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NPEJUCJIJOBHE

- Co Bpemenn BBOja B jieiicTBHE YCKOpHUTeN€eil, MO3BOIAOMHUX TOJTYIATH
MHTEHCHBHBIE UYYKH 3apAKeHHBIX wacTHll (OPOTOHOB, JCHTPOHOB, G-4acTHIL)
C OHePTHAMH B COTHH MWLINOHOB 5JEKTPOHOBOJLT, HCHOJHeHA O00JbIias
upor‘pamma HCC.}IO,’[()BHIIII]U[ omo uay4denmio B.‘}ill‘lhl(,)}l(:‘-ﬁ('.TBlIH YaCTHI[ BLICOKHX
BHEPIUil CO CIORHBIMA SITPAMH I TIPOIECCOB, MPOUCXOMANNX B sAApe LHOCTe
CTONKIOBEHUS ¢ GRICTPOIl wacTuieil.

Rorpa sweprus geiicTByOmIIX wacTHI[, HAIPUMep IPOTOHOB, AOCTATOYHA,
TO TPH UX CTOJKHOBEHHAX ¢ HYRIOHAMH AJpPA MOTYT POK/AATHC, KAK H3BECTHO,
HOBLIC YacCTUIBL M aHTuHyacTuinl. Vaydyenne uX CBOMCTB CyIecTBeHHO pac-
HIUPHIO HANIN HPEJCTABICHHA O CTPOCHIN BEHICCTBA K IIPUPOJE AJEPHBIX
cua. Opmaxo s cospanua oluieil Teopun Apa, BEPOSATHO, HE MeHee Cyile-
CTBEHHBIM HABJHETCH M3YYeHHE Pa3TUIHBIX AJEPHHEIX IpeBpamieHuii, B TOM
YUCHe M IeTUTCIBHBIX PeaRIuil, HYIIX TP BEICOKIX DHEPTHAX BO30YKIeHN,
C [eNbI0 MO3HAHNA BHYTPEHHUX 3aKOHOB, HPUBOJMINHX K TOMY HJIM HIIOMY
KOHEYHOMY COCTOSIHHIO cHCTeMBI. XOTA yike 3HAYHTEILHOE YHCI0 HOoL0OHBIX
HCCIE0BaNNil Oy OJMMKOBAHO B HEPUOANYECKOI JINTEPATY e, HO JI0 HACTOAILLTO
BpeMeHn He OBbLIO C/IeJTaHO TONBITKE CHCTeMATI3HPOBATh NOJIYICHHLIC PE3YJIb-
TAThl B OTAeAbHOI Momorpaduu. [lannas Kuura, Mo HAIIEMY 3aMBICIY, HOJKHA
BOCHOJHUTL OTOT IIpoded.

Kunra nocssaniena paccMoTpenuio mpoiecca HeyIPYroro B3amMOJeicTBII
JaCcTHI[ BRICOKMX sHeprmil (mpumepno ot 50 Mss, Korga uepecraer ObiTh 3a-
-romupiM Goposekuii Gopmaansm coerapHoro supa, xo 10* Mas) ¢ aTommbivMum
AJpAMU M COAEP;RUT KaK OCHOBHBIC JKCHCPHMCHTAJLHLIC PE3YJbTATHI, I0-
JYYICHHBIC OPH HCCJACAOBAHUN AJNEPHLIX pPeaKiluii, Tak M TeopeTndyecKue mpej-
CTABJIEHNA O HJIePHBIX B3ANMOJICTBUAX TPH BHICOKAX DHEPIHAX YaCTHIL.
[lpi 5TOM HOYTH MOAHOCTHIO MCKIIOYCHLI BOIPOCH, CBAZAHHLIE ¢ POKICHHEM
H B3aMMOJICHCTBHEM € SApAMI ME30HOB M JPYruX HecTaOWiabHHIX YaCTHIL,
KOTOpbIe paceMaTpuBalTcs o0bMHO B Me3oHHOiT dmsmire. B ruomre ommcewni-
BAIOTCS, KPOME TOT0, DKCHEPHMEHTAJBLHBIE MEeTOJbI M3YYEHUT SAEePHBIX peak-
it mpu Goabmioii aHeprun GoMOaAPIUPYONINX YaCTHI[: PAMOXUMAYCCKUIT -Me-
TOT, METOJT ANEPHBIX OMYIBLCHIT, MCTOAL PAAMOdICKTPOHUKH 1 APy THe.

B paspene Kuurn, DOCBANEHHOM TEOPETHUECKUM 1 E/ICTABICHIAM 0 B3aIMO-
aeiicTBum wacTHIy GOJBITON DHEPIUN ¢ SAPAMH, PACCMATPHBAIOTCA ONTHYCCKAST
MOJIeNlb, BHYTPHSICPHEIT KacKajHLIl Ipomecc M TeOpHA HCHAPEHUS YaCTHI
u3 BO3OYIRIEHHBIX fJIep.

Hajo ormeTnTs, uTo TEOPHA MHOTHX HPOIECCOB B paccMaTpuBaeMoii o6ractn
ABICHUIT €Ie¢ TOJIDKO HAYMHAET PA3BUBATHCH M jlajera ot sasepmenus. On-
HAKO HAM KazaJoch HeoOXOAMMEIM JIaTh HamboJee IOJTHOC W3JI0;KeHHe CyIie-
CTBYIOMUX IIPEACTaBICHNN, NHOT/a HOCAINX TPEeANOJOKUTeIbHBII XapakTep,
WA co3pannA oOueil KapTHHBI COBPEMEHHOTO COCTOHHWS TeOPUn sSjepHHIX
peaknuii 1oj; JeiicTBHeM WACTHI[ BHICOKHX DHEPTHIl.

Hocremumit pasmesr KHUTM HOCBANIEH pe3yJbTaTaM MHOPOYHCIEHHBIX
OKRCIEPUMEHTOB 110 MBYYEHHI0 B3aUMOJENCTBUA OBICTPHIX YACTHI[ ¢ S(paMi,
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OpuyeM HoApoOHO paceMATPUBAIOTCA PEAKIHN pacHelIeHusd, ¢parMenTanan
M JIeJTeHMA.

Wcenonp3oBannesie IpH PacCMOTPCHUT PA3IHYHLIX BOIPOCOB JHTEpPATypHEIE
JIAHHBIE BRIKOUYAT paboTel, onyOiMKoBaHHBE B 0CHOBHOM 10 KoHma 1960 r.

Mur majeemest, 9To KHAra OyaeT IMose3Ha (PU3NKAM-DKCICGPUMEHTATOPAM H
PaJMOXIMUKAM, 3aHUMAIOI[MMCA MCCJEe0BAHNEM SepPHEIX peaKmmil IIPH BLI-
COKHX OHePTHSAX, & TAKIKE CTY/IEHTAM CTAPITHX KYPCOB I aCHUPAHTAM, ClelHa-
JH3APYIONAMCA 0 GU3HKEe ATOMHOTO sapa.

AgTopsl OyayT OaarogapHsl unTaTeaAM, IPHCIABIIAM CBOH KPHTHYECKHE
3aMeYaHuA MO COJIeP;KAHNI0 KHUTH.

Aemopuot.



I. TEOPETHYECKHE HPEJTCTABJIEHNS
0 B3AMMOTEACTBHH YACTHUI[ BOJBIINX YHEPIH
¢ ATPAMU

IF'awnasa 1

OIITUYECKAsI MOJEJ/Ib

§ 1. IPEABAPHTE/IBUBIE 3AMEYAHIA

BsanmopeiicTBre GHCTPOIT YacTHIbL ¢ SAPOM IpeACcTaBIsAeT co00il CIOKHBIIT
npornece, BKIOYAOIKIT G0TBI0e TNCTO CTOMKHOBEHNIL €€ ¢ 0TI BHLIMI HY RI0-
gaMu u rpynnmamu mykiaonos. Toumoe ommcamme TakOTO Iponecca ABJIAETCSH
OYeHb TPYJHOI, ecjum HE CKasaTh Henpeo oI nMoit, TpodieMoil aske I B TOM
cayuae, KOT/la 3ajlaHBl CHIIBL, AeilCTBYIONIE MesRy IBYMS YacTUIaMi, H MHOTO-
yacTHUHBIe B3aUMOJeiicTBUs He yunThiBalores. DB macrosmee Bpems Mbl He
MOKEM YTBepP:;KAaTh, YTO OTH CHJIBI HAM XOPOMIO M3BECTHLI M 9YTO IOCIeHee
pomymenue Bnoane obocHosano. [loaToMy B coBpeMenHOI fuanke Ajpa 601b-
[oe MecTO 3aHUMAIOT pasjuyHbBle MOJieJdbHbie IpPeCTaBICHUd, ¢ IOMOILbLIO
KOTOPHIX OIMCHBAIOT (Gosee WM Memee MpPHOTIZKeHHO cBOiicTBA AXpa M IPO-
I(eCChl, PABBITPLIBAIOIHECH NP CTOJKHOBEHHH € HUM Kakroil-innbo 6GnicTpOil
YACTHILHI.

IIpumenenue Mojielt O3HauaeT HONBITKY TpeicTaBuTh Oojee BHIIYKIO
KaKHe-T0 OTHeAbHBIC CTOPOHBI CJOFHOTO MHOT00OpasHOTO ABJIEHH:A, He BJa-
Basfch B JleTajJbHOE ONHCAHHE JPYTHX HIHM Jaske IMOJHOCTBIO HUTHOPHPYS He-
KOTOPHIC CTODOHEI, OBITH MOJKET, He MeHee BajKHble, ¢ WHOIl TOYKH 3peHus,
B japyroii mopemn. Ofma MOjIenb He B COCTOSHMM OXBATHTbL BCe 0CODEHHOCTH
snepuoro Baanmogeictsus. Jlomkno OnTH paspaboTaHO HECKOJIBKO TAKHX
Mojelieil, KasKmas — co CBOMME ympomawomummu xommenmuayu. Ouuncanue
O/IHOTO W TOTO jKe ABJCHHA ¢ TMOMOIIBIO PfAjia Mojleseil HamoMuHaer croco®
H306paskenus Tena CJA0MHON KoHduTypammm mo Meroxay mpoexruii. Hu opma
U3 MPOeKIHil He jaeT MHCTHHHYIO (opMy Teja, H JIHIB BCA COBORYHHOCTh
IPOSKIMIT TOZBOJIACT COCTABNTH 00BeMHOE TPeicTaBIeHne 0 Ipejvere u3odpa-
sxenus. He yampuTenbuo, uTo sl ONHCAHNA TAKOTO CJIO/KHEIIIEro sABJIeHnsd,
KaKk AfepHBle CTOTKHOBEHMs YACTHI[, paspafoTaH paJi «IPOCKIHI, Kajjasd
B3 KOTOPHIX ¢ YCIeXOM HpUMeHseTcs B CBOeil orpammueHHOii 00sacTH M 1O-
cBoeMy oTo0paskaer 9TOT IpoIece.

JlioGass Mojenn, ecam oma NpHUOINZATEIBLHO TPABWIBHO 0TOOpasKaer Te
AT MHEe 33KOHOMEPHOCTH M 0COOEHHOCTH JAHHOTO KPyTa SBJEHMWIl, JTOJ/KHA
GBITH e TOJBKO CIOCOGOM M300pasKeHus, HO W OpY/HeM JaJdbLHeillero nosHa-
Hus upepmera nsoGpazkenus, meropom meciaegopannsa. G ee mOMOMBIO obma-
PY/KHBAIOTCS HOBHIE UEPTHI W CBOICTBA, HOBBIE CBA3M PABAUIHBIX CTOPOH,
M3BIEKAIOTCS HOBHIE COOTHONICHHS Me;KAy Tapamerpamn upomecca. Ilpa-
BHJIBHOCTh TEOPETHYECKHX BHIBOJIOB, a 3HAYNT, M KOPPEKTHOCTh BCCl MOZC/IH
B [EJOM IPOBCPSIOTCS B dKcIepuMente. Bmecrte ¢ mem Heab3st 0KU/ATH, YTO
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BCe BRCIePHMEHTAJbHLIC HAOIIOACHHA OyAyT MOATBEP/KAATLCA AHHOI MO-
Jennio, mbo SKCHepHMEHT He orpanuuen pamramu mojesaun. Mceeaegosarens
JI0JIZKeH IPABMIBHO OIEHNBATH BO3MOJKHOCTH KOHKPETHOI (PeHOMeHOJIOoTHIeC-
KOIl TCOPHH M He NLITATLCA JIOJYUUTh OT Hee OO0JBIIE TOrO, YTO OHA MOKeT
NaTh.

ITepBoit MOWHITROIT (eHOMEHOIOrNYECKOr0 ONMCAHUA SEepPHOTO B3AMMO-
ACHCTBHA HYKI0HOB Oblia MOJeJNb TOTEHINAJBHON AMbBI, B KOTOPOIl peajb-
HBIT IPOIECe CTONKHOBEHIS HMYKIOHA ¢ SIPOM 3aMCHACTCS KAaPTHHOIl BHIKe-
HIISI HYKJIOHA B IOTEHIHAILHOM II0JI€ COOTBETCTBYIOIMINX PasMepoB. 9Ta MoJielb
HMCET B HACTOAINEE BPEMH JINNIb HCTOPHYLCKIIT HHTEepe:, u Mbl He Oyjiem ocra-
HABJIMBAThCS TOApoOHee HA meif. 3aMeTHM TOJILKO, UTO IPEICTABICHHEC BCETo
COBOI(YHHOI‘O BO3,’1(‘)I"ICTBI’IH HYRKJIOHOB HJ[[)H Ha IIOHABHIYK B HEro yactumny
B BIJI¢ HEKOTOPOT0 IEHTPATbHOTO JIOTCHITHANA IPUTSKeHAS Je/RIUT TAK/KE B 0C-
HOBe HeKOTOPLIX COBPEMEHHLIX fAnepHbIX Teopuit. Mogesanb moTenmua bHOl SAMbI
OKA3aJIach He B COCTOAHMN JaTh CROJBRO-HIUOY b Y/OBIETBOPHTEIHHOE 00bAC-
HeHue pesyiabratam onbitoB Mepum, B ROTOPEIX OLLT YCTAaHOBJICH PE30HAHC-
HBIT XapaxrTep JIOIJIOIICHIA Me/JIeHHbIX HellTpUHOB AJPAMIL.

Pesonancubiit  X0j SepHBIX CcevyeHHil MOTJIONEHNsS HEeNTPOHOB OOy LI
H. Bopa eeyisunyrs moByo Mojgeab, Tak Ha3LBaeMyo MOJEdb COCTABHOTO
anpa [']. Iocaenyiomee sa atum jecatwierne GbUIO FOJAMH HaPACTAIONETO
yemexa teopun Bopa. 'mmoTesa o cirsmom B3amMoeiicTBHE HYKJIOHOB B sAjpe,
Ha KOTOPOIl OCHOBEIBAeTCA dTa TeOpusA, ObLia MPaBHABLHON wWaeeil, MOATBEp-
JRICHHOI BeeMU AKCHEePUMEHTAJIbHEIME JAHHBIMI, TOJYUYEHHBIMI KaK HpH MC-
CJICJIOBAHNY HPPHBIX peariuil, Tak M B OULITAX IO PACCEAHHI0 HYKJIOHOB HA
¢BOOOHLIX Hy KI0oHAX. Teopusa cocTaBHOTO AJipa HO3BOJIMIA HHTEPIPETHPOBATH
C CIMHOI TOYKM BPEHUH Pe3YJAbTaThl PasHOOOPAZHBEIX OMBEITOB IO B3amMOJeii-
CTBHIO ¢ AIPOM HYRKJIOHOB H APYTHX YACTHI[ ¢ DHEPIAAMI BILIOTDH 0 HeCKOILRIAX
JIeCATKOB MHJJIMOHOB 9JIEKTPOHOBOJIBT. VIMenneh, 0jiHAKO, B WCKIIOYeHMS, I
00BACHEHNA KOTOPHIX LPHXOAWIOCH IPHBICKATL APYLHE MOJCAH. 9TO OT-
HOCHTCH, HaOpuUMep, K AAePHLIM peakmuaM ¢ Jedrpomamu  (peaxiusa
cpuiBa).

Mopenn cocrasroro sytpa Dopa meXogur M3 TOTO IPEAHOJOKCHESA, 9YTO
B fJIpe OCYNIECTBISIETCS CIIBHOE B3aMMOJeiicTBUE BJETEBIICH B HEro 4acTHI[bL
C BHYTPHAJ@PHBIMH HYKIOHAMII, B pesyJibTaTe KOTOporo obpasyercs cicrema
«APO-+TACTHIA» B BO3OY/KACHHOM COCTOAHIN. JTO MPEAINOJ0KeHIe ABIACTCA
€CTEeCTBEeHHLIM, XOTA M HE HeOOXOJMMBIM cJe/[cTBIeM (aKTa CHIbHOTO B3alMO-
JelicTBHA, 00HAPYIRUBANIErOCA MEKAY CBOOGOJHLIMH YaCTHI[AMI.

Hap;my ¢ Mojeablo Bopa BosHuKIMa u jpyrasg MOHeIb, HCXOAAIIAS N3
9TOM ;Ke HpeJIToChLIKI, — MOMeNb ;KuAKoIl Kaman [* °|. Yememnoe npumve-
HEHHE ee B pPelmeHHI PAJa BOIPOCOB PUBMKH AApa, HANPHMEDP B BLIYHCICHHN
9HEePIAN CBA3W, TaK ke Kak U jocrmrenns reopun Bopa, mogrsepsxigaer ujieio
0 CILIBHOM B3aMMOJIeHCTBUN HYKJIOHOB AApapyT capyrom. Tem Gomee yausuTe-
Jen GOJIBIION yemeX MOJean 060/I04ekK, B OCHOBE KOTOPOIL Je/RUT IIpecTaBIeHne
0 sApe Kak cucTeMe caalo B3aNMOJEHCTBYIONHX Me:RIAY €000t HYKIOHOE.
CrenoBaTesnbHo, MOJedb COCTABHOTO Sjpa I MOJCAb 000J0UEK MCXOMAT W3
JHAMETPAJIBHO IPOTHUBOIOMOKHBIX JIOMYIEHNIl 1 ABJIAITCA B3aNMOMCKIIYa10-
muma. Tew ne meree ofe Teopiu HAXOMAT CBOE IOATBEPIK/ICHIIE B OIbITE, TIpa-
BUJIbHO 00BACHAIOT PsAx GaxToB. JTOT IpHMEp APKO MOKABEIBACT, HACKOIBLKO
CIIORHA TIpo0JIeMa Ajpa i sepHEIX B3aUMOJelCTBHII i KaK CJeyer OblTh 0CTO-
POKHBIM B CY/RACHHAX 00 «OKOHYATEILHO YCTAHOBIACHHOI Teopum». Bee deno-
MEHOJOTHUYCCKHE TEOPHH UMEIOT OTpPAHMYEeHHOe 3HA4YeHUEe W Helab3d IPH/IAaBATh
UM a0COJMIOTHBIIT CMBIC.

byproe passutue texmmnm ycxopenms wactui B kouie 40-xX rofos mosno-
a0 PusnKaM HayaTh OOBITHL ¢ HykaoHamu sHepruu cseimme 100 Mas. Ananns
9THX YKCICPUMEHTOB NMPHBET K 3aKII0YEHII0, YTO MOJIelb COCTABHOIO fjipa He
B COCTOAHHH OXBAaTHTh HOBYIO 00JacTh SIBJIEHUI, ee IMpeJCKasaHusa 0Ka3ajnch
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NPOTUBOPEIATIAMHE OTIBITY . Bhu10 yCTAHOBIEHO, HALpUMep, 9TO fjpa CTaHO-
BATCS UACTHYNO HMPO3PAYHBIMA I HYKIOHOB 0OJBNINX HCPILHIl M 4TO B pe-
3yJABTATE ANEPHOIl PEARIAN MO ABIIAIOTCS JACTHILEE C DHEPreTHYecKIM I YTIOBHIM
pacrpejie T CHISIMU, PE3KO OTIMIANIMHAC OT COOTBETCTBYIOIINX pacmpese-
Jenmit, JaBaeMbix TeOpHeil coCTABHOTO AApa. 1 GaKTH OTMEYATACH W PAHBIIE
B paje paboT, TOCBAIMEHHLIX HCC/Ie0BANIAM H/ePHBIX pacmemiennii B GoTo-
oMyIbCHH ((3BE3MIEY), TPOMZBONLUMBIX KOCMUYCCKIMH JTyHaMIL.

[eiizendepr [3] BECKA3AN MBICIb O TOM, UTO NOABJICHHE B «3BE37aX» CIeJI0B
MIPOTOHOB GOMBIINX HHEPTHIT, TEM HTO 0FKIACTCH IO TEOPIH pemapenns Bo30y-
JRICHHBIX #/lep, BHBBAHO MH/IBHUIYATBHAMI CTOMIKIOBEHIAMMT GombapaAnpyIo-
mIeif WACTHIH ¢ HYKJIOHAMH HJpa, B PE3YJbTaTe 4Cro TMOCTEJHHE MOKRANIAOT
AAPO 710 MOMCHTA HACTYIUICHHSI CTATHCTHICCKOTO paBHOBECHA.

Cepoep [*] paspmx aTy nje0, IeTKO 00puCOBAT KOHTYDHl HOBOI MOjIeTH
SIePHHIX PeAKIMIT PN GOTBINIX BHePIHAX TACTHIL. IpegnoskeHHas UM KacKal-
HASL MOJIeJb OMHICHBACT TPOLECC SJIePHOTO PACHICIVICHUH B TePMHHAX 11a pELIX
CTONKHOBeHHIl HYKIOHOB, B Pe3yJabTaTe KOTOPHIX U3 AXPA BRIIETAIOT IIECKOJIBKO
GBHICTPHIX BTOPUYHBIX YACTHI[ M $/IpO OCTACTCHA B BO30YKICHHOM COCTOSHAN,
cHUMAs cBOe BO3OYsjleHne HCHAPeHIeM HYKIOHOB I CTOZRHBIX qaCTHI[ AHAJO-
IHYHO paspH/{ke COCTABHOTO HA/pa. J1oT HOBHIT B3LJIAN Ha MEXaHU3M B3aHMO-
neificTBnA HYKIOHOB (0abmIOll dHEPTHH ¢ AXPAMI Kak Ha By XCTa (HiTHEL
npolece Hamiea CcBOEe TOJTBepsRienne B pHje AKCIePHMEHTAIBHLIX Pador,
BLITONTOHHEX € MCIOAL30BAHHEM OOJNBIIAX YCKopuTedei B CCCP, CHIA u
AHTIIHN.

Hapsjy ¢ ¢UUHAMIMECKUMIY TEOPHAMIL, TAKHMI, KAk GopoBckadg M KacKa/l-
Has, 0oabmoe MecTo B QU3NKe SAePHBIX B3AUMOJIEICTBRIT BaHIMAIOT, TAK CRa-
3aTh, ¢CTATHYCCKUE) MOJENH, ONICHBAION(ME CTAIUOHAPHLIC COCTOSTHAA:
ofoIoueTHAS MOJIeTb ¢ e BapHaHTaMIl M ONTHYECKasT MOJCIb. B macrosmeit
raaBe MLl He OyjeM saHHMATbLes Teopueil 000d09ekR, TaAK KaR ce npuMeHeHe
B oBaacTn GOJBIIMX HHEPTHIl BechMa orpanudeno. B psje mpesocXojHbiX MOHO=
rpaduii oHa H3JI0/KeHa ¢ JOCTATOMHOIT IOJHOTOI. OnTnuecKass Mojelb, IpeIo-
swernaa Oepudaxom, Cepoepom n Teitropom B 1949 r. [5] ¢ mocaegyIonaM pac-
mmpennem ee B 00XacTh dHePruil MOPAJKA HECKOIbKIX MILIIIOHOB DICKTPOHO-
soabT [%], mpnoGpena Goablmoe 3HaueHHEe KaK HArJSUHBI T yA00HBIL MeTOx
PACCMOTPEHIA TPOTeCca CTOIKHOBCHUSA TACTHIEL C AAPOM.

K macToseMy BpeMeHH HaKoIuIeH Goabmoil MaTepuall B MHOTOYHCTCHHBIX
TEOPETHICCKUX I HKCIEPHMEHTANBHBIX MCCACTOBAHMAX 110 HNPHMEHIMOCTH OII-
TIMEeCKO MOTETH JUIA AHAJIHAA B3AMMOJEHCTRHS PASIHIHBIX YACTHIL C AAPAMM
I ee ¢BS3W ¢ Teopiueil HICMEHTAPHBIX HYKIOHHLIX IPOTECCOB. Bompocs Teope-
THUECKOTO O0OOCHOBAHMS ATOH MOJENH, a TaKKe CTPOroe pPaccMOTpeHUe caMoit
MOJICJM He COCTABJISIOT TPejMeTa COXepP/RaHmA dTOMl TIABLI.

Mui cTapum ceOe 3afady AaTh JUINb HIEMEHTAPHOE N3JI0JKeHIIe ee OCHOB,
A TaKyKe U KACKAIHON MOJeIH ¢ TeM, YToObl B JaJbHeiimen, HpH aHalidse
HRCIEPHMEHTOB Ha BLICOKIX JHEPrufax, MOJKHO GBUIO paccMaTpMBATH TE HIM
WHEIE IOJYYCHHBIE Pe3yJbTATH B CBETe HMEIONIXCH TeOPEeTHYeCRIX mpejicTaB-
JeHuit. DTo MO3BOJAET CHCTEMATH3MPOBATH Te OTPOMHLIE DKCIePUMEHTAIbHbIE
J@HHBIEe, KOTOpPbHIe IOJNYYeHHI 3a HpOIIe/mee AecATIIeTHe. Mu He Oypnem Ka-
caThesl TaKoil BaykHelmell CTOPOHBI IIporecca SAACPHOTrO B3aUMOJCIICTBIA
yacTHI[ BHICOKOIl DHeprmif, Kak oOpasoBamiie Me30HOB. I710 00BACHHAETCS TEM,
qT0 YKABAHHBII IPOLECC ABIACTCH, 1O CYIIECTBY, Pesy/abraToM O/IMHOYHOTO
B3AMMOICHCTBHA UacTHI[ JIPYT ¢ APYyroM, U HajmImne CIOKHOI CHCTEMBI H3
MHOTHX HYKJIOHOB NPUBOJUT JHIIh K HEKOTOPOMY HCKA7KEMIIO TeX MM MHLIX
XapaKTepHCTHR »JemeHTapHoro mpomecca. B pameil KHure He paccMaTpu-
BAIOTCA MPOIECCH COY/APEHIA ¢ AAPAMI JACTHI{ €O CBEPXBEICOKIMHI HHEPTHAMHA
(mopsiaka 10'* 9B M BRIIC), TAK KAK, BO-HEPBLIX, DKCIIePUMEHTATBHELT MaTepHal
eie OYCHBH CKY/IeH, A4, BO-BTOPHIX, MeXaHH3M B3aHMOJEHCTBHA HPH TaRHX
9HEPIrUAX COBEPHICHHO HEeSCEeH.



§ 2. OCHOBHBIE TIOJIO(REHH A OITHYECKOIL MOJIEJIIL

Ournyecras Momean HapAny ¢ 000J09cuHOil ABJIHETCH OJTHOYACTHYHO It
mozeasio. OHa paccMaTpuBaeT TMOBEXCHEE OHOIT YACTHOLI B IOJe JeHCTBUSA
BCeX JIpYTHX HYKIOHOB fiapa. B mpepnoxoskennm ciaGoro B3aIMOJIeiicTBIA,
CYIIECTBYIOEr0 B fA/ipe, BO3JEHCTBHE HYKIOHOB HA BLIICTCHHYIO JaCTHITY
MOJRHO Ipe/icTaBUTh HEROTOPLIM MOTeH a 0M: B oTimane oTatoma, rie myveercs
LEHTp KYJOHOBCRHX CHJI, [ICHCTBYWIHMX Ha DICKTPOHBI, B SAAPC HET TAKOTO
IEHTPA, KOTOPLIL OBl M ONPEeT ST HOTenInar CHI, JeICTBYIOMIIX HA HYRIOHH.
Tem me MeHee WOTeHIMAXLHOC IOJe B AApPe MOKHO CYMTATH HEHTPATLHEIM,
TO/KAJYil, HMEHHO BCICACTBHE OTCYTCTBHA RAKOH-11HG0 BEIZICICHHONH 00/1aCTH
BHYTPH AApPa, ROTOpasA ABWIACH OLI HCTOYHIKOM 9THX CIUT.

Tpynasiii Boupoc o ToM, Kakum 00pasoM cHILHOE B3amMojeiicTDMe, cyie-
CTBYIOIIEee MEKIY cBOOOIHBIMI HYKIOHAMHA, CTAHOBIUTCH OTHOCHTENbHO caabbiM,
TOUHEE TOBOPSA, MOKeT OBITh HMPHHATO Kak craboe, KOTaa HTH HYKJIOHB HaX0-
AATCA B OJIHOI INTOTHO YHAKOBAHHOI CHCTOME, HA3LIBALMOIT AIPOM, paccMaTpH-
Basics Baiickondowm [7]. Om yrasax, uro HPUYUHON TAKOTO HOJOKEHNS
ABJISICTCA JleiicTene B sape mpummuna [layan, maxmane KOTOPOTO PEe3RO CHH-
skaer oPeRTHBHOCTE B3aIMO/eiiCTRIS agepunx vacriif. Iockonsky Boanosbie
GyHRIU HYyRIOHOB A/(pa B 3BHAYHTENLHOM CTEIICHI HEePEKPLIBAIOTCH, TO B3AMMO-
AeiicTBHE JIByX KAKUX-THO0 HYKIOHOB ¢ OOIBINOIL BePOATHOCTBIO HC TPHBOIUT
K M3MEHEeHHIO UX PU3NYEeCKOTO COCTOAHMA (yMeHbITeHIe NI VBEJIHUCHHE TM-
IyJabCa), TaK KaK B Pe3yJabTaTe TAKOr0 B3aHMOACHCTBIA KOHOWHO® cocTosIMe
OAHOTO Wit 000HX HYKIOHOB COOTBETCTBOBATO OLL OJ{HOMY W3 3aHATHIX yPOB-
Heil B Axppe. 5

Bpepenue noremnmana cm, ACHCTBYIOMUX Ha HYKJIOH B fape, cyme-
CTBEHHO YHPOIACT OMHCAHWE JIBUMKEHUs OTOH wacTuisl. Bmecro pemenns
npoOIeMBl MHOTUX TeJ BOZHUKACT 347148 OTHICKAIS KBaHTORO-MEXaHITIe-
CROTO ABUKEHHA OJIHOT0 HYKJOHA B ONDEJCJACHHOM IOTEHIUAALIOM HOJe.
Has mepensrusucrckoro caywas (roTopHIil ocymecTBaAseTeS B janmoil 3a-
nage, H00 CKOPOCTH ABIKEHHA HYKJIOHOB B anape cocrapasor nopsika 0.1
CKOpPOCTU CBETA) TO CBOJUTCH K PEMIeHHIO ypPaBHEHUS HIpenunrepa

\

h2 . 4
— 5 AUV (1) T =EV. (I.1)

B sasucumocru or smGopa ¢ymrmum V (r) ypasmemme (I.1) umeer pas-
JaHEe  cucreMbl pemennit. ITpu onmpejpesenmom noremnmase V smeprus
qacTHnB £ MOKeT NPHHUMATH Psij| BHATEHHI, KOTOpPbIe yaosaersopsior (L. 1).
Wanmu caiobamu, oGpasyercsi cucTeMa bHepreTHuecKIX yposueit E,, E,, ...,
E,, ma KOTOpBX pacmoJaramoTcs HYKJIOHB sjapa. B  Mmojgean oGogouex
00BIYHO ONEpUPYIOT ¢ ABYMA THNAMI HOTeHIINAJA:

a) IpPAMOYroJbHAs AMA

—V r<R
V(r):{ DatnasR,

B) OCHMJLIATOPHBIH NOTEHI[HAJ
7 2028 1 2.2
V (r) Ol 74 + ? mwer=,

rjae m—wmacca HyRJIOHA; ®— 9acToTa KoJebanuii.

Bmi6op moremmmana mepsoro Tnma OTpaKaeT HKCHePUMEHTANbHEIL ParT
KOPOTKOTO pajuyca JeficTBHS AnepHBIX cuil. Bwifop moremmmana rapmomi-
TEeCKOr0  OCHMILIATOPA NPOJANKTOBAH COO0PAKEHUAMI NPOCTOTH  pelleHus
ypasuenus Ilpenunrepa jmas aroro suga $ymsmun V (r). Bug xpuswix V(r)
nOKasau Ha puc. 1. 9Tm noTennMANB ABAAOTCA IBYMS KpaiiHuMI Bapuan-
TaMH, TaK KAk peajlpHOe AP0 HE UMEET CTOJb XOPOMO OYepueHHOH IIo-
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BEPXHOCTH, KAK 9TO JlaeT NPAMOYTOJbHBIT loTeHnuajx, W B TQ jKe BpeMsa
and@y3HOCTL sAAPA TOPA3A0 MeHee BHAUMTENBHA 10 CPABHEHUIO C XOJIOM
NOTEeHINAJA TapMOHIMYECKOT0 OCIILIATOPA.

Bribop pyrrmun V(r) okazsBaercs He cTOIb RPATHIHBIM }UIH CHCTEMBI Y POB-
Heil, KAK MOKHO OBLIO OB OJKIATH. PeayIbTaThl pacueToB ¢ TOTEHIMATAME
ABYX VKa3aHHEX THIOB He CHJIBHO pasianvaiorca mexay coboii. 'rasmoe or-
JIHYNe COCTOMT B TOM, YTO OCIJ/IIATOPHELT HOTEHIHA HPHBOANT K BBIPOK/(€HITIO
ypoOBHEil 110 YyrI0BOMY MOMEHTY, B TO BPeMf KaK HPAMOYIOJBLHBIN II0OTEHIIAI
CHEMaeT 5TO BHIposKmeHme. IIpomeskyTouHsli ciayuaii IOTEHIHAJBHON AMBI
€O CRONICHHBIMH CTEHKAMI, HAIIpUMep CHAMAION{IMH MO JKCHOHEHIHATbHOMY
3aKOHY, ABIAAETCH, HO-BHANMOMY, XOPONIHM HPHOJMKCHIECM B MOJeTHM 000-
JT0YeK.

OnTnueckas MOJeJSb PACCMATPHBACT CHCTEMY «IAPO—TACTHNAY B HOAOGHOM
acmeKTe, HO ¢ TEM PasinuueM, 4To sHeprud gacTuinl £ OGepercsd moa0RuTesb-
HOiT, 100 pacyer IPOBOJMTCS 1A BHEITHEH WACTHIE, He CBA3aHHOI B sppe,
HO Tpumeseii B Hero u3 Oeckomeunocri. Rax uspectno, muguanToomy asm-
JKEHHI0 KBAaHTOBOH YacTHIBI COOTBETCT- 2
ByeT MOJO/KUTEILHAS DHEPIHsA, ABUe- v ]

HEe JHUIbh B oOrpaHnndeHHoil obmacTn mpo-
CTPAHCTBA MOKET COBEpPHIATH YACTHIA
¢ orpunagenbHoil smeprmeil. Taw rar
majaomasg Ha AP0 YacTHI[A HMeeT He-
LHPEPHIBHEI CHEKTDP 9HEePTeTHUeCKUX CO-
CTOSTHWMIT, TO OTHAjaeT B3ajada OTLICKa-
HIST COOCTBOHHBX sHawenuit £y, F,, .. .,
E, w3 ypasmenus (1. 1). BmecTo Hee Boa-
HUKAeT BONPOC O BepPOATHOCTH CTOJKHO- Pue. 1. Hpepubii norenumad.
BEHUH dYacTUIHI C AAPOM, HPUBOAAIHX o — npAMOYrObHAA AMA; G — TapMOHH-
K pasiamuubiM (U3HUYECKHM HpPOIeccam — el e At
YOPYroMy PpacCcesHHi0 W IOTJION[eHHIO.

Buumcsenne cedenmil CBOOHTCA K OIPE/EIEHNI0 COOTHOINEHNS WHTCHCHB-
HOCTH mpomejmeil (uwin pacceannoﬁ) n magatonieit Boan. Boanopyio
GyHRINI0 YACTII(E, HCHHITHBAINLCI pacceAnne Ha spe, Ha OOJIBMUX PACCTOA-
HUAX OT PACCEMBAIONIEro IENTPA MOJKHO MPEJCTABUTH KaK CYHePIO3HIULIo
majaomeiil mI0ckoil BoaH U cHepuueckoil, pacXogAmieiicss 0T 3TOT0 MeHTpa:

U —eikr L f(0) r—e”‘"’ * A{L.2)

b T ]

rjae f(0)— seamuuna, ompeaessOUlas BePOATHOCTH PACCEAHNA B OHpesesen-
HOM HANpaBIeHHN 0 orHOCHTENBHO UAJAIOMEr0 MNYTKA, HABBIBAGTCH AMILIN-
TYJI0il paccesHusI.

Jugdepennuansnoe cevenne paccesuus u ammauryia f(0) esasanm npo-
CTHIM COOTHONIEHNEM

L =110 (I.3)

TpeGosanue, urodm wuckomas ¢yHsnusa ¥ nmesa acUMNTOTHYECKHI
pux (I.2), npusopur K cuaexyomeMmy BHIPayReHNIO JUIA AMIJIMTY/IBI pac-
CesTHUN:

10) =5 z (20 -+ 1) P, (cos 0) (% — 1), (1. %)

rje P,— noannomsr Jlemanjipa; ©,— HEKOTOPLIE BEJNUUHELI, Has3bBaeMmbe
capuramMu $as miam npocTo (asaMu paccesHus.

Daznl ABAAIOTCH BeIleCcTBeHHBIMM YIICJaMil, €cJn paccMaTpuBaeTcaA yupy-
roe paccedHue, M KOMIUIEKCHBIMHI — JUIH HEeYHNpyrux npomeccos.



Yrobpl onmcarTh ejunnM o0pasoM NpOIecchl Kak ynpyrue, Tak m He-
yupyrue B ypasmenue (I.1) Bsojurcs roMmmiekcHpii norennuax V- iW
(pyrsmun V' u W Bemecrnenus).

Ucnoan3ys ypaBHeHHe HeNpepHBHOCTH, MOKHO YCTAHOBUTH CBASL MEIKAY
MHEIMOiT uwacThio norennmaza W om ceueHMeM TOTJIOMEHNS YACTUI[ AAPOM.
Ypapuenue HenpepbIBHOCTH NMEET BIJT

0p i ra 25 -
a—t—{—d1v3—|—Kz7p_~O, (1. 5)

riae p— 00beMHas MJIOTHOCTb YACTUI[; j-— IJIOTHOCTH TOKA YaCTHIl; ¥ — IX
cKopoceTh; K — RodGPUIUeHT NOrJouieHms .

o=TW*
j=— o (Wgrad¥ — Wgrad¥").

Jlns crammonapHoit 3ajaum, KoTopas HMeeT MecTO B HauleMm cjydae,
dp

—d—t—zo.

Hanmmewm swipaskenue mus div j B Buje
I
e ik 2 *
(]1\'1:—27(\11' AT — WAT*). (L. 5a)

Yrofsl BHUMCIANTH BHpazkenue B ckobkax, mammmem ypasnenne (I.1)
nas gpynkmm U u conpamennoil ¢ meii dymwmun W

— AT 4 (Vi) ¥ =ET, (L. 56)
h2

2m

AW* L (V — iW) W* = EV*. (1. 58)

Vuuokus caesa ypasnenne (I.56) ma W* u ypasneunuwe (I.58) ma W,
110CJI€ BBIYUTAHIA TOJTYYHM

= f—m (W*AW — WAT*) = —2iWW¥* = —2iW)p,

TOTJIQ
: divj=—2iWg. (1. 5r)
Conocrasaas (I.5) u (I.5r), moayuum, 4To KoddPuiueHT HOTJIOMEHIT
2w
K=="-.

[MosiHOE uMeii0 TOTIONEHHLIX AAPOM TaCTHIL OXPeJeJINTCA HHTEr PHPOBAHIEM
M0 BeeMy Ioromanemy o0beMmy:

2
Niong —— I sz Wd-.

Orcropa Ierko MO/KHO BBRIYICINTH N CeveHHue NONJIOUeHNs O,

Jlast wacrmm co cnumoMm '/, pemenus ypasmenns (1.1) cocroar us
naGopa apyx ¢ymxmmi U |, m W, COOTBETCTBYIOMUX JBYM Ppasiud-

I+ -

HBIM B3aUMHBIM OPUEHTAIMAM CHHHA W OPONTAIBHOIO MOMEHTA wacTims [*].

Cymvmposanme B (I.4) Besiercs o BeeM BO3MOKHEIM 3HATeHHAM 0pOHTAIL-
HOTO YIVIOBOTO MOMEHTA | WACTHI(El OTHOCHTeNbHO Axpa (Towmee, mX o0buLero
mentpa mace). Yncao ! cranoBuTeA BechMa GOJBIINM, CJe/0BATENBHO, BETHKO
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u uneao $as, NUrpaloMIX 3aMETHYI0 POJib B IpoIecce B3amMOAeHCTBHA, KOTZA
OHePruf YaCTUIBl JOCTATACT COTHH MHIUIHOHOB 5JeKTpoHOBOABT. Iloatomy
B DTOM ciaydae IenecoofpasHo HailTi Jpyroil moaxon Kk sagave. Ecam cropocTs
HYRJIOHA JIOCTATOYHO BeJIMKA, TO JAJIHHA BOJHH jie Bpoiuist Oyjer sHaunTe bHO
MEHBIIC PasMepoB s/pa 11 JIBUKEHNe YacTHILhE B 110JIe Spa MOJRHO PaccMaTpu-
BATH KAR JIBUKEHNE 110 KIacCHIecKoil Tpackropuu. B mpumeneHun K BOJHOBOIT
TeOPHH YACTHI[LI DTO O3HAYALT, YTO MOKET ObITh MCIOJAbZ0BAHO HpHOIMAEHME
reoMeTpuuCCKoil omrurn. 9ra wies mnpeoskeHa @epubaxom, Cepbepom m
Teitropom [?]. CroGoxmoit yacTae ¢ UMIYIBCOM P, TPUIECHBACTCA BOJHOBOIL

BEKTOP k,,:—phi, KOTOPHII amajormied BeKTOpPY (PasoBoil CKOPOCTH cBETA

B o0punoii onrtuxe. flapo cnocofHO paccemBaTh I NOTJIOMATH UYACTHILHL.
Caejosarenbio, B ONTHYECKOM ~OTHOWEHHI OHO ABIACTCA cPepuuecKnm
ARPAHOM, XapaKkTepU3YOMUIMCS ONTHYECKIMI HapaMeTpaMn: Koapduimen-
TAMH OTPA/KEHIHA, NPEJOMIeHUs N Iorjiomenns. AOGCOTIOTHAA BEINIUHA
BOJHOBOIO BeKTOpa (BOJHOBOE WYHCJ0) CBA3AHA € KHHETHYECKOH dHepruei
E wacrunm coornomenmnem e

ky =+ V2mE.- (I. 6)

BlIyTplI AJlpa KUHeTnYecKasdg SHeprusg YacTHI[Bl BO3pacTaeT Ha BCJINIHHY
noTeHInalbHOM aHepruu V, I BOJHOBOE YMCJIO M3MEHUTCH:

K =% V2m (EL V). (1. 6a)

B coorsercrBun ¢ sakomaMm onTHKUM Ha rpanune pasjedja JIByX cpe,
XAPAKTepPU3YIOMMUXCA PasHbIMU (i)&.l30BHMlI CROPOCTAMIT WJIM BOJHOBBIMI
quegamm, JOJIAHO HNMeThb MeCTO npejoMJjienie najamonlero Jiyya ¢ I\‘OBd)(blrl-
HHEeHTOM IIpeJIOMIICHUA

k'

i i
kg

B obGmeM cayuae Oyjer nMerh MecTO Tak;ke UYACTHUHOE OTpPaKeHHE
BOJHBL OT 9TOH NOBEPXHOCTH, CBABAHHOE C I3MEHENIEM BOJHOBOTO WYHCIA.
IIponnnaemocts I BOJNL ¢ HAYAJILHBIM BOJHOBBIM unciaom k, Gyjaer pasua

N
e
(ko4 &)

Ho ecan swinoansercs coormomenne £V, 1. e. worpa pasmuuie k,
u k' wmesemuko, 1o dPHPeKTOM OTpazKeHMsr MOKHO Tnpenebpeub BBHLY €ro
mazoct. Hosdduimuents npejomiaenus n norJomenuss npun pacuerax obbe-
JMHAKOTCH B OJUH KOMIUIEKCHBIH NOKAa3aTeab NPEJOMIEeHIs, TAC MHIMAs
YacTh OUPEIeJAeT IOrJOHIeHIe BOJHBI, 4 BEHIECTBEHHBI WIeH — ee Ipe-
Jomiaenne (ynpyroe paccesmue). Ypobuee, 0jHAK0, ONepUpOBAThH He . HTOM
BeJINYNHOI, a HeHmoCPeJACTBEHHO BOJHOBBIMI uUMCJAMU, BBeI 4nciao ky,
onpeiensdgoNlee U3MeHeHIe BOJHOBOTO 4HCJA YacTHIBl TIpH Iepexoje ee
B JIpyryio onrtnueckyo cpemy (sipo). Jlas aroro mosaraior, uro BOJHOBOE
9ICJI0 YACTUIE B fAape Oyjger

el K 5k (1.7)

Muumas wacrs 8 (I.7) onpejensier noraomenue (Heynpyrie mpomeccs),
npuueM MuOKUTeNb '/, B3AT s yuobersa. Jlerko ybeauThesa B OTOM.
Ilyers ¢gasa Boamsl B Touke BXojAa WaCTUILH B S/[PO TAKOBA, UTO BOJHOBAH
$ynimua pasma 1 [W (z=0)=1]. Ha paccroauun z or aToil TOYKH BOJ-
HOBaAd (YHKNUA YACTHIBI NBMEHNTCA, W eCJHd TNOCHeAHAS JIBUKETCA B
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nycrore, To $yuruus oyzer papma W(z)=e " llpu ABHKOmIIT YacTHIIBE
BHYTpH fifpa BosdHoBas Qynknus Oyner pasma W (z)=e"**. Torpa ornocu-
TeJBHOE UBMEHeHHe AMILINTYAB mpu aTom Oyjer

A 7 W G (I.8)

VMenpmenne NHTeHCHBHOCTH MOTOKAa YacTHI[ 10 Mepe X IPOHIKHOBeHIT
B ray0b sijipa NPOMCXOANUT MO JKCHOHEHIMAJBHOMY B3aKOHY © roappuneH-
ToM noriomenus K: :

2

‘i'!—:l\pizzlalg—_:e_l(‘. (19)

-
)

=
o

Beamupna %, cBfzaHa 1HPOCTHIM COOTHONICHNEM € BEJUTIHOI peaanIoii
YacTi ONTHYECKOTO MOTeHIIMANA:

Y rpmal )

Buecre ¢ xoaddummentom norsomenns K u paguycom sjipa R a10 qmeao
cocTaBiasfeT OWH HAGODP SACPHHX ouTHueckux mapamerpos. Taxmu olGpasom,
; MMeeTcsT TPH PABHO3HAYHBIX Halopa ONTHYCCKIX
/s\ KOHCTAHT Jpa, 34JQHHe ROTOPHX MOJHOCTHIO O~
—~ PECIAIOT PACCEHBAOILME ¥ HOTIONMATONIe CBOICTBA
AjApa WO OTHONICHHIO K IOTOKY JaHHBIX YacTHIL:
1) papgmyc sjipa M KOMILTEKCHEII IIOKasaTeab Hpe-
JOMJIeHTTS n—%—% iK; 2) pagmyc sjppa, BOJHOBOE
ancao ky v wosgdmmuent morrmomernns K; 3) pa-
AUyce Axpa m ontnyeckuii moremmmasn Vil
Bece 9TH XapaKTepPHCTHEM ONTHYECKHUX CBOIMCTB
Afapa ABISOTCS B 00meM caydae GyHRIuAMU dHep-
HH W OPUPOJE HAJAloieil 4YacTHIRI U 3aBHCAT
TaKKe 0T IPOCTPAHCTBEHHHIX Kooppumuat. WHpivm
Puc. 2. CIOBAMH, H]IPO MOJKeT OBITD OIITHYCCKH HEOIHOPO-
ﬁaé?u?ffnycp"_n”ﬁ{mﬁ = Iy noit cpemoit m obxamarh gucnepcueii. Pasymeercs,
napaMerp; r — Teryumii 0e3 JOMOJHNTENbHBIX IPEAIOJ0KeHNIT 0 BHJie 9THX
RAIRYC. 3aBUCHMOCTEI HeJb3si BBIYHCAUTD S/epHbIe CeTeHUA
A PasimuHBIX IporeccoB. MokHO, KOHEYHO, OHM-~
HaTh, 9T ONTHYECKHIl TOTeHIuas Gy/1eT pasianuaHEM s pasuux Anep. Ho taxoe
HpejinoJoykenie IPOTHBOPETINT caMoil mjee, Je;kameil B OCHOBe OITIYECKOIL
MOJIeIH, Kak crmocofy ommcanusa oOMHX CBOHCTB fAfep MO OTHOHMIEHWIO K IPO-
meccy paccCAHms H IIOINIOMEHUS YacTHIl.
CeueHne TOIIONMEHNA OMpefeasercsl OTHOCHTENBHOI yOBUIBIO YaCTIIL
B Oy4Ke TOCTe IPOX0FKICHIS MM HEKOTOPOIL JUTHILL Iy TH B AePHOM BellecTBe:

N .—N
e B Hpomlef L (I. 10y

a
Nnaq

Coraacno (1. 8), nosyuaem Beipasenne A CeUCHHS NOTIOMEHNA YACTUIL,
NPOXOAAIIX B fAApe NYTh Z=—2S:

do, (p)=1—exp | —2[ K (r)dz . (1. 11)

3necs r?=22-} p% s’=R®— p? (puc. 2).
12



JLas MoJyueHus NOJHOTO CEYeHUS NOTJONEeHUA J, pupaskenne (1.11)
HE0OXO0/UIMO IPOMHTErpUPOBATH 10 BCEM BO3MOKHBIM B3HAUEHIM NPIIeTh=
HOro mapamerpa p:

8

R
c:_—‘m-:[p 1 —exp —2[ Kdz | | dp. (I.12)
0

a
0

AHAJOTHYHO MOJRHO HOJNYYUTh (OPMYIy I CedeHus ynpyroro pac-

CeANNA:
2

1 1—;’ 28
i fd pdp. (L. 13)

R
O, == 2T [ 1—e
0

®opmyast (1.12) u (1.13) nanncanst B NPEANON0KEHNUH, YTO MMEET MECTO
aKCHMANBHAS CHUMMETPHUA NPOIEecca CTOJNKHOBEHUA YacTUIi[ € HIAPOM. ITo
OCYMECTBIACTCS, B YACTHOCTH, U CHEpHIeCKUX HAAEP. IlockoabKy sKCIE-
PUMEHTHI, B KOTOPBIX H3MEPSIOTCH G, I O, CTABATCS C HEOPHEHTHPOBAHHBIMU
SApaMn, TO S HKCIEPHMEHTAJBHOIl NPOBEPKH BHBOJOB TEOPUM B3AUMO-
JeficTEUA uacTHI[ ¢ HecepuuecKuMII AIpaMI HeoOXOAUMO YCPEHATH Bhl-
YUCIEHHBE COUeHUS 10 BCEM BO3MOKHBIM OPHCHTAIAM OCH  CHMMETPHU
AJlpa OTHOCUTEJBHO HANPABJIEHWA MydYKa GomOapAMpyOMUX TacTUIl. ITO
OPHBOANT K TakoMy jke dPdexrty, uTo U BBEJCHIE muddysnocTn AL PHOI
NOBEPXHOCTH.

§ 3. NPAMOYTOJLHAS NOTEHITNAJILHAA AMA

JLast onpejeJienust o, U o, B KONEUHOM Bujle HEOOXOAUMO 3HATH pa/iHailb-
HE6 3ABHCUMOCTH ONTHIeCKHX napamerpos k, m K, miu (uro ommo u To Ke)
xon moremmmana V (r)=-iW (r). Buma srux Qynknmil cBfzaH ¢ MpocTpa-
CTBOHHBIM PACHPEACHCHICM HYKIOHOB B sape. B panmnux paorax, B KoTo-
PHX TPOMBBOULICH AHAJM3 DKCT@PUMEHTAJLIBIX Pe3YJIbTATOB IO YIIOM
3PeHNs ONTUICCKON MO/, NPUHNMAIOCh K KAYeCcTBO npocTeimero Bapu-
anTa TPeANOJO/KEHHe 0 PABHOMEPHOM pPACHPEIeJeHuil HyKIOHOB. Torpna
ceyenne MOTJONMEeHNs W YyHPYTFOro pacCesHus JerKo BRMICIHETCH:

R R
0,=2r [ p(1 —e™)dp= 2| s(1—e M) ds=
0 0
Frrhs o 1 —e 2B (1 4 2KR)
=n=R [1 et e ITE : (1. 14)
R R
s, — 2n Jf |1 — 2 =T |2pgp —2r [ (1 4 e—2K* — 2 cos 2k;s - €*) sds =
0 0

15 Ve 1—e B (4 1+ 2KR) Wt 2k R
— xR {[1 + IK2R2 ]—40 KR sin 2klR m—‘l—

2% R K°R®—4kiR* 1
K®R® 4 4k{R® (K*R® + 4k R°)’ .
2p2 2 p2
i ST,
(K*R® 4 4KR*)

Ak, K R 308
2 (K*R® + 4kiR*) ] +- 4e= " cos 2k, R I

(1. 15)

M3 sTux COOTHOMIEHUH MOKHO TOJYUUTH IPOCTBIe NPEeJeJbHbIe 3Ha4e-
HUS JUIA cedenmii B ciayuae abcoJqOTHO YEPHOTO HATpa (KR — ):

e s
g =g ==Y,
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T. €. B cjlydae OTeHDL CHJBHOTO HOTJOMICHUS YaCTHI[ SJAPOM CEUeHUs Mo-
PJIOIMEHHA U YHPYroro paccesiHusi PaBHBL I'eOMETPUYCCKIM pasMepaMm sjpa.
B peaanrnom caywae (KR -— xomeunas BeiuumHa) ceueHue MOrJIOMeHISE
BCErJ[A MCUBIIC TEOMETPUYECKOI0 CeueHUH.

Jast puddepennuasbaoro cevenns yupyroro paccesHus HAIMcaTh HBHO
BHIPAJKEHHE He yAaeTcsd, Tak Kak I0JydYaioniuiicsi WHTerpajd He BEITHCJISICTCS
B xomeunom suje. Ho B acumuroTHueckom ciyuae Gecromeano GOTBINOTO MO~
TJAOMeH I 1 HOMBINAX YIIOBEX MOMEHTOB 9TOT HIETE DA MOAKHO CBeCTH K (yHK-
nuu Beccenst mepsoro mopsjka:

£ LyflRamtY < (1. 16)
dQ sin2 0
3aBUCHMOCTDL CCYCHHA OT YIiaa paccesHns 0 orasLIBACTCS, TAKMM 06DPA3OM,
HEMOHOTOHHOIi, HO 00HApPY;KUBaeT PAX MAKCHMYMOB H MHHUMYMOB. lrapmbrii
MaKkcuMyMm pacmoxosken mpm 0=0°, moigoikenue mepBOro MUHHMYMa OIIpese-
JfeTesT MPUGIIZKEHHO COOTHONICHIEM

sinfay o =2
MR T i

C pocrom smeprmm wacTHIul (yMeHbIleHHe A) IJIABHBIL BKIAJ B CeYeHHe
YOPYToro paccesnmsa [aiT BCe MEeHBIINe YIIAL, MOJTOMY MOJKHO CUHTATD,
4TO vacTuibl OOJBNIMX DHEPTHIl MCNBITHBAIOT YHPYroe paccesHue JIuiib
Ha yrasl MeHbime A/R.

Coormomenne (l.16) xopomo ussecrno B ofmumoii onTmxe mox masba-
nuem gopmyan Mpenens. Oma maer pacnpejiesieHne MHTEHCHBHOCTI CReTa
MO PA3HBIMIL yriamu HaOJI0JeHns npn AuGpakiu NapaiieibHoro mnydra
aydeil na yswoii wean. ITo amanorum ¢ sTum ABICHHEM yupyroe pacces-
HUEe YWaCTHI[ Ha sApe, He HAYHIEe 4epes cOCTaBHOE AP0 U ONUCHBAIONIEecs
¢opmyaoii (L. 16), nassisaercs qudpasunonusim pacceannesm. Crporo ropop,
ONTHYECKAA AHAJOTUS IMEET MCCTO JIMIIb JUISA YACTHOIO CJydast pacces-
HIIS JacTHIBI Ha npospavHoMm HqHJpe, 'y ROTOpPOro ICOBq)(i)HI.[H(‘HT npeJjioMmJje-
unsg pasen 1, T. e. peanbHag YACTL ONTHYCCKOTO NOTEHIAJA OTCYTCTBYET
n oTiaudHa oT Hyas mummas uacth (=0, W=£0). Na (I.14) u (I.15)
JErKO BHJCTH, 4TO B 5TOM CJAydae CEYeHHe pacceAnus Ie o0pamaercs
B Hyab. VIMenHo 5Ty wacTh m caejyer HaswBaTh CeueHueM U paKuOH-
HOTO pACCesnms. JTO- paccesHne 00YyCJHOBIACHO TeM 00CTOATeNLCTBOM, YUTO
HENPO3PAYHBIH SKPAH HOPJIOMAET YacTh NAJA0Meil Ha Hero MmiIocKoil BOJIHBL,
CJIEIOBATENBHO, 38 OTHM DKPAHOM NPOINEANIAS BOJIHA HE SBJISETCS MI0CKOI,
udo umeercs obaacts Tenu, rae amnanryga pasma 0. Beaegersme nugpai-
LU BT TEHb PA3MBITA, NOABJAIOTCS BTOPHYHBIE MAKCHMYMBI M MUIHIMYMbI,
NOJIOFKEeHIe KOTOPBIX onpejedsercs Gopmyaoit (1.16). Tpyroit xpaitamit
cayuaii (V' 40, W=0) coorBercTByeT paccesnmio BOJHBI HA HPeJOMIHIO-
ueM norennuane 6es ec morgomennsi. Ceuenme Takoro mpomecca:

§ == 2n B3 [1 €05 2k R |- 2k R sin 2k;R — 1:'
G

MOKHO Ha3BaTh CEUEHUEM NOTeHIINAJLHOTO YNPYTroro paccesHns.

B skcnepumente ob6a Tuna paccesiHus WepasamuuMBl (BRJIAZOM OT TPo-
Iecca ynpyroro paccesHud uyepea cOCTABHOC SAPO — TAK HABHIBAEGMOE PE30-
HAHCHOe paccedAHne — MO;KHO npeneGpeus npu GOMbNIMX BHEPIUAX UYACTHIL).
Hoanoe BaammojelicTBie wacTHIB ¢ AAPOM €CTH CYyMMAa CEUCHMIl MOPJIONLC-
HUSA M yOPYIOTO PACCeSAHUA:

oy=a,}a,.
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Ilonmoe cewenne BaamMmojeiicTBUs MoKeT OBITH BhIpazkeHo uepes (asur
paccesHus cleyomuM o0pasom:

o= N (20 4-1) sin®3; (1.17)

!

ro smpamenne noayuaeres us (I.3) m (I.4), ecam ucnoasaosars croii-
crBo oproromanasuocTn noaunnomos Jlemxanapa. Torpa, manmcas Bnipa;Kenue
Jas aMnmTyas paccesinusi Bnepeq (yroa paccesuua (0°)

FO) =gz X @ +1)- (¥ —1)
i

u pass pasnocts f(0)—/(0), rae cumsox f(0) oznavaeT KOMIICKCHO CONMPSI-
HMEHAYI0 (yHKINIO, TOJYUYHM

F(0)—7(0)=— 22D gineg, — 2 Im £ (0).

Cpasunsas aro smpaskenne ¢ (I.17), moayuum cBA3b MeKIY NOJHBIM
CCUCHIICM 1T MHHMOH HAaCTHI) AMININTY/IBl PACCeSHUA BICPE]:

5y =% Im £(0).

IT0 COOTHONIEHHEe M3BECTHO 10J{ HA3BAHUEM (OITHYCCKOI TCOPEMED).

ITpuseneinbie Gopmyas g o, U 6, NOJYTEHHl, KaK OB1JI0 yiKe oTMe-
YeHO, B NPEANOJOKeHIN HPAMOYI0JBHOTO ONTHYECKOro MOTeHIIAJA. Onuaro
IS 3apAKEeHHOM YAaCTHIBI CJEAYyeT BBeCTH B ypasHeHHe (L. 1) noGapounmiii
WieH, ONUCHIBAKIMIMI €€ KyJOHOBCKOE B3auMOACiCTBHe ¢ AAPOM. OITOT
KYJOHOBCKUH TOTEHOMAJ CYNLECTBEHHO 3aBUCHT OT HPOCTPAHCTBEHHBIX
KOOPAMHAT jlayke B IpOCTeilmeM cjaydae paBHOMEpPHOTO pacHpejieseHis
piaeKTpHUCCKOro 3apsjaa B sjpe. Ero Bmiumciaenne pas 91oro papuanra He
npejcrapasier Tpyaa. Ilo reopeme lFaycca, numeem

jE,,df:/mp, (1. 18)

rae E,— HOpMAJAbHAS COCTABILIONIAS BEKTOPA dJIEKTPHUCCKOTO MO,

Unrerpaa B (I.18) Gepercsi mo mnosepxmoctH, oXBaThiBalouieii cdepy
pajuyca r i coxepskameii sapsy p. Tak kak moamslii sapsyy sjpa payuyca it
ectb Ze, TO .

r3
pr=degyd
B ])ECCMﬂTpHDaCMOM Cquae Ocy]]leCTBJlHeTCﬂ IeHTpaJbHaH CUMMCTPUSI,

I DAEKTPUUECKUEe CHJOBBe JMHUN HOPMAALHB K mosepxmoctn cdepwr. [lo-
sromy u3 (I.18) momyuum

5 , rZ .
E=17Ze B3 -
sy AV 2y . Ze?
Ho E_—eE—. Torpa V= 3RS + C. .
Koncranty unterpuposanus C HaiijleM N3 IPaHUYHOrO yCJIOBUA: HNOTEH-
2
IMaJ Ha NOBEPXHOCTH AP PABCH ZI—:. OronvaTeabHO
Ze2 .
V=22 3R —r%) mpu r<R,|
% } (1. 19)
V== npu r}R.,I
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Pacuer cewenmii ¢ yuerom mnorennmana V, smauntennmo YCJIOKHACTCA.
Bun qugdepennuansuoro cevenus paccesnns uamenures, oco0eHHO B 001aCTH
MAJIBIX YIUIOB, TAR KaK, KpoMe JU(PaKIMOHHOIO PACCESHNsA, BO3HUKAET U
peseppoproBeKoe, cedeHne KOTOPOro cmagaer mo saxkony cosect 0. Ammin-
TyJa paccessHus OyJeT coaepsKaTh jiBa uJeHA:

f(o):fn (6)—{-—]‘,‘(9) (['20)

Yuer cootnomenust (I.20) mpusogut & Tomy, uto B Bpazkemmi (1. 3) s
JuddepennnanibHOro ceveHus MOABUTCA, KPOME CIATAEMOI0, OMNCHBAIIIENO
pesepopjioBeckoe paccesiHme, JOMOMHMTENBHLIl YWIeH KaK Pe3yibTaT MiTep-
(epennum BONH, PACCEAHHBIX AJEPHRIM M KYJIOHOBCKEM IIOTCHIHATAMM Ajpa.
Wnterpaapnoe ceuenne Gyer cyMmoii pesephopaoBCKOTO 1 SAEPHONO CeTeHmil,
lleproe ciaraemoe GLICTPO yMEHBIIAGTCS ¢ POCTOM DHEPTHMI YACTHIIL, HOITOMY
IpH JIOCTATOYHO GOJIbIINX DHEPTHAX CeUeHHs AACPHOT0 PACCEAHHA NPOTOHA
U HeilTpoHA NPHMEePHO OJNHAKOBEL

Mopens mpsaMoyToabHOIl MOTEHIMATBHON SMBI CONEPIRAT TPH mapamerpa,
KOTOpLIe HEOOXOAMMO BHIYHCIHTE U3 M3BECTHEHIX CBOHCTB HYKJOHOB JJIA TOTO,
91o0bl 10 opmysaM, JaBaeMLIM ONTHYECKOI MOJEJbI0, OIIPeJeNINTE CCUCHIE
AEPHEIX B3amMojeiicTsnii. MosKHO TOCTYmuTE B HA0GOPOT: IO M3MEpeHHKIM
B ORCHEPUMEHTe CeYeHHAM BLIYACIHTbL ONTHYECKHE NapamMerpsl, BXOAINLEE
B BhipaskeHusd juist cedenuii. Ilepsoiii myTs — myTh cTpororo obocHoBammsa Om-
THYECKOIT Mojiesn — ObUI OCYIECTBICH B PsAe paboT, 0 KOTOPHIX MBI CKAKeM
HEeCKOJIBbKO HofpoOHee gaiee.

Bropoii moxxox k sajave He jaer BO3MOKHOCTH OIECHHTL DBPHCTHYCCKYIO
CHTYy MOJIeJIHM, XOTf COBHAJeHHe 3HAYCHMil IapaMeTpoB, HailJIeHHBIX NpPH H3-
MeHeHHMU YCJIOBHIl DKCHepHMEeHTa (9HEPTHA YacTHI[, TPHPOLA HAApa), MOJKET
CHY/RHMTH YKa3aHHEM Ha KOPPEeRTHOCTh Mojenam. B mamem pacmopskenun
HMEIOTCA J(Be HKCIEePUMEHTATLHBIC BeTHINHEL 0, U 0,, KOTOPHIe ONpPeAeTAI0TCH
Tpems mapamerpaMm, Hampumep Hadbopom R, ky, K. CremgosaTeabio, ofgmm u3
ONTHYCCKAX IAapaMeTpoB JIOJ:KeH OHITH 3ajaH JJIs TOro, YTOOLL OBLIO BOZMOK-
HBIM BblUucaeHne AByX apyrux. Kpome Toro, mosxno cpasruth xo aupdepen-
[UAJBHOTO CCYCHHA PacCeAHus, BRMUCICHHOTO NPH BLIOPAaHHOM 3HAYCHHH
TapamMeTpoB, € pe3yJbTaTaMH HEIOCPCACTBEHHLIX m3Mepenuil. B kauectne
Hanepe 3a/]aHHOTO MapaMeTpa ecTeCTBEHHO B3fTh, HA IePBHIL B3MA, pagmyc
Apa, BEIUYIMHA KOTOPOTO ONpeNeasieTcss APYTUMH, HE3aBHCHMBIMI MeTOaMH,
JampuMep B ONMBITAX 10 PACCEANHIO DIEKTPOHOB HA HAJ(PAX WJIH 10 HAOII0{eHIIO
PEHTTeHOBCKOTO u3nyuenus mesoatomoB. Ho mexbss yrsep:gats, 910 pammyc
JCHCTBUA AePHOro IMOTeHIHANA, BXOAAMMIA B BHIPAKEHHA JUIA CeYeHMil, u
Painyc pacipeie]eHusI DIeKTPHYCCKOT0 Bapsa/a B sjipe, KOTOPHIT 0N peiesseTcs
B YIOMSIHYTHIX BEIIIEe OIBITAX, OY/AYT COBIANATEH.

Hasa pemenns aToro Bompoca HeoGX0ANMO paszpaboTATh METO/H M3MEPeHHs
pPajuycoB, ompepesAImuX 001acTh JeHCTBIS SAAePHHIX cHI. TaRUM METOXOM
I SAABJIACTCA aHAJIN3 Pe3yJIbTaTOB H3MEPEHUIl 0, M 0, ¢ TOYKH 3PEHHA ONTHYe-
croit Mojtesn. Orciofia caeyer, uro 65110 Ol HesecoofpasHee 3aaBath APy roii
ONTHYECKHI HapaMeTp ¢ TeMm, 4TOOBI HANTH 3aTeM J(Ba JPYTHX, B TOM UHCIEC 1
paamyc HoTeHuaibHOit AMb Agpa. Torga MoskH0 GHIT0 GBI HPOBEPUTH THIIOTE3Y
00 MCHTHIHOCTH PACIPEeAeTeHNil IWOTHOCTH HYKIOHOB I DJeKTPHIeCKOT0 3a-
pana B aape. Ecan mut mpuvem B gyxe mogeau CepGepa (. raapy 2), 9o mpo-
[ece TpOXOAJIeHNsA YaCTHI[EL OOJMBLINON DHEPIUU Yepes AApPO COCTOUT N3 Cepun
TOCJIeJIOBATEBHLIX COY/IapeHii ee ¢ OTJeJbHBIMH HYRIOHAME H UYTO Kaikigoe
TaKoe coyaapeHue, BHIZBIBAIONIEE IEPEXO[ HYKIOHA OTJAA4YN Ha OJHH M3 CBO-
GojHBIX BEDXHUX YPOBHEIt, BefieT K BHIOBIBAHIIO YACTHI[H 13 HATAJTBHOTO IYIKA,
TO MOKEM TOTJIa HANHCATh, YTO KOAPOUIHEHT TOTIOMCHIS eCTh CCUCHNEe CTOTK-
HOBEHHA JAHHOH YACTHIB ¢ HYKIOHOM, pPACCYHTAHHOE Ha eMHUIY Ohhema

Afpa,
K =3 ‘ (1. 21)
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rjie p — IVIOTHOCTH HYKJIOHOB B sIApe; 3 — CPefHee ceueHme paccesHus (¢ yge-
Tom zanpera [layan) GomOapupyomeit yactuner /N ma OpoToHax~ m Heli-
TpOHAX.

Jlast Ajpa MOCTOAHHOH IIOTHOCTH HMEEM

34 . Zc)\"p + (A = Z) Nn

P=inR3? i ; (1. 22)

Qi

IpderTUBHLIC CCUCHUS PACCOAHHS GNp I Oy MOTYT OBITH BRHATHI H3 OTIBITOB
10 B3aUMOJIEHCTBIIO CBOOOHBIX HYKJIOHOB, ecan OyIeT yurena Taliske IoIpaBKa
Ha 3ampelienie B sJpe CTOJIKHOBEHMIl ¢ Majoil mepejadeii smeprum. Jry mo-
IpaBKYy MOJKHO BEIYUCIINTE, 3HasI 3aKOH pacIpeyielleHIA BHY TPHAEPHBIX HYKJI0-
HOB 10 mmuyJbeaM. McecaegoBannsa mpornecca moaxsata myriaona ['°], ksasn-
yIOpYroro paccessHus IPoToHOB Ha fAxpax [1], poskjeHns m-Me30H0B IpH Azep-
HHIX CTOJKHOBEHHAX MpoToHOB Goabmux pmeprumit ['?] moxkasamum, ato Hamiyu-
mee COIJIACHE ¢ JIAHHEIMH HTHX HKCIEPUMEHTOB MOjKeT OBITh JOCTHIHYTO IPI
BLIGOPE TAYCCOBCKOTO 3aKOHA HMITYJIBCHOTO PACIpe/eseHus HY KIOHOB:

pi

9 9o
N (p) =~ const e o,

ITapamerp aToro pacupejiesenns kojgeOaeTcA y pasiMYHLIX aBTOPOB B IIpe-
aerax 12—20 Mop. Cregyer 0TMETHTE, TTO BCe IPAMBIe SKCIPHUMEHTHI 110 H3Y-
YEHUI0 UMY I6CHOTO PACIPE/IeIeH I HYRIOMOB HOCTABICHE! ¢ JICTKIMH SITPaMI,
Tak Kak a(PerT BTOPHIHOTO PACCESHUS FACTHIL, IIPOUCXOJANLEr) ¢ GOabHIOi
BEPOATHOCTHIO B TS/KEIOM SApPe, CHIBHO HCKAMKaeT KapPTUHY IEePBHYHOTO B3am-
MOJICHCTBIA 1 JINIIAeT BO3MOKHOCTH (oJiee WIH MeHee TOYHOTO OIIPCeseHIs
HAYATBHOTO MMITYJIBCA HYKIOHA.

Pacnpejenenne Mepyu st BEIPOKICHHOTO Tasa TAK/Kke OKA3LIBACTCA He-
WIOXUM HPUOIHKeHNeM, 3a MCK/IIYeHHeM HEeKOTOPOTo PACXOiKICHUA MeRIy
OKCHEPUMEHTOM 1 PacdeToM B 00JacTH GOJBITHX MMIYabhcoB: Mojenb Depmn
JlaeT 3aHMKeHHBIe BEPOATHOCTH JUIA HAXOKIACHHA HYKIOHOB ¢ OGOJBITHMI
AMIOyabcaMu. Berameiaene monpaBku juis sQeRTHRHBIX CEYeHUIT paccesHns
na jeiicrsue wnpummmma [layam mamGonece mpocTo IS pacIperieeHms
Qepyn [12]. OObaHO JUIA ONTHYECKOTO aHAAN3A HKCIEPUMEHTANLHLIX JaHHLIX
TPUHAMAOT DTOT 3aK0H. Brpouem, mpn sHeprHu GoMOapAMpPYOIUX HYKIOHOB
B HECKOJbBKO COT MHJLJIMOHOB 3JIEKTPOHOBOJIBT HNONPaBK B CCYCHUAX BoooI11e
CTAHOBATCSA MAJBl, YACTO X M He PACCUNTHIBAIOT, BAMEHAH S, M O, B BH-

pamenun Jiiss G JIJaHHBIMM, MNOJIYyY€HHBIMU B OoHbITaxX €O CBOGO}IHHMII OYyRJ0-
HaMII.

Toabpbeprep [*] Boiumcana & ¢ yderom npunnmuna Ilaymm, npeamoaa-
rag, UTO CEUEeHMs pACCEAHUA JUIA CBOOOJHBIX HYKJOHOB HE BaBHCAT OT
DUEPrHN I yraa paccessuusg. Ero pesyiabTar UMeer BUJ

F ol 7 Eg
gt AN eyl I

e 5,— ycpejuenuwie o,, n o, Ges yuera aanpera; E,— aneprus Mepmu;
E——KI!HeTH‘i@CKaﬂ JHepPrud HaJeramouiero HywJoHa.

Jdra ¢opmyna BmBejena anAa caywas K >2E,. Jlaa mespmnx oueprii
amajiormunmii pacuer cpesam B [Y]. ¥ IIpexmosnoskemme o  He3aBHCHMOCTI

ceueHmni pp- n np-paccedHud ABJIAETCH, OJlHAKO, OYEHb I‘pyﬁblM B 06.uac'm
sueprun 90—100 Moae, n B[] npoBemensl BHUHCICHUA 5 B IPEANOJ0KE-

* Pacwer flmaryunm [14] copepixnT, Kak ykazamo B [15], ommubry. Mempasaennas gop-
vyda aast & npn E < 2E¥ npusenena B [15].
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WU, UTO cedeHus oOpaTHO NPOMOPIUOHANBLHBI dHEPIHH M M30TPOHHB B CH-
creme menrtpa macce. Torja

5 =65, L1
Py’

b o S
ozl a2—2a2) 2e V2 (1 +a?) 5 .
E i Areth =g da;

g P, =
r—=-2 . g——L:3—=0; b=a nan E, >2E,; a=V2a—1; b=a pax

P P1
E < 2E, p,— Makcumanbusii umnyisc @Depmi; p; 1 py— HMIYJIbCHE
DYKJIOHOB.

Takum ofpasom, B3ajaHue ceveHuil G, W G,, MHO3ZBOIIET TNOIHOCTHIY
Onpeje nTh BCe Apyrue ONTHYECKHe TapaMerpsl B NpuO/IMGKeHHH HOTEH-
IUAIBHOM NPAMOYTOJILION SIMBI 1T NOCTOSIHHOM
AAEPHOM IJIOTHOCTH 10 HAlCHHBIM dKCHepn-
MEHTAJLHBIM Beauun#am o, u o, llepnuie
pafoTel ¢ ONTHYECKON MOJEJBIO BBINOJHEHDE
no aroit mporpamme. llojgxopsamum BHOOPOM
k, (mam moreunumana V) pobuBaamch Hamiayd-
uero corJjacusa ¢ 3I{Cllep“MCIlTaJILHOIU‘I I{pllli()ﬁ.
mnphepennuaibiHoro CceueHus pacceAnnsd, ma-
XOJi1 BeJUUHy napaMeTpa, BXOJAIMEro B Bbl-
pamenne aas pamuyca supa (R=r,A'), ns
dopmyam pas o, Ilapamerp r, y pasubix
: ABTOPOB NMEJ HECKOJHLKO OTJUMHBIC 3HAUEHUSH

1 & . 4 A4 ', s
S e ?_—ln(r))ﬁfocjif)\ 1.2—1.4 ¢epmu (1 Pepmu
£, M3b T : ; &
or ¢arT, UTO KoJeOaHWmA BHAYCHHH 7|
Puc. 3. 3amrmemvocth V ot suep-  y Voot sjipa K ALPY OKABHBAITCH CPABHNTENBIO
TR, Sy SRR HeOOJBIINMIT,  CJAYJKIUL YKA3aHImeM Ha Hpa-
3;’,;’,‘{},‘;“3 “;'“r{f’?l?‘a]‘f’},f}m‘je;:;ﬁgﬁj BIIbHOCTE BHOOpa koncraur. Teitmop ['€]
palOT  XOj TIOTEHINANa, COTACHO B AHAJH3€ CBOUX OILITOB IO M3MEDEHHI0 HOJI-
(1.23), npu suaveunu b, pasnom 1.0 # % o %
(), 0.4 (2) m 0.2 (3). HEIX COUCHHIl B3aUMOJIEHCTBIA € SIIpaMil Hei-
tponos omeprum ot 50 o 400 Moss mamern,
9TO0 MOACTDL TIPAMOYTOJABHONH SIMbl YOBJIETBOPUTEILHO OMHCBIBACT DKRCIEpU-
MEHTHI, e/ HECKOJLKO YBCIMYNTH IapaMerTp 7y ¢ BO3pacTaHueM IOPAJZROBOTO
HoMepa diremMenTa ot sHauenus 1.37 depmu s yraepona qo 1.54 depmn i
ceunma. lpm oTom seamunnaa notennuaia V okasbisaercs 3aBHCAICIT OT KIHe-
THUECKOIT DHEPIMN HellTPOHOB.

AnajornaHoe yMeHbIIeHue rayOnHbl HOTeHIUAIBION SIMBL ¢ POCTOM JHEpP-
run Heiitponos ot 66 go 97 Mon maiigeno B patore ['7] jast Goapmoil rpymms
Afep, TpHYeM BeIMuMHA Iy BapbupoBaza Bokpyr sHawenws 1.4 gepmur. Ha
puc. 3 moKazamo SHAYCHHE AMEPHOTO HOTeHI(Majla V Opn pasamdHbX aHepruAax
GomOapANpYIONNX HYKJIOHOB, ONPEACTCHHOT0 B YIOMAHYTHX OIBITAX.

Ilpyrue paGoTsl, BRITOJIHEHHBe TP OOJBLIINX DHEPTHAX HYKIOHOB, [AI0T
npoTuBopeunssie pesyabTatei. Hepaeas ['8], mamepssa mosmbie ceueHms Heii-
tporos aHeprunm 410 Mas ¢ pasmooOpasHLIMII SIPAMHE, BARIOYWI, YTO peATb-
Hasi wacTh omTHUYecKOro moTeHmana pasna (. [lapamerp r, Goix BasT B ['*] pas-
Heim 1.2 depmit.

AHaams ONBITOB 1O WM3YUYEHHIO CEYEHHA IOIJIONCHUS TPOTOHOB HHEPruIl
860 Mop, spmosmenmsii B [1?], gan Beanunny oxoao 50 Mop mrs rayOuust mo-
TeHIManbHON Ambl (mpu ry=1.25 depmm).

Haxomern, B padore Kypa, Xuia u apyrux [2°] mo onrmueckomy aHanusy
AePHBIX cedeHmil s Heittpornos sneprun 1.4 Bas moayueno, uTo CpejHmit

18

v, Mab




TOTeHIMAX 110 a0coMI0OTHOI Besmunne pasen 26+ 9 Mo (upm ry=1.28 deprm).
Anasiuz, mpoBegeHHbIT Menranossiv, Homsrigom n Cakcoronm [*'], mowasaur, i
T0 CCUCHUA Oy M O, Buramcaenusie no (I. 14) u (I.15), we Gyayr snaunrensbmo

USMEHATHLCH, eCTH Bapuallui mapamerpos V i r, mpomssojiATes Tak, 910650 npo-
uzsenienne VR" (rye umesro n 3akiioTeHo MG/EIY 2 1 3) 0CTABATOCEH ITOCTOHHHBIM.
Ommaro pasaumame B BEGOpe 7o, IpousBejieHHOM B paGorax [18720] me wmosker
00hACHATE GONBIINE KOJTEOANNA B B HTHHE Haiifennoro norennuana. Ckopee
BCET0 OTO CBABAHO C DKCHePNUMEHTAIBHLIME OMUOKAMI B H3MepeHun Ceuenuit,
IpudemM BeanvuHa V 0coOeHHO UYBCTBUTENBHA K COYCHIIO YIPYroro pacces-
nis. Tem me menee us puc. 3 Mosmno oTyerTHBO BILJIETh, YTO BOJMYNHA IIOTEH-
MHATA MMEET TeHJCHIHIO K YMEHBIICHITIO ¢ POCTOM DHepPTHH I alolnX HYRI0-

nop. llpencrasus mpuGnm:kenno zasucumocTs IoTeHIHAJIA OT UMIYJIbCA HYK-
JOHA B BHJEC

V=-—Vo+bl-, b=rconst, (L. 23)

MOKHO BBCCTH NOHATHE TAK Ha3HIBACMOI «dPPerTHBHOMY MaceH HyKJ0HA [*2].
A UMEHHO, MMeeM 10 ONpe/es]eHI0 NOJIHOiL 9Hepruu

E=V 7.

C yuerom (I.23) noayunm

2 2
E=—V,+ (1 4b) =V,

2m* *

m R
3xaech m':m—-aq)(pewrmmaﬂ mMacca mykriaona. Ee zmavemme mennme

HOMMHAJIBHOM Macchl m, TaKk Kak BeJuumpa b CYHLECTBEHHO TOJIOKITeNbHA
(norennman yGwiBaer ¢ ypesuuemmenm nmnynbea wyraona). Teoperuuccroe
paccmorpenne Bompoca o0 agdextusmHoil Macce HYKJIOHA TOKa3a/J10, uTO
m* =~ (0.5 = 0.8) m, npuuem o erTHBHAA Macca 3aBHCHT OT KHHOTUYECKOl
QHEPrIM HYKJIOHA, BO3PACTadg C POCTOM JHEPLUU. DTO 03HAYaeT, 4TO KBa-
Apatuunoe npubmmkenue (I.23) spasercs nosoabuo rpyosim.

Ha puc. 3 raxse mosmuo BUJETH, 9TO BeJauunHa b, Xxapaxrepusyomas
CROPOCTH yOBBAHUA NMOTEHIUAJNA ¢ POCTOM SHEPrum HyKJIOHA, HE OCTAGTCH
NOCTOAHHON NpPH UBMEHEHUN DHEPrum B IIHPOKOM JHanazone, HO yOHBaeT

o1 snagcnus npumepno 0.5 g0 0 npu smeprum HYKJIOHA B HECKOJBLKO COT
MIUIIHOHOB 81 KTPOHOBOJIBT. ‘

§ 4. AIAPO C INOOY3HOIT I PAHIIEN

Onsrrsr Xogeragrepa m gpyrux (23] mo paccesHuio HICKTPOHOB BOBIIOLN
PHEPIINI HA AADAX HPHBEJAM K 3aRTIOUCHIIO, YT0 PagHANBHOR pacupesenenne
JICKTPIHIECKOTO. 3apAja B S[pe HEPABHOMEPHOE, a ONMHCHBAOTCSH by HRIAIE
B (IS CpefiHuX M TAMKeNBIX Azep):

. PO?==%(1—Fexp'_'R)_ﬂ (L. 24)

a

e R n a — nexoropnie KOHCTAHTH pacupejenrenus.

HexrecooGpasno mostoMmy BumOM3MEHHTH Tarie pPacyeTsl II0 ONTHICCKOIT
MOAGIM, BRIIOYHE B WX cXeMy UpuOmmkenne nuddysmoro Afxpa, T. e. Aapa
¢ INIOTHOETI0 HYKIOHOB, MeHsomelicss o paanyey. B rakom claydae MHHEMAHA
W PEATHHAA 4aCTH ONTHIECKOT0 MOTeHINANA SIpa OyAyT GyHRIEAMI TeRymmx
HOOPAMHAT YACTHIEI IIPH €e ABM/KEHHH HO TPAeKTOPHH B Anpe.

B ravectse mpocreiinero HPEAUOIOKEHNA MOKHO HPUHATH, YTO 3aBHCH-
socr V(r) m p(r) mpenTHunnI, x0T Her GoIbIINX OcHOBAHMIT B OJIb3Y DTOTO.
B mexoropsix caywasmx, wkorjia PACCMATPUBACTCA B3aUMOJCHCTBHEG € SIPOM
HACTHI[, MMEIOINX MATYI0 IHHY Ipobera B sepmom BelecTse 10 CpaBHEHMIO
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¢ pasMepaMm Spa  (T-MEZOHEHI, CO-YACTHIH HJIH HYKIOHH HEOOXBIIIX
smepruii), weoxmres Qymrmua W(r), Bua KoTOpoil OTAMYEH OT BHA 3a-
pucuMocTH V (r) M KoTOpasi yuuThiBaeT CHIbHOE HOTJIONeHHe Ha MOBePXHOCTH
sippa. Cormacno Beopraynay u @epubaxy [*'], B aToM caydae HpHHIMASTCA

W(r)=We (—TR) (1. 25)

Byne u Caxcon [*°] mpeamoskmim me10,1b30BaTh pacopesielenne, Moaydemn-
soe B omsrtax Xoderagrepa, A5 OMHCAHMA PAJHAIBHON 3aBHCAMOCTH Peallb-
HOIf 9acTH ONTHYECKOTO IQTEHIMajga, T. €. HPHHATH:

V(=i + exp™ =27 (L. 26)

a

B aureparype norennuman suga (I. 26) mssected noj HazpaHAeM HOTeHIHAIA
Bynca—Caxcona. ITapamerpst R u @, BXomsamiue B Hero, 00bYHO GepyTca u3
ONBITOB TI0 PACCESAHHIO DIeKTpoHoB. Beiawunna a (andpdysmocts sapa) npunn-
MaeTcsl OJHHAKOBOIl Jyisl BeexX sjep, a mapamerp A 3aBHCHT OT MACCHl sjpa:
R=r,A'/,, rpe r, — KOHCTaHTAa, OJINHAKOBAA IIM BO BCAKOM Ciayuae crabo
3aBHCAINIAA OT Macchl spa.

Ilpeanmonosienne, 9T0 TOTEHINAI MOsKeT OLITH Ipe/(CTaBIeH B BHE

V(r)=Ve(r),
e V — moremmmad, me 3aBHCAIUIT 0T pajuryca; p(r) — pacupejieneHne IIOT-
HOCTH B S7[pe, BHITEKAeT U3 ABYX APYIHX HPEJN0J0/KeHuil [26: 27]: a) papmyc
JeficTBUA ANEPHBIX CHJ NpeHeOpe/KIMO Majd I0 CPABHEHMIO € pasMepaMi
Axpa; 6) aMILINTY/Ia paccesnna HyKIOHa Ha HYKIOHE Ci1a0o 3aBUCHT OT yria
paccesHAA W MozKeT ObITh B3ATA PABHOI aMIUIMTY/e IpH HYyJe.

Us paborst Kpomepa [28] caenyer, uro mpexmonokenne (6) me OIpanjibi-
BaeTcHa 1 4TO HEOOXOJMMO BRKIOUNTH B PACYET YIMOBYI0 3aBHCHMOCTH aMILIM-
Tyabl paccesinuA. Torga oxkaspiBaercs, YTO HOTEHIHAIBL V u W OynyTt nMeTh
WCHTHYHBE pajlalbHEe 3aBUCIMOCTH p(7), HO ¢ PA3HEIMH 3HAYCHUIMA Cpe/He-
KBaJPATHYHOTO pajiyca, B3aBHCANAMA TaK/Ke OT SHEPrHE HYKIOHA i

Cirel0BATEIBHO, YACI0 HAPAMETPOB B BHIPA/KEHHH VA ONTHYECKOTO IOTEH-
muana emie Gosee Bozpactaer. MOKHO YMEHBIIATL TO YHCIO, €CIH HPUHATD,
Kax 870 mexaer Barra [2°], uro cpejHeKBa[pATHYHEE PA/IHyCHl BCeX MOTEHIIA~
JOB pPaBHEL MEKILY c0GOIl, HO OTIMYAIOTCS OT PAHyca PaCIpees]eHust sIeKTpu-
YeCKOTO 3apsijga B Afpe. 3aMeTHM IOy THO, UTO aHAIN3 JJITOHA [3], mposejeH-
HBLI HM TOJYKIACCHYSCKHM METOJ0M, IIOKA3al, UTO PajMychl pacupeaeeHst
HYKJIOHOB (KOTOpBIE MOYKHO OTOKAECTBHUTH C PaycoM HOTEHIHANA, eCJIiT
npeHe6pedh KOHETHBIM PajiLycoM eilCTBHS FAEPHKX CHI), BHIBOJICHHbIE W3
Pe3yJabTATOB OULITOB IO AJEPHOMY PACCEAHHIO HYKIOHOB dHEPTHU 0.3—5 Bas,
¥ pajmyc pacupejieleHus DICKTPHUCCKOrO 3apsja PasIuyaloTCHA OYeHL HE-
spaunTeabro (ma 0.1—0.2 depmn).

B okemepummente ¢ TMPOTOHAMHE HEOOXOMHMO YIATHBATH TAKKe 2JICKTPO-
MATHATHOE B3AHMOJEHCTBIE, W B BRIPAYKEHHN JI7IA ONTHYECKOro IOoTeHrualza
TMOABATCA BCIEACTBHE DTOTO JIOMOJHATEIbHEE WICHLL. j

Jlas Jerkux syep, TAe INOTHOCTH HIEKTPHYECKOro 3apAja mMeerT BAJ Lt 3

r \2

o{r)=const e (_"-/ ,

KYJOHOBCKUIT norednuan pasen [2]

= o erf (—;—) )

r

rae erf(x) _—_—12:— [c—tzdt.
0
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Ilas pacupepenenus p(r) Tuna ¢epMIeBCKOro, PUrOHOTO JUI TAMKEIHIX
fAjep, BHparkeHHe JUISL KYJOHOBCKOrO NOTEHOUAla 3HAYMTEILHO YCJIOWK-
useres [*).

Jlas pacuera IO ONTHYECKOH MOJEIN BHJ{ dIEKTPOCTATHICCKOTO MOTEH™
mrana vV, MOKHO .B3SATH COOTBETCTBYMOMMM MOJIeJH PABHOMEPHO 3apAKeHHol
chepst (10 0OBEMY HMAM 1O IOBEPXHOCTH), NpHYeM PesyJbTaT BEMHCISHIHA
ceuenms paccesHus (KOTOPoe TIaBHBIM 00pasoM M U3MEHUTCH HPH BBEICHIH
KyJOHOBCKUX CHJI) MaJo BaBHCHT OT BHJA NPUHATOH 3aBHCHMOCTH V)P4

Ilpu apanmse SKCHEPUMEHTOB ¢ HYRIOHAMH OOIBIINX SHepTHil, KOT/A JJIuHA
mpoGera 9TMX 9YacTHI[ CPABHIMA C pasMepamu Anpa, TIPeJIIOIAraeTcs, 9T0 MHH-
MBI TOTEHINAT TaKske MoskeT OLITL IPeJICTaBIIeH B BUJIe (L. 25). Taxmm obpasom,
B Mojieab judPYsHOTO AAPA BXOJMT YeTHIPe ONTHUECKMX Lapamerpa, ABa Wa
KOTOPHX (ry ¥ @) XapaKTepu3yIoT NPOTAKEHHOCTH APA M pacupe/ieenne Anaep-
noit maornoctH, asa apyrux (V m W) onpepensiior cuiry B3aHMMOJICHCTBUA Ha-
JeTaloNeil YacTUOBL ¢ AXPOM.

Ilotenmuan Bypca—Cakcoma — He eMHCTBeHHAs QopMa IOTeHUUANIA,
BCTPeualomasncs B TNPAKTHUECKMX PAacdyeTaX IO ONTHYECKOIl MOJENH, XOTA M
nauGonee pacnpocrpanennan. Hanpnmep, Buiabame [38], apasusupys HanHbe
10 PACCEANHUIO HA AAPAX NPOTOHOB DHEPIHH IOPH/IKA MIJLIHAPAA JIeRTPOHO=
BOABT, IPUIEN K BHIBOAY, UTO IIyTem BHOOPA «TpamllenenjiajibHOro» pacrpe-
JeleHuA TJOTHOCTH #JIEPHOTO BEHICCTBA MOKHO COTJIACOBATH ST  OTLITHI
¢ nansbpvu XodeTaaTepa mo paccesnmio saexTporos. B paGore JIykbsaHOBa,
Opaosa m Typosuesa [*°] mpunar morennuasn BHza:

V(r)=—V+iW)j(r)

1 npu r < R—d,

p—=R —2 I. 27
Flr) = 1+r——ﬁqu— npu R—d<r<{R+4d, ( )

0 SIIPH r>R-d.

L}

Outnuecknii MOTeHIMAX CTYINEeHYATOI0 BHJAA PACCMOTPEH B [37]. IloTenmm-
QILHAS AMA CO CKONEHHBIME CTEHKAMI Mcmoabaosanach B padore [*]. Boan-
WHe TPY/HOCTH, BOSHUKalomue npn pemennn ypapmenns (1. 1) ¢ moTCHIMAIOM
B gopwme (1. 25) u Tpelfylomue TpUMEHEHIA YHCJIeHHEIX METO/10B HHTEr PHPOB AL,
100y/KAA10T HEKOTOPHX aBTOPOB MCHONL30BATH WHEE, Goiee ynoOHEe aHaJM-
THUECKWe BHIPAKeHHA A ONTHYECKOro TOTeHNHAJa, THIla HANHCAHHOTro
suime (1. 27).

O6muM 1715 BeeX Mo00HBIX PAaCYeToB ABJIACTCSA NPeNoosienne 0 Haamin
NOBEPXHOCTHOI 06aacTH AApa ¢ GOMBIIIM TPajHMeHTOM IOTeHIMaNA I BIYTPCH=
Heit 0OIacTH, TJe TOCIHeHNIT He MEHACTCS I MeHAECTCH CPABHUTEIbHO caado.
Brso (b WHTEPECHO WCCIEAOBATH Bompoc o moxbope (opmbl TMOTeHHMATA,
KOTOPAs HAWAYuluM 00pasoM COOTBETCTBOBaja Gbl HRCHEPHMEHTAHHLIM 1A=
HEM. K coykasennio, 9Ta TPy/HAA 3ajia¥ua NOKA He pemena. Moxmo Jumsb cpas-
HUBATH pacyeTsl, IPOMSBEICHHBEIC € NOTEHIHAIOM pasauynOil (OopMBL A
oamoii W Toil ke BHeprMHM HyKIoHoB. B uacTHocTH, CcONOCTaBjeHNe pa-
Gor [¥6 % 39 40] § KOTOPHIX AHAJMBHPYIOTCS AAHHEE TO B3AUMOJEICTBHIO
AYKJOHOB NPHUMEPHO OAHOI M TOI jke 9HePruu, HO TPH PA3HOM Bhifope onTH-
YecKOro TMOTCHOMAJNA, TIOKAZBiBaeT, 4To BeamumnHa V. npu S5THX TPEATIONO#He-
HUAX ToayuaeTca opmmaropoii. OnpHako »TH PaGoTH BHIOJHEHBL C YaCTHIAMM
mefoasmmx spepruit (15—20 Mos), 1 mogo0HKIl pe3yabTaT MOKET OBITD Cae-
CTBHEM MAaJoii UYYBCTBUTEJALHOCTH TAKHX HYRICHOB K JIeTalAM AAEPHOTO
TOTEHIMAJA.

Xomrcon [91] cmemmanpo mecaeoBan Bonpoc 00 ONTHMATBHOM 3HATC-
HUW SHEPTMH 3aPAYKCHHBIX YACTHI[, NPH KOTOPOil MOKHO OBlIO  OKMJIATD
HanGoaplmeil WYBCTBHTENBHOCTH OKCHEPUMEHTAIBHOTO CEUCHHA PacCesHiA
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Kk BrOpannomy mapamerpy arddysHocTn morenumasna. Ecaum sueprusa majaio-
el sapAAeHH0Nl yacTHIbl OyJieT Majia, To yIpyroe paccesHue 0yjaer o0yciro-
BIEHO TJIaBHBIM 00PA30M JATLHOACHCTBYIONIM KYIOHOBCKAM B3aMMOIeiiCTBIEM,
npu OOJLINNX BHEPrHAX dYacTuia Oyjer WPOHWKATh BHYTPb fpa M POIb
IIOBEPXHOCTHOI'O €051 B TIPOIECCe PACCEAHHA CTAHET TAK/KE He3HATHTEILHOI.
TloaToMy mmeercss HeKOTOpOe ONTUMATLHOE 3HAYCHIE KUHETHUOCKONH aHEepruu
vyacruipl. Ilosyueno, uwro smeprus GomOapaupyIOMEil YaCTANEl, IPU KOTOPOIl
JlocTHTaeTCa HAMOOJIBIMIAsS YYBCTBATEILHOCTL PacIeTHoro guddepennmaibaoro
YIPYToro pacceaHHA K (opme IOTEHIMANA, 3ABACAT OT XapPAKTePUCTHK sjpa

1 JacTHUIEL CAeAyIomuM odpa-
Tadoanna 1 gom:

Onrnyeckne NOTEHNMHAJBI, no:lytleﬂnhie FN Zz =
B pacyerax mo mojean puddysnoro anpa : AT
< N
5 7 = = e z U Z — 3apsj 4YacTHI[EI
E 2 2 g 2 § n sjpa-Mumenn; A — maccosoe
=8 2 o £s € wgmHeso sAjgpa.
a8 & 0 i} = Tpebyer crienuanbHOTO pac-
i CMOTPCHHS U BOIPOC O TOM,
5.95 Mos | 1.33 59.5 0.9 i B KaKUX CIAy4asaX MO/KHO TMPH-
10 » 1.3 53L3 741 39 MEHATH IOTeHIHAJ C I0BepX-
14 » 1.22 42 11 37 HOCTHBIM IIOTJIOIEHHeM THIA
1.27 2 3 B9 (L. 25). Bewoprayuy, Pepubax
17 » | 133 4741 80005 | ¥y npyrme [*4] nmomomsmo mpo-
13 | 50%2 SOL1.0 | [39)
315 » 1.33 36;!:1 155505 10 H3BOJBHO IPUTHAMAKT, 4YTO P
40 » 1.3 36+4 155 39 BHEPTHN HYKIOHOB MeHbIme 50
8 13 26+2 10+5 39 Mbss  mpurogeH — HOTEHIHAI
g':.f_‘) b»m 1 %6 ¥ izle (I. 25), a npu Goapmmnx sHep-
: g THAX HPeANOYTHTEIBHEe Ba-

pHaHT ¢ OOBEeMHBIM IIOTJIOIIE-
. unem. B padore Boysra u gpy-
rux [*2] nogoGHoe sara0UeHuEe OLLTO MOTYUEHO MOCTe IPOBEJCHIOr0 AHATN3A
pesyabraTon. Mmm ObLT IpejroskeH Meroj[ pacuera ONTHYECKIX HapaMerpos
¢ ' MCIOJIb30BAHMEM HEMOHOTOHHOIO XapaKkTepa JHEPreTHICCKON 3aBHCHMOCTIH
IOJHOTO CEeUeHHS SACPHOTO B3AMMOJEHCTBIA HYKIOHOB, Kortopas o0Hapy-
JRUBACT PAZL MHUHUMYMOB W Mawcumymon [43].

OGbscHen1e TaKOTO HEMOHOTOHIOTO XOAA CCYCHHS 3AKIIOYIAETCA B TOM,
uTO 37ech mMeeT Mecro Kar Owt apdexr Pawmsayepa: mporegmasn gepes sjipo
BosiHA, WHTEPHepupysd ¢ najaiomeli, YACTHIHO TACHT ee, eCciId PasHOCTh (a3
nmajaomeil  npomepmeit pogn Oamska K 1t/2, 3 /2 ® T. ., H YCAINBAET ee,
€CJII 9TA PA3HOCTL cocTaB/asAeT ueTHoe kpatHoe /2 [*1]. Paznocrs a3 sasucur
OT BeanuuHwel k,, KOTOpas OJHO3HATNO OMpPECIsAeT OUTHICCKHI IOTCHI[HAJ:

=) 2. VEFV—VEL

CirenoBateabHo, BeAUINMHA ©;, PACCUNTAHHAS HPH PABHLEIX B3HAYCHUAX
norennuaza V, Gymer Takke HMETh OUH I HECKOJbKO MAaKCHMYyMOB, Kak
¢ynroua or V. Buibupast gpyrie onTHuecKkue mapaMeTphl Tak, YTOOBl pacyer-
HOe 3HaYeHIe O, B MaKCHMyMe OLLIO PABHO JKCICPHMEHTUILHOMY CEYCHNIIO,
MBI TeM caMBIM aBTomatndeckn Qurcnpyem peanunuy V. [loaydennoe stnm cmo-
co0oM BHAYEHNE PeaJbHOro MOTeHINTAda OyJIeT Majgo UyBCTBHTCALHO K H3Me-
HEeHHI0 JPYIOX IIapaMeTpoB B IMHPOKOM JIHAmasoHe.

B ra6x. 1 paus ssavenus norennuasnos V u W, noayueHnasie B pasinmaHblX
paborax B npeanoxosieHnu quddysnoro agpa. XoTa pacuersl BLITOTHEHEL s
PAa3IMIHLIX AfEP, HO MBI IIpejiiojgaraeM, B jiyXe ONTHYECKOH MOJeJIN, 9T0 WH-
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JMBHJyaTbHLIE CBOIiCTBA 51/lep He CKA3BIBAIOTCSA HA DTOM ONTHIECKOM IIapaMerpe,
HOJTOMY pe3yJbTaThl pacueToB odbeauuAInch. Tak e Kak u A Mojienn nps-
MOYTOJIBHOI fAMLI, HAOIIOaeTcs yMeHbIIeHe BeaudunHsl V ¢ pocToM Kume-
THYCCKOIT DHEPIHU HYKJIOHA.

§ 5. YVUET CIHIH-OPBHUTAJIBHOI CBs3N

B ommrrax mo pacceanmio cBOoGOJHEIX HYKIOHOB GONBIIMX dHeprHil OJay-
HeHEl YKA3aHMA O 3aBUCHMOCTU SJEPHEIX CHJ, AEHCTBYOMUX MEHKTY JBYMA
HYKJIOHAMM, OT B3aMMHOIl OPUCHTAIMHE BEKTOPA CHOWHA M BEKTOPA OPOUTAIL-
HOTO YIIIOBOTO MOMEHTA OTHOCHTeNbHOTO ABMKEHAs. B 9acTHOCTH, OKasaroch,
uto asa pp-paccesHus Beiauka B cocrommmu P, (T. e. KOrjia CyMMapHIl CIIHE
IPOTOHOB I OPOHTANLHLIN MOMEHT, PABHEE eHHNIE, AHTHIAPALISTLIEL APYT

JPYTY), B TO BPEeMsi Kak B3aMMOJeiicTBHe HPOTOHOB B coctosinmi Py u 3P,
3HAYNTENBHO caadee.

Hanname cOna-opOuTAILHOTO
B3ANMOJIEICTBUA HPHBOJANT K SBJIe-
HUI0 TIOMAPU3AMUN  HYKIOHOB IPH
yupyrom paccesann. Depmu [49]
BRICKA3aJI IPJII0NIOKe e, YTO CIIIH-
OPONTANBHAA CBASH AOJIKHA OCYIIe-
CIBIATLCA TaK/Ke M IPH SAJNEPHOM
paccessHUM HYKJIOHOB T 9TO €€ Clejl-
cTBeM OyHeT Tamske IOJIApPH3AIHA
paccesTHHBIX HYKIOHOB.

N3 mpoctrix coobpaskeniii 1erko !
MO/RHO TIOHATH, II0YeMYy BO3HHUKAET 1l
HOJNAPUSANUA TP HANMINM COUH-  Pye, 4, J[Be BO3MOKHEE OPHEHTAIVIN OpOH-
opburampmoro BaammopeiictBus. Ha  ramsmoro momenra 1 wactumsr otHOCHTEIBHO
puc. 4 ToOKazaHo, KaK OpPHeHTH- e pajuyca-BeKTOpa r, IPOBEJEHHOTO T3
PYETCA BEKTOpP OPOUTAIBHOTO MO- RERIRA S M.

MeHTa  HYKJIOHOB, IIpoJjieTalmux P — IMOYALC ST P H—aﬂe.e con;  f — cuna;
«mpaBa» W «clleBay 0T IEeHTpa

Anpa. Hywiron, nersmuii «copasay,

mveer Moment l=[pr], mampapjeHHBIT «BBEPX» OTHOCHTEABHO ILTOCKOCTH,
00pasoBanHoOil BEKTOPOM MMIIyJbca P M PAJULYCOM-BEKTOPOM T; YII0-
BOIl MOMEHT HYKJIOHA «CjleBa» HampasieH «sHU3». llepBoHawaabHHIT mywox
HYKIOHOB OBl HEIOJAPU3OBAH, T. €. YHCIO HYKIOHOB CO CIHHOM (BBEPX»
PaBHO YUCIY HYKIOHOB, WMMEIOIMX CHHH «BHH3». Ecau cumisi, jeiicTeyonme
MERAY HYKIOHOM W #JIDOM, 3aBHCAT OT 3HAKa IpomaBeienus ls, mampmmep
JUisL OTIPEJIeIeHHOCTH NMMeeT MecTo §ojiee CHIBHOe IPHTAKEHHE B CJIyUae
napaaiaensrocT | m s m Membmee B3ammojeiicTie, kKorja 1 m s amTumapai-
JeNbHBL, TO YACTHILE, TTPOJIETAI0NMe «CIPABAY OT SAPA I MMEIONIHe CIITH (BBepPX»,
Oyayr paccemBaThes NPEMMYINECTBEHHO BIEBO, B TO BpPeMs KaK HYKJIOHE
€0 CHMHOM (BHHB3» IIOIJYyT BHpaBo. AHAJIOIMYHEIM 00Pa30oM IOJYYAETCH, UTO
3 9ICAa HYKIOHOB, MPOJETAIOMUX «CIeBay, PACCEAHNE «BIPABO» OYIyT B 3HA-
UHTENBHOIl CTeMeHNM WMCHBITHBATh Te, y KOTOPHIX CIIMH HANpaBJIeH (BHIIBY.
Taxmu ofpasom Oyer OCYyHmECTBIATHCH CEJMCKIMS PACCOANHEIX HYKIOHOB
0 HAPABJIEHHSIM UX COUHOB OTHOCUTETBHO ILIOCKOCTH paccesnus. Ilydox,
paccesAHHEBIT BOpaBo, oforamaercsa 4acTHIIAMU C OPHEHTAINel CINIHA (BII3Y;
HACTHIIB, PacCesHHbIe BJIeBO, OyAYT NPeHMYINecTBeHH0 UMeTh IPOTHBOIOI0 K-
HOe HANPaBJIeHme CIIIA.

JKcnepum eHTa bHOE HaOII0eHIe DTOM TMOJAPUBAMUT TPOMBBOLATCA ITyTeM
H3MEPeHU S JeBO-TPaBoil acuMMETPUH IPH BTOPHYHOM pPACCESHHH YACTHTHO
HOIAPN3ZOBAHHOTO IyYKa B TOil ske mimockoct. Ecam cremens momspuaamum
mepsoro paccesanns Owura Py(0,), rne 0, — yrox paccesmusa, a mpu Bropom —

- -
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Py(0,), TO aIeMeHTAapHBIM TOJICYETOM MOKHO IMOJYYATH BEIPAKEHHE JUIA acuM-
MeTpHH:

N Jaes N npas

P e P s P D) Pa(B:):

Nnen +anan l( 1) 2( 2)

3nech Nien M Nppap — 9HCIO0 HYKIOHOB, PACCESHHBIX COOTBETCTBEHHO BIIEBO
I BOPABO NPH JIBOIIHOM paccesHHIT B OfHOI W Toil ke miockocTH. Ilockoabry
HOAAPABAINSA 3ABHCAT OT SHEPTHH YACTHIL M OT BHOOpa MUIIEHH, TO B o0mem
cayuae nazxke npn 0,=0, P, me Gyaer pasno P,. Ecau, ogunako, B3ATh MHUIIEHK
OIMHAKOBOI IPHPOJIB, TO BCIAJCTBIE He00AbIIOT0 N3MeHe A HePTHEA HYKIOHA
npu YIpyroM pacceAnmd Ha JOCTATOTHO TSKEABIX AAPAaX MOKHO II0Jararhb,
aro P,(6)=P,(0), Torpa msmepeHHAA acHMMETPUA CPa3y OIPeje]NseT IMOJApPH-
3aII0 Iydka NP PACCeSHWH HA JAHHBI yroi.

OubIThl N0 N3MePeHHI0 MOJAPH3AMAN IPH YOPYrOM PacCesHun HYKIOHOB
Gonpmux osHeprmii Ha sjpax [*% 47| csujeresLCTBYIOT 0 HAJIMYMM CIUI, 3a-
Bucammnx or npomussenenus ls. Ilosromy onTmueckuii morennmai, MOCKOILKY
OH oTOOpaskaeT CBOICTBA CHJI, JEHCTBYIONAX €O CTOPOHBL fApPa HA HYKJOH,
TOJKEeH BRJIIOUHTH B cebg wieH ¢ st npoussejenuem. llomobmas curyanus
BO3HMKAET M B MOJeIH o0omodex. VMemHo Gaarofaps BBeJIeHUIO CHUH-OpPOH-
TAABHEX CHJI 3Ta MOJedb CMOIVIA TMOMHATLCA [0 CBOETO COBPEMEHHOTO YPOBHSA,
crasia clocoOHOl 00BACHATH MHOTME CBoOiicTBA ANep.

Crma-opOuTATBHAS TIONPAaBKA K ONTHYCCKOMY IOTEHIMANY B olmeMm ciay-
gae MOsKeT 3aBUCETHh 0T HHEPTHH HAJeTAIONUX HYKIOHOB (DOMHIMO 3aBHCHMOCTU
OT CKOPOCTI, 3aKII0UeHHOil B Besmunne opouTanbHoro momenta). Ciejtyer raxike
VUATHIBATH €@ BO3MOJKHYIO BaBHCHMOCTL OT pagmyca peiicrsus. Ilosromy
CIIH-0P OUTAN HHBI TOTCHIUAT JIOJIAKEeH OBITh 3aNHCaH B BH/E Vs, roge V, — He-
roropas ¢ymxmmsa r u E. Ilo mpgee Deiizembepra [**], Bup papnanbroit 3a-
sacuMocTH V (r) MOKHO BHOpPATh 110 AHAJOIMA C MOTEHIHAIOM 9JIeKTPOMArHAT-
HBIX CHII, JIEfCTBYIONIX HA MArHUTHBNT MOMeHT dwacTHiel. B srom ciywae
Haguume OOBIYHOTO IEHTPAJBHOT0 KYJIOHOBCKOTO IOTEHIHAJBHOIO IIOJA
Vi(r), B KoTopoM JABHraeTcA 9acTUIlA, NPUBOJNT K HOABIEHHIO B MOTEHI[MAIe
MarHATHOTO J00aBOYHOTO WiIeHA BHJA

3 4Veln) o0
r dr :

e=

DTy 3aBUCHMOCTH JEIKO HONYUUTh U3 cleaylomux coobpasenuii. Heuam
3a/1aH HJIEKTPOCTATHYECKMIT moreHmuan Vi, T0 HANPAKCHHOCTH BIEKTpHYe-
ckoro moJjs Oyjaer paBHa

1
E:——e-grad Vi.

ITpn pBusKeHNM 3apsKEHHON YACTUIHI ¢ UMIYJBCOM P B JJICKTPUUECKOM
NoJe BOBHIKAET cBsA3aHHOe ¢ HuM MarautHoe mnoie H:

1 ~
H=—4—-[pE],

rne M —macca 9acTHUIHL.
BaanwmojeiicTBue MarmuTHOT0 MOMeHTa W uactunm ¢ noaem H xapakre-

pU3yeTcs DHEpPruei:

1
Eyarn = —pH =5 —p[pgrad V;]. (1. 28)
MaI‘HlITHbH‘:l u CIIHIIOBHﬁ MOMEHTBHI YacTuIbl CBA3aHBI COOTHOIICHUEeM
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Vuurnsasg jaiee, 4To

F 1
[’ —_——r—
grad Vi=_—r—=,
noayanm u3 (1. 28) Beipaskenue JUIA BHEPIUH CHIH-OPOUTAIBHOIO BIANMO-
JeiicTBUA THIA HANNCAHHOTO BHIINIE.
B pa6ore [*] w0 mokazano, uto upu BHOOpPe COUH-OPOMTAIBHOIO MO-
TEHIUAJa AHAJOTIIHOro THIA

: e h\2 dV (r)
V. ) =V.(35) « =515

rjge V (r)— menTpasbHbBlil ONTHYECKHH NDOTEHIMAJ; M — macca mw-ME30HA;
V ,— mexoTopas: KOHCTAHTA, MOJAPH3AINA HYKJIOHOB IIPU PACCEAHUI HA 3TOM
noTeHIMAaJe He OyJeT B3aBUCeTL OT TOuHOro Bujga V (r), oma ABISAETCSH
gynxmueit aume ero rayonub. 910 006CTOATEALCTBO HECOMHEHHO ynpomact
aHaJIN3 HKCIEePUMEHTAIBHBIX JaHHBIX.

Jlag yuera cayuaeB HEyIPYroro B3auMOJeHCTBHA € N3MEHCHICM MO-
MeHTA SAPA CHAEXYET OMePHPOBATE ¢ KOMILUIEKCHOI (opMmoil cmuH-opGuTab-
noro norennuaina V-4 iW,[%®].. B kavecrse mnpocreiiniero mpesnosoiKeHIs
BHOHpAaCTCs OJAMHAKOBAS pAAMAJBHAS 3aBHCUMOCTH Kak jas V,, Tak u
nas W,. Torpa monusiit onTHYIECKHH NOTEHINAJ 3aNUCBIBACTCS CJIE YOI
obpasom:

Vo =V - W) ) - iy () 1. 220 1,29)

AV cJryvast 00’beMHOT'0 TOTJOMEeHnsa 1

7 ¢ h 1 d d
Vo =Ve )+ iWg )+ () - =+ [V, 5+ w, | (1..30)

npu nopepxmoctHOM uoraomenumt. @ymkmum p(r) u g(r) Gepyres B Buje
(1.26) u (L.25) coorseTcTBEHHO. :

B smipamenun just Vope caenonano Obl BBeCTH eIlne OJIMH YJICH, OTHMCH-
BAIOMIiT OOBIYHOE B3AUMOJEMCTBUE MAarHUTHOTO MOMEHTA YACTHUILH € BJICK-
rpugeckuM nozenm sjpa rtuna (I.28). Pacuerst Barru[*] moxasaim, uTo
npu sHepruax mykiaowos o 1 DBss Bpejenue 3TOro 3JEKTPOMArHUTHOTO
cHNHE-0pOUTATLHOTO TOTEHINAJA BHI3HIBAGT YBeJNYEHUE CEUCHHA YNIPyroro
paccestnus me Goabme uem ma 19/, 1 He BHOCHT KaKMX-1u00 U3MEHEHMU
B NOJSPUBAIMOHAYI0 KAPTHHY, TAK UTO UM BIOJHE MO;KHO mpene0peus.

orennuan (1.29) cogepssnt 6 mapaMerpos, HOTeHIIAL (1. 30) — 7 mapa-
MeTpon: 2 (3) mapamerpa oupejeJaAIOT pacHmpefieeHiue INIOTHOCTH AAPA — Ty,
a nb, 2 — XapaKkTepH3YIOT IeHTpaabHoe B3anmopeiictene — V u W, makoner,
WMeeTes Be KOHCTAHTHL cHmH-opomTambmoil cessn — V, m W,. Takoe obmime
mapaMeTpoB, BeJMUYMHA KOTOPHIX BAMAET HA pacyeTHbe CeYeHHA AAepHOro
B3ANMOJleiicTBI S, UPe3BLUYAIHO BATPYAHACT AHAIN3 HKCIePIUMEHTa B TePMUHAX
onTImuecKoil Mojei. HekoTopsie 13 9THX mapaMeTpoB, Hampuvep r,, @, W, mo-
ryr OHTH, KOHEYHO, 3aJaHbl U3 APYTUX coobpaskeHuii, HO M B DTOM cCJydae
0CTAeTCH Heo0XOIMOCTh JOKABATeIhCTBA IIPUTOAHOCTH CJeJaHHOro BHIOOpA.
HeopmosnaumoeTs ONTHUECKOT0 AHAIN3A YCYTY0IAeTCsA TAK/Ke TeM, YT0 HCHIOoIb-
syembiii Buy ontmueckoro mortenmmazna (1. 29) mmr (1. 30) mukak He MOKeT
CUNTATLCA eINHCTBEHHO NPABUJIBHBIM, Ja/Ke €CJIHM OTBIEYLCH OT BO3MOFKHBIX
HHMBHAYAILHEIX 0COOeHHOCTEIl sjep.

OTkas OT NPeANoJOKeHIA, YTO 3aBHCHMOCTh ONTHYECKOT0 MOTeHI[Iaxa OT
BHJA KOHKDETHOTO fAjpa mposBigercs B mapamerpe R=r,A':, 10 cymecrBy,
03HAYAET 0TKA3 OT MONMLITKY eHHO00PA3HO TPAKTOBATH IIPOIECC CTOMKHOBEHHIL
HYKIOHOB ¢ sipamu. VMes B cBoeM DPAcIOPMKCHHH 00JbUIOe YHCAO TPOM3-
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BOJALHKIX ONTHIECKUX TAPAMETPOB, MOKHO JOOHTHCS TPERPACHOT0 COBMACHH
PACYETHLIX BeJMYNH C DKCIePHMEHTOM TPaKTHUCKIT upu a060it YERIIOHA B-
HOIT 3aBucumoctm |/ (r), uTo osmauamo G TpE HTOM Kpax camoil MOJIesm.
Onnako mykmo 3AMETHTD, YTO He BCe MapaMeTpsl MOACTI B OJANHAKOBON CTe-
nienn 9hGeRTHBHO BINAIOT Ha BETITIHHBL, KOTOPEIC H3MEPAIOTCA B DKCIePHMeHTe
H 13 KOTOPBIX, 10 CYINECTBY, 1 BEIYHCISIOTCS HTH napamerpusl. Brime yixe
OTMEUAI0Ch, YTO OJHOBPEMEeHHOe I3MeHmenne 1 'y TaK, 4TOOKI IPON3BE/EH e
VR? oerasamnocs HOCTOAHHBIM, He BJedeT 3a co00i CyNecTBEHIOro MaMeHeHms
CEUCHNA YOPYroro pacCesmusa, W BHIOOP PeajabHOIT gacTi IEHTPAIBHOTO MO-
TeHIDada TaK:Ke MPAKTHYeCKU He BINSeT Ha BOIMYIHHY CeYeHNs MOTTOIeHS.
IMonapuzanmonmnnre 9PPERTEL TeCHo CBABAHLI ¢ BeaYnHOIL CHAH-0PONTAIBHOTO
HOTeHIIATa U cAab0 3aBHCAT OT JAPYTHX mapameTpoB. Amanuns SKCIICPHMEHTOR,

- V’ Af’.?d
s-%)o
L 7
=20 i 3T
o S Q %
0 =g g o
I
+20 . I
L} i 1 L 'l 1 il il 1 1 1 1 1 1 l i :
1700 200 300 400 500 600 700 - 800 E,Mab

Puc. 5. 3Basucnmoers PeaNbHOIT  YacTH IeHTPaNLHOTO noTeHnmana
OT BHEPTHH HYRKJIOHA.

Tourn npexcrasnmor nannele, B3ATHe 13 Tatm. 2. Kpusne IIOCTPOCHEI TIpN BRIGOpe
ABYXHYHKJIOHHOIO HOTeHNMaja THna I“a,vmena—Xpucmcheua—'l‘a.mcpa (1);
Tammena—Tannepa (2); Curmenna — Mapmaxa (3); xpusang (4) mo [#3].

B KOTOPHIX MBMEPAMNCH JNGO CeYeHIs TOTIOMEHUA, JuGo muddepennnann-
HEIe CeYeHMA YIPYToro paccesums, auGo TONAPNBALIS, JIH00, HAKOHEI[, TO
U JIPYroe OJHOBPEMEHHO, NPOH3BEEH PALOM aABTOPOB B  HPHOJIIKEHIN
(L..29) {20 51691 & (1. 30) [12. 38-59] 13 nzpecTHBIX JKCIePUMEHTAaIbHBIX BeIu-
HH ONPeNeIATuch apaMeTpsi B3anMopeiicTsus I, W, V,, W, npn saganmm
BEJAWYNH, XapakTepH3YONHX SAePHYI0 ILTOTHOCTS.

B paGote [°] Grito moxasamo, uro IPH aHaanse TOJAPH3AMOHHLIX SBIe-
HEil, coraacHo QopmMyaaMm onTHYeCKOl MOJIRIIN, CIeyeT OTHeTATD adiperr
YOPYTOTO paCCesHisi HYKIOHOB Ha sijipe oOT odderra meynpyroro paccesmms
¢ BOBOYIKICHNCM HIKHHX ypoBHeif AAPA, TOCKOABKY B IIOCIe[HEM Ciaydae
TaKiKe MOKeT BOSHUKHYTL NMoiApusanua. B skcnepumente me BCerja yjaercs
HAJIe/KHO0  OTACAUTL YUPYro paccestHuble HYRIOHH OT Tex 9acTHI[, KOTOPEIe
HCHBITAII HeyHpyroe paccesiHme ¢ Maxoil norepeii smeprun. Ilparrmuecknr
CACTaTh 9TO pasjielenne HEBOBMOKHO B ONBITAX C HelTPOHAMI He CJIMITKOM
MAIEIX SHePTHil I ¢ HPOTOHAMH DHEPTHE Gobine npumepno -200—250 Mas.
B raknx caywasx CIeyeT MPOBOJUTH AHANNS JHMIb I8 00JACTH HebGOIBIINX
YIJIOB PACCesSHHUSA, Ie OTHOCHTeNBHEHI BRIA HEeYNPYIuX IPOHEcCOB Mai.

Pesyasrarst peraumcienmii OIITITIECKOTO IIOTEHIMAIA U3 DKCIePHMEHTA b-
HEIX JIAHHBIX MHOTHX aBTOPOB ansl B Taba. 2. Kak u B CiIydae MOJeJH MpsAMO-
YTOJBLHOU AMBI, BeJUYHHA PeATbHON YaCTI LEHTPaJIBHOTO TIOTEHI[HAA HaqaeT
¢ pocToM dmepruu Hykiaona (pme. 5).

26



Tatuumia 2

Beaunuynnpl OnTHYECKHX NOTEeHIHAIOB ALep

; | <
e g 3 5 g 8 8| B
52: 2 2 = = - it = X apakrep TONIONTEHNA
Ed = < X - ; - e
gE . % N B (N B =
@B < & | | | | =
7 1511 0.80 | 56 4.5 0.4 0 [53] | O6memHuOR
10 1.25 0.65 51 11 - — [59] | IloBepxHOCTHOR
14 1.25 | 065 | 44 11 488 S F ) e »
15 1.25 050 [ 50 8.5 +2 0 [56] | Odpemuoe
20 12D 0.60 *| 42 53 — - IlosepxHOCTHOE
28 4225 0.60 43 - —- - »
33 1.25 0.60 39 7 — - »
45 1.25 0.60 36 — — = »
50 1.25 0.60 35 10 — — [42] »
55 1.25 0.60 37 10 — — »
70 1.25 0.60 33.4 10 - — »
. 80 - 1.25 0.60 28.2 10 — — »
90 1.25 0.60 28.3 10 — — »
95 1.25 0.65 21.6 6.2 3.2 0 [57] »
14.8 14.2
95 — - 17 11.3 2 0 OoremuOe
95 - —- 20,9 14 2.4 0 »
135 o ST 11.4 2.4 0 |40 »
155 — — 8.5 10.6 2.4 0 »
155 —_ — 10.6 13.1 2.4 0 »
160 1.25 0.65 |14—18| 15—20 | 1.5—25 1 [55] »
220 = = Mot 21.6 2.9 0 | [90] »
300 |1.01—1.2| ‘0.65 20 15 22—0.5 [ 0—0.1] [54] »
310 o = 405 30 2.7 0 | [s0] »
=725 | ~3L5 [51] »
420 — — 0 35.7 2:5 0 l »
635 = i Gons RIS Y 1.75 0 [201{ »
970 = =Tl g3 ) “s59 a7 o |l »

Mosno osmpars, 9o cnumH-opOMTALBIOE B3aMMOJEHCTRIE Oymer meommHa-
ROBBIM JUIA AAEP € PA3NHYHLIM 3Ha4eHWeM COOCTBEHHOTO YIIOBOTO MOMEHTA.
Opmaxo npsamee ommirsi, mocraienssie B [%'] mo mccmemosanmio YHOPYroro
PACCEANNA TOMAPA3OBAHHBX HpoToHoB sneprun 220 Mar na sgpax yraepopa,
Y RoTopnix cnnb pases 0, u azora (cumn 1), MoKazaam 0TCYTCTBHE KaKOrO-1HO0
BAMETHOTO PasIMiuA B Ju@pakiUHOHHON KapTHHe, KOTOpas BEChMA TyBCTBH-
TE&IBHO 3ABHCHT OT HOJAPHAANNOHHLIX 2P@eKTon.

