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06~ASI XAPAKTEPHCT'1KA PA60Tbl 

AKTyanbHOCTb TeM.bl . 

CKBVl,[l,b1 (SQUID-Superconducting QUantur;n Interference Devices) 

cnoco6Hbl AeTeKrnpoeaTb" OTAeJlbHble Yacrn KBaHTa MarHIIITHoro n0TOKa, e . 
TO epervrs:i'' i<aK caM KBaHT MarHI/ITH0ro nOTOKcl MO)l(eT COOTBeTCTBOBaTb O'leHb 

ManeHbKIIIM · MarHIIITHblM nons:iM. Bo3M0)l(Hocrn TaK111x np1116opm:i, ~orqpb1e 

pa3pewa10T KBaHT MarHIIITH0ro noT0Ka BeAYT K pa3BI/ITI/IIO 

BblC0K0'lYBCTBIIITeJlbHblX AeTeKTIIIPYIOUJ,IIIX CIIICTeM. 

Bo3MO)l(HO, YTO 0AH0A 1113 caMblX oYeBIIIAHblX c111creM noAo6Horo 

P0Aa SlBJlSleTCSl MarHI/ITOMeTp, K0TOPblA np111 rino~aA~ KO.llbL.ta 1 CM 

cno~o6eH pa3pewaTb K~aHT noroKa c TOYHOCTb~ AO 10-3, '!TO 

~KBIIIBaJleHTHO pa3peweHI/IIO MarHIIITHOro ~()JlSl 10-i4 Tn (10·10 raycc). .Ao 

I/IX OTKpblTI/ISl caMblA YYBCTBI/ITeJlbH_blA nj:m6op '' 6b;.ri py6111AllleBbl'1 

MarH111ToMeTp, pa3peweH111e K0TOporo nops:iAKa 10-9 Tn. YYeHble 111 

lll~~~Hep~I 1113 pa3HblX 0611acre'1 pa3pa60TaJ11/1 PSlA nplllJlO)l(eHIIIA AJlSl 

ceepxnp0B0ASlUJ,eA MarHIIIT0MeTpllllll. 

HaYIIIHas:i c 1970-x rDA0B yYeHble nOJlb3YIOTC~ ' B na6opaTOPHblX 

111cc11eA0BaH111s:ix cep111'1Ho BbmycKaeMblMIII CKBVl,lJ,-MarH~To.~erpa~~­

nacc111eHoe noBeAeHllle MHOrn~ M~TeplllaJJOB 6b1'11~~ tccneA~BaHO C 

n~M~W,b!O CKBVl,[l,oe. B HaCT~s:iw,ee epeMSl CKBVl,[1,-Ma~HI/ITO~eTpb; ~rpatOT 

Ba)l(HYIO P0Jlb B I/ICCJleA0BaHIIISlX ceepxnpoB0ASllll,IIIX MaTep111anoB. C I/IX 

noM0UJ,blO 1113Meps:iercs:i KJJIOYeeoe ceepxnpoeoA~w,ee ce~Acreo: 
• ·: "';,, • < 

Alllaiy,arHeH13M BblC5)!(0TeMneparypHblX ceepxnpoB0AHIIIK0B. 

O,D,HclKO, caMblA 60JlbW0'1 I/IHTepec B ceepxnpoB0ASlUJ,eA 
. •· . . . -

MarHI/IT0MeTpllllll COCTOI/IT ,, B nplllJl0)l(eHIIISlX BHe 11a6opa-rop111'1. '. 3,a,ecb 

CKBi,1,D,~1. Haw11111 i~11-b1'1 ·cneKTp np111MeHeH1-1'1, ·1-1aY111Has:i c 1113MepeH111'1 

reonornYeCKI/IX 1/13MeHeH111'1 BHYTPIII 3eMH0A K0Pbl Ill · K0H'laSl 1113yYeHl/leM 

aKTIIIBH0CTIII rDJl0BH0ro M03ra (MarHI/IT03HL.tecpanorpaq>11s:i). OAHO 1/13 caMblX 

nepcneKTIIIBHblX ' np111J10)l(eH111'1 CKBVl,[1,-MarHIIITOMeTpllllll SlBJJSleTCSl 1101/!CK 

noJJe3HblX IIICKonaeMblX. H".1 CAHO 1113 nplllJlQ)l(eHIIIA He o6ew,aeT np111Hecrn 

6011bwe nonb3bl YenoeeYecrny, YeM 6111011ornYecKoe np111MeHeH111e: 

ceepxnp0B0ASllll,l/le MarHIIIT0MeTpbl e 6Jllll)l(a'1weM 6YAYW.eM o6ecneYaT 
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I. 

Hex1-1pyprwiecK1-1e A"1arHOCrn4eCK"1e npoueAYPbl, KOTOPble SIBmllOTCSl 6011ee 
. . . . 

6blCTpblM"1, 6011ee TO4HblM"1 1,1 6e36011e3HeHHblM"1. 

no 3T"1M np"14"1HaM SlCHO, 4TO OA"1H "13 KJll04eBblX nyHKTOB 8 

no11y4eH1-11-1 11y4w1,1x pe3y11bTaTOB sisnsieTcsi yse111-14eH1-1e c1-1rHa11a CKBLll,aa 1,1 , . . 
y11y4weH"1"1 OTHOWeH"1Sl C"1rHM-WyM. nsiTb JleT TOMY Ha3aA 6b1Jl0 

3KCnep1-1MeHTallbHO AOKa3aHO, - 4TO HOBblVI np1-16op, a "1MeHHO 
:. . .·. . ' : 

