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1. B B e JJ. e H n e 

l1oHH38UHOHHbie IlOTepn ~meprnn sapsi:meHHbIX 'l8CTHU B BemecTBe Oilli

CbIBaioTCSI H3BeCTHOii <flopMynoii EeTe-Enoxa 

dE --= ds 
F( f3) [ £({3) - fn I - ~ C - ·.2.,_] • 

K,L,!, 2 
{ 1) 

OJJ,H8KO, ecnn B. 9TOii ¢opMyne ncrronb30B8Tb nonpaBKH CI , y'lHTbIB8IOmRe 

. -, .- - /1/ 
CBSl3b aneKTpOHOB TOnbKO Ha-~ n L -o6onO'lK8X 8TOMOB 'TO Benn'lllllbl HOHH-

saunoHHbIX IlOTeHuHanoB I { KOTOpb1e, no onpeaeneHHIO, He JJ.On)KllbJ 38BH-

ceTb OT CKOpOCTII 'laCTIIUbl f3 ) B o6nacTH ManbIX 9Heprnii IlpOTOHOB 

( E < 100 MaB)JJ.nSI TSimenbIX aneMeHTOB OK83bIB8IOTCSI cymE:!CTBeJIHO 6onblIIIIMH, 

/2 3 4/ 
'leM rrpu BbICOKIIX aHeprnsi:x ' ' • Y'leT rrorrpaBOK 8. CBSl38HHbIX C a¢¢eK-

TOM nnoTHOCTII, He MeHSieT 9TOI'O BbIBOJJ.a, 
0

T8K KaK npn 9Heprnsi:x 

E <700 MaB BenH'llIHbl 8 He3H8'llITenbHbl 
/5/ 

B o6naCTH BbICOKIIX 9Heprnii rrorrpaBKH CI HeBennKn, II norpelIIHOCTb 

B nx onpeaeneHHII Mano CK83bIBaeTCSI Ha TO'lHOCTII HSMepeHHSI lfOHil38UIIOH-

Hb!X lIOTeHunanoB •. C yMeHbllieHileM 9Heprnn E nonpaBKII c, · 6bICTpo BOS-

pacTaIOT, II HapSIJJ.Y C CK II CL cymecTBeHHy10· ponb JJ.onmHbl nrpaTb rrorr

paBKII JJ.nSI 6onee BbICOKIIX aneKTpOHHbIX op6IIT ( C M • CN ... ). nm1 orrpeae-
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nelUUI STHX nonpaB0K ( Te·opeTH'leCKHe naHHbie 0 K0TOpbIX noKa 0TCyTCTBY

/6 7/ JOT) 6bma npenno)KeHa nonysMnHpHqecKaSI npouenypa • : no aHanormi: c 

CK. H CL nonHaSI nonpaBKa C annpoKCHMHpyeTCSI nonHH0M0M 

C ... }: C
1 

.. }: a J TJ-'JJ 
K.L~•• 

( 2) 

'J 'J . 'J 
rne 1J .. f3 I ( 1- /3 ) • KostM>HuHeHTbI a J npH sToM no.n6HparoTcSI TaK, 

'lT06bI (j>opMyna· ( 1) xopowo onHCbIBana SKcnepHMeHTanbHbie naHHbie rrpH _He 

/7/ 
3aBHCSimHx OT SHeprHH H0HH3aUH0HHbIX noTCHUHanax I • 8Ta rrpoue.nypa 

·sKBHBaneHTHa ToMy, 'ITO 3HatJCHlISI I HaX0JlSITCSI no naHHbIM, nonyqeHHblM 

npH BbIC0KHX. SHeprHSIX, a JlnSI ManbIX sHeprHii Ha 0CH0BaHHH C00TH0IIICHHSI 

( 1) H SKCil8pHM8HTanbHbIX naHHbIX 06 H0HH3aUH0HHbIX Il0TepSIX SHeprHH H 

npo6erax onp.enenSIIOTCSI nonpaBKH C. TaKHM o6paaoM, nccne.noBaHHSI H0HH

aauH0HHhIX noTepb B o6nacTH BbIC0KHX SReprHii: SIBnSI_IOTCSI 0CH0BHblM H_C

T0'IHHK0M sKcnepHM8HTanhHblX CBeneHHii:, Heo6xo.nHMbIX JlnSI npoBepKH C00T

H0IIleHHSI ( 1) H orrpeneneHHSI BenH'IHH lIOHH3aUH0HHbIX Il0TeHUHanoB I • 

UenbIO HaCTOSimeii: pa60Tbl SIBnSin0Cb H3MepeHHe aenH'IHH H0HHaauH0H-

HhIX rroTepb d E / .ds, !Jpo6eroB R H H0HHaaunoHHblX rroTeHunanoB I npH 

SHeprnn rrpoT0H0B E ::: 670 MsB. l13MepeHHSI 6bmH Bblil0nHeHbl OTH0ClIT8nb

HbIM M8T0)l0M - i:tnSI paann'IHbIX BemeCTB X 6bmH HafineHbl BenH'llIHbl 

qx a(dE/ ds)x / (dE / ds) Al H p x .. ~ x / R Al • BenH'llIHhI qx 

H PX cna6o aaBHCSIT OT aHeprnn E: 

AE 
q. ( E + A E) .. q ( E)( 1 + a _,;._), 

x· x E 

(3) 

rne rrpn E = 200 .;. 600 M aB a = ( 2 .;. 4). 10-2 
nnSI paanH'IHbIX BemeCTB. 

8HeprHSI np0T0H0B 6bma orrpe.neneHa c T0'IH0CTbIO 2 MaB. 8_Ta norpelIIH0CTb 

B H3MepeHHH E C00TB8TCTByeT Heonpe.neneHH0CTH B qx, paBHOii (0,5 4 

. -4 
.;. 4) .10 I 'ITO Ha rropSIJlOK BenntJHHbl MCHblIIC norpelIIH0CTlI H3MepeHHfi q 

X 

4 

11aMepemrn q X lI p X Il03B0mnoT onpe.nenHTb BenH'IHHbl 0TH0CHTenb-

HbIX H0HH38UlI0HHbIX noTeHunanoB I : ,. I x / I Al H rrocne H0pMHp0BKH 

Ha H3B8CTH0_e 3HatJeHne I Al Haii:TlI lI0HHsaunoHHbie noTeHUHanbI pasnH'I-

HbIX ~emecTB I x • BenH'IHHbl I ; cna6o aaBHCSIT OT I Al : 

1;(1Al +AIAf ) .. l:(IAl )(l+b 
Al Al 

I Al 
'), 

(4) 

r.ne b = 1/ 15 • Heorrpe.neneHH0CTb Benn'IHHbl I Al. He npeBbIIIlaeT 2%. 8TOMY 
-3 