Honwirku Teoperndeckoro 0GocHOBAHHSA ONTHICCKOI MOJIeIN, [TOJYyYeHHsT
OLTHYECKOrO IOTCHIHAIA H/APA U3 JAHHLIX IO ABYXHYKJIOHHOMY B3aHMOjeiicT-
BIIO Jiesiaauch HeojHokpaTno [*2-%°]. Barcon [2] paspadoran METO/i BhIUUCIe-
UL AJIEPHBIX. KOHCTAHT, XAPAKTePH3YIONNX CHIY B3aHMOJIeiCTBHA HYKIOHA
¢ APOM, M3 H3BECTHOrO MOTCHIHMANA CHJ, [eHCTBYIOMHX MEKAY HYKIOHAMI.
Ero yeroy anasnormuen merony pacuera MHOTOKPATHOTO PACCesHIsA: PACCUHTHI-
BAlOTCA IOCACHOBATENbHbIE CTOJIRHOBEHNA TePBHYHON YaCTHIH ¢ HYRIOHAMI
AAPA, IPHYEM NPUHAMACTCS, UTO IPH Ka/k/[0M TAKOM CTOJKHOBEHIN JEiCTBYIOT
JHID ABYXHYKJIOHHBIC CHJILI, TaK YTO aMIUIATYA PACCeAHHs M3BECTHA. SaTeM
BUIYMCAACTCA CyMMapHas aMINIUTY/la BeeX aKToB paccesnus. Ecam B pesyuab-
TaTe KAKOTO-ING0 COYJAPCHHA He HPOMCXOAUT HepPedpoca MyRAOHA-MUITCHN
4 0/MH 3 He3AHATLIX yPOBHeil si/ipa, T0 TaKoil mponece Oyjer KOrepeHTHLEM
W €0 aMIVIHTY/a JIACT COOTBETCTBYIONIMIl BKJIA) IPH BEYMCICHHA PeajbHOI
facTn onTHYeckoro morenmuana. B nporupHOM ciaywae paccesHMe ABIAeTCA
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HEKOTepPEeHTHHIM, ¥ YUeT TaKHX IIPOIECCOB IO3BOJAET ONPEACTUTL MHMMEIR
notenmuan. Pusendenny m Barcon [°%] mposenm spiumciaenne onrtuueckoro
NOTEeHIMANa 110 AToil mporpamMMe, 3Hast ¢asel paccessHUs HYKIOHA Ha HYKIOHE
BIoTh 70 sueprum 300 Mas. VX pesyabraThl HameceHH Ha puc. 9. Anasoruy-
HBIT pacyer nposejen Bere [2].

ITpoBommuIuck Takke BBRYMCHCHNS SACPHLIX ONTHYCCKUX MapamMeTpoB Ha
ocHoBe JABYXHYKJIOHHHIX morenmumanos Cmruessa—Mapmaka, 'ammvena—Tain-
aepa n laprenxaysena [%¢], mezonnoro norenmuamna Tuna IOkassr [67]. Ogmako
13-32 HECOBCPHICHCTBA IO0OHBIX TEOPHIl MMEET CMLICH PacCMaTpHBATL COOT-
BETCTBIE BLIMHCJIEHHOTO ONTHYECKOTO HMOTEHIHAJA HKCHePUMEHTY CKopee He
KaK JIOKasaTeJbCTBO HPHTOJAHOCTH ONTHICCKON MOJENN, HO KaKk yRasamme Ha
KOPPEKTHOCTL TeX TEOPETHYECKUX MPEJACTABICHHI 0 ABYXHYKJIOHHOM B3aMMO-
JeicTBUM, KOTOPHIe JieskaT B OCHOBe Hopo0HKIX pacuero. Ha pue. 5 uzoOpa-
JKeHA DHEPreTHICCKAs 3ABUCHMOCTL: PEAIBHOIl YaCTH ONTHYICCKOI0 IOTCHIIALA
. COTTIACHO BBIYHCJHEHHAM, NpousseieHHsiM B [*°] Ha ocHOBe ABYXHYKJIOHHOTO
HOTeHIMala onpejiejieHHoro Bujga. Hu ogua M3 3THX MBBECTHHIX TOTCHIHAIOB
HE YNOBICTBOPSACT HKCHCPAMCHTAILHEIM TOYKAM [a/ke B JOBOALHO Y3KOM
unrepsane auepruii o 200 Mas.

CpaBHeHUe PACUYeTHOTO BHAYCHHS MOTCHINANA, IOJIYICHHOTO B YKA3AHHBIX
paboTax, ¢ BeJMYNHOIl OTEHINANa, OMpe/le]eHHOT0 Hell0CPeICTBeHHO 13 OIbITa
nyrem 1mojibopa 1o GopMyaaM ONTHYCCKOIN MOJeIN, 3aTPYAHACTCS TeM 00CTos-
TeIbCTBOM, YTO, KaK IPABIIO, TCOPETHUCCKUIl IOTEHHHUAJI HaXOANUTCH A
AePHOTO BemecTsBa, T. €. JuiA caydas Oeckoneunoro sjppa. llpepmomaraercs
IIPU HTOM, UTO MOTEHIMAJ B JaHHOII TOURE SAAPA KOHETHEIX PasMepoB, XapakTe-
pusyiomeiicsa ompeReSeHHONl IIOTHOCTLIO, PaBeH MOTEHIHAIY 1A OeCROHEIHO
Goapmoro sijpa Toii ske wrorHoeTn. OueBujHO, TaKoe IpeHedpeskeHne MoBepx-
HOCTHEIME dddrexTamu Gosee CymecTBeHHO s Jerkux smep. Mmeercs opHa
padora [*®], B woropoii mo merony Bpakuepa nmpomssoaurcs pacuer puddys-
HOit ofiactin 8PHeKTNBHOTO MOTeHIANA, ACICTBYIOMEro Ha HYKIOH B SJpe:
ITapamerp mnddysumocrn, smuncrenmniii B [°%], oxasancsa OGamskuM K 3HA-
YeHIAM, IOJYYeHHBIM W3 ONBITOB 110 PACCeSHII0 Ha sipax OBICTPHIX HIeK-
TPOHOB.

B padore Jlemmepa u gpyrux [°°], a Taxike B [7°] Gbura BHYHCTEHA METMAST
gacTh onrndeckoro norenmuaia msa spep 0% m Cat® ma ocrore mojesnn 000510~
YeK ¢ IMOTCHINAJIOM IMapMOHMYECCKOTO ocnmaaTropa. PesyapTarst 9THX pacieTos
YKasbBaOT, 9T0 HPH HeDOJBHINX AHEPTHAX HAJTeTAIINUX HYKJI0OHOB (IIpIMepHO
menbine 60 Mag) makcumanapHoe moryromenne (HauboIbIIas BeIHIIHA MHNMOTO
TOTeHNNaMa) HPIXOANTCA Ha IMOBEPXHOCTHHIH CJIOIl #AApa, a ¢ yBeludeHmeM
KUHETHYECKOI HHEPIUI TOVIONEeHIe CTAaHOBUTCH Bee Oosee o0beMHbIM. AHa-
JOTHYHHIL Pe3yabTaT, KaK Y/Ke YRasLIBAXOChH, OLLI IOIyYIeH XOKCOHOM
B €r0 aHAJIH3e dKCIepIMeHTaNbHBIX jganubix [*2]. Xapaga n Opa [™] nmokasamm,
YTO 10/{00HBIe BEBOJALI O JOMUHUPYIOmEIl PoJN MOBEPXHOCTHOTO CIOA sjpa
B IpoIecce MOIVIOMIEHNsT YACTHIRI CPeIHNX HHEPIHil -MO/KHO IMOJYYATL TAKRAe
H B Mojean HesaBucumbix uactui (raz -@Pepmu Oes yuera KOpPpPesipnil MesmLy
HYKJIOHAMHI), TPOBEeAA NPAMLIC PAaCYeTH HYKIOH-HYKIOHHLIX COyAapeHHit
B sAupe.

§ 6. IPUMEHEHHE OITHHECRON MOJEJIN K JPYI'HM YACTHIIAM

Bee pammwre, NpHBEJCHHEC B TPebIYIHX maparpadax, TOJXyIeHHE U3
amanmsa AfepHLIX B3aumoseiicTBuii Heiitponos m mporonos. Hemroxoe coor-
BETCTBIE DKCIEPHMEHTa M TEeOPHH TOKA3BIBAET, UTO ONTHYECKAS MOJAEIb CIIO-
co0Ha ¢ OCTATOYHOI TOTHOCTLIO MPEACKABATL CeYeHIe MPOIecca Pacuiel/IeHus
M yOpPyroro patcesHys HYKIOHOB Ha siipax M 9T, CJE0BATEIbHO, MOCBLIKM,
Jeamue B OCHOBE ONTHYCCKOI Mojenm, mMeloT obmice SHAaYeHHE IS BCex
A7ep M BOCHPOMBBOAAT (ojiee MM MeHee IIPABIILHO HEROTOPLIE CBOIICTBA
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agepuoii cucremsl. C TOl TOUKN 3PEHNA MOYKET MOKA3ATLCA HA HePBLIl B3TIIAN
HelpaBOMePHLIM PaclpocTpanenne ONTHYCCKON Mojiesn Ha Jpyrue YacTHIE,
TaKne, Kak Halpumep T-Me30HLL. Dosiee BHIMATEIDLHOC PACCMOTPeHIE 3TOTO
fpemMeTa OPHBOANUT, OAHAKO, K .lll)yl‘()M)"BhlB(uLy.

B camom jiede, KaKOBBI (JU3MUECKIe OCHOBLI omTmdeckoii mozean? Ona
IDpEMENIMAa B CIydae, eCHM B3aUMOJeiicTBie Meskjly YacTHIEI, BJICTEBIICIH
B #Ap0, M APYLUME HYKIOHAMH AAPA MAJI0, TAK UTO €ro MOKHO IPeACcTaBUTD
B BHjJe HEKoTOporo norexmuaia. Masocrs 9(@eKTHBHEIX BaanMoJleilcTBHIL
MKy TACTHIAME oOycaoBamBaercs jeiictsuem B sjpe mpumnuma [laymm.
HKorpa peun mjer o0 onmcanmyl MOBeJcHHsS HYKJIOHA B f/pe HA A3bIKEe OINTH-
WeCKOIT MOJENM, TO TPH ATOM Tojpasymesaercsa, uro mpummun ITaymu pac-
npocTpansercs Ha obe BsamMopelicTBylomme wactuibl. Keau ske MBr pac-
cMaTprBaeM B Kadecrse OomOapampyiomeil JacTHILL He HYKIOH, a, CRajkeM,
ME30H, TO JelicTBHe HTOro HpPHHIMNA OyJeT COCPefoTo4Yero Ha OJHOE M3
JIBYX 4YacTIHIL. :

[loaTOMY MOsKHO AyMaTh, YTO AHAJINZ, ¢ TOYKH BPEHHA ONTHICCKON MOJIEIH,
ATEPHBIX CTOJKHOBEHUIl 7T-Me30HOB WIN APYIHUX YACTHI[ IPUBE/ET K pesysbra-
TaM, TO3BOJISIONAM YTBEP:KAATh, YTO 3Ta MOJelb IPHIOKIMA He TOJIbKO
K HYKJIOHaM. :

Ilepsrie paGoTsr mo IPUMCHCHITIO OPMYI ONTHYECKOI MOJIGI K JT-Me30HaM
BEIIOJHEHB B npuOamskennn mpaMoyroapmoit smut [ 2], Xora Xopomero
COTJIACIISA ¢ DKCICPUMEHTOM B THX pafoTax IOAyveHo He OLLIO, TeM He MeHee
BEACHIIOCH, 9T0 B 00X YepTax dTa TeoPUs IMPABIILHO 0TO0parkaeT dKCIepH-
MeHTATbHEe (PARTHI M UTO HaleHHBIl sAePHLIT IMOTCHIUAN JISA TT-Me30HOB
OKA3KBAETCS IOTENIHAIOM HpHTsKkeHnst Beanuntoil 15—30 Mos.

B patore [7] mpoussejieH onTHUECKUIT aHAIN3 DKCIEPUMEHTAILHEIX Cede-
Huil yHpyroro paccesHus W IOIVIONMCHHST TT-ME30HOB PA3IUYHBIMI AJPAMIT
p mmporoM pmanazone suepruii (0.6-—1.4 DBap) B nByX Npepmoxo;KeHuAX
0 BHJE TOTEHIMAJIA: a) MOJedb IPAMOYroabHoil sMbl m b) pacmpesenenne
Mepmu. B nocsejinemM npejno oRenun A yOPOMEHNs PAcIeToB HPUHHMAIH
AHAIITHYCCKOC BERIDAsKEHIE JUISL  ONTHYECKOI0 HOTEHIWAId, AaHaJIOTHIHOe
npuuAromy B [#°]. ORasamoch, COrIacHo pacueTam dTHX aBTOPOB, YTO MOTYIeH-
noc anuddepenipanbHoe cedeHe PacceAHHA HEJIL3SA COMIACOBATH C TEOpeTi-
YeCKIM, €CJI OCTABATHCA B TPAHUIAX PABYMHHIX 3HAYeHUil peaabHOrO IOTEH-
fwasa, TpejicKashiBaeMBIX jmcrepenonnsiMu  coorHomenmsym [7°].  Opnako
B paGote [7°] GBITO TMOKAZaHO, YTO BTO HECOOTBETCTBHE MOsKeT OLITH B SHAYH-
TeJbHOIl CTENeHI YCTpAleHo, ecam ydecTh peiicTeme npmuimma llaynn B
Aape. Yo
[Mpegnosaras, uTo JBYXYacTHYHLIE CUJIBI B SIApe He CIUIHHO M3MEHAIOTCH
0 CPABHICHUIO ¢ CHJIAMIL, JI@HCTBYIONMMH Me/ARAY JABYMA CBOGOJHBIMEI TacTH-
navu, Mpank, Fammesr m Barcom [77] Buumennan ontuueckuii moTeHIHaN
wia m-mesonoB. Hak morasano PoabpnGepreponm [7°], moansyack mucnepcuon-
HEIMI COOTHOIIEHMAMA, MOYRHO BBIUNCINTH BEHIECTBEHHYI0 4acTh aMILUIHTY/IEI
paccesiunst (Re f(0)) mas croarmoBennii m-Me30Ha ¢ HYRKIOHOM, CHM M3BECTHEI
moannie ceueHms mtp M ;T p paccesuns. Onrmyeckas MoJeNb JaeT CBA3b
seasy Re f(0) i cevennem sAepHoro B3amMoAeHCTBIS YaCTIIbL [78]. 1logob6unre
pacuerst niposesiennt Iltepureiimepom [7°] ura agep mocTosHHON IIOTHOCTH.
Ero pesyapraTsi GIM3RE K DKCHePUMEHTAAbHO omnpejeinennsiv cevennmi. Cie-
JVeT enie pas HoJA4epKHYTH, UTO HEJAL3A OKUAATH OYCHB XOPOIIeil TOYHOCTH
B OI00HBIX pacterax, TAK KAK BCJECTBHE HeCOBePHIeHCTBAa MC30HHOMH Teopui
AJCPHBIX CHJI TAKile BHYMCICHHSA ONTHICCKOI0 MOTEHIMATA COMPsI/KEHLl ¢ He-
WR0EKHBIMI ONMMOKAaMH, Jlazke ecJau, Bee JpyrHe sijiepHbe IapaMeTpsl OblLIn
B3ATHI TPABHILHO. :

B mocmemmme Toinl onTHYeckas Mojienb Obula npuMeHena M K aHamnay
AfepubIX croakHopennii Guerpux K*-mesonon [8°]. Xapawrrepuo, 4ro B 910M
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CAYIac ONTHYECKHH MOTeHIMAI UMEeT T10J0KITe ] bHEI BHAK, T. €. ABJIACTCH
TOTEHUMATIOM OTTJIKUBAHHA, NPHYEM OH YMEHBIIACTCA € POCTOM BHEPTHH
K*-mezonos.

B paje paGor nponssonmracs TPOBEPRA NPUMEHIMOCTH ONTHYECKOIT Mojiesn
K CHOAHBIM JaCTHIAM, COCTOANM 13 HECKOIBKIIX HYRIOHOB. B ocHoBHOM
OTH HCCIHEI0BAHNA BEJMCh € YaCTHIAMH HeGOJbIINX 9HePTrHil, mopsagka mHe-
CROALKMX JIeCATROB MIIUIIOHOB 3/IeKTPOHOBOIbT. V3BecTHA /1M oxma pabora,
B KOTOPOIl aHaJIMBHPYIOTCH JAHHEIE 110 BAUMOJICHCTBUIO ¢ sipamMm jieiiTpomos
aeprun 94 Mos [%1]. Anpamus TPOUBBOIMICA € YYCTOM CIIMH-OPOHTANbHOIL
CBASH M € MCTOAb30BaRNeM HoTennmanta Bynca—Cakcona. Beamunna nenrpann-
HOro moreHnymaaa (ero BemecTBOHHO 4acTH) okasanach papmoii 40 Mbs, uro
SaMETHO OTIMYACTCA OT BHAYCHHN ONTIICCKODO HOTCHIMANA JUIS HYKJIOHA
TOI 7e dHepTHH, paBHoro 23 Mas [%°]. Ykazammoe SHAYeHHe IIPeJIOMJIHIOIEro
HOTeHIHAaNa LISt AeliTpoHa npIMepHo COOTBETCTBYeT HOTeHI[MAILY Ji/Isi HeliTpona
TOIl 7K€ CKOPOCTH M, ciefoBaTe bHO, BJ[BOe MEHbIIel dHeprim.

Muumas gacrn AJLCPHOTO TOTEHUMAa, CHCTBYIOMEro Ha JLeiiTPOH GOIBITOIN
SHEPIHIM, COraacHo AanubiM paGot [8'], Tamske npeBbimaeT 1mo abcoaTHOIT
Beamunne noresunan W s mykiona. Hocnenmee oGerosreanetso oTpasraer
T0T dakr, uto pmeiitpon mmeer MEHBIIYIO JuiHy cBoGopmoro mpobera B sijep-
HOM Bemecrse, YeM HYKJIOH TOIi ;e sHeprum.

IKCOePEMEHTHl 110 ANCPHOMY B3aMMOJCHCTBHIO JeHTPOHOB HeGOMbININX It
CPeAABNX SHEPIWil, NPOAHAIN3NPOBAHHBe HA OCHOBE ONTHICCKOIL MOJIeTTH sifpa
¢ nuddysnoit rpanueii [#2], npuBenn x AOBOJXBHO HEOKMJTAHHOMY PesyJibTarTy.
Oxaaanocr,, 49TO NOITOMAKINMIT IOTeHIman ANPa, IeHCTBYOMMI Ha neiTpoH,
HE HAMHOTO MEHLINe COOTBeTCTBYIONEro HoTenIma a, IMOJYIEHHOIO B ONBITAX
¢ HETPOHAMHM U NPOTOHAME TeX ke onepruii. Hecvorps ma cpasmmrensuo
caabylo cussh HYKIOHOB B AefiTpone, anmHA cBoGoaHoro mpoGera MOCJeTHETO
COCTARIseT OKOJO TONOBUHLI pajmyca Anpa.

Ipeaomaaromuii norennman V. pas peiirponos smeprun 10—15 Moas
OkaskiBaercs pasabiM 50—55 Mag, 7. e. COOTBETCTBYET IPHMEPHO ONTHYECKOMY
NOTEHOHANY [iIA HYKJIOHOB BABOE MEHBIIIX ouepruii. Hyskno ckasars, uro
AO HACTOAIIET0 BPeMeHN ONLTOB ¢ AeliTpomami 00paboTKH HKCIEPIMCHTAT -
HBIX JAHHLIX Ha OCHOBE ONTHYECKOH MOjiem IPOBE/IEHO MAJ0; COBepIIeHHO
HeoOXopuM0 nanpueiiee BCECTOpOHHee M3yYeHue NPOLECCOB BAANMOJeHCTBIA
AEHTPOHOB ¢ AApAMH, B YaCTHOCTH AHAJINS MOJAPU3ANUOHHBIX ABJICHUIT B IIH-
POKOM MHTepBajie dHepruii wacTui, .

Boaee monmme pammme o ANCPHBIX CeYeHMSIX TOJYYeHBI JUISl (--9acTHIL.
ABanms »THX pammBIX WA ocHOBe ONTHYECKOIl MOJeIM HPOU3BeJeH B pPAje
paGor [*27%8], Oumako aru MCCIEA0BANMA KACAOTCA HCKIOYNTeNBHO YaCTHIL
cpeanux smepruii (1o 40 Mos). Pesyanrarsr amananza IIOKAa3EIBAIOT, YTO ONTH-
JECKaA MOZIeDh MOeT OBITL XOPOIIo MPHMEHNMa 1 K Q-9aCTHLAM, eCJIN MCI0Ib-
SOBATE MOJleNib sAapa ¢ augQysnnM Kpaem. Fny6una norenmmanbmoit samur
ANpa, coraacuo pabore [**], nus a-vacTun sueprun 22 Mas cocraBuasier 0komno
40 Moe w nipn aneprum 40 Map — 0K0J10 45 Mbag.

B npyroii paGore [#4] IPH TeX e d9HePIHAX (-4aCTHIL I0Ay4eHO, YTO Peasb-
Has Hacrh omrmueckoro norennmara pasna 0. Mop u Podcom [59] OTMETIJIH,
UTO OKcnepuMenTanbHoe juddepeniuatbioe ceyene YIOPYLoro paccesHus
A-9aCTHI] OJAMHAKOBO XOPOMIO ONHCHIBACTCH TEOPEeTHICCKUMIT KPUBEIMH, IO-
CTPOCHHLIMU NP PasHBIX 3HAYCHUAX HPeJOMIA0IEro HOTeHIHAIA B Ipe/ierax
0—62 Mas. YecTon n Paracroap [%¢] nokasanu, uro nz-sa maxoii JUIHHBL ¢BOOOJI-
1oro npobera B sape BUA AUPPEPEHIHATHHOTO COTCHIA ANEPHOTO paccesnia

YACTHI[ He YYBCTBHTeJeH K IPHHATOI LayOune MOTeHHANBLIoM AMBL B HeHT-

“uoii obaacrn sxpa. Hoaromy me YAUBHTEJBHO, uT0 B pabore [**] noayueno
ARONLIOE BHAYEHNE ONTHYCCKOIO napamerpa V (mopapka 1000 NIBB)
“THIL CPeAHNX dHepruii, HO XoJ MOTeHIUAaia V(r) B mosepxnocruoii



obrracTn sjpa moutH coBmagaer ¢ ¢opmoit morenmuana Bymca—Caxcona.
Ouepnjmo, 9T0 MIA pemienmsa BONPoca 06 ONTHYECKHX XapaKTePHCTHRAX,
IPHATOJHBIX JJIA IIOJHOI'O OINCcaHusH HJlepHOro BBH]‘[MO,CI,efICTBHH A-TaCTHIL,
HeoOXO/MMO CTABATH OMBITEL TPH OOJBIINX DHEPLUAX, OPH KOTOPHIX IIHHA
cBoGomoro mpobera «-4acrTii, CTAHOBUTCH IPUOIMBUTENBHO PaBHO pazMe-
pam sjpa.
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l'aaga 2
RACRAIASTI MOJIEJIDB

§ 1. BBOJIHASA YACTDL

Onriueckas MOJeIb [1aeT BO3MOJKHOCTD OHPEAeTeHHsa CeYeHHnsa yHOpPyroro
paccestHus W moryomenyus vacrun sjppom. Ona, 04eBMJIHO, HE B COCTOSHUU
KOHKPETH3NPOBATH IPOIECC, BEAYIIHII K BHOBBAHMIO TACTHIEL I3 HATAJIBHOTO
Ny4Kka, HEe MOKeT OTBETHTH Ha BOIPOCHI, CBA3AHHLIE ¢ JaJbHeiinieil cyabOoit
9TOIl YACTHI[EI W SApa-MUIITEeHU.

fABasAach oAHOYACTHIHON MOCIBIO, OUTHICCKAS MOJACTHL HE MOKET CYAUTH
JIeTATBHO O TNPOIEccax, B KOTOPHIX YYACTBYIOT J(PyIHe YaCTHI, HAXOJANIeCs
B saape. VMHuMu coBaMm, OUTHYCCKAS MOJEIb He NPETeHIYeT Ha BEUICICHHE
CeUEHMIT SJIEPHBIX PEAKIUIl ONpPEeJeJIeHHoro THHA, NOPEAOCTaBIAA peIIeHue
9TOil 3ajaun JPYraM AJEePHBIM MojieasM. B uyacTHOCTH, TEOPHA COCTABHOTO
AXPA BAMONHICT dTOT IPOOET B 00JIACTH MAJHX U CPeAHHX dHeprumii Sombapu-
PYIOIIX HYKJIOHOB, BaHUMAasACh, TAK CKa3aTh, ¢pacmugpoBROil» JaHHLIX OITH-
gyeckoil mojenn. C ee ITOMOIIBI0 BHUUCISETCS CEYEHNE OTHRIbHHIX KaHAJIOB,
COCTABIAIUIX IPomece Heympyroro ssammopeiictsmsa. Ho mis wacran Goxb-
mix aHepruii “teopus Bopa HempurojgHa, ciejoBareibHO, HEOOXO0IIMO pas-
paboTaTh HOBYIO MHOTOYACTHUHYIO MOJEIAb, KOTOpPas 3aMeHWIA Ol GOPOBCKYI0
N ABIIAach OBl JIOIOJHEHAeM K OINTHYECKOIl MOJEJN B BLIIICYKAZAHHOM CMEICIE.

Upesn Teiizentepra ['] u Cepbepa [2] o BoamommOCTH paceMoTpeHms IIpPo-
1ecca B3aMMOJICHCTBHA OLICTPOIl TACTHIEL ¢ AAPOM KAK CCPHH HOCICA0BATEIb-
HBEIX CTOJKHOBEHUIT ee ¢ OT/IeJIbHBIMI BHYTPHAJEPHBIMI HYKJIOHAME TI03BOJIIIA
€037aTh TAKYI0 MOJelXb. JTa Hjes OCHOBEIBaeTCS Ha OOIMUX co00paskeHMsX.
Ecan sHeprus 9acTHObl J0CTATOYHO BEJINKA II0 CPABHEHNIO ¢ DHEPIHell JBujiKe-
HIS HYKIOHOB B sijipe, TO ee Je-OpoiliieBcRasg JUIMHA BOJIHBL OKA3BIBAETCH
SHAYHTEILHO MEHLIIe PAasMepoB SAApPa M CPABHIMA CO CPEJHUIM DPacCTOSHIEM
mesty Hyraonamu. Ilosromy Tmakas wactunma Gyzer OXBaThBATL CBOMM BO3-
JeiicTBIEM B SIApPe OJ{HORPEMEHHO OIpPAaHHYeHHOE YHCI0 HYKJIOHOB, B IIpé-
JeIBHOM cliydae OANH HYKJIOH.

Bpems coyjgapenns Bieresiieil B #po OBICTPOIl 4aCTHILI ¢ KaKHM-IHOO
HYKIOHOM OyJeT Topasjgo MeHBIIe IPOMEKYTKA BPEMEHH MKy ABYMS II0-
CJIeI0BATeJIBHBIMI COYAAPEeHNAMY HYKJIOHOB APYr ¢ apyroM. B srom ciayuae
qacTHIA IepejaeT MMIYJIbC JHINb OJHOMY, OamsRaiilmieMy K Heil HYKJIOHY,
B COOTBETCTBHE ¢ B3AKOHAMHI yaapa ABYX Ted, A0 TOT0, KaK ee IapTHep IO
CTOMKHOBEHHIO CyMeeT OOMEHATHCS TOJYYeHHBIM UM UMIYJILCOM CO CBOMMI
coceaMIL.e BireTeBmmas B Apo gacTUI@ ¢ OOJMBIIOI DHEPTHeil IPoieTaeT Kak Opl
Yyepes ras HEB3aMMOEHCTBYIOIHX ME/KAY €000 HYKIOHOB M MCHEITLIBACT
CePUI0 TIOCJeJI0BATEN bHBIX COYAPeHUIl ¢ TeMI HyRIOHAMU, KOTOPhIe OKa/KYTCHA
Ha JUHAN ee JBIGKCHUSI.

To oGeroarennberso, 4To GoMOapANPYIOMAA YACTHIA IPOIETACT depes AAPO,
B KOTOPOM CYMIECTBYIOT ONpeJeleHHEe CUJIB B3AUMOJIeIiCTBAA Merkjly HYKIO0-
mamn, yanroiBaercs B mozean CepOepa BpemenmeM NOTCHITHANA, JeiicTByIO-
Hero Ha 9Ty YACTUIY BHYTPH sjpa. OTOT IOTEHINAJ ABJIAETCA, II0 CYIIEcTBY,
ONTHICCKUM, TOYHEE ero BemecTBeHHOU wacThio. IlosToMmy ecim kuHernueckas
HHEPTHA YacTUI(El BHE Axpa Obura /2, To IpH MONAJANNK e¢ BHYTPL sAApa . 0Hep-
g Oyner passa BV, rpe V — upunsaToe 3HaveHue mmoreninmana. Tak ke
Kak M B ONTHYCCKOI MOJENIN, ABJICHICM IPEIOMICHHES HA IOBEPXHOCTH CJIeyer
npeneOpeunb 1O KpaillHel Mepe JIsA YacTHI[, SHEPIUA KOTOPHIX SHAYHTEILIO
IPeBHIIaeT INIyOHMHY IOTeHIUAJIBHOI SMEI.

[Ipmeyrersue ApyruxX HyKIOHOB IPHE PACCMOTPCHUN CTOJIKHOBEHMS TACTII(B!
¢ OJIHNM HYKJIOHOM SJ(pa CKA3LIBAeTCH, KpPOMe TOro, B JeilcTBMU IPHHIAIA
Iaymu, sanmpemaromero HeKOTOPHC N3 TAKUX CcTOAKRHOBeHmil. HyrIoHH
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OTAATH MOTYT TAKIKC HMETh CTOXb GOXBIIYIO 9Hepru, 4T0 HX jaabHeilmee
TIoDejiernie B spe Iiesecoo0PA3HO PACCMATPHBATE ¢ DTOH sie TOYRHM 3PeHusd,
- €. IDHHOMATH, YTO OHI ABWTAIOTCH II0 HPAMOJIMHEHHBIM TPAGKTOPWM, Ha-
TIPABJICHHEe KOTOPHIX ONPeIeNIeH0 mapaMeTpayMu paccesHna NEepPBUYHOIT Ya-
CTHIIBL, M NX CTOIKHOBEHHSA B S/(Pe B CBOIO ovepe/ib IPOUCXOMAT ¢ OJIMHOYHKIMIT
HyRIomamn. B peayabrate Takmx croskHOBemmii TAK/Ke BOBHMKAIT HOBBHIE
OHICTPLIe HYRIOHE, MOIYIIIe B CBOKO oqepeb NPUHATL YIACTHE B aXbLHEIImIX
Tponeccax OAMHOYHBIX COYAAapeHuii m 1. .

Taxmm oGpasoy, B pesyanrare HOTAIAHN B AZPO YACTUIET BLICOKOI 9HEPIHHE
B IocaejHeM OymeT BO3HIKATH JaBUHA HYRJIOHOB, MMCIOMAX 3HATHTEALHY IO
omepruio. Hexoropsie u3 atux HyRTomOB JIONIYT 70 TOBEPXHOCTH sjpa, He
CYMCB YMEHBIINTEL CBOX KUHETHYECKIO DHEPILHIO nyTeM mepefayn ee JAPyrum
TaCTHIAM 10 BeJIUYHHBI, COOTBeTCTBYIOmCl SHEPTUI BHYTPHAACPHOTO JIBIHe-
HusA. B orom cayuac mmeercs Goxbmas BEPOATHOCTD TOr0, UTO0 TaKOii HYRIOM
THOKHHET #/1p0. YII0oBOe M BHEPreTHUYeCKOoo pacnpe/ielIeHHA N0/0OHEIX KacKaj(-
HEBIX ¥acTul OyjayT pPesko OTIMYHBIMI OT COOTBETCTBYIOMMX PACIpe/ie) eHITiT,
JlBAEMBIX O0BIYHON CTaTHCTHICCKOl TeOpHell pacmajia Boa0OYIEeHHbIX samgep.
Hampasnenne suirera RACRATHBIX HYRIOHOB OyJieT ammsoTporHbM, Ipenmy-
HECTBEHHO BIepej( 110 JTHHUM 110J1¢TA HHINUIPYIOMEil YacTHIE, X HHepreTH-
YeCKHIl CHeKTD COAeP/KHT AHOMATHHO Goxbmioe, ¢ TourRM 3pemus TeOPUII UCHma-
PeHHA, 4HCI0 YacTHLp GOXBIINX PHEPTHIL.

Hexoropsie 13 cromxnorenmit RaCKa/iHBIX HYKJIOHOB MOTYT GBITH U Ho-
YIPYTHMH, T. e. HPOHCXOAUTL ¢ 0GPA30BAHNEM T-Me30HOD It JAPYTHX TaCTHIL,
TPH JI0CTATOYHO BHICOKHX BHEPTHAX. DTH BHOEBD POJK/IeHHBIe ME3OHLI TaK/Ke
YHACTBYIOT B PAaCOPOCTPAHEHUT JTABHHbL 110 BeeMy obmemy anpa. Becw mponece
PaspuBaeTCs 32 KOPOTKOC BpeMs, CPABHHMOE AREPHBIM, T. €. HOPAJKA
10722—1072% cer. Ocrarounoe ARPO  Tocae TPOXOJIeHAsT ‘Kackaaa Oyjer
B ofmemM cayvae cuiabHO BO30Y/K/IEHO, OCKOIBKY 4acTh DHEPIIN HATAILHO
TacTHIb 3aepskanachk B mem. CHarme BO3OYIRIEHIST ITyTemM UCIYyCRAHUA HY-
KIOHOB M 0oJee TA/KEIBIX YACTHI, a TaKKe Y-KBaHTOB IIPOUCXOUT BHAUA-
TeIbHOo Mejienmee, 3a Bpema 10713—1018 cex.: u ara BTOPas CTajusa Ipomecca
PACIMeIVICHAA #/pA YHPaBJIACTCS CTATHCTHUCCKUMIT 3aKOHAMI TaKk jKe, Kak
Hcnapenne Bo3OY/RIEHHOIO fApa B Teopimr Bopa. 4

Ipencrannenue o mexamusme ANCPHOTO B3aMMOIEHCTBIA GRICTPOIT wacTHIiH
RaR CCPHH OJIMHOUHLIX CTOJIKHOBCHMII e ¢ HyKTIOmaMil B A/Pe COOTBETCTBYET
AVXY MO/(eTn HeBABHCUMEIX 9ACTHI, OJHIM 13 BAPUAHTOB KOTOPOIl ABISACTCS
onrhnyeckas mojens. Bosmmkaer Bompoc, Hackoabko OPaBOMEepPHO pacmmpeHne
obaacTa mpuMennHMOCTH KACKATHOH MOJIGTH B CTOPOHY MCHBINHYX AHeprmit
GoMbapupyOmux wacTH 1 Kakosa Ta MEHUMAJTbHAS DHCPIHs TACTHILI, IPH
KOTOPOIl MOFKHO elfe MOMb30RATHCS Hueami Cepbepa, He BXOAA B cymecTreH-
HO® mpoTnBopeune ¢ axcmepmMmenToM. ONTHYECKAMA MOJ[ellb, KaK M3BECTHO,
¢ YCIleXoM HpHMeHHeTCS M B 00JACTH Masbix AHePTHIl' HYKJIOHOB (MOpsAjKa
MIIIIOHA 3J1eKTPonoBoabT). OXHAKO HU B KOG Mepe 9T0 He MOFReT CJIVHKHTH
OCHOBAHUEM IIA HOJOKHTCABHOTO PeIIemst BOIIPOCA O BO3MOKHOCTH IpHMe-
nenus moxesnn CepGepa piist aToit oBxacTn AHEeprHif.

B paGore [?] 6nra C/lel1aHa NONbITKA MPUMEHHTH KACKAANYIO MOJIeTh TIILST
Pacuera Ipomecca HeyUPYIAX cOy/apenuii ¢ Ajppamu GoTodMyAbeHil TPOTOHOB
¢ amepruei 140 Mo m Bmme. J[octaTouno YVAOBIETBOPUTETHFHOC COBI/ICHIE
PACICTHIIX M SKCHCPUMEHTATBHLIX JAAHHBIX O3BOJIHIO aBTopaMm aToii paboTHr
CAleNIATL BEIBOJ O IPUTOAHOCTH MOJEIH Cepbepa paa yraszannoit o6racta omep-
I'Bil HYKIOHOB. AHAIH3 AJCPHBIX DACIEIeH I, BH3BAHHKX HYRIOHAMI HDHEP-
rua muke 100 Moas, no CYMECTBY, CMBIKACTCA € MCCICAOBAHMAMII PeARIHIL
TIpAMOro maammojeiicTsua tuna (N, N') m (N, 2N), xoropsie HaGIOAAI0TCH
UM CPeNHHX IHEPIHAX HYKIOHOB [*). Pasimume sawmodacres w TOM, 9TO
B IOC/Ie[HEM Ciyuyae He IIPOCIeKUBACTCH cyAb0a BCEX HYKJIOHOB, KOTOPHE
YHacTBOBAJH B KacKagHOM IHpoIecce, HO AHATUBUPYETCH JIUMDL KOHeYHbli
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apdext. Hymmo samernth, ¥T0o B HEKOTOPHIX PaboTax IO pacyeTy KacKaJHBIX
Iporeccor, Beymux k pearnuaM (V, N') u (N, 2N), ormeuaercs 3HATATCILHOE
HeCOOTBETCTBHEC TCOPETHYECKUX M HKCHEPHMEHTANBHBIX CCUCHHI YKazaHHBIX
pearmmii. Hapsapy ¢ npyramum Boamo;kHLMH IpuumHamMm, o KOTOPHX pedb
Oyjer nazee I KOTOPEHIe He BEIXO[AT 3a T'PAHMIYY DTOI MOJCIH, TAKOe HECOOT-
BOTCTBHE MOjKeT ObITh yKazaHMeM Ha HeONMYyCTHMOCTh PACCMOTPeHHs II0Befe-
HUA B A/Ipe HYKJIO0HA HeGoabmoil srneprum ¢ Touku spenns mMogeau CepGepa.

Bepxmsisi rpannma mpuMeRHMOCTH KACKAZHON MOJCXI B HACTOMIEe BpeMs
nemspecrna. Psjg asropon [°] yrasmmax ma 1o, wTo nIpm TeopeTmueckoM ama-
Ju3e B3aUMOJIEHCTBHA € SAPOM HYKIOHOB BHICOKMX BHeprmil (mopsamka mui-
JHapa dIeKTPOHOBOJLT u (O0/bIle) HeTh3d TOBOPHTH O HAPHEIX CTOJKHOBE-
HIAIX HNePBHYLNOI YACTHIE ¢ HYRTOHAMH, TAK KaK BCJEJCTBHE PeNsTHBHCTCKAX
afderron 1 Bo3OYsKACHIS HB00APHBIX COCTOANMIT HYKIOHOB Bo3jeiicTsIe nep-
BUYHON YaCcTHILI PACHPOCTPAHAETCS CPA3dy Ha Bee MYKIOHB, HAXOAN[HECH
Ha IyTH ee JIBU/KeHHA B AIpe, BLIpe3asd, TaK CKAa3aTh, TPYOKY B AmepHoM
BelecTse, pajiyc KOTOPOil mo MOPAKY BEIITYUHEL COOTBETCTBYET KOMITOHOB-
CKOIl JVINHe BOJXHEI MesoHa. BaammojeiicTeme ¢ TpyOKoil mMeer cBom crernudu-
YeCKHEe OCOOPHHOCTH, TAK YTO AHAIN3 HKCUEPUMEHTATBHBIX Pe3YIbTATOB I0-
BBOMMI OBl BHOPATL MEXAaHMEM pACHICIUICHNA. DBHIOJIHEnHbE B HOCIeIHEE
TOJLI MCCJaeoBaHMs 3Be3J, Q0pPa3oBaHHLIX Ha AApPax (OTOIMYIBCHH TPOTO-
nami sHeprum okosxo 9 Bop [°7%], mowasamm, uro pesyibTATH OMHITA MOKHO

TPAKTOBATE ¢ MOBHIUU KACKATHOMN Feopnitj‘ﬁ_gg TIPUBJICYEHHA MOJNH TPYOKH.
HoppoGusix paGor, BHIOIHEHHHX HPH GOJee BHCOKHX DHEPTHAX Gozbapmm-
PYIOIUX YACTHI, B KOTOPLIX PacCMATPUBAICH OB BOIPOC O «TpyGOYHOM» WIH
RacKRa/moM MeXaHH3Me B3aHMOJICHICTBHS, B HACTOAI(Ee BPEeMH He MMECTCH

(em. [*]).

§ 2. METOJ PACUETA KACRAJIA

Hapucosanmnas kaprana, HecOMHCHEO Kpaiile ympoiieHHas, NPOXOIKICHUSA
OLICTPOIl WAaCTHIEL Yepes AJPO amAaTIOTrHYHA NPOIECCY MHOTOKPATHOTO pacces-
Hifl ee Ha HYKIOHAX fijipa, MeTOjl pacyeTa KOTOPoi mpenaosken Batcomonm [1°].
Monear CepGepa onyckaer BOZMOKHOCTS TAKOTO e PACCMOTPEHIA HEe TOJALKO
NEPBHYHON YACTHIE], HO 1 TeX HYKJIOHOB 0T/(aUH, PHEPIHS KOTOPLIX {0CTATOUHO
sennka. lpousponnTs pacyer TakoTo CI0SKHONO MPOIECCA ¢ TIOMONBI0 OOBIYHEX
MCTO/IOB TEOPHM PACCEAHHA BechbMa TPYIHO.

Poanpdeprep [M] mpegaomun  menoabzoBats s pemenusA 9TOi 3amatum
METOZ pacyera CTOXACTHYSCKUX IPONECCOB, KOTOPHIH B JIWTEPATYpe H3BECTCH
nox massaumem metoga Momte-Hapao, mwiu merona enywafimeix memsrramumii.
Marevatnueckne efo ocnoss paspaGorams B [12]. B orom meroje HPOUCXOIT
MOJICTHPOBAIIE PeajbHOTO TIpoIecca, B KOTOPOM MMEETCH MHOTO KAHAJIOB
I CONeP/KUTCH MHOTO DPA3MMIHEIX BOBMOKHOCTEN JUIA OCYIIECTBICHHA OIpe-
JleIeHHOT0 cocToAnnA. [liast TOro uTOGH MONYYNTh IOJNHbIE CBEIeHHs 0 TPOTe-
KaHHl  TAROTO TIpOIecca, CTPOMTCHA CTATHCTHYECKH DABHOZHAYHAS DTOMY
liporeccy MOJedh, H IyTeM IPON3BOABHOTO BEHIOOPA KAKHX-IHGO ONpeeseH-
HBIX ITAPAMETPOB MOJIeJiH, XaPaKTePUIYONNX OJHH M3 BADHAHTOB B peasibHOil
CHTYallHy{, TPOCIE;RUBACTCA BCe MHOTOOOpaszue BOZMOKHEIX cayuaes. llpoma-
JIOCTPIPYeM 3TO Ha KOHKPETHHIX HpHMepax.

[lockombky MBI pacemaTpupaeM JABMzKeHHE YACTHIH GOTBIION DHCPTUA
B AApe Kak JIBHRCHAE IO ONpeleleHHOil TPAKTOPIE, TO IPEeK/AEe BCEro HYHKHO
C/leTaTh BHGOD TOYKH BXO/IA YACTHIH B A7P0. B 3aBHCHMOCTH 0T MecTa Tomana-
HUSL Iy Th YACTHUILH B S7{pe OYAET PasHbIM, M03TOMY YHCIO BO3MOJKELIX CTONKHO-
BEeHMIT ee ¢ HyRIOmAMH Oy/jerT (yHKIMeil NPHIeILHOro napamerpa (KpaTdaii-
Iee paccTosmue OT HeHTpa AAPa J{0 JUHAH ABWAeHnA yacTaisl). g npocToThr
IPHHIMAETCH, UTO AAPO mMeeT chepuyeckyio GOPMY W UTO SBICHHEM OTparke-
HUst 31 TPEJIOMJICHHA BOJIHBL HA TOBEPXHOCTH S/[pa MO:KkHO upenebpeus. Tofma
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BEPOATHOCTH MOMAJIAHNA B AP0 YACTHIH! ¢ JAHHLIM OPHAMCIBHEIM ITapaMeTPOM
ompesielsieTcA IUIOMIAZBI0 COOTBETCTBYIONIEr0 IIONEPEYHOTO CEeYeHUs YacTH
ceprr, BHIpesaeMoil MUTHHAPOM ¢ PajimycoM, PABHEIM BeJWYIHE 9TOTO Tapa-
mMerpa. SaMeTHM IONYTHO, YTO TaKoe [OIyI(eHne, MHO-BAJIMOMY, XOPOIIO
OIIPABIAHO, €CJM pedb MIAET 0 yacThiax OOJBIINX SHePTHil, HO OHO MOKeT
LPUBECTHI K HEKOTOPHIM OMHOKAM MpH aHajgu3e pacHieIlIeHmii, oOpasoBam-
HBEIX HYKJIOHAMH CPCAHAX DHepimil, HOCKOJIbKY, Kak HOKasnmaer pacuer [1%],
HMEeT MeCTO 3HAYNTeabHAaA POKYCHPOBKA IyUKA HYKIOHOB ONTHICCKAM HOTEH-
nuagom saxpa pnas sHeprmit 20—30 Mos.

OrBrexasch OT 9T0T0 00CTOATEIBCTBA, MOKHO CYHTATH, YTO YACTHIA HMEET
OIIHAKOBYIO BEPOATHOCTh HONACTh B JI000i U3 KOHIEHTPHICCKUX I{H/IIHIPH-
YeCKUX CJI0eB, HA KOTOpHIe paspexasercs cdepa, ecam paspenenne IPOWCXOAT
TaK, 4TOOLI INIOIMA/N IOIEPEYHBIX CEeYEeHUIl BCeX ajieMeHToB Obum Obi OjuHA-
KOBH. Brifop KOHKpETHOTO CI0A W, CIe0BATEILHO, BEIMYNHE IPUIEIBHOTO
napaMeTrpa IpegocTaBiseTcs CIydalo, HalpuMep YCTpOHCTBY THIA PYJIETKI
wn Tabaune cayuaitasix wmcen [M]. Hasaelii saeMedT TOBEPXHOCTH HyMe-
pyercs, IPOM3BOAUTCA IPOUIBOIBHEIL BEIOOP OJHOTO I3 DTHX HOMEPOB, 3aTEM
PaserpLRIBAETCA MECTO IMONATAHHAA B AP0 BTOPOIl yacTuObl, Tperbeii u 1. 7. B me-
KOTOPHIX pacyerax Jyisfl yHOpOUIeHHSA onepanuil chepmaeckoe AApo 3aMeHsIeTCH
€ro JBYXMepHEIM H300paskeHmeM, a pas3dmBra MPOH3BOANTCA HA KOHI[CHTPH-
YeCKHE KpPYrd TAKUX pajuycoB, 4T00bl IUIOMAH Kouxer ObLIM OJiHAKOBHL.
Pyneram [1°] sameriur, wro Takoe mpeoOpasoBanne He afeKBaTHO JCHCTBUTENb-
HOIl CHTyamnmum ¥ 9YTO IS HOJHOTO COOTBETCTBUA (BHIOJHEHHE TpPeOGOoBAHUA
PaBeHCTBA CPEJIHUX PACCTOAHILI OT TOYKH BHYTPH ceps miIn Kpyra jio JoBepX-
HOCTH cepsl MIA OKPY/KHOCTH) HEOOXOAHMO OpaTh pajuyc Kpyra HECKOIBKO
MeHBIINM, 4eM pagmyc smpa, mpuvmepao ma 10%. Xora B jaByxXmepHOil reo-
METPUN pacyeT KackKaja 3HAYNTEJIbHO YIPON[aeTcs, HO B HEKOTOPHIX CIydasx
9T0 OKA3HIBACTCSA HEYHOOHLIM, B YAaCTHOCTH HPH CPABHCHHH IIOJYYCHIOTO
YII0BOTIO paCIIpe/lesieHIA KaCKaJ[HBIX JACTIIL ¢ AKCIePHMEHTATbHBIMU JIAHHBIMU.

Haiee caegyer onmpegennts JuuHy Hpobera 4acTUmbL B ALpe J0 ee HepBOro
CTOJIRHOBEHNA ¢ HYKI0HOM. {715 9T0T0 HE0GX0ANMO MMeTh JaHHER TI0 CedeHITAM
paccesAHmA YaCTAIBI HA CBOOOJHBIX HPOTOHAX M HEHTpoHAX B MIMPOKOM Juarna-
sone aHepruii. Tor darr, wro sHeprma myura oOGLIMIO BIOJHE OIpPEAEICHA,
He yeTpamsgeT HeoOXOUMOCTI 3HAHNA CeYeHMIl IpH Pa3HBIX YHEPIruAX, HOTOMY
YTO HYKJIOHBL B #7pe 00JajfaloT 3HAYATENBHEIMA HMIIYJIBCAMI, M OTHOCHTEIb-
Hasl DHEepPrusl CTATRUBAIOMIMXCSA YACTHI OY/eT MEHATHCA B JOBOJIBHO IIMPOKREX
IpejesaX B 3aBHCHMOCTH OT BEJMUYMHBI M HAIPABICHNSA MMIYJbca HYKJIOHA-
mumesn. B pa6ore ['®] momyuema svmmpmueckas 3aBHCUMOCTH CEUCHIST 72p-
H pp-paccesHHsS OT OTHOCHTEJILHON CKOPOCTH CTAJKHBAIOMINXCA HYKIOHOB
aas saepruit npumepro go 400 Map. Ona umeer Buj:

10.63 29.92
Oppnn="gg g - 42.9 mbapn,
__ 3410 822

Oup = g5 5 —+ 82.2 mbapu,

rae f — CKOpOCTh HYKJIOHA B eIMHHIAX C.

s pacueroB B obmacTH GOXBIIIX HHEPTHl HET 0000 HE0OXOMIMOCTH
B TAKOil AaNIPOKCHMAIAA HKCIEPIMEHTANbHHIX TOYEK, TAK KaK H3MEHeHHe
CeyeHNIT paccesHHA HYKIOHA HA HYKIOHE C POCTOM JHEPTHH OYeHb He3Ha-
gnTeabnoe. Tak, wHampmmep, ecam npu sHeprum myriaoma 410  Moas
0,,=26.4 Mbapu u 0,,=34 mGapu, 1o npu zueprinn 3.9 Bae coorsertcTByIONILE
cegennsa pasasl 41 u 42 mGapu, T. e. npu yseanuennu sueprun moutn B8 10 pas
CeueHIA B3AMMOJEMCTBUS HYKIOHOB M3MeHsOTCH mupumepro jumb Ha 50%.
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Ilna ompepenenus cpepmeil aamunl cpofoamoro mpofera HYKJIOHA B fAjpe
10 COOTHOIEHNIO

==

e sl
(-\nl"*

(p — mIOTHOCTL HYKIOHOB) HEOOXOANMO BLIYHCINTL CEYEHHE pPACCeTHUA G,
YCpe[HeHHOe 110 HeITPOHAM M TIPOTOHAM SHIpa ¢ YYeTOM H3MeHeHHs CeueHHil
0T oTHOCHTEIbHOI cropocti. C 5T0il HmEITBI0 HAg0 3a4aTHCA KaKIM-THO0 HM-
NYJAbCHBIM paclipeesieHneM HYKIOHOB Ajipa M y4ecTh T0 00CTOATENHCTBO, Y4TO
BePOSATHOCTh COYJApeHNs JIBYX JIBUT'AION[UXCH YACTHI[ 3aBHCHT OT IPOU3BEJe-
aust v0(v), TAe ¥ — IX OTHOCHTEABHASI CKOPOCTh.

Haxr mpasmio, mpepmosiaraeTca, 4To fA7po ecTh BHIposaeHuniii raz Mepmi,
XOTSI, KaK y;Ke YKashBaJoch B TiaBe 1, pesyabTaTel MHOTOYHCICHHLIX paboT
CcKOpee TOBOPAT B IOJAb3Y TayCCOBCKOTO pacupejieiienusa. Tak Kak BepoATHOCTD
Toro, 4to (arTuyeckas JjurmHa npobera Oyjer papHa z (Upu cpejHeil JunHe,
paBmoil A), ecTh DKCIOHEHIHAJLHO yOHBaomas (¢ pocToM z) GyHKIUI, TO

r=——Xlnk,

rjie k — HeKOTOpoe IPOU3BOJBHOE uYHCiI0, 3akiaouenHoe mesxay 0 u 1.

CregoBaTensno, CHEIaB IPOMBBOJIBIYIO BLIOOPKY 9TOT0 UICIA, MOJKHO TEM
CaMBIM HAMTH TOYKY, B KOTOPOIl IpPOH30IijieT HepBoe CTOJKHOBEHNE BJeTeBHIel
YACTHUIEI ¢ KAKAM-IN00 HYKIOHOM Snpa.

JarTeM IPoOU3BOAUTCS 0c000C MCULITAHME LA OIPEIEeJEeHHs COPTa HYyKIOma
(HeilTpoH MM LPOTOH), ¢ KOTOPBIM CTOJKHYJIACh JacTUIa. B HEKOTOPHIX clie-
NUAQTBHBIX CIy9afgX YUYUTHBAETCH TAKIKE BO3MOKIOCTDL OCYIIECTBICHHA CO-
CTOAHMIT CHCTEMBI «4aCTHHA—HYKIOH) C PasJMYHBIMA M30TOMHYECKAMHI CIII-
Hamu. [lasee HeoOxojammo BHIOpATH TapaMeTphl CTOJIKHOBEHHS — BeIUYHHY
W HaIpaBjJeHume MMIYJIbca HYKIOHA AAPa, ¢ KOTOPLIM B3auMopeiicTByer da-
CTHILA, YIOJI PACCEAHMSA B CHCTEME HEHTPAa MACC ATHX JACTHI[ M YT0J IOBOPOTA
INIOCKOCTH PACCESHISA OTHOCHUTeNBHO HAYAIBHOI INIOCKOCTH, OIpeelsieMoil
BERTOpDAMH MMIYJLCOB IHajialomeil 4acTHIbl W HYKJIOHA-MHIIeHH (ImocieaHee
oTHajiaeT IpH BHIOPAHHOIl JIBYXMEDPHOIl TeOMeTpHI MOJ(e]in).

B cnyuae, ecam dueprusa 9acTAIE! B3STA 3HAYNTEILHO BHIIIC TOPOTA ME3OHO-
obOpasoBanusa, He0OX0NMO YUUTEIBATE BO3MOKHOCTH HTOTO IpOIEcca H IyTeM
JIONOJIHATEeNbHBIX MCHBITAHII PeIUTh BOIPOC O TOM, IIPOUBOIeT Ji yupyroe
wan meympyroe paccesume. Kcam BHIOOD ORaykercs B IOAB3Y IOCICIHETO
BapuaHTa, TO BOBHURAET HeOOXOMMOCTh OLpeJleJieHns 3HAKA 3apAaa pOrkjleH-
HOTO TT-Me30HAa, eT0 DHePruu U HanpasJaeHua mogera. Ilpu smepruax magaomux
HYyKIOHOB HOPAAKA MILIHAPAA 3IACKTPOHOBOJBT (OJBIIYI0 POJIH HAaYHHAIOT
UIpaTh HPOIECCH 00paBOBAHNA HECKOJIbKIX ME30HOB M PACUET KacKaja yciao-
sREfAETCS B eme OoJbIIeil cTeIeHH.

IIpu Brifope BeamumHLI yria paccedHNs HYKJIOHA HAa HYKJIOHE BOSHHKACT
HeobOxopuMocTh 3HAHUA Hu(@epeHIIaTbHOr0 CeUeHHsT PACCeSHUA TPU Pa3Iny-
HEIX DHEPTUAX HYKJIOHOB, MOCKOJBLKY HX OTHOCHTEJIBHBIE CROPOCTH MOTYT
MEHATHCH B BaBHCHMOCTH OT OpHeHTanum nmuyiabcos. B [1¢] mpoussesena
ANNpPOKCHMAIHA MBBECTHHIX W3 DKCHepuMeHTOB AuddepeHuaIbubX ceIeHuit
HYyRJIOH—HYKIOH—pPacCessHus B Bijie ; ;

20 — (4 cost04 Bsin? 64 1).

B oroit smmupuueckoit dopmysne wosddunuentsr A u B ssasgorca Qymk-
IMSAMH DHePTHH HYKJIOHOB W PAaBIHUHEL JUIsi np- u pp-paccesiansd. Vx snaue-
nuA npusogarcs B Tabn. 3. llocae paspena miomamakm, OrpammueHHO JaH-
HOIl KPMBOIi, HAa pPAaBHOBEJIMKHEe YACTH, TAKyKe NPOHYMEpOBaHHBIE, Jlejaercs
3aTeM CIyJaifHENT BEIOOD HMHTEPBAJA M IPUHUMAETCS 34 YIOJ PACCeSHHA CPeji-
Hee 3HaYe HEE YIVIa B BTOM HHTEpBale.
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JLst BErMmCTeRUA JUIMHKL TPoGera T-Me30HOB, 0Gpa3oBaHHKIX B NPOIECCE
PasBUTHA KacKaja HYKIOHHLIX COYJApeHuil, a Takske IS pacueTa SICPHEIX
PACIIIIEHII, BLI3BAHALIX GHICTPHIMEH TT-M@30HAMH, HCOOXOMMMO WMETh M-
OApPHYECKNEe JHEPreTHUeCKHe B3ABHCHMOCTH CEYEHMIT B3aMMOJeHCTBHA IT-Me-
80HOB ¢ HyRaomamu. Merpomoiic n spyrue ['¢] moxywnan takyio sasucumocts
st omepruii s-mezoHoB Huske 51 Mop. Ona mveer Bu:

04 =3.7 286 (1 —1)° mbapu,
0;;=0.5 4 23.9 (y —1) mbapm,

o, = 16.4%1‘E mbapm,

rjpe oy — cedenne pacceanns (6es morJomeHns) m-Me30HOB HA HelTpoHax
UM 7'-ME30HOB HA NPOTOHAX; O,;— CEUCHHC PACCESHUA T -ME3OHOB Ha
nporoax u w'-mMez0m0oB ma meli-

TaGauma 3 TpPoOHAX; c;’j—ce‘lenne TIOTJIONL € H IS

m-Me30Ha JeiiTpoHoM (mapoit meii-

3navenna roopdunuenros 4 w B
TPOH—IIPOTOH); T — 00uLas aHe Prusi

Sl & CTAJIKNBAIOMIMXCSI YACTUI, B ¢MHI-
E B cucreme . M., IMax sHeprum Macchl IOKOs w-Me-
Mos Al [ e 1y B 30HA (¢’ N — UMOYJbC B eIHI-

nax pc.
Cymma cewenwii paccesHums u
43 0 10} 2101 —0.22 porjomenust OWpeREISET CPEHIOND
128 g 8 ggg :8:5?)%) qnny mpoGera MesoHa B A PHOM
173 0.05| 0| 430 | —0.10 Bemecrse. Jlusi Goabummax sHeprmit
216 0.29 | 0 | 350 |4-0.20 -Me20HOB IHOXOOPA ATATHTHIECKOTO
259 080 | 0 | 415 | 4050 pupaskenna o(E,) B paGore [*¢] me
660—84%02 (1a.) si):ga 8 g:ga jg:éo EPOMEBORMLOVE R SHETRRC.. ShY R0
840—1160 (1a6.) [143 |0 [150 | 0 CTAMI, BHTCKAIONIMH W3 pPe3OHaH-
1160—1780 (mab.) |[19.2 | 0 |29.4 0 CHOI'0 XapaKTepa paccesHus T-Me-
30HA Ha HYKIOHE B COCTOSHHN
¢ M30TOMIMYCCKAM CHUHOM 3/2 1 yTi10-

BBIM  MOMeHTOM 3/2 (pesomamcmast

sHeprus f-meszoma oxoxo 200 Mss).

®epoton ['7] mposex pacuer Kackaja, BHBBAHHOLO MPOTOHAMU HHEPTHN

660 Man, ocrossIBasich ma pesomaHcHOIT TeopUE 06pasoBAHIA T-Me30Hos Mar-

AeIbCTaMa, M HANIe/N, 4T0 HpPAMEHeHHE HOCICHmeil maeT Goree coBHajAONLIE
C OKCHEPUMEHTOM pe3yIbTaTEH.

[Tocite Toro kax GuLT coBepuien BHGOD KMHEMATHICCKIX TAPAMETPOB CTOIK-
HOBOHHSI, CIeAyeT IIPOBEPHTH OCYMICCTBHMOCTL TAKOTO COYJAPEHUH € TOYKM
spenna upnununa layrm. Ecam oraskercs, uto ofun 3 HykIoHoB (mrm oba
HYKIOHA), Y9acTBYIOINX B AKTe paccesdaus, GyAeT UMeTh B PesyabTaTe pac-
CeAHmsA HMMIYJIbC, BOIAIMHA KOTOPOro B aalopaTopHOIl cuCTeMe MeHbIIe
3HAUYEHNA, oIpexenasemoro rpanumeit Mepmir, T0 970 CTOAKHOBEHNC CIUTACTCH
3ATPENCHHEIM, HEeIPOUCXONANIIM, M PA3LICPLIBACTCA JIIMHA CJAeAYION[ero or-
pe3ra myTi nepBudHOl wactamsl. Momer orazaThesi, UTO COOTBETCTBYIOM{AS
JiIHA He OyeT yKIajbBATHCH B IIpefenax sjpa. J10 03MAYACT, 4TO PACCMa-
TPHBACMAsA YacTHIa NIPONLIA SAPO 03 CTOMKHOBEHMA.

o smepe mpoxBmiKenusa MepBUYHOTO HyRIOHA CKBO3B AP0 YBCAMIABACTC
HHCA0 BTODUYHEIX 4ACTAIl, KOTOPHIe MPOCIS/KUBAIOTCA AHAIOTHIHEIM 00Pa3OM.
JTo mpocaeRUBaHme 32 CYABOOI KAKIOI YACTUILBL, YIACTBY IOt IIX MOTYI[eit
y4acTBOBaTh B KaCKa/e, BEETCA JI0 TeX IOp, IOKA OHA He MOKHHET Hpeeasl
Ajfpa uG0 HmOKa ee 9HePIHA He OKA/KETCS HIKe OMpe/ie eH 0, HAepes
3ajamHoil BesuanALL. B mocxexmen caywae cumraercs, uTO GACTHIA 3ACTPIIA
B AJpe U ee DHePTHA Hmouuia Ha BO30Y;RACHIC TEPMHYCCKHX KOJeOaHmil Axpa.
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Bea mpomexypa pacuera mo meroxy Monte-Kapiao mosker 6urrh msolpasiena
8 Buje Omox-cxemur puc. 6.

IIpn Brixoje wacTHIlbl 3a Tpejeasl Anpa UKCHPYIOTCS ee KUHeTHYecKas
9HePTHA T HANPABICHHC BHUICTA OTHOCHTEIbHO Hampasienus GombGapampyio-
mero Aapo uyuka. Takum oGpasoM; B pe3yabTaTe PasBIrPHIBAHMA JIOCTATOYHO
GOBIIOT0 IHCIA YACTHI[, HAJAIUX HA HAJPO, MOKHO IMOJYYATH CTATHCTHIE-
CKYI0 KapTHHY IIPOIECCOB, MPOUCXOMIUX IIPH dTOM: CBEEHH O CeYeHni He-
YOPYIOTO B3aUMOJECTBUA HACTHIBL € FAAPOM, 9HCJIO U COCTAB BTOPHUHBIX
KACKAJHLIX YACTHI[, BEUICTAIOIINX W3 SJIpa, X YIJIOBOE N HHEPreTHIecroe pac-

Tourxa BXO/Ja TaCTAIK B f/pO.

b

Paccrosiue, npoxXoauMoe 10 TOUYKH
CTOJIKHOBEHMSA.

b

1. Tun HykJIOHA-MAMEHN,

2. Ero sHeprug, HaupaBieHue
JIBIGKEHHA J10 yjapa.

|

Vroa paccesHHA B cHCTeME 1. M.
H 9HepPrufd YacTHI 1ocie coy/Aa-
penns B J1abopaTopHOii cHCTEME.

|

ITpoBepka BHIDOJIHEHHA IPUHIEIA
Hayman.

|

Ecam croaKHOBEHHe paspeuieHo,
10 npocae;kupanme sa i-it m 2-i
yacruieit.

Ecam ¢cTOIKHOBEHNe 3alpe-
EeHo, TO BEIGOP HOBOrO OT- |«——
peaka myTH.

Puc. 6. Cxema pacgera Kackajga II0 METOAY CJHYyIAiiHLIX HCILITAHH.

mpejiesiene M, HAKOHEI[, paclipejieenie 0CTaTOYHbIX fAJiep II0 BeINYNHe dHep-
run Temnosoro BosOysnenmmsa. M3 crasammoro ciaexyer, uto merox Momnte-
Kapno mosBoxfer paccuuTaTh CEYEHHA pPABIUYOBIX KOHKPETHBIX Deariuii,
COCTABIAIONAX BeCh IPOIECC PACIICIUIGHIIA A[pa, IPH yCIOBUH, €CIH yMETh
PACCUNTHIBATE PeSYJIbTAT SMHCCHE 4HACTHI BO3Oy:;kieHHBIME sapamu. Oue-
BHJIHO, 9TO DTOT METO] ABTOMATHUECKH YUHTHBAET CTATHCTHYECKHE (PIyKTya-
min, HenalesRABE B J1060M cToXacTuyecKoM mporecce. TounocTs M0y deHHBIX
peayJbTaTOB BABHCHT IPE/KJe BCEr0 OT TOYHOCTH TeX MCXO/HBIX BeJWIHH,
KOTOpLIe HPUHATHE P pacdyere, a TaK/Ke OT YMCIa IEPBUYHEIX JaCTUI, B3ATHX
IS UCOBITAHWIL. OTO YUCIO OIPEfessdeT CTATHCTHYECKYIO JIOCTOBEPHOCTH
Pe3yIbTATOB BHUTCTeHTii, Boxbiias Tpy/A0eMKOCTb METOJIa ABJIACTCS IPHTHHOM
HeGONBIIO CTATHCTHKA PACCUMTAHHEIX CJIydYaeB Ipm pydHoit oGpaborke.
Henonszopanme OBICTPOJGHCTBYIONIX CYCTHHIX MAIINH IS PAcyeToB JIO Me-
qony Monte-Kapao mossoamiao asropam ['°] moayuurs 3maunrennmo Goxee
TOUHKIC PE3yJIbTATHI, YeM B paHee BHIIOJHEHHHX padorax.
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§ 3. O MAPAMETPAX SAJPA, MCHOJIL3VEMBIX HPH PACYETAX
IO METOJAY MOHTE-KAPJIO

Ilpn passirpemanmm  urwEsr oyTH OKICTPOI YacTHIEI B ATCPHOM BellecTBe
BO3BHHKAeT He0OX0/MMOCTD BaJlaHus PagHATLHONO pacupeserenus HyKIOHOB—
¢yaxnum p(r) B BLIpamkennn AIA k, TAK KaK [IMHA CBODOIHOro po-
Oera wacTHIH, Iouasieii B mepudepuiinyio obaacTh Axpa, Oyjer s3aBmceTh
OT cremenu JudysHOCTH moBepXHOCTH axpa. OGHTHO OPHAUMAGTCS MOJEdb
AAPA MOCTOAHHON IIOTHOCTH, TAK YTO BeJWImHa A Oyner opmmakosa s
BCEX HYKIOHOB, BXOJAANHEX B AJPO NPH PABHBIX [PHITETHHBIX Ilapamerpax.
Anpo mmeer onpepenenni pPapuyc R, cBABaHHBLIL ¢ ero Maccoii COOTHOTIIe~
HAEM

R— rOA‘/’-

Benummma mapamerpa r, B pacuerax Kackagos Opanachk B mpejenax 1.2—
1.4 - 107*3 [18], Max Manye, Mapn u Iexaman [*] opuaumamn re=1.45¢
X 1071% cm, B paGote [2°] ry=1.44 - 10713 M, . pacgerst Merpomonuca n py-
rux ['*] mposepenst mpm ry=1.3 - 10713 ¢M, B T0 Bpemsa Kak Pyncram [15]
OCTamopmiicsa Ha sHaYeHHH re=1.2 + 10713 cm. Criequannmas IIDOBEPKA, IPOH3-
Befennas B [*°] m [%], norasaxa, uto BHOOD BEIHYHHB 7'y HeBHAYNTENHHO OT-
PARACTCA HA HHEPTeTHIECKHX M YIVIOBEIX PACTIPe/leeHIEAX KaCKaJIHEIX JacTI,
HO HeCKOAbRO H3MEHAET MX WHCIO, & TaksKe IPO3PATHOCTh Axpa.

Pesynvrati ananusa sxemepumenTaibmnix JAAHHBIX € MOBHNMI ONTHICCKOI
MOZCTH YKAa3hBAIOT, YTO JIYYIMHM NPHOIMIKEHUEM SBIAeTCH MOJICIL sAjpa
¢ muysnoii Tpammueii; ToImMUEA TOBEPXHOCTHOTO CiroH ANpa, Te WIOTHOCTH
TlajlaeT OPHMEPHO 10 DKCHOHEHTUATBHOMY 3aKOHY, PABHA HeCKOJbKIM eu-
Humam gepmu (1072 cm). IMosromy yuer aroii HePesSKOCTH TPAHuUB! 11 pu-
BE/IET K HEKOTOPOMY UBMEHCHNIO KPUBHIX, HB00PA/KAIONIX BePOATHOCTh CTOTK-
HOBCHNA YaCTHIEL ¢ HYRIOHAMH A/IPA KaK ()yHKHHIO IPOiteHHOTO e1o IIyTH.
B mauGousmeit crenenn namenures pacyer IPoOeros /s TeX YACTHI, KOTOpHe
HOMANAIOT B A/PO ¢ GOMBITIM HPHIEILHEIM PACCTOHHIEOM. JT0 IPUBEJET K 00MD-
mell TPO3PAYHOCTH sijep, 4eM WPH pAacueTax ¢ IMOCTOAHHOL ILIOTHOCTHIO,
YBEJANYMBAS TaKAe BRIAJ B3AHMOMEICTBHI ¢ MaJbIM YICIOM BLIOPONTCHARIX
HYRIIOHOB, TAKAX, Kak pearuus (V, 2/V), uan Kasnynpyroe paccesane (N, N').

B paGore ®eporosa [17] HPOH3BE/IEHO CPaBHENNe PACYSTHEIX CEYeHMil mpo-
[eCCOB KBasHyNPyroro PaccesHus NMpoTomos smeprum 660 Mop ma HYRIOHAX
B sape G B npepmomomsennn peskoit m Aaungdysmoit rpanmnsr agpa. Orasa-
JI0CB, YTO PAcUeT ¢ MepPeMEeHHOI IUIOTHOCTBIO Iaer OpuUMepHO BABoe GOJbIIHe
CEHYeHHs DTOr0 Npomecca, YeM JUIA MOJCTH SApa ¢ MOCTOMHHOIN INIOTHOCTEIO,
I B IpejieiaX OMHGOK COBNAJACT ¢ DKCHePHMCHTATDHEIM 3HAUCHICM CETeHIMs
KBasuynpyroro pp- W pn-paccessis.

Bepostno, B smaunmrenbho Gombmmeii cremen NBMEHeHNe pacyeTHHIX JTaH-
HEIX (npu 3amerme mojenan O/{HOPOAHOTO sAApA muddys3HEIM) TPOHCXOTNT 15
CAYTACB CPABHUTENBHO HeGOJBINX DHEPrmit Gombapaupyomux mykI0H0B,
nopanka 100 Mo, Tak kak s mocaemnnx TOBePXHOCTHEIe a(derTEl Gosee
Ba/KHBI. JTO CBASAHO C TeM, UTO B 00JACTH AApa, TJie UMEeTCA ITOHUIKeHHA
IUIOTHOCTE HYKJIOHOB, 3allpeiieHHe XOTA Gl OHOTO .CTOJKHOBEHUSA M3-3a
npunmna. Illaymn smosker npusecrn TOMY, UTO HePBAYHAH YACTHIA IMPOJIETHT
AAPO 0e3 CTONKHOBEHHS, €CHM OHA 3aeHeT JMIMb ero Kpaii. Bansane jxe
Sallpera TeM CYMECTBeHHee, UeM MEHbINe HHepPIus HaJIeTalIero LyKiIona.
Ormerum momyTmo, uro TPOBENEHHbIe /10 MOCIEAHEr0 BPEMEHN KOHKPeTHHIe
PACUTHl KacKajlHOM CTajnmm IpoIecca paciielTeHns AAPa OCHOBHLIBAINCH
Ha mozenn raza @epwmm. Jlpyroit papmanr (mampmmep, rayccosekoe pacipe-
AelleHNe MMIYIbCOB), KOHEYHO, M3MOHUT B HEKOTOPOIl CTEIIeHN pacuyeTHHIC

' Pe3yIBTATEL, XOTA 3apamee TPY/[HO CKA3aTh, B KAKOM IMEHHO orHomrernn. Pa-
6orsr Memepsakosa u corpyannkosn [*'] nokasumaror, 4to Hammume HYKJIOHOR
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B sAApe ¢ GONBLIIIMH MMIYJILCAME ABIACTCS HPUYHHON 00pazoBaHUA I-Me30-
HOB OOJBIIMX BHEPTHil, 4eM chejyer m3 pacderos mo mofenn raza Depam. He-
COMHCHHO, UTO 9TO OOCTOATENBCTBO JOJIMKHO OTPA3HTHCA M HA peayibraTax
pacuera KacKajHOTO TMPOIECCca ¢ yICTOM Me30H000PasoBaHUs.

Kak ysxe yrasslBajoch BHIIIE, TPH BEYUCIEHHH DPe3yJabTaTa CTOJIKHOBE-
HISA HajeTamoeil 9acThinl ¢ KaKuM-THO00 AJCPHEIM HYKIOHOM ClIeAyeT NpH-
HUMAaTh BO BHUMAaHWE, 4TO HTOT NPOIECC HEeT B IOTEHIUAJILHOM IOoJe, T. €.
ma ofc wacTHOLI JelicTByeT HEKOTOPHIl moTeHnuas. Bo Bcex paborax, rje
OPOMBBOJMINCH BHYMCIEHIIA KAaCKaAHOTO IPOIecca PaCIeIICHUS IO MEeTO/LY
Monre-Hapmo, npnanMazach MOJeib TPAMOYTOJILHON TIOTEHIHAJILHON SIMELIL.
Tny6una ee Buompasach paBHOil cymme sHeprimm Depumm 11 sHeprum CBA3N
nocaejHero Hykiona B jpamaom agape. Iockoabky smeprus Depmm saBucaT
0T TPUHATOTO0 BHAYEHHS pajiuyca sApa, TO, CIe[0BATEIBHO, INIyOHHA AMLL
Oyjer Tak;ke 3aBHCETL OT HTOrO IapaMeTpa, MEHAACH IPUMEpPHO B IIpejeiax
30—40 Mosr s sjpep cpejHero aTOMHOTO Beca.

Ananna dRCOCPUMEHTOB ¢ HOBUIMI ONTHYECKOIT MOJEJIN TOKa3biBaeT, 4To
OPAMOYTONbHAA AMA He ABIAETCA YHOBICTBOPHTCIBHBIM NPHOIMAKREHIEM JIHA
ommCcaHys HEKOTOPHIX ABJEHMI, B 0co0eHHOCTH Xofa audgepeHiHaILIoro
ceuennsa paccesnus. o grm XapaxTepHCTHKI mpomecca s@PHOTO B3aUMO-
JelicTeHA He oxpaThiBawTca mojeabio CepGepa, KoTopas HHTePecyeTcAa He-
YUPYIHMH TPOIECCaM, IPOUCXOJANMMA B sjipe NPH TONAJAHNM B Hero GBICT-
POit YacTHIHL.

Caeayer, oJHAKO, 3aMeTHTh, YTO BBejeHHe IUPPHY3HOTO AEPHOIO IIOTEH-
nHMajza MOsKeT BCe ke OTPAsuThCA Ha HEKOTOPHIX pesylbTaTaX pacdera Kac-
Kaja. 9T0 CBABAHO ¢ TeM, YTO MapaMeTPhl HMIYJILCHOTO paclpeieacHnsa HyK-
JAOHOB OKAKYTCS PABIMUYHBIME ISl BHYTPeHHeH M MOBEPXHOCTHOH oOaacTeit
anpa. Taxoii BeBox Oba cmenam, mampumep, B pabote [*], rpe mayuamoch
KBasumynpyroe paccesinme nporonos saepruu 30 Moas. Bsammoxeiictsue ¢ aji-
paMu HYKJIOHOB TAKNX DHEPIUIl ABISCTCS ITPEHMYIECTBEHHO TOBepXHOCTHBIM
H OJHOBPeMeHHAs pPerucTpanus pAacCeAHIOro NIPOTONAa H IPOTOHA-OTHAYM
mosBoamn apropam [22] momyunth cBeieHns 06 uMITyAbcaX HYKJIOHOB B IOBepX-
HOCTHOM caoe axpa. Onm mamumm, 9To mapaMeTp TayCcCoOBCKOIO pacupejeaeHns
HYKJIOHOB 110 HMITyJahcaM B 9ToM ciaoe npumepuo B 10 pa3 Mennmie, IeM cOOTBET-
CTBYIOIMIT mapaMerp Jis HYKJIOHOB, HAXOAANMXCA B LEHTPAJIbHBIX YacTAX
anpa. Takoe pasiuume B BeJMYNHe DHEPTHN BHYTPUSIACPHOrO ABIKEHUA HYK-
JIOHOB, He YYHThiBaeMoe B 00BIYHOIl cXeMe ¢ IPAMOYTIOJIbHLIM IIOTEHIIAIOM,
MOJKEeT TaKsie NPHUBECTH K NMCKAKEHNI0 PACUeTHHIX pPe3yJbTaToB IO I0OBepX-
HOCTHBIM B3aNMOJIENCTBUAM.

Bonee BajunM (GaxTopoM, KOTOPBIA cjaejoBajo OBl yulTHBATL B IPO-
neaype pacuyeToB, SBISCTCA UMOYJILCHAS 3aBUCHMOCTH AJNEPHOr0 NOTEeH-
nuajsa. Bee paGorsi, BHOOJHEHHBIE ¢ NPUMCHEHHEM ONTHYCCKOH MOmeJ
(cm. raasy 1), oTgeTymBO MOKA3KBAIOT, WTO TAyOMHA NOTEHIMAJA 3aBHCHT
OT HHEpPIMM HYKJOHA, ABUTalOmErocs B dToM morennuaine. Bemmuuma V
mensiercss npuMmepro ot 50 MaB mus HyRJIOHOB SHEPrum NOpAJKA JecATKa
MIJLIHOHOB daerTponoBoanT a0 10 Mop nan gaske Menbme (18 NPAMOYTOJb-
HOW $IMBI) TP BBICOKMX BHeprusx HykJa0HOB. Ilpemedpemenme sdderrom
UBMEHEHUs NOTEHIIAJa €0 CKOPOCTHI0 HYKJIOHOB B HamboJbiieil cTenemi
CKABBIBAETCA HA TEX PE3yabpraTax pacdyera, KOTOPHE OTHOCATCS K KacKal-
BBM wacTunaM wHeboapmux amepruit. Bosmomno, uwro manfonee pesro me-
COOTBETCTBMC PE3YJLTATOB PacuyeTa M HKCIEPHUMEHTANbLHBIX JIAHHBIX H3-38
npeHefpesKeHIsi MMIOYJbCHON BaBHCUMOCTBIO IOTEHIIAJA CKajKeTcsi MpH
aFagu3e paciienJeHHii ¢ MaJbIM DHEPrOBBIEJCHNEM, HANPUMED B CEUYCHIAX
peakmuii Tuma (N, N') nan (N, 2N). llyers npomece pacmiemieHus coCTONT
B BHOUBaHMN OJiHOTO Heiirpona mnepsuunoil wacruuei. Iloxmas omeprus
HeliTpoHa B fAApe 0 CTOJKHOBeHHA Oblja paBHa

' E=T4-V{T),



rje 7 — ero KHHETHUCCKAH SHEPruM;
: V(T)=—V 4-bT (6> 0).

Ilocae coyjpapenns HeHTPOR TOJYIHT OMONHUTETBHBI UMIYJIBC U €ro
KuHeTnueckasg oneprus pospacrer Ha seaumunny AT, Torpa monmas smepris
HeliTponma cramer pasHOIl

E'=T- AT -V (T +AT)~E +AT (1 }+-b).

Taxum oGpasom, wamenenume monmoii sHeprum HEITPOHA NPOHUCXOUT He
Ha BesmranHy A7, Kar NpeAmoJaraeTcsa B cXeMe ¢ TMOCTOSHHHIM IOTEHIHALOM,
a Ha permauny AZ'(1+4-b). Ecan upunsnte smauenne adPeKTHBHOI MaCCH HYK-
JIOHA B AJipe PaBHBIM [OJOBHHE mopManabHOit (b=1), To pasmuma B Bermumme
NIpHPOCTA PHEPTHH HYKIOHA-OT/Ia4M, HOJydYeHHAsT Oe3 ydeTa M € YUeToM I3-
MeHeHusl moTeHHuana, OyjeT BaMeTHA s CAydYas paccesHHA HA He(OJbIIHe
yrasi. Hykimon cunraercs BHIOPOIIEHEEIM M3 A/1pa, €CJHH OH HOAXOAAT K TmoBepx-
HOCTH A/pa, HMMes HOJHYI0 HHePTHio, NPEeBHINAIONYI0 BLICOTY KYJOHOBCKOTO
Dapnepa (/7151 IPOTOHOB), LM, IIPH PACCMOTPEHHH HEHATPOHA, GCIIH €TI0 SHePIHs
TOJIOKUTeN bHAS. -

OueBnjmo, 9To BEPOATHOCTH BHIOWBAHN HYKIOHA M3 MOBEPXHOCTHOTO CJIOS
A7pa BeCbMa KPHUTIYECKH 3aBUCHT OT Beamunasl AF. Ypeanuenue ee oT 3ma-
gennss A7 (BapmaHT ¢ HOCTOAHHBIM TIOTEHIHAIOM) [0 3HATCHIA AT(1-Db)
(BapmauT ¢ MepevMeHHHIM IIOTeHIHATIOM) IIPIL OJHOM M TOM Ke YIe DPACCesHHA
npuBejer, HeCOMHEHHO, K 3SHAYHTESBHOMY YBEJNYEHHIO CEUeHUIT IIPOIECCOB
muna (N, 2N), ecan jame yuecTh, UTo HEKOTOPAsS AOJIA HTHX cayuaeB o0s3aHa
npoueccy Heynpyroro paccesmusa OBICTPOro HYKJOHA HA sjpe ¢ IOCIeqyIo-
1M MCTapeHneM OJHOT0 HeliTpoHa u3 crabo BO3OY;KIEHHOTO sIpa.

Rar MBI yBujuM jaiee, JefiCTBHTeNBHO, CYMECTBYIOLHE CXeMbl pacuera
(B KOTODHIX He YYHTHIBAETCS WBMEHEHWe SAEPHOIO TOTEHIAJIa) IPUBOIAT
K SaHWReHHBM ceveHnsm pearnun (N, 2/V) 1o cpaBHEHHIO ¢ DKCHePAMEHTATb-
HEIME jauasivu. [Tommio 9Tor0, BBeienme IepeMeHHOr0 IOTEHIMANA TOJKHO
CKasaThCsd I HA NPO3PAYHOCTH HANpPaA, OIPEIAeIAeMoil OTHOCHTeIHHOH moieit
GoMGapnupyOIUX YacTUI[, MPOUIAINX AP0 0e3 CTOAKHOBeHWil. JTo yr-
Bep;KjleHle BEITeKaeT I3 TOTO, YTO HA CEeYeHNe PACIIEIUICHNA OKA3HBAET BIIMA-
HHe 3alpeT CTOAKHOBEHMIl, MAYIIX ¢ Hapymenuem npummuna Ilaymn.

Ilosromy BeposTHOCTH TNoOTAJAHMsA HYKIOHA-OTAAYA HA OJMH U3 Heza-
HATHIX ypoBHEil B Aape Oyjer Goibiie B ¢XeMe ¢ MePEMEHHEIM IOTEHIIAIOM.
femo, uro Takoe ywenuvemwe ceucHmIT HeYIPYroro BiauMopeiicrBus Goiee
CYIeCTBEHHO JUIs Caydas JIeTKHX sjep M OPH He 0YeHb BHICOKUX HHEPTHAX
najaomux Hykiaonos. CpapHenne ceueHmii, PACCYHTAHHEIX N0 METOXY CIy-
HaiiHLIX HenbITaHuil, TpouzBeeHHoe B paGore [1¢], ¢ mammBIMI HemoCpeiCTBEH-
HBIX m3mepenmii (cM. paspmen 11I) mokaseiBaer, uTo pacueTHhe CeYeHHA He-
CKOJIBKO BaHMeHBl. ITO MOKeT OHITH, IO KpailHell Mepe 9acTHUHO, MMEHHO
CIeJICTBHEM BBEIIIEYIOMSIHYTOTO 00CTOATEILCTBA.

ApyrnM paxabM mapaMeTpom sBJASETCH dHEPTHA «o0pesamHms» Kackaja,
T. €. TO MHHHMaJbHOe 3HAUYCHHEe KHHETIYECKOH SHEPrHUM HYKIOHA B sAjpe,
KOTOpOe ompejesiAaeT IPeeibl JaJbHEeHmero pasBuTHs KACKana OMHOYHBIX
coynapenuii. Bo mporunx paforax mpociesKuBaHHe 3a CYABLOOIl Kaikjoro HyK-
JIOHA BEJETCH 0 TeX Iop, IOKA ero SHePTHs He CTAIeT HEA0CTATOYHOU JyId
Bhliera 13 sppa. [luas meifiTpoHOB 8ra TPAHWIA COOTBETCTBYET KHHETHUCCKOM
OHEPTHUM, paBHON Beawuuse V, AIA IPOTOHOB CIeAyeT YYeCTh emle KYy/I0-
HoBCKuil Oapvep. Mekay TeM ONLIT .OKA3HBAeT, YTO HYKJIOHBI ¢ HHeprHeil
B HECKOJIBKO CCATKOB MIJIMOHORB 3JIeKTPOHOBOIBT, BICTEBIINE B AP0, ¢ 00Ib-
IIOil BEPOATHOCTHIO IOIVIOMIAIOTCS WM, MPHYEM BCA WX DHEPrud WeT Ha Tel-
aosoe BozOy:rmenne sapa. G 9T0il MOZMIMI MOAKHO JyMAaTh, YTO Te KACKAJHBIO
HYKJIOHLI, DHEPTUsl KOTOPHIX B fA/Pe COOTBETCTBYET BHAYCHHIM DHEPIUH CBO-
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GOfHEIX HYRIOHOB, 00pasyionmux ¢ GOIBIIOl BepPOATHOCTHIO COCTABHOE PO,
OyAyT TepATHCA BHYTPH sA[Apa, HATPeBas IIOCIE/HEe. j

Pyperam [*°] mpm pacuere kackaja, BhisBamHOTO B sigpe As?® mporo-
namn sueprun 100 u 170 Mas, BBexr smepruio «obpesanusy, pasuyio 20 Mas
(paccuntanmyio BHe spa). JTa TPAHNNA B3ATA, KOHEYHO, BECHMA TPOM3BOIb-
moii. Pyncramy He yjainock cjienars onpeieseHuLlii BLEBOK 0 IPHTOHOCTII Wi
HEeNPUTOJIHOCTH MOJIeIN ¢ «obpesammeM», XOTH BTa MOJle/ib Kaszalach Ipef-
TIOYTHTEIBHON IPH CPABHEHHMH HEKOTOPHIX XapaKTePUCTHRK paciieIlTeHmil
C OKCIEPHMEHTOM.

Jlas kackagHEIX HYKJIOHOB HeGONBIIEX HSHEPruil 3HAYNTEABHYO PO WI-
Paer oTpajKeHme MX OT I'PaHMUBL Aj(pa. ITOT 3PHERT MPUBOIUT K IIOABICHEIO
B sajmeil mosycepe OTHOCHTEIBHO HANPABICHHA GoMOapAupyOmero myyka
AHOMAJTbHO OOJBIIOT0 YWeaa KacKaguex uactiuig [2°] w miamser Tamke ma
ofmee YMCI0 MCIYINEHHBIX MAJO9HePIHIHHIX Heiirpomon. OGLIYHO B pacuerax
Kackaja 1o merony Monte-Kapio stum sBaenmem mpeneGperaior. [lostomy
B MX DPe3yJNbTATHl MO/KeT OBLITh BHeCeHA CHCTeMATHIeCKas OMmMHOKA, KoTopas
CYIIECTBEHHO OTPABUTCH TaK;ke Ha HEKOTOPLIX Pe3yiIbTaTax amaiusa sjaep-
HBIX pacmeniennii. B wacTmocrm, ompejeienme wmciaa 9acTHI[ MCHApPeHIs
MHOTAA IIPOM3BOAUTCA IO CHATOMY YINIOBOMY PacIpeeJIeHuio, Ipegmosarast,
qro B oxaacti Goabmmux yraos Beuiera (Gamsxux x 180°) BKiaj ot KackajHOro
uponecca orcyrersyer. CreoBaresbHO, TEM CAMBIM 3aBHITACTCS THCIO0 TACTIIII,
OMHTHPOBAHHBIX B IIPOIEcce MCHAPEeHHS BO30Y/RACHIOr0 sAapa.

KRpome pafor, mocamennmx mpomeccy pacmieluIeHMs sjiep HeiTpOHAMIT
I IPOTOHAMH OOJLIIMX SHEPTHil, MMeeTCs Psj| APYLHX, B KOTOPHX Ha OCHOBO
Mojienn CepOepa paccMaTpuBaeTCs HEYOPyroe B3anMoJeilcTBHe ¢ sjpaMu
apyrux wacruin. Hambomee mogpo0Ho mM3ydamuch sAjAepHBIe CTOTKHOBeHUA 3a-
pPUReHHEX t-Me3onos. Ilommmo ofkuHOrO Mexammsma JHMCCHIAIMH DHEPIHH
Gombapyupylomeil YacTHOE B AApe, 3AKIOYAOMEroCA B IOCIE0BATEN bHBIX
COYIAPCHUAX € OJUHOYHBIMM HYRKJIOHAMU, JUIS T-ME30HOB OOJIBIIYI0 POIb
HrpaeT Takze IPOIece ero MOTJION[CHWS HYRJIOHAMH Sipa.

. CymecTBen BompoC 0 wYmCIe HYKJIOHOB, YYACTBYION[UX B IOMIONGHII
a-yesona. Dpaxmep u Barcom [2*] pacemorpenm mpomece JBYXHYKIOIHOTO
IOITOmEeHN A T-Me30Ha B fAApe, MAYIIIL o cXeme

mtntp—"N+N}

Onnr moxasagm Ha OCHOBE W3BECTHHIX AKCHCPHMCHTATIBHHIX JAMHEX, ITO
BEPOATHOCTH TIOTVIONEHNA Me30HA HeHTPOHNOM 1 IIPOTOHOM B HJPE BecbMa
BeMKAa M NPEBLIIACT TeOPeTHYeCKYI0, DACCYMTAHHYIO HA OCHOBe TAa30BOIl
MoZesH HeB3anMojieiicTBylomux wactai [*°]. Briam BHmogmensl dKCHepH-
MEHTHI, KOTOPHe IOATBePANJIH, YTO OCHOBHYIO POJIb B SAEPHOM HOTIONEGHITH
7-ME30HOB Hrpaer ykasaHmas cxema [2°]. OusThl craBmimeh Kak ¢ MeIeH-
HEIMIT OTPHIIATE I bHBIME T-ME30HAMH, TaKk M ¢ IyYKaMi OLICTPHX '-Me30HOB.

OuwiTer mepBoro THHA HA0T Gosee HEIOCDE/ICTBEHHKO YKABAHMA 0O Jieii-
CIBYIOI[EM MeXaHU3Me HOMJIOMEHHA, Tak Kak I[IPH IIOMAaJamud MeICHIIOro
Me30Ha B AP0 KOHEUHHI Pe3yabTaT IOIJIONIeNHa Me30Ha He Oy/leT MCKaKaThesH
1 MACKHPOBATLCA KACKaJXHBIMII HPOMBCCAME, MIYIMMA TIPH 3aMeJJIeHAN OHICT-
poro mesoHa B Ajpe. Pacyersl Kackaja, HPOU3BOAMMOTO T-ME30HAME BLICOKOI
OHEPTHM, YYHUTHBAIOT BEPOATHOCTL IONTOIIEHWMA JIBYMA HYKJIOHAMU, MCIOJIb=
3ysA JAHHEBIe IO CEYeHUI0 HTOro Ipollecca, IOAYUYCHHHIE B JKCHOPEMEHTAX
co cpoboannit jlefitponayu. Kax caexyer m3 amarmsa Bpaxmepa u Bar-
cona [**], cewemmsa WorIOmenuA N-Me3oHa B sjpe 1Apoil HEHTPOH—IIPOTOH
H MOTJIONEHIA AJAPOM JIeiTepusa CBA3AHEL COOTHOIECHHCM

San = ZI'0s156,



rae Z — sapan sagpa; I' — Hekoropas mocTosHHAS, 3aBHCAMAA OT DHEPIHI
T-Me30HA M IPUHATON CTPYKTYPHL sgpa (sremepumMmeHTanbiioe smadenme 1
rosebaerca ot 3 mo 10).

Hponsnenennmﬁ B [**] pacuer kackajHoro mpomecca, BEISBAHIOTO -
Me30HAMU BHICOKOH BHEPTHH, OCHOBHIBAJICA HA ABYXHYKJIOHHOM MeXaHU3Me
goriomenns mo cxeme Bpakuepa u Barcona. Opmaro asropsr ['¢] mia xomt-
POJIA COIOCTABMIIM JIAHHBIe IO IMOTIOMEHUIO AIAPaMH MeJIeHHLIX I -Me30HOB,
nodyueHHBIX 1o MeToxy Monte-Ilapimo ma ocHose BROpaHHOIT CXeMBI, 1 HKCIIe-
puMenTaabuuie pesyabrarsi [2°]. Owrasamoch, uro cpejmee pacueTHoe THCIO
OBICTPBIX 1IPOTOHOB, BEIIeTAlOmMUX U3 smep Ag m Br mpu morsromenmi it -Me-
30Ha, HECKOJBKO BLmme mabdmiogaemoro (pacuer maer 0.187--0.013, omwrr —
0.14340. 013) Pasnpv o0pasom oGHAPY:RHIOCH HECOOTBETCTBUE I B CPEIHCIT
KHHETHYeCKOil 9HHePruy HTHX TNPoToHOB (pacdyerHoe 3mHavenue — 07 Mas,
nadmmogaemoe — 43 Mbss).

Asroper paGorsr ['¢] ormeuaior, uTo 9TO HEGOMBIIOE PACXOKICHIIE MOIKET
OHITH CIHEJCTBHCM TPeX HPHYHH: a) abcopOrusa MeJIeHHBIX TT-MEe30HOB COBep-
IIaeTCA YacTHYHO He JBYMH, a OOJBIINM YHCIOM HYKJIOHOB, HAIpUMep de-
THIPbMA, 00pasYIOMIME B ApPe KAk OBl 0-9acTHIY; 0) MPOIece HOTIOMe A HaeT
HpeAnouTHTe IbHEee HApoil HeiiTPpOH—NpPOTOH, B TO BpeMA KAaK IOMIONIeHne
Me30HA JIByMA OIMHAKOBBIMI HYKIOHAMI MAQJIOBEPOATHO; B) IOIJIOMEHNe 0CY-
HIECTRISAETCA TJIABHBIM 00pasoM AePHBIME HYKIOHAMI ¢ MAJIBIMII 3HePTH AMIL.

Ilepsrie fgBe yxasaHHbIe UPUYNHBL CBABAHH ¢ MOJENBI0 (CI'YCTKOBY HYK-
JIOHOB, KOTOpas B HACTOAIIEe BPEMs O/RUBJICHHO AHCKYTHPYeTCa cpexn (u-
8UKOB M O KOTOPOil HECKOJDLKO CJI0B MBI CKajkeMm janee. Bo Beakom ciaydae
HECOMHEHHO, 4TO pacyeT KacKaja ¢ yYacTHEM JT-Me30HOB CJIeI0BaJ0 OBl IPOM3-
BO/UTH C YYETOM HApHBIX, & MOKeT ObITh U YeTBePHBIX, KOPPeJsAnuil HyRIO-
HOB JUIA TOTO, 9T00B NpHOAMBHTHCA K peadbHOMY Iojoskenmio. Vmeercs He-
CROJIBKO pabor, Kak Teopermueckux [27], Tar m skcmepuMmenTasbmnix [28], B
KOTOPBIX 00CY/RIAETCA YeTHIPEXHYRKIOHHBI MeXaHuaM TOTJIONIeHIs T-Me30Ha.

Teopermdeckoro paceMoTpeHHs AEPHOTO BIAMMOJEHCTBUA CHOKHBIX da-
crui Gosbmioil sHeprum (JeiiTPOHOB, MPOTOHOB, C-YACTHI]) HA OCHOBE MOJEJH
Cepbepa, K coskaienuio, 70 CHX IIOpP He NPOM3BOMIIOCH. MMeerca anmib ojHAa
paboTa, B KOTOPOil MPOU3Bejiell pacyeT Kackaja, BEI3BAHHOTO IPH CTOJKHOBE-
aun ¢ sppavu C'? peiirponos sneprum 280 Mag [*?]. B aroii paGore jeiirpon
paccMaTpuUBaeTCH Kak CHCTeMa M3 JBYX HECBIBAHHLIX HYKIOHOB I OOBITHBIM
IIPHeMOM  CIay9aiiHoli BBHIOOPKH BHYUCAACTCSA BEPOATHOCTH CTOIKHOBCHHA
RKJI0T0 M3 9TUX HYKJIOHOB C YYeTOM Pas3iNTHON OPHEHTAINN OCH CHMMETPWIL
JeiiTPOHA OTHOCHTEJIBHO HANPABICHUs €ro ABMKeHHsS 1 MMIIYJIbLCOB CTAIKI-
BAKIUXCA HYRI0HOB. BeposrHocTh0 yHpyroro paccesnns jeiiTpoHa Ha HYK-
JoHax mpenedperann. Beaepersue rpybocT Mogean u HeGOABIION CTATHCTHRI
pacuerHbX cayuaes (50 wacTum) pesyabrarst paboTs [2?] HocAT KauecTBEHHBIE
xXapakTep.

§ 4. OB NCIYCKAHMH U3 SJEP CJIORHBIX YACTHI]
B KACKAJIHOM TPOI[ECCE

B NOCHEIITe TOMLI MOABMIACH PAJ PaboT, B KOTOPHIX MCCHEAYETCA BO3-
MORHOCTH 00pasoBaHUA B sijipe PaBIITIHbIX crycTkoB mykaonos [20792], B wacr-
Hoctit, Bpaxkumep m pgpyrme (%] paspaGoramum momenb Agpa ¢ y4eToMm NapHBIX
Koppensanuii HyriaonoB. Mmeroresa Taxike 1 aKCHEPUMEHTAJIBHER J{0Ka3aTeIb-
CTBA YTBEPAICHNA CYIECTBOBAHIA BHYTPH sjep CKOPPEAMPOBAHHLIX HYK-
JOHHHIX map THHa Aeiitpona. Memepsxos n ppyrue [*] mayuann nemycranue
GHICTPEIX JIEITPOHOB M3 JIETKUX sjlep 1oj jleiicTBueM IpoToHoB auepritn 660 Mas
M HAOLIM, 9TO TOABJEHIIC DTUX ACHTPOHOB CBA3AHO C IIPOIECCOM IPAMOTO
BRIOUBAHIA OOMOAPAUPYIOINM IIPOTOHOM KBA3H/IHTPOHHOI IPYNIL U3 supa.
W3 sxcuepnMeHTOB 110 HOIIOMEHNIO JT-ME30HOB SAPAMH TaK/Ke CIeyeT, 4To

44




» npouecce (mpmuepmo B 60—70% Bcex caydaes) yuacTByer mapa HeilTpoH—
mporon [#738] npuyem BepoATHOCTH TAKOTO MOMIOMEHHA BO MHOTO pas
HpeBLITacT TeOPeTHIECKYI0, PACCUNTAHHYIO Ha OcHOBe Mojeau rasa Depmu
6e3 yuera koppessmnn [#°]. U cosramennio, 10 HACTOAIIETO BPEMEHH He HMeeTCH
paor, B KOTOPHIX paccMOTPeHNe KACKATHOTO Hpolecca paciieluienna Beaoch
OBl ¢ yY4eTOM BePOATHOCTII CTOJKHOBEHNIT HYKIOHOB ¢ KBasHpeiTpoHaMi.
Toyimvo Tponecca BHOMBAHMA GHCTPEIM HYKJIOHOM, MMeeTCA M APYroil
MEXAQHIIBM, OTBCTCTBCHHEIT 34 BHhLIET JIelTPOHOB M3 AApa B pesyibrate Hpi-
MOr0 B3amMojeiicTBHA, — 9TO Ipomecc mojaxsara nywaoma (pick-up). 9ror
JIPOIECC COCTONT B 00PA3OBAHMI ABYMS CTATKIMBAIONIMHCH HYRIOHAMH (meitr-
POHOM M TIPOTOHOM) CHCTEMBI — JefiTpoHa, DHePrHA M HalpaBieHiue [BHKe-
HUSA KOTOPOro OMUBKH K COOTBETCTBYIOIIMM BeJIMYMHAM IIAQJAIONEero HyRIOHA
(ext. moapodmee B § 7 aroit rrass). Hakomern, mpn nocratouno Goabmmx sHep-
ruax GoMOapAHpYOMUX HYKIOHOB BRUIET JIGHTPOHOB H3 f/(PA MOKeT HPOHCXOr
JUTH B peayabTaTe HeyNPYIHX COYAAPEHHil JBYX HYKIOHOB IO cXeMe:

\ @) pt+p—>vtid
6) p+n—>="+d,
8) n+n—>=n-d.

ITH peakItH MOTYT WATH KaK ¢ INePBUYHBIMH HYKJIOHAMN, TaK M IpH
CTONKHOBEHTAX BTOPHUYHBIX KACKAJ[HHIX HeHTpoHOB W mporomoB B aAxpe. I'm-
HoTe3a M30TONNYECKOH MHBAPHAHTHOCTH, CHPAaBEINBOCTH KOTOPOIl B IpHMe-
HEHHM K TpoIeccaM B3amMOJEHcTBHA IOATBEP/KAACTCA MHOIOUMCIEHHEMIT
HKCIePUMEHTAMIT, - IPEICKA3LIBACT CJeJIyloliee COOTHOIIEHHe MERAy Cede-
HHAMH PearIuil a—a:

Spy il (r5) = 2°pn (ﬁ(x).

DHepreTuecKas 3aBHCHMOCTH CEUEHHA IIpomecca a BOAmM3M Topora, T. e.
B obmactn 300—400 Mas B naGopatopHoii cucreme, mmeer Buj [*°]:

oy (¥)=ar,

rHe.n - MaRCHMAJ BHEI UMITYJIBC OGpﬂE&OBﬂHIlOI‘O JT-Me30Ha B CHCTeMe IlenTpa
Mace; a — HEROoTOPasg KOHCTAHTA.

PO?R,’IGHHG ME30HOB IPH CTOJKHOBCHHN JIBYX HYRJIOHOB MOKET HUATH TaARMKe
Ges O6])830B€IIIIUI }Ieﬁrpoua B KOHEYHOM COCTOSAHHUI, HaIpuMmep 10 cXeme

> a’) p—%—p—)ﬂ*’-—}—n——{—p.

COOTHOIICHNE MEKAY CeUeHHAMH pPeakiuii ¢ M & 3aBUCHT OT dHEepPruu
pykaonos. Tockoapky peiirpon maxoauresa B cocrosmum %Sy (c medoabIIoit
npmyecsio D-coCTOSHMS), T, CIe0BATEABHO, MPOIECC @ MOKET ITH ¢ 5OADb-
Mol BEPOATHOCTLIO TOT/A, KOLJA OTHOCHTeJNbHBIE CKOPOCTH HElTpoHA M 1PO-
TOHA B KOHEYHOM COETOSHII HEBEeJUKN, M BRIAJOM COCTOSHUII C HEHYJIEeBHIM
opOMTAILEEIM MOMEHTOM MOKHO IpeHefpeun. JKCIePUMEHTE HOKA3KBAIT Rl
yT0 BOAMBM TOpOra ceueHime peakmmm a cocraBaser Goxwme 50% obmero ce-
4eHNA Heympyroro pp-paccesnus (okoso 1 m0apm), a ¢ yBeaundeHHeM HEPTII
HasreTawnero nporona mpuamepHo xo 700 Mar ator BRiIaj yMeHBIIAETCHA opuoii-
anreasro qo 20%, cocrasasia okomo 3 méapa. Taxum ofpasom, OTEOCHTETIH-
LIl BHIXOJ AeliTPOHOB, 00pa30BAHHEIX B IIPONECCAX 4 — 6, AOJKeH Obul ObI
najaTh ¢ PocTOM SHEpPrHEm CoMOapAMpPYIOmero NpOTOHA, ECJHU He YIUTHBATH
_BOBMORHOCTH 00pazoBaHusA JIGTPOHOB BTOPHIHEDMI HYRIOHAMIL. H coxame-
HWI0, B HACTOMINEe BPEMs HET MPOBEJEHHKIX pacyeToB KACKAJHOTO Ipoliecca,
B KOTOPHIX YUUTHBaIach OBl BO3MO/KHOCTH peakmmii a—s6. Mokmo Bee jie
OANIATD, YTO BEIXOJ JeiiTpomon GyjleT Majathb ¢ yBelwdeHmeM sHepruu Gom-
GapAMpPYIONMX HYKJIOHOB, TAK KAK OTHOCHTEJIbHOE YHC/I0 KACKAHLIX HYRIOHOB
¢ DHEPTHAME, JOCTATOUHBIMH JUIA DOAIEHHA f-MesoHoB, majaer ['¢]. [leiir-
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poH, ofpasoBaBmMiicA NP HEYOPYIOM PacCesnnN HYKIOHOB IO CXeMe a—a,
IMeeT cpaBHUTeNbHO Heboabpmylo sHepruio (nopsaka 10 Mas), ciejposaresnnHo,
MOsKeT OLITH BEIOPOIICH M3 AIPA JHUIIL B TOM CJIydae, €CIH 3TOT HPoUece Haer
B IIOBEDXHOCTHOM CI0€ sjipa.

Xors OpanmepoBCKas MoJeldb SApa W He TPHHUMAeT BO BHUMaHme Ooiee
CIO’KHBIC KOH(UIYPAIny HYKJIOHOB, HAIPHMep dYeTBEPHLIe, TeM Xe MeHee
MOZKHO OYRUJATh, UTO B HEROTOPHIX CAYUAsX YYHTHIBATH X COBEPIHEHHO Heo0-
xomumo [4']. B pame paGor OLLIO YCTAHOBIEHO, ITO MOJETH 00O0I0TER M -
yacTUUHAaA MOjieJab uMenT MHoro obmux wept [#274°]. Dasp moxasanx ma ocHoBe
CBOIICTE CcHMMeTpHI o0mmeil BOAHOBOI (YHKINHU sjpa B paMkax mojenit 00o-
J0YeK, 4UTO DdHepPreTmdYecK:m Hambojee BBLITOAHEL COCTOAHNA, KOIJA HUETHPEe
HYKJOHA OJHON 000JOYKH HaXO[ATCSH ¢ HYJEBHM OPOHTAILHBIM MOMEHTOM
oTHOCHTEIBHO obmero menrpa macc [*¢]. Kak msBectno, u-uactuynas Mojenb
B ee NepBOHAYAIBLHOM BUjie, PaccMaTpiBaBmad fAApPa Kak cBoeoOpasHyio
MOJIERYJY H3 (-9aCTHI[, He BEIIepsKaja dKCIepuMeHTaxbHoi nposepku. Og-
HAKO HEKOTOPHIE ee ACIEKTLI MOTYT OHITH NCHOJIB30BAHEI B HOBOIT MOJEJI,
YUNTHIBAIOMIEIl TEHJEHINI0 HYKJIOHOB K 00pasoBaHmI0 TPYNIMPOBOK THIIA
Q-9aCTNI[, MOTYIIUX CYMECTBOBATH B sAjupe 0Oojee WM MeHee JLINTEIBHOE
Bpemsa. Tarme crycTkm HyKIOHOB ¢ Ooablieii BepOATHOCTBIO 0OpasyloTca
B nepudepuiinoit obmacTu sjpa, IJie CpejHNe PACCTOSHNA MEFKY HYKIOHAMH
TAKOBHI, UTO HMEET CMBICJ PACCMATPUBATH TaKWe CTPYKTYPH 000co01eHHO
oT Beeil ocrasbHON wacté sjapa. He BXomsa B pmeranpmoe obcyimaentie 9Toil
CJORHON TpOoOIeMEl, YKajkeM TOJBKO, UTO OHA TECHO CBfA3aHA € Teopuei
a-pacmaja TaReInx amep [47].

ABanus HEKOTOPHIX HKCIEPUMEHTaJbHEIX (aKTOB, HAIPHMEP KaCAIOIIXCH
TIOSIBIICHNSI O-9aCcTHI[ B 3Be3JAaX, KOTOPEe o0pasywrcs HA Ajpax (orosMyinb-
cUN HYKJIoOHAMH OOJLIIMX SHEpPTruii, HaBOANT Ha MLICJIDL, 9TO CPeAd YacTHIl,
BbUIETAOIMNX M3 Allpa Ha }cacxaunoii cTajmum, MMEeTCHA HapALy C HyK.TlOBaMII
n c-gacrunsl [487%1], Hecomnenno, 9To JydmumM TpuGamkenueM O OBl pac-
YeT KackKaja, B KOTOPOM NPHHUMAETCH BO BHUMAaHHE BO3MOKHOCTH PaccesaHusd
HYKJIOHOB HA [efTPOHAX U (-YACTHYHEIX IPYHOIIPOBKAX HYKJIOHOB B sfJpe.
Ilepsoii mompiTkoil B sToM Hampasienum Opim paGorst Hioepa, NombGa n
Cammana [*2], paccumTasmmx Kpasumynpyroe paccesHne IPOTOHOB 9HePrH
340 Mop ma mykaonax B sjpe yraepopa. CpaBHuBas 5TH PACUeTH ¢ TAHHBIMIL,
TONYYEHHBIMI MMY TP HaOA0[ieHny 3Be3Jl B SAJEPHOI SMYILCHHE 0T OBICTPHIX
IPOTOHOB, aBTOPH [°?] mpmmam K BaRIIOYEHNI0, YTO HEJb3sA O0BACHUTL DK-
CIEPUMEHTANBHEIE Pe3yIbTATH ¢ IMO3UINH JINIH HYKJIOH-FYKIOHIEX coyaape-
HUi B sjpe. Xopomum crnocoOoM TMPOBEPKI THIOTE3 0 HAJIWYUI COYAapeHnns
GoMOapAupyIomero HyKJI0OHA ¢ BHYTPIAACPHOI C-TPYNIION ABIAETCA ICCae-
JIOBaHUE PeaKIWi pacHiellieHus #AApa yrjiepofa Ha J ¢-YacTHILI IIPH HeyIl-
PyroM paccesHHH OBICTPOTO IIPOTOHA:

C®+ p —>p’ -+ 3a.

VnoGereo 3axaiouaercs B TOM, UTO B 9TOM PEAKIMM He BLIJICTAIOT HENT-
POHEI ¥ OHA Jerko ujeHTH{HIUPYeTcA IyTeM HPOBEPKN BHIIIOJHEHNA 3aKOHOB
COXPaHEeHUs DHCPTHHM M UMIYJIbca. JHEPTHS PACCeAHHOTO IPOTOHA BBIUNC-
nsAerca No OajamEcy DHEPTHU, YIoJ paccesanuss B JabopaTopnoii cmeTeMe Ma-
MepAeTCH HeOCPEICTECHHO; TAKNM 00pPasoM, MOJKHO CYJINTh O Macce YacTHILH,
¢ KOTOPOIl IPOM3OIIIO CTOJKHOBCHIC IIPOTOHA B SIpE.

B paGorax [%2] ycramosieno, 94T0 B SHAYATEILHOM YHCJIE CIydaen (OKROJIO
30%) mporom GoXbBINOIl DHEPTHH pacCeMBAaeTCs He HA OTHEIBHOM HYKJIOHE
B sAfnpe yrilepoja, a Ha MeJOIl UX IPyIIe, Yame Beero a o0pasoBammm H3 de-
THpPeX HyKIoHOB Thma a-uactuusl. B pabore Kwoepa m Cammana [*?] Gnuto
HAalijleno, 9T0 HTH C-YACTHYHBIC CIYCTRHI HYRJIOHOB HMEIOT COOCTBEHHBIE HM-
IyJbCHl, COOTBETCTBYIOINNE KUHeTHueckoil omeprmm B jmamasome 0—20 Moas
co cpepanM amauvennem okoixo 6 Mar. Caepyer, opHaro, OBTH OCTOPOAKHEIM
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B omenke Hoaydennnix B [°?] pesyanraToB o Beamumme MMOYJALCA O-TACTHIL
B Azape. Jleao B Tom, uro B paGore [°®] saror mmmynse ornpejensgercsa n3 Hadaoje-
Hui pacmaja sjep yriaepoja Ha 3 0-9acTHIEI IMoJ| jeiicTBueM GBICTPHIX TPOTO*
HOB, W NPUHATHIL apropamu [°%] Mexammsm 5T0il peaKIHN 3aKIIOYACTCA B BE-
OuBaHNU TIPOTOHOM OjHOI a-gacTHusl nz sapa C'2 u mocaeyromem paciaje
ocrarounoro axpa Be,®:

(X4 p—p' + a4 Be} :
l—$2a

IT0 TPEANoJOsKeHNe T03BOAACT ONPeeJUTh HAYAJIBHBIL HMIOYIC -
YacTUIE B SAApe, HA KOTOPOU IPOMCXOAHNT paccesHUe IPOTOHA, ITyTeM MH3Me-
penms ummyabca ocraTodHoro axpa Be,®. Ecam me mpomexomur obmena mm-
IMyJIbCAMI TI0CJIe paccesHis, To Torja mmmyiabc sigpa Be;® Gymer parem m
TMPOTHBOIOM0/KEH M0 HAIPABICHUIO HMIIYJILCY CO-IaCTHIEI B SIAPC IO MOMEHTA
ynapa ¢ Hejl mporona. IloayyenHoe HMITYJIBCHOE PaciipejielieHue sjep OTadqin
OymeT TO;RIECTBEHHLIM € COOTBETCTBYIONNIM pAaCIpe/elleHiHeM [  «IIepPBOi
g-gacTHOEl (T. €. O-JaCTHIIEI, BLIIETAIONEl IIPH KBABHYOPYTOM DAaccesHmi
NPOTOHA Ha IOJACTPYKTYPE) TOJBKO B TOM ClydYae, eCJH CedeHie YHpyroro
pP-O-paccesTomsi He 3aBHCHT OT DHEPTUI CTATKUBAIOIUXCA YACTHI[ M CCJIM HET
TOTePH 3BE3Jl ¢ MAJ0Il BeJUUIHOIl IMOyJabea saxpa orjgaun. Heanss ¢ ysepen-
HOCTBIO YTBEpP:KAaTh, 4T0 00a BTH JOIYIeHAs 3akoHHEL ['opasjgo ¢ 66abmyM
OCHOBAHNEM MOKHO AyMaTh, 4TO IPOIECC YHIPYToro paccesHis IPOTOHA Ha
Q-9aCTHYHOIT TpPylIile HYKJIOHOB MMEET JHEPreTHYecKyl0 3aBUCHMOCTH, AHAJI0-
TUYHYI0 DHEPreTHUYeCKO 3aBICHMOCTII CEUCHHS YIOPYroro paccesHus IMpo-
Tona Ha saxpe He,?.

Perncrpamusa B doToamMyshenn ciiydaer pacniaja octatéaroro sajpa Be,®
HA J[Be 0-YACTHUI[HI M3 OCHOBHOTO COCTOSIHWS MOKET MMETh MECTO JUIIbL B CIY-
Yyae HAJIMYNsA 3HAYNTEeIbHOTO UMITyabea aToro Ajapa. [locaemree obcrosrenserBo
CBA3AHO ¢ TeMm, 4TO dHeprums pacuaja Be,® mz ocHoBHOTrO ypoBHA BechMa Maia
(Bcero 0.09 MsB) m mysrHa eme HeKOTOPas CKOPOCTH HEPEHOCHOTO [BIREHIA
JUIs TOro, 9ro0bl O-uyacTHHEL OT pacmajga Be,® moram oGpasoBarh BHIUMES
TPeRH B dMmyabenmu. Bupouem, oba stm adderTa (3aBHCHMOCTH CCUCHUS P O-
COyJlapeHuil 0T CKOPOCTH W IPONYCK CIy4aeB pasBajia YIIepoja ¢ MalbiM
nmnyabcom Be,®) meiicTByloT B NpPOTHBONOIOMKHBIX HAIPaBIEHUAX H, Tpydo
rOBOPs, KOMIEHCUPYIOT APYT Jpyra.

Nurepecusl pesyabraThl, NOJYYeHHBIEe XOJFKCOHOM 10 WCCIEIOBAHHIO
pearmuu (p, @) Ha Agpax (HOTOSMYIBCHN, WAYIeHl OpPH SHEPTHHE IPOTOHOB
45 Moz [°1]. Dueprermueckoe M yriIoBoe pacipejielieHne O-9acTHi, MCIyCKae-
MBIX IPH TOI PeakIui, CBUETeNBCTBYET O HAJIHYNM IPAMOr0 B3amMOJEii-
CTBUA LPOTOHA ¢ C-yacTumamMu B sAxppe. Ms-sa mamoit gamHEl cBoero mpodera
(~2 - 1073 cm) [*®] c-vacTHOEr MOTYyT BHIOHBATHLCA JHIMDb U3 JETKUX saep H
I3 NOBEPXHOCTHOTO CIOA TsykedsX sApep. CpaBHAB  OKCIEPUMEHTAJ bHbIH
BEIXOJ{ TAKNX G-4ACTHI[ C CeYeHIeM, PACCIUTAHHBIM B IPEAHOI0/KeHHI YOPYy-
TOro coyjapeHus MPOTOHA € C-KOMIUIEKCOM BHYTPH sjpa, asrop [°?] sawiaio-
YII, 9TO YHCIO0 TAKAX KOMIUICKCOB, H(PPEKTHBHO YIACTBYIONNX B IPOIECCe
paccesnus B aerkux sppax tuma (i, O, N n B mosepxmocTHOM cioe sfpa Ag
u Br, cocrapisier 0KOI0 MOIOBUHEI MAKCUMAIBHO BO3MO;KHOIO MX HICJIA, PaB-
HOro mpumepno A/4, rme A — 9UMCIO HYKIOHOB B COOTBETCTBYIOIEM OOBEMe.

B pacuere Xojpicona MCIM0Ib30BAINCH H3BECTHRE CEYEHHS YIPYTLOro pac-
cesHns nporonos oHeprum 40 Mon Ha cBoGORHBIX Afpax Teaus W CHEIAHO
TPelIOI0/KeHne, 9TO CeYeHHe He M3MeHFeTCA IIPH Iepexojge K CIydYalo pac-
CesHNA HA BHYTPUAJEPHBIX G-KoMmintexcax. Mmemmm caosami, B[] me mpm-
HEMQJIOCH BO BIHNMAHHe HAaJM4Yue IIOTEHIMAIBHON AMEI fAIpa I COOCTBEHHOE
JBUZKCHNE «O-"aCTHIN.
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B paGore [5¢] Gbuia cjenama IONBITKA YyYecTh DT0 0OCTOATENBCTBO M HA
OCHOBe IPOCTOHl KITACCHIECKOIl MOJeNM DPACCYNTATh CeYeHnA BLIOHBAHUA O-
gacrni 13 spep PoTodMYAbLCHE HyKIoHAMI Goxbmmx sHepruii. [Ipu srom mpej-
HOJAraoch, 9TO 3a MPOIECC HCOYCKAHHA STHX ¢-JacTHI[ MOTYT OHITH OTBeT-
CTBEHHH HE TOJNLKO IICPBUUYHEE IPOTOHBI, HO Tak:ke (TIaBHEIM 00pPa3oM,Rak
BHIACHIIOCH B PeayJbTare MPOBEJICHHOTO PAcdeTa) BTOPHIHLIC HYKIOHBI, BO3-
HURAKONIe Ha KAacKA[HOU CTajuM DacIielieHls sAjpa.

Asrops [%¢] Brrumcauian oQperTHBHEE CeTCHHS yIPYroro paccesnus Obicr-
pOro HYKJOHA HA JBHTAIIEMCH € OIpe/le/eHHoil CKOPOCTHIO KOMILIEKCe M3
4 WyKIOHOB B sAfpe, BEAYNEro K BEUIETY G-YACTHIEL ¢ dHeprueii, Goabmei
30 Mse B mabopaTopHOil cm-
cTeme 0TCYeTa. :

. Bruro BeiOpano vernipe 3HA-
YemmsA IS - HATAIBHOTO MM-
IyJbca KOMILUIERCA, COOTBETCT-
BYIOIIX KHHETHYECKUM bDHep-
ruam 0, 5, 10, 20 Mss. B pac-
yeTe WMCHOJb30BAINCH CEUCHUA
YOPYroro paccesHusi HYRJIO-
nos na saxpax He,?, sxerpa-
TOJUPOBAHHEIR JUIA HEKOTOPBIX
yIJIOB paccesiiasg B CTOPOHY
Goabmux sHepruit. Poxn npum-
muna Ilayam m reomerpmye-
CKHe TONPABKM He YYHTHIBA-
auck. ITepsriit Gakrop urpaer
He3HAYNTCIBHYI0  POIb  JUIA
HyKJI0HOB sHepray nopagra 100
MoB, BTOPHIMII MOKHO IIpeHe-
: : Opeub HA TOM OCHOBAHWIT, YTO

IVIABHBIT BRJIAJ B Iponecce
BHIOMBAHMS ~ JAlOT  CAydau,

s KOT/la (-4acTUIiA IOCJIe Coyaa-
Puc. 7. 3asncumocts 5PPERTHBHOTO CETCHUS BHI- s
GupanmA W3 Anep GHoTpHx o-sacta (>30 Mpp) PEHEA C HEK KACKA/HOTO Hy-
OT HHEPINH HaJeTalomlero HywiIoma Tpm pasHeix  KJIOHA JEeTHT B HaIpPaBJIeHHH,
° pavalbHBIX KHHETHYECKHX ODHEePIMAX O-9acTHIl. OAM3KOM K JUHIN HAYAJILHOTO

1 —T=0; 2 — T=5 Mop; 3 — T=10 Mos; 4 — T=20 JBH/KEHHS HYKJIOHA, & TAK KaK
Kg: B pacuere YYHTHIBAJNCH JIUIIb

_ Te KacKaj(Hble HYKJIOHEL, KOTO-
pile BLIXO[AT M3 AJpa, TO, CAENOBATENBHO, TeM CAMLIM ABTOMATHYCCKH orou-
paloTes GJArONPUATHEE A BRUIETA (-UaCTHI{ CIYYau CTONRHOBEMTIL.

Ha pue. 7 mokasansl pe3ysabTaThl pacdyeron, MPOBEJCHHBIX B [3¢]. Oxrasza-~’
J0CH, YTO I BHOWBAHMA (-YaCTHI[ 3 APA ¢ SHEPrHeil CBLIme 30 MaB mam-
Gonee a(feRTHBHE HYKIOHBL 9HEPTUI 70—100 MsB ¥ 4UTO CevYeHHE HTOrO
IIPOIECca JOBOABHO CIIBHO SBABUCHT OT NPHHATOH BEIMIHHBL HAYATHHOTO HM-
nyabca g-gacTupi-Mumenn. Ciaejyer oTMETHTH, UTO SHEPIiA HYRIOHA OTCHI-
THBACTCA OT JiHA TOTEHIHAIBHOI AMEL B sjpe.