BblCOKO4aCTOTHblVI (BY) ABOVIHOVI (.a) CKBLll,a 1-1MeeT HaMHoro 6011ee 
• • - > 

BblCOK"1VI BHeWH"1VI_ c1-1rnan, 4eM Tp·M1-1u1-1OHHblV1 BY-CKBLll,a, 1,1 nosrnMy ero 
.. ,"- " ' - . . '· ~ 

MO)KHO ycneWHO i,,cnOJlb3OBaTb 8 MarH"1TOMeTp1,11,1 BMeCTO O6bl4HOro BY-

CK~~.aa. 3m HososseAeH1-1e He cneAyeT oco6o c11o~Hb1x H3MeHeH1-1vi a 

annapaTYpe. Tenepb o4eB"1AHO, no4eMy ta~ sa)KHO TeopeT1-14ecK1-1 

BblSlCH"1Tb, KaK pa6oTaeT 3TOT HOBblVI csepxnpOBOASlll.\"1VI np1-16op 1,1 no4eMy y 
' - . !' . • 

Hero TaKOVI BblCOK"1VI BHeWH"1VI c1-1rHa11. 

_C APYr0VI CTOPOHbl, HeAaBHO TeopeT"1K"1 "1 3Kcnep1-1MeHTaTOpbl CTa111,1 
·l ·, ' _<, - • , • 

YAellSlTb 6OJlbWOe BH"1MaH"1e 8O3AeVICTB"1IO wyMa Ha c11a6b1e 

csepxnposoAS1w.1-1e KOHTYPbl T.e. KOHTYPbl, · cOAep)Kaw,1-1e c11a6b1e 'casia'~. 

Tai<aro po,ri.a "1~CJleAOBaH"1Sl "1M8IOT 60JlbWOe 3Ha4eH"1e CaMl-1 n'o ce6e, "1° C 
' ' - ' . ' . ..~ - . 

TeXHOJlOrn4eCKO~ TC>4K"1 3peH"1Sl, TaK Ka!( ()Hl,1 ycrnHa~J1"1BalOT np~Aell 

4yscTB"1TeJ1bHoc-i1-1 Ta.K1-1x np1-16opos, KaK H~np~Mep CKBL'1,ab1. nocne 

OTKpblT"1Sl. BblCOKOTeMnepaTYPHblX csepxnpoBOAH"1KOB "1 8O3MO)KHOCT"1 . "1X 

1-1cno11b3osa~1-1si AJlSl co3~aH1-1si CKBLll,aos, · pa6ornt0w,1-1x ~ )K"1A~OM re111-1. 1-1, 
~. .,. . ' - - - . " . . . . 

srn npo611eMb1 .cHosa crn111-1 o4eHb sa)l(HblMl-1, Ho 6O11ee CJlO)KHblMl-1 1-1a-3a 

HO~~IX bsovicTB co6CTBeHHOro wyrvia '~T"1X ~sepx~pOBOAHl-11<08 1-1 nos~i~~~l,1Sl 

pa6o~eVI ;eMn~paryp~~ 'AO 771<, 4TO np"1~0A"1T • ;K .. 60JlbWOMY ypOBHIO 

T~PM"14~CKoro ~;Ma. K CO)KaneH~IO AO ci,,x nop .. cyw,ecTByeT TOJlbKO 
• • • ,. ' . - ' •· ! 

HeCKOJlbKO no11ys_Mn1-1p1-14eCK"1X. Te,opern4eCK"1X MeTOAOB, nblTal0~"1XCSl 

BblSlCH"1Tb srn npo611eMbl. . nosrnMy 8 3TOVI 0611acT~ "1CCJleAOBaH"1VI . 

Tpe6yeTCSl: cl>YHAaMeHTallbHO HOBblVI nOAXOA (B 3TOVI AfllCCepTal..\"1"1 

np~AJlO)KeH 4"1CTO .CTaT"1CT"14eCK"1VI MeTOA), cnoco6Hb;VI AOn~JlH_"1Tb 

cyw,ecTBy10ll.\"1e Teop1-11-1. 

2 , 

, ... 

'-'enb AHCCepTal!,HH 

1. Teopern4ecKoe 1-1cc11eAosaH1-1e noseAeH1-1si c1-1MMeTp1-14Horo 1-1 

ac1-1MMeTP"14Horo BY .a-CKBLII.Qa. 

2. TeopeTi-14eKoe "1CCJleAO;aH"1e 803AeVICT8"1Sl wyMa Ha pa6OTY -

TPMl-1U"1OHHoro BY CKBLll,aa. 

Hay~HaR HOBH3H3 pa60TW 

nepsasi 4aCTb A"1CCepTal..\"1"1 snepBble paccMaTp"1BaeT T04HOe 

rnopern4ecKoe 1-1cc11eAosaH1t1e. c1-1MMeTp1-14Horo BY .a-CKBLll,aa (T.e. 
,. ,,. . 

TpaA1-1u1-1OHHblV1 BY-CKBLll,a, a KornpoM sMecrn c11a6ovi cssi31,1 

1-1cno11b3yeTcsi c1-1MM.eTp1-1YHb1vr nT-CKBl,1.a). Teopm1 ocHosaHa Ha 

KOMnblOTePHOM MOAeriiilposaH~k KOTOpoe 4"1CJleHHO. pewaeT. ciilc:TeMY-AByx 

Tpaiicue~AeHTHblX · ypasH~H1-1vi, 0~1-1c1,1Jat0ut1-1x Ai1HaM1-1KY ci.-1cTeMb1 . .ao c1-1x 

nop 8 Jl"1T~PaTYpe' cyw,ecTBOBalll-1 TOJlbKO- i,p1,1611~3"1TeJlbHble' Teopern4eCK"1e 

