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. OBIWl XAPAIITEPMCTifl{A PABOTH 

futTyaJibHOCTb TeMh! 

3a,I\aqa nocTpOeIDIH MO)J.eJieli 3JieMeHTapHb1X qacTHU RBJIJleTCJl aKTyaJibHOH . 
)J.J!Jl TTOHHMaHHH npHpO)J.bl ~yttAaMeHTaJibHblX B3aHMO,D,eliCTBHA. B 3TOM HanpaB-

JIBHHH HaH60Jiee IlJIO,D,OTBOpHb!M oKa3aJICH TTyTb, onpe,n,eJieHHhIH B pa6oTax 

H.H.EoI'oJ11060Ba .If ero yt,eHHKOB, r,n,e 6h!JIH cq,opMyJIHpoBaHhl ,n,HHa1,mqecl{lie 

npHHUHTThl nocTpoeHHH COCTaBHbJX MO,D,eJieli a,n,poHOB. 

CYJ!leCTBeHHOe BJIHHHHe Ha pa3BHTHe KB3pKOBhIX MO,D,eJieli OKa3aJia MO,D,eJib 

KBa3HHe3aBHCHMb!X KBapKOB, paapa60TaHHan II.H.EoI'OJIJ060BhlM. 3Ta MO,D,eJib 

CO)J.ep;,itHT BCe OCHOBHhle IlOJIOJKeHHH npe,D,JIOJKeHHOM noa,n,uee MO,D,8JIH'M8TJJKOB. 

CocTaBHhle MO,D,eJIH aJieMeHTapHhlX vacTHI1, npe,n,noJiaI'aJJ cyniecTROBaHHe 

KOHq,aJ!HMeHTa, Il03BOJIJl!OT o60HTH Tpy,D,HOCTH, CBH38HHhle C ytieTOM BJIHRHHH 

a'14eKTOB npoqeccoB, npOHCXO,D,HlllHX Ha 6oJibHJHX paCCTO.F:HIUlX, H pernHTb aa

,n,aqy O HaxOl!l,I\8HHH cneKTpa a,II,pOHOB, KBa.P.TORaR XpOMO)J,l-!HaMHErn, Ha OCHOBe 

KOTOpotl 6blJIO ,D,OCTHI'HyTO onpe,n,eJieHHOe IlOHH!-J:aHHe a,D,pOHHhIX nporieccoB Ha 

MaJiblX paCCTORHHRX. npH pe'lleHHH 3TOM npo6JieMLI CTamnrnaeTC.fl C HenpeOJ(J

JieHHhlMH noKa TPYAHOCTRMH, 

Cpe)J.H COCTaBHb!X MO,D,eJietl a,D,pOHOR 6oJihmoe pa:JBJIJTH8 IlOJIY,,H.11,8 MO,D,8Jlb 

M8llIKOB. B Hetl COCTaBJIJl!O!llHMH_ 06;.,eKTaMJIJ RBJIHlOTC.fl I!BeTHble 1rnap1rn' ,D,BHJKy

lllH8CH BHYTPII MernKa KBa3HH8,1aBHCHMblll. o6pa.10M. Tpe6oeaHH8 y)J.eplKaHH.A 1rnap

KOB BHYTPl-1 a,D,pOHOB 06ecneu11saeTc.r BbITTOJIH€!1H€M rpaHvl"Hbl7. ycJIORHf-l Ha 

noBepXHOCTH MeTJJI{B. OcTaTOU,110€ J{FapK-I'Jl!OOHHOe F3UHM0~8HCTBH8 YU.HTLJBa

eTCR MeTO,[.\aMH T80pl!H B03Myr4eHHH. 

B nocJie)J.HHe I'O)J.h! B CBil3H c H3Y,l8HH8t-'. npoueccon rJiydoKoHeynpyroro 

pacc,e.FIHH.fl .JienTOHOB Ha a,n,poHax 11 He06XO)J.HMOCTbt~ Y,l€Ta CTeneHHhlX norrpa -

BOK K BhlpalP:eHHHM, noJiy':8HHb!M B paMKaX T€0pHH B03MYlll8HHll KX,1.t, np1106pe

Jia oco6yio B8J!\'.HOCTb 38,IJ.a· a O BLIUHCJJ8HHH CTPYKTyp~b!X ;yuKUHH B M0,[.\8JIH 

Y81JJKOB. 0,!.\HaKO, Kai{ H3B€CTHO, pb]qHCJI€Hl18 CTPYKTypHhIX ;yuKQl-1!1 B 3TOfi 

M0,[.\8JIH BCTpeqaeTCR C npo6JieMofi paCXO,[.\HMOCTH p.A)J.a, ytlHTb!Ba!O!lleI'O BKJia,IJ. 

