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HenaBHO aa APfYCe 6hinO npoBeneao uccnenoBaHne ynpyroro ep. -

paccesmnst aa o'leHh Manhie yrnhi ( -t = q
2

- 0,01. of 0,02 (r::m/c')
2 

)c uenhiO 

onpeneneHnst cpenHeKBaJlpaTH'lHOI'O aneKTPH'leCKOI'O panuyca 

aTOM aKcnepHMeHTe H3y'lanCSI cneKTP npOTOHOB OTJl8'lH ..!lg_ 
6onee TO'lHOI'O 

/1/ ciT P npoToaa • B 
no KHHeTu'leCKOH aaeprun. Paspeweaue annapaTyphi no aaepruu npoToHa 

COCTaBnstnO BenH'lHHY nopS1JlK8 100 KaB, B TO BpeMSI K8K yrnOBbie paaMephl 

ee ( A() - 20 MP8A) 6btnH TaKOBhi, 'ITO noaBonstnn OJlHHM neTeKTopoM can-

MaTh y'laCTOK cneKTpa wupuaoii: B aecKonhKO MaB. YcnoBHMCst B nanhHeii:-

. weM roBopuTh, 'ITO B aTOM cny'lae aaepreTH'lecKoe paspeweaue ann.apaTyphi 

MHOI'O ny'lwe ee yrnoBoro paspeweanst. Hu)Ke o6cy)KJl8IOTCst panuauuoHHhie 
· · /1 I 

nonpaBKH K ce'leHHIO e p -paccestHHSI, H3MepstBWeMyCSI B pa6oTe • 

/2/ KaK uaBeCTHO , npu aaanuse aKcnepuMeHTanhHhiX naHHhiX no ep 

paccestnnro c uenhiO nony'leHHst uacpopMauuu o6 aneKTpoMai'!lHTHoii cTpyKTYPe 

npoTOH8 BCei'Jl8 He06XOJlHM y'leT paJlH8UHOHHhiX nonpaBOK, onpenemiiOlllHX 

OTnH'lHe H3MepsteMOI'O 118 onhiTe ce'leiiHSI OT ei'O 3Ha'lellHSI, paCC'lHT8HHOI'O 

/3/ B OJl!lOcpOTO!lllOM npu6nu)KeHHH H HHTepnpeTHpyeMOI'O B TepMHH8X cpopMcpaK- :. 

x/ TOpOB o J13BeCTI10 T8K)Ke, 'ITO .9TH nonpaBK.H. noMHMO npO'lHX BKniO'l8IOT acp-

cpeKThl MSII'KOI'O TOpM03HOI'O nsny'leHHSI, aKCnepuMeHTanbHO He oTnH'lHMOI'O 

x/ no· BCeM BOnpocaM, CBSI38HHhiM C p8JlH8UH0HilhiMH nonpaBK8MH H TeX-
llHKOH HX pac'leTa, cnenyeT o6palll8TbCSI K o6sopy/

2
/ H UHTHpyeMOH TaM nuTe-

paType. 

3 



oT ynpyroro npouecca us-sa KOHe'IHoro paspeweuusr annapaTyphi, nocKonb

KY aenu'luHa ~asoaoro o6~eMa npouecca TopMosuoro usnyqeuusr saaucuT 

oT reoMeTpuu 9KCnepuMeHTa, panuauuoHHhie nonpaaKu K usMepsreMoMy ceqe

uuro TaKme SaBUCSIT OT 9TOfi reoMeTpUu, 

06bi'IHO Ha OITb!Te t:teTeKTUpyeTCSI Ot:tHa US '18CTUU - pacceS!Hllblft aneKT

pOH Unll npoTOH OTt:ta'lU 1 npU'IeM Ot:tHa ·us xapaKTep!ICTUK 9TOft 'laCTIIUhl (yr-

noaasr unu suepreTU'leCKasr) usMepsreTcsr c ny'lweft TO'IHOCTbro, 'leM aTopan. 

B nepaoM cny'lae roaopsrT o6 USMepeuuu Ce'leHUSI 1 BO BTOpOM -
da 

o6 usMepeuuu dT 

da 
dO 

(TaK, uanpuMep, B epeaaucKoM 9KcnepuMeHTe), Ha 

nepahift asrnsm, panuauuonHhJe nonpaaKu K aenu'lnHaM da da 
dO- u -;pr-

IJliKaK He MOI'yT 6b!Tb CBSIS8Hhl, TeM He MeHee OKa3hiBaeTCSI1 'ITO TaKasr 

CBSI3b cywecTayeT, Ecnn npencTaauTb, KaK o6hi'IHO 

da daR 
(1 +8o(T 1 J , ( 1 ) 

dO(T) dO(T) 

rAe cneaa CTOUT aemr'luHa aKcnepuMeHTanbHO usMepneMoro cetreuusr, a cnpa

Ba ,;.. npOH3BeAeHue poseH6niDTOBCKOI'O Ce'leHJISI/3 / Ha MHOmJITenb ( 1 + 8 ) 
1 . . 

