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[leTepbyprckuif MHCTUTYT anepHoil ¢usuru PAH, TaTumnra, Poccusa

B mpomeccax KJIaCTePH3AMUK sEPHOr0 BEIeCTBA B JIEMKHWX siPax 0cobas posib Mpu-
HaqIeKuT aapy SBe. Uepes 3To cocrogHme 06pasyeTcsa 3aMETHAS JOMS (—YaCTHIL -
(bparmMenToB BCEX PENSTHBHCTCKHUX sijiep. B 0630pe OCHOBHOE BHUMAHWE Y/EIEHO SKCIePH-
MEHTATLHBIM OCOBEHHOCTAM BBIIETCHUA aaep S Be mTpu dbparMeHTaI[l pelaTHBHCTCKOTO
sapa B  kak serwaiinrero spa, B KOTOPOM 3TOT KJacTep Moyker obpasosaThcs. Pac-
CYMTAHBI BEPOATHOCTH 00pa3oBaHusa sAiep & Be Tpu GpparMeHTaIuy PeTATHBHCTCKEX A1ep
0B 12¢, 160, u nposeseno cpaBHeHwe 3THX PacYeTOB C JKCIEpUMEHTOM. Ilokazamo,
9TO MBI B OCHOBHOM MDABHJIBHO MOHMMAaEM MEXaHW3M O0OPa30BaHHs ITOTO KJIACTEPA IPH
cbparvMenTanum peNATHBHCTCKAX sAep TaK KAK PACIeTHI, IPOBEJEeHHBIC HA OCHOBE STHX
[peJCTaBJIeHUH, MOATBEPKIAIOTCS SKCIEPUMEHTOM.

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 ® Be at the fragmentation of the relativistic nuclei B
as lightes nuclei, in which this cluster can be formed. The probabilities of formation of the
nuclei ®Be are calculated at the fragmentation of the relativistic nuclei '°B, 12C, 60,
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

®duswKa KIACTEPU3AIAN AIEPHOTO BEIIeCTBA, T. €. 00pPa30BAHMUE €r0 CTyCT-
KOB, KJIACTEPOB U3 POIUTENHCKOTO SAApa B ANEPHO - SIEPHBIX B3aWMOIEH-
CTBUAX TIPU BBICOKWX JHEPTUAX B MOCIEIHEE BPEMS TMPHUBJIECKACT BHUMAHNE
uccsiegoBaresieii [1-4]. 9To cBA3aHO HE TOJBKO C UHTEPECOM K npobieme Hy-
KJIeOCHHTE3a [5] U ¢ moHuMaHueM OOIUX MPOGJIEM MHOIOYACTUYHBIX CUCTEM
[6], HO 1 ¢ Teopwmeii cymepcTpyH [7], ¥ ¢ TOCTEIHUMA OTKPBITHSIMHI KOHJEHCATA
6o3e- n depmu - gacrur |8, 9].

¢lcHO, 9TO HYKJIOHBI B siipe HEe CBOOOIHBI. ITO CKOpee "KBa3WdIacTUIpr' .
Onu OKpyzKeHBbI 0OJAKOM JPYruX HyKJIOHOB. KBasudacruna ecTb IuHAMAYIE-
ckas cucrema (JIC) tuna noroka [10], HCOBITHIBAIOMIAS TOCIEIOBATEILHOCTD
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CaMOIPOU3BOJIbHBIX MPEBPAIeHuil B cBoeM (ha30BOM mpocTpaHcTBe. B Teo-
puu JIC (TC) 310 ecTh ofHOMapaMeTPUYUECKasi TPYIIIa MPeoOpa30BAHMIA.
Mo cyru TAC sBasiercs omHUM U3 Pa3Je/IOB COBPEMEHHON MaTeMaTHKU, BbI-
BOJIAMH KOTOPOI MBI Oy/IeM MOJIb30BATHCS, HE YIJIyOJIsisiCh B UX JTOKA3ATEb-
crBo. Konedno, ¢ Touku 3penuss GpU3UKHU, I TOTO, ITOOBI OIMMCAHUE Sapa
Ha A3bIKEe KBAa3UYIACTHUI ObLIO ObI XOPOIIMM, U OHO B KAKOW TO CTEIEeHU CO-
[JIACOBBIBAJIOCH OBI C YKCIEPUMEHTOM, HAJI0, YTOOBI BPEMs CYIIECTBOBAHUS
KBa3u4IacTull, ObLI0 OOMBbIM. MBI K 3TOMY BOIIPOCY €Il BEPHEMCS, a MOKa,
XOTeI0Ch Obl OTMeTHTh B3auMOoCBsi3b TJIC ¢ HAMBHON MapPTOHHOW MOJEIIBIO
MHOKECTBEHHOTO DOXKJICHHST YACTHUIL B AJIPOH - aJPOHHBIX B3AUMOIEHCTBUIX
[pPU CBEPXBBICOKUX dHeprusx [11 - 13]. DTo uHTepecHo He TOJLKO HOTOMY, 4TO
MMOVCK B3aUMOCBSI3HU SBJIEHUI €CTh OCHOBHOE COIEPKAHNE HAYKHU, HO TJIABHBIM
00pa30M elrie u MOTOMY, 9TO ANMAPAT U MPEICTABJIEHUsI, OMUCHIBAIOIINE (hpar-
MEHTAIIMI0 KBAPKOB U aPOHOB, OY/IyYn TPUMEHEHHBIMY K OMMCAHUIO TTPOIIEC-
ca (pparMeHTalud PEIATHBUCTCKUAX si/ep, MO3BOJSIOT HOIYYUTh, PACCIUTATH
KOJIMYECTBEHHBIE XaPAKTEPUCTUKHU ACCOIUAIIH HYKJIOHOB, KJIaCTepOB - (bpar-
MEHTOB ITUX $/Iep, HAOIIOMAIONINXCS B IKCIIEPUMEHTE.

HawuBnasa mapronHas KapTUHA MHOXKECTBEHHOI'O POYKIECHUS JACTUI] WJIN
dbparMeHTaINN PEJIATUBACTCKOTO SAPa MPOCTa W MOHATHA. KaxKaas peab-
Hag dacTuua (aJpoH, KBapK, s/IpO, HYKJIOH) B CBOEil COOCTBEHHON cucTeMe
[OKOsI BCErJa OKPYZKEHA KBAHTAMU MOJsS CUIHLHOIO B3aMMOJIEHCTBUS, TOYEY-
HBIMY, 0€3MACCOBBIME YACTUIIAMY, KOTOPBIE HA3BIBAIOT mapToHaMu. Kaxkaprit
I3 TAPTOHOB JKIUBET B COOCTBEHHOII CHCTeMe TIOKOd BpeMs mopsaaxa 10724 cek.
O61ako MapTOHOB HEMPEPLIBHO M3MEHSIET CBOM BHI, CBON COCTaB, COXPAHSIS
[pPU STOM KBAHTOBBIE YUC/IA, HAYAJBLHOTO COCTOAHMS (dacTuipl). Boimonser-
csl TIPU BCeX TPeoOpPa30BAHUAX MAPTOHOB U 3aKOH COXPAHEHUs] UMITYJIbCa. A
3aKOH COXPAHEHUsI SHEPIUU MPHU ITOM MOXKET ObITh HADYIIEH B Hpeaenax u
HA BpeMsi, JOIYCKAEMOe MPUHIINIIOM HEeOMpeIeIeHHOCTH. Bce mapTOHbl B3au-
MOCBSI3aHBI, KOT€pEHTHBI. BO3MO2KHO BO3BpAIIEHNE B JIOOYI0 TOUKY (ha30BO-
ro MPOCTPAHCTBA, B COOTBETCTBUHU C TeopeMmoii [lyankape 0 BO3BpaIlleHUHN U3
TAC.

9T0 NPOCTPAHCTBEHHO-BPEMEHHOE ONUCAHUE YJIbTPAa-PEIATUBACTCKIX
AJIEPHO-SIIEPHBIX CTOJKHOBEHHUIT comepKuTcsa B mpekpacHom ob3ope K. Teii-
repa [11] n B monorpadun P. @eiinmana [12]. Mcnoap3oBaHue mapToHHOMN
KapTUHBI (DPATMEHTAIINN DEISITUBUCTCKUX $/I€P, B OCHOBE KOTOPOU JIEIKHUT
CUIIOTE33 O TOM, YTO MOCJE B3AUMOIEHCTBUS B SKCIEPUMEHTE Mbl HADII01aeM
¢dparMeHThI ¢ TEMH XapaKTEPUCTUKAMHU, KOTOPbIE OHU UMEIU B Spe JI0 €ro
B3aMMOJIEHCTBYS C APYIUM $IPOM, I03BoJMIU B paborax [13-15] upeackasars
HE TOJIBKO KOHCTAHTHI YIJIOBBIX M UMITYJILCHBIX PACIpeaesennii (hparMeHTos,
HO ¥ BBIYUC/IATH BEPOATHOCTH HAOJIIOIEHUN OMpeIeIeHHbIX (hPArMEHTOB. JTO



u OyZeT OCHOBHBIM COJEpIKAHMEM 0030pa.

sInpo 8 Be, xak ¢pparMenT peaTHBHUCTCKOrO SIpa, OCOOEHHO YI00eH I
TAKAX HCCJICJOBAHWI 1O PSAIY TPUYUH. BO-TIEPBBIX, OHO MOJYYAETCs HEro-
CPEJICTBEHHO U3 PeJISITUBUCTCKOrO sifpa. A, HampuMep, o—IaCTUIbl WA [TPO-
TOHBI MOT'YT UCILyCKATHCs ellle M U3 Tak Ha3biBaeMbix "npedparmentos"[16],
rakux Kak °Li, °He wumu tor xe SBe. Bo-BTOpbIX, KAK MbI YBHIHM JAaJiee,
9TO AAPO HATEIKHO UACHTUMOUIUPYETCS B (HPOTOIMYJIHCUHN. JKCIIEPUMEHTA b~
HO dakKT cymecTBoBanusg anpa SBe ycramosma Jk. A. Yumrep B 1940 r.
Oun usyuau paccesinne a—yvacrun B resiuu [17]. VIm 6bw10 nOKa3aHO, 4TO ABE
(—9aCTUIIBI, HADJIOAIONINECS B KOHEIHOM COCTOSTHHM, BO3HUKAIOT U3 JIBYX
METACTAOUILHBIX COCTOSHUIN ¢ 9€THBIM MTOJHBIM MOMEHTOM, U MTOJIOKATETHHON
gerHocTbi0. Oupenenrennbie um sueprum 3tux cocroguuii (0,125 u 2,9 MsB),
u mupusbl (0komo 100 3B u 0.8 M3B), Maio OTIMYaioTcs OT COBPEMEHHBIX
JaHHBIX O HUBIINX COCTOAHUAX A71pa ° Be, npusejeHHbIX B [18].

DaKT CymeCTBOBAHUA A1pa SBe B HPOLYKTaX paCIielieHHsd faaep da-
CTUIIAMH BBICOKHUX 3Hepruil 0wt ycranosited B 1950 r. [19]. Dror sram ucce-
JIOBaHMs MPOLIECCa ETalbHO onucal B MoHorpadun [20]. Perucrpuposasnch
Mapbl —YACTHUIL B COOBITUAX PACIIEILUIEHUS 1€ B SMYJIbCUAX, OOy IeHHBIX
JACTUI[AMU BBICOKUX dHEpruii B Kocmuke. DakT MpuHAIIEKHOCTH STON Maphl
pacmaay ®Be Ha IBe q—9aCTHIBI yCTAHABINBAJICA BU3YAILHO, I OBLT B HEKO-
TOPOIi cTeneHu CyObeKTUBEH. Y TOJI MEXKIY CIeIAMU JIBYX (x—YIaCTHUIL JOIKEH
6bITb MauT - 370 20-30 MpJ. DTO NPU U3OTPOIHOM PA3JIETe YACTHUIL, JAHHOTO
tuma. Kpome TOro, pa3HocTs nmpobEroB 4acTul, JOKHA ObITh Maja. Oudarhb
K€ MO OIEHKE OIepaTopa.

B 310 ke BpeMmsi B IMyJIbCUX, OOy Y€HHBIX 9aCTUNIAMI KOCMUIECKUX JTY-
yeif, u3y4asuch pacnaisl tuna S Li —8 Be+e~ — 2a4+e~. B s1ux cobbITHAX
anpo 8Li ucueIThIBaeT B—paciaf 3a BpeMsa okKomo 0.84 cex, OCTAHOBHUBIIHCEH
B ¢oTocI0e, a MOTOM y:Ke SBe pacmagaeTcs Ha JBe —YaCTHIBL BHmHO
XapaKTepHoe cobbiTHe THIA "MosoTKa" u cites ssekTpoHal20)].

