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I. B B e Jl e H H e 

B HaCTOHLUee BpeMH HaKonneHo y>Ke 6onbWOP. KOfiH'IeC TB O 3KcnepHMeHTanbHbiX Jl8HHbiX 

no aeynpyrHM B38HMo.neAcTBHSIM aneMeHTBpH biX l.IBC THU. AHanH3 3THX n.aHHbiX noa a o nst e T c.ne-

naTb pHil B8>KHbiX H BnonHe onpeneneHHbiX aaKniO'I e HHA o xapaKTepe HeynpyrKx npo ueccoB 

npH 60nblllHX aHeprHSIX 1 HnH, .opyrHMH CflOB8MH 1 0 CBOA:CTB8X 8 38HMO.ll8A:CTBHA, npOHCXO,QSI

lUHX B MBnhiX npOCTp8HCTB8HHO-Bp8M8HH biX o6n8CTRX. 3TO T 8M 6onee B8}KH0 1 ttTO 8 Hac-

TOHLUee BpeMH Mbi ewe He pacn onaraeM nocne noBaTenbH OA T eopu e A CHnbHbiX B 38HMOJleA-

CTBHA, H BC8 T80p8THt.{8CKH8 OOCTp08HHSl npH 6onbWHX 3HeprHHX KM8FOT MO.n,enbHbiA: nony-

¢eHOM9HOfiOI'H'19CKKA X8p8KTep. 

BMecTe c TeM B HacToHwee BpeMH HeT "" anH a lt p a6oT hi , rne 6bmH 6bi naH&I cHcTe

M8TK'IecKaH CBOJlK8 H 0630p H3 BeCTH Ol! 3KCnepHM9HT8fibHOl! HH¢OpM8UHH. 

UenbiO HaweA pa60Tbi HBnHeTCH co6paTb K npoaH a nHa HpoBaTb, He ocHOBhiB8HC·b Ha 

K8KHx-nH60 npe.OB3RTbiX T8 0 p8TH1.{8C KHX M0.0.8flSIX, peaynhT8Tbi MH OrO"'HCneHHbiX 3KCnepHMeH-

TOB B o6nacTH 6 onbwux aHepruA ( T ~ laB )x/, K o rna nnHHa ne'6poAneBcKoA BonH&I 

CT8nKHB810WHXCR tt8CTHU C T8H OBKTC Sl y>Ke M8HbW 8 1 1.18M HX r eOM8TpHq8CKH8 p83M8pblt H 

H8'1HH8IOT urpaTb cywecTBeHHYIO ponb a¢¢eKTbi, CBH38HHbie c BHyTpeHHeA CTPYKTypoll ane-

MeHT8pHbiX '18CTHU. 

Oco6&IM cnyqaeM HBnHeTCH 8HHHI'HfiHUKSI 8HTKHyKnOHOB. B 3TOM cny'lae na>Ke npu 

0'19Hb M8flOl! 3H9pi'KH H8fi9T810LU9I'O 8HTHHyKfiOH8 MO>K9T pO>KJl8TbCH 60flbW09 'IKCfiO 6b!CT

pb!X BTOpH'IHbiX '18CTHU. C 3TOA TO'IKH 3p9HHH 8HHHI'HfiHUHSI 8HTHHYKfi0HOB HM99T 0'19Hb 

MHOI'O o6wero C Heynpyi'KMH B38KM0Jl9l!CTBHSIMH npH 6onbWHX 3HeprHSIX 0 H COOTB9TCTBYIO

WH9 3 KCnepHMeHT80bHbl9 Jl8HHbie 6yJlyT Jl8nee p8CCM8TpHB8TbCH npH BC9X 3H9pl'HHX, H8-

'IKH8SI OT C8M biX M8fib!X ( T...., 0 ). 

VIa orpoMHoro 3 KcnepHMeHT8fibHoro MaTepHana Mbi Bbi6epeM nHWb HeKOTOp&Ie OCHOB

Hbie xapaKTepKCTHKH Heynpyrux B38HMOJleAcTBHA. TaKOBbiMH B nepByiO O'lepeJlb SIBfiHIOTCH 

yrnoB&Ie H HMnynbCH&Ie pacnpe neneHH>I pO>KJl8IOLUHXCSI '18CTKu, pacnpeneneHKe HeynpyrHx 

B;38HM0Jl9l!CTBHA ITO MHO>K9CTB9HHOCTH 3THX '18CTHU, B9fiH'IHH8 K 03¢¢HUKeHT8 Heynpyi'OCTH. 

M bi nOL< f>OGHo paccMoTpHM T8K>Ke ce'leHHH Tpex'laCTH'IHbiX peaKuHA, npenc TaBnHIOLUHX 

H 8H6onee npOCTOll 06"b9KT JlfiH npOBepKK p83fiH'IHbiX T eopeTH'I9CKHX CX9M H MOJleneA. 

xl 3necb H Beane nanee T - KHHeTH'IeCKaSI aHeprH>I HaneTaiOweA '18CTHU bi B na6 o
paTopHoA CHCTeMe KOOpJlHH8T. 
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Ba>KHOA xapaKTepKCTKKOA HeynpyrKx B3aKMo.ael!CTBKA np11 6onbWflx aHeprKHX HBJIHIOT"" 

CH Ce'leHHH p o>K.aeHH H CTpaHHbiX '!aCTHU H aHTHHyKJI OHOB , 3TH BeJIH'IHHbl no.apo6HO paCCMOT"" 

1 ! ,2l 
peHbl B HaWf!X pa6oTaX , 

3KcnepKMeHTanbHbie 3Ha'!eHKH nonH o r o ce'!eHKH HeynpyrKx npoueccoB e), 11 HX 

/3/ 01'\. 
T eop eTK'IeCKKA aHanH3 npKse.aeHbi B .apyr o A Hawea pa6oTe , '-l aCTHbiM cny q aeM Heynpy-

roa p eaKUflfl HBnH e T C H ynpyroe pacceHHHe C nepe38pH.OKOll fl C nepeBOpOTOM CnHHOB, a 

TaK>Ke •ynpyroe p acceHHH e q e p e3 HeynpyrKA KaHan• ( onpe.aeneHHe H no.ap o6Hoe o6cy>K-

r=- =' r-' /3,4 / 
.aeHKe coo TB e T CTBYIOWf!X ceqeHHl! 'V £1< o.S 10 ·t e M . B pa6oT a x ) • O.aHaKo Ha 

) ' . 
onbiTe 3 Tfl peaKUflfl B 6onbWHHC TB e c nyqaes H e oT.aenHIOTCH OT peaKuHA y n pyroro p acceH-

HHH. 

!lanee MH scer.aa 6y.aeM paccMaTpHBB Tb ce'!eHK e 6':.., , H3 KOToporo y>Ke Bbl.ae-

neHhi ceqeHHQ E5'u 

M81lbl n o C p 8BH 9H H JO C 

6', H G'lt . npH 3HeprHHX T ~ I ras 3TH ce'!eHHII O'!eH b 

tr /3,4 / 
U:...., 

BonbUJBH qacTb npHae.neHHhiX HH>Ke 3Kc nepHM8H T 81lhHbiX .aaHHhiX nony11eHa a onhJTax 

Ha ycKopHTenHx , T aK K M nyTe M B HBCTOl'l!llee s peMl'l MO>KH O nony'IHTb cse.aeHHl'l o B3aHMo

• 
.ael!CTBHS'IX qacTHU snnoTb .a o 3HeprKA T = 32 r as. K aK npaBHJIO, 3TH . .aaHHbie xapaKTe-

pH3 YJOTCH 3 H 8 t.IHT9 1lbHO 601lbilleA TO'IHOCTbl0 1 tteM .ll8HHbi81 ll01ly'I9HHbl9 H3 OllbiTOB C KOo-

MH tt eCKHM H nyq8 MH. 

C .apyro l! C TOpOHbl 0 HCCJI 8.QOBaH He B3aHMO.ael!CTBHll KOCMII'!eCKHX Jlyqel! C Be!lleCTBOM 

l'IBJil'IQTCl'l noKa e.aHHCTBeHH biM IICTO'IHHKOM 3KCnepi!MeHTaJi bH Ol! HH<j>OpM a UH fl 0 B 3aHMO.Qel!

CTBIIl'IX qac THU n pH C BepXBbiCOKHX 3HeprHl'IX ( T ~ 100 r as) , OcTaHOBHMCH Ha 3 TOM Bon

pace no.apo6H ee. 

Vf3 MHOI'O'IHCJieHHbiX OnbiTOB H3 BeCTH O, 'ITO B KOCMH'IeCKHX nyqa.l( H8 rpaHHU8 :aeM

HOll aTMOCcjJepbl Co.ae p>KaTCl'l qaCTHUbl C 3 HeprHe l! BnJIOTb .00 109 - 10 11 
ras; O.OHaK O 

p acnpe.aeneHHe 3 THX q acTHU n o aHeprHH onpe.aenl'! e TCH 6biCTpo cna.aaiOmeA cTeneHHoll cjJyH

K u Hell 

r.ae noKaaaTenb 

Cc ... st . 
W(T)"' Tn'T) 

I 3 
n,(T)~2. 5 npl! 3HeprHl'IX T < 10 r a s H Me.aneHHO B03pacTaeT .ao 

3H8'leHHl'l Y\.- 3 npH T - to8 
r a s

151
• npH 3 T OM 'IH CJI O qacTHU c O'!eHb. Bb!COK OR 3 HeprH-

eA COB9pll19HHO HHttTO>KH0 1 C119.0.CTBH9M qero SIB1l:iiiOTCH Ott9Hb 601lbWH9 C T8TH C THt{9CKHe 

OW H6K fl fi3M8peHHl! , 

B ot5naC Tfl 3HeprKA T ~ to6 
r a s OOJibWaH '!aCTb onbJTOB c KOCMH'I eCKf!MH ny'laMK B bl

nonHeH a c noMOWbiO cjJo ToaMynbCKll . B CB 51 3fl c Manoll CTaTKCTHKOl! 3a p e rKcTpKpOBaHHbiX 

3Be3.a Bbi.aeneHKe HyKnoH- HYKJIOHHbiX B 3 aHM O.ae llcTBHll npe.acTaBnHeT 3.aecb o rpoMHbie Tpy.a-

HOCTk, H B 601lbW HHCTBe c nyqae B HCC1le.O.yJOTCH B38HMO.ll9 A:CTBHSI nepBHliH hiX qacTHU 

" 

x/ 
n o nytteHHbl9 T8KHM o6p830M 3KCnepHM9HT81lbHbl8 .Q8HH bi9 Mbl 6yLieM p a c -C HllpaMfl 

cMaTpKBaTb Jlf!Wb B T Oll Mepe, KaK 3TO t5y.aeT HeOOXO.Of!MO .OJIH nony'!eHHR HHcjJOpMaUHH 0 

B38HMO.U9ACTBHH 9 1leMeHT8pHbiX q8CTHU. 

Cse.aeHIIl'l u B3aHMo.ael!CTBHHX B ot5naCTfl 9HeprKll T ~ to6 
r s a B npRHURne M O>K H O 

nony'IHTb 113 OnbiTOB C WflpOKIIM H 8TMOCcjJepHb!Mfl JIHBHRMH , 3TO HBJI8Hf!e npe.aCT8BJil!8T ca

MOCTOS'IT8JibHblll HHTepec , fl ero fi3Y'I8HHIO nOCBHWeHO OI'pOMHOe KOJifi 'I 8CTBO p800T (eM., 

/8/ 
Han pRMep, 0030p ) ; O.QH a K O IIHcjJOp MaUf!R 0 nepBH'IHb!X B3af!M Ollel!C TBH RX Bb!COK09HeprR'I-

H biX q aCTH U OTCI0.08 .UO CHX nop non y q e H a e we O'l.f9Hb He3H8l.{HTenbH8H, T8K KBK 3TH B38H -

MO.Qe A:CTBlHI CH nbHO 38TY W9B8H bl nocn e,ayJOUlHMH II OK On9HHSIM H K8CK 8.0HbiX B38MO.ll9ACTBHfi. 

CywecTBeHHO TaK>Ke no.aqepKHYTb, 'ITO B onbiTax c KOCMH '!eC KR MH ny'laMR o'!eHb 

HeTO'IHO onpe.aenl'leT CR 9HeprKl'l nepBfi'IHOl! '!aCTI!Ub l , 

B ee 9 T O n pHB OLlHT K TOMy, qTo p eaynhTBT bi , nonyqeHHhie a KOCMHt.£eCKHX nyqax, HB

ns:ubTC H nHWb OUeHO'l.fH biM H H K HHM cne.ayeT O THOC HTbCSI C OCTOpO>KHOCTbJO , OC06eHH0 1 Kor

.aa pettb H..aeT o K8K Hx-nH6o p a.a.HKBnhH biX B biBO.!lBX. B B TOM OTHoweHHH n oy 'l.fRTenbH ht M 

IIpHM 9 pOM MO>K9T cny>KH T b WHpOKO H C IIOnb30B8BW 8SICSI H9CKOnbKO neT TOMY H838ll * Tpy

OO 'IHBS'I Mo.aen b• HyKno H- l'l.aepHbiX B3aKMo.aellcTBH ll. H a OCHOBe He.aocTaTO'IHO KpHTH'I8CKor o 

8H8nH3 8 3KCII8pHM 9H T8nbHbiX .Q8HHbiX YTB9 p >K.aanOCb, 'ITO 3T8 MO,O,enb 06'bSICHSl9T H yKnoH -

l'l.aepHbie B38KMo.aellc TBKH .aa)!(e n pR c paBHHTenbHO H e t5 onbWHX sHepr RRX ( T :: 3-5 r ae) . 

O.aHaK o 6onee TO'IHbie HCcne.aosaHHl'l Ha ycK OpKTenl'lx B !lyt5He 11 B UEPHe npK 3 HeprH l'IX 

T = 10 H 26 r s s noKa3anH, 'ITO ·Mo.aenb Tpyt5KH' pe3KO npOTHBOpe'!I!T 3KCnepi!MeHT8Jib

/9-11 246 247/ 
H b!M .aaHHb!M • • • 6onee T OI'O , .a a>Ke npR O'leHb O OJibWHX 3 H e prHH X ( T » 10 rss) 

H3B9CTH bi 9 B H8C TOSIWee Bp9MSI 3 K CrrepHM8HT8 nbH bl 9 .ll 8 HH bl8 M O>K H O 06'bSJCHHTb 1 He HCITOnb-

3Yl'l 9TOl! Mo.aen/ 
121 , 

Danee Mbi t5 y.aeM npKM8Hl'ITb Te >Ke co KpaweHH bJe ot5o3 H a '!eH RH MeT o.aos, c noMOWb!C 

K OT OpbiX n ony'leHbl 9KCnepRM8HTaJibHbl8 ll8HH bl8 , 'ITO H B paOOTBX/ !-4
/ 

3 Kcne pKMeHT8ITbH bie OWf!DKH, KOTOpble t5y.ayT npKBO.Of!TbCR .aanee, K 8 K npaB f!JI O, COB 

na.aaiOT C 0 Wf!OK8M !f , yKa38HHblMH B COOTB eTC T BYIOlllfiX OpRI'f!H a Ji bHblX paOOT aX, Vf CKJIIO'Ie-

HHe COCT8BJIH IO T Jlf!Wb T 8 c ny'lall, K OI'll8 B f!CXO.QHOll pat50T8 OWf!OKfl He yKB38Hbl BOOOWe; 

x / 
)la>Ke Cp8llfl T a Kf! X 3Be3.0, K O T O p b!e B OnbJ T 8X C KOCMH'I8CKI!Mfl ny'laMH KJIBCCf!cjJH-

UHpy iO T C Sl KBK HyKn OH-HyKnOHHbl9 B38HMO.ll8 A: C TBHSJ , HMe eTCSI 60nbW 8SI II pH M9Cb B38HMO.lleA:

C TBflll c S'I.OpaMK, B '!aCTHOCTII , B pa.ae p at5oT K HyKn oH- HyKnOHHbiM B3aHMo.aellcTBHRM o T 

HOCHTCl'l BCe 3B83.0bl C 'IHCJIOM '!8pHblX nyqel! n....._~ 2. 0.aHaKj) cpaBH8H fl 8 C cjJOT03Mynb

C HOHHbiMH pa60 T8MH• B biiiOnH9HHbiMH CO 3 H 8 t{HT9nbHO 60nbW8 A CT8THCTHKOt:t H8 yCKOpHTenHX , 

nOKa3bJBaeT, 'ITO MHOI'O TaKI!X 3Be3ll ot5pa3y8TCR B pe3yJibTaTe HyKnoH- H.OepHbiX B38HMOll8i!

CTBHA. Dnst Bbi.neneHHSI H yKnoH-HyKnOHHbiX aaaHMo.neAcTBHA a aMynhCH H Heo6xon HM bi 3H8ttH

TenbHO DOnee CTpOrHe KpHTepi!R OTOOpa ( llO!lpOOHee CM., H an pH Mep~6, 7 / ) , 3TO OOCTO RT8JibCT

BO cne,ayeT HM9Tb B BH.Oy, K Or.a.a B nocne,nyJOWeM 3KCnepHM9HT8nbHbJe .ll 8 HH bi9, nony4eHH bl 8 

B OIIb!T8X C KOCMH tt eCK H MH nyttBMH , 6y.nyT xapaKT9pH30B8TbCSI KBK O THOCSHU H9CH K HyKnOH -

HyKnOHHblM 838HM 0 .09A:C TBHHM. 
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B 3 THX cnyttaSix 6y.llyT npHBO.llHTbCH OWH6KH, Bbi"'HCneHHbl € no 6HHOMH8nbHOMy HnH nyac

COHOBCKOMY 38KOH8M ( n ocne.llHKA HCllOnb3yeTCSI, ecnH O"ieHb aenHKO qHCnO 8H8nH3HpyeMbiX 

C06bi TIIll 11n11 ecn11 Y'l11Tb!B810TCSI T8K)I{e II OWH6KII HeC T8TIICTII'teCKOrO X8p8KTepa; CM, npll-

nO)i(9HHe i )x/. 

npu cnO)I{eHIIH ce'teHHI! OWII6KII 6y.u.;M CKn8.Ub!B8Tb Kea.upaTII 'tH O. EcnH B 3KCnep11-

MeHT8nbHOI! p a60T e Hll'tero He C K838HO 0 'tiiCne 3aperiiCTplipOB8HHb!X C06b!THI!, TO COO T BeT

CTBY!Olllll e .uaHHbie 6y.u e M npHB O.U IITb 6e3 yK838HIISI ow116oK. 

II. MHO)KECTBEHHOE PO)KLlEHVIE 4ACTVIU 

Heynpyr11e B38 11M O.ue l!cTeHSI xapaKTep113YJOTCSI npe>K.ue ecero ce'teHKSIMH p a3nll'tHbiX 

KBHBnOB pe8KUHH 6 . , cyMMa KOTOpbiX paeHa nom ioMy c eqeHii!O Heynpyro r o B381iMO.Uel!cT
J 

BHH: 
G'..._ = .4. 6j 

• 
0.UH8KO npH 3 H e prHSIX T > 1 r :.e 'tHCn o B03 M0)1{ H b!X K8Han o e 6b!C T pO B03p8CT8eT, " no.u-

p06HO HCCne.QOB8Tb MO>KH O np8KTHtt€CKH nHill b OT.O e nbHbl e l{ 8 C THbt e cnyqaH ( T 8 KHMH B8)f(H bl-

MH tt8CTH biMH c nyttBSIMH HBn 5UO T CH 1 H8llpHMep1 TpeX48CTH4H bi€ pe8KUHH, .llBYXflHOHH8H BHHH

rlinSIUKSI 8HTKHyKnOHOB II KB8311ynpyroe p acceSIHI!e ; CM , § 2,5 , 2 .6 II p83.[len V ), 

BMecTe c TeM a o6nacTH 6onblllHX :> He prul! O'teHb y.uo6H bi M CTBHOBIITCSI CTBTHCTH'tec-

KHI! no.uxo.u K uccne.uoeaHHJO Heynpyrux B3811" '> .UellcTBIII!, Kor.ua pa3nll'tHbie xapaKTepii"CTK

Kii paccMaTpueaJO TCSI B 38BHCHMOCTH OT 'tliCna po>K.UB!OlllHXCSI 'tBCTHU. Ha6op n a pu11 a n bHbiX 

ce'teHHI! 6' . 
A 

B 3TOM cnyq{le 3BMeHSieTCSI pacnpe.ueneHHSIMII no MHO:>KeCTBeHHOCTH, 

M b! paccM o TpHM .uea TKna TBKKX p acnpe.uen eHIII! ,: pacnpe.ueneHHe no nonHoMy 'tK Cny 

po)I{.U8JOlll KXCSI 'tBCTKU " pacnpe.u e neHHe no '!Kcny Ha6nJO.uae!AbiX nyqel! e 3Be3.uax. 

2.1. Pacnpe.ueneHKe no nonHOMY 'tllcny po:>K.UBIOlllKXCSI 't8C THU 

BepOHTH OC Tb TOr O , liTO npH HeynpyrOM B 3 8HMO..ll e AC TBHH B KOH€"'HOM COCTOHHHH O.llHO

BpeMeHHO o6pa3yeTCSI n,.. 't8CTiiU 

r.ue G" '"' - ce'teH Ke 
j 

TaK KBK a ceqeHH e 

6ot , T O .UnSI JI-J( 

w -= J- S"' co<"'> 
.... ~ .... 4- J. 

J 

J K8 HBnB C p O>KJl€HH € M 

( I ) 

n- qacTHU c s, .. = 1: s .< .. , ) . 
j,... J 

6';.,.. Mb! He BKnJO't8eM .UBYX'tBCTII'tHb!X Ce 'teHHI! 0 CA , O.S 

B38HMo.uel!cTBHI! ece r.u a .l'l > 2. EcnK He y'tHTbiBBTb oqeHb Ma-

nora aKna.aa Tr- Jol B38KMOtlei!C TBKI! C pO)I{.[l e HHeM .UByX CTp8HHb!X 't 8C THU Tr+R-+ 
.. y -t K I 

11, T O II B 3TOM c nyqae n.,. 2. n pll 8HHIIrKnSIUKH 8HTKHyKnOHOB B03-

MO)I{Hbl .UBYX't8CTK'tHbie p e8KUKH ji +.}I(' ~ 1f" + TJ' . . ;; .. .v .. K+ K 

II T,.[l,, O.U H8KO Ce'teHKe 3 TKX pea KUKII T8K)I{ e oqeHb MBno
121 

x/ Mbl 6 naro.uapHbi C.H. C oJ<onoey 38 no.upo6Hoe o6cy)I{.UeH K e pacqeToe c T aTKCTR

qecJ<KX OlllK 6 0J<, 
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:f851X 6y.ay T npHBO.O.HT b CH OWH 6 KH , B bJ1.Ui Cn e HH bJe no 6HHOMH 8 nbHOMy HnH nyac-

38KOH 8 M ( ll OCne.O.HHA HC£I Onb3ye T C 51 1 e CnH Oti9Hb a en HK O tiHCnO 8H 8nH3HpyeMbiX 

riH ecnH yttHTbiBBKiTCSI T8K>K e H OWH6KH HeC T 8 TH C THti 9 CK Or O X8 p 8KTepa ; CM . npH

Ixl . 

:no>KeHHH ce'!eHnl! o wH 6 KH 6yJleM c KnBJlbiBBTb KB aJl p a TH'IH O, E c nn a 3KcnepH

p a 6oTe Hl! '!ero He C K83 8H O 0 'II! Cn e 38p e r i!C Tp11 p OS8HHblX C06 b!TIIl! , T O COO T S e T

[l8HH ble 6yJleM npi!S OJli!Tb 6 e 3 yKa3aHH Q OWH6ox . 

II. MHO)f(ECTBEHHOE PO)f(D.EHI-1E L{ACTI-1U 

>yrne S38 HMOJlel!cTSH" xapaxTe pH 3 Y IO T CQ npe >KJle sce r o ce '!eHI!QMI! p a3ni!'!HbiX 

lXUHH 6 . 
J , CyMMa K OTOpb!X p asH a nonHOMy Ce'! e HI! IO Heynpyroro B3aHMOJlel!CT-

o. =L. 6. ...... . J • 
3Heprn"x T > r ae tiHCn O B 03M O}I{H bi X KBHBn OB 6biCT p O B03p8CT89T

1 
H llOJJ.-

!.£lOB 8Th MO}I{HO n p 8 KTHti9CKH nHW b O T ,aenbHbl e t{ 8C THhi9 cnyttaK ( T 8KHMH B8}1{Hbl

R Cnytt851M H SIBnHIOTC 51 1 H8llpHM e p . Tp9 X1.1 8C THttH bie pe8KUHH
1 

.OBYXllHOHH 8SI 8HHH

'HHYKfiOH OS II KSaanynpyroe paCCeQHH e ; CM , § 2, 5 , 2,6 H p a3Jlen V ), 

e C TeM S 0 6naCTH 60llbllli!X 3 He pr11l! O'!eHb YJl06 HbiM C T a H OS HTCQ CTaTI!C TH'!ec· 

K HCCfieJlOSaH HIO He ynpyrHx S3ai!"' ' Jlel!C T S 11l! , K OrJla p a3fiH'IH b!e xapaKTepHCTH

:>I!SaiOTCQ s 3aSHCHMOCTH OT 'll! c n a pO>K Jl aiOil.l i!XCQ '!aCTIIU. H a6op napuHanbHbiX 

.i B 3TOM cnyq {le 38MeHst e T C SI p a cnpe .n e neHHSIMH no MH02K9CTB9HHOCTK • 

tCCMOTpi!M Jlsa THna TaKHX p a c npeJle neHHl!,: pacnpeJlenean e no nonHoMy 'II!Cny 

eQ q aeTIIU II paenpeJlen eH I!e n o 'll!eny HB6ll iOJlBe!.< b!X fiy'lel! S 3Se3JlBX. 

I. PaenpeJl e neHne no nona oMy '!Heny pO>KJlBIOWI!Xe " '!BeTHU 

HOC Tb TOrO, 1.1TO npH HeynpyrOM B38 HM0Ll 9 J:\ C TBHH B KOH9ttHOM COCTOHHHH O.O.HO

pa3yeTe Q fV '!BeTIIU 

w ~ _L .. 6"'( ... ) .... er~ ... 4- j 
tJ I 

- c etteHHe J KB H BnB C p O>KneHHeM 1'\; 'IBeTIIU ( s, .. = Z: . ... J, 

( I) 

6 c .. J ) 
j . 

tc a ceqeuHe ff&.J.t. M bl He BKnlO tt89M .OByX1.1 8C TR1.1Hbi X e e'!eHH l! 0 ... ~ 
JlflQ J{.JI( S3BHM OJlel!e TBHl! seer Jla .11. > 2. Eenn He y'IH T biSaTb o q eHb Ma-

Tr - Jol' B38HM0.0. e AC T B HA C p O>K.0.9H HeM .D. ByX C Tp8HH biX tt8C THU Tf+ R -+ 
I I I . T O I! s 3 TOM e nyqae tt ')o 2. n PH BHH I! rllfiQUHII aHTIIHYKfiOHOS so3-

'IBeTI!'IH bl e peBKUIIH .il+.Jti'~Tf+Tf .;; .. .~~~ ... iC+JC. 

{0 ee'! e H I! e 3 TI!X pea KUI!l! TBK >Ke O'leHb M Bn o 121 

naroJlapHbi C . H . C oxonosy 3a n oJlpo6a oe o 6e y>K Jl eH K e pae'leTos eTBTKeTH
IC . 

6 

H 

Yi aaeC TH bie B HBCTOHWee BpeMH 3 KCne p HM eH T8nbH bi9 pacnpeJJ.eneHHH 

N•N 11 1T- N S3aHMOJlelleTsHl! npi!SeJleHhi s Ta6nKuax I H 2. 

W..., Jln" eny-

'{BQ 

B .npyrHx c nyl.faHx, H, a 1.18C TH OC TH, .nnH ji - N aaaHMOJJ.eAc TBHA , TBKHX p a cn p e aene -

HKl! ewe He nony'leHo. 

Bee JlBHHbr e , npKseJleHHblc! s T a6n11 uax I K 2, HOpMnpo s a Hbi H a 100%. Hexo Topa" 

'!BeTb 3TIIX Jla HHbiX QSfiQeTeQ yepeJlHeHHOl! no WKpOKHM 3HepreTK'!eeKHM HHTepSBfiBM , 8 

T 86nHU8X yKB38H8 aenHttHH8 3 THX HHTepaanoa, 8 T8K>K e C p9.0.HHSI KHHeTHtt9CK8H 3 HeprHH Ha

neTBlOWHX qacTH U , K OT o paH , aoo6we r oa o psr, M o>KeT H He coana.aaTb co cpe.oH e A a HeprHetl 

HHTe ps a n a . 

Cne.ayeT OTMeTHTh, ttTO a psr.oe c nyttaea a npHae.neHHhiX .oaHHbiX HMeeTcH HeKOTopa H 

,aononHHT8nbH8H C HCTeM 8 TH'l8CK851 OlllH6KB 1 o6ycnoaneHH8H T e M , ttTO p83n5oltiH hi8 K8 H 8 nbi 

peaxui!H HJleHT"<PHul!pyiOTel'i e pa3nH'IH Ol! e TeneHbiO HBJle>KH Oe TH, C p eJlK • HeHJleHTH<i>HUHpo

saHHbiX 'IBeTHU seerJla MHOrO e nyqaes e pO>KJleHHeM Hee KO nbKHX 1r O -M e30H OS . 3TO npH-

SOJlHT K HeKOTOpOMy 3aSblllleH KIO aen i!'IHH bl W"' Jln>l M B fibiX 3 Ha'leHHl! l'l,.. 

D.n" HBrfiQJlH Oe TH 3Ke nepKMeHTafibH ble JlBHH b!e eyMMHpOSBHbl Ha pee . I K 2. npes e -

L!eHH b!e Ha 3THX peeyHK a X !tpHSb!e Sbi'IHeneHbl MeTOJlOM e peJlHHX KSB.UpaTOS H MOr y T He 

x/ 
nonb30B8TbCH .nnH HHTepnonHU HH 3KCnepHMeHTBnbHbiX .llBH H hiX 

Pae '! e Tbi nOKB3biSBIOT, 'ITO enall 3Ha'!eHnll WJ , xopowo SHJlHb!l! Ha pne . I H 2 , 

o6yenosneH 'IHCTO eTBTHeTI!'!eeKOl! npH'IKHOl!: OTHOeHTefibH O 6onee 6b!eTpb! M p OeTOM <i:Ja3o-

aoro o6'beMa a KBHan ax c po>K.neaHeM tt 8 T bipex q ac THU. 

T a K xaK n o nHoe ee'!eaee Heynpyrex peaKuKll s o6naeTI! 3 HeprHl! T ~ I r3s npaKTH

qeeKH nOCTOQHHO, a '!Heno S03MO>K Hbi X KBHBfiOS 6b!eTpO B03pBe TBeT, MO>KHO rTBep>KJlBTb, 

'ITO 3HepreT"'IeeKa Q 3 BSHeHMOe Tb W.._ ( T ) "MeeT xapaKTe p KpHSbiX e MBKeHMYMOM, !..{eM 

' 6onbllle 1'\, 0 TeM npH 6onee Sb!eOKKX 3Hep r HQX paenOfiO>KeH 3TOT MaKeHMyM, 

EenH npH T > I r 3s napuHBfibHb!e KBHafi bl He HM eiO T p e30H aHeos, TO 3HepreTH'!eexaQ 

3BSHeHMoeTb W "'- ( T I JlOn>KKB s oeHOSHOM onpeJlen>!TbC" OTHoweHneM eooTseTeTBYIOWHX 

<i:JB30Sb!X 06'beMOS, 8 e yll.lH OeTH 3TO K >!Sfi>leTe>l OeHOSHhiM eOJlep>KaHHeM eTBTHeTH'IeCKOl! 

TeOpHH <l>epM /
43

•
441

, 

8SHJly H30TOnK'IeeKOl! HHSBpHBHTHOeTH H HHSapHBHTHOe TH no OTHOWeHHIO K 3BpQJlOS O

My eonp>!>K e HHIO see n pnseJleHH bie Sbrwe p e3ynbTBT bi, s TOM '!Hene JlBHHbie Ta6nHU H pn-

CyHK.OB, 0CT8lQTCH H9H3M8HHbiMH, 8CnH O.UHOBpeMeHHO llOMeHHTb M 9 C T 8MH 

p-n. 1T •-rr- (2) 
HflH OL!HOspeMeHHO eJlenaT b 3aMeHy 

P-P- n.- n. rr + ... rr-
-------------------------- I I • 

(3) 

xl 
B Tex cnyqagx , K o r.o. a .o.ns:~ o .aH o A K T OA >K.e 3HeprHH H3BeCTH O HecKonbKO Heaa-

SHeHMhrf2)'3 MepeHnl!, HB pneyHKBX npHB e JleHbl yepeJlHeHHb!e 3 Ha'!eHHQ (eM, <i:JopMyny ( 2) B 

pa6oTe ), n oJl06H bie >Ke y e p e JlHeHHble JlaHHbl9 6yJlyT npKBOJlHTbe>l K H B aeex noeneJly

IOWBX pueyHxax. 
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TAii.JllUIA I 

W~% i HYJtJIOH-HYKJIOHHOe saai!IIO,I{ellcrsl!e 

IICJJO '!aCTII~ n, 
Baa111JO-
,14ellcTBHe T, ras MeT0,/4 3 4 5 6 

p-p O,BI B-.llK roo 
0,925 <l>I4 roo 
0,97 B-.llKIS roo 
0,97 B-ilKI6 99,9;tO,I O,I ± O,I 
I,S B-llK17 80 20 
I,S B-ilKIB lf 79 ± 2 2I ± 2 
2 B-ilKI9-2I 69,5± 3,2 28,3± I,6 2,2± 0,2 -0,03 
2,7 <1>22 48± I2 38;ti5 I4;t5 
2,75 B-llKI7 36 48 I6 

0 2,85 B-ilK23 
48,7± 2~~ 

3 <1>24 42,4~ 25 44 s+25 I2 ~7~5 I I + 4,3 
t -29 ' - I,I 

p-n, 0,83 B-ll~6 88 ± 4,2 I2 ± 4,2 
(0-t I) 

I,24 
(I-ti,S) 

B-llK26 42 ± 4,5 58 ± 4,5 

!,46 B-llK27 24 ± 5,2 76 ± 5,2 
(I+ !,72) 

2,04 B-llK27 !9± 4,8 BI ± 4,8 
(1,12+2,2) 

~Pe3yJJhTBTH pa60TH/!S/He IICI!paBJJ6HH Ha B03110XHHII nponycK C06HTIIII l!pll l!pOCIIOTpe. 
il08TOIIY IICTHHHH6 OWII6KH 3HaqwT6JihHO 60JihW6 yKa3aHHHX 'IIICTO CTaTI!CTII'I6CKIIX Om1160K. 
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0) (1) 
Q) 0 
P..t::l 

-;:-

Bsa.HKO
,lleltcTBIIe 

11'--p 

11'+ -p 

T,f3B 

0,9 

0,96 
0,99 
I 
I 

I,3 

1,37 
I,5 
I,7? 
I5,86 
I7,86 
0,8? 
0,9 
0,9I 
I,05 
I,09 
I,26 
I,35 
3,3 

TAI5Jrn!1A ? 
W 0

/; IIHOH-!IYKJIOHHOe B38.HIIO,llelcTBII6 
n,/o 

lleTO,ll 
3 

c?s 95 ! fz* 
c?~ il:--ITK,B-il~9, so!Bf 

8~:1: 5, 7 * 
c28 < 96,3j;I,s 

B-ilK3I-33 79,3±IO,s* 
n-nK34 + 85,9 :tiO 8 .C94 + 5 ~ 
B-Jll(35 ++ - I6,9 
B-.llK36 80 :1: 5 
B-.llK37 9~+2,6 
B-nx38 42,9:t5,9 

n-nx39 - 28 -4,8 
:s.-n.K'+O 
B-nx'+O 
B-ilK 41 
B-nx'+O 
B-n.K'+1 
B-n.K'+I 
c?8 
B-nx42A 

9!' :1: II,4 
9I :1: II,8 
90,9:t 7,2 
81 :1: 12,1 
77 :1: 6,5 
70,5 :1: 6 
74 :1: 6!1f 

< 61,8±7 ,9 

qac~o ~acTHn ~ 

4 5 

5 + 12 
- 5 

15,9 :1: 5,7 
>3,7;t1,3 
?0,7 :1: 10,3 
I4,1 :t 3,5 
>59+2,9 

• - I,8 
20 :1: 5 
7,4±?,6 

54,3;t 6 2,8±? 
-10,5 
-?,4 
9 :1: 4,5 

8,3± 4,5 
9,1 ±?,I 
I9 :1: 5,5 
23 :1: 3,5 
28,5± 3,8 
26 ± 10,8 

>I5,6:t?,4 >2?,6 :t s,o 

•) 3Ha'lemte w3 onpe,lleJieHO 113 COOTHOUieHHH ; w3 = (6:...- 6"1j V6~ I 

ce'lemte ~:... noJiyqeao HHTepnoJIH!UieR aKcnepaueHTaJI:&HbiX .llBHHbiX 11a o6aopa 18! 
D)I'py6aH oneHK8 1 . UOJ!Y'I6HHaH B npe,llUOJIOll:eHHH 1 'ITO W:l '!!: W2.:!: . 

+) I'py6aH oneHKa, no~yqeHHaH B npe,llnOJIOlleHHH 1 'ITO W" ~ W ;1: , 'I . 

++)npHBe.lleHo cpe,llHee .llBYX aaa'leHHit , yKaaaaHNX B pa6oTe1351. 

A) 3Ha'lemte w3 nony'leHO 1'13 ycJIOBHH: wl = ( 6".:...- s'f- Os )/6~ ... 
np11 STOll B \til 't II W S yqTeHa IDIUII. 'laCTI. peaKUII£:1 C po:QeHHell HeltTpMI.HbiX 'laCTHn. 
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2.2. P aenpeaeneHIIe no '!lleny nyqell a aaeaaax 

JleTeKTIIpOBaHIIe Hel!TpanbHbiX '!aeTHU eB!I3aHO e 60n bWHMII 3KenepHMeHTanbH biMH Tpya

HOeTSIMH, fi03TO,.y paenpeaeneHIIe no nonHOMy '!Heny aapH>KeHHbiX H He l!TpanbHbiX qaeTHU 

H3BeeTHO 8 epaBHHTenbHO pellKHX eny 'la!lx. 06bi'IHO Ha OfibiTe H3Mep!leTe!l nHWb paenpeae-

neHH9 no "UICny 38pH>KeHHblX tt8CTHU 

+ J(,_,_ w- =- -
"' ! Nw-. 

"" 
-'-· 6~:. 

L. 
J,"' 

( ... ) II' 1. 
<5i "j ...... , 

(4) 

rae J(.,..- '!Keno Ha6moaaeMbix eo6bi THll (aaeaa) e 1'\.. ny'laMH; 
2. 

K .... ""- aepostTHOCTb 
J 

Toro, 'ITO B j - oM Kauane epeaH nonHoro 'IHena tn, p OLliiBWHxe!l qaeTHU ;t. !IBnSI-

IOTeH aap!I >KeHHbi MH ( npH yenOBHH H30TOUH'!eeKoA HHaapHaHTHOeTII Kj,..,..npeaeTasn!leT 

eo6oll He 'ITO HHOe, KaK eOOTBeTeTBYIOlliHll K03cpcpKUKeHT Kne6wa-ropllOHa); 
-% t5";..... - non Hoe eeqeHHe Heynpyroro po>K•LleHK!I aapH >KeHHbiX qaeTKU. 

TaK KaK nonHbi ll sneKTpK'!eeKHA aap!!Ll eoxpaH!IeTeH, TO KHLleKe t\..- MO>KeT npKHK-

M8Tb TOnhKO tteTHbl9 HRH T OR bKO HeqeTHbl9 3 H 8 l.I9HHSI B 38BHCHMOCTH OT T Or01 tt9THblM HRH 

He'!eTHbiM !IBn!leTe!l eyMMapHbl ll 3neKTpH'!eeKHll aap!lll eTanKKBaiOll.IHXe!l qaeTHU ( Mbl Beer

a a 6yaeM npeanon araTb, 'ITO sneKTPH'IeeKKA aapHLl Bbipa>KeH a eaHHKuax aap11aa sneKT

poH a ). 

HopMHposaHHbie Ha 100% 3KenepHMeHTanbHbie aHa '!eHK!I w± 
1\. 

npHBelleHbl B Ta6-

nKuax 3-11. 

Jln!l T3X enyqaea, KOraa 113BeeTHO OTHOeKTenbHOe '!Keno e06biTHll e pO>KLleHReM 

TOn bKO nRWb Hel!TpanbHbiX '! aeTKU ( TaK Ha3biBaeMbie *Hynb-nyqeBbie 3Be3Llbl*), B Ta6nK-

uax yKaaaHa HOpMKpoaKa a paeqeTe Ha nonHoe '!Keno aaeaa K oTaenbHO - B pae'!eTe Ha 

'!Keno 3Be3Ll e pO>KLleHKeM aap!I>KeHHbiX '!aeTHU. 

Jlae paanH'!Hbie H0pM11p08KH yKaaaHbl TaK>Ke B enyqae p -f'V B3aHMOLlelleTBHll, TaK 

KaK B HeKOTOpbiX pa6oTaX OLlHOny'leBbie p- 1'\, B3aiiMOLlelleTBH!I He H)leHTHcpHUHpOBanHeb. 

npH 3HeprH!IX T >> I r sa aepO!ITH OeTH o6paaoaaHH!I Hynb-ny'leBbiX H OLlHOny'leBbiX 

3893.0. CT8HOBSITCH O tl9Hb M8RbiMH 1 H 06e HOpMHpOBKH np8KTHl.{9CKH COBfi8.0810T. 

OeH OBHbie 3Ken.epKMeHTanbH bie aaHHbie an!! .JI-.N' H rr-.N" B3aHMOLlelleTBHll 

eyMMHpoaaHbi Ha pHe. 3,4. 3aeeb >Ke npHaea eHbi HHTepnon!IUIIOHHbie KpHBbie, noeTpoeH-

Hble no MeTOLly e pellHKX KaaapaTOB. 

XapaKTep 3TKX KPHBbiX a o6meM TaKoA >Ke, KaK H Ha pHe. 1,2. 
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0,8! 
0,97 
0,97 
I,5 
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TAEnHUA 3 

npO,IIOIIJ:8HJI8 

llHCJIO lly'lelt n, 
Uet o.Jl 

2 4 6 8 10 12 

t 45 58:8,5 41: 6, 4 0,7:0,4 0,3!0,3 
B-JIR46 45,4: 8,7 48 ,5:8,7 6,1:4 ,1 
t47 32 ,2:20,3 53,8:10,6 11,8:2 ,7 1,3:1,3 0,9:0,9 
q,98 63,6: t0 ,5 33,4:14,2 -3 
t7 45 ,3:5,2 44 ,7:5 , 1 8,8:2,3 1,2:0,8 
t6 , 48 35 ,1:7 ,7 46!;8 ,1 13 ,5!,5,6 5,4:3,6 
t 49 44,7: 6,1 48:6 ,2 7,3:2,4 
t 50 _ 44 ,8:4 ,2 42 ,2: 4, 1 10,6!;2 ,1 2,4:0,6 
t 51 46,6:5 , 4 44,7:5,3 8,1:2,2 0,62:0,62 
t 52 43 ,3!1 ,1 46 ,7!1,0 9, 6:4,3 -0,4 
t54 38,":9,5 38,5:9,5 19,2:7,7 0 3,8! 3,8 
t 55 46 ,6:2 4 32 ,9:17 12,3:7,2 5, 4:3 ,7 1,4:1 , 4 1,4:1,4 
. 57 37,8:6,7 33 : 6,5 19,8:5,5 7,5!,3,8 1,9:1,9 

B- ilK 58 28 ,5!,2 ,7_ 42 ,4!2 ,9 21,9!2,4 6,2!1 , 4 1,0!0,6 
t 59 23,6:8,2 30!8 29,1!8 8,2!9,0 6,4!:,9 ,3 .... 2, 7 

·t 60 33:II ,9 28!12,3 27!12 ,3 IO:IJ -2 
t 61 19,8: 2,9 33,9:3 , 4 28,1:3,!, 13!,2,4 4:2,0 r,a:o , 7 

TAEMII!A 4 

"'±% VV "'- 0 ; Yt.- t't, B38HMO,zteilCTBHe 

MeTo.zt * 
0 

B-,1lKI3 ** I6,I ± 3,4 
B-.1lKI5 25,7 ± 7,2 
B-IIKI6 !6,7 ± I,5 
B-nKI8 u II ± !,3 
B-IIKI9-2I 16,4 ± 0,7 

qHCJIO Jiyqeil vt. 