C00TBeTCTByeT rrorpelIIHOCT~ onpe.neneHHSI 1;, paBHaSI 1,5.10 I 'ITO Ha no-

pSIJl0K aenlI'llIHbl M9Hblil9 aKcnepnMeHTanbHOH norpelIIH0CTH I~ • 

2. MeTOUHKa naMepetrn.ii: 

J13MepeHUSI npo6eroa· H H0HH38UH0HHNX rroTepb aHeprnn npoT0HOB nnsi 

C, Al, Cu, Sn II Pb 6bmH npoaeneHbl Ha BbIB9Jl9HH0M npoT0HH0M nyq-

Ke CHHxpounKnoTp0Ha Jla6opaTopnn Sii:tepHbIX npo6neM O11.HH. TiytJOK IIpOTO

H0B qiopMnpoaancSI npn noMomn oTKnomi:roruero MarHnTa n cncTeMbI Konnn

MaTopoa. XapaKTepHCTHKH IIYtJKa 6bmH nccnenoaaHhI paHee MeT0!tOM Mar-

/ 8/ . E 
HHTH0ro cneKTpoMeTpa • PacnpeneneHne npoT0H0B no aHeprnu . onncN-

aaeTCSI KpHBOH faycca co cTaHnapT0M 

A E = ( 2,8.:!:.0,3) MaB. (5) 

Cpei:tHSISI SHeprHSI IIp0TOHOB B nyqKe saBncena OT ycnOBHH BNBOi:ta IIY'IKa 

H3 CHHXp0UHKnoTp0Ha H H3MeHSinacb B npenenax OT 660 )10 670 MaB. 

Tipo6ern IIp0T0H0B B paanH'IHbIX aerueCTBaX 6bmH onpeneneHbl MeTo

)lOM KpHB0H Bparra. CxeMa SKCIIepHM8HTa npnBeneHa irn pnc. 1. B npOTOH

HbIH llY'I0K 6unu noMeIIIeH.bI nae T0HK0CT8HHbI8 TpexaneKTP0!tHbie HOHH3a

unoHHbI9 KaMepbl nnaMeTp0M 8 CM, :HK 1 H 11K2, M8)KJlY KOTOpbIMH pacno

narancSI ocHOBHofi qiunhTP F HS uccne.nyeMoro aeruecTBa n .nononHnTenh 

5 
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Hblfl: KmIHOBHllHblii ¢nnbTp, 3a H0HnaaunoHHOil: KaMepoii l1K2 6bm IIoMeIUeH 

He6onhlll0ll IIOllBIDKHbiii CUHHTHnm1unoHHblii C'ieT'IHK C l pa6oTaBUIHii B HH

TerpanbHOM pe*HMe. ITpn II0M0IUH 3T0ro C'leT'IHKa 0IIpenensrncsr npo<finnb 

nyqKa II 11p0H3B0llHnacb ero lOCTHpOBKa C T0'IH0CTblO, ny'IUieii I MM. 

ToK HOHHaaunoHHb!X KaMep H3Mepsrncsr npn II0M0IUH aneKTpoMeTpH'leCKHX 

ycnnnTeneii 8MY-l n perHcTpHpoBancsr CaM0IIHUIYIUHMH II0TeaunoMeTpaMH 

8ITIT-09. Bo na6e*aHne HaB0ll0K HOHHaaun0HHbie KaMepbl n TpaKTbI rrepena

'IH cnraanoB H.IIHTaHnsr TIUaTen&Ho aKpaanpoBannc&. ITnTaane KaMep ocy-

meCTBnSin0Cb OT 3KpaanpoBaHHbIX ranbBaHH'leCKHX aneMeHT0B. 

ITepBaSI KaMepa l1KI H3Mepsrna HHTeHCHBH0CTb rrpoT0HHoro rryqKa, 11a

na10mero aa ¢nn&Tp1 rrpn rroMomn KaMepb1 l1K2 orrpenensrnac& Kpnsasr Eparra 

B( S ) - aaBHCHMOCTb T0Ka H0HHaaunoHH0ii KaMepbl OT TonIUHHbl T0PM03SI

mero ¢nn&Tpa s. B rrpouecce naMepeanii TonmnHa s naMeasrnac& (rryTeM 

rrepeMemeHHSI ~nHHa) CHHXp0HH0 C llBH*eHHeM neHTbl II0TeHUH0MeTpa, Ha 

KOTOpoii 11pOH3BOllHnacb He11pephlBHaSI aallHCb KpHB0ii Eparra. OnHOBpeMeHHO 

C aallHCblO KpHBoii Eparra Ha neHTy HaH0CHnHCb pe11epHbie MeTKH, C00T

BeTCTBy10mne ¢nKCHpoBaHHbIM 3Ha'leHHSIM T0nlllHHbl Knnaa •. Tn11HqHasr KpHBaSI 

Eparra 11pnBeneHa Ha pnc. 2. 

B rraMepeHnsrx rrpo6eroB R ncrron&aoBannc& nBa KnnH0BHllHbIX ¢nn&Tpa -

anIOMHHHeBblH H MellHbiii, OcHOBHbie ¢nnbTpbI F 0binH naroToBneHbl H3 

rpa¢nTa, anIOMHHilSI, Menn H CBHHua. TonIUHHa ¢nnbTpOB s 2 
(B rlcM ) 

011penensrnac& 11yTeM B3BeIIInBaHnsr n HaMepeansr paaMepoB o6paauoB c 
-4 . . 

TO'IHOCT&101 ny'IIIIeii 5.10 • l1aMepemrn KpHBbIX Eparra nnsr Ka*noro Be-

mecTBa 6bmH IIOBTopeHbl rrpn HeCK0nbKHX Ha6opax o6paauoB, C0CTaBnSIBUIIlX 

¢nn&Tp F • Ilony'!eHHbie aHa'leHnsr rrpo6eroB coB11ann B· 11penenax 11orpeUIHo

CTeii Il3Mepemi:it. nnsr yBenn'!eHHsr T0'IH0CTH 0llpeneneHHSI 0TH0CHTen_bHhlX 

11po6eroB aa11nc& :3aBucnMocTeii B(s) B Ka*noii cepnn naMepeHnii ·HeonHo

KpaTlio II0BTopsrnac& nnsr Bcex nay'laBUIHxcsr BemecTB. 

