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1. B B e 11. e H u e 

B HaCTOmnee apeMll H8KOnneHo yl!Ce 6om,woe KOnH'leCTBO 9KCnepl!M9HT81lbHblX 11.aH-

HblX no HeynpyrHM B38HMOll.8ACTBHSIM sneMeHTapHblX '18CTHllo AHanH3 9THX 11.SHHblX no3-

BOnlleT c11.enaTb PHIi. BSllCHblX H anonue onpe11.eneHHblX 3&Knro'leHHA o xapaKTepe Heynpy-

rux nponeccoa npu 6onbwux sueprullX, unu, 11.pyruMH cnoaaMH, o caoAcTaax B38HMOll.eit

CTBHit, nponcxo11.mnux B MSnblX npocTp8HCTB0HHO-BpeMeHHblX o6naCTllX. 3To TeM 6onee 

aal!CBo, '!TO B HaCTomnee apeMH Mb! ewe He pacnonaraeM nocne11.0BaTem.Hoit Teopueit 

CIIID,HblX B38HMOll.eitcTBUit H BCe TeopeTU'l0CKHe IlOCTpOeHHll npH 6onbWHX SHeprUllX IIM0IOT 

MOll.em.Hblit nony~eHOMeHonorH'leCKHit xapaKTep. 

8MeCTe C TeM, B H8CTOm!lee Bp0Mll HST HU OIi.HOit pa60Tb1 0 rne 6b1nu 6bi ll8Hbl CU

CT8M8TU'l8CK8SI CB011.K8 U o63op H3B8CTHOit 9KCnepHM0HT8ID,HOit HH~OpMannu. 

Uenb Hawea pa60Tbl - co6paTb u npoaHanH3HpOB8Tb, He OCHOBblB851Cb Ha K8Knx-na6o 

npeAB3HTblX TeopeTH'10CKHX Mo11.enllX, peaym.TaTbl MHOrO'IHCneHHblX 9KCnepnMeHTOB B o6na

CTH 6onhwnx sHeprait T ~ 1 rsax), Kor11.a nnaHa ne'6poitneacKoH BOnHbl cTanKnaa10w11x

CH '18CTHU CT8HOBllTCll yl!Ce M011bW0, 'leM ux reoMeTpH'leCKH0 pa3Mepbl, U H8'1HH8IOT HrpaTb 

cywecTBeHHYIO pom, 9~~eKTbl, CBll38HHble C BayTpeHueit CTpYKTYPOH sneMeHT8pHblX '18C

Tllllxx) • 

Oco6b1M cnyqaeM llBnlleTCll aHHHrHnllUHll 8HTHHyKnOHO!I. B 9TOM cny'lae 11.Sl!Ce 

npu O'lellb Manoit sueprnu aaneTaromero aHTHayKnOHa MOl!CeT pol!Cll.aTbCll 6onhtnoe qucno 

6blCTpblX BTOPH'IHblX '18CTHU. C 9TOH TO'IKH apeHHll 8HHHrHnllllHll 8HTHHyKn!)HOB HMeeT 

O'leHb MHOro o5mero C ueynpyrHMH B38HMOAeAc TBHllMK npu 6onbWUX SHeprHllX H COOTB0T

CTByromne 9KCnepHM0HT8ID,Hbl0 11.SHHble 6y11.yT 11.anee p8CCM8TPHB8TbCll npu BCeX 9HeprnllX, 

H8'1HH8ll OT CaMblX MSnblX T .. 0 • 

x) 311.ecb u Be3Ae 11.anee T-KHHeTH'leCKall saeprx11 HaneTaromeit 'ISCTHllbl B na6opa

TOpHoit CHCTeMe KOOpll.HHaT. 

xx)npenaapnTenbHblit aapuaHT HSCTomnero o63opa 6wna ony6nnKoBaHa B BHll.e npe

npHHTa111. 011.HSKO 38 npowe11.wne nonTopa ro11.a CHTYSllHll B pllll.e nyHKTOB 3H8'1HTem.HO 

H3MeHHnaCb B CBH3H C 6onee TO'IHblMU 9KCnepuMeHT8nbHblMH 11.SHHblMH. Mb! rny60KO 6na

ro11.apHb1 BC0M ~U3HK8M, nocnaBWHM HSM CBOH 38Me'l8HUSI H 03H8KOMHBWUM HBC C HOBbl

Mll 9KCilepuMeHT81lbHblMl!: pe3YnbT8T8MH. 
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Ha orp0MH0ro a1tcnepUM8BTam.uoro MSTepuana Mb! Bbl0epeM IIHlllh B81tOT0pble oc

H0BBbl8 xapSKTepBCTUltB aeynpyrux B38HM0Aeil:CTBBll. TaKOBblMH B nepay:o o'lepem, smnsi

JOTCSI: 

1. PacnpeAeneHHe aeynpyrux B38HMOA8llCTBBll no MBOlK8CTB8BBOCTll pOlKASIOIIIHXCSI 

"18CTBll; COCT8B BTOpB'IBblX '18CTBll. BalKBblM "18CTBblM cny'laeM smnSIIOTCSI 3A8Cb aeposrrao-

CTB TpeX'ISCTH'IBbIX pea1tnull (aanpuMep, P + p .. p + n +·,,.+ unu ,,.-+ p .. n + ,,.+ +· 11 -, 

llp8ACTaBnS1IOII1UX aaut5onee npOCTOil: 001,eltT AnSI npoaepKH pa3nH'IHblX Te0p8Tll'l8CKHX cxeM 

B MOAenellx). 

II • 3aepreTH'l8CltH8 H BMfiYnhCBble pacnpeAeneHHB p0)KA8101I(HXCB '18CTllll, B '18CTHOCTB, 

aenu'luHa ux nonepe'IHOro UMnynbca, cpeABSIB 1tHBeTH'lec1taS1 aaeprua u xoa,j,,j,unueBT aeynpy• 

rocTn.-

Ill • Yrnoable pacnpeAeneaua BTOpH'IBblX 'IBCTHll a cucTeMe ux neBTpa Mace. 

B H8CTOSIIIl8M ot5aope Mb! paCCMOTpUM IIHWh nepay10 '18CTb 9THX xapaKTepHCTHK. Oc

TanbHblM xapa1tT8pHCTBK8M 0YAYT Il0CBBIIl8Bbl ABB nocneAyIOIIIUX ot5aopa. 

31tcnepuMeHTanhBble aaa'leaua nonaoro ce'!eBusi aeynpyrux nponeccoa u· aux Teope-
~ hi 

TH'lecxuA aaanua npuaeAeBbl B aaweA pat5oTe • 'IacTBblM,cny'!aeM aeynpyroA peaKJlHH 

smnsieTCsi ynpyroe pacceaaue c nepeaapSIAxon u c nepeaopOToM cnuaoa, a TBK)Ke 'ynpyroe 

pacceSIHue 'lepea aeynpyruA xaaan' (onpeAeneaue u noApooaoe oocy)KAeaue cooTneTcTay10-

IIIHX ce'!eaull: u 
ox 

u 
8 

. /4 5/ · · · ' ui. CM. B palfoTaX • ). OAB8KO Ha OilblTe 9TH peaxnuu 

B oom.wuacTae cny'laea ae OTAenst10TCS1 OT·ynpyroro pacceSIHust. Jlanee Mb! acerAa t5yAeM 

paCCM8TpHB8Tb C8'18BH8 u· 
In 

, · H3 KOToporo y)Ke BbIAenea1,i ce,ieausi · u;x 
TTpu aaeprusix T ~ 1 raa 9TH C8'18HHH 0'18Hb Manbl no Cp8BB8BHIO C u· 

hi 

U H 

/4,5/ 
u • 
lo 

Bom.wasi '18CTb npHB8A8BJlblX HU)K8 9KCnepHM8BT8nbHblX ASHHblX nony'leHa B OilblT8X 

Ba ycxopuTensix. TaKMM nyTeM B HSCTOSIIIlee BpeMH MO)KBO nony'IBTb CB8A8BUSI O B38UMO-

A8il:CTBUSIX '18CTUll BMOTb AO aaeprull; T m 32 ran. KaK IIp8BUno, 9TB ASBBble X8p8KT8-

pu3yIOTCSI 3H8'1UT8lll,HO com.wen TO'IHOCTbIO, ''leM A8HHble, nony'leBHbl8 U3 OilblTOB C KOCMU

'18CKHMU ny'laMu. 

C ApyroA'cTOpOBbl, uccneAOB8BU8 B38UMOAeil:CTBHil: KOCMU'l8CKUX ny'!eA C aem:eCTBOM 

HBnaeTCSI noxa 8ABBCTB8HBblM HCTO'IBHKOM 9KCnepHM8HT8lll,HOA UH,j,OpM81lBR O B3ABMOAeil:

CTBUmt '18CTUll npu caepXBblCOKUX aaeprusix T ~-100 raa. OcT~BOBHMC!I ua· 9TOM BOilpOCe 

noApot5aee. 

Ha MHOrO'IHCneHHblX OilblTOB H3B8CTHO, '!TO B KOCMH'l8CKHX ny'laX Ha rpaanne 38MHOA 

"'~ 1 8 1011 . . . 8TMOC'l""pbl COAep)KSTCH '18CTUJlbl C aaepruell; BilnOTb AO O - raa; . 0AB8KO pacnpeAe-

neaue 8TUX .'laCTUJl· no .aaeprm, onpeAenueTCSI 0b!CTpo Cll8A8101Jl8il: CT8Il8HHOA ,j,yBKJlHell 

x) Ce'!eHHSI PO)KAE!BUH CTp8HBblX '18CTHll H 8HTUay1tnOHOB llOApO0BO ot5cy)l{Aanncb• a·· aamnx 

CTSTbmt/2,S/ • 

4 

const 
:w ( T) 

TD(T) 

rAe no1ta3aTenh 

3H8'18HUSI n = 3 

3 
n ( T) = 2,5 npu aaeprusix. T < 10 raa u MeAneaao aoapacTaeT AO 

8 /6/ 
npu T = 10 raa • TTpu 8TOM 'IUCnll '18CTHll C 0'18llb Bb!COKOA 

aaeprueA conepweHHO HH'ITOlKHO, cneACTBU8M '!ero unnHIOTCH 0'18Hb tonhWHe CT8THCTU'le

CKU8 OWU0KU H3Mepeaull:. 

B ot5nacTu aaeprull: T < 6 - 10 raa 0OnbWSH '18CTb OllblTOB C ltOCMU'18CKHl',m ny'ISMH 

Bbmonaeaa C IlOMOlllhlO ,j,oTOSMym.cull;. 113-38 Manoll: CT8TUCTUKH 3aperucTpHPOB8HllblX 3B83A 

Bb!Aeneuue ayxno11-ayKnOHHblX B38HMOAellCTBHA CBSl38BO C t5om.wHMU TpyAHOCTHMH U B t5onh
x) 

WUHCTB8 cny'l88B i•ccneAyIOTCH B38UMOAeACTBBH nepBH'IHblX '18CTUll C HAP8MU • nony'leH-

Hbl8 TSKUM ot5pa30M axcnepUM8HT8lll,Hbl8 A8HHbl6 Mb! oyAGM p8CCM8TpUB8Tb nHWb B TOll 

Mepe, B KBKOA 9TO oyAeT HeO0XOAHMO AnH nony'leHUSI UH,j,OpMBllUU O B38UMOAGliCTBUU ane

MeHTBpllblX 'IBCTHllo 

> 6 
CaeAGHUH O B38HMOAGACTBHSIX B OonBCTH aueprull T - 10 raa, B npHHllHIIG, MO)KHO 

nony'IHTb H3 Ollb!TOB C IIIIIPOKHMH 8TMOC,j,epllblMU nHBHHMH. 3TO uanenue npeACTaBnHeT C8MO

CTOHT8nhllblli UHTepec H ero U3Y'l811HIO noCBSIIIl8HO orpOMH08 KOnH'18CTBO paoOT ( CM., aanpn

Mep, o6aop181 ); 0ABBKO HHq>OpMBllUSI O nepBH'IBblX B38UMOA8ftCTBIISIX BblCOKOSBeprH'IHblX 

'18CTUll 0TCIOA8 AO CHX nop nony'leHa eme 0'18Bb B83B8'1HTenhH8H, TSK KSK 9TH B38HMO

AellcTBUH cum.HO 38TYW8B8Bbl nocneAyIOIIIHMU no1toneHHHMH K8CK8AHblX B38HMOAeiiCTBHA. 

CymecTB8HHO T8K)K8 llOA'lepKHYTh, '!TO B Ollb!TSX C KOCMU'18CKHMH ny'ISMB 0'18Hb 

H8TO'IHO onpeAenaeTCH auepruu nepBP'IHOll '18CTHJlbl. 

Bee 9TO npHBOAHT K TOMY, '!TO pe3ynbT8Tbl, IlOny'18HHbl8 B KOCMH'18CKUX ny'laX, 

HBnSIIOTCSI nuWL Oll8RO'IHblMH H K HUM cnenyeT OTHOCUTCH C OCTOpO)KHOCTbIO; ocooeaao, 

KOrAa pEi'lb HA8T O KSKHX-nuoo pa,llUJtBnbHLIX BblBOASX. B 9TOM OTHOW8HUU noy'IHT8lll,Hb1M 

x) 
.na)Ke cpeAH TSKBX 3B83A, KOT0ph18 B Ollb1T8X C KOCMH'l8CKHMU ny'ISMH xnaccu-

,j,nunpyIOTCH K81t ayxnoR-Hy1tnOHHbl8 B38BMOAeACTBHH, UM88TCB 0OnhWSH npUM8Cb B38HMO

A8llCTBHll C HAPAMU. B '18CTHOCTH, B pUAe paooT K HyKnoa-ayxnoHRhlM B38HMO)l8l!CTBHHM OT

HOCRT ace 3B83/lbl C 'IHCHOM qepHblX ny'lell n h ·:'.::. 2 • OAHAKO cpaaaeHHe C ,j,oTOSMYnbCHOH

HblMU pa6oT8MU, BblllOJIH8RBblMU co 3H8'1UTenbH0 t5om.mell CT8TUCTUKOil: HS ycxopuTenmt, no

K83b1B88T, 'ITO MH0ro TSKRX 3B83A ot5paayeTCH B pe3ynhTBT8 ay1tn0R-HA8PHblX B38UMOAeA

CTBHll • .nnu Bbl)leneRRH ay1tnou-ny1tnOHHblX B38RMO)l8ACTBHll B 9MYHbCf/. ueot5xoAUMbl 3R8'1R

Tem.uo 6onee cTporue _KpuTepuu oTt5opa fnoApot5aee CM., uanpuMep, 
181 ). 3To ot5CTollTenb• 

CTB0 cnenyeT RM8Tb B BRAY, K0r)la B nocneAy10meM 9KCnepHM8HT8lll,Hbl8 ABHHble, nony-

'18HHbl8 B 0llb!TSX C KOCMH'18CKHMH ny'ISMH, oyAyT xap8KT8pH30B8TbCH KSK OTHOCSIIIIU8CH 

K ay1tnoH-Hy1tnOHBblM B38HMO)l8ACTBHHM. 
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npHMepOM MO)KeT cny)KHTb mHpOKO ucnonb30B8BW8SICSI B8CKOnbKO neT TOM}' B83a,Q 'Tpy

OO'IBSSI MO)J.enb' HyKnOH-gnepHb!X B38HMOJJ.eliCTBHli. Ha OCHOBO H8JlOCT8TO'lHO KpHTH'l8CKOro 

auanuaa 8KCnepHMeHT8nbHblX JlSHHblX yTBep)KJJ.anoc&, '!TO 8T8 MOJJ.enb 001,SICHSleT HyKnou

gnepHbIB B38HMO)J.8HCTBHSI )1.8)!{8 npll epaBHHT8nbHO H80on&WHX SHeprHSIX ( T = 3-5 fss). 

0JJ.H8KO 6onee TO'!Hb18 HCCneJJ.OBSHHSI Ha ycxopuTenSIX B Ilyone B B. UEPH'e np11 sneprHSIX 

T - 10 B 26 fsB noxaaanu, '!TO 'Mo)J.enb TpyOKH' pe3KO npOTHBOpe'lHT 8KCnepHM8BTanb-

/10-14/ . . 
HbIM Jl8HHblM • Eonee Toro, Jl8)!{8 npB O'lellb OOnbWHX SHeprHSIX T>> 10 fsB B3B8CT-

Hble B HSCTOSIWee BpOMSI sxcnepHMOHTanbBble )J.SBHble MOlKHO 000,SICHHTb, He npHBneKaSI 

STOli MOJJ.em/
151 

Ilanee Mb! 6yJJ.eM ucnonb30B8Tb Te )Ke COKpameHBbie 0003B8'18BHSI MBTO)J.OB, C no

/1-5/ 
MOIIU>IO KOTOpb!X nony'leBbl 8KCnepnMeHT8llbHble Jl8BHbie, '!TO B B paooTaX • 

3xcnepHMOBT8nbHbl8 OWHOKB, KOTOpble OYAYT npHBO)J.HTbCSI )lanee, K8K npaa11no, COB

na)la!OT C OWHOKSMH, yxaaaHHblMH B COOTBOTCTay10mux opuruHanbHblX paooTax. liCDIIO'lO

HHe cocTaBnSIIOT nBWb Te cny11au, KOr)la B BCXOJI.HOli pa60Te omHOKII ne YK838Bbl BOoome; 

B STHX cny'laSIX 6yJJ.yT npHBOJJ.HTbCSI OWHOKH, Bbl'lHCneBHble no OHBOMHanbHOMY HnH nyacco

HOBCKOMY 38KOH8M (nocne)J.HHB - ecnu O'lOHb BenHKO '!Ueno auannanpyeMblX COOblTHli, nnu 

ecnn Y'lHTblBSIOTCSI TSK)Ke H OWHOKH B8CT8TBCTH'l8CKOro xapaKTepaxJ_ 

Ilpn CJlO)KOJIHH ce11euuli omn6KB 6yAeM CKnSAb!Ba'l'b EBaJJ.paTH'lHO. Ecnn B 8KCnepu

M8HTanbHOli paOOTO HH'lero ue CK838HO O '!Bene aaperxcTpnpoBaHHbIX COOb!TBli, TO COOT

B8TCTBy10mue JJ.8HHbl8 6yJJ.eM npHBO)lHTb 083 yxaaaHBSI omuoox. 

