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BaeaeHHe 

B HBCTOSILU ee 8peMSI HaKomutocb 6onbwoe KomPo~ecTao 31{C11epHMeHTanbHbtx aaHH bJX 

no ce'leHHSIM B 38H M OaeliCTBHSI ::~ne M eHTBPH hlX 'ltiCTHu. OaHaKo, 3 TH aaHHbte paa6pocaH bl 

110 MHOI"'O'IHCJI9H II biM OpHI"'HH8JibHbiM CT8TbSIM H 0 T 'leT8M, 'fTO CHJibiiO 38TpyLlHS19T HX 

HCOOIIb30B81114 9 , KpoMe TOI"'01 8 pSI.tle pa60T Ce'feHHSI onpeaeJISIIIHCb H3 OTHOCHT9JibHbiX 

H3MepenHJi (HanpHMep, H3M9pS1110Cb OTHOLUeliH9 C9'19HHSI ynpyr'Or'O p8CC9SIHHSI K OOJIHOMY 

C9'f9HHI01 3 H8'feHH9 KOTOpOI"'O 6btn0 B3SITO 11 3 Llpyrolt p860Tb!)• flOJiy'f9HHbl9 T8KHM 06pa-

30M C9'feHHSI LlOII>KHbl 6biTb nepeHOpM11pOB8Hbl 8 COOTBeTCTBHH C 601199 003LlHHMH 3KCI19' 

pHMeHTanbHbiMH aallllbiMH , B HeKoTopbtx cny'faSJx TaKaSI nepeHOpMHP08Ka 3H8'fHTeJibHO 

H3M9IiSI9T B9JIH'fHIIY C9'f9HHlt 1 yK838HHbiX 8 Op141"'HH8JibHbiX pa60T8X, 

8 H8CTO SI LU99 Bp9MSI H3B9CTHO HeCKOIIbKO 0630poa, B KOTOpblX C06p8Hbl 3KCOepH-

ll-3J 
M9HT8JibHbl e 3H8'1 9HHSI C9'19HHlt: B 0630p8X paCCMOTpeHbl C9 '19HHSI B38HMO.tl9ACTBHSI 

[41 
OpOTOHOB H K9ltTpOHOB C 11pOTOH8MH; 8 0630pe - 11011Hbl9 C9'f9HHSI 838HMO.tl9ltCTBHSI 

rr -Me30HOB C HYKIIOH8MH 0 B(B) C06p8Hbl Ll8HHbi9 00 B38HMO.tl9ltCTBHRM HYKIIOtiOB1 8HTH-

11YKIIOHOB, K- H tj'( -MeooHoa npH 6onbwHx aHeprHRX T ~ 0,8 E::~a 1). OaHaKo , aTH o6ao

pb1 aaneKo He HC'Iepnbi8810T acex HaaecTHbiX aKcnepHMeHTanbHbix aaHHbiX, B 'IBCTHOCTH, 

[5) 
OOCJie ony6JIHKOB8HHSI paoOTbl M bl OOJiy'fHIIH MHOI"'O OHCeM OT 3KCnepHM9HT8TOpOB 0 

yTO'fHSIIOWHX 11 aononHSJIOWHX HX paRee ony6nHKOB8KHbie .aaHHbie. ObiiiH nony'leHbi T8K}Ke 

H OBble TeOpeTH 'f 9CKH 9 H 3KCil9pHM9HT8JibHbl9 pe3yll bT8Tbl 1 cyweCTB9HHO yTO'f HSIIOWHe 

K8pTHHY B38HMO.tl9ltCTBHSI 'f8CTHU npH 60IIbWHX 3H9pr'HSIX, 

.Qanee 6yayT OO.llp06HO paCCMOTpeHbl 3 KCnepHM9HT8JibHbl9 ll8KHbl9 0 C9'f9HHSIX 

B38HMO.ll9ltCTBHSI HYKIIOHOB 0 8HTHHyKIIOHOB 1 K - " 1T - MeaoHOB npH p aanH'fHbrx aHep-

rHSJx , Oco6oe BHHMaHHe Mbi ynenHM o6nacTH 60nbWHX ::~HeprHlt , BaaHMoneltcTBHR npH 

6onbwHx ::~HeprHRX HMeiOT pRa cneuHcPH'f9CKHX oco6eHHOCTeA, o6wHx nnsr 'IBCTHu paa

JIH'fHbiX COpTOB. i-1 3 8K8JIH3 6 T8KHX B38HMO.ll9ltCTBRlt MO}KHO llOIIY'fHTb CBe.tleHHR 0 RBJie

HHSIX0 11pOHCXO.llSIW HX 8 06118CTH O'f9Hb M811 b iX npOCTp6HCTB9HHt:>-ap9M9HHbiX M8CWT860B, 

Eonbwasr 'faCTb 3KcnepHMeHTallbHbrx n a HHbrx o ce'leHHSIX n o nytt e H a H3 onbrTOB Ha 

yCKOpHT911SIX 0 I"'Ll9 60IIbWH9 llJIOTHOCTH llY'fKOB yCKOp9HHbJX 'f8CTHU 003BOJISIIOT npoBeCTH 

npeuH3HOHHbl9 H3 M 9 p9HHSI, flHWb H93H8'1HT9JibH8R '18CTb Ll8HHbiX 11011Y'I9H8 B OllbiT8X 

c KOCMH'leCKHMH ny'IBMH , TpyllHOCTH H3MepeHH A obycnaanHBaiOT 3aecb cpaaHHTenbHO 

MBIIYIO TO'IHOCTb llOIIY'I9HHbiX pe3yllbT8TOB , V13MepeHHbl9 B911H'fHH bl SIBIISIIOTCSI 1 K8K 

npaaHno , ycpenH e HHb tMH no 6onbWHM HHTepaanaM 3 HeprHH, OnHaKo , aTa ManaS! 'laCT b 

1 ) 
3aecb K aeaae nanee T 6yneT oaHa'faTb KHHeTH'f9CKyiO ::~HeprHIO HaneTaiO-

weA 'f8CTKUhl B na6op8TOpHOA CKCTeMe K OOPLlKH8T, 



0 

ll8HHbiX HMeeT B&>KHeAwee 3H8'ieHHe, T8K K8K ll8eT H8M HH¢OpM8UH~ 0 B38HMOlleA-

CTBHH 'iSCTH U npH rHrSHTCKHx aHeprHHX B COTHH H TbiCH'iH Baa. EcnH He.aasHO 3 Snyw.eH .. 

H blJ:! 25-J39BHbiA yCKOpHTenb B )KeHese ll8eT B03MO>I<HOCTb npOHHKHYTb Brny6b sew.e

CTB8 BD110Tb llO p8CCTORHHA 
-1 5 

5• 10 CM , TO OD biTbl C KOCMH'ie-Y J..'l. 
A.'::" T ....... ":::' 

CKHMH 1IY'i8MH, nO-BHAHMOMYt ew.e llOllrO OCTSHyTCR ellHHCTseHHblMH cpellCTBOM H3y-

\ -15 -18 
'iaHH R npOCTp8HCTBeHHO-apeMeHHbiX M8CWT860B A '::' 10 CM - 10 CM. 

B CBR3H c TeM , 'iTO s nocne.aHee apeMR HHTeHCHBHO o6cy>K.aa~TC SI B03MO>KHOCTH 

(7] 
ODbiTOB C He.llTpHHO Bb!COKHX 3HeprHlt (eM, HanpuMep, C60pHHK t rae npHse.aeHS no.a-

po6tr8SI 6H61IHOrpa¢HSI ) t Mbl Kp8TKO p8CCMOTpHM TeopeTH'ieCKHe ll8HHble 0 ceq eBHSIX 

C1186bJX B38HMO.lleltCTBHA npH O'ieHb BbiCOKHX 3HeprHRX, 

11. 3xcnepHMeHT81IbHble llSHHble 

B opHrHHSnbHbtX pa6oTax Hcnonb3y~TCR pa3nH'iHbte onpe.aeneHHSI ce'ieHHA B38HMo

.aeAcTsHH. noaTOMy npe>K.ae 'leM nepeATH K paCCMOTpeHH~ 3KCnepHMeHTBJJbH biX ll8HHbiX , 

J 
ycnOBHMCSI 0 'iTO Mbl 6y.aeM DOHHM8Tb DOll p831IH'ilib!MH BHll8MH Ce'leHHA B38HMO.lleltCTBHR

0 

H BBe.aeM He06XOllHMb!e 0603HS'ieHHSI, 

CK118llblB8eTCSI H3 Ce'leHHSI ynpyroro flonaoe ce'ieHHe B38HMO.lleAcTsHSI E)t 
pacceHHHH ~~L H ceqeHHSI HeynpyrHx npoueccoa 0~ 

G't-::: Gu. + 6'""- I 

B CBO~ O'iepellb 

3.aecb rO J_- ce'ieHHe 

oc.t -::: oc:.{ + 6'r -r ~e.+ 6'Jr 
llH¢p8KUHOHHOrO pSCCeSIHHSI, 3T8 'iSCTb ynpyroro pacceHHHSI uenH-

KOM Onpe.aenSieTCSI HeynpyrHMH peSKUHSIMH H 06paw.aeTCSI B Hynb npH 6: ~o. 
~ .. 

<Or Ce'ieHHe ynpyroro 'noTeHUH81IbHOrO pSCCeSIHHSI', npHMepOM T8KOrO pSCCeSIHHSI 

MO>KeT Clly>KHTb KyliOHOBCKOe p8CCeSIHHe llBYX 38pSI>KeHHbiX 'i8CTHU HliH pacCeSIHHe HyK

liOHOB , o6MeHSIBWHXCH M e30HOM. Cyw.ecTseHHO, 'ITO B38HMo.aeAcTsy~w.He 'iaCTHUbt s 

K8)K.£lbiA MOMeHT speMeHH npH 3TOM COxpSHSI~T CBO~ HHllHBHllY81IbHOCTb. 

nepsH 'iHble '18CTHUbl MOryT T8K>Ke B npouecce B38HMO.lleACTBHSI H 8 K8KOA-TO 

MOMeHT speMeHH DOTepSITb CBO~ HHllHBHllY81lbHOCTb1 o6p830B8B ellHHY~ • KOMD8YHll 

'i8CTHUy' t KOTOp8S1 B 'i8CTHOM Clly'iae MO>KeT CH088 paCD8CTbCSI H8 9TH >Ke 'i8CTHUbl, 

Taxoe ynpyroe pacceHHHe Mbi 6y.aeM xapaxTepH3osaTb ce'ieHHeM e::e. , rae HH.aexc 

OTMe'iaeT •Heynpyroe npoHcxo>K.aeHHe" 3Toro pacceHHHSI, B HexoTOpbiX cnyqaHx 

(Han 

Heoe 

llYIO 

II h iM 

c e~w 

p blX 

a pe 

npH 

HO II 

((pH 

OT y 

CHMl 

y npy 

pace 

803"-

4ac· 

xolt" 

O.aH 

H HE 

pOTC 

co c 

MHW 

c e qe 

O.au 

HO. 
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aepOS!THOCTeA pacna.aa K OMnayH.a-'1.8CTHUW) 

6'._«- a ce 'leHHe Heynpyrux peaKuHA 

I 
.OYIOWeM Beer .a a 6y .aeT .IICH0 1 'ITO DOHitM8eTCSI n o .a Ce'leHHeM 

OK83biB89TCSI 

O.aHa Ko, a nocne-

~ 
U\ 

G dp - ce'leHite paccesrHH.II 1 o6ycnoan e HHoro HHTep¢epeHulteA Me>K.ay .a~t.PpaKuHoH-
IIblM H KOre peHTHOA eMy 'i8CTbiO DOTeHUit8nbHOrO p8CCeSIIIHSI, noHSITH0 1 'iTO ynpyroe pac

CeSIHHe 'lepe3 KOM D8yH.a-'l8CT1tUY H eK OrepeHTHO C .ll KcppaK UHO H H b!M paCC9SIHH9M . 8 119KOTO

pb!X Cny'l8.11X M O>K HO Bbi.aenHTb T 8 KOA THD ynpyrorO pacCeSIHHSI 1 KOr.ll a DpHpo.aa '1.8CTHU 

8 p eaynbTaTe B 3 811MO.ll 9 ACTBHSI He H3MeH.IIeTCSI 1 HO 'l8CTHUbl MeHSIJOTCSI pOnSIMH: H anpHMeB 

npH p 8CCe SIHHH npO~OH8 H8 He ltTpoH e p + Y\..- ~ )'l...+ p • TaKoe p acceHHHe M o>K-

HO H83B8Tb w pacCe.IIHH eM C nepeCT8 HOBKOltw , QqeBH.Ot101 G'P ,... -r'"'r(e) ::: S,t\ ~r" (rr- e). 
rlpH M 8nbJX 3HeprHRX p8CC9SIHHe C nepeCT8HOBKOlt cj:>H3H'leCKH HH'l9M He OTnH'l89TCSI 

OT y npyroro pacceRHHSI "'o6bi'I.Horo THna w 1 TSK K8K yrnoaoe p acnpe.aeneHIIe 6' ( 6) 

CH MMeTpH'iHO OTHOCHTeflbHO yrna e:% . 0.£lH8KO , npH 60nbWHX 3 H e prHSIX .. 06bl'I.HOe 

ynpyroe p acce srHHe"' B OCHOBHOM COC pe.aOT0'1.9 HO B 06na CTH y r nOB e ~ % 1 H ynpyroe 

p8CC9SIHH9 C nepeCT8HOB KOlt MO>Ke T 6 b1T b 06Hapy>K9HO 3KCnepHMeHT8nbH0(8)[~ , 

Ce'leHHe Heynpyroro s oauMo.aeltcTBHSI CKfl8.llhlB89TCSI H3 C9'l9HHA BC9X 

803MO >KHbl X HeynpyrHX K8H8nOB p e8KUKH 

4 acTHhlM cny'laeM Heynpyroro p acce SIHHSI Sl8nReTCSI •ynpyroe pacceRHHe c nepeaapR.a-

KOA' 1i - 0 
(HanpHMep, I + p _,. Tf + )1.... ) 1 xapaKTepH3yeMoe ce'l.eHHeM 

0.aH8KO, 8 n ocne.ayJOWeM H8M 6y.ae T y.ao6Hee p8CCM8TpH88Tb 3TO Ce'leHH e OT.aenbHO 

II He 8KnJO'l8Tb ero B f). 2 ), 
'"" 

llpyrHM K8H8nOM Heynpyroro p8CC9SIHHSI Sl8nSI9TCSI wynpyroe p8CC9SIHH9 C n e pe80 -

pOTOM CDHHOB .. C Ce'leHH eM G'5 • EcnH Ha onwTe H3MepsreT C R ce'le HHe , ycpe .aHeHHOe 

CO CDHHOM 838H M O.lleltCT8yJO W HX '1.8CTHU ( HenOnS1pH30B8HHbllt ny 'iOK H HenOnS!pH 30B8HH8SI 

88TOM8TH'I.eCKH 8Kni0'189 TC.II 8 3KCnepHM9HT8nbHOe 3 H8'1.9HH9 

ce'leHHSI ynpyroro pacceSIHHSI E)~ • 
2) 

npH 60nbWHX a HeprH.IIX 

0.aH aK0 1 n pu a T OM G'u. « ~;.,. 
HO. n PH M 8 fl b1X a He prHSIX <0~ 

BO MHOrHX pa60T8X C9 'i9 HH e 6"<1l 8KnJ0'1.8eTCSI 8 0<.., • 
H COOTBe TCT8YJOWee H3M9HeHH9 COl" H93 H8'1HT9nb-

aenHKO If erO y.a06 HO p8CC M £lTpHB8Tb OT.aenbHO, 



H 

YcnosHMCR TSK>Ke Hcnonb30B8Tb cne.aytOwHe coKpaweHHbJe o6o3H 8 'i9 H H R MeTo.aos, 

C OOM OWbiO KOTOpblX nony'I9Hbl 9 KC09pHM 9 HT8 nbHb l 9 .Q8HHbJ9: 

B - n K - eo.aopo.auaR ny3blpbKOsaR KSMe p a; 

A-nK - .aeATepHeeaR ny3blpbKosaH KSI\-!epa; 

n - nK - np008HOB8SI ny3blpbK068SI K8M9p8j 

B - A K - ao.aopo.au aH .aHcpcpy3HOHHSH KaMepa ; 

A- A K - .aeAT epHeeaH .aHcpcjly3HOH H8SI KBMepa; 

n - A K - npon8HOB8SI .aHcpcpy3HOHH8R KSMepa; 

VIK- HOHH38UHOHH8H KSMepa; 

C - C'i9T'{IfKH i 

ct> - 8H8nH3 B38HMO.Q9 ACTBHll nepBH'{Jib!X '18CTHU B cpO T 09Myll bCHH; 

Bet> nep8H'{Hbl9 'l8CTHUb1 0 p 8CC9RH 11bl9 118 BO.OOpO.QHOll MHW 9HH , .09T9KTHpyiOT" 

CSI cpOT09 MynbCR 9 Aj 

~ - H9ATpOHbl , p8CC9SIHHbl9 H 8 BO.OOpO.OHOA MHW9HH , .Q9T9KTHpOB8nHCb 

r el( ~ '2 
no pe8KUHH \...(.L ~ 1 2t\) \..M. ; 

CC - H9llTp0Hbl 0 p8CC9SIHHbl9 H8 BO.OOPO.OHOA MHW9HH , .Q9T9KTHpOB8nHCb 

e ll. ( c." n o p98KUHH t\, L~) • 
I 

H - Me1'o.a H 3 M e peHHll He yKa3aH, 

0wH6KH a nonnOM ce 'leHHH Sf5t • ecnH OHH n e yK838Hbl 8BTOp8MH, 6y.aeM nona-

raTb pasnb!MK: Got-: .fi"6'c,):z. -4- (c5'Gi .. )'l-' • AnanorH<~no 6y.aeM sbt<~HcnHTb 
OWH6KH ynpyroro H n eynpyroro ce'ienKA G~( H $0. (ecnH H3B9CTHbJ 3 KcnepH-

L" 
M9HT8nbHbl9 OWH6KH .ODYX .apyrHX C9'19HH A), 

nocne 9THX 06WHX 38M 9'18HHA nepeA.aeM K p8CCMOTpeHHIO 9 KCnepHM911T8nbHbiX 

.Q8HHblX, 

2 .1. B38HMOA9llCTBH9 HYKIIOHOB 

B Ta6nwuax I - ft npwaeneHbJ aKcn epHM9HT8nbH bre ASHHble o ce'le HHSIX Jl ,{ -
838HMO.Q9ACTBHA, 

np11 MSnbJX 9H9prHSIX H8 B 38HMO.Q91lCTBH9 npOTOHOB CYW9CT89HHOC BJIIHUJH 9 OKS-

3bJB810T KYIIOHOBCKHO CHllbl , Jlo9TOMy C9'i9HIHI , nony'f9Htlbl9 H9nOCp9ACTBGIHJblM HHTerpH

pOB8HH9M 9KCn9pHM9HToJibHW.X yrliOBl>IX pacnpeA9119 HHA 5't ::: i s 0 (8) o{ fl_ 

6y.OyT 

TO'iHbl E 

.ao6asc 

nOHOBC 

e" 

TaKoll 

9 H eprH 

T 9llbHO 

¢ 

ceHHHe 

HHSI ce· 

no 9 Kc: 

KaK BY. 

IIH'IHB8! 

B 

C9'i9HHI 

~E 
3 8Hif >KE 

M ynbl ( 

B 

TOpS HC 

OpeMSI Cf 

nony'le l 

3H8'i9Hf 

nocne 
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6y LlYT OHS'IHTellbHO OTilK'i8TbCSI OT .. HLlepHblX ce'!eHKA .. 3) M • O:>KHO nony'IHTb 6onee 

TO'IHWe 3H8'19HH51 Ce'leHHA ff - B3tlH~OLleAcTBHSI, He BKiliO'ISlOWHe KynoHOBCKHX 

.uo6aeoK, ecnH y"'eCTb, 'ITO npH MSilbiX aHeprHHx HLlepHoe pacceSIHHe H30TponHo, a Ky

noHOBCK He CKilbl KCK8:>K810T YI"Il0Bbl9 pacnpeLlell9HKSI 6'(9) llHWb B 06118CTH M81lblX 

H B o6naCTK 60ilbWHX yrnoa e ,. ~ . B 3 TOM cny'lae 

6' k"'c.tu,.. ( 9) -::: €) ~re-t. ( 9 o~) 

6't -;: Ji S 6'~&JB) dJL ~ .2.7r S'~cJt ( ~o'J . 
( 1 ) 

TaKoA nOLlXOLl onpaBLlSH npH611H3HTenbHO LlO aHeprHA 300 - 400 Mas, TSK K8K npK 3TH X 

aHeprKHX 3KCnepKMe HT81lbHble YI"IlOBble pacnpeLlelleHKSI OK80b!B810TC51 BCe ewe llpK611H 3K-

/3J AOJ 
T91lbHO K 30Tp01lHblMH 38 KCKiliO'IeHK 9M 06118CTH M81lblX H 60ilbWHX YI"IlOB ' • 

Cl>opMyna ( 1 ) He llpHMeHHM8 LlllSI 0 '19Hb M811WX 3HeprKA, KOI"Ll8 KyllOHOBCK09 pac-

C951HH9 c 38MeTHOA aepOSITHOCTbiO npOHCXOLlKT K H8 YI"Ilbl , e ....... 9i . Ha PHC . 1 3H8'1e

HKSI C9'1eHKA 1 Bbl'IKCileHHb19 no cpopMyne ( 1) 1 Cp8BHKB810T CSI C Ce'leHKSIMH 1 p8CC'IHT8HHblMK 

no aKcnepKMeHTanbHbJM aHa'leHKSIM SILlepHblX LlllKH pacceHHHSI ( n oLlpo6Hee eM . II 3.1 ). 

KaK BHLlHO, a o6naCTK aHeprKA T 'Z' ( 1- 20) Mas KynoHOBCKHa CKilbJ aaMeTHO yse

nK'fKBSIOT BenH'IHHY 0-e ( pp) • 

BnnOTb LlO a H eprKA T •400 Mas 6onbWHI'lCTBO npKBeLleHHbiX a Ta6nKue J 

Ce'feHHA nony'f9Hbl 110 <f'JopMyne ( 1) , no aTOll :>Ke cpopMyne Bbi 'IKCilSIIlHCb OWK6KK 

S6'-e :: .2-rr · S'Sut"" (9o•) • BbJ'IKcneHHble TaKKM o6paaoM owK6KK HBIIHIOTCH 

38KH:>K9HHbJMK 1 T8K K8K npK 3TOM H e y'ITeHbl OWK6KH 1 o6yCI10BileHHble H9TO'fHOCTbiO cpop
MYIIW ( 1 ). 

B HaKOTOpblX pa6oTax npK KaMepeHKK ~ Cpp) a K8<~ecTae a6coniOTHoro MOHK-

C 'l.(f pn)C'' 
' !111 

6onee TO'IHO ' 

TOpS HCil01lb30B8118Cb pe8KUHSI • TaK KaK a KacToSJwee 

[ 12] 
1 T O H9KOTOpwe K3 paHee opeMH C9'f9HH 9 3TOA pe8KUKH K389CTHO 

nony'fe HH WX 3H8'1e HKA ~(pp) CJ19LlY9T n epaHOpMHp088Tb. nepeHOpMKpOB8HHWe 

3H8'1eHKSI Ce'leHHA OTMe'faHW B T8611HU9 1 3 H8'1KOM +, 

3) 
¢18KT0p 1/2 nepeLl HHT9I"p8110M Y'IHTblB89T TO:>KL19 CTBeHHOCTb LlBYX npOTOHOB 

nocne ynpyroro ( PP ) - pacceHHHH. 
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B pR~e cny~ae8 ce~eHHe <0, a Ta6nKue m nony~eHO CyMMKpOB8HKeM CO~e-
~,. -

mdl D8pUK8llbHblX HeynpyrKX K8H8110B 1 a3RTb!X H3 pa60T paaHblX 8BTOpOB, npK 9TOM 

ce~eHKe KaHana p+ p --1f++ J KHOr.aa Onpe~eliRnOCb C nOMOll.lblO 9KCn9pKMeH-

TSllhHOrO Ce'l.eHKR o6paTHOA peaK UKH rr++~ ~ p+p • B _ce KcnonbaosaHHbie 

~IIR Bbl~HCIIOHH R 6' L..t pa6oTht YK838Hhl B CflKCKe IIKTepaTyphl, 

B Ta6nHue I npHae~enbt T8K>Ke 3 HS'I.eHKR ce'l.eHUR ~ ( pp) ::: ~ ( n 1-1) 
1 

nony'l.eHHbt e p83HOC THb!M MeTOllOM K3 Ofl biTOB fl O paCC CRHKlO K norliOll.l eHHlO HeATpOHOB 

H8 lleATepKK K BOllOPOlle: 

6't: Cn11) -::: 6't;CnolY- 6't;(~-tp) + l(,d) 
AHanorH~Ho abi'IHCIIRIIHCb ce'l.eHUR p~ - a38KMOlleAcTaHR , npHaelleHHble 8 Ta6nH-

ue U': • 
6'1; (pn) = E\ (pol) - ~ ( p p) +I {pol). 

flonpaaKH I("'d) H J ( p") o6ycnoaneHbt TeM, ~To nornomeHHe KIIK pacceRHHe Ha

neTalOwero HyKnOH8 HYKIIOHOM Rllp8 lleATepllR yMeHbWSeTCR, acnK nocnellHKA nona~a-

eT a TeHb llpyroro HYKIIOH8 ( 9cPcPeKT 9Kp8HHpOa KH}, 3 TH nonp88KH abt'I.HCnRnHC b nO Me

/ 13/ 
TOllY rnay6epa (nollp06Hee CM; npKnO>KeHKe 1), Vfx aenH'I.UH8 onpellMR9TCR He 

O'l.eHb TO~HO, no9TOMy npH BelleHHble a Ta6nHU8X 3Ha~eHHSI 

cnellyeT paccMaTpKBaTb KaK opHCHTHpoao~Hbte. YKaaaHHbie 

~ (htt) H 

OWKOKH fiSt 
CJ; (p,.) 

a 9TKX 

cny'I.8RX RBnRlOT CR ~HCTO CTSTHCTH~eCKHMK H M e HbWe HCTHHHbiX, llnR 9HeprHA 

T ~ I Sea aenH'I.HH a nonpaaoK Ha aKpaHupoaKy cocTaansreT oxono 15% -20%. npH 

MeH bWHX 9HeprHRX HX B9nH 'I.HH8 yMeHbW8eTCR 0 HH.>t<9 nopora HeynpyrKX pe8KUHI! no

np88K8M H Ha axpaHHpOsKy MO.>t<HO npeHe6pe~b. Bee ce~eHuR , nony'leHHble p83HOCTHhlM 

M9TOllOM R3 OflbiTOB C lleAT9pH9M1 OTMe~eHbl B T8611HU8X 3H8'1.KOM t• 

B Tal5nuue £1 npH89ll9Hbl aHa~eHHR Gt " 6';" , c p ellHHe llliR f p -H 
f)1.. - B38HMO~eACTBKA, nony'I.9HHbJe o6pa60TKOA (s p8MK8X OflTH 'I.eCKOA M0~911H ) 

9 KCnepHMeHT8llbHIJIX 3H8'19HHA Cp9llHK X Cl3000llHblX npo6eroa npOTOHOB B cPOT09MYllbCHH 

H 9KCnepHM9HT811bHblX 3H8'1. 9 HKA B38HM0ll9ACTBKR npOTOHOB C Rllp8M K, (no~po6uee CM, 

npK IIO.>K9HHe II ) . npuaellCHHbie B T80IIHUe OW H6KK t"~ COOTB e TCTBylOT cpellHKM CTSTKCTH

'I.eCKHM OWH6K8M 8 3H8'1.9HKRX CB060llHOrO npo 6era H Ce 'fe HHA B3AHMOlleACTBHR npOTOH 8 

c : 

911 t 

KY c 

1 
J10J 

p rtc 

801> 

rre::: 

9HE 

ce,.. 

H8 

Ha 

(8 -

CB R 

OW l 

qlOT 

cue 

RMH 

BOll 

llbrii 

cnpt 



'le-

HMeu-

lb19 

HOB 

I'I.LJ.B.-

I Me-

ue 

) 

X 

IM 

- H 

u) 

CHH 

CM, 

"TOH8 

11 

4) 
c $i.OpaMH: • Cpe.auRn SIIC!pT'H$1 LlllH Tpex nocne.auwx wuTepBanoB Bbi'IHCJJalla c y'leTOM 

suepreTH'IecKoro cneKTpa npoTouos o aTMoccllepe . KaK SHLJ.HO, s o6nacTH suepn!l\ T -= 

1 - 10 Sse. nony'leHHbi9 TI'I.KHM o6p830M 3H8'1C:HHH S' l f ,.,) .aa10T 3&HH>KCHHyiO oueu-

KY ce'leHHA 6'~ppJ u ~( l.fh) 4), O.auaKO, 8 onbiTax c K OCMH'IeCKHMH ny'II'I.MH np11 

T '::1"7 10 6ss waMepeuuP. npo6era 'IB.CTO HB1l$19TCH OLJ.HHCTBOHHL>IM c noco6.oM 

LlnH H81"'11SI.OHOCTH: OCH08Hb19 3KCnepH:M9HT8.1lbHbl9 Ll8HHbie CYMMH:p088Hbl HI'!. 

puc. 1-3. 