1-1ccileAos~i.u1si (ocHosaHHbl~ Ha 'npeAnOJ1~)KeH1-1~. np1-1BOASJUJ,eM c1-1cTkt.1y' 

AByx TpaHCUeHAeHTHb;X y~a-~HeH,"1VI K C"1CTe~e ,cieyx Jl~~~VIHbiX ~paBHE3H~~). • 

KpbMe· srnro ,,snepai,,e npe,ci.no)KeH. HOBbl~ rnn • BY \ci~CKB~A: 

•. ac"1_MMeTp"14Hbl~. P~bcMa;pi,,s~IOTCSl o6a ~i,,na ·ac"1MM~Tp"1"1: pa~;~ob~b 

Me)l(Ay Kp"1rn4eCK"1M"1 TOKaMl-1 AByx CJla6blX CBSl3eVI "1 'ac~MMe~p"14HOe 

TOKOBOe ~"1T~H"1e nT~CKB~.aa. KaK '1-1 8 C:JlY4;e C"1MMeTp"14HOro BY .a~ 
. • • q - _. •• --- • ~.,-- • . ~ 

CKBLll,aa TeopeTH4eCKOe paCCMOTpeH1-1e OCHOBaHO Ha 4"1CJleHHOM 'peweHl-1"1 

c1-1cT~Mb1 -~~yx' ipaHcueHA~HJ"H~1x: ypasHe~1-1vi, . on1-1cb1~a~uli-,x A~HaJ~KY · 

c1-1cTeM~1. Bnepsb1~, rnope~1-14e~K1-1 AOKaa~Ho, 4TO BY A-CKBl,1,a ;;,~~~T 

661Tb 1-1cno11_b3osaH K~~ aMn111-1~,o,HblV1 MOAYllSl!OP MarH"1THOro norn~a. '· 

Bo srnpovi 4acrn A"1.cceprnu1-11-1 snepeb1e AaHo 4eTKoe 
--.· ' •"• ' , -

rnopern4ecKci'e '~cc11eA0BaH1-1e noseAeH1-1si TpaA1-1u1-10HHoro BY-CKBl,1,aa c 

Y4;T~M BO3A8Vl~TB"1Sl wyMa. np~AJ1araeMblVI Teopern4eC~"1~ 'JeTO~ (41-1~;0 
,- . ' ' , '; ' ' ;___ - - ,, '; ' ,. 

crnrncrn4eCK"1VI) OCHOBaH Ha 8O3MO)KHOCT"1 np1-1MeHeH"1Sl MeTOA"1K"1 
. • l. ; _.,,· ! - ' .·; .··-· _·, ( , " 

MapKOBCK"1X npoueccos, a _ 4acTHocrn ypasHeH1-1e ¢OKKepa-n11aHKa-
~ ""' - .. : / ·,' ~ - . . . 

Ko11Moroposa • .ao C"1X nop 3Ta npo611eMa 6b1Jla "1CCJ18AOBaHa HeCKOJlbK"1M"1 

TeopeT"1KaM"1, KOTOpble np1-1MeHSlJll,1 8 OCHOBHOM no11ysMn1-1p1-1~eCK"18 

MeTOAbl. Teop1-1si, npeAJ1araeMasi a A1-1ccepTau1-11-1, paccMaTp1-1saeT 
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seposiTH0CTHble npo~eccb1, npo1,1cx0AS11.J..\"1e so speMsi pa6oTbl BY-CKB1t1Aa, 

6e3 KaK"1X-Jl"16o. annp0KC"1Ma~1,1£1 1,1 AaeT Ha~60JlbWYIO "1Hct,0pMa~1,110 0 
•"'.., . , • ,~ • • , - • t . ' ~ • • 

noBeAeHl,11,1 TaKoro PMa C"1CTeM. 6onee Toro, 0Ha no3B0J1SleT 

paccMaTp"1BaTb pa3Hble _"1CT04Hl,1Kl,1 wyMa '1,1 ~CCJleAOBaTb 8Jll,1SIHl,1e Ka)t(Aoro 
," ' • . ,t. ' I\ ~ • • , ~- ' '·' 

1,13 H"1X Ha pe)l(l,1M pa60Tbl. 

npaKTH'feCKaH H0BH3Ha pa60Tbl 

Teop1,1si BY. A-CKBltl,[l,a, pa3s1,1rnsi s, nepsoti Yacrn A"1Cceprn~1,11,1 

no3so11sie~· ~npep,ensiTb (OTH~C"1TeJlbHO Ye~bipex era n~paMeTpos) Tp1,1 

KaYeCTseHHO p~3H1:>1x pe)l("1Ma pa6oTbl. · .Qnsi K~)t(Aor~ 1,13_ H"1x. nposeAeHa 

on~"1M"13a~"1SI ~1,1CTe~bl, pa60TaJOLLteti Ka/ "1HCTpyMeHT AJlSI ~4~Hb ;O~Kl,1X . 
• :--: , , L . < k-j • , :. ;. • ' • . ~ >- ·,; :•'-. • ~ ' • • ( 

"13MepeH1,1£1. ~onee Toro noKa3aHo,. 4TO A-CKB1t1A,pa60Ta101J_\1,1£1 s 0AH0M 

p~)l(~M·~ ~0)1(8T nepeKJlJO'laTb~~ (c, 1,13~eHeH~e~ nOCTOSIHHOro MarH"1T~Oro 

noTOK~
1

' sc;ro • -~~·wb ~a . nono~~-HY : ~~~H,Ta) .:~ \1,1He~Horo ~ose~eH1,1si · 

o;~oc~~e~bJo so~6~eH1,1~ BY,~ar~"1THor~· n~~o~a K ~e~·1,1HeviHo~y. '3;0 

ct>YHAa~~HTruii:H~. HOB~SI 4ep~a noB~AeH"1SI 'ci<s1,1,d~. K~To~asi .8 6YAYIJ..\eM 
,t;,, '•'.•· -~i.' k• a ),,S" ~•'•,< •.• ,-•,, "': 'i,,•• •t ;-• > •~ • : ' '; 

MO)KeT Hatirn _MH0ro np1,1MeHeH"1ti. B A"1CCepTa~l,11,1 AaH TOJlbK0 0A"1H 

nJ~M~p: · BY ;h-CKB1t1A, ·· pa6oT~~IJ..\"1~ ''KaK aM~11-1,1ryAHb1ti M0Aynsirnp 
- ' ' • • ·,•> • '. ,; -, :·i 

MarH"1TH0ro n0T0Ka. 

