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1. B B e 11 e H " e 

Xopowo H3BeCTHo, 'ITO nono>KeHHe <j>H3HKH CHJlbHhiX B3811MOilellcTBHll B HacTosrmee spe

MH RBnR9TCSI B9CbM8 TSDK9nbiM. EcnH He CqHT8Tb peaynbT8TOB, rronyl.f89MbiX IIB OCIIOB9 ~Op

M8JlbHb!X npaBHJl CIIMMeTpHli H pS!Il8 nony<j>eHOMeHOJlOI"'II'teCKHX II 38'18CTyro O'teHb HeiTOCJtellO

B8T9nbHbJX MOAeneA , TO CHnhHbte B38HMOA8ACTBHH OCT810TCSI IIOKa eme AnSI H8C ,.B9l.Ubl0 B 

ce5e'. Jla>Ke TaK11 e , Kaaanocb 5br, OTHOCIITeJtbHO npoCThre a<jxpeKThr, KaK ynpyroe paccesiHIIe 

tr -M900HOB1 OK83hiB810TCH H9llO C TyfJHbJMll JJ.nR T01.J-

HbiX pacqeToa. B cytnHOC TH, Mbi .aaJKe ne anaeM, a 'tf:eM aaKnroqaeTcst ocnoanaR nplP-IHHa na

IIIHX neyaaq: a HeyMeHbe pernaTb cnO)f{Hbie CHCT9Mbi rroneabtX ypaaneJ-nt:A: HnH >t<e a nenocTa

TO'IHOCTII, a MOJKeT 5b!Tb II B ne<j>eKT8X 0 11/le li, COCT8BJlS! l01lliiX <j>yHI!BMeHT H8WHX npellCTBBJle

HHli 0 np11p011e CHJlbHb!X B3811MOAeliCTBHli. 

C aToll TO'IKII apeHHSI oco5oe 3Ha'teHHe np11o5peTaeT 3KcnepHMeHTB1lbHasr nposepKa pe

ayllhTBTOB H BblBO.llOB 1 RBnHIOJ.UHXCH Cn9LJ.CTBH9M OCHOBHbiX, £tlyH08M9HT8nbHbiX IJOflO>K9HHJ1 Te

OpHII, He cssraatrHhrx c KBKHMH-nH5o npH5Jtii JKeHHhiMH MeTOilBMH pacqeTa. VIMeuuo 3THM o5yc

nosneu 50Jlb1llOfi HHTepec, npOS!BJlS!eMblli B ITOCJlellHIIe f'Oilbl K llHCITepCHOHHOMY 8H811113y ynpy

roro paCC9SIHHSI BbiCOK03H9preTI.Pl9CKHX qaCTHU B o6n aCTH M8nbiX yrnoa. 

3aMeqaTenbHOtt OC069H HOCTblO llH CI19pCHOHHbiX COOTHOWeHnti: HBnHeTCH TO, 'ITO OHH H 8 

OCHOBe JlHllib C8Mb!X 05DIHX nocTynaTOB KBBHTOBOil TeOpHH ITOJlS! yCT8H8~JlHB8!0T CBS!3b MeJK

IlY 3KCnepHMeHT8JlbHO H85JliOU8eMb!MH <j>H3H'IeCKHMH BeJlH'IHHBMH: ITOJlHb!MII ce•JeHHliMH B38H

MOI!eliCTBIIS! 'IBCTHUbl H 8HTII'18CTHUbl C MIIWeH b!O H peaJtbHOli '18CTb!O BMIT JlHTYilbl ynpyroro 

paccel!HIIS! '18CTHU H8 HyJleBOli Yf'OJlo noaTOMY HapyweHHe lliiCnepCHOHHb!X COOTHOWeHIIfi 5y 

neT YK83b!B8Tb HB HecnpaBellJlHBOCTb KBKHX-TO 051llHX ITpiiHUI!ITOB TeOpHH II B nepByiO oqe 

pellb - npHHUHna npH'IHHHOCTII, 11rparowero u an5on ee BBJKHyro ponb npH BbrBOile llHcnepcHoH

Hb!X COOTHOllieHHli • 

Koueqao , npH cpaBHeHIIH I!HcnepcHOHHhrx cooTuoweHIIi< c onhi TOM Mbr He nposepS!eM 

ITpiiHUHIT npii'IHHHOCTII B ero o5rue<j>HJ10CO<j>CKOM 3H8'1eHHII , 3UeC b peqb ltUeT JlHWb 0 Bb!SICHe • 

HIIH ITpOC Tp8HCTBeHHO-BpeMeHH b!X rpaHHU ITpHMeHHMOCTH TOil KOHKpeTHOfi <j>opMynHpOBKII npHH-
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UHil8 npHqHHHOCTH, KOT O p8H HCfi01lb3 yeTCH B COBp8M8HHOA p 8 11HTHBHCTCKOA KB8HTOBOA ~H3H-

K e . 

B o6w e M B Hile npH HUHn npHqHHHOCTH ~opMynHpyeTcH KaK npH3H8HHe TOI'O , qTo Ka>Knoe 

H B 118 HH8 B npHpone H8 0 6 XOilHMO nppO >Kil88T llPYI'08 HB118HH8 - 81'0 C1181lC TBHe, H H 8 0 60pOT: 

mo6oe HB118HH8 o6H 38T 81lb HO 6btn0 B bl 3 B8HO K8KHM-TO llYI'HM HB118HH8M npHpOilbl - 81'0 npH

x/ 
qMHO'A • Y H8C cei\ q ac H e T HMK8 KHX O C HOB8 HHA COMHe .BBTbC H B c npaaen nRBOCTH 3TOPO rrpHH-

UMIT B , Oll H8 KO B TeopHH IT0 11S1 MCIT Onh3Y9TCH 6onee orpaHHl.J9HH8H era ¢ opMynHpOBK8 1 38 K11~ -

'4:810 W 8S1CR B n p e a n o n o )K e H H H, qTo B niD6 0A CK01lb-Y I'OilHO M8110 A n pOCT p 8H-

CTB9HHO- Bp9 M9 HHOH o 6naCTH CKOp OC Tb pa c npOCTp8H9HHS1 CHPH8118 He ITp9 BbiW89T CKOpOCTH 

C B9T8 : n p H 3 T OM J!l06 0 e C 06biTH9 1 npo H C XOllSIUl99 B ¢H3 H\19CKO"A C HCTeMe , M O )t{9T OK 33 biB8 Tb 

B 11H 5I HH 9 H8 XOll 9B011fOU H H 3 T Oii C HCT9 M bl 11HWb B 6ya y WeM J.l He M O >KeT OK838Tb B11HRHHH 

H8 nosenetn~e 3 TOi1 C HC T e Mbl B MO M9HTbl Bp9M9HH 1 npenweCTBOB8BWH9 ll8 HHO~y SlB119HHJO. 

KaK 6 htn0 no Ka3a HO• B p>I.l8 HCC118/10B8 HHH ( C M., H 8 1lp HMep, MOHOI'p8~H ID/ 3 / ), Tpe 60B8HH8 

TB K Oif "MHKponpJ.PI HHH OC TH "' CY!ll9C TB9 HH O o rp8 HHYHB89T T90 pH10, HO BMeC T e C T8M o.aeT 803 -

!IA O ,KHO C T b nOJIY 4HT b p RO B8 >KH biX1 np o s e pSieM blX H 8 OTibiTe pe3yllhT8 TOB 1 B l.J8 C THO C TH,- 0 60-

C JIOBBTb Bbi BOJl D.HC rtepCH O HHblX COOTHO W 8 HHfi. 

H e nKH I He 33 M 8 THTb , qTo u c nonb3 yeMaH B TeopHH nonH ~opMynHpoaKa npHHUHna npH-

l.JHHHO C TH H BnHeTCH , B cyWHOC TH, 3 K C Tpa nonHUHeH C OOTB9TCTBYlOWeA M8KpOC K O ITHqeCKOA 

ll>opMy nHpO BKJ.i H 8 o6 n aC Tb Q q e Hb 'vf8nbiX rrpOCTp8HCTB8HHO-Bp9M9HHbiX M8CWT8 60B, H 38p8Hee 

COBep w e HHO He 0 4 e BHllHO, ttTO T BKBH 3 K C Tp8 rtOnHUHH 38KOHH8. 

BHilOH 3 MeHe HH e ~opMym<pOBKH MHKponpHqHHHOCTH, ecnH 3 TOI'O noTpe6yeT onhiT, npHBe -

~eT K ttpe3Bbltt8fiHO Cy LUeCTBeHHblM H 3 M9H9HHHM B H8WHX rrpeJlCT8BJl9HHSJX 0 X8p8KTepe HBne-

HHfi B c y6aTOMHOM MHpe. 

II . AMnnuTyna ynpyi'OI'O pacceHHHH Ha Hyneaofl yron 

llH~~epeHUH AnbHoe ce q e HHe y npy i'OI'O pacce>IHHH qacTHUbi c 3Hepi'ueli T 

o6pa30M Bbtpa >K.a e T C H yepea MHHMYJO H neH:cTBHTenhHYJO '-IBCTH aMrrnHTy.llbtxx/ 

~ ~ ~ 
u(T,IJ) ·ID(T,IJ) + ii(T,IJll siD(T,IJl l + I I (T,IJl l · 

H3B8C TH biM 

(I) 

B c n y qa e p a cceHHHH H a yi'on IJ - 0 MHHMYIO tt8CTb 8 MrtnHTYilbl MQ)KHQ C TI OM OillbiD onTH-

48 C K O H T 80[l8Mbl B b lp83 11Tb qepe 3 C OOTB8TCTBYIDW88 ll011H08 ceqeHH8 U t ( T) 

I'll8 

I (T) "' I(T , 0 )- _ k_ u;. (T) 
4 TT 

k -HM nynbc pacceHBBJOIUetl:cSJ ttacTHUhi . 

(2) 

n o npo5 H 0 8 o 6cy>Kil8HH8 p83J1HqHblX ~H110CO~CKHX ~O[lMY11l<pOBOK npHHUHII8 npHqHHHOC

T H MO:-KH O H8 HTH, Ha npuMe p, B MOHOI'pB~HHX/1 , 2/ • 
xx/3~ech H B831l8 ~8 1188 T - KHH8THqeCK8H 3 H8pi'HSI qaCTHUW B n a6op a TOpHOn C ll C -

T eMe KOOpllH HBT . 
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PeanbHaH qaCTb BM!UlHT 

6biTb Bblp8>K8H8 qepe3 3 KCfi8! 

± 
HHHH 11 -M830HOB H8 npo· 

0 

- li (0° + 
+ 

3necb D ± "' D ± ( 0) E • 

M830Ha; () • 0,08; "t. : U 

3TO COOTHOW8HH8 c n pa E 

OCT8lOTCH orp8HH1.feHHbiMH Hnl 

B 6 onee o 6 w e M c n y q ae 

THIT8 

{I 

H ITOJI H UOM 

p 

C riOCTOS1HIIblMH K0 3 <f:xPH U H9HTE 

OTHOllleH if C rtp JJ M9JHI M0 1 ecnH 

C M b JCn BBeneHH>~ nonon. 

CH a 3aM ene BKnana o6n ac T H 

HII H "t (T) H3 B 9CTHO 91Il 



enHTHBHCTCKOft KBBHTOBOll ~H3H-

BK TlpH3H8HH8 TOrO, qTQ K8~08 

- ero c neacTBHe, H Hao6opoT: 

HBnenHeM npHpOilbi - ero npH-

n a cnpaaennHBOCTH aToro npHH-

HBH 9!'0 <jJOpMynH pOBKB , 38KniO 

CKOnb-yi'OilHO ManoA npOCTpaH -

:-tana He npeBbllli88T CK OpOCTK 

:ott CHCT8Me, MO>t<eT OKa3biB8Tb 

'BOB8BWH8 D.8HHO~y SIBneHHJO. 

-<OHOI'pa~HI0/ 3/), Tpe60B8HHe 

HlO, HO BM8CTe C T8M aaeT 803-

aynbT8 TOB, B '-18CT HOCTH ,- 060 -

R ~OpMynH pOBKB npHHUHna npH

ByiOWeA MBK pOCKOnHqeCK OA 

8M8HHbiX M8CillT860B, H 38paHee 

3 Toro noTpe6yeT o n biT , npaae-

•llCTa sneHHRX o xapaKTepe Hane-

eaoll yron 

hi c 3 Hepnrell T 

xx/ 
"'H 8MI1/IHTY.Ubl 

- j J(T ,I!) 1
2 

-

H3 B8CTH biM 

( I) 

!TYD.bi MO)f(HQ C flOMOlllb!O on TH · 

eqeHHe a, (T) : 

' ) . (2) 

ry nHpOBOK npUHUJHT8 npJ.PUIHHOC-

q aCTifUbl B na6opaTOpHOH CII C -

PeanbH811 '18CTb BMWIHTYilbl C UOMOIUbiO llHCU9pCHOHHOI'O COOTHOW9HifH TBK>Ke MO>KeT 

6biTb Bbipa>Keaa qepea 3 KcnepHM9HTanbHbie aaa'leHHII a, (T) • HanpHMep, s cnyqae pacce

± 
IIHHII 

3 a ecb 

M830Ha; 

-M€30HOB H8 npOTOHe 

0 
D ± " D ± (0) 

fl 0,08 ; 

E•(k
2
+/lli 

+ 
at = at (w- P) -

2 2 ,_21 k + 
p:r( ;--p.-11..-/7 2::-:M:-:-) =::t-=E-

(3) 

M H p. - MSCCbl HyKnOHa H 

3TO COOTHOW € HH € CUpBB€/lnlfBO , ecnH B 06naCTH Bb!COKHX 3 H eprHA ceqeHHII a"!:_ (T) 

OCT8JOT C51 orpaHH'-18HHbiMH HnH B03p8CT8JOT, HO M8D.n8HHee , '-18M T : 

a± ( T) < T • Const . (4) 

,. 

B 6onee o6weM c n y q ae llHCnepclfOHHoe cooT Howen!fe coaep>KH T HHTerpanbHbie qneHbi 

THI18 

(5) 

H ITOnHHOM 

(6) 

C flOCTOSIHHbiMH K03QxtlHUH8HT8MH 
/3/ 

3anHC8HHOe B TBKOA ~OpMe llHCnepCHOHHOe CO -

OTHOW8Hlf£' npUM8HIIMO, ecnH TlpH T -+ 

a± ( T ) < T • const . \ 7) 

CMbiCn aaeaeHHSl aononHHTenhHbiX cTerreHeA B aHcnepcnoHH bre 3 HaMeHaTenn 38KnJOqaeT-

CH B 3aMeHe BKnaaa o6nacTH oqeHb 6onbWHX 3HeprH~ T >> 10 r3a, rae noBell€HHe c eqe-

HHll at (T) H3BeC THO ewe HeaOCT8TO'-IHO XOpOWO , IlOCTOSlHHbiMH , 3 H 8'lJeHHH KO-
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TOp btX M Q)KH Q o n pe.a.enKTb H 3 C p 8 BH9 H H SI C 3 KCllepHM9HTBilbH blMH 3 H 81i9HHSI MH Dt (T). 

T a Ka H Bbi'UITa T enbHaH npoueaypa npeacT a snHeTCH o co6eaao BBlKHOll, ecnH y q ecTb, 'ITO aa>Ke 

B T O M c n yqae , Korua ceqeHHH u t. ( T ) npH T He B03 p8C T 8 10T, B C TpeMHT CH K KOHe'l-

H biM n pe.aenbHbtM 3 H8'l.J9HHSIM 
0 

q± xapaKTep auepr eTH'Iec K oll 3 a BHCHMOCTI! D ± ( T ) 

B o6 n aCTH J3biCOKH'X 3 HeprHH C yiUeC TBeHHO 3 8BH CH'T O T T O r o , H BCKOilbKO 6 biC Tpo .UOCTHP810TCSI 

9 TH 8CHM ITT 0 1'l.P·I eCKHe 3H8 l.{9HH51 
0 

q ± 
/ 4 / 

BM ec T e c TeM c nea yeT noaq epKH Y T b, 'ITO npHMeaeHHe Bhi'IHTaTe nbHo ll npoueayphi MO-

>Ke T n p H B9CT H K y c nexy IIH Wb B TO M Cllyttae , 9CIIH 3KCITe pHM9HT8 1lbH bl9 ,(1 8 HHbi9 1 H3 C p8BH 9 H H R 

C K O T OpbtMH Oll p9Jl9 1ISI10TC SI ll OC T O .SIJIH bl 9 a n , SIBIISilOT C SI llOCT8'!'0 ttHO T O LJ H biMH , TBK K8X 

n p H H9 K 0 1'UpbiX YC IIO BHSIX .J.B>K9 H960ilb lll 8 R 0WH6K8 tia 
b 

npH y aen H'IeHHH aaepr HH T 

C T8HOBHTC51 q pe3 B bi 1.J8ihro cym eCTB9 H HOfi l1 MO>KeT HCK83 HTb He TOilbK O 891l litfHHY 0 t . t HO 

llB :>K e BH O ee 3 H e pre TH1.J. €C K.O i1 38 B HC H MOC TH . 

