TpMHO TOro xe TMIIa. 3TH OIIH

TH II03BOJI.fUOT OTBeTHT:b H8 BOIIpoC ) TOM, OTJil'I'IH8 Jil'I OT e,ll;IDllillPl BepOIIT-

HOCT:b F ~ · iJ • • B o6me ~t CJIYilae ,n:HpaKoBcKoro H Ma:ll:opaHoB-
't.-' ~ 

CKOro MaCCOBOro ~eHa E:MeeM 

(I95) 

TaKHM o6pa30M, BepOIITHOCT:b f)) :alp_ OTJil'I'IH8 OT e,n:HHHIJ;I:l B CJIY'lSe, 

eCJil'I E:Me!OT MeCTO OCD;WIJIJlU!m M~Y '!iKTHBHHMH Heii'rpMHO Yt. ~ i / 
1ri (MJU'I) OCD;WIJIJlll;lm Me'!IJfS SKTMBHbMM M CTep:w.t:bHHMH He:II:TpMHO 

- X i ~ .))e'L. 

B IIOCJie~ee BpeMII OWia BHIICJIHeHa U8Jiasi CePiri.fi OIIHTOB IIO IIOMCKY 

OC:QJII'JIJI.fiiJ;Il:ll: He!TpMHO. B HlriX HCIIOJ :b30BaJIHC:b Heii'rpMHO OT BCeX cymecT

BYI<Jiti'IX HCTO'IHMKOB ( peaKTopH, ME 30HHHe cpa6pMK!ri, YCKOPHTeJil'I BHCOKHX 

aHeprR:II:, KOCMM'IeCKRe JIY'IM, COJIHI(El). 0~03H8~HX YK838HM:II: B IIOJI:b3Y 

TOro, 'ITO OCIJ;I!JIJI.fiiJ;I!H He:II:TpMHO mteiO:r MeCTO, IIOJiyqeHO He 6WIO. 113 3THX 

OIIHTOB Ha~eHH B8Cl>Ma XeCTKirle Ol'p8HM'18HR.fl Ha II8paMeTpH, KOTOpHe xa

paKTep!ri3yJOT OCI.zyfJIJI.R:IJ;I!H He:I!:Tp~. 
,llaHJnle OIIHTOB 06:bi'IHO aHaJIH!IMpyJOTC.fi B IIpocTe:l!:weM npo~OJIXeHHH OC

]]J!JI.7.IJilllil: TOJI:bKO Me'!IJTS ~yMII COC~~O.fiHM.fiMH He!TpMHO (aKTHBHHMH B IIOC

TaHOBKe A ; SKTHBHHMM JIH60 ai<TllBHHM H CTep:w.t:bHHM B IIOCTSHOBKe B ) • 
)J.JI.R: BepoiiTHOCTM IIepeXo~a :all ~ i/ ( ~ - ~L. ) HMeeM B 3TOM CJrY
qae 

I . "'' ( -'~ pv . _, ( ~/ ) = , .su-.. A,:&- 1 - c..o:u::un..- ). 
t/ It /f - -'! (I96) 

X 0TMeT!riM, 'ITO B pa60T8 /II/ OCI.zyJJIJI.R:IJ;lm Vt ~ ~~ 6wm H83BaHH 9K-

30TH'IeCK!riMM OCIJ;MJIJill;WIMH. B DOCJie~ee BpeMFI OCIJ;I!JIJI.fiU!m .))t ~ l)l/ 

'laCTO H83llB8IOT OCIJ;I!JIJI.fi~ 1-ro po~a, a OCD;WIJIJliJ;I!H ~ ~ ~~-
00~ rr-ro po~a I? • 
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B aTmc BhlpaJKlHl'lfiX fr - yrOJI cMeunmamm, <ttun.. ""- ln-4'- rn.z I
- pa3HOCT:b K3a,JWaTOB MaCC Heit'rpHHO. 

PeayJil>T.lTli aaxoH"<Iammx Ha.n;amro aRcrrep:I!!MaHTOB no no>rcey oc~

~ paaRTOPHIX H Y.CRfPHTeJil>IDDC H8HTPHHO 1Ip8,JJ;CTaBn8Hhl B Ta~e ill, 
B3RTOH H3 ,JJ;O. ~a,n;a733 .B llOCJia,JJ;IrnX ,JJ;Byx ROJ!OHRaX Ta~ 1IpHB8,JJ;8Hhl 

B8pXID18 3Ha"l! ~HH.f! napaM8TPOB S ~rz} fG 8 H t::.IYL e, liOJiy1!8HHhl8 COOTB8TCT-
2.. 

BeHHO B npe, U!OJIOJKeHHH, "'ITO .:!:. rrz_ BeJIHRO ( HaCTOJI:bRO, "'ITO B 

PY3YJl:bTaTe Y'lpe,JJ;HeHHti B (!96) H (!97) HC"l!e3aeT ROCHHJC) H 

slh:LZB- .:::: 1 
0ITh!Thl ITO ITOHCRJ OCIJ;WLlliiiJ¥.!H ROCMH"<IeCKIDC He:trqmro Oh!JIH BhlllCJll!8Hhl 

He,JJ;aBHo B BlRcaHcRofi HetiTpHHHOH JiadopaTopKH 13 • B aTmc aRcnepHMeH

Tax pei'llCTPHJlOBaJil'!C:b MIOOHHhle Heil:TpHHO, odpa30BaHHlie Ha !IpoTHBOITOJ!OlK

HOti CTOpoHe :lewm OT pacna,!{OB llHOHOB H RaOHOB, B03HHRaJ<JJUD( !Ip:H B38l!MO

,JJ;eil:CTBKH I<OClni"l!eCKIDC Jiy"l!efi C aTMOCcpepofl:. nn.f! OTHO'e~ llOTORa MIOOH-

Hh!X Heil:Tpl'!HO R OJKH,JJ;aeMOMY IIOTOKJ lJ J-L- B Ol1h!Tax 
3 

IIOJiy"'IeHO 3HS"l!e-

Hl'!e I 

Ma ( I98) Ch!Jill 

.s u-z._ ~ Z-9-

II(,A:en... 
(I98) ~~-- = 0,98 ± 0,20. 

HaaneHhl ~~e orpaHH"<IeHH.f! Ha 
~ 

napaMeTphl 4rn.. R ., 
4 -.3 /12..( .2. 

~rn. s 6.10 .3" .sc..n. '2-8.::: 1)' 

• ..<. ~ 
.J t..rL .Zi) ~ 0/ 6 S" ( .tfl/7Z B8JIHKO). 