Teop1,1si, pa3s1,1,-asi· · so BTOpoA· Yacrn A"1cceprn~m.; (TeopernYecKoe 

1,1ccneAOB~~1,1e BY-CKB~Aa ~ YY~TOM · B03A~ticrn1,1si wyMa) .AaeT HaM 
- (J. • • • , . '( ~-.: ':~ .¥ \; ' ,·,;. ,:- .:- ' 

"1HCTpyMeHT, n0380JlSIIOIJ_\1,1£1 paccMaTp"1BaTb pa3Hble "1CT04Hl,1Kl,1 wyMa 
. • .•. • ' '.. . : •. ,:.... • . • • . • • ·,:·., • I .' ,; 

(co6c,:seHHb1ti Ll;lYM CKB1t1Aa, npo1,13soA"1Mb1vi c11a60£1 . CBSl3bJO, BHewH1,1e 

"1CT04Hl,1Kl,1. wy~a (H~np1,1Mep WYM KOJle6aTeJlbHOro K0HTypa ,"1111,1 BX0AHOti 
' ; .: : : . ; ., ::_, ·:\•i:' :· ,. . '> 

wyM yc1,1111,1Te11si)) 1,1 1,1ccneA0BaTb s111,1siH1,1e Ha pe)l("1M pa6oTbl BY-CKBlt1Aa 
• ; • ,''- • • • ' • •, -, • I '._,. ~ ' •• ~.- • 

AJlSI Ka)KA0ro ·. J..13 H"1X. 3TO none3H0 AJlSI BblSICHeH"1SI Toro Ha KaK"1X 

l,1~TOY~~k~ ;~~Joe. H~H0 CKOH~eHTp1,1poiian; 1,1'cc~~~OBaH"1SI, . 4T06bl 
' • • .- • > •, - • 

noJ1Y4"1Tb Ha"1BblCWee 3Ha4eH"1e . AJlSI 0THOWeH"1R C"1rHan~wyM 1,1 AJlSI 

onpeAeJ1.eH1,1si' .n~~Aen~Hoti 4YBCTB"1TeJl~Hocrn TaK1-1l np1,16opos ·,(1,1M~H~o 

TeX, ~(?TOpble pean~30BaHbl' 8 TeXHO.noriil1,1 BTCn). 
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Anp06a1"HH pa60Tbl 

OcH?BHble pe3y11bTaTb1 A"1Cceprn~1,11,1 A0KJ1Mb1Ban1,1cb Ha ceM"1Hapax 

Jla6oparnp1,11,1 HetiTp0HH0ti <D"13"1Kl,1 "1M.<t>pa1;1Ka O6beA"1HeHHoro. lt1HCT"1TYTa 

s:!AepH~1x ~ccneAOBaH1,1£i (Ay6Ha, Pocc1,1si), · lt1Hcrn'TYTa ATOMHb;VJ ¢1,131,1K1,1~ 

lt1HCT"1,yT <D"131,1Kl,1~ 1,1 s:!AepHblX TeXH0J1Qr"11,1 (6yHapecT, PyMblH"1~). , Ha 
. . • . I , 

Me)t(AyHapOAHblX C0BelJ_\aH"1SIX "Forum. on new Materials-Eighth CIMTEC"' . . . 
<1>11opeH~1,1si, lt1rn111,1si, 1,11011b 1994, "Nonlinear Superconducting Devices and 

High Tc Materials", Kanp1,1, lt1rn111,1si, 0Krn6pb 1994. 

ny6nHK31"HH H o6~eM pa6oT~ 

A1,1cceprnu1,1si cocT0"1T 1,13, YeTb1pex mas. OHa C0Aep)l(1,1T 114 

CTpaH"1~ TeKCTa, .. BKJll04aJOIJ_\ero 28 p1,1cyHK0B, 2 Ta6J1"1~bl 1,1 cn1,1coK 

Jl"1TepaTypbl 1,13 39 Ha"1MeHOBaH"1£1. 

COAEP>KAHHE PA6OTbl .. , 

B rriaee 1 paccMaTp1,1saeTcsi MexaHJ.13M 1,1 pa6orn 0AH0ro KJ1acca 
'," -,-.•-,· s ' ',. ' ' '.~.: -,..: 

(BY) CKB1t1Aos_ 1,1cxoAS1 1,13 ocH0BHblX csoticTB csepxnpcisoAH"1KOB. 

