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L B B e ~ e H H e 

OcaosaoA xapaKTepHCTHKoA aneKTpoMarHHTHoro saaHMo~eAcTBHH " -Me

aoaa HBnHeTCH 3neKTpOM8rHHTHbiA cpop~cp8KTOp F" ( q 2 ) , KOTOpbiil: B o6naCTH 

MBnblX nepe~aHHbiX HMUynbCOB MO)I(eT 6biTb npe~CT8BneH B BH~e 

q 2 r" 
F"(q

2
l=l- --

6
-. 

HOCHT H83B8HHe aneKTpOMarHHTHOrO pa~Hyca. 

( 1) 

CymecTsyeT pH~ MeTo~oB ero onpe~eneHHH: HayqeaHe aneKTpopo~eHHH 

"+ -Meaoaa11.f3/, cpaBHeHHe ceqeHHil: ynpyroro pacceHHHH " + - H "- -Me-

aoHoB a -qacTHU8MH/4of81, H3MepeaHe ceqeHHH ynpyroro "e -pacce-

HHHH/9oflll. 8 pa6oTax/12of14/ npe~no)l(eHbi nonHpH38UHOHHble MeTO~b1 0 KOTO

pbie, O~H8K00 Tpe6yiOT UpoBe~eHHH Tpy~Hb!X H3MepeHHil:o 

Ha onbiTOB no aneKTpopo*~eHHI0/3/ 6blno nonyqeao aaaqeaHe aneKTpo-

MarHHTHoro pa~Hyca " -Meaoaa, pasaoe 0,8 ;!:0, 1 cp , qTo B npe~enax 

~BOAHOA OWH6KH COrnacyeTCH C npe~CK838HHHMH p -~OMHH8HTHOil: MO~e-

nH/15/ (r • o• 63 cp ). Cne~yeT, o~HaKo, HMeTb B BH~y, 'ITO r~mpe~eneaue 
" aneKTpoMarHHTHoro cpopMcpaKTopa nHoHa H3 ~aHHbiX no aneKTpopo~eHHIO 

Tpe6yeT HCnOnb30B8HHH TeopeTH'IeCKHX MO~eneil:. 

B nocne~HHX onb!Tax. no pacceHHHIO aapH*eHHbiX " -Me3oHOB a -qac-

THUSMH/8/ 6b!U8 nonyqeHa sepXHHH rpaHBU8 ~nH aneKTpOMarHHTHOrO pa~H-

yea nHoHa r" < 019 ciJ. 

o noTeHuHane H~pa He 4 

C nOMOIUbiO HeKOTOpb!X MO~enbHbiX npe~UOUO)I(eHHil: 

8BTOp8M /7/ y~anOCb yqeCTb HHTepcpepeHUHIO 
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KynoHOBCKoro H CHnbHOro B38HMOaeACTBHA rr -MeaoHa c a -'IBCTHUeA, 

Bee JKe MeToa OKaabiBaeTcSI cnHWKOM HeTO'IHbJM, 'IT06br onpeaenHTb HHJKHIOIO 

rpBHHUY sneKTpOMBrHHTHOro paaHyca, 

HaH6onee npSIMbiM MeToaoM onpeaeneHHSI paaHyca r, S!BnSieTCS! H3y-

'ISHHe ynpyroro rre -pacceRHHSI, 

DpH pacceSIHHH rr -MeaoHa c Maccoa fl. H HMIIynbCOM p (n.c.) 

HB sneKTpOHe C MBCCOA m MBKCHMBnbHbiA nepeaaHHbiA ( aneKTpoHy) IfM-

nynbc onpeaenSieTCSI ~opMynoA 

q 2 
4m2JpJ2 

( 2) 
max fl. 2+2mE + m2 

rae 

Emy(1.2+JpJ2 

11a ~opMynbi ( 2) srraHo, 'ITO anSI nony'leHHSI 6o.nbwrrx nepeaaq Heo6xoaHMO 

rrMeTb ny'IK!f rr -MeaoaoB BbiCOKHX saeprHA, B onbiTax Kaccena rr ap,/4/ 

E, 20 fsB rrMnynbC q max pasea 100 Mas. no-npH aaeprrrH ny'IKa 

STOMy BenH'IHHa ~ a 1-F TT( q 
2 

), onpeaenSIIOWaSI OTnH'IIfe pacceSIH!fSI <jJrr-

3H'IeCKOrO IIHOHa Ha sneKTpOHe OT pacCeSIHHSI TO'I9'1HOrO nHOHa, OKa3biBaeTCSI 

CnHWKOM Manoll: '" 6%) anSI npeanonaraeMoro •, • 0~8 :P /3/. 

llnSI &Toro JKe sneKTpoMarHRTaoro paarryca , "' 0,8 <P H, HanpHMep, rrprr 

saeprHH E = 60 fss senH'IHHa ~ aocTHraeT 28%, 

Oal!aKO H3MepeHHOe B onbiTe Ce'leHHe a (0) OKa3biBaeTCS! MeHbWe 
SKCn, 

T90p9TH'I9CKH Bbl'llfCneHHOrO a TO'Ie'IH, (6) ( Koral'l 
Teop. 

TT -Me30H C'IHTaeTCSI 

"TotJel!HhiM", T.e. F 
17 

• 1 ) He TOnbKO H3-3a RanH'IHSI <jJopM<jJaKTopa nHOHa, 

HO If 3a C'I~T paarraUHOHHbiX nonpaBOK, 

TaK KaK npH BbiCOKHX aaeprHSIX paaHaUHOHHbre nonpaBKH oKa3biBaiOTCSI 

3Ha'IHTenbHbiMH ( CM, Ta6nHUy B KOHUe aaHHOJl: pa60Tbl), TO HX Heo6xoaH

MO Y'IHTbiBaTb npH onpeaeneHHH aneKTpOMarHHTHOrO paaHyca, 0pH STOM 

y'leT paaHaUHOHHbiX nonpaBOK K aneKTpOHHOMy TOKY He npenSITCTByeT BBeaeHHIO 

aneKTpOMarHHTHOrO <jJopM~8KTOpa B aMnnHTyay TT e -p8CC9S!HHSI 0 B TO BpeMSI 
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K8K anSI p8.QHaUHOHHb!X nonpaBOK K M930HHOMy TOKy H anSI .QHarpaMM 

<jJOTOHHbiM 06MeHOM TaKaS! ~KTOpH38UHSI HeOCYW9CTBHM8 H3-38 HBnH'IHSI 

anbHbiX COCTOSIHHA rr -MeaoHa. 

J1CKniO'I9HH9 COCTaBnSieT TOpM03HOe Hany'leHHe nHOHOM H9Ha6niOa 

<jJOTOHOB0 rae OKa3biBa9TCSI aOCTaTO'IHbiM orpaHH'IHTbCSI nepBbiM 'ln9HOI 

noJKeHHSI aMnnHTY.Qbl B p!!a no SHeprHH ~OTOH8, B 3TOM npH6nHlK9HHH 

raSI 'laCTb pa.QHaUHOHHbiX nonpaBOK nponopUHOHanbHa Ce'leHHIO ynpyror' 

ce!IHHSI B HH3W9M nOp!!aKe no KOHCTaHTe TOHKOA CTpyKTypb!, 

Pac'I~T pa.QHaUHOHHbiX nonpasoK 6ea y'I~Ta CHnbHbiX saaHMoaeac 

IIOKa3biBaeT, 'ITO BKnaa .QHarpaMM C aByX<jJOTOHHbiM 06MeHOM ( KOMnTOJ 

BKnaa) B CYMM9 C BKna.QOM 0 CBSI3aHHbiM C nepeHOpMHpOBKOA M930HHOII 

Hbi, COCTaBnSieT MeHee 10% OT BCeA pa.QHaUHOHHOA nonpaBKH HnH M9HE 

ce'leHH!I, Ewe MeHbWe· He nporropuHoHanbHbie ynpyroMy ceqeHHIO qne 

TOpM03HOM H3ny'leHHH TT -Me30Ha H B HHTep<jJepeHUHH H3ny'leHHSI nHO 

TopM03HbiM HanyqeaneM sneKTpoHa, 

EcnH Y'I~T CHnbHbiX B38HMO.Qell:CTBHA He yBenH'IHT STHX BKna.QOB0 

IfMH MOJKHO npeHe6pe'lb, 

B peaynbTaTe ceqeHHe TTe -pacceSIHHSI C TO'IHOCTbiO .QO 'lneHOB 

a MOlKHO npe.QCTaBHTb B BHae 

r'le 

d .£ 
___ a_o_ F 2(q 2)(1 + ..!i. lJ ) , 

d 0 ' TT TT F 

d a 

d n , 
p p 

d a .e 
----~0---- ce'leHHe ynpyroro pacceSIHH!I 'To'le'IHoro" nHoHa sne 

dO p' 

HOM B HH3WeM nOpSI.QKe no KOHCTaHTe TOHKOil: CTpyKTypbl a I BenH"H 

He conepJKHT KOMnTOHOBC~OrO BKnana lJk I paaHaUHOHHOil: nonpaBKH ~ 

CBSI3aHHOll C nepeHOpMHpOBKOil: Me30HHOil: BepWHHbl 0 a TaKJKe nonpaBO'If 

'lneHOB B TOpM03HOM Hany'I9HHH TT -Me30H8 ( lJ TT ( 1)) H B HHT9p~ 

unH nany'leHHll aneKTpoHa H IIHOHa ( lJ e TT (I)) 3necb lJ (I) 

He nporropUHOH8nbHbie ynpyroMy Ce'leHHIO, 

0TMeTHM 0 'ITO CpaBHeHHe SKCnepHMeHTanbHbiX Ce'leHrrll ynpyroro 

+ 
CeS!HHSI TT -Me30HOB sneKTpOHaMH noaBOnHnO 6bi onpenenH H TT 

KOMIITOHOBCKHlt BKnan, TaK KaK HHTep~epeHUHSI TOpM03HOrO H3ny'leHHSI 

[JOlla C TO[JM03Hb!M rranyqearreM IIHOHa MOJKeT 6hiTb Bbl'llfCneHa, 

5 
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oro H CHJibHOrO B38HMoaeil:CTBHil: rr -Meaoaa c a -'IBCTHUeii, 

eToa OK83biB8eTCSI CJIHiliKOM HeTO'IHbiM, 'IT06bi onpeaenHTb HHlKHIOIO 

neKTpOMBrHHTHOrO paaayca, 

onee npHMbiM MeToaoM onpeaeneHHSI paaayca r , 

yroro 1T e -pacceHHHSI, 

SIBJISieTCH Hay-

pacceHHHH 1T -Me30HB C MBCCOii p. H HMnynbCOM P' (n.c.) 

