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Abstract 

Elastic p-p scattetin~ has been investigated by the emulsion method at an ener~y of 
8.5 13eV. The ~eometty of expostna was used at which the beam of incident protons Is 

directed perpendicular to the emulsion plane. ,411 In all, 480 events of elastic scattetln~ 

were found. The total cross section lot elastic scatterln~ is equal to ( 8. 74 ± 0.40) mb. 

The differential cross section has been investl~ated in the an~le interval of 1.5° -20.~ 

in the c.m.s. 
It was found that the experimental data are In a~reement with the simple nucleon mo• 

del in which the teal part of the phase shifts and the dependence of the interaction cross 

section on the spin state Ia ne~lected. The total p-p Interaction cross section calculated 

under these assumptions from the experimental data obtained In this lnvestl~atlon Ia ~reater 

than that meaaur~d experimentally by a threefold error. 
In order to answer the question whether this Is due to the real part of the scatterln~ 

amplitude or Its dependence on the spin state a considerably hl~her accuracy Is neces

sary. 
One can, however, assert that the real part of the scatterln~ amplitude does not exceed 

0.5 lm f ( 0) . The root-mean-square radius of the proton-proton Interaction Is found to be 

equal to (!.15 ± 0.05) f. 

1. nocTaHOBKa OIIhiTa, 8H8Jlll:3 Haii.aeHHhlX 

co6hlTnii n peaynbTaThl 

Ill 
Paaee 6hlnH orry6nnKoBaHhl .aaHHhle rro yrrpyroMy pacceHHHID rrpoToaa aa 

npoToae rrpn aaeprnn 8,5 Bae. B aacToHmeii pa6oTe rrpo.aonmea aa6op cTaTHCTn

KH, Pa6oTa Bhmonaeaa aa .anyx aMyJJbCHOHHhiX KaMepax /a .aanbaeiiweM KaMepbi 
. 3 . 

N2 1 H Ng 2 I. K aM epa N2 1 paaM epoM 10 x 10 x 2 CM cocTaeneaa H3 cnoee 

aMyJJbCHH THIIa HI-1K¢Yf-6P, TOJJIUHHoii 400/L H o6nyqeHa Ha CHHXpo~aaoTpoae 

OYf.HI-1 BHyTpeHHHM rryqKoM rrpoTOHOB /c aHeprneii 8,5 Bae/, na.aaiDIUHM neprreH.aH~ 

KynHpHo nnocKOCTHM cnoea. B 1 cM
3 

o6nyqaeMoii aMyJJbCHH co.aepmanocb I 2,90 : 
22 0,06/·10 aToMOB eo.aopo.aa. 

npoCMOTp rrpOil:3BO.llHJJCH C IIOMOIUbiD HMMepcHOHHOrO 06'beKTil:Ba IIpll: yeenH-
2 

qennn 630x n 450 x B ueaTpanbHOii qacTH cnoH paaMepoM 3 x 3 eM • Cpe.anHH rrnoT-
5 2 

aocTb rroToKa aa aToii rrnoma.an 6hma paeaa /2,01 :!: 0,05/. 10 qacTnu/cM • 
3 

Bcero 6hmo rrpocMoTpeHo 8,08 eM aMynbcHH • 

.[lng on'pe.aeneHHH a~cj'leKTil:BHOCTil: H8XO)K QeHil:H HayqaeMhiX C06b!T!fil: H IIOBbi

l.U eHRH Ha.aemHOCTil: pe3yJJbT8TOB yKa3aHHbift 06'beM 6bin IIpOCMOTpeH ,llB8)K,llbl, Yf 3 

Haft.aeHHblX .llilYXJJyqeBbiX 3Be3,ll OT6HpaJJHCb 3Be3,llbl, IIO BHewneMy Bli.llY IIOXOX<He 

aa yrrpyroe p-p -pacceHnne. 4acTb na nnx nocne rrepecMoTpa Momao 6hlJJO oT-
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opOCHTb KSK HBHO He COOTBeTCTBYIOlllHe KpHTepHSIM ynpyroro p-p -pacceSIHHSI 

I coobiTHSI THna "He HSM epstTb "I, ocTanhHast qacTb no.oaepranacb TlllaTenh HhiM 

HSMepeHHSIMo CoohiTHst sToi!: rpynnhi I"HsMepstTb" I OhinH HcnonbsoaaHhi .onst onpe-
~ 0 0 

.oeneHHSI acpcpeKTHBHOCTH llpOCMOTpa B HHTepaane yrJIOB paccestHHSI 0 - 12,5 B 

CHCTeMe ueHTpa MSCC /c.UoM.fo OcooeHHO TUlaTeJlbHO HCCJle.r:tOB8J18Cb llplf aTOM 

a cflcpeK THBHOCTb H8XO)!{.[leHHS1 B 0 OJ18CTH 0°- 2,5° o n pH aTOM CO~Ob!THSI, He OK83aB· 

llllfeCSI ynpyrHM pacceHHHeM, OTHOCHJllfCb K Ollpe.o eJI9HHOMy HHTepaany yrJIOB B 

38BHCHMOCTH OT npooera "llpOTOH8 OT.OS'!H", 

0 0 
B oonaCTH yrnoa 12,5 - 20,5 .[lJlSI YB9Jllf'!9HHS1 CT8THCTH'!9CKOtl: TO'!HOCTH B 

onpe.oeneHHH scpcpeKTHBHOCTH obinH HcnonbsoaaHbi Tax:»<e coobiTHH THna "He HSMe

pstTb", llO acpcpeKTHBHOCTH H8XO)!{.[l9HHS1 H.OeHTH'!Hbie CJly'!aSIM ynpyroro paccestHHSI, 

3TH COOhlTHSI OTHOCHJlHCb K Ollpe.oeneHHOMY HHTepB8Jl~ yrnoB B 38BHCHMOCTH OT 

llpO oera M e.[lJ19l{HOI'O llpOTOH8 HJllf ero HOHH38UHH / llO HSM epeHH IO paspb!BOB/ o 

