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Bae;o;eHHe 

. . /1/ l Ypa~HeHHe rnpe;o;H~repa, npHaep;eHHOe B pa6oTe . K COOTBeTCTBHID 

I C rHllOTe30fi B3aHMO;o;eiiCTBHH Ten C BaKYYMOM, o6o6meHO K wecTHMepHOMY ~a-
,J . 

30BOMY npOCTpaHCTBY EOnbUMaHa: 
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t- tt ---::::-----:£,- t-11/rf::.- + V. Vj T, 
_ ~~~ .;t,m ~%1< · ~A: 

(1) 

ITpH 3TOM npHHUHn aeonpeneneaaocTH raa3eH6epra OTHecea K cpe;o;aeKaa;o;pa

THqHHM 3HaqeHHHM KOOp)J;HHaT I{ HMnynbCOB: 

~Sf-~ -A:. (2) 

B. ypaBHeHH~ (1). no noB_TOPHIOII\HMCH HHp;eKCaM, KaK I{ B ;o;anbHeiiWeM, -no;o;pa3y-
. ~ .-+- -

MeB~TCH CYMMHPOBaHHe; pa;o;HYC:-aeKTOP qaCTHUHr=i.'f!:.XK' 1(=1,2,3; 

t~:-- opTbl a geKapTOBo:H·cHcTeMe·Koop;o;HHaT;- T=Z:D · - HMnYnbc 
. . - . I" rK. ~ ~ 

qaCTHUbl H ero KoMnoHeHTH; cHna, ;o;eiicTBYIDII\aH Ha qacTHUY, F = ·t-' r ;_ 
TT ' . . 1<: t-1:: 
(./ · -- noTeHUHan BHeWHHX .CHn· •. lloTeHUHan B3aHMOp;eiiCTBHH qaCTHUH C BaKyy-. . 

MOM onpep;enHeTCH ~OpMynofi: 
• .~; ~ -&--- .• - _. .t- . a .. 

Vv ===~ (r-/uc~ott'..;.r"j -;;-ia.~o. 
~-- ~ 

(3) 

' 3p;eCb ~0 ~ UI{KnHqecKaH qaCTOTa, onpep;enHIOII\aH HHTeHCHBHOCTb B3aHMOp;efiCT-- . - . - . .. 
_BHH qaC~HUH C BaKYYM~M; U - CKOpOCTb qaCTHUH, HMeiOmaH KnaccHqecKHH, 

cMblcn. BHpa~ea~te (3) cooTaeTcTBYeT KHHeMaTaqecKOMY npeo6pa3oBaHHID . . . . i-. ' < ' r 'r'+f it ctJd&'; . !
4
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. onpe;o;enHIOIIIeMy nono~eHHe qacfTKUH a nm~ofi MoMeHT apeMeHH 7!;>.5'. 3aaqe-
-;... • 1 ' ' 

HHH- r a_·(3) H (4) a·o6meM cnyqae, ·KOHeqHO, He COBnap;a!OT, 

<t>yHp;aMeHTaJlbHOe peineHHe ypa!JHeHHH ( 1) - <lJYHKUHH rpaaa·- B. npocT-

paHCTBe BonbUMaHa !{MeeT BH;o;: 
~- .,-r, -~ ~i -.r~"' ~~ ~,7. · 

'Bf.S,_r,r ;i-;1/PI = e¥f'L-*- p(~r ;-t;r!J* 

*(.it-J'If)-:_3/~~~ -~~ -/~ tt')ot't'~~~7* 
L. . .1! ,. ~ 
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<I>YHK~li.!! (5) Hafi;rteHa B npe;rtnOJIOJKeHHH, 'ITO ';rtefiCTB,He '!aCTHUbl ,st ;rtOriYCKa

eT cymecTBOBaHHe H;rteaJibH~X pemeHHH ypaBHeHHti KnaCCH'!eCKOfi MexaHHKH, 

T.e. 3aBHCHMOCTH KOOP;rtHHaT li HMIIYJibCOB' 'IaCTHUbl TOJibKO OT BpeMeHH. 3TO 

npe;rtnoJIOJKeHHe BnOJIHe COOTBeTCTByeT CYTH ypaBHeHHfi raMHJibTOHa. Cpe~He

KBa;rtpaTH'IH~e pa3opoc~.B ~YHK~lili (5) Onpe;rteJIHWTCH COOTHOWeHH.!!Mli 

~J y ~L) 
O'f =.11 'f- J?1aJo 

.: . ' 

~ =+=m"two .. (6) 

ilJIOTHOCTb BepOHTHOCTH nepexo;rta ~li3H'!eCKOfi KHHeTHKH B~paJKaeTCH Henocpe;rt
~-

CTBeHHO '!epe3 ~YHK~HW rpHHa (5) COOTHOWeHHeM: 

of -">, ~~ ~-7· .ru* ~r?l . -~J"J~ ?~~~ ...:s.~J ~ . 
.£ s, r 1 ~ 1 t,fjf = 7e (S;r/r,; i;r,f; 778 (~ r 1 f>; -f, r;l';. (7) 

Ilpli 3TOM <i>YHK~HH :(7) TO;l():le~TBeHHO Y;rtOBJieTBOpHeT O;rtHOpO;rtHOMY ypaBHeH!IW 

nepeHoca BOJib~aHa: 

~.P ' ~.P . ~p . 
--f U-K- +0:-=o. "'lJ+ · ox~:. ~.Pr. 

(8). 

CymeCTBeHHO OTMeTHTb eme, 'ITO ypaBHeHHe (1)-u ero pemeHHe (5) npaBOMep-
, . . ' ' 

H~,. eCJIH nOTeH~Han· ,v 1 BXO;r!Hmlifi B ypaBHeHHe (1) 
1 

HMeeT, nepBhle. Henpe:-" 

Pb!B Hble npOH3BO;rtHhle·. no BCeM l:\HHaMH'!eCKHM nepeMeHHbiM~ ':l'OJibKO B. 3TOM CJiy

'!ae li3 ypaBHeHHH ( 1) CJie;rtYWT ypaBHeHH.!! TaMHJibTOHa-5IKOOH li ypaBHeHHe (8). 

,UefiCTBHe '!aCTHUbl, IiXO;rtHmee B ~OpMyJiy .,(5) ,' npHHHTO B, Tpa;r:t~~li'OHHOl\1 'Bli;rtef 2 / 

.3 X .-t 
$' = L j iJ:. dXt...;.... j/ltf:")d~ 

'K.=.i. X' ' s , . · ·. 
. Y- ' . 

(9) 

B KOTOpOM II . raMHJibTOHHaH '!aCTHUbJ. Ka~ti li3 HHTerpaJIOB OT KOMIIOHCHT 

HMnYJihca ~- MOJKHO paccMaTpHBaTb KaK· He3aBHCH~fi, ecnH noTeH~HaJI 
r. . 

BHeWHHX CHJI Z/ ;rtOnYCKaeT nOJIHOe pa3;rteJieHHe ~epeMeHH~X; B npOTHBHOM 

CJIY'!ae COBOKYIIHOCTb HHTerpaJIOB 

. .3 . x r.. · · ' ..ertz 
S'o=X .{ tJk ot:Xr- =! fot/; 

k=t xr.. • err'/ 
npe;rtcTaBJIHeT cocoa HHTerpan.no KO~TYPY g 

+ . . -:>-
..:!..!:.de=~ ae. 
«e· 

( 10) 

1 COBna;rtaromeMy liJIH He COBna~ 

na!OmeMy c KJiaCCH'!eCKOfi TpaeKTOpHefi 'l:aCTHUbl; liHTerpHpOBaHHe B (10) MOlKHO 

npOBO;r(HTb B BH;rte dr::- ;:t de ~ r;rte ;t _, KaCaTeJibHaH K KOHTYPY e 
(e;rtHHli'l:Hblfi BeKTOp)_, a de - 3JieMeHT KOHTypa. 

YpaBHeHhe (1) npUMeHHMO Henocpe;rtCTBeHHO K OnHCaHHW ;rtBHJKeHHH OT

;rteJibHOfi ·'l:aCTH~~. Uenb ;rtaHHOfi paoOT~ COCTOHT B TOM, .• '!TOO~ ypaBHeHHe ( 1) 

TpaHC~OJ?MliPOBaTb K Bli;rtY, B KOTOpOM OHO CTaHeT npHMeHHMbiM K OnHCaHHW 

aHcaM5JIH'B3aHMO;rtefiCTBYIOWliX 'l:aCTH~ •. J10CKOJibKY ypaBHeHHe (1) He Y'l:HT~BaeT 

np_HH~Hn IIayJIH,· .To paccMoTpeHHe oy;rteT OTHeceHo K o03e-cHcl;'eMaM. Ha 'ocHo-
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Be TaKOfi. T·paHC<j)OpMaUI·!li ypaBHeHHH ( 1) ecTeCTBeHHO nOllb!TaThCH noCTpOHTb 

. "MaKpOCKOnH~e.cKy.o" BOJlHOBYlO <!>YHK~HW. YpaBHeHHe (8) i npnMeHHeMoe B <!>H-

3H'!eCKOfi KHHeTHKe ;r(JIH OnacaHiiH ;rtBHJKeHHit CHCTeM ynpyro B3aHMO):IefiCTByJ0-

11.1HX 'IaCTH~, HapH;rtY C ypaBHeHHeM KJiaCCH'l:eCKOit MeXaHHKH raMHJibTDHa-5IKOoH, , 

.cJie.JiyeT H·enocpe;!J;CTBeHHO H3 ypaBHeHHH ( 1). 3TO OOCTOHTeJibCTBO no3BOJIHeT 

