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Baeoeuue 

PaccMaTpHBaeTCH npo6neMa OilTHMH3aUHH cneAYIOlllHX 

xapaKTepHCTHK OAHOKOHTaKTHhIX KBaHTOBhlX CBepxnpOBOAH -

IUBX tl>moKCMeTpOB: 

1. IIomihlU pa3Max H3MeHeHHH BhlXOAHOro CHruana Mar -

HHTOMeTpa AA. . 
2. KpyTH3Ha cHrnanLHoii xapaKTepHCTHKH y= 1-J-l · I . 
3. MHHHManhHO 0611apy)KHMhIU IlOTOK OQJ. ,. 

2rrLnl O >l) 
)];nx 06L1<Jnoro rHcTepe3Hcnoro pe)KHMa ( P= -----

¢ () 

nonyqeHhl cnCAYIO(UHe pe3ynLTaThl. B pe3HCTHBHOM cnyqae 

MaKCHManLnoe 3ngqen11e 

" L nC T 

rAe cl>YHKUHH A k( r) HMeeT MaKCHManLnoe 311aqeuee no -

PHAKa 1 ·npH f ::: 1, 5 , 113MepeHHC 3aBHCIIMOC.TH BeilH'IHHhl 

11A oT napaMeipoB k H CT Amt tl>moKcMeTpa c qacToToii 

HaKa'IKH IlOPHAKa 10 MI'II II BhICOKOA06poTHbIM KOHTYPOM 

( Q .:.103 ) YAOBneTBOPHTenhHO cornacylOTCH c pac'ICTOM. 

Ilpe Tex paccTpoiiKax f 0 , KOrAa cHruan A(<ll) HMeeT 

TpeyronhHYIO HnII TpaneuenAanhHYIO cl>opMy, BenH'IHHa y 
Bhlpa)KaCTCH o6hI'IHblM COOTHOIIIellHCM 

w LT 
r =-v-.-. 
o k L n 

... 
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IlpH 3Ha'IHTeJILHhIX OTpm:~aTeJILHhIX paccTpoiiI<ax 3aBBCB· 

MOCTL MO:>KeT npuo6pecTB Ill)HMOyroJILHYIO tl>opMy, B B03HH· 

KaIOIQBe B 3TOM CJiyqae BeJIH'IBHLI y ropa3,no 60JILWe Yo . 
3KcnepBMeHTaJILHO peaJIB30BaHHOe 3Ha'leHBe O <I> = 

= 10-1 I re. CM 2 6JIB3KO K B3BeCTHOH TeopeTB'leCKOH ou:eH

Ke. 

p aC'leTLI IlOKa3bIBaIOT' 'ITO ,nJIH 6e 3rBCTepe 3BCHoro pe -

:>KBMa e < 1 B q<< 1 MO:>KHO IlOJIY'IBTL 

Y e ·Ln 4tdkn T 1/2 
~ ... - »1, (a<I>) . = 1,2 - l------1 
Yo q min e R 

A- ( o<I>)min -14 2 -
3Ta 'l'OPMYJia ,naeT --m- = IO TC.CM /\!I'll npB 

(td) . 

e::1' •LR :: 10-
10 r, /6e3 yqeTa WYMOB YCBJIBTeJIH/. 

3KcnepBMeHTaJILHO MarHBTOMeTphl 6hIJIB BCilOJIL30BaHhl ,nJIH 

IlOBCKa 3JieKTPB'leCKOro ,nBilOJILHOro MOMeHTa 3JieKTpoHa 

B MaKpOCKOilH'leCKOM OilLITe, ,nJIJI HB3KOTeMnepaTypHOH na

paMarHHTHOH TepMOMeTpBB, a TaK:>Ke ,nm1 npoBepKB CTeneHB 

3KpaHHPOBaHBJI MarHBTHOro IlOJIJI IlOJILIMB CBepxnpOBO,nJJIUB• 

MB 3KpaHaMB. 

,nnH npBMeHeHBJI KBaHTOBhIX CBepxnpOBO,nHIQBX ti>JIIOKC· 

MeTpOB CYIQeCTBeHHhIH BHTepec npe,ncTaBJIHeT YJIY'IWeHBe 

HX xapaKTepBCTBK, KOTOporo MO:>KHO ,no6BTLCH, npOB3BO,nH 

OilTBMB3aU:BIO no pH,ny nepeMeHHhIX napaMeTpOB. B HaCTOJI -

i:u:eii pa6oTe paccMOTpeHLI OCHOBhl OilTBMB3aU:BB xapaKTe -

pHCTBK o6bl'IHOro /l-3 / O,nHOKOHTaKTHOro ti>JIIOKcMeTpa, 

cxeMa KOTOporo B OCHOBHhle 0603Ha'leHBJI npBBe,neHhl Ha 

puc. 1. 
. XapaKTepBCTBKaMB ,ti>JIIOKCMeTpa MOryT CJIY)KBTL CJie • 

,ny10i:u:ue BeJIB'IBHhl: 

1. IlpB 60JILWOM ( ><I>o) BHTepBaJie B3MeHeHBH BHew

Hero MarHBTHOro IlOTOKa qepe 3 CKBB,n- cfJ e OCHOBHOH xa

paKTepBCTBKOH CJIY:>KBT IlOJIHhIH pa3Max /.1 A B3MeHeHBH 

aMilJIBTy,nhl A HanpH:>KeHBJI KOJie6aHBH Ha KOHType 

'V ( t) = ·A cos ( w t + 0) . 