EcnH npH O.OHOM npocMoTpe Hatl:.oeHo N1 coohlTHi!: onpe.oeneHHOro THna, 

npH .opyroM HesaBHCHMOM npocMoTpe Hati.oeHo N2 TaKHX coobrTHtl: 11 N12 -qHc-

no COObiTHtl:, HSti:.OeHHbiX KaK llpli nepBOM 1 T8K h llpH BTOpOM llpOCMOTpax, H eCJIH 

acpcpeKTHBHOCTb npocMoTpa nocTostHHa .onst acero oo'beMa, To acpcpeKTHBHOCTb nep-

aoro If BTOporo llpOCMOTpOB If acpcpeKTHBHOCTb .OByKp8THOI'O llpOCMOTpa paBHhl: 

& "' Jiu.. . & = !!.u_' . & = [ 1 - (l -·& ) (1 - & ) 1 
1 N'· ~ N' 1 ~ 

~ 1 

CTaTHCTH'!ecxast owKoKa a onpe.oeneHHH acpcpeKTKBHOCTH npocMoTpa .oaeTcst Bhipa

/2/ 
)!{eHH'HMH 

~&1 =& ~~ ~"~-N-
1 

~& =·&j~ 
~ ~ N 

~ 

~ & = lr. ( 1 -: & ~) ~&I ] 2 + [ ( 1 - & I ) ~& ~ 1 2. 

B cnyqae, xor.oa TpeoyeMbie ycnoausr He BblllOJIHHIOTcsr, BbJliHcneHHOe SHatJeHHe 

a cpcp 9K TH BHO CTH SIBJl ReTCH 38Bhl W eHH hiM • Q .OH 8K 0, e CJlH act<cpeKTHBHOCTb llpOCMOTpa 

BbiCOKa /90-97%/
1 

aTa CHCTeMa.TH'!eCKaSI OWKOK8 He MO:»<eT Ob!Tb cyrueCTBeHHOtl:, 

B aToM paccMOTpeHHH BhiopacbiBanHCb coobiTHH, pacnono:»<eHitbre Ia HenpostaneH-

Hot!: aMynbcHH I MeHbwe, '!eM Ha 20 p. OT llOBepXHOCTH H OT CTeKJ18 1 TaK K8K 

oxasanocb, '!TO Tax He coobiTHH nponycK a IOTCSI SH8tJHTenbHO '!a me /puc. 1 I. 
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Pe3yJihTaTbi nccne..o:oBaHIHI 3aBHCHMOCTH sctJciJeKTHBHOCTH HaXo>K..o:eHHH oT 

yrna pacceHHHH Ha KaMepe N2 1 npnBe..o:eHbi Ha pnc,2 n qacTH"'HO B Ta6nnue 1, 

.[l.rrg Bb!L{9J19HHH cnyqaeB ynpyroro paCC9HHHH Ha CB060L{HOM BOL{Opo..o:e 6b!J1H, 

11 I 
'HCllOJlb30B8Hbl T9 }K9 KpHT9pHH, "'TO If B pa6oTe • 

npo5er llpOTOHa OTL{8"'H H3M9pSIJICH C 0UlH6Koi1 1 He np9Bbllll810Ul9i!: 5%, Vf3-

M_ep9HH9 yrna npoToHa oT..o:a"'H npoBo..o:HJIOCb c TO"'HOCTb'IO 1 ,5°~ 2°. Yron pacceg

/1 I 
• c HHSI nepBH"'HO!"O npOTOHa H3M9pSIJICSI C nOMOlllb!O M9TOL{HKH, OllHC8HHOil: B 

I 1- , 
TO"'HOCTb!O 3 + 4, TaKaSI TO"'HOCTb H3M9p9HHH ll03BOJ1_HJ1a CBSCTH BKJ18L{ ciJOHOBb!X 

. _ · /1 I 
co6biTHit ..o:o 3Ha"'eHHSI 0,55 % .:!:: 0,15% IMeTo..o: oueHKH onncaH & I. 

Bbrno Hafi..o:eHo 3·54 cnyqag IBK.TIIO"'aSI 145 cnyqaeB, ony6nHKOBaHHbi~ Bl 1 1 I, 

y L{OBJ19T~OpSI!OllllfX KpHT9pHSIM ynpyroro paCC9SIHHSI B npe..o:enax TpoftHOfi OlUH6KH 

H3M epeHHSI, .ll HciJciJSpe HUH8JlbHOe C9"!9H He !1PHB9L{9HO B Ta6.J1HU9 1, 

.[lJISI yBeJIH"'9HHSI CT8THCTHKH B 06JiaCTH. M8JlhlX yrnOB paCC9SIHHSI 6hlna CL{e-

131 
naHa 9MYJ1bCHOHHaSI kaMepa N2_ 2, 3arpy>KeHHaSI Bo..o:oii • K aM epa o6ny"'eHa Ha 

BHyTp9HH9M llY"'K9 CHHXpOciJ830TpOH8 0 Vf.HJ.1 npOTOHaMH C 9HeprHei1 8,2 :BsB TaK

>Ke nepll9HL{HKYJISipHO nJIOCKOCTH ciJOT09MYJibClJOHHb!X CJ109B, nnoTHOCTb ny"!Ka B 
5 2 . . 