2 

83,9±3,4 
74,3± 15,1 
83,3±3,5 
> 75±2 ,3 

79,8±1,7 

4 

< I4 
3,8+ 0 ,5 

3f) Bee 3HaqeHHH ~: J ITpHBe,zteHHHe B BTO~ Ta6JIHije 1 ITOJiyqeHhl H3 3KCrrepHMeHTaJihHHX 
.ztaHHHX ,ltJIH p-p B3aHMO,zte~C TBHH C ITOMOmDID YCJIOBHH H30TOITHqecKOH HHBapMaHTHOCTH. 

ti) IlpHBe,zteHHHe 3HaqeHHH W:. HBJI!IIDTCH JilfiDh OijeHKOii, TaR KaK 
aHaq}fTeJihHaa .ztOJIH aBea.zt ( ~ 30%) B aKcrrepHMeHTe He paa,zteJieHa no 
rrapqHaJihHHM KaHaJiaM. 



TAml1A 5 
+ 

B3a.HU:O,l1e~CTB14e w- ;.· p- tv 1'\. • ' 

T
1

rsB MeTO.l1 lJHCJIO JI;yqeit n., 

I 3 5 7 9 li 

8,7 ~ '7 33,6;t5,5 52,7;t7,9 I2,7;t3,3 0,9;t0,9 
79,7;tii,9 I9,I;t5 I,2;ti,2 

9 ' 52 30,6;t5,I 53,8;t5,0 I3;t5, 7 2,2;t6,0 -0,4 ~ ... 
"' I8,8;t6,6 3,2;t7,2 -0,5 77,5;t3,5 

9 ~50 29,9;t4,2 46 ;t5,1 I6,I;t3,I 7,5;t2,I 0,6;t0,6 
65,5;t7,3 22,9;!:4,3 I0,7;t3 0,9;t0,9 

9 ~62 74,I;t5,6 I8,2;t2,8 6,4;tl,6 1,3;t0,7 
I4 ~54 44,5;tii,7 34,5;tii,I 22 ;t9,7 
25 ~59 40 ;t10 23,3;tii,3 26,7;tii,I ~ 6,7 -3,3 
25,8 ~60 29 ±14 31 ;ti4 I7 ;tl5,3 20 ± 15,2 -3 

43,6;ti2,8 24 ± 15,1 28,2;ti4,2 ~ 4,2 
27 ~61 33,9;t4,5 4I,I;t4,7 I5,2;t3,4 5,3;t2,0 4, 5±2 

TAElrnUA 6 
+ w-% p-p B3a.HMO,l1elacTBHe h., 0 

T,rsB MeTO.l1 lJHCJIO JI;yqe~ rv 
0 2 4 6 

"'0 ~ 63 4,0 ± 2,8 64 ± 6,8 30 ± 6,5 2± 2 0,05 B-I1K64 2,5 ± I,7 40,7;t5,5 50,6;t5,6 6,2;t2,6 ( 0-tO ,I) 
0,05 
(0-tO,I) 

B-I1K,.Zhll~4 3,0 ± 1,7 38 ,5;!:4,9 53,5±5 5 ;t2,2 

rr-riK65 0,08 5,9 ±2 40 ± 4,2 49,7;t4,3 4, 4;ti,7 ... 
(0-t-0,23) _, 

0,15 ~63 2I,7;t8,7 56,6±10,4 2I,7;t8,7 
(O-t0,23) 

rr-rr~6 0,47 2,4±0!5 36,7;ti,6 56,2;ti,7 4,7;t0,7 0,92 B-IIK67 
1,0~0 ,6 36 ± 5,2 54,6;t1,3 8 ,4;t0,3 

1,27 B-ITK68 7,3;t0,5 32,2;t0,9 50 ,9±1 9 ,I;t0,5 2,2 B-rrr(i9 
37,4± 2,3 

2,45 B-ITK70 
4I,6;ti,4 
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TABJIH!J.A 8 
npo.l{OJillteHHe) 

T, raB MeTo.l{ 0 2 
1IH C.JJ.Q__1ly'l ~:B , 

4 6 8 to 
1,89 B-IJK82 11,5 :!:2 
1,96 B·nKl'll !3,5:!: 2.* 
2,66 ll-IIK 83 12,3±2,1 65,8±2,! 20,5±2,9 I,4±I,4 
2,66 4>-IIK84 "" 8,3±3 
4,5 4>85 73,4±4,2 22,2±4 4,4±1,9 
4,7 B-.UK86 + 68,4±4,4 29,2f4,3 2,4±!,5 
5,96 IT-IIK,4>-II~7 .,.,. 5,5±1,9 
6,65 n-n~8 2,7±1,0 45,4±4,2 43,9±4,3 7,6±!,7 0,4±0,4 

IJ-IJK89 
46,8±4,3 45 ±4,4 7,8±!,7 0,4±0,4 

6,65 7±2 47 ±4 4I ±4 5±2 I±I 

~0 
50,5±4 44±4 5,5±2 I±I 

6,8 4,4±!,2 48,5f4,I 41,6±3,8 4,8±1,3 0,7f0,5 

B-IJK91 
50,8±4,3 ' 43,5±4 5 ±!,4 0,7±0,5 

7,2 36,6±2,1 49,3±1,9 I3,~j:2,5 0,8±1,0 
7,5 4>92 45,7±6 42,8±6,4 10,5±3,2 0,9±0,9 
7,5 4>93 5±2 53±5 31±4 9±3 2±! 

56±5 33±4 9±3 2±I 
43±7 A 37±7 A !2±5 A 4±3 .A 

IO B-IJK94 1,5±0,2 42,9±!,1 38,5±I,I !3,9±0,7 I,9±Q,2 1,3±0,06 
43,5±I,I 39,2±! I4 ±0,7 2±0,2 !,3±0,06 

II,26 B-IJK95 5,9±2,1 26,8±!,9 44,5±5,9 < 22,8±3,4++ 
I6 B-IJK96 2 ± I 24,9±3,9 45,2±7,2 21,7±4,2 6,2f!,8 

25,5±4 46,!±7,3 22,!±4,3 6,3±1,8 
17,86 n-nK39 < 7,I 
!7,96 II-IIK,4>-II~7 - 1,9±0,4 

~) HopMHpOBaHO Ha E)~ , T.e. HOpMHpOBKa BKJI~~aeT H HYH»-JiyqeBHe 3B63~. 
+) C yqeTOM l!OllpaBOK, 11pHB6,2{6HHHX B pa60T6 85 
~ ~) ~ -IJK - qipeOHOBaH nyaHpl>KOBaH Kallepa . 

lt' A) .l(JIH aHaqeHHH KOil\{lqlHil,lleHTa HeynpyrocTH K > 0, 5 ( "aepKaJI:oHaH CHCTeMa KOOp,l1,11HaT"; 

CM. § 3.2) • 

++) lJpHB6.2{6HHOe 3HaqeHHe HBJIH6TCR ·cyvMapHO~ BepOHTHOCTl>~ 06pa30BaHHR 3B63.2{ C ~CJIO!.I 
Jiyqe~ n. ~ 6 • 
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TAEJ!H!J! 8 
npo.ztonxeHHe ) 

MeTO.zt 0 2 
:'iHCJI.Q...llY'l;fl8 n.-

4 b a 
B-IJK82 11,5 :!:2 
B-nK 2~ 1 13,5:!: 1..* 
ll- IIK 83 I2,3;t2,1 65 ,8;t2,I 20 ;5;t2,9 I,4;ti, 4 
~-l1K84 lt!t 8,3;t3 
~85 73,4;t4,2 22,2±4 4,4;ti,9 
B- ,zuc86 + 68,4;t4,4 29,2;t4,3 2,4;ti,5 

IK,~ll~? ~~ 5,5;ti, 9 
n- rril8 2,7;ti, O 45,4;t4,2 43 ,9;t4,3 7,6;ti,7 0,4;t0,4 

n- nK89 
46 ,8;t4,3 45 ±4,4 7,8;ti,7 0,4;t0 ,4 

7;t2 47 ±4 4I ±4 5;t2 I;ti 

~90 
50,5±4 44±4 5,5;t2 I;ti 

4,4;ti ,2 48,5;t4,I 4I,6;t3,8 4,8;ti,3 O,?f0,5 

B- liK9I 
50,8;t4,3 ' 43,5±4 5 ;ti,4 O,?;t0,5 
36,6;t2,I 49,3;ti,9 I3,~;t2, 5 0,8;ti,O 

~92 45 , 7;t6 42, 8;t6,4 I 0,5;t3,2 0,9;t0,9 
~93 5;t2 53;t5 3I;t4 9;t3 2;ti 

56;t5 33±4 9;t3 2;ti 
43;t7 A 37;t7 A I2;t5 4 4±34 

B- liK94 I,5;t0,2 42,9;ti,I 38,5;ti,I I3,9;t0,7 I,9;t0,2 
43, 5;ti,I 39,2;ti I4 ;tO,? 2;t0,2 

B-liK95 5,9;t2,I 26 ,8;ti,9 44,5;t5,9 < 22 ,8;t3 ,4 ++ 
B-UK96 2 ± I 24,9;t3,9 45,2;t7,2 2I,?;t4,2 6,2;ti,8 

25,5±4 46,I;t7,3 22,I;t4,3 6,3;ti,8 
n-nK39 <?,I 

tc ,~n~7 *ft I, 9;t0,4 

)BaHO Ha E)~ , T, e , HOpWM pDBKa BKJID~aeT M H]Jib-~6BHe 3B63,llH , 
)II nonpaBOK , npMBe.zteHBHX B pa60T6 B5, 

IO 

I, 3;t0, 06 
I, 3;t0,06 

{- ~peOHOBaB ny3HphKOBa H Kauepa , 
lqeHMH KO~H~eHTa Heynpyr OCTH 
i ,2 ) • 

.. K > 0,5 ( "sepKaJihHaa cHcTeua KOOp.ztH HaT"; 

~HHOe 3HaqeHHe HBJIHeTCH · cyuuapHO~ BepOHTHOCThD 06pa30BaHHH BBe B.zt C QHCJIOII 

n. ~ 6 • 

20 

+ 
TAEJUIUA 9 

\\f~ % ; U--tl-B3aHIIO.zte~CTBHe 
'ri'3JI .MeTO.zt lfiiCJIO ~ell h. 
' I 3 5 7 

0,82 c28 * 82,3;ti,S I7,7;t3,7~ 
0,82 B-nx4o * )' 75,6;t6, 9 + :;? 24,4;t8,8 
0,86 c28 * 84,3;t3,6 + I5,7+6,4*! 
0,9 B-IIK40 * > 66 ,I;t9 ,9 .> 33,9±4,2 
0,9! C,B-li~8 ,4I * · 74,3;t6,4 25,7;t5,7:1f:tf 
I,OS B-nx4° * 64,S:ti o,a+ :> 35, 5;t?,?+ 
!,09 C,B-II~8,4I :If 6I,?;t 5,9 38 ,3;t9 ,7:1f:tf 
I,IS ~80 85,4;t6,I I4,6;t6,I 
1,26 c, B-IIK28,4I II SI,8;t5,2 48 ,2;t7 :lf:lf 

!,87 J[-JlKSI 53,5.t9,6 46 ,5;t9,6 
2,66 rr-rr~3 4I;t8 46,7;t6,8 9,8±2,7 
4,5 ~85 43,I;t6,I 44 ,8;t6,I I2,I;t4 
6,65 n-n~8 I7,2;t4,6 57 .t9,8 22,6;t5,4 
6,65 n-rrK89 IS;t6 67.t7 I8;t6 
6,8 ~0 23,I;t3,I 59,I;t5 I4, 9;t2, 5 
7,5 ~2 ++ 

59;t7,9 30,5;t5,7 
7,5 ~93 30.! 5 49;t5 I8+4 

"lB! 6 A 44±8" 33t8 6 

•) llo~eHO no SKcnepHMeHTaJihHIDI .ztaHHIDI ,ltJIH 7r~p B3aHMO.zte~CTBH~ C IIOMOUU:.D 
YCJIOBHH H30TOnHqeCKOU HHBapHaHTHOCTH, 

) ± + + 
.. SaaqeBHe WI BH~CJieHo no <.(Jopuyne: w; = (J- wl-) . 

2, 5;ti ,9 

3,2;ti ,9 

2, 9;ti ,I 
I O, S;t3,3 

2+2 
St 4 " 

+) B npxse~eaaox 3Ha~eHHH He yqTeH BKJia.zt peaxnM~ c qeTuphiiH qacTH~aMH , 
++) llJlll HOpllllpOBKe Wi O,llHOJiytl~BHe 3B63,llU He yqHTHBaJIH Ch. 

A) .ltn11 aua~eHl!a KOS~HIU!eHTa HeynpyrocTH I('"* ~ 0,5 ( " aepKaJihHaH" CHcTeMa 
ltOOp~HaT 

1 
Cll, § 3.2 ), 

2 1 



0 

.....
 

N
 

..-
o 

/ 
/ / 

/ 
/ 

.....
 -· 

......
. _..

....
. 

---·
-· 

8 



T,rsB 

0,82 
0,9 
0,91 
0,99 
1,05 
1,37 
3,3 

TABJlli!UA IO 

W+ + ::. fo ; Tf -p B3a.HUO;lle~CTBH6 

lleTOJI 1JH C JIO liJ'i e ~ t'\; 

B-llK1W 
B-m(+O 
B-mfl 
B-llK97 + 
B-n00 
.ll-J.!Jt3I + 
B-n02 ++ 

2 

>91± II,4 * 
> 91± n ,811 

>90,9±7,2 
93,6±26,2 

,. 81±12,1* 
89,6±12,4 

~ 61 ,8±7 ,9 

4 

< 9 ± 4,5 ** 
< 8,3±4,5** 
< 9,1±2,1 

6,4±1,! 

" 19±5,5** 
10,4±3,8 

~ 38,2±4,6 

!E) B npHBe;lleHHOM .aHaqeHHH He yqTeH BKJiaA peaK~~ c qeT~PhMH qacTwuaMH. 

u)rpy6aR OI(eHKa : W! : Wli • 
+ )llonyqeHo H3 SKcnepwMeHTaJihHb!x .z~aHHbiX ,IIJIH IT-- V\., B3a.HMO,ll;e~cTBlilR 

c noMOmP~ ycJIOBHR H30TOIT.HqecKo ~ lilHBapHaHTHOCTH. 

++ ~HaqeHHe W ~ lJOJiyqeHO H3 yCJIOBHH : W 1.± "' ( 6 ..,_ - 61f't )/a~ ... , 
npH STOM B ~~ He yqTeH BKJia,ll peaK~~ C poa,ll;eHHeM meCTH H 60Jiee qaCTHU. 

TABJ!HilA II 
+ + W.: fo ; 1\ - t\... B3a.HKO;llencTBilJ6 

T t rsB MeTOJI * qHCJIO JIYlleR V\.-

0,86 c'2'B' 59,8±4 40,2±8,5 
0,864 c75,76 58±3,8 42,1:8,9** 
I ,II c75,76 6!±3 
1,3 n-nK34 + >46,3±II,I <53,7±II,I 

!E) Bee npHB6,11eHHHe B STO~ Ta6JI.HUe 3HaqeHH fl W: lJOJiyqeHbl H3 
SKCnep.HMeHT8JlbHHX ,ll;aHHHX JIJIH it'-- p B3a.HI.IO)\CWC TBI1R C lJOMOU\biO YCJIOBHfl 
H30TOlJ.HqecKO~ HHBap.HaHTHOCTH • 

) + + + 
!f!f 3HaqeHHe w .. - B~CJI8HO ITO cjJopwyJie: W--: i- W-

-" .3 I 

+) rpy6aR oueHKa npH YCJIOBHH' liTO w st ':: 0 • 
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TAE.JlliUA 10 

w+ + ~ fo ; Tf -p:ssaHilO;llelkT:SHe 

Me To ;~~ 
l!HCJIO Jly>ielt Vt.-

2 4 
B-ITK40 >91± II ,4 * < 9 ± 4, 5 ** 
B-rrrfO > 91± II , 8H < 8 ,3;t4, 5** 
B-rr01 >90 , 9±7,2 < 9 ,1±2,1 
B-ITK97 + 93,6±26,2 6,4±1,1 
B-rr0° > 81±12 ,1* .( 19+5 5** 
.ll- .llt31 + - ' 

89,6±12,4 10 , 4±3, 8 
B-rr02 ++ ~ 61 ,8±7 , 9 3:- 38,2±4,6 

~Be)leHHOM .3HaqeHHH He yqT eH BKna~ peaKUH ~ C qeThlpbMR qacTHUaMH . ... 
aR oueHim : W ~ = W Lf. • 

eHO H3 3KCnepHMeHTaJibHb!X ;llaHHbiX ;l(Jlfl Tf -- V\., B3aHMO)IeijCTBHR 

DmPID YCJIOBHR H30TOnMqecKO~ HHBapHaHTHOCTH . 

HJI!e W '{ ITOJJyqeHO H3 ycJJOBHfl: W 1.± -:: ( 6 ~ - 61f-t )/ 6" ,:.._ 
TOMB ~~ He yqTeH BKJJa;ll peaKUH~ C pom;~~eHH eM meCTH H OOJJee qaCTHU. 

TAEJ!Iti!lA II 

W!/o 
.... 1\ - tv :s sB.HMo ;~~eacTBHe 

IB MeTOJI * 

czs 
c75 ,76 
c75,76 

n-rrK34 + 

59,8±4 
58±3 ,8 
61±3 

>46 , 3±II ,1 

ql'ICJIO -J!Ylie2 ..,_ 
----- 3 

40,2±8 , 5 
42,±8 ,9** 

< 53 ,7±II,1 

.... 
e npHBe;lleHHble B STOlt TaOJJHUe 3HaqeHHR W.: noJJy qeHb! H3 

:cnepHMeHTaJJbHb!X )laHHb!X ;l(Jl!I 'tT' - - p B3a!1 I.lOl\0 MCTBl1R C fiOMOll\biD YCJJOBHR 

I OTQfiHqeCKO~ HHBapHaHTHOCTH • 
+ 

1aqeH:He W !>- :s~cJJeHo 
+ + 

no qJo p wyne : W- -= i- W-
3 I 

1y6aH oueHKa npH 
... 

YCJJOBHH' qTQ w- '::' 0 • 
5 

22 

4TO K8C8eTC H B38HM O,O,eACTBHA C 8 HTHHyKnOH8±H, TO B HCCneaoB8HH OM HHTe ps an e 

aHeprllil OT T = 0 JJ.O T = 2.5 ras 3Ha'leHI!II w"" . npaKTII'ieCKII He 3 aBI!CS!T OT 3Hep-

rHH. 

D,aHHbie, npHB€,0,€HH bi€ B T86 nHU8X 3-}} H H8 pHC . 3 ,4, 0t{€Hb B8)1{Hb1 1 B tt8CTHOCTH, 

Jlflll nposepKII pa3rrii'IHbiX MOJJ.eneil MHO>KeCTBeHHOrO 06pa30BaHI!II 'laCTIIU, 0c06bil! IIHTepec 

npeJJ.CTaBfli!IOT pacnpeJJ.elleHI!S! nO MHO>KeCTBeHHOCTII B cnyqae B3ai!MOJJ.el!CTB11l! C 60ilbWOl! 

HeynpyrOCTbiO (cp. § 3,2), COJJ.ep>Kallli!X 3Ha'II!TerrbHYIO npi!MeCb 'ueHTparrbHbiX B3ai!MOJJ.el!

CTB11ll' C MallbiMII napaMeTpaMH yJJ.apa, 3KcnepHMeHTarrbHbie )laHHbie rOBOpSIT 0 TOM, 'ITO 

TaKI!e B3aHMOJJ.el!CTBIIII xapaKTep113YIOTCII 3aMeTHO 6orrbWel! MHO>KeCTBeHHOCTbiO, 

... 
P acnpeJJ.eneHI!II W ~ I!Hsapl!aHTHhi no OTHoweHI!IO K npeo6pa3osaH1110 ( 3), TaK KaK 

3 T O npeo6pa30BaHI!e 113MeHIIeT rrHWb OTHOCI!TellbHYIO BepOII T HOCTb pO>KJleHHSI flOrrO>KHTenb-

HO 1H oTpHuaTenbHO aapsnKeHHhiX qacTHU , a uenoM >Ke aepostTHOCTb po>K.neHHSl 38pH.>K€HHbiX 

qaCTIIU ocTaeTcst Toll >Ke caMoil . B To >Ke apeMI! H30TOflH'IeCKoe npeo6pa3osaA11e (2) cy

ruecTBeHHO 113MeHSJeT pacnpeJieneHI!e 'IHcna ny«eA a 3Be3JJ.ax. Hanpi!Mep, TpexqacTI!'IHbie 

p eaKUIIH 

~ 
+ 0 P+Tf +lT 

ll"+-+ p...,. 11...+ rr++ rr-

JJ.aiOT BKnaJJ. s JJ.syxnyqesbie 3'"le3JJ.bi . nocn e >Ke npeo6pa3oBaHIISI (2) nepsaSJ "" aTHX pe

a KUIIll 6yJieT JJ.aBaTb BKrraJJ. B OJJ.HOrry'leBbie , a B TOpaSI peaKUIISI - B Tpexny«eBbie 3Be3JJ.bl , 

YicKnJOtteHHeM HBnH e TCSI nHWb aHHHr HRSIUHH aHTHHyKnOHOB, TaK KaK B 3TOM cnyttae p O:>K.lle-

- 11.1 
HI! eM CTpaHHhiX qacTHU MO>KHO npeHe6pe'lb, np11 T ~ I F. as '"'&t/S'"Wt ~ / 0,%', a OTHOcii-

T err b HaSJ sepOIITHOCTb pO>KJJ.eHHSI 3apSJ>KeHHbiX II Hel!Tparr bHbtX rr - Me30HOB H30TOITH'Iec-

KH HHBapKaHTHa. 

2 .3. CpeJJ.Hee 'i llcno p o>KJJ.aiOIUHXCSI qacTHU 

Ba>KHOl! xapaKTepi!CTHKOl! HeynpyrHx B3ai!MOJJ.eAcTBIIA npH 6on bWHx aHeprH>~x SJBnSI-

eTCSI CpeJJ.HSISI MHO>KeCTBeHHOCTb pO>KJJ.aiOlUHXCSI qaCTHU 

n,. L vt.W.,. ~± • 2 ..,_, w:t 
"' .... 

(5) 
H 

... 

B nocneJJ.Hee speMI! H3y'leHI!e 3TIIX aenii 'IRH np11o6peno oco6bill IIHTepec a CBII311 c 

MHOrO'IHCrreHHbiMII flOflbiTKaMI! IICITOflb30BaTb JJ.flSI pacqeTa HeynpyrHX B3aRMOJJ.eACTBHll rrpH 

B biCOKHX aHeprHIIX MeTOJlhi non10coa P eJI>Ke 11 pa3rrH'IHbie JJ.RarpaMMHbie cxeMhi ( DJJ.Ho

Me30HHoe npH6rrH>KeHHe, MYflbTHrrepHcpepl!'le<;;Kal! MO)lerrb H T,JJ. ,, CM., HarrpRMep, 063op'
991), 
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TA!ill!n\A 12 

llyKJl. OH-HJK.IIOHHble 83aHMO,l81CtBiUI 

------------
rt-t 

B38.MMo-
.aeM: ct BMe T, f 'J B -------- ------
p-p 

tt-i'l .... 

p- rt-

0,81 
0 ,925 
0 ,97 
0 ,97 
I ,5 

2 

I ,5 

2 , 7 
2 ,75 
2 , ~5 

J 

J ,5 
4 ,15 
5,J 
6,2 
6 ,2 

8 , 7 
9 
9 
9 
9 
9 

14 
18,9 
22,6 
24 
as 

l.S ' 25,8 

2'1 
2'1 
0,8I 
0,97 
0,97 
1,5 
2 
0 8) 

(O~I) 
I 24 cr+r,5) 

1,46 
( hi,72) 

2 ,04 
(1,11+2,1) 

J ,8 
( 1,4+6, 2) 

8 ,7 
9 
9 

9 
14 
25 
25,8 
2'1 

J(-Jl 6,2 
14 
26,7 
28 

WetO.l 

B- JlKlJ 
~!4 

a-.ll\15 
B-nK 16 

B-JIKI? 
B-llK1 8 

B- llKI9-<I 
<1>22 

B-JIK17 

B- llKV 
<1>24 

<I> 25 
'1>45 

B-JIK46 
<1>47 
qo98 

'II? 
.. 6,48 

<1>49 
<I> 50 

'1151 
'1152 
. 54 

• 55 
.;,57 

B-ilK 58 

&-11•"'{: 
q,I2'1 
.;,61 

B-.1!\lJ 
B-J1KI5 
B· llK16 
B-UK18 
B-UK19- 21 

B-.!1126 

B-.ll\26 

B-.IUI27 

B-.!112'1 

B-.IK10J * 

<1>7 
.. 52 
.,so 
.. 62 .. 
<1>54 A 

;.59 

.;,60 

.. 61 .. 
q,104 

MKB ( c l 2)105 
<1>106 

KB ( Af.'J 107 

2 

2 

2, 06 
2 , 14:,0,02 
2 ,22!;0,04 
2 , 42~0 ,08 

2,38: 0 ,06 
~ . J5:0 ,08 

2,Jt!!.0,08 

i'l 

J , 2 
J ,li:0 ,02 

J , J5:,0 ,02 
J , 66:0 ,17 
J , 6 
4 : O,l * 
J,72:8:j! 

~ . 5:0 , 2* 
2 , 87:,0 ,15 

J , 2I ! 0 , 26 
2 ,9 :,0, 3 • • 
2 ,8 :,0 , 3 
J,22! 0 , I2 
J , 6 ! 0 , 14 
J , 2'1!0,16 
3 , 42! 0,10 
J,25!0 ,10 
J , J4: 0 , 06 
J ,84!0,57 
3 ,7 :. 0 , 5 
4 , 1 ! 0 , 6 
4 ,2 :. o ,I 
5 ,0. 1,2 

~t25+0,2* 
4,6:0,2 * 
5,3:,0 ,4 . 
4,85:0,4. 
4,7 ! 0 ,5 * 
5,3:, 0 , 2 • 

5 ,9 :. 0,2 • 
5 :.0, :3 ++ 

5, 15:,0 , 4 + 

5 ,4: 0 ,2 . 
5,5:, 0,2 b. 

6,J:0 , 9 • 
6,1:,0 ,8 • 
6,7:.0 ,9 11 

6 ,8 ! 0,2 • 

' ·
2 

4 , 4 ~ 0 , 3 
4, 0 ! 0 ,5 
4,7 ! 0 , 3 
I,6B:O ,O? 
I ,48:0 , 3 

1,66: 0,07 

a.s·~ , O :. I ,8 • 
6 , J5:,0 15 A 

6,5 ! 0 ,8 w 
7,5 ._o,s • 

~ 1,5 : 0 , 05 
1 ,74:. 0,04 

26 

- 2 , 2·· 

- J ,2 

2,62:o,n 
2 ,6 ! 0 ,2 
J ,06:0 ,14 

.( ),7 :,0 ,25 
.( 4,6:, 0,4) 

4 1) ! I ,0 
J ,7 :. 0 , 3 

<.4,9 !. 0 ,4 
-2 , 6 
4 :. 1 , 1 

tt,6 ! 0,2 
?,28 

J 

),21 :. 0 ,02 
J,J5 ! 0 ,02 
3 ,12:. 0 ,0~ 

J ,58 ! 0 ,04 

J,76:0,05 

J ,BI!0,05 

-5,J 

4 , q:, O,l * 
ll 16:,0, 2 A 

5,56:0,21+ 
< qo5 ! O,JJ* 
< 7,4 :. 0 , 6 • 

6 ,9 ! I ,5 * 
6,35: 0 15 A 

< 7 ,J : 0 ,6 * 
- q,q 

6 ,5 : 1,6 
7 .~ :. O, J w 

II ,4 • 

l lO+IOO) 
65 
(150+80) 
85 
( 20+150) 
IOO 
roo 
(80+I20) 
160 

'l.OO p20+200) 
250 
c50 
(70+7o0) 
250 
( 200+300) 
300 
( 200+400) 
50 0 
(300+700) 
103 

3 .103 

3,5 .103 

eros 

KB (ci 2) 109 

llKB Cc i 2) ros 
croll 

c 108 
>Mk&(l.iH) IIO 

.pill 
<!> II2 

c iOB 

TadJm ga 12 

( npOJtOJ!ltCHl!e ) 

6,5 ~0, 6 

5, 6 !. 0 ,2 

7,4!. 0, 5 
7 : 0,6 

7,5: 0 ,6 
1:ti 
8,8 ~ 1,9 
II,6 !. 3 , 6 

9,5 !. 1,2 

IIK ,KB ( Li/1 ) IDa 

eros 

9 !. I 

II,2 : 1,5 

IIKB(cl2) 
<P II:1 
.p Il4 

105 9 ,9 : 1,4 
15,2 ! 2,0 

15! 5 

10 , 2 !, 0 , 9 II 

8 ,9 !, 0 , 3 II 

ll,2!, 0 , 7 
64 

10,5!, 0 , 9 

II,3!,0,9 AA 

10,5 :t !,5 
D, 2 !. 2 ,9 AA 

17,4!, 5,4 .AA 

14,2 !, 1,8 .AA 

D,5 :!; 1,5 AA 

16,8!. 2,2 AA 

14,9 !. 2,1 
22 8 + 3 AA 
2/s:7 s "'.a 

' - ' 
II) BYQHC~8HO B npe,lUIOJ!01C8HHH, 'ITO Cpe,I;H8C qHCJ!O npOTOHOB .!!_ HeATpOH2! n:p -,;;:..._ -:::1_ ' 
a cpe,IUI~ QHC~O _:apneHHhiX H Heh~J!hHhiX 1f -lle30HOB fl,TT:t Z 2n..ll'• • B 3T0ll 

cny qa e t\,:::: i,5 1'\,:t + 0,5 • ( 3TH npe,lUIOJ!01CeHHA COBli8CTHhl C yCJ!OBl!Cll 0 4TOdhl no nHhiC 

Ql! Cna nOJ!OXHTCJ!hHO H OTpHUAT8J!hHO 3apA1C8HHhiX QACTHU pa 3Jtl!QAJ!l!Ch HA JtBe H OJtHY CJtl!Hll-
uY COOTBCTCTBCHHO JtJ!A CJ!YQAR p-p ll p- ~ B3allliOJteiCTBHA ) • 

Mll) ilpll Bhl 4l! CJ!CHll ll it± Y4l!ThiBAJ!l!Ch J!l!Wh T e C06 hiTHA, B KOTOphiX 6uno B03110l<HO 

- ... OTJ!l!Ql! Th n pOTOH OT jj - IIC30HOB, EC J!H l!CnOJ!h30BATh .J.AHHhle TA6J!l!Uhl 3 , T O 

n- . 3 , 7 : o ,6. 

•) ilpH now npe.J.n onaran och, 4TO t\.p + tt~~, = _t 
( cw.Ta6n.I6) . 

+ + )ilony 4 CRO B npe,lUIOJ!OXCHllll, 4T 0 tllt i: :. ytl(o 
A ) BN4HCn eRo no 3KcnepHlleHTAJihHOIIY 3Ha4eHHil ~ (cw.ta6~.I6): fl Z I,Sfir;:t +,2_ . 

.&&) Bee n pHBeJteHHYe 3Ha4eHKR h.:± ll h: JtJ!R CJ!Y4AA n.- /'L B36Kli0Jt8ACTBHA 

!I OJ!Y4CHhl H3 3KCnepKIICHTA J!hRhi X ~HHYX Jt~A p-p B3Al!liOJtCftCTBl!A C !IOIIO.hll YCJ!OBHA 

l!30TO!Il!Q8CKOA l!HB6pli6 HT!IO CTllo 

ilpH 6onamHx 3HeprHR x 3RB4CHKA i[± HeM3BeCTHhl, a 

C O O TBeTCTBYil~ll 3Ha4eHl!Rlll! ,J.J!A p-p B3a~liOJteACTBliA : 

~ cosna~eT c 

ti:(M);:: i\.(pf) . 
A) B npHBe.J.eHHHe 3HA4eHKR He BKJtll4eH BKnaJt OJtHOJ!y qesw x 3Be 3Jt, 

A A ) Bhi4HCJ!eHo no npK6J!Hll8HR oA <jlop11yne i\. =1,5 ti: ± , c n paseJtnHson npH 

T ';>;:> 10 r~ B. 3 Ta <jlopllyJ!a noJ!y4eHa npll YCJ!OBHK, 'ITO 1f- IIC30Hhl COCTABJiftllT 

nOJt6B J! AIJ~ee 60J!hmHHCTBO CpCJtll p01C,J.all.l!XCR QACTKU ( OKOJ!O 80~ , Clio § 2,4) ll 

4T O fi-r± ~ i hro · 
a ) ll311 epeHl!A BhlnO J!HCHhl B lla rHl! THOA KIU<epe BHJ!hCOHA c ~ H B COQ CTAHllll c 

l!O HK 3aUK OHHYll Kai!OpKII CTpOllo 
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Bee 9TH TeopeTH'IeeKKe noeTpoeHHII OKS3 bJ BSJOTeA seebMS qyseTBHTenbHbJMH K BH.ay sHep

:-eTH'IeeKoA 38BHeHMOeTH epe.QHHX '!Keen ~ II tt.,± , 

3H8HI!e epe.QHel! MHO>KeeTB9HHOeTH '!SeTHU,. pO>K.QSJOWHXell B JI-H H rr-..N B38HMO-

nelleTBHSIX, He06XOL!HMO TSK>Ke !!nil pSe'leTa HyKnOH-S!LlepH biX B38HMO!le~e TBIIII npK 60nb

.11HX 9HeprKSIX H Llnll p83nH"'HbiX npHKnS!!HbJX BOnpoeOB ( p8C "!eT 38llli!Tbl II T.!l , ), 

YI3BeeTH B SI 9KenepKMeHTanbH811 HHcpopMaUHSI o e pe!!HHX "!Kenax 38pS!>KeHHbJX H HeATpSnb 

<hi X "!SeTHU, pO>KLl810llli!XCSI npH 8HHHrHniiUHH 8HTHHyKnOHOB H B Hey~yrHX JI{.,J/ H lT -JI' 
838HMOLlelleTBHIIX B o6naeTH 9HeprKA T >- I rsa, co6paHa B Ta6nHU8X 12-14 H Ha PHC. 5- 8. 

npR 9 TOM 8 TBX eny'iSIIX, KOr!!S B OpHrHH8nbHbiX pS60TSX 3 HB'i9HHSI n. II Vi± He 

yxaaaHbi, 3 TH 3H8t.t 8HHH Bbil.IHcn eHbi no .a.aHHbiM Ta6nHu, npHse.neHH biM a npellbi.U YLUHX napa-

rpacpsx . 

-t 
B HeKOTOpblX eny'iallx npH B bJ'iKCneHH H ~ He Y'<TeH nnoxo R3seeTHblll H3 onbJTa 

oKn8Ll Hynb-nyqeBbiX R OLlHOny"'eBbiX 3Be3Ll, T,e, Re nonb30B8H8 HOpMRpOBKS ~ w-t : 1• tt,., .. , 
0LlH'8KO npR 9HeprHAX, 60nbWHX HBCKOnt>KHX r sa, 9TOT BKn8Ll Man H He npeBblWBBT YK838H-

HbiX 9KenepHMeHT8nbHblX OWH60K, 

B Ts6nHuax oTnenbHO yKaaaHbJ Ll8HHbJe , o KOTO p bzx Henb3A eKa38Tb c onpeneneH-

HOCTbl0 1 OTH OCSITCH OHH K B38HM0.0.8 ACTBH10 nepBH1.{HOA 1.18CTHUbi C npOTOHOM HnH K B 38RMO

!lelleTBRJO 9TOA q SeTHUbl e H e l!TpOHOM, npH T >> I r ss , Korns 3SBReHMOeTb 838HMOLleA

eTBH A OT H30TOnH"!eeKOrO enHHB e T S H OBHTe ll npeHe6pe)I(RMO ens6oli / J/ , TSKSII Heonpene-

fl8HHOCTb HBnHeTCH HeCyLUeCTB8HHOA. 

lfaeTb Ll8HHbJX, npRBeLJeHH blX B TS6nHUe 12, nony"!eHS 113 OUbiTOB e K OeMR "!eeKRMH ny

"18MH, K sK y>Ke OTMe"!snoeb Bbzwe (eM . npHM e q aHHe Ha eTp, 5), a 9THX LlBHHbiX MO>KeT 

ObJ Tb 3SMeTH bJ A BKnan HyKnoH- IILlBpHbiX B38HMOLlelleTBHA, oeo6eHH O B38HMOLleAeTBHll e ner

K RMH 11Llp8MH , CpeLJHIIII MHO>KeeTB9HHOeTb B T8KHX B38HMOLleAeTBRIIX , sooowe roa o pll, 3HS

'IHTenbHO 01'nR"!8eTell OT epeLlHel! MHO>KeeTB9HHOeTK "'BC.TKU, pO>KLlSJOWRXell B J'I.J( B38-

HMO!lel!eTBHIIX, O .aHSKO naHHbie no KOeMR"!eeKRM ny'<SM, npHseneHHbie a Ta6nRue 12, o T-

HOCSITCR nHlll!D K 6biCTpbiM 1 nHBH8BbiM t.t8CTHU8M, K OTOpbl8 B nerKHX Rllp8X o6p83Y IO TCSI B 

OeHOBHOM npH eTOnKHOBBHKK nepBR'IHOrO HyKnOHS e O!!HRM R3 HyKn OHOB 11Llp8 H B n oeneny

JOWeM no"!TR He HenbJTbJBBJOT BHYTPHS!LlepHbJX B38HMOLle AeT!'Rll, KsK noKS3SnH ReenenosSH HSI 

H8 yeKOpRTenSIX , XSpSKT epHeTRKH TS KRX qaeTRU 6nR3KR K TO My, "'TO H86nJOLlS9TCII npK e T on

KHOBeHRIIX e a o60LlHblX HyKnOBOB (eM,, HBUpRMep/
9-ll/). no9TOMY npRM eeb SI!!BpHbiX B38R

MO!lel!eTBHll He MO>KeT eyweeTBBHHO eK838TbeSI H8 Ll8HHbiX T86UHUbl 12, 

Yf3 npHB8.0.8H HbiX .0.8HHbiX BH.ll.H0 1 1.1T O B TO Bp8MSI K8K ,M:8KCHM8nbH08 t{HCnO p0>K.ll8-

IDLUHXCR \18CTHU npH yeenHqeHHH 3H8prHH T 6hieTpO B03paeTaeT, epeLlHHB "!Kena ~ H 

~~ H3M8HSUO TCSI Cp8BHHT8nbHO M8.0.n8HHO. 
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'fAJi!!!UA I) 

ABsxrxJI~KI SBTKHYKIOROB 

.,. 
· · - --~1'0~ itt B3aMMO-

AeWcTBKe x, £3B K:--

P·P -o .63 3,2•0,17 
"'0 8u5 3,1!o,1• 

0,05 B-DK64 3,21:0,12 
(0.0,1) 

B-DK,Jl-~4 0,05 3,20!;0,28 
(0.0,1) 

n-DK65 0,08 3,06:0,3 
(0.0,22) 

.63 0,15 2 :0,17 
(0.0,23) 

n-nK66 0,47 3,2fl!0,15 
0,92 B-DK72 3,5!0,3 
0,92 B-DK67 3,41:0,12 
1,27 B-DK68 3,24:0,05 

1,27 B-DK117 3,4 :0,5 .. 
2,44 B-DKI28 3,6 • 0,23; • 

.63 
4 ! 1,3 

0 3 : 0,2 
0,05 l-JlK64 3,29:0,36 
(0.0,1) 

p-n-

n-nK65 0,08 3,<!5! 0,38 
(0+ 0,23) 

0,15 .63 2,62 :0,33 
(0.0,23) 

0,47 n-DK66 3 : 0,15 
0,9 B-DK71 3,3 
0,9 n-DK72 3,5!0,3 

(0,8+1) 

-o +118 J,I5:0,41 
-o tl19 3121:0,1* 

o,os .120 3,1 :0,4* 
(0+0,23) 

p -.N 

.121 0,09 3,4: 0,'7* 
(0.0,25) 

0,14 .122 3,5:0,3* 
(0.0,23) 

.us 0,14 3,35!0,1 
(0.0,23) 

~ 17 6.0,25) 
. 119 3,78!0,1* 

4,fl!0,2* 
4,65!0,15 
4,94:0,JI 

4,fl!0,42 

4,7fl!0,5 

J ,o :o,2 • 

4,95+ 0,22 
5,25! 0,45* 
5,11• 0,18• 
4,85! o,oo• 

5,3:o,9 
5,4+0,35 + 
6,!J!0,2 

4,5 + 0,3 * 
4,9 ! 0,5 • 

4,9:0,6 • 

3,9:0,5 • 

5 :o,2 
4,9• 
5,2:0,411 

5,36!;0,3 
4,82:0,12 
4,7: 0,6 

5,1 : i 

5,3 : 0,4 

5,33:0,4 

5,66!;0,12 

• ) fiO.IYQ8HO I RpeA1JOJIOir8RKH 0 QfO tt,-:1: Z .Z"r• , T.e. tt::: ~fjfl% . 
--+ np• 3TOM npeAIJollaraJ!oc•, QTO ilr :::.Zfi.r .. nl(* -:::ilt: • . 

