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B B e 11 e H H e 

npHM9H9HH9 TOHKHX nneHOK H3 Cn!Oilbl B K8'19CTB9 BXOilHbiX H BbiXOilHbiX 

OKOH MHWeHeA UpH npoBelleHHH HeKOTOpbiX HllepHbiX HCCnellOB8HHA CBSI38HO C 

Heo6xollHMOCTbiO y'leTa snHHHHH MHoroKpaTHoro pacceHHHH s cniOae. OaaaKo 

9KCnepHMeHT8nbHble" H TeopeTH'I9CKHe CBelleHHSI0 UpHBelleHHbie B nHTepaType 

K8K K MOMeHTY noCT8HOBKH ll8HHOA pa60Thi, T8K H B H8CTOSIWee speMH, He 

no3BOnSIIOT ocyweCTBHTb <!TOT y'I~T C ~enaTenbHOA TO'IHOCTbiO. 

noapo6HhlA o63op cyweCTBYIOWHX TeopHA MHOroKpaTHOrO paCCeSIHHSI 38pS1-

/}/ 
~eHHhiX 'laCTHU caenaH B.CKOTTOM • CpeaH HHX cneayeT BbiAenHTb TeopHIO 

/2,3/ 
Monbepa , KOTopaH o6naaaeT aHanHTH'IeCKOA aasepweHHOCTbiO npH npaKTH-

'19CKH sceraa onpaBilhiBaeMOM aonyweHHH, 'ITo yrnhi pacceHHHSI Manhi. B co

'leTaHHH co cTaTHCTH'IeCKoA MoaenbiO ToMaca-<PepMH anSI onHcaHHH pacnpeae

neHHH :;~neKTPOHOB B aToMe TeopHH Monbepa aaeT xopowee cornacHe c <~Kcne

pHMeHTOM npH paCCeSIHHH 38pSI~eHHbiX '18CTHU H8 TSI~enbiX 8TOM8Xo npH nepe

XOI19 ~e K nerKHM aToMaM ( a cniOaa npeacTaBnSieT co6oA coeaHHeHHe ner

KHX aTOMOB) CT8THCTH'IeCK8SI ·MOI19nb CT8HOBHTCSI H9YilOBneTBOpHTenbHOA. 8 

<~TOM cnyqae uenecoo6pa3HO npHMeHHTb 6onee TO'IHbie 3Ha'leHHH pacceHBaiO

wero noTeHuHana, pacc'IHTaHHOro, HanpHMep, no MeTOilY XapTpa-<PoKa, aaano-
/41 

rH'IHO TOMY, KaK <~TO 6hino caenaHo anSI yrnepoaa B pa6oTe • llnH 6onb-

WHHCTBa :;~neMeHTOB, BXOIISIWHX B COCT8B CniOilbi, 3H8'1eHHSI noTeHUHBnOB aB-

TOpaM H8CTOSIW9A pa60Tbl He 6hlnH H3BeCTHbl K MOM8HTY nOCT8HOBKH ll8HHOA 

pa60Tbi, H nOSTOMy paCC'IHT8Tb MHOrOKpaTHOe paCC8SIHHe B CniOAe no MOAenH 

XapTpH-<llaKa ae npeACTaBnHnocb B03MO~HbiM. 

3 

,. 



8 9TOil CBSI3H 6hinH npOB9A9Hhl H3MepeHHSI MH01"'0Kp8THOI"'O pacceHHHSI 

npOTOHOB H HOHOB TpHTHSI B CniOAe H CAenaHO cpaBHeHHe C paC'I1lT8MH nO TeO

pHH Monbepa H MOAenH ToMaca-<llepMH. 

TexHHKa sKcnepHMeHTa 

ny'IOK npOTOHOB (HnH HOHOB TpHTHS!), yCKOpeHHhlX K8CK8AHhlM 1"'9H9p8TQ

pOM na6opaTOpHH HeiiTpOHHOil $H3HKH OHHH 
151 

AO 9Hepl"'Hil 94.,9:.!4 K9B, noc-

ne MBI"'HHTHOI"'O aHanH38 H KOnnHMBUHH na,qan no HOpManH Ha CniOASIHhl9 nneH-

2 
KH (MyCKOBHT), TOnUIHHa KOTOphlX COCTaBnHna 0,175; 0,125 H 0,086 M!"'/CM 

H onpe,qenS!JlaCb no noTepS!M 9Hep!"'HJI: H TOpM03HbiM CnOC06HOCTSIM, B3S!Tb!M 

16/ 
H3 pa60Tbl , 3Hep!"'HSI 6oM6apAHPYIOIUHX HOHOB HBXOAHnacb no CyMM9 HanpSI-

lK9HHil, npHnOJK9HHblX K YCKOpHTenbHOil Tpy'6Ke H K HOHHOMY HCTO'IHHKY, 

Pe!"'HCTpauHSI pacceSIHHbiX 'IBCTHU ocymecTanSinacb npH noMOIUH uHnHHApa 

<l>apaneSI, coeAHHeHHOI"'O c sneKTpOMeTpH'IeCKOil cxeMoil, TeneCHbiil y!"'on, Bbipe

