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YIOlllHX HHCTHTYTOB: 

OBBHHJ! 

pH.oos, M.r.Wa¢paaoaa; 

OtPHll 

pHCTOB, X.YepHea; 

Top 

B HacTol!meA cTaTbe rrpHBOllliTCll peaynhTBThi HccnenoaaHHll rrpoToH-neftTOHHoro 

yrrpyroro paccel!HHll rrpH aHeprHl!X 1,2,4,6;8 H 10 faa a HHTepaane ltl oT 0,003 
2 

00 0, 2 (faa/C) • llH<MJepeHIIHanbHbie C€'i€HHll H3M€pllnHCb Ha BHyTpeHHeM ITY'l:Ke 

CHHxpocpaaoTpOHa 0J1HJ1 C llOMOlllbiO TOHKOH ( < ] MK) MHIII€HH H3 06bi'l:HOI'O HnH 

neftTpHpOB8HHOI'O ITOilHaTHileHa H arrrrapaTyphi, HCITOilh30B8HHOH H8MH paHee lli'H H3-

/] 2 3/ MepeHHll nHcl>cl>epeHuHanhHoro ceqeHHll yrrpyroro p-p H p- d -paccel!HHll ' ' • Pe-

rHcTpHpoaanHch qacTHUhi OTila'l:H. Co6biTHll ynpyroro p- d - paccel!HHll aaaeJKao 

OTileilllnHCb OT cnyqaeB KB83Hyrrpyroro paccel!HHll, B KOTOpbiX llel!TOH llHCCOUHHpo-

san aa oTaenhHbie HYKilOHbi. 

llH<MJepeHUHanhHOe Ce'l:eHHe H3Meplli10Cb CO CT8THCTH'ieCKOJ! OIIIH6KOJ! "'3%, a6-

COniOTH8ll TO'iHOCTh cocTaBm!ila 7%. B KoHue TeKcTa rrpHs.eaeHbi Ta6nHUbi I H II • 

a KOTOpbiX llBHbi aH<MJepeHuHanhHbie ceqeHHll yrrpyroro p- p H p- d - paccel!HHll. 06-

nacTh ManbiX yrnoa pacceHHHll, rae HHTepcpepeHUHll KynoHoBcKoro H llllepHoro pac

cel!HHH HrpaeT HBH6onee cymeCTBeHHyiO ponb, aaeT HaH6onhlliYIO HHcl>OpM8UHIO npH 

onpeaeneHHH BenH'l:HHbl a P d -OTHOllleHHll peanhHOH 'i8CTH llllepJIOJ! 8MITnHTYilbl 

p- d -paccel!HHll K ee MHHMOH 'i8CTH. AHanH3 rrony'l:eHHb!X ll8HHb!X do yrrpyroMy 

P- d-paccel!HHIO noasonHn Bbi'l:HCnHTh aenH'l:HHy 

a = pd 
Re A,d (0) 

I m Apd (0) 

AHanorH'l:Ho TOMy, KaK aTo aenanocb npH aHanHae .QaHHhiX no ynpyroMy 

p - p - paccel!HHIO, _aH<MJepeHuHanbHoe ceqeaHe annpoKCHMHposanocb BbrpalKeHHeM: 

du ( t) 

dt 
--- 2 ) • I iim Apil(tlv'l+~ + Re Apd(t) +A (t) I 

~M o 

3 

(I) 



r Jle AJlll , Ac:. - l'!JlepH8ll H KynoHOBCK8l'l 8MnnHTYilbl p•d - p8CC9liHHll 1 {3 - K03QJ-

ljlHUHeHT, onHCbiB810WHII npeBbiWeHHe JlHQJQJepeHUH8nbHOI'O ceqeHHll a6nH3H 0° H8Jl OllTH

qeCKOII TO'IKOII
1 

He o6ycnoaneHHOe H8nH'IHeM peanbHOII '!80TH B 8MnnHTYilE p- d-pac

celiHHl'l HnH KynOHOBCKOI! aMnnHTYJlOII. .llnll 8MllnHTYJl 6binO npi!Hl!TO cneJlyiOlilEE 8H8nHTH• 

qecKoe npellCTaaneuue: 

du 
I m Apd ( t) a y ( d 

1 
) 

0 
exp [" (b t +c f>J J; .,, 

d C7 [ 
Re Apd ( t) • v' ( ,)0 a e:a:p " ( b t 

d t • 

2' 
+ c i') • 

Ac(t) -- 2DF(t) e- 1-'1 j 'I • 2Dfll_!_ 
-.(} 

21l-
•1 •t du 

187 fj = ( d t )0 -
na6 

F(t)•exp[" (b t +c t 2
) 

lj ., 

a· 
·u 

16ir1!2 

t 2 ll p 
•- PcuM ( 1 - cos 8 ) I k•....£!!!:1_, .'I 

a) 

6) 

B) 
(2) 

r) 

Jl) 

e) 

.llallHM H9KOTOpoe ITOliCHEHIIE K 9TIIM ljlopMynaM. 3KCllOH9HUHBnbH8ll 38BHCHMOCTb 

aMnnHTYJl OT KB8JlpaTa nepeJlaHHOI'O HMnynbca t , 0 OJlHOI CTOPQH~, cneJlY9T H3 

OllTH'IEOKOA MOJlEnH (Jlnll ae6onblilHX 3H8'19HHA ) , o JlpyroA cTopoHbi1 xopomo 

flOJlTBep>KAaeTOll MHOI'O'IHCneHHb!MH 9KCnepHMEHT8MH no ynpyi'OMY paCOEHHHIO '180THU1 

BbinOnHeHHbiMH K H80TOliWEMY BpeMEHH. KBaJlp8TH'IH~II qneH B noKaaaTene BbiPB>KEHHII 

( 2a) H ( 26) OK83biB8ETCll HE06XOJlHMbiM npH OflHC8HHH Jl8HHbiX no P - d - paCCEliHHIO 

a HHTepaane o,oos <_/tl ~ 0,2 (rsa/o)
2

• B sTOM >KE HHTepaane JlHQJQJepeauuanbaoe 

CE'IeHHe ynpyroro P-P -paooel!HHH XOpOlilO annpOKOHMHpyeTOll Bbipa>KeHHl!MH, B KOT0-

1 
pb!X KB8Jlp8TH'IHbill qneH C t onymeH, HopMHpOBO'IHbiii MHO>KHTenb B 8MnnHTYJl8X 

du du v' ( d 
1 

)~ < -d-
1
--) 

0 
- onTM'IecKall TO'IKa) Bbi6paH H3 ooo6pa>KeHHll paaMepao-

CTH H 8BTOM8TH'IECKH o6eone'IHB89T Bb!ITOnHEHHe OITTH'IeCKOII TeopeMbl ( 2r), ~YHKUHll 

4 

.. 

.. 