II • MHO)KeCTaeauoe l?.O)KJJ.OHHe 'ISCTHil 

Heynpyrue B38HMOAeliCTBHSI xapaxTepH3YIOTCSI npe)!{Ae BCero ce11eHHSIMH paanB'lHblX 

xauanoB peaxnnn 

CTBHSI: 

aj , cyMMa KOTOpb!X paBHa nonHOMY CO'IOHHIO neynpyroro B38BMO)J.eli-

a· = l: a 
In I J 

., 

0JJ.H8KO npu SHeprHSIX T > 1 fsB ·'lHCnO B03MO)KHblX KaHanoB ObICTpo B03pacTaeT H noJJ.

poOHO uccne)J.OB8Tb MO)KHO npaKTH'lOCKH nHWb OTABnbHblO '18CTHbl8 cny11an. (TaKHMH BS)!{-

Hb!MH 'IBCTBbIMH cny11aS1MH SIBnSIIOTCSI, nanpHMep, Tp8X'l4CTB'IBbl8 N -N u 11-N peax-

IlHB H JJ.BYX'l8CTH'IH8SI aHHHrHnSIIlKSI SHTHHyKnOHOB; CM,§ 215 H 2,6). 

x) Mb! onaroJJ.apHbl C.H. CoxonoBy 38 no)J.po61ioe OOC",y)!{Aemie paC'l8TOB CTaTHCTH

'l8CKIIX OWHOOK. 

6 

BMeCTe e T8M B oonacTB 6on&WHX snepruli O'l8Hb yJJ.OOHblM CTBHOBHTCSI CTSTHCTH'IO

CKHH nOAXOJl K HCCnOAOBSHHIO Heynpyrux B38HMOJl8HCTBHli, KOrAa pa3llH'lHbl8 xapaKTOpHCTBKH 

paccMaTpHBSIOTCSI 
B aaaHeHMOCTH OT '!Bena pO)KI{8IOWHXCSI 'lSCTHil, Haoop napilHSnbHblX ee-

'l8HHH a, B STOM cnyqae 38M8HS18TCH paenpeJJ.eneHHBMH no MHO)K8CTBeHHOCTH. 

Mb! paccMOTPHM • JlBa THna TaKHX pacnpeJJ.eneHnli: pacnpeJJ.enenue no nonHOMY 'lHCny 

poll<JJ.ll!OWHXCH 11acTHil H pacnpeJJ.eneuHe no '!Hcny Ha6nroJJ.aeMbIX ny11eli B aBea.o.ax. 

2;1. PacnpeJJ.eneHHO no nonHOMY 'lHCny pO)K)J.8IOWHXCSI 'lllCTHll 

BepOSITHOCTb Toro, '!TO npn neynpyroM B38HMO)J.8HCTBHH B KOHO'IHOM COCTOSIBHH OAHO-

Bp8M8HHO 00p83YOTCSI n '18CTH!l 

w 
n 

. uln 

l: 
I 

(n) a, 

rJJ.e /"l CO'lOHHe j • 
I 

-KaHana C pO)K)J.eHHOM n ·11aeTHil "in= k 
l,n 

(n) 
a 

I 

Tax xax B ce11eHne a· 
In 

Mb! He BKn1011aeM JI.BYX'lBCTH'lHblX CO'lOHHli U ex 
a 

(1) 

II a 
lei 

TO JJ.nSI N -N B38BMO)J.8HeTBHli .BcerJJ.a n > 2 • Eenx He y11nTb1BBTb 011eHb Manoro BKna-

Aa 11-N B38HMO)J.elieTBHli e p0ll<)J.8HHOM ABYX CTpaHHblX 'l8CTHil 
rr+ N -+ Y +:k 

/2/ 

TO H B STOM cnyqae 

peaKUHH N +:N -+ 11+ 11, 

n > 2 • Ilpn aHHHrHnHllHB aHTHHyKnOHOB B03MO)KHbl JJ.BYX'laeTH'lHblO 

- -
N -t·N -+ K + K u T.A,, OJJ.Haxo, ce11eHHe sTHX peaxunli 

. /3/ 
TaKll<e O'lellb Mano 

li3BeCTHbl8 B HaeTOSIW88 apeMSI sxenepHMOHT8nbHbl8 pacnpe)J.eneHHSI Wn JJ.11!1 eny-

'ISSI N -N H 11-N B3BHMO)J.elieTBHll npHB8)1.8Hbl B TBOllHU8X 1 H 2, 

B JlpyrHX cny11aS1X H, B 11aeTHOCTH, )J.nSI 

HHS! eme He nony11eHb1. 

N - N saa11MoJJ.elicTBHli TaKHe pacnpeJJ.ene-

Bee )J.8HHbie, npHBOAeHHblO B T80.1IHU8X B 2, HOpMHp0B8Hbl HB 100%. HeKOTOpag 

'laeTb STHX )J.aHHblX SIBllSl8TCSI yepeJJ.H8HHOli no WHpOKHM sHepreTH'leeKHM HHTepaanaM. B TaO

nHuax yxaaaua aenn11una sTHX HHTepaanoa, a TBKlKe epeJJ.HHSI KHHeTH'leexaH sHeprug Hane

Ta10mnx 11acTHll, KoTopaR, aoot5me rosopg, MOll<eT u HO coanaJJ.aT& co epeJJ.Heli sHeprHell 

HHTepaana, 

Cne.11yeT OTMeTHTb, '!TO B pgne eny11aea B npHBO)J.eHHblX )J.aHHblX HMeeTeSI HeKOTOpBSI 

)J.OnOllHHTOnbHBSI Cl!eTeMaTH'leeKaSI omut5xa, o6ycnoaneHH8SI TeM, '!TO pa31lH'lHbl8 K8H81lbl 

peaKUHH HAeHTmj,m1Hpy10TCst c paann11aoli eTeneHblO HaJJ.e)!{HOCTH, CpeJJ.H HenJJ.eHTnq,mrnpo-

aa11Hux 'laCTHil aeer)J.a MHOro eny11aeB e pO>K)J.eHHeM HeCKOnbKHX rr
0 

-Me30H0B, 3To npu-

B0)1.llT K HOKOTOPOMY 38BbIWeHH!O aenH'll!Hbl wn Jlnl'! M81lb1X 3Ha'leHHll D • 
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!a~ ~ 2 

Wr,. o /o j llyxJIOH-HYltllOHHOe B:Jalll!0,1J;ellcrB:11e wn °/o ) 
IlHOH-HYltlIOHHOe B3aIDIO,JJ;el!crBHe 

B3al!YO- lfHC/10 qaCT!!!J n... B:Ja.llJIO- T,r3B MeTO,lJ; lfHC:l!O qacTH!l n. 
,JJ;ellCTBHe T,r3B !.leroA 3 4 5 6 ,JJ;el!CTBHe 3 4 5 

p-p 0,81 B-J!Kl6 100 
'ji-- r 0,9 _ c3o 95+5 X 

-12 
5+!2 
-5 

0,925 117 100 0,96 c3o 84,l:t5,7x 15,9.!5,7 

0,97 B-J!KIB 100 0,99 II-IIK,B-IIK31 ,3? xx (96,3-tl,3 >3,7±1,3 

0,97 B-11Kl9 99,9:!;0,l O,l:!;O,l l c3o 79,3::!;I0,3x 20,7.tI0,3 

l,5 B-J!K20 80 20 l B-IIK33-35 85,9tI0,8 14,lt.3,5 

l,5 B-IIK2lx 79:!;2 21:!;2 l,3 II-IIK36 + (94 1+509 
• -I ,9 

)5 9+2,9 
• -l,8 

2 22-24 B-J!K37 ++ B-IIK 69 5+3 2 28,3:!;l,6 2,2:!;0,2 -;"0,03 l,37 80±5 2CJ:!-5 
' - ' 

2,7 125 48:!;12 38:!;15 14:!:S l,45 B-IIK155 65,<>!-l,4 33,4-!:0,9 l,6±0,2 

2,75 B-J!K26 36 48 16 l,5 B-J!K38 . 92,6t2,6 7,4±2,6 

2,85 B-IIK27 48,7!;2,4 l,72 B-J!K39 42,9±5,9 54,3.t6 2,8:!:2 

15,86 B-IIK40 N28 ,-,10,5 
3 ip28 42 4+27 

• -25 
44 5+25 

• -29 
12+7,5 

-5 
l 1+4,3 

• -l,l 17 JM-IIK4l 12,3,i:l,9 20,8±.2,5 22,Dt2,6 

p-n. 0~83 B-J!K28 88:!;4,2 12:!;4,2 17,86 II-IIK42 ,..,4,8 "'2,4 

(0-l) 'ji+-p 0,82 B-IIK43 9!:tII,4 9±4,5 

( 24 B-J!K28 42!;4,5 58:!;4,5 o,9 B-IIK43 9ltII,8 8,3±4,5 
i-1,5) 

0,91 B-IIK44 90,9-t7,2 9,lt2,l 
l,46 B-J!K29 24:!;5,2 76!;5,2 l,05 B-IIK43 8ltl2,l 19±5,5 (l-1,72) 

2,04 B-J!K29 19:!;4,8 81:!;4,8 1,09 B-IIK44 77t6,5 23±3,5 

(l,72-2,2) 1,26 B-IIK44 70,5t6 28,5±3,8 

l,35 c3o 74t6x 26tl0,3 
! I 3,3 B-IIK45.o <6l,8t7,9 >l5,6t2 ,4 ;>22,6:!:3,0 

x) Pe3yJILTaru pa6oTH 21 Be HCDpaBJiellll Ba B03llOllJIHII nponycx C06HTBII npu npoCUOTpe. 17 II-IIK4l 15:t:4 20,4t.4, 7 l7,2t4,3 -~ 
II03TOllY HCTIIHHHe omu6xu 3m,quTe/lLBO 60/ILme yxasaHHHX 'IHCTO CTaTHCTHqecJtHX omu6ox. 

x) 3Ha'l8HHe \'½ onpe,ll;e/leHO H3 COOTHOmeBHa: w~ = co-;~ - a'.,,) I <:T.ti. , 
ce11eane <Y',n. nony'leHO HHTepnOJil!I1Hell 31tcnep11YeHTaJILHHX ,JJ;aHHHX H3 063opa 3• 

X) + 
X rpy6aa OU8Hita, IlO/ly'leHHaJl B npe,ll;IlOJIOZeHHH, qtO ~,::::: w~- . 

8 
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.Unn HsrnsmHOCTH OCHOBHbl9 8KCnepHM8HTSnbHbl0 llSHHble cyMMHpOBSHbl Ha pnc. 1 H 2. 

Ha 8THX pncyHKaX yKa3aHhl TaK>Ke KPHBble, snpoKCHMHpyromne 8KCnepHM0HTallbHbl0 3Ha'le

x) 
HHH WD • 

8 npenenax OWHDOK H3MepeHHil KpHBble W D (T) , OTHOCHIUH0CH K cnyqasrM B3aHMO

neilcTBHH C npOTOHOM H C HeilTpOHOM, OKS3blBSIOTCH npsKTH'leCKB 0/lHHMH II TeMH )1(0. 

PacqeTbl noKa3b!BaIOT, 'ITO crran 3HS'l0HHli w 3 • xopowo BBllHbiil Ha pee. 1 H 2, 

o6ycnoeneH 'IHCTO cTaTHCTH'leCKOli rrpH'IIIHOil: OTHOCUTenbHO 6onee DblCTpblM POCTOM ¢aao

aoro o6~eMa B KaHanax c PO*lleHueM 'leThlpex 'ISCTHII. 3THM )Ke o6ycnoaneH crran 3HS'le-

HHil w4 rrpu T > 5 ran. 

TsK KaK ceqeHBe Heyrrpyrnx peaKnnii B o6nacTH aneprnli T ~ 1 fse rrpaKTH'leCKH 

IIOCTORHHO, a qncno B03MO)l(Hb!X KSHSnoa Db!CTPO B03pacTaeT, MO)KHO. YTBep)KllaTb, 'ITO 

aHepreTH'l0CKaSI 3aBHCHMOCTb ·wn (T) rrpu D > 3 non)l(Ha UM0Tb xapaKTep KpHBblX C MSK-

CHMYMOM. HMeHHO TaKoli BUil HMeeT Kpnassi W0 (T) B cnyqae 11- N B3SHMonelicTenii, 

XOTSI nono*eHue ee MSKCHMyMa, onpenenenHoe ua ycnoensi W4'T) <[10o..,·w3(T)-W5(T)], 

SIBnHeTCSI He 0'10Hb TO'IHblM. 

'ieM 6onbwe ·n , T8M npn 6onee Bb!COKHX aHeprunx ·non)KeJi DbITb pacrrono)KeH 

MaKCHMYM B W
0 

( T) 

Ecnn npu T > 1 rsa IISpIIHSllbHbie KaHSllbl He IIM0IOT pe30HSHCOB, TO sHepreTH'l0CKSSI 

3SBHCHMOCTb WD( T) llOn>KHa B OCHOBHOM orrpenenSITbCSI OTHOW0HH0M COOTB0TCTBYIOIIIHX 

ql830BblX o6~8MOB. B cymHOCTH, STO H SIBnSleTCH OCHOBHblM conep)KaHBeM CTBTHCTH'l0CKOil 

/48 47/ 
Teopuu «i>epMH ' • 

Ha coo6pa)K8BUil H30TOilll'l8CKOli HHBSpHaHTHOCTH II HHBapuaHTHOCTH 110 OTHOW0HUIO 

K 3apSUlOBOMY corrpg)KQHHIO BCe rrpuneneHHble Bb!W8 naHHbie Ta6nun H pncyHKOB OCTSIOTCSI 

H8U3M0HHblMH, ecnn OllHOBpeMeHHO noMeHSITb M8CTaMH 

P ➔ n, ,r+ ➔ ,,.-, (2) 

nnn 0/lHOBpeMeHHO cnenaTb 3aMeay 

p ➔ p • n ➔ n , + rr ➔,,. • (3) 

x) 
B TeX cny'ISSIX, Korns nnu OllHOil H Toil )1(8 aHeprnu H3B8CTHO U8CKOllbKO H838BU-

CHMblX U3Mepenuil, HS pucyHKaX rrpHB81l0HbI ycpenneHHbl8 3H8'18HHH (cM. ¢opMyny (2) 
/3/ 

a pa6oTe ) • nono6nhle }Ke ycpenneHHbie nsnHbie 6ynyT npneonuTbcu u na ncex nocne-

nyromux pncyHKsx. 
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2.2. PacnpeneneaHe no 'lHCny ny'leA~~aeanax 

,lleT8KTHPOBaHH8 aeliTpanbHbIX '. 'laCTHll CBS3aHO C (iom,wHMH 9KCnepHM8HTa11bHblr..ra 

TPYJ:IHOCTSIMH, nosTOMY pacnpeneneBHe no nonBOMY 'lHCny aapHlK8HBblX H HeATpanbHbIX qac

TH!l H3B8CTHO B cpaBHHT011bHO pe.t1KHX cny_'laHX. 06bl'lHO Hl! onbIT0 H3MepH0TCH IIllWb pac

npeneneane no 'lHCny aapalKeHHbIX qacTHll. 

+ 
1 2 - N . :l: ,y<m> K , (4) :w =--"- =---::p- I Im n 

" :l: Nm. o
1
: 1,m 

m 

2 

r.tte N,. - q11cno aa6monaeMbIX co6bITHil (anean) c ny'laMn: K Im" - nepO!ITHOCTb 

Toro, 'ITO B j -oM 1taaane cpen11 nonaoro q11cna 

n 

m PO.tlllBWHXCSI 'laCTllll n BBnstIOTCH 

aapBlKeHIIbIMH ( npll ycnOBHII H30TOilH'leCKOA BHBapaatlTHOCTII KI m D npencTaanaeT co6ol! 

ae 'ITO aaoe, Kalt COOTB0TCTBYIOWHA K091jlq1Hllll8HT Kne6ma-ropnoaa): 

+ 
-~ - nonaoe C8'18Hll8 aeynpyroro pOlKJ:18HIIH 3apHlK8HHb!X 'laCTllll. 