4 

,- -----, 
I I 

~ - -1 I 

O
M•K' 

LR I, \ < ~--~ 
I I 
I I 

v(t) 

~r --, I 
L-----' 

Puc. 1 

2~ u Ilpe Manhlx UBxo,nHhlr'curHana: ( 1.1 cfJ e «<I> 0) oc-

HOBHOB cerHanLHOB xapaKTepBCTBKOB HBnHeTCJI KPYTB3Ha 

·1 aA ·1 r=. ar·. 
e 

3. Bene wyMLI nocne,nyIOIUBX JCacKa.noB WJIIOKCMeTpa 

/nyHJCTBP Ha puc. 1/ ,nocTaTO'IHO ·ManLI, TO Ba)KHOB xapaJC

TepBCTBJCOH JIBJI.lleJC.11 MBHBManLHO o6Hapy)KBMLIB IlOTOK 

ocl> = A f / y , r.ne A f - cpe,nHeJCBa.npaTB'IHOe OTJCnoHeHee 

aMDJIBTy,nw A, B3MepeHHOe B BLIXOAHOii nonoce 1.1 f. 
ODTBMB3aUB.II MO:>KeT 6LITL npoue,neHa DO aMilJIBTy,ne 

B paccTpOiiJCe HaJCa'IKB, DOCTOJIHHOMY DOTOKY CMeIQeHB.11 

cfJ eo , K03cW>eueeHTY CB.113B k B KpHTB'leCKOMY TOKY I O 

Ilony11a101UHec.11 OilTBMaJILHLie 3Ha'leHBJI xapaJCTepBCTBK JIB• 

JI.IIIOTC.11 tl>YHKUB.IIMB BHAYKTBBHOCTB CKBB,na L R B napa -

MeTpOB KOHTypa. 
BHa'lane TeopeTB'leCKB B 3KcnepBMeHTaJILHO 6y,neT pac-

CMOTpeHa onTBMB3aUB.II WJIIOKcMeTpa, pa60Ta10xu:ero B 06LI11-

HOM /l-3 / rBCTepe3BCHOM pe)KBMe, nony11a10xu:eMCJI DPB 

2 rr -L 10 
3Ha'leHHJIX OCHOBHOrO napaMeTpa CJCBB,na e= ___ R 

cflo 
60JILWBX e,nHHBULI. B KOHU:e MLI TeopeTH'leCKB ou:eHBBaeM 

B03MO)KH0CTH 6e3rHCTepe3BCHOrO pe)KBMa ( e < 1). 
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3aBUCUM0C11lb A 0111 <I> e npu BHeumeii HaKa11Ke 

,D;m1 Haxo>K,lleHH.S: CHrHaJibHhIX xapaxTepHCTHK 4>ruoxc -

MeTpa He06XO,IJ,HMO 3Ha Tb 3aBHCHMOCTb A OT <I> e ' KOTO -

pyro MO:>KHO IlOJIYtfHTb, aHaJIH3Hpy.s: KPHBJ,> 3~BHCHMOCTH 

IlOTOKOB B CKBU'Ae, IlOKa3aHHyro Ha puc. 2 1. .. . . 
IiycTb ,1J,06poTHOCTb xb11Typa Q » I·•··' H BhIIlOJIH.S:eTc.s: 

06hl11Hoe · ycno:oue k2 <<1, TOrJJ.a xone6aHu.s: B KOHType 

MO:>KHO CtfHTaTb KBa3HrapMOHH11HhIMH.- Ec'JIH, KPOMe Toro, 

myMhI MaJlhI, MO:>KHO 3anucaTb: 

<I> eO 
¢ e = ¢ 0 + a cos ( w t + 0) , ¢ 0 = 2 rr ~ , 

\ 0 

/1/ 

rJJ.e a nponopnuoHaJILHo BhIXOJJ.HOii aMnJIHTYJJ.e A·: 

2rr A a=--, 
<l>o. yo 

,Yo 
LT 

(i) v--. 
=k •LR ' ' 

/2/ 

Ilo 3aBHCHMOCTH IlOTOKOB B CK~HJ(e:-/ puc: 2/ MO)KHO 
0

IlOCT

poHTL 3aBHCHMOCTL a OT aMnJIHTYJJ.hI Haxa11xu E / puc. 3/: 
Ha puc. 3a yqacToK Oa 'b' co.oTBeTCTByeT .nepHOJJ.H-. ' " . .. 

qecKHM . KOJie6aHH.S:M a, KOHType c qacTOTOH HaKatfKH, He 

ao36y,KJJ.aIO~HM cxa11xoa .B .. cxBHJJ.e / CM. cuTyanuro 1 Ha ,, ' . , ,, , . . ,-. 

puc. 2,,. Y11aCTOK cc C COOTBeTCTByeT nepHO,IJ,Htfec-. . 
KHM KOJiepaHH.S:M. B KOHType ,Ha qacTOTe .H,aKatfKH . C JJ.BYM.S: 

CKatfKaMH B CKBH,IJ,e 3a nepuo,IJ,. Coe,IJ,HH.S:IOIUee 3TH yqacTKH 

nnaTo /HanpuMep, a 'c / co?lfeTCTByeT cno:>KHoMy 1rna-

3urapM0Hu11ecxoMy nponeccy , cpeJJ.H.S:.s: aMnJIHTYJJ.a xo

Toporo Mano /nop.s:JJ.Ka k 2 
/ OTJIH11aeTc.s: OT noporoaoro 

3HatfeHu.s:, cooTBeTcTayroinero Ha11any cxa11xoa /cuTyanu.s: 

II Ha puc. 2/: -

¢* -¢0' 
a = 

pf cp *·+ <p -17' . 0 

0<¢ <rr 
0 

rr<.¢ <2rr. 
0 ' 

/3/ 

EcJIH CBepxnpoBOJJ..S:IUHH TOK B 'A)K03e4>coHOBCKOM 3Jie

MeHTe Is CHHYCOff'AaJibHO 3aBHCHT OT pa3HOCTH 4>a3 <p, 
TO ¢*= arccos( e-1) + (f 2 -1) 1 ;2. 

6 

cp =2,r.!a 
Cl>o 

3 

2 

3 
IP, =21T ii>. 

• ¢>. 