MOpCKHX KBapKOB. IIp:a':leM, Kalt 6w10 noKaaatto, 3Ta Tpy)J.HOCTb CBH-

~~Ifj:::~~i!=i 
? 5;~;i:,m-tCff EH/-1 ; 
·"~~~........,......,,_ ...... 



3aHa C Bbl6opoM rpaHHt!HbIX YCJIOBHn Ha TIOBepXHOCTH Menrna B TOM JKe B11,n;e, 

4TO 11 B CJiytiae 6ecKOHe4HOI'O noTeHQHaJibHOI'O 6apbepa. 

B 3TOM CBH311 HeCOMHeHHb!M HHTepec npe,n;cTaBJIHeT 113Y4eH11e Mo,n;eJiet! 

MeUIKOB C ,n;pyI'l1Ml1 ~pMaMl1 rpatt114Hb!X ycJIOB11tl, KOTOpble MOI'YT 6b!Tb CBH3a

Hbl C Bbl6opoM noTeH~aJIOB 3an11patt11H KBapKOB BHYTPH a,Iij)OHOB B a11,n;e, OT

JllltJaJOI118MCH OT npHMOyI'OJ!bHOit. TIOT8HQ11aJibHOH HMbl, 

CJie~eT TaRJKe OTM8Tl1Tb, QTO HaH60Jibmero ycnexa Mo,n;eJib MemKOB ,n:0611-

JiaCb np11 o6oHCH8Hl111 CBOHCTB JieI'Kl1X a,Iij)OHOB, MH Olll1CaHl1H a,Iij)OHHbIX 

COCTOHHl1H C 60JiblIIOA Maccon MOJKeT OKa3aTbCH IlOJ!83HblM 11CCJ!8,ll;OBaHl18 B 

KBaHTOBOt! xpOMO,ll;l1HaMl1Ke B3aHMO,n;et!cTBl1H KBapKOB C IlOMOI11b!O MeTO,ll;OB KBa-

311KJiacc11qecKOI'O pa3JIOJK8HHH, B KOTOpOM B KaQeCTBe HyJieaoro np116JIHJK8Hl1H 

. 11CITOJ!b3Y8TCH KJiacc11qecKoe pemeH11e ypaBHeH11t! HHra-Ml1JIJICa C 11CTOQHl1Ka

MH. 0AttaKO AJIH 3TOH qeJI11 MOJKeT 6b!Tb Bb16paHO He BCHKOe pemeH11e. Heyc

TOMtlHBble KJiacc11qecK11e pemeHl1H He MOI'YT annpoKCHMHpOBaTb KBaHTOBOe 

peruett11e, Il03TOMy O,ll;Hl1M 113 Ilp11ttµl1Il0B OT6opa pemeHHR, np11ro,n;HblX ,ll;J!H 

KBaHTOBaHHH, HBJ!HeTCH Kp11TepHt! ycTORQHBOCTH, 

UeJib pa6oTbl cocTOl1T B pa3pa60TKe.Mo,n;eJIH MemKOB c rpaHHQHblMH ycJio

B11RMH, KOTOpble CBH3aHbl C Bbl6opoM IlOTeH~aJIOB y.n;eplKaHHH KBapKoB·B BH,n;e, 

OTJ!HllaJOfll8MCH OT npHMOYI'OJ!bHOA ~1,1; B Haxo~eHHH pemeHHt! STOA MO,ll;8J!H 

B qacTHOM CJiyqae J!HHeHHOI'O 3anHpaJOfll8I'O noTeHQHaJia; B npHM8H8HHH TIOJIY

qeHHbIX pe3yJibTaTOB ,ll;J!H HCCJie,n;OBaHHH SHepreTHQ8CKOI'O cneKTpa a,Iij)OHOB, 

HX CTaTHQ8CKHX CBOHCTB H xapaKTepa 3aBHCHMOCTH CTPYKTYPHl,IJC !pYHKQHR 

rJiy6oKoHeynpyrruc npoqeccoa; B 11ccJie,n;oaaHHH pemeHHt! KJiacc11qecK11x ypaa

Heu11n flttra-MHJIJICa C HCTOtlHHKal!H. 