In 

Tax Kalt nonHblil sne1tTpll'l8CKllil aapll.tl coxpaHH8TCH, TO IIHJ:10KC n MOlK0T npllHB-

MaTb TOnbKO '18THbl8 llnll TOnbKO H8'18THbl0 3Ha'leHBH B 3aBIICIIMOCTII OT Toro, '18THblM 11na 

H0'18THbIM HBnHeTCH cyMMapablll sne1tTpB'!8CKBi! aapHA CTanKHBaIOmllXCSI 'laCTllll ( Mb! BCer

na 6yneM npennonaraTb, 'ITO sneKTPH'l0CKlll!: 38pHll BblpalKeH B OJlHHH!laX aapMa sneKTp0t18). 

± 
HopM11pOBaHHbl0 Ha 100% 9KCnep!IM8HTanbHhl8 3Ha'l8HIIH w,. 

nax 3-11. 

, llpHB8Jl8Hbl B Ta6nu-

.llna TeX cnyqaeB, Korna 113B8CTHO OTHOCIIT811bH00 'lHCno C06btTHl! C POlKJ:18HUOM TOnbKO 

nHWb HOilTPanbHhIX '!aCTHll (Tait Ha3bIBaeMble 'Hym,-ny'l8Bble 3B83.[lb1'), B Ta6nanax yKa3aHa 

HOpMHPOBKa B pac'leTe Ha nonHoe 'IHCno 3B03.tl II OTJl811bHO - B paC'l8T8 Ha '!Beno 3B83A 

C POlKA8Hll8M aapHlK8HHblX 'laCTllll • 

.llne pa3nH'lHhl8 HOPMBpOBKB y1taaaHhl TaKlK8 B cny'lae p - fl B3aHMO.t1eilCTBHl!:, 

Tait Kalt B H0KOTOpbIX pa6oTax OJ:IHOny'leBble p - n 

aanHch. 

B3aHMOJl0l!CTBHSI ue UJ:101!TB(j,HllllPO-

np11 SBeprHBX T>> 1 fSB B0pOHTHOCTH o6pa30Bal!HH uym,-ny'l8Bb!X II OJlHOny'leBhlX 

3B03Jl CTaUOBHTCH O'lellb ManhIMH H 060 HOpMHpOBKll npaKTll'IOCKII COBnanaroT. 

0CHOBHbl8 8KCnepHMeUTa11bl!hl8 .ttaHUbl0 .ttnH N-N B 11-N B3aHMOJl8l!CTBHll cyMMll-

poraubl Ha p11C, 3, 4. 3.tt8Cb lK8 Ilp11B8Jl8Hbl anpOKCHMllpyIO!llH8 Kp11Bbl81 KOTOpb!0 MOlKHO 

HCil011b30BaTb nng IIHTepnonH!lllB 9KCnepHM8HTanbHblX 3Ha'l8HBl!:, 

XapaKTe;:> STHX Kpl!Bb!X, B o6meM, Ta1tol!: lK0 KtlK H Ha pnc. 1,2. 
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+)rpv6as oueHxa, nonyqeaBas B npe,lJJJ011oxeHwt, qro w., e:: wt :t_ Ta61111ga 3 

++ )llp1rne,lleHo cpe)Olee .llBYX 3Baqem!lt, yxa:iaH1mx B pa6ore 37. (npo,llOJIX8HH8) 

4 
)3aaqem1e w!, nonyqeao 113 YCJIOBIIS: W3 .:= ( ~" - ~ ~ a-;.) I a-;,,.._ T,r3B lle?O.ll 

qHCJIO Jly•iell , n. 

np11 aroY B cr; = W~ <Ti" 11 a-'s- =- W, ~ ... yqreaa JlllJIII, qacu peaxu111t c poX,lleH11e11 2 4 6 • 8 IO 12 

Helltpalll>HHX qac:rHU. 4,15 <I?49 58±8,5 41±6,4 o, 7±.0,4 O,'.lt0,3 

5,3 B-.11R50 45,4±8, 7 48,5±8,7 6,lt.4,1 

TaCIJlll!I!!, 3 6,2 <I?51 )2 ,2.±20,3 53,8:tl0,6 II,8t2,7 l,3tl,3 o,9:1:.0,9 

w; ¼; 
\ <I?52 33,4tl4,2 

p-p B3allllO.llellcn11e 6,2 63,6:tI0,5 ,.,3 

T,ras Me:ro,ll ll11CJ10 qell h. 8,7 <I?B 45,3±5,2 44,7±5,l 8,8:!:.2,3 l,2t0,8 

2 4 6 9 <I?7,53 35,lt.7,7 46;!;8,l 13,5±5,6 5,4t3,6 

0,81 B-JJJtl6 100 
9 <I?54 44,7±6,l 48:!:.6,2 7,3±2,4 

0,925 <I?l4 100 
9 155 44,8:!:.4,2 42,2±4,l lU16;t2,l 2,4±0,6 

0,97 B-JUtl8 100 
9 <I?56 -46,6:!:.5,4 44, 7±5,3 8,lt.2 12 0,62:t:.0,62 

0,97 B-mtl9 ~99,9 
9 157 43 13±.I.,l 46,7_:!-l,O 9 ,6:t4,3 0,4 

~O,l 

1,5 B-JUt20 96,7+1,8 3,3+1,8 

1,5 B-IIK2I X 93+1,l , 7+1,l 

2 B-IIK22-24 88,9+1,7 II,l+0,6 

2,7, <I?25 79+4,l 21+4,l ,14 q,58 33,3±4,6 42,8+_.5,2 20,8:!:.3,6 2,5±1,3 0,6:t0,6 

2,75 B-JUt20 82',3+3,l 17,7+3,l 14 <I?59 38,5:t.9,5 38,5±_9,6 19,2:t:.7,7 0 3,8:t:3,8 

2,85 B-IIK26 82,1+3,4 17,8+0,9 ~O,l IB,9 <p60 46,6±24 32,9tl7 l2,3t7,2 5,4±3,7 1,4±1,4 1,4±1,4 

3 <I?27 81,3+4,l 18,7+4,l 18,9 <}61 29:t:.2 41:!;3 l9t2 8+1 2±1 1±1 

3,5 <p48 74+8,9 24~2+4,3 1,8+0,9 22,6 <p62 37 ,Bt.6, 7 33t.6,5 19,8:1;5,5 7,5±3,8 1,9:tl,9 

24 <p63 2B,5t2, 7 42,4±2 ,9 21,9±2,4 6,2tl,4 l,Ot0,6 

x) CY. 'np1111eqaH11e x) x :ra61111Ue l. I 25 <p64 23,6±8,2 30±8 29,lt.8 B,2±.9,0 - 6,4:!;9,3 ~2,7 

25,8 <p65 33:t:.II,9 28:!:.12,3 27±.12 ,3 10±13 ~2 

27 <p66 19,8:t:.2,9 33,9±3,4 28,l:t3,2 13±.2,4 4+2,0 l,O!O, 7 

'"" 14 15 
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Tn<llll!Ua 4 

W :t:. 
0/4 n.·n B:in11110,11;ellcTB11e 

" J 

T, r3B MeTO,l( X lfacJIO ll:c!ell n. 
0 2 __ 4 

0,81 B-JU{l6 xx I6,I:!),4 83,9:J,4 
0,97 B-J\l{IB ".'.5, 7t7 ,2 74,3tl5,l 
0,97 D-111{19 I6,7tI,5 83,JtJ,5 
I,5 ll-l11{2l xx IItI,J >75t2,J < 14 
2 D-l11{22-24 16,4:!:0,7 79,8:!:l,7 J,8:!:0,5 

x) Dee 3Ha11eu1111 
t w~ , np11ee,11;eunue B :!TOil Ta6J11111e, DOJ!)''ICHU H3 :JltCUCpmJeIJTal!L!!UX 

.MllllllX Mil p-p B:llll!MO,ll;Cl!CTDlll! C llOMOll{LD YCJIOBlll! M30TOllll'ICC!tOII lll!Bllpl!UIITHOCTII. 

xx)Ilp11BC.I\CJIIIUC 3HU'IOl!llll \V~ IIBJIIIDTCII JlllmL 0!1Cl!KOll, Tait Kalt 3I!a'll!TeJILIJal! ,11;oi111 3DC3,l( 

(,,, 30',t) D :i1tcnep11Mll!TC Ile pa3)\CJICHa no nnp1111M!,llllll ItnHaJlnM. 

Ta<lJlllga 5 

w; % p- n. B3nM110,11;eltcTe11e 

T,r:ie Mero,11; 
1faCJIO J1y11el! n... 

I J 5 7 9 II 
U,7 •l• JJ ,6!5,5 5'2.,7!7,9 12,7:!:J,J 0,9:!:0,9 

,~57 
79,7:::11,9 19,1:!:5 1,2:!:1,2 

9 30,6!5,I 5J,B!~,o D!5,7 '2.,2:!:6,0 "'0,4 

,i,55 
77,5:!:J,5 IB,5:!:6,6 J,2!7,2 ,.., 0,5 

9 '2.9 9+4 2 46:!;5,l 16,l:!:J,l 7,5!2,I 0,6:0,6 ', - ' 
,i,67 

65,5:7,3 22,9!4,J I0,7:J 0,9:0,9 
9 74,1:5,6 18,2:".'.,8 6,''!l,6 I,J:0,7 
14 ,i,59 

44,5;!:II,7 J4,5!Il,I 22: 9,7 
14 ,i,58 

49,0!6,2 27,5!4,7 17,J!J,7 J,9!I,8 2,J!I,4 Hl,9 ,i,61 15!2 42!'.J 27!2 II!I 4:!;l I+I 
5(1!3 3!!J l3!2 4!1 l+l 

18,9 ,i,60 
8!!16 7!4 9!5 J!J 

25 ,j,64 
40!10 23,J:II,J 26,7!11,l f'l6,7 "'J,J 25,8 ,p65 29!14 '.3I!14 I7!P,,J ".'.(1!15,2 ,v'.J J 

,[,66 
43,6:!;12,8 24!15,I 28,2:!}4,2 .v4,2 

27 JJ,9!4,5 41,1!4,7 I5;2!J,4 5,J!2,0 4,5!2 

16 

T,r:ie 

,.,0 

0,05 
(O+O,l) 

0,05 
(O+O,l) 

0,08 
(0+0,23) 

0,15 

(0+0,23) 

0,47 

0,92 

1,27 

2,2 

2,45 
2,76 

T,r3e 

~o 
0 05 
(6+0,1) 
Q 08 
(6+0,23) 
0 15 
(6t0,23) 
0,47 
0,9 
0,9 

MetM 

~68 

B-IIK69 

B-IIK,J1-JU{69 

II-IIK 70 

~68 

Il-IIK 71 

B-IIK 72 

B-IlK 73 

B-IIK 74 

B-IIK 75 
B-IIK 157 

MeTO,l\ 

4i68 
Jl-Jll{69 

Il-IIK70 

4,68 

II-IIK71 
B-IIK76 
B-Ill{77 x 

Ta<llllllJll 6 
... -w; fa j p • P B3aHIIO,l(81tCTBll8 

0 

4,0t.2,8 

2,5±1,7 

J,Otl,7 

5,9:t2 

21,7±8,7 

2,4±0,5 

l +3 
,O_o,6 

7,3t0,5 

32,4.t3,6 

lfacJIO lly'lel!' ti, 

2 -4 

64t6,8 

40,7.t5,5 

38,5:t4,9 

40±4,2 

56,6tl0,4 

36,7:tl,6 

36±5,2 

32,2:t0,9 

37,4t2,3 

49,8:tl,8 

°X!!Olll!J!!! 7 

30.t6,5 

50,6.t5,6 

53,5±5 

49,7.t4,3 

21,7:t.8,7 

56,2.tl,7 

54,6:tl,3 

50,9.tl 

41,fu:l,4 

10,2.tl,O 

+ -W ~ o/. i p • n, B3aHl!O,llellcTBIIC 

ll!!_CJI_Q_ EI_'181l 11,., 

I 3 5 

II,1±5,7 
7,1±6,8 

22,4:t6,5 

25:tI0,8 

17,6:tJ,8 
14,I 

12 

77,8t8 
71,5tl2 11 

45:t7,9 

68,7:tII,6 

64,8±4,8 
54,4t.5,6 
64;,+6 

-IO 

II,lt.5,7 
21,4.tII 

30,l:!:7,3 

6,3.t6 

I7,6t.3,8 
30,4:t.4,9 
23,5!fo 

6 

2:t2 

6,2±2,6 

5:t2,2 

414.:tl,7 

4,7t.0,7 

8,4.t0,3 

9,1:t0,5 

7,6±4 11 

1 

2,5±2,5 

I,I 

x) Ilpl!BC,11;8HHH8 3M'l6HIIII W'J,t: 11 W
6
'.t. DOJJY'16llhl B np8,ll;DOJIOXCHHII, 'ITO W/ := 12i. 

IlOCJIC,l(HIIJI eeirn:1111ua CJIC)\YCT 113 CTUTHCTll'ICC!tOll teop1111 MII0K8CU91ll10ro p0:E,1!8HHI 
'IUCTll]l. 
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' Taclmma 8 Ta6n111111 8 

W: ¼ ; ,r--p B3aHII0,llel!cnue (npMomrnmrn) 

T ,r:rn Mero.I! 1focJio &'!ell Iv T,rnB MeTO,J\ IICJIO nj•Ie~ I'\, 

6 ___ u IO 0 2 4 0 2 4 
II ,5t2x B-IIK /8 1,89 D-IIK 

X 

O,B 20;;5 BOt7 
1,96 B-IlK88 11,5,.2 O,BI B-llli32 

l ,8±1 ,Jx 
2 B-mt89 U,9:tO,J 0,86 C 30 19,5±3,l 80,5.tB,9 
2,6I B-mtl56,I58 5U,6.t11,6 lll,2±0, 7 0,864 c79,so 

15,9.tJ,l 8'1,!±9,2xx 
2,66 · n-nK90 12,3±2,I 65,81.6,2 20 15:tl,9 I,'ltI,11 0,871 B-IlRBI 

1,8.t0,2 X 
15,on,t 23,'1!3,3 1,6±i,6 

0,89 B-hK82 
16, 7.tII ,4 BJ,J.tIJ,7 

2,66 <Ji-Illt9I ll,J.tJ 0,95 B-nK83 
94,I±.4 5,9.:t0,8 

J,J6 B-!11t92 71,0,tI,I 28,6±0,7 0,1,i.o,1 0,96 B-IlK84 
I7,5.t5,5 79.t20,8 J,5.tI,7 

J,86 B-Illt93,94 6J,[J±0,9 2J,5±0,5 12,7,tl,O 
B-nR32 95,5.t0,9 4,5.t0,9 

4,5 ,p95 IOtJ,I 62,5t7,J 26,7t5,0 7,7±7,7 
0,97 

B-llli, n-nK31 •32 2,0.tl,Bx 

69,51B,I 29,7.t5,5 U ,O±B,6 
0,99 12,9±2,6 85,6.tII, 7 I,5..tI,I 

98 3+ff I, 7.tI,J 
·4,5 ,r,96 73,'it1112 22,214 41

11tl,9 , - ,4 I B-IlK33- 35 
17,5±6 80.tB 2 ,5±1 ,2 

4,7 B-J:lt97 + 6U, 1lt.'1,4 29,2.1J1,J 2,4t1,5 96 5+3~2 3,2.tl,6 98"' 
5,5±1,9 

B-nK82 ' -I l 
5,96 n-nK,4>-nK I,085 22,JtII 77,7:1:II:7 

n-nK9'J 45, 11±1112 4J,9tli 1 J 7,6±1,7 0,11±.0,11 
I,I I0,8.t5 

6,65 2,7±1,0 I,I B-IlK32 
J,2.tl,7 x 

46,fJt.11,J 45i:_11,4 7,8 +l, 7 0,'1±0,4 I,II c79,80 9.t2 -<9I.t2 xx 

6,65 n-mtlOO 7±~! 117±.'I 4It11 5.t<' I±l 
I,15 185 

IOO 
Il-IlK36 

5+2,5 
50,5+ 11 4414 5,5.±~ Lt.I 

I,J 18,7.tJ 76,J.t7,9 
93 9+601 -I,5+3 I 

1101 118,5.1;4,I 11I,6t 3 18 4,8:tl ,J 0,7±0;5 
• -I 13 6,I -1:s 6,0 4,4.tl,2 I,37 Jl-.l{K86 

9712,8 3,0±2,8 
50,8tl/ 1J 'IJ,5;;11 5±1,11 0,7±0,5 I,37 B-.l{K37 

95,8:t.I,4 4,2.tI,4 
7,2 B-mt102 

J6,6t2,l 49,J;1I,9 IJ,;i.t2,5 O,B±l,O I,45 B-IlKI55 21,9.tI,5 72,8.tI,8 5,3.t0,2 X 
7,5 ,pIO:J 

45,716 4c,Bt.6,4 I0,5 ±J,2 0,9t0,9 
I,5 B-.l{K38 

96,8.t2,l 3,2±2,I 
,r,104 

Jit.4 9.tJ 2±1 

1,72 B-.l{KJ9 
90,5,t3,I 9,5.tJ,l 7,15 5±~! 53±5 

56I5 JJI4 9!3 2:I 

I 4J.1:.7" ·J7J;7" I;.,.±5" 11.fJ" x) HopM11pOBaHo Ha 6', ... . , T, e, HOpl!llpOBKa BKJID'laeT H HYJIL-JIY'l8BHe 3B83,l!H, 
IO D-nK105 I,5.t0,2 42,9.tl,l Jll,5tI,I lJ,9±0,7 I,9.t0,2 l,J+0,06 

xx)BeJlll'IHHa + 
w,.t. .. 100- w.,=t 10,I D-mt106 J6,?..tl,5' 

w- nOJiy'leHa H3 COOTHomeHHH 

B-Il!t107 
11110,7 210,2 I ,J.t0,06 

'l. 