+) fipKB8AeRR08 3Haqe~e OTBOC.!CI K peaK~.W de3 CTp8HBWX QaCTMU. 
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~...!!! 
n MOH-HyEJOHHWe B38.MM0,.1,e ltCTBMJI 

B38MWO- T, r:)B Yer o.a. Ji1: h. A,dCTBKe -----------::::7.,.-1!"--p 0 ,8 B- ill\ 
o ,86 c28 

0 , 864 c75 ,76 ~ 

0 , 89 B-UK77 2 J 

o ,9 c28 2 J 

0,95 B- llK78 2 ,12:.0,09 J ,o5:8:M 

0 ,96 B-ill\79 2,1:,0,02 J 

0 ,96 c28 J,l~0,06 

0,99 B-UK29, 30 2 ,03:8 :~ ,. J ,04 

I c28 
2 ,06:8:~ 

J,2l!,O,I 

I B-llKJI-JJ J , l6 !,0,11 

1,085 B- UK77 1,56• 0!2J 
I, J n- nK34 2 ,12:8 : 1 ~ ,. J ,06 

I ,37 Jl- J1K8I 2 ,06!,0 , 06 
I , J7 B- .llKas 2,08!,0,03 3 ,2:,0,05 

1,5 B-JlKJ 6 2,1:,0,1 J , l:.0 ,03 

1,72 B-JlKJ7 2,2:,0,1 3 ,6!,0,1 

2 , 66 fis$1K8~ 2 ,22:,0 ,06 J,6!o,r• 
4,5 ~ 2,6 :,0 ,1 4,2:,0 , 2* 
4, 7 B-J!K86 2 ,1 :,o,r*• q,J:O , I + 
6,65 n- nK123 J,2J:o ,o3• 5 ,2S: O,J 
6,65 n-rr~ 3,16:,0,09 5: 0,2* 
6,65 rr-~9 2,9 :,0,15 4,6:,0, 2. 
6,8 .90 J :,0 , 1 4,8!,0 , 2" 
7,2 B- nK91 J,S :,0,19 5,5:,0 ,29* 
7 ,5 ~92 J,JJ:,0,22 5 ,5:.0 , 3* 
7 , 5 .93 J •O ,Ij. 4,8+0 ,2! • ., 

B-UK94 
4 !O,J 6 ,3! 0 , 4 

ro J , JB!,0 , 08 5 , J :.O,I5• 
11,26 B- ill\95 J ,B!,0 , 5 6 :,o,e• 
16 B- ill\124 4 ,)!,0 , 1 6, 7!,0 ,2* 
16! ) B-nK96 4, 1:,0,1 6 ,'l!,0 , 2* 

16 ,06 ,.no J ,65!,1J ,I6* 5 , 72:,0 ,24 

11'--~~. 0 , 82 c28 I,J5 J 
0 , 82 B- UK40 I , 49!_0,27 3,09!,0 ,38 
0 ,86 c28 I,J1 J 
0 ,9 B-nK40 1,68!,0,16 J ,06!. O,J8 

0 ,91 c28 1,51 3 
1, 05 B- ill\40 1,71!,0,23 J ,19:.0,42 

1,09 C~-nK28,4I "-1,77 J ,2 
I ,15 • 1,29 
1 ,26 c28 ..; 1,96 
1 ,J5 c28 - J , 26 
1, 37 Jl- JlK81 1,93 -
2 , 66 n- nK83 2,46:,0,12 3,9:.0,2* 
4,5 <1>85 2 , 37!,0,18 J ,8! O,J* 
6,65 n-nKI23 J,s:,o,s* 5,5:.0,6+ 
6,65 n- nK88 J ,l4:,0,15 s:,o,J• 
6 , 65 n- nK89 J,I:.0 , 2 4,9!,0 , 3* 
6,8 .90 J:.O,I 4,8:.0,2* 
7 ,5 .93 2,85: 0,15 4,5::,0 , 3tf 

J,5:0 , 4 ... 5 , 5:0,6tf .... 

30 

Ia6nHIJa 14 

(npO.J10Jili8HI!e ) 

11' ... - p 0 ,82 Js-f!K 40 2,18!:0, 29 J ,<J9!,0,J8 
0,9 B-IIK40 2,15!0 ,29 J , 06 !O,J8 
0,91 B-nK41 

- 2,18 J ,O~O,I6 
0,99 B-IIK97 2,IJ J 
1,05 B-IIK40 - 2,38 J,I9!,0,42 
1,09 B-IIK4I - J ,2J!0,24 
I ,26 B·IIK4I - J,25!0,2 
I,J5 c28 - J , 26 
I,J7 Jl.l!(81 2,2I 
J,J B-IIK42 - 2,76 -J,6 

lT+- n. ... 0,86 c28 I,84 J 

0,864 c75,76 I,8 J 
I, II c75,76 > I, 78 J,2 
I, J n-IIK34 >I ,93 ,..J,06 

rr-Jf J 4,6 ti29 4 
"" 6,4 <. 9,9* 

(20+50) 
KB(ci2) I26 44 

J5 4!I 6,J!I,5* 
(30•40) 

KB (CI2) I26 4A 45 5,7!0,6 8,~0,911 

(J0.60) 

ll) BIIQMC.leBO B Rp8.11llOJIOli8HNR, UO fi"p :: ;\1\. "::' cP, 5 
(cw.raOJr.l7) • B JToll c.II}'Qae ,;: =:: t,snt +D,Ui . 

**)c yQeTOII nonpaBo&, npxae.~teaawx B pa6orel85~ 

• nr• ::::: :J. ntro 

+) 

++ ) 

llollyQaRO B np8.11l!OJIOI:8HI!I, 'IT 0 QI!CJIO pO.,.allUXCR ayUOHOB rt.,.,: 1 
H rl1f± ~ .t , ... 
llpi!Ba.JteHHOe 3HaqeHM8 OTHOCHTCR K B3aKIIO.JteiCTBKRII 0 .11118 KOTOpiiX 
K034xj)KUstear aeynpyrocTM K•~ 0,5 ( aep&auaaa cHcte~~a &OOP.JIHHaT; 
Clio§ J,2) • 

i ) lloJiyqeHO C nOIIO~D YCIIOBI!ft H30TOnKqecKOI MHBapHaHTBOCTM H3 
ucnepKIIBBTaJibRYX .IIIIRHYX .JIIlft r·-n.. B3aKIIO.JteicTBKA. Opx T >- J , J r JB 

-... n.- B8M3B8CTHY, BIIDOJIHRDTCft yCJIOBI!ll ji(li1"p)::: fl. 3RaQ8HJIR a .1111& 

~ \ ;: ii(i-l'l). -+ 
i&JBce npHBU8HHYe JnaqeHI!ll ~- M ;L no~qeRY C DOIIO~hD yCIIOBI!R H30TOnHQ8CKOA 

HRBapHaHTROCTI! 1!3 3KCnep1018HTallhHiolX .IIIIHHiol X .IIIIR 7f--p 83aHIIO).eiCTBHI, 
0qeBI!.IIHO, npH BC8X 3Heprux n(lf+tt) : fl(7i- p) . 

.A ) 

Y&a3aHO cpe.~tRee qHcJio Owctpux IIMBHeaux qactxn, poll.lle.D~HXCR npH B3aKwo.JteAcTBH H 
1j- lle30Ha C ljlOT0311YilhCHel. 

.i~ ) -- ,..12. Ctporo rOBOpll, npKB8.118RHYe .IIIIHHYe OTHOCRTCR K B3aHIIO.IIeACIBHllll 1/ -t._ . 
TaK &aK B 3TH .IIIIHHWe OCHOBHOB B&lla.ll Ae.DT 6YCTpYe IIKBHaBIIe QaCTHUY, IIOliRO OliHAe.Th 0 

qTO OTJII!qHe OT CJiyqaJI 7f-Af B3aKWO.JteiCTBHI 6y.JteT &eBeJIKKOo 
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Cpe.a Hee '~.Keno qacTn u . po>t<aatowttxcs:~ a Jl- .11 saaHM o.aeAc TBIU:IX npH ynbT paBblco

KH:X 3 H e prHH. Bee o6oaH a "t 9 HlH1 T e >Ke 1 'fTO " H a pHc, 5. 
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-·-n-; n 

8 P-P 

6 2 

4 ! 

2 

0~--~----~----~--~----~--~ 

8 P-n 

6 
I----------------~~~~ - 1 

4 
l --,----1--

0 0,5 I f,S 2 25 T 

p H C , 7 

Cpe.o H ee '!K eno '! S CTH U, pO)I< .ll SJO LUHXC >I B 1'1-Jf B38HM o.oe AC T B HSIX , Be e o603H a '!eHH SI 

9 .>Ke , "'T O H H 8 pH C . 5 . 
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4 

2 

or-~--~--~--~--~---L---L __ -L~ 
n--n 
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_ dr~>:::;..;::.;-1-::;:..;::-=--;;::.:::::-;-=-=-=-~-

0/~ ~ 
2 

! - j 

• • 

0 2 4 6 8 10 12 14 T 

p H C , 8 

Cpe .oHee 'IHCn o 'I B CTHu , p 0 )1<.(l8JO LUHXC >J B rr-.11 B38HM O.lleAc T B HSIX , B ee 0 6 0 3 H S '! e H H>J 
T e }f{e , l.J:TO ~ H 8 pH c . 5. 
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B o6n8CTH yCKOpHTenbHbiX 3 HeprH A T~30 rae 3HepreTI1"1:9CK8R 386HCHMOC T b cpe.aHeR 

MHO>K9C TB9HHOCTH p 0)f(.Q8!0W HXCR "l8C TH U M0)f(8T 6b!Tb 81lpOK C HMHp0 88H8 cf:lyHXUHe A 

t\, ( T ) -= i h,:I:( T) + c -:: (l.. T ..t; +' , (8) 

3H8'1eHHA napaMeTpOe Q.. 0 ' If C yK838Hbl 8 T a6nnue 15. 

<!lOpMyna ( 6) XOpOWO COrnacyeTC H C peaynbT8 T8MH p8C'I9T OB 00 C T8THCTH't9CKOQ 

/ 100/ 
T90pHH MHO)f(9C T89HH0r'O pO>K.Q9H HR "1:8C THU 

0TKnOH9HHH OT 3 T O A cf:lopMynbl ( 3X:C 0 9 pHM 9HT8flbHbl9 K T e Openf 't9CKH9) H86n!O.Q810TCR 

nHWb B c nyqae .Jti'~JW H rr-.Jtf 8 38 HMO.aeA CTBH A n pH T ~ 1 rae, rlle 'IHCnO BHOBb 

po>t<.QBIOWHXCR "'BCTHU Mana ( - I ) H aeo6xoll.KM bl 6onee LJ.e T anbHble H3 0 T OOH'IeC KH e coo~ 

H 0 W9H HH". 

BMeC Te C T9M c n e.ayeT OTM9THTb, "'TO T O"'HOCTb COB peM e HHbiX H3MepeHHA ewe H9&e

nHK8 H YCKOpHT9 flbHbl9 3KC n e pHM 8 HT8 nbHbi9 D.8HHbl9 H8 p HC, 5-8 MQ)f(HQ 80pOKCKMHpOB8T b 

T8K>K8 H 6onee 6biC TpO 8 03 p8CT8!0W,KMH ¢yHK UHHMH, H80pHM9p, 

i\:.( T) '= l i1:,:1:(T) + C = a.' yl£ +- l ' ( 7) 

(eM. T a6nauy 15), 

n pH 3HeprHHX T > 30 r ae . r :ae ecR 3 K c.ne pHM9HT8 nbH 8 H HH¢opM8UBR nony'l.eHa H3 

OObiTOe C KOCMH"19CKHMK ny'IBMH , C HTyB UHR HenR9TCH 3H8'1KTenbH O M9Hee R CH OA. 8 ,QOOOn

H9HH9 K 60flbWHM OWH6K8M 8 3 H8'19HH RX t\, H ti.,% 1 3.Q9Cb 0"18Hb H8TO'IHO Onpe.aenR-

9TCR T&K>Ke aenH'IHHa aHeprHH T. Oco6eauo senKKK ow H6xH H3 M e peaHA a o 6nacTK 

T > 103 r ae, ¢aKTH'IeCKH a.aec b M O>KHO r o e opHT b nKw b o nopR.aKax aena'IHH. 

Vb pHc. 6 BH.OHO, 'ITO annoT b .ao 3 H e prHA T - 100 r ae axcnepeMeHTanbHble .aaH 

Hbie MO>KHO X OpOW O 8npOKCHMHp088Tb K8K KpH& Oft (8) , T8K If KpKBOA (7). npH 50flbWHX 

a aeprHHX MHo>KecTaeuu ocTb soapacTaeT . aaMeTH O Me.aneHHee, 1.f8 M T 1': 

B He.qasHeA pa5 o Te / IOI / H3 H OB Or' O 8H8flH3 8 cflOT03 U YflbCHOHHblX pa60 T 

p83flH'IHbiX 8BT0p08 nony'I9HbJ Cne.ayiOWH9 "'Cpe..O.Hif9 MHpOBble' 3 H8'"19HHH MIIO>K9C T88ii

-t 
H OCTK 3 8pR>K9HHblX '1 8CTHU n.. 

. 17, I ! 3,.1 npK T - 2,8.10
3 r ••. 

18,2 ! 2,1 npK T - to
4 r •• . 

15,4 :: 2,8 np• T - 1,8 . 10
4 r •• 

an• J1- Jl 838HMO.Q9A9TBH A H 

LJ.nSI 'n •J/ B38HMO.Q9ACTBHA. 

10,1 ,: 2.3 npH 

10,2: 1,6 

10,3:: 2 
10,4 + 2.4 

T AliJI!!UA I5 

T - 1,6.to
2 r •• . 

T - 6,4. to
2 r ••. 

T - 8, 1.102 r ••. 
T - t,t 5. to3 r · • • 

3&aqeRKS napawerpoB B ~opwyAax (6) K (7) 

B3aHMO- a.. g c a..' ,liCICTBKe 

----
.!1-.N 3,2 0 0,5 I 

Ji-.JII 4,7 0,55 0 4,7 

Ti-N' 3,2 0,2 0,25 I 
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C' 

2 
0,45 
2,2 

H a ocH oBe 3 THX aaHHbtX B pa6 o Te/IO I / nony'teHO 4pe3Bbt'tal!Ho ea>K H oe 38Knto 'teHHe 

:::::::: 2 .1 03 - 10
4 

l 3B 
'»SCbiu.teH KH .. MH O>KeC TB e HH oro o6pa30BBHHH 48C THU npK a HeprHHX T 

0 • 2 3 
B J{•JI B38HMOllellCTBHSIX H npH T ~ 2.10 - 10 l 3 B B Tf-.}{ B 38HM O.Ue A CTBHSIX. 

O .n»aKO 3TO 3BKn i04eHH e He n p e.ac T a anSi e T C SI .aocTB'PO"lHO y6enHTenhHbiM . 

KaK y>Ke o TMeqan oc h Bbiwe , npH 
aHeprHHx T _, 103 - 10

4 
rae MO>KH O roeopHTb 

nHUJ b o nopR.aKe aenHqHHbi c p enHHX qHcen 
r\, 11 ~i: • KpoMe Toro, aaHH bte no .}( • ./'1' 

II 'tf .J{ B3811MOlleliCTBHSIM Henb3SI p8CCM8TpHB8Tb H30nllpOB8HO OT HyKnOH- SillepHbiX B38H

E);..., O'teHb cn.a6o 38BIICHT OT 
Moael!cTBHll, TaK KBK ce'teHIIe 11eynpyr11x B38HM oaellcTBHll 

a Hept"'llll ( 11n11, MO>KeT 6btTb, B 006we OC T8eTCSI nOCTOSIHH bt M BnnOTb llO f'Hf'BHTCKIIX 3Hep-

10 r /3/ l . . rllll T - 10 as , TO HaCbt!lleHII e MHo>KecTBeHHOCTII aon>KHO 6btno 6ht Ha611JQll 8T:to 

CSI II npll B3811MO)le l!CTBIIII 4 8CTHU C S!llp8MII , YJ3 p11 C . 9 BllllHO, 'ITO Hll'tet"'O noao6HOI"'O HB 

3KcnepHMeHTe He Ha6niO.aaeTCH. 

n.~ 

102 

10 

o nh~ 3 
• n h>3 
x c tz 
+ l.tH 
1!. 3in lle27 o~ c'z, 

3in emu. t. sion . 
r. '/3 ,J 
.,.,"""" I 

t L..... ....--

~~ 

nt ~Ji::i/_..£,~ 
~~(-./ 

.nt.~t ! 
1
;-r 

10 J0 2 101 JO" tos T 
p II C. 9. 

CpeaHee 'tllcn o a apH>KeHHbtX qacTIIU, p o>Ka a tolllHXCH npH eaaHMoael!cTBf!Hx npoToHOB 

II 1T' -M e30HOB C Slllp8MII (no llBHHbtM pa60T b/5/ ). 1\,J.. - 'iiiCnO qepHbiX TpeKOB B 

3Be3)le ( MeaneHH bt e q a CTH U bl - B OCHOBHOM n p OT OHbl) . 3 H8'iKOM 1!' OTMe'leHbl llBHHbte, 

nonyq eHHbte np11 8HanH3e B38HMO)le llCTBH l! C Slllp8MH niiBHeBbiX 'i8CTH U, 06 p 830B8BWIIXC.:SI B 

npellb tllyWeM SlllepH OM B3811MOllellCTBRII . n o a aBnS!to!llee 60nbWIIHCTBO 3TIIX '!8CTIIU SIBnSI 

IOTCSI 'Tf - Me30H8MII ( OKOnO 80%, CM.' 1/) . nyHKTHpOM 0603118 '!eHbl HHTep nOflSIUIIOHH bt e 

KpHB bte. 

Yf3BeCTHbie B H8CTOSilUee speMSI 3KCnepHMe HT8 nbHbie .!lBHHbie BO BCeM .OH8ll830He 

3HeprHll T > I rae He npOTIIBOpe'!aT COOTH OWeH II IO ( 6 ). 

K aK y>Ke o6cy>Kaanocb BbtWe (eM . § 2.2), cpellHIIe '!Hcna ~ 
-. 

II 1'\,. • HHB8pH8HT-

Hb! no OTHOWeHHIO K npeo6p a30B8HIIIO (2) II. (3). 

B aaKnto'!eHH e aToro paaaena ocTaHOBHMCSI ewe H!' peaKUHSIX c p o>KaeHIIeM cTpaHHbtX 

l.{BCTHU, HCCne,n OB8HHlO KOTOpbtX llOCBHWeHO 6onbWOe KOnH "leCTBO 9KCnepHM e HT8flbHbiX H 

TeopeTH'ieCKHX pa60T, n pH aHepriiSIX T » I r ae cpeaHee '!IICnO '!8CTIIU , p o>K aatoWIIXCSI 

B T8KHX p e8K UH HX, npH6nH3HTenbHO TBKOBO >Ke, K8K H B pe8KUHHX 6e3 CTp8HHbiX 1.{8CTHU. 
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HanpHMep, s 11'--p s aaHMo.oellcTSH!IX npH T = 1 6 r s/ 124/ 

-t 
IV = 4,4:!0 ,2 s peaKUH!Ix co cTpaHHhlMH '18CTHU8MH , 

ft_t = 4 , 3 :!0,1 s cpe.oHeM no seeM KaHanaM peaKuHH. 

npH M9HbiUHX 9HeprHS1 X, KOr.n,a 3He prHH, 38TpC''{HB89M8Sl H8 06 p 830B8H He HOBbiX t.J.8C T HU, 

He CHnbHO OTnli l.J.89TCS1 OT CyMMbl MBCC po.n.HBWHXCSl CTp8HHbJX ll8CTHU , MHO>K9CTB9HHOCTb B 

peaKUH!IX c o cTpaHHbrMH '!8CTHU8MH MeHbWe cpe.oHell. H a npHMep, s lf--p s aaHMo.oellcr 

/ 1 23/ 
SII!IX n pH T ~ 6,65 r 3s -· t\.;. = 2,5:!0,! S p e8KUII!IX CO CTp8HHb!MH '18CTIIU8MH, 

h,.t = 3,2:;0,2 s c p e.oHeM . 

npH 3TOM p O>K.QeHHe nap bl K - Meao Hos conposo>KJJ.aeTC !I o6paaosaHHeM 6onbwer-o 'IHcn a 

1'f - Me30HOS , '!eM pO>K.QeHHe i"'Hnep OHa . npH 8HHHI"'Hn!IUHH 8HTHHyKn OH OS C 3 H epr-HeJI 

T = 1 r ss cpe.oH ee 'IH c n o '18CTHU s p eBK UH!IX co CTp aHHblMH 'IBCTIIUBMII T8K>Ke , no-S H.QH

MOMy, HeCKOnbKO HH>Ke, '!eM c pe.oHee 3HB'IeHHe (n p H T = 0,4 7 rss COO TSeTCTSeHHO 

/66/ 
4 ,4:;0,5 II 4,95:! 0,2 } . 

2.4. N\H O>KeCTseHHOCTb p o>K.OB!OW!!XC!I n p oToHos , Hel!T p oHos H lT- MeaoHos 

VfCXO.U SI H3 CT8 THCTH1.{9CKHX C006pa>KeHHA 1 OCHOBBHHbiX H 8 H30T OO H4.9CK O A HHB8pH8HTHQC

T H1 MO>KHO O>K H.ll8Tb 1 "'TO B KBHBnBX C .Q OCTBTOt.IHO 60nbLUHM l.fHCflOM p0>K.0810lUHXCH tJ8C THU 

MHO>KeCTSElHHOCTb 38p!!>K eHHb!X 'If - Me30HOS S Cpe.OHeM npH6nH3HTenbHO S .QSB p838 Sbl

we, '!eM C pe.OH!I!I MHO>KeC TSeHHOCTb Tf 0 
- Me30HOS: tt.'lf"'t Z :z. f'l,..-.EcnH 'IHCnO pO>K.QB!O ·

WHXC!I '1 8C THU 1'\.'»'){, T O npH6nH3HTenbHO pBSHb!M C T BHOSIITC!I TBK>Ke 'IHCna lf+. H rr• 
Me30HOS: r\,'lf+ :::: n,..'lr. 0:::: t'\,.11' • . "/ 

npH 3 H e p r-H!IX T >>I r 3s , Kor-.oa OC H OSHO JI SKna.o s Ce'!eHHe 6"~ .OB!OT K8H 8nht <:: 

6onbWHM l.JH C nOM pO>K.ll 810UlHXCH ti8CTHU 1 Be e 9TH COOTHOW9HHH BbJnOnHstiOTCSI H .UnH c pe,a-

HHX 1.fHCen. 

Vl 3 3KCnepHMeHT8nbHbl X .QBHHblX, npHBe.QeHHblX S T86nHU8X J6 H !7, SH.OH O , 'ITO S 

c nyqae TT-- p saaHMO.OellcTsHll yKaaaHHbre cooT HOWeHH!I HB'IHHBIOT S btnonH!ITbC!I npn OTH o 

CHTenbH O M eHbWHX 3Hepr-H!IX, '!eM .On!! c ny'IB!I p- p "S38HM O.Qe JICTSHll. 3TO o 6 ycnoaneHO 

TeM , 'ITO C HCTeM8 n-·- .P C C8MO!"'O HB'!ana C IIMMeTpH'IHB no 3neKTpH'IeCKOMy 38pH.lly . 

n pH BHHII!"'Hn!IUHII BHTH HyKnOHOS paSeHC TS O C pe.OHHX 'IHCen h:. + ':::' n:. . ':::' yt71' • 
11" 1T 

xopowo ShtnonH!IeTC!I np11 scex 3 H e pr-H!IX (eM . T a6mtuy 18) . 

x/ B o6weM c nyqae, O'!eSH.OHO 

r-.oe Gt 
)1{9HHbiX 

T9flbH8Sl 

n..lf. + n..T. "" 1'\..11"- + 1'\..T- + Q. I 

- cyMMBpHblll 3 n eK T pH'IeCKHl! 38p!!.O C T B nKHSB!OWHXC!I 'IB CTIIU, ll.Tt •'I HCnO 38p!!

T!I>KenhiX 'IBCTHU ( K:!: - Me30Hht , npoTOHbl 11 T • .o . ). C pocTOM SHe pr- HH OTHOc H

.oon!l T!I>KenbtX 'IBC TRU yMeHbW Be T C!I (eM • .oanee). 
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--B34MIIO-
}.elc!B He T' r3B 

p•P 0 ,81 

p-n... 

0,925 
0,97 
0,97 
1,5 
2 
2 ,75 

2,85 
J ,5 
6 ,2 
9 
9 
9 

18,9 
24 
25,8 

8 ,7 

9 
9 

25,8 

TAiiJ(!IUA I6 

HyK~OR•RY&•oaawe B3aMwoJ.eRcra•• 

llero}. n,i: rt,o tlp It,. 

B-JIKD • > 0 172 
t 14 0 8+0 I 

16 ' - • B-ITK 0,83+0,07 
B-lK15 • -,.o,73 
B-IJK18 H >0 82+0 03 
B-ITK19-~I 0

1

97:o'o4 
' - ' B-JIKI7 • I,4 

B-ITK23 • 
.25 
4>47 
.52 
.49 
.50 

.56 
B-ITK58 
.60 

I,5 :.0,2 
1,9 :.o,3 
2 ,36:_0,14 
I,9:_0,2 
2,24:0,I4 
J,7:.0,5 

J,2 
2,9:_0,2 

7 
• 2,82+0, 2I 
t 52 ~ 1,7~0,09 
t 62 ... <2,5 + O,I4 

60 -t 2,9 ! 0,2 

> 0,04 ~ 1,04 .,.. 0,72 
o, 2:.0,1 
0 017:.0,03 
,. 0,18 

1,2:.o,I o,8:.o,I 
I,I4:.o,09 o,8I:.o,07 
>1,19 ::>0,73 

>O,II:.O,OI 
0,37:.0,02 

0,6 

'> I,04:.0,04 >0,68!.0,02 
1,24!0,04 0,76:.0,03 

I,I9 0 ,76 
::>-0,79:.0,04 ,..0,52:.0,02 

o, 75:.o,I•• 
0,95:.0,2++ 
I, 18!0 ,o,.• 
0,75:.0,27 
0,9:_0,3 
1,8!0,3++ 

1,6 
I,45:.0,2++ 

0,96:_0,18 
0,98!0,14 
I,2:_0,14 
I,IB!O,I 

I 
1,5! O,I 

1,04:_0,18 .. 
I,02:.0,14A 
0,8!0,1~ .. 
0,82:_0,1 " 

I 
0,5:_ O;I .6 

1,61:_0,49 ~11:.0,1 ~,89:_0,1 6 

~ 0,88:.0,05++ I . I "' 
< 1,3! 0,07 .. <.I,24:.0,I4 >0,76:.0,I4"' 

1 045! 0,2 0,7! 0,1 1,3 :.0,1"" 

11-JI 6,2 
roo 

t 104 I 5I+O I8 
IIKB (ci2) I05 ;,~0 : 7 

o,15:.o,1•• 
I, 7:_0,4++ < 1,2 :_0,25 A -0,8 A 

rol IIKB (ci2) 105 5,5:.1,0 2, 7!0,4++ < 0,8:. 0,2 4 

• ) fipMBSAeHHUe 3Ha~eHMA AB~AmTCA HBZBHIIM ·OneB&aiiK 0 T6K KaK DpH HX JllqKC~eHKR 
du~a ordpoleRa ra ~acrb codwrKI, a &oropol He YAa~OCa OJ.R03naqRo onpeJ.&IKTb 
copr poZAam.-xca ~acrxu. 

H ) Cu.npMM&qaHM&~ K rad1.1. 

+) B rex cny~a•x, &orJ.a a AaHBYX padorw/171 He YAa~oc• OJ.H03BaqRo pa3J.ea•r• 
&aR6~Y peaKUKK 1 3TH &aRa~Y paCCMatpMBa~KCb paBBOBepoltBIIKI. 

++) fiOl!y~eHO B npe}.ITOJIOJ:&HMM 1 ~TO n:.,.:!: Z 1. tl-
11

• 

A ) fipM BliqHc~eRKAX npe.IUIOJiaraiOCb t ~tO I"V + n., -:: 2_ 
• ... ) r " 

B DpMBeAeRHYe 3RaqeHK8 He B&~mqeH IKAa}. OAHOJiyqeBYX 3183A, 

A ) Upxae,.eaRoe 3aaqen•e paaRo qwcxy acex 3api&BRHYX qactKn, doJiee ta&e•wx, qeu 
1!' •lle3 OHY • 
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B3al!uo-
AeRCTBI!e 

lf:.p 

lT-- t\.... 

T,r:J s 

0,8 
0, 86 
0,96 
I 
I, J 
1,5 
1,72 

6,65 
6,65 

1,09 
1,26 
6 ,65 

TAEJ!ill.lA 17 

IIHOH-HyKAOHHYe 83aHWOAeRCTBHH 

t'1n:-± Yllfo lleTO){ 

B-IIK'7J 

c~8 1,2:0,17 O,tl!_0,07 
B-IIK

79 >1,24!,0 106 >0,72:0,07 
B-IIKJl-3J>l ,'12+0 ,18 >0 1 61+0 107 

J4 - -
II-IlK >1,32+0,15 >0,71+0 122 

36 - -
B~lK 1,51+0,16 0,56+0,06 

37 - -
B-JlK 1,9 0 179 
II-IIK88 2,6•0,3 - 1 13+0 , 2 

123 - -
II-IlK 2,96!.0,25 * 1 1 48:!;0 1 18 

B-IIK41 + ~I, IJ+O,I ~ 0 ,62+0 106 
41+ - -

B-IlK ~I,I7:0,I ~0,5:!;0 1 05 
B-IIK123 J +0 45 ,.. I 5 + 0 3 - , ' - ' 

Yl-p 

0,4!,0,02 
:>0 135:!;0,02 
>0,28!,0,06 
>0,32!,0,05 

o,55:o,o8 
0,28 
o ,55:o,J 

~ 0,62!,0,06 
~ 0,05;t0,05 

/t.,l'\. 

0,6 :0,04 
;.0,59!,0,04 
,.0,6I:t0 108 
>0,65:0,12 

0,45:0,05 
0,72 
0 45+0 33 1t"~ 
' - ' 

> o,I4:o,o3 
.,.0,19!,0,03 

-------- - -- ------
*) Ilo.llylleHO B npe,llllOAOJ:eHI!H 1 liTO t\,1f± '::" :;t.K.'Ifo ' 

~"') BY'IIICAeHO 113 yCJ!OBHH: Yl, + fi_: f. • :)CoCIYTHH C HeOAH03Haii!IOA 
---- ------ - --------!P __ _::"':___ l\116A He YIIHTYB8JIHCbo 

p-p - .,. 
p-~ 

TAEJIHUA 18 

AIIHHTIIJIHI\HH aHTMHYKJ!OHOB np11 3HeprHH Tc0 108 
( 0+0,23) r :J s 165 ' 

(n-nK) 

t'l-11". YL 11"- I'Lw· 
1,53!,0,08 1 1 53!,0 1 08 I,60;t0,50 

I,IJ:.O,I8 1,53!,0 116 0,70!,0,78 

H)I.6HTHij>I!K8• 

lf) Ilpi!Be,lleHHYe 3H811eHMH BY 'IMCJ! eHY 113 3KCnepHlleHT8AbiiYX 

,ll8HIIYX AJ!H B:lai!N:O,llellCT BIIH aHT I!npOTOII OB C npoTOI!alll! 

11 c yrnepo.n:ov: 

ti..-crt\.)=.1.KnCpc'2.)- Kn-epp) 
( OWIICIKII - Cpe,llHeKB8 ,llpaTI!IIHYe) . 

·10 

cpe~ 

.a on 

6 on 

npH 

O ll eJ 

0,2
1 

.a on 

J{-,J 

T ': 

Bpe 

B 38 

o6~ 

py r 

CBH 

xa~ 

B B>l 

Me 
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EcnH 'IHcno p o>K.08JO!UHXC R 'I8CTIIU 'i\,»1. , TO c xopowell TO'IHOCTb!O paBHhl T8K>K e 

cpe.OHHe 'IH C118 pO>K.Q8!0lllHXCR npOTOHOB H H 8 l!TpOHOB: 

H a Ta6nHU 16 H 17 BH.OH O , 'ITO B o6naCTII y c KopHTeJJbHhlX sHeprHA OTH OC HTenbH a R 

.QOJJR TR>K811blX 'I8CTHU, 06p83Y!OlllHXC R B H e yn p yrl!X Jt/•.JI B38HMO.O e tiCTB HR X , yM8Hblll88TCR 

6011 8 8 '1 8M BllB08: OT 3H8'18HHR 11.T /n.-:: 0, 7 npH T ":::' I r sa .QO 3 H 8 '18HHR n.T/1'\. ':: 0,3 

npH T ~ 25 r sa. npH ll8ITbH8l!lll8M YB8ITH'I8HHH 3H8prHK OTHO!ll8HH8 1'\.T/1'\. H3M8HR8TCR 

O'I 8 Hb M8ll118HHO K n pH rHr8HTCKHX 3 H8prHRX (T - 105 - 106 
rsa) COCT8BITR8 T OKOJIO 

o,/ 131,1 34/ . 

8 c ny'I88 'fr•JI B38HMO.Q8l!C TBHll B 061!8C TH yCK OpHT811bHblX 3 H8prHl! 0 TH OCH T811bH8R 

ll011R pO>K.Q8!0lUHXCR TR>K811blX 'I8CTHU npH611H3HT811bHO B .QB8 p838 M8HbW8, '18M npH 

JI-Jtf B 38KMO.Q8l! CTBHRX: npH T ~ I r sa 3 T8 .QOJIR C OC T 8B11R8T npH611H3HT811bHO 0,3, npH 

T ~ 16 r sa - OK0110 0,2 . .ilnSI 60JJbWHX 3 H 8prHl! 3KCIT8pHM8HT811 b Hbl8 ll8HHbl 8 B H8CTOS!lll88 

BpeMH H€H3BeCTH bl. 

HM8 !0TCR 3KCn8pHM8HT811 bHbt8 yKaaaH HSI, 'ITO B o 6nacTH O'I8Hb BhtCOKHx sHeprHA npH 

B 3 8HM0.08l!CTBHRX C 6o11bW8l! MHO>K8CTB8HHOCTb!O H 60JJbWKM K03cj:>cJ:>HUH 8 HTOM H 8 ynpyroCTH 

0 6paayeTCSI O TH OCHTen bH O 6 0 nhwee "'H CnO TSI>KenbiX "18C THU. 

no.op06H08 06Cy>Kll8HK8 3THX BOnpOCOB M O>KHO HBl!TH B 0630p8/l/• 

2.5. Tp8X'IBCTH'IHht8 p8BKUHH 

K aK y>K8 OTM8'18110Cb Bb!W8, npH 3 H 8 prHSIX T )o I rsa , Kor.oa 'IHCJIO K8H8110B H8yn

pyrHX p88KUHll 6blCTp O B03p8CT88T, 8 BK118ll K B>K.QOrO H3 K8H8110B yM8HbW88TCSI , .QJISI OnH

C8HHSI H8ynpyrHX B 38HM0.08 l!C TBKl! 601188 y .Q06HblMH CTBHOBSITCSI Cp8.QHH8, B8pOS!THOCTHbl8 , 

X8p8KT8pKCTHKH. 0.0H 8KO ITO.Qp06H08 H3Y'I8H K 8 H8KOTOpblX napUK811bHbiX p88KUKll OCT88TCSI 

B8>KHblM Cp8.0CTBO M ll8T811bHOl! npoaepKH p8 3 11H'IHblX T8 0 p8TK'I8CKHX MO.Q8118l! K np8.QITOJJO

>KeHKll. C STOll TO'IKK 3 p 8H H SI 6011bWOl! HHTe p 8C npe.QC1·8B11SI!OT Tp8X~8CTK'IHbl8 peBKUHH, 

YHcno 'I8CTHU, yqacTBY JOlllHX B 3THX p88KUHSIX, H8B811KKO, K T80p8TH'I8CKHe pac'I8Thl cy-

lll8CTBeHHO ynpO!U8!0 T CSI , 

3KcnepHMeHT811bH bl8 C8'18HH SI HBH60n8e XOpOWO HCC 118.QOB8HHblX olt(.Jt( H 'fr•N p8-

8KUHll yKaaaHbl B Ta6nHuax 19-24 . H a pHc . 10 H II npHB8ll8Hbl cooTB8TCTBY!OlllHe HHTep-

nonHUHOHH bt€ KpH:Bbl€. 

K aK BH.QHO, 'IHCJIO 3 KcnepHM8H T811bH b!X T O'I8 K B o6nBC TH T ;!!:. I r s a HeB811HKO. 

Y T06 bt ny'IW8 onpe.o8nHTb 3Hepr8TH'I8CKYJO aaBHCHMOCTb ce'IeHHA, a Ta6nHuax H Ha pHcyH-

KBX YK838Hbl .D.8HH bl€ T8K>Ke H ,anSI H e60nbWHX 3He p rH A , BnnOTb .0.0 nopora. 

BnonHe OT'IeTJJHB D npoSIB11SI 8TCR M B K CHMYM H nocn8.0YJOlllHA cna.o ce'I8HHll. TaK o ll 

xapaKT8p 3H8preTH 'IeCKOl! 38BHCHMOCTH H M88T npOCTOe C T8THC TH'I8C KOe 06bSICHeHHe 

(cp. § 2.1 ). 
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T 

~ 289 M3B 

295 
313 
328 
350 
360 
374 
400 
412 
445 
458 
485 
507 
531 

560 

590 
597 
610 
622 
630 
638 

645 
652 
660 
665 
970 
2 r3B 

2,85 

TAEJIID.!A 19 

CelleHHe peaKUHH p + p ~ p,.. p + 1f 0 

MeTO~ 

cD5 
cD5 
cD5 
cD5 
cD5 
cD5 
cD5 
cD5 
cD5 
cD5 
cD5 
cD5 
cD5 

cD5 

cD5 
cD5 
cD5 
cD5 
cD5 
cD5 

cD5 
cD5 
cD5 
cD5 
B-JlKI5 
B-IIK19 
B-IIK23 

4 2 

o--, .,44$ 

0 
~ 0,004 

0,006:0,004 
0,014:0,006 
0 018+0 006 
o:oso!o:oo8 
0,04:0,01 
o,o9:o,o2 
0 , 12~0 ,02 

0,20;t0,02 
o,so:.o,o3 
0,45:_0,03 
0,7I:0,05 
0,84!:,0,06 

1,24:0,07 

I ,84!:,0 ,IJ 
I,96!;0,IJ 
2,25:0,13 
2,61!;0,17 
2,74:0,!6 
2,90:0,18 

2,93:0,!7 
3,00!;0,!8 
3,22:0,17 
3,24:0,!8 
4,3;:0 ,5 
3 ,85:.0,22 
2,90!,0,J I 

T 

:£ 292 12 Jl:lB 
340 
345 
365 
38! 
405 
437 
485 
52! 
557 
584 
597 
609 
621 
633 
646 
657 
970 
2 r :l s 
2,85 

TA.BJIHUA 20 

CeqeaKe peaJtUKK p + p ~ p + n... + lT + 

Yero)( 

~IJ6 
.pl25 
.pl25 
.pl25 

II-IIKIJ7 
cD8 
cl39 
cl39 
cD9 
cl39 
cD9 
cD9 
cD9 
cD9 
cD9 
cD9 
B-.IIKI5 
B-IIKI9 
B-IIK23 

TAEJIHUA 2! 

6" ,..s , 
0 

0 128:0 1!0 
0,4J:0 1 IO 
0,613!0,18 
I,I5t0 1 27 
0,63:0,06 
1,06;:0,24 
2,0;!:0,3 
3,!;:0,4 
4,5;:0,4 
5,5;:0,5 
6,3;:0,5 
7,Q;t0,5 
7,8:0,5 
8,9:0,5 
9,9:0,5 

10,9;t0 1 5 
16,4!;0,7 
!6,06;!:0,44 
II,44;t0 1 65 

CeqeHKe pealtUKI! 1T -+ p ..... p + rr-+ 1f 0 

T 

i !64,8 il :lB 
340:!5 

557 
604 
640 
761!10 
77I:IO 
775 
810 
87! 
960 
1,02 r:ls 

Mero.ll 

B-IIK140 

B-IIKI'I2 
B-IIK14I 
B-IIK3I 
B-IIK143 
B-IIK143 
ll-K144 * 
B-IIKJI 
JI-K144 * 
B-IIK79 
B-IIK3I 

t! ) JIDMKHKCUeHTHaR KaMepa. 

43 

6", .... b 

0 
0 n•O,o6 

I -0,04 

2,75;: 0,3 
5,0 : 0,6 
5,3 : 1,2 
6,75!: I,O 
6,7! 0,6 
4,2 
4,6!; 0,6 
7 

7,!!; 0,8 
4,6 : I,O 



TAEJBmA 22 
Ce qeHHe peaKnHH 'TT'-+ p ~ rt.+lf++ lr-

T 

~ 172 M3 B 

260 
317 
340;!)5 
365!.15 
365 
371 
427 
43~ 

435 
466 
480 
557 

560 
604 
610 
640 

678 
761~10 

771;!)0 
810 
960 
1,02 f 3 B 

MeTo,IJ; 

ci45 
ci45 
B-IIK140 
c146 
B-IIK147 
ci45 
ci45 
CI46 
B-IIKI47 
B-IIK147 
B-IIKI47 
B-IIK142 
B-IIK147 
B-IIKI41 
B-IIKI47 
B-IIK3I 
B-IIKI47 
B-IIK143 
B-IIKI43 
B-IIK3I 
B-IIK79 
B-IIK31 

44 

6', .4AS. 

0 
0,14 : 0,10 
0,71 ! 0,17 
1,24 : 0,14 
2,07!:, 0,09 
1,93 : 0,16 
1,93 : 0, 37 
3,36!. 0,74 
3,26: 0,14 
3,7 : 0,3 
4,0 !. 0,3 
5,0 : 0,3 
5,01: 0,4 
5,8 !. 0,5 
7,1!:. 0,8 
6,1 !:. 0,4 

10,4 : 1,8 
6,1 !:. 0,6 
13 ! I ,5 
13,7!:,1,0 
II,5:2,0 
8,9;t1,0 
9,1:2,0 

T AEJI !filA 23 

Ce t~ eRKe peaxnKH T-+ p,.. n.+tr'+lr" 

-- ----
T Mero.J; G, to~t 

-
~ !60 ,7 113 8 

365 B-nK147 0,5:.0,511 

373 B-ilK76 0,65:.0,65 
421 B-nK76 1,25:.0,50 
435 B-nK147 1,65:.0,86* 
466 B-nK147 2,04:0,911 

470 B-nK76 0,85:.0,75 
480 B-nKI47 1.05!;0 1 • 9* 
560 B-nKI48 5,65:.1,0 * 
568 B-nK76 4,05:.0,80 
592 B-nK76 3,42!;0,70 
604 B-nK141 5,7:.2,2 
610 B-IIK148 5,15:.0,9211 

678 B-nKI48 5,55:_1,0 !( 

691 B-nK76 3 ,64!;0 ,50 
864 ' B-liK76 3,5B!;0,70 
I ,II2 r as B-IIK76 2,03:_0,40 

If) 
il oRyt~euo xax pa3uocra no~uoro ceqeuHa pozAeHKft scex ueRrpanaHYX 
t~aC TK I.\ 6 0 11 ce<~eHHll ynpyroro pacceauu c nepeaapli)U(Oil S...,. : 

6 ( 1\.11'0 Jr., = 6"o- 6'-D: . 
3uaqeuKa 6'"'cx 
.J;aBHYXo 

no~yqeHY KHTepnonftl.\KBR K3BBCTHYX 3KCnepKMBHTanaHYX 

TAEJIHUA 24 
Ce'leHI!ft rpex'laCTK'IHYX rr+--p B3aKMO;tei1CTBKR 

T --
~ 164,8 (I)M3B 

172,3 (1) 
600 
820 
900 
910 
1,05 r ::> s 
1,09 
1,26 

Mer o.ll 

B- nK148 
B-IIK40 
B-ilK40 
B-nK148 
B-IIK40 
B-ilKI48 
B-IIKI48 

5 , J411f 
rr+p•pJi ... TT" rr+-p•n..1T+rr+ 

0 0 

3 ,55:.0,53 
9,3 :.o,8 
8,6 :.o, s 
II :. 0 ,9 
8 ,9:.0,9 
II ! I 
II ,B!;I ,2 

·~ 

0 ,78t,O,I7 
I,9 !;0,3 
2,4:. 0,4 
2 ,8:. 0,4 
2, 3:. 0 ,5 
2, 6:. 0 ,5 
4, 6:_0,7 



6 

16 

14 

12 

fO 

8 I 
6 

' 4 

2 

0 I A.:/, I I I I I 

0,2 0,5 I 1,5 2 2,5 T 

p I! c . 10 

Cet.teHHs:I TpexqacTH"'HbtX p- p pea KuH H. 

o p+p•p+n..+lr+ ; • p+p .. p+p+tro . 