Ha~HaH HOBl13Ha 11 IlpaRTHQ8CKaH U8HHOCTb 

Bnepable npe,n;JIOJKeHa MO,n;eJib M8JIIKOB, B KOTopon rpaHHQHblS YCJIOBHH 

y.n;eplKaHHH KBapKOB CBH~aHbl C Bbl6opoM 3aITHparofllero IlOT8HQHaJia 06fllero B11-

,n;a. Cq;opMyJinpoBaHbl ypaBHeHHH H I'paHHQHb18 ycJIOBHH TaROt! MO,ll;eJil1. 

C TIOMOillb!O Teop1111 pa3MepHOCT8H HCCJie,n;OBaHa MO,ll;8Jlb M8JIIKOB.CO CTeneH

HblMl1 san11parofllHMH noTSHQ11aJiaMl1, B qacTHOCT11, noJiyqeHbl Maccoaue ~pi.!yJiu 

,n;JIH p~HaJibHbIX B036YJK,JJ,eH11n JierK11x a,Iij)OHOB, Ha ocHoae sT11x ~OPMYJI BU~ 
tm:CJISH CIISKTP Mace P~HllX B036~eHllliJ> -M830Ha. 
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B MO,n;eJIH MemKOB C J!HHSHHblM 3anHpal01I111M IlOT8H1111aJIOM B CTaTHQeCKOM 

npH6JIHJKeH1111 Bb!QHCJieHbl B .n:aYMepHOM cJiyqae CTPYKTYPHble iYHKQHH B rJiy6o

KOH~ynpyroM npe,n;e.Jie. IloJiyqeH cneKTP KBaHTOBhIX 4JIYKTY~H OKOJ!O CTaTH

Q8CKOI'O pemeHHH MO,ll;8Jll1, B tleTupexMepHOM CJiyqae Bb!QHCJ!8H cneKTp Mace 

JieI'Kl1X a,Iij)OHOB, 

CneKTp Mace B036YJl(,JJ,SHHbIX COCTOHHHR J -Me30Ha 11 T.flllteJ!bIX lj5- H 't
Me30HOB Bb!Ql1CJieH B peJIHTl1BHCTCKOR MO,ll;9Jil1 KBa3HHe3aBHCHMbIX KaapKOB C 

HCIIOJII,30Balill9M npe,n;rrOJIOJKSHHH O H93amICHMOCTll CILJI ,y,n;epiK.l1B8.!001llX KBapKH, 

OT THila KBapKOB, Ha OCHOBe STOI'O npe,n;nOJIOJK8HHH BbltJHCJieH TaKJK8 cneKTp 

Mace Me30HOB C OTKpb!TblMl1 KBaHTOBb!MH 'lll1CJ!aMl1 1mpMa 11 npeJieCTH, 

Ha OCHOBe MeTo,n;a KOJ!Jl8KTHBHhlX Koop,n;HHaT H.H.BoroJI106oaa B ,n;11ccepTa

QHH npe,n;JIOJK8H HOBbln cnoco6 HCCJie,n;oaaHH.f! B npe,n;eJie CHJ!bHOt! CB.f!3H npo6-

Jl8Mbl ycTot!q11aocTH npOH3B0JlbHblX pemeHHH KJiacc11qecKHX ypaaHeHHM HHra

MHJIJ!Ca C 11CTOQHl1KOM, H3JIOJK8HHb!H MeTo,n; TI03B0Jl.f!8T npH TIOCTpOeHHH KBa311-

KJiacc11qecKOI'O pa3J!Ol!C9HH.f! B OKpeCTHOCTl1 3THX perne,rnn rapaHTHponaTb Bbl

ITOJIHeHHe 3aKOHOB Cl1MMeTpHH, CB.f!3aHHblX C KaJIH6poaOQHOll rpynnon. 