Coo6pa>K9HHSI 38pR.0080l! CH:MM9TpHH 11: HH88pH8HTHOCTH nO OTHOW9HHIO K 38pSI.ao

BOMy conp$1>K9HH IO npHBO,OHT K p88911CT8y C9'19 H.Hl! 

He388HCH:MO OT TOT'01 K8K09 3TO ceqeHHe H!JH 
r-' 5) 
~,c.(. • 

Vb npHB9.09HHblX 3 KC nepHM 9HT81lbHbiX LJ.8HHbiX BH.OH0 1 'ITO C pOCTOM 

sueprHH CO'IOHHSI p p -aaaHMO.ael!cTaHA CTpeMSITCH K nocTOHHHbiM 3 H8'19HRSIM , Cos-

ceM H9.088HO C'IH1'8110Cb, 'ITO npe.O C!IlbHOe 3 H8'!9HH e 0't "::' 30 .,_.,l , 0LJ.H8KO , Ollb!Tbl 

118 25-638HOM • ycKOpHTelle 8 )KeHe&e ll0K83811H 1 'ITO 31'0 3H8'19Hif9 C119Ll.Y9T yB91lH'IIfTb 

(89) r--J 
H8 10 r\oL , npeLJ.91lbH hl9 3HB.'IeHHH Ce'!eHH l! Ot( H ~... p8BHbl npH61lH3HT91lbHO 

(8 -9) 1"\o.(, H ( 30 - 32) ~' , 

4) wt 8 pa60T8X 1 UHTHp08l:lHHbiK 8 T861lHUe L,.l 1 He yK838Hbl CHC1'9M8'!'H'I9CKH9 OWH6Kii 

CBH38HHble c B03MO>t<HbiM nponycKOM 3ae::..a n pu npocMoTpe cPOTOSMynbCHH . Y 'leT 3THX 

owu6oK yaemi'UlT a ua'!GHHH 6't (p.l'l) B Ta6nH ue ZI. 
He.aaBHO Bbll101lH91fHOe B H8W9M IIHCTHTyTe 6,n. 68HHIIKOM 113Y'I9HH9 TO'IHOCTel! 

cPOT03MY1lbCIIOHHbiX H3MepeHHl! nOK8381101 'ITO np11 06bi'IHOA M9TO.OHK9 H3M9_p9HHl! 

cucTeMaTH'IecKaH owH6Ka b L cocTaanSieT a cpe.aueM oKono .aayK caHTliMeTpoa. 

Mbi 6naroLJ.apHbi M.l-1 . no.aropeuKoMy aa no.apo6uoe o6cy>K.aeuu e 3THX aonpocoa. 

5) 
noHSITH01 'ITO npH 31'0M Mbl npeue6pe1"'89M 3119KTpOM81"'HHTHbiMII 838HMO,Oel!CTOH" 

HMH, 'ITO 385eLJ.OMO Hecnp889Ll11HBO npH Kpal!HHX nepKcP9pH'IeCKHK CTOIIKHOBeHHSIX1 npu

BOLlRWHX K p8CC9SIHUIO H8 M81lbl9 yrn:..I, 0LJ.H8K0 1 1'8KH9 CTOIIKHOB9HIIH .0810T 0'19Hb Ma

llblii BKnaLJ. 8 ce'leHHSI Q)'t , 6'~" , r::!~t..· YKaaaHHbie paaeucT8a oe'leHHA ocTaiOTCH 

cnpaae.anHB biMH TaK >Ke u .anH Ll.RcPcPepeuuuanbH biX ce'!eHH A ynpyroro pacceSIHHH ro't. t1/. 
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Ta6m1ua I 

p p -Baamw,neficTBne T -
144 . T MeTO,It a'-f: rn€ T MeTO,It ~~ 146 

147 0 H3~ 5) 
1780~40 .31,45 CJ4 

91:!; 2 
147 1,855 014 

105J;tJO .31,8 _.,_ 
90:!: 2 

149 2,425 
_ .. _ 

985:!; 2 .31,8 04o 
89+ 2 j 15J J,OJ7 _.,_ 

884:!; J .34,2 c.37 84:!; 1 
155 J,4J5 Bq> 15 8J5:t15 .36,9 -"- 76:!: 1 160 .3,527 c 1.14 812:!; 2 .39,4 041 

69,02:!;0,05 
164 c.37 . .3,899 -"- .757:!; 2 J9,6 70:!; 1 
169 4,20.) -"- 717:!; 2 41 042 

71,6 :!: 5,0 
169 4,96 Bcj> 16 625:!;1.3 42' ·cc43 

86:t1J t 
170 5,07 Bel> 17 602:!: 6 44,66 c.37 59,7 :!: 0,6 
208 5,14 018 

597:!;1.3 50,17 -"- 52,8 t o,6 
225 5,77 B cp 21 548:!; 4 52 042 

55,5 ± .3,9 
240 5,77 c 21 

556 :!: 5 56,15 c.37 46,8:!; 0,5 
240 

.. 6,848 Bq> 15 479:!; 9 61,92 -"- 42,.5± 0,4 
247 7,0J Bel> 22 414:!; 1 66 044 

41,4:!; 4,1 
260 7,514 B4> 15 435:!; 7 68,.3 . 

045 
.38,7:!: o,4 

270 8,o c 2.) 
J77:t 8 68,42 c.37 .38,5:!; 0,4 

270 9,68 024;37 
.34.3:!; .) 69,5 042 

.37,4:!; 2,.3 
280 9,69 026,27 

.342:!; .) 
7') 046 

·J6,4± 7,5 
J15 9,7 029. .3')2:!: .) 

78,5. 042 
-.3.3,9:!; 2,0 

JJO 10 29' 
Jl4:t1J 85 c.c47 

J4,0:t. J,o t 
c . 

J45 

.... 
B If> JO 

048 
12,4 2')2:!: 5 9.3,4 JJ,O:!;'J,ot 

J50 14,16 c.31 227:!; .) 95 044 
28,5:!; 1,.3. 

.380 14,') c.32 210:!; 1 95 . 42 
29,2:!; 1,6 c. 

)80 18,2 c'J 171:!; 1 95 cc49 .31, O_t 4, 0 t 
408 I8,8 c.34 

171:!; 4 97,2 048 
.32,0:!: 4,0 t 

410 cJ5 155:!; 2 
c'o 27,7:!;1,.3 i 

19,8 
98 

410 21,9 c.34 14.3:!; .) 
10~ 046 

.3011:!; 5,7 
410 

25,2 -"- 117£ .) 109 c5l 29,1:!; J,6t 
440 

25,45 -"~ 115:!; .) 117 -"- 27,2:!; 2,4 t 
460 

25,6J c.36 
117:!; 1 118 044 

25,1:!;1,.3. 
460 

28,16 024 
102:!; 1 118· 052 

24,8:!; o,8 29,4 Bq> .38 100:!; .) iJ2 c5l 25,.3:!; 2,4 t .30,14 BcpJ9 94:!; 2 142 05o 
25,2:!; +,2 .31,15 cJ7 92t 1 
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T U8':0,0, a't ~ T r,-:e~o,~ 0'!!- rn,.g. --
144 c5J 20,2!: 0,7 500 c6a .10,6;.t 2,o t 146 c54 22,6;t 2,5 500. c7J 2919:t 014. 147 c44 25,7! 1,2 528 cB4 

JO;!; 7 147 55 
22,4;t 2, 6. 5J5 c72 . 29 a+ l,J 

c 

' - 1,4 149 c51 ?.4 18! 2,ot 
540 c7J 32,1!: 0,5 15J c56 24,J:t 0,2 t 
560 c75,76 J4,0:t o,5 155 c57 2J,o i J,l 
580 c7J J5,6:t 0,5 160 c' 26,1;t 1,0 
590 c6e, 37, B;t ?. , 1 t 164 c52 22,6;t 1,1 
590 c74 J6,o;t J,o 169 c59 2J,1:!: 2,ot 
600 c7J J6,J;t 0,5 169 c51 2J,1! 2,ot 
615 c12 .37 7+ 1,4 c6o 

, - 1,0 
170 23,2;t 1,9 

c7J c61 620 
J8,6± 0,5 

208 25,8;t 2,0 
c68 42,8± J,2t. 

c62 6JO 225 22,4;t o,9 
c7J c6J 640 J9,8;t o,6 

240 22,4::!: 1,8 
n !I> 64 660 _n_ 

41,4:t o,6 
240 22,8;t 1,8 

c75,76 41 14± o,6 
c52 660 247 22,4;t 1,8 

c72 .· 44 4+ 218 740 260 c6o 
22,6± 1,.3 

' - 2,6 c53 2J,O:t 2,0 747 r.77 46 9+ 1,o 
270 

' - o,6 270 c65 19,o;t J,o 765 . (!8 
4418:!: J,s t 280 c66 16,o± 4,ot 797 c77. 
47 5+ 2' 2 

. , - 1,1 J15 c61 241J;t 1,o 
800 c74 47 :!: 2 JJO c62 2J,4;t o,9 

800 c77 47 5+ 2•2 c52 
' - 1,1 

J45 2:312::!: o,J 
B-,4.K79 1 80 48£4 

c67 810 J50 2J,J;t 0,7t 
c81. 47 8 + 116 c68 8JO J80 2J,o! 115t 

' - 1,2 c69 24,4;t 0,4 850 _n_ 47 6+ 117 
J80 

, - 1,2 408 c7o 24,0:!; 1,0 910 ca2 46,1;t 0,5 410 c7l 28,0:!:; 4,0 t 920 c77 47 7+ 3•0 
' - 1,1 410 c~2 26 5+ 114 

925 cp8J 
51± .J 

. ' - 1,J 
410 c7J 26,9± 0,7 940 c84 

49± 5 ) 440 c74 27,0:!: 2,0 1,o F.i31!1 c74 48;t J,5 460 c7J 27,6± 0,4 1 10J c77 46 '+ 2,0_ -

' - 0,6 460 c75,76 27,6:t 0,4 
1,075 

.. 
c81 48 J+ 1,6 

, - 1,1 
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T· M8TO~ O'i m~ ·-
1,17 c77 46 J+ 3•2 

' - o,8 
1,275 c81 47 5+ 116 , - 1,2 

1,295 -"- 49 4+ 1•6 
, - 1,1 

1,J c77 45+ 3•0 
- 1,0 

1,4 .. c85 50,4;!; 1,8 

1,490 c81 47 2+ 2•6 
, - 1,2 

1,7 c77 45 6+ 1•9 
, - 0,7 

2,0 c81 ·· 41 4+ 3•2 
, - 1,4 

2,0 &-n~~o~•s 48,5;t 1,7 

2,17 c77 45 1+ 0 • 9 
' - o,5 

2,6 CJ,86 41 6+· 4 
, - 1,6 

2,75 c77 43 3+ o,6 
'·~' 

' - o,5 
J,o cp87 44,5;t 2,0 

J,o cp88 42,5 

J,17 c77. 42,4;t o,6 

4,14 c69 . 43,7;!; 0,7 

.5,1J 
_ .. _ 

:4-J,7:t o,4 

5,J .B-AK90 J2,4:t 6 
6,12 c89 4J,J:t 0,4 

;;· 6,2 ~ 91 J1,4 

9 41 92 J1 :!: 7,6 

9 c9J J9,4:t 1,5 
9,14. c89 42,1;t o,4 

9,8 -"- 40,1:t o,6 
11,5 .. c9? J9,0;t 1,5 

14,9 -"- J8,7:t 1,5 

16,8 -··- J9,7;t 1,5 

18,5 
_ .. _ 

J9,7;t 1,5 

20,5 
_ .. _ 

J9,4;t·1,5 

22,6 <P .25 42,5:!; 1,4 

2J,J c9J J8,7;t1,5 

27,5 -"- J9,9:t 1,5 
~7 
B&~nc~eHO no DKCnepMM8HTanbHOMy 3Ha~8HIOO ~lliiR paCC8nHV~ /eM.§ 3.1 /. 
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p p - B 3H!1MO,!l;8Jic'l'DE8 

T M6TO,ll; <Je-t ~ T !W'l'O,ll; a'e..e m-e --
Hri~:et rioliohi. p6lK,ll;ilHv.fi· • 'Ji"' -Me 30HOB. 

T ~ 290!.l::lB Clc.t - <T'r lt,85" s-nk 103 1~,3 ::t/,5" 
417L!:::>B (:95 21,5:!; o,8 ~,9 "'108 12,5:!; 2,5 
429 c53 21,5:!; 1,9 .. 

B cp 96 cp 87 435 22,2;t 1,1 3,o 8,9:!; 1,0 
437 

... c97 23,8;t 1,2 4,4 c86 9,0:!; 1,4 
440 c74 23,5! 1,2 5,3 B-,JI,K90 5,6:!: 2,3 
460 c75,76 24,0;t o,6 5,7 "' 110 l3;t 6 

c84 
.. 

c86 528 24;t 5 6,1~ 6,9:!; 1,0 
560 c75,76 25,2;t o,8 6,2 cp91 8,8:!: 2 
582 n -nK98 24,2;t 1,6 6,2 H111 8 
590 c74 25,0:!; 2,0 8,5 4> 112 8,7:!: o,4 
650 B-JIK9~ 26,3;t 1,8 9 q:.92 10:!; j c, c75,76 22,6 <f> 25 5 5+ 3,9 660 24,7:!; 1,0 

' - 2,8 
800 C3,74 21,5;t 2,0 

810. ( B-AK79,80 24:!; 2 

925 cp 83 17:!; J. 

9JO n..:nK100 21,6:t 2,5 

940 c84 26+ J 

970 B-AK101 25,8;!: 0,9 

970 A-AK102 25,9;!: 1,7 

1,0 Eon c74 19+ J 
- 2 

1,0 c1o3 20,8;t 1,0 

1,0 c1o4 20,7:!; 1,2 

1,5 B-AK80,105 20:t 2 

2,0 B·nK455 18,7:t 1,3 

2,24 c86 16,9:!: 2,5 

2,75 B-AK80,107 16;t 2 
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Ta6.mma fll . 

p p -B saiw.o.neficTBHe 

T MeTo,n a: .. ~ 
Ilm:te nopora poJK,neHHJI 

T ~ 290 MaB 
Ji

0

- Me SO HOB 

a-l.. = 0 

340 MeB cll3-115 
o,55;t o,12 

345 cll3 1114 1116 
o1 67;t o,lJ 

380 -"- 11 85;t o,35 
437 cll7 21 43:!: o,34 
440 c74 

,3,5 :!: 2,.3 
460 c75,76 

3,6 ;!; 0,7 
485 cll3 1118,119 

3,84;!; 0,56 
510 cll3 1 lle,120 

5,94;t 0,70 
520 c1D;ll81119 

51 98;t o,68 
528 c84 

6;t .) 

560 c75,76 
81 8 :!: o,9 

560 cl13,118112o 
8138;t o,68 

584 cll3,118,121 
101 3 ;!; 018 

590 c74 10,8 ;!; 3,6 
597 c1D,ll8 112o 

11j39;t o,a5 
610 -"- 12,38;t o,a5 
620 _n_ 

D 1 54;t 019o 
633 -"- 14,81;t 0,87 

"650 B-.JI.K99, 14,4 :!: 1,4 
650 cll3,ll8112o 

16 1 0 :!:: 01 88 
657 _n_ 17,22;t0,87 
660 c75,76 

16,7 ;!; 1,2 
800 c3,74 

25,2 :!: 2,8 
810 B- ,a.K79,80 24;t 2 
925 cp 8.3 

34;t 5,5 
940 c84 

23;t J 
970 B-AK101 20,9:!:; 1,.3 

'• 

970 ,11.·.1J.K102 18,7:!:; 1,5 
1 1 0BaB c74 28,8:!:; .3,2 
1,5 B,- AK80,105 27:!:; 3 

T M6TOt\ i;Ji, ~ 
0 

1 

2,0 e-nK45,5 
29,st 2,1 1 

2,75 B-AK801107 26~ J' 1 
' -3,o tP87 

35,~:!: 4 
5,3 B-AK90 26,8;t 5,5 
6,2 cp 91 

22,6;t '·' 

2 

2· 

2: 

6,2 rp 122 2J+ 7 
- 6 

3: 

9 
"' 92 2~:!:: 7 

4: 

22,6 cp 25 '?± ll , 
;{J 
1 

51 

~ 6' 

7~ 

9• 

..... · ~ 11< 

14< ~ 
'-.. 18( 
'-..... _..·· 

23( 

30( 

43( 

66( 

1,1 

1 1 9 

10 

10C 

1 1 C 

1,J 

2,5 

4,7 

7,1 

8,7 

9,J 

10, 

10, 

11, 

12, 

'' i 



-------
T Me To~ 

0 SB ~) 

1,o c12J 

15 -"-
17 -"-
20 _n_ 

24 _u_ 

28 -"-
J5 _n_ 

45 -"-
58 _u_ , • .;/J ~ 67 -"-

1 
79 -"-
94 -"-

~ 110 -"-/ 

" 
140 . -"-

......... 180 -"-"- 2JO _n_ 

JOO -"-
4JO -"-
660 -"-

-1,1 KaB -"-
1,9 -"-
10 ..:,n_ 

100 _n_ 

1,005 MaB c124 

1,315 c125 

2,54 · c124 

4,75 c126 

7,17 c127 

8,77 -"-
9,Jo MK128 

10,42 c127 

10,60 HK128 

11,1J C127 

12,50 C129 

17 

Ta6JI.Pll!fl IY 
n p - Bsam.m~elcTB.PlA 

<4 T --
20,57;t o,o4 6apH 12,80 

21,0 :!: 0,2 lJ,lJ 

19,8 :!: o,1 1J,50 

20,J :!: o,1 13,9(). 
20,_1 :!: 0,1 14 

20,0 :!: o,1 14 

20,8 :!: o,1 14·, 02 

20,6 :!: 0,1 14,10 

20,4 :!: o,1 14,12 

19,5 :!: 0,1 14,20 

22,J :!: 0,4 14,80 

20,1 :!: 0,4 15 

20,"7 :!: o,J 16,5 

20,J :!: 0,2 18,10 

19~8;t o,J 19,6 

;1.8,7 :!: 0,2 19,66 

20,8 :!: 0,4 19,9J 

20,2 :!: 0,4 21,10 

19,J :!: o,J 25 

2o,s :!: o,J 27,2 

19,5 :!: o,J Js,o 

19.,5 :!: o,J J9,0 

16,0 :!: 0,2 42,0 

10,5 :!: 0,2 42,0 

4,228 :!: 0,018 47,5 
J,675 :!: 0,020 6J 

2,525 :!: o,oo9 64,5 
1,69 :!: o,oo6 85 
1,24 :!: ·0,020 88 

1,04 :!: 0,010 90 

920 :!: so mb 90,0 

940 :!: 20 9J,4 

780 :!: 90 95 

880:!; 20 95 
69o + 10 97 

061.e,IImtHHIJit IIHCTUT)'T 

~epHwx nccneAonauan 
6H5JU10TEKA 

M9TO~ ~ 

&-1K128 SJO :!: 90 
c127 760 :!: 20 
c129 694 :!: 19 
cDO 770 :!: 40 

C,ulJ1 700 :!: 60 
cD2 690 :!: 60 
c127 720 :!: 10 
cDJ 689 :!: 5 
cD4 686 :!: 7 

C.r.tJ 675 :!: 20 
HK128 610 + 90 
~1J1 660 + 70 
&.tK128 660 + 100 

-"- 550 :!: 80 

-"- • 520 :!: 90 
cD5 494,2:!: 2,5 
c1J6 504 :!: 10 

lt\K128 410 :!: 90 
ccD7 J90 :!: Jci 
cDB J60 :!: JO 
cD9 22J,o:!: 7,6 
c14o 22J,O;t 7,6 

cc141 20J + 7 
c142 170,o;t s,J 
c14J 196 :!: 10 

·c1J9 126:!: J 
c14ci 126 :!: J 

cc144 SJ :!: 4 
c 14J 86,1:!: 2,0 

1-iK 145 9J,O;t 7,0 

c 142 
76rO;t 1,7 

c 146 77,b;t 5,0 

c 1J9 
7J,9;t J,o 

c 147 7J,O;t 1,5 
c 140 7J,9;t J,o 
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T MeTO~ at. T MeTO~ Of: 
--,--

97,0 c148 74,0 :!: 10,0 1,4 c85 42,4 :!: 1,8 Hn: 

97,2 c146 76,0 ± J,o 1,48 c81 40,8:!: 1,9t JOO 
-

101,1 -"- 8o,o :!: 7,0 2,0 _.,_ 40,9 :!: 1,9t J8C 

106,8 -"- 59,o z:16,o 2,6 _n_ J714 :!: 118t 400 

117 c148 61,5 :!: 8,6 4,5 c161 JJ,6 :!: 1,6 44C 

126 c1J9 56,9 :!: 1,8 1?,5 cp9 >(J0-+-J2 )K* 485 
-

140 c148 48,5 :!: 5,6 9 c9J 42 :!: 2,9 t 520 

15J c1?9 46,4 :!: 1,2 14,9 -"- -J-2,1 :!: 2,J t 560 

156 c14o 46,4 :!: 1,2 2J,J _n_ 41,4 :!: 2,J t 590 
. ! 

156 c148 50,5 :!: s,J \ 597 

160 c149 51,2 :!: 2,6 61C 

169 c150 49,2 :!: 1,6 620 

*>· 
180 0148 44,0 :!:12,0 BHqMC~eHo no sKcnepEMeHT~HRM saaqeHHRM 6JO 

208 c151 J7,0:!: 2,ot 
~MH paccemum /eM. § 3.I/. 6JC . 

220 014~ 41,J :!: J,5 **"). 9 645 IIPH onpe~e~eHM sToro SHat~eHl:!SI B pa6<;>Te r l 
. 220 c149 41,0 :!: 4,0 c~e~H pll~ JJ;OnyiliBHPJ:ii, CIIpaBB~llllOCT:b KOTOpllX 660 

c152 
~BKO He QqeB~a. 

665 260 J5,0 :!: 8,8 

270 c15J J8,0 :!:'115 97C 

~ 280 ci54 JJ,o :!: J,o 

J15 c151 · J2,5 :!: 4,ot 

J50 c155 J5,6 :!: 0,7 

J80 0-:t56 J4,0:t 2,0 

J80 c157 n·o+1,5t 
' - 1,J 

408 0158 Jl,6 :!: 2,0t 

410 c159 JJ,7 :!: 1,J 

500 c156 J5,o :!: 2,0 

590 .;.n_ J6,o:!: 2,o_ 

590 c157 J6 2 + 212 t ' -·2,0 

6JO c156 J7,0 :!: 4,0 

765 c16o J4,4 .:!: 1,6 

810 c81 J2,5 ;t1,2 t 

910 c82 . J9,2:!: J;1t 

970 k,[l.K102 J7,5 :!: J;7 t 

1106 S~& c81 J4,0:t2,0t 

1,26 -"- J8,8 :!: 1,4 t 
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Ta6JII!~ Y 

1'\. P - BSatmo,LieMCTBHe 

------------------
T MeTO,ll; .<Jd~ ------ crt"~ 

Hlill!te nopora poJK,IteHHH :JI' 0 -··MeSOHOB T ~ 290 M::lB ~=~ ... o; .. -= 0 

JOO MsB LiK162 ... o,o8 

JBO c156 ovJJ ... 1 

400 eq,16J;c164 o, 72 :!: 0,10 
440 c164,165 

1,35 :!: o,J 
485 -"- J,oo :!: o,7o 
520 -"- 4,4 :!: 1,0 
560 _.,_ 

5,21 :!: 0,85 
590 c164,166 

5,8 :!: 0,5 
597 c164,165 

8,9 :!: 1,0 
610 -"- 10,1 :!: 1,4 
620 -"- 10,8 :!: 1,5 

:aM 6JO -"- 11,7 :!: 1,0 
6JO c167 26,D! 4,5 

e C9J 645 c164,165 
11,8 :!: 1,5 

opwc 660 c164,165 
10,5 :!: 2,4-

665 -"- 11,J :!: 1,4 
970 A ·AK102 16,2;!: J,5 21,3 :!: J 
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Tad.rrv;ga YI 

pN - BsamwJJ;eiicTnl!e 

----- - d. T BsB IIpoeler n 
<-MyJibCUHl!.) 

~ 111@ l'iHTepBa.JI SHeprH.I! Cpemum ::meprM L '.14- <r.~~ 
---------------------------

4,5168 - - - 35+ 3 

5,7110 37,6:!: 5,3 - 29+ 16 
- 7 . 

5,7169 35,6:!: 2,4 - 34+ 11 
- 5 

6,2170 34,7:!: 3,4 - 35+13,5 
- 6,5 3 

6,2171,172 -736,4 - ~ 31 

6,2122 38,2:!: 1,5 - 28+ 3 

992 37,3:!: 0,7*)e - 30+ 2 

9173 35,7:t 0,7 - 33+ 2 

;:>9 ""20174 - - 32+10 

22,625 36,6:!: 1 - 31+ 3 
- 2 

0,9+34 20175 - - 32+3 . 
2 28.;- 58 37176 - 28+ 4 -

58+-121 77176 - 21 + 4 

121+387 178176 - 25 +18 
- 7 

200177 42+10 - 22+ 24 
-13 

.- 25058 4l:t10 - 24+ 26 
- 9 

I ------------------------ -----~-------------------------~·------------------------

~).KaR noRasanH cpaBHrrTeJ!bHUe pac~eTu, cpeJJ;Hrre CBOClOJJ;HHe npoderH B ~OTOOMy.JibCHIT HMKwM-P 
rr rlford G-5 npaRTrr~ecim ue pas.JI~aroTcR I noJJ;pOdHee eM .llpHJIOllteHHe II /. 

**') . . B padoTe 92 no ue,llopasyMeHHJO yRasaHa· ueBepHa.FI cTaTHCTHt!eCRaR omH6rw. I r; L = o, 3 /. 

Mh! d.Jiaro.napuu M .M.IIo.n;ropew<oMy, yKa.sanl!IeMy HaM Ha STY HeT0'1HOCTD. 

' 
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lev 

I II 

5 /II 15 Tt~ev 

Pne. 1~ Ce'ieHHSI asaHMO.llefteTBHSI HyKnOHOB IIpH o'leHb Man.biX aHeprHHX, 

CnnOWH.biMH KPHB.b!MH HaHeeeH.bl 3Ha'leHHSI,, B.bi'IHeneHH.bie no TeopH!!2~¢cP.eK-
THBHOro paanyea (eM, § 3,1 ), Bee ee'leHHH .ll8H.bl B e,llHHHU8X 10 eM2 , 

.• 



• wo 01 xenHHHtra 
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0 
0 Dt 

150 A o,t 
• Dt, 

1~5 
.)f 6; (PN)t 

100 

75 

50 

25" 

tJO,.,ev 100t-flv Jaev JOaev 
Pnc. 3. Ceqeansr. npoToa-aeitTpoHHbiX B38HMo.aeitcTBHit. YKasaabr TaK:>Ke saaqennsr 

6't: (pJiil) , BbrqncneuHbie· no onTnqecKoit Teopnn. Bee ceqeunsr .aaHbi B -27 2 . 
e.aHHHUBX }Q CM • 
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KaK nOK83.b!a8IOT H3MepeHH.II1 a.bmOnHeHH.bl9 B KOCMH'I9CKHX ny'ISX1 a npe.aenax 

aKCnepHMeHTSnhH.biX OWH60K nOCTO.IIHCTaO Ce'leHHft COXp8H.!IeTC.II annOTb .llO aHeprHll B 

HecKonhKO coTeH Baa~ AHanH3 aKcnepHMeHTanhH.biX .aaHH.biX no wHpOKHM aTMoccpepH.biM 

nHaH.IIM yKa3.biaaeT, 'ITO nop.!I.IlOK aenH'IHH.bl ce'leHII.II ~ 3aMeTHo. He 113MeHSieTcSI, no;..all.aii

MOMY annoTh .ao aHeprllll T,.,109
Baa. O.aHaKo, TO'IHOCTh on.biTOa c KOCMII'IeCKIIMH nyqa-

1 6) 
Mil Heaen11K81 II STO 38KniO'IeHIIe He SianSieTCSI, CTpOI'HM 

. 3KcnepHMCHTanbH8.1I HHcp0pM8UH.II 0 11-f -a38HMO.Il9llCTaHSIX npH 6onhWHX 

aHeprHSiX O'leHb 6C.IlH81 O.llH8K01 113 Ta6n1111 II 113 pile, 2-3 Bll.llH01 'ITO C pOCTOM aHep-

I'IIII ceqeHIIe G't Cttp~ cpaaHHsaeTC.II no senH'IIIHe c ce'leHHeM ~ (pp). He.aasa11e 
· W3] · 

. 113MepeHIISI , a.bmonHeHH.bie s )1\eHeae, noKa3.biBaiOT1 'ITO np11 T ~ 10 Baa aKcnepii-

MeHTanbHasr aenii'IIIH8 nonpaBKII rnay6epa r::: OC(pp)- ~ (pn) ~cs :t /J..) ,.._.( 
II He 38BHCIIT OT aHepi'HII, 

Mo:»<:Ho o:»<:H.Il8Th1 'ITO np11 6onhWIIX aHepr11srx 6y .llyT pasH.biMH TSK:»<:e ce'leHIIH 

ynpyi'IIX II Heynpyi'IIX B3811MO.IleliCTBHft HyKnOHOB! 