MOM9HT o6nylt9HHH COCT8BJ'ISIJ18 1,8 X 10 CJ19L{OBICM • npoCMOTp Bceft pa6oqeft 

llJ10Ul8L{H llpOBOL{HJICSI TaK>Ke L{Ba>KL{bl C nOMOUlb!O HMM9pCHOHHO!"O 06'b9KTHB8 . 

o6tuHM YB9J'III"l9HH9M 830 x. 06pa6oTKa cny"'aeB ..o:ena.nacb- cnoco6oM, aHanornq-

111 ' 
Hb!M OllHC8HHOMY B , npH 9TOM Y!"OJ'I pacceSIHHO!"O npoTOHa H3M9pSIJICSI, KaK 

np.aBHno, "rpy6biM" cnoco6oM, omicaHHbiM B 9Toi1 pa6oTe- CTaH..o:apTHoe OTKJIOHe-:

HHe yrnoBoro pacnpe..o:eneHHSI ny"!Ka cocTaBnSino 5'. Cpe..o:HHSI TonmnHa cnoH 6brna 

1100 Jl B ..o:aHHOM cnyqae sToT cn6co6 ..o:aBan TO"!HbCTb H3MepeHHSI npHMepHo 8'. 

Ill 
To"!HbiM cnoco6oM Ha 6a3e 3300 JL H3MepSinHcb :r!Illib cnyqan c R < 200 Jl 

If. COMHHT9J'IbHbl9, a TaK>Ke 12 CJ'Iy"'aeB C pa3/1H"!Hb!MH npo6eraMH .lllJIH YTO!'IH9HHSI 

KpHBOfi npo6er-sHeprnSI, BKna..o: ciJOHOBhlX co6~THi1 B "!Hcno Bhl..o:eneHHhlX cnyqaeB 

COCT8BJ1H9T 11,0 7 1 ,31%, 3ctJcf1eKTHBHOCTb H8XO/KL{9HHSI C06b!THft onp9L{9J'ISIJ18C!'> no 

CJ1y"'8SIM H nOXO>KHM H8 HHX C06b!THSIM TIIna "II3M9pSITb" C npo6eraMH npOTOHa 

OTLl8"'H, J19>K8lllHMll B TOM >Ke HHT9pBane. Pe3yJ1bT8Tbl npHB9Ll9Hbl B Ta6nHue 1, 

3 . 22 
B 1 c M 3arpy>KeHHOil: 9MYJihCHH 6bmo 15,40 :_ 0,13/. 10 SI.oep Boaopoaa. Vb-· 

nO/lb30B8HH9 38!"py>Ke.HHOfi K8M9pb! Ll8J10 B03MO>KHOCTb B 2-3 pa3a nOBb!CHTb CKO

pOCTb Haxo>KaeHHSI cnyqaeB ynpyroro pacceSIHHSI B o6nacTH MaJibiX_yrnoB, Ha 

sTofi KaM~pe 6hlno HafiaeHo 128 cnyqaeB ynpyroro pacceSIHHSI, H3-HHX 107 B HH-
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T A E JI Iti U A I 

3~CKTMBHOCTb npOCMOtpa ~K¢¢epeHu.ce~eHHe Olhe,nHHeH;;.;. 
Hlie ~aHHwe e c.u.x. ~epa Ka.uepa Ka.Mepa KaMepa ucVcrep. 

J. 2 f I i 2 
' -

r,5°-2,5° 0,9!6!0,030 I,OOO -0,040 I53,6!J3 142 ~4~ 149!27 

2,5°-4,5° 0,970!0,007 0,9!8 .!0,040 I24,o!rs · 103 +32 
-26 I20:!.IJ 

0 0 0,96s!0,009 0,9!3 !0,030 93,0!II 92 +21 93!9,6 !,5 -6,5 
-I5 

. 0 0 0,945!o,OIJ 0,868 !o,043 63,3!7,7 5I +I'J 59,5!6,3 6,5 -8,5 -IO 

0 50 8,5 -10, 0,845!0,03! - 35,9!5,5 - 35,9!5,5 
0 0 0,890!0,035 !3,3!2,9 !3,3!2,9 I0,5 -12,5 - -
0 0 6,5!2,1 6,5!2,1 ·12,5 -14,5 - -
0 0 4,0!1,5 4,0!1,5 14,5 -16,5 - -
0 0 o,7oo!o,o44 

. 
1,o:o,7 r,o!o,7 16,5 -18,5 - -

ra,5°-20,5° - 0,5!o,5 - o,s!o,s 
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0 0 
Tepaane yrnOB 1,5 -7' 8,5 C.U.M, npH nocTpOeHHH .UHcPcPepeHUH81lbHOfO ce'IeHHSI 

BBO.UHnacb nonpaBKa Ha noTepH cnyqaea y cTeKna H noaepxHocTH. UaHHhle.npH

ae.ueHhi B TaonHue 1. B 9Toii :m:e TaonHue npHae.ueHbi oobe.ciHHeHHhie .uaHHhie no 

KaMepaM N2 1 H N:> 2. . Ce'IeHHe ynpyroro p-p pacceSIHHSI nony'IeHo paBHbiM 

18,74 ! 0,40 I Mo, 

Oocy:m:.ueHHe 

111 
B paooTe yKaahlBanocb, 'ITO H3MepeHHhie 3Ha'IeHHSI .uH¢cpepeHuHanbHOI'O 

Ce'IeHHSI H8 M811b!X yrnax CH1lbHO npeBhiW8IOT Bbi'IHCJieHHOe no onTH'IeCKOfi Teope-

M e B oeccnHHOBOM cnyqae .UHcPcPepeHUH81lbHOe ce'IeHHe npH 0°. n PH 9TOM non-

Hoe ce'IeHHe p-p -aaaHMo.ueitcTBHSI opanocb paBHhiM 30 MO. B paooTax
141 •151 

noKaaaHo, 'ITO nonHoe ce'IeHHe 3H8'IHTE!nbHO npeBbiwaeT sTy UHcppy. Cpe.uHee 

3H8'IeHHe no 9THM .UBYM H3MepeHHSIM utot = 141,5:!: 1,0 I MO. UHcpcpepeH-

0 
uHanbHOe ce'IeHHe npH 2 no HaWHM .uaHHhiM cocTaBnSieT /14 9 .:!: 27 I MolcTep., 

a To apeMSI KaK onTH'IecKaSI TeopeMa npHBO.UHT K 3Ha'IeHHIO 1111 !. 5 I MolcTep. 

