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B mporiece X KJI CTepH3 LHH SIEPHOTO BEIIECTB B JIETKUX AP X 0c00 s poib NPHH JUIEXKUT SAPY
8Be. Uepes 3To cocTosiHMe oOp 3yeTcs 3 METH & JIONSA -4 CTHI[ — (bp TMEHTOB BCeX PeATHBHCT-
CKHX sep. B 0630pe OCHOBHOe BHHM HHE YHENIECHO dKCIEPUMEHT JIbHBIM OCOOEHHOCTSIM BBIIEIICHHS
sgep SBe mpu ¢p rvenT muu penstuBuctckoro sap OB K K jeru iimero sap , B KOTOPOM 3TOT
KIT CTep MOXeT o0p 30B ThCS. P CCUMT HBI BepoATHOCTH OOp 30B HHA siep SBe MpH bp TMeHT -
wn pensusuctekux suep 10B,12C, 160 u nposeneHo cp BHEHHE 3THX P CYETOB C OKCIIEPUMEHTOM.
ITox 3 HO, YTO MBI, B OCHOBHOM, IIp BHJIBHO HOHHM €M MeX HHM3M OoOp 30B HHS dTOrO KJI cTep IIpu
(p I'MEHT MU PETATUBUCTCKUX 4fiep, T K K K P CUEThI, IPOBEIEHHBIE H OCHOBE TUX IPEACT BJIECHH,
HOATBEPXK] I0TCS DKCIIEPHMEHTOM.

In processes of the clusterization of nuclear substance in light nuclei the special role belongs to
the nucleus of ®Be. Through this condition state a lot of a-particles, as fragments of all relativistic
nuclei is formed. In the review the basic attention is given to experimental singularities of selection
of nuclei 8Be at the fragmentation of the relativistic nuclei 1°B as lightes nuclei, in which this cluster
can be formed. The probabilities of formation of the nuclei 8Be are calculated at the fragmentation
of the relativistic nuclei 9B,12C, 160, and the comparison of these accounts with experiment is
carried out. It is shown, that we in basic correctly understand the mechanism of formation of this
cluster at fragmentation of the relativistic nuclei because of these representations, are confirmed by
experiment.

BBEJIEHUE

®du3nK KJI CTEpU3 IMH SIEPHOTO BEIIECTB , T.€. 00p 30B HUE €ro CrycTKOB,
KJI CTEPOB M3 POIAMTENBCKOIO AP B SAPO-AEPHBIX B3 MMOAEHCTBUSIX IPU BBICO-
KUX 9HEPIUSAX, B IIOCIEJHEe BpEMsS IIPUBIEK €T BHUM HHME HCCIENOB Tenei [1-
4]. DTO CBA3 HO HE TOJIBKO C HHTEpecoM K MpobieMe HyKIeocuHTe3 [5] u
MOHMM HHEM OOLMX MpoOieM MHOroY CTHYHBIX cucTeM [6], HO W c Teopuei
cynepctpyH [7], ¥ C TMOCIEIHUMH OTKPBITHSIMH KOHJIEHC T 003e- U (pepMmu-
y crul [8,9].

SIcHO, 4TO HYKJIOHBI B sipe He CBOOOAHBI. DTO CKOpee «KB 3MY CTHIIBI».
OnHu OKpyXeHbl 001 KOM JIpYrMX HYKJIOHOB. KB 3M4 CTHI] eCTh AMH MHYECK S

*http://hepd.pnpi.spb.ru/ofve/nni/nni.htm
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cucteM (OC) Tunm notok [10], UCOBITHIB 101l 51 IOCTENOB TEIBHOCTH C MOIPO-
W3BOJIBHBIX TIPEBp INEHMA B cBoeM ¢ 30BoM mpocTp HctBe. B Teopun OC (THC)
®TO €CTh ONHON p MeTpuduecK s rpymm npeodp 30 Huil. Ilo cyru, TOC sBms-
eTcsl ONHUM U3 P 3/1eJI0OB COBPEMEHHOI M TeM THKH, BBIBOI MH KOTOpPOW MbI Oy-
JIEM TI0JIb30B ThCsl, HE YIIYOJISiSICh B MX IOK 3 TeJIbcTBO. KOHEUHO, ¢ TOUKH 3peHust
tpuzukm s TOro, YTOOB! ONMUC HUE SIAP H SI3bIKE KB 3UY CTHIL OBLIIO XOPOLIUM U
B K KOW-TO CTENEHU COIVI COBBIB JIOCh C DKCIIEPUMEHTOM, H 10, YTOOBI Bpems Cy-
IIECTBOB HMS KB 3W4 CTHUIl ObUTO OOJBIIMM. MBI K 3TOMY BOIIPOCY €Ille BepHeMcH,

IOK XOTenoch Obl OTMETHTH B3 MMOCB:3b TJC Cc H MBHOW I PTOHHOW MO-
JIeTIbI0 MHOXKECTBEHHOTO POXIEHUS 4 CTHIl B APOH- JPOHHBIX B3 MMOJEHUCTBHUSX
IIPU CBEPXBBICOKUX aHeprusx [11-13]. DTo uHTEpecHO He TOJIBKO MOTOMY, YTO
MOUCK B3 MMOCBSA3U SBJIEHUI €CThb OCHOBHOE COHEpXK HHE H YKH, HO, IJ BHBIM
o0p 30M, elle W MOTOMY, YTO T P T W NPEACT BIEHMS, ONKCHIB omue ¢p r-
MEHT LU0 KB PKOB M [POHOB, OyIyud NMpPUMEHEHHBIMH K OITHC HMIO IMPOLECC
(p T™EHT LMK pEeNATUBUCTCKUX SIep, MO3BOJSIOT MOMYYUTh, P CCUUT Th KOJIH-
YECTBEHHBIE X P KTEPUCTHKH CCOLM LU HYKJIOHOB, KJI CTEPOB — (pp T'MEHTOB
9THX siJiep, H OJII0 IOLMXCs B DKCIIEPUMEHTE.

H uBH 4 11 PTOHH % K PTHH MHOXECTBEHHOTO POXIEHHI 4 CTUIl Wi p I-
MEHT UMM PENITUBUCTCKOrO AP MPOCT W MOHATH . K XI 4 pe JIbH 1 4 CTHIL
( IpoH, KB PK, SpO, HYKJIOH) B CBOEH COOCTBEHHON cHUCTEMe MOKOSI BCET OKpY-
XKEH KB HT MM IIOJISl CUJIBHOTO B3 MUMOJIEHCTBHS, TOYEYHBIMU, OE3M CCOBBIMU Y -
CTHL] MM, KOTOpbIE H 3bIB I0T I PTOH MH. K XIblii M3 I PTOHOB XHUBET B COO-
CTBEHHOI1 cucTeMe NOKos B Teuenune ~ 10724 ¢. O6m ko n PTOHOB HENPEPBIBHO
U3MEHSET CBOH BHJ U COCT B, COXP HSIl IIPU OTOM KB HTOBBIE YMCI H 4 JIBHOTO
cocTosiHUS (4 CTHLBI). BpimonHseTcs npu Bcex mpeoOp 30B HHUSAX I PTOHOB U
3 KOH COXp HEHMS MUMIYJIbC . A 3 KOH COXp HEHUS DHEPIUH IPU 3TOM MOXET
ObITh H pYIIEH B Ipefei X U H Bpems, JOMYCK eMoe IPHHIMIIOM HeOoIpejielieH-
HocTH. Bce m pToHBI B3 MMOCBSA3 HBI, KOTEPEHTHBl. B03MOXHO BO3Bp IlIEHHE B
o0yl TOYKY ¢ 30BOTO MPOCTP HCTB B COOTBETCTBUH C Teopemoil Ily HK pe o
Bo3Bp wweHun u3z THAC.

DTO MPOCTp HCTBEHHO-BPEMEHHOE OIUC HUE YIBTP PENATUBHCTCKHUX AHpO-
SJIEPHBIX CTOJIKHOBEHH coiepxurcsd B npekp cHom o063ope K.Teiirep [11] u
B MoHorp ¢un P. @eitunm H [12]. Hcnons3oB Hue 1 PTOHHOI K PTUHBI ¢p I-
MEHT UMM PENIITUBUCTCKUX SJEP, B OCHOBE KOTOPOW JIEKHT TMIIOTE3 O TOM, YTO
MocIie B3 MMOJEHUCTBUS B ®KCIEPUMEHTE MBI H Oyo[ eM (hp TMEHTBHI C TeMH X -
P KTEpUCTHK MU, KOTOpbIE OHH UMEIU B 4ApE IO €r0 B3 UMOIEWUCTBHSA C APYTUM
SIpOM, TM03BOJWIH B p 60T X [13—15] mpesck 3 Tb He TOJNBKO KOHCT HTHI YIVIO-
BBIX U HUMIIYJIbCHBIX P CrpefeseHuil ¢p IMEHTOB, HO U BBIYUCIUTH BEPOSTHOCTU
H OJrofileHuid OmpeeSieHHbIX (Pp TMEHTOB. DTO U OyIeT OCHOBHBIM COIEPX HHEM
0030p .

Snpo ®Be K K bp IMEHT PENATHUBUCTCKOIO A1p 0COOGEHHO YIOOHO IS T KHX
HCCIIeJOB HUM IO paay NpUYMH. Bo-niepBbIX, OHO MOMYd €Tcd HEMOCPEICTBEHHO U3
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PETSTUBUCTCKOTO AP , , H MPUMEP, -4 CTHLIBI M IPOTOHBI MOTYT HCITYCK ThCA
elle M U3 T K H 3bIB eMbIX «IIpedp rMeHToB» [16], T Kux X K °Li, ®He unu ot xe
8Be. Bo-BTOpBIX, K K MBI YBHIUM [ Jie€, TO SpO H JEXHO MAEHTUDUIUpYeTCs
B (hOTO®MY/ILCUH. DKCIEPUMEHT JILHO () KT CYIIECTBOB Hus sip SBe ycT HOBWI
k. A. Yuuiep B 1940 r. OH usyy 71 p ccesHue -4 crun B renuu [17]. Hm
ObLIO MOK 3 HO, YTO JIBE (-4 CTHLbI, H OMION I0IIMecss B KOHEYHOM COCTOSIHUH,
BO3HHUK IOT M3 JBYX MET CT OWJIBHBIX COCTOSIHWI C YETHBIM ITOJHBIM MOMEHTOM U
MOJIOXKUTENIbHOM YeTHOCThI0. OnpeneneHHble UM dHepruu 3Tux cocrosduuid (0,125
u 2,9 M3B) u mpunsl ( ~ 100 3B u 0,8 MaB) M 710 OT/IMY 10TCS OT COBPEMEHHBIX
I HHBIX O HU3LIUX COCTOSHUSX AP 8Be, npuBeieHHbIX B [18].

® KT cymecTBoB Hud aAp SBe B NPOAYKT X p CLIEIUIEHMs Sep 4 CTULl MU
BBICOKUX ®Hepruid 6bu1 ycr HobjeH B 1950 r. [19]. Drot »T 1 uccienoB HUsl npo-
mecc JeT JbHO omuc H B MoHOrp ¢um [20]. PerucTpupoB juch I pel (-4 CTHUIT
B COOBITHSIX P CIIEIUIEHHUS SIEp B ®MYJIbCUSAX, OOIydEHHBIX Y CTHIl MU BBICOKHX
SHEPIUil KOCMUYECKMX Jiyyeii. ® KT NpuUH JUIeXHOCTH 3TOM 1 pel p cn 1y SBe n
JIB€ (-4 CTHULbI YCT H BJIMB JICS BHU3Y JIbHO U ObUI B HEKOTOPOU CTeleHH CyObeK-
THBEH. YTOJI MEXIy CJIe[] MU IBYX (-4 CTHUI[ JOJIXeH ObITh M JT — 3T0 20-30 Mpan
(TIpM M30TPOITHOM P 371eTe 4 CTUI A HHoro Tun ). Kpome Toro, p 3HOCTh Ipobe-
TOB U CTHUIl JOJKH OBITB M JI , OIIITH XK€, 110 OLIEHKE OIep Top .

B 310 Xe BpeMsl B ®MyNIbCHSIX, OOTYYEHHBIX Y CTHI[ MH KOCMHUYECKHUX JIyuei,
u3yd much p ci gl THn SLi —8 Be + e~ — 2o+ e~. B aTHX COOBITHIX SApO
8Li ucnwIThiB eT (B-p cm 4 3 Bpems ~ 0,84 ¢, oCT HOBUBLIUCH B (hOTOCIIOE,
notom yxe SBe p cm 1 erca H JBe q-4 CTHIBL. BWIHO X p KTepHOE cOOBITHE
TUIl «MOJIOTK » U ciie ai1eKTpoH [20].