oHe C MBCCOii m M8KCHM8JibHbiA nepeaaHHbiA ( aneKTpOHY) HM-

eaenSieTCSI ~opMynoA 

4m
2 IPI2 

(2) 
q2 

p. 2 +2mE + m2 

E-yp.2+1"PI2 

l1bl (2) BHaHo, 'ITO anH nony'leHHH 60nblliHX nepeaaq Heo6xoaHMO 

KH 11 -MeaoHOB BbiCOKHX sHeprail:, B onhiTax Kaccena a ap,/4/ 

E 
1T 20 rse HMnynbc q max paeeH 100 Mse. no-ny'IKa 

H'IHH8 L\ a 1-F 
11

( q 2 ), onpeaenHIOill8SI OTJIH'!He pacceHHHSI ~H-

nHOH8 HB 9JieKTpOHe OT pacceSIHHH TO'Ie'IHOrO nHOHB, OK83biB8eTCH 

Man oil: '" 6%) AJIH npeanonaraeMoro r 
11 

• o,s :P /3/ 

o lKe sneKTpoMarHRTHoro paaayca 
11 

= 0,8 ~ n, HanpnMep, npn 

E = 60 rae Bel1H'IHH8 L\ aOCTnraeT 28%, 

aKo HSMepeHHoe e OIIhiTe ceqeHae a (0) oKaahiBaeTCH MeHbllle 
9KCn, 

CKH Bbi'IHCJieHHOrO a TO'!e'!H, (I}) ( KOrD.a 
Teop. 

1T -Me30H C'IHT8e~CSI 

) He TOl1bKO H3-38 H8l1H'IHH ~OpM~8KTOp8 nnoHa, 

'I~T paanaunoHHbiX nonpaeoK. 

KBK npn BbiCOKHX 3HeprHSIX p811.HBUHOHHbie nonpaBKH OK83b!B8IOTCSI 

HblMH ( CM, Ta6rrHUY B KOHUe aaHHOil: pa60Tbl) t TO HX Heo6xoan

,IB8Tb npn orrpeaeneHan aneKTpoMarHHTHoro paanyca. npa aTOM 

BUHOHHbiX rronpaBOK K 9l1eKTpOHHOMy TOKY He npenSITCTByeT BBeaeHHIO 

arHHTHOro ~OpM~8KTOp8 B .8MJil1HTyay 1T e -paCCeSIHHSI 1 B TO BpeMSI 

4 

.,. .. 

KBK anSI paaHBUHOHHb!X nonpaBOK K Me30HHOMy TOKy H anSI II.HBrpaMM C aayx

~OTOHHbiM 06MeHOM TBKBSI ~8KTOpH38UHSI HeOCyiUeCTBHM8 H3-38 H8l1H'IHSI BHpTy-

BJibHbiX COCTOSIHHii 1T -Me30H8o 

YfCKliiOqeHHe COCT8BrrSieT TOpM03HOe H3l1y'leHHe nHOHOM HeHa6rriOaaeMbiX 

~OTOHOB, rae OK83b!B8eTCSI aoCTBTO'IHbiM orpBHH'IHTbCH nepBbiM 'lrreHOM paa

JIOlKeHHH aMnrrHTyahl B pSia no aHeprHH ~oToHa. B aTOM npa6rralKeHHH Heynpy

raH 'ISCTb paaHBUHOHHhlX nonpaBOK nponopUHOH8l1bH8 ceqeHHIO ynpyroro 1Te -pac

ceHHHSI B HH3IlleM nopSiaKe no KOHCT8HTe TOHKOil: CTpyKTypbi, 

Pac'I~T pannauaoHHhiX rroapaaox 6ea y'I~Ta cnrrbHbiX aaanMoaeAcTBHl!: 

nOK83biB8eT, 'ITO BKrraa anarpaMM C aeyX~OTOHHbiM o6MeHOM ( KOMnTOHOBCKHJ!: 

BKrraa) B CyMMe C BKrraaoM, CBSI38HHbiM C nepeHOpMHpOBKOA Me30HHOJ!: eeplliH

Hblt COCTBBrrHeT MeHee 10% OT BCel!: paaHBUHOHHOii nonpaBKH HliH MeHee 1% OT 

ce'leHHSI. Eme MeHbllle· He nponopuaoHarrbHbie ynpyroMy ceqeHHIO 'lneHbl e 

TOpM03HOM H3l1y'leHHH 1T -Me30H8 H B HHTep~epeHUHH H3l1y'leHHSI nHOH8 C 

TopM03HbiM nany'leHHeM arreKTpoHa. 

EcrrH y'I~T cHrrbHhlX eaaaMoael!:cTBHii He yeerrH'IHT STHX BKnaaoe, TO 

HMH MOlKHO npeHe6pe'lb, 

B peayrrbTaTe ce'leHae 1Te -pacceHHHSI C TO'IHOCTbiO ao '!lieHOB nopSiaKa 

a MOlKHO npeacTBBHTb B BHae 

d u 

d o , 
p 

g 
d 

e
Uo 

dO 
F 2 (q 2 l(l+_!L li ), 

1T 1T F (3) 

r'le 

d u .e 
0 - ceqeHHe ynpyroro pacceHHHSI 'To'!e'IHoro" rraoaa aneKTpo-

dO p' 
HOM B HH3IlleM nopSiaKe no KOHCTSHTe TOHKOi!: CTpyKTypbl a ; eenaqHHB fi F 

He coaeplKHT KOMnTOHOBCKOrO BKrraaa fik I paaHBUHOHHOii nonpaBKH 
1T a .e . 

CBH38HHOii C nepeHOpMHpOBKOii Me30HHOi!: eeplliH.Hbi, a TBKlKe nonpaBO'IHblX 

qrreHOB B TOpM03HOM H3l1y'leHHH 1T -Me30H8 ( fi 11 
( 1)) H B HHTep~epeH-

una nsnyqeHnii aneKTpoHa n nHOH8 ( fi e1T (1)) 3aecb fi (I) - BKrraabl, 

He nponopuaoHalihHbie ynpyroMy ce'!eHHIO, 

OTMeTHM, 'ITO cpaeHeHne axcrrepnMeHTarrbHblX ce'leHHii ynpyroro pac-

+ 
ceSIHHSI 1T H 1T -Me30HOB arreKTpOHBMH n03BOl1HJIO 6bi orrpeaerrHTb 

KOMJITOHOBCKHH BKrraa, TBK KBK HHTep~epeHUHSI TOpM03HOrO H3Jiy'leHHSI srreKT

pOHa C TOpM03HbiM H3JiyqeHI!eM IIHOHB MO)!{eT elbiTb Bbi'IHCJieHa, 
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PallHSUHOHHbte nonpaBKH K paccel!HHIO "Toqe•moro"' rr -M930H8 CB060il-

HbtM aneKTpoaoM Bbt'IHC1lll1lHCb KaxaaoM/ 16/ ll1lll aKcnepHMSHTa, a KOTopoM 

H3Mepl!IOTCll 3HeprHH KOHe'IHblX 'ISCTHUX/, 

B llSHHoll pa6oTe BbtHHC1ll!IOTCll pallHSUHOHHbte norrpaBKH ll1lll cny'lal! pe

rHcTpauHH 3H9prHH H yrna 31leKTpOH8 OTilS'IH, 

YKa)l{eM HcnonbaoaaHHbte npH pacq~Te npH61!H)I{9HHll, 

I, Mbt npeae6peraeM '11!9HSMH nopllllKa _m_ , ..!...., ( L) 2 

E {1,' e E 
no cpaaae-

HHIO C ellHHHll9H (y1lbTpape1!l!THBHCTCKOe npH61!H)I{eHH9f. 31l9Cb E -aaeprHll 

nepPH'IHOro ny'IKS nHOHOB B 1l,C, 1 {1, :e - aaeprHll aneKTpoaa oTilS'IH 

B yrrpyrOM paccel!HHH 1 m - MSCCS 31!9KTpOH8 1 p. - Maces naoaa, 

2. He y'IHTbiBaeTCll pa3Ma3SHHOCTb no aaeprHH 8E nepaH'IHoro ny'IKa 

" -Me30HOB1 nOCK01lbKY npH peanbHOM 8E/E ., 0,2% OHa npHBOilHT K TaKO-

ro )l{e nOpllllKS B91!H'IHH9 OUIH6KH H3Mepl!9MOH aHeprHH 31!9KTpOHa 0Til8'1H 

8 El1;'fl1;:e 
{1,' ee 

m+E (4) ~(I+ p. 2 /mE l. 
E 

3, BKnall • )l{eCTKHX" «jloToaoa a aeynpyryro 'laCTb pallHaUHOHHbiX nonpa-

BOK nOilC'IHTaH C TO'IHOCTbiO llO '1119HOB nOpllllKS 

norpeWHOCTb B Ce'I9HHH 1 paBHYIO 0,25%. 

a /rr, 'ITO COCT8B1lli9T 

B paallene II nollC'I~T aeynpyroil 'laCTH pallHSUHOHHbiX nonpaaoK 

H8'1HH89TCll C pa360p8 KHHeMSTHKH H 3KCnepHMeHT8.J1bHb!X yC1lOBHli, KOTO

pb!9 H8K1!81lb!BSIOT llOn01!HHTe1!bHb!9 orpSHH'IeHHll HS pa3peweHHYIO 061!SCTb 

aaeprHli «jJOTOHS, llanee H31laraeTCll liOC1lellOBST91lbHbiH M9TOil yq·~TS OWH60K 

B H3M9p9HHH yrna H 3HeprHH 'ISCTHUbl OTilS'IH, llo CHX nop B pa6oTSX no 

pSilHSUHOHHbiM nonpaBKSM ( CM,, HanpHMep,/J 6- ]8/) CTS1lKHBS1lHCb c CHTya

UH9H1 KOrllS OllHOli H3 YK838HHblX OWH60K MO)I{HO npeae6pe'lb. 

x/ /16/ 
Mbi nOilTBep)l{llSSM npaBH1lbHOCTb peaynbTSTOB pa6oTbi , KpoMe 

TOrO, HSMH nony'leHbl 'IHC119HHbl9 pe3y1lbT8Tbl npH KHH9MSTH'I9CKIIX yC1lOBH

l!X1 HCn01lb30B8HHblX B/ ]6/, ll1lll TSX aaepriiH 'ISCTHU H TO'IHOCTeli np1160p0B, 