Ha;rteH-i-hCH; 'ITO ypaBHeHHe ( 1 ),· B nOJIHOH aHaJIOrHH !? ypaBHeHHeM (8) 1 , MOJKeT 

·obJTb· TpaHC<jlOpMHpOBaHO K Olll!CaH!ilO D03e_:CHCTeM. O;rtHaKO Cpa3y JKe CJie,[\~eT 

npHHHTb BO BHHMaHHe, 'l:TO_ypaBHeHHe (1) xapaKTepH3YeTCH CBOeoopa3HOfi 

cne~H<lJH'IHOCTblO. ·.Ilocne;rtHHH. CBH3aHa C TeM 1 'ITO noTe H~HaJI . '~ , ·Y'IHTb!Ba-

romnfi B3aHMO,[\eHCTBHe 'l:aCTHU~ C-BaKYYMOM, CHHXpOHHO 3aKOppeJIHpOBaH C ,[\BH

JKeHHeM 'l:aCTH~~ •. EcJIH paccM'aTpHBaTb ;rtBHJKeHHe 'IaCTHU~ c y'l:eTOM xaoTH'l:ec-:

Koro B03;r(CHCTBHH Ha Hee CO CTOPOIIbl. aHCaMDJIH ;rtpyrHX 'l:aCTHU·, TO ee B3aH

MO,[\CHCTBHe C BaKYYMOM, KOHe'l:HO, oy;rteT npOHBJIHTbCH B y'cpe;rtHeHHOM BH):Ie. 

YlKe OTCW;rta' BH,[\H0 1 'ITO: B03HHKaeT HCOOXO,[\HMOCTb BBe;rteHliH 3~~eWtHBHO~O 
IlOTeHUHaJia B3aHMo;rteticTBH.!! '!acTau~ c BaKYYMOM B ·ycpe;!J;HeHHOM BH;rte ,. 'ITO 

H 6y;rteT Y'!TeHo ·B ;rtaJibHefimeM. 

. CaM C~CJI ·-MaKpOCKOnH'l:eCKOH BOJIHOBOH <!JY HKUH!i 1 KOTOpa.!! ;r(O Cefi nop~ 

JIHWb ,;I10CTYJIHP~BaJiaCb 11 B pa3JIJ,;'IH~X ee ~OpMaX· (CH. 1 HanpHMep; /)/) 1 HO 

npOHBJI.!!Jia ceo.!! KaK MomHblfi ~aKTOP B npo~ecce CHCTeMaTH3aUHH aKcnepuMeH-. . 
TanhHbiX ,naHH~x, CKalKeM, B TeopH~ CBepxTeKy'!eCTH HCBepxnpoBO,[IHMOCTH, 

_ roBOPHT o_ ,ToM,, 'ITO ·oHa ;rtomKHa O):!HOBpeMe!JHO Y'l:HTb!BaTb KaK _.UBHJKeHHe o;rt

Ho>t 'l:aCTHUb1 1 TaK H ,KOJIJieKTHBHble 3(j>~eKT~ .CHCTeMbl: ·. BOJIIIOByW. ~y HK~HW C Ta

KHMH xapaKTepiiCTHKaMH. MOlKHO: nOCTpOHTb C nOMOII.IbW. ~y HKUHH ·.rpHHa ( 5 ). 1 eCJIH 

onpe;rteJIHTb Ha'!aJibH~e YCJIOBHH CHCTe~, ,[\OCTaTO'l:IIO ;rteTaJibHO .. Y'l:HTb!BaiOIJ.IHe 

ee MaKpOCKOnH'l:eCKHe C~OfiCTBa~·-:IlpH~eHe.HHe -~YHKUIIH ·rpHHa: (5_) n):)a ormca

HHH ;rtBHJKeHHfi · CHCTeM MHOrHX 'l:aCTH~ BnOJIHe npaBOMepHO, no'CKOJibK'y KalK,[IaH 

·'l:acT.;ua 13e;rteT ceoH KaK caMocTo.!!Ten~Hbiu (jm3H'l:ecKHfi oobeKT.· He KoH~peiu-
3HPYH' noKa B·un Ha'!anbHblx ycnoBu·n ·cncTeMbl, nonb!TaeMcH B~HCHHTh·. B03MOlKHble 

BapHaHTbl ypaB~eHHH, KOTOpbl~ ·;rt~JilKH~ Y.,[\OBJieTBQpHTb MaKpOCKOnH'l:eCKa.!! BOn-

HOBaH (j>yHK~H.!!. 
.'.t < 

1. YpaBHeHH.!! <jlyHK~llH 

- IlpeJK;rte BCero npuMeM, 'ITO ·_noTeHUHaJI {7_ ; BXO.nHmHfi ·B _·ypaBH.~HHe ( 1), 

·'npe,ricTaBJIHeT · cooofi caMocornacoBaHHafi ··noTeHuuan, onpe;rteJIHeM~ll aHcaMoneM 

B3aHMO;rteHCTByromux '!aCTH~. HHa'!e rOBOpH, noTeH~HaJI l/' ·,naJiee 6y;.teT npu-

~ '~~l!HTbC.!! B .npe_r\cTaBJieHHH · BJiaCOBa. HCHO, 'ITO TaKOfi noTeHUHaJI. ,riOJIJKeH 6~Tb 
(j>yHK~HOHaJIOM IIJIOTHOCTH 'l:HCJia ·'Ia.CTHU, a TaKJKe H ;rtpyrHX MaKpoxapaKTepHC

THK CHCTCI\'Ibl. 'KaK:H npu noHCKe perneHnh ypaBHeHHH (1), npHMeM, 'ITO caMo

cornaco~aHHblfi noTei!UililJI- HMeeT nepBble HenpepbiBH<>IC npOH3BO.JiH~e no BCCM . 

. ;rtll~aMH'!eCKH~1-nepeMeHHbiM~ 'ITO o6ecne'!HBaeT, B 'laCTHOCTH; Henpepb!BHOCTb 
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KoMrioHeHT cnn~ ~·, ~efiCTBywmen Ha ~acTnuy. KpoMe Tore, 6y~eM c~nTaTb, 

~T~ noTeilUHan '[,T, onpe~eJIHIDmllfi CBOfiCTBa ~efiCTBllli ~aCTllUbf (9) 1 ~OnYCKa-. . . . 
eT cymecTB.OBaHne n~eanbHblX pewe Hllfi ypaB He Hnfi· Knaccn~ecKon MexaHnKn, 

.T.e. saBHCHMOCTH KOOPMHaT u. HMn~JibCOB ~acTHUbJ ,TonhKO OT BpeMeHn. 3To 

o6CTOIITeJibCTBO HaXOMTCII B noJIHOM COOTBeTCTBllll.CO CMblCnOM KaHOHH~eCKllX 

ypaBHeHllfi MeXaHHKll raMHJlbTOHa. '!iMeHHO'nOTOMY ll B,~aHHOM.CJiy~ae ~onyc-
. -+ .-+ . 

THMa sanHCb illYHKUllll rpnHa B BH~e (5) 1 r~e BeKTOpbJ· '1t H r IIBnHWTCII 

~yHKUllliMll TOJibKO DpeMeHH. 

IlpllHHMaii BO BHHMaHHe TOJibKO ~TO .,c~asaHHoe, .YPaBHeHHe ~II cJ>YHKUllll 

rpnHa, OTHeCeHHOfi K CHCTeMe B3aHMO~eficTBYIDmllX 'laCTHU,. sannWeM B BH,IIe 

• ..t. ~ ~ ~..!- ~.t~ •./. ~ ~ ... .d./ ' <12/ . 
t,w -=-- ----:£·- tn-~- +.l$":7g +lTv :Js 
. ~i' · cftm 7JX~:, . . · 7f',e · · · 

( 11 ) 

~~eCb BBe~eH scj>cj>eKTHBHblfi CaMOCOrJiaCOBaHHblfi noTeHUHaJI ~ B ·npe~CTaBne

Hllll BnacoBa; noTeHunan lly no-npeJKHeMy HMeeT.an~. (3). <I>YHKUHII rpnHa. (51. 

COOTBeTCTBYeT TeM Tpe60BaHHIIM, KOTOpble HanOJKeHbl. Ha nOTeHUHaJI ~ (j) -f). 
Il03TOMY ee MOJKHO C~HTaTb peWeHHeM ypaBHeHHII (11). CTPYKTypa apryMeHTOB 

~YHKUHfi (3) U (5) COOTBeTCTByeT npeo6paSOBaHHW (4), a TaKJKe ~HHaMH'!eC-· 

npe.o6pasoBaunw . . : -t 
... 7=7'-1-/i=ct"Jat: 

.$ . 

.KOMY 

( 12) 

A.zulHTllBHOCTb raycCOBCKO-MapKOBCKHX npoueccOB ll GaMa CYTb cJ>YIIKUllll 

rpHIIa {5) n03BOJIIIWT sanncaTb·MaKpOCKonn~eCKYID BOnHOBYW.<!JYHKUHW.B BH~e . . ' . . . ~ . . 