EcrecTBeHHO, YTO C TOSBJICHHEM ITy4KOB PEIATHBUCTCKHX Sep HHTEpec K
HICCIIEIOB HUAM oOp 30B Hud saiep SBe Bozo6Hosuiaca [21,22]. H nuume x H 1
8Be — 2a 6bUIO yCT HOBJIEHO M NPU (Dp TMEHT LMHU SAep CBUHIl C ®HEprueit
160 I'sB/nykiion [23]. B atux p 60T X cOOBITHS BBLIESUTICH 110 HPOCTP HCTBEH-
HOMY YIIy MEXIy CJied MM 4 CTHL, TpH (p IMEHT MU CBHHI[ C 3HEprueu
160 TsB B [23] — mo yI1y MeXay MpOEeKIUSIMHU CISIOB H IUIOCKOCTh SMYJIbCHU.
OTMeyeHo, YTo 10715 coOBITHIA ¢ (hp rMeHTOM SBe BelMK B JIETKMX SAp X M CT -
HOBHUTCSl MEHbLIE NPH (Pp IMEHT LUM TEXesbix syiep. OxH Ko 9TH H OJogeHus
HE COMPOBOX/ JIMCh K KMMU-THOO P CUeT MU BeposTHOCTeii o6p 308 Hus SBe
I HHOM KOHKPETHOM siipe. DTo M OyaeT moapoOHO M3IOXEHO [ jiee IPHMEHH-
TenbHO K p rMeHT muM pensatusuctckux aaep B, 2C u 0. B uux adexTs
KJI CTE€pU3 UM JIOJKHBI OBITH OCOOEHHO BEITUKH.

B p 31.1 Gonee mompoOGHO p CCMOTpeH (PU3UK KJI CTEPH3 LU SICPHOM
M TEpHUHM, INOJy4EeHbl KPUTEPHUH, 110 KOTOPHIM MOXHO OyaeT BbLIEIUTh K H JI C
0B — 8Be 4+ all — 2a + all npu ¢p rvent muu B c sneprueii 1 ToB/nykion.
B p 31.2 U3I0KeH IpoLelyp OlEHKH BEPOATHOCTH oOp 30B Husd suep °Be.
TpuBeneHsl aTH OLeHKM i ¢p rveHT 1 aaep 12C — 3a u 10 — 4a. B
p 30.3 p ccM TpHB I0TCd pe3yasT Thl aKcniepumeHT B JIBD OMAU. U, H xonew,
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IMPOBEACHO Cp BHEHHE J HHBIX KOHKPETHOTO DKCHEPHUMEHT C TEM, YTO CICAYCT U3
P CYETOB U MPEACK 3 HUH U3JI0XKEHHON K PTUHBI KJI CTEPU3 LHUU AAEPHOIO BEIIC-
CTB .

1. ®PU3UKA KIIACTEPU3AIIMU AJEPHOI'O BEIIIECTBA

K K 3TO yXxe g9CHO U3 BBEJEHHUS, ILUPOKO P CIpPOCTp HeHHoe (cM. [24]) npen-
CT BJIEHHE O TOM, 4TO Ipouecc (p I'MEHT LMU PEIATUBHUCTCKHX AlEp U UCILYyCK -
HUS SIIPOM-MHIICHBIO ()P I'MEHTOB IpU OOJYYEHUM MHUIIEHH 4 CTUI[ MM BBICOKHX
9HEepruil sKoObl UAET H BTOPOM BT Il BO3OYXXIEHHBIM SIDOM,  3TO BO30YyXjie-
HHME MPOMCXOOUT H IIEPBOM BT Ie B3 MMOIEUCTBUS OBICTPOM Y CTHUIBI C SAPOM,
gpigeTcsd omnOo4YHbIM. HeT HMK KMX ®KCHEpHUMEHT JIbHBIX A HHBIX O TOM, YTO
MPOXOAUT K KOE-TO BPeMs MeXIy OBICTPBIM IPOLIECCOM MHOXECTBEHHOIO POXKIe-
HUA 4 CTHLl H MEPBOM 3T I1€ U MEUVIEHHBIM IIPOLECCOM «HUCII PEHUSA» Y CTHUL] WIU
OBICTPBIM XK€ P CIT JOM BO30YXIEHHOIO sjip H BTOpoM oT ne. I , T Kue mpen-
CT BJIEHHSI MOTYT OITKC Th MOCT( KTYM TO, YTO H OJIIOJ €TCs B DKCHEPUMEHTE IpU
nop6ope HEKOTOPOIo YMCI CBOOOAHBIX I p MeTpoB. Ho 3 MHOrue roasl cyiie-
CTBOB HMSl DTOH «TE€OpPHW» €H HE YA JIOCh BB Th K KHX-THMOO KOIMYECTBEHHBIX
HPEICK 3 HUU HOBBIX SBJICHUM.

Bonee Toro, ox 3 j0Ch, H IIpUMEpP, YTO CpeHee YHCIO MEVIEHHBIX Y CTHII,
HOJTyY IOWMXCH IPU P CLIEIUIEHUU S1ep B (DOTOSMYJIBCHU Y CTUI] MU BBICOKHX
9HEpIuil, T KX YIJIOBbIE U MMIIYJbCHBIE X P KTEPHCTHUKU OTHX 4 CTHUILl HE 3 BH-
CAT HU OT HEPIUU, HU OT M CCBI IEPBUYHBIX U cTUL. Y 9TO B MUHTEPB Jie 9HEPIrUil
nepBuyHbIX 4 ctull oT 1 go 200 B u ux 3 pagoB ot 1 (npoton) go 82 (cBu-
Hew). Yem Obl Mbl HU JEUCTBOB JIM H SLIPO-MHIIEHb, «dHEPTUS BO30YXJICHUSI» €ro
OCT eTcs MOCTOSHHOM.

DKCHEepUMEHT JIBHO MOK 3 HO, YTO IPU (Pp TMEHT LIUH PeSIITUBUCTCKOTO SI/Ip
22Ne ¢ umnysbcom 4,1 TeB/HYKIIOH P cHpejie/ieHHe MONEPEYHbIX UMITYTbCOB BCEX
(bp TMEHTOB COBII [l €T C TEM P CIIpeAeieHHEM, KOTOPOE JIOJKHO ObITh, €Ciii Obl
K XIblil p T™MeHT GbUT «Cilyd iiHO» cOOp H M3 HYKIOHOB sap 22Ne 10 ero B3 -
HUMOJEHCTBHA C SOpoM B (poToaMYIIbCHH [25].

Bosuuk et psu BorpocoB. ITouemy criocOGHOCTh K «CJIMIT HUIO» HYKJIOHBI
NpUOOpeT 10T TOJIBKO H BTOPOM 3T II€, YTO NMPEIITCTBYET 3TOMY P HbLIE, 10 CO-
yI peHus ¢ OBICTPOil U cTUnEei? A TIT BHOE, YTO XK€ 3 CT BIJISIeT HYKJIOHBI BOOOIIEe
00p 30BBIB Th «KB 3W4 CTHIBD»? M3 [6] gcHO, 4TO 3TO OOYCIOBICHO CBOWCTB MU
KOHCTUTYEHTOB CHUCTEMBI MHOTUX Tel. B H IIeM cilyd e cucteM MHOIUX Tell COo-
CTOUT M3 hepMH-4 CTHIl IIPU HYNIeBOH Temmep Type. Kpome Toro, 3To cuctem
Y CTHIl C U30TONUYECKUM CIIMHOM HOJIb M €IMHMLl . 3H YHUT B OflHOU sueiike ¢ -
30BOTO MPOCTP HCTB /i MOXET H XOAUTBHCS TONIBKO YETHIPE HYKIOH C P 3HBIMU
KB HTOBBIMH YHCII MH. DTO IMPOYHOE OOp 30B HHE W3 YEThIpEX HYKJIOHOB U €CTh
-k crep. OH XHMBET 3H YHTEJIBHO JOJIbIIIe, YeM, H MpHUMep, CJyd HHOoe o0p 30-
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B HME YeThIpeX HEHTPOHOB B S1pe, WIN TPEX HEUTPOHOB U OHOTO NPOTOH M T. .
BepostHO T KxXe 0Op 30B HHME KJI CTEPOB U3 [OBYyX HYKJIOHOB C IPOTHBOINOIOX-
HBIMH CIIMH MU WJIM W30CIHMH MM (JEWTPOH), HO OHHM OyHyT XWUTb MEHbIIE, YeM
Q-KJI CTEpBHI.

A nocne oOp 30B HUS IABYX (-KJI CTEPOB B OJIHOM SIp€ OJHOBPEMEHHO BO3-
HHUK €T COBEpIIEHHO HOB $l CUTY LS. DTH KJI CTEpbI yXKe sSBISIIoTC 003e-«KB 3H-
g ctuil Mu». OHE OynyT oOp 30BBIB Th MMONOOME KOHJEHC T , OYOyT CHIETh H
OIHOM M TOM K€ DHEpPreTHYecKOM YpPOBHE, H YHYT 3(pheKTHBHO B3 MMOIEUCTBO-
B Thb. W, K K IOK 3 JIU 9KCTeprMeHTHl Yuwiep [17], oOp 3yI0T pe3oH HC — sSapo
8Be. K K 4 CTO 3TO IPOMCXOIUT B TOM WM HHOM SJPE, MBI U GYIeM MCCIIEIOB Th.
AT KK K JIeJl Th 3TO MBI MOXKEM TOIbKO MO HPOAYKT M p cil A sap SBe — 2a,
TO B XHO XOpOLIO 3H Th T€ 3 KOHOMEPHOCTH, KOTOPBIM CJEIyIOT 3THU C MbIe
Q-4 CTHLBI BOOOIE. 31ech MMeeTcsd IOBONIBHO MPOYH 1 K K TEOpEeTHYecK 4, T K
1 9KCIIEpUMEHT JIbH 51 0 3 .

B p 60T x [26,27] M0 W3y4eHHUIO DHEPTETHYECKUX U YIJIOBBIX P CIIpEAEIeHUI
(bp IMEHTOB, UCIYCK €MbIX sIp MHU-MHUILEHSMU IpH OOJyYEHUH HMX IPOTOH MU
BBICOKUX BDHEPIHii, pe3yJabT Thl KCIEPUMEHT OINCBHIB JIUCh B INPEIIOI0XEHHUH,
YTO OHM HCITYCK IOTCS BO30YXIEHHBIM SAPOM, ABIKYLIMMCS B J OOp TOpPHOH cH-
CTeMe C HEeKOTOPOil CKOPOCTBIO IO H TP BIICHHIO UMIIYJIbC IEPBUYHOIO IPOTOH .
Y0BIETBOPUTENBHOE ONUC HHE 3KCIIEPUMEHT JIBHBIX I HHBIX JOCTUT JIOCH OAO0-
POM IEBSATH CBOOOJHBIX I p MeTpoB. Il K KIOro ®KCHEPUMEHT BTH I P METPbI
OK 3BbIB JIUCh HE COBII [ IOIIMMH JAPYr C APYTOM, U UX 3BPUCTHYECK S LIEHHOCTh
ObUT 1p KTHYECKH p BH Hymo. [Ipenck 3 Th pe3ysbT Thl HOBOIO dKCIIEPUMEHT
OBIJIO HEBO3MOXHO.

Hcnonb30B HUE 1T PTOHHOW K PTHHBI (bp TMEHT IMU Siep K PAUH JIBHO Me-
HSET 3Ty CUTy Luio. [ ONUC HUS YIJIOBBIX M MMIIYJIBCHBIX P CIIpelereHuit
(p T™MEHTOB peNnITHUBUCTCKUX daep (M (pp TMEHTOB daep-MHILIeHelH) OK 3bIB eTcd
JOCT TOYHO UH(OPM LUH 00 OCHOBHOM COCTOSIHMM (PP I'MEHTHPYIOLIErO Sap 10
€ro B3 MMOJIEHCTBUS C APYTUM SAPOM (WU B3 MMOIEHCTBHS C MUIIEHBIO OBICTPOTO
npoToH ). H M HyXHBI CBOHCTB p CIpeNeleHHi I p -4 CTHIL, HCIyCK €MBIX
anpom '°B ¢ smeprueii 1 T'sB/HykioH, KoTopele U GyaeM cp BHUB Th C 9KCIIe-
puMeHTOM. [IOK XeM, 4TO TH CBOWCTB MOTYT OBITh ITOJIydeHbl 0e3 K KUX-JIMOO
CBOOOJHBIX I P METPOB, HO NPU HEKOTOPBIX MPEANOIOXEHUSIX, CIIP BEIJIMBOCTD
KOTOpPBIX Oy#eT NpoBepeH Cp BHEHHEM IPEACK 3 HMil C BKCIIEPUMEHTOM.