6'~(.cpp) = 6'~tCf'k) ~ G';" (rP) = 6'~~ (pn). 
HcMepeHHH 

f176] • 
BpeHepa 11 B11nhHMCd noKa3anll 1 'ITO B IIHTepsane aHeprllll OT 28 Baa 

.ao 387 Baa ce'leH!IH Heynpyroro a3aHMO.IlellcTBIIH npoToHOB H HellTpoHoa c sr.apaMII 

B npe.aenax aKcnepiiM9HTanbHblX OWII60K (- 30%) He pa3nii'I810TCH1 'ITO YK83.biB8eT 

Ha paseHCTBO Heynpyi'IIX ceqeHIIft pp- H h.p - B38HMO.IlellCTBIIft np11 aTIIX aHep-

I'll SIX, 

2.2. B3aHMo.ael1cTaHe aHTIIHyKnoHos c HyKnoHaMII 

3Kcnep11M9HT8nhll.b19 .ll8llH.b19 .llnH a3811MO.IleftCTaHH 8HTIIllyKnOHOa C HyKnOH8MII 6o-

nee 6e.llll.bl 1 'leM .an.11 I{JI{ - .a3811MO.Il9llCTJHl1 II. OI'p8HII'19H.bl o6naCTbiO SHepi'Hft 

T < 10 Bas. B o6nacTII MM.biX aHeprllll aeniiKII aKcnepiiMeHTanhH.ble ow116K11, J.13secT-

H.ble a H8CTOHUl99 apeMSI 3Ha'leHII.II Ce'leHIIll pp - p t\.- a3811MO.IlellCTBHll npHae-

.aell.bl B Ta6nHuax W, ::ZW H Ha puc. 4. B psr.ae cnyqaea npuae.aeHH.bie ce'leHHSI 

6) 
· M.bi 6naro.aapH.bi H.nE:JpHerpy,B.WuMaKy H . .apyrHM coTpy.aHHKaM KOCMHt{ecKoll 

rpynn.bi a npare 3a no.apo6aoe o6cy:»<:.aeHIIe aTHX sonpocoa H ueHH.ble 38Me'laHHSI, 
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HBnHJOTCSI ycpeaHeHHhiMH no wapOKHM HHTepaanaM sHeprHH. SenH'IHHa sTHX HHTepaanoa 

yKa3aHa a CKo6Kax. B Ka:>KaoM H3 TaKHX cny'laea yKa3aHa TaK:lKe .. cpeaHHSI sHeprHSI 

aHTHnpoToHoa", KOTopaH He aceraa coarraaaeT co "cpeaHel!: sHeprHel!: HHTepaana". 

Bee ce'leiiHSI p )11...- - B38HMOael!:CTBHH 1 rrpHBea~HHbie B Ta6nHn:e YTfi 1 rrony'leHhi 

p83HOCTHhlM ME!TOaOM H3 Ollb!TOB C ael!:TepHeM H BOaopoaoM: 

G'(p~)-= S(pol)- CJ(pp) + l(pof), 

rae T ( p ct) - norrpaaKa Ha SKpaHnpoaKy HyKnOHOB B Hape ael!:TOHa. B Ta6nH-

ue '2iu 3H8'1eHHSI Ce'leHHH rrpHBeaeHhl y:>Ke C y'leTOM 9TOH rrorrpaBKH 1 Bhi'IHCneHHOH 110 

ME!TOay rnay6epa (cM.npano:lKeHHE! 1 ). KaK BHaHo, i:J:pH 6onbWHX 9HE!pi"HSIX ce'leHHS! 

'P 1'\-- - B38HMOael!:CTBHH B rrpeaenax 9KCIIepHMeHTanbHhiX OWH60K Mana 

p83ni!'18IOTC51 1 'ITO yK83biBaeT Ha cna6y10 3aBHCHMOCTb 9THX B3aHMOael!:CTBHfi OT H30TO-

IIH'IeCKOI"O CIIHHa. 

r., , 
r-IpuaeaeHHbie B Ta6nHn:ax 3H8'19HHH \:') ~~ 51BnSIJOTC51 CyMMOH Ce'leHHS! 8HHHI"Hn51-

UIIH ,/\( t' J( ~ 1l" -Me30Hhi + K-MesoHhd H ceqeHHSI Heyrrpyroro pacceSIHHH 6e3 

BHHHrHnHUHH G't\a. ( .iJ + jt( -P Jj 1- .'J'. + 'lacTHU:hi apyrHx copToB). Ce'IE!HHe 6", .. 
paBHO HynJO rrpH ManhiX 9HeprHHX 1 OaHaKo, 6biCTp0 yaenH'IHBaeTCS! C pOCTOM 9H9pr'HH. 

BenH'IHHa OTHOWeHHH ~a/tr, 
7 ""' -. B cnyqae -ph-- B38HMOael!:CTBHH 

l =925 Msa CHnbHO pa3nH'IleTC51 : T8K/ anH rr .,.., . (439) 
'"'Y'\J~"' : 0,09:!:_0,02 , a 
~ 44~ \0"•/o,t\ =0,33 :t. o,1't • 

p r - B38HMOaefiCTBHS! rrpH 

anSI p Y1- - asaHMOael!:cTBHH rrpH f = 900 Msa 

no C006pa:lKeHHS!M 3apSiaOBOH CHMMeTpHH anH BCE!X Ce'leHHH 1 yK838HHb!X B Ta6nH-

U8X 1 BhiiiOnHS!IOTCSI paaeHCTBa 

6'(pp) = S(ntt) 

G' c pr1) = o( np). 
T ~ 10 Bsa ce'leHHSI l-13 IIpHBeaeHHhiX aaHHbiX BHaH0 1 'ITO IIpH 9H9pi'HS!X 

"",/11 - B3811MOael!:CTBIIH 3H8'111TE!nbHO rrpeBOCXO.llSIT Ce'IE!HIISI 

3TO MO:lKHO IIOHCHHTb cne.z:tyJOWHMII COo6pa:lKeHIISIMII: TaK K~K 8HTHHyKnOH BO MHOI"IIX 

OTHOWeHIIS!X IIO.ll06eH HyKnOHy, TO 9!'0 1 K8K II HyKnOH 1 MO:»(HO rrpe.z:tCT/ilBHTb COCTOS!WHM 

113 rrnoTHOI'O KepHa H cpaBHIITE!nbHO pbiXnOl!: Me30HHOH 060nO'IKIIo C TO'IKH 3peHIIH T8KOfi 

Moaenu ecTeCTBeHHO rrpeanonO:lKIITb1 'ITO aHHIII'IInSIUIISI rrpOHCXOJlHT rrp11 CTOnKHOBeHIIII 

KepHoB HyKnoua 11 aHTIIHyKnoua. TaKIIe CTOnKHOBE!HIIS! 6y.z:tyT xapaKTep1130BaTbCS! 
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TaOJI!!!£1: YTI 
p p - :B3a11MO;n:eiiCTBll8 

, _________ 
-------------------T MGTO;n: a'e.e ~ ~~~~ 01 .. ~ oi:~ T ---------------------· ---------------------------------· 

50 M::m D-11 K178 . 96+ 4J - - 210::!; 70 700 (5 + 80) -
n- nK179 816 106 66+ 17 ,615 112+ 2J .!-19J;t 40 (75+137) -

820 
n-n K1ao * 120 >41+ 10 - - - 940 - 7 

10+ 2 84+ 14 948 lJJ c181 72+ 9 
166+ 8 -11 - J - 12 960 

1J7 n -nK179 >62::!: 12* -· - - 1 :G:a (75+200) 
1,0E cp 182 * 127 >58+ 40 - - - 1,01 (20+2J5) - 17 

1,2~ 
125 cJ:> 18J 77+ 17 - - - 1, 6'i (0.;. 250) -

cp 184 2,oc 140 70,9:;12,7 -- - -
2~ 7~ (J0+250) 

cp 185 71-t:. Jo {86+ 58 4,1~ 150 - -(20+2JO) -11 "' - J7 5,1: 

cp 186 . 
6,1~ 150 71+ 1J - - -.(50+250) -
9.1~ 

170 n -nK179 56+ 14 - 60+ 18 - 9,J( '(J7,5+200) - -
9,8 

190. c187 - - - lJ5:t16 
.. 197 c181 64~ 7 11+ 2 77+ 12 152::!; 7 9 - 4 - 10 

265 c181 50+ 6 +·2 66+ 10 124::!; 7 7 8_ J - 9 

JO.O c187 - - 104::!;14 

JJJ c181 49~ 5 
7::!: 2 58~ 8 114::!; 4 7 7 

440 c188 - J .• 0::!;1• 6 
457 c189 - - ~89:!; 7 104::!; 8 

*). I 460 c190 - - 89::!; 8 -
470 . 0·11K457 - - 52:!; 10 
500 c187 - - - 97?;. 4 
5J4 c191 44+ 6 6:t 2 69?;_ 5 119::!; 6 
540 c19o 4J:!: 5 - 69:!: 4 117?;_ 5 
700 c187 - - - 94:!: 4 
700 c19o 41+ 4 - 65;t 4 116± 5 
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··~ 

----
T (]",;_ ~ ~!<~ Oi~M at~ 

700 . c191 4.3:!; 5 8+ 2 6J;t 4 114:!; 5 
816 c191 .37:!; 5 7:!; 2 60:!; 5 105:!; 6 
820 c19o J7;t 4 61+ 4 108;t 5 
940 B- n K454 < 7,9:!: o·,5 

948 c191 JJ:t J 8:!;2 56;t J 96:!; J 
960 c190 JJ;t4 55 :!: 2.5 96:!; 4 
1 :C8l3 c192 JJ:t 2 5 +1.0 

-1.5 62 :!: 2 100:!; J 

1,068 c191 JO;t J 7 :!: 1 58 ::!: J 96;t 4 

1,07 c19o JO;t J 60 :!: J 96::!: 4 

1,25 c192 26:!; 2 4 ::!: 1 57 :!: J 69:!; 4 

1,67 H·194 100f-J 

2,~0 c192 25:!; 4 6 + 2 
- J 49 :!: J 60;t 6 

._ 2,75 c194 -. 60:!; 6 

4,14 c69 67.0:!; 2.1 

5,1J 
_ .. _ 

60.6:!; 2.0 

6,12 -"- 6J.O;t 2.J 

9.14 -"- 46.0:!; 2.0 

9,Jo -"- 52.6;t 2.7 

9,6 
_ .. _ 

53.0:!; 1.1 

*J. He y'!TeH Blt.iW.:z4 o6JiacTM MaJrux yrJioB. 
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Ta.Q.:rnn·r.t Y.G - .. Pn - "'"'~'l·"'0"0l·IC''D'"" ,1.;; •,.G~ -.!.>• . i·' ·' ... .~<J.\..,. 

----------------------·------
T rt.e'.i'O.ll - ~~ at .. ~ -

457M3B clB9 

460 cl9o 

540 -"-
700 _u_ 

820 -"-
900 cl_63 

~74,. 

74,:t 9 

BO:t 5 t 

7l,:t 6 

69+ 5 t 

64+ 6 

39 :t 9 t 

24 + 9 

43 + lOt 

-
960 cl90 

64+ 4 t 39 ::!; 8 t 

1. 07 :S3B _,_ 
43 :t 6 t 66+ 5 t 

. ----
~1'1-f 

113 t 

120::!; 8 t 

96+ 6 

112+ 7 t 

102;t 6 t 
llO;t 5 t 

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

~ 

1 

/. 

t 

·1 

-I 

J. 
oJ 

2 
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1 

<.::: 

· tO(Jtv'feV 1Bev 

0 <)t ( j5p) 

• a;_ (pn) 
. A Oi.n (pp) 

.A 01n (pn) 
0 dee(?P) 
I p;e(pn) 

·X a'ex 

10eev 

PHc, 4, CeqeHHll .B3SHMO.lletlcTBHtl aHTHnpoToHoB c npoToHaMn H HettTpoHaMH, 
3Ha'leHHll 6" .llaHbl B e,llHHHUaX 10-27 CM2, . 

T 
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6onhWHM nornor.ueHu.eM, u, cne.n:oBaTenhHo, 6o'nhWHM ce·q(mueM,. 'IeM B cnyqae .I'IN 
- BSaHMO.ll9fiCTBHfi. npu CTOnKHOB9HHH KepHOB C. rrepHtp9pH'l9CKHM M9SOHHbiM 06n8K()M 

TaK me, KaK H B cnyqae .N.N -cTonKHOBeHui!:, rrpoucxo.n:uT yrrpyroe unu Heyrrpyroe, 

COIIpOBOm,llaiOl.l..{99CSI pom,ll9HH9M HOBbiX qaCTHU 1 p8CC9SIHI~9 HyKnoHa H aHTHHyKnOHa. 

8 06naCTH 9Hepf:Hi!: 1 He rrpeBblill~IO!.UHX H9CKOnhKHX COT9H MaB, TaKOfi MO.ll9nH 

CTOnKHOB9HHfi COOTB9TCTByeT IIOT9HUHan BSaHMO,ll9i!:CTBHSI 1 KOTOpblil: l!8 p8CCTOSIHHSIX 

. 1.. '>:tO... ( 
~ -14 a.'::' YM~ ~ 1·10 C:-"' . - xapaKTepHbiil: pasMep Kepua) 

I'll./ nHWh SHaKOM OTnH'Ia9TCSI OT HSB9CTHOrO 
.. ·_. [441)7) 
MapwaKa .. , a ua ManbiX paccTOHHHHX 

IIOT9HUHana rapTeHxaysa-CurHena-

"'t, ~ (1.. ' xapaKT9pHsyeTCSI CHnhHb!M 

(442) . 
rrornor.ueuueM. KaK rroKasanu oueHKH Ko6a u TaKe.n:a . u 6onee TO'IHbie pacqeTb' · 

; . . (442) 
Bonn a,· 4y u .n:p. 1 aKcrrepuMeH-r:anhHbie .n:aHHbie no ~J( - BS8HMO.ll9i!:CTBHSIM 

xopowo o6'bSICHHIOTCH TaKofi cpeHoMeHonoruqecKOil: Teopuefi. CooTBeTCTBYJOI.UHe pacq.eTbi 

.llnH N Jl. - BSaHMO,ll9llCTBHil: IIOKaSb!BaiOT1 'ITO B·· aTOM cnyqae IIpOHC~O,llHT qaCTH'I-· 

HaSI KOMII9HCaUHSI pasnH'IHb!X 'In9HOB H BenH'IHHa C9'19HHfi YM9HhWa9TCSI 0 

npu 6onhWHX 9HeprHSIX IIOKa er.ue li9T T"eopHH 1 IIOSBOnSIJOI.Uefi Bbi'IHCnHTh C9'I9HHSI 

BSaHMO,llefiCTBHSI HyKnOHOB H aHTHHyKnOHOB, _0.llHaK0 1 cne.n:yeT OmH,llaTh1 'ITO C pOCTOM 

aHeprHH ceqeHHSI ;J Jl - u N Jl·_ BsauMo.n:eficTBHfi 6y .n:yT cpaBHHBaThCH 
. . f89l . 

( cp. § 3.3). He.n:aBHHe HsMepeHusr, Bh!IIOnHeHHbie B )KeHeBe . ·, .n:efiCTBHTenhHo IIOK~sa-. 

nu, 'ITO pasHOCTb C9'19HHfi PP H pp - BsauMo.cieficTBafi 'yMeHhwaeTcsi c poe-· 

TOM aHepruu: rrpu T= 1 EaB aTa pasHOCTh cocTaBnsreT rrpa6nusuTe.nhHO 45 ,....t , a rrpu 

T= 10 Bas - yme Bcero nuwh OKono 10 ~-' 

2.3. BsauMo.n:ei!:cTBHe 1T -MeSOHOB C HlKnOHaMH 

3KcrrepHM9HTanhHbl9 SH8'I9HHSI C9'I9HHfi rr.N BSaHMO.ll9fiCTBHfi rrpe.n:c:rasneHbl 

B Ta6nuuax '1::&-W• 
( . . [2081(215) .) . . 6'+ (til:!"" 

B HeKoTophiX paooTax HarrpuMep, · u _ .n:p. rrpuse.n:eHhi ceqeHHSI - 0 o 

rrony'I9Hl!bl9 IIpH O,llHOfi H TOil: me SHeprHH C IIOMO!.UhiO C'I9T'IHKOB: O,llHll pas M9TO.ll0M 

BbiOHBaHHSI H3 IIy'IK81 .n:pyrofi pas - M9TO.ll0M HHTerpHpOBaHHSI yrnOBOrO pacrrpe.n:eneHHHo · 

B aTux cnyqasrx B Hawux Ta6.riuuax rtpuBei:xeHbi cpe.ll!IHe s!IaqeHHH 

7) . 
HarroMHHM, 'ITO .Tr -MesoHHbie sapH.llhi HyKnoHa u aHTHHyKnoHa pasnuqaJOT-

CH SllaKOM 0 noaTOMY IIpH OOM9H9 He~eTHbiM 'IHCnOM Tl" -MeSOIIOB. SHaKH IIOT9l!UH8nOB 

.,./ J/• H it N -BsaHMO.ll9i!:CTBHfi T8Kme pasnH'I810TCSI sHaKOMo 

E 

npu 

npu 

pOBI: 

SHa'i 

ra, 
c 

HHfi 

1 E: 

pace 

c pc 

HO, 

HS ~ 

cpOTI 

Hb!M 

SHa• 

Cor; 

BSa~ 

pSI.ll' 
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IOCTOM 
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I 

S's $6; · F5Z:--

vi&o,) 1-+ ($"6"1-) 1-

.np11 ManbiX anepr11srx ytti!TbiBaniiCb nonpaBKII Ha KynonoBCKoe paccesrHI!e 113 o63opa[4~ 
np11 6onbWIIX anepriiSIX BJIIIS!HIIe KynoHOBCIWrO paCCeSIHIISI He3H8'liiTenbHO. 

B neKoTopb!X aKcnep.IIMeHTanbHbiX pa6oTax cetteHIISI 6':h 1 G'c(. 11 ~"' HOpMII-

poBaniiCb Ha 3HatteHIIe <O'.g , B3SIToe 113 Lipyroii pa6oThi. B Tex cnyttasrx, KOrLia aTo 

3H8tteHI!e CIIJibHO OTJIIIttaeTCSI OT nonytteHHh!X B 6onee ll03LlHIIX pa60T8X1 CetteHIISI Eif~ 

nepenopMIIpoBanllcb. 

-CneLiyeT TaKme OTMeTIITb1 ttTo npiiBeLieHHbre B Ta6n11uax X 11 .Kl 3HatteHIISI cette-

HI!l! (()it\ II ({) t.1'o MOryT OK838TbCSI He OtteHb TO'lHh!MII .B O~:CTII SHeprlll! OKOJIO 

1 EaB 1 TBK KBK B COOTBeTC_TBY!Oll.UfX SKCIIep11MeHT8J1bHh!X pa60T8X cnyttall yiipyroro 

pacceSIHIISI C 'nepe38pS!LlKOfi He BbiLieJISIJIHCb H3 'li!CJI8 BCeX . 1T-p - .B3811M~LieficTBI!fi 
C pomLieHHeM TOJibKO HefiTpanbHb!X 'l8C,::TIIU. n pH 6onbWIIX SHeprH~X. STO He cyweCTBeH-

1101 TaK KBK 6' :(JC << 6'~~ • 
3HatteHHSI 6't (1{-.H) B Ta6n11ue $' Bhl'li!CneHbl IIO OIITH'leCKOfi TeOpl!ll 

113 SKCIIepHMeHTaJibHh!X 3H8tteHHii cpe:z:xnero CB060LIHOrO npo6era rr- "":Me30HOB B 

cpOT09MYJibCI!II. np11 aTOM yKa3aHHbie OWII6KII 0~ CO~TBeTCTBYIOT 9KCIIep11MeHT8nb

HhiM OWII6K8M B 3H8tteHIISIX npo6er8 6 /.. . K8K BIIL1H01 nonytteHHb!e TBKIIM o6p830M 

3HatteHIISI ~ XOpOWO corJI8CYIOTCSI CO 3H8tteHIISIMII 6t- H3 T86JIIIU. lX, H . ~ • 
Cornac11e 3Liecs 3HattHTenbHO nyttwe, tteM B paccMoTpeHHOM Bhrwe cnytt8e 

B3811MOLiellCTBIIll. OcaoBHhie aKcnepHMeHTanbHhre LiaHHbie cyMMIIpOBBHhi 118 p11c. 5 I! 6. 

Yb C006p8meHHfi 38pS!LlOBOft CI!MMeTpllll II IIHB8p118HTHOCTII no OTHOWeHI!IO K 38-

PS!LlOBOMY conpsrmeH!liO LIJISI cette1111ll G't 1 ~~ 1 ~L cneLiyiOT paBeHCTBa C 5 ): 

6' (ri-p)-= 6"(Trrl) = s (1f- p) -=o(rr+ ..t) 

6'(Jfp) ~ 6'(~-t-~)~ (j(1i+p) ::G"(r(,:t) 
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'i.'a6m:na IX 
TI-p- Bsamw.n;eitcTm:e ·-- -----T MeTo,n: at ~e T MeTo,n: at~ T ---

0 M~l!> ~ 
5,6 ;t'0,2 184 c22o,4 

65,6 ;!:_2,4 244, 20,7 c456 5,4 !: 0,4 185,2 c224 
67,7';!: 1,0. 248, Jl,O _n_ 6,5 ;!: 0,5 187 c227 
63,7 :!: 1,3 251, J7 c2o2 

12,9 ;!: 1,7 189,9 c224 
67,8 :!: 0,8 254, 41,5 c2o4 .·· 

7,8:!: 0,7 194 c226,4 
69,5 :!: 3,8 256 58 c205 17,6!: 2,2 194 c22J,4 
64,5 :!: 2,5 258 65 c2o6 15,3 !: 1,6 195 c22J~4 
61,8 !: 2,5 258 

n 72 c208 15 ;!: 8 196,2 c224 '64,0 :!: 1,1 26j,' 79 c2oa 20 + 8 197 c22o,4 
71,5 :!: 2,5 265 a5 c2lo lJ,J :!: 1,1 201 c224 
6J,8 !: 1,0 266, 89 C212 

21 !: 8 205,8 c224 
59,3.:!: 1,0 270 98 c21J 21,2 :!: 0,7 209 c22B. 57,2 :!: 2,9 271, 109 c2o8,4 

JO:!: 9 210 c226,4 
61,6:!: 3,8 276, c212,4 

30 :!: 9 . 
210,6 c224 

58,7 :!: 1,1 281, 

112 

120 c215,4 32,J :!: J,o 215 c22J,4 
55,7 :!: 2,2 286, 127 c2o8,4 

44 :!: 10 215,4 c224 
55,6:!: 1,0. 290 lJO c218 42,6 :!: 0,7 216 c22o,4 
57,9 :!: 2,5 290 .. lJJ c223,4 

45,6 :!: 2,4 217 c228,4 
57,7:!: 6,0 292 1J5 C212,4 

.51 :!: 6 217 c212,4 
58 :!: 6 297, 135 c211. 56,8 :!;3,2 220 c228 

52,1 :!: 2,J J02, 140 c22o,4 42,6 :!: 2,7 220 c229,4 
53,6 :!: 1,3 J07 144 c215,4 49,5 :!: J,6 220,2 c224 
52,2 :!: 1,0 307, 150 c221 55,J :!: 1,6 224 B-I)K2JO 50,5 :!: 2,1 JlJ 152 c22J,4· 

59,6:!: J,O 22.5 c224 
50,2 :!: 0,9 J18, 152 c219 59,7 i 1,0 226 c22o,4 . 

54 :!: 2 )2J, 157 c22J,4 
61,9 :!: 2,4 228,J' c224 

48,2 :!:' 0,9 .328, 158,2 c224 56,4 :!: 2,0 2JO H433 . 58 :!: 9 3JO 165 c225,4 
67,5 :!: 1,4 231,9 c224 

49,o:t o,9 JJJ 169 c226,4 61,9 :!: J,J 2J4,9 c224 
44,5 :!: 0,9 JJ4, 170 c221,4 62,4 :!: i,4 2J6 c22J,4 
46,5 :!: 2,0 JJ5 171,7 c224 

67,2 :!: 1,1 2J8,2 c224 
44,9 :!: 0,9 J40 176 c212,4 

64 :!: 6 240 c2Jl,4 
48,5 :!: J,3 J45 178,4 c224 67,2 :!;1,1 240 ·c223,4 
43,9 :!: 2,3 J61 179 c223,4 

65,5 :!: 2' 5 24.J;;' c224 
42,7:!: o,9 J6J 

J70 

J7J 

J9J 



,4 

,o. 
,3 

,a 
,8 

,5 

,5 

,1 

5 

0 

0 

9 

8 

1 

2 
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------·------------ -----·-----------------------------T T MB70,ll ~ Jl.t~ . _______________ ,__::::,__, ________ _ 
244,8 

248,1 

251,4 

254,7 

256 

258 

258 
l.l .· 
26~,4 

265 

266,5 

270 

271,6 

276,7 

281,8 

286,~ 

290. 

290 

292 

297,2 

302,5 

307 

307,7 

313 

318,2 

323,5 

328,2 

. 330 

333 

334,2 

335 

340 

345 

361 

363 

370 

373 

393 

c224 

c224 

c224 

c224 

c22o,4 

c223,4 

c224 

c224 

c235 

c224 

c231. 

c224 

c224 

c224 

c224 

H4JJ 

c22o,4 

c224 

c224 

c224 

c239 

·c223 

c224 

c224 

c224 

c224 

~-.Dl41 
c242 

c224 

c22o,4 

c2J5 

c224 

c224 

c220,4 

H4JJ 

c195 

c220,4 

4.3,1 :!; 0,9 . 