!&. = /fr~i,tt~l"'l~f.Ji~Ji~·~l]lJaJJ~'a"?'dJ. <n> 

CTPYKTypa <flY HKUHH tf' , BXO~Hmen B BCJpaJKeHne ( 13) , oTo6paJKaeT <flnsn~ec..:· 

Kne ycJIOBHII, B. KOTOPblX Haxo~.HTCII GHCTeMa .B 

Ilpn 3TOM, Hapii~Y C MllKpOnepeMeHHblMll r' ll 

OT COBOKYnHOCTll MaKponepeMeHHblX 

-;... ~ ... 
9:. c = m--zY-{rc) 
. ./ 

- ~ l = {t;,~)_, 

Ha~anb.HI>ifi MO~eHT BpeMeHH -f=S ~· 
;rl, <flYHKUHII ~ 3aBHCHT 

( 14) 

~ . . . 
B KOTOpblX lc; - UeHTp HHepUllll MllHHManbHO B03MOJKHOrO MaKpOSJieMeHTa, ~0-

TIYCKaKDtero. onpe~eneHHII KOHUeHTpaUHH ~~Jla .. ~aCTHU . /'Z. (jj ~TeMnepaTypu;_ 
T{f} n rn~POMHaMH~eCKoB cKopoCTH V<{l;;j . HMnyJibC -.s: MaKpo.sJI~MeH

Ta HOpMHpOBaH TaK, ~T06bl OH 6bln OTHeceH K O~HOfi ~aCTHUe •.. ECJIH CllCTeMa 

cymecTBeHHo Heo~Hopo~Ha, TO MOJKeT,oKasaTbCII 6onee pauHoHaJibHblM saMeHHTb 

llHTerpHpOBaHHe no nepeMeHHblM 1 B . ( 13) Ha CYMMHI>OBaHne no ~HCi<peTH~ 

MaKposneMeHTaM, Ha KOTopb1e y~o6Ho pa36HTb cncTeMy •. ,Bonee :Toro, ecnn. 

.~BlllKeHHII CllCTeMbl .TaKOBbl, ~TO ~HCJIO ~aCTllU B MaKp03JieMeHTe MOJKHO C~HTaTb. 

a~HafiaTH~eCKHM llHBapnaHTOM no OTHOWeHHW K MllKponepeMeHHbiM,· B ~aCTHOCTH, 

.4 

·:J; 

-

-\ 

~II HeCJKHMaeMOH cpe,[lhi,:To HHTerpllpOBaHHe B, (13) no nepeMeHHblM ~ MOJKHO 

OTHeCTll K MHHHMaJibHO B03MOJKHOMY MaKpOSneMeHTY, ~TO 3KBHBaneHTHO JIOKanb

,HO~Y <Onpe~eneHHlO <flYHKUllll f:., , noc.KOnbKY OHa 6y~eT ~~BHCeTb. OT MaKpO

nepeMeHHblX 1 KaK OT a~na6aTH~eCKHX nap~eTpOB~ HeKOTOpblM cymecTBeHHblM 

BapnaHTaM· npe~CTaBJieimii <flYHKUlill ( 13) 6y~eT y.z:ieJieHO BHHMaHHe HmKe. 

CBOfiCTBa MaKpOCKOnH~eCKOH BOnHOBOH cJ>YHKUllll (13), OTMe~eHHble BblWe,' 

nosBoniiWT sanncaTb ~II Hee ypaBHeHHe 

. CJ~ .,z .t.. . t,.i ___!:!.=_fi ~ ~ !_ ltF. ~ ~ 
co-t . .2m ~x..t ~<~.+ ~JX+ 

k. .... ~* 
(15) 

+ /ff~J, ~:7/vvr~'i)#--!/sr.s;fr,'l}-0ttlJ~~'cf;?'a:J; 
B KOTOpOM ~ onpe~eneHa ypaBHeHHeM (11) ll 3a~aHa cp;pMyJIOfi (5) •. J:IeficT-

. ~ ~ 

mrTenbHO, ecnn ~OMHOlKllTb ypaBHeHHe (11) Ha <flYHKUHW ji'(.S1 j 1 r'/'V 
. . ~,. - .I 

n; nponHTerpnpoBaTb. ero no nepeMeHHblM .. r, , , f' I H f. , TO, y~HTblBaii 

~OPMYJIY (13), nony~HM ypaBHeHHe (15).' IloiiBJieHne nocne~Hero ~eHa B ypaB

He.Hnn ( 15) 1 O~eBH~HO 1 CBII3aHO C CllHXpOH~OH KOppeniiUHefi noTeH~Hana ~ 

c ~BHJKe~neM ~aCTHUbl. 3ToT qneH <flaKTn~ecKn osHatiaeT ycpe~HeHne noTenun

ana .. Vv no aHCaM6JIW COCTOIIHH.A CllCTeMbl. TaKH~ 06pa30M, ~JIII} HaXOlK,IleHHII 

MaKpOCKOnHqecKOfi BOJIHOBOfi <flYH~Ullll HeOGXO~llMO peWHTb ~Ba:ypaBHeHHII: 
' /" ' ' ' . . . ' ; . . 

ypaBHeHHe (11), onpe~eJIIIIO!IIee KBaHTOBO-MeXaHH~eCKyW <flYHKUllW rpnHa ~Jill 

caMocornacoBanHoro noTeHunana l/e, ·a TaKJl(e ypaBHeHne (15), Y~HTblBa~mee 

MaKpOCKOnH~eCKHe: XapaKTepHCTllKll .CllCTeMbl. IlOCKOJlbKY pewe~He . ~paB He Hllii 

(11) YJKe ·~afi~eHo, TO HeTPY~HO yise~HTbCII, ~TO no~cTaHOBKa cjly~KUllll (13) 
I ~ • • i ' 

B ypaBHeHne·'(15) o6paTHT erO B TOlK,IleCTBO. KaK BH~HO, a~HTllBHblH xapaK-

Tep. <flYHKUllll ( 13) He npoTHBOpe'!~T BH~y yp~~HeHIUI ( 15) , XOTII y~eT CHH-
. . . . A 

xpoHHoB KoppemruHn noTeHunana. ·l? c ~BnlKeHHeM <lacTHUb1 npnBen ypaBHeHne 

(15) K HeKOTOP<:JMY OTJill~HW 0~ ypaBHeHHK (.1). O;c~~a CJie~yeT, ~TO ypaBHe

Hlle (15) MOJKHO nOJIOJKllTb B OCHOBY ~anbHe.Awero paCCMOTpeHHII. 
• • • I • • ' • • 

,IIJIII ~eTaJIH3aUHll BOJIHOBO.A <flYHKUllll (13) H,COOTBeTCTBY!OII:tHX Ha~aJibHblX 
I ' ' - "• 

,YCJIOBllfi 6y~eM npn~epJKHBaTbCII B ~aJibHe.AWeM YCJIOBllfl:. 

t/ tt =/f-lii~lJ. 
~ - TIJI;THOC~b BepOIITHOCTll Ha.ATH 

(i6) 

r 
~aCTHUYiB MOMeHT BpeMe-3~ecb <flyHKunir 

Hll -1: ll B 
.,.'~)· . 

OKpeCTHOCTH TO'!Kll <fla30BOro npocTpaHCTBa f'f) J"/ i OHa YJ:lOB-

JieTBOpHeT yp~BHeHnw BoJibUMaHa (8); · o6mee··pemeHHe ypaBHeHnii (8) HaB~e
HO apa6oTe 111. ~cnoane (16) ~:oOTBeTCTBY~T coo;~oweHnw\ (7) ~II ~y·H~a-

,. • -· • . ,. ' • ·J 

MeHTanbHb1X pemeHHB ypaBHeHH.A . (8). ll . ( 1,1) •. O~HaKO peannsahnii YCJIOBHII ( 16) 

He CTOJlb npOCTa.H O~eBH~Ha, Ka~ STO HMeeT MeCTO ~Jill .COO';l'HOWeHHII (7), 

H60 pe~b ~~eT 0 npOH3Be~eHHH llHTerpaJIOB BH~a (13) • IlpH ~TOM ~OJIJKHa 
6b1Tb o6e~ne~eHa P.~li~HBHO~T~ CTpyKTYpb1 ~.YHKU~ll / , Ka~ 3TO HMeeT MeCTO 

~II <flYHKUllll (1J) • 
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2. KBaHTOBO-KHHeTH'leCKalt cPYHK~H.ir rpHHa 

~ <j>H3H'!ecKoa KHHeTHKe nnoTHOCTb nepoltTHOC']:'H / c;:mpe.rtenHeTclt no, 

OTHOilleHHIO K noKanbHO-paBHOBeCHOl-IY MaKp03neMeHTy .• TaKOfi MHHHManbHO B03-

MOJKHhlfi no pa3Mepy MaKpo:;meMeHT .rtonycKaeT BBe.rteHHe MaKponepeMeHHblX j , 
KOTOpble HBnltiDTClt a.rtHa6aTH'leCKHMH napaMeTpaMH no OTHOilleHHID K MHKponepe-_,_ ~- ' ' 

MeHHblM r H £1 • COOTBeTCTBeHHO, KaK OTMe'!anOCb paHee, B03MOJKHO on-
/ ' -

pe.rteneHHe nenH'lHH 1Z {jj, T{j} H ~·. ITOCKOnbKY aeo6xo.rtHMO npH.rtep-

JKHBaTbCH ycnOBHlt (.16), TO H MaKpOCKOnH'!eCKYJO BOnHOBYID cPYHK~HlO ·y-/lf 
cnemeT onpe.rtenHTb B Tex JKe ~c-noBHHX. cl'llicn. JioKanbHo-panamiecaoro MaK

po3neMeHTa.rtonycKaeT Onpe.rteneHHe nOKanbHOfi MaKpOCKOnH'leCKOfi.BOn!JOBOfi 

cPYHK~HH B BH,!le: 

Pt.t. === J f tS;L jk; ~') ~ r~tt;;-; -lirJ lJ a~~!a9:"; 1 11 > 

3.rteCb B OTnH'!He' OT.BblpaJKeH:Itlt (13) HHTerpHpOB.aHHe.no' nepeMeH,HbJM 1·· CHH-

. MaeTcH. Heiuiwae oTMeTHTb, '!To o6MeH'qacTn~ciMH MeJK.tly MaKpo3neMeHTa~·· 
MQ)KeT 6blTb BeCbMa,HHTeHCHBHbJM,. nocKOnbKY TeMnep~Typa cpe,Ifol ·, Tff) He' 

paBHa HyniD B o6~eM cnyqae, HO ~BHJKeHHlt 'laCTH~ B pa3nH'!HblX MaKp03neMeH-

TaX 6Y.rtYT xapaKTepH:3oBaTbCH no.rto6ue~- I 4 1-. . ' 
Y'lHTolBalt. CKa3aHHoe; a.TaKJi<e BH.rt:<J>YHKUHH rpnHa (5); 

Hble ycnOBHlt ~ ~6PM.e.: "- . . ... _"_.·· 'Vo' ·•. " .•.. '.; _.. . ... , . 
1 

... 