CD 

,i 
<ID 

Puc. 2. 3aaucUM0C11lb noAH0Z0 no1110Ka 'lepe3 CK6U0 <I> 0111 
aHeumezo no1110Ka <I> e • 

cl>opMyJia /3/ IlOKa3bIBaeT, qTO ,IJ,0 TeX nop, IlOKa pa6oqa.ff 

TOtfKa HaXO,IJ,HTC.S: B npe,1J,enax nJiaTo, , ~, = 1 u Kpy-

TB3Ha y TO:>KJJ.eCTB~HHo paaHa y
0 

(2). · a 'Po 
·. Bene nJiaTo - ,IJ,OCTaTOtfHO ,IJ,JIBHHhI, TO MO:>KHO BhI6paTL 

TaKOH ypoBeHL HaKatfKB ' l. - npH KOTOPOM pa6011a.s:, TOtfKa 

acer,IJ,a· 6y,1J,eT HaXO,IJ,BTLC.S: Ha nJiaTO,- a ;iaBBCBMOCTb aM

IlJIBTYJJ.hI A · OT BHemHero noToxa <I> e., 6yJJ.eT TpeyroJILHoii 

C pa3MaXOM: 
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ii 

a 

2:rrn«fc<2Tr(n+!) 
0 \ • 

p· 

~o-,,_c 
";,' 

<f.=2m,~ \ _.//-~ 
d 

P~~I Z., 
-~-

0 

a 

<t 

rp .. 

f-1CJ ✓-1/ I:< 

a 

• A~ 
K'Q>,r 

E 

6 

K'Q<~ - ,c 
0 E~ E 

Puc. 3. BblCOKO'IUCTfl01/IHUJi xapa1<mepucmu1<a CKBUOa 0./lJi 
C.lly'laee 60.llblUOZO u MU.llOZO K03(P(PUijUeHTtl08 C8Ji3U. 

( ) <I> 0 w <I> •LT 
liA =y -=-.:.11...j-. 

max O 2 k 2 •L 
R 

/4/ 

EcnH )Ke ( Bb16paHo HeonTHManbHO H pa6011ag TO'IKa 

npH H;eKOTOpbIX 'Po BblXO,IJ;HT Ha y11acTKH a 'b ',CC 'C _,, 

H T .,IJ;., TO «l>YHKUHHA ( <I> ) HMeeT TpaneneBH.IJ;HYIO cl>opMy 

H pa3Max liA < (liA)ma: • TaKHe 3aBHCHMOCTH 3KcnepH· 

MeHTan&HO ua6n10,IJ;anHCb MHOrHMH aBTopaMH /I-3 ,51_ 

8 

j 

EcnH BenH'IHHa k 2 Q H, cne,IJ;OBaTenbHO, BenH'IHHa nna

TO Mana, TO «l>YHKUHH _ A ( <I> e) MO)KeT 6b1Tb TO.IlbKO Tpane -

neH,IJ;an&Hoii, H MaKCHMan&Hblii pa3Max ti A nony11aeTcH npH 

3Ha11eHHH E= E* . / puc. 36/. )];ns Haxo)K.IJ;eHHH :3Toro pa3-

Maxa Bocnon&3yeMCH nepHO.IJ;H'IHOCTblO Kone6aHHii B rpaHH11-

HblX TO'IKax b, H C ' C 'laCTOTOH HaKa'IKH H 3ailHWeM ypaB

HeHHe rapMOHH'leCKoro 6anaHca. B HaWHX o6o3Ha11eHHJIX 

OHO iIMeeT BH,IJ; 

, ( 2 k2e 2 k2e 2 
( - ) = [ ooa - -. - i ] + [ ,; a + -2- 1i ], 

2 2 Rs o Re 
/5/ 

1 w-w 
rne O = -· ·', /:. - T · - paCCTpOHKa 'laCTOTbl Ha· 

,.. O 2Q ' s O - w 

~a'IKH (zJ OT co6CTBeHHOH 11acTOTbl KOHTypa . WT 

.l Re • ~HHycHaH H KOCHHYCHaH aMnnHTY.IJ;bI TOKa 

I R , HopMHpoBaHHoro Ha I 0 

21T , 

1
i = .!.. J a cosr+¢e; -¢ 

R { .!. } .. 17 0 f 

sin r 
dr. 

COST 
e 

• 
1 

Rs 
B CKBH,D;e 

/6/ 

3,IJ;eCb ¢ Hf)KllO onpe,D;enHTb H3 ypaBHeHHJI .IJ;nH CKBH,IJ;a, 

KOTOpoe B o6bl'IHOH pe3HCTHBHOH MO,IJ;enH HMeeT BH,IJ;: 

0 «p + sin¢ + ± = a cos r + 'Pe e . e /7/ 

B ypaBHeHHH /7/ .IJ;Hcl>cl>epeHUHpoBaHHe npOH3BO,IJ;HTCH IlO 

6e3pa3MepHOMY BpeMeHH T = (zJ t + 0 ; 0 = ~ , r,IJ;e 
, . WO , 

I R 
(zJ ,.. 211 _J!_ - xapaKTepHaH 'laCTOTa KOHTaKTa, R - ero 0 . ,Y, , 

, '¥0 

HOpMan&HOe conpOTHBneHHe. 

)];na TO'IKH · b ' / puc. 36/ cKa'IKOB HeT:! i Rs = p
12 

H 

ypaBHeHHe /5/ npeBpaLQaeTCH B ( ~ )=¢**[80 + Er) ,. 
2 d. 

r,IJ;e ,; I=,; 0 + k 2e a~ Re - :Jtlxl>eKTHBHaH paccTpoiiKa. 

BbI'IHCnHH pa3HHUY [ rp ** - ( rp * - 11)] , nony11aeM: 

9 
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·<I> 
ll·A = - 0-y [cp:**-(cp*-11)]= · 

211 ° 
k 2 e . 2 k 2 e . 2 i12 

<I> 
0 

{[ 8 icf>:*-11 )- --y-( ll11 R)] +[ t
1 

(¢*-.T )+
2

(L\tR)l } 

=-rl--------~---------211 o rs: +t i21 i12 

- ( cp *-.T) }. /8/ 

3,necL lli R { .!.. J • _B3MeHeHBJI COOTBeTCTBYIOI.QBX BenB11BH 
C 

npB IlOJIBneHBH CKa11KOB B CKBB,lle. 