38BI:ICSIIIlUfi OT KUHeM8TJI'IeCKHX UHBapuaHTOB ynpyroro npouecca S 
t " 

. aenu'lun, xapaKTepusyrownx paspeweune annapaTyphi, • To, KaK neTpynHo npo

sepuTb, semr'IUHhi 8 0 u 8 T srsnsrroTcsr SHa'leHUSIMII ognoft u Toft me ~ynK-

UHH 8 U MaKCUManbHOI'O KB8ApaTa MaCChi ln2 
max 

nepeMeHHhiX s 
.I 

HeAeTeKTUpyeMOft Ha OITbiTe CIICT9Mbl 'IaCTUU ( ~OTOH+npoTOH OTt:ta'IH unu 

~oTon+paccenHHhift sn7KTpou), B unTepecyroweM Hac cny'lae npu t:teTeKTH-

poaaav.u nporona OTAa'lu 

m2 
max (0} 

2MT(M+E). 

M+ T 

4 

tJ.p 

p 
(2) 

~· 

ll 

~ 
;} 

m2 
max (T.J = 2 ( M + f: 

rne E - aueprun nanaromero [ 

KUHeTU'IeCK8SI 9Hepi'IISI U IIMnyn 

yrna Me)!<ny HanpaaneHueM Bhm 

tJ. p - fieonpenencHHO-?Tb. a n: 

HhiM yrnoahiM paspemeuueM; 

B .on.hiTe c llt:leElnbHhiM suepreTJ 

BIIA9H, 

YKasanHoe cooTaeTcTaue 

M tJ.p X 
6hi saMeuoft --- ... -'li..!U-

(M+ T)p X 

'IUTb paguaUIIOHHbie HOnpaBKU K 

B Epeaaue, ecnu 6bi npu BhiBO.t: 

HH'IeHue m~ax <<q 2 =2MTP 

us-sa ManocTU nepet:ta'l q2 

t:IH8UH0Hilb19 nonpaBKU t:tnSI 9TOI' 

Bhi'IUCneHue ux· a Tex me 

'IeHne~ yKasa~H6ro orpaHu'lenu 

K cneAyroweMy pesyJihTaTy: 

8 
a 

TT 

28 + 
9 

__!! fn b 
12 

Sa 
4( 1 +a) 

·: 

+-
2(1 



HIHI amrapaTyphi, nocKonb-

iOI'O H31Iy'leHHSI aaBHCHT 

1aBKH K H3MepSieMOMY ceqe-

'!aCTHU - paCCOSiliHbJii 91IOKT

~pHCTHK 9TOi1: 'laCTHUbl (yr

~i1: TO'IHOCTb!Or '10M BTOpaSI, 

Ja -
;J Jf!- , BO BTOpOM -

:KoM aKcnepuMenTe), Ha 

Ja Ja 
HHaM Jf!- II """""'df"-
1K83bJBaOTCSI, 'ITO TaKaS! 

IIO 

( 1 ) 

Meps:~eMoro cetiell11SI, a cnpa-

Ha MHOX<IlTOJlb ( 1 + o 
·roro npouecca s 

) . 
l! 

'Phi, • TO, KaK HeTpyAHO ppo

HI1siMII OAHOii 11 TOil: X<e ljJyHK-

I'O. KBa.npaTa MaCChi 

TOH~npOTOH OTAil'lll 111Il1 

Hac cny'lae npH .neTeKTH-, 

(2) 

X -X 
max 

X 

r.ne E - auepruSI na.naromero ny~rKa aneKTpouon; M 

KliHOTIPIOCKaSI 3HOpi'liSI II l!MnyllbC npOTOHOB OTA8'lll; X 

(3) 

1 p - Macca, 

5_E +M) '[ - KOCIIHYC 

Ep 

yrna MeX<AY uanpanneuueM BbJ1IeTa npoTona oT,naqu n uanpan.rreuueM ny'IKil; 

l'l. p - ueonpe.ne.rrcrzuo::::Th B uaMepenuu uMny.rrhca npoToHa B on biTe c n.ne.a.rrb-

llb!M YI'JlOBbiM paapemeuueM; X m a" - yr.rronaSI xapaKTepucTuKa .neTeKTopa 

B .OnhiTO C u.neaJibHbiM 9Hepi'eTU'IOCKIIM paapellleHI!OM, CMbJCJl KOTOpOi'! 0'19-

au.neu. 