3anmneM Ha'!anb-. 
--' I' • ' 

· .. I 

. . ·. . IV ... J-~· . • . . ' . , -· 

tO(S j ~~ :J"IJ - .r_ A . ;_;. , r l . rl ~ 7 "1fl 
• T '/ rJr / -c:~pr Ll~ : .e.r~L ::;- J.Jo {x, r?J*. 

. '· ' . V'~ ~ . ·. it . . . ·.. . .. 

* pr_ ~1.:;-¥t~rtfcf?";_~!Zr.;z-~·~,7.'~-~~-.--.~-~r_ (J"t-?J7.-t. 
. - .· . . ' f' '1 J~ . . . ' . ._z-~-:- -9' a.:'.t . . . . . ' ;a 

3.rtecb pa~H Y.rt06CTBa 0603Ha'!eHO . . '1. __.. ~}- .. ~· ~} 
= {t;~~ =,{x,?;; 

( 18). 

( 14') 

/V - nonaoe '!Hcno qacTH~ CHCTeMbl; · AN.- ~Hcno 'la9~H~.B MaKpo3neMeH~ 

Te, KOTOpblfi xapaK'J:'ePH3Ye~Clt 06beMOM .:1 V~ B. eBKnH,!lOBOM rlPOCTpaHCTBe 

H 06beMOM . l1 ~ B npOCTpaHCTBe HMnynbCOB. Pacnpe.rteneHHH, BXO,!lli~He ~ Bbl

paJKeHHe ( 18) , COOTBeTCTBYIDT CMbJCny nOKanbHO paBHOBeCHOrO MaKp03neMeHTa·. ' 

Cpe.rtHeKna.rtpaT~'lHblfi pa36poc 6"-cj HMeeT nOPli.tl?K. nenH'!HHbl _.tl~IHHbl c~o6o~Ho
ro npo6era· 'laCTH~bJ·. BenH'lHHa 'tr,.1 onpe.rtenHeTCH TeMnepaTypoa (eM. Hmke). 

i"'rl ~ _,·')·. . . . . 
YKopoqeHHoe· .rtefiCTBHe '!aCTH~bl Po (.K 'r". cPHKCHpyeT TO'!KY OTC'leTa ',!lBHJKe-· , . . - . . 
HHH 'lcicTH~ .popManbHO OT ~eHTpa HHep~HH MaKp03neMeHTa ·rc - ! , qTo 

cornacyeTcH· c pacnpe.rteneHHRMH,·nxo.rt~HMH'il (18). 
• . ' J· ' 

IlO,!lCTaBHM Tenepb <i>YHK~HH' '(18)' H (5). B HHTerpan'' (17) H npOBepHM• CO-

OTBe_TCTBHe TaKHM ,o6pa30M onpe.rteneHHOfi cPYHK~HH H ycnOBHlt (1,6):' • 

6 

,. 
I j:. 
l 

.. ; 

(/./ = r LIN ';~ fd3r"d3iJ"I.ex~ri i':, rT~'J7* ~ CLI~~~ -~~ I ~.~ 0 I ~· 
'' 'ft. . . n- .... 

* ?-z:;Ari1-3/~J!O f r;~-:JlJ [Jr.t~~)~J/f'ex~E {~/JJ* 
. ,r_i rl .,, ~17 '1-- -# {- ' -.i -{: "/' (19) 
* exf'L i;iJ(S,r /i-;r:!J· (%..!9-) eK,P. -(.£..r,_j (?'-.Ji/"ai:"-~f'i* 

' ·. s . ' 

* (.:r .Y, {-'l~xf' f. /2.y,F'/F- j}ae--7t£j 
'06be,!lHHlili 3KCnOHeHTbl, 3aBHClt~He OT ,!lelJ:CTBHlt ·qaCTH~, · 3anmneM: 

$ (s;lj-t;rJ ;_So (X';r'J + l'r~?;·1i f!")-
errl/ · grr). -~: . . 1201 =I _;-d~ +! ;rdtt"-/lltfJdf:". 

. ~txl ' err') s . . ·.. ' ·' ·. _: . ~ 
B COOTHOWeHHH (20) MOMeHT npeMeHH -I:=$COOTBeTCTBYeT?4=s-x. , T.e. 

OTC'leT BpeMeHH H ,!lBHJKe~!Hlt qaCTH~bl _ocy~eCTBnJieTClt OT ~eHTpa HHep~HH 

MaKp03neMeHTa. 3):leCb. YMeCT.HO OTMeTHTb, ''!TO -npOH3BO;I:lHble ·.OT nenolJ: H npa-
, . '. ... . ............. ' . 

noa'qacTelJ: (20) nonepeMeHHbJM.XIC{f!' t'~:.Xk.) H -£-. co.nna):1aJOT: 

. ~ dt ~ -t ~, . ~-- "'rs:·;.,., ~, ~ ; . - ~. ~ _· : .. · . 
;,_~x- J.). s,xj ,rl ..::.v tJ, ~r,/-t,,-l,""...t.P r~x/·-t;IJ=-~f.s~'·-t.r' (21> 
. II fC. . · V li /G • , . g ~ ~-f '/ I I j, 

PaBeHc:rna (21) '03Ha'!aiDT, '!TO BKna):l YKOpoqeHHOrO ilelJ:CTBHlt ~rl;f!'~ 
He• H3MeHHeT ,!lHHaMHKY npo~ecca, ·nocKOnbKY ypaBHeHHe raMHnbTOHa-5IK06H 

coxpaHHT CBOfi BH,!l: Ho neBaf! 'l~CTb (20) He 3aBHCHT OT -depeMeHHl>IX r'u 7~ 
a noTOMY ' •- . I 

exp[~ ~r~x;-0lf 
BbJHOCHTCli H3-no.i\ 3HaKa HHTerpana (19). 3TO ,!laeT B03MOJKHOCTb npOHHTerpu-........ '~- '' 

POBaTb no nepeMeHHbJM rlH _/) 1, npHMeHlili <j>opMyny CBepTKn:/ · 

£.%ta<-+;!J-:-3£t -e;p{-. ~.rx-:X.JJ. ·.· · · 
. . ~-1-fl 

. (22) 

_{r.:r~l~4eK;{- rl ':cko(!(.1Tf')~~1.-1,P. r-r-,tJjlaJ: 
of./ f1 :> 0 1 ~-.;a~ X, Xo'-. 0:0. j3 

C nOMO~biD (22) cPYHK~IIlt (19) npUHHMaeT BH,!l: 

" ·"~ ~.· !4 ~~'ff~xf'[-{s'rs-iy~'f!/.!l-.£.-{'/31%J~l'! 

·L i . 

,•; ._.-, 



·,."' 

/ 

(.7%ft5"t~3ft-(.?CJ-J~)~ __ ·· {-· (~-/"1? a_. rc--x)_7.z * . . .exf' - s . . . . . . * 
fo(/fo/J-r~.i1J]

3~ · ·· f'O{J. -1- cfl%; ·. 
/ 

* /z.:t6;,'~r.3/f/.?C.·.,)-3/r · {. _·._(7-/~--...:ar-_ -~J7J.:t. 
r I l .. ""'!'.' -exo- · s · -r, . . . , * 

. . . Ytr:":l+.:t.J'. .. 
3 .J ' I" ·, I' 

( ..7C f tf:'.t j Y.t ( .$ .:t.J: ) 3,1.£ * 'I' . ,, I' 

[..?C r rc;'.: + :t.rfJ] 3l:z. • 

(23) 

. 3<J><!>eKTHBHble O(lbeMbl' .d, "t ~ ·Lfl! 1 BXO,I:IHII!He B (19) H (23) 1 orrpe.z:tenHM Te

rrepb B BH,z:te: 

_ i./.t · (;1/6"'~_'"')3/tf _ 1.1~)-'_JJJ,_ .[zt/5j.lj3/'l 
(~ ~~) -= ' I , 'f .?!.: 

(24) 

. r [· &:'"" LJ3/tf . . . -~oJ.,r, __ . £_ 7_ .;;1/'1 
..J:..+r · · x: + .2-:1 

Crre~H<!>HtzHhlfi BH.z:t .;g-beMOB ·..d ~·if Ll~ CBll3aH · c ,/eM, :.tzTo pacrrp~;r:(eneHHll · tzac- .· 

TH~, 3a,z:taHUble <!>YHK~Hefi (18) ,z:tnll KaJK.z:toro MaKpo3neMeHTa, rrepeKpb!BaiOTca, 

YtzHTb!Ball 06MeH tzaCTH~aMH Mel!C,I:ly HHMH. 