Ha puc. 4 IlOKa3aHa 11HCneHHO paCC11BTaHHaJI 3aBBCH· 

MOCTL BeJill11BHLI [ (- /l,i Rs)] OT napaMeTpa f ,!lnJI 

WLR . ' 
cny11aJ1q = ne = ~«1. IIpB e ➔ oo: e lll1Rs 1 ➔ 4.Be-

nH11BHa ( ll1i Re ) no KpaiiHeii Mepe Ha IlOPJl,llOK MeHLWe 

(-/l,.i Rs ) IlpH Jll06LIX f. KaK BH,llHO H3 4>opMynL1 /8/, IlpH 

3TOM OilTHManLii:oe 3Ha11eHHe f I = 0 B MLI HMeeM: 

( llA) = <l>o y [k 2Q f!lljR !]. /9/ 
max 2 77 o s 

c;I>opMynLI / 4/ B /9 / IlOKa3LIBaroT, 11TO 3aBHCBMOCTL 

( /l A ) max OT K034>4>B:UHeHTa CBJ13B HMeeT BH,n, IlpBBe,lleH

HLIH Ha puc. 5. To11KaMB IlOKa3aHLI nony11eHHL1e HaMH 

3KcnepaMeHTanLHLie 3Ha11eHHJ1 ( llA) max npa pa3nH11HLIX 

k .. IIpH H3MeHeHHJIX K034xi>H:QHeHTa CBJ13H ,no6pOTHOCTL Q 
npaKTH11eCKH He MeHJinacL / puc. 6/. OTnH11HJ13KCnepHMeHTa 

OT TeopHH, BepOJITHO, CBJ13aHLI C TeM, 11TO B 3KcnepHMeH

Tax BenB11HHa q 6Lina cpaBHHMa C e,nHHH:Qeii. 

,lJ;nJI k H A max HMeeM: 
0 pt 

max 

2 1 -I 
k Q = [- e lllii I 1 - .II..

4
, 

opt 77 Rs f ➔ oo . /10/ 

10 

io'l J-Ai., 

Hi' 

! 

// 

" 

/ 
/ 

101 100 r 
10 

Puc. 4 

<I> o L T 1 cilo Q 
( llA) = -w v- - f jll.i IQ ➔ - v---

max 2 ·L 77 Rs . ,- ·L C 
max R V 77 R T 

/11/ 
41>opMyna / 11/ noKa3LIBaeT, 11TO (llA) max 

max 
4>aKTH11eCKH 

3aBHCBT He OT 11aCTOTLI HaKa11KB, a OT KOM6BHa:QHH Q /CT • 
r,ne CT- ~MKOCTL Kone6aTenLHoro I<OHTypa C y11eTOM napa-

II 



r . 

,I 
I 

Q 

2·101 

to' 

,I i! 11 ~J I I 

'+ I -

2 3 4 ~ 6 

Puc. 5 

m rWir ff mf Hf r frrr r I r t t t t 

2 J 4 !> 6 

7 K•lcf 

7 K·Kl' 

Puc. 6. 3aeucuMocmb Q om k OAJI aKcnepuMeH11oe no on
muMu3a11uu ( L\ A )max•pe3YAbmam Komopbtx noKa3aH Ha puc. •5. 

12 

11 jl 

I 
,! 

I 
! 

l 

' I 

(.:i A)..,o.,. ,.,.,.,. 

40 t/ 
20 

0 
1 

1 
Jc; 

Puc. 7 

3HTHOH eMK0CTH KaTyruKH H nepaoro KaCKa.na ycuneHHJI. 
IT03TOMY npeHMYJlleCTBa pa60TLI B pa3nuqHLIX qacT0THLIX . 
.nuana3oHax HaKaqKJI onpe.nenJIIOTCJI npe>K,lle acero napa-
MeTpoM Q / C T , .IJ.0CTH)KHMLIM B .naHH0M .nuana30He napa-
3HTHLIX eMKOCTeii • 

Ha puc •. 7 noKa3aHa 3aBHCHM0CTL (L\A) max OT eMK0CTH, 
max 

npuqeM .no6pOTHOCTL K0HTypa npu H3MeHeHHH CT. 6Lina 
npaKTuqeCKH HeH3MeHHa. Cne.nyeT 0TMeTHTL, qTo ace H3-
IlO)KeHHLI'e' BLIWe pe3yni.TaTLI, HaquHaJI C ·.u.uarpaMMLI puc. 3, 
nonyqeHLI B. npe.nnoiio)Keuuu 06 yaenuqeHHH /npu nmrnneHuu 
CKaqK0B B CKBH.IJ.e/ MO.IJ.YilJIIlOCne.noBaTenLHOrO HMile.D.aHca 
B KOHType. O.nHaKo npu 6oni.wux OTpuu;aTem,uwX paccTpoii:. 
KaX .IJ.a)Ke ManLiii CKaqoK ~i Re M0)KeT npHBeCTH K yMeH&
weHHIO !lToro Mo.nyna / puc. 8/. A6conroTuaJI aenuquHa 
paccTpOHKH, npu KOTopoii uaquHaIOTCJI TaKue pe)KHMLI, 
yMeHi.waeTc.H .· c yaenuqeHHeM q , nocKoni.Ky npli !lT0M 
yaenuquaaeTCJI 0THoweml'.e I f\i R / f\:i Rs! . • IloJianeHue 
cKaqKoB B_LI3~aaeT pe3Koe yaeimqeuue aMnnHTY.D.LI Kone.Ga-

J3 
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Puc. 8. lIA0CK0Cllb K0MMeKCH0Z0 noc11ec>ooa•e11bH0Z0 UM
nec>auca K0HRypa npu 06w1H1,1x /al u 60111,wux 011pu11a-
11e11bHblX paccapouKax /6/. 

HHii B lCOHType. 1IT06W YMCHLUIBTL ee .ItO npelKHero ypOBH.11, 

Hy)KHO CHB3HTL 3Ha11eHHe BHCWHero DOTOICa Ha KOHC'IH}'IO 

BCJIB'IHHY- TaKHM. o6pa30M, 3aBJiCHMOCTL A{<I>e) ,noIDKHa 

HMeTL ICBa311Dp.ll!110YrOJILHWH BB.It. 3TH 3aBHCHMOCTH ,neii

CTBBTCJILHO Ha6mo,nai<>TC.II B 3KcnepHMCHTe. 