46 

6mb.---~--~----~--~--~--~ 

10 

8.0 

&0 

4.0 

2.0 

0 

I 

,L/--l., 
/I 1 , 

I \ 

'/ }--r--~·, 
'/ 

/ T ' 
, I // ·/ -""/ ' --- ' 

0,2 Q4 0,6 0,8 1,0 1,?. T Gev 

CeqeH JHI TpexqacTHt.{HhtX 

0 lT-tp .. l'\..+1\' ... + lT

• rr· t p .. p+ 1T-+ 11' 0 

A lt·+p _. 11.+11' 0 +'\t • 

P 11 c. II 

1J" • .}( pea KUI! l!. 

1C 1\" ... +p .. p+11' ... +11'. i 

• 11'++ P .. n..+ rr+ + w+ ; 

c - + n n OW H bie KpHB bie O TH OC SI.TCH K Tt' - p B38HMO.ll9 A CTBHHM , nyHKTHpHbl€ - K lf -p 
B38HM OAeftc TBH HM. 
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C nOMOWb!O n peo6p830B8HHJI (2) H (3) nerKO nony'lHTb Ce'!eHIHI CTOTIKHOBeHHJI C Hell-

TpOH8MH H 8 HTHHyKnOH6MH. 

2.6. )layxnHOHHBH BHHHrHTIHUHH B HTHHYKTI OH OB 

B 3BKnJO'!eHKe npKae.aeM H3BeCTHbie 3 KcnepKMeHTBnbHhie JlBHHble o ce'!eHHHX nayxnH

OHHOll BHHHrHTIHUHH BHTHnpOTOHOB. 3TH JlBHHbl e OTHOCHTCH K 3HeprHHM n o pHJlKB HeCKOTibKHX 

COTeH M a s. npH noporoaoll 3HeprHH T - 0 BHHHrHnHUHH npOHCXOJlHT B OCHOB H OM 11 3 CBH-

38HHOro cocTOHHHH npoToH a 11 BHTKnpoToHa (aHTKnpoTOHKHl. CnenyeT o>K KJl B Tb, '!TO a aToM 

cny q ae cywec TaeHHyJO ponb HrpBJOT npaaHna oT6opa, acnenc TBHe '!ero ce'!eHKH nayxnKoH

Holl BHHHrHTIHUHH 6yJlyT 3H8'!HTenbHO MeHbWe npi!BeJleHHbiX B TB6nHu e 25. 0JlH8KO 3KCnepH-

M9HTBnbHbiX .Il8HHbiX 3.Q9Cb ewe He nony'ti9HO. 

Ce'!eHHH nayxqacTH'<HOll BHKHrKnHUHH c po>KneHHeM CTpBHHhiX '!BCTHU npKaeneKbi a 

pa6oTe
121

• 

3KCne pKM e HT8TibH Oe HCCTieJlOBBHHe AHHHrHTIHUHH BH THHYKTI OH OB HB JlBe '!BC THU bl npen

CTBBnHeT 60nbWOJI HHTe p ec , B '!BCTHOCTII, JlTIH ycosepweHCT B OBBHHH CTBTHCTH'leGKOJI Teo

pHil HeynpyrKX B38HMOJl e JIC TBHJI. 

111. 3HEPrVI.H VI VIMnYnbC PO)f()lAIOlUVIXC.H 'iACTVIU 

P acn peneneHHe p O>KJlBJO WHXCH '!BCTHU no KHHeTK'!ecKoll aHeprKK, HX pacnpeneneRKe 

no no Uepe'!HbiM HMnynbC8M 0 JlOTIH• 3HeprHH 0 38Tp8'll!B8eM8H HB o6p830B8HHe HOBbiX 'IBCTHU, 

- BCe 3TH BeTIH'IHHbl HBTIHIOTCH cyWeCTBeHH bl MH X8p8KTepHCTHK8MH Heynpyroro B38HMOJleli

CTB HH. Vl 3 HX 8H8TIH38 MO>KHO nony'lHTb BB>KHhle CBeJleHHH 0 BHyTpe HHel! C TpyKType CTan

KHBBIOWHXC H '!BC THU B MeXBHH3Me B38HMOJlel!CTBHll npH 60TibWHX 3HeprHHX. 

)lanee Mbl acerna 6yJleM nOTib30B8TbCH CHCTeMOll ueHTpB MBCC. 3TO n03BOTIHT HCK

TIIO'!HTb Hecywec TBeHHbie acj:>cj:>eKThi, KMeJOwKe '<HCTO KKHeMBTK'IeCKoe nponcxo>KneHK~. B 

1.{8CTHOCTH 1 npH 3 T O M 3H8"1HTenbHO OCna6nR9TCSI 38BHCHMOCTb HMnynhCHbiX H 3HepreTHttec -

KHX pacnpeneneHIIll oT yrna Bbine T a '!BCTHU. B HeKOT OpbiX cny'!aHx, H a npi!Mep, np11 onHo

apeMeHHOM p O>KJleHHH 60TibWOrO '!HCTIB lf -Me30 H OB 0 yrnOBOl! 38BHCHMOCTb!O B npe ne

nax aKcnepKMeHT a nbH hix ow116oK MO>KHO aoo6we npeHe6pe'lb. B na6opaTopH o ll >Ke cReTe

Me KOOpJlHHBT, KBK 3TO BHJlHO, HBTipHMep, H3 pHC. J2, JlB>Ke UpH He60TibWOM H3M e H eHHH 

yrna '!HCTIO p O>KJlBIOWHXCH '!BCTHU H3MaHHeTC H B JleCHTKH p83 . 3TO H3MeHeHHe HBTIHeTC H 

TeM 6onee CHn bHblM 1 '19M BhiW9 3HeprKR CT8nKHB8JOWHXCSI tJ8CTHU. 

n oHHTHO, 'ITO B bl60 p CHCTeMbl KOOpJlHH B T He BTIHHeT HB nonepe'!Hble HMTIYTibCbl '!BC-

THU. 
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TAElliD.lA 25 

Cet~eHHe B.HHHrHJUIIUfH B.HTHnpOTO~B. HB. .ua. 1r ll930 HB. : 

P + P ~ rr++.,.-
T,f3B YeTO.lt G·l 0 2.lc,...t. 6/6&.rt% 

0,47 II-IIK66 "' o,r -0,2 
0,92 B-IIKI49 O,II9!_0,030 0,25!_0,06 

3.1. Cpe.uHRR <>Hepr~<R 'IBC TifU 

B lfBCTORWee apeMR lfMeeTCR 6onbwoe KOnlf'leCTBO <>Kcnep~<MeHTanbHbiX .uaHHbi X o6 

3HeprHRX H HMnynbCBX 'IBCTHU , p 0>K.U8IOWHXCSI n pH HeynpyrHX B38HMO.UeJICTBHSIX, nepaoe, 

'ITO 06 pawaeT H8 ce6H BHHM8HHe npH p8CCMOTpeHifH 3 THX .U8HHbiX, 3TO O'leHb cna6BSI 38BH

CifMOCTb C p e.UHeJI 3He prlflf pO>K)lBIOWifXCSI 'IBC TifU OT HX COpT8 H OT COpTB CTBnKHBBIOWHXCH 

LfD.CTHU BO BC e X cnyT.I8HX, KOr.ll8 cpe.QHS1S1 MH O>KeC TB8HHOCTb .llOCTBTQqHQ BenHK8 

( ~ 3-4). Onpe.uenRIOWell a <> THX cnyqaRx RBnReTCR nlfwb <>HeprlfR 4 ~.· E.-(1'1,•11.) , 

d1N 
dSI.dp 

•4 
ro ~o------s~-----~.'0~----~~ 

'' P Gev/c 

p H C . 1 2 

lJ:HCnO n p OTOHOB II 38pR>KeHHbiX 1f -M e30HOB , pO>K.UBIO WHXC SI ITO.U p83Hb!MH yrnBMH B 

na60p8TOpHOJI CHCTeMe KOOp.U HH BT npH B381fMO.Uel!C";BHH 3~77~'}H bi X npOTOHOB C H.UpBMH 6e-

pHnnH11 ( 8 • 9° H 2 0 0 ) H anniOMHHHR ( 8 = 4,75 " 13) • CnnoWHbie K p HBbie - npoTo-
H bl , nyHKTHpHbJA - 1f -Me30Hbl . 
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KOTOpaH MO>KBT ISb!Tb aaTpaqeHa Ha o6paaoeaHR9 HOebiX qaCTIIU 

cTanKReaiOLURXC H qacTRU e CKCTeMe KX ueHTpa Mace , M, " Mz. - Maccbi 

3To xopowo eKilHO Ra Ta6nKu 26-29, rae rrpReeaeHbl cpellHKe aHa'leHKH 

S
"t:._. 

't: "' "t:: W(t:) ct"t:, 
0 

eb!'IKCnBHHbl9 llO aKCll9pKM9HTanbHb!M aHepreTK'IBCKKM CllBKTpaM 

wCr.)-= ..!. L. 
6'. . 

ro<O. ~> ... " 

'd6". ('1:) n... . __. 
J ~"C 

(8) 

(g) 

~ - llKtPtPBp9HUKanbH09 C9'19HK9 pO>KilBHKH 'laCTKU O!lpeaeneHHOrO CO pTa e 

n... 
J 

J - OM KaHane Heyrrpyrol! peaKuKK , - ttHcno 9THx qacTHu ; a.aecb H aea.ae .na-

nee 1: - KKHBTK 'IBCKaH , c -::'t: + M - rronHaH aHeprRR qacTRUbi e cKcTeMe ueHTpa 

Mace). 

Mo>KHO cKaaaTb, 'ITO e HeyrrpyrKx e aaKMoael!cTeKHx qacTKU npK 6onbLUKX aHeprKHX 

(a e cnyqae aH HKrRnHUKK Jl'-rJY llpK n1060J! aHeprKK) Ha OllHY ::::T9ll9Hb Ce060tlhl e 

cpetlHBM llpKXOilKTCH !lpK6nK3RTBnhHO OllKHaKOe Oe KOnK'IBCTeO KKH9TR'I9CKOJ! aHeprRK, C 

aToll TO'IKK 3p9HRH aHepreTK'I9CK09 pacrrpetleneHRB pO>KtlaiOLURXCH qaCTKU HenHBTCH 6onee 

Yll06HOJ! xapaKTBpRCTRKOJ! HeynpyrRx eaaKMOilBJ!CTeRl!, 'IBM pacrrpeaeneHKe aTRX qacTKU 

!lO HMnynbCaM, KOTOpbl9 CyLUBCTeeHHO aaeHCHT OT MaCe 'laCTHU , HarrpKMBp, CpBilHK J! HM 

nynbC rrpOTOHOe , pO>KilaiOLUKXCH e tr -- p "" CTOnKHOeeHKHX npH T ~ 7 r ae , !lO'ITH e 

3TOM lt' -Me30HOe ; p p 0::. 0,9 r a e/c, paaa 6onbwe RMnynbca po>KaaiOLUKXCH npH 

- /90/ 
P ~ 0,5 rae/c , e TO epeMH KaK 

'II' - -
RX C p91lHH9 KKH9TH'I9CKR9 aHeprKH npaKTR'IBCKH 

OllHHaKOebi; "(. p '::: "t;" 11' '::;' 0,4 r aa, 

O aHaKo eo MHorKx cny'laHx paeeH c Te o KKHBTH'IBCKHX aHeprHl! po>KaaiOLU KXCH qacTHU 

Bb!llOnHHBTCH B9CbMa llpH6nH>K9HHO, T aK, HBCMOTpS! Ha 6onbWK9 OWH6KH H3M9p9HHJ!, KHHe

TK'IBCKaH aHeprHH rrpOTOHOe 'laCTO OKa3bieaeTCH aaMeTHO 60nbW9 KHH9TK'19CKOJ! aHeprHH 

lf - Me30HOe (oco6eHHO aTO aaMBTHO e cnyqae .JI{-Jt{ .j.eaaHMOilBJ!CTeHJ!), 

CneayeT TaK>Ke noaqepKHYTb, 'ITO cna6aH aaeKCHMOCTb aHeprHH "C' OT copTa 

pO>K.UBlOWHXCSI H CT8nKHB8lOWHXCR tr8CTHU HMeeT MeCTO nHWh B CHCT8M8 U8HTp8 M8CC. 

npR nepeXOil9 K na6opaTOpHOi! CRCTBMB KOOpllRHaT a T a aaeRCRMOCTb CTaHOBRTCSI 0'19Hb 

38M8TH OA .. HanpHMep, cpe.aHHe KHH8TH1.f.8CKHe 3HeprHH lT .,_ H rr--Me30H OB , pb>K.O.aiO-

LUHXCH e HeynpyrKX 11'-- p eaaRMOilBl!CTBIIHX npK T = 6,65 r a e, B na6opaTopHOi! CReTe-

Me KOOpllRHaT paanll'!aJOTCH llO'ITR eaaoe
1881

: ;; :, (1 ,55+0,08) r aa, B - r- -
-c rr• = (Q, 76_! 0,12) raa , C tPOpManbHOJ! T O 'IKR 3p9HIISI aTO o6ycnoBn9HO TBM, 'ITO e 

CRCT9M9 UBHTpa Mace yrn OebiB pacnpeaeneHRH qaCTHU paanH'IHb!X COpT Oe CRnbHO paanH-

'IaiOTCH (eM. rn . IV), KpoMe Tore, npR penHTRBRCTCKOM rrpeo6paaoeaHKR K na6opaTopHol! 

CRCT9M9 KOOpllHHaT CyLUBCTBBHHO CKa3b!BaBTCSI TaK)!{9 paanR'IHB Mace '!aCTRU (cp. CllBKTpb! 

npOTOHOB K lf -M930H Oe Ha pRC 12). 
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Bsa•llo
.J.eiCTBKe 

p-p 

p-n... 

J(-j{ 

p- p 
rr--? 

TAlil!!lllA 26 

CpeAH•• EIHeTR'Iecxas 3Repr•B HyxnosoB nocne aeynpyroro 
B!laDIO.J.elcnu 

T, .I'3B lleTO,J. 

0,81 
0,925 
0 ,97 
1,5 
2 
2,75 
3 ,5 
4,2 
6,2 
8,7 
9 

B-lK13,17 
tl4 
B-lK15 
B-.IJ{I7 
B-UK19,20 
B-.II.KI7 
.25 
.45 
.47 
.150 
.51 

9 .49 

I8,9 t55 

~I 

(0,5+1,5) 
B-lK26 

1,7 B-J!K27 
(1,0+2 ,2) 

9 .51 

6,2 
8,5!1 
27 

.104 

.152 

.153 

-5oo IIKB(ci2)Ios 

(102+103) 

3 B-UK69 
0,96 
I 

B-UKI54 
B-J!K,t151 

I B-UK3I 
I,I5 
I,3 
1,37 
1,37 
1,5 
172 

.so 

.l-lK34 
B-lK35 
.n-lK81 
B-lK36 
B-JlK37 

4,5 
4,7 

t85 
B-lK86 

6,8 
7,3 

.90 

.155 

7,5:,0,5 n-nK156 
B-llK96 

't; 
nporoRw 

61!7 
84!,9 
78!,4 

192!23 
166!,3 
2113!50 
350+36 
310:4411 

510!,64 
602:87 
582:45 
430:,50 
620!,37 

76!,5 

liS! II 

540!,100 
596!,90 
535:180 
320+65 
582!96" 

36!,41111 

81:5 
74±811 

90+9 
I51!2s11 

149:13 
132+1911 

113:1811 

I2G!I,-
II5!,14 
390:,49 
288!)8 

372:,30 
439:107 

750+10 

1138 
senpoHII 

59:6 
85:8 
84!,5 

I72+_20 

44!,6 

109!,18 

90!,5 

90:6 

II6:8 

I85:54 

407:66 

rr--11 
I6!3 
I ,37 

1207!16011 

.li·J!K81 II3:1311 

4,5 
7 

<P85 252:28 
ti57 393: 36 

~ 
llpHBe~eHH08 3Ha'I8HHe AB~AeTCA Cpe,J.HKW ~~a npOTOHa H ,J.~A HeRTpOna, 

••) JTO 3R8QeHMe, CTporo rOBOpA, OTHOCHTCA KO BCeW TA•e~YW 'laCTMUaW. 
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IW!!!!! 27 
TaO.I!IIga 27 

Cpe.lRR• Ewser•qecuur aaepr•• Tr -11.esonoa noe.u neynpyror o 
( np o,~~;oueHze ) 

113aiMO,UICtJ•I 

p-N "' 0 .63 
239:,!211* B3alfMO-

"f'' .M ~'1r- trrJ* "'0 tll9 251+!01111 .l6 1t CTBHe T, f 3 B MeTO.l "" .. ,.._o 9II8 
197;21+ B-.!.KIJ 102! 6 -p- p 0,81 

.p14 II5>D 0,05 J:-rrK64 23I!;I7ilil 
0 ,925 

B·.!.K15 14s!9 ( 173 ~ 36) (0.0,1) 0 ,97 
I ,5 B-.!.K~~ 20 lJ4• 14 

0,08 .120 
208:281111 2 ,0 B-l!K ' 1n:3 149~52 

(0•0,23) 2 ,7 .p22 - 106· 1511( 

.122 2 , 75 B-.I!K17 1 6~J? I45! r 6*" 
0,14 206+20+ .45 
(0.0, 23) -4,2 194+23 .. 

6 ,2 .47 
3oo! I oo"" 0,14 tll8 . 227:,25+ 

.150 8 ,7 

. 51 J 26: 45° (0.0,23) 9 

tll9 9 .49 J78+6I" " 0,17 250:9•• 9 • 50 392! 18 .. (0.0,25) 18 ,9 • 55 
263: 16 .. 

B-llK79 
24 B- l!K58 

1f-- f 0,96 233+15 202:.10(204:,16) 27 . 61 320; 50 
I B-J:K,tl51 252:39 193:,23(262:.38) p - 1'1.- -I B-JlK26 

71:10 126:10 
I B-IJK31 

237:.18 190:,5(246!;24) (0 , 5+1 ,5) 

1,3 l-lK34 
276:.19 300:,16(233:22) 

I, 7 B-.!.K27 
(1,0+2, 2) 208!12° 0 ( l44:•l 

1,37 B-lK35 292+31+ 9 .50 
290•16*" 1,37 Jl-lK81 35S:4oll* 27 t6I 
)~50"" 1,5 B-lK36 33o;5o• -

B-.I!K37 .}'{-Jl 6 ,2 .104 
290!45°* 1,72 192+19 296:,37 8 ,5:1 .152 
300+JO 4,7 B-.I!K86 426+31 472:46(669:106) 

.!58 
25o!4o"* 

ll-!JK88 -~~ 
6, 65 - 555+14 (10+15) 

-.pi 59 
(530: 35) 6,8 .90 422:38*11 24 

ll-!JK224 25 ,8 .60 . 
480+60*• 7,5:0,5 362+ 40 336+41 tl5J 

.92 -
450:4011* 27 371! 4o•• 7,5 

50 .pl60 
286 ! 47 •• 7,5 rr-nKI56 460+10 550+10 

B-!JK96 - -<zo.roo) 
16,3 - 590:30 100 KK,IIKB ( Li H ) IIJ 

300** TT -- 11.. 0,82 B-!JKI65 163:9 (203:!3) 100 .158 
J 1o • so•• 

0,9 .B-!JKI65 178;!;II (223:17) 100 IIKB ' c i 2) ro5 
3J0.-50 •• 

Jl-l!K81 100 MKB~ 4 
27S: 29 •• 1,37 289:35 + 200 IIKB(CI 2) IIO i1o•• 6,65 ll-!JK89 365: 22 430:24 300 

IIK , IIKB ( Li k ) IIJ 6,8 .90 390:3011* (200+400) J20** 
7 t ll-!JKI66 390:30 390:30(340:60) 500 wKB cc r 2l ro5 

J51 : J8** 
7,5 .~3 365:26*11 (Io2.1o3) 

5,00 IIK,MKB ~ L; I{ ) IIJ 
240*" 

-;)B CK oOKax yKa JaHa aHeprHR JO" IIKB (c l ) 105 
230 !, 80 *" '1: JtnR TT 0 

- lle JOH OB, 
103 . 161 

- soo•• !llE)!JpHBe)teHHOe JHaqeHHe RBUeTCR Cpe)lHMII )tnR 1f+ - H 7f- - lle30HOB, 
4.1o3 • 162 

- eso** +)llpHBe)teHHOe 3Ha qeHH e RB nRetCR Cpe)tHHII )tJ!R 1f+_, 7f• _ H 7fo- lle30HOB • 2 .104 ..,r 6J 
- s5o• • 

p-p - o B-llKI 64 
Jo9:.I6 363:17\371:.16) 

- o B-ilK 64 
246+18 .. 

0 ,05 B:lllK64 
240 ! r 2 .. 

0 ,08 n- nK65 
239:.19 262:21(2 1~Il0) 

(0.0 , 22) 
.122 0 ,15 206: 20 .. 

0 , 47 n- nK66 
318:49° 0 

0 , 47 n- nK71 
278+ 15** 

2 ,44 B-llK70 
32r! r 5** 

p- 1'\.. 0 ,08 n- nK65 
362! 24 .. 

(0.0,2J) 
j .- 53 52 



mao11uu.a 

n- P ----... n eh + X o 

fd.- 2 f Li- 1 
P GeVfc NT ~ x2 d.- _x2 

5 4 0.69± 0.03 6.7 7.6 
7 4 0.59.± 0.18 3.9 4.2 
8 5 0.72± 0.04 1.8 2.3 
10 5 0.66±0.05 1.6 

N 
5.5 I 0 . 

16 6 0.71 ± 0.04 2.5 0 3.5 
18 5 0.82±0.04 3.0 

+I 
6.8 

25 6 0.91 ± 0.03 2.6 
0 

19.0 r--... 

40 7 0.57±'0.08 6.0 0 11.3 
50 8 0.70±0.06 11.1 II 11.5 

~ 100 8 0.80 ± 0.09 9.2 9.4 
14 7 13 0.65±0.07 14.0 14A 
205 10 0.52 ±0.17 9.0 10.5 

~ 81 - 71.~ 108. 



BaaHwo-
)teA CTBHe 

p- p 

J{-J{ 

p-p 
-lt'-- p 

B3aHMO-
Jte RCTBHe 

JI-.N 

rr--p 

TAEliMUA 28 

CpeAHRR KHHeTHqecKaR 3HeprHR HeRTpa~LHYX K-we30HOB, 
po~aD~HXCR B HeynpyrHX B3aHM O)teRCTBHRX 

T. r aB lleTO.l 'C' , llaB 

9 t49 426;!:240 
50 IIKB1 67 700;t250 
(10+100) 

..... o B-IIK168 170;!:14 
0,47 II-IIK66 169;!:27 

5,86 II-IIK169 355;!:26 
6,65 rr-nK125 314:t32 
7,5;!:0,5 II-IIK176 366:tD 
7,5;t0,5 rr-rrK170 3II:t33 

10,86 II-IIK169 458;t77 
16 B-IIK171 • 390:!;30 

17,86 II- IIK1 69 500;t100 

T AEliHUA 29 
CpeAHRR KHHeTHqecKaR aaeprHR rHnepoHoB, poXAa~Hxcn B 
HeynpyrH X B3aHMOAeRCTBHRX 

T rali lleTOA ~ .U3l 

' :Z" z· 2S 
50 MKB167 794;t271* 593;t63 

(10+100) 

5 ,86 II -IIK169 502;t9i 
6,65 n-rrK125 358:40 
7,5!0,5 II-IIK170 353!88 355:!; 6J 340;!:38 
1,5 :to,s II-IIK177 401:t24 
16 B-IIK124•171 656:!;116 557! 105 500;!:50 
17, 86 II- IIK169 575:!;133 

ll) IlpHBe)teHHOe 3Ha qeaHe RBnfteTCR Cpe)tHHM )tnR ~t_ H 2-- rHnepoHOB. 
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no Mep e yaenfi'19 HH H 3 H e prHK eTBJlKHBBIOWHXe H '!BeTH U e p 9JlH SI SI 3HeprK H p0)!{Jl810WKX" 

cs qaCTHU Me!lneH H O a oap ae T aeT . T a K KBK 

.:C z tJ_tc. IJ l e - T .1£ 
h.. 

TO p.4 Q>KH0 O>KH.U8Tb, t.ITO CTeneHb p OCTB 

cpe JlH9ll MH0)!{9C TB 9 HHOeTif 1"\.,. 

.:r 
' ii:. ~ T~ 

n pH 6 R H3H Te n bHO T8 K088 >Ke , K B K H .O.nSI 

Vl3 pKe . 13 BK!lHO , 'IT O a o6n ae TK T 10
3 

l 3B K3B e e TH bl9 3Ken e pHM 9 HT8 JlbHbl9 Jl B H-

Hble , Jlel!eTBKT9JlbHO , He n p OTKBOp 9 '1 8 T 3 8BKeHMOeTR : 

~ - {A ~e) ~ ,_, T n, "-~t ( 10) 

0 JlHBKO ene!lyeT HM9Tb B BH!l y , 'ITO OWH6KH H3Me peHHl! ewe 0 '19 H b B 9nf!KII H cp8KTII'!9e KII 

M O)f{ H O rOBOp!!Tb Jl H W b 0 ITOpll!lK9 BBJlH'IH Hbl "{; 

B o aeHKOM eny q ae , MO)!{ H O y Ta e p )!{ JlBTb, 'IT O 3 H B 'Ie HI!st 't: H e B 03p aeT BJO T 6 b re Tpee , 

q eM T )fj 

8M eeTe e T9M ITOJl0)f{9HI!9 M B KeKMyM B B e n e K T p e, T , e , B 9 Jlii'IIIH 8 H 8 !!60Jlee aep OHTHOl! 

(nKK OB Ol!) KI!H9TK'I9eK Olt 3HeprKII p 0 )1( Jl810WKXest '!B eTKU, Oe T a e T e H npB KTK'!eeKK IT OeTOHH-

HOI! 

-cp ~ (2+- 3) nt. c '1. 

8 orpOM HOM KH T e p BBJle 3HeprH lt O T H eeKOJlbKKX l 3 8 Jl O eOT9H TbleH'I l 3 B /eM, p il e , 14/ • 

B oa p aeTBH Ke epe!lHel! 3HeprKK "C npo KeX OJl HT B OeHOBH OM JlHWb 38 e '! e T OTH OeK T 9JlbHOr O 

Y89JlK'I9HHH ITJl OWBJlK Bb!eOK03H e pre T K 'I e eK Ol! '!Be T H ( 'xB OCTa • ) eneKTpa
15•1001, 

np!! cpKKe!!pOB BHHOll 3 H e pr!! ll CT8JlKHB 8 10WHXCSI 'IBC TIIU 3 T8 q aeTb e neKTp a ( ~~Tort) 
0 ITHeb!B89 T e H e T eneHHOll cpyHKU!!Bll 

-~ 
{oi..>O). 

( II ) WCT() ..... T, 
<ITo eneJlyeT 11 3 BH!lB eneKTpa cpO T OHH0- 3 Jl 9 KTpOHH blX K B eKB!l OB, o 6paayeM b! X K OeMH '!e e KH -

M H '18e TH UBMH 8 BTMOecpepe H ITJl OTH bl X epe!lBX (eM. JlBJlee) , 

B n a6opaTopHol! eK e TeMe KOOP!lKH8T 3 HB'I9HHH 't: H *'Cf a oap aeTaJOT e o aeHKOM 

cnyq a e He MeJlneHHee, 'I eM T Jt . 

H3 
cpaaHeH KH n p o6er a aaaKM OJle lle T B KH l!RBHeo6p aay JOWHx 'IBC TR U c HX n p o6er o M 

llo nornoweHifR a PR!le pa6oT y e T aHoa n e Ho, 'ITO a o6nacTK a HeprKll T Z 10 7 I s s n pK 6 -

IIH3HTen bH 
O ITOJlOBKHy 3Hepr HH nep B H'IH Ol! 'IB CTHUbl yH OCHT 8 JlB60p 8 TOpH Oll e !feTeMe KO Op-

llRHaT Beer . /5,1 73/. 
O llHWb OJlHB B T Op H 'IH89 'IBC TKU 8 ( n O!l p06HOCTR e M , 0 H81!p KM e p , B 0 6 30p 8X 

3 To r o a o p HT 
O TOM , l.f:TO TIOnH Or' O " p 83M 8 WH B 8HHSI "' 3HeprHH npH B38HM O!l 8 AC TBRH He n p o -

Bcxoll l!T 
' T . e . HeynpyrKe C T OJl K H OB e HH SI B o6n aeTH 0 '1 9Hb 60l!bW HX 3HeprHl! H e Ji b3 Sl pace M a 

TpaaaTb " " 
CTQ CT8TKCTH'I9eKH ( H BIT pHMep, C JlOM Olll b!O rK!l p O!lKH 8 MK'I9eKOll MOJle JIH) . 
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BhineneHHbiA xapaKTep o.nHoA oqeHb 6biCTpoA qacTHUhl Kat.tecTaeHHO xopowo cornacy

eTC!I C MOLlenbiO nepHcpepH'IeCKHX 838HMOLlel!CT8Hl!. 

388HCHMOCTb CpeLIHel! 3HeprHH '18CTHU OT 'IHCn a nyqel! B 38e3Lle HCC n eLIOBBnQCb BO 

MH o rH x pa6oTax. KaK H cnenoaano O>KH.D.BTb, Y BCTHU hi H3 Manonyy:eabiX 3Be3.a a c p e.nHeM 

OK83hiBBIOTCSI 6onee >KeCTKHMH, tteM YBCTHUhi H3 3Be3.n c 6onhWHM tt HcnoM nyYeA. HanpH

+ 
Mep, c penHSISI 3 HeprHSI 1f -Me30HOB 1 pO>KD, 810WHXC SI B p-p CTOnKHnBeHHSI X npH 24 r aa, 

COCT8Bn!leT 1210, 740, 630 H 470 M38 COOTBeTCT8eHHO Lin!! 38e3Ll C '!HCnOM nyqel! 

1'\, ~ 2,4,6,8
1581

• T o >Ke caMoe HMeeT MecTo H Lin!! nyKnoHoa. 

npn T » I ra8 3 HeprHH 1t' -Me30H08 p 83HbiX 3 H8K08 aap!ILIB M Bno OTnH'IBIO T C!I 

Llpyr OT Llpyra. 3aMeTHbie p aanH'!H!I Ha6nJOL1810TC51 nHWb 8 cnyqae Tf-Jf B38HMOLle l!CT8Hll 

Lln!l OLlHO- H Ll8yxny'leBbiX 3 8e3Ll. B 'IBCTH OCTH, B Ll8yxny'le8biX 38e3Ll8X npn lT--r 83an-

Mo.neACTBHSIX OTpHUBTenbHble "[ -Me30Hbi p O>KD,8JO T CSI BCer.na 3 H B t.tHTe nbH O 6onee >KecT-

+ -
KHMH, "::eM 1f -Me30Hbi. TaK, npH T :::8 16 r 3s cpe.nHSISI 3HeprHSI 1T -M e30HOB B 3Be3nax 

+ 
C Ll8YM51 ny'!BMK COCTB8n!leT ( 1,05 + 0,1) r a 8, a 1f -Me30H08 - 8 Cero nHW b 

- - rr• 
(0 , 83+0, 1) ra8; 8 qeTbtpexny'le8biX 38e3.ll8X c p eLIH H<? 3 HeprHH lr - H -Me30H08 OK8' 

- - - / 96/ 
3bi 8 810 TC51 y>Ke npBKTH'IeCKH OLlHH8K08biMH: 1:'11'-~ (0 , 51;:0,05) r a 8, "tJr~Q(0 , 52;:0,05)ra8. 

3TOT peayn&T8T yKB3bl88eT H8 paanH'!H bl l! M eX8HH3M 06p 83088H H!I lT-- H rr• -Me-

30H08 8 Manony'!e8biX tr-.J/ 838HMOLlel!CT8H51X, 

C Llpyrol! CTOpOHbi, 8 cnyqae BHHHrHn!IUHH 8HTHHyKn OH08 H npH JV-,}/ -838HMOLlel!cT

BHSIX cneKTpbl tr -M e30H OB npH n 1060A MHO>KeCTBeHHOCTH He 38B HCSIT OT 3H8K8 HX 38pS1-

LIB. 

3.2. Ko3cpcpuuneHT neynpyrocTH 

B on poc o c peLIHel! 3HeprnH :C Tecno C8!13BH c 8onpocoM o 8enH'IHHe 3Heprnn, aa-

Tp8"1HBBeMOA B H e ynpyroM B38HMOD,e~rTBHH HB 06 p B30B8HHe HOBbiX \f8CTHU 1 l.JT0 1 B CBOIO 

O"'epe.llb, CB MblM TeCH hiM 06p830M CBSI38HO C M~X8HH3MOM He ynpyrHX B38HMO.lleA.CTBKA. 

TaK, 'ueHTpBnbHble CTOnKHOBeHHSI' 1 ,llnSl OflHC8HHSI KOTOpblX "18CTO HCnOnb3yeTCSI CT8THCTH-

qecKa!l TeopH!! <f>epMH, xapaKTepnayJOTC!I aHB'!HTenbHO 6onbwell n e ynpyrocTbJO, '!eM 'nepK· 

¢epH"'eC KHe CTOnKH OBeHH SI' , r.ae OCHOBH85l "' BCTb 3HeprHH yHOC HTCSI O.llHO A HnH D.BYMSI 

6biCTpb1MH "1 8CTHU8MH. 

YfccneLI088HHe noTepb 3HeprHH HB o6paa088HKe H08biX '!BCTHU OC06eHH O BB>KHO 8 o6· 

nBCTH KOCMH"'eCKHX 3HeprHA. 

B pliLie cnyqae8 HaMepeHHe 3THX noTepb <I8n!leTC!I eLIHHCT8eHHhtM cnoco6oM nony-

"'HTb cse,neHHH 06 3HeprHHX p O>K,U8lOWHXCSI "18CTHU. 

BenH"'HHy 3HeprHH, nepexo.aHweA a HOBbie "18C THU bi, yno6a o xapaKTepH30BBTb Koa¢-

cpHUHeHTOM HeynpyrOCTH K, KOTOpbtl! onpeLien!leTCSI KBK OTH OWeHHe nonHOi! 3HeprHH 
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rHUbi xa 1.f eCTBeHHO xopowo cornacy-

ry1.fe A a a a eane Hc c n enoaanacb eo 

H3 Manony1.feBbiX aaean a c p enHeM 

c 6onbW HM ~Hcn oM ny~eA. HanpH

B p-p CTOnKH'">BeHH HX npH 24 r 3B, 

) .anSI aaea.a c 1.fH c n o M nyqeA 

H y Xn OHOB. 

3 H8KOB 38pSill 8 M 8fl0 0TflH1.f8~TCH 

Jb B cny~ae Tf-Jl B38HMOL!e ilCTBH il 

yxny~eBbi X aaeanax npH lT-- f aaaH

I seer na a Ha l.fH Ten b H o 6onee >K ec T-

-Me30HOB - ace ro nH w b 

3 Hepr-HK lf -- H rr• -M e30H OB OKB-

- / 96/ 
,5 1:!:0,05) r ,a , 1:; ..... a(0,52:!:0 ,05lraa. 

H3M o6 p 830B8HH !I lf-- H rr• -M e -

yKn OHOB H npH ./1(-,}/ -aaBHM OL!e il c T-

JC TH He 38BHCHT OT 3 H 8 K8 HX 38pSI-

r OC TH 

aonpocoM o eenH4HHe aHeprKK 1 aa-

•BBH K e HOBbiX 1.f 8C THU 1 'ITO, B CBOIO 

3MOM He ynpyl'HX B38HMOL!el!CTBHil, 

· o p biX l.f8CTO HCnOnb3yeTCSI C T8TKCTH-

6onbwell He ynpyr-oCTbiO, '!eM 'ne p H-

)f'HH yHOC HTCSI OllHOA HnH DBYMSI 

HOBbiX '18CTKU OC06eHH O B8>KHO B o6· 

·c SI ennH CTBeHHbiM c n o co6oM nony-

KUbl, yL!06 H O x a paKTepH30B8Tb K0 3 cP-

K8K OTH OWeHHe llOflH OA :3HeprHH 

IC8X pOllKBWKXC!I B Heynpyl'OM CTOnKHOB&HKH HOBbi X 'IBCTHU K nonHoJI 3H9pl'HH CTBnK HB &IO

WKXC!I 'IBCTHU , QqeBH.llHO, 'ITO onpeneneHHblll TBKHM o6p830M K0 3cPcPKUKeHT Hey npyr-OCTH He 

x/ 
NO>KeT n pHHHM 8 Tb 3H81.JeHHA, 6onbWHX e.OHHHUbl 

Tax xax s Heprnfl, tt e pe.oaaaeMaH H OB hiM t~acTHUBM, a KB>K.OOM ax T e Heynpyroro aaan 

Mo.aellcTBH!I OK83biBBeTC!I H e CKOnbKO p83nH'IHOil (eM , pHC, 15,!6,!7), TO yno6HO BBeC TH 

c pe.QHKll K03 cpcpHuHeHT Heynpyl'OCTH 

K .., .SIC J( ( IC) oliC. 
5 J((lf.) oliC. 

( 12) 

r.ae J((IC.) -qHcnO H e ynpyr-HX B38HMOL!el!CTBH JI C onpeneneHHblM 3HB'IeHHeM K 03cPcPHUHeHT8 

HeynpyrocTK: 

BcnencTBHH CHMMeTpHH HB'IBnbHOII CHCT&Mbl p aaneT 'IBCTHU, po>KL!BIOWHXC H a JI'-JI' 

CTOnKHOBeHHS1X , npOHCXO.llHT B CHCTeMe ueHTp8 M8CC B cpe,aHeM CHMMeTpH'IH O n o OTHOwe

HHIO K nnoCKOCTH e .. % . nepneHL!HKyn!l p HO A K aeKTOpaM CKOpOCTH n e pBH'IHbiX '18 CTHU. B 

3TOM cnyqae noTepH 3H9pl'HH HB 06p830B8HHe HOBbl X 'IBCTHU B na60p8TOpHOl! CHCTeMe H B 

CHCTeMe U9HTp8 M 8CC CBH38Hbl npOCTbiM COOTHOWeHHeM 

A EL ... 11', 4f.c., 
M COOTB9 TCTBYIO WH9 K03cpcPHUHeHTbl Heynpyr-OCTH 1<. L H 

K~ 
L 

k:. OK83biB810TCll OL!HHBKOBbiMHXX/ 
c. 

(13) 

1 
!pH 3TOM Mbl y'lnH, 'ITO cPBKTOp penliTHBHCTCKO!'O npeo6p83 0B8HHll 

B npyr-Hx cny'IBlii ,HBnpeMep, nnll n-.11 B38HMOL!ellcTBHA, K03cpcPHUH9HTbl j(L H ICC.. 
p83nH'I810TCll , 

B HeKoTop biX pa6oTax paccMaTpeaaeTC ll K03cPcPHUHeHT Heynpyr-ocTH a TaK H 83biaaeMoll 

' 3epK8nbHoA:• CHCTeMe KOOp.O.HH8T 1 r.a e H8n9T810W89 '18CTHU8 H tt8CTKU8-MKWeHb M e HSIJO T C SI 

W8CT8M/
93

•
1131

, nnll J<- ,J/ B3BKMOL!eJICTBHil onpenen&HHbiJI TBKHM 06pa30M Cp&L!HHll K03cfl

<jJHUH9HT Heynpyr-ocTH i(• ~ K'- ~ K&. ; 

x/ B HeKOTDpbiX pa60TBX K03cpcPH UH9HT H&ynpyl'OCTH onpenenlleTCll KBK OTHOWeHH9 

nonHOA 3HeprH K BCeX HOBbiX l.J.8CTHU K nonHOA: KHH9TH l.J.eCKOA: 3HeprHH C T8nKHB810l.UHXCSI q ac

TMU. npu T BKOM onpeneneHHH K03cPcPHUH9HT K M0)1{9T npHH HM B Tb CKOnb Yl'OL!HO 6onbWH e 

3H8\leHHSij aanpnMep, a cnyttae aHHHrnnauHH Me.aneHHhiX BHTHH}'KnOHOB K.,. .. . O.aaaK o 

npH auepr-Hllx T >> I r 3 a o 6a onpeneneHHll npa KTH'IeCKH coananaiOT. 

xx/ no,aqepKHeM, 'ITO paaeHCTBO HMeeT M9CTO nHWb B c pe.nHeM; .nnR OT,n e nbHbiX >Ke 

3883.0 yrnOBOe pacnpe neneHH9 'IBCTKU MO>K&T 6biTb p93K O 8CCHM9TpH'1HbiM (CM, § 4 , 1/, 
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N 
16 

/2 

8.0 

4.0 

0 0.2 0.4 0.6 0.8 Krr 

p H C, 15 

Pacnpe.nenenne K03¢¢nuneHTa ueynpyroc}'y ~/ -11 · 11 B38HMo.nell c TBH!IX 
npH T = 200 + 400 r3a I . 

a .npyrnx )l(e cny'!a!lx ~<:* F IC. ; o.nuaKo ao acex c ny'!a!lx 6onbW8!1 aeiiH'IHHa Ko3¢<Pnuneu -
I. 

T8 HeynpyrOCTH B 11860p8TOpHOll CHCTeMe KOO p.£lHH8T B c pe.nHeM COOTBeTCTByeT 60IIbWell ero 

BenH'IHHe B 39pK8nbHOA CKCTeM e H B CHCT9M9 U9HTp8 M8CC. VfMeHHO T8KOA: CMbiCn HMeeT 

pa3.neneu ne ueynpyrnx Tr- .JI B38HMo.nellCTBHll c 1<:*" .$ 0,5 H K *:> 0 ,5 a pa6oTax rpynnbi 
/93 157/ v 

nannyca ' (cpe.llHHe 3H8'1eHH!I K03¢cPHUHeHT8 " c. .£111!1 3THX .llByX rpynn 838HM Q-

.£leJICTBHII p88Hbl npK611H3HTellbH O 0,3 H 0,68 ). 

Hnqero uoaoro no cpaaueuniO c K pacc MoTpeune K03¢¢nuneHTa )('*" ue aaeT. 

KpoMe nonuoll noTepn 3HeprHH 4 E , 6onbwoll HHTepec npe.ncTaan!leT 38.£la'!a oT-

.aenbHO p8CCM0Tp 9Tb, K8K8R lf8CTb 3 H9prKH nepB !PIHbiX '18CTHU T9pS19TCR H8 o6p83088HHe 

BTOpH'IHhiX liBCTHU on pe.a.eneHaoro copTa. TaKH e napuH .tn bH ble noTepH 3HeprHu TBK>Ke ya o6-

HO X8p8KTepH3088Tb K03<tJ<tJHUKeHT8MH HeynpyrOC TK: 

I< 'If 

If T, .£l, 

(4E)1r :T k ~ (4E) 
It - IC. 