41,0 :!: o,9 

.39,3 :t 0,9 

.39,8 :t o,8 

.38,5 :!; 1,9 

.38,7 :!; 3,4 

38,8 :t o,8 

.36,8 :t o,8 

43,5 :!: 6,0 

.35,6 :!: o,8 

.36,5 :!; 2,4 

33,4 :!: o,8 

31,1 :!: o,8 

.32,4 :!: o,8 

31,6 :!: o,8 

.33 + 2 

.34,8 ± 1,2 

3o,5 :!: o,8 

29,3 :!: o,8 

2819 :!: o,8 

30,7 :!: 1,8 

28,1·:!; o,8 

28,7 :!: 0,7 

27,0 :t o,"6 

26,2 :!: o,6 

26,4 :!: o,6 

24 :!: 5 

28,8 :!: 1,8 

26,o :!: o,6 

26,6 :!: 1,0 

23 :!: ll 

24 1 0 :!: 1 1 0 

25 12 :!; 1 1 0 

26 17 :!; 1 1 0 

27 :!: 2 

28,8 :!: 1,4 

26,2 :!: 2,7 

426 

427 

450 

450 

450 

450 

460:!;20 

460 

468 

470 

470 
500 

500 

500 

510 

518 

540 

550 

550 

550 

567 

580 

591 

600 

600 

600 

604 

610 

616 

625 

64.3 

650 

665 

670 

675 

680 

700 

rt.eTo;n at.~ 
-~----------·-------------------

cl95 

n433 

c234 

c244 

c245 

c246 

n433 

n-n K247 

c195 

c248 

c196 
c245 

c246 

c244 

c235 

cl95 

c196 

c244 

c245 

c246 

c195 

cl96 

c195 

c244 

n-u247 

c235 

c195 

c246 

c195 

. c196 

c195· 

c244 

c195 

c2~6 

c245 

c196 

c244 

29,4 ± 1,4 

27 : 2 

25 : 3 

30 :t 1,2 

25 1 8 :!: 3,o 
28,8 :t 2,7 

28 :t 2 

29,9 :t 3,o 
29,9 :!: 1,2 

2T;t 5 
3o,o :!: 1,1 

28,8 :t 4,0 

31,3 :!; 4,8 

32 1 8 :t o,9 

20 : 7 

35,0 :t 1,3 

31,9 :t 1,1 

39,1 :t 1,9 

35,8 :!: 3,o 
37,4 :t 3,o 

44,8 :!; 1,9 

. 36:!; 1,1 

45,1 :!; 1,7 

43,4 :t o,9 

38,7 :t 4,7 

23 + ll - ., 

45,7 :!: 1,8 

37,0 :!: 2,1 

45,3 : 1,7 

41,1 :!: 1,1 

44,5 :!: ·2,2 

39,4 :!: 1,9 

39,2 :!: 1,4 

39 15 :!: .3 1 0 

36 :!: 3 

42,2 .:!: 1,1 

35,6 :!: 1,2 
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-- -----
T M81'0):t at~ r Me TO~ Oi~ ---- --- - -700 c2J5. 42 ! 10 960 H27J 46,9 ! 4,5 1; 

719 c195 J4,9 :!: 1,5 960 B-n K257 4a,2 :!: 2,5 1, 
725 c244 -· J8,4 :!: o,9 965 c195 45,70:!; 1,62 1, 
7JO .c196 40,0 :!: 1,1 970 c196 49,5 :!; 0,9 1, 
749 c195 37,4 :!: 1,6 970 c246 45,0 :!: 2,7 1, 
750 c244 40 :!: 1,9 972 c195 44,a4:!; 2,2 1, 
769 c195 J7,4 :!; 2,0 985 c195 41,52:!; 1,5J 1, 
770 n-nK247 40:!: 5 0,99 c244 45;t o,a 1, 
7aO c196 J6 :!: 1,1 1,0 6'~r.. c246 46:!; J 4, 790 c246 46,1 :!: J,4 1,0 c245 4a+ 4 4, 
/97 195 40,2 :!: 1,22 1,01 :a-n K25a, 259 4a,2;t J,7 .c 

4, . 800 c245 42 + J 0,014 c195 J9,,54;t 2, 0 4, aoo c244 42,2:!: 1,J 1,0J c244 J9,a :!: 1,1 4, 800 B-nK25J 5J,J :!: 2,4 1,0J c196 40,5 :!: o,9 4, 816 c195 46,J7 :!: 1,5. 1,064 c195 J6,66:t 1,J 5, a19 c195 48,2 :!: 1,9 1,076 c195 J5,77;t 2,0 5, aJ6 c195 4a,1J :!: 1,5 1,oa c246 J6,J.:!: 2,6 5, 840 .c195 55,13 :!: 2,1 • 1,08 c196 37,5 :!: o,9 5, a56 c195 5J,J2 :!: 1,72 ,1,q96 c244 J6,J :!: 0,9 5, a6o . _c246 47,7 :!: 2,7 1,12 c196 J5 :!: 0,9 .J 5, 860 c244 50 :!: 1,1 1,15 c195 J5,52;t 2,0 5, 860 c196 4 0 :!: 1,J 1,15 c244 35,5 :!: o,a 5, 866 c195 
54,2 :!: 1,79 1,164 c195 J4,45;t 1,J2 6, 86a c195 59,22 ! 2,4 1,19 c244 J5,1 :!: 1,1 6, 8ao c244 5J,1;t 1,6 1,24 c244 34,4 ! o,_a 6, 886 c195 56,76 ! 1,a4 1,25 c24~ 29,2 ! J,7 6, a90 c195 58,46 ! 2,2 1,26J c195 J5,72;t 1,J5 6, a9o .c244 55,4 ! 1,25 1,J c244 34,J ! 1,1 7, 900 c246 44,4 :!: 2,J 1,JJ c244 J4,6 :!: 1,0 a, 900 c196 48,5 :!: 1,J 1,J5 c246 J0,1 :!; 2,a a, 915 c195 55,17:!; 1,79 1,J6J c195 JJ,48;!: 1,41 9, 91a c195 55,02:!: 2,4 1,J7 B-.O,K261 J4,6:!: 2,7 9. ·920 c244 54,5 :!: 1,1 l,J8 c246 Jo,a :!: 2,8 

940 c196 51 ! o,9 1,4 c244 JJ,4 ! o,9 '!f 

94J c195 50,67 ;t2,6 1,46 c244 JJ,2 :!: o,8 
945 _c195 4a,82;t 1,6J 1,462 c195 J1,81;t 1,5 
960 c244 4a,9 :!: 0,9 1,47 c246 31,4 :!: 1,8 

..............__ 
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T .. ·· MeTO,!t' '.· ~ f\1e . T Me TO):; a't fl1e ,., . t .. 

1'50 c2f6 .:Jo,o:!: 2,0 14,0 c.3l2 .).) :!: 4 ' . 
1,5 c245 .34. +.) 16,0 c.32J 26,5 :!: 1,7 
1,52 c244 .32,5 :!: 1,.3 16,0 B- n K275 26~5 :!: 1,( 
1,57 c244 .31,9 :!: o,6 
1,65 c244 26,2 :!: 2,5 

1,67 c246 .31,4 :!: J,, 9 

1,71 B-AK26J .31,4 :!: .3,9 
1,9 c246 .31,.3 :!: 1,6 
4,16 c264 28,7 :!: 2,6 
4,4 c265 .30:!: 5 
4,5 H266 

20,4 :!: .3,5 
4,6 c89 .)2 

4,7 H267 28 

4,85 c89 .32,2 

5,0 ~AK268 24,5 :!: 2,4 
;,o B-A K269 29,1 :!: 2,9 

5,1 c89 .30,9 
5,1 H270 

29 :!: ' 
5,2 H27Q 29,1 :!: 2,9 

~ 5,.35 'H89 29,7 
5,6 c89 .30,2 

5,85 c89 .30,7 

6,1 c89 29,5 
6,6 c89 .30,9 

6,65 n-nK272 28,2± 2,.3 
6,85 c.324 27,8 ±0,8 
6,85 c89 29,7 

7,.35 c89 29,.3 

8,.35 c89 29,.3 

8,85 c.324 25± 4 
9,o c89 29 

9,85 c89 29 

---------·---~--·-------------------------------------------------
:If) Bh!qficJieHo no srwnepi1MeHTa.JI:OHUM aaaqeml'.flM .rtJII1Hll pacceHHliR /eM.§ S.I/. , 
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Ta6JIIU;B. X 

1i'" p- B sarmo.rte:!tcTBMe 

----- -
T MBTO.rt (j'~ ~ ~J( ll1fl. -

0 MaB *) 2,0 :!: 0,1 .3,8 :!: o,2 2 

15 B-,D,K197; 1,77 :!: 0,66 - 2 

18,5 B-AK198 1,32 :!: 0,20 - 2 

20 (:199 - 5,o :!: o,8 2 

.30 c199 - 5,7 :!: o,9 J 

.34 c2o1 - 5,0 :!: 1,5 J 

40 c2o.3 - 7,9 :!: 1,8 J 

42 c199 - 6,9 :!: 1,2 J 

61 c207 - 7,7 :!: o,6 J 

65 c2o6 2·,5 :!: 0,5 .12,4:!: 1,5 J 

75 .209 -.3 - J 

95 c207 - 13,2 :!: o,a J 

98 c213 6,15t 0,22 15,o :t o,8 J 

118 cpc214 9,6:!: 2,0 - J 

120 c215 10",1 t '1, 6 21,5 :!: 2,7 4 

128 B-AK216 12,8 :t 1,0 - 4 

128 c217 - 25,1 :!: 1,.3 6 

1.30 c2l8 .. 12 - 6 

135 c2ll· 16,2 :!: 2,.3 40,6 :!: 2;4 6 

144 c215 15,9 :!: 2,4 .30,5 + .3,8 
' . - ~ 7 

150 C221 20 + 1 .34,6 :!: 1,2 7 

150 c222 - 42,6:!: 1,9 8 

152 
. 219 c . 18,8 - 8 

162 · B.-AK216 21,4 :!: 1,2 - 8 

165 c225 21,2 :!: 1,5 46,5 :!: .3,5 9 

169 c226 20,1 :!: 2,0 40,9 :!: 2,9 9 

170 ·c221 2.3,.3 :!: 1,0 .39r1 :!: 2,o 9 

187 c227 22,9 :!: 1,.3 42,2 :!: 1,5 9 

194 c226 25,7 t 2,7 46,.3 :!: .3,6 9 

210 c226 28,4 :!: .3,1 .3.3,6 :!: .3,6 9 

217. c22B 19,7 :!: 2,.3 .36,6 :!: .3,4 1 

220 c229 20,1 ~ o,6 .3.3,.3 :!: o,7 1 

224 B-AK2.30 16,o :!: o,a_ .34,4 :!: 1,9 . 1 

2.30 c250,447 20,8 :!: 0,4 .30,4· :!: 1,.3 1 

240 c2~2 ·Jo,o t 1,4 1 

1 
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T MeTOl~ ()d·~ c:r;. 1l "" e 
240 !.lsB c2JJ 15,1 :!: o,8 

260 - c447 
25,4:!: 1,o 

270 c2J2 2J,9;t 1,'1 

290 c250,447 1J,8 :!: o,J 18,2;t o,8 

JOO c236 11,7:!.: 1,5 

JOO cf>237 lJ + 2 

J07 c232 17,8;!: 1,0 

J07 c233 11,4:!: o,8 
447 

J17 c 17,6;t o,8 

JJci B-AK241 11:!: 4 lJ;t 4 

JJ3 c232 18,0;!: 1,1 

JJJ c233 10,3;t o,6 

J70 c24J 10,8;t 0,2 -
J70 c250,447 10,9;t ·o,2 1J,6;t 0,6 

427 c2J4,433 D,o:!: o,34 101 J:t 21 J 

460 n-nK247 lJ 1 8;t 1,0 9,1:!: 1,2 

600 n-nK247 23,.2:!: 2,5*'* 8 1+ 1 5le * 
' - ' 

610 n-nK249 16,6;t 2,2 

655 !\·I"JK249 16,1;t 1,6 

750 n-nK249 14,4;!: 1,3 

770;t75 n-nK247 16;7;t 2,0 7,35;!: 1,2 

800 c195,196,246 -16,4 ""7 ,3 

BQO ~-nK253 21 :!: 1 ,..10 

810 H321 21 1 0;t 1,2 

900 q:, 254 23;t 3,7*>t' ~ 12,5;t J,7 :A<ll: 

915 n-nK255 .v19,8 

95.0 B·nK256 20,8;!: 1,7*~ g*lf" 

960 H27J 19;!: 2 <7i6;!;;0,8 

960 B-'jl.K254 20+ 3 

960 e.-n K257 20,8;!: 1,5 < 3;1;!;; 0,4 

11 01B:JB l!l-nK258,259 22;t 3,1 

1,3 n-nK26o 10;t o,8 

1,37 I!I·AK261 :~,o,o:!: o,8 - <J,7:t J,7 

1,4 tp 445 
9;t 1 :... 

1,4 H262 10;!: 2 

1,5 cp 322 9,0:!: 1,5 



- _____ , 
~ -------------

~)C~ ------·----------------------------
0,2 :t 0,25 

1,0:!: o,J 

~ -------
HI . I .. I Bh!tlvrc;rreHo no ::mcnepRMeH'l'aJII.HblM Sr!aqeHJl.F'.rt; ,!l;.'Ill!! pacce.fJHl"...F.! CM,if3 .• I , 

i8V 
IIepeHO:pMHJXlllaHO Ha 60Jiee 'l'Ot{HOe SHaqeHRe ~ 

T 
E2ro:te 1 
T 6 J' 
2241,131 

2JO 

245 

260 

290 

290 

J07 

Jl7 

JJJ 

J70 

J70 

J71 

427 

460 

600 

770z7~ 

800 

800 

. 9.00 

950 

960 

960 

960 

1, 0]...13 

1,2 

1,J 

1,J7 

1,4 

1,5 

1,71 

4,5 

4,7 

5 

5 

6,65 

*) TIE 
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TaOJIHUa XI 
:n·p-: Bsamllo;IIei!c~------------------

T <h~ ~~ 
·------·---------------------------------Hm::e nopora pollt;~~emm !Jf· -M830HOB 

T !:: I75 l1l::m . Gl .. ::-. 0. 

224 B::m &·OK230 O, 09 £ 0, 04 

230 c25o,4JJ >0,3 :!: o,J 

245 cJ:>251 0,2 :!: 0,1 

260 c2J4 o,J + 0,2 

290 cp 252 1,J :!: o,J 

290 c4JJ,447 >2,4_ ::-,o,8 

307 c24o 1,47 :!: 0,10 

317 c2J4 1,5 :!: 0,4 

J)J c24o 2,5 :!: o,1 

370 c240 4,J :!: o,1 

370 c4JJ,447 >J,1 :!: o,a 

)71 c2J4 4,1 :!: o,a 

427 c2J4 7,2 :!: 0,2 

460 n-nK247 7,0 :!: 1,0 

600 n-nK247 16,2 :!: 1,7tf 

770t,75 n·nK247 16,,0 :!: 1,4 

800 . c195,196,246 17,J 

800 G-OK253 22,J :!: 1,5 

9.00 cp 254 21,7 :!: J,7"' 

950 B·~ Ki56 )20 :!: 1,6* 

960 H27J 20,J :!: 2 

960 I!I·AK254 18,J :!: 2 

960 e,-nK257 24,J .:!: 1,J 

11 OlP8B G-OK258 1 259 25,2 :!: 2,5 

1,2 n-o K434 12 :!: o,a 

1,) n-n K26o 20 

1,J7 P..·,Q.K261 20,9 :!: J,5 

1,4 H262 24 

1,5 cp 2)2 24 :!: 2,5 

1,71 r..-AK26J ~20,J :!: J 

4,5 cp 26J. 24,5 :!: 1,7 

4,7 H267 22 

5 lb- II. K268 17,7 :!: 2 

5 r..- n K269 2J,5 :!: J,4 

6,65 n-nK272 22 7 +- 1,8 
' - 2,8 

*) TI8p9HOpMI1,POBaHO Ha OOJ188 TO'll!00 3Ha'l8HI18 <T!. . 
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---------
~e T M6TO;JJ; a'i ~e T M6TO;JJ; Of ... e 

171 c2J5,4 
204 ! 6,4 )07 c298,4 65,5 ! 1,7 

17J c2J~,4 205 ! 6,1 JJ5 c2J5,4 
5.3 ! 5,9 

17J,5 c294 19.3,5 ! J,5 J40 c2J5 
48;t 9 

174 c292,4 
19J,J ! 6 J76 c195 40,J9 ! 1,62 

176 c298,4 
197,7 ! 7,.3 450 c2J5,4 

27,5 ! 6,J 
177 c294 198 + 5 450 c245 22,5 :!: J 
180 c295 146 + 18 450 c246,4 

24,8 :!: .3,6 
181 c2.35 

187 :!: 7 460 cJ04 28,4 :!: 2,5 
182 c22J,4 

174 ! 20 469 c195 2.3,47 :!: 1,08 
18J,5 c294 192 :!: J,5 510 cJ04 24,1 ! 0,9 c292,4 

195,7 :!: 6. c.304 > 184 . 5JJ 22,5 i 2,5 
1S5 c22J,4 187 :!: 8,5 550 c246 16,1 :;2~5 
iss .cJ>297 ,4 158 :!: .34 550 c245 .14,5 :t J,o 
1S9 c299,4 194,0 :!: 4,4 567 c195 17,26 :!: 0,82 
1"89 c2J5 182 :!: 7 575 cJ04 21,5 :!: 1,9 ·-· 194 c292,4 196 + 6 626 c195 15,11 :!: 0,72 
195 c294 174 + 4 628. c196 1.3,7 :!: 1,.3 
196 c22J 202 + 14 650 ·c.304 17,2 :!: 1,5 
200 c298,4 18.3 :!: 6 664 c195 14 1 75 :!: o,67 
205 c294,4 178 :!: 4,9 670 c246 14,5 :!: 2,0 
209 c292,4 177,4 :!: 6,2 675 c245 1.3,1 :!: J,o 
210 c2.35,4 148 + 22 685 c196 14,14 :!: 1,J 
214 c2.35,4 141 :!: 9,4 700 c2.35 

17 :!: J 
216,5 cf>J10,4 165 :!: 19 7.34 c196 17,1 :!: 1,J 
219 c292,4 

154,1 :!: 7,2 750 cJ04 20,9 :!: o,9 
220 c229,4 140 :!: 5,2 770 c195 19 144 :!: o,8 · 

-- 222 c.2J5,.3 148 :!: 9,7 788 c196 18,.3 :!: 1,J 
225 P.-p,KJ00 1 4 142 ! 18 790 c246 19,5 :!: 2,0 
229 c292,4 1.30 :!: 7,2 798 c196 16,5 :!: 1,J 
240 c298,4 124,2 :!: 2,.3 810 c244 . 2.3,.3 :!: 2,0 
262 c2.35,4 111 :!: 8,7 816 c195 21,40 :!: 0,81 
26J ~c2.35, 4 

107 :t 8,8 8.38 c195 22,49 :!: o,8.3 
c298,4 

c244 . 270 81.3 ! 2,2 . 860 25,6:!: 1,2 ' 280 c2J.5 88 +11 86.3 c195 21 1 88 :!: 0186 
295 cj:> 2J7 6.3 + 10 866 c195 2.3,40 :!: 0,65 
298 c2J5,4 75 :!: 6,2 890 c244 24,9 
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-
T MeTO;D; a'-t ""e T MeTO;D; .Of /'1~ 

HI1 
910 c244 25,8 :!: 1,1 1,50 c246 J5,J ;!:. 2,5 50 
915 c195 2.3,12 :!: 0,74 1,51 c244 .37,6 :!: 1,2 

. 99 
947 c196 21,.3 :!: 1,.3 1,60 c77 .30 11 :!: 01 5 1,: 

V96o c244 25,7 :!: 0,9 1,67 c246 .32 1 6 :!: 1 1 8 

965 c195 2.3 1 8 :!:·0,78 1,76 c77 28,4 :!: o,6 

990 B·nK450 1 451 27,9 :!: J,6 1,91 c77 27,8:!: 0,6 
1 6"~1!. c246 2.3,5 :!: 1,5 2,JJ c77 29,0:!: 0,6 

~1,0 c244 c 27,6:!: 1,2 2,76 CJOJ 28 + 4 

1,014 c195 25,85 :!: 0,84 21 8.3 c77 29,2 :!: 0,5 
T 

1,04 c244 28,40 :!: 1,12 .3,44 c77 29,2 :!: 0,4 
1,064 c195 26,78:!: 0,94 .3,55 c.311 :Jo,o :!: 1,2 1,o< 
1,07 c246 27,.3 :!: .3,7 .3 1 86 c77 29,.3 :!: 0,4 1,5-

c196 
. 

cJn :r,,o9 27,4 :!: 1,.3 --4,3 --- 2€1.!. 4 J 3] 
\1 1,1 c244. 31,2 :!: o,6 4',6 c311 .31 :!: 1,2 

1,114 c195 27,51 :!: 1,07 ~ 4,66 c453 29,4 :!: 1,4 4,23 

y1,14 c244 .35,0 :!: 1,2 5 c89 JO,J 4,3.3 
1,15 c246 31,.3 :!:· 1,7 10 c89 26,5 

~ 

1,164 c195 30,65:!: 1,19 14 cJ12 26 + 4 5,73 

'J 1,18 c244 JO,) :!: 0,6 6,83 

1,213 c195 .35,27 :!: 1,.37 
7,53 

v i,24 c244 .38 1 8 :!: o,8 

1,25 
. 246 
.c .381 8 :!: 2,5 5032' 

1,26.3 c195 .36,64 :!: 1,56 /Cpe 

1,288 c195 37,37 :!: 1,45 I:-=-

. 1,.3 c77 .39,4 :!: o,6 *). . . . ""2Jo4~ 

c195 .38 1 07:!: 1 1 47 
BH'I.i!CJieHo rro o:EtcneprlMeHTaJI:&HHM SHaqemrm.1 

1,31.3 
;D;JI.i!H pacC?RHllR /eM, § 3.1/. 77 

1,33 c .39,1 :!: o,8 
X 

1 1 3.38 c195 37,65 ± 1,54 . CTp 

1,.34 c244 40,.3 :!: 0,9 ,!t.liJI B 

1,.363 c195 .36,16 :!: 1,56 6oJI:&m 

c246 TaJil>K 
1,.38 41,4 :!: J,o 

1,412 c195 .36,5.3 :!: 1,60 

1,44 c244 381 7 :!: o,8 

1,462 c195 .34,10 :!: 1,59 

1',47 c77 .35;8 :!: 0,9 



2,5 

1,2 

o,5 
1,8 

o,6 
o,6 
0,6 

4 

o,5 
0,4 

1,2 

0,4 

4-

1,2 

1,4 

3 

5 

4 

SHaqeHYIRM 
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'l'a6JI:mJfl. Xlll 

<Jrtp - B3aEMO,JJ;eitCTBHe 

·----------------------·-----------r 
: HID!te nopora Jlo)l(,ll;eHRFI 'JI 

500 MsB B- n K305 

. 990 ·B- n K451 

1,1 EsB 

-Me so HoB T ~ I75 1'.1 ;;n 

17,2.:!: 3,0 

15,3 :!: 1,5 

12,3 :!: 1,2 

Ta6Jimra XIY 

Ji·N- B3aEMO,JJ;eitCTBHe 

T EsB 

1,0254 

1,5302 

J Jl4 

7,5319 

50J20 

/Cpe.JJ;Hee no HHTepnany 

r,..,..200 BsB I 
~"' 230450 

npo6er B WOTOSMYJibCHH L (/< 

38 :!: 3 

35 :!: 1 

35 ,_5:!; 5 

38,7:!: 3,5 

33,7:!: 4,7 
. . 

J5:!; 3 

37:!; 6 

41± 8"Jr: 

cre.e.:: of ·, cr;. .. = 0 

2,9:!;0,9. 

i2,6 :!: 3,3 

15.,2 :!: -2,5 

'29 + 6 

3_5 :!: 2,5 
J4 + 18,5 

- 11. 

2 + 8 
i- 5' \ 

I 
Jl 

39 + 21 
- 12' 

24 + 11 
- 6 

J5 + 10 
- 6 

29 :!: 4 

30 + 20 
- - 8 

24 + 16 
- 8 

X 
· CTporo ronopJI, aTo sHatieHHe L B pa6oTe 450 npno.JJ;HTc.a: KaK cpe.JJ;Hd npo6er 

~ BCeX JIHBHeBHX tiaCTRn, pO~mHXCJi npH CTOJIKHOB8HHH nepnHtiHOK tiaCT~. 'l'aK KaK 

6om,ma.a: tiaCT:& JIImH8Bli!X tiaCTlll~ COCTOHT fl3 fJi -MeSOHOB, TO B npe.JJ;e.JiaX 3KCnepEMeH-

TaJI:&Hli!X omH6oK Momto CtiHTaT:&, 'ITO aTo SHatieHHe L paBHv npo6ery 'JT'-MeSoHoB. 

:. 
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6' (1i•p): G"(lfor\): e'(li•p) : D (Ji 0 ~) 

KpoMe Toro 

6~" ('ft0 p) ~ 6"~" (lf-p) : Uu. (li"rt) = G"c" (WOp)= 

-: 6'L,. Cn1" ~) = s~cll+ p)-= 6"~ crr-n:). 
-B Ta6Jmue U yKasaHbi sHa"'emur aHeprHH T,...A" . CITHH8 H H30TOITI!"'e-J 

CKOrO CITHH8 -f::, 1 np11 KOTOpb!X Ha6niO.ll8eTCSI pe30H8HCHOe 7f.N - B3811MO.llefi-

CTBHe. 3Ha"'eHHSI TN"- .llnSI Tpex nocneLIHHX pe30H8HCOB npHBe.lleHbl ITO .ll8HHb!M 

(195) 
pa60Tbl , 3TH 3H8"1eHHSI 

ft96] 
HeCKOnhKO OTnH"'8IOTCSI OT ITpHBe.lleHHbiX B pa6oT~ , npH-

"'HH8 aToro pasnH"'HSI B H8CTOSIIUee speMSI He SICHa, no-BH.llHMOMy, OHa CBSI38Ha C pas-

nH"'HeM. B rpa.llyHpOBKe, CneLiyeT OTMeTHTh: 'ITO npHBe.lleHHbie B Ta6nHue sHa"'eHHSI J 
.llnSI M8KCHMYMOB npH T =605 Mas 11. T = 890 Mas noKa ewe He snonHe .llOC'I'o-

C4) 
sepHbi • 

+ -
KaK Bll.llHO 113 Ta6nHU H 113 pHC, 5 H 6 • 3H8"1eHHSI Ce"'eHHfi 7r p - H rr p 

S38HMO.llefiCTSHil cpasHI!B8IOTCSI Me.>K.llY Co6ofi H CT8HOBSITCSI He 38SHCSIWHMH OT aHep· 

rHH npaKTI!"'ecK'H y.>Ke npH T==4 Bas. npeLI2nhHOe 3H8"1eHHe 6't '=' 29 ,.." i 

G'tt.--:: 6 .t'o, i 6'l.K ":' 23 too" i o~·':" o. 

B HacTo.siwee speMSI O"'eHh Mano npSIMbiX aKcnepHMeHTanhHbiX LiaHHbiX o ssaHMo

'TT0 -Me30H,OS C HyKnOH8MH 1 OC06eHHO npH 6onhWHX aHeprH.IIX, 0.llH8K01 .llefiCTSHH 

D 
senH"'HHY nonHoro ce"'eHHH 1T r -s38HMO.llefiCTSHSI MO.>KHO onpeLienHTh 113 Coo6pa-

:lKeHHfi 38pSI.llOBOfi CHMMeTpHH: 

G'i (Tr0p~ = l [.~(7r-p) + ~ (Tr1-p)] 
np11 6onhWIIX aHeprHHX aTO Ce"'eHI!e olJ:eHb 6nH3KO K Ce"'eHHSIM S38HMO.llefiCTBHSI 

38pSI.>KeHHblX 1T' -MesoHoB c HyKnoHaMI!, Ha ocHose TeopeTif"'eCKHX coo6pa:meHHfi 

0 Cna6ofi 38SHCHMOCTH S38HMO.llCfiCTBHfi npH 6onhlllHX aHeprHSIX OT H30TOITH"'eCKHX 

CITIIHOS ( CM, .ll8nee) cne.D.yeT O.>KH.ll8Th1 'ITO Ce"'eHHSI 

G'et (1Top)~ l [ott (1f-~) + 6",t(n' .. p}- G'ex (Tr•p) 
H 

.. 

6 

.a4 

2~ 

f( 
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0 QJ 0.2. T 
PHc. 7. CeqeHHH B38HMOLleltcTBHH 1f -Me30HOB c 1\ - PHnepoHaMu. 

3Ha'lSHHSl 0 Ll8Hbl B npOH3BOllbHbiX 9LlHHHU8X, 
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~:.~ (ll'op) = a [ G'tk C7i""p) +- G'i, (rt+p) + ~c~ (ii"p)] 
8

) 

T8K)!(e 5y ayT 5nH3Kll K COOTBeTCTBYIOll.lllM ceqeHH.S!M anSI 38pS!)!(eHHbiX 1T -Me30HOB. 

2.4. B3aHMoaeficTBHe 1T -Me30HOB C runeEOH8Mll 

TaKofi BHa B3aHMoaeficTBHH y)!(e. aaBHO paccMaTpuBancH B TeopeTuqecKHX pa5o

Tax llpll BbJqHcneHHSIX B38llMOaefiCTBllfi runepOHOB C HyKnOH8Mll ( CM. 1 H8IIpllM6p1 pa5o-

(405) (406] . • • 
Ty u o63op 1 rae rrpuBeaeHa noapo5HaH 5u5nuorpacpusd. Mo)!(HO O)!(HaaTb 1 qTo 

IIpll 5onbllillX SHeprHSIX ceqeHHSI 6'(rr,J\), G"(nZ:), 6'(rrx) 5yayT 6nu3-

Kll no BenuquHe. 0aHaK01 ao C8MOrO IIOCneaHero BpeMeHH ,3a6Cb IIOnHOCTbiO OTCyT

CTBOBBnll K8KHe-nu5o SKCIIepHM6HT8nhHbl6 aaHHbie. 

[.3251(326) 
B HeaaBHHX pa5oTax 113 aHan11aa KoppenHul1fi Me)!(ay 

± rr -Me30H8Mll 11 

1\ -qacT11Uefi 1 o5pa3oBaBWHMI1CH B peaKul1n K-or p + Jl ,+ 7T.,. + Jr-
rrp11 T= 740 11 410 MsB 1 rronyqeHo 3BKniO'leHI1e o pe3oHaHCHOM 11" 1\ -B3811Moaefi-

CTBI111 IIp11 SHepr1111 Tv = 150:!:.. 20 MsB. np11 STOM SKCIIep11MeHTanbHbie aaHHbie 

nyqrue cornacyiOTCSI C IIpearron0)!(6HI16M 1 qTQ pe30H8HC IIp011CXOai1T B COCTOSIHI1ll CO 

CII11HOM p ':. ~ 1 XOTSI npearronO)!(eHHe 0 Clli1H6 p;:: _%... T8K)!(6 llOKa eme 

OKOHqaTenbHO Henb3SI OT5pOCI1Tho J..130TOIII1qeCKI1fi CIII1H -t = 1. 

