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BE8,I!8Hio!8 

Ma-aa ycnexa TeopHM KEapKOE Tpy~o noEepHTb, qro KEapKH 

He cymecTPJDT Eoo6me. llpo6neMy npencraEnHeT TOT ~T, qTo 

OHH He 6HnH no CHX TIOp 8KCTI8pHM8HTanbHO 06Hapy~eHH. 

Ta.K:I1M Odpa30M, B TIOCJI8)(H88 Bp8Mfl B03HllKaeT MHOro MO,l\8JI8i!/l~ 
TipB)(CTaBJiflD~llX COdOrt TIOTIHTKll Y.l\BpXaHllfl KBapKOB, 

MonenH, o6ecneqHBaDmHe qacTHqHoe HnH nonHoe ynep~HHe 

8TO MOnenH, E KOTOpHX anpOHN COCTDRT H3 KEapKOE, ynep~EaBMHX 

EHyTpH penHTHEHCTCKDrD MeWKa/2/. BHyTpH MBWKa OHll noqTH CE0-

60~H, E TO Ep8Mli KaK rpaHHqHHMll YCAOEMMH HM aanpemaeTCR 

TipOHHKaTb aa TIOE8pXHDCTb M8WKa. 

Ho ~ roro, qTo6H nocTHqb Ha6n~naeMHe fq HAll 9q9 
anpoHHHe COCTORHM, H8D6XDn!lMD EEBCTH UE8THD8 E8KTOpH08 

TIOJIB -rJIDOHJMexaHH3M ynepxaHHR rRDOHa H KEapKa E MeillKe Ta-

KDB, 'ITO BCB ~H3~8CKH8 COCTORHHR MDryT 6NTb Ha6RDnaeMH TOAh­

KD KaK UE8THH8 mmr.neTN, 

B naHHoA pa6oTe MH npe~araeM npyroa cnoco6 06'bl!CH8HHR 

M8X8HB3Ma ynepxaHHR REapKa, MCXOnHM H3 rHTIOT83H, qTo REapKH 

He cymecTEJDT KaK o6HqHHe ~BaHqecKHe qacTHUN. TaKoe npen­

nono~eHHe Mo~o onmcaTb c.nenynmHM o6paaoM: 

ITpenuoBaraeM, 'ITO RBapRH RE.HHDTCR qHCTO KEaHTOBD-TIOAB­

BHMH 06~eRTaMH, TaKHMH, qro B KJiaCCHqeCKOM Tip8)(8JI8 OHH llCqe3aDT, 

T,e, RAaCCHq8CK08 TIOJ!e KE8pROE T0~8CTE8HHO paEHO HyJID: 

ct.t. (X)-;; Q. (I. I) 

IDIIDO! CJIOBaJm, STO 03Ra'l&8'1' 1 'ITO B Jl&l'paHD&JUt, OTIBCHB&Dil8M 

CEo6o~oe no.ne RBapKOE 

rl~ jO<JZ{p)9(J), (1.2) 
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onepaTOp~(;i) BH6paR TaKHM o6pa30M, ~TO enHHCTBeHHHM pemeHHeM 

ypaBHeHRff KBapKa 

L(p )Cj(X) =- 0 
( !.3) 

REJIHeTCR: (I. I), Ho <llYHKilRff rpHHa TIOJIH ? (.X) HeTp.HBHallbHa, 3Ha~HT, 

B ITPHHUHTie UO~e KEapKa, OTCYTCTBYR B CE060~0M COCTOHHBH, MO-

~eT 6HTb CER3aHO C ~pyrHMH ~H3H~eCKHMH TIO~ H o6ecne~HEaeT 

HX HeTpHEH~hHOe E3QHMO~e~CTEme, TaKHe Tpe60BQHRff HanBraDT Ha EH~ 

onepaTOpa i:(j)) E (I,2) yc~OEHR, KaK TIOKS3aHO E § 2,H onepaTOp 

llMCeT EH~; 

l (t"J)~ 
P(!()J 

e 

r~e f(l) -BemecTEeHHM ue~ ~HKURff, 
(!.4) 

llp.H KBaHTOEQHHH CHCTeMN, OUBCHBaeMOft ~arpaHEHaHOM (I.2) C 
1 

onepaTOpOM 1 (I d) E (!.4), HCTIOJib3YJ)TCR: M8T0~/3( pa3B.HTHe B 

KBrulTOBOn TeOpBH UOJIH C H8JIOK~hHHM B3aHMO~eftCTEBeM, 

B paMKax He~OK~hHOA TeOpHH UOJIH HaMB yxe 6H~ npe~o&eHa 

MO~e~b/4/, B KOTOpoft,Eo-nepBHX, KESpKH He pO~TCR:, H1 BO-BTOpYX, 

r.JIY60Heynpyroe pacceRHHe BMeeT cxaft~wroBoe rroBe~eHHe, 

B H3~0&eHHOM Bap.HaHTefS/ He~OK~hHOI TeOpHB, KOr~ npona­

raTOp KBapxa REJIHeTCR: BemecTBeHHOI <llYHKilHe~ aM~TY~ ~3B~eCKBX 

npoueccoE paCTYT E K~OM TIOPH~e TeOpBH E03MYI118HHI, 

B HacToameA cTaThe, B paMKax npe~aeMoft Mo~e~ MH 

TIOJIY'II'IJIH MaCCOBble rpopMyJILI .l(Jlll C!leKTpa a.,npOHOB (§J, 4
1
5) 1 UpH :3TOM 

rroJiy'leHo xopomee corJiaCHe c rrmoTesol! reJIJI-MaHHa oo OKTeTHOA 

.l(OMHHaHTHOCTH/?/, 
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§ 2. YpaBHeHHe 8Afi rrOJIR KBapKoB 

B ~arpaH&eBOM ~pM~SMe ueBsaKMo.uel!cTBYDmee ~epM!lOHHOe 

ITOJie 1('1) OUHCHBaeTCR: UOJIHOCThD ~rpaHl!HaHOM BH,Ua: 

;t ~ Cj(xJ L (;))c;rx), 
,., 

't(/) (p=t·()~,?~) 
(2. I) 

r~e H8KOTOp~ onepa-

TOp, HarrpHMep, B CJiyqae ypaBH8HRf! lUrpaKa OH HMeeT BH,Il: 

~ (f) = ? - m . 
cor~cHo rrp.HHUHIJY Ha.HMeHhmero ~elcTBHR, nOJie c;r~J , Oill'ICHBB.e-

Moe ~arpaHDaHoM (2.I) ,no,IJ;'mH.aeTc.H ypa.BHeHHID 

1 ( ;3) 9 (-X) = 0 . (2.2) 

YpaBHeHHe ,I1,Jill CB06o~ol ~YHKIUDI rpma G (X -(J) ITOJIH 9 (~) 
3an.HCHBaeTCR B BH~e 

:.C(p)G{x-J) = /d(x-(1) 
(2.3) 

B ~ae ypaBHeHM ,l{Mpaxa :i (?)-:; f- h7 HJill KJieiHa-

Y[1l ''- 2. -rop.nOHQ tc: jJ / = p - !'lJ pemeHBe H KBB.HTOBaHBe 

ypaBHeHH.H ( 2. I) .HBJJJieTc.H xopomo xccJie~oBB.HHol Ba.JtQ"'el. 