11 I 
K aK no.u'IepKHBanocb B paooTe , pa c x o ::m:.ueHHe aKcnepHMeHTanbHhiX .uaH-

HhiX no .uHcpcpepeHuHanbHOMY ce'IeHHIO B oonacTH M81lbiX yrnoa c oeccnHHOBoit Mo

.uenbiO 'IHCTO nornowarowero npoToHa MO:>KHO OObSICHHTb nHoo HanH'IIieM aewe

CTB9HHOfi 'I8CTH B aMnJIHTy.ue pacceRHHSI, JIHOO p8311H'IU9M nOJIHhlX Ce'IeHHfi p-p 

B38HMO.U9fiCTBHSI B CHHI'119THOM H TpHnneTHOM COCTOSIHHSIX 1 JIHOO TeM H .UPYI'HM 

O.UHOBp9M9HHOo 0TB9T H8 9TOT BOnpOC MO:lK9T .U8Tb H3Y'I9HH9 HHTepcpepeHUHH Ky

JIOHOBCKOI'O H SI.nepHoro pacceSIHHfi. EcnH aMnnHTy.ua SI.uepHoro pacceRHHSI HMeeT 

B9Ul9CTBeHHYIO 'I8CTb, cpaBHHMYIO C MHHMOfi, TO .UOJI:lKHa H80JliO.U8TbCSI CYlll9CTBeH

H8SI HHTepcpepeHUHSI SI.U9pHOI'O H KYJIOHOBCKOI'O paCC9SIHHS1 1 38BHCSilll8SI OT 3H8K8 ae

Ul9CTB9HHOfi 'IaCTH. HaooopoT, ecnH aewecTBeHHaSI 'IaCTb aMnnHTY.Uhi pacceSIH.HSI 

Mana, CYlll9CTB9HHOfi HHTepcpepeHUHH H801liO.U8TbCSI He 6y.ueT, H nO.Ub9M .UHcpcpepeH

UH81lbHOI'O C9'IeHHSI B011H3H HYJISI H8.U TO'IKOfi 1 cne.uyrowefi H3 OnTH'I9CKOit TeOp9Mhi, 

MO:lK9T Oh!Tb OObSIOH9H TOJibKO 38BHCHMOCTbiO C9'I9HHfi OT CnHHOBbiX COCTOSIHHfi, 

)lng HCC119.UOB8HHSI 9THX B03MO:lKHOCTeti BhinOJIH9Hhl paC'IeTbl no cne.uyiOlllHM 

cxeMaM. 

161 
1. PaccMaTpHBaeTcSI KOMnneKcHhiii noTeHuHan , 38BHCSiwHfi oT paccTOSIHHH 

no 38KOHY raycca. npe.unonaraeTCSI .UJISI npOCTOThl, 'ITO B38HMO.U9HCTBHSI, 38BHCSI

lllH9 OT ·cnHHOB npOTOHOB, MOI'YT Ob!Tb o6ycnoaneHbl JIHOO cnHH-op6HT8JibHhiMH, nH-
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60 CniJH-cnHHOBbiMH CHJlaMH /TeH30pHbie CHJlbi He paccMaTpHBaiOTCst/, .[{onycKa

eTCst, 'ITO npH 60J1bWHX 9Hep!"HSJX cnpaBe.nnHBO KBa3HKJlaCCH'IeCKOe npH6JlH:lK9HH9 

-14 
Ia aaweM cnyqae ~ = 0,99• 10 CM << R npoToaa/ 11 H.llepHbie C.llBHI"H cpas 

Bbi'IHCJlSIIOTCSJ ITO cpOpMynaM 

Be _..!i_ ( V (r, c;,, d2) dr 

1i' c'ki (f+y.)vr'- i, (e+~)' 
K ynoHOBCKHe C.llBHI"H cpas .naiOTcst cpopMynaMH: 

e 
~e = I arctg E._ 

x=l x 

2 

r.ne n = 1rJ c , f3 -cKopocTb aaneTaiOruero npoToaa B na6opaTopaofi 

CHCTeMe, 0 0 H3BeCTHbiM Bbipa:lKeHHHM M-MaTpHIIbl .llJlH TO:lK,lleCTBeHHbiX 'laCTHU 

CO CITHHOM 1/2 C ytieTOM KYJIOHOBCKOI"O B3aHMO,lleficTBHst M9TO.ll0M HaRMeHbWHX 

KBa.llpaTOB Bbi'IHCJlst9TCSI HaHnytiwast KpHBast .llHcpcpepeHUHaJlbHOI"O ceqeHHSI H COOT-. 

BeTcTBy'IOruHe efi napaMeTpbi noTeHuRana, B pst.ne BapRaHTOB sa.naeTcH TaK:lKe 

aKcnepRMeaTanbaoe nonaoe ceqeaHe p-p -ssaRMo.neticTBHH. O.naospeMeaao Bbi

'IHCnsteTcst nonaoe 11 aeynpyroe ceqeaHe p-p -ssaHMo.neficTBHH no cpopMynaM .nnst 

TO:lK.lleCTBeHHbiX 'Ia CTHU, 

/6/x/ 
Bbtno noKasaao , 'ITO cnHa-op6HTaJibHoe B3aHMo.neilcTBRe, no Kpaltaefi 

Mepe B o6ruenpHHSJTOiJ: cpOpMe, He MO:lKeT o6ycnOBHTb CHJlbHOe pa3JlH'IHe CetieHRit 

paccestHHSI B CHHI"JleTHOM H TpHnneTHOM COCTOSJHHHX npH 60JlbWHX 9H9pl"HSJX, 0 OS

TOMy paCCMOTpeH KOMnneKCHbiiJ: llOTeHUHan BR.na: 

r.ne s 
:;--::;

(a, , a2 ) 

V ( -+ -+ ) I ( • ) ( )s+J( • (-+ -+ ) ,. -y 2 r 2 r, a1 ,a2 =-· u 1 +zw1 + -1 u
2

+zw
2

) a
1
,a

2 
e 

-cyMMapHbiiJ: CITHH CHCTeMbi .llBYX ITpOTOHOB
0 

-+ -+ 
- co6cTseaahlesaatieHHst onepaTopa (a

1
,a

2
) 