Ut K, mpennon r em, YTO SAPO €CcTh CUCTeM (PepMU-4 CTHL, HMMITYJIbCHOE
MPOCTP HCTBO KOTOPBIX €CTh I P C p AUYCOM Pp, ANCHEpCHs UMITYJIbCOB HYKIIO-
HOB B siipe p BH 03 = PZ%/5. 3uech Pp — 9T0 M KCHM JIbHbIii UMITy/be Depmu.
Ero MoxHO onpenenuts, H IpUMep, IO P CCESHUIO dJIEKTPOHOB H 4ap X [28]. B
OOBIYHOM IIPOCTP HCTBE HYKJIOHBI SIP C M CCOBBIM YMCJIOM A 3 HOJHSIOT I P C
p maycom R = rgA'/3. KoHeT HT 7o A p 3MMUHBIX S7ep T KXKe ONpelensercs
B OKCHEPUMEHT X IO P CCEAHUIO P 3JIMYHBIX Y cTUL H daap X [29]. @ 30BbId
obbeM (2, 3 HUM eMblii A HYKJIIOH MM, P BHBIH MPOM3BEACHUI0 OGBIYHOIO OOD-
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eM I p H o0beM MPOCTP HCTB HUMITYJIbCOB, JOJIXeH ObiTh p BeH 4AA. Torn
MOJIyd €M, YTO
(97.‘_)1/3

— 1
Nl 1)

oogro =
win ogrg = 134,422 (MaB/c) - ®Owm.

B p 6ote [25] npu ¢p rMent uuu saep 22Ne ¢ ummynscoM 4,1 TeaB/HyKnon
9KCHEPUMEHT JIbH s oLeHK oo = (102,5 £ 2,5) MaB/c, B TO BpeMs K K OXHJ e-
MOe€ 3H YEeHHE 9TOU BeIUYUHBI U3 umiynsc Pepmu p BHO 105,1 MaB/c. U T kue
MOATBEPKICHHUI OXHJ eMOW BEIWYUHBI 0 MOIYYEHBI B psife dKCIIEPUMEHTOB.

C Mmple o0mue cooOp XeHHs O BHAE BOJIHOBOH (DYHKIMH HYKJIOH B sifipe
NPUBOIIT K BBIBOAY O TOM, YTO IPOEKLUS HMITYJIbC HYKJIOH H IIPOU3BOJIbHOE
H IIp BJIEHHE B MPOCTP HCTBE JIOJLKH OBITh P CIIpe/ieSieH HOPM JIBHO CO Cpel-
HUM, P BHBIM HYJIIO, U quctiepcueii o2. B p 6ote [30] 10K 3 HO, 4TO ecnu u3 sip ,
uMerIero A HyKJIOHOB, WIS KOTOPBIX BEKTOPH S CYMM HX HMIIYJIbCOB P BH
HYJIIO M JUCHIEpCHs UX P CHpeeNieHus p BH 03, cllyd WHBIM oOp 30M U3BIeub k
HYKJIOHOB, TO JUCIIEPCHsl BEKTOPHOIH CYMMBI 3THX BBIOOPOK OyneT p BH

) KA

= 2
Ok =001 ()

ITo cymecTBy, 3TO 4nuCT 1 KOMOUH TOpuK . CooTHOmIeHue (2) H 3bIB €TCA I -
p Gomuueckum 3 KoHOM ['onbax Gep. OH BbIIEPXK J1 MHOXECTBO DKCIIEPUMEHT JIb-
HBIX MPOBEPOK U ObLI, B OCHOBHOM, IOATBEPXIEH MUMH. SICHO, YTO €CiU MBI IpU
¢hp r™MeHT UM JI0O0r0 PEeNITHBUCTCKOIO SOP C M CCOBBIM YHCIOM A IONyYUM
ISl K KAOro ()p I'MEHT C YHCIIOM HYKJIOHOB K OIIEHKY MPOEKIHH IONEepeYHOro
umnyase P H  mmockocTs amyinbcun P, = kPytgp 10 u3MepeHHoMy yrily ¢
MEXIy H Ip BIEHHEM HMIYIbCc Fp H HYKJIOH NEpPBUYHOIO SAp U MpoeKIuei
P} H mnmockocTe aMysIbCUH, TO CITyd HH 4 BEJUYUH

3)

JOJIKH OBITh p CIIpEleJIeH HOPM JIBHO CO CPEIHUM, P BHBIM HYJIIO, ¥ IUCIIEpCHEi
02 JUIsl 9TOTO PENATHBUCTCKOTO ap . B p 6ote [25] mok 3 HO, 4TO jyist Gonee yeM
6000 ¢p rventos aap 22Ne rumores HOPM JHHOCTH P CIpeneneHus Bemdut (3)
B 9KCIIEPIMEHTE HE OTBEPI €TCH.

Koneuno, p crpeneneHyne ¢ MUX MONEPEYHBIX UMITYIILCOB (Dp IMEHTOB peJs-
TUBUCTCKMX siep © = P, wiM yrjioB BbUleT ¢p I'MEHTOB x = 6, JOJIXHO Clle-
JOB Tb X2-P CIIPEENICHUIO, WIN P CIIpefesieHuIo Panes, MI0THOCTh BEPOSATHOCTU
KOTOPOTO €CTb

f(,0) = 55 exp (=a?/20%), )
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(yHkuus p crpeneneHus
F(z,0) =1 —exp (—x2/20?). 5)

Ina snp  '°B ummynsc ®epmu B [28] He usMepancs, HO 110 A HHBIM [31] s
Hero BenmuyuH 1o = 1,54 @M. W3 ck 3 HHOTO CJielyeT, YTO p CIpejesieHre YIJIoB
BBUIET -4 CTMI TIpH ¢p ™eHT umuu sgep °B ¢ ummyabcom H Hykion Py =
1696 MbaB/c pomxHo ciefoB Tb p crpeneneHuo (4) ¢ KOHCT HTOM gy = 21,0
Mmpag. Ho aTO TOMBKO MHKITIO3MBHOE p CIIpesiesieHHne BCeX (-4 CTHIl B Ipolecce
0B — 2a +4all. A u ¢ 6yIyT MHTEPECOB Th YIJIBI MEXIY ABYMS (-4 CTHII MH K K
B 9TOM Mpolecce, T K M B MPOLecce 11 p T KMX Y CTUI IIpU P ¢l e SBe — 2a.

Ecnu 661 T Koe aapo, K K 9B, p cn a jock no k By B — 2a + d
um 1B — 2a + p + n npocto no ¢ 30BoMy 06beMy, Gylaydu BO30YXKIEHHBIM,
TO IIPU T KOM M JIOM YHCIIEe Y CTHI KOHEYHOTO COCTOSHHMS MEXIy MOINepeyHbIMH
UMITYJIbC MM, 3H YUT, ¥ MEXIy YIJT MH BTOPUYHBIX Y CTHIL HEU30€XHO JOIKHBI
ObITh CUIIbHBIE KMHEM THYECKHe Koppemsuun. Torn p crpenesieHne yriioB MexXIy
MHTEPECYIOIMMHI H C (-4 CTHLl MU H 10 ObLIO OBbI BEIYUCIISATH, MOIEIUPYS P CI 1
anp °B 1o ¢ 30BoMy 06beMy NpHU omnpesieieHHON HEpruM BO3OYKIEHHS, T. €.
MPUILIOCH Obl BBOOWTH HEKHWil MMOATOHOYHBINA I P METpP, OT KOTOPOTO 3 BHCEN Obl
CPeIHMI yroi MeXmy I poil 3TUX U CTHII.

A ecnu H G0 eMble B KOHEYHOM COCTOSTHUH Pe JIbHbIE U CTHILIBI €CTh TOJIBKO
HEeOOJIBII 5 Y CTh OOJI K II PTOHOB C HEOIPEIETEHHBIM YHCIIOM Y CTHI, JUISl KO-
TOpPOTrO BEKTOPH s CyMM BCEX UX IOIEpPEYHbIX WUMILY/JIbCOB BCErJ P BH HYIIIO,
TO KOppessiUMii MONEepPeYHbIX HMITYJIbCOB 4 CTHI[ B KOHEYHOM COCTOSIHUU OBIThH
He JOIIXKHO. Bee MOMKHO BBINIAAETh T K, K K OyATO U CTHIBI BBUIET IOT HE3 BH-
cuMo apyr ot apyr . O6 »TH yTBepXIEHHsS MOTYT OBITh NPOBEPEHBI B KCIEPH-
mente. Bciu a-u ctunpl BeuteT 1oT u3 sap B He3 BUCMMO Apyr OT Apyr , TO
yroi 612 Mexuy HUMH, K K 1OK 3 HO B p Oore [16], nosmkeH umeTh y2-p crpe-
JejieHHe ¢ KOHCT HTOH o(612) = V20y, T.e. 0(f12) = 29,7 mpan. Cpenuuii
YIOJI MEXJY ABYMSI (-4 CTHL MU AOJXKeH ObITh p BeH (B12) = \/7/20(012), win
(012) = 37,2 mpap.

B oTO®MYNIBCHOHHBIX 3KCHEPUMEHT X YIVIBI BBUIET OOBIYHO OIpPENessIoTCs
MO JIByM YIJI M, P BHBIM yIJI M MEXIy NPOEKIMSIMU UMIYJIbC H JBE B3 UMHO
NePHEeHAUKY/SPHbIE IJIOCKOCTH — IIOCKOCTh dMYIbCUH (YOl () M IIOCKOCTb,
NEepHeHINKY/SIpHYI0 K He# (yroia o). Ecim B X XmOM cOOBITHHM [1BE Y CTHILBI
BBUIET IOT HE3 BHCHMO JIPYT OT APYT M 00 yIT 0 M o K XKHOW U CTHUIIBI SIBIISIOTCS
CITyd HHBIMH BBIOOPK MH W3 HOPM JIBHOTO P CIIPEAeNIeHHs] ¢ OXHOH M TOH Xe
JMCIIEPCUE, TO AUCIIEPCUS CYMMBI YEThIpEX T KHMX YIVIOB B K XJIOM COOBITHH
JOJIKH OBITh P BH YETHIPEM JHMCHEPCHSIM P CIIPEAENICHUS] DTUX YITIOB, U ODTOMY

(1 + @2 + a1 + a2) = 20y. (6)

[Ipocreiiieid X p KTEPUCTUKOW ABYXY CTUYHBIX KOPPENSLMH Y CTHUL B IIO-
NepevHON IJIOCKOCTH SIBISETCS] KOO(PMUIIMEHT 3UMYT JIbHOH CcHMMeTpun A, orpe-
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ﬂeﬂﬂeMblﬁ K K P 3HOCTb BepOﬂTHOCTeﬁ H 6J'IIOZLCHI/IH P 3HOCTHU 3UMYT JIbHBIX YITIOB

1Byx 4 ctuy AU > 90° u A¥ < 90°:

_ N(AU > 90°) — N(AU < 90°)

A= .
N(AU > 90°) + N(AV < 90°)

@)

ITpu He3 BUCMMOM HCIYCK HHMU 4 CTHL[ 9TOT KO3((UIMEHT IOIKeH ObITh
p Bed Hymo. P crnpenenenue o yu1 M AW MexXay BEKTOP MM MONEPEYHBIX MM-
MYJbCOB JIBYX 4 CTHI[ B COOBITUM B ®TOM CIIyd € JOJIKHO OBITH P BHOMEPHBIM.
ITpu p cn e BO30YXIEHHON CHCTEMbl H 7 4 CTHI] 1O ¢ 30BOMYy 00BeMy, KOr[
BEKTOPH Sl CyMM TIONIEPEYHBIX UMITYJIbCOB BCEX U CTHII B K JKIOM COOBITHH P BH
HYJII0, HeM30€KHO BO3HHMK 10T KHHEM THYECKHE KOPPEJSLUU B MONEPEYHON II10C-
kocti [32]. Kos(puuueHt 3uMyT JIbHOH CHMMETPHH A B 3TOM CIlyd € JOJIKEeH
ObiTh p Bed 1/(n— 1). Tpu dp rvent uuu sap °B monuoe uneno 9 crun n He
MOXeT OBITh H CTOJIBKO BEJIMKO, YTOOBl A He OTJIHY JIOCh OBl OT HYJIS.

Ipu p cn ae Be n aBe a-u crumsl, eciu SBe ucnymen us 1°B, Bee p 3H0cTH
3UMYT JIbHBIX YIVIOB JBYX Y CTHILl JOJLKHBI ObITh MeHbiie 90°. Koatduument
3UMYT JIBHOH CHUMMeTpuH A Ui 9THX COOBITH JOSXeH ObiTh Onu3ok K —1.
DTO H M ¥ NPEICTOUT MPOBEPHUTb.

Ternepb MOCMOTPUM, YTO OYIET, €CIU COOBITHS C IByMsI (x-4 CTHLl MU B H ILIeM
SKCIEpUMEHTe MAYT yepes p cn j SBe — 2. IIpeamonoxum, uto MmpoLece Hc-
nyck nust SBe aapom 1°B uuer k Kk 06bluH g ¢bp rMeHT 1ms. Torn monepeuHbie
MMITYJIbCHI Ip  SBe Gy/IyT cliefioB Th P crpejesienuio Panes, KOHCT HTY KOTOPOTo
Mbl JIETKO BBIYMCIIUM, 3H 5 KOHCT HTY 7o sup '°B. IIpomosibHblil uMIysbe sap
8Be 1p KTHYeCKM He u3MeHuTCcd u Gyaer p Ben 8Py = 13,6 sB/c.