EcrecrBenHo, 9T0O C MOSIBJIEHUEM TTYYKOB PEISTUBUCTCKUX SIIEP WHTEPEC
K uccenopanuaM obpasopanus sajiep SBe BozobHosmica [21,22]. Hamuaue
KaHasa "Be — 2a ObLIO yCTAHOBJIEHO U NPH (PparMeHTAlUd S1ep CBUHILA,
c sueprueii 160 I'sB na nykson [23]. B arux paborax coObITUS BbLIEISIIUCH
[0 MPOCTPAHCTBEHHOMY YIJIy MEXKIy CJI€IaMU JaCTHUIl, 8 Mpu (DparMeHTanum
ceuHna ¢ sHeprueit 160 A I'sB B pabore [23] mo yriiy MeXIy MPOEKIMSIMU
CJIEJIOB HA, TIOCKOCTH 3Mysibcun. QOTMEdeH0, 9TO 10Jisi CODbITHil ¢ (bparmen-
toM ®Be BenmKa B JETKHX fA1paX W CTAHOBATCA MeHDLIIe IpH (parMeHTa-
uu TsKenbix saep. OHaKko, 3Tu HADJIIOIeHNsT HEe COMPOBOXKIAIUCH KAKUMHI
b0 pacueTaMy BepoATHOCTel oOpa3oBanus SBe Ha JaHHOM KOHKPETHOM
sape. A uMeHHO 370 U OyAer MOAPOOHO U3JIOKEHO Jajiee TPUMEHUTEIHLHO K



dbparmenTannu perxarusucTckux gaep °B, 12C u 0. B mmx sddexTn
KJIACTEPU3AINN TOJIKHBI OBITH OCOOEHHO BEJINKH.

Conep:xanue o63opa. B ciexyromem pa3mesne 6osee moapobHo OyaeT pac-
cMoTpeHa (pusHMKa Kiaacrepusanmu saepHoil marepuu. [lomyumm kpurepuw,
10 KOTOPBIM MOXKHO OyzeT BblieauTh Kanai ¢ 1°B =8 Be 4+ all — 2a + all
npu dparmentanun '°B ¢ sueprueii 1 ['3B ma mHykion. Jlasree H3/10KuM IpO-
IeIypY OLEHKH BePOATHOCTH 00pa30BaHus aaep S Be. IlpusemeMm 3TH ONeHKH
g dparmentannn gaep 2C — 3a u 0 — 4a. Tlocie storo paccMmot-
PUM 4YTO, M KAK KOHKDPETHO OBLIO MOMYYeHO B Kamepe OOJIy9eHHON MoHAMHU
0B 5 JIBD ONAN. U, nakoHel, IpoBeaeM CpaBHEHHE JAHHBIX KOHKPETHOTO
9KCIIEPUMEHTA, C TeM, UTO CJIELyeT U3 PACYETOB U NPEJICKA3AHUN U3TO0KEHHON
KapTUHBI KJIACTEPU3AINUN $1IEPHOTO BEIIECTBA.

1. PUBUKA KJIACTEPU3AIINU SIIEPHOIO
BEIIIECTBA

Kaxk 310 y:ke SICHO U3 TPEIbIIYIIEro Pa3aena, IMPOKO PACTPOCTPAHEHHOE
(cm. ar0 B [24]), npeacraBienue o TOM, 4TO npouecc hbparMeHTALUNA PeJisTH-
BUCTCKUX siJIEp W MPOIECC UCIYCKAHUS SIAPOM - MUIIEHBIO (DPACMEHTOB [PU
O0JIyYeHUY MUINEHW YACTUIAMU BBICOKUX HEPruil AKOOBI MIET Ha BTOPOM
sTarne BO3OYXKIEHHBIM SIIPOM, a 3TO BO3DYKIEHWE MPOUCXOIUT Ha, TEPBOM
JTare B3aUMOIEHCTBUs OBICTPON YACTUIBI C SAPOM, SIBJISIETCS OMIUOOYHBIM.
Her HuKaKuX 3KCOEPUMEHTATBHBIX JAHHBIX O TOM, YTO MPOXOAUT KAKOE TO
BpeMsi MeXKJIy OBICTPBIM MPOIECCOM MHOXKECTBEHHOTO POXKJIEHUs YACTHUI] HA
[IEPBOM 3Tale, U MeIJIEHHLIM IIpoleccoM "ucnaperus ' 4acTul, nin ObICTPbIM
JKe pacmajioM BO30OYXKIEHHOTO si/Ipa HA BTOPOM dTarme. Jla, Takme mpeacTaB-
JIGHUSI MOTYT OMUCATH MOCT (PAKTYM TO, YTO HADIIOJAETCA B SKCIEPUMEHTE
[IpH TOI00PE HEKOTOPOT'O YMC/Ia CBOOOIHBIX mapaMmeTpoB. Ho 3a MHOrHE rompt
cylmecTBoBanus 3Toil "reopuun"eil He ynasjoch BbLIATHL KAKHX JUOO KOJuYe-
CTBEHHBIX NIPEJICKA3aHNN HOBBIX ABJICHUM.

Boiee Toro, oka3amoch, HAIPUMEpP, YTO CPETHEe YNUCIO MEJIJIEHHBIX Fa-
CTUII, TOJIYYaIOMIUXCS IPU PACIICIICHUN siaep B (pOTOIMYIBCHN TaCTUIIAMHA
BBICOKUX JHEPTUH, & TaK K€ YIJIOBbIE U UMITYJIHLCHBIE XaPAKTEPUCTUKU ITUX
YACTHUI[ HE 3ABUCAT HU OT SHEPIMH, HU OT MACCHI MEPBUYHBIX dacTull. U 3ro
B mHTepBaJie dHepruii nepBuanabix dactut oT 1 10 200 ['9B u ux 3apsaaos or
1 (mporon), mo 82 (ceuHer). YeMm ObI MBI He JefCTBOBAJIN HA SAPO - MUIIEHD,
"sreprusi BO30yKAeHUA "ero 0CTAeTCsT TTOCTOSHHOM.

DKCIEepUMEHTAIHLHO TTOKA3aHO, 9TO TPY (PPArMEHTAIINN PEJISITUBUCTCKOTO
anpa 2?2 Ne ¢ umnyiabcoM 4,1 I'sB Ha HYKJIOH pacipe/ie/ieHie MOIePeYHbIX HM-
MyJIbCOB BCEX (PPAIMEHTOB COBIIA/IAET C TEM PACIPEIETIEHIEM, KOTOPOE 0K~
HO ObLI0 ObI OBITH, eciiu Obl KaxKablid dpparmedT ObL1 Obl "cay4daiino' cobpan
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I3 HYKJIOHOB A1pa 22Ne 110 ero B3auMOAEHCTBUA ¢ AIPOM B (DOTOIMYIILCHM
[25].

Bozuukaer psin Bompocos. [ouemy crmocobHOoCTh K " ciumanuio " Hy KJTOHBL
IPUOOPETAIOT TOJBKO HA BTOPOM ITAIE, YTO MPEHATCTBYET STOMY PAHbINE, 10
coyapenus ¢ ObICTpO¥ dacruieil. A TyIaBHOE, 9TO YKe 3aCTABJISIET HYKJIOHbI
BoOGOLIe 06pasosbiBarh "kBazuuacruipt". 13 [6] scuo, 4To 310 00yCI0BIEHO
CBOICTBaMU KOHCTUTYEHTOB CHCTEMbI MHOTHX TeJI. B HaIem ciaydae cucrema
MHOTHX Tejl coctouT n3 Pepmu dacTuIl mpu HyJIeBO# Temmeparype. Kpome
TOTO, 3TO CHUCTEMA YACTUI, C UB0TOMUIECKUM CIIMHOM HOJIb W €UHUIA. 3Ha-
9UT B OJHON sdeiike (ha30BOro MPOCTPAHCTBA fi MOXKET HAXOAUTHCS TOIBKO
4 HYKJIOHA C PA3HBIMU KBAHTOBLIMH YHCIAMU. JTO MPOYHOE 00pA30BAHUE U3
4-X HYKJIOHOB U €CTh q—KJjacTtep. OH KUBET 3HAYUTEIHHO TONIBIIE, YeM, Ha-
npuMep, ciy4aiinoe obpa3oBanue 4-x HEHTPOHOB B siape, Win 3-X HEATPOHOB
U OIHOTO TIPOTOHA ¥ T. 1. BeposaTHO Tak ke 00pa30BaHue KIACTEPOB U3 IBYX
HYKJIOHOB C IPOTHBOIOJIOXKHBIMY CIIUHAMU, WM u3ocnuHamu (aefiToH), HO
oHU OYIYT KUTh MEHBIIIE, YeM (X —KJIACTEPHI.

A mocnie obpa3oBaHus IBYX (—KJIACTEPOB B OJHOM siIpe OJHOBPEMEHHO
BO3HUKAET COBEPIIEHHO HOBAS CUTYAIUs. ITU KJIACTEPHI yiKe ABJIsIoTcs bose
"kBazwgactunamu". Ouu OyayT 00pPa30BBIBATH MOI00NE KOHIEHCATA, OYIyT
CHJIETh Ha OJHOM M TOM »Ke dHeprermdeckoMm yposHe. HagryT 3 dekTuBHO
B3auMojeiicrBoBarb. VI, Kak 1oka3ajiu 3KcnepuMmenTbl Yusuepa [17], obpa-
3yI0T pe3oHaHC, anapo SBe. Kak 4acTo 3TO HPOUCXOAUT B TOM, HJIA UHOM
SIIpe MBI U OyIeM MCCIeIoBaTh. A Tak Kak JeslaTh 9TO MbI MOYKEM TOJIBKO MO
IPOLYKTaM pacmaia aapa SBe — 2q, TO BayKHO XOPOIIO 3HATH T€ 3aKOHO-
MEPHOCTH, KOTOPBIM CJIEIYIOT ST CAMbBIE (t—YIACTHUIIHI BOOOIIE. 3/1€Ch NMEETCs
JIOBOJIbHO TPOYHAS KAK TEOPETHYECKasi, TAK U IKCIIEPUMEHTAIbHAs Da3a.

B paborax [26,27] 10 u3y4eHuio sHepreruIecKuxX U yriloBbIX pacupesese-
Huil (pparMeHTOB, UCIYyCKAEMBIX SIIPAMY - MUIITEHSIMU TP 00Ty I€HUHU UX TIPO-
TOHAMY BBICOKHX HEPTUil Pe3yJIhTATHI IKCIEPUMEHTA, OMUCHIBAJINCH B TTPEI-
MOJIOXKEHUHU, 9TO OHU MCIYCKAIOTCS BO30YXKIEHHBIM sIIPOM, IBUKYIIUMCS B
J1abOpATOPHON CHCTEME C HEKOTOPON CKOPOCTHIO TI0 HAPABJICHUIO UMITYJIbCA
[MEPBUYHOIO MPOTOHA. YIOBJIETBOPUTEIHLHOE ONMUCAHUE SKCIIEPUMEHTAIBHBIX
JIAHHBIX JOCTUTAJIOCH MOI00POM 9-TH CBOOOIHBIX IMapamMerpoB. [ KaxKaoro
9KCIIEPUMEHTA TU TMAaPAMETPhI OKA3BIBAJINUCH HE COBIAIAIOIIUME IPYT C IPY-
rOM, ¥ WX IBPUCTUYECKAS IIEHHOCTH OBLIA MPAKTUYECKH paBHA HYJ0. IIpes-
CKa3aTh PE3yJIbTATHl HOBOTO IKCIEPUMEHTA, ObLIO HEBO3MOXKHO.