OapaMeTp Y 
CBst3aH CO cpe.naeKBa.npaTH'IHbiM pa.llHYCOM B3aHMO.lleitCTBHSJ COOT-

aoweaneM 

161 x/B pesynbTaTe·owH6oK, .nonyrueaabzx B pactieTe 11 nporpaMMe Mo.nenH l5 
B 1 BbiBO,ll 0 TOM, 'ITO OCYIU9CTBnHeTCSI TOJlbKO O.llHH BapHaHT, KOI".lla BeruecT-

B9HHast 'laCTb llOT9HUHana HMeeT 3RaK llJliOC H CHHI"JleTHOe COCTOSIHHe npeBanRpyeT 
Ha.ll TpHITJ19THbiM, He BepeH, 
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.[lng IIpOCTOTbl HIUYTCSI napaMeTpbl CHHrneTiiOro IIOT9HUHana H BenH'lHHa OTHOwe

HHH TpHnneTHOrO H CHHrneTHOr~ IIOT9HUHanOB, KOTOp8SI npennonaraeTCH OUHH8KO

BOfi nnH B9IU9CTB9HHOfi II MHHMOii 'l8CTeii. 

-y2 ,2 
V8 "' - ( u + iw ) e , 

n epexon K B9nH'!HH8M U1 
. W

2 
naeTCSI COOTHOW9HHHMII: 

u 1 "' T ( 1 - /( ) ; WI "' :;- ( 1 - /( ) ; 

u2"' _!!__( 3K - 1 ) j w2= ~( 3K - 1 ) j 
2 2 

.[lnH paC'l9TOB IICIIOnb30B8nHCb ciJopMynbi: 

(J 
tot 

Mss=fc(O)+fc("-O)+;}f~o (2f+I)le 12 (B(+~fJ_ e 2 ~f )Pe (CosO) 

29 12(8~ + ~ J 12~e 
Mi"'lc(O)-lcf":;;-8)+ 1~ f~ (2f+1)(e . -e )Pe(Cos8) 

1(0)=-
n e -tnfn~(1-Coa8) 

k ( 1-Cos8) 
,· 

u
1 

='f.!~ I (2f+1)( 1-le 128ej2)+%~ ¥ (2f+1)( 1-le 128 fl 2
) 

n . k 2 e = 0 . k 2£ =1 

2. PaCC'IHTblB89TCSI OIITH'I9CKaH Monenb C yqeTOM 38BHCHMOCTH KOMIIn9KCHO

rO !IOK838T9nH npenoMneHHH OT CIIHHOBhlX COCTOSIHHfi. YqeT KynoHOBCKOrO B38HM0-

/7/ 
neACTBIIH IIpOBODIITCSI TaK :me J K8K B paooTe , Jlns Toro, 'ITOObl orpaHH'!IITbCSI 

H8HM 9HbW liM lJHCnOM napaMeTpOB HCIIOnb3Y9TCH TaK:lKe !IpOCT9AWaSI 38BHCHMOCTb 

KOMIIn9KCHOrO IIOK83aTenSI npenoMn9HIISI OT CIIHHOBOrO COCTOHHHSI. noKa3aTenH 
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rrpenoMneHRH ntig CHHrneTHOI"O H TpHrrneTHOI"O COCTOHHHfi 6epyTCH C raycCOBCKOfi 

38BHCHMOCTbiO OT paCCTOHHHH B BH.lle 

r 2 
K = ( A + iD ) exp ( -. ar ) s 

r2 
C{ t = K (A+ ilJ) exp (- ar) 

Benn'IHHa a CBH38H8 CO CpenHeKBanpaTH'IHhlM pannyCOM B38HMbnefiCTBHH COOT-

ff = 4 a • npenrronarasr I 'ITO srnepHblfi H sneKTpoMarHRTHblfi HOWeHHeM: 

cPOPMcP8KTOpbl 0JlHH8KOBbl 1 MO}!{HO H8ITHC8Tb: 

~ = :4 f - _n _ exp [- i2n (fn !L- c)- 2iBk ] F (q) + 
c!l 2k(~ 2 '2 

+ ik j( 1- exp[ 2i8s ])1 0 (kp(J) pdp 12 
+% 1- ~exp[ -i2n<fn!-c)-?i8k] F (q)+ 

0 2k(~ 2 " 

00 

+ 111: f ( 1- exp[ 2i8
1 

]) 10 (kp(J) pdp 1
2

; 
0 

3necb 

s; = n (en ka + 0,058) 1 

-( ka(J ) 2 
F (q) = e -yr- n = e2 

1f{Jc 
wero npoToHa B na6opaTopHoA cncTeM e, 

00 

8 =f~ 
p yrr::(il 

rne 

dr 

fJ -cKopOCTb HaneTaiO-

k - BOnHOBOe _'IHCnO B C,U,M, 1 

C. = 0,577 - nocTOHHHaH 8Anepa. Heo6xonHMO aaMeTRTb, 'ITO npH ycnoBHH npHMe

HHMOCTH onTH'IecKoA MonenH aMnnHTY.ll.hi nnsr To}!{necTBeHHbiX H HeTo}!{necTBeHHhiX 

'laCTHU CBOJlHTCH K O.llHOMY H TOMY ·}!{e .Bbipa}!{eHHIO. B pac'leTe HCllO.Ilb3yeTCH 

9KcnepHMeHTanbHOe 3Ha'leHHe nonHoro ce'leHHH B3aHMoneAcTBHH H MeTonoM Han

MeHbWHX KBanpaToB Bbi'IHCnHJOTcsr napaMeTpbi MonenH, B o6eHx cxeMax pacqeTa 

nns xapaKTepHCTHKH OTKnOHeHHH 3Ha'leHHA Bbi'IHCneHHOit KpHBOit OT 9KCIT epHMeH-

TanbHhlX TO'IeK onpenengeT~g senH'IHHa x2 • CpenHee 3Ha'leHHe x 2 paBHo 

x'=n- m • rne 
n -'IHCnO 9KCnepHMeHT8nbHbiX. TO'IeK, m ·-qHcno He-

38cPHKCHpOB8HHbiX napaMeTpOB MonenH. 