KOTOpbi9 yKa38Hbl B p831l9119 III llSHHOH pa6oTbi, 

6 

.tfl8 I , 
• 

B paa~tene III o6cy)l{llSIOTCll nonyqeHHbte peaynbTSTbt, Ba1 

M031lKOCTH 'IHCneHHOrO M8Tep118118 B !IpHnaraeMOll T861!HU9 npHBOJl 

aeKOTOpbl9 'IHC119HHbl9 peaynbTSTbl, 

II. Heynpyrall qacTb pallHSUHOHHbtX nonpaa< 

npouecc ynpyroro rre - paccel!HHll B HH3W9M nopllllKe no 

TOHKOH CTpyKTYPbl a onHCb!BSeTCll llHarpaMMOH 

31l9Cb P H q ( p ' 

q' 
I 
I 

I 
I q 

p' 

p 
1) 

PHc, I 

H q' ) H8'181lbHbl9 ( KOHe'IHbie) 4-H 

M9KTpOH8 H rr -M930H8 COOTB9TCTB9HHO, HeTpyllHO nony'IHTb llH< 

anbaoe ceqeaae ynpyroro pacceBHHll aneKTpoaa aa yron 0 .. e· 
B n,c, HMeeM 

.e 
d (1 0 

dO , 
p 

_a __ 

2m 2 

..e I ... , I 2 
To P .. e 

... 2 .. e 
1 q 1 < p 

3 
l cos o .e 
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8UHOHHbl9 nonpaBKH K paCCel!HHIO "TO'l9'1HOro• " -Meaona ceo6oa-

poHOM Bbl'lHCIIliiiHCb KaxaHoM/ 16/ AIIll 9KCl19pHM9HTa, B KOTOpOM 

ll 3HeprHH KOHe'lHblX 'lBCTHux/, 

HHoil pa6oTe Bbi'lHCIIliJOTCll paaHaUHOHHbre nonpaBKH anll cny'lall pe

aHeprHH H yrna 9II9KTpOH8 OTUB'IH, 

eM HCliOIIb30BBHI!bl9 lipH paC'l~Te l1pH6IIH)[{9HHl!, 

bl npene6peraeM 'IIIeHaMH nopliAKa _m_ , .....!..., ( L ) 2 

E @' f E 
no cpaeHe-

HHU9il ( ynbTpapenl!THBHCTCKOe lipH6IIH)[{9HH9 j, 3aecb E -aHeprHll 

0 liY'lKB liHOHOB B II,C,, @ :e - 9HeprHll 9II9KTpOHa OTAB'IH 

paccel!HHH , m - Macca aneKTpoaa, p. - Macca nHoaa. 

e Y'IHTbiBaeTcll paaMaaaHHOCTh no aaeprHH tl. E nepBH'IHoro ny'IKa 

OHOB, liOCKOIIbKY npH peanbHOM tl.E/E "'0,2% OHa IIpHBOAHT K TBKO

l!UKa B9IIH'lHHe OUJH6KH H3M9pl!9MOli 3HeprHH 9II9KTpOHa OTAB'IH 

tl.E&·;&~e 
&:e 

m+E 
~(1+/12/mE ), 

E (4) 

KIIBA ")[{9CTKHX" tPOTOHOB B Heyrrpyryro 'l8CTb paAHBUHOHHbiX nonpa-

HTBH C TO'lHOCTbiO AO 'III9HOB nOpl!AKB 

Tb B Ce'l9HHH 0 paBHYIO 0,25%, 
a/"' 'ITO COCTBBIIli9T 

aaene II IIOAC'I~T Heynpyroi! 'l8CTH pBAHBUHOHHb!X nonpaBOK 

ll C paa6opa KHHeMaTHKH H 9KCnepHM9HTBIIbHblX ycnOBHI!, KOTO

Ab!BBIOT aononHHTenhHbre orpaHH'leHHll Ha paaperneHHyro o6nacTb 

OTOHa. Llanee HanaraeTcl! nocneaoeaTenhHbiil MeToa y'I.~Ta ornH60K 

HH yrna H 9HeprHH 'lBCTHUbl OTAB'IH, ilo CHX nop B pa6oTaX no 

Hb!M norrpaBKBM ( CM,, HanpHMep,/J 6- 18/) CTaiiKHBBIIHCb C CH~ya

a OAHOli H3 yKaaaHHbiX OiliH60K MO)[{HO npeHe6pe'lb. 

I 16/ 
bl noaTB9p)[{aaeM npaBHIIhHOCTb peaynbTaTOB pa60Tbl , KpoMe 

H nony'leHbl 'IHCIIeHHble peaynbTBTb! npH KHH9MBTH'I9CKHX yCIIOBH-

30BBHHb!X B/ 16/ 0 AIIll T9X 9HeprHll 'IBCTHU H TO'lHOCTell npH6opOB0 

KaaaHbi B paaaene IJI aaHHoll pa6oTbi. 
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B paaaene III o6cy)[{aaroTCll nony'leHHbre peaynhTBTbi. BeHay rpo-

M03AKOCTH 'IHCII9HHOro MaTepHana B npHnaraeMOH Ta6nHU9 npHBOAliTCll IIHillb 

H9KOTOpb!9 'IHCII9HHbl9 peaynhTBTblo 

11. HeynpyraH qacTb paaHaUHOHHbrX nonpaeoK 

npouecc ynpyroro "e - paCC9l!HHll B HH3lli9M nopl!AK9 no KOHCTBHTe 

TOHKOll CTpyKTYPbl a onHCb!B89TCll AHarpaMMOll 

3aecb P H q ( p ' 

q' 
I 
I 

I 
I q 

p' 

p 
1) 

PHc. I 

H q' ) H8'18IIbHbl9 ( KOH9'1Hbl9) 4-HMnynbCbl 

sneKTpOHa H " -Me30Ha COOTB9TCTB9HHO, HeTpyAHO nony'lHTb AH!fl!flepeHUH

anbH09 C9'19HH9 ynpyroro pacce£HHll aneKTpOHa HB yron £I ef• 
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d a 0 
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ee I ... , I 2 
T 0 P ef 
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I q I < P 8 > cos e .e 

7 

(5) 



rue 

T .P .. 2 [ 4 rn 2 E ( m + E - & '
0
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0 ( 3 
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(p a l = ( P - P .e l • ( q _,, .y l - KBa.opaT nepe.oaaaoro HMnynbca 

·YnpyraH '18CTb p8.0H8UHOHHbiX l!Ollp8BOK, COOTBeTCTBYIOIU8H BKllB.OY .OH

arpaMM C .OOllO!lHHTe!lbHblMH BHpTyanbHblM ~OTOHOM, He 38BHCHT OT Bb!60pa 

KHHeMaTH'IeCKIIX YCllOBHli, Bbl'IHCneaa HaMH TO'IHO, H uenHKOM COB!la.oaeT C 

peaynbT8TOM pa60Tb/ )6/, 

B aToM paa.oene Mbl Bbl'IHCnHM BKna.o TopMoaaoro HanyqeaHH aeaa6nJO

naeMbiX ~OTOHOB, KOTOpOe OllHCbiBaeTCH cne.oy!OIUHMH .OHarpaMM8MH! 

~ 
~--
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I ~y 11 H w 

2) 3) 4) 5) 6) 

PHc. 2. 

§I. KuaeM~THKa npouecca "e ... rre y 

nonaoe ceqeaue TopMoaaoro Hany'leHHH a n.c. MOJKeT 6biTb npe.ocTaa

neao B au.oe 
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lnel 

(E)a 8 3 ' 3 3 ' (4) 
_a __ f...!:.l..J...'L.!.J-h..8 (p+q-p'- q'-k)A, 

(2rr) ~. I q I &• 2 w E' 

3.oecb k- 4-IIMnynbc ¢oToaa, A m-liMM+ 
2 peaynbTaT 

( 6) 

CYMMII-

pOB8HHSI l!O Cl!HH8M S!leKTpOIIOB II ll0l!Sipii38UHSIM ~OTOHOB KBa.opaTa MO.OynSI 

xl 
Mbl IICl!Ollb3yeM MeTpiiKy, B KOTOpOii CK8l!SipHOe !lpOII3Be.oeaue 4-HM-

llYllbCOB P II q HMeeT BH.O pq • pq - P
0

q 
0 

• 
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_. 

; 

MaTpH'IHOI'O S!leMeHTa M t COOTBeTCTBYIOIUero UHarpaMMaM ( 2) -( 6), 

BbiiiHCb!BaeM 3.QeCb Bel!H'IHHY A BBH.OY ee rpOM03.0KOCTH H l!Ol!HOI'O 

na.oeHHH C 8H8llOI'H'IHOli Bel!H'IHHOli pa60Tb/ )6/, 

nocKonbKy H3MepH!OTCH aaeprHH H yron aneKTpoaa, uenecoo6pa' 

caaqana npoaeCTH HHTerpHpoaaaHe no ~aaoaoMy o6~eMy aeaa6nro.oae~ 

Meaoaoa oT.Qa'IH, B peaynbTaTe H3 (6) nony'IHM 

I :, = ~ -k - t .. 
a 3 f~f~ A (I) 

a .. 8'(E'-E I +W) lnel (2rr)~ I <il & ' 2w E' 

r.oe 

2 .......... -+ 2~ 
E'a[IL +(q-k-p'l] 

• 

E am + E - [i,•, 

BbmenHM KHHeMaTR'IeCKH paaperneaay10 o6nacTb aaepruli ~oToaa 

KOTOpOli 

E'-E
1

+w .. o. 