3H 4MT, H Ip BJICHWE W UMIYIbC SAP P CH O IOmerocd H JIeTy H JBe
Q-4 CTHLBI, H M M3BecTHbl. KnHeTHyecK s sHeprus

Ty = (Py)?/(2Ma)
K XIOH (-4 CTHIIBI B C. 1L M. ip SBe, p cn 1 touterocs u3 cocrosuusg 01, p B
45,96 xoB. 3pecy P — 3T0 UMIY/IbC (-4 CTHLBI B C.1I. H. 8Be, M, — 910
M cC MOKOSl -4 CTHLBI. SICHO, 4TO

2T = \/(E1 + E2)? — (P1 + Py)? — 2M,, ®)

ecmu Ey, Es, P1, P, — 9T0 moJTHBIE HEPTHU W BEKTOPHI UMITYJIbCOB (v-4 CTHII B
M000#1 cUCTEME OTCYET .

Ecnu Bexkrop P}, H np Bnen nox yniom 6* = 90° X H 1p BIEHHIO BEKTOP
HUMITYJIbC AP 8Be 10 Py = P|,, T.e. UMIIyJIbC (-4 CTHULBI B C.1II. U. AP 8Be
P BEH MOIEepevYHOMY UMITYJIbCY €€ B J1 OOp TOpHOI cucTeme. A B 00IeM CIyd e

Pja = PLO( = 4P0 sin (912/2),
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®TO BBINOJIHAETCS TOJLKO IOTOMY, YTO yroi BblleT sap SBe m n. Iomepeu-
HbIE MMITYJIbChI (-4 CTHIL B C.1L M. °Be u B c.1.u. 1B np KTudecku cosm 1 IoT.
HHorm TO 06CTOATENBCTBO p CCM TpH-
N B I0OT K K BO3MOXHOCTb OIPEAEICHUS
: B (pOTO3MYIbCUOHHOM B9KCIEPUMEHTE
° DHEPreTHYeCKUX YPOBHEl OCHOBHOIO
o 0T- u Bo3Oyxmennoro 2%*-cocTosHuii
¢ anp SBe TONBKO MO M3MEPEHHIO TIOMe-
° PEYHBIX UMIYJIbCOB -4 ctul. Ho T k
° MOXHO OIIPElNe/IUTh TOJNBKO IOIepey-
HYI0 4 CTh WUHB PH HTHOH M CCBHI ABYX
N Ormax Q-4 CTUI, He IOJIHYI0 €€ BEeIMYUHY.
° OueBUIHO, YTO €CNIH [ XK€ IOJH S UH-
20017 o © B PU HTH S M CC JBYX 4 CTUL CTPOIO
[ (pUKCHpPOB H , TO OSKCIEPHMEHT JIbH 4
2 4 0, mpax OLEHK IIONEPEYHON Y CTH UHB PU HT-
HOH M ccbl Oyler p crpeneieH T K Xe,
Puc. 1. P crpenenenue yrios 012 Mexay K K U 0%, (cm. puc. 1). Tlo cp BHeHuio ¢
CllEl MU -4 CTHLL TIpH P cnl jge “Be u3 yoJIoM €12 OH HUK KOH HOBOU UH(OP-
aip  '°B ¢ wmmmymecom 1,7 ToBlc ama LMY He 1 erT.
>N = 2500 coGbITHii, p 3bI'P HHBIX MO
Mmerony Monre-K pro. N — 310 4mcIo co- IIpono/mkum Onuc HUE HMPOLEAYPHI,
ObITHIl H HHTEpB 11 6612 = 0,5 Mp 1 B KOTOPOH IIOJy4eHO P CIpeleseHue
YIJIOB 012 MEXJy -4 CTHIl MH IIPH P C-
n ne 8Be — 20a. Ymiosoe p crpenene-
HUE (-4 CTUIl B C.IL.M. P CII J Iomerocs sap °Be IOI I' eM M30TPOHHBIM. P -
3bITp B 10 MeTomy Monte-K prio yron §*a-u cTuibl B cucTeMe MoKos sip SBe,
MOJIYyY €M UMITYJIbC (-4 CTHLBI B J1 6. CHCTEME U H XOIUM Yrojl MeXJy 4 CTHULl MU
B K XJIOM H3 COObITHI. MOJEIMPOB HHOE T KUM OOp 30M P CIIpelesicHHUe yIIoB
MEXIy U CTUL MU IIpUBEIEHO H puc. . MMeem pe3kuil M KCUMyM B BEPOSTHOCTU
H OJIofeHVs ®THX yIJIOB IpH yrie 5,45 Mpax 3 CcYeT TOro, YTO TEIEeCHBIH yroi
IpH p 37IeTe ABYX -4 CTHIl nof yrioMm 90° B C.IL.HU. p CII [ IOMIErocd sap 3H -
YUTEIbHO OOJIbLIE TEJIECHOIO YT IpPU P 3JIeT€ MX I0J HYJEBBIM YIJIOM C H IIp -
BIIGHHEM HMIIYJIbC P CH [ lomerocd sap . [Ipu yBenuueHHH HEpruu NepBHYHOMN
Y cTHLbl (POPM ITOrO P CHpEAETICHUS COXP HHUTCS, HO HPelesbHbIA yroi 0.y
ct Her Menblue. Ilpu umnynsce H HykJoH 4,5 ['sB/c npenenpHbIil yroa mexny
a-u crun My OT p cn 1 °Be u3 cocrosuus 01 B amynscun Gymer ~ 2 mpan.

1000

600 -

Ipu p cn ge ®Be u3 nepBoro Bo36yXIEHHOro COCTOAHUA 27, 119 KOTOPOro
2T} ~ 3 Mb»B, p cupenenenue ynios 19 OygeT nogoOHO U300p KEHHOMY H
puc. 1, HO M KCUM JIbHBIH Yrol MeXIy -4 cTull Mu Oymer ~ 30 mpan. Mmmynsc
P2 oyner B 5-6 p 3 OosbIle, TNEpPEeHOCHOM MUMIYJIBC (-4 CTHII OCT HETCS MpeX-
HuM (4FPy = 6,8 I'sB/c).
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Kpome Toro, a1o p crnpenenenue OyaeT cMechio p CHpEIEeHUI ¢ p 3HBIMU
BEJIMYMH MU M KCHUM JIBHOTO yITT 12, T K K K IIMPUH YpoBHs 27 cocT Bister ~
0,8 MaB. A Mbl yXxe BUjeH, uto s nporiecc OB — 2av 0XUA eM s BeIMUMH
o(612) = 29,7 mpan. TTostomy BeuIenuTh p ci 1 Be U3 1epBOro Bo36yXKIEHHOTO
cocrostiug 27 HU 1Mo ymiy 012, HU 110 p 3HOCTH MHB PU HTHON M CChl M CyMMbI
M CC IMOKOSl IBYX 4 cTUIl 1o opmyse (8) B (pOTOOMYILCHOHHOM DKCIIEPUMEHTE
Ip KTMYECKH HEBO3MOXHO.

B ToM cnyu e, Kora 3®Heprus MEpBUYHOIO AP BEIMK U €0 M cC  IIo-
3BOJIAeT ()p IMEHT LU0 H YHUCIO (-4 CTUI OOJbIIe [OBYX, TO BO3HUK IOT HO-
Bble npobiembl. P cripenenenue yrmioB 612 MeXmy BCEMH I p MU 4 CTHI] TeHepb
3 BUCUT OT YMCI Y cTHLl B coObiTuu. YeMm Ooinblle YMCIO 9 CTUI[ B COOBITHH,
TeM BeposTHee H OIIIoJ Th M Jible YIJIbl f12 OT p CI 4 HEPBUYHOIO SUIp H -
Y cTULBl U Ge3 06p 30B HUS IIPOMEXYTOYHOro coctosHus SBe. MoH cT HOBUTCA
6omnbie. C Apyroii CTOPOHbI, B COOBITHSIX C YUCIIOM (-4 CTHII, P BHBIM JIBYM, M K-
CHMYyM BEpOSTHOCTH H OJIIOfEHUS YIIOB 612 OT 3THUX COOBITHH, K K Mbl BUIEINH,
COBII JI €T C M KCHM JIbHBIM yIIoM 015 OT p cni 1 SBe u3 cocrosuus 2+, Eciu
COOBITHIA C IBYMSl (v-4 CTHUI] MM MHOIO, TO H (pOHE p crpeaeneHus yrioB 6o or
COOBITHIA C YUCIIOM (-4 CTHUILl OOJIbIIE JIBYX B DTOH CMECH P CIpeleeHHs BIIOJIHE
MOXET MOSBUThCSI M KCUMYM. IIpu Xel HMH ero MOXHO MHTEpHpPETHPOB Thb K K
p cn 1 ®Be — 2a m3 cocroauus 2+. Koneuno, uge nbHBIM GbUT GBI 9KCHIEpH-
MEHT C JOCT TOYHO TOYHBIM OIPEAE/ICHUEM IOIHBIX UMITYJIBCOB (-4 CTHII, YTOOBI
MOXHO OBLIO ONpENesNTh MHB PH HTHYI0O M CCY I Pbl MX C TOYHOCTBIO JIydIle
1 M3B.

T xum 00p 30M, p cIipefeneHus yIiioB 612 MEXIy ABYMS (-4 CTULL MU IIPU UX
He3 BUCHMOM p 3neTe u3 aap °B u npu p 3j1eTe U3 IPOMEXYTOYHOIO OCHOBHOTO
coctostHug 8Be pe3ko p 31uy 10Tca. DTO M [ €T BO3MOXHOCTb OTAENUTH COOBITHS,
uaymue 10 K 1 1y ''B —8 Be — 2a + all, or cobbITuii, HIymumx 1m0 K H Iy
0B — 2q + all.

MBbI MOIIBIT €MCSI BEIYHUCIUTD BEPOSITHOCTD H OJIIOIEHUS MEPBOTO M3 dTHX K -
H JIOB.

2. OJKMJIAEMBIN BBIXO/I *Be U3 SAJEP '°B, '2C u 190

B03MOXHOCTh MOJy4eHUs MPOCTOM OLIEHKH BEPOSITHOCTH H OJofieHus1 p r-
MEHT I HHOTO THII O00OCHOB H B p 60T X [14,15]. DTo 000CHOB HHE BBHIIJII-
AT T K.

H 30BeM K H JIOM ¢)p I'MEHT LMU HEPBUYHOrO PEIISITUBUCTCKOTO SAP C 3 psi-

JIOM Zoy U TOMHBIM HOMepoM A noboe ero ciyd iHoe p 30ueHue H k p rMeH-
i=k

TOB C M CCOBBIMU YHCII MH W 3 psig MU A; U Z; pH ycIloBuw, 410 » . Z; = Zy
i=1
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i=k
u >, A; = Ap. M KcuM JIbH I U MUHUM JIbH s Benimuud k = Ag u k = 2. U3
i=1
BCEX BO3MOXKHBIX COYET HHUIl HYK/IOHOB IEpPBUYHOrO syip OymeM p ccM TPUB Th
TOJIKO T KHe, B KOTOPBIX Bce k ()p IMEHTOB UMEIOT M CCOBBIC YHCII W 3 PsiIbI
CT OWIBHBIX WIMA P JHO KTHBHBIX W30TOIOB, M CChl KOTOPBIX INpuBelneHbl B [18],
U OHM MOTYT H OJIIOJ ThCS B KOHEUHOM COCTOSIHUH IpU (Pp TMEHT IMU J HHOTO
MEPBUYHOTO SIIp .
DT0 3H YWT, YTO, H PUMEP, K H JIibl, COlepX wime ¢p rMeHTsl ¢ A; = 3 u
Z; = 0, p ccm TpuB Th He OymeMm. CUMT eM, YTO BpeMsi CYIIECTBOB HUS T KHMX
«KB 3MY CTHI[» MHOTO MEHBIIIE BPEMEHHU CYIIECTBOB HHUSI BUPTY JIbHBIX 4 CTHI[ C
3 pag Mu 2 unu 1. B 061 Ke I pTOHOB MOTYT OBITh U IIEPEXOMBI TUIl PN — NN
vt A%~y ctunpr, wmn KK~ u 1.1 Ho OHE P ccM TpuB Thed T KXe He OymyT
[0 TOU MpPUYUHE, YTO IS MEPeXo] B pe JIbHOE COCTOSHHE UM TpeOyeTcs dHep-
rus AFE MHOro Gosibliie TOH 9HEpruu, KOTOpP s HEOOXOAUM [UIsl TPEBp LICHHs
BUPTY JIBHBIX 4 CTHIl B pe JibHbIe ()p IMEHTHI U3 CT OWJIBHBIX U P JHO KTHBHBIX
M30TOIOB. A T 3Heprus p BH cymMme M cc M; ¢p TMEHTOB IUTIOC CYMM Cpej-
HUX KMHETUYECKUX DHEPruil (pp IMEHTOB B C. II. U. IEPBUYHOTO SIID MHHYC M CC
MEPBUYHOTO SIp :

i=k
AEy, =Y (M; +(T);) — My, ©)
i=1
3 01-2 T
Thi= 570\ 3 (10)

3nech 02 — aucrepcus p CrpeiesieHust IPOEKIMH UMITYJIbe (P TMEHT € M CCOi

M; H TpoOU3BOJBHOE H Mp BJIEHUE, KOTOPYIO H Hiaem no ¢opmyne (2). Cymmy
BCEX CPEAHUX KHUHETHMUYECKMX DHEPruil (pp IMEHTOB MOXHO H 3B Th «CpeaHel
9Heprueil Bo3OyxueHus» sap . Ternepb OH 10 ONpeNeIeHUI0 He 3 BUCHUT OT DHEp-
MU NEPBUYHOIO SIp .