B rnaee 2 np1,1seAeH pacYeT, on1,1cb11ia101J_\1,1£1 noseAeH1,1e 

C"1MMeTp"14Horo A-CKBltl,Qa, \.e. BY-CKB1t1A, s KornpoM C"1MMeTp"14Hblti 

nT-CKBltlA \1cnOJ1b3yeTCSI ~Mecrn' c~~6~£1 CB~3"1. AoKa3aHo; 4TO 8 cnyYae 

C"1MMiTP"1YH~ro. BLi A-CKB1t1Aa 13 hpornsono.nO)l(HQCTb_ TPMJ..1~1,10HH~MY. BY~ 

CKE31t1Ay . "13MeHeH"1e BX0AH0ro C"1rHaJla MarH"1TH0ro nOTOKa, K0TOpblti 

no,D,Jle)l(~T "13MepeH"1IO Ka'leCTBeHH0 MeHsieT noBeAeHi1e C"1CTeMbl 1,1 AaeT Ha 

BblXOAe Ha_MHOro 6011ee BblCQKl,1VJ C"1rHa~.' ivisi 'c11Y4a~ K0rAa COOTH0WeHl-1~ 
Me)t(Ay reoMeTj:m4eCKl,1M napaMeTp0M y 1,1· napaMeTpOM . 13 ciia6oti . CBS131,1 

"1Meer 1<0HKpernb1ti B"1A; npeAJ1o)l(eHHb1ti s A~ccep1a~1,11,1, 6b111a· sb1Y1,1c11eHa 

sct>ct>eriJ.1sHoCTb, CKB1t1Aa:' YY"1Tb1sasi noA06HoCTb pe)l(1-1M6s . pa6oTbl 

ABO ti Hom 1,1' Tpa,o.1,1i..t1,10HHOro BY-CKB1t1Aos MO)l(HQ. o~eH"1Tb npeB0CXOACTBO 

Hosoro CKBl-1A-np1,16opa. Y4"1Tb1sasi Apyroe Yaci'Hoe coornoweHJ.1e Me)t(Ay y 
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1,1 13 6brno noAYepKHyro, YT0 oco6eHHOCTb c1t1MMeTp1t1YHoro .D,-CKBIII.D,a 

KaYecTseHH0 MeHHTb csoe noseAeH1t1e (oT cnyyas:i c rncrepe31t1COM K cnyYalO 

6e3 rncrepe31,1ca) Tpe6yeT TIJ..laTenbH0ro BH1t1MaH1t1H K Bbr6opy era 

napaMeTpos. KoM61t1H1-1pyH am reopernYeCK1t1e 3aKnK>YeH1t1H . c 

a1<cnep1,1MeH.Tanb~blM'1. pe3yni.i-araMIA, no.rtyYeHHblMIA K °C8roAHH';"HeMy AHJ?, 

MO)K~d CAenaTb BblB0A, '-IT0 a'ia H0BaH Hen1t1Heri1HaH ·. CIACTeMa IAM8~T 

xopoui1t1ri1 flOTeHti1t1an AnH AanbHeriii:u1t1x np1t1M~H8H1t1rii 1,1. nOAX0AIAT An~ TO~KIAX 

lt13~epeHIAri1. 

B rnaae 3 TeopeT1t1YecK1t1 paccMaTp1t1saeTcH noseAeH1t1e 

ac1t1MMeTp1t1YHoro .D,-C~Bl/1.D,a s cynepno31,141,11,1 BY 1,1 nocT0HHHoro 

MarH1t1THblX nonerii AnH scero cneKTpa ero napaMeTpos (a,l3,y,3). TaK KaK 

npaKTIA'-18CKlt1ri1 IAHTepec KacaeTCH np1t16op0B C 13 > 1, TC) 3TO 1,1 6brno 

8AIAHCTBeHHblM orpaHIA'-1(3,HIAeM, KaCaf?IJ..l8MCH napaMeTpos. . 1/1 TaK, 

paccMaTp1t1Banocb B03M0)l(HaH pa3H0CTb Me)t(Ay Kplt1Tlt1'-18CKIAMIA T0KaMIA AByx 

cna6bi~ CBH3eri1 (Yepe3 a) , .. IA . ab~MM8TPIAYHblM TOKO~blM n1t1TaH1t18M nT-

CKBl/1.D,a (Yepe3 8). O6cy)t(AaeTCH 0'-18Hb IAHTepecHOe CB~riiCTB
0

0 3TOri1 

CIACTeMbl C ABYMH K0HrypaMIA KBaHT0BaHIAH M8HHTb csoe noBeA8Hlt1e B 

cynepno31,141,11,1 BY IA noCT0HHH0M MarHIATHblX noliHX B 3aBIACIAM0CTlt1 OT 

3Ha'-18HIAH ero napaMeTp0B. B 3as1t1Clt1M0CTIA OT HIAX cy111ecTBylOT TPIA 

cne41t1¢,1t1'-1HblX pe)KIAMOB pa60Tbl: "a", "b", "c". B TpeTbeM pa3Aene 6brnlt1 

HariiAeHbr Kp~rep1,11,1 _·AnH onpeAeneH~H rnna pe)K1t1Ma. ,lJ,nH Ka)t(Aoro Ta~oro 
. . . . . . . ' 

rnna pe)K1t1Ma pa60Tb1 6brn 1t1ccneA0BaH rnn1t1YHbrri1 np1t1Mep: "a"-(0, 20, 200, 

0.5), "b"-(0.5, 20, 20, 0.5), "c"-(0.2, 20, 5, 0.5). ,lJ,nH nyYwero n0HIAMaHIAH 

st1t1HH~-rn Apyrnx napaMeTpos, 13 6pancH 0AIAH 1,1 TOT )1(8 (20) AnH scex 

np1t1Mepos, scneACTB"1e Yero noBeAeH1t1e C"1CT8Mbl 0A"1H8K0B0 AnH scex 
, • <,-. - • ' • ; • 

pe)Klt1M0B np1,1 4enblX 3Ha'-18H"1ri1 KBc!H.T0B MarH"1TH0ro noTor<a (pa3Aen ~-1 ). 
KaYeCTB8HH0, ~apaMeTp~•, ac,1t1M~e_i:p1t11t1' a . "1 8. "1M8IOT 3K!3HBaneH~H~e 

