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I, Bae,11eaxe 

Ill 
B pa6oTe BepacTallaoM, ¢1alla6eproM R na (,lienee B<J)n) B&IABJIHY'J'a rRDOTeaa 0 

aapyweaaa C - R T -RHBapRBHTHOCTR B anexTpOMBrHRTBbiX B38RMOA8IICTBRRX CRnhBO-

B3aRMOAellcTByiOmax qacTRII. B&Ina yxaaaaa aoaMOlKHOCTh aaeoeBRH T -aeaaaapRaaTaoro 

B3BRMOil81!CTBRR B 9n8KTpOMBrBRTHyiO BepWRBy CO cxanapHbiMR RnR CDRBOpRbiMR qacTRDBMR 

C HepaBHbiMR MBCCBMH, 

B oaa&oll paooTe noxaaaao, qTO T -aeaasapaaaTaoe B3BRMooellcTaae MOJKeT 6&ITh 

aaeoeao a anexTpoMaruTHyiO aepmaay n106oll qacTRII&I co cna&oM j ~ lxl. B ooao4>o

TOHHOM npR6naJKeaaa nonyqea o6mHII BRA axnaoa a ceqeaae ynpyroro pacceaaRa anexTpo

aoa Ha qacTRnax npoRaaon&aoro cnaaa, 

B npocTellmeM cnyqae qaCTRUbi c j • I ceqeaRe pacceHHRH c yqeToM T -HeRa-

BBpRBBTHblX qneaoB cpaBHRBB&TCSI C axcnepHM8HTBnhlfbiMB llBHBbiMR no ynpyroMy e - d 

pacceHHRIO. Yxaaaaa B03MOlKBOCTh oo~HcaeaaH c noMOII!&IO nonyqeaa&Ix peayn&TBTOB pacxoJK

Il&HRH 8KCD9pHM8BTBnhRblX R T90p8TH'l8CKHX llBJIHbiX, 

2, napaMeTpB38UHH TOKa H T -RBBapRaRTHoCTh 

0Txaa oT T -HHBapHBHTHOCTR B 9n8KTpOM8rHHTJibiX B38RMOil8IICTBRRX DpHBOilHT K 

noHBneaaiO B MaTpaqaoM aneMeHTe Toxa AononaaTen&a&Ix cnaraeM&Ix, npRqeM STH cnarae

M&Ie 8CT& y OllROqacTRRRbiX MBTpHqHblX sneM8JITOB TOKB niOooll qaCTHUbl CO CDHHOM j 2: I. 

TaxHM o6paaoM, aapymeaRe RJIBapaaRTROCTR MOlKHO acxaT& ae TOn&Ko B sxcnepRMeaTax no 

pacnBJ:ty qacTRU (xax npeonaraiOT B<J)nJ, ao R no ynpyroMy paccea&HIO qacTau co cnaaoM 

l ~ I. 

B caMoM oene, oomall BRA napaMeTpaaosaaaoro OAHoqacTaqaoro MaTpaqaoro aneMea

/3/ xxl Ta onepaTopa coxpaRRIOII!erocH anexTpoMarHHTaoro Toxa onpeoenHeTcH paaeacTBOM 

x/ /2/ 
Aaanoraqa&Ie cooopalKeHHH Bb!CK838Hbl B paooTe • 

xx/ OpHHHT&I oooaaaqeaaH pa6oTbl131. 
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<P',IC,j,m'IJ,.(xliP ,IC, 'm > • 

exp li )( >. x >. I I D , · n( P, P ')X 

( 2 II') y 4 Po Po' m" m m 
( 1) 

x<m"IF
1

1.'+1F R +q~Fr'lm>, 
ll ~ ll a ll 

F - I 1 (q~l[ iPl_ rA (Pl jt 
I k lk Ky1+qj/h~ 

(2) 

rne Ilk ( q ) -penRTHBRCTCitR HHBapHAHTHbl9 $opMcpA!tTOpb1 '!aCTHIIbi CO CIIIIHOM j , cllop

Mynbl ( 1) 
1 

( 2) nony'ISHbl TOnbltO B3 coo6pa>KeHHI! ltOBapHaHTHOCTB onepaTopa TOJta, Ji3 spMB-

TOBOCTR onepaTOpa TOJta cnenyeT nellcTBHT9nbHOCTb Ilk ( q~ ) P -a T -aasapaaaT-

HOCTH onepATOpa TOitA 3anpe!llAIOT $opMcpaltTOpb1 C H9'19THblMB HBneJtCAMH It , X81t B F 1 

T8lt R B F I , no9TOMY CyMMHpoBaHRe B F I npoacxonsT B npeJienax 2j ;:: It ~0 , 

a B F ~ - B npenenax 2J - 1 ;:: It ;:: o 110 '!eTHbiM It B F a Tpe60BaBRe P -

IIHBapHaHTHOCTB npHBOnHT It CyMMHpOBAHRIO TOnbKO DO H9'19THbiM It B npenenax 

1 a OCTAnbHble ¢opM¢altTOphl B Fa OKa3b1BaiOTCII T - H9HHB8pK8HTHhl-2j-1;::t;::1 

MH. Oaa naiOT T -aeaasapaaBTHble cnaraeMbte B ce'!eHHRX ynpyroro pacceRRRR '!aCTRII 

c j ~ 1. 