,~~ 

h~· 

"" 

~4· 
~.\ 

•• fj 

i 
~· 

F ( t) ( 2 Jl) urpaeT ponb sneKTpoMarHHTHoro ljJopMQJaKTopa Ael!'l'OHI 

o6naCTH MBnbiX yrnoB paCCel'IHHl'l, KOTOpag HBC B OCHOBHOM HHTI 

IT09TOMY npH6nH>KeHHe1 npHHHTOe HBMH, Bnonae onpaBJlBHO, 

AMnnHTYilB KynoHOBCKOI'O paCCel'!HHl'l CHnbHO B38HMOJlellcTB) 

HMeeT KBK peanbHYI01 TBK H MHHMYIO '!BOTH, PeanbHBl'l 'IBCTb MHOI 

nocnellHl'lll onpeJlenReTCR Q>aaol! "' • TeopeTH'IeCKH Bbi'IHcneHHe 

'laeTCll B Y'I~Te p8JlH8UHOHHblX ITOll\:)8BOK K CHnbHbiM B38HMoJlellc~ 

pemaeTCll TOnbKO H8 OCHOB8HHH onpet~eneHHblX MOJlenbHb!X npH6 

BbinOnHHn 8H8nH3 B KB83HKnaCCH'IeCKOM R!~penRTHBHCTCKOM npH6nl! 

Jlnll aenH'IHHbl ¢ (OM, 2a) 3H8'1eHHe 

4> • 1,06 I ak 

I'JlE a 
/5/ 

- p8JlHYC CHnbHOI'O B38HMOJlel!cTBHl'lo n • .ll.ConOBbeB J 

'IY MeTOJl8MH penHTHBHCTCKOII KB8HTOBOI! aneKTpOJlHH8MHKHo n 

¢ •2, npH 9TOM OllTH'IECK8ll TeopeMa JlOn>KHB 38llHCblB8TbCll 

k 
I m A (0) [ C7 ( > 8 mill - u <>8 aiia > 

"" 
0 

+ 2Jl Re A ( • 0 >f ll ( 2 I 8 mill ) , 

A - l!JlepH8ll 8MnnHTYJl8 pacceRHHl'l. 3nec b C7 ( > 8 .mill ) - ITOljiHO 

poM ynpyrall ero 'IBCTb ~pOHHTerpHpOB8H8 H8'1HH8ll C HeKOTOpOI'I 

8 mill onpeJlenl!eTCll 9KCnepHMEHTanbHbiMH B03MO>KHOCTliMH ME 

nonaoro CE'IEHHll C7 • C7 ( > 8 mill ) HMEET TOT }1{9 
0 

OMbiCn 

ceqeHHll, Haa'le roaOpll, aTa aanucb onTH'IECKoA TeopeMbi l!BHO 

HHTepljlepeHUHH l'IJlEpHOI'O H sneKTpOM81'HHTHOI'O B38HMOJlEIICTBHI 

nonaoe Ce'IEHHE ynpyroro paCCEliHHll, 

HeonpeAeneHHOCTb ljJaabi 'I 

a • 

OK83biB8eT Manoe BnHHHHE 

ReA (0) 
pd 

lm A tO) 
Pcil 

B p8MK8X TO'IHOCTel! H8lilHX OITbiTOB BenH'IHHY 1/ MO>KHO C'IHT 

H~aecTao, 'ITO AHQ>Q>epeauuanbaoe ce'leaue pacceHHHH 'I• 

npH t• 0 MO}KeT npeBbilil8Tb OflTH'IeCKHII npeJlen H3-38 I! 

5 



- .RaepH8SI H KynOHOBCK8SI 8MIInHTyabi p-d - pacceSIHHSI, {J - K031jl

biB810!1lHI! rrpeBbiWeHHS auljlcjlepeHUHanbHOrO CS'!eHHSI B6nH3H 0° HBa OllTH-

11, ae o6ycnoaneaaoe aanH'!HeM peanbaol! 'IBCTH B aMrrnHTyae p- d-pac

ynoaoacxol! aMnnuTyaol!. llnSI aMrrnHTya 6brno rrpHHSITO cneayiOmee aaanHTH-

aaneHne: 

du 
I m Apd ( 1) ~ y ( d 

1 
) 

0 
exp [~ (b I +c I~)] 

J; 'J I 

d u [ Re Apd ( 1 l • ..; ( ·)
0 

a exp ~ ( b 1 
d I r 

2' 
+ c i'l 

r 

Ac(l)~- 2nF(I) - ~-'I • ¢> 
e j 'I •2na-

2n • 
z1 z 2 • d17 

137 {3 ' ( d I )0 • 
n86 

F (I) ,. exp ( ~ ( b I + c I~) 
IJ 'l 

I' u 
16 ir1r2 

I 2 2 p 
•- PcuM ( 1 - coa6) I lt•.I(CUM • 

>8 

a) 

6) 

B) 
{2) 

r) 

a) 

e) 

eKOTOpoe llOSICHeHHe K 3THM ljlopMyn8M, 8KCilOHeHUH8nbH8H 38BHCHMOCTb 

KB8ap8T8 rrepea8HHoro HMrrynbC8 1 , c oaaoA cTopoa~, cneayeT H3 

oaenH (anSI He6onbWHX 3H8'1eHHA ) , c apyroA cTopoHbi, xopowo 

CSI MHOrO'IHCneHHbiMH OIKCilepHMeHT8MH ITO yrrpyroMy p8CCeHHHIO '18CTHU, 

K H8CTO.II!IleMy BpeMeHH, KB8ap8TH'IH~A '!neg B llOK838Tene Bblp8~eHHI! 

IOK83biB8eTCSI aeo6xoaHMbiM rrpH orrHC8HHH a8HHb!X no P - d - p8cceSIHHIO 

' 2 o,oos <_It/ .:S 0, 2 ( f:;~s/ c) • B <~TOM ~e HHTepB8ne aHij>lj>epeHUH8nbHoe 

'OrO P-p -p8CCeSIHHSI XOpOWO 81lllpOKCHMHpyeTCSI Bblp8~eHHSIMH 0 B KOT0-
2 

'IHbrl! 'lnea c I orrywea. HopMHpoBO'IHbrl! MHO~HTenb B 8MITnHTya8x 
du 

( -d ) - OllTH'IeCK8SI TO'IK8) Bb!6p8H H3 C006p8~eHHSI p83Mepao-l 0 

TH'IeCKH 06ecrre'IHBaeT BblllOnHeHHe OllTH'I8CKOA TeopeMbl ( 2r), ¢lyHKUH.II 

4 

.,. 

~ 

F( I) ( 2 a) urpaeT ponb snexTpoMarHHTHoro Q>opMijlaxTopa ael!·roaa, 3aMeTHM, 'ITO B 

o6naCTH M8nbiX yrnOB pacce.RHH.II, KOTOp8SI H8C B OCHOBHOM HHTepecyeT, F (I)"' 1 

rro3TOMy rrpH6nH~eaue1 rrpHHHToe HaMH, Brronae orrpaBaaao. 