6 

I 

I 
-, 

l 
I 

1 

ITpn naMepeHHH 0TH0CilTenbHbIX T0pM03HbIX CIIOCO0HOCTeii 4x 011pene-

nsrnacb Benn'lnHa R nnsr an10MHHHSI 1 aaTeM · onnH na o6paauoB an10MnHne-

Boro ¢nn&Tpa F aaMeasrncsr Ha o6paaeu na nccnenyeMoro BemecTBa x n 

cHoBa naMepsrnac& Benn'lnHa R. 8Ta 011epaunsr MHoroKpaTHo II0BTopsrnac&. 
. 2 

Tonmnaa o6paauoB 6bma aKBHBaneHTHa 110 T0pMoaaoii c11oco6aocTn 30rlcM Al: 

nnsr II0BbIUieHHSI T0'IH0CTH H3MepeHHii Obin HCII0nb30BaH nu¢¢e

pemmanbHbiii pe~M pa60Tbl noHnaaUH0HH0ii KaMepbl l1K2 - H3Mepsrnacb 

paaHOC:Tb T0K0B B 11epBoii n BTopoii qacTSIX K8MepbI, paaneneHHblX ueaTpam,;-
2 . 

HbIM aneKTp0ll0M TOnIUHHOii 1,2 rlcM Cu. ITpn 3T0M, B 0TnH'!He OT o6bl'I-

. H0ro pe:H<H_Ma, K llBYM Hapy*HblM BbIC0K0B0nbTHbIM aneKTponaM KaMepbl 

llpHKnallbIBanocb HallpSI*eHHe llp0THB0II0n0:H<Horo 3HaKa. HacTpoiiKa nn¢¢e

peHunan&Horo pe~Ma (KoM11eHcaunsr ToKoB B rrepBoii n BTopoii qacTSIX Ka

Mepb1) llp0H3B0llHnacb rryTeM H3M9H9HHSI paccT0SIHHSI M9*1ly ueHTpanbHblM ll. 

BT0pbIM BbIC0K0B0nbTHbIM aneKTponaMH KaMepblo THIIH'!HaSI nn¢¢epeHiman&HaSI 

KpHBaSI Eparra B' (s) 11pHB91leHa Ha pnc. a. l1c11onh30BaHH9 llH<fJ<fiepeHUnanb• 

HOU HOHH3aUHOHH0ii KaMepbl Hapsrny C yBennqeaneM T0'IH0CTH H CK0p0CTH H3• 

Mepeanii II03B0nsreT TaKme K0HTponnp0B8Tb aaepreTH'l9CKHii Cll9KTp llp0T0H

H0ro rry'!Ka. 8HepreTn'lecKoe paapeUieHne nn¢¢epeaunan&Hoii KaMepb1 nocTaTO'!• 
xi 

HO nnsr O0H8PY*9HHSI 11pnMecn npoTOH0B I aaeprnSI K0T0pbIX 0TnHqaeTCSI OT 

3HeprHH 0CH0BHoro rryqKa Ha HeCK0nbKO MaB (pnc. 4). 

3. <l>opMa KpHBbIX Eparra 

BenH'IHHhl 11po6eroB R 6bmH 0llpeneneHbl nyTeM Cp8BH9HHSI naMepeHHblX 

KpHBbIX Eparra H 38BHCHMOCTeii B(s), Bbl'IHCneHHblX C HCII0nb30B8HH9M ¢op

MynbI (I)• PacqeT 38BHCHM0CTeii B(s) 11p0H3B0llllnCSI MeT0ll0M MoHTe-Kap

no, Y'IHTb!B8IOIUHM ¢n10KTY8UHH II0T9pb 3Hepr1111, paa6poc '18CTHU 110 3Hepr1rn 

xi Ill/ d 

KaK II0K838nH 3Kcnep11MeHTbl B EepKnH 
1 

BbIBeneHHhlH IIY'I0K M0*eT 
conep*aTb npHM9Cb Mano,3HeprH'1HbIX llpOT0H0B. 

7 



n MH0P0KpaTHOe KynoH0BCKoe p~cceSIHne,n SinepHoe BaanMoneilCTBlle qac
/9/ 

Tllll • TaK KaK sqi<fieKTbI pacceSIHllSI cymecTBeHH0 aaBllCSIT OT reoMeTpllH 

SKcnepnMeHTa, paC'IE!Tbl B(s) 6bmn BbIII0nHeHbl nnSI Tex )Ke K0HKpeTHbIX: 

ycnoBnil, npn K0T0pbIX nponaBonnnncb naMepeHnSI np66eroB n llOHnaaunoHHbIX 

noTepb sHeprmr. 

Paa6poc npoTOHOB no npo6eraM, Bbl3BaHHbIH qimoKTyaulISIMll noTepb 

sHeprnn, C nocTaTO'IHOH TO'IH0CTblO onllCbIBaeTCSI KpllBOH raycca. CTaHnapT 

STOH KpllBOH UCT 6bm Bbl'lllcneH CTepHxailMepoM nnSI paamI'IHbIX Be-
/10/, u 

mecTB • TaK KaK paa6poc no npo6eraM, CBSiaaHHhm c Ha'lanbHhIM paa-

6pocoM npoTOHHoro ny'IKa no SHeprIIII ( 5), TaK)Ke xoporno onnchrnaeTCSI 
/8/ 

KpnBOil faycca , To peaynbTIIpyromee pacnpeneneHIIe npoToHOB no npo6e-

raM MO)KeT 6b!Tb npencTaBneHO KpllBOH raycca co CTaHnapTOM 

rne UE 

2 2 ¼ 
u = (uCT + u,E ) , 

-1 
.,.t,,,_ (dE/ds) 

E . 

( 6) 

Pac'leTbl aaBllCllMOCTeH B(s) 6bmll BbIII0liHeHbI nnSI pSina aHa'leHIIii: u 

npn paamI'IHbIX paccT0SIHIISIX e Me~y qinnbTpOM F II ueHTpanbHblM sneKT

ponoM KaMepbI l1K2. Ha pIIc. 5. npnBeneHbI peaynbTaTbI pacqeTa nnSI Menn 
. 2 

npII npo6ere npoToHoB Rcu = 260 r/cM n e = 4 cM. KaK mmHo IIa sToro 

pncyaKa, B cnyqae, Korna ae y'IIITbIBae~cSI paccemme II Sinepaoe BaaIIMoneii:

CTBIIe TOpM03SimIIXCSI npOTOHOB , B( S) npaKTII'leCKII He aaBIICIIT OT U 

B OKpeCTH0CTII 

B (so ) = 0, 792 

TO'IKII So= 0,9997 R • 3ToMy 3Ha'leHIIlO s C00TBeTCTByeT 
/ Cu 

x , rne B( s) - aHa'leHIIe KpIIBoii: Epsrra max B(s)max 

B MaKCIIMyMe ( CM. pIIc. 2). Ecnn yqecTb pacceSIHIIe n SinepHoe BaaIIMoneil-

~ . . 
ITony'leHHbie HaMII 3Ha'leHIISI / 2, 0 II B ( s O) HeMHoro oTnII'laIOTCSI 

OT BbI'IIIcneHHbIX MaaepoM II Cerpe , K0T0pbie IIcnonb30BanII B paC'leTax 
npII6nII)KeHHyro aaBIICIIM0CTb ...!1.&.. ( s ) • 

ds 

8 

I 

{ 
~ 

·1 

CTBIIe rrpoTOH0B, TO'IKa rrepeceqemrn KpIIBbIX S o cnBIIraeTCSI B o6nacTb 

MeHbllIIIX rrpo6eroB. 3TOT cnBIIr cna6o aaBIICIIT OT f. BenII'IIIHa B( s o> IIpII 

ManbIX f Mano II3MeHSieTCSlo f1pII f> 10 CM B ( s O ) 6hICTpO yMeHblliaeTCSI 

C p0CT0M f. AHanorII'IHblll peaynbT8T nony'leH II nnSI npyrIIX BemecTBo 

' ITpII cpaBHeHIIII qiopMbl II3MepeHHbIX II Bbl'IIICneHHbIX aaBIICIIMOCTeil B (s} 

OHII HOpMIIpOBanIICb Ha enIIHIIUY B M8KCIIMyMe B ( s) max II COBMemamICb 

no rnKane s B TO'IKe So • OnHOBpeMeHH0' ,BapbIIpoBanacb senII'IIIHa u 

( qiopMyna ( 6)) o ITonyqeHH0e MeTonoM H8IIMeHbllIIIX KBanpaTOB aHa'leHIIe U 
2 

nnSI Menn oKaaanocb paBHbIM u = ( 3,06 t.. 0,09) r/cM Cu rrpII 
2 /10/ 

R Cu = 260 r / CM • Bocrronb30B8BllIII<?b paC'leTHbIM ~Ha'leHIIeM u CT • no 

nyqaeM oTcrona t,,,. i;; = ( 2,8 :!:. 0,3) M sB, 'ITO coBrranaeT c naHHbIMII npSIMhIX 

IIaMepeHIIil ( 5). BhI'IIIcneHHhie II IIaMepeHHbie KpIIBbie Epsrra xoporno cornacy 

IOTCSI Me)Kny co6oii: rrpu s >_ R (pIICo 2). B o6naCTII no MaKCIIMyMa Ha""'. 

6nronaeT<!:SI paanII'IIIe Me)Kny KpIIBbIMII, CBSiaaHHOe, B03MO)KHO, C IIpII6nII)KeH-

HblM xapaKTepoM pac'leTa
191 

ITpII onpeneneHIIII npo6eroB no IIaMepeHHbIM KpIIBbIM Epsrra 6hlna npII 

HSITa cneny10maS1 npouenypa: HaxonIInocb aHa'leHIIe s ~, cooTBe~cTBy10mee 

B ( s ~ ) = o, 79 B( s) max , aaTeM BBOnIInIICb Bbl'IIICneHHbie norrpaBKII, yq 

TbIBSIOmne HaqanbHOe cMemeHIIe t,,,. So TO'IKII s 'o OTHOCIITenbHO s a R 

( 6ea yqeTa pacceSIHIISI II gnepHoro BaaIIMoneii:cTBIISI rrpoTOHOB) ·u CMemeHIIe 

ee ua-aa pacceSIHIISI ( t,,,_ S 1 } II SinepHoro B38IIMoneii:CTBIISI (t,,,.s2 ) _ CM. 

2 
pIICo 5

0 
Tipn R Cu = 260 r/CM lI f = 8 CM 8TII norrpaBKlI paBHbl COOTBeT-

CTBeHHO 0,03%, 0,4 7% lI 0,07%; IIOJIH8SI rronpaBKa 8 R ,,.t,,,. s O + t,,,. s l +t,,,. s 2 

K npo6ery. naMepeHHOMY B TO'IKe s ~ , COCT8BJISleT 0,57%. CnenyeT aaMe

THTb, ''ITO rrpn naMepeHIIlI OTHOCIITenbHbIX BenH'IIIH q X lI p X TO'IHbIH Bb1601 

T0'IKII onpenenemrn rrpo6era Ha KpIIBoii: Epsrra He cTonb cymecTBeHell, Kai 

npl8. IIaMepemrn rrpo6eroB Rx , rrocKonbKY npn aaMeHe onHoro BemecTBa Ha 

tlPYrc© qmpMa Kp1rnoii: Epsrra B oicpecTHOCTII s~ MeHS1eTCS1 HeaHa'IHTenbHC 
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llmjxpepeHu1rnnhHb1e KplIBbie Eparra B '( s) 61,;mr BhI<rncneHu MeTO!IOM, 

aHanorlfqHbIM OIIlICaHHOMY Bbillle ( 3aMeTlIM, qTQ 8 ' ( s ) ,p d 8 ( s ) / d s 

acne!ICTBlfe paccesrnm1 If srnepHoro B3alIMO!leficTBlISI rrpoToHoa). PacqeTHhie 

3Haqemrn 8 '( S) cornacyJOTCSI C ll3MepeHHbIMlf Kpl!BbIMII IIplI s ~ R 

( puc. 3). Pa3nl!q!ISJ B Kpl!Bb!X B o6naCTII s < R MoryT 6hITb o6'bSICHeHbl KaK 

HeToqHOCTb!O pacqeTOB, T8K II He!IOCTaTQqHQ CKOMIIeHCllp0B8HHbIM peNmMOM 

mrrprpepeHUlfanbHOH KaMepblo 

B o6naCTII 38 M8KCIIMYMOM KpllBbie B, ( s ) MoryT 6b!Tb . amrpoKCIIMII-

poBaHbl ¢yHKUII0H faycca co CT8H!IapTOM u J:!II!p (pile. 3). KOTOpbIH rrpu 

3HaqeHIISIX u • 6mr3KIIX K ( 6). rrporropUIIOHaneH u : 

(7) 
u !III!p ,. k u , 

rrpnqeM aenIIqUHa k 6mrnKa K 0!11IHIIU0(!lnSI M0llll k. =0,9t).l1crronb30B8Hlfe 

COOTHOllleHirn ( 7) II03BOnSieT orrpe!lenHTb BenUqlIHY u Ha OCHOB8HIIII 1!3-
2 

MepeHIIii: llH¢¢epeHuIIanhHOfi Kpirnoii: Eparra. llnSI Melli! rrpu R cu =260r/cM 
2 

u = (3,0 :!:. 0,1) r/cM Cu, qTo COBIIaJlaeT co 3HaqeHUeM, BbJqucneHHbIM 

IIO ¢opMyne ( 6) • IlonO}l{0Hli0 MaKCHMyMa S d KPHBOii: 8 '(s) T8K}l{0 38BIICHT 

OT aemrqIIHbI u • 0JlH8KO 38BIICIIMOCTb aTa cna6aSI: IIpII ysenuqemrn u 

Ha 3% ( T.e. B npeJlenax ToqHocTH ero aKcnepnMeHTanbHoro onpeJlenemrn) 

sennqnHa s d B03pacTaeT Ha O,O 15%. 