Hama 8a,Jta"'a COCTOHT B TOM, "'T06H B paMKaX CT8R~pTHOro 

Jiarpa.H:.:esoro <lloJ:IfS.IlliBMa. HaiTI! RJlB.CCll TaKHX onepaTopoB J! ( p'J, 
onpe~eAHmii~HX ypa.BH8HH.H, KOTOpHe MOr~ 6H 6b!Tb K8R~~TQMK Ha 

pOHb OnHCaHRH KBapKOB 06H'IJHHM.H MeTO~ KBaHTOBOI TeOpHH no-

.rur. 

MU ()y~eK HCXO.l(HTb !l3 npe.l(UOJIOJ:8HHa 1 qTQ KBapK!l,KaK OClbi'IHUe 
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~HSH'IleCKHe ~aCTKUH,He cymecTBymT. 9Ty rBDOTesy MY XOTHM peanB-

SOBaTD cne~mmaM o6paSOMo llpe~ITORO~M, 4TO KBapKH 

SlBJlllllTCJ'I 'DlCTO KBaHTOBO-DOJieBmor o6!.8KT8101, TaKn!H, 'ITO 

B KJiaCCH'IleCKOM npe,D;eJle DOJIII, ODHCYBaDIIIIe KBapRII, HC'IIe sam, T. e • 

KJiaCCH'IleCKOe nOJie KBapKOB r ():) To.'I'.IteCTBeHHO paBHO HYJlll: 

Cj0') :=:: 0. 
(2.4) 

l!HUMH CROBaMH 1 B JIB.rpaHDaHe (2.!), OIIHCHBallll6M IIOJie 

KBapKOB r [ .k) • onepaTop L ( j3) ,D;OJJXeH 6!l'l'b BJ¥6paH 

TaKHM o6pasoM, ~T06H e~HHCTBeHHUM pemeHHeM ypaBHeHHH (2.2) 

6wro HyJieBoe pemeHHe (2.4). 

C ,~~;pyrol cTopoH!l, MH xoTHM, ~T06H iPYHKIJ,J!Ji I'pHHa IIOJIR: 

CJO) , ITO,I(I!:HHJ'IDIIIBJlCH ypaBH8HHD ( 2.3) 1 OC TaBa.n:a.Cb H6TpH-

BHaJll>HOI 

b(><J) c /L-ft}J{(x-;). 
(2.5) 

3TO cy.ner OSHa11an, 11'1'0 DOJie KBapKOB, PaBHOe HYJlll B CB060,IUI'OM 

COC'l'OHHHH, MOX6'1' 6H'l'L CBIIsaHO C ITOJUIMH ,D;pyrHX ~HSH'Il6CKHX 1laCTHU 

H llpHBO~HTh J!X K HeTp~RO~ BsaHMO,D;eiCTBKD. 

Pa.CCMOTpHM Tenep:b, KaKJ!e YCJIOBJUi Ha.JlB.I'aJJ'l' Hamll Tpe60BaHHH 

aa BK,ll; onepaTopa .1-(/). Bo-nep:ewx, Hs Tpe6oBaHHH, 11'1'0 JiarpaH­

&HaR ,ll;OJixeH 6HTL BemecTBeHHHM H ,D;eiCTBie 

$= jdtx;t(x) 
,D;OJJXRO cymecTBOBa'l':h KaK ~~OHaA Ha ,IJ;OCT&'l'O'IIHO r~ 

~YRKIUJHX fj{)<) B DpoCTpaHCTBax MmiKOBCKOro H EBKJJll.lgi, CJie,QeT, 

11'1'0 ~YHRlUIJij(,) ,D;ODBa 6HT:h ~Mol &HanBTJAeCKOI ~YHKII,ll8l CBoel 

DepeMeHHOI ~ • KpoMe TOI'O, ORa ,JtO.DBa 6HU B81l18CTBeHHOI, T.e. 

[ .tt?)j;r.= .Ztt~) . 
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Bo-B'l'OpiX, Tpe60BB.HK6, 'ITO ypaBH6HH8 ( 2. 2) :I!MeeT emmcT­

BeHHOe peme!me (2.4) , OSHa'!aeT, '!TO \fly!r.t\Dlffi 7.('?) B006me 

ae m.!eeT nyJleit, 

06mee rrpe,D;cTB.BJleHKe ue.ma qyyHrundi Ieone'!Horc nop.H,IU\a J/, 
y ~OBJI6 TBO p.iHilUlX a TiU.d y CJIOBID!M, SB.DJIC&Bae T CH 

.z_'i!)) _ .r• 'Xt (?: J 
.• l~ -{_e 

' (2.6) 

r.n.e IJv f?)- noJmHOM c rene!fl! AI c :eemec TBeHmn.m: Roa<PlJ:mnieHTa-

MH, ~ - H6KOTOpaH BemecTB6HHaH llOCTOHHHaR. 

TaRHM o6pasoM, onapaTop ~ 

\l, ·<') r· /}(!{)) 
z(zrJ;=ce 

y~OBJI6TBOp.HeT ITOCTaBJI6HH!lM BHme yCJIOBHHM • 

(2.7) 

,Il.aJn,HelmaJI sa,n;at!a COCTOHT B TOM, ~T061l IIpoKBaHTOBB.Tb 1 

CHCTeyY, OimCUB8.6MYil Jiarpa.HDaHOM (2. I) ,c onepaTOpo!lil Z (I d) 
B~ (2.7). 9Ta Sa,D;aqa BSCLMa CB0606pasHa, IIOCKOJILKY COOTBeT­

CTByD!lee KJiaCClf116CKOe pemeHJ!e ypaBHeHHH (2.2) TOl!l,ll;6CTBeHHO :1! 

pa:BHO ifYJII)• 

,U,rul peme IIHJl aTol sa.n;a1lH BOCDOJILsyeMCH Me'!'O,D;8MH, pas-

BHTHME B KBaH'l'OBOI TeOpHl! nOJIH C lleJIORaJihHHM BS8KMO,D;81CTBH8M 

( CM. { 3J ) • H,neJi M6'l'O,D;a KBB.RTOBaHHH COCTOJ!T D TOM, ti'l'O 

BMeC'l'O onepa.Topa 1 (/ ~) B ..JIB.rPlHDaH ( 2. I) BBO,D;J!TCJ'I peryJIH-
lf:1 

pilBOBSHHHI on epa TOp 1 ( / p), '1aKOI, '<ITO, Bo-nepBHX, ifJYHKIJ,J!Ji 
rJ t ( 1) Dee'!' 6ecxoHetiHoe 'lliCJIO nyJiel 

d 0..0 Z' l ( z) ·"V 17 ( 1-/11 (g) ) 
j=1 ;; 

B '10'llt8X 

1) =- /l?) trl) ;> 0 
f/='1;2; ), 
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IIJlHlleM B npe;u;eJie CHSITBH peryJIJipBSaQmi ( r~ 0) 

!») ( rJ) -,.> -1 0<:7 ) 
(2.8) 

H, BO-BTOIJ.JX, 

k .z /f.zJ ::; L' (.zJ. 
rf-J 0 (2.9) 

3a.TeM DpOBO;JlRTCSI KBaHTOBaHJIIe peryJIJipBSOBB.BBOI CJIICTeMH. 
rf: 

PeryJISipBSOBB.HHHA oneparop nOJISI KBB.pROB CJ (x) npe;u;cTaBJllleTCSI . 