0wK6KH napaM91J>OB 1 Bbi'IHCneHHbie no MaTpHue OWHOOK, ·nony'leHHOit MeTa

noM nHHeapH3aUHH 0 He BepHhl, ecnH cPYHKUHH CHnbHO HenHHefiHa no napaMeTpaM B 

npenenax HX OWHOOK /gcH0 0 'ITO ecnH OWHOKH Manbi, ·TO ycnOBHeM nHHefiHOCTH 

MO}!{HO rrOnb30B8TbCHf. nosTOMy nnH OU9HKH OWHOOK HCrrOnh30Banacb BenH'IHHa 
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X 2 • Ecnu noa6npae:-.1aH rpyHKUHH JJHHetiHa oTHocuTeJJbHO napaMeTpoB, To npH 

113M9H9Hl11I O.'lHOf'O II3 napaMeTpOB Ha B9.TIH'IHHY ero Oil"HOKH OT 3H8'19HHSI B Ml1HII· 

MY:>.19 H M IIHHMH38UIIH no BCeM OCTa.TibHbiM napaMeTpaM )( 
2 

B03pacTaeT Ha 1 1 

npll II3M9H9Hl!U Ha 2 Ol!IIIOKH )(
2 

B03pacTaeT H8 4 H T,J:l, B 001U9M C.Tiy'lae Ta

KaS! oueHKa MO>KeT Ob!Tb HeBepHoti, O.:~.HaKo noao6RoA oueRKOA '!acTo MOX<Ho 

nOJJb30BaTbCSJ II B H9JJHH9HHOM cny'lae, TaK KaK yC.TIOBHe .TIHHetiHOCTH He SIBJJHeTCH 

HeOOXOO.IfMbiM LlJJH ee npnMeHHMOCTII. LlocTaTO'IHbiM yCIIOBHeM SIBJJHeTCH B03MO){{-

• HOCTb XOp01L9H anpOKCHMaUHH BTOpb!X npOH3BOiJ.HbiX nOLlOHpaeMOfi cpyHKUHH no 

napaM eTpaM nepBbiM II npO!I3BOLl H hiM H. 3T 0 >K e y CIIOBHe HBJJSl9TCH ReOOXOLlHMbiM 

LlliH xopowefi CXOLlliMOCTH MeTOLla liHH98pH:38UH.U, 'ITO BblllO.TIHHIIOCb B HaweM· 

cny'Iae. 

Pe3yribTaThl Bhl'IHcneHHii no STIIM LlBYM cxeMaM pac'leTa cseaeHhl B Tat5nu

uy I I. B caMOM o6r.ueM cny'lae, Korna He <}:lHKcHpy!OTcn see 'leTbipe napaMeTpa, 

cywecTsriOT peweHHSI npii u>()(,\>'1) H u < I) ( A < () ) K aK anSI K < 1 I 

TaK H LlliH K > 1. B nocneaHeM cny.qae I K > 1 I nap aM eTpbi ne y naeTCSI 

OU9HHTb C KaKofi-nH:OO pa3yMHOfi TO'IHOCTbl0 1 no9TOMY 9TH peweHHSI H9 npHB9Lle-

Hbl• BapHaHT C K = 0 loTCYTCTBYIOT TpHnneTHble COCTOHHHHI OTBepraeTCSI no KpH• 

TepH!O X 2 , TaK KaK ).( 2 = 59 15, npH 

J.13 paC'IeTOB ClleLtyeT, 'ITO paCC9SIHH9 npOTOHa Ha npOTOHe B paMKaX 9THX 

MOLl91IeA H9.7tb3SI OllHCaTb oe3 cnHHa II BewecTBeHHOit 'laCTH noTeHUHana, JleticT • 

BHT9.1lbHO, ~CIIH He cpHKCHpOB8Tb B H8'181IbHhlX Ll8HHhlX a'"' , To nocneay10wee 

Bbl'IHCJJ9HIIe ero no napaMeTpaM H8UIIY'Illl eA. KpHBOH npHBOLlHT K 3Ha'I9HHI01 npe-

BbiWaJOI.UeMy sKcnepHMeHTanbHoe. Pa3HHua a 1 , u 101 cocTaB~ 
" Bbi'IHCII, SKcnep. 

nSJeT npaMepHo TpoiiHyiO nonHyiO owiiOKy. B sToM napHaHTe ancpcpepeHunanbHOe 

0 
ce'leHHe '111CTO SILlepHoro pacceHHHH npH yrne 0 nony'laeTcH paBHhlM 

151 + 11 I 146 :!: 91 MolcTep. 

BapaaHTbi K = 1 H K < 1 npH u < I) (A. < I)) cornacHo KpHTepHIO x 2 

HeOTIIII'IHMbl .upyr OT apyra • .[letiCTBiiT9JJbH0 1 

M eHbW e, 'I eM Ha ea UHHUY. B sapnaHTax K 

)( 2 B STHX B8pHaHT8X OTIIH'189TCSI 

= 1 u K < 1 npii u >0 (A > ()) x 2 

1,3. no9TOMY
1 

eCIIH npeanOJJO){{HTb 1 'ITO IICTHH-

·Hoe 3H8'1eHH9 H8XOLlHTCH B OOIIaCTH 

I(= 0.24 

0 .:;; K ~ 1 1 TO B cnyqae 

+ 0.76 
0.11 

u>i)(4.>'1) 

n pH xopow eA eTa TllCTHKe, no-BHLl liM OM y I B03MO>KHO Ob!JJO Obi qTnii'IIITb 9TOT 
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T A E .JI 11 I{ A II x) 

PacqeT Jh I 

6"''t"dt' He 3alPHKCHPOBaUO 

~=r, u.=o 
J"t2.1

=(I .I9!0,04 )IO-I3Cl.t
1 
p:J.87 

W =(5J,I!5,2)Moi3 

6"-t.at = ( 48, J!I, 8 )u6 

oe = I ,Uuaq.~ 0 · 
~ =(I.22!o,o.s)•ro-Dcu 

U. =(32, 5!:3) Mas 

~P~a-c-q~e .. T~~-2----------------

6tot HC 3a¢HKCHpOB8.HO 

~= r, A~o,J'Z.a.~(I .r5!o,o4 )IO .. I'Jcu 

B=(0.554!0,056)•ro14cw-1 

~dt ~47,6!I,6)ud. 

