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~a6opaTOpiH Bgqxc~Te~HOI T9XHKKI K 8BTOM8TI38UKI 
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IO.B.KaThtmeB 

COJJHTOHH 80-X rOJIOB: OEJI.ACTI1 IIPI1MEHEHIDI 

': < • 

.Ify6Ha, I992 



BBe.neHlle 

"CoDTOHH1rli 6yM" npo,IJ;oJIJKaeTcH. HanpHMep, B I980 rolJY B wpe 
6HAO ony6AHKoBaHo I353 pa6oTH no coAXTOHaM. Pacnpe,IJ;eAeHie no cTpa
HaM BHr~T CA9,IJ;YromKM 06pa30M: 
CiliA 348 
CCCP 322 
HnoHJLR: I43 
YlTa.JIJI.li 
~Pr 

~patmJ~H 

Be.71KKo6pxTaHWI 
,UaHlUl 

YlH,IJ;RH 
KaHa,IJ;a 
IIIBei:o;apu 
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Eo.7II'apiiH 
EpasHJmJI 
Hli,IJ;epAaH,I:Ui 
IOrocAaBJlJl 
·ABcTpaJillfl 
r,UP 
liCCP 
<l?JI HJ.LR:H,IJ;KH 

EeJI:&rKH 
BeHrp:r.m 
MeKCHKa 
IllBeiJ;WI 
MapoKKO 
lOAP 
.Upyrxe cTpaHH 
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I2 

()rl{ ,IJ;8HHH9 BM9CT9 C ,IJ;8HHNMK pa60TH I1't!Jm8Bht ll .np., CO,IJ;epJKamei 
CB9,IJ;9HU 0 't!IICJie CODTOHHHX IICCJie,I;OB8HD B Mllpe ,IJ;O I9?? ro,IJ;a BKJIIO
'tlltT9JI:&HO, YK83I:lB8IOT Ha TO, 't!TO SKC:TIOH9Hr.t;l{8JI:&HHH poeT, H8'tl8BillliHCH 
B I9?I rolJY, npo,IJ;oJ.IJKaeTCH. IIpe,IJ;cKEtSaHlle aBTopoB yKasaHHOR pa6oTht o 
TIOCTOHHCTBe STOrO 'tlliCJia B nepHO,IJ; 1978-80 r.r. He no,IJ;TBep,IJ;ltJIIDC:&. 

IIp11 c6ope yKasaHHOR HaMI cTa~~JlcT:aKII Mht :r~cnoJI:&soBaJIJI, B 'tlacTHoc
TII, liHQtOpMar.t;KIO C1!CT9Mbt VIHJi!C 0 pa6o~~ax, CO,IJ;epJKaliU{X ,IJ;9CKpKTITOp "C0.7J.M
T0Hbl". 

B HacToR:meM KpaTKOM o6sope MH paccMaTpliBaeM o6JiaCTll npKMeHeHKH 
COJlliTOHOB B ny6JID:Kar.t;HHX 80-x rO,IJ;OB. 0co6eHHOCT:&IO STOrO nepMO,IJ;a HEAR:· 

eTCH o'tleH:& 6oJI:&moi poeT 't!IICJia Jia6opaTopHhtx wms:r.rqecKKx sKcnepKMeHTOB 
TIO peaJI:&HHM COJIIITOH8M, H8~11H8H C ])8CC9HHIH HeiTpOHOB KOH,IJ;SHCllpOBaH
HhtM:K cpe,IJ;8MII ll TIJ183M9HHhtX 11CCJI9,IJ;OB8HI!H li KOH't!8JI nOJ!Il8r.t;9TM9HOM H 
MSJIKOi BpamaromeiCJI .U,IJ;KOCT:&IO, a TlUOKe pa60T, KHTepnpeTIIPYIOIIUIX STH 
SKCnep:KMeHTht. 



2. 

lpyrofi OC069HHOCTD~ IIOC~e~HKX ~eT RB~9TCR BHXO~ CO~TOHHOrO 
no~xo~a 113 umKJia Wil3l{t1ecux aayK K ~pyriM aayKaM ( XIIMlV!, 6Jlo~orJlR, 
aCTpOHOMU, OKeaaorpaq>u, CJlHepreTUKa), a TaKJKe OXBaT HOBHX 06~ac
T9H tlJD:3KKH (yCROpKT9JJll 3apriJK9HHHX 't[8CTIDJ;, MarHltTHaR rll~pO~IHaMKKa, 
cpH3liKa MaHeT Il Co~ana*) , MOJl9Iey"JlJt])HaR cpli311Ka, TeOpKR ynpyrOCTII, 
T90pHH rpaBHTaUXK, ~asepH, Kp11CTa~IO!lJK311Ka, H9JJJIH9~HaR aieyCTJlKa, 
ROCMo~or:rlR, cynepciMMeTpmqaue Teop1m, MaTeopo~orXff, WH3KRa aTMOc~e
pH K MarHilTOC!lJepH, pa,IU1otlJll3IKa 11[ ~p. ) Jl T9XHJIR11 ( H9JIJIH9HHH9 JJJIHilll 

nepe~aqx, BO~OKOHHaR OIITllRa). Co~~~OHHaH HayKa BCe llillpe IIpHM9HR9T
CH K pea~HIDA CJlCTeMaM. KOHU9IIUllf! ~~OJlltTOHOB IIOJIY'DlJ!a YHllBepca~HHH 
xapaKTep. 

ITepelneM K RpaTKOMY onxbaHH~ :~oRRpeTHHX o6~acTefi npKMeHeHIH 
coJll£TOHilKK K aaqaeM c 611o~oro. ~. / 

/2f 1 2z 1 lt2 
Eio~or~a 1 6KQPK31Ka 

A.C.laB~OB npe~O~ COJIJITOH~ MO~e~**) 8RCII9pKM9HTa~HO 
aa6~ro~aeMoro nepeHoca aaeprmx 11 sa~a B~o~ ~HHHX 6e~oBHX MO~~ 
ey~. B 8TOH MO~e~ 6e~oBaR MO~eeyna annpoKCKMKpyeTCH MO~eeyJ1JtpHOH 
U9IID~, o6pa30BaHHOH II9IIT~HHMI rpyanaMK, ROTOpHe C09~H9HH Me~ 

C060H BO~OpO~HHMll CBH3SMX. 
iloKa3aHO, qTQ ~B~eHKe ~OIIO~IT9~DHOrO a~eRTpOHa B~O~ O~HO

M9pHOH MO~eeyJlJtpHOH U9lll CTa6xnK3JpyeTCH ero B3aKM0~9HCTBK9M C ~o
Ka~bHOH ~eq>opMaumefi. 06pa30B8HK9 ~BYKOBHX COJJJITOHOB, ~~XCH CO 
CROpOCTD~, npeBHma~meH CKOpOCTD 3E>yKa, B03MO.>KHO B M0~9K,YJ1JtPHHX ue
nHX C ey6~eCKOH aarapMOffKqHOCTD~. 

laBH~OB Il ero rpynna ~OKa3a~: B03MOXHOCTD 06pa30B8HIH B 6JlO~o
rfleCKJlX M0~9Icy'JIHPHHX uerro-q:KaX 8IWJITOHHHX COCTOHHliiH COJIJITOHHOrO 
TIIIa 11 BHHCHlVlll KX pO~D B WJrHKUJ[OHllpOBaHJill 6e~OBHX CTPYKTYP, KCC~e· 

~OB8Jm CO~JlTOHHHH M9X8HI3M rrepeHOC:a aHepro B~MD a~DtlJa-CIIIIp~HHX 
6eBOB Jl ~~eHJle rrpOTOHOB B KB83J[O,II;HOMepHI:lX MOJieey~pHl:lX U9IIO'qK8X 
C BO,II;OpO,II;HOH CBH3D~ (COJIKTOHH8H MO,II;9JID IlpOTOHHOrO Tp8HCIIOpTa). 

TeopKID pacceHHHH y~TpaxoJio,n;Iwx aeiTpoaoB Ha ~aB~OBCRIX coJIK
Toaax pa3BKBaJia Ep~K. 

EpX.>KKR Jl naBH~OB paccMaTpliB8~~ cnapKB8Hie aJieRTpOCO~TOHOB B 
MHrruiX MM9Iey"MpHHX U9IIHX. 0H1l pa:3p860T8J1Jl TeOpiiiO acMJeKTJlBHOro 

*) COJIXTOHH B CO~Heqaofi II~83M9. 
H) 

Mo~eeyMpHHe (KJm ,n;aBH.n;OBcue) coJ1JITOHH. 



3. 

nepeHOC8 cnapeHHHX SJieKTpOHOB OT ,II;OHOpOB K 8KD;eiiTOp8M B T8KKX nerrmc. 
MI,Ypa KCCJie,IJ;OB8Jl MSTeMaT~eCFcy~ MO,IJ;eJID He~HeiHHX BOJIH B He~

pOHHHX KopKOBHX CTPYKTYpax, on:r~ca:B~trouzy-ro .fiBJleH:rle "pacnpocTpaHmome~
c.a: .n;enpecco" KaK pacnpOCTpaHeHIIe HeDHeHHHX BOJIH B IIOTIY.7IJ!ItTl1l Heitpo

HOB. 
B38llMO,IJ;eHCTBHe HepBHHX HMnyJlD<:OB B DBHX opraHH3M8X paCCM8Tp:a:

B8JIOC:O CKOTTOM I BoTa IhtHap,n;I. PaciipOCTpaHeHJle no 8KCQHY HepBHHX 
IOOIYJI:bCOB ~ (X- a.::t ) Mo.n;eJll{pyeT<!H ypaBHeiDieM ;[c_t~ h_~ ~ Ala.rmv : 

~ f -:= ~ \f XX ·+ ( {)(- lf) ( 'f 2
- 1) 

1 
-1 <a_ < {) · 

YKa.xteM a.n;ec:o TaruKe Ha KIDLry "C:~~aepreT:rm.a Moara", r.n:e on:a:cHBa-. . 
eTCH JlCIIOJI:b30B8HJl€ TeOpD CODTOHOB. . 

IIoHBKJiac:o HOBa.fi HayRa-6:a:oMaTeJnaTKKa ( CM. KHJlry B t, o VL1 cdi"--€-f11~ -
ic'c.s ~ 1 g &D). 

B 6JIOJIOr~eCKIX SKCnepiMeHTaX Ha cep.n;e~HOH MHmne H86JIIO.D:8JIHC:O 
HeJ111HeHHHe Cn11p8Jl:bHHe BOJIHH. 

Boa6y~eHJI.fi Tina .D:OMeHHHX CTe10K B nliK paccMaTpiB8JIIC:O CapaeM. 
j3s-tS1 I 

CQ~TOijH B BoaoKOHHO-QITrljeCKO! CB.fi3I 
B IIOCJie,n:HJie ro,n;a: 6ypHO p83BIBaeTC.fi HOBOe HanpaBJieHKe TeXHJIKH 

CBH3H - OIITH~eCKJie Ka6eJ1Jl-CBeTOBO.IJ:~. 3.n;ec:& pacnpOCTpaHeHJie COJl11TQ
HOB no ~HHOMY rH6KOMY CTeKJIOBOJIO&OHHOMY CBeTOBO.IJ:Y OIIHCHBaeTC.fi He
JIIHeHHHMK ypaBHeHmHMI Tina illpe~Hrepa. IIepe.n;a~a IH~opMa~ UYrOM 
COJIITOHOB yBeJIKqJIBaeT CKOpOCT:O nepe.n;a~JI ,II;8HHHX./r~/ 

MoJIJieHayap 1.1 .n;p. SKCIIepoeHT8JI:OHO H86JIIO,IJ;8Jlll nilKOCeKYH.D:HHe CQJU{· 
TOHH B OIIT~eCKKX O~HOMO,II;OBHX CBeTOBO,I1;8X (BOJIOKOHHOOIIT~eCKJle COJIH
TOHH) ,1.(.7UlHOfi 700 M. 

3
/ 

llepe;n;a~a CKrHSJIOB OIIT~eCKKMU COJIITOHaMK B O,IJ;HOMO,II;OBOM BOJIOKHe 

HCCJie.n;oBaJiac:o TaKEe XacaraBofi H Kc.n;aMa. 
CoJIHTOHHHi peEKM pacrrpoCTp8H€HJl.fi KMllYJI:bCOB B K8H8J18X CB.fi3JI 

XapaKTepJI3yeTC.fi O,II;H03H8~HO~ CBHS»JI Me~ SHeprHe~ :rl WipJIHOi KMTIYJI:b
ca. 

JIIHQ nepena-c:J! 
CoJI:a:ToHH B aeJIHHeiHHx L C -·JD(HJUrX rrepe.n;a~K JiecT~Horo Tmia 

JICCJ1e,IJ;OB8Jll{C:O B pa60T8X HOIDJIH8rJI it KaKYT8HH. 0HJI OTIICHB8IOTC.fi ypaB
HeHH.fiMH THna KopTeBera-.n:e Bpxca. 

Y CKOWITeJl11 
YxaJiteM Ha pa6oTH MaaMaHTliDBIJU£, HayroJI:oaoro, X:oroaa 11 0TTa. 



4. 

ilJiaHeTap@e C OJlliT OHh, 

IleTBKalliBHJIK npe~OEIJI H9JlliH9~EYID M0~9JlD, corJiaCHO KOTOpOH 3Ha
M9HllTOe EoJll>moe KpacHoe IlFITHO IOnilTE·pa npe~cTaBJI.R:eT co6o:t! aHTI.IJ;IIKJio
HlAecm COJlliTOH*) Pocc6:1 IOIDITeprlaE:CKO~ 8TMOC1Jepht. 0T CO.IDITOHHO~ 
MO~e~, paspa6oTaHHO~ aMeprlK8HC~: CIIeUHaJlliCTaM:rl MaKcyopCI II Pe~e
KOIIIIOM, MO~eJll:> IleTB:rlamB11Jlll OT.1ll!Jl89~'CJI IIpOCTOTO~ II, KpOMe Taro, TeM, 
'ITO ee Jier'Ie 3KCIIep11M9HT8Jll>HO IIpOBOpKT:O. 