3a6UCUM0CIIU A o• <I>e 6 aa111ac>u11H0M pe:«UMe 

IlpH aBTO.ItHHHOM pe:>ICRMe HaKa'IKa DOCTynaeT Ha KoH

TYP tiepe3 ycBnHTeJIL o6paTHoii cB.113H. Ilo3TOMY BenH'IHHW 

14 

a H £ CBJl3aHLI, ICpOMe COOTHOWeHH.11, xapaKTepH3}'IOIJlero 

CKBH.It /CM. BLIWC H puc. 3/, COOTHOWeHHCM c=a-a, r,ne 

a - ~03ip(pHU;HCHT o6paTHOH CB.113H. Ilocne,llHee COOTHOWCHHe 

DOKa3aHO Ha puc. 3 WTpux-nyHKTHPHLIMH nHHHJIMH. Pa60-

11a.11 TO'IKa Jie:>KHT Ha nepece11eHHH .IlBYX 3aBHCHMOCTeii 

a{£). H3 puc. 3xopowo BH.ItHO, 11ToecnHy11acToK Obb 'b". 
npe,ncTaBJI.IICT IlpJIMyro /'ITO 6y,llCT, KOr,lla ti Re B OT• 

CYTCTBHC CKa'IKOB nponopnHoHanLHO a H He 3aBHCHT OT 

<p O /, TO BCnH'IHHa A A 
2 

onpe,llCJIJICTC.11 paBCHCTBOM 

/4/ npH mo6wx 3Ha'ICHH.IIX le Q. PeaJILHO yMeHLWCHHe 

k BLI30BCT cpwe aBTO.ItHHHOro pe:>KHMa /u3- 3a HCnHHeii

HOCTH y11acTKa Ob b 'b ,, HJIH BJIHJIHHJI wyMoB/, O,llHaKo 

3TO npoH30ii,neT DPH 3Ha'leHH.IIX k , cyineCTBCHHO MCHLWHX, 

q;eM .naeaeMLie 4'opMynoii /1.0/. Il03TOMY, YMCHLWa.11 k 
IlO'ITH .ItO rpaHHnLI cpwBa aBTO,llHHHOro pe:>KHMa, MO:>KHO .no-

6HTLCJI nony11eHHJ1 6onee BhICOKHX 3Ha11eHHii CAA) max 

max 

'leM no 4'opMyJie /11/. 3KcnepHMCHTaJILHO MLI ,lleHCTBH

TeJILHO DOJiy'laJIH, 'ITO npH Manwx k B aBTO,llHHHOM pe:>KHMe 

AA MO:>KCT DO'ITH Ha nopJI,llOK npeBLIWaTL ero 3Ha'leHHe 

B pe:>KHMC C BHeWHeii HaKa'IKOH. 

MUHUMQ.llbHO o6HapyJKUMblU nol/l0K o <I> 

' 
Pac11eT o <I> MJI rucTepe3HCHoro pe:>KHMa H q<< 1 

6wn )laH B pa6oTax 161. CorJiaCHO DOJIY'ICHHOMY B HHX pe-

3YJILTa Ty ,.ltJIJI YMCHLWCHH.11 o<I> HC06XO,llHMO yMeHLUIBTL 

KPHTH'ICCKHH TOK KOHTaKTa. 0,llHaKO 3Ta TeopHJI DPHMCHHMa 

JIHWL ,llO TCX nop, DOKa napaMeTp r MHoro MCHLWe e,nHHH· 

nw. 3,llecL 

Ir 
r=~ 

21r kB T 
lf=------

<I> 0 

/12/ 

Pac11eTLI npu napaMeTpe r "' 1 ropa3,no cno)KJlee 
17 ! no3-

TOMY IlOJIHOCTLIO OilTHMH3HPOBaHHLIH ti>JIIOKTyanHOHHhIH npe -

)leJI ,llJIJI rHCTepe3HCHoro pe:>KHMa OCTaCTCJI IlOKa HCBLIJIC

HeHHhIM. 
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Puc. 9 

C ,l\pyroii CTOpOHLI, 3KCnepHMeHTanLHO MLI nonyqHnH ;8/ 
3Ha"'ICHHe o<IJ/(~0•12 -:::. 10-ll rc.cM2/I'l# 112 "'ITO COOTBeT-. -5 , 
cTeyeT = 5-10 <IJ0 . H xopowo cornacyeTcJI c oueHKaMH, 

nonyqeHHLIMH H3 4>opMyn, npHBe,l\eHHLIX B / 6 /: 

Ha puc. 9 noKa3aHa peaKUHJI <l>moKcMeTpa Ha H3MeHeHHe 

BHewHero DOTOKa Ha eenH"'IHHy 10-3 <Ii O • )];nHTenLHOCTL 

KanH6poao1.rnoro HMnynLca - 15 ceK, epeMJI ycpeAHeHHJI -

1 ceK. 

YpaeHeHUJI 0/IJI 6e3zucmepe3UCHOZO pe~UMa 

,IJ;anLHeiiwero ynyqweHHJI xapaKTepHCTHK <l>moKcMeTpa, 

BO3MO>KHO, MO)KHO A06HT;r,, HCDOnL3YJI 6e3rHcTepe3HC

HLIH pe)KHM pa60TLI f < 1 • B TaKOM pe)KHMe KpHBH3Ha 

xapaKTepHCTHKH ¢ ( ¢ e ) / puc. 2/ Mana, TaK "'ITO ace ee 

TO"'IKH YCTOH"'IHBLI H CKa"'IKH B CKBHAe OTCYTCTBYJOT. 

,IJ;ng TeopeTH"'leCKOrO aHanH3a pa60TLI <l>moKCMeTpa 

HCDOJIL3yeM ypaBHeHHe CKBHAa /7 /' DPH"'leM MJI yqeTa 

<l>moKTyauHii AOCTaTO"'IHO BKnIO"'IHTL B ero neeyro qacTL 

<l>moKTyauHOHHLIH TOK .i f 

<.i p= 0, <1ir<r/iir2) ·>= 2r0o(r
1 

-r 2). /13/ 

16 

EyAeM c1.11naTL napaMeTp e << 1, xoT.sr <}la1cTff'lec1rn nocneA

Hee HepaBeHCTBO MO)KCT He 6LITL CHnLHLIM. Ilpa 3TOM H3 /7 / 
nonyqaeM nHHeiinoe ypaBHeHne Ms ¢': 