B Bll!;lle cynepnos~ 

c1 r:;od . cr 
o t~J = -~A/ fr!) 9i (~<)/ 
I r)=1 ? cr <2.ro) 

r;u;e Airl}- HeKOTOpHe K03tMJHUHBHTH,:a IIOJIJI r/ (;= ~?; '•.) 
COOTBeTCTBYVl' fi>DTJIIBHHM liJilii ".D;YXOBHM" Kl!8.HT811 C Ma.CCOI ~'(I) , 
T.e. y;u;oBJieTBOpiDIT Jp8BR6RHJDI 

.., r 
(/ (} - 1171 '( /)) fi (X) = 0 

llpll! CHSITD peryJISip1188.llD 

{f 

/#n c; !~) = 0 
,7 -=J 0 

r;·= 1;?/. ·) . 

(2.II) 
IIOCKOX&Ky MaCCH Bcex".n:yxOBUX"KB8HTOB CTpeMR'!'CSI K deCKOHe'lJHO­

CTl'l, COrJiaCRO (2.8) , H HH 0,1JJIO fiJKSJII'leCKOe COCTOmJKe C Ko­

He11HOI &HeprHel He MOaBT CO;JleJ)aaTl>".n;yxOBble"KBB.RTH B CB060,JUICBI 

COCTOSIRJDI. Bee BOnpocH, CBIISB.IIBHe C 8TDI Me'!'OltOII Kl181J'!'OJI8JDIJI:
1 

UQ,Jql06RO paCCMOTpeRH B [ 3J • 

8 

EcJm: RMeeTCSI BSS.D!O;Jle!CTBJI!e IIOJISI CjfJ<) C KaRHMihiiHdO 

;u;py I'RMll IIOJISIMJII, TO ,S/_ -Ma TpHUS. CTpoliTCSI no JIB.I'paHDB.HY 

B~o;u;e1!:CTBHSI c0-d' SaBJIIC.HilleMj' OT peryJISipHSOBaHHOrO IIOJIR 

f (X) • B [ S J 6WIO IIOK8.38.HO, 'ITO B npe;u;eJie CHSITHSI peryJISI­

pnsrunm ( d-:J 0) cymecTByeT KOHe'lHaH YHHTapHaH llp}l'qJIIHHaH ;1 
-t.eTpJIUa, eCJIH DpH'lli!HHaH WHKD.HSI I'pHHa (2.5) y6HBaeT B eBium­

;u;oBol o6JIB.c m. 

lloCJie;JlHee Tpe6oBaHHe HaKJJa.IIl,IBaeT Ha WHK!n~lll Z{t) yc­

JIOBHSI, 'l'l'06H 

/lr~Jl~ O(e 
;z;ZAI) 

(2.I2) 
Ilpll! ~2. -i> - C:>""' • 

Ka.KoB HBHHii Bll!;u; onepaTopa ~ ( jJ). y;u;oBJieTBopsmmero BceM 

nepe'litJCJieHH!iM Blmle YCJIOBHSIM? EcJIJII Mil BBe;JleM Ilpli!Hnmi MHHHMaJJl>-

J " HOC'l'JII, T.e. Orpa.Hil'mMCSI HaHMeHMie:lt CTeneH:&lll IlOJIHHOMa W (P), 
CTOSIIllero B IlOKB.SB.TeJie 8KCIIOHeHTH B (2.?), Ilpll! KOTOpO! MOXHO 

y;u;oBJieTBOJIIT:& BCeM nepe'lliCJieHHHM Tpe60B8HitiRM, TO TOr;u;a IIOJiy'lliM 
2. 

. "' L 2.. >-1 :n u - ~'? - - f> 
~ t'?/:::-17 e 4' , <2. r3> 

r;u;e H , t u 1 - aexoTop.te nocrOSIHHHe. 

llocTOSIHHSSI f/ paSMepaocrH MaCCH B ,ll,aHHOM no;u;xo;u;e onpe­

;u;eJISieT MacmTad IIOJISI KBapKOB 1fJI} H peaJILHO dy.n:er BXO;IlitiT:& TOJI:&­

KO B OIIpe;lleJieHHHe KOMdHHSlllm C 1\0HCTil.HTaMl'J CBSISH, onpe;u;~­

MH Cl'IJIY BsaitJMO;JleiCTBHSI IIOJISI KBapKOB ;u;pyr C ,lij)yrou liJilii C .DJlYI'HMH 

IIOJISIMJII. llOSTOMj' OHa He SIBJISIBTCSI HeSaBHCJIIMOI IIOCTOSIHHO! H OT Hee 

HHKaiUie fi>HSJII'leCKHe XB.paKTepHC TJIIXH HeUOCpe;llc TBeHHO He 38.BJIICSIT. 

Ml:i BHdepeM B KB.'lecTBe If 'lJHcJio 
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f!= _j_ 
!r L (2.I4) 

IIocrrunurne I H L HB.JIIIDTCR: WH.ZtB.MeHTaJihlillMH :e Harne•., rro.m::o,Tie, 

OHH Oy~T orrpe~e~Tb ~HaMHRY BCeX KEapKOENX B3aKMO~e!CTR~. 

'IT06N OOJiee ,ne'l'aJil>HO l'!Wl'CHHTb CM!WJI BTHX ROHCTaHT, paCCf.lr•'!plW 

rrpH~KHHyD if)y~Hn TpHHa (2.5). ~eeM,rro orrpe~eJieHHD, 

cr IT!'""' _r~ G t~-;)= <O ( 9r)(; 9 f!J)I 0/. (2.I5) 

3~eCb H HHllte HaC He Oy~e'l' HH'l'epeCOBa'l'b HElmA llH.Il: peryJmpi!3DBBHi!blX 

Eblpa.llteHRa. CymeCTBeHHO ~rub, ~TO perynnpH3auHJI, Bo-nepBb!X, cy­

rueCTEyeT, BD-BTOphiX, 06ecne~HBaeT rrepexo~ K eBKHH~OBOft MeTpHKe, 

H, E- rpeTbHX, MOllteT Oh!Tb CHRTa, Tor~a HMeeM 

Gfx-y)<=!h G~x[J) = z-(llJlcf(krJ)= 
0' HO . __L}J r r- - t?fX-rf) 

~ (lT)1/ ;;t 1 G(?) e . 
I/ .t.:z. z. 

Gt;)= (/ff)e Pf77?. 

(2.I5) 

3TO rrpe~CTaBJieHH6 ~OpMaRbHO B MeTpHKe MHHKO.CROro H !IOHENaeTCH 

B ~Xe TeopMH o6o6meHHHX ~nH!. B eBK~OBOI MeTpHRe ~ 

a OJ aamlllleTCR: 

Gr,rEJ~tiffft!c r;(;FJ e "E·X-= (2.17) 

10 

~ - r" - Ll 2. r~e 

G-(fE) ~(/iL)e jJE -;;-Pe 

i 2 
2 

:(f~-lJ/ciJI ljF- I;~ At?1~¥Je- ;;- /£ 
IJ/F . (2.18) 

B eEK.IDi~OBOM X -rrpocTpa.HCTBe iflyHKUM b-( xEj MOlKeT 6h!Tb rrpe~-
CTaBJieHa B BH~e; 

& (X£) =A {X~) 
rne 

/1 

XE 
-I /x1 xl 

E 

B {X~) 
' 

(2.T9) 

A ( x~) ~ IN)_(',> -"-' ' . (! lf/')dfr (IJ If[ e " !'< -
1

/VG 
' 

(2.20) 

L' L . 