3Kcnep:rlM9HT K8'I9CTB9HHO IIO~TBE!p,UJVl TeopeT1£ti9CKYID MO~eJI:D. 
He3JIHH pa3pa60T8Jl 6apOKJIIHayiD MO~~IIK8UIID MO~eJII ilJITHa. 

req{f)li3IKa 
llCTOMJlH II ~p. npe~JIO~ M9X8I~3M pa~Qil3~9HKJI 3eMJlll, KOTOpht 

BKJIID'IaeT B ce6JI B03MOXH09 o6pa30Baime TpeXMepHhtX COJlliTOHOB UKKJIQ-

TpOHHhtMH BOJIHaMJl*K) ,B036y~aeMhtMJl 6UCTpHMI 3Jl9KTpOHaMH. llHTeHCJlBHOCT 

8Jl9KTpl['q9CKOrO IIOJI.R: B COJDlTOH8X MOJtt9T 6HT:b TaKOH 60JI:OlliOH, 'ITO CTa
HOBRTC.R: B03MOXHO:tf ~9KTHBH8.R: reH9])8WfB: pa,IUIOBOJIH Ha B.TOpOH rapMo-

HJlKe ( reHepaUU KJlJIOM9TpOBOrO H3JJY"I9HIU1 3eMJIJl UJlKJIOTpOHHHMll COJlllTQ
HaMJl). 

Teopu 3Jl9KTpOM8rHHTHHX BOJIH liO.JlffpHOro CJl.R:HHJI TaKXe JlCIIOJI:DSyeT 

COJlliTOHHHH M9X8Hli3M. 
B WI1311Ke HOHoc~epH Baxayro po~~ JlrparoT BKCTJiepoBCKlle (reJIKKOH

Hhte) COJIIITOHH, a TaKXe MO~IID;IlpOB::taHHe 3Jl9KTpOHHQ-3BYKOBbie COJUlTO-
HH. 

~eKT H9JIXHe~HOCTeH Ha 3BO~~ 6apoTpOIIHbiX BOCTO'IHHX BOJIH 
Pocc611 JlCCJie~oBaJicJI 'IIlcJieHHO illanKp~. 

HJlKOJICOH Jl ~p. JlCCJ19~0B8Jlll JlO~OCW9pHbi:t! HarpeB C IIOMOm:&ID 'IIICJleH
HOrO pemeHm.R: MO~W~IlpOB8HHhtX ypaB~eHBi 3axapoBa II IIOKaSaJlll, 'ITO 
MO~~OHH8.R: HeyCTO~JlBOCT:O, 38Bepmamma.R:C.R: o6pa30B8Hil9M COJlliTOHOB, 
MOXeT 6htT:& 6o.11ee Baxaa, HexeJIK paHee paccMoTpeHHaJI napaMeTpil'IecKa.R: 
pacna~Ha.R: HeyCTOH'IKBOCT:O. 

Teopxro pa~o.JloKauxoHHoro o6aapyxeHHH COJ1.I(TOHOB Bo BpeM.R: IlOHo
cwepHoro HarpeBa paspa6aTHB8Jlll illrrapKH Jl HJlKOJICOH. 

BoJIHH Pocc6:tt B re~11s:ra:Ke on:acH:BaroTcsr fC !_ W-ypaBHeiDieM. 

BayTpeHH11e COJlliTOHhtBAH~aMaHCKOM MOpe paCCM8TpilB8JlliC:O B pa6oTe 
Oc6opaa 11 ~p. 

*) OTOT COJlliTOH ~peHWv9T B 8TMOCWEpe IIJ18H9Tht Ha sana~ Il BpamaeTCJI 
BOKQyr co6cTBeaaoft-ocn npoTMB IJ1o6aJI:DHoro BpameHH.R: IDnHTepa 
(~pe~OBH:t! COJlliTOH). 

**} CM. TaKXe pa6oTY Koy.Jia Jl lloxoTeJioBa. 



5. 

CoJIHI.Ie 
CoBeTCKKH yqeHH~ MorxJieBcKHi npe~oJio~, ~To B npe~cnHme~HH! 

nep:ra:o~ Ha ypoBHe weToc~epu BOSHHKaroT He~HeRHHe B03M,YmeHKH MarHKTHO
ro TIOJ!fl X CKOpOCTH - ~Afn-co~TOHH, nBJIRIDmK9CH KCTO~H:r.t:KaMH BCTIHme~

HOrO npouecca. Mo~eJ!b MorxJieBcKoro npe~cTaBJIHeT HHTepec B CBH3I c 
o6HapyxeHmeM 3~p~HHM (CiliA) KpaTKOB~9M9HHHX K3M9H9HKH 3H8Ka B npo~OJ!b 
HOM MarHITHOM TIOJie ~OTOCWepH. 

Po6epTC I MaHreHI paccMaTpHBa~I Tpy6~aTH9 H BH9illHH9 COJIITOHH, 

KOTopHe MoryT pacnpocTpaHHTbCH B wcTocwepe x xpoMocwepe. 
ITpiM9H9HI9 H9J!HH9RHHX BKCTJI9pCBCKIX BOJIH K TIJ183M9 COJIHe~HOro 

BeTpa paccMaTpKBaJIK lliyKJia :ra: ~p. 

Pa.IDlomiana I r-i I 
COJIKTOHHHe JlCCJie~oBaiDUr OXB8Tli:B8~ 3~9Cb CJ19,IJy.IOIIUf9 HanpaBJieHJlR:: 
I) H9Jll[H9HHHe T90pMil pacnpOCTpaHeHIJi pa.n;I.IOBOJIH B liOHOC~epe; 
2) pa~II03MliCCJLR: IJ}IKJIOTpOHHHX C.OJlllTOHOB (ITOXOT9JIOB Jl ~p.); 
3) wxaxKa CoJIHUa; 
4) M9KTpOM8rHliTHii9 COJlllTOHbl II H9JlllH9RHHX ~CKp9THHX JlliHJ.IHX; 

5) COJ!IlTOHH B BOJIHOBO~ax. 

IlyJ!bcapH 
PeJIHTKB:r.t:CTcKH! JieHrMIDpoBcKKit c:oJIKTOH B MarHITocwepe nyJibcapoB 

paCCM8TpJlB8JlCH r.Me.1Il{KII,IJ;3e I( A.ITaTHpM. reHepai1,11H JieHrMIDpOBCKKMJl 
COJll{TOHaMI :ra:H~paKpacHoro ms~eHJ~H nyJibcapa Aft? 0532 xay~aJiacb 
MaMpa~ae 1l ~p. loMKHa~ae x ITaTapaa paccMaTpKB~Jlll HeJIKHe~HHe Mexa
HJlSMH H3~9IDIH nyJ!l,capaMH Ha OCHOB9 T90pilll peMTJlBHCTCKO! 3Jl9KTpOHw 
IT0311TpOHHO~ ITJ183MH B C1lJlbHOM M8rHli~~HOM ITOJie. 

rpaBJIT8I.UlOHH¥9 GOJlli{TOHH 
CoJIITOHHHe rpaBITai.J,llomnie BOJIJm ypaBHeH1lR ~HmTe~Ha JlCCJie~oBa

JIHCb PHBeJIJleCOM. leTeJ!bep, JlCITOJ!b~TH M9TOA o6paTHO~ 38A8~ll T90p:Km 
pacce.fUI1lff, HameJI AByxCO.Jll{TOHHOe pelll9HI9 ypaBH9HHH ~HmTetiHa AJ1fl 

8KCJl8JlbHO-C:r.t:MMeTpii~HOrO npOCTp8HCT:38-Bp9M9Hll. 
CTaTICT~ecKHe rpaBllTaUHOHHHe coJIITOHH paccMaTpKBaJIHCb AJ!eK

ceeBHM x EeJ!JlHCKKM. 

l!epHH e J.tb!W 
llepHHe ~pH :r.t:rparoT pOJ!b COJIKTOHOB (CM., HanpllMep, pa60TH 

Xa,Il;JKl{t!eKa) • 



6. 

CKHepreTIKa 
Co~TOHH H8XO~T npmMeHeHKe 11 I~ T8KOH HayKe K8K CKHepreTKKa*). , 

3Ta Mo~o~aH Hayxa, ~examaH Ha CTHKe 611o~orHI, ~ 11 wmsKKK, Hsy
~aeT C8MOOpraH1138~0HHOe noBe~eH119 (iO~illKX OTKpHTHX C11CT9M, KOTOpOe 
npKBO,IUIT K o6pa30B8HKIO p83JllrCIHHX CTJ>YKTYP B STJ4X CHCT9M8X. Mh1 OTCH
~aeM ~HTaTe~ K pa60T8M naHH~OBa 11 l~a~OMU9B8, 3a6ycKoro, a Ta~e K 
KHKre r.XaKeHa I o6sopy MaxaHDKOBa. 

B I982 rolf.Y :8 Jioc-.AJlaMoce cocTo.ft11acD MejK,IJyHapo~HaH KOHWepeHIJ;G 
no nopH,D;Ky B xaoce (xaoc B ,neTepMI!HncTcux cKcTeMax). 

He~JH§HHag OnTBRa. 4aae~H§H fua3JK8. KBBHTOBag an9KTpOHJK8 

~aM8illB~ paCCMOTpe~ C8MOB~~11pOB8HHYID npospa~HOCTD B 3ITP
~ana30H9 ~acToT, onmcHBaeM,Yro CKCTerno~ ypaBHeHIH E~oxa-MaKcBe~. 

COJIJITOH8MJI MOryT 6HTD MOmHHe ~asepHHe llMIIY~DCbl, pacnpOCTpaHmO
m:r49CH B pas~HHx cpe~ax. 

MHTeHC:T4BHHe s~eKTpoMarHllTHHe Y'j.I(JlHeHHHe nmy~cH B MaSMe pac
CMaTpHBa~cD WyKHO~. 

B noc~e~xe ro~ mcc~e~oBa~acD HHTerpKpyeMaa cKcTeMa, onxcHBaro
maa CTKM,Y~pOB8HH09 paMaHOBCKOe (JIXI KOM6HH8UHOHHOe) pacceRHKe CBeTa. 

B38JMOTI6~CTBKX onTJq§CKOrO 13~{39Hia C MHOroypOBH9BijM11 
C:MCT9M8Mll 

Eo~IIIOB, JI:ra:xaHcm 11 IIepciaHIJ;e a paccMoTpeJlll He~He!me aa~a"tfl(, 

B03HHK8IDmH9 np11 118yqeHKI MHOrO~aCTOTHOro pacnpOCTpaHeHHH ll B3811MQ
~9~CTBKH KMTIY~DCOB CBeTa B pe30H8HCHHX MHOroypoBH9BHX cpe~ax 11 no
~~ TO~HHe aHa~TxqecKKe p9II19HKR M9TO~OM o6paTHOH aa~a~ pacceH
HllH ~ C8M011~11pOB8HHOH npoapa~HOCTll 11 napaMeTpxqecKoro B88HMQ
~e~CTBKH MHoro~acTOTHHX KMUY~DCOB. 

3axapoB c noMOmDID MeTo~a o6paTHofi sa~a~H 11cc~e~oBa~ pacnpocTpa
aeaxe yc~aromerocH IMTIY~Dca B ~yxypoBHeBo~ cpe~e. 

CBepDameHXe. 
B.M.PynacoB 11 B.M.ID~coH ~oKaae~K no~ayro KHTerpKpyeMOCTD KBaH

TOBO~ MO~e~ CBepXX3~9HKH ~e C ~liCKpeTHblMH 8TOM8MK. PaHee Pyna
COB C noMOmDID M9TO~a KB8HTOBOii o6pi:THOR 38~8~11 pacceHHRf! ~OKaSa~ 
nOJIHYID E:HTerpxpyeMOCTD KB8HTOBOH M(1~9Jlll CB9pX113J:IY'19HHH ,fu!Ke npOTH
JK9HHHX ~eKTliBHO O~HOM9pHblX CKCTeM. 

*) H.E.3e~~oBKti onpe~eJJJIJI ee KaK uay:ey o nepexo~ax MeM.TI;Y pasJm~HblM] 
CTPYKTYpaMH, o6 yno~o~eHHOCTK BHYTPll xaoca. 



?. 