JIJ11 KOHEYHOTO COCTOSHHSA TMOciie (pp TMEHT IHUH MEPBUYHOTO SAP BBIIOIHS-
€TCsl, B Y CTHOCTH, U 3 KOH COXp HeHuUs dHepruu. [Ipu 3TOM 4 CTb KUHETHUECKOM
SHEPIUH JBYX CT JIKMB IOIIUXCS sjep, B UX OOIIel C.II. U., p CXOIAyeTcsd H Iepe-
BOJ I PTOHOB B pe JIbHbIE U CTHIIbI. A TeopeM HeTep CBSA3bIB €T 3 KOH COXp -
HEHUS SHEPIUU C UHB PU HTHOCTBIO 10 OTHOLLEHUIO K COBUTY BO BpeMeHU. T KuM
00p 30M, MOXHO MO T Tbh, YTO H I JIC m PTOHOB MHB PH HTH II0 OTHOIIECHUIO
K CIBWTY.

B TOC nok 3 HO, 4TO I T KMX CUCTEM BCErl CYIIECTBYET OOQHO3H YH I, He-
MPEePBIBH 51 U KOHEYH $ (DYHKIUS, KOTOP g H 3bIB €TCSl MOTEHLH JIOM cucTteMbl U.
P 3nocts noteHuu jioB AFE19 = Uy — Uz ABYX COCTOSIHUU €CTh DHEPrHs Mepexos
W3 OIHOIO COCTOSIHUS B Apyroe. Torn H MHOXECTBE COCTOSHUH T KOH cHCTeMbI
CYIIECTBYyeT THOOCOBCK 1 HHB PH HTH 1 HOPMUPOB HH S MEP BTOI0 MHOXECTB ,
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KOTOp 4 U ONPEAC/IACT BEPOATHOCTD

exp (—AE,/T)

—
—

W(AE,T) = (11)
nepexoj M3 COCTOsiHUS siip ¢ Ag u Zy B cocrosuue u3 k ¢p rmentos ¢ A;, Z;
K XKIBIH.

3nech = — 210 cyMmMm  exp (—AEjy/T) 1o BceM BO3MOXHBIM k COCTOSHHUSIM.
OH H 3BIB €TCd CT THCTHYECKOH cymMMoil. Ee B H 1IeM ciyd € MOXHO BBIUMCIIUTS,
nepeGp B Bce BO3MOXHBIE KOMOWH LMM (pp TMEHTOB, KOTOPBbIE MOXHO IOJTYYHTh
W3 JI HHOTO TIEPBUYHOTO siip . Benuuun T = 032 /m,, IPONIOPUKMOH JIbH cpefHeii
KHUHETHYECKOW 3HEPruM HYKJIOHOB B C.II. M. IEPBHYHOIO SOp , WIM <TEMIIep -
Type».

OTauyue 1 HHOTO MOAXOX OT TP AULMOHHOTO TEPMOIMH MHYECKOrO OIUC -
HUS (p TMEHT LUH BO30OYXKIEHHBIX sijiep [24] COCTOUT B TOM, YTO T M «TeMIEp Ty-
p » TPOINOPLMOH JIbH 3Hepruu Bo3OyxneHus. OH yCT H BIUB €Tcs IOCTE B3 -
MMOZEHCTBHS B MPOLIECCE TEIUIOBOTO P BHOBECHS, YTO, KOHEYHO, HEOOXOINMO JUIsl
npuMeHeHus p crpenenenus [n66¢ , Ho u TpeOyeT onpeneeHHOro BpeMeHH. Te-
Ieph «p BHOBECHE» YCT H BJIUB €TCS 0 B3 UMOIEWCTBMS ABYX CT JIKMB IOIIUXCS
g1ep B IIpoliecce B3 MUMOIEHCTBUS 1 PTOHOB C IOJIEM CHUJIBHOIO B3 UMOJIEICTBUS,
¢ KXII-B xyymoM. B MOMEHT B3 MMOIEHCTBUS OBYX I PTOHOB, P 3pYyLI IOIIUX KO-
TePEHTHOCTh 001 KOB I PTOHOB, P BHOBECHE yXE €CTb.

D10 T TeoperHyecK 10 3 , H KOTOPOIH OCHOB HO BBIYHCIIEHHE OCONOTHBIX
U OTHOCHUTEJIbHBIX BEPOATHOCTEH OTAENbHBIX K H JIOB ()p TMEHT LUM NEPBHYHOIO
sup . CyMMUpYsl BEpOSITHOCTH H OJII0JIeHHs K H JIOB, COIEPX IUUX TOT WM UHOM
(p T™eHT, MBI MOXEM HOJy9UTh BEPOITHOCTD €ro H OJIIofeHus.

Pe nu3 mmd aToro gBisercs yxe IeI0M TeXHUKH. M, KOHeYHO, IIT BH S TEXHH-
4yecK 5 MpobJieM COCTOMT B repebope BceX BO3MOXKHBIX KOMOMH Ui (bp TMEHTOB
st o HHBIX Ag u Zy. [IpobGnem »T He HOB . OH 00cyXxjm J1 cb u p Hee B [33].
B »10if p 60TE 4MCIIO BO3MOXHBIX K H JIOB IpH (Pp IMEHT IIMU TSXKENBIX sjiep
OIICHUB €TCS 10 (hopmysie

1
Nch = m exp (71'\/ 2140/3) (12)

Ins smep ¢ Ag = 100 4uCI0 BOBMOXHBIX K H 1OB ¢p IMeHT mum ~ 2 - 108,
ScHo, 9TO TIepedp Th BCe MX HEBO3MOXHO. A JUId jierd HImux spep, H 000poT, Bce
oueHp npocro. g suep 611, 19B, 12C, u 160 umcimo Bcex BO3MOXHBIX K H JIOB
p BHO 13, 73, 159 u 530 coOTBETCTBEHHO.

Hmerotcst 1B 00CTOSATENBCTB , 00Jiery roiue npobiaemy mnepebop . Bo-mep-
BbIX, MOXXHO BBIYUCJISATH OTHOCUTENLHYIO BEPOSITHOCTh P 3JIMYHBIX K H JIOB IO OT-
HOIICHUIO K K KOMY-TO OTHOMY, JIy4Ille 10 OTHOIIEHHIO K H HOOJee BEPOSTHOMY
K H 1y. Torm HeT HEOOXOOUMOCTH BBIYHCICHUS =, 3H YHUT, HE HyXeH W Ie-
pebop Bcex BO3MOXHBIX K H JIOB. BO-BTOpBIX, U3 NPHUBEICHHBIX BbIIIE (DOPMYIT
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SICHO, YTO K H JIbI C OOJIBIINM YKCIIOM (pp IMEHTOB, H mpumep k = A, Oymyt
M JIOBEPOSTHBI. DTO 00YCIOBIEHO TeM, uTo A Ej, 3 BUCHT HE TOJIBKO OT P 3HOCTH
i=k i=k

> M; — Mg, o u ot Yy (T),.

i=1 i=1

Cpennre Xe KMHETHYECKUE DHEPTUM OIHO- U JBYX3 DSUIHBIX (pp IMEHTOB I10-
pank  12—-15 M»B noutu ang Bcex gaep. B pe3ynpT Te MOXHO OXMA Thb, YTO
H ubojiee BepOSTHBIMU OyIyT K H JIbl ¢ HeOOJMbIIUM YucaoM (pp rmeHTOB. Torn
CT THCTHYECKYI0 CyMMY = MOXHO H XOAUTH TOJIBKO IO TOH 4 CTH BCEX BO3MOXK-
HBIX K H JIOB (pp TMEHT WM, KOTOpbIE BHOCAT B Hee IV BHBIM BKI 1. B pe3yins-
T T€, XOTsl Mbl ¥ OyJeM 3H Th TOJIbKO €€ NPUOJINXKEHHYIO BEIMYUHY, HO H OLEHKY
BEPOSITHOCTH Te€X K H JIOB, KOTOpPbIE H OJII0J I0TCS B OKCHEPUMEHTE, DTO MpUOIIH-
KeHHe CYLIECTBEHHOTO BIIMSIHUS HE OK XeT.

3 MeTuM, 4TO JUIsl JIETKHX SiIep, KOTOpble H C MHTEPECYIOT, BEPOSITHOCTD «Ie-
JIeHUS» SAp H 1B TPUMEPHO P BHBIX IO M CCE SAp HOMXKH OBITh MOA BJIECH
TeM OOCTOSITEIbCTBOM, UTO HEPrHs CBSI3M H HYKJIOH B 3TOH OO CTH M CCOBBIX
qucen Sigep p CTET C YBEIMYEHHWEM ero M ccosoro uucn . Ilostomy ecnu simpo
¢ Ap mepexoaMT B COCTOSHHE C ABYMS siap Mu ¢ Ag/2, To H 310 moTpebyercs
DHEprHsl.

H noMHuM, 4TO JUIs TSXKEJIbIX SEp B DTOM MPOLIECCE P 3HOCTb DHEPTHd H HY-
KJIOH JIeJISLIErocs sAp U ero OCKOJIKOB, H 0060poT, BblIesdeTcd. XOTs, KOHEYHO,
nepeOp Th Bce BO3MOXHbIE KOMOUH 1uu niepexonx Ag u Zy B 1B ¢p IMEHT He
npenct Biser Oonpinoil nmpobiemel. Bo Bcex p cuer X, KoTopsle OynyT 1 jee 00-
CYXI TbCd, K H JIbl ¢ k = Ap M k = 2 y4uTBIB JIUCh. BeposTHOCTH MEPBBIX ABYX
H ubonee BEPOATHBIX K H JIOB (p rMeHT uu aaep ot SLi no '°O npusenensi B
T Om. 1.

AH 113 3TOi T ONUIBI B OCHOBHOM IOATBEPXJ €T K YECTBEHHbIC OXHJ HHUS
BEPOSTHOCTEH (bp I'MEHT Iy jerkux spep. Tompko 18 k H 1 13 20 ga 10 aaep
B KOHEYHOM COCTOSHMHM UMeIT Tpu ¢p rveHT . 1o 2C — 3a u 'B — p + 2a.
Bce oct nbHBIE H MOOiee BEPOSTHBIC K H JIbl — 3TO JBYXY CTHYHBIE COCTOSHMSI.

Mgt Bcex simep H MMEHee BEpOSTHBI K H JIbl C YHCIIoM ¢p rMeHTOB k = Ag
uk = Ayg/2 (i gernsix Ag). T K, BEpOSTHOCTH K H JIOB P BHBI W(6Li —
3d) = 3,3-107% u W(*2C — 6p+6n) = 1,7-10~". BeposTHOCTH K H JIOB
c o6p 308 HueM °Be, H 060poOT, OK 3bIB eTcsl oueHb Gombimoit. Jna 160, kpome
TIpMBEIEHHOr0 B T 6/1. 1 mepBoro K H 1 ¢ aByMsa ¢p IMeHT MU SBe B KOHEUHOM
cocrosHuH, ecTh eme K H 11 160 — 8Be+ 20, BeposarnocTs KoTOoporo p BH 6,4 %.
A Bcero npu peructp muu ¢ KT ¢p rvent man 60 — 4o yepes cocrosnue *Be
utet 25,8 % T kux cobuituil. Hemocpeactsenno nepexonos %0 B 4o nomkHo
OBITH TONBKO 2 % OT BCex K H 110B ¢p rMent muu 160,

B akcnepumente [34] noiayyeHo, YTO OTHOILEHHE

W (0 —12 C + “He)
W (160 — 4a)

=3,2+0,6,
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T 6auy 1. BepodTHOCTH HEPBBIX ABYX K H JIOB ()p I'MEHT MU HEKOTOPBIX JIETKUX sAEp
(10 KHCI0POJ BKJIIOYHUTEIHHO)

N Hcxomgnoe Yucmo Knun W, % Kuan W, %
HHpO K H JIOB

1 °Li — 13 “He +°H | 393 p + °He 23,7
2 Li — 20 ‘He +%H | 37.8 n + SLi 18,7
3 "Be — 18 “He +°He | 50,0 | 2H+°Li 16,6
4 ‘Be — 47 SBe +n 30,8 | *He +°He | 27,7
5 B — 44 ‘He+°Li | 404 | p+2*He | 222
6 g _, 73 ‘He+°Li | 19,7 | *H+%Be | 164
7 ug _, 105 ‘He+"Li | 143 | p+ '"Be 10,9
8 2c 159 ‘He + ®Be | 26,2 3 “He 17,1
9 MN — 319 p+13C 11,0 | *H+'2C 8,7

10 160 — > 400 2 ®Be 20,6 | He+C | 73

B TO BpeMsl K K B p cuere 3T BeauuuH p BH 3,04. DrTo comn cue p CueT U dKC-
MEPUMEHT MOXET CIYXHUTh YK 3 HHEM H TO, YTO M BBIYMCIIEHHSIM BEPOSTHOCTEH
K H JIOB (bp IMEHT IMH KHCJIOPOJ Yepe3 SBe MOXHO JOBEpATD.