4. Ilpo6eru rrpoTOHOB 

llm1 onpenenemrn npo6eroB R x n OTHOCUTen&HhIX npo6eroB P x 

6bmO BbIIlOnHeHO H0CKOnbKO cepnii: II3Mepemrii KpllBbIX Eparra. B TeqeHue 

9KCrri:!pHM0HTa, 38HSIBlllero OKono ilByx neT, pe;KIIM pa6oThl CHBXPOIUIKnOTPO

Ha HeonHoKpaTHO nepecTpaHBancH, qTo np1rnommo K II3MeHeliHro aneprHn 

BbIBeJleHaoro rryqKa E • Be nuquaa E B Ka)KJloii cepun naMepeHII~ orrpe-

10 

i' 

I 
i. 

{ 

ll0nSinacb IIO rrpo6ery rrpoTOHOB B anroMIIHHH, Kp0M0 Toro, oHa KOHTponH

poBanaCb c TOqHOCTblO 0,05 MaB no rronO}l{eHHIO MSKCHMyMa sd mr#e

peHUHanbHOH KpHBOil Eparra, KOTopaSI MHoroKpaTHO uaMepSinacb B TeqeHne 

cepnII uaMepeHHHo 

nm1 Al 6bma rronyqeaa 

K ll3MepeHHOMY npo6ery s 'o 

B rrepaoii cepuu H3Mepeanil BenIIqnaa s ~ 

paaaoii (224,70 :!:. 0,07) r/cM
2 

Al. IlonpaBKa 

paBHa 8 R · = {0,68 ±.. 0,08) r/cM
2 

Al. 
2· 

0Tcrona RA1 =(225,4:t_O,l)r/cM. 

11crronb3ySI I = (160 + 3) as, rronyqaeM 
Al -

E = ( 660:!:_2) Mas. YKaaaa-

HaSI rrorpellIHOCTh E orrpeJlem1eTCSI B OCHOBHOM norpellIHOCThlO II3MepeHHSI 

I Al • B rrocnenyromnx cepHSIX HaMepeanil senHqHHa E MeHSinac& oT cep1m 

K cepHH B rrpenenax oT 660 no 670 M3s.llnH yno6cTBa cpaaaeauH nonyqea-

. Hb10 aennqHHbl p x H q x npHBell0Hbl HH}l{0 K OllHOMY aaaqeauro aaeprHII Ha 

BXOll0 B KnHHOBHllHhlii ¢HnbTp E = 660 Maa. 

OnHoBpeMeHHO C R Al 6hm H3Mepea npo6er IIpOTOHOB B M0llll Rcu 

. ( C HCIIOnb30BBHH0M Menaoro KnHHa) • CpaBaeaue rronyqeHHOH aemrqHHbI R 
/4/ · ,cu 

C peayn&TaTaMH npeJlhIJlYIUHX H3Mepemril • rne OllHOBpeMeHHO C npo6eroM 

R cu 61,m orrpe!leneH nMnyn&c rrpoToHoB, rroKaaano, qTo E = ( 660 :!:. 1) M 3B. 

0THOlll0HHe 1/ P~u H3M0p0HHblX npo6eroB B anroMHHIIH JI Menu ( 6ea yqeTa 

rrorrpaBOK 8 R ) oKaaanoch paBHblM 0,867 :!:. 0,002. C BB0ll0HH0M nonpaBKII 

8 R 3TO naeT· 1/ p cu = 0,865 :!:. 0,002. Bennq1rna p cu 6bma naMepeaa TBK*e 

OTHOCHTenbHblM M0TOJIOM C ncrronb30MHH0M anroMHHII0BOro KnnHa (anIOMllHH-

eBblii cpnnh'I'p F aaMeHSinCSI aa M0llHblH ll cpaBHHMnHCb 3HaqeHUSI R ). 

B 3TOM cnyqae aaeprBH npoTOHOB aa axone a cpnn&Tp F COCTaBnSina 

E = 625 MaB. IIony'leHBoe OTHOCHTenbHblM M0TOllOM 3HB'leHHe Pen (cM. 

Ta6n. 1) coarrano C BenHqHHoii, H8Hll0HHOH nyTeM cpaBH0HHSI nonHhlX npo-

6eroB. HaMepeHBSI OTHOCHTenbHblX npo6eroB p X 6blnH BbllIOnH0Hbl TBKlKe 

llllSI rpacpHTa n CBHHIIB (Ta6n. 1). 

11 



Ilpn ManbIX e <popMa KPllBOii: Bpsrra :rpaKTll'leCKll He llaMeHsinacb 

rrpn aaMem:i oi:moro BemecTBa <pnnbTpa F Ha 11pyroe. TaK, paann11ne_B 

Benll'lllliax R x , orrpe11eneHHbIX rryTeM cpaBHemrn KpllBbIX Bpsrra B TO'l-

Kax 0, 79 B( s)max ll 0,82 B(s)max , COCTaBHno IIpll f = 8 CM BCero 
' -4 

( 2 -+ 5). 10 • C yBenn11eHneM e s<p<peKTbI pacceSIHllSI CTaHOBSITCSI cymecT-

BeHHbIMll ll paann11ne BoapacTaeT - IIpll e = 30 CM llnSI p OHO paBHO 
-3 Cu 

3.10 • 

5. MomraaqHOHHhre IIOTepH 9HeprHH 

11aMepeHHSI OTHOCHTenbHbIX HOHH3~UHOHHbIX noTepb 9Heprmr qx 6bmH 

BbIIIOnHeHbI llnSI 'leTbrpex paanll'lHbIX rronO)KeHnii CMeHHoro o6paaua BHyTpll 

an10MllHlleBoro <pllnbTpa F • CooTBeTCTBy10rnne STIIM rrono)KeHRSIM s<p<peKTllB 

Hhie 3Ha11eHllSI 9Heprllll E 9<p<p orrpe11ensinncb, KaK E9<jiip= 0 ,6 (E 
1
-E

2
) + E 

2 
, 

r11e Ei ll E 2 - 9Heprun IIpOTOHOB Ha BXOlle H Bb!X01Ie Ha CMeHHoro 06-

paaua. Ilony11eHHbie BenH'lIIHbI OTHOCIITenbHbIX noTepb q' ( 6ea y11eTa 
X 

rrorrpaBoK Ha paccesiHne 8qx ) ll' qx npllBe1IeHbI B Ta6n. 2. ilnsi Benn-

'lIIHbI q Cu Obinll BbIIIOnHeHbI T8K)Ke KOHTpOnbHbre II3MepeHHSI, rrpn Ea<p<ji 

.;, 600 MsB, Kor11a llCIIOnb30Banncb MellHblll <pllnhTp. F H MellHbllf KnllH ll 

rrponaBOllllnacb aaMeHa M0llHOro o6paaua B <pHnhTpe. F Ha anIOMHHHeBbIH 

o6paaeu. Paann11ne B naMepeHHhIX IIBYMSI crroco6aMII aHa11emrnx q
0

u oKa

aanoch paBHbIM 0,000 l ±_ 0,0002. 