KognencgpoBaHijHe cpenw 
TipmMeHeHHe CO~TOHOB B WIS~Ke KOH~9HCKpOB8HHHX cpe~ paSBHBa

~OCD rro c~e~mwM aarrpaB~eHKHM: 
I) cymecTBOB8HXe CO~TOHHHX Kone6aTe~DHHX COCTOHHK~ B aarap

MO~eCKXX KpXCTa~ax; 

2) CT8UIOHapHHe BO~HH B He~He~HHX, rrepiO~~eCKX MO~~pOB8H-
HHX cpe~ax c 6o~mHM rp,yrrrroBHM saME~~eHHeM; 

3) SBYKOBUe BO~HU B aHrapMO~eCKKX pemeTKaX; 
4) BO~HU ll~OTHOCTK sap~a; 

5) 8TOMHH9 J.l J:OHHUe CTOJ1KHOB9HIJ!£ B TBep.n;hlX Te~ax (rrpOXOJIUJ;9H:rle 
~acTmn ~epes Be~ecTBo); 

6) ~OM9HHHe CT9HK:rl I W8SOBH9 HepeXO,n;bl B cerHeTOaJ19KTpi1KaX; 
?) ~rxpaumOHHHe IT~OCKOCTil Il )(OM9HHH9 CT9HKH B CB9pXT9~9M 

reJ.UIH - 3; 
8) MarHKTHHe COJW:TOHH B KB8SIIO;~HOM9pHO:ft cpeppOMarHITH01i CHCT9Me 

Cs N 2 1' 3 ; 
9) COJ.UITOHH B cpeppoMarHeTKKax Jl aHTicpeppoMarHeTKKax, aaxo~x-

CR B MarHHTHOM ITO~e; 

IO) a~eKTpoami rrapaMarHKTHH~ pesoaaac; 
II) r~po~HaMBKa KBaHTOBHX ~~KocTe~; 
I2)~acrrpocTpaHeHKe T9ITAOBHX ~~COB B KpHCTaAnaX, HarrpiMep, 

B Na (f ; 

I3) pacrrpocTpaaeame KpmcTa~qecKHx ~c~oKaum!, orrmcuBaeMoe 
CKHYC ypaBH9HK9M rop~OHa I~ ~OftH~ Cr-ypaBHeHHeM; 

I4) ~OM9HHH9 CT9HKH B H9M8TIEaX; 
I5) ~HaMHKa MarHHTHHX CO~TCHOB (COJ.UITOHOB ft -TeKCTYpH, 

f/1, -COJlllTOHOB) B 3He-B; 
I6) COJlJiiTOHHOe pacrrpOCTp8H9HJl9 ey~eBOrO SByKa B CBepXT91<3"19M 

3rfe-B; 
I?) rraiepAcoBcKKe ~a~eKTpXEJ: c aaBe~eaaoi ~epxsaqxe:tt; 
IS) coJ.UITOHHaR rrpoBo~ocTD 11 rroAHaneTx~eHe; 
I9) COJ.UITOHH B aMOPWHHX MarHElTJa:KaX; 
20) nerro~KK rettse~H6epra; 

2I) cpasoBHe nepexo,n;I:l cMe~eHrLH; 
22) CTPYKTYPHHe cpaSOBHe rrepexo,I(U B aecopaSMepHbte wasu; 
23) M9X8HISM COKpa~eHiff MHillU Ha M0~9KY~HOM ypOBHe K rrepeHOCa 

aHeprllll ~epes 6e~OBHe MOA9KY~ (;~aB~OBCKHe COJll(TOHH B MO~e:eyMpHH: 
CICT9M8X) ; 



8. 

24) COJmTOHH8.fi IIpOBO,niMOCT:& BOJJ.EH 38pH.D;OBOfi IIJIOTHOCTl! B HOBOM 

KBas~yMepHoM npoBO~HKRe KanpoHaTe Ta~ CH3-(CH2) 4 -co2 I'C: 
25) COJIKTOEH B CTpaTK~~poBaHEHX ~OCT.fiX; 
26) sapo~eHKe ~asoBHx ~oMeHoB Ha IIpKMecHX; 
27) COJIKTOHH B H9COJl3M9piMhiX Kp:riCTaJIJlaX; 
28) ye~H9HHH9 BOJIHH 3ap~OBO~ IIJIOTHOCTM B TBep~X T9.718X, 

OIIICWB89MH9 CKHYC-ypaBH9HI9M fop~OHE; 
29) W830BH9 CODTOHH B KpKCTaJIJ~aX H cerH9TOM.9KTpliK8X; 
30) MO~e~ M3HHra B IIpiCYTCTBJIP.: MarHMTHOrO IIO~; 
31) COJIKTOHH B KB83HO~HOM9pHBX IIpOBO~HKKax; 
32) H9JlKH9fiHH~ TpaCIIOpT B TB9pJ~X T9.718X; 
33) ~pOJKalU,Jle KKHKll ( W D .tf! t c hJ' ;:::· (./1 KS ) ; 

34) YCTOfi't!IBHe KJlHKil ~06Horo ~:apH.D;a B KB83llO~HOM9pHHX CliCT9M8X 

35) IIpOBO~e IIOJIIMepH; 
36) liHWpaKpacHa.fi aKTllBHOCT:& IIa~tep.710BCIOlX CJICT9M; 

37) BICT.719pOBCKI9 (reDROHHHe) CODTOHH B W113IK9 TB9p~X T9.71; 
38) coJIJlTOHHaH pemeTKa B KpilcTHJIJle a< - Z!~t Pz ; 
39) T90p:r.ta: ,IU{~paKUD BOJIHOBHX HY'IKOB B 8H1130TpOIIHHX Cpe~ax 

(Kp11CTaJ1JlH); 
40) BIXpeBHe COJIIITOHH B D,IUtOM reDJl; 
41) X80TJl'l9CKJl 38U9II.719HHH9 COJIUTOHH B H9C0113M9pmAOM to; 2n ~; 
42) 9Jl9KTpOCOJlKTOHH B CBepXIIpOBO,I(llMOCTil MOJie:ey~pEHX KpllCT8.71J10B 

43) IIJ183M9HHH9 COJIKTOHH B IIOJiyiipOBO~HIKaX; 
44) o6o6meHKe CIIKHOBOtt M0~9Jlii J,e~39H6epra Ha C~a~ H9CKOJl:&KKX 

KOMDOH9HTOB; 
45) OllliC8HJI9 KOJ1J19KTMBHHX B036~r~emm I IX CT8TJICTJI'l9CIGIX CBO~

CTB B CJICT9M8X C H9CKOJ1:&KHMI COpTa~! CIIJlHOB. 

XK~ecKag WI3IKa 
/2./ 

ITep'!aKOM II .np. li3Y'!8DC:& ~9K'L'H TOIIOJIOrll'!eCrurX COJlliTOHOB Ha 
aBTOKoppeJl.fiUMOHHHe WYHKUIK ~ nerr~teK c~saHHHX ocUmJIJI.fiTopoB c 
IIOMOm:&ro KOMII:&IDT9pHOrO MO~e.71IpOB8HH.fi 6poyHOBCKOtt ~HaMIKI. PaCCMOT

peHH Tpi M0~9.7l:&HHX C11CT9MH, B TOM ~!CJ19 CIHYC-rOp~OHOBCKa.fi neiiO'!Ka. 
CKIIHHep 11 BOJIHH9C IIpe~O~JIK Cli{,YC-rop~OHOBCKYID M0~9.71:& .7lOKaJIK-

30BaHHHX ~9W9KTOB B KpiCTa~eCKOM IIOJIH9TIJ19H9. 



9. 

llpOBOJIHKigl HJ,JSKOH paargepHOQTl[ 

0 rrpiMeHeHIK CO~TOHHOrO MeXamiSMa ~ OTI~C8HHH CBOHCTB 
o~HoMepHoro rrpoBo~ero rro~Mepa rro.[KweppoueHx~eHa cM.pa6oT,Y BeMa. 

Jier:HpOB8HHl:l9 opraHJCCieCiale TIOJJliiJJep:bt CT8Jlll O't!eH:D :KHTepeCHOH 
oo~aCT:DIO WKSJ'I.KK KOH,IJ;9HCilpOB8HHl:lX Cpl1~' r~e HSJIKHeHHl:le JmJieHU :m:rpa
IOT O't!eH:D B83BYIO po~. 

Ho H8li00~:Dmee BHliM8Hll9 K8K TSO)eTimOB, TaK :A: 8KCTiep1iiM9HTaTo

poB 0~0 oOpameHO Ha CO~TOHl:l B ITO~IaUeTK~eHe (CH)X. 

/f?fl/ 
IIoJll(aueTueH ( co~TO.:i:Hag MOJieJI:D) 

E~:cmoe 't!HC~O paOOT TIOCBRmeHO )QnKTOHHHM ll 6KOHHl:lM BOS6y~e
HIHM B T8KOH aneKTpou-woHOHHOM CKCT3Me KaK TIOJlllaueTTlJleH (CH)X. 
0HO B~'t!aeT B ce6g K8K TeopeTI't!eCKle, TaK Jl 8KCrrepMMeHTaJI:DHl:le 
ICC~e~OBaHKH, a Ta:KXe rrpHMOe ~CJieH~Oe MO~eJIIpOBBHie. 

Ha6~~eHKH, CBH38HHl:le C 3CP - 9H8Jlli30M HeHTpa~:DHl:lX MarHKTHHX 
~eWeKTOB B HeJierKpOB8HHOM llJIK CJierK9 ~erHpOB8HHOM opraHll't!eCKOM rro
JIKMepe (CH)X' rrpKBeJJJI K TIOHB~eHKIO noHgTKH COJ!XTOHHOe ~eripOB8Hie. 
PaCCMaTpKB8JmC:D KaK sapHJKeHHl:le, TaK H HeHTpaJI:DHHe COJJliTOHl:l (KKHIOI) , 
npxqeM O~HOMSpHl:le MO~S~ llOJim8UeT1lJl9Ha C COJIKTOHOM RMeiOT 60J!bill09 
CXO~CTBO C peJIHTHBKCTCRIMK TeopeTKRO-TIO~SBl:lMH KB8HTOBHM1l COJIKTOHHl:l
Mll MO~eJIHMH (nOHB~eHHe KHHKOB C ~06Hl:lM sap~OM Jl ~p.). TaK COlliJIHC:D 
TeOpiH KOH,IJ;eHCipOB8HH:btX ope~ K peJIHTKBKCTCK8H TeOpllH llOJIH. 

TeopeTH't!eCKHe MO~eJJJI KHHK006pa3HHX (TOTIO~OrM't!eCKHX) COJJJITOHOB 
B llOJIIaUeTHJISHS npe~CK83l:lB8IOT TaKEe cymecTBOB8HKe COJIMTOHOB TIOJIHpOH
HOrO TKITa K8K B UKC-, TaK Jl B TpaHC-llOJIIaUeTHJISHS. 

~a CMe~Hl:lX TIOJIHpOHa HeyCTOHlimBH OTHOCKTeJI:DHO o6pa30B8HIH ~YX 

OeCCllKHOBHX SapKXeHHl:lX COJlliTOHOB. 
Y't!eT ~eKTOB TpeXMepHOCTI B onHOMepHoA COJIKTOHHOH MO~eJIH (CH)l 

6HJI BHTIOJIHSH MeAe K PaiCOM. 
ConiTOHHl:l~ MeX8HI3M JierKpOBaH•H ITOJIIaUeTI~eHa paCCMaTpKBa~CH 

B pa6oTax E~aBma H ~p. 
CymecTBOB8HI9 HSHTp8JI:DHHX KKHROB B TIOJJli8U9T1lJleHe 6l:lJIO TIO~TBepE

~eHO 't!ICJieHHHMI paC't!STaMI Cy. 
IIepe~a't!a aneKTpll't!ecKoro sap~c*) B (CH)x ocymecTBJIHeTcH rrocpe~

CTBOM o6pa30B8HIH sapHJKeHHl:lX COJIHTCHOB (COJlliTOHHJ:li Tp8HCTIOpT sap~a~ 

*) ( IIoJU~aueTXJieH CH)x HB~eTCH KBa~KO~HOMepHHM opraHK't!ecKHM rro~-
npoBo~HIIKOM (rrpOBO,Il;R:IIVlM TIOJITlMepCM). 



IO. 

ITO~HEHHe 06~eKTH, OTBeTCTBeHHBe Sa npoBO~HMOCTb (CH)X npH 
HHSKHX KOHD;eHTpaUKHX ~erHpOBaHKff, RL~TCfl Sap~eHHHMH 6eccnHHOBHMH 
CO~TOHaMH. 

Co~TOHHaH o~HoaneKTPOHHM MO~E~ no~an;eTH~eHa SS H :acno~
soBa~a Teopmo XIOKKeM H apryMeHTH yr:pyro:tt SHepro. fu'a MO~e~b o6'h.ffc
HH~a MHorze onTxqecK:ae, HHWpaKpacFmE, H MarHHTHhle ~aHFme, oco6eHHo, 
KOr~a B&nro~a~Cb no~pOHHHe COCTORHxR (CBHSaHHHe napH sap~eHHOH 
CO~TOH- HeHTpa~HHH aHTHCO~TOH). 

TeopHH HH~paKpaCHOH aKTHBHOCTH (CH)X , H~D;HpyeMOH CO~TOHaMH, 
pasBHBa~acb B pa6oTe Me~e :a Pa:ttca. 

Eo~billOH o6sop SKcnepHMeHT8~HHJ: pesy~bT8TOB no CO~TOHaM B 
no~an;eTMeHe (CH)x 6bl~ c~e~aii XH;ro!topoM H MaK .Ua:ttp~oM,.,. B I98I ro.ny 

C~HTOHHaH Mo~e~ no~an;eTMeHa no~Ma sKcnepHMeHTa~Hoe 

no;n;TBepJK,IJ;eHHe npH aHa~se MarHHTHHX. HH~paKpaCHHX, TpaHcnopTHHX H 
(j_)oToTpaHcnopTHHX cBolicTB c~erKa ~erupoBaHHHX o6pasn;oB. 

11HTepnpeTan;IDi s~eKTpOHHHX H MaPHHTimX CBOHCTB Tpaa-(CH)X B 
TepMHH8X CO~TOHHOH MO~e.JIE: CTHMY~poBa~a HHTeHCHBime HCC~e~OBaHHH. 

B no~aD;eTMeHe sap.fllKeHHHe COJD!TOHbl s+ (2? ::= +e) He HMeiOT 
cn:aHa*), HeHTpa~HHe ~6 -cnHH I/2 . CymecTBOBaHHe noc~e;n;HHx 6H~o 
,II;OKaSaHO ~a6opaTOpHHMH SKCnepHMeHTainH no HSMepeHHIO CTaTxqecKOH Mar
HHTHOH BOCnpHH~HBOCTH. HeitTpa~HHe H sap~eHHHe CO~TOHH onpe;n;eM
IOT MarHHTHble, aneKTpxqecKHe H OnTH~~3CKHe CBOHCTBa He~er:apoBaHHOrO 
H c~erKa JterHpoBaHHoro no~an;eTMeH~ (aneKTpxqec!cy10 npoBo.nmnocTb, 
~tMJys:aro CITHHa, onTH"tiecKoe nor~omeH:i!e, woT onpoBo~MOCTb , MarHHTHI:le 
peSOH8HCH). 