Bobliylo BEpOSATHOCTh UMEIOT U K H Jibl (bp rMeHT muu 2C ¢ poxieHueM
8Be B npoMexyTouHoM coctosHuu (~ 25%). B skcrnepumente [21] H  mpon -
HOBOH K Mepe, IpH (pp IMEHT UM Sep yriepod K K MHIIEHH, J0JS COOBITHMA
C IBYMS M TpeMs -4 CTHLl MH B KOHEYHOM cocTtosuuu p BH (61 + 4)%, B
TO BpeMd K K P CYETH 4 BEIMYMH OTOH Ioiau p BH 58 %. BTO MOK 3HIB €T,
YTO HET p 3NIMYMS B MeX Hu3Me (hp I'MEHT LM PEeNSATUBUCTCKUX dAep U sjuep-
MULIEHEU.

Korepentn s ¢op rvent uus °0 — 4o usyd 51 cb B [35]. Onn KO HU B 3TO¥
p 6ote, HU B p 60T X Mo hp IMEHT IMU YIJIEPON HWHAUBHUIY JIbHBIE COOBITHS C
8Be B KOHEUHOM COCTOSHHH TI0 YLy MEXJIy CITel MM (-4 CTHIl He BBIIEJISUIHCh.
Hona T Kux coOblTHii He ompesesnsyl cb. [109TOMy KOCBEHHBIM CBHIETEIECTBOM
TOTO, YTO B HUX JEHCTBUTEILHO BEJUK BEPOATHOCTb K H JIOB ¢ SBe B IpOMexy-
TOYHOM COCTOSIHUM, SIBJISIOTCSI TOJIbKO ®KCIIEPUMEHT JIbHbIE ]| HHbIE dTUX P OOT
06 3UMYT JIbHBIX KOppessuuax a-4 ctuil. Ecau gons Kk 0 1 2C — 3Be + *He
BENUK , TO B P CNPEJENeHNN P 3HOCTEH 3UMYT JIBHBIX yIIoB € = AW, ; MexXIy
I P MH -4 CTHI JOJKEH OBITh M KCHMYM B O0J1 CTH M JIBIX BEJIMYMH €.

I'mcrorp MM H puc.2,a, NOJIY4YEHHOM IO 1 HHBIM [21], MOK 3BIB €T, 4TO
T KOH M KCHUMYM AEHCTBUTENIBHO €CTh. A TOYK MM H OTOM PHUCYHKE IOK 3 H
pe3yabT T MOfenupoB Hud p cn f 2C ¢ jgoneii cocrosHuii *Be, monydeHHOH B
p cuere. O6 ®TH p crpeneneHus Np KTHYECKH COBI [ 0T, 3H YUT, M KCUMyM
BEPOSITHOCTH H OJIIOAEHMS M JIBIX BEIWYMH € MOXET ObITh OOYCJIOBJIEH K H JIOM
12C — ®Be +* He uMeHHO ¢ TOii BEpOSTHOCTBIO, KOTOP 4 IOMy4eH B P CHUeTe.
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N a IIpu uzydyeHun ¢p rMEHT UM pe-
150 %] JIATUBUCTCKHUX sI€p KHUCIOPOA B P -
L . 2C > 3a 6ore [35] p cmpemeneHue MO I PHOMY

: 3UMYT JIbHOMY YDy UME€eT JB M K-

B ‘ -_-".'.".' CUMyM — OAUH JJI1 M JIbIX BEJIMYUH

g, JIPyroii, MoMeHbllle, IpPHU CTPEM-
JIEHUM P 3HOCTH 3HUMYT JIbHBIX YIJIOB
Kk 180°. T xoe p copeneneHue 1 p-
HBIX 3UMYT JIbHBIX YIVIOB He H OJio-
Il €TCs HM /I OJHOTO (pp I'MEHTHpPYIO-
LIero sAp , KpoMe KHCIopox . A Belpb
TOJIBKO /ISl KUCJIOPOA U BEJIUK BEepoAT-
HOCTb TIOSIBIIEHHS] B OXHOM COOBITHH JIBYX

50 ! ! ! anep SBe B POMEXYTOYHOM COCTOSHHH
/2 &P 160) L, 44

SIcHO, 4TO B C.II.U. (pp TMEHTHPY-
ouero sap %0 g8 agp 2Be p 3me-
ép mvent wn ymepon [21] (), kucno- T 1T B HpOTI/IBOHOHO)KHHg CTOPOHBI.
pon [35] (6). Tuctorp MMbl — BKCIEpH- Hocne aroro k xnoe sgpo °Be p cm -
MEHT, ® — MOJe/IMPOB HHble p crpepene- A €TCA H - JIBE (-9 CTHIBI MOX M JIBIM
Hust YIJIOM MEXIy HUMH B J1 OOp TOPHOU CH-

cTeMe, T K K K IePeHOCHOM UMITYJIIbC K -
K0l U3 HUX MHOTO Gonblie ee ummyibe PF = 18,511 MaB/c B c. . u. °Be. V
K KIO# I bl a-4 CTHII, IPUH JUIEX IIUX CBOEMY s1py SBe, p 3HOCTH 3UMYT Jib-
HBIX YITIOB OyIyT M Jibl, y Il P Q-4 CTHILL, NPHUH JUIEX IMX P 3HbIM s1p M SBe,
OHU OyIyT BEJTUKHU. DTy K PTUHY MBI M BUIIUM H THCTOTP MME H pHC. 2, O, IOCTPO-
eHHOI 1o 1 HHbIM [35]. Touk MU IOK 3 HBI pe3yabT Thl MOJEIUPOB HUS IMpOLEC-
coB 160 — 28Be — 4a, %0 — ®Be + 200 — 4o u %0 — 4a ¢ ux p cuerHBIMH
BepoATHOCTAMHU. OueBuiHO, uTo npu Gp rvent mwuu °0 — 4o umeercs ¢ M 4
GOMBII 5 BEPOSATHOCTh pOXIeHHus SBe B mpomexyTounoM coctosuun (1o 30 %).

ITo o mHBIM [22] B HHTEpB Jie TOMHBIX HOMepoB suep oT 20 1o 60 T Bepo-
aTHOCTH nocTostHH U p BH (10+1) %. B akcnepumente [36] wist pe kiwmu ¢p 1-
meHT K 22Ne — na + X 1pu UMITyjIbce pelSTHBUCTCKUX saiaep 22Ne, p BHOM
4,1 TeB/c H HyKJIOH, p clipelesieHUe IO I PHOMY 3HMMYT JIbHOMY YIUIy IIOXOXe
H T KOe Xe p crhpeneneHue Uil ¢p IMEHT UM YIIepox , T.€. K K H puc.2,a.
Huk Kux ciiefios o6p 30B HMs IBYX sjiep “Be B IPOMEXYTOYHOM COCTOSHHM HE
H Omon eTcs.

B p 6ore [37] npu p IMEHT MM PENATUBMCTCKUX simep 2‘Mg mnd Beex
tp r™MeHTOB C 3 psg Mu OB U Oojiee MOJIYy4eHO NP KTHYECKU P BHOMEPHOE P C-
npefesieHue 1o 1 PHOMY 3MMYT JIBHOMY YIITy.

ITpn m3ydyeHnn ¢p rMEHT LMK PETITUBUCTCKHUX SAEP CBHHI[ C HMITYJIBCOM
158 I3B/c H HyKJIOH, IpU B3 UMOAEWCTBUU X C AP MU CBUHIL , B [38] momydeHo

Puc. 2. P cnpenenenre m pHBIX 3UMYT Jib-
HBIX YIVIOB (-4 CTHL{ B 3KCHEPUMEHT X IIPH
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P clIpeleseHue 10 I PHOMY 3HMMYT JIBHOMY YDy «-4 CTUIl M3 pe Kuuu Pb +
Pb — na+ X (ructorp MM H puc.3). 3mech He BUOHBI HU KHHEM THUYECKHE
KOpPEJsInH, KOTOPbIE AOJIKHBI ObUTN OBI I Th NPEBBIIIEHHE COOBITUI ¢ OOIBIINMU
€, HU KOPPEJISILUK OT p Il 110B SBe, U1 KOTOPBIX JOKHO ObITh GOJIbILIE COOBITHIL
IpU M JIbIX €. BMecTo 3TOro ecTb p BHOMEPHbIH POCT BEPOSTHOCTH H OJIIOAEHHS
€ ot 180 no 0°.

TTTTTTTTTTT ol TTTTTTTTTT

0 /2 €, Mpaj

Puc. 3. P cnpenenenue m pHbIX 3UMYT JIBHBIX YIJIOB (-4 CTHL B pe Kimu Pb + Pb —
na + X npu umoynsce 158 A-ToB/c. Beauunn Y 1mo ocu KOOPOMH T €CTh OTHOIICHHE
YHUCIT COOBITHI C J| HHBIM II PHBIM YITIOM K CPEJHEMY YHCIy COOBITHI B ®TOM HHTEpPB Jie
IpU p BHOMEPHOM MX p crpeneneHur. ['mcrorp MM — skcnepumenT [38]. Dkcnepumen-
T JIbHBIE OIINOKU P BHBI IPUMEPHO ONHOMY AENICHUIO H OCH OpAMH T. P cuer (cM. Tekcr)
0003H 4YeH TOYK MU

MOXHO MOK 3 Th, YTO T KOH X p KTep 3UMYT JIbHBIX KOPPEJSAIH MOT OBITH
CHUMYJIHPOB H CITyd WHON B K XIOM COOBITUH OIIMOKOW OmpeNeNieHws H Ip Bie-
HUS TIEPBUYHOTO cliefl . TOUKU H puc. 3 ¥ eCTh Pe3ysibT T MOJAEIUPOB HUS UCK -
’KeHHMl UCTUHHBIX BEJIMYUH 3UMYT JIbHBIX YIJIOB Ipolienypoit usmepenus. H np -
BJIEHUE TEPBUYHOIrO CJie[l B IOMNEPEeYHON IUIOCKOCTH MPU MOAETUPOB HUM H30-
Op X JIOCh TOYKOH, OTCTOAIICH OT TOYKHA MCTUHHOTO H TP BJIEHHS NEPBUYHOTO
Cllel H P CCTOSHHE, P CIpefesieHre KOTOpOro ObUIO CIyd HHOHM BBIOOPKOM U3
p cupenenenus Panes ¢ koHer Hro# 0,15 mpan. SIcHo, 4To 11pu J1I060M Cllyd WHOM
OTKJIOHEHUU U3MEPEHHOTO H NP BJEHHS MEPBUYHOIO CJIell OT €ro UCTUHHOIO H -
Ip BJIEHUS BCE P 3HOCTU 3UMYT JIbHBIX YIJIOB € CT HOBSTCSl TOJBKO MEHbBINE HX
WUCTHHHBIX BEJTMYUH. A 9TO U H OJiof eTcd B oKcrepuMmente [38].