(I99) 

HaKOHeU, Mli !Ipl'!Be,n;eM IIOCJie,JJ;HHe ,JJ;aHHlie, IIOJiy1!8HHhle B QIIh!Te ITO 

perncTparm:R Je:f1TpHHo OT COJIHu.a ,Bhi1IOJIH8HHOM ,UaBHCOM n ,n;p/35/ .HeiiTpHHO 

B aToM aKciieJ'HMeHTe perncTpHpYJOTC.f! pa,JJ;l'!OXHMH"<IecKHM MeTo.n;oM IloHTe

RopBo IIJTeM I a6.mo,n;eHM peaimlm 
.J7-,. /J -

y + U...-i> e. + A.z_. 
e (200) 

HanoMHKM, "<ITC Ra-sa COJII>moro rropora aTofl: peaRrm:H (0,8I MaB) B 3Kcrre

PHMeHTax ,naB¥ ca perncTpHpyeTC.f! TOJ!:bRO MaJIM ( ""' I0-4) "<IaCT:b IIOJIHOro 

llOTORa COJIH8"HhiX HetiTpl'!HO. B peayJI:bTSTe MHOrOJieTHHX Ha6Jrro.neiiHti 

6h!Jlo rrOJiy"<IeHc , "l!Tox 

x I rrpe,n;cTaBJI.f!eT codoit BhlpaJKeHHYJO B cOJIHe"l!HhiX HetiTpRHHhiX e.nrurn-

u.ax ( S N rJ) CROpOCT:b o6p830B!UOOI aproHa: 
,. .J~/J - .s~ 

-.36 co~6un.u.u. v + c.< -+E. .4J'(. l.. 
' SNV = 10 e:------

a..-n a..u. .s~ U <:AU<.. 
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-rn..~/-A- Ta6Jmua m 

:ey 00~- . :Z.,,f)- ~ 
BepxHHe rpamu.J;H napaMeTpoB .St.n. _.,, H Am. COOTBeTCTBeHHO 

l6mm;e m, ;a.7lSl CJIY'I88B 60JI1>111HX A f71.. .:t. LL .s c.....,_ .:t.zs C!-1 
(!JHBe.n;emr YpoBeH:& .v;ocToBepHOCTlt 90% 
IOTB9TCT-

:To B Hcxo.n;HHe lte~~eKTRpye- 7[" Bepx.rpaH.Bepx. 
oKOII8JlliM8HT HeATpmto MHe He:ATpHHo % .si.re-2ff rpaHl. 

f ( 6o.nLil!He r~~.ub-1) 
r BhlliOJIH emr %JAm~) a 

8KCIIepm!eH-
PeaKTop ~ l) ·6 O,I? 0,0!6 OTHBOIIOJIOlK- G-o .. .sgU1- ~ 

X IIpH B38H!IIO- &. 

} 0,3 0,2 0,9 
TORS liiiOOH- LAMPF ~ 

,),)e.. 0,3 2,5 
j"''eHo sHa'ie- e.. 

Co&unfe:.a.- J) ve.. O,I6 6 Io-3 0,6 
8NL- I=NAL f :Vr 0,04 6 ro-2 3 

(I98) 
:i>-r: 0,04 6 Io-I 8 

~ 
4n<.. H yr· ,),)"l:" 0,02 I,3 ro-2 3 OMyJI:&CHIII 

FN~/. 
8 ro-3 

!="NAL- HL·d- } ~ 0,04 I,? 
I(( .Vr 0,04 6 Io-2 2,4 

(I99) 
2 ro-3 o,? G-a.d~tfL (PS) :r ,),)Q. 0,05 

)rmTe no 
l)l!. 0,03 I,2 ro-2 2 35/.HeHT.PHHO G-o. ~anv t:k ( .S P S) ~ ~r 0,03 8 ro-2 5 

11 IIoHTe-

:t l)e.. 0,03 ro-2 I,? 
13Eac. vr 0,03 5 Io-2 6 

(200) 4. .VCL 0,03 ? Io-2 IO 
~) B 8KCIIe-

,.,g~"Lk.~ _ .CNA-L- ~ J)~ 0,03 I,6 Io-2 2,3 
~I> rrOJIHoro 

WHHil JlawQ.i.i ~ l)r 0,03 I,4 Io-I 6,7 

rmc e.n;rum-
I = I,9 ± 0,3 SNU. (20I) 

OTY BeJIH'IH1fY CJie.JU'eT opaBHl'ITl> CO SH ~'leHl'le!II 

I =7,6±3,3 .SNV, 
~· 

(202) 
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HaH,ri;eHH1!M / 36/ c l npe,l(TIOJIOlK8HID!, 'ITO cnpaBe,n;mma CTaH;J;8PTHM MO)l;8JI:& 

COJIHIJ,a, 0TM8TJ!!M, 'ITO OIIrn6I<a B (2QI) OTB8'188T TpoHHOH OIIrn6Re B 08'18-

HHRX, HCnOJI:&3J8llliX npH BH'IHCJI8HHH 0~88MODO nOTOKa, 

M3 cpaBH8HlR (20I) H (202) CJie.n;yeT, 'ITO Ha6Jiro.n;ae~ ITOTOK H8ll

TpUHO OT COJIHIJ,a M8Hl>lll8 OlKU,n:aeMoro nOTOI<a, 3TO, O.n;HaKO, He MOlK8T 

C'IJITaTI>C.F! )l;OR83E .T8JII>CTBOM cnpaBe.n;7IHBOCTH rHnOT83R OCmtJL]I.IIIJ;IIfl: H8fl:TpH

HO: 3Ha'leHH8 (2li2) .n;7I.F! OlKU,n:aeMODO noTORa C,Ylli8CTB8HHO 38BHCHT OT MO

)l;8JIH COJIHIJ.a, a ~ aKJKe OT T811IITepaTypR H8BH.n;IDvlliX BHJTP8HHHX 06JiaCT8H 

COJIHIJ.a H .n;p. naJ,aMeTpoB. B HacTO.F!!Uee BpeMR: B CCCP H CUJA roToB.FITC.FI 

Onb!T!l ITO perHCTJ13IJ;IIH COJIH8'1HWC H8HTpHHO IIJT8M H86JIID)l;8HH.F! npor(ec-
ca /37/ 

71 - jl!/ 

.:>e. + Ga.. _. e. + Grrr... (203) 

IIopor 3Toil peaKJ um Bcero 0,2 l.faB. faJI.Jlltii-repMaiDieBLlli MeTo.n; II03BOJI11T, 

CJI8)l;OBaT8JII>H0 1 pE:rHCTpHpOBaTI> H8HTpilliO OT OCHOBHWC HCTO'IHHROB 

( ff~ dei-))e. ll .n;p,), l1x IIOTOK MOlK8T 6!iT:& npe,n:CKa3aH Ha OCHOB8 6e3-

MO)l;8JibHWC T8pMO)\MHaMH'I8CKIDC coo6palK8HHH, OII!lTR no perHCTpall;IIH COJI

H8'1HWC H8HTpHHO raJIJIHH-repMa!UI8BI:lM M8TO.U:OM .n;a.n;yT, IIO-Ill1.n;IDvlOMY, B03-

MOlKHOCTb penrn:Tb npo6JI8MY OCmtJIJl,IIIJ;IIH H8HTPHHO, HanOMHHM, 'ITO 'tJYB

CTBHT8JibHOCTb 3~'IDC OITRTOB H8 ~IHODO nop.FI.n;KOB npeBOCXO.n;HT 'tJYBCTBRT8JII>

HOCTb 3KCnepHM811TOB C Heit'rpHHO OT 38MHWC RCTO'IHRROB R ROCMH"l8CKRX JIY
'18ll ( OM, T86JIHJry II),' 