0TCIO/l8 aaXO.OHM! 

w .. 
E 1- f3 "cull .cp 

,, 
r.oe rp - yron MeJK.OY BeKTOpOM IIMl!YllbCa ~OTOHa k H OCbiO q-

f3•1q-p'l. 

r • m E 
1 

- E & ' + I ; ' I I q I cos (J , 

~opMyna (9) npe.ocTaBnSieT co6oii ypaeaeaHe annHnca c aKcueaTpHcll 
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2 ~: ( m + E - &; ' o ) + 11 2 ( P .p ) 2 J • 
"' 3 

' - <"-" .e 
x/ 

- KBaapaT rrepeaaaaoro HMrrynbca 

paAH8UHOHHbiX 11011p8BOK, COOTBeTCTBYIOIU8H BK118AY AH

ellbHbiMH BllpTyanbHbiM cpoToHoM, He aaBHCI!T oT BbJ6opa 

OBHli, Bbl'IIICIJeHa 118MII TO'!IIO, H UellHKOM COBII8/l8eT C 

,116/, 

Bbl'JIICIIHM BK1181l TOpM03HOr'O H311Y'!eHHH KeHa61110-

OIIHCbiBaeTCH ClleAyiOIUHMII AHarpaMM8MII: 

H 11 K w 
3) 4) 5) 6) 

P11c, 2, 

KHHeM~TIIKa npouecca 11 e-> 11e y 

e TOpM03HOr'O H311Y'!eHHH B ll,C, MOlKeT 6bJTb llpeACTaB-

da ' dak da' (4) 
f..!!.:.l!..f--f-!2L.8 (p+q-p' 

&;• 2 w E' 

C ljJOTOHa, A .. .ll:MM+ 
2 

q'- k) A , 

( 6) 

pe3yllbT8T CYMMII-

SlleKTpOIIOB II IIOmlpii38UIISIM cpOTOHOB KBanpaTa MOilYIIH 

yeM MeTpHKy, B KOTOpOli CK811HpHoe llp0113BelleHIIe 4-HM-

HMeeT BIIA P q • P q - P 
0 

q 
0 

• 

8 

,.. 

M8TpH'IHOr'O SlleMeHTa M , COOTBeTCTBYJOIUero AHarpaMM8M ( 2) -( 6) o Mbl He 

BblllHCbJBaeM 3AeCb BellH'IHHY A BBHAY ee rpOM03AKOCTH H IIOIIHOI'O COB

JJaAeHHH C 8H8110r'!f'!HOli BellH'IHHOli pa60Tb.; 16/ o 

nocKO,IlbKY HaMepHIOTCH saeprHH 11 yron sneKTpoaa, uenecoo6paaao 

caa'lana rrpoaeCTH HHTerpHpoaaHHe rro cjlaaoaoMy o6'beMy aeaa6nJOnaeMbiX 

MeaOHOB OTAB'!H, B peayllbTaTe 113 (6) nony'IHM 

I ci' = ~ -k -it , 
a a f~f.22._ A 

8(1) ( E '- E a a I +W ), 
tnel 

<211l!fn I <i I 6; ' 2w E' 

rae 

2 .... .... ...... 2 ~ 
E '=(11 +(q-k -p ') ] 

• 

E am +E - &,•, 

BbiAenHM KHHeMaTH'!eCKH paapemeHHYIO o6nacTb saeprllli cjloToaa, B 

KOTOpOli 

E'-E I +W .. o. 

0TCIOA8 H8XOilHM: 

w= 
E1 ~"c..a .</> 

rne </J - yron MelKilY BeKTOpOM HMIIYilbCa cpoToHa k II OCbiO ~- ~ 

~-lq-p'l. 

r .. m E 
1 

- E & ' + I ; ' I I q I cos 8 • 

( 7) 

( 8) 

(9) 

( 10) 

( 11) 

~OpMyna (9) npeACT8BIJHeT Co6oli ypaBHeHHe 31JIJHIIC8 C 3KCUeHTp11CHTeTOM 

y ., ~~ E I< I, 
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.Qnsl yao6CTB8 HHTerpHpOBBHHll· BBeaeM 38MeHy nepeMeHHbiX li0:6 -> r, 6 , 

rae r onpeaenlleTcll cooTaoweaaeM ( 11). BenH'IHHa r o6pawaeTcH B 0 npa 

& , - & :e a 6 - o.e nerKO BHaeTb 0 'ITO B npeanonomeHHH ManOCTH 

OTKnoaeaaa 8&' H 8 (} {f,• H3MepHeMbiX napaMeTpOB (} H OT HX 

'ynpyrHX' 3HS'IeHHlt nepeMeHHSll r 6y.oeT nponopuHOHSnbHS CyMMSpHOMy 

anre6paH'IeCKOMY OTKnOHeHHID0 a HMeHHO 

r.oe 
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186 &'I 

{f,· 
ef 

mE 
~. r • 

&·.e 

~ a + 8 & ' :!: 1 8 6 &· 1 • 

{i,' 
• -!i tg 9 . .£8 () • 

m ' . 

{ 12) 

{ 13) 

{ 14) 

TaKHM o6paaoM, B npeaenax KHHeMaTH'IeCKH H aKcnepaMea~anbHO paapeweaaoa 

o6naCTH { CM, pHC, 3) x/ BenH'IHHS r MeHll eTCll OT r min • 0 { nHHHll M N 

ao r <+ l • r I 0ee _ ~() { B TO 'IKe · K ) , rae ~ () - norpewaoCTb npa-
{f,~f -&!&' 

6opa, H3Mepllrowero yron, ~ m &' - norpewaocTb npa6opa, H3Mepllrowero aaep-

!"'HID, 

3aMeTHM0 'ITO fiOCKOnbKY TpeTHlt napaMeTp -
1
,cos cp, OT KOTOpOrO 3SBH-

CHT 3HeprHH rfloTOHS W { CM, ( 9)) 0 He ¢JHKCHpOBSH 0 TO nro6olt TO 'IKe rflarypbi 

KMNF 
HS pHC, 3 COOTBeTCTByeT MHOmeCTBO HeynpyrHX C06biTHlt C paanH'I-

HbiMH 3HeprHHMH TOpM03HOI"'O rfloTOHS, 

·~a . . 
aecb pa.oa onpeaeneaaocTH Mbi paccMaTpHaaeM cny'lail, Koraa 

~ m {f,, > ~ 6{f, , • Cny'lall, Kor.oa ~m{f, , < ~ o& , • paccMaTpHBaeTCll aaa-
norH'IHO H npHBOaHT K TeM me KOHe'IHbiM BbipameHHliM, 
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Pac. 3, 

fpaaaua FK' o6nacTH HHTerpapoaanHll B nepeMeHHbiX r, cos 6 , 

meHHOil Ha PHC, 4, onpeaenHeTCll fiO.!lCTSHOBKOlt B COOTHOWeHHe 

cos ()-
r- (m- &' )(m+E) 

I P'll ;j I 

3HS'IeHHll 

& ' • & :e -~m & ' 

CosB 
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IIHTerpHpOBBHIISI· BBelleM aaMeHy nepeMeHHbiX (i,:o .. r, 0 , 

COOTHOllieHHeM ( 11) • BenH'IIIHB r o6pamaeTCSI B 0 npH 

nerKO BHileTb, 'ITO B npelluOnO*eHHH ManOCTH 

113MepSieMbiX napaMeTpOB (i,• 
II 9 OT IIX 

ll nepeMeHHaH r 6ylleT nponopuHoHanbHa cyMMapHoMy 

OTKnOHeHHIO, a I!MeHHO 

r m Ll, { 12) 

Ll-+B(i,':tiB 0 @'1. { 13) 

(i,• 
- ~ tg 9..£8 0. m , . { 14) 

B npellenax KHHeMaTH'!ecKH 11 aKcnepHMeatranbHO paapemeaaoll 

aenH'IIIHB r MeHH eTCH OT r min • 0 ( nHHHSI M N 

( B TO 'IKe K ) , f'lle {l 0 - norpemHOCTb npH-

{l m (i,• - norpemaocTb np116opa, H3Mepsromero aaep-

nocKonbKy TpeTHl! napaMeTp - cos 4> , oT KOToporo aaaH-

w { CM, { 9)), He ljJHKCHpOBBH, TO n1060l! TO 'IKe ljJHryp~i 

3 COOTBeTCTByeT MHO*eCTBO HeynpyrHX C06biTHl! C pa3nH'I

TOpM03HOf'O ljJOTOHBo 

onpe·lleneHHOCTH Mbi paccMaTpHBaeM cny'lai!, KOrlla 

Cny'!all, K0f'll8 {lm(i, ' < Ll o(i, '. paCCMaTpHBaeTCH aaa-

K TeM *e KOHe'!HbiM Bb!pa*eHHHM, 
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TaKHM o6paaoM, HHTerpanbi ·B nonHoM ce'!eHHH ( 7) .non>KHbl 6bJTb Bbl'!Hcne

Hbl no .llBYM o6naCT!IM; 

o6nacTb 

o6naCTb II 

3.necb 

0 :<; r S. r (-) cos 6 
a :s cos 6 :s cos 6b 

r (-) < r < r <+) , cos 6 - - ., < cos 6 < cos 6 b • 

r(+) • rl 6 0 -M 
8L + 

li,, -ti li,' 
ef m 

cos (}a • cos ( (} ef +ii 6 ) • cos 6 
0 

·I r • r (-) 

cos 6 b • cos ( 6 ef - ti6 ) • cos 6., I r • r ( + ) , 

cos 6 
0 

r - ( m- &:e + tim&' )( m +E) 

I~ I q;:e -ti it'll 
m 

0TM9THM0 'ITO B nHHeitHOM npH6nHlK9HHH no OTKnOH9HHliM 

r( +) H r(-) HMeiOT BH,Q 

r ( +) 
mE 

I ti m &'t. I ti 6 &· II . 