Koneuno, 31oT %e 3¢eKT B p CHpedesieHHd I PHBIX 3UMYT JIbHBIX YIJIOB
MOr OBbITh BBI3B H U IEpej Yell UMIYJIbC (Pp I'MEHTHPYIIIEMY SIApPY K K LIEIOMY.
DTOT UMIIYJIbC TIepep CHpeieNsdeTcs MOTOM MeEXIy BceMU (p TMEHT MU MPOIop-
IIHOH JIbHO WX M cce. Ho o0e ®TH NpPUYUHBI MPHUBOIIAT K OJHOMY M TOMY Xe
pe3yapT Ty B aKcrepuMeHTe. OHU He p 3MUYUMBI. BO BCAKOM cityd e, oTH 3UMYy-
T JIbHBIE KOPPEJISLMU K UCIYCK HHIO SIep SBe, BeposTHee BCEro, OTHOIIEHHS He
HUMEIOT.
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YK 3 HME H BO3MOXHOE CyLIECTBOB HMe sjep “Be B mpouecce (p IMeH-
T MK spep cBUHI ¢ sHeprueidl 160 [®B/HyKIOH mpH B3 MMOAEHCTBUH HX C
sSap MH B (DOTOBMYNBCUH B dKcIepuMeHTe [23] ObUIO MOMYY4eHO TONBKO MOCie
TOro, K K 61 p 3p OOT H mpouenyp
N U3MEPEHUA YITIOB (0; ; MEXIY CIIEl MU B
- IUVIOCKOCTH 3MYJIBCHM C JOCT TOYHOH JUId
aToro ToyHocteio. H puc.4 BugHo, 4yTO
B 001 CTHM M JIBIX BEJIMYHH YIJIOB (0 j
nmeercd M KcuMyM. OH BIIOJIHE MOXET
OBITH OOYCITOBIEH H JnuueM sjiep SBe B
nporecce ¢p IMEHT LUM dAep CBUHI[ C
aHeprueit 160 I'>B/HykIoH.
Teneps p ccMoTpuM Oosiee JIET JIbHO
. SKCIIEPUMEHT 110 OLIEHKe JoMu sjep SBe
I Y Y Y TR S npu ¢p rvent muu spep °B. Hocu u 1
0 40 80 @, » MKpax  TIOCMOTPHM, Y€MY JIOJUKH ObITh P BH 9T
nojigd. P cyer mok 3bIB €T, 4TO OXHUJ -
Puc. 4. 4 c1p p crpeneneHus yrjios ¢; ; €MbII BBIXOJ Snep 8Be npu Cbp IMEHT -
MeXy NpOeKUMsIMA CrefioB -4 cruy B 1uu sgep '°B p Ben 19,7%, T kK K K
IUIOCKOCTb BMYJIbCUHU B OOJI CTU M JIBIX UX KpoMe K H J 108 g+ 8Be, TIpuBe-
BEJIMYUH NIPU (P TMEHT LU SJIEP CBUHIL  JeHHOrO B T OJI. 1, uMmeercd eme K H J

c oneprueil 160 A-IsB mo x mubM p - 108 _, o 4 p + SBe, BEPOSTHOCTh KO-
6otel [23]

10

Toporo p BH 3,4%. T xum obp 30M, B
cobbiTusaX ¢p rMent mum agep B, npu
PETHCTp UMM OBYX (-4 CTHI[ U BCEX OCT JIbHBIX 3 PSKEHHBIX (p rMeHTOB, ~ 20 %
COOBITHII IOMKHBI Pe JIM30B ThCS Yepe3 NPOMEXYTOUHOE cocTosHue SBe. A mons
COOBITHI, KOTJI CyMM 3 psiioB (bp IMeHTOB B coObiTHH p BH 5 (Zo sup '°B),
cor cuo [1], p Bua 10%. D10 03H 4 er, uro ~ 2% OT BCeX HEYNPYrUXx B3 H-
Moneiictsuil sep '°B B (hOTOSMYIILCHH JOTKHBI MMETh I Pbl (--4 CTHIL C M JIbIM
yrioM 615 MeXiy HUMH.

3. DKCIEPUMEHTAJIbHASI OIIEHKA BBIXOJIA ®Be
IIPU ®PATMEHTALIAU SITEP '°B

Ipu BBIIENeHnH snep SBe A H ¢ B XH TOYHOCTh OLEHKH YII 6o MeXIy
cllell MM Y CTUL. A OH 3 BHCHUT He TOJIKO OT K 4eCTB 00p OOTKHU CIIOEB dMYJIb-
CHOHHOW K MEpbl, HO U OT DHEPIUH Y CTHII, YIJIbI MEXIY KOTOPHIMH HU3MEPSIOTCS.
DTO TOJBKO H P HHEM 3T 1€ P 3BUTUS (POTOMETOHN IOJ T JIM, YTO CJIeHbl Y -
CTHIl B ®MYJIbCHH €CTh MpsiMble JTHHUH. OYeHb CKOpO ObUIO DKCIEPUMEHT JIBHO
YCT HOBJIEHO H JIMYME MHOTOKP THOTO KYJIOHOBCKOTO P CCESHHUS 4 CTHI, T KXe
JIOXHOTO p ccesdHus U aucropcuit [39]. B mociaeqHuX SIBIEHUS MPEICT BISIOT
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co0oil crienuduyeckue UCK XEHUs CIIeIOB B dMYJIbCUM. [Ipupon UX, B CYLIHO-
CTH, HEU3BECTH , HO OHU NPUBOIAT K TOMY, UTO TP €KTOPUM I XK€ 4 CTHI BBICOKHX
9HEPIUil BBINIANAT K K CIIOXHBIE KPHUBBIE JINHUU.

H3-3 3epHUCTOIl CTPYKTYpHI ClIe[] TOYHOCTb U3MEPEHH Y-KOOPAHH ThI CIIE]
B IUIOCKOCTH 3®MY/IbcUM OK 3bIB ercd mopaak 0,2 mxm [40]. A BepTUK JIbH £
Z-KOOPOOUH T B ®MYJIbCUH BCETJ M3MEPAETCs 3H YUTEIBHO MEHee TOYHO IO TOH
NPUYUHE, YTO TONIMH CJI0S BO BpeMs ero oOiiydeHHs] ¥ B IPOLIECCEe U3MEPEHHMs
OTJINY eTCSl MPUMEPHO B AB p 3 . JI W BEpTHK JIbHBIC IepeMeIleHns] 0ObeK-
TUB WIM CTOJI MHKPOCKOI H3MEPAIOTCA B YCIIOBUSIX, CHIBHO OTJIMY IOIIUXCA
OT U3MEPEHHs P CCTOSHUS B IOJie 3peHus O0OBbeKTUB . [| Xe CHIIbHO YBEIUYHUB s
6 3y, H KOTOpOIi BEIyTCsl M3MEPEHHs, Mbl He MOJTy4uM OecrpeaenbHOro yBeluye-
HUS TOYHOCTU M3MepeHHd YIIOB. [IpHXOAUTCS BECTH OTHOCHUTENbHBIE M3MEPEHUS
U OIPEMENATh YINIbl 10 MHOTHM TOYK M H CIIEle U CTULBL.

B k mepe, oOmyyeHHOl MOH MU CBHHI C aHeprueil 160 ['sB/HykioH, mpu
3 mucH y-KoopauH T 20 Tovek vepe3 oguH MWLIUMETp B p Oore [23] ObuT mO-
Jdyd4eH OIMOK H3MEpeHHus YT (p; ; MEXIy NMPOeKUUSIMU CIEI0B H IUIOCKOCTh
amysbcuu, p BH 1 8- 1076 p .

Omnbky m3MepeHust yroB 615 B MPOCTP HCTBE MEXIy Clieq MM (-4 CTHII,
€CTeCTBEHHO, MHOTo Oosbiie. Kpome TOro, OLEHKH M JIBIX YIJIOB MEXHY CIed MU
BCerJ CMeleHsl B 06mpiIyo ctopony [41]. He cMeleHHBIX OLEHOK M JIBIX YITIOB
IIPU UCIIOJIb30B HUM KOOPAMH THOTO METOA IIPOCTO He cyllecTByeT. I[loaTomy,
npexje 4eM oOCYXI Th Pe3YJbT Thl ®KCIIEPUMEHT JIbHBIX OLUEHOK YIVIOB MEXIY
4 cTul MM, B p 6ore [42] ObUIO MOK 3 HO, YTO M KCHM JIbHBIl NPU DHEPIrHU
1 TsB/uykiion yron 65 MexXay IByMS -4 CTHII MH OT p ¢l 1 p IMeHT °Be u3
anp 9B, p BHBIA 5,45 Mpal, MOXeT GbITh U3MEPEH C TOYHOCTBIO ~ 1,5 Mpaj, u
€ro CHCTeM THYeCKOe CMeIlleHHe IPH C MBIX M JIBIX yIT X T KXe p BHO 1,5 mpan.
H »2ToM OCHOB HUHM CUUT JIOCh, 4TO YIIbl 15 < 8,5 Mpany oOp 30B HbI I p MU
a-4 cru or p ci 1 SBe, Bce I pbl (-4 CTHIL € yIJI MU GOJIbIIE DTOM BETMYUHBI
BO3HUK 10T oT npotece °B — 2qa. CylecTBEHHO, YTO OXHJ eMble X P KTepH-
CTUKHM P CIpPEAEICHHH YITIOB f12 B 3THX JBYX IIPOLECC X H M yxXe n3BectHol. H 1o
TOJILKO CP BHHUTb 3TU OXHJ HHS C 3KCIEPUMEHTOM. DTO MBI CEHY C U CHEN eM.

B skcnepumente [42] sMy/IbCHOHH 51 K MEp , COCTOSII $I U3 CIIOEB dMYJIbCUU
BP-2 p 3mepom 10 x 20 cM u tosmmuoi 500 MKM, O6bU1 00JydeH H HYKJIOTPOHE
JIBD OUSM nyukom uonos B ¢ sneprueii 10 I'sB Broms cinos. [ouck cobbITHii
ocyHecTBIIsIcad pocMoTpoM 1o cieny. CymMM pH 4 IJIMH  BCEX Y4 CTKOB IIPO-
CMOTPEHHBIX MEPBUYHBIX CIIEAOB JO HEYINPYroro B3 MMOAEHCTBUS ¢ aap MH (OTO-
OMYJBCUU WM 10 BbIXOA M3 ciosd p BH 243 M. H at1oil nune H #ineno 1823
HeyNnpyrux B3 umoneicTBus. T KuM oOp 30M, cpelHuWil mpober 10 B3 MUMOJeEii-
crus p BeH (13,3 £0,3) cm. B 217 coObITHsIX, COTEPK LIMX AB JABYX3 PSITHBIX
¢p rvent sup ‘OB, Gbumu u3MepeHbl KOOPIMH THl 7, ¥, 2z B 11 Touk X uepe3
100 mkm mo ocm X H o00OWX cjlel X ABYX3 PSOHBIX ()p TMEHTOB U H clele
[EPBUYHOU Y CTHULBL.
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Ecnu cpepHue 3H YeHHst KOOPAMH T Z, Y, z P BHBI {(x), (a), tie a = y, 2, TO
OLIGHK T HIeHC Yy € = @ (IpH @ = y) WIM T HFeHC Yy € = « (IpH a = 2)
Oyzer p BH

(ra) — (x){a)
tge = ——7——- 13
5T T o ()

Beruncnus yrjibl @ U & Jid I HHOTI'O CJIEA , Mbl UMEEM OLICHKY YIUI 0:

tgf = \/tg?p + tg2a.

HecMoTpst H TO, 4TO TOYHOCTH M3MEPEHUS KOOPAMH T IO ocsM Y U Z p 3-
JIMYHBI, I P METPHl P CIpedereHuil YIJIOB ¢ U & H TOH CT THUCTUKE OK 3 JIMCh
np KTHYECKH OIWH KOBbIMH. OO p crpeneneHus, K K U OXHJL JIOCh, COITT CYIOTCS

C THITOTE30i BBIOOPKHM HMX U3 HOPM JIBHOTO
F(X) p clpeleneHuss ¢ KOHCT HTOM, BBIYHCIIEH-
1,0 Hoit u3 p muyc samp YB.

H puc.5 npusenensl (yHKIMS HOp-
M JIBHOTO P CIpE/IeNIeHHs CO CPEAHUM, P B-
HBIM HYIIO, U CT HJ PTHBIM OTKJIOHEHHEM
21 Mpag, BBIYMCIIEHHBIM U3 BEIMYUHBI KOH-
cr HTH mig p quyc aap OB (xpus 1),
U sMIMpHyeckue (GyHKIUHM p CIpeaeIeHus
YIJIOB ¢ U (v, IOJy4YeHHbIE B 9KCIIEPUMEHTE.
CymMM KB Jp TOB P 3HOCTEHl IO BepTH-
K JIM MEXIy IUI BHOM KPUBOHU U SMIIUpUYE-
CKOI1 (pyHKIIMEH p cripeneseHus I eT Belu-
uuny w? (kputepuii comt cua Kp mepc —
Mmu3zec ), KOTOp s MOXeT ObITb HCIIOJIb-
30B H JUId NPOBEPKHU TUIOTE3BI COITT CUS

Puc. 5. Kpusoii m306p KeHo oxu e- OMIIUPUYECKON (DyHKLUH P CIIpEENIEHHs C
MOE CT HI pTHOE HOpM mbHoe p crpe- HOPM JIPHBIM D CHDENENeHHeM [43]. Tlo
Jleltenne. DMIMpHUecK s (yHkuust p c- H IIAM 1 HHbIM, H 1%-M I0BepHTEIbHOM
mpesieNieHnsl yIIioB o 0003H 4eH 3Be3- YPOBHC OT THIIOTE3 IMIPUHMM €TCHA K K JUIA
JAO04YK MH, YITIOB x — KPYXK MU YIJioB @, T K U JId YIJIOB Cx.