Ucnonp3oBanue napTOHHON KAPTUHBI (PPATMEHTAIMH S/1€D KAPAUHAIBHO
MEHSIeT 3Ty cUTyaruo. /s onucanusi yriOBbIX ¥ UMITYJIbCHBIX PACIPEIese-
Huil GparMeHTOB PeNATUBUCTCKUX A1ep (U PparMenToB A1ep ~-MUIIEeHE ) OKa-
3BIBAETCHA JOCTATOYHO WHMOpMauu 00 OCHOBHOM COCTOSTHAU (DPATrMEHTUDY-



IOIIEro s/Ipa, J0 ero B3aUMOEHCTBUS ¢ APYTUM AApOM (Ui B3aUMOIEHCTBUS
C MUIIEHBIO OBICTPOro mpoToHa). HaM HyKHBI CBOICTBa pacipeaesieHuii map
Q—Y9aCTHUII, UCITyCKaeMbIX aapoM OB ¢ sueprueit 1 5B Ha HYKJIOH, KOTOPEIE
u OyjeM cpaBHEUBATH € IkcnepuMeHToM. [Tokazkem, 9To 3T CBOMCTBA MOLYT
OBITH MTOTYYeHBI 6€3 KAKUX 00 CBOOOIHBIX MAPAMETPOB, HO MPH HEKOTOPHIX
[PEJIOIOKEHNSIX, CIPABETUBOCTh KOTOPBIX OYeT MpOBEepeHa CpaBHEHUEM
NIPEJICKA3aHUNA C YKCIIEPUMEHTOM.

Wrak, npeamomaraem, 9to aapo ectb cucrema PepMmu 9acTUIl, UMITYIHC-
HOE MIPOCTPAHCTBO KOTOPBIX eCTh miap paauyca Pr, a Jucnepcust UMITyJIbCOB
HYKJIOHOB B siipe pasua oa = P%/5. 3necs Pp - 3T0 MakcuMajbHbIf
ummysibe @epmu. Ero MoKHO onpenennts, HAPUMED, O PACCESTHUIO TIEK-
TPOHOB Ha sizipax [28]. B 06bIMHOM MpOCTPAaHCTBE HYKJIOHBI SIIpa ¢ MACCOBBIM
apcioM A 3anommsior map pammyca R = 1o - A3, Komcranra ro mms
PA3JINYHBIX SEp TAKXKE OMPEIEISeTcs B IKCIEPUMEHTAX IO PACCESTHIIO
pasiimuHbIx Yacrul Ha saapax [29]. ®asosbiii obbem (), 3anumaembiii A
HYKJIOHAMH, PABHBIA IMIPOM3BEIECHUIO OOBITHOIO O0OBbeMa Mmapa Ha 00beMm
MPOCTPAHCTBA, UMITYJILCOB, TOJIXKeH ObITh paBen 4Ah. Torma mosyvyaem, 4ro
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PRV 1)

gg"To =
i og - ro = 134,422 (M3B/c)Dwm.

B pa6ore [25] npu dparmentanuu agep 22Ne ¢ ummyabcom 4,1 I'sB Ha
HYKJIOH KCIIEpUMeHTaJIbHas oueHka oo = (102,5+2,5) M»sB/c, B To Bpems
KAaK OXKW/IaeMOe 3HAYEHUE ITOM BeauduHbl u3 umiyabca @epvu pasuo 105, 1
M5sB/c. I Takue MOATBEPKIEHHUS OKHMIAEMOIl BEIMYMHBI 0( [OJIYyYEHbI B
pse SKCIEPUMEHTOB.

Cambre o0I11IIIe COOOpaskeHust O BHIE BOJHOBOM (DYHKIINU HYKJIOHA, B SA/Ipe
OPUBOJAT K BBIBOIY, 9TO MPOEKIUsS UMITYJIbCA HYKJIOHA HA MPOU3BOJBHOE
HAMPABJIEHUE B IPOCTPAHCTBE JIOJI?KHA OBITH pACIpeneneHa HOPMAIbHO, CO
CPeJIHEM, PaBHBIM Hy/I0, W jaucrepcueii oa . B pabore [30] mokazano, 9To
eC/Id U3 siIpa, UMEoNero A HyKJIOHOB, JJIsi KOTOPBIX BEKTOPHAS CYMMa WX
MMITY/TbCOB paHa HyJIi0, ¥ JUCTIepCHs UX pacrpeeeHus paBHa 03, CIydaii-
HbIM 0Dpa30M u3BJieYb k HYKJIOHOB, TO JUCIEPCHS BEKTOPHON CyMMBI 3TUX
BBIOOPOK OymeT paBHa
k-(A—k)
— (2)

A-1

ITo cymecTBy 910 uncTas Kombuuaropuka. CoorHorrenne (2) Ha3bIBaET-
ca mapabonmyaeckum 3akoHOM [ombaxabep. OH BbIIEpIKAT MHOMKECTBO KC-
[EePUMEHTATbLHBIX TPOBEPOK M ObLI, B OCHOBHOM, MOATBEPXKIEH UMH. ZICHO,

2 _ 2
O =0¢ "



9TO €C/IU MBI TTpY (pparMeHTaIuu JTI000TO PEISITUBUCTCKOTO SApa C MacCo-
BBIM 4HCIOM A  TOMyYuM [JIs KaxKJ0ro (pparMenTa C YUCIOM HYKJIOHOB
k OIeHKY TpPOEKINU TMOMEPEYHOr0 WMIYJIbCa P| Ha MJI0CKOCTh IMYJIbCAN
P, =k-P-tgy 1o n3MepeHHOMY YTy (¢ MeKIy HallpaBIeHHeM IMIIyTbCca
Py ma HyKJIOH IepBUYHOIrO siIpa U mpoeknueil P) Ha MIOCKOCTb SMYJIHCUH,
TO CJIy4dailHasd BEJIMYUHA

JO’KHA, OBITH PACIPEIe/IeHa HOPMAJIBHO CO CPETHAM PABHBIM HYJIIO M JIAC-
nepcueii oZ s 3TOro PeIATHBUCTCKOrO sipa. B pabore [25] mokazano, 4To
n1a 6omee wem 6000 dbparmenToB sapa 22Ne THIOTE3a HOPMATIHLHOCTH PAC-
npezesenus Beuunn (3) B 9KCIEPUMEHTE HE OTBEPraeTcs.

Koneuno, pacmpesesienne camMuxX MOMEPEYHBIX MMITYJIHCOB (DPArMEHTOB
PENATUBUCTCKUX saep © = P, uau yrios BbLieTa (dpparMeHToB © = 6,
JOJIKHO CIIEIOBATh X2 PACIPEIeIeHnIO, W PACIpeneTeHnio Paes, mmor-

HOCTBb BEPOATHOCTH KOTOPOI'O €CTb

flz,0) :%-exp(—w2/2-02), (4)

o

a QYHKIHA pacrpeeneHns paBHa
F(z,0) =1—exp(—22/2-0%). (5)

Hna aopa '°B uumoymsc @epumu B [28] He m3Mepsiicst, HO O JAHHBIM
paborst [31], mis vero BesmuuHa 1o = 1,54 ®wm. U3 ckazanHoro ciemyer, 4ro
pacIpeieleHre yrioB BLIETa or—IaCTHI IpH pparMenTanua aiep 0B ¢ uu-
nysabcoM Ha HyKjoH Py = 1696 M»sB/c nomkHO ciienoBarh pacipeiesieHuro
(4) ¢ koucranToit oy = 21,0 mpz. Ho 3T0 TOIBKO HHK/IIO3UBHOE PACIIPEIE/Ie-
Hie Beex a—dacta B mponecce B — 2a+all. A mac 6yayT nnTepecoBaTh
YTIIBI MEXKIY IBYMSI (—YaCTHIIAMHM KaK B 9TOM IMPOIECCE, TaK U B MPOIECCEe
Hap TaKHX YaCTHUI, OpH pacmage > Be — 2a.

Ecan 6b1 Takoe sapo kak '°B  pacnaganock no kanany °B — 2a + d
wmr B — 2 4+ p 4+ n mpocto mo $ha3oBoMy 06beMy OyIydn BO3OYKIEH-
HBIM, TO TP TAKOM MaJIOM YHCJIe YACTHUI[ KOHEIHOTO COCTOSTHUSI, MEKIY MO~
MEPEYHBIMU UMITYJILCAMU, A, 3HAYUT, U MEXKIY YIJIaMU BTOPUYHBIX YACTHIL,
Hen30eKHO [TOKHBI ObLTH ObI OBITH CUTbHBIE KHHEMATHIECKHE KOPPEISIIHN.
Torma pacupe/iesienrue yrioB MexK/Iy HHTEPECYOMUMI HAC (—YaCTUIAMU Ha-
110 6bLIO ObI BBIINCIATD, MOZETUPy pacuaz sapa ‘B mo ¢pasoBomy 06beMy
[IPY OTPEIEJICHHOM SHEPTU BO3OY K ICHUS, T. €. IPUIILIOCH ObI BBOIUTEH HEKUH



MOJrOHOYHBIM MapaMerp, OT KOTOPOTO 3aBUCE] ObI CPEIHUIA Yol MEXKIy Ma-
poit 3TUX YaCTHUIIl.

A ecnu HabmiomaeMbie B KOHEYHOM COCTOSTHUM PEAJILHBIE YACTUIBI €CTh
TOMLKO HEOOMbIIAS 9aCTh 00JIaKa ITAPTOHOB C HEONPEJETEHHBIM YUCIOM Ya-
CTHIL, J/Tsi KOTOPOrO BEKTOPHAS CyMMAa BCEX WX MONEPEYHBIX UMITY/IHCOB BCE-
r/1a PaBHA HYJII0, TO KOPPEIANU ONEePETHBIX HMITY/IbCOB YaCTUI, B KOHETHOM
COCTOSTHUY OBITH He JOJKHO. Bee MOIKHO BBINJISAETH TaK, KaK OYATO YacTh-
B BBUIETAIOT HE3ABUCUMO IPYT OT npyra. O6a 3Th yTBEp>KIeHUS MOTYT OBITH
IPOBEPEHLI B SKCIepuMenTe. Ecmm a—JacTuis! BelaeTaor u3 aapa ° B mesa-
BHCHMO JPYT OT APYyTa, TO yroua f15 MEXKIy HAMH, KAK MOKA3aHO B pabore
[16], nomkeH uMerb Y2 paclupejuesieHue ¢ KOHCTaHTOl o (f12) = V2 -0y, T
e. 0(f12) = 29,7 mpa. Cpemuuil yroa Mexay JByMs (r—YaCTULIAMU JOJIKEH
ObITh paBeH < f1p >= \/7/2 0(012), nwm < 612 >= 37,2 wmpz.

B $0oT09MyIBCHOHHBIX IKCIIEPUMEHTAX YTJIbI BBIJIETA, OOBIYHO OMpeIess-
FOTCS IO JBYM YTJIaM, PABHBIM YIJIAM MEXKIy MPOEKIMSMH MMITY/TbCA Ha, JBE
B3aMMHO I[I€PIEHAUKYJISPHBIE ILUIOCKOCTH — HAa ILUIOCKOCTb 3MYJbcuu (yros
), U Ha IJIOCKOCTH MEPIEHIUKY/IAPHYIO K Hel (yron «). Ecim B KaxaoMm
COOBITUM JIBE€ YACTHUIHI BBHLIETAIOT HE3ABUCHUMO JPYT OT Jpyra, U 0ba yria
¢ W  KaXKIOH JaCTHUIBLI ABIAIOTCA CIyYalHBIMA BHIOOPKAMHU M3 HOPMAJIh-
HOI'O pacnpejiejieHus C OJJHOU W TOI Ke Jucnepcueii, TO AUCHepCusd CyMMBbI
4-X TAKMX yTJIOB B KA KJIOM COOBITHH JIOJIZKHA OBITH PaBHA 4-M JUCIIEPCHSIM
pacIpesenennst STUX yrioOB, U MOITOMY

o(p1 + 2 + a1 + a2) = 200. (6)

[Ipocreiimieit xapaKTePUCTUKON IBYXIACTUIHBIX KOPPETANUN IACTHUIL B
[IOTIEPEYHOH TIJIOCKOCTH SBJISIETCS KOIMDDUIMEHT a3uMyTaJbHON acHMMeT-
puu A, ompelenseMblii KAk Pa3HOCTb BEPOsITHOCTEH HADJIIOEHNsT PA3HOCTH
a3uMyTaJILHBIX yIUIOB ABYX yacTui, AW Gosbine uem 90° u menbIine gem 90° :

_ N(AT >90°) — N(A¥ < 90°) .
~ N(AY > 90°) + N(A¥ < 90°)° @

[Tpu HE3aBUCMMOM UCITyCKAHUU YACTHIL TOT KOIMDMUIIMEHT JOIKEH ObITh
paBen HyJo. Pactpenesenue mo yriam AW MeKIy BEKTOPAMH TTOMEPEIHBIX
HUMITYJIbCOB JIBYX YACTHUI] B COOBITHE B 3TOM CJIy4ae JOMKHO ObITH PABHOMED-
ubiM. [Ipu pacmage Bo30YKIEHHOM CHCTEMBI HA N IACTHIL 110 (PA30BOMY 00b-
eMy, KOT/Ia BEKTOPHAs CYMMa, IOTIEPEYHBIX UMITYJIHCOB BCEX YACTHUIL B KAXKIOM
COOBITHU PABHA, HYJIIO, HEN30EKHO BOBHUKAIOT KHHEMATHIECKAE KOPPEIAIUn
B moriepeuHoii miockocTh [32]. Koaddunpmenr azumyranbroit acuvMmerpun A
B 3TOM cirydae no/keH Obith pased 1/(n — 1). Ilpu dbparmenranuu sapa
1B posiHOE YKMC/IO YACTHUIL . HEe MOKET OBbITh HACTOILKO BEJHMKO, 9T00bI A
HE OTJINYAJIOCH OB OT HyJIsl.