-4 
389Mblll AHa<jlpa!"'MOll UHnHHnpa <llapaAeSI, COCTBBnS!Jl 1,6,10 CTepaAHBH, no-

CTOSIHCTBO naA8IOIU91"'0 H8 MHW9Hb ny'IK8 KOHTpOnHpoaanOCb H3MepeHH9M TO

K8 '!aCTHu, nonaAaiOIUHX B UHnHHAp <l>apa,qeSI no,q HyneM I"'panycoa nocne KBJKAOI"'O 

H3MepeHHSI npH 381l8HHOM y!"'ne, TOK Ha MHW9HH COXpaHSinCSI B npe,qenax :!:_2%, 

Yl"'nOBhie pacnpeneneHHSI nonyqanHCb a pe3ynbTaTe neneHHSI 3Ha'!eHHil 

TOKOB nOA pa3nH'!HblMH yl"'naMH Ha nonycyMMy TOKOB npH 0°, 38p9l"'HCTpHpO

B8HHblX AO H nocne K8lKAOI"'O H3MepeHHS1 na;L 38A8HHblM yl"'nOM, LlnS! YTO'!He

HHSI 'fJOnOJKeHHSI HyneBOI"'O y!"'na H3MepeHHSI npOH3BOilHnHCb B o6e CTOpOHbl OT 

H91"'0, 

06CYJKA9HH9 pe3ynbT8TOB 

Pe3ynbT8Tbi o6pa6oTKH sKcnepHMeHTanbHbiX ABHHbiX npencTaaneHbi aa 

pHcyaKax 1 H 2. Ha pHc,2 AnSI Tpex saep!"'Hil npoToHOB nyHKTHpHbiMH KPHBbiMH 

noKa3aHbi TBKJKe yl"'nOBbie pacnpe,qeneH.HSI, Bhi'!HcneHHbie no TeopHH Monbe

pa. Co!"'nacHo aToll TeopHH y!"'noaoe pacnpeneneaHe MHOI"'OKpaTHO pacceSIHHhiX 

3apSilK9HHblX '18CTI!U npellCTBBnS!nOCb B BHile pSina, OI"'p8H1!'19HHOI"'O TpeMSI 
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I'Jle (J • -

xv"B 0 

<!IYHKUHH fl> ( (J) H f(l)( (J ) /3/ 
Ta6ynHpoaaHbl B pa6oTe BeTe 

1 
a napa-

MeTp B 

B KOTOpOM 

onpeJle/ISUICSI H3 ypaBHeHHl1: 

B - fn B 
)(I 

• fn--!..
)( I .. 

+ 1- 2C , 

C -nOCTOl1HHal1 3Jinepa (015772), 

( 2) 

Yron )( 
0 1 o6bi'IHO onpeJlenaeMblll H3 ycnoBHl11 'ITO cyMMapuaa aepo-

SITHOCTb OJlHOKpaTHOI'O peaeplj!OpJlOBCKOI'O pacceaHHSI Ha YI'IIbl 8 > )( 0 

paBHa eJlHHHUe 1 MO*HO npeJlCTSBHTb: 

)( 
2 

• 11 N t r z2 e ' E - 2 

o I 2 ' 
(3) 

I'Jle N- 'IHCno paCCeHBSIOIIlHX UeHTpOB B e.flHHHUe 06'beMa MHWeHH
1 

t -TOIIIIlHHS MHI!IeHH, E -aHepi'HSI DSJlSIOIIlHX 'laCTHU 1 Z1 e H Z2 e 

-aapSIJlbl SIJlpa pacceHBSIOIIlei'O STOMa H llSJlaiOIIleli 'lSCTHUbl. 

Yron aKpaHHpoBaHHl1 X a Jl/ISI cny'laSI pacceHBaiOmero noTeHuHana 

ToMaca-<PepMH aanHCbiBaeTcH: 

j( 
I'Jle X o• a 

)( 2 • )( 1 (1.13 + 3.76 cz I } 
.. 0 • 

cz -

z,zl e 1 

1!v 
v 

(4) 

H x - CKOpOCTb H 

Jl/IHHS BO/IHbl ll8Jl8IOIIlell 'ISCTHUbl, a - ljlepMHeBCKHII paJlHYC STOMa 
-1/8 . 