]a6opaTOpHHe SKCnepHMeHTH noKa3a~, "t!TO B He~erHpOBaHHOM 
C:::'O 

TpaHcno~aD;eTMeHe KOHD;eHTpaD;HR ~ -KHHKOB ITOpg;n;Ka HeCKO~KHX 
COT Ha MHJJ.J.IHOH. -f -:. 

3TeMa;n; H ;n;p. npeMoxm~ npJ!MY.ro (j_)oToreHepaD;HIO S S -nap. 
CneKTpocKonxqecKHe :acc~e~oBaHHff c~erKa ~er:apoBaHHoro TpaHc

(CH)x 6bl~ npoBe;n;eHbl B pa6oTax E~aams H ;n;p. 
Cy H illpH~ep npo;n;eMoHcTpHpoBa~:a, ~To ~oToreHepHpoBaHHaH 

-+·aneKTpOH-;n;Hpo-qHafl napa pacna~aeTcH Ha napy co~ToHoB S .5- sa BpeMJ 
cpaBHHMOe C OnTxqecKHM ~OHOHHRM nefHO,II;OM Io-I3 C. 

@OTOnpOBO;n;HMOCTb (CH)X SKCnep~MeHTa~HO HCC~e;n;oBa~aCb B pa6oTa: 
8reMa;n;a H ;n;p. 

*) 3JieKTpOHbl H ;n;HpKH HMeiOT CITHH I/2 . 



II. 

3apRXeHHHe co~TOHH HrparoT pemEromYID po~:o B woTonpoBo~ocTH 
Tpaacno~aueT~eaa. 

3KcnepHMeHTam,ao Ha6.JIIQJJ;a~ac:o cc,~TOHHaR woTonpoBO.IUIMOCT:O TpaHc
no~aueTH~eHa. Q?oTonpOBO,IUiMOCT:b B rzy.:c-(CH)X OTCYTCTByeT. 

VlHWOpMaUHR 0 CBO:t!CTBaX H ,Il;HHaMHKe He~He:t!HHX (co~TOHHHX) B03-
6y~eHHR (CH)x 6u~a no~eHa B pR,Il;e aKcnepHMeHTOB no cpoTOHH,IJ;YUHpo
BaHHOMY nor~omeHHID. 

llpf!MYID WOTOreHepaUHID 38paEeHHH~~ COHHTOHOB B (CH)X SKcnepKMeH
Ta~:OHO Hcc~e.noBaJIPI E~aHme H ,np., a ~~aRJKe Yai1:H6eprep. llopor woTo
po~eHHR COAHTOHOB pacno~o~e~H~e ltpaR nor~omeHHR. ~OTOHa.nyuMpo-

s+s-BaHHHe CO~TOHHHe napbi ,IJ;HnCOIJ;HRpyroT npH TeMnepaTYpax Bllille 
I50 K. 3ap.F.OK9HHHe CO~TOHH BHOCRT BHJKHbiH BM8,Il; B cpOTOITpOBO,II,RMOCT:b 
no~an;eTMeHa. 

Co~TOHHhTH MexaHH3M nepeHoca 3•~pR,IJ;a o6McHReT c~:OHHH poeT 
(Ha IO nopR,IJ;KoB) a~eKTpH~ecKoH npoB)~OCTH rro~an;eT~eHa c ~erHpo
BaHHeM. llo,IJ;B~HOCT:b MeKTpOHOB B no.1ll!aD;eTMeHe Cy, lllpHWW9pOM H XE.n;
~epOM, a TaRJKe KaiBe~coHoM H Xa~oM. 

3PPSKT o6~9HHR aHepr~HllMH HOH8MH yr~epo,na c+6 (aHeprHB: 
56 MaB) Ha TpaHcnopTH!le cBOHCTBa TpaHc-(CH)x H TpaHc-( C.]) )x aKcne
pHMeHTa~Ho Hs,yqa~cR Kay~epoM H ,np. 

~OTOTp8HCITOpTHH9 ~9KTll B ITO~KaneTM9H9 HCC~9,Il;OB8~C:b B ~a6o
paTOpHOM aKCIT9pHM9HT9 TaHH:WI",Il;p. (M9T8J.I.JIHt!9CKOe COCTORHH9 (CH)X' a 
nepexo.n no~rrpoBO,IJ;HHK-MeTa~ B ~erHpoBaHHOM no~an;eTMeHe - Me~e H 
PaE:coM. 

XHKKCOM H BaccepMaHoM H3~a~oc:o orrTH~ecKoe rror~omeHHe ~ 
no~an;eTMSHOBOH uerro~KH onpe.ne~eHEOH ~Hll c o.nHHM co~TOHOM. Ka
coBcKHM H .np. pasBHBa~ac:o 30HHaR TeopHR MeTa~ecKoro no~aneTH~e
Ha. 

Co~TOHHllH TpaHcnopTHHH Mexaw.:sM a~eKTpOHHOH rrp~oBoH rrpo
Bo~ocTH TpaHc-noJIPiaD;eTH~eHa pacc~raTpHBa~cR Kai-IBe~cOHOM. CTpyKTyp
Hoe orrpe.ne~eHHe rrapaMeTpa HapymeHID: cHMMeTpo B Tpac-( CH) x npoBe,ne
HO ~~epOM H AP· 

reHepan;HR coJIPITOHHH:t! nap B noJrnan;eTMeHe B no.nxo.ne pemeTo~HOH 
pe~aKcaD;HH H3y~a~ac:o aBTOpaMH H3 KHP. 

Y~TpacpHo~eToBaR woToa~eKTpOHHaR crreKTpocKonHR onT~ecKH B03-
6y~eHH!lX COCTORHHH B TpaHc-no~aD;HTM9H9 HCC~9,Il;OB8~ac:o Ca~H9KOM 
H ,np. Jl:aHHll9 o6cy~9HM B KOHT9KCTH T90p9T~9CKHX MO,Il;9~9H OITTH~ec
KH HH.1JYinlpOB8HHOrO ITOMpOHa H o6p8!30BaHM COJIHTOHOB. 



I2. 

06pasoBaHHe co~TOHHHX SKCHTOHOB paccMaTpHBa~ocb Pa~coM, a 

BH6pa~OHH09 B036y~eHH9 3BpflX9HHHX CO~TOHOB - Me~e H Pa~COM. 

ITapK H ~p. 8KCIT9pHM9HTa~HO HCCH9~0Ba~ 8~9KTp~eCKH~ TpaHcnopT 

B ~erHpOBaHHOM (CH)X • 
B~c~eHHe onTKqecKoro nor~omeHHff (CH)x 6H~o npoBe~eHo XopoBH

~eM H Ka~B9~COHOM H ~· Ha OCHOB9 KOHTHgyyMHO~ MO~e~ no~aneTH~eHa. 
AHOMa~H09 noBe~eHHe MarHHTHO~ BOCnp~HBOCTH ~erHpOBaHHOrO 

no~H~9T~eHa Ha6~~0Cb B pa6oTe HKeXaTH H ~· 
M0HTe-Kap~OBCKOe MO~e~poBaHHe ITO~a~eTRn9HOBHX neno~eK, OnH

CllBaeMHX raMRnbTOHHaHOM Cy-illpH~epa-X~epa, npoBe~ XHpm H rpa6oB
cK~.0HH ycTaHOBH~, ~TO C~HTOH BCer~a BOSHHKaeT B TaRO~ CHCTeMe, 

~a~e B npHCYTCTBHH EY~OHOBCKOrO BSaHMO~e~CTBHR 

3anen~eHHe ( f~hn~~~) CO~TOHCB B (CH)X o6cy~a~OCb B pa6oTaX 
£naHma H ~p. 

B HeKoTopHx pa6oTax YTBep~a~OCb, ~To aKcnepHMeHTa~bHHX ~aHHHX 

no (CH) He ~OCTaTO~HO ~~ CTpororo ~OKaSaTe~CTBa cymeCTBOBaHRff 
X . 

CO~TOHOB B no~a~eTRneHe. 
B 8KCnepHM9HT8~bHO~ pa6oTe, noCBRmeHHO~ HCC~9~0BaHRffM ITpOBO~H

MOCTH (CH)x, ~erHpoBaHHoro HO~OM H ,42> OCs- , no~ ~e~cTBHeM M~
MeTpoBoro H ~a~eKoro HHWpaKpacHoro ~~eHH~, YTBep~a~ocb, ~To 

npeBa~pyromH~ MexaHHSM nepeHoca a~eBTpKqecRoro sap~a B (CH)x He 

B~~ae~ B ce6R ~~HXCR CO~TOHOE. CO~TOHH nO~B~HH TO~KO B 

TpaHcaneT~eHe. 

ileD03Ka ila~epgca H noJ~alleTnneH 

AoM~a~b H ~p. paccMoTpe~ pacniiOCTpaHeHHe KHHKa B MO~e~ CCX 

~epHSoBaHHO~ neno~KH rra~ep~ca. Xoi10B~ Hcc~e~oBa~ HHWpaKpacHYID 

aKTHBHOOTb nanep~coBcKHx CHCTeM B ni'HMeHeHHH K no~aneTH~eHY, a 

TaK*e CMemaHHYID na~ep~COBCEYID wasy I• acneKT9 M9Ta~9CKOro IT0~
~9TH~9Ha (yCTO~HBOCTb ~eWeRTOB ~epe~OBaHRR CBRSe~ B (CH)X H KOH

~eHCaT ITanep~ca). 

ITo~pOHH H ~OM9HHH9 CT9HRH ~~ paS~HHX na!ep~COBCKHX CHCT9M 

Hs~a~cb B pa6oTax BpasoBcKoro. TeopHR a~eKTpOHHUX CTPYKTYP H HCKa
~eH~ pemeTKH B no~~eTRneHe, a Tai~e 6~~aromHx cHcTeM ITa~e~ca 
paSBHB~aCb RITOHCKHMH aBTOpaMH. 

~9KT KY~OHOBCKHX B3aHM0~9~CT11~ Ha HeynTO~HBOCTb ila~ep~ca 
T90p9TKq9CKH H C nouombro ~C~9HHOrO MO~e~pOBaHHR HCC~9~0Ba~ XHpm, 

I 

a TaK*e MasyM~ap H liHKCHT. 



I3 . 

.llpyrne IIOJUWe.r;l;! 

CoJUITOHhi B IIOJlH (p-ipeHHJmHe) (FPP) Bcer;n;a CM3HH11 B napbl 
( 6:~moJIHpoHbl*) ) • 

IlepeCROK 6HIIOJIB:pOHOB (nap 3ap.a:.ii:9HHhiX COJll'ITOHOB) C O,IJ;HOH IIOJll'I

MepHO~ U9IIO~RH Ha ;n;pyr.yro RaR MO,IJ;9~ B~9KTpKq9CROI'O TpaHCIIOpTa pac
CMaTpHBa~CH B pa60T9 ~aHca H ,n;p. 

EHIIOMpOHhi H9 H9CYT CIIHHa. 

CerHeTo MeKTQm~ 
TaRepOM paspa6oTaH KB8HTOBHH MHTO,IJ; o6paTHOH sa;n;a~H T90pHH pac

C9HHM ,Il;JlSi ,IJ;ByMepHOI'O ~:&,n;a H C9I'H9TOM9RTpHt!9CROM (weppOM9KTp:trq9-
CROii) peiileTKH. Po~ COJUITOHOB·H \lla30H{)B B Wa30BbiX nepexo;n;ax H9CO
pa3M9pHbiX cerHeToMeKTpHKOB nsyqa~ac:o EJUIHKOM. Ye;n;HHeHHl:le Bo~ B 

~aCCHt!9CKOM O,IJ;HOM9pHOM MO,IJ;9Jlli M3HH:7a B nonepe~HOM IIO~e paccMaTpH
BaJUIC:O ~9RIIlOM H ;n;p. 

illHaM;n;ep H illTO~ H3y~aJUI CBOMCrBa MHI'ROH MO.n;H npH CTPYKTYPHHX 
W830BHX nepeXO,IJ;aX. 6. 

Ea6y ~039~ H Ee:ti6H OTMe~aJUI IIpHM9HHMOCT:O MO,IJ;eJm jO ~ OIIHCa 
HHH cerHeToa~eRTpHtiecRHX wasoBax nepexo;n;oB nepBoro nopH.n;Ra. 

Mo~e~DHa.a: WE~ 
Wapya~ H MHHaMH paCCMOTpeJUI C~HOMepH,YID MO~eRY~ To~ H Ha~ 

o6mee pemeHne. 
Co~HTOHHYID TeOpHID 3~9RTpOHOB V. SKCHTOHOB B H9.71HH9HHHX MO~eK,Y

JlffpHHX U9II.ffX pa3BHJm ,UaBhi,II;OB H 30~C·TaproR. 
Co~HTOHH B ;n;Byx napaMe~:&Hl:lX J~Jro~eK,YMpmzx ueno~Rax paccMaTpH

Ba.mrc:o Cepi'H9HRO, a COJmTOHl:l B CTO}:aCTHt!9CKHX M0~9RYMPHHX U9IIHX -
A6.n;yMaeBw H ;n;p. 