C :iJOMOlllblO. (23)-(24) ecTeCTBeHUO 3ariHCaTb MaKpOCKOriHtzeCKYIO <!>YHK~HIO 

r'pHHa. ,nJlH STOrO ,I:tOCTaTO'lHO OTHeCTH noKanbHO orrpe,z:teneHHyiO 4JYHK~HIO rb. . . T.4f 
K. O,I:tHOfi tzaCTH~e: 

.01 · +.- + -1 i ' tb · · .,;:i rl ~ _1. ""t"J7 
.?M (s,x,9'j~r,f> I- . 1i..t TM = ex!Z TP (s,x,;~r.!l *· 

· : ··· . · . (AN) .. · .- ; . . 

·* frf.tot" +f'?(J~3j'!e.(f'f rr-:-;+z:-d?-~X).fl* '• 
' f_r,'"" -1-Jf, J . 

' ,S!- J. 
. ' . -t: 
. - ' ' -o/y -- / -- ~ }.:l * /!"fJ.mT{fjf -'f>!J e.rf>f ( 1'-r rdf':.,-ff'/7 

, -_ · · · _ __ · f"mT(l)+~J~:J· 
Cornacno pa6oTe 141, B <!>opMyne (25) ·nono~~Ho: 

Jt6f~=.fp-z. Ttf)~ 
r.z:te ~ ~ TeMnepaTypa B snepreTHtzeCKOM H3MepeHHH. 

EcnH Tenepb B ypaBHeHHH (11) riOTeHUHan ~ 3ariHCaTb·B BH,z:te 

; 8 ,.·1 

'\ 
(25) 

'.J 

(26) 

,) 

-r r mw..£ -+- -t:- · · ~ .:t 3 
vv =--0 (r--J ilct'C- x') - D i Wo 

~ s ' d. 

' (27) 

H YtzeCTb, tzTO 

I ~! c:pJ ; _ = o, _--== o1 _ (28) ; ~x~ . ~f~ 
l l TO riO,I:tCTaHOBKa WYHKUHH (~5) B ypaBHeHHe (11) o6paTHT era~ TOJ!C,I:leCTBO. 

! 11 BH.z:t noTeHuHana (27) <!>aKTHtzecKH 03HatzaeT ycpe.z:tneHHe noTeH~Hana (3) 

i-.'~-.- . B npe,I:~enax noKanbHO pasnosecnora· MaKposneMeHTa, nocKonbKY MHKPOnepeMen-
-+ . + \ 'f\ ; Hall r' 3aMeHeHa Ha MaKporrepeMeHHYIO X • 

:. <i>YHK~Hll (25) Y'lHTDJBaeT ,z:tBa BH,z:ta xaOTHtzeCKOrO B03,z:tefiCTBHll Ha ;QBH-

' ~eHHe tza.CTHUbJ. O,I:!HH H3 HHX, KaK .H paHee 1 o6ycnoBneH B3.aHMO,z:tefiCTBHeM, 

tzaCTHUbl C BaKYYMOM, qTQ H <!>HKCH~YIOT senHtzHHbl ~, H 7 . .[lpyroH: ·~H.z:t 
XaOTHtzeCKOro B03,z:t.eficTBH.!t Ha ,I:tBH~eHHe .z:taHHOfi tzaCTHUbl CBll3aH 6 ee xaOTH

'ireCKHM B3aHMo.z:teficTBHeM c ancaM6.neM tzaCTH~, KOTopoMy. au a npHHa.z:tne~HT • 

TaKoe B03,z:teficTBHe · Ha .z:tBHlKeH~e tza~;HUbl Y'lHTb!BaeTca s.enHtzl{H~MH T H. t5"{ • 
BE!nHtzHHa 6"/ HMeeT CMblcn xapaKTepnoro pa3Mepa · MaKposneMeHTa .HnH, · nanpH-.

Mep, rpaHYJibl CHnbHO pa3,z:tpo6neHHOro KpHCTanna; 6onee pa~HOHanbHO STY 

BenHtzHHY MO)!(HO orrpe,z:tenHTb KaK·OTHeCeHHYIO K MHHHManbHO•B03MOlKHOMY MaKpO-

J 

f 
.l 

~ 
i 
l 
'l 
! 
j 
) 
; 

l 

j 
;l~ 

j 

. ' .. , ' ' ' . ' 

sneMeHTY 1 no OTHOWeHHIO K KOTOPOMY MO~,HO Onpe,z:tenHTb CaMOCOrJiaCOBaHHblfi 

riOTeH~Han' '~ 1 BXO.z:tllliiHfi B ypaBHeHHe ( 11) • IlpH·r~ (} <!>OpManbHO MO~HO 

C'lHTaTb 1 '!TO H t:J/-+ 0 1 noc_KOnbKY XapaKTepH~it 06beM MaKposneMeHTa 6y-· 

. .z:teT npH6nHJKaTbCll K S<!><!>eKTHBHOMY._o6beMy, KOTOpb!fi 3aHHMaeT-tzaCTH~a· 

B cHcTeMe; no sTaT o6beM npH uynesoa·TeMnepaType xapaKTepu3yeTca senH

tz~Hoa· JJ. ; 3HatzHT, rrpH uynesoa. Ter.inepaType <!>YHK~HH · (25) cosn~.z:taeT 

·c y~e Hafi,z:teHHOH KBaHTOBO-MeXaHHtzeCK?it <!>YHK~Hefi 'rpHHa· (5) ;; TaKHM o6pa30M 1 

<!>YHKUHa rpHHa (25) HMeeT K:BanToso-KHHeTHtzecKHfi xapaKTep u, KaK_ BH.z:tno, 
' .. • ' •. • i . 

CO,z:tep~HT B ce6e HeMano HH<j>OpMa~HH.· EcnH B COOTHOWeHHH•(7) npOH3BeCTH 
+ + +I -+ . , -· , . . , 

~aMeny r~ X 1 /',~·51> ~ TO ~YHKUHll (25) Y.z:tOBneTB?PHT' STOMy, COOTHOme-

HHIO, 'lTO B ,z:taHHOM cnytzae SKBHBanei!THO BblriOnHeHHIQ ycnOBHll! ( 16) •. IlpH 
' ' 

,I:lOCTaTO'lHO ·BCICOKOfi TeMnepaType BenHtzHHaMH --'1 H 'of ~OJKHO. npeHe6petzb,· 

HO.TOr,z:ta npaBall tzaCTb COOTHOWeHHll (7)_.z:tnll 4JYHKUHH (25) npe,z:tCTaBHT CO-· 

6011 06CI~HYIO <!>YHKUHIO .nnOTHOCTH BepOllTHO~TH nepeXO.z:ta.<!>H3HtzeCKOfi KUHeTHKH. 

3. BapHaHTbl MaKpOCKOriHtzeCKOa BOnHOBOfi 4JYHKUHH 

C riOMOlllblO 4JYHKUHH rpHHa (25)' 06mee Bblp~eHHe ,z:tn.!t MaKpOCKOriHtzeCKOfi 

BOnHOBOfi 4JYHK~HH (13) cne,z:tyeT 3artHCaTb B <!>OpMe: ' 

. ~ jf'f~J'J~rsJ-r~9;-~J;r?Jd3x'a3;~ (29) 
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":··.\ 

\' 

KaK Bil~H0 1 ~YHK~HR ~ o6pena cymeCTBeHHO 5onee KOMnaKTH~a Bil~ 1 ~TO 
il n03BOnilT paCCMOTpeTb KOHKpeTH~e BapHaHT~ MaKpOCKOnHqeCKHX BOnHOB~X 

~YHK~Hfi. CymecTBeHHO OTMeTHTb s~ecb 1 qTo ~YHK~HH (29) Tenepb y~oaneT-

aopaeT ypaBHeHuro _. 

;, i ~ 1:., - -: ;t.t ~:t ~ i f; F._ ~ '/;., . - . 
-.• ~-t - .flm ()x..t- - "'. ~ + lf 1':., + 

k l"r. . . .. (30) 

'+/?ls,j'll7v rx: ~r) ~ (.s; ;j ~~• "0IJ7)a1t'd~]t"/ I 

)' 

B KOTOPOM noTeH~Han l7y 3~aH <PopMy~oa (27) ~- ' 

PaCCMOTpilM ~enepb,TaKoa BapHaHT QY~K~HH (29~, KOTOp~a Henocpe~CT

BeHHO MOJKHO CpaBHHTb' C nOCTYnilpOBaHH~l':m'.iJOnHOB~il ~HK~ilHMil B TeOpHH 

CBepxTeKyqeCTil il CB~pxnpOBO~liMOCTH. ,l:IJI.fi 3TOr~ B ~OpMyne (29)_nonOJKHM 
,, 

y;r~/1 ~ '11r/J'Jexr(;;"~~~x'f. • ( 31) 

,neacTBHe Po (h1 J"') . (YKopoqeHHOe) 1 BXO~.fimee B ( 31 ) 1 HMeeT TOT JKe 

C~Cn 1 qTO·il B <JlOPMYne (18)·1 T.e.,COOTBeTCTBYeT nepeHOCY·TOqKH OTCqeTa 
~ . .. • ~I ~ -. 