II,26 11'3 ,5.tI ,I J'.J ,2:tI 
npH YCJIOBHH w/"' o. 

5,9.t<',I 26,011,9 44,5.t? ,9 £2,',!l±'3,4 
+~ 
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i: 
,, 
I 

Ta0Jilll!U8 

(npo1\om.tem1c) 

0 2 4 6 8 10 

16 B-m,J08 2tl 24,9tJ,9 45,2±7,2 2I,7t4,2 6,2±.l,ll 

JU-llK41 
25,51.4 46,It7,J 22,!±4,J 6,Jtl,8 

17 41,51),J 44,0±J,4 14,6±.2,0 

17,UG ll-mt42 ~ 7,I 

17,96 
91" 

ll-Ill{,o-nK I ,9±0,4 

x)llopu11ponu110 na s.., T.e. nopMIIPOBltn DltJID<laeT II HYJib-JIY<ICBNC 3BC3)\l,l, 

+ >c y11etoM nonpaaoK, np11Be,ne11R!l x B paelcre 96• 

· xx) 41 · nK ljlpeonoean ny31,1p1,Konan Km.1epa. 

A ) J\JIH 3Hll<l811IIJI KOJqxjJIII.\IICIITU 11eynpyroct11 )<.~ > 0,5 ( "3CpKUJlbHU/l CIICTCMU KOOp,l\i!HUT"), 

++) 
llp11Be,neH11oe 3111l'l8Hlle JIBJIJl8TCJI cyMM11p11on BepollTIIOCTbD oelpaa0Ba1111J1 3B83,11 C <IIICJIOM 

Jiy11en I'\."?: 6 • 

20 

TaCl.u1ua 9 

+ -W - fa • lf -It, B38.1!1,10Jt8ilCTBll8 
"' 0 J 

. IJ3CJI!! /!I'IIIII n..-
lle:i:0,11 T,raB 

l J 5 ___ 7_ 

030 X 82,Jil,5 17, 7±J,7 I .. ~ 
. .0,82 :s-m4J x >75,6;t6,9 ... >24,¾8,8 + 

0,86 030 X 84,3±3,6 15,7±6,4 xx 

B-IIK43 X >66,i.±9,9+ >33,9±4,2 + 0,9 

0991 C,B-Il!{30,44 X 74,3±6,4 25,7±5,7 xx 

1,05 B-Il!{43 )( >64,5±10,3+ >35,5±7, 7 + 

1,09 C ,B-IlK30 , 44 X 61,7.t5,9 38,3±9,7 xx 

1,15 t85 85,4:!:6,I 14,6:t6,I 

1,26 c,B-IIK30,44 x 51,8!5,2 48,2±7xx 

1,37 Jl-JUt86 53,5±9,6 46,5±9,6 

2,66 Il-IlK90 41t8 4(;i,7:t6,8 9,Bt.2,7 2,5±1,9 
4,5 #n6 113,1+6,1 114,8+6,l 12,l+li 
4,5 ~ 67,2.il,O 28,.C+6,7 li,'G2,8 

6,fi> Il-IIK99 17,2:1:.4,6 57:t9,8 22,6t5,4 3,2±1,9 

6,65 Il-IlKIOO 15!;.6 67±7 18.:!:6 

6,8 tlOl 23,1±3,l 59,1±5 14,9:t.2,5 2,9±1,l 

7,5 tl03 ++ 59±7,9 30,5±5,7 I0,5±3,3 

7,5 tl04 30±5 49±5 18±4 2:t2 

lfu:.6 A 44:!:8 A 33.±8 A 5±4 6 

17 Ilq, ,;.IIK4l 31,3±5,2 36,5±5,6 30,5±5,2 1,7:t.I,2 

~ + 
IIOJIY'l81l0 no a1tcnep1D18HTUJ11,Rllll MH!lllll Jtllll li - p B38.IDIO,l\ellCIBllll C no11ODU,D 

ycnoBIIJI 113OtOnll'18CltOI llllB!lpHa.HtHOCtll, 

xx) + . + .. ) 
3mqene w3- n11t111cneao no q,op111ne: w~ - " ( iOO - w1-

+) B nplll!8,1t81lBOII 311l.'181lllll ae Y'II8H Bltlla,11 perut!Ulil C '18IIIPbl4l! qactmtaJm, 

++)np11 HOPllllPOBXe W: O,11Bonyqee11e 3B83,1tll ue yut!IBaJIIICJ,. 

4 
)Jtnll aaa'le1111J1 1toaq>q,111U1e11ra 11eynpyroc:i:11 K\ 0,5 ( •aepKM:&uaa c11cteua 1toop,111111at•), 
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\' 

Tael11111Ja,~I_Q 

w;7o 1r+-p B3a11Mo.n;elicrB11e 

T,faB llero.n; lfllC/10 JIYqeli n.,, 

2 4 6 

0,82 B-IIK43 > 9ItII,4 '){ <9.t4,5 xx 

0,9 B-IIK43 >9Itll,8 X <8,3±4,5xx 

0,9I B-IIK109 I ,4~0,2 

0,9I B-llR44 >90,9:t7 ,2 < 9,It2,I 

0,99 B-IIKIIO + 93,6±26,2 6,4:tI,I 

I,05 B-KII43 >8I;t2,Ix ,!9±5,5 xx 

I,09 B-IIKI09 4,3:t0,2 

I,26 B-IIK109 6,9±0,4 

I,35 B-IIKIII 9I,Ot0,6 9,7±0,2 

I,37 .U-.I!K86 + 89,6tI2,4 I0,4:t3,8 

I,5I B-IIKII2 88,0±2,8 I2,0tI,3 

I,8I B-IIKII3 94,0t6,5 6,0±2,0 

2,6I B-IIKII4 75,0±4,I 

~,29 B-IIKII5 37,7±2,5 

3,3 B-IIK45 ++ .{6I,8t7,9 ,!'38,2±4,6 

3,40 B-IIKII5 36,8±1 18 

J,5I B-IIKII6 29,7:tI,3 

3,86 B-IIKII7 58,5:tI,9 34,4:t.0,5 7,I:tO,I 

3,86 B-IIKI59 50,0±5,4 44,6.t5,I ~5,4 d 

x) B 11p11Be.n;eHHOM 3HaqeH1111 He yqreH BKJia.n; pea1t1111li c qe:rup1,MJ1 _ qacrm1aM11. 

xx)fpyelall 011eHKa: W'I~ = W4 

+) IlonyqeHO 113 3KCll8PIIM8HTa/lI,Hl,IX .n;aHHliX ,ll/lJI ·TT-- It, B3allMO,llelicrBJIJI C 110!.!0QI,D yCJIOBl!JI 

ll30TOlll!qecxoll llHBap11aHTHOCT11. 

++)3HaqeH11e wf IIOJiyqeHO ll3 YCJIOB,IIJI: w'l.± = (6.,.-G;Yoi... llpl! 3TOM B w'I He yueH 

BKJia.n; peaK1111ll C pox.n;eHl!eM meCTll ll CloJiee qaCTlll1. 
• + + + A) 3Haqemie w,- IIOJiyqeHO 113 YCJIOBl!JI; VJ,- "" :f.00 - W2.- - W,.-

22 

TadJil!lla~I:l 

... '¼ + w.._- 0
0 • j 1f - rt B38JIKO,J;ellcrsxe 

Mero.n; x 
tfacJio Jiyqel! I-\.. 

T1f3B 
I 

. 
3 

0,86 0:io 59,8+4 40,2+8,5 

0,864 019,ao 58+3,8 42+8,9 xx 

I,II 019,ao 6I+3 

I,3 rr-IIK36 + >46,J+II,I <53,7+II,I 

x) Bee npl!B.e.n;eHH1,1e B :iroli radJ1111<e saaqea11H w! noJiyqeu1,1 H3 :ixcnepl!llearaJII,u1,1x 

,11aHHliX ,JtJISI n-- P B38.H)[OJl8liCTBHJI C IIOJ.!OIIU>ll ycJIOBl!JI H30T011Hqecxoli HHBapHaHr11ocr11. 

xx)3uaqeuHe W; Bl,l'lI!C/leHO 110 q>Opi,!Y/18; W?,±: 100-Wi, 

+) fpydall 011emca llpH yCJIOBHII, qro W/ ~ 0 
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/ 

lfToiacaeTCSI 1'38HMOll811CTBHII C 8HTHHyKnoHaMU, TO B Hccne11oaaHHOM HHTepaane 

SBeprH,JOT T = 0 110 T "'2,5 ran 3B8'18BHSI w: H3M8!1BIOTCB cpaBHHTem.ao cna6o. 

I 

,naHB!,181 npHB81181lHbI8 B Ta6mrnax 3-11 II Ha puc. 3, 4, O'leHb B8lKHbI, B '18CTHOCTH, 

)Ing Iq)OB8pKH pa3nB'IHbIX M011aneft 
MHOlK8CTBOHHoro o6pa30BaHHS1 'lacrnn. Oco6blli HHTe-

pee npe)ICTaanmoT pacnpe)len8HHSI no MHOlK8CTB8HHOCTH B CJiy'lae B3aHMO)lelicTBuft C 6on&

m~li aeynpyrOCTblOx) • MOlKHO llp8)1nonaraTb, 'ITO T8KHe B38HMOJielicTBHSI COJiep>KaT 3H8'1H-

Ten&ayIO llpHMecb T8K Ha3bIBaeMLIX neHTpan&BbIX 1'38llt.{0)181!CTBHA, xapaxTepH3YIOWHXCSI 

OTHOCIITem.ao ManbIMH napaMeTpaMH Yllapa. 3KcnepHMeaTam.Hble IIBHHbI8 roaopsrr O TOM, 

'ITO MHOlKeCTBeHHOCTb pO)K)la10m2xcB 'laCTHll: If B Heynpyrux CTOnKHOneHHSIX C 6om.mol! 

HeynpyroCTblO oxa3bIBaeTCB 3aMeTaO, 6om.me cpeJiaeli. 
+ 

P acnpeJ1eneH11S1 wn HHBapHaHTHbI no OTHomeaHro K npeo6pa3oBaHHIO (3), TaK KaK 

STO npeo6pa3oBaHue H3MeHBeT nHWb OTl'IOCHTen&HylO aepOBTHOCTb pO)KJieHHB nonOlKHTellbHO 

If OTpmtaTem.ao 3apB)KeJIHbIX 'lacT11n, B nenOM >Ke aepOBTHOCTb POlKJ18BHSI 3apB>KeHHblX qac-

THI! OCTaeTCg Toll lKO CaMoll. B TO lKO BP8MB ll30TOnH'IOCKOO 
llpe06pa30BaHH8 \2) CYillO• 

CTBeHHO H3M811BeT pacnpeJieneane 'IHCna nyqeJI B 3B83JIBX. HanpaMep, Tp8X'laCTB'IHbI8 

peaxn1rn 

,/+ P~ l 
p + .,+ +:rl' 

+ 
n + rr + u 

ABIOT axna11 a 11ayxny'leBbte 3B03JibI. Ilocne JKe npeo6pa3oaaHHsr (2) nepaaB H3 STHx 

peaxnall 6yJieT IIBBBTb BKna11 B OIIHOny'leBbte, a BTOpaB peaKnHB - B Tpexny'IOBbie 3Be3)1bI. 

l1cxn10'1eHHeM HBnBeTCSI nHmb aaaarBnSlll:HB aHTHHyKnOHOB, TaK KaK B STOM cnyqae POlK)IO-
. /~ 

HHeM CTpaHHblX 'IBCTHI{ MOlKIIO npeae6pe'lb ( llpll T ~ 1 rsa ~t /uin < 10 '1 ) , a OTHO-

CHTenbHBB aepOHTIIOCTb POlKJIOHBB 3apBlKOIIHbJX H Hel!Tpan&HbIX 17 -M830HOB H30TOnB'IO-

CKH HHBapaaHTa. 

2.3. Cpe1111ee •mcno polKJIBJOll!HXCB 'laCTHII 

BalKHOJI xapaKTepHCTHKOJI H.eynp,1rHx B38HMOllellcTBHJI llpH 6on&mux SHepragx HBmieT

CB cpellHSIB MHOlKOCTBeHHOCTb polK11aJOm11xcg 'IBCTllll: 

D = I n wn 
+ 

;-= I 
+ 

D W 
n 

x) HanOMHllM, 'ITO KOs<j,qmnneHT HeynpyroCTll onpe11enBeTCB 

SHeprnH, 3BTpB'leHHOl! Ha o6pa30B8Hlle HOBbIX 'IBCTHll: !-. E , K nonHoll 

B~IOll!IIXCB 'laCTHll: E : k = !-.E/E • 0'IOBHJIHO, 0 ~k .~1. 
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(5) 

KBK OTHOWOHl!e 

3Heprna CTBnKH-

B nocne11Hee apeMB H3Y'l8HHe 3THX aenH'IBH IIJlH06peno oco6bIII HHTepec B CBB3H 

C MJIOr0'1HCneHHbIMH nonbITK8MK acnon&30B8Tb 11nB paC'l8T8 Heynpyrax B38HM0)18llCTBHft 

npH BbICOKHX sBepraHX MOTOAbI KOMnneKCHbIX MOM8HTOB H pa3nH'IHbie AHarpaMMHbie cxe

Mbl ( OAHOMe30HH08 npu6nHlK8HH8, MYn&Tunepuq,epH'leCKaB,MO)l811b H T.)I. CM., HBIIJlHMep, 

o63o/
118l ). 3HepreTH'l8CKBB 38BHCHMOCTb cpe)IHHX 'IHCen ii (T) H ;-±(T). K KOTopoll 

npHBO)ISIT STD TeopeTH'lecKHe nocTpoeHHB, OK83bIBB8TCB aee&Ma cnenu<j,H'leCKoll; cpaaHH

BBS! 88 C sxcnepHM8HTOM, MOlKHO CAenaTb onpe)leneHHbI8 38KlllO'leBHSI 0 npuroAHOCTH 

TOIi HnH HHOli Teopuu. 
\ 

3HaHHe cpenHeft MBOlK8CTB8HHOCTII 'laCTHll:, POlK)laIOll!HXCB B N -N B 11-N 

B3BHMO)IOliCTBHSIX, coeepm8HHO 11eo6XO)IIIMO TaKlK8 )lnB paC'18Ta HyKnOH-BA8pHbIX B38HM0-

)18llCTBHll llpll 6on&mHX sBeprHSIX I[ MB pa3llH'IHbIX IIJlHKnanHblX aonpoco~ (paC'l8T 3alllHTbl 

HT.A.). 

J13B8CTHaB SKcnepHM8HT811bHaB HH<j,opM811HB O cpeAHHX 'IBCnax 3apBlKOHHbIX H Hel!Tpan&

HbIX 'laCTHII, pO>K)laIOillHXCB npH aBBHrHnBll:HH 8HTHll)'KllOHOB H B HeynpyrBX N-N u 11-N 

B38HMOAelicTBHSIX a o6nacTH SHeprHJI T?,: 0,8 rsa, co6paHa a Ta6nHnax 12-14 H Ha 

pHC. 5-8. 

_+ 
IlpH STOM B TeX ceyqasx, xorna B OpHrHHallbHblX pa6oTax 3Ha'leHHB n H D - He 

yKa3aHbI, 3TH 3Ha'leHHB BbI'IHCneHbI no )laHHblM Ta6nun, npBBe)leHHbIM B npe)lbIAymux napa

rpaq,ax. 

-± 
D B HeKOTOPbIX cny'laSIX npH Bbl'IHCneHBH 

BKna)I Hym.-ny'leBhIX B O)IHony'leBbIX 3B83A, T.e. 

01111axo npa sHeprusix, 6om.mux Hecxom.KHX raa, 

HhlX SKCnepHMeHTan&HblX OWH6ox. 

He y'ITeH nnoxo H3BeCTHblll 

Hcnon&3oaaaa HOpMBpoaxa I 
n>l 

113 onbtTa 
+ 

w-= 1, 

STOT BKlla)I Man B He npeBhlmaeT yKa3aH-

B Ta6nHnax OT11em.no yxasaHbI IIBHHbie, 0 KOTOpbIX Hen&3B CK838Tb C onpe11eneHHO

CTb10, OTHOCBTCB OHB K B3aHMO)lellcTBHIO nepBH'IHOll 'laCTHll:bl C IIJlOTOHOM HnH K B38HMO

JielcraHIO STOii 'IBCTHll:bl C HellTpOIIOM. Ilim T>> 1 rsa, Korna 38BBCHMOCTb B38llMO)lel!