Spas cedeHie BHOMBAHWA (-9aCTHIL HYKJIOHOM sHeprum I m smepreri-
wecKHil CHEKTP STHX HYKJIOHOB, M3BeCTHLII, HAIPHMe], 10 pacueraM KacKaja
B pabore [®], momHO onpesenuTh ddpdexTHBHOE CeUCHIE NMCIYCKAHWA 0~
yacTHI] HAa KACKAjHOI CTAaj(AM IIpoIecca PAaCIleIVeHus sAjipa IOJ JielcTBIeM
NPOTOHOB HAYAJBHOIL dmeprum f,:

EO

s (E,) =_[ s (E)n (E) NagydE,

0

00 200
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rje n(X)—oauepreTnueckoe pacnpe/ielienne KacKajHBIX HYKJIOHOB, HOpPMI-
poBannoe ma eamHUNY; N,pp. — 2PPEKTHBHOE YHCJIO a-TPYHIN B HOBEPXHO-
CTHOM CJIOC THZKCJIOTO Sjpa.

Tlpunsas, uro

NB¢¢=Nw,

rje N — MakcHMAQIbHOE YACHO0 G-rpyui, apropsl [°°] moayuminu sesmauny
w, olpenenseMylo UMH Besey| 3a XomkconoM [?4], kKak BeposATHOCTH HAXOJK/Le-
HIF HYKJIOHA B COCTaBe -KOMILIEKCA B AXpe. JTa BeJHYNHA OKA3axach OJHOM
M TOif ke IPH BCeX DHEPTHAX NPOTOHOB, McHoJabayembix B padore (or 140 no
660 Mog).

ITOT HETPUBHANLIEIL GarkT MOATBEP/KAAeT MPHLOMHOCTE TAKOTO YIIPOIEH-
HOTO paccmorpennsi. Beanmunmna w BeebMa pesko 3aBHMCHT OT BHIOPAHHOIO 3Ha-
YeHHs JUIS  HAYAJIBHOrO WUMNOYJIbca O-da-
cruner B sjpe (pue. 8). llomaras, uro kume-
THUYECKAs DHEPIUsA «Q-9acTUly B sApe C€o-
crasasier okoino 10 Mos, ms pue. 8 moay- 70}
9uM 3HAYEHUE A BeJIWYHHB W, PaBHOE
0.5—0.6. Ymenbinenne 5SHEPrUn «O-9acTHID
0 5 MaB 1 HIyKe TPUBOMUT K 3aKIIOYEHHIO,
a1o w oroso 1. Tlociaeaee BHITISAIUT BechMa
menpasyionofiodno. OcraBasch B paMrax  pgl
cxembl, npuHAToil B [°%], caexyer sariounTh ;
OTCIOJIA, YTO CKOPOCTH JBYKEHIA (-4acTHu-
HBEIX TPYOIO B TAReI0OM Ajxpe (B moBepxmo- 04
CTHOM Er0 CJ0€) JOBOJHHO BEINKI i OHU HE
HAXoaATCsA HA CAMBIX HIDKHUX YPOBHAX IIO-
TEHIMAJBHOIl AMBI, KAR CJeJ0Banx0 O «<HOp-
MaJIBHBEIM» YacTHIAM — 0030HaM.

Jlas paspHeiinero M3ydYeHHs BOIPoOCa 0 ! . ; ,
BeJIWYITHE dHEPrHu IOCTYHATEeJbHOTI0 JIBHKE- 5 10 5 T,Mab
HUsl Q-KOMILIEKCOB B sjpe B pabore [57]

NPON3BeJieH pacuer pHeprerindeckoro Pmc. 8. Ismewmenmme pacueTnoro
CHeKTpa OBICTPHIX Q-94CTHI, BHOWBaeMprx SHATCHAA W IIPH PASIHTHOM DRI~
g 3 60pe KMHETHYCCKOI SHCPTIH «t Y-
KaCKaJHLIMI HYKTOHAMI U3 Appa. Pacuer orun" 5 rmmennx (1) n aersux
TIIPOUBBOJINJICA HAa OCHOBE TOIl jKe CXeMBbl, anapax ¢orosmyibenn (2).
gro u B padore [°%]. Cpasmenne bsmeprern-

YeCKOTO CHERTPA, BEIYHCICHHOrO IPH PA3HBIX

HpPeIION0/KeHISAX 0 BeJAHYNHE KHHeTHYECKON DHEPTHH (-KOMIUIEKCOB BHYTPH
Apa, ¢ DHEPreTHUECKUM pacipejesenneM OLICTPBHIX C-9acTHIl, KOTopoe OBLLIO
noayyeno apropamu [°7] mpm mabaiojenui sjpepHsIX pacmeivienuii B (oro-
BMYJBCHH, TIOKA3aJ0, UTO XOTH BHJ CIEKTpa M cjialo 3aBUHCHT OT IPHHSITOTO
3HAYEHIST DHEPTUN, HO TeM He MeHee Hauiydiiee COBOAjeHne PacueToB n oKCIe-
puMenTa o0OHApPY/KHBAGTCH, €CJIW OCTAHOBHTHCHA HA BeJHYNHE NMIYJIbca KBa-
3naNbAvaCTHIHEX TPYIIL B AAPE, COOTBETCTBYIOMICM KHHETHYECKOIl dHepPrum
9—10 Mas.

Tarum 0Opasom, aTa MOJENb YTBEPsK/aeT, 9T0 HYKIOHE! He 0UCHB 0O0JIBIINX
sHepruit (100 Mse m HIKe) OpH ABIGKEHHE B sjApe MOTYT OXBATUTHL CBOUM
BO3JiefiCTBUEM IIeJYyI0 IPYIOIY [ePBOHAYAJIBHO He CBAZAHHBIX Merkiy co0oil
HYKJOHOB, HO HAXOAAIMXCA JOCTATOYHO OJIM3KO APYr oT apyra. Hacragnsif
HYRJIOH, IepegaBas UM IMIOyabc, Oyaer cnoco0cTBOBATH 00Pa30BAHMIO eUHOM
CHCTEMBI M3 3THX HYKJIOHOB, HApPUMep O-4acTHIE, JTOT MeXaHM3M HAOMU-
HaeT mpolecc MojXBara, HO ¢ Toil pasHmieil, 9T0 B paccMaTpuBaeMOM 37eCh
naMu caydae HYKJIOH, WHIUHPYIOUIHA CO3J(aHAe KacKajJHOl YacTHI(bi, MOKeT
Il He BOWTH B ee COCTaB.
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Ha ocHOBAHMN HMMCIONMXCH 3KCIOCPHMEHTAJNbHBIX daxToB Hembasa yTBep-
JJaTh, YTO TOMBIEHNe TPH SEPHBIX PaCIemIeHHAX Q-9aCTHI|, CBASATHOE
¢ KackajiHoil crajmeil, 0OyCHOBICHO eJMHCTBEHHLIM MeXaHI3MOM yapHOTO
THMNA, T. €. YUPYrHM paccesHHeM HYKJIOHOB Ha YeTBCPHBIX rpyinmax HyK-
JIOHOB.

NutepecHas HOMBITRA CHCTEMATIYCCKOTO pacyeTa ‘KacKajHOro IpoIecca
¢ YUeTOM paccesHMsA HYKIOHOB HA G-KOMIIEKCAX B sjpax Guura mpejpunsaTa
@eporosim [17], KoTopwiit paccunTal B3anMoJieiicTBIe IPOTOHOB YHEPIuH
660 Mop ¢ sapom yraepoga. OH jomOTHHI OGLYHYIO CXeMy BBHIYHCTICHNE 10
MOTO/Y CJAYYAilHBIX HCIBITAHHI OHUM IYHKTOM — HPH IPOU3BOJCTBE BEIOODA
THIIA 9ACTHIN, ¢ KOTOPOil TPOUBOILIO CTOAKHOBEHHE PACCMATPUBACMOrO HY K-
J0HA, YYHTLIBAIACH TAK/KE BOBMOKHOCTD paccesiHuA HA O-KOMILIEKCe. Bepoar-
HOCTh TAKOLO PACCEesHAsA paBHA

Nwoy, ()

(1 —w) (N p9pp+ Nasoa) + Nwsy, '

":(E):

re 1w — BepOATHOCTH (CYMECTBOBAHMAY  G-4aCTHILH (Baaro DenoToBHIM
w=0.5); o, — ceuemne paccesHusz HYRJIOHA HA Hel 10,8 0, =70, 80
pas pp- m np-paccesuuss; N, N, u N —unucio npOTOHOB, BelTPOHOB U
a-rpyun (B nocjejHeM cayuae MakCUMaabHO BO3MOJKHOE) B HPC C yUeToM
yOBJIM HYKJIOHOB M3 siApa B pesyJipTare Npe ecTBY OUNX CTONRHOBEHMI.

B pacuere ['7] me yuuTHIBAIOTCA TPHHIHIL [laysm 1 BepPOATHOCTH pasBaja
Q-vacTUIB MM TOTJIOIEHNA 0 TMyTH U3 f[pA B pe3yabTaTe ee CTOIKHOBE-
Hus ¢ Hykjonamu. Dpime yyke yRasuBaaoch [2%], 9T0 BampeT HEKOTOPHIX CO-
yaapenuii HyKJIOHOB € G-9aCTHIAMH H3-3a neitersua npunnuna [laymm mano
CKaskeTcH HA peayabTaTax, TAK KAk HYKJIOHLI IOCTE coyjlapenuil ¢ a-rpyImoi
ofbuEo OCTAIOTCA ¢ dHepruei suime yposusi (Depym, a apdeKTHBHOCTD Jieii-
CTBUA DTOrO MpPAHIANA Ha HYKJIOHEI, BXO[IIEE B COCTAB O-4ACTHIH, BEpo-
sTHO, ocjaabiena.

Bropoe 006cTOATENBCTBO (mpemeGpeskene pasBanzoM @-gacTUI(B) B pacuere
MejroToBa TaKAe HECYNIECTBEHHO, MOCKOABRY S/1pO yriepoja JioCTATO4HO
mano. B paGore ['7] mpunsaTo, 4T0 G-YACTUIHL B AAPE C'2 pMe0T MMITYJIBCH
¢ rayccoBCKEM BaKOHOM pacIpejieieHus:

2*

s
N(p)~e ‘IJUQ

KomcTanTa pacIpe/ieIeHIst COOTBETCTBYET KUHeTHIeCKOi 9HepPTHH OKOJIO
10 Mop. CpaBmenme pe3yJbTATOB pacuera, HPOBEICHHOTO mo aToii cxeme,
¢ MAHHBLIMHE dKCHepUMeHTa [17] mokasano y/OBJIETBOpPUTENbHOE, lajke B HEKO-
TOpPHIX CIydasXx XOpouiee COTIacHe; IOCTE/HEe JOBOJBHO HEO)RUIAHHO ™,
BEPOATHO, ABLACTCS CIYHAiTHBIM, YIHTHIBAL npubansKeHHb Xapakrep pacue-
TOB.

Pacuer BwmOmBaHmA IPOTOHOM CPEAHHX aHepTHil C-YaCTHIH H3 JEerrux
siftep GLUI IPOM3BEJCH TAWKE Xrebopekoit [°8] ma ocHOBE 0~9aCTHUHOIL MOJICITH.

§ 5. HEKOTOPLIE PE3VJBLTATEI PACUETOB KACKAJIA BHYTPHAZEPHBIX
CTOJKHOBEHHIL IO METORY MOHTE-KAPJIO }

ITeproit XapaKkTepUCTHROIl Heympyroro BRANMOCHCTBIA dYacTHN C© HAl-
pom ABjAeTcA apPeKTUBHOE CedeHHe dTOro MPoIecca. B tadx. 4 coGpansl faH-
HEle O CEUEHHSX, IOJyUeHHbe B PasIHYHBIX padoTax ¢ IOMOIMBIO MeETONA
caygailHBIX MCTBITAHMUIL. Bpagy TOTo 9TO BeqMuMHA HapaMerpa Iy B dopmyie
JUis pajuyca Sapa y pasiuuHbX aBTOpOB prIOpana pasHoil, Mbl COWIN Hexe-
c000pasHBIM yKashBaTh B ra0suie He abcoNIOTHOE CeUeHNe, a OTHOmEINE ero
K TeoMeTpHUYeCKOMY CEUeHHI0 fpa, PacCYUTaHHOMY TpH TOM ke IlapaMerpe
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TabOauma 4

Apepurie ceveHns HEYNPYrNX B3aUMOJEHCTHHI GLICTPHIX HYKIOHOB, MOy IeHABIE
B pacuerax kackaja

o o
2 § o 3 g B
g | 2 3 ‘é E s| 2 i g
T TR T Botoia ol B s g
m o= |t l;‘ = o= < =
140 p 0.59 142 | 3] 82 p 0894 | 1.3
C.. { 660p | 072 | 1.36| [17] s2n | 0862 | 13
N .. .|9000p 0615 | 1.35 | [59] 155 p 0.835 | 1.3
82p | 0737 | 1.3 235p | 0846 | 1.3
29 2 i Bl 235 n 0812 | 1.3 v
935 0725 | 13 286 p 0.844 1.3 [16]
Al gz £ Pl B HR LS 364p | 0853 [ 13
235 n 0.688 | 1.3
: 460 p | 0860 | 1.3
460 p 0.743 | 1.3
1640 b ey 940 p | 0945 | 1.3
z;z P 6 15% 1-;; 1840 p 0.922 1.3
$2n | 086 | 13 82n | 0936 | 13 | po
155 p 0.817 | 1.3 135 p 0.84 1451 |e1]
155 n 0.762 | 1.3 Bi. 286 p 0.895 | 1.3
. 235 p 0.794 1.3 [16] : 460 p 0.917 1.3 [16]
tus 235 n 0.756 | 1.3 940 p 0.947 1.3
286 p 0.798 | 1.3 1840 p 0.969 1.3
364 p 0.802 | 1.3 82 p 0942 | 1.3
460 p | 0838 | 1.3 82 n 0.904 | 1.3
100p | 085 144 | [20] 155 p 0926 | 1.3 m
286 n 0.775 | 1.3 [16] 235 p 0.916 13 [2o4
Ga . . .|9000p 0774 | 1.35| ) fU. . 1%33" 8.823 %g
103 0.63 1.2 3 P -9 .
As: . Y wwop |ioz0- | o2 |} 0% 660p | 092 | 14| [69
3 140p | 68t | 142 [ 1si05 | Ooes | 13 () pw
gBe { 400p | 066 | 14 | [8] v : :
Nb. . .| 9000 p 0.84 1.35 | [59]
[ 82 p 0909 | 1.3
235 p 0.876 | 1.3
Cel40 364 p 0886 | 1.3 |l g
460 p 0.897 | 1.3
(| 1840 p 0.947 1.3 ]

7o- K comanenwio, cratmermueckas J0CTOBEPHOCTH BCEX ONYGIHKOBAHHBIX
PACYETOB RACKAHOTO HpOIecca JIalieKo He OJIMHAKOBA, TAK 4T0 HeIl0CpeCTBeH-
HO@ CONOCTABJIEHME JiAHHBIX, MOJYYCHHHX B 2THX paloTax, 4acTo 3aTpPYLHH-
TenbHo. B maunGomee ‘monmoM Buje u ¢ Gosbmeil CTATHCTHYECKOH TOYHOCTHIO
pacuer nipoussezien B paGore ['°], ma pesyabraTsl Kotopoit Mb m Gyxem raas-
HEIM 0GpasoM CCHUIATBCS B XOJE 00CY/SIeHNsA JAHHKX 110 ITepBoil cTajaun npo-
necca pachielicHHA Aapa.

W3 Tma6a. 4 Bujno, wro mpozpawHoCcTs SIEp cHauaa BOZDACTACT OPH yBe-
THYeHHN dHeprun HyKaoHoB oT 82 mo 230 Mas, saTeM HaumEaeTcss MOHOTOH-
HOe ee yMeHbIIeHie ¢ JaXbHeHIINM POCTOM dHepTI 60MGapAMpPYONIX qaCTHIL.
Taxoe mopenenme ceuenns orpaskaer JBa QakTopa: BAMHHHE 3ampeTra HEKO-
TOPLIX CTOJKHOBeHMIi ¢ HYKIOHAMH B Ajipe na-za jeficteusa npmanuna [ayrns
M H3MEHeHHe CeYeHMil HYKIOH—HYRIOH coyjgapeHuii ¢ sneprmeii. Ilepsas
UpMIAHA CTAHOBUTCA HECYNECTBEHHON JUIA HYKIOHOB OOJBIINX dHEepruii,
u nopejienne o,(E) B ofaacTn sHeprum HOpARKAa MHIIHADAA JIEKTPOHOBOJBT
ONIPeAeIACTCS YHePreTHYeCKOil BABUCAMOCTLIO CeYeHuil pp- W np-paccesHAA.
Moskuao samernts us ganmnix paorst [1°], wro upm sreprusax IPHMEPHO BIUIOTH
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no 400 Map ceuwenme AjCcpHOTO B3AMMOEHCTBUA JUIA HEliTPOHOB HECKOJbBKO
MEHBIIe, YeM JI1s POTOHOB TeX jke snepruii. OdbscHenme aToro akra 3aKir0-
YaercA B TOM, UTO CCUCHUE AP-PACCEHHISA B 9TOM DHEPreTHYCCKOM HHTEpBae
3HAYMTEJIBLHO (O0JIbIe II0 BEJMUNHEe, YCM CEUeHIe pp-PACCEAHMA, MODTOMY
CTONRHOBECHHE TPOTOHA € HAPOM, cojepsramuM H30LITOR HeliTpoHoB, Gymer
Gosree H>OPERTHBHLIM [0 CPABHCHHIO €O CAYUAeM B3aMMoJieldcTBHsA HeilTpoHa
¢ tem ke sypom. QueBupHO, 4TO JUIA JETRHX SIICp, TAe 4ucaa HelITPOHOR
IPOTOHOB HPHMEPHO PABHEL JPYT APYTY,dTa PA3HUNA B IPOTOHUBIX H HeiTPOH-
HBIX CEYEHMAX JIOJ/KHA OLITL IHECYIIeCTBEHHA, UTO M NOKA3LIBAIOT Pe3yJabTaThl
pacuera KackKaja.

B paGore ['®] orvewaercsi, ato Apyroii BriGop HapaMeTpa ry He3HAIATEIBIO
crashBaeTcA Ha mpomumaemoctn sapa. Tax, manpumep, ysenuuenner, c 1.3

10} = a

5/ Gzom

a’ o o 1 L 1
05 70 15 . -E b

Puc. 9. 3aBmcHMOCTL Cedenus Heylpyroro B3amMOJEIiCTBHA

(B epmmimax O, —gup24%s) OT DHEPTHH Gombap i pyomeil

gacrunsl s spgep Al (1), Cu (2) n U (3).

ArCOepUMEeHTAILHBIE TOYKHM BafaTel M3 Talm. 13 w 14. Ceeribie 3HaKn
COOTBETCTBYIOT ONBITAM € NPOTOHAMH, wYepHble — C HelTpoHAMM.
Oumbrn cocramiaoT 5—10%.

mo 1.4 +107'% ¢y pusmmBaer yseamuenwe mpoapawmocTd sppa Tuma Ru 100

geero Ha 0.03—0.05. Jl060ouLITHO B 9TOI CRA3M cOMOCTABHTH HaHHBie Pyn-
crama ['*] u Bepuapgunu, Byma u Jlmnpentayma ['8], a rawse pabory ['°].
B nepsoit u3 nux saaro ry=1.2 + 1073 cm, Bepnapanan 1 pyrue ocTaHOBH-
auck ma semuunme ro=1.4 - 1073 cm, rpynma Merpomoauca ['] mponsso-
Tmaa pacuerst npu ro=1.3 - 1073 cv. Taxum oGpasoM, HociejHuil BapHanT
ABIAeTCA MPOMEKYTOYHBIM Me:Ry AByMms mepsrivi. Tey He MeHee sAjepHbie
cevenns, serunciaennsie B ['8] n Pygcramon, orasamich 3aHiKeHILIMHA IO CPaB-
nennio ¢ pesyiabratamu padots [*°]. BeposarHo, 910 cBA3aHO € Temu yHpomie-
HUAME B cXeMe pacueta, KoTopsie mpuamMaguchk B ['8] (yepeuuernne mo ueiir-
pOHaM W MpOTOHAM, WrHOPHPOBaHHe Hpolecca POKAEHUH Me30HOB M T. n.),
a Tarske M ¢ HauaJbHOIl cTaTHCTHKOI pacuernsix caydaes. G apyroit cToponsi,
Megoyz [2°] nonyunn pist ceuenns B3aUMOICTBIsA IIPOTOHOB HHEPTIH 100 MaB
¢ sgpom Cu smauvenne 0.85 opeon mpm 7y=1.44% - 10713 ¢m, uTO IIpEeBHIIAET
pesyabtaTe paGors [1¢]. Pacaer Meoysa mpousso/mics 0e3 yuera JeiicTBUA
npuamuna Ilayam, m 970 00CTOATENBLCTBO, BO3MOKHO, CKAa3aloch Ha Pe3ysb-
Tare.
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Ha puc. 9 npusejena 3aBHCUMOCTH HENPOIPAUHOCTH SIpa (omomelme

\
%a

°re0M

)OT ATOMHOTO BeCa HNpu pa3JUTIHBIX JHEepPruAax 60M6ap;mpymumx

oe A . JIA] ) ] ) 2% >
nacruiy, nocr eHHad 110 JIAHHBIM 19 Hal"lH"lH( BNJHO, KaK YMeHbInaeTcsa

OPOHMI{ACMOCTEL fANCP € YBEJIUUCHICM MAacCCH sjpa.
B(',e H[l()HBBEJLeHthe Bblllle pacyeTbl BbILOJHEHBbI
VIS MOJesH sifipa ¢ TOCTOAHHOII miIoTHOCTHIO. Bane-
penne aunddysmoil rpamann  AApa HECOMHEHHO
JIOJIZRHO CKA3aThCH HAa HTHX Pes3yJbTaTax 1B CTO-
POHY NOBHINEHNS TpoapauHocTn Axpa. K macTos-
meMy BpeMeHd HaM H3BecTHA JHIb ofma padorall],
B KOTOPOIl TPOM3BOAMICH pacyeT RaCKajHOTO TIpPO-
mecca paciielIenisa AJas 00CnX BLIIIEYKA3amHbIX
Mozeneil sxpa. Eeam B BapumanTe ¢ HOCTOAHHOI
mnoTHocThI0 pacuer (DejoroBa paeT AaA OTHOMIE-
HUS 28 peauunny 0.72 (saapo yracpoaa), To B
reom
mojernn sapa ¢ audgysmoit moBepxXHOCTLHIO, Tapa-
MeTpPBl KOTOPOil B3ATHI COPJIACHO JIAHHBIM ONBITOR
no paccesuuio OHCTPHX daexTponos|®], ato ormo-
menne cocrasuyao 0.37 (cpepnesBajpaTuunblil pa-
AUYC PpacnpejielieHns  Macchl sjApa  B3AT PaBHBIM
412 - 10718 cm).

9
"%

40

20

n

Puc. 10. Pacunpenenenne
10 4uCly KacKaJHLX npo-
TOHOB CJAY9acB  HCYHpy-
TOT0 B3aHMOJPIHCTRIA PO~
ronos aneprum 660 Mon
¢ siapamir U (1) m C (2).

Yuesno HyRI0HOB, TOKWHYBHIMX AP0 B pesyibTaTe pasBUTHS KacKaja
OJAMHOYHEIX CTONKHOBEHNII, 3aBHCHT OT pasMepa fjpa W dHEPTHN HaeTaonel
gacTui(hl. DBeaejcTsue croxacTmyeckoro Xapakrtepa 3TOoro mporecca Oymer
HaOIOAATHCA HEROTOpOe paclpejieeHHe fAjep 10 YHCITY BLUIETEBITHX U3
HEX Heiftponos u mpotomos. Ha pme. 10 morasamo ato pacupejescnue s

RacKaJHHIX IIPOTOHOB B ciyuae Gom-

Tatamma 5 GapgupoBru

Cpenaee umeno KackajHBIX HYRIOHOB [16]

Anpo-mnimens

NPOTOHAMH  HHEPTHH
660 Mas smep ypana [¢°] um yrae-
poaa ['7]. Cmenienne makenmmyma KpH-
BOIl pacIrpefie/ieHus B CTOPOHY MEHb-

JHEpIAA ‘ mero 4YHcjda IPOTOHOB JUIA THMKEIBbIX

NpOTOHOB, . ~ o
Mag Al ’ cu | ®w anep  obOmsAcHACTCA OGOJBIION PONBIO

i

82 1.47 1.23 0.57
155 1.97 1.7 1.23
235 (2.4) 2.22 1.7
286 (2.65) 2.54 (2.0)
460 (3.4) 3.3 2.94
690 42 4.3 ‘
940 5.0 5.3 (5.3)

1840 6.72 8.0 8.73

. oOMeHHBIX pnr-coyjapeHnii B Axpax
¢ M30BITKOM HEHTPOHOB. 3aBHCHMOCTH
CPeJHEero YHCAA BLUICTEBIIMX HYKI0-
HOB OT MACCHI J1pa He CTOJb CYHIeCTBeH-
HA, Kak MOJKHO ObuIO OB OKUIATH
3apamnee. XoTd B TAKEIBIX ANpPax yCa0-
(4.1) BUS PasBUTHA JIABHMHBL M3 HYKJIOHOB
Oo1ee OIATOMPHUATHH M YHCJIO Y9acT-
BYIOIIMX B Heil wacTniy 6Goiabine, yeMm

B JIEKOM-fjipe, HO DHeprusA, MpAXoat-
pnuesanne.  ucma, yrasammHe ynagcq HA KaKABIA H3 KacKafAHHX HY-

B cKoOKAaX, NOJYYEHBI MHTEPNOJAnNeil 1o rpa-

PuKy. KJIOHOB, YMCHBOIAETCS, IMOITOMY 3HA-
YUTEJIBHOE YHCJIO UX HE CMOKeT TMOKHU-
myth fAjpo. C yseiamuenmeMm dHEpPTAH

MHATAXPYIONeil 9acTUIE Oy/IeT, cIe0BATEeTbH0, BO3PACTATh 1 YHCJA0 BHIOMTHIX

U3 fAfapa HykmaoHoB. B TaGmn. 5 mpejpcraBrena 3aBHCHMOCTH CPEHEro YHCIa

KacKaJHBEIX HYKJOHOB OT dHeprum OoMOapAupyomux IPOTOHOB JUIA pPa3HBIX

apep mumenn Al, Cu u U [1€],

B pacuere Pypcrama ['°] moaydaeno mecroabro (oabliee 4neia0 KaCKaLHBIX
nykiroros: 1.4 mporona u 0.9 weitrponop mpu obaydenun As 7 mpoToHaMH
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Tadawmwma 6

OTnomenne wneaa weiiTponos k wmexay mporoHon (n/p)

Omeprus Hcxopnoe Axpo
npoToHa,
Mos AlY Cub Ru % Cel® Bie e
82 0.84 1.04 1.20 1.82 1.67 2.08
158 — 0.96 1.15 — — 1.96
239 0.74 0.93 1.10 1.43 — 1.61
290 — 1.00 1.12 - 1.64 —
365 — 1.00 — 1.33 — —
460 0.79 1.02 1.16 1.43 1.59 1.89
690 _ 1.02 — — — —
940 — 1.16 1.22 — 1.89 2.00
1840 0.92 1.18 125 1.56 1.75 2.08

auepran 170 Mo u coorsercreenno 1.2 u 0.6 opu sneprun mpororos 103 Mas.
Bapnaur c¢ «w6pesanmem rackama», paccunramubii PyjacramMonm, naer MeHbmee
cpefee wncao KackagHnix wacrun: 1.1 mporomos m 0.6 meiitpomos npu snep-
run oyyxa 170 Mag, 0.9 u 0.5 — npm smeprun 103 Mag.

Orsomenne wmexa KacKafHBIX HEHTPOHOB K YHCIY MPOTOHOB BABHCHT OT
oTHOmenus n/p B Appe-mmmenn. J{as yriaepoga oTHOmeHme n/p A Kac-
Kapupix yacTuil cocrasiasger 0.55 (B 4mcie KackaHBIX TPOTOHOB CONEPAUTCS
U HepBHYHBI), A aTIOMHHUA 9TO OTHOMeEHWe cocrapiser okoxo 0.85, B To
BpeMs KaK 4HCJ0 HeilTPOHOB, HCIYCKACMLIX H3 ypaHa Ha KacKajHOI crajum -
mpounecca paciienvieHus, nouta B 2 pasa Gosbme uncaa nporonos. Muatepecmo
OTMETHTb, YTO OTHOIIEHHE n/p JUIA OJHOTO I TOTO K€ MCXOJHOTO A/pa IIOYTH
HC 3aBUCHT OT DHePrum Hagerawomero nporona (tabua. 6), npoxojs uepes mu-
POKHii MuHUMYM B obiacTn suepruii okomao 300 Mas.

Ecan omeprus GomGappupyromero myuxa mpeppmaer 300 Mss, To cra-
HOBATCH 3aMETHHIMH IPOICCCHI MCIYCKAHHA TT-ME30HOB W3 fJlep.

B taba. 7 pammi pesyabratm pacuera, mpusegemmeie B |'°], mo wmeay
BEUICTCBIINX BaPAKEHHBIX H HETPaJBHLIX T-ME30HOB M3 PAasJMuHBIX sAJep.

JHepreTUIecKmii CHEKTP KACKAHHX HYKJIOHOB, OUCBHIHO, OYACT OYCHb
HEPOKHM — BIVIOTH JI0 HAYaJbHOI oHeprum wacrtumul. Humwwaaa rpannna
9TOro0 cmekrTpa o0yciopicHa BHIOOPOM BHAYEHHA PHEPTHM «0OpesaHMA» Kac-

Tabauma 7

Cpenuee unciao =t u mo-mesonos [1¢]

Aueprnsa nporonos, Bas IHeprusa nporonos, Bas
fapo = fapo

0.46 0.69 0.94 1.84 q 0.46 0.69 0.94 1.84
wte o 0078 — -— 0.401 R 8(0):0) 14 — — 0.289
Al27 T o oo 0019 — 1 0.253 || Ce140 {1:“. soul022: =1 — 1 0.272
w0, ., ,|0.049| — — 10516 ®0 .. SJ0031 ) = — | 0.461
‘7:"'. . .| 0054 | 0.148 | 0.232 | 0.310 =t . .]0.042 - 0.176 | 0.270
Cub4 ™. . .| 0.021 | 0.047 | 0.112 | 0.263 | Bi209 ;n". L L0 S Od6 110215
i =0, . .]0.035]0.113 | 0.196 | 0.483 wl o, . . [0.034 — 0.187 | 0.447
med L 110063 — 0.202 | 0.329 wt, . .| 0.040 - 0.151 | 0.276
Ru100 { L A e — 0.103 | 0.355 || U238 :1:‘, PR L0 8 b — 0.114 | 0.314
w0 . . .|0.036 - 0.184 | 0.501 =0, . .| 0,044 _ 0.164 | 0.427




xaoB B cxeMe pacuera. IIo DToil IpHYKHEe CICKTP JOJACH PEIKRO 00pEIBATHCA
€O CTOPOHBL MAIHIX DHEPTHil, ECH He YIUTHBATD opderTa oTpaKeHH:A HA Tpa-
Hue AApa.

B Gospmuucrse paGor OPHHAMAETCH, 4TO HMPOTOH HE MOJRET HOKHHYTh
ANPO HA TepBoil cTagum IpoIrecca B3AMMOJeIiCTBHA, CCJIHM ero KuHeTHueckad
SHEPIUA MEHDLITE BHCOTH KYJIOHOBCKOIO fapnepa, npenefperaercsd TAKHM 00-
pasoM TPOHHIAEMOCTb IOCHE/Hero, 3a HCK/IIOUeHICM padorur [*°], rae ora
{POHUIAGMOCTh YUHTHBACTCA MyTeM CHIZREHIA BHICOTLE Gapwepa no 0.7 ero

10
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Puc. 11. Dueprerudcckmii CIEKTp KAaCKaJHKIX IPOTOHOB, BELTe=
rajomux u3 sgep Al (7) m U (2) unpm obaydeHnmu IpPOTOHAMH
¢ omeprueii 460 Mos [1°].

gauaabHoro sHaueHms. OpHako (GopMa 9HEPreTHIecKOTO CIERTPA BHIOUTHIX
APOTOHOB BOJM3M MOPOra BhLIETA Gyner criaskeHa jlazke IpH npexeOpe;KeHIn
aponniaemocTeio Gapbepa. [lemo B TOM, HTO AepHHIT KacKaJ pasBUBaeTCA
BO BpPEMEHI, U B XOjie €r0 passBuUTI/I 9acTh HYKIOHOB HMOKHAALT ANPO, YMeHb-
masi Maccy u 3apag mociaefuero. Ilosromy IpH BHYHCISHHAX CACAYET YIHTHI-
BATH 9TO YMeHbIleHne i COOTBETCTBEHHO CHH/KATL BLICOTY Oapbepa A HpoTO-
HOB, BBUICTAIONAX HA KOHEYHKIX HTamax KacKaJHOTo mporecca. B pa6ore [*¢]
ator ahderT, no Beeil BepoSTHOCTH, He ObLT YUTeH.

JmepreTHUeCKHil ClIeKTP KACKAHEIX HYRIOHOB HAOMIHA LT MaKCBEIIOBCKOE
pacupejeaenne, 5o ¢ JUIHHHBIM ¢XBOCTOM) B oBracTn Goapmux smepruii (puc. 11).
Buy 9T0ro cmekTpa OCTAeTCS HPAKTHYECKH TeM jke CaMbiM IpH U3MeHeHAn
3HeprUM HAXCTAIOMMX YACTHI[ B OIHPOKOM WHTEpBAJe.
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JHepreTmIeCKOe pacHpeneacHne HEHTPOHOB, BBHUICTAIONINX B KACKAJ(HOM
nporecce, Oyjer Mog00HO CHEKTPY UPOTOHOR ¢ TEM OTIHMYHEM, YTO (HOCKOIBKY
AJA TIEPBBIX HE CYMIECTBY CT KYJOHOBCKOTO Gapbepa s/pa) HeliTPOHMLIT ceKTp
0JTHKEH OLITH CMeNieH B CTOPONY HU3KHX dHepruii. Pacwer NOJTBEPHJIALT BTO
saratouenue ['°]. Cmextpur sus npoToHoB mpuBOATCA B paborax ['6] m [8],
BCe OHI HMCIOT MO/0GHbIIl BIJT, XOTA B MePBLIX JBYX H3 OTHX padoT Heynpyrie
TPOIECCHl CTOJNKHOBCHHA HYKJIOHOB ¢ HYRIOHAMH He YYHTHIBAJIICH.

Yrioroe pacnpepesenne HYRIOHOB OTAAuM XapakTepusyercs HaIpasieH-
HOCTBIO BIepej OTHOCHTeTBHO Hajaiouero myuka. Cremens 5Toii mampasJieH-
HOCTH 3aBMCHT OT DHCPTHM HAJETAWIUX YaCTHI[, pasMepa sjipa W AHCPIUE
PaCCMATPUBACMEIX KacKa/HbIX wactum. OCmee upaBmio Mosmo cdopmyin-
L poBaTh caegyomuM oGpazom: uem GoJbIne

CROPOCTDL Y MCHYNEHHOTO HYRIOHA, TEM
pesue BhipaskeHAa AaHM30TPOLNs BLLIETA.
Yraosoe pacmpepenenne 1puGaMRACTCH
K H30TPOIHOMY JUIH KAaCKaJHLIX WYRIO-
Hop Hebonbmmx amepruit (pue. 12).

Cremenslo passuTHs Kackajga oIpe-
Aeaserca M cTeNeHb  AHH30TPOIMH.
Hyxaonn ognnx u tex sxe smepruii 6y-
AYT HMETH pasjiMuHble YIVIOBHIC XapaK-
TePUCTHKIL, €CJI OHN BLIOHBAIOTCHA B Ka-
craje, KOTOpHl o0pasyercsa yYacTHIlAMH
C PasIHYHOIT DHEpPrueil WIn B pasInIHEIX
Appax. Ha sug osrax pacupenenennii
BIHUAIOT I IPHHATHIE B pacueTax BeJH-
" ; YIHBL NMITYJIbCOB HYRIOHOB B sigpe. Oco-

! \ ",:%_,:,.__A,:L__ OeHHO 2TO pasiimyue pacrpejegeHnii npn
0 € 9 20 150 Gy pasmoM BHGOpe (QYHKIME BMIYIbCHOTO
pacrpeie/ieHHA HYKIOHOB CRa/KeTCH JLIsH
Puc. 12. Vraomoe pacnpegesenme KACKAAHHIX wacTui, HeGOJIBIIMX dHEPIHil.
HACKAMILIX 1poToror m3 snep Al - Ho, k coskasnenuio, nposepka MPHArogHOCTH
(oueprusn 60"‘62&1}“713'“’"‘“" TPOTONOE oo it MHOTO BUAA dTHX QyHKIM mMy-

RS Racm;:)'; ApeTEy TeM COIOCTaBJEHHA PACUETHOTO yIIOBOTO

E > 90 Mop; 2 — nan 30 < F < 90 Mpp.  PACHPEJeJeHHA  KACKAJULIX HYKJIOHOR
C AKCHCPUMCHTAJLHLIM  HEOCYIeCTBUMA
H3-3a Hajdo;keHna sfiferTa mcmapenus.

Beanuuna sueprum posGyxjenns, ocramoueiics n SiZipe TocJe MpoXosjie-
HIA KaCRaza, OYeHb BaKHA JIVIA MOCICAYIONIEr0 PACCMOTPEHUA CY/IbOBI 0CTATOT-
HOTO sifpa. SHaHHe dHePruH BO3GY#IeHIA NO3BOJACT PACCIHTHBATL B paMKax
TOM WM WHOIN KOMKPETHOil Teopum MpOlece TeIIOBOTO MCHYCKAHMS WACTHI]
ANPOM W HOMYYUTH, TAKUM 00pasoM, HOIHOE IPEJACTABICHIE O THHAX SACPHEIX
PeARMUIl, NPOTEKAINMMX IPH B3aMMOJEHCTRBUM ¢ JAHHBIM SLPOM-MHEIICHbIO
HYKJIOHA BBICOKOIT dmeprun. Benmumna sHeprum, moayueHnoii sijipom, saBucut
BecbMa craGo OT HHePrHH HajeTeBmero HykaIoha. B atom marammgmo mposs-
JISIETCA  pasjmdme Me;RAy Teopueii cocraBHoro sxupa u mopeanio CepGepa.
Cornacuo Teopun Bopa, sueprus BosGy:aenns ajapa Gyjier Bcerjaa nMeTh OJIIO
I TO JKRe 3Ha4eHIe, DABHOC CyMMe KIHETHYeCKOIT BHEPIIH HaXeTAIONell 4acTHIb
U omeprin cssAsu ce ¢ sAxpom. Kackamgmas Momenn yTsepasjiaer, uto sHeprus
BO3OY/ICHIA HI B KOeil Mepe He MOKeT OHTH OJHOZHATHO OTIpefiesiena m3 ma-
YANBHLIX YCIOBHIL 00MYyYCHHSA M MOKHO TOBOPHTH JHIOL O CTATHCTHYECKOIT
RapTHHEe pacIpe/ieleHuss BCEBO3MOKHBIX CJIYYaeB B OTHOIMEHHUN BeJIIMUIHEL
9TOil dHeprumu.

Ha puc. 13 nokasama oTHOCHTe BHAS YACTOTA TOSBICHIA OCTATOYHBIX Anep
C OUpeseNIeHHOM DHeprueil BO3OY;KACHIA NPH PACHICIUICHII 5D MeH Ipo-
ToHamu omepriun 460 Mos, ompepenennan cormacmo mammoiv [1°]. Pacmpeje-

56



JeHue fAxep HO BEJWYHHe dHepPruu Bo30Y:KIEHNA, HOJYUCHHOC B pacuyeTax
Pyncrama [*°], mokaszano ma pue. 14 (omeprus mpotomos 170 Mas, Anpo As,
aKcTpeMadbHadg Mojenb kackaga). Ha pue. 13 npuseseno anamornunoe pacmpe-

AlereHune, IMoJyuennoe B pacuerax Beprappunum, Byma

u Jlunjendayma ['8]. Cpasmenne otoro pacmpesesnenns .

¢ panmeiva Merpomosmea u ppyrux [Y%] mokaswmBaer,
4910 mpenebpeskenne BananmeM sPderta obpasopanus
Me30HOB, cierannoe B ['®], Beger K cepbesnoit ommoke
B ompesiedennn dHepruu BoaOy:kaenns sjapa. To, uro
B [**] pacuer mpoussommics aus Goree TAKETHIX sIEp
(A=100), ne menser 9TOro BLHIBOjA, HO JHIIL yCyIy(-
JSIeT DTO PACXOsKjIeHNe, TaK KaK C YBEIHUCHICM pas-
Mepa sjiep CpefHAA JHEePrus BO3OY/KICHHA pacTer.
Heobxomumo B T0 sKke BpeMA OTMeTHTh, WTO JAHHBIE

B [**] — 3.3 s sep Cu.

0 CpefiHeM 4HCJe KaCKajHHX HYRIOHOB B 0GCHX yKa- 00 200 300
BaHHLIX paboTax mouTm cosmagaior: B ['¥] wmomyueno v, Msf
3.18 myrknona ma opHo pacmemnenue sigep Ag u Br, Puc. 13. Yacrora mo-
ABJICHNS OCTaTOYHBIX
H 15 4 o AAep ¢ omnpejesenHoit
Ha puc. MOKAJANO MIMCHEHIe CPeNHell DHePINN  yhan el poadyske-
BO3OY/KACHUA PasiuYHBIX A/lep ¢ YBeIWYeHHEM KHHe- pus 1pH  pacmiene-

THYECKOIl BHeprum GomOapaupyoImux IpoToHos [16].
Buano, garo smeprus sosGysniennst pesko BospacTtaer, [16) (1)
Korza sHeprus myura mpessumaer 500 Moas.

IMeA BO3MOJKHOCTH HPHBOJHUTH HOJYYEHHbBIe

He

. saep Cu 1mpoto-
ramm sreprun 460 Mas
u  Anep Ag
u Br[18] (2).

B PaBAMYHLIX paboTax peayabTaThl MO PaCIpejeseHuIo

OCTAaTOYHBIX #HAIep II0 MaccaM ™ 3apsjgaM,
CBA3anmoMm

BOoIpoce,

OCTAaHOBHMCA JANIObL HaA OJHOM

C 9THMH pacupejejJeHunam. Peun nier 0 cevyeHmAx

peaxuuii ¢ Buibpocom manoro unmciaa Hykaosos tuma (N, N'), (N, 2N)u np.

40,
AN

20

bl

o STRER I )

50 00 750
U, M6

Puc. 14. Yacrora mo-
ABIEHNA  OCTATOMHBIX
Ajep ¢ Onpeaeaennoi
sHeprieil  BO30YyK/e-
HIA IPH pacmernyiennu
agep Cu nporonmamm
spepruu 155 Mag [18]
(1), apep As nporonamm
saeprin 170 Mas ['3]
(), smep Ag u Br
IpOTOHAMII  BHEPTHI
140 Mss [11] (3).

pe3yIbTAaTHL KaK

KaCcKaJiHOTO IIpoilecca,

Benme 6puro yumomMsimyTo, uto pacueTHble ceueHMA yKa-
BaHHBIX pearIuil BecbMa UYBCTBHTEJIBHBI K BHIOpam-
HOiT exeme pacuera. JTH pPeaKHH HPOUCXOMAT B 0C-
HOBHOM B HOBEPXHOCTHOM CJIO€ SJpa, MOATOMY BHIOOD
ompejeseHHoll Mopenn simpa (¢ peswoil mam auddhys-
HOIl TI'paHuIeil) AOM/KEH KPUTHYECKH CRA3bIBATHCA Ha
uX ceueHnax. Hpome Toro, GoJbinoe BIHSHHE MOKET
oKasarh M obosouegnoe crpoenme sigpa. Hampmmep,
cormacno mampeiM  Menoysa [2°], cewenms pearmmii
(p, pn), mnpymux nop jelicTBHEM HPOTOHOB DHEPTAN
100 Mas, gms sgep Cu®®, Cu®, Zn®%, Ga® m As?-
cootBerctBenno pasunt 120, 155, 120, 193, 102 mGaps,
ceuenne. pearnum Cu®® (p, 2n) — 7 wmGapm, Zn®®
(p, 2p) — 14 mGapu u Ga®® (p, 2rn) — 23 mGapu. Ilpn
6omGapauposke nporonamn sneprun 5.7 Bas  suep Be,
C, O, F ceuenusi peaxuuii (p, pn) cOOTBETCTBEHHO CO-
crapasior (B mbapuax): 2943, 7.340.7, 33+5, 19+ 2,
3M45 [**]. Amamormumsie yrasanus o HeperyJasipHOM
X0Jie ceueHuil mogo0HpIX peaxmuil cM. Takyke B [6% 65],
Tarme crauRM B ceueHMSX OJHOTHIHBIX peakIuil s
sjpep ¢ OMM3KHMEI MACCOBBIMH UHCJAMH MOTYT OLITE-
caenacTsueM 060m0uedHBIX a(HeRToB.

Hy:xio poGaruth B 3akiI0YeHHE, YUTO BKCICPH-
MEeHTaJlbHBIE JAHHBIE O BBEIXOJAX TeX WIH MHBIX
U30TONOB ABIATCH CYMMapHBIMI, O0be/IH IO HME
TAK W UCHAPHTEIBHOIl cTajum.

Rax wmmr ysugum B caexgylomeii riase, pacuer mpomecca HemapeHls CBA3aH
¢ eme OONBIIMMH HeOIPeeTeHHOCTAME W jonymenmsama. Ilostomy ciae-
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AyeT YUNTHIBATH W BTY CTOPOHY SMABICHHA TIPH PACCMOTPEHHH KOHKpeT-
HEIX CXeM pacuera NpONecca pACHeIeHns fAjpa W COHOCTaBIEHAN WX
¢ DKCHEePUMEHTOM.

UMb
500 -
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00

o GEELT 00 P P o | 1 1 1 L ) Ty 723 (ot 48] = 1

|
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Puc. 15. Cpenusis ameprusi BO3OY:RACHNUS ANep TP O0IydeHAN
IIPOTOHAMHI BBICOKAX BHepPruil.

Kpusas M ans apep Ag m Br mocrpoena coraacho [*],

§ 6. IPYTHE METO/{bI PACUETA IPOIECCA PACHENJIEHHA ATEP

TpynoeMroeTs MeTOa CAydYaillHBIX MCILITAHUN BEHYKIAET MCKATh JPY-
rie, 6ojiee TPOCTHIe My TH PEIIEHHS 3aJaul 0 MPOXO/KICHIN OLICTPOro Hy KIOHA
wepes Apo. OCHOBHBIE CBEJEHUA, KOTOPHIe HY;KHO HOJYYHTh OpPH pacuyere s
TOT0, 9TOOBI OBITH B COCTOSHHM PACCMATPHBATEH YCPEJHEHHEIM 00pasoM Iporece
paspankm Bo30YIKIEHHOTO Ajpa, — 9TO CpejHee YHCJI0 HYKIOHOB, TepAeMBIX
AZPOM Ha KacKaJHOI cTajgum Ipouecca pacliellIeHHs, W CpeJHAA HHeprusd
‘BO30YIK/IEHHA OCTATOYHBIX sAmep. Dbao Gl jKeraTeabHO paspaboTaTh AocTa-
To9HO 3P deRTIBHEIE METOHI MO YYEHIA aHAJUTHYECKIX BHPaKeHuil 14 yKa-
3aHHBIX BeJMINH KAK (YHKIOWI 9HEPrMM NaJaioniero HYKIOHA M MaccoBOTO
qucaa Sgpa-MAMeHn.

C aroit mesrsio Makcnvos [8] mpejproskua paceMaTpuBaTh KapTHHY BO3HAK-
‘HOBEHHA KacKajd OAHHOYHLIX COY/AAapeHUil HYKIOHOB B A[pe ¢ TOYKH 3PeHH:A
OOBIYHOI TeopHuN 3aMelIeHus OBICTPHIX HEHTPOHOB B BOAOPOAOCOAEpsKANIeil
cpeae. [lemas mpm arom ympomjaomume Opeamnoo;keHusA o caaboil sHepreT-
TecKOil 3aBUCIMOCTH CeUeHNS PACCeSHNA HYKIOHA Ha HYKIOHE I 00 OTCY TCTBHH
ClIydYaeB MCOYCKAHUs KACKaJHHX HYKJIOHOB Haszajg, MaKcmMOB cyMelx IIOJY-
YUTh BBHIPAKEHMS IS CPEAHEr0 YHCAa BRIONTHIX HYKJIOHOB M CpeJiHeil SHeprum,
ocTapmeiica B Axpe. Tar rak pacuer ObUI NpPOBEJEH ¢ ycpeaHeHHeM BCeX Be-
JUYMH (CedeHnd, SHEPrui CBA3M, IOTEHIHAASHOTO Oapsepa) mo HeATpoHAM
H IPOTOHAM, TO pesyabrar padoTs [%¢] me MoykeT gaTh HUKAKAX yKazaHOIl Ha
COOTHOMIEHNME UMC/a KACKaHBIX HeilTpoHoB n npotoHos. Ha puc. 15 nokaszams
noayuennsie B [°¢] zasmcmmocTu cpemmeil smeprum Bo3OyIeHHUS sAgep Ag u
Br ot smeprun 6ombapaupyomux nyxionos. Kpusas M ua pucynxe cooTBer-
cTByer KpuBoit m3 pabotw [%¢], mocrpoennoit ¢ yuerom omuOku B BeJTYHHEe
CeueHUIT HYRIOH-HYIJIONHLIX B3amMmopeiictouii, pasmoit -+10%. Boapmoe
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pacxo;kenne peayiabTatos B pabdorax ['¢] u [%%] ceszamo roaBHBIM 0Opazsom
¢ Tem, 4ro Merox MawxcmmoBa me yumurhiBaeT dderTa poskACHHA Me30HOB,
KOTOPERIT MPUBO/INT K HOBBIMEHUIO dHEPrun BO3OY RAEHUA OCTATOYHOTO Apa.
JT0 BAKIIOYCHHC BBHITCKACT M3 TOTO (aKTa, UTO PEe3yIbTATH, NOJYyUeHHBIe
B [%%], yioBIETBOPHTENBHO COBIAIAIOT ¢ JIAHHBIMII aHAIU3a, KOTOPHII IPOBEIH
Bepuappunu, Bym n Jlumgentaym ['®] merogom Momre-Hapiao B mpepmoso-
JREHMM JIMIIb YOPYTHX CTOJKHOBEHHI HYyKIoHoB Apyr ¢ apyrom. IlosTomy
MOSKHO TOJAraTh, 9T0 JIA HPUOJIMAKEHHBIX OIEHOK MeTOJ, IIpe/lIosReHHbIT
MancuMoBEIM, MOJKET OBITH MCHOJB30BAH B 001acTH d9HEPTUil GoMBaPANPYONIAX
mykaonos mpumepuao ao 300 Mas, rje Briaj HeyOpyrax Ipormeccos B obmiee
ceueHue np- W pp-paccesHus HesHaunTegaeH (cM. samedanme B Kouime § 9).

Opmako BPSAX M MOKHO coraacuthes ¢ astopom [8], yrBepsrmatonpum,
9TO ¢ MOMOIIBI0 HTOTO METOJIA MOYKHO BBYMC/ATH CeYeHHA peawrmuil (p, xn)
min (p, prn) Ge3 OrOBOPKE O TOM, UTO DTO YTBEP:KIEHHE OTHOCHTCH JHIIb
K pacmeIvIeniAM ¢ BHOPOCOM 0CTATOUHO GOALIIOTO Yieaa meiirponos (z > 2).
O tpyaHocTAX B pacderax cewenuit peaxmun tuna (N, 2N) rosopuioch Boime
(eM. § 7), womewno, mpocTas Mojenb, upeanaraemas B [%¢], He emosker onucaTh
Gojlee WIH MeHee YIOB/JIETBOPHTEIBHEIM 06pasoM Bce OCOGEHHOCTH IOBCACHUSA
BTHX CEeUeHIIl JUISi PAsHBIX HAep.

ApajutnuecKkuil pacuer NpAMOro B3AUMOJCHCTBHA ¢ SJAPOM HYKJIOHOB
¢ sueprueit 10 80 Mas nposejnen Huxyun[*7], koropsiii umcnoap3onaa 00HIY-
ay0 Mojenp raza DepMmm 1 mpudaiGKeHUe HHINBHAYAJBHBIX CTOJKHOBEHH.
Bpojrress woapdumuent noriomenna K, 3aBucAmuii oT pajmyca ciejyio-
ayM obpasoMm:

0 <. R
K(r)= K, R, <r<R,4+d=R,
0 rs i

ITapamerpst K, R u d onpejensinch NyTéM CPaBHEHMA PAcYeTHOTO
CCUCHIA TOTJOMCHAS ¢ 9YKCHEPUMEHTAJLHBIMII IAHMHBIMH, [OJYTeHHBIMA
upn suepruu wywgonos 99 u 62 Mas. Takum oGpazom, ObIIO NPUHATO, 4TO
d=—2 ¢epmu. Buibop d =R npuBoJUT K MOJEJU TPSIMOYTOJBHOH SIMBI.

Bepositmocrs TOro, 9ro wacTHma ma HYTH & UCHBITACT 1 COyJapeHuu,
paercs GopMyoii

S B
Fy ()= [ pf.(n) dp,

0

rje p —napamerp yjapa (cm. puc. 2, rne z=s); f,(z) — pynxnua, coor-
sercrBytomas F, (z) aasa cayuas ogHOMEpHOIl Mojeiu

fa(@) = (K2 e

¢ HOPpMMPOBKOH Ha 1:
. ' fn (.’E):i.

=0

Beanuuna z cssizana ¢ p u R cooTHOmeHusMu:
2 VR*—p* —VR*—p* pun p< R,
2 yR*— p? mist R>p >R,

&L —

llonnoe ceuenme norJomenns uMeeT BHJ
P )
o, ==R*(1 —F),
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rae F,—BepoATHOCTh UPOXOWKACHNA HYKJIOHAa 0e3 croaxmopenusa. Lcau
B3t R, =0, To MBI npnaeMm K oOuuYHON QopMyJe ceueHus NOTJONLEHIs
JUISL siipa ¢ PE3KOi TpaHunieii:

Gy =nR%

Jarem BBIUHCaHETCN BEPOATHOCTH TOTO, UTO HYKJIOW, HCUBITAB COY/ape-
Hise, Oyner obaanartn omeprucii, pocrarounoil jas seaera uaz sjppa. Crporo
TOBOPSI, B CUJY HEpazJuuyuMOCTH HYKJIOHOB IPON3BOAUTCS BLIYHCJCHIEC
BCPOATHOCTH TAKHUX CJOYy4YaeB, KOLAQ 06p113\ CTCA OJIMH HYKJOH JIOCTATOUYHO:
(o.uhnmu sueprun. Bepoarnocrs aroro cofbiTusi pasma

p" S F’lb n (FO)!

rjae g,,(E)——Bepo;I'rnoc'rL TOTO, 4TO HYKJOH € HavaibHoii aueprueit k,
nocje n cOyaapenmil BBIJIETHT W3 sjpa.

Has soruncaenns gyuaknun g, (E) neo6XoaumMo 3a1aTnesd dHepreTHISCKOl
BABHCUMOCTRIO CCUCTIA CTOJNKHOBCHNA OJMHOYHBIX HYKJIOHOB. Kukyun ne-
X0 M3 NPeAnojoRenns o6 oTeyTeTBUN HTOl 3aBHCUMOCTH, HO YUHTHIBaJI,
UTO B SAPE UMEKTCS HIGKHNE YPOBHM, COOTBCTCTBYIOWIUC KOJJIEKTHBHOMY
BOaOYK/CHIIO fZpa (9TUM CAMBIM YUHTHIBAJIACH JIOHNOJHUTENbHAS BOZMOMK-
HOCTL TNepejauym uacTn HHEPruE OoT HyKJAoHA AApY). Dwlanm onpeaeiens
Gynrmmn g, (E) nas n=1 u n—=2. llo usBecrHomMy ceuenuo NOrJOUEHNH
0,, KOTOpCe BRIYaeT B celsi Kak NpOIECCH, Bejaymune K o0pasoBanmio-
COCTABHOTO $Jpa, TAK I NPONECCH NpsAMOro BaamMojaciersusa, Kukyun no-
JyUi, 9TO CeYeHne NPAMBIX peakiuil, onpejelenHoe us

(n) P
Snhpam — 2 Unpﬂm m

cocrapasier 20—30°/, or monmoro cedeHms Heynpyroro BaamMo/ieicTBUs
JUISE TPOTOHOB pueprimm 30 Moas.

Anangoruunsiv 0Gpazom PACCUMTRIBACTCA M HPOLECC BOIOY/KACHUA sijep
HyKIoHaMu cpexunx suepruit [°]. Ilpn arom gensaores Te se mpeanonoRenns
0 ToM, uTOo ceyenus N —N PACCeAHNS He 3ABUCAT OT BHEPIHIL I UTO SAPO CO-
ACPIKHT O/HHAKOBOE YHCIO HeliTpomon m HPOTOHOB. Asrop [*¥] yumreiBaer
Pasinune B BEAMYNHE O, 1 §,,, HPHHIMAs

Spp == %un = 3 Onp’

Pacwer Guur mpoussesien jyist Geckoneunoro sjapa u Gea yuera B3auMojieii-
cTBA HywjaoHoB Beiine yposusa Depmu. Iloxyuenusie B [°8] pmeprernueckne
CHEKTPHI HYKJIOHOB, MCIYCKAEMBIX AApaMu P IMPOXOKAeHIN HYKIOHA CPel-
HUX DHCPTHIl, HMEIOT TOT ’Ke BN, YTO I 10 CTATHCTHYCCKOIl Moje/ndm Ajpa.
Asrop [*®] moatomy mosaraer, wTO B DKCHEPUMENTE TPYAHO OTACANTH dPHERTH
HCHAPeHHA 1 TPsIMOTO MHOTOCTyHeHuYaToro maammojeiictens. CpapHenme pe-
syabraros pabor [*¥] ¢ ousrtHEIMU gapEBIMO Ipn sHeprun npotonon 40 Maw:
aas apep Sn n Pb moxasamo ymon.teTsopmTeabHOe corsiacue B Beqmynnax moi-
HEIX cedenmii m B opme SHEPreTHYeCKOTO CIieLTpa, B €ro BHICOKODHEepPTreTn-
geckoit oGiactn. Cornazenue sie B o6macTi HeGOMLITAX YHEPTHIl BLLTETAIONIIX
nporonor (o 20 Mos) darruuecku orcyrersyer. [Mocaennee mMossao ObLIo
OJKIJATL, TAK Kak Mojenn, nojoOHbe mcmonbsopanmoii n [%%] mua pacuera,
ABIAITCH CAUIMKOM TPYyOHME Ipu HeGOMLIMAX SHEePruaAX HYKIOHOB.

§ 7. «IIOBEPXHOCTHBIE» B3ATMO/IENCTBIA BBHICTPHIX HYKJIOHOB
C SJIPAMII

Onncamnwiii B mpejwsyymux naparpadax KacKagHBIl TpoIece, pasBuBao-
muiicst Tpu MOMagaHmu GBICTPOIl YaCTHIHL B PO, 3aXBaTLBaeT, Kak MPaBHIo,
Bech ofbem mocaexmero. Iloaromy, mabGuionas obuiyo KapTuHy s/epHOTO pac-
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HIeIVIEHUA, TPYAHO BHAenAuTh dhderT BzaumMojeiicTBus IMepBHYHOI YacTNIL
¢ IOBEPXHOCTHBIM cioem sjpa. YUToOnl mcclxegoBaTh cBoOIicTBA 9TOTO CJOH,
HeoOXOMIMMO BBIJIGIUTH il H3Y4YUTh OTHENbHbIE BUJLI peariuii, crmemudrunbe
Ui moBepxHocTHOTo BaamMogeiictsusa. [Tomumo yrayOmenus Hamero IoHH-
MAHHA CTPYRTYPH fAApa — BONPOCA YPE3BHYAINO BA;RIOr0 IIfA TCOPHH, —
U3YUYeHUE TAKUX PearIiuii IT03B0JUT G0Jee TOUHO IPEJICTABNTD Il MeXaHU3M pac-
IEIUTeHILST spa OLIcTpoil yacTHIell, BEACHATDL ero 6oaee TOHKHE OCODGHHOCTH,
yeTanoBuTh mpesenst upumenmmoctn mojenn CepOepa. K peakmuam mosepx-
HOCTHOTO B3aUMOJEHCTBHS OTHOCATCH PACHICIUICHUS ¢ BHIIETOM He0O0JbIIoro
9HcIa HyKI0HOB — pearkmun tuma (N, N'), (N, 2N), (N, Na) u 1. xa. (peus
HIIET 0 pearRUUAX Ha JOCTATOYHO THREJBIX AJlpax, rje MO/KHO ropopuTb O IMO-
BEPXHOCTHOM CJI0€, PACCMATPUBAS ero Kak o0macTh Ajapa ¢ ORCTPHIM cliaja-
HUHEM IUTOTHOCTH HYKJIOHOB, B OTIMYNE OT IEHTPAJILHOM, INIOTHOCTL HYKIOHOB
B KOTOPOIl MEHAETCH He3HAUNTEIHHO).

Bemme orsewanoch, uro Teopermueckme pacuers mo oouraHoil cxeye CepGe-
pa—lonsabeprepa HpuBoOAAT K BeJINUHHAM CeueHnil pea KUl y KA3aHHOTO THIA,
HEe COMNIACYIOU[HMCS ¢ DHRCIePUMeHTAIBHEMI H3Mepenuamu. Haw mpasmio,
pacuer aeT 3aHKCHIbIC Cedemisa, MeHAIoN{iecs ILTIaBHO € Maccoil fjpa,
B TO BpPeMA KaKk OILIT MOKA3KIBAET, UTO CEUeHUs peakiun, maupumep (p, pn),
HBMEHAIOTCH HePeryasipHo, oT Aapa K Axpy.

910 06CTOATENBCTBO BAaCTABIAET JyMATh, YT0 B IPHMEHACMOI cXeMe pacuera
€CTh cepbesHbie JiepeKTH M UTO OHA HY/KAAETCH B YCOBEPIIEHCTBOBAHHM, IIO
KpaiiHeil Mepe B uwacTH, Kacalomeiics TPOIMeccoB ¢ BEUICTOM MAJOro WHCIA
oyiaonos. B § 3 upusejgenst HeroTopeie coofparkeHus 0 BO3SMOKHBIX yTOWHE-
HUAX B pacueTe Kackaga. B § 5 Opima rawske oTmeueHa Goabmas poib 00600-
geqnelX aPderTop B peaxmumax tuoa (p, pn). f

Beano@d [°?] necneposan piansume HyRJIOHHBIX 000/404Y€K B AApPe Ha IPO-
nece BRIOHBAHHA OLICTPHIM IPOTOHOM OJHOTO HeiiTpona — peakmust (p, pn).
OH HCXOAMI W3 TPEImoI0sKeH A, YTO 9Ta PeaRkiuA WeT B Oy CTajiio, T. e.
HellTPOH MMEHHO BHIOHBACTCS M3 sjipa, a He HCHycKaeTcs A1poM, Bo30yieH-
HEIM B IPOIECCe KBA3HYHpPYroro paccesuud IMepsuanoro mporoma. [las ocy-
MIECTBIMOCTH YJIAPHOTO MeXaHmnsMa BHIOpOca OJIHOIO HeiiTpoHa CclIexoBajo
HPUHATH, TTO DHEPrHs BO3OY/KACHIS OCTATOYHOrO sAjApa, obpasyiomerocd
IOCJAC BLIICTA IIPOTOHA M HeTpoHa, HeROCTATOMHA IS MCIYyCKAHMsA eme
ojiHOr0  Heiitpona. MapiMu caoBaMu, CTOJXKHOBeHHEe HEPBUYHOrO IIPOTOHA
JOKHO OBITH ¢ TAKIM HCHTPOHOM, IOCHE BHIGPOCA KOTOPOTO AAPO HE B CO-
CTOAHNN HCIYCTHTH €lle OJitH HeTPOH 34 CYeT HEKOTOPOil MepecTPoilkl CBONX
Y pOBHeIt. :

Taxnm oGpasom, Beamumma ceuenmmsi peanimuu (p, pnr) BaBHCAT OT TOTO,
¢ Karoii ofosourn ObUl BRIOPOIIEH HEHTPOH M KaKOBA HHEPrUA OTPLIBA Hafd-
bosee crado cBABAHHOrO HeilTpoma B mojydeHmom sigpe. Ecam smeprns Bos-
Oy:RIeHIA SAApa, 00ycaoBIeHHAT HAJIMUYME), ILIPKI» Ha OJHOM I3 ypoBHeil,
OyjieT HpeBwiilaTh SHEPTHIO CBAZHM OJHOTO W3 HElTPOHOB BEPXHEro ypOBH,
TO MPOH30iiIeT ¢ OOMBIIOI BEPOATIOCTHI0 MCIYCKAINE CIIe OJHOIO HeiiTpoHa
(wam ppyroit wacruisl), U ATOT Tponece OygeT OTHOCHTHCA yike K peakIjmm
(p, p2n) wan, wanpumep, (p, pna). VI3 ckasammoro sSICHO, WTO He BCe HETPOHLL
ANAPA (IPUTOIHLD Ui yuacTus B mpouecce (p, pr). Benmodd moraszam, 4o
ceuyeHus pearuuii (p, pn), KoTOpHe MAYT HA YRA3aHHBIX Bblle AApax IOJ
neiicTeueM npoToros smeprun 0.7 Bos (eum. § 5), paccunrtaHHbe HA OAMH (O]~
XOAMMUITY HelTPOH, OKa3bBAITCH® PABHBIMH JIPYT JPYTry.

B caenyiomeii patore Bennodd [°°], paccunreizas B nemyabcHom mpubim-
JKCHAM pearnuio (p, pr) AJIS OPOTOHOB BLICOKHX HHEPTHIl I MCIOJB3Y A HOTEH-
OUAaJ TapMOHIYECKOr0 OCHWLIATOpa, Hamex Juisa mojaean auddysaoro Anpa
3HAUYEHIIe apaMeTpa ry, COIIACYIONCTOCA ¢ JANHLIMI IO PACCEAHNIO DICKTPO-
HOB. AHanmm3upys 3JKCHePUMEeHTATbHLIC J@HHLIE IO CeYCHMAM DTOIl pearmun
Ha PasINUHBIX AJ[paX, OH IPHITET K BHIBOAY, UTO JUIA TOTO, 4T00LL COTIIACOBATH
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C 9THMH JIAHHKIMM Pe3yJbTaTEl TCOPETHYECKOTO pacyeTa KacKaja HAa OCHOBE
MOJIJIH Si/ipa MOCTOSMHOI ITOTHOCTH, HEOOXOHHMO IPOBOJINTH BHLIYHCICHIINA
npu mapamerpe r,=1.8 — 1.9 depmu. B cBszu ¢ atum orMernm, uto mogoGHOE
aHOMAJIbHO GOJIbIIOe 3HAWEHMe JUISA pajuyca fijep MMeeT MeCTo W B TeOPUH
NpAMBIX AAEPHLIX B3aumoneiicTsmii Bamiepa [1], passuroit jus wacrmm cpep-
HuX dHepruil. BXopsmuii B Teopermueckoe BHIpaikemme cedenuii peaximir
HpAMOTO B3amMOJeicTBuA pagmyc A mrpaer poab NOATOHOYHOTO MapaMerpa
OpH CONMOCTABJIEHMH HTOIl Teopuu ¢ pesyrabTaTaMm ombita. Hak mpasmio,
BesmunHa R, maliennas Takmm cmocoGoM, okasbiBaercsa GoJblie pagmyca
Alpa, OUPe[eIsIeMOro M3 COOTHOINEHI S

R=r A" (ry~1.1-=—1.2 gepun).

1o obcroaTenbeTBO GBlI0 pasbacueno Popdepros [7°], koTopsit mokasau,
9T0 HCHOIB30BAHNE METO/la BO3MYNIEHHBIX BOJIH IPH PEMEHUH 3ajaui O [psH-
MBIX B3aHMOJEHCTBUAX JlaeT «HOPMAJLHYIO» Beanunny R, B To Bpemsa Kak
pacuer mo oGurunoil popmyse Batinepa, BuBegennoii B TpuOIMKeHNH IUIOCKAX
BOJIH, He BO3MYIIEHHHIX TOTEHIHAIOM Spa, jAaeT Goabilee 3HAYEHMHE.

[Movmmo BrmIeykasammoro mexammsvma Bemmodda, Brian B maGmogaemoe
cedeHye pearIuii ¢ Masoil morepeii Maccsl MOTYT AaTh W apyrue. B wactmoct,
MOZKET WJITH IIPOIecC KBa3MyNpPYroTo PACCEAHHA HPOTOHA € MOCIE Y IONIM
UcTapenueM eme o Hoil wacTumsl. Ho npu Bercorux apeprusx 6oM6a paupyonmx
HPOTOHOB HLOCJEHAIT MeXaHH3M MEHEee BEpOSITCH, ueM IJIpomece BHIOHMBAHHS,
6o obvem cheprr DepyMm Maax mo cpaBHeHHIO €O BceM (A30BHIM 0GHEMOM,
AOCTYHHEIM HYKJIOHY OT/[auil B HpOIEcCe PACCeAHHS HYKIOHOB GOXBITHX
9HEepIHil.

Meron papmoxmymgeckoro amaamsa, KOTOPHIl HCHOTB3YETCH. T OTpeje-
JCHUSI CeYeHNil KOHKPEeTHBIX pPeariuil, MAYIHX OPH BLICOKHX DHEPTUAX, He
TO3BOJACT POIIHTE B KAKAOM CIy9ae, HeT JU JaHHas peakiusd ¢ HCIyCKaHIeM
HECBABAHHBIX HYKJIOHOB IJIM jKe BHIJETEHHOE SAPO SBIACTCS IJIPOAVKTOM
pacma/ia ¢ BEGPOCOM Ie0ro KOMILIeKea Hy KIOHOB (1eiiTPOHORB, G-4acTHIL 1 T. /1. ).
Hoaromy skcmepmMenTtanbio mamepseMoe cedyenue peakuun (p, pn) MoKeT
BRIIOYATL Tak/Ke ceuenue mponecca moaxsara (p, d). Oppaxo pacueTsl moKa-
SBIBAIOT, YTO CeYeHme JIoAXBaTa OLICTPO HMAJACT ¢ YBEIMYEHIeM dHeprum Haje-
TAIMHUX HYKJIOHOB, TaK 4TO BKJIAJZOM BTOr0 mpomecca B pearmuio (p, pn)
mpu suepruAx nporoHor cpemme 200—300 Mos mosxmo mpenebpeun. Tor dakr,
9TO IPeBHIIeHHE DRCIEPUMEHTATLHBIX ceueHuil pe ki (p, pn) Haj pacuer-
HBIMIL o Mozenn CepGepa obmapyskusaerca B obaaetn sHeprau 6oMGapaupyIo-
IIX IPOTOHOB B HECKOJIHKRO MHAIHAPAOB JIEKTPOHOBOILT, CBHCTEILCTBYET
0 TOM, 4TO MCXAaHH3M IOJXBATa He MOKeT OBITh IEeNMKOM OTBETCTBEH 3a 3TO
pacxossnenue.

Agtopsr paGorst [*'], rge wmsywaores peawmum Tuma (p, N) u (p,2N),
HOJIaraioT, YT0, MOMMMO IepPeYHCJEHHBIX Bhime (pakToB, MMEIOTCS W JpyTHe,
He yYdMThiBaeMbie B NPHHATOH cXeMe pacyera, HApPHUMep KYJOHOBCKOE BO3-
Oysk/leHHe M30MEPHEIX YpPOBHeH sApa IIPOeTalonimM IPOTOHOM, ¢ TOCIeTyo-
I{HM HCIyCRAHMEM HeiiTpoHa. JTOT MHTEPECHBIl BOIPOC MOT OB OLITH pemen
IyTeM HOCTAHOBKI ONLITOB ¢ HelfiTpomaMum GOJbImIX SHepruii, rae sddert
KYJOHOBCKOrO BOsOy:KueHust OyHeT OTCYTCTBOBATH.

Asropst [?'] Taxske cuMTAOT, UTO WMEIOTCA, BUANMO, W JPYIHe IOPOKH
B CXeMe pacueTa IIPH DHEPTHAX HYKITOHOB IOPSAKA MILIIHADPIA HJIEKTPOHO-
BOaIbT. B wacTHOCTH, MOTYT GBITh OMMGKN, cRA3AHEKE ¢ HGHEKTOM MHOKECTBEH-
HOTro poskaenusa mezoHon. Cornamasch B 00IIEM ¢ DTHM 3aMeUyanueM O BO3MOsK-
HBIX omuKax B IPHEATON cxeme, HEOOXOANMO BCe e OTMeTHTh, YTO BPHAJ JIH
Gomee Toummii yuer adderta MHOKeCTBeHHOrO 00pazoBammsA ME30HOB IPHBC-
AeT B COOTBETCTBHE TEOPCTHYCCKME M HKCIEPMMEHTAJbHBIE [IAHHBE, TAK KAK
ysxe mpu suepruax mywiroros 100—200 Mss, rjge Her HMKAKUX HEyUpPYIux
IPOLECCOB, HTO HECOOTBETCTBIE MMeeT MecTo, Kak Hampumep B paborax [1% 20],
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B 1949 r. Obuin mosyueHsl IIepBble dKCHEPUMEHTAJIbHLIE J0KA3ATEILCTBA
ACIYCKAHNSA SAPAMU JAeiTPOHOB, HE CBABAHHBIX ¢ MCIAPUTEIbHBIM MeXaHM3-
moM [2]. D10 apaenne Guuro obwscueno Usnio m Foappdeprepom [72]. Baeres-
it B Spo HYRIOH OOJBINOH DHEPIrUM MOJKET CTOJIKHYTHCA ¢ JIPYTUM HYKIO-
HOM ¢ IIPOTHBONOJIOKHOHM IO BHAKY IIpOeKnuell M30TONHYECKOTO CHOUHA, U
fuarojapsAa HadaJAbHOMY COOCTBEHHOMY HMIYJIbCy HYKIOH OTJAQ4Yl MOJKET
[oJIeTeTh B HANPABJICHWN, OJAM3KOM K HANpPABIEHHIO JIBUFKEHUH PACCEAHHOTO
Ayriaona. Kegaum mpm 9TOM OTHOCHTENLHLIE CKOPOCTH OOEGHX YacTHI[ IOCIe
coymapeHns OyjyT HeBeINKH, TO M3-3a CHIBHOIO B3aMMOJIHCTBUA, KOTOpOe
CYIIECTBYCT MERAY HYKIOHAME, HAXOAAMUMUCA B 35 COCTOAHUH, OHH MOTYT
o0pasoBaTh CBABAHHYIO cucTeMy — peiirpon. [lna Toro 4To6nl TaKoit mpormece
nojixata (pick-up) mor GbiTh OCymiecTBIEH TIpH dHEPTHAX Naa0IUX HYKIO-
HoB oxosio 100 Mas, B siipe JOMKHLI OBITh HY KIOHB ¢ OOJTBOTMMI HMITYJIbCAMH,
yem 9T0 mpeaycmarpusaerca mopeanio rasa Depmum. Unio m TI'oanpGeprep,
HCXO[SI W3 MOJeJH He3aBMCHMBIX YacTHIl, BHIYUCIIUIA B OOPHOBCKOM IIpH-
ONMKCHHN BEpOATHOCTEL Ipolecca MoAXBaTa HefiTpomom mporoma saapa. Ilpm
ATOM pacyere OHW HPNHUMAJM, YTO OHEepaTop Iepexoja MOo;KeT OLITh MOJTy4YeH
H3 TeOpHU jeiiTpoHA.

[lytem comocraBieHnsa TOIYYEHHBIX HMH TEOPETHUECKNX BLIPasKeHMIl Ima
BepoATHOCTH Tpoiecca (p, d) ¢ naBecTHLIME M3 ombita japHeMu Ypio o Ioabx-
feprep HamuIm, YTO HAHIYYMNM 00PaszoM SKCIEPUMEHTAJIBHBIM Pe3ylibTaTaM
yroBsiaersopAer (QYHKINA MMOYJAbCHOTO pacIpefeJeHHs HYyRKJIOHOB B SApe
BHIA

consh
N o)~ @y -

910 Tak HasmBaemoe pacmpenereane Unio—I'oasnbeprepa, KoTopoe OTIH-
gaercHa oT (I)eleleBCHOl‘() Ha/JAYneM HYRJIOHOB C 60.”]3[111“\[1’[ HMIOYyJbCaMM.

Opparo caenanmsie B [?] mpepmomoskeHust 06 OTCYTCTBMH B3aMMOJeii-
CTBHA MRy AJepPHHIMI HYKIOHAMU HABISIOTCA BecbMa IPHOIM/KCHILIMHE.
Teiinmam [™] yuen ato B3ammopeiicTBme M, pemas 3agady Oojee IOCIe0Ba-
TeNbHO, HANIeJN, YTO TEOPETHYECKNe pesyabTaTh MOryT OBITH COIIACOBAHEL
¢ DKCIEPHMEHTOM, eCIU HCIoah30BaTh pacupejperenne Pepmu mpu Temmepa-
Type 9 Mss. Bruro Tamsike HalijieHo, 4To ceuemie mmoxxsata OnicTpo yObIBaer
€ POCTOM KHHCTHUYECKOIH HHEePTHH HAXCTAIONHUX HYKIOHOB. ACHMIOTOTHYCCKHIT

Buj{ ceuennda wo [eiiimany
A
(s)ac Nﬂ‘ ’

rge A — aTtomHoe umcno Anpa; £ — dHepPruA HYKIOHA.

CrerTp JIefiTPOHOB HMeeT OCTPHI IUK HpU 3HAYEHHH DHEPIHH, PABHOM 8/y
0T HAYAJNBHOI BHHEPTrHHM NyYKa. SaBUCHMOCTh CEUYEHUS MOJXBATa OT MAacCChl
Anpa gaxTuuecku Oosnee crabasg, TaK KAk BEUICTAIOT W3 AXpA JHINL TE eilT-
poHbI, KOTOpHie o0paszoBaiichk B moBepXxHocTHOM cice. Iloatomy maGurojae-
MBI BEIXOJ JCiITpPOHOB mojaXBaTa OyAeT mpomopummomaiem A,

Eecnu smeprua myxnonos, GomGappupyiomux A1Apo, BHAYHTEIBHO BEIIIe
100 Mag, 1o mpomecc mpsMoro mojpxsaTa Oyner manoseposatHniM. OfHako He
HCKII0OYeHA BO3MO;KHOCTH 00pA30BAHHA MEHTPOHOB TAKHM JKe MEXAaHH3MOM
OOJIXBATA BTOPUYHBLIMA KACKAJHBIMH HYKIOHAMH, DHEpras KOTOpLIX Oyjer
menbime 100 Mag. Taxroit menpsamoii mogxsar 6611 pacemorpen Bpanemgenom [78].
Pacuer 0wt mpusesen s mykiaomos mavaiabuoit smeprmzm 100—300 Moas
o mojtean raza Mepsu ¢ yuerom Bzaumojeiictens, no Leiiivany. Pacematpu-
BAJIOCH B OOPHOBCKOM NPUOIMKCHUN YIPYroe paccesnne IepBAYHOTO HYKIOHA
Ha HYKJIOHE fAjipa, 3aTeM PACCYUTHIBAJICA MPOIEce MOAXBATa HYKIOHOM OTHaYm
BTOPOTO HYKJIOHA ¢ oOpasopanmeMm peiirpora. CorzacHo aTHM pacueraMm, OKa-
3a70Ch, 9TO CEYEHNE KOCBCHHOTO HOAXBATA Cirabo MEHSeTCs ¢ DHeprueil mage-
rafomero Hykiaoua, cocrasuaa 0.36, 0.55 u 0.45 A?* (cewennsa —» mmuamuOap-
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Hax, A — artommmiil Bec) npu smeprum coorsercrsenno 100, 200 u 300 Moe.
B 710 e Bpems cedenie mpsMoro mojxBaTa OpH TeX ke DHEPIUAX, PACCUMTAN-
Hoe no Leitavamy [™), cocrapasier 19.4, 3.7 i 1.05 A mGapu. Ceuenne Kocsen-
HOTO MOAXBATA WPONOPIUOHAIBHO A%, TAK KaK 9TOT MpOLEce BKIIOYAET JBOii-
HOe paccesHne HYRIOHOB.

Ha puc. 16 nmokasana sHepreTmueckas 3aBHCHMOCTD CEYCHIA HENPAMOLO
monxsara, nojayuennas B [7°] maa mppa yraepopa. OuepreTnueckuii cmekTp
AeTpoHoB, obpasyiomuxcs, cornacko (], ma yraepome mpu GomGapamposke
6 meiirponamu snepriu 300 Mss, nokaszan na pue. 17.

Tpyano cpapante noayuennsie Bpamcpenoy Tteope-
THUCCKHE Pe3YIBTATH ¢ OKCIEPIMEHTOM, TaK Kak
9PPeKRT BTOPHUYHLIX CTONKHOBEHUIT MOMKET CHJIBHO
HeKasuTh Kaprtuwy. Jlns gerkux smep, rae oTH
L : CTOJIRHOBCHUS MCHCE BEPOATHBI, HPHAMEHHUMOCTh MO-
7200 40 gg  RerH rasa (Depl\m BechMa TpobGiaeMaTHdHA. YUeT
£, Mab _ TIOTJIONeHUA JefiTPOHOB B siApe TIpUBejer, Be-
POSATHO, K TOMY, 4TO CeYEHHME HEIPHMOro IoAXBaTa
Puc. 16. dneprermveckan  Gyyor sapmcers memee curbEO 0T A.
b b i e Ircuepnventsi 'ecca m Moiiepa [7°], B koto-
BEHHOTO TOJXBata s 2
anep C. puIX mayuyanzach pearnus (p, d), Wpu sHEPrHH OPO-
ronos 300 Mae, mokasann, aro aeiiTpomsl 06pasyorcs
B TIOBEPXHOCTHOM cJIoe f/ipa B peayabraTe AeHcTBHA MexaHusma Bpancjena.
Ceuenne sToro mponecca okasajgoch TponopuuoHATBHEM A", e na~1.2 nus
Jerkux snaep. IPPexT MOTTOMEHNA AeiiTPOHOB B MpoIlecce HeIIPAMOro IHOJ-
XBarTa BhHCAANCSH B pabore [7] B mpejmososseHiin rayccoBCKOTO 3aKOHA
HMITYTBCHOTO pacupejieieHns HyKJIOHOB, 94TO JIaJ0 BO3MOKHOCTL apropam [77]
TOJAYyUNTh abCOMIOTHEE CeYeHUA POJKIACHUSI ICHTPOHOB.

OGcTosiTeapHbie pacueTsl PasaMyHBIX MPOIECCOB, B KOTOPHX DPOKIAIOTCA
AefiTponsl MexanusMoM mojxBata, npoussefentl Kurywan [78]. On pacemorper,
Kpome BHRJIBHHYTOTO DpamcpenoM HempsaMoro mojxsarta
B KaCKajHOIl crajum, WOAXBAT HYKJIOHAMH, BBLIETAM0- gg
MHEMI B OpOIecce MCHAPCHIS BO30Y;KICHIONO AApa. \
ITporece mpsvoro mopgxmarta muer, corsacuo [78], mo |
BaKOHY ~Ti, e E — sueprus  GomGapaupyomiero = '
nykiaona. Mokmo mpemosarath Takike, UTO CyIecT- _ 10 200
BYCT aHAJIOrMYHbI MeXaHHaM M JUisi Boiiera Gomee Eq, Msb
CAOKHBIX wacTuil, Hampumep sgep H,®. ObGpasosanme Puc. 17. Omeprern-
anpa Hy? sosxer mpomsoiiti mpn paccesinnm GeicTporo  ueckmii - cnextp  jeii-
HeiiTpoHa Ha OfHOINl M3 KBa3WACHTPOHHBIX map, Be- ;poiig‘(’)’llgg&‘f‘aoﬁz‘c‘;’i’f
POAITHOCTH  CYIECTBOBAIMA ~KOTOPHX B AAPE MO 1010 nopxpara na Ape
TBeP;KIACTCA MHOTHMH DKCHEDUMEHTAMM, O HYeM YiKe C npm anepram meii-
ropopwiock Bhime. BoamoskmoceTs apyroro mpomecca — Tponos 300 Mos.
HOCTE0BATEILHOTO  HOJAXBATA  JIBYX HYKIOHOB —

Ka;ReTCA MeHee JIOCTOBePHOI, Mo Kpaiimeil Mepe JUIA He COMMIKOM THAMKEIBIX
anep (em. [7°], e mpomssesen pacuer aHAJZOTMUHOTO Wponecca IpH  pas-
pAjgKe Bo30OYRIEHHOTO sjpa). ;

+ B [*°] wsywamucs peiitpont, prureraromgme u3 sjep POTOAMYIBCHH IO
neiicrsmem nporonon smeprun 120 Man. Wswepsruchk smepreTnueckmii cekTp
JIeITPOHOB M WX yriosoe pacmpenenenne. [Tocne comocTapieniusi cBONX jaH-
HEIX ¢ pesyuabrataMm pacueroB Dpaucmena astopur [3°] nemator BuiBom 06
OTCYTCTBIH COTJIACHA ME/KAy DTHMU JaHHHIMI. 9TOF0 M CIEIOBAI0 OJKUJIATH,
Tak Kak BeBOjs Bpancaena Ipurognsl Aumb s effTPOHOB 9HEPTHI CBHINE
40 Mos. Bexprpamertn u Tosasumn [%1] nponssean pacuer Tpoiecca IOJ-
XBaTa Ha OCHOBE MOJ(eJIM NaPHBIX KOPPEIANHIl HYKIOHOB B Azipe (KBasueiiTpon-
Haa mozens). O6man ponnoBas GYHROUA HAYAIBHOTO COCTOSHIA SIPa B Ta-
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KOIl MOJIe/IN MHIIeTCA B BHC TPONS3BEIeHTS BOIHOBLIX ynxmuit aToii Kpasm-
JeHTPOHHOI maphl M BOAHOBOI (yHRImHE, OIIHCBHIBAOIEH COCTOSIHHE 0CTab-
aux A — 2 nyraonos B sape. Horenmuasn, oreercTsennsii 3a nporece Iox-
xBata, asTopul [*'] Basam B BHgE CymMEI

V= Vot Vo

re unjerc O oTmocuTes K magalomeny npoToHy, mujercel 1 u 2 — Kk HykIOHAM,
COCTABJISIONINM  KBABUACHTPOH.

Hcemonssys morenmumann IOxaes, Beavrpamerrn u Tomasunn HOJ Y IUITH

AOCTATOMHO  XOpomIee COBUAJCHEE CBOMX DACYCTOB € BKCHepUMeHTOM |°°]
AuA neiiTpoHor ¢ aHeprmeir go 660 Mas.
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'awaca 38

CTATUCTUYECRAA MOJEJL S/IPA

§ 1. OBIIHE 3AMEYAHUSI

B pesyiibrate pasBuTHA Rackama oMHOTHHIX coyjapeHnii Hy KJIOHOB B sIpe,
BbIZBAHHOTO BJICTEBINEN uacTHIleil GOJNBIION dmeprum, MPONCXOAAT AUCCHIIA-
U DHCPTHH, U IPeJICTARICHAC 0 IPOIECCe paCHleIIeHIs KaK B3auMONeicTBIN
OHOIL OBICTPOil YaCTHIEL ¢ HYKJIOHAMH, MMEIOIMMH SHAYNTEIBHO MCHBIIIe
CROPOCTH, CTAHOBHTCSA HeupurofHeiM. MEorme ms BTOPHYHLIX KacKaJHBLIX
HYKI0HOB OyjlyT MMeTh HHEPTHUIO, JUIb He3HAUMTENbHO TNPEBLITAIONYI0 110
BEJMYITHE 9HePTHIO MOCTYHNATeJbHOI0 JIBUIKEHHS HYKJIOHOB B SIApe, HE BO3MY-
N(eHHOM TmoTasmieil B wero wactumeir. IToaromy mogens CepGepa, KoTopas umeer
ACTO JHIIb ¢ OJIMHOYHEIMA CTOJKHOBEHUAMH HYKIOHOB B Siipe, 3/1eCh CTAHO-
BUTCH CAUITKOM I'PyGoil, a paceMoFpenne JaabHeiimero Hpomecca paciiemenns
CICYeT BECTH C JIPYIMX MOBMINUIL, YUHTHIBAA €ro MHOTOYaCTAYHLIT XapaKTep.

Hosas mopens pomunma 6uite B co-
CTOAHUI KOJNYEeCTBeHHBIM oGpasoM omm- d¥(p)
CHIBATH IOBEJ[EHNEe HAJpa, HYKJIOHL KOTO- 2P B
poro JIBUTAKTCH, HMesI HeKOTOPbil n30h- X
TOK 3HEPruf. JT0T H30KITOR ,AAPO WOIXY- ¢
9JaeT 32 CYeT TeX KACKAAHHIX HYKJIOHOB, SHEIN
KOTOpbIe TO TeM WM HMHLIM HOPUUNHAM HE N2
CMOTJIIH HOKRHHYTH HAPO B MOMEHT HpO- Praz v
XO/KJIeHNA JaBUHEL (HerocTaTouHast sHep-

PHA 1A LPEONOIeHUA - I0TeHIUAIbHEIX Puc. 18. Pacnpejenenne HyKiIoHOB 1o
CHII WIN OTpaKeHHe HA TIpAHUIE ANPA).  yymyancam B Mojean rasa Depum.
Baarogaps MuOroumCcIenHbBIM CcTONKHOBE-

HHAM, KOTOPGLIE HCHOHITHEBAIT TAKHC HYKIOHLI C JIPYTUMH HYKJIOHAMH Spa,
U30LITOK DHEPrUE OBICTPO PACHPE/IeSeTCH MOy MHOTHMI ANCPHBIMI YaCTH-
naviu. Hak m mpu pemennn uomobmuix sagaq s MaKkpocHcTeM ¢ 00ab-
MAM 9HCIOM cTeneHeil cBOGOAH, paccMOTpeHNe IOBEJeHHA TaKOTo ajpa
VAOGHO NPOMBBOAUTE B CTATHCTHYECKOM ACIEKTe.

Anpo npencrapiagercs cueTeMoit OrpanTYCHHOr0 0GHEMA H3 MHOTIX JaCTHIL,
mompquiaIomuxesa craructure Depum—J(upaka, moTHOE YHCIO cTemeHeld ©BO-
Gouwt a70it ccTemst 34 , e A — wneno vyraoHon. flxepmsie vactuun nensTh-
BAIOT CHIBLHOE B3aUMOJeiiCTBHE APYT ¢ JPyroM. 9710 .B3auMojeiicTBme mpm
YCpelueny 1o BCeM BO3MOKHBIM IapaM NPUBOJUT K HOSBACHHIO HEROEro
HOTeHIUaIa CHJI, JeHCTBYIONMX HA KaKALI HyKaIom B Anpe. Bosumkaer cu-
CTeMA O[(HOYACTHYHLIX PHEPTeTHYCCKNX YpPOBHeil, HA KOTOPHX MOTYT pacmo-
JAraThed OTAedbHEe HYKIOHBL. Jisi A7pa, HAXOAMMErocs B CTAI(HOHA PHOM
COCTOAHIM, MMEETCA MAKCUMAJIbHO BO3MO/KHOE 3HAUEHHe DHEPTHH, KOTOpPOi
Moser oGaanaTh HYKITOH. [lJIs HOTHOCTBIO BHIPOSKICHHOTO rasa gacTur, Pepmn
mosoxenie aToil MarcumasabHOl rpaimmer (rpammmst Mepmun) Gyner BmodHe
oupenerenubimM (pue. 18). Opmaro BemecTBUE MMEIOIMErocs BaaMMOTeHCTBHA
- MEJILY HYRJIOHAMH B PeaJbHOM sjipe Oy yT OCYmECTBIATLCSA CaMONpOH3BONE-
HEIE TIePeXO/l HYKIAOHOB Bhine rpanunnl Pepmu, a geiicTBuTesbHOE HIMIYIBC-
HOe pachpeferenne HYKIOHOB Oyjmer uMeThb BWJ, NOKaszaHHHI ma pme. 18
OpepLIBUCTOM Jaurmeit [1].

IIpn Brecenun B Apnpo HEKOTOPOI mopIun K00aBOYHOI HHEPIHN TOCT eI
pacupesiesiieTca Me;ly MHOTMMH HyKiaowamu. Benepcrsume peiictsus mpus-
nuna llayam mepepacmpesienienne HyKIOHOB IO HHKHIM YPOBHSIM IIPOMCXO-
JTh He OyAeT, HOCKONBKY 9TH YDPOBHH GBUIM 3aII0JHEHBL 0 MOMEHTA yBean-
ueHns snepruu Anpa. Ho reneps Bee Gonbmee uneno nyxaonos Gyuer cuocoGuo
nopHMMATLCH BhIIe yposas (epMmm, 0cBo6oskaas COOTBETCTBEHHO HUMKEIE-
aamme yposuu. Tarum oGpasom, rpanuma Mepmn Gyger Bee Gonee m Gomee
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anddysHoii Mo Mepe yseamuenns vHeprum BosOy:kaenns aapa. llpum meGomrs-
JIIX DHEPrHAX BO30Y:KAEHUA B Ajipe MOjKeT OLITh Peaqu30oBaHO JIMIh Orpani-
YeHHOEe WYHMCJO pPasiIHYAsiX KOHPUrypanumii HYKIOHOB Ha DHEPreTHICCKUX
yposusix. Hanpumep, sosOyienne siipa ¢ JAaHHOI dHeprieil Moer OLITH
OCYIIECTBJICHO IYTeM INepeBoja OJHOr0 HYKIOHA € ONpEeJeHHOro ypOBHA
Ha 0oIee BHICOKMIl WM JBYX HYKJIOHOB HAa YDPOBHH, COOTBeTCTBEHHO Goiee
HUBKIE II0 CPABHEHHMIO ¢ LEepBLIM cJydaeMm #u T. Ji.

C mossimeHEeM DHepPTHA BO3OYIKIGHHA AApPa B IHEJIOM OLICTPO YBOJIMTH-
BAeTCA M UHCJI0 BO3MOYKHBIX COCTOSIHMIl, OCYIIECTRISAIONMX HTO BO3OY KCHHE.
CucreMa OyferT CaMOIPOM3BOJBHO IIPOXOAATH BCE COCTOHHHA, COBMECTHMBIE
¢ 3aKOHAMHM COXPAHCHHS DHEPTUM, YINIOBOIO MOMEHTA M JPYTHX BeJMTHH.
Yem 00JbIIe WHCIO TAKMX JOCTYIOHBIX COCTOAHMII, TeM MeHbIIe BpeMsa Ipe-
OpiBaHMA CHCTEMBI B Kaj;KJIOM M3 HHX.

Hexoropsie n3 coCTOANMIT XapaKTePUAYIOTCH TeM, 4TO OJ(IH I HECKOIBKO
HYKIOHOB (WM MX KOMIUIEKC) MMEIOT DMCPTHIO, IPEBRINAINYI0 HHEPruio MX
oTpeiBa 0T Ajpa. Ecau HYKIOH ¢ MOJ0KUTEAbHOI dHCprueil HAXOMUTCHA B HTOT
MOMEHT B G1aronpusATHBIX YCIOBHAX — BOJIN3H MOBEPXHOCTH AApa, ¢ AMIY/Ib-
COM, HAIPABICHHKM BO BHEIIHIOW CTOPOIY OT SPA, — TO MOFKET MpoM30iTH
wenyckanne s1oro mykaona. Takoii mpormece Gyner BechbMa PeAKHM COObITHEM
B skusHEU BO30ysennoro axapa. llocaegmee JoaHO mepedpaTh MHOKCCTBO
pasINYHbLIX KOHQYUIYPAIMIl, Ipeskjie Yem CTaHeT BO3MOKHEIM HPOIece HeIyCRa-
HOS Karoil-in6o uvacTmipl. VIHGIMH cJIoBaMm, 3TOT IpOHECC CTAHOBHTCH BO3-
MORIBIM Grarofaps (UIyKTyamusAM BeIMYHHE dHEPruM, UPUXOAAIIeHcs Ha
O/IHY 4ACTHIy B TepMojmHammueckoii cucreme. Yewm Goabme QayrTyanus,
TeM JUIHTedbHee IIPOMEeKYTOR BPEMCHH [0 .ee OCYULeCTB/IeHMA, TeM, CJIe/oBa-
TEJLH0, MAJToBeposATHee (IyRTyaIms. :

OnucapHas KPaTKO KapTUHA TMOBeeHNA BO30Y/KICHIOT0 AXpa aHAJ0THYHA
mpormeccy Menapenns marperoil kamim smproctu. Ha ary amamormio puepshie
yrasaan Bop m Kamekap [2] u @penkenas [*]. Takoe comocrasienue Makpo-
CROTIIYECKO U AJEPHOIl CHCTeM HMEeT, OfHAKO, orpammuenupiii cyuiex. [lexo
B TOM, 9TO COOTHONICHWE MesKky BeamuuHoil ofmeit sHepranm BosOyiKaeHusA
cHCTeMbl ¥ DHEprueil, yHOCHMOIT OfHOI Heilapsomeicsa u3 nee qaCTHIEIT, He-
ONMHAKOBO JUIsi KAIUIM suRocT 1 sapa. Ecam B mepsom ciayuae yXoj oAHO#
MOJICKYJIB OYCHb MAJIO CKAKeTCH HA COCTOMIMHI KOHEYHOIl CHCTeMbl Kak B OT-
HOMICHUN OCTAIOmEeNcs DHePrum, Tak 1 wHeJa MOJEKyJ, TO IpH HCHapeHHH
OJIHOIl MaCTHI(E M3 #/ipa HOC/Ae/Hee TePsACT 3HATHTENbHY 0 YaCTh CBOCIT 9NePIIIL.
Ilo aroii mpuunme COBEPMEHHO HEOOXOUMO YUUTHIBATE B pacuerax nciapeHmst
opferT oXxaanyleHus AApa IPH  TOCTEAOBATEABHOM HCHYCKAHHHM JacTHIL,
a TaK;Ke M3MEHeHUe ero cocrana.

Vuer oxjajkuenmst sSApa o yMeHbIIeHHA 4vpcjIa HCHTPOHOB M IPOTOHOB
B HEM 3HAYATENbHO YCIAOKHSCT BLIYHCTOHHs Ja:e B paMKaX KIACCHICCROI
Teopuym mcmapenmsi. Hpome Toro, HeoOXOAUMO YIHTHBATH CTATHCTAYCCKHC
gaysTyanuu Mpn MCTaPeHnn TAKOM CHCTEeMbl ¢ MAIBIM YHCI0M YaCTHIL, KaKOil
ABIACTCS ATOMHO® HPO, B TO BPeMA KAK POab dTUX (JIyKTyanuii CoBepIIeHHO
HIYTOKHA TPH PACCMOTPEHHN KOHEUHBIX pE3yJabTaToB HCIAPeHUS MARPO-
CHCTEMEI. g

[IpaBmapHuii yueT cTaTUCTHYECKHX (QIYRTYamUil JIA CHCTEMbl ¢ OTpamil-
YeHHBIM YMCJIOM YACTHI[ ABIACTCA TPYJHOIL 3ajaueil, KoTopad {0 HACTOAILErO
BPEMEHM PACCMATPHBAJIACH JHIIL A0BOXBHO Tpydo [+ °). B arom ormomemnii
GoabImoe sHAUCHUE WMEeT NPHUMEeHeHHe METOAA CAYJalHLIX HeNLITaHuil Just
HOCJeI0BATENBHOIO PACYeTa TpOIecca WCHAPEHHA CHIVIBHO BO30YiKACHHLIX
Aep, MOCKOMLKY B JIAHHOM METO/ie CTATHCTHICCKUe (PIYKRTyal il YUHTHIBAIOTCHA
aBTOMATHYECKH.

He MmeHee cao:HOil mpoGaeMoil TEOPHH MCUAPEHUs ABIACTESA BOIPOC 00
VCTAHOBJICHAN TePMOAMHAMATECKOro paBHopecust B sxpax. OOpumo mpesmo-
JAAraercd, 4TO BpPeMsd YCTAHOBJIGHHA PABHOBECHHA 3HAYMTCIABHO MeHbINE Bpe-
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MeHIT, HOTPeGHOT0 JIA NCITaPEeHIHA OJ{HOI KaRoii-1n60 TacTUIIEI; TOYHEe TOBOPH,
CUMTARTCH, UTO TOCAE NCMYyCKAHHSA OJHOH yacTHUILI U3 BO30Y/KIEHHOT0 AApa
nocyefnee MpHACT B COCTOAHUE TEPMOJAMHAMUYECKOTO PABHOBECHH IPeKJie,
"eM Hponsoiijier BueT caeyomneii wactuust u3 aapa [%]. dro npeamomosrenme,
OJIHAKO, HE MOKCT OLITL PACIPOCTPAHEHO 0e3 BCAKHX OTOBOPOK HA HAYAJNBHBII
9TAm WPOoILecca NeHapeHiA, Caely Nl HeIoCPeACTBeHHO TOCIe TPO X0 ICH U
KackajHoil napnHer B Axpe. CKopee BCEro MOKHO AYMAaTh, 4TO MEKAY HAYa/bh-
HOI, rackagnmoil cTajgmeil m mocaenyomieil, nenapuTeabHOI cTajell npoecea
pacmeniennsa #jpa HeT YeTKOTo pasfeJeHHs U WCIYCKAHWE uYacTHI[ OyjeT
HPOUCXOUTE €IIe J0 TOTO, KaK BCS Mepejanast sij[py dHeprius pPaciipepesnTes
0 BeemMy ero oomemy. JT0 JTOKAIBHOE Hellapere yacTull Oy et Tem BeposTHee,
ueM Bbine M30BITOR DHEPrHH, MOJXYUYCHIILIT AIPOM.

B patore [7] B wnaccmueckom mpubanyennn Ha OCHOBEe MOJeJN He3aBHCH-
MEIX yacTHI[ ObliI0 HMOKA3aHO, UTO BCJEJCTBHE M3MEHCHNsS € TeMIepaTypoit
JAMHBL cBOOOHOTO Tpobera HYKIOHOB B SJIePHOM BEIECTBE BO3MOZKIO J0KAIb-
HOe marpepamme. JTo ABiIeHne 1o onenke asropos [7] Gyger umers necbhbma
CYMECTBEHHOE 3HAYEHNEe UpH Temmepartypax sigpa ceime 7—8 Moas. CoriacHo
- rpybomy mopcuery dpuxcona [®], Bpemst jkuzHM KOMIAYH/-CHCTEMBI MACCHL
A ~ 100 n smeprun BosOyskaenus 18 Mo cocrasaser npumepno 5+ 1079 cex.,
a npu sneprun BozOysaenus 200 Mas ono aums B 5—6 pas Goanime sgepHOro
Bpemenn. 'nmoresa o mectmom marpese sajna Gwura semuayta B [°] poa o6s-
ACHEHUA AHOMAJAbHO 0OJBIION BEPOATHOCTH BHUIETA OBICTPHIX HPOTOHOB,
a-yacTuil 1 Gojiee TAKEABIX "acTui u3 sapa. llockoabry Goabmmas gYacThb
9HEPTUH BOBOY/KCIISI AAPA KOHIEHTPUPYETCH B HeOOJIBIION [0 CpaBHEHUIO
€ TOJHBIM 00BeMoM A/pa ofmacTi, TO cpejHue KUHETHISCKAE DHOPTUN HYKIO-
HOB B 3T0il oOmacTi OyAyT BLIIE, YeM B APYTUX 4acTHAX AApa, CAEA0BATEJNLIO,
BePOATHOCTEL mcmapenus Oyaer Goabme. Takas Mopens JTOKaJIbHOIO BO30Y-
ARJIEHN HAXOJNT CBOe KavecTBeHHoe ofocHopamme B mpomeccax o0pazoBaHus
U DOTIOICHUA TT-Me30HOB B Ajpax. BozHuKawimme Lpu HeyIpPYyruX CTOJKHO-
BEHUAX HYK/JIOHOB TT-ME30HBI ¢ GOJBIICH BEPOATHOCTLI0 IMOTVIOMAITCS C(O-
cejiHiMn mygaonamu. Brorgemsiemas mpim 9ToM HOTIONEHHH 9HEPTHA TEPBO-
HAYAILHO PACHpPEAeTAeTCA MEH/y HeMHOTHMH HYKJIOHAMM, 9TO M HPUBOJIUT
K ABJICHUIO MECTHOTO HarpeBaHma sapa. I cojkajdennio, IIKAKOr0 MAaTeMaTH-
YecROTo ofopMICHHA HAEA MCCTHOTO HCIapeHns HoKa He IoJyuYmia, ToaTOMY
TPYAIO OIEHHUTH ee COOTBEeTCTBHE JHCITepUMeHTaM.

[Tocaenyiomee muamoskeHne OCHOBHLIX NYHKTOB CYIECTBYIONIHX . TCOPMIi,
OIMCEBAIOIINX PaspAjIKY BbICOKO B().’{()y";ii‘jl(—‘HthX Anep, uMeeT pHJL MOMEHTOB,
obmux ¢ o63opom Moppucona [1°]. ITockoabry ustesxkats 5T0T0, HO-BHAHMOMY,
HEBOBMOKHO, TO MHl CTApaJNChL OCHOBHOE BHHMAHHE YEIATH TEM BOIIPOCAM,
KOTOleO He pannm| B 063()[)(—,‘ M()l)[)ll(l()HH JOCTATOYHO IIOJJHOTI'O ()TI)RH\'(*HHH,
HO B TO iKe BpeMA HeJb3si OBUIO He OCTARHOBUTHLCA HA PSAje BOIPOCOB, KOTOpLIO
XOTH 1 BaTPOHYTHL B YHOOMAIYTOM 0030pe, HO KOTOPbIE BCJIEJCTBHE HX BajKHOCTH
VT OPARTHKN aHAJM3a SJePHBIX pPACHieIIeHHIl CIeyeT paccMOTpPeTh BHOBB
Gousiee wirm Meree moAPoGHO, HPUBIEKAs HOBLIC JANbC, MOABABIINECST B IEYATH
¢ MoMeHTa omyOamroBanus kuurn Cerpe.

[§ 2. ®OPMYJA BANHCROII®A JJISI HCHAPEHM ST YACTUILBI U3 SIIPA

Wenapenne wactunst @ us agpa A ¢ oGpasosannem sjgpa B ecTh KBaHTOBLII
oponece Hepexoja CHETeMbl M3 OJHOTO COCTOSIHHSI B JPYroe:

A->Bta. (1. 31)

Bepoarnocts Takoro mepexoja B eAMHHUIYY BpeMeHH OUpefessercd Io
obieii gopmyae
- 2n ¢
wA_,g::TIM[Z-pB, (1.3.2)
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riae M — MaTPUUHBLIT BIEMEHT, COOTBeTCTEYIOMMIL Iepexony ua cocTosuus A
B KaRoe-THdo OHO M3 KOHEUHLHIX cOCTOAHUII B ¢ Toil sKe camoil obueil smep-
rHeit; pp — 9ACH0 TAKAX KOHEYHBIX COCTOSHIIL.

®opumyna (I.32) npemmosaraer, YT0 MaTpUUHBIe JJIEMEHTH TIEPEX0I0B
B JI000€ M3 KOHEYHBIX COCTOAHHI 5 paBHBL YT APYrY M 9T0 MMEET MECTO
HEe3aBHUCHMO CTh OT/@JBHBIX TIPOIECCOB.

Jlis BHUNCICHUA BepOATHOCTH WCHAPEHHs JACTUILI @ ¢ dHeprheil B qma-
mazone or £ go E-FdE us axpa A, Bosbyajennoro jpo suepruu U, meo6xo-
JAUMO 3HATH MATPHUYHBIA 2JIeMEHT Mepexofa — 3ajada, B HACTOAILEE BpeMs
HepsonauMad. [looromy, caenyer mekriounTs ero m3 GopMysIBI, OMpeIeTsIo-
nieit BepoATHOCTh dMuccHE wacTHIB AnpoM. G aroit measw wporeccy (I. 31)
cle/lyeT HPOTHBOMOCTABHTH OOpPATHHIE eMy IIpomecc 3axpaTta sampoM B ua-
;:ang adﬁmmmmcn I\HIIeTH'{BCICYIO DHEePruio, 3aKIYEHHYI0 B HHTEPBale

HdE):

Bta— A (1.33)

Yrobm mnpomeccnr (I.31) m (I.33) moskmo OBI0 paccmarpuBaTh Kak
BzaumMoodparnsie, neobGxopnmo Opare saapa B B (1. 33) ¢ sueprueii BozGy-
Apennag U—FE —(Q (Q—o»sueprusi cBA3M 4YacTHIBI ¢ B sjipe), T. €. PABHOW
BosOyxenuio ocraroynoro sapa B (l.31). Torga wmoiknmo manucars Beipa-
enue aA Bepoarnoctu nepexona (I.33)

4 :
wp > (B)=S | M*|%p,. (1. 34)

3aech cuaejyer Oparb MaTpudHBIL dJeMeHT, conpsikedunid ¢ M, udo
uponece (I.33) obparen Bo Bpememu mpomeccy (I.31). B cmay umsapumant-
HOCTH oneparopa M OTHOCUTEJILHO WMHBEPCHM BPEMEHN HMEET MECcTO pa-
BEHCTBO -

| M= M |2

Mz (1. 32) u (1. 34) ¢ yuerom mociaenHero nosydaeM COOTHONIGHNE, CBA3BI-
Bawmee BepoATHOCTH NPAMBIX U ()()I)aTHbIX nepexojon:

Pr
Wp>p—Wp>4 —— -
Pa

ITO jKe COOTHOMICHHE MOKHO TOJYYHTH KJIACCHICCKUM IYTeM, UCNOJb-
3yA NPUHIUN JETAJIHHOT0 PABHOBECHS.
3aMeHAA BEPOATHOCTH CJHUNAHUA YACTHIB @ 1 Ajpa B uaMepaeMbIM
B onniTe adertuBasiM nonepennsm ceudennem peakmuu (1. 33) nocpejcrrom
COOTHOWCHUA (HOPMEPYEM K e MHnYHoMy o0Bhemy)
I
wpra=0(E)v=0 (E)l/:,fT‘ J

rae m —wmacca HacTUIB @, MBI TOJydaeM BO3MOKHOCTh OnpejlesyieHus Be-
POATHOCTH MCHAPEHMA YacTHIBl KaK (i)yﬂlﬂlﬂﬂ ee KHAeTHICCKOT HepPrum:

wy»p=0(E) l/” AL (1. 35)

mn Py

Hanumem B siBuOM BUae BBIpayKeHusdg JUIA dncel COCTOANNMIT Py U pPp

Yucno cocrosmmit cucrems B -}-a, worja wactuua @ HaxoauTcs B duepre-
THUECKOM WATEpBae (E, E+-dFE), onpejenserca Kag. nNponsBejenue jor-

HOCTH )poxsuen Ajpa B, nMenmero aunepruio B036yH{JeHM}[ U—E —Q
U MJOTHOCTH 3anojimenunsy B (1)330BOM NpocTpancTne JacTuIp a:
eﬂp?dn
Pe=7 -) h)3 (U_ _Q) (136)
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/|6 g— CHMHOBHIl CTATHCTHYOCKNIT MHOMHTENDL JULSL TACTUIN 4, MMelouiei
cnun s (g=2s-1); p—ee MMOYIbe; ©p— MIOTHOCTL YPOBHEIl spa B.

Beauuuna p, TOMICCTBEHHA NJOTHOCTII YPOBFeE HAuaJNbLHOIO AAPA A,
Bo3bysmaennoro jo aneprum U:

py=0,(0). .
Vaurmsas (1.35) u (1. 36), noayunm dopmyny Baiickonda ['):

7 © U—FE—
DB A= sl B (1. 37)

n2/3 w4 (U)

Coornomenue (I.37) aApagercss BnOJHE TOUHKEIM, NOCKOJBKY €ro BHRIBO/L
6B ocnapan HA OOMUX NPUHNMNAX U HC CBA3aH ¢ KakuMu-au0o AaepHbIME
mopeasmi. lag Toro utoGB onpeiesuTh BUJ DHCPIETUUECKOr0 CHERTpa
wacThi(, meoGxoammo amate ¢ynrmuu o (U) u o(E). Bux sasucumoctu
NJAOTHOCTH ypoBHCH OT oHeprun BosOyKACHHA AAPA ONPeACIHAETCH BBI60-
poM KOHKpeTHoil Mmojean saAapa. OueBujHo, CjejyeT HCNOJb3OBATE MHOIO-
YaCTHUNYI0 MOAJb, TAK KaK Hame pAcCMOTpeHHWe KacaeTcs NOBCACHUA
BCEX €acTul B AAPC, a4 HE OAHONH MB0OPAaHHOI, KaKk 9TO AEJaeTCA B ONTHYCC-
kol mau  oGosoueunoii mopeasnx. HauGoaee mpocro u yjpobuo padorars
€O CTATHCTHYCCKOM MOJeJbI0, paccMaTpuBalomell sAApo Kak cueremMy U3
HeB3aUMOJIeHCTRY IOIIHX yacTuil — gepMuoHon (ras Mepmi). Caexys Baiic-
xondy, msesem B dopmyae (1.37) mopyio TepMoguHAMUUECKYIO QYHKLUIO,
KOTOpas MorkeT CMTbL Haspama dHTpoONUeil #japa. JUTPONUA ONpPeeAEeTCA
WICIOM COCTOSIHMEL, B KOTOPHX MOJKET HAXOAUTHCH CHCTEMA © 33JAHHONM
aHeprueil, no gopmyie

S=klno, 2 (1. 38)

e k—nocrosmpaa Doapnmana, KOTOPYyo B JlajbHeHmreM Ml Oyjiem 10-
jaraTth paBHOil ejmHNIE.
DHTPOUNA 3ABMCUT OT SHEPruM BO3OYKICHMWS M TUCJIA TACTUI] CUCTCMBI,
T. e. =S8 (U, 4). Torpa '
s .
wy (U AU)ze-—-FUAL- (L 39)
Wy (V)

S
B TepMO/IMHAMITKEe BeJIYUna U xapaxkrepusyer TeMICPATYPY CHCTEeMBI

110 COOTHOMICHUIO :
98 1 :
2 = 4
ST =T e (I.40)
(Mopmyaa Baiickonda (1.37) npunuvaer Bui (MHAEKCH ONYIEHE)

E-
gms (B) EdE — Be

w23

w(E)dE = (1.41)

B npeotpazosamun (I.39) MBI orpanuuuanch, NEPBBIM WIEHOM pasioie-
ausg, uTo Oy/eT Xopomum npud/mKenneM, ecjau M3MeHeHHe pHepruau fAupa,
BHZHIBACMOE HCHAPEHHEM OJHON uacTHNB, MAJI0 1O cpapHeHuno c obmei
aumeprueit Bosby:Kiaenus, T. €. €CJAU BHINOJHACTCA TpeboBanue

AU=E—Q<LU. (1. 42)
Caenyer ormerurs, uto coornomenue (I.40), onpepexsiomee Teminepa-

TYpy sAapa, ue coscem toano. Cornacuo Bere|'?|, TepMoauHaMuuecKas TeM-
neparypa { BBOJUTCA M3 BBIpayKEHUA JUIS cBoGojnoit smepruu F ajpa:

e = [ (U, 4)e-HdU, (1. 43)

0
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1
rue B:T. Warerpan v (I.43) Geperess 1m0 Beem cocrosuusam ANPA, BRIO-

JA JIMCKPETHRIC YDPOBHU, W B DTOM Cyuae MHTErpal 3aMCHACTCH CyMMOIL.
Hoawaysice atum coormomenuem, Jlanr u Jle Ryrep|*] noayuumu cpsass
Mexay £ u 7':

%:ti_%‘%@g(ﬂ%)]. (L. 44)

Pasauune wmeskay ¢ u 7 cymecrsenno OpU MaJLIX BHEPrUuAX Bo30Yy-
AKJIC HUS. ~
 Jlanee meofxoanmo mammeats Bupaskenne s a(L) B sasuom suge. Ce-
UeHUe 3aXBaTa WACTHIBL ¢ dHEprueil £ sjpoM, HaXOAAMUMCH B COCTOSHII
Bosbynenus ¢ osueprueii U—AU, He MoweT OHTb TOYHO N3MepeHo
B ONBITC KAK BCJACACTBHE HEBO3MOMHOCTH NOJYYeHHSs Mumeneii us Boady-
RACHHBIX s/lep, Tak u (JUIg MaJbIX dHepruit BO30YK/CHUS) BeaecTBIe
adderra pesomancuoro ynpyroro paccesnus, BKaa KOTOPOro B ofuiee ce-
uenue o6pasoBaHuA COCTABHOTO AAPA BHAUMTENCH HPH SHePruAX NajafoIx
HaCTHIL B HECKOJbKO MWJIMOHOB 3JeKTponoBoabT. Ilo Beelt Beposrtnoctu,
Ceueme 3axpaTa wacTui Bo30Oy;KJeHHBIM saApoM Oyzer Goabine, ueM cooT-
BETCTBYIOIEE CEUYeHME jiIA Hjpa, HAXONAMECIOCH B OCHOBHOM COCTOSHIUIL.
ITO 3aKIIOYEHNE BHTEKAGT 13 TeX coolpazkenuii, uTo sgepublii Koaddu-
LUENT TNOrJI0MEHHs vacTunsl, umeomeil nefoapmyio suepruio (nopska
10 Mae n mewbme), cnabHO 3aBUCHT OT 3anpera, HaKJIABIBACMOTr0 HpPHHII-
nom Ilayan, u uro ¢ yseauwennem sueprun BO3OY/RIACHIA UCJH0 JOCTYNHBIX
YPOBHE#H JUlA HYKJIOHOB PAacTeT, a BAMSHIC dTOTO 3anpera Oyjer Bce MenbuIe
CRABBIBATLCA HA norjdoumennn vacrun. B kauecrse nepsoro npuGamkenns
TIPUMEM, 4TO BEPOATHOCTH .3axBara BO3OYKICHHBIM M HEeBO3OYHKI(EHHBIM
AJpaMu He OTIMYAIOTCH JIPYT OT japyra.

o cux nop mu me yrowmsman Hpupojy ucnapaomeiicss wacruns a. Bee
NOJyqeHHBIe BBme (GOpMyJIBI NPUTOIHB A A106Or0 COPTA YACTHI[, KOTO-
puie yjopiersopsiior coornomenuio (l.42). Ho sasucumocts o(E) cyme-
CTBEHHO PAas/IMHA JUBT HeHTPANbHBIX W 3apHKCHNBIX YaCTII, TOCKOABKY
B HIOCJE/HeM cjyvae 3aXBaTy NpPENsTCTBYET KYJOHOBCKOE BaaumojaciicTBie
Mesay wacrnneit u sxpom. lpavsie srcuepuments no neyupyromy saanmo-
ACHCTBIIO € sypaMu HeUTPOHOB HeGOABIMNX 1 CPeJIHIX AHepPruil mokassl-
BAWT, UTO ceuenne 3axparta 0AN3KO K TEOMETPUYECKOMY M €J1a00 MeHSeTes
¢ osueprueii GomGapaupyOmnx HeHTPOHOB. Ioaromy, pacemarpusas ucnape-
HUE SAPOM HEHTPOHOB, MBI NOJOZKIM

o(E) —=n R
B arom npubmuxennn dopmyna Baiickonga npumer Buj
E+Q
Bdi e =
w (E) dli—= gmljhgdf e o " (I 40)

B pmpamenne nas seposrnoctu HCNYCKanUsA 3apsiKeHABX YacTHI[ CcJe-
AYET BBECTH MHOAKNTENb, ONUCBIBAIOMIMIL BEPOATHOCTH NPOHUKHOBEHUS
HacTHIBl CKBO3b NOTeHnualbublil Gapbep (B oGparmoit peaxuuu). Ilponu-
NAeMOoCTh 3aBUCUT OT COOTHOMEHNA BBHICOTH Gaphbepa U KHHETHYCCKOil aHep-
UM 4acTUIbl, a Takke OT ee Macchl. hiaccuueckas MexaHuka JaeT cJe-
Ayiomee Bplpakenne 3QHEKTUBHOTO CeveHUA NOTJOMEHUA 3aPSKCHHBIX
9acTull aHeprum L AjpoM, NMEMUM KYJIOHOBCKUIl norennnan V:

: Vv
g, (\1 = _L'_> npu E >V,
0 npu EV,

raoe co:ﬂR’-’—cequue norJyiomeHnsr B OTCyTCTBUE KYJOHOBCKOI'o mnoJs.

(1. 46)

Oa=
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JTO COOTHOMICHUE JICI'KO MOJYYaeTCsd, CCJI HAMNCATL 3aKOH COXPaHeHUS
YEJOBOI'O MOMEHTA CHCTEeMBI.

Benegersue sBienus npounmaeMoctu mnapamerp V. Menbiie, uem BeicoTa:
HopMaJsbHoro Gapbepa sjapa V| juis janHoil yacTHIIbL:

, V =kV,. (I.47)

Beanunma & sapucur me TOJNBLKO OT COPTA TACTUIBI (3apsjaa I ee Macchl),
HO Takske n or sapana sjapa. Yem Goabnie sapsj sjpa, TeM MEHLIIEC HPO-
HUILAeMOCTh ero Gaphepa s OJHOH M TOil jKe 4YacTHIB, TeM OJuKe, cie-
jaoBateapno, seimunna VK BoicoTe mopMmaapmoro Gapbepa (em. § 4).

Huanrosast Teopusi 1 SKCHEPUMEHT NOKA3BIBAKT, UTO CEYEHUE NOrJIoLe-
HISL HeHTPOHOB HEOOJBIUX DHCPruil (NOps/Ka MIJIINOHA 9JIEKTPOHOBOILT)
HE PAaBHO I' OMETPHYCCKHM pasMepam s/pa.

Jloerposeknii, @penrens u Opugaangep [''] npoussenn pacuer ucnapu-
TEILHOTO NpPOIecca, UCNOJAL3YA CAeAYyIomee IMOMPHICCKOC COOTHOMENNe,
CBABBIBAIOIEE TeoMeTpUUIecKe pasMepsl sjipa ¢ CedeHueM [OrJome s
HEeHTPOHOB:

3 (B)=0reon & (1 4 ), (L. 48)

rae a=0.76 4+ 2.247"%; B=(2.1247"—0.050) : (0.76—}—2.2A—1/’) Mas;
oreow = mRE=m(1.54" . 10" cm)2

Jlns suepruii Heiitporos, npepsimatomux 10 Mag, 1 He canimgom Jerknx
agep aTa opmyna jaer ceuenne, GAH3KOE K TCOMCTPHYCCKOMY, KaK HIPHHATO
Baiickougom.

Caenyer oOpaTuTh BHEMAHUE Ha TO, 4T0 BXoAsAmas B gopmyry Baiickomnpa
remueparypa 7' OTHOCHTCA K KOHEYHOMY. APy, 00pasyonieMycs B pe3yiab-
TATe MCHAPEHUS OJMHON TYACTHIEL. Y OeUTHCH B 5TOM MOMKHO CJEIYIONUM pac-
cy;raenneM. IlpegcraBny 3aMRHYTYIO CHCTEMY, COCTOANLYIO M3 rasa WacTHIl a
u Apep B. Yacruust u sjpa Moryr coepuaATbheA, 00pasya Azxpa A, mociaennne
B CBOK Ouepenb OYAYT MCIYCKATH TACTHI(E ¢ BEPOSITHOCThIO, JlaBaemoii gop-
mynoit (1. 41). llo merewennnm mexoToporo BpeMenm Takasl cucTeMa, Oyxydn
npejlocraBjetHa camoii ('.P.ﬁ(%, NpUJIeT B COCTOAHNE TEPMOJAUHAMHYECKOTO paBHO-
BecHs, TP KOTOPOM YICI0 HCIAPSIIONNXCS YACTHI, 4 B eAHHNILY BpeMenn Oyjer
pasHO uncyay obGpatHeix pearknuii. Ho Tar Kak mpm TepmojmuaMmYecKoM paB-
HOBECUN BCE YACTHIIH CHCTEMBI JIOJRHBI UMETh OJIHY W TY 7Ke TeMIepatypy,
TO, CIEMOBATEILIO, TeMmepatypa amep [ Oyamer paBHa TeMmIepartype rasa,
RoTOpad olpejiesdeTcs SHepreTHYecKnM pacuopejesieHnemMm yacTumg a.. TOM
CaMBIM MBI HIPHXOJHUM K BHIHCHPUBEJCHHOMY YTBEPIRACHUIO.

Ornocuresnpnbie BepOATHOCTH NCHALEHUA TOH MAM HHOIl 9acTHIBL HOJY-
yared cpasy ma gopmyast Baiickonga, ecian mepenmcarh ee IpHMEHUTENBHO
K JJAaHHOMY COPTY YacTHI[ H TPOHHTEIPHPOBATHL 3aTEM IIO BCEMY BOBMOFKHOMY
ANamasoHy MX KHHETHYeCKHX 3}1(’[)l‘llﬁ.