~BHJKeHHH·qacTH~ B MOMeHT T;;'=S OT_ TO~KH X K Toq_Ke Xo ; nocne~-

HIOIOMOJKHO B~opaTb .KaK COBna~aiOmylO C ~eHTpOM HHep~llll (HnH reOMeTpnqec

K~M ~eHTPOM) HeKOTOpOrO .. ~OCTaTO~HO 60nbW~O OObeMa cpe~ Jj' (1$>>LI~ 
cornacHo (24)). H 1 B qacTHOCTH 1 nonoJKHT:b Xo .=0; HenmuHe OTMeTHTb

1 
:. ~To_ 

npOH3BOnbHOe 1 · H<:J KOHeqHO~ 3HaqeHHe 4 
B ~HHaMHKY ~BHJKeHH.lt'~aCTH~. IIH~eKC · ~ 

He BHOCHT HHKaKoro BKna~a 

Y <JlYHK~HH p B (31) OTMe~aeT 1 

.~TO OHa;OTHeCeHa·K.MaKposneMeHTY C XapaKTepH~M pasMepOM 8"-
CornacHo npe~~ymeMy 1 .5y~eM ··cqHTaTb 1 qTo rH~po~HHaMHqecia.lt cKo-
~ ' ' ' -

POCTb -r n 
~ HBnHeTC.fi ~HaoaTH~eCKl!M napaMeTpOM no OTHOWeHH!O K nepeMeHH~M -· . . .·. . ' . . . . . . -
-j'··.i XapaK;repH3YIOmHM ~BHJKeHne qaCTH~~. Tor~a MOlKH9 npHH.fiTb

1
' qTo 

·f}ri'J- C/~rt:~:l. siir:t1.t't~,_7!; -~ ~--/77;;; (32). 

IJO~CTaHOiiKa <jlyHK~na (25) H (31)- (32) B liHTe.rpan (29) npHBO~~;r K B~pa>Ke-
HHIO: 

II/. ·~:·.J"""J +;J .. ·;r_i-rt + "*J7. 
r1>1·= Jd _x Y:s-rx ~ exf'L TJ.> {~X<>;-t,rj*. 

* fr (M{'' +J'f!t'";r;f r fr-:-/ua_r- Y~-3.7* . 
. . . . . .y' "7-/.t .,L .£f~ . . J ., 

(33) 

. *. L;,_(.zm~r?.{f!-:;~!7~~-~. ~-aL·r7-/~":=7/~J.····-_········ 
· · · ·- ·. " · · ··.·· ~- _l;-::, f'ni rr1J~-f'JX;~. .·. 

~/ I ' -

• i .c ~ 

I' 

~ -{ ,. ~ ;' 
.. ,. 

q,yHK~H.fi, 'l'oo{X') 1 BXO~HmaH B (33)_ 1 l!MeeT CBOeo6pa3H~fi xapaKTep. 

,nocTaToqHo HCHO ee c~cn MOJKHo YBn~eTb 1 ecnn B HHTerpane (33) nonoJKHTb
1 

qTo B oobeMe ~ Te~~epa~ypa T {X; 9} =To d: corist : Tor~a B~paJKeHHe 
(33) 3anl!C~BaeTCH B BH~e: . 

'If.!_· ["nt~r!J~e?PEf·$rs,K;,; -qr;_l* · 
.,. pr r .zmr. '+ ..r,.!J-3/re K!'f rl' -/F .--c--!?!J 

-. _ . f'mTo +J-.ft' · , 

['n,t-f;rJ]ift. · ja,3?' rfoo-(x~fr(e£otj..t-l-fp!J-~ 
' ' - . .. ·. . ,.,.. -t_. . . ..., 4 

(34) 

.- t· (r-. .fua~-x1?J. _ . * -eX~ _, :...:' ·___;,' S~·~--- -:. (35) 

.- · - · fo{.t-+J,J'f-- . · 

B q:iopMyne (35) n(-t;ft)- .KOH~eHTpall,na ~Hcna ~aCTll~ •. Ka~ im~~o, ~5"' 
.!l:BnHeTCH K-03<iJ<jlli~HeHTOM 'HHTerpanbHO-<jlyHK~HOHanbHOrO pasnoJKeHl!H <j)y!IK-

~llil ~i!.£ . ' 
CymecT'BeHHO OTM~THTh, 3~ecb 1 ~To nepB~e ~Ba MHOJKl!Te;~ B -<PYHK~nn· 

(34) no c~oeMy. cMh!cny .. n <jlopMe coBn~aroi c -ioti MaKpocKoniiqecKoii. ~o~Ho~ 
Boil <jlyH·~~Heli 1 KOTopaa noc;ymip~B~H~ ~;p~5oTe /9/ H ~P~~eHeHa ~H cnc

TeMaTH3a~nl! MHOrliX 3KCnepnMeHTanbH~X ~aHH~X B CBepxTeKy~eCTll ll CBepx

npO~O~liMOCTH. O~HaKo <PYHK~liH (34) co~epJKH~·eme pacnpe~eneHiie no nMnynb

caM ., (~nHaMHqecKoe} 1 a <jlyHK~liH pa.ooT~ 131 iaKoro pacnpe~eneHUH He co~ep-
JKliT. HMeHHO noTOMY cne~yeT y~enl!Tb HeKOTOpoe BHHMaHl!e Ha TY liH<iJOpMa~l!l0 1 
KOTopyiO co~epJKl!T B ce5e <PYHK~HH (34) 1 ecnH ee OTHeCTH 1 HanpnMep

1 
K .fiB-.. . ' ' - '· ' 

neHH.fiM CBepxnpOBO~liMOCTll. 

Ilo~cTaBnHH <jlyHK~mo. (34) B ycnoBne (16) 1 Hafi~eM: 

_j) ~-~·1 . * . . 
_,.(!trir; . ~ t, = . , . .- ... . ~ . .+..;, 

... . · • ~ . . -,g~ .. ~f I?-/ Fal"':....sfi)''~J !36) 

_·· ·. n-r-t,~)£'.7r (c:t~To +Xf'!l ~ex;z-:- ..z:-ro ~Jr. . J · 
<l>YHK~HH (36) COBna~aeT C <!JYHK~l!ea nnoTHOCTH BepO.fiTHOCTll 1 '. Hai!~eHHOil B pa

OOTe/4/ ~Pll <jll!KCllpOB~HH~X Bblllle ycnoBH.!l:X. KQH.eqH.0
1 

B. pa6oTe' / 4 / He Y~li
~~Bclnl!Cb BenifqHH~ .J'1, n -'l . 'I'eM H~ MeHee 1 i'p~~~un,oHH~~ HopMllpml~a _ 

, J)YHK~llil·, ··1 1 npliHHTaH B $H3ll\{eCKOfi KHHeTl!Ke 1 BhlnOnHae:cH ~ _nO~KOnbKY
• pacnpe,tieneHne no l!MnYnbCaM 1 BXO~amee B · (36) 1 llOPMHPOBaHo na··e~nHu~y: 

/_.1) ~ ... , g+ + 
/ r!~ rj/' 1 d '!' = n (~ r;. (37) 

CoOTBeTCTBeHHO nnOTHOCTb nOTOKa qaCTH~ 
\' ~.' 



··- ~. 

-- . ~~~ -';;~ ~ ~/.J:l;:i"J=n{~r/ZT=-m f'/'(~0/'/'-'/"'· (38) 

YtJHTb!Bafl CTPYKTYPY pacnpe,neneHHli no HMnynbCaM·B (36) li 3anHCb!BaH 4>op-

ManbHO -- -- ~ )/ ~ ~ f= 'l-/Fa~- 9/-1-/ r ett--r:r 
(-' $ s .I 

BbltJUCnHM HHTerpan ( 38) .: .. ,· ~ '....:;,.. ·-c-
7 = n ~~ r; { Ji' +IF" a,-e-J. 

. s -
(39). 

3,necb, KaK li B (36) ;9=fn:;;(S) = /11 -it-. 1 T.e. OTCtJeT UMnynbCa tJac-

TllUb! npOH3BOJ.lliTCfl OT HatJanbi{OrO 3HatJeHHfl ru,npo,nHHaMHtJeCKOH CKOpOCTH, . . ~ 
YMHOl!<eHHOH Ha Macey .tJaCTHUb!. Cuna :F 1 BXO,[Ifll:qaf! B COOTHOWeHHfl (34) 1 

. (36) li ( 39) 1 COOTBeTCTBYeT ca!"iocornacoBaHHOMY noTeH~Hany 1 YtJUTb!BaiOI:qeMy 

KonneKTUBHble 34>4>eKTbl CHCTeMbl - TeMnepaTypy. To 1 1 'KOH~eHTpa~HIO tJHCna 

tJaCTH~. '/Z,(-61 J) H B 061!leM cnytJae paCII(>e,neneHHe ru~pO,nHHaMUtJeCKHX CKOpOC7" 

Tefi. IlOCTpOeHHe TaKOrO noTeH~Hana HMeeT CMbJC;:t_ npOBO,[IHTb .rtnfl KalK,rlOH.KOH

KpeTHOH CHCTeMbl B O,[IH03HatJHO 4>HKCHPOB<;!HHb!X ~H3HtJeCKHX yCnOBliliX. 3,necb , 

lKe OrpaHHtJHMCli npOCTefiWHM CnytJaeM, npeHe6peraH,KOnneKTHBHbiMH.34>4>eKTaMH 

B f!BHOM BH,ne. 3TO He06XOJ.t~MO,C,[IenaTb, Anfl TOrO, tJT06bl YBH,neTb CBli3b 

BOnHOBOH·4>YHK~Hli (34) C peanbHb!Mli f!BneHHliMH. 

EcnH petJb·H,neT 0 CBepxnpOBO,[IHHKe, Ha KOTOpb!H B03J.tefiCTByeT nHWb 
.. ~ '·,. 