B 3a.RJIIO'I8Inl8 MR OTM8TRM T8KlK8, 'ITO B HaCTO.F!Ilf88 BpeM.FI npoBOW!TCR 

HOBOI'O Taira OITR~'H no IIORCRY OCIJ;IIJIJI.F!Il;IIM H8fl:TpHHO, VlMeHHO, OITRTR C .TI:BY

M.F! )l;8T8KTOpaMJI IL(E:PH, BaTaBH.F!, BpyRX3B8H), a TaKJKe O!IRT!i, B ROTOpliX 

MOlK8T M8H.F!TLC.F! paCCTO.F!HH8 M8lK.n;y ITCTO'IHHKOM IT )l;8T8KTOpoM Hefl:TpHHO 

(Jioc .AJiaMoc, rec:reH). IIoCJie saBeplllemm 3TIDC 3KCIT8Pl'IM8HTOB H8COMH8HHO 

6y,n:eT ~OCTHrHyT 60JILilJOH nporpecc B H3y'J8IDI.H O)l;HOil H3 BalKH8lluuiX npo6JieM 

qM3HKIT H8HTPIIHO - npo6JI8Mhl M3CC H CM8IIrnB3HH.F! H8fiTpHHO, 

B 3TIDC JI8Klll.F!X B OCHOBHQ!,l H3JIOlK8HH pe3yJILT3Tb! H31lJIDC COBM8CTHWC 

c E.rA. IIoHTeRop:lo pa6oT • .fi B!ipalKalo EpJHo !;laKCHMOBII'Iy callfYID rJiy6oeyro 

6Jiaro.n:apHOCTL sa r,moroJieTHee ITJio,n:oTBopHoe coTpy.n;HwrecTBO • .fi rJiy6oRo 

6Jiaro.n:apeH C. !IHTROBY, <J?. Iln.n:epr.m:ltepy, M. Xollleey 3a liCRJIIO'IHTeJILHO rro

Jie3HHe 06CYJK,n:8HJ!.F! npo6JI8M C!.I8IIrnBaHH.FI ll OCmtJL]I.IIIJ;IIti HeltTpHHO, 
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ii MO,I\6JI:O 

3 B ce'!e-

>TOK Heft

~OlK6T 

1tl: Heti'rp:a

IT OT MO

)JiaCTeii 

~OBJITG.f! 

>on;ec-

(203) 

II03BOJll1T, 

>B 

roBe 6es

um cOJI

JNry, B03-

> '!JB
'BCTBHT6JI:O

l'l6CKHX JIY-

ipoBO,ni!TCJI 

rHTH c .IIBY-
1 KOTOpllX 

tTpHHO 

:ecoMHeHHo 

llll1X rrpo6JieM 

IBM6CTHHX 

rJiy6o.K,YlO 

H rJiy6oKO 

IT6JI:OHO IIO-

IIIWIOIEHHE A 

HeitTppo Mail:opa:Ha 

M!i npne.n;eM 8,1l;6C:O Heo6XO,IJ;HM!i6 ,J,IIJI llOHHMBHRir OCHOBHOro T6KCT8 CBe

,IJ;6HH.fl o nOJie Malo paRa - nOJie, KBaHTaMH KOToporo JmJI.Ii!OTM Heil:TpaJI:OHHe 

'laCTHil,ll co Cllli:HOM I/2. Kn:accH'lecKHA JiarpaHJmaH nOJIJI MatlopaH~(.x.) 
,IJ;86TCJI Blipaz6HH6M 

o(. =-i.J ~IX. 0""' -T m...J~. (A.I) 
Ha Bapli!aJJ;HoHHoro npli!HJJ;Hna ( C'IE:Trut '!(. li! J HeaaBHCHMHMH) nOJIY-

'laeM ypaBHeHH.fl nOJIJI v 

10(. {)o(.. -T m-y = Q ' 

- 'Y J'ct. +J rn. =·0. 

(A.2) 

(A.3) 
TIOCHe,IJ;Hee ypaBH6HH6 MOlK6T 6HT:O nepeiTHCSHO CJIS~M o6pa80M: 

( T.., ) ·- T' 
- ~q_. Oo(.. -+ /'n.. J( .:::Q • 

YMHOm!M BTO ypaBHeHHe CJieBa Ha M8T.PIIlY 38pJI,IJ;OBOro 

HanoMHHM, 'ITO MaTpHna C. Y.I\OBJieTBOpa:eT yCJioBWIM 
T -1 

c J'..tt- c = -J ~' 
T 

G =-C. 
TIOJiyqaeM 

(A.4) 

00llpsl1KSHH.fl c . 

(A.5) 

(Y""-"1_ -t- rn....) C ?'" T: 0. 
v· ~ (A.6) 

TaKHM o6paaoM, <W'HKJJ;HH ;< li! f:/ Y.I\OBJieTBOp!IIOT O.I\HOMY H TOMY e 
ypaBHeHHil. lloTpe6yeM, c...rfro6H 

(A.?) 
r,IJ;e "r) = ± I. 
llOJI'!.f t ~ Y,IJ;OBJI6TBOp$1l(11{66 yCJio:mm (A. 7) 

1 
HOCli!T H88BaHJ/16 UOJIJI Mafto

pmta. MHOJIWTem. ~ c npe,ll;CTaBJIJieT co6o:li C -'leTHOCT:& nOJIJI MaAopaHa. 

Hs (A.2) ,lJ,1UI TeHaopa eHeprmHooxy.n:oca H 4-BeKTopa m.my.n:&ca no

M J CTaH,Il;SPTHHM cnoco60M llOJrY'I86M CJI6.JU'llltli!6 BHpaEeHHII: 

~~ =. -!J_!r_.~!!/' _. 
"r = - '- .z]J '"~'I dX . 

5 .. •• 

(A.B) 



,lla.Jiee, IIOJW MaliopaHa CJie.lJY!OilmM oc5paaoM pacKJia;umaeTcJI rro IJJIOCRHM 

BOJlliaM: 

1 Jr. , r t 'f:c.. z t- -~ .._ 
x( .. d = -- v -= L u. ~>a Cp>e + ~ u.. (-p)a (pJe!jdP, 

u' (...UC )7 -L Y2(0 1 t:.. I t c I Z-f /(A. 9) 

~ r 
u -z-rt> = crzzy, J. 