. 
q¢ + <p =<p + acosr - e1i 

e f /14/ 

rAC TenepL aMDJmTYAa a H 4>a3a 0 Kone6aHHH B .KOHType 

AOn>KHLI C"'IHTaTLCJi He IlOCTOJIHHhlMH, a MC,l\neHHLIMH 4>YHK

llHJIMH r • lfa /14/ nerxo HaHTH ¢. 1..aTeM, IlOACTaBmrn: ¢ 
B BLipa:>KeHHe AnJi TO Ka :i R = sin <p + f + :i f B C"'IHTa.11 WYM 
ManLIM 

re« 1 , /15/ 

MO)KHO uaiiTH cnrnanLHhle H c!>moKTyaunoHHhle t.JaCTH MeA

neHHhlX aMnnHTYA ti • 3HaHne 3THX aMnmITy,n IlO3BO

R I...!. l 
C 

mieT 3anHCaTL yKopoqeHHhle ypaBHeHHJI .nm1 a H 0 : 

• l 
a +o(a,¢ )a+-sinO+n (r)=O, 

e 2 a 

a0+ t (a•~ e)a + ; cos0 + nJr)=O, 

' 

/16/ 

r,[(e O H e - .3!W>eKTHBHhle 3aTyxamrn H paCCTpOiiKa C yqe
TOM BnHJIHHJI CKBH.Aa: 

k2 2J 
28 =Q-1 + [ q _ e q ✓ q 2 + 1 -...!.. cos ¢

0 
1, 

q2+ 1 a 

/17/ 
2 2J . 

2t=2t
0

+ k 2 . I 
[-q - ev q 2+1 -cos¢ ] . 

q2+1 a o 

17 



cl>yHKI\HH lieccem1 nepaoro po,na J ·
1 

6epyTc.11 OT ap
ryMeHTa a/ ...; q 2 + 1 ; n a H n 0 - He 3aBHCHMLie HCToqHH
KH 4>moKTyauHii, KOTOpLie MO>KHO cquTaTL 6enLIMH c O,IJ;HHa
KOB0H cneKTpanLHoii nnoTHOCTLIO: 

k 2 e< k2rq S - --- ~1 n - 77 q + 
r 

+ ....!.. ) Q . /18/ 

BTopoii qneH B CK06Kax xapaICTepH3yeT WYMLI KOHTypa, 
npuqeM r T OTnHqaeTC.11 OT ,r /12/ nHWL 3aMeHOH TeMnepa
TypLI KOHTaKTa T Ha TeMnepa TYPY KOHTypa TT" YpaaHeHH.11 
/16/ H /17 / Il03B0n.llIOT nonHOCTLIO npoaHanH3HpoBaTL 
npoueccLI a 4>n10KcMeTpe. B qacTHOCTH, .nn.11 aHanu3a 
H ODTHMH3aUHH npe,nenLHLIX xapaICTepHCTHK npH6opa pac
CMOTPHM nHWL B03,neiiCTBHe ManLIX CHrHanoB ( ¢s <<1) H 
ManLIX WYMOB (Sn<< 1, .nn.11 qero .nocTaToqHo BLIDOnHe
HH.11 / 15/ /. II pH 3TOM aMnnHTy,na a O . H 4>a3a 0 

0 
4>oHOBLIX 

CTaUHOHapHLIX Kone6aHHH y,noaneTBOP.IIIOT CHCTeMe ,nayx 
anre6pauqecKHx ypaaHeHHii: 

2 o ( a , ¢ ) a = £ sin 0 
0 

; 2 f ( a ~ ¢ ) a 
O 
= £ cos 0

0 
, 

0 0 0 · u 0 /19/ 

KOTOpLie npH q<< 1 coana,naIOT C pe3ynLTaTOM, npHBe,neHHLIM 
a pa6oTe / 9/. 

YqHTLIBa.11 3aTeM, qTo CHrHan C KOHTypa MO>KeT nocne 
ycuneHH.11 nocTynaTL ICaK ua aMnnHTYAHLIH, TaK H Ha 4>a30-
BLIH ,neTeKTOPLI, HMeeT cMLicn BBeCTH .naa Ko34><i>HuHeHTa 
npeo6pa30BaHH.11: 

Y =l~I , y =IA_li_l 
a a <ti n= 0 0 a <ti n=O 

· e e 
/20/ 

HcnonL3YJI npH pewenHH /16/ ycnoBHe ManocTH curHana 
H wyMOB, nonyqHM: 

2 
Y = y k e 

a,0 0 

18 

I sin¢0 • J 1 1 

...; q2 + 1 

/32 
[ a 0 · 

- - - 2 
( 0 0 + ff -V 

2) 2 + V 
2 ( 0 + 0 ) 

1;2 
], 

/21/ 

<Ii 
,:,. o

1 
, - .

1
- 11 Av [ u<Ii 0= -. sin¢ J _ ,-- r + 

a, 2 77 0 1 7T e q 

2 ,r < q +1) 
T ]x 
k2Q 

0 2 0 +•g 2 0 + V 2 1/2 
[ a, a, ] J 

X 2 

/3 a,0 

/22/ 

r .ne /i 2a = ( g + q o )_ 2 + v 2 q :: 

o 0 =o , fa = f , f 0 =f 

2 ~ ~ 2 
{3 0 =(8- qf) + v 2 ; 0

8 
=o , 

, v - npuae.nenHa.11 qacToTa cur-

Hana, Av = 2 77 A f - 9e3pa3Mepaa.11 nonoca 3a ,neTeKTopoM, 
·Ct)· 

8= a(oa)I H i = a(ga) I - 34><i>eICTHBHLie 3aiy-
aa ao,¢0 aa ao,¢0 

xaaue H paccTpoiiKa .nn.11 ManLix OTKnoHeHHii aMnnHTYALIH 
4>a3LI oT,.a 0 , 0 0., . . 

KaK noKa3blaaeT 4>opMyna /21/, oc:uoaa6ii oco6eaaocTLIO 
6e3rHcTepe3HCHoro pe>KHMa pa6oTLI .11an.11eTc.11· · B03M0)K
HOCTL B npHHUHDe nonyqaTL CKOnL yro.nao 6onLWHe K034><i>H
UHeHTLI npeo6pa30BaHH.II y • IlpH 3TOM .nn.11 y ➔ 00 /ToqICH 
CPLIBa/ 3HaqeHHe BLipa)KeHH.11 /22/ .nn.11 o<ll OCTaeTCJI no-
CT0.IIHHLIM;' • I .. 