BHeWHee MarHHTHOe none }.( 1 TO_B CaMOM CBepxnpOBOJ.tHHKe MOlKHO npHHf!Tb 
. ...... . . 

- ~ ~A F=.£eE =-.:te __ .:te~rtid~ 1401 
' c '7)-t ' ·' ,· -r,ge £. - HanpHlKeHHOCTb sneKTPHtJecKoro . nonH, ·a £.1? ' . -·. 

- 3apH,g K7nepoB-

cKofi napb!. 3.necb no,npa3yMeBaeTcH, tJTO 

. 8 =r-atA, (41) 
' -r .... 

T.e. BeKTOPHblfi noTeH~Han ~ ·. ·COOTBeTCTByeT MarHHTHOH HHJ.lYK~lili L9 ' ' .. ' -., ' .·. . . . + 
B npe,nenax caMoro cBepxnpoBOJ.lHHKa, a He BHewHeMy MarHHTHOMY nomo.p. 

. . . '. ' ~ ' ·. 
RCHO 1 'ITO liHJ.lYK~lifl 8. eCTb npOHBneHHe nonf! fl. tJepe3 KonneKTHB!lble 

' ," t I 

XapaKTepHCTHKli CliCTeMbl •. Ho 3,IteCb OHH ~ KaK 6blnO OTMetJeHo, He Y.tJHTb!BaJOT-

Cli B HBHOM BH,ge; IIocKonbKY lla cBepxnpoBo,gHuK B03.rteficTBYeT TOnbKO BHew--.. . . ·, ' ' 

Hee non~ /{ 1 . TO 1 Y~IHTb!Baf! M06linbHOCTb KynepoBCKHX. nap B i CBep~npOBO-

J.llii!leM COCTOliHHli 1 MOlKHO .npHHf!Tb 1 • '!TO CKanflpHb!H noTeH~Han sP .= _consz!- • 
Ho Tor,ga 

F -~<JA. 
c -?+ (42) 
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IlpHHHMafl B (39) 1 '!TO /1-/f; r; - KOH~eHTpa~Hfl·KynepOBCKli~ nap, 

a ·m_=Jt/ne. - HX MaCCb1 1 paBHble Y.IIBOeHHbiM MaccaM 3neKTpOHOB 1 li no,n-

CTaBnliH.(42) B (39), 3anHWeM: 

J = n;_;:;pme·~ -~e(At#-Ars1J. (43) 

3HatJeHne BeKTOpHoro noTeH~Hana A B MOMeHT BpeMeHH -t = S 'MOlKeT · 6b!Tb 
. . . 

Bb16paHo npoH3Bon:bHo, nocKonbKY s'ro He noBnliHeT· Ha 3HatJeHHe CHnbl .(42), 

,nefiCTBy~efi Ha KynepOBCKYIO napy. B tJaCTHOCTH, MOlKHO nonOlKHTb: 

3-me~+~lcs) ·· o. 
' c 

(44) 

•>-' • 

TaKHM o6pa3oM, cooTHoweHue (43) 3anucb!BaeTCH B BH,ge: 
...... -+-e ~ 
7=~nt-4rJ~Ar#. 

~ ·. . · . 
(45) 

·CoOTBeTCTBeH!IO ,Itnfl nnOTHOCTli. nOTOKa 3neKTPOHOB 3anHWeM: 

~ .· .- . ·. ~J.fte-L ~ 
.:le...;. ~e:J = 7.'J'(-6, r;.me c A {-t). (46 1 

KaK BH,nHO, npHMeHeHHe MaKpOCKOITHtJeCKOH BOnHOBOH <!>YHK~lili (34)' 

H cne,nyiOI!lero H3 Hee ·'c90THOWeHHfl (39) ,ItaJKe B TaKHX .ynpOIJleHHb!X ycnOBHliX 1 

OTMetJeHHb!X Bb!We, npMBOJ.tliT K BeCbMa a,geKBaTHOMY peanbHOCTH ypaBHeHHIO 
. . 

'JIOH,[IOHOB ,(46). C ,npyrofi CTOPOHbl; OTCIO,na lKe Bli,IIHO, '!TO ecnu y.nenliTb' 
' . -- . : . 

,nOnlKHOe BHHMaHHe ,geTanli3a~HH 3aBUCHMOCTH'CHnbl ~ 1 ,gefiCTBYIOI!lefi, Ha-

npHMep, Ha KynepOBCKYIO napy 1 OT MaKpOCKOnHtJeCKHX xapaKTepHCTHK CHCTeMbl,. 

TO BMeCTO ypaBHeHHfl JIOH,IIOH~B (46) B03HUKHeT liHOe ypaBHe~ue, co,geplK~ee 

B ce6e MHOrO 6onbwe'HH<iJOpMa~HH. KoHetJHO, npH 3TOM 06061JleHHOe ypaBHeHlie 

,gonlKHO co,geplKaTb B ce6e ypaBHeHue (46) KaK tJaCTHblfi unu npe,genbHblfi 

cnytJafi. R~HO TaKlKe, tJTO ,gonlK~a 6b!Tb.npuMeHeHa BOnH~BaH <i>YHK~lifl B 6onee 

o61!leM BH.rte, HelKenu (34) • 

-):lanee, BOnHOBble 4>YHK~HH (33) li (34). BnOnHe COOTBe~CTBY:OT npHHliTO

MY B TeOplili CBepxTeKY.tJeCTH li CBepxnpOBO,IIHMOC::TH anropHTMY KBaHTOBaHHH: 

.4. f p-p' at".;.;. ~;$/2,. (47) 

~c . . ·. 
3,necb C - 3aMKHYTblfi KOHTYP, oxBaTb!BaiOI!llifi OTBepcTne, HanpHMep, B cBepx 

npOBO,ItHHKe; de- sneMeHT KOHTypa; /z. -·npHHHMaeT.n~nOlKUTenbHble 
~enOtJHcneHHble 3 HatJeHHli. ,IlefiCTBHTenbHO 1 , ,It06aBKa BenHtJHHbl! _( 4 7) K ,gefiCTBHIO 

BXO,nflllleMy B (33)-(34), HHKaK He HsMeHuT 3TH BOnHOBble 4>YHK~uu._llcxo,gH 
_li3 CMb!Cn~ BOnHOBb!X 4>YHKUuH (33)-(34), ecTeCTBeHHO CtJHTaTb, '!TO HHTerpa~ 

B ,COOTHOWeHHH (47) COOTBeTCTBYeT ycnOBHO 3aMKHYTOfi ~paeKTOPHH tJaCTHUb! 

(B tJaCTHOCTH, KYnepOBCKOfi'napb!). ):leTanli3a~H anropHTMa KBaHTOBaHlifl (47) 

KoHetJHO, cne,nyeT:Y.rtenHTb oco6oe BHHMaHHe, YtJHThlBaH: caMotornacoBaH~fi 
noTeHuHan u .nepeKpb!THe BOnHOBblX ~YHKUHfi Bu,na (3J)-(34) 1nfl coce.nHux 

KBaHTOB~X COCTOHHHH. 
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BaKoHeu;, Y'<IHTblBaH H3noJKeHHoe, cnenyeT paccMOTPeTb nocTaTO'<IHO 

oomna BapHaHT MaKpOCKOnH'<IeCKOa BOnHOBOa ~YHKI.J;HH. PaHee, pa,!J;H Y,!l;OOCTBa, 

npHMeHHnCH ¢opManbHblfi C,!l;BHr B 3Ha'<IeHnH· YKO~O'<I~HHOrO _,D;efiCTBlHI. ~ ,D;nH 

-i-oro, '<ITOobl H3MeHHTb TO'<IKY OTC'<IeTa.,IJ;BH>KeHH.II."<IacTJIUhl,·He.JI3MeHHH ero 

,!J;IIHaMIIKII. Tenepb >Ke 3annmeM BOn_HOBYIO ¢Y.HKI.J;IIIO (29) B BH,D;e: 

tfH = /f;-ff/ -!lll{(s;1;~·-00TJdl; otJ · a3xd3~ (48) 

3,D;eCb, B COOTBeTCTBHH C (31), ti>OPMMbHO n~JrO>KeHO ~ tX:·.x) 0 II no,IJ;pa-
;..J • / . 

3yMeBaeTCH, '<ITO ~~ - ,D;efiCTBHTenbHaH H nonOlKHTenbHO onpe,D;eneHHaH Be-

nH'<IHHa, OTHeceHHa.II K. MaKp03n~MeHTY C. xapaKTepHblM pa3Mepo,M ~ • KoMn

neKCHO conpHlKeHHa.II BOnHOBa.II <i>YHKI.J;H.II 

ru* ;; · · * · -?,/k,. '7 ~JdJ.' 
TM -_~f?b(J'/~(r,x,:r;"~·'/.(1 :s. (49) 

IlpelK,!J;e .'<I eM KOHCTaTHPOBaTb BhlnonHeHHe ycnoBH.II ( 16) , ·cnenyeT o6pa-

THTb BHHMaHHe Ha o6mue CBOHCTBa ¢YHKI.J;Hfi IlpHHu;Hn cynepno3u-t4H/ 
I.J;HH, OTpa>KaJOmHfi. a,!l;,!l;HTHBHOCTb npou;eCCOB, ,D;efiCTByeT.KaK B ti>H3H'<IeCKOH KH-

HeTHKe, onpenenHH CT~YK_TYPY ¢YHKI.J;HH / ., TaK H .B KBaHTOBofi TeopHH 

,D;nH BOiiH_OBblX <l>YHKI.J;H_fi. ~ , .'<ITO H. Y'<IHTblB.aJOT, B '<IaCTHOCTH, .. Bb1palKeHJIH 

(48)-(49). Ilpli nO,D;CTaHOBKe ti>YHKI.J;Ha '(48)-(4~)} B ycnOBiie (16) B03HHKHeT 

npoH3Be,D;eHHe HHTerpanoB: 

I !~fJ?/ jdfjotJ'*tf) f;{J'J t.o/;-rsli; ~;.~ ~17-x
* ~H·(~.;; ~: ~ iZ;J7_. 