,[l.nH 38.lJjHTbl Bbl,UBl1I'aJOTC.f! CJ!9,IlyKllljH8 OCHOBHble pe3VJ!bTaTbl, nonyt1eHHble 

a ,gHccepTaUHH: 

I, B MO,ll;SJ!H KBa311H83aBHCl1MblX KBapKOB C IlOMOillb!O pe1neHHH ypaaHeHH.f! , 

~paKa Hat!,n;eH cneKTp Mace aeKTOpHbIX Me30HOB ~-. 1P' - H 't-Me30HOB) 

C HCilOJ!b30BaHHeM npe,n;nOJIOl!CeHH.f! 0 H838BHCHMOCTH noTeHIIl1aJJa ')'r 'ill!IU 

(apoMaTa) KBaPIWB. 

2. IloJiyqeH B TGX l!Ce npe,n;ITOJ!OJKeHHHX cneKTp Mace Me30HOB C OTKpUTbl

Ml1 KBaHTOBl:&H 'llHCJ!aMH qapMa 11 npeJJeCTH, T.e • .f!BJ!H!OIIIHXCH CB.f!38HHblMH 

COCTO.f!HHHMH KaapKOB C pa3JJl1'llHblll.11 apOM8T8.MH H MaCCaMl1, IToJiyqeH PH.n; 

npe,n;cKa3aH11tl 3Ha'lleHl1ii Mace B036YJK,JJ,eHHh!X COCTOHHHll TaKHX Me30HOB, 

Bb!Ql1CJieHbl MaI'HHTHble MOMeHTbl 6ap110HOB, 

3. 01,opMyJIHpOBaHbl rpaHHQHble ycJIOBHH MO,n;eJIH Me,aKOB. 06ecne1mnruo11111e 

HSBblJ!eTaHHe KaapKOB, B cnyqae 3aITHp8!0Ill9I'O CKaJJ.F!pHOI'O ITOTeH1111aJJa npo-
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H3B0JlbHOH iopMbl, B CTaTHqeCKOM IIpH6Jil1JKeHHH IIOJiyt,eHo pemeHHe ,D,JI.f! qacT

Horo CJiyt,a.R JIHHeAHoro 3anHpruo!Ijero IIOTeHcyiana. C HCIIOJlb30BaHH6M HaH

,n,eHHOro pemeHHH BbltlHCJieHbl B ,D,BYMeptton MO,D,eJIH CTpy-KTypHble C:,yttKqHH qac

THq. 11oKa3aHO HanHqHe CBOtlCTBa cKeil:JIHHra B rJIYOOKOHeyrrpyroM rrpe,n,eJie 

H BblHBJI6Hbl oco6eHHOCTH IIOB6,ll,eHHR i}yttKIIHH pacnpe,n,eJieHl1.R KBapKOB, xapaK

TepHble )];JI.fl CJJyt,a.R Jil1Heil:Horo IIOT6Hf111aJia. lfayt,eHO BJil1HHl1e yueTa TpaHCJIR

[1HOHHOtl Cl1!;'.M6Tp1111 Ha B11,ll, BbJq11cJieHHblX B MO,ll,6JIH CTpy-KTypHblX g,yttKQl1ll, 

4. B paMKax MO,ll,0Jll1 M01Jlli0B C sarrHpa10!ljl1M IIOT6HITHanOM CTeIIeHHOro poc

Ta Ha OCHOPe pa3M0pHblX COOTH01JJ0HHll IIOJJyt,6Hbl MaCCOBbJe -1,opMyJJbl ,D,JJH pa

,l],HaJJbHb!X B036~e1mil: JJer1rnx a,IUJOHOB, KOTOpb!e 3aTeM HCIIOJ!b3YJOTCH ,D,JIH 

HaxolK,l],emrn crreKTpa Mace pa,n;HaJibHbIX aos6~eH1rn J-Me3oHa; !1oJiyt,eH 

crreKTp Mace JierKHX a,n;poHOB. 