Ha p11c. 7 np11BeaeHa sHepreTI1qecKaSI 3BBI1CI1MOCTh ceqeHHH 6'(7TI\) B o5nacTu 

~~ ·A 
pe30H8HC8 1 BbJql1cneHH8SI B pa5oTe IIO SKCIIepuMeHTBnbHbiM aaHHbiM 0 'Trt\ -peso· 

HaHce. ( 3HaqeHI1H ceqeHI1H G' (1i' 1\) yKa3aHbi B OTHOCI1TenhHbiX ea11H11uax ). 

l-13 coo5pa)!(eHI1fi CI1MMeTpuu MO)!(HO 0)!(11aaTb TBK)!(e pe3oHaHca 11 np11 rrz 
B3auMoaell:cTBI111. 3Kcnep11MeHTanhHbie aaHHbie aeficTBHTenhHO yKa3biBBIOT Ha cvme-

. . T. (327) 
CTBOB8HI1e T8KOro pe30H8HC8 np11 Tf' = 125 MaB • 

KaK Bl1aHo 1 pe30HaHCHbie sHepr1111 npu B38HMoaell:cTBI111 7T -Me30HOB C 1\ - 11 

~ -ri1IIepOH8MI1 5ni13KI1 Me)!(ay co5ofi H He Cl1nhHO OTnl1q810TCSI OT pe30H8HCHOH 8Hep-

r1111 anSI rr.N - B38llMO~efiCTBI1SI0 • 

8) 
B Ka)!(aoe 113 ceqeHull: Sil\ 3JJecb BKnroqeHo ceqeHI1e. nepe3apHaKI1 G ~" 

(cp. CTp. 7 ). 
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2.5. 'Jrlf - B38HMO.QeltCTBHe 

B HacToSiruee BpeMSI cTaHOBHTCSI Bee 6onee O'ieBH.llHbiM, 'ITO .ll8nbH9ltWHlt 

nporpecc cPH3HKH sneMeHTapHbiX qacTHU B orpoMHOlt cT~neHH onpe.z:ienSieTCSI nccne.uoB&• 

Hl!eM CBOltCTB lilt" - B38HMO.lleltCTBHSI. 0.UH8K0 1 HM910IU8HCH B H8W9M pacnopsi:me-

Hill! HHcPOPM8UHS! 06 9THX B38HMO.lleltCTBHSIX erue O'i9Hb 6e.llH8 H HM99T B OCHOBHOM 

xapaKTep oueHoK 11 KaqecTBeHHbiX saKnro'ieHnlt •. OcHOBHSSI TPY.llHOCTb s.uecb cocTOHT 

B TOM, 'ITO CB9.ll9HHS! 0 TT lf -BsanMo.ueltcTBHH B. HacToSiruee BpeMSI MO:lKHO nony'IHTb 

nllllib H3 8H8nH38 KOCB9HHb!X 9KCnepHM9HT8nbHb!X .ll8HHb!X• 

He.uaBHO MaH.uenbcTaMy, Yy n .upyrHM aa ocHOBe .llBOltHbiX .u~~:cnepcnoHHbiX 

COOTHOW9HH!t y .uanOCb CcPOpMynnpOB8Tb CHCTeMy ypaBH9HHlt 1 onpe.uenli!OIUHX aMnnHTY.llY 

rr (39al 
ynpyroro rr -pacceSIHHSI BnnoTb .llO 9HeprHli B H9CKOnbKO COT9H MaB • O.uHa-

KO peW9HIISI 9TOli CHCT9Mbl ypmiHeHHli erue He nony'leHO. 

(3281 - . + -
B pa6oTe H3 aHan~~:sa peaKUHH 1T T p ~ 1T + 7f + J1... 

npl! T = 290 MaB .unSI. C9'19HHSI rr 7r - BS8HMO.lleliCTBHSI npH HvneBoli 9Hepi"HH 

MesoHoB nony'leHa oueHKa 6' (rrrr) = Lf !ff ,..t • ct>asOBbili aHanHs rr.N 
n J/N' - B38.HMO.ll9liCTBHli npH. 60nbWHX 9H9pi"HS!X T -:a:· 1 EsB .uaeT .ans 

rrrr - B38HMO.ll9l!:CTBHH BenH'IHHY 1 6nH3KYIO K Ce'leHIIHM 

aaai!Moriel!:cTBHli. K -TaKoMy :>Ke BbiBO.llY npnBO.llltT aHanns yrnoBoli acnMMeTpnn 'lacTnu, 

rr (399] . 
pO)!{.ll810IUHXCH 11p1t. CTOnKHOB9HHH 6bJCTpb!X -Me30HOB C HyKnOH8Mit 1 a T8K:lK9 

1!3y'ieHI!9 MHO:lK9CTB9HHOI"O pO:lK.ll9HHH '18CTHU B KOCMH'I9CKHX ny'I8X npn 0'19Hb 6onbWitX 

[400) 
3H9pi"IIHX 

3TH pesynbT8Tbl MO:lKHO HnJIIOCTpHpOB8Tb cne.lly!OIUHMH rpy6o K8'19CTB9HHb!Mit 

coo6pa:>KeHitHMH. npe.llCT8BitM C9'19HHSI HejnpyrHX .N K I{ 7f .1'1 - BsimMo~eli-
CTBI!lt B BH.ll9 

f(f(.!IN)::: 4TTz! 
6' ( rr .!tl)-::. 7T (c..~~-r 7.., )'1- . 

0TC!O.ll8 

flp11 6onbWHX 9H9pi"HS!X1 KOI".ll8 .llniiHa BORHb! B38.1tMO.ll9JlcTB}"IBWI'tX "18CTX1X 0'19Hb Mana 

, A<-:<; :,z.N, 7,71' , Benn'IHHbi ~·./11 n 7..71" Mo:mHo paccMaTpnBaTb KaK a<P-

¢eKTHBHbie pasMepbi HyKnoHa H MesoHa. TaK KaK np11: T ?: 1 EaB 

\ 
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6'('rr.fi)/6'{.N.N) z%, To 7.rr ~ 0, 7 z.!'l", 
a ceqeuue ueyrrpyrux JTJT -B38HMO.ll9il'CTBHH 

6 (tnr) ~ 4rr-z.~ r::::: q 5 S'(.t11.#). 

KoHequo, KoscpcpuuueHT 0,5 3.ll9Cb HeJib3SI rrpHHHMBTb acepbe3: MO:ll<HO nuw b CKB3BTb
1 

qTo Ei {firr),..., ((i(Jt!.tJ). 

6JIH3KHMH 6y .llYT u ceqeunn yrrpyroro paccenuun CJ;.l "':::"· 0 o{ . ( HarroMHHM, 

qTo .aucpcpepeuuuaJibHoe pacceSIHHe ueriuKOM orrpe.aenneTcn ueyrrpyrnMn rrpoueccaMu), 

· L4o11 -rr- · 
KaK OTMeqeuo B pa6oTe , HH)KHIOIO oueuKy ceqeuun '' II - B3BHMo.aeitcTBI!SI 

6'~" { 7r1J') ~ s ,...t MO)KHO fiOJiyqHTb, 9CJIH paCCMBTpllBBTb 1( ,;,.M930Hbi 

COCTOSilllllMll H3 TOqeqHbiX ( "roJibiX') HYK~oua u aHTHHyKnoua, YqeT scp¢eKTI!BHbiX pa3-

Mepoa STHX BH~TyaJibHbiX qacTnu yaennquaaeT aemrquuy ceqeuug 

£402 
KO pa3 (cp. · • 

6': (11Tf) B H9CKOJib
ut 

B 11ocne.aHee apeMSI B nnTepaType wupoKo o6cy)K.aaeTcSI aorrpoc o. cymecTBoaauuu . 
p930HBHCHOrO 7r1i -a3auMo.aeil'cTBHSI, TaKoe B3BHMo.aeil'cTaue npu suepruu 

T .. 400 Msa B p -cOCTOSIHHll C ll30TomrqeCKHM CIIHHOM 

ll0Jl0)!(9HO TaKe.lla .llJISI o6'bSICHeuun OllbiTOB no ueynpyruM 

=1 6biJIO y)Ke .aaauo rrpe.a

~-r· ~3W 
1IJY -B38HMO.ll9il'CTBHSIM , 

llnSI 9TOit )1(9 U9JIH ·llaitCOH rrpe.llJIBraJI p930HBHCH09 B38llMO.ll9il'CTBll9 .B s -coCTOSIHHll 

--i:... . t f329) ) (C [3301 [331) 
c ll30TOIIIIqecKii~ ,CllllHOM = o· • M, TBK)Ke I. B pa6oTax rl!IIOT938 

p930H8HCHOrO TJ"fi" -B38HMO.ll9il'CTBHSI llpllM9HSIJI8Cb .llJlSI 06'bSICHeHI!SI Ollb!TOB 110 BHHll

rHJISIUHH M9,llJI9HHbiX BHTHHYKJIOHOB, npu 9TOM COrJIBCHe TeOpllll C Ollb!TOM 3HaqHT9JlbHO 

ynyqwaeTcn. 

YJ3yqeuue 9JI9KTpOMarHHTHOH .CTpyKTypbi HYKJIOHOB C IIOMOlllb!O .llllC119pCHOHHbiX 

COOTHOW9Hllll T8K)K9 llpllBO.llllT K 38KJIIOq91fll!O. 0 CYlll9CTBOB8Hllll p930H8HCHOrO 'Tf If -
B3BHMO.llellcTBHSI, Cornacue c sKcrrepuMeHTBJibHbiMH .aaHHbiMH B STOM cnyqae 3HaqnTeJib ... 

HO ynyqwaeTCSI 1 9CJIH TfJj' - B38HMO.ll9llCTBlle HMeeT pe30H8f!C B p - COCTOSIHllll C 

H30TOITHqecKHM CllHHOM t-=i rrpn·sueprnu T = (350-840) Msa, (3To cooT-

B9TCTByeT MBCCe " 7f" -M930Hf!Oit ll306apbi" /111f" : 3 r -:- 4 r-
r.ae ~ -. Macca 1f' -Me3oua), 

[397) . 
B pa6oTax OTMeqeuo, qTo npnMyro sKcne"puMenTaJibHyro npoaepKy cywecTao-

BBHHSI pe30H8HC8 llpll B38liMO.ll9il'CTBllll . Tr -Me30HOB MO)KHO llOJiyqHTb ll3 8H8JIH38 

ueynpyrux B3BHMo.aeil'i::Tauit sneKTpouoa c no3uTpouaMu, TeopeTuqecKan HHTepnpeTauirn 

0111 
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Me· 

SHE 

B 1 

B K 

coc 

'· 
Me.:o 

p 
H 

M9H 

MH, 

·BBHI 

OK a: 

Ko, 

qTo 

TBK 

npe.n 

.llBM 

K 38 

rrpu 

p 



38Tb1 

:M, 

IMH ), 

elicTBHSI 

)Hbl 

x paa-

ecKonb-

\ 
rBOBBHlflf 

IHO npe.a-

C23al 
:TBHSIM 

1CTOSIH!flf 

oTeoa 

0 BHHH-

ITenbHO 

:Hb!X 

I 7rTf 

lSIHlflf C 

'0 COOT-

c:Tao-

>eTBUHSI 

51 

Ollb!TOB B 8TOM cnyqae BrrOnHe O.llH03H8'IH8, 0.llHBK0 1 BbinOnHeHHe TBKHX OribiTOB B Ha

CTOSilUee BpeMSI TOpM03HTCSI OTCyTCTBHeM BCTpe'IHb!X 'rry'IKOB 6b!CTpblX aneKTpOHOB If IT03E-

TPOHOB, [333) 
. He.aaBHO Xa Uao-c!O H LbKoy ryaH-'I)KBO o6paTHnH BHHMaHHe • 'ITO y.uo6Hb!M 

MeTO.llOM .anSI npoaeprm npe.arrono:lKeHHSI o 7r1T - pe30H8HCe SIBnHeTCSI H3y'IeHHe 

8HepreTH'IeCKHX 'crreKTPOB peaKUHli:; . 

.... If LL l( -± 0 1f-+ Yk -/ ru:. +II + 1f 

lf±+!t) ~1J+lf±+'jjo 

p + p ~ !t) + if++ 1fo . 
8 Ha'!anbHOM COCJOHH!flf BCeX 8THX peaKUHli: lf30TOITH'IeCKHH CUHH t = 1.. 

0 
no8TOMy · 

B KOHe'IHOM COCTOSIHHH napa 7r -Me30HOB TaK:lKe HMeeT 1; = 1 H HBXO.llHTCSI B 

COCTOSIH!flf C He'!eTHb!M op6HTanbHbiM MOMeHTOM, 8 o6naCTH Hlf3KHX 8HeprHH 8TH 7f 
Me30Hbl HBXO.ll.SITCSI B OCHOBHOM B p -cOCTOSIHHH, HanH'!He 'Jrlf -pe30HBHC8 B 

'P -coCTOSIHHH rrpuae.aeT K peaKOMY MBKCHMyMy B 8HepreTH'IeCKHX crreKTpax SI.llep 

Ht-11 
If :£:> • Ecnn :lKe TaKoro peooHaHca He cymecTayeT, TO 'cneKTpbi l1t, If If $ 

MeHSIIOTCSI rrnaaHo H orrpeJienHIOTCSI B OCHOB,HOM cTaTHCTH'IeCKHMH cpaaOBbiMH MHO:lKHTeng· 

Mil, '[334) 
B pa6oTe rrpHBe.aeHbi 8KcrrepHMeHTanbHbie peaynhTBTbi aHanorH'IHQro nccne.ao-

i f.<t.3+ 1T+ 
p + :b ~ H.t.3+ ;r'"+ iio. 

BBHHSI peBKUHli: '· __,;r<o 
-, ··.- ~..,· 

,t_ :<:-~:' . 

0Kaoa,noCb1 'ITO B CITeKTpe SI.llep 1-<.L 3 
.aeli:CTBHTenbHO Ha6niO.aaeTCSI MBKCHMyM, O.llHa-. 

Ko, ero rrono)KeHHe He cornacyeTcSI c TeopeTH'IeCKHMii rrpe.acKaoaHHSIMH, BoaM02KH·o, 

'ITO .8TOT MBKCHMVM o6vcnoaneH ITPH'IHHBMH, He CBSI38HHblMH C TfJI -B381iMo.cie.HCTB!ieM, 

(334} . 
TaK KaK B pa6oTe rrony'IeHbi n!flllh nepabre peaynbTaTbi, TO KaK!fe-n!f6o oaKniO'!eH!fSI 

npe.acTaBnSIIOTCSI rroKa eme npe:lK.aeapeMeHHbiM!i, 

. Coace~ He.llBBHO HB OCHOBe BHBnlf38 8KCrrep!iMeHTBnhHbiX .llBHHb!X IT.O ~ -pacrra

.llBM c rroMOIUhiO .llBot!:HbiX .lllfCrrepcnoHHbiX COOTHOllleH!ili: Bonbcp 11 Uennnep rrp!illlnli 

K 3BKniO'!eH!f10 0 B03M02KHOCT!i pe30H8HCHOI',O 1r7i' -B38HMO.llefiCTBHSI B s -coCTOSIHiUI 

npH "(; = 2, npn: 8TOM He liCKniO'IBeTCSI, 'ITO cyrueCTByeT TBK2Ke peooHaHC H B 
(449] 

COCTOSIHHH p 
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2.6. BsaHMO.IleAcTaHe K-Mesoaoa c ayxnoHaMH 

8 Tat5nHuax XYl-Xxii 11 aa puc. 8 ~ 9 np~~:ae.lleHhi axcnepHMeHTanbHhie sHa"'eHHH 

ce"'eHHA .llnH asaHMO.!leAcTBHH sapH>KeHHhiX K-MesoHoa c HyxnoHaMH. 

80 MHOI"HX cny"'BHX npHBe.lleHHbie ceqeHHH HBnHIOTCH ycpe.llHeHHhiMH no OOnbWHM 

aHepreTH"'9CKHM HHTepaanaM. ·a Tat5nHuax yxasaHa aenH"'HHa aTHX HHTepaanoa (ecnH 

OHS Obina yxasaHa B OpHI"HHanbHhiX pat5oTax) H· COOTBeTCTByiOWHe cpe.llHHe aHepi"HHo 

8 ot5nacTH Mil.nhiX aHeprHA "'SCTb Ce"'9HHA Obina nony"'eHa H3 ot5pat50TKH JlBHHhiX 

no asaHMO.IleAcTBHIO K-MesoHoa c H.llPSMH cPOTOaMynbCHHo no.llpot5Hoc:rH o cnocot5ax 

'(38IJ 
TSKOft ot5pa60TKH MO>KHO Hat!:TH 1 HanpHMep, B paOOTEl , 

:t : " 
4acTb ce"'eHHA asaHMO.IleACTBHH K -MesoHoa c Het!:TpoHaMH nony"'eHa pasHoc:r-

HhiM MeTO.IlOM 113 OnhiTOB C BO.IlOpO.IlOM H Jl9ftTepHeM: 

G't(K.±n) = 6'-c(Kto()- ~ (K:tp) +I (J<:I:ol) 
8 TaOnHUSX npHBe.lleHhi 3Ha"'eHHH ceqeHHt!: C yqeTOM nonpaBOK Ha aKpaHHpOBKY HyKno

HOB B H.llpe ,llet!:TOHa 

HHe 1 ). nony"'9HHhie 

I (K*ol) I Bhi"'HCn?HHhiX no. M9TO.Ily rnayt5epa (cM.npHnome

TSKHM ot5pa30M Ce"'eHHH OTMe"'eHbi 3Ha"'KOM t• 
TaK KSK axcnepHM9HTanbHbie JlSHHbie H3BeCTHhi C OOnbWHMH OWH6KSMH, TO KpH

Bbi9 Ha pHCo 8 H 9 cne.llyeT paCCMSTpHBSTb nHWb KSK OpHeHTHpOBO"'Hbieo 

· C3l:l81 ; 
8 pat5oTe· a o6nacTH aHeprHA oxono 2 Baa ot5Hapymeao saa"'HTenbHoe .cHH>Ke-

HHd aenH"'HHhi ceqew~H ~ (IC + f} • .zlo CSMOI"O nocne.llHei"O BpeMeHH · OCTaBanOCb CO..:. 

. ~~ 
B9pW9HHO HeHCHhiM 1 HSCKOnbKO aTO CHH>KeHHe HBnHeTCH JlOCTOBepHbiMo 8 paOOTe 1 

. (338\ 
B "'aCTHOCTH 1 OTMe"'anOCb1 'ITO B aKcnepHMeHTMbHhiX JlSHHhiX H3 · He BHeCeHa no-

npaBKa Ha. JlHcPPSKUHOHHOe pacceHHH9 1 yqeT KOTOpOI"O MO>KeT C.llenaTb CeqeHHe 

npH6nH3HTeni.uo nocTORHHhiM a o6nacTH T > 1 Baa. He.llaBHHe HsMepeHHH a .lly6ae 

.llanH sHa"'eHHH Of (r:+r) cornacyiOruHecs at5n~~:sH aHeprHH T•2 Baa c .llaHHhiMH pa6o-

C338} . r452l C'338 ~t52·J 
Thl H aospacTaiOIUHe npH yaenH"'9HHH aHeprHH • CoaMeCTH~e JlaHHhl"' pa6oT 1 

yxa3hiBaiOT aa cyruecTBOBaHHe MaKCHMyMa a ce"'eHHH ~ (~e*!}a paAoae oxono BOO .Mas. 
[89 4521 . . 

.llaHHbie pat50T 
1 

He HCKniO"'SIOT TSK>Ke MSKCHMyMa B Ce"'eHHH ~ (1<..,) B pallOHe 

5 Baa. 

r452) 
3xcnepHMeHTanbHhie JlaHHhie pa60Tbi HBnHIOTCSI OOCn9JlHHMH H

1 
nO-BH.IlHMOMy

1 

HaH6onee TO"'HhiMH. O.llHaxo Mhi He pewaeMcH yTaep>K.IlaTb 1 'ITO CHTyauHH 3.1leCb HBnHeT

CH anonHe HCHOt!:. 

MaKCHMYM B C9"19HHH o;e (~e·p) npH ManhiX aHeprHSIX TSK>Ke HBnHeTCSI noxa 

erue He anonHe .llOCToaepHhiM. 
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~ (ecnH 

HeprHHo 

:H .ll8H~biX 

aoco6ax 

18 p83HOCT-

'f HyKno

mno>Ke-

TO KpH-

9 CHH>Ke

:>Cb co-

5oTe(89l • 
eua no-

lyoue 

~H pa6o-

100f:338 ,452·) 

BOO .Mss, 

palloue 

'.llHMOMy, 

Cb RE!nHeT-

noKa 

T MeTo,n; 

HIL'lte nopora poxmeHM 
T ~ 225 MsB ceqemte 
0 M~r!o *) 

10 R·RK363 
. (0+20) 

JO --"-
(20+40) 

50 -"-(20+40) 

50 <?.364 
(.30+65) 

55 
(20+90) 

n -nK'6' 

" 
cp .376 

(0+110) 

60 <?.367 
(20+100) 

60 <P.365 
(20+100) 

60 cp.384 
(40+80) 

6' . Q> .375 
(Q+lJO) 

. 70 
(60+60) 

n -nK'6' 

. 60 
(50.a.ll0) 

cpJ76 

60 c.p.370 
(60+100) 

65 n-{IK
36

' 
(80+90) 

9J cpJ66 
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Ta6Jim~ XJI 

l(tp - B3al1:MO,n;e~CTBl'le 

0"'~ m~ T rt.e'l'o.n; ~/l&l 
!jj" -MeSOHOB 
<T'tl"' ot l'l c:Y: .. = o. 

14,3 ! 2,4 100 cp311 

4,6 ! 4,0 
(50+150) 

14 :t J 

100 . cpJ72 

5,8 :!: J,J 
(40+160) 

14,6 :!: J, J. 

110 cp.380 

10,4 :!: .3,.3 
(40+150) 

12 :!: 4 

120 cpJ81 

"'15 
(60+180) 

14,5 :!: 2,2 

. 120 cp.384 

9,4:!: 1,7 
. (80+160) 

15,5 :!: 2,.3 

125 cp369 15 
2) :!: 7 150 . <1>.365,~6] 

(100+200) 
14,2 :!: 2,6 

13,5 :!: 2,8 175 CJ68 16,.3 :!: 1,7 

1.3,5 :!: 2,8 175 c.362 

180 q>JaJ 

16,4 :!: 1,4 

15,5 :t 2,.3 (140+218) 
15 :t. 6 

' 192 cJ82 15,4 :!: .3,0 
6 :!: 4 . 225 c.368 15,2 :!: 1,.3 

1:! 18 :!: .3,0 
. 225 c.362 

227 <PJ66 
14,6 ± 1,2 

14,7 :!: 1,7 
27 :!: 8 250 cpJ67 " 

(200+)00) 1~,o :!: '•' 

14 :!: J 261 ¥7.3,.378 
(200+.350) 

24 + 8 
. - 7 

n,o :!: J,J 270 . <P . .3741-
(240+)00.) 

17 

14,7 :!: 1,7 270 
(200+.350) 

<P .377 2~,J :!: 4,5 



;· 
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----- -
T . M8TO,Jl; (J'-f: 1\\e 
270 Q>J65 21,J :!: 4,.5 

(200+J50) 

275 CJ68 16,J:!: 1,7 

275 CJ62 15,6 :!: 1,4 

J04 <1> J79 21,6 :!: 6,5 

456 ll-RK385 16., 0 :::!:: 1,4 

600 CJJ8 17,5 :!: 1,5 

700 CJJ8 19,6 :!: 1,2 f 

960 CJJ8 18,8 :!: o,8 

1,1 BsB -"- 16,4 :!: 0,7 

1,2J -"- 18,J :!: o,8 

1,45 -"- 15,7 :!: 0,7 

1,6 -"- 15,5 :!: 1,1 

1,95 -"- lJ + 1 

2,J c452 15,0 :!: 2,1 

2,45 cJ59 2J,e :!: 2,5 

2,45 c452 17,4 :::!:: 1,7 
2,9 -"- 18,6 :!: 1,6 

J,09 cJ59 2J,2 :!: 2,0 
.- J,24 cJll 21 :!: 4,J 

J,26 c452 20,5 :!: 1,6 

4;28 cJll 21,J :!: 4,6 

4,JJ c452 25,8 :::!:: 2,7 

4,4J cJ59 
19,~ :!: 1,4 

7,42 _ .. _ 
19,4 :!: o,8 

~ . 
. Bb!'l,HCJieHo no ::nwnepilMBHTaJ!bHHM sfiaqeHrurM ,wnm pacceRHll.f! /eM,§ 3. I/. 

... ~ ..... 
llpH T = 280 M::m us :Eisar-IMo;nei1cTBYUI c .Fi;npaw.M Q;oTo,,w.ym;cJm no.n:ytieHa o~eHKa 

~ .. (~e+t\') z 0,15 me (&'3S) I cetieHJW ycpe,JJ;HeHo no npoTOHaM H HeiiTpoHaM/, 

0 

50 
(JO+ 

50 

50 

52 

54 

60 
(40+ 

60 

65 
(0 + 

70 

70 

80 
(40+ 

90 

9J 

95 

95 

100 

10C 
(40+ 

l:).C 

llC 

117 

12C 

12( 
(604 

12C 
(804 

12~ 

(10( 

12~ 

12'i 

lJC 
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TG.dJIIUJg XYr. 
K+-n- B3amr.o;n;e:HcTmw 

T MSTO;n; a-'t(.~ ~)(·~ ~~ 
OM:m *) J,2 :!: 1,0 4,1 :!: 1,1 7,J :!: I, 'f 

50 cpJ64 8,5 :!: 4,2 2,J :!: o,6 10,8 :!: 4,8 
(30+60) 

50 c:pJ86 o,8 :!: 0,7 

50 cpJ80 10 :!: 7 2,5 :!: 1,0 12,5 :!: 8,1 

52 A-nKJ85 0,9 + 0,7 
- o,J 

J4 cpJ87 9,2 :!: 7,J 1,2 :!: 0,5 10,4 :!: 7,8 

60 q,J84 11 :!: 5 
(40+80) 

60 q,J86 1,0 :!: 0,5 

65 cp J75 4,1 :!: 3,8 3,4 :!: 1,0 7,5 :!: ~4;8 (0 +130) 

70 cp 386 1,0 :!: o,8 

70 cpJ80 9,7 :!: 4,5 4,4 :!: 1,1 14,1 :!: 5,6 
80 

(40+120) 
q,J75 2 + 2 

90 . cf> 386 o,8 :!: 0,7 

9J c:p36~ 7,9 :!: J,1 5,6 ;tl,6 1J,5 :!: J,6 

95 cj> J87 2,7 :!: 1,J 0,4 :!: 5,2 

95 cp J80 11,8:!: J,8 4,0 :!: 1,0 15,4 :!: 4,8 

100 )I,-RKJ85 2,8 :!: o,5 

100 q,J72 2,0 :!;•0,6 0,4 :!: 2,8 
(40+160) 

1~0 q, J80 15,2;t J,8 J,9 :!: 1,0 19,1 :!: 4,8 
>110 cp J86 1,2 :!: 0,7 

117 cp J86 1,5 :!: 0,5 

120 cp J84 
9 :!: J 

120 q,J81 5,8 :.!: J,1 4,0 :!: 0,8 9,8 :.!: J,o 
(60+180) 

120 cp )80 5,7 :!: 1,9 5,7:!: 1,9 U,4 :!: 2,8 
(80+150) 

aTpOHaM/. 
125 4>J88 2,J :!: 4,4 5,2 :!: 4,0 13,5 :!: J,6 

(100+150) 

125 q, J89 5,J :!: J,s 2,2 :!: 1,0 7,5 :!: 4,8 

127 .O,-nKJ85 J,1 :!: 0,4 

lJO cp J80 12,1 :!: J,7 5,4 :!: 1,1 17,5 :!: 4,13 
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T M6TO.It ~d~ a-:_.,.~ ~~ -
140 cpJB7 10,6 ;!; 4,9 4,J ;!; 1,2 14,9 ;!; 6,1 

155 cpJB6 - J,o :!: 1,0 

165 . 
(118 +196) 

cp :389 12;1 ;!; 1,6 4,6 :!: 1,2 

175 
(150+200) 

cp )88 1,9 ;!; 4,J 7,5 :!: 4,0 7,0;!; 2,5 

175 -"- 1,7 :!: 2,5 7,7 :!: 2,2 9,4 :!: 1,9 
(100+250) ~ 

18.0 cj> JBJ - - 10,J :!: :3,5 
(140+218) 

192 . c:p )82 - J,7 7,5 ;!; 2,1 

195 'f> JB6 - 6,0 :!: 1,8 

225 ~JBB 0 :!: 4,J 9,8 :!: 4,0 10,2 :!: 2,5 
(200+250) 

227 'I> J66 9,1;tJ,2 7,J ;!; 1,7 16,4 :!: J,B 

2)0 .D. -nK
385 - ;,a :!: o,6 

2):3 c:p:389 1o,; :!: r,a · 9,:3 :!: 2,2 
(196+271) 

255 4> J86 - 6,0:!: 1,0 

265 -"- - 11,0 :!: 2,0 

270 ct> J86 - a,2 :!: 1,8 

28!5 -"- - 9,0 :!: 1,6 

Jl5 A·RKJ85 - 6,7 :!: o,6 

:315 cp )89 a,o:!: 1,5 10,J :!: 2,4 
(271+:359) 

JJO cp J86 - 16,o :!: J,o 

600 CJJB - - 15,6;t 4,9 t 

710 
_.,_ - - 20,0 :!: 2,7 t 

900 -"- . - - 17,7 :!: 2,2 t 
1, 2 Ba:a 

_,_ - - 18,0 :!: 4,0 t 

1,4 
_ .. _ - - 19,J :!: 4,2t 

1,9 _n.:. - - lJ,l :!: J.,7 t 

*). 
BwmcJieHo no oKcnepnMeHTam.HliM suaqeHruiM ,I!,JivJH pacceromn /eM.§ 3.1/. 