13 
r 1-) = ~~!.) ld r (!t-lE) 4tn I !J; -r lc- - 1;1>..: J£ 
(X;; I 2 l)Yr j u. /£ • r.T' !!7:' f 

l' ./ v li f /!: 
*) 

3TO rrpe)lCTaEJieHMe M~ Oy)leM MC!IQnb30BaTb B naJibHe~rneM. 

~HTerpaA B (2.17) He BHqMcJIHeTCH B )lOCTaTO~HO HarJ!H~OH 

ilJopMe, o~aKo xapa.KTep no:ee~eHM if)yHKUMli! &(X£}<2.17) coBrra­

naeT C !IOBe~eHHeM if}yHKUHH: 

*)IIpe)lCTaBAeHHe MaTpMU ~- B eBKJIH)lOBO~ MeTpHKe ~HO 

B IIpMJIOl!teHHM A. 
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( ' ' ~· / 
....-G 

)_ -!1_~-i! 0 -­

;- 2/l-zl'' e 

/j 2.-

{/Jc: ;-t) 
L:t 

/I 7 (i -~-LJ r . z11 2'--, , x{; / ?:L~. 2. (2._?I) L ~ -·-------_ - ., tl 7iP6· -; I Y::T.-' 4,v ;_ z ~ L)-~ 
]l!L'~ l £- I JIE ·- _; c t_L • 

rJ.JYHhit.lfJ~J b1li 6y;D,'JM :Hf;I!OJ.f!/301~alJ.'L flpll )l.a}!Di:IeMUUl~;': Ka'liee'!·Ba:!IlillX 

r)l('jll1\i>Z, rY;.Ymci(Ril (;'.!) ( ii'F) l-1 c (;r;;) ycluE~i!J'!' npH l£ --?' e;.?~ 
-- i'/ . , L ., 

J~:~t~"\- f! ti~.o Ec;rJ.1 Ji<:h or~pS',1teJfJ'1 111 .S 0pe,LJ)H38 3H£1'-1errnt < Xt.: ,> 

pdCflj)1J,n:1;J!I:lm!H ,DH.l-1';Ull8'3lill;f'[) flffli.Ef.Ule}J Gb (,X£) (2.2I), '1'0 MDJl'J!U 

~\dtjf.:C !_;jJOELHO liOJ(ytHf!'h 

/ x"-- - ,.~./ <-.• E /-- (fll ),2.. 
,, 
... ;·J1() 03Ha•w.e~·, 'H'o ljlylll<:JJ;.F'.fr. rp:mm 

(2.22) 

b; {i<;;) YJ ,coo'!'Be'i'CT.eemro, 
/1 . ' 
b· ('/c) 'mW'J'fHO y6HB6\FYl' F.E peee!'(lffJHiHX I!Opi'!,!Wa ( fr/.) ~ 

[t:t:}JY~ !.iOD€,!~f~H!&B :;.)').jO~{ rpVIHfl. CIJ8.BH.ilB8.1'1 c llOBe~eiD'!EHvl WYHEL\ZZ 

'J 
1

Pk':Hn !JOtrqHJ..J:X t1Cl.C·t~~n~; !W1'0p!le 3aM<JTHO JOHBB.!J'!' HBo p8.CC'!:'Offi!ID1:Z 

1: op;r,n_l\~:-;_ RtJr:un~r)HO'.:J(,;_~~:ur )l
. f 

N;"U.Jr,lq no7l"""t.i,'J HEif~'t1~7lU ,:::, ,,_..... . ·ro "f;()nn,~. ,_,_, "" .. J!I! .• , ___ '"· f/7 ' - ""-"" 

yc !tOlJ.HU f>Hf·:r.\~ ;.J'f~) orr .. :.U;t;~t~'~ RB&.ptG~'-, 0Hj~JCUBct8MOt'O :f"p8BHB~ 

C-: .. )1) c :..:r~'-:f>:'L'c<JrJ: .. J (~_,1'/), Gy;J;c'r onpe..rr.e;m:rL(::t1. nu;nPr&:IHrJ~i 

j} 
/;)f (jl / (2"23) 

~-i,·.J•:l\Hc ~J ~.l 1 fY!l fi(i.JJ:t:ttJi~;-f~; r;Ilt;n.n,t~J!nt:tt~ ~ret· nt.l'pil,rr.:-J:J. pacctofl:aHPi, Ha HO--

1r;.'.1 npr).;UJJT,;;:r::::f'(J .. l C'i.'f/Jlf.'I~j J;f~ r,;;;.H~:lC.!.HHill'~ G U6M€tiOM .3De,l1.eH:flliX HfildJtl 

~~ ;?.~1(ll\:O;:; , 
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TaxHM o6pasoM, • paMKaX npe~aeMoro Mero~ MH y~oB~eTBo­

~eM cne~ ycno~HHM: 

I) none Kli~KOll Cfflfj CYIII8C'l'J!yer KaK BTOp~PiHQ-KBaHrOBSH­

HHI oneparop ~~~Jg- E HeKoropoM peryARpHSOESHHOM rKHD6eproEOM 

npocrpaHcr:ae £ ; 
2) B npe.:ztene CHR:THR: peryARpiiS8IlJDI no~e, OIDJCHB8.Dilee CBO­

r 
6o~e KBapKH 9CrpeYHTCll K HYJID <? (X) ~0 j 

J) npwqHHB8R ~ rpHHS B npe~ene CHHTHH pery~HSa­

UHE ocraer~ HerpHBBan~HoA; 

4) ypaBH8HHe, OnBCHB8.Dilee KnQCCH~eCROe no~e KBapKOB, Mo­

~eT 6HT~ BH6paHO npH p8SnK~HHX npe~onozeHBHX TO~KO C ~YMff 

HeSaBHCIIMHMH TI8paM8rpaMH, ~O~HUI ITpOHSBO~ llORHOCTbD 

OTCYTCTByer; 

5) none KBSpROB MO&eT BSaJIMO~eiCTBOBSTD C ~rHMH llOJIIIMH 

H npHliO~T K HeTpHBH~HONY BsaHMO~elcTBHD 9THX no~el 

~pyr c ~r011. 

B Ra~ecrBe nepBoro mara zsyqeHHR: npe.:ztnaraeMol reopHH 

MH paCCMOTpBM pac~euneHIIe MaCC MeSOHOB II 6apHOHOB B paMKSX 

HapymeHHoA ,s'U !)} CIIMMeTpllll, 

§ 3. JlarpaBDiaHH BSaHMO,UeiCTBHR: 

B paccMarpuaeMOM HaMll no,ItXo~e BOSHliiKaer Borrpoc : KaK 

CBRSaHH none KB&pKOB C TIOARMH ~swqeCKHX ~aCTHU MeSOHOB H 

6apHOHOB? 

MoJmo 6HJIO 6H nomn·au~ necrH narpaHlKl1aH BH~ 

1: iflr -~- ;,(f ~c; Jr{ t9 J. (3.1) 

13 



r.Ite r- HeKO'I'Opie /-Ma'l'PHn!i, B HCKaTb MeSOHii B 6apHOIW KaX 

CER3aHHH8 COC'I'ORHBR, B03HBR~e B CHC'l'8Me, OllBCHBaeMOI 

JiarpaHDaHOM (3.!). 