(:Jl(‘jl)‘(—"l‘ OrOBOPNTHCS OTHOCHTEJBHO H(_-‘])XHGI"I I'paHuIibl NHTEeTrpupoBannsd.
ITpn wnenyerannm wacTunbl. ¢ dneprucii, coctapisiomeil GOaBITYyI0O UacTh
aueprun BosOy#IeHNA si/ipa, NOCAEJIHEE 0CTaeTcs B COCTOAHNM, XapaKTepir-
3YEMOM JINCKPCIHBIMH Pas]eleHEBMUI JPYT OT JApYyra 3HAUNTEJbHBIM IHpO-
MemyTkoM yyoseamn. Mo nockonsky cama dopmyaa (1.41) €wmaa noaxyuena
CTATHCTUMECKUM METOJA0M B NPEANOIOKeHUH, UTO HMET MEeCcTO COOTHOIIe-
mua (1.39) n (L. 40), 10 1aKcii cnoco® onpepeNcHusi OTHOCHTENBHHEX Bepo-
ATHOCTEN HMUCCHNT JazJuyuyEb X Yacini npurojied Jiumnlb npu paccMoTpenuu
HOBEJeHUsI BBICOKO BO3OY/MACHHOBIX sjep, LKOrjga OCTATOYHOE HJIPO UMEeeT
nocTaTouno GoJbuIyio MIOTHOCTL Yy pPOBHEIT.
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§ 3. O MIAPAMETPE ILIOTHOCTH YPOBHEIIL SIJIPA

Bxopamuit B Bepamenne Ui BePOATHOCTH HCNAPCHUs WacTHl, Hapa-
smeTp 7 cBsdaH ¢ BeJIunHON dHeprum BosOy;kacHus sjpa. Ha onmire, kak
NpaBwiio, onpejlesieTes NOCAe/HsAH, 109TOMY BOSHUKAET BONPOC. O CBA3N
U un T. Bup casun Me;Ray aHeprucii m remneparypoit cncreMst ofycaosien
TEPMOJMHAMUYECKUMU CBOMCTBAMU 9TOil cucTeMbl. B 3aBucuMocTH 0T BBI-
Opannoit Mmogean sapa ¢ysxnusa U(7) oyner pasnumunoii. as Buiposs/jen-
noro rasza Mepmm cTaTHCTHUCCKAM MEXaHIKA JlaeT CJe/YIONYI0 3aBUCHMOCTD
SHEPIrUM CUCTEMBI. OT TEeMIEepPaTypbi:

E:%AE’,(i—]-i_’:‘:.%)z (1.49)
1 SHeprusa BO36)’HUICHHH
U= E(I)—E(0) =241 (L. 49a)
¢ 4B
3nech
2
Ep:;‘r: »

Tjle p,— MaKcuMaJbHB uMnyasc (rpamnma Mepmmn):
ho(9 s
pr=g (574)".
s sjep cpeinero aroMHOTO Beca MOJydaeTcs

U==qal> (1. 496)
Eesin mpunmncath, Kak 9TO Jejaercs B CTATHCTHIECKOI MeXaHHKe, OXHOM

1 X a
cTeneHn ¢BoOOIBI DHEPTHIO 5 T, to maa axapacA =100 usneprueii Bo30yKAL-

g U=100 Mas oramercsa, uro sosby:xgaoresa npu sarom npumepuno 60 cre-
meHeil ¢BOOOJIBI, T. €. OKOJO '/, OT 00miero yucia cTemeHeil cBOOOB; 0CTAIb-
Hule ke OyayT «3amoposkensn. Taknmy o0pason, AXPO OKABHIBACTCA BEIPOJKIIEH-
HBIM JIasKe IIpH Takoit 00uabmioil sneprun BosOykuenna. Hamuuune koppessmmii
ME;KTY HYRTOHAMH B fAApax IPHBOAUT K TOMY, YTO UHCIO CTeleHeil cBo-
GoJBI AJ[pa YMEHbIAETCS, TOCKOJIbKY YMEHBITACTCH YMHCI0 He3aBUCHMBIX YaCTHIL
B cucreme. bapaun ['] paccunrarn, 910 yuer B3auMojieiicTBHA HYKIOHOB B sfipe
CHIKACT BEJHYNMIY @ HPUMEPHO BIABOE.

ITpunsas coornomenne (1.498), MOMKHO MONYUNTH BHIpAskKeHNe A 3aBH-
CHMOCTH INIOTHOCTH YpoBHeil sjpa or asmepruu BosOy:rmemust, 1. e. us (I1.40)
¢ yuerom (1.496) nmeem

: § = (%L =2 yaATU + const, (1.50)
o 0 (U)= CeS = (Ce?Vl, (1. 51)

rjpe U OTHOCHUTCHA K KOHEYHOMY any.

HKoaddumumentt € n ¢ onpegeasioT CTATHCTHICCKHE CBOICTBA AJpa B raso-
Boit Mojeau. TouHoe WX BeIpajKeHne B HACTOAIICE BpPEMs HEBO3MOKHO, TO-
aTomMy BesnuuHel C 1 @ onpejienfloTcsA B AKCHEpPHMEHTaX.

Jlpyrue sijepHBle CTATHCTUYCCKUE MONEJNI AA0T WHBIE B3aBUCHMOCTH
U(T). Ecam paccmarpusarth s1po0 KaK KAamiio SKUKOCTH, TO [Js HEro
BO3MOMKEBI JiBa BUjAa KojeOannii — oObeMHBIe 1 mnosepxuocrusie. llepsnie
AHAJOTUYHEBL YOPYIUM KoJeOauusM TBEPAOro Teja, M JJA HUX IMEeeT MecTo
COOTHOIIEHUEe

U = const T'*.
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Ilpn wonebaruax gopmbl Kamau (Oes namenenus ofbeMa) COOTHOMENNE
mexay U u T umeer supg['®):

U=kA"T™" (k~0.1). (1. 52)

Aror Buj Kosaebanuii xapakrepen A c¢aabo BosOYICHHBIX sIEP.
Moaean sKRIAKON Kanjil jaeT MeHee pPesKkoe YBeJUUeHNe MJIOTHOCTH YPOB-
Hell ¢ sHeprueil Bo30yiKAeHNA Aqpa, YCM 9TO MMCET MECTO B MOJe]N rasa
MDepmir.

CymecTBylome TCOPHI HCHAPEHMS ONEPUPYIOT, Kak MNpaBuilo, ¢ Mo-
aeapio Mepmu. B pabore |°] Gmaa npoussejeiia dDKCHEPHMEHTAJbBHAS NPO-
Bepka mpnrojHocTn coornomenuit (L.496) n (1.52) nyrem mnsyuenus suep-
reTHYCCKOro CHCKTPA 3apsHKeHHBIX YACTUI[, HCOYCKAGMBIX fAApaMH  TOJ
neificTBieM woemuueckux wactur Gosabmoi smeprum. Cpasmenns mabiaiogae-
MOTO H PAacueTHOTO CHEKTPOB MoKasalm, uTo Hojee MPHUTIOJHO COOTHOHIEHUE
(1.496). Hyxuo ormeTuTb, 9T0 B ONLITE YCTAHOBHTL PASJIMUYNC MCKIY KBa-
aparuunoi sasnenmoctsio U (T), nasaemoii mojennio rasa Mepmu, u coor-
momenuem (I.52) owenmsp Tpyamo, TaK KaK dHEPrus BozOy:KieHUA onpeje-
JasieTest Bechbma opuenTnposouno. Hpome Toro, mpmMmech KacKaaHBX IpPo-
TOHOB HEOOJLITUX DHEPTHIl MOKET CHIBHO HCKABUTH PE3YyJbTart.

Ilposepra npasuasuoctu coormomema (1.51), moayuennoro ma mojenu
Depmu, npousBoAWIACE HEOJHOKPATHO NpH HeGOJAbINX dHEprusax sBozly-
JRICHUA SiIep TaK, Yro0B MO:KHO OBUIO mpemeOpedb BEPOSTHOCTHIO MCMY-
CKauuHa JIBYX HyKJoHOB. B arom cayuae ¢ yuerom (I.51) gopmyay (1.37)
MOKHO HANNCATHL (OMyCKas KOHCTAHTHI):

o (E)dE ~ Ee*VAU—F—0 g, - (1. 53)

w (E
JKCOECPUMEHTAJILOBIC TOYKH B CHCTCMC  KOOPAUHAT (lg#—,

2VaA(U—E —Q)) OYIYT JOMKUTLCA HA OPAMYIO, €CJH OHII COOTBETCTBYIOT

UCTIYCKANNIO OJINOr0 HeWTpoHa (mjm nepBoro m3 psja HOCJACHOBATCILHO
MCNApPHIOIUXCS) SAPOM € ONpEeJeJeHHoH aHepriueil Bo30YAeHNA 1 Maccoii.

Jliass aMuccun 3apsuKeHmoil 4acTHIBI AMAJOTHYHO 3aBHCHMOCTE 1@ }wil‘z,
or memmunnn \aA(U-—FE —(Q) nomxua 6mrs jumeiimoit. Ha pue. 19
apejictaBjieHbl 3JKCHEepPUMEHTaJbHBIE pes3yJibTarhl, nojqyuyeHunoie I{OJ‘JIH n
apyrusmu ['¥] nas peakmun Ni(r, p). Orriaomennme or nmpsiMoil B obaacTu
MaJbIX dHepruil Bo3Oy)kACHIA OCTATOYHOrO Ajpa YKaspBaeT Ha NPOIECCH
npaAMoro Bzaumojciicrsus Oe3 o0pazoBaHUA COCTABHOTO spa.

Jlanr u Jle KHyrep|'], paccmarpuBasg Bompoc 0 CTaTUCTHKE SIePHBIX
YPOBHEH, NPUXOAAT K B3aKJOUEHN0, UYTO pacyerT Mo;keT OBITh COrJacoBam

¢ JRCHEPUMEHTAJIBHBIMH JIAHHBIMHI, €CJIM NPUHATH CJeJyIHy 3aBHCHMOCTh
U\T)s :

1 m3 " 1 arpls
U=t AT T AT,

* 910 coorHOmeHne mcnosabzoano Pyxeramom ['?] B ero pacuere mpomecca
ucmapeHns sjaep, 00pPAaZOBAHHLIX B peayibraTe 0OMOAPAUPOBKH MbINbAKA
nporomavu sueprun 103 n 170 Mos.

* Opurcon [2°] Beickazan wpemmosoKeHe, YTo Upu He0OJBINX BO3OYIKIE-
HHAX Sijlep TCMIEpaTypa SApa He 3aBUCHT OT dHeprum Bo30yssmeHua. * Jxcme-

* D10 Tpeanonoenne me MPOTHBOPETUT TCPMOAUIAMITCCKOMY OIMPEICTCHII0 TeMTIe-
parypel. Teopus naer sapmenmoctn U or 7 B Buae U~T", tae , — HeOTpHIa-
TeJbHOe Yueao [21].

75



pUMEHTATbHAA TMPOBEPKA dTOTO yTBepskieHus, npounssejennas Aamamom [*],
nayuasmum peaxnmio (r, p) opu smeprum 14 Moe ma Goabmom uncie fAnep,
nokasaJja, uto Gopmyaa WIOTHOCTH ypOBHEIl, OCHOBANHAs Ha TPEJIOJ03KeHHH
JpuKcoHa, AaeT B 2—3 pasa BaHMKEHHBIe CeYeHMsd 110 CPABHEHNIO C OMBIT-
HbIMK BeamunHamn. B paGore Annana goxasano, 4To He yIA0BICTBOPSAET OUBITY
u popmyna Heiorona |??] pus muortHoeTn sijepubix yposseii. llocaennss opu-
BOJUT K OOJBIINM CEYCHHAM I TEMIEPAType COCTABHOTO AJpa, YeM ATO OKazbi-
BAGTCH B DHKCIEPUMEHTE.
BuiGopy mapamerpa a B ¢opmyae Baiickonda (I.51) mocssmmeno smagn-
TeJbHOE YHCJI0 DKCHepHMeHTAJbHEIX palot [!% 18 2% 25, 26, 80, 82=15]  ()ye-
BUJIHO, YTO ODKCHEPHMEHTH, HMel-
700E e 1eJabio ompejie]enne BeaJuynHLr
@, CJeAyeT UPOHU3BOJUTH LpPU He-
. Ooapmnx sHepruax Gombapaupyio-
. OIX 9aCcTUIl, YTO0B MCKIOUNTD WK
. CBECTH J{0 MIIIIMYyMa BIJIAJ peak-
» wnii, unpaymux Oes oOpasopanus
! cocraBHoro Axpa. Hammune npamoro
L)
L]
s
2

Ty

B3aNMOJICIICTBHS TPUBCACT K pes-
KOMY CHU/KEHHI0 HKCIepUMEeHTalb-
HOM BeJUUNHLL IS @, XOTA OHO W
MaJI0 CKazkeTeA Ha o0meM CeYCHUN
. peakuui. 9TO BHJHO, HaUpumep,

[ |1|"I
',&

T

5[ u3 pne. 19.
[Tapamerp a MoKer 3aBHCETL B.
01 . ro HEKOTOPOIT CTEIeHI OT TeMIle ATy pbl
. AjApa, TAR Kak BINAHIE HYRIOHHBIX
Koppessunit Oyjer pasindio Lpi
£ pasHLIX  DHEPTHAX  BO30OY:KJEHHS
':'." ajpa. Pacder mpomecca mcmapenus
0.01 L v \ o Axep, npousseeHusiii JloctpoBeKim

25 1 2 3 4  u gpyrumum ['% 24], mokasay, 4TO A

VU-E, v pearimii, maymux upu SomGapan-

¥ poBre sAAep HeHTPOHAMH BHEpPruu

Puc. 19. Queprem%cxgu cuom‘g) LPOTOHOR {4 Myp, pKciepuMeHTATLHOMY dHepP-

u3 peaxnuu Ni (n, p) [*%].

: TeTHIYCCKOMY CHEKTPY 4acTuil yJl0B—

¥ aersopser snadenne a=0.05 Mag™,

B TO BpeMs Kakr IPOIEccy MelapeHits Ajiep npH BHICOKNX DHEePTrHax Bo30yie-

ans coorsercreyer ¢=0.1 Mop™t. Jle Kytep ['®] B ecBoem amanuze mo pacmiern-

JEHUIO SJlep 9acTHIaMM BHICOKUX sHeprnii nmoayumr, gro a=0.08 Mos™.

Pacuer ncnapenust u3 BoicoroBo30y:ruennux sjep Cu, Ag n Au sjipa Be’,.
peinosHennpii Xyaucom u Mmmaepom [*°], maer a=0.1 Mas ',

Ho, ¢ gpyroii croporsi, B pabore [!], rjae nsyuasics snepreTudeckuii CIeKTp
HEHTPONOB, HCIYyCKAaeMLIX sAapamMu npu GoMOapAnpoBKe MPOTOHAME AHEPTHH
250—900 Moar, wmosydeno, uro 0ojiee COOTBETCTBYET HKCIEPHUMCHTAILHBIM
panunim soavenne a—0.05 Mos~'. Ilpu srom pacuere yYuTHIBaIach Takike I
KackajgHas cTagusa Tmpomecca pacmenienusa. B pabore [*] mccaenosasiach.
pearimus noraomenns sapamu Cu, Ag u Au o-uactun ¢ sueprueit 40 Mos.
Okazanoch, 4TO HapamMeTp @ HCOAMHAKOB Ui pasamdasix sjep. s sapa
Aua=0.03 Mas~L, gt Ag a=0.043 Moap~!, nas Cu a=0.01 Man!. 1o pas-
augne Moyker OnTh mpunucano sgderry mpsaMoro BzaumojeiicTsuda. Onpmaxo
TaKoe yTBepsKIeHHe HU B Koeil Mepe He 03nadaeTr, UTO BeJIWIHNA ¢ HE 3aBUCHT
oT Maccsl sapa. ECTh cOoBepImEHHO onpejieJieHHbIe DKCIepPHMeMTalbIbe CBH-
JACTCABCTBA O JIOBOJBHO CYMECTBCHHOI M IPUTOM HEeperylspHOil 3aBHCHMOCTIL
IJIOTHOCTH YPOBHEH OT THHa sapa. Jlirs 4eTHbl X-9eTHLIX sA/Iep ola 3HATNTEJbHO
MeHbIe, ueMm s HederTHniX sjep [*7]. UroGw yuects namenenue ma0THOCTH

T T
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ypoBHell B 3aBACHMOCTH OT 9YCTHOCTH YHCJa HYKJIOHOB B sigpe, I'ypsum m
Bere [*%] upemmosmuan ssectn B gopmyay (1.53) moumpasry, mamucas (1.53)
B BUJIE

o(U)= Ce2Y A=) (1. 53a)

Tae 0=0 s HeweTHbIX-HedeTHHIX Aep u 0>0 s apyrux Tunos ajpep. OHu
‘OCHOBBIBAJIMCH HA M3BECTHOM HHEpreTHuecKoM sPderTe cuapuBanus HYKIOHOB
B axpe. llo proit mpuumne Beamyumna O MosKeT OLITH B3SATA PABHOI HHEpPruM
coapuBaHuA #AAepHuIX HywKJaoHow [**]. Baiickoud w 9sunr [27] upepmorsnnu
st adpderTsr yuursiBarh B napamerpe C, npuaAB, UYTO Crever -ener. =

aer.-uer.; Creuer.-uer.= Cuer.-nener. = 2Caer.-wer.. 0 2Ta nompaska, BeposiTno,
‘He MOjKeT yuecTh 3QPeKT NOJHOCTHIO.

Anman [**] mpomssommia pacder ceuenmmii peakuum (n, p) HpPH dHEpPTHA
nyuka 14 Mag, ncnoansys Gopmyay Jlaura u Jle Kyrepa, csaawBanouyyo U
u 7. CpaBHuBas dKCIEPIMEHTAILHOE W TEOPETHUCCKOE CeueHMsT, AITan MOTy-
UUIT, YTO JUISA HeYeTHLIX Sep OTHOIIeHNe dTHX cedeHnit 6un3Ko K 1 (3a meriaio-
gennem oGracTn marnueckux qucesa N win Z, pasanix 28), B 70 Bpemsi Kak st
JEeTHRIX SJep DKCICPUMCHTAJBHEIC PE3YALTATLI B IHECKOJLKO Pas IpeBLIain
pacuernpie. Bpejenne mompaskn 0 Ha cMmenieHne OCHOBHOTO YpPOBHS 0CTATOY-
HOTO sijijpa TPUBEIO K YAOBIETBOPUTEABHOMY COIVIACHIO CEUCHMWIL.

Cpejiiee 3mauenne mapamerpa INIOTHOCTH @, MOJYYeHHOe AJJIaHOM, PaBHO
0.0940.02 Mag ™. C ppyroit croponst, asropst paGorwr [2°] momarawr, urto
pyurmun BosOy;rgenns peaxuuit (r, p) u (r, o), paccunTapgLie ¢ mapaMmer-
pom a, B3ATHIM coraacmo [3'], m ¢ coorHOmIEHUEM

1

[ s i
? Cnelm'r.-neqe'r. o Cncq("r. A ‘)C‘ICT.“‘!CT.

VIOBIETBOPUTEIBHO COTTACYIOTCA ¢ ORCIePUMEHTAIBHBIMI 3ABHCIMOCTMIL.

HeperyasapuocTn B Beanuuie @ BLIBLIBAOTCA, KaK ysie OTMEYAJ0Ch, U
obosoueunnivmin vdhderxramu [*2]. Hpworon [*?] npepiomna yueers arty sapu-
CHMOCTH ITyTeM BBEJGHUS PABIMIHLIX MapaMeTpoB @ IS MPOTOHOB M HETpo-
noB. Ofmaro sKcImepuMeHTHI He Hoarsepssgaor ero Qopmydst [*2]. Monr [23]
B CBOEM aHalN3e peawrinn saxsarta HeiiTponoB sHeprum.1 Mbss maer smaueume
a~0.05 Mae~'. B [**] noxyuena Becbma Manas semmaunna gia a (=0.03 Mas ™).
Pesyaprarst apyrux sKCHePUMEHTOB MPHUBOAAT K OOJBIIEH IUIOTHOCTH YPOB-
Hell 1py _Tex ke NPUMepPHO sHeprusAx BoaOy:xueHus aznep. [Ipm mabaogernnn
SHEPTeTUIECKOTO CHEKTpa HeiiTpomnon pexenusa [*°] moayweno, aro a=0.12 +
+ 0.02 Mas ™. B paGore Annbepra, Anjepcena n Bounra [*°] mo peaxmun (p, n)
npu sHepruun 7—8 Mos maiigeno, aro a=0.08 Mos™. Opunr n Bonmep [*7]
10 amQi3y HeyIPYroro' paccednus HeilTponos sxmeprum 2.5—7 Mas noay-
yiiin 3uavenne ¢=0.11-+0.2MasB™!, B To s1e Bpems pesyIbTaThl aHaJOTMIHBIX
ouniToB B [*®] cormacyiorca ¢ peamunmnoii a=0.05 Mspt. Ilockoabky Bce
YKasaHHble BhINIE 3HAYEHUH NapaMerpa ILIOTHOCTH YPOBHeIl HBIAIOTCA Y-
PeJIHEHABIMI 110 MHOTHM BHAUCHUAM ¢, MOJYICHHBIM B OULITAX A OTACJLHBIX
QICMCHTOB, TPYAHO OUpeXedNnTh, B Kakoil mepe addexTt derHocTn H marumye-
CKUX YHCEJ CKashiBAeTCH HA BeJuuiiHe HapaMeTpa INIOTHOCTH.

IToMumo yRAB3aHNBIX TPHYNI, BAHAONX A ONLITHYIO BEINYNIYy Iapa-
MeTpa IJIOTHOCTH, MMEETCH elle O/iHA, CBA3AHHAS ¢ HaJIdueM YRJIoBOIO MO-
MeHTa Bo30ys;jieHHOro sijgpa. Horga magaomas gacTuia MorJIomacTest AIpoM,
00pasys KoMOAYHJ-CHCTEMY, TO IOCJHefHAA Hpuodperaer YrioBoii MOMEHT
U 9acTh DHEPIUU 3aTPAuUMBACTCH He Ha BO30y:;kIeHHe BHYTPEHHHX CTeIeHef
cBOOOJKI sfipa, a HA ero Bpamenie.
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Ecan sueprus, nupumecenHas wactuiiei, pasia £ Q, 1o Teniosoe
soabyskenue sypa Gy/ieT cOOTBCTCTBOBATL dHEPril

U=E+Q— ;I

rjae J — MOMEHNT MHOPIuH sijipa; [ — yrjosoit MOMEHT.
Torpga U3 cOOTHONIEHUA .
dInw Sty
e U= Pl .
MOJy4YHM, 9TO INIOTHOCTH YPOBHEH sjipa ¢ MOMEHTOM I 6ymer MeHbIIe
IJ10THOCTH YypOBHEH aAnpa ¢ I‘ly.’leBHM CIIHHOM

- ],[u

(o(/):u)(l:U)e 7 3 (L. 54)

C yBeamuernueMm dHeprum ¥ Macchl OomOapampylomuX 9acTHIL pacTeT
yrI0BOil MOMenT, lepejaBacMHil sAPY, chejoBaTesbno, @ Oyner ymenb-
maTbes. AWalina peakiuii Ha muorozapsuubix momax [**] npusoanr k napa-
merpy a, passomy 0.04 Mos—'. Drtum me, BO3MOyKHO, BHI3BaHa MaJjas BeJn-
anna a, noayuennag B[*] aan wsoxeamx axep Agu Au npu GombGapanponke
X @-yacTHILAMII. JTOT BOUpoc Tpeldyer, 0jiHaKo, JeTalbHoro Te0peTuIecKkoro
paceMOTpeHIis.

Hakomen, Ha BeJAWYHHY HapaMeTpa ¢ MO/KCT OKALIBATH BIAMsHIE I IPH-
pona ncn@paomeiics wacTHUB. 37ech He UMEOTCHA B BUAY Te COO0pasKeHu:d
0 uYeTHOCTH 00pasyomerocs IPH 9TOM fAApa 1an obojovednbie IPPERTLI,
KOTOpPBIe, KOHCUHO, OYAyT JeficTBOBaTh I0-PAsHOMY B 3aBHCHMOCTH OT TOTO,
rakas uvactnia noxupyxaa sxpo. Uz gopmyast (1.49) supmo, yro mapamerp «
3ABHCHT OT BeJAWYNHBI FPaHMuEOil sHeprum mykionos B Mojean Mepmu (Ef),
KOTOpAs B CBOIO OYepeAb BABHCUT OT UNCJa HYKIOHOB [QHHOro COpTa B AApe.
[lockoabky TpH WenapeHun Karofi-1m0o oxHOil YacTHIL 0CTATOTHOE AAPO
Gyjler MMeTh PasIImumoe COOTHOIIeHIe YHCIA HElTPOHOB I HPOTOHOB (B 3aBH-
CHMOCTH OT TPHPOJLI DMUTIPOBAHHOI 9ACTHIH), TO ero ILIOTHOCTDL YPOBHEil
fyner MCHAThCS coolpasHo upHpoge »Toil wactumel. Jle Kyrep [*°] maer
CACAYIOMYO 3aBHCHMOCTH NapaMerpa ¢ OT BeJUUHHbBI H—:xig :
pusyomeil oOTHOCHTCALHBI N30HTOK HEHTPOHOB B AApE:

a,—a(l —1.30/A)* upu sMuccuu neiTPoOHA,
a,=a(l-+1.38/4)* » » npoToNa,

a,—a(l—3/24) » » a-qacTUILHL.

xapaxTe-

B stux ornomennax © mw A oTHOCATCH K HAYAILOOMY SJPY, & — K KOHEYHOMY.

OpEako »Ta WMBOTOITYECKAS 3ABHCHMOCTH ILIOTHOCTH YPOBHell npn He
CAMIIKOM MAJHIX DHePrHAX BO30YysKjIeHHA, KOTIA OTHOCHTEJbHOE W3MeHeHHe
sueprun Depun HesHAUHTEIBHOC, MAJIO CKABBIBACTCA HA PE3YJALTATAX pacdeTa

nenapenns [H4].

§ 4. O MIOTEHIINAJILHOM BAPBLEPE A/IPA

Or BeXIYIOLI IMOTEeHINAILHOTo 0apbepa B CIUIbHEiilNIeil cTemeHnn 3aBUCHT
BepOATHOCTH MCHAPeHIsA 3apPSIKEHHBIX YACTHIL M3 BO3VY/RJEHHOro sjipa M
$opMa HX DIHEPTETHIECKOr0 CHEKTPA, KPYTO 00PHBANErocs B 00J1a CTH MaJIbIX
suepruii. TTosToMy HpaBmABHBI yueT aToro GarTopa COBEPIEHHO HeoOxomum
A pemenus safaun o6 ucnapenmnn sjep. Iocaegosarenbioe BETHCIEHNE TTPO-
HUMaemMocT AApa paspaboranmpivm Merojamu [* 4] mossosser moayuMTB
ofmee BHIpaskeHHe A BEPOATHOCTH BMICCHH BaPA/REHHBIX YacCTHIL. Ho
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HOCKOJBRY PAacueThl Ipollecca HCHAPENHs CBABAHLL ¢ HOTErpHpoBaHiieM Gop-
myaspr (1.41), To BBejlenne TOUHOro AHAIMTHYECKOTO BHIPAKEHMS JJIA IIPOHU-
naemoctn Gapbepa cramosures meypaoOuem. Iloaromy of6wmmO mIpospadHoCcTh
KYJOHOBCKOro Gaprepa sjpa y4YHTHIBAeTCA MyTeM 3aMeHbl HOMUHAJILIONH BHI-
corhl Oapbepa, HoaydeHHoil 10 (Gopimyae ‘

Zz;e2 5
Vs 41 izt (I. 55)
rg(4"+a) ¢
HEKOTOPHIM 3QQeRTUBHM KyJoHOBCKUM Gapsepom mo coorromenuwo (I.47).
3nauenus a;, B gopmyae (l.55) B3Arm coraacmo [*']:

A DA onr Ly BT T i 1 —13
a.p—O, @y==0G; =m0 s=—=a.=1.2-10 cM.

He?

Hocrposekuit u apyrue [Y] upnsomsar caeayonyio GopMyay Ajds ceuenusn
3axXBaTa 3apA/KEHHBIX YACTHI[, YUYUTHBAIIYI0 IPOHHILAEMOCTH (aphepa:

6 (£) = oreon. (1 +C.‘) (1 — k;;,i) 3 (l. 56)

Hapamerpst ¢; n k; B aroii gopmyae, pasanuesie’ g pasHbiX uacTuir,
nopobparsl B COOTBETCTBHU ¢ TOUHBIMU pacueramu nponmpaemocty [* 6],
B raba. 8 npusopstcs BeauuuHB THX NAPAMETPOB JUIA  NPOTOHOB I
@-4acTUI[ NPU HECKOJBKUX 3HAUEHMAX 2apsja sapa. s neldrponos MoKuo

1 ;
HOJIOSKUTHh MPH BCEX sHaueHuAx Z: Ci= 5 Cp k,,-:kp—l—0.0G. Has siep
4

TPUTIS: c,:%cﬂ, kc:k,,+0'12- Has Hel: Che =13 knenzka—().()ﬁ.

Utobm yuecrs puddysnoers sppa, MoskHO, Kak mokasamu Crorr [47]
n Ipanc [*®], nenoanzoBaTs Mo b AApPa MOCTOANHON IJIOTHOCTH, HO ¢ YBeau-
YeHHuM pagmycom, ro=1.7 - 107% cm (em. noppoOuee 06 atom jpanee). Torpa
napamerpsl ¢; u k; B Bapaskennn (1.56) meckonbko msmensres. B taba. 8

OpPWEBE/IeHLl COOTBeTCTBYIONIIe 3Ha4YeHus B rpadax, obosHadeHHbx ro=1.7 X
210722 on;

c

2’

Tabauma 8,

ITapamerpsr npospau HOCTH MOTeHNEAAbEOTO Gapbepa

kp ’ cp ha Ca

Bapsn | il R ¥ = ; -
AADR | 1 15410~13] ro=1.7-10~ 1 Sk | PR X DRle R BT | e e

10 0.42 - 0.50 — 0.68 — 0.10 —

20 0.58 0.51 0.28 0.0 0.82 0.81 0.10 0

30 0.68 0.60 0.20 —0.06 0.91 0.85 0.10 0

40 - 0.66 — —0.10 — 0.89 - 0

50 0.77 0.68 0.15 —0.10 0.97 0.93 0.08 —
>70 0.80 — 0.10 — 0.98 = 0.06 —

CoorHomenus, CEA3LIBAONTE cyy Ky, ¢, MK, ¢ COOTBETCTBYIOMMME Iapa-
mMeTpamu ipyriux usotonos H u He, ne menaiorca npu mepexoje or p u a K 1 B
H? u He,® coorsercrsenno. :

Pasupmt ofpaszom f1pu TakoM M3MEHEHNH BeANMYHHEI T, M3MEHATCA W Tapa-
METPHI, ONpefessAKIINe cedeHne TMoromeHus Heirponon (cm. § 2). Onum Oy-
JAyT TMETH BUJ

> Ay £ =
== 0,764 1.93 A, puiO0 A B 000
0.71 +-1.93 4~
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Conocrapienue sasucumocreii w(FE), paccynTaHHBIX ¢ y4eTOM OpOHHIAE-
mocTn Gapbepa, € HKCHEPUMEHTAIBHBIME SHCPIETHUCCKUMH  PacIipeie e Hu SMA
3apSREHHBIX TACTUI[ HCIAPeHHA HOKAa3alxo, 9TO JeiCTBHTEIbHAA CHTYAIUA
BHAYNTEJBHO CHO/KHee. JHepreTHYecKne pacipe/eJeHis TPOTOHOB U (-4acTill,
CHATHIE B 9THX OIBITAX, OKABAIHCH CMCHICHHEIMH B CTOPOHY MAJKIX DHEPTHil
ropasno Oosbime, Yem 5TO IIPeJlyCMATPUBANOCH TeopHeil ¢ yYeTOM TYHHEb-
Horo aderra [12].

Opnmoit 13 NPHUNH, BLI3LIBAIONIEll HTY AHOMAJIMIO B 00JACTH MATHIX DHEPTHil
cHeKTpa, MozkeT OLITL TemIoBoe pacmmpenue Axpa. Pacmupenne o6ycaoBiIeHO
TeM, 9TO BOJHOBEE QYHKIMN HYKIOHOB, ABHTAIONIXCH B BO30Y/KIGHHOM fJIpe
¢ GoJAbIMMH CKOPOCTAMH, OyAyT Menee Pe3KO 3aTyxaTh Ha TpPaHHUIE AApPA.
Bonee BHmMaTesqbHOE paccMoTpeHme 2TOr0 ABJIEHHSA IOKA3HBAET, 4TO TAKOE
pacmmpenue fApa HeJOCTATOYHO iA HAOIIOAeMOil aHOMAJMN B BeJNTHHE
bappepa. Corsacao Jle Kyrepy [*°], mamene-

¥ HHUe paguyca Ajxpa, HArPeTOro Ji0 TeMIepaTyph
P\\ ; : T, cocraBaser
LA AR __ R(T)—R (0) T \2
Mt s e — = 5 —
% ! P R A (7[;‘,-)
Ia;
r IMockonsry Benmmunmma y mopsigka 1, 7o

n3 9aToit gopmysbl BHJHO, 4T0 dfderT pacui-
peHns Ajgpa Hepeanmk. I'pybasg omemxa, Ipo-
-~ ussefennas  Moppuconom ['°],  mpusopur,
npasjia, K HECKOJbKo (oJiee 3HAYNTEIBHOMY
KOB(PUIUEHTY pacmmpeHusI

Ra

ARAT). __ 0,008 T,
Prc. 20. Mopma KyTONORCKOTO R (0) :
6aphepa B MOJIGITT TIPAMOYTOTh-
HOW MBI (1) M Monenuw sjapa YTO TOYKEe HeJOCTAaTOYHO A Oﬁ'bﬂCHeHHﬂ JRcHe-

¢ muddysnoii rpammueii (2).  PHMEHTAJILHLIX Pe3yILTATOB.
V¢ — BHICOTA KYIOHOBCKOTO TOTEH- Brrmie Ve YHOMHHAJ0Ch, 4YTO BBeJleHHe
nnajga B nepnoit  mopesm; Vg — 1o

we ana  mndbdyamoro sapa; Re AAePHOTO aupQysHOro NOTEHIHATA MPHBOIUT

M Rg — COUTBETCTBYIOI{ME pPagNyChl K YMeHLIIEeHHNIO BbICOTh: RYJOHOBCKOTO 6apLepa.

AApA.
B arom mossuo yGemuntbes mna pue. 20, rue siu-

uueil (1) moxasan Xoj NOTeHIHAILHOTO Hapbepa
A Azpa ¢ UpsAMOYTrodbHOI gopmoil sjepHoro norenumasna, auHneii (2) —
aaa anpa ¢ augdyanoii rpannmeil. Ecan ajepnsiil notennuan uveer pajuaib-
HYI0 sapucumocTh (epmuenckoro tnna (morennman Byaca—Caxcona), To
¢opmMa KyIA0HOBCKOr0o Gaphbepa NPHOIMKEHHO ONMCHIBAETCA QyHKIMeH

")
r—ro,d s
a
Vﬂﬂ‘l‘. e ]

N

Zze
r

V{l (I') e

rae Vonr, — raydnma MoTeHIuana; ro I a — mapamerpsl (cy. raasy 1).
Crorr [47] BR™ucang maMeHeHHe TPOHMIACMOCTH KYJOHOBCKOro Oapbepa
JUIST TPOTOHOB, CBSZAHIOC € MCPEXOJAOM OT MOJEIH TPSMOYTOJIBHON  AMEB
k norennmany Byaca—Caxcona. Cormacmo ero pacueram, s TOro 9To0nl
NPO3pavHOCTh Daphepa MpH ATOM Hepexojie ocTasaiach 0e3 N3MeHeHus, B 004~
noii gopmyne pis suicorsr Gaphepa (1.55) caexyer Gpars smadenus ry, YReian-
gennbie npumepno Ha 40%. Awmanormunmpiii pesysabrar Obll HOJAYydYeH JBaH-
com [*%], paccunmraBmum npouumaemocts Oaphepa sjppa Sn'lS. ;
Rukyun [*°] uposen sprumcienus spderra muddysHocTn MOTEHIHALA
Jis pasangabeix sgep. Ha pue. 21 moxasanbl pe3ydabraThl €0 pacieroB BBHICOTHL
RYJOHOBCKOro Oapbepa mis ABYX simepHuix mojeneii. Ha puwe. 22 mpnsejeHst
BHEpreTYecKie CHeRTPHl a-dactur 13 peakimmun Na(n, o), sprducaeHdsie Hu-
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Ky4dn ¢ yueroMm JuysHOCTH MOTEHIMANA U JIIA MOJEIN IPAMOYTOJIBHON AMBL.
DKCHePUMEHTAIBIEIC B3HAYCHHS XOPOIIO COTJIACYIOTCS € IEePBBIM  PACUCTOM.

Temnosoe pacmmmpenue sjpa BjedeT 3a Co00H M3MEHEHHE PaJUaJIbLHOLO
xoma noreanmana. MosKHO 0KMATh B CBH3W € 9TUM, YTO COYCTAHNE MO/EJN
muaddysuoro Axpa ¢ shderToM pacmHpenHsa Bo3OYKIEHHOr0 AXpa IpPHBEAET
K Dosree BHAYNTEIBHOMY CHIZKEHUI0 PACueTHOIl BHICOTH KyJI0HOBCKOro Gapbepa,
TeM mojyduenHoe B padorax [4774°].

Jleitn u Ilaprep [°°] muposemux coorBercTBy0OIIE 3 Ve
pacuerst B npubmikeHun rasa Depyu ¢ moTeHIHATIOM s
Bynca—Caxkcoma. Okasanoch, CONTAcHO MX JAHHBIM, <0 d

wro A He0oabmMX AHepruit Bo3Oy:menmsa (mpm
Temmeparype sjapa wacesl A=100, pasmoii 4 Mag) 2

yBeamueHue pajguyca «sgapa BechMa He3HAYATEIBHO.

IT0 MOKHO TOHATH caeayommum obpaszom. Ilpu rakom 20 40 60 80 2

BO3OY/KAEHHM SAApA HA BepXHHE YPOBHH, The afdexT

OPOHUKHOBEHMS BOJHOBHIX (yHKIU HYKJIOHOB B 00- Eg&)mz:( Uf(‘)?{“;i’gig?g
JlacTh OTPUIATEJIBHBIX dHeprumii Oyper Hauﬁvom:mnm, Gapeanh 3pa3”m"mx
HePexXofAT B OCHOBHOM HYKJOHH ¢ ypoBHell BOAMBH  grep sapapa Z npu
rpanuis Depmiu, aBiskeHne ke 9THX HYKJOHOB M OIpPe-  Liepexoje oT sAepHOro
JeJisieT rpaHniy Hepo30y;KACHHOTo Axpa. JInme ¢ ganp- ~ UPAMOYTOJILHOTO  TIO-
HelimiM NOBHIIIEHHeM TeMOepaTypsl AJpa Ha BepXmiue Te““”““i’w::y Augya-
cBoOojHEle ypoBHR OyjAer TOJAMMATBLCA OCHOBHAS b

Macca HYKJIOHOB ¢ HII3KUX ypopHeil, a apdert pac-

HOJI3AHUA BOJHOBHX (YHKIWMI cramer Gouee smaumreabHBM. ApTopsr [°°]
CIeNAN OTCIONA BLIBOA 0 HeGoxbmoM adderte cHuxenns Gapbepa y BoOyskieH-
HLIX sfiep.

Boase rtounsie pacuers: Hemera [°'], Koropmii ydnTHBAI 3aBHCHMOCTH
ANCPHOr0 MOTEHI(NAIA OT MMITYJbca YACTHI[HI, MOKA3aJIH, Y4T0 XOTA H3MEeHeHUe
IUIOTHOCTH TIPH BO30YHeHIN AApa U HeBeJduko u Anddysnasa obaacTb yBesd-
unBaercs menbie dem Ha 0.5 ¢gepmu (maa agpa Ca'®, BosOy:kpeHHoro 1o snep-

run 15 Mas), Ho Tem He MeHee NPOHH-

maeMocTh OGapbepa  YBeJMUYUBACTCHA

N(E) IpuMepHO B 2 pasa JUiA IPOTOHOB 9Hep-

roun 2 Mo, BuumcaurejnbHbie TPYA-

¢ Hoctu 3acrapmam apropa [°'] memoan-

3oBaTh Gosee rpybyi ¢opMy IOTeH-

muajga Afpa ¢ JNHEHHBIM CHaJaHueM,

YT0 HECKOJBKO CHUKAeT IEHHOCTH
TMOJYYeHHBIX Pe3yJIbTaToB.

PacematpuBas sAgpo 1o MOJeJu
supkoit kanau, Barre[™] BuaBunya
He0 O PoJN TOBEPXHOCTHBHIX KoJie-
Puc. 22. DHeprernyeckuii ciekrp o-TacTny —OaHml Bo30y;KJeHHOro sgapa B Npo-
u3 peaxwn Na (n, ), paccumramuiii jyecce wmcmapemust wactun. Boawnt

no [#°]. nedopMamun,  pacnpocTPanIOMuecs

Touxkamn VHasaHpl SKCHEPHMMEHTAJIbHBEIC JAHHLIE, 1o ’IHDYy BBHIZBIBAKT TeM 6OJIblIlee

yMeHblleHUe KyJA0HOBCKOro Oapbepa

B HEKOTOPHIX o0sacTaAX sAaApa, dWeM 00Jblie aMmiuTyja sTux Kojebaunii.

Tlocaennsist se onpenedstercsa ameprueil Boabys;kaenus sypa. barre nouay-

YUJI 3aBHCUMOCTH KYJOHOBcKOro Oaphepa or smeprum Bo3Oy:KAeHus B Buje
HeCKOHEYHOTO pAja:

L
4

3 5 B 7.8 9 Ml

V(T)=V (0)—alU+ ...

fImaryun [**], npennosaras Ha »sToi ocHOBe, UTO HA Takue KojebaHUs
HAJePHON Kanju TPaTUTCS ONpejelleNHas YacTh sHeprun Bo3Oy/KueHus A/1pa,
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papmaa «U, mpuxoauT K mpocToil Qopmyie V(T) past sajpa ¢ ATOMHBIM
BecoMm A: ;
V(I)= Yo . (1. 57)
A=)
144 T(m)

llonarasg, uro a="1/; OH moJydaeT Y/OBICTBOPUTEJIbHOE coriacue
¢ pesyJbraTami HaOII0JeHUI /e PHBIX pacuenieniii ObCTPHIMIT TACTHIAMU.

Jle Kyrep['?] haer smnmpuueckyio QopMyay CHHFKEHIA papnepa, nojo-
opannyio aasa agep Ag u Br (4~100):

Vi FHE

Jra 3aBECHMOCTH HAHOOIee 9acTo ynorpednTe/abHa B IPAKTHICCRIX pacte-
Tax, XoTA ee 0GOCHOBAHHOCTH BECbMA COMHHTEIbHA, BO BCAKOM Ciyuae Aid
Afep APYTUX Macc.

OrMeTHM HelmociIeioBaTeJbHOCTh aHAIN3A JKCHEePHMEHTOR ¢ HPHBICYCHHCM
dopmya (L. 57) u (1.58). C opmoii cTOPOHEHI, 9TOT AHAJINS, KAK IIPABHIO; OCHO-
BhIBaeTcsA Ha opMyIIe IWIOTHOCTH yPOBHEil, TOJYYeHHOIl 110 MOJIeTN rasa Depun
M IPUTOHOI TOJIBKO J7IsL DTOI MOJIENIH. C apyroii cTopoHEL, B GopMyay BepoAT-
HOCTH HCHAPEHHS YaCTHI[, B KOTOPYIO BXOJMT 9Ta IIOTHOCTh ypoBHel, BBOAUTCA
TOIPABOYHBIII MHOKUTEIb, 10J yYeHHBI 13 coo0pasKkennii KameJbHOM MOjean,
T. €. MOJEJN CHJBHO B3auMOJIeHCTBYIOMIX YaCTHIL. Idro, pasymeercs, He eUH-
CTBeHHAA Jorm4yecrad uenocnenona_’renbnocrb, KoTopasa BCTpeYaeTcA npH Teo-
PETHYECKOM OCMBICJHBAHNE PasdHO00PasHbIX DKCIePUMEHTANBHHX (AKTOB
B pusuKe s/pa, HO TEM He MeHee OHA JI0CAJHA.

BBl BHICKABAHEL M JPyrHe Coo0pa;KeHNsA OTHOCHTEALHO MeXaHHsMa IIo-
SBJICHIS TAK HA3BIBAEMBIX (IOA0APHEPHBIX» IPOTOHOB M JPYTHX 3aPKEHHBIX
wacTHI, OpH pacmemaeHnsax Axep. Ojmo M3 9THX cooOpasKeniii OCHOBAHO HA I'-
HoTese JOKAABHOTO HArpesa fAApa, KOTOPLLI BHIBHBAET IOHMIICHUE Gapbepa
B «CBepXHATPeToi» odacTu sjpa.

[leprunc [?] BBICKasad MEICAB O TOM, UTO BO3MOHA OMUCCHA HeCcTad I b-
HBIX OCKOJKOB, pacnajaiouuxca B Iiojere HA O-9aCTHILBL. B paGote [**] pac-
CMOTPEHA [0 MOJIeIH FRHAKOIL KAl TeoPeTHIecKas BO3MOHOCTD JeJICHHS Azep
¢ TOCJAEAYIOMUM CIOHTAHHBIM DPACIAOM OJHOT0 13 OCROJIKOB. Asropur [*4]
IPHXOJAT K BHIBOJY, YTO TAKOil Ipouecc JeJeHid siep CpeJiHero aToOMHOIO
Beca BechMa BepOATEH NPH OOJBIIHX DHEPTHAX Boa0ymenus. iocemant [°2]
pasBHI 3Ty HAEI0 M IOKasal, YT0 AApa THIA Ag 1pu sHepPrusAX Bo3OyHIeHIA
cepmre 100 MaB MOTYT MCHHTHBATE JieJIeHNe HA jiBA HEPABHAIX OCKOJKA, OAHH
113 KOTOPHX (MEHBIMHIl 10 Macce) PAcHaAeTCs 3aTeM B MOJILTE © NCIycKanmeM
gerkux wactui. HaGmionaemsiii 9HePreTHYeCKIil CIERTP HPOTOHOB I -9aCTHI]
OyfeT I0ATOMY COOTBETCTBOBATH IPHMEPHO BJABOE MEHBIIEMY KYJIOHOBCKOMY
Gapbepy, YeM DTO CieyeT U3 OOLYHBIX PAceToB JUIA HATAILHOrO anpa. Kpome
TOTO, BCJAEACTBHE HAIOKEHIA CKOPOCTH IEPEHOCHOTO JBIFKEHII OCKOJKA HAa
CKOPOCTD YACTHIHI B CHCTEME OCKOIKA GyaeT HaOMIO/ATHCA SHAYHTENBHOE pac-
IIpeHte SHePreTHYeckoro paciupe/iesienns, CHATOro B asabopaTopHOil cucTeMe.
Jra BechbMa NPOCTas PHIOTE3a He BHIIEP/KHBaET, O/HAKRO, DKCTIePUMEHTAI BHOIT
nposepku. Vamepennoe cedenue JleJeHnsd A1EP Ag npu GoJbBIIHX DHEPrUAX [>¢]
OKAZAIOCH BHAYMTETHHO MEHBIIe, YeM 9T0 HeoOXOUMO JyIs peajnsanii yra-
sammoro Mexammama. MaccoBoe pacipejielieHHe OCKOJIKOB JeJeHHs fA1Cp Ag
nMeer cnvMeTpuuHEii xapakrep. Mmeorcs u [pyrue MpIHHEL, sacraBisoIne
OTKA3aThCA OT ATOII THIIOTE3BI.

B paGore Baxep u apyrsx [*7], a Takme B [58] obeysiancsa BOIPOC 0 BO3-
MOGKHOCTI [IOABIEHHS «HoA0apbePHEIXY G-9aCTHIl KAK Pe3yJabTaTa X dMHCCHH
M3 BIKYIEXCA sijiep OTAAUH, MOJYYHBIIHX HMIYJABC IPX TpeJIIecTBYIOmeM
ucnapenun wactuy. Comocrasienue paccyHTaHHBIX 10 aT0il MOJIEIN CIIEKTPOB
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¢ AKCIIePUMEHTOM, NPONABEEHHOE B HTHX padoTax, MOKABAI0, YTO B GOJBIINH-
CTBE CJIyYaeB BLLTET O-9aCTHI[ MAJBIX 9HEPTUIl MO/KHO OTHECTH 32 CUeT yKasaH-
HOTO MeXaHusma, Oes npusiaedenns ruioressl barre—Jle Ryrepa. UroOsr nate-
RATh YCIO/RHCHHI, CBABAHHLIX ¢ OTUM d(PeKTOM, CICAYeT CTABHTL OILITHI
¢ JACTHIAMHE II0 BO3MOYKHOCTH HeGOJBINNX AHEPIHil Tak, 4TOOB BEPOATHOCTH
AMUCCHH HECKOIBKHX wgactuy Opura mesmauntenabna. Oyamep u 'yamen [°Y]
MCCACOBANN SHEPTUH C-4acTHI B peakiun (p, @) Upu sHepruu myuxka or 9.5
10 23 Mag. Vmn Obuio Haiijieno, 4To B BEIDAKERAN JUIS RYJOHOBCKOTO Haphepa
(1.55) caenyer .Gpars ypeamuenniii paguyc (r,=1.9 gepmnu), xoraa peus mjger
0 BO30Y/KIEHHOM AJPE, B TO BPeMs KaK LA CHy4aeB MCHYCKaHWH (-YaCTHIL,
OPHBOAAMNMX K OCHOBHOMY COCTOSHIIO KOHETHOTO AAPA, MJIN JUIA ceueHuii oopar-
HBIX peakruii mapamerp r, goanien 6uirh pasen 1.5 gepmu. Asropm [°°] mpo-
M3BeqH Tak;ke M3Yy4YeHle 3aBHCHMOCTH BHICOTHI 0apbepa 0T HHepPIrUM HajeTalo-
I X TIPOTOHOB. 3AMETHB, UTO IMOJ0/KeHTe MAKCHMYMA DHePreTHIeCKOTO CIeKTPa
U-9aCTHI He MEHAETCHA NPH M3MeHeHun sHeprui nporoos B , onn nokasanu,
4TO 9TO MOZKeT OBITh CBABAHO C TCINIOBLIM CHUKEHIEM KYJOHOBCKQro Oapbepa.
Ilyecrs  smeprerTmweckoe pacmpejenenue -4acTHI] OMmEChBaerca Qopmydaoi

N (EYdE =const Es (E) o (E,+-Q— E), (1.59)
rae o= CeNeAEpt0—F: () — tenioBolt BHIXO0J pPeAKIUIL. (I. 60)
Honosenue Makcumyma CHeKTpa ONpeieJsIcTCs ypaBHeHHeM
1 1 - da(E) do __
T_l_c(t;, i ok b =0. (61
C yuerom (I.60) aTo ypaBmemme mpumer BHJ
1 1 ds (z) VaAU el 9
e e DR s == (1. 62)

3nechk BReJeHB 0003HATCHI:

E E,+Q -

I:T, ;[,m_—_——-v—.

IMockoapKy mz onpita cjaejyer, uTo NpH UBMEHEHUI E,, seiuunna Ko-
TOPOit onpejeiasier Bo30yKIeHNe COCTABHOTO fAApa, 3HAYCHUE ¥, YIOBIETBO-
paomee ypapuenuio (1.62), ne mensiercs, 1o, coraacuo (I.59), moskso mo-

1 ds = : z
Aarath, UTO WICH - - =0 yousaer ¢ pocrom E,. Ceuenue obGpazosa-
HHA COCTABHOTO AAPA KPUTHYECKM 3aBUCUT OT Z B 00JacTu z<_ 7, M BechbMa
caabo or ry, kak orjgeasnoro napamerpa. I[losromMy usMenenue BeJIUYMHL

1 ds
= PR J = const ¢ pocrom E}, MOKHO CBf3aTh ¢ M3MeHeHnem V.

B paGote [*°] monygeno, uto BhicoTa 3pPeKTHBHOrO KYJI0HOBCKOTO Gapbepa
mis appa Rh ymenemaercs mpmmepuo ma 20% upu BosGyskienunm sppa o
smeprum 20 Mas. Ho ¢ apyroit ¢cropoHsl, B HEKOTODHIX BKCIepHMEHTAaX, I0-
CTaBJIGHHKIX ¢ U-9aCTHIIAMM CPeIHUX dHEPTHil, MoX0oOHLIX YKA3aHIl HA CHHIKE-
Hite V' y Bo30y KAeHHEIX fA/lep MOayIeHo He O65110. IT0, BEPOATHO, CBA3AHO ¢ 60 b-
MAM BRIAJOM AJePHBIX PeaKIuii MPsAMOTO B3aMMOJEHCTBHA, KOTOpPHe OyAyT
«MacCKMpOBATHY MCCIeNyeMElil adderT.

Vnrepecnyio MEICADL 0 BOBMOKHOCTH APYroil HHTEPIPETAIHH ONBITOB € I10]1-
Gapbeprniviny wactuiamu Beickazax Hemer [¢°]. Haauume pagmanbmoit ekopo-
i Koaebanmii feopMIPOBATHOTO AP, KOTOPASA HAKIAABIBAETCA HA CKOPOCTH
HCUAPAIOMMXCA YACTHIL ¢ CHOPMAJBHBIMY 9HEPIeTHUYECKNM CIEKTPOM B CHCTeMe
HOJ(BU/KHOI TOBEPXHOCTH fAApA, HTPUBEAECT K 3HAYATENLHOMY pAacCIIHpPeHuIo
9HEPIeTHYeCKOTO PacHpe/lesieHis 9THX YAaCTHI[, UCCIe/[yeMoro B SKCIePUMEeHTe
OTHOCHTEJIbHO HENOJ(BUAKHOTO IeHTpa s/pa (1abopatopras cuctema). K cosxame-
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HHIO, B HACTOSINEEe BPEMs BOBMOKHBI JAllb IPy0ble OLEHKI dTOTo cBoeobpas-
soro apdexra Jlonmaepa. Aprop [°°] omenmi, uTo BHICOTA Ka/KYIIErOCA KYJI0-
HOBCKOTO Oaphepa JuIs MpOTOHOB, HenapseMuix sppasu Rh, moser Obith cHE-
eHa TaKEM oOpasom 0ojee 4eM B TPH pasa.

Haxomery, cjaejyeT ykasaThb eme Ha oAUH (AKTOP, MI'PAIONMl HEKOTOPYIO
poab B HaGmiomaeMoM cHEKeHHN Gapbepa. Peupb mier o6 mameHeHmE KyJIOHOB-
CKOTO TIOTeHIMAna sjep Hecdepmaeckoit GopMEl, KOTOPYIO OHM NPHOOPETAIoT
OpH TONAZAHAM B HUX dacTuibl Oojbmoil smeprum. B olxacti «HOCHKOB)
(10A0COB  BHITAHYTOTO YJJIMICOW/A) IHPOHHI@AEMOCTh KYJIOHOBCKOro Oapbepa
Gymer Gompme. Pacuermt Pacmyccena m Cerama [*'], Brmosnennbie MMI 1A
TAKEABIX S7IeP, MOKA3aM, 94T0 9Ta HPOHAIAEMOCTD I (-TaCcTHI{ 3HAYNTEIHHO
yBeJAUUMBAGTCA ¢ POCTOM feopPMALHE AAPA, T. €. OTKIOHEHHA 0T CPePUIecKOil
¢opMEL.

Oy xuvoro u fAmarywn [62] u Jle Kyrep ['°] yrasann na gomoasnTesbHbI
MeXaHu3M, 00yCa0BJIMBAOMNI IOABICHIC B AePHBIX 8Be3/laX IPOTOHOB MAJIBIX
omeprmii. B pesyabTate mpenMyiecTBeHHOT0 HCHAPCHUs HeliTpoHOB (ocoGenno
B KOHIE IPOIecca NCIapenis) AApo-npojyKT Oyaer IMeTh HeKOTOPLIL fedunuT
HeHTPOHOR, a BHEPrUA OTPHIBA HAHMEHeEe CBA3AHHONO MPOTOHA OyjieT MembIue
9HEPTHH CBA3M HeilTpoHa Ha BepxHeMm yposHe. Ecan Takoe sSApo COXpaHNT sHEpP-
IHI0 BO30Y K/IeHH A, BEIHIAHA KOTOPOIl JIeKUT MK/ JIBYMsA BEIMEYKA3AHHBIMI
3HATCHUAMH DHEPTHM CBS3M HeilTpOHA W IPOTOHA, TO HPOU30Il/ieT BbUIET PO~
TOHA TyHHeJLHLIM PPEKTOM, TAK Kak pajualiOHHas IMHPHHA IPH STHX 3Hep-
rHAX BO30Y:KIEHNA ellle MaJja 00 CPABHEHMIO ¢ YACTHUHOI NIMPIHOIL. Jueprus
IPOTOHOB Paciajia 3ariaiouenHa npumepHo mempy 0 u 4 Moas. Breurer a-yacTuig
B peayJbTate MORXOOHOTO MEXAHH3Ma MAJOBEPOATEH BCI[CTBUEC GO BIIOro
KYJOHOBCKOTO Oapbepa.

PesioMrpysI, MO/KIIO CKA3aTh, YTO B BONPOCAX 00 HCIYCKAHMIH 3apA7KEHHbIX
qacTUI BO30Y/IeHHBIM SPOM M 0 POIM PasiINYHbX (AKTOPOB, OKAJHIBAOMMX
BOB/IeliCTBIE A BEPOATHOCTD X HMUCCHH, B 0COOCHHOCTH B BOLPOCE 0 BeJHTHIC
KYJOHOBCKOTO Gapbepa M ero CHIGKeHWU Ipu Bo30y/KICHHH ALpPA, eme Aajlero
He Bce YicHo. VI3 xpaTkoro o063opa, IPUBEJACHHOrO BhHIIe, MOYKHO 3aKII0THTH,
9TO0 MOJIETDb JROAKOH KAIUIM Ajpa jiaer O0JLIINEe BO3MOKHOCTH JUIA TeopeTude-
CKOii MHTepIpeTalm dKCIePUMeHTATIbHEX Pakros. Opnako MHOTHE I3 BTHX
Hielt 0CTAIOTCS TIOKA 3a IpejleaMi dKcIepuMenTaxbHoii nposepku. Caexyer
MOCTABUTH HOBBIE, MOMOJIHHUTEIbHLE SKCIEPHMEHTE II0 BLISCHEHIIO 3HAUNTEN b~
HOCTH TeX (aKTOPOB, KOTOPHE MO/KHO IPUBIEUb 1A 00bACHEHHA MCIYCKAHIA
«opGaphepHBIX» YACTHI] B paMKax Mojiean rasa Depmu, ycnemHo 3apeKkomem-
moBapmieil ceGd B TeOPeTHIECKOM AHAIM3e MHOIMX HBJIEHIIl $u3uKH Apa.

$ 5. IMOCIAENOBATEJBHOE HMCIIAPEHHE JHECKOJILKIX YACTHIL

B GonpmumceTrse ciaydaes AApo, o0pasyiomeecsa B pe3yabraTe NPOX0AK/AeHIA
KacKaja OJMHOUHBIX COY/ApeHHil HYKIOHOB BHICOKNX DHEPIHUil, MMeeT HATalb-
HYI0 DHEPTHIO BO30OYKACHUA, NOCTATOYHYIO I MCUYCKAHHA HECKOJADRHUX ¥ac-
. TeoperwuecKuii pacdeT Iporecca IOCHAe0BaTeTbHON0 NCIAPCHIA YaCTHIL
p030y;KeHHLIM AIAPOM 3a/[aHHONH HAYATLHOI DHEPTHH JI0JI7KeH JlaTh: 1) cpennee
WHCII0 HCITYIeHTBIX YaCTHI, 2) WX N30TONNYECKNil I 3aPALOBEIl COCTAB; 3) auep-
PeTMYeCKWil CNeKTP YacTHI[ JAHHOTO copra, 4) yriosoe pacmpejeldeHie 3THX
gacTui, 5) paciupejeleHne OCTATOYHBIX sAeP IO MaccaM W 3apsijaM. ITommsrit
pacuer YpesBEIYAIHO CHO/KeH, TAK KaK IapamMeTphl B dopuyae Baiickonda,
onpejenasione BePOATHOCTh SMUCCHU TACTHITBI (Temmeparypa, 9HCIO HEHTPO-
HOB ¥ IPOTOHOB fApPA H APyTrHe), HeNPephBHO I IPUTOM B 3aMeTHOIl cTeleHn
MEHSIOTCH B Te4YeHHWe HTOro Ipouecca.

Pagnyapsie aBTOPHL JIeA0T Te WM HHBIE YIPOMAIOIHe IIPeIol0/ReHns
¥ pemaiT TAKUM 00pasoM CHCTeMy CBA3AHHBIX HHTErPajbHBIX ypaBHEHHI,
ONHCHBAIOIMUX TOCHAe0BaTeJIbHOE OXJIaKAeHNe Anpa.
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Jle Kyrep ['*] mpumsm, wro oTw ypapmenus He3aBUCHMBI JIDYT OT ApyTa,
M pemaj UX B orAeabuocTu. OCHOBAHUEM JUIS TAKOTO NPEJII0N0KeHIS ABJIseTCA
T0 00CTOATENBCTEO, YTO CBA3h MWHTETPAaNbHHIX YVpaBHeHHil, BHIPa/KaOmMUX M3-
MEHeHHe YHeja YacTHI] B A7lpe ¢ YMeHDLIIeHUeM SHepPruy Ajpa, o0CyIecTBAAeTCHA

5 N—12Z
HoCpejicTBOM IlepeMeHHOn b= ‘m—, KOTOpas He3HAYMTEeJ bHO MEeHAETCS B IIPO-

necce menapennsa. llocienuee yrsepskjienue BHITOKACT W3 HAIMIAA TAK HASEH-
BAaeMOTo «peryjinpyomnero» 4ieHa B BEPAKeHUI 1A OTHOCHTENbHOI BePOATHO-
CTU OMUCCUN Heu:rpoua u nporona. Jle Kyrep moayuni, uro oTHomenue BeposaT-
HOCTCH oMICCME HeHTpOHA W NPOTOHA 3aBUCAT OT MHOKUTENS BHAA

exp L-— - (6—86,) J, rje 0, — ornocuTenbHBLT M30HITOK HEITPOHOB JTIA COOTBET-

CTBYIOmEro cTaluabHOTO #H/pa; @ — HEeKOTOpasg KOHCTAHTAa. JTOT MHOKUTENb
JIOJZREH  C1I0cODCTBOBATh OMMCCHH HEHTPOHOB MJM IIPOTOHOB B 3aBUCHMOCTH
or Toro, Oypger Jm obpasyiomeecs AApPo HMeTh H30LITOK WJIM HEAOCTATOK
HeliTpoHoB. Pasymeercs, Ha OTHOCHTEABLHYIO BEPOATHOCTh BhUIETA HYKJOHA
ONPEJICJICHHOr0 COPTA BJIHAET, NPUTOM B CHJbHeIlmeil crelegu, BeJHYUHA
MOTEHIUANBHOTO Oapbepa. 3

Yncaennmiii pacuer, nponssenennsii Jle Kyrepom juis cayuas menapenus
anep Ag u Br, nokasai, 4ro ocratounoe sapo OyjeT uMeTh HeGoabIIoil edumT
HEHTPOHOB. Beawmna mapaMeTpa, CBASLIBAIOIET0 TeMIepaTypy # HHepruio
" BosOyspenns B popmyae (L. 496), B paGore [*2] Grura mojo6pana sMIHMpIIeCKH,
OyTeM IOANOHKH PAaCYETHONO SHEPreTHYECKOTO CICKTPA 3apsA/KeHHBIX YaCTHIL
K 9KCHePUMeHTaJAbHOMY, & TalsKke C000Pa3HO ¢ HKCIEPUMEHTAIbHBIM X0{0M OTHO-
MICHHS YUCIA C-9ACTHIL K YlCJy HPOTOHOB (BeanMYuHA a/p), UCIYCKACMBIX HPH
pacimiemienun sjep Ag 1 Br yacTunami BHICOKHX dHePruil. Y YUTHIBaA, YTO dHEP-
reTHYecKoe pacupejiejieHne IpoToOHOB (BO3MOYKHO, W G- qac'mu),u.smepnemoe
B ONBITE, Jaske B odsactH suepruili mpumepmo go 30 Mas ofycaosieno me
TOJILKO MCTIAPUTEIBHBIM, HO I KAaCKAJHBIM HPOIECCOM, NPUXOINTCA NPUSHATD,
YTO HTOT CHOCOO ONPe/e e s TePMOMHAMIICCKIX KOHCTAHT APA He ABIAETCA
JUY UMM,

fmaryun [*?] mposen amamormummii, Ho Gosee rpyOrii pacuer menapeHus
BBICOKO BOs3OyailennuX sjep ¢ A=100. On onmepuposajg co cpeiHUMU 3HAYE-
HUAMN KUHETHYCCKNX DHePTuil Meuapsaomuxcs yacTul i npenedperay n3mene-

4

N
HUEeM OTHOIMCHUHA W7o B TeueHue upoiecca, paccMOoTpeéB 3saTeMm [lOllpOﬁHQ

BaugHne Qayrryamuii[*].

Pabora Xarepopua n Maxkxke [*] Gamara paGore ['°]. OcmoBHOe pazmmdne
MeHJly HUMM 3aK/H0YaeTcA B OpeAnoloskennn, caenanmom B [%4], yto mpomece
HCHapenis et TaK, 9To AAP0 CMEIAeTcs 1o A0poskKe crabnabsrocTu. Us aToro
IPEAN0J0KEeHUs BHTEKAeT, 9TO

)

=corst ~1.5 (nua 4~~80). (1.63)

4

Agropsr [*] Taxke BemyT pacuer AuA cpegEEX DHEPTHIl YACTHI[ IPH HEKO-
Topoii cpeaneil Temneparype sjpa. Boens napamerp @, ¢csasnBaiomuil cpejaee
3HaYeHME TeMmIepaTypbl ¢ HadauabHOI 7',

T: aTO,

asTopHl [%4] ompepensioT ero uuciaennoe 3HAYEHUMEe CPABHEHUEM ¢ AKCIIEPUMEH-
oM. CpaBHeHHe HPOUBBOAMTCSA 10 TOJ0KEHHI0 MAKCHUMyMa KpHBOil, BLIpa-
JRAI0Mel M3MeHeHNe 3aBHCHMOCTH a/p 0T 00mero 4mcsa 3apsiyKeHHBIX 4acTHI]
B sAxepHLIX pacmermnennsx Ag u Br. (3mech ymecTHO cpienarth TO jke 3ameda-
HIE 0 PO/ KacKaJHBIX 4acTUI, KoTopoe Obliio mpuBegeno suime). Ha puc. 23
IPHEBEJEHLL JUIs CPaBHEeHHA TIpaduKH, MOJYYEHHBIE B TpeX BhillleyKasaHHBIX
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paorax M NOKa3HBAONIHAE CPeIHee YMCA0 HCITYIEHHLIX dacTui agpavu A =100
B 3ABHCHMOCTH OT HAYaJLHOI SHEPruu Bo30Y:1eHNusd.

Papom asropos ['? 27 3L 43, 65| ppoyugponmanch pacueTs cedeHHil MCITYC-
KaHusA BO30Y)KIACHHBIM SAAPOM ompejedeHHoro unciaa gacrtum. Ouesupno (cMm.
§ 1), 910 BeposATHOCTL WCHMApeHMA JAHHOIO YHCJAA YACTHI[ ABJIAETCH CHAYAJA
BOspacrawmeit, zarem yoOsBaomeil GyHKIIel dIMeprum Bo30y/KICHIsT HTa9alb-
HOro sAxapa. Mopmyast misa ceueunit onpejeeHHbIX AACPHBIX peakIii THIa
(N, kN) saaunteanno pacxoaarca ¢ nadaogennamn [°°], Tax Kak pacucT BKIIO-
4aj U Te COyYaH, KO/ AAPO, HCIYCTHB k 4aCTHIl, MOKeT 0CTaThCA B BO30 ysKIeH-
HOM COCTOAHMN M MCHYCTUTHh ciaejywomyio wacruiy. Maxcumon [%¢], yurs
9T0 00CTOATEIBCTBO, BEITHCINI 60JIee aKKYPATHO CeYeHNs I MOJYIIT Xopolnee
COBIIaJIeHNE ¢ HKCIEPUMEHTATLHBIME GYHKIIAME BO30Y/KeHUA A[ePHLIX pPeak-

[ : |p.d
i K Ht,e
709
{He
P
n
. a i
He’
1 - ¢ 1 i 1 1L
A 2 AR 17
0 e 400 UMb 200 400 €90 U,Mab
/
Pue. 23. Cpennee umeno aaps- Pue. 24. Cpeanee wneao n, H,!.
KeHHBIX YaCTHIL, NCTIaPSIOMIXCH H% H;3 He;® m He,% mnema-
n3 anep ¢ A =80 npn paznmi- psomuxes ua aapa Cu B 3asn-
HOIi HAYaJhHOIl HHEPTHH  BO3- CHMOCTH OT BeJNIHHE HAYATb-
Oy IeHnA. HOiT ameprim Boadymaenus U.
1 — pacuer mo Amaryuu [*]; 2 — o kh — MOJIHOE YHCJI0 3aDAYKEHHLIX Ya-
Jle Kyrepy ['*]; 3 — no Xarenopuy crunm  [24],
n Makxe [°]; ¢ — nmo Jloerpos-
CKOMY M jipyram [#4].
unit va Bi mama (p, kn) (=1, . . ., 4), (@, 2r) 1 (@, 3n) ¢ TapaMeTPOM IIOTHOCTH

yposreii, Bzarom coraacuo ['*]. HykuHo oTMeTHTE, YTO aHasorHYHbBe PacyeTs
CedeHUIl pPeaKIUM € BBIIETOM IPOTOHOB M (-4aCTHI[ He BCErja XOpomio corja-
CYIOTCA € DKCIePUMMEHTAJbHLIMI JIAHHBIMI, YTO CBA3aHO, HO-BHAIMOMY, ¢ He-
YYHTHIBAGMBIM M3MeHEHHeM IOTeHIHAJIbLHOro Gapbepa.

Yrobpr mosyunts Goisee mosiHbIe Pe3yabTaThl, cBOOOJHBEE OT KaknxX-an6o
HPEI0I0/KeH T, KOTOPbIe HeOOXOMMBL JINITh Ui TeXHUKH BLIYUCICHII B ama-
auTnyeckom Bupe, Pyperam ['°] mpegupumsn momeiTKy HCIIONB30BATH METOJ
CAYIQIHLIX HCIOBITAHMIT JUIA pacueTa 1mporecca MCmapeHnsa BEICOKO Bo30y:KeH-
HpIX sanep. JloctpoBewmit m apyrme [ 24 67 68] ppopesqu ¢ MOMOIBIO DTOTO
MeTofla OOMUPHLIe Pacuersl HPOLecca NCIHAPeHIs ANep HPH MATHIX W GO BITHX
SHEePrusux Bo30YM/ICHUSA ¢ YUETOM Pa3IMIHLIX GAKTOPOB, BAMAIONMMX HA ITOT
nporece (ofosroueanoe crpoenue sjep, IPOHUIAEMOCTh Gapbhepa W ero CHUMRe-
e, u T. 1.). Hexoropsie peaynwbrarst pacueros Jlocrposekoro n apyrux [24]
npejicTaBaeHbl HA puc. 24 1 25, re NoKkaszana 3aBICHMOCTL CPEIHCTo YIMCIa Ne-
TAPUBINUXCA TACTHI] OT HAYaALHOI dHeprun Bo3Oy:kenus s sjep Cu u Ag.
OTH 3aBHCHMOCTH II0JY4eHKl 1PN BHOOPe MapaMeTpa IVIOTHOCTH ypoBHEeil paB-
soro 0.1 Mae ™! i ¢ ygeToM TeMIepaTypHOTo CHHKEHIA KYJI0HOBCKOro Dapbepa
cormacuo [**]. [lus comocraBiennms aTHX JAHHEIX ¢ PesyIBTATAMI AHAIMTH-
9eCKUX pacyeToB, BHIIOJHEHHHX pamee ['5 %2 ¢4| nog amep ¢ 4=80—100,
Ha puc. 23 MOCTPueHA B3aBUCHMOCTH CPeJHEro YMCJIa 3apPA/KeHHBIX YaCTHI[ OT
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aHeprun BO30YMJIeHNs KaK CPeJHAA U3 JAHHBIX JlocTpoBCKOTO JUis ANEP Cu
u Ag.

Comocrasienne KPHBHX puc. 23 MOKaskBaer, YT0 HPH dHEPTHAX Bo30yIRIe-
sz nputauanTennsuo go 300 Map pacuerst Jle Kyrepa 1 JlocTpoBcKoro npiso-
AT TPUMEPHO K OAMHAKOBHIM PE3Y/IbTATAM MO THCAY AMUTTHPOBAMHKX po-
TOHOB M C-9acTUIl, IPH 0oJiee BHICOKOM BO3-

GySKAGHIT (IKCICPIMEHTANbHAM) KPHBA TGN 15
GuisKke  TOAXOAMT K KPUBOI 8. Pacuermt | g e
JlocTpOBCKOTo W JPYTHX MOKABAMM TAKIKE, k tLa
qTO (AYKTYAIUu B UMCAE MCHYNIEHHEX 4a- P ie’
CTHI[ MeHee BHAYNTEALHBI, deM 0To OBLIO |
omeneno B [1].

10 45

Paccmorpennbie Beime pafoTH MCXOJMIN
W3 TpeANoNOoKeHus, UTO Ncnapennme He-
CRONBKUX dYacTHil Bo30YHKACHHLIM ALPOM
NPOMCXOUT TOCJAEJOBATENIBHO BO BPEMEHM,
upuueM BEPOATHOCTH BhHLIETA KamJloit I0-
caejyiomeii 9YacTUIB He CBA3AHO C  AMHMC-
cweit TpemecTByIomeil, eciau, pasyMeercH, / th’e"
He TOBOPHTL O 3ABHCHMOCTH, O00yCJOBJIEH- Z e
HOI TOHWZKEHHeM TeMIepaTypsl sapa u 200 W0 600 UM3b
YMeHBUIEHHEM —UHCHA HYRIOHOB B HOM. oo o oo -
Mo;iHO0, 0JIHAKO, JAOIMYCTUTh, 9TO MOMEHTHI Hl.g" 1{18; H&sl_‘; Hogi, “c';;ap“}o »
BPeMEHH DMACCHI JIBYX YACTHII HHOT/IA PABAC-  myrxest us Azpa Ru B aaBnensiocrn
JeHBI CTOAD KOPOTKHM HPOME/KYTKOM, 9TO  OT Beuwiilhl HATATLHOI dHeprHI
cJelyeT paccMaTpEBaTh ATH J(BA Ipoiecca BosGy#enna  U.
KAk eJUHLIl IIporecc. k — IOIHOE  YHCJIO [“aapmxcuuux ga-
Tomasunu ['°] pacemorpea BOIpoc O e S
BO3MOKRHOCTH OJ(HOBPEMEHHOTO MCIApCHUHA
HecKOJAbKHX vacTHil. llpeamosaras, 4TO BBLUIET Kazk0il W3 HTUX YaCTHI]
NPOMCXONT He3aBHCHMEIM 00Pa3oM, OH HOJNYYII BHPAKCHUA J1A BePOATHOCTH
MHOKCCTBEHHOI BMUCCHN HeliTPOHOB M 3aPAKEHHBIX YacTHIl U3 Alep A=100
NpH PasHBIX HAYAIBHEIX JHEPruAX posoyscaenusa. Coraacuo pacueram Toma-
3UHA, OTHOMEeHNe BePoATHOCTENl ABYXHeITPOHHOIl M OJIHOHEHTPOHHOI AMUCCHIT
CHJIBHO PAcTeT ¢ dHeprueil Bos0y:kjleHns Anpa. Tak, nanpumMep, OpH dHEPrun
poaby:xacnuss 50 Mas ato oTHOmEHHE
Tt mans 8 EoNEe 0.06, mpu sueprum 100 Map —
0.24 m mpm 200 Mas — 0.80. [lasn
OTHOCHTEILHAA BEPOATHOCTD HMICCHH BepOATHOCTH OJIHOBPEMEHHOIl dMHCCUIL
pasauYHBIX YACTHIL Tpex HeﬁTpOHOB (IIO OTHOINEHWNIO K OJ[HO-
YACTUIHOI BMUCCHH) COOTBETCTBYIONE

AT U=100 Mos | U=160 M98 umcna: pasam 0, 0.08 u 0.26.
wacruma  |uo To- | MO | 1m0 To-| no Baii- Taxum ofpazom, DTH PacueTsl Io-
magunn| o (Maskim| condyY  gagpigajoT, YTO IPH  BHICOKMX 9HEP-
o rusax sosOymaennsa (> 100 Mas), yka-
b {3 ok P '4§0/0 54%, 37% ) BaHHBIMM ~ TIPOIECcCaMu npenedperatb
i o 112‘;/10 g-(l)g{o ;;?}:Zo ;g:”/,o Henb3s. Yuer asrToro aspdexra, co-
g 8 10| “08% | 163° “ogy  THacHo {221, HPABOJUT K YMCHBIIEHMIO
OTHOCUTEABHON BePOATHOCTH OMUCCHI

BapsKeHHBIX ~ YacTHI[ 10  cpaBHe-

HIIO ¢ pacueTroM 10 OOLIMHOI MOJesn

ommouactnuHoro memapenms [*']. B rabn. 9 mnpubegensl pesyJbTaThl  pac-

yerop Tomazuanm 1o o0buHbM (opmyaam Baiickonda 1 mo mojean OHO-

BPeMEeHHOIl DMUCCAH HECKOJBKUX uacTui. M3 rabamnsr BUAHO, YTO MOJEND To-

MA3MHM NPHUBOJAMT K HEKOTOPOMY CHMZKEHWIO 4YHCIa MCIHYMEHHBIX IPOTO-
HOB.
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Taxoe cumxenme wacroTsr TosBIeHus HPOTOHOB 00'bACHACTCA KOHKYpH-
PYIOIUM  TIPOLECCOM OHOBPEMEHHOI0 MCHAPeHus HeiiTponos. XoTA MOKHO
COMHEBATLCA B TOM, YTO MPEAIIOJ0KCHTe He3aBUCIMOCTH 9MUCCHH JBYX YaCTHI
BIOJIHE OUPABAANO, HO TeM HE MEHee 5TOT aPeRT MosKeT 0KasaTh cBOe BO3eii-
CTBHE HA MHOrHe AacleKTH WcHapHTeIbHOit TeOPUN B30y JIeHHEIX sjep.

§ 6. OMHCCHA CIOKHBIX YACTHIY

®opmyna Baiickonda mpegycmarpusaer Takike BO3MOKHOCTD HCIADeHI s
U3 ANpA METHIX KOMINIEKCOB YacTHI| — ACHTPOHOB, (-YACTHI 1 T. . Huraknx
CHEIUATLHBIX UPeINoN0s ke NIl 0 MeXanuame nx 00pazopanus IIpH BBEIBOJE BTOil
Gopymyanr He nenaercs, He BBOmHTCH HUEAKOro mMuowuteas s gopmyay (1.37),
KOTOPHIIl yUNTEIBaa GBI BEPOATHOCTH CYMECTBOBAHMSA B AP HTHX KOMILIEKCOB
VI BEPOATHOCTH HX 00pasoBaHmsA B MOMEHT OTpHBA HYRKJIOHOB OT sjpa.
Croco®, koroprv BhiBeeHa dopmyaa Baiickonda, noxasuisaer, uro aru dax-
TOPEL YHUUTLIBAIOTCSI B CeYeHMAX OOPATHLIX peakmmii. Syech HaOpaIIBaeTcs
anaornd ¢ ucnapenmem kuaAKrocTH. Menoabays npunmnm nerannioro paBHOBE-
ClAl, MO’RHO IOJYUHTh BEIPAKEHUE [ BePOATHOCTH HCHApeHNA U3 KAIUH 5K0L-
KOCTH Hedoro KOMIUIEKca MOJeRyn (kpucranna anpa). Ceuemne obparHoro
nponecca (Camsume Kpucrania c Kamieii) pasmo reomerpmuecknm pasmepan
cucremsl. Ho B dopmyay meobGxomumo BEImunTs MHORHTE/ b, YUNTHLIBATOI{Ii]
MaIyIo BePOATHOCTD 06 pasoBanuA arperata MOJICKYII, 1, TAKHM obpasom, pacuer-
HEIT peayanTar Gy/eT COOTBETCTBOBATH ONLITHLIM Habaonennsm. Ilouemy jie
B Cayuae AjepHOil CHCTeMB HeT HEOGXOMMOCTH BEEICHNS HTOrO JONOTHATE b-
HOTO MHOKMTCIS A TOT0, YTOOHI COMIACOBATDL TEOPETHYCCKHE I DKCIEPHMeH-
TaJbHEIC Pe3yJbTaThl?

JTo cTpamHoe HA TepBHil BaTIAR obcToaTeNbeTBO pasbacHLT Koom 2]
Onm mowrasan, uro BesegeTBHC CHABHOrO BBEIPOAYIGHU ST, KROTOPOE MMEET MeCcTo
B ANPE, CTATHCTHYECKHE MHOKHTEINM, ONPE/eAIonie BepoAaTHOCTS OJ[HOBpe-
MEHHOIl SMHCCHU NECKOABKIX TACTHI, GYAVT CHIBLHO PasiIuyaTLCA N0 BeJdiHe
AJIIA STHX JBYX CHCTEM, OAHA M3 KOTOPHX (7P0) HONIMHSETCH KBAHTOBOIL.
BTOpas (Kamis ;KMIKOCTH) — KIacCHYecKoi CTATHCTHKE. Ornomenue Bepost-
HOCTH MCHIAPCHI OJ\HOIl YACTHIIH K COOTBETCTBYIOMIEl BepOATHOCTH NCIAPEeHN 5t
O/HOBPCMEHHO £ YaCTHI{ ATA KaIUIH sKUJKOCTH PABHO

ety 2 Al W e g T ;
W—sz'[T'(TmT)} ’ (1:64)

rae N — 4ucao MoMeKynT B Kamite ;RumKOCTH o6bema V (V=NV,); U —
SHEPTUA KaIlIM; 7 — Macca JacTHIbL.

Bripaskenme B kBampatHsix ckoGkax s wamim BOJIGI IIPH TeMmeparype
300° K pasno 10.4. B 1o ke BpemMA B ananornynom supaxennu (1.64), manucan-
HOM I'DUMEHHTEJNLHO K ANepHoil cucreme (BBIPOsKAEHHOI), UHCT0, 3aK/I0YeHOC
K KBajgpaTtusie cKoOKm, Oamsko K 1.

Kpome o6smmoro mexanmama UCHAPeHNA CIOMHBIX YacTHI[, Hanpumep
ReliTPOHOB, UMeeTcH eme ouH, HATOMMHAIONNH TIPOIeCe MOJAXBATA HYKJIOHA
B PeAKINAX TpsmMoro nzaumoneiictsua. Hywmaon, UCHapAwINEca ¢ TToBepXHO-
CTH AJpa, PN BLUIETe MOKET MOAXBATUTL NAPHbI ceOe HYKJIOH H 00pasoBaTh
C HIM CBA3AHHYIO cHCTeMy — peiitpon. Kukyun [7!] ma ocnone obmeii Teopun
peakuuii (p, d), pannoii B [72], BIIEPBLIE PACCMOTPEJ DTOT HPOLeCe MOAXBATA IpH
ucnaperun. Mm Geuto moayueno swipaskenme mis BEPOATHOCTH HMMCCUH JeiiT-
poHa npu noxxsare. [lia BECOKO BO30YKaeHHBIX AJIeP 9Ta BePOATHOCTH OKaza-
Jach Gonbine, YeM BepoOSTHOCTH OGBIYHOIO ncmapeHus neiiTpoHa u3a Toro e
Bos0y:IeHHOTO sAjipa, naske Oes yuera o06CTOATeNbCTBA, UTO NMPOHHIAEMOCTH
Gapbepa B cooTBeTCTBYIOMMX obpaTpix peaknuax pasamuna. [lociaeamee cBs-
8aHo ¢ TeM, 9T0, B TO BpeMs Kak opmyaa Baiickonda mas UcHapeHus JeiiTpona
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BRJAMOYAET cedenmnme o0OpasoBaHdmd [IeHTPOHOM COCTABHOTO AAPA, BHIPazKeHiue:
JJIA BEPOATHOCTH SMIICCHH JleiiTpona mMexanuamoM Hukyum BRiod9aeT cooTper-
CTBYIOIIEE CeUCHHE, OTHECEHHOe JUIA OJJHOT0 HYKJIOHa, HCNapAIOmerocs: us ajapa.
Ceuenme TofXBaTa IPH HCHAPEHHN, COMIACHO pacveram Huxyqau, yoOnBaer
ofpaTHo MPOMOPUHOHAIBHO DHEPrAH HYKIOHA.

Ananormunniii MeXanma3M BLIICTA MOKeT CYIeCTBOBATH H A 0oiee CIok--
gHx vactui. Vamaitios u [Isanos [7°] paccunTany sMuccnio TPUTHA B Pe3yiIb-
TaTe KOCBEHIOro Tpollecca menapenns BosOympennux suep. B pannom ciy-
yae BO3MOKHEI [IBA Kapaja oToll pearmmu: 1) mcnmapenye ofHoro jAedTpoHa M
HeliTPOHA ¢ TIOCTeIYIONIM 1X COeJMHenneM B TPUTHII; 2) ucnapenne Tpex HyK-
zomoB m obpaszoBamme umm ceazanHoil cucremsl. CoriacHo pacueram hedds
OTHOMEHHE BEPOATHOCTEH MCHAPEHHs TPUTHA [0 BTOPOMY KaHAmy H OOBIYHEM
MexXanuaMoM cocrasasier okoso 30% nua smep ¢ A &~ 200 n sHeprueii Bo30yirze-
mus okoao 100 Mos. Briax mepporo kKamaja OKasmiBaeTcs eme Oojiee sHAWN-
TeNBHEIM, @ COOTBETCTBYIOIee OTHOMEHHe BeposTHocTell pasmo mpmmepHo 1.
Taxum o6pasoM, yueT MexaHN3Ma KOCBEHHOTI'O JNCHAPEeHWs MOBEHINAET TeopeTn-
gecknil BEIXOJ TpuTusa Gojee WeM B JiBa pasa. 3

OTHOCHTENbHAS BEPOATHOCTH BMUCCHW MIOTO3AaPANHEIX YaCTHI[ 3aBHCHT OT
BBICOTH KYJI0HOBCKOTO Gapbepa sAfpa, a Tak:#e, XOTA 0 MeHee Pe3Ko, OT pasmepa.
anpa. Ilociennee BrTeKaeT U3 CBA3A cedcHnsa o06paTHOIl peaKIn (I1.33) ¢ mac-
coBLIM umcaoM gapa B. Bricora motenumanbHOro 6aphepa pacrer Ipomnopuiuo-
HaJIbHO 7 — BapALy OCTATOYHOTO AApa 3, B TO BpeMs Kak cevenne peariun
(1.33) saBment or Macew sjpa mo sarkomy A’s~Z'%, Taxknm o6pasom, BeposAT-
HOCTh WCHApenNs 3apsyKeHHBIX dYacTHI[ Oy/ileT YMeHbINATLCA ¢ YBeIMveHreMm
aTOMHOTO Beca sAjppa.

Jlasa MHOTO3APAARKIX wWACTHIL TpOHUIAaeMocTh Oaphepa Oyner npudiu-
JKATbCS K HYJ0 NPH UX KHEeTHMueckux omeprusx, mempmux V. Opmaxo
cymecTBeH BONPoc O poau u@Py3HOCTH ANEPHOTO NOTEHNHANA B U3Me-
HeHuu KyJononckoro Gapwepa. OCHUEHE peKOMeHJamuu, japaeMse MHOr/A
AU ydeTa BTOro BANWMHHMA, MOTYT OKasaThcsd HENpPUTOJHBIMH NpU pacuere
Gapnepa nJas TAKENBIX vYacTur. JTo BUJHO, HAnpuMep, 13 pators [?'], rne
NPOMBBO/IIJIACH HKCNEPUMEHTAJLHAS NPOBePKAa NpPaBUIbHOCTH DPACYETOB MO
Teopun menapenusi BHxonoB sxep N npu GomGapampoBke pasimuHBIX die-
MEHTOB HpoToHaMiI Becoknx smepruii. Okasanocs, uTo npu BmHOOpe Bejn-
unHK napameTpa r,, pasuoit 1.5 . 107 cm, Teoperuueckue BHIXOLH A1EP N3
CHCTCMATHYCCKE NPEeBHmMaoT usMmepsemsie B onsre. IonwiTeu a06uTHCA
COBNAJEHUSA HTUX pE3YJILTATOB NyTeM BuouaMenenus QOpMYJB I pa-
amyca BaanMozeiicTBUs, HANpPUMep, MCNOALA3YA BBPayKeHUS

R=[1.5(47+a")—1.2]1108 cu

nJin

R=[1.1(AY+a") 4211073 cu,

OplJir B o0mIEM MaJ0 YCHEUTHBIMIL.

Ilpu pacuere wenapenns CJAOKHBIX YACTHI[, KPOM® OOBTHBIX TPYAHOCTEI,.
CBAZAHHBIX ¢ He3HAHUEM NapaMeTpoB NJOTHOCTH ypPOBHEI U BeJUUYHHBL NO-
TeHINanbpnoro 6apbepa Bo3dy K/JACHNBIX SA/eP, BOSHUKAET elle crnenupuieckas
HEeNpPUATHOCTH, 00yCJIOBJICHHAH BO3MOMKHOCTLIO BHLJETA HTHX HACTHI[ B BO3-
6y:xnennom cocrosgnun. B gopmyae (I.37) past seposarnocTu nepexona cie-
ayer, Takum 006pasoM, NPOUZBOAUTH CYMMUDOBaHHe IO BCEM BO3MOJKHBIM
COCTOSTHUAM £ UaCTULBL @: ;

s (E wp (U —LE —
w(B)dE =Y g = (E) pap 2! ot (1. 65)
¢ k

w203 w, (U)
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K comanennio, 3a HeMHOTHUMI HCKIIOYCHIAMY CHHHEL BO30Y/KICHHEX ypOB-
#eil aerkux spep ¢ A>10 HensBecTHBI, MO0ITOMY B PAaCYETHLIX BBIXOJIaX MOL'YT
OBLITH CHCTEMATHYECKHE OMMOKH, HOCTATAIoNUe COTeH mponeHTos. B aToM oTHO-
IeHUH HEeCOMHEeHHoe yA00CTBO AAI0T OHBITHI Ho HalJI0JeHHI0 SMUICCHUH AApa
N8 me umeromero Bo3oy;aeHHRX cocTostauii, Ho, ¢ apyroii ctoponsl, uccie-
jl0BaHMe IHpouecca JVCHYCKAHHA TAKOl MHOT03apAAHOIl YaCTHIILI ABIAETCH
TPYAHONU DKCHOEPUMEHTAJBHOI 3ajaveil, Tak KakK BHIXOJ| ATOI WACTUIBI U3 TH-
JReJbIX ffiep Kpailme He3HAYnTe]IeH, WCHOAb30BAHHE jKE SIAep CpeiHero
aTOMHOI0 Beca B KadecTsBe MHIIeHeill HeyAo0HO B TOM OTHOIIEHHM, YTO HEAb3Hd
OBITH yBepeHHEIM B OTCYTCTBHM Memawomero sfderra obpasosanna suep N2
KAaK 0CTATOYHLIX IPOAYKTOB AACPHBIX PAaCIIeILIeHHIT.

§7.3HEPTETHYECKHE I YTVIOBBIE PACIIPETE/TEHI A
HCHAPIIOMMXCH YACTHIY

@®opwyna Baiickonda (1.37) ommcriBaeT smepreTHYeCKHWil CIEKTp YacTHIL,
HeHmapAIomuxcs M3 Appa, ¢ remneparypoil 77 (Mbr mpepmosidraem IS npo-
CTOTEl PacyeToB, UTO TEMIEPATypa MCXOJHOTO ¥ KOHEUHOro sjep OfUHAKOBA).
O0BLYHO MHTEPEeCYIOTCHA JUMb OTHOCHTEJILILIM YICAOM YaCTUI[ B JAHHOM 3HEp-
retudeckoym unrepsaie (£, E-+d£E), no aroii npnunHe 1enecood0pasHo HOPMA-

posars (1.41) ma egumammy:

dN(E) e s )
TdE J‘ gmc(r) EdEe - :,1’

bzh"

rjie  C — HOpMEUPOBOYHAA  TO-
crossaaas. Torjga BeIpaskeHme 1A

2 CIeKTpPa HEelTPOHOB HCIapeHNns B
upubamrennn (1.39) npuver Buy

' AR
[(BYdE=2¢ TdE. (1.66
PN S E, M3b A Sl A L
Puc. 26. 3uepreTHuccKmii CHeKTp ueiirponos, Ha pue. 26 cxemarnueckn
COOTBETCTBYIOMMIE TeMiepatype azpa 2 Mae (/) 1nokasaHo, KaK MeHHAETCS 3JHep-
n 4 Mas (2). reTuUecKoe pacupejaeieHne He-

TPOHOB TPH H3MEHEHUH TeMmIe-
paryps sapa. Mz (I.66) mommo onpejpeanThb, UTO KUHETHYECKAS dHEPrusa
HEHTPOHOB, COOTBETCTBYIOMAS MAKCUMyMYy B CHEKTDe, Gyner pasua I.
Cpejasist sHeprug HeHTPOHOB

= [ EN (E)dE=2T.
0

Hast roro wroGB mONyunTH BHRIPAYKEHNE UIH JHEPTETHUCCKOrO CHEKTpa
3apAAennBX uacTHI, Takum ke oOpasom wopmupyem ¢ymnxmuio (1. 41);
NPUHAB, 4TO ceueHue ofparHoil peakuun Mos;keT OBITH NPEJICTABIEHO B BHIE
(1. 46), noxyuum

B d
| RN 5
N(EE=2"¢ T dE. (1. 67)
HOJIO'!RGIIHG MaKCcIMyMa CcHOeKTpa onpejesaercsH COOTHOIIIEHNECM
E,=T+V.

Cpenusas DHEPTUA 3apsKenubpX vacTur OyaeT mnpeBHINaTh CpeHoo
DHEPIUI0 HETPOHOB Ha Beamunny 5PQeRTUBHOrO KyJoHOBCKOTo Oapnepa:

E=2T + V.
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Tocnenoparensuoe ucnapenne MHOTHX WacTHll U3 BO30Y/RAGHHOTO saapa
HPUBOUT K HENpPepeIBHOMY yMmeHbmenuio napamerpa 7' B gopmyaax (L. 66)
u (1.67). CaeposarenbHo, uaMepsieMoe B BKCHEPUMEHTe JHEPIeTUTECKO®
pacupejaeenne 4acTur, UCHAPCHUS ABIACTCA PE3YJILTATOM CYMMHUPOBAHHI
aHEepreTuueckux cnexktpon, paccuuransbnix uz (L. 66) nau (1. 67), no scemy
aManasony u3MeHenuA Temnepatyphl. (OueBHANO, WTO BCJAEJCTBHE DTOTO
gopma cnexrtpa He Oy/leT UMeTh MAKCBEJJIOBCKOrO BHJA.

Jle Hyrep [® 2'] pacemorpen zajauy o0 IOCHeA0BATEIBHOM WCIHAPEHHH
HEHTPOHOB W IOJYIH/ BHIPAKCHNE [UIA MX DHEPTeTHIeCKOTO PACIpPeIesIeHms:

B
dE 5%
B e

N (E)dE = Ei= (L. 68)

1 : ;
T 2= r.; T; T — navanbnasn remuneparypa I =—16/11; I' — ramma-pyarmus.

Hanncannas gopmyna BeBeieHa IS Caydasi, KOrja HPUHATO COOTHONIEHNE
MeHRJly 2Heprueil Bo30Y:KIEHHA W TeMIiepaTypoii, BHTeKaiomee W3 MOJeJn
raza Depmu:

U=aAT2. \

Dopuyina (. 66) moxygaerca ma gopmyus (1. 68) kak wacTnwiit cayqaii npn
I=2.

IIpoussectn momoOHEIT pacdeT AIA MPOIECCa DMACCHH 3aPA/KeHHBIX YaCTHIL
B HOCIEA0BATEJILHOM BIe He YAAeTCS BCJEJCTBHE CHJIBHOI 3aBMCUMOCTH Be-
POATHOCTH WX JCHNAPeHHsA OT HOTeHINAIbHOTO Gapbepa, MEHSIONErocs B Te-
geHUe 9TOro nponecca. Hammane aToit saBHCUMOCTH, 00YCIOBIEHHOI KAK yYMEHb-
HIeHWeM 3apsHja sjpa, Tak M Temueparypssim afdexToM cHIDKeHusS Gapbepa,
NPUBOJAT K TOMY, 4TO HOJOKEHHEe MAKCUMyMa B DHEPreTHYECKOM pacipejiee-
HUU TPOTOHOB I (-YaCTHI[, MCIHYCKAEMBIX BBICOKO BO30Y/KIEHHBIMU SPAMIH,
He 3aBUCHT NPARTUYECKN OT BANYNHBI HAYAJIBHON sHEpPruu BozOY:KIe-
i 1 [37 78], 7

Bonpoc o BricoTe moTeHIIaIbHOTO Gapbhepa Bo30 Y RICHHBIX Agep T0CTaTOTHO
moipobHO paceMoTpeH B § 4 5Toil TiIaBbl, 1 HET HEOOXOAUMOCTH BHOBL BO3Bpa-
martrcsa Kk Hemy. OTMETHM JAHIIb, 9YTO MHOTHE 13 JaKTOPOB, KOTOPHIE MOTYT CIO-
cofcTBoBaTh HAOJIOZaeMOMY B OIbITe CHIKEHHIO KYJOHOBCKOrO Oaphepa ad
HCTIAPAOMUXCA JACTUIL M 0 KOTOPHIX pedb muia B § 4, OyjaeT okaseiBaTh G0Jb-
moe BJIHAHUE T Ha (OPMY HHEPIreTHYECKOr0 CIEeKTPa, KOTOPHI CHHMAeTCs
B DKCTIepuMeHTe, jase B obJacTn sHepruil Beme Gapbepa. K Takum garxropam
otHOCATCA dPEPEKTL IEePeHOCHON cKRopocTH, Aedopmanusa cepuuecKoir Kaiim
" T. [ A

Pacuerst Kuxyun [7¢], Xaarapsr u gpyrux [77], Bepmapaunu u apyrax [78],
a Tar;ke BhMoAHeHHEE B ['°] mokaswBaoT, 4T0 HYKJIOHK HeGOJBIIIX BHEPTHIT,
BRIETAIONE W3 Alep UPH PeaKIUAX IIPAMOTO B3aUMOJCHCTBIA, HMEIOT HEp-
reTHYeCKOE pacupejenenne, OGJU3Koe K HCHAPUTEJAbHOMY cuekTpy. lloatomy
He yJMBHUTEJIbHO, YTO B OUBITAX IO B3aHMOJEHCTBHIO ¢ A[paMA HYKJIOHOB Cpeji-
HUX dHepruil TeMmepaTrypa AApa, BEYUCIEHHAA 10 (opMe SHEePrermyeckoro
CHeKTpa, OKasmBaeTcA MHoOrja yoOusaomeil gyHkumeil ameprum BozdysRje- -
gas [7Y].

JHEePreTHICCKEIl CHEKTP JAeHTPOHOB, BLIIETAIONMX U3 BO30OY/KICHHBIX fjep
MeXaHH3MOM KOCBEHHOrO MojXBaTa, ObLi Bhiuncaen B paGore [7']. B oramume
OT «HOPMaJbHO» HCHAPAINNXCS ACHTPOHOB JEHTPOHHI MOAXBAaTa PN WcOa-
pennn mmeoT G6apmmte sHepruu. VX pHeprermueckuii cnexrp mmeer Bug [71]:

35
N(E)dE~ E™¢ 7T dE. (1. 69)
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Usmaiinos u (Inamos [7°] Bovuwcaman sHeprermueckuii enekTp TPHTOHOB,
UCIAPAMAXCA aHAJOrHYHBM Mexanuamom. O ommcmBaerca ¢opmyioir [80
3n—1 n-1 E

N(EYdE~E ®* ¢ ® ' T(E, ' (I. 70y

rge n=1, 2, 3 osmawaer wumcao crymeHeit mnpomecca. Memapemme peiitpona
no mexammamy Kmkyunm coorsercrsyer cayuaw n=2, rorja (1.70) nepexoJuT B
(I. 69). Cryqaii mcoapesnus Tpex Hy KIOHOB (BYX HeilTPOHOB M 0FHOrO HPOTOHA) I
TOCHeYIOmero uxX coefilHEHNA BHE T'DAHUI] AAPA COOTBETCTBYeT n=3. Alb-
TePHATHBHAsI BO3MOKHOCTL [JIA SMECCHH SHjpa TPUTHA — WcHapeHue Jeii-
TPOHA M COE[HEHNE ero ¢ HeillTpoHoM — ommuceBaercsa dopmynoit (1.70) mpu
n=2.

Hanmune smaunTenbHOTO YII0BOIO MOMEHTA Y Siipa BHI3HIBAET M3MCHEHHE
dopubr BHepreTHueckoro cumekTpa MemyckaeMuIX wacTui. B paGore Kawm-
mypu | %] pacemorpen adderT Bpamenna ajpa, BANAONMI HA SHEPreTHIECKOe
pPacupesienenve HeliTponoB wmcnapenns. Vm 6puia paccumrama KoHKpeTHAs
peaxins B3auMOJIeiiCTBHA MOHOB a30Ta € AApPAMU BaHA[Ws. JHeprus Bos0y-
JRIIEHNA U MaKCHMaJIbHBIH yraoBoil MoMeHT 00pasyomerocs coCTaBHOTO ‘Ajapa
papusnl coorserctsenno 60 Map u 28 7. Pacuer Bencsa aas mopenu sapa, obma-
Jlalo1ero MOMEHTOM MHEPIUU TBEPHOTo Teda.

Oxasanocnh, 4T0 9HEPreTHYECKNii CHEKTP HeHTPOHOB B 9TOM Cilydae CABH-
Taercs BCe IpaBee IO OCH DHEPTHH ¢ yBeJIWYeHHEM MOMEHTA sA[pa, a Cpe/Hsis
sHeprusa vactun Oyner Goxpme 27'. 910 cMmemeHue CBA3aHO ¢ TeM, UTO Jlel-
CTBHE 3aKOHA COXPaHeHNH MOMEHTOB NPHUBOANT K NPEMMYMECTBCHHOMY BEI-
JeTy 4YacTHIl ¢ OPONTAJBLHBIM YIIOBEIM MOMEHTOM, IApPAaJielbHLIM CIUHY
COCTABHOTO APA, M CHHUH OCTATOYHOTO sijipa OyJeT B 9TOM ¢JAydae MUHUMAIBHO
BO3MOJKHBIM, INIOTHOCTH YPOBHEH — MaKCUMaabHO Bo3MoskHOI. Herpymgmo
3aMeTHTh M3 00LIUHOI KIaccH4eCKOH KAPTHHBI, YTO HPH 3TOM K COOCTBEHHOI
CKOPOCTH 9acTHllbl loDaBiAeTcsa JWHeHAas CKOPOCTh BPAameHUA fApa N KHHe-
THYECKas DHEPruA YacTNsl B JabopaTopHoil cucreme yseauuusaercs. Ilpum
3a/IanHoil HavaldbHOil dHEpPruM BO3OYIKJCHUA YBeJIMUEHUEe CpejHeil HHepPIum
MCOAPAIUXCA YacTUI IPHBeeT K CHIGKeHHIO O0Iero 4muceaa HCIYIeHHBIX
HYKJOHOB 10 CPaBHEHMIO C Pe3yJbTaToM MelapeHns n3 OeccnmHOBOrO Apa.
Kax ywrassisaer asrop [®!], nopoGusii apdekT B cMemenun cmexkTpa A0JIKEH
OpTh GoJiee 3aMeTeH Al Ts/KEJNBIX WACTHI[, HampuMep «a-wactur |52 83],
K comanenmio, TpymmocTu pacuera juisi sapsykeHHBIX uacTHi[ addexrta Bpa-
ImeHNsA A/pa BecbMa BeJWKH, n6o HeoOXoxnM, Kak ykaseiBaercsa B [8'], axky-
PaTHEIl yYeT TPOHHIAEMOCTH KyIOHOBCKoro Oapbepa. Awtop [8!] mua mpo-
CTOTHI HEe YYMTHIBAJI B CBOEM pacuere IIPOHHIAEMOCTh HEHTPoOeKHOTO Gapbepa
VIS HelTPOHOB.

YrioBoe pacupejie/ieHHe YacTHI[, WCIHAPATOMMXCH W3 BPANAIONEroCH
Axpa, paccumrhiBaioch B pabore [34]. CooOpaskenus, amajgormunbie TPHBe-
JCHHBIM BbIlle TPH PACCMOTPEHUH DHEPreTHYeCKOro CIEeKTpPa HeilTpPoHOB,
TOKABLIBAIOT, 9YTO YII0OBOE pacipejiejieHne OyAeT CHMMETPHYHBIM OTHOCH-
TEJABHO IUIOCKOCTH, NePHeHANKYIAPHOIl HampaBIenmio Najaliiero Iydka
(B cmcreme menTpa Mace), ¥ mmeer MUHUMYM pu yrae 90° OTHOCHTETbHO ITOTO
HanpapBaeAnA. Jra anmsorponns Oyuer 3aBHCETh OT COOTHONMIEGHUSA DHCPTAR
Bpamenns sAapa (M w*R?) m omeprum mcnapsomeiics wacTuipl (B cpenHem
pasuoii 27°). Ha ocHoBaHMM KiacCHYeCKHX Tpe/CTaBIeHuil, HCHOJb3 YA TPHH-
IHO jleTa’bHoro pasHosecus, Jpukcon m Crpyrnmckuii [34] moxyunnn ¢op-
Myay YIJI0BOTO pacHpesieseHis:

w(0)di =1+ "2 cos?0,

Ile ® — YriIoBas CKOPOCTH BpauleHu# sAjxpa; R — ero paamyc; m — macea
YaCTHIIEL.

-
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Kpanropas (opmylza WMeeT amamormdamylo saBucumocth ot yraa 0.

Tomasurn [*°] ykassiBaer, 410 OPH OXHOBPEMEHHOM NCIIyCKaHUH JBYX
qacTHI, M3 fAApa OyjeT HAOMOIATHCA OINpejeleHHAs yIaoBasd Koppeaanusa
B HaNpapJeHNAX UX BhUIeTa. JTO OOBACHAETCA TeM, UTO UacTh olmieii ocBO-
BorIacMoll PHePrHH HAET HA Co00IeHHe MMIYJbca OCTATOYHOMY ANPY, TaK
Y710 aHEepPru# BO30Y:KIEHUA HTOTO AZpPa OyAeT MaKCHMAJIBHOU B cllyvae OJ{HO-
BPEMEHHOI0 MCHYCKAHHA JIBYX YACTUI[ BO B3AHMMHOIPOTHBOMOJO/KHLIX HANpPaB-
JieAnAX (OpHE IPOYHX PaBHHEIX ycaoBusax). IlipoTHocTh ypoBHEil 0CTATOYHOrO
Afpa ¥, CAeJl0BATEIbHO, BEPOATHOCTL TAKOM KOPPEIMpPOBAHHOI BMHCCHE
gacTui OyayT Godbiie, YeM HPH BRUIETEe TeX jKe YacTHI[ B OJHOM HaIpaBieHUN.

C apyroif cTOPOHLI, MOKHO ORHATh YIVIOBOH KOPPEaAINMH MCIyCKaeMbIX
YacTHI[, ABJAONIIXCA MPOAYKTAMI CaMOIPOM3BOJLHOIO pacmaja B IoJeTe
TAKENBIX HeCTAOMIBHBIX YACTHI[, KOTOPHIe BBHUIETAIOT M3 BO30Y/iJeHHLIX sA/ep.
K rakum wacrunam ormocaresa sapa Be} (Bef — 2q), Hel(He} —»a--n),
Lij (Li§ —a - p), B)(B} — 2a - p).

Crpyrmanckuii [5°] pacemorpen Bompoc 00 yriaoBoil KoppeaAnnd ABYX
WacTHI, TOCIe0BATEILHO HCOYCKAeMBIX BO30Y/KACHHEIM fAXPOM ¢ GOabHIIM
YTI0BBIM MOMEHTOM. 9Ta KOPPeJdsIis BhIeTa JiBYX 4acTHI] He CBA3aHAa C ligpe-
XOMaMI AAPa Me;K/Y ABYMST YPOBHAMA, XapaKTePU3YOIUMUCH ONpejieeHEbIMA
3HAYEHNAMI CIIHHA U YeTHOCTHIO, & BOBHNKAET B Pe3yabTaTe TOT0, YTO IPOIECC
HCIIa peHus HOCHT CTATUCTHUECKHIl XapaKkTep, BCJIEACTBHE DTOr0 IPOHCXOMHAT
yepe/lHeHue HanpaBleHNil T0 MHOTHM COCTOAHUAM fAApa.
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. PRCIEPHMEHTAJBHKE METOXBI MCCJAETOBAHUS
SUIEPHRX PEARIIUA TPH BHICOKOM DHEPTHM
YACTHI

[Ipm wayuennm AjepHBIX pearknuii, OPOMCXOMAMNX IPH B3amMOeiicTBAN
OBICTPHIX TACTHI[ € SPAMH, SKCIePUMEHTATOPHI CTAXKUBalTCA ¢ OOJBIINM
RPYTOM BOIPOCOB, pPEIICHIIC KOTOPLIX TpedyeT HCIOIb30BAHMA CaMbiX pas-
JWYHBIX BKCHePHMEeHTAJbHBIX MeTojos sjiepuoit ¢usuru. Tawr, marmpmmep,
eCJIN BEeJHYHHELL CCUCHHIT HEYIPYroro B3aHMOJCUCTBHUA JyUIie BCEro omnpeje-
JAITCA MyTeM MaMepeHHd ociaabJeHHsA MyyKa 4YacTHI], HPOXOISIEro depes
HOTIOTATE b, TPH IIOMOIH CPEJICTE BIEKTPOHUKII, TO M3yYeHue cBOiicTB ocTa-
TOYMBIX  sIfilep — HPOAYKTOB MANCPHLIX PpeaKmuil — coBepmaercss Haubosee
YCHEIHo ¢ HOMOIbI0 MeTOjloB pajunoxumun. Msydemnme Jerkux 9acTHI, BO3-
HUKAIOMUX B AMEPHHIX PeaKNHAX, NPOUBBOAUTCH PHIOM METOJ0B, M 3JeCh
00JABITYI0 POJb HUCPAIOT METOALI BH3YAILHOT0 HAOMIOACHIA DJIeMeHTapPHBIX
AKTOB B3aUMOJICHCTBHA 9ACTUI[ C sipaMi: METOJ(bl AJEePHLIX SMYJbCHI 1 Ka-
mepsr Buibcoma. B To jKke BpeMs 9TH TPEKOBBIE METOJBI OKazbIBAKTCH Cylle-
CTBEHHBIMU M JIIA HPOBEPKM HATHMX IIPEACTABIEHUIl 0 NpOTERAHHH SXCPHEIX
peakrnuii mpu BHCOKHX aHepruax. [lesmniil pax BazmHBIX JAHHBIX O Pas/HMYHBIX
ocoGenmoceTsIX SMAePHLIX PpPeaKNuil moaydaeTcd MpH INPHMEHEHHH MeTO/0B
MACC-CHeKTPOMETPHM, MATHUTHLIX AHAJM3ATOPOB M JAPYTUX METOA0B, YacTOo
ele HeA0CTATOUHO UIMPOKO NCHOJIB3YeMBIX B JaHHOI obGmacti.

Paccmarpusass B 9TOM pasjesne 9KCHEPUMCHTAIBHBIC METOALI M3yUeHUsA
AJEPHBIX PeakIuil HpH BHICOKOH dHeprun OomOapAupyomux YacTil, MBI
OTpPAHMYIMCST OOMCAHHEM METOLOB, ¢ IIOMOIIBI0O KOTOPHIX OBLIM IOJYUeHbI
fosiee MM MeHee CYIHIECTBEHHbIE Pe3YJbTATHI, MBJIO/KEHNI0 KOTOPLIX TOCBSI-
meH Tpetuil pasgex KEUTH. IIpH 8TOM B RajKIOM ciaydae OCHOBHOE BHUMAaHUE
ofpamasoch, Ha OPUHNUOAANLHBIE OCOOCHHOCTH MCIOIL3OBAHHA TOI MK
HHOIl METOJMKH B JAHHOIT 00JaCTH MCCJE0BAHMA M HEe PACCMATPHUBAINCH TEX-
HHYECKHEe CTOPOHEI OIMCHIBAEMBIX METOJOB.

Il'nasa 4

INMPUMEHEHNE METOJIOB XVWMHUYECROI'O AHAJIM3A
JUIA M3YUYEHWUA HAJIEPHBIX PEARIUIL

Me'ro:m XIMHYECKOTO aHaJHM3a UIIHPOKO HUCHOJB3YVIOTCH IPH HN3YYeHNN
ANCPHBIX pezmuni’r ooa nei’xcmneM YaCcTHII BLICOKHNX aucpr‘m‘i Kar caMoCcTOosA-
TEJAbHO, TAR U B COYETAHUU C JIPYrUMHU METOJ[aMH. Paszinansie HPOAYRTHL AEP-
HBIX peaknnfi, OPONCXONAIMX B MHIICHH IIpH oﬁnyqe}mn ee vgacturnamMum
BLICOKHX aneprm”i, B IpUHIUIIE BCEe MOTYT OLITD BbIJIeJIeHbl M3 MHINEHU XHMHYe-
CKEHMM IIyTeM. OJlHal\'O BBHJY MaJIbIX KOJHUYeCTB oﬁpaay:oumxca Ajep uX BLIJE-
JIEHHe 1 KOJHYEeCTBCHHOE OIpeeJiecHHe IIPCACTaB/isaIoT foapmine TPYAHOCTH.
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OcoGenrocT PaboTH ¢ BeChbMa MAJBIMIL KOJINYECTBAME BJIeMEHTOB B 00yCiI0B-
mupaoT cnenudury TpumendeMuix Metonos. IanGomee mupoko HeHONB3y0TCA
MCTOJEL PaHOXHMUM, KOTOPHE IO3BOJAIT H3y4aTh PasiuvHLC PagHOAKTHB-
Hble M30TOIBI, o0pasylomuecs B AfAePHHX peaknusax. V3 ppyrux merogon xu-
MITMECKOT0 aHAJM3a JUIS PelleHus OT/AeJbHLIX BOIPOCOB HCIOJb3YIOTCH METON
N30TONHOr0 PasBeJCHHEA H Ta30BBIT MeToA.

Menonb3oBanne XUMHYECKHX METOLOB AAET BO3MOKHOCTH M3yYaTh Cede-
HIA 00pasoBaHsA ONDPEJIeHHBIX HM30TOIOB, & TaK/Ke IpPH CHCHHAIBHOI IT0-
(«CTAHOBKE ONbBITA WX YIVIOBOe M DHEPreTHIECKOe pachpe/iesenns.

§ 1. PAIMOXTIMIYECKIIIT METOJ

KoanuecTBeHHBIe M3MEPeHNs BHIX0JA IPOAYKTOB SACPHLIX pearknuil 3Ha-
‘quTeabHO 00JerdaoTes A pagHOaKTHBHBIX M30TOHOB 00pasylomuxcs saep-
‘TPOAYKTOB Oaarojapa XOpoOMmIO pasBUTOH B HacTosinee BpeMfA TeXHHKe H3-
Mepenmit o-, B- u y-maayuennii. IIpum 8TOM TONBKO CymIeCTBEHHLIC OTrpaHM-
yeHHA HAKIAABIBAIOTCSA Ha IEPHOJ  TOJAypacHaja olpejiessaeMblX H30TOIOB
RaK BCJeJCTBIEe HeoOX0AUMMOCTH MpEMensATh 0ojiee MAN MeHee HpOJOJKHTe b=
HYI0 OPOICAYPY XHMHTECKOTO BHIJEJCHUA HHTepecyIOmero Hac dJIeMeHTa H3
00dyUeHHON MMIIEHH, TAK U H3-32 HEoOXOJUMOCTH MMETh OIIpe/eJeHHYI0 aK-
THBHOCTh Ipernaparta JId KOJUYEeCTBEHHLIX M3MepCHHil.

PacemoTpuM OCHOBHEIE 0COOCHHOCTH HCIOMB30BAHUA METO0B PAaTHOXMUMIM -
JUIA W3YUeHHH peakumit moji jeiictBmem wacTui{ Bhicokoii ameprum. Merox
HccaenoBanusA OOLIMHO 3aKJIYaeTCH B TOM, YTO MUIIEHDL U3 H3y4aeMmoro aje-
MeHTa MojBepraerca OOJYICHUIO HA BHYTPEHHEM IyuKe WacTul[ B YCROpH-
tene. Ilockombky 3ajauveii sABjifAeTcs oOmpepejenHne cedcHuii obpasoBaHusd
TexX WM HHHX PagHoaKTHBHEIX M30TOMOB IIPH B3aMMOJIECTBIN YacTHI[ ¢ AN~
paM# MuIlleHeil, COBEPUIEHHO OYEBHANO, UTO MAaTepPHAT MUIeHeil JoJReH
001aaTh HCKIIOUATEIBHOI XHMHYECKOI YHCTOTOH, TAaK KaKk MaJjble KOJIH-
YecTBA MOCTOPOHHUX aTOMOB MOTYT BHIBLIBATH OOJbIne omnOKn B n3MepsIeMuiX
.COUYGHIIAX MM B HEKOTOPHIX CAyYasX cOBepHmIenHo nckaskath pesyinbraThl. Hak
OpPaBII0, NCIONb3YIOTCA CIEKTPOCKOINYCCKH YHCTHIe dIeMenThl (copepskanue
npumeceit nopaaka 1074—1072%). Nuorga ponyckaercs u Goabiiuil IPOIEHT
npuMeceii, HO TPH 9TOM HY;KHO ObITH TBEPJO YBCPEHHLIM B TOM, WTO JIAHHLIe
TpHMecH He MOTYT HUl B KAKOM CJiydae aTh 0OJbIINX BbIX0/0B B pailoHe Ma3ydac-
MBIX A7ep-TpoayKToB. HcTecTBeHHo, uT0 IpH IOCTAaHOBKE ONMTAa 00JBIIOE
BHIMaHme obpamaercsi W Ha BHENIHIOID YHCTOTY MIUIIEHH, KOTOpas mepesx
-00JaydeHeM CHOelHaJIbHO OYHIIAeTCs OT KUPOB, HBLIM M T. I

ITocsie oOsydeHnsi MUIIEHN OIIPE/(e€HHBIM ITOTOKOM YaCTHI[, JUIA H3Me-
PeHUs KOTOPOTO MCHOJB3YeTCs OJ[HA M3 TAK HA3blBAEMBIX MOHHTOPHBIX peak-
miii, MHUIIeHb MHOJBepraercs XHMHYECKoil oOpaboTKe ¢ IeIbI0 KOJUYeCTBEH-
HOrO BHUIENCHHA WHTEPeCYOIHX Hac pajuoakTHBHHX m3otomos. Oupepneie-
HHie KoJnuecTBa 00Pas0BaBIIIXCS ATOMOB JAHHOIO paji0aKTUBHOrO M30TONA
N0 ero G-, P- WIM Y-H3AYYEHUIO SBJAAETCA KOHEYHBIM JTAOM Beeil dKcIe-
PUMEHTAILHON IpoIexy phl.

Onpenenenne cedenumii. OGpasoBaHme HEKOTOPOTO M30TONA, XapaKTepu-
3yIOmerocsi KOHCTAHTOIH pajiMoaKkTHBHOrO pacmana A, B ofnyuaemoil MUINIeHH
mopunnaserca auddepeHnEaILHOMY ypaBHEHHIO

dN
—dt—-=NpNﬂc——7kN, (IT. 1)

THe 0 — ceuenme o0pa3oBamust JAHHOTO M30TOMA, CM?, Np — moTtok Gombap-
nupyomux gactun, 1/cm?: cek.; Ny — umeno fijgep MUIIeHH, 1/em®; A — mo-
CTOSIHHAA pajmoaKTHBHOTO pacmama, 1/cex.; N — wmcsio sjpep AaHHOTO M30-
Tona 1/cm®.
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IJTO ypaBHEHHEe CHpaBeINBo, ecau olpazoBaHue JAHHOTO M30TONA B MH-
IEHN HPOMCXOUT TOJHKO 32 CUCT MAJalon(uX HA MHAMNEHL yacTul] (JOCTATOYHO
TOHKAas MAMEHb, TAK YTO BIMAHIEM BTODHYHBIX peakIiil MOKHO IpeHeGpeusn).
Omo serko pemaercs, ecian N, He 3aBHCHT OT BpPeMEHH B TeueHHe BCEro Ie-
puojia OOJXyYeHHsT MMIICHH.

B orom cayuae kosumuecTBO oGpasoBaanxc;l aTOMOB HHTEPECYIIero
Hac u30TOHA Ompefeaserca (opMyI0i

; N(z)_& sl ) (I1. 2)

rjge ! — ppems oOJydeHHs MUIICHH.

IIpocroii awaims sToit Gopmyas gaer yjo0HYH0 ONneHKY BpeMenu o0uy-
ueHus, NOTPefHOro JUIfA NOJYUYeHHA MAaKCHUMAJALHOrO KOJWYECTBA JAHHOTO
pajuoakTuBHoro musorona. MoHO Buperh, uTO UpH BpemeHu 00JyueHUsE
Goabme npumepHo ueTHpeX NEPUOOB MOJypacnaja Aajbneiimee Hakonje-
HIIe JIAHHOIO PAAMOAKTHBHONO M30TONA NPAKTHYECKU NPOUCXOAUTH He Oyjer.

B cayuae, xorpa norok mporoHoB npm 00JyueHUH MUIIEHN MeHAETCH
BO BpeMeHu (npu JUINTeNBHBIX 00JyWeHHAX WM NJI0X0i cTabuibLHOCTU B pa-
Gore -yckopureas), npuueM HEJAB3A 3anucaTh Ty (GYHKIMIO B aHaJANTHUE-
cKoil (opme, ncno.uba)rm npudamkennoe pemenue ypasuennsa (1I.1), npen-
aoskennoe Pyacramom|'|, pasbusas sech nepuoj o0ayyeHusi Ha HEKOTOPOE.
YUCJIO BPEMEHHBIX WHTepBaJOB, B NIpeaejax KayKAOro M3 KOTOPHIX IOTOK
TACTUL[ MOKeT pPaccMATPUBATLCA MEHAOIMUMCH JHHEHHO:

N,=Ny (1 +4Ekit).
Yypasuenue (II.1) aas mexoroporo untepsaia i B 9ToM cjaydae npuobpe-

TaeT BUJ

dT't’L=Np‘(1+k;t)Nn°—lN;- (1. 3)

Ecau spema B komne i-oro untepsaia 0603nauuThb f,, a BEJUIMHY HH-
repsana T;, 1o pemenue ypasuesus (11.3) sanumercs B Bujge

N_No

N (g =i [(1 '“kr) S(l—e T4k, T,.]e~w—m. (1L 4)

Mosmoe wircao fIIEP JIAHHOTO M30TONA, o0pasyomuxcsi B TedeHue Bcen
HGombapauponku, HalijleTcs CyMMHpOBAHUEM
N. N_30Q (t)

N(z):ZN,.(z):_ﬂ;—, (1L 5)

rje

L e [ o e e e

Ypasuenns (I1.2) u (I1.5) matoT 1o CMBICJIY CBOEro BHIBOJIAa TAK HAa3hiBae-
MBle He3aBHCHMBIC BBIXO/Ibl M30TOIOB C CedeHmeM O, T. €. BHIXOJLl M30TOIOB
TOJBKO 3a c4yeT 00pa30BaHUA HENOCPEJACTBEHHO M3 AJpa-MHUIIEHH, 9TO B KO-
HEYHOM CUeTe I ABIAETCH JIA HAC CAMBIM BaKHEIM IPH M3YYCHHUH SIEPHBIX
pearmuii. OgHAKO B [EHCTBUTEIBHOCTH JI€0 OCHOKHACTCS TeM, 4TO HEKOTO PhLil
paccMaTpuBaeMblii H30TOI MOKeT 00PazOBLIBATHCS He TOJIBKO HElOCPe/ICTBEHHO
KAK OPOAYKT pacliellieHus spa-MUIMIEHH, HO M KaK MPOAYKT pacmajga apy-
TOTO MJIM JPYFHX pajH0aKTHBHEIX H30TONOB, TakK:Ke 00pasymwmiuxcsa HpH
pachlelieHuu Ajlep-MulleHell I B TO jKe BpeMA ABIAIOMIUXCA POJUTEIbCKUMHE
H30TONIAMH TI0 OTHOIIEHHUIO K paccmMaTpuBaemomy maorTonmy. Maaoskenmas

’

7 flzepuse pearumn 97,



CHTyaIys HPUBOMUT K TOMY, 94TO B o0mem ciydae MBIl JO0JGKHBL H3MEPAEMOC
YMCIO0 ATOMOB MCCJIEyeMOTo H30TOIA paccMaTpuMBaTh KAaK CyMMY MIHHMYM
Tpex wieHos (B caydJae OJHOrO POJHTEIBCKOrO Axpa):

N=N®4 NO 4 NO, (11.6)

rae N —uucyio HeszaBucuMo 00pa3oBaHHBIX AP, ONpPeAeIAEMOe 110 dop-
myae (11.5); N® —uucio sanep, 00pas3oBaBOIMXCS NYTeM pacnajia pojauTeb-
CKOro sjpa B TeueHue mepuoaa o0JydeHus; N® —ucao sipep, obpasye-
MBIX B peayjibTare pacnaja POoJUTeNbCKOro sjpa Hocje KOHIA 00JIyueHIs .