3To xo p o m o s n n ll o 11 a n p HM epe n u c nepc HOHHo r o coo T aomeHHR (3) . E c nH c eqeH HR 

0 
U ± ( T ) B o6n aCT II O 'l e Hb B bi COK H X 8 H€ pl'HH C TBHOBHT CI! OOCTOHHHbJMH (q± (T) .. Ut. ( T)) 

T O t-J e T pyLl H O ITOKA3llTb, l.fT O C OOTHOW9HH e {3 ) flpH 3THX 8 HeprHRX npH H H M89T BHO: 

D ± ( T) • A ± Tin T + B± T + R ± (T) , 

ru e R t ( Tl / T .. 0 npn T , 8 n ponopUMOH81lbH bl 9 pa3 HOC TH 8CH Mn-

T O TH1.JeCKH X CB 1.J e H Hi1 ( C1 O - t1 O ) K03<P¢H UHBHTbl A + H 38 BHCSJlll H B OT Il OC T O SIH Hbi X 8
0 

± + - /4/ 
Ko a ¢¢Hun e HT bl B± ,ll01l >KH bl T O>K!leC TBeH H O 0 6 paiUB T b (; SI B Hynh: 

A± • 0 B :!; • 0 • (9 ) 

n epBO M Y H3 3 T HX TO:>KllBC TB MO:>KHO YJl0B1lB TBO pHT b 1 IT0 1lO>KH B Cl~ • O'O 'YT O :>Ke KBCB -

eTC H BTOporo , T O JlB>K€ H e601lb W 8SI HB T 04 HOCT b B O rrpeaen e UHJ.I BbP-J H T ATe 1lb HbiX ft OC T O SI H H bl X 

ti a n p HB e Jle T K TOMy, 'ITO K OS<jl<jJHUH €HT b l B ± C T B H y T OTnH'IH b!MH O T HYilH H npH 60ilb-

UIHX a a eprHH X aKnaa q n e HoB B + T c oaepmeHHO H CK B311T pe3ynbTB T b l pacq e T oB. 

Y T o6bt H3 6 e>+<a Tb a T oro , noc T OSJ HH bt e •n cnenyeT onpe a e n HTb B T0 4 KBX T • T n 

JlOCTBTO'IHO 6 n li3K H X K 3 Hepr e TH'I€ C K OA 0 6 n aCTH , B KOT OpO ti HCCil€ 1l Y IOT C H 3 HB 'I€ HI!H D± ( T) . 

B 3 T OM c n y l.fae norpe wHo C Tb 

tiD±(T)- Ul an +tiu+ ·Cons t)( T - T n ( 10) 

C LUe He y c neeT C T EI Tb C lllf W K O M O ll8C HO i1. K C O :>Ka 1le HH10, B H 8 H 5 o n ee HHTepeC HOA: ll1lSI rtpO-

B€pKH Jl HC : IepCIIOHHbi X COOTHOlU€HHll o6n aCTH T ;::; I r a s T O 'IHO CTb U3 B €CTH b iX c eAqec 

3 K C IT9 pH M€ HT8 1lb H biX 3 HB l.fB HHA D± (T) eme aeCbM8 H B Be llHK8, Il0 3 T OMY HCfl01lb30B8 -

H HB JlO IT0 1lHHT9 1lbHbi X B bi4HT8 HHA BHOCHT B Bbl"liH C 1lSI9Mbl9 3 H 81.J9 HHSI D± (T) 6bnhWHe OlllH6-

KH , 1.1 e M HBT 0 1.JHOe 3 Hc1'-IB HH 9 8CHMfTTO rH'-19CKOrO XO,ll 8 C e'i9 HH A uj: (T) a c nyqae, ecnH 

orp8 HH 1.J H T b CSJ MH H H M81lbH bl M 4H C IIO M Bbl'lJHT8HH~ . 
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B Ha cTo a m ee apeMH an H 
14-1 21 II 3 -I ! 

HHM HllH C aByMH 

q eTbi 1 HCfiOilb3088HHe llH C nepC H < 

eT npeHMymecTB no cpaaue HHIO 

n anee M bl Bceraa 6yaeM 

KoA n e peMe HHoA anH ¢HKc HpoaaJ 

06mHX ITp H HUHUOB, 38/lO lKe HH biX 

H b i e COOTHOIUeHHH JlllH rr - N 

qae He c oue p lt<aT BKn a u a a e¢H 3 J 

C O OTHOlll 9 HHR 1 9 K C nep HM9 H 8 T ilbHC 

pH Ha T o, 'ITO 3 /l ecb c e ll q ac H3 

IISie T CSI CyWeCTB9HHO M e H ee •yH 

B 8 T O M c n y qae Heo6XOJlHM O eUI€ 

CHT o6naCTb He ¢H3 H'IeCKHX SHe~ 

'IHCilHeTC H B eCbMB n pH6nHJKe H HO 

C O llbiTOM JlHCUepCHOHHb iX pacqe 

'leM B cnyqae y n p yroro rr - N 

o TcyTc Tans:r ::tK c rre pH M e H T anbH h t X 

a o 6 naCTH M BilhJX a a epr nli T 

T e r panoa TBK~e o n penenH eTcH 

B CHn y y K a3BH HbJX o6cTow 

, - N pacceHHHR. 

PaccMo TpHM npe~ue a cerc 

8 il€MeHT8 pHbiX 'IB CTHU n p H 8H€p 

Jll. noa eneHH E 

113 OU b!TOB HB y CK OpHT€illl: 

JlO T 3Q faa , a C €'I€ H H H I 

Hy Kno a a MH - no 3 a eprn A T 

O co6eH HO TO'IH hiMH H BnH IOT CH no 

owH6KH tiu.:r I u ± B cpe a 

T " ( 2,5 "5,5) f 3 B COC T BBil lliOT 

nalt<e UpH 6erno M paCC M O T 

o6p a UIB€T H B C€6 H BHHM B HH € To · 

H 9 HHSI Ce'lJeHHA C T B HOBSITC R 0 4 9H : 

T ORHHbiM H1llf 1 M O>KBT 5biT b 1 0 1.J. B " 



'-'H 3 HB'IeHHHMH D ± ( T l . 

t>KHoA, ecnH yqecTh, "'TO aa.JKe 

paCT8fOT1 8 CTp9MHTCSI K KOH91f-

KOH 38BHCHMOCTI! D ± (T) 

!B CKOnbKO 6btCTpO llOCTHr810TC SI 

ol'lHTBTenbHOH npoueaypbl MO-

.JTllnbHbl9 !l8HHbi8 1 H 3 Cp8 BH9HHH 

T8':'0tt'HO T O'-I HbiMH, T BK KBK 

T 

TOnbKO B€nJftHIHY 0 t. . 1 HO 

e HHSI (3). Ecnn ce '!eHH R 

lSIH H biMH (a± (T) .. <7~ (T)) 

HIX npRHHM89T BHU: 

t (T). 

p UH OH80bHbie p83HOCTH 8CHMn-

33 BHCHWH9 OT II OC TOSIHH WX 8 0 

/4/ 
'nb: 

(9) 

tfT O >Ke KB CB -

BbiYHTB T9nbHhiX nOC TOSIHHhlX 

r n Ht.tHbiMH oT HY1HI H npH 6onh-

aynhTaTbi pactteToB. 

~ nenSITb B T0t{K8X T - T n • 

c n e ayiOT C SI 3Ha 'le HH R D±(T). 

( 10) 

6 o nee HHTepecHoA anSI npo-

H OC Tb H3B9CTHbiX c eAtteC 

en RKB, ll0 3 TOMy HCOOnb30B8-

HHSI D± ( T) 6onbWHe OWH6-

"±(T) a cnyqae, ecnH 

8 HBCTORlllee BpeMSI /lOS! p8C'Ie TOB npHMeHSIIOTCSI IIHCnepCHOHHble COOTHOWeHHSI C 0 ,1 -

/4-12/ /13-19/ 
HHM HnH c nayMH BhPIHTBHHHMH. Onaa Ko, KBK noKa3hiBBJOT cpaeHHTenbHbie ~'aC-

tteThi, HCllOnb30B8HHe ll.HCITepCHOHHblX COOTHOll19HHA: C llBYMH B bP-IHT8HHHMH IIOK8 eme He HM e -

eT npeHMyllleCTB no C pBBHeHHIO C IIHCnepCHOHHb!MH p8C 'IeT8MH C OIIHHM Bbi'IHT1lHHeM. 

fianee M b l BCer/18 6yaeM p8CCM8TpHB8Tb IIHCnepCHOHHbie COOTHOW e HHSI no 3 HepreTH 'IeC-

KoA nepeMeHHOA n nH ~HKCHposaaaoro yrna pacceSIHHSI 6 • 0 C TO'IKH apeHRSI npOBepKH 

06liiHX npHHUHnOB, 3BOOJKeHHb!X B HX OCHOBy, HBH600bWHli HHTepec npe!lC T 8BiiSIIOT Q HC nepCHOH-

Hb!G COOTHO!U e HHSI IIOR 11 - N pacCeSIHHSI , T 8 K K B K IIHCnepCH OHHbie HHTe rpanbl B 3TOM c ny-

'189 He CO.Oe p>t<8T BKnB UB H9¢lH3Jfti9CKOH o6naCTH H B ee BenHl.J:HHhl, BXO.OSHUHe B D.H CIT9pCHOHHbl9 

cooTHOIUeHHSI, 3KcnepHMeHaTnbHO a a6niOaaeMbi. Cnyqali ynpyroro N-N p8CCeH HHH, HeCMOT -

pH HB TO, 'ITO 3/leCb CeH'IBC H3BeC TH8 6onee 6or8T3SI 3 K cnepJIMei<T8nbH8 SI HH~OpM8UHSI, SIB

nSieTCSI CyUieCTBeHHO MeHee •qH C TbiM• t TBK KBK npe>K.O.e l.J9M Cp8BHHB8Tb pa cl.J:eTbl C OffbiTOM 

B 3TOM Cnyqae lleO f5XO.OHMO eme YCTBHOBUTb , K8KOi1 BKnan B .llHCnepCHOHHbl9 HHTe rpa n bi BHO-

CHT o6na c Tb He~H3H'IeCKHX 3 HeprHA T <.O • BKnaa 3 TOil o6nacTH B HaCToRrnee speMSI Bbi-

'IHCnHeTCSI BeCbM8 npH60H)I(eHHO ( CM-. HH)I(e p83}len VJ ) 1 i10 3 TOMy peaynbT.lTbl Cp8BHeHH SI 

c onbrTOM aacnepcHOHHbiX pacqeToB N - N p8CC95JHHSI HBnSilOTC H M eHee onpea.en e HH biMH , 

'leM B cnyqae ynpyroro " - N p8CC951HIHI. llo ttOnHHT9nbH!JI 9 H9TO'!HOCTH B03HHK8 lOT l-!3-38 

O TCyTCTBlfH 3 K C II9pHM9HT8nbHbiX ,ll8HHb1X ITO nonHblM ceqeHHSIM B38HM0.09ACTBHH 8HTHHyKnOHOB 

B o6naCTH MBnbiX 3 Heprnli T COOTB9TCTByJOlU8SI l.JB C Tb AHcnepCHOHH bi X MH-

Terpanoa T8K)f(e onpenenst eTCR nHlllh otteHb rrpH6nH>KeHHO. 

B c uny yKB3BHHbiX o6cTOSITeiibCTB Mbi aanee oco6oe BHHMBHHe 6yaeM yaeni!Tb c ny'laiO 

" - N pacceHHHSI. 

PaccMoTpHM npelKJle scero TO, 'ITO HtJM ceJlqac H3 B eCTHO o ce 'leHHSIX B3a>rMoneAc T BRA 

3 0eMeHT8pHbiX '18CTHU npH 3 HeprHSIX T >> I r 3 B. 

" 

III. nose,geHHe ce 'leHHl! B o6naCTK BbiCOKKX 3He prnl! 

11a onbiTOB ua ycKopHTenHx ceqeH R SI N- N B38 HMOJlefiCTBH'fl H8M H3B9CTHbl BIT110 T b 

ao T 30 r ae, a ceqeHHH B38l! !.1 J iJ.eHc TBJfi1 8 HTHHYK110HOB , K - M rr -Me30HOB c 

HYKiiOHBMH - 110 3 HeprHi! T 20 r 3 s
1201

• TO'IHO C Tb H3MepeHHH 3/leCb aecbM a BbiCO K 8 . 

Oco6eHHO TOl.JH biMH HBnsnoTCH n o nHble ce Y e HHH 
± 

" p B38 HMOileliCTBRi!; npH 

owH6KH ll a.:!" / a± B cpenHeM H e npesocxoaHT + (I- 2) % , a B o6nacTH 

't" • (2,5i;5, 5)r3 B COCT BBOIIIOT Bcero nHWb OKOOO +(0 ,05-0,1) % . 

T > 8 r a s 

na)l(e npH 6ernoM paCCMOTpemtH 3 HepreTH'leCK OH 38 BH C HM OCTH Ce '! e HHH "± ~ T) 

o6p8IIt8eT H8 ce6SI BHHMB HHe T OT 4 •8KT, 1..fTO npH 3 HeprHSTX 1 60J1bWMX HeC KOilbKHX f a.a , H3Me -

HeHHSI cetteHHA CTB HOBSITCSI Ol.JeHb rl118BHbi MH , 8 C8MH CeqeHHH MO H O T OHH O C T peMR T CH K ITOC 

TOSIHHbiM HnH, M O)f{eT 6bi T b , OYeHb Mea neHHO yMe Hb W8iOlU HMCSI C pOC TOM 3 H eprHH npe.ne.'l aM 
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(eM. p 11 c , I). CeqeHuSI eaal!MOilellcTBIISI cooTBeTcTByJOWIIX qacTIIU 11 a HTII'IBCTIIU np11 3TOM 

C61Tit>K8lOTCSI, C HITbHO OCIIB6 1TSI8TCSI H30TOnHqeCK8SI 3BBH C HMOCTb C8t.I8HH:A . 

• 
• 
M 

10 

•• 
! .. ..... 

M 

•• 
" 
II 

.. 

''"" .. ~ 

.. 

..----~==========~-J 

:.:::::::::-_ 
--·-=---===== ~-------------------... . .. 

··~. --':.--'.'---':-, -:': .. --',.::--:,.':--.-. ,.:':--.',.,.--:.!:-~. 
.... tn\81....,_~. 

p II c. 

3HepreTII'!eCK8SI 38BHCIIMOCTb nonHbiX Ce'!eHI!i! B3811MOllelicTBIISI 

3neMeHTapHbiX qacTIIU npH T >> I f3B/ 21/. 

no OCII 80CUIICC OTnolKeH IIMnynbC HaneTBJOWeil 'IBCTIIUbl 

p • yT(.,. + 2M) ,. T + M ,. T •. 

npll T ~ 5 f 3B 3Kcnepi!Me HTB nbHbie ce '!eHIISI xopowo a nnpoKCIIMIIPYIOTCSI <jlyHKUIISIMII: 

u± (T) c 

0 

0 
0'± 

C I10CTOSIHHbiMII KO,.q,<jliiUHeHT8MH 0'± ' e~ 

+ e± 
T" (II) 

K B cnyqae N -N II TT - N B3811MOaei!-

0 0 
CTBIIII HBIIny'IW8SI a nnpOKCIIM8UIISI llOCTIIraeTCSI, ecn11 I10nOlKIITb 0' + • 0' _ II Bbl Op8Tb 

/~/ 0 
K .. 0,5 • Dn" N- N saaiiMoaellcTBIIil u± " a

0 
cocTaBnSieT 37-39 Mo, an>~ 

TT N B38HMOllBllCTBIIil 0' 0 "' 22-23 Mo. 

BMecTe c TeM cywecTBeHHO noa'lepKHYTh, 'ITO nonHoro cos naaeHHR ce'!eHHil eaa iiMoaeA

CTBHH tt8CTHllbi H 8HTHt.I8CTUUbl B o6n8CTH YCKOpHT81TbHbJX 9 HeprHfi ewe He D.OCTHrHyTO f H8 -

8 

np11Mep, s cnyqae 
± 

, - p ( 

0'+ = (: 

T.e. p83HOCTb CB'IeHIIi! 

B 3TOM oTHoweHIIII O< 

30HOB Ha npOTOHaX: I1pll 311 

0' ± ( T) e 3 TOM cnyqae npa 

nax OWHOOK 113MepeHHil IIX 

Mil 0' 0 - (7 0 
+ -

BHe oonacTH YCKOpiiTE 

neHHoil. Bee cseaeHIIH o ce 

KOMJTOH8HTOA KOCMHt{8CKHX , 

TBX C KOCMII'!eCKIIMII ny'IBM 

oonbWIIHCTBe cnyqaes 3HB'IE 

Ta nopHilKa asoi!KII. EonbwH 

nOpiiMeTpa, KOTOpb!l! 11035011 

3HB'II!TenbHO oonbWeil TO'IHC 

3THM MeTOllOM ewe TOnbKO 

BcH 113BeCTH8SI HaM CE 

BbiCOKHX KOCMHl.l8CKHX ::mepr 

Hbii! xapaKTep. 

B oonacTII T ~ 10
5 

B OCHOBHOM nyTeM BH8nll38 

CTBHA KOCMHt.I8CKHX 48CTHU 

8H81TH38 3KC JT8pHM8HT 81TbHbiX 

B BeWeCTBe <jloT03MyabCIIII, 

0' t ( B 38BIICI!MOCTII OT 

rr -Mea oHoM) MOlKeT obiT 

ae'opol!neBCK8SI llni!H8 BOnHb 

pos Siapa, ycnoBIIR npi!MeHII> 

nony'leHHbie T8KHM 00[ 

THKH TOt.{HQCTH KOCMHqeCKHX 

ycKOpiiTenRx. 



C THU H 8 HTHl.f8C THU rtpH :3TOM 

·b ceqeHHll. 