TaKO:It llO,IlXO.Il BOCXO)(HT K B,IleJIM ra:ltaeH6epra{6] H 

3aCJJYDBaeT cauoc'!'OJITeJII:.Horo H3Y"JeHllll. MY a:e 6y.IteM C'IH'l'an, 

'1'1'0 Me30FW lol 6apHOHH OnBCHBaJl'I'CH CKB.lDipFWMH B !fleJWHOHHliMH 

no~u. YllOBJie'l'BOpaEmBMB o6w'IIWM YpaBHeHBRM ~e:ltHa-rop.ItoHa 

B .11.llpa:Ka. 0.ItHaRO 6y,IleM llp8.IlllOJIB.I'a'l'D, '1'1'0 llOJIH 11830HOB B 

6apHOHOB B3aHMO,Il8ftC'I'EJD'l' .ItPYr C .ItPYrOM 'l'OXLKO '18pea llOnR KBap-

KOB, 'I'Hna 

4 = flt(fy) -f ~ ( /Jq){ 9c 7) f 

(3.2) 

TaKol no.ItXO.Il npHMeHI1M K B3Y"J8HKD MaCCOBHX ~OpMYJI ~ OKTe'l'a 

llC8B,IlOCK8JDipFWX M830HOB H 6apBORHHX OK'l'e'l'a C ,Il8KYUJI8'l'OM. B 

9'l'OM CJIY'fae npOC'l'elmBM B caMHM 8C'l'8C'l'B8HBWII fiY'l'811 4BJDI8'l'OJI B3Y­

'IeHHe BaaHMO,IleiC'l'BIDI, HHBapHaH'l'HOro O'I'HOCB'1'8~HO rpynDH ~~). 
KaK 06H'IHO ,BBe,Il8M llOJlll 'l'peX KBapKOB f , n H _A , K&K 

HHawee npe.ItCTaB.neHHe rpyntiH ~1'(:3) : 

( q,t.x)) ( f(X)) 
~(;) = { 9?;{) j = Cfz (Xj ~ 1719 

S- I 91 f;{) ;, I~) • -,,?1 (3.3) 

llycn TeHaop )f If! onpe,IleJDie'l' OR'l'e'l' nceB,nOCKaJIHPHHX Meso•oB 

(!Ji~ ,-), B"'s - oKTe'l' 6apHoHoB {AI> II 1 .$,) (;') 
H r1f I( J I'J? - .Il8KYUJI8'l' 6ap•OHOB ( !;-u) t} ) y Jt.) J2-) • 

Jlarpa.HD8Hii B3ai1MO,IleiC'l'BBS, IIHBapBaH'l'Hii8 O'l'HOCB'l'e.n:DHO 

rpynrrw ~AV/.5~ B npoc'l'elmeM npe.IlllOJIOJ:eHRB, '1'1'0 ORI He saBBCR'l' 

0'1' npOB3BO,qHHX, san•CHBUl'l'OJI B BII,Ile: 
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l,P IV 8 g 
ci.-z (x) ::./'I tx) ";t I (X) t Lz (,x~ (J. 4) 

r.ne 

If KS ( - S #- K ) t (,X); /f/1 (X) l 1f'')~r Cj (x) t-Jj'-Pc~n/' 
~ (3.5) 

1r 8
(A) ~ #" (ffi;'f._ Cf~';j( tjr::;: 'f fN)./""",. 

-r jr (ir:) v;v ~;1){cf r"l; rf.v 97,;)£ "';" (3.6) 

.f )fdl· {tJI?fJ< 

g - KSm .If _...> m · 

~ {t!) -=- ~A (?: ( k) /;- fJ ~~ )( Cj~':Jt J:.j (-<03. 7) 

I t A,v ( ~ '""' ( )) t/f.x) )(if 7 )() (e. fm{JI)) 
-+ apu. conp. 

3.Itecb f, j 11 , /J.T, AI'\ 1 1;, - KOHCTaHTH BaaHMO.Ite:ltcTBIDI • .l{pyrHe 

BapK&H'l'H BSaBMO~eiC'l'BBS O'l'CY'l'C'l'BYD'!' K3-3a CBOIC'l'B CHMMe'l'pBH npH 

nepeCTaHOBK8 KBapKOBWX no.nel. 9'1'0'1' BH60p JiarpaKBB8HOB B3aHIIO­

.Il81C'l'BBH RBJIH8'1'CH llpOC'l'elmHM H, KOH8'1HO, He e,IlJHC'I'B8HHHM. 

B npHHUHne, npx sw6ope JiarpaHJ:HSHa Heo6xo,IlJMo npHBJieKaTb 

,l(OllOJIHHTeJibHHe C006pa&eHBS, CBR38HHH8, HaDpHMep, C KHpanbHOI 

CBMMe'l'pHel H 'l'.,Il. 9'1'0 ,Il8JIO HamKX ~Re:ltmHX HCCJie~OBBHHI. 

KaK XOpomo H8B8C'l'HO, YBH'!'ap88R CHIIM8'l'pHR HapymaeTCH B CHAI>­

HHX BaaBMO,Il8IC'l'BHRX. ECJIH MY 6y.Il811 C'IB'l'8'l'l>, '1'1'0 C'l'eneHb Hapyme­

BB.II ciiDINe'l'pD onpe.Ite.IDie'l'CH no nopllli;KY BeJDAIIHii, xanp11Mep, cooTHo­

meRBeM 
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)
N4- ~7; I ~ /·Hg- If: I ~;·li,·-f4,L _j_ '{3.!') 

Hz; I H-9 I 112 ;· 10 
r)(e /YN ) H ?' ) /f11 ) N g - MaCCH 

6apimHo:e N , 2 , A , /3 , To OTCD,na Mo:mo c.neJiaTI> 

Ebi:E!O.D;, ~TO Hapymanmee CHMM6TpMil B3aMMO.D;e!CTEHe .D;OCTQTO~HO CJia6o, 

TaR ~TO, E ITpHHUHITe, MOZHO ITOITHTaT:bCH HCITOJ!b30EQT:b TeOpHil 

soaMYmeHIDi. 

MH 6y.D;eM paccMaTpHEQT:b HapymeHHe CBMMeTpHH C TO~RH 3peHHa 

MD.D;eJIH REapROE. llpH TO~HOA ~2£/J/cHMMeTpHH TpH REapRa {f;n;A) 

HMellT O.D;HHaROEYIJ Macey, T. e. napaMeTpH f H L . sse.neHH ble 

E ¢yHKUHil rpHHa (2.I3)) O,l(IUt H T& lte ,IUlll ECeX Tpex KEapROE. 

CaMHM Henocpe.D;CTEeHHHM CITOC060M HapymeHHR CHMMeTpHH HE~eTCH 

npe.D;ITOJIOlt6HHe, q'l'o Ha CaMOM .D;eJie REapRH HMeiJT pa3HHe MaCCH. 

EcTeCTBeHHO C<U1TaT:b, qTo RBapRH ? .Ill n HM61l'l' O)l;HHa.KOBble 

Maces, Ta.It RaR sxo;na:T E Jtso.n;y6ner, T. e. napaMeTpY / :a L .IUlll 

HHX O.D;HHaRDBY, a REapR /\. HMee'!' Macey, RD!'DpaH 6o.n1>me 

Mace p H n RBapRoE, T. e. napaMeTpa f). H L) MeHI>me, ~eM 
y f H h , 

f;. < f M.- L)I<::L 

B CHJIY (3.5))c.ne.nye!' cqHTaTI>, qTo 

/- ~ 

f 
I'V L -L). 