Takum 06pasoM, fCHO, WTO MBl JOJKHB BHATH ceuenue 00pasoBammsi
POUTENBCKOr0 M30TONA Opoy, UTOOB MOMKHO OBIIO ONpejesnTh N@ u N,

Ilas onpenenenus N@ nas aoGoro muTepsaja BpeMeHM i, B KOTOPOM
NOTOK YACTUIL UBMEHFETCS COIACHO dopmyne N,=N,; (1 ki), nmeem
CACAYIOMYIO CHCTEMY YpaBHEHUil:

AN ipox
— =Ny (1 + k) - NuOpon— hpordV spoms
ng‘” : (II. )
. 9
at = hporVipoa — MVY,
rae V,pors Spoms Apon OTHOCATCA K POJITEIBLCKOMY M30TONY.
Pemenne 8Toil cucTeMb ypaBHEHUI UMeeT BHJ
—AponTi ey I ;-
ke ¥ '(1— : )—l g T‘(i !__‘_)
N (1) = Lol aoon, Fpon) — 70X )y
CECRRTS S i .
(11. 8)

(T = e,

poxa

NO@) =73 N@ (t)e

Jina oupenesenna N® neobxoaumo B3HATH BPeM:A ty KOTJA POAUTEIlbe
CKMii M30TON BHEPBHE OTJeJNsAeTCH OT JI09epHEero m30TOna B mNpomecce
XUMIUECKOT0 pasfejenus sjaementos. B arom cayuae He00X0IUMO PeninTh

CHEYIONYI0 CHCTEMY yPaBHeHMIl:

dN
_d'tﬂn— S -—)\ponN.'pon,
dt = Apon!V ipox — MV
[puaem :
N_N_a .
N.'mn(ti):__m;\ﬁ& > [(1 = )\k, ) '('I—Q_XDO:ITi)—{—k,.T‘] :

poxn poi

Pemenne umeer BUJ
Nﬁs) &= _llfiillv_fm’%t)_ [e— M=t — e poplti—td] e~ Mi—to) |
i (11.10)

NO (1) =3 NO (8).
¢

Taknm 06pasoM, eCJU Opoy MBBECTHO, TO N@ up NG M0KHO TOACYUTATH
uz (11.8) u (11.10). Onpepeass N uz ypapuenus (I1. 6), maxonum 3aTeM ©
no gopmyae (I1.5).
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Yacro oxasmiBaercs, uro Ipon HE MOIKET OBITH ONpeJeJNICHO, TaK Kak
BPEMH JKUBHI DPOANTENLCKOTO m30Tona ouenb Majgo. B srom cayuae ypas-
werns (11.8) u (11.10) ynpomawores:

N@— —N“NHUDMQ ©
)‘ b}
: N®—0.
Takum obpazom,
v, N t :
N () ="2"nlpor )0 (L1 11)
Eciau skcnepumenrtaanmo onpejesennoe  3HAYEHNE N (1) BrRIOYINM

B (11.11), 1o ompepeanm cymmy (opon—+o). Ecam opoy memssectno, To He-
BOBMO/KHO BBIUICIUTEL HE3aBUCUMOE cedeHue jovepuero msorona. Opmako
B DPAJle CIyY9aeB OKashlBACTCH BOSMOJKHO OIEHUTH Opo; NYTEM WCHOJAL30Ba-
HISL OMIMPHYECKH Hall/leHHBX 3axomomepuocreit o(d, Z)=f(4, Z), koro-
puie Oyayr onucamel B raase 9. p
C nomMompio AaHHBIX (GOPMYJ BHYUCIAETCS Wi
Spon M B N3MEpeHHOE CEeYCHHEe BHOCHUTCA IO- [\
npaska. HKar caenyer us rex ke ¢opmya, ara
nonpaska Mmada, eciaum oba usorona (poauTeNb- LANAS ARRERARANAARAARNAN
CKHUH 1 JI0UePHNI) PacHoJOMKEHbl 10 OJIHY €TO-
pory or maubojee BepOATHOIO B3apsAna KpUBOH r v
pacupejiesieHus 3apsaaoB AACp-IpoaykTos. [leii-
CTBUTEJNBHO, JUIsi u3006ap, o6osHauenwmX mujgex- FPuc. 27. Verpoiictro paa

. ; ¥ obnyuenns Mueneii Ha BHY-
camm 1 u 2, us Qopmyd, NpPUBEACHEHX B riape TPEIHEM IyuKe YCKOPHTEJN.

Sa ooty
<

9 SRy o M — mumens; 7 u 1' — KoMneH-
cnpymmue@qm.ubru; 2u 2‘| — MO~
g 7 ; uuTopHse Goasrn; 3 u 3' — na-
el = e—lf(l'"zi)(/!+z7_2p") x WM THHIG n KOMIICHCHpYIOmue
dg dbonbru, ¢ — nep:Karenb Mu-
menu.

Has cocepnux nzobap Z,=12Z,-1, a cjenannoe BHIC mpeanoNoKeHne
osuavaer Z, > SA. Torpa nmeem

a
1 __ ,—R,—2R(Z—84) R
L B s s

z <e

- “ . a 5
Hasa majijjesnmx ns onwta 3mavenuii R 510 oTHOmMeHue T‘Mem,me().z

2
B cayuae pacmeniemuii sijep cpeamero aromEoro Beca wu membme 0.5 upn
pacllenyeHuu TSOHKeABX sAjpep.

- Ty
B caywae Z,=Z,—1 wmeem To e camoe COOTHOmEHNE COYCHHIA =
2

Obayuyenne wmmmeneii. DBeaejctsue HeoOXOUMOCTH HMETh BO3MOMKHO
00JBIIyI0 MHTEHCHBHOCTh NOTOKA GoMGapimpylommx wacTuiy obnyuenne mu-
meHeil NPOUsBOAATCH OOLYHO HA BHYTPEHHMX NydKaxX (asoTPoOHOB WAM CHH-
xpoazorponos. Ilpm 5ToM BO3HHKAOT M3BECTHEIC TPYAHOCTH B TOUHOM ompe
ACICHAN TOJHOTO HOTOKA YACTHI[, NPOMICANIEro 4epes MAMIeHb. JTa TPYANOCTS
OPEOJI0IeBAGTCH  HCTONB30OBANAECM TAK HABHBAEMBIX MOHHTOPHBIX peaKIyii
C M3BECTHRIM cedeHHeM o0pasoBaHus ONpeeNeHHEX SAeP-IPO/YKTOB (HCIONE-
3yeMLle MOHUTOpPHbe peakium OynyT ommcanml jaiee). [last dToro omHoBpe-
MEHHO ¢ M3yJaeMOil MUIIEHLIO TeM e IOTOKOM YacTHI[ o0JaydYaeTcst u MOHN-
TopHaA Gonbra. OcoGEHHOCTH TAKOTO COBMECTHOTO 0GIyYeHIA CO3HAIOT ompe-
ACJEHHYIO cHelupuRY B HOCTaHOBKE OmbITa 1O oOayuwemmio. [{as uayuenusn
BBIXOJI0B OTACIBHLIX NPOAYKTOB H/IEPHBIX PeaKmmil A Mumeneii, koTopnie
MOTYT GHITH MBIOTOBJIEHK B BHAC IIACTHHOK HAM GO, HCIOTB3YETCH yCTpOii-
CTBO TiNA, TOKazaHHoro ma puc. 27. Bee ¢oaprm, cobupaemuie B ertonky,
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TIaTeNBbHO ‘B3BemuBaioTesa. [lyuox mpoxoanT uyepes Bce GoJbTH CTOIKA Hep-
nesjuKyasapio nosepxuoctn. Doxsra 2 cayskur mornropom. Dosnra 3 umeer
[BOSIKOe HMA3HAUCHME. OHA HPEJ0XpaHsAeT MOHHTOPHYIO (OJbTy OT HOIajaHusd
AZleP-0T/Iaun, BOSHUKAIOUINX B MUIIeHH, I B T0 ke BpemaA Bmecte ¢ oubroii I
CHYIRUT JUIsi KOMIEHCAIMN IOTepH SAACP-OTAATHM M3 MOHHTOpHOI (oabru.
fleno, uTo pasitephl MAMICHN W BCeX YRazaHHHIX (oJbr B IIOCKOCTH, HepHeH-
JMKYJAAPHON 11, Ky, JOMKHLL OLITH CTPOrO OJAMHAKOBHIME, 4TOOBI BCE OHM
Hepecekaynch oAHUM M TeM jKe MOTOKOM MPOTOHOB.

NenmoabayoTes u Gomee mpocThie ycrpoiictsa s oGnyuenms, anbo mHe
coztep:kamme sanuTHBIX Goabr 3 m 3’, aubo He cojep:kamie BTOPOTO MOHH-
Topa 2’ m doaeru 1, opnako juist suepruit wactui B obractn g0 1 Bas caexyer
mpejmoYecTh YCTPOHCTBO THIA, HOKasaHHOro Ha puc. 27. B atom cayuae
HOTOK TPOTOHOB ONpE/eNsAercA W3 CPeAHero 3HAUCHHHA aKTUBHOCTH o0enx
doasr 2 m 2’ (pasmmma Meskxy Humu oOsraH0 < 5%).

Onucannoe ycTpoiicTBO A OOAyYeHHs MuMIeHeil oupasjsiBaer ceds
OpH MCCTAOTOBAHNE CPABHUTENBHO TA/KEALX SACP-TPOAYKTOB (UIpuMepHo
or Ze=15 10 ZA~Z yymenu)- JIA AALP-IPOYKTOB ¢ MAJILIME Z HMEETCSI ONac-
HOCTB, 4TO OA00HBIE 7ke Agpa MOTyT oOpasoseiBaThea B Al, mcmoabsyemom
B JauecTBe 3aNUTHOI W MOHHTOpPHON OJBr, M 3aXBaTHBATHCA P MHUITEHN.
B btoMm cayuae B KawecTse BAU{ETHLIX POABT MCNOJAb3YIOTCA HOIBIA M3 diIe-
MEHTA MUIeHM, IPUYEM HTH SAUUTHEIC QOJBTH HMEIOT TOJUIMHY, HPUMEpPHO
B 10 pas mempmyio, gem ToumuHA MumeHn (00bYHO MUNICHbL HMeeT TOJIIIUHY
okoxo 0.2 mm). llpm msyuenum sigep-IPOAYKTOB, BILIOTHYIO HPUMBIKAIOMIIX
K SAPY-MUIICHH WK MMeomuX Z > Z ypmenn, PE3YABTATH MOTYT CHJIbHO
HMCKaKaTHCA 32 CUCT BTOPHUHBIX SNEPHBIX peaKiuil npu B3amMojeiicTBuu Jer-
KUX HpojykTos pacmemxenusa (n, p, @ Li) c¢ sppamu-mumenu. B orom
crygae Heobxomumo mmerh Gosmee tonxme Mumenn (~0.01 mm) m MuHIMAIb-
HOE YHCJIO0 MOHMMTOPHEIX W 3AIUTHHIX (oabr, Haupumep KomGmmammio 2-+3-+
~vumens. JIu6o Gepercss TOALKO 0HA MHIICHB, U BCE BHIXOJIbBI OIPELLNATCA
‘mo Kaxomy-ambo BHyTpenHemy MouuTopy. Ckasammoe He OTHOCHTCA K CIy-
a0, KOrjia MHTEPEeCYIOTCA CAMUMI BTOPHYHEIMIL PeakiuAMI B MUIIEHN, 3[eCh
HeoOX0uM0, Ha000pOT, yBeJAUveHne TOJIMHLL MHEIICHI.

Onmcamnpiit MeTOX CTONKM HempUMEeHHM, KOTJA MEIICHL MOKeT OhiTh
MBTOTOBJEHA TOJBbKO B (opme mopomra. B atom ciayuae McImoab3yioTes Apy-
rEe MeTORMKE. MUIeHs M2 TOHKOrO MOPOMIKA MOKeT OBITh CMeIIaHa ¢ HOpOIl-
koM u3 Al m ofGnydena B KoHTeifHepe M3 MOJXOJANIEro dieMenta (Ho He Al).
Iocae obmymennst mpojykt momutopmoii peanmmm Na®* ormessiercst Xumuge-
cxuM myTem. SICHO, 9TO B BTOM METOJie JIOJIKHSL IeTaThCsA MOMPABKH HA AKTHB-
socte Na?t, oGpasopammyio u3 siaementa mumenn. Yame 1mopomkooOpasublit
ofpaser; o6AYUAlOT BaBEPHYTHIM B AJIOMHHHEBYO (OIBFY, ABJIAIONYIOCH
MOHHTOPOM. B 2TOM ciyuae Tarike HeoOXOAMMO Je1aTh HONPABKU BCIEJCTBHE
cymecTBYOMel HeOJHOPOXHOCTH O0JYyUeHHS MUIIEHH ¥ MOHATOpA, TaK Kak
Tpn 00ayUeHHN HUPKYIUPYIONUM IYIKOM YacTHI B YCKOPHTETe MaKCHMalb-
Hasg AKTHBHOCTL oOpasyeTcsl B IepefHeM Kpae MAIIEHM W MOHHUTOPA.
© QOnmcamHas MeToAMKa OOJAy4YeHHS MUIIeHell HMCIONb3yeTcs BO BCeX Tex
énydaax, KOrjda MIydalTCs cedeHus 00OpazoBaHMA OIPEACICHHBIX H30TONOB
fipn pacuiemrenuu sxep. Ilpm mecnemopanunm sHEPreTHYECKHX MM YTIOBHX
pacmpeneienuii WPOJYKTOB peaKIUil pPACHEIVICHUST MeTOJUKA O0/IyqeHHA
COOTBETCTBEHHO YCaAOKHseTcH. PaccMOTpHM OCHOBHEIE METOJbI, HCIOIb3Yye-
Mbie B JJAHHBIX CJIy4aAX.

[Ipit mMccaefoBaHUM WMIYJABCHBIX XapaKTePHCTHK SACP-IPOAYKTOB UpPH
pacmemiennu suep-MAMeHeil MUPOKO MCHOJAb3YeTCs MeTOJ[ 3aXBATLIBAIOMHX
doasr. CxemaTniecku ycTpoiicTBO, B KOTOPOM LPOWCXOMHUT B 3TOM clydae
oGayuenme Mumeneit, mokaszano Ha puc. 28. llpopyKTel AZepuHIX peakriuii,
ACIyCKaeMbie MUIIEHBIO, TOPMO3ATCA M 3aXBaTHBAKTCA cobupaomumu Goib-
ramu. CoGmpaiomue ¢oasrn us amovmuama Tommuboir 0.2—4 mr/cm® B aTOM
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cayuae BLHICTYHIAIOT HAa 2 MM 3a Kpas MuiieHn Bo Bce cropomsl. Donbru ceepx
TONMMHBL I, HA KOTOPYI0 HPOHHKAIOT AAPA-OTAAUM, CJAY/KAT JUIfA ONEHKH 3a-
rpssHennii B camnx goabrax. llpm oGayuenmm Beero yerpoiicta mo crpenke 4
HKCHIePUMEHT faeT Mpolern sep-npojlyKToB 0 HAIpPABICHHIO M OPOTHB Ha-
TpapjieHus ‘uyuka uporonos. llpm oOmxyuenmm mo crpeaxe b5 msmepserca
mpober sjep-OTAAYH B TEPHEHJMKYJAPHOM K Hy4YKy HAIpaBJICHHH.

Jlasa yupomeHms amaims3a peayabTaToOB, MOJYYaeMbiX ¢ IOMOIIBIO 9TOTO
MeTona, Mumenb npu obaydenun Gepercst «roicToit (T. e. TOMMMHON GoabIIe
npoGera mayuaemuix spgep-nponyktos). Eciau cpenarp, Kpome TOTO, CIEAYIO-
mue npeinoao;enua: 1) AApy B mpoIecce coylapennus nepejaercsa cKoOpocTb i
no Nyuky NpoTOHOEB (UepHeHJUKYJSIpHAsS KOMIOHCHTA HEe BIWAET HA HTOT
amaim3), 2) passaj AApa HPOMCXOAUT HM30TPONHO B CHCTEME JBHRYILErOCH
Ajpa, MpuYyeM TAKeI0e AXPO-TPOAYRT IOJAYyYaeT CKO-
pocth ¥, 3) mpober sxep-IpPOAYKTOB HPONOPHAOHAIEH b
ux HauaibHoil cxopoctn, no Bopy 2], To B atom cay- (e
gae NOMIOHeHNne AJep-TPoJyKToB B CcoOHpalomux ;
donwrax paercs BeipazkeHuem [®]: ' i

A’\/'(t):—&%-D—[i'—_tn——é—‘l, (I1.12) |
" = A

B 8

rae N (1) — uncao  sjep-oTjiaun, NPOHHKAOIAX HAa
TOMmMUANY ¢ B OOTJOTHTENe; [ — "HENo peakinii ¢
ofpasoBaHueM JAHHOTO  IPOAYKTA, HPOMUCXOAAI{IX LU
p mumenn Ha 1 wmr/em?; R, —upoler dAnep-oTaaum,
KOTOpLIH OBl OHH UMEJN B MaTepuaje MUIIeHH, NCHy-
CKafich €O CKOPOCTBIO ¥ W3 HENOJABM/KHOTO SApa;

-

o
o+ {]

\

Punc. 28. Cxema MeToia

’ o B ; ! 3aXBaTHBATOMAX
Rn — COOTBCTCTBYIOI[MH npo6e1 Ajnep-oTjlaun B MarTe- $oabr.
u
puaJgie co()npalomnx (bO.'II)I‘; 1] Fomtiaerih, M — wmumiens, ¢ — TOA-
& i OUTHA, HA KOTOPYIO 1IpO~

JHAKN -+ M — COOTBETCTBYIOT CJAydYasaM HCIYCKAHISA 3:42;%183137:;“1&3::;}"
AXeP-0T/AaUM B TEPeJHI M 3aJHI0K0 HoIxychepsl 10  romupmmoi 0.2+4.5 mrcu?.
OTHOIICHUIO K HAJalomUM YacTHIAM. ;
¢ Jra ojkujaeMas 3aBHCHMOCTb UMCIa IOIVIOMEHHHX Afep-0TAa4l 0T TOJI-
mMuHE cobupaonmx Goabr XOpOIIo COrACYeTCH ¢ ONBITOM M MOFKET CJIY7KHTh
OCHOBOI JUIA HKCHEPHMEHTOB WHTETpaJbHOTO THIA, KOrja IO 00e CTOPOHH
MHIITEHH paclioJaraeTcd o 0HoIl codupaionieit Gosbre, JOCTATOYHO TOJICTONM,
qTO0OLl yJIaBJIBATL BCE SAPA-OTIAYM. IKCICPUMEHTAIBHO OIPE/elsieMbiMu
BEeJIUYHHAMI B 9TOM cJaydae ABIAITCA: 1) akTHBHOCTH JAHHOTO NM30TONA,
cob6pannas B mepepHeii coOmpatomeil (gouabre Ap, 2) akKTHBHOCTH JAHHOIO
H30TONA, cobpamnmas B 3ajmeil cobupalomieii goabre 4 p, 3) AKTHBHOCTH 0CTAIO-
muxcd B mMuniern mnzotonos Ay, 4) tommmua mwmenn W, mr/cm®.

Ilpn mepnenjuxynsapaom o6ayueHHH aHAJOTUUHO UBMEPHAIOTCSH AKTHB-
HOCTB JIAHHOTO sjipa-otjavn. B Jaio€oii cobnpawomeit ¢oavre A,,, a TaKKe
A, u W, npuuem Ap—cpe,unee us JABYX (Goabr. DTH BeJUYMHBI U HCTOJIb-
3YIOTCH st onpejeaenuss npodera (mr/cm?) sjgep-orpad;m B MaTepuade
MUIIEHN, NapaMerpa anusoTponuu %u OTHOUIEHUA KOMIIOHEHTH CKOPOCTH

AApa-MUIIe NI, MCHBITABIICTO COyJapeHue B HAaNPABJIEHMM NYyYKa NPOTOHOB,
u
K CKOPOCTH fAApa-NpPoJAyKTa B CHCTeMe sjpa (7‘:7)'

Ecnu oGoswaunte wactu or mnoauoil awrTuBHOCTM cobOupawmux ¢oasr
Tepes

Ap Ap

2 : 4
e e e FB——A—’ F —————_LP ’
M utAp+ Ag P Ay 2-4,,
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TO B Clyuae M30TPONHOTO UCHYCKAHUA HJeP-NpPOJAYKTOB NMEeM COOTHOIIe-
1.
s [*]:

Ay __ U+
= e ‘ (11. 13a)
2W (Fp+ Fp) =
FB=(1—Fmﬁ" (11. 136)
R,=4WF,, (11.138)

u
rje 7m,— 3HaueHue e KOTOpOe COOTBETCTBYCT M3O0TPONHOMY MCIYyCKAaHWIIO
ANEP-NPOAYKTOB B cucreMe Aapa; R,, — npober A1ep-NpojyKTOB, ToJydae-
MBI npu obaywenmnn Mumenn mo crpeass A (pue. 28); R, — npober suep-
OPOJYKTOB B NepHeHJUKYJIAPHOM K IYyUKY Hanpannemm (o6ayuenue mo

crpeake b).
Haauuue nepmenpuyaapuoil KOMHOTEHTH # , CKOPOCTH HCXOJHOTO A/PA

Oyner npusonuth K Gonee muskoMy smavenmio R, uem japaemoe ypapme-
3 u
HHOM (IT. 138) B(i—*—-;— 1y ) pas, rje "’h__L" IIpu usorponuoM ucmycka-

HUR OCKOAKOB R, _R =R ecrp mnpober sxep-npojyKTOB, a B3HAYEHNE

N =mn. Ecan aunccrm OGHO’IKOB AHU30TPONHA B CHCTEME IeHTpa s/pa, TO
papencrsa R, =R —R u 7,=7v ue cymecrsyer. [laree upusejens
GOPMYJBI J{NIA NCTUHHBIX 3HAYEHHH R W 7, NOJYUEHHBIE B HPE/IN0J0KeHIH
ABYX YACTHHIX 3aKOHOB YIJIOBOT0 DACHPejCJICHIT (PArMEnToB B CHCTEOMO
anpa. Ecan yriosoe pacnpepenenue B dopme a b cos®0, to umeem

1 b
4y (1+f.)2-[1+§ = +6'——(1—'q)2]
S R s (I1. 14a)
2ot [ty e tgos 2]
. ,
_2W (Fp+Fy) 1+—-~
@yt r-| : (11. 146)
1+7'7+’i2|:1+.—3‘ﬂ
1 b
AWF, | 14+—= «—
R ”[ 3:, "]. (I1. 14s)
1+*4—';
Has pacnpenenenus a-b sin®0 nmeem
PR e NG
Ay (1+ﬂ)2"—1+§'7{—ﬁ"; (1—71)21
5 -, s 50 o0 1 L (IL. 15a)
(1—n)2-L14—§-;—§-; (1+n)2J
o
W (FptFp) [ 145 |
S (1L. 156)
‘+5‘7+"2L1+§'7]
b
_AWF,| 143
= [1r5- ] (11. 158)

b
1+4—
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CyiecTsoBanme TepPIeH/NKYIAPHOl  KOMIOHEHTEL CKROPOCTH XIPHBOJET
% HECKOIBKO MEHBIINM 3HadeHHsiM A, yeM JaBaemMble ypPaBHCHHAMH (I1. 148)
n (II. 158).

Taxum o0pasoM, JIs A0OOr0 THIA YIAOBOTO DACIPEENCHHS ML MMEEM
TPH He3ABHCHMEX ypPAaBHEHISA H TPU HeU3BECTHHX, I0ITOMY MOJKHO OIIpeje-

b
JHUTDb R, nu ae HpaHTuqe01<n, ecJIH OykHj[aeMast BeJMInHAa aHN30TPOIIHI MaJjga,

yjo0Hee TPAKTOBATH HKCIEPHMENTAIbHbE JIAHHLIC COTJACHO ypPaBHEHHAM
(I1.13), cOOTBETCTBYIOMUM H3OTPOIHOMY HCIYCKaHMIO, I BBOAUTH 3aTeM He-
06X0IMEIe JIONPABKH COTIACHO YPaBHEHHAM (IL. 14) wan (11. 15).

B ommcammoM SKCIepHMeHnTe He MOTYT ObITh M3MEpeHH yIIoBhE pacmpe-
JeTeHNA, BKIIOYAIONIe HEUeTHbe CTemend QYHRIHE 0T 0. Tax, wuen, comep-
smammit cos 0, Oyner oOHapy/REUBaThCH
aumb B Bujge A00aBKM K MCTHHHOMY
3MAYCHHIO 1), & IOCKOJbRY 3HAUYeHue 1
Mbl He MOKeM OIIpeleJdHuTh JpyruM Hesa-

a

Puc. 29. VerpoitcTBa IS M3YIeHHs YIVIOBHIX pacmpeeaenmii
ANep-IpOAYyKTOB.

M — MUIIeHH,
Ocranpapie 00BACHEHMA CM. B TEKCTE,

BHCHMBIM ITyTeM, NPHXOMUTCA JOMYyCKaTh, YTO B AHAIU3HPYEMOM YT/IOBOM
pacupejesenun He copepsutesa Hedernnix Gymrmuit ot 0. B arTom masecTHO®
OrpangueHne OMHCAHHON MeTOJMKM, HOITOMY OHA MOKeT MCIOAb30BATHCHA
JUMb TP CPAaBHUTEIBHO HeGOABIIONH aHM30TPONNH B YIJIOBOM pacHpee]eHnn
M3YTACMEX A1ep-IPOJYKTOB (HampuMep, TPH H3YTCHUH OCKOIKOB JeJIeHUs).

[Ipn momomm Mertoma cobmpatonmx (osbr yrjioBoe pacmpejenenne fAxep-
IPOJYKTOR MOKET M3y4aThes HemocpefcTBenHo. B aToM ciaydae HCHONB3YeTcH
OJHO M3 YCTPOHCTB [T 06myTeH s suniereii, moxasananx Ha puc. 29. Codu-
palomuii KoHyc ¢ Mumenblo-Gycmnkoit (pue. 29, @) mcmoabzopaics B pabore
Boaske m Tyrmama [°] pua m3yyeHmsa yrioBoro pacupejieJeHHS OCKOJIKOB
nedenmsA. ATOMEHHCBHIl coGmpaomuii Konyc m3 doabrm Tommmuoil 0.2 MM
MMEeT BHIPE3, 4TOOBI MPOIYCKATH MPOTOHHEI MyUOK JyisA 00Myd9eHUS MUIIeH:
B BHUjie mapuka (0KOJO 2 MM JHamMeTpoM) H3 JaTyHH, HOKPHITOTO 9J1CKTPOJIH-
raueckuy suemyToM (15 Mr/em?). B pacnpasienroM COCTOAHME COGM POt
KOHyC TpesicTaBiasger co0oil MOJYKPYT, KOTOPHIi paspesaeTci HA Kpyronhie
CORIME JISl M3YIEHHS YIIOBOIO pacupe/ieleHus OTHOCHTEIbHO yria 6. Tax
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KaK yacTh KOHyca yAaJeHa, TO OpPH WHTCPIPETAIHM Pe3yJTbTaTOB M3MepeHmit
mpeamosaraeTcs, 4TO YIJOBOE paclpejelenine AAep-IPOAYKTOB He 3aBHCHT
0T asUMyTaIbHOrO yIvIa BOKPYT ocH KoHyca. IIpm mamepennn yrioBeiX pac-
npejeaeHuii HEKOTOPOTO AAPA-TIPOAYKTA B mepepmeii m samHeii moaycdepax
HE0GX0MMO HOPMAJIN30BATh H3MEPEHHsA K OJIHOMY M TOMY iKe oOmeMy 4nciy
peaknuii B MAmeHH, NPHBOJANAX K IAHHOMY SAPY-IPOAYKTY.

 Jlus OMHECAHHOIT KOHCTPYKITM co cdepuyeckoii MUMIEHBI0 OTHOIICHHE YACAA
ARep-IpOAYKTOB, BaperHCTPHPOBAHHLIX B mepejHeil m 3ajmeii moaycdepax
(mpu moropore komyca ua 180°), maercs mpubamienno cirenyiomei Gopmyoi
TIpH H30TPONHOM pACHPeJIeJeHNn #Ajep-IpojyKkToB B cmcreme sxpa [°]:

3 1
(AF) I+5q+3
Pl i U e e S
Ap ciepsr 1_%1\‘_{_%1‘2

npn upeneGpeskeHm 0o0jee BHICOKHMHE cTemeHamu 1) (Tak Kak n< 1).

B jamHOM BKcmepumMenTe, Kak Obiio mokasamo B pabote [®], mpemmoso-
JKemme 00 OTCYTCTBUM A3MMYTAJbHOII 3aBHCHMOCTH YTJIOBOTO pacipeseneHusd
ANlep-IPOAYKTOB HE SBISCTCS 3AKOHHBIM BCJEJICTBHE W3MEHeHMA WHTEHCHB-
HOCTH IPOTOHHOTO NYyYKa B MHIIEHN: Kpail Mumenu, HaX0oAAMuiicA O CTOPOHK
nentpa daszorpona, o6aydaeTcs NPUMEPHO B iBa paza 60JABMIM IO YHCTY IPO-
TOHOB NOTOKOM, 4eM IIPOTHBOMOJIO/KHLI Kkpail. [TooToMy B cpejueil @-cexipmn
(puc. 29, @), rne cobupaioTess AApa-oTAAYM, BO3HMKAIOMNC HA BHEIIHE CTO-
poHe mapuKa MUIICHH, NOJHAS AKTHBHOCT Oy/IeT Beer/ia MeHbie, yeM B Kpaii-
Heil (-CeKIuNn JuId Beex 0-cexmmii.

10 0BCTOATENBCTEO HEODXOAMMO YUYHTHIBATH BO BCEX OMNHITAX ITOROOGHOTO
pona [» #] (pue. 29, 6, 6¢), Korjga pagma;bHas HeOAHOPOAHOCTH GomGapmm-
PYIOIEro Myuka BHIZKIBAET HEPABHOIEHHOCTH chopa ffep-OTAAYN HOJ Pas/iud-
HBIMHU YTJIaMI K ODY4RY.

Monuropusie peaknum. J[1s OmpemeaeHus OTHOCHTETBHRIX u alCcoioT-
HHX ceyenuii 06pazoBaHus pajinoaKTHBHBIX N30TONOB OpH 00JyYCHUH MUIICHHA
HCHOJB3YIOTCA B OCHOBHOM JiBa MeTofa. IlepBuiii — 5T0 MeTOJ| CpaBHEHIA A KTUB-
HOCTH mau ckopoetu pacuajga [D(t)=AN(t)] nurepecymomero nac nNpopykTa @
¢ AKTHBHOCTBLIO APYTOro MPOAYKTA 8 I pacilellieHHH TOro jKke Sapa, mpH-
HHUMAaeMoro sa cnoeoﬁpasnmii BIIyTpCIIIIHﬁ MOHIHTOD. B 2TOM CcJy"uae OTHOHIeHHe
cegennii, corsacno ypasuenuio (I1.5), Buipasaerca gopmyioit

_QL_Da (t). Qb “)
o - Ug(e) Qg(F)°

M3 KOTOPOil BUJIHO, 4TO B DTOM CJIydYae He HY/KHO 3HATh He TOJbKO a0COMI0THOr0
3HAYCHHA TOTOKA YACTHI[, HO M NPON3BOAUTL a0COJIOTHEIX HAMEPeHUil aKTHB-
nocreit D (t). Jlas ompeescHus abCOMIOTHEIX CeUSHNIT HY7KHO JHIIE ONPeIeNuTh
BeIMUITHY CeueHHsA MOHUTOPHON pEaKIAIl, UTO MOJKHO C/elaTh, HaIpuMep, Ha
BLIBEJICHHOM TIYUKEe YaCTHI[ C OIpejileJieHNeM [OTOKa ¢ IMOMOMLI0 IHIAWHAPA
Mapajiesa. Bropoii ciocol onpeaenenna abCOTIOTHRX BeJANYNH CYCHIIT 3aKII0-
gaeTcA B CPABHEHNN aKTHBHOCTEN M3Yy4acMBIX IPOAYKTOB ¢ aKTUBHOCTBIO IIPO-
AYKTa HEKOTOPOil peakiui, cedeHHe KOTOPOil XOpomo M3BecTHO, MPOMCXOMA-
meiit B MOHITOpHOIT oabre, o0aydaeMoil TeM ske mOToKOM yacTuil. B aToM cay-
gae mMeeM

rae Dy u Q, — orHOCATCA K MomuTopmoil peaxknuu; D, n (), — K usydae-
MOMY M3O0TONY; R, — WHCJO sJ[ep HJIEeMEeHTAa MOHUTOPA; R, — UHUCJO A/ep Mu-
meHu. :
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Ta6aunma 10

. Ceuyenne MOHMTOPHBIX peaxnmii (MOapH)

S A7 (p, 3pn)Na* o2 Al7 (p, 3pn)Na* ] A7 (p, 3pn)Na%
32 0.005+ < 0.00025 135 9.7+ < 0.49 325 11.3+ < 0.57
50 1.52 + < 0.076 150 9.2+ < 0.46 340 11.5+ < 0.58
60 5.4 + <027 175 8.9+ < 0.45 350 11,24+ 0.56
70 8.2 041 200 9.2+ < 0.46 600 11.04= 0.5
8 | 104 =+ <0.52 225 9.3+ < 0.47 2000 104+ 0.6
90 | 10.7 + < 0.54 250 9.9+ < 0.50 3000 10.0+ 0.6

1101106 £ < 0.53 215 10.4+ < 0.52 5700 10.5+ 0.6

425 | 102 + < 0.51 300 11.2+ < 0.56 28000 86+ 09

ﬁ;’;, G2 (p, pn)CH ﬁ’;;; C*2 (p, pn)C" ﬁ;’;, G (p, pr)CH

45 86 325 35.9+0.8 660 | 31.041.7; 25. 5+30
%98 70.5+ 3.6 340 41.2506 832 287416

144 56.5+1.5 350 36.0+0.7 840 30.0+1.7

150 46.2+1.4 365 37.4+3.1 950 21.7+1.0

170 39.7+09 420 31.24-2.8; 33.54+1.7 | 1000 261421

204 | . 37.0+2.0 450 532 ()iO.GZ 1400 241430

238 35.8+2.4 461 31.4+1.0 1800 22,61-3.8

240 37.2+1.8 { 32.0%1.7 2000 26.0%0.9

260 38.24+0.5 465 29.4+1.9 2200 23.345.0

270 35.94 1.0 522 322516 3000 26.6%1.0

290 36.940.9 560 30.4+0.5 4100 30.5+ 4.1

295 37.94+0.4 591 29.9+1.6 4500 27.941.7

310 31.9F 2.4 600 21.5+1.5 5700 29.0% 3.0

320 35.54+0.7 648 23.9+28 6000 29.84-1.6

28000 25.9+1.2

Jlust rakoro aGeoJIOTHOrO MOHHTODHPOBAHIA MCHOJB3YIOTCA TJIABHBIM
o0pasom fiBe pearmuu npu 00JYYeHHH B Ny4YKaX HPOTOHOB:

Al (p, 3pn) Na*,
C2(p, pn)CH,

06e pearmum WMeIOT Ty XapaKTepHY 0COOGEHHOCTH, 4TO B IIMPOKOI obra-
CTH DHEPruil MaJalomuX YacTHI{ X CEYCHUE II0YTH HE 3aBUCUT OT DHEPIHH Ya-
CTUI[, 4TO ABJIAETCA OYCHB  YAOOHBIM CBOICTBOM JUIA HMCHOJL30BAHUS JTHX
pearimii B kayectse MoHumTopa. HanGoabuiee mpumencHme mosyvmia nepsas
PCaRIUsA, HCHOJL30BANHE KOTOPOil ofuierdyaercsa yjpobersom obGiyuennsi Goibr
13 Al 1 BOBMOIKHOCTBIO OIpeleasTh KornaecTso Na?! Gea XUMATECKOTO BHIZede-
HuA ero u3 Goabru. Jro 00yCIOBICHO TEM, 4TO IHocje 24-uacoBOil BBHIIEPIKKHE
nociae obuyuyenna Na®*! Apiasercs HpakTHUECKN eHHCTBEHHON aKTHBHOCTBHIO,
ocrawmieiicsa B gosabre. Heroropsrit HerocTaTok a10it peakiuu B Tom, uro Na®t
MOsKET 00PA30OBLIBATLCS ele W B peakimun (n, @) Ha MaJ0dHEePTHUYHBIX BTOPHY-
HBIX Heifitponax. OfHAKO CHENMAIBHBIME HCCISOBAHMAMI IOKA3AHO, UTO JIJIA
doabr uz Al rommuuoit membme 1000 mr/cm® stor addext npeneﬁpemnmo
max [°].

Jlas romeTrix mMummeHeidl pearims (n, @) CHIBHO 3aTPYAHACT TOUHEIC HIME-
PeHus, BHTOAHEeE IOJB30BATHLCS, Hampumep, peaxmueit Al (p, S5pbn) F'8 [11].

Peaxknus oGpasosanns Na2d uz Al B HACTOANEe BPeMs XOpOHIO M3ydeHa
B ovueHb 00JbINoil obaacTn sHepruil. dKcHepuMeHTalbHLe JaHHLIe 0 CeYCHHAM
3TOM peaKIuu IPH Pa3INIHLIX DHePrUAX npoToros [1°71°] npusenenst B Taba. 10
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u aa puc. 30. Cevenue, Kaxk BHJHO, HE3aBICAMO 0T JHEPIHil IPOTOHOB B 00JIaCTH
0.3—6 bos.

Pearius o6pasopanmsa C'' ma C'* ynob6ma A MOHHTOPUPOBAHUS MYYKOB
npoToHoB TeM, 4To CM' Mojker ObITH H3MEpeH HemOCPEICTBeHHO B MOJHATILIEHO-
BOI WM MOJNCTHPOJIOBOI IIeHKAX. AOCOJITHRE CeYeHUA ATOI pearkinu IMpH
PasIMIHLIX dHEPTHAX npoTonos ['°2%] mpusemenst B Tabx. 10 u ma puc. 30.
Kpusas saBucumMoct ceueHns 0T aHEPruu NPOTOHOR HOKA3HIBAET YMEHbIICHHE

cevenmsi mpumepuo Ha 30%, or

40 . 0.3 70 1 DBos, a sarem ciaaGoe
( § 6‘72(;7,;7/1)6‘” BO3pacTaHue Ipu pocrTe dHEPrumn
,530" ¢ k X % 5 34 o0 6 Bas.

\§ o B rauectBe BO3MOJKHOIT MOHHE-
il 27 2  TODHOIl peakiuMm MOMKHO IpH-
° | #we— 3 % Al (p'prl} e BecTH peaxmun na mMaramn [28724]:

R L DL S R Mg= 2. 2P) N,

7 2 3 4 5 6 Mg (p. 2pn) Na2t.

5]7!535 g (p7 p )l

OpEako TOBEJeHHE HX cede-
HIIT He neeae0oBaHo Mo Beeil 00-
JACTH JOCTYHHBIX B HACTOAILEe
BpeMsI DHepPTHil.

Ipu obnyuennm Mumeneil mpoToHamu ¢ sHeprueii B 00JacTH HECKOIBKAX
MHJIJTIIA PJIOB 9JIEKTPOHOBOJ BT YACTO BHITOJIHO HCIOJIb30BaATh PEaRIITH, HMeonue
BBICOKMIL TTOPOT J7IS ¢BOET0 00pasoBanus, ¢ MeJbi0 NCKIOYCHIS BIAMAHII MaJI0-
BHEPTUYHLIX BTOPHYHLIX yacTur. OQHOI N3 TAKNX peaKmuil ABJIAETCA pearIus
ofpasoBannA G-pajuoakTHBHOTO maomepa TB'® mz Au'®?, koropas nmeer
nopor oxoxo 0.6 Bap. B oToM cayuae BO3MOKHO aske HeIOCPEACTBCHIOE ONpe-
nenenue kosanuectsa Te'?? oGpasosas-
merocst B (oabre 6es ero BHIIETCHI, 20
TAK KAK OCTAJBHEIC SIIPA-IPOJYKTHL

Pne. 30. 3aBmcmmocTh CeYeHHIT MOHHTOPHBIX
Peaknuii or dHEePTHH IPOTOHOB.

P-pagunoaxrususr. Ilonyuennoe B pa- B¢
Gore [*°] ceuenne atoit pearmun B PyK- *§
U 0T DHEPIHUU IPOTOHOB NPHBE/EHO <01
Ha puc. 31.

o5t

Beitesienne mcesegyeMpx mM30TO-
00B U3 MuUIIeHN (HPHHIUITBI TEXHUKH),
OCHOBHEIM XUMHYECKHM METOJOM BLI-
JeJeHNSA TPOAYKTOB SJEPHHIX peak-
Uil U3 MHITEHN SBISETCH METOJ H30-

TONHBIX HOCHTeTeil, OCHOBAHHEIL Ha Puc. 31. 3aBucnMocTh CeueHHs peaKIHH
oﬁpaaonamm O-pagnOakTHBHOTO I30Mepa

OPARTHICCKOM TOKICCTBEHHOCTH XHMM- Thi4® ya Au.
YEeCKUX CBOIICTB PAa3JIMIHBIX H30TOLOB
naHmoro amementa. OIHAM H3 CaMBIX
IVIaBHBIX  YCJOBUIT  yCHENTHOTO HCIOIB30BAHUSA JTOT0 MeTOJa ABJIAETCH
ofecriegeHme IOJNHOTO OOMEHHOrO pABHOBECHS  MEKIY  IPHCYTCTBYIO-
IMUIMHA B MHOIICHH PajUOaKTHBHBIMI aToMaMi W CTAOWIBHBIMA  aTOMaMA
HOCHTENA TPH PACTBOPEHNY MUIIEHH B CHENHAIBHO MOJO0OPAHHOM PacTBOpH-
Tejle ¢ BBEJCHHLIMU B HEero HOCHUTEAAMH. XOTA s OOJLIIHHCTBA DIEMEHTOB
BOHPOC 0 IOJIHOTE 0OMEHA HE BHI3HIBAGT COMHEHMIT, HaJuuie TH0JHOro 0OMEeHHOT0
PABHOBECHS B HEKOTOPHIX CJIYYAAX JOJ/KHO KOHTPOAHPOBATLCS CIICI[NAJbHBIMI
ONLITAMM, TaK KaK MCCJEyeMblil pajinoaKTUBHBIL M30TOI MOKET HAXOAUTHCSI
B PacTBOpe B BHJIE COCUHEHWII, OTIMYHBIX OT TeX, B KOTOPHIX HPUCYTCTBYET
B JIAHHOM pacTBOPE HOCHTENb. ;

B GonLImECTBe CIydYaeB PACTBOPHTENEM ABJIACTCA A30THAA KHCIOTA, CO-
neprkaniad HeoOXOIMMbIe HOCHTENH, T. €. UBMEPEeHHEe KOJINIeCTBA dI1eMEeHTOB,
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o0pasoBanine KOTOPHX HM3y9aeTcs B JamHoM dkcnepumente. Hocmremm, kak
OpaBmilo, BBOJATCS B PACTBOPHUTEND 0 PACTBOPEHUSA B HEM MUIIEHH, UTOO
136e;KaTh HEKOHTPOIMPYeMOil ajcopOMUN MIH YICTYyIHBAHUA KAKOH-TO TaCTI
HEKOTOPBIX HPOAYKTOB ANEPHLIX pearnuii. HoamuectBa HocuTeseii BHIrommHo
Opatb .nebombmmym (20.1—0.2 Mr) gas yBeIWYCHES VAETBHON AKTHBHOCTIL
olpasuos nocie BeiieneHns aaemenTa. Hocurenn skeqaTeabHo BBOIUTH B Ta-
ROl xuMirieckoii gopye, KoTopas omujaeTcs s IPOAYKTOB SLEPHBIX PeaK-
Uil 10CIe PACTBOPEHUS MUIICHH.

Hocae pocTmenna moxHoro o6Mena MeskAy pajloaKTHBHEIMA H30TOIAMIL
Kaj{/I0r0 9J1eMEeHTA M ATOMAMM HOCHTEJA PA3JINIHbIe DICMCHTH PasjeasioTesHd
1 BEIJICAAIOTCA B BECOMBIX K OJMYECTBAX IIPU MOMOI{H CEePHI XHMHYECKUX OIe-
panuii (ocaskaenmnit, IPOMEIBAHMIT, BKCTPAKIMIL, HePEroHoK u T. 1.).

ITpn BrIGOpe METOOB BEIICTEHNS TOX ILIIT HHELX 2JIGMCHTOB PYKOBOACTBYIOTCH
B OCHOBHOM CJIEYIONIMMIT COO0PasKenusAMI.

1. Meroas o/skHEEL OBITH paspaGoTaHBl ¢ YIeTOM MAJHX KOTHUECTB HOCH-
TeJeil.

2. Metopst omjiesienns 0T COMy TCTBYIONNX TeMEHTOB J{OJAKHb 00eCIIeTNBATH
BEICOKHIT PaKTOD OMMCTKIT; Pa3jieqeHHEe HIeMeHTH JI0JKHEL OBITh PaHOXHMI-
9eCKH YHCTBIMH, T. €. He CO/lep/KaTh PaMOAKTHBHEIX ATOMOB IIOCTOPOHHUX dJie-
MEHTOB B KOJIMYeCTBAX, OOHAPY;KMBACMLIX HPH U3MEPEHUAX PajloaKTHBHOCTIL.

3. Oronwarenbmoe BuieseHne TPeGYyeMOro aJIeMEHTA JOMKHO OCYIeCTS-
JATBCA B YAOOHOM 1151 B3BemuBannsA Gopme, 410 He0GXO0UMO T OTIPeeTeH s
XUMHYECKOTO BBIXOJA. :

4. Ilormoe Bpems, saTpaunBaemMoe Ha BCe XHMIYECKHE ONEPAIHH, [OIKHO
OBITH MIHIMAJ BHBIM.

Ha pue. 32 mpusepema Tummdmas DpuHIMNHAJBHAH CXeMa XHMATECKOTO
anamusa, paspaborannas MOraaunossv [2¢], quna sugenenua mexoTopeix 1mwpo-
AYKTOB pachienyieHus Meju npotonamm ¢ sneprueit 660 Mas. Cxema ne oTo6pa-
AKaeT TONBKO MHOTOKPATHOINO HMOBTOPEHMS psja OMepamuil Mam MX ITHKIOB.

Texnuka pagmoXuMHIeCKOro aHAIMBA B HACTOMIIEE BPEMA XOPOIIO Paspa-
Gorana Juist Pa3TUIHBIX DIEMCHTOB MUIICHN  BCEBO3MOKHEIX POAYKTOB Sgep-
HOrO pacmierrenus [27731],

B nocaennue rojisi mpu n3ywenun AXEPHLIX PeaKIHil TP BHICOKHX DHEPIUAX
TOJY4HJI IMPOKOe IPUMEHEINe MeTO] HOHOOOMeHHbIX KoJaoHoK. OcHOBHASN 3a-
Jlava pagmoXuMuyecknx paboT — MOMydeHne PaJHOXHMIYECKH YHCTHIX Ipema-
PaTOB BHICOKOII Y/1AbHOI aKTHBHOCTH — B PAJE CAYUYaeB CPABHUTENbHO TIPOCTO
pelaercsa HMeHHo Ipi HCI0b30BAHII HOHHOTO aOMena. Merox nonnoro ooMena
HIeATbHO HOAXOJHUT A Pas/ie/leHns IPH CIAe0BHIX KOHIEeHTpPAlMsAX, THINY-
HBIX A pajiioXuMadeckux ucciegosannii. Texmuka takoro xpomororpadgm-
9eCKOTO KOHLEHTPUPOBAHNA HPI MOMOIA HOHOOOMEHHBIX KOJOHOK HeO0IbIIoi
BriCOTH (50—150 mMum) w meGoanmoro amamerpa (1—3 mMm) Xopomo passura
AnA MHOrMX azeMeHTOB [*27%%]. Marepuasmamn Juisi mOHOOOMEHHBIX KOJOHOK
CIY/KAT B OOJBMMHCTBE CHAYYAER CHHTETHICCKHE OPTaHMYeCREe CMOJLI, HMEIo-
I{He BRICOKHE 0OMeHHBIe eMKOCTH, XOPOMYI0 XHMIUeCKYl cTaOmibHOCTh M HC-
KIIOYHTENbHO BLHICOKHE cKopocTH o0mena. BaskubivM KauecTBOM IpuMeHseMbIX
CMOJI  ABJIACTCS BHICOKas m30MpaTenbHasd CHOCOOHOCTL A OIpeje]eHHbIX
TPYIII 9/1eMEHTOB, 4TOOB MOJTYINThL HAHGOTbIINE KOAPOUIMEHTH Pas/ie/IeHus.,

Onpesenenne cxopocreii pacnajga u uienTuduranum n3oronos. OcCHODB-
HOIl Besmyunoii, sxopameii 8 gopmyny (I11.5), s purancaennsa ceuennii oGpa-
30BaHUA SANEP-TPOAYKTOB SBJSCTCSH CKOPOCTH pacuajia aTOMOB BBI[EIEHHOTO
uzotona D (£), ompejessiionias 4ieao ero aToMOB, HMEBIIHXCA B Komme Goybap-
maposku. HanGomee wacToiil cayuail mpu mccxefoBamUM IPOJYKTOB SjlePHBIX
Peariuii — 3T0 uaMepeHne CKOPOCTH pacmaja P-pajmoakTHBHKX sAjep. Pesxe
MPUXOAUTCA HMeTh Jieqo ¢ F-zaxBaTom, y-H3IyueHueM win a-pacmagoMm. Tex-
HUKA OPUroTOBJIEHNs 06pasmoB JUIsl M3MEPEHHIl CKOpPOCTH pachaja JoJKHa
ofecneunBaTh BOCHPOHBBOUMOCTD B NPUTOTOBJICHEN 06pasmos. OGHYHO TpH-
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Cu 4 HNO, + HCI
4 mocurean Ni, Co, Fe,
Mn, Cr, Ca, K, Na + H.§

QOcanok CuS
+ HNO + HC1 Pacreop Ni, Co Fe, Mn,
-+ 80, (ras) Cr, Ca, K, Na 4 NH,OH
+ NH,CNS + (NH4).S
CROHS Ocanor Ni,Co, P
Fe, Mn, Cr acrnog}
+ 6NHC] Ca, K, Na
+ G,H,0C,H, + (NH{)oCy0¢
[ I B it caoit
l Dibupratt et Ni, Co, Mn, e u Na L Bicho
‘e + NH,0H Cr -+ nuveTni- aC,0, 10,
e | ramowenm | : + CJH,0H
Fe(OH), | | - 7 I
Ocamok nnme- Pacrsop Co, Ocanox Pac-
—_— THITINOKCH - Mn, Cr +HNO
| MAT HUKEIA 4+ KaiO, t Kclo, TBOp Na
Fe,04 | ’ - ]
QOcanor Pactsop
MnO, Co, Cr + BaCl,

l

- Ocanox
BaCrO,

Pac-
Top Co

Puc. 32. IlpnaunnnaibEas cXeMa XMMHYECKOTO aHA/NBA JUIA BHJIEIEHUA PASINYHEIX IPOIYKTOB PacIeIIeHAs  MeiH [2°].



MEHAeTCA HaHeceHue OIpe/eJIeHHOTO KOJIHYeCTBA PACcTBOPA HA CTAHAAPTHYIO
TOTOFKKY C HOMOIIBIO MUKPOIUIETKIT, 9T0 JAeT CTAHAPTHOE OTKIOHEHHE B AK-
THBHOCTH 00pasnos Merbime 2% , BRIWYAA OMNOKN B OTMEPHBAHUA KOJINIECTBA
pacTBopa, M3MeHEHMHAX PasMepoB AaKTHBHOTIO IITHA, HEPABHOMEPHOCTH pac-
Tpejesienusas akTUBHOro ocajaka u T. J. Tak Kak HeKoTOpbie 00PABIBI OJFKHKL

MBMEPATHCA B TeUCHHO [THTEILHOr0 BPEMEHH, TEXINKA NPUTOTOBICHHSA Ipera-
PATOB NOMKHA 00CCHEYNBATL WX COXPAHHOCTD.

OO0pruno kamiplit daemenT, 06pa3oBaBIINIiCA B AJEPHLIX peaknuAX, cojuep-
sRAT OoJee OHOTO PAJMOAKTHBHOrO M30TOHA, TAKHM 00pasoM, HeoOXommma
upenTapuranna 06pa3oBaBIIEXCA H30TONOB B YCIOBHAX HHOTAA BechbMa CIOK-
HOIl cmecu maaydenuit. MpenTuduranus uM30TOMOB B HpUHIUIE MOKeT ObITH
TIPOM3BEICHA IO MepHoAY UX HOoJypacHaja, SHepTHH ¢- WU B-CHeRTpa I 3HARY
P-agacTui.

Jlius oupeseseHns LepHOJIOB MOJypachajga H30TONOB B Clydae CIOMKHOU
IX cMecH KpuBag pacmajga s obpasma goKHA OBITH IPOAHAIH3HPOBAHA
110 OJJHOMY U3 M3BECTHBIX METOJI0OB C IeJbI0 BHIABJICHUA HHIHBHAYATbHLIX KOM-
1noHeHT (rpadudaecKn MO KPUBOI paciaja, Mo MeTOo/y HaMMEHBIIX KBajpaToB
" Tox.).

§ 2. METO/IBI FT'A30BOI'O AHAJIN3A

ITpm ucenegopannu mpoiecca 06pazoBaHusA B ANEPHBIX PEARIIHAX HEKOTOPHIX
DICMEHTOB, HAXOAAMMXCA B ra30BOM COCTOSAHHH (M30TOIOB BOXOPOAA, T'eJNUA,
a30Ta W T. JI.), HPUMEHATCA METOJIbl ra3oBoro anamusa. Llpn obayvyenun mm-
mieHeil B 9TOM CJydae HYKHEI CIeIHAJIbHbIE IPe0CTOPOKHOCTH IS yMeHbIIe-
HHS ToTepb 0Gpa30BaBIIUXCS H30TONOB U3 Mumenu. Hak moKas3aau cremmatb-
HBIE MCCJIEI0OBAHUS 110 MBYUSHNIO MCIAPEHUA B BaKyyMe, MUIICHb TepAeT cpaB-
HATEJBHO MAJYI0 9YacTh 0Opasobapmerocst B rasosoit ¢opme wusoroma [3¢],
B DOJIBIIMHCTBE CJydaes 3To He co3jaer OOJBIINX 3aTpy/IHeHMIl.

B kauectse mpuMepa HCIOAB3yeMoil B aHHBIX OMNBITAX METOAMKI PACCMOT-
PHM CXEMY YCTAHOBRH YIS H3y4eHnAsA 00pasoBamusa TPHTHA, KOTOpAsA IpIMeHsI-
aack B pajge pabor [3771°]. Ha puc. 33 cxematuueckn nzobpaskeHa BaKyyMHas
YCTAHOBKA JUIA OOpeJeleHAs KOJMMIECTBA TPUTHA, 00pa3OBAHHOIO B Pa3HBIX
MUNIEHAX IOJ JeilcTBHEM MPOTOHOB BLICOKOIT smeprum. Mummenu mocae o0ay-
YeHuA pacu.rxaan';mncb B BAKYYMHOM cOCyJ/ie ¥ BbIJ[ED/KUBAJIUCH P BBICOKOH
Temmneparype oxoaxo 10 gac., B TeueHIe KOTOPHIX ra3 BLIXOAWT M3 MaTepmajia
MIIIEHH B OTKaYnBaJcA Au(OY3HOHHBIM HACOCOM Yepe3 MaJaaJueBslil GuiIbTp
¢ DIIEKTPOHATpEBaTeaeM, HpeJHA3HAYEHHBIH JUIA OTHAedeHUus BOJOPOJHO-TPH-
THEBOIl CMeCH OT OCTATBHLIX Ta3000pasHLIX HPOAYKTOB peakmuu. Hpome Toro,
B 5TOM PUIbTpe pasinyHble cOeMHeHHA BO0po/a (Boja, yIriieBoJOPOEL H T. 1.)
PACIIEILIAINCE ¢ OCBOOOKIEHUEM BOJOpOAa. DBryieneHHslii TpuTHil mepexa-
YABAJCA B CHENHAILHO CKOHCprHPOBaHHhIﬁ cueranr ['eifirepa, mpeasapu-
TeJIbHO HANOJHEHHBI TacAllell CMechio, W IPOM3BOJMIOCE MBMEDEHHE KOJIH-
9ecTBA TPUTHSA TIO €r0 P-aKTHBHOCTH.

B oumrrax Kysmemosa u Mexeyosa [*?] mnaBra oGiayvyeHHOR MUMEHN IIPO-
u3BopmIack B arMocepe BOIOpOA, yHOTpeGaeHHOr0 B KadecTBe M30TOIHOIO
HOCcHTENA, HpH Hapiaenun oroao 50 my Hg.

IIpn mraske B Teuenue 1.5—2 gac. BEie/IeHNe TPHTHA W3 MHIOIEHH COCTaB-
asmo oxoano 90%. Hocnenylomaﬂ mIaBka B Tex ke ycaosusax naer 8—9%,
a TpeTbA miaaska — 1—2Y% Bceil AKTHBHOCTH TPHTAA.

Ilpn usyuennm oGpasosanms azora (mzoroma N'?) mpm pacmemrennu saep
METO[KA CYIeCTBeHHO OcaosKHsAercA. Tak Kak mepuoj mosaypacmaga N'3
0k0s10 10 MuH., To XUMAYECKOE pa3/(eJeHie B 3TOM CJIy4ae HOJIRHO OBITh OLICTPBIM
U B TO jKe Bpems obecnegnBaTh TpeOGOBaHME XOPOMIEro BHIXOJA M pajiHoXHMuYe-
CKYI0 9ncTOTy npenapara. Kpome Toro, He0OX0MHMO OLITH YBEPEHHLIM B IOJHOM
n3oTonHOM 00Mene N8 ¢ aToMaMu HOCHTeJ 5T, TAK KaK CYI[eCTBYeT BOBMOKHOCTb,
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9T0 HOCJIe PACTBOPEHHs Mumicnu o0pasoBamHBE ATOMBI a30Ta MOI'YT OLITH BO
BCEX BOBMOFKEBIX COCTOANMAX okucaennda (01 —3 a0 +5). [loaromy mponenypa
pasjedenus odKkHa olecneunrath OHCTPOE M3BJIedeHHe a30Ta M3 PACTBOPA
HE3ABUCAMO OT €ro HAYaJAbHOTO COCTOAMMA ORUCICHMA.

B paGore Jlocrposckoro, ®penkeass u Xymmca [4'] ompepesenne N'#
B MUIICHSIX IPOUSBOJMIOCH IO CAeAyIomell cxeme.

Hocne obaywennst ¢oabrit pacTROpsuINCh B COOTBETCTBYIONEH KHCIOTe
¢ pobapiaennem monos Hocureas NH,*. Menomnsopammas amnnaparypa Io3Bo-
asma cobuparh BHSTSIOMuUIiCA M3 pacTBOpa asoT B Bhjge Tpex ¢parmmi: N,

I

NN
NN\

AU

Puc. 33. Cxema BakyyMuOii yCTAHOBRN A M3Y9eHHA COJIepKanusag TPUTHA B 00JIyYeHHOF
Mumienn [39].

1 — MHWCHB; 2 — TPYGUaTad 1edsb; 4 M 5 — JI0aphl C a30TOM; 4 — MANTANUeBad TPYGKAC HATPeBaTesem;
6 -— aKTUBNPOBAHHLIA YroJb; 7 — cuerank Teiirepa; 8§ — OAIIOHK [JfA HAIIOMHEHWA CYETYNKA paGogeir
CMEChI0; 9 — MAHOMETDEI.

1 N,O B nutuesoit JoByIIKE, NH,* 1 NO;™ B oriesibubixX cocy/iax ¢ HaCHIIEH-
HOIl GOPHOIT KUCIOTOI.

Hockompry GBLIO TOKa3aHO, UTO MpaKTHYECKH BCA akTUBHOCTH N3 oKa-
3bIBasach B ocHOBHOM ¢parmun NH,* juis mumeneit uz Zn, In, Ps n U, 10 aT0
eme Gosee yckopsiio mponecc onpepenenus N3, Konnuectsennsie onpeenenns
N'? 3 nannoit paGoTe TPOM3BOMMANCH ¢ MOMOI[BIO CIMHTHIIANHOHHOIO CYET-
YHKa, N3MEPABIIEro AaHHUTHIANHOHROE V-3 IydeHne, IS 9er0 COCYT, COIepHa-
muit N'®H,, morsomesssiii HaCHIIIeHHO T OOpPHOIT KHCJIOTOI, IIOMENaJcA He-
mocpencreenno Ha kpueraaa Nal(Tl). _

B caywae wmccuemosamma BEIXOJa HepaqMOAKTHBHLIX Ta30B (mampumep,
He? u He?) B paGore Mapruna n gpyrux [42] menosnsoBancs obbeMHELT MeTONI.
Onmake sroT MeToj MOKeT OHITH HMCHOABBOBAH TOABKO MIA GOJBHIHX KO-
JamgecTs 0o0pasyiomerocss rejus NPH JIHTEILHOM OOAVYEHNH OOJBIIHX MH-
mIeHeit. :

Jl1s KosmaecTBeHHEIX H3MePEHITIl MATBIX KOTMIECTB Telis, 06pasy Ioerocs
B MHIICHH IpH 06ayueHHM OHICTPHIME YACTALAMH, OOJBIINM TIPEHMYILeCTBOM
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obIafaer codYeTamie MeTOJa Tas30BOT0 AHAJNMBA C MACC-CHEKTPOMET,  ACKEM
OIIpesieJIeHNeM KOJHYECTB Trasa.

[Tpumenenye Macc-CHEKTpOMETpa IO3BOJSCT B TO e BPEMA OMpPeesnTh
1 COOTHOIICHAE Pa3INYHLIX H30TOIOB JIAHHOTO HJIEMEHTa, M3BJCUEHHOTO U3 O-
HOIT mumenn. B atom cayuae Ha Macc-cmeKTpoMeTpe MOJIKHA IPOM3BOAUTLCH
OJTHOBPCMCHHAS PETHCTPANMA JIBYX MM OOJIbINE MOHHBIX HYYKOB. 9TOT METOJ
C ycmexom mnpumensiacsa upu mnaydsenmn coornomenus He? u He*, oGpasyio-
IUXCS B ANCPHBHIX PeAKOUAX NpH Boicokoil smeprmm [*%]. MaxcumasibHas
TyBCTBHTCALHOCTE Takoit Meromuku okoao 10° aromos He®. UyscrBurenbsrocTs.
aaa He' o6brano mnske (okoao 10'°) peaencrie HaTekanus aTMocepPHOTO Terus
B BAKYYMHYIO CICTEMY MAacC-CIeKTPOMETpa.

AHaJTOTHYHBIE METOX MIMPOKO HCHOJB3YeTCH JUisi usyuenusi oOpaszoBaHus
G6raropoyuuix raso (Ne, Ar) B AZepHHX pPeaKIUAX IPH BHICOKHX DHEPIAAX
qactur, [44-45],

§ 3. METO/{ H30TOITHOI'O PA3BABJ/IEHNA

Jasa pemenna HeKOTOPHIX BONPOCOB WCCJASOBAHMA AMCPHHIX pPeaKIuil
IPH BHICOKMX DHEPTHAX YACTHI[, B YACTHOCTH CeUCHUII oGpasoBanmsa craOuib-
HBIX HM30TOIIOB, BLITOAHEIM OKASLIBACTCH MCIOJb30BAHME METO[a M30TOMHOTO
pasOaBjieHlsi Kak MeTojla XUMHYECKOr0 aHAJIN3a ¢ WCHOJL30BAHEEM MAace-
CHOeRTpOMeTpa WM JI000r0 JPYTLOro MeToja WM30TONHOro aHajmza. OObru-
Haj TeXHUKa PaccMaTpiBaeMOro MeTOJd CBOJMTCH R CIEYIONIM OIlePaIiaM.

1. B pacrsop, cojep:srauuii M3BecTHOE KOJMYECTBO AHAIMBHPYEMOro 00-
pasma, pobapisieTcs ODpefeieNHoe KOJMYeCTBO  M30TONHO'O HOCHTENS
(T. e. HeKOTOPOTO M30TOIA BJEMEHTA, IOMIEKAMEr0 WN3YUCHIo).

2. Cmecn o0pasna m HOCHTEJS HPOXOAUT COOTBETCTBYIONIYIO XUMHUECKYIO
00paboTKy IIA OTAeNEHHA W3YYaeMOTro JIEMeHTA C BBeJeHHEIM HOCHTEICM.
Ob6paGorka poaskua ofecmednBaTh YCTaHOBJICHNE IIOJHOTO OOMEHHEr0 pap-
HOBeCHs II30TONOB 00pasma ¢ HOCHTeJeM.

3. Vismemenme B M30TOIHOM COCTaBe W3yTaeMOTO JIeMEHTA B 00pase,
BHI3BaHHOE Jl00aBJeHIIeM W30TONA HOCHTEN s, ONPEeIseTcaA Macc-CIeKTpo-
MeTPHYCCKM. 3aTeM IOACYUTHIBAETCH KOHIEHTPANWH W30TONOB JAHHOTO BiIe-
MCHTA B anajusupyemom oOpasme. Pacuer mpomsBoguTcsi ¢ MOMOMILIO ypaB-
HEHNIT, OTHOCAIUXCSA K KOJHWYCCTBEHHLIM COOTHOHIEHIISIM M30TOIOB J{AHHOTO
aaemenTa B o0pasme, HocHTese M UX cMecH. TOYHOCTH TAKOTO M3MEPEHHS OI-
pejieiisgercsa MPoCTO TOYHOCTHIO B OIIPEAEICeHAN OTHOIIEHHs M30TOIOB HA Macc-
cHeKTpoMeTpe.

WpeanpueiM HocHTeseM B TAKOM MeTO/le ABJACTCA MOHNOM3OTOIHEIL HO-
CHTeIb, YTO, IOMHMO TPOCTOTH BLIYMCIEHHIl, YIPOI[aeT I XUMUYECKYI0 00-
paborky obpasia, Tak Kak B HTOM CIydYae MOKHO BBECTH B HMCCIeyeMBIil pac-
TBOP HamboJbllee KOJMYECTBO HOCHTEJNSI.

ITpenmymecTBOM MeTOAa H30TONHOTO Ppas0aBieHHA HBIAETCA TO, UTO
OH sABIsAeTcA aOCONIOTHEIM METOJIOM, KOHEYHEII pesyJbTaT 3aBUCHT TOILKO
0T MB0TONHBIX COOTHOmWeHHi. B omimue or pagmoxummyeckoro merosa pe-
8YJbTAT He 3aBUCHT OT XHMHYECKOTO BBIXOJa M3Yy4aeMOro ajeMeHTa. B xmmm-
YECKUX ONepanuAX BhIIeJeHHA MOKeT TepATHCHA JI1000e ROJIMYecTBO DIeMeHTa,
TaK Kak IpPH 9TOM He IPOHMCXOJAMT TPEHMYIECTBEHHOIl IIOTEPH OJHOI0 M3
n30TONOB. Jlms ompemeseHHA MB0TOIMHOTO OTHOIMEHHA MOJKET OBITH HCIIOb-
30BaH J000i IPOMBININIEHHBIT Macc-COEKTPOMETP, TaK KAK Ba/KHO TOJIBKO
n3MepeHne OTHOIIeHHA M30TomoB. Hawiryumas ayBeTBUTEIBHOCTS METOMA JUIS
GoapmuucTea aaementoB 107'% r., a mus mekoropmx (manpmmep, K, Rb,
Co)anad Q-8 . [48] 0

HanGonbmme orpammuenus naumord mMerojia BHIBBIBAIOTCH 3ar]A3HEHHAMMI
ofpasna TeMm dIeMEHTAMH, KOTOPHE M3YYaloTcA B peakmusaAX. BeaycaoBHo,
MCHOJb30BAHNE MeTO/la W30TOIMHOTO pasdaBieHUs BO3MOKHO TOJBKO IS
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2JEMEHTOB, MMEIOMMUX Goiee OJHOTO M30TONA, KOTOPHIE MOTYT OLITH M3MEPEHE!
B MaceC-COeKTpoMeTpe. :

PaceMoTpuM  KOHKpeTHBIe cjyualn HPUMCHEHNA ONNCAHHOTO MeTojia.
Ilycrs B MUDIEHN COACPIRUTCA TOJBKO OJMH u30TON A® B HEM3BECTHOM KO-
mmuectse. K oGpasny, sastomy B koanucerse 1 r pobapuau 1 mr msorona
toro ke saementa AY, xoroporo B obpasine ne Gmuao. llocae cmemmBauus
I M3BJEUEHUH JAHHOrO 9JeMeHTa u3 obpasga Ha Macc-CleKTpoMeTpe NnoJjay-
UM MACCOBHIL CHEKTP ¢ cooTHOmMeHueM usotouoB A¥: A% paBHBIM, Ha-
npumep, 9:1. Tax kax Beicora nuka AY CcOOTBETCTBYIOmAA HOCUTEIIO,
orseuaer kounentpanun 107% To coorBercTBylOmas KoumeHTpanus A” B 06-
pasue pasua, caeposarensno, 0.2 x 1070

Ecan obpasen u HocHTeJDL cofepskar Oolee OJHOTO HM30TOHA, TO A pe-
MeHns 3a7a9N MOYKHO MCIOJB30BATH COOTHOIIEHHA KOJHYECTB JIOGBIX JIBYX
m3oTomoB B obpasme, HocUTeJle W UX cmecu. [leficTBUTeNbHO, A ABYX H30-
TONOB, OTHOCHTEJBHOE COjieprkaHde KoTopuix ecThb X, m X, (B mpomenrax
K ofmeMy WHCIy aTOMOB JAaHHOIO 3JeMeHTa), Iocjie MAacc-CleKTpoMeTpude-
CKMX WM3MEPeHHIl mMeeM:

S
X X5 /)o6pasna’ 2 X /nocurenn’ 9 X ‘emecn

Ecim M, — macca mccaefyeMoro siaementa B Mmmenn; M, — macca
BTOTO ke dJeMeHTa, 700aBIeHHOr0 KaK HOCHTeNIh, TO MOKHO IOJYYUTH COOT-
HOIIeHUE

s (K1+1)-(1—',§—;1)
(K —K) - (1 + ;)

Hawayummnii HoCUTeIb B DTOM cIydae, KaKk BHJIHO M3 ypaBHeHHUS, TOT,
B KOTOPOM OTHOINEHHE M30TONOB K, MaKCHMalAbHO BO3BMOKHO OTJIMYAETCA
"ot HOpmaabHoro K, Tak, urobur K4/ K, cuasno oramdanoch ot 1. OOmuii cay-
~aii MCIONB3OBAHNA METO[A MB0TOLHOro passeieHns paccmorpen Pmkom [47].°
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l'aasa 6
METO]] SAJIEPHBIX 3MYJIbCHIL

Menoabzosanne cnennaibHEX (QoTorpa@uyuecknx sMyJdabCHil JUIS SICPHEIX
nccaeoBaNMil  (MHAYe HasBBACMBIX AACPHEIMH, INIH NOHOrPa@UYeCKHMH,
SMYILCUAMA) IPI M3YUYeHHH B3aumojeiicTBuii vactui GoJbiioil sHeprum
¢ AApaMM CHIPajlo 3HAYNTEIBHYID POJIb B PAa3BUTHH CYMECTBYIONAX Ipej-
CTaBJCHUIT O MeXaHu3Me 9THX B3aHMOJCIICTBHIL.

Bosmossnocrs Buzyanbnoro mnalaiojieHis eINHUYHEIX aKTOB AACPHOTO
B3AaHMOJICHCTBHA B BHJe TAK HASLIBAEMBIX «3Be3[» B SAEPHOH dMYJILCHI II0-
3BOJIsACT TOJNYYHTH (OJDLIIOe YHCIO HENOCPEeJCTBeHHBIX JAHHLIX O XapaKre-
PUCTHKAX SJIGPHBIX peakIyiii: o wucie m npupoje o0pasyomuxcs Opu pac-
mMEeIIeHuN  AApa 3apA/KEHHBIX YaCTHI[, 00 HX YINIOBOM I 3HEPreTHYeCKOM
pacipejieJieHNAX, 0 TepejaBaeMbiX APy NPH CTOJKHOBEHHNM 3HEPTHUN U M-
nmyabca n T. 1.

Bee otm pammeie MOTYT HeMOCPE[CTBEHHO CPABHUBATLCA C Pe3YJIbTATAMHA
COOTBETCTBYIOMMX pacuyeToB B cynmiectBylomeit Teopun. Merox spgepnbix
AMYJIBLCHIT XOPONIO JOMOIHAET METOJAL XMMHYECKOT0 aHAAM3a, KOTOPhie Aal0T
JeTajbHble cBeleHNA 00 0CTATOYHBIX HAApax, HO MOTYT JaTh CPaBHHTEJILHO
MaJI0 CBeJeHNI 0 YacTUIAX, MCHYCKAGMBIX TPH PacHmielIeHI spa.

Pacemorpuy ocnoBmbie 0COGEHHOCTH METO/A AJEPHBIX SMYJIbCHI I OT/elb-
HEIE ero IIPIMEHEeHWs TP U3YyYeHUH SAJePHLIX pPearI(uil.

§ 1. CBOIICTBA AJEPHBIX 3MYJIbCHI1

fAnmepure wynbcml Tpe/icTaBIAIT co0oi BBICOKOROHIEHTPHPOBAHHLIC |
BBICOKO/IMCTIePCHble amyabeni u3 6pomncroro cepedpa. Homuenrpaunsn AgBr,
KOTOPHIT HAXoAUTCA B opMe MHKPOKPHCTAIIOB HOYTH cepuueckoil (opMer,

8 Ancpume pearmun $13



B GONBIIMHCTBE M3rOTOBISEMBIX B HACTOANEe BpeMs SAACPHEIX JMYJILCHI
cocrapiger okoxo 83% mo Becy. B kauecTse cpedni, B KOTOPOIl pacmpeseseHb
mukpoxpucramasl AgBr, Haubosee MIPOKO MCIOAB3YeTCHA >KeJaTHHA ¢ ILTa-
CTU()UKATOPOM,/ HO BO3MOKHA YaCTHYHAS 3aMEHA JREJIATHHBL TOBEPXHOCTHO-
aKTUBHEIMH BemecTBami (THma moamsmaEmIoBoro cumpra). Cpennue pasmepm
MHEpPOKpHcTajioB Opomicroro cepefpa g OOJBIINHCTBA AACPHLIX OMYJIL-
cuit maxomarca B mpegenax 0.12—0.3 mx, swyascun HUKDU, Uasdopp,
Kopar, AI'DA, Hermen u jap. [']. Opuako cymectsyor m 6olee Meakoaep-
HUCThIe S/IGPHEIe OMYJIBCHII CO CPefHuM pasmepom mukpokpucramion 0.03—
0.08 mx, omynwscmm H. A. Ilepdumaosa, PUAH CCCP [3], m amyascun [le-
mepca, Hamana [2].

YenbHas IUIOTHOCTH BCeX OMYJBCHII ¢ HOPMAJILHEIM cocTaBoM (me pac-
CMATpUBasg OMYJLCHIl, Pa30aBIEHHBIX KeJATUHOI, MJIM  3SMYJbCHIl, 3arpy-
JKEHHBIX KaKHM-I100 IIOCTOPOHHIIM DJIEMEHTOM) HaXQIHTCA B mpefenax 3.8—
4.0 r/em®.

fnepusie aMyabenu H3roToBAsMIOTCH ANO0 HA CTORISHHON TOATOMKE € TOJI-
mMEHOIT aMyabcHoHHOr0 ¢105 0T 50 10 400 MK (B HPUHIAIE MOTYT M3rOTOBJATHCH
n Golee TOJCTHE IMYILCHOHHBIE CIAOM HA IO/JIO/AKKe, HO CYMECTBYIOT (0Jb-
mue TpyjAHocTH B MX o6paborke), anGo Ge3 MOMI0MKKN ¢ TOJIIHOI ciros 400—
600 wmx. Ilociemmume npegmasmavaoTCA TIABHLIM 00pazoM AaA coGmpamus
OMYJIBbCHOHHBIX KaMep JI00bIX paszMepoB U TOJNMHEL

Amanna BIeMeHTAPHOTO COCTABA MAACPHBIX OMYJIbCHIl ITOKA3LIBACT, YTO
B OMYJBCHH B OCHOBHOM COJAEP/KATCH jiBe AAJeR0 OTCTOANIE 110 ATOMHOMY
Becy rpymnns atromos: H, C, N, O u AgBr npn BechmMa HesHAYUTEILHOM KO-
amdecTBe aTomoB S, J, Au.

B 7Taba. 11 mpusemen cocras JByX Haubojgee IMHMPOKO HMCHOIb3YEMbIX
amynb(,mr HUROHU—CCCP u Uasdpopa—Anraus. Cocran APYTHX OMyJlh-
CHIl DTHX jKe M3TroTOBUTENel IMPAKTHYECKN TOT #ie CaMBbIil.

Takum o0pasoM, 2JIeMeHTAPHEIT COCTAB PA3IMIHEIX OMYIBCHI TOUTH OUH
W TOT jKe, 9TO TPHBOJUT K TOMY, 9YTO B OTHOMIEHIN sAAePHLIX B3aumojeiicTeuil
BCE DMYJALCHH OIM3KH APYr K JApyry. MosKHO BBIMHMCANTD BeJHUHHY, Xapak-

Tabamua 11

dieMeBTApPUBIi COCTAB ANEPHHIX HMYJAbCHIl (HPH OTHOCHTEIHHOI
Baa:aoeTn 58%)

i Hasgopa G-5['] HUK®H-Bp [']
DitevMeHT yiaedanHoe Konebanne yaeJdnhHoe Kodqiehanne
cojepikanne, | OT HAPTHH | COAepisanue, OT HapTHi
r'em? K naprun, %, r/iem? K maprum, %,
AT R ety £ 1.817 1.6 1.829 2.3
Ay 1.338 1.5 1.359 * 24
S 0.012 1.6 0.005 <20
) L 0.0534 2.2 0.049 8.1
(GlE=Fe e s 0.277 24 0.277 74
b . 0.084 2.4 0.087 6.9
@ e el 0240 2.0 0.283 3.1
S 3 - g 0.007 2.8 0.002 < 5.0
[laoTHOCTS,
TOMB S o 3.828 3.890
IMosnoe  unme-
JO  8TOMOB
BloMd ., ;. 7.88 - 1022 7.82 -1022
Cpennee 4 . . 28.98 29.95
Cpennee Z -, . 13.17 13.59
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TepU3YIOmMyI0 sAfepHBe B3aUMOJelicTBUHA — I101HOEe AnepHoe ceyenme HA 1 T
OMYJILCHN:

=y 0.
v (%)
2 :’“ : ]
Pt ZP‘
\
rpe N, —uiicio ABoraapo; o, — nojHoe ceuenue scex sgep B 1 oa® MY JIb-
CMIL; pp — NJIOTHOCTH  9MYJbCUM, T/cM’; o, — reoMeTpHuYecKoe ceuenme sjpa
i-ro anementa; A; — aToMHBI Bec i-T0 DIEMEHTA; p;, — cojlepsKaHue i-ro
saeventa B 1 om® omyupoum, r. : ;

JTa BeNWUNHA OKA3BIBAETCH MAJOUYBCTBHTENLHOH K WM3MEHOHMSM B CO-
CTape SMyJdbCHM, TPHYEM TAKEILIe DIEeMEeHTH JaioT okoixo 70% oT moamEoro
AJIePHOTO ceYeHus (reoMeTpUYecKOro). 2

Ilo cvomm ororpagmuecknm, ayume ckazars, AJIPHOCEHCATOMETPHYIC-
CREUM, XapaKTepHCTHKAaM BCe sifiepHEIe OMYJbCHH pPasfelsAloOTCs Ha TPH OC-
HOBHEIE THIA.

1. Omyabenu HMBKOIl TYBCTBUTEIBIOCTH, N
npe/iHasHAYCHHLIC A PEerHCTPALME CHJILHO ar B
HOHHBUPYIOIMX YaCTHI[ ¢ MOTEPAMH DHep-
run > 50 koB ma 1 MK mpobera (ockoakoB

|
|
|
AeNeHnsi, MHOTIO3apPAAHBIX HMOHOB, MeJJIeH- !
|
I

HBIX (-JaCTIIIL). (@ Lo A

2. OmynbCHE CcpemHell WYBCTBHTENbHO- (@F/min ! ] .
CTH, CIOCOOHEIE PeTHCTPUPOBATH CJAe[B Ha- lé} gé) £
CTHI[ ¢ moHu3anmeil >2 koB ma .1 mMxr mpo- R/min UR/mez  dR

Gera (nporonsr ¢ smeprueii g0 50—100 Mag).

3. OMyabcHM  BHICOKOIL TYBCTBUTENADL-  Puc. 34. 3asmcumocts mrotaoern
HOCTH, PerucTpupymomme CcIaeabl 4YacTHl[ UPOABIEHHHX 3epen Ag OT yuersh-
¢ MUHHManbHON wommzamueit (0.55 ®sp ma HHX TIOTeph dHEPIUH JacTEuM.

i ME) Touka A xXapakrTepnayer MUHNMAJIBHEYIO,

5 AL XOpowo pasauyuMylo Ha doHe seped

B sasucenmoern OT 3ajavu, JjsA pelieHus ByajM, DIOTHOCTL 8€peH B TpPeEKe.

= AB — obaacrts Hangywmeir JIVCK PuMK-
KOTOPOM MCHOJDL3YIOTCH AllepHbIe B3MYJILCHH, HAaNN.

BEIOHPAETCH THII BMYJABLCHM, TIPHYEM B IIpe-

Aellax Ka;RI0ro W3 TpexX THIIOB BO3MOJKCH

BHIOOD 113 HECKOJLKHX  OMYJbCHIl, OTIMYAIONIXCH JMCKPUMUHAHOHHOR
cnocobrocThio.  Jlmckpumumanmonnsie  cnocoGHOCTH OMYJbCHH 110 OTHO-
mennio K uactnmam ¢ HeGoabmnym sapagoMm (Z<C3) onpefensiorcs mead-
KOM XapakTepoM 3aBHCHMOCTH IVIOTHOCTH NDPOABJIEHHHIX sepenm Ag B caeje

AN AR
OT Y/A€JbHBIX NOTEPh DHEPruil YacTHIB, T. €. BUAOM (YHKINN ﬁzf(ﬁ)'

cxematnuyeckn msobpazkeHHoil wa pue. 34.

Crenens pasziuuenus wacTHI[ ¢ PasiUdHBIMH YACALHBIME HOTEPAMH ON-
pe/ielisieTca HAKJOHOM KpHBOIl %Y == f(j—f;
JMHeIHOrO ywacTka omnpejedser o6aacTb mamayuiniei JucKkpumumanun [*].
Bee o10 copasejaueo w mo otmomenuo K MHOT03aPAAHBIM YacTUIAM, HO
TOABKO JUIS dMYJIbCUI HM3KOH UyBCTBHTEIBLHOCTH.

B dyncTBHTeNbHBIX 3MyIBCHAX, Tie TPEKH MHOTO3apAANLIX YaCTHI[ Ipej-
cTaBasior coGoil cIOmMHBe KOJOHKH cepeGpa, AHCKPHMHHANMOHHBE CIOCOG-
HOCTIT MYJILCHI 110 OTHOMEHNI0 K MHOTO3apPAJAHEIM YacTHIIAM ONPEIeNsioTCH
B OCHOBIOM pacnpejielleHeM MUKPOKPUCTANIOB 10 pasyMepam ¥ 110 UyBCTBH-
TEJALHOCTH M OKABLIBAIOTCA HAWIYYIMMH JUIst HauGosee MeTKO3ePHHCTHX
BRICOKOMYBCTBUTCALHBIX aMyabenii [4].

CymecTsennoii XapaxTepucTuKoi ANEPHBIX OMYJIBLCUH ABIACTCA UX TOP-
MOZHAH CNOCOOHOCTL [ UCCJACAYEMBX YACTUIL. Y eibHbe NOTePU BHEepPrun

), a o0mas npoTSHKEHHOCTD
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wacTui M WX npofer B SMYJAbCHM NpU JAWHOI CKOPOCTH MOLYT OBITH 10y~
qens pacueTHBIM muyrem. B arom cayuae HeoOX0AUMO  yUHTHIBATh, YTO
AMYIBCHSA ABAACTCA  CJAOMHOM TOPMO3SAMEHl ©pejloil, COCTABIGHHONH U3 Pas-
JUYABIX aTOMOB.

Ilps nPEANONOKEHNI CHPABEINBOCTA 3AKOHA AUIUTHBHOCTH ATOMHBIX
TOPMO3HHIX CHOCOOHOCTEH NOTepPH HHEPriil YacTHIH Ha HECKOHCUHO MaJOM
oTpeske NyTH dr BHPABATCA ypPaBHCHHEM

~—%—'€=E(—d£‘):>:mpiw)' (11.16)
i i

rne N,—uucio atomos i-ro copra B 1 cM’ p,— aroMmnag TOPMO3HAA CIO-
c00H0CTE, 9B/aTOM.

Jlass swumcaenus p,(E) upu JOCTATONHO BBICOKNX JHEPrUAX HACTHIL
(>0.7 Mag ajst NpPOTOHOB) MCNOAB3YETCA YOPMYJIa Bere |°]

P, (E):lmc‘*z?Z,N; (lg2m02 cp )'

mv? ic 790k o
rae z, ¥ — 3apAjg ¥ CKOPOCTh YACTHILI; €, M — 3apA/[ I MAcca JAERTPOHA,
Z,, N,—3zapag m uMcjo aToMOB TOPMOBAUIEr0 BCIECTBA; ¢; — NONPaBOTHBII
gjeH, yuuTbpaomui Maayo spesTuBHOCTE K-anexrponos; I; — cpejnuii
MOHNBAIMOREK noTenmuan, maxozures no gopmyne I, =127, o, Jaomeit
HapJyumee corjacue ¢ ONbITOM.
Tlpn peasTHBUETCKUX CKOPOCTAX YACTHI|
4medz2Z ;N ; 2muv? v2 v2 °
p.(B)= ; [lg 7 -1.g(1 _-c_z)_— (11.18)

muy? 7

(IL. 17)

< ze2
B ciyuae MHOT'O3apANHBIX qaeTul, JIAsg CRopocTen, MEHBIINX T’ He-

06X0/MMO YUNTHBATH WBMEHCINC 3apsifa 9ACTIIBI NPH TOPMOFKEHIHH, UTO
Hajie’kHee BCEro B HACTOANEe BPEMA JIENATCH NYTeM HCTOoJb30BAHIA
9KCNEPUMEHTANBHO ONPEICJICHEON 3aBICUMOCTI z ()% (pue. 39).

IlpoGer wacTumsl ¢ auepruecii £ onpejeisercsa w3 QopMy.Isl (I1.16)
HENOCPEe/ACTBEHHBIM ITHTET PUPOBAHIEM

o

R (B)= 2 (I1. 19)

e

¢ TOYHOCTBIO N0 Heroropoii nocrostauoit. Vamepenns saBucuMocTeil npober—
8HEprus A NPOTOHOB NOJTBEPIK/IAIOT BHTICICHNS 110 NPUBEICHHBIM BBITIIC
dopmynam. Takum oGpasom, MCHOJNBL3OBAHNC YKABAHABIX gopmyn naer BO3-
MOKHOCTB € XOpOmeil TOYHOCTBIO BHIYUCINTE TOPMO3HLIC XapaKkTepueTHRH
IS DMYJABCHIl ¢ HECTAUJAAPTHBIM COCTALOM. Her 5e00Xx0MOCTH BHUUCIATH
N0/060be 3aBHCHMOCTH NPoJer—oHeprus Juis BeeX HCcJelyeMbX HacTiil.
JlocTaTouno mnpoBecTM BHUMCIEHUE UL NPOTOHOB, y1o0OBl NOJYUUTH BO3-
MOFKHOCTB ONpe/eiATh NpPodern JolbX YacTH, B dMYJIbCHIL. ITO0 BHITERKaeT
W3 TOro, 4TO TNOABHTErpajibHoe BBIPAIKEHUE B (I1.19) saBucuT TOJARKO OT
CKOPOCTHM UACTUI, U HE 3aBUCHT OT WX MaccH M 3apsia. ITocnegnee, KO-
HEuHO, cnpaBenauBo jaA Goipmux ckopoereit. Momkno BHFecTH cjenyomue
COOTHOMEHUA 711 Npo0eroB wacTul IO OTHOMEHMI0 K npodery HNPOTOHOB:
I OJLHO3APSAHBIX YACTHI[ —

M
- HM(B):—M;RMI,(B)’ I1. 20
p=Xp (Yrp i
R,( )‘—'jl—p a0 \ BT
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JUIS MAOI03a PHJIHBIX qacmn—

,y = (B)—' 22 RMI, (B) + “momy

(L1 2'1)

rae R’w,.——nonpanormbm WIeH ;Um yuera yne.xumcmm npodera InoJoKu-
TeNbHO 3apMA;KeHHOro uoHa Onarojaps saxpaTy dJIEKTPOHOB.

.
10} ’
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L M—‘ o
08}
N el
Ng e
sy
04+ .08
- ' a-Nem
02k .-Ar'a
1 1 1 1 1 (]
0 05 15 25 30 35 IR i

F/Zg

Pume. 35. 3asucumocth 3apsja HWOHOB 0T CKOPOCTH.

Veeanuenme mnpofera MHOro3aps/iHpIX WOMOB Ron GBLIO MCCIAEIOBAHO
B pabore |°] 1 nOKaszano, 4TO CYHmECTBYeT HEKOTOPASA JMHAA . JLIA PasHLIX

R
woron QyuIus C, = —ﬁ‘?“
ok
L 013 o 1
i B I
020} 8 *
ot
™
N
s
o
gorf
o .-
008 e=N?
o- 0’
o- me
004 o—ArY
o-F
1 2 L 1 1 L 1 A 1 (WSO =S
] e ) L R
w7 2
137 B

Puc. 36. I'paduxr ynxnmm C, = 1"(

1378
TpOHOB, e

/ 3 \ i
Ryon= Mz'sC, (7) , TNoab3ysach sHaueHumAMu QyHrmuu O,

J — OCHOJNKH JeJI€eHUA Ypauna.

us

OT CKOpPOCTH B eJAUHUIAX CROpocTH K-anex-

Takum o0pazom, okaswBaercd YAoOHEM ONpeeNATH

rpagura

(pue. 36). Ilpn cxopocrsix mnomos Goubiie NHPUMEPHO YeM J(Be CROPOCTH
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Tabnuuma 12

HpoGern pasinyubix HOHOB B SMYJIbCHE Havdopy G-5, Bmeymennoii B naxyyme, Mn

E/A, Mas H* Het Li? Bl B cH N 0 o Ne»
0 0 0 0 0 0 0 0 0 0 0
0.5 — 6.7 6.9 5.0 5.5 5.4 4.7 4.8 5.4 4.9
1.0 13.92 15.3 11.5 10.2°|" “41:3,-+ 10:5 9.3 9.5 9.9 9.2
1.5 25.63 26.9 22.8 199 | 47.5] - 156: 4411 142 441 | 134
2.0 40.01 40.9 33.5 LT 2891 212 | A9 R SaR gl fhg
2.5 — 57.5 45.8 28.6 | 314 27.2| 245| 245| 239| 222
3.0 76.43 76.6 61.2 36.5 | 40.2| 339( 30.6( 302 29.3| 27.0
3.5 - 98.3 77.3 450 | 495| 41.4| 37.2| 36.0( 351| 323
4.0 121.9 122.2 95.8 541 | 59.5| 49.6| 445| 424| 415| 37.8
4.5 — 147.0 115.3 64.0 | 70.4| 58.3| 52.2| 49.2| 48.4| 438
5.0 175.9 174.9 130 748 | 823| 675 60.4| 56.7| 55.8| 50.1
9.5 — 204.3 157 86.6 95.3| 77.7| 68.9| 645| 63.6| 56.7

. 6.0 237.9 235.1 184 99.3 | 109.3| 884 78.0| 726| 71.5| 635
6.5 — 267.9 210.8 122.8 (1244 ( 99.7| 87.7| 81.2| 796 706
7.0 307.8 302.6 230.8 126.7 | 1393 | 111.5( 98.1| 90.2| 88.0( 77.9
7.5 - 339.3 267 141.3 | 1555 | 123.7| 108.9| 99.7| 96.7| 85.7
8.0 385.3 377.8 297 156.8 | 172.5 | 136.8| 119.9| 109.5 | 105.0| 93.8
8.5 —- 418.4 328 173.1 | 190.4 [ 150.6 | 131.3 | 120.0 | 115.9 | 102.1
9.0 470.3 461.4 363 189.9 | "208.9 | 164.7 | 143.0 | 131.2| 126.5| 110.9
9.5 - 506.0 398 206.6 | 227.3 | 179.1 | 155.4| 142.8| 137.5| 120.0

10.0 562.5 552.6 429 2239 | 246.3| 194.0 | 168.2 | 154.8| 148.7 | 129.4

K-anexrpona, Korga momm HecyT wodnwbii sjepunlii 3apsan, gpynxmua C,
CTAHOBUTCA NMOCTOAHHON U Riop MPocTO NPONOPILIOHAALHO Z's.

Has npororos cymecrnyer yaobmas omnupuueckas (GopMyda, CBA3E-
Baioumas npober (B MuKpoHAX) M sHeprui0 (B MUIIHOHAX BIEKTPOHO-
BOJIBT) |7]:

E =0.251R*™®,

Cupase/uInBasg B uATepBaje suepruii or 8 go 40 Mas. Dra dopmysna naer Bos-
MOPRHOCTL ONPE/IeIATH MPoGer HPOTOHOB ¢ TOIHOCTLIO OKOMO 2% B CTAHAAPT-
HOHl HMyJbCHU BHCYmeHHOH B Bakyyme. B radm. 12 NpuBeAensl npobern
PA3IMYHBIX MOHOB' B SMyJLCHM B HHTepBage omeprumii jo 10 Mss ma
HyKI0H [% & 9],

§ 2. XAPARTEPHCTHKH CJELOB YACTHIT B ATEPHOIL OMYJILCH T
H BMX U3MEPEHHA

Hpu mpoxomaennu wepes smyasemo, kax TOPMO3ANMYI0 N PaccenBaoIIy0
cpeny, aiodas 3apsyKeHHAs YACTHIA Oy/er XapaKTepu30BaTLCA CPeLIIM
IpoGeroM ¢ HeKOTOPHIM PazdpocoM M CpejiHuM YIVIOM MHOFOKDPATHOIO pac-
cesnua. Kpome Toro, amepmas awyascma xax dororpaduueckuit MaTepualn
TO3BOJACT MONYTHTDL eme WHPOPMAMUIO 00 y/eXbHEIX IOTEPAX DHEPIUN da-
cruiht. Bee orm xapakrepmermrm moryt GHTH H3MEpPEeHB npu HabJ 0 eHnn
CIEA0B MACTHIL B DMYJILCHH MOC/e ee MPOABIEHHSA, JUIH TOIO0 UTOOH MOJYIITH
coefienist 06 HHEPrHUM WM NpUpofe FAcTHIL. JLas uX H3MepeHHA MCIOJb-
SYIOTCA pasimdHble METOAEI, OCHOBHBI® 13 KOTOPHIX ommcamml jaiee. Hapsay
¢ AAHHGIME O HPUPOJE M BHEPIAM YACTHL, CO3MAIONIHX CJICAH B OMYJIbCHH,
AZCPHAA MYIBCHA 103BOJIACT ONPEACHUTH IPOCTPAHCTBEHEOe PACIIPE/eIeHIe
4acTui, o0pasylomuxcesa B pacuieluieHHN, IS 9ero MCHOJb3YIOTCA COOTBETCT-
BYIOIHe METO/bL Ope/iedeHUsl YITIOB OTHOCHTEAbHO BEHOPAHHOr0 HANPABICHHA.
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lipoGer wacrmny B smyabcun. Mamepenine npofera wacTiiy B aMyTbCHE
HPOMBBOJAMTCA IIyTeM W3MEPeHMs JUIMHEL IPOeKINH ciefa Ha (GoKajabHYIOo
wiockocTh ofbex1uBa (/) W yraa mawioma caega K 9r1oil miockocru (9) mam
BePTHRAILHOH HpoeKmun ciaesia. Bropeie mamepeHus JOMKHHE OHITH HCIIPAB-
JieHbl Ha 9PPEKT ycagKm oMyJabCcHH Hocae ee ¢ukcuposamms. Ecam xkoaddu-
HHEHT yCajKu SMYJBLCHM PaBeH /£, TO MCTHHHAA JUIMHA CJIeJa ONPEAeJUTCS KaK

R= P2+ Ih? =11+ k* 1g*v.

IIpoGer wacTim gaHHOil SHEPTHH B DMYJABLCHH HOIBEP/KeH JOBOILHO 3HATA-
TeIbHEIM (QaykTyamusaMm Oaarofaps 3epHHCTOMY Xapakrepy caega. Pas6poc
upoGeros, onpejenasemslii 1m0 3Havenno noaymupuns 2AR Kpupoit pacmpe-
Aenenns mpoberos, moguuHsiomeiica sakomy l'aycca, mosser ObITh BRIUNCIEH

no gopmyae [1°]
/2 In2 Y (R,— Ry)
Al = ; N ’

rge fly — cpegmmit mpober; /N — o0miee 4iCI0 M3MEPeHHHIX CJEL0B.

Ilpn onpepenenun npoGerosrX pacupegecunii 4acTul, 3aperucTpupo-
BAHHBIX B OMYJBLCHM, HEOOXO0/UMO YUUTBIBATH, YTO pPErucTpanusas YacTHI
NPOUCXO/NT B SMYJbCHOHHOM C€J0€ KOHOYHOU TOJIIHBI, BeJNYUHA KOTOpPOi
BEChMA WAaCTO 1ajKe MeHbIle cpejanero npobdera usyvaemux uacrui. lloaromy
pacnpezeaenne npoGeros, NOCTPOCHHOE 110 YACTHIIAM, 3AKOHUMBINUM CBOI
npober »B amyiancun, Oyaer oramuarbesi or uetumnnoro. Jaa noayuenus
HCTHHHOTO pacnpejelennda neobXo/ MO BBEJEHNE COOTBETCTBYIOUUX T0-
npapok B naOawojaemoe pacupejenenue npoberos. Ilpu usorponnom pac-
UpejleJeHUIl HCCHelYeMbIX YacTHIl B NPOCTPAHCTBE AT NONpPaBOYHBIE KO3J-
GuouenTH MMET NPoCcTON BU/I.

Hoast wacTun, 3akanuuBafoIUX cBoil mpober B dMyabemi,

N naoa
f_\_ N

uer
JAAaeTesl BBIPAKCHUAMM:

Ecan npun mabuogenun orpanuvuBaThes HEKOTOPHM MAKCIMAJbHBIM
yriom O makaona cjiejoB "acTUI[ K HJIAOCKOCTH 9MYJIbCHH, TO COOTBETCTBY IO~
mue NonpasBKku UMET BUJL:

d FoS
o= 2R sinb’ P R% sinf ?
Rsin d
=== 5g » pH R<_sma'

I'eomerpuueckne uwompaskm ma umego wacTun ¢ mpoberamm Goasme R,
OCTAHAB/IMBAIOMUXCA B CJ0E HMYJILCUM, UMEIONMUX YIJI0BOE pacupe/eleHue,
OponopiuoBaibHoe c0s? @, OTHOCHTENBHO JIMHUY, Je;Kaimell B NJI0CKOCTH
IMyilbCHU, onpejendiores no gopmyJe |M]:

f__2d2+R2—R\/R‘£+ d2
’ e 2dVR24-d2
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B ‘caywaax OGosee CH0/KHOTO 3aKOHA YIVIOBOTO paclpejelleHns YacTHig
reoMeTpUUecKUe TONPABKM yiie He UMEeT TAKOro IpocToro pujaa. B obmem
clydae BHIYMCIEHHMEe TeOMeTPHUeCKHX MompaBok Obiio mpoussejeno beme m
Arpecrom [12714],

Yraosoe pacnpegenenue wactun. HauGosiee nmpocro M3MepaioTcs yrio-
BEIE paclpejieJeHns 4acTii] OTHOCHTEIbLHO 3aJaHHOT0 HAIpPaBICHHS B TIPOeK-
IUY HA II0CKOCTL oMyabenit (puc. 37), 4To B HEKOTOPHIX CJIydasaX OKa3LIBACTCH
JOCTATOYHDLIM JIA PemieHnsA MOCTaBJACHHON 3afaun. Yrod ¢ B IPOEKIHH OT-
HOCHTEJIbHO BHIOPAHHOTO HAIPABIGHUA WBMEPALTCA B HTOM CIydae ¢ MOMOILBIO
CIenuaabHoTo OKyJspHOro yraomepa. Jlas onmpejeneHus MPOCTPAHCTBEHAOTO
yraa «, obpasyemMoro uacTuieil ¢ BHIODAHHEIM HalpaBieHueM, HeoOXO[UMO,
KpoMe Toro, onpejeienne yria 0 nakioHa caefa JacTHIBL K IVIOCKOCTH dMYyJ1hb-
cun. IlpocrpamcTBenmnlii yroi © HAXOAHTCA W3 COOTHOINEHHA COS 0=
! =cos ¢ cos 0.

z B ciiyuae, korjia MHTEPECYIOTCA CYMMapHBIM
OPOCTPAHCTBEHHLIM pPAaclpejeseHiieM YacTHI[ OT-
HOCHTeJILHO 3aJlaHHON0 HAMPAaBJIEHHA, OKasbl-
BAaeTCH BO3MOYKHBIM He ONpefeaAaTh HIPOCTPaH-
CTBEHHEIC YIVILI OTHAEIBHO UIA Kajk 0l 4acTHILLL,
a MCHoab30BaTh pacipejeicnne yrioB B IpPoeK-
IUM Ha IUIOCKOCTH BMYJBCHH JUld Iepecuera B
HpPOCTPAHCTBEHHOE PacIpesielienue, ecii 0Ch 0T-
cueTa COBHAZlaeT € IUIOCKOCTBIO SMYJIbCUH M Be-
POATHOCTH MCIYCKAHNHS WCCAEYyEeMBIX HacTull e
3aBuent or asmmyranbmoro yraa p o (pme. 37).
Torga ecanm HadIWaeMoe paciipejeenyne CJIe/0B
Y mo yray ¢ ecrb /N (¢), TO IIPOCTPAHCTBEHHOE

pacnpejie/ienue ciejoB 1o yray o maiigercs ua

Pne. 37. Cxema yrnon, o0pa- MHTErpajJbHOTN YPABHCHHSA
3YCeMBIX YaCTuIEeii.

ks

X0y — TIAOCKOCTH  OMYITBCHMH; 3
0X — SAJANNOE  HANPABICHUE; s Ser i da
AB — cllefl 9aCTHIb. N (¢) cos2 ¢=— j N (a) v—l:t_z_ i
ga— g2y
P

penieHneM KOTOPOro ABIAETCH

Bl
Pl ot W S LR tge - dp
N(@)=—— jA (cp)“_gﬁm.

Onnaxo, Kak npapmiao, Ha npakrnke Qymsmusa N () aHaINTHYECKH He
sanaercs. Ilosromy akrcnepumentanpuyio sasucumocts N (¢) annporcuMu-
PYIOT TOAXOAANICH aHaJUTHYCCKON (QyHKIuell n pemaior 110J1y Ya 0 Hics
unterpaa. Hak mowkazaam Ocrpoymon u Duaos[Y], cymecrsyer n Goaee
npocToil, npndJunKennsii cnocod nepexoja OT MIOCKOCTHOrO K IpocTpa-
CTBCHHOMY pacnpejledeHnio, KOr/a BHIYUC/AIOTCS OT/leJIbHBIE TepecyeTHhIe
BRIDAsKEHUs JUIS BCEX WHTEPBAJIOB YIJOB, HA KOTOpBE pasduTo pacupeje-
nenue. Jas unrepsanos yriaos no 15° g odaactu 0—90° sru nepecyeTnne
BBIDayKEHUsT MMET BHL:

N;=1.500n,,

N,=2.038n, —0.548n,,

N;—=2.258ny — 1.090n2, + 0.083n,,

N,=—2.184n,—1.306n3 - 0.107n, — 0.024n,,

N,=1.811n, —1.246n,+ 0.091n, — 0.053n, -}- 0.002n,,

Ng=ng— 0.811n; 4 0.063n, — 0.041n5; — 0.001n, — 0.002n,,
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U\ Ry 53 45,6 — UHCA0 HPOCKIMIl CHEJIOB B MHTEPBAJC YII0B © — 70—90°,
60—75% m 1. 1.5 Ny 4 5., — UNCJAO TPEKOB, HMEIOMUX YIJB & B HHTEPBAJe
75—90°, 60—75° m 7. 1.

[loMiMO TPOCTOTHL M MAJIOil TPYHOEMKOCTH, DTOT CI0CO0 HOXYYeHHsA IPo-
CTPAHCTBEHHOTO pAacHpe/e]eHns HMeeT eme TO IPenMyIecTBo Iepej Hemo-
CPe/ICTBeHHBIME M3MEePEeIIAME YIJIOB (, YTO HA WeM He OTPajKaloTcs Herod-
HOCTH B ONp@/eleHnn yrjios () u MPOmycK HPH IPOCMOTPe CHIDLHO HAKIOHEeH-
HBIX CJIe0B.

[IpocTparcTBeHHBe YL ME/KAY YacTUIAMU, JUIA KOTOPHIX IPOU3BE/eHO
oNpeJieicHUe YTJIOB (p OTHOCHTENbHO HEKOTOPOro HAUpaBIeHHsd W YINIOB Ha-
riaona 0, Beraucasaioresa 1o dopmyie

cos o. = sin 0, sin 0, |- cos 6, cos 0, cos (9, — ).

90°
60° 60°
5
g cA <
30 v 30
\ \
I 68Bepx
o 270 260°| | 210°] | 780° | 750°(} | F i 0°
¢ 300 330° 360°03_| 30 ;’4 560 7 Bpus
A j

- 30° 30°
il %

60° 60°
p -

Puc. 38. Cxemarmueckmii uepresk cerknm Byunda.

B cay4ae HeoOX0AMMOCTH TPOM3BONTH (OJBINOe YACIO BHYHCICHUIT PO~
CTPAHCTBEHHBIX YIVIOB Menly YacTHIAMII Topasfo yao0Hee HOJIb30BATLCSA
onpejiesenueM yrions no ceTke Byasda (Meroy crepeorpaduaeckoii mpoexuun).
Ha pune. 38 cxemarudeckn Nokasaga IpUMEHsAeMas B JTOM Cjydae CCTKA
Byanpa ¢ mamecenHpiMm Ha Heil 0003HAYEHHAMII.

[lpr memomb3oBAHUH HTOI CETKM JJIsl ONpejlelleHHsAs NPOCTPAHCTBEHHBIX
YII0B HeoOXO[UMO M3MepPHTh yIbl B IPOEKIMH ¢ M yriasl HakaoHa ( wacTuir.
[lo m3BecTHBIM BHAYCHMAM YIVOB Ha Kajbke, HaJojkeHHOHl Ha ceTky Byaba
u umelonieit oOnmii ¢ Heil MeHTp BPAmEHNs, HAHOCATCH TOYKH, IpPHUCM He-
00X0IMO Jles1aTh YeTKOe paszjudiie B H300Pa/KeHNN TOYeK, Pacuo/araiomuxcsa
Ha nepejHeil m 3agmeil mosxycdepax.

Jlas npumepa ma cerke Byaba HameceHBI TPH TOYKM, COOTBETCTBYIOMUE
vactumam ¢ yraama: A —¢@=36%/ 0=24°, B—o= 110°, 0= —46°,
C—q¢=308° g=40°. Touxa B, maxojamasca Ha sajueil moaycpepe, m30-
OpaskeHAa KpPeCTHKOM.

[IpocTpancTBennpie Yrsl YaCTHIL 110 OTHOMIEHHIO K HYIeBOMY Hanpas/eHHio
(=0, 0= 0) onpepeasniorcss MyTeM IOBOPOTA KaJbKH BOKPYr IEHTpA J10:
COBMEIEHNs HAHCCEHHLIX HA HEil TOYeK ¢ TOPU3OHTAMBHOI OChIO CeTKH, IO
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KOTOPOIl M OTCYNTHBAKOTCA NPOCTpPaHCTBeHHEe yrabl. Jlas Toukn B a10T yroa
OTCUNTHLIBACTCSA 110 BepXHUM IudpaM Ha OCH, TAK KaK OHA HAXOAWTCA B 3a/{Hei
noaycgepe.

IIpocrpancreennsie yran mesxpy wactumamu (ZAB, LAC, LBC) onpe-
JEIAKTCA MyTeM MOBOPOTA KAJILKH TAKHM 00pasoM, 9T00LI COOTBETCTBYIOMUE
trouka (A uw B, A u C, B n C) coBMecTHINCH AN00 ¢ ORHOI MepUIMaHHON JIU-
Hueil, ecan obe ToUKE HaxoxATcA Ha ofmoii moxycdepe (A u C), audo ¢ gBymA
CUMMETPIYHO PACHOJI0KeHHbIMI Mepuumanasm aupusavn (A u B, B u C).
TIpocTpancTBeHHEI YroJd MEKAY YACTHIAMI OTCYMTHIBAGTCH 10 COOTBETCT-
Byl MepUATaHHON JIIHIN:

L AB=A"PR*, £ AC=A°C*, £ BC=C"PB".

Muorokxparsoe paccesune 9gacTHn. [Ipm TPOXO/KIEHHH OIpeJeleHHo’
TONIHESL ({) BMYJIBCHH paccesHUe YACTHIH HA Yyroix & ABISETCA pe3yabTaToM
MHOPHX OTKJOHEHUI HAa Majble Yribl HA Pa3JMYHBIX ATOMAX B JAHHOM CJl0€
amyancuu. Teoperudeckoe N3yueHne MEOTOKPATHOTO paccesnns, BRIloYaoliee,
¢ OJIHOI CTOPOHBI, BhIYHCAeHNe HuddepeHnuaglbHbX cedennil THANBH Y AJIbHBIX
paccesannii, a ¢ JApyroil, — BHEMUCIEHHE YIa MHOMOKPATHOTO pacceannsa Kak
CYMMBI MHOTHX MHAVNBHYQJbHLIX OTKIOHEHHII HA MaJble YIbIL, TPUBOANT
K CJeYIOmeMy BEPasKeHUIo AJ18 cpejiHero Hab/ioaemMoro yria pacceannd [*°]:

Kzt

(i 3
Do

(I1. 22)

rie p, v, z — AMIYJILC, CKOPOCTh M 3apsap dactunel; K — mocrosHHas pac-
CesAHNSI. :

Jlis mannoit omyanemt K oGBIIH0 ompegeasercsa dKCIepHMEeHTAIbHO Iy TeM
UZMEpeHns yraa @ JUid 9acTHUl[ ¢ M3BecTHHIMU z, p u v. Teopermueckoe BI-
yuncaenne Koapdunmenra K, mexoms u3 cocTaBa AMYIbCHIL, HELOCTATOYHO
HAaJIe7KHO.

Jlns mavepeHus BeJWYHHBI CPeJHEr0 yIJa MHOIOKPATHOrO pacce AHUA
CYIECTBYIOT CJCAYIOMIEe METOJHI.

1. YrioBoil Meroj, IpM KOTOPOM € IIOMOIIBIO CHCHUAJBHOTO OKYJIAPHOTO
yriaoyMepa H3MepAOTCsS YIVIBL Medly JBYMsA TI0CJHe10BaTesIbILIMA KacaTelb-
CHBIMHM K CJeJy YacTUI(bl, NPOBEACHHBIMH HA KOHIAX KaKJ0r0 M3 OTPEe3KOB
JUINHOI !, Ha RoTOopble pasdMT mcciaeayeMblil cief.

JareM ompejeaAeTcA cpejiHee 3HAYCHME YINIA OTKIOHEHHA HA JAHHOM OT-
peske ¢, Kak

2
n

= —

N

2., Koopymuatumii meron—uamepenue crpeasl mnporufa. ITOT METOA
ganGosee mpoer B uenoabszoBanun. OH 3akjandaercs B M3MepPeHHH KOOp-
AMHAT 3epen caena (y;) Uepes UHTEPBAJB { ¢ MOMONIBIO OKYJIAPHOIl MKAIKMY.
llepswie pasnocrn woopansar (S; =1y, —¥;,) [AAIOT HAKJIOHB 110CJ€10Ba-
TeJLHBIX XOPJ, COeIUHAIINMX KOHILBI OTPe3KOB [, a BTOPBIe Pa3HOCTH
(D;=S,— S,;;;) onpejeisi0T U3MEHEHNe HaNpaBleHUil KakjbIX ABYX CO-
CeHUX XOp/.

Cpepusia Beanunsa |D| HeNOCPeJCTBEHHO CBA3aHA €O CPEJHHM YTJOM

bl

MHOTOKPATHOT O pPACCesTHNA a:'T :
3. Meroj nocrosHHOil cTpeas: mporun6a. JTO BUIOWSMCHEHHBI KOOPAH-
HATHBI METOJ, IPUMEIAIOMUICA I CIef0B YaCTHI[, OCTAIABIHBAOMUXCH

B 3MYJIbCHUH. B ATOM cjy4ae BeJIHYMHA ¢ He TOCTOAHHA IO CAEAY, HTO ABJIA-
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eTcsi HeoOXOJUMBIM YCJOBHEM HPH MCHOJb30BAHHHM BePXHHX JBYX METOOB,
a OpicTpo Bo3pacraer K KouHmy npobera. Ilosromy 3smech oraswiBaercss meo0-
XOIMMEIM pasOuBaTh clIef Ha OTPe3KH HEeOAMHAKOBOI BeJIMIHHLI, YTOOBI MPO-
BOJAUTL W3MEpeHme IpH HEKOTOPHIX ONTUMAJbHBIX yeaosuax. Hanboxee
HMPOKO UCHOJb3YIOTCA IOCAE[HNE JBA METOHA, O MOAPOOHOCTAX CM.,
mampumep, [b 2 17],

IlnoraocTs mnpossaennsix zepen Ag B Tpere. [lpn mpoxosxmennn
3apsUKCHHON 9aCTHMIBI B SMYJIBLCHU HEKOTOPas 4acTh MEUKpoxpucramrios AgBr,
nepecedeHHBIX Ja1u00 camoil uacTuileil, Jud0 00Opa30BaAaHHBIMU €10 OBICTPEIME
O-saekTpOHAME, HOJXYYAaeT cHocoOHOCTH K nposasiennio. He Bgasasch B Teopuio
0o0pasoBaHms CKPHITOTO M300pajkeHis, B caMoM OOIeM Caydae MEl MOsKeM
O/RUIATH YBEJIUYEHIA KOJMYecTBAa MPOABIACHHOrO cepedpa B TPeKe ¢ yBeJnue-
HHUEM 9MCIa MEKPOKPHCTANLIOB, MOJIYIAIOIIX Heo0X0MAMYIO IS MPOABIICHMUS
suepruio. Tarxmm o0pasom, IIOTHOCTL TPOABJIEHHBIX 3epeH cepefpa B Tpeke
yacTHnbl Oy/eT OoHpee’dsThCsa KaK MEePBHYHOI, TaAK W BTOPUYHON MoHM3anuei
n, KpoMe TOro, IPOCTPAHCTBEHHBIM Pacipejeienuem 0-dIeKTPOHOB, CO3IA0NINX
BTOPHYHYI0O MOHHBAIMIO BN OT JUHHH HPOXO:KICHUA vacTuiihi. B sasuciu-
MOCTH OT IPHPOJABI YACTHIBI, T. €. €e 3apsja I CKOPOCTH, OTHOCHTEABHOC
3HAYCHIE MePBUYHON M BTOPUYHOIl MOHHBAMUII B pPacupejedeHIl TIPOABIeH-
Horo cepebpa B caene Mmenserca. Jlasg ojHO3APAMHBIX YACTHI[ BTOPHUHASN
MOHUBAIA CKAa3bBACTCSA CPABHUTEIBHO MaJIo Ha XapaKkTepe Ciefa BCIeacTBIe
1e00abIOro Yicaa OBCTPBIX 0-3IEKTPOHOB, CIHOCOOHBIX IPOM3BOAUTH MOHU3A-
IUI0 3a OpeJelaMn OJHOTO MHKPOKPHCTANIA. Xapakrep 7Ke CJaefoB MHOTO-
3apAAHBIX YACTHI[ IPW OOJBIIOI CKOPOCTH IEIUKOM OIPeIeseTcs HMeHHO
BTOPUYHOIl HMOHU3AIUe, TPON3BOIUMOIl O-diIeKTPOHAMI 3a IIpejielaMi MHKPO- *
KpucTajaia mepecekaeMoro camoli dacTumeii.

Jas onpepenennsa MOHMB3AMMOHHBIX XaPaKTEPUCTHK YACTAL, MCIHOIb3YIOTCA
PasIMYHbLIe METO/IbI UBMEPEHNA T1apaMeTPOB CJIe/0B, CBABAHHEIX ¢ INIOTHOCTHIO
OPOABJEHHLIX 3epen cepebpa BROJL Ciefa, ¢ IHPHHON CJIe[0B 1 € YHCIOM
TPEKOB OBICTPHIX O-2IEKTPOHOB BJ0Jb ciaefa. llpuMeHenwe TOro HJIM WHOLO
MeTo/ia 00YCIOBIHBACTCH KAK IPUPOJIOM TaCTHINEL, TAK ¥ TUIIOM HCIOJIb3yeMOoil
svyabcuu. B macroAmiee BpeMs M3BeCTHHI CIACAYIOIIHE METOLI M3MEpeHHA:
1) merox cuera sepen, 2) meroj cuera rpynn sepen ['*], 3) meron cuera mpo-
MeKYTROB- (paspeiBoB) Me;ray sepuamu ['°], 4) mamepemue pacmopeencuuii
00 JUIMHAM paspbeiBOB W CcyMMapHoil jymmanl paspuisos [2°], §) meron cuera
M30JHPOBaHHEIX 3epeH [*'], 6) merox mkaant [*2], 7) meromsr cuera §-siaeRTpO-
HoB [**], 8) meromnr wamepenms mupumbl caefos [+ 2472¢] 9) doromerpuue-
CKoe M3MepeHHe HOJHOTO IOTeMHEeHMS, CO3/[aBaeMoro Tperom [27 28]

Merozsr 1—6 wcmoasayores st aHagu3a TPEKOB YACTHI[, MPEACTABIIIIO-
MUX co6oil MemouKy 3eper Ag ¢ PasIMYHMLIMH IPOMEKYTKAMI MeKy HIMMI.
Homeuno, nasie Hpu MOCTOSHCTEE YAEJABHBIX HOTEPh SHEPIHH YACTHILL BAOJb
Karoro-inbo oTpeska NyTH NPOsABJICHHbe 3cpHa Ag me OyAYyT paBHOMEPHO
pacmojararhca Ha 9TOM OTpeske, a OyJIyT CTATHCTHYECKU T'PYIIIHPOBATHCH.
[Tpu srom mepositHOCTH 00pa30BAHIA TPYNONLl U3 [ TECHO PAaCIOJOKeHHBIX
MpOABJICHHLIX 3epeH Ha HEKOTOPOM YydYacTKe IIyTH, COJep:KamieM 72 3epeH,
ompesiesiAeTCH IMPUOIUKEHHO BEIPAKEHITeM

nP, (n—1) 1 (N—=1)!

s : R e Ut
W,=— JanEesPic=—2 =D T(N=DT"
> ip
=1
: e .
3pecs N ==z T8 d — cpejHHIl pasMep IPOABICHHLIX 3epeH cepedpa.

Tarum obpaszom, BUAHO, UTO Wem GOJbIIe YHCIO 7, TeM BePOATHEe IPYIIHPO-
BaHNUe NPOABJICHHLIX 3ePeH B TPEKe.

Hozcuer moaHoro wmeaa NPOABJICHHBIX 3CpeH, COBEPMACMLII BH3YAILHO
MWW ¢ MOMOIIBIO (OTOMETPIMIECKOr0 HpuOOpa, CHJIBHO 3aTPY/AHAETCH yiKe HpH
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CPaBHHTEJIBHO He 0YeHD OOJBMION INIOTHOCTH IPOSBICHHLIX 3epeH. JTOro He-
JAOCTATKA HET B METO/aX, CBABAHHLIX ¢ M3MepenueMm Jubo IPyHUAPOBOK 3epeH,
anbo IPOMEe;KYTKOB Me;kAy HuMu. B mociepmem caydae pacmpejiejenue IO
AIHHAM IPOMEKYTKOB B IMIIPOKOM AMANA30He ITOTHOCTEIl MPOABICHILIX 3epeH
XOpOIIo OunchiBaercs sKcioHentoit [2°]:

SRS
Na(ly=Noa5

rjae N () —wuucio pa3psiBoB ¢ jumuoil Goasme [; NVj— nojHoe 4mcjo pas-

puiBoB; I'— nocrosianas Ui JIaHHOI TJIOTHOCTH 3€peH, jaeT Mepy cpej-

. 1
HEM JIJIMHBL NPOMEHRYTRA Z:-T:

Wamepenne jiinH paspeiBOB MeKAY B8epHAMH I TPYIIIPOBKAME 3epeH
B TpeKe HPOH3BOAUTCA AHO0 BPYUYHYIO ¢ IMOMOILLIO CHEIHAJbHBIX OKYJIAPHBIX
MIKpOMeTpoB, 1uGo apToMaTHdecknm Ha QoTomerpmuecknx mupubopax. Bo
BCeX MeTOJiaX, CBABAHHLIX ¢ INIOTHOCTHIO HMPOABJEHHBIX 3eped Ag B TpeKax,
He0OX0MMO MMeTh B BHY, YTO INIOTHOCTH 3€PEH MOKET HECKOJABbKO MEHAThCH
OT OJHOI TaPTHH HMYJALCHI K APYroil, AasKe AJAA OXHOI MAPTHH M OJHOIl IIa-
CTHHKN B 3aBUCHMOCTH OT 00padOTKN 1 MecTa PACHOJIO/ReHNA HCCIe/LyeMOro
Tpexka mo ruryoune ciaos. [losTromy Bce 9TH MOHH3ANMOHHLIE M3MEPEHHHA Tpe-
OylT TpeJBAPUTENBHON KAJMOPOBKH HMY/JAbCHI 110 YacTHIAM H3BECTHO
TPUPOJILL.

OTHOCUTENDLHON HEYYBCTBUTEABHOCTHIO K CTEIIEHN IPOABJICHNA W K KoJe-
Gannsy mapaMeTpoB aMyabeii obsiajaer Meroy HabM0eHHA OLICTPEIX 8-diIeK-
_TpoHoB, 00pasyeMLIX IPH TPOX0osKAeHn yacTuigsl B amyabemin. [Hoanoe wucao
O-paekTponos ¢ sueprueii, Goabmeit W wa 1 cm myrm, odpasyemoe wactuieil
¢ 3apAAOM e M CKOPOCTBIO ¥, JlaeTcst BhIpaskeHiem [°]:

£ 2uNetz2 1
N (I/I/ ) mu? (\W— 2my2 ) °

3necs N — uncsao anexrponos Ha 1 cm® smynpeun. Jlas smyiabcunm Hop-
MaJIBHOTO COCTaBa TOJYuUNM cjaejyloniee uucao O-saexrpomon ma 100 wmk
mpobera YacTMI[LI:

L i 2.722 (4 {
NW, v)="5 (3 — ,2;@)'

rme W m m — B RHIODIEKTPOHOBOJbTAX.

Pacemarpusas wpusefenuyio (GopMyay, MOMKHO 3aMEeTHTh Ciexylomue
XapakTepHble 0COOGHHOCTH pacipefegenusa O-dIeKTPOHOB IO Cllejy.
/W
1. Umeercsi oOpuiB B 9TOM pacrupepeaeHnun: HIGKe CKOPOCTH Bl_', Foe
DJIEKTPONB ¢ sHeprueii, douwmreii W, me obpasyiores.