YKa3all!IOO COOTBOTCTBI!e MOX<AY BOllll'li!HaMI! Of! II 0 T nOOBOJlii.TlO 

6bJ 3aMOHOii 
M /).p -> Xmax- X 

/4/ 
B Bb!paX<OIIllll ( 4,3) pa60Thl 

(M+ 1)p X 

'll!Tb pa.nuauuoHHhie nonpaBKll K cetieHnJO ep -pacceSIHIISI, H3MepSIBW91-!YCSI 

B Epenane, ec.rrn 6bJ npn BhJBo.ne aToro BhipaX(Ol!IISI ue ucnonbaona.rrocb orpa
/1/ 

IIH'IOHIIO m~ax << q 2 = 2M1 P , DoCKOJlhKY B yCliOBIISIX 9KCneplll\!OIITil 

113-aa Ma.rrocTn nepe.na'l q2 B 6onbWl!HCTBe c.rryqae ' pa-

AHaUl!OHHhiO nonpaBKII AliSI 9TOI'O c.rryqaSJ npl!XOAl!TCSI pllCC'li!TbiB8Tb 31li!OBO, 
/4/ 

Bhi'lncneHne 11x· B Tex X<e npu6nuX<eHHSI~, 'ITO n B pa6oTe , 3a ncKm,,-

'IOHI1eM yKa3aHHOI'O OI'paHI1'19Hl1Sl Ha B91Il1'll11IY m 
2 

. max 
npnao.nnT npn 1 -......M, f 

K cne.nyromeMy peay.ribTaTy: 

a 17 7 1' 2 - "l2 l'n b - 4 en a - fn a fn b ..., .2 fn 'a 
1T 

28 Sa 
+ 

9 4( 1 +.a) 
+ 

a + 
2(1 +0 ) 2 

·, 
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+en2(J+a)-;[En(J+a) + ~ 
· 4(1+a) 

x En (1+a)
2 

ab 

a 

+ f 
0 

En (J+y) 
--· ely 

y 

+ a - ] X 

4(J+a)? · 

+ 

+ 0 ( .L 1 _I_ ) + z 0 ( _L I 2 ) + Z2 0 (_I_ 1 _r ) 
M E M E M .E 

~ 

b 

(4) 

m2 m2 

rae max b = 
e • m .,. Macca aneKTpoaa, 

a = • 2MT 2MT 
.. 

z - 3apRA qacTHUhl .MHW9HH B 9AHHHU8X aneKTpOHHOI'O 3apRA8e 

PaanaunoHHhie nonpaBKH, .censaHHhie c usnyqeaneM oT npoToaa,- cna

raeMbie B ( 4), nponopunonanhHbie Z , Z 2, - npene6pelKHMO Man hi B ycno-
/1/ . . . ' 

BHRX 9KCll9pHM9HT8 · 
1 

H HX RBH09 Bblp8lK9HH9 (AOBOnhHO I'p0M03AK09) B 

uennx npocTOThi onyweno. 

BhipalKenne (4) cnpaeeanueo B cnyqae 100%-nofi ·s$$eKTHBHOCTH perucT-

pauun npoTonoe, nonaaarowux B aeTeKTOP noa nro6hiM yrnoM B npeaenax yr

noehiX pa3M9pOB A9T9KT0p,a~ Q6bJqHO 9T8 s$$eKTHBHOCTb RB.11R9TCR CJlOlKHOti 

$ynKuueti yrna I ( x). B sToM c.nyqae ee.nuquna 8 aonlKna qucnenHo p~ccqnThi-

eaThCR no $opMyne: 

as$$.= 
a 
1T 

8M.Y. + 
2(M+E)T "max l(x') 
--f-

x x+~x f(xJ 

c/8(a') 

Ja' 

17 7 J 2 aM y = - -en b - - En ~a - Ea ~a en b - - En ~ a 
. . J2 4 2 

6 

c/x' I 1 

28 
9 

(5) 

f 
! 

J 

l 
·~ 

l 

.-

l 

I .. 
I 

a ~x 

qTo 

do( a) = [ _ _!_ (J +a 
da . 2 

. -1 

X en O+a_J_ + 2(1. 
ab 

7 _, 
+- [(J+a) 

·4 

~a 
M+E 

M 

~x 

X 

-c 

- npOH3B0.1lbii8R AOCTB 

l(x+~x) -l(x) 

I (X .) 
OKOHqaT9.1lb!Iblii pe3y.1lbT8T llf 

nnn H.11.1110CTpaUHH llOpRJ 

.eP -paccennun na Manhie : 

· paccquTaHHhJe no $opMyne (' 

H X min =0,086 npu YI'JlOBI 

I'HH nyqKa E . =4,5 rse. B 

cne.KTpa 3 Mse s;T, -;;. 7 M 

·cpaeneHHR npu:Be~eHhi snaqef 

pusyrometi' paS~OCTb ceqeHHM 

aax npu \l,,<·r 2 > . - 018 F, T.e. 