CTBHH OT H30TOnH'l8CKOro cnHHa CTaHOBHTCB npeHe6pelKHMO cna6off, TaKaB Heonpe11eneH

HOCTb , nenneTCB HecymeCTBeHHoll. 

lfaCTb )18HHbIX, npHBe)leUHbIX B Ta6nnne 12, nony,i:eHa H3 onblTOB C KOCMH'leCKHMH 

ny'laMH. KaK YlKe OTMO'lanocb BblW8 (cM. npHMeHaHH8 4 Ha CTp. 4). B STHX IIBHHblX MOlKeT 

6bITb 3aMeTHblM BKnan HyKllOH-BJiepHblX B3aHMOAellCTBllll, oco6eHHO B38HMO)lellcTBllff C ner

KHMH BAPaMn. Cpe)IHBB MHOlKeCTBeHHOCTb B TBKHX B38HMOAellcTBllBX, eoo6me roeopn, 3Ha'IH

Ten&HO OTnH'laeTCB OT cpe11Hell MHOlKeCTBeHHOCTH 'IBCTHII, pOlKABIOillHXCH B N-N -B38HMO

AellcTBHnx. OnHaKo ABHHbie no KOCMH'leCKHM ny'laM, npaaeneHHble B Ta6nane 12, OTHOCBTCB 

numb K 6bICTpbIM, nnBHOBb[M 'IBCTHIIaM, KOTOpbie B nerKHX BApax o6pa3yJOTCB B OCllOBHOM 

npa CTonxHoeeuH11 nepeH'IHoro HyxnoHa c OIIHHM 113 HyKnouoe Bnpa H B nocne11y10meM 
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Ta«lJIHUa I2 

lJyltJIOH-HYKJI0!IIl!ie B3al!ll0Jt8l!C:rBII.II 

-+ - <l?5I • xx 4,85±0,4+ B:lC,llllO- n,- t1... 6,2 2,9±0,3 ,1teltcrBBe T,raB !lero.1t 

6,2 <1?52 2,8:t0,3 4,7±0,5x 
p-p 0,8I B-J!KI6 2 3 

8,7 <1?8 3122tO,I2 5,3±0,2x 
0,925 <l?I7 2. 3 

9 <J?7,53 316t0,I4 5,9:tO,?x 
0,97 B-J!KI8 2 3 

9 <1?54 3,27±01I6 5t.0,3++ 
0,97 B-IIKI9 2 3 

9 <1?55 3,42t.O,IO 5,I5±0,4+ 
I,5 B-J!K20 2,06 3,2 

9 <1?5.6 3,25:tO,IO. 5,4t0,2x 
I,5 B-IIK2I 2,I4t0,02 3,2It0,02 

9 <1?57 3,34:t0,06 5,5±0,2"' 
2 B-IIK22-24 2,22±0,04 3,35±0,02 

I4 <1?59 3,84±0,57 6,3t0,9x 
2,7 <1?25 2,42:t0,08 3,66tO,I7 

I4 <1?58 3,9±0,2 6,35±0,3x 
2,75 B-l!K20 .2,38:t0,06 3,8 
2,85 B-IIK26 2,35:t0,08 4½.0

1
I X 

3 <1?27 2,38:t0,08 3 72+0,4I 
• -0,34 

3,5 <1?48 2,5±012 X 4,25±.0,2 I< 

I IB,9 <l?6I 4,_3.±0,2 6,95t013X 
4+5 <1?49 2,87t0,I5 4,8±012X I8,9 <1?60 3, 7±0,5 6,It0,8x 

B-J!K50 312It0,26 
. X 

22,6 <1?62 4,It.0,6 6,7±.0,9x 5,3 5,3±0,4 

24 B-IIK63 4,2t.O,I 618±.0 12X 

25 <1?64 5,0±I,2 8,0tI,8x 

25 B-IIKII9 5,2 B,3x 

25,8 <1?65 4,4¼0,2 6,35±.0,5 A 

27 <l?I20 4,0±0,5 6,5tO,Bx 

27 <1?66 4, 7±.0,3 7,5t0,5x 

1t-n,t16 0,8I B-J!KI6 I,68±.0 107 3 

0,97 B-J!KI8 I,48±.0,3· 3 

0,97 B-IIKI9 I 166t0 107 3 

I;5 B-IIK2I >I,5±0,05 3 12It0,02 

2 B-IIK22-24 I, 711±0,04 2,35:t0,02 

p-n- i 83 - ~I) 
B-J!K28 3.I2t0,04 

I,24 B-JI.1{28 3,58±0,04 
(I-.I,5) 

I,46 ~JUt29 3,76t0,05 
(I,;.I,72) 

2,04 B-JI.1{29 ,..2,2 X 318It.0,05. 
· (I,72-;2,2) 
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3,8 B-J\l\l2Ix ---3,2 .... 5,3 
(l,4-i-6,2) 

<pa 8,7 2,621:0,IJ 4,4t0,2X 
9 iP 57 2,6t0,2 4,6:t0,2 .& 

9 1? 55 3,06:t0,14 5,56:t0,21+ 
9 ~67 4 "3,7±0,25 «'6 ,05:tO ,33X 
14 <p59 A 

,t. 4,6±0,43 <7,4±0,6x 
18,9 <p6I 4,0±0,2 6,5±0,3x 
25 <p64 4,3±1,0 6,9±1,5 X 
25,8 ,p65 3,7±0,3 6,35±0,5 A 

27 <p66 4 ..: 4,9:t0,4 <7,3.t0,6x 

r,/- .N 6,2 'Pl22 ~ 2,6 ~4,4 
14 MRB (cl2)123 4 ±. l,l 6,5±1,6 
26,7 ,pl24 4,6:t0,2 7,4.t.0,3x 
28 KBC Ael) 125 7,28 II,4x 

(I0.;-100) 

r 65 ) 
cl26 6,5±0,6 I0,2t0,9x 

,50;-80 
85 KB(cl2)127 5,6,±0,2 8,9,±0,3x 

(20+150) 
MKB£cl2)l23 100 7,4±0,5 II,2t.0,7 

100 cl2 7t.0;6 10,5±0,9 A A 
(80.;.120) 

160 cl26 7,5:t0,6 II,3.t.0,9 4 Li. 
(120.;-200) 

MRB (llH)l28 200 7±.l I0,5t.l,5 
250 ,pl29 8,8:tl,9 IJ,2±2,9 6 Li. 
250 <11130 II,6.t.3,6 l7,4t5,4 4 6 

(70~700) 
cI26 250 9,5±!,2 l4,2t.l,8 A.1 

(200-!-300) 
IIK,KB( L.i.H )IJl a 300 9.t.l IJ,5±1,5 All 

(200,;,400) 

500 cl26 II,2±I,5 16,8±2,2 A"" 

(300,;,700) 

103 11KB(cI2)123 9,9:tl,4 14,9±2 ,l 

3.103 <1129 10,8:t0,8 16,2:tl,2 66 

3 0 103 ,,po 15,2±.2,0 22,8±3 AA 

3,5.103 <11!32 15±.5 22,5.t.7,5 64 

x)Bu•rncneao B npe,1UI0J1oxeam1, qro cpe.itaee qucno nporoaoB 11 ~llrpoHOB ii:P .,.. fl.,. ,,,. i, 
a cpe,JtHee ql!CJIO 3aplll!t0HHUX l! HellrpallLHUX 7f" ·L!830HOB Yl-,r:t z .:;,ii:,,o• B 3TOL! cnyqae 
t\..'Yl,5,;.½t0,5. 3r11 npe.JmOJIOlreHllll COBUeCrHU C yCJIOBl!eu, qroclll IlOJIHHe q11cJ1a DOJIO-

lil!reJILHO H orp111l8,reJILHO 3aplll!t0HHUX qacrUit pa3Jll!qaJil!CL Ha ,JtBe H O.ltHY e,JtllHUilll cooraer-

30 

• 

cneHHO .Jtllll CJ1yqa11 p-p l! p-1'\, B3alUIO)tellcrBIIII). 

xx)Ilpll auq11cJieHllll 1i,_± yq11ruBaJIHCL Jlllmr, re cociur1111, B xoropllX 
cjl,IJIO B03lJO%H0 orm1q11rr, nporoH or 7r -ue30HOB. Eclll! l!CfiOJIL30BarL MHHHe racllllli.i,I 

3, ro n,.1: = 3, 7:1:0,6. • 

+)Ilpl'l :irou npe.itnoJiaraJioc:1,, qro fi. + rt. :: 2 r ... . 
++)IloJiyqe11,o B npe.itnoJIOlltem111, qro 'i,., + ,,, Fi., . k:- !Co 

"')Bli'l11CJieHO no :ixcnepPIL!eH'.raJII,HOL!Y :31ro,qemm rt, ... ( cM.raclJI.16): ri..""' t,5 ~ ~ + 2 ~- r~ . 

.. -... -
A )Bee np11ae.1te!IHlle suaqemm Yt-- 11 /'L- .ltllll cJiyqa11 tt.-rt. B3al!L!O.itellcrs11ll noJiytieHu 

113 sxcneplll.!eHraJILHliX )taHHliX )tllll p-p B3al!L!O)tellCtBllll C nouonu,D YCJIOBl'lll l!.30TOD~ecxoll 

. 1!!1BapP1a!lr!IOCrll. 
Ilpll clOJILmllX 3Hepr1111X 311aqeID1e .n.~ !18113BBCrHH, a °Ft: COBUa,l\aDr C COOrBercr-

. BYDIIU!J.!11 3!1aqem!IDlll Jtllll p-p B3al!l.!O)tellcrBl'lll: -;:;i_ (h.n) = °i1:. (pp), 

fl) B np11Be.1tel1Hlie 3m,qe!lllll !10 BKJIDqeH BKJia.lt O)tHOJIY'leBHX 3B83,Jt. 

Li. A )Bliq~clle~o no npl'lcllll'!l[eHHOll q>OpL!fll0 ~ = l,5 ti,± , cnpaBe)tllPIBOll npll T »- IO r:ia. 

3ra qiop1qJ1a noJiylle!la npll ycJIOBllll, qro 1f !.!830Hli cocraBllllDr noMBllllDIJl88 clOJIL-

ml'IHCrBO cpe.ltll pOXMDIJlllXCll qacrUit ( OltOllO 80%, cu. §2.4) 11 qro 11.., ,:,, fl fi ~:I: .(,. ,ro' 

C) lisuepen11s aunoJIHem,1 a ua.ru11rHoll xauepe B11J1r.c0Ha c Li. H B coqeraHl!ll c 

· ll0Hll3a!lllOHHli!.! JtallOpl!!.!erpou. 

,. 
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~&_I2 

AHBlll'HXmutB aBTIIIIYltXOBOB 

I,,, 

B3amlo- n,:t: 
.iteltcuHe !,r3B lleTO)t rt, I 

,, 

p . .,r --.o. \}140 3115±0,41. 5,36±0,3 

p-p ... o \}68 3,2±0,I7 4,8:!;0,2X ,-,o \}I4I 3,2I±O,IX 4,82±0,12 

~O HI37 3,I:tO,Ix 4,65±0,I5 0,08 \}I42 3,I1:0,4x 4,7±0,6 

0,05 B-IIR69 3,2It0,I2 4,94:!;0,3I 
(0+0,23) 

(O+o,I) 0,09 \}I43 3,4±0, 7X 5,It.I 

0,05 B-IIR,JHl1t69 3,20:!;0,28 4,8:t0,42 
(0+0,25) 

O,I4 \}144 )( 

(O-;O,I) 
3,5±0,3 5,3r.0,4 

0,08 II-IIK70 
(0+0,23) 

(o.;.0,22) 
3,06t0,3 4,78!;0,5 o,I4 \}I40 3,35±.0,I 5,33:tll,4 

O,I5 t68 
(0+0,231 

2tO,I7 3 ,0t0,2X \}l4I 
(O+o,23) 

O,I7 3,78t.O,I.x 5,66r.O,I2 

0,47 II-IIR7I 
(0-+0,25) 

3,28tO,I5 4,95t0,22 
0,92 B-IIR77 3,5±0,3 5,25±0,45x 

I 
.. 

0,92 B-IIK72 X l x) IlOJIY'IBHO B npe,lUIOXO!t9BHH, qTo Y\..'lt:1: ~ .ln.,r• , r.e. h,-:: 1,~ n,:!:. 
3,4I±O,I2 5,IItO,I8 

I,27 B-IIR73 3,24±0,05 4,85.t.0,08x I xx)Ilpu 3TOM npe,ltlloxaraxocb, qro h,,r:t -=!l.~T• H vi. ic* -:: It.le . . 
I,27 B-IIKI:38 3,4to,5XX 

5:4i8:15+ 
I .+) Ilpl!B9)t9HH09 3Haqel!Ke OTHOCHTCB It perutUHJD4 ~93 crpaHHHX qaCTl!ll. 

2,44 B-IIKI39 3,6t0,2J+X l 

4tI,3x 6,0±0,2 

p-n.. ~0 \}68 3t0,2 4,5±0,3x 
0,05 JhllR:69 3,29±0,36 4,9±0,5 X 

(O~O,I) 

1, 
0,08 II-IIK70 3,25.t0,38 4,9r.0,6x 

I (O+o,23) 
O,I5 \}68 

(o+0,23) 
2,62±0,33 3,9±0,5x 

0,47 II-IIK71 3±0,I5 5±0,2 
0,9 . B-IIK76 3,3 4,9x 
0,9 ll-IIK77 3,5±0,3 5,2.t.0,4X 

(O,~I) 
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T_!!.Clllli!!a_I_4 

II110H-11YltllOH!llle B3al!UO).ellcnm1 . ' 4t0,3++ 6 3+0 4++X 
B-IIKI05 ' - ' X IO 3,38:t:0,08 5,3±0,15 

Baamm- n.,-t rt.. II,26 B-mtl07 3,8.!:0,5 6:t0,8x .1tellcn11e T,r:lB Lle:ro.it 
B-IIK135 16 4,3±0,I 6,7:t.0,2x 1\"-- p o,8 B-mt78 2 3 

16±3 B-IIKI08 4,I:t.O,I 6,IJ±0,2X 
0,86 030 2 3 

16,06 ~147 3,65±.0,I6x 5,72,±0,24 
0,864 079,BO 2 3 

17 net> -IIKLtI 3,47.:tO,IB ·4,95±0,25 
0,89 B-mt82 2 3 

0,9 030 2 3 ,r-- rt. 0,82 030 I,35 3 
0,95 B-mt83 2,12±0,09 3 05+o,12 

0,82 B-mt43 I,49.±0,27 3,09±0,38 ' -0,05 

0,96 B-IIK84 2,I±0,02 3 0,86 030 I,31 3 
' o;96 030 3,16±0,06 o,9 B-IIK43 I,68:t0,16 3,06:t0,38 I 
f1; 

0,99 B-mt3I,32 2 o3+0,06 ~3,04 0,91 030 I,51. 3 
,, 

• -0,03 I: 
I 030 3,21±0,I I,05 B-IIK43 I,71±0,23 3,I9t0,42 
I B-mt33-35 2 0~0,09 3,16±0,II I,09 C,B-IIK30, 44 ~I,77 3,2 

B-IIK82 
' -0,06 

~85 I,085 I,56±0,23 I,15 I,29 
I,3 II-IIK36 2 12+0,17 >3,06 I,26 0:io d,96 ' -0,12 
I,37 J!-Jlli86 2,06±0,06 I,35 030 

3,26 
I,37 B-J!K37 2,08±0,03 3,21:.0,05 I,37 J!-J!K86 I,93 
I,5 B-J!R38 2,1-10,1 3,I:t0,03 2,66 II-mt90 2,46±0,12 3,9,:0,~ 
I,72. B-J!R49 2,2t0,I 3,6±0,I 4,5 ~96 2,37±0,IB 3,8:t0,3x 
2,66 II-ITK90 2,22.±0,06 3,6.tO,Ix 4,5 ~95 I, 75.:t0,25 2,9:t:0,4X 

B-ITK93,94 )( 
6,65 II-ITK136 3,5:to,5x 5,5:t.0,6+ 3,86 2,981:.0,07 4, 7t0,I 

4,5 ~96 2,6±0,I 4,2to,2" 6,65 II-ITK99 3,14±0,15 5±0,3x 
4,5 ~95 3,It0,2 4,9±0,3x 6,65 II-ITKIOO . 3,1±0,2 4,9.t0,3x 
4,7 B-J!R97 2,7±0,Ixx 4,3±0,I 6,8 Jf ~IOI 3±0,I 4,8+_o,2X 
6,65 II-mt136 2123:0,3 X 5,25±0,3+ 7,5 ~104 2,85±0,15 415.t0,3X 
6,65 II-mt99 3,16:t.0,09 5±0,2x 17 ncl-mr'1 3,5+0,4++ 5,5+0 6X++ 