• • 

:11 1\ B38 11MO/lellC TBIIl! 

e ll 'IBCTI!Ubl 

a nnpOKCIIMIIPYIOTCll lj>yHKUIIl!MII: 

( 11) 

N -N II rr - N 

rb U ~ U O II Bbl 6p8Tb 

COCTBBITl!eT 37-39 M6, /liTll 

C OBITSileHHll ceqeHI!l! B38liMO/leH-

i e prllll ewe He llOCTIIPHyTo; HB-

± 
npHMep, B Crryqae Tr - p CTOrrKHOBeHHll npH H8H60rrbWell IICCrrei!OBBBWellcl! 3HeprHII T •19 r 3 B 

(23,5+0,5) M6, U- = ( 25,0 +0,5) M6, 
(12) 

T,e. pa3HOCTb ceqeHHll 

u -u+ •(l,S± ll ( 12') 

B 3TOM oTnoweHHH oco6eano 3aMe'laTerrbHbiM l!Brrl!eTcll cnyqall paccel!HIIll 
± K - Me-

30HOB H8 npOTOHSX: npH 3HepPHl!X T > 1 0 r3B cpeaHHe 3KCnepi!MeHT8ITbHbi e Kpi!B bie 

u±(T) a 3TOM cnyqae npaKTH'IecxH napannerrbHhi apyr apyry (eM. pHc. 1), XOTll a rrpeae. 

nax OWH60K H3MepeHHI\ HX H MOlKHO annpOKCHMHpOBBTb lj>yHKUIIl!MII ( 11) C pBBHbiMII 3 HS'!eHII51 -

MH CT: • CT~ , 

BHe o6nacTI! ycxopHTerrhH hiX 3HeprHII CHTyBUIIl! l!Brrl!eTc l! 3HB 'IHTerrbHO MeHee o npeue

nenHol!. Bee caeueHHll o ceqeHHllx nonyqaJOTCl! 3aech 113 onbtTOB c BhiCOK0 3 HepreTtl'lec xol! 

KOMftOHeHTOA KOCMHqeCKHX n yqeA , HHTeHC HBHOCTb KOTOpott Ol.fe Hb M a na. KpoMe TOrO , B Oflbl-

TaX C KOCMHl.{eCKHMH nyqaMH O"'ellb H9TO"'HO OITpe.oonsteTCSI a aeprHH nepBH"'HOA' "18 C THUbl! B 

60rrbWIIH CTBe Cn yqaeB 3HB'IeHI!e 3TOll 3HepP1111 113BeCTHO ITI!Wb C TO'IHO C TbiO 110 K0 3 q,¢1!UI!eH

T8 nopH.OKa aaoHKH. EonbWHe aaae>Kllbt ao3naraJOTC51 ceHqac na MeTO.ll HOHHa auHoHHoro Ka-

ITOpHMeTpa, KOTOpbtl! IT03BOITl!eT onpeaerri!Tb 3 HepPIIIO Harre TBJOUiel! KOCMI!'IeCKOi! 'IBC TI!Ubl CO 

3H8"1HTenhHO 6onbweA: TOqHOCThlO, qeM ace .opyrHe M9TO.llbt i onnaKo Hcc n e .ooaa nue ce-qenHA 

/22-23/ 
3THM MeTOLlOM 91U9 TOnbKO H8tt8nOCb 

Bell 113BeCTH8ll HBM Cei!'!BC I!Hij>opMBUIIl! 0 Ce'!eHI!l!X B38 l!MO!lel!C TBIIR 'IBC THU npl! C Bepx-

Bb1COKMX KOCMH1.J€CKHX aHeprHSIX T >> 10 r 3 B HMeeT ITI!Wb opHeHTI!pOBO'IHblll , KB'!eCTBeH-

Hhtl! xapaKTep. 

B o6nacTH T 
5 • 

<ii, 10 r3B CBel!eHI!ll 0 6 3rreMeHT8pH b!X B 3 8f!MOI!ellC TBHIIX n o n y 'IBIOT C R 

B OCHOBHOM rtyTeM 8HBnH38 3KCITepHM9HT8nbHbtX .ll8HHhiX ITO C91.J9HJHIM H9 jiTpyrHX B3 .:H IMOQ€A:-

CTBHA KOCMHt{9CKHX l.f8CTMU C paanHl.fHbiMH BTOMH biMH 51 .llp8MH HnH , l.fTO :3KBHB8 n9HTHO , H 3 

BHBnH38 :3KCnepHM 9 HT8nbHblX Ll8HHbiX no Cpe.OHHM CB060.llHbiM npo 6 e raM K OC MHl.f€ CKHX q aCTHU 

a aewecTae lj>oT03MyrrhcHII. B o6o11x cny'la<tx ce'!eHne N - N 11rr11 rr- N B3B H~Oae ifCTBHH 

CT\ ( B 38BHCHMOCTH OT TOrO, 51Bn51n8Cb nepBH'l{H851 KOC MH'l{9CK8~ 'l{8 C THU 8 HyKnO HO M HnH 

Tr -Me 3 0HOM) MOJKeT 6btTb Bbi'IIIC rreHO no lj>opM y rr a M OfiTI!'Ie C KOil MOUe rrll /
20

•
251

• Tax K B K 

Jl9
1
6potfneBCK851 .OnHH8 BOnHbl nepBH"'HOJ1 1..J8CTHllbi HBMHOrO M9HbW€ reoM e TpH'-I eCKHX pa3 M e -

pOB Hllpa , yCnOBHSI rtpHMeHHMO C TH OflTHl..f9 CKOi1: MO!l9nH 3 Ll9 C b XOpOWO BblrtOnH~ lOTC 51. 

norry'leHHbte TBKIIM o6p8 3 0M pe3yrrbT8Tbl npi!Bea eHbl B T a6rri!U B X 1-3. nnH X 8 p 11 KTep11 C 

THKH T01..JHOCTH KOCMH1..JeCKHX Ll 8 HHbiX B Ta6nHU8X yK83 8 Hbl T B K >K e /lBHHblet nony"'eHHhl9 H B 

ycxopnTenHx. 
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Ta6nHua I 

Heynpyr oe B3BHM08e~CTBRe HYKnOHOB c RAPBYH H ceqeHRR 

N-IV B38RU088~CTBH~ 

CeqeHI!e B u6 T, r<JB fl.npo 

--------------------------5.?.~!~~~~~~~~-----~f~~~------------- RRTepaTypa ------------------------------------------------
23 
23 
23 
23,3 
23,3 
23,3 

23,3 
23,3 
23,3 
30 

32 (IS...;-SQ) 
32 (IS..;- 50) 
32 (IS-;-SO ) 

32 (IS-;- 50 ) 

37 (28-i- 58 ) 
77 ( 5&;-I2I ) 
I78(I2I-;-387) 

c... 
(.,l 

1'6 
6e 
c. 
Ae . 
CM. 
Cc( 
1'6 

1t. 

c 
s 
j::e. 

fc, 

F'e. 

Fe 
Fe 

7IS ± 20 
II46 i 40 
IBID ± 60 

ISO 
2IO 
400 

740 ± 20 
IIBO ± 2S 
I750 ± 30 
ISSO ± I30 

2S6 1 IS 
680 ± IOO 
790 ± I20 

2IS0 ± IOO 

S9S 1 4S •> 
6IS 1 ss•> 
730 ± I90 .. , 

------------·- - -
500 titf-;-I03

) Fe 9IO + I40 
- I36 

26 ± 2 
42 i 8 

rv60 (>42 ) 
36 
3I 
28 

28 ± 2 
44 ± 4 
42 ± 8 
27 1 8 

6 

44 ± s 

>SO 
38 + 9 

-I2 

~roo 

20 1 3 
2I ± 4 
32 1 40 

I6 

60 (> 3S·~ 

600 c 220 + 20 34 + 5 

/26/ 
/26/ 
/26/ 
/27/ 
/27/ 
/27/ 

/28/ 
/28/ 
/28/ 
/29/ 

/30/ 
/30/ 
/30/ 

/30/ 

/3I/ 
/3I/ 
/3I/ 

/32) 

- 26 - 7 /33/ 
~l9:L2~Ig:!I~2~IQt2_~~--!§!Q_~-~§Q ______ ~§Q ____ ~gf~ ________________ L2~L ___________ __ 

7.I04(s . Io4+I,3. I o5) 1'1> 5300 + 800 )IOO 'I /34/ 
- 1400 

ro7wf+ro8) 
.,•v 
/Y ISQ(G".,(3 7Q IS< !Sf< 70 / 3S/ 

lf)YKaaaHO cpe.ZJ;Hee SHaqeHR e !!pOTOH- R.ZJ;epnoro 11 HeiiTpOH- R.ZJ;epHOf O ceqeHR~ , !!pi1Be;n;eHHbiX B 

paOoTe/3I / , 

+ )YKaaaHo Kpa~Hee HRltmee ana'leHRe ; Kpai!Hee BepxHee aHa'leHRe O'leHb BeJII1 KO ( > I OO u6 ) , 

lO 

Cpe8HIIA CB0608Hb1A n 

T, raB L in , C..A-4 

22,6 36,6 1 I 

25 ~ 32,6 1I , • 

2S,8 1 o,s 
I 

4I,9 1 3 

26 3S,I 1 I 

27 37,9 t I 

27 37,9 1 0 

27 42,6 1 2 

27 3I 1 3 

28 39,2 1 I 

30,9 1 I,6 38 ,3 ± I 

SO(I+IOO) 4I,7 
I70 4I 1 I I 

9SO 1 sso 39 1 I i 

2,8 ,!03 22 ±II 
E 

3,IO 27 + 3i 
- II 

3, S.I03 )20 

7 .I08 27 1 3' 
21 

lf)Y Ka<JBHO Kpai\Hee HIIKHee 3H8' 



cet~eHIIII 

JIII TepaTypa 

/26/ 
/26/ 
/ 26/ 
/ 27/ 
/ 27/ 
/27/ 

/28/ 
/28/ 
/28/ 
/ 29/ 

/30/ 
/30/ 
/30/ 

/30/ 

/ 31/ 
/ 31/ 
/31/ 

/32) 

/33 / 
____________ L~~L ___________ __ 

/34/ 

/ 35/ 

Jro ce 'le HII~ , npi! B eAeHH~x B 

e o t~e HI> BeJIII KO ( > I OO 116). 

Ta6JIHua 2 

CpeAHII~ CB060AH~H npo6er norJIOS8HII8 npOTOHOB B WO T0311Ylll>CII II II C8'18HII e 

N-/11 B3aHIIOAeHcTBH~ 

T, r aB J!JITe paTypa 

22,6 36,6 ± I 31 ... 3 /36/ 
- 2 

25 ~ 32,6 ±r,4 ~ 43 ... 7 
- 5 

/37/ 

25,8 t 0,5 41,9 t 3,6 23 ... 5 / 38/ 
I - 4 

26 35,1 ± 1,5 35 ... 5 
- 4 

/39/ 

27 37,9 :t 1,2 28 :t I /40/ 

27 37,9 t 0,7 28 ± 0,8 /41/ 

27 42,6 ± 2 22 ± 3 /42/ 
2 

27 3! ± 3,4 50 -tiS 
-14 

/43/ 

28 39,2 t 1,2 26 ... 2 /44/ 
- I 

30,9 t 1,6 38,3 ± 1,2 28 + 3 
- 2 

/45/ 

50(!-+-IOO) 4!,7 23 /46/ 
170 41 t IO 24 + 26 /47/ - 9 

950 ± 550 39 ± 12 27 + 48 /49/ 
- 12 

> 46 ~) " 2,8.103 22 ± 10 /49/ 
6 

3.!0 27 + 32 70 (>12 .. , ) /50/ 
- 10 

3,5.I03 )20 < 170 / 51/ 

7.!08 27 t 37 
20 

76 (> 10* /52/ 

------------------------------
M)YKaaaHO Kpa~Hee HII KHe e 3H8'18H11 8 j Kpa llHee Be.pxHee 3H8'18HIIe 0'18Hl> B8JIIIKO (> 100 116). 

II 



,__ 

Ta6Jlllua 3 

Cpe,l!Hl!ll CBOC50;!\Hblll npo6er :if- U630HOB B i!lOT031lYJII>Cl!H ll CelleHlle 

'Jf- f\1 B38l!IIO,l!ellCTBI!ll 

T, raB L;.,., c~ a-'t- ' .... o- liHTepaTypa 

-------------------------------------------------------------------------------------
17,2 40,5 ± 1,5 24,5 ± 2,0 /52/ 

50 37 ± 6 30 ± 20 /53/ 
8 

50 (1+100) 41,7 23 /46/ 

roo (I+200) .. 32 ± 3 47 ±13 
12 /54/ 

,..,roo 41 ± 8 24 ± 16 /50/ 
8 

300 (100+ 500) 37 ± 5 30 ± 12 /55,56/ 
4 7 

I03 (lcf-;.I04) 42,4 ± 6 ;8 22 + 12 - 5 /57/ 

I03 (4.Icf-:- I ,5.103 ) 39 ± 12 27 + 48 
- 12 /48/ 

5.ro3 cro2-:- ro4) 3,67 + 3,7 
- 3,2 

29 + 8 /5~/ 
- 6 

,rd1 35 35 /59/ 

CTporo roBopll, npHBeAeHHble aHal!eHllll Lit> np11 T > 30 raB IIBJIHIOTCII cpeAHIIII 

CBOC50AHblll npo6ero11 Jll!BHCBbiX l!8CTHU, pO~,l\8IO~XCII npl! CTOJIKHOBeHHI! KOCMI!l!eCKOll l!8CTI!Ubl C 

O,l!Hl!ll 113 H,llep WOT0311YJihCllll. TaK K8K 60JihW811 l!aCTh Jll!BH eBbiX l!8CTI!U c~ 80%) COCTOI!T 

113 '.if- Me30HOB, TO C XOpomel! TO'IHOCThiO IIOllHO Cl!l!T8Th , liTO npl!Be,D.eHHble 3H8l!eHIIII 

paBHhl cpe.D.HeMy npo6ery <JI- lleaoHoB. 

12 

06pawaeT Ha ce6l! BHHM 

HOB B ¢QT03MynbCllll 6nH3Kll a 

B38HMoaeiicTBHil N + llapo c. 

CTBHil " + l!Upo. 113 Cp8BI 

'ITO 3Ha'leHHll u t ( NN) 'llo 

aellCTBllliM, 38HHJKeHb1 1IpH6nH3J 

llpyrHM HCTO'IHHKOM H8W 
4 

T '£, 10 faa liBnlleTcll Hccn· 

KHX nyqel\ B B03ayxe1 KOTOpall 

H3 HyKnoHoB ( Ha aTo yxa3bJB8• 

8KTHBHbiX 'l{8CTHU He UMeeT 3a 

C llOMOWbiO K8CK8nHOK Tt 

6era aToll KOMnoHeHTbJ ao rror 

RaepHoro nornoweanll HyKnoHo 

npl!MeHeHHe OllTH'IeCKOI! MOUe~ 

KOTopall xopowo cornacyeTCll c 

HecxonbKO OTnH'!HhiA MeT 

nHBHesoro corrposoJKaeHI!ll HaepH 

o 6nacTH aHeprHil nopllaKa nee> 

2 
3H8'1eHHe LIn - 80 r/cM , T.• 

6ni!3KHe pe3ynbTBTbi non: 

0 ll H H 0 q H bl X nne pH• 

SHI.epHbiX .B3aHMOlletlCTBIH1: H He 

TIIU) C IIOTOKOM nepBI!'IHblX KOO 

/23/. 
pbr BMecTe c TeM a aTn> 

3HeprHHf OJlHBKO 3TOT pe3yllb'I 

OueHKy ce'!eHHll " - N ,. 

lJHTb TBK>Ke C IIOMOWblO naHHbl; 

WJIX 3HeprHil, COilpOBOJKLI810UIIIX 

8 THX llBHHbiX JlBeT llnR Cpen.Her 

2 
B ooaayxe LIn :l 80 rlcM 



/52/ 

/53/ 

/46/ 

/54/ 

/50/ 

/55,56/ 

/57/ 

/48/ 

/5~/ 

/59/ 

raB RBRR~TCR CpeAHHK 

HOBeHHH KOCMHqeCKO~ qacTH~ C 

X qaCTIHl ( ~ 8()%) COCTOIIT 

06p81U8eT H8 ce6SI BHHM8HHe, 'ITO Cpe)lHHe CB060JlHble npo6erH HYKJTOHOB H tr - Me30-

HOB B <j>oT03MyJTbCHH 6JTH3KH Jlpyr K Jlpyry. 8o3MOlKHO, 3TO YK83b!B8eT, H8 TO, 'ITO JlJTSI 

B38l!MOAei!cTBHll N + HJlpo cneAyeT Bbi6HpaTb 6onbwl!l! paAHyc HApa, qeM amt B38HMoaeii-

CTBHll tr + S!Apo. 113 cpaaaeanH c aenocpeacTBeHHO H3MepeHHhiMll ceqetmHMll cneayeT, 

'ITO 3H8'IeHHSI Ut (NN) , nony'leHHbte H3 o6pa60TKH ABHHblX no HYKJTOH-SIAepHblM B3811MO-

t:tel!CTBHSIM 0 38HHlKeHbl npli6JTH3HTenbHO HB qeTBepTb. 

JlpyrHM HCTO'IHII«OM nawHx 3HBHHH o ceqeaHHX N- N B3aHMoAeilcTBH~ a o6nacTH 
4 

T ~ lQ f~m SIBnSieTCSJ HCCn9.llOB8HJ19 rrornotneHJHI SHJ.9pH0-8KTI1'BIIOH KOMITOH9HTbl KO C MHtJ:eC-

KHX nyqel! B B03AyXe, KOT0p8S1 B rny611ne 3eMHOll 8TMQC<jlepbl COCTOl!T npaKTII'IeCKH ueni!KOIII 

113 HYKJTOHOB ( HB 3TO yKB3biBBeT, B 'IBCTHOCTH, TOT <jlaKT, 'ITO npHMepHO nonOBHHa Slt:tepno-

8KTIIBHblX qacTHU ae nMeeT 3apHAa, a TBKlKe pHil apyrHx coo6palKenHll ). 