'Z 
OTMeTHM, liTe' cmmopH {....(..l)HopMHpoB8HH yCJioBHeM 

(A.IO) 

Z"('l.~)~'f U Z-9') =::~0 d"Z./Z.. 
(A.II) 

B KB8H~ OBO:Il Teop:r.nr CL't:.. {p) H a..; (p) 
(A.9) B (A.O, .IWI orrepaTopa ~JI:r:.ca HlfteeM 

- orrepaTopH. ITo~cTannRH 

)< =J<y>a.zY'1r'f· (A.I2) 

,lla.Jiee, IIOTpec5yeM, "'TOOH orrepaTOpH a..(p) H 

HOHH"l6CRHM repeCT8HOBO"lHHM COOTHOW6HlMM: 

t-a.. y) Y.IIOBJI6TBOp&lm .Ka-

[ a_-z- Jo) , a'Z-/1'd+ == o_, 

fa.~c;), a;/y')]+ =~'?-$"rt)· (A.I3) 

-r 
!13 (A.I2) H (A.I3) CJie,I~YeT, 'ITO a-z.. Cp) H ~9') - orrepaTopH 

po~eHH.II H yHH'!ToxeHH.II "lacTn~ c 4-HM!IjJibCOM ;> . 
B paccMcTpeHHo:ll HaMH TeopKH HeT 8HTH"lacTKtt. O'!eBH,I~Ho, "'TO aH

TH"l8CTH~ HE IIO.IIBJI.IIIOTC.II BCJI6,IICTBH6 TOI'O, '!TO MH IIp:HpaBH&Jlll OIIepaTop 
~ -T J aapR;J(OBo-corrpm(aHHOMY onapaTopy V . OTc,YTCTBHe aH-

T:H"laCTHU 03f8'!86T, 'ITO BCe 38Pfl.IIH '!aCTHll - KB8HTOB IIOJIR Ma:llop8Ha paB

HH HyJIIO. 

,llaJiee, Ea:ll.IIeM CBepTKyJ (.x:
1
y ~) . C IIOMOIIlbiO (A. 9) H (A. I3) 

IIOJIY"l8eM [; (+) -(-J 1 ~ !/ot.- (-l7:h ~..l.) + ~0 > ~ 
'/ (~> 7 (x~ = --(1 f -

Jol. J f - 0"")e:s:~:)(.x:)).,_ ~ > ~0 

::!_ ( !f + im.J 'j~-~) 
- ,., -;)Y .t. :L"'f e cts == S {.:c -...x-_ ). 

~c.., u I + m. - t..€. I y 1 ~ 

(A. I4) 
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.. 
) ' A.9) 

A.IO) 

A. II) 

A.I2) 

fi.I3) 

rop!l 

~H

paTOp 

18 paB-

l. !3) 

. !4) 

CB9.P'£Ra 'J(C,c, !_7 (x~) COBII8,lJ;89T CO CTmr.na.PTHO~ CB9.PT.KOi'i 

.f. (x, > ~ Cr..t) , r,ne ~ (...J;)- IIOJie .lf.RJ18Ra, CYJ!l9CTB9HH09 OTJlli-

'IJ1Ie IIOJISi MaftopaHa OT IIOJIJI )J.RpaRa COCTOl:T B roM, 'IJ.'O B CJI.Y'I89 IIO

J!Si MaiOP8H8 OTJmlii:IH OT HYJIJI T8l01te CB9P'J'Kl'I )<'(.x, >J ""(' .. ~) :H J T(...lCi y ( ... ~) . ,IIeftCT:BHTeJI:bHO, RCIIOJI1>3YH tA. ?) , 6ea Tpy,n:a Il0JI.Y'l89M 

~(.K;Y. T~> =-;c ~r.s-.;~}C, 
JTC:c1y (:,:~) = Jc. C S 6;··~), 

(A.I5) 

Mil BOCIIOJI1>3Y9MCH STHMR COOTHOW9HKf!MH II] lH Bbi'D11CJI9HHR Be poJITHOCTH 

6esHeft'rpHHHoro ,nooAHoro f3 -paciia,n;a (oM. nplLJIOjKelllie E ) • 

B sait7IIl'l:eHHe c,neJiaeJ ,nBa saMe'l:amm: 

I. P - 'l:eTHOCT:b 'l:8CTH~ MalopaHa MollteT rrpmrHMaT:b sHa'l:e-

HRJI :t i. ,IIeftCTBHT9JI:bHO, IfYCT:b t_.'p- OIIepaTop f> -HHBepcHR. 

HMeeM 

LL;j{..x_'> t.L-f> = z,. JV((~>, (A. !6) 

r.ne X. I==(- .X. I i-Xc) • l p r -'l:eTHOCT:b IIOJIJI MaAopaHa. 

Hs (A.I6) H8XO;nHM 

u;yT (x:'Jlip ==~ *J()r r(X), 
(A. I?) 

YMHOlltafi STO COOTHOWeHHe CJI9B8 H8 c H ,f'IHTHB8JI (A.?), IIOJIY'l89M 

u,J(x'J LL-f> == -;P*" ft/(x). 

CpaBHHBaJI (A.I6) H (A.I?),Haxo,nHM, 'l:To 

~ 2p =-zp · 
Ta.KHM o6pasoM, 

t.P =: :i:: L 

(A.I8) 

(A.I9) 

(A.20) 

'ITO 2. IlyCT:b Jt R J~ - IIOJIJI MalopaHa. HeTp~o BH;neT:b, 

55 



-o - t=_-o Jj,, J1 _:t1'-z~c :/t -:/;. , (A.2I) 

r,IJ;e 0 - ME .TpHUf:l ,lLMpaKa J. , i.v _, ~ , jc~v{f S' , 1, .S , 

7}
1
'- VJ. t u - C- treTHocTII'rroJieit :_,.~7 11 :_,c;; , cv = ~ = 1 , 

t t:: _ ~ - € ,.. 7• ,UeilCTBMT6JIJ:.HO, HCI10JIJ:.3y.R: (/i., ?); 110JIY'!86M 
c...s-~P- ~ 

r -1 -o -- 7 0 7
-'T= -coc . J., 'JL - J-<- Jt Z1cj:t.UA-- J1 (A.22) 

,UaJiee, C ITC •MOIIIJ:.IO (A. 5) HaJCO,IJ;HM 

T -1 
Co- C =-6"' 

1 ~~ 

r -/ .,. -1 

Cf!d.-rfs-J C =j't)'s) Cj.s C = fs. (A.23) 

Ma (A,22) 1: (A.23) CJie,IJ;yeT COOTHOilleH:Me (A.2I). C ITOMOIIIJ:.IO (A.2I) 
ITOJIYt{aeM,B traCTHOCTM, 

J!v=:.rl.y-=o 
(A.24) 

( TOK ITOJI.R: llailopam~./ {x) paBeH HyJIIO), 0TM6TMM T8Kllt6, t{TO 

J{d.-~/ =-vr(f~ T=- Y IV: 
=-~~Yo~) 'l~Y· 

(A.25) 

IToJIHyro rrpoH3BO,IJ;HyiO B rrpaooit tracTH (A.25) r.1mmo ouycTVJ.Tr:.. 

rrmwmlliE E 

Ee3HeitTpVJ.HHWi: liBOilliOH 8 -pacrran 
I 

B <~Tm.i rrpMCXKeHIDI Mhl ~~Ko H3JIOllrnM odlliYIO Teopmo 6eaHeitTpMH-
Horo ~ill!oro P'-pacrra,na ( {!fJo))- pacrra,na) Hac HHTepecyroT 
TeopMH co ':MemM-ilauHeM HeilTpHHo. B CJ1yqae cMemMBaHMH HeitTpHHo c 
,Il;HpaKOBCKHilli MaccaMVJ. coxpaH.R:eTc.R: CYMMBPHWi JieiTTOHHWi: sa~ 
(eM. § 2.2, u rrpouecc 