Ha pIIc. 6 npe11cTaBneHbI Haii:11eHHbre B HaCTOSIIIIeii: pa6oTe BenII'lIIHbl q x 

COBMeCT!lO C 11aHHbIMll IIp0JlbIIIYIIIllX II3MepeHm1. 3)leCb )Ke IIpllBei::teHbI rrony

'leHHbre BenII'lIIHbI Px rrpII cooTBeTCTBYIOIIIIIX IIM aHa'leHnsix s<jiipeKTHBHoii 

:'meprIIII KaK BIIIIHO ll3 9Toro plICYHKa, 3Ha'leHIISI 4cu 
/11/ · 

II q , nony11eHHbie MeTOIIOM ipOT09MynhCIIll t rrpeBbIIII8IOT KaK peaynb-Pb 

Ea<ji<ji = 0,6 E. 

TaTbI OCTanhHbIX IICcne110BaHIIii, 'l'aK II BenII'lIIHbI p x , II3MepeHHbre B 9TOii: 

)Ke pa6oTe, II He yMeHhllIBlOTC.H C 9HeprIIeii: E, KaK JlOn)KHO ObITb B COOT-

BeTCTBHH c (I). OTO pacxo)KlleHne HenhaSI o6~SICHHTb TeM, 'ITO B yKaaaHHoii: 

12 

I 

I 

I, 
'I 
.i 
'i 

I 

I 
'1! 

'., 

I 
'/ 

pa6oTe He y11HTbIBanacb rrorrpanKa 8 q x - OHa COCTaBmrnT, IIO Hawe ii oueH-

Ke, He 6onee 0,2% 11nsi Me11n n 0,4% 11nsi cmrnua, 11 BBe11em1e ee He ycTpaHsieT 

paam111nsi. 

6. l1oHH38UIIOHHbie IIoTeHuHanbLfl.TOMQ!!-

Ilony11eHHbre Bem111HHbI p x II qx 6bmH ucnonbaonaHbI 11nsi orrpe11e-

nemrn OTHOCHTenbHbIX HOHH38UIIOHHblX noTeHUU_anoB I : .. Ix / I Al 

IloTeHunanbr I x 6bmH Haii:11eHbI rryTeM HOpMHpOBKH BenH'lHH I : Ha 

ycpe11HeHHoe no BCeM H·MeIOIIlllMCSI 9KcnepnMeHTanbHbIM ll8HHbIM 3Ha11eHue 

IIOHII38UIIOHHOro n0Tem1nana an10MIIHHSI I Al = 160 9B. BenII'lIIHbl I' 
X 

orrpeJlensinucb c y11eToM rrorrpaBoK C, BbI'lIICneHHbIX no ·nonysMnHpn11eCKOH 
/7/ 

<popMyne ( 2) , H norrpaBOK C K u 
/1/ 2 2 /6/) 

CL (c aaMeHoii f3 Ha 17 • 

Haii:aeHHbre no i::taHHbIM 06 OTHOCHTenbHbIX rrpo6erax p X. IIOHII38UHOHHbie 

noTeHuHallbI npIIBei::teHbI B Ta6n. 3. YKaaaHHbie B Taonnue norpeIIIHOCTII co-

OTB0TCTBYIOT "9KcnepuMeHTanbHb!M rrorpeIIIHOCTSIM onpeaeneHHSI I' II He 
X 

Y'lIITb!BaIOT OIIIIIOKII naMepeHIIH I Al , paBHOH 1 -t 2%. KaK BH!(HO ua Taon.3, 

BBei::teHne rronpaBoK C 1 Mano lI3MeHSieT BenH'IIIHbI HOHII38UIIOHHbIX noTeH-

mrnnoB am1 yrnepoaa n Mean. B cnyqae cBnHua sTa rrorrpaBKa cymecTBeHHa -

CBSI3aHHOe C Heil yMeHbIIIeHne HOHII38UIIOHHOro IIOTeHUIIana npeBhlmaeT no

rpeIIIHOCTh ero naMepeHIISI. 

BenlI'IIIHbI IIOHII38UIIOHHbIX IIOTeHuIIanoB, HaJ'l:JleHHbre IIO aaHHbIM 06 

OTHOCIITenbHbIX IIOTepSIX 9Heprnn q , npe11cTaBneHbI B Ta6n. 4. 0THOClI-
x 

TenbHbJe IIOHII38UIIOHHbie rroTeHuIIanbI I: , nony11eHHbie B II3MepeHIISIX rrpo-

6eroB n noTeph sHeprnu, cornacy10TcSI Me)KJ:ty co6oii: n c0Bnaaa10T B rrpe

aenax rrorpemHocTeii: c peaynbTaTaMn rrpoBelleHHhIX HaMn paHee IIaMepeHnii 
/4/ 

MeToi::toM MarHIITHoro cneKTpoMeTpa ( Taon 5). B Ta6n. 5 rrprrnei::teHbI 

aHa11eHHSI noTeHunanoB, Haii:11eHHb1e nyTeM ycpeaHeHIISI peaynbTaToB naMepemrii 

B o6naCTII BbICOKIIX 9Heprnii: ( E > 100 MsB). 

13 .-



3aBHCHMOCTb noTeHUHana I OT aapsJJla si·nep aTOMOB TOpM03Slmero 

BemecTBa Z OllHCbIBaeTCSI 3MllHpH'IeCKOH rfiopMynor1 

II 

J,.z(lO + Se - 17 )aB 
(8) 

( cM. _pnc. 7). 

C Hcnonb30BaHHeM naHHbIX Ta6n. 5 0 BenH'IHHax I ; H nonpaooK 

( 2) 6blnH BbI'IHCneHbl 38BHCHMOCTH q X OT aHeprHH E • KaK BHnHo H3 

pnc. 6, 3TH 38BHCHMOCTU xopomo OllHCblB8IOT 3KCnepHMeHTanbHbie peayn&

T8TbI. 