C noMOlUbJO KacKannol! TeopHH nnanell no aenH'IIIHe cpeaaero aKcnepHMeHTllJTbHoro npo-

6era aToll KOMnoaenTht ao nornowea11H aeTpyaao Bbi'IIICJTHTb cpeam!li cao6oAHhiii npo6er 

Slt:tepHOf'O nOf'JTOlUeHl!SI HyKnOHOB B B03AyXe npH nOCTOSIHHOil nnOTHOCTli/60,
6 J/ 

2 
L 1.= ( 70- 80) rlcM. 

npnMenenHe onTH'IecKoll MOt:tenH aaeT anSI nonnoro ceqenHSJ N - N a3anMoaellcTBHSJ ouenKy 

u (NN) 
t 3Q - 60 M6, 

KOTopaSI xopowo cornacyeTCSJ co 3HB'IetmSJMII u\ ( NN), 

HecKonbKO OTJTH'IHbii! MeTOA onpenenenHSJ npo6era 

npuaeneHHbiMH a TaGnuuax II 

L 
In CB~3BH C HCCn9.lltlB8HH9M 

/62,63/ 
nHBHeaoro conpoBO lKAeHl!SJ SJt:tepao-aKTIIBHbiX qacTIIU B BTMoc¢epe (eM., Hanpi!Mep• ) • B 

0 6nBCTH 3HeprHll nopS!AKB HeCKOJTbKHX COTeH IIJTH TbiCSI'I r a a TBKI!M o6p£130M nonyqaeTCSI 

2 
3H8'Ie!fl!e L 1n • 80 r/cM , T,e. U 1 (NN) ~ 60 Mo. • 

2. 

En113Kiie pc3 ynbTBThi nony•teHbi li3 cpaBHenHSJ Ha BbtCOTe rap ( b • 3200 M) noToKa 

0 .ll H H 0 q H bl X SIAepHO-DKTHBHbiX '18CTIIU ( T,e, 'Ill CTIIU, He HCnbiT/lBWIIX neynp yf'I!X 

SI.llepHbiX B38HMO.ll9il:CTBHH H He HM910I.UHX IlOSTOMy COITpOBO>Kll810lllHX Sltl9pH0-8KTHBHbiX l.J8C

THU) C ITOTOKOM nepBHl.JHbiX KOCMHlJ9CKHX lJ8CTHU T8KOH /K9 3 HeprHH H8 rp.:llntUe 8TMO C¢e

/23/. 
phr BMecTe c TeM a 3THX OITbiTa x OTMel.JeHo neKoTopoe yeerntl.Je HHe ce qeHHSJ c pocToM 

3 HeprHH; OAHllKO 3TOT pe3yJTbTllT Tpe 6yeT ewe n OATBeplKA~ HHSI , 

OueHKY ce'leHHst rr - N B3£li!Moaei!cTnnt! B o6nac Tn T = 10
2

-10
4 

r :;m MOX<HO nony-

4HTb TBK>t<e C flOMOlUbiO naH!fblX 06 ::mepreTJP-IeCKJIX c n e KT p ax ¢oTOIJO B l1 j.L -M e30H OB 6onb-

WIIX aneprni! , conpoBOlKl taiOTllHX KOCMI!'IeCKHe nHBHH a c> eMnoii aTMoc¢epe
160

•
641

• AH .lJTI!3 

3TIIX aaHnbtX aaeT anst cpennero cno6oaaoro npo6era staepnoro nornol!leanst "-Me30H08 

B B03 Ayxe LIn~ 80 r/cM
2 

11 0 CJTCllOBDTC .~bHO, Ut ("N);: 60 M ri . 

13 



J1H<I>opM8UIIJO 0 B38HMOUel!CTBH51X HyKnOHOB llpH 3Hepr1!51X T > 10
5 

f3B B H8CT051-

mee apeMR ll8lOT nHWb OllbiTbl no H3y'leHHlO UIHpOKHX nHBHeit , o6p830B8HHblX KOCMH'IeCK HMH 

/65-67/ 
'IBCTHUaMn a aTMoc<!>epe (eM. , HanpHMep, ) • 3TH OllbtTbt YKB3 btBBJOT 11a rrpH6n H3HTenb-

109 f3B. HOe rroCTO>THCTBO ce'!eHHll N - N aaaHMonel!cTBHl! a HHTepaane T • 10 
4

-

OnuaKo HX BHBnH3 ocaoBbiBBeTCSI a a onpcaeneHflbiX Monennx pa3BHTHSI U.IHpOKHX nHBHeA , KO

TOpble DO MHOrHX OTf-IOll1eHJ.HIX fiBJISilOTCSl JlHCKyCCUOHHbiMH. TeM He MeHee He38B HCltMO OT 

KOHKpeTHOrO MeTOJl8 8HBnH38 3 KCHepHMeHT8JlbHbJX ll8HH blX MO>KHO yTBep >K.ll8Tb1 G'TO Ce't.JeHHC: 

B38HMOIJ.eA"CTDHSI nepBHt.JHblX KOCMJ.PteCKH X HyKllOHOB C 8TOMHbiMH Slllp8MH B03llYX8 38Bel]OMO 

6onbWe 70% reoMeTpH'!eCKOrO Ce'!eHH51 3THX 51Uep. 3TOT Bb!BOil COBepWeHHO He 38BHCI!T OT 

KBKHX-nH60 KOHKpeTHb!X rHilOTea ; KBKI!e 6bt npoueCCb! He llpOHCXOilHllH r!pll CBepXBb!COKHX 

9HeprHS1X, Jl 8BHHbl t.t8CTHU , C 0 3Jl8HHbie nepBHGHbiMH KOCMI.P.IeCKHMH t.IBCTIIU8MH 1 He MOryT 38-

TYXBTb a aTM oc<!>epe 6btCTpee, '!eM nornomato1C51 noponHBwHe HX 'lllCTH!lbt. DpyrHMn c noaa

MH-, nenH'IHHa rrpo6era nn>T rrornowem<>T qacTHU nHBnel! HBn51eTC51 aepxHel! rpaHHuel! cpenHero 

cao6onHoro npo6era no~nouteHH51 nepBH'IHbtX qacTHU ( nyKn oHon ) B Hnpax: 

Lin ~ L 

rae L • 100-1 50 r/cM
2 

- cpennH II cao6onHbtll npo6er norn omeHHll B ·aoanyxe llnepHo - aK-

TI!DHOll KOCMI!'!eCKOfi KOM IIOHei!Tbt , reHepnpyJOUiel! WHpOKHEl BTMoc<!>epHbte llHDHH . 

T a K KBK rrpH o6pa30BBHHH WHpOKOrO BTMOc<!>epHOrO n HBllll nepBbtll AKT B3BI1MOilellcTBIIll 

1661 
npOlf CXO.lHIT, K8K npaBHJJO, C MeHbtueH HeynpyrOCTbJO, l.J:€M 05bPIHO , TO onpeaeneHHOe TB -

KHM o6pnaoM 3 Ha'!e Hne L In OK83biB8€TCR 38MeTHO 38HH>KeHHblM U MO >Ke T HCI10 11b30B8TbC ST 

nl!Wb n rr SJ oneHKH KpaiiHel\ HJ!JKHell rpaHI!tlL>t ce '!eHHll o 
1 

( N N ) . B epxHilll rpanH u a aToro ce-

4 eHnH MOiKeT 6b!Tb nonyqena, H C XO.IlSI H 3 3KCnepHMeHT 811bHb1X .ll8HHbiX 0 ¢nyiOKTYBUHSIX non-

H OrO nOTOK8 fl. -Me30HOB B WH'pOKOM 8TMOC¢epHOM 11 H B H € C 3Qlll1HHbiM 0011HbiM 1.JHC110M 

'IBCTI!Il 11 113 <!>nJOKTyauHfi TAK naa bt naeMoro "aoapacTno r o n apaMeTpa llHBH>I"/
661

• B o n bt-

Tax, BhmonHeHHbiX a i\1\ oc KOBCKOM rocynapcTseHHOM yauaepcHTeTe , 8Tlt $niOKTyaUHH neTanhHO 

HCcn eJl<1BB Hbt Jl/151 nHBHeii, nopoJKnenHbtX rrepBH'IHbtMH qacTt1UBMH c 3HCprHefi T s 10
6 - to8

r3a. 

D mt nepxHe i< ouenKH ceqemtR B3.0HMOUeikTBllll HyKnoHa c llllPOM aoanyxa n p n 3 TOM rronyqe-

HO 3 H8'-I € JHI € o in • 370 M6 , T . e . o
1 

(NN)<70 M6. 

T aKHM o5paaoM, ace HaaeCTH bJe no CHX nap 3KcnepnMeHT811hHbie naHHbie roaopHnH o 

TOM 1 
1ITO n p H H3M€H€1IHH ::meprHH T H8 WeCTb - BOC€Mb nopSUlKOB ceqef-Ut:e N - N B38H -

MOileHCTBllil 0 l (NN)(o , llO - DHll i1 MOMy, TBKJKe II 0 1 (ITN )) H3MeHHeTCSl He 6onee '!eM B llBA 

p83A II n e llpOTIIDOpe'!HT nper: nO /lOJKeHHJO 0 T OM, 'IT O llpi! T >> 10 f :o>B 8TO Ce'!eHHe CTpeMH TCSl K 

H e 38BH C HWet\ OT 3 H eprH H fiOCTOSI HHO~ . 

CywecTBeHHO HOBbtll peaynhTBT 6btn nonyq e n B caMoe Hocnen u ee npeMll B Ortbi Tax c 

· n I ' ·n 2• 1681 B . MHOI'OTOHHbiMH cnyT HHKaMn pOTOH - H i)OT OH - • 3 Tl1 X OTlbiTaX MeTOUOM H OHH38 -

UHOHHOrO K8nOp l1 Me T pa 6htnO H3MepeH O ceye HJi e Heynpy rHX B 3£1JfMOO,eitCTBJf tf K OC M H l.JeCK U X 

rrpoTouoa c HllpBMn yrrrepona B HHTepsan e a u eprnli o T u eCKO/lbKn x f3B no 10
3 

f 3 a . B HHJK-

14 

H Ot!: 'Lf8CTH 3 TOI'O HHT epaana I 

Ha YCKOpiiTeni!X ( CM. TA6llHUJ 

'!eHHII : 11p1!6nH31!TenbHO HB 50 . 
npenenax ow116oK 1!3MepeHIIll 

MenneHHO B03p8CT810Wel\ CTer 

<'in mG 

zoo 

/00 

c 
n o .UB.HHbiM 

3TOT HeOJKHilBHHbti! pe3 } 

r onbt cpen11 <!>H3 HKOB 6btno um 

MOHOT OH HO orpaHH q eHbi; 3TO J 

cne.noaaHH SIX. 

OnHaKo o6HapyJKenHoe y1 

BOUBM, non y 'le HHb!M llp y rHMI! 
, 

C TB KOA CKOpOCTb JO H llp H 6on 

'!e HHliMH npyrn x pa6oT. 

C n enyeT HMeTb B BHny, " 

H nony4eHHhle peaynb T BTbl Tp€ 

T eM 6onee 'IT O OllHOBpeMeHHO 

KOCMH'IeCKK X n yqel\ T BKJKe pe~ 

CeHCBUHOI!Hbte peayn b T 8 T b! pae 

Mil. 

P accM OTpH M Te n epb Kpa· 

38BBCH M OCT H ce q e aH H CHnbHbi: 

n e p awe rpBHH'IH We OlleH> 

n o n y q e Hbt B pa6o Ta x
169• 101, r 

MeHT bi B n o n hay T a r o , l.JTO no. 

n penc:tax 



T > 10
5 

f3B B HSeTOS!-

J6p830B8HHbi X KOe Mlf'JeeKHMH 

)'1<83biB8JOT H8 npH6nH3HTe nb -

We T 10
4

- 10
9 

ras. 

13BHTHSI lllHpOKHX nHBHeA , KO-

f He MeHee He38BHCIIMO OT 

HO yTBep>r<.naTb 1 1.JTO cetteHHC1 

H ~apaMH B030yXa 38BeOOMO 

( C OHepllleHHO HG 38BHCHT OT 

cxo.unnH npH csepxBhiCO'KHX 

MH 'li8CTIIU8Mli 1 He MOryT 38 -

iX 'iSeTH!lbl . ilpyrHMII e nOB8 -

:g s epx Hell rpaHHue ll epeuHero 

I s SIUpa x: 

:eHHSI s ·ao3uyxe sroepuo - aK

oec!>epHbie nHBHH. 

nepBblll 8KT B3811MOOelle TBHS! 
1661 

quo , TO o npeaeneHHo e Ta -

biM li MO>KeT HCnOnb30B8TbCSl 

BepxHSISI rpanuu a 3Toro ee 

SHHbiX 0 <jlnyJOKTJ81lH~X non-

3<1.llll11 H biM nonHbiM 4HCnOM 

~eTpa nHBHsr•
1661

• B onw-

!Te 1 8 TH ¢TliOKTyllU HH QeTBflbHO 

r e aHcprueli T ~ 10
6 

-1o
8

r as. 

.-1: so~Jrtyxa n pH 3TOM nonyl.:fe -

T anhHhie llc1HHbte rosormnH o 

JstnKoB ceqeHHe N- N aaaH-

~ eTCSl He 6onee qeM s .usa 

I r ::m 8TO C el..feHHe CTpeMHTC51 K 

:n.enHee apeMH s onLITax c 

~THX OnbJT[I X M€TO!lOM H OH H38 -

f MO[{e HCTBHl'i KOCMJPteCKHX 

Kl!X r as no 10
3 

r as . B HH>K-

HCti qac TH 3Toro HHTepaana H3MepeHHbie ceqeHHH coananH c TeM, 'lJTO 6btno paaee nonyqeHo 

Ha yeKopnTenSix (eM. Ta6n11uy I); np11 6~nbWHX aHeprHSIX yeTaHosnea MeaneHHbiA poeT ee 

qeHHSI : npn6nH3 1!TenbHO Ha 50% npH 113MeHeHHII 3HeprHII Ha a sa nopSiaKa (eM. pH e . 2). B . 
npeaen ax OWH50K H3Mepeal!tl TSKOtl poeT MO>KHO annpoKeHMHpOB8Tb nora pH<!>MH'ieeKOA !!fill 

MeaneHHO B03paeTaJOLUetl eTeneHHOil c!>YHKUHSIMH. 

<itn mG .-------- ------, 

zoo 

/00 
p t- C fZ 

10 

CeqeHHe Heynpyrux npoToH-SiaepHbiX B3BI!MoaeileTBHtl 
1681 

no UBHHbiM 113Mepe!!l!tl H8 e nyTHHKBX •npoTOH-1 • H • n poTOH-2" 

3TOT HeO>KHUBHHblil pe3y n bT8T S!BnSie Te SI BeebMB B036y>KaBJOWIIM, TSK KaK B noen eUHHe 

roabJ epeJU< c!>H3 HKOB 6binO WIIPO KO paenpoeTpaHeHo MHeHHe, 'iTO npH T >> 10 r as ee 'ie HHSI 

MOHOTOHHO orp8HH1.JeHbi; 8 TO MHeHHe H 8W 110 CBOe OTpa*eHY.e BO MHOrHX TeopeTHl.feCKH X H C -

c n eaoaaHHstx. 

OoaaKo o6aapylKeHaoe ysenH'ieHHe ee'!eHHSI ne npoTHBope'iHT o6ey>KaasweMCSI Bbiwe Bbr

sooaM, nony'ieHHbiM apyrHMH MeToaaMH, K o n e'iHO , eenu 3TO ynenu 'ienne 5yoeT npoHe xoaHTb 
i 

C T8KO A CKOpOCTbiD H IlpH 60ilblliHX 3 HeprHstX, TO 3 TO npHaeaeT K npdTHBOpeqH~ C 38K11 ~-

'<eHHSJMII apyr~<x paooT • 

CneayeT HMeTb a BH.Lly, 1.JTO Ten e MeTp Ht.tecKHe H3MepeHr1Sl Ha crryTHHKax ot.teHb c n o>KHbi 

H nony'ieHH bre pe3ynbT8Tbi Tpe6yJOT ewe uanbHeliwero 3Kenepi<MeHTanbHoro noaTBep>KaeaHSI, 

TeM 6onee 1.J:TO O!t H OBpeMeHH O nonyqeHHbie .Ll 8 HH bie 06 3 Hepre TH:t.IBC K OM CileKTpe nepBH"'HbiX 

KOeMIJ'ieeKKX n y 'ieli TaK>Ke pe3KO npoTI!Bope'iaT BbiBoaaM apyrux a BTopos. B o3MO>KHO , 'iTO 
/68/ 

ceHCBUHOHI-Jbie pe3yllbT8Tbl p 860 T bl CBSl38Hbl C K8KHMH-TO M e TOllHt.J.eCKHMH norpeUIHOC T Sl -

MH . 