IlpH ycnoBHH, qTo WYMOBOH BKna.n KaCICa,noa o6pa60TKH 
BLIXO,IJ;HOr0 CHI'Hana Man, TO eCTL K034><i>HUHeHT y ~OCTa
TOqHo B_enHK, ODTHMH3HpOBaTL HY)KHO o<IJ • Il03TOMy HH)Ke 
MLI npoae,neM ODTHMH3aUHIO CHCTeMLI. no o<ll, a 3aTeM 
y6e.o;Hl':1C.II, qTo COOTBeTCTBYJOUUle Be~HqHHLI y - He cnHWKOM 
ManLI. 

OnTHMH3HpyeM CHaqana Hau6onee nerKo H3MeH.11eMLie 
B 3KCnepHMeHTe aenuqHHLI 

(rp) =77•ID, 
0 opt _ 

a =a ..j·q 2 +1,:jsin¢ •J
1
.I =J

11
,/23/ 

opt l O max _ , 

r.ne J . = J 1 ( a 1 1,1 ) = 0,58 - nepBLIH MaKCHMYM 4>YHK-

UHH lieccen.11, rn =0, ±1 ,± 2 .... Yqe:TLIBa.11, qTo 
CHCTeMax w / Q ·>- 10 5 CeK-1, TO eCTL o6LiqHo 
'IBM .nn.11 He 3aBHC.lllllero OT V OilTHMyMa no t·: 

B peanLHLIX 
v «8, nony-
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a/q ,nJUI o<lla ' 

~ opt= 
/24/ 

-aq ,nJIJI a<Iio, 

qTo AaeT AJIJI MHHHMYMOB o<IJ H o<Iio OAHHaKOBhle 
a 

3HaqeHHJI: 

(o<I>) . = ·LR [ Ak BTL'if 1/2 
min --~----] 

y2JI I .f R(l+w2,L2/R2) 
/25/ 

' R 

IlpH nonyqeHHH /25/ BJIHJIHHe myMOB KOHTypa He yqa

TWBaJIOCb, qTo BepHO npH AOCTaToqHO 6on&moii A06pOTHOCTH 

KOHTypa: 

k2Q T q -» 1. 
q2+ 1 TT 

/26/ 

,[{anee B onTHMaJibHLIX no o<ll pa6oqHX TOqKaX npH BWnon

HeHHH /26/ H q« 1 HMeeM 

Yo I Yo = e / q ->> 1 , ya /yo :: e < 1, /27/ 

npaqeM, yaenaqaBaJI ( o <Ii ) • acero B /2 pa3, MO:>KHO min 
nonyqHTb Ya =y O ·»y0 

H3BeCTHO /I/, qyo ,nJIJI rHCTepe3HCHoro pe)KBMa, TO 

ecTL y = Yo ' YAaeTCJI A06HTbCJI BLinOJIHCHHJI YCJIOBHJI 

<'V ~·>112<< o<ll ·}'., npH cnpaBCAJIHBOCTH KOTOporo myM 

ycHJIHTCJIJI <'VJ >112 He yxyAmaeT qyBCTBHTeJibHOCTH 

4"n<>KCMeTpa. IlpoBeACHHaJi oueHKa ya , y 0 noKa3LIBa

eT, qTo 3Toro )KC MO:>KHO A06HTbCJI B 6e3rHCTepe3HCHOM 

pe:>KHMe. 
~aae,neM ,nBa npaMel)a. ,[{nJI pean&HWX 3HaqeHHii L...l = 

.:::10 o r. ·v O = IoR-:::. 10-3 B HMeeM f $,1 npH Io ~3-10 A. 

IlpH 3TOM AJIJI T =·4 ,2 K r $ 10-1 , TaK qyo YCJIOBHe / 15/ e°"e 

BLIDOilHJleTCJI H H3 /25/ nonyqaeM (o<IJ )min / (ti f)l/2: 
: 10-14 I'C.CM 7'I'f#l/2, qTO COOTBeTCTByeT 5.10-8 KBaH

Ta noToKa, TO ecTL Ha TpH nopJI,nKa nyqme nony'ieHHoro 

K HaCTOJI°"eMy BpeMeHH /
3 ,B/_ -3 

,IJ;nJI npe,neni.HWX 3HaqeHHii 10 = 3 °10 A, npa KOTopwx 

H3BeCTHWe KOHTaKThl e°"e coxpaHJIIOT A:>K03e4>coHOBCKHe 

20 

CBOHCTBa, f:;; 1 npH ·L R = 10-13 r, 'ITO, no Bceii BepOJIT

HOCTH, peaJibHO TOJILKO B nneHO'iHOM HCDOJIHeHHH. Ilpu 3TOM 

r-510-4 « 1 H (o<IJ)min/(L'if) l/2 : 3.l0-16rc.cM 2/I'11 l/2 

/ OKOJIO 2 • 10 - 9<Ii O /. 

OTMeTHM, 'ITO O,!l;HHM H3 CaMLIX cy~eCTBeHHLIX npenJIT

CTBHH AJIH peaJIH3aUHH TaKHX 'iYBCTBHTeJibHOCTeii HBJIHeTCH 

wyM KOHTypa. TaK, onHTL C'iHTaH 'V O .: 10-3B, T=T y=4,2K, 
e = 1 H 3a,nanaHCL THDH'IHLIM 3Ha'ieHHeM k 2= 0,2' noJiyqaeM 

H3 /26/ (w/ 211)Q >_ 1012 I'll, 'iTO MO)KHO peaJIH30BaTL, 

DOBLIWaH qacTOTY HaKa'iKH ,no 3Ha'ieHHH -10 9 -:- 10 IO r11 /l q; 
Haa6onee BLffO,!l;HLIM HBJIHeTCJI Tpy.n;HO,!l;OCTH)KHMLIH npe'.n;eJI 

q·>> 1, O,!l;HaKo ,!l;a)Ke TOT BLIHrpLIW, KOTOPLIH MO)KHO nony

'IHTL npH AOCTynHOM ceiiqac pe)KHMe q<< 1, no Bceii Bepo

JITHOCTH, MO)KeT onpaB,naTL B pH.n;e cnyqaeB HeKOTOPLie 

Hey,no6CTBa, CBH3aHHLie C He06XO,!l;HMOCTLIO pa6oTLI C Ma

JILIMH HH,!l;YKTHBHOCTHMH ·LR H C 60JILWHM 3Ha'ieHHeM cl>aKTO· 

pa (wQ). 