MoJieKVJI.gp&e E,PHCTaJlJl}l 

1H3RCHTOHH KaR COJIHTOHH B O,IJ;HOMepHOM M0~9K,YMpHOM KpHCTa~e 
paCCM8TpHB8JlliC:O IDI'OC~aBCKHMH aBTOpaMH CaTapH'!9M H ;n;p. 0HH HCC~e,IJ;oBa

JIH RpHT9pHH o6pa30B8HIDI H CYJU9CTBOJ38HHH 6H8RCHTOHOB B BH;n;e COJIHTOH
HOH BO~Hbi B M0~9K,YJIB:pHbiX U9IIO~RaX, HCIIOJI:&3YH no;n;xo;n; ,UaBH,n;OBa. 

b.1u,\He RpliC T 8.71.Jlli 
Ye~H9HHl:l9 BO~Hhi o6ecne~HB8IDT nepexo;n; Me~ ;n;BYMR COCTOHHHEMH 

C IIpOTHBOIIO~OXHbiMH IIOJIHpH38~RMH B K~paJI:&HHX CM9RTHKaX (pacc~09HHbiX 
wasax). 

*) .UByxsapH.n;HHe .neweKTH. 
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:lsCHTOHH*) 

S~ec~ com~eMcH aa KHHry MocKa~eHKo H ~·, nocBHmeaayro co~TOHaM 

H MYTa~ B SKCHTOHHOH o6~acTH cneKTpa, ·H KHHry MocKa~eHKO, paccMaT

pHBaromyro T90pHID 3KCHTOHOB 60~lliOH n~OTHOCTH. 

AKa~eMHK ].B.Ke~m npe~cKasa~ HB~eHRe KO~eacanHH rasa SKCH

TOHOB B Kan~ (CO~TOHH), KOTOpHe MOryT nepeMemaT~CH no KpRCTa~, 

aanpRMep, c noMom~ro s~eKTp~ecKoro no~. 

IloJ.tVnpoBOJIHHJSH 
YKa~eM Ha KHRry no~ pe~aKUReH qeppH H ~p., paccMaTpHBaromyro 

~RSHKY HeKHHe~Horo TpaacnopTa B no~npoBo~HHKax. 

CynepHOHHHe npoBOJIF.~ 

(TBep~e 3~9KTpO~~H) 
3~ec~ CO~RTOHOM ~eTCH CHCT91V'a "BaKaHCHH + HCKa~9.Elli9", 

onHCHBaeMaH no~eM 

~ ~ Lr wrc-tJ { r_'ff (fa~;~ u'/c~ ) J · 
CO~TOHHaH MO~e~ o6~CHH9T 6HCTpHH SaXBaT HOCHT9~9H TOKa. Bo~HH 

sap~OBOH n~OTHOCTH B cynepHOHHHX npOBO~HRKaX paCCMaTpHBa~CD 

H.M.Ma~on. 

IlpRMeHeHRe MO~e~ ~p9HK9~-KOH~~OpOBOH K O~HOM9pHOMY cynepHOH

HOMY npOBO~HHKY K-ro~aH,lU1:TY RSy't!aJIOCD B pa6oTe Ml:n:M. 

0JIHOM9pHHe MarHHTHH9 CHGT9Mli 

<weppoMaraeTHKR) 

TaKHe CH~T9Mbl OKaSa~c~ y~o6HhiH 06'DeKTOM ,nJl.ff 3KcnepHM9HTa~Ho

ro R TeopeT~9CKOrO H3Y't!9HHH MarHHTHHX CO~TOHOB (He~H9HHhiX ~OKa

~SOBaHHHX BO~H HaMarHH't!9HHOCTH ~em)OMarH9THKa), KaK ~H8MH't!9CK~X, 

TaR H TOnOJIOr~eCKHX. 

Ilo~po6HO HCC~e~OBaHhi M8rHHTHH9 CO~TOHhi B weppOMarHeTRKaX C 

aHH30TpOIIH9H THna "oc~ JierKoro HaMa::HH"tiHBaHIDI". 0HR MOryT 6HT~ 

HHTepnpeTHpOBaHH KaK CBH38HHH9 COCT).R:HH.ff 6o~~moro 11RC~a MarHHTOB. 

Henocpe~cTBeHHHM sKcnepHMeHTOM 6H~o ~oKasaao cymecTBOBaHHe 

H9JIRH9HHHX B036y~eHHH (MarHHTHHX C)JIRTOHOB) B O~OMepaon weppoMar

HHTHOH U9TIO't!K9 ~S file 0fj C TIOM)mDID pacceHHH.R: H9HTpOHOB Ha 3TOM 

W9ppoMarHeTRK9, noMemeHHOM B MarHHTl09 TIO~e. 

XaKeH6paXT RCC~e~oBa~ B03MO~HO~T~ COS~aHHH HeTenJIOBhiX CO~TOHOl 

B O~HOM9pHOH MarHHTHon CHH,Yc-rop~OHOBCKOH CHCTeMe. 

*) Bos6y~eHHH, B03HHKaiDmH9 B KpHCT9~ax TIO~ ~9HCTBH9M CBeTa. 
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Eymep ~ ~p. H86~~a~ 6o~IDOH U9HTp8~DHHH URK ~ COOTB9TCTByro
me~ CO~TOHHO~ M0~9~H KB83HO~HOM9pHoro 8HTHcpeppOM8rHHTHOrO C09~He

HHH TMMC B MarHHTHOM ITo~e KaK ITP~ ynpyroM, TaK H HeynpyroM pacce~
Hmi H9HTpOHOB. 

CaitH-rop~oHOBCKH~ (Cr) aHa~s EHSKoTeMITepaTypHHx aKciTepRMeHTOB 
ITo TeiT~oeMKOCT~ cpeppoMarHeTHKa c ~erKoit IT~ocKoCTbi:) Cs A<: !13 
6H~ BHITO~H9H B pa60T9 XaMMepa H IllpayHepa B T9pMHH8X KOH,IT;9HC8T8 a~IT 
TH't!9CKHX CHOH.I(8~DHHX Cr-BO~H. 

EH~O ITOK838HO, 't!TO O~HOM9pHa~ ElHTH(J!eppoMarHHTH8~ IT~aHapHa~ CITH
HOBa~ IJ;9ITO'I:IK8 MOX9T 6HTb CB9~9H8 K C:HHYC-rOp~OHOBCKO~ IT0~9BO:ti CHCT9-

M9. Pea~sa~ T8KO~ CHCT9Mhl H ee COJIHTOHHI:.l9 OC069HHOCTii B 8HTH
cpeppoMarH9TiiK9 TMMC BO BH9IDH9NI MarmrTHOM ITO~e 6biJIH ITO~TB9p.7K,II;9HH B 

paCC9HHHH H9~TpOHOB H B 8KCIT9pHM9HTHX ITO p9~8KC8IJ;IDi p9ill9Tl\J! R.D;9pHHX 
CITHHOB. 

B I982 ro~ Eopca HSMep~ coJIH~~OHHH~ B~a~ B Te~oeMKOCTb aHTH

cpeppoMarHeTHKa TMMC B MarHHTHOM ITO~o. AHaJIHs aToro aKciTepHMeHTa 6H~ 

ITpoBe~eH B pa6oTe XaMMepa II illpayHepa. 
8KCIT9pHM9HT ITO pacce~HIDO H9HTp,)HOB 06Hapyu~ cymecTBOB8HH9 

6pH39pOB Cl!H,YC-ypaBH9H~ rop~OH8. 
TO'I:IH09 HHTerpHpOB8HH9 H9JmH9HH)rO ypaBH9HM JiaiUJ;ay-.JlE:cpiiimJ;a 

ITpoBe~eHo EopoBHKOM. 
KaJm6poBO't!Ha~ aKBHBa~eHTHOCTb :rpaBH9HRff JiaH,IJ;ay-]HcpmHIJ;a H HeJm

HeitHoro ypaBHeH~ Illpe~Hrepa ycTaHoB~eHa MaxaHbKOBHM H ITamaeBHM, a 
8HH30TpOITHO~ H H30TpOITHOH HeiTpephiBH~X re~39H6eprOBCKHX CITHHOBHX 

ueiTo'tleK - I\y~ H ITamaeBhiM. 
06o6ID9HH8~ MHOrOKOMITOH9HTH8~ reH39H6eprOBCK8~ CITHHOB8~ IJ;9ITO'I:IK8 

c cpoHOHHhiM BsaHMo~e~cTBHeM ITpe~~oxeHa MaxaHDKOBHM H ~p. 
CoJmTOHH H MarHOHl:.l B ~8CCH't!9CKO~ H9ITpepHBHO~ re~39H6eprOBCKOH 

IJ;9ITO'I:IK9 (HX CIT9KTp) HCC~9~0B8JIHCD E pa60T8X Wore~6H H JiyH~a. 
EapD~XTap H llBaHOB HCC~9~0B8~ ~HaMH't!9CKH9 COJmTOHl:.l B O~HO

OCHOM 8HTHcpeppOMarH9THK9. 

A.K.3Be3~H H A.@.ilOITKOB pa3BY.B8JIH H9JIHH9HayiD TeOpHro M8rHHTo
CT8TH't!9CKHX CITHHOBHX BO~H B cpeppOMcrHHTHhiX IT~9HK8X. llCXO~HHMH ypaB
H9H~H ~~~Cb ypaBH9~ JlaH,IJ;ay-JMcpillKU8 M MarHHTOCT8THKH. 

TaMMeTTa H OE:TMaa ITpoBeJIH "t~HCJleHHoe Hcc~e~oBaHHe o~HOMepHoro 

aHHSOTpOITHoro*) reE:seH6eproBcKoro q)eppoMarHeTHKa ~~ oueHKH aHeprHH 
OCHOBHOrO COCTO~HM H BHeiT~OCKOCTHOH CITHHOBOH qJJlYKTyaiJ;HH ITpH T==O H 

*.) C 8HH30TpOITH9lf THIT8 "~erKa~ IT~OCKOCTD". 
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ITpH KOH8~HO~ TeMnepaT,Ype. ~ napaMerpoB, COOTB8TCTByromHx{sA/~ ~-X~ 
Be~HH8 CnHHOBOH ~KT,y8UHH T8KOB8, ~TO CT8BHT COMH8HRff ~~ ITpHMe
HHMOCTH CHHYC-rop~OHOBCKOrO npH6~~eaRR ~~ 9TOH CHCTeMH. 

~c~eHHO npoMo~e~poBaHa cnHHOBaH ~HaMHKa KnaccH~ecKoH we9po
MarHHTHOH U8TIO~KH C 8HH30TpOTIH8H ~erKBR n~OCKOCTb B MarHHTHOM ITO~e. 

HaH~eHH cymeCTB8HHHe OT~OHeHHR OT o6~HOrO Cr-oTIHCaHRff ~ c~aeB 
pacnpOCTpaHeHKff O~HO~Horo KHHKa, O~HHO~HOrO 6HOH8 H CTO~HOB8HHH 
KHHKa C aHTHKHHKOM. 

HaKaM,Ypon, Caca~on H EHmonoM pasBHT ~opMa~sM HHTerpa~oB no rry
THM ~ no~eHHR rro~Knacc~ecKoro KBaHToBoro cneKTpa RUTIY~CHoro 
COJmTOHa C BHy-TpeHHeH CT8TI8HbiO CB060:U:ll B O~HOMepHOM HenpepbiBHOM 
reH38H6eprOBCKOM ~eppoMarHeT:mte C ~E·rROH OCbiO. 

~.X.A6~~~aeB HCC~e~oBa~ 9BO~I~IO MarHHTHHX COJmTOHOB B KBa3H
O~HOMepHHX MarHeTHKaX no~ ~eHCTBHeM ~KTY8UHM ~OHOHHOH CHCTeMH. 

XopoillHtt o6sop JmTepaT,Ypbi no COJmTOHaM B O~HOMepHHX MarHHTHHX 
CHCT8MaX 6bi~ c~e~aH EOHHepoM H ~p. 

~H3HKa HH3rorx T8MTIBpaTYJ> 
~8HOM8HO~Or~eCKHH no~o~ K omicaHHIO paBHOB9CHhiX XapaKTepHCTHK 

"IWHKOBoro" rasa Ha ocHoBe Mo~e.Jm pmneTO~Horo rasa paspa6oTaH illeM
HHHHM H MaxaHbKOBhiM. 

CBeoxrrPOBOITHMOCTp H cBepXT9KYS8CTp 
PacnpocTpaHeHHe HMIIY~bCOB ey~e:3oro sByKa B cBepxTe:ey~eM re.JmH-3 

HM88T CO~TOHOITO~OOHbi~ xapaKTep. 
Co.JmTOHbi B CBepXTe~eM re~-3-A 3KCITepHMeHT8~HO Ha6~a.JmCb 

roy~OM, EapTo~aKOM H Eos~epoM; HaKa~a H ~p. 3KcnepHMeHTa~HO 

HCC~e~OBaJm COJmTOHbi B CBepXTe~eM 4rre. 
ATKHH H ~OKC H~8Jm COJmTOHbi B reJmH -IT. 
B rroc~e~HHe ro~ cos~aHa 6Hco~HTOHHaH TeopHH BhiCOKOTeMTiepaT,Y~ 

HOH CBepxrrpOBO~OCTH (~a~OB H ~~.). 
CoJmTOHU B n~oseillcoHOBCKHX, nepexonax (KOHTaKTax) 

~~KCOHH (KBaHTOB8HHbi8 MarHHTEHe TIOTOKH) pacnpOCTp8HRIOTCfl B 

~ose~coHOBCKOH JmHHH nepe~a~H KaK ye~HeHHHe BO~Hhi (co.JmTOHbi). Ta
IWe JmHHH MOryT OTIHCbtB8TbCfl ypaBH8f:HflMH THIT8 CHHYC-ypaBH8HHff rop~OHa 

Ac~aM830B H rypoB~ HCC~e~oBaJM 38Kperr~8HH8 COJmTOHOB a6pHKOCO& 
CKHMH BHXp.fiMH B pacrrpe~e~eHHHX .1T)Km:e~COHOBCIDrX KOHT8KT8X. Ha~e 
TaiWX BHXpeH B CBepxrrpOBO.n;Hm8H rr~eHKe npHBO~HT K HOBOM,Y THIIY B03M,Y
meHHH CHHYC-ypaBH8HHR rop~OH8. 