PaeeMoTpHM Te n epb KpaTKO TeopeTH'ieeKHe npeaeKa3aHHSI o xapa KTepe a HepreTH'ieeKoA 

38BI1CHMO C TH ce qeHHtf CHilbHbiX B38HMOJlet:\cTBHA npH B b iCOKHX 3HeprHRX. 

n epBble rpaHI!'iHbJe oueHKH 3HepreTI!'ieeKOf'O noseae HJUI ee 'ieHHA npH T » r as 

nony'ieHbi B pa6oTax
169

• 
701

, rae B paMKax noKanbHOA TeopHH nonS! 6hin" npHseaeHbi a pry
MeHTbi B I1011b3y TOrO , t.ITO IlOilHOe ceqeHHe B 38 11MO!let:i c TBHSl .LlOil>KHO 6biTb 38 K11~49HO B 
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Conal 
- T-

< u
1 

(T) < Conot. T . ( 13) 

M. <l>pyaccapT, ocHOBbiBSHCb Ha npeacTaBneHHH MaHaenbcTaMa H ycnoBHH yHHTapHoc -

TH am• aMnnHTyabi ynpyroro pacceHHHH, nony'IHn BepXHIOIO oueHKY 

2 
u 

1 
(T) < Conot • (In T) (14) 

1711 
He npOTHBOpeqalJlyiO HepaBeHCTB Y ( 13), HO 51Bn51IOlllYIOC51 3H8'1HTenhHO 6onee JKeCTKOll • 

3Ty oueHKY MOJKHO nony'IHTh H npH 6onee cna6biX npeanonoJKeHH!IX, a HMeHHO , KpoMe ycno 

BHSI yHHT8pHOCTH
1

an!l aOK838TenbCTB8 HepaBeHCTB8 ( 14) OK83blB8eTC!I BfiOnHe aoCT8TO'IHbiM 

aonycTHTh , 'ITO aMnnHTyaa ynpyroro pacce51HH51 aHanHTH'IHa BHYTPH onpeaeneHHoro annHnca 

B nnOCKOCTI! KOMnneKf HblX 3 H8'1eHHll Cos() ( () - y r o n pacceSIHH!I) H He B03p8CT8eT B 

172/ 
3 TOM ann11nce 6biCTpee HeKoT oporo non»HOM8 • MoJKHO noK838Th, 'ITO 3Tl! npeanonoJKeHI!H 

!1Bn51IOTC51 M 8KCI!M8nbHO c na6b!MH 0 aanbHellwee l!X ocna6neHI!e npl!BOaHT K MeHee JKeCTKIIM 

OUeHKBM, '!eM (14) 
172

' 
731 

• 

Hao6opoT, npH 6onee aeTanhHbiX npeanonoJKeHHHX o6 aHanHTH'IeCKH X cBollcTBax aMn

mnyabi MOJKHO nony'IHTh 6onee onpeaen eHHbie aaKn iO'IeHH!I o6 aCHMnTOTH'IeCKOM noBeaeHHH 

- 174/ 
ce'leH»H. TaK Yl. HaM6y H M . CyraBapa npeanonoJKHnH , 'ITO ynpyroe B38HMoaellcTBHe 

'18CTIIU np11 O'leHh Bb!COKI!X 3HeprH!IX onHCblBSeTC!I HeKOTOpblM a<j><jleKT HBH blM noTeHUH8nOM 

v<>. 1 l C TBKHMH a a anM TH'-IeCKHMH CBO~CTB8MH , t.{TO .llnH Hero MO*H O H8nHC8Tb UHC-

nepc»OHHoe cooTHoweHHe no 3Hepr eTH'IeCKoll nepeMeHHoA. AcHMnTOTH'IeCKoe ce qeHHe 

Ut (T) He38BHCHMO OT KOHKpeTHOr'O BHaa KOOpaHH8THOll 38BHC HMOCTH V (;;- ,I) B 3TOM 

cny q ae HMeeT BHa ( 11), npH 3TOM u• 
+ 

0 • u_ H K • ~ • 

B 
175/ 

pa6oTe BnepBble 6bin0 nOK838HO, 'ITO H3 ycnOBHSI CTpeMneHH!I npH 
T .. ,. 

flOflHblX ce tteHMii B38HMOneftCTBH51 ttBCTHUbl H 8HTHt.{8CTHUbl K flOCTOSIHHblM npenenbHblM 3H8 -

'leHH!IM , u .:t ( T l 
0 

u± cneayeT paBeHCTBO 3THX npeaenhHblX 3H8'1eHHll : 
0 0 

u - u + -

Eonee TWaTenhHblMH HccnenoaaHH~MH ycTaaoaneHo , qTo nnH aaKniDtteHH~ o paaeacT

ae BCHMflTOTHt.teCKHX Ce'-leHHH B38HMO.lletfCTBHSI "l8CTHUbl H 8HTH"l8CTHUbl HBpSIAY C 06ntHMH 

npHHUH08MH' nOKBnbHOfi TeOp8H flOfl51 anonae .llOCTBTO'lHO, B CyWHOCTH, npennonO)KHTb onpe

aeneHHblll He OCUHnnHpyiOl!lHA CTeneHHOll l!nH norapH<jlMH'IeCKHll pOCT Ce'!eHHA npH T .. 
00 

• 

To'!Hee, Heo6xoaHMo, 'IT06bi cymecTBOBanH npeaenhi anSI aMnnHTyahi ynpyrof'o pacceHHI!H 

'-IBCTHUhl H 8HTH t.{8CTHUbi 

lim 
T .. ,. 

A+(T) 

cp(T) 
H 

A (T) 
lim_-__ 

( 15) 

T .. ..., cf> (- Tl 

16 

l"'ae <jlyHKU H SI 1/ ep(T) - 8H8, 

B BepXHefi nonynnOCKOCTH KOM 

CTBHTenbHOll OCH T H yaoBne• 

{3 -npOH3BOnhH8!1 aeliCTBH 

p!!!OT <jlyHKUHI! THna 

C npOH3BOnbHbiMH neACTBHTen~ 

nonHoe ce 'le HHe npH T 

noap06Hoe 06CyJKaeHHe 

LlaHHble 0 B03p8CT8HHH C 

4. Ynpy!"'oe rr - 1 

B epHeMCSI Tenepb K aHcr 

Ll1Hl Bbl'IHCneHH!I ee peanbHOH 

Hble 3 H8 '1eHI!51 ceqeHHli U + (T) 

n pH 6 onbWHX 3 Hep!"'H51X, l"'ae 3 

nHWb OpHeHTHpOBO'UIO , Bocnon J 

Hl!e ( II) xopowo annpoKCHMIIJ 

fl08TOMy MO>KHO H8.lleSITbCR , t.t' 

eM a HHTepaane no KpaHaeH M 

eme 60nhWHX 3HeprH~x y>Ke M 

well HaC o6naCTI! T < 30 r a 

WHMH 3H8M€H8TenHMH B .llHCITe 

B03paCT 8 T b , K8K 3 T O 1!306pa*< 

CneayeT OTMeT» Th, 'ITO 

/4,5,9-1 3 , IE 
yJKe HeoaHOKpaTHO 

HO OTnHt.tBnCH OT npe.O.biaylUHX 

COM H8WMX 3H8HHii 0 BblCOK0 3 l 

WIIX 3Hep!"'11M peaynhT8Tbl pacq 



( 13) 

1bCTBMB H yCrrOBHH yHHTapHOC-

( 14) 

1711 
HTerrbHO 6onee ~eCTKOR 

eHHHX, 8 HMeHH0 1 KpOMe ycno-

·biBSeTC SI BllOnHe llOCTSTO'IHbiM 

3HYTPH onpeAeneauoro annnnca 

CCeHHHH) H He B03p8CTBeT B 

rrpHBOAHT K MeHee ~eCTKHM 

anHTH'lJ:eCKHX CBOACTB8X 8MIT-

8CHMITTOTH tteCKOM ITOBeaeHHH 

<TO ynpyroe B38HMOAeHCTBHe 

• a¢¢eKTHBHbiM noTenunanoM 

Hero MO~HO H8fiHC8Tb llHC-

HCHMOCTH v ( i" . t) B STOM 

• cTpeMnennn npn T -+ oo 

ITOCTOSIHHbiM npe.uenbHhiM 3 H 8 -

lbHbiX 3 H8'leHHfi: 
0 0 

0 - 0 + -

,anSI 3 8KniO'lJ:eHHSI 0 p aBeH CT-

'H'IBCTHUbl HBpHAY C 06 lUH MH 

'WHOCTH 1 npea. nonO)f(HTb onpe-

~ poeT c eqeanA npn T -+ oo • 

lHTYAbi ynpyroro pacceSIHHH 

( 15) 

r a e <!J yHKUHH l / ¢(T) ~ 
- B HBnHTH'lHB H ee pOCT He npeBOCXOLlHT n~60A 3 KCITOHeHTbl ea (T) 

B BepxHeii nonynrrOCKOCTH KOMrrneKCHOii nepeMeHHOH T, KpOMe Taro OHB Herrpepb!BHB HB Aeil-

CTBHTerrbHOH OCR T H YAOBrreTBOpHeT 

lim 
T 

¢(T) 

¢(-T) 

ifJ 
• e 

( 16) 

{J -nponssonbnan AeRcTBHTerrbHBR aenH'IHHa. TaKoMy ycnoBHIO, B 'IBCTHOCTII , yAoaneTao 

PHIOT <!JyHKUHH THna 

«t a~ 
¢(T) c (T +i ) (ln(T + i) ] ( 17) 

C npOH3BOnhHhiMH a.eti:CTBHTenbHbiMH 'liHCnBMH a l H a~ . 

flonnoe ceqeane npn T -+ oo B aToM cnyqae 

( 18) 

/76/ /77/ floApo6noe o6cy~aenne 9THX aonpocoa MO*HO aailTH B o63ope n a pa6oTe 

.llaHHble 0 B03pBCTBHHH Ce'leHHil , H306pa>KeHHble Ha pnc. 2, He npOTIIBOpe'IBT ( 17). 

4. Ynpyroe rr - p pacceRHHe c nepe3 apRAKOii Ha ayneaoil yron 

BepHeMcH Te nepb K AHcnepcHOHHOMy aaann3y aMnnHTYAbi nHoH-ayKnOHHOI'o pacc-:l "HHH. 

flJIH BbtttHcneHHSI ee peanbHOti H M HHMOH 'Y:.JCTeft: HCIIOnh3yeM ycpeLJ.HeHHbie 3KCnepHM €HT8nb -

Hble 3 H8'1eHHH Ce'leHHH 0;! (T) , H3aecTHbie c xopoweJ':"1 TOl.fHOCThiO annoTb ao T = 19 raa . 

npu 60nbWHX 3HeprHSJX , rae 3HepreTH"'eCKBSI 38BHCHMOCTb Cel.Je HHfi Cefiqac H3B€CTHB HBM . 
nHIIlb opn enTifpOBO'IHO, aocnonb3yeMCSI Bbipa*eHneM ( 11). KaK yKa3biBanocb Bbiwe, Bbipa*e -

nne ( 11 ) xopomo annpoKCHMnpyeT 9KcnepnMeHTanbHble ABHHbi e npn T • 5 -1 9 raa; 

fi03TOMy MO}f{HQ HB.OeHTbCH , YTO 3TO Bb!pa>KeHHe OCTaeTCH llOCTBTOYHO XOpOWHM llpH6nu >KeHH

eM B HHTepBane no Kpaiineil Mepe e llJe HeCKOnbKHX neCRTKOB r aa. floaenenne Ce'!eHIIil np11 

eme f>OnbWHX 3HeprHMX y>Ke MeHee Cylll€CTBeHHO llnH llH C ITepCHOHHbiX pacqeTOB B HHTepecyJO-

meii Hac o6n acTH T < 30 raa, TaK KaK BKnaA aToll o6nacTn cnnbao noaaaneH B03pacTaiO-

IIlHMH 3HBMeHaTeiiRMif B ilHCnepCHOHHbiX HHTerpanax ( ilB>Ke ecn 11 Ce'!eHHSI 6yAyT MeAneHHO 

B03paCT8Tb, KBK 9TO 11306pa>KeHO H8 pHC. 2; HH>Ke Mbl eme BepHeMCSI K 3TOMY CIIY'IBIO) • 

CneayeT OTMeTHTh, YTO ancnepcnoHHbte pacYeTbi ynp J r o r o p Acc e H HHH BbtnonHSJnHCb 

/4 ,5, 9 -1 3, 1 5,1 6,78 - 8 1/ IT 
yJKe HeO.llHOKpaTHO • pu 3TOM K8)f{llLI!1 c neny JOtUIIIi paCl.JeT CyUleCTBeH -

HO OTIIH'IBnCH OT npeAbiAYIIlHX 111111lb B 06naCTI1 BbiCOKilX 9Heprlflf B COOTBeTCTBI111 C nporpec 

COM H8W HX 3H8HUfi 0 BbiCOK0 3 HepreTHl.J€CKOM ITOBelleHHH c eqeHHif Cl + ( T); B o6na CTH MeHb-

WHX 3HeprHH pe3ynhT8Tbl pacqeTOB OCTBJOTCH npaKTHY8C KH H e H3M8HHbiMH . 

17 



flapaMeTpbt 
0 

u±=:u 0 ,c± H K B ~OpMyne ( I I) MO*HO onpeuenHTb H3 Cp8BHe -

HHSI c ycKopHTenhHbiMH 3 K c nepHMeHTBnhHbiMM .o.aHHbiMH . PactteTHbte aaalJeHHH peanhHbiX qac-

TeA 8Mllnt<Tya 0 + ( T) OK83biB8JOTCSI Cp8BHHTellbHO M8ll0 qyBCTBHT9llbHbiMH K B8pbHpOB8 -

HH IO 3 TH X napaMeTpOB B npeaenax OWH60K 3 KCOepaMeHT8 llbHbiX .ll8HHblX1 O.llH8KO Ce1..J:eHHe yn

pyroro rr-- p pacceRHHR c nepe3apRaKoii, 38BHCRmee OT pa3HOCTeA ( D_ -D +) H (u _ -u +) , 

~ ~ ~ 

u (T):u (T,OaO)~~[D (T)-0 (Tl]. +~(_k_) [u (T)-u+(T)] 1 (19) 
ex ex - + 4fT -

H3MeHReTCR npH 3TOM uoaonhHO cymecTaeHHo. flo3TOMY Bbt5op rrapaMeTpoa B ~opMyne ( II ) 

Mbt GyaeM rrpOH3BOllHTb npH ycnoBHH , 'IT05bt ce'!eHH R, B b t'!H c neHHbte rro ~opMyne (I I), npH 

T = 19 r3a cumaan>rcb co cpeaH>tM H KpHBbtMH u + ( T) , noc T poeHHbtMH no pe3ynbT8 T 8M . -
ycKOpHTenhHbJX H3MepeHHI1, a T eopeTH'!ecKoe ce'!eHHe nepe3apRllKH ( 19) xopowo cornaco -

aanOCb C ero 3KCilepnMeHT8llbHblMH 3 H 8 t.t e H H'AMJI . 

!13 COOTHOWeHHH (3) , ( II) H (19) c neayeT, 'ITO u (T) .. 38BHC HT llHWb OT p83-

HOCTM nocTOSIHHblX 
8 = c -c+ 

" oT napaMeTpa K Ycnoane cw HBKH ceqeHHA npH T 19 r3B H8Kll8llblB8eT llOllOI!HH-

TenhHOe orpaHMqeaHe 
a= )9K(l,5 ± 1) 

(20) 

( CM. ( 12' )) 11 OC TAB.1ReT acero I!HWb OllHH CB050llHblH napaMeTp. 

Ha puc. 3 Bbl'IHCneHHbte 3HO'!eHHR "ex ( Tl IlpHBeneHbl B 38BHCHMOCTH OT BellH'lJHHbl 

n<lpaMeTpa K 
KaK a>raHo, pe3ynbTaTbl pac'!eTa ny'!we acero cornacyiOTCR c 3KcnepnMeH-

TOM, ecnn K • 0,5 , T.e. a • 6,5. 

nonyepKH8M, YTO 31-18K ITOCT051HHOH uenHKOM onpenenH8TC51 3H8KOM p83HOCTH Ce -

'!ellHH <7 _ (19) - <7 + (19) , ll03TOMy OUHO H TO *e 3H8'!eHHe (coOTBeTCTBeHHO - K 

OllllCblB8eT BCe TpH B03MO*Hb!X llCHMI!TOTH'!eCKHX CHTY8UHH , ll306pAJKeHHble H8 pHc . 4. ilpy
x/ 

r11MH CnOB8MH , BC8M 9TI1M cnyY851M COOTBeTCTByeT OUH8 H T8 )K8 KpHB8H U ex {T) 

TeopeTHYeCKHe cel.feHHSI n epeaapSI.llKH 1 Bht'liHcneHHbte npH ycnoasni, tt'l'O K = 0,5, 

a = 6,53, npHBeaeHbl B T85l!HUe 4 . 3 TH ll8HHble OTHOCRTCR K 05l!8CTll 3HeprHii 

T > 0, 7 r3B, TBK K8K HMeHHO 3T8 o5naCTb npenCTABI!ReT H8H50l!bWHH HHTepeC C TO'IKH 

3peHH<l 3Kcnepl!MeHT8llbHOH rrpoaepKH ancnepCHOHHblX COOTHOWeHHH ( CM . Cl!eUyiOUlHH j)83nen) • 

18 

de.( mG 

att 

02 

as 

0.3 

Q5 

Q3 

0.1 
Q3 

~ % 

p H C . 3. 3£1BHCUMOCTb Cet 

napaMeTpa 
HHJ1 a + 

K 

r\urox 



WlKHO o rrp eaenHTb H3 c p a sHe -

T H bie 3 H 8 lfeHHSI pea nbHbiX qac -

t yBCTBHTenbHb!MH K B8 p h HpOBa -

X ll.BH H b iX, O!lH8 KO Cette HH e y n -

2 2 
_&:_) [u (Tl-u+(T) ] , ( 19) 
4 17 -

) rrnpaMeTpos B <jlopMyn e ( II ) 

eHHbre rro <jlopMyne (I I), rrpH 

tOCTf10BHHbiMH flO peayn hT8T8M 

•<~IIKil ( 19) xopowo cor naco-

38BHCHT nHWb OT p83 -

9 f3B HBKJ!Bilb!BBeT IIOllOITHH-

(20) 

?Tp. 