-. 3. OnaocpoTORHoe npa6naJKesae R ce'!eHHe ynpyroro e - d pacceRHRK 

/4/ 
KaK H3BeCTHO ( cM. aanpaMep ) , TOnbKO B3 ycnoBRR onaocpoToBHOCTR o6MeRa BblTeKa-

9T yrnoBAII 38BRCHMOCTb C9'19HHII pacceRHHII sneKTpOHOB Ha '18CTRII8X C DpOB3BOnbBblM CDR-

HOM: 

..!e.-(~) IA(q~)+B(q~)tg~8/21. 
dO dO 

MOTT, 

(3) 

/6 6/ 
B pa6oTax ' npH ycnoBHH T -HHBapHaHTHOCTH B3AHMonellcTBHR nony'!eso BbtpalKe-

HHe nn11 A ( q~ ) H B (q ~ ) '!epe3 aneKTpH'19CKHe H MarHHTHbte cpopMcpaKTOpbl 'IBCTR!I, npH'ISM 

e B (q ~) exonRT TOnbKO MArHHTHbie cpopMcjlaKTOphl, a B A (q~) - Te H npyrHe. BKnan 

B C9'19HH9 OT T -aeHHBapHaHTHoro ceMellcTsa cpopMcpaKTopoB I a, ~+I ( q ~) OKa3biBa• 

9TC!I paBHbiM HyniO DpJI 1 - o; 112 11 

k. 
II<ll <Jle~l !q~ll~ 

k lk lk (!IlL) -( ~} . ~ [1+2( 1+ elts~e/21 
dO T dO MOTT. 1 + e (4) 
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DpB j ~ 1, •• (j) 38BRC!IT TODbKO OT 3H8'19HHII CDRHa 'IBCTR!Ibl j 

Talt, B npocTellmew: cny'!ae j • 1 ( TBKHe 'IBCTBUhl ycnoeao 6yneM Hjl3biBATb net .. 

'l'OBBMB) Ce'I&Ue ynpyroro e- ~ paCC911HHII 3aDHW9TCII B Bane: 

~-(~) ll~(q~)+ ~,~1~( ~)+ 
dO dO to 3 u q 

MOTT. 

~ 
• ~ 2 2 16, 2 2 +:. e[1+ 2( 1+') tg 8/2][ I (q ) + --I (q )]I 

~ 20 1+e " 

(6) 

CeMei!CTBO $opMcpaKTOpOB I (q1
) onpeJlenSIIOT TBK H83b1BaeMbie MarHHTBble MynbTR-

I,Ia + t 

nona II po11a. TaK, 3RA'I8HRe cpopM¢>aKTopa 1
11

(q 2 ) H3 <PopMynhl (6) npa q
2 

• 0 Henoc-

pencTB&HBO Bblp8lK88TCII '18pe3 KBAnpynOnbHbiii MarBHTRblll MOM8BT n pOJlA: 

1 
11

(0) • _!_ "'M n z 2 

(8) 

r11e 

a 11 
B <t> M~ - <ul M •• lu > • 1 - 1 • 

a .. .. 
<IM I>•Lfdx[h 1 x x< III> 

lk 18 k (7) 

- : 
2 

(X I <I~ I>+ X k < II, I > 1 • 
,I' 

4. Cpaeaeaae c aKcnepaMeHTOM 

nonpo6yeM OU8BHTb B8pXHIOIO rpAHHUY BKnana, KOTOpblll MOlK9T naBATb '19TB9pTbifl 

/7/ 
$opMcpaKTOp 1R3 nocnenHHX ODbiTOB DO ynpyroMy e- d 

pa6oTe npoeepRnacb 3BBHCHMOCTb (3) B HHTepeane 

pacceRHHIO • B nHTHpyeMoll 

q~ • (8,0-20,0)F-~ npH Tpex 

yrnax pacceRHRR, npH'IeM B ( q 2 ) oKa3anocb 3HB'IHTenbHO 6on&we pac'!eTHoro, nony'!ae-

Moro e HMnynbcBoM npH6nH>K9HHH (MaKCHManbHO- eneoe npH q2- 12F"
2 

). TaK KaK pe· 

nHTRBHCTCKHe scjltjleKTbl npH naHHbiX nepenaeaeMbiX HMnynbcax ae MoryT 6btTb cywecTeea

BblMB, TO By'laHHH a flepHaB UbtTaiOTCR o6'b!ICHHTb pacxoJKneaHe c noMOI!lbiO o6MeHHbiX T0-

/8/ 
KOB Annepa-npenna • OnHaKo aTa nonbiTKa Bbi3biBaeT coMHeHH!I, nocKonbKY TeopeTH-

/9/ 
'19CKH9 coo6pa>K9HHII ( yHHT8pHbl9 CHMMeTpHH) K o6C'I9Tbl 3KCnepHM9HTBnbHbiX naHHblX 

/10/ 
IJO <l>oTOpOlKJ19BHIO B H8CTO!IUl99 Bp9MII UpKBO.ll!IT K 3H8'1HT9nbHoMy CHHlKS-

BRIO BenH'IRHbl KOHCTBHTbl CB!I3H cpoTOpOJKneHH!I p -M930H8 8.y1Tp • 
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Ecna cnpaseanRBa ranoTeaa o aapymeaHB T -HBBapHaBTHOCTB B sneXTpOMarBHT-

HbiX B38HMoae!!CTBBIIX, TO MOJKHO C'IBT8Tb OTB8TCTB8HHbiM 38 YX838BR08 

a sxcnepRM&HTa xax paa 'I&TsepToe cnaraeMoe B ljJopMyne (8). 