*) CHCTeMa C e~HHH~HbiM CTIHHOM. 
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He~TpOHHaR illH3HR~ 

I?. 

PacceRHH9 He~TpOHOB Ha CO~TOHEHX B036y~eHHRX OITHC8HO B KHHre 
I13IOMOB8 H TiepHOTIJ19KOB8, B Tpy,n;ax M9.7f;IJYH8p0,1I;HOR Rompepemum "PacceR
HHe H9~TpOHOB B KOH,II;9HCHpOB8HHOM B9ll,9CTB9", on:y6JmKOB8HHHX B I983 r. 

EpiDKHR paspa6oTaJia TeopHIO ynpyi·oro RorepeHTHOro pacceRHHR 
ynTpaXOJIO,II;HHX HetiTpOHOB Ha ,II;8BH,Il;OBCKHX COJIHTOH8X 6e3 ytr9T8 T9TIJIO

BOrO KOJie6aHHR 8TOMOB U9TIO~RH • 

.Ile<})OPM8IIW! TBep,m:rx T9Jl 

0TCHJ189M ~HT8T9JIR K HOBO~ RHHrEl 3CTOHCKOrO CTI9@8JIHCT8 10.3Hre 
6peXT8, IIOCB.AII.{9HHOti H9.71RH9iiHHM BOJIHOBHM npOU9CC8M B 3TO:fi 06JI8CTH 

~H3HRH. MeTO,n;H, H3JIOJK9HHH9 B 9TO~ KHH!'e, npHMeH.mOTCR TaroKe B T90pHH 
3Jl9KTpOM8FHHTHHX BOJIH H B 8KYCTHR9. 

(Jt:. /19 IS'/ 
CoJIHTOHH B rrJiasMe 1 

ilJI83M8 RBJIR9TCH YHHK8JIDHOH cpe;~OM, B KOTOpOH B03HHR8mT MHOrO~HC 
Jl9HHH9 THTIH H9JIHH9HHHX BOJIH. COJIHTO:ru ~OpMHpYIQTCR TipH pacnpocTpaHe
HHH HHT9HCHBHHX BOJIH B TIJ183Me. 

COJIHTOHHH9 RBJ19HHR B ~H3HK9 TIJ1.33Mbi BKJJ.I01!8IOT B ce6JI: 
I) A.7I:OB9HOBCKH9, M8rHHT03ByKoB::le B9pXHe- H HIDKHerH6pH,II;HH9 BOJI

HH B TIJ183M9 H HX ,1I;HH8MHK8. 

2) I10HOC~epHHH HarpeB. 
3) ]eHrMIOpOBCKYIO T,Yp6yJieHTHOCTb, B38HMO,Il;9HCTBHe JieHrMIOpOBCRHX 

COJIHTOHOB CO 3BYKOM, C pe30H8HCHHMH ~8CTHU8MH. 
4) BsaHMo.n;e:H:cTBHe ~ROB c rrJiasMofi. 

5) HeJIHH9HHOe B38HMO,II;9HCTBHe rrna3M9HHH~ BOJIH. 
6) CJia6o H9JIHH9HHH9 HOHH0-3BYROBH9 BOJIHH C ~crrepcHeM, OTIHCHBae 

MHe ypaBH9HH9M /( c/ V. 
7) KaBHTOHH (RMKH TIJIOTHOCTH rr~a3MH, sarroJIHeHHHe BHCOKO't!aCTOTHHM 

BHYTpeHHHM rroJieM). 
8) TeopHJI COJIHTOHOB orH68IOmHX aneKTpOMarHHTHHX BOJIH. 

9) J'v1r,U - T9~9HHR TIJ183MH. 
IO) 3neKTpOHHH9 TIJ189M9HHH9 BOJIFH B BOJIHOBO,II;8X, OTIHCHB89MH9 ypaB

H9HH9M 

II) reHeparnm CBR38HHHX MHOrOCOJIHTOHHHX CTPYRTYP (MYnTHCOJIHTO
HOB) TipH CHJJ.l,HOH T,Yp6yJieHTHOCTH rrapaMeTp~eCKH HeycTOitt!HBHX B9pXH9-
rH6pH,D;HHX BOJIH B TIJ183M9 C H90,Il;HOpO)(HHMH paBHOB9CHhiMH rrapaMeTpaMH. 

I2) 0TpaJK9HHe HOHH0-3BYKOBHX COJIHTOHOB TIJ183MSHHHMH H90,Il;HOpo,n;
HOCT.fiMH. 
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I3) PacrrpOCTpaHeHH8 HOHH0-3BY:tOBhtX BOJIH B XOJIO,D;HOfi H80,1l;HOpO.n;HOH 
l1Jl83M8. 

I4) HeJIHHei1Hoe rrpocBeTJieHHe Hao.n;Hopo.n;Horo rrJiasMeHHoro CJIOH B 

l10Jl8 HHT9HCHBHOfi aH9KTpOMarHHTHOH BOJIHht. 
I5) Mo.n;y~OHHaH HeycTofi~B08Tb B rrJiasMe. 

I6) HeJIHHeMHhte aHeKTpOHHhte BOHHht B CHJ!bHO 38M8rflHq9HHOH l1Jl83Me. 

I7) HoHH0-3BYKOBhte coJIHTOHH 6oJibiDOii H MaJioit aMITJIHTY~ B SaMar-
Hkf'CieHHoil l1Jl83Me. 

I8) Ye.n;HHeHHRe aJieKTpocTaT~ecKHe rroBepXHocTHRe BOJIHht Ha nJias

MeHHOM UHJIHH,n;pe. 
I9) HeJIHHeiiHoe pacceHHHe BHC~JiepoBcKHx BOJIH aJieKTpocTaTkfCiecRHMH 

<iJJJYKTY 8I.UiflMH • 
20) Pe30HaHCH09 B3aHMo.n;efiCTBF..e .n;BYX c(tlepHtreCKHX HOHH0-3BYKOBhtX 

COJIHTOHOB. 3To B38HMO.n;ei1CTBH8 llpHI.O,D;HT K 00pa30B8HHID HOBOro COJIHTOHa 

00Jlbill9H aMrrJIHTY~· 
2I) HoHHhte BOJIHht 6oJlbmofi aMrrJ~Ty~. 
22) YpaBHeHHe Ka.n;oMIJ;eBa-IIeTBraiDBHJIH. 
23) 110HH0-3BYKOBht9 COJIHTOHht I~ l1Jl83M9 C OTpm.J;8T9JlbHbtMR HOH8MH 

(Mo.n;H(1JHD;HpoBaHHOe ypaBHeHHe !(c( / ) . 
24) liHwr-(tlasa H (lJasht 00pa30BI:IHM H9HTpOHOB B l1Jl83M9HHOM !J?o:eyce. 

25) COJIHTOHht B HOHH0-3ByKOBhtX .n;BOHHhtX CJIOHX. 

26) JLepHBaTHBH09 H9JIHH9HH09 JrpaBH9HHe IJ.Ipe.n;HHrepa. 
27) J):>aBH9HH9 /( r) v B OeCCTOJIKHOBHT9JlbHOil l1Jl83M9. 
28) K L W -ypaBHeHHe KaK MO)~eJlb .n;pe:ti~oBhiX BOJIH B rrJiasMe. 

29) Kocoe coy.n;apeHHe l1JIOCKHX HOHH0-3BYKOBhiX COJIHTOHOB. 

IllaTaiDBHJIH H UHHUa.n:se paspaoo~~aJIH cncTeMaTxrqec:eyro TeopHID rro.zryqe-
HHH o6o6meHHOfi CHCT8Mhi ypaBH9HHH !3axapoBa ~ OeGCTOJIKHOBHT8JlbHOH 

HSOTporrHofi CHJlbHo TYp6yJieHTHOH l1Jii~3Mhi c yqeTOM HeJIHHefiHoro saTyxaHHH 
]aH,D;ay H peJIHTHBHCTCKOrO ~8KT8. 0HH yKa3aJIH YCJIOBHH BhiBO,n;a H9JIH
H9MHOrO ypaBH9HM Illpe,n;HHrepa H3 a·rot.i o6o6meHHOH CHCT9M1I, HaiDJIH HOByro 

B9TBb MO,D;yJ!RUHOHHOM H9YCTOHqHBOCT·~, l10Ka3aJIH, ~TO B38HMO.n;et.iCTBH8 

BOJIHa-BOJIHa-~aCTIDJ;a B9,1l;9T K pa3Bazy COJIHTOHa. 
B pa6oTe Epa~HHKa H .n;p. ~HcJiaHHO nccJie.n;oBaJiacb rrpocTpaHcTBeHHO

BpeMeHHaH 8BOJIIDUHH COJIHTOHOB, reHepHpyeMUX O,D;HOpO,D;HhiM 8Jl9KTpK'C18CKHM 
rroJieM B o6JiacTH BepxHero rH6pn.n;Horo pesoHaHca B Heo.n;Hopo.n;Hofi rrJiasMe.l 

AHaJIH3 HCl10Jlb3Y8T K,y6kf'C19CK09 ypaBHeHHe illpe.n;HHrepa ~ 8Ml1JIHTY~ 
8Jl9KTpK'C1eCKOrO l10Jlfl BepXHerHOpH.n;HOH BOJIHhi. 
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BJUt.~HHe ::meKTpOMarHHTHOrO ITOJI.H H8 C8MOMO,IIyJlffi~UO He.llHHe:fhmX HIDK
HerH6pPI,IJ;HHX BOJIH B HeO,IJ;HOpO,II;HOH ITJIH3Me H3y<i8JIOC:b Xey H KyMeM. 

JleHrMIOpOBCKge CQJW'tQH!! 
B pa6oTe EyTH H IO :HccJie,n;oBaJIHtJ:b BoiTpocH cymecTBoBaim.ff Jie 

CKHX COJIHTOHOB B .nBYXTeMITepaTypHOH ITJ183Me. ~a6p:HK8HT paCCMOTpeJI 
MKRY JieHrMIOpOBCIGIX co.liHTOHOB B HeH3.oTepMKtiecKo:ti nJiasMe c yqeTOM JIH
HefiHofi H HeJIHHeHHOM ,IJ;HCCHH8UHR. 0H ITOK838Jl He06XO~OCT:b yqeTa 38TY
X8HH.ff HOHHOrO 3BYK8, KOTOpoe ITpHBOlU!T K 38Me,IJ;JieHmo CO.J"mTOHOB. 

MOHH0-3BYKOBHe CO~~ 
0KYTCY H lliOTT 8KCITepHM8HT8Jl:bHO HCCJie,IJ;OB8JIH pacxo~eC.ff HOHH0-

3BYKOBble BOJIHU H cpaBHHJIH OITbiT C pesyJI:bT8T8MH pac~eTOB ITO ypaBHeHHID 
k c! V . CqJep~ec:rm-cxo~ec.A: HOHIIO-SBYKOBHe co.:rmToHH Ha6JliO,n;aJIHc:b 

B ITJ183M8 HaracaBOM H ,n;p. 
JlOTKO HCCJie,IJ;OB8Jl ,II;HH8M~eCKO€ B38HMO,IJ;eHCTBHe Me~ HOHH9-3BYKO

BHM COJIHTOHOM H 8,IJ;Ha6aTH~eCKH OTp82KeHHHMH ~8CTm:J;aMH. 0Tpa2Keime HOHH 
3BYKOBbiX COJIHTOHOB HeO,IJ;HOpO,II;HOCT~~ ITJ183Mbl H3yqaJIOC:b B pa6oTe. 

Xasefi H ,I4p. H86JliO,IJ;8JIH paciTpOCTpaHeHHe HOHHQ-3BYKOBllrO COJIHTOH8 

B ,IJ;BIDicyllleHC.ff R:MKe ITJIOTHOCTH H 06HEIPYDJIH, ~TO 38TYX8HHe COJI.HTOH8 B 
8TOH .fiMKe ITpOHCXO,IJ;HT HeCKOJl:bKO CJIE16ee, ~eM B O,II;HOpO,r(fiOH ITJ183Me. 

ra6JI, EaJICOH H JloHHrpeM B036J"JK,IJ;8JIH ,IJ;ByMepHbiH ,II;HCK006pasau:ti 

H0Hij0-3BYKOBOH COJIHTOH B 6eCCTOJ1KHOBHTe~HOH ITJ183Me. EBJIH BbiiTOJIHeHH 
8KCITepKMeHTbi ITO KOCbiM coy,n;apeHHR:M ,IJ;BYX HOHH0-3BYKOBbiX COJIHTOHOB. 

06pa30B8HHe ROHH0-3BYKOBUro )~BOMHOro CJIOH B IIJ183Me IIO,IJ; ,n;eHC ~n•ol-

BH8llHeH p83HOCTH IIOT8H:qH8JlOB OIIHCHBaeTCH MO,II;HqJ:tm;HpOB8HHbiM ypaBHBHHeM 
k' d V ITpH yqeTe OTpa2KeHM 9Jl8KT)OHOB. 