He1<011ZOpble npuAoJICeHUJI Kaanmoaozo r;pA101<cMempa 

IlOBLIWeHHe TO'IHOCTH H3MepeHHH MaJILIX MarHHTHLIX 

noneii OTKPLIJIO HOBLie B03MO)KHOCTH B «i>YHAaMeHTaJILHOH H 

npaKna,nHoii qlH3HKe.-

KnaHTOBLiii qlJIIOKCMeTp 6LIJI npHMeHeH HaMH ,!l;JIH noHCKa 

,nHnOJILHLIX 3JieKTpH'ieCKHX MOMeHTOB 3JieKTpoHa, H3Mepe

HHH_ CTeneHH 3KpaHHPOBaHHH MarHHTHOro DOJIH CBepxnpoBo -

AH~HMH 3KpaHaMH H HH3KOTeMnepaTypHOH napaMarHHTHOH 

TepMoMeTpHH. 

HHTepec K DOHCKY ,nanoJILHLIX 3JieKTpaqeCKHX MOUeHTOB 

y 3JieMeHTapHLIX qacTHU BLI3BaH aKTyaJILHOCTLIO nponepKH 

HapyweHHii CP -aHBapaaHTHOCTH, 3anpe~a10~eii cy~ecT

BOBaHHe TaKHX MOMeHTOB h I/. Hanaqae y qacTHU 3JieKTpa

qecK:e:x ,nHnOJILHLIX MOMeHTOB MO)KeT 6LITL o6Hapy)KeHO 

npHJIO)KeHHeM K CHCTeMe qaCTHU 3JieKTpH'ieCKOro noJIH H 

H3MepeHHeM B03HHKaro~ero B pe3yJILTaTe H3MeHeHHH B CTe

neHH HX opHeHTaUHH. H3BeCTHwe orpaHH'ieHHJI Ha 3TOM 

nyTH HaJIO)KeHLI TeopeMOH illaqiqia / 12 1. ,lJ;JIH 'iaCTHU,BXOAHIUHX 

. B cocTaB HeKOTOpLIX aTOMOB, 3TH orpaHH'ieHHH OKa3LIBa

lOTCJI qacTH'iHO CHHTLIMH /13~ 'ITO no3BOJIHeT BeCTH DOHCK 
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Puc. 10. CmeneHb 3KpauupoeaHUR BHeWHe20 MQ2HUnH020 
no11R ceepxnpoeoORIJIUM 3KpaHoM ouaMempoM 20 MM, .a -
QKCUQ/lbHOe, 6 - nonepe'IHOe no11e. IlyHKmupoM nOKQ3QHbl 
pac<1emHble 3aeucuMocmu!l5/ ,l(Ho 3KpaHa - e Hylle a6c14ucc. 
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'AHnonLHoro 3neKTpH11ecKoro MOMeHTa 3IleKTpOHa B MaKpo

CKOnH11ecK0M onLITe/ 14/. ' O'AHaKo 6om,wyro onacHOCTL Ha 

3TOM . nYTH npe'ACTaBHJIIOT napa3HTHLie Tnep'AOTeJILHLie 

3t}>4ieKTLI, KOTOpLie. MoryT HMHTHpOBaTL HCKOMLIH 34>dieKT. 

Pe3ynLTaTLI npoBe'AeHHLIX, HaMH npe~napHTenLilLIX 3KCne

PHMeHTOB noKa3anH OTCYTCTBHe · MaCKHPYIOIIUIX TBep'Ao

TenLH,LIX · 34>4,eKTOB H OTCyTCTBHe 3neKTp1111ecKoro 'AHnOnL

Horo MOMeHTa y 3neKTPOHOB /B aTOMe )Kene3a/ Ha ypOBHe 

10-20_g.cM. 

3Kl)aHHPOBaHne MarHHTHLIX noneii C03'AaBanOCL 3Kpa

HaMH, BLITO'leHHLIMH B BH'Ae CTaKaH'IHKOB H;J TeXHH'leCKOrO 

CBHHna. Hccne'AOBaHHLie 3KpaHLI HMenH 'AHaMeTpLI 20, 28 
H 48 MM, io.iniurny CTeHKH n 'AOHLIWKa, 6riH3Kyro K 1 MM, 

H 'AilHHY 150 MM. H3MepeHHJI CTeneHH 3KpaHHpOBaHHJI npo

BO'AHilHCL B 'ABYX KOH<l>HrypanHsx: BHew11ee none npHKila'ALI

nanOCL napann'enLHO H nepneH'AHKYil.llpllO OCH 3Kpaua. Be -

nH11HHa npHJIO)KeHHoro ·nonJI He npe:eLiwana HecxonLKn:x 

'AeCJITKOB 3pCTe'A. 'llpH H3MepeHHJIX 'AaT'IHK MarHHTOMeTpa 

nepe'ABHrancJI . no ocH 3Kpa11a . n 6Lm opHeHTHPOBaH B'AOHL 

npHHO)KeHHoro nonJI. IIony11eH1ILie pe3yJILTaTLI noKa3LIBalOT 

3aMeTHOe OTKJIOHeHHe OT pac11eTHLIX 'AaHHLIX / 15 
1 

B aICCH

am,HOM norie / puc. 10/, KOTopoe MLI o6'LJICH.HeM BblTaJI

KHBalOU(HM ,'AeHCTBHeM Tena 'AaT'IHKa. 

H3Mepe11He · 3aBHCHMOCTH C'faTHt.IeCKOH MarHHTHOH npo

HHnaeMOCTH nepaft-1"4~rHHeBOrO HBTpaTa OT TeMnepaTyphl 

6hlnO BLill0JIHeHO C 'l(eJILIO 'HCCJie'AOBaHHJI B03MO)KHOCTH 

HCnOJIL30B.i.HHJI CBepxnpoBO'AJIU(ero cl>JIIOKCMeTpa B Ka11ecTBe 

HH3KOTeMnepaTypHoro TepMOMeTpa aHanorH11Ho 116/. IIony-

11eHHaJ1 3aBHCHMOCTL Y'AOBJieTB0pJIJia 3aKoHy KropH 'C OWH6-

KOii - 1 'fo •. 
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