B aaKn10qeHHe nonb3yeMcR cnyqaeM no6naronapHTb P.B.EornaHoBa, 

H n.A.IlpoKOllIKHHa aa npoBeneane KOnH'IeCTBeHHoro xnMntJecKoro aHannaa 

ncnonb30BaHHbIX B HaCTOSIIIleH pa6oTe BemecTB. 
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X I 

C I 

AL 

Cu 

Pb- I 

T a 6 JI 11 u a I 

OTHOCHTeJiblllile npo6er11 npOTOHOB 

np11 E = 625 MSB 

11p; 1 rrorrp8.l3Ka, % I 

I,IIB+0,002 - O,II.tO,OI. 

I 0 

px • Rx/ RAl 

1/px . 
I / / 

! I/ PX II, 

I,II9±0,002 

I I 

0,86'7+0,002 -0,27+0,02 · o, 865+0,002 0,866 

0,656+0,002 -0,94+0,IO 0,650+0,002 0,654 

16 

T a 6 n n 11. a 2 

0TnocnTem,1rne Homrna11.no1m1re rroTepn 3Heprim 

qx"' (dE/ds),J(dE/ds)Al 

Ea@i. ,l,~ no 
7 

300 J. 
i 

420 600 

q~ 

8qc$ 

qc 

q~u 

8qcul'% 

qCu 

q;n 
C! 

Bqs,!70 

qSn 

g;b 
8q C1 

Pb'/0 

q Pb 

I,127+0,003 I,II8+0,003 - -
0,22 +0,03 O,I6 +0,02 -. -
I,29 ±0,003 I,120±0,003 

o, 858,±0,003 o, 872,:tO, 004 

-0,67 ±0,15 -0,48 ±0,07 

0,852±0,004 0,868±0,004 

I,II6±0,003 

O,II ;t0,02 

I,II7,:t0,003 

0,87!±0,003 

-0,_32 ±0,04 

0,868,:t0,003 

I,!!4,±0,002 

0,05 ,:tO,OI 

I,II5±0,002 

0,873±0,002 

-0,!3±0,02 

0,872±0,002 

0,730±0,004 . 0,752,:t0,003 0,757,:t0,003 0,?54±0,003 
-I,2 ±0,3 

O, 72I±0,_005 

0,637.±0,003 

-I,7 .±0,3 

0,626.±0,005 

-0,9 ±0,2 

0,745±0,004 

0,659±0,003 

-I,3 .±0,2 

0,65!.±0,004 

17 

-0,6 ;tO,I 

0,752±0,004 

0,66!.±0,003 

-0,9 .±0,2 

0,655±0,004 

-0,20 ±0,04 

0,?53±0,003 

0,667.±0,003 

-0,26 ±0,03 

0,665±0,003 



Ta6mu.ta 3 

nommaUIIOHHble noTenu;uanbl, nonyt1emrue no ;t{aHHbI11 

06 OTUOCUTeJII>HblX npooerax P:r. 

Ilonprumu C no gr-ne (2f/ C + C /1,6/ 
K L Ees nonpa.BoK C 

I 

le 0,515,±0,008 - -
I 

lcu 2,02 ±0,04 2,03,±0,04 2,04±0,04 

r 
I 5,20± O,II· 5,3 ±0,I 5,4 ±0,I 

Pb 

Ic,an 82,4±1,3 - -
I ,an 160 160 160 

Al 

Icu an 323± 6 324,±6 326,±6 

!Pb an 831±18 839±18 856±I8 

18 

I 

C 

Cu 

Sn 

Pb 

Ta6m1na 4 

liOHH3 aI\UOHHlie IlOTeHIJ;HaJIH, IIO,JIYtJeHHble no ;zta.HHIDA 
06 OTHOCUTeJII>HHX IIOTepffX aHepr1m 

Ea qxjp f!a n 
l , 

X 

C rrorrp.C no C rrorrB8'Joif/ . 6es.rrorrpa.BOK g)opuyne(2)/7/ C 11 · ,6 
K .., 

600 0,503±0,008 - -
420 0,504±0,011 - -
300 0,518±0,010 - -
IlO 0,522,±0,0IO 0,522±0,010 0,521±0,010 

cpe;ztHee 0,511+0,007 

600 2,02±0,04 2,02±0,04 2,03±0,04 

420 1,99,±0,05 2,00,±0,05 2,00,±0,05 

300 1,94±0,07 1,94±0,07 1,95±0,07 

IIO 2,02±0,Q'l 2,02±0,07 2,04±0,07 

cpe;ztHee 2,00,±0,03 

600 3,37±0,10 3,38,±0,10 3,39±0,10 
420 3,17±0,11 3,18±0,lI 3,19±0,II 

300 3,23,±0,12 3,24±0,12 3,26,±0,12 

110 3,37,±0,15 3,41±0,15 3,47±0,15 

cpe;ztHee 3,28,±0,09 

600 5,20±0,16 ·5,28,±0,16 5,33,±0,16 

420 5,26±0,21 5,34,±0,21 5,42,±0,21 

300 5,09±0,20 5,15_±0,20 5,27±0,21 

110 4,92,±0,2'7 5,22:t<J,29 5,49,±0,31 

cpel{Hee 5,16,±0,I3 ~ 

19 

I"'' SB 

(l,..,,: 160 a1: 
Al 

82+1 

32Q±5 

525±14 

826±2! 



T a 6 n m u a 5 

v!OIIH3BU,IOH!We IlOTBHUBaJibl no 'ABHHbIM, nonytJel!l!b!M npm Bb!COK!IX aueprm1x. 

,/ 

I 
Cu 

I 

] Sn 

I 

I 
Pb 

pi l(J]llllBH Epsr- • 
'r~ \JICQT,pauo-0,5I5±0,08 2,02,±0,04 

'XO.) 

~)'',l\lilj} ,;:plILUH 
Evsrra(uacT. 
pa<ioTaJ 
Cpemiee (ha CT. 

pac5oTa) 

~ 4.,, ~-cpc](nen- , 
nue ,110.mmel 8{ 
I.IBI'll,CllCiCTp,, 
1,p1rno.n Ep:irro. 

. /II/ 
p• ,1.20T03!.I, 

C!)C](HCC 

0,SII.±0,007 2,00±<),03 3,28±0,09 5,I6,±0,I3 

0,5I3±0,006 2,0I,±0,03 3,28±<),09 5,I8,±0,I0 

0,535,±0,020 2,06±0,03 3,2 ;tO,I 

I,98±0,03 

5,2 ±0,2 

5,I ±0,I 

0,5!6,±0,008 2,02,±0,03 8,24±0,08 5,I6±<),08 I7 ±2 

82±I 

82,5±I3 

I Al lcu 
B SB 

I60 322±5 

I60 323±5 

I 
. Su 

525±I4 

518±13 

I Pb 

830,±I? 