5. MeTO,ll, KOJJJieKTl1BHb!X Koop,n,11HaT H.H.Boronro6oaa rrpHMeHeH ,n,JI.R HCCJie

,n,oaaHH.R ycToiJ:qHBOCTH KJiaCCHqecKHX pemeHHil: ypaBH0HHll HHra-MHJIJICa C HC

TQqHHKOM, YcTaHOBJleHo, qTQ B CJiyt,ae, Kor,n,a BeKTOp QB6TOBoro 3ap.R,D,a HC

TQqHHKa opHeHTHpOBaH B orrpe,n,eneHHOM HarrpaBJI6HHH B npocTpaHCTBe QB6TOB, 

pemeilliff, He o6~a,D,al(IIUI0 CBOHCTBOM IIOJIHOil: 3KpaID1pOBKl1 I.1B6TOBOro sa

p.R,D,a HCToqHHKa, H0YCTOH'IBBH •. l1oKa3aHO, qTo rrpHMeHeID!e 3Toro KpHTepH.R 

ycTofiqHBOCTH BBJ!tHO ,ll,Jl.f! OT6opa pemeHHil: KJiaccHqecKl1X ypaBHem1n HHra

MHnnoa, rrp11rO,D,Hb!X ,D,JI.f! HCIIOJib30BaHH.f! B COCTaBHblX MO,D,6JI.f!X 3JieMeHTapHblX 

tlaCTl1Q, 

Anpo6ay11n nHccepTaI.tHH 

OcHOBHble pesyJibTaTbl ,D,HccepTaQHH ,ll,OKJia,IJ,b!BanHCb Ha ceMHHapax Jia6opaTO

pHH TeopeTHqecKotl 4JH311KH 0606,D,HHeHHOro HHCTHTyTa H,D,epHb!X HCCJl8,D,OBaHHH 

H MaTeMaTHtlecKoro HHCTHTyTa HMem1 B.A. CTeKJIOBa AH CCCP, Ha KOH~epeH

QH11 MOJIO~ yqeHblX MHAH (I98I r.), Ha ceccHHX OT,n,eJieHHH H,D,epHofi qM3H

KH AH CCCP (1980, I98I rr.). 

l1y6JIHKaI.tH.f! 

110 MaTep11anaM ,n,HccepTaQHH ony6JIHKOBaHO 6 pa6oT. 
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06oeM pa6oTbl 

,lzyiccepTaQHH COCTOl1T 113 BB0,D,01!H.R, qeTb!p0X rnan, 3aKJIIDqeHl1.f! 11 0,ll,HO

ro 1Ip11JIOJK6Hl1.R, co,n,epJK11T 94 CTpaHl1~ Ma~HHOIIl1CHOro T6KCTa, 2 p11CyttKa 

H 6H6JIHorpa~11qecK11tl CIIHCOK 113' 120 HaID.I0HOBa.Hlli1. 

Conep~e paOOTbl 

Bo BB0,ll,0HIDI rrpHB0,ll,0H o6aop paOOT ,IIOCBEl!l6HlillX COCTaBHHM MO,ll,eJIHM 

3Jl6M6HTapHblX tiaCTHIJ, H pe3yJibTaTOB, IIOJiyt1eHHblX B HHX. Ilo,n,trepKHBaeTCH 

BBJ!tHOCTb IIpHHl\HIIOB peJIH'rHBl1CTCKOll H 1caJI116pono1rnofi mmapmlHTHOCTH. 

KBa311He3aBHCHMOro xapaK'l'epa ,D,BHJK6lll1H COCTaBJIHID!llHX llaCTH!l, ,ll;aHO KpaT

KOe co,n,epJKaHHe ,n,11ccepTaqHH, 

B rrepBofi rnaBe, B' I, H3JIOJKeHa rI,opMyJJHpOBKa Mo,n;en11 Me1JJKOB, rrp11ne

.n;ettb1 ypaBHeHH.R H rpaHl1tlHble ycJJOBl1H 3TOH MO,D,6JIH. 06c~aeTCR pOJib HH

Bap11aHTHOCTl1 MO,D,eJIH OTHOCHTeJibHO KaJIH6poBoqHblX npeo6pa30BaHHil: .H npe

o6pa30BaHHil: rpyrrrrhl l1yaHKape. 