· AMrrnHTyaa xynoHOBCKoro pacCeSIHHSI CHnbHO B38HMOaei!CTBYIOlllHX '18CTHU ( 2B) 

HMeeT K8K peanbHyJO, T8K H MHHMYIO '18CTH, PeanbH8.11 '18CTb MHOro 60nbWe MHHMOI!, 

nocneaHSISI orrpeaenSieTC.II ljla3ol! .,., ' TeopeTH'IeCKH Bbi'!HcneHHe ljla3bl 'I 38KnJO-

'18eTCSI B y'II!Te paaH8UHOHHb!X ll01li)8BOK K CHnbHb!M B38HMOael!CTBHSIM, 8T8 38a8'18 

. E /4/ pe!ll8eTCSI TOnbKO HB OCHOB8HHH OllpeD.eneHHblX MOaenbHblX llpH6nH~eHHl!, eTe 

BblllOnHHn 8HanH3 B KB83HKnaCCH'!eCKOM HepenSITHBHCTCKOM rrpH6nH~eHHH H H8wen 

anSI BenH'IHHbl if> ( CM, 2B) 3H8'1eHHe 

if> •1,06/alt 

rae • /5/ . 
- p8aHyC CHnbHOrO B38HMoael!CTBH.II, n,Jl,ConOBbSB peW8n Ty ~e 38aa-

qy MeToa8MH penSITHBHcTcxol! KB8HToBol! 3neKTpoaHH8MHKH, ITonyqeao 3H8'1eHHe 

¢> •2. ITpH sTOM orrTH'IeCK8SI TeopeM8 aon~H8 381lHCbiB8TbC.II B BHJ:te 

It 
I m A (0) 

417 
[u( > 6 min -17 (>6aiin l] + 

0 

(S) 

+ 2 n Re A ( • 0) f n ( 2 / 6 min l , 

A - SlaepH8SI 8MITnHTya8 p8cceSIHHSI, 3aec b u ( > 6 min J - rro/laoe ce'!eHHe, • .B KOTo·~ 

poM yrrpyr8SI ero '18CTb f!POHHTerpHpoB8H8 H8'1HH8SI c aexoToporo M8noro yrn88 min. 

6 min orrpeaenSieTC.II 3KCilepHMeHT8nbHbiMH B03MO~HOCTSIMH MeTOJ:IHKH H3MepeHHSI 

rronaoro ce'!eHH.II 17 • 17
0 

( > 6 min l HMeeT TOT }Ke CMbiCn anSI KynOHOBCKOro 

Ce'!eHHH, J.1H8'1e roBOpSI, 9T8 381lHCb OllTH'IeCKOl! TeopeMbl SIBHO Y'IHTbJB8eT sljllj>eKT 

HHTepQ>epeHUHH Slaepaoro H sneKTpOM8rHHTHOI'O B38HMoael!CTBHl! H ero BnHSIHHe H8 

rronaoe ceqeaHe yrrpyroro p8cceSIHHSI, 

HeorrpeaeneaaocTb QJ83bi 'I 

a • 

OK83biB8eT M8noe BnHSIHHe Ha ll8p8MeTp 

ReA (0) 
pd 

lm A tO) 
Pcil 

B p8MK8X TO'IHOCTel! H8WHX OllbiTOB BenH'IHHy 'I Mo~ao C'IHT8Tb orrpeaeneaaol!. 

M~BeCTHO, 'ITO J:IHQJQ>epeauHanbaoe ce'leHHe p8cceHHHH '18CTHU co cnHH8MH 

llpH t- 0 M0}!{8T rrpeBbllll8Tb OllTH'IeCKHl! llpenen H3-38 BKn8J;t8 CllHH-

5 
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ll ' ~~ ·, 

t:"i' 

38BHCSIWRX 'III8HOB B 8MIIIIHTYJlY pacceRHHSI, 3TOT cjlaKT Mbl y'IHTblB88M II8p8M8TpOM 

{3 B cjlopMyne ( 1 ), npR 9TOM IIpeJliiOIIBraeTCR, 'ITO 8MIIIIRTy Jl8 pSC:C811HHII II pll3HblX · 

CIIHHOBblX COCTOSIHHSIX (CHHrneTHOe H TpHIIII8TH08 B CIIY'I88 p~d- paCC811HHB; Jly6neT

H08 H KB8pTeTHOe B ·CIIY'I88 p - d - paCC8SIHHR) He OTIIH'ISJOTCR IIO cjlopMe 38BBCHMOCTH 

OT t npyr OT npyra, B TepMHH8X Haweft II8p8MeTpH38UHH (2a, 26) STO 3H8'1HT0 

'ITO B8IIH'IHHbl b. b 
·I , c 

I 
c He 38BHCRT OT CIIHHOBOro COCTORHHSI CHCT8Mbl 

B3SHMOAeAcTBYIOMHX 'ISCTHU. Tax xax mipaMeTp b.. IIpRMO CBSI38H C pSJlHyCOM 
I 

B38HMOJ18ICTBHR, TO IIO OTHOW8HHIO X b I , 9TO npeAIIOIIOlK8HH8 K8lK8TCR pa3yMHblM 0 

ROO M8KCHM8IIbHb1A panHyC CHIIbHOro' .B38HMOA8ACTBHR OnpenenlteTCR M8CCOA C8MOro 

ne..fXOro 81lPOH8 - rr -Me30H8 H He MOlKeT 3H8'1HT&III>HO IIp8Bb1W8TI> B8IIH'IHHY 

161 
·-;;-· nonpo6so 9TOT BOIIpoc paCCMOTpeH B pa6oTe H.H.neaBHTOB8 • A aTOp npen-

naraeT CIIeUH8III>HYIO napaMeTpB38UHIO ABcjlcjlepeHUH8IIbHOro C8'18KBR 0 TSKYIOt 'ITO Be-

IIH'IHHbl II B {3 npao6peT&IOT sarnRAHbiA BRA. 

Hcnoni>3YR sxcnepaMeHTan&Hbie Jl&HKble, Mbl Bbi'IRCnlteM nonKoe ceqeHHe yn-

pyroro p- d - pacceRHBII u B napaMeTpbi a d , b , b 1 c
1

, c k ta no MeTOJlY 
• p 'I • • ,.. 

saaMeH&WBX XB8Jlparo8. Pe3yn&T8Tb1 co6pasbi B T&6nHue lD • BenB'IBHbl '11 d MR 
/3/ p 

2,78 R 4,85 fsa/c IIocne p800Tbl K8MH He yTO'IHSIIIHC&, napaMeTp fJ IIpH 
. . . /~ 

BC8X aaeprHHX B npeJlenax OWHOOX paBeR RYIIIO. AHSIIH3 IIO cjlopMynaM paoOTbl 

)l8eT IIOJlOOHbl& peayn&T8Tbl, 

Bon&woA BRTepec AnR cjlH3HXH Bb!COXHX aaeprHA npeacTaanReT aenB'IHHa 

Re Apa ( 0) 
a • 

PD I. A (0) 
pa 

JJ.II!I pSCCt!HKKH 11p01'0K8 Ktl H8HTpOHe, Mb! Bbl'IHCIISIIIH MY B&IIH'IHHY 88 OCHOBe rna-

/7/ /3/ 
y6epoBOA MOJl&IIH TSK lite, X8X aTO nenanOCb H8MH B pa6oTe • Ha pHC, 1 pe-

3YIIbT8Tbl 9KCIIepHM8HT8 Cp8BHHB810TCSI C npeJlCX838HHSIMH, cnellyiOWRMR 83 JlHCIIep

/8/ 
cHOHHbiX cooTHoweHHA. CnnowsaR xpHBSR pacc'IHTasa KapTepoM H BarroM , nysx-

TBPHbiMH IIHHHRMH IIOK838H KOpHilOp OWH60K JliiSI 9THX pac'laTOB, ~8HHb18 IIO nepe