(;{.. zJ ~fA.. .z+zJ +e.-+e..-
1 J (E. I) 

3arrpemeH. Jlpouecc (E. I) MOJKeT J.IMeTr:. MecTo B CJiyqae, eCJIM MaCCHB-
Hble HeitTpllt!o-MaitopaHOBCKHe 'l8CTHI.ij,l, 
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.= 7' 

~I) 

:mm-

HTaR, rrpei.lnOJIOJmM, 'iTO rSMHJII>TOHBru: B38HMO,D;eRcTBID! napH SJieRTpCJI

HeRTpHHo H S,ll;poHOB HMeeT CTSH,ll;SPTHI:d! BH,l\: 

G- - 1 • I X - - zce Y. ve~_.> f. -+ n.. c , 
- VL L (/c(. (} el.. (B.2) 

r,D;e Ja.... - He MeWII<li1Hit CTpaHHOCTH S,JJ;poHHilR TOR, a 

JJcd. ={tlef;/iL . (B.3) 

3,neci> U - ytmTapHa.R: MBTPHW CMelllliBSmUI, J i.- - nOJie MaRopaHa 

0 MBCCOit rTli • 
Ilponecc (B. I) MOllteT JIMeTI> MeCTO BO BTOpoM IIOp!i,ll;Re TeopHJI B03-

M,Vl118Jmit ITO G- • IlpH BTOM O,ll;HH liS JleitTpoHOB smpa HCIIYCRSeT IIS

py SJieRTpoH-BHPTYMI>HOe HeRTpmro. ,I(pyrolt HeRTpoH norJIOutaeT HeRTpmro 

li HCnyCRSeT 8JI8RTpoH. 

Ilepe:ltJteM R Bll'iHCJieHmO BepoHTHOCTli rt._ft )0) -paCIIS,D;a. Bo BTO-

poM IIOp!i,ll;Re IIO G B SMIIJIHTY.IJY rrponec<:a ot I) ,D;SeT B.KJIS,ll; onepa-

TOP .lt.. :r -J.){~ 
c(3..>_ ~)$'{;~) N(e(.x.>y WLT(.~yeY~)rG·ex,)i(~>e.)~d.v:.t, 

u - .z.' vL L I (!4- =. e ~~ L (Jfl.. eft 
r (B. 4) 

r,D;e ).{ft. (..)c.~rSMHJII>TOHBSH c:wri>Horo : 33SHMO,D;eitcTBRfl. PaccMOTPHM 

CB8PTKY )) ei.(x1> {[(..x:.z.> • O'ieBH,ll;HO, 'ITO 
r 

T r(·l + Xs-) 
J)d. =f. ue~K- -;y . 

(B.5) 
,Ua.7Iee I .zwr IIOJIH MaitopaHa J 1<. HM88M 

CJ: =!J~· 
3,JJ;eCI> '! J<. = :i: 1 - (- "i8THOCTI> IIOJIH ,}( IC.. 

,D;<>BOro "conpmEeHRfl x OTcD.ItS Haxo,D;HM -

(B.6) 

, C. -MaTpmJ;a sapa-

T 
T- -c. JK- -2~~ (B.?) 

Hs (B.3), (B.5) x (B.?) IIOJIY'lBeM 

x MHouTeJIH 'J K.- JIMeiOT qm:snecm owen TOJII>Ro B CJIY'ISe 1 eCJIJI 

JIMe8T MeCTcYCP-mmapHSHTHOCTI> B JI8IITCHHOM C8KTOpe. IlpH BTOM 1.1,-
0PTOroHSJII>HSH MSTpHQa. 
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T, "') (- 1 +js- 1+)( 
~I (.:JC ).l) Lt.~) =L_ LL .LI. -~) , ' ~.(.x,.> y ~>-;-voSC. • 
CL. 1 e . ~ i K. i!i.. e.J<.. {1£. A- J t- J K. A. (B.B) 

I 
OTMeTHM, ti ro rrpH rrOJiyqemm (B. 8) MH ytrJm, tiTo 

r ('--t-.X 1 
-J 1 · + )( 

C =-C C vs)c = 7J!s-· 

Mcrro~b3YR ~B.B),c IIOMOmPID (A.I5) IIarry'IaeM 

T .t, f J 1(~-.r~) 
;:>L(xt>•d.(~) = i L LL <-7. rn.KL-)v e do ']!sc. 
e J<.. t 1(. -(..2.Jt 7 .2. r m.~ I · \E. 9) 

Ms ( 4) M ( 3) JJ.Jij1 MaTpHtiHoro Me MeHTa rrponecca (B. I) Haxo,nHM 

(2.) f. i )'~'?_ ~ )~ ..t. 1 Is '/i > = 2-' {~ f~'f-~:.f ueJ<_zl<. rn.J(.. X 

)(r-i0.x;.+,£~~-' 1+ {-i) r. i--9~--'S_> 
v e. u.y;'fo-!.fl)tu.~)~fj-1 X+ rn."'-.tl..t:Ltt 'X (E.IO) 

X <~A..' IT (-: (-Xj) ~{-s_>) /:t > d~~~- C[r~j~). 
I I I 

3.I(8Cb p_ M f._ - 4-HMITY~bCH M8RTpoHOB, /v'_ ~fir.ZD; -CTaH-

.U8PTHHif JoPMMiio~'IHHlrt MHOlKHTe~I>, I A. 7 M !/A:1
7 -BeRT~3 coc-

Torunm F!8'laJlbHOI'O H ROH8'lliOI'O R.I(pa, {_ (x_)- a.I(poHHHlrt Ma6HJ,t 

TOR B rrpe_nCTaMemm f9H39HCepra, a 

u(pJ= Cu 7 ;f'..._). (E. II) 

BTopcil ~9H B B!1pa.JK9HIDI (E.IO) B03HMKa8T BM8.UCTBMe TOJK.I(8CT

B8HHOCTH ~JieRTpoHOB. HeTpy.I(IIO y6e.I(HTbCR B TOM 1 'ITO OH COBII8.I(88T 

C rrepBHM t]JI8HOM, ,Uru! ::JTOrO HeOCXO,nHMO HCITOJib30BaTb COOTHOWeHMe 

uy,)y_, 7fsy u(1~J=- U:Ji)~ ~~s~«-u.(/1 )1 
()... tlf I! (E. I2) 

RoTo poe ~E rRo MOlKHO IIOJI,V'lMTb c rroMOmPID (H. II) • B CM3M c (E. IO) 
3aMeTHM OJ. 8.n:.YIOOl88: 

I. B r.:aTpM'IHHH M8M8HT rf!)ov -pacrra.na BXO,W{T ( -tieTHOCTH 

IIOJielrt Heth PHHO MalrtopaHa. EMH C - tieTHOCTM paMHtiHHX IIOJieA 

MalrtopaHa J'83HH8, TO BKJia.I(H B (E. IO) pa3HHX MaraeMHX MOryT COR-
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6.8) 

1sc. 
6.9) 

S.IO) 

-CT8H-

3. II) 

K,IteCT

~aeT 

me 

5.!2) 
• IO) 

ClOR-

~T:&OH H BepoRTHOOT:& GB~Jo~ - paorra~a MOaeT OHT:& Beo:&Ma Ma

~ol H ITPH OTHOOHTB~DHO o6n~ MatOpaHOBCKHX MBOCax H9tTpzHO /24/. 