B H 2-4 o6c~ruOTC.R CB OH CT Ba pemeH11il: ,n,ByMepHOil: MO,D,eJIH M6IIJKOB. HC

II0Jlb3YJO!ll6H rrp116JIHJK6HHe, KOr,n,a KBapK-rJI~OHHOe B3aHMO,D,8HCTBHe OTCjr

CTnyeT, H CBOHCTBa tl6Tb!p6XMepHOll MO,ll,6JlH B CTaTHqecKOM rrpH6JJl1JK0Hl1H. 

l1pHBe,D,eHa iOPMYJI11pOBKa TeopHH B03MyrqeHHH ,ll,JlH yt,eTa B3aHMO,D,etlcTBHH 

KBapKOB C rJJIDOHaMH. 06cy-~aeTCH TaKJKe 06.'laCTb IIpHMeHHMOCTH yKa3aHHblX 

pemeH11tt. 

B ~ 5 IIOCTpoeHO 0606IIjeH11e MO,D,6JJl1 MemKOB Ha CJlytJaH np0113B0JlbHblX 

3aIIHpaID!ljHX IIOTeHQHaJJOB. JiarpammaH Mo,n;em1 sa,n;rur B cpopMe 

£::·; lJf fr1r ZJJ- U{lje,JtJ,z}l/f l/f -BB4{1J,, a 

ypaBHeHl1R ,ll,B11JKeHHH H rpaHHqHbJe YCJJ0B11.R llM0IDT BH,ll, 

, [ ift'3r -U(/j4 {t~ '1)] l/f t~ /) = O,, 

l/f {~ t) /ff~:, O " 
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LjJ."i 2Y. ~ 1P7JJ =-B tt,, 'Jja S'l 
.QHHaMHqecKHMH nepeMeHHbIMH B ,D.aHHOA MO,D.eJIH RBJ!RDTCR ITOJie KBapK~Bw 

u Ha6op napaMeTpoB ~tt(t)J noTettt1HaJia U(h!l.ll)l,-.Z) , r,n.e nocne.n.

HHe B6JIHqHHbl onpe.o.eJimoT ,D.HHa.MHKY noBepxHOCTH MemKa. IloKa3aHO, qTQ 3Ta 

MO,D.6Jlb COOTB8TCTByeT npe,n.cTaBJieHHD o CYilleCTBOBaHHH nepexo,n.HOI'O CJIOR 

M6llt,IJ,,Y cpe,D.a.MH. BttyTpH H BHe MemKa. 

BTOPM I'JlaBa nOCBRilleHa HCCJie,D.OBaHHD ,D.BYMepHoA MO,IJ.eJIH M6lllKOB C JIH

HeAHbIM 3aDHPMIIIHM noTeHt1HaJIOM. 

B ~ 6 nocTpoeHo perueHHe Mo,n.eJIH B cTaTHqecKOM cnyqae ( ~ ( t)= 30 ) : 

l = = !.. e-i61,. wl/ c"trJ?iJ\.,. d+ e i4,;pl / c:f?F.l}) 
lfo,) £ • (-s.r,pJ J • (-s:r,py; 

r,n.e cJ11 ,,.V2tz' H BBe,n.eHbl o6o3HaqeHHR: 

c a)= cA. a) + t:</J,.Lr;J 
1t. 2 I 

S r~= ¢,, ri) - l ~.,ri) 
l ,I ,. 2. 

(/)ll (i}==tijff-f:J l/n(1} 
II~// 

- ii,yttKUHR napa~9nifqec1rnro 
gHJIHtt'Apa, ltn - nOJIHHOM 
qe6blllleBa-3pMHTa. 

C HCil0Jlb30BaHHeM nonyqeHHOI'O pemeHHR BblqHcJieHbl CTpyKTypHble giyttK

I.IHH Heynpyroro JienTOH-aAPOHHOI'O pacceRHHR. DllBO,IJ. qiopi.iy~ llpUBO.l\liTCR 

B IlpHJIO;Jtel:llm. IlORa3aHO, 'ITO B r~60IWHeynpyroM npe,IJ.Me MO,!J;MI, 

MemKOB C JIHHeAHblM 3aDHPaDIIIHM noTeHI.1HaJIOM o6JiaAaeT CBOACTBOM MacruTa6-

H08 HHBapHaHTHOCTH. IlocTpoeHbl q,yttKI.IHH pacnpe,n;eJieHHR BaneHTHblX KBapKOB 

BHYTPH wotta: 

f. f:x,J = fi (/rt, ry:1 -¢. (,f,') / _c /r!J;(P -¢. ry,-J I 1/ f r;'1, 
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·,1 