C y'laTOM CB513H .QHcjMilepeHUH8nOB 

d li,' • dr 

lifl cos 6 -m-E 

C9'19HH9 ( 7) MOlK9T 6bJTb npe.QCT8Bn9HO B Bl!.ll9 

( 15) 

( 16) 

( 17) 

( 18) 

ti &· 
m H fi />' 

( 15') 

( 19) 

1'(-) 
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ooe6b rc~ ..... 6b ( 20) 

d r f d cos (} ·+ f dr f d cos 6 1 B ( r , cos 6 l , lne et. 
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eoaO efonat ooa1J
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·J.necb 

a lnol ooo6b 
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a r(-) ooo6a 

ooo6b 

- J d cos6) 
ooo6 

0 

B C r, cos 6) 1 

T8K K8K cos 6 I 
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au lnel 
ooo6b 
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eoe6 o r .., <+> arC+) 
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H8KOH9U 0 
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a lnel 
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d cos 6b 
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d cos6 a 
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HHTerpanbl ·e nonHOM C&'I&HHH ( 7) AOnlKHbl t5b!Tb Bbl'IHCne-

:S r ~ r (-) cos (J 
a 

<cos (J <cos (J 
- - b 

(-l<r <r(+) ,cos0
0 

< cos (J < cos (J b • 

r(+lmrloe-M 
• + 

&· -ll &· .e m 
( 15) 

< o .e +ll o > • cos 8 .. I , • , <-> ( 16) 

cos(() .e-ll()),.cos ()o I rar(+), ( 17) 

r - ( m- &:e + llm&' )( m +E) 

I~ I q;·e -ll 1 'I> o m 
( 18) 

nHHeAHOM npH6nH~&HHH no OTKnOH&HHgM ll &· 
m H ll />' 

HM&IOT BHA 

mE 
lllm&'t. Ill 8&· II. ( 15') 

AH#epeuuHanoe 

dr ( 19) 

I if I cos 0 - m - E 

6b!Tb npeAcTaeneuo B Bl!A& 

ooaOb rc~ ooa Ob 1(-) 
) m a ( J 
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d r f dcosO'+ J dr J d cos81 B(r, cosOl, 

ooaO a T( -) ooaO 0 
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2~r m lq I 
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21T 

~~·- ~-rt-t' 
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( 21) 

nH«jMpepeHUHBnbHOe C&'I&HHe 
d cos o.e nonyqaeTcg uenocpeACTBeHHhlM 

AH«jMpepeHUHpOBBHHeM paeeHCTBB ( 20) no BHeWHeMy napaMeTpy cos (J of • 

d a lnol ao I no I dr(-) . ao lnol dr(+) ao lnol 
-----< ) ---+<--> -+<--) 
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-

0
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ooaOb 
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ooa8 
B ( r, cos 0 l 1 

ar<-l ooaOa 
0 

TBK KBK cos 0 0 I 
r • r C-> 

• cosO a 
(eM, PHc, 4); 

ao lnel 

a r(+) 

nocxon&Ky 

HBKOHeU, 

ooaOb 
• a [ J d cos 0 B ( r , cos 0 ) 1 • 0 , 

ooaO 
0 

r "' (+) 

cosO.,Irar(+) • cosO b 

a lnel 
0 ) 

r(-)•oon•t a cos 0 .e rc~ • oonat 
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0 
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d cosO a 0 ) __ _ 
-B(r,cos a dcosO.f 
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<l>opMyna ( 23) ynpowaeTcSI, ecnH aocnonb3oBaTbCSI 

npll6nHJKeHHeM, c yq~TOM KOToporo nonyqaeM: 

ynbTpapenSITHBHCTCKHM 

l • cos 9 ef 
!'>. ff,' m (J 

Ll (J 0 (!- ---.:;-
cos u a - cos et. &'.e l9 ef 

aHanorHqHbte COOTHOWeHHSI HMeiOT MeCTO )lnSI cosfJb 
II cos (J . noaTOMY 

B ( r • cos (J a ) - B ( r • C05 (J b ) .. B ( r. cos (J 0 ) .. B ( r • cos (J .r ) 

II paBeHCTBO (23) npiiHHMaeT BHJl 

tnel 
da 

d cos9
8
p 

1(-> r<+> 
.. a [ f g ( r ) B ( r , cos 9 0 ) d r + f g ( r ) B ( r , cos 9 0 )d r ], 

0 I et 1(-) 2 et 

HblX 3HaqeHHA T. YqHTbiB8SI 0 qTO qaCTH8SI np0113BOJlH8SI acos9.e 

BeCOBbie MHOJKIITenll g ·
1 

( r) I! g 
2
(r) B ( 25) xapaKTepii3YIOT BKnaJl a a !net 

COOTHOllleHHH ( 23) BblqiiCnSieTCSI npH nOCTOSIHHblX 3H8 qeHIISIX T (-) 

JlnSI g I II g 2 nonY'tiiM: 

d cos9 b d cos9 a r(+l-r(-l d 1 

g (r) • - - l<il 
( 

1 dcos9
8
p d cos e .e d cos 9 ef 1 .. ' -1'1 .. ,1 

p ef mP 

d cosO b d cosO 
0 

r(+l-r d 1 

g2 (r) • - = 
), 

d cosO ef dcos e.e l<i I dcos 0 ie IP'e- Li "P'I e m 

( 24) 

( 25) 

pa3nHq-

B 

II r(+), 

), (26) 

( 27) 

HeynpyraSI qaCTb paJliiSUIIOHHOI!: nonpaBKH onpeJlenSieTCSI cnenyiOlllHM 

o6pa3oM: 

...!!._ 8 tnel 
17 

da lnel da ef --a- (no o6nacTH MNKF)/ (J ( no nHHHH MN), 
d cost~ ef d cos ef 

( 28) 

14 

~ . ~ 

CeqeaHe ynpyroro npouecca 

da ef 

d cos 9 ef 

daef 
-----, BbJqHcneHHOe BJlOnb nHHHH 
d cos 9 ef 

da .r 
.. g I ( r) 

d cos 9 ef 

C yq~TOM (26) II (27) 113 (28) nerKO HaRTH TOrpa, qTo 

8 ~ 
lnel 

1 
.. 

1 
.r • 

m q ( p 3 ) cos (J .e 

2 I ... ' I 2 T ef 
17 P ef 0 

rile 

g ( r) = 

7(-) 

[ f dr + 
·0 

T(+) 

f g(r)dr]B(r,cos9
8
pl. 

1(-) 

r (+) - r 

r(+l-r(-) 

<l>opMyna (30) SIBnSieTCSI 0611liiM BbtpaJKeHHeM JlnSI BKn8Jl8 TOpM 

H3nyqeHIISI aeaa6niOnaeMbtX QJOTOHOB so scex cnyqagx, KOrJla B ynpy 

pacceSIHHH perHcTpllpyroTCSI aaeprHSI 11 yron K8KOI!:-n1160 113 KO.He•u 

THU, HeTPYilHO aaanorHqHbiM o6pa3o~ nonyqHTb secoaol!: MHO)I(HTenb 

JlnSI cnyqag perHcTpaUIIII aaepr111!: KoaeqabtX qacTIIU (eM, I 161, cTp, 

B cnyqae e p -pacceSIHIISI/ 17,18/ B 3HaMeHaTene Q>opMynbt ( 14) 

6onbi08SI M8CC8 pacceHB8TenSI II BenllqHHOi!: /'>. (J ff, ', CBSI38HHOI!: C 01 

B H3MepeHIIH yrna, npeae6peraiOT no cpasaeHIIIO c norpewaocTbiO 1'1, 

6opa, H3MepSIIOlllero 3H~prHIO, HQ ecnH 0Jlll;8 113 OWH60K (/'>.(} f>' HJ 

MHoro 6onbwe Jlpyroll, TO r (- l .. r ( + l , TaK qTo $11rypa MNFK 

MO)I(eT 6b!Tb 38MeHeHa QJHrypoJI MNCD , II BeCOBOI!: MHO)I(HTenb CT8 

eJlHHIIqHbiM, HMeaao TaKIIM npH6nH)I(eHIIeM nonb3oBaniiCb aBTOpbt pa· 

6oTI 16,17,18/ • 
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(23) yrrpomaeTCR
0 

ecrrH BOCITOrrb30B8TbCH 
yrrbTpaperrRTHBHCTCKHM 

KoToporo rronyqaeM: 

m 

&:r 

t:;.o&' 

&'ef 
1 .. cos o .e 

COOTHOID9HHH HM910T M9CTO llrrR cos0b 
H cos 0 e 

noaTOMY 

.. B ( r , co~ 0 h l " B ( r, cos 0 0 ) ,. B ( r , cos 0 ef l 
( 24) 

( 23) rrpHHHM89T BHJl 

1(-> rt+> 
.. a [ f g ( r ) B ( r , cos 0 0 ) d r + f g ( r ) B ( r , cos 0 0 )d r 1. 

0 1 Of. 1(-) 2 8( 

( 25) 

B 

e MHOlKHT9ITH g ·
1 

( r) H g }r) 

li r. YqHTbtBaR, qTO qacTHSll npoH3BOJlH8R 

B (25) xapaKTepHayroT BKrraJl 
au lnol 

paannq-

acosO.e 
I 

(23) BblqHCITR9TCR npH ITOCTOliHHblX 3HaqeHHRX r (-) H r(+), 

H g2 
nonyquM: 

d cosO b d cosO a d+l-r(-) d 1 
(26) - = 

( ), 

d cosO.e d cos 0.£ J<il d coso .e 1 .. , -!1 .. ,! 
p ef mP 

d cosO b d cosO 
0 

r(+)- r d 1 ), ( 27) - = 
d coso .e d cos o.e J<i I d coso .e IP'e- /':;. 'P'l e m 

rrpyraR qacTh paanaunoaaoA nonpaBKH onpenerrl!eTcll cnenyromHM 

da lnel da ef 
" --

0
-<no o6rraCTH MNKF)/ (no ITHHHH MN), 

d cos ef d cos 0 ef 

( 28) 

14 

,a:-

da"£ 
Ceqeane ynpyroro npouecca 

d cos 0 ef 
BbtqHcneaaoe BJlOrrb rrHHHH MN, pasao 

da ef da ef 

d cos 0 .£ 
.. g I ( r) 

d coso .e 

C yq~TOM (26) H (27) H3 (28) rrerKO H8~TH Toraa, qTo 

1 
.. 

1 
.e 4 

m q ( p ) cos 0 .e 
8 - 8 

lnel e 
2 I .. 'J3T" 

" P ef 0 

rae 

g ( r) = 

7(-) 

[ f d r + 
·0 

r<+> 
f g(r)dr) B(r,cosO.£ ), 

1(-) 

r (+l - r 

r ( +) - r(- ) 

( 29) 

(30) 

(31) 

cf>opMyrra (30) HBITli9TCR o6IDHM Bblp8li\9HH9M lliTR BKrr8Jl8 TOpM03HOrO 

HanyqeaHll aeaa6nroaaeMbiX ljloTOHOB eo scex cnyqaRx, Koraa B ynpyroM 

paccenHHH perHcTpHpyroTCR aaeprHll H yron KaKoA-nn6o Ha KoaeqHhiX qac-

THU, HeTpyJlHO aaanorHqHblM o6pa3o~ nonyqHTb B9COBOH MHOlKHTerrb g ( w ) 

JliTll cnyqaR perHCTp8UHH SHeprHA KOH9qHbiX qacTHU ( CM, / 16/, CTp, 981), 

B cnyqae e P -pacceRHHll/17 ,18/ B 3H8M9H8Terre ljlopMyrrhl ( 14) CTOHT 

6orrbWaR Macca pacceneaTerrR H eennqaaoA /':;. 0 & ', csllaaaaoA c omn6KoA 

B H3MepeHHH yrna, npeae6peraroT no cpasaeHHIO c norpemaoCTbro 1\m &'. npn-

6opa, HaMepRrowero aaeprnro, Hq ecnH oaa;,. H3 omn6oK (/':;. 0 &' HrrH /':;. m &'l 

MHoro 6on~ome apyroA, To r (-) .. r ( +) , TaK qTo ljlurypa MNFK ( Pnc. 3) 

MOli\9T 6b!Tb 38M9H9H8 ljlurypoA MNCD , H B9COBOI! MHOlKHT9rrb CT8HOBHTCll 

9JlHHHqHbiM, J1M9HHO T8KHM npH6rrHlK9HH9M norrh30B8ITHCb 8BTOpbl pa-

6oT/ 16,17,18/, 

• 
15 



l,,. ,i 

.. 