/9/ 
38pllJlXe H&ATpOHOB HS IIpoTOHSX, IIOny'leHHb18 B OIIblTSX naneBCXOrO R MSHHHH<-

/10/ 
ra t II03BOIISIIOT IIOIIy'IHTb JlBS pew&HHR JliiR 3H8'18HHA B8IIH'IHHbl a pa • 0JlHO 83 

RHX, XSX BHJlHO, IIY'IW8 CornacyeTCSI C JlHCIIepCHOHHbiMH COOTHOW&HHSIMH, BTOpoe 

3H8'1BT8IIbHO HM IIpOTHBOpe'IBT, Kax BHJlHO 83 pHC, 1, IIOIIy'leHHb!8 HSMH Jl8HHbl8 

cornacyiOTCSI C JlHCIIepCHOHHbiMH COOTHOW8HHSIMH H ny'IW8 COOTBeTCTByJOT TOMY pe-

H3 pa6oT naneacxoro H M aHHBHra, xoTopoe a 
PD 

W8HHIO AIIII Jl88T M&H&WyiO 

aenH'IBHy. 

6 

• 

\f 
·;,,\ 

,) .. , 

I I, 

'l . 

I 
l 
l 
i. 
! 
I 

I 
\ 
il 
'I 

1
1

1' 

( 

i 
L 

B IIOCII811HB8 ro)lbl IIOSIBHIICSI pAll p860T0 B KOTOpb!X IIOIIY'I8Hbl H 

'leHHSI HS IIOBeJ18HHe SMIInHTyJlbl ynpyroro p8CC8SIHHR IIpH Bb!COXHX 

IOWH8 H3 OOWHX IIpBHUHIIOB XBSHTOBOA TeOpHH IIOIISI, Tax, B paoo, 
1111 

~apTRHS 6blno nony'leHo sepaaescTao: 

rne (1 

d 
[-Ia A 

dt 

- nonsoe ce'leHRe, 

u• 
(S,t l l > 86rru 

t•O e -~· 

u.- ceqesHe ynpyroro pacceRHHR. 

/12/ 
B pa6oTe nonoaa H Mypa BbiBeaeHo cneay10mee HepaaeHC1 

a -oft npoH3BOAHOft SMIInHTyllbl ynpyroro p8CC8RHHR IIpH t • 0 

D 

1 [ d A (S, t l ) 1 [ 1 
- > (1 +---) 

A(S,O) dt t-O ( 2D +1 )a! 2a+1 16 

HeBbiiionsesae xoTR Obi onsoro H3 a HepaaescTB roBOpRno Obi 

TSpHOCTR H SHSIIHTR'IHOCTH, HMeR aKCIIepHM&HTSIII>Hbie Jl8HHb16 0 

ll&HHR SMIIIIRTYilbl ynpyroro p - p H p - d - pacceRHHR B OOIISCT: 

Mbl IIOIIblTSIIHCI> IIpOB&pHTb BbliiOIIHHMOCTb yX838HHbiX BbiWe Rep 

M ypa. ( B cnyqae BbmonHHMOCTH sepaaeHcTaa n-M ( 5) sepaaesc 

6onee Bb1IIOIIHSI8TCR). Kax IIOK83biB86T pSC'IliT, sepaBeHCTBO n-M 

poA IIpoH3BOJlHbiX 8MIIIIHTYil p- p H p- d -ynpyroro pacceRHHl 

rRA 1 .. 10 faB BbiiiOIIHReTCR, ~nil HIIIIIOCTpSUHH Bb!IIOIIHHMOCTJ 

.naeM Ta6nauy IV .nnR aseprHH 10 rae a cny'lae p - p H p- d -

nHTepaTypa 

1. B.A.HHKHTHH, A.A.HoMocjlHnOB, B.A.CaHpH.noa, n.H.CTpyHoE 

nT3 M §. 18 ( 1963). 

2. n.41,KHpHnnoaa H Ap. XII 

aaeprHA, ~y6sa 1964 r. 

MelKayaapOJlKSR xoscjlepeHUHR II• 

s. n.c.3onRH, n.41.KHpRnnoBB, niO-UHH-URK, B.A.HHXHTRH, B.c.n. 

llOB, n.H.CTpysoB, M.H.Xa'ISTYPRH, M.r.Wacjlpasoaa, 3,Kop6el 

CKR, 3.3naT8HOB, n.MapKOB, n.XpHCTOB, X."IEipHeB, H.~anXSll 

)f(3Tcll (DHCbM8 B p8Jl8KUHIO) T.lll Bbltt, 1,15 ( 1966) • 
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B B aMnnHTY.llY pacceHHHH, 3TOT tjlaXT Mbl Y'IHTbiB88M napaMeTpOM 

( 1 ). npH 9TOM npe.nnonaraeTCH, 'ITO 8MDnHTY.ll8 P8CC8SIHHSI 8 p83Hb1X 

HHX ( CHHI'D9TH09 H TpHnneTH09 B Cny'l89 Pr- d- p8CC9SIH&ir; .lly61feT

B ·cnyqae p - d - pacceSIHHSI) He OTnR'I810TCSI no tjlopMe 38BHCRMOCTB 

B TepMRHax Hawell: napaMeTpRaauRH ( 2a, 26) 9TO aKS'IRT, 

c 
I 

c He 38BRCIIT OT CnRHOBOI'O COCTOIIHBJI CBCT8Mbl 

illlRX 'laCTBU. Tax xax napaMeTp b.. np51MO CBJI3aK C p8.llRyCOM 
I 

TO no OTHOWeHRJO X b I , aTo npehnonoX<eRRe xaX<eTc!l paayMHbiM, 

A paARyc cRn&Horo' ·B3aRMOAell:cTBRR onpeAen•eTCJI MaccoA caMoro 

- rr -Me30Ha R He MOX<eT 3Ha'IRTen&HO npeBbiWaT& BenH'IH8y 
161 

eonpoc paceMoTpeH a pa6oTe H.H.neaaaToea • Asrop npeA-

YJO napaM9TpR3aUHJO ,llH!jlcjlepeHURan&HOI'O e8'18HBR, TaXyJO, 'ITO 88"" 

npRo6peTaJOT H8I'DH.llHbllt BR.llo 

9KenepRMeHT8DbHbl9 ,ll8HHble, Mbl Bbi'IRenReM nonH08 Ce'leHH8 yn-

eeeHHHH U H napaMeTpbl a d • b , b t c
1

, C H t:l no MeTOAY 
• p 'I • • ,. 