X 

(4) 

. T T 
(-· ,-} 

M E 

\ 
m., ..:; Macca aneKTpoaa 1 

~Tpoaaoro aapSina. 

.nytteaJ:IeM oT npoToaa 1 - cna-

- npea(36pelKJ:IMO Manhi B ycno

i (nOBOnhllO I"pOM03AK09 ) B 

0Q%-aofi·9~~9KTHBilOCTH pei"J:ICT

mo6hiM yrnoM . B npenenax yr

KTJ:IBHOCTb SIBnSieTCSI cnO*IlOH 

o non*aa ttncneaao p~ccttHThi-

clx' I , (5) 

a 11 x 

'ITO 

-1 -2 
x fn (J +a_}_ + 2 (1 + a } 

ab 

3 -3 
+ · (1 + a } + 

T 

7 -I -1 1 
+ - ( (J +a} -a 

4 

M+E 11x , M+E X -X 

!1a - a 
M X M X 

- npoJ:IaaonhHaSI nocTaTottao ManaS! nono*J:ITenbaaSI aennttJ:IIla 1 TaKai 

f(x+i1x} -f(x} 

f ( x } 
<< 1 

OT KOilKp9TilOI"O Bh!60pa KOTOpOil 

OKOiltJaT9nhHh!H peaynbT8T npaKTI:I'I9CKI:I ll9 3aBJ:ICJ:IT, 

nnSI nnmocTpaunJ:I nopSinKa aenJ:IttJ:IIlhi panJ:IaunoHilhiX nonpaaoK K ceqemno 

ep -pacceSIHJ:ISI aa Manhte yrlihi B Ta6nJ:Iue npnaeneHhi aaa'IellJ:ISI o . ~ . 
paccttJ:ITallllhie no ~opMyne ( 4) nnSI nayx nonOJi<eanfi neTeKTopa x m '" =0105 · 

A (} ..:.2 
H xmln =01086 npH yrnoaoM paapewellHH Ll = 'Snax-'Snln-2 16 .. 10 11 auep-

I"HH nyttKa E =4
1
5 faa. B nepaoM cnyttae neTeKTopoM canMaeTc.ll yqacToK 

cneKTpa 3 MaB s; T p 'So 7 MaBI BO BTOpOM - g Maa 'SoT p ::; 15 Maa. nn.ll 
.. ·· , · . · /'}.a 2 

·cpaaueaHSI npnaenellhi aaattellH.II aenH'IJ:IIlhi -·- = -
3 

< r~ > M 1 1 ?'llpakTe-
. . ~ . ao 

pH3YIOWefi pasHOCTb CettellHH. pacce.IIHH.II Ha TO'l9'IIl0M H npoT.IIll\9111101\1 npoTO-· 

aax npn \l.<·r 2 >.- 0,8 F, T.e •. a~~eKT1 nccnenyeMhiH B aKcnepnl\tei!Te
11 1 
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Ta<SxH~a 

. _I{Wiii;J = 0,05 )/.~~"' = 0,086 -- ~ 
'A ~ ('{) An Cf.. 

% v v) )( ~ (vf •. ) 
-
0,058 0,51 4,1 0,090 0,47 

A?- e/. 
~0 .: 

9~7 

0,062 0,42 • 4,6 0,094 0,36 . 10,6 

0,066 0,26 5,2 0,098 0,18 11,5 

0,070 . -0~03 5,9 0,102 -0,10 12,5 
; ·~ . 

0,074 ~0,64 6,6 . 0,106 -0,~8 13,5 
, .. 

0,078 -2,66 7,3 0,110 -1,58 14,5 

0,114 1 ~ •• ·j. -5,64 15,6 
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. ·npenpnHThi II coo6meHHl 
HMHOrO o6MeHa; YHHBepCHTe~ 
uay'IHhiM rpynnaM H oTaenb 

· nonyqaTemrM naaaaniJ: ( 
siBHTh HHHUHaTHBY. B 6ecnna 

. 06Mel!a npHHHMalOTC5l Hay'IE 
ny6nnKaunn no TeMaTHKe 0 

' EanHcTBeHHhriJ: ana ny6 
9TO penpHHTbl (OTTHCKH CTa7 

. ~ psme cnyqaeB Mbl ca 
6onee KpynHbiM nonyqaTensn 
cnaTh HaM KaKne.:.nn5o KHHrJ 
:lKYPHanbi0 H3llalOIIIH8CSI B HX_ 

11anaTenhCKHiJ: oTnen·e~ 
COB Ha Bb!CbinKY HanaHHH . 0 
yKa3biBa~h. HHJ:l8KC aanpaWHJ 

· rlnchMa no seeM aonpoc 
oTaenhHhie naaaHHSI cneayeT · 

/1 
r. 
H~ 
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