L 
,...., I 

10 

16 

. , 
(3.9) 

(3.IO) 

' I 

' ' 

l1TaK, MY npe.nnoJiaraeM, qTo HapymeHHe ,f/{ {3) CHMMeTpHH 

npoHcXO.D;HT za-aa Toro, qTo napaMeTpu 1;. H L ,A E <PYHKIUIH 

rpHHa /1 - R:E!apRa M6H:bWe, qeM y ~H rpHHa p' n- REap­

ROB. 

CeAqac MY ITO.D;rOTOEJieHH nposepHT:b,RaKHe MaCCOBHe ~OPMYJIH 

ITOJIYqaiJTCH B npenJiaraeMOA HaMH TeopHH. 

§ 4. Maccosae onepaTopu 

B ~OM paa.neJie saqzcJIHM Maccosue onepaTopu MeaoHo:e H 

6apHOHOE, HCXO.D;H .1113 .narpaHltHaHO:E! (3.4-7). llpH Baqzc.neHHHX or­

paHHqHMCH BTOpaM no~oM TeopHH E03MymeHHA. PaccMOTpHM ~ar­

paMMH co6cTBeHHoA aHeprHB, npe.ncTasJieHHHe Ha pHc. I H 2. MaTpB~­

HHe a.neMeHTY jr -MaTpHQH, COOTBeTCTEYDmUe .D;HarpaMMaM I H 2, 

3aiTHCHBaiJTCH B EH.D;e: 

s#"-l/Jix~f f!(;Jl;("f~-;) ~~K~) (4.!) 

f j)ff ) - SJ< )1 (!J) I(S 

pg=-~u'~'7b 8()}05.1( rx;;Jil f)) (4.2) 

~ ==-iJI}II'!h~ z~i$*~) z;~1-r-JJ2f7;) J) 4 {I 5,1(,, SJCn. r7-

(4.3) 
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N 9 N 

~ 9 

PHc. I. EJiarpaMMa co6c~:eeHHO~ aHeprHH Me30HDE 

q 
B;ZJ-~ 3,# 

X y 
r 

Pmc. 2. EJ~arpaMMa co6cTBeHHDA aHeprHH 6apHOHOE 

~pbe -o6pas Macco:eoro onepaTopa onpe~e~eTca rax: 

I . (}. f ~ - 'i (x-;) 
.rr~-(JJ=(zJ!)t,Jaf> ~f;)e . (4.4) 

3aMe~HM, q~o DpH TaKOM onpe~e~eHKB MaCCOBHX OD8p&!OpOB B (4.!-4) 

CB83b Me-.ny ~3HqeC!tol H 3a~paBO'IHOI MaCcaMB '!aCTBU ( /n , ~~ B 

m p , fi(J COOTBeTCT!!eHHO) ,naeTca rpopyYJlB.MB 

~ Me30HOI!: 

z_ L (' J.. 

liJslf = /tlq f o /11 fll / 

~!f) )/ 
lmi~ = 4;;, (fJ; /~ /11~ 

18 

(4.5) 

.!1.M 6apliOHOB : 

'"'; (/1) 

lfsl{ ~ ~ + difJif J diiJ~r =Z~K (/) )J= H. 

ITpo~eMOHC~pHpyeM BCDOAb3yeMHe E pa3EHEaeMOM HaMH DO~o­

~e Me~o~ pacqeTOE Ha npliMepe BHqHcneHKR Macco:eoro onepaTopa 

~ MesoHHoro ox~e~a. 

Ma~pHqHHI SHeMeH~~ -Ma~pKUH, COO~Be~CTE~ ~arpaMMe, 
DOKa38HHOA Ha pliC. I, HMee~ B~ (4.!), r~e COO~EeTCTBeHHO Har­

paH~aHY E3aHMO~eiC~BHH (3.5) HMeeM 

~11) l rl d 
IU4 ~flf (x-;J~-;j.f'p(J:-Cs (x-y)j{-~ 1;-1} 
I ?'' <4.s> 

3~6Cb HCDOHb30BaHO 

<. D IT ( 9{t;; Cj:;J) /O):= dsY. Gs ~x-~), 
(4. 7) 

r~e ~~(x~,naeTca IPo.I*YJI8MB (2.15-20). llepexo,~t~r B 

HMDY~CHoe npec~aBHeHHe • DOHbsyscb peryHSpHa~oHHoA npoue~-

peA, KO~Opa8 D03BO~eT nepei~H K HH~erpHpOBaHBD DO eEK~OBOMY 
t•JI 

npOC~paHCTBY DOBOpo~OM p. ~e l-l'f B. HMDyHbCHOM npe~CTaBHeHHJI H 

Xo..,.e.-'-! ~f B X -npe,D;CT8JI.18HBI1, B npe,~teJie CH.8TB.8 peryJIJipH3~JIH 

( & - 0) DOJIY'ID: c/: 
rv (}f) f 1 ~~~ (/1} 
~ (fj = hn c/x e 2 (X) = 

r;r rf".?o .1'){ 

'} ~ 1
fE -XE ')T{If) ( x; ) _ , d ,x£ e L~rl( c 

(4.8) 
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r.ne 

("1) l z;;p.) • f!)j Jj;(Jf-;; (~c-)/f (}, (-itE )j • 
(4.9) 

BoCTIO~b30EaBmHCb COOTHOmeHHeM (2,19), ITO~HM 

/11) J j,l l. 1. L) !W; c~ (X£~-/~ ?r/1s(~E)AJ((,~t)fiJ.rfXt- tJ((XG • 
t1K L' . 4.10) 

Tor.na nonpaBKa K Macce onpe.ne~erCH 

~J~ = 4~~J (m} ~ 
; - ~~~·I[!Jsi)J 1- J[&ll~]J, (4.II) 

r.ue 

I[A/l}; jd),/fFX.-A!x;j g(/i) (4.12) 

'l L 
3,necb Heo6XO,IUIMO TIO~O!O!Tb fe = - IJ1 , r,ne m - !f)H3H'!eCKSJI 

Macca MesoHa. 

AH~orH'!HNe paC'!8TH 6H~ npoBe,UeHH npH BH'!HC~eHHZ MaCCo­

EHX oneparopoB 6apHOHOB. MH npHEe.neM ~Wb pesy~raTH pac'!eToB. 

20 

§ 5. MaccoBHe Wof?MY~ 

B CD~TBeTCTBHH C HB.lliHM npe,npo~OEeHHeM 0 M8xaHH3Me Hapy-

WE:'Hl".R fltl 13) cHMMerpHH npe.ncraJHIM !f)yHK~Jm A ( x) H j(l"j onpe.neneH­

HH'J B (2,20) B l:jJOpMe: 

.. 
" 

/Js. (i;):::: 1/(:t:)- r£ ctfx~) 

Ds (;~) =: [j(x~) - dsJ t rx:) 
(5.1) 

(s = 1;1;1) 

r.rr.e A, z r12 = fJ11 ~ A P ; ~ B,= 82 = Bl? = 8? .: 8, 

113 = A" = A- ct. 83.: 8/1 c:= B-t , 

C?- A.t g rroJioDTMbHN cor~acHo (2,2!). 