E. ( 14) 
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N 
16 

/2 

8.0 

4.0 

0 Q2 0.4 0.6 0.8 Krr 
p H C, 15 

Pacn p e.aeneuue K03cj:Jcj:JHuHeHTa u eyn pyroc /Y ~/ <11-.N B3BKMO.lle AcTB HRX 

npu T ~ 200 + 4 00 r <>a I , 

< >Ke cny'IBRX K.*F /C.L.; O.llHBKO BO Bc ex cny'IBHX 6onbWBH BenK 'IKHB K03cj:Jcj:JHuH eH • 

yrOCTH B na6op8TOpH Ol! C HCTeMe K OO p .llHH BT B Cpe.aHeM COOTBeTCTByeT 60nbwel! e r o 

B 3epKBnbHOl! CHC T e M e H B C HCTeM e UeHTpa M BCC . 

Ke ney n p yrux Tr- J<I B3BHMO.lleAcTBHA c K* ~ 0 ,5 H 

J.1M e HH O TBKOl! CM b!Cn HMeeT 

K *~ 0,5 B pa6o Tax rpynnhi 
'93 157/ v 

' (cpe.llHHe 3 HB'IeHHH K03cj:JcpHUHeHTB "- c. .llnH 3 THX .llByX rpynn 8 3BH M O-

pBBHbl npH6nH3KTenbH O 0,3 H 0,68 ) , 

1ero noaoro no c p aaneHI!!o c K p accM OTpeuue K 03cj:Jcj:JnuKeHTa K,.. He .aaeT, 

•Me nonnoA noTepu 3HeprHH 4 E , 6onbWOl! HHTepec n p e,llCTBBnHeT 38.ll8 '1 8 OT-

8CCMOTp 9Tb, K8KBH 'iBCTb 3HeprHH nepB !i ttHblX qBC THU TepHeTCH H8 06p830B BHHe 

x 'IBCTK U onpe.aeneuuoro cop Ta. TaKHe napuu .tnbH b!e noTepu <>Heprun TBK >Ke y.a o 6-

repH30BBTb K03cj:Jcj:JKU HeHTBMH HeynpyrOCTK: 

1<.- -:: ( 4 E)w. 
E 

k : (AE) 
It - IC. 

E. ( 14) 

60 

N 
120 

90 

0 Q2 0.4 0.6 

p K C , 16. 

P a cnpe.aeneuue KO<>cj:Jcj:JuuuenTa neynJ'{irocTH a 

T ~ 7 raa 571 • 

Q8 x; 

rr-JI B3B HMO.lle!ICTBHSIX npH 

J.1 CXO.llSI H3 06Cy>K.llBBWel!CSI B npe.llhl.llY!UHX napar pacj:JaX 3HepreTH'IeCKOl! 3BBHCHM OC

TH cpe,llHero 'IHC n B pO>K.llB!OlUHXC SI 'IBCTHU ~ H HX 3HeprHH =c , MO>KHO O>KH.ll BTb, 'ITO 

B o6naCTH O'!eHb 6onblUH X KOCMH'IeCKIIX aHeprHII K03cj:Jcj:JHUHeHT HeynpyroCTK 

k 11'-= n. .. ( ~,.. + ""t) ~ ~1[ i'lf' 
~c. f.c. 

6y.lleT fiOC T OSIHH Ol! HnH O'!eH b cn a60 3BBHC SI!Uell OT 3HeprHH BenH'IHHOl!, 8 fiOnH bl ll KOacj:Jcj:Ju-

UKeHT HeynpyroCTH 

-
k-= IC. + 

11' 
t\.T ( ri.T T MT) 

E. e. 

( 15) 

BO BCSIKOM Cnyqae He .llOn>KeH y6biBBTb npH B03pBCTBHHK 3HeprHH CTBnKHB BIO!UHXCSI 'IB CTH U, 

3H B'IeHHSI KOacj:Jcj:JHUHeHTOB HeynpyrOCTH B o6naCTH yCKOpHTenbHbiX 3 HeprHl! MO>KH O n o 

ny'IHTb Henocpe.llCTBeHH bi M CyMM HpOBBHHeM 3HeprHl! p O>K.llBIO!UHXCSI 'IBCTHU, npHBe .lleHHbiX 

B TB6nHUBX 26-29. 4TO >Ke KBCBeTCSI o6n aCTH KOCMH'IeCKHX 3Hep pH II, TO 3HepreTH'!eC K Oe 

pacnpe.aene uue p o >K.llBIO !UHXCSI 'IBC THU a.aecb, KB" npaauno, nu6o aoo6me uena a ecTH O HnH 

K3BeCTHO O'!eHb nnoxo, noaTOMy .llnH onpe.aeneH HSI K03 cj:Jcj:JHUH eHTB HeynpyrOC TH npKXO,ll H,..-

6 1 



~ e i\ 

N 
r-

0 1-..J 

40 

20 

40 ~ 

~ 
20 L 

::Lw-t 
f 

• 

0 0,2 0,4 0,6 

p 11 c . 17 

n=2 

n=4 

n~s 

O,B * 1<11 

P acupen.eneH He KoacpqmuHeH TB HeynpyrocTH B 3 Be3f?ax c pa3 nKl{H biM 1.fHcnoM ny
Vl.- • rr:J/ Fl38H M O,lle i\ c TBI1e upn T = 7 r , a 1 15 I . J( - ~HCJl O B3811MO.aell -

CTB H~1. 
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c~ 11c nonb3oaa Tb p aanH'lHbre npe.an o n o >KeHHSI H KOCB9HH bi9 M 9 T O.llbl . 

VfaaecTHbre 3 HB'leHHSI K o3q,¢H u He HT a 1< 1t npHae.aeHbi a Ta6nHu e 30. 

V'f 3 3TO A: T 86nKUbl BH£1H0 1 t; T -pH 3H9pf'HSI X, H e np9BbiW810ll.UIX H9CKOnbKHX Ll€CHTKOB 

f ::>B, non <~ nonHol! 3HeprHH Cc. , aaTpa 'lHaaeM aSI Ha v6paaoaaHH e lT -M e30H OB a .N-.N 

H 
1t' .J( CTOilKHOaeHHSIX, OK83blBBeTCSI OKOilO 30 - 40%. 

TaK KBK ce'leHH e po>K.aeHHSI cTpBHHbrX 'l BCTHU H aHTHHyKilOHOB a a T oll o6n acTH 3Hep

/ I 2/ 
rHA M 8 11 0 (eM. 0630pbl ' ) , T O 38Tp8T 8 3 HeprHH H B o6 pa30B8HHe 3TH X COpTOa 'l 8C THU 

HeaHa'lHTellbH B no c p aaHeHruo c A E.1t H Koacp<tHuHeHTbr K H K1T npaKTH'leC KH coanaaa-

roT. 

npH 8HH HrH11SIUHH MeaneH HblX 8HTHHYK11 0HOFI BCSI 3HeprHSI nepB H'lHbl X 'l 8C TH U pBCX Olly

eTCSI HB o6 paa o aaHne HOabr x 'l B CTHU, npeHMywecTBeHHO 1r -MeaoH oa . OaH a Ko np11 

T ,.. I r aa y>Ke 38MeTHO C K83bl88IOTCSI HeBHHHrHilSIUH OHHb!e npoueccbl. M o>K HO O>KHllBTb, 'lTD 

c p OCTOM 3 HeprHH BK118ll 3 TIIX npoueccoa 6yaeT yaenH'lHa8TbCSI H npH T »> I r aa K0 3cpcpH

uHeHT Heynpy r OCTH a ;( : .11 a38HMOlle l\cTaHSIX 6y aeT npH611H3HTellbHO T B KHM >Ke , KBK H 

llllSI J>I-JI H 'lt'-Jl a 38HM Oll e l\CTalll!. 

npH 3 HeprHSIX T > 32 r a a K 03cpcp11uHeHT Heyn p yrocTH H3BeCTeH llHUlb llllSI c ny'lBSI 

HyKn oH - HY KJIOHHbiX C TOnKH OB9H HA:. 3KCn9pHM9HT8 nbH bi9 .0.8HH bi8 3.0.9C b B9CbM8 H9TO"'Hbi H 

HMe iOT 6onbwol! paa6 p oc no a e nl1'l11He. 

H113 K8SI T O 'lH OCTb K03cpcpHUHeH T 8 , Heyn p yrOCTH a 0Ub!T8X C KOCMH 'leCKHMH llY'lBMH o6yc~ 

llOan eHa a OC HOaHOM T eM , 'lTD TPYllHO T O'lH O onp eaellH T b 3 HeprHIO nepaH'lHOl\ KOCMH'leCKOA 

'IBCTH Ubl ., E onbW HHCTB O M e Ton.oa onpea.eneHHH aTo A aHeprHH ocHoaaHo HB npe.anono.>KeHHHx, 

KOTOpb!e He 8Cerll8 Bb! UOJlHSI IO TCSI, HanpHM e p , B O MHOrH X pa60T8X n pean o naraeT C SI, 'lTO 

BH OBb p0llH8WHeCSI 'lBCTHUbl paane T BIO T CSI 8 CHCTeM e ueHTpa MBCC CHM M eTpH'lHO no OTH O

WBHH IO K nnOCKOC TH 8 0: ~,.. • 0llH8KO, K B K Mbl y8HllHM ll81lee, yrn OBOe p acnpeaeneH He 

P O.ll.H BW HXCSI "18CTHU 049Hb 48CTO OK83biB89TCSI p 93KO 8CHMM9TpH 1.J: HbiM .. 

HaH6onee TO "iH hie pe3yn hT8Tbi a HBCTOHwee apeMH, no-aHnHMOMy 1 naeT Hcnon b3oaa

HHe HOHH38UKOHH OrO K 8 110pHMeTpa/ IOS, II
3•208•2121 , B KOTOpOM 3HeprHSI nepBH'lHOl\ 'l8CTH

Ub! onpeaengeTCSI no 3HeprHH 31leKTpOHHO-cp0TOHH O.rO KBCKBllB, reHepHpOBBHHOrO 3TOll 'l BC

THU eJI B TOilC T OM Cn Oe n n OTH OrO norllOTHTell H ( CM. Ta6mruy 31 ), 

Y ac Tb llBHHbiX , npHaeaeHHbiX a Ta6nKue 30, nony'leHa H3 aHanHaa 83BHMOael!cTaHA 

rtocMK'leCKRx qacTHU c nerKHMH RllpBMH. TaK KBK 'lHcno 8HyTpHRllepHbrx cTonKHo8eHHll 8 

"TOM Clly 'l a e llHWb HeH BMHO r O npeBOCXOllHT eaHHHUy/
9•10•2091 , 8 K03cpcpHUHeH T Heynpyroc· 

'I'H C'na6o 38BHCHT aT aHe prHH, TO nony"ieHH bie T8KHM o6p830M 3HB"ieHHH K'1" non>KHht 

fiblTb 611H3 KH K COO T8eTCT8yiOWHM 3H8'leHHSIM ll llSI N • ,){ B381IMOlle l\CTBKll. 

Xy>Ke o6cTOHT aeno c a H a nna oM aaaHM OlleilC TBHll a cpo T 03MynbCHH, rae HMeeTCSI 

5011
hl.U aR npHMecb TH»<enhiX s:~:ne p. P aanen HTb HyKn oH-H yKnoHHbie H HyKn oH - H.nepHbie 3Be3-
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B3al!wo
.llellcrsHe 

p-p 

p -rt. 

JI-J{ 

T, r :JB 

2,7 
3,5 

6,2 

8,7 

9 

9 

9 
18 ,9 
27 
30 

25, 8 
9 

27 

3 
6,2 
8 ,7 
9 
15 

20 
24 

25 ,8 

40 

65 
70 
100 
100 
100 
150 

TAEn!iUA 30 

Ko:J4xt>11!1HeHT Heynpyrocrl! K 'If' 

Me r o.ll 
~22 
~25 

~47 

~150 

~52 

~51 

~49 

~55 
~61 
ci74 

~6C 
~52 
~61 

HK c204 
q,1~4 
~205 

(C11crewa neHrpa wacc ) 

0,20~0,04 

O,IJ~0 , 03 

0,25:0,03 

0,30: 0 ,02 

0 ,28~0,05 

0,32~0, 02 

0,33~0,08 

0,25~0,06 

0,28:0,03 
0 ,40 

o .~~o,o6 
0,23~0,03 

0 ,30;t0,04 

0,16~0,04 

0,22:0,03 
0,33:0,09 

~9 >0, 22+0 ,05 
~lKB(c i2) 105,207 O 59+0 ,02 

' -0,41 
}JK c204 o,27~o . o3 
~159 0,3I;t0,05 
~60 0 ,29~0,06 

IIKB (c12) 105,207 0,35~0,14 

vlK108 0,47:0 ,05 
MKBbc12)105 ,207 0 ,27~0,09 
Hl\1 8 0 ,39~0,05 
MKB~ci2) 105 , 207 0 ,22~0,07 
MKB 79 0, 4 
~158 0,6 

(IOt300) 
HKI08 160 0 ,43~0,08 

200 MKB (C I2) 105,207 0,19~0,07 

250 JJK108 0,41+_0,08 
300 MKB ( liH 6IIJ 0 , 3 
400 MKB(C I2 )1 5 , ~07 0 ,18:0, 09 
400 HKI08 0,36~0,08 
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Ta6nH!lll JO 

( npo,llonxeHl!e) 

750 IlK IOS 0,34!0,14 
103 IIKBI79 0,1 
103 41161 ..... 0,15 
I,2,i03 MKB~cl2)105,207 0 06+0 04 
2.103 41rs • 0 ' 63+o;2s 

' - O,JO 

2,5.103 +173 0,25 

(5 ,102+5.104) 

2,8,103 . 188 0,3 

5.103 4' 119 0,2 

104 t i85 0,22;!.0,05 

J. ~0 3+105 . 175 0 ,3 

105 41179 0,2 
3.1o5 41132 0,25 

p-p "' 0 B-l!K168 0,99!;0,005 
0,47 n-nK66 0,985!;0,005 
0,92 B-llK237 0,98!;0,005 
1,26 B-l!K237 0, 98!;0 . 006 

lf'--p 0,96 B-l!K79 0,21!;0,04 
1,0 B-l!KJI 0,25!;0,06 
1,J Jl-lK34 0,23:0,04 
1,37 lt-JlKSI 0,29!;0 ,06 

1,5 B-.llK36 0,26!;0,06 
1,72 B-lK37 0,29:0,06 
4,7 B-JlK86 0,43+0,06 
6,65 ll- l!K88 o,st;:o,r 

6,8 .90 0,42!;0,07 
7,0 • n-l!KI66 O, 49!;0 ,OB 
7,5 .~2,93 O,SI!;O,II 
16 B-nK96 0,56!;0,06 

TAEHHijA JI 

Be~M~HHa aueprHK nepBK~HoR ~CTKUH, onpe,lle!eHHilH pa3nK4HWWH wero~WH 

hea~ he3~ 
C CKWWeTpM4HWW pacnpe,lle!eHKeW C HeCIIWWeTpK4HYW pacnpe,lle!e-

TpeKOB HHeW TpeKOB 

lt asea,ll\1 I 2 3 4 5 6 7 8 
H3wepeHHe B HOHK31lUHOH-
~xa~opKwerpe T, r ae 220 250 260 210 100 300 60 260 
Hawepeu11e no yrnosww 
~cnpe.llenea~sw BTOpH4- 200 290 340 160 260 50 280 50 • 411CTwq no 6anaHcy 
llllllyucos , l'as) 
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Jlbl B cpOT03MynbeHH TpyJlHO JlB>Ke B 011b!T8X H8 yeKOpRTenSIX, rJle 6oraT8SI eT8TRe TRK8 38-

perR eTpR pOB B HHbiX eo6b!TRll 1103BOflSieT Rei10flb3 0 BBTb ueny10 eepRIO npBBRn OT6opa
19•11•791 • 

TeM 6onee :o>To TPYJlHO eJlenaTb Jl flSI KOeMR'!ee KHX nyqel!. 

npHM9Cb B38H"M0.0.9ACTBH:t:\ C TSOKen bi MH SI.D.p8MH SIBnHeTCSI HCTOl.JHHKOM .UOfiOflHHTenbHhiX 

OWH60K B K 03cpcpHUReHTe HeynpyroeTR, Oeo6eHHO 3TO eKB3biBBeTe51 npR onpeJleneHRR 3 HeprlfH 

nepBR'IH Ol! '!BeTRU hl. 

Pa36poe 3 H B 4 eHR l! ,Ktr B T a6nRue 30 o6yenoaneH ewe " TeM, 'ITO so MHOrRx pa6oTax 

npRB OJlSITell 3HB 4eHRII K 03cpcpRUReHTB HeynpyroeTR , nony'leHHble 113 o6pa60TKR Beero flRWb 

HeCK OflbKH X 3Be3.0. , B TO speMH K8K era BenHttHH8 CHn bHO H3M9HSieTCH OT cnyqag K cnyqa~ 

(eM. pRe . !5-!7). KpoMe T Or O , 60flbWRe OWR6KR MO>KeT JlBTb TBK>Ke 0 6bi'IHO Rei10flb3yeMO€ 

npeJll1 0flO>KeHR e 0 TOM, 'ITO 3 HeprRII , 38Tpa4eHHBII HB o6p830BBHRe 3Bp>!>KeH HbiX lf -Me3o-

H OB , B JlBB pa3a npeBb!WaeT 3 H e prRIO 1T"
0 

-Me30HOB. TaKoe paenpeJleneHRe :o>HeprRR Bbl-

nonHSI9TCH nHWb B Cpe,aHeM; 8 OT.ll 9nbH biX >K9 3B93.08X MOryT 6hiTb 3H8l.JHTenhHbi9 Q:>nJOK-

TYBUHR. 

Bee 3To npHBOJlRT K TOMy, 'ITO 6onbWYIO qaeTb 3 H B 4eHRl! K,.. npR T .> 32 laa en~ 

JlyeT p aeeMaTpH BBTb flRW b KBK rpy6y10 OUeHKy . 

06pawaeT Ha ee611 BHRMBHHe, 'ITO , HeeMoTpll Ha 6onbWHe cpn!OK TYBUHR 3HB'IeHRII K11', 

nony'!eHHb!e 113 BHBflR38 B3BRMOJlel!eTBRJI KOeMH'!eeKRX '!BeTRU B JlRcpcpy3K OHHOl! KBMepe H B 

cpoTO:o>MynbeHH, a e peJlHeM JlOBOnbHO 6bieTpo yMeHbWBIOTell e poeTOM T: HanpHMep, no 

/2 10/ 
JlBHH biM cj:lo T O:o>Mynbe KOHH Ol! pa6oTbi _ T- (o.\+o.ll) 

K ,... 
/ 105/ 11" - , 

a no JlBHHblM KBMepHol! pa6 o Tbi , senH'IHHB Ktr yMeHbwaeTeSI ewe 6bieTpee: OT 0,4 

npH T = 102 
l aa JlO 0, I npR T ~ 103 

Ia». 

B biB OJl o 6bieTpoM yMeHbWeHRH aenH'IHH bl Koacj:lcj:>HuReH TB H eynpy roe T H K'll' e poeTOM 

3HeprHH nonyqeH nepBOHB'!BflbH O TBK>Ke B pa60TBX 6pReTOflbe KOl! rpynnbl H3 epBBH eHH g 3Hep-

r eT Hl.J 9CKOrO cneKTpa nepBHl.JHhlX KOCMH l.J 9CKHX l.JBCTHU C 3HepreTHl.J9CKH M Cfl9KTpOM reaepH

p OBBHHbiX HMH l( -KBBHTOB/ 
173•179 •21 11 • noKB3BTenb HHTerpanbHOrO eneKTpa y -ny'lel! 

( T.e. HBKflOH e n e KTpanbHOl! KpHBOl! B norapRcpMH'!eeKOM MBewTa6e , ep, p He. 28 B § 3.4) 

oKa 3ane11 npH6nH3HTenbHO a JlBB pa3a MeHbWe, '!eM noKa3aTenb eneKTpa 

THU . TaK Ka K :o>HeprHII '6 -nyqel! onpeJlen>~eTeSI :o>HeprHeR paenaawHxe>J 

3 T O MO>KeT 6b!Tb nHWb B TOM enyqae, eenH K"lf -::- 3 K r• """ T- .12. 

KOCMH"'9CKHX 'f8C

lf 
0
-Me30HOB, TO 

Bee 3 TH pe3ynbTBTbl o'!eHb TPYJlHO eornaeoaaTb e :o>HepreTH'!eeKoR 3BBHeKMoeTbiO 

cpeJlHel! MHO>KeCTBeHHOeTH H CpeJlHel! 3HeprHH 1f -Me30HOB, pO>KJlBIOWHXeSI npH Heynpy

rHX B3BHMOJlel!eTBHIIX, B 'IBCTHOCTH, Jlflll 06bSICHeHHII pe3yflbTBTB 6pKeTOflbeKOl! rpynnbl Cne-

,aoaano 6bl npe.o.non O>K HTb, 1.fTO ~ H =c OCT810TCSI flOCTOHHHbiMH HnH O.O.HB H3 senHttHH 

y6b!BBeT c poeToM T ( TBK 'ITO npoH3BeJleHHe t\.. ·::C :~t. ). 

66 



OaaaKo aaanaa noKaabiBaeT, 'ITO so seex eny'la<Ix, KOraa npH H3MepeHHR.;:_ B cpoTo-

3MynbeHH HnH B aHcpcpyaHOHHOl! KaMepe 6bina nony'leHa eHnbHaR aasi<ei<MOeTb K J T), aaep

rHR nepBI<'IHOJI KOeMH'I9eKOJI qaeTHUbl Onpeaen<Inaeb TaKHM o6pa30M, 'ITO OHa MOrna 6biTb 

x/ 
eymeeTB9HHO 3aBbiW9Ha 

'iTO )1(9 KaeaeTeH peaynbTaTOB pa60T/ 
173 • 179•2111 , TO 6onee fi03JlHH9 I<3M9p9HHR 

!LT. 6apa.oaell , H.n. ipHroposa " .op/
212

•
2 131

, BbmonaeHHbie e nOMOUlbiO HOHHaauHoaao

ro KanopHMeTpa, noKaaanH, 'ITO noKaaaTenb HHTerpanbaoro eneKTpa l' -nyqel! Marro oTnH-

1.{89TCH OT flOK838T9nR Cfl9KTp8 nepBH1.{HblX '18CTKU. 

OnbJTbi c ~ - Me30H8MH 6onbwoA aHeprHH no.a 3eMneA T8K}Ke noK83biB8lOT, 1.!TO no

KaaaTenH 3HepreTH'I9eKHX eneKTpOB KOeMH'I9eKHX 'laeTHU H reHepHpOBaHHbiX HMH BTOpH'IHbiX 

/2 14/ 
1.{8CTHU p83nH1.{8lOTCR oqeHb M8nO 

CTpaaaoe oTnH'!He peaynbTaToB HX H3Mepeaal! OT aaHHbiX apyrHx pa6oT OTMe'lanH H 

eaMH asTopbi pa6oT
1173•2111 • B 6onee noaaaeM o6aope

151 
yKaaaaa y)l(e aaa'!I<TenbHO 5o-

nee ena6aR aasHeHMOeTb k1T (T) : t.K1r/K'If 0:: 40% npH H3M9H9HHH TOT 2.10
3 

ao 5.1 05 
las. B npeaenax TO'IHOeTH aKenepHMeHTa eTonb aeaaa'!HTenbHOe H3MeHe'!He. 

npaKTH'!eeKH 03Ha'!aeT H93aBHeHMOeTb K03cptPHUI<9HTa HeynpyroeTH OT 3HeprHH. 06 3TOM 

rosopHTeR H B noeneaael! pa6oTe aToll rpynnb/ 
1751 

noeToRaeTBO HnH O'leHb ena6aR aasHei<MOeTb Klt OT aaeprHH eneayeT TaK)I(e Ha 

HBH60nee TO"'HbiX B H8CTORll.l99 Bp9MH H3M9p9HHA 1 BblflOnHeHHbJX C flO'MOLUblO HOHH38UHOH

HOrO KanopHMeTpa (eM. pHe. 18) . BenH'IHHa K03cpcpHuHeaTa aeynpyroeTH oeTaeTeR npH6nH-

3HTenbHO TaKol! )1(9, KaK H B o6naeTH yeKopaTenbHbiX aaeprHll T ':: 10+30 las. K TaKoMy 

>Ke BblBO.Qy npHBO.QHT 8H8nH3 3KCnepHM9HT8nbHbiX D.8HHbiX flO BbiCOTHOA 38BHCHJ\.10CTH 3Hep

reTH'I9eKOrO eneKTpa HyKnOHOB B aTMOecpepe
12081

• 

KaK y)l(e OTMe'!anoeb Bbiwe , B o6naeTH yeKOpHTenbHbiX aaeprall senH'IHHa KoacpcpH-

UH9HTa aeynpyroeTH anR pO)I(JleHHR K -Me30HOB K IC << Klt . npH 6onbWHX 3HeprHRX HMe .. 

IOTCSI .TJ.HW b 0TpbiBO'IHbi9 .08HHbie, KOTOpb19 1 O.UH8KO , yK83liiB8lOT 1 "'TO H 3.0.9Cb 

K" « K 151 
I( 1f 

K -Meaoaos 3TO rOBOpHT 0 TOM, 'ITO epe.OHRR 3HeprHR 

T ~. 'IHBaeTeR e poeToM aaeprHH T " ae 6bieTpee, '!eM 

JlonR aaeprHH , yaoeHMoll rHnepoHaMH, npH T = 30 las TaK)I(e eoeTaBnReT nHWb ae

aaa'!HTenbHyiO qaeTb nonHOA 3HeprHH eTafiKHBaiOUlHXeR qaeTHU . 0aHaKO B o6naeTH O'!eHb 

60fibWHX 3HeprHJI ee'!eHHe pO)I(JleHHR rHnepOHOB M0)1(9T 3Ha'IHTefibHO BOapaeTH, H yHOeH

MaR HMH 3HeprHH MO)I(eT eTaTb seebMa eymeeTB9HHOA (eM . § 3 .4 ). 

J.13 pHe. 16 H 17 BHJlHO, 'ITO B paenpeaeneHHRX HeynpyrHX B3aHMOJleJ!eTBHJI no se

nH'IHHe K03cpcpHUH9HTa HeynpyroeTH npORBnRIOTeH .OBa OTJl9fibHbiX MaKeHMyMa, eoOTB9TeT

BYIOUlH9 paanH'IHOA MH0)1(9eTBeHHOeTH. 

x/ TaKoe )1(9 aaKniO'I&HHe nonyqeao B aHeeepTBUHH T.C. 10naa.w6aesa, rae noa
po6ao paeeMoTpeHbl paami'<Hbie M9TOllbi H3MepeHHR Koa<f)cpHuHeHTa k,.. /208/ 
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He6on bwHe 3Ha'!eHHH K03cjJqmuHeHTa HeynpyroeTH Ha6mo .aaJOTeR npeHMyweeTaeHHO a 

35
e3 ,aaX .C M81Tb1M tfHCnOM nyqeA, 60nbWHe 3H8'-19HHSI - KB K B 3Be3.ll8X C MBnbiM , T8K H B 

ae e a .Q8X e 6onb~HM '!HenOM ny'le l!, 3TO 38MeTH O eK83biB8eTeH H8 BenH'IHHe epe.aHel! MHO

)I{eeTBeHHOe TH n_, (eM, T86nHUbl 8 H 9), 

3aaKeHMOe Tb K03cPcPHUKeHT8 HeynpyroeTH OT MHO}!(eeTBeHHOeT K p0}!(.Q810WHXeH '18eTKU 

accn e.OOBBnBCb T8K>Ke B OfibJ T8X C KOCMHl.f9CKHMH ny'-18MIL 0LJ.H8K O 3 KC nepHM9HT8nbH8st HH

<f>opM8UHH a.aee b O'!eHb 6e.aHa, K K8KKx-nK6o on p e.aeneHHbiX a aKnJO'IeHKA e.aenaTb ewe Henb-

1 108 208/ 
aH, TaK, e pa6 o Tax ' .an" B38HMo.ael!eTBKA e '!KenoM pO}!(.Q8JOWKXeH qaeTKU tl-'> 9 

2 3 -
npH T s 10 - 10 r3a nony'leHo 3 H8'!eHHe K' t•:. 0 , 19 : 0 ,02, B npe.aenax 3KenepHM eH-

T8nbHbiX owH60K He oTnH'!8JOWeeeR OT 3 Ha'!eHHH K 
1

.,= 0,17 : 0,02, KOTo p oe nony'leHo .an" 

eaSHM O.ae l! e TB!il! e MeHbWel! MHO}!(eeTB eHHOeTbiO, 

3.3 V!MnynbeHhie eneKTpbi 

Te qepTbi HeynpyrHx aaaHMo.ael!eTBHA, KOTOpbie 6y.ayT paeeMoTpeHbi a 3TOM naparpa

<t>e, OhKH8KOBO n p OHBnHJOTeH K8K B KMnynbeH OM , T8K K B 3HepreTH '!eeKOM e neKTpax, no3-

TOM Y anonHe .aoe T aTO 'IH O paeeMoTpeTb nKWb o.aHH K3 3 TKX eny q aea . M"hl oeTaHOBKMeH Ha 

HMnynbeHOM eneKTpe, T8K K8K 3 TOT THU eneKTpa paeeM8TpKB8eTeH B 6onbWHHeTBe 3KenepK-

MeHTdUbHbiX pa60TX/ e 

B OTUK'!Ke OT epe.aHel! 3 He prKK paenpe.aeneHKH p 0}!(.08JOWKXCH 'IBCTHU n o HMnynbeaM 

OK83biB810TCSI paanH tt.HbiM H B 38B HCHM OC TH OT TOrO, K8KH9 3 TO lJ 8C THUbl H K 8 K OB T H R Hey-

npyroro B38KMO.ael!eTBHH. 

TaK, He.aaaHHe HaMepeHKH , npoKaae.aeHHbie HeeKOUbKHMK rpynnaMR a aTopoa, noKaaa

n R, 'ITO B eljeKTpSX HyKnOH OB R rRnepOHOB 0 p0}!(.Q810lUHXeH B Tf'.,J/ B38HM O.ael!c; TBHHX npH 

T » I r 3a, Ha6nro.aaiOTCH .aaa OT.aenbHbiX M8KCHMYM8 (eM . pee . 19120) . 3TH MaKeHM yM bl 

OC06eH HO OT'!eTUHBO npOHBUHIOTeH , eenH paa.aenHTb e n eKTp bl .anH 3Bea.a e p 83UH'IHbiM 'IHC

UOM ny 'lel!, Yf a pHe , 2 J K 22 B>I.QHO, 'ITO e TpyKTypa eneKTpa npOHBUHeTeH K8K B MSnonyqe

BbiX aaea.aax, TaK K a aaea.aax e 6onbwHM '!KenoM ny'le l!. O.aHaKo BhiCOK03HepreTH'!eeKH I! 

MSJ[CHMyM 6onee 3 8MeTeH B 3 Be3.Q8X e He60 UbWKM '!HeUOM ny'lel! , 

Boo6we roaopH , yKaaaHKH Ha CTPYKTypy KMnynbCHhiX cne KTpoa nony'leHb! y}!( e .aaaHo 

(eM /86/ 
'• HanpHMep, pa6oTy , OTH oeR!llyiOeR ewe K 1957 ro.ay). O.aHaKo TO'IHOeTb HaMepe-

x/ K 
3Hepr eTR'IeeK OMy eneKTpy MO}!(HO nep el!TH C noMOWbiO n p oe T oro eOO TH OWeHHH: 

r.o.e M- we~)" m,(p) ~., cnL( y''t:("C+2.M));¥;'Cr;t,.., I 

C Mace a p0}!(tl8IO!UHXeH '!8eTHU, ~(p) - KX HMnynbCH b!l! cneKTp. 

ce, Y lllecTaeHHO no.a'lepKHyTb, 'ITO Me}!(.ay c p e.aHHMH aenH'IHH BMH .:C H p npoeTol! 
3R HeT 

Cpe • n03TOM y B TeX eny'IBHX, KOr.aa B 3Kene pHMeHT8nbHOI! pa6oTe UpHBO.QHTe H nHWb 

.0.HRI! BMnynbC 0 BenH 'IHH8 cpe.aHel! 3HeprHH OC T 8eTeH HeH a aeeTH Ol!, 
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.... 
0 

W(P) 

f 

as 

0.6 

0.2 

0 

W(p) 

~0 

-

I I 

T 
l T 

r I l 
- 1 

T 
1 

0.2 0.4 0.6 0.8 f 1.2 1.4 1.6 1.8 

p H C, 19 

l-1MnynbCHble ClleKTpbl 11pOTOHOB, p0)1{.U810lllHXCR B HeynpyrHX lf-- 0 Ba8HM O.Uel!CTBHSIX 
npH T ~ 7 ras / 157/ . I 

W{p) 

p H C . 20 

VfMnynbCHbie cneKTpbl C Tp8H H biX l.I 8C THU 1 p0)f(,[l8101UHXC5J B '11",.-p 838HMO.rtelfCTBH5JX 

npll T '::: 7 r as1 1761 . 3awTp11XOB8H H8SI 'IBCTb cne KTpa COOTBeTCTByeT 3HB'IeHHSIM qe Tbrpex-

MepHoro IIMnynbCa, nepe.uasaeMoro 1\ -rllnep oHy, A ~ 0,7 r as/c , 

T 
l 

P Cev/c 



N 

80 n =2,3,4 

60 

40 

20 

0 
I 

) ~ ... 
.n.~s 

T 

40 

20 

0 - A 

0,4 0,8 1,2 1,6 2,0 PGev/c 
p H C , 2 1 

V1MrrynbCHOe p acrrpeLieneHH e rrpOTOH OB B lT'--p 3B93Ll8X C pa3nH'IHhiM 
'IKCnOM ny'lell 1'\, • T ~ 7 r3s7157 I . 

HKA 6bin8 HeaenHKB , H 8HOM8nHH 1 H86nJO.ll8BWH8CS1 B cneKTp8X 1 BC8r'.08 MO>KHO 6 blnO n p H

O H C 8Tb B03M O >KH b lM CT8THCTf.P-IeCKHM OUJH6KBM. 

Ho Lieno He TOnbKO s 

5 pa6o Ta/ 156,157,17l,!76,177/ ' 

T O'IH OC TH K3M9peHKl! . 

;·ro K il3Bn 1 tt T O 

AHanH3 1 B b !OOnH e HHbiA 

c cose pweHHO pa3nR'IH hiM K TK I18M K Heynpy r Hx B38HM oLie ll c TBHll. Kpo Me pa3nH'IH Oll MH 

BeH H OCTH, 3 TH .D. D 8 TH0 8 B 38 HMO.Q.8 l\: CTB HA x a p 8 KTe pH 3 Y JO T C SI p 83nH '-IH biMH 3 H 8 Y. e HIHIMH 

PHuHeHTa HeynpyrocTH, a TBK>t<e, KBK yeH.D.HM a c n eLJ.y iOWHX naparpacpax , pa3n Hl.IH biMH 

li e HHB M H n o nepe1.fH O r o HMnyn bC8 H y r nOB O A: 8CHMM 8 TpH"H p 0)K Jl 8 JO lll.HXC H '-1 8CTHU. 

12 

0 0.4- 0.8 1,2 1.6 PGev/c 
p H C . 22 

J..1 MnynbC HOe p acnpeJJeneHH e 1\ -rH nep OHOB, p o >K.Q 8K> WHXC SI B Tf'--, 838HM OD.eACT-

BHSlX npH T Z" 7 r aa , a aasHCHMOC Tif oT o.t n c n a ny 'feA a aaea.a.e ~ 1 176 . 3awTpHx oaaH
Has; Y&Cl b COOTBe T~ TByeT 3 H84eHHHM YeTbi p exM e pH or o KMnynbCa. nepe.a.asaeMoro A - rM
nepo Hy , 6 ~ 0 ,7 r 3a /c . 
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Cy wec TBeHHO p a 3nH'IH Oi! OKB3biBBeTc~ H n e peLtaqa qeTbi p e xMepHoro HMnynbCa 6apnoHy , 

J..1 3 pH C, 20 H 22 X OpOW O BHLI HO, 'ITO B CTOflKHOBeHHHX, COOTB e T CT ByiO W HX HH3K OaHepre TH

'!eC K OMy M 8 KC HM y M y B c neKTpe , 6apHOHY B cpeLtHeM nepeLtaeTCSI B HeCKOflbKO p83 60nbWH JI 

'!eTbl p exM e pH bill HMnynbc A:: /( pA-p, )l"(pA- p, )l" ', q e M B CT OnKHOBeHHSIX, c ooTa e T C TBYIOIURX 

Bbi CO KOa He prH'-IH OMy M B KCHMYM Y H ManoA MHO>KeCTBeHHOCTH p O>K LI BIOIUHXCH 4BCT H!l. B cyM

M B pH biX p ac npe LteneHHHX no A OT'IeTnHBO npo HBflHIOTCH LIBB MBKCHMyMa (eM., HanpnMep, 

pn c . 2 3) . 

H e ynpyrne B3 BHMOLtellcTBHSI c ManoA aenH'IHHoll A xapaKTepH3:fiOTCH TBK>Ke Manoll 

/177/ 
nepeLta'l e i! a HeprHH H TpexMepHoro HMnynbc a 

V1 3 cp8BH8HIHI C OO T88TC TBY IOW. HX nn OWB.lle A" HMrty nbCHOrO Cfl8KTp8 1\ -rHnepOHOB HB 

pH c . 20 M O>KH O 3 BKfl i0 4HTb, '-IT O npH T = 7 r 3 B B38 HMOLt e llc TBHSI c Manoll nepeLta'lell HM

nynbca ( 38W TpH X OB B HH B 51 '-I BC T b c n e KTpa ) COC T 8 Bfl51 10T npH6flH3HTenbHO TpeTb OT nonHOr O 

4Hcn a He ynpyrHX 1r-JI' B3 BHMOLt e i!C TBHll, TaKBSI >Ke oueHKB n o nyqaeTCSI H LlflSI rr-.Jf B3BH

M OLtei!CTBHll npH T = 16 raa. 

B a )KH Q OTM8THTb, 1.fTO B C rt8KTp8X HyKnOHOB OT.081.J.K rtpH HeynpyrHX p-f'\, H P·P B38R

MO.lleACTBHHX H a 6n K>.naercst scero llHWb o.aHH MBKdH:MyM. Bn onHe B03MO>KHo. 'ITO npH 

T >> I r3a aTo CB5138HO c HeLtOCTBTO'IHOll TO'IH.:lCTbiO 3KCnepnMeHTOB. B 3TOII CBSI3H O'leHb 

HHTepeCHO pacnpeLteneHHe npOTOHOB OTLIB'IH LlflSI HeynpyrHX p·p CTOnKHOBeHHll n p H 9ra a, 

nony'leHH o e a p a 6 o Te
1 1771 

(eM. pnc. 2 4 -J . KaK n a cnyqae lf- ..1 B3BHMOLtellcTBHll , a a ToM 

p a cnpeLteneHHH Ha6ni0Ll 8 10TCSI LIBB MBKCHMyMB, 0LtH8KO OWH6KH H3MepeHHll erue O'!eHb Be-

11HKK , t.tT06bl MO>KHO 6bl110 C.Oe118Tb K8 KHe-nH60 onp e .aeneHHble 38K11J01.{eHHH . 

4TO K8C88TCSI HMrtynhCHbiX cneKTpOB "'f -Me30H 0 Bt T O 3 TH Crt8KTpb1 HMeJOT SICHO 

BbipB >KeHHYIO CTpyKTypy B cnyqae CTOflKHOBeHHll 'IBCTHU c aHeprnell T - I r3a. B uenoM 

pS!Ll e pa60T 6bifl 0 nOK838HO , 'ITO a Ta CTpyKTypa CB51 3 BH8 C BTOpH'IH biMH B38HMOLte liCTBHSIM H 

/31-33/ 
pOLIHBWHXCSI 'IBCTHU ( CM ., HBnpHMep, pa6 0 Tbl ) , 

B nacTOSIWee apeMH HMeiOTCH yxaa aHHH na cTpyKTYPY 1f -MeaOHHbiX cnexTpoa K 

npH 6dnhWHX 3HeprHSIX. 3TO cne.ayeT1 B 1.f8CTH OCTH, H3 3KCrtepHM8HT81lbHbiX .08HHbiX no 

- /39,88 92 , 93/ 11' - r B38HMOLteliCTBHSIM npH T = 7 , 5 K 16 r a e, n o ny'l e HHbiX B pa6oT8X • 

(eM, pnc, 25 ), K a K H a cnyqae npoTOHHbiX c n e KTpoa, CTPYKTypa 6onee HCHO Bb!pa>KeHa a 

asea.nax c MBilbiM 1.fHcnoM nytteA:. 

c Llpyroll CT OpOH bl, B pa6 o Te
1901

, Bb!nOflHeHHOll npH T ~ 6,8 raa , K Ltpyrnx pa6o

T8X, HHKBKHX BHOM8flHll B cneKTpBX 1f -Me30 HOB He 06Hapy>KeHO, He 06Hapy>K e HO 8HO

MBflHll H npH HCCneLtOBBHHH cneKTpOB 1f -M e30HOB, p O>K LIBIO W HXCSI B JI· .J/ B3 8HM OL!eli

CTBHSIX ( CM, pHC, 26 ) , 

3ToT aonpoc ewe Tpe6yeT LtBn bHellwero y T O'!HeHHSI, 
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PacnpeLteneHH e /\ -rnnepOHOB B Hey npyrHX rr-- p B38HM o -

Lte i!CTB I<SIX npn T = 16 r a a no aenH'IHHe qeTbipexMepHoll n e peLtB'IH 

I<Mnyn bc a A / 171/ 
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p H C. 24 

P acnpeLleneHH e n poTOHOB OTLl B 'IH no seml'tHH e TpexM'e pHol! nepeaa«H HMnyn&ea 

I A I =I P'- jS I B H e yn p y rH X p- p CTOJ!KHOBeHH!IX r!pH T = 9 r ,.a ( p H p' -
HM nyllbCbl !IpOTOHB COO TB e T C T BeHH O LlO H !IOC/Ie CTOJ!KHOBeHK !I )'/ 177/ • 

B HMnynbCHbiX pacnpeLlen e HH !IX K - Me30HOB, p O>+<Ll BJOWHXC!! np11 C T OIIKHo aeHH!IX 

'!8C THU C 60J!bWOJ! 3H e prHe J!, H B6JIIOLl8eTC!! BCero -"l! Wb OLlHH MBKC!!MyM; B npeLlenaX 

3KCnepHMeHT8nbHblX OWH60K HHKBKOJ! CTpyKTypbl 3LleCb He npO!!BJ!5leTC51. np8BLl8
1 

K -MeaoHoa a HBCTosrwee apeMSI HasecTHhr aecbMB HeTot~Ho. 

B HM!IYJ!bCHb! X c neKTpax 'IBCTHU, pO>KLlBJOWH XC!I npH BHHKrHJ!!IUHH 8HTHHYKIIOHOB1 

T B K>Ke BO BCeX Clly'IB!IX HB6JIIOLl8eTC !I IIHW b OLl HH MBKCHM y M ( CM. pH C . 

MepeHHJ! 3LleC b Cp8BHHTeJ!bHO H e BeJ!HKH. 

