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. /1/ 
B nocne.llaell pa6oTe. M&I o6cy:H(.ll&na sonpoc o c.ymecTsosaaaa cooTHoweaall 

M8:H(,ll)' <l:>opM¢l&XTOpaMI{ 6&pROHOII II pH H&H60nee 06U18M •BR.lle onepaTopa Slle;JCTpOM&rHH THoro 

TOX& B MO.ll&nlf S U 
. . a -CHMMeTpRR, 8' H&CTORU1ell pa6oTe Mbl IIOK8)1(8M

1 
."':ro 1IpRHHM811 npe.a-

nono:H(eaae o 'l'oM; "'TQ cj:loToH .l!BilReTcR • U "CIIRHOBbiM CK&IlllpOM, o6mee Bblp8)1(9HRe .llllll 

OIIep&TOpa 31l8K'I'pOM&rHRTHOrO TOK8 .MO:H(HO. 381IHC8Tb 6onl*! ynpomeHHO, 3&KOHHOCTb ,STOrO 

1Ip&.lliiOiiO)f(8HRH 0"18BR.llH81 TBX K8K IIpH .O.pyrax Tp8HC<i:>OpM&UHOHHbiX CBOliCTB ax onepaTojla 

31l8XTpoM&rHRTHOrO TOK& OTHOCHT81lbHO U. -ciiHH8 C)'U18CTBOB81lR 6bl IIepeXO.llbl 31l9KTpo-
' . . . 

M&rHBTHOrO TBII& M8:H(.lly COCTOHHBRMR 1 061l&.ll810WRMR P83HbiMR 3H8"18HRIIMB 31l8KTpR"'8CKOro 

aapH,ll/5/ ,/6/ • 

npe:H(,ll8 '18M 1Ip0B8CTR COOTB8TCTB)'IOU1R8 p&CC)'>K.ll8HRII'1 HeO~XO.llRMO )'TO,"'HRTb HeKo-
. /1/ 

TOp&Ie 0603H8"18HRB1 BB8.ll8HHbi8 B pa6oTe , 8 STOll pa6oTe 6 bll!O )'CT&HOBliBH0
1 

'ITO H&H-

6onee o6mee Bblp8:H(BHHe .llllH OIIBp&Topa Sl!BKTpOMarHRTHOro TOK8 HMBBT. BH,ll: 

.T m f ( x) rhi 
I o,op 

+ f :ex> Tlstl 
2 o.o.o 

f ( ) Tis! + . X 2 

8 <>.o 0 
+f(x)Tiall+f (x)Tia21 

• • ' 6 .. 
t,o,o t,o,o 

+f (x)Tisol+f (x).rlso•l+f(x)Tiorl + 
8 

t,o,o 7 s.o,o 8 o,o,o 
f (x) 1bvt + f (x)TI2T l 
9 t.o.o to 2.0,0 

+ 

( 1) 

r.lle B HBHOM BR.llB p43.ll9118Ha 38BRCHMOCTb OT IIpOCTp&HCTBBHHo-apeMeHHbiX IIf!pBMBHHhiX 

. . '"' . ' . (cp&KTOphl f. ( x)) ,. 8 BBilR"'HHhl T IIBilHIOTCII KOMIIOHBHTBMII HaiipHBO.llliMhiX T8H3op-
1 . ·'''s Y 

Rh!X 01IBp8TOpOB, 1Ipeo6pa3yiOU1RXCH IIO IIp8JlCT&Bil9HHIO (IL j 
1 

rpyiiiibl SU , 3TH XOMIIOHBH-

Tbl H)'M8p)'IOTCH 3H&"'BHHHMH KB&HTOBbiX "'HCBll: 
3 

Tp8Tball ero KOMIIOHBHTbl H 

onepaTopa aenH"'HHbl r1 ~' 1 

- IIOl!HOro B30TOIIli"'BCKOro CIIHH&, J 
z 

Y -rr¥1IBp3&pB,ll·&, no OIIpe,llBl!BHHIO H81IpHBO.llRMOrO T8H30pHOro 

)'.llOBl!BTBOpSI!dT CJieb.yJOU1HM nepeCTBHOBO"'HbiM COOTHOWBHRHM 
1,1 ,y 

c reaepaTopaM¥ rpynnbl• SU 
a 'X a 

[ Xa .r
1
"

1 
]= I "<IlL l; I~·l,'·,Y'·I X 

I.tz,y r'.r;.v'· a 
~bl Tpe6yeM, "'T06bl 01IBp4TOp Sli8KTpOM8rH¥THOrO 

l" I; 1 .r., v :- r 1" 1 
~,·r;_, y: 

TOK& T 6h!l! CK81l.llpOM 

(2) 

OTHOCHTellbJIO 

IIO.llf'PYIIIIhl u -cnaaa rpynnbl su • .3Ta no.llrpynna cocTaBnHeTCH aa cne.llyromax reaepa
a 

Topoa rpynn&I su 
u =- .:J.L 

z .2 

u = V3 E 
+ 8 

HI +..3- "2 =-lH .+ ...l.. y • 
2 • 4 

(3) 

u = v 3 E_
8 

3 

''l!: 
''I< I. 

.,. .. 



I .. j·· 

r"' 

l 't::o:..~ ··-·· 

/2/ 
06osH&'l9HHH 3~9C& T8KH8 >K8 EAK H B pa60T8 , nerEO npoeepBT&, 'ITO 

u ,U I·U (4) .+ - • 

u_:!,u. 1-+u+ 
OnepaTOp TOE8 J 6y~eT CK&nHpOM OTBOCHT9UbHO STOI noarpynnbl, ecnH 

[U+ ,J]=O. (5) 

flocEOU&KY B onepaTOp 
- .. 