3,C5 ,:O, ~,~b,2 6,65 II-IIK1~ 2,9.±0,15 4,6:0,2 X 
lf+-p 0,82 B-mt43 2,18:t0,29 3,09±0,38 

6,8 ~IOI 3.tO,I 4,8.!:0 12x 
0,9 B-ITK43 2,15:t.0,29 3,06±0,38 B-ITKI02 3,5:t.0,19 

. X 

B-IIK44 7,2 5,5.t0,29 
0,91 ,.,2,18 3,08±0,16 

7,5 il03 3,33±0,22 5,5:t0,3 X 
0,99 B-ITKIIO A 2,D 3 

7,5 ~104 3±0,15 4,8±0,2x 
I,05 B-ITK43 ~2,38 3,I9t0,42 

I,09 B-mt44 3,23.t0/4 
I,26 B-mt44 3,25t.0,2 
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;, 

I,35 030 

I,35 B--IIKIII 2,2l±0,05 
I,37 JHU~6 4 

2,21 
I,51 B--IIKII2 2,24±0,l 
I,BI B--1mII3 2,12±0,2 

3,26 

3,3 B-IIK45 ""2,76 
4,86 B--IlKII7 2,86±0,0I 

lf
+ ,.,. 
-rt, 0,86 c3o 

I,84 

~3,6 

~4,5X 

3 
0,864 019,BO 

l,II 019,ao 

I,3 II-IIK36 

I,8 

>l,78 
3 

3,2 

-rr-J-1 34,6 '1?148 A 
>l,93 

<6,4 
>3,06 

<.9,9x 
(20-:-50) 

35 KB(cl2)I48 AA 4+! 
(3Q+40) 6,3±1,Sx 

45 
(30+60) 

KB(cl2)149 AA 
5, 7.±0,6 8,8t0,9X 

x) BH11l!C/IeHO B npe,lUIO/IOJ:eHl!l!, qro n:p.,,. ti.,/"0~5 l! h,1t± -::- .2.rt.110 
( CJ.1.ra<lJI,!7). B 3TOJ.I C/Iyqae n,-::.- i,'!'> tiT + o, 2.5. 

xx)c yqerow nonpaBox: npl!BeAeHIIHX B pa<lore96• 

+) IIOJiyqeHo 'j). npe)UIO/IO:EeHl!l!, qro ql!C/IO pOl!t,IT,aDIIUIXCll HYXIIOHOB n:, =l l! n. + '>: .2.n:.... 
,. tr- " 

++) IIp11BeAeHHOe 3HaqeH11e OTHOCl!TCll K B3al!J.IOAel!crBl!l!ll:, A/Ill KOTOpHX K031jxpl!IU!eHT 
neynpyrocr11 K'lr > 0,5 ( •3epitaJI1,Hall c11cre:ua KOOPAl!Har•). 

,A) 
Ilo-Jiyqeao C llOJ.IOIIU>ll yC/IOBl!ll l!3oron11qecxol! l!HBapl!aHTHOCTl! l!3 3KCneplll!eHraJILHHX 

- ·- ... MHIIHX A/Ill ,r-n,B3allJ,IOAellc:rBl!I!. !Ip!! T '> 3,3 r3B 3HaqeHilll n.:.. Hel!3Bec:rHH, a 

A/Ill n. BWIO/!Hlln:rcll ycJioB11ll: n..<ir+p)-= n.. c,c"'-). 
) -± -

AA Bee npl!BeAeHHHe 3naqeHl!ll rt, l! rt, llOJiy,leJIH C llOJ.10~1,D YCIIOBl!ll l!30T0nl!'lecxol! l!H-

A) 

A 6. ) 

Bap11anrHOC:Cl! l!3 1(3KCnepl!J.leHraJII,JIHX AaHHHX A/Ill ,r-- P B3al!I.IOAel!crB111!. O'leBl!,I\HO, 
npl! Bcex 3Heprl!llX V\.. c-rr+ ... ) = h,_ crr-p) 

YKa3aHo, cpe,lUiee 'll!C/IO <lHCTpHX /Il!BHeBHX 'lacrim, POJ:AaDIIUIXCll npl! B3a1!110Ael!crB1111 
lf-J.le30Ha C ~T03ilyJII,CBeA. 

- l2. Crporo r<iBopll, npl!BeAemrue MHHHe OTHOCJITCll K B3al!J.IO,!lel!C:rBl!llJ.I 11' + C. • Tax KaK 

B 3Tl! MHHHe OCHOBHOI! BK/Ia)l MDT ClHCTpHe /Il!BHeBHe qacrm:ul, 1toimo Ol!Cl!MTI,, 'lTO 

OT/Il!'ll!e or CJIY'lall 1'i-,I B3al!l.!OAellcTB111! Cly,lle:r HeBeJll!Ko. 
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2 

0 4 J f2 /5 2t/ Zit 'itfe., 

Pac, 5. Cpe)lHee 'lHCno 'lSCTHU, pOlKJlSIOmHXCSI B N -N B3Sl!MO)lei!cTBHSIX npu yCKOpl!Teru.; 

l!blX SHeprusix, 3HS'lKSMH O l! • OTM8'l0Hbl COOTBeTCTB8HHO 3HS'l0Hl!SI "ii H .i -. 
CnnOWHblMH KpHBblMH HaHeceHbl HHTepnonSIU~HHbte q>yHKUHH a +·b T ¾ • nyHKTH-

POM - l!HTepnonSIUHOHHble q>yHKUl!l! a '+·b'T (cM. Ta6n. 15), 
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Puc. 8. Cpe.11aee 1rncno 11acTu11, poJKAa10muxcn B ir --N -B3aBMDAellcTBBB • Bee 0603ua11e

BBB Te JKe, 11To u aa puc. 5. 
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nD'ITB H8 BCllblTbIBSIOT BHYTPIISIJ18PBblX B3811MDixellCTBllll~ KaK noKa3anll 11ccnenoBSHBB Ha 

ycKopuTensoc, xapaxTepHCTIIKB TSKBX qaCTHll 6nu3KH K TDMY, 'ITD ua6n10naeTCB npa CTOnKHO-
. , . /10-12/) . . 

B8HBH cao6onab1X uyxnoHDB (cM., uanpuMep, • noaTDMY DpHM8Cb Bn8pBblX B3BIIMO-

llOllCTBHll HO MOJKeT cymeCTBeHHD CK838TbCB ua naBHblX Ta6nu11bI 12. ·,. 

113 npHBOlj8HHblX JlSHHblX BHllHD, 'ITD B TO BpCMB xax MBKCBM8nbHO qucno pOJKllSIO-

DlHXCB 'ISCTHll npu yae~U'l8RUB auepruu T 6bICTpO B03p8CTB8T, cpeAHH8 qucna ; u ;;-ct 
B3M8HHIOTCB cpaBHHTenbHO MenneHHD. B oonaCTU ycxopuTenbHblX aneprull T < 30 raa 

auepreTH'leCKSB 38BHCHMOCTb cpenaell MHOJKeCTBeHBOCTB pOJKllB!OlllHXCB 'ISCTHll MOJKeT 6b1Tb 

anpOKCHMHpoaaua q,yHKllH8li 
+· ¾ 

; ( T) -:::. ~ ii-( T) + C - a T ' + b 
2 

3na11enusr napaMeTPOB a· , b , c YKB38BbI B Taonune 15. 

(8) 

¢opMYna (8) xopowo cornacyeTCB C pe3ynbTBTSMU pac11eTOB no CTBTHCTH'leCKOll 

/33/ 
Teopuu MHOJKeCTB8BHOro poJKAeHHH •'ISCTUll 

3.xcnepBMellTSnbHbI8 H TeopeTB'l8CKH8 OTKllOHeBBH OT 8TOli q,opMyllbl Ha6nIOABIOTCB 

nuwb a cny11ae N - N u ir-N B3BHMonelicTaHli npu T < 1 raa, r.11e 11ucno aaoab 

pOJKASIODlHXCB qaCTHll Mano 

COOTHOW8KB.R. 

( ~ 1) H aeo6xo.11BMbI 6onee neTanbHble U30TOllH'18CKH8 

BMeCT.e C TeM, cnenyeT OTMeTHTb, 'ITO TO'IBOCTb coapeMeBHblX H3MepeHUli eme HeBe

llBK8 H ycxopHT8nbBb18 8KCnepHM8BT8nhBble ll8BBbl8 aa puc. 5-8 MOJKBO anpOKCHMBp0B8Tb 

TaKJKe u 6onee 6blCTJlO B03paCTSIODlHMH q,yHKIUIBMB, aanpuMep, 

(j:M. Taonuny 15). 

~ 3 _:!: 
o(T)-

2
o (T)+:C-

Ta(l.imllil, 15 

½ 
a' T +:b'· 

3HaqeHHH rrapaMeTpOB B ~op:uynax (6)'li (7) 

Bsal!IMo-. a, i, C a.' I, 
,11;eltcTBHe 

J-1-Jf J,2 0 0,5 I 2 
-J(-JJ 4,7 0,55 0 4,7 0,45 

1T - .,J' J,2 - 0,2 0;25 I 2,2 
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npa sHeprHHX T > 30 raa, rAe BCH 9KCD8pHM8HTam.aaa aa¢opM8IIHH II011}"i8Ba 

H3 0Db1TOB C KOCMH'18CKHMH JlY'iHMlil, CHTyaDHH HBnHeTCH 3Ba'lKT81ll,BO M8B88 ,HCHolt. 

""or -:t 
B AODOnHeHH8 It 6om.wBM owa61taM B 3Ha'l8HBHX n B n • 3A8CL 0'18Bh aeTO'IHO onpe-

AeJIHOTCH T;KlK8 88/IH'IHHa 8HeprHH T • Oco6eaHo B8nHltH owa6KB B3MepeHBlt B 0611acTB 
3 , , 

T> 10 rsB, ¢aKTH'!eCKH 3AeCb MOlKHO roaopHTb nHIIIb O II0pSUIKB.X 88/IH'IHH. 

Ha pac. 6 BHAHO, '!TO BII.IIOTb AO a.11eprult T - 100 raa 8KCII8pHM8HTalll,Hble A4.ll.llb18 

MOlKHO xopowo 81IpOKCBMHpOBaTb KaK KpHBOlt (6), TAK u KpHBOlt ( 7). npn 6om.mnx a.11ep

rHHX MHOlKeCTB8HHOCTb B03paCT88T 3aM8THO M8A/leHH88, TOM T½ 

/134/ 
B HeAaBBell pa6oTe H3 aoaoro 8Wl/lH3a ¢0T08Mym.cBOHBb1X KOCMB'18CKHX AHH-

Hb!X pa311H'!Hb1X aBT0pOB IIO/Iy'leHbl CnOAYIOWH8 'cpo.t111He MHP0Bb18" alia'leHHH MHOlK0CTBeH
- + 

HOCTH aapstlKOHHbIX 'laCTHil n - : 

AIISI 

Allll 

HH8 

B 

17.1 ±.3,1 T 
3 

IIpH = 2,8• 10 rsa 

16,2 ±.2,1 IIpH T - 10
4 

raa 

15,4 ±. 2,8 T 
4 

IIpH .. 1,8•10 raB 

N -N B3aHMOAeilCTBHJI: 11 

10,1 ±. 2,8 T 
2 

IIpH - 1,6•10 raB 

10,2 ±. 1,6 T 
2 

IIpB = 6,4•10 raB 

10,8 ±. 2 T 
2· 

IIpH - 8,1•10 rsB 

10,4 ±. 2,4 T 
3 

IIpH = 1,15•10 rsB 

TT-N B3aHMOAellCTBm1. 

/134/ . 
Ha OCHOBe 8THX AaHHbIX B pa6oTe IIOIIy'l8110 '1p83Bb1'!all:Ho BaJKH08 3aKIIIO'le-

o •aacb1menm1• MHOlK8CTB8HHOro o6paaoaaHBSI 'laCTBil npH a11epr1rnx T:'.,3•10
3 

- 10
4

raB 

" 2 8 N -N B3aHMOll8ilCTBHHX H npH T - 2•10 -10 · rsB B TT-N S3aHMOA8ll:CTBHSIX. 

0AHaKO STO 3aKIIIO'l8Hl18 lie IIp8ACTaBJISI0TCSI AOCTllTO'IIIO y6eABT0.llbHb1M. 

KaK yJKe OTMe'lanocb Bb1me , npu 

0 nopHAKO B811H'lllHb1 CpeAHHX 'IHC0/I n 

3 4 
SHeprBHX T " 10 -10 raB MOlKHO roBOpHTb nHIIIb 

-+ 
u n -. KpoMe TOro, AaHHb1e no N - N u TT-N 

B38llMOll8llCTBllllM Hem.an paccMaTpBBaTb B30.IIBp0BaHHO OT JlyK/IOH-SIAepHb1X B3aBMOAe8-

CTBHlt. TaK KaK Ce'leHHe HeynpyrHX B38HMO.t(Oll:CTBHll 11
1n 

0'18Bh c11a60 aaBHCHT OT 

9HeprHB (Hmi, MOlKeT 6uTb, BOo6me ocTaeTCll IIOCTOSIHHblM BII/IOTb no rnraHTCKHX 9Hep-

ruli T = 10lO r SB/
3

/ ), TO "HaCb1W8HH8 MHOlK8CTB8HHOCTH 1 110.lllKHO 6b1110 !>bl Ha61t10AaTb-

Cll H IIpB B3aHMOAeliCTBHH 'laCTHil C ll.t(paMII. Ha pnc. 0 BHllHO, 'ITO HH'lero nono6Horo Ha 

9KcnepnMeHTe He Ha611ronaeTcSI. 

HaaeCTHble B HSCTO!llll8e BpeMll 9KCnepHM8HTam.Hb18 llBHHble BO BCeM AH8na30H8 

sneprnlt T > 1 r9s He npOTHBOp8'18T COOTHOWeHBIO (6). 

42 

n~ .---..------........ ------
0 nh,3 
• Oh>J 
lC 012 

102 

{0 

+ UH 
r:'/J ,..,J ,..,, T lJ. 3Ln At27 o-i C12 

31.n emu hLon .' 
t ¼,..,.." ,,, .. ,, ,,,,,, 

,rt ~J1::.v,,.-Ef/1t 
.ro,(,,,,," 
~1"" -~.r~r i 

~1r 

10 10 2 10' 10" 10s T 

Puc. o. CpenHee 'IHC/10 38pIDK8HHblX 'laCTBil, poJKAaromHXCll 

IIpH B3aHMOAOJl:CTBHHX npOTOHOB H TT -M830HOB C 

smpaMH no llB.HHl>IM pa60Tbl/6/). n,. 'IHC/10 'lepHblX 

TPOKOB B 3Be31l8 (Mellll8HHbl8 '!aCTHIIbl B OCHOBHOM 

npOTOHbl). 3Ha'IKOM TT OTM8'18Hbl smpaMH /IHBHeBblX 

'laCTHII, o6paaoBaBWHXCSI B IIp81lbl.tlYW8M HA8pHOM 

B38HMOll811CTBHHo nonaB/ISIIOW88 6om.WHHCTBO 91:fX 

'laCTHll HBIIHIOTCll TT -M830H8MII ( OK0/10 80% CM ) • 

nyaKTHpOM 118H8C8Hb1 HHTepnOIIHIIHOHHb1e KpHBbl8o 

-+ 
KaK YlKO o6cylKllllll0Cb Bb1W8 (cM. § 2.2), cpenHHe 'IHC/18 n H n - HHB8pHaHTb1 

no OTHoweHHIO K npeo6pa30B8HHJO (2) H (3). 

B 38K/IJO'leHH8 eToro paan?na OCTaHOBHMCSI eme Ha pealtllHHX C poJKAeHHeM CTpaHHblX 

'!aCTHll, HCC/lellOBBHHIO KOTOpblX nocsmne110 6om.woe KOIIH'leCTBO 9KCnepHM8HTam.HblX H 

TeopeTH'18CKHX paf5oT. npa s11eprHS1X . T»: 1 rss cpeAHee 'IHC/10 'IBCTHll, pOJKABIOWHXCSI 

B TaKHX peaKilHHX, npHl511H3HT8.llbHO TaKOBO JKe, KaK H B peaKilHHX 6ea CTpaBHblX qaCTHll. 

- /135/ 
HanpHMep, B " - p aaaHMOAOllCTBHHX IIpB T = 16 ras • 

_ t_ 
n + •4,4 ±. 0,2 s peaKilHHX co CTPaHHblMH 'ISCTHilBMH 

ii- 2 .. 4,3±.0,1 B cpeAHOM no BCeM K8H8/18M peaKilHH. 

npn MeHbWHX s11epr11ax, Korna sHeprnll, aaTpa'lnsaeMall na o6paaoaaHHe HOBblX qac

THU, He· CHllbHO OTIIH'!BeTCll OT CyMMb1 MBCC pOAHBWHXCll CTPBHHbIX 'IBCTHll, MHOlKeCTBeH

HOCTb B peaKUHllX co CTpaHHblMH '!8CTHU8MH MeHbWe 'cpenHeli. HanpnMep, B TT - p B38HMO

/ l36/ 
nellCTBllllX npu T =6,60 r9B • 
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± 
n + a 2,5 ±_ 0,J B peaKIUHIX CO CTpaHHhlMll 'IBCTHIIBMH 

;-•a· 3,2 :!:_I 0,2 B Cp8.llH8M. 