2. MareuvaibHoe sHaueHUe wGlcjda 6-dJEKTPOHOB COOTBETCTBYET CKO-
poctu B, = s

m

Nax =27 - 10922 o

3. Jlug Goapmmx ckopocteil NMJAOTHOCTH 0-2JIEKTPOHOB NPUOIIKAETCA
2.722
O oy

Ilpn mabmiogennn 8-7eKTPOHOB B OM YIABCHE O0LITHO YUNTHIBAOTCA O-1ydH,
coptepsramue >4 sepua (=15 kan) u pe,he/J—z sepua. Beaepcreue mamnoro
ofmero wHejaa O-dJACKTPOHOB € HEOOXOAMMOIl I permcrpaiui dHepruei
(mpuuem 3TO UMCIO MOJABEP/KeHO eile HOPMAIBLHLIM CTATHCTHICCKMM uyKTya-

K NOCTOAHHOMY 3Ha4YeHHIO N =
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UAM) OCHOBHEIM HEJ0CTATKOM MeTOfa cuera O-jydeil sBIACTCA Malas CTa-
THCTHYECKAsA HaJle/KHOCTb.

B cayuae anaamsa TPEKOB YACTHI[, IIPeCTABJMIOMIX coboil cIurommubIe
KOJOHKH TpOsABIeHHOT0 cepefpa, OMHCAHHLIE BHILIE METOJLI ORABHIBAIOTCH
menpuropusivi. Hanboxee mimpoko B 5ToM caydae HCIOAb3YIOTCHA doTomeTpu-
YecKIe METOABRI aHAJAM3a TPEKOB: M3MEPeHHs ONTHYECKOro IIOTeMHEHWU:H, CO-
37ABAEMOr0 TPEKOM, M3MEPeHMs IMPUHLI TPeKa I ero Imiomanm. Ilns aroit
HeM WCHOAB3YIOTCA CIenuanbbie (oromMeTpuiecine npudopsl, COBMeEIeH-
Hhle ¢ MHKpPOCKONOM. B Kauectse mpumepa paccMoTpuM (OTOMETPHYECKYIO

Q| my y
| === o |
= T
30 %
Yo/2
0 %/él"tvna,a
4 | 3
7
- SR Ay
e e
6r
i) -l

Puc. 39. Cxema ONTHYECKOH M PajoTeXAHYeCKOil yacreil GOTOMETPIIECKOrO
npn6opa i MSMEPeNIA IMHPHHBL CIEJ0B B 9MyJLCHH.

1 — f7AepHasg IMYJALCHA; 2 — 00BeKTHB; 3 — npnama  Jlose, 4 %, TIPAMOYIONIbHAH
npuaMa; 4, 6 — ORYJADPB; 7 — BCPKaJIbLIe DAZBEPTEH; & — wenb; @3V — PoroymMHO-
SKUTENb, [1Y — npeiycnanTeab; ¥ — audeidunit yewsrreanb; [ — YCTPOHCTBO NamsiTi;

90 — oenutorpad; O — orpannunrenn; T — Tpurrep HImuira; B I — DJOKHHI-TEeHe-
patop; IIC==10000 — nepecueTHnii npudop.

yeranoBry mia msmepenns mupun tpexos [1]. Ha pue. 39 nokasaus cxema-
THUECKM ONTHYECKAA 1 pajHoTeXHIdecKas dactn npudopa.

Hpunmun  geiictsua npubopa s3aKiiodaerca B TPeodpasoBaHmi  ONTH-
YecKOTO M300paskenHa TPeKa B IEKTPIYECKNe TOKH, H3MepAeMbie ¢ IOMOULbIo
anexTporuku. Onrnyeckas wacth mpmGopa, n300paskeHHOT0 HA pHC. 39,
aeT BO3MOKHOCTH IOJYYHTHh u300pajkeHne Tpeka B JABYX CONPAReHHLIX
WIocKoCTAX: B (ORAIBHOH IVIOCKOCTH OKYJIAPOB OHHORYJIAPHON HACA[Kn M
B IJIoCKOoCTM mean nepeq QoroymmosknreneM. MasoOpaxenne, moaydaemMoe
B ILTOCKOCTH (POTOYMHOKUTENS, MOKeT ¢ dacToroil 00 rI[ cMemaThea OTHOCH-
TeJbHO IMeJn pn KoJe(aHUAX 3epKajbla pasBepTru, B pesyiabTaTe’ uero Ha
BeiXofie @IV mosBUTCA CEePUA AIEKTPUYECKHX HMIYJbCOB, BOCHPOU3BOMLA-
MUX DoHepeYHLii MPoIib AAHHOTO yyacTka Tpeka. JLInTesbHocTh HMIYJIbCA
ot @IV mponoprponaJlbHa MAPHHe H3MePAEMOro ydacTka tpeka. Paxmorex-
HMYeCKAas cXeMa, MOKA3aHHAS Ha TOM ke puc. 39, IPOM3BOAUT H3MepeHHe
IHPHHBL UMIIY/IBCA HA TOTYBHCOTE, U 9ero HMuyise ot @IV mpeobpasyercs
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B IPAMOYTOJAbHKI UMIYJAbC, JUINTEILHOCTH KOTOPOTO, pABHASA IIMPHHE
uMnyabea or @AY, namepaercAa YHCAOM CTAHAAPTHHIX MMIIYIBCOB OT GIOKMHT-
reEeparopa, IOJCYATHIBAEMBIX IIepecueTHOl CXeMoil.

§ 3. METOJ{bI HAEHTH®UKAIIUY YACTHI] B OMYJIbCHH

Opunm M3 camMbIX BayKHEIX BOIPOCOB JII000T0 METOMA, MCIOJB3YEMOTo
[pPH M3YYeHUM SACPHBIX PeaKIuil, ABIAETCA BONPOC TOUHOH HACHTHQHUKAI[HI
HPOAYKTOB pacumiemienus. B meToe AfepHBIX dMyJabcuil [Is pelIeHHs 3TOPO
BONpoca MCHOAbL3YIOTCA Bee HabaIoaeMule XapaKTePUCTIKH TPEKOB 3apssKeH-
HBIX YaCTHI[, HNPOXOANIX Yepe3 HMYJALCHIO, KOTOphe OBUIM ONHCANEI BBIIIE.

8r °o0

1 L) 1
4 g 58 a0 30 40 60 80 100 mMm
R

Pue. 40. Ilpumep npumeneHns Meropa (ELR’ R) IJ1s1 - ompejie-
JIEHUA MAacChl YACTHIH.

1 — OpPOTOHBI; 2 — K-4aCTHIbI;, J§ — T=4aACTHIbI.

PacemoTpmm oCHOBHLIE METOALI OIpeJIeJeHNA Macchl 4YacTHI[ [0 TpPeKaM
B OMYJbCHU. '
dN )

Wamepenne nuoTHoeTH 3epen u mpodera iR R). Merox ocHOBaH

HA TOM, 4TO Tpo0ern ABYX YacCTHI[ ¢ OJMHAKOBEIM Z ¥ OJIHOIl CKOPOCTH TPO-
nopunonanbusr nx maccam (II. 20). Mauepenme maccs sakiaiogacrest B TOM,
9TO 3aBUCHMOCTE INIOTHOCTH 3epPeH OT mpobera HEeM3BECTHON YaCTUI(BI CPaBHU-
BaeTCA ¢ aHAJOIMYHOIl 3aBHCUMOCTBIO Jyisi mpoToHoB. Ocratounsie mpoberd,
COOTBETCTBYIOIME OAMHAKOBOH IUIOTHOCTH 3epemd, OYAyT OIpPeNeIATh MAaccy
Hem3pecTHoi wacTuinl. A momyuenus jocraTo4HO TOYHOCTH B HTOM Me-
TO/le HeOOXOJMMBL JUIMHHbe TPEKH, TAK KAk INIOTHOCTH BepeH He 0UYeHb TyB-
CTBUTEIBHA K cKopocTH vactuiol. Cuer 3epen HY/KHO IPON3BOAATL Ha 00Jb-
mHX ydYacTKax TpeKa JUisi 00ecmevyenus CTATHCTHYECKON TOYHOCTH pPe3yib-
ratoB. Ha puc. 40 B KavecTBe mpumepa mpupesien rpagur ma padorst [29].

B srom Merome ompegemenns Macchl 4ACTUIBI MOKHO TAKsKe CPABHIBATDL
GYHRIHN CyMMBI 9iTcJa 3€peH 0T KOHI@A Ipodera HeM3BeCTHOII YACTUIBI H
nporoHa (mwam Jio0oil APYroil YacTHILI ¢ M3BecTHOil Maccoii). Merox cuera
8epern 0T KoHIA mpodera 4HacTHI[ MOKeT OBITh WUCHOJIH30BAH ECTECTBEHHO
TOJABKO JUIS CPABHUTEIBHO MaJOYyBCTBUTCILHEIX sMmyabcmii. Ecam mssecTHO,
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9T0 A MpoToHa ¢ upoberom R B Tpeke cofepikutea N 3epeH, TO LI UACTHILHE
¢ maccoit Mm, ua npoGere MR Gypner copepmarbea MN sepen. Taxum obpa-
30M, MOKHO I JIaHHOH HMYJbCHH TOCTPOMTH 3apamee Cepuio KPUBHIX 15
JaCTHI[ C Pas3HBIMM Maccami.

B 4yBCTBUTCNBHEIX SMynbCHAX CpPaBHEHNC YACALHLIX WOHHBAIHL npo-
M3BOAT HyTeM N3MEPEHH CPe/iHeil BeJMYITHL IIPOMEIKYTKOB MEKY 3epHaM.

Tounocts B onpepesenun macewn wacrum npu aaume Tpeka okoao 1 cwm
cocrasager 30°,. Usmepenne numormocreii sepen moker OwiTh NPON3BeEJIeHO
W ¢ nomompio goroMerpuveckoii ycramoskn|®]. HauGoasmas pocrurnyras
TOYHOCTH B 9TOM ciywae npu janse tpexa 1 cm m Goapme oxono 7%.

Nsmepenne pacceanms um npodera (4, R). Ornomenue wmace IBYX
TaCTHIL B BTOM METOJe ONpPE/CJACTCA NMyTeM CPABHEHHS YIJ0B MIOTOKpaT-
HOI'O paccesmus npu ojauoM npoGere. Ynofuee Bcero sToT MeToj NpoMLIIOCT-
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Prc. 41. Hpusmep npumenenms Metoa (&, R) jjs OLIpejlesiennsi Macchl YacTuL; Bl

! — OpoTOHBI; 2 U 3 — IKBUBAJECHTHLIEC SHAYCHUA JUIA 7= M I-ME30HOB COOTBETCTBEHHO.

PUPOBATh HA HPUMEPC YACTHI[ €O CPABHUTCIBHO MAJBIMH CKOPOCTAMI, AJIs
KOTOPBIX CHPaBE/JINBO COOTHOIICHUE
2s, m
Ey=AM™R", rne M ="%2,
i m,
s ypasnenus (I1.22) mum cpepuero yraa MIIOTOKPATHOIO paccesHus
MOKHO HaUTH
; mu? %
T:pB:—: cCM? "R"-
a c
Orciopa cnexpyer, uro aas aAsyx wactum ojmoro npobera, Ho ¢ MaccaMmm
M M, u ./llzmp, Oy/ler cooTHONIe e
(]L[l)l—n_' s

/”2/ ay
Menoaways sumawenne nasm n=0.581, HAiigeM, uTo

My (3299
Mg-( “) :

ay

Ha pme. 41 npusepenm XapaKTePHBIC KpUBHIE, HOJYTIAGMBIE B DTOM
meroze [M']. Hejgocraror metona cocrout s TOM, UTO 3HAYCHU € & U3MEHHEeTCH
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MEJACHNO ¢ UBMEHeHHeM MAcCCH, & NPEeNMYI[eCTBO — B €r0 He3aBUCHMOCTI
OT CTENEeHU NPOABJICHUS HMYJIbLCHUI U OT YYBCTBUTEJILHOCTH JAHHON NapTUIT
amyabenii. TounocTs B onpejeeHNT MACCH HACTUIL MOMKET OBITH MOJyueHA
oxoao 15°/, mpu mmume Tpexon 8 MM (DpHM AaAHEHEe TPEKOB OKOJO 2 MM
tounocts 00%).

Hsmepenne mIOTHOCTH 3€PeH H PACCEsTHHA ( @). ITOT MeTOJ  OKa-

dR’
3pIBAETCA He3aMeHmMBIM, Korga npober dwacTHmi(sl Ieu3BecTen (YacTuma e
‘OCTAHABINEBARTCA B BMYJbCHOHHOM cioe). B arom ciydae MCHOJABBYIOT TO
00CTOATCILCTBO, UTO OTHOINEHHE MapaMeTPOB PACCeSHUS JUIA JABYX YaCTHIL
OJJHOIO 3apsAjia HPH OJHOIl CKOPOCTH 00pPATHO HPOHOPIUOHAILIO OTHOIICHUIO
ux mace. [Tm0THOCTE sKe TTPOABIEGHHBIX 3ePeH, KAK HEOJHOKPATHO YIOMHHAJIOCH,
-3aBHCHT TOJLKO OT CKOPOCTH YACTHI(LI M ee 3apAga U He 3aBHCAT OT MACCHL.

1 1 1 3 ¢ O B o S R TR

L 1 L J
Jo 50 <100 200 500 1000 2000 5000 76000 26000
P, st

i alN
Puc. 42. Ilpumep npuMeHeHHH MeTOHA ( a, Z’}?) JUIs onpejeeHus
MACCHL  YaCTHILI. -

1 — ®-ME30HEH; £ — NPOTOHBI; 3 — AEHTPOHNI; ¢, — MNIOTHOCTL CrYCTKOB IPH MHHU=
MaJIbHON MOHN3a M,

Tloaromy oTmomIenIe CPEANNX YII0OB MHOTOKPATHOrO PACCEAHNA JIBYX HaCTHIL,
obpasyonmux TPeku ¢ OJ(HOil IIOTHOCTDLIO 3epeH, Oymer o6paTno nponopuuo-

HAJBHO OTHOIIEHUI0 X MAacc, He3aBUCHMO OT Bi/la q)yumum -——f(v)

Ha pme. 42 mpusejien ofum M3 MPUMEPOB ymorpebiaeHns namwro MeTofa
onpesiesienua Macest yactui [#2].

Hamayumas gocTHTHYTAs TOYHOCTH B OIPEJEICHIN MACCHI YaCTHI[ IyTEM
UBMEPeHNH ILIOTHOCTH IPYNIMPOBOK 3EPEH M PACCesusa Ha npoﬁere O0KOJI0
5 cm mpmmepuo 10%

Omnncannsie MCTOI(LI OTIPeICJCHIA MACCH YACTUI] OTHOCHINCH K CIYyYaro,
KOTJla 3apsAj yYacTHIbl cumrajgcs wussectHuiM. llosTomy mpm ompemeneHun
MAcCH HCKOTOPOIT 9YacTHILI HeoOXOAMMO CHavaja MJACHTHOUIHPOBATL ee
sapan. Mcnonbsysa Toabko W3MepeHNs ILUIOTHOCTH 3ePeH M paccesdnus, He
BCerja MOYKHO HaJIe;KHO YCTAHOBWTH 3apsiji vactmusl. Taw, mampumep, mame-

dN
I[} 1 & BIOJBb TPEKOB TPUTUA H O-9acTHI] OKa-
3pIBAOTCA HOMo0HKIME. B arom cayuae HeoOxommmo mpuberath K Mccjaenona-
HHIO BTOPHYHOI WOHM3aImu, T. e. dacToTul O-sydeil Bgoxab Tpekos. Tak kar

IIOTHOCTL O-aydell IPOIOPIOHAIbIA 22 WaCTHUIH, TO TaKhHe JBe YaCTHILI,

Henus ¢ mpoberom 3maveHMIt
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®ak TpuTHil M G-9ACTHIA, XOPOMO AMCKPAMHHHPYIOTCA TO cueTy O-mydeit.
Ilpn poume Tpexa okono 2 MM 4meno O-nydeil IMO3BOJAET HA/e/KHO PEMUTDH
BOIIPOC O BapsAje YacTHIHL.

Kag 6buto BUAHO W3 ONACAHNS NPUBEEHHBIX BHIIIE METON0B HeHTH(IKa-
WEH "aCTHI[, BCe OHM TPeOyIOT [OBOJLHO BHAYATEIBHBIX NPOOEroB YacTHIL.
Tlpu pacmemiennu sjep Hoj jeiicTBIeM dacTuIl ¢ aHeprueil Goabpure 50 Mas
3MAYUTENBHAS YacTh OOPasyOIXCcsa B pacHeIIeHnH YacTHI[ nyMeeT CPaBHH-
TENBHO Maianie DHepPriH, CIeoBATelIbHO, Majibsie mpobern B oMyiabcun (OCHOB-
HasA YacTh NPOTOHOB nMeeT sHepruio Menbme 30 Mas). Uaentnduranua dacTur,
UMEIOIIX CPABHATEAbHO HeOoJbINoil mpoder B BMYJbCHHM, 3HAYNTEJbHO 3a-
rpyjuena. Hamwrywmmmu metofami B 9TOM ciydae okassBaiorcs gorTomerpH-
YeCKITe MeTOJBl H3MePeHIsI XapaKTePUCTHK TPeKOB: ollpe/ieJenne MHPIH TPeKOB
$IIM TIOTHBIX ONTHYCCKUX IMOTeMHeHWil, CO31aBaeMBIX TpeKaMil B BMYJIbLCHH.

Jlaa upenTugUKAINI 9acTHI[ B AAEPHON SMYJIBCHH MOTYT OLITH TaKIKe
UCIIONB30BAHEI B OT/EJIBHBIX CAyd4adX XapaKTepUCTHKH YHIPyroro pacces-
HNs MCCTEYeMLIX UacTHI[ HA Apax 2JIeMeHTOB, BXOJAIX B COCTAB MY/ LCHH
{uame ncero ua sojopoze). Ilpn ympyrom paccesHu# AByX YacTUI[ ¢ MACCAMHI M,
m M, mMeeM XOopomo H3BecTHOe cooTHomemme [°]:

My __ sin (29 4-0)
My ™7 sin 0 ’

e ¢ — yroa otgaun; 0 — yrox paccesHmA.
Kpome Toro, npu ujeHTHOUKAIMI YaCTHIEl MHOTAA MOKeT MOMOYb HCCae-
JOBaHIE XapaKTepUCTHK ee pacmaja B cjaydae HecTaOWIbHOCTH YaCTHIEL.

N
§ 4. METOJIbI H3YYEHN I PACIEILIEHNI SITEP
OHPE/JEJEHHBIX 9JEMEHTOB

[Ipy MCHOIB30BAHHK OCHOBHOTO TPEMMYIIECTBA METOAA ANePHBIX OMYJIb-
oIl — BO3MORHOCTH M3YUEHHA JAEMEHTAPHBIX AKTOB paclleluieHus sjpep —
MBI BHIHY/KICHBI IMETh JIeJI0 C APaMH 2/1eMeHTOB, HAXOAAMMUMUCS B dMYJb-
cmn. MV siech Mbl CTAIRUBAEGMCS ¢ W3BeCTHOIl orpaHmyennoctsio gororpadu-
JEeCKOTO METO/IA, CBA3AHHOM ¢ TEM, UTO XHMUYCCKHIl COCTAB SMYJIbCHU ABIACTCH
CIIOKHBIM ¥ He Jerko MOUIaeTcd NaMeHeHusM. JTO BLI3BBAaeT, ¢ OJHON CTO-
POHEI, TPYAHOCTH B HeHTHQUKANHUK Spa, TpeTepHeBmIero B3aNMO/IeHiCTBHE
¢ Gombapampylomeil gacTuieii, ¢ Apyroil — TPYAHOCTH BBE[CHHA B IMYJb-
CHI0 WHTepecynnX Hac saep JJTeMEHTOB. .

B oMyJIbCHE CTAHAAPTHOLO COCTaBa, CofiepsRamieil B OCHOBHOM JiBe I'DYIIILL
HIEMEHTOB, NAJERO OTCTOSIEX APYT OT Jpyra mo atomuomy pecy Ag, Br m
C, N, O, oxaspiBaercs BO3MO/KHHIM KIaccuPuImpoBaTh paculelIeHus Takike
Ha fape rpynmei. IlpucyTerBie B dMYJBCHH B HE3HAYUTENBHOM KOJINYECTBE
agep S, J n Au me OKasmBAaeT MPAKTHYECKNM HMUKAKOTO BJIMAHMA HA BBIXOJ
peaxnuii s BePXHMX J{BYX TPYNI 2JeMEHTOB B CIUIY TOro, 4WTO JUIs pear-
nuit mpr GOJNBIIOH SHEPTHH YaCTHI[ HET Pe30HAHCHOTO IOBEJCHNUA yHRIIIT
BO3OY/KIeHNA 1 Pe3KOil 3aBUCHMOCTH CeUeHIil OT aTOMHOTO Beca fpa MUIICH.

Jlas pasjenenus B3auMojeicTBUil HaJaloNUX 9IacTHI C Jerkoit mam THA-
JREJOI TPYNIOIT ATOMOB HMCHONB3YIOTCH CJeJyIOIHe MeTO/bL.

MeToj1 noTeHIHAALHOT0 Oapbepa. JTOT METOJ OCHOBAH Ha TOM, 9TO IpH
cpeHux aHeprusAx Boady:penns sauep Ag u Br mveercs oueHb Majad BepoAT-
HOCTh MCIOYCKAHUA O-gacTull ¢ sHeprueit menbme 9 Mo, Tak Kax HOMHHAIb-
HBIT NOTeHmUANBHBI Oaphep IS G-IaCTHL, COOTBETCTBEHHO pased 14 u
12 MaB mas spep Ag u Br.

JKcnepuMeHTAIbHEE HAOMIOMEHHA O-CHeKTPOB IPH pacllenieHnn sjaep
Ag, Br jeiicTBHTeIBHO TOKA3BIBAIOT, 9TO CHEKTP J0BOJBHO Pe3ko 00phiBaeTcsd
gOauan sHepruu a-vactum okoxo 9 Moam. Onmako MeToj NOTEHIMATHHOTO
Gapeepa AuA OTjeJenusA pacmemenus Ha sxpax Ag u Br oot paciienyeHmit
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smep C, N, O oupasjuBaer cebsi IPH dHEPTHH NAJAIOMMIX yacTHI, MeHbIne
npmamepro 100 Mag.

IIpn GénbmEX dHEPTHAX GoMOAPAMPYIONIHX YACTHI[ HPHMEHCHIIe JAHHOTO
MeTOjia MPUBOJUT K 3HAYNTEIBHBIM OMHOKAM, TaK KAK HAMHHACT CKa3BIBATBCS
cmmkenne  sdderTusHoro Oapbepa sAjapa MpH GosbIUX BOBOYMHR/IEHUAX,
a pacmaji JErKnx sjep HaumHaer BCC B GonbieM IpPOIEHTe cJydaeB IpomC-
XO/UTh 0e3 MCIYCKAHUsA Me[JeHHHX 4acTHIL.

Meroj paséapaennmx amyapemii. MeToj sarmiouaercd b CpaBHEHHH Cpeji-
Hero ¢poGojiHOTO mpofera s ONPEeIeIeHHOT0 THTIA B3aUMOJICICTBUA B OMYJIb-
CHAX HOPMAJBIOr0 cocrasa M paz0aBIeHHOil OUPE/eIeHHEM KOJIMYCCTBOM
JKEITATHHEI.

Ecan A, ecth cpemumil cBOGOMIEIL npober s 00pazoBaHus  3BE3JHE
¢ n arygamu, TO AIA HOPMaabHOIM 1 paz0aBiIeHHOil HMYJIBCHH MOKRHO HAIICATE

ypasHemnie

rpe Ng— uucao aToMoB Ag u Br B 1 em® Ni—uncao aromos G, N, O
B 1 cm3 oy,—cpenHee ceueHue JUIA ofpazoBaHmA 3Be3] ¢ N JydaMil Ha
sapax Ag u Br; s, —cpejaee CceueHue A 00pasoBammg 3Besjl ¢ N Jy-

gamn ma sjpax C, N, O.

Bpas u3 onmrta A, AaA o6enx OMYIbCHil, MOKHO W3 CHCTEMH ypaBHE-
Huii HANTH MCKOMBE BEJUYNHBI Op, M Of,. IlpeuMymecTBO IaHHOTO METOoja
B ero 0GbeKTUBHOCTH, 4 OCHOBHON HEJ0CTATOK —B HEBOIMOIRHOCTH noJIy-
YeHHSA XapaKkTepueTur OT/AeJbHBIX pacuieneanii.

Jlast mayuenus paciermienuii sijiep, He MPUCYTCTBYIOMIX B HMYILCHH,
wim s obJeryenus unenTudURanEA  AApa, IpeTepuesinero B3anMOJeii-
cTBUe ¢ Manaiomeil wacTHIeH, MCHOAL3YIOTCH CleLyIonue MeTofLl PaboThi
¢ SAICPHBIMI AMYJILCHAMIU.

1. BpejecHne McCJAEAYCMHIX BJIEMCHTOB B HMYJILCHIO TOCPeCTBOM ancopi-
IUH IpH IPONUTHBAHUK €e B PACTBOpE COII nanHoro onementa [327%°]. dror
METOJ TO3BOJIseT BBOAUTH B OMYIbCHIO 10—10% artomos/cM®, WTO COCTAB-
JIfeT BCero MECKOMbKO MPOIEHTOB 0T 00MEero umeaa aToMOB aMyaLCHM. feno,
YTO HPH HTOM HEBOBMOKHO OTIHUNTH PACIICINICHNA BEECHHBIX fAjiep OT pac-
meIuieHnii Anep SMYJALCHH, €CI TOABRO OHIL HE 06aajanT KaruMu-1a60
XaparTepHBIMI 0COOeHHOCTSIMIL. Tax, MCTOJ C YCIeXOM MCHOJAL3YETCH HpH
H3YYCHUN TPOIECCA JCMEeHUA TARCIBIX DJICNCHTOB. :

9. Bpegenme WMCCHEAYCMBIX 3JI€MCHTOB B HMYJLCHIO B mpoiecce ee M3ro-
Topnenus. 1lo3poasis BBOAMTH OoaAbimue KOMUTECTBA DICMEHTa, 9TOT METOJ
061aaeT HABECTHHIMII IPEHMYIICCTBAMI Hepe MepBhIM merogom [3% 37].

3. Bsejenne MeJKO AHCICPrHPOBAHEBIX HEPACTBOPHMEIX DICMCHTOR VI
X COeJHHEHHNIT B 3MYJIbHCHIO [38-40], Cioga ke MOMHO OTHeCTH U BBCJCHHE
B OMYJABCHIO TOHKHX IPOBOIOYER HCCIEAYEMOTO omemenTta [*'].

4. WaroToBaeHHe TPeXCIOMHBX HMYIBLCHII €O CPCAHIM CJHOEM, cofiepiKra-

mEM mecaexyeMuiii saement [1* a3
5. WaroTopjicHne aMyJBCHOHHHIX KaMep C* TONRAMI QoapraMm mecaejye-

MEX 2jementoB [1% 4%].
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l'aasea 6

NPUMEHEHHE METO/JJA CYETYMROB N CPEJICTB
PAJTMOSJIERTPOHU KU

Menoabzorarne cpeicTs pajinodieKTPOHUKN B COYCTANUN ¢ Pas3iIMIHBIMU
CUOTIURAME OLICTPHX TACTUI IPH UBYUeHHH sepHLIX B3aumojeiicTsmil wa-
CTHT, BBRICOKOl AHEPrHH J2eT BO3MOKHOCTL H3y4aTh BOIPOCH HEYIPYTHX
B3ANMOJIeHCTBIIT yacTuI ¢ sjpaMu: IIOJHBIE CeYyeHus HEeYyUIPYyroro B3aUMO-
Jciicteus, cedenme 00pasoBAmmA OUPEJACICHHHIX HAAep-IPOJYKTOB, BDHEpre-
THYECKNE M YTJOBLIE pACIpe/eeHusa ObICTPHIX BTOPHYHLIX WacTHI| M T. JI.

I pemeHHS pPasIHYHBEIX BOHPOCOB TIPUMEHAIOTCA KaK TEICCKONELL H3
CUCTYNKOB W MOHUBAIMOHHEIX KaMep, TaKk ¥ OT/CIbHBIE CUCTIHKN HALePHBIX
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aanyuennit. BoaMokHOCTh permeTpanmm  JaCcTHIl OTIpe/leIeHHoll  IIPHPOLL,
,qanaema;{ anHo OCO6OHHOCTHMII caMnx CYeTUYnROB, JIII60 I’ICH()JIhB()BaBHOﬁ
CXOMOIT COBIAJIEHIIT, SBIACTCA OOJIBIMUM IPENMYIecTBOM JTAHHOr0 MeTo/a
HCCJHeOBANNA AICPHLIX peariuii. PaccMOTpUM OCHOBHEIE HPUMEHEHHI ME-
TOZA CUETYMKOB M CPEACTB PAJAHONEGKTPOHNKH HPH  MIYYCHIH AZePHBIX
pearmuii. '

§ 1. I3MEPEHHE IIOJIHBIX CEYEHHNII HEVIIPYTIOT'O B3AHNMOJENCTBHA
: YACTHIL C AOPAMI

[Moanoe: ceuerite HEYIPYTOro B3aMMOJECTBUA YACTHI[ BLHICOKOI dHePTHH
€O CJAOKNLIMIT AJPAME HAN00Iee TOYHO OMPEHCASETCH € IOMOILbIO TeNeCKO-
OB CUETUHKOB IYyTeM M3MepeHms ocjadieHusd IyYyKka 4acTUll B pesyiabTaTe
Heympyrux BaamMoJieiicTsnii mocae IPOXO/RACHUSA OIPE/eNeHHOT TONMITE
paccensatesnsi. OcHOBHASL TPYIHOCTh, KOTOPYIO HPHXOTUTCA IPeojloesaTh
IpH 3TOM, — 370 Bhyesenue apperra ocaalieHnsa ImydKa YacTHI] B Pe3yiib-
TaTe HCYNpPYTHX CTONKHOBeHWil 13 00mero ociaabieHus, BLHBHBACMOTO KaK
yupyrumia, Tak W meynpyruvm coynapenusmu. Ilpm mmskmx smeprusax or-
HOCHTEABHO 6OMbIIAs pasHHIA DHCPTIIT yIPYTO I HEYIPYro pacCessHuLIX YacTui
H03BOJACT CPABHUTENBHO Jerko pasjensars ux. Ilpm Beicoknx amepruAx Ta-
Kas andPepenimamusa CHIBHO 3ATPYAHEHA, TAK KaK 4acTbh HEYOPYTux coyaa-
penmil IPOHCXOAMT ¢ Majoil mepepaueil DHCPTHH, CIeAOBATENbHO, TPHBOIAT
K MaJoMmy uameirenmio sHepruu wactuil. Iloaromy ropaspgo rurojnee MCIOJb-
30BaTh paajiuuie B YLJAOBLIX DACHpENeTeHHAX IpPH YIPYroM m HEympyrom
pacceanun. Ilpm sHepruax uactul Ooabme DPAMEPHO 100 M»sB ympyroe
paccesnne 061agaeT Pe3KROIl HAIPABIGHHOCTHIO BIEPE]: OCHOBHAA JOJHA yIpY-
TOTO paccesiHms TpoucxojnT mox yraamm membme A/R (A — jpmuma pommet
gactune, R — pammye sxppa). Ilpu B3anMomeficTBHM 3apAYKEHHBIX UYaCTUL
¢ TAKEABIME SJPAMH SHATHTEABHAS WaCTh ATOr0 JAUPpPaKIHOHHOTO pacces-
HEA IPOHCXOJUT, CAeJ0BaTe/NbHO, B Toll ofaacTi yrioB, rje BechbMa BeJNKO
ceueHlle KYJOHOBCKOTO paccesHus.

CyuiecTByeT jiBa BO3MOJKHEIX METOJA ONpeNeJeHns HeyNpyruX CeueHmii:
0o ocaalICHHI0 TYyTKa YACTHI[ TOHKUM pacceuBaTeleM ¥ 110 HOIOIeHnio
OydKa uYacTHI, B TOJCTOM HOLJOTHTENE.

Mertox ocaabaenmsa muyuxka wactmi. DBoaemoe pacmpocrpamenme IO-
JYYHJ MeTOJ] M3MEepeHHs HeyNpyruX ceveHuil ¢ IMOMOIIBIO TeJecKola CHer-
9HKOB, B KOTOPOM B YCAOBHAX «IIOXOI IeoMeTpuiu» IPOM3BOJUTCS H3Mepe-
gue ocaalIeHHA KOUIMMHPOBAHIOrO IyYKa YACTHI[, IPOXOJAIIEro depes
TOHKYI0 MUIIEHD.

HeoOxonuMoeTh «LIOX0I TeoMeTpum»y IpPH perucTpamii YacTHI[ TereckKo-
oOM CYeTYNKOB (T. €. TAKOrO MX pPACHOTIO;KeHHs, IpH KOTOPOM B CYETHHK,
cTosImMil mocae TMONTOTATE A, MoTaKaeT GOJbIIoe YHCA0 PACCEAHHBIX TACTHIL)
B cayuae IM3MepeHH:d CeueHHil Heympyroro B3auMo/eiicTBUA BBHITEKACT N3
yeaoBusa, 4ToGu Ha m3MepseMyo Bequunny (T. €. O HeyOpyT.) He BJIHAIH
TaKMe ABJEHMH, KAaK YIPYroe AAepHOe W KyJoHOBcKoe pacceanme. [leiicTBu-
TeNBN0, B YCIOBUAX LIOXO0il TeoMETpHH», KOTJA yTroJd, OXBAThIBAEMbId IO-
CHEJIHNM CYCTYMKOM, TO3BOJISET PErucTpHpoBaTh BCE YIPYTO paccesHHbIe da-
cTunsl, ocnal icEne myuka Oy[eT OHPeeNsAThCH JUllh HeyHpyTrHIMI B3auMO-
HAeHCTBUAMI YACTUI[ B HOTJIOTHTENE.

PaceMoTpiM cXeMy OIBITA JJisA OTpe/e/ieHnsA CedeHuil Heympyroro Baamn-
MOIEHCTBIA 3apAKeHHBIX YACTUI[ B OTOM MeToJe.

Cxema, mpunefennasi ma puc. 43, Gbuia memoabsoBama B palorax [lske-
nmenosa, Mockaaesa u Faspmaoscroro [ 2]. OGpasiel umenn TOMIHAY OKOIO
6 r/cM®, ocaabicHne mydka npoToHoB B aToM caydae 5—10%. B ombite us-
MEPAJOCH 9HCA0 TPOIILIX M WeTBePHHX copHajenuii ¢ oGpasmoMm u 6e3 00-
pasma B myuxe. TenecKom M3 TPeX HPONOPIHOHAILHBIX CYETYHKOB, BRIIOTCH-
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HBIX HA COBNAJIeHHMe, W CHCTeMBl ROIIHMATOPOB BLIICASIOT HYJOK & JACTHI
maamerpom 10 My u ¢ yraosoii pacxopumoctsio 07.1, mapaonuii na - paccen-
BaTeab. YersepToiil cueTYHR (PRUAKOCTHHIN, CHUHTUILIANMOHHEN), BKIKYEH-
HBIT HA COBHNAJIEHNE ¢ TeJeCKOIMOM, CIY/KII A PerucTpaliii 0cJaadaeHHoTOo
myuka mociae paccempatensi. Tak kar yros O npum msmepenuu Heynpyruax
ceuenuii nipn sneprun mporomos 650 Mos Guur pubpam papmniM 8°, TO 2TOT
mocaenumii caerank mmesa oosbmoit guamerp (100 mM) n paBHoMepHyIo B Ipe-
fAedax HECKOJAbKHX IPOICHTOB UYBCTBHTENBHOCTh 1O BCeil IOBEPXHOCTH.

Vron 0=8° nosposasger He BBOAUTL HUKAKHX HOIPABOK Ha yIpyroe pac-
cesmue JUIST TGREJBIX Siep, Tak Kak Ui HuX gudpakiuoHHOe paccesHHe
pa yras Ooabme 8° mpeneOpesiuMo Maso. OpHako B ciayuae Jerkux sjep
HeoOXOIIMO BBeJeHHe NoupaBox Ha audpakIuoHHOE paccedmmne Ha yTiaul 0o-
aee 8°. CoorpeTcTBYIONIIE MONPABKIL PACCUYNTHIBAIOTCH 110 OHTHYECKOH MO-
nean [3]. Onn we vpessimaior B gammom caydgae 10%.

2

7 R 7 1_31 :
A T e T T

Puc. 43. Cxema yerpoiicTBa I W3MEpeHNS CeYeHHIl HEYIPYroro B3amMO-
JlelicTBNA. .

1,3,4,7 — TEIECKOIl CYCTIMKOB; 2 — KOJIAUMATOD; 6 — IOBOPOTHOE YCTPOIICTBO IUIA CMEHB
mumeneit 5.

Boaee TtpypasiM siBiasercs Bpejenme monpapok Ha sPPeKT OT BTOPHIHHIX
3aPAIKEHHBIX YACTHI], BEUICTAION[NX W3 PACCEHBATEIs MO YIJaMi, MCHBIIHMA
8°. Ob6aeruaer mososkeHine To 0OCTOATESHCTRO, YTO TOJIN[MHA MULIEHH HeBe-
JUKa, HeBEeJINKO " OGHIGG TUCJIO0 BTOPHYHBIX 3apPA/KCHHBIX TaCTHIL 13 ANePHBIX
pea}mnﬁ, NAVOINX IIOX MaJbLIMH yIrJlaMH K HampaBJeHHIO IIy4Ra (nonpam(n
cocrapiAT BenuunHy nopaaka 1% A TAKeNBIX  HIEp W HECKOJBKO
fospIme — JIS JCTKOX).

H.’Iﬂ T/AJKEADIX Ajep IIGO().XOI[HMO erre YYHTHIBATL RYJOHOBCKOE pacces-
Hile, KaK OJIHOKPATHO®, TAR M MHOTOKpaTHOe Ha yruel > 8°. Jlnamerkux ajpep
aTa MOIPABKA IPCHEOPEIKAMO MAIa, a JJIS TAYKEILIX e COCTABISICT HECKOIBKO
OPOLEHTOR. ;

Tommuna paccempaTeneir, masecTHas o0LMHO ¢ TounHocThio ayume 1%,
BHIOHpaeTcA M3 TeX coobpaskenmii, yToOBI BIANAHHE Ha H3MCPAEMOE CedeHHe
KYJOHOBCROTO pﬂCCBHHHH (OJUIHI’[‘IH()I‘O " MHOP()KpaTHOI‘()) ()I»IJIO MUHHMAIb-
HBIM IpH HAWOOJIBIIEH OCTH;KIMOIl CTATHCTHYCCKOIl TOUHOCTH 3a pasyMHOe
BpeMsa uamcpemli'l, TaK Kak TOJIIMHA pacceupaTeasa ompeneasacT YHCJIO YerT-
BEPHBIX COBIAJIEHMIT, KOTOPOe BXOANT B QOPMYJIY JIA ONpejeeHiis cedeHH.

B oxcmepmmenTte memocpepctsenmo momywaiores peiamuuHit Ng m N, —

. - N
YHCJIAa TPOUMHLIX W 4YeTBEPHLIX COBIAJeHHH. HUx ormomenne &= N_4’ KOoTOopoe
3

yaobHo HazBath SPPERTHBHOCTHIO, OIpENEJIALT J0JI0 HPOTOHOB, KOTOpAA
He TONAfaeT B YeTBEPTHIl CYeTINK 7 Iociae IPOXOKAEHIIST paccenBaTelsd,
CIEOBATEIBHO, YJAAXAeTCA W3 IyYKa HEYOPYTHMH CTOJIKHOBEHHAMH C -
pamu paccenBaTens. Ha wmciao ueTBepHEIX COBHAJIeHHIl, HAll/leHHOE B OIMITE,
HeoOXOIUMO BBOJAHTH HONPABKY Ha CJAyYailHbie COBU&ACHUSA. OTA BEJHTMHA
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JErKo oIpejieIsieTcss B cxeMe, IPHBECHHOI Ha puc. 43, npn M3MepeHuH TUCIA
3a/[ep/KABEBIX YeTBEPHBIX coBnajennii [V, B Ranaze ¢ sajep:Kkoi Z. Torga
YHCI0 CHYYafHBIX YCTBEPHBLIX COBIajeHmit Oyner

WUamepsaemoe meynpyroe cewenme o(0) aas mammoit reomerpun 0 ompese-
HAETCA BBHIPAYKEHIIEM

2O — exp [—3 (0) px %] .

€9

rjie p — IUIOTHOCTh paccempaTessi, r/cM® £ — TOJIIMHA pAaccenBaTeNnsd, CM.;

A — cpepmmit atomuniii Bec; N — uncao Asoragpo; €(0) — apderTusHOCTSH
msa reomerpun 6.

Beawunna €,, BooGuie rosops, He paBHA ejuHnie (g, — OTHOIIEHHE

N,°/N4° Ges oGpasna) no pasuevM npnunsam. Ogmaxo poramcienue o (0) ss-

JIAeTCH 3a KOHHBIM, €CIIN €, OCTACTCS

IOCTOSIHAKIM B TeUeHHe JKCIepu-

cxi bn mernra. Ha ompite omo oT oIbITA
n—() - K OOBITY MeHseTcd 00bYHO B Ipejie-
s aax ot 0.91 mo 0.99. Ilosromy ma-
1 2 3 4 MepeHune €, Hy;KHO [aeJarb B Tede-

HHE CAMOTO OIBITA He OJIMH pas.
Pue. 44. Cxema pacnososkeHHs JieTeKTopa B cayuae ompejesnenuit Heyupy-

B OOMIOTHTEJA IpH Hn3MepeH v > e . 11

iR na?ua Moueﬁgfml:; ‘:i‘z-‘lﬁlf’rgg;‘(’)’; THX ceueHnii BIAMMOJEICTRIA Heii-

¢ sapamu. TPOHOB BBICOKOI DHEPTHH C ALpaMH

£ woROp). # — EGEES 3~ HorHSTRTME - A BMO ORI TAXIRG BHUBOTINIGH B ye-

CBMEIA JIA YOTPAHHWMA AADAKEHHMX wacTui ma  JOBHAX «III0X0if reomerpum». [lpu

ibamter o s oTOM B cury ocobemmocTeil paboTh

¢ OplCTpHIME  HEfTpoHAMI  IOCTA-

HOBKA JKcIepuMenTa obxagaer mapectnoil cmemupuroit. Ha pue. 44 moka-

8aHA CXEMa PACHOJOKEeHHH JIeTEKTOpa M IOMNIOTHTEeAA YIS H3MePeHis

ceueHuil Heynmpyroro BaammojeiicTms HeiiTpomon ¢ sigpamu [ °]. JlerexTop

HEHTPOHOB — BHCMYTOBAas Kamepa JleJeHus — IOMEHIAeTCS B BeplimHe KO-

Hyca, 00pasyemMoro HONIOTHTENeM. JKpPaH H3 CBUHIA YCTpaHIeT M3 IyYKa
BTOPHYHEBIC 3aPSIKCHILIC YaCTHILE.

OcnaGuenne moroka HEITPOHOB IPH IPOXOIKJIEHIN dYepe3 MOTJIOTHTENS,
u3MepseMoe BHUCMYTOBOM KaMepoil JeeHms, JaeT cedyeHue JJId  yAaJeHms
PErHCTPUPYEMBIX ETCKTOPOM HEHTPOHOB M3 KOHyca, HPOCTHPAIOIErocsH Jio
MakcumMaJabHoro yraa 0Oy, 9rtor yroa ssibupaercs takuM, 4ToOLl Bece yIPYro
paccessHubie HeMTPOHBI MOTJIH TMoHAcTh B jeTexTop. Ilpu rouuueckoii gopye
HOrTOTHTE A YHCJIO YIPYTo paccesHHbix Heiirpomos Bo puemmuuit  yrox <0y
JIOCTATOTHO OJMBKO K 9HCJY HEHTPOHOB, PACCeHBAEMEIX BHYTpb 9TOTO yria.
Heynpyro paccesmmnie HeifTpONLI MMEIOT MECHBLIIYI0 DHEPTHI0 W HE PerucTpu-
PYIOTCA JIETEKTOPOM, Tak KAK MOpor permcrpamun seicok. Tawum obpazowm,
ecan Oy, BRIUaeT Bce yIpyro paccesHHbe HEHTPOHH, TO ocjabieHue Upo-
HCXOAUT Janmb Ogarojaps meynpyrusm paanmoneiictsusiv. Ilommas rosuguna
HDOTJOTHTEN el OTPAHHUNBACTCH YCIOBUEM, 4To0B HOTOK HeiiTpomon ObLI He-
H3MEHHBIM II0 Beeil IUIOIMajn HepBOro JHCKA, HAMOOJIBIIEro N0 [JIOMajH.
B omwire ne IOpena m KuaGaa [*] mpu smeprun meiirpomos 90 Moas (yroa
O Oor B3sT B 45°) OBLIO yeTaHOBIEHO, UTO OCjad/eHHe IydKka IPOHCXOIUT
OKCHOHEHINANBHO B OOJACTH TOJIMIHH HOTJIOTHTENCH 0T HYJIA 70 JIBYX CBO-
GoAHBIX HPOOEroB Ha HEyUpyroe AjepHoe B3auMojeicTBHe.

- Ceuenns HeyHpyroro B3auMOJENCTBUS HEHTPOHOB € HAPAMH MOTYT H3-
MEPATLCA TAK/KE I B CXeMaX ¢ TEeJIeCKOIOM CYeTYuROB. [l mpuMepa paceMmoT-
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pEM CXeMy W3MeperHil ceueHmil HeyNpyroro B3amMOJeicTBHA HeliTPOHOR
¢ smeprmeit 1.4 BaB ¢ sjjpamu, HCIOIB30BAHHYIO Kypoum u apyrumn [°]. Oco-
GeHHOCTHIO YCTPOiicTBA, MOKAZAHHOIO A PHC. 45, Apiserca OTCYTCTBUE B HEM
CYOTIHKOB, CHOCOOHBIX PETHCTPHPOBATH HeiiTpomul. OmpejeneHie NOTOKA neii-
TPOHOB TPOM3BOJATCH TEJECKOIOM W3 UeTHPEeX CHUUHTHITALIOMHEIX cueTyn-
xoB (4, 5, 7, §), cTOANIEM O33N pajaTopa 3 Al, B ®oTOpOM OBICTpLIC HEii-
TPOHBI MHAYIHUPYIOT 3apAKeHHLIC JaCTHILb!. CueTunk 2, BRIIOUCHHBI HA af-
THCOBNA/EHIE ¢ TeICCKOMOM, CJY/KUT AU MCKITIOUeHN: 3apAKEHHbIX MacTHIY
B OydKe HEHTPOHOB IOCIE IPOXOAJIEHMA paccenBaTels. CBUHIOBLIH TIOTIO-
THTeNH, HAXOAAIIICA MeAly CUCTIMRAMI & M 7, OrPAHHTABACT DHEPIHIT HPO-

1 6 8
za Sor e =B 07 ;n
= s e b7 7t

Puc. 45. Cxema TeJeckoma CUCTIMKA [UIA M3Mepenuii
HeyImpPYTIX CEYCHNH NpH SHCPIIH HElTPOHOB 1.4 Boas [®].

1 — MUIICHB, 2 — CYCTUMK AHTHCOBNAJEeHmii; 3 — pajgmarop ua
amoMuEuA; 4, 5, 7, 8 — TEJECKON CYCTYMKOB] 6 — TIOrJI0TH~
TEJIb M3 CBMHINA.

TOHOB W ME30HOB, PErdcTPHPYCMLIX TeJIecKOHoM: JJIs IPOTOHOB Epin=
400 Moas, min m-mesomos 240 Mos. YernepTsiil cueTyMR OXBATHIBACT YIOJ
49.3 oTHOCHTENBHO HEHTpA pajuaTopa.

Tommuna paccenpaTesieil Gpajachk OKOIO0 TOJNOBIHA JIHHEL npobera Heii-
TPOHOB Ha HEYIPYroe B3amMojeiicTsue W3 YCIOBHIT yMeHLIOICHHS MHOTO-
KPATHOTO PACCeSHUA M YBOJIWUCHIA CTATHCTHYECKOI TOTHOCTH n3MepeHni ce-
YeHmsI.

Jlaa yraos 02>6° umemo permcTpupyeMmuiX UeTBEPHBIX coBIajieHnil cTa-
HOBUTCH TOCTOAHHBIM, YTO CBHJCTCIBCTBYeT O TOM, 4TO OcHabieHine mydra
oupejeaAeTcs IEINKOM HeyIHpPYruM paccesHueM HeilTpOHOB.

1

4 ||

Puc. 46. Cxema yerpoiictBa JUIsi MS8MEPEHIsT CCUGHMIl IO
MeTO/ly TOJHOTO TIOIVIOmIEHUS IyIKa.

1 — IIOCKAA WOHA3ANMOHHAA KaMepa; 2 — IOMI0TATeh, COCTABJICH-
HBIll M3 SJEMEHTA C SapApoM Zi U ypaHa; 3 — OIIHHEAD Mdapajest.

Merox moamoro moraomienua mydxa wacrau. Onpesenenne ciaydaen He-
YOPYTOT0 PACCESHMs B DTOM METO/Ie OCHOBAHO HA M3MEPEHun mpobera 4acTHI.
Yea0BHO NPUHEMAKOT, YTO YACTHIA NpeTeplesaeT Heympyroe paccesHie,
eci ce mpoGer B TOPMOBsIieil cpeje YKOpPAYHBAeTcs HA MB3MEPUMYIO Bexd-
qHHY.

Mamvenenne mpodera Jerxo o0Hapy/KUBACTCH, KOT/la OHO HPHOIM3HTETBHO
doxsure 4%. Ilockonbky mpoler wacTui| juisi dHepruii B ofmacTu COTEH MHMI-
JMOHOB BJAEKTPOHOBOJNBT NPUOIHZNTEIBHO TPOIOPIMOHATIEH KBAAPATy 2HEp-
THI, TO HEYNPYTHMU MOTYT CYNTATLCA B3aUMOJeicTBIA, HPABOJAIIE K YMCHB"
MeHmo DHepruy Ha peanunny, Goaburyio 2% 0T 9HePTHH YACTHIL.

dKcuepUMeHTaJIbHOE YCTPOIHCTBO, IpefHa3HAYeHHOe JUIfA H3MEPeHHA ce-
qeHHIl O BTOMY MeTojy, mokasamo Ha puc. 46 [7].
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Havaxpmasg uWOTCHCHBHOCTL, Iyuka [, ompejeasiercA INIOCKOIADAJJIeNb-
HO#l MOHU3AIMOHHOIT Kamepoii, Hamoamenmoil o xapiaenus 750 MM prT. €T.
3areM Oy4Y0K YaCTHI[ NPOXOAUT YUepe3 NOIIOTUTENb M3 JaHHOTO 2JIeMEHTa,
u ero unreHcusHocth I namepsaerca muuuapom Dapages. B onwire juid pae-
YOTOB NCHOAL3YIOTCS OTHOMICHUS HOKAZaHMIl DIEKTPOMETPOB KaMephl M IiH-
JAUHIPA, YTO AT BO3MOKHOCTL 0GoiiTHCh Ge3 abcoMI0THOI KalnOpOBKN Bilek-
TPOMETPOR.

Msmepennsi 3aKIi0UaloTCA B HAXOMKJIEHWH 3aBucHMocTH ormomennsa [/[,
0T TOJMIMHHE Horiaorurenad. Jlua GoJbIDHX TOJINIH HOTJIOTHTENENl, HCIO0Ib-
3yEMBIX B JIaHHOM OTIBITe, HEOOX0/{MMO YUHTHBATL YHPYroe paccesHne JacTHiy,

He IpeTeplueBaloNuX HEYNPYTHX B3aUMOJeCcTBUIl, BKJIaJ] KOTOPOrO MOJKET
OuTh mocraTouno OGoxbmnm. s BBe-
JleHIA HONpaBKA ma ITOT IPPexT 13-
MEpeHusi NPOMUBBOASATCA IIPH Pasiny-
HHIX paccTodHuAx L, UTO TO3BOJAET
cjieJiaTh  YKCTPAMOJANMIO OTHOIICHMUS
I/I, % tToure L=0. [lonpaskn Ha MHO-
rOKpaTHoe KYJOHOBCKOE paccesHue
npenedpesuMo Masbl Gaaroxapsa 6oan-
momy pmamerpy nmiunppa Dapajesn
Jajie Opu  TONMIMHAX HOTIOTHTENIH,
cocraBagommx oxoao 98% mosmoro
1/10_ R npobera MagalomuX TACTHIL.
08k a CyuiecTseHH0i 0COGEHHOCTRIO OTH-
CAHHOTO MeTO/la CHATHH MHTEr PAJbHEIX
1po0eroBEIX KPUBHIX SABJIAETCHA TO, UTO
06t Ha WM3MepeHWs OKa3bBAIOT BINSHHE
BTOPUUHLIC 3apssKeHHBIE TACTUILBI, 00-
pasyouuecsi B IOTIOTUTENIC B PE3YiIb-
0% A s o Lo S e Ak TaTe Heynpyrux pzaumoyeiicrsnii. [lpn-
0 0 20 30 efcm?  cyTeTBHE TAKAX BTOPHYHHIX WaCTHIL,
Puc. 47. Wsuemenme maTeHcHBHOCTH o | OroRC HABHEMMOCTD . BEVII W
OyuKa wuacTHE C TOAIMHOH mormory- ICHI OT OHEPTHH IO Mepe TOPMOKeHHA
TN, YaCTHI[ HyYKa B MOIIOTHTEXe OYIYT Bhi-
a — TOPMOKEHNEe ITy9Ka NPOTOHOB; 6 — TOPMO- 3bIBATh MCKPHBJIEHUE B MHTErpaJbHLIX
menue myuka pefitponon; Rp, Rq— mpobern. ppoGeropnix kpupeix. Ha puc. 47 mo-
KaszaHa MHTerpaaboas IPoderopas Kpu-
Bast A mpoTtoHos ¢ smeprueit 340 Mae B ypane. Ilpamas snaua mposeacHa
JUIS OIpeesieHnsl CpeiHero Heympyroro cedenus. Ilockombry HeT mpocToro
BHIDQYKEHHSA JUIS OIMMCAaHNs 00pasoBaHMA BTOPUYHBIX 3apsAKEHHLIX FaCTHI
OpH OPOXO/KACHUM OLICTPHIX HPOTOHOB Yepe3 MOTIOTHTENb, OOYHO B CIy-
gae IPOTOHOB IpeHe0peralT YMCJOM BTOPHYHLIX 3apsUKCHHBLIX JACTHI|, HC-
MyCKAeMHX M3 MOTJIOTHTeNd, AIA TOANIMHB £, BILUIOTH JI0 IOJHOTO Hpobera
nporonos. B arom cayuae ormomenme///, past t=R, Mo:keT ObITh BalHCAHO
Kak

U
0.8

06

04

0 40 80 120 efem?

¥ —on Ry
—=e F’,
1y

KOTOpOe I03BOJAET NOJCYUTATh Op — CpPejHee CceueHme HeyHOpyroro B3au-
MOAEHCTBHSA IIPOTOHOB C SIAPaMIL.

B cayuae mamepeHus cevyeHHml HEYIPYroro B3aWMOJEHCTBHA [ TAKHX
gacrun, kak H2, H3 He3, gnciom BTOpUYHKIX 3apAKeHHBIX YaCTHI IpeHedpe-
rath yike Heab3sl BCJACACTBHE CYMECTBOBAHMA Ipoitecca crpunumnnra. Teopus
MeTOjia JUIs JAHHBIX cayuaes Obiia passura MuanGypmom u jgpyramum [7].

PacemoTpnM TeopHI0 MeTOAA IS ONpPeeJeHNs CedyeHMi Heympyroro B3a-
HMOJIeiicTBHA AeUTpoHOB ¢ sgpamm. IlycTh Imydok . [IeiTPOHOB ¢ HMHTEHCHB-
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HOCTBIO /, maaeT Ha MOTIOTUTENE I €ro MHTEHCHBHOCTh OCAA0MACTCHA JI0 SHA-
genus /. Ecau cpenarh ciejyloniue yIpomalomue Hpejrnoo;KeHs: 1) Bce
CeYCHHS He 3aBUCAT OT HAYAIbHOI aHeprun jeitrporos ao 20 Mas, 2) Bropny-
Hble 3apsyKeHHble YaCTHILl ABMIOTCA HPOTOHAMH OT CTPHINNHTA, 3) UMCIO
BTOPAYHLIX 3aPSKEHHBIX YACTHIL APYroii mpupojsl npeHedpesRuMO Mauo i
9JIEMEHTOB ¢ BBICOKHM Z, TO sHayenue / OymeT ONpeeNsAThCA BhIparKeHMEeM
t
I=Ie~# + [ I& ¢%y,e™ "z, (11. 23)

t—t

rjie {— TOJMHA NOTJIOTHTEJA; oy — NOJNHOEe HEYNPYroe cedenne mim cede-
mie ocnabaeHus L elTPOHOB; o, — addexTuBHOE ceueHue ocJabiacHusd

JUIA TPOTOHOB; Og,, — CCUCHUE o6paaonauu;1 IPOTOHOB CTPUNNMHTA JUIHA
najanmux AeiiTpoHOB; T — paccTOAHNE, NPOXOJUMOE JEHTPOHOM B ocjaadu-
TeJe Tmepex HCYNPYTUM coyaapeHueMm; ¢—t-— MaKkcumajgbHas rayOuna

B ocsaburene, u3 KOTOPOH MOryT 0CBOOOMKIATHCS BTOPHUHBIE UPOTOHHI.
t=t, ecain t < R,(T,); t=Ry(T;)—1, ecam t>R, (T,), rne R 2 (T,)
u R, (T,,)—cpe;mue npoﬁcrn NPOTOHOB U JIGHTPOHOB B NOrJOTUTENE © SBep-
rTuAMU Tp T, cooTBeTCTBEHHO.
Haubonee BeposTmoe 3smavenue KUHETHUYECKOH HHEPruM NPOTOHOB
crpunnurra 7, B nepsom npuﬁ.rum{emm paBHO

7,= (T,,,+Z"2_ ). (1. 24)

% Ze2 :
rje e;-—oHEPrusa CBA3KM JAeUTPOHA; r— — dJIeKTpoCTaTHNYecKas Heprusa

OTTaJKUBAHUA NPOTOHA KYJIOHOBCKUM TOJEM S/pa.
Warerpupys ypasmenue (1I.23), noxyqum
1=z [1 o Lot ) )] (IL. 25)

0—0

B aro ypaBmenme BXopur ceuenne oOpazoBaHMA NPOTOHOB CTPHI-
nunra o,,. Moxno moxasath, WTO OHO MOKeT OHITH 3aNMCAHO KAK O, =
=0;—0,. [leiicTBuTenbno, ecam uuciO ACHTPOHOB, YAANAEMBIX HA €jH-
HUOY TOJINIMHBI NOTJOTHTENS M3 NAjalomero nydyka nyTeM Heynpyrux co-
yaapenuii, ects o,/V, W KaKIABH AeHTPOH COACPIKUT OJMH NPOTOH, TO UHCJIO-
ylaJAgeMbiX HPOTOHOB ecTh Takie o;/Vy=0,N,.

B 1o ke BpeMsa uUuCIO IPOTOHOB, YHAAJAEMBIX M3 NYyUKa HeyNpyTHMH
COY/aPCHUAMIT, JACTCA BHPUKCHUEM O, N,=0,N, ecam npegnonarars, 4ro-
NPOTOH, CBA3AHHBIN B JeiTpoHe, lleuc'mye'r KaK cB00O/1HAN YACTUIA BCJIE[-
crue Mauoil smepruu cBssu. Ilojmoe WuMeI0 DPOTOHOB CTPUNNUHTA, NOKU-
JAIUX NOrJIOTHTENb, €CTh

adsde =aN;—o,N »

0TCIONA 10JYydYaeM, 4TO Gg,,==0; —0,. llojcraBasasa suavenne o, B ypaBHe-
e (II.25), momyumm
I =1, exp (—o;t 4 64,7)- (1I. 26)

Orcroa BUAHO, UTO

1=1g""% pan t< RUT,)

I= Io exp [— (od + odap) t + cdmRﬂ (Td)] e

=1Ioexp[— (a+0ay)t] musm t>R,(T,).
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Takum obGpasoM, s dJAeMeHTOB ¢ Oojibmumu Z, eciau CHpaBeIuBbl

1
cJeJIaHHbIe NPeJanoJoKeHNA, 3aBUCIMOCTD 5T OT { B IlOleJIOI‘ﬂqu)MH‘IECRHX
0

KOOPIMHATAX MpPeJICTABIACT KPIBYI MHTEr pajbHoro npobera, cOCTaBICHHYIO
U3 JBYX NUpPAMBIX JIMHUI ¢ M3MCHCOMEM B HAKJIOHEe B TOUKE (T,
(puc. 47, 6).

Jlnsi 5IeMeHTOB ¢ MAJHIMH Z TpeThe M3 CJleJaHHBIX BHIIIC NPEeANnoJio-
JKeHnii He ABAAETCH 3aKOHHHIM. VluTepnmperamusg KpHUBHX MHTErpajJbHBIX
npoberos 3aTpyjHAETCA HaauumeM OGOJBIIOr0 umCj]a KaCKA/HBIX 3apaAKeH-
HeX uacTmi. [l ymMeHpmeHus sToro aP@exTa ucnoab3oBagachk CJaeayomasnt
meromuka. Ilocae morjgoTuTeJs na 9AeMenTa Z; ¢ TOJNWHONR 0K0J0 '/, mpo-
fera crapuminch norjoruteau m3 ypana (puc. 46) m cunmanach muTerpaib-
Hag npoferopas Kpusas s pasanuubx xombumanwit Z, - U. B arom cay-
gae GOJBIMIMHCTBO BTOPUYHBIX uactuil, o6pasoBanpbX B NEPBUTHOM TOTJIO-
turede, 8PYEKTHBHO YAAJACTCA M3 NYdYKa YPAHOBBIM HOTJIOTHTEICM.

Yueao aefiTpoHos, NOKWJAOMUX NOrJIoTuTedb Z;, ecTh

L=1g*,
4 uNeJo NMOKUJAINIX ypan —
I,=1I exp(—ot, +at,),
rae t, u t,— COOTBETCTBYIONHe TOJUMAB Nepsuanoro Z; m propudsoro U

norjoTuTeeii; o, — NOJHOE CeYeHNe NOTJIOUEHUsd JeHTPOHOB JUIA i-ro aJje-
MeHTa.
Cpapuenme 3HAYEHNIT OTHOCUTEJIBHOIO0 M3MEHEHUA NHTEHCUBHOCTU NYUKa

I; 2
< B KOHIe KPUBOIl WHTErpaIbIoro npoGera aas KOMOUMHAUMM TOTJOTHTE-
0

neii Z‘+ U co snaueHuem ;—(I;- JUIST NOTJIOTUTEeJISl U3 ypana HO03BOJIsSIeT onpe-
JeJINTh S, yepea O'[’.:

1,
70— S oUeXp (_qi k- ti) (II. 27)

_I_U_ —-expl—cU(RU—'lL-)] 5
0

I 4 2
{, m l,—MN3BECTHEIEC N3 OKCHCPUMEHTA NapaMerpl. —- L w R, (nomumii
i 10 ’ ]0 U
npobGer B ypame) memocpejcrsenno usmepsiorcs. llosromy coormomenue

(I1.27) aerxo paspemaerca AJsA o, KaKk QYHKIUHI G .

Amagormausie pacuersi MOryT ObIThb IPOBEJEHBl M JUIA TaKIX, YACTHIL,
rarx He?, H?, roropwsie ¢ GoabImoil BEpOATHOCTHIO paCIIEIUIAITCA Ha COCTAB-
JS0NIe X HYKJIOHB B ciyuae Heyupyroro coyaapenns. Tar kax B OHHCH-
BaeMOM DKCHOEpPUMEHTEe Ha M3MepeHHA BIMAIOT TOJbKO 3apPA/KEHHBIC YaCTHIH,
TO CYNIECTBEHHKIM OKA3LIBAETCS YYeT B pacdere JHIIb NPOTOHOB M JelTpo-
HOB, 00pasyloI{HXCH B TAKUX B3aMMOjeiicTBHAX.

Jlaa g-gacTHI 13-3a BHAYUTEABHO 00JbIIeH CBA3ZM HYRJIOHOB IIpHMEHe-
HIe NPHBEJCHHBIX BHITE PACYeTOB yiie e spiAerca Hagesmuun. Kpome rToro,
B 9TOM cJyUae jyuis IPOTOHOB, 00pas3ylonuxcs B Ipolnecce CTPUIIAHTA H3 -
wacTAI, OCTATOUmbIe MpoGerm paBHLL ocTaTouHsiM mpoberam a-wacthm. llo-
TOMY HAJIMYHe IPOTOHOB € MNOJOOHLIM JHEPreTHYCCRUM paclpesieseHuen
TOJZRIO VIIHPATH KOHEN WHTerpaJbHOil mpoOeroBoil KphBoil ¢-vacTHIl. On-
HAKO, HECMOTPSA Ha CRaszammoe, cpejHee HeYmpyroe uolepeyHoe cevyeHue
Ofet MOJKET OBITH ONPEENEHO 110 M3MEHEHHIO XapaKTepa KPHBOM UHTEHCHB-
HOCTH TOKA TyuKa B KOHI[e mpoOera a-gacTuil.
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§ 2. A3YYEHNE OBPA30BAHIA OTAEJLHBIX HPOAYKTOB
AJNEPHBIX PEARIIIIT

B HexoTopHX cayuasx 0KaspBAeTCA BO3MOKHBIM HEIOCPEACTBOHHOC HC-
WOJAB30BANNE TeXHUKH CYCTYMKOB SIACPHBIX M3JIYUeHWIl IIPH N3yueHnmn sjep-
HBIX PEeaRIUil HpH BHICOKUX JHEPrmwaAx, 0es HNCHOTIL3IOBAHHA pajioXuMuIe-
CKUX MOTOJIOB PasjeNeHus M OYHCTKU HCCJAeAYeMbIX H30TOIOB. JTO BO3MOKHO
B cayuasax: 1) xorga mpu o0GJIyYeHIIN MUIIEHHI BOZHHKAET MaJ0e KOJHYECTBO
PaliOAKTUBHBIX H30TONOB ¢ CHJIBHO PasiInyaion(IMHCA MePHOaMH II0Jypac-
majia uian 00T aionuX PasamyHb6M THIOM W3JY4YeHNsd, a CIe/l0BaTelbHO, BO3-
MOJKHO HX pasfieieHue Io pagnoaRTHBHEM XapPaKTePUCTHRAM; 2) KOT/Ia pesy/ib-
TAT MOKET OBITh JIOCTUTHYT HYTeM H3Mepenus o0nieil HaBeeHnoi akTHBHOCTH.

B kauwecTBe npumepa IepBoro Cayduas pacCMOTPUM W3YUYEHHe pPasJiimyHbIX
Apep-npopy kTos npu odayuenni Al nporonamu ¢ sueprueii 5.7 Bas, nposetennoe
Bennodom [®]. Tlocae obayuenus v Goabre o0pasoBHIBAINCH pagnoa KTHBHEIC
nsotonnr Na24¢, Ne24, Na22, F'8 O'?, N'3 C!, Be’. PasgenbHoe ompejeireHme
cedenunil 00pas3oBaHmA JIAHHBIX MPOJYKTOB OLLIO IPOMU3BEIEHO CJIeYIOIuIM
obpaszom. Jlis ompenemenns cewenuii obpazosamma 0, N'? p C'' yumens
obnyuanach KopoTkoe Bpems (meckonsio muHyT). Ilpm stom B Mumenn e
oOpaszossiBasoch namepumeix kosmdects Na* u Be’ n equncTnennoii oaroKxn-
symeit xommomenToit Optt Na?!., Drta rpynna KOPOTROMKHBYIINX H30TOLOR
AHAJIMBNPOBATACh [0 KPHBOH pacmaja, CHATOH 10 AHHHTHIAOUOHHOMY ‘Y-
MBI YUeHITI0.

Jlonro;kuBymue M30TONLL OIPECIAIINCH B MHNIEHH, olayueHHoil B Te-
ueHie GOJIBIIOTO TPOMEsKYTRA BPEMEII mocie NpuMepHo 15-4acoBoil BHiep/cKi.
Cropocrs pacmaga Na®* ompepensiiace no y-usayuenuio 1.84 Mos. Axrtus-
nocth Na® u Be’ maxogmrach myTem msmepenus y-usaydenns 1.28 Mos u
aprurmsnmonaoro uanygenus 0.51 Man. Braag s y-usaywenme 0.51 Moas
or Na® omenmpascst 0 OTAEJABHO CHATOMY CIEKTDY H3JIyYeHUs 4YHCTOro
npenapata Na?.

TopoOusi 06pazoM WPOMBBOAUTCH aHaJM3 A[Ep-IPOAYKTOB IPH pac-
memrennn Takux sajgep, kax Be, G, N, O, F, Na, Ge3 nomoign XuMHYECKOTO
BBIJICJACHIAA MCCAYEMBIX IPOIYKTOB. 5

Hcnonpzosanue TopuoBhix cuerankoB leiirepa s ompejesenna cyMMap-
HOH AKTHBHOCTH fAIep-0TAaulm B MeTose cobupalomux Goasr (cm. riasy 4,
§ 1) uHorja OKA3BLIBACTCS JOCTATOYHBIM JIIA peIlenns MOCTaBJeHHOI 3aTadTu.
B omprre Menoysa [?] mo wmccaemoBaHmio yrioBOTO pacHpejeleHHs O0CKOJI-
ROB JleJieHnsi ypaHa H TOPHS B KadecTBe cOOHPAMHUX (POIbI HCHOJB30BA-
JMCh TJIEHKH M3 MOJHeTHpoda. Beuto mokasamno, uro wepes 8 gac. mocie 00-
JAyYCHHS MPAKTAUCCKI BCA PAJHOAKTHBHOCTH COOMPAIONNX IJIEHOR 00ycaoB-
JeHA OCKOJKAMU JIGNEeHUsI, YTO HO3BOJAIO HM3MEPATh 3aBHCHMOCTH BLIXOXA
OCKROJKOB [ICJCHUS OT YIJIa IO OTHOMIGHWI K IIYYKY IPOTOHOB IyTeM IIpsi-
MOTO OIpe/ie/eHUsI aKTUBHOCTH COOHPAIONINX IICHOK.

Pacemorpunm emte jiBa mpuMepa HCHOJb30BAHIA IPONOPIHOHAIBHEIX CYeT-
QUKOB JUIA MB3MEPeHUs CeUYeHUil 00pa30BaHHA OTHEABHBIX HPOAYKTOB Ppeax-
wmit pacmemienna agep. OpurananbHuiii MeTox OB HCIOJB30BaH B padore
Paiira ['°] pgas wzywenusi oOpasosamns Li® mpu oOmyuemun pasiuaHBIX
sigep OpierpoiMu wacTamamu (p u d). B kauecTBe MUIIEHH HMCHOJIb30BATICSH
ra3 MpOMOPIHOHANBHOIO CYETYHKA, YTO JAJI0 CHACAYOI[He IIPEeHMYyHiecTBa
10 cpaBHEHMIO ¢ TBepioii Mmmennbio: 1) yBeauuenne reomerpuueckoii oddex-
THBHOCTH [P OMpPEAeNCHHII PAaJUOAKTABHOCTH MHMICHN IIPHMEPHO B YeTLipe
pasa 1o CpPaBHEHUIO ¢ TOJCTOI TBepHOil MUNIeHBIO; 2) OTCYTCTBHE CAMOIIOINO-
MeHus; 3) TONIHHA MHUIIeHH JUMHTHPYETCS TOJbKO pasMepaMil CUCTUYMKA;
4) BBHICOKASA CTENEHD YHCTOTLI DJACMENTOB, OCOOEHHO PeARMX razoB, HCIOIL-
3yeMBIX B KAYeCTBe MUIICHIL.
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Hapsjy ¢ 9THM JaHHAs MeTOJMKA HMET CBOM HEJOCTATKM: 1) uncio BO3-
MOSKITHIX  HJEMEHTOB MUINCHI CHJBHO OTPAHHYCHO, TAK. KaK HCHOJIbL3YeMbI#
piaeMenT HoJskeH ObTh B rasonoil gaze 1 B- TO jKe BpeM:A noaAeH 00JaxaTh
VJIOBIETBOPUTEABHBIMI XaPAKTePUCTHRAMIL KR paGounit raz JuIsg Hpouop-
AMOHAALHONO CUeTYMKA; 2) M3MCHEHHe XapaKTCPHCTHK CYETYMRA HpH Hepe-
MeHe rasa.

Jxcnepument B paGore ['°] mposopmicsa caepyonuM oGpasom. IIpomop-
MHOHAIBHLI CIOTTNK, HAIOIHCHELIl HCCHe/lyeMEM Ta30M, 00Myuailcs B0
ocn myukom wacTui. Horga jocTHranoch paBHOBECHOE KOJIHYECTBO Li®, yero-
puTeib BHKITIONAACHA, IOCHE KOPOTKOIl BBIICPSRKE HPOM3BOMMICA CUET -
yactur 0T pacmaja Be® B Teuennme 9 IepuoioB HmOIypacHaza Li%. 9ror mpo-

7

Ha wuknompon
P Boikn

Brawy.

Puc. 48. Cxema ycrpoiicTBa A M3YICHHSA oopasosanma Li® [1°].

1 — IOMJIOTHTE: Th M3 MEIW; 2 — NPELyCHIuTeN H; 3 — yemmrenn; 4 — nepecyeTHnle NpH-
Gophi; § — CAMOIMCEN; 6 — MOTOD C IEPEeRJIIOHATEsAMMI.
o

mece mepHOJIIMTecKH MoBTopsica. Yuexo atomos Li® B romme GomOapiHpPOBKE
OO PIHOHATBHO HHTErPAIY:

[ I(t)eMdt,

rge /(i) — DOTOK NPOTOHOB; A — TMOCTOAHHAA pacHaza.

Beqmagea 9TOr0 MHTETpaja MOIrJa HeIOCPeJCTBeHHO H3MCPAThCHA B ONLITE
WM BHYMCASITHCA TPH HEe3aBHCHMOM H3MEPEHHH MOTOKA HpPOTOHOB. Bo mTO-
POM ciiydae BO3MOFKHO OILpejiesieHie abcoqtoTHRIX cedennmit. B akcmepuyenTe
aGCoMOTHBe M3MepeHns cedeHHil OBUIM CeTaHbl TOJABKO JIIA oOpasoBaHus
Li® m3 yraepoja OmpW 3aNOJHEHHN CUETIAKA CH, n upm m3MepeHHH IOTOKa
IPOTOHOB HMOHH3ALMHOHHOI Kamepoii. Jlast ocTajbHLIX DJIEMEHTOB OIpeje-
JIHCh OTHOCHTENbHBE BHIXOXH Li®. OKCHepHMEHTANbHOE YCTPOICTBO CXe-
maTnueckn m3obpaskeno Ha puc. 48. Cueruuk A, coxpaHSIONHil TOCTOANHEE
cpoiictea (mamonmenme CH,) mpu Becex foMOapUpOBKaX, CIY/KUT HMCKIIO-
QuTeabHO U Ieell MHTerpHpoBAHMA HoToka (Kak MOHUTOp) U 00dyIaeTcs
Beerjia IpoTOHAME TOXHOI sHeprum. CueTumi B mamoauserca ucciexye-
MEIM Ta30M.

OGaydeHAs U W3AMepeHus MPOU3BOAATCH MePHOMICCKI IOCPEACTBOM Bpa-
matomerocs pekmogatens: obaygemme 10 cer., saTeM BLIKIIOUEHHE Nydha.
yepes 0.2 ceK. BRJIKYEHHE CYCTA CICTIHKOB. Iloce 8 cex., B Teyenne KOTOPbLIX
cHuMaeTcsl KpmBasg pacuaja Li®, cueTdmKN BHIK/IOYAIOTCA, a IOC/IE KOPOTKOR
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shitep:kKi KD mosropaerca. Iloamstit mukn sammmaer 20 cex. Memori
TOIVIOTUTEIb MEKAY CUCTUMRAMU CIY;RUT I cHATHA (QyHRIuiE Bo3Oynie-
HHOH, T. €. 3aBHCUMOCTH ceueHus oOpasosamus Li® or smeprum wactan. OrtHO-
cuteabubie. QyHKIMI BO30yyeHns ObUIH IMOJY4YeHbl IyTeM CPaBHeHHA cueTa
Li% B cuerunre B co cuerom B cuerunine A. Cuerunr 5 umeer Goabuioit jua-
MeTp, uToObl He OBUIO BIMAHMA OT PACX0ZK/IEHHA Iydyka IOCJe HOITOTHTCII.

Jlpyroit ocTPOYMHEI METOJ H3MEPeHHS KOPOTKOKUBYIIEr0 H30TONA ObLI
gpuvenen B pabore Poymamga [*% '2]. B meit usywamock oOpasoBaHue M30-
tona He® npu pacmiemnennu sijep Osterpeivm mporoxamu.  He® meoGxomumo
BHIICAATHh M3 MHIIEHU Hepej M3MepeHHeM Ha CYeTYHKE, TAK KAK B MUIIEHH
mociae obayuenus oOpasyercs 00JbLIOE YHCIO APYFHX PajgHOaKTHBHBIX aTo-
moB. Ilepuoj noaypacuaga He® pasen 0.82 cex., moatomy BblIeJdeHue €ro us
MUIICHH, OYMCTKA ¥ BBCACHHEC B CYCTYHR JOKHBI COBEepPIIATHCA B Hpejenax
1 cex. B yerpoiictee [**], cocroanmem n3 paGouero o0bemMa ¢ MHIICHBO, 3a-
TOJHEHHOTO ra30M, HCHOOJIb3yeTcs KHHeTHUCCKAHA dHEpPrus HAJep-0Tiaudm i
soigedenns He® us mummenn. fxpa-ormaum TopMosminch B HHEPTHOM cOOM-
patoniem rase (oOwuno He), roTopriii 3aTeM HIponyckajics B CYETIHK, HOCIE
gero mccsaepopagca pacumaxg He®. B To BpeMsa Kaxk WHEPTHLIL ras yHOCWI BhIje-
JIEHHBIE 113 MIIICHH a5l ¢ c000il, 0cTaIbHLIC AIPA-0TAAYT 0CAMKAAIINCH HA CTeH K,
TEM caMbIM aBTOMATHYECKH JocTuragoch addexrnsaoe pasjpenenme. Joba-
BOYHAA OYHCTKA IPOM3BOAMIACL B OONBOIMHCTBE DKCIEPUMEHTOB ILyTeM [po-
OYCRAHWUA lada-HOCHUTeIA vepes JOBYHIRY C JRHJIKHM a30TOM.

Ecanm ciaoii 3axBaTHIBAOIEro rasa «TOHKHI», a camMa MUIIeHb «T0JCTam)
00 CpaBHEHHIO ¢ TpoberoM AXEP-OTAAYI, TAKOE YCTPOHCTBO MOKeT Jerko
nasaTh abcoaoTHEe (TaK #e KAK M OTHOCHTEJbHbIe) 3HaUeHns cedeHnil. Y1005
yOeauThesI B 9TOM, PACCMOTPHM JBe IUIACTHHLI HIeMEHTa MUIIEeHH, TOJICTLIe
0 CpaBHEHNI0 ¢ OpoleroM HHTEPECYIOIMIUX HAC MAAEP-OTAAYM, MEKAY KOTO-
PHIMI TPOJIOkeHa TOHKas (oabra u3 Toro ke camoro marepuana. llpm o6-
JYY9eHNN MyYKoM OBICTPHIX YaCTHI[ BBIXOJ HAHHOrCO0 HPOAYKTAa TOJBKO B TOH-
KOil HeHTpaabHOi (oibre jaerca OOBYHBIM BhIPajKeHIeM

rae N — UACIO aTOMOB W30TOHA, 00pa3oBaHHOe B eAMHHUIY BpeMmeHu (nmpuuem
e/IMHIIA BPEMeHH JI0CTATOYHO KOPOTKA#A 110 CPABHEHWIO C MEePHOAOM I0JaYy-
pacmaja IpoAyKra); 0 — cedenue, cm?; N, — unciao OoMOApAMpPYOIUX Ya-
C¢THI] B ejuHUIy Bpemenn; Ny — umcio aroMon mumienn ma 1 cm®.

Teneps, ecaum ara (oabra JOCTATOYHO TOHKA, BCe sAPa-HPOAYKTE, 00-
pasoBanusie B (osibre, OyAyT HMCIOYCKATHCA M3 Hee B COCEAHNE ILIACTHHBI,
H TOYHO HKBHBAJCHTHOE UX 4iHCJ0o OyjgerT BXOAUTL H OCTAHABJIMBATHCH
B Heil m3 armx miracrug. Tarmy oOpasom, aTa oabra MOKeT U He COCTOATD
U3 djeMeHTa MHIIeHW, TaK KaK BLIXOJ sAep UPOAYKTOB. HAlcHHHEI B Heil,
ABIAGTCH XapPAKTePHCTHKOI MaTtepuasa oxkpy:kawouiux ee miacrur. Coorser-
crsenno IHe (uam ppyroit ras) moskeT OLITH IPHMEHEH BMECTO IEHTPAJbHOIT
QoJBIIT M MCHOMB30BAH KAK COOMpAONii ras3 s M30TOIOB, 00pas3yiomuxcs
B OKPY/RAaOMMX IIACTHHAX.

Ypasmenue B 2TOM ciaydae OMRHO OLITH MOTUGUIEPOBAHO CJIeyIONEHM
obpasom:

R/\/_—_chNﬂ_
v ’ Py
3necs N’y —umeao atoMoB cobmpatomero rasza ma 1 cm% Rzl;;'
r/le pPy— ATOMHAS TOPMO3HAS CHOCODHOCTH ATOMOB MUIICHH; py— ATOMHAHA
TOPMO3HAS CINOCOOHOCTHE ATOMOB COOMPAIONIEro rasa.

Jlia yBenuveHHA BRIXOJIA 3aXBaYeHHEIX B rase AAep-OTAATH MCIOJb3YeTCA
BHICOKOE JiaBJeHne. BrIxox Takske MosKeT OBITh CWJIBHO YBeJWYeH NPH HCIOJb-
80BAHHUU rasa ¢ 0OJBIION TOPMO3HOI cHOCOOHOCTHIO (HO B BTOM Ciaydae HY:;KHO
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aubo smats oGpasosamme He® ms smnx aromos, muGo obecmeunTh yCIOBUE,
uT00Bl BCE AAPA-OTIAYM W3 Tasa YXONWIN B COCeTHHe IUTACTHHEL).

UemonbsoBanuas B ONHTe KOMIAKTHAS KaMepa MUINeHed cojeprxana
HECKOIBKO ILIACTIH-MUIIeHeil, mpomeskyTen Meskay koropsim (0.2 cm) 3a-
moxusn ras ¢ jgasrenmem o 10 atm. Hemocpespcrsenno mocie 00aydeHusa ras
MePeBOUIICHA B CUCTUMK C IOMON[BIO ABTOMATHUYECKH YIPABIACMOTO KJIAlaHa
R IPOUBBOANINCL M3MEPEHH: ero pPagloaKTUBHOCTH.

Kpussie pacmaja Iocle aHaIu3a MO3BOJIN BHEAATH aKTHBHOCTH, 00y-
ciopiaennyio He®, m ompemeauth ero KOJIHYECTBO.

§ 3. IBMEPEHHE YIJIOBBIX H DHEPTETHYECKUX PACIPE/IEJIEHAA
BTOPUYHBIX YACTHIL

Metoj TeiecKona CYETIHNKOB MCHOJB3YETCHA € YCHeXOM JUIA OIpejieseHus
PHEPIWIl M YIVIOB MCIYCKAaHWs OBICTPHIX WACTHIl, 00pasyoIuXcAs HpH pac-
memrennu  Anep. Csobopa BEOOpa MuUIIeHei, BO3MO/KHOCTB OIIpeJe]eHU s
npupoxsl Takux uacrmi, kak H', H?, H?, He?® He", xopomee yriosoe u
pHEPreTHYeCKOe paspemenne H BOBMOKHOCTH JIeTeKTHPOBAHUA HEHTPOHOB
JeIAI0T TOT METOJ BechbMa IePCHeKTHBHLIM TPH WM3Y4eHHN AJEPHBIX peak-

" 2 mit.
- ;
n2 C IOMOIHI0 TeJNeCcKOIOB CYer-
= ﬁy—\ D'_ quKOB OBLIO TIPOBEJEHO MHOTO ¥C-
i RS ClIeJ[OBAHMIT DHEPreTHYeCKNX CIeK-

b/ St TPOB HeilTpoHoB npH GoMOapMPOBKe
o 6 AZCP MPOTOHAMU [13-16] B ragecrtBe

ﬁ 2. OJIHOIT 113 BOSMOKHEIX B TOM cJaydae

. COXeM TelleCKOUOB CUCTIHKOB Ha

R, puc. 49 mokasama cxema, HCIOJNb-
ne. . Cxema Texecroma s HU3y4YeHuA 30BAHHAS B paGOTe [13]_

HHEPTETHYECKOT0 CIEKTPa HEATPOHOB. T
1 — BO:I,ODOHCO:ICD?HQIIUIﬁ pannuarop; 2 — MOHHUTOD; lIOIITpOHBI CO3JLHIOT HPOTOHH_
3.4, 6 — TEJNECKON CYETINROB, & — formorarens, — OTAAYM B TOJTHITHICHOBOM Groxe.

[IpoToHEl PerucTpUpyOTCsS ¢ HOMO-

b0 TPOIHBIX COBIAJEHWIL Tele-
CKOTIOM U3 cTIILOeHoBHIX cueTunkoB. IlpoGer mpoToHOB-OTHAYH W3MEPACTCAH
¢ IOMOIIBIO MEJHHIX (QUJIBTPOB, YCTAHABIMBACMBIX MEMKAY CUeTIHKAMH 4
n 6 Temeckoma. OHePreTHYeCKMil CHEKTP HelTpOHOB OIpefleldseTcds us
cmextpa mpobGeros nporToHoB. IIpm dToM HE0OXOAUMO YYMATHIBATHL IOTEPH
SHEPTUN TMPOTOHOB B PajimaTope ¥ BIMAHHEe YOPYroro n HEyOPYroro B3amMo-
NeiiCTBUA IIPOTOHOB C AApPAMII IOTJIOTHTEJA.

Jlaa HaxXosKeHHs HHEPreTHUECKOTo CHeKTPA HEeHTPOHOB MCIOIL30BATACH
3aBHCHMOCTD OT PHEPTHH MuddepeHmaibHOro CeIeHuA PaccesHNA HedTPoOH—
opoToH s yria 45°.

Tl mermouenns GoHa IMPOTOHOB OT B3aMMOJEICTBIL HETPOHOB ¢ AZPaMM
YIIepoja BMeCTO NOJAITHIEeHA B IMyJoK Homemaica rpapur (¢ Tem ke duC-
aom aromon C ma 1 cm?) myTeMm IoBOpPOTa Bpamjalomerocs Kojeca, M M3Mepsi-
J0Ch WHCIO TPOHHEIX CcOBHAfeHMUi, 00YCIOBINBAEMBIX B3AUMOJEHCTBIAMI
n-+C.

Ta ske Meroamka menoupzoBanach Heawscomom u apyrimu [VP]. Temeckomn
COCTOSII M3 WeTHpexX CUeTInKoB. YeTBepThii CYETYUR — HPONOPINOHAID-
HBI, KPUCTAJINYECKUN COMHTHIIATNOHHBIN — CJHYRII JUUISL CHATIA CIEKTPa
aMIJIATY]] UMIYJIBCOB OT TPOTOHOB.

ChoekTp aMmjmTy/{ MMIYJIbCOB, ABJAMUICA PasHOCTBIO CIEKTPOB sk
CH, u C, cayxua pus pacueTa HeHTPOHHOIO CHEKTPA. Cxema pacuera
00BIIHO caeyIomast.
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1. Ilo ucupasiennoMy Ha KOHEUHYIO Pa3peIanuyio cnocoOHOCTh COeKTPY
AMIVINTYZ MMIYJABCOB CTPONTCA CHEKTP BHepruaii IMpPOTOHOB € NOMOIIBIO
‘KaanOpPoBOYHOI KPUBOH «aMIUIUTYJa MMIYJbCa-——3HEPTUA NPOTOHAY

ANz dN oh
ak s k- ok *

2. B sror cnexkrp sHepruil NpoTOHOB BBOJATCSH NONpAaBKI HA NOTEePH
DHEPIHM B pajyarope M B IepBHIX TpeX KpUcTajlax Tejeckona.

3. BpoauTcsi monpasKa Ha KOHEUHYI0 YIJIOBYH paspemanmyio cuocob-
HOCTBH TEJIeCKOona.

dN \ n
4. Ilo monyuenHoMy CHnesTpy TEP paccuuTeiBaeTca %\
r

CHEKTP NPOTOHOB HA € MHNYHBI UHTEpPBAJ 9SHEPrun }
neiirpona, npu stoMm ceaAse E, u £, pmpakaercsa ¢ mo- 4
MOIIBIO PEJATUBICTCKOro COOTHLIIEHUS

R ;

5.5 1 t20(i L ) ;
+tg = Omel

2
“yn.?(;a'rem HEeHTPOHHBI CHEKTP paccunThBaeTcA 1o ¢op- :
aN de 1 SR, S i
dE = dE " Fon, (B, 0) * [———g 5
. ] 6

rpe k— pasro mpoussejenuio umecaa aromos H B paju-
aTope Ha TQJ]C‘CHHﬁ yl'O.aT, 10 KOTOPBIM BHIEH Tele- mm?
CKOIl W3 MECTOHAXOK/EHUA KAajkIoro sjpa. TR )

3apsyKenHBle BTOPHYHBIE YaCTHIN, 00pasyIOMuecsH
B SJICPHEIX PeaKnusAX, MOryT ObITh M3yYEHHl ¢ TOMONIHIO
TEJIeCKOIA CYETYMKOB B YCTPOICTBE, aHAJOTHIHOM MCIIOJ b- Pmc. 50. Cxema
sopanHoMy B patore Illextepa m ppyrux ['7]. SR

2 2 H3yYCHHA CHEeKTpa

B nammoit paGore m3ydancs CHeKTp DHEPrHil IPO- propmussix  3aps-
tonoB (E> 26 Mas) m peiitponoB (£ > 35 MaB) mpm  sKeHHHIX YacTHI.
pacmerurernu sjep Be, C m U ¢ momompio Texeckomna 1 — Mumens;
cueTunKoB, m3obpaskenHoro ma pue. 50. Temeckom co- Iy TP M3 amio-
CTOMT M3 YeTHPeX ras30BHIX HPOMOPIHOHATBHLIX cYeTdi- TOIC’;(gha'-cf'-e ﬁq ;(;:;19-
koB (96% Ar+4% CO, upm masiaemun 1 arm). Cuer- 7 — Qoabra.
YHKA 4—6 BRIOYEHBI HA COBIajieHHd, CUYeTIAR & —
B CXeMe AaHTHCOBIAJeHMil ¢ mepBeIMH TpeMa. Mexmy cuerumravm 6 m 8 mo-
MemanTcs (GoJbrH U3 TAKEIOTO dieMenta Ta Isa TopMoskeHUs WMcclaepye-
MBIX YacTHIl. TsKenblil dIeMeHT BHIOMpPaeTCA M3 COOOPAKeHWIl JyyYIiero co-
OTHOIIEHUA MEKIY TOPMOKEHHEeM M sAAePHBIMH B3aHMOeiicTBUAMI. JHEPrus
BTOPHYHBIX YACTHI| M3MEPAJIACH IyTeM M3MeHeHHA Toamuasr Al moraoruTeis 2.
daTeM ompeAeasNoch YHCA0 TPOMHBIX W 4YeTBePHHIX copmajeHmii. Taxmm 006-
pasoM, JAHHOE YCTPOICTBO CIY/RHT i M3MepeHusA AnddepennuaibHbIX IPo-
Geros. Ilpm BEICOKMX BHEPTrUAX BTOPUYHBIX YACTUI[ TOJIMHA HOTJIOTHTENS
CTONB BEIWKA, YTO HEKOTOPHle YacTHInI OYAYyT YAAIATHCA U3 IydKa HE TOp-
MOJREeHIieM, a paccesHmeM Ha OoibIInme YIVIBL HIH HeyNpyrHMH SAXePHBIMU
psauvogieiicTus. MakcimanbHas mompaBka HA oTH aq)nbemm MOJKET JIO-
crarath 25%.
- Ymcno wacTum, 3aperHCTPHPOBAHHBIX B JIETEKTOPe, MOKeT GHITh BRIPAKEHO
caepymomeil GopMyoil, ecau 4YacTHIBI B pe3yibTaTe HEyHpPyroro BsamMoeii-
CTBISI MCIYCKAIOTCA IIOJ JIAHHBIM. CPEJHHM YIVIOM 0 co CIUIOMHBIM CIEKTPOM
SHePTHii:

£ 7 d2 (8, E, E’ ’
NG, E, Ey=[[[1E8)N. 280 E) L p(&, @)aarar, (11.28)
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rne N (9, E,, E:-,)—‘IHGJIO oTcueToB, HabJ0JaeMoe B JIETEKTOpe, Kormga OH
HacTpanmBaeTcs TaK, 4YTOOB PErucTpUpoBaTh YAaCTHIBI €O CpeHEeil pHep-
rueit £, npn cpejpuem yrae 0, xorpa wacrumsl co cpejmHeil sHepruei E[;
Gombapaupyor mumens. [ (£')— 4mnciio majaomiux YacTUIl, SHEPrui KoTo-
puix Jaeskar wmeskay £’ u E'4-dE', umrerpuposanue mno BceM E' paer

J'I(E’) dE'— I — nojuoe 4YuCJO WaCTHUI[, NaJaIUX HA MUmMeHb. Ng;— qu-
cino spep-mumeneit Ha 1 cM? B HanpaBlIemuH NydKa. M—nuq)(be-
dQ .- dE >
peEnuajbEOe ceyenne B JafopaTopHOU cucTeMe /s 00pasoBaHUA YaCTUIL
¢ sueprueit £ mox yraom 0, xorpa sapa-mumenun GoMOapaupyoTCa YacTH-
mamu ¢ smeprueii £. p (£, 2)— paspemaomas cnocodHOCTs eTexTOpa,
Kotopass omnuckiBaeT 3PQEKTUBHOCTH pErucTpanuu YacTum ¢ suepruei £,
HCHYLIEHHBIX B TeJjecHom yrae 2.

Bsepgem ynpomaromue npeamoso;KeHns: a) IHCI0 sAep-MuIleHeil ocTaeTcs
TOCTOAHHEIM B Tedenme OomOapaupoBKm; 0) YacTHIBl MAJAIONEro IyuYKa He-
BABHCHMBEI JIPYI OT APYyra; B) pasdpoc B SHEPrHMU YaCTHI, HAJAIONEro ITydKa
MaJ 10 CpPaBHEHWIO co cpexHuM sHadeHmeM [,; 1) puddepeniyanbHoe ce-
YeHIe W3MEHSETCS Me/UIEHHO BJOJb O00JACTH SHEePrHil Dajaniero mydka H
B/I0Jb 00JIaCTH YTJIOB U SHEPIHil YacTHI[, PErHCTPHPYEMEIX JIeTeKTOPOM; /i) HH-
Terpaj (QYHKIOUN paspelnaolieil CIOCOOHOCTH MOyKeT OBITH ompejiejeH de-
pes TesecHblil yroa 3saxsara A, WM IMHPHHY MHTEPBAJa 3aXBATHIBAEMBIX
spepruit AE(E,). »

Torpa ypasuenune (II. 28) mosker 6niTh 3ammcaro:

N®, E;, E)=1(E)) VdeE 0, E, E)AQAE (E ). (11. 29)

Ypapuenns (11.28) m (I1.29) moryr OniTh 3ammcamsr AasA Ji000T0 THIA
qacTuI, JciyckaemMeiX B pacimerviennax. Iloamoe 4meno orcueroB mereKTOpa
¢ y9eroM JIeTeKTHPOBAHUS BCeX THIIOB YACTHI, BhIPA;KAETCA ypaBHEHUEM

' AR d2s7 ; ’
N (8, Ef E;)=1I(E,)NAQ, e *(6,, E3, E,) X AE(E}),

Oy

Ile OpOoU3BeeHO CyYMMHPpOBaHMe IO BCeM BO3MORHLIM B J(AHHLBIX pPeaKOUsAX
TnoaM 4YacTHIL.
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l'anasa 7

JPYTHE METO/{bI N3YYEHUA AJAEPHBIX PEARIIUI
P BBICORKNX OSHEPI'MAX

Pacemorpum Temeps emie pAJ CYIIECTBEHHEIX, ¢ TOYKH 3PEHUsS OTKpLIBae-
MBIX BO3MORHOCTEI, METOJ[0B, MCIONH30BABIINXCA IPU WMB3YYCHUM SAEPHEIX
pearmuilt Mpy GOABNION PHEPTHHE GOMOAPAUPYIOMAX TACTHIL.

§ 1. HCIIOJIBb30BAHHNE TEXHUKHW MACC-CIERTPOMETPINI

Boapimie mepcueKTHBE B M3YYeHUN SAEPHLIX PeaKIil OTKPHIBAET MAacec-
CHEKTPOMETPUYECKOe M3yYeHHe IPOAYKTOB peakmuit. Merox mosBoaser
¢ 0OIBOION JIETKOCTHIO TPOAHATHBHPOBATH CIOKHYIO CMECh MHOTHX H30TO-
0B, KaK PaII0aKTHBHEIX, TaK 1 CTa0MIBHBIX. B psaje caydaes Macc-ciekTpo-
METPHUYECKOe OIIpefielIeHne MoyKeT OBITh 0osee GBICTPEIM IO BPEMEHH II0 CPaB-
HEHHIO C DPAJUOXIMHAYECKIM METOJ0M, TaK KaK OTCYTCTBYIOT [IMTe]IbHEIe
M3MepPeHIsT PaJHoaAKTHBHOCTH 00pPasIoB U MHOIA MOTYT OBITh yCTpaHeHH Xil-
MITYeCKIe OIePAIHi BHIeJEHNs M3ydaeMoro mnpojaykra. Hpome moro, mace-
CIEKTPOMETP II03BOJIAET IOMYTHO HOJIYYaTh TOHKNME MUINEHN JIA M3MepPeHuit
PAM0aKTHBHOCTH M30TOIIA.

OpHaxo 3jech MBI CTAIKIBAEMCS KAk € TPYAHOCTAMH pPaldOTH Ha Macc-
CIEKRTPOMETPe IPH MCKIIYUTEIBHO MAJLIX KOJMYECTBAX WCCIE[YeMEIX 3ie-
menToB (mopsapgka 10% aromoB), Tak M ¢ TPYAHOCTHIO BEIENEHHS WX M3 Mi-
HIeHNM, KOTOpasg K TOMY jke JoirkHA o0dajgarh MCKIOYATENLHOH YHCTOTOIL
10 OTHOIIEHUIO K COMEP/KAaHWI0O B Hell JAHHLIX DJIEMEHTOB.

Mo sruM mpuymzam mepBoe, HPAKTHYECKH ONpaBjaBimee ceds IpiMeHe-
HIIe METOa MAacC-CIeKTPOMETPHH K W3Y4YeHUIO IIPOAYKTOB SMJCPHOTO pac-
MeIIeHnsA I0J JeifcTBIeM YaCTHI[ BBHICOKIX DHEPIil — 9T0 HCCIe0OBAHIEe
00pa3oBaHysA M30TONOB I@3Ms IIPH PACIIEIICHHI SJep B30J0Ta IIPOTOHAMI
¢ smeprueit 3 Bos [']. Vcrmounrenbno majioe cojepsRaHie IPUPOIHOrO Ie-
3HSA B MUIIEHH, GOJBIIAS JIeTyYecThb, Ie3MeBHIX coieil M Xopomas s(HerTis-
HOCTH WMOHMBAINN ATOMOB Ie3WsS B MOHHOM MCTOYHMKE MACC-CIEKTPOMETpa
MO3BOJILIH PEIINTD MAHHYIO 3a/1a4y.

HcnonpsoBanesa craggaprasiil 6-mgoiimoBsrii 60-rpagycHbll CeKTOPHELIT Macc-
cnexrpomerp. Jlerexropom moHoB cayskmia DY, uyscrsurensuocts s Cs*
nonos pocrurana 3 + 107'% ¢ ma ojHO HedeHHe IIKAJB camormmena. VoHHbLit
MeTOYHNK ofOecmednBas HPPEeKTHBHYI0 MTOBEPXHOCTHYI0O MOHH3AMUI0 AaTOMOB
nesusi. CIeKTp MacCe CHUMAJICA IIyTeM W3MEHEeHHS MarHUTHOTO IOJIA, IpIIeM
Macesl MIeHTHQOUIPOBAINCH 0 BHAYEHMIO YCKOPAOIET0 MOHLI HATIPAKEHIA
Opu JAHHON HANPSAKEHHOCTH MATHATHOIO IIONs N HE3aBACHMEIM 00pasoM
no mepmoxy moaypacnamga Cs'??. OrHomeHWe NHKOB B MacCOBOM CIIEKTPe
jlaeT HeIOCPEeCTBEHHO OTHOUIGHIE KOJIMYecTB pasimuubix msorounos Cs, BE-
neeHHoro m3 o0pasma.

B mpoiecce mpuroToBiaenns 00pasmoB JUIA MAacc-CIERTPOMETPHN TIPH M3Y-
YEHIN TOJHOIO CIHEKTPA MACC eCTECTBEHHO HEIb3SA II0JH30BATHCA METOJOM
Hocurexeir. Hammydmm MeTooM ABIAETCS XPoMATOrpaduaeckoe KOHICHTPH-
poBanme.

B psapge pabor pasgerenme M30TONOB, 00Pa3yIOMAXCA B PeAKIMAX IPA BEI-
COKOIl DHEPTHM YACTHI[, C IIOMOIHI0 MACC-CIEKTPOMETPa IPOMBBOMIIOCH JISA
YCTAHOBJIEGHHSA MACCOBHIX 4YHCeJI WM3YYaeMBIX PaJHOAKTUBHEIX  M30TOIOB.

B patore [2] memonszoBamncs juisa pasgexenns nsoromnos Cs cmerTpomerp
0 BpPEeMeHH IpoJjera, obaagaonyrii 0oabmoil cBerocunoit (mpumepuo B 10 pas
Gospmieil, ueM MATHUTHBIE MAacC-CIEKTPOMETDEI).

B patore Kpuwskanckoro, Mypuua u apyrux [?] pms maydennst MaccoBBIX
qicesl HEHTPOHO-JIeUIMTHEIX JMB0TOIOB JIMCIPO3UA NPAMEHSICA IIPOMBIII-
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JeHHHNT oOpaser Mace-cuexrpomerpa MC-2, B KoTOpoM JIs MOJYIEHIA GOJIb-
meil CBeTOCHIIBI OBLIN YBeJIMYeHbl e M IPUMCHEHO INIATHHIPOBAHIE BOJb-
dpamonoii muTn nerounnka., Cobmpanue M0TOMOB IPOUBBOJIIOCH HA (POIBLY,
KoTOpas 3aTeM paspesajach Ha IOJOCKH, COOTBETCTBYIONME OJHOH Macce
(upumepro mo 1.5 Mm).

Mypussy 1 apyrava [4] ¢ momompbio Mace-CHeRTpoMeTpa M3YUaucsa TakmKe
MaCCOBHII COCTAB HEKOTOPHIX HPOAYKTOB IIPOIECCA J@JEHIs IOJ AeiiCcTBIeM
YaCcTUI[ BHICOKUX JHEPIHIl,

B pa6ore I'pammraitna [°] macc-cmekTpoMeTpmuecKuM MeToj oM OBLIO HBY-
ueHo oOpasopanme ¢parmentoB Li® m Be’ mpu pacmemirenunm aAgep KHCIO-
poxa mporomamu ¢ smeprmeit 155 Moan. Tepmomonubii WETOYHUEK IOB3BOJIA
padorarh ¢ KoiamdecTBaMH JaHHEIX aaemenro 1072—10714 p,

C 1moMOIIBI0 MAaCC-CHEKTPOMETPUICCKOr0 MeTOja M3Yy4asucs M30TOIHbIE
cocraB pepknx rasoB (Ne, Ar), o0pasyeMbIX 9YacTHIAMH BEICOKHX BHEPIMi
B ;kexese u mereopurax [% 7]. ¢

§ 2. MATHUTHBIN AHAJN3 IIPOAYKTOB SIIEPHOIO PACIIENIEHIS

O6prunoil 3ajaveil OpH H3YYeHUH AAEPHHIX PeAKUMIl ABIACTCA OUpee-
JleHne ITPUPOJIBI I DHEPIUH YacTHI[, 00pasyIOmMUXCA TIPU pPacIieIIeHn spa.
IIpn mcmonbzoBaHMM MATHUTHOIO IO JUIA AHAJIHBA YACTHI[ OTA 3ajava
CWIBHO yupomaercs. TeXHuKa MarHUTHOTO AHAJIH3A YACTUI B IPUMEHCHIH
K JIETKHM HPOJYKTaM SJePHOTO pacuielUIeHNA ABIAETCA OJHHM W3 BechMa

NePCHeKTUBHBIX METO[0B, Jlaio-

7 7 ____‘,_,_1' : IMUX  BO3MORHOCTD  IOJYYHTDH
w2l . 5  1O0JIHOe paspemienyie IO THIAM
oy et o YACTHI] NP MCHONb30BAHHU B
¥ o KAuecTBe JeTeKTOpPA YACTHI[ Jie-

&6 , TexTopa dli/dx.
é'@g 4 B kauecTBe OHOTO M3 TpPH-

g MEpOB PaCCMOTPHM CXeMy yCTpoii-

®\ cTBA, MCHOAH30BAHHOTO XaJyIeem

u Mopxom [#] u mokasamuoro ma

puc. 51. B pammom yerpoiicTBe

1 — MPmeHb; 2, 3, 5§ — KoJumMmaropwu; 4, 6, § — Te- HDHMEHANNCE,  THJOBHE" “HPOHOD-

JIECKOIl CYCTUMKOB; 7 — HOINIOTHTENE. nuonanbaee caeranim (97 % Ar--

3% CO,, ipn papaennn 1.1 arm).

Cuerunk 4 mcnonbayercsa piaa onpepenenus dF/dz wacrun. Marmurtmoe momne

manpssreraocTrI0 15 000 » wnmemno pasmepnt 76X 30X 4 em®, papmyc Kpu-
BHBHBI YACTHI[, BBIJEJsAEMBIX KoJuimmaropamm, Oeur pasex 1.5 wm.

Jlas npenTHGUMRAIEE 9acTHI[ IPOM3BOAWIOCH WM3MepeHiue WX YHAeIbHOI
HOHMBAINY, 9TO B KOMOMHAINH O 3HAYeHueM /{p TO3BOJIO IOJYYUTH XO-
POINYIO JUCKPHEMEHALWIO Mejy THIaMu gacTur (p, d U ¢ B JAaHHOM ciIydae).
Jlusi ROHTPONA B JaHHOM yCTpoiicTBe Mosker OBITH ITPOM3BENEHO M3MepeHHe
npobera YacTHI[ IOCPEJCTBOM HOMEIIEHUs IMOTIOTUTENA Meykjy cueTInKaMu 6
u$.

Omnmcannoe dKCIEPHMEHTAIBHOE YCTPOICTBO IMO3BOJMIO MBMEPATL DHHEP-
reTHYeCKHe M YIJIOBHIE PACHPEJedeHNs IIPOTOHOB, JAECHTPOHOB M sjep TPHTIHA
B obmactin osHeprmit 20—100 Mbss, obpasyomuxca IpH pacHieIIeHnn
Aznep.

AnanornysHas cxemMa M3MePeHHil ¢ MCIOAb30BAHIEM OJHOPOIHOTO MATHIT-
HOro mojiA Obura ommcana B paborax Memepsaxosa u apyrux [® 1°] jurs me-
CJIeJIOBAHNA BTOPHYHBIX Baps/KEHHBIX YaCTHI, UPH B3aUMOJEilCcTBHN IIPOTO-
HOB C JIETKUMM SIJ{PaMU.

Ha pme. 52 mzoGpaskena cxeMa dKCOePHEMEHTAIBLHOIO YCTPOICTBA, MCIIONb-
30BABIIErOCSA B MX ONbITaX. Bropimymsie 9acTHI(L, MCITyMieHHbIe U3 Mumenn 7

Pue. 51. Cxema yerpoiicTBa i  MAarHETHOIO
aganymsa BTOPHYHBIX YacTHIl.
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mox yraom 796 K HANpaBieHHIO NEPBAYHOTO Iy9YKa, NPOIijif KoMIMMaTopsl 3
n 4, aHaJau3upyoniee MarHATHOE IoJe § M KOJIIIMMATop 6, MOoNajaan B Teje-
CKOI, COCTABICHHBI W3 YeTHpeX CHUHTHIIANNOHHBEIX CYETIYHKOB (CUCTIMKH
7—9 W3 KpHCTALIOB ToJMaHA, cuYeTINK [0 — srujKocTHEIE). Bech myrh or
BXOJa B KOJUIHMATOP & JI0 TEJeCKOma JaCTHI(EL IPOXOJUIN B BaKkyyme. ¥ TOX
PacXOJMMOCTH IIyYKa BTOPWYHLIX 9acTHI{ cocrtasisia okoxo 0°.3, mpu srom

A <
paspemaiomas cIIoco0HOCTh ClIe KTPOMETPa Tf) oxon0 3°,.

yiss) ! 7.5n\ 2 3 5 6 78 4 g
L« : _ 4 G%“’
TR~ R
: ( 7 19°

Puc. 52. CxeMa MarHHTHOrO cHeKTpoMeTpa B ommitax Memeps-
xKoBa u apyrax [°].

1 — MMIIeHb, £ — MOHMTOD; &3, 4, 6 — KOJJIHMMATOPH; & — MAarHur;
7, 8, 9, 10 — TeJECKOI CYETYNKOB.

B paGorax Bapkaca [% 2] n [leitua [**] s amanmsa mMOyabcoB IIpo-
AYKTOB SJCPHOTO pacmemyienns MCIoJAb30BAJ0CH MATHUTHOE II0JEe CAMOTO
dbasorpona. [leTekTMpoBaHNe YACTHI[ B ITOM CJIydae IPOM3BOAWIOCH C IO-
MOIBI0 AEPHEIX HMYJILCHI, PACIONO/KEHHLIX HH/Ke CpejHeil INIOCKOCTH Ba-

T
== e
P i \\\\\
PR
/ \ \\
// \‘ \\ | T ‘
\ 2 | \ | 7 H
/ =
\ / ! P ”’@‘\ Tpaexmopua
/ | ) YoM
/ | N
44 / |
N ;
2 / /)_7‘—‘"'
/ 2 >
2
4 J
///
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4
\
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\\\\\

Puc. 53. VerpoiicTBo st mM3MepeHHs OTHOCHTEILHBIX BHIXO/IOB
BTOPHYHEIX FACTHI[, MCI[yCKAEMLIX M3 Mumenn nox yraom 0+410°,
I TpeX HHTepBaJOB pajnyCcoB KPHBHSHEL.

1 — MUIIEeBb; 2, 3, 4 — ANEPHLIC BMYJBCHH; 5§ — DKPAH U3 MEJ.

KyymHOIl Kamepsl ¢asorpoma. Ha pme. 53 cxemaTmdecKH IOKAa3aHO yCTpOii-
CTBO JUIA AHAJIM3a MPOJAYKTOB ANEPHOTO pACIIEINIEHHA, HCIYyCKAeMBIX IIOJ
yraom 0° mo oTHOmEHNI0 K DyYKYy Hafa0IUX IPOTOHOB.
SaperncTpHpoOBaHHLIE B SMYJbCHN YACTHIE HACHTHPUIHPYIOTCA OPH ON-
pejieleHHOM 3HaYeHHM JIp 10 MX mpoOery B OMYJLCHH M Y/AeJIbHON HOHH3a-

IMu, 4970 TO3BOJACT JEerKo IUCKPUMIHHPOBATHL M30TOILI BOJOpPOJA, IeJudA M
JUTHA.
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Boabmite B03MOKHOCTA OTKPHIBAeT MCIOJIb30BAHHE MATHATHEIX CIIEKTPO-
MeTPOB C JABOITHOH (OKYCHPOBKOIH s M3yJ4eHUSA JIETKAX IIPOJAYKTOB sjep-
HOro pacmeruieEus. OCHOBHBIME TPYAHOCTAMH B CO3MAHHH OM00HBIX CIEK-
TPOMETPOB ABIAITCA HEOOXOUMOCTH GOJIBIIOIN CBETOCHIL M HEH30e;KHOCTH
GoaBIMAX pa3MepoB A 00eCIeYeHNMS BO3MOKHOCTH AHAII3a BHICOKOMMILYJI b~
CHOIl KOMIIOHEHTH IPOAYKTOB PACIEILICHMS.

§ 3. METO/] BPAIMAIOIETIOCA JINCKA

Merox Bpamaiomerocs aucka Obl1 mcmoab3oBan B padore Hemmora [M4]
s M3Y4YeHWsSI CeUYeHMH 00pasoBaHHA KOPOTKOKUBYIIHX B-aKTHBHEIX H30-
TOIOB IIPH OOJydYeHHH yriepoja HeilTpoHamu ¢ saeprueir 90 Mas.

Merox sakmodaercss B TOM, 49TO pPABHOMEDHO BpAIAONIAIACA JHCK W3
HoausTHIeHa o0aydaercs ¢ [0OHOTO W3 KpaeB XOPOIIO CKOJIMMHPOBAHHEIM
nydroM HeiiTporos. Ofxydenne GBICTPO IPHBOMUT K PABHOBECHHIM KOHIEHTPA-
LUAM  Kajgoro M3 KOpPOTKO;REUBymuXx m3oroumos (71/,=0.025=-0.9 cex.).
IIpu mocToAHHOE CKOPOCTH BpAMEHUSA AHCKA
¢ HEeM3MEeHHOI 110 OKPY/KRHOCTH TOJI{HHON M1
IpPH HEeN3MEHHOI BO BpeMeHH IWHTeHCHBHOCTH
- IMyIKa JTH KOHOEHTPAIUA MMEIOT OIpeeleH-
—gL e HOe CTa0WiIbHOe 3HAYCHHe B KaKI0H TOUKe

IUCKA, KOrJa JaHHASA TOYKA J[OCTArAeT olpe-
JIQIIEHHOTO YIJIOBOTO IOJOKeHHAs IIPU Bpaime-
pun. B sToM ciyuae B3aBHCHMOCTH «HABEICH-
2 =€l HAasdg AKTHBHOCTH— YIVIOBOE IIOJIO;KEHHE» HKBH-

BAleHTA OOBIMHOI KPHBOM «AKTHBHOCTh—BpPEMA

nocie obaydennsi». VemoapszoBaHHAs B OOEBITe
ammaparypa COCTOHT W3 B3aHMO3aMEHSIEMbBIX
n =% 3 [MOJMATIICHOBHIX JHCKOB JAHAMETPOM 53 CM,
1 BpamaemMsx ajexrpomoropoMm. Ilydox wmeiiTpo-
_ . HOB MMeJI JuaMerp 8 ¢M W HPOXOMWI IeplIeH-
Prc. 5*(;imcxe’(‘)a "‘em;?: Bpa-  ykyaspro uepes mepupepHUECKYI0 UACTh
P s e ARG jmcka. CxeMaTmIecKn JaHHOE YCTPOICTBO MOKA-

1, 2 — Topuossie cgeranxu Ieifrepa;
3 — QMCK M3 MOJIHATHIICHA. 3aHO Ha pHC. 54.

M3vepenne HaBeJeHHON AKTUBHOCTH IIPO-
M3BOAWIOCH IApOil TOPMOBHIX CYETYHKOB 1,
2, PpACHONOKEeHHHIX BIUIOTHYI0 € JBYX CTOPOH mucKa 3. Y CI0/RHAIIIIM
00CTOATEIIBCTBOM B 9TOM MeTOAe SABAAeTCA I0CTOAHHOe  HaKOILIeHHe
AKTHBHOCTH WM30TOTOB, MEPHOE IOAyPACHAA KOTOPHIX OJ(HOTO MOPSAKA
mwin Ooxbme, 4eM BpeMs, HeoO0XOoJmMoe A JOCTH:ReHM paBHOBECHS M3Y-
YaeMBIX KOPOTKORHBYI(AX W30TOmMoB. OpHaK0 IIPAKTHICCKA HEOOXOTIMEIM
OKA3HIBAETCA BBeJIEHHE IONpaBOK Ha HakomwireHue Toiabko G m Belamramme
BeamunHEl akTHBHOCTH G'f M3 Kaskmoro orcuera. [l ydgera camomoraomeHunsA
B-m3nydenns B MaTepHaie AHCKA M3MePEHUs BeINCHh ¢ HCIOIb30BAHHEM J{HC-
KOB PAasHOI TOJIIUHEL M JleXakach HKCTPANOANNA K HY/JIEBOH TOMN{IHE.
Paspgenennme oOpasyomuxcs KOPOTKO/RUBYIIHX AKTHBHOCTR IIPOM3BO-
JITCA B 9TOM METOJie IIyTeM Ioj00opa CKOPOCTH BPAIMEHHA AUCKA TAK, ITOOH
aKTHBHOCTH M3y4aeMoro M30TOma OblIa IPeodJaJaomeil HaJ OCTAIbHRIME
IIPH HEKOTOPOM OIPeJeIeHHOM VIVIOBOM PACIOI0/KeHN CISTIAKOB. IT0 Oy-
HAeT B clydae, KOrja CKOPOCTh BPAIICHHUs YCTAHABIMBAETCA IPUMEPHO paB-
HOIl CpefHeMY BpeMeHN ;KH3HU M3y9aeMoro m3oTona. Boiee Moaro/KuBynime
AKTHBHOCTH MOTYT OIpPeelAThCA Mocae mpekpamerinsa odnydenns. [iasa nied-
TAPUKANMI HM30TOIMOB MOKET HCIOJb30BATHCA M pasiaudie B cmeKTpe p-aa-
CTHII.
Jlisa OmeHKH COOTHOIIEHMA AKTABHOCTEH KOPOTKO/KHBYmEero usoroma B,
JoCTHTIIEro paBHoBecHa (B Teuennme <_ 1 mun.), M goxro:kmBymero n3oroma C,
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JAAJIeKOro OT PaBHOBECHOT'O KOJUYeCcTBa, MOKHO HamucaTh Cjejyomiee BEIpa-
JReHMe JUIA OIpeJieJIeHHOI'0 yrJia (@ I0 OTHONIEHHMI0O K IYYKY YacTHIL:

= Ape
Ag (:p)N Opep 7_3) e 2ot 6_%
4¢ (%) Gz Suep *\2ro ﬂ" >

b w

Te O — YIJI0Bag CKOPOCTh BpAmeHNUs [NCKa; O — cedeHHsa obpasoBanus
paccMaTpuBaeMBIX HMB0TOIOB; A — HOCTOsAHHBIE pacunaga; & — 3@derTns-
HOCTh peTHCTpanuyu P-usiaydeHus.

§ 4. METOJI KAMEPBI BUJILCOHA

s m3ydYeHNs AEPHEIX peakNuili IPHM BHCOKHX dHEPIHAX Kamepa Buis-
COHA ¢ MAarHUTHEIM II0JIeM MCIOJb30BANAch B clefylomux Bapuanrax: 1) xorma
ras B Kamepe fABIAJCS OJHOBPEMEHHO M mumiensio ['° '¢]; 2) korma B xaue-
CTBe MEINEHW MCIOJIb30BAJNCHh IUIACTHHEI M3 MCCHEHYEMEIX 3JIeMEHTOB, BBe-
nennsie B paGounii o6Bsem kamepst [17]. }

B mepBom cayvae msywaioTcs pacmelyieHHA Aep, BXOAAMMX B COCTAB
rasa, manoausaomero kamepy (C'2, He* u 7. nm.). HaGnopenne pacmienienuit
Afep rasa B Kamepe IO3BOJsET HCCJIE0BATH MHOIMEe XapaKTePHCTUKA WH-
AUBHIYAJIBHOTO DPACIIENJIeHUsi: 9HMCJI0 W HAUPaBJIeHWe BBUIETA 3apAKeHHEIX
YacTHI[, WX TPHPOAY M sHepruio. VccieoBaHWA YacTHI TPOMBBONATCHA IO
pajuycy KPUBHSHEI HX TPeKOB B MarHWTHOM ToJe, 10 YAeJIbHOM MOHMBAIHH
u npobery.

ApasornuyBeM c0pazoM i M3yueHNA SJEPHBX peaKIuil Hoj jleficTBUEeM
YaCTHI, BRCOKUX BHEPruil MoryT GBTh UCHOJL30BaHbl 1y3BIPHKOBEIE KaMepPH
¢ CAMBIMH Da3ANYBBIMHU paGounmm SKBAKCCTAMU. XOTS 0 HACTOAMEI0 Bpe-
MeHN nojcCHBIE NCCaeloBaBuUsi NOYTH HE NPOBOJAWJIUCH, MOKHO OKUIATh
fonpmMuUX NMEepCNeKTUB NPU NPUMEHEHHHM DTOT0 METOja JJis W3ydeHus Baau-
MOJlelicTBIH GBICTPBIX YacTHI[ CO CJHCYKHBIMH SApPaMu.
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III. PE3YJBTATH YECIHEPHMEHTAJbHEIX
HCCJETOBAHMIA AJIEPHBIX PEARIIHIA ITPH BHICOKOM
QHEPTI'HM YACTHI]

Ilepexomss K paccMOTpPEHHIO YPE3BEYAIHO OOMMPHOTO DKCIIEPAMEHTA b-
HOTO MaTepmaja, HAKOILIEHHOTO IIPH M3YICHHU SAEPHHIX PeaKImil moj jeil-
CTBHEM YaCTHI[ BBICOKUX HHEPTHil, yao0HO pasduTh Bech MaTepmajg Ha TPH
YaCTH.

1. Peaxmun pacmemnienns (B uxocrpamuoil gureparype spallation), mopx
KOTOPHIMI NPHIATO MOAPAa3yMeBaTh JOOBIE SAepHbBe pPeaKkmuil ¢ IHCilycKa-
HUEM OTHOCHTEJHHO OOJBIIOr0 WHCJIA HYKJIOHOB U HYKJIOHHBIX T'DyHIUpO-
ok tmuna H2 M3, He® He* 910 ke masBamume ucnoiapdyercs u Jias 00-
Jlee (IPOCTHIXY PEARIUil, B KOTOPHIX U3 sAApa HCOYCKAaeTcs HeDOJbIIoe du-
clo wacTum, T. e. peakmuit (p, pn), (p, 2r), (p, p2rn) u 1. .

2. Mparmenranusi, K KOTOPOIl OTHOCAT sf{epPHEe Peakmui ¢ 00pasoBaHHEM
CPaBHATEJILHO THAKEIBX SJACPHHIX (PArMeHTOB — M30TONOB sgep ¢ Z > 3.

3. Jlenenue Apep — IPOIECC, KOTOPHIL MrpaeT GOJBIIYIO POJb IS AIEp
KOHIA IIEPUOJHYECKOIl CHCTEMEL DJIEMEHTOB.

I'aasa 8

CEYEHUA HEYIIPYTOro B3AUMO/IEICTBIA

ITonmbie ceveHus Heympyroro B3amMMOJEICTBUA 9ACTHI[ BHICOKON DHEPTAN
C AJpaM# OIPeJeJAINCH B OOJBIIOM uYmcae pador, IMpUYeM MCIOIL30BAINCH
ciaepyoniie crocods: 1) mamepenne ociadiaeHns IIydka YacTHI[ B Pe3yabraTe
HeYHIPYTUX B3aMMOJEHCTBUIL YacTuIl| ¢ sjgpaMu; 2) H3MepeHHe cedeHil odpa-
30BAHMA KA/KIOT0 M3 IPOAYKTOB HEeyHPYroro B3auMOMeilcTBUA; 3) H3Mepe-
HUe mpobera OTHOCHTEIBIO AXEPHOr0 B3aNUMOJEHCTBIIA.