A




[Ipu pacmaze 8Be ma ape a-uactumer, ecan S Be uchymen u3 '°B, Bce
PA3HOCTU A3UMYTAJbHBIX YTJIOB ABYX YACTHUI JOJKHBI ObITH MeHbIe 90°.
Koaddumnumenr azumyranbHoil acuMMerpun A 1j1s 3TUX COOBITHI JOMXKEH
ObITH 630K K —1. DTO HAM M PEJCTOUT MPOBEPUTD.

Teneps mocMoTpuM, 9TO OYIET, €CIH COOBITAS C ABYMsl (-GaCTHIAMHA B
HAIleM KCIEPHMEHTe HIyT depe3 pacman SBe — 2«. IIpeamomno:kum, IT0
nporecc ucnyckanusa SBe aapoM B maeT Kaxk oO6brdHAS (parMeHTAIH.
Torga momepednble UMITYILCE Aapa SBe OyIyT CleJoBaTh PaCIpeIeeHnio
Paiest, KOHCTAHTY KOTOPOrO MBI JIEFKO BBIYUCIMM, 3HASI KOHCTAHTY T sIIPa
0B, TIponosibHbIil UMIIYJIbC d1pa S Be NpaKTHYecKd He U3MEHHTCA U OyIeT
pasen 8Py = 13,6 I'sB/c.

3HAYUT, HAMPABJIEHUE ¥ UMITYJILC SPA PACTAIAIOIIErOCs HA-JIETY Ha, IBE
Q-9aCTUIBI, HaM u3BeCcTHBI. KuHeTndeckas: sneprus

To = (P2)?/(2- Ma)

kazk10it a—yvactunsl B CLIU anpa 8 Be pacnanamomerocd u3 cocroauusg 01
papHa 45,96 k3B. 31ecs P* sto mmmyase a—gacranst 8 CIIU 8Be, a M,
9TO Macca MOKOAd q—IacTUIBI. ZIcHO, 9TO

2-TF = /(B + E2)2 — (P1 + P3)2 —2- M, (8)

ecmu Ey, Es, P1, P2 3TO momHBIE SHEPTUN U BEKTOPA UMTYIHCOB (t—YaCTHII,
B J11000#1 crcTeMe OTCYeTa.

Eciu Bexrop P} manpasmen mox yriom §* = 90° k Hampas/ieHHIO Bek-
Topa ummybca aiapa S Be, to P* = P|,, T e. umnyabc a—vacruupt 8 CIIU
Apa S Be paBeH IIONEpEYHOMY HMIIYJILCY €e B J1abopaTopHOil cucreme. A B
obIeM ciaydae

PIa = PLD( =4- PO . sin(012/2),

3TO BBIIOMHAETCA TOMBKO HOTOMY, UTO YO BhLIeTa gapa S Be wad. Iome-
peunsie nMmyabesl a—uactun B CIU 8Be u B CIIU '°B, mnpaxTwyeckn
coBmagaioT. VIHoraa 9To 00CTOATENIHCTBO PACCMATPUBAIOT KaK BO3MOYKHOCTH
onpesesiernsi B (hOTOIMYIHCHOHHOM SKCIIEPUMEHTE SHEPTreTUIeCKUX yPOBHEH
ocmoproro 07 m Bosbyxmemmoro 21 cocrosmmit aapa 8Be TOMBKO MO
U3MEPEHUIO TOMEPEYHBIX UMITYIHCOB x—dacTuil. HO TaK MOXKHO OmpenenThb
TOJIBKO TOMEPEIHYI0 YaCTh WHBAPUAHTHON MACCHI IBYX (—YaCTHIL, & HE TOJI-
HyI0 ee BequunHy. OYeBUIHO, YTO €CIM JAXKe MOJIHAS WHBAPUAHTHAS MACCa,
JIBYX YaCTHUIL CTPOTO (DUKCUPOBAHA, TO IKCIEPUMEHTAIbHAS OIEHKA, TOTIeped-
HOII YaCTH MHBAPUAHTHOM MacChl OyeT pacipeieseHa Tak:Ke Kak u 0, (cM.
puc. 1). Ilo cpaBuenuto ¢ yriom 615 OHA HUKAKOI HOBOW uH(bOPMALMU HE
J1aer.



[Ipomonxkum omucaHue TpoNeIyphbl, B KOTOPOU MOJIyYeHO PACIpEeIeIeHNe
YIJIOB 15 MEXKIy q—YacTHIAMM Ipu pacmajge SBe — 2a. YriaoBoe pac-
npenenenne a—dvactun B CIIM pacnanatorerocs simpa 8 Be mosaraem m3o-
rponsbiM. Paseirpas no Moure Kapsio yron 8* a—vacrunpl B cucreMe IIoKost
anpa 8Be, mony4YaeM HMIIY/JIbC Q-4aCTHIBL B jabcucTeMe, U HAXOIUM yroJl
MEeXKIy JaCTUIIAMU B KaxKI0M U3 cobbiTmit. MoaeanpoBaHHOe TAKUM 00pa3oM
pacrpeeieHne yrioB MeXK Iy JacTUIaMu MpuBeaeHo Ha puc. 1. Umeem pes-
KUif MAKCUMYM B BEPOSTHOCTH HAOJIIONEHWS ITHX YIJIOB TpHU yrie 5,45 mpmn
3a CYET TOrO, YTO TEJIECHBIA yros Mpy pasJiere ABYX (-4acTHUl] II0J, YLJIOM
90° B CHU pacnamaromerocss si/ipa 3HAYUTETHLHO OOJIBIIE TEJECHOrO YIia
[IpU pas3Jjiere uX IOJ, HyJeBbIM YIJIOM C HAIlIPAaBJIEHUEM HMILYJIbCA PaCIa ao-
merocs simpa. [lpy yBesndeHuy SHEPIUU MEPBUYHON YacTULBI (POPMa, ITOTO
pachpeeieHus COXPAHUTCS, HO TPEIENIbHBIN YTOJ 0y, 4, CTaHET MeHbIne. [Ipu
MMIyJbce Ha HYKJIOH 4,5 ['5B/c mpenenbHbIil yron MexIy a-9acTUIaMu OT
pacmaga 8Be us cocrogmua 01 B aMyabcun 6ymeT oKomo 2 Mp.

IIpu pacnane 8Be wu3 nepsoro Bo30y:KJeHHOro cocroguusa 21, ia
koroporo 2 - T ~ 3 MsB, pacupenenenne yrios 615 Oymer mogobHO n300-
PaXXEHHOMY HA pHUC. 1, HO MAKCUMAJIbHBIN YOI MEXKIY q—YaCTUIAMu Oy1erT
pasen ~ 30 mpa. Umnynec P} Oyner B 5 — 6 pa3 Oosblile, a MepeHOCHOM
UMILYJIbC (u—d9acTull ocranercs npexxanm (4 - Py = 6,8 I'sB/c).

Kpowme Toro, sro pacupenenerune Oy1eT CMECbI0 PACIPeIeIeHuil ¢ pa3Hbl-
ME BEINYIHHAME MAKCHMAILHOTO yria O, T. K. MHpHHA YpoBHA 2T 0KOMIO
0,8 MsB. A MBI y3Ke BumesH, 4To A5 mporecca (0B — 2o oxKunaeMas Bejn-
anna 0(612) = 29,7 mpa. [TosTomy BBLIEANTH pactal S Be W3 MepBoro BO3-
OyzKaenHoro cocrosuud 27 mu mo yrity 61, HE IO Pa3HOCTH HHBAPHAHTHOM
MAacChl U CyMMbL MacC [OKOsd ABYX dacrull 110 (opmysie (8) B dhorosmyibcu-
OHHOM 3KCIIEPUMEHTE [PAKTUYECKH HEBO3MOZKHO.

B Tom caydae, KOrma sHeprusi IEPBUYHOTO AP, BEJIUKA, U MACCA €ro Mo3-
BOJIET er0o (pparMeHTaINI0 Ha YUCI0 (—IACTUIL OOJIBINE ABYX, TO BOSHUKAIOT
HOBBIE pobJieMbl. Pacnipenenenue yriaos #12 MeXIy BCeMU MapaMud YACTHIIL
Ternepb 3aBUCUT OT YUCTIA YACTHUIL B COOBITHH. Uem OOJbINe YNCI0 JACTHUIL B
CcOOBLITUH, TEM BEpOsiTHee HabII0AATh MaJible yIUbl 12 OT pacnala IepBud-
HOI'O sJpa Ha (—dacTUlbl 1 0e3 00pa30BaHus IIPOMEKYTOYHOIO COCTOSHUS
8Be. ®on cranosurca 6ombmre. C APYroil CTOPOHBI, B COOBITHUAX C HTHCIOM
Q—YaCTHUI PABHBIM JIBYM, MAKCAMYM BEPOSTHOCTH HADJIIOIEHNS YTJIOB f15 OT
9TUX COOBLITUH, KAK MbI BHJIEJIM, COBIAIAET C MAKCUMAJbHBIM YIJIOM f15 OT
pacnana 8 Be u3 cocroanus 27. Ecinm cobbiTuil ¢ 1ByMs or—4acTUIIAMI MHO-
ro, To Ha (pOHE pacIpese/eHnus: yrioB 015 OT COOLITUIH C YMCIOM (t—YACTHI],
OosbIie 2 B 3TOH CMECH PACIPEIEIeHNs BIIOJHE MOXKET MOSBUTHCS MAKCHU-
myM. IIpu >KeJTaHNM, ero MOMKHO HHTEPIpPETHPOBATL KaK pacmat S Be — 2a
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u3 cocroanus 2. KomeuHo, nmeagbHbIM OBIT OBI 9KCHEPHMEHT ¢ JOCTATOTHO
TOYHBIM OIMPEIEIEHUEM MOJHBIX UMITYJIbCOB (r—YACTHI], YTOOBI MOYKHO OBLITO
OBI OTIPE/Ie/INTh MHBAPUAHTHYIO MACCy TMapbl UX C TOYHOCTHIO JIYUIIe OHOTO
M>5B-a.

Takum 0O6pa3oM, pacrnpesenreHus yrioB o MeXIy IByMs (-4aCTHUIAMU
IIpU UX HE3ABUCHMOM paszjere u3 aapa * B u npu pasjere u3 mpoMezKyTOYHO-
O OCHOBHOTO COCTOSTHMSA ° Be pe3Ko pa3andaiorcs. ITo U JaeT BO3MOKHOCTD
BBIIEIUTL COOLITHA, Haymmue mo kauaay ‘°B =8 Be = 2a+all, or cobbITmii,
uaymux no kanaiy 0B — 2a + all.

Mbr mombITaeMcsi ceiiuac BBIYUCIUTD BEPOATHOCTH HADJIIOAEHUS IEPBOro
U3 9TUX KAHAJIOB.

2. O2KNJTAEMBIN BBIXO/I 8Be U3 AJEP 9B, 12C u 150

Bo3MoKHOCTE TOTy4YeHusT TPOCTOM OIMEHKH BEPOSTHOCTH HADJIIOIEHUST
dparmenra ganHoro Tuna obocHoBaHa B paborax [14,15]. 1o obocHoBaHuE
BBIDJISITUT TAK.