SXO~ST TOn&EO KOMnOB8HTbl 

. l~tl. 
T , B3 (2) B (3) 
1~0,0 

nerito sa-

~eTb, 'ITO 

[U;}]=O. . (6) 

'-!TOObl Bbi'IBcnBT& EOMMfT&TOpbl [U+ ,J ].cornacHo (2) B (S) Hy>KHO 3B&T& M8TpB'IHb18 

, flonbayHC& ¢opMyUIIMB (20) B (:.It) pa60Tbi/S/ 1 nei'JtO no-
aneMeBTY onepaTopoB E 

~~ 
ny'IHT&: 

...... 

[U+,Tisl 
o,o,o 

u+ , T1 tl 1 = o 
0,0,0 

] m .:!:.~ T Ia I 
2 li • -K, + 1 + -

[ U+o Tlsl 1 =._;-~ Tlwl 
1,0,0 

[U+,T 
t,o,o 

"'+"·:!:· 

1 = T Ito I 
<t:!:Kh'l'K.tl 

[ U+ , Tlro•l 1 = _ Tlro•l 
t,o,o (I :tK>• +" .~ 1_ 

l21 I l21l 
U+,T 1=+J2T 

o,o,o "· +"' ± 1 

In I 1 I 
[ U + , T 1 = - JJ.. T 

21 

+ 
+ J-/1.. 

1,0,0 "·+K,~I 

[U Tl"l ]=-J~ TIn! 
·+ , + 

2:,0,0 _.J.., -K, + 1 
2 + 

TI2T I 
...&.. f"·K ,_:t I 
2 

OTCro~a c noMOW&IO ( 1) nonyqaeM: 

I 1 Ia I 
[U+,J l=~[+v'3 f(x)-f(x)) T 8 r +~ [+v.3f(x)-f(x)] T 2 

-· 2 + ( - I + G K.-K,+I K.-K,+I 
+ - + -

4 

(7) 

+ 

~. 
._.:,. 

¥,:.: . . 
;\ 
"\ 
fl'• 
~c 

'· 

+·/2 [+ f (x) __ 1_{ (x)] T 127 1 +.L[+J'I f (x)- f (x)] Tl 27 1 
-· 8 9 3 9 + J3 \>o+lio::! J2 - !O .A '+-li, + 1 

2 -

(8) 

'-!T06bl STO Sblp&>K9HH9 6btn0 p&SHO Hymo, He06XOllHMO H ~OCT&TO'lHO, 'lT06bl see Kos4>¢H

UH9HTbl UpH KOMUOH9HT8X HeUpHSOllHMbiX T9H30pOS o6p&!UMHCb S Hyn&, T&K K&K 8TH TeH-

30pb1 HBUSIIOTCH 6&3HC8MH ~UK H9UpHBOllHMbiX npe~CTasneHHII/4/, 0TCIOJ:l8 nonyqaeM cneay-

10lliH8 YCUOSH!I llU!I S9UH'lHH f (X ): 
I 

f (x) ~_1_ f (x) 
2 J3 ( 

f (x) = .L f(x) 
8 J3 G 

(9) 

f (x) =f (x)= 0 
6 - 7 

f (X) = _.!_ f9 (X) = _.!_ f 
0
( X ) • 

8 J3 J5 1 . 
TaKHM o6pasoM, o6IJ.tee sblpa>KeHHe ~nH onepaTopa aneKTpoMarHHTHoro TOKa CSO~HTCII 

K cne~yromeMy: 

J=j(x),ltl 
o,o,o 

+j (x)[TI81 l 
2 

o,o,o 

+J3T!s,l 

1,0,0 

] + j ( x) [ Tis• I + vJ Tl82l 
8 

0,0,0 1,0.0 

l + 

(10) 

+i (x)[TI21l +J3Tio71 +JSTI•71]. 
o.o.o 1 1 0 ,n 2,0,0 

Bu~Ho, 'ITO no cpaeueHHIO c (1) sMecTo aec11TH senH'lHH j (x) Mbl HMeeM a~ec& 
I 

Ton&Ko 'leTblpe i (x)• TaKoe ynpomeHHe q:>opMbi aneKTpoMarHHTHoro ToKa npHBOllHT K 

I 
CU9llYIOWHM COOTHOW9HHSM M9>KllY cjJOpMcP8KTOp8MH 6apHOHOB: 

J(p)=J(~+) 

.T ( n) = J ( t:,o ) 

J(i:-)=J (~-) 
( 11) 

J o:o ) = 3 .T (A ) - 2 .T (n ) 

J(I 0 A)=J3[J(A)- .J{n)] 

C'!HTall j aaaHTHBHoll KOHCTaBToll (cjJaaaqecitH aTo osuaqaeT, 'ITO Mbl He y'lHTblsaeM 

SKn8~0S ~T S3111M0~9IICTBHI H93U9KTpOM8rHHTHOrO TY.na), nony'l&9M: 

(12) 

2J(A)= J(p) +J(;_-). 

5 

,'!\·~· ;,,l?,, 
lV/,~'1:~ . 

'• 



J)ITaK, Mbl HMeeM BC9 COOTHOW9HHII,. KOTOpb19 6b11IH nonyqeH_bl paaee npH JlpyroM UOJlXOJl9, 

aa HCK1I!O'ieHH9M COOTHOWeHHII: 

J (:£0) = y, [J (:£+) + J (I_-) 1 ( lS) 

DerKO nposepHTb, 'ITO cTeneHb Bblfl01IH9HHII STOrO C00TI!OW9HHII Jl8CT CB9JleHKII 0 B91IK'IRR9 

TOK8 j ( x)o 

• 
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