( a • 0.885 aoZ 1 ecnH a 0 - paJlHYC 6opoBCKOII op6HTbi). 

LlnH C/110Jlbl 1 HMeiOIIleli CIIOlKHblli COCTa.B ( KH 1AJ ;'ii 80 II )I BMeCTO 

I 
)(

0 
He06XOJlHMO OllpeJle/IHTb npoCyMMHpOBaHHOe ITO COCTSBY MHWeHH 3Ha'le-

HHe 

x ~ • l: <x 1 > .211.a -. 
ek 1 e I E 2 (5) 

eCIIH 
2 

Bb1pa3HTb B MI'/CM , a E - B KaB,· 

7 



-;-
x. 

BMeCTO X
1 

a 

.... 

B STOM cnyqae HY*HO H8ATH cpenH&B3BeWeHH09 3H8'19HH9 

in X
1 

-a 

I I 
I<x &x l 1 1 o a 

2 
X ak 

(6) 

nnSI ynpomeHHSI Bbl'lHCJieHHSI X a 6hin HenpaBOMepHO npHMeHeH no-

TeHUH8JI BO):IOpona, paCC'lHT8HHbiA no MO):IenH ToMaca-lllepMH 1 noCKOJ!bKY STO 

He BHOCHT B OKOH'l8T&JibHbiA peaynbT8T 38M&THOA OlllH6KH H3-38 M8JIOCTH 

BKnana. 

HanH'!He 3H8'lHTeJibHhlX sHepreTH'leCKHX noTepb pacceuaaeMhiX qacTHU 

a cniDne Tpe6oaano yqeTa uaMeHeHHSI sHepruu npH pacqeTe 

!llopMyna (5) B STOA CBSI3H npeo6pa30BhlB8JI8Cb K BHJ:IY 

Ek dE 
2 - 217.8 J 

Xak Eo 

X 2 H X 2 
ok a 

(7) 

rne Eo 
dE 

d7 

H E k- H8'18JibH8SI H KOHe'lH8SI SHeprHH HOHOB BOJ:I0p0):18 B KSB; 

KSB 
-ynenbH8SI TOpM03H8SI CnOC06HOCTb CJIID):Ibl B MrfcM:! • 

Bbi'!HcneHHhie npH STHX ycnoBHSIX napaMeTphl 
2 

')(ak'B,(8li)T 

):IJISI npOTOHOB H TpHTOHOB1 p8CCeSIHHblX B CJIID):ISIHbiX nneHKBX p83HOA TOJIIJlHHhl, 

npuaeneHbl B Ta6nHue. 8 noc'nenHeA KOJIOHKe Ta6nHUbl H H8 p!!C. 3 UOK838HO 

OTHOWeHH9 SKCUepHMeHTBJibHbiX 3HB'leHHA nonymHpHH ( (9 li ) E 

TH'leCKH Bbl'lHCneHHblM 3HB'leHHSIM ( 8 Ji) T • 

K HX Teope-

norpewHoCTH a onpeneneHHH OTHoweHHA nonymHpHH yrnoahiX pacnpenene-

HHA H3M9HSIJIHCb B npenenaX 3-7% H o6yCJIOBJIHB8JIHCb 01JlH6KaMH onpenen&HHSI 

SHeprHH ( 1,4+- 3,8%) 1 OWH6K8MH onpeneneHI!SI TOJIIJlHH CJIID):ISIHblX nneHOK 

(3,5+- 7%),, reoMeTpH'leCKHMH OWH6KBMH ( • 3%) H OlllH6KBMH ( • 2%), 

CBSI38HHbiMH C HeUOCTOSIHCTBOM HOHHOrO TOKa. YaeJIH'leHH9 TOJIIJlHH CJIIDJ:ISI

HhiX nneHoK ( aa C'leT yrnepona oT paanomeHHSI Ha HX noaepXHOCTH napoa 

opraHH'leCKHX KHCJIOT UO):I B03):1eACTBH9M ny'lKa) He 6hiJIO 06HapymeHO B npe

nenax nayxnpoueHTHoA owu6KH. 

nony'l9HHhl9 3H8'19HIISI OTHOWeHHA UOnywHpHH yrnOBbiX pacnpeneneHHA 

( e li) E I ( 8 li lT-1.17 ±. 0.07 HBXO):ISITCSI, BHJ:IHMO, B paayMHbiX npenenax, 