CJia6o H8JIHH8HHH8 O,IJ;HOMepHHe :!OHH0-3BYKOBhle BOJIHH OIIHCbiB8IDTCH 
CHMMeTp~HbiM peryJIHpH30B8HHbiM ,IJ;JIH:fHOBOJIHOBbiM ypaBH8HH8M 

U tt - [1 XX + {f t{2 }d - Zlxxft- == Q. 
/30/ 

MarHHT03BYKQBHe CQRRTQijij 
B38HMO,II;8HCTBH8 6UCTpbiX M8rHHr03BYKOBbiX COJIHTOHOB C BepXHe- H 

~HerH6pH,II;HHMH KB83HIIOT8~H8Jl:bHbiMH llJ183M8HHHMH BOJIHaMH*) HCCJ18,II;OB8-

JIOC:b rop:bKOBCKHM 8BTOpOM rpoMOBbiM. 

*) PacrrpocTpaHHromHMHCH ITorrepeK BBeiDHero MarHHTHoro no~. 
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Bepxaern6pKTIHHe coJmToHH 

BepXHerH6pH,II;Hble COJlliiTOHH B TIJL83Me H86JllO,IJ;8JlliiCI> tiO H ,n:p. 

B pa6oTe B.A.Epa~HHKa H ,n;p. HccJie,n:oBaJiaci> npocTpaHcTBeHHo
BpeMeHHa.ff 3BO~ COJlliiTOHOB, reHElpHpyeMbiX O,IJ;HOpO,II;HilM 3.718KTpHtleCKHM 
TIOJleM B 06.718CTH BepXHero rH6pH,II;H01'0 pe30H8HCa B HeO,II;HOpO,II;HOH TIJ183Me 
(c TIOMOII.\l>IO H8JlliiHe:M:Horo ypaBHeHH.ff [Jpe,n;HHrepa). 

,llpetiillOBhle BOJlHbl B TIJ183Me OTIHGbiB8IOTC.ff peryMpH30B8HHHM ,IJ;JlliiHHO
BOJlHOBbiM ypaBH8HH8M 

1/t_t -{- t( v - U !{X - U x x t- ==- U 
/68/ 

@eKrr:pH-qeciQie pa:3;c;;mH 
CymeCTBOB8HHe ye,n;HH8HHhiX BOJllt '.B H8HOC8KJH,n;HHX pa3p.ff,IJ;aX C npe,n;H 

HH3a~e:M: H3~8.710Cl> Tpo(f}HMOBbiM, a :3 HMTIYJll>CHbiX pa3p.ff,IJ;aX C TIOJibiM KaTo

,IJ;OM - XH.71D,n:e6paH,n:ToM. 
ropiiiKOB' MHpoHOB H CepreeB a::tcnepHMeHT8Jll>HO H86.71IO,n;a.71H MHOro

ny~KOBYIO C8MOJ10K8.71H38UHID TIJ183M8Hff~X BOJlH B ycJIOBH.ffX Bti-pa3pH,IJ;a, 

ToKaMaKij H CTeArrapaTQpbi 
.Upe:M:toBae BOJIHH B ToKaMaKe, KaK noKasaJllii Tacco H Aep6HHrep, 

y,n:OBJ19TBOpHT8Jll>HO OTIHCbiB88TC.ff ypaBH8HH8M j~ql£1. Mo,IJ;H~H~pOB8HH09 
ypaBHeHHe ~q'L/ *) C .n:BYM.ff ,IJ;OTIOJIHaTeJII>HbiMH ~eHaMH, onpe,n:e~ll\RMH 
aneKTpOMarHHTHYIO nonpaBK,Y H HeO,IJ;HOpO,II;HOCTI> TIJ183Mbl, ,IJ;J1H THTI~HHX 

napaMeTpOB TOK8M8KOB ,IJ;8MOHCTpHpyeT TIO,IJ;aBJieHHe o6pa30B8HH.ff COJlliiTOHOB 
(~HcJieHHHH pesyJll>TaT XI>ey H Kyarra). 

lHMMeJlJl HCCJ18,IJ;OB8.71 nonepe~ayiO YCTOH~HBOCTI> HH~HerH6pH,II;HbiX COJIH-
1 

TOHOB B TOR8M8K8X. 
llpHMeH.ffiOTC.ff COJlliiTOHbi H B CTEJlJlapaTopax. 

Bo.n.a:&e H8JlliiH9HHble BOJ1Hbl. lliH8MRR8 tmliKOCTe;ff. 
rH.n:po.:zm:HaMH"Ciec:rme co;mToHH /t 'I 

YpaBHeHHe KopTeBera-.n:e BpHoE., KoTopoe no npaBy MOjKHO HasBaTI> 
OCHOBHilM MO,I1;8Jll>HbiM ypaBHeHHeM COJ:HTOHHOM H8YKH, B03HHKJ10 npH HCCJle
,IJ;OB8HHH O,IJ;HOHanpaaneHHbiX ,Il;JlliiHHbiX BOJlH Ha M8.71KOH BO,I(e (ony6JIHKOB8HO 

B ~5 ro,n:y). 0HO OTIHCbiBaeT T8Kjl\El BHYTP9HHHe BOJlHbl B ,IJ;ByXCJlOHHOll 
JKH,IJ;R OCT H • 

~HHble BO~Hble BOJlHbi MO,IJ;em~yroTG.ff peryJIHpH30B8HHbiM ~HHQ
BOJlHOBbiM ypaBHeHHeM, HashiBaeMbiM nHor.n:a ypaBHeHHeM Ee~aMHHa-EoHH
Ma:M:xoHH (EEM)**) 

*) JlJI.ff CJIY1{8.ff B03dyJIUJ;eHH.ff urn:pOIGIU CTI8KTpOM, 
H) 3To He HHTerpHpyeMOe o6paTHIDR M8TO,Il;OM ypaBHeHHe HMeeT TOJll>KO TpH 

noJlliiHOMHaJll>HHX saKoHa coxpaHeHHH. HecMoTpJI Ha aToT cl!aKT B3aHMo
,n:e:M:cTBHe ye,n;HH8HHbiX BOJlH TIO~TH: H,I1;88Jll>HO. 
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. {) 
) 

a ypaBHeHHeM EeH~aMHHa-OHo 

- pacrrpOCTpaHeHKe ~AHHHRX BHYTpeH~KX BO~H B ~OCTH 60~:biDOH r~6K
HH (B C~OHCTOH ~KOCTH). 

PacrrpOCTp8H9HK9 ~AHHHHX BH,YTp9HHHX BO~H B ~OCTK CO C~OHMK 
OITKCHB89TCH Ta~e ITpOMe~TO~HHM ~nHHHOBO~HOBHM ypaBH9HHeM*) (ypaB

H9HH9M ~~ KOHe~HHX r~6HH): 
't>4 

Ut-+ UZix- _j P j !txx(x)c-oil{77(x-x)clx~O. 
2. _c::-o 

Bee 8TH ypaBH9HHH KHTerpKpyeMH. 
Bo~HH Ha Me~OH BO~e C ropK~OHTa~:bHHM ~HOM OITHCHB8IDTCH He~HeH 

HOH CHCT9MOH 

U-t + IAUx + ·<x =OJ 

~i + .{ 11x +1A -Lx =· {) · 

3aKOHH COXpaHeHHJ! ~ BO.n;HHHX BO~H HCC~e~OBaAHC:b EeH,IOKaMHHOM 
H O~epoM. Y 9,I.tHH9HHbi9 B0,1J)IHbi9 BO~lHbi KOH9"CIHOH 8MIT~TY~ KCC~e~OBa
~C:b AMHKoM :a To~a~oM. 

3KcnepHM9HT8~HO o6HapymeHH CO~TOHH B ~~OCTK C rry3Hp:bK8MK 

rasa K Ha TIOB9pXHOCTK r.rry60KOH B')~. 
BeTpOBHe BO~HH Ha r.rry6oKOH :30~9 HCC~e~OB8~C:b Qa6pHKaHTOM. 

0H ~e paCCMOTpe~ ~H8MHK,Y CO~TClOB B ~CCHITaTKBHOH cpe~e (He~He~
Fllie BO~Flli Ha TIOBepXHOCTK r~60KOa BO,IO:l C yti9TOM HepOBHOCT9H ~Ha). 

QK3KK8 OK98H8. 0K99HO~OrRH 

He~He~HHe ~HHHe BO~HH B ~e~OH BO~e, He~HeHHHe BO~HH TipK 
ITpOM9~TO"CIHHX K 60~illKX r.rry6HH8X paCCMaTpKBa~C:b B KHKre MaH. 

B 0630pHOH CTaT:be By~ca, Cll~COK ~TepaTypH KOTOpOH CO~epmKT 

40 Ha3BaHK:ti, orrncHBaiDTCH BHYTpeHHKe Bo~ B oKeaHe, TYp6y~eHTHaH 

8To ypaBHeHKe rrpe~~o~eHo B 1977 ro~ ~ose~oM. 
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.n;n:qxpys:rur, BOJIHH POCCOH*) , BHXpH. :E,OJIHY nyHaMH M0.7KHO BO MHOrHX CJJy-
~aHX paCCM8TpHB8T~ K8K COJIHTOH. 

COJIRTOHH B KBaHTOBOi: MeXaHRKe 
llpRMeHeHHe COJIHTOHOB H HeJIHHHHHbiX BOJIH B KB8HTOBOH MeXaHime 

TIOCBHmeHa KHHra EepTa. 

COJIHTOHHOe HanpaBJieHHe B TeOpHH TIOJ.l.ff paSBHB8JIOC~ B CJie.n;yrommc 
oOJiacTstx: 

I. 1iSOTOTIH~ecKHe MO,IJ;eJIH qJepM>WHHbtX TIOJieH C HapymeHHOll s {J(<!j 
CHMMeTpHeH. 11-1 . . 

2. Mo.n;e~ c· p , RBIJ.ffiOmastCR oooomeHHeM HeJIHHeHHOll 

CHrMa-MO,IJ;eJIH C JIOK8JlbHOH ~~ (J~ -HHB8pH8HTHOCT~ID. 0Ha TipHBJieKJia 
OO~lliOH HHTepec WH3HKOB B CHJIY p~na CBOHX HeOO~HbtX CBOHCTB. 

3. PellieTO~Hast KB8HTOB8R TeOpKSI TIOJIR. 
4. CHHYC-ypaBHeHHe rop.n;oHa. /¥~/ 

5. KKpa~HHe cOJIHTOHHHe Mo.n;eJIH HYKJIOHOB H .n;eJI:oTa-pesoHaHcoB. 
6. COJIHTOHbi B KB8HTOBOH rpaBRT8UHH H oome:M: TeOpKH OTHOCHTeJlb-

HOCTR (rpaBRT8nHOHHbte COJIHTOHbi). 
7. COJIHTOHbi B H9JIHHeHHbiX CKEJl.ffpHHX llOJieBbiX TeOpRRX. 
8. PemeTKa (n:JIH neno~Ka) To~~. 
9. CoJmTOHbi B HeJIHHeHHbiX CHI'M8-MO,IJ;eJIRX. 

IO. CoJIRTOHhl B KaJIHOpoBO'!HbiX Teoprunc! ~( / 
B paOOTe WHTYllaTpRKa oocy.7K,Il;aeTCR Bonpoc' He .fiBJlltiOT·cg J1H KBap- . 

KH '!8CTHU8MR, COCT8BJieHHbiMH H3 3HpR.7KeHHbiX CKaJIRpHOTIOJieBbiX COJmTOHOB 

orn:oaromeii. 
CoJIHTOHHhle MO.IJ;eJIH MelliKOB pa:3paOaTbiB8JIHC:O BO MHOrRX paOoTaX. 
liHCJieHHIIe perueH:rur .n;J1R COJIHTOHHOH MeillKOBOH MO,IJ;eJIH ~pan;6epra-JIH 

1977 ro.n;a (ypaBHeHIDI .n;BIDKeHHSI II;J.LJI KBapKOB H HeTOTIOJIOrkftieCKOro COJIH- . 
TOHHoro cHrMa-noJIR) ObiJIH Haii.n;eHbi B paOoTax KonneJIR n .n;p. 

Mo.n;eJIH MelliKOB N I T H S!.. 1q C , KaK ObiJIO noKasaHo B aTHX pa

OoTax ,RBJIRIDTCR npe.n;eJI:oHHMH CJJy'Ia:rMR Mo.n;eJIH illpan;oepra-.JIR. 

COJIHTOHHbiH MelliCK KaK MO,IJ;e~ KB8HTOBOH XpOMO~H8MHKH paccMaTpH
B8JICR B 0030pe roy~qJJiaMa R YHJierca. 

EapRoHbi KaK KBaHToBoxpoMO.IC!HaMH'!ecKRe ·coJmTOHI:l R3y'!aJIHc:o B 
paooTax EepBe, CaKHTH, YHTTeHa, ~KHHoa R .n;p. 

it Ye.n;RHeHHHe BOJIHH Poccon: B npnOJIH.7KeH:mr "TBep.n;o:M: KpHIDKH" .n;BIDKYTCR 
BCer.n;a Ha BOCTOK. 
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DbiJIO JIBHO nOK838HO TO, "1:TO TOIIOJIOrmecrurf:i 38p.H:,II; MOJK8T 6I:lT:b 

H,D;8HTH~HUHpOB8H C 6apHOHHI:lM "1:HCJIOM. 
EapHOHI:l KaK -qepHI:le coJIHTOHll o<5cy~aJIHC:b B pa6oTe lVillJII>Ke. CoJIH

TO~HaJI MO,D;8Jl:b 6apHOHOB paCCM8TpHB8.18C:b KaaaKOBbiM H IV!Hr,n;aJIOM. YBTTeH 
nOK838JI, "1:TO 06ll"1:HI:l8 6apHOHll MoryT 6biT:b noHJITll K8K COJIHTOHll no 8~8K 
THBHUM JiarpaHJKHaHaM aJire6pbi TOKOB. EapHOHll K8K TOnOJIOr:H"1:8CKH8 COJIH
TOHI:l paCCM8TpHB8JIHC:b B pa6oTe XBaHT8. B MO,Il;8JIJIX XBaHra TOnOJIOrH"1:eC
W aap.H:,D; npHH:HMaeT 3Ha"1:eHIDI 0, I, :~/3, 5/6, 2/5. 