DTOT pe3ylbT T H XOOUTCH B IOJIHOM
COII CHU C TeM, 4To Obuto momydeHo B p 6ore [1]. T M 3KCHepuMeHT JbH S
BEJIMYKMH CPEIHErO MOMEPEYHOro UMITYJIbC aeiiTpoHoB p BH (140 £ 10) MaB/c.
A ecnu OUEGHUTH e€e U3 BENWYUHBI 79 = 1,54 @M, TO OH JOIKH OBITH P BH
145 MbB/c. K K BuauM, 9TO HEIJIOXOE COIVI CHE.

Bemuuun x = @1 + w2 + a1 + ao I 1 HHOM BBIOOPKHU COOBITHI P CIIpe-
JeJieH HOPM JIbHO CO CT HJI PTHBIM OTKJIOHEHHeM oy (exp) = (39,7 £ 2,7) mpap.
T kuM 06p 30M, YITIOBbIE KOPPEJIALUH U CTUIl B COOBITHM HE OOH DYXHUB IOTCS B
oKcrepuMenTe. Ho Tora BIOJIHE €CTECTBEHHO, YTO P CIIpesieieHue YIioB 612 = x

0,5
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MEXIy I P MU (-4 CTHII IPH HE3 BUCHMOM UX P 3JI€Te JOIKHO MMETh IUIOTHOCTh
p cupenenenus (4) u GyHKIUO p crpemeneHusd (5).

JIJil OLEHKH 1T P METP ¢ 3TOrO p CHpelesieHUs U3 ®KCIEePHUMEHT H JI0 HC-
KJTIOYHTBH YIIIBI 612 MEHbBIIIE HEKOTOPOH BETTMYMHBI Tpin, T K K K MBI HIEM HEOOIIb-
1I0€ MPEBBIILIEHNE H JI 3TUM P CHpelesIeHUeM B 001 CTH UMEHHO M JIBIX YITIOB 012
3 CcueT K H JIOB, cofepX mux *Be — 2. H 10 UCKTIOUUT U YIB! 015 Gonblle
HEKOTOPOH BEJIMYMHBI Tpax, T K K K T M MOTYT ObITh peiKHe COOBITHSI COBCEM
JpYroil IpuUpoAbl, H IPUMED, Nepep CCesTHWE 4 CTUI] B KOHEYHOM COCTOSIHUH.

Torn cysxkums np BronomoOus uist p cripenenenus Panes, obpe3 HHOro ciieB
U CIp B BEJIMYUH MH Tpax, Tmin, AIMEET BHI

=N
L= ] f@i0)F(zmin,0)(1 = F(Zmax; ). (14)
i=1

JInd H XOXHEHUs OLIEHKHM HMHTEPECYIOIIero H ¢ I p MeTp o H JI0 pelIuTb
HEJIMHEWHOE yp BHEHHE, KOTOPOE IOJIyYUTCS, €CIIM IPUP BHATH K HYIIO IIPOH3-
BOJIHYIO OT JIOT puM H IUC HHOM (DYHKUUH NP BAONOZOOMS. DTO IOBOJIBHO
npocto pewt ercs npouenypoii 13 MATHCAD-8 [44].

M kcumy™m L i 1 HHO# BeIOOpKH goctur etcs nipu o = (31,7 + 2,0) mpan.

KoathdunumeHnr 3umyT JIbHOH cumMeTpud A Ui BceX COOBITUIN B KCIIEpH-
menre p Bed (0,05+0,03), wis cobbituii ¢ 615 < 8,5 Mp 1l OH OK 3 JICSI P BHBIM
—(0,96 +0,04). D10 03H U er, YTO WIS BCeX COOBITHI KOPPEISILUU H TP BICHUIA
MONEPEYHbIX HMITYIbCOB OTCYTCTBYIOT,  IUIsl COOBITHM, CBS3 HHBIX C P CI JOM
8Be — 20, 5TH KOppENALMH BETUKH.

H kownew, B okcriepuMente H Omo 10tcst 33 cobbITus ¢ yrioM f12 < 8,5 Mpan
(BMecTO 36 OXMJI eMbIX COOBITHI). DTO O3H Y €T, YTO B JI HHOM B3KCIEPUMEHTE
BepoATHOCTh H Omtonenus sup SBe npu ¢p rvent mum aap °B p su (18 +
3) %, Bmecto oxun embix 19,7 % B p cuere.

Ecnu 1 6o eMble H MU cOObITHA € f12 < 8,5 Mpaj IeiiCTBUTENIBHO TeHepH-
pyloTcs K H Jiom ®Be — 2a, To aMnupudeck s (pyHKLMsA p CIIpeIe/eHus yIvos 012
aTHX 33 coObITUIl B IIpejiesie HOKH ObITh (DyHKIMEH p cHpenesieHus 3TUX YITIOB
B 3TOM K H Jie. [INoTHOCTb p crpefeneHus T KUX yIIOB IPUBENEH H puc. 1.

JInd IpoBEPKU 3TOH TUIIOTE3bI UCIIOIb30B JIUCh B HEN P METPUYECKUX KpU-
tepus cor cusi. Kpurepuil cornn cus Konmoropos [43] cocTouT B TOM, YTO
M KCHUM JIbHO€ OTKJIOHEeHHe [ sMIMpHYecKoil (DyHKIIUU p CHpeleseHus OT Mpea-
IOJI T eMOi TeopeTHyecKoil (hyHKLUH p CIpeAesIeHus Npu ux corl cuu H 1%
YPOBHE 3H YMMOCTH HE MOXeT mpeBocxoauTh 1,63. B akcnepumente D = 0,32.

Bropoii, 6osee cuibHBII, HO PEIKO UCTIONb3yeMbIil 9KCIIEPUMEHT TOP MH KpH-
TEpUl CBA3 H C CyMMOM

V=Vt4+Vv-,
P BHOIl CyMMe OTKJIOHEHHWH BEJIMYMH 3MIIUPUYECKON (DyHKLMU p CIIpefereHus B
OJHYy U B JIPyryl0 CTOPOHY OT IIPEANo I eMod (pyHKIMHU p cIpeaeneHus. DTo
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T 6auy 2. BpryucjieHHbIe M 3KCIEPHMEHT JIbHbIC 3H Y€HHUSA P 3JIHYHBIX BEeJIMYMH, X -
p Krepusylomux ¢p rvenT mmo sip °B

N Benununnel Brruncnennsie SKCHepI/IMeHT JIBHBIC
3H YCHUA 3H YCHUA
1 (P1)?H, MsB/c 145 140 £ 10
2 o(p) = o(a), Mp 1 21,011 20,5+ 0,7
3 o(Rel, 012), Mp 1 29,714 31,7+ 2,0
4 (612), Mp & 37,22 34,6 + 2,2
5 | o(p1 + w2+ 01+ az), Mp I 42,0 39,7+ 2,7
6 Nev(H12 < 8,5 Mp 1) 36 33
7 Wons(®Be — 2a), % 19,7 1843
8 A nnst Bcex cOOBITHIA 0 0,05 £+ 0,03
9 A s 8Be — 20 -1,0 —0,96 4 0,04
10 <012>, IUIA 012 < 8, 5 Mp I 6,3 5,6 + 1,0
11 DKm‘lM 1,63 0,32
12 Viyun 2,0 0,88
13 w? 0,743 0,304
FX)
1,0

8
X, mpan

Puc. 6. Dmnupuyeck s ¢ynkums p copegenenus F(X) = F(612 < X) 33 ymios.
TouKH — 5TO TPEATION T eM 5 (hyHKIMs P CIpesieieHns yIios # B mpouecce Be — 2o

kputepuit Kyunep [45]. Kputuueckoe 3H YeHHE €rO0 H TOM Xe JOBEPUTEIbHOM
yposHe ecTb 2,0. B axcniepumente V' = 0,88. AH JIOTWYHBIHA Pe3ysbT T MOTyYEH U
IIPY MCTIOJIB30B HUM yXe YIIOMHH BlIerocs Kpurepus corn cusg Kp mepc —Muzec
(cMm. T 611.2).
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DTO 3H YUT, YTO IO BCEM TPEM KPUTEPHUSM COIJl CH4 THIOTE3 O TOM, 4TO
H m BeIOOPK u3 33 ymioB f12 < 8,5 Mpan uMeeT (YHKIMIO P CIIPelieSIeHHs yIIIOB
612 MeXIy U CTHIL MM, COOTBETCTBYIOIIYI0 npolieccy SBe — 2, He OTBepr eTcs.
Puc. 6 a0 mmocTpupyer.

3AKIIOYEHHUE

OcHoBHbIE pe3ynbT ThI p 60T [42] cymmupoB HbI B T 671.2. Bee mpenck 3 -
HUSl, OTy4eHHbIE JI0 3KCTIEPUMEHNT , IOATBEPXIeHbl. Bbixon p rMentos SBe npu
¢p rMent muu penatusuctckoro sap B npu sneprum 10 T'sB peiicTBuTensHO
cocT BisieT ~ 2 % OT BceX COOBITHIA, H HIEHHBIX IO Clieqy B (hOTOIMYIbCUM, HITH
~ 20% ot Tex cOOBbITHH, B KOTOPBIX CyMM 3 PSIOB BTOPUYHBIX (pp IMEHTOB
P BH 3 psAmy NEPBUYHOIO 1P .

B 1iemmomM xe KJI cTepu3 1y sIepHOTO BELIECTB €CTh Y CTHBIN Ciiyd i 001ero
SIBJIEHMS! JII0OOH cHcTeMbl MHOTHX Tesl. T K, B IepBble MTHOBEHUSI CYILIECTBOB HUS
BcenenHoil npu p CIUMPEHUU U OXJI XKIEHUU KB PK-IIIOOHHOM I 3MbI IIPOU30-
OIT MX KJI CTEPU3 LM, BO3HUKIIM MX YCTOWYMBBIE KJI CTEPBHI U3 TPEX KB PKOB.
T k 00p 30B juch HyKJIOHBI. [lOTOM HYKJIOHBI B 3B€3Jl X B IIpOLiECCE TOPEHHs
BOZIOPOZ CT JIM OOBEAMHATHCS B KJI CTEPbI, (-4 CTHUILIBI.

Cp BHHTEJIBHO OOJIBIIOE BPEMsl CYLLECTBOB HUS PE30H HCHOIO COCTOSIHUS U3
JBYX Q-4 CTHIL B BHe “Be crnoco6CTBOB 110 TIPeoioieHuio 6 phep B BUiE Sjep
¢ A = 5 npu cuHTese Ooliee TSXKENbIX sep B IMpoLecce MOCIENOB TeIbHOIO
MPUCOEANHEHUS HYKJIOHOB. I1o cylecTBy, Bce Sap ecTh MPOAYKTHI KJI CTEpU3 MU
3BE3IHOTO BellecTB . Ho M ¢ MM 3Be3/1bl, U T J1 KTUKH T KXe 00p 3YIOT CKOIUICHHS,
KJI CTEpBI.

BeposTHOCT 00p 30B HUA K cTep U3 A 4 cTul, Oyab TO HYKJIOHBI HJIH
MOJIEKYJIBl, TIPU IepexXoje BEeIIeCTB M3 OJHOTO COCTOSHHUS B JIPyroe MpOHOpIH-
oH bHA A™7, tne 7T ~ 2,2 [46, 47]. Tlostomy BbIp Xenue (11) Moxer ObITh
JIOTIOJTHEHO 3THUM MHOXUTENIEM, WM MHOXHTEJIEM, YUUTBIB IOIIUM (p 30Bble 00b-
€Mbl JIByX- WIM TPeXuy CTHUYHBIX COCTOSIHMMU, K K ®TO Aen Jock B [15]. Ho mng
®THUX YCOBEPILICHCTBOB HMI Hy:XH OoJee IIMPOK s 3KCIIEPUMEHT JIbH 51 0 3 .

M 50 uccnenoB Hbl BBIXOABI T KMX KJI CTEPOB, K K 5Li u °He. H geroch,
YTO MCCIIENIOB HHSl BBIXOIOB ®THX M30TONOB npH ¢p r™eHT 1 °B npu sHepruu
1 I'sB/HyKinoH OyoyT mpOBEIeHbI.

ABrop BbIp X er O rox pHOCTb BceM coTpyaHuk M JIBD OUSIN 3 obmyue-
HHe U 00p GOTKY MHOTHMX ®MYJIbCHOHHBIX K MEp U NPENOCT BIIEHHE BO3MOXHOCTH
BBIIIOJTHEHUS LIUTHPOB HHBIX p OOT, T KX€ COTPYIHUK M IPYHIIBI SAPO-SAEPHBIX
B3 umopeiicteuii OPBD [MHUAD PAH 3 pecdarunerus p 60THI MO MOUCKY, U3Me-
peHusM 1 00p 60TKe cOOBITHI, UCTIONB30B HHBIX B 9TOM 0030pe.
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