Iepswit cooco6 ObuLI mopobHO ommcan B riase D. Bropoil cmocod Mcmoasb-
3yeTcA B PAfgMOXHMHYCCKOM METOJe M3Y4YeHHA SJCPHHIX Pearmmili M 3aKII0-
q4aeTcs B CYMMHUPOBAaHHNI CeYeHiil o0pa3oBaHWA BCeX BO3MOKHEIX IPOJYKTOB
ARePHOTO pacmemienus. fcHo, 9To HPH HTOM TPHXOAATCA, IMOMHAMO BHKCHE-
PUMEHTAILHO U3MEPEHHLIX CeYeHWil, NMPUHUMATH BO BHUMAHHe CeYeHHs 00-
PasoBaHMA ANEP-IPOJYKTOB, He H3MepPAeMBIX B OIbITe, T. €. HCIOIb30BATh
MHTEPIOJAIMI ¥ JKCTPAMOJALNKN, OCHOBHIBAsACH HA CHCTEMATHKAX BBIX00B
u300ap M WB0TOIOB B SJICPHHIX peakmuax. Bce aro jiemaer aror cmocod oimpe-
JeleHUs TIOJMHBIX CeYeHMII He OYeHb HaJeKHbIM. Hamwrydmmne pesyiabTaThl
OH JlaeT JUIA THAKEJIBIX SJIEMEHTOB, JUIs KOTOPHIX IPOXYKTH PeaKIiil pacmiern-
JIeHHsA HaXOJATCA CO CTOPOHEI HEHTPOHHOII HEIO0CTATOYHOCTH, & He B JOJHIHE
cTabHIBHOCTH, KaK JUISA JErKHX sjiep, H0ITOMY MO/KHO HOIYyINTh MAKCHMAIBLHO
BO3MOKHOE YHCI0 H3MEPSEeMEIX B OIEITE IIPOJLYKTOB.
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Jlus Apep cpejHero aToMHOIO Beca IPH OIPefelNeHud II0JHOTO CedeHus
HEYIPYTOTO B3AUMOJEHCTBHA MOJKHO BOCIIOIB30BATHLCS IO YIMINPHICCKOH
sasucumocteio o(A, Z)=f (A, Z), npepnosxennoit Pyxcramom [*] (cm. rxasy 9).
MaTerpnposanye JaHHOIl 3aBHCHMOCTH II0 Beeil 00JacTH Mace Aep-IPOAyK-
TOB JlaeT cedeHue o0OpasoBaHus BCEX IPOJYKTOB SJEPHOIO PAaCIIEIIeHU,
T. e. HOJHOE ceYeHme Heymnpyroro ssamMopeiicrsus. Cedenme B 9TOM ciydae
JETKO ONPEJIeIACTCH, CCII I3 DKCIePUMeHTANBHEIX JAHbIX HATH HapaMeTpsl
P, Q w R B pyncraMmoBckoil gopmyie:

e %' p PA
8 (A dg)=—rm (e —e™).

3pecs A, m A, oTHOCATCA K TPAHUIAM MACCOBEIX YHCEN SAeP-IPOIYKTOB,
BRKIIOYAEMBIX B aHAJIN3,

Tpernit cmoco® mcmonb3yercs B AAEPHHIX HMYIBCHAX W BaAKI0YAETCS
B OUPEIEIeHNI CPeHero PACCTOAHMS, IMPOXOMUMOT0 YaCTHIEH B BMYJIbCHH
nepey Bsaumopeiicrsuem. Ilpum wmemosb3oBammm pasOaBIeHHEIX HMYJbCHIT
MOZKHO IOJYYHTh CEUeHNA HeyIPyroro B3amMOAeMCTBUA OTAeABHO JUISA JEerKO
W TAKEI0I IPYNI aTOMOB B amyabcun (cM. riasy 9, § 4).

V3 mamepeHmit [UIMHEL CPejiHEro C¢BOOOAHOro mpoera A MOKHO MOJYIUThH
sHaveHnA dPPERTHBHLIX HEYHPYIHX CEUYCHM A KajkAoro dJIeMeHTa, BXO-
JUIIIEr0 B COCTAB DMYJbCHM, MCIOAb3Ys TpueMm, mnpesnosennsii Ileppu [2].
Ws onrnueckoit mogenn (cvm. paspen 1) caemyer, uro orHOmenwe cevueHHA He-
YUPYIOTo B3aHMONEHiCTBHA O K TeOMeTPHYECKOMY CedeHuio sjppa o,= it
CBABAHO CO CPeJHHM CBOOOJHEIM mPOoGEeroM IPOTOHOB B S/EPHOM BemIECTBE A,
BBIPAsKEHHEM:

Bie N ! 1 (14 Ok R)e 2XE
};—p—i"( 2K2R? :

Hoaddumment noraomennsa K csasan ¢ JuiumHOI mpobera 4acTANE B sep-
HOM BEIIECTBE:

K=
)‘no

B coorBercrBuM ¢ onTHYECKOIT MOJENBIO IPHHMMAETCS, YTO A, HE 3aBHCHT
OT TPUPOJALL AApa M ABIAETCA (YHKIUEN SHEPrHH HPOTOHA.

s gopmyn (I. 21) m (I. 22) caegyer, 410 mepBoe HPEMIIOIOKeHUIe HE
COBCEM TOYHO: KODPPUIMEHT MOMIOmEeHns Oyaer HEeCKOJIbKO MEHATHCA IpHU
U3MEHEeHHN cocTaBa sjpa, ocobeHno B odmacTd smepruit mporouos o 1 Bas,
TAK KaK 3/|eCh CEUeHHA pp- U RpP-PACCEAHHA He PABHBI MeKAY coOoil.

Suas BUJ 3aBuCUMOCTH p (Ag) JUIf JETKHX U TS/KEIBIX sAep M OTHOCHTEN b-
HOe COoJiep/KaHne IOCJEHUX B HMYJIBCHH, MOJKHO JETKO BEMMCINTDL TIPOHA-
1aeMOCTH B OTHEILHOCTH JIUIA 9TUX ABYX TPYIII AJep, ecal H3MepPHUTh CPe/HIoI
JUIMHY npodera mpoToHoB B a1oil amynbenn. Cedenne ARepHOTO B3ANMOJIEHCTBAA
sareM HaXOJUTCA IO COOTHOTIEHIIO

o R pdo.

YnaunsM 00CTOATEABCTBOM BJeCh ABIACTCHA TO, YTO B TO BPeMA Kak JIfd
JIAHHOT'O BHAYEHNH A BeJMYOHEL Ay, p M Oy 3aBUCAT 0T BHIOOPA 7y, 3HATGHIE O
NPaKTHYECKN He BaBHCHT OT T.

Pacemorpum Temepsh sKcHepmMeHTANBHEE Pe3yJIbTATHL OIpefeleHus cede-
HIIl Heympyroro BaaumojeiicTeus. B taba. 13 u 14 mpusejeHs maMepeHHBIO
METOIOM OCTAOIEHNS IIyYKA CEYeHNs HeYIPYLoro B3amMOJeiicTBHsd YacTHI|
BBICOKOI DHEPIMH ¢ sjpaMm. OTH JAHHEE MOYKHO B HEKOTOPLIX CJydasgx He-
IOCPEJICTBEHHO CPAaBHHTH € pe3yiabTaTaMi pacdera Ipolecca HEYIpyroro
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Ceuenns neynpyroro B3ammojeiicTsus npoToHos ¢ ajppamm, 10724 em2

TaGunma 13

9HepruA NPOTOHOB, MaB

DileMeHT
185 [1] i 240 [4 ' 290 [1] ‘ 5[ ° 134 ['] 657 [°] 870 [*] 895 [*] 860 [°]
l .
12 £t e SR AT s 0.1724-0.017 | 0.169+40.017 — 0.151+0.015 —_ 0.191+0.008 | 0.1714+0.017 — 0.169+0.015
CL TR 1Rt T 0.2044-0.02 0.2024-0.02 | 0.1994-0.02 | 0.1874+0.018| 0.224+0.024 |0.227+0.012 | 0.222+0.02 [0.23+0.02 0.209+0.02
£3 G SR D R 0.408+0.04 0.3834+0.04 | 0.416+0.04 |0.334+0.03 |0.373+0.037 |0.418+0.022 | 0.394+0.04 |0.37+0.03 0.394+0.01
G G G M SRR T 0.746+0.07 0.66740.07 | 0.717+0.07 |0.608+0.06 |0.75240.068 0.754+0.05 |0.7084+0.07 |0.74+40.05 0.728+0.017
SRS e S DER T o — — — — 1.286+0.1 (Cd)| 1.285+0.07 — 1.1540.02 (Sb)| 1.1140.03
2 i S T B RN 1.55+0.15 1.57+0.16 — 1.48+0.45 | 1.784+0.14 1.93+0.11 | 1.62+0.46 |1.66+0.05 1.684-0.04
R, i S e 1.904-0.19 1.77+0.18 1.85+0.48 | 1.60+0.16 = 2.214+0.4 = e =
Tabanna 14
Ceuennst meynpyroro maammojeiicTeua ObicTpHIX wacTni ¢ sjapamm, 10—2¢ em?2
Tun wacTune, oHeprusa, MoB
dJleMeHT 1

Jn 84 Mon ['] k ‘L n, 9 [°] n, 270 [*] n, 300 [] n, 1400 [*] H?, 160 [*] He?, 315 [1] He!, 240 [1]
BOIVY, Cria e A . LG — — — — 0.1874+0.012 | 0.512-+0.025 — L
O ST oW AThiv e bk e — 0.222+0.009 0.1454+0.06 | 0.203-+0.03 0.201+0.013 | 0.6674-0.033 0.519+4-0.1 0.64+0.10
V.8 i R R S e 0.504+0.05 | 0.418+0.017 — 0.39+0.023 0.414+0.023 | 0.99640.05 0.91+0.15 —
(81138 A AR MR SR S gt 0.914+0.05 | 0.782+0.013 0.573+0.024 | 0.755-+0.03 0.674+0.034 1.76 +0.17 1.8+0.3 1.84+0.3
3 o o R e SR N - - — — 1.158+0.063 — — e
IRy e TS Ry T e — — — — — 3.134+0.30 3.54+0.5 3.64+0.5
BRGNP s S g b s 1.854+0.18 1.754-0.05 1.4240.06 1.724-0.08 1.72740.045 3.44+0.47 — L5
1S3 et SN ES v VL e I T i — — — —_ 1.793+0.055 3:55+0.18 —_ et
|0 S e PR < SRS — — — — 1.887+0,098 3.81+0.15 44407 -




B3aMMOJIeIICTBIA YACTHI[ C SJPAME, TIPOM3BEIEHHOTO PA3IMYHBIME aBTOPaAMIL
1m0 MeTojly CHydJaillHBIX ucHbTaEnii (tabm. 4). :

Ha puc. 9 morasannl 3aBHCHMOCTH CEYeHHS JIEPHOTO B3alMOJEIICTBIIA
ot sHeprun nporouos st axep Al, Cu u U, paccunranmsie mo MeToAy ciaydaii-
HBIX MCOLITAHUI, M HAHECEHBI TOYKH, COOTBETCTBYIOIIHNE HKCIEPHMEHTAIBHBIM
pesyibraTaM. XOpOMIO BHIHO o0I[ee Coriacue TEOPHH € HKCIEPUMEHTOM.
Ho cmepyer ormernts, uto B obGiactn smepruii npumepuo mo 200 Moas mis Al
AMEeTCs CHCTeMaTHmYecKOoe IIPEBHINIEHNe HKCIePUMEHTAJBHEIX CeYeHMil Hajl
PaCcUeTHBIMI.

910 00CTOATEIHCTBO yike OOCY:KJAI0CH B Tiase 2. Y BejuvyeHHe Iapa-
MeTpa 'y, BO3MOKHO, HECKOJBKO COIM3WI0 OBl Pe3ybTaThl DKCIEPIMEHTA
H Teopun, TaK KakK, corsacHo benm-

opdy [*4], mua momywemms cosmaje- Ta6anma 15
HUA cevenwii 1o pearnuaMm (p, pn) Cpepuuii ceoGoibiii npoder MpoOTOHOB B
cirenyer Oparh yBeJaWUeHHLIe 3HAYCHUA sARepHOl BMYmseHE
ro (mo 1.9 depmm).
3aBUCHMOCTD TOJHOTO CEYHHA  gueprum npo- v

HEYOPYTOTO B3AMMOJEHCTBHA MPOTOHOB  Tomos, Bop | Cpemuii mpoGer, e | parypa
¢ AApPAMH OT WX HHEPIHA  XOPOIIO
TaK/Ke WITIOCTPHPYETCA HAHHBIMHI, II0- 0.13 32,6‘*‘%'8 Ve
JIYYEHHBIME ¢ IIOMOIIBIO MeTojia sfep- TR :
HBIX SMYJIBCHI 10 M3MEPEHUsM Cpejl- 0.24 36.1+§'? } 2
Hero csobGomgHOro mpofera Ha AAEpPHOE i :
BsammogieiicTeue. B rtabm. 15 mpuse- 0.375 o419 I
JIeHBI MMeIoIecsl JaHHbIe. iz Soddn *]

N3 oTuX JaHHBIX OIMCAHHBIM BEHIIE 0.6 33_7+3-(7) 1 ps)
METOJIOM MOTYT OBITH OIIpeJeJeHbl Cce- 0.66 39;5' f [25]
YeHHA HEYHPYroro B3aUMOIEHCTBHI 0.95 37.0+2.3 [16)
nporoHOB ¢ sAxpamum Ag, Br m CNO. D2 33+6 [27}
B mpemenax ommGoK omsTa OHH XO- 5.7 3;-gi5-3 2]
POIIO COBUANAIT C CeYeHMAMU, IIOJY- g:(z) 272131'5 {19{
9aeMBIMI B MeTojie OcjalbieHmsa ITydKa 235 36.6F1 [20]
paccemBarenem. 170 41410 [21]

Omnpepiesnenne pagmoXuMIIeCKIM Me-
TOJOM IIOJHBIX CeYeHNIl HeyOpyroro
B3AVMOJICIICTBHA M3 cedyeHUil o0pasoBaHUA PAa3IMIHBIX AAEP-IIPOJYKTOB IaeT
9acTO 3aHIKEHHBIE BeJNUYMHBI CeYeHHil M3-32 HEIOJHOTO ydeTa BceX HeyIpy-
rox Baammojeiictsmit. OpHaxko NpU TOATENBHOH HKCTPATIONAIMHE M MHTEp-
HONAIMHM HEeN3MePACMBIX CeYeHMil, BO3MOKHOCTh KOTODHIX JlaeTcs cHcTeMa-
THKOM BHIX0J@ PAasIMYHBIX SACP-IPOAYKTOB (CM. IiiaBy 9), IMOJydyalioTcs Beji-
YUHE, OJIW3KHe K OIpeJieeHHLIM TePBEIMI JBYMS METO/aMIH.

B paGore Bappa [?2] cymmuposanme BEIXOfa sgep-IPOAYKTOB B o0iacTi
macc ot 20 o 65 B cayvae pacmiemieHys MeJH IpoToHAMH ¢ sHeprueii 5.7 ban
naer moaHoe ceuenne 893 mGapu, ua Koroporo 313 mbapu (36%) coorBercTBYIOT
HEIIOCPEJ[CTBEHHO M3MepPeHHBIM BHIXOaM.

Ilpun sueprum mporomos 660 Moss IOraanpos [**], mcmoansys ¢opmyay
Pynerama, momywmn st simep Mel O yeynp. =790 mOapH. Ilpusepennnie mpn-
Mephl HATJIAAHO HMOKA3HBAIOT, UYTO PajHOXAMUYECKUM METOJOM MOryT OHIThH
HOJYYEHBl HAJE;KHBIe OMEHKI IOJHBIX HeYOPYTUX CedeHwuii.
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IF'naga 9
PEARKIINN PACHIETLIEHI ST
§ 1. OYHRIUI BO3BY:KJIEHUSI PEAKIMIT PACHIEILIEHIA

flnepunie pearmuu mpm dHeprusx wactun mpumepHo Goabme 50 Mas xa-
PaKTePN3YIOTCS TIIABHBIM U3MEHEHMEM CeYeHUs: 0T DHEePIMHI MaJaloiiX TacTaIL,
B aroit oGracTu sHepritii HeT PE30HAHCHOTO HOBeACHNA GyHRIIIT BO30Y KICHHI,
CTOTb XapakTepHOro Jif peariuii, MPoMcXoAAnuX uYepes ofOpasoBaHHe CO-
CTABHOTO SpAa.

Wzyuenne Gynrmuii Bo30YKACHUS TOM WM MHOI SXePHOl PeaKIHE B OIpe-
JIeITCHHOIT o6jacTH dHePruil MajaouiX YacTuIl JaeT I[eHHLIC CBEIeHHS O Me-
XaHm3Me Peakiimi I IMOITOMY IMHPOKO MCHOJIb3yercsa B uccraegopannsax. K ma-
CTOAIEMY BpeMEeHN HAKOIUIeH 0O0JbII0il MaTe pHAT MO0 (PYHRIMAM BO3OYKCHAA
peariuii paciiemiaeHusa B 006JaCTH DHEPTHIl OT JECATROB MILUIIHOHOB JI0 He-
CKROJBKUX MIJIJINAPZOB AIeKTPoHOBOAbT. DyHKIIE BO30Y/KIeHHA pearmmit
pacHIeIIeHns MOJKHO pasbuTh Ha ciefyongie jasa wiacca: 1) dymxiun Bos-
Oy/KIeHNA Peakuil, MOPOrM KOTOPHIX HAXOAATCA B DHEpPreTHYeckoii obiracTw,
rje eme cupasemiaue GopoBekuit opMaNU3M COCTABHOTO fAjpa; 2) GyHRIuUN
BOBOYIKICHHA PEAKIHIT, A KOTOPLIX MOPOrM HAXOMATCA B 00JacTH [AeilcTBHSA
KacKaJHOT0 MEXaHH3Ma BOBOY/KACHUA spa.

Pasnmaue srux Byx wiaccoB GpyHRIMIT BO3OYKAEHIA PeARI[UIl paciienie-
HUA Ajep Hauboublmee B 00JACTI 9HEPTUIT TAJAIONIIX YacTUI BOAN3M TOPOTOB
BBICORODHEPTEeTHUHEIX pearmuit. B 1o Bpemsi kak Bo Beeil obmacTnm dHEprmii,
B KOTOPOIl HPOMCXOAAT pearmuu pacuierienns, QyHrmmn Bo30yRgennsa nep-
BOTO KIacca IIpeAcTaBiasiorT coboil mIaBHO cHajamonime (yHRIUN ¢ yBejnde-
HHUEM dHePTHH vacTull, (YHRIUN BO30OY/KAEHHA BTOPOTO KIacca XapakrepH-
3YIOTCS PE3KUM TOBEMOM OT OPOTa M JAXbHeIlM Bo3pacTanueM B 00JbIIoit
obmacTu suepruit. [Ipm smeprusmx wactui GoJbIIe HECKOABKUX MUJIINADIOB
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DIAEKTPOHOBOJABT QYHKIHN BO3OY/KISHHA IEpBOro H BTOPOr0 KIAacCOB BechbMa
9acTO0 HE OTAMYATCS JPyr OT Apyra I0 BHJY.

XapaxTepHsiM upuvepoM QYHKIEI Bo30y/KAeHHA IEPBOro  Kiacca
ABNAIOTCA PYHKIMN BO3OY/KICHNs CPABHUTENBHO IIPOCTHIX, THIHYHO HU3KO-

DHEPTreTHUYHBIX peakuuit (p, zp, yp) OPH MAJIBIX & H Y.

7 24

50F

(U R TR 2 e Y i v 1 25 L PN i ) SR
0 100 1000 10000
Ep, M8

Puc. 55. Myuxmum Bo3Oy:kjemust peakiumii obpasopamms F'8, Na*
u3 Al [1,2] m 1120, J124 gz Ji22 [3],

Ha puc. 55 npusegerst GyHKiii Bo30Y/KISHNA HECKOJIBKAX TAKHX PeaRIil
Ha sAjpax aJIOMIHIA I itoa. Kak Xopomo BijHo, ceueHne peaxifuii B 00IacTi
00pasoBaHUA COCTABHOIO fAApa PE3KO IOJHUMACTCA 0 MaKCHMyMa M 3aTeM
OBICTPO CIIAIACT M3-32 YBEJIMYUBAIOIIEIICS KOH-

KypeHnnmu ¢ JpyraoMua peariiasaMi, CTaHOBA-
749

T rorrmr

CTBY cedeHnsd, TaK KAK paccMaTpuBaeMble Ipo-
CTBIE PEAKIHH OOYCIOBICHEI IIPEMMY I{€CTBEHHO
KacKajHoIl crajgmeil B3auMojleilcTBHA, Xapak- o1
TePUCTURA KOTOPOil ciabo 3aBHCAT OT dHEp-

AN MAJA0NIX YacTHIL.

K ¢ynxnuam BosOy:mgenns moxodHOTO e oo
pojia OTHOCATCA (QYHRIHH BO3OY/KAEHHSA Ipu- 0 20 20
BeJICHHEIX B [NIaBe 4 MOHMTODHLIX PeaKI(iii Ep, 636
Al*? (p, 3pn) Na2* o G'2 (p, pn) C** (puc. 30).

XapaxrepusiM mpumepoMm (QyHKmMi BO3- oo =6 Oy B0s6yie-
OysKJeHUsA BTOPOTO Kiacca ABIAIOTCH BHCO-  yyg peaxmuii obpasopamus Ardt
KOPHEePIeTHIHEIC PeaRIMy THIA PearIiii, moKa- n3 Cu [4] u Tb14? @3 Au [®].
samapix ma puc. 56. OOGpazoBamme spep-mpo-
aykToB (Ar® m3 memm m Tbh'?® us tamTam;a),
fgaxero orcrosamux mo A u Z or sAppa-mumens, Tpedyer OGOXBIINX dHEpPTHil
BO30Y/RICHAS, MOITOMY OTH pPeaRIMH MMEIOT BHICOKHII IOpPOT.

Ceuennsi o0paszoBaHmA THX M MOJROOHBIX MM pearuuii mocie GHCTPOTO
HOJHATASA JI0 NIAPOKOTO MAaKCHMyMa JH0O0 0CTAl0TCA HA OHOM YpOBHe, Jubo
TOCTEIIEHHO MOHIGKAIOTCA WPH YBEJHYeHNN JHEPIrHH YacTHII.

IAMECST 9HEPTeTHICCKH BO3MOKHBIMA ¢ POCTOM oo

sHeprui Bo3Oyxjenus. B oGmactm Gosapmimx 1

PHePIruil TMOABJIACTCH TEHJACHIHA K IOCTOSH- AR 9
- Ar

6, mbapn

T T TTTT

S
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IMagenme ¢ynrumii Bos3Oy:kaenunss B o6sacTH OYeHb OOJBNIMX HHEPHLiE
MOsieT OBITh HOHATO KaK YBEJMYCHHE POJM KOHKYPHPYIONINX PearImii, KoTo-
pEHE CTAHOBATCA HHEPTETHYECKH BO3MORHBIMI C POCTOM DHEPIAN YacTHIL,
T. €. AHAJOTHYHO HAJICHNI0 CeIeHNA MOCIe Pe30HAHCHOTO MAaKCUMyMa B 00.1aCTH
HU3KUX dHepruii. OxHAKO B OTIMYME OT HTOTO MOCHeHero (PyHKIHI BO30Y K-
JICHUs pearmuil pacuieImyIeHnsl OYeHb MeJUIeHHO IafaloT ¢ POCTOM JHEePIHH
JACTHI[, YTO 0OBACHACTCH OCOOCHHOCTAMH KACKA[HOTO MEeXaHH3Ma BO3OYIKJe-
HOA Ajpa: cpefHsAs dHepPrua Bo30Y/KACHHA Axep CPaBHUTEIBHO MeJICHHO
pacTer ¢ yBeJHYCHHEM SHEPTHN IajAloM(UX YaCTHIL.

§ 2. SQHEPI'Us BO3BYRJIEHUA AIEP

B pesyabrate BaaumojeiicTBHA ¢ SIPOM TaCTHILBL BBICOKOI 9HEPTHH U pas-
BATHS KacKaja OMHOYHBIX COYIAPEHHIl ee ¢ HYKIOHAMH OCTATOUHKIE AADA
OyayT UMeTh MMHPOKUIL CHEKTP DHePTHil Bo36yfxmemm a cpejHAs BeINYITHA
nocne:meu 6}’}'[("1‘ COCTARIATH JIUIIHh Y4acTh HAYAJIBHOM QHeprmmn 601\16&]),),1![1)710-
meif gacTHIbl. SHAHME JHEPTHE BO3OY/KACHNs HEOOXOMMMO JUIS aHAIH3a
9KCHePHMEHTAJLHBIX JIAHHLIX II0 PACHICIIEHMIO sep C TOYKH 3PEeHHusA Ccy-
LeCTBYIONIX ITPEJCTABICHNIL 0 MeXaHu3Me 9TOro mpomecca. Pacuer kackaanoii
CTAJIMM II0 METOMY CJIYYailHBIX HCIBITAHIII JaeT CBEAeHHA O CTeIeHH TeILio-
Boro Bo3Oysmaenus sapa. OgHARO coBepIIEHHO HEOOXOMMO JMMETh KaKHe-TO
HEe3aBUCHMEIC DKCIEPHMMEHTAIbHEIE METOJBEL OIPEE/NeHIsI DHePTu B30y KIe- -
HUS sAjep Aad mporeccoB ¢ ObicTpoiMm gacTumavu. OOsaHO 10000 MeTOJ,
OCHOBLIBAETCS HA TeX WIM MHBIX IPEJUOJO/KeHMAX, BRIOUaeT B cebA pas-
amunsie ynponienus. Comocrapienne pe3yibTaToB, IOJIYYCHHBIX pAa3HBIME
METOAMH, IIO3BOJSAET ONEHATh KOPPEKTHOCTh BHIOPAHHBIX MOJeaeil, BHECTH
HEKOTOpPHIe YTOYHEHMS M Ip.

OpanM M3 TPOCTHIX IO Mjee MEeTO[0B HKCHEePUMEHTAILHOTO OIIPE/IeeHILsT
9HEPTHH BRICOKO BO30Y/K[HHBIX fep ABJISETCA W3MepeHmne cyMMAPHOil aHep-
UM, YHOCHMOIl U3 sAjpa HMCHApPARCI{NMICT YacTHI[AMM:

U=§&+§%

rae Ey — xunernueckas 9Heprusa dacTHI(b; Qy — ee dHEPTuA CBBM.

Jlas Toro wroGBl pesyiabTaT M3MEpEeHHIl COOTBETCTBOBAI JEHCTBUTEIBHOIT
BeJINYNHE HAYAJIBHON dHEPrum BO3OY:KAEHHA sAjpa, HeoOXomamMo mo3abo-
TATHCA O TOM, 9TOOBI OBLIM COCYNTAHLL BCE TACTHI[EI, OTHOCAIMNECSA R IPOIleccy
HcHapeHns, IpaBmiIbHO N3MepeHBl NX JHePTHi, He OLIIn OBl BRJIIOYEHBl B pAcCIeT
KacKajHBe HYKJIOHH. B ompTax mo pacuiemieHuio syep KOCMIYeCKIMI Iy-
YaMi, BBIIOJHEHHBIX ¢ momombio doroamyasenit B 1949—1950 rr.[* 7], mo-
HO00HOEe BLIYHCJIEHHE DHEPIUU BO30YKIACHNs sjep IMPOM3BOANIOCH 110 MOICUeTY
gncaa OpoToHoB ¢ aHeprmeil membiie 30 Mas. Ilpepmosaranock, 410 BRIAT
NCHAPUTEIBHO KOMIOHEHTH B 00aacTh cuertpa cseime 30 Mas owens maur.
Ho mocaexywompe mcciaeoanns KacKaJHO-MCIApPHTENBHOT0 IIPoOIecca, Bbi-
mosHeHHbIe ¢ momombi Meroga Monte-Hapmao [® °], um skemepmMeHTAIBHBIIT
apajaus sjepHHIX pacmemrennit [ 1] mokasamm, WTO M cpejm IIPOTOHOB
MEHBIINX DHEPruil 3HAYNTEIbHAS YacTh OTHOCHTCH K KacKajHOIl crajmm,
CIe/I0BATETbHO, He JOJyKHA OBITh IpHHAMaeMa BO BHEMAHUE IIPH OICHKE
fHepruu BO30Y/KAEHHOrO AApa. YdeT HeilTpOHOB HCHAPEHIsS B OTHX HCCIe-
AOBAHUAX MOZKHO IPOU3BECTH JIMIIHb KOCBEHHO, 3ajJgaBasich ]\'aKIIM-J'IH(’)O onpe-
JICTEHHEBIM COOTHOMEHIEM ME/LY 9HCIOM MCHAPHBIINXCS HEATPOHOB M IPO-
TOHOB, A TaKKe cpejmeil Kumermueckoil oHeprueii Heiirpouos. Asropst [¢]
IpeJIIoJIaralin, YT0 CyMMapHasi 9HeprHs, YHOCHMAS HeillTpoHaMH, Takad ske,
910 M ofuias sHeprusA MpoToHoB Mcuapenns. Ilo Teopum memapenus ciaexyer,
YTO BEpPOATHOCTH MCIAPEHNS W3 JAHHOTO sjpa HEeHTpaabHON YaCTHIH, KaK
IpPaBHUI0, BHAYUTENBHO 0OJBIIEe COOTBETCTBYIONECIT BEPOATHOCTH JUIA 3apHA/KeH~
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Tadoauma 16

Cpenmee uneno HeiiTPOHOB, MCNYIIEHHBIX Axpamm [12]

E, =120 MaB E, = 380 MaB
Mumenb

v E, Mas| Uy, Mas v E, Mas| Uy, M98
BT S —_— — — 1.6+0.8 ) 1 250 malt
C . A | A8 L3017, 14-0.6 2 20412
Al g imaaa|sdpUs 3 20410 | 1.64+1.1 3 18412
PO i iy o e vl or 08 3 154 8 | 23+1.2 5 25413
[0 R e i 4 20410 | 2.8+1 6 30+11
S R PN 4 5D 9 45420 | 4.4+1.8 10 45+20
53 T R 943 20 85+28 | 6.5+24 15 65424

HbBIX YacTHIL. Ho B 1O jRe BpeMsI CpeaHAsda RKHHeTHYeCcRadA DHeprus TTepBhIX
MeHbIIe Ha BeJqmunHy 3QPPeKTHBHOTO NOTeHIHaJIbHOrO Oapbepa, IOITOMY
npejnoioskerie B [¢] e sgumeno ocwosamms. Vsmepenume sHeprHE, YHOCHMOIL
HeliTpOHAMHI TIPH MCHAPEeHUH PA3JIMYHLIX sjep, BO30Y/KIEHHBIX HeHTPOHAMI
sueprunm 120 u 380 Mas, npoussopmiaoch loabpamcknm u gpyramu [2]. B nx
OOBITAX PErucTPHPOBAIMCH HEHTPOHHI ¢ sHeprmeil po- 15—20 Mas, m Tem
CaMBIM KacKaJHble JaCTHI[bl B 3HAYNTENBHON cTemeHn orceraauch. B Tadr. 16
TIPUBEJEHB Pe3yJIbTaTBl dTOI PaboTH.

Tpuropres u Coaoswesa ['3] amammsmposamm 3Besjsl, 00pasoBaHHEE
B AjAepHOIl smyabcmnm mporoHamm ¢ smeprueit 660 Mas mpum pacmiemmennim
agep Ag u Br. llyrem cumemmansHoro mpocmoTpa OBLIO yCTAHOBJIEHO, 9TO
B 0OJBIMUHCTBE CAYyYaeB KOHETHOE SIPO, OCTAIONeecs MOcie KaCKaHO-NCHapu-
TEJABHOTO IIPOIecca, MABIACTCA CTAOMIBHLIM IO OTHOIICHHIO K [-pacumajy.
Bruto maiigeno, uro aumb oroso 7% Bcex pacmervienmii Ha spgpax Ag m Br
COTPOBOAIOTCA BEUIETOM dJeKTpoHA. TOrja HeTPYAHO MOJYYATH PACUETOM
9ICI0 BHUICTEBIINX HEIITPOHOB, 3HAdA IMOTEPI0 3apsAga MCXOJHOTO sigpa (o
HaOMI0ICHNI0 TPEKOB 3apsiyRKeHHBIX yactuiy B 3Be3xe). llo Gamamcy smepruit
asropsl [?] yeramosmiam Tawkum oGpasom, uTo pacmemrenusM spep Ag u Br
€ YICTOM Jrydeil > 7 COOTBETCTBYeT cpejHAA dHeprus BO3OYKAEHHA OKOJIO
230 Mss.

W3 ¢oprMyasl s 9HEPreTHYeCKOT0 CHEKTPa 3apPAREeHHBIX YACTHI| HcHape-
HUA CIEIYeT, 9T0 MAKCHMYM CIIeKTPA Je/KUT IMPH SHePTHH YacTuI, pasHoit 7'+ V
(eM. raaBy 3). OIKCHEPUMEHTAJIbHOE OIpefedeHne BHICOTHL dPHeRTHBHOTO
H6apwepa V He mpejcrTaBiser TPYAHOCTEI, TOITOMY CHATHII CIEKT] JaeT BeJIn-
gnny 7 [% ], Beaegcrsue siBmeHums IIOCTeNEHHOTO OXJAICHHA SApPa OIMpe-
JieJleHHAs TakuM 00paszoM TeMmmeparypa OyaeT COOTBETCTBOBATH HEKOTOPOIL
cpejueil pejauyirHe sHeprum Bos0OysRAeHUA, MeHbmie HavaabHoil. llomoomsrit
METOJ[ IIPHMEHIIM T TP M3MEePeHI dHePreTHyecKoro pacupe;eIeHisa HeilTpo-
#oB [*?]. Baecto maxoskjeHHms MaKCHMyMa B CHEKTpe, HOJOJKEHIe KOTOPOTO
B OHOBITAX MOKeT OBITH OMPEIeJeHO0 He BIOJHE TOYHO M3-3a CTATHCTHYECKUX
" rm[mx (inm601<, HHOTJIA TeMIepaTypy #fAjpa OUpejeasioT M0 COOTHOIIe-
HIIO 16-18

E=2T+4V.

I\'IOHCHO, KROHEYHO, BHIOU3MEHHTDb 3TOT METOJ{ OIpejesaenist cpem{el‘i TeM-
nepaTrypsl Allpa IO 3HePreTHYeCKROMY CHEeRTpY TeM, 4TO IyTeM COIMOCTaB/JIeHHA
YRCIOEePUMEHTAJbHOI0 M TEOPEeTHICCROr0 paciupejejJeHnsa JacTHI[ II0 S9HEePTruAM,
MOCTPOCHHOIO M3 COOTHOIICHHS

E—V
T2

_Ev
- P(E)dE = e 7 dE,
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TWOJYUYNTh BeAHYHHY Tapamerpa 7', HAWIy4muM 00pasoM YAOBIETBOPAIONLYIO
oumty. Ho mas sifepHBIX pacHeIIeHuii, KOTOpHE COep/KaT 3HAYNTeIbHOE
YUCJO YACTHI[, HE CBABAHHBIX C TPOIECCOM INCHAPEHHs, HeIb3s 0RNaTh,
10 GyjeT Xopoliee cOracue dKCIePHMEHTATBHOT0 M TEOPETHYECKOTO CIIeKTpa
HemapeHus B 00JacTH DHEPTHIl YACTHI[ BBIIE BBICOTH Oapbepa MCXOJHOTO
Hepo30yenHoro Axpa. Vs-3a HaJIMUAA 4acTHI[ BHIONBAHUA OILIT JaeT MEHee
peskmii cmaj cuekrpaxbHoil Kpusoit [ 1% 19] mosromy mommTRa TOUHOI
MOATOHKN TEOPHH IOJ[ DKCIEPHUMEHT IpHBeJeT K 3aBHINIEHHOI OIEHKE TeM-
mepatypsl siipa. 4r1o0B m30eKaTh OTOM HEMPHATHOCTH, MOKHO H3ydYaTh
CIeKTPHL YACTHI[, JETAINIAX B 3aHION MOIychepy OTHOCHTEIHHO HAIIPABICHILA
NepBUIHOTO Iy9YKa, MIH Jaske emie 00JbINe OrPAaHMYHTH YIIAOBOI JiHama3oH,
c/RUMas ero K yriam, OJH3KAM K U, 94TOOB yMEHBIINTH BRIAJ KacKajHOI
RoMITOHeHTEL [1% 19].
IIpnvennTenbHO0 K AaHAIN3Y HKCHEPHMEHTOB, IIOCTABJEHHLIX Ha AApax
$oTOBMYIBCHH, MOKHO CeTaTh ele 0jH0 HeGoabmoe 3amedanne. [{exo B ToM,
YTO 3Be3NIBl, HaGII0/laenMkie B SepHOIT
Ta6nauna 17 sMmyabcum H OTHOCHMBIE IO TeM WM
HHBIM COOOPAKeHUAM K TSIKEIBIM S~
paM, ABIAIOTCA Pes3yJIbTaTOM pacierie-
HUS 9aCTUIAMI BEICOKHX DHEPIHil fjep

dueprus Bosdy;jenna ajxep Bi

JHep- DBeprua Aapa, Mas
o nByx siemeHtoB — Ag u Br, mpmeyr-
£os; 1o Sr 1o Ba cTBYIOHX B (OTOCTOE B OAMHAKOBOM
KoJmJecTBe. JTH J(BA COpTA sijiep OT-
JIHYAIOTCSA JPYT OT Apyra [0 BeJIHunHe
50 40+10 ot sapajga ma 12 eqmuny.  Ha6uiojiaemsrit
}gg 1%3?0 162310 OHEPreTHYCCKMIl CIEKTp ecTh CMech
300 190%10 212+10 ABYX pacmpejielcHHM YacTHI[, BbLIe-
450 226+ 20 290+15 TAIOIMX M3 sAep ¢ pasIuYHBIMH 3Ha-
2200 400 600 YeHUAMI  KYJIOHOBCKOr0  Oapbepa.
[ToaTomy mososkenne maxcuMyma sHEp-

TeTHYeCKOT0 CHEeRTpa, Ja "  Bech
cHexTp, He OyJeT cOOTBETCTBOBATH JeiiCTBUTENLHOI CcpejiHeil TemiepaType
anep [1?], mo Gymer pasaTh 3aBBIeHHYI0 Bejmauny 7.

B paGore Illyrepmana u ppyrux [2°] paspaGoran pajuoxXuMuadgecKuii MeTO
HU3yYeHNA AAeP-OTAAUM HPH AJepPHOM B3aUMOJICHCTBHE IPOTOHOB BBHICOKOIL
sueprum. Ilpm momajmammm mepBWYHOrO UPOTOHA B AAPO M IOCTE/YIONIEM
BBLJIETe €r0 ¢ OCTaBJEHMEM YacTH HAYAJLHON DHEPLIH B sjApe IOoCIegHee
nprobperaeT MMIYJbc, HAIPaBJIEHHBIT HPEHMYIIECTBEHHO B CTOPOHY JBHIKE-
HuA GomOapaupyomeil vacTuiel. [lexas OpeamososKeHne 0 TOM, 9T0 B KaCKaj-
HOM IIpoIecce U3 ANpa BBEUIETACT OANH HYKIOH (IIePBHYHEIL I ¢ 3aMEHOIl
3apsja) ¢ yMeHBLIIEHHOII DHeprueii, Ho (e3 M3MEHEHNs HAIPABICHIS CBOETO
IBHJKEHMS, MOKHO ' OIPENeINTh SHEPrHi0, OCTABIEHHYIO dYacTHieil B sjpe
W UYIOIyI0 Ha HarpeBaHue ero, ecjy M3MePHTh UMILYJIbC AApa. Ty HepeHOCHYIO
CKOPOCTH AJIPAa MOJKHO OIEHHTH, M3MEpPAA B DKCIOEPHMEHTe aCHMMETPHIO IIPo-
Geros BHepef—HAa3aj][ ANEP-OTAAYN WM OCKOJKOB JeJIEHHS TAKEIOT0 BO3-
Oy;KIeHHOTO fA7pa, Kak 310 penanxoch B padore [2°] m IMamosriM ¢ 1oMomIBIO
doroamyasenu [*']. OgeBnjmo, uro MpoGer y 0CKOIKOB JI@AEHIsT, BHLICTAIONIX
II0 HAPABJIEHHUIO IyYKa, Oy/[eT HeCKOILKO 00JbIIe, YeM Yy TeX jke OCKOJIKOB,
HO WCHOYIIeHHBIX Hasajl.

B ma6a. 17 mpusejeHBI pesyibTaThl OLIpPEAEICHHA DHEPIUH BO30Y KACHUA
agep Bi mpm OombapaupoBKre MX IpPOTOHAMU pasimyHBIX sHeprmit [*?].

Omnpepesenne sHEPTUN SAPA NPOUZBOAIIOCH MO HAaOMOIEHIID aCHMMETPHIT
y aByx ockoakos jerxenus Bi. Cosmajenme JaHHBIX, TMOJYYeHHBIX B OTHX
JIBYX cepuAX MBMepeHHil, 10cTaTouno yoeuTeabHo. 910 cOBIajeHIle, KOHEYHO,
OTHIO[(b HE HMCKII0YaeT BOBMORHOCTH KAKHX-IH00 CHCTeMATHYeCKAX OIMMOOK
B MeTojie, HO O HHUX peub OyHerT HATH HECKOJbKRO JAJbIIe.
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Anasormunsiit metoy 6sur mpuvmenern OcrpoymoBuM [22] mas amammsa genm-
TeIBHBIX COOBITHII, PeruMcTpUpyeMBIX B sAjgepHoil smyabcnn. Hasmume mepe-
HOCHOH CKODOCTH Apa, UCILITHBAIOIIEr0 JIEJACHNE, IPUBOJAUT K IOSBJICHIIO
XapaKTepHOT0 M3JI0Ma B clIefaX JABYX OCKOJIKOB, BBEUIETAIONHX B CHCTEME
IeHTPA MAacCc BO B3aMMHOUIPOTHBOIOJO/KHBIX HAIpaBlIeHHAX. lIsmepus cko-
POCTH OCKOJNKOB B JabOpaTOpPHOIl cmcTeMe M YIE, oOpasyeMmble WMl ¢ Ha-
IpaBICHIEM IYYKa, MOKHO BEIYHCINTD BeJNYMHY HepeHocHoil ckopoctn. Ha
ABIZKEHHE Aj(pa HAKJIAJBIBACTCA TaK/Ke CKOPOCTh, mpuodpeTaeMast BO30Y KieH-
HEIM A7pOM TPH HCHapeHnd YacTHr Ao ero gexennsd. Ho ata orgava mveer
M30TPONHEII XapakTep, M ee MoykHo onenutb. [llamos [?3] BBex ympomenne
9TOT0 METOj[a, BAKIIOYAION[eecs B TOM, 4TO H3MEDPSIHCH JIHIIb CpPEeAHHEe OT-
KIOHEHNsI OCKONKOB 0T yraa 7. CorslacHO m3MepeHmsM, IpoBeeHHBIM B [22]
JUIA cIydaeB JieleHHS sAjgep ypama mportoHamum dHeprmm 460 Moas, cpepmsas
9HEPTHsA BO30Y/KICHHA sjep ypaHa COCTaBIseT
100 Mag. Pacuerst KacKkajga 1o METOJY CJIYYailHBIX
HCHBITAHMI IPHBOAT JIIA HTOTO JKe caydasd K Be- gl 7
JMYIHE 9HePTAI B30y KeHns okomno 120 Mas [34]. L

C moMomnbio 3TOr0 Meroja HaOMIOAEHUs yraa 4
MeEny Tpekamm ockoakos Illamos [*3] momywmi +

CBABH MEK/LY YHCIOM JeTKHX 3apA:KeHHBIX wacTui, <4

(IpoTOHOB M C-YacTHIl), HCIYCKAEMBIX TSKEIbIMIT i Gt ey
AjnpaMu, M dHeprHeil BO30YKAeHHA HTHX Axep. 200 400 UMb
Ha pme. 57 upusegena aTa 3aBHCUMOCTH IS ‘
anep U. Puc. 57. 3aBucumocTh cpej-

OnHako OCHOBHOE IpeIIOJIOKeHne, JeRamjee Hero Wncjaa 3aps/KeHHBIX 9a-
B OCHOBE JTOTO METOHAa, SBIAETCH CIHHMIKoM CTHL, HCIYCKaeMBIX AxpaMit
TpYOBIM, UTOOB MOFKHO GBLIO ¢ TOIHBIM JOBEpHEM bowa UPH ity onsn o

TomamMu ¢ sHeprueir 660 Mas,
OTHOCHTBCA KO BCEM JIAHHBIM, IOJYYEHHBIM C €0 o1 HAYAJBHON DHEPIMN BO3-
nomMompio. Habaojenusa apepusx 3sesq B ¢oro- Oympennsa sauep U.
AMYJIBLCHH HJIH B JIPYTHX CJHEJOBBIX KaMepax I0O- 1 — coraacko [*3]; 2 — wenpas-
. JaeHne coraacHo [27].
Ka3blBalOT, YTO PACHICINIEHHS sAxep OBICTPHIMIL
YACTHIAMIL OOBIYHO COIPOBOJKIAAIOTCA HECKOIb-
RIMI BTOPHYHBIME HY KIOHAME (M Me30HAMI) BHICOKOIl 9HEPTHN, BHLIETATOI{IMI
MHOT/a TOX BechbMa OGOJNBINIM YIVIOM K HAYAJBHOMY HAIPaBIEHHIO. JTO 00-
CTOATETHCTBO HPUBOJAUT K TOMY, 9TO AP0 HOJIYIAT UMIYJIBC M B HOMEPETHOM
HapaBJeHHHN K IYy4YRy. Bhurer jke HeCKOJAbKHX HYRIOHOB, YHOCHAIIHX OCHOB-
HyI0 4YacThb dHeprum OomMOapAupylomieii dYacTHIlbl, H3MEHHT COOTHOICHIEe
MesKJLy BeJMYHHOI IT0TepH SHEPTHH MEePBUYHOIO HYKIOHA M Pe3yJIbTHPYIOI{IM
HMIyJIbCOM ff[pa. Y 9eT HTOr0 NPUBOAUT K MEHBLIINM 3HAYEHUSM DHEpPTUil
BO3OyRenusn [*]. ’

O6yxos [?®] mpomsBen OIEHKY IOTPEITHOCTH B OIPEIEJICHIH DHEPTAH
BO30y;keHnsa no MeToxy [*2], BOSHEKAION[YIO TpH UTHOPHPOBAHNK HOTE)eUHO T
cocTaBIsAONell MepeagHoro AApy uMoyiabca. OHa okasajach BecbMa 00JIBIION
(10 100%).

B paGore [*7] mposejiensl cucTeMaTHUECKIe ICCISOBAHNA BeIMUMHEL IPO-
AOABHOI M TWOMepPeuyHOil KOMIOHEHT MMITYJIBCOB SAPA-OTAAUM IPH KaCKaHOM
nponecce. Ilopua [7], BocmombzopaBumIch pesyabraTaMy pacueTa KacKaja
mo merojy Monte-Hapio [*%], Borumcasn seruunny m Hanpas/ieHHe HMILYIbCA
Afpa B KasKJIOM OTAEIAbHOM aKTe BaammojeiicTsus. OH Hames, 4To OTHOIIEHHE
OTHX JIBYX KOMIOHEHT OJu3K0o K 1, yMeHbImaercs Ipm BO3pacTaHUM IIPOLOJIb-
HOTO mMmmyabca mpumepuo 70 0.2 — 0.5 m Bospacraer DpUOANBUTEIBHO [0
9— 10 mpm MagBIX BeJMYMHAX NPOFOIBHOTO HMIyibca. Meskay cpemmum
3HAUYEHHEeM IPOJI0IBHOT0 MMIYJIbca AApa W ero cpejiHeil 9Hepruu Bo30y KICHUA
MMeeTCA HPHMEpPHO JuHelHas 3aBucuMocTh (puc. 58), HO JaHHOMY 3HAYCHIIO
9TOTO MMIIYJIbCa COOTBETCTBYET HA0Op dHEePruil BO3OY/KICHHA B NIHPOKOM
HHTepBaie 1 Hao00poT.
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Typresuu [2°] mpegmomma s pacuera 9HeprHm BO3OYKIEHHS TUM Me-
TOIOM WMMITYJbCOB PACCMATPHBATH ABYXHYKIOHHYIO MOJeIb, OCHOBAHHYIO HA
TPEJIOI0/KEHNH, YTO TePBIYHAA YaCTHI[A MCIBITHBACT B S/[pe OJIHO coyjape-
HIe ¢ HYKJIOHOM, KOTODBHIi ocTaerca B sAjpe, IepefaBas eMy CBOI 9HEPIHIO
M MMITYJIbC.

O6yxos [*®] paccumTeBaT HM-
Oyabe sAApa [0  JBYXHYKIOHHOIT

Tabnumma 18

Cpepune sHeprou BO3OY:KACHHA AAep

MOjieIM, IpeJImoJjaras, dTO OJHH
Duep- 9Heprud  BosOyK- HYKJIOH  BBIIETaeT IapaljielbHO
3 Jenns, Mos S 5 0

Tiponece n’;’g’}m, g MYyYRY, BTOPOil — HePUEeHIUKYIAPH
Mo | CTADOE | suame- @MY, TAK UTO NONEPETHAS I MPOJOIb-
¢l mie (71 yas cocTaBAAIUE HMIYIbCA SPA,
B cpeaneyM, paBubl. CpaBHenue HTAX
Bi 4 p—> penenme) 460 | 190[23] | 122 mojieneit [27] moxasanmo, uTO HE OJHA
}3\1 i f,:: ’;‘gfgf{i’,ﬁ éf;g ggg {2‘3} ‘;3123 W3 HUX JOCTATOYHO XOPOIIO He coTia-
W L p—> nenemme| 660 | 440[23] | 257 CYeTCsi ¢ pacueTaMi II0 MeTojy CiIy-
Bi + p—> 5191, 2200 | 400 [20] | 246 YyailHBIX MCIBITAHMIl, ITOKa3aHHBIMA
Bi+p—Ba . .| 2200 | 660[20] | 408 ma puc. 58. [loatomy asrop [27] mpen-
jJaraeT JUiA MCIUPABICHHUSA JaHHBIX

00 sHeprusax BO30Y/KAEHHA, KOTO-
pele ObUIM IOJYdYeHB IyTeMm H3Me-
PeHHA MMIYJAbca AZPA-OTAAYH B TeX WIM HHHIX NPHOAM/KEHHAX, MCIOJb-
30BaTh rpagur;m puc. 58. 3aBHCHMOCTH wUHCJIa YaCTHI[, COIPOBOJKJIAIOIIAX
aenenne U, or sHeprum BO3OY:RAEHHA STHX szep, HEPeCUNTAHHBEE C YICTOM
9TUX IOTPAaBOK, HaHECEHH Ha pmc. 57 mamumeir 2. B Taba. 18 gamni cpepume
3HAYEeHUs] DHEPTHH BO3OYIKJAEHUs, OIpese-
JeHHble BHIIEYKA3aHHBIM METOJOM M Iiepe- 08 F
cunTanBEEe aBropom [27]. 2
Heroropsim BujpomsmenenmeM 3Toro Me-
TOJ{a OIpEJETeHISI HHEPIUH BO30Y/KICHUA
ABIACTCS MeTOJ] HAOJIOHeHHs Sjiep-0Taaqi,
omncanusii B [2°] n mosgmee B [3°]. Oxomo g
IOJIOBHHEBL BCeX paciieliennii, Habaio1aeMbix &a” i
B SIepHOil aMyabcHm Ipum ee obayueHmm - |
yacTunaMu GOJBIMHX DHEPTHil, CONPOBOK-
JaeTcA MOABJIEHNEM KOPOTKOTO cieja, 00s-
3aHHOTO  JIBIGKEHHIO  OCTATOYHOTO sijipa.
Nymmynbe sToro  sAppa cKIagsiBaeTcs u3 AL I Sea
apderra oTmaum HMCHAPSIOMMXCS  YACTHIL 02 04
H  UMOyTbca, OO0YCIOBIEHHOTO Iepemaveit Wnzs
ALPY HACTH DHEPIHM NEPBUYHOr0 HYKJIOHA,
Hepexoifmiell B TEIVIOBYIO HHEPIHIO siipa.

9
Y1

06+

0z

T

T

1 SR .

06

Pumc. 58. 3aBumcmMoCTh CpeHero
TIPOJIOJBHOTO MMITYJbCa, Ilepesia-

B paGore [2°] mpenmomaraercs Tak ke, Kar
n paree B [*°], uro wmmmyanc, cBA3AHHELIL
¢ mociegHnM ddderToM, HampaBIeH IO
nyury OGoMOapAMpYION(IIX YacTHI[ W BeJH-,

BaeMOro fAJApy OHCTPHIM IPOTOHOM,
or sHepruu Bo30ymAeHHA [*7]. pmax
" Upax — MaKCHMaJbHLIE  3HaYe-
HEA WMITYyJbhCA ¥ DHEePTUH BO30YyK-
JIeHNsI, COOTBeTCTBYIONME 006paso-

YHHA €rO OJ{HO3HAYHO OIPEREIAeT HHEPIUI0
BOo3OyteHna sigpa (peub WjeT O CpejHuX
BHAYEHUAX BEJIHYHH IIA GOJNBINOI I'PYIILI
OJIHOTHITHBIX 3Be3]).

Pasnoxus maGiogaeMslil MMIyJabe S/ pa-0TAAYN Ha IPOAOJIBHYI0 (BIOIB
Oyyka) ¥ TONEPeYHYI0 COCTABJISION(Me M TWpeAmojaras, uTO THOMepevHEi
HMIYJAbC €CTh 9HCTHIH a@erT memapeHus, KOTOPHIT HOCHT H30TPOIHEIL Xa-
pakrtep (Tak 4TO CpefHAA IPOJOJbHAS KOMIIOHEHTA MMIYJIhCA OT MCIApPeHHSI
pasHa nonepeunoii), aBrop [*°] myrem mpocToro BEUMCIEHNA CPEHAX BEIHIHH
OPOJIOJIBHOTO M HONEPEYHOTO HMITYJIbCOB 0 Y9IaeT CBe(eHIs O Cpej{Heil 9He PIHl
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BaHUIO COCTAaBHOrO Ajapa.

1 — Bi+-460 Mos; 2 — Bi4-940 Mas;
3 — Bi-{-1840 Mos; ¢4 — Ru+460 Moas.



BO30Y/KeHNA AApa HpPH JMCIYCKAHHHN OIPEeJCICHHOT0 YHCJIa 3apPA/REHHBIX
gactull. YTo0B yuecTh caydan pacmiemIieHus (6e3 BUANMOTO CIefa Sapa-oTHadin
(oueBmiHO, HTO CBABAHO € MAJLIMU CKOpPOCTAME sjep), B padore [*°] Gwuro
CHeTAHO LPEJION0KeHIe O TOM, YT IoMepedyHas KOMIIOHEHTA HMITYJIbCa HMeeT
rayccoBckmil 3axom pacmpegenenus. OpHaxo pesyabrTaTsl pacuera [*7] mo-
Ka3bBAIOT, YTO DTO IIPEANOJ0;KeHNe BHIIOJHACTCA INIOX0: KpPHBAfg pacupese-
JeHMA  WMEeT MAKCHMYM, CMEN[eHHEI OTHOCHTeIBHO HAdala KOOpP/THAT.

Camas Goiblrasi TOTPENTHOCTh B OMPEINCHIH HHEePIHH BO30Y/RACHMA O
meroy [2°] ceasama ¢ nmpejmonoskeniieM 00 OTCYTCTBHM IIOIMEPEUHOIl cocTa-
8IISIONIEIl MMITyJIbca sijgpa Iocie IMpoxoskpeHns Kackaga. [lo sroii mpuumne
BeJuiHbl, moayuennsie B [22] m [YY], pus omeprmit BosOy:kuemusa sgep Ag
1 Br ciibHO BaHMKEHBL 0 CPABHEHIIO ¢ JIAHHBIME pacyeTa Kackaja oo MeToxy
Monte-Rapiao [*%]. Tag, maupumep, cpefssis sHeprus Bo3Oy ;riaeHuA sjep Ag
n Br mpn obaywenmm mporomavm ¢ smeprmeit 130 Mas, cormacmo [*¢], co-
crapiager 48 Mas, pacuer [*%] maer 60 Map; mpu smeprun nporonos 460 Mos,
no [''], smeprug Bosby:kaennsa U=>52 Mag, B T0 ‘BpemMd Kar, coriacHo [28],
U=100 Mag: nmpu smeprum mporonos 660 Mss semmunua U cooTBeTcTBeHHO
pasua 58 m 140 Mbss.

Ha pme. 14 npepcrasienst pacupesgenenue siiep Ag n Br mo senmunme
oHeprunm BO3OY;KieHus Hpu obGnyueHnum mporoHamm ¢ sHeprueit 130. Moas,
noaygennoe OctpoymoBeiM [M], a Tak/ke COOTBeTCTBYIONIEe pacIpejeleHne
u3 paborst [*%]; HecrompKro nenpasaennoe B padore [M] mpuMennTenbHO K MEHB-
meil BHePruH UPOTOHOB. BHjHO, YTO MMeeT MecTO HEKOTOpOe HeCOOTBETCTBUE
pesyabTaToB. llo Mepe pocra sHeprum GomMOapAUPYIOMIET0 HYKJIOHA PacXojKie-
HIIe ME/KIY Pe3yJabTaTaMi B BeJNYNHAX 9HePIHH BO3OY/KIEHHA, HOJIYYeHHBIMI
IO pacdeTy ¥ M3 HAOMIONEHMIl MMIyJabca AApa-oTAaun, Oyjer mo Bceil BeposT-
HOCTH YBEJIMYHBATHCSH, O YeM CBHUJ(ETEJIbCTBYET CJIeJTAaHHOE BBHINE CPaBHEHHE
mapaeix pabor [*%] u [M]. Xopomee coraacme, mvepmee MecTo ¢ paHee Bbl-
IOJHeHHBIMHI pacyeTaMu KacKagHoro mpomecca [®], wro ormeuaercsi B pa-
oore [*'], BepositHo, Oburo caygaitasiM. Pacuwer Bepmappmam m apyrmx [8]
ObuT IpoM3BeeH Oe3 ydyera Me30HOOOpa30BaHWSA B sAjApe, YTO LIPUBEIO K 3a-
HIGKEHHOI BeJANYHHE BBHYUCICHHON DHEPTHH BO30OY/KIEHHA.

C yBemxmuenmem sHeprum 00MOAPANPYIONAX YACTHI[ PACTET UHCIO KACKA/[-
HBIX HYKJIOHOB, BBUICTAIONMX W3 ApPA ¢ HIHPOKUM JHEPreTHICCKIM CHEKTPOM
U B 3HAYUTENBHOM jHANlA30HE YIVIOB. JTO PE3KO YXYAIIAeT IPAMEHHMOCTDH
MOJeNH, KOTOpAasA JEKUT B OCHOBE METOJ[a dKCIEePUMEHTAIBHOTO OIpeieseHus
9HEPIHH BO30YKICHHA.

Mur He GymeM KacaThes DKCIEPUMEHTANBHBIX Pab0T, B ROTOPHIX JeIallch
TOIBITKY OTIPeIeTHTH IHePTHIO BO30Y KACHNUS SAJpa IO CpejiHeMy HaOI01aeMoMy
9UCAY HCIYIeHHBIX YACTHI[ C YYeTOM COOTHOIICHUA MERAY DTHMH J[BYMI
BeTMIHHAMI, JaBAEMOr0 KAKHM-THOO TEOPETHICCKMM pACIeTOM II0 MOJIean
ucnapennsi. [IpuUMEHNMOCTH TAKOTO MeTOA OIIPEEICHHS DHEePIUH BO30YsKie-
HHA fApa OrpaHnyeHa He TOABKO TeM, 4TO B OLBITE YHCJI0 YaCTHL HCIapPUTe] b
HOTO IIPONCXOZKCHNA OIEHHBACTCH BechbMa MPHOIIKEHHO, HO TaKsKe W IpPH-
0IMREHHOCTRI0  CAMHX — TEOPeTHYeCKIX PAacdeToB  IPoIecca HCIIapeHnsd,
HAJIe;KHOCTh KOTOPBIX cJejyeT IpoBepsATh B sxcuepumente. Ilocaennee yreep-
AIEHHe WILTIOCTPUPYeT pHC. 23, Tj[e HAHEeCeHHI TeOPEeTHYeCKHe 3aBUCHMOCTI
CPeTHEro 4Heja WCIapHTeTbHBIX 3apAKeHHBIX YaCTHI[ OT d9HEPTHH BO30YIKIe-
HUA Agpa, TOJYYeHHBIE PABIHIHBIMI aBTOPAMM.

§ 3. JETKHE YACTHIIBI, HCIIYCRAEMBIE B AJ{EPHBIX PACHIEINIEHHAX

Nzygenne Jerkux wuactul (HeHTPOHOB, M30TONIOB BOAOPOJA M TeJNH:),
o0pasyoiuxcsa IpH B3aMMOJEHCTBIN YACTHI[ BBHICOKHX DHEPTHIl ¢ SAjpaMiu,
JlaeT CYIIEeCTBEHHLI MaTepuas JUid HPOBEPKH HAIIMX IIPEJCTABICHHIT O IIPO-
TeKAHUH SAJepHHIX pearmuii. BexencTsue 60aIbIIOI0 Kpyra BOIPOCOB, KOTOpLIE
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NPHXOANTCA PeNIaTh IMPH N3YICHIN JErKIX IPOAYKTOB AAEPHOTO PacieIIeHnsI,
HeoOX0INMO WMCIIOJb30BAHNE DPA3HOOOPABHLIX HKCIEPUMEHTAIBHBIX METOJ0B.

Jlna mecneoBanns 3apAKeHHBIX YACTHI[ C YCIEXOM IPUMEHACTCS sijepHast
OMYJIbCHA, OJIHAKO BBHY TPYAHOCTH MACHTHOURKAIMH MACCHI YACTHIIH IIPH Ma-
JBIX Tmpoferax 4acTHI[ B dMYJIbCHE 0OJBLIINHCTBO padoT, B KOTOPHIX Habxi0/a-
JHCHh pacuierieHns  fAjep (OTOIMYILCUN IOJ JeiCTBHEM YacTHI[ BHICOKHX
9Hepruii, jaeT cpejieHHA 00 oOmeM ducae 3apsyKeHHBIX YacTUI[, a TaKiKe
0 COOTHOIICHIFM Me;KAy dmcjaaMm ojHosapsjausix (saxpa H) m asyxsapsjgapix
gactutl (axpa He).

O0bgHO B TaKHX HSKCHEPHMEHTAX pPasamvaloT ABa KJiacca paclielIeHmil,
nponcxoganmx Ha gerkux (G, N, O) m msreanix (Ag u Br) sjpax amyabcum.
Mertojnra »KCIEPHMEHTAIBHOTO DPAaB3AEJNeHIA 9THX JIBYX KJIACCOB OCHOBAHA
Ha KPHUTEePUH MOTEHIMAIBLHOr0 Oapbepa: paclleIIeHNsd, COJepsRaliie CJIejbl
a-gactur (tognee spep He m orwactm Li) wkopoue ompejeaennoil JuimHsl,
IPUINCHBAIOTCH K KIACCY pPACHIeIVIeHUIl -Ha Jerkux sAjgpax, OCTadbHbIE OT-
HOCATCA K cayuasm pacmaja syep Ag m Br. 9ror kpurepnit He abcosioTeH:
HEKOTOpPasA YacTh pacHieIVIeHMil Jerkux sAjpep He COAEP/KHT CJejbl MaJ0dHep-
ruyHbX a-vyactui (¢ smeprueii menpme 8—9 Mas) u, caegosarenbno, Oyjer
oTHeceHA K pacuiemrenusm sjaep Ag n Br. B 1o ske BpeMs onbiTel MOKa3pBaOT,
4TO U3 Aep ¢ GOMBINM HOTeHIHAJIBHEIM 0apbepoM, KaKIMI ABJIAIOTCH fjpa Ag
n Br, moryr memapsrthcsa sapsyKeHHBIE YACTHILL CO 3HAYMTENHLHO MEHBITHMH
KHHEeTHYECKUMH SHEPTUAMM, YeM BHICOTA 3TOTO Oapbepa.

Ouastep [*] n Deporon [*], sremepumMeHTANTHEHO N3YYHB CTENEHb J0-
cTOBepHOCTH 0TOOpa 3Be3J[ N0 KPUTEPHI0 IOTEHIMaJbHOTO Gapbepa, IpPHILIH
K BHEIBOAY, uro okoixo 15—20% pacuemiennii TsKeabIX S MOKeT ObITH
OoTHeceHO K Jerkum siaementam amyabenu. G ppyroit eropons, oxomo 50%
pacHieIIeHil JIeTRIX sJ[ep He COJCP/RAT CJiej{ KOPOTKONPOOe/KHOM (t-4acTHIHL.
9TH JIaHHLIE OTHOCATCA K  CJIYYasM B3aUMOAEHCTBUS HPOTOHOB HHEPTHI
1 Bas [*'] u 660 Mas [32].

Jlammye [*%] meropom cuera 3epeH B Tperax OJHO3apAAHBIX YACTHI[, BHl-
JeTAIONMX TpPH SJEPHLIX PACHCIVIEHHAX B (OTOIMYJILCHH IOJ JeiCTBHEM
KOCMHYECKNX Jryveil (sHeprusi MHEuupymommx uactuiy oxoao 300 Moas),
OLPEIeIT OTHOCHTEIBHBIIT BHIX0J( AeiiTpoHos. CoriacHo ero JanmbiM, YHCIO
JeiiTPOHOB W TPUTOHOB B pacuiemiennsax sagep Ag u Br cocrasasier okomro 30%
0T BCEX OAHO3aPSAAHBIX yacTuIl. MeTos MarHiHTHOTO OTKJIOHEHUSI B KOMOMHATIN
¢ oromerogom Oour  mpumenen Tperbsrosoit [*'] masa amaansa. maccoBoro
COCTaBA JIEPKUX YACTHI[ B 3BE3AaX, CO3/aBACMBIX KOCMIHUECKIMI YaCTHILAMI
Ooapmix sHepruii, a Tak;ke nporomamu ¢ sueprueit 460 Moss. Pesyuabrarsi
ee HCCJeNOBANNS TAK/KEe CBUACTEILCTBYIOT O BBICOKOM COJEP/RAHNN TssKe-
JBIX  M30TONOB  BOAOPOJAA CpPei HPOJYKTOB AIEPHHIX peakmuii. Bouio
NOJYYeH0, 4To AeiiTponst ¢ aueprueil menbire 50 Mos coctasisior oroxo 50%
BCEX OJIHOBAPSIHLIX YACTHUIL.

Baprac m Tupen [3°] ¢ mOMOIBIO OTKIOHEHUS 3aPAKEHHBIX YACTUI[ B Mar-
HUTHOM IOJ€ YCKOPUTEISI OIPeIe Al MACCOBBIT COCTaB YACTHIL, BLIIETAIONIX
n3 sagep Be n C npu GomGapauposre nporomamu sueprun 330 Mos. Amannan-
POBATNCH YACTHIB, BBHIAETAIONNE B HAUPABJIEHIN HEPBHYHONO NYyYKa ¢ UM-
HYJILCAMU, COOTBETCTBYIONIMII pajiuycaM Kpususuasl ot 22 jo 45 cm (manps-
skeHHocTh noas 14.3 wre). Tawnm oGpasom, skenepuMesT OTOUPaA TPOTOHB
¢ smeprusimn npuvmepno jgo 20 MaB 1 cooTBeTcTBeHnHO HUAKE I JAPYTHX 1130~
Tonos sojopoga. B rtaba. 19 npunojsres moayuenusie B |*] pesysibrarTh.

dror ke meroy npumenua [eitu [*] pas amaausa Jerkux npojyRTOB
peaxnuii, miyunx #a aapax Be, Al, Ni, Ag, Au, U noj geiicrBuem a-uactun
¢ ameprueit 375 Man, neiirponoB — suepruu 178 Mo u nporonos — aHeprum
332 Mas. B oranmuue or padorst [*®] Jleiiu usmepstr BBIXOAH 10/ PABHBIMI
yraamp K nyuxy. B raba. 20 nokazaHsl noJydeHHBIC M Pe3yJIbLTATH LA
pearnuii ma Be npm GomGapaupoBre o-gacTiiiami.
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Tabanmma 19 Tabanumma 20

OTHOCHTEALHBIN  BHIXOJ{ JErKHX YacTHIL

OrHOoCHTeAbHBIT BBHIXOJ JErKHX YacTH
2 $ B peaxunn a (375 Mos) - Be [36]

B onbitax Bapkaca m Tupemna [35], 9/,

v Vron
Maoron Be c M3oron i
0° I 45° 135°
LRSI KB ES O T .

2 BE o sooveve o jid389 188 | 205
i A i G e, i B S B 2 P et Sorw
L AR R S 2 1 5. M e B ; 55
Hej 107 | 94 HY oooatows o b 2801 2444 057
He’; ; ' A Hef . . .....| 443| 255| 0.62

Hed ... .....| 2442|1644 | 2.49

K cosanennio, manmas craTMCTMKA W OTPAHUYEHWs, CBABAHHBIE C BeJd-
YMHOIl MATHUTHOTO 10Jis, He Mo3BoawiIu aBTopy [*®] momyuwrs ompejenen-
Hble PeSYJBTATH 06 OTHOCHTENBHOM COCTABE H30TOMOB BOJIOPOJA M Teiusd,
o0pasylomExcs NP pacmeliennn Takeasx ajep. Vamepennsii asropom [26)
BBIXOJ{ TSA/KENBIX WMB0TOIOB IS sIEP-MUIHEHH ¢ . OoabmmMm Z OKAa3bLIBAETCH
CYNICCTBEHHO B3aHN/KEHHBIM. DTO CBABAHO ¢ HAJHIHeM OOJBLIIOro MOTEHI[HAJb-
Horo Gaphepa y THA/KENBIX Afep M OrpaHuYeH-

HOIl BO3MO/KHOCTBIO B 9TOM OIBITE PerHCTPAIMN gy —
OBICTPLIX YACTHIL. dE

Nsyuennio opHo3apsAAHLIX YacTHI[, WCmy- |
craeMbIxX sppamMm QOTOIMYIBCHH Ioj  jeiicT- |
Biem mporonos sdHeprmu 120 Mss, Opta mo-
cpsimena  pabora [*7]. B aroit pabore Gnuio

Haiijleno, 9T0 YHCIO0 JIeHTPOHOB € dHEpruei R Z
B uurepsage 10—60 Mo cocrapiser oKoyo0 7
25% wiena MPOTOHOB. DHEPreTHUICCKUil CrekTp [

aeiitponos, cusaTeii B [*7], moxasam ma pue. 59, L e

Ijie IocTpoeHa TaK:Ke TeopeTHyecKad Kpusas, 20 40 60 Ey,mil
paccunrannasi bBeabrpavertn u Tomasumn [#8]

JUIA Iporecca IOAXBaTa ¢ YYeToM IIApHBIX Pue.  59. DHepreTHIeCKIe
ROppeaAnuii HyKJIOHOB B sjpe. CIICKTPEL JIeliTPOHOB, HCIyCKae-

Brurer peiitpornon B mpomeccax mpsvoro ;‘é‘zi"c_r’;‘;; (gi“"fl’lpo‘:_:)ol?(‘:'ny”’(’;C"g"'é“’f

B3AHMOJICHCTBYSL HYKJIOHOB ¢  sij[paMi HM3y- vmeit 190" Mos.
qacH’ | WAKKE M Meromom: cwermmmon 3]0 N 0 L e e
B raba. 21 momemeHsl pes3yiibTaThl dTHX H3Me- [271; 2 — pacuer [
pennii jeiirporos ¢ ameprumeit csumme 50 Mas -
B peaknuAx ¢ mporonamu saepri 96 Mas. B Tabu. 21 npuBoparTes TarKe cede-
mnsA, paccunTannsie B padore [4°] mo mogean xkocsennoro mogxsara. Cormacme
pacyera M sKCIEPUMEHTA YIOBICTBOPHTEIbHOE s jerkux sjpep. Asropsi[1°]
CRIOHHBI PAacCMaTpPHBATH HEKOTOPOE PACXOikJeHHe JUiA TSHIKEJILIX Afep Kak
caepcTBie M30BITKA HEMTPOHOB B IMOBEPXHOCTHOM CJ0e sjep, He yduTLIBae-
MOTO B WX pacuere.

Bpakuep u Iloyaaux [4'] b wamepe Bmancoma, obmydaemoit meiiTpoHamMm
sueprun 90 Mon, nabmiogann BeureT jeiirponos m TpuroHos us yraepoxpa. Ilo
HX JIaHHBIM, Ceuenie 00pasopanms IPOTOHOB ¢ PHePrueil B MHTepBaIe 32—
107 Mos 1 yraax 0—24° cocrasasier 10.3 mGapn, aeiirponos (sHeprim 25 —
124 Mos) — 7.4 wmbapu, tpuronon (smeprum 56-—95 Mos) — 1.2 mbapn.
B paGore [**] momywueno, uro mupum 6GomOapguposke spep C meiirpomamu
¢ omeprueit 90 Mop ceuenue oOpasopanus JeHTPOHOB C dHEPrUEIl CBHIIIE
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27 Mss pasrO 52 MOapH, BHIXOJ sjep TPUTHA COCTABIAET OKOIo 4 mOapH,
npotoHoB ¢ sueprueit > 20 Mas — 90 mGaps.

Wmeercs psijp paGoT, BHIIOIHEHHEIX METOIOM PaAHOXMMHYECKOTO aHAIN3a,
B KOTOPHIX M3y9YajCs BHIXOX Ajep TPUTHSA OpH o0JyIeHWN DPa3IMYHEIX ANep
OBICTPEIMM TIPOTOHAMM.

UroOs comocTaBUTh JAHHBIE IO TPUTHIO, TOJYYeHHBIE METOJI0M pPajyo-
XIMHYECKOTo amajmsa, ¢ Beixomom sjep H,', ciaemyer oGparurhesi k paboram
10 WCCJeI0BAHMIO ANEPHBIX PAaCHIeIIeHNii, BBHIIOIHEHHBIX C IOMOILBIO fJep-
HBIX aMyabcmit. B amux pabGorax, kak npasmio (06 MCKIOYEHHAX OBLIO CRa-
3aHO0 B Hauaje 2TOro maparpada), UaMepsercs odmee IHCIO BCEX OHO3a-
PAAHBIX gacTHil B pacmewiennn (3sesse). OgHaro He BO BcexX CIydasx cpej-

Hee HabJOJaeMoe UMCJIO OHTHX YaCTHI, HPUXOJAIieecss Ha OJHY 3Be3ny,
HeIOCPeICTBEHHO MOKeT JaTh Belil-

TaGannma 21  ummy cedenuss oOpasoBaHUA * AEP
Bojiopoja. Ilpm mpocmorpe o0ay-
YeHHOIT OBICTPHIMI HYRIOHAMU fJ1ep-
HOI OMYJIbCHN YacTh CJIydJaeB He-
YIHPYIOTO B3aUMOJEICTBHA, COIPO-

Cegenne oOpaszopanms JieiiTpoHos
nporosamMu sHeprun 96 Mss mox pasabivm
yriaaMu K nyuKy

Ceuenue, BORIAIONAXCA BHUICTOM OJHON HIN
mbapH/cTepat. i - 6R
Axpo Vo z : ,,nByx 3aps/KEeHHBIX YaCTHI[, MOKeT
KCIepH = pac- OLITH TOTEpPsiHA W CpeJHee YHCI0
meHTs! [*9] ver [*] * -
Jydeil B 3Besje Oyjer, Takum oOpa-
4 30M, 3aBeimeHo. Hpome Toro, BO3-
C { ;g" }éﬁj—gf;l §§ HUKAIOT TPYAHOCTH B OIIpejeleHHHn
P e e = 1 1 U000 % 2
60 1.4250.31 (s  TPHUPOJL AApa, HA KOTOPOM PO
28 Sk Lo 4o = BOILIO JaHHOE coObITHE, - 9TO TAK/Ke
A5 Sl { 40 4,695 0.48 49 Bioch lnasscmyplloﬁ omfl:{());ﬂ; HE(I;I’;
qiciIeHne CedeHuil, o
26 6.444-1.32 6.8 s
S o o e RS LG RO
e1y, MMeeTcsA ¥ -
4
Cd s - 11.2241.2 “1 HOCTH, OcoOeHHO 1pH padore ¢
p 26 13.9+2.86 7.0 HIeRTPOHOTYBCTBUTENBHBIMH BMY.Ib-
b . - - . / D «
40 18.0+2.14 12.0
CHAMM, CBA3aHHAs C HEJ{0CTATOYHO
USlos sdea o740 16.8+1.68 | 130  ypepemnoit wupenTHQUKALHeil Ccie-
JIOB OJHO- W JIBYX3apsAJAHBIX YaCTHUIL.

B rabua. 22 nmpuBejens CBOJHbIE
JIAaHHBIE 10 CPejHeMY YMCJIY OHO3a-
paAnELIX 9acTui («rporonsn) u axep He (a-vacTuist), HaiijieHEOMY B PasiiMyHbBIX
HCCleloBaHMAX IIporecca 3BesfooOpasoBanns Ha Tsmkeasx (Ag m Br) sypax
aMyJabcHH. B HEeROTOPHIX ciaydYasX yKasaHHBe B OpPHTHHAJIE YACJa OBLIH MC-
IPaBIeHbl ¢ y9eTOM IPONYCKA OJHOJIYYEBHIX 3Be3J[, IpHYEM IOIpaBKa IpH-
HUMaJach CcOrJacHo JaHHLIM paborsi Bepmapmumm u apyrux ['°]. Hexoro-
Phble aBTOPH He IPHBOJMIN: JIAHHLIE B OTAEJABHOCTH JUIs IPOTOHOB M (-9aCTHII.
B rmakmx cayuanx cpejmue wmcia Ui 9THX TPYIIl YaCTHI[ BEIHCIAINCH 110
M3BECTHOMY OTHONICHMIO O/p (4Hciaa JBYX3apsHBIX YaCTUI[ K YUCIY OJHO-
3apAHLIX YACTHI[), KOTOpoe caabo MeHSeTCs ¢ M3MeHeHHeM JHeprum GoM-
Gapmupyomero HyKIOHA ¥ pasHO mpumepno 0.3 s TPyNOB TAMKEIBIX Axep
n okono 1 — musa merknmx. UToObl BHEMUCINTL cedeHHA 00PA30BAHWA sep
H u He, neo6xomiMo 3HATH BeANYMHY CeYeHHA HEYNPYroro B3auMoAeidcTBU
HYKJIOHA OIPEHeJCeHHOH »HCPTHH. JTH JaHHBE B3ATHE COTIACHO pacueTam
Merponoanca u ppyrax [28].
Ha puc. 60 mokasamsr moaydennsie Taknm oOpasom Beixojsl sjep H m He
u3 Agep Ag u Br B mmanasone smepruii Hagerawomux Hykiaonos 50—1000 Mas.
ITonyuennsie MeTOOM PpPaHOXMMHYECKOTO AHAIN3A J@HHLIE 10 BLIXOLY
TpuTHA HpH OoMmMOapaEpPOBKe sAjep WMPOTOHAMH BBHICOKHX JHEPTUil COOpPAHB
B Tabx. 23. Ilpunnmas, uro Bexousl Tputus us saxep Mg n Fe u tsxeasix sjep
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Ta6bamma 22

Cpejiee umeao 3apsAsKeHHBIX YACTHI, MPH pacmeniennn safep Ag, Br

=g g® & ] gF i
E.é 28 %rj 22 ES g'E {‘_:}a
2983 gg= E= 283 2S% =
nE= a 8 OFF =S =] (S s OF =%
45 1.21 0.34 1.55 400 2.9 1.1 4.0 [17]
68 1.17 0.33 1.50 [52] 460 2 0.8_ 3.5 [44]
94 1.37 0.38 1.75 | 460 2.85 0.65 3.5 } (1]
122 1.68 0.47 215 ) 660 3.43 1.0 4.43
130 1.6 05 2.1 [53] 660 | 3.0 1.1 4.1 [13]
140 1.74 0.65 2.39 [11] 950 33 1.06 4.36 [5]
300 22 0.6 2.8 [17] 1000 3.45 1.0 4.45 [31]
380 2.6 0.7 3.3 [19]

OMYJIbCHU OJM3KHA JPYr K JPYLY, MBI MOKEM COUOCTABHTL JaHHBIE HO l}’ls n
H,%. Ilpu smeprum mnporoHoB 150 MbdB OTHOCHTeNBHEINI BBEIXOJ y=r§,3
cocraBasier okono 0.5%; mpu smeprmm 500 Mae y=1.5% u nupm smeprum
1 Bas y~10%. Ecam cuurarh, 4TO CpejHssi DHEPTHA BO30yskJIeHUA Anep,
GoMOapaUpPyeMBIX IIPOTOHAMM YKa3aHHEIX 9HEpPIHif, CoCTaBIsSeT COOTBET-
creerno 50, 100 u 200 Mag, To, co-
riacHo Teopuu memapenus Jle Ky-
tepa [°°], Benmumma y pasma cooT-
BercTBenno 3, 15, 27% . Pacuer [lo-
cTpoBCKOro m Apyrux [°'] paer He- 30
CKOJBKO papyrue 3smavenus y: 0, "g
4, 6%. Iocaenumit pesyibrar Ka- &
JKeTCHA BechbMa OJMBKIM K 9KCIe- ’&“Z.g
puvenTanrbHoMy.  Ommako HYKHO
Y4ecTh, 4TO CPeAH IPOTOHOB, BEI-
JeTalonmxX M3 sAjep, UMeeTcH 3Ha- 10
YUTEABHAS JO0Js HPOTOHOB, CBA3aH-
HBIX ¢ KacKajHeM mpomeccom. Ilpu-
HSB 9T0 BO BHUMaHHE M MCHOJIb3YH

1

nanasie Merpomoauca [2%] mo pac- 250 0
YeTy KackKaja, MBI IIOJYYHM, YTO : EP,M36

cpejHee 4YMCJI0 OAHO3APAIHBIX Ya-

CTHI[ MCHapeHHsa MeHseTcs B yKa- Pmc. 60. Ceuenns obpasopanus syep H u He
BAHHBIX CIyYasx MeHee 3sHaum- 1P obnyuennn ajaep Ag n Br nporomami.

600 800 1000

Touykn NOCTPOEHHI WO JaHHKIM Tabx. 22.
TeabHO (mpumepno ot 1 mo 2), wem P A

BEIXOJ{ sjgep TpuTnA. Ecam BBecTn

NONPABKY B BeJIMYNMHY 7Yy Ha KacKagHele NPOTOHBEL M UPHHATH, 9YTO BCe
HaOmonaemsie apxpa H,® oTHOcsTes K memaputesbHOMY IIPOileccy, TO
MBI TIpHAEM K IPOTHBOPEYHIO C JIeHCTBUTENBHOCTHIO, BaKJI0Yalomeiics B
TOM, 4YTO DKCHEPMMEHTaJIbHOe SHAYeHHe <y NpeBBIIaeT PacueTHoe IO MOJIesH
4HCTOrO MeNapeHnda. 9To o3HadaeT, 9To HekoTopas moas suep H,® oGpasyercsa
Ha IePBOIl CTAAMH IPOIECCA PACHICINICHI ApAa.

Ornocnrenvuo copepskaums Jerkoro msoromna He® cpegm jByXsapagHbix
YACTHI[ MMEIOTCS OYeHb orpaHmdYeHHbie cserennms. Ilo onenke, chexanHoi
Pmvcknm-RopeakoBem [%°] myTem namepemms M  1pocBeToB B TpeKax
JABYX3apAAHBIX gacTuil B dorosmyabenn, okoao 20% HTHX 4acTHI[ OTHOCATCSH
k He,? ana caywaen pacmemrennit sjep Ag n Br nporonamu sneprun 930 Mas.
IdTa omeHKa He MPOTHBOpeUNT pesyabratam pador [3¢] u [37]. Meromom mace-

165



- ‘ Tadauma 23
Ceuenne oOpaszoBaHua TpPUTHA

fnpo- AHEPruA | Ceuenme, | JInTepa- fIxpo- ueprust | Ceuenme, | Jintepa-
MUIIEHB HIPOTOHOB, mbapH TYpa MUILEHb IPOTOHOB,|  mBapH Typa
Mon Mos g
120 16+ 5 ) 135 64412 | 45
200 18% 6 150 | 61%1.4 } e
300 25+ 7 160 72 [46]
450 24+ 17 [43] 177 6.6+1.2 [45]
.9 I o 500 37+ 14 F ; 450 28+5 1
550 33%10 AU 1000 60 [*]
600 44+13 2050 53+8 [49]
660 46414 2200 62+7 [48]
3000 100
o e %] 6200 130 (4]
e 120 | 1745
Mg . .. * [49] 300 73322
£ g e d 550 | . 87%26 | { [
i 50 4.2 600 157447
75 .| 43+08 660 | 186%56
IR e SR = R e M
l 100 4.84-0.9 A A 135 19.54+0.5 [44]

cuexrpockomun  [leddep m Iepunrep [°] moayumam, 9T0 OTHOUIEHWE Bhi-
xopa He?® x suixopy He' us apep sxemesa cocrasasier 0.09, 0.10 u 0.18 npu
seprun nporonos 0.16, 0.43 u 3 DBoas. Pesyaprar anajimsa jKeJe3HBIX Me-
Teopuron, upoussegenunit Iopmamom mw Hupowm [57], maer Gomsee BoicOKOe
otHomenne, pasuoe 0.28, aro moser ObITH cBazamo ¢ 0ojJee BHLICOKMUMIL dHEp-
ruaMu GomMOapaupyomux MpoToOHOB BO BTOpoM caydae. Pacuer mcmapuresb-
HOro mnpoiecca [°'| maer mmuroskmeni Beixox He® npu sweprusx BosOoyskje-
sust go 200 Mae. Tor ¢axr, uyro soixox He® oxaspiaercs Bbimie, 4YeM
Tputua [*%], yKasmBaer Ha TOJUMHEHHYIO POJb IOTEHIMAJIBHOrO Oapbepa
B MeXaHM3Me BBVIETA HTHX YaCTHI[. JTO MOKET CIAY/RUTH YyKasamuem Ha TO,
gro kak sapgpa H %, rak m He,® oOpasyworca B snaunmrenbHOil cBoeil wyacTH
B Ipoleccax HPsAMOTO B3aUMOJHCTBIA.

YroObr moayunrh pajbHeilline CBeJeHHs 0 MeXaHmaMme Iponecca, B Ko-
TOPOM MCITYCKAIOTCA JICIKHe YacTHI(bl IPU B3AVMOJCHCTBAN € SHAPOM HYRIOHA
60Ol DHEPrHH, HEOOXOAUMO IIPOAHAIUZNPOBATH YIVIOBOE W DHEPreTi-
YeCKOE paCHpejleleHusa JTHX YACTUI[. OHEPreTHYeCKUIl CIEeKTDP HPOTOHOB M
O-YACTHI[ CHUMAJCH B MHOTOYHCICHHBIX PadorTax, BHIIOSHEHHLIX ¢ IOMOIIDLIO
doroamynnenii. g ymoGérBa Bee caeanl 3apsayKeHHBIX YacTHI[ B 3Be3jgax
pasgensioTcsa Ha rpynnel mo ux pupy: 1) «uepmbiey ciaeppt (Aydin) — TPERN
OIHO3ADAJHBIX YacTUl[ ¢ noHuszanmeil (MIOTHOCTHIO 3epen) Ooubileil, yeMm
(6—=—6.5) guin (€mn — NOHUBAMUSA PEJATUBHCTCKOM YaCTHIBI ¢ 3apsjoM e),
Takue caeasl obpasyor nportount ¢ amepruein Menpme 30—A40 Mo un a-
YacTMIBI; 2) «cepbiey CJHeJAB  COOTBETCTBYIOT OJHO3APSJHBIM  HacTHIAM
¢ miotHocThio 3epen B auanasone (6--1.5) gum; 3) CTOHKIEY  CJie /bl
¢ TIOTHOCTHIO 3epeH, Mewbmieid 1.5 gy, coOOTBETCTBYIOULHE NPOTOHAM
¢ sueprueit espime 300 Mas.

DHEPTeTHYECKMIT CHeKTpP YaCTHI[, JAIOMIX «YCPHHE» CJefbl, ABIACTCH
CIO/KHEIM, BRIOYAIOMUM B ce0s CIERTP KACKAJHBIX YacTUI[ M YACTUI[, KO-
TOpPHIE BBUIETEJSM M3 sapa Ipu ero oxuamkaenuu. OOLMHO JHEPruA YacTIHII,
OTHOCAIINXCSA K HTOM TPyIIie, ONPeAeIsAeTcs M0 JIHHe HX Clejla B dMYJIbCHIH
¢ TOCJHeAYIONMM BBEJEHUEM B CHATHIL CIEKTP TeoMeTpHYecKnii IONpaBRH Ha
9acTUIl, He OCTaHaBJuBaiomuecsa B (orocioe.
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HauGomee BajKkHOIT 0COOEHHOCTHIO HHEPIeTHIECKOTO CIEKTPA 3apAKeHHBIX
gacTUI| HeOOJBIIIMX DHEPTHIl ABIACTCA MOJOKeHHe HUKHeil TPaHUIbl CIIeKTpa.
B § 4 raaset 3 moppoOuo o0CysjaIcss BOIPOC O PAB3INYHBIX HPUYMHAX, KO-
TOPBIe MOTYT BBIBBATH IOSBJIEHUE (HOAOAPHEPHEIX» YACTHI[ IPU PaciiellIeHm
Ajgep, U HeT HeoOXOAMMOCTII BHOBEL o0pamarbes K Hemy. Bropas ocoGeHHOCTH
CIIEKTPA BAKIIOYAETCHA B TOM, YTO MOJOKEHUE MAaKCHMyMa He MeHgeTcsa ¢ M3-
MeHeHHEeM JSHeprii HajaomuXx YacTHl[, a TAK/Ke ¢ dHeprueil BO30OYRIeHNA C-
napsiomerocs sjapa. ITH 0CoOEHHOCTH HAMO0Jee OTYETJAUBO - IPOABIATCH
y a-gactur. Ha pme. 61—064 morasampl sHepreTnveckue COERTPHI (-4aCTHII,
CHATHIE 110 HAOJIOJMCHUAM B HMYJIbCHH 3Be3J[ ¢ PASIMIHBIM UHCIOM (TePHBIX»
aydeii. Ith  3Bes3nEl obOpasosamsl Ha sAjpax Ag um Br nporomamm sHepram
660 Mag [*°].

IlockoaIbKYy cpejHee 4HCI0 TACTUI[, MCIYCKAGMBIX AIPOM, SBIACTCA BO3-
pacramomeil (QyHKIpel HAaYAIBHOI BSHEPruM BO30Y:KIeHHA JTOro AApa, TO,

Nd
200
100 +
3
- 2
e : Il L 1 1
N0 B 81z 162l 2%
Eq, M6
Prc. 61. DHeprermyeckuii CIeRTp Puc. 62. Oneprermueckmit
O-YaCTHUI[ TPH pacIIeINICHUH sjIep CHEeKTp G-YaCTHI[, MCIyCcKae-
Ag, Br nporomamm ¢ dHepruei MEIX grapamn Ag, Br npm na-
660 Moan. Havaapmas sHeprus Bos- QaJAbHOI  BHEPIHH BO30YHK-
Oymgenna sitep oxoao 50 Map:[19]. nenns oxkoxo 100 Moas [19].
1 — pacuer no ['*] npm mHOpMUpOBKE 1O O003HAUYCHUA Te 3Ke, 4YTo M Ha
MAKCHMYMY,; 2 — G-9acTUIBI MCIIYCKAIOTCH puc. 61.
B 3a/iHI010 noayedepy: 3 — @-yacTHibl
HCNYCKawTCA B IEpPeiaHInln noaychepy.

CIeJI0BATEIHLHO, CHEKTPH (-4aCTHI[, MOKaszaHHEe Ha puc. 61—064, ornocarca
K AfpayM ¢ pasiuvyHblM Bo30y:RmeHHeM. B rmase 3 yike roBopimioch o TOM,
YTO TaKoe HOCTOAHCTBO TOJOKEHIS MAKCHMyMa OTMEYeHO M B PEAROUAX IpH
HIB3RNX sHepruAXx [°°] m mpu smeprum 1—3 Bas [%°]. U3 paborm ['?] caenyer
TaR/KRe, YTO SHePreTMYecRoe paclpesieqeHie JacTHI[ 3aBUCHT OT HAIPABICHIA
IX BELIETA OTHOCHTeNbHO ODomOapaupyomero wygsra. Ha puc. 61 —64 nunneit 8
HPeJCTABICH DHEPTeTHUECKIIT CIEKTDP O-4acTHI[, MCHYIEHHLIX B Hepe/Hoio
noaycdepy OTHOCHTEJILHO HTOTO HampasieHisi. Pacnmipedie coexkTpa B CTO-
pony OOJBIONX BHEPIHil, XapaKTepHoe B HOCIEMHeM Cjiydae, He MOsKeT OBITh
obnpsacHeno bPPEeRTOM HEePeHOCHOIH CKOPOCTH sAApa, CBABAHHON ¢ Nepejpaveil
UMITYyJhCA HepBUYHEIM TPOTOHOM. ABTOpE [1?] o0O0BsicHsOT 9TOT MBOHITOR
SHEPTUYHBIX YACTHI[, HANPABICHHBIX BHEPE, BRIAJOM KaCKagHOTO IPO-
necea.

C ngpyroit croponsr, Bakep m mpyrme [°°], mcememysa crerTpsr o-uacTig
B 3Besjlax, o0pasoBaHHBIX IporToHamu »sueprun 1—3 Bop, sarmowwni, d9To
n3MeHeHHe (OPMEL dHEPreTHYeCKOro PaCIHpeJieJeHis (-4acTHI[ CBABAHO JIHIIb
¢ KnHeMaTHyecKnM 3P@eKToM HCHapeHus 4YacTHibl I3 BHTAINIerocs sjpa.
[MogoGuoe sakmiouennme asropst [°°] cpemanum ma ocwoBe mpeaoaOsKeHNUA,
470 AJAPO JI0 MOMEHTA DHMIICCHI YACTHIIHL JBUTATOCH CO CKOPOCTHIO MPIMEPHO
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0.02 ¢ B manpapxennm, KoTOpOe 3aJaHO BHIUMEIM TPEKOM AAPA OTAAYM. DHep-
reTuIeckKoe pacupejieieHHe @-9acTHI[ B JTOH CHCTEME OKA3AIOCH OJHBKIM
K pacuerHomMy mo Teopuum ucnapenns [*']. HaGmomaemmpiii yrom wmexay
gacTHiell ¥ Ajxpom-orjiauum OyaeT MeHBIIe yria B CHCTeMEe WX I[EHTpa
Mace, nmpuieM 910 pasamuue Oyaer Golee CyMECTBeHHBIM JITA (-4acTHI[ 6O b-
INNX DHEPIHUii.

HaGmonenua 3Beayy B GOTOOMYIBCHE, COJEP/RAIMX CJEBI (-9aCTHIL
¢ smeprmeii cpmme 30 MoB, IOKasBBAIOT, YTO Yrod Me;KAy CJIELOM DTOi da-
CTHIIEL M TPeKoM sijpa orpaunm npubmkaercs k 150—180°. B arom cayuae,
coraacHo mojenn, passuroii B [°°], smeprusa a-wactui momwna Gbura 65 OLITH
MEHBIe PACCYNTAHHOIN IO Teopum Ncunapenns. MDarTHueckn ske 0KA3HIBAETCH,
YTO BRIAJ MOCJeJHEro Iporecca BechMa mMasi. HecoMuenHo, uTo BimsHne CKO-
poct BO30YKIEHHOTO fA/[pa, MCIYCKAOMEro YacTHIy, OyAeT CyNeCTBeHHBIM

N,

55 Y N
80 = &
80 ey
60 - 9 |
Lo 60 =
40+ |
L3 “wr
20+ Z
7 20 -
008 8 S 12 8 205 2428 ey Aaaat s T B s
Er, M36 08 12 1B 20 2k
Eo,M3b
Puc. 63. IHEePreTHYCCKUIT CIIeRTD Puc. 64. 9neprernvecknii crexTp
0-9aCTHIl, NCIyCKaeMBIX sijpamMn Ag, 0-9aCTHI, HCHYCKACMBIX AApaMil
Br mpw wawaibHOil BHEPTHEM BO3- Ag, Br upn HaYaJbHON HHEPTHH
Oysxpenna oxoso 150 Mos [19]. BO3GysRAennA okoao 200 Mas[*].
OGosnavyenusa Te ke, 9TO M Ha puc. 61. O6oanavennst p'rc éx;c, YTO W HAa
ne. .

aaA a-gacTHi HeGoapmux sueprmii. Onwmir moxasmsaer ['% | wuro mmeercs
SHAUNTENbHAS Koppeasuumst me:kay o-uacrmiamu sHeprmu go 10 Mss m sap-
pom-oriaun. HeoOGxomumo, BeposaTHO, OTAEINTH ITyTeM CUCTeMATHUECKOI'0 aHa-
amsza n Gosiee TOYHBIX HaOJIOfeHUil sddeKrT oTmaum mpU MCIAapeHud M3 Ajapa
9ACTHIBl OT BIWAHUA IEPEHOCHOII CKOPOCTH OTOr0 sApa AJsA TOTO, 9YTOOBI
Goxee yBepeHHO MOKHO OBUIO CYIHTH O COOTBETCTBHE Pe3YJAbTATOB HKCIEPH-
MEHTA PACYETHHIM JIAHHBIM 110 KaCKaHO-MCHAaPHTEILHON MOJeJ.
dHepreTHgeckoe pacupejeseHue HeiiTpoHoB ¢ sueprueit cseime 100 Mas,
HMCOYCKAGMBIX SjpaMy II0J JeilcTBHeM IPOTOHOB BEICOKHX dHepPrmii, mayda-
aoch B paje pabor, em., manpumep [#17¢4]. Heiirporst Takux GoabIINX dHEP-
ruit o0pasyloTes IpH HeMHOTOYHCJICHHBIX OJMHOYHBIX COYHAApPeHHAX IepBIY-
HOTO TPOTOHA ¢ HyKIOHAMU sjpa. VIX sHepreTHdecKmil CIERTP MMeeT Xapak-
TEPHEIT MAKCUMYM B 00JacTd sHeprum, GIM3KoIl K HAYaJAbHOIl 9HEPTHUN IydKa.
ITOT MAKCHMYM 0CO0EHHO XOPOIIO BHIPayKeH JUIsA JEIKHX sjlep-MUIIeHeil, TaKk
KaK B HOX BTOPHYHBIC aKTHI paccesnus majgoseposaTHsl. B paGore [*4] orme-
YeHO IIOABJIEHHE BTOPOIO0 MAKCHMyMa B DHEPIETHYECKOM pacipejiesenin
HEHTPOHOB, KOTOPHI 00yCIOBIEGH IpOMeccaMi Me30H000pazoBaHusi. OHEp-
reTHdecKkuii CHexTp HefiTPOHOB MeHBIINX sHepTHil Mamepsica B pabore ['°],
a rawwe I'poccom [%9]. YUmeao meiirpomos MOHOTOHHO TajgaeT ¢ yBeande-
Huem osHeprmu Heiirpoma. OTcioja ciejyer, 9Yro HeHTPOHH HeOOIBIIMX
9Hepruii, HCIYIeHHBe B AAEPHO-KACKAJHOM Ipolecce, He OTINYAIOTCH
CKOMBb-M00  3aMeTHEIM oOpaszom oT meiitpomoB ucmapennsa. CpenHee
YHCI0 HEHTPOHOB, WCIYCKAEMBIX PpasjIMYHBIMU sjgpaMm upm. Gombapam-
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Tabamma 24

Cpenuee uncao meiirponos [66]

Cpepusaa aneprud nporoxos, Mas
S po-MumeHb
300 ‘ 415 l 560 ‘ 690 820
Sn ’ 2 4.8+1 5.04-1 58+1.7| 644+4.5( 9.442.8
Wi PR T 47408 110.5+28| 9.04+2.3|11.9+2.2]|14.04+4.3
L2 R P e W S 5 i 0o N e M s el e Tl e I g L s s 2 25)
U. ' v eeennwoed|98t08(139F1.3]133F1.3|12.9%1.5(17.6%3.0

poBKe HMX KocmmueckKumu Jgydamu [°0], mpusemeno B madm. 24 (em. Tarike
rabi. 16).

YraoBoe pacupejerenne JerkuX YACTUI[, BLUIETAIOMIX U3 sijep IOj[ jeii-
CTBHEM HYKJIOHOB OOJBIINX BHEPIHil, XapakTepmsyercs HAIPABICHHOCTHIO:
BIEpej., ITa AHMBOTPOIMSA CBA3aHA HECOMHEHHO ¢ KACKAJHBIM IIPOLECCOM.
OneiT B COOTBETCTBHN ¢ TeopHeil MOKa3pBaeT, 4T0 yIJIOBAaA aHU30TPOIMS 00-
Jee pesko BRIDaskeHa y OBICTPHIX 4YacTHI[ («CepHIX» M (TOHKHX» Jydeil B 3Be3-
nax). Tak, manpumep, no pamasi Bepmapunn n gpyrux [1°], gncno «cepnix»
Jydeil BHepes B 3Be3ax, oﬁpaaonafmmx Ha SAApax sMYJIbCHI nporonanm
sHeprun 380 Mas, cocrasiser okomo 90%, a pias «aepubix» ciaenon — 63%.
ITpu sreprum 660 Mas coorBerciryionyie unciaa pasubt 80 u 56 % . C ysemmue-
HHeM sHeprunm OoMOapaupyoIer0 HyRJIOHA pPACTeT pasBeTBIECHHOCTH Kac-
Kajia, CIe0BATeJIbHO, BTOPUYHEIE KAacKaJible dYacTHIEl OyayT ciabee Koppe-
JANPOBATL ¢ HAYAILHBIM HAIPABJICHPEM, 3a/aBaeMbIM MaJaloIIM HYKIOHOM,
W MeHee HampapiaeHHsMu OyayT ayun B 3Besge. C 9T0il TOYKH 3PEHUA IOHATHO,
noqu[y ]erIOBaH anuszorponns Oojiee 3aMeTHA NP PACIHEINICHUAX JEIKHX

sagep [¢7

§ 4. M30TOUHLIN M M30BAPHBII COCTAB SJIEP-TIPOJIY KTOB
B PEARIINAX PACIHIENJIEHM

ITpesizie wem mepeiTi K paceMOTPEHMIO PACHPe/IeIeHITil IPOLYKTOB SAJIePHOIo-
pacmenyieHita o MaccaM, MBI JOJIKHEL OCTAHOBHTHCH HA HKCIEPHMEHTa]HHBIX
pesyiibrarax 110 OTHOCHTEJBHLIM CeYeHmAM 00pasoBaHMs PA3IMYHLIX H30TOIOB
u u3obap, Tak Kak HTU JAHHBE IIOJ0/KEHBI B OCHOBY MacCOBOIl KpHBoii, Tpedyio-
mieit A cBoero MOCTPOEHMA OIEHOK BBIXOJa HeM3MepAeMBIX IPOJIYKTOB pac-
mEeIVIeHN A, IIOTOMY 4TO B ONbITe OOBYHO HEBO3MOKHO M3MEPHUTH HEIoCpescT-
BEHHO HE3aBUCHUMDIE BBIXOJLI JUIS BCeX IPOAYKTOB.

B rabm. 25 nmpuBepeHsl sKCHePUMEHTANBHBIE JAHHBIC O OTHOCHTEILHLIM
BHIXO/IaM HECKOJBKUX TPyl m3o0ap, o0pasylonmuxcs IpI paciieiieHnm siep
CPeJHero aToOMHOIO Beca vacTHmamu pasueix suepruil. Ilpm comocrasnenim
Pe3yabTaTOB, MOJYYEHHLIX B PA3HLIX Ja00paTopisax, HeoOX0aMM0 HMeTh B BIJLY
Ooapmme OMMOKN B ONIPeNeSeHiit CeYeHNIl, KOTOPHIe HO3BOJIAIOT OTKIOHEHA
B npeperax kospdumpenta 2 aus yrasaHusix orHomenuii. [Tpu pacemorpennn
JAHHBIX Ta0NHMIBI MOJKHO 3aMETHTL TPH XapaKTepHbIe 0COOCHHOCTH BHIXOJIOB
naobap.

1. CyIIICCTByOT GOJII)IIIEU{ IpenMyIecTBeHHOCTD 061)2130!53[11'1}1 OJAHOI'O N3 IBYX
nzobap, gaske B caydae coceiHunx mzobap. 910 0COOEHHO APKO BHIPAKEHO JUIS
YeTHEIX MaccoBBIX umces (48, 52, 56).

2. OTHocuTeXbHBIe BHIXOABI M300ap IMOUYTH HE B3aBUCAT OT HAApPa-MUHNICHT
B 06J1aCTH CPEIHUX MACCOBBIX UHCEI.

3. OrHOoCHTENBHEIE BHIXOJE 1300ap M3 JAHHOII MUIICHN OKABLIBAIOTCS YU~
BHTEJDHO HEUYBCTBUTEJIBHEIMI K DHEPIHH IaJaioniX dYacTHi[, HeCMOTPs Ha
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Ta6baunma 25
OTHOCHTEALHBIC BHIXOJBI llaoﬁap B peaknuAX pacumeiviennsi Ha Aapax cpejHero aroMHOro Beca
Cu®t 156 (& 55 Feﬂ hlnbl 0 Cr 41 S 47 %
Peaxnnsa pacmensienns Tor go“ ‘F% o T -%r;;— Vl:T 'SXc‘—r % %
M pa A0 M wR BB e e SRR s i ) = — — — — — 0.09 0.6 — 1.9
MO ern AR 05 g 68T O e SR L S — - — 0.015 — — 0.05 1.1 = 4.5
GOVt e [OBIET TRl S e A bkl = — — 0.015 — — 0.03 1.2 — —
| o St L Vs R R i o I N e - — — 0.05 0.10 0.32 0.08 2.9 — 6.6
Gkl 3700 Ent (0]l SaSITessi et - Sy — - 0.14 0.02 0.15 0.27 - — — 5.3
Cusp; Be3a ey [P L F R ST SN 4.8 — 0.20 0.02 0.20 — — — 82 6.2
=t 15 o000 oy, [FRI o A Sls Eallste 3.2 — — 0,03 e i P AL 45 5.7
GRetlops B0 i fra)) s SEEUE SR 4 £ s - 2 i e AL = =
G, S 022000 iy FrAL I e S 1.8 s 0.12 0.04 0.07 0.16 0.05 0.8 35 2.3
Gt 05700 sl et QU E R a8 3 2.8 <0.01 0.11 0.02 0.16 0.21 0.02 1.0 35 2.75
DR DA 3A00 e [N SRl e N SV — e — 0.02 0.13 — 0.04 — — 4.2
Ageat e 3808 Rgs [T7 et e o) — (0.0004 0.11 0.01 0.06 0.28 0.04 1.9 — 2.5
ARl e ASQR et I8 Rt T L 2.4 — —_ ~0.15 — — — — >4 —
s, TR o ol (T e ) L [ e i M 10.5 — — 0.04 — — — - — -
Gl S 3T [T e et i S 4.0 — — 0.03 — —_ — — — -
Tadaunma 26
OTHOCHTEILHBIE BHIXO/BI M300ap B PeakmuAX PACHICIVICHHA THAKEIBIX Ajep
Peaknus paciernJie-  Bars U Pa®¢ Pa® Pa*? Th22 Th?*5 U8/ Pa??s/Th/A¢28
HUA Pan? Pa® Thet Thass Thes Ao TAcHS ¢, mbapn
U - p, 340 Mag [80] 0 34 0.024 - — — — — 0.038/1.7/—[—
U p, 680 » [81] 0.72 0.01 4.4 2.5 0.17 1.53 0.94 0.024/1.0/2.7/1.1
U--p, 1800 » [81] . . . 0.73 0.017 0.6 1.1 0.11 1.43 1.14 0.017/0.52/2.6/0.9
U-+p, 3000 » [81] ., ..l . — — 19 — 0.09 - — —/0.64/—/— -
U-+p, 6200 » [81] . ., . — . — 1.4 0.07 — — —/0.6/2.5/—
Th 4~ p, 680 » [81] - — — — 0.17 2.5 2.4 —/0.8/25/5.3
0.15 2 0.8 —/0.6/—/8.0




CHIBbHOE W3MeHeHHe Aa0CONMIOTHBIX CedyeHMil 00pasoBaHUsA pPacCMATPIBAEMBIX
uzobap (moury Ha jsa mopsuka s Ti%®). Hauboxbmee cedenne o0pasoBanus
mMeoT M300aphl, pacmojoKeHHble BOJM3H 00JacTH CTabHABHOCTI.

Jlas TAsRensIX Axep-MUIIEHeH COOTBETCTBYIONIX JAHHBIX II0 OTHOCHTEIb-
HEIM BBIXOZAM 1300ap MMeeTcsA B HacTosmee BpeMsa HeMHOTO (Tadix. 26).

B ormamume or 1npuBeIeHHEIX BEHIe JAHHBIX JUIA SHep CPegHEr0 aTOMHOTO
Beca MOJKHO 3aMeTHTh (ojiee IMMPOKHE PACHPEeJeHNsA B OTHOCHTEJIHHBIX BhI-
Xozax m3o0ap M OTYETJAMBOE cMeleHne Haubosgee BeposATHOro msodapa B Heii-
TPOHO-IePUIHTHYIO 00IaCTh.

Nnmeercs HECKOABKO IPUMEPOB, KOTJA MOTJIN OLITH U3MEPeHBI CeYe s 00pa-
3oBannA GoJiee yeM JABYX H300ap ¢ JaHHbM 3HaYeHueM A B peakiusax paciiernie-
mnA. B arom caywae mozker ObiTh mojvedeHa obmas gopma KPHBOH BBIXOHA
n306ap. Jlas HedeTHHIX MACCOBBIX UHCEN MPOAYKTOB PeaRIl paciielieHus
¢ Z mo wpaiineit mepe Ha 1 m ¢ A ma 3 wanm 4 e MHMIBI MEHBLIIUME, YeM Z
un A mumenu, o0buHO HauboJee BEPOATHHIT 3apsjl WIS JAHHOIO MacCOBOTO
THCIA MPOAYRTA A eNHIIy 00JbIIe HIH paBel Haubojee BePOsATHOMY 3apsgy
JUIsA CTaOIIBHLIX sAfep (B 3aBHCHMOCTH OT dHEepPruH magawomux wacrim). Hpu-
Basg BEIXOjia m300ap sarem OnicTpo majgaer ¢ Koahdummentom ot 3 o 10 mis co-
CeJIHIIX HEYEeTHBIX MACCOBHIX 4uces ¢ 00eHX CTOPOH OT Haubojgee BePOATHOTO
AAPA-IPOAYKTA. SIApa-IPOMYKTHI ¢ YeTHHIMI MACCOBBIMI YHCIAMI O UHHAIOTCH
HECKOJABKO WHOIl 3aBHCHMOCTH: IJIaBHAs dYaecTh M300apHOr0 BBIXO[AA IEJIUTCST
B OCHOBHOM ME/RIY ABYMA COCEHIMH H300apaMu, OJHH M3 KOTOPHIX ABJIAETCSH
CcTa0MIBHEIM, & JAPYroil — ¢ aTOMHBIM HOMEpPOM Ha e[MHUIY O0JbIme. SaTeM
OPOUCXOJHUT OblCTpoe NajieHne BHIXOAA ¢ ypeaudemnem Z. OTHOCHTEIBHO
Xapakrepa m300apHOil KPWBOIl €O CTOPOHBI MEHBIINX 7 HKCHePHMEHTAILHBIX
JAHHLIX MaJo.

Hy:kno moMHHTH, YTO 9TO OIMCAHWMe SABIAETCHA HPHOMIIKEHHLIM I JaeT
JIMIIG caMble 00MIyiTe 3aKOHOMEPHOCTH B BBIXOax m3obap. B jgeiicTBuTebHOCTH
jKe MOTYT HaOJMI0aThes PasiMunoro poja HeperyJsapHOCTH B cedeHHAX obpa-
30BaHUA M300ap BCJAEACTBHE JeiiCTBHs TaKUX (aKTOPOB, KAK HAOpUMep ILIOT-
HOCTH YpPOBHeil 00pasyionmxesa AAep-IPOoJYKTOB M HUX YIIOBHE MOMEHTHL.

Pacemorpenne U30TONHBIX IPOAYKTOB PeAKI(Nii PACIeIIeHIsA TP PasInd-
HBIX 9HEPTUAX HAJAOMUX YacTHI[ 0T COTEH MHJIMNOHOB JI0 HECKOJABKUX M-
JMAP0B AIEKTPOHOBOJIBT H JUIA PaBIHYHBIX sjep-MHUIIeHeHl Tar/Ke HOKa3bi-
BaeT HPeHMYIeCTBeHHOCTS 00Pa30BaHiA OJHOTO N3 H30TONOB, €CJM OTBIEYbCH
0T TOHKUX 2((PeKTOB, 00YCHAOBIGHHB X TAKUMI (aKTOPaMIT, KAK: YeTHOCTHIO K
MarmguHoCcThIo Yuce HYK/JIOHOB, 3HAYeHUeM AIepPHOT0 MOMEHTA, BIAMAHIIe KOTOPBIX
Oyner pacemorpeno gaiee. IIpi aTom ceuenne 00pazoBansi 0CTATBHBIX H30TOTIOB
TeM MEHbINe, YeM JIAJbIIe MBIl OTXOMAHM OT HTOr0 IPEHMYIIeCTBeHHOT0 H30ToNA.
B rauectse npmyvepa B TaGa. 27 HpUBeAeHEl CeYCHIA 00PAB0OBAHUA HECKOIBRUX
H30TOIOB OJ{(HOTO DIEMEHTa, 00Pa3yoIerocs B Peakiun PACHeIIeHns s
PABIMYHEIX DHEPTHIl M Aep-MuTneHeii. Y KazanHas 0co0eHHOCTh B 00pa3oBaHuK
UBOTOIHEBIX AJEP-HPOJAYKTOB XOPOIIO 3aMeTHA JIJIS1 BCeX TPHBEIeHHBIX PeaKrIii.

MoskHO mpocieTs eme 0fHy 3aBHCHMOCTE CeIeHU 00pasoBaHusA MPOJYyK-
TOB PacCHeIUIeHHsA: XapaKkTep M3MEeHeHUs CedeHiti smep-IpoAyKToB ¢ O/UIHAKO-
BEIM u3oTonmmgeckum uncaom / (/=N—7Z=A—27) or ux aroMHoro Beca HJIH
HoMepa. OraspiBaeTcs, 9T0 YIS PAa3HBIX sjep-MHIIeHeil MW PasaIHYHLIX 2Hep-
ruil HaJalonuxX YacTHI[ CeYeHHs 00pPa3cBAHHS SAeP € OJHUM M30TOIMHYECKIM
UHCJIOM N3MEHATCA TIaBHO, XOTA COOTBETCTBYIONME KPHUBLE He 0043aTeNbHO
HoA0GHbI. Pasnuunsiii X0 JanHbX KPUBBIX 00ACHACTCSI TEM, YTO Ka/KHad Ju-
HUSL ¢ HOCTOAHHBIM [ COOTBETCTBYET pasiiYHOMY IYyTH BJ{0Jb IOBEPXHOCTH
BBIXOZIOB: HEKOTOpBIe GYAyT HPOXOAUTE [0 ee KpasMm, a HeKOTOphie — Iepece-
Kath ee mampy. Ha pmc. 65 mpusejeHsl HEROTOPHIE W3 3aBHCHMOCTeIl ceyeHil
00pasoBanysl AJeP-UPOAYKTOB € OJMHAKOBHIMH H30TONNYECKIMI YNCIAMI B
PearumAX paciienienns Ha ajgpax mexu npu sueprimn 660 [#2] u 5700 Mas [7°]
u Ha sAxpax cepeGpa npu suepruu nporoxos 480 Mas [7®]. Bo Bcex caywasx
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MOryT OBITH IPOBEICHEl HEROTOPLIE INIABHEIC KPUBHIC JIA PA3INUYHbIX M30TONA~-
YECKHX THCeI.

Bcee s mabuiogennst Mo 0THOCHTeILHEM BEIXOAAM M300aPHBIX U MB0TOIHBIX
AXCP-TIPOAYKTOB M TPOAYKTOB € PABHLIM MB0TONMYCCKUM YHCIOM IIPUBOJIAT
K BBIBOJIY, YTO CceueHmns 00pasoBaHUA OT/ICAbHEIX ANEP-IIPOAYKTOB B OIpE/IeIeH-

Tab6banma 27

Cevennst 00pasoBaHus PasiIMYHbIX M30TONOB CPEJH NPOJYKTOB Peakumii pacuienienns ,

mbapn
Ag -} p, 340 MaB [#?] Fe -+ p, 340 Mas [*]

As Br Rb Sc Cr Mn
A ] A o A < A o A g A. -/
70 [6.2.10°3 79 341073 81 0.9.1073[ 44 | 2.6 48 0.8 a1 4.0
71 34.1073 76 70.1073 82 1.3-1073] 46 | 3.2 49 4.8 52 |12.9
72 40 -10-3 77 33.-1073 | 83 1.0.1073| 47 | 0.8 54! 41 54 142
T4 15.1073 80 11.1073 84 |0.34-10°3] 48 | 0.45| — — 56 0.59
76 |22.1073 82 |6.8.1073 86 [0.02.1073] — — — — — —

Yol
Cu - p, 680 Man [**] Cu + p, 5700 Mas [7°]
Co Mn Sc Co Mp l Sc
A o A G A I [ A ‘ g A I G I A l o
55 342 | 52m 24 43 452 55 1.8 | 51 2.2 | 43 3.8
56 796 | 52 6.5 44 3 56 54 | 52m| 1.9 | 44m 4.7
58 27.4 54 10.0 46 1.93 57 |24 52 0.2 | 44 4.6
61 12.0 56 3.59 47 2.85 58 |33 54 16 46 7.8
— —_ a7 0.43 48 2.0 60 |14 56 28 3.0
61 53 | — - 48 0.38
49 |<05
U -+ p, 680 Mas [*] U -4 p, 1800 Man [*]

Pa Th Ac Pa | Th Ac
e e A s A= ] 4 | o A o
237 1355 234 5 228 1.1 237 7.0 234 20 228 0.9
235 17 233 7.5 226 1.5 235 7.5 233 10 226 1.4
234 22 231 3 225 1.6 234 (412 228 2:6.1] 5225 1.4
233 19 228 2:1 224 24 23 ki 227 1.8 | 224 1.5
232 6.5 227 2.3 —_ - 232 4.4 226 2:0 - —
229 4.9 226 2.3 —_ —_ 229 2.4 225 1.6 — —_
228 1.0 225 1 —_ — 228 0.52
227 0.39 — — — — 227 0.2

HOIi o0JgacTi Mace B HePBOM NPUOJIGKEHAN He BaBHCAT OT WHAUBULYA/JIbLHBIX
ocobennocTeil Kark 00pasylonuXcsa ALep, Tak U sjlep-Mumenei, o0uapysruspas
001y Tpupoxy ux obpasopaHus. I10 00CTOATENHCTBO IO3BOJALT IIOCTPONTH
CHCTEMATHRY HPOAYKTOB PEARINil PACIeILIeHIs, KOTOPAs ABIAETCH OCHOBOI
MOCTPOEHMSA KPHUBLIX BHIX0JA Mace.

Jlatst carygast paciiernienuii sijiep cpegHero aTOMHOTO Beca MOJIyaMIInpHie-
CKMe YDAaBHEHHA, CBASLIBAIOINME CeYeHIs 00pPasoBAHWUA ONpeeTeHHoro Axpa-
npoaykra ¢ ero A u Z, 6xuin passute B paborax Pyzicrama [#% 83] u Bappa [7].
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Ha ocnosanmum amanansa 9KCIePHMEHTAJILHEIX JAHHBIX MOYKHO IPEAIOJIO-
JRATH, YT0 ceyeHns o0pasoBaHisg MB30TONOB M M300ap MOAUMHANICA TayCcCcOB-
CROMY pacupeje e, T. e. napaboie B HOAYJI0TapUGMITIECKNX KOOP/IHATAX:

lgo—=ad?4bA +}-c, (R
Ino=a,2*>+b,Z + ¢y, (111. 2)

rge 0 — He3aBmcmMoe cedeHye o0pasoBaHMA TAHHOTO Ajxpa-mpoxywra; A u
7, — MaccoBoe YHCI0 M 3apsa; a, b, ¢ u ay, by, ¢, — - KOHCTaHTEH, onpeqenﬂemme
M3 IKCHEePUMEHTATBHBIX JIAHHBIX.

Olee}I("IHH mapaMeTpsl @, b M ¢ MO TPeM HKCHePIMEHTAIBHEIM 3HAYCHIIAM
CceYeHIT 00pasoBaHiii nsoﬁdp WM MB0TOIIOB, MOYKHO 3aTeM IOJCYHTATL Ce-
qeHne 00pa3oBauns APYruX AXeP-MpPojAyKTOB ¢ ganmbiv A o Z.

a 6 6
100 -
1=7
I=4
g I=35 6
0 42 - 2
$7ip
/
d
1+ 2
7_
1
40-1' 5 a
.
@0 0 w0 502 S0 kT SR g S A0 L 2025 0

Puc. 65. Pacnpejenenne BHIXOJOB SACP-UPOAYKTOB € OIXMHAKOBEIM H30TOIMIECKIIM
YHCJOM B PCARIUAX — paCHIeIIeHs.

a — Ag+p, 480 Mas [7%]; 6 — Cu-}-p, 660 Mas [®3]; ¢ — Cu-}-p, 5700 Moan [78].

B paGore Bappa momoGmoe ompejesenne mapaMerpos a, b i ¢ u cpaBHenne
PACYCTHEIX 3HAYCHMII cedeHMil OBLIO TIPOBEIEHO JUIA ANXeP-IPOAYKTOB YeThipex
BO3MORHBEIX THIIOB: HEYETHO-HEYETHLIX, HEYeTHO-YeTHHIX, YeTHO-HeYeTHHIX W
YeTHO-YETHRIX 110 THCAY HPOTOHOB M HelTpoHOB B sijpe. B Tadi. 28 npusejenst
JIAHHBIC JUTA TPOBEPKN CHPABEINBOCTH IIPEAIION0/KEHIS 0 11apaboimdeckom
PACIIPE/Ie/ICHIIT BHIXO/[0B M30TOMMOB.

Pesaynbrarsl cpaBHeHWS PACYETHBIX M HKCOCPUMEHTAIBHBIX JaHHBIX Jieil-
CTBUTENBIO TTOATBEP/R/AI0T HapadoJndecKnil XapakTep KPUBoil pacHpejerenisa
cedenuii 00pazoBaHmA PasIMIHEIX MB30TOMOB: JIAHHOrO diaementa. Kpome Toro,
0o0HAPYIRITBAETCH, YTO HET CIJILHBIX AHOMAaJMIl B cedeHMAX obpasoBanus H30-
TOIIOB PasIMIHOr0 THIIA, KaK dTO U c¢iaemxyer us ypasuenus ([11.1).

ITapamerp a B ypasuemmn (I111.1), spasommiicss Mmepoit mmpuasr mapadorst,
OCTAETCS CYIMECTBEHHO IOCTOSHHBIM JUIsi BeeX derhipex anementon (—0.121,
—0.150, —0.137, —0.154 mas Co, Fe, Mn, Sc¢ coorsercrsenio). Taxum oGpa-
30M, INUPHUHA pacirpejaeaeHinsa cedeHmit OGPaBOBaHHH N30TOHOB, IHO-BMJIMMOMY,
ojHA M TA j;Ke, 10 Kpaiineit mepe B obmactn Z—=21--28. Ecan mojgcanrarh Be-
.nutumy—% TO oHA OyjeT HpejcTaBisTL Co00H MaccoBoe WICJIO sjpa-
NPojiykTa B nmMKe napadodnl 1 COOTBETCTBOBATHL HaunboJee BeposTnomy A

BBIUEpUCHA Kak (ynwmusa Z

b
st pannoro Z. 9ra penuunna A,— S
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Ta6banuma 28

dKcnepuMEHTATBHBIC M PACYCTHBIE CEYCHHA OOPABOBAHMA  PAZTMYHBIX
H30TONOB NPH pacuienjgesnn mean nporonammn 5,7 Bop [75]

DKCIepUMeHTANIbHEIC JaHHBIe, TOJCTAR- IlpenckasnsiBaemblit :

Jasembie B ypasaenne (III, 1) nr::lxon l?gneroﬁrv([)b; Cpasnerme

s, gon o ::32‘%252: OTHOMEHNne

DJIEMEHT A O | yGapn A THIT Mlﬁaplf mme o, | 9pacy. /ouan

5 mbapH z A
{53, H.-Y. 1.8 56 | m.-m.| 8.7 5. 1.7
Cois = 57 | m.-u.| 24 58 | H.-H.| 38 33 1.15
61 H.-4.| 5.3 60 H.-H. | 18 14 1.29
53 |'u.-m.| 1.3 52 gi=aq [ 048 0438 1.00
Eoram . { )5) q.-H. | 17 — — — —_ —
59 g.-m. | 097|.— = o= i 2
52 v |t T 51 H.-4.| 1.8 2.2 0.82
NI s 54 H.-1. | 16 - — == — —
56 H.-H.| 28 - — — — —
44 H.-H.| 9.3 43 | H.-4.| 35 3.8 0.92
SO a¥iaiis 46 H.-H.| 7.8 47 | H-uL | 24 3.0 0.81
48 | m.-p.| 038 — — — — —

na puc. 66. Oma, kax oxaszajoch, ABASETCH NPAMOI JnHUell, NPOXOHAULCIT
Yepes HavaJo KOOpP/UHAT.