B 3BBHCHMOCTH OT BenH tUf Hbl 

!ro cornacyiOTCH c 8KcnepHMeH-

enHBTCSI 3H8KOM p83HOCTH ce

(COOTBeTCTBeHHO - K 

130UpalKeHHble HB pHC. 4. llpy

x/ 

ycnOBHH 1 t.t'TO K = 0 ,5, 

ITCH K 061!BCT!l 3 HeprHM 

HB!l60JlbWilM HHTepeC C T04KH 

eHill! ( cM. cneayiOuml! pa311en ) . 

iaHJHI H8 pHC . 2 Ofl H CbiBBeT CSl 

r npen.nonaraTb, liTO TOlfKa 
Te/lbHO npaaee T ~ 19 f 3 B. 

T - 6 GeV 

0.2 

-lOGe~ o.s 
T 

0.3 

Q5 T - 18 GeV 
.. 

Q3 

0,/ 

Q3 as 0.7 0.9 

p II c . 3.. 3llBHCHMOCTb cetteH JH I rr - p n epB38p SI .llKH 110/l H y n e B blM y rnoM O T BGn JPHt Hbl 

napaMeT pa " WTpHXOBKO i! y K a3aH pa36p oc 3KCnepHMeHTB1lbHbrX 3 Haqe -

HH ii C1 + ~O'ex 
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19GeV T 

P 11 c . 4 . Tp11 ao3MOJKHblX aciiMIITOT!1'!eCKIIX peJKHMa ce'!eHHil o + ( T} . onnCb!aaeMblX 

<j>opMynol! ( II) npH ycnoanH, 'ITO o_ (19}- o + (19) :> ~ • 
Bee TPH peJKHMa xapaKTepli3YlOTCll 0.!1HiiM 11 TeM JKe nonoJKiiTenbHblM 
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>< 
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Q) 
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.; 

u 
= 

a.. 
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:0 
= Jl 

" ~ 
= lE 
0 

" 0 
t: 

Ta6JIHqa 4 

CeqeaHe ynpyroro Ji- PpacceRHHR c nepeaapRAKo« noA ayneBHM yrnoM B cHcTeMe ueHTpa 

..l!.@Q_ 

0,7 
0,725 
0,75 
0,775 
0,8 
0,875 
0,85 
0,875 
0,9 
0,925 
0,95 

0,975 
I 
1,025 
1,05 
1,075 
I,I 
1,125 
1,15 
1,175 
1,2 
1,225 
1,25 
1,275 
1,3 

1,89 
1,87 
1,93 
2,05 
2,20 
2,37 
2,6"9 
3,04 
3,00 
2,53 
2,07 

1,71 
1,40 
I,IO 
0,763 
0,524 
0,354 
0,265 
0,196 
0,147 
0,120 
O,IIO 
O,II8 
0,132 
0,160 
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1,35 
1,45 
1,45 
1,5 
1,55 
1,6 
1,65 
1,675 
1,7 
1,725 
1,75 

1,775 
1,8 
1,85 
1,9 
1,95 
2 
2,1 
2,2 
2,3 
2,4 
2,5 
2,6 
2,7 
2,8 
<:, 9 
3 
3,1 
3,2 
3,3 
3,4 
3,5 
3,6 
3,7 
3,8 

3,9 
4 
4,5 

0,244 
0,319 
0,399 
0,477 
0, 544 
0,619 
0,658 
0,682 
0,696 
0,723 
0,699 

0,634 
0,6II 
0,564 
0,512 
0,457 
0,401 
0,293 
0,203 
0,146 
0,129 
0,!57 
0,207 
0,253 
0,289 
0,317 
0,313 
0,295 
0,274 
0,260 
0,248 
U,240 
U,24U 
0,244 
0,249 

0,255 
0,260 
0,272 



-----------------~----------------------------------· 

T1 r a:a ~ .. ',...b' T, ra:a o; .. J .... b 
----------------------------~- --------------· 

5 0,275 !7 0,340 
5,5 0,278 !8 0,344 
6 0,282 !9 0,346 
7 0,289 20 0,348 
8 0,294 22 0,346 ' . 
9 0,299 24 0,342 

10 0,303 26 0,338 
II 0,308 28 0,335 
12 0,312 30 0,333 
13. 0,318 35 0,331 
14 " 0,324 40 0,328 
15 0,330 50 0,327 
16 0,335 100 0,324 

200 0,323 
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0,340 
0,344 
0,346 
0,348 
0,346 • 
0,342 
0,338 
0,335 
0,333 
0,331 
0,328 
0,327 
0,324 
0,323 

t 
J 

7 

6 

s 

2 

I 

0 

p II c. 5. 

• 

0.1 0.3 as 06 TGeV 

Ce'!eHJ!e rrepe3ap5UlKH "•• rrpH 3HeprHHX T < 0, 7 ras ( B351TO }!3 pa6oTbl 
Xenepa/10/). 

CHcTeMa ueHTpa Mace. 
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Ha pH c. 5 H 6 pac'leTHbre ceqeHHSI u •• cpaBHHBaJOTCSI c H3BeCTHbiMH 3KcnepHMeHTanb 

HbiMH llaf!Hb!MH. KaK BHilHO, HMeeT MeCTO XOpOlllee cornaCHe BO BCeit o6naCTH 3fleprHil. 

+ 
5 • . PeanbHa!l 'laCTb aMnnHTYilhr ynpyroro ,-- p pacceSJHH!I 

3Ha'leHHH D ±(T), Bbi'IHcneHHbre npH ycnoBHH, 'ITO K • o,s H u 
0 

22,5 M6, npHaeae-

flbi B Ta6nHUe 5, iln11 yuo6CTBa cpaBHeHHSI C 3KCllepHMeHTOM JlSHHble B 3 TOI! T86TIHUe TipH-

aeueHbi un11 CHCTeMbr ueHTpa Mace. 

B Ta6nHue 6 B 3KC TiepHMeHT8 nbHLIX pa60T8X OTHO-

ll!eHH.!I peanbHhlX H MHHMblX "'aCTel! aMTITIHTYU 

" a (T) 
D_ (T) 

(T) 

3TH OTHO!lleHH!I, O"'eBHUHO, He 38BHC!I T OT Bbr6opa CH CTeMbl KOOPJ:UHIST, 

K8K HCIIOnh30B8BlUH8C5J npH BblqHCneHHHX 3HaqeHHH c eqeuHfi 

(21) 

H POCTOSJH -
Tax 

2 
Hh!X f 

0 
H 0:!: C Bb!COKOI! CTeneHbiO TO"'HOCTH o6ecne"'HB8TIH o6pAll!el!He B HYTib K03<jl-

<jJHUHeHTOB A± H ( CM. <jJopMyn y ( 8)), TO pe3yJibT8Tbi, nony"'eHHb!e C IlOMOIIlbJO fl HC-

nepC HOHHbiX COOTHOllleHHA (3), He OTI1HttBI111Cb OT pe3yllbTBTOB
1 

IlOily~JeHHhlX C llOMOlltblO J.lHC -

nepCHOHHblX COOTHOllleHHII, H3 KOTOpblX C CSMoro HB'IBna Bbl"'TeH •meH A± E In F. + B± E 

Ha pHc. 6-9 pe3ynbTBTbi JlHcnepcHOHHbiX pacqeToB cpaBHI!BaJOTCH c naEIHbJM J< onbJTa. 

8 o6naCTH HH3KHX SHeprHlf 9KCITepifM8HT H TBOpHH XOpOlliO COrnacyJOTC>I, XOTSi HBCKOilbKO 118T 

TOMY H838ll HM811HCb HBKOTOpbi8 OCHOB8HH5I COMH8B8TbCH B CIIp8B8llllHBOCTH JlHCI18JJCHOIIHLIX 

COOTIIOllleHHI! Jln.!l IT - p pacce.!IHHH npH T • ( 100-300) M 3B, 3TOT BOITpo c ( T BK Ha3bJBa-

eMa5! "npo6neMa OynnH-CTaHrenHHn") ll!HpoKo o6cy"'l18IICH b nHTepa-rype (eM., Ha rrpHMep, 

pa6oTb/
79

-
841 

) • • 

npH T ~ 1 faa, H9CMOTpSI H8 T0 1 1.J:TO OWH6KH H3MepeunJ1 eme .O.OBOl!biiO B9l1HK'"I • OT 

t.IeTnHBO Ha6nJOll89TCR p8CXO>K.ll9HJ.I9 M9>K.UY 3KCnepHM9HTBllbHbiMH Jf T90p9THtt9CKlfMH B9l1J.P·IH-

ao - nepBbix, cpenHHe axcnepHMe!ITanbllbie 3Ha'ie!IH!I D (T) B o6nacTH a ueprnii 

T ~ 7 - 24 f3B B03pacTaJOT 3HB'IHTerrbHO 6brCTpee , "'eM 3TO rrpeacxa3biBaeTc>r JlHcrrepc>IOII-

HbiMH COOTHOLU9HJH1MH j 

BO -BTOpbiX, 3HBK p83HOCTH T90p9TH 1.J:9CKHX 3H8'-IeHHfi 

~D(T) a D_ (T) -D+ (T) 

llpH T "' 10-24 f3B OK83biBSeTCS! TipOTHBOTIOJ!O)f{Jib!M TO My, "'TO H86ITJOU8e T CS! Ha OTibiTe , 3To 

npoTHBope'iHe >rBnH eTcH 6onee cepbe3!1biM <!>aKT; M , "'eM HecornacHe B cTene!IH aoapacTaHI<!I 

3KCTiepHM e !IT8l1biiOl! H TeOpeTH"'eCKOil KpHBbiX 0 (T) EcnH aonycTHTb cnpaseanHBOCTb 

25 



~~u~ 

PeanbHaR qacTb aun~TYA~ ynpvroro ~% -P pacceRHHR noA HyneB~u yrnou 

(c~cTeua ueHTpa uacc ) 

----------------------------------------------------------------------------------------_,,. -·~ 
_,, 1) (0-I'Jc 

T, foB n+, 10 .,. "'.D_) 10 .... T, r aB '"])+J 10 ·~ -· /'f ----------------------------------------------------
0, 7 - 0, 3I5 0,0962 I,4 -0,354 -O,I40 

0,725 - 0,268 O,I43 

0,75 - 0,2I6 O,I82 I,54 -0,397 -0,130 

0,775 - O,I68 0,233 I,5 -0,425 -O,II9 

0,8 - 0,139 0,250 I,55 -0,438 -0,109 

0,825 - O,I2I 0,248 I,575 -0,446 -O,I03 

0,85 - O,I09 . 0,2I6 I,6 -0,446 -0,0984 

0,875 - 0,101 0,140 I,625 -0,441 -0,0938 

0,9 -0,094 - 0,035 I,65 -0,438 -0,0904 

0, 925 -0,0849 - 0,1 56 I,675 -0,433 -0,0872 

0,95 - 0,0704 - 0,234 I,7 - 0,423 - 0,0809 

0,975 - 0,0588 - 0,284 I,725 -0,4IO -0,0742 

I - 0,0463 - 0,32I I,75 - 0,39I -0 ,0791 

I ,025 -0,0248 - 0,336 I ,775 - 0,373 - 0,0870 

1, 05 - 0,0222 - 0,320 1,8 - 0,363 - 0, 0905 

I , 075 - 0,0210 - 0,295 I,85 -0,347 - 0,102 

l,l -0,0193 - 0,258 1,9 - 0,332 - O, II6 

I ,125 - 0,0161 - 0,232 2 - 0,309 - 0,144 

I,I5 - O,OI67 - 0,2II 2,I -0,296 - 0,169 

l,I75 - 0, 0253 - O,I97 2,2 - 0, 298 - O, I 9I 

I,2 - 0, 0370 - 0,187 2,3 - 0,3I5 - 0,210 

1, 225 - 0,0526 - 0,177 2,4 - 0,344 - 0,22I 

1,25 - 0,128 - 0,163 2,6 - 0,400 - 0,220 

I ,3 -O,I80 - 0,159 2,7 - 0,4I9 - 0,222 

I , 325 - 0 ,234 - 0,1 54 2,8 -0,477 - 0,222 

1,35 - 0,283 - 0,148 2,9 -0,432 - 0,227 

1, 375 -0,323 - 0,144 3 - 0,427 -0,233 
3 ,2 - 0,420 - 0,248 

3,5 - 0,429 - 0,264 

3,8 - 0,442 - 0,270 
4 - 0,451 - 0,270 

4, 5 - 0, lf52 -0 ,275 

5 - 0,455 - 0,280 

5, 5 - 0,456 - 0,2<l2 

6 - 0,457 - 0,284 

? - 0,Lf60 - 0,28S 

8 - 0 , lf61 - 0,287 

9 - 0,463 - 0, <:'87 

26 
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iJ. HYll8Biill YI'l!OII I O - 0 ,462 -0,286 
12 - U,46I -0,285 

·---------------------------_,, 1J 10-I'J, D,.., 10 .,.. -· ,.. 
---------------------------

15 -0,457 -0,276 
I S -0,447 - 0,249 
20 - 0 ,438 -0,240 
25 -0,4II - 0 ,223 

-0,354 -0,140 30 -0,398 -0,213 
35 - 0 ,389 - 0 ,205 

-0,397 -0,130 
-0,425 -O,II9 

40 - 0,383 -0,200 
50 - 0,373 -0,192 

-0,438 -0,109 100 -0,351 - O,I?l 
-0,446 -0,103 200 -0,335 -0,156 
-0,446 -0,0984 
- 0 ,441 -0,0938 -· 
-0,438 -0,0904 
-0,433 -0,0872 
- 0 ,423 - 0,0809 
-0,410 -0,0742 
- 0 ,391 -0,0791 
- 0 ,373 -0,0870 
- 0,363 - 0 ,0905 
-0,347 - 0 ,102 
- 0 ,332 - O,ll6 
- 0 ,309 - 0 ,144 
- 0 ,296 - 0,!69 
- 0 ,298 - 0,191 
- 0 , 315 -0,210 
- 0 ,344 - 0 , 221 
-0,400 -0, 220 

- 0 ,4!9 -0,222 
-0,477 -0,222 • 

-0,432 - 0 ,227 
- 0 , 427 - 0 ,233 
- 0 ,420 - 0 ,248 
- 0 , 429 - 0 , 264 
- 0 ,442 - 0 ,270 
- 0 , 451 - 0 ,270 
- 0 ,452 - 0, 275 
- 0 ,455 - 0 ,280 
- 0 1 Lf 56 -0 , 2 ~ 2 

-0 , 457 - 0 ,284 

- 0 ,'•60 - 0, 285 
- 0 , '161 - 0 , 287 
- 0 ,463 -0 . ~8 7 
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Ta6mma 6 

0THOmeHIIe QeSJil>HOl! I! IIHIIIIOil '!aCTell 8llllJli!T;i1!i! ;!llQ;trOrO J,:!--p QSCCel!Hi!ll llOlJ ------------------------
H;!JIBBWI ;trJIOJl T, raB ol+ ----------------------------------------------------------------------------· 

T, raB a(+ ol._ T, raB ol..+ d.._ I5 -0,182 

------------------------------------------------------- I8 - O,I62 
20 -0,153 

0 , 7 - I,04 O,I27 I,4 -0,305 - 0,136 25 -0,128 
0,725 -0,85I O,I87 30 -O,II3 
0, 75 -0,660 0,230 I,45 -0,352 -O,I25 
0,775 -0,453 0,267 ------------
0,8 - 0 , 328 0,261 I,5 -0,387 -O,II3 
0,825 -0,257 0,236 1,55 -0,408 -O,IOI 
0,85 - 0 ,2I5 0,186 I,6 -0,427 -0,0896 
0,875 - o, ra6 O,I09 I,625 - 0,428 - 0,0844 
019 - O,I56 0,040 1,65 -0,429 -0, 0804 
0,925 -0,143 -O,II9 I,675 -0,430 -0,0767 
0,95 -O,II3 -O,I88 I,7 -0,423 -0, 0703 PeaJI»HSll qacn a11: 

0,975 -0,0904 -0,239 I,75 -0,396 -0,0662 
I -0,0682 -0,284 I,8 -0,362 -0, 0740 - --------------· 1,025 -0,0348 -0,315 1,85 -0,340 -0, 0818 
I , 05 - 0 ,0292 - 0 ,316 1 ,9 -0,32I -0,0916 T, rall '])+,ll 
I , 075 -0,0264 -0,306 2 .-0, 287 -O,IIO ------------------------
I,I -0,0232 -0,272 2,1 -0,263 -0,127 

0,7 0,19 
I,I25 -O,OI85 -0,245 2,2 -0,253 -0,141 
I,I5 -O,OI83 -0.~23 2,3 -0,256 -0,154 

0,75 0,16 

I,I75 -0,0264 -0,205 2,4 -0,272 -O,I6I 
0 ,8 0,13 

1,2 -0,0369 -0,194 2,5 -0,290 -0,160 
0,85 0,09 

1,225 -0,0501 -0,183 2,6 -0,307 -O,I58 
0 , 9 0,05• 

I, 25 -0,0736 -0,173 2,7 -U,320 -0,156 
0,95 0 , 03 

1,275 -O,II2 - O,I65 2,8 -0,326 -0,156 
I -0,00. 