Ha3zoBem kauasoMm (parMeHTaIiu MEPBUIHOIO PEISTUBUCTCKOTO SIPA C
3apsAoOM Zy U aTOMHBIM HOMepoM Ag J06oe ero caydaiinoe pasdouenue Ha k
(bparMeHTOB € MaCCOBLIMU YHCITIAMU ¥ 3apAnaMu A; W Z;, TIpU yCJIOBHUHU, 9TO
SisiZi=2Zy n Zif A; = Ap. MakcumanpHas I MUHIMAJIbHAA BETMINHA
k= Ay uk = 2. I3 Bcex BO3MOXKHBIX COYETAHHUI HYKJIOHOB [I€PBHUYHOIO
Anpa 0yaeM pacCMaTpPHUBATh TOJIBKO TaKhe, B KOTOPBIX Bce k (parmMeHToB
HMEIOT MACCOBBIE YUCIIA U 3aPSAbl CTAOUIHHBIX WM PAJUOAKTUBHBIX U30TO-
OB, MACCHI KOTOPBIX TIPUBEIEHBI B [18] 11 OHM MOTYT HABIIONATHCS B KOHETHOM
cocTosiHUY TpHU (DPArMEHTAIUU JTAHHOTO MEPBUYHOIO sIIPA.

910 3HAYUT, YTO, HATIPUMED, KAHAJIBI, copepKaiue ¢pparMenTsr ¢ A; = 3
u Z; = 0, paccmarpuBarb He Oymem. Cumraem, 9T0 BpeMs CYIECTBOBAHWS
TakuX "KBa3M4ACTHUI" MHOTO MEHBIIIE BPEMEHU CYIIIECTBOBAHUS BUPTYaIbHBIX
gacturl ¢ 3apagamvu 2 win 1. B objake mapTOHOB MOTYT OBITH U TTEPEXOIBI
tuna pn — nnat wm A° wactuner, wmn KK~ u 1. 1. Ho onm paccmar-
pUBATBHCSA TaKxKe He OyayT 1Mo TOi IpUYUHe, YTO JJisi MEPEX0a B PeaTbHOe
cocrostare uM Tpedyercs sueprus AE MHOro 6osibiiie TO# 3HEepruu, KOTopast
HEODOXOIMMA, JIJIsT TTPEBPAIIEHNsT BUPTYAJbHBIX YACTHUIL B peajbHble (hparMeH-

ThI U3 CTa6HJIBHbIX U PaJUOaKTHUBHBIX U30TOIIOB. A 9Ta dHEPrud
i=k

AEp =Y (Mi+ < T >;) — M. (9)
i=1
Ona pasna cymme macc M; ¢parMeHTOB, MIIOC CYMMY CPEIHUX KHHE-
ruueckux snepruii pparmenros B CIIU nepsuuHoro sigpa,
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301»2 T

T>i=5=\/3,
DR VARV

(10)
MHUHYC MACcCy MepBUYHOrO A/1pa. 3/eCh 07 JTUCHepCHs PACIpeeJeHus IPOeK-
nuu uMIyabca gpparmenTa ¢ maccoit M; HA TPOW3BOJIbHOE HAIIPABJIEHUE, KO-
Topyio Haiizem 1o dopmyie (2). Cymmy BCex CpemHUX KUHETUUECKUX IHEP-
ruii bparMeHTOB MOXKHO HA3BaTh '"cpenHeil sHeprueil Bo30yxKmenus'"sapa.
Teneps oHa MO OMPEIEIEHNIO0 HE 3aBUCUT OT SHEPTUU MEPBUIHOTO SIPA.

11 KOHEYHOrO COCTOsIHUS TOCe (DPArMeHTAIMK IePBUYHOTO S/IPA BbI-
[IOJIHSIETCH B YACTHOCTH W 3aKOH COXpaHeHus uepruu. Ilpm sTom vacrts ku-
HETUYECKON SHEPTUU JIBYX CTAJIKUBAIOIMXCA sanep, B ux obmeit CIIU, pac-
XOyeTcsl Ha MepeBOJ, MapTOHOB B peasibHbie dacTuibl. A Teopema Herrep
CBSI3bIBAET 3AKOH COXPAHEHUS YHEPTUU C WHBAPUAHTHOCTHIO TIO OTHOIIEHUIO
K CABUTY BO Bpemenu. Takum o6pa3zoM, MOXKHO mosrararh, aro Hama J1C map-
TOHOB WHBAPWAHTHA IO OTHOIIEHUIO K CIABHUTY.

B TIC nmokasaHo, 94TO /il TAKUX CHCTEM BCEr/a CyIIECTBYeT OJHO3HAY-
Hasl, HEMIPEPBIBHAS U KOHEYHAs (DYHKITNS, KOTOPAsi HA3BIBAETCS TOTEHINAIOM
cucrembl U. Pasuocrs morennuaiios AEjs = U; — Us  AByX coCTOsSTHU
€CTh HEPrus Mepexoa W3 OJHOTO COCTOsiHUS B Apyroe. Torma Ha MHOXKe-
CTBEe COCTOSHHI TAKOW CHCTEMBI CyIIecTByeT ruOOCOBCKAs WHBAPWAHTHAS
HOPMHUPOBAHHAS MEPA ITOrO0 MHOYKECTBA, KOTOPAs U OIIPE/IEIIsIeT BEPOATHOCTH

exp (—AE/T)

fum

W(AE, T) = (11)
mepexosia U3 COCTOSAHUS sAnpa ¢ Ag u Zg B cocrosuue u3 k GpparMeHToB C
A;, Z; KaxKapIii.

Baech 2 310 cymma exp (—AE/T) 1o BceM BO3MOMKHBIM k COCTOSHUSIM.
Ona Ha3bIBAETCsI CTATUCTHIECKON cymmoii. Ee B Hamem cirydae MOXKHO BbI-
YHUCIATE NepedpaB BCe BO3MOYKHBIE KOMOMHAIINN (DpArMEeHTOB, KOTOPHIE MOK-
HO TIOJTYYHTh U3 JAHHOTO MEPBUYHOTO Aapa. Bemuwanna T = 03 /m,, mnpomop-
[IHOHAJIbHA, CpeaHeil KuHeTn4IecKoil sueprun HykjoHOB B CIIU mepBuyHOrO
sanapa, win "remneparypa'.

Ornuare JAHHOTO TOAXOJA OT TPATUINUOHHOIO TEPMOIMHAMUIECKOrO
ornmcanusi bparMeHTan Bo30yKIEHHBIX sinep [24] cocrouT B TOM, 4TO TaMm
"remmeparypa' mpomopnuoHaIbHA dHeprun Bo30y K aeHusa. OHA yCTAHABINBA-
eTCs TIOCJIe B3aUMOIEHCTBHUS B MPOIECCE TEMJIOBOINO PABHOBECHUS, YTO KOHEYHO
HEeOOXOMMMO [T IPpUMeHeHusT pacupeneneHns ['uboca, HO m Tpebyer ompe-
neslenHoro ppemenu. Tenepb "papHopecue'ycraHaB/IMBaeTCS 10 B3aUMOIEl-
CTBUsI IBYX CTAJKUBAIOMIUXCS sI/IEP, B MPOIECCe B3AUMOJIEHCTBUS TaPTOHOB
¢ moseM cuibHOTO B3ammoeiicteus, ¢ KX/ Bakyymom. B MomenT B3amMo-
IeHCTBUS ABYX MAPTOHOB, PA3PYIIAIOIINX KOTEPEHTHOCTH 00JIAKOB TTAPTOHOB,
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PABHOBECHE YIKE €CTh.

970 Ta TeopeTwyecKas 0a3a, HA KOTOPO OCHOBAHO BBIYKCJIEHWE abCO-
JIIOTHBIX U OTHOCHUTEBHBIX BEPOSATHOCTEH OT/ENbHBIX KaHAJOB (hparMeHTa-
uu nepBUIHOro sapa. CyMMupys BEpPOSTHOCTH HADJIOJEHUsT KAHAJIOB CO-
JIEPKAIIUX TOT WM WHOW (PPArMEHT MbI MOXKEM TOJIYYUTh BEPOSITHOCTH €ro
HaOJIIOICHU.

Peanuzaims 3T0ro ABJSETCA y3Ke IeJIOM TeXHUKHU. VI KOHedHO, riiaBHas
TeXHUYECKast MpobIeMa COCTOMT B Mepedope BCEX BO3MOXKHBIX KOMOWHAIIMI
dparmenros gsa manabix Ay u Zg. Ilpobnema sra me HoBa. Ona 0b6Cy-
kpanach u panee B [33]. B aroii paGore 4uciI0 BO3MOXKHBIX KAHAJOB DU
dparMeHTAIE TAKEIBIX SJIEP OINEHUBaETCs M0 (hOPMyJIe

Nephan = T;Ao exp (mv/240/3). (12)

s saep ¢ Ag = 100 9ucsio BOBMOXKHBIX KAHAJIOB (DPArMEHTAINN
~ 2-108. dcno, 9TO MEPEOPATH BCE UX HEBO3MOXKHO. A NI Jerdaiiimmx aiep,
Ha060poT, Bce odeHb mpocto. Jia auep 5Li, 1B, 12C, u %0 4ucio Beex
BO3MOYKHBIX KaHAJIOB paBHO 13, 73, 159 m 530, COOTBETCTBEHHO.

Nmeercs nBa obcrositebcTBa, obserdaromniue mpobiaemy mepebopa. Bo-
[EPBBIX, MOYXKHO BBIYUCIATH OTHOCUTEIBHYIO BEPOSITHOCTD PA3IUIHBIX KAHA-
JIOB 110 OTHOIIIEHUIO, K KAKOMY TO OJIHOMY, JIy4IIle ITO OTHOIIEHWIO K Hanboiee
BEPOSATHOMY KaHAJIy. 10orma HeT HeOOXOIUMOCTY BBIYUC/IEHUS =, a 3HAYUT HEe
Hy»KeH U mepebop BCEX BO3MOYKHBIX KAHAJIOB. BO-BTOPBIX, U3 MPUBEIEHHBIX
BBIIIe (POPMYJI ICHO, ITO KAHAJIBI C DOIBIINM IUCIOM (PPArMEHTOB, HAIIPUMED
c k = Ap, Oyayr masoBeposaTHbI. D10 0OycioBieno TeMm, yro AEy 3aBucur
HE TOJBKO OT PA3HOCTU Zzll” M; — My, HO n oT EZZ” <T>;.

Cpennue ke KHHEeTUYECKHAE YHEPTUY OIHO- U IBYX3aPSIIHBIX (DPATMEHTOB
nopsanka 12 —15 M»sB mourtn g1g Becex siep. B pesynbrare MOXKHO 0KUIATD,
49TO HANDOJIEE BEPOATHBIMU Oy Iy T KAHAJBI C HEOOIBIITIM YUCIOM (DparMeHTOB.
Torga crarucTUYecKyo CyMMy = MOXKHO HAXOIUTHb TOJBKO MO TON 94acTh
BCEX BO3MOXKHBIX KAHAJIOB (DpArMEeHTAIMH, KOTOPbIE BHOCSAT B HEe TIIaBHbBIN
BKJIaa. B pe3ysbrare, XOTss MBI U OyaeM 3HATH TOJIBKO €€ MPUOJINKEHHYIO
BEJINYWHY, HO HA OIEHKY BEPOSTHOCTH T€X KAHAJIOB, KOTOPbIE HADIIOIAIOTCS
B 9KCIIEPUMEHTE 9TO MPUOJINKEHNE CYIIECTBEHHOTO BIIUSTHUST HE OKAYKET.

3aMeTum, 4To /il JIEPKUX siep, KOTOPbIE HAC UHTEPECYIOT, BEPOATHOCTH
"nenenus"ssapa Ha ABa IPUMEPHO PaBHbBIE IO MACCe SAPa HOJKHO ObITh II0-
JIABJIEHO T€M 0DCTOSITETECTBOM, YTO SHEPIUsl CBA3M HA HYKJIOH B 3TOH obracTu
MaCCOBBIX YHCEJT SJep PACTET C YBEJIUIEHNEM €0 MacCOBOro uncia. [losromy,
ecsn sapo ¢ Ap TEPEXOANT B COCTOsTHUE ¢ AByMs siapamu ¢ Ag/2, To Ha 31O
moTpedyeTcs SHeprus.
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HamomuuM, 94TO [JIsT TSXKEJIBIX SIep B 3TOM MPOIECCEe PA3HOCTH SHEPTUH
HA HYKJIOH JEJISIIErocs siipa W ero OCKOJIKOB, HA0OOPOT, BhIAEIsIeTC . XOTH,
KOHEYHO, mepedpaTh BCe BO3MOXKHbIE KOMOUHAINHN mepexona Ag u Zy B JBa
dparmenTa He mpeacTaBiser 60mbIIoi mpobiembl. Bo Bcex pacderax, KOTo-
pble OyayT Jajee 00CyKaaThbCsl, KaHaubl ¢ k = Ag u k = 2 yuurbiBauch. Be-
POSITHOCTHU MEPBBIX JABYX HAMOOJEE BEPOSITHBIX KAHAJIOB (PPArMEHTAIMH /1D
or SLi 1o %0, npusenensr B Tabmre 1.