B pa6oTe
1 1761 

no!lpo6Ho HccneLl o s a nKcb KMu y n bC br 1T -Me3 0HOB, po>+<LlBJOWHXCll 

COBMeCTHO CO CTpBHHb!MH '18CTHU8MH, 0CH OBH8Sl 'I BC Tb CTreKTpa TBKHX 'Jr - Me30HOB 

O'!eHb CXOLlHB CO C!IeKTpOM 1T -Me30HOB 11 3 peB KUKJ! 6ea CTpBHHbiX 'IBC TK U, 3aMeTHOe 

p83JIH'II!e H 86JI IOLlBeTCSI J!HWb B o6n 8CTH 60J! b WK X KM!IyllbCOB: Llll ll 

BO>K.ll9H HH 3TB t.J: BCTb CneKTpa CyWeCTB9HH O 06pe38HB , ttTO M O>K HO 06'bRCH HTb T 9 M
1 

qTO 

3TOM c nyqae OTHOCHTeJ!bHO 60J!bW8!! "'BCTb !IOJ!H OJ! 3 H e prHK 3 8 TpB<i!iBBeTC SI HB o6pa30B8• 

HH9 TSDKBnhJX 'iBCTHU. 

HHKBKOJ! CTpyKTypbl B CneKTpBX lf -M e30HOB npH 3TOM He HB6J!JOLlBeTCSI. 
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VlMrtyrt bCHbiA Crte KTp rtpOTOH OB H 338H>KeHHbiX 1f' - Me30H OB 113 Heynpyrux ? -p 
B38HMOJleilc T BH ll npH T = 2 H 9 r sa/ 19,2 ,52,2481_ CrtrtOlLHLie rH CTO I' P8MM bl- n p O T OHLI , 

rtyHKTHpHble - 'It' - M e30H b l. 
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VIM nyn bCH bJe c n e KTpbJ '! aC T"U , p o>t< LtaJOLI..llfXCSI n p H a HHHf'HJlSIUKif aHTKn p oTOHOB 11p11 
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3.4 . 3Hepr8TH'I8CKH8 cneKTpbl 3n8KTpOHHO- cjJOTOHHbiX KaCKallOB 

CneayeT oco6o ocTaHOBHTbC!I Ha cneKTpax ~ -ny'lel!, 3neKTpOHOB 11 n0311TpOHOB, re

HepHpye MbiX a seLUecTse 6biCTpbiMH KOCMHLJeCKHMH l.I8CTHU8MH. AHanHa 3THX c neKTpoa .naeT 

B8>KHbie CBe.UeHHSI 0 BepOHTHOCTHX pO>K.QeHHH rHnepOHO B npH 04eHb 6onbWHX 3HeprH SIX, B 

pSI,Ue p860T 3TH cneKTpbl o6cy)l{.U8nHC b B CBH3H C B03MO.>KHbiM H3MeHeHHeM MeX8HH3M8 

HeynpyriiX B3aiiMOll8l!CTBIIl! np11 ynbTpapenSITIIBHCTCKIIX 3H8pr11SIX. 

B 3KCnOH11poaaHHol! Ha 6onbWHX BbiCOTax cjloTo3MynbCIIII neTeKTHPYIOTCSI cjloTOHHo-

sneKTpOHHbie K8CK8.0.bt, nopO>K.OeHHbte ~ -KB8HT8MH , •3neKpOH8MH H fl03HTpOH8MH KBK B 

BbiWene>K8lUHX CnOHX 8TMOCQ:Jepb1, T8K H B SI.O. e pHbiX B38HMO.UeACTBKHX 1 npOH.CX O.D.SIWHX He

nocpeD.C TBeHHO B ciJOT03MynbCHH H. B CnOHX BHeceHHOf'O B Hee TSDKenOf'O BeUleCTB8. ECnH 

e.O,HHCTBeHHbiMH HCTO"'.HHK8MH ¥ -KaaHTOB S!Bn!!STCSI pacnall o6pa3yi01UIIXC!I npH !lll8pHbiX 

B3BIIMOll8l!CTBHS!X lf 0 
-M830HOB II TOpM03H08 H3ny'!8HH8 BTOpH'IHhiX 3n8KTpOHOB H n0311-

TpOHOB, TO cneKTpbl KBCKB.O.OB, COOTBeTCTBYlOLUHX B38HMO.O.eACTBHSIM B 8TMOC¢epe H nnoT-

HOM aewecTae, nomKHbl IIM8Tb CXOllHhll! xapaKTep, KaK BllllHO 113 pHc. 28, 3TO xopowo 

( 3 x/ 
BblnOnHSI8TCSI HB onb!T8 BOnOTb llO 3Heprl!ll T ':::' 2t5) 10 r3a • npH 6onbWIIX 3HeprH!IX . c." 
cneKTp 

1
npOHCXOll!llllllll OT t -nyqel!, 3n8KTpOHOB II n031!TpOHOB 113 aTMOCcjl8pbl , cnaaaeT 

3H8Y.HTenbHO 6hiCTpee, qeM CneKTp1 nopO>K.O.eHHhiA tt8CTHU8MH H3 3Be3.0. B QJOT03MynbCHOH-

/J75/ 
Holl cTonKe. AHanorii'IHbiA pe3ynbTaT nony'leH 11 a 6onee no3aHeA pa6oTe 

llnSI 06~!1CH8HII!I 3TOrO IIHT8p8CHOrO !!Bn8HII!I B pa60T8/J
8

J/ npennaranocb y'!eCTb 

pacnan r11nepoHOB a aTMoccjlepe. 

B na6opaTopHol! CI!C T 8M8 KOOPlliiHaT 3HeprH!I pacnaaHhiX rr"- M830HOB nponopullo

HBnbHB 3HeprHH nepBIPiHbiX KOCMH"'.eCKHX "'.BCTHU T, a 3HeprHH 1f
0

- M830HOB, o6pa3yi0-

IUIIXCSI H8nOCp8llCTB8HHO B pe3ynbTaTe HeynpyriiX CTOnKHOB8HIIll , nponOpUIIOHanbHa T.I§_ 
( CM . § 3.1/. n 03TOMY llnSI p0)!{ll 8HIISI 

D 3 rr -Me30HOB c 3HeprueA T,..,., 5. 10 r3a B 3THX 

llBYX cny'!aSIX HY)!{Ha 3H8pP11SI KOCM11'18CKHX HyKnOHOB COOTB8TCTB8HHO OKOnO J0
4 

II 10
7 

r3a . 

OaH a Ko '!Hcno nepBH'IHhiX KOCMII'ISCKIIX '!aCTHU 0'18Hb 6biCTpo yMeHbwaeTCSI no Mepe yaenii

'ISHII!I HX 3Hepr111!. n 03TOMy 8Cnll 'IHCnO rl!nepOHOB, pO)!{llaiOIUHXC!I B HeynpyrHX CTOnKHOBe-

HIISIX npH ynbTpaBb!COKHX 3Hepr11SIX T ~ 104 
r 3a , llOCTa TO'IHO BSnHKO, TO OCHOBHa!! qacTb 

cjloTOHHo- 3n8KTpOHHbiX KaCKallOB c 3HeprHel! TCA.~ ( 2+5) 103 
r3B 6y ll8T HM8Tb pacnanHoe 

npoHCXO>K.O.eHHe. 

x/ HanoMHIIM, 'ITO apeMSI )!{1!3HH Tr0 - M830Ha -c -10 -JB ceK; no3TOMy penSITHBHcTc-

Koe 38TI83.0.biB8HHe BpeMeHH HeaenHK0 1 H lf4J -Me30Hbl B 060HX cnyl.fBSIX p8Cfl8,D8lOTCH npaK-

TII'18CKI! cpa3y )!{8 nocne 11x o6pa3oaaHIISI. Ecm< KonH'ISCTBO aemecTaa, npiiXOllSIIUeecH Ha 

I cM 2 a cjloT03MynbCHOHHOl! cTonKe H a Bb!wene)!{aweM cnoe aTMoccjlepbl OllHHaKoao, TO 

paCCMaTp11Ba8Mbl8 llBa THna cneKTpOH B006IUe H8 llOn)!{Hbl OTnii'I~TbCSI llpyr OT llpyra. 

P a3nH'I"8 cneKTpOB "a" H '6' Ha pHc. 28 '}%" T .... ~ (2 + 5) 10 r3B o6ycnoaneHo TeM, 

'ITO TOniUIIHa IICOOnb30BaBW8l!CSI B pa6oTax > 179
> J80/ cjloT03MynbCI!OHHOl! CTOflKII COCTaa

n!lnB 1,3 cpenHero cao6onHoro npo6era, a TOnWIIHa aTMOccjlepb! Hall cTonKo A - npu6-

nH 3HT8nbHO Tpll Cp8llHIIX CB060llHbiX npo6era. lfHCnO KaCKallOB, o6pa3yi01UIIXCSI B aTMOc

cjlepe, B 3TOM cnyqae 6onbW8 'IHCna KaCKallOB, nopO)!{lla8MbiX '!aCTHUaMH 113 B3aiiMOllSA

CTBHll a cjloT03MynbCHOHHoll cTonKe , a IIX cneKTp 6hiCTpee y6h! BaeT np11 ya e nH'!SHIIII Te ... ~o<- . 
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Alcasc~--~so~o~~~ro~3------~--~s~·Jro_3 ~~~To_~ __ ~ 

m~ r-------------~ 
Com~i.ned 

d.ata 

p II C , 28 a. 

Y:H cno ~ - KBBHTOB , 3neKTpoH o~ H no3H TpoHoa c aHeprHeA T ~ T C.&iC. 

~t .,. S ...t('T) olT 
J"'e.a.~ T'..._ t 

aaperHcTpHponaH_!:I:.f'x e 1'0T03MynhC HOHHOil CTOnKe, o6ny 'leHHOll Ha BbiCOTe lt. = II KM 
(e e)li!HHU8X CM ~-i:CJL- iC.C.-I )/5, 178, 180/ , noK838H cneKTp , reH epHpOB8HHbi il 1( -Ke aH-

T8MH1 311eKTpOH8MH H n03H:T p OH8MH 1 pO,aHBWHMHCSI B 8"M..O ccfJepe . 
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.N, .. ..,._: s; ....rcT)oCT, . 
3aperllcTp11poBaHHbiX B c:j:loTo3Mynbcllouuc; r cTonKe, o6nyqeuuoll ua BbiCOTe h.. = I I KM 

( B et:U!.HIIU8X CM - 2 ~i:ll\•l ,,L-I )/5 , 179, 18Q/, noK838H cneKTp, npOIICXOllHlUIIJI OT '18CTIIU, o6-

p830B8BWIIXC51 B HllepHbiX B3811MOlleJICTBII!IX B BetUeCTBe c:j:>OT03MynbCIIOHHOJI CTOflJ<II, 3Haq

K8MII 0 , • II l( OTMe'!eHbl pe3ynbT8Tbl 113MepeHHJI B p83flH 'IHbiX CTOr!K8X (cooT-

BeTCTBeHHO C rlfl8CTII H 8MII 113 C , 'J'« , W ), na60p8TOpH8!1 CIICTeMa KOOpllHH8T. 
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.[lanee, ecn H 3He prKH rKnepoHOB Ty HesenKxa, TO HX pacnaa a BTMoc<jlepe K <jlo T o -

3MynbCKOHHoA CTO nK e npOHCXO.D.HT n p BKT KYeC KH p8BHOBepOHTHO . 0.D.H8KO, KOr.D.B 3HeprHQ 

. * Ty C TBHOBHTCll H BC T OilbKO Bbtcoxol! ( T y '> T y ), 'I T O cywecTBeHHbtM o6pa3oM C KB 3bt -

aaeTCH p e 11SITH B HCTCKOe 38rT83llbiB8HH e apeMeH H, TO OCHOBHBH '-l8CTb r'HnepOHOB B 8TMoccpe

pe "'norH6aeT• a HeynpyrHx aaaHM o.ae AcTB HSJx, npe>K.ae q eM ycneeT pacnacTbCst. Y.Hcno Bbr

x/ 
COK03HepreTH'-leCKHX K8CK8.D.OB B 3TOM c nyqae 3H8 '-lHTe11bHO yMeHbWBeTCH 

ff-
KpHTH'!eCKBH 3 HeprHH T y onpeaen HeTC ll coOTH OweHH eM: 

T *' ... .h: in., ..f.. 
Y C'"Cy p-Ly , 

rae "'Cy H L y - apeMH )KH3 HH H c pe!lHHJI cao60!lHbt ll npo6er rHnep o H a a aTMoc<jlep e 

. 2 L 1... y II 8,1lHHHU 8X M8CC8/CM ) ; F\.. H p - Bb!COT8 H 8TMOC<jlepHOe !l8BileHHe B TO 'IK e 

T* 4 f 
H8611JO!leHHll ( p > L y ). Ha ypoBHe MOpH '( = 10 r 3B, a H8 BbiCOTe rL ':::' II K M, 

H8 KOTOpoll 3 K CfiOH Hp088118Cb <jloT 03MY1lbCH H B p a6oTa/
175•1801 T.,.- 5 10

4 
r 3B . CooT-y- D• 

B eTCTBylOWBSI 3HeprHH t -KB8HTOB , npOHCXO.D.HWHX OT p 8CrT8.llH biX 1f -Me30H OB , p8BH8 

n o nopl!!lKy senH'IHHbt 103 
H 5.103 

r <>a, 'ITO xopow o cornacyeTcll c <> x cnepHM eH T BilbHbtM H 

!l8HHb!MH H 8 pHC . 28. 

,0CHOBbiB8HCb H8 3 TO J:\ Knee H HCrT 011b3 yst H3BeCTHyiO B H8CTOHWee BpeMSI 3 KCn e pHM e H

'!B11bHYJO HHQ:lOpM8UH .O 0 Heynpyr'H X B38HMO.OeACTBKHX 1.{8CTHU B o6118CT H 01.feHb 8bJCOKHX 

3HeprHf!, BBTOpbl p860Tb/ 
1751 

nony'IH/lH C/le !lyiOWH e 3H8'!eHHH OTH OWeHHll HHTerp811bHbiX 

noTOKoe ~ - KeBHToe , nopo>K.neHHbiX Henocpe.nc TBeHH O pon.HBWHMHCH lf"- Me30H8MH 

H 1{'
0 

-Me3oHBMH O T pacna.na rHnepoHos: 

o.':fo 0,14 
Pv ' Py , 

.Nn _ i,O& 

.1'1 r,v - Pr 
cooTeeTCTeeHH O .nnH TCCl\&- = 

2 3 4 
5,10 , 5 .10 H 5.10 r 3B . 

3!leCb P. -aepOHTH OC T b po>K.D.eHHH rHn e p OH 8 npH Heynpyr OM B38HMO!lef!CTBHH Koc-
y 

MH'!eCKO JI '18CTHULI C ll!lpOM B03!lYX8, 

TaKHM o6p830M , eC/111 B O!lHOM 8KTe Heynpyro ro B38HMO!le J! cTB Hll npH T ~ 10
5 

r 3B 

po>KnaeTc st He 6onee o.n H oro rHnepoHa, TO n.a>Ke npH MBKCKMBnbHOA eepoHTHOCTH py • 1 

( T.e, 6'y : 0~ .. ) 'IHC/10 K8CK8!lOB rHn epOH HO r O npOHCXO)K!leHHll He!lOCT8T O'!H O !lllll 06b

l!CHeHHH Ha6moaaeMor o HB onbtTe pe3Koro cnaaa B c n exTpe Xe~~o.u.. 

0!lH8KO B o6118CTH O'!eHb Bb!COKHX 9HeprH!I B npHHUHne B03MO>KHO H Kp8THOe o6pa3o

B8HHe rHnepOHOB ( HBIIOMHHM, 'ITO y)Ke npH T - 10
4 

r 3B c p eaHee 'IH C/10 pO>K.OBIOWHXCll 

TR"'en btX '!8CTHU ~T~ 0,'2.t\.-::- 6 1 eM. pHc. 6). B 9TOM cnyqae axnaa cneKTpos rHne

poHHor o n p o HCXO)KJ:l eHHH MO)KeT C T8Tb npeo6118!l810WHM. 

x/ 
" 0TMeTIIM, 'IT& !lilA B 036y>K!leHHbiX ( H306apH b!X) COC T OliH H!I 6apH OHOB ( H81IpHM ep, 

,J( ... ,)/ +1" ) TUOrO a<jl<jleKT8 liio!Tio He MO)KeT, T8K KBK HX Bpe MH )KH3HH '1pe3Bbi'!BJI

HO MBnO K penSITHBK C TCKOe 3 8fl83.0bi88HHe speMeHH, K8K H LJ.ntl 1r• -M e30HOB , npBKTKtlec

KK He HrpaeT ponH. 

83 



K oHe l1H O , T a K oe o6bS1 CHeH H e xoTH 11 s:~snHeTcH secbMB oc Tpoy MH bJM H npHsneK a TellbHhiM , 

13C€ }t(€ B H 8C T 0 s:I W€P. Bp€Ms:l Bblf"llH.LlliT H€ 0 1.J. € Hb y6e.O.H T 8llbH bi M. 

B pHne pa6oT pa 3 nHYHB aHepreTHY BCKHX c neKTpoB ¢o T OHH o - aneKTpOHH W X KBC K BDOB B 

B TM OC¢epe H B nnoTHOA C p BDB p BCC M8TpHBBBTCH KBK YK8 3BHH B H8 cyWBCTBBHHO HHOJ! MB

X8HH3M Heyn pyr>IX B38HM ODB J! C T B HJ! 51DBpHo-aKTHBH biX YB C THU npH 3 HeprHS!X T ~ 10
5 

r as . 

(eM ., H 8 npHMep/
5

• 
175

•
1821

). B Y8CTH OC TH, p83nHYHB cneKTpo B H8 pH c . 28 M O}!(HO 6bino 6bJ 

06bS!CHHTb, ecnH npenn o n O}!( I!Tb, YTO np11 HeynpyrHX B38HMODB J!C TBHS!X ynbTp83HepreTI!YHbiX 

qaCTKU C 60nbWO A: sepOHTHOCTblO p O>K.08JO TCH 0Ll, HH-,nB8 H e t\Tp811bHblX "'Jr -M e30H 8 1 KOTO -

p b!M nepeD BBTC S! OCHOBH851 YBCTb 3HeprHH nepBHYHbiX YBC TIIU. T o rD8 n86 op8TOpHoe BpBMS! 

>K H3HH T 8 KHX 1T - Me30HOB 6yneT 0 1.{ € Hb B€11 HK 0 1 H B ¢ o T OHH 0 - 3 11€KTpOHHble K8CK8il bl B 

cnoe 8 TM oc ¢epb1 H8D ¢oT03MynbCKOHHOJ! CTOilKOJ! 6yDeT nepex OD HTb nii Wb C pBBHKTBnbHO 

He60llbW 8 H 1.J.8CTb 3 HeprHH 1 CBSI38HH8H C pacnB.O.OM M€.0.11€HHbiX 1.J.8CTHH. 

O.aH a K o TBKoe o6bHCHeHHe npe.ncTaans:JeTC SI ewe Me H ee y6e.aHTen b Hhi M, Y.eM o6bHCHe

HHe c pac na.aoM rHn e p oHos . B o BCHKOM cny"iae , He xoTenocb 6bi BhiCKB3biBBTh npennono>Ke-

HHA 0 KBKHX-TO HOBbiX ,H e H3BeCTHbiX H8M, M€X8HH3M8X B38HMO.ll€ACTBHA T8M 1 r,ae M O>K HO 

o6oATHC b Donee npHBhi"iHbiMH npe.acTasneHHHMH. 

3.5. PacnpeneneHHe Y8CTKU no nonep e YHOMY KMnynbcy 

npHM Bpbi pacnpeneneHIIJ! Y8CTIIU, p0}!(D810lUIIXCS! llpll H<'ynpyrKX B3811MODBI!CTBIIS!X, 110 

senii'IIIHe nonepe'!H o r o HMnynbc8 p J. 

w c p ) : .L z. f1. ~ " 6~ 'p J. ) 
.L 6', .. ~ 'd p J. 

( 16) 

np11seneHbi H8 p11c. 29, 30 11 31. B Ta6mlu8X 32- 34 H HB pHc. 32 yKa3BHbl cpeDHII e 3 HB'IeHHS! 

f\.: S PJ. wcp.J ~ PJ. . ( 17 ) 

Kpo Me np11seneHHbi X B Ta6nKu8x, OTM e TKM eme c p eDHIIA nonepe'!Hbii! IIMnynbc KScKan-

HbiX - rHnepoHos . B HBCTos:~wee speMH H3B€CTHO scero nHw b .as a 3 HBtieHHH aToro HM-

- / 203/ 
nynbca: p .L ) ~ ~ 3 18 :; 35 Mas/c , n ony'!eHHoe B pa6oTe H3 aH8{1K38 B3aK-

Monel!c Telll! 7- r aeHb!X 1\- - Me30HOe c S!DpBMII yrne pOD8 npll T -::: 7 rae II ( p ) .,;' 557 :!: 
/202/ - J. -

+ 78 M a s / c, nony'!eHH Oe B pa6oTe DnSl 1t' -p B38HMODellcTeKll npH T = 9,86 rae. 

Vf 3 npKse.aeHHbiX 3KCnepKMeHTBnbHbtX .aaHHbiX BH.O.HO , LJ.TO n o nepetiH bie HMnynhChi po>K

.ll BJO WHxcs:r \f8CTHU OtieHb cna6o 38BHCHT OT ::meprHH H TJHI 8 B38HMO.ll€ACTBHSI . 3Ta 38BHCH

MOCTb s:IBns:JeTCH 3H8tiHT€llbHO 6onee cna6olt , ti eM .OnH C pe.aH e A: 3 HeprHH H nonH biX HMnynh-

COB li8CTHU. 

nHw b HB 0 1.feHb 60llbWOM HHTepaane 3 HeprHA MO>KH O 38MeTHTb 

rOBOpS!, nor8p11¢MH'IBCKoe) B03p8CTBHHB CpBDHKX 3H8'lBHHJ! p J. 
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CT011KH OB9HHfi X npH T # 500 r 3s

1 10 1
. CnnoWH tBI I""HCTorpaMM8 - TSUKe11 bl9 'fSCTHU bl, nyHK

HtpHaH - 'lf~ • M930Hbl • 

W(p.~J 

qs 1,2 !J.J.Cev/c 
p M C . 3 J 

P acnpeaeneHH e 1\ - rHnepopof J K• -M eaoHoB no nonepe'iHOMy KMnynbcy a 71'· .. p 
B38HMOD.e ACTdHHX npH T = 16 r sa 

1 1 
0 CnnOWH8H rH CTOrp8MMa - " - rHnepoHbJ, nyHK-

TUpH 8 H - )(
0 

- M930Hhl. 
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UE!im 32 

Cpe)(BHA nonepeqHwA HMnY~hC HYK~OHOB noc~e Heynpyroro B3ai!WO-

B3tUniO
)(ellcTBI!e 

p-p 

p- n.. 
.N-.N 

li--p 

lT-- n.. 

-rr-N' 

T, r3s 

0,81 
3,5 
4,2 
9 
9 
18,9 
24 
27 

27 

6,2 
9 

500 
( IO•I03) 

1,3 

4,7 

6,65 
6,8 

7,2 
7,3 
9,86 

II,26 
16!.3 

6,8 

7 
7,3 
7;5 

)(eACTBI!II 

MeTo.lt PJ. I M3B/C 
-If 

B-.llKD 32D!_46(306!.44) 
.25 232!.21 
.183 265!.31 
.49 437!.52 
.52 32D!_30 
.55 217!) 1 
B-llK58 27D!_40 
.!53 326!.29 
.!53 281!.26 
.104 338:56 
.51 372!.25 
MKB(CI2) I05 3!~44** 

n-nK34 JJD!_28 

B-.llK86 546!_!8 

il-llK88 313!_41 
.90 37D!_40 

B-ilK91 330!_26 
.!55 330!_60 
B-llK202 429;t50 

B-ilK95 4II!,34 
B-nK96 420!_40 
.90 346!_33 

.90 370!_40 

.!55 330+60 

.93 38S:4I· 
360++ 

*)3HaqeHHII, npHBe)(eHHWe B CK00KaX 0 OTHOCIIT?II X Helt pOHaw, Bee OeTa~hHWe 
3Haq eHI!II OTHOCIITell X npOTOHaMo 

**) CTporo rosop11, 3TO 3HaqeHHe OTHOCHTell KO seeK T IISe~W qaeTI!uaMo 

•) J!J111 3HaqeHKII K034JIIKillleHTa HeynpyroeTK K~ ~ 0,5 ( K'*- xo:$1!KillleHT 
HeynpyroeTH B "3epxanhHoA " eHetewe xoop,ltKHaT) . 

++ ) lJIII 3HaqeHI!II ( .. ~ 0,5. 
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4AU.N.J!UA ,X 

:penHHH nonepeqHWH HMny~hC HYKBOHOB nocne Heynpyroro B3aHWO
~eHcrBKR 

r, r:1s lleron p.L M:JB/ c * 
' ),8I B-J!KIJ 32D!46(306!44) 3,5 t25 

232:t2I 
~.2 ti83 

265!3I 
l t49 

437!52 
I .52 

32D!30 :s,9 t55 
2I7!3I 4 B-IIK58 
27D!40 

7 ti53 
326:29 

7 ti53 
28.t!26 

,2 ti04 
338;t56 

t5I 
372!25 

)0 llKB(ci2)I05 3!0!44** :o.ro3) 

J II-IIK34 
33D!28 

7 B-JIK86 546;ti8 
65 II-IIK88 3IJ!4I 
B .90 

37D!40 
2' B-IIK9I 33D!26 3 ti55 

33D!60 
36 B-IIK202 429:50 
~6 B-IIK95 4II!34 
I B-IIK96 42D!40 

.90 
346;t33 

.90 
37D!40 

ti55 
330+60 

.93 38S:4I+ 
360++ 

lHBe~eHHWe B CK00KaX 1 OTHOCRTCR K HeArpOHaM 1 BCe OCTa~hHWe 
IOCRTCR K npOTOHaM. 

lfi 1 :JTO 3HaqeHHe OTHOCHTCR KO BCeM TRZeKWM qaCTHQaM. 

KO:J!PPHlll!eHra HeynpyrocrK K~ ~ 0,5 ( K*- xo:JiPPKlllleHr 
8 "3epxanhHOA" CHCTeMe KOOPAKHar). 

I( .. ~ 0,5. 
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T AEJ!IIUA JJ 

Cpe~HHA nonepe4HYA Mwnynhc rr -weJoHoB nocne Heynpyroro 
B3aKWO~eACTBMa 

Baauwo- P .... AU% 
~eRCTBKe T, r3a lleTO~ + n- tn·O)* 
p-p 

B-ll{lJ 0,81 200+30 
J,5 ~25 no:-roiHI 
4, 2 ~I8J 142;12181 

9 ~49 J14:_J7IHI 
9 ~52 210:20 

18,9 ~55 I54:IJ 

24 B-nK58 J60:IO J30::;20 

27 ~61 11J<>:I7** 

p -11- 27 ~61 Hl5tl71H1 

.N-JI 6,2 ~104 225:33*11 

9 ~51 245!:.30** 

24 ~I 59 - (398+25) 

25,8 ~60 240+30** 

27 ~15J JI2:25** 

50 IIKB( A el? )101 Jlo;230** 
(IO•IOO) 

.-roo Kll184 220:16** 

"' 140 tll4 270:!;50IHI 
(10.500) 

!50 ~I 58 280:30iltl 

(10•300) 
IIKBl Li 14. )IIO -. 35o** 200 

250 ~II 370+80** 

300 ~185 33,;72** 

500 Klli86 3Io;230** 

(Io2.1o3
) 

IIKB(CI2)I05 308:23** 500 
(10.10 3 

) 
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2.103 

2,5. 103 

2 ,1J .103 

3 ,8.103 

5.103 

(Io3 .. ro4) 

4.103 

IJ,4 .103 

2,3. 104 

4,5.104 

5. 104 

IJ . l04 

2.105 

J .1o5 

J,3 .ro? 

r-p 1, 3 

4,7 

5,96 

6, 65 

6, tl 
7,2 
7,3 
7,5 
9,86 
II,26 
16!J 

17,86 

17,96 

11' -.N 4,5 
6,65 

TaOnKga 3J 

( npo,llon.:eHKe ) 

.187 

.185 
+11J8 
.189 

.1 tl6 

<1>1 62 
.p189 

.1!:!5 

.107 

.190 

.191 

. IJ3 

.IJ2 

.192 

11- IIK34 

B-JlK86 

II J;' - IIK200 A 

II- ITKB9 

.p90 
B-IIK91 
.155 
.92 
B-IIK202 
B-IIK95 

B-riK96 

11-IIK39 

nF-niC 2oo • 

.193 

11- IIK89 

90 

~00+50~* 

494~90** 
"-' 300** 

( 365! 30 ) 

( 370•50 ) 
-30 

J16!,54** 
( 407!J2 ) 

6!:!2+15011* 

- (415!,80 ) 
( 344!,104 ) 

( -420 ) 
( 440!,98 ) 

45<J: 7 4 "" ( 49<J:B3 ) 

( 667!177) 

298!21 471!.40(236!26) 

- ( 506!17 ) 

<'7!+23 315!16 -
363+14 362!14(3'10:68) -

335+30*" 
332:281111 

210:2o** 
25o:3o** 
293:71111 

339!15** 
360!10 370!,10 

397!.36 

349+35 365•21 - -

290+50*11 

-337!18 337:16 

I 
i 
i 
t 

r , r 
I ' 

TaOnKga 33 

( npO,IlOU:eHKe ) 

90 llll 
6,8 • 310+20 

7,3 .155 270+20*11 

7,5 +194 25~18' 
)2~32 .. 

7 ,5 .93 28fi:.18iHI 

140 +II4 27<J:50*11 

(lo .. 5oo) 

!! ) B cKoOKax yKa3aHhl JHa4eHKR ,llnR Tr 0 we30H08, 

llll 
Ilpii8e.lleHHhle aHa4eHHe R8nRerc• cpe.JlHHII .llnR Ti'" - H r;-- 11eaoHo8 . 

A 

+) 

++ ) 

Hawep eH KR 8hlnonHeHhl 8 nponaH~peoHo8oR ny3hlpbK08oR Kallepe. 

JlnR 3Ha4eHHR JtOJ<!XI>KUKeHTa HeynpyrOC TK I(* ~ ~5 
( 8 " 3epitanbH02" CHCTelle KOOp,llHHaT ) , 

)\nR 3J!a4eHK R }(-!( ,.0,5 

TAEll!l!J! 34 
Cpe.llHHe nor.epe4Hhle KwnynLChl poZAaD~MXCR crpaHHhi X 4aCTKU 

B3aKIIO- ~ Alt l7c. 
,JJ.eR CTBHe T r 3 B lleTO.Il I 

(. i• t\ ~~~ E.-
p-p 23 . 6 ! 0 ,6 B- IIK195 373!33 J9fi!50 - 51<J:70 

24 B- ITK196 380!40 36<J:B011 

~.,. 

95<J:100 

N-.N 5 IIKB 197 540!.IIO 45<J:60 - 64<J: 190*11 

( It-10) 

9 .198 - - - 327!14 ++ 

60 IIKB201 530•160 520+140' 
52o•140' - 90 - 60 - 60 (20•100) 

n-- p 7 n-nK176 384!.II 383!12 
7,5 II-ITK170 393•35 388+35 - 587!53 559+85 

B-ITK202 500!431111-9,86 378!14 45<J:21 -
II ,26 B- IIK95 376+42 417!56 
16 B-IIK 171 • 1~1~30 46<J:40 650+80 650+90 - -
16 B-IIKI96 380!50 41<J:70 .. 

,. llpK8e,lleHO cpe,llHee 3Ha4eHMe MR 1\ - H 2,0
- rHnepOHOB, 

!Ill ) ... 
IlpKBe,lleHHOe 3Ha4eHKe R8J!ReTC R cpe,llHKW .I.J!R ~ - U. ~ - rKnepOH08, 

• ) Cpe.llHee 3Ha4eHHe MR rHnepoH 08 /\
1 

:Z • ~ + "' ~ -
' 

++ )JTO 3Ha4eHKe nol!y4eHO K3 a Ha nH3a BJaHIIO,IleRC TBHR npoTOHOB C R,llpaliK 

<jJO TO" NYJ!b CKK H R8J!ReTCH Cpe,llHHII )\J\ R i +- H l.-- rKnepOH08, 
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0.n Hll K O H 3 T O B03 p 8 CTllHH e Hellb3 s:l e we C "iHT 8 Tb H8.lle >KH O y CT8H OOll€HH b iM 1 T B K K8K B 0 6 -

118C TH K O<O MHY eC KHX 3 H eprHll T >> 10 r 3B OYeHb BellHKH OWH 6 KH H3 M e peHHA . 

npH y C K O pKTe ll b H bi X 3 H e prHs:IX c p e.a nH e IIOnep e "iH bl e HM ilyllbCbl 4 8C T K U p 83llH4H bi X C o p 

T OB B l l p e.aellDX 3 KClle pHM e HT81lbH biX 0 WH 60K HeC K Oll bK O OTllHt.t 8 fOTC H .apyr OT .a p y r a H B 

cpen H eM coc TDBil~ JO T OK Oil O 3 5 0 M 3e/c . 

n o - B HLl HMOM Y , 3 H84eHHH pl. B03 p8 C T 8Kl T C yB e llH4 e HH e M M8CCbi 48C TH U . 06 3 T OM 

r o e o pstT , na n puM e p , .a a HH hie_, npH a e.a e HH hie n a pH c . 33. OnnaK o IIOnuo A s:~ctt oc TH a 3TOM son

p ace e we H e T; a ps:~ne pa6oT .nns:J n o nepe4H hiX HMnyn bcoa n p oTo n oa nony "i eHLr MeH b W He 

3 H84e HHs:l 1 4eM .llllSI Tr -Me 3 0H OB . 

B o6nac TH KOCMHt.tec KH X 3HeprHA n o n o >Ke HH e s:~en steTc st TBK>K e He anonne HCHhiM. Cpe.a-

- 2 6 H~~ BellH YHH 8 p .L. nn~ 11" -M e3 0 H OB B o6118C Tif 3 HeprHll T = 10 7 10 r 3B COCT8Bil~eT 

nplf611H3HTellbHO 4 00 7 500 M 3a/c; lllfWb lf3penKa BCTpe'ISJOTCQ 1f -Me30H bl c nonepeq

Hb!MH lfMfl:fllbCBMif flOpQJlK8 HeCKOilbKHX r 3B . 3TO B 3-6 p 83 MeHbW e c pen He r o nonepe'IHO-

r o HMI1YllbC8 TSI>KellbiX t.t8CTHU, P.~. = I 7 2 r 3Bic , nony'!eHHOro H3 llH811 H38 B3llHMoneAcT· 

B HA B T OpH4H btX HeA Tp8 ll bHbiX 48C THU B U€HTp8llbHOA l!BCT H llHBHe A, B bl3biB8eM b lX KOCMH \fe c-

/5 173/ /105/ ..... 
KHMH llY'IBMH ' • C .OpyroA CTOpOHbl 1 B pa6oTe .O.llSI U -Me30HOB H TSDK e llbi X 

'18CTifU, pO>KJl810WifXCSI B I( -Jl CTOilKH OBeHHSIX npH T = 10
2 

7 10
3 

r3e, n ony'leHbl n pH 6JlH-

3 HTellbHO p8BHbJe 3HBlieH HSI p J. • 

B npenbrnywHX naparpacpax y>Ke r o a o pHil OC b o cywec TBOBBHHH nayx THn o e Heynp y -

f"HX B38HMO.O.eACTBHA , K O T Op b i e X8p8KTe pH 3YIO TCSI p 83llH'IHb lMH HMrlyll bC Hbi MH cneKTp8M K 1 

p8311H'IHOlt MHO>KeCTBeHHOCTbiO H T . Jl . 3Tif JlB8 THfla HeynpyrHX B38HMOJlel!CTBHlt MO>KH O 

o6Hapy>K HT b H a pacnpeneneHHQ X 'IBCTifU no nonepe'!Hb!M HMfl:fllbCBM. Ta K, c penHQQ aellH'IH

Ha nonepe 'IHOrO HMfl :fllbC8 1\ -rrme p OH OB , pO>KJl810WHXCQ !l 1J"·-p B3 8 1fM OJle l!C T!lHQX n pH 

T ':::: 7 r 3B , COCTBBJlQeT 420 :: 2 5 H 295 :: 14 M3B/c COOTB e T C TBeHH O JlllQ CTOilKHOBeH Hll c 

6onbwolt " Manol! nepena'lell 'l e TbtpexMepH o r o HMnynbca ( A '> 700 H A < 700 M3alc , 

c p. § 3 . 3 ) . 3TO 3H8 '1HTellbH O OTilH'I8eTCR OT C p enHero 3HB'IeHHR -p =383+12M3e/c!
1761• 

.L -

EcnH HeynpyrHe aaaHMo.a.eH.cTBHR p a3.aenHTb H a nae rpynnbi a 38BH C HM OC TH oT aenH 

'IHH b l 3HeprHH 1 38Tp 8 '1eHH OA HB o6 p 830B8HH 9 HOB blX t{8C THU 1 TO B rpynne, X8p8KT9pH3Y9M OA 

6 0 nbWHMH 3H84eHHSIMH 3 T OA 3 H e prHH 1 nonepe l!Hble HMnyllbCbi l!BCTHU OK 83biB8!0T Cfl B c pe.a

HeM 3BMe TH O 6onbWHMH , ":19M a .apyroA rpynne . 3To oco6eHH O aaM eTH O .ans:~ 1T -M eaoHOB 

(eM . T8611 . 33 If pi<C. 34 H 35). 

npH O'leHb BbiCOKHX 3He p rHSIX BKnB.a B 3 8HMO.O.eAC TBHA C 60llblllHMH 3H8 4: eH RSIMK 

H e CKOllbKO yaeni.PlHB8eTCSI 1 OC06eHHO . .llllSI TSDKellblX '18CTHU. 

Cne.aye T BMec T e c TeM OTMeTHTb, liTO a pacnpe.neneHHSIX non e p e 'IHoro HMnyn b ca paa

llHl!Hbie THrlbi HeynpyrHX B3tiHM O.Oei:lCTB HA npORBn RIOTCR 1 B006We f'OB OpH, MeHee OT\19TllHBO, 

'-19M B npyrH X X8p8 KTepHCTHK8X HeynpyrHX B38HMOL19ACTB KA , HBnpHMep, B HM nynbCHbiX 

cnexTpax . 
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N 
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¥0 
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0.4 0,8 AOevJc 

p " c . 34 

P acnpeneneHU£· ~onepe"!HbiX uMnynbCOB npoTOHOB B Heynpyrux lf-.JI B38f!MDnellcTBU51X 

pH T ~ 7 r :;m B 38BUCHM OC TH OT B€IIH"!UHbl K03cpcj:muueHT8 HeynpyroC T H K . / 15 7/ 
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n,.~2 nr; ).-2 
60 50 

40 
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0 O,lf 0,8 O,lf 0,8 P.. Oev/c 

p II C . 35 

Pacnpe.aenenue nonepe'-IUbiX HMnynbCOB rr'± -Me30HOB , po>t<Ll810WHXCS'I a u eyn p y rHX 

1t'- JJ B3811MOLieAcTB HSIX np>I T z 7 r 38 I 8 38Bi1CHMOCTU OT Ben n"'HH bl .K03cpctmu HeHT8 

Heynpyrocn1 K / 194/. Y\,..lf - t.tAcno ,..~ - Me30HOB a 3ee3JJ.e. 
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VIa 3Kcnepi!MeHTBnbHbiX pacnpeneneHHl! W(f>.&.) Mo)I<HO e::_nenlfTb nee l"'pyn nbJ eaalfMOllel!

CTBifll CO CpellHifMif aHa '!eHifSIMil nonepe'!HOI"'O lfMnynbCB p -:::' 200 7 300 fv\3B/ C - ~ p .L ~ 500 7 800 M 3 e/c. OllHBKO B npenenax o wlf60K lf a MepeHifl! TaKoe paaneneHKe SIB-

nSieTCSI He O'!e H b HBlle)I<HbiM. 3To xopow o BHllHO, HanplfM e p, If a pacnpeneneHHl! W ( p .l) 
nocTpaeHHbiX a n 51 aeean c p aanlf'IH hiM 'li!Cn o M ny•1el! ( CM . p Re • • 34, 35). B o Tnlf'llfe aT 

c neKTpoa W (p) pacnpe.a.eneHHe nonepeYHbJX HMn ynbcoa Y3CTHU s Man o - H MHoronyqeebiX 

3Be3.ll8X O K 83biBBeTC H B npe.uenax 3 KCnepHM€HT8nbH biX 0J.lJ H6 0K npH6nU3HTenbHO O.il. UHBK OBbiM; 

OTH OCH.TenbH bi A' BKfl8.0. 6onhWHX H M8nbiX 3 H8YBl-HIJ:i p J.. Ol.feHb Cfl860 38BHCHT OT MH O>Kec T

B e HHOCTH p 0)KD,8IOll.UiXC H 1.{8CTHU. 

T o >Ke caMoe MO>KHO C K83 8 Th H o c p e..a HHX 3H84eH HHX nonepe,:moro HMnyJibCB (eM. 

T B5nlfUbl 35-38) , 

3,6. npoc TpBHCTBeHH bJe paa Mepbl a6naCTif BaBifMOlle l!CTB HSI 

C IIOMOWbiO COOTHOWeHHSI HeanpeaeneHHOCTel! 

A p: . .1"'i .,_ ~ o/2. 
M O>K H O OUeHRTb MHHHMBnbHbJe p83Mep b1 o6nBCTH 1 B KOTOpOA npOH30WflO Heynpyroe 838HMO

llel!CTBH e H 'I BCTHua nony '!Hna nonepe'!Hbll! HMnynbc pl. 
9 £ 1\/p.&. 

( aaecb p~:Ap111 +Ap_;-= 2.Ap!"; ?'1."" Ax~+A~1.=2AXt.. ). 
B a)I< H O noaqepKHYTb, 'ITO onpeneneHHyiO TBKHM o6paaoM eenH'IHHY f' Henb3SI pac-

C M 8TpHB8Tb KBK napaMeTp y.a.ap81 T8K K8K 3T8 senlftiHH8 Cyl!leCTB8HHO 38B HCHT OT B38HMO

aencTBHn ~8CTHU, o6p830B8BWHXCR B nepB OHBqanbH OM 8 KT8 H e ynpyro ro CTOnKHOB8HHH. 

6onee T O'IH O een H'IHH a f onpenenSieTCSI nucnepcHel! nonepe'!HOI"'o HMnynbca 

API= S wcp.) p~ olp~- ( J wcp~) p.L olp.~, )2 

npaKTl·l1-l8CKII, O.U HBKO, pa3nHqHe HeaenHK O . 

VI a llBHHbJX,· npHeeneHHhiX B Ta6nHuax 32-38, cneayeT, 'ITO OCHOBHBSI 'IBCTb Heynpy-

. -13 
l"'HX BaBHMOllel!C TBRll npOHCXOllHT B o5naCTK .P ~ (O,fi' - 0,8).10 CM. 3T8 o6naCTb 

IIpK6nHaHTenbHO T B KOl! ' )l<e BenH'IHH bl , KBK K SlllepHioll! pBllHYC 'IBCTKU , nony'leHHbll! Ha 8Ha

nuaa On bJTOB 110 ynpyl"'OMy pacCeSIH HIO/'\/' H B npe ,o.enax 3KCnepHMeHT8nbHbiX Oll1H50K He 

aBBHCHT OT COpTS CT8nKHB810lllHXCH '18CTHU. 06n8CT K Heynpyl"'KX B aBHMO.!leACTBKJ! C 6anb-

WOA H M a noA: MHO>K8CTB8HHOCTblO p0)K.Q8101UH XCB qaCTHU npK6nH3HTenhHO O.U.HHBKOBhl. 