I,3 -0,154 - O,I60 2,9 -0,329 -0,156 
I,25 - O,I3 

I , 325 -O,I97 -0,154 3 -0,323 -0,157 
1,5 - 0 ,22 

1,35 -0,239 -0,147 3,2 -0,310 -0,164 
I, 75 - 0,34 

1,375 -0,275 - O,I42 3,5 -0,304 -O,I70 
2 -0,44 

3,8 -0,304 -O,I70 
2, 5 - 0 , 55 

4 - 0 ,305 - O, I68 
3 - 0 ,66 

4,5 - 0,298 - 0 ,167 
4 - 0, 78 

5 - 0 ,288 -O,I65 
5 - 0,86 

5 ,5 - 0 ,278 - O,I6I 
IO - I , I5 

6 - 0,268 -0,159 
IS - 1,3 

7 - 0 ,253 -0,148 
20 -1, 4 

8 - 0 ,238 -0,135 
30 - I ,6 

9 - 0 , 228 -O,I32 
IO - 0, 218 - 0 ,128 ------------------------
12 -0,208 -O,II7 

28 
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-0,305 - O,I36 

-0,352 -0,125 

-0,387 -O,II3 
-0,408 -0,101 
-0,427 - 0, 0896 
-0,428 - 0 , 0844 
-0,429 -0, 0804 
-0,430 -0, 0767 
-0,423 -0, 0703 
-0,396 -0,0662 
-0,362 -0,0740 
-0, 340 -0, 0818 
-0,32I -0,09I6 
-0,287 -O,IIO 
-0,263 -0,127 
-0,253 -0,14I 
-0,256 -0,!54 
-0,272 -0,161 
-0,290 -0,160 
-0,307 -0,158 
-U,320 -0,!56 
-0,326 -0,!56 
-0,329 -0,156 
-0,323 -0,157 
-0,310 -0,164 
-0,304 -0,170 
-0,304 -O,I70 
- 0,305 - 0,168 
- 0 , 298 - 0,167 
- 0,288 -0,165 
- 0 ,278 -O,I61 
- 0,268 -O,I59 
- 0 ,253 -O,I48 
- 0 ,238 -O,I35 
- 0 , 228 -0,132 
- 0,2I8 -0,128 
-0,208 - O, II7 

-----------------------------------------------------------------------------------
T, raB 

I S 
18 
20 
25 
30 

-O,I82 
-0,162 
-0,153 
-0,128 
-O,II3 

-0,101 
-0, 0852 
- 0 ,0775 
-0,0656 
-0,0576 

T, raB 

35 
40 
50 

100 
200 

ol._ 

-0,103 -0, 0518 
-0 , 0947 - 0 ,0475 
-0, 0828 -0,0409 
- 0, 0554 - 0 , 0262 
-0,0376 - 0 ,0172 

---------·-------

T, raB 

0,7 
0,75 
0 ,8 
0,85 
0 , 9 
0 , 95 
I 
I , 25 
1,5 
I,75 
2 
2, 5 
3 
4 
5 
IO 
IS 
20 
30 

Ta6mma 7. 

PeaJI:hHSll '!SCT:h Slll!IDITYZUi yrrpyroro p- P pa cce l!HI!ll l!Ol! HYli8Bblll yrl!OII 

(c l!cTella u eHTpa ua cc) 

-1} -::o+) /0 c .... 

0 ,19 O,I9 
O,I6 0 ,15 
0,13 O,II 
0,09 0 , 08 
0 ,056 0 , 045 
0, 03 0 , 02 

-0 ,005 - 0,004 
-0 ,13 - O, I 
-0, 22 - O,I4 
-0 ,34 -0 , 21 
-0 ,44 - 0 ,25 
-0,55 - 0,29 
-0,66 - 0 ,32 
- 0,78 -0 ,34 
- 0 ,86 -0,34 
-1,15 - 0,33 
- 1 , 3 - 0 ,32 
-I,4 -0 , 30 
-1,6 - 0,28 
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p II c . 7 

CpaaHeHIIe 3Kcnep11MeiiTBnhHbiX 11 TeopeTII'!eCKIIX 3Ha'!eHIIlf peanbHOI! 

'18CTII 8MUHIITYilbl ynpyroro rT + - p paCCeSIHIIH/8 1 / • 

az 

Ql 

0 10 I 'tO 
TMeV 

210 

p II C . 8 

Cpaaue1111 e 3 Kcnep11MeHTB HbHbiX H T eopeTII'!eCKIIX 3 Ha'!eHHlt 

peanbHOli 'IBCTII 8 MUIIIITYilbl y npyroro rr -- p pacceSIHIISI/S4/. 

Ql 

-~ · · · . .111 . , r:/114 ,z 
" ·I • I 0 I I I 4 o;; J " 

p II C . 9 

CpaeaeaHe s KcnepHMeHTBnhHbiX H Bhl'ttHcneHHbiX H 3 n.HcnepcHOHH hiX 

COOTHOWeHHtl: BenHt.IHH. 0 0 

J + (E) "' ~ I D + • (I .±- E) + D- • (I + E) I 
- ± /82/ 

E - nonHaSI 3 Hepr11SI Hane T aJOmero rr - Me3 oHa) • 

KaK BHOHO, a Kcrre p HMeHTBilhHbie T01.fKH x opowo y Kn all.biBaJOT CSI aa 

T eopeTII'!eCKYJO npHMyJO. 

30 

' 

lliiCnepCIIOHUb!X COOTHOWeHIIil 

T O lln SI COrnBCHSl C OITbiTOM 

T .. 2 i' 10 f:;,a i5btna TO'!Ka 1 

C TeopeTHI.JeCKMMH KpHBb!Mlt J 

YlaTepecHo oTMeTHTh, q 

18 
T = 1,45 raa 113 pai50Tbl 

To JKe apeMst pe:;,ynhTBTbl 1131 

lOT yCTOii'IIIBYJO TeHileHUII !O BC 

B HAwell pai5oTe
151

, Bb: 

/ 92/ 
HbiX , 6btna nony'-leHa Toq 

TH BbiCOKHX aneprMA T ~ 

KBK OpHeHTH pOB01.{HbJe BCneac· 

BBHHbiX IIpH p8CtJeT8X cet.IeHH 

u ± (T) • Const yJKe np11 T ~ 

p830M pe3yHbT8Tbl MOryT llpE 

'!eHIII\ 8MilnliTYil D± o HO 

Pe3yJibTBTbi HOBbiX aHcr 

'IHTe nbHO 15onee TO'IHbtMII. Dp 

T > I ,3 f :;,a He npOIICXOiliiT. 

Ha p11c . 10 11 I I n oKa3. 

MOCTII OT B8pb11pOB8HIISI napa: 

'IYBCTBHTenbllbl K TBKOMY aap 

IIOil'!epKHyT b, 'ITO BO acex en 

cnaaa lOT Meaneauee, tteM cpe 

x/ OueHKa I a I • -0,1 nc 

xx/nocneuHee 3 Ha'!eHIIe 

+0 ,1 7 
--(),33--() 27 (n.c. 3oniiH, n.<P. 

• /6/ 
B pai5oTe OTMe'!anoc 

T IIBOpe'!B T lliiCnepCIIOHHbiM pa 

C IIOMO!Ub!O IIHTepcjJep e HUIIO?Hc 

HO a = --(),33 + 0 ,1 9 g 
- -0 32 

a_ (T) • OuHaKo HeCMOTpSI "' 

T8Tbl IIHTepcjJepeHUIIOHHbiX 11 3"< 

ayeT Q}f{K!l8 Tb 1 'tJTO 3 H8l.feHH e 

Hoe 3Ha'!eHII e , npllaene HHoe a 

n.H. CTpyHOBy 38 O'leHb IIOil J 



:x 3 H8'!eHHli pearrbHOll 

\ 
T MeV 

210 

l X K3 JlHCITepCHOHH bl X 

0 y Kn8UblB810TCSI HB 

llHCIIepCHOHHbiX COO THOUJeHHll B palioHe cpaBHHTeiibHO He60IIblUHX 'meprHH T • 1, 5 - 2 r ,m 

T O .lln SI COrnaCHSI C O II bl TOM npH BbiCOKHX 3 HeprH 5l X H€06 X OilHM 0 1 l.IT0 6 bt B HHT8 p B8nC 

T • 2 i' 10 r aa 6biiiB TO'IK8 rrepece'!eHIHI KpHBbiX U+ (T) H D ( T ) , T. e . pacxO >KJl8HHe 

c TeopeTH'!eCKHMH KpHBbiMH Ha pHc . 6 llOII }!{HO HMe Tb MecTo y~<e n pH T < 10 r a/
61

• 

l1aTepecHo OTMeTHTh, tf: T O oueHO'tlHOe aKc n epH M e n TEJ.nbHOe 3 H 8'4 e HHe ! a_ rrp H 

T /88/ x/ 
1,45 raa H3 pa60T bl 6rrlf 3 KO K p aC'!eTHOMy 3 HO'!eH!f10 a ( CM. p wc . 6 ) • B 

TO }!{e epeM SI pe3yllbT8Thl H3Mepe HI!H npH T = 3, 86 rae, IIOrry«e HH bie e Ll y6He, ITOK83b!B3 -

IOT yCTOll '! l!eyJO TeHneHUH IO BCe 60rrbUJel'O OTKIIOHeHHSI OT Teo p e TH'!eCKOli KpHeOit a (T) xx/ 

B aa ru eil pa6oTe
151

, ebmo rrne HHol! ewe 

Hbi x
1921

, 6birra rrorry '<eHa TO '!Ka rre p ece'!HIHI 

JlO 0
4

IT y6n H KOB8 IrlHl 3 K C n epHM8H T8nbH bi X U B H -

rr pH T - 10 r 3e ; Ollli 8 KO e ourrac -

T H BbiCI.)KHX 3 H eprHA T 
/92 / 

10 r ae pe3 YllbTB Tbl p a6oT bl c rren yeT paCCMilTpl!BOTb IllflUb 

K 8 K OpH€HTHpOBO l.JH bl€ BCn e.llCT BH € IIpH6RH )f{€ HHOrO Bbl60 p 8 8C H M ITTOTI.fl-1€ CKOf'O XO'l8 H C ITOflb30-

BaHHblX rrpH pac qeTax ceqeu HA u ± ( T ) ( rrpH ebi '!Hcrre HHHX npennorrararroc b , «TO 

(J ± (T ) - Const Y"'e rrpH T ~ 25 r ae ). B o6rraCTH T 0: 10 r ae norryqe HHL!e Ta KHM o 6 -

p830M pe3yrrbTOTbl MOryT npeTeHilOeBTb H8 npellCK838HHe 1IpH6IIH3 HTe llbHO npaeHIIb HhiX 3 HO-

qeHHi! 8MilllllTYil , HO He T8KHX .ll€TaneJ1" , KBK BenJPi H IIH p a3 HOC TH ~D . 

P e3yrrbT8Tbi HOebiX nHc rrepci!OHHbiX pac'!eToe e Ta6rrHUilx 5 H 6 HBJH I K>T C SI 3 H8 -

'IHTerrbHO 6orree TO'<H hiMH. DpH aToM HHKOKHX rrepece «e HHli Kp He bi X D± (T ) e 06II8CTH 

T > I , 3 rae He n pOHCXOili!T. 

Ha pHc . 10 H I I rro Ka3 aHo H3 MeHe HHe ebi'Inc rr eHHbiX a Ha '!eHHil 

MOCTH OT aapbllpoaaHHSI rra pa MeTpo a a <jlo pMyrre ( II ), AMIIIIH T Yilhi D ± 

D ± (T) B 38 BHC H-

38M 8 THO MeHee 

'liYBCTBHT€ RbH bl K T8 K OMy B8pbH pOB8HH JO, l.JeM C e 1.feHH e o ex ( cp. puc. 3) . C y ruecTBeHHO 

n o a qepKHYTb 1 t.tTO B O BCeX c n y1.18.RX Teo p e TH1.feCK H e K pHBbl9 C pOCTOM aHeprHH 
/ 88/ 

c n anaFOT Meaneanee, q eM c penn He 9 K crrepHMeH TBnhHbte 3 Ha q e HH51 H3 p a 6oT bi • 

x l Oue HKa la_ l• - 0,1 rrorry«eHa nnH c pen11ero a n a '!eHHll u, /20/ 

xx/ noc rrenHee 3Ha'!enHe a_ rro rr yqeHHo e a Ll y6He npu T 3 , 36 rae ~ pa aHo 
+0 ,1 7 

-0 , 33-0 
27 

(JT. C . 3orrHH, JT . <P. KHpHrrrroaa" np. flpe n p nHT 0 11 51 11 , E - 24 13 , Ll y6Jw , l 9 65) . 
• 161 /9 1/ 

co B pa6oT e oTM e q a noch, YT O B TO apeMH K a K 3 Kcn e pH M e w ranbHbte a a!'H ble rrpo -

THeo p e'!aT llHC IIepCHOHHbiM pac'!eTa M, C p e ll H H e pe3 yllbT8Tb! 0 IIOIIY'Ie HH b!e e Lly6 He 

C IIOMO!IIb !O I! HTep<jle peHUHO~IIBIX II 06 b!'!Hb!X <jloTOaMyllbCl!OilllbiX H3 MepeHHil ( COOTBe TCTeeH

HO a_ = -(),33 :.. 8•JJ 9 
/ H a _= -0 ,0 1 :.. 0 , 30

1891
) , 6rrHa KH K TeopeTH '!eCKOil \(pHeoA 

a_ (T). OnHaKo HeCMOTP" Ha 6rrH3 KYJO aerri!«HH Y y Ka3a HHhiX no r peUJHOCTell ~a_ pea yrrb -

TaTbi HHTep<jlepeHUHOH Hbi X H:J Me pe HHil SIBII SIIOTCSI Cyll!eCTBeH HO 6orree TO'lllb!MH. D o aTOMy Crre -
6 /90/ nyeT O}!{HilB TL , '<To 3 Ha '!eHHe a -

1 
"J pa OTbi 6rru "'e K HCT>IHHoMy, '!eM y c pen HeH-

Hoe 3 Ha'!eHI!e , npHaene HHoe a pa6oTe 6 • 5I 6 rraronapeH B . A. HI!KHTl!Hy , B . A . Ceu pnnoey H 
JT. H . CTpyHoay 3a o'!e Hb rronpo6Hoe o6cy }!{lleHHe aToro aorrpoca. 
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flepece'!eHHe KpHSbiX D + ( T) H D _ (T) S o6naCTH T = 1,3-30 ras HMeeT MeCTO 

IIHillb npH 3/{a'!eHH!IX 1< > I ( HMeHHO TaKOMy Sbi60py I< H COOTSeTCTSytoT paC'!e Tbl S 

pa6oTe/S{), C yMeHbllleHHeM S<!IIH'IHHbl I< TO'IK8 nepeceqeHH!I CUSHraeTC!I S o6naCTb see 

6 onhlllHX H 6onhlllHX aaeprHA. 

EcnH " ~ I , TO y KpHSbiX D± (T) aeT nepece'!eHH!I ae TOnhKo s ycKopHTenhaoll 

o6naCTH T = 1,8-30 r a s, HO 3TH KpHSble He nepeceKaiOTC!I HHrne H IIpH 68nhlllHX anep

rH!IX, 8 IIOCnenaeM HeTpyUHO y6enHTbC!I, eCIIH C IIOMOillbiO UHCIIepCHOHHbiX COOTHOilleHHll (3) 

pa3HOCTb dD(T) 38IIHCaTb S SHl(e 

I o p. 2 
do(T) • -<4 --y-) + 

E 

E* 
E dE ' 

+ ~ f-;:-;-[u+(T ' l-u 
(T ')]I (~)2(n+ll + a I.E 1-K 

~o E ~ " p. ~ -

E* o E* • l-1< 
0,87( __ ) {I +0,043(~) + 0,275 (_) + ... I+~), E 

E E E 21T 

E* • T* + M T* • 19 

1-1< 

t dt 
)ap J ~ 

E*/E t -

x/ 
ras • 

( npH a TOM Mbi y'IIIH, 'ITO Koa<I>¢HuHeHTbi A± = B± = 0 

x/ 
CM; SbtpalKeHHe ( 8) ). 

(22) 

(23) 

TaK KaK npH scex a n a qeaH!IX " $. HHTerpan I > 0 TO pa3 HOCTb ~D(T) 

T aKlKe OCT aeTC!I IlOIIOlKHTenbHOll SO scell o6naCTH T > so r aa'
921

• 

B '18CTIIOCTH, IIpH ( T* I T ) « I H K • 0,5 

1-K (1-K)" T* 
~D(T)- T _ a_ tg ___ + 0(_) " 

4 IT 2 T 

13 __ v T .. 0,26 yT( r a s l • 10 
41T 

(na6opaTOpHall CHCTeMa KOOpl(HHaT) H, cnenosaTeiibHO, 

(24) 

x/ 6onee TO'IIIO: 'lHCIIeHHbie KO a<I>¢HUH e HTbl S ( 22) S bi'IHCIIe iibl l(IlSI T* = 2Q r a s
1921

; 
onHa Ko npH T*/ T « 1 cn sHr T* na I r a s Hecymec TseH HO cKa3btsaeTcH n a semt-

'lnH e ~D(T). 

34 

a (T)- a+ (T ) • T" 

u (T) •1\{~id D(Tl ll+~_: 
ox 2T 2 (41T 

( S CHCTeMe UeHTpa MaCC) , 

CyllleCTseaao nonqepKay· 

D _ (T) ~ D + (T ) ce4eH J 

HOrO 3H8 1.JeHHSI 

q ex (T 

J.13SeCTHbie S HaCTO!IIlJee spell< 

a a eprHil T > 1 ,3 r as npH6 

lOT HB CYW9CTBOB8HHe K8KOro· 

l.J T O nH60 HeTOttHbl 8KCnepHMeH 

HapyllleHH e UHCIIepCHOHHbiX COC 

nSinOCb 6bi BeCbM8 y.UH BHTenbl 

TaKHM o6paaoM, sonpoc 

paccell HH SI Ilpli SbJCO KHX a Hepr 

oqepeab 3KcnepHMe HTanhnoro 

0 3 HaKe pa3HOC'IH ~D(T) 

T " 5 .;. 10 r as . 