Ananus 310l TabJIMIBI B OCHOBHOM MOATBEPKIAET KAYECTBEHHBIE OYKH-
JlaHusi BeposiTHOCTElH hbparMeHTanuu jJerkux saep. Toabko aBa Kanata u3 20
g 10 aaep B KOHEIHOM COCTOSHHHE uMeroT 3 ¢gparmenta. J1o 12C — 3a
u ?B — p+ 2a. Bce ocrasbhble HanboIee BEpOATHBIE KAHAIBI ITO JIBYX
YACTUYHBIE COCTOSTHUS.

Jlas BCexX sfep HaMMEHee BEPOATHBI KAHAJIBI C YHCIOM (hparMeHToB
k= Ay wk = Ayp/2 (ans uernsix Ap). Tak, BEPOATHOCTH KaHAJIOB
W(ELi — 3d) =3,3-10* u W(*2C — 6p+6n) = 1,7-10"". Bepo-
ATHOCTb KaHAJIOB ¢ obpasoBanueM ° Be, Ha000pOT, OKA3bIBACTCA OY€Hb DOJIb-
moit. Ia 'O, kpome npusemennoro B Tabsmie 1 mMepBOro KaHAJIa ¢ ABYMS
dbparmentamu 8 Be B KOHeYHOM COCTOSTHIH, ecTh eie kanat 60 —8 Be+2q,
BEPOSITHOCTH KOTOpOro pasHa 6,4%. A Bcero mpw perucrpannu dakta dppar-
merTramun °0 — 4o «epes cocrosume 8Be mmer 25,8% Takux COOBITHIL.
Henocpencreenno nepexonos 60 B 4a nomkuo 6bITH TOMBKO 2% OT Beex
KaHaa0B dpparmentamuu 0.

B sxcnepumente [34] momyteHo, 4TO OTHOIIEHNE

W(1%0 —'2 C +* He)
W (0 — 4a)

= (3,2£0,6),

B TO BpeMs KaK B pacuere 3Ta BeJndnHa pasHa 3,04. D10 corymacue pacdera u
9KCIEPUMEHTA MOXKET CIYXKUTb YKA3aHUEM Ha TO, 9TO U BLIYUCIEHUSIM BEPO-
ATHOCTel KaHaJI0B (bparMeHTAITHH KHCIOPoa depes S Be MOMKHO JOBEpATE.

BonbImyio BeposaTHOCT HMEIOT U KaHabl (pparmentanun 12C ¢ poxze-
nnem SBe B mpomexyTodHom cocrosuuu (okomo 25%). B pabore [21], B
9KCIEPUMEHTE Ha TPOMAHOBON Kamepe, mpu (hbparMeHTAIluN SIep yIIepoa
KaK MUIIEHH, JI0JIsT COOBITHI C ABYMST M TPEMsI (x—YACTULIAMUA B KOHEUYHOM CO-
crosinuu pasha (61 £4)%, B TO Bpems Kak pacdyerHas BeJUYUHA TOM J0/IU
paBHa 58%. DTO MOKA3BIBAET, YTO HET PA3IUINs B MEXAHU3ME (PPArMEHTAIUH
PEJIITUBUCTCKUX SIIEP U SAEP - MUIIEHEH.

KorepenTnas dparmentanus 160 — 4o usyuanach B pabore [35]. Onna-
KO, HU B 9TOMH, HU B paboTax mo (pparMeHTaIlluu yIriIepoaa WHINBUIYAJILHBIE
cobpiTaa ¢ 2 Be B KOHEYHOM COCTOSHUE HO YTy MEXKAY CTeJaMH (—JIaCTHII
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HE BBIIEIANUCh. [0 Takux coObITHil He onpenensnaach. [109Tomy KOCBeH-
HBIM CBHUIETEJIHCTBOM TOTO, YTO B HUX AEHCTBUTEJIHHO BEJINKA BEPOATHOCTH
KaHaJIoB ¢ SBe B MPOMEXYTOUYHOM COCTOSAHUU SABJIAIOTCH TOJBKO IKCIIEPH-
MEHTAJIbHBIE TAHHBIE 3TUX PAOOT 00 a3MMYy TAIBHBIX KOPPEJIAIUAAX (\—IACTHII,
Ecmu nons kanana '2C =8 Be +* He Bemuka, T0 B paCIIpeie/IeHUN PA3HO-
crefl a3suMyTasIbHBIX yriaoB € = AW, ; MexIy HapaMH —4acCTUL, JOJZKEeH
OBITH MAKCHMYM B ODJIACTH MAJIBIX BEJIUUUH €.

Cucrorpamma BBepXy Ha PHUC. 2, MOJYYEHHOTO TI0 JaHHBIM paborsr [21],
[OKA3BIBAET, YTO TAKOH MAKCUMYM JEHCTBUTEBHO €CTh. A TOYKAME HA TOM
pHCYHKe MOKa3aH pe3yabTaT MOAeIHpoBaHusa pacmaiga 2C ¢ gomeit cocro-
anmit 8Be, nomyuennoii B pacdere. Oba 9TH pacHpeefeHns NPaKTHIeCKH
COBIIQ/IAIOT, & 3HAYUT MAKCUMYM BEPOSTHOCTH HAOJIIOIECHUS MAJIbIX BEJIMYWH
€ MoxeT 6uITh 00ycaosen Kanaaom 2C —8 Be +* He wmmenno ¢ Toit Bepo-
SATHOCTHIO, KOTOpAas MOJIyYeHA B pacdere.

[Ipu uzydenunn bparveHTanuyu pegsTUBUCTCKAX sSAep KUCIOPOAa B pa-
6ore [35] pacupezesieHue M0 NAPHOMY a3UMYTAJILHOMY yIJLy UMEET [BA MaK-
CUMyMa - OJWH JIJI MaJIbIX BEJIUYUH £, a APYroil, MOMEHBIIE, DA CTPEMJIE-
HAW PA3HOCTH a3UMyTaJIbHBIX yryioB K 180°. Takoe pacnpeneneHne mapHbIX
A3UMYTAJIBLHBIX YTJIOB HEe HADJIOMAETCS HU JJIs OJHOTO (hparMeHTHPYIOIIEro
siIpa KPOMe KUCJIOposa. A Beh UMEHHO TOMBKO 7Tt KHCIOPO/IA U BEJIUKA, Be-
POATHOCTD TIOABICHAS U OJHOM COOBITHE OBYX AAep S Be B IPOMEXKYTOTHOM
cocrogamu 60 — 4a.

SIcuo, uro B CIIU dparmenTupyiomero gapa 0 apa aapa 8Be pas-
JIeTAIOTCA B IIPOTHBOIMNOJIOKHEIE CTOPOHEL Iloce 3Toro Kaxkmoe aapo ©Be
PaCMaJaeTcs HA, 1B —YACTUIIBI O MAJIBIM YTJIOM MEXKIy HUMU B j1abopa-
TOPHO# cHCTeMe, T. K. MEPEHOCHON UMITY/IbC KayKI0H M3 HUX MHOTO OOJbIIe
ee ummyabca PF = 18,511 MsB/c B CIIU 8Be. ¥V kax10it mapbl a—4acTHuil,
IpHUHAIJIEKAIIX CBOeMYy g1py SBe, pPa3HOCTH a3MMyTaJbHLIX YIVIOB OYIyT
MaJIBI, 8 ¥ Hap q—9aCTHUII, TPHHAIIeKAIINX Pa3HEIM fapaM S Be, oHn 6yayT
BEJINKW. DTy KAPTUHY MbI U BUIUM HA TUCTOCPAMME BHU3Y, PHUC. 2, MOCTPOEH-
HOro 110 AanHbiM paborsl [35]. Toukamu noKa3aHbI PE3yJIbTATHL MOAEIUPOBA-
aus mponeccos 10 — 28 Be — 4a, %0 —8 Be+2a — 4a u1%0 — 40 cux
pacuernbiMu BepoaTHOCTaME. QueBn O, 4To npu dparmentanun 60 — 4a
IMeeTcs caMasd O0JIbIIas BePOATHOCT POKICHHA S Be B MPOMEXKYTOTHOM CO-
crosiauu (10 30%).

ITo pmanubiv [22], B uHTEpBase aTOMHLIX HOMEPOB saiaep or 20 xo 60 sta
BEPOATHOCTD T10CcTOsIHHA, 1 paBHa (10 + 1)%. B skcunepumenre [36], mis pe-
akuun pparmenranun 22Ne — na+X IpU UMILy/IbCe PEIATUBUCTCKUX dJ1ep
22 Ne pasrom 4,1 ['3B/c Ha HYKJIOH pacripe/ieieHne Mo MapHOMY a3uMyTalbHO-
My YIJIy TTOXOKe HA TaKOe yKe pacrpejesnenne s hbparMeHTalun yrieposa,
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T. e. Kak Ha puC. 2 BBepxy. HUKakux cienos 06pa3osanud OByX aiaep SBe B
MPOMEXKYTOYHOM COCTOSTHUU He HADJII0IAETCS.

B pa6ore [37], mpu bparmenTanuu peaTHBHCTCKUX Azep 22 Mg nmis Beex
dparmeHToB c 3apsggaMu Ba U OoJiee MOIy9IeHO MPAKTUIECKH PABHOMEPHOE
pacrpe/iesieHue 1Mo MapHOMY a3uMyTaJIbHOMY YIILY.

[Ipu uzydennn dbparmeHTanuy PeJSATUBACTCKAX 1D CBUHIA C UMITYIb-
com 158 I'sB/c Ha HYKJIOH, NIpW B3aUMOZEHCTBUN WX C SIpaMH CBHHIA JKe,
B pabore [38] moiydeHo pacmpeseseHre MO MAPHOMY a3UMYyTAJIBHOMY YTILy
a—dyacrun u3 peakuuu Pb+ Pb — na+ X (rucrorpamma puc. 3). 3aech He
BUIHBI HU KWHEMATHYIECKUE KOPPEJISUU, KOTOPbIE IOJKHBI ObLIn ObI 1aTh
IpeBLITeHre COOBITHI ¢ GOMBIIIME €, HHE KOPPEISIuH OT pacHalos ° Be,
JIJIST KOTOPBIX JIOIKHO OBITH OOJIBINE COOBITHI MPU MaJbIX €. BwmecTo 3Toro
€CTh PABHOMEPHBII POCT BeposaTHOCTH HabmoaeHusd € ot 180° mo 0°.

Mo>KHO MOKA3aTh, YTO TAKON XapaKTep a3MMYyTAJbHBIX KOPPEJISAIui MOT
OBITH CHMYJTHPOBAH CIyIAfHON B KAXKIOM COOBITHM OIIHOKOMN OIpE/Ie/TeHHs
HAMPABJIEHUs IEPBUYHOO ciefa. TOYKy Ha pUC. 3 U €CTh Pe3yIbTaT MOJIEIH-
POBaHWS MCKAYKEHWI MCTUHHBIX BEJIMYWH a3UMYyTAJbHBIX YIJIOB MPOIEILy POt
u3mepenus. Hanpapjenue nepBUdIHOrO CIeJa B MOMEPEYHON TIOCKOCTH MPH
MOJIEJTUPOBAHUY H300PaXKAIOCh TOIKOMN, OTCTOAIIEH OT TOYKU UCTUHHOTO Ha-
[IPaBJIEHUS MEPBUYHOIO CJI€/Ia HA PACCTOsIHUE, PACIIPE/IeIeHne KOTOPOro Obl-
JIO CiIy4aitHON BBIOOPKO# m3 pacnpenenenus Pares ¢ korcranToit 0, 15 Mpa.
fcro, uro mpu OO6OM CIIy4YaifHOM OTKJIOHEHWH W3MEPEHHOIO HAIIPABJICHUS
MEPBUYHOTO CJIEA OT €r0 NCTHHHOTO HAMPABJIEHUS BCE PA3HOCTU A3UMYTAJb-
HBIX YIJIOB € CTAHOBSITCS TOJBKO MEHBINE MX MCTUHHBIX BeJIWYUH. A 370 u
HaOJIIONAETCS B dKCIepuMenTe [38].