§2. "MHrKIIe• <jJOTOHhi 

neperrllmeM paBeHCTBO (3Q) B BIIAe 

lJ lnel 

ref~ r<+> 
s b [ d r + f d r ( g ( r ) -I l l B ( r , cos 0 .e l , 

0 1(-) 

(32) 

rae 

m ·I q 1 < p•e > 
4 

cos o " 
3 ., 

b = 
2rr I P , 12 T .e .e o 

qT06hi paaaeniiTb BKIT8Ahl NMHrKIIXN II '>KeCTKIIX" <jloTOHOB, paCCMOTpiiM piiC, 5, 

H8 KOTOpOM 11306pa>KeHa ITITOCKOCTb rrepeMeHHblX IIHTerp11pOB8HIIH r, W • 

(J.) 

W· 

l(s) lf-J l(+) z: 

P11c. 5 

16 

~ 

Ha STOM piiCYHKe ITIIHIIII W min (r) II W ma>1 (r) OITIICbiB8IOTCH ypaBHeHI!J 

rrony'leHHbiMII 113 ( 9) ITOllCT8HOBK8Ml! cp= TT II cp • 0 COOTBSTCTBeHHC 

Tb!B8H 0 'ITO B 1-M IIHTerpane <jlopMyiThl ( 32) Bee g ( r) paBeH eAIIHI!UE 

ao BhiAennTb o6nacTb "MllrKnx" <jloToHoB IIMeHao B ReM. Ha p11c. 5 BI 

'ITO YK838HHhiJt HHTerpan MO>KHO pa36HTb H8 AB8 cnaraeMbiX 

I(+) r(+) w lr 12 dl~l 
f drB(r,cosO e),.[ fdr f + f dr 

rC+> :w Cr> r 
max wdw ] fdO 0- -
J- k mE 

lh' 2 .e X---
mE 

rae 

a 

• 0 w (I) 2 W n:8J 
min 

- 2 w 

I/2rr Al1t'= Qt-KL~' 8(E'-E
1

+w) 

E, 

r( +) 
w .. 

El +/3(+) 

2 
r(lJ) ,._P. __ w 

2 f3 .e 

{3 (+) =E - &:e (I-
T(+) ) • 

mE 

Bo BTOpOM l!HTerpane <jlopMyiTbl ( 32) rrpeaenaMI! IIHTerpl!pOB8Hl!Si ITO SH 

<jloToaa 6yayT 

w min ( r) - w ( r) • 
max 

II 

E I + {3 E I - {3 

rrpl!'I~M 

{3 • E - /h' 0 (I--'- ) , 
•< mE 

B nepaoM cnaraeMoM Bbipa>KeRHSi (33) saepriiSi !)loToHa w«m. nos 

AOCT8TO'IHO orpaHH'IHTbCSi nepBbiM 'IITSHOM paano>KeHHH 8MITITHTYAhl B pSii 

B T8KOM np1!6nHJKeHI!II BCH 38BHCIIMOCTb OT Bbi60pa KHHeMaTHKH ITJ 

17 



fnel 

§2, "MHrKHe' <jJOTOHbl 

eM paaeHCTBO (30) B BHA8 

ref' r<+> 
b [ d r + f d r ( g ( r l -I l ] B ( r , cos(} .e ) , (32) 

1(-) 

m I <i 1 < p"r > 
4 

cos o " 
3 O( 

b = 
2" I t , 12 T .e .e o 

Tb BKJI8Abl 'MHI'KHX' H 'lKeCTKHX' <jJOTOHOB 1 paCCMOTpHM pHC, 5, 

H306palKeHa I!JlOCKOCTb IIepeMeHHbiX HHTerpHpOB8HHH r, W • 

(J.) 

(Jj 

l/J) l(-J l(+) L 

PHc, 5 

16 

~·-

·~ 

Ha aTOM pHCYHKe JlH.HHH w min (r) H w ma'" (r) OIIHCb!BaiOTCSI ypaaHeHHSIMH
1 

IIOJly'!eHHblMH H3 (9) IIOACTBHOBKBMH cpm TT H </>• 0 COOTaeTCTaeHHO, Y'IH-

Tb!B8SI, 'I'!'O a 1-M HHTerpane <jlopMyJihi (32) aec g (r) paaen eAHHHUe, yao6-

no. Bbi!leJIHTb 06JiaCTb "MSII'KHX" <jJOTOHOB HMeHHO B HeM, 113 pHC, 5 BHJ1H0
1 

'ITO yK838HHhll! HHTerpan MOlKHO pa36HTb Ha J1B8 CJlaraeMbiX 

rC+) :w Cr> I(+) r'<+> <iS I~ 12 dlkl f d r B ( r , cos (} f ) ., [ f dr f + f d r 
0 ° · 0 w (I) 2 w 1(.!)) 

max wdw r 
J -l fdO 0- ->x (33) w 2 k mE min 

0':e l/2rr Al1t'= qt..J<L.~' o(E'-E
1

+w) 
X--

mE E, 

rae 

r( +) 
w .. ---

EI +f3(+) 

2 
r(o) .. _e_o., 

2 f3 .e (34) 

a 

f3 <+> .. E - 0:e o- r(+) ) • 

mE (35) 

Bo BTOpOM HHTerpane $opMyJlhl (32) npeaenaMH HHTerpHpOB8HHSI no aHeprHH 

<jloTOHa 6yayT 

w (r). 
min 

npH'I,:jM 

r 
H w ( r) • 

E I + {3 max 

{3 • E - 0' 0 (I--'- ) , 
or mE 

E 1 - {3 
(36) 

(37) 

B nepaoM cnaraeMoM BhipalKeHHSI (33) aHeprHSI $oToHa w«m. noaToMy 

J10CT8TO'IHO Or'p8HH'IHTbCSI nepabiM '!JleHOM p83JlOlKeHHSI 8MnJ1HTY!lhl B PSI!l noW • 

B T8KOM npH6J1HlKeHHH BCSI 38BHCHMOCTb OT Bbi6opa KHHeMaTHKH npo-

~ 17 



I 

ji 

SIBnSieTCH B paanH'IIiblX 3R8'1eRHHX npe.Qena CU • 
ARanHTH'IeCKHA BH.ll ~opMyn, 

COOTBeTCTBYIODlHX aTOMY BKnB.llYt RH'IeM Re OTnH'I8eTCSI ·oT 8H8nOrH'IROrO 

peaynbTaTa pa6oThl18/, 

HR~paKpacHBH pacxoaHMOCTb, coaep~amaSICSI so BKna.Qe 'MHrKHX' 

ljJoTOROB, Bbi.QenHeTCSI O.ll.H03H8'1RO H nonROCTb!O COKpamaeTCSI npH cno~eHHH 

C ynpyroA '18CTb!O p8.llH8UHOHRbiX nonpaBOKo 

§3, ')i(eCTKHe' ~OTORbl 

Ha paseHCTB (32) H (33) .llnSI BKnaaa ·~ecTKHX' ~oToRoB nonyqaeM 

cneayiOmee Bbtpa~eRHe 

< .r )4 It+) 
(&) (I? 1(+) (&) (I? 

Ps max (g(r )-1 )dr maxf cudcu 
[) - 2 T e£ 

[ f d, f cu dcu + f ] X 

hare r<8> (jj 1(-) (&) (I? 
0 min 

..!-).....LA 
1~~ :!q -k -1,, 

8 Ct) , ) 
xfd0k(l- mE 21T 

(E - E 
1 

+cu , 

HHTerpHpoBaHHe no nonSipHOMY yrny ¢> BbmonHHeTCH c noMODlbiO 

aRepreTH'IeCKoA 8 ~YHKUHH, e·peaynbTaTe Ha (38) uaxoaHM: 

< .r )4 CUmin (r) 
. (&) ~,., 

Pa [ j' ...::.:.... 
I(+) dr rna 

8har4 - f dcu + f - (g(r)-1) f dcu] X 

2T0 r( 8) {:3 CJ 1(-) {:3 (&) (I? 
min 

r aiT d f 
x(1---l f-A 

mE o 21T 

......... ..,. .... 
q •Q -k-p 

oo• c/J • a 1 

rae P ', q-·mE 1 

f3cu 
cos¢> "' a 

18 

,. 
w;. 

(38) 

(39) 

(40) 

t 
' ' /1 

H RTerpHpOB8RH6 B ( 39) BbinOnRSI6TCSI Renocpe.QCTBeRRO, XOTSI I 

qaARo rpoM03.llKO, 0KOR'IaTenbRbill pe3ynbTaT Y.ll06Ro npe.llcTaBHTb B 

8 
harl!i 

3.llecb 

8 e 
har4 

=1-

.·ale 
hare 

+lJ IT 
haJ'tl 

~ ~ 

+ 8 eiT 

hartl • 

--- fn --±. + 2 fn 
~min 1'1. 

2&, ~----.!f ( __ f n 

m 2~ min 

.e 

~-I)+ 
~ 

+.l_fn Wfn 
2 

4W E 2 {i,' 2 .e 
m 2{3 .~ 

-fnW-fn ~ fn 

Bm
2

Ef:3.e 

2 &' 
~'- .e 

p.2&;e 2~ 2f3 
- ¢> ( ) + max [ ..E... fn __ .e_-

2 mEf3 of &'.r f3 of /l 

4m
2

E&~e 
T .e 

0 

2m Ef3 .e 

2mE f:3.r 
fn -- fn-2& 1 

IL .e 

[)IT ,.(!- .l..:l:k..:..f, 
haN. , 

a' +k" 

~ 
~ ~ + 2f3.r f3 

lO- ---fn --- 4fn -:)+ fn-

8 OIT 

hartl 
•4fn 

a 

f3.e[fn W+ ~fn 
E 2~mln ·,. 