KHHeMaTHKa H cTaTHCTHKa JIHr-MaJIJICOBCKHX coJIHTOHOB paccMaTpHBa-

Jiac:b cJ?pH,n;MaHoM H CopKHHHM. /1./ 
CK:HpMHOHll HCCJ18,Il;OB8JIHC:b B pa60T8X MHOrHX 8BTOpOB. 
Y MO,Il;8JIH CK:HpMe 8CT:b COJ!llTOHH~ C8KTOp, KOTOpbiH MOJK8T 6I:lT:b 

OT0~8CTBJ18H C 6apHOH8MH. 
Mo,n;eJIH npOTOH8 THTI8 MO,Il;8JIH CRHpMa OnHCI:lB8IDT ayKJIOHI:l K8K TOno

JIOr:H"1:8CKH YCTOH"1:HBI:l8 COJIHTOHI:l KKpaJI:bHI:lX noJieH. 
CKHpMHOHHllH JiarpaHEHaH npH n}KBJI8"q8HHH excnepHM8HT8JI:bHI:lX ,Il;8HHI:lX 

no TIIT-pacceRHHID npe.n;cKaSHBaeT pasyMHoe aHa"1:eHHe Maccu npoToHa. 
Mo,n;eJI:b ycTOHqHBoro coJIHTOHa, aHaJiormHoro coJIHTOHY CKHpMe, c 

TOnOJIOr:H"1:8CKHM 6apHOHHhlM "q:HCJIOM I 6llJI8 CKOHCTpyHpOB8H8 B pa60T8X 

EaJiaiPaH,n;paHa B ,n;p. 
YcneXH COBp8M8HHI:lX TeOpHH THHa pacurnpeHHOJii cyneprpaBHT8IJ,HH 

onpe,n;eJJmOTCR B 3H8"qHT8JI:bHOH CTeneHH 38TI8COM npHCYIIUIX HM H8JIHH8HHllX 
o6pa30B8riHJii THTia MOHOTIOJie:f:i, COJlliiTOHOB, HHCT8HTOHOB, CT8HOK H T.,D;. 

Te opHH n oJIJI _)£_ 4--

Cy H ,n;p. HaJil.Jlli KpHTWI8Cicy10 TnMrrepaTYpY Tc , npH KOTOpOrl :ac-qe
aaeT KHHK006pa3HI:lH COJIHTOH. B npe.~eJie CJia6o:f:i CBJI3H M8CC8 COJIHTOH8 

E / - 1Vi Es / 
5 T =' Tc 3 3 -, = 0 

H KpHTHH8CK8R TeMTiepaT,Ypa 

1 ;:= 
2 c~f 

' c 3 VJ -~ -, == 0 

Mo,n;eJI:b rr npMM8HJIJ18C:b B I9?5 ro,n;y ~ OTIHC8HH.ff wasoBllX nepe
XO,D;OB CO CMemeHH8M B cerH8TOaiT8KTpHK8X KpyMXaHCJIOM H llipH~epOM ,Il;J!R 

H3Y"1:8HHH T8pMO~H8MH"1:8CKHX CHCT8N. - BeHTypo:f:i. 
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MOHOnOJm 
Eo~lliOH ~Kn pa60T ~opra~a, XopBaTa H ITa~ nOCBRm9H MOHOnO~b

HHM p9lli9HHIDA (reHepHpOB8Im9 O,II;HOMOHOTIO~HOrO pemeH:wi npH nOMOIIUf 
npeo6pa30B8HH.FI EeKJiyHHa, KOHCTpy]:poBaHHe 8KCH8.7l:&HO-QHMM9Tp~HbtX 
S U { N )-MoHono~bHHX pemeHd, MeTo.n reHepPipoBaH:wi pemeH:wi ,IT,Jlff 

aBTo,n;ya~nHHX MOHono~e~) • 
.Il)KaKHB PI Pe66PI B I9?6 ro,n;y r:oKasaJm, 't!TO ypaBHeHHe .!T.PipaKa .n;.rui 

W9pMPIOHa C H30CnHHOM I/2 B npHCY'J'CTBHH CODTOHHOrO MOHOnOJlF.I: PIM99T 

9,II;PIHCTBeHayiD HOpMHpOBaHHYID HY~9Bjm MO,IJ;y, 9C~H ~epMPIOH npPio6peTaeT 
CBOID Macey C nOMOIIU>ID CB.FI3H C H30!19KTOpBbiM nOJI9M XJI!rrca, KOTOpoe 
HapymaeT KaD6pOBO~HYID CkfMM9TpPIID S ij (2). 

YpaBH9HH9 ,IT,Jlff MOHonoJieH pacc:MaTpPIBaJIOC:O B npe,n;e~e ITpaca,n;a-

30MM9WlPIJI,II;8. 

KBaHTOBHe COD~~ 
KBaHToBaHPie coJmToHa KaK npoTJUKeHHofi ~acT~ npoBe.n;eHo XPipaPI. 
B3aPIMO,II;9HCTBPI9 COJmTOHOB C lffiaHTOBHMH B036yE.n;eHH.FIMH B H9JmH9H

HHX MO,I1;9JlF.I:X CKaJIRpHOrO.UO~ B .~~rMepHOM npOCTpaHCTB9-Bp9M9HH paCCM8T
pPIBa~OC:O TBepcKPIM. 

ITanacTaMaTJIIY, MaTcyMoTo H YuesaBa npoBeD KaHOHKtiecKOe KBaHTo
BaHPie COJmTOHOB Cr-MO,I1;9Jm B C9KTOpe 6pH39pOB H B MHOrOCOJmTOHHOM 
C9KTOpe. 

H.uepHa.FI clJH3PIJ£§. 
KapTaBeHKO noKa3aJI, ~To B ro3a3HKJiaccn~ecKoM npe,n;eJie ypaBHeHHH 

R,I1;9pHOH rz,n;po.n;HHaMHKH C CIDI8MH C:mpMa MO.iKHO CB9CTH K H9DH9HHOMY 

ypaBHeHPIID illpe.n;HHrepa 

~ i_ U-r + 1: t1 U + ,,( ( ~ (u +j /ZA (-u HILt = OJ 

KOTOpoe M0~9T 6HT:O HCn0~30B8HO .~JIR aHaJm3a CT8TH'tl9CKHX PI ,n;HHaMH'tle

CKHX . .FIBJI9HH:ti WH3HKH TH.'IK9JIHX HOH0:3. 
/1-1 trtr I 

MaTeMaTKKa He~He:tiHHx aBo~unoHHHX ypaBHeHH:ti 
,Eo~:omoe pa3BHTHe no~~ Mero.n o6paTHo:ti sa.na~H TeopHH pacce.FIHHR. 

3roT M9TO,II; TOTIHOrO HHTerpHpOBaHH.;:r p.FI,n;a H9DH9iiHbiX ypaBHeHH:ti OKa3aJIC.FI 
C~HHM Cp9,II;CTBOM ~ aHaD3a p83Jm't!HHX nOJIHOCT:OID HHTerpnpyeMHX CHC
T9M. / 1::}/ 

~93HOBHM Ha npPIMepe CHHYC-ypaBH9HRff rop,II;OHa pa3BHT M9TO~ H8XO~
,II;9HH.FI COJIHTOHHHX pemeHH:ti, He CBR3aHHH:ti C KOHKpeTHOH MaTpH~HOH peaJIH-
38IJ;H9H L 1 A -naps JiaKca, a anrreJmpy:ronur:ti Henocpe.n;cTBeHHO K cBo:ticT
BaM aJire6pH BHYTp9HHe:ti CKMMeTpHH H9JmH9HHHX ypaBH9HHH. 
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Teop:wi B03MYif(eHHH ,I'(J1JI coJIHTOHoa paspa6aTHBaJiac:b MacJioBhtM, 
KoceBwcreM, KHBmapeM, KapiiMaHOM, CoJIOB:beBI:lM, Eoa;n;e.coHoM, a rpyrrnoBI:le 
no;n;xo.n:u l16parHMOBHM, .UaHMOBI:lM, Kys a:en;oBI:lM. 

3axapOB H KOHOTieJl:b~eHKO pa3pa6aTI:lB8JlH TeOpHro CHJlDHI:lX H CJl861:lX 
peRYPCHOHHI:lX onepaTopoB H noKasaJIH, ~To ypaBHeHHe Ka;n;oMIJ;eBa-lleTBHam
BHJIH He HMeeT per.yJlflpaoro peKYpCHOHHoro onepaTopa. 

,llaTa H ;n;p. H3yqaJIH rpynTII:l npeo6pa30B8HHH ,IJ;Jlff COJIHTOHHI:lX ypaBHe
HHH (Ka;n;oMn;eBa-lleTBHamBHJIH, KopTeBera-;n;e BpHca, EyccHaecKa). 

ITpeo6pasoBaHHR EeKJiyana 
BsaHMOCBR3:b npeo6pasoBaHHti EeE~H;n;a H MeTo;n;a o6paTHOH sa;n;a~ 

HCCJle,IJ;OB8Jl8C:b H:biD8JlJlOM, ,llaTa.H ,:n;p. H~yqaJIH 6eCKOHeqHoMepHoe rrpeo6-
p830B8HHe KopTeBera - ;n;e BpHca. 

CBOHCTBa rrpeo6pa30B8HHH EeK~F.,IJ;a HCCJle,IJ;OBaJIHC:b Ta~e B pa6oTaX 
KOHOTieJl:b~eHKO H Ey6pOBCKOro. 

Bee ITOJlHOCT:biD HHTerpHpyeMI:le HEJIHH9HHI:le 8BOJIIOD;HOHHbi9 ypaBH9HIDI 
;n;orrycKa:roT Hea6eJieBy rrpoJioBrao;mo. ,llc';n;;n; H c;Dop;n;H noKasaJm, qTo ypaBHe
HHJI KJiacca 

tf f- + /A X><K + 'f ( [{ r I{ X) = 0 
,:n;orrycKaroT Hea6eJieBy TipOJ;IOHran;HOHflYl) CTpyKTypy, Kor;n;a cWHKIJ;IDI ~ 
JIBJlfleTCJI ITOJIHHOMO~ ITO (j X . . 

Ille;n;BHK, HCCJle;n;y.R: npoJiorraD;HOHHYIO aJire6py I:' c/ 1/ , TIOK838Jl, qTO 
accor:umpoBaHHI:le Hea6eJieBI:l aJire6pl:l :rn: ypaBHeHHJI Kd 1/ 6ecKoHeqao
MepHI:l. 

llpOJIOHra:o;KOHHI:lH 8H8JIH3 I.J;HJIHH,II;)HqecKoro ypaBH9HHJI kc/1/ I1pOB8J[H 
Jieo H ;n;p. 0HH JKe HCCJie,IJ;OB8JlH Hea6e.r:IeBI:l TipOJIOHra:o;HH. 

raMMJI:bTOHOBY CTPYKTYPY H8JIHHe:1:HI:lX 8BOJiro:o;HOHHI:lX ypaBHeHHH H3~a- ~ 
/:Z'i-/ I JIH OJIBep, Jie6e;n;eB, ~y;n;HoBcKHe, KoH)TieJI:bqeHKO, MoxHaqeB, BHJiacH. . 

HoBa.R: HepapXH.R: CBJI3aHHI:lX ypaB~eHHH ~c/tl paccMaTpHBaJiac:b 1 

JieBH H ;n;p. I 
MMciurafieT rrpe,II;JlODJl npocTofti MeTo;n; peiiieHrur ypaBHeHrur k{l/ . I 

A6;n;eJI:b-PaXMaH cJierKa MO,IJ;HWHqP.IpoBaJI aTOT MeTo;n; ,II;Jlff no~eHHH MHoro- I 
I 

coJIHTOHHI:lX peiiieHHH ;n;pyrHx HeJIHHeHHbiX ypaBHeHHti c ,IJ;HcrrepcHeH (MO,IJ;HWH- 1 

UHpoBaHHoe ypaBHeHHe Kc/ V , R L lV - ypaBHeHHe, ypaBHeHHe EyccHHec .. 
Ka, MO~WHUHPOB8HHOe ypaBHeHHe EycCHHecKa). 

AI - coJIHTOHHI:le pemeHHJI pasJIHqHI:lx HeJIHHeHHI:lX ypaBHeHHfi 6HJIH 
no~eHI:l TaKJKe B pa6oTax Ta~pH. 

Kayn :accJie,:n;oBaJI TpeXBOJIHoBoe pesoHaHcHoe B3aHMo;n;efticTBHe. 
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ACKMllTOTxqecKHe M8TO~ B TeOpHk[ He~He~HHX BO~H paccMaTpHBa~CD ~ 

B KHHre ~~pn R KaBaxapH. 1 
CB.H:SD MeJIUJY o6HKHoBeHHHMR ,IJ;H@lHpeHD;na~DHbtMR ypaBHeH:HRMH Tmra ; 

~ 
lieH~eBe R llO~HOCTDIO HHTerpnpyeMbtMR He~He:tiHmm SBOJIIOII;HOHHHMR ypaBHe- i 
HHR:MR B 't!aCTHHX npORSBO,IJ;HHX HCC~e,IJ;OBa~aCD B pa60TaX A6JIOBKIJ;a R ,Il;p. ~ 

B SaKJII01!8HRe XO'tJY BHpaSRTD RCK]>8HHIOIO npRSHaTe~DHOCTD npotiJeccopy ~~-
B.r .MaXaHDKOBY Sa npe.JJ;~OJKeime llO,IJ;rO~~OBRTD STOT o6sop R sa MHOrO'tiRC~ _ ! 

I ~eHHHe U8HHHe COBeTH. 
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