8 

I 

Mr/c.l- qaCTl'II~a 

0,!75±, npOTOH 
0,006 

0,!25+ 
0,006-

npOTOH 

0,086±. TPHTOH 
0,006 

Eo 

K9B 

I34 
I42 
I64 
I98 

2I4 

244 

274 

28I 

294 

94 

I24 

I 54 

I84 

214 

266 
294 

I 54 

ISO 

2!3 

Ta6JIHita 

E k 

K9B 

":k 
xl0-3pall. 2 

46 
54 
76 

II2 

6,337 
5,04! 
3,063 
I,7I9 

I30 1,375 

I68 0,9!3 

204 0,674 

2!2 0,635 

228 0,559 

33 

6I 

9I 

!22 

156 

216 
248 

II4 

I39 

I7I 

9,!00 

3,638 

!,943 

1,222 

0,814 

0,472 
0,368 

I,075 

0,749 

0,5!3 

9 

B 

5,4! 
5,44 
5,50 
5,56 

5,59 

5,66 

5,59 

5,59 

5,58 

5,0! 

5,II 

5,14 

5,!8 

5,20 

5,!8 
5,!7 

3,!6 

3,!8 

3,!9 

(8K)B 

I"PBilYCbl 

8,2 
7,4 
6,6 
5,0 

4,3 
4,4 

3,6 
3,6 
3,7 

3,I 

2,9 
2,8 

2,9 

10,2 
I0,4 

6,6 

4,7 

3,8 

3,0 

2,3 
2,2 

3,35 

2,55 

2,25 

(8K)T 

l"pallyC&l 

7,70 
6,88 
5,4! 
4,08 

3,66 

3,0! 

2,56 

2,49 

2,33 

8,77 

5,6! 

4,12 

3,28 

2,69 

2,04 
I,BO 

2,90 

2,42 

2,0! 

(f\ )10 /(8K)T 

!,06±,0,!0 
!,08±,0,09 
!,22±,0,08 
!,23±0,08 

!,!7+0,08 
I,20BJ,08 

!,20+0,08 
I ,2D+0,08 
1,23:±0,08 

I,2I;t,0,08 

I,I6+0,06 
I,I2:±0,06 

!,24±,0,08 

I,I6+0,I4 
I,I9BJ,II 

i,I8±,0,II 

1,!4±,0,!0 

I,I6±0,IO 

I,I2±0,09 

I,I3±0,IO 
1,22±,0,!0 

!,16±0,09 

!,05!,0,!0 

1,!2±0,!0 
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eca J''lecn., '1'1'0 Bloi'IIICil••• ao uoaemr Towaca-·~w• ,..,.. xopo•- co-
. 17/ 

rucae c &IEcaep•ue•'I'OM Ma • ..,...... · 8 pacxo.aeue .. 20f. 80'11 .IIIIa 
/4/ .. ' 

,.rnepou • <:.uDAa_· .. ao cpe.aRwJ' a'I'OM80toq aecy ........ .,. apoue.,..-o•-

aoe aono .. aH -~- ...,...... .. • ,.rnepo.aow. Mo .. o aonaran., '1'1'0 C5on

'I'O'IBMI ,....,. •pallllpo .... • paccHaa10111ero aOTeiiiUiana apa6nB3JIT t'80p8TB'Iec-

1Eoe oaac ..... J"raoeoro paQUPeaen•••• IE a&caepawea,.anbBOMJ'. 

OCS,..eT U ,ce6B BBBMaBB8 DOC'I'OSIBCTBO OTRODI8DSI (816 )./(816 )'1' , 

IEO'I'opoe CSwno IIINIJ'•IIO apa ......... •••pr•• aaaaJDIIUIX 'laC!'Bil eson ..... .. 
B I paaa, apa UW8B ... B TOniiiiiBM Dn8BOIE llpBWctpRO a 2 pa:sa, DOTepl> 8Bep

ral - o,. 18 ao 80'1. aaaaJDmel aaepraa a, aiutoBell, aony11111paa yrnoawx 

pacapeaeaeul - a 4,7 paaa. 