;1 
\) 

,r ,, 

'1, 

~~ 
i,1 '' ~; I 

:J 

,H MOpCKHX KBapKoB: 

js{xJ,,.C{/<1{{fl1-¢0{ft1( + 2n~ e:tfft'l-Z,/#x} fe1J#-J-{,1J.fJ:~x4 

r,n.e j/n:t. r2 tJ,,-:!::. M ~ (l-x) ; ·zh -=Vl (11+ I- /2) 1 

IloKa3aHO, qTo yqeT TpatteJ!RI.IHOHHOA HHBapHaHTHOeTH Be,D.eT K 3aMeHe f, 

Bb!paJKeHHRX ,D.J!R q,yttKI.IHA paenpe,n.eJieHHR BeJIHt.rnHI,J X Ha -l!nc1-x), I'_ll,e 

,x .. - Q,½pQ - eKe8JIHHI'OBa.f! nepeMeHHaR. 

Br.. 7 npHBe,IJ.eHO ,D.OK838TeJibeTBO STOI'O ;I,aKTa, !i'O':'Opoe onHp0eTCP 

J!Hlllb Ha HHBapHaHTHOeTb HCX0,11,HOA MO,D.8JIH OTHOCWreJibHO npeo6pE•30B8HHil 

rpynm1 ITyaHKape H He 3aBHCHT OT l{OHKpeTHOI'O BH):\a J-Tatl,n;eHHOI'O n CT8TW!eC

KOM npHOJIHJKemrn pememrn. 

Br 3 ,IJ;Jl.f! Bb!OpaHHOI'O BH,11,a I'aMHJ!bTOHH8Ha WO,IJ.eJIH noeTpoeHD TeopHR 

803MYilleHHA H nonyt:1eH cnCKTp 1,JIYKTyauHP nOJI/1 Ol(QJ!O pe-neHH/1 HyJieeoro 

npH6JIHJKeHH.fi. · Oeo6oe BHHMaHHe y.n.eneHo TO'lHOMY ~eTy CBOHCTB cHM~1eTpHv. 

HeXO,D.IIOI'O JiarpaHJIIHaHa M0,11,eJrn. 

B TpeT1>ei-i r~aBe B lJ:6TIIpexr.1epH11X COCTaBH1!X 1.10,IJ.M,DC HO~YlJ:CHhl pe3yJu,

TaThl, KOTOph!e IIpllMCH.filOTeJI MJI OiilICaHilJI CBOiiCTD aJJ;POHOB. 

B r 9 e HCTTOJ!b30B8HHCM TeopHH pa:1~:epHOCTei1 npoBe,IJ.eHO cpaI:,H8Jli1e 

pa3Jll1l!HblX MO,IJ.eJietl Me'UKOB C 3an11paDll\HMH IIOT61IW1MaMll CTeneHhOI'O poe·ra 

H yeTl.lHOBJI8Hbl Maeeoah!e. ;opMyJih;, COOTBeTeTBYU1JHe 3THM THnaM 'noTeHuHa

JIOB, ,IJ;JU1 cneKTpa Mace P8'Al18JlbHbD'. B036y;11,IJ.eHJ.1'1 JJeI'KHX a,1!,pOHOB. Bb!1JlieJii:rn 

cneKTp pa,n;HaJibHhlX B036YJl(,ll,eHHA , .P "'Me:')OHa. llonyqetthl CJie.n,y10111He 3H3l.!8HHP 

Mace: My =( T ,6), M f' =(2,25). BwrncneH cneKTp Mace JJerrmY a,1!,pO}ros 

B MO,IJ.eJIH MelllKOB C J!HHCl'.Hbll✓• 3anHpaDqHM noTeHUl18J!OM. 

lfaBeCTHO, "TO eJ,epHt.ieeKOe eTaTHlJeCKOe npH6JIHJKeHHe 1,i,0,11,CJ!H M8TJJKOB 

He .f!BJIRCTCR corJiaeoBaHHbIM npH H8J!Ht.lHH y KBapKOB HeHyJieBoi1 Macebl. B 

' TO paeeMaTpHBaeTeR peJJRTHBHeTCK8.fi noTeHUH8Jlbll8R M0,11,eJib KB83HHe3a

BHCHMl,IX KBapKOB, KOTopaR n03B0JIReT o6oATH 3TY Tpy,ll.HOCTb. B 3TOi1 Mo,11,e

JIH O,IJ.HOL!aCTHqHaR BOJIHOBaR \I.YHK!lHR KBapKa Y,D.OBJieTBOpReT ypaBHeHHlO ,411-

paKa: 