~min ~- 1'- } 

~+ 
--1 + ...L ~- 2 fn 

2 &' 
/l ef 

& 
]+1+2¢>(-

1 

r(+) &' 
w "' .e . f3 0 .. E- &' n• ¢> (X ) - ~YRKUHH Cneuca, 

mE {ij •< •< 
r.lle 

~min • min I ~ m &' • I~ e&' I I. ~ 
max •max l~m&',l~e&'l!. 

npH Bbi'IHCneRHH lJ har4i Mbl BCIO.llY IipOH3BO.llHnH paano~eHHe 

no senH'IHRe ~ +/ &'.e . Bbm no.llC'IHTaR rnaBRbill qneR, a TaK~e Ta q 
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pasnH'IRbiX sRa'leRHSIX npellena 
w. AHanHTH'IeCltlllt BH.!l ljlopMyn, 

aTOMY BKnBilYo HH'IeM He OTnH'ISeTCSI 'OT SHBnOrH'IHOrO 

paCXOilHMOCTb, COJleplKSIUSSICSI BO BKnalle • MSirKHX" 

enSieTCSI OllH03H8'1RO H nonHOCTbiD COKp8IUSeTCSI npH cnolKeHHH 

qaCTbiD pallHSUHOHHblX nonpaBOK. 

§3. ")KecTKHe* ljJOTOHbl 

paBeHCTB (32) H (33) JlnSI BKn81l8 "lKeCTKHX" ¢oTOHOB nonyqaeM 

e Bbip8lK9HH9 

( ef )4 
Ps 

2 T .e 
0 

I(+) 

[ f d r 
rc8> 

w <" I(+) 