B 8'1'01 CB88B MOlltBO Cllenan. DpaiETB'I8CIEBI 8W804, '1'1'0 .QIIB apa&ui .. B

BMlt p8C'II1'QB M80r01EpaTBOrO paCC8SIBBSI 80808 BOJlOpoaa 8 CIIICill8 MOlltBO apa

W8BB'IIt Teopii:JD Mon .. pa • woaem. Towaca-._p ... 11 o6nacH aaepral IOD

-300 Ull C IIR8C8RR8M ap8M8pBO C8W .. UaTBDpOJl8B,.ROI DODpaiiiEB 8 8 .. '18BRB 

aonymapaa ,.rnoawx pacapeaeneaal. B CJ'DIBOCTR at'O oaaa .. er IIR8C8RH ae

IEO'I'Opol awaapa'leciEol IEOPp81EilRR 11 pacceaaaJDmal ~-Ball a'I'Owa. 

Baa aep~l '18C,.a accneaoaaaaoro aaepreTB'IeciEoro RRTepaana aony

•••o cornacae 8CIEDepawea,.aa.awx • paC'IITRWX yrno11wx pacapeaeneaal 

( C y'I6'1'0M C8MaaUATBap0118RTBol DOilpaBIEB), .. IIWXOD .... - ap8li8BW 

81ECD8pBM8BTanbBWlt omat5olr, npa aepexoae IE MaiiWM 8 .. praBW Da.IUIIDIBIIlt 

a011011 aonyueTCa, aocne aaea•••• ulaeaaol aoapaKII, xopo••• c_.nac•• 

•caepawea'l'am.awx • pac'IOTawx aaa .. aal aony~~~apaa ,.rnoawx pacapeaen

al, ao p8ccoraaco..... ljlopww yraoawx pacapeaeaeal :saweTB.- awxoaaT 

aa apeauw o••CSoa O'l'aOCIIftllltawx .. wepeaal. B U'I8C,... apawepa u 

pac.4 aoaaaaao Cpaaaeaae aoaeaeBBB IEPBBWlt AIIB Da.IUIICIDI81 aaeprali apo'I'0-
2 

BOB 94 IE8B B TOIJJIUIBM CIIICiliUOI lllleBB 0,121S wr/cw • npeliDOIIOllteUe 0 

aoawolltiiOM an•••• apa wanwx •••prau apoaecca a...,.••• pacce ... ewwx 

'18CTBII OTU.IUI8T DOTOtoq, '1'1'0 a apeaenax O.ll6olt 3Ra'leUii ,.rna ( • l6 )a 

u•ec,...uo ,._ .. cornacyJDTCB c apeaclt83aualiol TeOpaa Mom.epa, UIE • 

apa CSolaomax ••eprau, ~ •• OBIJ'B1118'1'CB HBA8_.. ocna&le••• aaaacawoc,.• 

IIOIIO_..,ro yrna o,. 'I'OIIDIBBW aneao& • aaepraa gaaa10111ax 'UICTBII. Kpowe 

1'01'0, All9tJa•• caopee crna••aana 5w aJDCSwe ocoCSeaaocTB 11 paloae ·...nwx 

J'rnoa, ••w apoiiBIIana CSw ax. 
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nony'I8HH08 B 9KCnepHM8HT8 ysenH'I8Hii8 BblXOAa pacCeSIHHbiX '!aCTHU 

( no cpasHeHHJO c nonpasneHHbJMii pac'l1iTHbiMH ABHHbiMH) B HHTepsane yrnos, 

H8XOASI!UiiXCSI s6nH3H OT 0° 1 8AB8 nH MOlKHO 06'bSICHiiTb C nOMO!UbiO TeOpHH 

Monbepa. BoaMOlKHO, 3A8Cb HSKOTOpyiO pOnb Hr'p810T s¢>¢>eKTbl K8H8nHpOB8-

HiiSI H APYr'HS alj$eKTbi
1 

CBSI38HHbl8 C npOXOlKASHHSM 38pSilK8HHblX '!aCTHU 

qepe3 MOHOKpHCTannH'ISCK!il! o6pa3eU 1 OAH8KO HMSIO!UHSCSI 9KCnepiiM8HT8nbHbl8 

AaHHbiS He n03BOnSIIOT Ct:~enaTb OAH03Ha'IHbiX Bb!BOAOB. 

B ~:~anbael!weM npe~:~nonaraeTCSI BbmonHHTh pac'l1iTbi AnSI cnJOAbi no Teo

pHH Monbepa c npHMeHeHHeM Mot:~enH XapTpH-<I>oKa. 

B aaKnro'leHHe aBTOpbi BbipalKaJOT· 6naro~:~apaoCTb A.<I>.TynHHOBy, 

A.A.Eet:~HSIKOBY H H.B.CH30BY 38 none3Hbie o6cylKAeHHSI pe3ynbTaTOB aacToSI

mel! pa6oTbJ H E.C.CMHpaosy - 3a noMOlllb B npose~:~eHHH H3MepeaHl!. 
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