paToa, Peayn&TaT&I eo6paH&I a Ta6nRue Ill • BenR'IRKbl •u d MB 
/3/ p 

e noene !Ja60Tbl HaMH He YTO'IHRnRe&, napaMeTp {J npH 
161 

npeAenax owR6ox paseK HynJO, AHanRa no tjlopMynaM pa6oT&I 

·eayn&TaT&I, 

HTepeC .llnB tj!H3HKH BbleOKHX SHeprHll: npe,llCTaBnJieT B8DH'IHH8 

Re Apn ( 0) 
a -

PD I .. A (0) 
pa 

<OTOK8 Kli K9HTpOHe. Mbl Bbi'IHCDHDH STY aenH'IHHY H8 OCHOBe rna-
/7/ /3/ 

Tax JKe, xax aTo Aenanoe& KaMR a pa6oTe • Ha pRe. 1 pe-

•HMeHTa epaBHHBaJOTeB e npe.lleXa3aHHIIMH1 ene.llyJOIJlRMH R3 ,llHenep
/8/ 

eKHit. CnnowHaR xpRBaR paec'IHTaHa KapTepoM a BarroM , nyHx-

noxaaaH XOpRAOp OWH60X ,llDII 9THX pae'I~TOB, naHHble no nepe-

/9/ 
os aa npoToaax, nony'leRR&Ie a on&ITax nanesexoro R MsKHHif<-

•T nony'IHTb .llBa pelll9HHII llDR 3Ha'I9HHll: BenH'IRHbl aPD Oaao H3 

nyqwe eornaeyeTCII e ,llHenepCROHHbiMH eoOTHOWeRRBMH, BTOpoe 

npOTRBOpe'IHT, Kax BHAHO H3 pRe, 1, nonyqeHHble H8MR AaHHbl9 

HenepCHOHHbiMH eoOTHOill9HHIIMH H nyqwe eOOTBeTCTBYIOT TOMY pe

R3 pa6oT nanesexoro H MsRHRRra, xoTopoe .aaeT MeH&wyiO 

6 

.. 

J 

J 

'It: 

'I 
1\ 

I 
f 
1'. 

\ 
I 

I 
\ 
I ,, 
J 

8 nocne.aaae I'Oilbl nORBHDCII pRA pa6oT, B KOTOpbiX nony'leHbl HeXOTOpble orpaRB

'IeHHII Ka noee.aeKae aMnnHTYilbl ynpyroro pacceRHHR npR BbleoxRx sKepraRx, eneAy

JOI!lRe aa o6mRx .,npHHUHnos xsaKTOBoll: TeopHR non11, Tax, a pa6oTe Max Lloyana a 
Ill/ 

MapT&Ha . 6blno nony'leHo HepaseaeTso: 

d 
[ -- Ia A 

dt 

rAe u - nonaoe eeqeaRe, 

(S, t ) ] 

t•O 

ull 

> -86rru. -~· 
(4) 

u.- ce'leKHe ynpyroro pacceJIKHH, 
/12/ 

B pa6oTe nonoea R Mypa B&IBeAeKo eneAyJOmee HepaaeaeTBO AnH aKa'leKHA 

a -oft npoH3BOAHOll: aMnnRTY.Ilbl ynpyroro pacceHKRH npR t • 0 : 

D 2 
1 d A (S, t ) 1 1 

--[ ] > [(1 +--) 
A(S,O) dt t.O ( 2a +1 h! 2a+1 

D u 
(5) 

16 rr u • 

HeB&monHeKRe XOTII 6&1 O.llHOI'O R3 a KepaBeHeTB I'OBOpRnO 6&1 0 HapyweHRR yHR

TapHOeTR a aKanRTR'IHOeTR, HMeR axenepRMeHTan&Hble AaRRble o aenR'IHRe a noae
raa\2 

aeHRR aMnnRTYil&l ynpyroro p- p R p- d - paeeeRHRR B o6naeTR It/< 0,2( ___ _, , 
e 

Mbl non&ITanae& npoaepRTb BbJDOnHRMOeT& yxa38HHbiX BbiW8 R8p8B8HCTB nonoea R 

Mypa. (B enyqae BbJnOnHRMOeTR HepaaeHCTBa n-M (5) HepaaeHeTBO n-M (4) TeM 

6onee BblnOnHH8TeR), Kax noxa3biB88T pae'I~T, HepaBeHeTBO n-M AnH nepBOll: R BTO-

poll: npoR3BOilHbiX aMnnRTYil p - p R p- d -ynpyroro paeeeRHRH a o6naeTR aHep-

rRll: 1 .. 10 rae BblnOnHReTeR, nns HnnJOCTp8URR BblnOnHRMOeTR aepaBeHCTB n-M, 

AaeM Ta6nRuy IV AnR aHeprRH 10 rae a enyqae p - p a p- d - paeeesHRH, 

nHTepaTypa 

1. B.A.HRKHTRH, A.A.HoMotj!RnOB, B.A.CaRpH.llOB, n.H.CTpyHoB, M.r.lllatjlpaKoea. 

nT3 NP .§. 18 < 1963). 

2, n,cii,KRpRnnoea R llP• XII 

aHeprRA, ny6Ha 1964 r. 

MeX<.llyHapoAHaR xoHtjlepeHUHR no tj!H3Hxe B&ICOKHX 

s. n.c.3onRH, n.cii.KRpannoea, nJO-URH-URR, B.A.HHXHTRH, B,c.nasTyes, B.A.CsHpH-

llOB, n.H.CTpyHoB, M.H.Xa'laTypRR, M.r.WatjlpaHOBa, 3,Kop6en, n.Po6, n.neBHH

exH, 3.3naTaaoB, n. Mapxoa, n.XpHeToa, X.tfepHeB, H.nanxaX<aB, Il. TyB.lleHilOpX<. 

)f(3Tcll ( nac&Ma B pe.naXUHJO) T.III BbJD, 1,15 ( 1966), 
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4, H.A..Bethe, Ann. Phys. _l, 190, (1958). 

5, fl,ll.ConOBbeB, )1(3T<I> :'ill, Bb!TI, 1 (7), 292 ( 1965), 

6, I.I,Levintov. Phys. Lett 1.2, 119 (1965), 

7, R.I.Glauber. Phys. Rev 1n0P 242 (1955), 

8, A.A.Carter, D.V,Bu0,r~ Phys. Lett v. ~ N2, 203, (1966). 

9, J,L, Friedes, H,Palevsky, R.L.Stearns and R,J, Sutter. Phys, Rev. Lett 

v. 15, N1 , 38 (1965). 

10.G,Manning, A.G,Parham, J. D, Jafar, H.B. Vander Raay, D.H.Reading, 

D,G.Ryan, B. D,Jones, J.Malos and N,H,Lipman. Nuovo Cim 41A, 167 (19n6) 

11, Me Dowell and Martin Phys. Rev, 135, B 960 (1964), 

12. B,C.norroe, B.ll.Myp, "HaepHaSI cpH3HKa" T,3, 561 ( 1966). 

PyKorrHch rrocTyrrHrra B H3JlaTerrhCKH~ oTaen 

27 aeKa6pS1 1967 roaa. 