Bn"1HH"18 Ha n0B8A8H"18 .D,-CKBl/1.D,a "1 T0nbK0 B p8)1("1Me pa60Tbl "c". 

noaTOMY, .AnH cpasHeH1t1H, paccMaTp1t1sancH rnn1t1YHb1ri1 np1t1Mep (0, 20, 5, 
"~ . ; . ' . ' . . . '. - . ·- .,, 

0.5) AnH C"1MMeTplt1'-IH0ri1 C"1CT~Mbl, pa60Ta10111eri1· B. 3TOM.)1(8, pe)K1t1Me.:_:.D.nH 

APYrlAX 3Ha'-leH"1ri1 napaMeTp0B KaYeCTBeHH0e npeACTaBneH1t1e. noB8A8Hlt1e 

.D,-CKBl/1.D,a 6yAeT OAH"1M ~3·;pex aHan1t1~1t1pyeMblX. 8 pe)K~~e pa60Tbl "a" C 
. ' . ·'. , ' . ' '. ··• 

"13M8H8H"18M "n0CT0HHH0ro" (MeAneHH0 lt13M8HHIOIJ..l8r0CH MarH"1TH0ro 

n0TOKa n0B8A8H"18 C"1CTeMbl nepex9A1t1T . "13 Hen1t1Heri1Hori1 . (n0CT0HHHblrii 

6. 

\~ 
1, 
I 

q 
·l 

n0T0K paseH 4en0My '-11t1cny KBaHTOB) K n1t1HeriiH0ri1 (nOCT0HHHblrii n0TOI< paseH 

nony4en0My 41,1cny KBaHTOB) no OTHOUJ8Hlt1IO K BY B036y,t<AeHIAIO. 3TO HOBOe 
. - . .,_ •').- '· ·- . 

. 0'-18Hb 11HTepecHOe CB0riiCTB0 BY-CKBl/1.D,os, K0TOpoe MO)KffT HariiTIA 

npi-iMeHeHIAe 's 6YAYIJ..leM. KaK lt13B8CTH0, AnH TPM1t141AOHH0ro BY-CKBM.D,a 

aT~T "riepe~oA M0)KH0 CAenaTb ronbK0 3a c:YeT 1t13MeHeHi-1Sl · sen1t1Y1t1Hbl 

napaMeTpa 13 OT l3>f AO 13<1.· B pa3Aene 7 npeACTasneHO OAH0 H3 3Tlt1X 

np1t1MeHeH1t1rii: ·• .D,-CKBIII.D,, pa60Ta10~1t1ri1 Ka~ arJrim1ryAHb1'1 MOAYnHTop 

MarHIATH0rO noT0Ka. • 

B pe)K1t1Me pa6oi'br "c" KpoMe noroKosoro nepexoAa rnna "A" 

(xopowo _ lt13B8CTHblri1 1,13 n0B8A8Hlt1H TPM1t141t10HH0ro BY_-CKBl/1.D,a) 

nOHBnHe;CH HOBblrii Tlt1n "B", K0T0Pblrii xapaKTepeH T0nbK0 AnH pa60Tbl .0,­

CKBl/1.0,a. ,lJ,nH 0601,1x ai1t1x rn~os 6brn1t1 BbiBeAeHbl npas1t1na no;oi<osb1x 

n~peXOAOB (CM. pa3Aen 4). 

B' paa.ciene 5 .. Bbl'-111CneHbl BH8WH1t1e xapaKTep1t1CTlt1Klt1 .D,-CKBl/1.D,a, 

pa6o'ra.ioiilero KaK IAH.CTpy~~HT AnH. lt13MepeHIAri1 •~ cinri-tMlt131t1PYIOTC~ o6a 

CT8HAapTHblX TIA~a ~aKa,~K~.· 6brnb TalOKe Bb;'-IIACneHO ~ai<~~~aJlbHOe 
' ::~. ., < • ; • -

reopernYeCK0e 3Ha'-18Hlt18 AnH 0TH0W8Hlt1H Me)t(Ay CP8AH"1M BHeWH"1M 

Clt1rHanoM BY .D,-CKBIII.D,a "1 TPM1t14"10HH~~o Bl.f-CKBIII.D,a, ~3 .·Yero: M0)KH0 

CAen~Tb: BbrBOA o npesocx~ACTBe Hosorii CKBIII.D,-c1t1cTeMb1. ·· 

B KoH4e aTorii rnasbr foa3AEm 6) rioKaa~Ho, YTO. cy111ecTsy10u.i1t1e 

;Kcnep1t1M~H:,anbHble AaHHble MOryT 661Tb x~powo 06b~CH8Hbl, "1Cnonb3yH 

reopernYeCKYIO pa3B"1TYIO M0Aenb. 

f • • ' • . • 

rnaaa 4 paccMa_Tp1t1saeT np1,1~eHeH1t1e n1t1Heri1Horo • ypasHeH1t1H 

ct>oKKepa-nnaHKa-KonMoropos~ (ct>nK) K T~HKorii A1t1HaM1t1YecKorii CTPYKTYPe 

nnaTo ~onbTa~nepHO~ xapa~ep1t1crnr<i1 BY-CKBIIIAa, ~03H1t1Ka10111erii '1,1a-3a 
,, . ' . ' . ~ ' . .- ·, -· ' • . . ~. ' ,_ , . ·! , 