Koneano, sTor ke 3¢ dekT B pacupeaeseHnn TapHbIX a3UMYTAIbHBIX Y-
JIOB MOT OBITH BBI3BAH U ITE€PEJAYeil MMIIYJIbCA (DPATMEHTUPYIOMIEMY SAPY KaK
[EJIOMY. DTOT UMITYJIbC MEPEPACIPEIEIIIETCS TOTOM MEXK Iy BceMu (bparMeH-
TaM¥ TPOMOPIUOHAIBLHO X Macce. Ho 00e 3Tv MpUYnHbBI TPUBOAAT K OITHOMY
U TOMY K€ pe3yJbrary B dkcmepumente. OHu He pa3andumbl. Bo BCAIKOM
CIytae, 3TH a3uMyTaIbHBIE KOPPETANNH K HCITyCKaHHIO aaep S Be BeposTHee
BCErO OTHOIIEHUS HE UMEIOT.

Vkazanue Ha BO3MOXKHOE CyIIeCTBOBaHHe fiaep SBe B mpouecce dbpar-
MeHTaIuu saep cBuHIA ¢ 3Heprueit 160 ['sB wa mykI0H mpu B3anMoeiicTBIm
UX ¢ sapaMu B (bOTOIMYIIBCHE B dKCHeprMeHTe [23] ObUIN MOy YeHbl TOJIBKO
Hocye TOoro, Kak OblTa paspaboTana IporeLypa H3MEepeHns yTI0B ¢; j MKy
CleaMy B TJIOCKOCTH SMYJIBCUHU C JOCTATOYHOM JIJisi 9TOrO TOYHOCTHIO. Ha
puc. 4 BUIHO, 9TO B 00IACTH MAJBIX BEJIWYIHH YITIOB ; j WMEeTCa MaKCUMYyM.
Ou BIIOTHE MOXKET OLITL 0OYCIOBJICH HaJIMIHeM saep S Be B mpomnecce dppar-
MeHTanuu g1ep ceunIa ¢ sueprueit 160 ['9B na nykmon. Temeps paccmoTpum
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foJlee IeTaIbHO SKCIIEPIMEHT M0 OTeHKe 0! azep ° Be mpu ¢pparMeHTanmm
anep '°B. Ho crauasa TOCMOTPHM, UeMy JOJIXKHA OBITL PABHA, 3Ta, JOJIA.

PacueT MOKa3BIBAET, UTO OXKHUIAEMBIH BBIXOJ Anep SBe mnpu ¢pparMeH-
tarmun agep °B pasen 19, 7%, T. k. kpome Kanama B — d +2 Be, mpu-
BesleHHOro B Tabiuie 1, uMeercd eme kanan °B — n 4+ p +8 Be, Bepodr-
HOCTB KOTOporo pasHa 3,4%. Takum 06pa3oMm, B COOBITUAX (PPArMEHTAIIH
anep 'Y B, Tpu perncTpanun JByX or—IACTHIL ¥ BCEX OCTATBHBIX 3aPSyKEHHEIX
dparmenTor, ~ 20% cOOLITHII TOIDKHA PEATM30BATLCS Yepe3 TPOMEeKy TOU-
Hoe cocroguue SBe. A nong cobbITHil, KOrIa CyMMa 3apa10B GparMeHToB B
cobbrtun pasua 5 (Zp sanpa °B), cormacho pabore [1], pasno 10%. 1o
o3Hagaer, uTo ~ 2% OT Bcex HeympyTux Bzammozeiicrsuit anep °B B do-
TOSMYJILCHH JIOJPKHBI UMETh MapBl (—UACTHI, ¢ MAJILIM YTJIOM f1p MEXKIy
HIM.

3. DKCIIEPUMEHTAJIBHA S OIIEHKA BBIXOJA 8Be
IMPU ®PATMEHTAIINA AJOEP '°B

s BeIgenenns anep SBe 11d Hac BaskHa TOYHOCTB ONEHKH yria 6o
MEXKJy CJIeJaMy JacThll. A OHa 3aBUCUT HE TOJIHKO OT KavecTBa 06pabOTKU
CJI0EB 3MYJIbCUOHHON KaMEPbI, HO W OT SHEPIUU YACTHI], YIJIbI MEXKIy KO-
TOPBIMU U3MEPSIIOTCA. JTO TOMBKO HA PAHHEM dTale Ppa3sBUTUsS (POTOMETO/A
[OJIATAJIH, 9TO CJIE/bl YACTUIL B OMYJIbCHU eCTh npsaMbie Juaun. Q4ueHs CKOpo
OBLIO KCIEPUMEHTAIBHO YCTAHOBIEHO HAJIMYNE MHOTOKPATHOTO KYJIOHOBCKO-
IO paccesHus YACTHIl, & TAKXKE HAJUYUE JIOXKHOTO PACCESTHUSI W JUCTOPCHIA
[39]. JBa nocienHux siBJeHUs IPEACTABILIOT cODOM crienuduuecKue NCKazKe-
HUsI CJIEIOB B 3MyJsbcuu. [Ipupona ux B CyIIHOCTH HEM3BECTHA, HO OHU IPU-
BOAAT K TOMY, YTO TPAEKTOPHUU [IayKe FaCTHUI[ BHICOKAX IHEPIUil BLITJISIAT
KAaK CJIOXKHBIE KPUBBIE JIMHUM.

WN3-3a  3epHUCTON  CTPYKTYpBI  CJA€da  TOYHOCTH  U3MEPEHUs
Y —koopauHATHI C/Tl€a B TJIOCKOCTH SMYJIBCHH OKA3BIBAETCS TOPSIKA,
0,2 MM [40]. A BeprukajibHas Z—KOOPOAMHATA B SMYJbCUUA BCErAA
U3MEPSeTCsi 3HAYUTEIHLHO MEHEe TOYHO O TON HPUYUHE, YTO TOJIIUHA CJIOS
BO BpeMsi ODJIyU€HHUs ero, U B MPOIECCe M3MEPEHHsl, OTINIAIOTCS TPUMEDPHO
B mBa pasa. /la u BepTUKAJbHBIE TEpeMelleHus OObEKTHBA WJIM CTOJIA
MUKPOCKOTIA U3MEPSIOTCS B YCIOBUSX CUJIBHO OTJIUYAIONIAXCS OT U3MEPEHUS
paccTosHusd B TONe 3peHus: o0bekTuBa. Jlaxke CHIbHO yBenudnBasg 6a3y, Ha
KOTOPO# BEIyTCS W3MEPEHUsi, Mbl HE MOJyIUM OecrpeeIbHOrO yBeIunIeHus
ToYHOCTH m3MepeHus yrios. [Ipuxonurcs BecTu oTHOCHTEIBHBIE U3MEPEHUS,
U ONPEIEIATh YIJIbl IO MHOTUM TOYKAM H CJIEE YACTHUIIHI.
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B kamepe, obaydennoit nonamu cBuHIa ¢ dHeprueit 160 ['9B Ha HyKIIOH,
npu 3anmcu Y —koopausat 20 TOUEK Yepe3 OAMH MUJUIMMETD B pabore [23],
Obla ToTyJYeHa OMMOKa M3MEPEHNs YIUIa ; ; MEeXKIy TPOEKIUAME CIeT0B
Ha IJTOCKOCTD 3MYIbcnu pasHag 8 - 107% pag.

Oumbku w3mepenuss yrioB 61 B IPOCTPAHCTBE MEXKY CII€JAMU
(x—9aCTHUIl, €CTECTBEHHO, MHOTO bosbiite. Kpome Toro, oneHKyr MaJiblX yIrJioB
MeX/Iy CJeIaMH BCerja CMeIneHbl B 66mbinyo ctopony [41]. He cMemeHHbIX
OIIEHOK MAaJIbIX YTJIOB IMPHU KCIIOJB30BAHUU KOOPIWMHATHOIO METOId IIPOCTO
He cymecrByer. [Toaromy, mpexie geM 06CyKaaTh pe3yibraThl IKCIIEPUMEH-
TaJIbHBIX OLEHOK YIVIOB MEXKJy dacruuamu, B pabore [42] Gbuio mokasaHo,
970 MaKCcUMaJibHbIi npu sueprun 1 I'sB Ha HykioH yrom 12 Mexay aBymst
Q—dYacTHIAMu OoT pactaga ¢parmenta S Be u3 anpa B pasusii 5,45 mpr
MOYKeT OBITH U3MEPEH C TOYHOCTHIO OKOJIO 1,5 MpJI, W €ro CHCTeMaTHIEeCKOe
CMeIIleHne TTPU CAMBIX MAaJIBIX yIlaxX Takke paBHo 1,5 wMmpa. Ha sTom ocmo-
BAHWM CYUTAJIOCH, YTO YIJIbl f15 MeHbIe 9eM 8,5 MpJ 00pa3oBaHbI MapaMu
a—4acTulL oT pacnaja 8 Be, a Bce Iapbl @—4acTHI] ¢ YITIaMU OOJIbIIe ITOI Be-
JAUYMHA BO3HMKAIOT OT mporecca '°B — 2q. CymecTBeHHO, 9TO OKUIAEMEIE
XapPaKTEPUCTUKHU PACIIPEIETIEHUH YIJI0B f15 B 9TUX ABYX MPOIECCAX HAM yIKE
u3BeCcTHBI. Ha10 TOIBKO CPABHUTD ST OKUIAHUSA C IKCIEPUMEHTOM. DTO MbI
celigyac m caeraeM.

B skcnepumente [42] sMmyiibcroHHAs KAMEPA, COCTOAIIALA U3 CJI0EB MY JIb-
cur BP-2 pasmepom 10 x 20 c¢m? u rommunoi 500 MKM ObLia obTydeHa Ha
nykaorpore JIBD OUSIU nyuxom monos °B ¢ smeprueit 10 I'sB Bmomn
cnos. Tlowck cobObITHIT OCYIECTBIISAICS MPOCMOTpPoM 1o cieny. Cymmapras
JIJINHA, BCEX YYACTKOB ITPOCMOTPEHHBIX MEPBUYHBIX CJIEIOB /10 HEYIPYTOro
B3aMMOJIEHCTBUsI ¢ siapaMu (hOTOIMYJIBCUNA WM JI0 BBIXOJA U3 CJIOsS PaBHA
243 merpa. Ha sToit qiune mnaiineno 1823 weynpyrux B3aumoneiictsus. T. o.,
cpeanuii mpober 10 B3aumoeiicrsus pasen (13,3 +0,3) cm. B 217 cobbitu-
AX, COTEPIKAIMX JB3 ABYX3apaIHLIX (pparMenTa aapa '°B, GBIIN H3MepeHbI
koopauHaThl X, Y, Z B 11 Toukax uepe3 100 mkm 1o ocu X Ha 000UX CIemax
JIBYX3apsiIHBIX (DPArMEHTOB U HA CJIEJE MEePBUYIHON Y4aCTHIIbL.

Ecnu cpennme 3uatenusi KOOpAUHAT X, Y, 2 PaBHLI < & >, < a >, TIe
a =y, z, TO OLEHKA TAHIeHCA yrjia € = ¢ (UpU @ = y) WK TAHIEHCA YIJIa
e =« (upu a = z) Gyzer paBHa

<z-a>—<zT>-<a>
<z2>-—<x>2

Boeraucius yriibr ¢ ¥ o 418 JAHHOTO CIIEJA, MBI IMEEM OILEHKY yriia 6 :

tgh = 1\/tg? o + tg? a.
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HecvoTpsa Ha TO, 9TO TOYHOCTU U3MEPEHUsT KOOPIAWHAT MO ocsiM Y u 7
PA3JIMYHBI, TAPAMETPHI PACIPEIEIeHUil YyIJIOB (¢ W (@ HAa ITON CTATHCTUKE
OKA3aJIMCh TPAKTUIeCKu 0anHaKOBbI. O0a pacnpeaenenns, KakK 1 0XKHIaJI0Ch,
COIJIACYIOTCS C THIIOTE30# BHIOOPKU UX M3 HOPMAJbLHOI'O PACIPEIEIEHUS C
KOHCTAaHTOil, BBIYUCJACHHON U3 pajauyca aipa 0B,

Ha puc. 5 npusenensl GbyHKINS HOPMAJIHHOTO PACIPEIETIEHUS CO CPEI-
HUM, PABHBIM HYJIIO, ¥ CTAHIAPTHBIM OTKJIOHeHWEeM 21 MpI, BRIYUCIEHHBIM 13
BEJIMIIHBI KOHCTAHTHI /17T paamyca aapa ° B (nmaBHas Kpubas), W SMITHPH-
geckue (DYHKIUA PACIPEIETICHIUS YIJIOB 0 U (v, MOJIy9eHHbIE B IKCIIEPUMEHTE.
CyMMa KBapaToB PA3HOCTEH 110 BEPTUKAIN MEXK/Ty [JIABHON KPUBOM U IMITH-
prYecKoil GyHKIMe pacipe/Ie/IeHus JIaeT BeJTHIHHY w? (kpurepuii corsacusi
Kpamepca-Museca), KoTopasi MOXKET ObITh UCIOAL30BAHA, sl TPOBEPKH M-
MOTE3bI COTJIACHS IMIUPUIECKON (DYHKIMK DPACTPEIEIEHUsT ¢ HOPMAJIbHBIM
pacnpenenennem [43]. Tlo namuM nauHbM, HA 1% J0BEpUTEIHLHOM ypPOBHE,
9Ta TUIOTe3a MPUHUMAETCH KAK /I yIJIOB O, TaK U [ yIJIOB (L.