8 

• 

Ta6naua I 

DHijlcjlepeauaanbHoe ce'!eHHe ynpyroro p- p-paccei!HHR 

PC 

du 
(--) 

dto~ 0 

N> 

l 

2 

3 

4 

5 

6 

7 

8 

9 

10 

II 

12 

--

2, 78 · fse/c 

( 30. 7±_0, 7) M6H/CTepa,a 

IJ° CUM 

3.37 

3.69 

4,40 

4.79 

5.15 

6 • .36 
7.27 

9.42 

10.9 

15.2 

16.7 

20.5 

du 
------M6H/CTepa,a 

dto~ 

38.2 ! 2.1 

36.4.! 1.9 

.36. 7 -~ 1.8 

33.2! 1.7 

31.2 ! 1.6 

28.7! I,l 

28.6 .± 1.1 

26.3 :! 1,1 

24.1 ! r.o 
20.3 ! 1.6 

.16.4 ! o. 7 

12.7 ! 0.5 

4,85 fsa/c 

( 53,3±_!,8) M6H/ CTepa,a ( 7 

0 
IJ CUM 

2.67 

3.14 

3.45 

3.85 

5,25 

5.86 

6.58 

7.25 

7.72 

9.68 

II.1 

II.2 

II.3 

14.4 

9 

du I 
M6a/cTepa.a 

~ 

85.8 ! 7 

73.2 ! 6 

71.8! 4 

63.1 ! 3 

52.4 ! 2 

51.5 ! 2 

I 

2 

2 

3 

3 

5 

47.2 ! 2 5 

44.2 ! 2 6 

43.7 ! 2 6 

39.4! 1.5 7 

34.6 ! 1.5 9 

34.9 ! 1,6 9 

31.7! 1.3 II 

23.7 ! 1.2 12 

12 

15 



. _}, 1 <JO, ( 1958). Ta6nHua 1 
1J1 Bl>lllo 1 (7), 292 ( 1965), llH4Jcl>epeuuHanbHoe ceqeuHe ynpyroro p- p-pacceHHHII 

t ]~)J 1·19 ( 19tS5). 

1r~OP 242 (1955), 

: 'hys. Lett v, ~ N2, 203, (1966). 

, R.L.Stearns and R,J, Sutter. Phys. Rev, Lett PC 2,78 'rss/c I 4,85 rsa/c 6,81 rsa/c 

,n, J. D. JoJar, H.B. Vander Raay, D.H.Reading, 

J, Malos and N.H.Lipman. Nuovo Cim 41A, 167 (19n6) 

d 0' (30.7:!:,0.7) M6u/cTepaa I (53,3:!:,1.8) M6H/CTepall (78,9:!:,1.9) M15H/CT8p&ll (--) 
d"' 0 

N<> I o I d 0' o I d 0' I o I d 0' 
6 CUM -d- MI5HfCTep&ll 0 CUM -- M15H/CT8p&ll 6 CUM - M15H/CT8p, 

"' ' 
d co I d co 

n Phys. Rev, 135, B 960 (1964), 

I 3.37 38.2 ! 2.1 2.67 85.8 :! 7 1.95 132.9:!:8.4 

"HnepHa51 <jJH3HKa" T,3, 561 ( 1966), 2 3.89 36.4 ! 1.9 3.14 73.2 ! 6 2.42 104.1!6.0 

3 4.40 36.7 -~ 1.8 3.45 71.8! 4 2.91 96. 7:!:3.0 

4 4.79 33.2:! I.7 3.85 63.1 ! 3 3.39 90.7!2.4 
PyKorrHcb rrocTyrrnna B nsnaTenbCKHfi oTnen 

27 neKa6pH 1967 rona. 
5 5.15 31.2 :!: 1.6 5.25 52.4 ! 2 3.85 82. 4:!1 .9 

6 6.36 28,7! I.l 5.86 51.5 ! 2 5.30 73.5!1. 7 

7 7.27 28.6 .± 1.1 6.58 47.2 ! 2 5,35 73,1! 1.6 

8 9.42 26.3 .± l.I 7.25 44.2 ! 2 6.IJ 63.3:!:1 .4 

9 10.9 24.1 ! 1.0 7.72 43.7 ! 2 6.15 64.~1.0 

10 15.2 20.3 ! 1.6 9.68 39.4 ! I. 5 7.67 52.7!3.1 

II 16.7 16.4! 0.7 II.I 34.6 ! l.5 9.06 49.1!1.9 ,, 
12 20.5 12.7 ! 0.5 Il.2 34.9 ! 1.6 9.75 42,3!1.9 

II.3 31.7! 1.3 II.2 32. 3:!:1.2 

14.4 23.7! 1.2 12.0 26.s!I.l 

12.8 26.3:!:1.3 

15.0 I9.I!I.O 

8 
9 

.. 



l 

I~ 
I• 

Tn6Jnt:nft 1 ( rrponon>Kemt:e) 

llucfllj1epPHUJ.fLlnbHOe Ce 1Jef'me ynpyroro p - p ,. p8CC8SHIIHJ 

r c I 8,81J. r·"RI c 

( _._.---·.I ""'·''' .01 ,, ..... , m, ...... 
dcu 

N, 

I 

2 

3 

4 

5 

6 

7 

8 

9 

10 

II 

12 

lJ 

14 

15 

16 

• 

0 
IJ CUM 

1.22 

I. 71 

1.99 

2.22 

2.60 

2. 76 

2.99 

3.42 

4.52 

4.94 

5.43 

8.15 

8.34 

9.75 

10.5 

Il,6 

d a/ dw 

M6H/cTepaA 

258 ! 46 

173 ~ I6 

136.!6.7 

133 ~ 8. 7 

126 ! 5.0 

II9 ! 4.5 

II3.s!3.S 

I00.6!3. 7 

87 .4!I .9 

90.5!2.I 

84.6!2.0 

56.8!2.8 

54.6!!,8 

37 .I! I.5 

35.4! 1.4 

25.5!1.2 

10 

10,9' fss/c 

( 121.9+1,9) M6H/cTepaA 

(J 
0 

cuM I _d_u__ M6HicTepan. 

I.39 

I.48 

I. 72 

1.99 

2.22 

2.62 

3.I7 

4.16 

4.83 

6.27 

7.47 

8.85 

9.95 

dcu 

2I0 !Io 

190 !Io 

170 :!:7 

149 !6.3 

142 !6.3 

136 :!: 5.5 
+ 122.9-4.4 

Il2.0:3. 7 

92.6!3.0 

80.8!2.6 

62.1:!:2.5 

47.1!2.3 

37.6!2.3 

Ta6nnua 11 
Lln¢¢epeHUHBUbHoe ce'ISHHe yupyroro p- d- pacceSIHIHt 

PC (fss) l 1.70' 2.78; 

na6 . 

au ) 
dcu a. ( 97 ,8;!:.0,5) M6H/ CTepaA ( 202.4-t.),O) M6HicTepan (3' 

0 ~ _';:!~!! __ 0 ~ M6H 
(} CUM (J CUM 

dw CTepaA i dw cie-paA 

I 4.07 98.2+4.1 3.07 172+7 2.4 
2 4.12 99.6+4.1 3.17 160+6.2 2.4 
3 4.23 95.~+4.0 3,29 161+0.0 2.4 
4 4.23 95.0'+4.0 3.37 I57+8.5 2.~ 

5 4.29 85.8+3.5 3.40 I58,!,.5 2.E 
6 4.50 82.1+2.4 3.40 163~8.5 2.E 
7 4,50 86.T+J.4 3.40 158z5.J 2.~ 
8 4.81 82.J12.2 3,45 . I57;t6.5 2.~ 9 5.13 80.6+2.0 
10 5.44 75.1!1.9 3,52 147+6.0 2.E 

3.72 142-:;8.0 J.C 
li 5,75 72.2~2.5 3.73 l5I+4.5 J.l 
12 6.07 72.6;tl.8 3.89 I44-:;5.0 3.4: 
13 6.68 65.9+1,5 3.98 154:!4.5 3.~ 
14 7.16 61.4:!1.4 4.13 143;t5.o 3.f 
15 8.93 47.3+1.3 4.46 138;!:4.0 3. ~ 
16 15.65 12. r!o.5 . 4.54 132+4.5 3. ~ 
17 4.89 126:!3.5 3. ~ 
18 4.90 II8+4.0 3.~ 
19 5.19 121'+3.5 3.f 
20 5.30 II6';8.o 3.~ 
21 5.57 1!2:6+3,14, 
22 5.66 106.5+3. 4. 
23 : 5.99 103.0~3. 4, 
24 6.56 92.2;t3. 4. 
25 
26 7.30 10. 7z2. 4, 

27 8.16 54.5,±2.0 5. 