B03Aeri1CTB"1H wyMa. Xopowo "13B8CTH0, '-ITO nnaT0 C0CT0"1T "13 cn0)KH0rii 

CTPYKTYPbl nocneA0BaTenbHblX H8Koppen1,1py101J..1"1X "1MnynbCOB, 

B036y)t(AaeMblX Tenn0Bbl_M"1. ; wyMaM"1 Kone6aTenbH0ro K0Hrypa 1,1 

OAHOspeMeHHO co6cTBeHHoro wyMa CKBIII.D,a, 3as1t1csi111ero OT noToKa. 3ra 

npo6ne_Ma 6brna 1,1ccneA0BaHa H8CK0nbK"1M"1 asropaMIA, . B 0CH0BH0M, 

nonb30BaBW"1M"1CH no11yaMn1t1pi1YeCK"1Ml1 MeTOAaMl-1 . .D,o C"1X nop asropbl 
' , ,. . ,. ·. " . . . ' 

"1CnOnb30Ban"1 M0A8n"1, B K0T0pblX H8B03M0)1(8H aHan1t1T"1'-18CK1t1ri1 n0AXOA, 

noaT0MY 0H"1 _nonb30Banl1Cb ;K~MnblOTel)HblM MOAen~posaH1t1e~. 15onee 
.. , . '.,' - '.•' '·' . . . ., ' ' _,' ',· ,~-:, ,,. 

Toro, 0H"1 paccMaTp1t1B8IOT "1AeanbHble . Kone6arenbHble K0HTYPbl 1,1 
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npeHe6peralOT eMKOCTblO A)K03ecpcoHOBCKltlX KOHTaKTOB. OcHOBHaSl 

npo611eMa COCT0"1+ B onpeAeJJe~i.11,1 BpeMeHHO~ 3aB"1Cl-1MOCT"1 n~;OKa' <l> 
' . . 

BHyrp1,1 csepxnpOBOASlUJ,ero KOJlbl.la. np"1Y"1Ha srnro COCT0"1T B B03Ae'1CTB"1"1 
• • • • < ' ,, .- •.· 

wyMa, KOTopoe np"1BOA"1T K TOMY, YTO MOMeHTbl, COOTBeTCTBYIOUJ,"1e 
I _, . ' ' ~ •• _I ; •; -, 

A"1CC"1narnBHblM' MarH"1THblM nOTOKOBblM . nepeXOA?M Me)l(~J,y 

MeTaCTa6"1JlbHblM"1 COCTOSlH"1SlM"1 "1HTepcpepoMeTpa SlBJlSllOTCSl c11yYaV1HblM"1 

~o' ~peMeH"1. TaK~Ml,1 )I(~ SlBJlSllOTC~. 1,1 MOMeHTbl ll~CJJe~oBaTeJJbHblX noTepb 

SHeprn1,1 1,1 npo1..1eccos, BOCCTaHaBJJ"1BalOUJ,"1X SHeprernYeCK"1e COCTOSlH"1Sl, 
. - . . ·:{; . '"-, 

KOTOpble np0"1CXOASlT B. KOJJe6aTeJJbHOM_ KOHTYPe, "1HAYKT"1BHO ·cBSl3aHHblM C 

"1HT~pcpepoMeTpoM'. nosioMy sepo~THOCTHb1'1 xapaKTep npo1..1e~ca <l>(t) 

Bbl3blBaeT cp11yKrya1..11,11,1 BHewHero c1,1rna11a 84-CK8~.Qa. 

3Ta rnasa SlBJJSleTCSl TeopeT"1YeCK"1M "1CCJJeAOBaH"1eM STOVI 

npo6_JJeMbl co cwrncrnYeCKOVI TOYK"1 3peH"1Sl, 1,1cno11b3ylOUJ,eM MeTOA"1KY 

MapKOBCK"1X npo1..1eccos, C 1..1e11bl0 Ha'1T"1 nJJOTHOCTb sepOSlTHOCT"1 

pacnpeAeJJeim~ P(t,<l>). ~CCJJeAyeTCSl peaJJbH8.Sl npo611eMa: ' 

1. Ha KOJJe6aTeJJbHblVI KOHTYP B03AElVICTByeT WYM, KOTOpblVI 

He06Sl3aTeJJbHO SlBJJSleTCSl 6eJJblM wyMOM; 
. . 

2. A)K03ecpcol:lOBCK"1VI KOHTaKT "1MeeT OTJ1"1YHOe_ OT HYJJSl 3HaYeH"1e 

eMKocrn 1,1 Ha Hero B03Ae'1c-rsyeT co6cTBeHHbl'1 wyM; 

3. np"1H"1MaeTCSl BO BH~MaH"1e 
1

ri'p0Jec~bl ~6MeHa_SHeprne'1 Me)l(Ay 

"1HTepcpepoMeTpOM ·~\011e6aTeJ1bHblM KO~TYPOM, KOTOpble COOT~eTCTBYIOT 
'1:-· 

A"1CC"1naT"1BHblM MarH"1THblM noTOKOBblM nepexoAaM Me)l(Ay 

MeTaCTa6"1JlbHblM"1 COCTOSlH"1SlM"1 "1HTepcpepoMeTp_a. 