7"w dw + f w 1(-) 

~~~:-q-k-... p' 
(1- ..2:.-)-1-A 

k mE 21T 

w <" 
(g(r)-1 )dr maxf wdw ] X 

w (, 
min 

8 (I) ' ) (E - E 
1 

+W • 

no nonS!pHOMY yrny </> BbtnOnHSI9TCSI C noMOIUbiD 

-ljlyHKUHH. B pesyn~oTaTe H3 (38) HaxollHM: 

d r 
.e 4 

(p3 ) r(+) __ [ f 
2T0 reB! f3 

r ~" d f --) f-A 
mE 0 21T 

wmln(l') 

f dw 
(;J 

It+) dr 
+ f - (g(r)-1) 

1(-) (3 

... , .... ~ _,, 
Q •Q -k-p 

co• ¢ • a 1 

P '• q-·mE 1 
cos cf> a a 

(3w 

18 

.... 

wma~l') 
f dw] 

w (, 
min 

X 

(38) 

(39) 

(40) 

J.iHTerpHpOBSHHe B ( 39) BbtnOnHSieTCSI HenocpellCTB9HH00 XOTSI H '1p93Bbi

'18itHO rpOM031lKO. 0KOH'I8TenbHhllt pesynbTST Yll06HO npellCTSBHTb B BHil9 

8 
har<l 

3JleCb 

.·o le 

hare 
+8 1T 

hal" til 
+ 8 o1T 

hare 

8 e 
har<l 

=1-
~ ~ ---en-±. + 2 en 

& ' i\ ~(--- fn ~ -Il+ 
i\ 

+.!.en wen 
2 

1\mln L'i 

4WE2[i;•2 .e 
m 2(3 .~ 

m 21\ min 

.e 
-enw-en 2£._ en 

Sm
2 Ef3.e 

2 . 

2 &· 
f1 .e 
2m E{3 .e 

( 41) 

(42) 

2 &· 
f1 .e 

- </> ( l+ 
2 mE{3ef 

21\ 2{3 ---!!!!!.... [ .L en __ .e_ 
&'ee (3 ef f1 

4m E&~e 

T .e 
2m E f3.e _ en !!.__ 

1 
, 

en~ f1 

1T 
8 .. (l-

har4 
.l:tk..:... en 

' a 

8, +k' 

a' -k' 

8 o1T 

harll 
•4Pn f3.e[en W+ ~fn 

E 2L'imln 

&' T(+) 

0 f1 .e 

i\ i\ + 2f3 er (3 ef 
)(1- ---fn --- 4en -:J+ en--, 

1\mln 1\_ f1 E 

~-~++en 
t!_ 

&;e l -----1+1+2</><E. 
2 &· 

JL .e 

ef 
rAe 

mE a , (3 .e "' E- &'.f' </> ( x l - ljlyHKUHSI CneHca, w .. 

1\mln •min It! m&', lt1e&' II' ,\max •max li\m&',lt!e&'!l. 

(43) 

(44) 

flpH Bbl'IHCneHHH 8 har<l Mbl BCIDilY IipOH3BOilHnH pasnOlK9HHe B pS!Il 

no senH'IHHe i\ +/ &'.e . Ehm no.ac'IHTaH rnaBHbtlt qnea, a TBKlKe Ta qacTb 
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'\ 

:I , I 
! 

sKnaaa, nponopuHoHanbHOro ~+;&:e, KoTopaH coaep}I(HT norapHijJMbi THna 

1T 
fn 4E 2 

4{3 2 

fn ~. 0aHaKO BO BKnaaax 8 har4 
H 8 oTT 

har«l 
nocneaHHe 

-;r· p.2 

qneHbl OKa3biBaiOTCH nopHAKa eaHHHUblo TaK 'ITO HMH MO}I(HO npeHe6pe'Ibo 

YKa}l(eM, HaKoHeu, 'ITO npH nonyqeHHH ljlopMyn (42)-(44) oKaaanocb 

AOCTaTO'IHbiM HCfiOflb30BaTb anH seca g ( r l npH6flH}I(eHHOe Bb!pa}l(eHH9 0 

B KOTOpOM r (+) 

HOo 

H r (-) 3aMeHeHbl Ha r(~ ) 
+ 

III. 06cy>KaeHHe peaynbTaTOB 

CeqeHHe ynpyroro pacceHHHH 'To'Ie'IHoro' " 

H r(~ COOTBeTCTB9H-

-Me30Ha aneKTpOHOM 

C TO'IHOCTbiO AO qneHOB UOpHAKa .:z 3 MO}I(eT 6biTb npeacTasneHo B BRae 

rae 

1T 

a -8 .e 

da 
0 

.e 
~(1+~8), 

dO"' dO , 
p 

• • 1T 

+ 8 ef + 8 k + 8 lnel + 8 lnel 

1T 

+ 8 efT 
tn•l 

(45) 

(46) 

( 8 • 
lnl'tl 

-8 • • 
+ 8 hard 

H T,J.l,), 
a oft 

BenH'IHHa 

a :e . a :e . a k 

J!.8 
1T 

Ha3bJBaeTCH 

a• .a" .a•" 
aoft •oft •oft 

paaHaUHOHHOil rronpaBKoll, a cnaraeMbte 

onpeaenHIOTCH <\>opMynaMH (II, 30), (II. 31), 

( III. 18 -III. 27) pa6oTbl16/, npH'I~M HY}I(HO noacTJBHTb B 8 oolt senH'IHHY 

w , onpeaenHeMyiO !jlopMynolt ( 34), BKnaabl 8 ~ar4 
COOTHOIIIeHHHMH (42), (43), (44) COOTBeTCTBeHHO, 

B cnyqae "+ e -pacceHHHH senH'IHHbl ak 

8 1T 8 efT 
' hard ' hard aaiOTCH 

" a•" lnel 
MeH5110T 3HaK 0 

H paaHaUHOHHbl9 nonpaBKH OKa3biBaiO.TCH 6onbllle 0 fiOCKOflbKY rnaBHble BKfl8Ahl 

8 • 8 efT lnel H lnel Tenepb CKfl8!.lbiBaiOTCH 0 a He Bbi'IHTaiOTCSI 0 KBK B rr- e -pac-

ce>IHHHo 0oao6HblH K)'IIOHOFICKHil :o><\><jleKT H3BeCTeH H B KII8CCif'-19CKOil if'H3HKe: 

llpH paCCe5111HH qaG'l'Hll C llpOTHBOfiOflOlKHblMH 3ttpS!U8MH 1HlT9IICMBHOCTb M3flY-

qeHHSI 60flbllle, '19M i!pH paCCCS!llllH OllliHilKOBO 38p>ilK9Hf'lbiX "!I'CTJ.IU, 

20 

.,.t# 

"iHcneHHble paC'Ii!Tbl fiOKa3biBaiOT0 'ITO KOMfiTOHOBCKHlt BKnan 8 k 

'IHTeflbHO MeH51eTCSI C pOCTOM 3HeprHH nepBH'IHOrO fiY'IKa H C pOCTOM nep 

HHTep!jJepeHUHH TOpM03HOro H3flY'I9HHH 
1T -Me30Ha C TOpM03HbiM H31 

HHeM aneKTpOHa yaenH'IHBaeTCH C pOCTOM nepenaHHOrO HMnynbca H na 

npH yaenH'IeHHH 3Heprnlt nyqKa (50 + 60 faa), 

3aMeTHM 0 'ITO KOMfiTOHOBCKHil BKnan, B006rne rOBOp51
0 

AOfl}l(eH na 

yMeHblllaTbCH c pocToM aHeprnn, ecnn y'IeCTb He3Ha'IHTenbHOCTb apeM 

B3aHMoneltCTBHH 6btCTpb!X fiHOHOB C aneKTpOH8MH
0 

Korna 'IaCTHUbl npa~ 

KH He "ycneBaiOT" o(;~4eHHTbCH ABYMH H 6onee y -KB8HTaMH, 

EcnH npeHe6pe'Ib KOMUTOHOBCKHM BKnanoM lJ k BMeCTe C nonpaBJ 

lJ:f , CBH38HHOlt C U9p9HOpMHpOBKOlt M930HHOlt BepiiiHHbi
0 

a T8K}I(9 TOll 

BKnana TOpM03HOrO H3flY'I9HHH 
1T -M930Ha H HHT9p!jl9p9HUHH

0 
KOTOpag 

nponopunoHanbHa C9'19HHIO ynpyroro 
TTe -paCC9HHHH 0 TO C9'19HHe (41 

MO}I(HO !jlaKTOpH30B8Tb Cfl9AY!OillHM o6pa30M: 

da 

do , 
p 

da .e 
---.!l._ 

dO , 
p 

F2 [ < P .e > 2 J o + ~ a > • 
1T 3 1T F 

PanHaUHOHHaH nonpaaKa 8F pasHa 

{iF .. a· +8 +ll" 
ef aoft hartl 

3n9cb BKnanbt 8" ( ~) 
ha?8 W 

(.2...)+8 efT(..!,__)+ 8 e 
w hartl w hartl 

}I a"" <~> 
hare w nponcxonHT oT n9paoro, npono 

oHanbHoro 1/w 'Ifl9Ha B p83fl0}1(9HHH aMnnHTYAbl B PHA no 3H9prHI 

!jloToHa w. 
8 -lJF 

BenH'IHHa 
8 COCT8BflH9T M9H99 1% B C9'19HHH, Ecnn pa3H( 

3KCn9pHM9HT8flbHblX C9'19HHil paCC9HHHH .rr+ - H 1T -M930HOB 3fl9KTJ 

(aa Bbi'I9TOM Bbi'IHCflH9MOlt 8H8flHTH'I9CKH HHT9p!jl9p9HUHH 8
1
::! ( -t-)) 

OK8}1(9TCSI B9llii'IHHOlt TOrO }1(9 nopHAKa, TO 910 MO}I(HO .np9H96p9'Ibo 

TaKHM o6paaoM, cpaaHeHH9 3KCn9pHMeHTanbHoro C9'19HHH c ce'I9H~ 

Bbl'IHCneHHblM no <\>OpMyn9 (47), n03BOflHT onp9nenHTb 3fl9KTpOMarHHTHbl. 

panHyc nHoHa c y'I~TOM panHaUHOHHbiX nonpaaoK, 
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oHanbHoro /';.+I /1;'. e , KOTopaH coaep>KHT norapHCpMbl THrra 

0JlH8KO BO BKnBJlBX " ·ahara 
H a err 

har4 
rrocneJlHHe 

rropS!JlK8 eJlHHHUb1
1 

TaK 'ITO HMH MO>KHO rrpeHe6pe'Ib, 

aKoHeU
1 

'ITO rrpH rronyqeHHH ¢opMyn (42)-(44) oKa3anocb 

•crronb30B8Tb anSI aeca g(r) 
llpH6nH>KeHHOe Bbipa>KeHHe 1 

H r (-) 3aMeHeHhl HB r ( /';. ) + 
H r (/';. COOTBeTCTBeH-

III. 06cy>KaeHHe pe3ynbTaToB 

yrrpyroro pacceHHHSI "Toqeqaoro* " -Me3oHa aneKTpOHOM 

qneHoB nopHaKa 
a 3 Mo>KeT 6biTb rrpeacTaaneao a BHJle 

da 
0 

• e a 
~(1+ a ) . (45) 

-= 
" dU p' 

dU , 
p 

. . " +a ef +a k +a In• I +a lnel 
"" + a lnol 

( 46) 

(i • 
lnel 

~a • 
a oft 

• 
+ (i hard 

.f!.(i Ha3biBaeTCSI 

" 

H T,Jl,), 

a• .a" .a·" 
aoft aoft aort 

paaHaUHOHHOA nonpaBKOA1 a cnaraeMbie 

onpeaenHlOTCSI ¢opMynaMH (11, 30) 1 (11. 31) 1 

i 

pa6oTb/ 16/
1 
npH'I~M HY>KHO noacTaBHTb B a oort 

aenH'IHHY 

¢opMynoA (34), BKnBilbi a~ar~ ,Ci ~ard ,a•:ard Jla!OTCSI 

( 43) 
1 

( 44) COOTBeTCTBe HHO, 

-pacceHHHSI aenH'IHHbi a k H (i
017 

fnel 
MeHSilOT 3H8K1 

ll01Ip8BKH OKa3biB8lO.TCH 6onbll!e 1 IJOCKOnhKY rnaBHbie BKnaJlbl 

lnel 1'enepb CKJI8Jlb!B810TCH 1 a He Bb!'IHT810TCH 1 KaK B ,.- e -pac-

HbiH KYJIOHORC~.Hti :o-<)><)>eKT H3BeCTeH H B KJiaCCli'IeCKOH <jlli3HKe: 

li[JUTHBOnonO>KHb!Mll 3C!p5li-laMll lHIT8HCliBHOCTb ll3ny-

l 'iC'M llpll paCCCHli:lH ODIIH/lKODO 3/lfHl>K8Hf<biX 'IflCT>!U, 

20 

.,. 

liHcneHHb!e p8C'I~Tb! IJOK83b!B810T1 'ITO KOMIJTOHOBCKHli: BKna.o a k He3Ha

'IHTenbHO MeHSieTCSI C pOCTOM 3HeprHH rrepBH'IIIOrO llY'IKa H C pOCTOM rrepe.Qa'IH, 

HHTep¢epeHUHSI TOpM03HOrO H3ny'IeHHSI 17 -Me30Ha C TOpM03Hb!M H3nyqe-

HHeM aneKTpoaa yaenH'IHBaeTCH c pocToM rrepeaaaaoro HMrrynbca H rra.oaeT 

rrpH yaenH'IeHHH aaeprHA rryqKa (50 + 60 faa), 

3aMeTHM 1 'ITO KOMIJTOHOBCKHA BKila.O, B0061l!e rOBOpS1 1 JlOn>KeH JlB>Ke 

yMeHbll!aTbCSI C pOCTOM 3HeprHH 1 ecnH y'IeCTb He3H8'IHTenbHOCTb BpeMeHH 

B38HMOJleACTBHH 6b!CTpbiX IJHOHOB C aneKTpOHaMH 1 KOrJla 'IBCTHUbl 1Ip8KTH'IeC-

KH He "ycneBBIOT" OtJ~4eHSITbCSI JlBYMSI H 6onee y -KB8HTaMH, 

EcnH llpeHe6pe'Ib KOMIITOHOBCKHM BKna.oOM a k BMeCTe C ll01lp8BKOA 

" a 0 f • CBSI38HHOA C rrepeHOpMHpOBKOA Me30HHOA BeplliHHbl 1 a T8K>Ke TOli: 'IBCTbiO 

BKnaJla TOpM03HOro H31ly'IeHHSI 17 -Me3oHa H HHTep¢epeHUHH1 KOTOpaSI He 

rrporropuHoHanhaa ceqeHHIO yrrpyroro rre -pacceHHHSJ 1 TO ceqeHHe (45) 

MO>KHO V8KTOpH30B8Tb cneayroWHM o6paaoM: 

da 

d n , 
p 

PaaHaUHOHHaH rrorrpaaKa aF 

aF .. a• +a +a" 
ef aoft hare 

da .e 
___.!l,_ 

dU , 
p 

paaaa 

F2 [ < P .e l 2l < 1 + .!:.__ a l • 
rr 3 17 F 

(.2..l+a ""(.!._)+a. 
w harll w hartl 

(47) 

(48) 

3aecb BKilBilbi a" ( ~) 
hal'ti W 

11 a"" <Ll 
hard W 

rrpoHCXO.OSIT oT rrepaoro 1 rrporropuH-

oaanbaoro 1/w 

VOTOH8 (U. 

BenH'IHHa 

'IIleHa B p831lO>KeHHH 8MilllHTYJlbl B pS!Jl IIO 3HeprHH 

a -aF 
-a- COCT8BIJSieT MeHee 1% B ceqeHHH, EcnH pa3HOCTb 

3KCilepHMeHT81lbHblX Ce'IeHHli pacCeSIHHSI rr+ - H rr -Me30HOB 31JeKTpOH8MH 

"" 1 ( 38 Bbi'IeTOM Bbi'IHCilSieMoA 8H81JHTH'IeCKH HHTep¢epeHUHH a lnel ( -;:;-) ) 

OK8>KeTCSI aenH'IHHOA Taro >Ke 1IOpSI.OK81 TO e10 MO>KHO rrpeae6pe'Ib, 

TaKHM o6pa30M 1 cpaaaeaHe aKcnepHMeHTanhaoro ceqeHHH c ceqeHHeM
1 

Bbl'IHCIJeHHblM IJO VOpMyne ( 4 7)1 ll03BOIJHT onpe.oenHTb aneKTpOMarHHTHblli 

pa.oHyC llHOH8 C yq~TOM pa.QH8UHOHHblX ll01lp8BOK, 
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I 
'· 

B npHna!'aeMolt Ta6naue npHBOAHTCH HeKoTop&Ie 'IHcneHHble peaynbTSTbl. 

Pac'I~Tbl npOBOAHnHCb anH SHep!'Hit fiHOHHOI'O ny'IKS 50 - 60 raa. npH BSpbH-
.e 2 ~: · 

poaaHHH nepe.ctaHHOI'O HMnynbca ( I p 3 I • 2 m \9 ;e ) aHa'leHHH aHepl'HH 

aneKTpOHa OT.Qa'IH /jj 'ef He npeBbJWanH 0,9 /jj'efax • 3TO 061>HCHHeTCH 

TeM, 'ITO Heynpy!'aH qaCTb paaHaUHOHHbiX nonpaBOK HOpMHpyeTCH Ha Ce'leHHe 

ynpyl'Ol'O 7T e -pacceHHHH 0 KOTOpoe 6nH3KO K HyniO, KO!'.Qa &· • e CTpeMHTCH 

{i;, max 
x .e . 

tJ. &· . 
--111.- MeHHnacb no!'peWHOCTb B H3MepeHHH SHep!'HH aneKTpoHa OT.Qa'IH 

a npe.ctenax 1 • 7%. &;e 

B aaxniO'IeHHe Mbl. BbJpalKaeM 6na!'oaapHocTb r.B.MHuenbMaxepy aa co

eeT&I H fiOMOWb B npoaeQeHHH 'IHCneHHbiX paC'I~TOB Ha 3BM. 
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Ta6nHU9 npHBO.llSITCSI H9KOTOpb19 'IHCn9HHbl9 pe3ynbT8Tblo 

anSI 9HeprHA IIHOHHOrO ny'IKB 50 - 60 fsB, ITpH BBpbH-

HMnynbCB ( I p ~f I 2 - 2 m & :e ) 3H8'19HHSI 9HeprHH 

He rrpeBb!WBnH 0,9 &•.fax • 3TO 06'hHCHSI9TCSI 

pB.QHBUHOHHbiX nonpBBOK HOpMHpyeTCSI HB Ce'!eHHe 

SIHHSI 1 KOTOpoe 6nH3KO K Hymo, KOr.Qa &:f CTpeMHTCSI 

l'l &· 
B H3MepeHHH 9HeprHH sneKTpOHa OT.lla'IH .....Ill.- .M9HSinaCb 

&· .e 
Mbl. BbipalKaeM 6naroaapHOCTb f,B,MauenbMaxepy 3a co
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