28 
10.8 28.2+1.5 5, 
II.~ 23.6'+1.0 5. 

29 13.6 n.J+o.5 6. 
30 14.6 8.5'+0.5 6. 
31 15.6 5.'T.!0.5 6. 
32 7 

33 8 
34 9 

5~ 
37 

II 



Tn6JJHIIll l ( nponon)f(eHHe) 

~C'HUHIJ!lbJIOC' cetJ0Hne ynpyroro p - p - pacceHHI:Ist 

~--------------------------------------------
f''-Hi/C 

) r>.i();q)/t /('Tt:•J)(!/lo 

f.< 
d a/ do, 

M6HicTepan 

258 :!: 46 

173 : 16 

136! 6.7 

133 :! B. 7 

126 ! 5.0 

II9 ! 4.5 

II3.5!3.5 

100.6!3. 7 

87 .4!1 .9 

90.5!2.1 

84.6!2.0 

56.8!"2.8 

54.6!1.8 

37.1:!: 1.5 

35.4:!: 1.4 

25.5:!:1.2 

10 

• 

10,9 fas/c 

( 121.9::_1.8) M6HicTepan 

0 
IJ CUM 

1.39 

1.48 

1.72 

1.99 

2.22 

2.62 

3.17 

4.16 

4.83 

6.27 

7.47 

8.85 

9.95 

__ d_a___ M6HICTepan. 
dw 

210 !1o 

190 .:1o 

170 !7 

149 :!:6.3 

142 :!:6.3 

136 ! 5.5 
+ 

122.9-4.4 

Il2.0!3. 7 

92.6!3.0 

80.8!2.6 

62.1!2.5 

47 .1!2.3 

37.6!2.3 

I 

-~ 

Ta6nuua 11 
Lln¢<!>epeHunanbHoe ce<teHHe ynpyroro p- d- pacce"""" 

PC (fas) 
na6 

'"'(!? 
<--) 

dcu o. 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
II 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 

28 
29 
30 
31 
32 
33 
34 
;35 
36 
37 

1.70' 

(97.8:!:_0,5) M6H/CTepan 

0 
IJ CUM 

4.07 
4.12 
4.23 
4.23 
4.2.9 
4.~ 
4.50 
4.81 
5.13 
5.44 
5.75 
6.07 
6.68 
7.16 
8.93 

15.65 

dq 

dw 
M6H 

cTepan II 
I 

98.2+4.1 
99.6+4.1 
95.1J"+4.0 
95.0"+4.0 
85.8+3.5 
82.1+2.4 
86.1+3.4 
82.1+2.2 
80.6+2.0 
75.1:!1.9 
72.2+2.5 
72.6:1.8 
65.9-:;:1.5 
61.4+1.4 
47.3-:;:1.3 
12. r',!Oo5 

2. 78¥ 4.85 

(202.4t__l,Q) M6HICTepanl (373::_2) M6HICT9p8/l 

0 

IJ CUM 

3.07 
3.17 
3.29 
3.37 
3.40 
3.40 
3.40 
3.45 
3.52 
3.72 
3.73 
3.89 
3.98 
4.13 
4.46 
4.54 
4.89 
4.90 
5.19 
5.30 
5.57 
5.66 
5.99 
6.56 
7.30 
8.16 

10.8 
II.2 
13.6 
14.6 
15.6 

dq M6H 
--- ----

d cu cTepan 

0 I d a M6H 
o cuM ~;;;:;;pan 

172+7 2.41 
160+6.2 2.44 
161+0.0 2.48 
157'+8.5 2.!:»7 
158+;.5 2.65 
163+8.5 2.66 
158;5.3 2. 70 

. 157,!6.5 2. 76 
147+6.0 2.88 
142+8.0 3.02 
151+4.5 3.14 
144-:;:5.0 3.20 
154"+4.5 3.33 
143+5.0 3.66 
13S:4.o 3.75 
132:4.5 3. 77 
126+3.5 3. 78 
IIS:4.0 3.82 
121'+3.5 3.84 
II6+8.o 3.94 

_II2:6+3.~ 4.06 
106.5+3. 4.10 
103.0:!3. 4.37 

92.2,!3. 4.61 

70. 7,!2. 4. 74 
54.5+2.0 5.31 
28.2-:;:1.5 5.41 
23.6+1.0 5.47 
II.J+0.5 6.49 

8.5+o.5 6.57 
5. 7'+0.5 6. 79 

- 7.76 
8.03 
9.31 

302"+ll 
30'1+13 
31.3'+10 
287+!3 
287'+13 
277+12 
292;1o 

272.:12 
260+8 
276+15 
26I+8 
259"';1o 
230'+8 
204~10 
206+6 
212':;:14 
208+7 
202:1o 
201:t1o 
206+6 
166:!6 
177+8 
166~6 
152,!5.0 

145.z5.0 
124+4.2 
12?:7.0 
H1+5.0 

74'+2.7 
71.'8+3.0 
68.0+2.5 
45.0+3.0 
35.!1+1.5 
18.2_!1.0 

It 

.......... 



Taeimma ll (npoaon>KeHne) 

lln¢$epeaunan&Moe ce'!eMne ynpyroro p- d·paccel!HHll 

PC (faB) 
6.87 8,89 .JLa5 

(~) 
(547+3) M5HICTEl_Q§ll_ ~7U+ l!ll_M(InlcTePaA d"' o. 