~cnonb3osanocb YaCTHOe coowciwet11,1e Me)l(,[J,y Koscpcp1,11..11,1eHTOM 

B3a~MHOVI . "1HAYKT"1BHOCT"1 "K;; . ~e)l(Ay csepxnpOBOASlW,"1M KOJlb~OM i,, 

KO~e6aT~JJbHblM ~OHTYPOM 1,1 A06poi-HoCTb.lO ;,Q" Ko11~6arn11b~oro KOHTYP~'. 
• , ;· , • '. , :, I ' '· •, ~: 

a "1MeHHO: 

k(1-k 2)1/2. = 1/(20) 

KOTopoe no3~0JJ~eT Ha vim aHaJJ"1rnYeCKOe 'peweHiii~. npo6~eM~I 1,1" 3-~ll"1CaTb 

ypa.BHSH~e. YAOBJleTBOpSllOUJ,ee ' noTOK}' ''<l>(t) ; ', 6e3 ' KaK"1X~11'1,160 
. ". . '.' . . .. ' . ' . -· -- , ' . - . . ~ ... ) : : ; 

annpOKC"1Mal.1"1VI. 8 pa3AeJJe 3 no11yYeHO ypaBHeH"1e ct>nK AJJSl MapKOBCKOro 

npou.ecca/sKB"1BaJJeHTHOro <l>(t) 1,1 r10Ka3aHO Ha KOHKpeTHOM np1,1Mepe, KaK 

arn' ypaBHeH1,1e' BblrJISlP,"1T. 8, pa3AeJJe 4 on"1CblBaeTCSl HOBblVI ii,in 
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HeonpeAeJJeHHOCT"1, KOTOpaSl BMec:re C wyMaM"1 BJ1"1SleT Ha pa60TY 

CK8~.Qa. 

0CHOBHbl8 pe3ynbT3Tbl, nonylfeHHe B AHCC8PT31.1HH: 

1. 6b1110 TeopernYeCK"1 on1,1caHo noseAeH"1e C"1MMeTp"1YHoro 1,1 

ac"1MMeTp"1YHoro AB0'1Horo (.Q)-CK8~.Qa s cynepno31,11..11,11,1 84 1,1 

nOCTOSlHHOro MafH"1THblX no11e'1. P13ccMaTp"1Ba10TCSl o6a rnna ac"1MMeTp1,11,1: 

pa3HOCTb Me)l(Ax . Kp"1rnYeCK"1M"1 TOKaM"1 AByx CJJa6blX CBSl3e'1 "1 .. Me)l(Ay 

"1HAYKT"1BHOCTevi· AByx BeTBe'1 .Q-CK8~.Qa. 6b1Jl Ha'1AeH AByxMepHblVI 

nOTeHL1"1aJ1 STOVI C"1CTeMbl 1,1 ero CTa6"1JlbHble COCTOSlH"1e. Teop1,1si OCHOBaHa 

Ha peweH"1e C"1CTeMY AB'fX TpaHCl.leHAeHTHblX ypaBHeH"1VI, On"1Cb1Bal0i.u,"1X 

A"1HaM"1KY C"1CTeMbl. 8 3aB"1C"1MOCT"1 OT sro napaMeTpOB cyw,ecTBylOT TP"1 

cne1..11,1cp1,14ecK1,1x pe)l("1Ma pa6oTbl. 6b1111,1 Ha'1AeHbl · Kp1,1rnp1,11,1 onpeAe11eH1,1si ~ 

Ka)l(Aoro pe)l("1Ma. ,[l,JJSl Ka)KAOro pe)l("1M8 6b1Jl, paCCMOTpeH OA"1H. np"1Mep .. 8 
. . 

OAHOM "13 :ST"1X pe)l(~MOB ;,c "13MeHeH"1eM "nocTOSlHHoro" (MeAJJeHHO 

MeHSllOUJ,erocsi) MarH"1THOro nOJJSl noBeAeH"1e C"1CTeMbl MeHSleTCSl OT 

HeJJ"1He'1Horo (noCTOSlHHblVI nornK paseH 1..1e110My y1,1c11y KBaHTOB) K 

Jl"1He'1HOMY (nOCTOSlHHblVI nOTOK paBe!-1 no,:iy1..1e110My 4"1CJly KBaHTOB) no 

OTHOWeH"1IO K 8_4. B036y)l(AeH"1IO. \' .. 

2. 6b1111,1 BblY"1c11eHbl BHewH1,1e xapaKTep1,1crnK1,1 .Q-CK8~.Qa, 

pa6orn10w.ero KaK "1HCTpyMeHT AJJSl "13MepeH"1V! 1,1 OnT"1M"13"1pOBaJJ"1Cb o6a 

CTaHAapTHblX T"1na HaKaYK"1. 

3. 6blJ10 noKa3aHo, 4TO cyw,ecrny10w,1,1e SKCnep"1MeHTaJJbHble AaHHble 

MOryr 6b1Tb xopowo 06bSlCHeHbl, "1CnOJJb3YSl TeOpernYeCKYIO pa3B"1TYIO 

MOAeJJb. 

4. ,[l,oKa3aHO, 4TO .Q-CK8~.Q MO)l(eT 6b1Tb "1CnOJlb30BaH KaK 

aMn11"1TYAi-fblVI MOAYJJSlTOp MarH"1THOro nOTOKa. 

5. no11yYeHo ypasHeH1,1e, on1,1cb1sa10w,ee noBeAeH1,1e MarH"1THOro 

nornKa BHyrp1,1 "1HTepcpepoMeTpa AJJSl TPaA"1l.1"10HHoro 84-CK8~.Qa, 

yY"1TblBa10w,ee see B03MO)l(Hble "1CTOYH"1K"1 WyMa "1 B3a"1MHOe B03Ae'1CTB"1e 

Me)l(Ay KOJJe6aTeJlbHblM KOHTYPOM 1,1 csepxnpoBOASlUJ,eM KOJlbl.lOM. 

6. no11Y4eHo ypasHeH1,1e Cl>oKKepa-n11aHKa-Ko11Moroposa AJJSl 

MapKoBcKoro npo1..1ecca, SKB"1Ba11eHrnoro npo1..1eccy "13MeHeH"1Sl 
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MarHHTHOro noTOKa BHYTPH HHTepcpepeHUHOHHOro KOJlbUa BO speMSHH B 

'-laCTHOM cnyyae, KOrAa· Y'-IIIITbrsaeTcsi TOJlbKO OAHH HCTO'-IHHK wyMa·. 
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