2. MaTpJI'UIHI MeMeHT oeaHeiTpHHHoro ,ItBofuloro , -pacna.n:a 

o6~eTcJJ B HY~:& rrpz mx.- o • OTMeTllM, 'ITo aTo cBJJaaHo c RaJIH6-
poBO"l:Hol HHBapzaHTHOCTl>IO, ROTOpaJJ HMeeT tl.eCTO B Mytiae, eCJm Malo

paHOBCRHe MBCCH p8BHH HYJilO H B ~8rpalDltHaE He BXOW!T ITp8BHe TORH • 

JleloTBH'fMl>HO, eM:H J -rrMe MaA:opaHa, TO HeTp~o IIpoBepzT:&, 'ITO 

' et..t:Jlls- 'J( ( o(, - rrpo:HSBM:&HHI B9lli~CTBeliHHit rrapaMe:rP) TaiOJte 
r;/ / (.C( / - ti:£ 

TOH rrMeM MaA:opaHa. HMeeM JL = e c_YL- •JJ.L = e _-j(IL.. EMH 
HeiTpHHo-6e3M8CCOBHe "l8CTH~ H B ~arpa~aH MaOoro BS~~eiCTBHJJ 
BXOW!T TMl>RO ~eBHe ROMITOHeHTH IIMel, TO O"leB~O, 'ITO HMeeT Mea-

TO HHBapHaHTHOCTl> OTHOOHTMl>HO rrpeOOp880E8HHI e/ :etde_ v:=e~. 
3Ta HHBaPHaHTHOCTl> 03H8"18eT CYJUeCTBOBaHlle COXpaHJIIOOieroOH ~eiTTOHHOro 

"'HM8 , paBHoro I ,WIJJ e.- H ~eBOro HeiTpllHO, -I ,WIJJ Q. + H rrpaBoro 

HeiTpzHO H HY~lO ,WIJJ BCeX OOT8J!l>HHX 'l80THr. MH rrpKXo~, T8RHM o6pa-
30M, R HSBBCTHOI TBOpeMe 00 9RBH~eHTHOCTH ( rrp:H ;nK.. ~ 0) HeiT

pll:HO JlupaRa H HeiTpzHo MaA:opaHa. 

HMeJJ B ~ Te rrpH~eHHJJ, ROTOpHe 6y~ c~e~aHH B ~8JI:&HeA

meM, rrpoBe~eM B BhlpaJK9HID1 (E. IO) HHTerpHj:OBaHHe IIO .x10 H -s..o . 
Haxo-

X 

00 
;:irtHTerpa.7I IIO .;:c10 - H .Xfc<.o O IIp9~CTa.IDIM ~B BJa,ll;9 ~ 

( dx. dx F~ .r. ) = (cL.:c { cb:l=l~0 ,.x ~r>-+ d:c .C~o--~o-~-~. Ji lO 2o IOJ 2.0 J« "/0 ~ 10 

- ()0 -aD -- -d' () 

00,,!-. 
.IlMee, HHTerpa.7IH I =J ~ ia.k H I = J e_'- 'dz- orrpe~9JI.IIIOT-

1 - ~ c . 
OH C ITO~IIU>lO CT~SPTHOI IIJlOI.I13.IIYPH a.n;i:a6aTll:'leCROro BHKJIIl'lSHHJJ 

B38HMO~eiCTBHJJ Ha 6eCROHe"l:HOCTll: 
lJ <1>0. • 

j ·/ · ) 1 p ( -t.{~-i£Jr I 
I = tvn... eqa.-t.~ c-dr=-.--.- , 'i =lUn.. je d.r ~~ • 

1 c-+0-oo t.(a.-u) e .... o() -~) 

HaROHen:, OTMeTHM, lfTO rrpll: IIMJ"leHHH (l:. I3) HCIIMl>80B8JIOOl> O"le~
HOe COOTHOmeHHe 
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G. ..t. ~ -<f IS I i ;;;. : = i/ _) Z.. LL ~ m. lv' N u.(p) t_/1+ 1s) t u.~ > K 
(y~ x.. eK- x. 1L fr f~ 1 T ~ t:r t!f 1 .. ' .............. - J .~(.r ~ . 

xjax dx ~ ft~ -t-fi.:JC-y;_j_ .3 e 1 ~- d.,- ) X 
l .t, (27C) c; 

/OX-

. "5"' (<A.. 1 f ,}' (.r J/n;;;. <1'2-fJ~>/Il> <.{ 1/.T(.{J.h><}z.Jj~>/A.> 
XL- c:;. l 4 + ,8 co(.. -) 

n. En. + jo~<- -f-j.t.o.! 172* ~ +JD,<(.. j1o -~ X 

X..Z7C cfl~,-f-~/O >'-j'..l.O-InA_)) 

r,IJ;e n~ H n~, -M8CC& HB'laJI:bHOI'O H KOH6tzHOI'O SI,JJ;ep, ~ -9H6pi'KII 

rrpoMeJitYTOtzHOl'O cocToRJOOI In> , 9 = Yi{l.+~. 
06&tzHo 1 ipH B&tzHCJieH:m B~'TH6c~ ,IJ;BC{thl:oro f -pacrra,na .ne-

JiaiOTCH CJI6.JXY]IIIIH6 IIpH6JIIDiteHIDI : 

I. 3Hepl'lm !IpoM6JitYTO'lH&X COCTOHHH~ £/l.. 98MeHJ!IOTCJI B B&paJKe

HJm (E. I3) cpe,UHIDII aHatzeimeM <.En_> ; eTo rroaBOJIJieT B (E. I3) rrpo

BecTH CYMMHP<•BBHHe no rrOJIHoit CHCTeMe cocTo~ In..> (rrpH6JIHllteHHe 

IIOJIHOT&), 

2. OrrepE.Top TOKa ~ WaaMerureTcH 

{_(xJ-=~~(rn...)+ r~~ -r- ~*V~)K.JS{x~>/·dA.~~zs-
<IDilliYJII>cHoe I epeJIHTHBHC~T g,e ~· R~IDiteime), 

{.. ~+(.. ~ 
3, 9RCIICH6HT8 € 1 1 .C. 3aM6HH6TCJI 6,IJ;RHRIJ;6~ (~RHHOBOJIHOB06 

II pH6JIIDJteHHe ) • 

TaR !taR (l::n.. '+ (r~=O, TO 113 :~ BUTeRaeT, 'ITO 

J ~~ ).7 (.2, = .:r(xJJ CX1 ). 
Cl.- . I ·~ f' ..t. "'-

3aiiHII16M ,naJie{ MaT~ MeMeHT (E. I3) B mme 

(E.I4) 