. . . 
CBOHCTilO a,!l;,!l;liTHBHOCTii, CTPYKT~pb1. ~YH~I.J;IiH. ,f ·., KOTO~aH HB~.IIeTC.II 

·nonolKHTenbHO onpe,neneHHoa, MOlKeT peanH30BaTbCH ·numb B TOM 

ecnH non HHTerpanOM· (50) ocTaHyTC.II KBa,IJ;paTb1 MO,D;ynefi <i>YHKI.J;ufi 

. . 01 ~ -+. -+- ~!.$. . 
/-:7M(s,x.9, i;'ll'7t. 

. I ·~ ~ 

(50) 

cny"<Iae, 

T.e. npOH30fi,D;eT ,D;HarOHanH3ai.J;HH .HHTerpana (50) •. KpoMe TOrO, KaK QYHKUHii 

$%- ll <-&'111 ., TaK H <i>YH~UHH ~ H t$~· 'OTHOCHTC.II K O.,!l;HOfi H -TOfi lKe 

'<IaCTHI.J;e i ,!l;BHlKYmefiCH. ~no KnaCCH'<IeCKOfi · TpaeKTOpHH, • KOTOP'J.H peanu3yeTC.II 

C KOHe'<IH09: BepO.IITHOCTbJO; HO 3TO. 3KBHBaneHTHO paBeHCTBY ·f=jl , T.e •. 

,D;HaroHann3au;uH HHTerpana ·(50). Y"<IHTb1BaH npHBe,D;eHHble apryMeHTb1, Heooxo-

,!l;HMO npHHHTb ¢opManbHOe COOTHOmeHHe 

'ID"fi} fo-ff'J= no-(j} ~(f'- f).· - (51) 

Bo Torna· 

/!~"/;?/ jt1f ns-tf)':rltr~·x;9,-~r;ll~tf;~9;-t;~l'/. . , ··.... . ... I (52) 
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Hnu, BCITOMiiHaH COOTHOmeHue (7), 3anHllieM: 

·/r-0011-jdJ IZc{J)PrS;f;?/~•171/. (53) 

~YHKUHH (53) npe,D;CTaBnHeT C060fi THnH'<IHYIO ¢YHKUHIO nnOTHOCTH BepO.IITHOCTH 

¢H3H'<I~CKOfi KHHeTHKil /
4/, Y~OBn~TBOP~JOmYIO O,!l;HOpO,!J;HOMY ypaBHeHHIO rrepeHbCa 

Eonbi.J;MaHa (8), '<ITO H nO,D;'!epKHBaeT npHeMneMOCTb COOTHOllieHHH (51) .) 

7' , Hafi,D;eM: HHTerpHpY,.II ¢YHKUHIO (53) no HMnynbCaM 

~~ I.P ~~, a-+- . 
n(t1 r 1 = Jt (t,r; 1 1 df' = 

=foJ~[f!)Lxf~~~~+~1!J-_ ~x;>f rt?-/ttd~-XJ7e:z. 
~ . .:!ldj!cf,+.f?-- . 

B 06me'M cnyqae BenH'!HHa. of,. MO;KeT 6b1Tb ¢YHKU:nefi 'nepeMeHHbiX 1. 
HOCTb ITOTOKa '<IaCTiii.J; Tenepb MOlKHO 3aiTHCaTb B BII,D;e: 

J =nti-; 11~=;, /?I tt;0TJct3E 

(54) 

IlnoT-

. # jd}ttc[JJ(~+j'ltz:J~a:<tjfr{J-{);..t+f~!l-ff-
1551 

. (~- Jitot't:'-X}Jat * -c'X;?j_= s . .• . 
' at a;..t- -1-4 . 

... . - :::t;, 
3,D;ecb cnna F (f;j) - ¢YHKI.J;HH MaKponepeMeHHbiX J ={X /':I/ .. TaKnM o6pa3oM, 

B·MeCTO nOKanbHOrO COOTHOllieHHH (39) B03HiiKaeT HHTerpanbHOe ypaBHeHHe (55: 

Ecnn B COOTHomeHHH (55) npeH.e6pe'!b 3aBIICHMOCTbiO CHnb1 OT MaKpOnepeMeHHbiX 

j , a TaK>Ke, aHanorn"<IHo (32), nonoJKHTb 

. ' . . --;.. --
IZ.r(f/ ~t.;r:r7JF'(sP~9';/ (56) 

TO CHOBa npH,D;eM K COOTHOlliCHHIO BH,D;a (39), .H3 KOTOporo cne~yeT ypaBHeHne 

JIOH,!l;OHOB·. (46). BCTPY,!l;HO BH.I(eTb, ''<ITO H3, COOTHO!IICHHH (55) Cne,D;YIOT ypaB-
. . . . /3/ 

HeHJIH T>fiTa Ilnnnap,D;a, a TaKJKe PefiTepa H 30II,!l;XeHMepa_ · •. O.nHaKO KOHKpeT-

HbiH BH,!l; ypaBHCHHfi, BblTeKaiOI!IHX H3 (55) , 6y.neT CYI!ICCTBCHHO OTnH'!aTbCH 

OT TOnbKO '<ITO ynOMHHYT~X, COXpaHHH npH 3TOM HX CMb1Cn. 

.· 
3aKnJO'leHi1e 

YJKe ·nMewmnecn TeopeTH"<IeCKHe pa3pa6oTKn; npHMCHHeMble ,D;nH cHcTeMa

TH3au;nu 3KCnepHMCHTanbHblX ,D;aHHblX 0 HDneiiUHX CBepXTeKy"!eCTif If CDepxnpo

BO,!l;liMOCTH, noKa3biBaJOT, '<ITO MaKpOCKOITH'lCCKaH DOnHOBaH QYHKUllH ,D;alKe 

B npocTefirnnx nocTynnpoBaHHblX ¢opMax no3nOnHeT 0CMhiCJll!Tb HeMano Ha6mo-
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,·'."' _ ..... 

,naeMbiX npoi.J;eCCOB. NaK~OCKOnll~eCKHe BOJlHOBble <jlyHKI.J;llll otimero BH,IJ;a Y,IJ;OB

JleTBOpHlOT ypaBHeHHHM ( 15} ll .( 30} 1 KOTOpble O,IJ;H03Ha'l:HO COOTBeTCTBYIOT 

ypaBHeHHIO ( 11} ll HCXO,IJ;HOMY ·ypaBHeHHlO '....( 1} •. KOHKpeTHOJe BapHaHTbl BOJlHOBblX 

<jlyHKI.J;HA:, npHBe,neHHble B ,IJ;aHHOA: patiOTe,. nOKa3blBaiOT 1 'ITO OtimaH CTPYKTypa 

MaKpOCKOriH'l:eCKHX BOriHOBblX <jlyHKI.J;llA (13}, (29} ll (17} BnOriHe·p~aJlbHa. 
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JlyLU~KOB 8.1!1:, CasenbeB A. E. 
KsaHTOBo·i<I-1HeT~IfecKaA 41YHKU~A fp1-1Ha 

• ~ MaKpDCKOn~lfeCKaA BOnHOBaA 4!yHKUI-1A 

Ha OCHOBe ypasHeH~A"WpeA~Hrepa, o6c 
BOMy npocTpaHCTBy 60nbl,lMaHa ~ npHBeAel 
B3a~MOAe~CTB~A Ten C BaKyyMOM, npe,~tn 

K~HeT~IfecKo~ 41YHKU~~ fp~Ha lit MaKpoc 
Ha~AeHa KBaHTOBO·K~HeTHifecKaA 41YHKUHI 
CTBa AB~>KeHHA .OTAenbHOH lfaCTHUbl, TaK 
C~CTeMbl. Ha :noi1 OCHOBe ycTaHo~neH 06LU 

soi1 41YHKU~~- PaccMoTpeHbl HeKOTOpble If< 
KOH sonHoso~ 41YHKUHH, ~3 KOTOpbiX cne,~: 

· pDCKOn~lfecK~e BOflHOBble 41YHKUHH, anrc 
"~.:: ieoj)I4M':·~aepxTeK~~ri-t · . ..,. ceepxnpo~AMIII 

JlOHAOHOB W HenoKanbHble ypaBHeHII'IA T~r 
Mepa. PaccMoTpeHHe npaseneHo AnA 6oJe-c• 

Pa6oTa BbmonHeHa B Jla6opaTopHH Hei11 

, C~6~aJHe 06-be.nHHeJJHoro HHCTHTyTa II.D.• 

. nepeBOA aBTOpDB 

Lushchikov V.I., Saveliev A. E. 
Quantum-Kinetic Green Function 

·and Macroscopic Wave Function 

· On the basis of Schrodinger equation, g' 
space and brought into correspondance with 
action with vacuum, the equations for quantL 
roscopic wave functi.on are proposed. The 1 

· found, which takes into account both the m 
• de and the. collective char;cteristics of the sy: 

of macroscopic wave function isestablished.S 
wave function are considered from which fol 
wave functions, the algorithm of quantizatio 
fluidity and superconductivity ·and in par1 
non local equations of the types of Pippard, 
ment is done for Bose-systems. 

The investigation has been performed at · 
JINR. · 
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