Ilpu sTOM po:a<.tteHHe naphl K -Meaoaoa conpoB<>lK.tlaeTcH ot5paaoaaHBeM 15om.wero '!Bena 

1T -Meaoaoa, '18M po:a<.tt8HH8 r11nepoaa. IlpH alilIHrHnsinHB BHTBJiyKnOHOB C saepruell 

T S.1 rsa cpe.ttnee '!Hcno '!aCTHII B pea1t11HSIX co cTpa!lHhlMH 'ISCTHIIaMl! TaK:a<e, no-BHIIHMO

MY, H8CltOJn.KO lll!:lK8 '18M cpe)laee 3H8'1eane (npH T •0,47 rsa COOTB8TCTB8HHO 4,4:f:_0,5 

n 4,85±.0,21711). 

2.4. Mno:a<8CTB8HHOCTb PO:lKIIBIOWl!XCH npOTOIIOB, ael!TpOHOB 

H 1T -MeaO!lOB 

Ha CT8THCTH'18CKHX coot5pa:a<eHUl!, OCHOBaHHhlX Ba HaOTOlll!'l8CKOl! l!HBBpHaHTIIOCTH, 

MO:lKIIO O:lKH)laTb, '!TO a Ka!lanax c )lOCTBTO'lllO 15om.mHM 'll!CnOM po:a<)lSIOWHXCSI 'ISCTHII MHO,-

:lK8CTB8HllOCTl! 3apSI:lK8HllhlX 1T -MeaoHOB B cpe)lHeM nput5nuanTem.ilo B )lBa paaa BhlWe, 

'18M cpenHHH MHO:lKeCTB81lHOCTb rf' -M83OHOB! n"± -'lnrf' • Ecnu 'll!Cno pO:lK)lSIOWHXCH 

'ISCTHII n»·1 , TO npHl5nHaHT8Jn.HO paBHhlMl! CTSHOBHTCSI TaK:a<e 'IHCna ,r+ - l! ,,---
Meaoaoa: nit!-':' n = n ,,..:- n rf' , 

x) 

TT pH 8 HeprH SIX T>> 1 rsa, KOr)la OCHOBHOJ! BKna.tt B C8'18HH8 u· 
In 

)laIOT KaHanhl 

C 15onbWHM 'IHCnOM pO:lK)lSIOIIIHXCSI 'ISCTHII, Bee -STH COOTHOW8HHSI BhlnonHHIOTCSI l! 11m1 cpe.tt

HHX 11nc8n. 

Ha SKCnepnMeHTanbHhlX ,!18HHhlX, npl!B8)l8HHblX B Tal'>nunax 16 II 17, BH)lHO, '!TO B 

cny'lae ,r-p B38HMO)l8llCTBHl! yKaaaHHhl8 COOTHOW8Hl!H Ha'IHHSIOT BhlllOnHHTbCH npl! 

OTHOCHT8nbHO M8HbWl!X saeprHSIX, '18M )lnH cny'laH p -p aaanMOIIeiicTBBll. 3-r_o o6ycnon-

neHo TeM, '!TO 

aapsmy. 

CHCTeMa 1T --p C caMoro Ha'lana CHMM8TpH'IHa no sneKTpH'l8CKOMY 

IlpH aHHl!rHnHIIHH, aHTHJiyKnoHOB paBeHCTBO cpenHHX 'IHCen n ;t - n "- - n "o 

xopowo BhmonaHeTC.11 npu acex saepruSIX \CM. Ta6nuny 18). 

Ecnu 'IHcno po:lKJlaIOIIIHXC.11 'ISCTHII · n » 1 , TO npu6nu:a<eHHO MO:lKHO C'IHTBTb , '!TO 

-= -
paBHhl TaK:a<e cpeIIHB8 'IHCna po:a<,!18101IIHXC.11 npoTOHOB H aeiiTpOHOB! n -n 

p D • B cny'!ae 

N-N B38HM0,!1el!cTBHl! STO paneaCTBO Bb!IlOnH.118TCH aaMeTHO ny'lwe, '18M B cny'lae 

11-N -naaHMOll8llCTBHll. 

xJ B o6meM cny'lae, o'leBHIIHO: 

n,r+ + nl'+ = n"_+·nT-1-·Q, 

r)le Q - CYMMBpHhlll sneKTpH'leCKHll aapsm CTanKHBBIOIIIHXC.11 'laCTHII, 

)K8HHhlX 'ISCTl!II ( K± - MeaoHhl, npoTOHhl H T.,!1.) • C pocTOM saeprHl! 

TH)K8nhIX 'IBCTHII yMeHbWB8TCH l CM. )lanee) • 
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n +- 'IHCno aapH
~ 

OTHOCHTenbHBH )l0nH 

B3al!J.!O-
,aellcn11e T,rsB 

p-p O,BI 

0,925 

0,97 

0,97 

I,5 

2 

2,75 

2,85 

3,5 

6,2 

9 

9 

9 

14 

-18,9 

Taeln11ga 16 

HyKJIOH-HYKJiomme B3a!IMO,aellc:z:BHR 

Me:z:o.a n..11'± YL,r• • t1.. p 

B-,I\K!6 X >0,72 >0,04 >I,04 

g/!7 0,8±.0,I 0,2±.0,I I,2±0,I 

B-IIKI9 0,83±0,07 0,!7±0,03 I,I/.i:t0,09 

B--,I\KI8 X . >O, 73 ::>0,18 >I,19 

n.IIK2l xx >0,82.:t0,03 >O,II±.0,0I •l,04±.0,0l 

B- 11K22-24 o,97i_0,04 0,37.±0,02 I,211:!:0,04 

B-,I\K20 + I,4 0,6 I,19 

B-IIK26 X >0,79±0,04 

g/48 I,5±.0,2 0,75.:tO,I++ 

g/51 1,9:t0,3 o,95:t.0,2++ o,96:tO,IB 

rt. 
" 

>0,72 

O,B;tO,I 

0,8It.0,07 

>0,73 

>0,68;t0,02 

0,76±0,03 

0,76 

>0,52±0,02 

l,04±0,18• 

¥! 2,36±0,14 I,18:tO,o~+ 0,98±0,14 I,02:t.0,14• 

¥4 I,9±0,2 o, 75±.0,'i:.7 I,~0,14 O,B±0,14 _. 

g/55 2,24±0,14 0,9.±.0,3 I,18.t.O,I 0,82±.0, I_. 

g/58 2,53±0,19 1,26:t.0,1 1,24±0,09 O, 76±0,1 _. 

iJ?150 3, 7:t.0,5 1,8.:t0,3++ 
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24 B-IIB63 3,2 1,6 1,o i,O 

24,5 B-IlK1514 _3,7±0,4 60 

25,8 q;65 2,9:t0,2 11 45.±0 1 2++ 1,5±0,l 0,5±.0,1"' 

p-n. 8,7 q;8 2,82±0,21 l,61±01 4~ l,ll±O,l 0 189±.0,l • 

9 q;57 fl,76!0,09 ~0,8a±0,05++ l l " 

9 4"!67 ... <:2,5±0;14 <I,3±0,07xx .:l,24:!0,14 >0,76.t.0,14 4 

25,8 1>?5 2,9±0,2 l,4'.!±0,2 O, 7.tO,l l,3.tO,l A 

1"- ,I 6,2 9122 l,5I±O,I8 0,75.t.O,l++ 

100 MKB(cl2)123 3,4.t.0,7 I,7.±.0,4++ -'l,2,!0,25 A ~0,8 4 

103 MKB(cl2)l23 5,5±1,0 2,7.:t.0,4++ <0,8:t0,2 A 

x) Ilpl!BeAeHHHe 3Ha'!eHl!H HBHHDTCH Hl!llJ!llMl! oueHKa.Ml!, TaK KaK npl! l!X BH'll!CHeHl!I! Cluxa 

OTClpomeHa Ta 'laCTL coelHTl!lt, B KOTOpolt He YMHOCL OAH03Ha'IHO onpeAeHl!TL copT 

pollt,ll;aD~l!XCH qactl!U. 

xx) CM.npl!Me'laHl!e x) K taeln.l. 

+) B Tex cnyqaxx, KOrAa B ,JlaHHHX paeloTH 20 He YAaHOCL O,llR03Ha'IHO pa3AeHl!TL 

Kananu peaKUl!l!, 3Tl! KaHaHH paCCMaTpl!BaHl!CL paBHOBepoHTHw.m. 

++) Ilonyqeno B npeAnoxoEeHl!l!, '!To rt.it± "' 'l Yl,r• 
A )Ilpl! BH'll!CHeHl!HX npeAnoxaraxocL, '!TO n.,r + n..h'"' '2. 

••)B npl!BeAeHHHB 
0

3Ha'IBHl!H He BKHD'leH BKHaA OAHOHY'IBBHX 3Be3A. 

A )Ilpl!BeAeHHOe 3Ha'leHl!e paBHO 'll!CHY BCex :iapxii;eHHblX 'laCTH!l, Clonee THlltBHHX, '!eM lf -Me-

30HH. 

AA) 
3Ha'!eHHe nonyqeHO l!3 B3al!KOAeHCTBHH C oelpa30BaHl!814 K-Me30HOB. CootBeTCIBYD~ee 3Ha'le-

HHe MH 1!3a11MOAei!CTBl!lt c oelpa30BaHl!el4 nmepo!IOB paBHO n,11t= 4,3+0,6. 
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11

1 

Ii 
i 

Tari ;rnua _17 

Ill!Oll-HY!CJIOH!IHe B3a!l:i.!OAeltcTBl!H 

B:ial!Mo- n,r± n,'11. l'\,p n.,,._ 
IJeltc:ml!e T,rsB MeTOIJ 

1£--p 0,8 B-IlK78 
0,86 0so I,2±0,17 . 0,8±0,07 0,4:1:.0,e2 0,6±0,04 

0,96 B-IIB84 >I,24±0,06 >0,72±0,07 >0,35t0,02 >0,59±.0,04 

I B-IIB33-35 ►1,42.tO,I8 >0,61.:1:.0,07 >'0,28.:t0,06 ,.0,6lt0,08 

I,3 Il-IlK36 >I,32.:1:.0,15 >0,71±0,22 ,.0,32±0,05 "°,65.t0,12 

I,5 B-JOt38 I,51.:t.0,!6 0,56tD,06 0,55:t0,08 0,45±.0,05 

I,72 B-JOt'.39 1,9 0,79 o,28 0,72 

J,5 9153 I,57±0115 0,86t.O,l0 

3,86 B-IIB93 ,94 I,70.:1:.0,02 0,80±0,0I 0,52#),0I 0,36±.0,0I 

4,5 q;95 I,68±0,33 0,84±0,l6x 0,65±0,23 0,35±0,23XX 

Il-IlK99 2,6t.0 13 X 
xx 

6,65 l,3.±0,2 0,55.:t0,3 0,45±.0,3 

6,65 Il-IIB136 " 2,96±0,25 l,48±0,18 

17 II1i-IlK 41 3,00±0,09 1,59.:1:.0,08 0,47.t0,04 0;53.±0,04 

Tr-- Y\, l,09 B-IIB44+ ,1,D:1:.0,l t0,62±0,06 t0,62%.0,06 >0,14.:t.0,03 

l,26 B-IIB44 + d,17±.0,l ~0,5±0,05 ~0,5±0,05 >0,19±0,03 

3,86 B-IIKII7 2,07.:1:.0,0l 0,67.:1:.0,0l 0,22±.0,0I 0,77±0,0l 

4,5 q;95 1 1 47.±0,29 0, 73.±0 ,29 ~ 0,20,10,12 0,8.:1:.0,12 

6,65 B-IIBl45 3 ± 0,45x I,5±.0,3 

17 II9-IIK41 3,05.:t.0,17 l,53.±0,15 0,27.±0,05 0,73±.1),08 

x) Uonyqeno B npeJtIIOHOllteHl!l!, '!TO n.,1f% -::- .1.ri:1r-
xx) Bu'll!CHeHO l!3 ycHOB~H n.,p -t- rt...,_-=- i. 
+) CoelHTl!H C neOAH03Ha'IHOH HABHTl!q>l!KaIU!eH qacTMU ne J'll!THBaJIUCL. 
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H3 Taomnt 16 II 17 BIIABO, 'ITO D oonaCTII ycxopl!T8.libBhIX sneprnll OTBOCHTem.ruur 

J:IQnB TSllK81IhIX 'laCTHll, o6pa3YJOllllIXCSl B 1reyupyr11x N - N B3aHMOAellCTBl!llX, yMem.maeT

CSl !Sonae 'l8M BABOe: OT 3Ha'l811HSI n T / n .. 0,8 IIPB T .. 1 rsB J:10 3Ha'l811HSI nil n .. 0,3 

upu T ,. :.15 I'sB. IlpH J:lalibHellllleM Y58lIB'l8IIJIH saeprm1 OT.!lpm8BH8 D / n H3M8HJl8TCJI 

5 6 T /151 152:/ 
O'l81!h M8J:lll8HHO H upn rnraBTCE:HX sHeprBBX T .. JO - 10 rsB COCTaBJIH8T - 0,2 • • 

B Clly'lae IT-•N B3allMOA8JICTBKA B o6naCTB ycxopHTelibl[hIX sHepr11JI OTHOCHT81Ib-

Ban AOlIB pOlKASIOlllHXCSl TSllK81IhIX 'l8CTHI! npHOlIH3HT81IbllO B J:IBB pll38 Mam.me, '18¥ IIPII 

N - N B38l!MOJ:18ACTBIISX: llpl! T .:, I raa 9TB AOIISI COCT8BJH!8T I!pll0111!3HT81IbJIO 0,3 

llpll T ,. 18 raa - OKOlIO 0,2. .Onn 601Ibmnx 9BeprBll: sxcnepl!M8HTalibllhIX ABIIHldX B IIBC• 

Tomnee BP8MSI B'.8 H3B8CTHO. 

HMeJOTCSl sxcnepHMeHTalibHhie yxa3arurn, 'lTO B 00ll8CTB O'lem. BhICOKIIX 8H8pr11il IIpD 

B3aHMOA8llCTBIISIX C 6om.mell MHOlK8CTB8HHOCT&IO B OOJil>mBM xos$¢nllJleHTOM aeynpyrOCTH 

/148/ 
o6pa3yeTCSl OTHOCnTelibHO OOllbmoe 'lBClIO TRJK81IhIX 'laCTBll • 

12I 
B011ee llOAPOOHOe o6CylKJleHBe STBX BonpOCOB MOlKHO Hal!Tn B 0030pe • 

2.5. _Tpex'laCTH'll!hie peax11BB 

Kax ylKe OTM8'lllll0Cb Bhlme, npn SHepre:mc T > 1 raa, xorAa 1111:cno xaaanoB 11eynpy-

rnx pe111rnnll ohICTpo B03pacTaeT, a BKllllA xaJKAoro 113 xaaanos yMeHbmaeTCn, AlIR onnca

ae:11 aeynpyrux B3aHMOA8llCTBHll 6onee YAOOllhIMB CTaHOBHTCR cpeAHBe, BepoHTHOCTHhl8 

xapaxTepBCTHXH. 0AH8XO llOJ:IPOOB'.88 ll3Y'f8HBe HeKOTOph!X napnnalib!IhIX peaxnnll OCTa-

eTCH BalKHhlM Cp8ACTBOM AeTalibHOll IIpOBepu pa3llll'lHh!X TeOpeTH'l8CKHX MOAenell H npeA

nolIOlK8HHll. C STOA TO'lXB 3peHBSl 6o1Ibmoll HHTepec IIp8ACT8BlISIIOT Tp8X'l8CTH'l!Ih!e peaxnBH. 

'-incno 'laCTHll, Y'lBCTBYIOlllHX B STHX peaxnnnx, HeBelIHKO, H TeopeTH'l8CKH8 paC'leThI cyme

CTBeHHO YJIPOlllBIOTCSl. 

3xcnepHM8HTallbllbl8 ce11ea11H aae:60llee xopomo nccneAo·saHHhIX N .. N B IT -,N 

peaxne:ll yxa3allh! B Taonnna 19-25. Ha pnc. 10-13 npHB8A8HhI COOTB8TCTBYIOlllH8 HHTepno

llllltHOHHhI8 KpHBhle. 

Kax BIIAHO, 'lHClIO sxcnepuMeHTBllbllhIX TO'l8K H HX TO'lllOCT& B OOllaCTB T ::: 1 rsB 

BeCbMa H8B8lIHKB. 8 'IBCTHOCTH, oopamaeT Ha ce611 BHBM8HH8 CHIIbB'.08 pa3lIB'IH8 (npe:6nn-

3HT81IbHO B ABS pa3a) C'l8T'lBKOBh!X B K8M8PllhIX A8Hllh!X no IT-, N B38BMOA8ACTBHHM_. 