<f Is! i ;.. = a?r1~ {r-Js'u(~>Ar 0)ft_)· <E.r5> 

C IIOMOIIt!>IO (E, !4) HeTpy,IJ;HO y6e,IJ;RT:&CJI B TOM, tzTO 

A Cf)fi) = ,{/<" Cft);::) • (E.I6) 

,UaJiee, rrpe.nc~·U ;r,.,)(.d B :mme E + J:~-~iA)H ytzR-

TimaH (E. !6) ~ MaTp~oro 9JI6Me!IT8 ~CCMaTpdfeM~& HaMR rrpouec-

ca !IOJiytrBE:M CJI6.IlYIOOI66 BUpaJKeime: 
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, -aHepi'HJI 

I,!J;a .ne-

B Bl:lpaJKe

). !3) npo

>H6Jrmtemre 

HHOBOJIHOB08 

(E. !4) 

(E.I5) 

(E.I6) 
Y'!H-

MH rrpouec-

. ~ ~ 

c:::f!.S I i. > -=_!:_(.;.)II II ZL(f >{t -)(~)uf-p_>LLL, 7. ~ 
YJC '~ (! f4- I,. (/' I.(.,~<- ~ 1<-

,.<A_'/Z.(H.t (/~n. -~~.,.rn~ .;-~ r1~ ~~..·~i}(l:,.Jl~~(1:!J~-1;,_;;,lflf>x 
n,m.. (E. 'tf) 

X..:l7C. $' (p1V + P.w r m. / -~n;,E.). 
aneoL I l I ~ ~ 

H. . (;xj)· rn ) :: _!_ r e (,. f .X. "-f 
I "' .zn=2..J 9. (a +a.) ) i=~..<.. 1 (E.I8) 

r.ne (J I 01<. /OK.. J (J 

j· =<EI'L> r f;/ - tnA::. (E.I9) 

ECJIH B8Jili'DIIHaMH a.1 npeHe6pe :u, no cpaBHeHmD c 9oK.. (oo

HOBHol ~Ma.n .nam I if I ~.tON,/, ai- no.Pfm.KB. HeoROJILI6ci: MaB), 
'1'0 B 8'l'OM Cl.JJYII88 'zMeeM 0 : 

~~ 
H.. ( ..:x:. • m.. ) .:Jt: H., {.x: ·rn . =If.. (.x"'· m J-=e-C:c:_. 

1 ) /'(.. ...... / ;o<,.. I'(. /- (B.20) 

.nmt MB.'l'.PH'IHOro aJieMeHTa (f1J)0rpac :r.a.na Hs (E. !7) no.nyqaeM rrpH 

8'l'OM CJI8.IJ;YJ11188 Bl:lpa:llt8HH8: I 

<f!S/i > =-;/;c{~)J.,~r }~ lZ~P.,)(1-;s>u(1~)1f 

,.( t Lt;;, rn" z ~.) i, < fL > ( HF -J.~ ~7).<.d"~1.to+m~(B~? · 
3.necL 

(B.22) 
HG-'T == < A.. 1

1;f,f,_~~(~,.)+t";,_ C!-nJ I,_~ 
OOO'l'B8'l'C'l'B8HHO qepMHeBOKRI H raMOB-'l'anxepoBoKRI Ma'l'~8 9JI8MeH-

'l'l:l. O'l'MeTHM, '1'1'0 IIPH ~ <fMeB 

I < H_ > "" - , (B.23) 
IL 

r.ne }t, - pasMep H.D;Pa. 

Hs Bl:lpa:&e:HHB: (B.22) ,I1;1IJ1 .IJ;HifxlleJ:8HD;HaJIDHOI Bepo.fl'l'HOOTH 6esHei

TP:HHHOro ,1030IHoro ! -paona.D;a Hal:C.IJ;HM 
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~ s 
dr- ..L G- In /'r ..It ..t ..t/ ..t. .t. 

-..2.- (..Z.lC_)$-1?-t.Lel<..~lf)l<fL>I Hl=dA. ~r/ )( 
.t./' ~ ..t. 

X /= lf - c.a.>f7) (e +I) (Eo -E .;.f) de .sVd}-diJ-. (B.24) 

3~eCb ~ -KHHETH~eC&aR SHeprBR aneRTpoHa B e~uax MaCCH M6KTpc

Ha rn... , -r9- - yi'OJ! Me.llt,lzy aneKTpoHaMH, 

a 

c -0 -

. /77.. - ITl.. - 2/n... 
A... A/ _, 

/77-

.beet.. ( .z. +-Z-) 

(B.25) 

F = (B.26) 
I - ex?f-.27r:cl(zr.z..)j 

- RY~OHOBC~ MHomMT~b. OTMe~, ~TO B (B.24) MH rrpeHe6per~ ~
paToM MaCCH aneRTpoHa ITO CpaBHeHHID C ~paTOM ero SHeprHH. 

KaK B~O H3 (B.24),BepoRTHOCTb paccMaTPHBaeMOrO H8MH rrpo~cca 

o6pamaeTCR B HY~b rrpH e = 0 • 3To CBR38HO c TeM, ~TO Y~bTpape~
THBHCTCKHe MeKTpoHH, o6pa3YJOUtH6CR B peey~bTaTe B38HM0~6ltCTBHR 

(B.2) ,o~a~aroT OTPHUBTe~bHOlt CITH~bHOCTbD H He MOrYT BHn6T8Tb B 

O~OM Harrpa~eHHH ITpH 0~0 rrepeXO~e. 

l13 (B.24) Mil ITMHO:It BepoRTHOCTH {pjJ) -pacrr~a ITM~aeM 
Me,eyT<J~~ee Bl;lpaJKeHHe: I I 0~ 

1 G- ~ "n.. S" .t. .t.. ..t. 
r =- -'5 .(2: u nzK.y, ) /<li. >I x 

....t (-471.) e.K.- 1 .«... 

X I HI= -J: H&:T I F.f.-6- (Eo>, 
(B.27) 

r~e 

{. 
f/.S $1 J ..t. 