~ = 0.8 1 II Haz. > 0 

~=(I.I5!0,04)•ro-I3cu 
A~(0.348!0,049)•Jo14cu-I 

. 2. 

W =(J4,6!5,6)M3B, p =7 ,6 . -( 3+ )• !4 -I y-a B= 0.62 -0,092 IO. CM . ~ =5,76 

de Ei I, fk Ballo < 0 . 
~ =(I.I5!0,04)IO-IJcu 
~ =( .. 26,!!4,2) M3B 

. + ) y:l. W =(46,3-6, 7 M3B, /" =6,06 

'ae · Batt. <. I , U Hatt. > 0 
+ J J;;r.' . + )• £ =(0,24-0,II 1 'l. =(I1II~,IO •ro-I CM 

~ =(4I,5!7I,8) M3B 

W =(!38,a!89,0)M3B _}'"2;,6.29 

de na.tt. <I, U naq • .C:::: 0 
~ ~.29!C.28),~=(I,II!0,08)IO-I~ 

lL = (-48, 7!I9,5) M3B 
W =(!08,6!98)M3B, X'l. =5.85 

~ Hall.(I
1 

U 5 0 . 
at=0,25!0.07;Ji!:(I.09!0,04)IO .. IdM 
W = (I44,a!28,8) M3B; .X"~6,I5 
C£ HM.i" I 

1 
ll:; 0 

'2e . I '· AHaq.<. 0 

~(I~2J!0,04)•ro-13cu 
A=(-O,J50!0,029)IOI4cu-I 

B=(0.39a!0,062)•Joi4cu-I :l. .ft =6,96 

£ Hall. <I , A Batt.> 0 

=0,2a!o,r8, =(I.I4!o,rr)ro-13 cu 

A=(0,490!0,560)•Io14cu-I 

B=(I.J6!I.09)•roi4cu-I ~ =5.85 

de Hall. < I A natt. < 0 
af=O.J4!0,29,~=(I.I2!0,07)•IO-IJcM 

A=(-0,40I!O.JJ) • ro14c1C:I 
B=(I.25!0.99)•Ioi4cu-I )('=5.85 

. ~ . + -IJ ae =I6,5 =67,a;vz-=(I,IJ-o,o6)Io cu 
~= (4,J!Ia.o) Mau. I 
x) Bes,JJ;e, ttpoue I ps,D;a, 3a.n;aBaJioci> D-an:= (4I,5 !I,O) ud. 
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K = 1, u>O (A>O) • OnHaKo, npH Hawefi cTaTHCTH-

'leCKOil: TO'IHOCTH 9TO pa311II'lHe H8XO.UHTCSl B npenenax O.UHOKpaTHOfi OlllHOKH, 

3To HnnJOcTpHpyeTcSJ: pHCYHKOM N2 3, 

Pac'leT noKa3biBaeT, 'ITO sKcnepHMeHT MO*HO onHcaTb 6e.3 npeanono*eHHSJ: 

o npHcyTCTBHH aemecTBeHHOfi 'laCTH n6TeHuHana I !1 = 0!, KaK BHLlHO H3 Ta6-

nnuhi 11, ecnH K < 1, To K = 0.25 ± 0.07. npH K > 1 Hannyqwee 3Ha'leHHe .'< = 18,5 

H onpeaenSJ:eTCSI c 6onbwoil: norpewHocTbJO, 

3 0 npoBOLlH1ICSI 8H81IH3, OCHOB8HHblfi Ha npennono)K·eHHSlX 1 IICli01Ib30B8HHb!X 

/8/ 
B pa6oTaX , npennonaranOCb, 'ITO peanbHOil: 'l8CTb!O aMnnH:rYLlhl pacceSJ:HHSl H 

ee 38BHCHMOCTbiO OT CliHHa MO)KHO npeHe6pe'lb H 'ITO 8Mli1IHTy.Ua pacceSJ:HHSl He 

0 0 
H3MeHSieT 3H8Ka B HHTepBane yrnoB 0 -90 i npeHe6peranH T8K)Ke TO)KneCTBeHHOCTbl<t 

'l8CTHU, n pH T8KOM liOLlXO.Ue H3 9KCnepHM eHT81IJ?HbiX Ll8HHbiX Bhi'lHC11SleTCSI 

21a e · f:Je =- e · , rae Be - ¢a3a paccesrHHH, 

Vl3 ycnoBHSI YHHTapHOCTH I)~ {:J e ~ f:Je no 

,8 O = + 0,27, H B 9TOM CM biCne TaK9e paCCMOTpeHHe nony'leHHbiX 9Kc-

nepHMeHTanbHhlX Ll8HHhlX He lipOTHBOpe'lHT YC1IOBHJO YHHT8pHOCTII 1 XOTSI T8KOil: noa

XOLl He cornacyeTCSI c pe3ynbTaTaMH BhiJ.LenpHaeaeHHbiX pac'leTOB, 3 To o6ycnoa-

neHO TeM, 'ITO {:J O onpenenSieTCSI C 001IblllOil: norpeWHOCTbl0 1 TaK K8K OCHOBHOil: 

BKnaa B f:J 
0 

naeT paccesrHHe Ha 6onbwHe yrnhi, 0TcJOna cne.uyeT, 'ITO nonb30,... 