{loE-i-uyfJ-M-\f(iz)Jllf ~ o. 
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IToTeHWfaJI Bhl6paH B BHAe CYMMb! KYJl0H0BCKoro qJleHa H CKaJlRpHoro JlH

HeHHO pacTyrqero C pacCT0RHH8M CJlaraeMoro \f {7,) =- J'.sjz -t t 'Z • IlpeAnO

JI0JK8HHe 0 H83aEHCHM0CTH B3aHM0A8HCTBHR, YA8pJKHBal01qero KBapKH BHYTPH 

a,qpotta, OT copTa KBap~a H BU6op R0HCTaHTH C.IIJibH0ro B3aI1M0~eilCTBIDI, 

!.i8HRIOJqell:cR C :rneprJ,Iell:, ltaK npeAnHChlBaeTCR KBaHT0BOll: xp0M0~HHaMHK0t! 
1 

IT03BOJiillOT onHCaTb Cn8KTp MaCC B8K'r0pHb.'X f -, 1jl" - H r-M830HOB. B 

"tlaCTH0CTH,_ KaK H B f 9, II0JJyqaeTcR attaqeHHe Mf' =0,6) AJlR stteprHH 

nepsoro pa,qHaJibH0ro B036YJK,ll.8HHOro ypoBHR p-M830Ha. 

ITpH Tex JK8 IIpeAn0JJ0JKeHHRX H Tex JKe 3HaqeHHRX napaMeTp0B IT0T8HI.1Ha

Jla C n0M0~blO BBBAeHHR II0HRTHR "ycpe~eHHoro" KBapKa BH"t/HCJJ8Hbl cneKT

pbl Mace D-. <ft(.); cfc)-Me30HOB, C0CTaBJJeHHb!X H3 KBapK0B pa3JlHqHQH 

MaCChl. ITp8ACKa3hlBaIOTCR AJJR 0CH0BHb!X C0CT0RHHH 3THX "t/aCTHQ 3Ha"t/eHHR 

stteprHtt: D (l,9 r3B);tu(5,03 r3B); &(6,26 r3B). 

McnoJJb3yeMaR M0A8JJb KBa3HH83aBHCHMb!X KBapK0B noaB0JJReT HCCJJeA0BaTb 

CTaTH"t/8CKHe CB0HCTBa 6apHOHOB. B 3T0M JKe naparpa~ npHBeAeHH peayJlb

TaTH, BH"t/HCJleHHH MarHHTHb!X M0MeHT0B H 3JJeKTp0MarHHTHb!X pa,qHyC0B 0KTeTa 

6apHOHOB. 

B qeTBepT0H rJJaBe npeAJJ0JKeH HOBHH MeT0A HCCJleA0BaHHR yCTOli'IBBOCTH 

pemeHHtl, YA0BJl8TB0PRIO~HX KJlaccHtreCKHM ypaBH8HHRM HHra-MHJJJlCa C HCT0"t/

HHKaMH: 

3-, ;;,11 - lj fl ,,J 'l"l = -J ~o /r,j!J . 
IloKa3aHo, "t/T0 B npeAeJJe CHJlbH0tl CBR3H ycT0H"t/HBWH KJlaCCH"t/8CKHMH 

pemeHHRMH YKa.3aHH0t! 38,lla"t/H RBJIRIOTCR JIHl!Ib pemeHHR, o6ecIJe"t/HBaIO~He noJJ

HYIO 3KpaHHp0BKY QB8T0Boro aapflAa HCT0"t/HHKa. IlpHBeAeH npHMep HCn0JJb30-

BaHHR noJJyqeHH0ro KpHTepHR. 

B 3aKJlIO"t/eHHH KpaTK0 IIepeqHcJieHH 0CH0BHHe peayJJbTaTH, Il0JJyq8HH1,!8 

B ~ccepTaQHH. 
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