G Eo)= -tc!0 -r/0€
0 

+Stot.:, +6o~ +.JOG,>.(B.28) IS .., 

.no CHX ITO p MH rrpe~MarMH, ~TO raMHJibTOHH8H Ma6oro B3aHMO~elt

CTBWI HMeeT CTmn;aPTHH:It ~ (B.2). BepoRTROCTb 6e3HeltTpHHH~ro ~oil

HOro jJ - paCIT'l.ll;a rrporropUHOHMbHa rrpH 3TOM MHomMTe~q t._L-~F. 
o6~eMYCR B Hy~b rrplil ~-. 0 • EMH B raMWibTOHH8H M~ro 38-

HMO~ei!CTBWI Hap!I,lzy C ~eBHMH BXO~ T8Kllte H rrpaBHe TOKH, TO (8ft)0~
- pacrr~ CTaHO BHTCR B03MOJKHllM H rrpH paBHHX HY~D MaCC8X MaitO~OB
CKHX HeitTpHHO. .neitCTBHTe~bHO, rrpe~MOJKHM, 'ITO raMWibTOHH8H B38HMO

~eitCTBWI rrapH aneKTpoH-HeitTpliiHO H ~HOB HMeeT ~ 
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)()-

a.n-

cca 

II-

re~

>~-

/-; 
18-

~-

Jl = ~ e foRt+ fs> -rz(IJs~V f.-+ h..c. <B.29) 

3,n;eoL _ J( - IIOJI6 668MBCCOBOI'O MBitOjlBHOBCROI'O HeitTpHHO, p 
-nap8Me~p. B COOTB6TCTBHH C (E.29) 0~ HS HeitTpOHOB ~pa ~eT 
HC~fTHTL 8JI6RTpoH H npaBOe MBitOpaHOBCK<·e HeitTpiDIO ( onepaTop 

JL ) ; IIp8B06 HeitTpHHO MOJEeT norJIOTH~ DOJI .IUJYI'HM HeitTp:>HOM 

( onepaTOp J:C) ),H IIpH 8TOM HCITYCTH1CJI BTOpo:lt 8JI6RTpoH. CBepT

Ra, B ROTOp,VD BXO.InfT IIOJI6 HeitTpmiO,HMeET BH.!( 

[(tt-Js>+[(11's>!f(~Y '(.:c.a){ri+J;' +! (1-;r.!>) = 

- !j j ""'e i.tj(.x,-.x-t-> . (B.30) 

-cz.,.c/' 7 ~ ctr c. 
C IIOMOIIU>IO 8TOI'O Bll.~HHJI HeTpy,II;HO IIOK838TL, '!TO B MaTpH'!Hllit 

SJieMeHT (~fi)0~- pacrra.na ~aeT BKna.n; orrepaTop 

II ..t. ..tJ ..., . 
(.v (-i) I.e;) -f-J/.. (-1) [ Q ttP7-x.l.> /' -~~ ) 

S : fl .Z .' ( Y.£ e (-) ~~2/C)~) r e_ Jt L e_ (~ )( 

X T(.::._{~)f(~>)d.:x;,d~~- (E.3I) 

Ha STOM MH saROH'!HM paccMOTpeHHe Te JPHH 6esHe:ltTpHHHOI'O .IrBOit-

xoro J - pacna.n;a. B saRJID'!eHHe HecitOJIL :<o CJIOB o6 sKcrrepHMeH-

TaJILH ~BHHHX. 0ITHT!:l ITO ITOHCRY {ft jJ )
0

- -pacrra,na Be~CJI B H8C-

TOJD1166 BpeMil BO MHOI'HX Jia6opaTOpru(xf MH~, .l{O CIDC rrop 3TOT rrpo~CC 
He 6~ H~6~eH. Ml:l rrpKBe~eM pesyJILTBT!:l, IIOJIY'!6HHI:le B H6~8BH6~ pa-

60Te / 39/ • B 3TOI pa60T6 reoXHMH'!6CKHM M~TO~OM HCCJI9~0BaJIHCL 
JP -pacrr8,II;l:l HSOTOIIOB 128 Te... H 130 ~7"e.. x • Q'!eBH,IJ;Ho, '!TO 

~6oXKMH'!eCKHit MeTa~ rroSB()JIJieT orrpe~eJIHTL TOJILRO CYMMY BepoJITHoc

Te:lt ~{3 )W -pacna,na H paspemeHHOI'O 38HI>HOM COXpaH6HHJI JI6ITTOHHO-

I'O 'll!CJia rrpo~cca HCrryCKBHHJI ,103yx SJieRTp>HOB H ,103yx aliTHHeitTpHHO. 

X B py~e, B03P8CT ROTOpolt H3B6CTeH, orrpe;reJIJieTCJI ROH~HTp8Illtll 
SJieMeHTOB, o6pasj'IOOtHXcJI rrpH f 13 -pa,ma.ne I28 Te. H !30 Te.. 

(l.tBxe. H 
1-"X e. ) . I1pe~ITOJiaraeT6JI, '!TO p83HHIJ,8 MeJK,Dy ROH~H

TpaD;He~ 9TIDC 8JI6M6HTOB B py.n:e H BTMOC!pnpe o6yCJIOB1!6H8 ,$ jJ-
- pacrra.noM. I I 
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~R rrepHo~a rronypacrr~a 130 ~~ B pa6oTe /3B/ rr~eHo sHaqeHHe 

/.3 ::::> 2I 0/_ = (2,60 + 0,28) IO JIST, 
I~ -

corJiacYIO!llee<:R co sHaqeHIDIMl'I, Hait,neHHw.m: B .n;pyrmc pa6oTax, 

Orrpe~eJ :IJM Be.Jm1llffiy 

I~ 
f =,~. (B.32) T~ 

B. IToHT6KOPJIO/ 40/ BrrepBife o6panw BHIIMaHHe Ha TO, ~0 0THOI116HH6 .P 
He RBJIR6TCR CTOJib qYBCTBHT6JibHHM K Heorrpe~eJieHH¥CTHM, CBH38HHHM 

c ~epHbiMH rtaTPH~hiMH aneMe,Tar, KaK BeJmtniHH 
28 ~ H I3Dr. 

~ OTHOIII6Hl[.ll .f B pa60T6 39 TioJiy"l:6HO 3HaqeHHe ~ ~ 

.f = cr,o3 ± r,I3) ro-4 • (B.33) 

0Tcro~a CJie~'eT, qTo 

1:?.8 
7% :> 8· ro24 JieT. (B.34) 

0TM6Tilll, qTo 3Hfi~HM (B.33) H (B.34) npoTHBOpeqaT CT8pllM ~aH
Hw/4!/, TaO~e llOJiyq6HHhlM reOXHivli'IqecKIIM M6TO~OM, 

ECJIH TIJ >e~oJioJKHTb, qTo 6esHell:TplUIHHii ,I(BoAHoit ~-pacrr~ sarr

pemeH, TO ~ lli OTHOIII6HM .P MOlKHO TIOJiyti:HT:b 3HaqeHHe 

.J = 2. ro-4 
) 

(B.35) 

He rrpoTHBOpnqamee (B.33). TamM o6pasoM, H3 ~aHHHX pa60T!l 1391 
HeJIMR c~eJiaTb o~osHa~HX saKJIIOqeHHii o {!f3J0")-pacn~e. MoJKHo 

ITOJiyqHT:& JIIDII> Bepxmte rpamu~ rrapaMeTpoB, x~paKTepH3Y!JillHX STOT rrpo

u;ecc. ECJIH llpe~OJIOJKHT:&, qTo z =0 (HeT TipaBHX TOKOB), TO 

m c::: 5,6 aB. 
l) 

(B.36) 

ECJIH rrpe~JIOJKHT:&, qTO rrt = 0 H 6CTb rrpaB!le TOim, TO H3 .JJ;aHlWX 

pa6oTH 39 CJie~eT, qTo ~ 

z 4 
2,4. ro-5. (B.37) 
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