B8TbCSI KpHTepHeM YHHTapHOCTH MO)KHO T01IbKO lipH 3H8'lHTenbHO oon;ee BbiCOKHX 

TO'IHOCTSIX, nonHoe ce'leHHe p-p- B38HMO.Ueil:CTBIISl nonyqaeTCSI paBHhlM 

a tot 47,3 Mo, 'ITO cornacyeTcSJ: c BhJwenpHBeneHHbiMH pac'leTaMH. BBHLlY 

ManocTH BKnanoB nepBhlX ¢a3 HeonpeneneHHOCTb nonHoro ce'leHHH HeBenHKa. 

napunallbHbie ce'leHHSl ynpyroro H Heynpyroro B3aHMO.Ueil:CTBHSl, nony'leHHbie B 

pacqeTe, npnseaeHbi Ha pHc. 4, BHaHo, 'ITO MaKCHMYM napuHanbHhiX BKnanos 

HaonJOaaeTcH ansr ynpyroro B3aHMOJ;J:eficTBHH npH f = 5 H Ll11Sl Heynpyroro 

B3811MOQeil:CTBHSl npn B. KaK Y*e yKa3hiBanocb, ocHOBHOil: BKnan B nepBbie 

cj:Ja3bi naeT pacceHHHe Ha ·6onbwHe yrnhi, rne B sKcnepHMeHTe HeT H3MepeHnil:, 

nosToMy owHOKH B Bhi.'lHcneHHH nepBhiX cpa3 aenHKH, OaHaKo nnSJ: {:1 1 , Hanpu-

M ep, OlllHOKa Y*e He npeBbiWaeT 15<;t,. 



p II C, 1. 

1,0 

o.s 

a 

p II C, 2, 

14 

IQO 

SD 

0.5 I,D 

Pacnpe.neneHIIe Hafi.r:teHHbiX LlByxny"'eBbiX 3Be3.r:t, noxo>KIIX Ha 
ynpyroe p-p paccestHIIe, no rny61IHe cnoea. no ocu a6cuucc 
oTnomeao paccTostHHe oT cTeKna B e.r:tHHHuax TonutHHbi cnost, 
no OCH op.r:tHHBT - "'HCnO co6hlTHfi, 

r
~ 

---,-~ ----' -... I -... 

0 -~-t -~,_ 

I 

f 
z "' 6 8 /D II. H II 18 20 

g• c. ~ . .A4. 

3aBIICHMOCTh ac}Jc}JeKTHBHOCTII HBXO>Kll9HHSJ cny'laeB ynpyroro 
p-p paccestHHSJ npH LlBYXKpaTHOM npOCMOTpe OT YT'na pacce
SJHHSJ B C,U,M, . 



p H C, 3. 

p H C, 4, 

15 

•• 

H81!1IY'IWH9 Kpi{Bbi9 .ll1Hl 

1 I K = 1 • 
2/ K=1, 
3/ K = 1 , 
4/ K = 1),21, 

B8pH8HTOB: 
u >0 
u <0 
u =0 
u >0 

B'c.fC ..... 

0 , .. I tO t& H 1• II ID U t 

napUH8nbHhl9 C9'19HHH ynpyroro H Heynpyroro p-p -B38HMO

.ll9li:CTBHH1 nony'leHHbie B npe.ononomeHHHX pa6oT /8/ 
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Bb!BO!lbl 

1. CpenHeKsanpaTli'IHhlli pannyc p-p -s3anMo.nei1cTBIHI He3aBncuMo oT 

BCeX paCCMOTpeHHh!X MO!leJJeli OKa3biBaJ1CH paBHb!M ~ = /l,15,:!'0 1051.10 1dr-. •. 

2. H a5monaeTcn pacxo)KneHHe Ha TpexKpaTHyro owHDKy sKcnepnMeHTanhHbiX 

!l8HHbiX C pe3yJlhT8T8MH p8C'IeTOB 1 BblnOJIH9HHbiX B npe!lllOJlO)KeHHH 0 TOM, 'ITO 

8MilJ1HTY!l8 pacceHHUSl He 3aBHCHT OT CilUHOB npOTOHOB U He CO!lep)KUT BeW:eCT

B9HHOii: 'lacTu, CnenaHa nonhiTKa OD'hHCHHTh STo pacxo>KneHne Hann'lneM B38HMo

neti:cTBUSI C~UH-CilUH U npncyTCTBHeM BeweCTBeHHOfi '18CTH B 8MilJ11ITY!le pacceg

HUSI, EcJIH 8MilliHTY !l8 pacceHHHS! He 38BHCHT OT CilHHOB 1 TO BeW:eCTDeHH8Sl 'laCTb 

He ilp9BbiWaeT 0 15 OT MHHMOii '18CTH, npH 9TOM BenrecTBeHH8Sl '18CTb 8MilJ1HTY!lhl 

pacceHHHSI ilpHHUMaeT CBOe M8KCHM8JlhHOe. 3H8'1eHHe, 

B npennono)KeHHHI 'ITO nemecTBeHnan 'laCTb aMnnHTY!lhi pacceSIHHH pas

Ha HYJ110 1 cnenyeT !lOilYCTHTb pa3JJH'IHe B3aHMO!lefiCTBHS! B CHHI'JJeTHOM H TpHn

neTHOM COCTOSIHHSIX. Ecnu B3aHMO!leficTBHe B CHH!'JleTHOM COCTOSIHUH npeBbiu.;aeT 

B38HMO.lleli:CTBHe B TpHilJ19THOM COCTOSIHHH I K < 11
1 

TO K = 0 125 _! 0 107 1 
• ecnu peanu3yeTcH o6paTHbil1 cny'lali I K > 11, To nauny'lwee 3Ha'lenue K =16

1
5 

npu npHDJlH}!{eHMH K 
2 • 

K 1X B03pacTaeT Ha e.nunuuy y;·Ke npu K = 6.5. CTaTuc-

TUKa SKCilePHMeHTa He il03BOJ1HeT C!leJ18Tb Bb!BO.ll 1 '!eM Bbi3B8HO HaDJ1IO!l8eMoe 

p 8CXO )K,lleHne -sewecTBeHHOH 'laCTb 10 aM ilJlHTy .ll hi pacceHHHS! HJlU B38UMO.llefiCTBn-

eM cnnH-cnnH. 

B 3aKJJIO'Ienue asTophl C'IUTaiOT cnouM .llOJJI'OM Bhlpa3uTh 6na!'o.llapnocTh 

B.H. Bexcnepy 3a nocTOSIHHOe BHuMaHne K pa6oTe 1 a TaK)Ke K.il. ToncTony 3a 
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