Toraa sa onbiTa cneayeT, '{TO axnaa oT 'lneaa c f 
11 

( q a ) a 

aoM HHT&pBane q a Toro JKe nop11axa, 'ITO B oT •mesa c f ( q a ) 
2 •2 u 

q * 1% F f111 .. I. 

paCXOJKa8HR8 T&OpRR 

a( ql) B Ylt838B-

0Txyaa npa ~ 

Bxnaa a A (q
2 

OT o6oax ceMellcTB MaraHTBhiX ljJopMijJaxTopoa Man no cpaaaeaHIO c 

axnaaoM oT anexTpH'Iecxax ljJopMijJaxTopoa. OoSToMy TeopeTR'I&CXRe a sxcnepRMeaTan&Bbi& 

aaHHhi& an11 A ( q 
2

) cornacyiOTCII sennoxo. 

068 sfjJfjJ&xTa HC'1838IOT nonHOCTbi00 &CnH Sfi8XTpOMarBRTK08 B38RMoae!!CTBH8 T -HBBa-

PB8BTHOo 

3aM&TRM, 'ITO yrnoBhi& aaaacaMOCTR ce'leaall (5) a (8) paanR'IRhi. Kax noxa3hiBaiOT 

COOTB8TCTBYIOIIIH8 p8C'I8Tbl 0 onbiThl C BbiCTpO&BBbiMR aeliTOB8MR 3H8'1RT&nbHO Meaee s<PciJ&KTRB-

Rbl anii~06HapyJK&HRR 

aeJITOH8MR, 

T -aaaapaaHTBoro ljJopMijJaxropa, aeJKena onb!Tbl c nonllpaaoaaaabiMII 

/ 

ABTOpbi 6naroaapBhl A.M. Banaaay, C.B. fepaCRMOBy, A.B. roaopxoay, A.M. ne6eAe

ay, C.R. HaxHTRHy, B.A. OeTpya&ii:aay, IO.M. Illapoxoay, npoaaaamaM RHTepec x aasaoll pa-

6oTe. 
B npaauane, RM&R 6onee TO'IHbi& aaaable a 6on&me sxcnepaM&HTan&B'b!X TO'I&K, MOJKRO 

aaaneq& aa onhiTa no ynpyroMy • -d pacc&IIHRIO aaaacaMOCTb MarBBTBoro ljJopMijJaxTopa II 
2 

poaa oT q • _ ~-~!~ 

5, OnhiT c non11paaoaaaabiMR aeliToaaMa 

Rcao, oaaaxo, 'ITO TO'IBOII npoaepxoll npeanoJKeaaoll ranoT&3bl RBnRIOTCR sxcnepRM&RTb! 

C nonRpR30B8HHhlMR '18CTHU8MH, J1M88TCR B03MOlKROCTb Bbia&nRTb BKnaa ljJopM<!J8KTOp8 e- d 

B C8'18HII8 p8CC8JIIlBll ll&nonRpH30B8HHbiX sneKTpOHOB H8 nonRp1130B8BHbiX aeliTOR8X no yrno-

BOll 8CBMM8TpRR: 

(~ -(~ = (~) l6fl f 
ciO / nea. d!l J npaa. d !l MOTT. a II 

vf.+(tg1
((J/2) a, 

71 (8 

rae !' J - nonHp1138UIISI aei!TOHOB MHW8HH 0HOpM8nbH811 K nnOCKOCTH p8CC811HHSI, 

Opeanara&Mbiii nonap1!38IIIIOHHbiii onbiT MOJKHo o6paTHT&, T.e. R3M&BIITb nonllpaaauaiO 

ae!!TOH OB OTaaqa npH paCC&IIRHH H&nanRpH30B8BHO!"O lly'IK8 R8 RenonapR30B8RBOll MHW8BR, 

Opa aToM aexTop nonapaaanaa ae!!Toaoa oTaaqB 6yAeT aopManea x nnocxocTa pacc&IIHHII B 

pasea: 

a, -

rne 

16 
-s-

(~) 
d{} MOTT, 

( da l d1l aenon, 

1u 1u ...;£ + e1s
2 <e/2>; 

71 

"N a rPP111[;;·11 . 

B ToqeqsoM npa6nHJK&BRH, c y'leTOM oueaxa aepxRell rpaaaubl f 
11 

( q 1 l , 

CTenea& nonRpaaauaa - nopa~xa nponeaTa. 
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