C p ocToM 3 Hepl"'HH T cpellHKll paaMep o6naCTH Heynpyl"'o!"'O saaKMOllel!cTBHSI, no

BHllHMOMy, MellneHHO yMeHbW BeTCSI (cp. pHC , 32). 0llH8KO K 3TOMY aaKniO'!eHKIO cneayeT 

OTHOCHTbC SI C 60nbWOA: OCTOpO>KHOCTblO. 

3KcnepHMeHTBnbHble ll8Hilble, npHBelleHH ble H8 pHC , 33, yKBabiBBIOT, 'ITO o6paaOB8HKe 

TSI>K8nbiX qaCTHU CB5138HO C M8HbWHM H npOCTp8HCTB8H H biMH o6n8CTSIMH 1 '18M p0}K.Q8HH8 

1f -MeaOHOB, XOTSI H 3TOT BbiBOll SIBnS! eTCSI He O'!eHb llOCTOBepHbiM, 
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1 bHbiX p acnpe.aeneHHll W ( p,~.) MO>KH O s::_.aenH Tb .as e rpyn n bi aaaHMo.aei\-

1{ 3H8 q eHHS!M II llOilepe'iH OT O HMilynbC8 p J. '!:' 200 f 300 fv\aa/c 

0 M as/c . O.aHaKo B npe.aen ax ow H 6oK H3 M e p eHHll TaKoe p a a .aeneHH e ga

I a.ae>K H biM . 3TO XOpOWO BII.O.H O, H81lp11Mep, 113 pacnpe.aeneHHl\ W(p.L) 
s aea.a c paam<«H hiM qncnoM ny«ell (eM . pH c • .34 , 35). B oTm<«H e OT 

Jacnpe.aeneHHe n onepe "'H biX H"MnynhCOB qacTHU B Mana - H MH Or onyqeBbi X 

~TC51 B npe.aenax 3KCri8pHM e HT8flbH biX OW H 60K n pH 6nH3H T 8 n bHO O.ilHH8K OBbiM; 

na!l 60nbWHX H M8flbiX 3H8t.teHH A p J.. Ott8H b cna6o 38BHCH T O T MH Q)f{eC T" 

WHXCSI q 8CTHU. 

•e M O)f{ H O CK83 8 Tb H 0 c p e,UHHX 3H848HHSlX nonepe"lHOrO HMn yn bCB (eM . 

, 6, npocTp 8 HCTBeHHbl8 p 83M8 p bl o6nBCTII B 3 8 HM O.O.e l!CTB HS! 

COO TH O W 8 HHSI H eOn p e.aeneHHOCTei\ 

A p ~ · Ai "- : o/2. 
< HHH M 8 n bHbl8 p 83M8pbl o6naC TH, B KOTOpOl! np011 30W n O Heyn p yroe B3 8 HM O-

aua nony«Hn3 nonep e«Hblll HM nynbc pl. 
9: VpJ. 

>:..-Ap;= lAp; j ?"1. ... AX1.+~l.-=2AX1.. ). 
'l 8 pKH Y Tb, 'iTO on p e .ae n e HHY IO T B KHM o6p 830M aenH 'iHHy f' Henb3S! p ac-

napaMeTp y,aapa
1 

T8K K 8K 3 T8 aenli'lHH8 c yweCTB8HH O 38BHC HT OT B 38HM O-

, o6 p 830B8BWHXCS! B n e pB OH 8 'i 8 n bHOM BKTe Heynpyroro CTOnKHOBeHHS!. 

o aen H«HH B f onpe.aenS!eTCS! .O.IICilepcHell n o n e pe«Horo I!Milynbca 

j wcp .J p~ olp.~.- ( J wcp.~.) p .L o1 p.~. )
2 

H8 K0
1 

p83 nH"'H 8 H8B8nHKO. 

: , · n pHBe)J.eHHbiX B T86n11U8X 32-38, c n e.ayeT , 'iT O OC H OBHBS! 'i8CTb H eynpy-

• -13 
TBH ll npOHCXO.O. IIT B o6nBC TII p 0:::: (0,6. - 0,8) .10 CM, 3T8 o6naCTb 

T B K Oll ">Ke aenll'ii!H bl , KB K II SI)J. e pHblll pa,aHyC 'i8CTHU, nonyqeHHbi JI 11 3 BH B

/4 / 
yn p yrOM Y pacceS!HIIIO II B npe .o.enax 3KC11epHMeHT8nbHbiX OWH60K H e 

' 8 CT8 nKII68IOWIIXCS! 'i8C THU . 06naC TH Heynpy rHX B 38HMO.lle l\CTBHi\ C 6 0 nb-

iiO>K8CTB8HHOCTblO po>K.0.810WH XC fl qaCTHU n pH6nH3HTefl bHO O.LlHHBKOB bl . 

a H epr><H T cpe.aHHll p a3Mep o6n a cTH Heynpyroro B 311 HMO.lle llcTBH!I, no

neHH O yM eH bwaeTCS! (cp. p><c. 32) . O.aHaKo K 3 T OMY aaKniO«eHHIO cne.ayeT 

)nbW Oll OCTOpO>KHOCTbiO, 

HT8nbH ble )J.8 HH bie , llpHS e)J.eHHble H8 pH C. 33, y K 83biB810T , 'iTO o6p a30B8HKe 

ll CBs:t38H O C MeHbWHM K npOCT p 8HCTB9H H biM H o6n8C Ts:IMH, qeM pO>KD.9HHe 

B , XOTSI H 3TO T BbiBOD. R BnsteTCSI H 9 o qeH b D.OC T QBepHblM. 
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TAlinHUA 35 

CpeAHHR nonepeGHWR HMnynbC npOTOHOB B 3Be3AaX C GHCROM nyqeR rt 2,4, ••• 

B3allll0- P. I .M~'/c. 
.)leRCTBIIe T, r :J B lleTOA 2 4 6 

p-p 9 t50 368;!)6 439;!)7 549:7! !I 

388:!;65 323:!:54*11 

380+70 410:.80 
3oo!6o+ 410:.80 

rr--p 4,7 B-J!K86 

6,8 t90 

7 ~166 

290:.30 350:.40 370:.90 
4II!;34 

7,2 B-llK9I 

II,26 B-IIK95 

li)IlpHBeAeHO cpeAHee 3HaGeHIIe ARR 3Be3A C ~ =6 II 8 . 
il!l) 

CpeAHee A.I!R 3Be3Jt c n.. =4 11 6. 

+ )B npiiBeAeHHOM 3HaGeHI:H HMeeTCR npiiMeCb OAHOJiyGeBWX 1f -- Yl.l . B3aiiMOAeRCTBHil • 

T AEn!1UA 36 

CpeAHIIA nonepeGHWil lllmynJ.c npoTOHOB B 3Be3Aax c GHcnow nyqell tt =I ,3 ,5 ••• 

B3aHwo.nellcTnlle T, r:Ja MeTOA 
3 5 7 

p-1'\. 9 ~50 355:!:43 441:!;43 543:!:75* 

9 ~199 317:!;25 

!1) CpeAHee .n:na t'\.. =7 H 9 • 
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TWHUA 37 

Cpe,li,HHII nonepellHblll HliiiYJibC 3a.pliJ:eHHbiX 1j -U:e:lOHOB B 3Be:l,ll,aX C IIHCJIOU: Jlyllell 
n.2 2,4, 

B3a.HU:O- p .,14'~ 
,Jt8ltCTBH6 T, r3B lleTO,l 

2 4 6 8 
p-p 9 t50 414+72 260!.!1 355+45 

24 B-~58 360;:30* 34D!,20 

TC-p 4,7 B-.IK86 362+33 36D!,30** 
5,96 n~-nK2oo 41~31+ 291!;15 
6,8 t90 3!~40+ 36D!,40 
7,2 B-IIK91 400!,70 330!_30 
7,5 t92 2JD!,50 25D!,40 

B-UK95 II,26 - 339:,15 
I6 B-IIK96 4!5+40 J6D!,20 

!7,96 nF-nK 200 34~32+ 366!;21 

*)llpHB6,li,6HHOe :lHalleHHe OTHOCHTCR K 1T- -U:630Hallo 
H) 

Cpe,li,H ee ,D;JIR r'l. = 4 H 6 • 

+)cu:,npHu:ellaHHe +) x ta6JIHQe 35. 

++epe.~tHee ,I(JIR n.. ~ 5. 

TAEJIHUA 38 

-355:,20 355:,40 

40D!,IOO++ 
320+20 270 :,40 
250:5o++ -
365!;20 370:30 

Cpe)(HHlt nonepe11awl KllnYJibC 3a.pRzeaawx 1T - U:630HOB B 3B6:l,ll,aX 
C IIHCJIOU: Jlyllell n, .. 1,3,5 , ••• 

-
B3iHU:O-,1(6 CTBJ!e T, r3B MeTO.ll. P'.~. ' 

.MWYc 
3 5 7 

p- t\. 9 if 50/ 252!33 29!!.39 228 : 25•) 
9 ¥!99/ 2!2!:!2 

tr-- n., ~.5 
.V,I66/ 260:30 310:5o** if92/ %./fO."!lfO 250:50** 

*) Cpe,D;Hee ,II;.IIR t1, = 7 H 9 

**)!IpMB6,li,6HH06 :lHalleHHe IIBJIII8TCII cpe)(HHU: ,li;JIII n.. ~ fi 
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'UBJIJI!lA 37 

ill HliiiY JII>C 38.pAJ:eHHiiX 1j - lte30HOB B 3B e3MX C IIHCJIOit ilyllelt 

~~ 2,4, 

p Jl1~ 
.1., . 

llero.a 
2 4 

6 8 

~50--- 4!4+72 260•!1 355+45 ----
B-nK58 36o!so* 34ot2o 355:;2o - 355:;40 

B-.IK86 
nr: -IIK2oo 
~90 

B-IIK91 
~92 

B-IIK95 
B-IIK96 

nF-nK 200 

Lq eHHe OTHOCHTCR K 

= 4 H 6 o 

· ) K raelJIHUe 35. 

L.~ '· 

362+33 360:30** 
41;31+ 291::15 
3Iot40+ 360:40 
400:70 330:30 
230:50 250:40 

- 339:;15 
415+40 360:20 
34~32+ 366:;21 

TT- - Me30Hallo 

TAEJIHUA 38 

400:100++ 
320+20 270 ::40 
25ot5o•• 

365:;20 37D!,30 

!Hll nonepei!HHI HMnYJII>C 38.pRJteHHiiX TJ" - lte30HOB B 3Be3MX 

C IIHCJIOit ilyllelt f'l, ~ l ,3 ,5 , • • • 

Mero){ P',~. Mi:fk:, 
3 5 7 

¥ 501 252!33 291!39 -- -228_:_25*7 
t/199/ 2!2!!2 
~166/ 260::30 
V 921 11tO>t'IO 

7 H 9 

eHHe RBJIR eTCR Cpe){HHit ,ll;JIR t'\. ~ £i 
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3I0::5o** 
250:50** 

0cHOBhiB8RCb HB COOTHOW9HHH Heonpe.aeneHH OCTeA, M Q)K H O yTB9p)f{.ll8T b , 4T O 0 6 Cy)l{-

.ll88WK8C!I 8 n pe.Obl.llYWKX naparpacpax .088 TKna Heynpyi'K X C T OnKH088HKi! npOKCX OLl !IT npaK

'Tl.Pi9CKH a o.aHOM H TOM >Ke npoc TpB H C TBBHHOM o 6he M e. O.aHBKo a T o He 3 H B1.fHT, l.{TO "'cTe

neHb nepHciJeplftiH OC TH*' CT OnKHOB9HH}\ 3 THX .aayx TH OOB 0D. RH8KOB8
1 

T BK KBK KBpTHHB B38H

M OD.9ACTBHH MO>K9T 6 bJTb CHnbHO 38TyWeaaHa BTOpH'-IH b iMH B38HM0.09ACTBH51MH pOD.HBWHXC H 

~BCTHU 80 8p8M!I K X pa3 n e T a . 

Iln11 onp e.oen eHK!! •c Ten e HK nepKcpepK ~H OCTH• Heo6xoaHM 6onee aeTanbHbii! aHanH 3 c 

npHane~eHHeM KOHKpeTHblX TeopeTH~eCKHX MO.llenei!. 

K aK OTMe~anoc& 8 § 3.3, M e xaHH3 M o6pa3o8aHK!I nono>KKTenbHbiX H OTpH u aTenbH biX 

1r -M e30HOB 8 1T' .JI 8 3BHMOLl8 liC TBH!IX C H86 0 nbWKM ~HCn OM pO>KLlBIOWHXCH ~8CTKU 
Hens:r eTcsr , no- eH.a.HMOMy, cywec TeeHH O paanH"!HbiM. O.aHaKo nonepettH bJA: HMnynbc 3 TKX 

Me30HOB c xopowe ll TO ~H OCTbiO OKB3biB88TCH O.llHHBKOBbiM. HanpHM e p, npH T ~ 16 r :3a 

CPJ. )'lt'.'Z 420 :!: 40, 360 :!: 20, 350 :!: 20, 420 :!: 40 M :3a/c , 

CPJ.~'tr--= 4 10::: 40, 360 :!: 20, 380 :!: 20, 320 + 30 M :3a/c 

COOTB eTCTB8HH O .On>! 3Be3.0 C ~HCnOM ny~ell n,... = 2,4,6 ,8. <ho I' OBOpKT 0 TOM, ~TO, He

CMOTp>! HB pa3nK~Hblll M 8XBH H3 M, p 83M e p b l npOCTp BHCTBeHHbiX o6 n aC Tel!, B KOTOpbiX npOH C -
+ -

XOJl,HT 06p830B8HH 9 1f • H 7r - Me30HOB, IIpH6nll3 HTeribH O 0 LlKH8KOBbi . 

IV . YrnOBb!E PACnPEJl EnEHJ..1H P O>KL!A!Ol.UJ..1XCH lfACTY!U 

B na6o paTopuoR C K C TeMe KOOpllKH aT ~acTHUbi , p o>K.oaiOWHecR a HeynpyrKx B 38KMo

aellc TBHHX npR 60nbWRX :3H8pi'H>IX, Bbln8T8IOT B OCHOBHOM nOLl MBnbi MH yrnBMH K H anpaa

neHKIO LlBH>KeHK>I nepaH~HOl! ~BCTHUbl. C pOCTO M :3H8pi'HH yrnoaoe p acnp eaeneHK e K OHUeH

TpHpyeTCH B o6n8CTH BCe M 8HbWHX K M8HbWHX yrnoa. npH :3T OM BO MHOI'KX cny~B>IX B 

yrnoaoM pacnpeaeneHHH ~eTK O B hlllenSIIO TCH aaa K oHyca : Y 3 KKll ( BHyTpeHHHll) " 6onee LlHcp

cPY3Hbil! (Hapy>KHbill) , , CM . pKC. 36. 

Bee :3TH '!epTbi KMeiOT ~KeTo KHHeM eTK~ecKHll xapaKTep. B ~BCTHOCTH , Y3KKR " LlKcp

cpy3Hbill KOHYCbi o6pa3yiOTC!I np" penHTH BIICTCKOM C >KBTHH yrn oa ~acTKu , 8 bineTBIO W Kx a 

C KC TeMe U8HTpa M8CC COOTBeTCTBeHHO B nepellHIOIO H 3BLlHIOIO nonyccpepbl . 

Jlanee , KBK H npH p accMo"tpeHH K HMnynbCHbiX pacnpeaeneHKll , Mbi ·a cer.:la 6y.oeM 

llOnb30B8TbC SI C HCT9M OA: UeH Tpa MBCC . 

4 .1. AHH30Tpon"" " BCHMMeTP"" yrn oBbiX p acnpeaeneHKll 

H a pH c . 37- 40 n pnaeaeH bi xapaKTepHbie npKMepbi yrnoablx pa cnpe.oen e HHli ~BC TRU, 

pO>KLlBIOWIIXCH B JJ-.JI K Tr•.N B3BKM OLle ll cTBH>IX npH 6onbW KX :3HeprKHX: 

w (9): ..L o(6'(8) 
6"~ ol.fl. . 
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( 3 lleC b H Be3ne nanee yron e onpenen51eTCSI no OTH ow eHHIO K Han paan eH H. kJ ae KTo pa 

C KOpOCTH "'BCTH:Ubl, KOTOpBH B na6op8TOpHOA: CHCTeM e K 00p,llHH 8 T s:JBnH e T C H Hnn eTBiOWe A"; 

ff. = 5 ol6'<&> oUt ) ... or.n:. . 

KaK BHilHO , so acex cnyt.~ astx YBCTHUbr pa3 neT BIO T CSI BH H3 0 Tpo nHo. 

B p·p B38HMOlleliCTBHS!X B CHny C HMMeTpHH IICXOllHOll CHCTeMbl yrn OB ble pacnpenene

HH H 'IBCTIIU CIIMMeTpi!'IHbl OTHOCI!TenbHO yrna e = o/2. , B npyriiX >Ke cny'I BHX HB6mo naeTCS 

C HnbH8H BC HMMeTpHH. npH 3 TOM HyKnOHbl nocne CTOnKHOB€HHH acer .aa CTp€MHTC51 COXp8HHTl 

a a npaaneHHe caoero nepBH4HOro .UBH>KeHHst . To >Ke caM oe MO>KH O CKB3BTb o6 yrnoBbiX pac· 

n pe.a.eneHHHX 1\- H L -rHnepoHoa: B no.aaanHJOLUeM 6onbWHHC TBe 3TH tJ:BCTHUbi Bbine-

T 8 JOT B Ty }1{€ CTOpOHy 1 B KOTOpyiO .UB H r'BnC51 HyKnOH .00 CTOnKHOB €H HH . 

B HBCTOStll.lee epeMSI O'I9Hb M ana 113BeCT Ho o p o>KneHIIII - r11nepoHoB . OnHilKo 

B HeMHOf'HX HCCIJe.O.OB~HHbiX c nyY.BHX 3 TH f'KnepOH bl T8K>Ke npeHMyWeCTBeHHO BbineT810T B 

cTopoHy nBH>KeHHSI nepBH'IHoro HyKnoHa, HanpHMep, B c nyqae K.-" p B38HMOlleliCTB>Ill llpH 

- - ·- rHnepoHoa, BhineTBIOWKX a TY >Ke nonyccpepy , Y.TO H nepaHq-T = 2,24 r :3B 'I>I Cno 

HhiA npoTOH, npH6nH3HTe nbHo B nea pa3a npeeocxonnT '!Reno 

W HX B npyryJO n o nyccpepy
12271

. 

-rHn e p oHoa , BbJIIeTaiO-

VfMeEOTCH 3KC nepHMeHT8nbHbie yKB38HHH He TO , qTQ 8H8nOrH q HQ9 nonO>K9HHe KM99T 

MeC T O n nSI lf-JI B3811MOll9liCTBI! li/
2Q3/, 

TaKIIM o6pa3 oM, s o ecex c nyqaStx ocHOBHBSI qacTb po>KnBJOll.liiXCS! 6apH OH OB pacnpene

nHeTcSI B C pB!lHHTenbHO y 3 KIIX TeneCHblX y rnax BOKpyr HBnpaeneHHll BeKTOpOB CKOpOCTII nep-

BH1.1H blX HYKIIOH OB . 

Yrn oBbJe pacnpeneneH"" lf- 11 I< -Me30HOB, pO>KllBJOWHXCS! B HeynpyrHX JV·JY II 

Tr:-JI B381!MO.ll9tlCTBHHX , SI B nHJOTCS! 6onee II30Tp011H b1MII I! CI!MMeTpii'IHbiM II, '!eM yrnOBbJ e 

pac npe neneHHS! 6apHoHoa . 

B lT-Jof B 3BHMonellc T B HS!X 6onbWBS! 'IBCTb Me30HOB BbineTaeT B nonyccpepy, o6paTHYIC 

T Oll, B KOTOpy !O BblneTBJOT 6ap110Hbl , npl! :3TOM yrn OBbie pacn p en e neHIIS! 0Tp11U8T9nhHbiX 1f 

-Me3QHOB B lf -- p H n-- Y\, B38H MOLl. etiCTBHstX 3H8"iHTe1JbHO 6onee 8CHMM9TpH1.1Hbl 1 'i 9M 

+ +.r 
y rnoBbJe pacnpeneneHI!H 1l' - Me3 0HOB ( CM. p11c, 39); Ha o 6op oT , B 1f -Jf B3B>IMoneilcT-

BH. ~x 6onee BCHMMeTpH'iH O pacnpell.eiJSIIOTCst nonO>KHT91JbHbl9 1f -Me30Hbl. 

Mo>KHO CK83 8 Tb, 'ITO B ·HeynpyriiX 1T -Ji B38HMOnellcTBIIHX po>K.ll8!0ll.lii9CH rr -Me-

30H bi T8K>K9 CT8p810TCfl COX p BH HTb Hanp8BIJ9HHe .QBH>KeHHSI H 3H8K 38pH.0.8 nepBH'iHOf'O 1i -
M e aoHa. 

YrnO!l bJe pacnpe nene HI<II rr- II K -MeaoHoa, pO>K.llBIOWHXCSI npH aHHHrHnHUHH Men-

IIeHHbiX 8HT\o:fHyKIIOHOB 1 B npe.aenax 3K CnepHMeHT81JbHbiX OWH60K He OTIIHt.J810TCH OT H30Tpon

H b!X , ACHMMeTpi!H pa3neTa 'IBCT>IU C T BHOB>ITCS! 38M9THOll niiWb npH :3HeprHSIX T > I r:3B, 

K o r.u a ym e cy l.l.l e C TB9HHbl HeaHHH.f'HIIHUHOHH bie HeynpyrHe B38HM0.09ACTBHH t CM ~ pHC. 4 1 ). 

101 



w(e) 

J,S 
' ' 

f.O 
T 
I ,... 
T I 

1 ·t- -, 
.L I T 

' } 
qs ~ L t- , 

tS 

tO 

qs 

0 
~0 

T 
I 

T 
l 

q6 

T 

I 
r I l 
I .l I T 

I - L 1:"1 
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-0.2 

p H c . 37 

' ' 

Tr ~ ~ - -~-

T ~ .L .L ;--.,_ , I 

-0.6 CosB 

nOB bie pacnpeLieneHHSI '<8CTHU, p O >KL18!0 UlHXCSI B H e ynpyrHX JI-J/ B38HMOLl e i!cT

I 9 He prHII T ~ 9 r as150/. CnnOWHble f'HCTOrpa MM bl - npo T OH b l , n yHKTHpHbie 

H b!e Tf - Me30Hbl. 

10 2 

- ·· · 

-

I t 

W(&) . 
'""300Gev 

/.0 

as 

a 
Q5 0 -as 

... JOOOGev. 
I 

J.S 

1.0 

as 

0 
1.0 0.5 0 -0.5 Cos8 

p H C . 38 

CyMMapHoe y r nosoe pacnpe Liene HHe scex 3 apsDKeHHbiX qaCTHU, po>KL18!0WHXCSI B He

ynpyrHx J(•Jol C T OITKH OBeHIISIX B o6naC TII O'<eHb 60flbllii! X 9 H e prHI! (no L18HH biM 

p a 6oT/ !05 ,1 13/ ). 
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p H C , 39 

Yrnosoe pacn p e.aen eHHe npoTo Hos 11 aapsnKeHHbiX Tr -MeaoHos, pO>KtlBIOUIIIXCll B 
Heynpyrl!x '11'-- p B3BIIM_?tle llc TBI!liX n p l! T ':::: 7 ras/ 15 7 I . llyHKTI!pOM OTt:IenbHO YKB3BH 0 
pacnpe.aen eHI! e tlnll Tr - M830HOB , 
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- -•·N• 

0. 8 
..1. I 

I 
T I ,-4---
.J. 

y L -1-, T T 
::,!, L - 1_---._ -1--- --·-. 

----~ 

.i..d _I_ 
~ 

---------'- -1 . .:t. 

a 

LO 0.6 0.2 0.2 0.6 CosB 

p H C , 40 

Yrn osoe gacnpe.aen e HI! e CTpBHHb!X 'I BC TIIU B He yn pyrxx rr-- p B3BIIM Otl8liCTBIIB: 
T -:::: 7 r as1 1767. CnnowH a l! I'HCTorpBMMB - A -rKnepOHbl , ny HKTI!pHBl! 1<.- Mea 
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npll 3TOM , K8K II B npyrllx cny'IBSI X , pO>KJ:I 8 10ll.llleCSI IIYK11011 bl II 8 11 TII IIyxno- . 

ll b i cTpeMSITCSI coxpaHIITb 11anpasne1111e J:IBII>KeiiiiSI coo TBeTCTB YJO llliiX nepBII'III b iX '18CTIIU. H a 

npHMep, B p· p Ba8H MOJ:Ie AcTBHSIX npH T z 0,92 r a s 'IIIC/10 npoTOII OB I! lleATpOIIOB, B bine

T810lUIIX B 11 8 Up8B/lellllll LlBII>KeiiiiSI nepBH'III OrO npOTOII 8 , C OO TBeTCTBeiiHO B ( 14 :: 6) II 

( 2, 7 :: 2, 7) p a a 6onbll.le, '!eM B o6paTIIOM 11 a npasne111111. H ao6opoT, 6onbWIIIICTBO 8 HTIIIIyx

/lOHOB B bi/leTaeT B TY >Ke nonyc¢ epy , qTo 11 nepBII'!IIbiA BIITHnp o TOII: B 3TOM Hanpasne1111 11 

pO >KJ:I 8 10 W HXCSI ·8 11T>!npOTOIIOB B bine T a eT UpH 6 /lll a HTe/lbHO B ( 15 _:t 13) p aa, 8 811TII Hel!Tp0110B 

B (3 ,4 + 4) paaa 6onbwe, '!eM B o6 p aTIIOM 11 a npasne111111/
671

• 

P o >KJ:I8JOll.llleCSI np11 8 11HI<rllnSIU HII aHTHrlln e pOIIbi paaneTa JOTC SI npeiiMyll.leCTBeHIIO s T OM 

1701 
>Ke H8npaaneHHH 1 qTQ H 8 H THH yKnOHbJ 

Qqe llb B8>KIIO U OJ:I'!epKIIYTb, 'ITO B Ce a 8K/liO'IeHIISI 0 npeiiMyll.leCTBeHIIOM HanpasneHIIR 

BbineTa qacTHU cnpasenniiBbi /liiWb B cpea11eM , Ll/1!1 6onbw oro 'lllcna Heynpyrllx saaiiMOJ:IeA

C TBIIA . 8 OTJ:Ie/lbHbiX >K e 3KT8X 11eynpyro r0 B a 811MOJ:Iel!e T BIISI MOI":Y T H86/liOJ:l8TbC SI aii8'1H

Te/lbllbie OTK/lOIIeHIISI . H an p11M e p, B asea nax , o6paayJOlUIIXCSI n pll lleynpyrllx r-p Ba811Mo-

Ll eACTBIISIX , C 60/lbWOll BepOSITIIOCTbiO ( > 50% ) H86 11JOJ:I 8eT C SI 8CIIMMeTpll qHbl ll paa neT 

'IB CTIIU (eM. pRe. 42) . Y 11cno asean c "nesoA" 11 "npasoll" ac iiMMeTpR eA np116n11a11TenbHO 

• OJ:IHII8KOBO, U 03TOM Y B c peJ:IHeM yr/l OB Oe pacnpeaene 1111e pO>KJ:I810lUHXCSI '18CTRU OK8a biB8eT"" 

C H C HMM9TpH'1HhlM. 

0TK/lOIIeHRSI OT c p eJ:IHIIX yrnOBbiX pacnpe aeneHIIll '!BlUe H86/1JOJ:1 8 10TCSI B M8/lO/ly'leBbiX 

aseaJ:IaX. 0J:III8KO Bep OSITH OCTb T8KIIX OTK/lOH e HIIll H 8 C T O/lbKO Be/111K 8, qTO IIX He/lb3SI 06bSI C

HHTb n p OCTbiMH CT8THCTJ.PI9CKHMH cj:lnJOKTyBUHHMH . 

M o>KHO J:IyMaTb, 'ITO aseaJ:I h i c paanll'lllbiM xapa KTepoM ac iiMM eTpllll o6paayJOTCSI B 

p e aynbT8Te nep11,Pep11'1eCKIIX Ba811MOJ:Iel!CTBIIA paa /lll'lllbiX TIIUOB . C 3TOll TO'IKII a peiiiiSI npea

CT8B/1SieT 6onhwoA IlliTe pee paanenbH oe axcnepuMeHTanbHOe uccnenosa1111e a sean c • neso i!" 

xl 
H • rrpaaoA:' 8CHMM9TpHeA 

K onll '!eCTBeHHO yrnosy10 aciiMMeTpii iO p o >K J:I BJOlUIIXCSI 'I B CTIIU yno6Ho xapaKTepRao-

88Th OTH0ll19H H9M Y:KCen tt 8C THU, B bine T 810l.UHX C OOTB 9 TCTB9HHO B nepe.UHIOIO H 38.Ll. H IOIO no-

... .. xx/ 
nyc¢epbi 1\./ t\.. 

xl 
1 228~~K8X llaBeCTII:IX B H•8CTOS!ll.lee BpeMSI TeopeTII'!eCKIIX MOJ:Ienell ( CM . , H8Up11-

Mep, ) aseaJ:Ibl C n e sol! 8CIIMMeTp11eA .B C IICTe Me UeHTpa M8CC MO>KH O IIHTepnpe-

T11pOB8Tb K8 K peayn bT8T Ba811MOJ:Iel!C TBHSI nepii,Pe pll'leCKOl! o 6naC TII 118/leTBIOWell '!8CTHUbl 

C KepHOM \f8CTKU bi-M HW9HH ; H80 60p 0T 1 npH B38HMO.U9 ACTBHH K9pH8 H8n9T810W9A \.f. BCTHUbi 

C nepu,Pep11el! '18CTIIUbl"MIIWeHH J:IO/l>KH b l 06paa OB biB8TbCSI a seaJ:Ibl C 'npasol!" 8CHMM eTp11-

eA . 

CKMMeTpKqHbie aseaJ:Ibi MO>KHO IIHTepnpeTIIposa Tb KBK peaynbTB T CTO/lKH OBeHIIA x ep

H OB '1 8CTIIU , C T O/lKHOBeiiKA IIX (OJ:IIIH8KOBbiX) nepii,PepK'IeCKIIX 060110'!eK 11/111 K8K peaynb

T B T CTOnKHOB 9 HHH 1 KOr.ll8 O,UH0Bp9M9HHO npOH C XO.llH T .Q.B 8 CHMMeTpH'iH biX B38KMO.lleACTBHR 

T Kna xep11-nep11¢ep11S1. 

I 
X~ 8 HeKOT-1/Pbl~ pa60T8X yrnoByJO 8CR~eTp1110 X 8 p 8 KTep11ayJO T OT HOW elllleM 

6 -~ 1\.. - PI:. ) / ( n.. + J\. ) . O~axo senH'!HII8 "- /~ SIBnste TCSI' 6 o nee npoc ToA 11 H arnstJ:IHOA 

xapaxTepiiCTIIKOA. O'!eBIIJ:IIIo,lt\./~) = ( 1. .. 4)/(1 ·4) , . 
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N 
fl. 

JO 

8 

6 

4 

p 

I 
/0 

8 

6 

4 

2 

0 

1 
J[" 

10 

8 

6 

4 

2 

0 -- ISO 80 

p H C . 4 1. 

Yrnoa hle pacnpe.ae.neH~ ~BCTHU, po)f(.0810W HXCSI B peaKuHH p + p,.,. 
n pH 3HeprHH T - 0, 92 r as 2 . 
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I 
I 

- --- j 
---~ ~---i ~ ~ 

p II C. 42 

CIIMMeTpii'IHbre 11 acHMMeTp>I'IHbre aae3llbi a CIICTeMe ueHTpa Maced o6paayJOu.mec!l 

npll p- p B38HMO!lel!CTBH!IX B KBMepe 8HnbCOH8 lln!l T z 300 r3a
1 I I I . V1MnynbCbl CTan

KHBBIOLUHXCH npOTOHOB HBnpaaneH bl ropH30HT8nbHO. ilnHH bl B9KTOpOB nponOpUHOHBnbHbi BenH

llHHe HMnynbC8 1.!8CTHU. 

n pH CTOnKHOBeHHII TO>KlleCTBeHHbiX 'IBCTIIU ;:t/ ,t : i ; B 3TOM cnyqae yrnoaoe pac-

npe.neneHHe y.ll. 06HO X8p8KT9pH30B8Tb OTHOl.l19HHeM yrna, B KOTOpOM CO.ll9 p>KHTCH Y9TBe p Tb 

BCeX BTOpii'IHbiX 'IBCTIIU , K COOTBeTCTBYIOWeMy yrny e;~ ~ t lf 
npe!leneHH!I: 

{ 

I fl } 

A ~ ,t ~ • :~ -= /; ( e ~ + e ~ ) , 
~ ~ 

' 

lln!l 1130TponHoro pac-

( 19) 

r!le e~ II 
o'f 
t7:4. - yrnbl 1 B KOTOpbiX CO.Oep>KHTC H nonOBHH8 1.J8CTHU~Bbln9T8JOLUHX COOTBeT

C TBeHHO a nepellHJOJO 11 3BllHJOJO nonyccpepbr (eM. p11c. 43). Ecn11 He y'IHTbiBBTb CTBTIICTH -' e ,, xl 
qeCKIIX cpniOKTyBUIIl!, TO ex. :: ~ 

- ... A 3HB'IeHH 11 aenii'IHH h./1'\.. II npHBe!leHbr a Ta6n11uax 39-42. OcH OB H B H 'IBCTb 

llBHHbiX 3lleCb OTHOCIITCII K o6naCTII YCKOpi!TenbHbiX 3Hepr11l!. npll 6onbWIIX 3HeprH!IX TPYll" 

HO p83ni-PlHTb P'"'P 
1 

p-n.. H HyKnoH-SI.09PHbl9 B38HM0.09ACTBHSI; 008TOMY .llnSI KOCMHt.feCKHX 

3HeprHA npHae.aeHbi n H Wb 3HaqeHJHl 8HH3DTponHH A • KOTo p aSI c p asHKTenbHO cna6o a a s H-

CIIT OT TIIITB B38HMO!lel!CTB11l! . 

J.1 a Ta6n11u BHllHO, 'ITO c pocTOM 3Hepr1111 T acHMMeTpll!l BbrneTa 'IBCTIIU 6hiCTpo 

yaenii'IIIBBeTC!I. 3TO OC06eHHO 38MeTHO lln!l lf -J/ B3811MO!lel!CTB11l!. 8 3 TOM cnyqae y>Ke 

npH 9HeprHHX OOpH.aKa HeCKOn bKHX rae OO,l]8Bn>HOW.ee 6onbWHHCTBO BTO pHt.fHbiX HyKnOHOB H 

rHnepOHOB BbineTaeT B 38llHIOIO n o nyccpepy. 

xl J.1Hor!la BMeCTO A IICITOnb3yeTCII aenH'IHHB It e~/36>~ 
a KOTOpOM co!lep>KHTCH TPH qeTaepTH p O>KllBJOWIIXCH 'IBC TII U. TaK KBK 

TO C TO~HOCTb~ ~0 CT8THCTH4eCKHX ¢niDKTY8UHA 

" A -1 -= 1r - §v14 ,., 3- i A -= ~ 
.;e~ 6A "' J.. 

i 
i+-3I 
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W(S) 

0 
L ei---' 
I I I 
I 1f I 

fi(j2 

p H C. 43. 

I e• I 
t-- .!..---, 
I 'I I 

Yrnoaoe pacnpe.ueneHHe npH cTonKHOBeHHK TO>K.ue
CTaeHHbtX '18CTHU. 3BWTpHX088HHbl9 of5n8CTH COOTB9TC:T

ByJOT yrnaM, B KOTOpbiX C0.0.9p}KHTCSI nonOBHH8 t{8CTHU, 

B bin8T810UlHX C00TB9TCTB9HHO B nepe.OHIOIO H 38.QHIOIO no

nyccpepbl. 

npa a.ua, cne.uyeT y'leCTb ' 'ITO YK838HHbte B TaonHuax OWHOKH so acex 

cnyqa s:~ x s:~ansuoTcst 1.1HCTO C T8THCTH'i9CKHMH. KpoMe aToro, KMeiOTCR eme auaqHTenbH b i e 

CH C T8M 8 TH't{9CKH9 OWH6KH, CBH3 8HHbi8, B 1.18CTHOCTH, C H8T01.1HOA H.Q9HTH<j:lHK8UH9A pO>K.0. 8 10-

lUHXCSI 1.{8CTHU. 3TH OWH6KH OC06eHHO Cylll9CTB9HHO CK83biB8lOTCR H8 senHqHH8 8CHM!. 

Me TpHH f5 a puoHoa. H anpHMep, .ua>Ke Hef5onbwoe H3MeHeHHe '!Hcna f5apHOHOB, BbtneTatO-

WH X B rr-..N 
W HM H 3 M 8 H9HHH 

B38HM0.0.9ACTBHRX B 

aenH'IKH bt ~/1:\.. . 
nepe.UH!OlO nonyccpepy, npKBO.llKT K 
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K CO>K 8 11 9H H IO, o npe.aen eHHe B91lH'IHH bl T B KHX OWH6 0 K 38BHCHT OT MHOr'Hlt 

'IHC T O c y 6beKTIIBH biX <j:JB KTO p OB. 

Y To K acaeT C SI y rn oBhiX p acn p e.aen e HHA 'IBC THU s c nyqae p- p B3BHMo.aeAc Tsaa. 

TO BbiileT npoToH OB npH ysenH 'I9HHH 3Hepnm T CT BH OBHTC SI aaMeTH o 6 o nee 

8 HH30Tp 011 H bi M ; B T O >K e B p 9MSI 8 HH30Tp011 HSI yrll OBbi X p a cnpe.aen e H H l! 7r -Meao-

H OB OC T 89T C SI 11 p1161lH3HT91lbH O llOC TOSIHH Ol! B o rpOMH OM 

HeC K OilbKH X COT e H M as .a o TbiC SI'I r a a ( BMec Te c T e M 

HHTe pa a n e 3 H e prHl! OT 

B OT .Il 9 1l b HbiX 3~ 93.1l8X 

senH tHt: H a A M O>K 9 T H3 M 9 HSIT bC SI B C O THH p 83 ). 

B npe.abi.IlyWHX n a parpa <j:la x 6 hlll O yc T a H o sneH o , 'ITO c p e .a HH R non e p e'!H btll 

H M n y nhC p 0 }K.ll8lOillHXCH qBC T HU 

.P.~."'pS;..ezpe 

O'le H b c n a 6 o 3 8 B HCHT OT 9H e prl-HI 1 a n OnH bt A npH6nH-

3 HT e n bH O K B K 
T Me . 

3TH p eayll b T B T bl M O>K H O 

H MflYilbC p 
cornacosaTb 

B 0 3 p 8 CT89T 

co cna6oR a Hepre-

TH'I 9C K OH 38BHC HM OC TbiO yrllOBblX p a cnpe .aeneH HR 1f - M93 0H OB nHWb B TOM 

c nyqae, ecnH aHe prHH qac THU , BbtneTBlO WHX no.a M8Rb! MH yrnaM H ( a a cnyqae 

.}/ -Jol B 38H M O.Il 9 l!C TBHR 11 s o 6nacTH yrno s e - rr Y B911H'IHB89TCSI C 

p OC T OM T 3 H 8ttH T 9 R bHO 5 btC T p e e , 1.19M C pe.nHe e 3 H 8 '"19HH9 =c • 3 T O 38K-

lliO 'I e HH e x o p o wo cor n ac y e T c st c 

r Hl! 'IBC THU , p O>K.IlBIOWIIXCSI fl O.Il 

p e3yllbT8 T8M H H9flOC p 9 .1lCTB9HHblX H3 M 9 p9HHl! 

p831lH 'IH blMH y r n a M/
49

• 90• 187 • 1881• npH 3TON 

HBH 6on ee 6 b t C Tpb19 'I B C THU bl '!Bill\) BC e ro p O>K.IlB IO TCSI B 3 B9 3 .1l 8 X C 6 0 ilbWOl! 