6,1 

J,5 

. 2,1 

2,5 

J,s 

4,9 t 
2,7 t 
2,2 t 
4,0 t 

4,2 t 

~.7 t 
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Ta6mma XYill 
lCp- BSal!MO;n;eitCTilJ:e 

------------------ ·--------~---------·-----------
T 

84 MGB 

89 

140 

140 

22.) 

2J8 . • 
. (150+300) 

Jl4 

412 

5JO 

600 

710 

770 

8JO 

940 

960 

l,07EaB 

1,18 

1,2J 

1,J1 

1,52 

2,04 

2,J5 

2,52 

J,52 

:3,68 

4~4J 

7,42 

M8TO;IJ; 

&-nKJ55 
HJ60 

HJ6~ 

&-IIKJ55 

B-F1KJ61 

<t> J41 

-"-

-"-
&-nK 457 

c J58' 

-"-
c JJ8 

c .J58 

-"-
c JJ8 

c J58 

c J58 
_.,_ 

_ .. _ 
c J59 

_n_ 

-"-

<r'-c ~ 

90 

94,6 :!:: 9,0 

88,6 :!:: a,o 

87 

48 :!:: 4 

107 ± 45 

J8 ± J 

40 :!: 2 

52 :!:: 9 

47,1 :!: 1,2 

4J,6 :!:: 1,6 

48 :!: 5 

J3,8 :!: 0,9 

31,2 ± 0,9 

J6 :!:: 5 

J2,5 :!:: 0,8 

J2,~.:!: o,s 
44 ;t.5 

J2,5 :!:: 0,6 

J0,5 ± o,4 

26,9 ± 0,5 

20 :!:: 5 

25,J :!:: o,4 

25 14 :!:: o,7 

29,6 :!:: J,1 

26,7 ± 1,4 

;!4,J :!: 1,4 
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'l'admrua IXX. 

K-p - B3aln.t.OJJ;eitcTBUe 

,.p... ______ 

T l'leTOJ( <r'e,e ~ T ·M8TOJ( o-'e-e ~ 
--· 

5 MeB 
q,4J2 187 + 153 

- 47 40 cj>4J2 68 + 22 
- 18 

5 cp JJ5 581 5 ;:!:.JJ,B 40 <PJJ5 56,0 :!:: 8,65 
(0+10) (J0+50) 

6 ~-nK~37 70 :!: 22 45 -"- 48,0 :!: 10,7 
(2,5+10) (40+50) 

I 

a-nK3.54 a-nK337-6 36 :!: 15 47 51~ 1J 
(2,5+10) (40+55) -
10 cj:> 4J2 105 + 61 47 !;-nKJ54 38 :!: 9 

- )1 (40+55) 

11 HJ60 88 :!: 17 47 ¢ J46 41 + 17 
(J0+60) ;,.. 12 

15 q, )50 57 + 24 HJ60 (5+25) - 49 56 :!: 8 

15 q,JJ5 59,4 :!:. 18,8 52 cp4J2 50 + 20 
(10+20) - 10 

17 IH1'337 92 :!: 15 55 g,J60 40 + 10 
(45+60). -

(10+23) 

17 e,-nKJ54 66 :!: 11 • 55 q, 335 41,2 :!: 9,1 
(10+2J) (50+60) 

20 cp J52 77 + 15 58 q, J44 JJ : ~3 
(10+)0) - (0+82) 

cp 335 58 . ¢> J46 J7 + 9 
20 56,1 :!: 11,6 - 8 

(10+30) (0+82) 
.. 60 ¢ JJ5 42,4 :!: 6,4 

21 <P 346 49'+ 32 (50+60) 
(O+JO) - 19 

cp 4)2 60 cpJ52 48 + ·a 
2:! 108 :!: 40 (50+70) 

25 <P J35 53,9 :!: 14,7 60 <PJ51 45 + 5 
(20+30) (10+100) -

29 H360 79 '!: 10 60 <P 55J 50 ± 5 

IH\K337 (10+140) 
30 86 + 11 4> J47 (2J+40) - 65 50 :!:: 5 

(30+100) 
30 s-nK354 -.67 :!: 8 cp335 (23+40) 65 4J,6 :!: 9,9 

~-nK343 
(60+70) 

·Jo 45 ;!: JO q,J41. 
ct> )50 

65 36:!: 7 
J5 56 :!: 16 ¢J46 JO + 1J (25+45) 72 

(60+82) - 10 
J5 q> 341 76:!: 1J 4> J41 

. <\; JJ5 66,0 :!:: 14,1 
75 J6 :!: 8 

J5 cpJJ5 (30+40) 75 jl-4,9 :!: 10 

)8 1\l 348, 60+ 11 (70+80) 

(5+60). - 9 75 q:>J50 4J :!: 12 
<P )52 (65+85) 

40 6J:t 10 <PJ48 76 46:!: 6 
(5+130) 
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---·-
el'h-t 

T Me TO~ o-'e{ ~ 

--- 80 cp)52 
(70+90) 

38 :!: 10 

,65 
80 cp335 

(70+90) 
44,7 :!: 9,5 

),7 
83 B·R K337 

(80+90) 
52 :!: 7 

84 e.-nK355 52 

85 <P 335 44,2 :!: 31,3 
(80+90) 

89 H360 62,8 ± 8 

7 
2 90 cp349 48 4 + 15 , - 11 

90 H360 31,5 ± lJ 

D 
D 

90 £P341 

D 
90 cp 348 

33 ± 12 

(60.;.110) 
34 + 8 

- 6 

,1 
95 4>350 lJ + 30 

(85+105) - 5 

J 115 
(105+125) 

-"- 33 + 33 
-11 

125 cp342 
(100+150) 

44 + 14 . -
140 H360 50 + 6 

,4 140 I!>·OK355 43 ± 5 

150 &·OK337 
.(140+160) 

43 ± 5 

238 ¢345 
(150+300) 

40 

238 cp341 
(150+300) 

35 :!: 16 

770 !lJ-nK357 24,2 :!: 4,6 
't 1500 c358 8,0 :!: 1,5 

',9 

.3 

.0 

.0 

~2 
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Taclmma XX 

K-p - BsanMo.nei1cTBMe 

--------------------------------
T 

<a MaB 

18 

20 
(10+J.o) 

25 

J4. 

49 

69 

84 

89 

89 

140 

140 

148 

148 

2J8 
(150+JOO). 

606 

606 

710 

1,055 Bail 

1,055 

2 

2 

J,49 

J,49 

Me TO,!( 

G-nKJJ9 

q,J52 

a-oKJJ6 

&-nKJJ9 

-"-_ .. _ 
r;- n ~J55 
&-nxJJ9 

HJ60 

G·RKJ55 

HJ60 

&-n~?J6 

G·OKJJ9 

cpJ41 

J58 
c 

-"-
&-nxJ57 

cJ5a 

_n_ 

_u_ 

-"-
_n_ 

-"-

~"rr-.e, 

0 

11 + 4 

15 :!: 7 

15 

17 :!: 4 

7 :!: J 

5 :!: J 

2,5 

4 :!: J 

4,1 :!: 2,J 

5 :!: J 

5,1 .:!: 2,5 • 

4 

4 + 2 

5 

9,0 :!: 1,9 

i2,9 :!: 2,6 t 

6,8 :!: 1,1 

J,2 :!: 0,7 

a,o:tl,9t 

1,7 :!: o,6 

1 1 9;t0 1 Jt 

5,4 :!: 0,9 

1,2·+ o,6t 

(: 
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Ta6JIMI@ XXI 

K 0 ~J -p - BSaMMO,Jl8MCTBH8 

------·· - ----·---------------·-----
T 

60 MsB 

84 

89 

140 

140 

2)8 
(150+)00) 

770 

M8TO;rl; -----
cpJ5J 

s-n KJ55 

HJ60 

-"-
e,-n KJ55 

cp )41 

e,- n KJ57 

-------------------------·------------

olJ, m,g 

20 + 5 

J5 + 5 

28,4 + 10,9 

JJ,5 + 9,7 

J9 

67 :t 29 

17 + J 

*) 
Eeynpyroe K- p -Bsamv:o;rr.eficTBHe He m.1eeT noporoBoH aHeprMn. 

TadJI.rm,a XXII 
K- rt. - BSarrrv:o,rr.elicTBHe 

T M8TO,Jl cr'-c ~ ---- ----
600MSB cJ5s J1,2 + 1, 6 t 

8)0 -"- 29,4 + 1,1 t 

1,07 -"- 26,4 + 1, 0 t 

1,J1 -"- 24,J + o,s t 

1,52 -"- 22,7 :t 0,9 t 

2,04 -"- 22,6 + 0,9 t 

2,52 -"- 22,4 + o, 7 t 

J,52 -"- 20,5 + o,9 t 

·-----------. --------·-------
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G' '.1M.(} 

25 

20 

15 

f

/ 
I 

"' ,. ' 

,., "' 
- - - - - -- .,..-· _,I 

o c5t(f<+P) 

• crt(J<+n) 
10 

5 ~ o&(u~n) 
--------

x 6 (J(•n) 

/OHev 100 Hev IBev IOBev T 
PH c. 8.· Ce'!eHnH B38HMoMeiicTsnii K ... -Me30HOB c npoToHaMn H HeiiTpoHaMH. 

flyHKTHpHbie KpHBbie OTHOC5ITC5l K Ce'!eHH~ ~ (JC+n) H 6': (X+n). 
·3Ha'!eHnH 6" naHbi s ennHHuax Io-27 eM • " 

.----- I 
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* ~ 

1Mev 10Hev f00f.1ev t sev tOaev T 
Pnc. 9. Ce•IeHHSI. B38HMo.netlcTanfi K ··-;v~r::JOHOB c rrpoTOHaMH n HefiTpOHBMH. 

nyHKTHpH8SI KpHB8SI ~~HOCHTCSI. K Ce'!eHI!IO • 6: ( ~-,,. 
· -27 2 u. I 

3Ha'leHHSI 6"' .naHhi B e.nnHnuax 10· eM • 
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vf3 C006pa:>KeHHil: 3.8P.II.!lOSOil: CHMMeTpHH ~H HHS8pH8HTHOCTU 110 OTHOWeHHIO K 38p.11-

.!l0SOMY corrp.II:>KeHHIO rronHbie ceqeHH.11 1 a TBK:>Ke ceqeHH.II yrrpyrnx H Heyrrpyrnx S38HMO' 

.z:teii:CTSHil: .z:tOn:>KHb! 6b!Tb paSHb!S): 

KpoMe ToroJ 

6' (K+ p)-= 6'CIC.0 t\.) = S CK.- p) == 6' (K.o h.) 

S ( K ... t\) = S ( ~ o p) = 6' ( K- iL) == ~ ( K o p) 
~ ( K.-f)-= 0 (_K_o tt) = 6 (K.,_ p) .::: S (1( 0 .;:_) 

6(K-h):: 6(K.~r)= o(K+i\.)=6(Kop)) 

o~"CK+ )1.) = Oe" ( K0 p)-:= ~" ( 1(-n) = s e.x Cio f). 
npH 60nbWHX aHeprH.IIX 38p.11.z:tOS8.11 CHMMeTpH.II ,!i HHS8pH8HTHOCTb 11pH 38p.II.z:tOSOM co-

11p.II:>KeHHH .z:tn.II K-Me3oHos aKcrrepHMeHTanbHO eme He rrposepeHbh O.z:tHaxo, rrpe.z:tcTas

nHIOTC.II O'i.eHb sepO.IITHb!MH, 

Vl3 rrpHSe.z:teHHb!X aKcrrepHMeHTBnbHb!X .!l8Hllb!X SH,!lH0
1 

'iTO pa3nH'lH'e Me:>K.z:ty ceqe

HH.IIMH S3aHMo.oeAcTSH.11 K-Me30HOB c npoToHaMH H HeATpoHaMH c p6cTol\1 aaeprHH yMeH~

waeTC.II, 3TO roBOpHT 06 OCna6neHHH H30TOI1H'leCKOit 38SHCH¥0CTH S38HMO.z:teitCTSHit, 

+ npH 6onbwnx aaeprn.11x cTaHoS.IITC.II 6nH3KHMH TilK:>Ke ceqeHHH s3aHMo.oeAcTsH.II K 11: 

• K--Me3oaos, 3Ha'leHH.II ceqeana rrpn aToM rrpn6nH3HTenbHO B .osa pa3a MeHbWe ceqe-

HHA N N - saaHMO.z:teAcTsna. 

2,7, B3aHMO.z:teficTSll:e K-Me30HOS c rr- H K-Mes~ 

B HaCTO.II!ll~e BpeM.II HMeeTc.II pH.z:t aKcnepHMeHTanbHbiX .oaHHbiX, , }tOTOpbie yKB3bi-

S810T Ha Cy!lleCTSOS8HHe 38MeTHOrO K1r - S38HMo.oeficTsHSI, HaH6oli~e Ba:>KHbiMH • 

11:3 HHX SIBnHIOTCSI Cne.z:tyiO!llHe: 

1. AHann3 KoppenHuHA I(- H 1f -Me3oHos, po:>K.z:t.aiO!llHXCSI B .,.-P· -
cTonxHosw HHx rrpn T : 7 Bas, rrpnso.oHT K 3aKniO'leHHIO o pe3oaaacHoM k:rr -

[390) ( , , - • • r390l S3aHMo.oettcTsHH rrpH T = 190 Mas • Macca "'II - H3o6apbi" 11\ :::0,8 Bas ). 

2. A - rHrrepOHbi, PO:>K,!l8101.UH:CCSI s rr-p -cTonKHOSeHH.IIX, SbineTBIOT s 

CHCTeMe UeHTpa M8CC 11peHMy!lleCTSeHHO S HarrpasneHHH H8SCTpeqy'rrepSH'iHOMy 1f--

c 

c 

ll 

r 

n 
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M930HY 1 a K-Me30Hbl HMeiOT npM6nH3HTenbHO CHMMeTpM'lHOe pacnpeLleneHHe ( H9CKOni:--

KO B.biTSIHyToe snepeLl, eM., aanpHMep[
3911). TaKofi xapaKTep yi'nOBbiX pacnpeLleneaHfi· 

CTpaHHbiX '18CTHU 1 p0)KLl810ll{HXCSI llpH 6onbWHX 9H9pi'MSIX, MO)KHO llOHSITb, eCnH yqeCTb 

nepM¢epH'l90KHe CTOnKHOBeHHH nepBM'lHOI'O rr- -:-Me30H8 c K-Me30HHbiM o6naKOM 

HyKnoaa ( Cp. § 5 B [392~. Pac'!eT B OLlHOMesoHHOM npM6nH)KeHHH LlaeT LlnH 

Ce'!eHHH K.'tf B38HMOLleil:CTBHH OU9HKY 6'(1C:~) ,_ 0 (1f,N') .(LfHcneHHbie pe-

synbT8Tbl 38BHCSIT_ OT TOI'0 1 npeLlUOn8I'89TCSI 

Hb!Mo OocneLlHHH cnyqafi, no-BHLlHMOMy 1 HBUSieTCH 6onee Up9LlUQqTHTenbHbiM) • 

3. OnTH'leCKHil: aaanus ynpyi'OI'O K p -pacceHHMSI npH 6onbWHX aaepi'HHX 

yKasbisaeT aa saa'!nTenbHYlO sepoHTHOCTb Kp -ssanMOLleficTBHil: npu 6onbWHX 

napaMeTpax y Llapa, JlnH ce'!eHHH K11 -ssaHMOLleil:cTBHH OTCIOLla T8K)Ke cneLlyeT 

(3931 
oueHKa 

CneLlyeT T8K)Ke OTMeTHTb1 'ITO ';![) - o6pasHbie" cnyqau 7f'Jt/- B38HMO-

LlefiCTBHfi, Ha6niOLl8BWHeCH B Jly6He H B · LlPYI'HX na6opaTOpHH~ 1 MOl"yT 6b!Tb T8K)Ke 

ucTonKoBaHbi KaK pesynbTaT ssaHMOLleil:cTBHSI K - u Ti -Mesoaos. 

[ 403) ' [404) 
B pa6oTax H noKasaao, 'ITO yqeT B38HMOLleficTB.HH BHLla 

1-l~t =}.. (Ki-K+ + K_o tC) (lf+lf + iCTf-t + n"rro) r 
I'Ll9 lf. -l( K - onepaTopbi noneil:_ cooTseTCTByiomux qacTuu, a A.-
CTOHHH8SI CBH3H 1 Ll8eT B03MO)KHOCTb 06'bSICHHTb pHLl 9KCnepHMeHTanbHb!X cP8KTOB• 0 

B38HMOLleil:CTBHH K. -Me30HOB. C HyKnOH8MH H C HLlp8MH UpM HH3KHX 9H9pi'HHXo 

MO)KHO UOK838Tb, 

no-

Up!I 9TOM OK83biBaeTCSI 

6nH)K9HHH H peaKUHSI 

'ITO peaKUHSI nepesapHLlKH 

sanpemeHHol
3941 009TOMy 

K ... + p ~ p + K~ + 11" + 
sanpemeaa B OLlHOMesoHHOM npu

(cM.pnc. ·10). OpeLl-

CTBBnHeT 60nbWOfi HHTepec 9KCnepMMeHTanbH8SI nposepKa 9TOI'O 38KniO'l9HHH, 

\(+_ H VO , 
EcnH 1\.. - M930Hbl HM9IOT pasnH'lHyiO '19THOCTh1 T0 1 B npHHUHne, 

sosMO)KHO Tpoil:aoe ssanMOLleil:cTBHe BHLla · f-l:."'t :: A K 1T I( . 

KaK BHLlHO, cBeLleHHH o -, B38HMOLl9fiCTBHH eme 6onee 6eLlHbl '19M 

1T' -MesoHoB. B o6nacTH aaepi'Mfi, He npeBbiwaromux HecKonhKHX 

coTeH M~s, 11caes H Casapb!HbCKHil: aa ocaose LlBOfiHbiX LlHCnepcMOHHbiX cooTH.oweauil: 

K- -n- - , (395] A-· 
H9Ll8BHO nony'!HnH ypaBH9HHSI LlnH 8MllnHTYLlhl II_ - B38HMOLl9fiCTBHil: • Hano-

. [3961 
I'H'!Hbl9 ypaBHeHHSI 6hmH nony'leHbl .· T8K)K9 s.nu • OLlaBKO peiueHHe 9THX ypaBH9HHil: 

noKa eme He HafiLleHo, ·. 
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C TeopeTH'i9CKOli TO'IKH 3peHHSI MO)KHO !))KH.ll8Tb 38M9TH09 B38HMO,aeliCTBHe 

K-Meaoaoa c K-MeaoaaMH. (BoaMo)Kao, 6'(K.1C.) ..w 0 (KTr) .-- es'(nN') >. 
O.aaaKo, KBKHx-nH6o aKcnepHMeHTanbHbiX .aaHHbiX o TaKoM aaaHMo.aelicTBHH B HacTog-

mee apeMH ·eme He IiMeeTcH. C3e.aeHHH o KK -aaaHMo.aelicTBHH MO)KHO 6bmo 6bi, 

.B 'i8CTHOCTH 1 nony'IHTb H3 H3Y'i9HHH yrnOBbiX H 9HepreTH'i9CKHX pacnpe,aeneHHli CTpa~

HblX 'i8CTHU 1 p0)K,ll8101UHXCH B peaKUHHX 

K + .N ~ J<:r K.. + ;\ ( Z.) + n:rr ( n = o, i, . . . ) . 

TaKHe aaaHMo.aelicTBHH MO)KHO paccMaTpHBaTb KaK nepH¢epH'i9CKHe CTOnKHOB9HHH 

HaneTa!Omero K-MeaoHa c K-MeaoHHoll: o6onO'iKOll: HyKnoHa. 

111. TeopeTH'iecKaH HHTepnpeTaUHH aKcnepHMeHTanbHbix .aaHHbiX 

VIa npHae.aeHHbiX aKcnepHMeHTanbHbiX .aaHHbiX · BH.llH0 1 'ITO noae.neHHe ce'l:eHHll: 

B38HMO,llell:CTBHH HM99T O'i8Hb CnO)KHblll: BH.llo CK01Ib-HH6y .llb ITO.llp06Hoe TeopeTH'i9CKOe 

paccMoTpeHHe aToro _Bonpoca il0Tpe6oaano 6bi H8ITHC8HHSI 6onbWOll: MOHOrpa¢HH H 

BbiBeno 6bl H8C .ll8119KO 38 paMKH )KypH81IbHOrO 063opa. noaTOMy Mbl orpaHH'iHMCSI 

paccMoTpeHHeM nHWb. npe.aenbHbiX cny'l:aea o'l:eHb ManbiX ( T '!f 10 Ma B). H 6onbWHX 

( T ~ 1 Baa) aaeprHtt. B aTHx o6nacTHx HMeeTCH pH.a HHTepecHbiX oco6eHHOCTell:, 

KOT0pbl9 HBnHIOTCH 061UHMH ,ang B38HMO,lleliCTBHH 'i8CTHU paanH'l:HbiX COpTOBo 

6, .... ,: 

....... 
9]'0 / 

..... , 
5;+ I 

~ p 
PHc. 10. 

3.1. 0 ITOB9.ll9HHH C9'19HHfi npH O'i9Hb MBnbiX 9HeprHHX 

.LlnH onrrcaHHH aaaHMo.aettcTBHH 'iaCTHU nprr ManbiX aHeprHHX cymecTayeT xopowo 
/381,407,412/ . . 

paapa60T8HH8SI TeOpHH a¢¢eKTHBHOrO pa.aHyCA • 

· B 'IBCTHOM cny'l:ae aaarrMo.aettcTBHH Me.aneHHbiX Hell:TpOHOB c npoToHaMH ce'l:eHHe 
. . . 

B38HMO,aell:CTBHH HM99T BH.ll: 

.. . . 3rr ?.. 

6' (T)" K.._ + ( J... - !="-f-t. 
at -<.. 

+ 
1f "' 

'Z.. 2.. 

k1. + ( ci-
5

- 1 ~s) · 

'! 

f 

3 

tv 

B 

B 

H 

0 

m 

r; 

.QI 

31 

3l 

.ll' 

B8l 

ce• 

Me 

HH: 

en• 

.ae 

MO 

TOI 

CHC 
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(K.'J.- ..L (T / ) 1/\'l. 
r .oe - :2, /M / 1'-,., ~ KHH9TlPI9CK8.H 9Hepi'HH HeATpOHa 

Hnuax ero Macchi M )..." = YMC.. 

a.t-={5,415 ± 0,017 .. )·10-r;_, -13 pt-:: /,tO ( 1. ::t 0, 0/'1) . JO ~: ... 

-13 ' -1'!1 
0..,5-:.-(~5,8DC,-! 0,0.28)·/0 c ... ; fs: 2,50 { 1. :t: 0,1.)· I 0 c; . .'. 

3Ha'leHHH 9THX napaMeTpOB onpe.oeneHbl H3 CpaBH9HHH C 9KCnepHMeHTanbHblMH C9'19HHH

MH ((5 (T)f4081 KaK an.oao H3 puc; 1,~ aKcnepuMeHT n Teopns:t xopowo cornacyroTcs:t 
. / 

annoTb .oo aHeprufi nops:t.oKa · aecKonbKHX .oecHTKOB Maa, npu 6onbWHX aaeprHHX cTaHo-

BHTCH Ba:>KHOll: qJOpMa H.!l9pHOI'O UOT9HUHana II H906XO.!lHMO 6onee ,!l9TB.nbHOe paCCMOTpe· 

an e. 
B cnyqae p p -paCC9HHHH CyiUeCTBeHHYIO ponh nrpaiOT KynOHOBCKne· CHnbi, 

O.oaaKo, TeopHH a¢¢eKTHBHoro pa.ouyca H a aToM cny'lae .oaeT B03MO:>KHOCT:b Bbi.Oe

mrTb H3 9KcnepHM9HTanbHblX ,!laHHblX C9'19HH9 'IHCTO H.!l9PHOI'O pacceHHHR: 

1'.09 ·CHOBa 

7r <0 (T) = oz. 2-) 
I<?.. ... / _L - If. " ) Va..s .t >s 

1('1.-::.f (YM) ??...~ 9
), 3Ha'leHHH napaMeTpoa u fs 

.onpe.oeneHHbl9 H3 CpaBH9HHH C 0UblTOM 1 ;l{OpOWO cornacyiOTCH C COOTB9TCTBYIOIUHMH 

3Ha'I9HHHMH ,!lns:t p t1-- -pacceHHH£11 KaK H cne,!lOBMO O:>KH,!laTb H3 C006pa:>KeHDfi 

[408] 
38pH,!lOBOi!: H93aBHCHMOCTH • 

TeopHH a¢¢eKTHBHOI'O pa.onyca a npnHuHne npuMeHuMa TaK:>Ke K -aaaHMO" 

.oei!:CTBHHM." O.oHaKo, H3BeCTHbiX aKcnepHMeHTanbHbiX .oaHHbiX a aTOM cnyqae OKB3bi

aaeTCH H9.!lOCTaTO'IHO .onH O.!lH03Ha'IHOI'O onpe.oeneHHR napaMeTpOB B cPOpMynax .OnH 

ceqeaui!: , TeM 6onee, 'ITO acne.ocTaHe 6ecnoporoBbiX npoueccoa 3Ha'leHHH 9THX napa-

M9TpOB CTaHOBHTCH KOMnneKCHbiMH, 

nptt pacceHHH II Tf -Me30HOB Ha HyKnOHaXJ, 6onbWYIO ponb III'pB.eT P -pacce· 

SIHH9, noaTOMY 'IHCnO napaMeTpOB B03pacTaeT1 H cPOpMynbi .!lnH C9'19HHi!: HMeiOT 6onee 

CnO)!{Hb!il: BH.!l 1 '19M ,ung B3aHMO.!l9i!:CTBHH HyKnOHOB 1 B npeflene T + 0, KOI',!la B3aHMO

.oei!:CTBH9 UpOHCXO.!lHT B s -coCTOHHHH 1 

9) 
4To6bi nonaag aonHoBaH cPYHKUHH 6hrna aHTH(::HMMeTpH'IHoi!:, cHcTeMa pp 

M0)!{9T HM9Tb nHWb CHHI'neTHbie .CUHHOBble COCTOHHHH ,!lnH '19THbiX op6IITanbHblX MOMeH

TOB, noaTOMY npH ManbiX 9H9pi'HHX, KOI',!la pacceHHHe npOHCXO.!lHT B s -coCTOHHHH
1 

cncTeMa pp MO:>KeT aaxo.oHTbCH nuwb a 
1S -cocTOHHHHX, 
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. . ~ 

6' (n-~-r) -:: 4 1r a..
3 

c ( - ) 4rr ( . )2 
'U d. 71' p -::. 9 :La.,+ a.J 

6' ~ (11-p)-= W ( o..3- ac,) '1.. 

bt ( 11-p)"' 1tf ( :la.~ -t-a.~). 

no-aHaHMOMy, HaH6onee TQqHhle 3HaqeHHH anHH paCC9HHHH. B COCTOHHHHX 

c uaoTonuqecKHMH cnuaaMH t~ Y2. H t = ~"2.. 
. . . -13 /. . -13 a.,-;. (o,~'I'J ± 0, 001)·10 CA, j a.3==- £0,/!l.~:tq OOt)·IO ~ ..... 

. 
. [4121 

nonyqeHbi B pa6oTe • 

Y:IM9FJTCH pga pa60T1 B KOTOpbiX Teopug 9cPcP9KTHBHOI'O paai'IyCa npHMeHH9TCH K 
11" . /381,410,411/ 

B38HMOaE;!il:CTBHIO f' -Me30HOB C HyKnOHSMH ( CMoo HanpHMep1 . , I' ae yKaaa-

Ha 6u6nuorpa¢ug). 3Ta TeOpHH OK83biB89TCH B9CbMa cnO:>KHOil: 1 TSK KSK1 HanpHMep, B 

cnyqae · K-p - aaauMoaell:cTBHH B03MO:>KHbi 6ecnoporoBbie aeynpyrue peaKuuH, u. 
[411] 

anHHbi paCC9HHHH CTSHOBHTCH KOMnneKCHbiMH • 0TCbinag 38 noapo6HO,CTHMH K nHTe-
. 1<-t .r . . fa81] 

paType, npuaeaeM nuwb aaaqeaug anua pacceHHHH. ang ./V -aaauMoaettcTBH'h 

o(l(+ p) = Lnra..~ 
i' . .· '2. 

6'e~ (1<. 11)= rr( a.,+a.o) 

~" (K.-..,)~ ;;-(a.,-a.)'2. 