6 

6. Pace< 

K aK ylKe oTMe'!anoch Sbl 

Ce'!eHHl! <7
1 

(pp) npH T :;i 

c n y q ae RBnSIIDTCSI 3 H81.JHTenbHO 



= 1,3-30 faa HMeeT MeCTO 

H COOTBeTCTByiOT pac qeTbl B 

HHH CQBHraeTCH B 06naC Tb BCe 

He TOilbKO B YCKOpHTe llbHOil 

• HHrae H IIpH 6&nbillHX SHep

crrepCHOHHblX COOTHOilleHHil (3) 

a I· E 1-.t< 

~ 

1-K 
a I· E 
~ 

x/ 
1, BbtpalKeHne ( 8 ) ) • 

(22) 

(23) 

TO p83HOCTb 
/ 92/ 

t.o ( T l 

3B 

(24) 

:;neHbl ll.IIR T* = 20 r a/
921

; 
~eHHO CK83biB8eTCR H8 BeJIH -

a I a {1 - K)rr T* 2 

(T)-a+(T) • --=:-~r--'8--- + 0(( __ ) 1 
T ~ 2 T yT(raa) 

0,29 

M • MT I 2 l-2K M a 
2 

2 (!-) rr T * 
u (T) m \>{_jt.D(T)j + _ ~ j6u (T)j }m T --:-:--r(l+tg ---1 + 0(,..--l 

ex 2 T 2 (41T )• 6t rr 2 1 

( B CHCTeMe UeHTpa M8CC), 

2 
Ma 

~ 
- 0,31 M6 

(25) 

(26) 

CywecTaenno noaqepKHYTb, 'ITO He3aBHCHMO OT KaKoll-nn6o Teopnn a TO'!Ke, t' lle 

D _ (T ) = 0 + (T ) ce'!eHHe nepe3apRaKH u ox (T) ll.OII*HO CII8ll8Tb ll.O ero MHHHMOIIb-

HOrO 3H81.JeHHSI 

u (T) •\>(_k_)
2 

[u+ (Tl-u_(T)]
2 

ex min 4rr ( 27) 

l-13BeCTHbte B HBCTOH[Uee BpeMst SKCIIepHMeHTBilbHbte QBHHbte ( CM, pHC, 6) BO BCetl o6nOCTH 

aneprnfi T > I ,3 raa npn6nH3HTenbHO aaeoe npeeocxoaHT (J ox ( T ) mlo 11 ae yKB3brBa-

JOT H8 cyweCTBOBOHHe KOKOro-nn6o MHHHMyMa B STOll 06nBC TH. 0TCIOil8 cneayeT 38KiliO'IHTb, 

'ITO n116o HeTo'IHbt aKcnepHMeHTanbHbte aaHHbte ( 0± ( T) nnn "ex ( T) 1 , n11 6o CHilbHOe 

napywenne ancnepcnoHHbtX cooTHowennil nponcxoaHT ylKe npn T < 1,3 rae. n ocneauee SIB-

IIRJIOCb 6bi BeCbM8 y.llHBHTeJihHbiM . 

± 
TaKHM o6pa30M, aonpoc o noaeaeHHH peanbHOil '18CTH aMnnnTyllht ynpyroro IT - p 

p8CC€RHHSJ IIpH BbiCOKHX 3HeprHSIX OCT8eTCSJ H €51CHbiM H T pe6yeT J]81I~Hei.fwero, B rrepay10 

oqepeab 3KcnepnMenTa.Obnoro HccneaoeaHHst, B '18CTHOCTH, anst npoeepKH BhiBOilOB pa6oT~911 

0 3H8Ke p83HOC 1ll t. D ( T) 

T • 5 7 10 f aa, 

6btll0 6bt B8lKHO BbtnOilHHTb H3MepeHHS! 0± (T) npH 

6. PaccestnHe rrpoTonoa H anTHnpoTOHOB Ha ~POTOHax 

KaK y>Ke OTMeqanocb BbJWe, HBIIIPIHe aecjJH3 HlJeCK oi.f o6nacTH H HeH3BeCTHaH aenHYHHB 

npH T 50 M ae npneoastT K TOM y , ·'ITO pe3ynbT8Tht pacqeToB B 3TOM 
± 

CJiyqae SJBIISIJOTCH 3H81.JJ.JT€.'lbHO M€Hee onpeneneHHbiMn, \.f€M llliH rr - p paccestHH st , 
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EcnH IIHcnepcnoHHbtl! HHTerpan no ne¢naH'!ecKol! o6nacTI! npellCTBBHTb a Billie p<!l!B no 

CTeneHSIM {M/E) < 1 , 

' M M 
2 

j . . . dE • c 0 + c 1 ( _) + c 2 { ) + .. , . , 
..:.0.. E r. 

(28) 

TO K03<jJ¢1!UI!eHTbl c. , B npHHUHne, MOlKHO 6btnO 6bt onpeuenHTb H3 Cp8BHeHHSI TeopeTI!-

'!eCKI!X I! 3KCnepi!MeHT8nbHbiX 3H8'1eHHl! D+(T) no1106HO TOMy, K8K 3TO uenaeTCSI llnSI onpe

- /4/ 
.UeneHHSI Bbl'l.JHTBTellbHbiX ITOCTORHHblX 

B o6nacTI! aHeprl!l! T < I r aa cymecTBeHHbt acero ni!Wb uaa-Tpl! nepabtX •tneHa paa

noJKeHMSI (28), I! T8K K8K B H8CTOSIUiee BpeMSI H8KOnneHO yJKe IIOCT8TO'IHO 60nbWOe KOnl!'leCT

BO 3KCnepi!MeHT8nbHbiX 118HHbiX no D+ {T) t , TO Cp8BHeHI!e CO cpei!Hel! 3KCnepi!MeHT8nb!tOii 

Kpi!BOA n03BOnSieT IIOBOnbHO TO'IHO onpeueni!Tb BKnBII ne¢1!3H'IeCKOA o6n8CTH (H BKnBII TOll 

'18CTI! lli!CnepCI!OHHOrO I!HTerpana, KOTOp8SI COileplKHT Ot {pp) 

'18CTb HHTerpana MOlKHO BKmO'IHTb B pa3nOJKeHHe ( 28)) • 

npl! T :; 50 Mas; aTy 

Bbt'II!CneHH bte TBKIIM o6p830M 3 H8'1eHHSI D + (T) (B CHCTeMe ueHTpa Mace) H COOTBeT-

CTBYIOIU8SI aeni!'IHH8 OTHOWeHI!SI peanhHOi! H MHI!MOi! '18CTei! a + (T) npnaeueHbi a Ta6nnue 7 

Ha pile . 12 pe3ynbT8Tbi pac'leToB cpaBHI!BBIOTCSI c aKcnepMMeHTOM. 

KaK " B npellbiilymeM pa3uene, npl! Bbi'IHCneni!SIX Y'<I!TbiBanocb paaencTBO HyniO Koa¢-

" B± B <jJopMyne ( 8), 3H8'!eHI!SI Ce'leHI!SI a+ {T) npl! T > 30faa ¢MuMeHTOB A ± 

" ceqenMe a_ {T) npH T > 19 raa annpOKCHM1!1!pOB8ni!Cb BbiPBlKeHHeM (II) c napaMeTpaMH 

a 0 = 37,5 M6 H K = 0,5. 

H3 pile. 12 BI!IIHO , 'ITO so aceA o6nacTH aneprni! annOTb 110 T - 25 r aa peaynbT8Tbl 

pacqeToB enonae yaoeneTopHTellbHO cornacyJOTCH c OITbiTOM; HHKBKHX 3aMeTHbiX pacxo>Kae-

HilA MeJKIIY 3Kc nepi!MeHTOM I! TeOpHel! 31leC b He H86niOII8eTCSI , 

no cpaBHeHI!IO c paCCMOTpeHHbiM BbiWe cnyqaeM 1T - N p8CCeSIHHSI IIHCIIepCHOHHbie KpH-

Bbie na pHc . 12 RBnRIOTCSI 3 H8'1HTenbHO 6onee nnaBHbiMI!, 3To o6ycnoaneHo B nepayiO oqepellb 

TeM, 'ITO B ynpyrOM P - H p -p pacceSIHHI! HeT pe30H8HCOB, 

TaK KBK onpeueneHMe nocTpOeHHbiX H3 Cp8BHeHIUI C 3KCnepHMeHT 81IbJibiMH .ll8HHbi~ 

MH npH BbiCOKHX 3HeprHSIX <jJaKTH'IeCKH 03H8'18eT HOpMHpOBKy TeopeTH'IeCKOl! KpHBol! , TO lli!C -

nepCHOHHbie COOTHOWeHHH C 60IIbWHM tUfCIIOM BbiqHTBHlU~ B npeaenax OWH60K t CBH38HHbiX C 

onpeneneHHeM ITOCTOHHHbiX C n H llOITOIIHHTellbHbiX BbPUfT8TellbHbiX ITOCTOH HHblX an 

npHBOIISIT K TeM JKe C8Mb!M peay nbT8T8M ( 6btnH pBCCMOTpeHbl c ny'IBH OIIHOro H IIBYX IIOnon

HHTenbHbiX Bbl'II!T8HHH) • 

B H8CTOSIIUee BpeMSI Mbl eiUe He pacnonaraeM IIOCTBTO'Il!O IIOCTOBepHbiMH 3KCnepi!MeH-

TanbHb!MH IIBHHbtMH 0 BenH'IHHe D _ , n03TOMy Bb!'II!CnHTb KpHBYIO D _ {T) 

. /4,5/ 
Bb!W€ CITOC060M HeB03MO>KHO; MO>KHO ITOIIyl.IHTb IIHWb rpy6bie OUeHKH • 

YK838HHbiM 
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H enaeno ConHHr o6paTHil BHHMBHHe na TO 'ITO aHcrrepcHOHHbl il HHTerpan rro ne<!>H3H'!ecKoll 

061!8CTH MO>KH O npH 6 1!H>KeHHO IIpeaCTABIITb B BHae CyMMbl IIOiliOCHblX 'llleUOB, o6yC1!0B1!eHHbiX 

B38HMOUellcTBH eM pacceHB810111HXCP '18CTHU C npoMe>KyTO'IHbiMH IIHOHHblMH pe30H0H8MH: 

k2 ' fl 2 (k / (1.)2 
~ J ··· dE: = ~ (gn __ ) 

(ne<jJII3H'I.; 0± ) 
2M M-(fln / 2M):tE: (29) 

rae 11 n -Macca pe30HOHa , 

IIOHOM ( CM . p H C , 13) • 

g. - a<jJ<jJeKTHBHSn IIOCTOnHHan CBn3H 3TOrO pe30HOH8 C HyK-

Ka>KUblA 1!3 'llle HOB B CyMMe ( 29) !<MeeT TO'IHO T8KOil >Ke BI<U, KBK I< 06bl'IHblil IIO IIIOC -

HOil '-lneH B a H cnepCIIOHHOM COOTHOW eHHH , o6yC1!0BileHHbiH IT -Me30HOM
141

; p831IH'IIIe 38K · 

JllQ1.{8 9TC~ JlHWb B B9l1HYJ1He MBCC p. n H ITOCTOHHHWX CBH3H 
2 

g n (ann IT -Me3 oHa 

2 2 
s.=s iT = 14,7). 

• 
BenH\.IHHY ffOCTOHHHbiX g n MO>KHO orrpeaenHTb H3 Cp8BH9HJHI TeopeTIP·I9CKHX H 3KC -

nepiiMCHT8llbHbiX 3 Ha'!eHHH D+ (T) , n1160 H CIIO!lb30B8Tb ann 3 TOli Uenll pe3yiibT8Tbl 8H8IIII -

38 apyrHx a<!><!>eKTOB, nanpHMep, pe3ynhTBTbl <!>enoMeHonorH'IecKoro anan113a p - p " p-n 

/104-107 I 
paccegH il n HIIH llBIIHble , IIO!ly'leHHble 113 H3MepeHH n 3KC!le pHMei! T 81lbHbiX <jJopM<jJaKTOpOB , 

CneayeT noaqepKuyTh, t.tTo a uaYeHHH g
2 

B 118CTOIII1lee BpeMII H3B8CTI!bl IIHWb rpy6o 
17 I • 

opHeHTII poBO'IHO . B pa6oTe CoaiiHra n ocTonHH ble 
2 

s. ann p - II CU - M930HOB 

6btllll B311Tbl 113 pa60Tb/ 
1061

, 8 IIOCTOnHHan C B II3H ~ - Me3oHa rron611panacb H3 c p aBHe -

""" pac4eT>IOI1 KpHBOfi D + (T) c aKcnepiiMeHTOM B o6nacTH T = 88 t 310 M aB. Op11 aTOM 

npelliTOJl aranOC h, l.JTO ff0ll.06p8HH8H T 8 KHM o6pa30M fl0CTOHHH8H npH6JlH>K9HHO arrnpOK CHM HpyeT 

TaK>Ke 11 BKnan UllcnepcHoHHoro HHTerpana rro o6nacTH <jJH3H'IeCKHX a n epr11ti T -;;_ 50 Mae, 

COLl8p>KCllU9rO H9H3B9CTHbl9 H 8M C9i1 '-1 8C 3 H 8 l.f9 HH51 C9 719HHH U _ (T ) · 

npe iiMymecTBO MeTona, npeano>KeHHOro ConHHrOM , nepea paCCMOTpCHH biM BbiWe 3aK-

JllOl.Jll9TCs:t B TOM , 'liTO B 06118CTH HH3KHX 3HeprMti , rne HM99TC51 U911blti pH.ll llOBOJlbHO TO't!

Hb!X 3 K C IT9pHM e HTBnhHbiX .UBHHbiX , Bblp8>KeHHe ( 29) CO!lep>KHT 3H8'1.{HTeJ1bHO MeHbWee 'I.{HCnO 

napaMeTpoB, '!eM pa3no>KeHIIe (28) • 

flo c ne TOI"O, KBK CpCIBH eHH€M C 3 K CnepHM€HTOM OITpeaeneHbl TlOCT051HHbl€ g
0 

, H3 QHC-

nepCiiOIIHbiX COOT HOWe HH if MO:iKHO Bbi'I.{HCilHTb He TOnbKO 3 H81.:f€HIHI f)+ (T) , HO H peanbH YIO 

ttBCTb p-p BMIIIIH T Yllbl D _ (T) . 

llon y 'leHHBH T B KII M o6pa3oM a pa6oTe ConHHra
171 

KpiiBaH a _(T) ~ D_(T) / 1 _(T) 

171 
np>IBeaeua Ha p Hc . I 2. CnenyeT, onu aKo , IIMeTb a B IIUy, 'ITO pac•.reThl B pa6oTe 6blllll 

BbiTIOJl H eHbl B npe.UITOJlO>KeHHH , l.£TO npH T > 9 r 3B ce q e HHH a+ OfiHCbiBBIOTCQ" ¢opMyllBMH 

- 0 0 
TMn a ( 11) C OJlMH8KOBblMH BCHMDTOTH'I.{eCKHMH ceqeHHSlMH a+ = (] _ = 39 M6, HO C Hilb -

HO pa3nHY810TC~ 1 H8YeH HSlM H K K+ ~ 2,5, K ~ 0 ,72 . T a K oA BhlGop rrocTOIIHHhlX npea-

cTnBn~ eTcn ceAqac aecbMa HepeanbHl .JM (oco6eHHO a o6nacTH T ~ 10.;. 30 f a B) , noaToMy 
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peaynbTaTbi pacqeToa CouHHra npH T ~ 10 faa MOlKHO paccMaTpllaaTb nHlllb KaK opHeHTH-

posot.JHbie . B qacTHOCTH, npH T <: 10 f aa KpHaaR a+ (T) , BbP.J:ncneaaaH Co.nHHroM, a 

OTnH'-IHe OT ll8HHbiX1 llpHBe.lleHHblX B Ta6nHUe 7 H Ha pHC 12, IIpOXOUHT 3Ha'IHT€l!bHO HHlKe 

H3BeCTHbiX 3KCnepHMeHT8nbHbiX ToqeK. 

7. 3 a K n 10 " e H H e 

TaKHM o6paaoM, cpaaHeHHe UHcrrepcHOHHbiX pac'IeToa c OIIbiTOM noKa3biaaeT xopolllee 
+ . 

cornacHe a cnyqae p- p pacceRHHR H yuHaHTeiibHOe pacxolK!leHHe B c n yqae rr-- p pac-

cesu-tHSJ, npHqliR8 KOTOporo OCT8eTCH ITOKB erne HeHCHOH . Bnonae B03MQ)f(HO, 'ITO :3T O paCXO>K-

ll€HH€ o6ycnOBIIeHO H€TO'IHOCTbiO aKcnepHM€HTanbHbiX UaHHbiX, 

MeTOUaMH, IIOUO~HbiMH T€M, 'ITO 6biiiH HCIIOIIb30BaHbi Bbllll€ lliiH pacqeTa p- p H 

'J! - p B3AHMOU€HCTB1Ii<, MOlKHO Bbl'IHCIIHTb 3Ha 'IeHHH D + ( T) UIIH pacceRHIH! J( - II 

- - /4/ 
J( -Me30HOB Ha HYKIIOHaX , rue TaKlKe IIM€eTC51 He<jJH3H'IeCK851 o6naCTb ( IIOUp06Hee CM. ) , 

0UHaKO ll aTOM cnyqae €llle HeT UOCT8TO'IHO llOCTOBepHOl! aKCrrepHM€HTaiibHOH HH<jJopM8UHH 

UII<I CpBBHeHH<I C TeOpHell. 
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