8 HH30Tp Onl!el! H MBilbl M 'IH Cil OM n y q el! . 

Cne.aye T o co6o oc T aHOBHT bC st H a yrno soM p acn p e .a e n e HH H 'IBCTH U B Heyn-

6 
17, 50 , 52/ 

pyrH x p-n c T o n KH o s e HHHX . B p a oTax 6 b tn o ycTaHosne n o , 'ITO n p o TOHbl 11 

3 8pSDK 9HHb19 1T -M e30H bi B 

npe HM yWeC T B9Hii O B nep e.llH IOIO 

p-1\.. C T OilKH OB9H HSIX 

non yc<j:l e p y , T. e . B 

n pH T = 9 r a s B b li19T810T 

nanpasneH HH .llBH>K eHHSI nep-

B H'!H o r o n p o ToH a . TaKoR >Ke p e a y n h T BT 

/ 152/ 
nony•te H s H e.aasHeR p a6oT e n pa>KcKOR 

rpynn h t • 0 T CIO.Ila c n e.ayiO T o q e H b B 8 >KH bi9 TeO p 9TH1.{9CKH 9 3 8Knl0 '"19H HSI 0 pe-

30H 8 HCHOM X8p 8 KTe p e n e p H<j:le p H'19CKHX s a anMo.ae l!c T B HR 
1229

• 2311• O .an a K o B pa-

60TBX BllMa- a THHC KO l! rpynllbl llOily'leH COBepweHHO n p OT HB OilOilO>KHbll! 3 K C119pHM9H-

T 8R bH hiA peay nbT8 T: n p OTOH bl B btneT8lO T npeHMyWeC T B9H HO B 38.1lH IOIO n o nyc <j:lepy 

( T . e . C 60ilbW Ol! sepOS!TH OC Tb n p OHCXv:t SIT p eBK U H H 

30H bl - 11p9 HMY W 9 C T B 9H H O B n e p e.llH IOIO flOily •c<j:le py /
491

. 

n e pea apst.aKH ) , a rr±-Me-

npH 'IHHa CTOilb p 8311 T 9 1lbHblX 

p8CXO>K.Il9HHl! B H 8C T O SI W99 B p 9M SI .110 KOHU B 91U9 He SICHa . n o - Bll.ll liMOMy, ae-

no B C H C T9M8Tl·.Pl 9CKHX O W H 6K8X npH H.ll 9 HTH ci:Hi: K 8 UHH p 0 )i{,08JOl..UH XCH tf8C THU . 
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T ABJIJ!UA J9 
ACMWM eTpllfl yrnOBY X pacnpe~e~eHKR npOTOHOB H Tr-H630HOB 0 pO~D~XCfl B HeynpyrMX 

B3aMHOl6A CTB H8X npH 60~bMMX 3HeprHRX ( CHCTeHa ~eHTpa HBCC) 

B3aHHO
~ eR cTBHe 

T,r3s 

p - p s eer ,~~,a 

p - n.. 

p - p 

p -n.. 
"IT' --· p 

K-- p 

(0,6-H ,5) 
I, 6 

(I 7- 2 ,2) 
9 
9 
9 

IB,9 

0 
0,47 

0,92 
0,92 
0,92 
2, 44 

0 
0,96 

1 

I 
1,15 

I, J 
1,5 
I ,72 
4,5 
4, 7 
5,96 
7 ,2 
7,5!.0 ,5 

1 6~J 

I7 ,q6 
I ,79 

lleto~ 

B-.rol26/ 

B-lK/ 27/ 

.y'52/ 
.. I I99/ 
qy/50/ 
~ 
.y'55/ 

4 / 6J/ 
n-nK/ 66/ 
B-ml2I5/ 
B-ITK/67/ 
B-ITK/72/ 
B-ITK/ 70/ 

;vr>N 
B-ITK/ 216/ 

B- ITK/ JI/ 
<PB-.l!K/I5I/ 
.y'80/ 
n-miJ4/ 
B-.mlJ6/ 
s-.m1J7/ 
.y'85/ 
B- JIW'B6/ 
n - m/200/ 
B-m/9I/ 
n-nK/156/ 
B-ITK/96/ 
IT F-ITW200/ 
B-nK/227/ 

p (1"\.)~ 
I (I) 

I,o2!.0,2(0,97:0,2) 

0,6I!0,16(I,4I!0,5J) 

2,4:0,5. 
0,5o!O,I5 
I,78!0,5 
o,25!o,n 

0, 07~0,0g( O , J7!0 ,J7 ) 
o, os!o,oi 

0,54tn ,22(0,9s!0,28) 
o,sr!o ,OJ • 
0 ,22!0, 0I ... 
o,J?!0,09(0,J5!o ,O? ) 
0,29!0,I A 

o,09!o, oJ (0,44!0,2) 
0 

O(O,JB!O,I8) 

0 
0 
0 

0,) 6!0 ,06 

tt/ n: 
v+ n- -

I 

I,oo!O,J9 I,04!0,24 

0,71!0,24 I,45!0,J5 

I,4I!O,I5**) 
2,J6!0, 45**) 
I,6J:0,47 
I,2J!0,28 

I 
I 

I,240,I5•;~ 
0,91-0 , 4) 
I,o!o,22 
0,90I!0,007** 

I ,2J:.o,J6 

I 
I ,54+0 ,34 
0,97:0, J2 
I, JJ!Q ,04 

I,2J!o,l 1,54!0,I 
I, 62!0,58 A 

0 , 59!0,~ I,92:0,J 
I,7I!0,2 
I,4I!0,26 

I,29!0,52 2,66!0,67 
I ,J5!0,I2 I ,5l!o,II 
2, I4!0,7 2,04!0,J 4 
I ,46!0,I2 2 ,I2!o,II 
4,I!I,8 4,2!I,I 

M)B CK06K8 X yKa3aH~ A&HH Ye An R HeA TpOH OB, 
1111 ) IT pHBeAeHHUe 3Ha 4eHK R flB MDTCfl cpe.:tH KHH AnR rr+_ H rr :. He30HOB. 
+) Jlnn 3Be3A C 4H CnOH ny4e" tl ~ .3 , 

•• ) Jlnn 3 B e 3~ c po~eHKew nap~ K- we3ouos. ITpM BeAeHHY e 3Ha4eHHR R B~H~T c n c p e~HKHH 
MR y+ .. K lr- -He30HOB , 

• r 3s 
a )TonbKO An fl npOTOH OB C P ~ 0, 4 -

,l )Ji pHB eAeH HO e 3H&46HH 6 RBU6TC R cpe~~KH .Itnfl P H t\.. , 

A ) TonbKO .llnR K&HanOB C pOll.lteHK eH .llOnOnHMT6n bH Or 01i· H630Ha , 

111 



l( 

TAE~HUA 40 
AcxwwerpxR yr~os~x pacnpe~e~eHxl crpaHH~x ~acrxu, 
Heynpyrxx ssaxwo~eRcrBHRx npx Oo~bmHx 3HeprxRx 

(cncreMa uearpa Mace) 
PO:I.llallii(HXCR B 

--Bsaxwo-
.Jtellcrsxe - - --T' r 3 B ilero)t 11, / fL. . 

p - p -ii- p 

rr--p 

seer .~~a 

0,92 
0,92 
2,24 
0,829 
0,87! 
0,895 
0,9 
0,9 
0,96 
I,OJ5 
I , 75 
5,86 

7, 5!0,5 
7,5!0,5 
7 ,5!o,5 
10, 86 
I5 ,86 
I6 
I7 ,86 

( 0 JC..D
....J. 

I 
B-iii{72T5i7;---
B-IIK/ 67/ ~- . 

B-UR/226/ 
B-IIR12I7! 
B-IIRI 2I7/ 
B-IIR12I8! 
B-ITR/ 2I8! 
B-IIR12I9! 
B-ITRI 22I! 
B-IIR/220/ 
B-UR/223! 
li-IIRI I69/ 
n-ml224/ 
li-IIRII76/ 
n-nR/239/ 
IT- IIRII69/ 
B-IIR/225/ 
B-nRI I24/ 
li-IIRII69/ 

2,I+ O,I 
2:0,7 
I,6!o,I 
I! o,5 
I ,J6!0,09 
2,2I!O,OJ 

I, 4!0,I 

3ro saa~eHxe oraocxrcR K sapR~eHa~w R-we3oaaw 
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A 
I 

2,7!o ,3 
% 0 

0,52!0,08 
0,47!0,06 
0, 45!0,04 
0,46!0, 04 
0,46!o,oi 
0,59!0,07 
0, 46!0,02 

o,I4!o,oi 
o,IJa!o,o3 
O,I5!o,02 
o,I2.!o,oi 
0,56!0,7 

0,3I.!0,2I 

2:~--

I---

0 

o,9J!o.,I8 

0,72!o,oi 

0,4I!0,03 r 

,. ;;! 
~ .... - "' 

f ~l , .. 

' TAEilllA 41 
Ansorponxa yuoawx pacnpe,J,e.unl nporoaoa, po~IUIXCII B aeynpyriiX p-p 

croaxaoaeaxax a odaacrx awcoxxx saeprxl (cxcrewa uearpa Mace) 

T, f31 llero,J, A 

-0,81 p,..JYIW 0,49 
2 B-I!K"19-2l/ 0,49 
2,85 B-nw'2J/ 0,45 
J,5 tf25/ 0,66 
9 .,'52/ 0,27 

18,9 tf55/ O,J4 

U:611lUA 42 

Aaxsorponx11 yraoawx pacnpe,J,eaeaxl sap1xeaawx 1r -wesoaoa, po~~.xxca 
B aeynpyrXX p-p CfOHKROB8HIIIIX B OdAaCfR BIICOXMX 3Heprxl 

(cxere.a aearpa Mace) 

T, rsa iletO,J, .l 
y+ rr-

0,81 B-AKD 0,51 
1,5 B-.-K17 0,58 
2,85 B-DK 23 0,79 
J,5 ~ 25 0,5211 

6,2 t 47 0,5311 

9 ~ 51 0,5011 

9 • 49 0,84* 
9 ~ 52 0,8211 

18,9 ~ 55 0,55* 
27 ~ 6! 0,94*11 

100 IIKB74 0,841111 

250 .III 0,8211!1 
300 m~l..-H )IIJ O,B4ilil 
103 ~2 0,65** 
3.5,103 •II4 0 69IHI 

II)DpMB8A8HO CpUH88 3RaQeRxe AU 1f1-- M lf- -M830HOB, 
u )Cpe,lllee aHaQeHxe .ua acex sapaxeRHIIX no~~wx QaCTMU. Up11 T >> IO r aa 

RO.ll.6BJIII~•ee 00JILXMHCTBO 3THX QaCTMil ( ::! COCT6UII~T Tr ~ - loi8 30H!l, 
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8 'i8CTHOCTH, B pa6oTe
1931 

B KB'ieCTBe B03MO>KHOl! 

17 50/ 
B8eTCH HeonpaanBHHOe HCUOIIb30B 8HHe B pa60TBX 

1 

npH'ii!HbJ pacxo>KneHHA yKaabl-

npenno~o~-~HHH 0 TOM, qTQ 

CKOpOCTb BTOpH'IH blX '18CTHU B CHCTeMe ueHTp8 M8CC p&BH8 CKOpOCTH CHCTeMbl ueH

Tp8 M8CC OTHOCHTellbHO na6op8TOpHOl! CRCTeMbl. 

K co»<aneHHJO, Haaec THbJe naHH bJe no HeynpyrRM p-1'1,.. B38HMOnel!CTBRHM npH 

npyrKX 3 H e prHHX He MOryT UOMO'ib ycTp8HHTb npOTHBOpe'iHe, T8K K8K TO'IHOCTb 

3 THX .0.8 HHblX MBna. 

n ocKOIIbKy BOUpOC 06 yrnOBOl! 8 CHMMeTpHH B p-11,. B38HMOllel!CTBHSIX O'ieHb a a

>KeH lliiH nposepKH p 8311H'iHbiX B8pH8HTOB T eOpKH nepHqoepKqeCKHX B38KMOlleiiCTBHl!, 

npellCT8BIIS!eT 60IIbWOI! HHTepec npOllOII>KHTb 3KCnepHMeHT811bHbJe KC CIIellOB8HH H B 

9TOM H8Tlp8BneHHH. 

K aK rroKB3hiBSIOT H 3Mep e HHSI, npo HaseneHHbie · MHOrHMH BB T Op BMH, yrJ,OBbte p ac-

npeneneHHH po»<llBJOillHXCH qacTHU O'ieHb cHnbHO 3BBKCHT oT MHo»<ec TBeHH OCTH. M a-

nonyqeBbie 3B93.0bi , K8K TlpBBHnO, OK83 biB8lOTCSI 3H8l.HfT9nbH O 6onee 8 HH30TpOITHbiMH 1 

'<eM aae3llbi c 6onbWHM 'iHcnoM nyqell. Cpen" MHo r o ny'<e B b iX 3sean conep>KHTCH 

60IIbWOJI npoueHT npBKTK'ieC KH H30TpOUHbiX. 3TO XOpOWO BHllHO H3 T8611HU 4 3, 

44 H p11C. 44, 45. 

Q6p81ll8eT H8 ce6H BHHM8HHe, 'iTO H30TpOUHH B 3Be3 ll8X CO CTp8HHblMH qac-

TKU8MK H8CTynaeT UpH MeHbWKX 3H8'ieHKHX 11, , '<eM a aaea.c~ax 6ea cTpan-

H biX 'i8CTKU • HanpKMep, npK T .. 7 r 3 B yrnoaoe pacnpeneneHHe 1f - Meao-

HOB, pO>KllBIOillHXCH B n-- p - B38HMOlleiiCTBKHX C OBMeC TH O C 1\ - rHn e pon a -

/ 176/ 
MH 

1 
npBKTH'ieCKK H30TpOUHO y>Ke B 'ieTblpexn yqeBbiX 3Be3ll8X 

8 aaeanax c o npeneneHHbiM 'iHcnoM ny'iell n, 8 HK30Tp0UHR B03 p8CTBeT 

c ysenH'ieHHeM 3HeprHH cTanKHBBJOillKXCH 'iBCTHu. Bo acex cny'<BHX yrnoaoe p ac

npenenenHe TH>KenbiX qacTHU HBnReTCH 6onee aHH30Tpo nHbiM , '!eM yrnoaoe pac-

npeneneHHe lf - Me30HOB. 

8 pa6oTa/157/ HB UpHMepe Tf-N B38HMOllel!CTBKl! npH T - 7 r3a HCCne-

llOB8118Cb 38BIICHMOCTb yrnOBbiX pacnp eneneHHll pO>KllBIOilliiXCH '18CTIIU OT Beiiii'IH

Hbl K03qoqoHuHeHTa HeynpyrocTH. Peay nbTBTbi H3MepeHKll npKaeneHbl Ha pHc. 45 . 

K aK BHllHO, a aaeanax c He6onbWHMK a naqeHHRMH neynpyrocTH BHK30TponKH 

3 H 8 t.II-IT9 nbHO BbiWe. 

B ee 3TH pea ynbTBTbi cnosa yKB3bJBBJOT 

ynpyrHX B38HMOllei!CTBHll. 
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TABR!lUA 43 

3aBHCHIIOCTI. yrJIOBOII aCH)()(8tpHH 3aplll;eHHYX 1f ·11830808 t 
pO:I,ll,aDIJIHXCll 8 HeynpyrHX P - t\. H lf--1'\, 83aHIIO)t811CTBHliX OT IIHCIIa 
AylleA B 3883){8 tl= 1,J ,... ( CHCT8Ka ~eHtpa ~~ace) 

B3aHKo- lt/1\. 
.~tellctBH e T, r a8 lleto.J: I 3 5 

p-1'\.. 9 ~2 2,14!_0,5 1,44!;0,511 

n-- n.- 7 ~90 2,2!;0,31111 I,9;t0,2 1,0!;0,1 

ii) ilpH88){8HH08 3Haii8HH8 OTHOCHTCll K 3883~11 C IIHCJIOII Jlyllelt ~~ 5 
iiii) KKeetcll 3all8tHall npD8Cb ,llBYXJIYII88biX 3883)1; H3 HeynpyrHX TT-- p 

B3aHIIO)tellctBHII. 

TABJU!UA 44 
3a8HCHIIOCTb yrJIOBOII aCH)()(8tpHH llaCTH~, pO:I,ll,aD~HXCll B HeynpyrHX ~--fl 

)t811CT8HliX OT IIHCJ!a JIYII811 B 3883){8 ~ z2,4, ••• 
83aHIIO-

T, r a8 lleto.J: llaCTH~bl ll/1\. 
2 4 6 8 

5,96 nF- nK2ou w- 4,7;t2,6 2,14;t0,6 
6,65 n-nK88 1T- 4,25;tl,4 2,17!;0,6 1,82;tl,111 

t90 Tf± 6,8 2,2;t0,3** 1,5!;0, 21111 1,0!;0,1+ 
7,5;t0,5 n-nK224 o-( s'j'+ • IC , K0 2 ,6±0, 1,70±0,17 1,05±0,15 
16!;3 B-nK96 li ... 0,88;t0,46 1,34!_0,27 1,73:,0,34 1,72;t0,75 

1fit3 B-nK96 :rr-
10!,5,9 2,86!;0,6 1,12:,0,23 1,96+Q,46 

17,96 n -llK200 rr- 3,9::;1,9 1,75:0,5 

ii) ilpHB8,ll8HO Cp8.J:Hee 3HalleHH8 JlJill h., •6 H 8. 

~) KlleetCll 3aM8tHall npHM8Cb OAROJiylle8biX 38e3,ll 113 1'(-- t\., 83aDO,l81tCTBHII. 

+) l!Jtll 1'\. 'l 5 ( D88TCll 3aii8THall RpD8Cb rr-- J1.. 83aKIIO)teltCTBKlt) • 
++ ) 

3to 3Raii8HHe OTHOCHTCll K HYJII>-JIYII88blll 3883,llaM ( ~ :0) . 

Cpe){Hee 3RalleHHe ){Jill n = 4 H 6. 
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V/(9) 
15 

' T 1 1.0 

as 

0 
LS 

1.0 

as 

L 

L ' 
a 5 

7 

1 
1 

f .O 0.6 

;;, 

)-. 

n =2 

' 

T 
t 1 
j I T ... 

n=4 

" 

T T 
1 I T I 1 

-r 

n=6,B 

T 
1 

0.2 -0.2 -o.6 Cos8 

p H C. 44 

3 aBHCHMOCTb yrnoBbiX pacnpe,!leneHHll npOTOHOB, po>K,!l8101UHXCSI B HeynpyrRJC p·p B3 8-

HMO,!lel!CTBHSIX npH T = 9 r an, OT 'ii!Cna nyqel! B asea.!le """ / BO/. 

116 

W(8) 

2,5 

n=2.3 
2,0 .fL! 

1,5 

T 
1,0 T l 

I , ..,.-l 
I 1 L-+-T rj _j 

T 
f---+ - l F- --+-

.l .J. 

qs 

L __ j l 
0 

~5 

2,0 

~5 

1,0 

0,5 

0 
~0 ~6 

. 

n=2,3lt 
p 

T 
I --r-
1 

T 
r-+-
I 1 . 

I 
I 
I 
I 

r--.J 
0.2 -o,2 -0.6 0.6 

p H C , 45 

n ~4 
1(! 

T 
r-1--, 

T I t I 
-1 _I T 
.l I l .._ _,_-
T J. 

T 
1 1- -- -

.L 
~ 

n~s ! 

p 
~ 

.._ 

T 
I i 

I 
q2 -~2 -0,6 Cos8 

3 aBHCH MOCTb yrnOBbiX pacnpe,!leneHHJI npOTOHOB H lf t_Me30HOB, p0>K,!l8101UHXCSI B 

HeynpyrHx 1{'-..tl saauMo.!lellcTBH SIJC n p H T = 7 L9B , OT aenu q HHbi Koacj:>cj:>uuueHTa Heynpy-

roc TH/ 157/ . CnnolliHhiMH H nyHKTHpHbiMH rncTorpaMMBMH HaHeceHbi pacnpe,!leneHRH cooTBeT-

CTBeHHO .!lnSI K -~ 0 ,5 H K* '> 0,5. n.. - '<Reno n y qel! B asea.!le . 
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4.2. Yrno~bie pacupenene""" 'IBCTIIU a o6nacTII caepxabiCOKIIx 3Hepr11ll. 

"0rHBHHbl9 W8pbl" 

B onbiTBX c KOCMII'!eCKIIMII ny'IBMII nnSI on11C8HIISI yrnoabiX pacnpeneneHIIl! po>KnaiO

WIIXCSI 'IBCTIIU aMecTo aepOSITHOCTII W(&) '!acTo llcnonb3yeTCSI tPYHKUIISI 

~(e)-= e )((~e) 
~ Jl(~ tr) -.JI(H~) 

(20) 

rne Jl( ~ fl) - 'IIICnO TpeKOB B IIHTepaane yrnoa [0, e1 B na60p8TOpHOl! CIICTeMe xoop-

x/ 
.0.HH8T 

EcnH yrnOBOe pacnpe.a.eneHH9 ~8CTHU B OKCTeMe UBHTpa M8CC HBnReTCH H30Tp0llHblM, 

TO H9Tpy.O.HO nOK838Tb, "'TO 

<Pre)~.2.e~~e..-.2e3 r'", (2 1 ) 

rne l(C. - ,PaKTOp penSITIIBIICTCKOrO npeo6p830B8HIISI OT CI<CTeMbl UeHTp8 M8CC K na6opa-

/ !73 233,234/ /) e 
TopHoll cllcTeMe xoopniiHBT • B aToM cny'lae a aaeiiCIIMOCTII oT X= '3 ta 
tPYHKUIISI ;r (9) npencTaenSieTCSI npSIMOl! c HaxnoHoM c;( f/JJC.,. 2. , nepecexa10wel! ocb )( 

a TO'!Ke "=- e, Yc.. (eM. pile. 46a) . 

np11 8H1130TpOnHOM pacnpeneneHIIH '18CTHU B CIICTeMe UeHTp8 Mace, HO W (1Ji) * 0 

tPYHKUHSI i (l() OnHCbJBaeTCSI Kp1180l!, KOTOpBS! Mana OTnll'!8eTCSI OT npS!MOl! nHHIIII C Hax

nOHOM ~~'~" ~ 2. ; ecn11 )l(e w (!Ji)-: 0 TO KpiiBaSI, 11306pa)l(aJOW8SI fc"), 
IIMeeT SICHO Bbtpa)l(eHHbil! neper116 np11 nepece'!eHIIII oc11 X (eM. p11c. 46 6 11 a ). 

HII)I(HIISI 11 aepxHSISI eeTBH tPYHKUIIII i (") oniiCbiaaiOT '!aCTIIUbi , BbineTBIOWIIe a na6o

paTopHoll CIICTeMe KOOpn11H8T COOTBeTCTBeHHO B Y3KOM II nlltPtPY3110M KOHycax. 

DnSI MHOrll~ aaean acHMnTOTII'!eCxlll! HaxnoH o6e11x eeTaell tPYHKUIIII ~ (!C) OK83bl-

aaeTCSI onHH8KOBbiM H 6nH3KIIM K neyM . np11Mepbl T8KIIX yrnOBbiX pacnpeneneHIIl! npHaene

Hbl H8 p11C. 47. 3TO 03H8'!8eT, 'ITO cywecTBYIOT nee CIICTeMbl KOOpniiH8T 0 B onHOl! 113 

KOTOpbiX 6nii3KO K II30TpOnHOMy yrnoaoe pacnpeneneHIIe '18CTIIU, BbineT8IOWHX 8 yiJKRll 

xoHyc , a npyroll npH6nii311TenbHO 1130TponHo yrnoaoe pacnpeneneHIIe 'IBCTHU n11¢¢yaHoro 

· KOHyca. CKOpOCTH .ll.BlOK9HHSl 3THX CHCTBM KOOp.OI'IH8T OTHOCHTBnbHO o6wero ueHTp8 M8CC 

6n11ax11 no eemi'IHHe 11 o6paTHbi no aHaKy . 

06bi'IHO 3 TOT peayn bTBT HarnllnHo 113o6pa)l(aJOT xax paaneT a npOTIIeonono)I(HbiX Ha

npaeneHHSIX nayx 1130TponHo pacnanaiOWIIXCSI "orHeHHbiX wapoa•
12321 

B o6n aCTII ycxopiiTenbHbiX aHeprlll! cxopocTII paaneTa "orHeHHbiX wapoa• ewe Heae

nHKII , 11 11x yrnoBbie pacnpeneneHIISI nepexpbiBBIOTCSI (eM. puc. 46 6 11 a). 

CnenyeT nonqepxHyTb, 'ITO HeaaaiiCHMO oT ero Harmtnlloll tPH3H'!ecxoll IIHTepnpeTaUIIH 

CyWeCTBOB8HIIe nayx BhineneHHbiX CIICTeM KOOpniiHaT SIBnSieTCSI 3KCnep11MeHTanbHbiM ,Pax-

TOpOM . 

x/ ~ B axcnepHMeHTanbHbiX pa6oTax <PYHKUIISI '!' o6hi'IHO aaniiCbiaaeTCSI a BHne: 

~: €a _E_ • rne l=s .H(HI) _ 
Cl 1- j: .H(n:) 118 

~19Jt= 

0 
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_£_ 
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Paa n11 



~~hie pacnpe.nenerrtHI 1.18CTHU a o6nacTH caepxe hrcoK H X 8 H epn1:A. 

" OrH eH H bre wapbr" 

K OC MH1.f 8CKHMH nytt8MH .nn~ OIIHC8HHfl yrn OBbiX pacnpe.neneHHA: p O>K,ll a iQ

eCTO sepoQTHOCTH VV(e) qacTo Hcno nb3yeTCQ ¢YHKUHQ 

Jf(~ e) 
~(e)-: e~ .f(.&.w\ •• rf<e) 

I 

(20 ) 

- 'IHCTIO TpeKOB B HHTe ps ane y rn OB [01 e1 B na6o p8TOpHol! C HCTeMe K OOp-

>e pacnpe.neneHH€ tt8CTHU B C H C T e Me U 8 HTJ)8 M8CC SIBnHeTCSI H30TpOIIHbiM, 

l 38Tb , 1.{T0 

~(e)= i e~ ~ e-+- fl. e9 r'" I 
(2 1) 

Op penQTHBHCTCKOrO npeo6p830B8HHQ OT CI<CTeMbl UeHTpa M8CC K n a6opa-

/ 173 233 234/ " 
tOO pJJHHBT • - B 3TO M c nyqae B 38BHCHM OC TH OT X= '3 ta e 

npeJJC T 8BnQeTC Q HpQMOI! C H8KTIOHOM d f/J)C '=< 2. , nepeceKBJOu.t e l! OCb )( 

~, Yc. (eM. pHc. 4 6a). 

pOOH OM pacnpeaeneHHH '18C THU B C HCTeMe ueHTp8 M8CC , HO W (1Ji) * 0 

OII HCbiB88TCSI KpHBOH:, K OTOp8R M8nO OTnH1.{88TCSI OT IIpSIMOA nHHHH C H 8K-

, 2.. ; ecnH >Ke w ( ~) ~ 0 , T O KpHBBQ, H306p8>K810li.{8 Q f (ll) , 

>t<eHHbiii neperH6 npH n e p eceqeHHH ocH X (eM . pHc. 46 6 H B ). 

'epXHQQ BeTBH ¢YHKUHH i (") OfiHC b!B810 T '18CTHUbl , BbineT810 li.{He B na6o

K OO pJJHH8T COOTBeTC TB e HH O B y 3 K OM H JJH¢¢y3HOM KOHycax. 

3Be3JJ 8CHMfiTOTH'IeCKHI! HBKn OH o6eHX B e TBel! ¢yHKUH H ~ (It) OK83bl-

!M H 6nH3KHM K JJByM. npHM e pb! TBKHX yrnOBb!X pacnpe aene HHII n pHBeae· 

3-TO 03H8'18eT, 'ITO C yu.t eC TByJOT JlBe C HC TeMbl K OOpJJHHBT, B OJJHOI! H3 

H30TpOOHOMy yrnOBOe pac npe a e n e HHe '18 C THU , B biTi eTBIOUlHX B y 3 KIIIl 

~ pH 6ni!3HTenbH O H30Tp o nH o yrnosoe pacn peaeneHHe 'IBCTHU JJH¢¢yaHoro 

.D.BH)K8HHSI 3 THX C H C T 8 M K OOp,ll HH 8T OTHOCHT8nbHO o6wero U8HTp8 M8CC 

te H o6p8THW n o 3HBKy. 

' p e3ynbT8T HBrnSI,llH O H306pa>K8JOT KBK p B3neT B npoTHBOIIOnO>KHbiX H8-

H30TpOnHO p 8Cfi8Jl810UlHXCQ • OrHeHHblX u.t8pOB • 
12321 , 

CKOpHTenbHbiX 3HeprHA CKOpOC TH pa3n8T8 "orHeHH biX wapoe" ewe Heae

>le p acn p eaeneHHQ nepeKpbiBBJOTCQ ( CM . pH c . 46 6 H B) . 

l'lepKHyTb, 'ITO He38BHC HM O OT ero HBrnQJJHOI! ¢H3H'IeCKOI! HHTepnpeTBUHH 

3YX B bill,eneHHbiX CHCT8M K00p.UHH8T SIBnsteTCSI 3KCII e pHM 8 HT8nbHbiM cfJaK-

M8HT8nbH biX p860T8X cfJyHKUHSI f 06bl 1.fH O 38IIHCbiB88TCSI B BH.U€: 

, ra e 1= ~ .N(~e) _ 
.}1((611:) 118 

V/(9) 

0 rr 

• I 
r-
l \uttf=2 

-fcio.l. __ x 
I 
I 
I 
I 

it 

~=~ ·(c 0 '/.. 

a 

W(9) 

0 !( 

4>4 
I 
I 

---:-7-f'~' _1 f..t;l.f=2 
,/-rc ro --x-

1 
I 
I 
I 

f• 

Lk~ 
·1c 0 X 

6 

p H C . 46 

W(9J 

f• 

LJ\__ 
-fc 0 X 

B 

Paa nH'IH bie c n oco6br onHCBHHQ yrnosoro pacnpe.neneHHH p O>KJJBJOu.tHXC Q 'IBCTHU. 
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T= 1,3·10 5Gev 

-lf 

cP 

-3 
I X 
I 
~-1 
I 

T .. 4. ~· 104 Gev 

p H C. 47 

tP • 
I 
~+f 

-~ -~ I -1 L I ! X r-t 
I 
I J 

T= 9.5 · 10 (jev 

YrnoBbJe pacnpe.neneHHll, KOTOpbie MO>KHO npe.ncTaBHTb KBK cynepn03HUHIJ2~~.~~:fl" 
pacnpeneneHHll qacTHu 1 oopaaosaawHxCR npH pacna.ne nsyx "orHeHHhJX wapoa• • • 

T - aHeprHR nepBH'IHOro HyKnoHa. 

KpoMe HHTerpanbHOl! cjJyHKUHH ~ (") , a pa6oTax, nocaRWeHHhiX HCCnenosaHHIO Koc-

MH'IeCKHX nyyel!, 'IBCTO p8CCM8TpHB8eTCll T8K>Ke cPYHKUHll 

t(")-=W(ec,.,) . 
BHn aToll cjJyHKUHH CH!lbHO 38BHCHT OT aenH'IHHbJ acHMMeTpHH yrnoBbiX pacnpeneneHRl! a 

CHCTeMe ueHTpa Mace. VfaoTponHoe yrnoaoe pacnpe.neneHHe onHChiBaeTCR cjJyHKUHel! f(1C) 

KOTOp8R XOpOWO anpOKCHMHpy eTCll rayCCOBCKOl! KpHBOl! C .!lHC!lepcHel! 6" Q 0,39. OTKno-

HeHHll OT H30Tp01IHH npHBO.!lliT K yaenH'IeHHIO 6" YrnoBbJM pacnpene neHHRM, KOTopble 

KRHeMBTH"'9CKH MO>KHO HHTepnpeTHpOBBTb KBK paaneT Ll.BYX 'orHeHHbiX wapos•, COOTB9TCTBy

JOT "nayrop6bie' cPYHKUHH £ (1<) C TBKOl! >Ke .!lHCilepcHel! 'rop60B
1

, KBK H .!lllll Clly'IBII 

H30TponHoro yrnoaoro pacnpeneneHHll (eM. pRe. 46) . 

To'IHOCTb onbJ TOB c KOCMH'IeCKHMH ny'IBMR a HacTollwee apeMR HeaenHKa, noaToMy 

TPY..!lHO CKO!lbKO-HR6ynb TO'IHO onpenenHTb llpOUeHT JI-Jtf B38HMO.!l9l!CTBHll, KOTOpb!e MOryT 

6b!Tb OIIHC8Hbl KBK paa n eT .!lBYX " orHeHHblX wapoa• • no .!l8HHb!M llO!lbCKOI! rpyllllbl"B npe

nenax CT8THCTH'IeCKH X cPillOKTyBUHl! K 3 T OMy Kll8CCy B38HMO.!lel!CTBHII MO>KHO CfTHeC TH BCe 

HeynpyrHe ,J{-Jol B38HMOnel!CTBHII C H e CIIHWKOM 60!lblUOl! MHO>KeCTBeHH OCTblO pO>K.!lBI0-

/233 235/ • 
WHXCII 'IBCTHU ' • OnHaKo yaepeHHO Bhi.nenHTb acjJcjJeKT Ha cjJoHe 3KcnepHM e HTB!lbHhiX 

OWH60K MO>KHO 1IpH6!lH3HT91lbHO llltWb B 20% Clly 'laea
12361

• 

120 

V. KBA3v 

VfHTepeCHbiM cny'IBeM Heynpy! 

3Hynpyroro paccel!HHR, Kor.na senH• 

TbipexMepHoro HMnynbca 6onbwe, q 

llH'IHH bJ , KOTOp8!1 06b!'IHO X8p8KTepH; 

Oco6eHHOCTH TBKHX npouecc oa 

Cfi9KTpax npOTOHOB, CHSITbiX no,n MB 

cPPBKUHOHHOro lll!Ka, o6ycnosneHHorc 

XO.!liiU!Bll OT HeynpyrHx pe8KUHl! (C! 

d2t5 
dpd!ll. 

liOO 

200 

50 

T=; 
f):~ 

.,..., 
1.8 

T=JJ 
8:3.; 

25~ 

0..__ __ 
10 J 

CyUleCTBeHHO 38BHCRT OT 3HeprHH H8J 

a o6nacTH 3HeprHl! (I f 3) rae CTpy 

B036y>K.neHHIO COCTORHHII ( 3/2, 3 / 2) 

COCTOIIHH/
242

-
2441

• 0.nHBKO C pOCTO 

HHl! ysenH'IHBBeTcll. TaK, a HMnynbCHI 

( 13 f 27) rae no.n yrnOM 3,5° /245/ ---
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: , KOTOpbie MO>KHO npe.UCT8BRTb K8K cynepn03HU':_'J2~2.~~w 
)88BWHXCSI npH pacna.ae .UBYX 'OI'HeHHblX wapOB " • 

rtOH8. 

THKUHH ~ (1') , B pa60T8X
0 

UOCBSILUeHHblX HCCne.UOB8HRIO KOC

<8TpHB8eTCSI T8K>Ke cjlyHKUHH 

~(lt) -= w ( ec,.,) . 
lBHCRT OT senHqHHbl 8CHMMeTpRH yi'nOBblX pacnpe.aeneHRJ! B 

JOnHoe yrnosoe pacnpe.aeneHHe onRCb!BaeTCSI cjlyHKuHell f (~ ) 
(eTCII raycCOBCKOl! KpHBOJ! C .UHCnepcHell 0 ~ 0,39. 0TKno-

T K ysenuqeHHIO 6" YrnoBbi M pacnpe.aeneHHSIM, KOTOpb!e 

onpeTHpOB8Tb K8K paaneT .UBYX 'OI'HeHHblX wapos' 0 COOTBeTCTBy

~ ( ,.) c TaKoll >Ke .aHcnepcKell 'rop6os•, KBK H .an11 cnyqaSI 

e.aeneHHII (eM. pKC. 46), 

:MHqeCKHMH ny'IBMH 8 H8CTOSHUee speMSI HesenHK8, U03TOMY 

10 onpe.aenHTb npoueHT .JI-,J{ 838HMO.UeliCTSHll , KOTOpb!e MOI'YT 

,ayx 'orHeHHbiX wapos•. no .aaHHbiM nonbCKOll rpynnbr~a npe

:Tyauul! K 3TOMY KnBCCy 838HMO.UeliCTBHll MO>KHO cfTHeCTH see 

~C TBHH C He CUHWKOM 6onbWOl! MHO>KeCTBeH H OCTbiO po>K.U810-

H8KO ysepeHHO Sb!.UenHTb acjlcjleKT HB cjloHe 3KcnepHMeHT8UbHblX 

l bHO mtWb B 20% cnyqaea
12361

• 

120 

Y!HTepeCHblM cnyqaeM Heynpyrol! pe8KUHH SIBUSIIOTCSI npoueCCbl T8K H83biB8eMOI'O I<B8-

3Hynpyroro pacceSIHH SI , Kor.aa senHqHHB nepe.aasaeMoro B peaynbTaTe saauMo.ael!cTBHSI qe

TbipexMepHoro HMnynhca 6onhwe, 1.1eM npH ynpyroM paccestHHH, HO aH81.fH:TenbHO MeHhwe ae

nuqHHbi, KOTopaSI o6biqHo xapaKTepuayeT Heynpyrue npouecCbi . 

O co6eHHOCTH T8KHX npoueccos Si pKo npoSi en!IIOTCSI B 3KcnepuMeHT8UbHbiX HMnynbCHbiX 

c neKTpax npOTOHOS , CHSITbiX no.a ManbiMH y rnaMH . B 3 T HX cneKTpax , KpOMe o6hrqHoro Llll -

cjlp8KUHOHHOI'O fii{K8
0 

o6ycnosneHHOI'O yn pyrHM paccef!HHeM, BH.UH8 pe3K8SI CTpyKTypa, npOHC

XO.USILU8SI OT HeynpyrHX pe8KUHll (eM, pHC, 48) . l.fHCUO UHKOB 8 cneKTpe H HX nono>KeHH"El 

d2o 
dpdSI. 

ltOO 

200 

j0 

25 

T=2.858Gev 
e =2.72° 

1.8 

T=!3Gev 
8•3.5° 

2.6 .3.4 

I 
xtO 

t xw 

0 ~----~----~--~~~~ 
m If {2 13 P Gev/c 

p H C, 48 

cywecTeeHHO aasucSIT OT 3HeprHH HaneTaiOwea qacTHUhl. B c n yqae P· p saauMo.aellcTsHll 

8 o6naCTH 3HeprH J! ( ! f 3) ras CTpyKTypa HeynpyroJ! qaCTH cneKTp8 OTBeqaeT CHfibHOMY 

B036y>K.UeHHIO COC T OH HHH ( 3/ 2, 3 / 2 ) H .UOSOnbHO cna60MY B036y>K.UeHHIO 6onee ,Bb!COKHX 

COCTOHHRJ!/ 242- 2441 , 0 .UH8KO C pOCTOM 3HeprHH sepOHTHOCTb B036y>K.UeHRH 3THX COCTOH

HHll ysen HqHBaeTCH. TaK, B HMnynbCHb!X cneKTp 8X npOTOH OB, CHHTb!X 8 HHTepsane 3HepruJ! 

( ! 3 f 27 ) rae 00.11 yrnOM 3,5° 12451 OTqeTnHB O BH.UeH BKn8 .U p e30H8HCHblX COCTOHHHll 
../ . 

121 
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( 1/2, 5/2) H 1/2, 7/2). C Llpyroll C TOpOH bl , !IRK, OTB8'1810lllHll B036y>KL18HKIO (3/2, 3/2) 

COCTOS!HKl!, OTCyTCTByeT. 3TO MO>KHO 0 6'bSICHH Tb ·T8M 0 'ITO !18Ll810lllHll !IpOTOH HC!Ib!Tb!BaeT 

Ll K¢paKUHOHHOe paCC8SlHH8 H a BHpT~anbHqM 11' -Me30H8 H3 riH OH H Ori'O 0 .6naKa npOTOHa-

MHWeHH, npH'IeM B KOHeqHQM COCTORHHH 1T -MeaoH saaHMOLlellcT!lyeT co CBOKM POLlKTe-

neM-npoTOH OM . TaK K8K LlH¢paKUHOHHoe pacceHHHe He MeHsreT H30TO!IH'I8CKOro cnKHa, TO 

MO>KHO O>KHL1.8Tb, "'TO 1T - M830H H !Ip0TOH-OTL18'1H 6 yLlyT B3BHMOL18l!CTBOB8Tb B COC-

TOS!HHK C H30TO!IH'I8CKHM C!IHHOM 1/2, riOCKOnbKY 06a OH!I 06 p830B8Hbl !Ip0TOHOM-MHW8Hbl0 

0LlH8KO cneLlyeT 0)1( HL1 8 Tb, 'ITO C p OCTO M 3H8pl'Hll K8pTHH8 6yLl8T ycnO>KHS!TbCSl H M8CTO 

OLlHOM830HHblX !Ip0 U8CCOB 38l!MyT 6onee CnO>KHb!8 B38KMOL18l!CTBHS! ( CM , p HC , 4 9 ), 

AHanorH'!H a sr KapTHHa LlOn)I(Ha H a 6n10Ll8 TbCsr H Llnsr KsaaHyrrpyroro Jr-.){ pacceHHHH. 

YfMrr y nbCHbre cneKTpbr 1t' -Me30HOB B 3TOM cny'!ae T 8K)I(8 LlOn>KHbl o6n8Ll8Tb Ct'pyKTy-

p o ll, o6y cnoaneHHOl! B036y)I(Ll8HH8M pe30H 8HCHblX lf -'If COCTOS!HHJI, 

3AKII!OY:E H J.1E 

B rrpeLlb!LlYWHX paaLlenax 6brnH riOLlp06Ho paccM oTpeHbl paan H 'Ilf ble 3KcnepHMeHTMbHbUI 

X8p8KT8p HCT HKH Heyrrp yl'HX B38HMOL18l!CTBHJI, 0clfOBHOJI Bb!BOLl, KO T Opblll Cn8LlY 8T H 3 3 T O!'O 

paCCMOTpeHHSI , - 3TO CY!ll8CTBOB8HH8 LlBYX TH!IOB neyrrpyl'HX B38HMOLl8liCTBHll, xapaKT8pHay

IOWHXCSl pa3nH'IHOJI BenH'IHHOJI K03¢¢HUH8HT8 Heynpyl'OCTH H nep8Ll8'1H '18 T blp8X M8p HOf'O HM-

rrynbCa. 

3 Hep!'RS! p O>KLl810lllHXC Sl '!8CTHU' H HX MH0)1(8CTB8HHOCTb T8K)I(8 OK83blB810 T CSl paanH'!Hbl

MH LlnSl 3 T HX LlBYX TH!IOB B38HMOL18liCTBHJI , 

nnsr Heynp yl'HX B 38HMOLl8liCTBHll C Manoll Heyrrpyl'OCTbiO H He6onbWOl! Mlf0)1(8CTB8H

HOCTbiO xapaKTepHa aHa'IHTenbHo 6onbwasr 8HH30TporrHsr yrnoBblX pacrrpe LleneuHll, 

B o6weM , HecMoTpsr Ha 6onblllHe aKcrrepHMeHTMbHbre owH6Ka, LlBa THna HeynpyrKx 

B38KMOL18JIC TBHJI MO)I(HO 06Hapy>KHTb BO BC8X OCHOBHblX X8p8 KTepHCTHK8X HeynpyrKX B 38K

MOL18JICTBKJI, 

BMecTe c T e M c neLlyeT OTMeTHTb, 'ITO cpeLlHHe rrorrepe'!Hbre HMrrynbCbl pO)I(Ll810lllHXCH 

'18CTKU, a , Cn8LlOB8T8n bHO , K !IpOCTp8 HCTB8HHbl8 p8311;18pbl o6nacTeJI B38HMOL18JICTBIS! B o6o

HX cnyqasrx OK83b!B810TCS! B8CbM8 6nK3KHMH, 0LlH8KO, K8K y)l(e OTM8'18nOCb BblW8, OTCIOL18 

8lll8 Henb3sr CL18n8Tb Bb!BO_Ll , 'ITO 'cTerieHb riepa¢epK'IHOCTH' LlBY_X TH!IOB B38HMOL18JICTBHJI 

OL1HH8KOB8, T8K K8K Ha6n10Ll88M8Sl B 3 KC!I8pHM8HT8 K8pTHH 8 MO)I(eT 6b!Tb CHnbHO HCK8)1(8H8 

BTOpH'IH blMK B38HMOL18JICTBHS!MH pOLlKBWHXCSl '1 8C TKU, 

npyroJI 88)1(Hbl JI BblBOLl , KOTOpb!JI cneLlyeT H3 8 H8nK38 H3B8CTHblX B H~CTO!ll88 Bp8Mll 

.SKCnepHMeHTBnbHblX D8HHbiX, - 3TO B03MO>KHOe H3MeHeHHe MeX8HH3M8 HeynpyrHX B38H M o

Ll8JICTBH l! B o6n aCTH ynbTp 8B b!COKK X 3HeprKll T > 10
5 

r aa. noHSITHO, 'ITO LlMbHellwH e 

3KC!I8pHM8HT8nbHbl8 KCCn8LlOB8HKSl B 3 TOM HarrpaaneHHH !Ip8LlCT8BnSIIOT npHHUK!IHBnbHbll 

KHTep ec . 
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no-BKLlHMOMy, OCHOBHOJI 9KC nepKMeHT80bHOll 38Ll8 '1ell B H8CTOS!Wee apeMst cnenyeT 

C'<KTSTb yeenH'ieH H e T O'iH OC TH K3 M e p eH Kll . B a T o ll CBH3K 6onee BS>KH biM npencT8BnsteTcst 

TW8TeObHOe K3y'ieH!fe neTaneJI l!eynpyrKX B 38HMOLlel!CTBI<l! BCero OI<Wb UpH HeCKOObKI<X 

3 H 8 'i e HKHX aHeprH ll· (H8npHMep, lT- .H B38KMOLlellcTBKll npK T = 7 H 16 l as 11 .J'l- .;1" B3a

HMOLlellcTBHll np11 T = 9 H 25 l 9B), 'ieM MHOrO'iHCOeHH bie , H O He O'ie Hb TO'iHbie H3 MepeHI<SI 

Up!< p830H'iHbiX 9Hepr11SIX , 

n o n b3yeMCSI c nyq8eM Bblp83HTb Hawy rny6 o Ky iO 6n8ronapHOCTb .Ll .YI. En OXKHueey H 

B.YI. B eKcnepy 38 MH o roKp8 TH bi e 1< O'ieHb nnonoT eopH hU! o6cy>KneHHst p a3nii'<HbiX eonpocoa, 

p 8CCMOTpe HH biX B H 8 WeM 0630pe, 
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