6't(~.,.h) = ~ rr( a.:+a.~), 
/'. . -1~ . ) -13 

rae a., ::. ... l0,~3&1:qo28}JO c- ; a, =(0,020:!:CJOLf!l ·10 c .... 
anHHhl pacceHHHH B TpunneTHOM u cuurneTHOM uaoTonHqecKux cocTOHHHHX. CooTBeT- · . . . . ~ . 
CTBYIOIUHe aaaqeHHH ceqeaull: npu T= 0 yKaaaHbi B Ta6nuixax npeabxaywero. paaaena. 

. 
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3.2., Q llOCTOSIHCTBe ceqeHHit B3aHMO.tlefiCTBHSI llpll 60nbWHX aHeprHSIX 

.,;. J..1a npuae.neHHhiX BbiWe 9KCnepuMeHTanbHhiX ,llaHHbiX BH,llHO, qTO 

ceqeHHSI npu 6onbWHX 9HeprHSIX CTaHOBSITCSI llOCTOSIHHbiMHo 

0.nHaKO .ll8HHbie, nonyqeHHbie B o6nacTH oqeHb 6onbWHX 8HeprHtl: H3 OllhiTOB C KOCMH

qecKHMH. nyqaMH co.nepmaT 6onbll1He owu6KH u, CTporo roaopSI, MomHo nulllb yTaep-
. ' 

m,llaTb, qTO npu 9THX 8HeprHSIX HeT 3HaquTenbHhiX li3MeHeHIIfi B BennquHe ceqeHH:li 

B3liliMO,lleil:CTBHSio 

B HacToSiruee apeMSI erue HeT cTporott Teoprm, o6'bSICHSIJOUlett noae.neHRe ceqeHutt 

.name npH TeX 6onblllliX 8HeprliSIX, KOTOpb!e .UOCTynHhl COBpeMeHHOMy 9KCnepHMeHTY• 

Eonee Toro, nocTOHHCTBO ceqeHutl: aaauMo.nettcTBIIH.npn T ~ 1 Eaa KameTcSI_ npoTn-

aopeqarunM coapeMeHHO:li Teopnn nons!, r .ne npn BbrqncneHnn MHornx cpnanqecKnX aenn

qnH (MaCChi qaCTliU, MarHliTHbie MQMeHT!>I li T • .ll.) npliXO,llHTCSI BBO.llliTb cpopM-cpaKTOpb! 

.nnH no.naaneHnSI aaanMo.nettcTBntt npn 6onblllliX aHeprnHx. MomHo, o.nHaKo, npnaecTn 

npnMepb! ( CM. § 3.3), KOr .na .name oqeHb cna6bre B3aliMO,lleil:CTBliSI npn B03pacTaHlili 

8Heprnn npHBO,llSIT K 6onbWliM 3HaqeHliSIM ceqeHntt. no.naaneHne B3aliMO,lletl:CTBliit C 

llOMOI.llb!O cpopM-cpaKTOpOB B aTOM cnyqae MomeT CKOMlleHClipOBaTb B03p8CTaHne ceqe

HHit n c.nenaTb nx nocTOSIHHhiMn. BoaMomHo, aHanornqHoe nonomeHue nMeeT MecTo n B 

o6rueM cnyqae. 

[413) 
B pa6oTax .nnH 9HepreTuqecKOtl: 38BliCliMOCTli ceqeHntt B3aliMO,lle:llcTBliSI nr -

Me30HOB c' HyKn OHaMH li3 aHannaa CBOHCTB cpyHKUliit pacnpOCTpaHeHliH B noKanbHOit ·Teo-

-
qTo He npoTnaopeqnT aKcnepnMeHTanbHhiM .naHHhiM. Eonee onpe.neneHHbre aaKnro'leHIISI 

06 aCIIMllTOTliqecKOM llOBe,lleHliH ceqeHntl: nonyqeHbl B He,llaBHO ony6nHKOBaHHh!X pa6o

TaJ4141~}B~ B aTux pa6oTax na paccMoTpeHuSI HeynpyrRx nepncpepnqecKux aaanMo.nett-

CTBIItl: npn 6onbwnx aHeprliSIX B O.llHOMe30HHOM :npn6nnmeHnu nonyqeHo aaKnroqeHne o6 

yMeHbWeHnn ceqeHntl: c pocTOM aHeprnn:·. 
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~1~ , 
AHanorn:Hoe aaKnJO'IeHHe nonyqeHo B P,a6oTe . MeTO.OOM .oncnepc!IOHHhiX cooTHOWeHHti~ 

TaK KBK ceqeHHSJ y6hiB8JOT oqeHb Me.oneHHO ( np!I aoapacTa!mlf aHeprrm OT 1 Baa 

l416l 
.oo 10 Baa ce'leHHe yMeHbWaeTcSJ, npH6lllf3HTeJibH0 1 Ha 1 0% j 1 TO aTo He npOTIIBOpe-

'IHT lf3BeCTHbl¥ SKCnep!IM9HT8llbHb!M ,ll8HHb!M, 

' lA 14-416) " 
.. O.oHaKo, BhiBO.Z:lbi pa6oT . ocHoaaHbr Ha uenoM .PSJ.Oe npe.onono*eHHH If He 

HBllHIOTCSJ a H8CTOSJI.Uee apeMSJ .oocTaTO'IHO y6e.oHTeJibHbiMH. B '18CTHOCTH 1 B pa6o-
(414),~15) . . 

T8X B381IMO.OeiicTBHe 1 np!I KOTOpOM O,llH8 lf3 B381IMO,ll9HCTByiOWHX '18CTIIU HBJISJ-

9TCH BHpTyanbHoii, aaM9HH9TCH aaanMo.oeiicT.31f9M peaJibHhiX '18CTIIU, BoaMO)KHO, 'ITO 

T8K8S1 38M9H8 Cllp8B9,lllll!'B8 lllfillb C TO'IHOCTbiO ll,O Cp8BHIIT9llbHO Me.Oll9HHO M9HHIOilllfX-· 

\ 
CSJ llOrapHcpMH'I9CKIIX 'lll9HOB 1 KOTOpb!e K8K paa If KOMll9HCHpy!OT. norapHcpMH'I9CK09 

yMeHbWeHHe ceqeuuii. MoMHO npuaecTH M8TeM8TH'I9CKH9 npHM9pbl 1 KOr,lla 

no.oo6HaH CIITY8UHSJ IIM99T MeCTO, Bo BCHKOM cnyqae 1 STOT BOllpOC Tpe6yeT cneUII8llb-

J0/ . 
HOr'O paCCMOTp9HIIS1 , 8 H8CTOHW99 BpeMH MOMHO lllfillb CK838Tb1 'ITO IIHTepeCHbl9 

. . (414-416] . 
peayJibT8Tb! 1 nonyqeHHbl9 B pa60T8X • 1 yK83b!B8IOT H8 He06XO.OHMOCTb 60llbWOH 

ocTopoMHOCTH npH aKCTpanoJISJUHII coapeMeHHbrx MeTo.ooa pacqeTa a o6nacTb npeilenb

HO 60llbWHX 8HeprHH, 

3.3, PaaeHCTBo ceqeHHii aaanMo.oeiicTBHH qacTHU H aHTH'IBCTHU 

,.. 
npe.OUOJIOMHB 1 'ITO UOllHbl9 C9'19HHSJ pp- H pp-:-B38HM0.09liCTBHll: UOCTOHHHbl npH 

60JibillHX 8HeprHstX, MOMHO UOK838Th p8B9HCTBO 8THX C9'19HHJl:, AH8llOr'H"iH09 38Klll0-

~-
'19HH9 aepHo .OllH llOJIHbiX C9"i9HHJl: B38HM0.09ltCTBHH !JT -+_ H ;JJ -Me30HOB 

- + 
nonHbiX ceqeHHA K p - H K p .;.. aaanMo.oetl:cTBHtl: H T,,ll, -c npOTOH8MH; 

B 06I.UeM cnyqae ,llllS! B38HM0.09ti:CTBHtl:, B KOTOpbiX O,llHH p83 Y"i8CTByeT "i8CTHU8 1 

C417l 
B .opyrotl: paa - COOTB9TCTBYIOW8H ell: 8HTH'I8CTHU8 

4 T06b! ,llOK838Tb STY TeOpeMy 1 paCCMOTpHM .OHCnepCHOHH09 COOTHOW9HHe· ,llllSJ 

8MllllHTy:0bi ynpyroro pacceHHHH A (E) Ha yron e=- 0 
00 

_(E;.E.)'- (olE'[ ~CE') + &tee') · l+a.+-t'E 
Re. ACE)- Lfn'1. P j ;.: (E~E)(E1+Eo), (E'+E)(E~&)i · 

0 

10/ .. 
Mbr 6naro.oapH!;>I .Ll.YI.Enoxnnueay aa no.opo6Hoe o6cyM.oenne ::lTHX aonpocoa. 

L 
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r.o.e ·a... u 
- IIOCTOHHHhie K09rprpHUHeHTbf

418
] ~ - .ll.nHHa BOnHbi HyKnOH8

1 E . . 111. c 0 - rrpouaaonhHO Bhr6paHHoe 3Ha'l:eHue aHepruu • ymecTBeHHo, 

'l:TO B .ll.HCnepcHOHHbiil: HHTerpan Bcer.o.a BXO.ll.HT KBK Ce'l:eHHe B38HMO.ll.eil:CTBHH 'l:8CTHU 

6'i;• TaK u aHTH'l:acTn:u ffi:. npn: E ~00 rrony'l:HM, coxpaHHH JIHWh Han6on.hwue 
'l:JieHhi: 

00 

:t. 5 ofE' [ Re. ACe)-- E p £' 
. E. 

(J. (oo) 
t + 

E'-E 
~(0:0)] 

E'-t-E. 

r.o.e 3Ha'l:eHue aHepruu C Bhr6paHo TBKHM o6pa·aoM, 'l:TO 

~(oo)-~(E}. 

nocne Bhl'l:HCneHHH llHTerpana 

n: rrpn: 

( 1 ) 

O.o.HaKo, BMIIJIHTy.o.a yrrpyroro pacceHHHH A (E) He MO:lKeT aoapacTaTh KBK £e. E 
.Lleil:CTBH'fenhH01 IIpH 60JihWHX 9Hepf'HHX 1 KOf',ll.a OCHOBHyro pOJih Hf'paroT rapMOHHKH C 

(2) 

11/ . 
.LlJIH IIpOCTOTbi Mbi He 6y.o.eM Y'l:HTbiB8Th CIIHHOByiO H H30TOIIH'l:eCKyro 38BHCH

MOCTH a aMrrnn:Tyne A (E) • Bee paccy:lK.o.eHu~ nerKo rroaTopnTh n: a o6meM cnyqae •. 

Mbr He ,6y.o.eM TBK~e p'accMaTpn:llaTh aneKTpoMarHHTHbre aaanMo.o.eil:cTBHH, y'l:eT KOTo
phrx BHOCHT JlHWb. MBJibie IIOIIpBBKHo 



.. 

72 

~aK KaK Ji.- E ; ~ -::. 0 npH f ';> _R.. , r.ae R. - pa.auyc .aeficTaiiSI SI.aep"" 

HbiX cun; H IC!- e~'-~(~))\ ~ ~' 
( 1 ) H ( 2) He npOTHaOp9'lHabi1 nHW h ecnH 

(401] . . 
( Cp. ) • Qqeau.aHo, cooTHOWeHHSI 

s. (oO) = 0. (60) . (3) t . -t 

(419) . . . c::- ~ /' ) 
B pa6oTe noKaaaHo, 'ITO paaHOCTh ceqeHHfi '-'-t (E) - Vt; '-£ 

npH E .... 00 y6biB89T ao aCSIKOM cnyqae He Me.aneHHee '19M v~ E: • Ewe 6onee 
[420]12) 

CHnhH09 COOTHOW9HH9 nony'l9HO a pa60T9 : 

6t (E) - 6'-e (E) £ 
a,~ 

E 
(4) 

'J..1HOr,lla yTaep:>K,ll89TCSI 1 'ITO paCCMOTp9HHbl9 npe.aenhHbl9 COOTHOW9HHSI ,llnSI Ceqe

HHfi SIBnSIIOTCSI Cn9,llCTaii9M niiWh CBOfiCTa .llHCnepCIIOHHbiX COOTHOW9HHfi 0 0.llH8K0 1 Ha 

. npuMepe npHa9,ll9HHOrO Bh!W9 abiaO,ll8 COOTHOW9HifSI ( 3) all,llHo'1 'ITO BC9 OHH nony'l9Hhl 

Ha OCHOae aKallaaneHTHOrO npe.anonO:>K9HHSI 0 UOCTOSIHCTae C9'l9HIIfi a3811MO,ll9fiCTaiiSI 

npll T ...p 00 . Hao6opoT, ecn~ 'COOTHOW.9HII9 (3) HnH (4) pacc~aTplla8Th K8K oc

HOaHoe, TO H3 ,llHCnepCHOHHhiX COOTHOW9HHfi nony'lHM 1 'ITO C9'l9HHSI UOCTOSIHHbl npH 

T~OO 

Ecnu OTKnoHeHHSI .OT nocTOSIHHhiX aHa'leHHfi ceqeHHfi, HanpuMep, Mea.neHHoe y6hlaa-

(414-416) 
H119 1 K8K aTO npe,llCK83biB89TCSI a pa60T8X 1 6y.aeT npOIICXO,llHTh niiWh npll 

aKcTpeManhHO 6onhwHx aHeprHSIX T ~ ( 100- 1000) Baa, TO a o6nacTu M9HhWHX aHep • 

r11fi aTO ,ll8CT nHWh MBnhi9 nonpaaKH K .lliiCnepCHOHHbiM COOTHOW9HIISIM H ace npHae,lleH

Hbl9 BbiW9 paccy:>K.ll9HIISI H 1 B ~8CTHOCTH 1 paaeHCTBO ( 3) 1 OCTaHyTCSI np11 aHeprHSIX 

T ~ (100- 1000) Baa npu6nu:>KeHHO cnpaae.anHBhiMH. 

"" 
12) . 

3TO COOTHOW9HH9 nony'l9HO H3 8CHMUTOTH'l9CKOro pa3nO:>K9HHSI no CT9llCHSIM 

E .llHCnepCHOHHoro COOTHOW9HIISI ,llnSI Kaa.apa~a BMnnHTY.llhl, npu aTOM npe.anonaranac~., 
Re. ACEi+Re A(E)-•Hot\St npH E ... OQ. 

';: 
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3.4. 3asHCHMOCTb S38HMO.ll9ACTBH.il OT H30TO'IUl"IElCKHX CITHHOS 

npH ::mepi'HHX T .:;: 1 Bas S38HMo.llellcTSHH qacTHU cyruecTseHHo 38SHCHT 

"tot' OT HX H30TODH'-19CKHX CDHHOB. 3TO BH.llHO H3 npHB8.ll9HHbiX BhiWe SKCnepHM9HT8nbllbiX 

.llBHHbiX. Ha pHc. 11 u 12 8 Ka'lecTse npuMepa npe.llcTasneHa aHepreTuqecKaH 3asucu-

MOCTb ·aKCrrepHMeHT8JlbHbiX C9'19HHll S38HMO.lleitCTBHH 1f -Me3oHos H HYKJioHos .llJIH 

COCTOHHHA C Orrpe.lleJieHHbiMH 3H8'1eHHHMH H30TOITH'IeCKOI'O CrrHHa. · 

0.llH8K0 1 C pOCTOM aHepi'HH 6biCTpO S03p8CTaeT 'IHCJIO B03MO)KHbiX KaHaJIOS 

HeyrrpyrHX peaKUHA 1 S TO BpeMH KaK ITOJIHOe ceqeHHe Heyrrpyi'HX peaKUHA 

HJIH 1 SO SCHKOM CJiyqae, He S03p8CT8eT. Ce<ieHHe K8)K.llOI'O H3 Heyrrpyi'HX K8H8JIOS 1 

s TOM qucne u KaHana pacceHHHH c rrepe3apH.llKOA 

see 6onee u 6onee MaJibiM: 

Oe" , CTaHosuTcst rrpu aToM 

13) . 
• .lJ.pyrHMH CJIOB8MH 1 BKll8.ll B38HMO.lleilCTBH.il 1 CBH3aHHbiX 

C nepeopHeHT8UHe.il H30TOIT~'IeCKHX CITHHOB CTallKHBBIDIUHXCH '18CTHU 1CTaHOBHTCH rrpeHe-

6pemHMO M8llbiMe 3TO rrpHBO.llHT K TOMY 1 'ITO CeqeHHH npH 60llblllHX 9H9pi'HHX CTaHo

SHTCH He38BHCHuiHMH OT H30TOITH'IeCKHX CITHHOB, 

noHCHHM 9TH C006pameHHH H8 rrpHMepe pacceSIHHH 1f 
~2~ I. ~ 

Ha HYKllOHax : · ecnu I" I H r~ - 8MITJIHTy .llbi pacceHHHH 

t -:: 14, H rrpOTOHe B COCTOHHHHX C H30TOITH'IeCKHM CITHHOM /~ 

-M930HOB H HyKJIOHOB 

1f -Me30HOB Ha 

-/; : ~ 1 TO .llHcp-

cpepeHUH.!il1lbHbie ceqeHHH pacceHHHH 1f -Me30HOB 38ITHlllyTCH B BH,lle: 

s. ~ 6" ( li'+ p _, 'if1-p) ~ l ~ l'l. 
62: 6 (1ioF ~ rror) =~ /:1-~ + F, I 'L. 

~~: 0 (tr"p _.1T+tt) ~ % J F;,- F, J '2.. 

<54= 6 (tfp-=> 1(p)~~ J ~ +~P,/2 

13) n· · · .. 
. pH 9TOM 1 KOHe'IH0 1 rrpe,lliTOll8I'89TCH 1 'ITO Ce'leHHe nepe38pH.llKH He HMeeT 

pe3oHaHCHGro xapaKTepa· npH. 6onbll!HX aHeprHHX. 3To cornacyeTcH c cospeMeHHbJMH 

rrpe,llCTaBll9HHHMH 0 MeX8HH3Me B3aHMO,lleitCTBHH '18CTHU rrpH aHepi'HHX 

T ">)' 1 sai40iJ, (42q 
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6"'5 : ro· ( 1( r -7" 1To ~) .:: 0_; , .. 

~3 ycnoausr o6paLUeHMsr B Hynh ceqeHnlt nepeaapsrnKM 

cnenyeT, 'ITO F",-:: F~ .. ·T.e. 

Q':: 
I 52.·--: s.lf • 

C5=0.==0 3 s 

(5) 

KaK BMDH0 1 M3 puc. 5 M 6 1 B npenenax 9KCnepHM9HTanbHbiX OLUM60K C9'l9HMSI CT8Ho-
. ,. ' . ' .. 

BsrTcsr HeaaancsrLUMMM OT M30TonuqecKnx cnnHoB yme npn aHeprnsrx (3 - 4) Baa. 

TaK KaK npn 6onbLUMx. i:lHeprnsrx paaeHCTBO (5) BbmonHHeTcsr nmt mo6oro yrna 

pacceSIHMSI e 1 TO paBHblMH OK83biB810TCSI H COOTB9TCTBYIOLUH9 cP83bi 
14) 

Db! pacceSIHMSI 
~· . ~· .. 

A (e)~ 1:- z: -(:z.t+i) ( i- e ~t() R (a,9) 
.:t."' t ::o. . • ( 

0TciOna, B qacTHOCTM, -cnenyeT paaeHcTBO ceqeHnlt 0. 
""' 

If ~ 

Z< aMnnnTy-

B cnyqae paccesrHMsr npoTOHOB Ha HyKnoHax nn¢¢epeHunanbHhre ceqeHnsr MOmHo 

aanncaTb B aune:· 

6', ~:o(pp ~pp)-IF,I'L 
' . . . . 2. .. 02 ; 6' (pn --> pn) =· ~) F; + Fo 1· : 

63:: 6' ( p n. -o 11-p) ~ Ytt I F,- ;, l'Z-, 

14) . . 
B aToM nerKo y6enMTbcsr, ecnu paaeHCTBO (5) nepenHcaTb nnsr aMnnuTyn 

p8C,:C9SIHH.I 1 UOMHO}KHTb ero H8 nonHHOM JlemaHnpa M npOMHTerpMpOB8Tb no BC9M 3Ha- of' 

'l9HMSIM ~8 OT - 1 DO + 1, . 
CTporo roaopsr, npuaeneHHbte BbiLUe cTaTnCTM'lecKne paccymneHHSI o paaeHCTBe 

ayn10 ceqeHnlt nepeaapSIDKM ae npHMeHMMbi B o6nacTM o~eHb Manbrx yrnoa 9 - 0 , 
rne D810T BKnan .o..aneKne· nepH¢epH'l9CKH9 CTOnKHOB9HMS1 C M8~0lt nepenaqelt. 9HeprMH 
M 'lMCno aeynpyrnx Kaaanoa· aeaenuKo. OnaaKo, c pocToM aaepruu BKnan TaKHX aaauMo • 
neltCTBMlt 6biCTpO yM9HbLU89TCS1. 



-::':'"'--c:'~~---.• 

*' 
~·-~---·-~· --~--~-.~-~ -~---__________;,..-----'------,- ~ 

rl 

ic5 

~(/(/ 

73 

$/J 

23 

/1/~y 

I ' . I v· 

. 

" I . 
. ' ! i 
r \ 

\ 
\ 

I . 
I 
I .. 
I 
I 
I . 
I 

I 

\ 
\ 
\ 
\ 
\ 
\ . ' 
\ 

f~NeY /goy .i'fJ.Be~ 
Puc. 11. nonHbie Ce'JeHHH B38HMOneiicTBHSI 7r -Me30HOB C HyKnOH8Ml1 B COCTOSIHHH 

C H30TOIIH'IeCKHM CIIHHOM i;"' o/z. ( CIInOWHBH KpHBaSI) If B. COCTOHHHH C 

H30TOIIH'IecKHM ~IIHHOM -t ·,. y 2 (rryHKTHpHaSI KpHBaSI). WTpnx-rryHKTHpHaH 

KpHBaH - cooTseTcTs:rrowee ce'IeHne ~ (1"p). 3Ha'IeHHH ce'IeHHfi naHbi 
s ennHnuax 1o-27cM • 
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10() HIV. . . J. aev J. oa.v 
PHc, 12, 0onHhl9 C9'i9HH.R B3BHMO.ll9l!CTBH.R HyKnOHOB B COCTO.RHHH C H30TOnH-

. 'i9CKHM cnHHOM t ":: 0, ( cnnOWHB.R KpHBa.R) H B COCTO.RHHH C H30TOnH

'i9CKHM CnHHOM "t;: J. ( nyHKTHpHB.R KpHBB.R), 3HB'i9HH.R C9'i9HH1! JlBHbi . 

T 

-27 2 . 
B 9JlHHHUBX 10 CM , 

' 
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U F"o - aMll1IUTY.llbi pacceHHUSI S COCTOSIHUSIX C U30TOllUti9CKHM CllU1IOM · 

u -1;-:.o 

Yf3 ycnOSUSI cne.uyeT, 'ITO , T.e. ~ -:;- 6;. . 
ZL· . C9ti9HUSI PasHbiMU cTaHOSSITCSI TaK:>Ke cpa3bi aMnnuTy.llbi ynpyroro pacceSIHUSI 

G'~ U 6' t • 

vb puc. 2 u 3 SU.llHO, 'ITO npu T ">'. 5-6 Bas s npe)lenax TO'IHOCTU OllbiTOS 

C9ti9HUSI S3aUMO.ll9~CTSUSI Oti9Hb cna6o GaSHCSIT OT U30TOUU'l9CKHX CllUHOB 0 

AHanorutiHO MO:>KHO paccMOTpeTb u sGauMO.lle~cTsue tiacTuu .ll.pyrux copTos. 

Bo scex cnytiaSix cetieHuSI npu 6onblllUX sHepruSix otieHb cna6o GasucSIT oT uGoTonu-

ti9CKOf'O CUUHa. 

3.5. 3asUCUMOCTb S3aUMO.ll9HCTSU~ OT CUUHOS CTanKHSaiOlUHXCSI tiaCTHU 

npu 6onblllUX 9Hepr"ifSIX 1 KOf'.lla rnasHyiO ponb urpaiOT op6uTanhHbi9 tiHcna l >>i 
cpa3a aMnnHTY .llbi ynpyf'Of'O pacceHHUSI 38SUCUT nUlllb OT 9Hepruu U OT cyMM8pHOf'O 

CUUHa CTanKUS8IOlllUXCSI 'l8CTUU S T8K K8K 

•. 
I 

t =IJ- s I 
' 

J: \t-s\
7 

••• tl+S\-::t 

Z U'( E ':t' s) = 2 e (E, S). 

_KaK noKaGanu He.uasHue onbiTbi, s o6nacTu sHepru~ T ,.. 1 Bas Ha6niO.uaeTCSI eme 

- ~3~ 
3aM9THaSI CllUHOSaSI GaSUCUMOCTb S3aUMO.ll9~CTSU~ • 3TO SU.llHO, HanpuMep, U3 

pUC, 13 U 14 1 f'.ll9 HaHeCeHbi 9KenepUM9HTanhHbi9 3HatieHUSI MaKCUManhHO~ senH'IUHbi 

UOnSipU3aUUU S HyKnoH-HyKnOHHbiX U HyK1IOH-SI.ll9pHbiX S3aUMO,ll9fiCTSUSIX UpU pa3JIU'!HbiX 

9H9pf'USIX 0 npu 6onhlllUX 9H9pf'HSIX y Hac H9T npSIMO~ aKcnepUM9HTanhHO~ UHcpopMaUHH 

0 3aSUCUMOCTU S3aUMO.ll9~CTSU~ 6biCTpbiX tiaCTUU OT UX CUUHOSo 0)lHaK0 1 MO:>KHO 

o:>Ku.llaTb, 'ITO cnuHosaSI GaaucuMOCTh sGauMO.lle~cTsu~ npu aHepruHx T >"> 1 Bas 

15) 
6y .ll9T HecymecTseHHO~ • B cnytiae sGauMo.llelicTsUSI tiacTuu paGnH'lHbix copTos 

15 ) npe.usapuTenhHbie peGynhTaTbi cpoToaMynhCUOHHbiX U3M9p9HH~ npu T = 8 Baa 

)lanu senU'IHHy nonSipU3aUUU B (pp )-s3aUMO.ll9~CTSHU p=0,34 :!:.0,36 .llnSI yrna 

e "'15,4°:!:.2° S CUCT9M9 U9HTpa Mac&l3
4J. 

. i 
I 
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p· 
0 P +Be 

1 • p + c 

\ I 

f 

0.5 I /.5 Taev 
Pnc. 14, MaKCHManbHaSI nonSipH38UHst npn B38HMo.neticTBHH HyKnOHOB c aTOMHhiMH 

SI.Up8MH. 
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(HanpHMep, '1i unu K-MeaoHos c HyKnoHaMH) aTo M.O:>KHO noscHHTb TeMH :>Ke coo6pa:>Ke

HHHMH, 'ITO H ~ng H30TOUU'IeCKHX CUHHOSo CeqeHue pacceHHUH C nepesopOTOM CITHHS 

6'5 B 9TOM cny'l~e 6y~eT 6b!CTpO yMeHblliSTbCH C pOCTOM 9Hep!'HHo 

no~06Hble paccy:>K~eHUH He npHMeHHMbl K S3SHMO~etiCTBHIO HyKnOHOS 1 r~e HeT 
. . . ~ 16) 0 

nepexo~OS Me:>K~y CHHrneTHbiM H TpHnneTHbiM COCTOHHUHMH H US • ~HSK01 

C TO'iKH 3peHHH COSpeMeHHbiX npe~CTaaneHHH 0 MeXSHH$Me HeynpyrHX S3SHMO.lletiCTBHti 

[423] 
npH 6onblliHX 9Hep!'HHX ( MO,llenb KOMnayH~-qaCTHUbl J CTSTHCTH'ieCKaH TeOpHH UeHT-

~00 ~20 .. 
panhHbiX H nepucpepH'lecKHX CTonKHoBeHHif H I MO:>KHO O:>KH~aTh, 'iTO H B aToM 

cnyqae Zt(E,S)-:: ~(.(E)" . (HanoMHHM, 'iTO npu T ~ 1 Bas 0«. ~ Qc( 
H uenHKOM onpe.llenseTcs HeynpyrHMU npoueccaMu) •. Ltns nepucpepuqecKux cTonKHose-

HHH 1 ~SIOIUUX SKnS.ll S o6nacTH ManbiX yrnos e ,_ 0 1 He3SSHCUMOCTb ynpyl'UX 

S3SHMO~efiCTSHti OT CITHHOS CTSnKHSaiOIUUXCSI 'ISCTHU MO:>KHO UOKS3aTh C ITOMOIUbiO 

• (44~J 
~SOtiHblX ~HcnepCHOHHbiX COOTHOllleHHti no nepe.lla'ie HMnynbca • 

noHHTH0 1 'iTO see paccy:>K~eHHH 0 CITUHOSOti H H30TOUH'leCKOti 3SSUCHMOCTHX 

npHMeHHMbi TSK:>Ke H .llnSI saaHMO~etiCTSUH C H~paMH. 