I!peJ[,.T(t:l '!eM HaiiHffiTb MaCCOBHe !f)OpMY~ ~ M830HOB 11 

6ap110HOE, G)(8JiaeM 3QK8'!aHH8: 

B .n;amw~ pa6ore MH npeHe6peraeM 3aEHCHMOCTbJO O'f 9 B HH­

'f'c!')k!.JW.X ( 4.12), 3ro Tipi'!6~JK8Hl'!e COOTEeTCTByeT TOMy, 'ITO MH Bl:l6ll­

f/.li'liil rt.acey KBapKa 6 o~bmyJJ, T. e. 

Iii'! = iz "v 10 Gel( 
;'Qi'H CBJ&l ~lD.UeJI:b HaM He ,llaeT :n:KaKllX orpaHw~eH!lli Ha Ee~'lHHY 

i~D.CCU 17?7"( VH12 MO.Bte't' 6HTh H O'!GHb MaJieHhKOl1 H DOPf!,I!Wd HeCKOJihl\J-I:X M:JB 
1 

'<cUI !W.'lY'!oS'i:;'t'CR :Wl Kl'lpaJihHO:Ii Cl!MMeTpi!i!), 

GcHOB<;.HlfR y Hac Ha ,naHHoM ararre c~e.nymme: 

I. ilpHHR:TID! HaMH crroco6 HapymeHIDI S'/IIJ) -cHMMeTpHH B JIJ06ot1 

p·23)'lllHO~ !i,::lpHH ,UOJIUH llpHBeCTil K H3EeCTHNM M8CCOPUM cjJOpMYJiaM 

fl ~08CI!el'l~!th OR'l'e'l'HYJ) ,UOMHHaH'!'HOCTb, ec~ MO,UeJib 06Jia.nae'!' E He­

l':CJ'l'OpOM CMUCJiel YCTO:It'!I'IBOC'l'bll OTHOCH'I'e~hHO HSMeHeHIDI p-8.3Jili'!HHX 

nap<:JJ.le'!'pOB, I: Hee BXOMllUI:X. 
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2. B HaWeH MO)len~ .D:OCTaTO'lHO MHOrO napaMeTpOE,~ TOAbRO 

~3 ~ccnenyeMHX HaMH MaCCOEHX ~OpMYA HX Ece onpenenHTb He ynaeT­

CH. HeoOXOnaMH ~nbHe~wHe HCCLenOEaH~ (HaTip~Mep, EEe)leH~e 

,S'IJ/J) @JJ(jff)- RHpaJibHO~ CHMMeTplllH). 

B HaCTQffme~ paOOTe Hawa 3anaqa COCTO~T E TOM, 'lTOON TIO~'lilTb 

C¥.0':188 Ra48CTE8HHH8, H8JK8JIH KOJil'!48CTll8!I!Ibl8 Ol\8HK1!, 

SornacHo sToMY ,3aMe4amno,HHTerpaJI (4.12) san~UieM E El'!)le: 

I !II BJ ~ji'1l£ /Jfx~) 8( ~~), 
(5.2) 

l'!, noncTaEJIR.Fl ( 5. I) E ( 4. II), no.nyqaeM ,UJIR: ORTynJieTa nceE.nocRaiDlpHbiX 

M830HOE MaCCOEblll 'IJI8H E JiarpaHl!rnaHe: 

l ~ ( /lJ; f J) lf f/1 ~i/[ /l rJ/~ If 3Jf~Jf />f )Y, lJ 

H (5.3) 

rne 

~ = /17~ -1-o/.
1

; /J1;- irffi{!/j I J{ 81} 
~g ~ -ltj'f }[all} f I!lBJ} 

1 :c- ~/( I[ti} f I [t'i}. 
KEanpaTN Mace ~~3H'leCRHX qacTlllU paEHbl: 

2- I ,1 J?7x """ ;;(. t v 3 , 

lh~ =- cl. ) 
2} !L/) 2-,J<;.. 

In -=-o<.!- 1 uf5r7o 

( 5. 4) 

(5.5) 

r . .,) • 
AHanorH'lHO MaCCOE~ 'IJieH E JiarpaHZMaHe 6aplllOHOE ~eeT ER)l 

j_H = ( lfo r-~) jjs~/]K~~/]5:3/} 1!.1- / /./js tYs.s -r 

i I !JjJ b,.?j 
/ 

22 

(5.6) 

r.ne 

ri = flo- r; ~[ILiiJ(26~rz t .f r;;) t Il118?(6;!t 36'v 6',)}-

- 0~.t{Ifa!J:l(C/- f /i-) t ILl11!3}(G:- ~~)- lla1J(G.,
2

·7 cv&rd} 

(1, !···-1· t/-7' ,.~. r'- · -~- ;/'lr"'" , r r ) -';J.J?LJI;r-,·2 ., ;y =- 6/.;L j_ J4 fl_/( bUv f fJ;) f J._ 0 -JJc .. A;,~J-c :7v!JT,~ -jLbPo/(Zt) "'rft.5' 
(5.?) 

- 6i;{7(i!J)(66/ f61) t If;;;8!j)(rG/,-J C,J;r) -- 1 t4 'lj)2 t~ 6~ --

_,[JJ2CJll/'2 ~ ")17 
.i... o II.J r o-,_. f br b-r lj 

f'= -t~li[ti1{](6(2fb-j) t I[c,I3!/(G:+tf6j;t;)­

-][6/l!l] ( ~&;-- 2{;t- &r ~] 

d=- 6 f [- I{c/ll](6t!-f G~)-J((f!,@(~G,;+26-v6'-,) -il!)/iJJ~fJ0;r 1 

f J. [l!JJ( G/t Gv C1)}-
- C~[ I[aJ(Z C-} 1 f&:) t I (_{!11:/( c.: +.? &1/ t:-r)}) 

z9e Gv "" ~ _; bT = 3 gr. 
M3 WOPMYAH (5.6) no~aeM c~e~nnHe EH~eHRa ,UJIR: Mace: 

HAl -:; o!. t r. 
NIJ ~ ol. -f /.5 I 

(j 

H;;~ cL I 

H11 == cL + !::- rIll -t err cf) 3 . 
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(5.8) 



M, HaKOH8U, MaCCOEHIT '1~8H E narpaH~aHe ~8KYITA8Ta OapHOHOE 

:llM88T E:ll~: 

I I I) fS'/-fffl 51-/'}11(. 