0 0 do I dtu N> 
f) CUM do/ dw M5HicTeoa f) <;:JlM M5HICTep 

1 1.45 67.3 ! I42 1 • .36 817 :!: 5.3 
2 1.49 604 :!: 50 1.48 714 :!: 28 
.3 I.67 517:!: 2I I.64 671 :!: 20 
4 I. 71 488! 22 I. 76 6.37 ! 20 
5 I.9I 5.31! 18 1.94 56.3 ! JO 

I 6 1.9.3 469 :!: l.3 2.1.3 570 :!: 17 
7 2.95 465 :! I2 2.16 556 ! 17 
8 2 • .32 479! I.3 2.3.3 5.37 ! 14 
9 2 • .37 441 ! IO 2 • .37 490 ! 15 
10 2.54 397 ! I3 2.6.3 463 ! IJ 
II 2. 76 399 ! IO 2.65 441 :!: 13 
12 2.92 .347! 8 2.99 388 ! ll 
13 .3.26 314! 9 J.b8 .377 ! II 
14 3 • .3.3 285! 8 .3.20 .360 ! 10 
I5 3.76 249! 5 .3.51 .316 .! 12 
16 4.66 161 !: 6 3.80 244 ! 10 
17 4.74 159 :! 4 4 • .31 l70 ! 10 
18 6.07 74.o!2 5 • .37 86 :!: 2.3 
I9 6.62 54 ! I.5 5.42 78.2:!: 5 
20 '1.65 26,a! I 6.32 42.4! I.4 
21 8 • .35 16.~ I 7.08 20.4! I 
22 9.76 5.4 ! 0.5 7.62 14.2! I 
2.3 9.8.3 5.6 ! 0.5 

I 8168 .3.85! 0.6 
24 9.8.3 6.0 ! 0.5 
25 10.87 4.4! 0.5 
26 Il.67 I .27! 0.2.3 
27 12.64 r.oJ! o.23 

10.9· 

__ (857+32} )H/cTeoa.a 

f) °CJlM 

do/dw 

MI5HICT~WBll 

1.16 94o.!:42 
1.20 961t 45 
1 • .30 94llt 45 
1 • .35 886! 40 
1.42 8Jgt JO 
1.58 810!:.30 . 
1.58 756t22 

'· 
1.74 726!25 
1.74 731i!:22 
1.96 650:!: 22 
I .96 I 6.33! 20 
2.12 594!20 
2.12 57/t!25 
2 • .3.3 5.33!20 
2.5I 509!14 
2.51 485t20 
3.79 42:ti5 
2.82 445:!:13 
.3.I9 33atll 
.3.21 .339!1.3 
J. 79 233! 8 
.3.8.3 241:!:12 
5.08 68. '7:!:2.5 
5.87 46.I!I.6 
6 • .32 30.8:!:1 .2 
6.42 26.2!1.0 
8.16 4.45!0. 7 
8.22 4.36!0.54 

Ta6JIHUI1 III 

3Ha'leHHII rrorrHhiX ceqeHrril yrrpyroro p - d - paccei!HHII rr 
rrapaMeTpoB a. h rr c nn11 yrrpyroro p- d-paccel!HH5! 

B HHTepnane aHeprnil l-10 fan 

a E (raa) rrxl a. (M6H) 
KHH · 

() -r: 
1 /!'"" .Y 

;:; j "' b 
( fan/c') -2 

c ~ c 
J '4 

(fan/c ) -

\ 

I 1.: '- ·'1:1 IO 7!0 1 
' ' 2 ',;' .;.'-.{ 10,2!0, 7 

+ 42!1o -o, 14+0 o :n, 7-1 
8:3'!12 - ' :37' 5!I' 5 

4 ''.fl? 9-h' 9,5!o,7 
6 r;.q r. ~- 9,6!o, 7 
s s .. :'' n.•~- + 9,J.:O, 7 

+ 72!14 :37,S.:.I,4 
:36,o:!o,a 45! 6- o, J_o!o, os 

+ 4o! 7- O, 26.;tO, OS :36,5-1,o 
10 Jr.~;) )!.'P 9,o!0,6 + :34, ,3.:0' 9 :34'! 6- o, 39_:0, Cl 

Ta6n11ua IV 

3Ha'leHIIll HepaaeHCTB n.M. nnll p- p II p- d-pacceliHIIll 
IIpll J0 faB 

p- p 

p- d 

n = l 

B en (faa/c)-
2 

4,:35!0,:35 > :3,65!0,15 
17 !0,5 > 13,5 !I 

n=2 

a en ( Lm/ c) -4 

17!6 > IQ!0,5 
319-tiO > I5o!24 



TA0.rnrua H (upoaoJJ>KeHne) 

ce•-1emre ynpyroro p- d .. pacceaHHH 

8.89 10.9 

I • .36 817 : 53 I I.I6 940!42 
1.48 714 :!: 28 I I.20 96/f: 45 
I.64 671 .:!: 20 1.30 94lt 45 
I. 76 637 ! 20 I.35 886t 40 
1.94 563! 30 I.42 8J!:t 30 
2.IJ 570 ! I7 1.58 81CltJO 
2.I6 556 ! I7 1.58 756t22 

" 2.33 537 ! I4 1.74 726!25 
2.37 490 ! 15 I.74 73te 22 
2.63 463 ! 13 1.96 65Qt22 
2.65 441 :! 13 I .96 I 631! 20 
2.99 388:!: II 2.12 594!20 
3.b8 377 ! II 2.I2 57IC:25 
3.20 360 ! 10 2.33 533!20 
3.51 3I6 ! I2 2.5I 509! 14 
3.80 244 ! IO 2.51 489!20 
4.31 170 ! IO 2.79 42:lt15 
5.37 86 :! 2.3 2.82 445:!:13 
5.42 78.2.:! 5 3.19 JJreii 
6.32 42.4! 1.4 3.21 339!13 
7.08 20.4! I 3. 79 23.3:!: 8 
7.62 14.2! I 3.83 241!12 
8188 3.85! 0.6 5.08 88.'7!2.5 

5.87 46.1!1.6 
6.32 30.8!1 .2 '; 
6.42 26.2:!1.0 
8.16 4.45!0. 7 

0.23 

8.22 4.36!0.54 
I 

12 

~ 

Ta6nHua III 

3Ha'IeHHH rronHbiX ceqeHHll yrrpyroro p - d - pacceHHHH 11 

rrapaMeTpOB a, h 11 c nns yrrpyroro p- d-pacceSIHH51 
B HHTepBane 3HeprHit )-JO f9B 

E (r9B) r~,cf a. (M6H) 
KHH ' 

(',,,. ~, 

\ 

' 
I 1 ·~···· " Lt.) 10 7+0 7 . . . ... ' - ' 
2 <;; • ,, . - '' IO 2+0 7 . 5·'=''' ' - ' 
4 L.t,\l? 9,7(1 9,s!o, 7 
6 c.st r. r 9,6!o, 7 
8 s . : '; n.' ~. 9,3!0,7 

10 /C81 :!!.P 9,o!0,6 

n =l 
-2 

B en (f9Bic) 

p- p 

p- d 

4,35!0,35 > 3,65!0,15 

17 !o, 5 > 13,5 !r 

13 

;:, j E b 

( f9B/c') -2 
c :!5: c 

j !.4 
(f9Bic ) 

a 

+ 
42!Io -o, I4.tO, oo 33, 7-I 

37 ,5!1,5 83!12 
+ 72!14 37,~1,14 

36,o!o,a 45! 6- o, ~o!o, 09 
+ 36,5-I,o 4o! 7- O, 26.tO, 09 
+ 34,>:.0,9 34! 6- O, 39 .tO, 00 

n =2 

B en ( f9B/ c) -4 

17!6 > I0!0,5 
31~10 > I5o!24 

~\ 

~(~~ ~::~-;~·'i ~Aiw;~···r ~7L:::~~· -~~~= ·. ·- _:~-:·:~--: ". ,~: ·,· .·· -'>. ,~·~·:;i·4fi9M(;;~;:5J~~-~;tfdi?~·· 
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