11TOOhI ny'lme onpeA8lIHTb SHepreTB'l8CKYI038BHCHMOCTb C8'l8HHll, B Taonnnax B 118 pncya

xax yxasallhI A8HHhI8 TaKlKe H AlISl ae6o1Ibml!X Slleprnll, BlllIOT& AO nopora. 
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Ta<lmma I9 

CeqeHl!e peaxmm p + p ➔ p + p + TIO. I ' 

T !.!ero.ll 0, KO I 
~289 MsB 0 

Ta<lmllja 20 

295 cI60 ..::0,004 
C e11eH11e pea11:1U111 p + p ... p + n.. + rr + 

313 cI60 0,006±0,004 
T !.!e:ro,ll 6".,.( 

cI60 

,. 

328 0,0!4±0,006 
350 cI60 0,0IB±0,006 

.:292,2 MsB 0 

360 cI60 o,os0to,008 
340 cpI65 0,28±0,I0 

374 cI60 o,04zo,or 
345 cpI66 0,43;t0,IO 

400 cI60 0,09±0,02 
365 cpI66 0,68±0,IB 

412 cI60 0,I2:t0,02 
38! cpI66 I,!5:t0,27 

445 cI60 0,20-1:0,02 
405 II-ITKI67 0,63±0,06 

458 cI60 0,30±0,03 
437 cI68 I,06±0/4 

485 cI60 0,45;!:0,03 
485 cI69 2,0±0,3 

507 cI60 0,7!:t0,05 
52! cI69 3,I-1:0,4 

53! cI60 0,841:..0,06 
557 cI69 4,5±0,4 

560 cI60 I,24±0,07 
584 cI69 5 ,5±0,5 

590 cI60 I,84-J:.0,D 
597 cI69 6,'.½0,5 

597 cI60 I,96±0,D 
609 cl69 7 ,0±0,5 

610 cI60 2,25±0,!3 
621 cl69 7,8±0,5 

622 cI60 2,6l±0,I7 
633 cl69 8,9±0,5 

630 cI60 2, 74±0,!6 
646 cI6g 9,9±0,5 

538 c160 2,90±0,IB 
650 B-ITKl6I I0,8±0,5 

645 cl60 2,93±0,17 
657 cl69 I0,9±0,5 

652 cI60 3,00±0,IB 
970 B-ITKl70 IB,3±0,7 

660 cl60 3,22±0,!7 
970 B-.D.KIB 16,4±.0,7 

650 B-ITKl6I 3,0:t0,3 
970 B-ITKI64 IB,4±0,8 

665 6160 3,24±0,!8 
2 rsB B-ITK22 l6,06t0,44 

735 cl62 3,46±0,25 
2,85 B-ITK26 II,44±0,65 

970 B-ITKl63 3, 7±.0,3 
970 B-.D.KIB 4,3.±0,5 
970 B-illtl64 3,B±0,35 

2 rsB B-lIK22 3,85.±0,22 
2,85 B-IIK26 2,90±0,3! 
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TaclJlll!la 2I 

Ce'lenae peaitlU!H -lf-+ p-» p +,r-+ '11' 0 , 

I,56 B-IIKI83 6,0t0,6 T L!eTO,lt 6', KO 2,6I B-IIK156 2,8±0}I 
'.3,86, B-IIK93 2,2It0,I 

.!I64,8 M3B 0 
276 \ B-IIKI7I o,oato,08 7) 
'.3IO cI72 0 ,I'.3:tO ,06xx) !mmuecuenTnaa Itallepa. 

xx) - - ( '.340±I5 B-IIKI7'.3 0 0 +o,o6 
EcTI, Dpl!ll8CI, OT peaiturut . :tr + \' _.. P +'It'+ • -0,04 

'.377 cl72 0 31+0,07 
• -0,04 

475 cl74 I,Ot0,5 Ta6Jll!!la 22 + _ 
550 cI74 I,8±0;5 Ceqemre peaKUHH n--+p- r\,.+'JI' +11'. 
557 B-IIKI75 2,75±0,'.3 T MeTO.ll 6', ... s. 604 B-IIKI76 4,98±0,54 --

604 B-IIKI77 5,0t0,6 :H72 M3B 0 640 B-JIK33 5,'.3±0,2 
210:1:7 ~184 O,OI5t0,00'.3 646 B-IIKI78 5,2±0,2 225t5 ~184 0,027±0,005 650 cI74 '.3,0±0,5 2'.3'.3t7 ~I84 0,05'.3±0,0I'.3 68'.3 B-IIKI79 '.3,99±0,5 246t6 ~184 O,I25t0,028 700 cI74 5 ,5±0,6 260 cl85 O,I4±0,IO 750 cl74 7,It0,6 264tI2 ~184 O,I6±0,06 76ItIO B-IIKI80 6, 75.tI,O 

B-IIKI7I 0 4+0,2 77ItIO B-IIK180 6,7±0,6 276 , -0,'.3 
775 ll-KI81 x 4,2 288tI2 ~184 0,28±0,09 
791 B-IIKI82 5,2±.0,4 
800 cl74 7 ,4:1:0,6 

cl85 810 B-IIK33 4,6±0,6 '.3I7 0,7I±O,I7 
830 B-IIK182 5,lt0,4 '.340±15 B-IIK17'.3 1,24±0,14 
850 cl74 6,8:!-0,6 '.365tl5 cl86 2,07t0;09 87I B-IIK182 5,0t0,5 '.365 B-IIK187 1,93±0,16 87I ll-KI8l 7 '.365 cl88 2,4±0,2 900 cl74 7,4±0,6 '.37I cIB5 1,93±0,'.37 925 cl74 7,5±0,6 '.374. cl88 2,6±.0,2 960 B-Illi84 7,lt0,8 417 cl88 '.3,'.3±0,'.3 975 cl74. 8,7±0,6 427 'cl85 '.3,'.36±0, 74 1,02 r3B B-IIK33 4,6±1,0 4'.32 cl86 '.3,26.±0,14 1,025 cl74 9, 7,t0,6 4'.32 cl88 4,0±0,2 1,05 cl74 9, 7±0,6 4'.35 B-IIK187 '.3,7±0,'.3 1,10 cl74 9,7±0,6 454 cl88 J,8:1:.0,4 1,15 cl74 I0,0.±0,8 466 B-IIK187 4,0:l:.0,'.3 I,'.32:r cl74 10,5:t0,8 480 B-IIKI87 5,0:l:.0,'.3 1;425 cl74 12,1±0,8 557 B-IIK175 5,01±.0,4 I,45 B-IIKI5_5 4,48±0,15 560 B-IIKI87 5,8±0,5 I,5 cl74 II,6±0,8 604 B-IIKI76 7,87±0,9I 

604 B-IIK177 7,I±0,8 
610 B-IIKI87 6,1±.0,4 
640 B-IIK33 10,4:tl,8 
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646 B-IlKl78 
7,5:t0,3 678 B-ITKI87 678 B-ITKI89 5,55:1:l,Ox · 

683 B-IlKl79 6,I±0,6 
691 B-IIK80 3,64:1:0,50 

761±10 B-IlKI80 7,5t0,8 
700 

. 
0

174 
3,6.t0,6 

771:tIO B-IlKI80 OtI,5 
835 cI74 3,5:l:0,6 

791 B-IIKI82 l3,7tI,O 
864 B-IIK80 3,58:1:0,70 

BIO B-IIK:ia 8,0t0,6 
I,II r3B cI74 i:,B±o,6 

830 B-1IR182 II,5t2,0 
1,n2 r3B B-IIR80 2,03:!:0,40 

87! B-IIKI82 
9,8:t0,7 
10,It0,7 -960 B-IIK84 x) 

I,02 r3B 
8,9:tI,O IlOJiy'leHo ltalt pa3HOCTI, IlOlIHOro ceqemrn po:1,1teH1U1 BC8X Hell:rpallI,HliX qac:rirn Oo 

B-IIK33 
9,1±2,0 11 ceqeH11& ynpyroro piCCe&i111a c nepe3apll.ltltoll 6"',., : 6"(n.'R 0 '11°) = G;,- Su . 1,45 B-IIKI5~ 

I,56 B-IIKI83 
6,45;1:0,17 3Ha'l8HIIH (5 c.t,. IlOJiy'l8Hll llH:C8lJllOJl~ll8ll 113Bec:rHHX 3ltCnepweH:taJII,Hl,IX ,llaHHHX. 

2,61 B-IlKl56 
9,0±0,8 

3,86 B-nK93 3,9±0,I 
3,I6t0,I3 T?-..0..Jll!ga 24 

~ + 0 
Ce'leH11e pea1trum TI +p..., p+,r +11' 

Ta<ln111~a2J 

Ce'leBl!e pea1tmr11 lT-+p-+ 11,;+ lT~+ll'•. T Me:ro.11 6', .. .i.. 

T Me:ro,11 6',».CS :f, 164,8 M3B 0 

357 ll'-IIKI90 
..:160,7 M3.B 

B-IlKl9I 
V 

365 B-IIKI87 
0 500 I,7±.0,8 

o,. 5t.0,5x B-IlKI92 ' 373 B-IIK80 500 I,8±0,2 
374 cl88 0,65t0,65 

500 0193 0,33:1:0,76 
375 cl74 I,3tO,I 

540 cl93 O,I0±.0,54 
417 cl88 0,6±0,6 

600 B-ITKI89 3,55:1:.0,53 
421 B.~1IR80 

I,5±0,I 
600 B-IlKI94 3,8±.0,3 

425 cl74 l,25t0,50 
650 cl93 l,J±0,43 

435 B-IlKl87 
l,2t0,6 

750 cl93 3 ,6±0,43 
454 cIBB l,65±.0,86x 

800 cl93 5,4:1:0,43 
466 B-IIK187 l,6t0,2 

820 B-IlK43 9,3±0,8 
470 B-IlK80 

2,4±0,9X 
850 cl93 7, 7±.0,43 

475 cl74 0,85t0,-75 
900 cI93 9,7±.0,43 

480 B-1IR187 
l,0±0,6 

900 B-IlK43 8,6:1:0,8 
560 B-IlKl89 

l ,05t0,9x 
910 B-ITKI89 II±.0,9 

568 B-IIK89 
5,65±1,0X 

950 cl93 I0,0±.0,43 
575 cl74 4,05±.0,80 

I,00 r3B cI93 10,0±.0,87 
592 B-IIK80 

3,9:1:0,6 
1,05 r:rn B-IlK43 8,9:t.0,9 

600 0 i74 3,42±.0, 70 
I,05 cl93 9,0±.0,87 

604 B-IIKI77 3,Jx.0,6 
1,09 B-IIK189 11±.I 

610 B-IlKl89 
5, 7±.2,2 

1,1 cl93 8,7±.0,98 5,l5to,92x 
1,2 cl93 10,0±.0,98 
1,26 B-IIKI89 II,8:tl,2 
1,3 cI93 I0,0±.l,3 
1,35 B-l!KIII 12,Cl.±,O,or 
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I,4 
I,46 
I,5 
l,8I 

2,61 
2,61 
3,36 
3,86 
3,86 

x) Ol!Il!Oxa qHc?o c?a?KC?uqecxaa. 

cl93 
B-IIK195 
cI9J 
B-IIKII3 

B-IIKII4 
B-IIK196 
B-Illtl97 
B-IlltI59 
B-IlltII7 

Tao~ 

IO, 7.zl ,3 
7,4±0,2 
9,7!:T,4 
7 ,O:t0,4 

2,79±0,10 
2,8::tO,I 
2,I5;t0,07 
2,&t.O,I 
2,3I:t.0,2I 

+ + + Ceqenue peaxIUm 1T + p ~ t'\., -t- 1r -+- 1r 

T Me:ro.D: 0
1 

M6. 

~ 172,3 M3B 0 
357 B-Illt I90 O,I2±0,0I 
500 B-IIK192 0,46±0,IO 
500 B-IIK19I I,I±0,6 
600 B-IIK189 0,7~0 1I7 
600 B-IIK194 o, 7±0,I 
820 B-Illt43 I,9.:t0,3 

900 B-Illt43 2,4±.0,4 
9IO B-Illtl89 2,8±.0,4 
1,05 raB B-m43 2,3:t0,5 
I,09 B-IIK189 2,6±0,5 
:r,26 B-Illtl89 4,6t0,7 
l,35 B-IIKIII 3,6t_0,02X 
I,46 B-IlltI95 3,3:±0,2 
I,8I · B-IIKII3 2,6±0,2 
2,61 B-IlltII4 2,4I±O,l5 
3,36 B-IIK197 ~,48±.0,05 
3,86 B-IlltII7 I,44±0,I6 

3,86 B-11Kl59 I,61:0,I 

x) On!l!Oxa qHc:ro c:ra:rHc:rHqecxaa. 
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Haprucy" C MAltCHMfM0M II nOCJieJl110mBM cnA,!t0M Ce'lellBII, IIMeJOmllMB 'IIICT0 CTATBCTK-

'18Clt08 nponCXOlKll8IIK8 (cp, § 2.1), BO .Bcex C8'181lBHlt 17-N B3aHMOll8IICTBIISIX Bf>n11a11 

saeprnll T '!. 0,8 n T '!. 0,8 rsB Haf>1JJOAA8TCS1 an0Mam,n1,1II pa3f>poc sxcnepnMenTanbHbIX 

TO'l8lt1 !tOTOpbIII MOJKll'.O anp011:CHMlJPOB8Tlo .IUIYMSl )lOnOllBBTenbHbIMII M811:CIIMYM8Mlf, flO-BB-

AHMOM}' 1 STO YJt83bIB88T na pe30naHCHblll xaprutTep 

TH'IBOM :n:anane. 

11-N B3811MO)l8ltCTBIIII B Tp8X'lac-

B C8'18BBSIX N - N B3Al1MOA8IICTBHII TAll:HX anoManul!; ne na6n10naeTCsi, 'ITO, B03MOl!CHo, 

CBS13A.HO C TeM, 'ITO 'lHCno H3Mepenul!; npu T ?., 1 raB B 9TOM cny-q:ae 0'18Bb Mano, . 

C noMOmbJO npeot5pa30Bamdl (2) l1 (3) nerKO nony'lHTb C8'18HHSI CTOnll:HOB8Hlllt C nelt

TpOBAMH H anTHffYKnonaMB, 

2,8. ilByXM830HHAH anBHrBnRllHSI 8HTIIBlltflOHOB 

8 3a1tn10'lenne lipHB8)18M s1tcnepHM8HT8llbHbl8 llAHHb18 0 C8'18HllHX AHHHrHnRllHH 

aHTBnpOTOHOB na ABS M830Ba, 3TB ll8HHb18 OTHOCSITCSl K noporoBolt sneprun T- 0 • r11e 

8HHHrHnstnBSl IlpOHCXOAHT B OCBOBHOM H3 CBH38HHOro COCTOS:tHllSl llpOTOHa H 8HTHnpOTOH8 

laBTHnpOTOHHS!), 8 0Tnli'lll8 OT 8HHIII'llm!ll11H Banezy· B 9TOM cny-q:ae HMeeTCSI )l0llOflHHT8flb

B08 ycnol!CB8HHe, CBH38BH08 C BflHSIBH8M npaB11n OTt5opa B 8BTHllpOTOHe, O11saKo, no Kpall

eell Mepe llflSl napbl .,+·+:17 -, Ce'leHHe aBHHrnnnsinnH BaneTy Mano OTflH'laeTCSl OT aHHllrH

llRllHII H3 CBSl38HHOrO COCTO!IBlISI, Tait, llpH T -0,47 fss 

u·(pp -+ .,+.,-)/u a0,2~ 
In 

IlpH 

T = 0,92 

U ( pp -+ IT+j,.-) / U a ( 0,25 + 0,05) % 
In -

31tcnep11MeBTanbHOe nccne110BaH11e 8HBHr11nmtBII aHTIIHyltflOHOB Ba )lBe 'l8CTHUbl npellCTAB

flHJOT, B 'l8CTHOCTB, t5onbwoll BHTepec )lnB ycosepwenCTBOBAHHH CT8TllCTB'18C1tOII TeOpBH 

neynpyrnx B38BMOll8ilCTBBil H nccnenoaannsi paanH'lHblX CXeM yBBTapHoll CHMM8TpBB 

/188/ 
(CM., nanpnMep, ) • 
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Ta<lmiga26 

Cet1eH1U! noporoBoil aHHllrlllll!IU!ll aHTllllP0T0Ha Ha ,JUie qacTJmll: 

p+p ~ XL+X'l.. 

KoHe'lH!le 'laCTll~ o/6~¼ ll11TepaTypa 
X + X 

TI++ 11"- o,395±.0,0J8 
x) 198 

f +lf- o,8 ±. o,3 199 r-+ 1T-t 0,9:t.0,3 199 
p° +1io o,9±. o,J !99 

fo+f_ ~0 200 

I('"+ K o,IJu.o,oJ8 198 

Ko+ R· 0,056±..0,008 198 

Kt+ Kit-=. 0,0Jlt.0,006 201 

p• + w -~· ~ ~ ~6,:_0,3 200 

x) 
!Ipu 3Heprllll T=7 r3B 0TH0Cl!T8lll,Hall Belll!'ll!Ha ,n;Byxnl!OHH0il 

aHHllrllll/ll\!1!1 < 0,057 !45 • 
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