I,38±<),I6 I,II8±0,0I7 I 0,906±0,0I4 0,843±0,02! 0,8I2±0,0I4 
1/Z 

7 

I?.:!: 2 I3,8 ±0,2 I2,3 II,I±<),2 I0,4 ±0,2 I0,I ±0,2 

UK/ Q J1K 2 

I 2 I 
F 

I 2 s 
p 

$ $ 
3nn-og 3nn-oo 

Puc, 1. CxeMa SKcnepnMeHTa, P-npoTOHHb!ll: nyqoK, K - BbIX0/lHoll: Konm~
MaTop, HK l u HK2 - ll0HU38Ull0HHbl9 K8Mepb1, l - BblC0K0B0nbTHb!ll: 
sneKTpon, 2 - curnan1,u1,1Jl: sneKTpon, 3 - nucTaHuuouno nepeMewa-
eM1,11l: Bb!COKOBOn!,THblll: sneKTpon, Q - KnHH0BH/lllbill: sneKTpon, 

F - OCHOBHOll: <pUnbTp, C - CUHHTHnmiuuoHHbill: C'I1lT'IHK, 3MY -
8!19KTpoMeTpU'I9CKUll: ycunuTen1,, CH - CHCTSMa T0'IH0ll: HH/lHK8UHU 
nonoJKenuH KnuHa, 11 - unTerpaTop, snn - caMonuwywull: noTeH-
uuoMeTp, 

C 

3nnB-st 
" 



B (S}, omll.e9. 

~o 

0,5 

0 

....__ 83(S) ---~ --------
B2 (5) 

B,(s) 
:-::--

----------Bo(S} 
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Pnc. 2. KpnBan Eparra turn npoTonon n Menn npn E = 660 Man. PaccTonnne 
MelKJly «!imn.TpoM F n neHTpalil>HhIM aneKTPOilOM KaMepbI HK2 

t = 8 CM. B(s) - peaym,T19tl naMepeHHii. Pac'leTHble Kpllnb1e 
nocnenoBaTenhHO y'IHTh1naroT. : paa6poc npoTonon ny'IKa no 
aneprnn n <!,nK>KTyannn noTepb aaeprnn (BO), MnoroKpaTHoe Kyno
HOBCKoe paccenHHe (B 1 ), srnepnoe naan~10neiicTnne (B 2 ) n Me

aoaoo6paaoBaHHe ( B 3 ) • 
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Pnc. 3. llmj4,epeHIJnam,nan KpnBan Eparra t3' ( s) nnn npoTOnon B Menn 
npn E = 660 Man n f = 8 CM. Cnnomnan KpHBllSI - peaym,-
TaThI ,n~epennii, IIyHKTHpHan Kpnna.51 Bbl'IJ!Cnena MeTOilOM MOHTe
Kapno , KpyJKKn - «liYHKIInn raycca co cTannapTOM (7), annpoK
cnMHpyroman paC'leTHyK> KpHnyro B '' ( s ) • 
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Q) IQ c:( t1) 0 Cl 
o.. :s: = ca u 
(1) O,Q) i;: 1110,. 
~:r:~gg .::t 
;s: I tt: o- ;:t 
c::c Q) ca E--

..a-fil'~ 8.f.()~ 
g~~~=-~ 
:t:CQ=o.=ai>, 
\0 .. Q) i:.. (f) al 

g=~t::g-;£~ 
o i:.. ca=- t--a ~~:-m 
:3~~:=ig 
a c:i :a e ~--;- u 
~ ·iti o ca-= 
a :a a :i:: ~ "' ::t ~:;:.:a:i;~: 
(I) ::t CD E-< ::t.c:, E-o 

~ : ~ ~ 8.~ ~ 
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"' a. 
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i,1 

8(5) 

8(Slmax 

qgo 

0,85 

0,80 
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0,75 

0,70 

0,65 

Rcu. o,ro--.__ ___ -L. ____ c: ___ __J___:_ 

258,l/ 25{},2 J60,0 260,8 

5, r/012 Cu 

Pnc. 5. <l>opMa KplIBOii Epsrra B( s) B OKpecTHOCTII TO'IIOI s O nmr rrpo-

T.<>HOB a Menn up~ E = 660 MsB n f = 4 cM.1,2,3 - a = 4,59; 
3,06 n 1,53 r/cM Cu, COOTBeTCTBeHim, a - Bbl'IIIClJ.eHo 6ea 

yql':,Ta KynoHOBCKOI'O pacceRHIIH II RllepHOI'O B381IMO/le11CTBIISI rrpoTO -

HOB, 8 - c y'IeToM KynoHOBCKOI'O pacceHHIIR, b - c Y'I8TOM 

KynOHOBCKOI'O pacceSIHIISI II RllepHOI'O B3811M01leiicTB1IR. 
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6. OTnocuTem.Hble T0pMosnue cnoco6eoCTH qJ[ -(dE/ ds) :11: / dE/ds) Al• 
KpylKK.aMH IIOltll38Hhl peayllbT8Tbl B3MepeRHii: q:.: ,, KBaJJ.paTHICaMH -

'J/p,. npa COOTBeTCTByiom~il 91fxl,eKTHBHOii: aneprnH E~TeMHble. TQq
Kll - ·.Q8BHb10 BaCTOsrn:ceii: pafioTLI. PeayJihTBThl npyrHX pa6oT yx:aaaHbl 

CHOCKaMH. BenB~Hu q • • nonyTJ:eH.lible aa nyuax neii:Tpono~ H 
a - 'lf:8CTBU. rrpBBelteHLl K sXBJJBaJJ:eBTBOii aneprim npoTOHOS. B 

llA.RHble Saxx:epa n Cerpel 13/ BHecena norrpaBKa na MHormi::paTeoe 
KynoHOBCJtoe pacce.sume. 3na11e.mn1 q 8• 11 q Pb npn E=20M3B 

/15/ 
Bu-m:cneBH no naliHblM o q Cd. n qA• B npe1rnono~e1ml!, 
'ITO 1. z. Kpnnue - peaym.TaThl pac-.:r::eTa q • no c}opMyne ( l} 
c ncno.'IL3oBaRHeM eonpaoox: ( 2) H aaaqeID?A: noTemm:anon, npHBe

nenm.a: B Ta6n. 5. Tomrn:MB: KPHBhlMH Il0Xa.38H xcpnp;op OmR6oK, 
COOTBeTCTBJ"I)ln:RA norpemnOCn;u orrpeneneHHsr: oTHOCHTe1JhaLIX 

XOBR3a?IIIOlifThIX noTeBIUianOB I ; • 
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