VIa p!JC. 13 H 14 SH.llHO, 'ITO npu 6onhlliHX aHeprusx aKcnepHMeHTanbHbie 3Haqe

HHH nonSipuaauHH yMeHblllaiOTCH c pocToM T , npH'ieM aTo yMeHhweHue ssnSieTcs 

6onee 6biCTpblM S cnyqae HyKnoH-s,llepHbiX S3SHMO.lletiCTBHtio 

3.6. Cna6bxe saaHMO~elicTSHH npH 6onhwHx :aHeprHHX 

B nocne~Hee speMH SHUMaHHe. MHOI'HX cpH3HKOS npusneKSIOT B03MIJ)i{Hbie OUb!Tbl 

( 
[7) . 

c HeliTpHHO 6onhlliHX :aHeprufi. CM., HanpuMep, c6ooliHK , r~e yKaaaHa 6u6nuorpa-

cpus). npH 06bi'iHbiX ycnOSHHX S3SHMO,lleHCTSHH C HetiTpHHO SSnHIOTCH cna6bl~.fH 1 ceqe

HHH TSKHX B3aHMO~etiCTSHfi HaMHOI'O MeHbllle ceqeHHti aneKTpOMSI'HHTHbiX H H~epHbiX 

saaHMo~eficTsufi. O~HaKo, eme HecKonhKO neT Haaa~ Lt.I1.BnoxHHues OTMeTHn, 'iTO 

16
) B cny'!ae p p ·- saauMo.lle:itcTsuti (KaK H soo6me, s cnyqae saauMo~e:H-

CTBHH ~BYX ni06b!X TO:>K,p_eCTSeHHblX 'iSCTHU) 0 S = 0 S Cuny aaKOHS COXpaHeHHH 'leT-

HOCTH S CUCTeMe TO:>K~eCTBeHHbiX qaCTHlli S cnyqae prt....;.. S3SHMO~eii:CTSHli 55 =0 
s cuny aaps~osoa CHMMeTpuH. 



81 

rrpH 

3To 

[424] 
60JihlliHX SHeprHSIX eeqeHH.II "ena6b!X B38HMO.UeiteTBHit" 6hieTpO B03paeT810T 

(425) 
o6eTOHTeJiheTBO rro.aqepKHBaJI TaKme M,A, MapKOB • 

noeJie sarryeKa 60JihlliHX IIpOTOHHb!X yeKOpHTeJieit e03Ll8JIHeh· peaJihHbl9 yeJIOBHSI 

LlJl.II IIOeTBHOBKH OIIb!TOB e HeitTpHHO Bb!eOKHX SHeprHit, HefiTpHHO B STOM enyqae B03HH

K8JOT npH paerra.ae 38pHmeHHh!X 1f -Me30HOB 1 o6pa30B8BlliHXe.II IIpH eTOJIKHOB9HH.IIX 

6b!eTpb!X HyKJIOHOB, (CM, pHe. 15), OueHKH IIOK838JIH 0 qTo IIpH IIOTOKe 10
11 

IIpOTOHOB 

e sHeprHeit T= 10 Esa B .ceKyH.ay ·MomHo rronyqHTh Ha paeeTOHHHH 50 ~· OT MH-

T 3 2 [426'1&27l 
Ill9HH IIOTOK HeitTpHHO e aHeprHHMH > 1 EaB - 10 /eM • npH yaenH-

qeHHH paeeTOSIHHSI OT MHill9HH BLlB09 1 IIOTOK HeitTpHHO yaenHqHaaeTeH noqTH B TpH 

pas a. (3TH Ll8HHb!9 OTH-OeHTeH K o6naeTH M8Jlb!X yrnoB 

p 
... 

.... 
..,, ...... 

........... 
........... v 

PHe. 15, reHepaUH.II HeitTpHHO nyqKOM 6breTpb!X npOTOHOB. 

[4261 . 
KaK rroKasanH paeqeThr (eM., HanpHMep, "'JJ eeqeHHH asaHMo.aeiteTBHH HeitTpHHO 

e HyKnOHBMH H aneKTpo'HaMH rrpH aHeprHHX T?: 1 Baa ·paaHhr: 

. . -38 
E)(v+n...~e+p)-= J.,4 (~)·JO c.-'". 

6 c); ... p ~e.+ n.J-=4,a (~ J .,o3~ ... ~ 
. ..qz 

6 ("V+e ~~+e)= t, 8 (~ )·10 c,.,. 

6' ( ~ -re -9 V+ e) =.2., (I) .10-":t. 7. 
. 1 M · e~. 

<0 {v+e ~ J-t,-rp) = ~,6 ( ~ )·Jo-"::.1.. 
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r .ne {YM) - aHeprxHI aeil:TpHHo ( ~HTHHeil:TpHHO) a e.nHHHuax. Macc&x HyKnoHa (\1 ; - -~ - 8HTHH9HTpHHO; e - 1103HTpOH. 3TH 3H8'19HHSI .rronyqeHhl C IIOMOuibiO TeOpiiH 
. . . 13 

B03MY~9HHH, KOTopaSI crrpaae.nnHBa .no aHeprHil: T ,_ 10 Baa. npH T8KHX rHraHT-

. ~ -26 2 
CKHX aHeprHSIX C9'19HHSI B38HMO.ll9HCTBHSI Heil:TpHHO C HyKJlOH8MH 0 ,.... 10 CM 1 Tee• 

TaKoil: :>Ke aenH'IHHbl 1 KaK H SI.nepH&Ie JT' .N- H J'IIJ{ -ce'!eHHSI. O.nHaKo, rrpH 6onb-

WHX aHeprHSIX C9'19HHSI '\) Jll - B38HMO.ll9HCTBHH cy~eCTB9HHO MO.llHcpHUHPYIOTCSI 

cpopM-cp8KTOp8MH, Y'IHTbiB810~HMH rrpocTpaHCTB9HHble p83M9pbl HyKnOHOB~ ( npHM9H9HH9 

B cy~HOCTH He. COBC9M 38KOHHOH aKCTparrOJlSIUHH XOcpWTa,nTepoaCKOrO cpOpM-:-cpaKTOpa . . 

C" -38 2f!27)J 
a o6naCTH 0'19Hb 60JlbWHX aHeprHil: 11pHaO.llHT K IIOCTOSIHHOMY C9'19HHIO 0 ,_ 10 . CM /> 
To :>Ke C8MOe MO:>KHO · CK838Tb H 0 \le -a3aHMO.ll9HCTaHSIX ( MO:>KHO O:>KH,ll8Tb1 'ITO 

-' 10-16CM[429~• aneKTpOH HM99T reOM9TpH'I9CKH9 pa3M9pbl 

T 13 
JlnSI aKcrrepHMeHTanbHOfi rrpoaepKH TeopnH a o6naCTH aHeprHfi ,_ 10 Baa 

Heo6xo.nHMhl a cTpe'IH&Ie rry'IKli qacTnu c aHeprHeil: T,.... 100Baa. He.naaHo M.A. MapKoa 

o6paTHJl aHHM8HH9 Ha HHTepeCHyiO B03MO:>KHOCTb HCI10Jlb30a8Tb KOCMH'I9CKH9 H9fiTpHHO 

.. (430) 
0'19Hb 60JlbWHX aHeprHH • 

1 y • 3aKJliO'IHT9JlbHbi9 38M9'18HHSI 

Vf3 npHae,neHHbiX aKcnepHM9HT8JlbHblX H TeOp9TH'I9CKllX .ll8HHbiX cne.nyeT . .llOBOJlbHC 

SICH8SI K8'19CTa9HH8SI K8pTHH8 rroae,neHHSI C9'19HHfi a38HMO.ll9HCTaHSI HYKJlOHOa, 8HTHHyKno-

HOa1 K- H 1f -Me3oHoa c HyKnoHaMH a o6nacTH aHeprHil: .no HeCKOJlbKttx .necSITKoa 

Baa. O.nHaKo KonHqecTaeHH&Ie .naHHhie ao MHOrHx cnyqagx e~e He.nocTaTO'IH&I. Oco6eH

Ho aTO OTHOCHTCSI K a38HMO.ll9HCTaH!Q 8HTHHYKJlOHOa H K-Me30HOa C HyKJlOH8MH. npH 

60JlbWHX aHeprHSIX IIJlOXO HCCne,noaaHO a38HMO.ll9HCTBH9 '18CTHU C HefiTpOH8MH i 6enbiM 

IISITHOM SIBJlSI9TC.II B38HMO.ll9HCTBH9 l10JlSip!i30a8HHb!X q'acTHUo Bonee TO'IHbl9 H3M9p9HHSI 

3.ll9Cb npe.llCT8BJl.IIIOT C8MOCTO.IIT9JlbHblfi HHT9peC 1 a T8K:>K9 B8:>KHbl .llJlSI KOJlH'I9CTa9HHOfi 

npoaepKH TeopeTH'I9CKHX CX9M. H Mo.nenefi. noHSITHO, 'ITO orpOMHb!H HHTepec rrpe.ncTaans-

9T Jli068SI HHcpOpM8UHSI 1 K8C810~8SICSI lf'lf -a38HMO.ll9fiCTaHSI 1 B38HMO.ll9HC.TBHfi 1f- H 

K. -M930HOB 1 B38HMO.ll9fiCTBH . .II r'nrrepOHOB. 

no-aH,llHMOMy 1 K8'19CTB9HH8SI K8pTHH8 OCT8H9TCSI TOR :>Ke H .,nanee a HHT9pBa.T,Ie 

e~e HecKOJlbKHX coTeH Baa; 

Mo:>KHO yKa3aTb so BCSIKOM cnyqae .naa aorrpoca, Hccne.noaaHHe KOTop&IX rrpH 

60JlbWHX aHeprH.IIX rrpe,nCT8BJlSI9T 11p!iHUHIIH8JlbHb!H HHTepec. 3T01 ao-rrepBblX·, HCCne.no-

.. , 

~ 
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B8HHe HaCKOnbKO naneKO IIpH 

6',t. 
OCT810TCH IIOCTOHHHbiMii · Ce'!eHHH ~ 1 6' :,_ 1 

EcnH ·aTO IIOCTOHHCTB0 1 K8K li rronCK83biB8eT cefi'!aC OIIbiT1 COXp8HiiTCH no O'!eHb 

50nbWHX ·aHepratl 1 TO IIpli CTOnKHOBeHiiH CBepxaHeprH'!HbiX '!8CTHU MOI'YT o5pa30B8TbCH 

nHBHH 1 rne Macca BHOBb ponHBWHXCH '!8CTHU MO:>KeT nocTHI'HYTb M8KpOCKOIIIi'!eCKOti 

aenaq HHhi. 05pa3HO Bbipa:>KaHCb1 B aToM cny'Iae MoryT po:>KnaTbCH aaeanhr He B CMbrc

ne, K8K HX IIOHHM810T cetl'!aC B <fJoTOaMynbCHOHHOtl naoopaTOpHH 1 a B TOM CMbiCne 1 

[431) . ' 
K8K HX IIOHHM810T 8CTpOHOMbi • EcnH :>Ke OK8:>K9TCSI1 'ITO IIpH OOnbWHX aHeprHHX ceqe-

HHSI B38HMOnefiCTBHti yMeHbW8IOTCH H CTp9MHTCH K Hyn10 1 TO aTO oyneT 03H8'18Tb Cepb-

e3Hbl9 TpynHOCTii nnH HCCnenOB8HHH 0'19Hb ManbiX IIpOCTp8HCTB9HHO-Bp9M9HHbiX HHTep

aanoB. npa OOnbWHX aHepraHX '!8CTiiUbl B aTOM cny'!ae oynyT "rrpo3p8'!Hb!MH" • 

TpynHO CK838Tb1 K8K8H 1!3 nayx B03MO:>KHOCT9fi HBnHeTCH oonee HHTepeCHOHo 

B oonaCTH 0'19Hb 6onbWliX aHeprHH CBeneHHSI 0 C9'19HliH 6'-i; MO:>KHO IIony'IHTb 

H3 8Hanaaa CpenHHX CBOOOnHh!X. IIp009I'OB KOCMH'I9CKHX '!aCTliU B cpoTOaMynbCHHo ( CM. 

npHnO:>K9Hii9 }} ) • 3Ha'I9HH9 aHepi'Hii IIepBH'!HbiX '!aCTHU B aTOM cny'!ae MO:>KHO OU9HHTb 

IIO yrnOBbiM pacrrpeneneHHHM BTOpH'IHbiX '18CTliU C IIOMOIUb!O XOpOWO H3B9CTHOti cpopMy

nhi KoHCT8HbOnH. npH nocTaTO'IHOH CT8THCTHK9 MO:>KHO rrony'!HTb 3aKni0'19HliH 0 BenH'!H

He b-i; B Y3KHX aHepreTH'I9CKHX HHT~paanax. 

BTOpbiM IIpHHUHIIHanbHbiM BOIIpOCOM HBnHeTCH HCCnenoBaHHe B03MO:>KHbiX Hapywe

HHi!: paB9HCTB8 Ce'leHHti B3aHMonei!:CTBHH '!aCT.HU H 8HTH'I8CTHU 6" = ff • npH ycnOBHii 1 

'ITO ce'!eHliH B38liMOnei!:CTBHfi OCT810TCH IIOCTOHHHbiMH II pH OOnbiUHX aHepl'HHX1 TaKH9 

HapyweHHSI yK83b!B8nH Obi Ha HecrrpaBennaBOCTb nHCIIepCHOHHbiX COOTHOWeHHH H IIOno-

)K9HHbiX B HX OCHOBY IIpHHUiiiiOB 1 B rrepByiO O'!epenb - rrpHHUHIIa IIpH'IHHHOCTH B ManbiX 

o5nacTHX.IIpOCTp8HCTBa-apeMeHH. 

EnnHcTBeHHbiM HCTO'!HHKOM HHcpopMauHH o aaaHMoneficTBHH caepxaHeprH<iHhiX 

'18CTHU HBnHIOTCH B HaCTOHIUee BpeMH H, IIO-BHnHMOMy1 OCT8HYTCSI B onH:>KatlWeM oyny

IU9M OIIbiTbi C KOCMli'!eCKHMH ny'I8MHo EonbWHe H8.ll9:>Knhi B03n81'810TCH Ha yCKOpHTenH 

c BCTpe'!HhiMii ny'!KaMH • .llaa BCTpe'!HhiX ny'!Ka '!acTHU c 'aHepraefi T , naiOT aoa-

2 
MO:>KHOCTb HCCnenoB8Tb B38HMOnefiCTBHSI npH aHeprHHX T • 

npHnO:>KeHHe 

3KpaHHpOBK8 HyKnOHOB B Hnpe p;efiT9PHH 

Bo MHOI'HX cny'I8SIX ce'!9HHH B38HMOnetlCTBHH '!aCTHU paanH'IH~IX COpTOB C Hefi

TpoHaMli onpenenHIOTCH pa3HOCTHbiM M9TOnOM H3 OllbiTOB C aonoponoM H nefiTepHeM. 
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O.z:maKo, Bcne.llCTBHe B38HMHoii :aKpaHHpOBKH HyKnoHoB B SI.Ilpe ,lleil:TepHSI ceqeHue B38HMO

Jl9il:CTBHSI C Jl9il:TOHOM He paBHO CYMM9 C9'19HHil: B38HMO.Ileil:CTBHSI C npOTOHOM H H9il:Tpo

HOM: 6'()( * eJr.,... E)Yl • no:aTOMY npH 8H8nH39 9KCnepHM9HT8nhHb!X .ll8HHb!X Heo6xo

.llHMO BBO.IlHTh COOTB9TCTBYIOIUYIO nonpaBKY Ha 9Kp8HHpOBKy. 3Ta rronpaBKa 0:<!9Hb Mana 

npH M8nbiX 9H9pi'HSIX 1 KOI'Jl8 B9nHK8 .ll90potineBCK8SI ,llnHH8 BOnHbl U8,1l8IOIUHX '18CTHU H 

T9HH npaKTH'I9CKH He o6pa3y9TCSI BCne.llCTBH9 .llH¢paKUHOHHOI'O pacceSIHHSI 9THX '18CTHUo 

npu 6onbiUHX 9H9pi'HSIX 1 H8060pOT1 npHM9HHMO npu6nH)!{9HHe I'90M9TpH'19CKOti OnTHKU H 

a¢¢eKT 9Kp8HHpOBKH npOSIBnSieTCSI 0'19Hh '19TKO (eM. pMC 0 16). npH 9TOM 9Kp8HHpOBK8 

CK83b!B89TCSI T9M CIInhHee, '19M 6onbiU9 C9'19Hll9 Heynpyroro B38HMO,Ileil:CTBIIH 0/k • 
(131 

B pa6oTe rnay6ep nOK83an, 'ITO c yqeTOM 9Kp8HHpOBKH MHHMYIO '18CTh 8Mrrnn:-

Ty.O.bl ynpyi'OI'O pacceSIHHSI Ha HyneBOil: yron MO)!{HO 3aiiHCaTb B BH,Ile: 

I~ vd (o)-: IYk ~r(o)+ I.,. F"(o) + ~ Re[Fp(O) V"(o)] < -z.-'Z.,."' I (1) 

~ c( ' fp H Ff'\. _- COOTB9TCTBYIOIUH9 

-2. 
I'.ll9 8MIIm!TY .llbl yrrpyi'OI'O pacceSIHHSI '18CTHU 

H8 - Cpe,llHSISI BenH'IHHa o6p8THOI'O KB8.1lpa-.ll9il:TOH9 1 IlpOTOHe H H9HTpOH9i ~ "'Z.. ~ 

Ta pacCTOSIHHSI M9)KJlY npoTOHOM H Heil:TpoHOM B .lleil:TOHe; A - .llnHHa BOnHbi pacceu

BaiOIUeil:cSI '18CTHUblo J1crronh3YSI OIITH'I9CKYID TeopeMy, COOTHOIU9HH9 ( 1) MO)!{~O 38nHC8Th 

B BH,Il9: 

6'cl-;:: 6' + 
- p o ...... frr { (4rr ~) 2.Re. ~(o). Re. r.. {I>)- o,·o~ }('£~o(' (2) 

I'.ll9 6c4 1 6'p H 0"'" - IIOnHbie C9'19HHSI B3aHMO.Il9il:CTBHSI II8,1l8IOIU9H '18CTHUbl 

. 13 
C .ll9fiTOHOM, IIpOTOHOM H Heil:TpOHOM o 

EcnH npeHe6peqb .lleil:cTBHTenhHbiMH qacTHMH aMnnnTy.ll ~p(O) n J\. [o) 
IIO Cp8BH9HHIO C HX MHHMbiMH '18CTSIMH1 TO ( 2) MO)!{HO 38IIHC8Th B y .ll~6HOM .llnSI pac

'19TOI"l Im.lle: 

6'.,_= z (6'~- 0,) 

z~ [i- < i"1.>o~ oe 
411 

] 
-i (3) 
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B 
Pnc. 16. 3¢¢ekT SKpaHnpoBKH a SI.z:tpe .z:te:ltTepnSI, 

a) Cnyqa;lt ManbiX sHeprn:lt. Cpe.z:tHee paccTOSIHHe Me>K.z:ty HyKncnaMH L 
6om,we paaMepoa o6nacTn TeHn: L > R/i\ . 

6) Cnyqa;lt 6onhlliHX sHeprn:a. Cpe.z:tHee paccTosinne Me>K.z:tY: HyKnouaMH L 
MeHhllie paaMepoa o6nacTH TeHn: . L < ~~ . R. z 1Q-13cM - a¢¢eK
THBHbie pa3Mepbi HyKnOHa; J!._ - .z:tnHHS BOnHbi IlB.z:tBIOllieA 'IBCTHUbi, 
JJ.nSI 'npOCTOTbi paCCMaTpHBBeTCSI cnyqa;lt. qepHOl"'O ( a6coniOTHO IlO~no
lllBIOWero) . HyKnOHa, 
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fp H ~~ RBnReTCR XOpO~ npeHe6pe:>KeHHe ,llellCTBHTenbHbiMH 'IaCTRMH aMnnHTy.ll 

T · f4o1J(444J -
WHM npu6nu:meHHeM npH ",:. 1 EsB • .lJ.ng M9HbWHX SHeprHll - STO O'l9Hb 

rpy6oe npu6nu:>KeHue,; Hu:>Ke nopora neynpyrux peaKUHll MHHMbie qacTH aMnnHTY.ll aoo6-

me o6pamaiOTCR B Hynb H r-= Re.. F . O.anaKo, KaK STO BH.llHO H3 cl:>opMynbi ( 2) t npu 

ManbiX sfiepruRx caM s¢¢eKT SKpanupoaKu Man. KpoMe Toro, a 6onbWHHCTae cnyqaea 

3Ha'I9HHR ~ Fr (0) H R~ rn {o) npu T"" 1 Esa HaM ace paBHO Heua-
.. (444) 

BeCTHbl 

3Ha'I9HHe 

npH O.llH()ll H TOil 
-2. 

'IHHY (-z.. >a 

-'2. <!. /~ - MO:>KHO onpe,aenHTb1 ecnu H3 HeaaBIICHMbiX H3MepeHHll 

:>Ke SHeprHH H3B9CTHbl 3Ha'I9HHR C9'19HHil B;, , 6'p , ~ "- . Benu-

MO:>KHO Bbi'IHCnHTb- TaK:>Ke 'IHCTO TeopeTH'IeCKH 1 ecnu H3BeCTHa Bon-

HOBaR cPYHKUHR .aeilTOHa. PeaynbTaTbl paC'IElTOB npu STOM H9CKOnbKO MeHRIOTCR B aaau-

CHMOCTH OT Taro HnH HHOrO KOHKpeTHOrO Bbi60pa STOll cPYHKUHHo B Cpe,llH9M 

-2. 2.S' < "L ~ Z 4,6·/0 c_..'l. • 

npu 6onbWHX SHeprHRX Ce'I9HHR 0'19Hb cna6o 3aBHCRT OT· SHeprHH B STOM cnyqae 

KOppenRUHOHHbilt MHO:>KIITenb ~ CTaHOBHTCR nocTORHHbiM u paseH npu6nuauTenb-

no 0,1-0,2. CooTseTcTsyromaR nonpasKa K ce'leHHIO o: = 6'a- 6p COCTaangeT 

OKono 20% un!.f MeHbwe. Hu:me nopora neynpyrux peaKuult ~~;f._ H ~ = 6;--s;,. 
B npoMe:>KyTO'IHOlt o6nacTu pacqeT nonpaBoK Ha SKpaHupoaxy RBnReTcR cno:>KHOfi aa.aa-

'lelt. npu6nH:>K9HHO MO:>KHO C'IHTaTbl· 'ITO B STOll o6naCTH · I, 
(72) · · L 

snepruelt • 

MeHR9T~R nHH9llHO C 

KaK BH,llHO, nonpaBKH Ha SKp8HHpOBKY BbBIHCnRIOTCR O'l9Hb npu6nH:>K9HHO.; npu 5o

nee TO'lHbiX pac'leTax cne.ayeT1 B 'laCTHOCTH 1 y'lHTbi_saTb .llBOllHoe paccesmue B g,ape 

.aeltTepug. 0,aHaKo1 B npe.aenax sKcnepuMeHTanbHbiX owu6oK :!: 8 0 TaKoil no.axo.a 

RBnReTCR.BilOnHe y,aosneTBOp~TenbHbiM npH npaKTH'l9CKHX pac'leTaX C9'l9HHil E)~ 
nony'leHHbie · TaKHM o6pa30M Ce'leHHR 6'~ y ,llOBJ19TBOpHTenbHO cornacyiOTCR. CO 3Ha'l9HH

RMH1 nanyiJ:eHHbiMH H3 Henocpe,aCTB9HHbiX H3MepeHH.ll: B. ny'lK9 HeltTpOHOB , 

npuno:>KeHue II 
Cpe.anu.ll: cso6o,aHblil npo6er 6biCTpbiX 'laCTHU B <PoTOsMynhCHH 

06bi'lHO npu aHanuae · cne,aOB 6biCTpbiX 'laCTHU B cPOTOSMynbCHH He cPHKCHpy!OTCR 

cnyqau ynpyroro pacceRHHR sTux 'lacTuu na s.apax. Ynpyroe pacceRHue npu 6onbWHx 

SHeprHRX HBnReTCR ilO'lTH uenHKOM ,au¢paKUHOHHbiM H npOHCXO.llHT Ha. O'l9Hb M8nbi9 

( 



l 
I 
I 

87 

yrnhi, KOTopbie TeM MeHhrue, 'IeM 6onhru.e pasMep H.llpa, Hy)KHa cneuuanhHaSI MeTO.llHKa
1 

'iT06bi tPHKCH:pOB8Th Manoe llCKpHBneHH:e TpeKOB llpll ynpyroM SI.llepHOM pacceSIHH:ll
0 

Bo scex cnyqaHx B38HMO.lleficTBHSI HyKnoHos u 'fir -MesoHos c cpoTosMynhcue~ 
.llnH KOTOpbiX B Ta6nuuax lli:.u Xlll npuae.lleH.bi 3Ha'leHHSI cpe.llHero npo6era, KpoMe. 

Heynpyrux ssanMoAeficTaufi Y'iHThiBanoch numb npoucxO.llHWee Ha cpaBHHTenhHO 6onh-
17) . . 

rune yrnhi ynpyroe pacceSIHH:e Ha BO.llOPO.lle • Cpe.llHHfi cso6o.llHhifi npo6er a sTux 

cny'!SSIX paBeH: 

( 1 ) 

r ,lle ""K,. - 'iHCnO SI.llep BO.llOpO,lla B 1 CM 
3 

cpOTOSMynhCHH:; .1'1":. - 'iHCnO SIAep Apy

rHX sneMeHTOB a 1 CM
3 

cpoTosMynhcuu (eM. Ta6nnuy XXTii ); G;- nonHoe .ceqeHae 

B3SH:MO.llefiCTBH:SI nepBH:'iHOfi 'iSCTHIIbl C BO.llOpO.llOMi G:i: - CeqeHHSl Heynpyrnx B3SHM0" 

"' .llefiCTBHit STOlt 'l8<;:TH:Ubl C .llpyrHMH Sl.llp8MH. 

npn 6onhiiui:x 'a·Heprnsrx, KOrAa .llnHHa BOnHbl 'i8CTHU, B38HMO.lleficTsyroumx c tPOTQ· 

/401,435/ SMynhcnefi, MHoro MeHhrue pasMepoa HAep, xopowo npnMeHnMa onTH"iecKasr MOAenh ·· : 

{2) 

3.lleCh 

- pacnpe.lleneHne BeUiecTaa a H.llpe 
;,_ -ro COpTa; KOacpcpnuneHTbl C(, H r . onpe,lle-

neHbi a onhiTax c pacceSIHH:eM [435] ' 
6hiCTpbiX aneKTpOHOB Ha R.llpax • KoacpcpnuneHT norno-

o{:.-= A:./J.P.:C"t.)o/~x UieHH:SI , r .lle 

17
) KoHe'!Ho, Te cny"'an ynpyroro pacceSIHMSI Ha BOAOPO.lle, KOr.lla 'iBCTMUhi pasne

TSIOTCSI ITOL{ O'ieHh ManbiMH yrnaMM 1 TO)Ke He tPMKCMpyiOTCSI, npn 9HeprMSIX 
T·~ (10 -15) Bas a ( 1) Ha.llo 3aMeHMTh, CTporo rosopH, E)t Ha 6':,.. O.llHSKo, KaK 
ITOKS3b!BSIOT ·oueHKH: 1 BKnB.ll TSKHX Hey'!TeHHbiX B38HMO.llefiCTBHfi He MO)KeT 3SMeTHO 
M3MeHMTh senn'iMHhi cpe.llHero cso60.llHOro npo6era. 

i 
I 
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. Cpe.llHSHl nnoTHOCTb HyKnOHOB B SI.llpe c aTOMHhiM HOMepoM Ai. (eM, Ta6nHuy XX111). 

¢opMyna (2) BepHa npH aJeprHSIX T ~ 1 BaB. C pocToM aHepr~H np~;~::= 
MOCTb STOA cpopMynhl yny'IW49TCH, 

Ha puc.· 17 npHB9.ll9Hbi BJ'I~cneHHbie aHa'leHHSI /.... B aaBHCHMoc.TH OT .. BenH'IHHhi 

ce'leHH.H 6'-t • Kax noxaaanH JacqeTLI, paanH'IHe npo6eroa - /.... (6'.;) a. tPo~oa~yn&CHSIX 
. . - - £437] ... ,.., '' '···:· ··. ' 

G. 5 Jl HHK~H-P HH'ITO)KHbl • 'KpHBllSl ';L{~) H8. J?MC.;l7. THna Ilford 

npHM9HHMll .llnH 060KX TJIDOB.sMynbCHHo 3H8'19HHSI C9'19HHA 

nuuax U H XlY, Dosy'lexhl c noMowblO aToA KpRaoa. 

0-{; 1 npHB9.ll9HHbl9 B Ta6-

Ia6JUroa XX!!! 

_ .COCT.a.B ~JILCHH -22 
I 'UICJIO .Fip;ep B I CJw· ;ti · IO I 

.-: 
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