OTOT pe3yJbTAT HAXOIUTCS B IIOJHOM COTJIACUU C T€M, YTO OBLIO TOIy-
veHo B pabore [1].Tam KCreprMeHTAIbHAS BEIMINHA, CPEJHETO TTOTIEPETHOTO
UMIyJIbca nefironos pasHa (140 £10) MaB/c. A eciint OgHUTD ee U3 BelNYH-
HBI 79 = 1,54 @M, To OHa MOMKHA ObITH paBHa 145 MsB/c. Kak Buanm, 310
HEIIJIOXO0E COTJIACHE.

Bemmuuna x = @1 + @2 + a1 + @ 1719 JaHHON BBHIOOPKU COOBITHIT pac-
npezesieHa HOPMaJIbHO, CO CTAHJAPTHLIM OTKJOHeHueM o, (exp) = (39,7 +
2,7) mpa. Takum 06pa30M, yrIOBbIE KOPPEJIANMU YaCTUIL, B COOBITUA HE 00-
HAPYXKUBAIOTCS B IKCIIEPUMEHTE.

Ho Torga BriosiHe ecTecTBEHHO, YTO PACIPEIEIEHNE YIJIOB f10 = T MEXIY
napaMy -9aCTHIl IPU HE3ABUCHMOM WX Pa3JjeTe JOJKHO MMEThb IJIOTHOCTD
pacnpenesenus (4) u dyukuuro pacupenenenus (5).

i OLEHKUW MapaMeTpa ¢ dTOrO PACHpEIeIeHNs U3 IKCIEPUMEHTa, Ha-
10 UCKJIIOYUTDH YTJIbI B9 MEHBIEe HEKOTOPOW BEJIMYUHBI Lyyin, TAK KAK MBI
UIeM HeOOJIBINIOE TPEBBINEHNE HAJl STUM PACIPEIEICHHEM B 00JIaCTH HMEHHO
MaJIbIX yIVIOB f15 33 cyeT KaHaJjoB, cojepKammx S Be — 2a. Hago uckiio-
9UTh U yIJIbL f15 OOJIbIIIE HEKOTOPON BETUYHUHBL Typqy, TAK KAK TAM MOLYT
OBITH peJIKHEe COOBITHsI COBCEM APYTO#l MPUPOILI, HAIPUMED, IepepaccesHue
JACTUI[ B KOHETHOM COCTOSTHUM.

Torma dyuKIMs TPaBAOMTONOOUs 15 pacupeaeieHus Paies obpe3anHoro
CJIeBA U CIIPABA BEJIMIUMHAMUA Tipgz, Tmin OYIET UMETHh BUII:

i=N
L =TT f(@i,0)F(@min; 0)(1 = F(mas, o). (14)

=1
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i HAXOXKIEHUsT OIEHKYM WHTEPECYIOIIero HAC MapaMeTpa o HAaJ0 pe-
[ITUTH HEJIMHEWHOE YPABHEHNE, KOTOPOE MOy YU TCS, €CIM MbI IPUPABHAEM HY-
JIEO TPOU3BOMHYIO OT JIOraprMa HATUCAHHOM (DYHKIMY MTPABIOIOA00U. ITO
JIOBOJILHO IPOCTO pemaercd npoueaypoit u3 MATHCAD-8 [44].

Makcumym L anist januoii Beibopku gocruraercd upu o = (31,7 £ 2,0)
MPZ,.

Koaddurmenr azumyranbaoit acumMerpun A [jist BCeX COOBITHI B 9KCITE-
pumente paser (0,05 +0,03), a mnga cobbituii ¢ 612 < 8,5 MpJ OH OKa3aJICH
pasubim — (0,96 +0,04). Dro o3HaUaeT, YTO JJisd BCEX COOBITHI KOPPEJIsIIUK
HAIPABJIEHUH TONEPEYHBIX UMITYIbCOB OTCYTCTBYIOT, a JIJjisi COOBITHIA, CBA3aH-
HBIX C pacmagoM °Be — 2, 3TH KOPPeIaluy BeTHKH.

Hakowuerr, B sxcnepumenTe Habomaercs 33 coObiTust ¢ yriiom 615 < 8,5
Mp/1, (BMECTO 36 0KMIAEMbIX COOBITHI). DTO O3HAYAET, UTO B JAHHOM IKCIIE-
pUMEHTe BepOATHOCTE HAOGMIONeHNS a1pa, S Be mpu ¢gpparMentanuu aapa 0B
pasua (18 + 3)%, Bmecro oxunaembix 19,7% B pacuere.

Eciu nabaonaemble Hamu cobbiTus ¢ 015 < 8,5 Mp, 1eficTBUTEILHO reHe-
pUpYIOTCS KaHAJIOM S Be — 20, TO sMmupmdecKas GYHKIHS PACIpe/leeHns
yriioB #12 3Tux 33-x COOBITHII B mpeese M0KHA ObITh (hyHKIHEH pacmpe-
JIeJTEHUs STUX YTJIOB B 3TOM KaHaJje. [[ToTHOCT pacnpeneieHns TaKuxX yTioB
npuBejieHa Ha puc. 1.

Jl7ist npOBEpKY TOW MUNOTE3BI HCIOIb30BAIUCH JIBA HEITAPAMETPUIECKUX
kpurepus coraacus. Kpurepuit corsacus Konmoroposa [43] cocrour B TOM,
9TO MAKCHMAJILHOE OTKJIOHeHWE DD SMIUpPUYIecKOil (hyHKIUU PACIPEIeIeHs
OT MPE/ITOIATAEMOI TEOPETUIECKON (DYHKINMY PACIPEIETIEHUs TPU X COTJIa-
cim Ha 1% ypoBHE 3HAYMMOCTH HE MOXKET TpeBOCcXxomuTh 1,63. B akcnepn-
menre D =0, 32.

Bropoii, 6bomee cubHBIN, HO PEAKO UCIOIb3YEMbIH SKCIIEPUMEHTATOPAMEI
KPUTEPUl CBA3aH C CYMMOit

V=Vt4+V,

PaBHOM CyMMe OTKJIOHEHWI BEJIMYWH SMIUPUIECKON (DYHKIMHM DACIpPeaesie-
HUsI B OJIHY, U B JIPYTYIO CTOPOHY OT MPEANnojaraeMoil (DyHKIMKM PaCIpee-
genus. dro kpurepuii Kyunepa [45]. Kpuruueckoe 3nadenue ero na Tom ke
noBepuresbHOM ypoBae ecthb 2,0. B axcnepumente V' = 0, 88. Anamorugmbrii
pPe3yaAbTAT MOJYUEH W TPU UCTOJH30BAHUN yKe YIOMUHABIIETOCS KPUTEPUST
cornacus Kpamepca-Museca (cm. Tabiuiy 2).

DTO 3HAYUT, UTO IO BCEM TPEM KPUTEPUSM COTJIACHS THIIOTE3A O TOM, 9TO
Haia BeIOOpKa u3 33 yrioB f15 < 8,5 Mpa umeer GYHKIHIO PACIPEIETIEHUs
YLI0B 615 MeXKIy YacTHIAMHE COOTBETCTBYIONIYIO Ipomeccy SBe — 2a, me
orBepraercs. Puc. 6 310 miutiocTpupyer.
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3AKJIFOYEHUE

OcHoBHble pe3dysbrarbl paborbl [42] cymmupoBanbl B Tabauune 2. Bee
[peJICKA3aHus, IOy 9eHHbIE 10 IKCIIEPUMEHTA, HOATBEPK IeHbI. Boixo dbpar-
MenTOB & Be mpu dbparMenTanyn peaaTuBIcTcKoro aapa 0B mpu sneprum 10
I'sB geiictBaTebHO cocTaBasieT 0KoIo 2% OT Becex COOBITHIA, HAMIEHHBIX 110
creny B doTodmyabenn, nan okoao 20% or Tex cobwITHil, B KOTOPHIX CyMMa
3aps/I0B BTOPUYHBIX (DPArMEHTOB PaBHA 3apsy MEPBUYHOrO s/pa.

B nesnom ke kiracrepusalius sIepHOrO BEHIECTBA €CTh YACTHBIN CIrydait
00IIIero sBJIeHus JIOOOW CHCTEMBbI MHOTHX Tesd. Tak, B MepBbie MIHOBEHMS
cymiecTBoBanusi BceleHHO, TpU pACHINPEHUN U OXJIAXKIEHUNM KBAPK - TJIIO-
OHHOI TJTA3MbI, MPOU3OIIIA WX KJIACTEPU3AIUs, BO3ZHUKIN WX YCTONINBHIE
KJIACTEPhI M3 TPeX KBApKOB. Tak 00pa30BaINCh HYKJIOHBI. [[OTOM HYKJIOHBI
B 3BE3/1aX, B [IPOIECCE OPEHUsST BOIOPOJA, CTAIN O0bEIUHITHC B KIACTEPHI,
(—9ACTHUIIBI.

CpaBHUTEIHEHO OOIBITOE BPEMSI CYIIIECTBOBAHUS PE3OHAHCHOTO COCTOSHUS
U3 IBYX Q—YaCTHUIL B Buje S Be CIocoGCTBOBAJIO TPEOIOIeHII0 aphepa B BU-
ne sinep ¢ A =5 mpu cuHTe3e 6oMTee TSKENbIX SIep B MPOIECcce MOCIeI0Ba-
TEJLHOTO TIPUCOEIUHEHNsT HYKJIOHOB. [lo cyiecrBy, Bce sipa ecTb MPOLYKThI
KJIaCTepU3aluy 3Be31HOr0 BernectBa. Ho u caMu 3Be3/1bl, U TATAKTUKY, TAKKE
00pa3yoT CKOILIEHHUs, KIACTEPHI.

BepositHocTh 0Opa3oBanusi Kjaacrepa u3 A dgacTui, Oyab TO HYKJIOHBI,
UJIA MOJIEKYJIBI, TIPU TIEPEXO0/IE BEIIECTBA U3 OHOTO COCTOSHUS B APYTOe, OKa-
3bIBAETCs NponopuuoHanbao A~7) rae 7 ~ 2,2 [46,47]. [losromy BbIpazkerue
(11) moxker ObITb JAOMOJHEHO YTHM MHOMXKUTEJIEM, HJIM MHOXKHUTEIEM, yIUThi-
BatomuM ha30Bble 00bEMBI JIBYX, UM TPEX YACTUIHBIX COCTOSHUI, KAK ITO
nenasock B [15]. Ho ayist aTux ycoBepieHcTBOBaHMIT Hy KHA Gojiee MMpoKast
9KCIIEpUMEHTAIbHASA 0a3a.

MaJTo ICCIeJOBAHBI BEIXOIBI TAKUX KIacTepos Kax °Li u ° He. Hamerocs,
9TO HCCTeIOBAHUA BLIXOAOB THX H30TOHNOB Hpu dparmentanun °B  mpm
sueprum 1 I'sB Ha HyK/IOH OyayT IPOBEIEHBI.

ABTop BhIpazkaer 6JIArOIAPHOCTE BCeM coTpyauukaMm JIBD OUAN 3a 06-
JiydeHue u 00pabOTKy MHOTHX dMYJIbCUOHHBIX KAMED U MPeJOCTABJIEHUE BO3-
MOXKHOCTH BBIMOJTHEHUST [TATUPOBAHHBIX PAOOT, & TAKYKE COTPYIHUKAM TDYTI-
bl AepHO - saaepHbix B3aumoaeiicreuit OOBI IINAP PAH 3a necsarunerus
pabOTHI IO MOUCKY, U3MEPEHUsIM U 00pabOTKe COOBITHII, NCIOIb30BAHHBIX B
aTOM 0b30pe.
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