LH ==- (~fo fcJ_ / c{/ ~/ .S -t 

f tfi 

f jL 

f}Jr n. {1/ /hI( 3 
I" 

f)-31m 9(11'1 
t' I t::.' ]] T 

i cr i u ] !} :u.s 
/ 

r~e 
I . /J]_( 3 2 ot = otfo tel- -= t/fo- 111J 2 J[ /1 J- I [ IJ 87} 

UJ ~ - i~ ( b l[a llJ-2 I[liJ 8]-l[ct t:Jj 
j = - t.;{ 6-']{e~21t}-2J[a8 BJ-I[£

2

Jl}j 

{~-A; { 2 I[c/}- I [a!/J), 

(5.9) 

(5.10) 

r,l\e Av,,::Q, 
~AaCCbl 'laCT:IlU EblpalKa!OTCR: '!epe3 KOHCTaHTbl j ;g Af Or o{_,~ ,cfJi! 

c~e.DYJOIHJi!M o6pa3oM: 

24 

lftJ ; ,)__ I 

Hy" == cJ. -1 f 11/J ) 

lfg-* .: o! -r f vt 1 f 1': 
lfo.~r ; tL f tt-~- r-f- ;: 

(5.II) 

KaK 6uno ynouaHyro Bume, uaccoBue ~opuynu, rronyqeHHue .1\RH rrceB,l\O­

CKanapHux Me30HOB,OKT8Ta Ji! ,1\eKyrrneTa 6apJi!OHOB,Mbl Oy,l\eM 0~8HJi!BaTh 

Ka'lecrBeHHo, a Ji!MeHHO -Hac Ji!HTepecyer nopH,l\OK BeRJi!'IJi!H I[ABl, 

BXO,l\HmHX B 3TJi! ~OpMyRH, 

KaK npe,l\ITORO~eHO Bume (J,l0),Ha6RD,l\aeTCH HapymeHJi!e TaKoe,'ITO 

j{CJII] -v fo J.[Az_j / I!lf} -v J!8J 

I!! BJ "' t&- Jlll'i 
I[t/j ~ I[tJ 'V ,fo{r!AY N Il~YJ 
I!t~ ~y"' /o IF IJ 1J L5. fl.J 

I fc/IJ]"' tfo If JJJ_j 
J[aJ~ L 7[,1J_j 

1ooo 

H 'l',)l, 

Mb! BJi!,l\Ji!M,'ITO Ji!3 narp~Ji!aHa (J,4-7),eCRJi! ITp8,1\ITOROXJi!Th HapymeHJi!e 

ITO MaCCSM K~&pKOE, Cne.nye'l' OK'l'e'l'HSH ,llOMJi!HaHTHOC'l'b, 

npe.nno~eHHaR reAn-MaHHOM, 

Ecnz paCCM&'l'pBB&'l'b MaCCOBble ~OpMY~ (5,5) Ji! (5,11~ HeTpy,ll­

HO SBMe'l'B'l'h, ~'1'0 ORB onpe.ne~CR: O,llHHM napBMe'l'pOM, ll08'l'OMY 

no~H'l'h Ra~ec'l'~eHHHe B .naze KORB'!eC'l'BeHHUe oneHKH no aKcnepH­

MeH'l'anhHYM .naHHHM He npe.ncraBnRer 'l'py~. 
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B 6ap~OHHOM ORTeTe TIO~OReRHe 6::J~ee CAOXBO, TIOCROAbRJ 

i\OHCTaHTH j3 ll t' E (5, 7) OJ_frivr:J TIOpH,n;Ka EeJIW'lHHH H .KalK,I\M 

npe.JJ.,IlaraeMM MO.Jle.!lb ,UID\TJeT MeJt.nY HHMH pa3~1JHI:Ie COOTIDUleHY.H, 

113 3KCTiepHMeHTaJibHOI'O (fs.KTa cne.nyeT: 

t2J3r f= 0. , .. 1 .• 
\_ ';) ..... ~)) 

B Harnett MO,ILe.Jlll MOlKHO y,n::JEReTEOpHTb COOTHOUleH~IO (5.13) " 

npH.IUl'lHHM cornac~eM, BH6HpaR 

bv ;::: Z Gr, 
(~).14) 

'lTO ,naeT orpaHH'leHHH Ha EapHaHTH E3aHMO.lleitCTEHff (3,6). Ba­

pllaHTH, KOI'.lla E narpaH~aHe (3,6) .JlOMHHllpyeT Jlll00 E8KT8pHaH 

CER3b, KHOO TeH30pHaH, yc~OEHIO (5.13) He Y.llDEReTEOPffiOT, 

B uenoM Hallia MO.llenb Eno~e Y.llDB~erEopnTenbHO Mo~er 

onncaTb pacmeuneHHe Mace. 

B 3aR~8HHe aETOpll EUpa3aiOT 6naro.ILapHOCTb n.M. EnoXHH­

ueEy, C.M. E:~tneHbROMY, C.E. repaCHMOEy, A.E. roEopROEY H 

E.A. 11EaHoEy aa none3HUe o6cyX.ILeHHH. 

O.llllH H3 aETopoE (A.3.n.) BblpaxaeT 6AarO.ILapHOCTb 

B.A. MemepRKOEY 3a DO.ll.Jlep~ E pa6oTe. 
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llpHno~eHMe A 

~M onpe.ILeneHHe ~-MaTpHUbl E eERnH.JlOEOn MeTpHRe 

H HeKOTOpble llOAeSHble COOTHOWeHHH, HCllOnbsyeMble HaMH llpH pac-

qerax: 

?E: {-tfo) f) 

tf"~?:tc{~E~-2?v J 

OTicy".lla 2 2 -y€ 
d#o :: -~ 
~ 

,ll,a.nee 

/;!:1: ::24 
) 

1;- t; = .!. 

J; !;~ J'; =2 ?v 

gM, v .: -{, ~ 11 4-

!; ;:. ;; ;:, ;: ~2?;? t' 
;:.;; .~:.;;;;If =-2t:t:? t:-2ct?J:e 

, 

~ O:Ct. ~ f;, =-2 ~L O';V] ~ ·Zj~ p;~:j-/I:~J;~j 
~!;- o;_~ If If.= -I;[ J;.~_ cJ;J - (1v- c/;j] 
O:vi J;. ~ ~v1 .:. f[2 ?,v -~ J;J 

ft /J:.-~~~ / ft~~~?v·•f£;{411'1-fc/u{:M-f?{lJ 
Sp ~L? o:l"1 =- -I; [ ~<><- ;;v1 -?v1 !;~~. 7. 

llpHJIOJteRHe E 

Marp»ua saPff.llOBoro.conpaxeHHR onpe.neneHa B EH,ne: 

C -=-f"'/2 = (/~{i_i_o-J i {1= c .eN C 7=- C 

060SH9.'1HM "0" MaTp:BUJ>I 

1 
N 

~ 

t; 
}J 

v 
~t; 

J II 

? 

v;.u 
H 

r 

tr 
I 

A 

27 



_,, 
-/ c 07C- 1 ~ { 0 ,rr,na: 

- 0 ;IJ.,'lff 

s.T. P 
V. A . 

)J;r_.q noJieil: C 38Pff.UOBHM conpaaeHHeM KMeeM: 
--- -1 

C/(x) =- C (/ (l) O{X)~ ( Oc(x) 
I 7 - - { 
ij(,'(_j= q''(J.) t( I 

c/(1.) ;: C Cj IX) 

O'l'Ky.n.a .lJ)lli qJyHKU~ rpEHa 

;- -------, 
c -

q,;_ (X) r~fl) := 

c 
9'-- (X) r(/3 ~J -
- -c 
r.~. (X) 9~/!; (; J = 

G~ ~1 f x -(!) 

_ [G(x-:;JC_lve 

- [ {-1&-r;-xJ]t}oL 
e 7 

9g(_ ( x) 9vJ ( ')) = [ &- ( d- x) C J V3 ,;_ 

9: (X) 9v1 ( i) ::: [ C _,, C- (r-J J.lL ~IJ 

l1 tn _n 

l r/ o 
9 

n) ~I ~ ( r" rJ(/ 
l - (r;c 17 {) 9' 

,.'(.liH 

)VIIi 
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