Teneps, Korja B Hamem pacnopstaseHunm mveercst sasucamocts Ay=I[(Z),
ceyeHusA 00pPasoBaHUA BCeX HEHBMEPSEeMBIX M30TOIHOB MOI'YT OLITH OIPEJeJeHb,
eCJIN M3MepPeH XOTh OJMH M30TOoI jlanHoro ajxemenTta. Mamepennoe ceuenne jpam-

HOTO M30ToHa (QUKCHPYeT BepPTHRAJb-

Z HYI0 TIKaIy napadosnl, pacuoyiojKeHme
%E MaKCHIMyMa KOTOPOil olpejelnsercs U3
puc. 66. Ilpomegypa wuamepenmii ce-

ar Mn d YeHHUIl MO/KeT coBepmarhes Tpaguue-
,.Lf\l\‘\'l" Je cku. lloyuenmnie ceueHus saTem MO-

Ly Ny ryT OBITH HPOKOHTPOJNPOBAHDBI HOCPE/-
My cTBOM  rpaguRroB, TIPHUBEJEHHBIX Ha

8r pue. 65, T. e. BaBHCHMOCTEIl CeYeHHil
y o0pasoBaHisg AXEP-NPOJYRTOB € OjiH-

L L L L L HAKOBEIM H30TOIMYECKIM YHCJIOM, KO-

[Tt

G WS G N Gy TOPBIE JMOMRHBL YAOBACTBOPATH Tpeho-
Pue. 66. 3apmcnmocrs manGosee peposr- — BAHIIO F‘"*ULKOCTH'_HaK Gui10 MOKa3aHo
woro A or Z mpogykra upnm pacmemie- B padore Bappa [7°], mnogobmas mpo-
WL Afiep MEUT IDOTOHAMII C DHePTHed  jiejypa OIpe/eleHHs HeMm3MepseMbIX
5700 Mas [*]. ceveHmil OKasnIBACTCS BaROHHOIT B 00-
aacta Z=12--28 B ciayuae pacuieInie-
Husa sjiep memum (Z2=29). fAppa-npopyskrsr Cu u Ni, OGmuskume K Aupy-
MIIHEeHI, He MOTrYT OniTh IOJHOCTHIO ONMCAHLI J@AHHOI cHereMaTHRoil Oaa-
rojapsA HaIWuyiIo HEROTOPHIX CHenmM@UUYCeCKIX Ppeariuii, 3aBUCANIMX 0T 0CO-
Gennocreil sippa-mumenn [pearmuu tuna (p, pn), (p, pa*) nr. m]. Irium pear-

isiv OyjieT MOCBAINEHO CHEealbHoe PaceMoTpere.

Touno Tar ske MHTEPHOMSIMOHKEIIT METOJ HE MO7KeT OLITH HPAMO HpUMeHeH
JULSL AAeP-IpoaykrToB ¢ Z < 11 mo aBym ocHoBHEIM IpuuitHam: 1) HEBKaA MI0T-
HOCTD YPOBHEI B JICMKUX sA/ipax Hen30e/H0 NPUBOUT K BIAMAHIIO MHIANBILYaJlb-
HOIl CTPYRTYPbHI YPOBHEIT Ha cedenue 00pasoBammA JAHHOI0 M30TONA; 2) onpe-
JleJIeHHAs YacTh JerKuX sjep o0pasyercsi mMocpejicTBOM MeXaHn3Ma, OTINYHOr0
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oT Mexammama 00pasoBaHys OOJBIIMHCTBA AHEP-LIPOAyKTOB. Peawmmm, mpn-
BofANmHe K 00pa3oBaHMIoO JerKnx sjep, Oyayr pacemorpensl B raase 10.
CoBepiieHno aHATOTHYHBIM 00pPasoM MOJKHO IIOKa3aTh CHPaBEUIMBOCTE
napaboangeckoro pacnpefeinenus uzobap, ypasmenne (I11.2). Baskmo orme-
THTH, YTO MapaMerp MUPHHEL ¢’ =a, a QYHRIUA HanboJee BePOATHOTO 3apsjia
r

Zo OT aTOMHOTI'O Beca A, HOCTPOCHHAA U3 3HaYeHMil sy TaKKe n306pamae’rca

TPAMOIT JIMHMel, TPOXOoJAIeil Yepes HAYaI0 KOOPANHAT. JTa 3aBUCAMOCTH HAN-
Gostee BepoATHOrO 3apsama Z, OT MAaccoBOTO YHCIA 00pasyIonixcsa sjep-1mpo-
JYKTOB OKa3bIBAETCHA OJIMHAKOBOI JIUIS SJIep CPeIHero aTOMHOTO Beca B IIIPOKOIT
obaactu speprnit magatomux vactai (ot 60 xo 5700 Mas). Ha puc. 67 noxazamna
dynximua Z,=f(A) mpis pearkumii pacmemmenus As-+p, 187 Mas [%4] u Cu+
+p, 5700 Mas [7®].

Zy
2|
24
0 _1.\67 P‘
A 'l-(
o =1

8+ x -2

1 1 1 1 1 1

0 0 20 30 40 50 60 A

Puc. 67. 3asucumocrs nanGosee BeposTHOro Z or A mpo-
JAyKTa B peakmusax pacmeruenns Cu--p, 5700 Mas (1)
u As+p, 187 Mbss (2).

‘ Taxnm o6paszom, 0GHADYIKIBAIOTCS HEKOTO PhHIe 0OIIIe 3aKOHOMEPHOCTH B Pac-
HpeJle/IeHIAX AAeP-TIPOAYKTOB B PeaKIJAX pacHiellieHisa., Y KasaHHbe BbIIIe
0CO0EHHOCTH cedeHmii 00Pa30BaHIsA H30TOIIOB M M300ap MO3BOJNIN B CBOE BPeMA
Pyneramy [%°] Bripasurs 3aBmcuMocTh ceuenmii 06pasoBanis M30TOMOB ¢ MAac-
COBBIM UMCJIOM A M aToMHBIM HOMEPOM Z CJeyIOIM HPOCTHIM ypaBHeHTeM
¢ YeTHIPBMsI IIapaMeTpaMu:

s(A, Z)=exp[PA—Q — R (Z— SAY, (111. 3)

rie. 0(4, Z) — cedenne o0pazoBaHWs MB0TOHA ¢ MaccoBBIM umeaom A u 3a-
pagom Z; P, Q, R, § — NOCTOAHHBIC BeIMYIHHEL U151 PEAKI[Iil PacieieHiii,
HPOHCXOAAMMX TpU O0JYYeHUN JaHHOI MUIIEHH YacTHIAMII OIIpeJie]eHHoit
DHEPIMH.

JTH YeThipe mapamerTpa uMenT ciuejyiomuii embica. [lapamerp S xaparrepu-
3yeT HARJIOH JuHeiiHoil 3asucumoctn Z,=f(A), nokaszannoit va puc. 67. Jlas
Anep cpexmero arommoro Beca S—0.467. Ilapasmerp I” xapawrrepusyer Kpy-
THAHY nojbema (mim cpepgHuii yriaonoit Koadduiment) sasucumocti lun o (4)=
=j(A), 1. e. KpuBOil pacupejieleHus AAepP-IPOJAYKTOB o maccam. llapamerp
R xapaxrtepusyer KpyTusHy mapadoi, HOPeAcTaB/IsIONIX 3aBUCAMOCTH BhI-
xoja uzobap or sapaga Z. llapamerp Q) ABIsSETCA HOPMAPYIOMIM MHORITEICM,
PUKCHPYIOIUM HIKATY a0COJIOTHLIX BHAYEHMII cedeHuit oOpasoBanms sjep-
TIPOJIYKTOB.
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ITpumenernne gopmyasr (I11.3) maer Bosmo:kHOCTH omucaTh cedeHus odpa-
B0BAHMA IPOAYKTOB pPearI|il pacmiell/IeHnA AAep ‘CPeiHero aToMHOIO Beca
TPH PA3IMYHBIX DHEPTAAX HaJAIONIX YaCTAI[ ¢ 3aMEYaTe]bHOI CTEIeHBI0 TOY-
Hoctn. Peariuu pacmerienns s Pa3indapiX Sjiep-MUMeHeil i PasHbiX dHep-
rinit GoMGap P yIonuIx yacTi (NI Kak MPIHATO TOBOPUTH PA3INIHEe TP YIIIIHL
peariii pacmensieHns) 6yayT, TAKHM 00pa3oM, XapaKTepu30BaThCs YeTHIPbMSI
napamerpamu. [losTomy serko cpasuuBarh pasiamamEble IPYIIEL Peakiil pac-
HieTJIeHsA IyTeM MCCJIeOBAHIA M3MEHeHIIT dTIX IapaMeTpoB IIPH M3MeHeHHH
Afep-MuUIIeHeit, THIIA U sHEepruE Gombapaupyomux vactun. [lapaverpst B gop-
myae (II1.3) musa mekoTopoil TPyHIBI pearknuil pPacHieINIEHWs HAXOJATCSA
10 HKCIEPUMEHTAIBHO OIIPe/eICHHEIM HE3aBIHCHMEIM CEYCHUAM 00pa30BaHUA
HEROTOPOTO YHCAA SAEP-TPOYyKTOB:

Inc(4,Z)=PA;,—Q—R(Z,— SA)>.
Han swavenmsa S —0.467 us wussBecrusix mamHBIX Ins(A4;Z;), A; n

(Z,—SA;)> npn muomoumyr MeToja HANMEHBIINX KBAJAPATOB HAXOIATCH
Hauayumue sHavenns P, Q u R, T. e. pemraercs ypasHeHIe

F(P, Q, R)= 2 [Inc(A,Z,)— PA,—Q—R (Z,— S A, =min,
=3

=

JoF oF oF
Tpelyloniee paBeHCTBA HYJII0 YACTHBIX MPOUBBOJHBIX 2P 0 2 om
Pemenne ypaBuewnmii jisi acTHBIX TPON3BOJAHBIX JlAeT 3HAUCHHA lapamer-

poB P, Q u R.

B Gonee obmem cayuae, korja TpedyeTcs OmMpemesuTh I caM IapamMerp
S m3 Tex jKe HKCUePUMEHTAIBHBIX MaHHHNX o(A;Z;), nocrynaot ciaeayio-
muM  oOpasoMm. BeifupaeTcss mpousBojbHOE 3HAueHHMe IS mapaMmerpa J,
npI MOMOUT METOJA HAUMEHBITNX KBaJpaToB HAXOAATCA 3Hadvenus P,
u R u nojcunreiBaeTcs CcTaHjAaprHoe OTKJIOHEHHe & JorapuMa cedeHiii.
3areM nyTeM UCHBITAHNII PasiuuyHblX 3HAYEHNN S HAXOMUTCH &.,. CooT-
BeTcTBYyIomue sromy cayuaio P, Q, R u S paor wmanaydmyo ¢opmyay
(ITI. 3) maust cewenmii 00pazsoBaHUA AAEP-NPOYKTOB. BHAUCHHE &y, OyJeT
XapaKkTepusoBaTh CTeNeHb NWPUOIIKeHUs, ¢ KOTOpPOoil ¢opmyiaa orobpaskaer
ucrnnnyio 3asucumocth o(A,Z,)=7f(A,7,), cpexmee OTHOmMEHHE MERITY
DKCIEePUMEHTAIBHBIMII I BHUICAEHHBIMI 3HAYEHISIMI ceuenuii Oymer xapak-

TEPUBOBATHCS KOAPPUIUEHTOM et )

B Ta6x. 29 upusepens pesyabrarir pacderos [°% 75 83| papamerpos P,
Q, R n S juist pasnmaEbIX TPYINI PEAKMIIT DaCIemIenns, 3/iech BO BCeX CIy-
qasgx (GopMmysaa gaer cedenvist B MIULIMOApPHAX, 3a HCKIOYCHIEM peaKI[iil
(Cu-p, 49 Mss), (Cu+tp, 340 Mas); (Cu+d, 190 Mas) n (Cu+a, 380 Mas),
rje Ba3ATH cedenusi oOpasosamms ornocurensbno Cufl, m pearnun (As--d,
190 Mag), rje cedeHna oupepessuich otHocuTenbro As™. Har BugHO M3 IMpH-
BeJleHHEIX B Tabanme sHadenmit e®, opmyraa Pyaerama odenb XOPOIIO OIMCHI-
BAET HRCHEPUMEHTAIBHO HAIJICHHBIC paclpeeaeHiis saep-npoayKkTos. B 60ab-
HMIMHCTBE caydaes GopMyJia JaeT CeueHist, 0TANYAIONIecs 0T dKCIePHMeHTAIb-
HBEIX Ha KOd(YEOUIEHT MeHbBIIe ABYX, YTO SABJIAETCS OYCHD XOPOIIIM COBIAje-
HIEM, eCJI y4YecTh, 9TO aOCOMIOTHEIC BeJMYMHBI CEYCHMIl MBMEHITCA YacTO
Oosree weM Ha TPH MOPAKA, KPOME TOTO, TOTHOCTH HKCIIEPHUMEHTAILHBIX OIpe-
JeNeHIil cedennii MHOTAA JO0BOXBHO Hu3Ka (morpemuocra > 50%).

MO')I\'"O HarJadaaHo IorasaTbhb, B I\'aROluI CTeleH pacYeTIniC BCJINTUHLL O
(A;Z,) coraacyioress ¢ 9SKCHEPHMEHTAJBLHBIME, €CJIM 3alucarh ypaBHEHNe
(ITL.3) B BujIC

Inc(4, Z)—PA+4Q=—R(Z— SA).

Hax moskuo0 Bujers, skenepumentanbuse snadenns (In 0—PA+4Q) nomRms
JieskaTh Ha mapaboae. ITH dKCHepHMeHTAJbHEIe 3HAYeHNA ¢ P w (), B3ATHIMHI
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uniniead aMudony 2}

~1

Buauenun napamerpos B gopmyae Pygerama s pasamunbix rpyni- peakiuii pacmienienus

Tabuuwma 29

‘Inc.~19
e SamEnx P Q R s et Tureparypa
cevyeHnit \

T dop i ntatin b £ 5 23 0.327 + 0.012 11.82 + 0.44 1.78 + 0.10 465 + 0.0005 1.42

ML PR e L o 18 0.204 + 0.023 11.23 F 1.04 1,60 T 0.13 0460 F 0.0009 165

Cor Bl AT S 5, & 5 b 17 0.353 + 0,020 14,06 F 0.95 197 £ 045 | 0.470 T 0.0007 148 -
RE ok i IO ANIGH o ] % R 15 1.109 + 0.093 73.48 ¥ 6.40 134T 011 | 0.460 T 0,0029 2.30 (%]
L e A ey o 20 0.461 T 0,048 2870 T 3.21 135 009 | 0459 T 0.0012 189

PR SR T S AR B 22 0.338 + 0,033 22.90 T 2.13 113 £ 008 | 0.460 T 0.0013 1.96

oS PSR N RN 1 0.780 + 0.077 32.80 + 3.36 185+ 022 | 0471 + 0.0020 2.03

M 2400y L e 12 0.489 & 0.032 19.39 ¥ 1.11 149 X 012 | 0.469 F 0.0012 145 s
NREE T S et T e 14 0.343 T 0.037 1292 & 148 163+ 0.23 | 0467 T 0.0047 182 (*°]
Weadip M Ay i . 16 0.250 T 0.040 8.50 ¥ 1.58 138 027 | 0.467 + 0.0022 2.36

Fodal g tih. ' Lied 21 0.253 + 0.018 9.98 + 0.77 1.37 + 0.11 0.472 1.59 69
Ca B T R 2% 0.232 T 0,024 8.96 T 1.03 128 ¥ 0.7 0.468 2.06 w0
A AR T 10 0.956 T 0.119 57.84 T 6.80 141 * 0.21 0.472 1.94 7
A R R 26 0.256 T 0.016 14.44 T 0.82 141+ 013 0.468 181 n
Gu-Lpt IERDE 3w Ll 32 0.209 T 0.059 854 T 1.25 140 ¥ 0.22 0.466 2.89 72
CR - p 200Ny R 1T DS 33 0.072 £ 0.015 1.36 ¥ 0.71 122 % 013 0.466 1.87 g
GOl 00 3 L o8 0.311 + 0.026 1855 + 1.25 110 + 0.25 0.465 209 2
Gl S g 2 T 10 0.236 & 0.036 15.04 + 1.88 0.81 E 0.32 0.468 1.81 ("]
O R AR 17, 13 0.350 + 0.067 17.41 % 3.70 121 + 0.37 0.466 262 7
T8 A ROy e oo 22 0.239 T 0,022 1041 T 1.07 145 + 0.15 0.469 1.97 7
A A RERMR G e 17 0.348 T 0.054 24,86 T 3.40 0.68 + 0.17 0.463 3.3 £
Cuds - pirAR0RRnp R e 12 0.15 5.3 1.9 0.467 2 A
Cuss:]-p. 1680 L mdbe L 13 0.15 49 14 0.467 } (*]
Cbp,) 5706 ouaE e b 44 0.0528 —0.0168 1.47 0.467 1.65 [75]




u3 Tabix. 29, Hanecens Ha puc. 68 B sapucnmoct or (Z—SA) gaa ABYX rpynm
peaxmuii pacmenienua. Ha srom jke pucynke moxkasassl pacueTHbie mapadolibs
=—R(Z—SA)>. Bugso xopomee coriacue pacuera i akcnepumenta (KpysRKn).
IIpencraBisier mHTEpEC PACcCMOTPETh 3aBHCHMOCTH mapamerpos P, R u S

OT HPHPOALI sAJep-MHUINeHeil, THHA W SHepPruEm OoMOApPAUPYOIUX YACTHI.

+7r +1
ot of
-1} -7k
-
: 2,
5
W -3 s
= 3
=
-4k -4}
-5+ -5k
2 SNl ] 0 1 2
(Z-54)

Puc. 68. Pacupenesnennme BHIX0[0B u300ap Cpeju IpPOAYKTOB

AJIEPHOTO PACIICINICHNA:

a — Cu+p, 5700 Mos [72]; 6 — V-4-p, 470 Mas [*8]; 1 — pacuernaa napa-
A)(’)' 2 — pacqemaﬂ napadona y—=—1.78

bona y=—1.47 (Z —0. 46('1

465

A)*

[Tapamerp P orasbiBaeTcsi HE3aBUCHMBIM OT ATOMHOTO Beca MUIICHH, 110
Kpaiineil Mepe B obiacTu mace 52—77 IpH AAHHOI SHEPIUU MAJAIOMMX JACTHII,
a1, IO-BHAMMOMY, OT THHA Oombapaupylonpix vacturn (r, p, d, a). Ho B 1o ke
BpemsA mapamerp P CymecTBeHHO 3aBHCHT OT sHepruyn OomMOapaumpylomax da-

P
‘1.0:— \t
e i
= ,\i
01k \
001 11 gl T LT B E NI L1 1l
10 100 1000 10000

Ep, Msb

Puc. 69. 3aBmcwmocrn mapamerpa P 0T 9HepraH

OoMbapANpPYIOMHIX YacTHIL.

crur. Ha pume. 69 nmoxazana
3aBHCUMOCTHL mapamerpa P
OT DHEPTUU YACTUI[, IPHIEM
CIOJla BRJIIOYEHBI JAHHEIE 110
peakmmsaM pacimemienus V,
Co, Cu, As mnporonamu,
JeiTpoHAMI M Q-9acTH-
maMu. YMeHbIIeHHe mapa-
meTpa P coOTBETCTBYET pac-
IUIBIBAHWIO KPUBOI BHIXOJA
Mac¢ TPOAYKTOB PpeaKrIuii
pacmielieHUs ¢ yBelamde-
HIIeM SHeprum Majaloimux
gacTuil. Hak OBIO TIOKa-
sapo IOranamgoseiv [82], 3a-
pucumocts P=j(E) momxer
OBITh HCIIOJb30BAHA JIJIA OT-
pejiesienn st SHEPIUil JacTHIL,
BBHI3HIBAIOIIUX  paciierie-
HISA, myTeM  W3ydYeHns

CIIeKTPa MAacCc NPOAYKTOB peakmuii pacujemienns (HcciaeoBaHme CIEKTpa
SHEPIruil KOCMUUECKOr0 W3JAy4YeHNUs, jeilcTBOBABINETO HA METEOPHTEH).
ITapamerp R, Kak aT0 ciaexyer M3 paccmorpenna Tabia. 29, mo-BHpIMOMY,
HE 3aBHCHT OT 9HEPTHM WACTHI[ M OT MACCOBOI0 UMCIA MUINEHH (MOJKHO JOIy-
CTATH TOABKO caaboe ymerbmenue ¢ yseandenuem A, ne Goxee 20%). Cpennee
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3HaveHue J? Ui OpMBeJeHHBIX TPYHI peakiumit pacnierurenus pasHo 1.48
co craugapTaEeM oTKIoHeHmeM (.58 epummmig SIEPHOTO 3apAfa. 970 3HAYEHME
IpejiCTaBIAeT MHPHHY PACHPE/eTCHNA CedeHii obpasoBanus n306ap B HCCITe-
JIOBaHHOI 00JacTi Mace.

[Tapamerp §, Kak yike ynoMUHAIOCH, ABAAETCA MOYTH IOCTOSHHON BOJIHIN-
HOH He3aBUCHMO OT HHePIUN 4acTHI[ M Maccsl sigpa-mumenu. B pabore Pyp-

Z
crama [°%] mposeseno ucciaeoBaEme IMOBEJCHNSA BEJIWIHHEI S—A—", KoTopas
0

MOReT CIY/KHUTDH Mepoi"l HHPenMyIecTBeHHOCTH OMHICCHN Heﬁ[TpOHOB B pearmuAx
pacineniienmns, nocuo.nm(y 9Ta BeJMYuHAa, II0 SKCIePpHMMeHTAaJIbHBIM JTaHHBIM,
HBJIHeTCH HOJIO/I\IITGJII:HOH B coorsercruu ¢ OKHIIaeMbIM IIOBeeHHeM BeJIn-
YHHBI S—A—o OHA yMeHbIIaeTCcda C yBeJuYeHMeM 9HepPTruu HaJaloiuXx YacTHIl N

0
HECKOJIBKO YyBeJIM4YuBaeTcs € yBeJndeHHem Z MHUIIeHu, oTrpasiasg TOT (I)ax'r.

4TO KYJOHOBCKHUIT Gaphep sjpa urpaer 0THOCHTEIHHO 0ojee BaKHYIO POJIb IPH
MAJIBIX DHEPTHAX BO30OY/KAeHHsS W OOJMBOIMX 7 MUINEHM, MPeNATCTBYS MCILY-
CHAHNIO 3apPA/KeHHLIX JYaCTHIL.

Yenex gopmyast Pymerama B ommcannu cedeHmit 00pasoBaHus IPOXYKTOB
pearIuii pacmeIvieHnsi Ha sApax CPeJHero aTOMHOTO Beca II03BOJAET WCKATh
3aKOHOMEPHOCTH AHAJOTMYHOTO BHUJA M I PEariuil PacIerIeHus Ha TAKe-
apix sppax. Vsyvenme sKCHepUMEHTAJIBHBIX JAHHBIX ITOKA3BIBAET, YTO Iapa-
merpsl P u S sBasiorca GyHRIEAMIE oT A, ecanm paceMaTpuBaTh MIPOKYIO 00-
JacTh MAcCCOBHIX umceln, moatomy upumenenme dopmyast (I111.3) we asasercs
Gomee sarounpiM. B paGore I‘ponepa [59] pura onmmcanus MPOLYKTOB pacierre-
unsa Ta nporomamu ¢ smeprueii 5.7 Bas 6w CHeMAHLL ClIeflyIoNue IPe/Ioro-
JKeHM .,

1. Hesasucumuie cevenusi 00pasoBanusi IPOAYKTOB PeAKINA PACIIEIIeH s
HOAUMHAIOTCA CIeYIONEeMY YPaBHEHIIO PYACTAMOBCKOTO THIIA:

o(4, Z)= Ko, (A)exp {—R[Z— S (4) AF}, (I11. 4)

rjpe K — rakoe YHCJIO0, 9TO MOKeT OBITH HALIMCAHO PaBeHCTBO

S‘ Ke—Mz—SWAP — 1,

/_

2. llapamerp R ue 3aBucut 0T A; HEMHOTOYNCIEHHEE IKCIEPUMEHTAIBHBIE
JIAHHbBIe He IPOTHBOPEYAT 9TOMY IIPE/IIOJI0MKEHNI0.
3. K raxke me szaBucur or A. ITO ecrecTBeHHOE JIONMYIEHHE, TaK Kak

% 1
K usmensieTcst nmpuMepHO, Kak ]/-F

4. S(A) m o4(A) npepnomaraiores raagruvu GyHrmuami ot A. 910 Hpej-
HOJNIO/REHIe 3aKOHHO, IT0KA B 00pasoBaHuy MPOAYKTOB PEAKIHil paciiemlIeHns
Ha KOHEYHOM JTalle MCIapenue HYKIOHOB MIPaeT OUpeesiAionyi0 POJb.

Kpome T0r0, moCKOABKY OGOJBIIMHCTBO W3MePAEMBIX SAAeP-IPOJAYKTOBR
¢ A > 80 pacmosaraimoch B KOHIIAX PajioaKTHBHBIX LEM0YeK, T. €. M3MePsICH
KYMYJATHBHBIL BEIXOJ[ I[eNOYKH, a He He3aBUCHMEBIe CeYeHHs 00pasoBaHUA, TO
HeoOxoaumo Onuro maTerpuposars ypasuenne (111.4).

Ananns sKenepuMenTaabHBIX JAHHEIX TOKA3al, 9T0 0K00 85 % M3aMepeHHbIX
ceyeHMit B 00JacTi MacCcoBEIX yncea 72-—153 moryT GuiTh BocnpousBeeHst Gop-
myaoit (111.4). 3navenne R oxasamoch pasusiv 0.55. Jl14 MaccoBhIX umced spep-
npopykroB 32——67 smagenue R oxasanock pasaem 0.93. Ilpm srom Guro sa-
MEUYeHO, YTO KpHUBasg BEIXOJ0B M300ap, MO-BHAMMOMY, He COBCEM IayCcCOBCKOIi
(opmBI, CROMIEHHAS B CTOPOHY HEHTPOHHO-M30ETOYHEIX H30TO0B. [lomydennsie
sHaveHHA [ COOTBETCTBYIOT ropasjgo 0Oojiee HIMPOKIM PacipeieleHuaM  ce-
ueHnit obpasosanus mwzo6ap, UeM B ciydae fAjep-MULICHE CPEJHero aTOMHOTO
Beca.
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SHaveHue mapamerpa S, pasmoe mupumepno 0.46 B obaacTin MacCOBBIX TMCET
32—67, ymempmaerca B obGiactit MaccoBHIX umcea 72—153 um mpn  A=~150
oxassiBaercss pasHbM 0.43, CBUACTEILCTBYA TeM caMbIM, YTO MAKCHMYM B pac-
OpeJieIeHII BBIXO/I0B M300ap CMEN{AeTcss B HelTPOHHO-AeGUIIUTHYI0 CTOPOHY
0T CTabUIBHOCTH.

§ 5. PACHPEJIEJTEHHE MACC ITPOJITYKTOB PEARI{NIT PACIIEITEHIA

Mcnonb3oBanme ONMCAHHBIX B 3aKOHOMEPHOCTeHl B cedeHHMAX 00paso-
BaHHA SJEP-TPOAYKTOB € PasiamunbivMi Z U A 103B0JIsAeT CTPOUTH KPHUBLIE BBI-
X0Jla Macc IPOJYKTOB ANEPHOTO paciieiuierns. PaccMoTpuM pacmpejeienns
Mac¢ MPOJAYKTOB peakmuil pac-
360 Mab MIeIIeHN A TP Pa3JIuyHbIX BdHEp-

IAX  HAZalonpix 9acTHl U IA
PasINYHBIX fAjlep-MUIIeHeil.
9700 fiapa  cpeamHero aTOMHOTO
Beca. HamGonee mmporo B 9Toil
o0JracTH MACCOBBIX YHCed Agep-
MUIIeHel M3y4aauch pPeariuu
pacieiieHisi  Ha  AAPax  Mejn
2200 [71 72, 74, 83, 90-92]  Ha puc. 70
: L L IMOKA3aHEl KPHUBEIE BHIXOHA MAace
Q7T h T 0 S 60 A NPOAYKTOB IPH  pacmieivieHun
Pmc. 70. KpuBrie BEIXOla Mace TIPOAYKTOB pac- AP MeJH IIPOTOHAMN PAa3JITIHEIX
IEIUIeHNs MeM P PasiamYubiX dHepIHAX Hmpo-  pueprumii. Hak Xopomro BHIHO H3
TOHOS: JAHHOTO PHCYHKA, B pearIuAX
pacmierienisi oopasyercss 60ib-
moe 9HCIO0 M30TOIOB PASIMYHBIX DIEMEHTOB B NIHPOKOil 00JacTii Macco-
BBIX UMCEJ, IPHIeM aTa 00JIacTh YBeJUUNBaeTcsa ¢ POocToM dHeprunm Gombapiu-
pylomux gactui. Maccossie unmcia 6oabmuHeTBa HAOIIO[AEMBIX ALEP-TIPOAYK-
TOB OJIHBKM K MAcCOBOMY YHCHY SApa-MHUIICHH. JT0 COOTBETCTBYET TOMY, 4TO
Hanbosee BePOATHBIMI OKABBIBAIOTC S
pearimu, TpeOyIoOmie dSHEPTHT BO3- - 1
Oyseennsi, MHOTO MeHbINeil MaKch-
MaJbHO BO3MOYKHOU. OTH HKCIEPH-
MeHTaJbHBE (aKkTLl XOPOmo coria-
CYIOTCA ¢ pacderaMm IpoIecca pac-
TmenJaeHns fAAep MeJH, BHIIOIHEeH-
HBHIMA TI0 KaCKaJHO-MCIIaPATeIbHOIT
mopean [28]. Ha puc. 71 moxaszamn
pacuerasie (upu saeprusx £,=0.36
u 1.8 bBsB) m sxcmepumeHTasbHELE
(mpm smeprusax £,=0.34 n 2.2 Bas)
pacmopejesieHus  Macc IPOAYKTOB  Pmc. 71. Cpasrenne PACUCTHBIX H OKCIepPH-
pacmenienns Men IpPOTOHAMM. MEHTAJILHBIX pachmpejieleHn Mace IpPOoJyK-
Cornacme Me;Ky TeopHeil W dKCIe- ToB pacmenenna Afep Cu.
PUMEHTOM  JIOCTATOYHO  Xopoliee. JEP—:”.;‘,“:&'%’;‘:xei‘;“]f;’bgbf léigggrcn"pq:‘
HanGoxpmme pacxoskienns TEOPHH  Ep=360 Mop [**1;3 — orcuepnMenTaasipe jan-
C DKCIepMMEHTOM OKAa3LIBAIOTCH B  Hbe mIpu Ep=1%-2=15§n Bg;‘][;”]‘—-l)ﬂc'm npH
00J1acTH caMBIX JICTKIX AMeP-IPOIYK- AT )
ToB (A < 20), Bo3Mo;KHO Osaromaps
CYIECTBOBAHMUIO APYTOT0 MeXaunaMa 00pasoBanus sep-mpoyKToB B 8TOIl 00ra-
crH mace. Pacxosienne pacueTos Mo KACKaHO-NCHAPUTEIBHOIT MOJRII ¢ DKCIIe-
PUMEHTAIBHBIMA JIAHHBEIMI IIPOABIAETCA TAK/Ke HIPH 04eHb O0MBINON DHEPrHu
magaomux gacTui. HpuBas BRIX0Ja MacC IPH PACIIEIVICHUN MeIi IPOTOHAME
¢ oHeprueit 5.7 BsB CHIBHO oTIMYAETCA OT PACUYETHOIl KPUBOIl NPH HHEPIHH

S8
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2.2 Bos, mokazannoii Ha puc. 71, M MOYKHO OKUATH eme GOJBIICro PasInms,
ecan noyo0HEi pacuer mposecTd AuaA dHeprum muporoHos 5.7 Ban. Jxcnepn-
MeHT 00HApy;KWBAeT BBICOKMIl BBIXOJ AeP-IPOJYKTOB BOAM3N sjpa-MUINEHHU,
4T0 He 00'bACHAETCA pacyeTamMy 1o cymiecTByomeit Teopun [28]. Ognako mosxxHO
AyMaTDb, 9TO BBEJIeHNEe B PACUETHYIO MOJEN b TAKOT0 aKkTopa, Kak Hagmaue aud-
$ysnoii obmacim B Anpe, M M3MeHeHHEe HEKOTOPHIX jleTajeil pacuera yaydmar
COBTIAJIeHNe PAaCYeTHHIX JAHHBIX ¢ HKCIePUMEHTOM.

Tamenwe sapa. Jlus TaKenbIX HICMeHTOB WHTePHOMAIMOHHBIL MeTOJ
OICHKHN cevennii o0pasoBannsa cTabHIBHBIX ¥ JIOJTO/RUBYINX TPOAYKTOB fflep-
HOTrO pacmervieBus 0ojee HajieskeH, TAK KaK UX BRJAJ, OTHOCHTEJLHO HEeBEINK.
Jdro Gaaropaps TOMY, YTO IPH DPACHIEIVIEHHH TKeIBIX Afep pacipejieneHue
BEIXO0/1I0B M300ap MMeeT MaKCOUMyM B s
HeHTPOHO-eUIMTHOIT CTOPOHE OT JIH-
unn crabuapHoctn. Kak mpumep Kpu-
BBIX MACCOBOTO BEIXO/@ HPOJYKTOB
peaknuii  pacmenieHus PaccMOTPUM 700
pesyabTaThl M3Y4YeHWs B3amMoJeilcT-
BUA TPOTOHOB C SAAPAMH BHCMYyTa H
cennna. Ha puc. 72 mokasansl Kpusbie
sapucnmoct  0(A) mpm pasaMUHEIX
SHEPTHAX HPOTOHOB.

XaparkTepHoit 0C00EHHOCTBIO pac- 7
npejie el AAep-IPOJYKTOB IIpU pac-
WETUVIEHNN  THAZKeNBIX  sijiep SBISETCs
Hajim4ye MPOAYKTOB pearmuu jeneHuss, &7
JAIOMIX CHMMETPUYHBEIT HHK  OKOJO
MacCHl, PaBHOIl IOJOBUHE MACCH WC-
xomHOro fAxpa. B pammoit rmase mprme 20724 L ., .
Oyjgem paceMaTpmBaTh 9Toil  00JgacTH a0 %o 160
ANEP-IPOAYKTOB, TaK Kak IpoIeccy

. 72. Pacnipesiesienne sjiep-pOAyKTOB
NeJeHNsl MOCBSAMEHa OTeabHAas IIaBa. P}‘)‘:cmcrmommpﬂﬂ?p Bi (1, é},g') é’P“g' ),
C pocTom dHEPrHH HAJAIONMMX YaCTHIL, APRETHETIE SR e
KaK XOpommo BWAHO W3 pHC. 72, Opo- _Eﬁ:cno Mos [%9]; 4— Ep=3 Bop [%4]
AYKTHL peakuum riay0oKoro oTmerre-
HISL  3aEuMalT Bee  Oosee m  Gosee FIIMPOKYI0O 00JaCTh MAacCOBEIX
qicelx, MOKa, HAKOHel, He CMBIKAlOTCA IOJHOCTHIO ¢ 00JacThio Macce
NPOAYKTOB peakuunu jeienus. Orcyrerue JeJNTEeNBLHOTO NMKA IPU- 9HEPTHH
nporonos 3 Bas (pwe. 72) orHIONL He 03HAYaET, UTO IPOIECC JieleHNA He Hpo-
HCXOJMT, & CBU/ICTEALCTBYET 0 TOM, YTO ceyeHns o0pasoBaHUA AfeP-IPOJYKTOB
0T TIpoIlecca PacmeIieHnsa CTAHOBATCS TOM 7Ke BeJIMINHOIl, YT0 M CeYeHHs IPO-
AYKTOB IIPOLECCA JieJeHHA.

B cayuae pacmemsennii fjep cBUHIA W BHcMyTa oOpasoBamHMe Aep-TPO-
AyKTOB B obsacTh MaccoBhix wucen A >140, mo-puammomy, moaHOCTHIO 06s-
3aHO IIPOIECCY PACINEINIeHIs A/iep, T. e. KaCKaJiHO-NCIapUTeJIbHOMY MeXaHU3MY .
Ypeamuenue BEIX0Ja e P-IIPOJYKTOB B 9T0il 00JIaCTH MACC ¢ yBeJnYeHneM dHep-
IHH HajaoniX YacTHI[ CBA3AHO ¢ yBeJWUeHUeM cpejHeil nepejaBaeMoil AAPY
sHeprun. CTaHOBATCA BePOATHEIMI peaKIii pacHieIVieHHsA ¢ MCIyCKaHHEM
Takoro 0oabmoro meaa HyKJIoHOB, Kak 60—70 HYRIOHOB MIN OKBHBAJEHT-
noro umena apyrux wactui (H2, H?, He?). Ilpn rakux Goapmux sHeprusax
B030Y/REHN s y7Ke Hellb3s, KOHeYHO, TOBOPUTH O YeTKOM PasJieJeHHH peaKI(inn
Ha jise ctajuu (BmOnpamme u ucnapenme). BosamoskHo, KpoMe TOro, B JaHHOM
clydae JONYCTUTH HAJWYMe JPYIMX MeXaHWsMOB paciiellieHHA Apa.

B obnactn mansix m cpepunx sHepruit Bo3Oy KeHHA NCIOIb30BAHME Kac-
KaJHO-HCIIaPUTEJ BHOIl MOJIIN BIIOJHE 3aKOHHO, U 9T0 JOKA3bIBAETCA Y/L0BIeT-
BOPUTEJ bHBIM COBIIAJICHIIEeM PACYeTHBIX paclpeeseHiii s/ep-IpojiyKToB 00 Mac-
cam ¢ akcnepumenTagabubpiMu. Ha pue. 73 B KavecTse npumMepa MOKa3aHO 9KCIe-
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pUMeHTaIbHOe pacHpejeienne NpojykrTos peakmun pacumervrenus (Bi-+p,
380 Mos) [9°] n Brrucaennoe Ha ocHOBe pacueros 1o Metoty Momnre-Kapio [*¢ ]
i 10 Teopun uenapenns [°7]. Pacuerst ormocATes k sueprun nporonos 450 Mas,
9T0, MO-BUJIMOMY, OTBETCTBEHHO 3a HEKOTOPOE PACXO:KeHNe MesR/ly dKcmepu-
MEHTAJIbHBIMII W BBIYHCIHTE] bHEIMI

P 3HAYCHUAME B 00gacTH MeHbIX A.
Ilpn BsammopeiicTBIM OLICTPHIX
qacTul, ¢ eme Oojee THIKEIBIMU
appamin (TopHeM, YypaHOM IWIH C
TPAHCYPAHOBLIMIL 2JIEMEHTAMA) Peak-
IMH PACIIEIUIeHIs s1/iep HIPaioT Ma-
IYI0 PoJiib 10 CPaBHEHUIO ¢ peak-
Ireit  JlesieHns, KOTOPOil BaKkaHdi-
BAETCS OCHOBHASA YacTh BCeX B3am-
mojeiicTBmii. s TpamcypaHoBhIX
JIEeMeHTOB ceyenue JgeJieHusa cocTaB-
aster 90% 1oaHOrO ceyeHUsT HEynpy-
roro ssaumopeiicrsua [*°]. Ilpo-
AYKTBI pearuuil pacmenienns 3a-
RITIOYEHBL B 00JACTH MACCOBBIX UMCe
7 T L N o AT LA A > 180. ITo mepe yBeanuenus saep-
160 190 200 210 A THM TAfaiomux dYacTHI[ [POBaI B
MAaccoBOil KPUBOIl MEAY MIPORAYK-
TaMI peaKIuil paciieIienusa U Ipo-
AYKTAMI JIeJIeHIs yMeHbInaeTcs, Ho

100
50

6, mbap
S5 8

Pmec. 73. Cpannenne pacuerHbIX M 9KCIEpI-
MEHTAJILHBIX JIANHBIX TIPH PACHIEIUICHIN BIC-

MyTa IpPOTOHAMMI. He MCUesaeT MOJHOCTHIO, KaK B CIY-

Tounu — DKCICPUMEHTAJILHLIC  JAHHLIE ["‘],M aa- Ya€ CBHHIA W BHCMYyTAa. IIpu smep-
* ol g 8

wmpuxoeannas obaacms — pacuaer mo [#,51], T TPOTOHOB 5.7 BSB, KaK MOJKIO

sagmiounts u3 pador lymme ['°°]
u Kapmaxama ['°'], ormomenne cevennmii MPOAYKTOB B [eJUTEILHOM INHKE
K CeUYeHHAM IPOJAYKTOB B oOmactn MaccoBrix uicesn 180--200 ocraercss 0K0I0
15. IIpm sueprun mporonos 340 u 480 Mas aro orHomenune cocrasiaser 3 * 10°
u 1.3 + 10° ccorsercrenmo [10%, 193],

§ 6. TOHKAS CTPYRTYPA BBIXOJIOB SAIEP-IIPO/IY KTOB PEAKRIII
PACIMETIIEHI A

B mpepsymux maparpadax ME He paccMaTpuBaII BOIPOCA O BIUAHUH
CTPYKTYPHBI sIiPa-Mpoj{yKTa Ha ceuenne ero o6pasoBaHua B PeaRIMN pacHierie-
auA. Bamaame 910 HeBeamKo, Kak MOKA3LBaeT BCe MPEALIIYIee PaceMoTpemnie,
HO TeM He MeHee OHO KpaiiHe MHTEPECHO, TaK Kak o0HApPY;KMBAeT, YTO M IPH
DOJIBIINX DHEPTUAX B3AUMOJCICTBUA MPOABIACTCH CTPYKTYpa sAjAep, KoTopasd,
CIe0BATeNbHO, M0JKHA OyIeT YINTHBATHCA Gollee COBEPIICHHOIT TeopHeil Amep-
HBEIX PeARIMil IIPK BHICOKIIX DHEPIHAX TaCTHIL.

[Tepsorit arrop, KOTOPHIL MOKET OKA3HIBATDL BIIUAMNIE Ha cedenne o0paso-
BaHUA ANPa-MPOAYKTa — 9TO INIOTHOCTH yposueil. Yem Goabiie ILIOTHOCTDL
ypoBHeil Axpa, TeM 6oiabime JOKHO OBITh cedeHme ero o0pasoBaHUA IPH HPO-
YMX PaBHLIX YCHOBUAX. JTO HPUBOAUT K BEIBOJAY, UTO CeUeHHS 00pazsoBamms
HEYETHO-HEYeTHBIX WB30TOIOB, WMEIONIMX HANOOJBINYI0 ILIOTHOCTL YPOBHEI,
JodHBL OBITH GOJIbIe cedeHnit 00pasoBaHUA YeTHO-YCTHHIX I YeTHO-HEYETHLIX
M30TOIOB.

Bropoit paxrop, Roropuiii Gyjer jeiicTBOBATE B IPOTHBOIIOJ0;RHOM HATIPaB-
JIEHHH, — BTO DHEePIUsA OTHEeJEHHS IOCIeHEro HyKJI0HA B IIPOHECCE HCnycka-
HUA gacTul agpom-ocratkom. Bemn, cormacmo Ilammacy [1°4], mpeamonomuTs,
49TO Bee dHeprum Bo30yskpenus (Menbmme npumepuo 15 Mas) komeunoro sjpa-
OPOJyKTa PaBHOBEPOATHEI, TO cedyeHNe 00pasoBaHusA JAHHOTO AApa Oyxer mpo-
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UOPIMOHAIBHLIM DHEPIHM OT/ACJMCHHS IOCHe/Hero #eiirpona (Winm IpoToHA)
IpH PaBHBIX HPOYNX yCIoBHAX. JT10 Oyjer o3HadaTh, YTO YETHO-YETHLIE M30-
TOILI, HMEone HamOOJbIIMe DHePrum OoTAejdeHus, OyAyT uMeTh O0JbIIHe
ceveHnsa 00pasoBaHMs, YeM HeYeTHO-YeTHEIe (M1 YeTHO-HeYeTHbIe), U 9TH I10CTIe]l-
naue GosibIie, YeM HeveTHO-HedeTHbIe H30oTonbl. Tarmym obpasoM, Gosbmas mioT-
HOCTH YPOBHEil B HEYeTHO-HEYETHHIX M30TOMAX, Jaimiad uM 00JbIIyI0 BEposaT-
HOCTL 00pasoBaTLCA B PeaKIy paciiellyieHnA, KoMueHcupyercs 0oJiee HUBKOi
CTa0MIBHOCTEIO HTHX MB0TOIOB 110 OTHOIEHMIO K MCIYCKAHHIO HYKIOHOB.

Ilo-Bujumomy, BIMAHUEM 9TOTO IHOcHeAHero (Gaxkropa MOMHO 00BACHUTH
pesyabraTsi, noaydennsie Pyuceramom [8] mw Bappom [7°]. B nocaejguneii paGore
OTMEYaeTes, YTO BHIXOJBI HEYeTHO-YeTHBIX M30TonoB npumepuo Ha 20% Boime,
4eM BBIXO/JBI COCEIHHX HeYeTHO-HEYETHLIX N30TOHOB, B IPOTHBOIOJI0KHOCTD
O/KMJIAHNAM U3 OTHOCHTENLHOIl IUIOTHOCTH YpOBHEIi.

Opaaro B 1esoM psje padoT ObUIM IHOJYICHEL JaHHbIE, CBU/@Te]bCTBYIONIe
0 BaRHOCTH mepBoro ¢akrropa, T. €. IUIOTHOCTH YPOBHeil s pa-IPoAyKTa.
Wiz okcunepuMeHTANBHEIX [JAHHHX, NPUBEJeHHLX B Taba. 25, Buama 0oJbmiasd
pasHuia B ceueHNAX 00pasoBaHus ABYX COCEHUX H300ap: HEUETHO-HEYETHOTO
Mn® u germo-uernoro Fe®2. Ormomenue ceuenmit oOpasopanums Mn®? : Fe®?
ABIsieTcsT BeJmunHoii okoxo 30 s GoabomMHCTBA M3Y4YEHHLIX pearmuil pac-
uemwienns. Anajgoraagas cuTyamsa u A napsr nzobap VI8 m Cres. B 10 sxe
BpeMs cedeHna o0pasoBaAHHA JABYX AHAJOTHYHBIX (YeTHO-HETETHOTO M HEYETHO-
4eTHOTO) M300ap Gosee OJMBKN JAPYT K ApYyry.

YKazeM eme ojHy IPHUYNHY, KOTOpPAsg MOKeT BJIIATH HA OTHOCHTEIBHBII
BHIXOJ{ TPOJYYKTOB SJIePHOTO PaCHIeIIeHNA, a MMEeHHO: YIJI0oBoil MoMeHT oOpa-
aylomeroes uaorona. Hak Xopomo u3BecTHo, NP HE3KUX 9HEPIHAX NaJ{alomux
TaCcTHI, TJaBHOH NPUYAHON, ONUpejessAoNeii OTHOCHTeIbHBI BLIXOJ ABYX H30-
MEpOB, SBJIAIOTCA CIHHB HAYaJdbHOrO AJpa M IOJdYyYaolyxcs H30MepoB.
[Tpeournrenniee Oyjer 00pasoBLHBATHCA H30MEP CO CHUHOM, Gosee GIM3KAM
K CHHHY HaYaJabHOTO sjpa. lIpm BHICOKMX sHeprusix 4acTHI[ MOJHLIH yTrioBOi
MOMEHT OCTATOUHBIX f/1ep, 00pasyomuxcs nocie ajiepHo-KackagHoro mnpoiecca,
pacmpejiesieH B MUPOROIT 00acT 3HAYCHMIL Jlaske TIPH ONPEJeeHHoil DHeprun
BO30Y/KCHN OCTATOMHOTO #AJipa, NPHYeM ¢ MOBLINEHNeM dHepruu, nepejasae-
MOIT AJIPY B COyJlapeHuN, IPONCXOANT yBeIndeHe cpejiHeil BeJMYNHb YII0BOT0
MOMEHTa 0CTaTo4HOTo Anpa. Kpome Toro, Gosabimias BeIudnHa dsHepruil Bos0y-
JRIEHUA OCTATOYHEIX Sjep, HPHBOJAAIMAA K HCIAPEeHNI0 3HAYNTEJILHOTO YHCIA
HYKJIOHOB 1epesi oOpasoBamiueM KOHEYHOTO AApa-NPOAYKTa, eme Oojabiie
OCIOsKHACT BONPOC 00 OTHOCHTEJIBHOM BHIXOJe M30MEPHBLIX Hap B peaknuax
pacmienyaennsa, MOCKOJbKY HCHapeHne CHJIbHO MeHseT HadaJAbHOe pacipejedne-
HHE YIVIOBHIX MOMEHTOB.

B aroMm cmyuae, ecrtectsenio, 3QderT COHHOBOTO COCTOSHUA OCTATOYHOTO
Apa yike He MOKeT HPOABIATHCA B IOJHOIT Mepe miau BooOme He Oyaer mpo-
apiaaTheA. Har Guuto mpegmososkeno B padore [1°7], oTHOMmeHIE BHIXO0/0B 130-
Mep B TAKOM CJydae JOJ/RHO NpuOMM/KaThCSA K IPeiery, JaBaeMOMy OTHOIIe-
HEEM CTATHCTHYCCKHX BECOB M30OMEPHBIX COCTOSHIMI:

) (e
2T, 1 +2,+1°

vpe I, I, m I,— cnunsl meTacTabHjabHOTO, OCHOBHOTO W TMPOMEKYTOYHOIO
COCTOSTHNIA.

PacemoTpun Te HeMHOTOYMCACHHDIC AANHLIC, KOTOPLIC HMCIOTCA B HACTOS-
1mee BpeMsi, 0 OTHOCHTeNbHLIM CeIeHIAM 00pa30BAHIA H30MEPHBIX Iap B PeaK-
IHAX PaCIeneHn .

Menoys, Jusmomgn apm 193], uzyuas ¢yarumun Bosdys;kuennst pia obpa-
30BaHUA M30MepHLIX map Brso, 80 (Cgbd8 8Sm g Seid 44 g heagnuax (p, pn),
YCTAHOBWIIN, 4TO OTHONICHNE ceqenus oOpasosanng maomepa (¢ BHICOKUM 3HA-
GeHMEeM CIIHHA) K Ce4eHuio o0pasoBaHms H30TONA B OCHOBHOM COCTOAHHK
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(0,,/0,) BO Bcex Tpex ciyyadx odeHb caal0 MM IOYTH He 3aBHCHT OT dHEPTHR
naaaomux nporonos B obaacta ot o0 go 100 Mas. Hu B oHoM 13 Tpex cayuaer
9TO OTHOIICHHE He HMEeT TeH[EHINH CTPeMUTBhCA K Ipejeny, JaBaeMoMy OTHO-
eHAeM CTATHCTHYECKNX BECOB M30MEPHBIX COCTOAHME, KAk YHOOMHHAJIOCH
BBIIITE.

Kpome Toro, m3 sKcmepmMEHTANBHBIX Pe3yJbTATOB CJIEIYeT, 4TO HeIb3sd
C/IeIaTh BEIBOJIA O NPEHMYIIECTBEHHOM 00Pa30BAHMN H30MEPOB ¢ BHICOKMM 3HA-
d4eHneM CHHHA, KAK MOKHO Obo OBl OKUAATH U3 OOJBIINX BOBMOGKHEIX 3Ha-
9eHnil yIIIOBEIX MOMEHTOB fjep, 00pasylonmuxcs mocjae B3auMOJeHCTBIA Apa-
mumenu ¢ mporonamn. Ecan pua usomepusix map Bré?, 89" u Co®8, %" orHomIe-
Hue 0,,/0g >1 (1.25 n 1.4 cooTBeTCTREHHO), TO HJIA M30MepHOIl mapsl Scld, 4™
ono paBao npumepHo 0.42 mpu sneprun npororos 100 Mas. Onucannsie pesyib-
TaThl MOTYT OBITH OOBACHEHE KAYECTBEHHO DU HPEIOJ 07KeH I HUBKUX CIITHO-
BEIX COCTOSIHUII OCTATOYHBIX A/epP, K KOTOPHIM IPUBOJNT BHIOMBATEILHEIL Me-
XaHH3M pearnmii (p, prn) Opum BHICOKNX 9HEPrUAX MpOTOHOB. [leitcTBUTENBHO,
MOKHO B 9TOM CJy4ae OKHJAaTh MAJBIX YIJOBLIX MOMEHTOB OCTATOYHOTO
Aznpa Gaarofapsa KBasu-CBOOOMHOMY pacCeAHRIO HaJaiollero mpoToHa Ha HyK-
aone fAxpa. Ecan mocime paccessansa o0e uacTUIBL cOyiapeHns (p u n) BRLIETAIOT
03 Ajpa, OCTABJIAA ero ¢ dHeprueil BosOy:;kAeHHsI, MEHbIIeH Hepruy CBIA3H
Hyriaona (4toOnl Mor obpasoBarhes HyskubT Ham uzoTon Bré?, Co®s mam Sct?),
TO MaKCHMaJbHbIII CIIMH 0CTATOYHOTO Sj(pa Oy 1eT paBeH cyMMe JABYX 0HOYaCTITI-
HBIX COCTOAHMIT, TAaK KaR Afpa MHIIEHN WMEIOT HEYETHLIE MAacCOBBIe YHCIA.
Ipyroil Bo3MOKHBIT cayuail — Korja BBUIETaeT OJIHA N3 YaCTHI[ COY/apeHus,
OCTAaBIAA B AJipe HEKOTOPYIO 9HEP U0 BO3OYKICHs, JOCTATOYHYIO IS IcIape-
HUS elie OAHOIO HYRJIOHA, — MPHBOANT K MAKCHMAJILHOMY 3HAUCHHIO CIIHH
0CTATOYHOrO fipa, PABHOMY CyMMe TpPeX OJ(HOYACTHYHLIX COCTOAHMIL.

Takum ofpazom, cpepHee 3HaYeHme COHHA MOYKHO OKHJATh HH3KHOM, W,
TAK KaK HMeeTCA TOJIBKO OTpaHWYeHHAs 00JacTh pa3pemieHHBIX DHepruil BO3-
Oysienns, pacupesesaenne cOnHOB 0y/ieT UMeTh JIUIIb cJradnie UBMEHEeHUS ¢ DHep-
roeil majalomnx 9JacTHIL.

Jlpyroit npumep oOpasoBaHus N30MEepPOB B PEARIUIX paculemieHis ObLE
paccmorpen Pypcramom [°8]. Mayuasn oGpasosanne usomepos Zn® (co cnmuom
1/2) u Zn®"™ (co cumnom 9/2) npu pacmenyennn sijaep As -OpOTOHAME, OH HAIIE
CJAENyIolNe BHAYCHHA CTHOmEHHA 0,/d, : 2.820.2, 1.3=0.05, 0.76+-0.03
opu sHepruax mpotonos 49, 103 u 170 Mas coorsercrsenno. Ilpepmomaras,
q9TO0 TPOIECC MCIApPeHUs He MOKEeT CYIECTBEHHO M3MEHHTh YTJIO0BOI MOMEHT
ajpa, obpasyomerocs mocae KacKajHoro Ipolecea, Tak Kak CPeiHss JHepris
HacTHIl HCHapeHis HeBedmkra, Pyjcram Upuimes K BHIBOAY, YTO JIOJZKHA CyIe-
CTBOBATH KODPEJISAIA OTHOMIEHAS ceueHnl 00pasoBaHIa H30MEPOB Cpeu Ajep-
OponyKToB ¢ paccroAnmeMm no A m Z or appa-mummenn. V3omeprr, Oaunskue
K SAPY-MHIIeHH, KOTOpBie MOryT ObiTh 00pa30BaHBLI IPH HHU3KHX JHEPIHAX
BosOya#ienus, OyayT uMeThb OTHOmIeHHeo, /s, <1, Torja Kak H30MepHI,
flajiekne OT AApA-MUMEHH, JOJKHB umerh o,/c, > 1. Jlua npomeyrounois
obaacrng,/o,~1, uro u mabaogaercs s uzomepos Zn"- " npu smeprun
nporouos Goabme 100 Mss. Mokno majiTH HEKOTOpPOe .MOATBEP:KRICHIE
aToii rpy0oii Kaprune pacnpejelienus OTHomeHUI o,/0, N3 NAHHABIX APYTUX
pador. Tak, ecau orsomenue o,/s, pis usomepon S¢'t " papno npumepno
equnune npu obpasoBanun B peakumusax: (Co-+p, 370 Mag)|™]; (Cu—-p.
480 Mos)[?] u (Cu—+p, 5700 Mas)[?], To orTHOmEHHE G,/d, IS M3OMEPOR
Mn?% 52" pagno 0.4|"] w 0.37 [7].

§ 7. IOBEPXHOCTHBIE B3ANMOJENCTBILA

IMox «moBepxHOCTHBIMIY B3auMOJEilcTBUAME TPHHATO B HACTOAIIEe BpeMs
OOHHUMATh CPABHUTEIBHO IIPOCTHIE SAAEPHLIe PEaKIHUN IIOJ JeficTBHeM YaCTHIL
BBICORHX aHepruit: (p, n), (p, pn), (p, 2p) — u HeKoTOpHIE fipyTHe ¢ 06pazoBa-
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Tabawmiga 30«

Ceuenns pearumii (p, pn)

fAnppo- Ep, A - Ep, A - Ep,
KHJIIIII:’(?H!’ Bos o, MOapH MHJIII‘;)BOHB B‘.';B s, MOapH Mllx:lrl)gﬂb Bas s, MGapu
0.4 5.2 [199] | Mn55 6.2 44 3] [ 1.3 | 71 [u0)
0.6 4.7 [109 = 0.4 49 [110 1.6 73 [110]
072 | 4z2poop [miss {| %6 | 33ho] I| 19 | 71 [uoj
2.0 5.1 [109 ‘ a6ty Moo+ 1 2D .73 [a10]
N14 0.4 70 [117] | 5
3.0 4[] | g 3.0 66 [17] || 26 | 78[19)
41 5.6 [109 g :5'7 46 175 2.9 73 [110
5.7 7.3 (1 ; 1975 Ul 50 | 720
6.2 4.8 [109 0.28 69 [110] L 57 [114]
~ 1119 0.38 75 [110 In115 ** N ve 4
042 | 30.7 112 b i || 6.2 | 63[114]
0.522| 40 [n2 06 51 1110 0.25 | 80.6 [16]"
016 0.648 30.5 [112 0‘, 60 1110 0.5 63.3 [116]
0.835| 38.7 [112 1';) 56 110 0.72 54.6 [16]*
0.98 37.4 |12 ~ » - 1127 1.0 68.0 [116]
£ ; Cubs 1.3 59 [110
0.7 33 |4l 16 62 [110 2.0 59.3 [116]
0.28 | 28 [uo ! 62 [110 40 | 60.6 [116]
0.38 27 |10 56 54 [110 6.2 46.0 [116]
0.4 26 110 2.9 61 [110 0.4 86 [117]
0.6 27 [0 30 68 [110 Celd2 1.0 31 [117]
0.8 25 [110 - 5.7 71 [75] 3.0 24 [17]
P19 oo - A Lol EETE e R e 028 | 44 [10]
: ¢ = { 3.0 68 ]110] 0.38 | 57.5 [110]
1.6 | 24 [uo 028 | 79[10 : b AL d
% 10 0.38 65 [110 1.0 36 llOl
2.2 | 21 [uo] - 0.3 650001 lpaisnesl| 19 | 9 [uo]
3.0 28 [110 Mo100 ]| 0.40 76 2.9 42 {110
57 19 [ 0.6 S0 6 no]
0.8 60 [110 2.6 46 |
Na2t 5.7 31 1) . 67 1110 3.0 | 47 [u0]
Pt | 04 | 46 [uo] : 57 | 46 [%9)
30 | 45 [no]
l

IIpnMeyanne. * — BRIOUAET BEIAX OT peasnun Mo'® (p, 2 p), ** — TOJBKO CeueHne Mso0Mepa-
In't#m - *%% — 7oNbKO ceweHNEe maomepa Talom,

HHEM Me30HOB, KOTOpBIe MBI 3JleCh paccMaTpuBaTh He OyjeM. Y BeImanBalio-
IUiicA WHTEpec K pPeakmusM HOBEpXHOCTHOTO B3anMOJeHCTBHA 00bACHACTCS
BO3MORHOCTLIO TPOBEPSATH ¢ LMOMOIIBIO DTUX pPeaKilil pasjuaHbie IIpejiosio-
AREHMA W JIeTAJN pacyeTa TEOPUN peaKmuil pacuieIieHns.

Peakmmu moBepXHOCTHOrO B3amMMOJEHCTBUSA H3YYalCh KAK Ha JEIKUX,
TAK M Ha TSA/KENBIX AApaX-MUIIeHsAX. XapaKkTepHOil 0CO0HHOCTBIO THX peaK-
Wil ABJIAETCS CpaBHUTENBHO 00JbIIOE ceueHne (HeCKOJIbKO MPOMEHTOB OT IOJ-
HOI'0 HEYIPYTOro CeYeH A B3ANMO{eHCTBIA YACTHIIHI € S{POM) U HCKITIOYHTEIBHO
Majasg 3aBHCHMOCTH €ro OT HEePruM IajalomiiX YacTUI[ B 00JACTI OT HECKOJIb-
RIX COT 710 HECKOJABKIIX THICIY MIIJANOHOB DJIEKTPOHOBOJIBT.

B raGa. 30 upusenensr ceuenns pearunii (p, pr) Ha pasmauUHBIX AfpPax OPIH
pasHOIl BHEPIrUH HmaJAaIIINX yacTul. B Tabammy He BK/IOUYCHBL JaHHbLE I10 XO-
pomo mayuennoii pearmun C'? (p, pn) C!, tak Kar oHH yiKe NPUBOIUINCH
(raba. 15 u puc. 30). Kax MosH0 BUjeTh U3 NpUBEIEHHBIX B TaOJMIE JHAHHBIX,
ceueHNsI peaknuii (p, pn) B 00JacTu JerKUX s ep MCIBITHBAIT CHIbHbIE BapHa-
MM IpH Tepexojie 0T OjHOTOo Ajxpa K apyromy. B obmacti sjpep cpeanero aTom-
HOTO Beca W TARENIBLIX fjlep TAKNX H3MeHEeHHIl yyKe He HaOJ0jaeTcs, 3a HCKII0-
yenneMm yskoii maccoBoii oGmactu 54 < A < 65, rye cevenns pearunii (p, pn)
i opmoit rpynnet Agep Cu®?, Cu®®, Zn® meoskupganno ropaspo Gonabime (mpu--
mepuo Ha 45%), wem masa sapep Fe®® u Nids,

185



Jlins oObsacHenns pearunit (p, pr) wame Bcero mOAb3YIOTCH IPENTIOIN0zKe-
HIEeM 9HCTO BHIOMBATENHHOr0 MEXAaHH3MAa, KOTOPHIL MOJKET OCYHIECTBIATHCS
ABYMSA BO3MOJKHBIMH ITY TAMM.

1. IMapgarommit TPOTOH CTATKHBAETCA ¢ HEIITPOHOM fapa, M 00a BELIETAIOT
u3 Axpa 0Oes pasbHeHmmX BaaumojeiicTsmit. B atom ciayuae HeobxoamMO,
gT00BI JIAHHEIT HeHTPOH He OJI CHUILHO CBA3AH B AjApe, YTOOLI ero yjajieHne He
NPABOJIIO K BO3OYKASHAIO, JOCTATOYHOMY JULS YAAJICHIS eliie 0(HOTO Hy KIOHA.

: 2. B pesyuabrate B3aumMojieiicTBHA
TaGauna 31 papaomero mpoToHa ¢ SAPOM IOYTH
Koppemsimns s (p, pr) aas aergux sagep BCA BO3MOIKHAsA KHHETHUECKAA dHEp-
¢ DHeprueii oTjedeHns Hauododee cxado THA YHOCUTCA OJHHEM HYKIOHOM (mpo-
ceasannbix wacrun (£, =0.4 bos) ToHOM Wi Heiirponom). Ocrapmascs
PR TR e B sAjxpe dHeprua Bo3Gy:rpeHus (ue
fapo- | “nana mapa-  |ovaedemna, (p, pn)  Goarbme 10—20 Mas) uper ma memape-
nponyKTa Mop [ MOAPH  yie 0HOTO OMOMHATENHLHO MO HYKJIOHA.
Ni4 N1 s C12 L H1 195 6 Eesycnonuo, IpH 3HeprudxX majgai-
Fio | FISONU 1 Het| 441 25 OMX IIPOTOHOB BBHIIIE OPOTa ME30HO-
016 | 015> N1t |- H1| 7.45 31 00paszoBaHmsi CTAHOBATCH BO3MOJKHBIMIL
Ci2 [C11—» Be7}- Het| 7.55 33 Takne peaxkmun, kKaxk (p, 2pm7), (p,
pna®), (p, ppa*a”) m 1. 0., KOTOpHIE
MOTYT 00pasoBBIBATH Te ke TPOAYKTEI,
q10 1 pearuud (p, pr). llpuBogur K TOMY iKe AXPY-UPOAYKTY H pPearmusd
(p, d), xotopas, ojHAKO, BecbMa MaJOBEpPOATHA IPU BLICOKOIT DHEPIHI YaCTHIL.
Cevennie peakmupm [OJXBATa HAJaeT C POCTOM DHEPTHH YACTHI[ IPUMEPHO
Kak 1/E° [118],

Cpasuenue pesyabTaToB, npuseaenusx B tadi. 30, ¢ pacgeraym Merpomo-
amea u apyrux [*%] moraseiBaer mIoxoe coriacue Me;RAy HUMH Kak IO BeJH-
qnHe ceueHHs peawkuumit (p, pnr), Tar
I 10 3aBUCHMOCTH CeueHHil OT dHep- Ta6amuna 32
rin npotonos. Pacuerst pawT Godee  Roppewsmmms s (p, pn) ¢ umeaom pas-
HU3KHE CEYCHNT, KOTOPbIe K TOMY K€  pemennsiX € TOYKH 3PeHisl  Peariu

3HAUNTEJIBbHO YMEHBIIAIOTCA C dHEep- (p, pn) neiiTponos
rueii magaomnx wacrtnn. Hak yka- i
3RIBAJIOCH B IIaBe 2, JJaHHOE PacXorik- Stbo- - | o0, ), | Ae c;=°“"—N”").
JleHne, HO-BUAUMOMY, OOYCIOBIEHO He-  Muuens | MOAPH | pejirpo- i
AOCTaTKAMU ICIOJB30BAHHON B pac- FoR o
gere [**] momean simpa. Kpome Toro,
C POCTOM DHEPTHH YaCTHI[ 3HAYUTEIb- Cl2 2043 % 7.2+0.8
HYI0O pPOJb Ha4YMHAIOT MrpaTh pearijni Ni4 7.3+0.7 1 7.3+0.7
¢ ofpazoBaHneM ME30HOB. ?:2 ?;ig g izf_?s
B paGorax ["* % 119] Ghuro mpes- A e 4 8%1
HOJIOKEH0, 9YTO BEJIHYHHB CeyeHwui =

peaxuuii (p, pr) MOryT KOppeaupoBaTh

€  DHePruAMH OTjeJeHns Hauboiee

JerKo CBA3AHHBIX YACTHI[ B AAPAX-IPOAYKTAX M ¢ 000J0YeHHOIl CTPYK-
Typoii. W3 Tabmx. 31, B3aroit m3 paborsr [*°], xopomo 3ameren mepBHIl H3
mpeanoaoReHusiXx aPdherToB.

Ceuenne oGpazosarusa N'3, y KoToporo yske uepBbiii B30y KICHHBIL ypo-
BeHb HeyCTOHINB N0 OTHOMIEHHIO K UCIYCKAHMIO IIPOTOHA, OKA3bIBAGTCH Ca-
MBIM HH3KIM.

Benuod [13] paspun Toury spenus BAMAHHA 000J0YEYHOI CTPYKTYPHI
Apa-MUIIEHN Ha cedeHue peakuuii (p, pr). OH DPeamON0sKILT, 9TO, HOCKOIbRY
9HEPruA BO30OYHACHHA AAPA-UPOYKTa HE J0JIKHA IPeBbIIaTh BHOJHE OmIpe-
ZIeTeHHOI BeJANYHHB B KayKI0M KOHKPETHOM CJIyuae, CyueCTBYeT Or paHHIeHHOe
YHCJA0 HeilTPOHOB B AApPe-MHOIEHH, CTOJKHOBEHIIE C KOTOPLIMII TaJalomiero
TPOTOHA JIOIYCTHMO A TOAYUeHHs peakuuu (p, pr). IT0 4NCIO HElTPOHOB
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8 KamJOM cjydae ompejejasgercAa 000J04edHOIl CTPYKTYpoOil Appa-MHITEHN:
paspenieHHbIMI ¢ TOUKU 3peHus pearnuu (p, pn) OyAyT TOXBKO Te 000JOYKM,
yjajeHne HeHTPOHOB U3 KOTOPBHIX He HPHBOMUT K BO3OY/RACHIIO 0CTATOYHOIO
AfApa, AOCTATOYHOMY JUIs MCIYCKAHHA JOMOJHATEJIBHOTO HYKIOHA.

B raGx. 32 noxkazama Koppeasiua ceueHns pearkuuu (p, pr) ¢ YMCIOM pas-
pemennsx Heitrporon. M3 TaGanis BUHO, YTO CedeHnsi, 0THECEHHbBIE K OHOMY
paspeneHHoMy HeilrpoHy, Goxee GAH3KH APYT K APYry NS pasingHsiX sjep,
geM mosiHble ceuenus o (p, pn). Pacuersi, mposegernsie Bennodom na ocHose
BLIOUBATETBHOTO MexaHusMma peakuuu (p, pr) ¢ yuerom auddysHoil rpammin
agep n obomoueynsix H5OOEKTOB, AAIOT YAOBICTBOPHUTEIHHOE coraacue ¢ vKReme-
PHUMEHTOM TI0 BCeil 001aCTH MaCCOBBIX YNCET MUIICHH.

: OcuosHoe moJosKeHNe BHIOHBATEABLHOTO Mexanmama pearmuit (p, pn)

0 TOM, 9TO TAJIAI0NUIl ITPOTOH HEIOCPECTBEHHO B3aUMOJICHCTBYeT TOJBKO ¢ Ofi-
HUM HeidTpOHOM sJipa, IOATBEPIKAAETCS PACCMOTPEHHEM CeueHHil pearijuii
(p, 2n). Dr1a mocHenHAA peaKIUs HE MOKET MPOMB0ITH HEIOCPEeICTBEHHO,
rar pearnusa (p, pn):

p+nj=p+n,
a Tpefyer mo KpaitHeil Mepe JBYX CTYICHEIT:
p+Inj=[p|+n

—:r_];n.

!
£
3aecy wBajpar o0o03HAYAET, UTO YACTHIIA HAXOJUTCI BHYTPH Smpa.
Iloaromy peakuus (p, 2r) jomKna umerh MHOrO Menbimee cewenue. Ompir-
HBIC JAHHBIC NOATBEPAKJAOT OTO  3AKIOYCHIE: OTHOIMEHHEe  CcedeHui
s (p, pn)
3 (p, 2n)
Ceuenue peaxunu (p, 2p), KoTopas MOKeT HPOHCXOANTH B OAHY CTYIEHB,
OKABHIBACTCA OJUBKMUM K CeUCHUIO pearmuu (p, pn).
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Il'aasa 10
GOPATMEHTAIIN A

Tepmurom «pparmentamusy» ([ragmentation) mpuHATO 0GBEAUHATH B HACTO-
mee BpeMA Bce SAepHbe pPearmun IMOJ JeiicTBHeM YacTHI[ BHICOKHX JHEPIIif,
OpH KOTOPHIX 00pas3yioTcs MHOTO3apsiHbe YaCTHIE ¢ Z > 3 (iMerkme sjpa
¢ A~6--40), npuueMm He B KadecTBe OCTATOYHLIX fAAepP LPH PaCILEILICHHM.

ITepsonavanbuoe ynorpeGienne tepmmHa «pparmenTamusy [ 2] nmemro
LEJbI0 BRIIGAATH TPYIIY Peakiuif, CYMecTBeHHO OTIHYAIONUXCH HO CAMOMY
MeXaHH3MY CBOEr0 HPOTEKAHUA OT peaKmuil pacmierieHnsa, o0bACHAMBIX Kac-
KaJHO-MCOaPUTENBHON MOJeNbI0, M PearkHuil JeXeHusa. JTOT CMBICH TepMIH
«pparmenTaiuAg» COXpaHseT U B TeIepeNIHeil ero TpaKkToBKRe, OJHAKO He B CTOJb-
KaTeropuyeckoit opme: gomyckaercs BOSMOKHOCTH 00pazoBaHuA (parMenTon
B IIpoIleccax BHIOMBAHUA M HCIapeHnsA, 110 Kpaiineil Mepe B KaKOI-TO OnpejieseH-
HOIT wacTn coOntuii. CamMa BO3MOKHOCTH CYNIECTBOBAHMSA MeXaHM3Ma pearIjniu,
HPHHIMITHAJIBHO OTIMIHOTO OT TOM KapTUHEL AJepHLIX peaknuii, koTopasd oduie-
HPHHATA B HACTOANIEEe BpeMsA, JelaeT BOHpoc 06 00pazoBaHME TAKHX MHOTO-
s3apAgEeX gactul] (PparMeHEToB) Ype3BHYAITHO BAYKHBIM JUIA AaJbHEIero pas-
BUTHS TEOPUH AJePHBIX peaKI{uii.

Jlamee OyayT ouucanbl M3BECTHHIE B Ha-
croAmee BpeMs 0co0eHHOCTH 00pa3oBaHUA
¢parMeHToB B SAJEPHBEIX pacHIeIVIEHHAX I
ofcyskieHa TPAKTOBKA MeXaHH3Ma MX o0Opa-
30BaHUA.
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§ 1. CEHEHHE HHPOHECCA ®PATMEHTAIINH

T T Ty

ITepsre madmogenns [2712] mHEOrozapsij-
HHIX WYACTAIl Cpeju TPOJYKTOB SIIEPHBIX
pearkmmii mpy MCCJAeHOBAaHNH AACPHLIX pac-
MeIVIeHAIT,  COBaBAEMBIX  KOCMHYECKHMH
Jy9aMu B SIAEPHOIl HMYJIbCHH, a 3aTeM I IIpH
HCCHeOBAHIE  pACHieILICHWil,  BHI3BIBAC-
MBIX MCKYCCTBEHHO YCKOPEHHEIMM YacTH-
namu [13718] 0 mowasanm, 4Wro paciiemieHns,
CojlepsKAIiie  MHOrO3apsjiHBle  YaCTHIIHL
¢ Z > 3, BecbMa PeJLiI. Baarogaps tpya-
- HOCTAM paGOTm B 00JIaCTH MAJBIX CEeYCHMI
s }J JI0 HACTOSIIErO BPeMEeHN MbL He pacIojaraem
o0 / Lols JIOCTATOYHO — TOJHBIM HKCIEPHMEHTATBHBIM

oF o0 1t MATEPHAIOM IO CCUCHUAM 00pPABOBAHMA Pad-

€p, Mst AMYHBIX  MBOTOUOB JEIKHX S/eP B PABHAIX

yeaosusax. B rada. 33 umpusejens cedeHus

Puc. 74. Basmemvocrs cedenmii  00pasoBanma Hambojiee XOpPOMIO M3YYeHHBIX
obpazopanma Na®* m F!¥ or smep- mM30TOHOB JErKux sjep.

Pt Pacemorpenue Ohcnepnnenmnbxmx JlaH-

5 rm.';‘,‘.f,'iie':;'}&'}:"i\;"%"_c‘;ac enmoans  HBIX TOKAa3BIBAeT, WYTO Tpomecc o0pasosa-

snep Ph. HusL  ParMeHTOB IIPH  pACH(CIUICHHH sjgep

HMEeT CHIBHYI0 BaBHCHMOCTH OT DHEPIIH

majalonux YacTHI[ A BCeX AaTOMHBIX HoMmepoB smep-mumeneil. IIpomecc

ATOT, MAJOBEPOATHLIT IPH PHEPrUH NAJAIONMX YaCTHI[ B HECKOJBKO COT

MIUUIHOHOB 9JIeKTPOHOBOJIBT, HAYMHACT MTPATH 3AMETHYIO POJIb IIPH DHEPTHAX

nopsinka 1 Bas. Ceuenns o6pasopannsa MB0TONOB JETKHX fAJEp YBEIHIHBAIOTCSH

npumepro B 102—10% pas B paccmarpusaemoii obaactu suepruit. U3 pue. 74.

HAa KOTOPOM IOKa3aHa 3aBUCHMOCTH cedenns obpasopanusa F'® m Na?! or amep-
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Tadauma 33

Ceuenns 00pasoBaHnsA M30TONOB JErKAX SXEP NPH B3aMMOJCHCTBHH IPOTOHOR
¢ aapamn, 10729 cm2

He® cn
mumens | Ep, Mas o m;r;:g: " || mmmens | Ep, Mes s "2{.‘;‘,‘;""
: 1000 50 340 190 18
¢ | 20 60 } (71 410 290 [19, 23]
1000 110 600 330
Al fe00 3 || 07 fa 1000 20 || ,
1000 | 200 149 o
Cu { 1900 400 } [27] 3000 660 l
2850 400 :
370 3.0 [
1000 400 2 :
Ag { 1900 700 } 1 | cu 480 o e (%]
5 2200 | > 65 2]
1000 | 1000 5700 | <310 [22]
b { | 900 | 2100 |} [ o i W
Az {0 30 L
Au 480 0.67 [25]
Be? Nt
mumens | Ep, Mas g nwgel;)):- Mimens | Ep, Mos s n:;%ga-
340 140 (18] 410 75 19
e 420 97 (23]
1000 750
1400 830 } el 600 86 )
Al 1800 | 1260 (o) [ Al i e [19]
2200 | 1210 S 3000 120
3000 | 1170 } i | 5700 170 [21]
5700 830 [21] o4 i
340 50 (8] I zn 1840 33 } [29]
D i 2900 51
1800 920 940 56
Ox 2200 | 1300 *l fm 1840 19 } 20
3000 | 1190 2900 21
5700 | 1600 [22] 940 1.1 .
340 10 .8 || PP 5'388 }é } %
A 1000 250
. £ SRt } R 1 1840 75 [20]
3000 | 1210 e o
340 14 18]
i 1000 130
2200 590 } [20]
3000 840
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TaG6amma 33 (npodoaxenue)

192

e s
snmess | Ep, MaB s m;-;«;);;a- mmmens | Ejp, Mop s n";‘;%‘:
340 550 (28] 420 0.44 [31]
i | @ |
600 590 5
ot 1000 760 S 3000 | 73 [90]
; 1400 670 4500 170
2200 710 5900 | 250 ]
3000 700 600 0.5 [32]
5700 768 [21] =5 03
370 3.0 [2/] 1000 { %
420 55{.0 (23] 3.9 } 5
1000 i
[30] 1600 18
o 100 } o5 | PP 2000 49 52
Cu 2200 100 [25) ( [32]
3000 170 } (0] 2200 39 [20)
420) 250 P (3]
5700 340 [2] 3000 { 7 L2}
e i b 4500 110
o bt 4 5900 | 140 } &
1000 20 1000 13
A 2000 55 2000 55
& 3000 170 P s 3000 | 440 (3]
4500 190 %
5900 150 5900 | 320 ]
Na* Na*
mumens | Ep, MaB s m};;es: 5 mumenb | Ep, MoB ¢ "2;‘;2"’"
120 0.09 340 0.6 2]
220 0.22 [33] 1000 20
340 1.3 Ta 2000 85 [30]
70 30 (24 3000 | 870
o 2§'6 } bes 220 0.59
o 2 o 340 0.13 (]
‘Cu 680 32 (%] 480 37t
1000 100 s [30] 660 8.1
2000 330 f Au 10 0 44
2200 320 [25] 2000 220
3000 400 30] 3000 | 500 [30]
4500 460 } L 4500 | 740
5700 480 [22] 5?00 940
5900 480 [30] 3(7)8 2 g.o (]
o o4 [2 1000 36 [30: 32
489 29 (] 1600 140 [32]
1000 30 Pb 2000 230 [30]
Ag 2000 140 2900 230 } %]
3000 2{8 [9] 3070 360
4500 > 720
B0 | m )
120 0.099 g 48 (4]
e o2 o 1000 | 63 |)
La 340 0.5 [33] B o
480 0 U 3000 | 590 [30]
660 2t 4500 | 1130
5900 | 1200 ¥



rEE Iajaonux mporTonos npu pacmemrennn Axep Cu, Ag m Pb, Bugmo, uro
B obmacTn dHepruii oxoxo 1 Bap mpomecc oOpasoBaHys MHOTO3apsAfHEX da-
CTHI[ MCIHITHIBACT HAMOOABITYI0 3aABHCHMOCTh OT DHEPTHU HAJAIONUX YaCTHII.
ITpu sueprum poronos Goabme 2—3 Bas pocr ceuenusa oGpasoBaHmA MHOIC-
3aPAJHLEIX YaCTHI[ 3aMeUIACTCH.
3aBucuMOCTh IOJHOTO cedeHHA 00pazo-
BAHUA MHOTO3AapAAHBIX YACTHI[ C BapAmaMu
or 4 o 10 mpu pacmemrenun sgep AgBror  mof
HHEPIHH TaAIoNMX IIPOTOHOB OblIa IOJy=

wera IpH IMOMOI METOA SePHHIX DMydb- & 80f

cuit [3°7%7]. Ua pme. 75, ma KOTOPOM TpH- 3

BejleHA JAHHAA 3AaBHCHMOCTB, BHJEH cwib- v 57T %
HBIT POCT BHIXOJA pacuiemienuii ¢ gparmen- sk

TaMH TP SHePTUI IPOTOHOB B paitone 1 Bas.
Ofmee BospacTaHme BHIXOJa MHOTO3a- gl
PAJHBIX YACTHI[ ¢ POCTOM dHepTHE . GomOap-
AUPYIOHIX YACTHI[ OKABBIBACTCS CBSI3AHHBIM - 4
¢ HOMHOIT dHeprmeii, mepegaBaemMoil AxPY e E’”%J oo
upm coypapenun c¢ mporoHamu. Ilocaepgmee P
MOeT OBITh OXapPaKTePH30BAHO 3aBUCHMO-
CTBIO BEPOATHOCTH HAOMIOfeHUA paciierie- Pue. 75. 3aBucnMocts — cedenmii
mnst ¢ GparMenToM OT TOJHOTO uHCAa BeeX —00pasoBamms gparMentoB ¢ Z>4
00pa3oBaBIMIXCA YACTUI[ B PACIHIEIVICHNH. e e e s
1o Guuro moxasano suepssie Ileprumcom [*8]
P MBYYEHUH PACIHEIUICHNIT, CO3/[aBAGMBIX KOCMHUCCKHUMIL JydaMit, ¥ 3aTeM
HOTBEPIRACHO  paboTaMl LIPH MCCIe0BAHNN  PACHICIIeHNIl, BBI3HIBAEGMBIX
nporomamum ¢ smeprueit  300—660 Mes [*%4°], 6.2 Bam [*'] m 9
Bag [3¢]. :
Ha puc. 76 mpusepentl jaHEbe 00 3aBHCHMOCTH BEPOATHOCTN 00pasoBaHus
paCIeIIeHIsA ¢ MHOTO3apPs/AHOI wacTHIeil OT uYncjJa 3apsyKeHHbIX YacTHI|
B PACHIEIVICHUM, IPHYEM B YHCIO

pl HOCJeHAX BXOAAT TOABKO CPABHH-
/0- MZN* TEABHO  MQJIODHEpPreTHIHbBIe  TIPO-
il 3 s JYKTBL PAaCHICILUICHMA, T. €. IIpo-

- 3 roupl ¢ sHeprueit membmre 30 Mas

u g-yacTHHBI BeeX aHeprmit. OOmiee

07k Li®  gueno Taxux wacTui B PACIICILI CHITH
i { J0CTATOYHO XOPOIIO XapAKTePH3yeT

’*’f § Hepe/laBaeMyio B COyJAapeHuin sHep-

001 ruo. Horma mepegaBaemas smpy

B COYAAQpCHUII € YACTUIeIl dHeprus
CTAHOBHUTCA  BEJMYHHOIT  IOpAKA

=~

0001 L L Epeepe ey i S iy IMOJIHOIl S9HePIUH CBA3HW sjapa, Be-
0.0, - B o 00 a2 POATHOCTD HCIyCKAHHA (YparMenTta
Nep CTAHOBUTCS BEIMUYHHON  IOpAAKA

epumuunter, Taxmm, obpasom, pocr
Pnc. 76. 3aBucumocTs BepoATHOCTH (p) WCIy- g
cxanms gparmenToB ¢ Z>4 u Li® B pacmen- BHIORR.- MEOTOSA DTRG0 Al

aenun siziep AgBr or uneaa arydeii B 3Besze.  YBEGNHMHUCHHEM 9HEPTUH HaJaomAX ga-

CTHI[ MOReT OLITH CBS3AH ¢ BO3pa-

cTAMeM OTHOCHTEIBHOIM 0 0015-
NIHX Iepejlad oHeprud APy ¢ yBeanuenueM sneprum vactuil. [locaeamee geiictsu-
TEJIBHO CJIeyeT KaK U3 JaHHBIX II0 JYyYeBOMY COCTABY B3Be3J, IOJYydYaeMBIX
MEeTOZI0M S/[ePHEIX DMYJIbCHIT, TaK I U3 JAHHLIX 10 BHIXOAY MB0TOIOB, IAJEKO
OTCTOAIMX 10 Z M A 0T HCXO[HOTO SJpa, NOJIYYaeMBIX PaJHOXIMIIECKIM
METOJIOM. JTO Ke CJIEJyeT M M3 PACUCTOR sICPHO-KACKAHOTO LpOLecca IO Me-
rony Monre-Kapio.
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Poct BBIXOZa MHOTOBApPSAHBIX YACTHI[ B pACHICIVIEHHMAX OKa3LIBaCTCs
CBABAHHLIM HE TOTHKO ¢ BeJIMYHHOI MOJHOI IepejlanHoil SHePTHM, HO U ¢ HOJ-
HBIM 9HCI0M KacKaJHBIX yacTul] B pacmemrennu [3% 3% 4] C pocrom moamoro
YHCIA KACKAJIHBIX YACTHI] B PACIILINICHITI YBEeINIIMBACTCS BePOATHOCTD Hab/aI0-
JIeHHs paciiervienns ¢ gparmenToM. B 10 ke Bpemsa maiijjeno, 4To MHOTO3apsil-
HBIC YaCTHIEL IIOABJIAIOTCA ¢ PABHOI BEPOSITHOCTHIO B 3Be3/aX ¢ OOJBITNM I Ma-
JBIM 9HCJOM JUBHEBBIX YacTHI (T. €. OLICTPHIX TT-ME30HOB) B pacIielIenusx,
BHI3BIBAEMBIX Kocmmueckumu aywamn [3%] m mporomamm Goabimoii omeprii
(9 Boam) [28].

TpeGopanue GoabmmX Tepegau 9HEPTHH JUIA BOZMOKHOCTH 00pa3oBaHMsI
MHOT03aPAJHOIT YACTHIBI B PACIICINICHNI CKABBIBACTCS TAK/REe HA PABINUNM pac-
npejelennst pacinemiennii ¢ ¢gparMeHTaMI 0 0GIIeMy Yneay HCOyNeHHBIX Ja-
CTHUI[ ¢ aHAJOTMYHEIM pacIpesiedeHneM I 0OBUHBIX pacilemieHuil Ipu Toit sike

DHEePTHH HaJalon(uX JacTHIl.
% Ha puc. 77 morasamsl nampsie pacmpeye-
ar JeHUs TP DHEPTHH TNajalomuX IIPOTOHOB
Np=1 o 660 Moap [3% 42 43]  PacmenieHus ¢ MHO-
20F ro3apAAHLIME YACTHI[AME HMEIOT TOPasio
Nyp=0 N,>2 Goabiliee CpejHee UHCIO MCIYIeHHbIX 3apH-
JREHHBIX YacTHI[, WeM OOBIYHEEe pacIIeILie-
ausa. CpegHee 49iciIo HCIyCKaeMbIX B3apsi-
70+ . JReHHBIX wacTuiy (He cumras ¢parmenrta) B
: $ pacuierieHnAX ¢ gparMeHTaMm B ITHPOKOIT
st \ obJacTH DHEPruil HATAlOIMHX YACTHI[ OT
b A : 2, 460 Mas g0 9 Bos, orasusaercs, B 1.8 paza
e e TPEeBSIIACT CPEIHEE YMCI0 YACTHLN B 00BIY-
RSN Ty Sy T HBIX pacuiemiennax [36 39],
Neep Ha puc. 78 u 79 morasansl 3aBHCHMOCTH
Puc. 77. Pacmpenemenns pacmen- CeYeHHIT 00pasoBaHHA M30TOHOB  JIETKHX
Jennii ajgep Ag, Br moumeny sapa-  gzep OT MacCOBOTO UYHCIA Sj[Pa-MUOIEHI IO
e Ol R ] .Pa;"g‘guom TaHHBIM pasjauyHeix pabor. Hakr Bugmo ns
IS QpaIMeRIpn. ©. 234, puc. 78, B obmactn MaccoBwx gucexa o 200
Ha0JIo/laeTcAs 3aMeTHLIN claj| cedeHus obpa-
3oBaHEA m3oromos Be?, C!, F'8 ¢ yBenmuenmeM MaccoBoro uymeaa sjaep-
MUIIeHel IpH JHepPrusx NpoToHOB Membime 3 bBas, mpmuem cmag xar Jyis
Be?, Tak u gaa F'® ropasjo cuibHee BIpasieH I HU3KOIT SHePTHH IaJialomuX
GACTALL.

Hanporus, mis nzorona He® matmiogaercs poct ceuernusi IpU yBeIHIeHu
MacCoBOTO umeJa Apep-Mimenn wpn sHepruu nporonos 1 u 2 Bas. Amanormumoe
noBejenye ceuenns npn sneprun uporornon 2.2 Bas ormevanocs Karkossiv [41]
Juist ciryuasi o6pasosannst parmenton Li®. Ceuenne o6pasopanns Li® pacrer mpu-
mepHO o1 1 *» 10727 10 10 - 10727 cM? B oGmacTn macconwix wucex ot Al mo U.
B 1o ke Bpems, kak Buamo u3 puc. 78, rge mpusejensi gauasie Paiita [13],
ceuenne obOpasosamms Li® mpu sueprum mporomos 340 Msp cmabmo majgaer
€ POCTOM MACCOBOTO WHCJA SJep-MHIIeHeii.

Taxum o6pasem, na nupumepe Li®, Be? n F'® o6mapysrxuBaercsi oryeTampoe
BIIMAHNE 9Hepruu GoMOapAupyIol(MX YacTHI[ Ha 3aBHCHMOCTD CEUCHIIA
oOpazoBaHuA (pParMeHTOB OT MAcCOBOTO Wmesa Axep-muineni. Ecam npu orep-
IHIL TPOTOHOB B 00JACTH HECKOABKHX COTEH MIVIIMOHOB HIEKTPOHOBOJBT Ce-
yeHne o6pasopanus nzoronos Li%, Be?, C, F'$ magaer moutn Ha Tpu mopsagka
BesauHbl npn mepexoge or Al ® Pb, To mpu smeprum mporoHoB B obracTH
HECKOJIBKUX MILLJIHAPIOB 9JeKTPOHOBOJIBT HAOII0/1aeTcs, Hao00poT, HeKOTO PhIil
POCT CEYeHHA ¢ YBEJIMICHIIEM aTOMHOTO BeCa SI(ep-MUIICHII.

Hax Bugmo na puc. 79, nagenne cevennst obpazosanus Na* ¢ poctom amep-
' HPOTOHOB B oOaacTH MaccoBhIX umcex apep-mument 64—180 ropasmo
MeHBIIe, ueM I Goxee Jerknx nzoromos (puc. 78). Ilpu smeprusax mapaongnx
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TACTHN B HECKOJBKO MUJJIHADP/OB 2JIEKTPOHOBOIBT TaK:Ke HabI0KaeTca HEKO-
TOPEIL pocT ceuennsa obpaszosannsa Na?! ¢ pocToM MaccoBoro wmcia fAgep-Ma-
menu. I'opasgo Gomee cHIABHBIT pocT cedeHuii 00PasoBAHNA H3YYEHHLIX H30-
TOIIOB JIerKUX sijmep HaOaojaercd B 00JacTH MAacCOBHIX WHCEJ sjep-MuIIeHu
or 200 go 238 B mmpoROM JmamazoHe SHEPTUil Irajalonux yacTui. Ilommmo
9TOT0, M3 TeX jKe PHCYHKOB CJeJyeT, 94To ceueHus 00pasoBaHHA CPABHUTEIHLHO
Jerkux ocKoaKkoB (trarmx, kar Be?, F'®) upn pacmemnennn sjep Bozpacraior
¢ BHEeprueil majamux YacTI TOPa3jio Cuiabuee B obaactn Gosee TAKEIBIX Aep,
weM B oGmacTn (oiee Jerkux spep-Mumenn. Takoro IOJ0KeHHS HeT B CIydae

E v-#e’, a-1if o-8e7,+-0" af?
6,eme[
L w2636
& O e O e e = O
7025:
10‘27_:_
70-205
ol
T Al Fecu Ag  La TaAu Pb ThU
1 [0 TR} L LI! 1 |

700 200 A

Puc. 78. 3aBucummoctn cedenmit oGpasopanms He®, Li8,
Be?, C1, I8 o1 MaccoBoro umciia Ajep-MHUIIeHeil Ipn
PasINIOEIX BHAYCHHAX OHEPTHiIl IPOTOHOB.

ofpazosamma Na®4, sjiech Bo3pacTanue TPUMEPHO OJIHHAKOBO KaK A CPeJIHAX,
TaK W JUIS TSAMKEIBIX SIep-MUIICHU.

3aBHCUMOCTH IIOJTHOTO CeueHus 00pasoBaHISA MHOTO3aPSIHBIX YaCTHI OT
ATOMHOTO HOMEpa MUIICHN IIpH dHepran majaonux gactar 660 Mas Obura ompe-
jlelTeHa MeTo/oM sAepHBIX amyabenit [3°]. B pabore [*°] Guin maiimen poct mou-
HOTO cevenns obpasopannst ¢parMentos ¢ Z _> 4 u ¢ sueprueii Goabme 2—3 Mas
Ha HYKJIOH B o0sacti mMaccoBuix uncen spep-mumenn ot 30 po 200. ITocrosn-
CTBO ceyeHHA oOpasoBaHHA (parmeHToB Li mpu pacmemneHEMnm pasiHIHBIX
agep (or Cu mo Ps) ormeuaercs B pabortax [*% 4%] mo mayueHHMIO BTOpPHYHBIX
peariuii, BHIBEIBAEMEIX sigpaMu Li mpu oGuryueHN MumIeneit IpoTOHAMIE ¢ 9Hep-
rieit 680 Map. MccaegoBanne 0coGuX caydaes jeleHusa sjpa ypana ¢ o0paso-
BaHHEM JIErKOil MHOTO3apsjiHoil YacTHIl, IpoBeennoe B padore [17], yrass-
BAaeT Ha HOCTOSHCTBO OTHOIICHINS CEYeHHA JIpolecca 00pasoBaHusA MHOTO3apPA/-
HEIX YaCTHI[ K IOJHOMY CEYEHNI0 HEYyHpPYroro B3anmMojeiicTBHA B 0OJbOION
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obaacrn axep, or Ag o U, 4ro ropoput o pocre cevenus odpasoBaHusa Qpar-
MEHTOB ¢ pocToM A Mumenn.

Tagum 00pason, MMEETCA OIpEeJeJeHH0e PABHOIIACHE MEy BLIBOZAMII,
KOTOPBIe MOIKHO C/IeIaTh HAa OCHOBAHMN PAIMOXHMITCCKIX JAHHBIX 110 CETCHILAM
00pazoBaHmsl MB0TOIOB JIEPKIX AJep IPU DHEPIUH HAJAIOMNX NPOTOHOB B He-
CROJABKO COT MILUUIHOHOB DIeKTPOHOBOJLT, ¥ BBIBOJAMHI, KOTOPBLIE CICHYIOT
13 PAcCMOTPEHIS MOJHBIX CeYeHHIT 00Pas0oBaHiA BCeX H30TOOB MPH: AAHHOM Z
dparmenta. [Tpuaniy aToro IpOTUBOPEUILA MOKHO HOHATH KAK M3MEeHEHHE OTHO-
CATEABHOIL OXI CTAOMIBHBIX MB0TOIOB CPCAH MCIYCKACMBIX B PaCIHCIIOHMX

6,cm?

TTTTTm
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Puc. 79. 3asmemmoctn cevenmii ofpasosanms  Na*? or
MacCOEOr0 umCJa s/Iep-MUIIeHeil 1P PA3JUYABIX HHep-
I'HAX ITPOTOHOB.

$parMeHToB ¢ M3MEHeHIeM MACCOBOTO uicia Munen. [leiicTBiHTeIbHO, eC 0T-
HOCHTEJIBHAS [0 CTaOMIBHEIX N30TONOB YBeJAHIIBACTCH ¢ pocToM A MUIIeHH,
T0 (TaK Kak OCHOBHAS yacTh GparMenToB, Kak OyAeT IMOKA3aHo jalee, ABJIACTCH
cTaOMIBLHEIMI U30TOMAME) MOYKET OKaB3aThCs, YTO LPU POCTE IMOIHOTO CEHeHMs
obpasopannst (ParMeHToB CYUIECTBYET HMajeHHe cedeHius 00pasoBaHIA pPajiuo-
AKTUBHBIX H30T010B. O0 H3MEHeHIN OTHOCHTeAHHOIT 0NN PABIHIHBIX HeHTPOHO-
HEJOCTATOYHKIX M HeilTPOHO-N30LITOYHBIX MB30TONOB ¢ U3MEeHeHHeM A Munenn
CBUJIETEBCTBY T, HAIIPUMep, Takoil aKT, Kak H3MEHEHIe OTHOIMeHIA CedeHiil
obpasosanma F'8 u Na*! ¢ nsmenennem A smmenn, Haiijennoe B padore Ha-
ONa

“ jas sagep Cu m

perro, Xymuca u Mpugaanzgepa [** #¥]: ormomenue "
Fll

Ag pasa B Tpu HIGKe, uUeM JUIA sjep TaKedee Au.
IIpusegendsie BBIIE JAHHBIE OTHOCATCS MEMHKOM K 00pasoBaHMI0 MHOTrO-
BapANHLIX YACTHI B PACHEIUICHMIX, BHIBHIBACMBIX OBICTPHIME ITPOTOHAMI.
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Komeumo, Mporosapsjusie YacTHIl BOSHIKAIOT I B PACHIEILICHNAX, BHIBLIBAC~
MBIX ¥ JAPYCUMH OBICTPBIMI YaCTAIAMII — ME30HAMII, HeliTpoHamm, eiiTpo-
HAMH ¥ T. J. — OpH jgocraTounoii ux smepruu. OpHAKO dKCIEPUMEHTAILHBIX
JIQHHBIX BJech IOJYYeHO BHAYATENHHO MEHBINEe. DOJBIIMHCTBO HMMEION{HXcs
JIAHHBIX YKasLBAeT Ha CXOJCTBO IPOTEKAHHA 00pazsoBaHHS MHOTO3apAIHBIX
gacTui| npu obryuennn syep yacTunamMu pasamanoii upupost. Turreprom [*],
n3ygas obpasosanme gparmenTon Li® mpu obuydenunm sMyabcunn HeilTpoHaMI
¢ sueprneii 150 MaB 1 nporonamm ¢ aueprueit 170 Map, mamesn nmpumepHo opn-
HAKOBYI0 BEPOSITHOCTL MX TOMABJIEHMA B 06oux caywsaax. [lasg pacimersrenwit,
BRIBEIBaeMLIX jteiirponami ¢ sueprueir 190 Mas n nporomamu ¢ sneprueit 340 Mas,
Paitrom ['?] Geurm maiigens: Gamskme ceuenmsi oOpasosammsa Li® ma spgpax
or Ne no Xe.

- Ceuenme ofpasopauns Qparmentos ¢ Z > 3 B pacueluienuax azep ¢oro-
OMYIbCUN, BHBHBAEMBHIX HeliTpoHaMm ¢ nambojiee BEpOATHOI dHeprueil
395 Mas, 6niro naiigero B patore Cuyroposa u I'puropsesa [4?]. Ono orasamoch
paBubiM (2.8 +1.4) + 10727 eMm ™2, uro 6AM3KO K CeUEHHO HA IpoToHax (puc. 75)

B pacmemenmax suep Ag n Br, BBIZBIBAEMBIX T-ME30HAMII ¢ dHepruei
750 MbB, BHIXOJ MHOTO3apAJHBIX wacTu ¢ Z > 3 HCCITNIOBATICH B paboTe
Buay un OJIIIBO[)d [°°]. OrHOCHTENBHAS BepoATHOCTH 00PA30BAHIA paCIIeILIe-
nuit ¢ gparmentaMm orasanach OaM3K0il K Toif, KoTopas Habiopasach sl
pacIenieHnii, BHBLBAGMBIX KocMmuecknmir Jgyuamu B amyabenn [2%]. Boaee
JIeTATBHO TpoTiece 00pa3oBaHA MHOTO3a PAHEIX YACTAIL /IS 7T *-Me30HOB ¢ 9He -
rieii 280 u 80 Mas Guur necaenosan Msanosoit m gpyruvn [ 752], Ceuenne o6pa-
30BAHNA MHOPOBAPAMAHLIX wacTAN ¢ Z _> 4 B pacmemnenuax sjep Ag, Br
B atux cayuasax pasmo (1.4+40.5) m (1.240.5) - 10727 cm® coorBeTCTBEHHO.
Rar u B pacmemrenusix, BLH3BHBAeMBIX HPOTOHAMI, 3/eCh HMEETCA TaKoe iKe
npeumyniecTsenioe otpasopauie (parMeHTOB BO MHOTOJYYEBLIX pacHierie-
nuax. Taxkum o6pasom, TpeGosanme GOABINOIL Iepeiayn dSHePTHH SIPY Jid oOpa-
30BaHMA (parmMeHTa B PACIIEIICHHN COXPAHSIETCSA BO BCEX CIydYasx.

2. IPHPOJA ®PATMEHTOB, OBPA3YVIOMIXCS B AMEPHBIX PACIHEIIEHIAX

Bompoc o pacmpgieneHnn MHOTO3apARHLIX YACTHI[, HCIYCKAGMEIX B sep-
HBEIX DACHIeIICHNAX, 110 MaceaM I 3apsjaM ABJIAETCH, K COKAJICHHI0, OFHHM
3 Haubosee IWI0X0 H3yueHHBIX. ONHON M3 MPHYMH HTOTO, IMOMHMO MATOCTH
cedeHnsT 00pa30BAHIA M3YyYaeMBIX MHOIO3apPAAHLIX YACTHI[, ABJIACTCA TO, ITO
CpeJiit M3BECTHEIX M30TONOB JCerKUX Sflep MMeeTCs 0YeHb MaJ0 H30TOMOB ¢ YH06-
HEIMM JiIsl M3MepeHus mepmojgami moaypacmaja (cpegum Goxee 40 mzoromosn
angep or Li go Na nx oxasmaercst scero 6). Kpome Toro, Bompoc o mpupope
(pparmenToB, 00pasylonmuxcs IPH PACIICIICHHN SAep, OCIO/KHACTCS TeM
00CTOATENECTBOM, YTO B IPUHIMNIEG MOJKET CYI[ECTBOBATH DPABIHIIE MEJKILY
HAOJIOIAeMBIME B OIBITE W HEMOCPEeICTBEHHO 00pasyeMbIMH B PacHeIIeHIH
MHOTO3aPAAHBIMII OCKROJKAMH. JTO pasimume MozkeT ObITh 00ycioBIeHO Iu0O0
onpezeIeHnM oTHOmeHneM n/p, nubo Goaboil sHepriuei Bo30y Krenns odpa-
syromnxes GparMeHToB, UpH KOTOPHIX parMeHT MO;KeT MMeTh OONBIIYIO Be-
POATHOCTH Paclajia ¢ HCIHYCKAHUEM HYKJIOHOB. B 4acTHOCTH, MOJKHO O7RMJATH
00pasoBaHUs B TAKHX SJEPHEIX DPACHICILICHUSX el(e HeM3BeCTHHIX H30TOMOB
nerxux spep. OpHaro Ipesje 4YeM AHAJIM3UPOBATL BO3MOKHEIC CBOHCTBA
00pazyeMeIX B pacuieIienusax (parMeHToB, PacCMOTPHM H3BECTHHIE CBOICTBA
HaOII0/|aeMbIX B OIBITe (JParMEHTOB.

006 orHOCHTENBHOIT BepoATHOCTH HAOMIOZEHUs (PPAarMEHTOB - ¢ pammtmmm
Z m A npu pacuiemIeHun saep HPOTOHAMIL MOKHO IOJNYYHTH HEKOTOPHE CBe-
Jenns npu pacemorpenmm Tadu. 33. Jlag HArIAZHOCTI PAJ JIAHHBIX IIpe-
crapied Ha puc. 80, 3 KOTOPOro MOKHO BUIETH OTHOCHTEABHLIE BEPOATHOCTH
oOpasoanua (parmentos or He® mo Na?! mpm pacmiemrennu sjep Mexn,
cepebpa u cunma. [las mceaegosannnix msoromos He®, Be?, C', N'3, F18
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u Na** maOmogaercsi BIOOTHE OUpeJedeHHASA BSaBHCHMOCTb JUIS OTHOCHTENb-
HOIT BEpOATHOCTH MX O0pa3oBAHMA, HE3aBHCUMO OT S/pa-MHIICHW: pe3koe
majieHne BeIXoza mpn mepexoje or Be? k N j“’ T 3aTeM YBEIHYeHNe BEIX0Ja mpU
nepexofe k F'® m Na®!. Ilockoabxy n1000ii M3 yrazaHHBIX 3]1eCh M30TOIOB
JlaeT JuIIb YacTh 00MIero BHIXOAA JAHHOTO 9JIeMEHTA IPH paciielIeHuH sapa,
3aBHCHMOCTH, HORoOHBIe m300pakeHHHIM Ha puc. 80, GyayT ImeaumkoMm olpe-
JeNATBCSA CBOMCTBAMM TeX HHIMBHAYATBHBIX WM30TONOB, KOTOpPHe GepyTcs
mst ux moctpoeHudA. IlosTomy Kpaiime BaskHo ObLIO GBI MMETh 3aBHCHMOCTD
OTHOCHTeJTbHBIX BepoATHOCTell 06PA30BAHMA PA3IUIHBIX DJICMEHTOB IIPH pac-
IeIVIeHN S7[pa, T. €. CYMMapHEIH BBHIXOJ (PparMeHTOB ¢ JAHHHEIM 3apsTOM.
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Puc. 80. 3apucumocts cedenmit 06paso- Punc. 81. 3apasnosoe pacupenenesne
BaHHA (pParMeHTOB OT HX aTOMHOTO (parMeHTOB IDH  DPaCIeIICHHH
Beca. sizep Ag m Br.

B macrosimee Bpems mopoGHAs 3aBHCHMOCTH JIOCTATOYHO XOPOIIO H3y4YeHa
JAING JUIA pacueiennii sjep Ag, Br ¢ moMombio MeTojia AIepHBIX MY IbCHI.

Ha pnc. 81 mpusejgeHs! umeomuecs JaHHBIC II0 3aBHCHMOCTH BHIXOAA
parmMenToB OT WX 3apfAga. OTH pacIpefeNeHusa I0JYy4eHbl B PasHoe. Bpems
M JUIs PAsHEIX DHEPTHIl majaomux gacTui, mpotomon ¢ sueprumeit 100, 660,
930, 6200 m 9000 Map [3% 39 54, 41, 36]

Bcee sremepumenTanbubie JaHHLE XOPOMIO OIMICHIBAIOTCS JKCHOHEHIIHAIb-
HOHl 3aBHCHMOCTBIO BHIXOja (pparmentoB ot sapsga. Ogens MHTEPECHO, 4TO
pasIuYusA MeKAY PpacIpefeJeHnsAMH, IMOJYYeHHLIMI UPH CHIBHO OTIHYAI0-
OUXCsA 9HEPTUsAX HIPOTOHOB, COBCEM He3HAYHTEJIbHBEC. Y KasaHHOe pacipejie-
aeHEe parMeHTOB IO 3apsjaMm, HailjleHHOe IPH IOMOIN SXePHBIX dDMYJIBLCHIl,
CYIIECTBEHHO OTINYAeTCSI OT 3aBHCHMOCTEIl BBIXO0B OTHEJBHLIX M30TOIOB
(taba. 33 m pue. 80). [{aa Toro 4ro0s yCTAHOBHTH HPHUYNHY YKAa3aHHOTO Pas-
amausg, HeoOXOMMMO MPOAHAJIM3NPOBATH JAHHLIE IO CEYCHHAM JUIA OCKOJIKOB
C OIpEJeMeHHBLIM 3apsA[0oM, T. €. JUIA BeCeil CyMMBI H30TOIOB IAHHOTO 3Jle-
MEHTA, ¥ [0 CeUYCHMAM JUIs OUpEe/IeIeHHBIX N30TONOB TIPH JIAHHOM Z DJIeMeHTa.

Wz papmoxmmmueckux padOT M3BECTHO, 4TO Cpefu (PparMeHToB, KOTOpHE
Ha0II0/[al0TCA IPH pACIH[CIUICHAN sjep OBLICTPHIMI YaCTHIIAMH, HMEITCA XO0-
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Taoanma 34

Cpanmn‘emmme JIAHHBIE II0 CCUYCHHAM oﬁpasonamm q)parmeuwon
C onpeaeaenHbIMu Z | ux H30TONOB

M:I‘hl B [auy.nb]cnh PapnoxnMudeckuii MeTol , Aapa Ag

Z E ceueHne, E uporonos, cevenne,
OCKOJIKA "Pi\);:):a. 102 cM? nsoron Mon 10— ont
% 350 100 Be? | 335 10 |18]
660 350 A e 1000 250 |20]

6 350 50 cit | 340 1.0 [2]
{ 460 100 AR 480 ~ 3.0 [27]

350 12 , 340 1.0 2]

9 { 460 TN e 420 1.6 [23]
660 40 l 1000 20 |20]

350 8 ~ 340 1.0 [2]

i1 { 460 12 Natros= { 480 ~ 3.0 |27
660 24 1000 30 [30]

POINO M3BECTHHIC B-aKTHBHLIC M30TOULL JETKUX sAJep KaK ¢ HeH{0CTATKOM HelT-
poroe (Be?, C*, F'8), rax u ¢ usGuirrom ueitrponos (Li%, Na*!, P%), n napectans
ceuenust ux obpasosanus. B paGorax, BHIIOIHEHHBIX METOHOM AIPHBIX DMYJIb-
cHil, TONYYCHB CBEJIEHNS O IOJHOM CeuYcHHN 00pasoBaHnd PpParMeHToB ¢ OIpe-
jeneHEBM 3apagom. Cpasmemnsie TexX M JAPYIHX JaHHBIX JUIS OIPEIETeHHBIX
Afep-MuIneneil 1 ONpejeieHHON 3HEepPrau MagalonuX YacTHIl] IO3BOJIAET cjie-
JaTh ONpejejeHHEe BAKIOYEHHA O Hpmpoje, T. e. orHomenumu Z/A Goab-
IMIHCTBA MHOTO3apAAHBIX vacTun. B maba. 34 npusopsaTcs BeINYMHBL cede-
Uil Jpist parmMenTon ¢ ompejedeHHsM Z npn obuyuenna Ag m Br nporomamu,
HaifjleHHBle 10 HaOdOAeHNsAM B sjpepuoil amyancmn [3°, 48], u ceuenma jas
HeKOTOPHIX H30TOMOB LN JAHHOM Z Ipm o0ay4eHun cepedpa M3 PajuoXHMH-
qeckux paGor ['% 2% 27 30, 2,201 Norg B HacToAmEee BpPeMs IPHXOJATCS
OTPAHAYHUBATHCA JUIIHb HECKOJbKIMH M30TONAMH JIs CPABHEHMS OTHOCHTEIh-
HEIX BEIX0J0B ()ParMeHTOB ¢ JaHHEIM Z Il OIPeeJeHHOTO H30TONA IPH 9TOM Z,
TeM He MeHee OTYeTAHMBO BBLIABIAETCA OfHA CYI[eCTBEHHAsS O0COOEHHOCTD,
a MMEHHO: IOJHOE CeueHne JIA MHOTO3apSAHBIX JaCTHIl P JaHHOM Z BO BCEX
caydasx 3HAYMTEIBHO GOJbIIe CeYeHMIl OTHAEAbHLIX PAJ{I0AKTHBHLIX H30TONOB
¢ aTHM e Z.

Pazimane 510 00ycaoBiaeHo TeMm, 4TO HOJHGIL BHIX0J (parMeHTOB € JaH-
HBIM 7 CKIAQBIBACTCA M3 CYMMBI BHIXOJOB HECKOJBKHX H30TOIOB, IIPHUEM
OCHOBHAS 9aCTh CEUCHMs IIPUXO/UTCSA Ha MB0TOLE, He PerucTpupyemMoie pajno-
XHMHYECKHAM METOMOM. JTHM YacTHYHO OOBSACHACTCA pasjimyie B pacmpeserae-
HIAX BHIXO0B H30TOLIOB M BHEIXOJOB BCEHl CyMMBI (parMeHTOB B 3aBHCHMOCTH
or uX Z nu A, KoTopoe ymomMmHAJIOCH BHIIe. ipome Toro, 00JbIIOe pasamdme
(or 10 o 50 pas) mONHOTO CeUeHHS sl MHOrO3apAAHEIX YACTHI[ C JAHHBIM Z
I CeYeHMUIl Ui MpUBeAeHusiX B Ta0a. 34 U30TOIOB IO3BOJACT CALIATH TaKAKe
BEIBOJ{ O HPECHMYINECTBEHHOM BBIXOJE M30TOIOB C OIPE/(eJCHHBIM OTHOIICHHEM
Z/A.

JleiicTBuTeIbHO, Gaarogaps MaJiOMy YHCIY BO3MOKHBIX H30TONOB JIETKHX
Afep Takoe OOJBIIOe pasiiyye CEYeHUit He 00BACHAETCH IPEANOIO0;KeHHeM
HPHMEPHO OJHHAKOBOIO BBHIXOJA BCEX BO3MOJKHBIX M30TONOB. Tak Kak yKa-
3aHHOE pasimyne 00bsICHACTCS HAIMYIeM H30TOIOB, KOTOPEIe He YJIaBIuBaIoTCs
PAJEOXHMITYCCKIMIL MeTOJ{aMI, TO dTUMH M30TOIAMH MOTYT OBITH OU€Hb KOPOT-
KoskHByIue m3oTomul (Takme, xak B'*, C'° F'7 m 1. x.), imbo cammxom 0~
roskaBymue (tarue, kak Be'?, C'Y), aubo c’ra6xnbnme unzoronst. [Ipnm pagmo-
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| XHMHUCCKHX HM3MEPEHHAX NPONCXOAUT B OCHOBHOM HOTepS CTaOMIBHBIX M
KOPOTKO/KUBYIIUX MB0TOIOB JELKUX ALEp, TaK KaK JOJTOKUBYIHX M30TOIOB
¢ HeyHOoOHBIMK JUIS HM3MEpEeHHs IepHojaMit moiaypacuaja oueHb Maixo. Tax,
JUIA paccMaTpHBAeMBIX B Talu. 34 JICTKHX Ajep TAKHX H30TONOB BCEro TPH:
Bel sy "N a#,

HopoTkosupyniiie M30TOMGI B IPHUMEPHO PABHOM YMCIE HAXOMATCH KAk
€O CTOPOMBI HEIITPOHHOTO M30LITKA, TAK M CO CTOPOILI HEHTPOHHOTO He/[0CTaTKA
OTHOCUTEIBHO CTAOMILHLIX m3oTomoB. Tarmm oOpaszom, moreps MoykeT OBITH
KaK 3a CcUeT MEePBLIX, TAK M 3a cyeT BTOPHIX dAxep. OpHAKO B JAHHOM cJiydae,
KOTJla pedb HjeT 0 KOPOTROKUBYIUX P-aKTHBHLIX MB0TOHAX, MBI MOjKeM Ha-
JIeATHCA MOJYYUTE CBEeHHst 00 UX OTHOCHTEeNBIOIT J(0de cpei BeeX dparmMen-
TOB N3 J@aHHLIX, MOJYYAEMBIX METOJOM SePHBIX aMyabenii. IIocRoIbRY 06KaHO
MESRY OOyuenueM SIepHBIX OMYJIBCHIl M UX HPOABIEHHeM IPOXOIHT TIPOMe-
MYTOK BPEMEHH HOPAJKA HECKOJBKNX YACOB, MOKHO O/RHIATH, 4TO P-pacmaf
OCTAHOBHBIMHXCA B OMYJIbCHH MHOTO3apPAAHBIX dvacTul[ OyjerT B3aperucrpu-
posaxm ¢ BeposTHOCTLIO 0K0x0 1. OpEaxo M3 JIAHHBIX, NOJYYeHHHX B pabo-
tax [3% 49] caenyer, uro GONBPIMMHCTBO MCIYCKAGMBIX B paciiellieHusx ¢par-
MEHTOB SABJSETCA YCTOMUMBBIM II0 OTHONIEHNIO. Kk P-pacuajny Qw.ﬁaueo—-l-@%—(
¢parmenroB ¢ Z = 4). WL Memee §0¢s

B psjge paGor 61.ma olpejleiena OTHOCHTEABHAA BePOATHOCTD obpaszopammsi
Li® epepn Beex nzoronos anrus. Ona okasajgach BEINUTHOI BCETO B HECKOIBKO
npouenron [ %], Coornomenme wusoromon Jjunrusa — Li% : Li? : Li%, — o
Heiitay [°%], wpmmepuo pasmo 0.55 : 0.41 : 0.043.

Kpome Toro0, MMeOTCA JaHHBE 10 OTHOCHTEJABLHON BEPOATHOCTI Hadioe-
s Tpex mzobap Li®, Be® u B® npu pacmemnenmu sgep Ag, Br B spepuoit
omyasenn [°Y]. Bepoarnocrs mabumojenus msobapa Be® oxassiBaercs Brime,
uyem msoGapa Li® uw B®, xora obmuit srixoy ¢parventon ¢ sapsagom 3 Goabiue,
4yeM BBIXOj ¢parmenton ¢ 3apsuom 4. Takum oOpasom, ecii CyAuTh MO peru-
CTPUPYEMEIM B ONLITe (PATMEHTAM, TO MOKHO 3aKIIOUNTL, YTO ¢ HAUOOJNBHINM
BBIXOJIOM HaOII0fal0Tes yeToliunpsie M30ToNEl ¢ otHomennem Z/A=0.5 B 06-
JACTH CAMBIX JIerKUX sjiep.

Pacemorpiny, Kpome TOro, COOTHOHICHUE BHIXOJ0B PAa3IUYHLIX M30TOLNOB
OJ(HOTO 9aJeMenTa, HAGIIONACMBIX IPI PACHICIUICHUN ONpeeJeHHubiX sjep.
Tarnx gamppix B HACTOAMEE BPEMS eMle OYeHb Malio, il OTHOCATCH OHU B OCHOB-
HOM K CpaBHHTeJNBLHO TsyKennM ¢parmentam. B paGore Boangranra m ppy-
rax [*2] mmerorcsa paumBle mo cedenmaM obpasosanusi mzoronos Na m P mpu
sHeprusax mporonos Goabime 1 Bas. Torma kar msoronsr Na*? m Na*! ofpa-
3YI0TCA IPHMEPHO ¢ PaBHLIMI BhIXojgamu, msoron P? ofpasyercsa Bo Bceex
cIydasx ¢ ropasno Ooxnmieil BeposTHOCTHIO, ueMm maorom P32, Ecan cupasepn-
JIMBO HIPEJIOIOsKeHe, YT0 00pasyoTes NpPenMymecTBeHno crabuibubie M30-
Tomsr, T. e. Na2® m P3, 1o B mepsom caywae Na*? u Na?? paxojarcsa mo pasusie
CTOPOHEL OT JUHUM cTaduIbHOCTH, a BO BTropoM — P* m P? 1o omuy cropony
or guEUE crabmiabHocTH. Dosbnias pasHuma Me:Ruy cedenmavm juist P9 n
P33 Mojker TOBOPHTH O CHABHOM clajge B o0xacTH HeiiTpoHO-M30RITOYHBIX
anep. Braixoxsr Na?? m Na®? moryT 06116 G Ipyr K APYry IpH CUMMETPHY-
HOM XapakTepe BSaBUCHMOCTH CeYeHHS 00pasoBaHms OT MAacCOBOTO YHCIa
(¢parmenra.

Bomee perambHo K HACTOAIEMY BpPeMEHN IICCIeIOBAHK cedeHusa 00paso-
BAHAA MB0TONOB B 00JACTH MACCOBLIX Yicea 58—48 mpm pacmierienum spep
CBUHIIA T ypaHa Ioj [eiicTBHeM mporonon ¢ sueprueii 3 Bas [?7]. Ha puc. 82
II0OKA3aHO pacupejeseniie cedyeHuii o0pazoBaHysi IPU PACHIEINIEHUN CBUHIA
usydennsix uszoronon Cl, K, Ca, Sc B sasumcuMocT 0T PacCTOAHIA OT JMHHAK
crabmiapnoctn (Z—Z4). Makcumym KpuBoil pacmpejenenus uso0ap OKash-
Baercs upn Z=2Z,, npuuem sHadeHusa Z, 6nun s3aTe us paborst Kopuemal®8],
oJHaKO OBLIO IIOKABAHO, YTO M HECKOJABLKO ApYrHe sHAuYeHHs Z, MUPHBOJAT
K KPHBEIM Toil ke opmer. B ciayuae pacmiemienuii siiep ypama pacupejene-
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Hue TeX jKe AAepP-IPOJAYKTOB Io IKaixe Z—Z, HoiXydaeTcs HecKoldbKo Oouee
MUIPOKHUM M HMeeT MAKCHMMyM B oxpectHocTn Z—Zr=—1, 1. e. ¢ HeliTpoHO-
W30LITOYHOIT  CTOPOHEL.

B patore Haperro m ppyrux [2°] nmpusojsArcs COOTHONCHWUS BHIXOJOB
uzoronos Na®?/F'® juis pasanympix MuUmeHeil ¥ pasinYHLIX DHEPLHUil JacTHIL.
B GonpmmHCTBE CiydaeB OTHOINEHNE Ona2%/op!® orasniBaercs BeauHHOIl
Goapme exummist (0T 2 710 8). 910 coBnagaer ¢ gaHHBMI M pyrux paGor [2% #2].
B patore [*°] aBropsr paccmarpuBaioT JaHHBLL GaKT Kak yrasamie ma Ipe-
nMyIecTBenHoe o0pasopanne HeilTPoHO-M30BITOYHEIX M30TOINOB JErKHX sjep
B pacmeIvIeHHAX M 3areM Ha OOIBIIYI0 BEpoATHOCTH obpasopanusa @par-
MenToB ¢ sapsagom Z=11, wem ¢parmenrtor ¢ Z=9. Oxnaxo Bume ysike roBo-
PUIOCH, UTO HKCMEPUMEHTAILHEC JAHHBIC,
HOJYUYeHHBIC TIPH ITOMOIM METOHA sI{@PHBIX [- i
AOMYJbCHII, IPHUBOJAT K BHEOZAM O CTa- PRy A ]
OmapHOCTH (PArMEHTOB M YMEHBLIIGHHII BEHI- 20+ A 42/ \ gptttm
Xoja ¢ yBesmgenveM 2apsja Qparmenra. LAy
JlanHoe pacxosrjenne MoskeT OHTH 00ycios- . o< Lftwse? y
JTeno ommOkamm o0OMX METO/0B, HO ecam 75| /
AeliCTBHTEIBHO CYIECTBYET TAKOe pasiudime & cl
MeJRIY ceueHmaMu oOpasopamus Na%t u F18 3
u ceuenmsaMit  oOpasoBamms (parMenToB S
¢ Z=11 n Z=9, 10 omO Moriao OB OHITH L‘l"yy \
obbsacEeno Tem, uro Na* u F'8 cocrasisior / \
pasuiyHEe O OT BceX ¢parMeHTOB
¢ Z=11 n Z=9 cooTBEeTCTBEHHO, IpPHIEM SN
otHOCHTeNbHIT BBIX0 F'® cpemu parmen- ! : g :
TOB ¢ Z=9 3HAUMTEIBHO HUZKE, YeM OTHOCH- <2 -1 0 7 2
rexpHbll  BEXof Na*! cpemt ¢pardenTos Z-2,

Ciadi=Ad .

OTHomienne YncIa HEHTPOHOB K 9YNCIY o ol S aguConeHL CoNgh N

obpasosannus nsoronos Sc, Cl, Ca,
IIPOTOHOB (n/p) B Aapax Ag' un Br cocras- K mpm pacmenienn sAjep CBHHILA
asger orono 1.3. Orwomenmne n/p s ¢ra-  OTHOCHTEBIO JMHAN CTAGHILIOCTH.
OMJIBHBIX W30TOIOB JIEIKHX sIfiep HAXOIUTCH -
B mpexgenax or 1 gmo 1.25. OOpasoBamme B AEPHHIX pacmiervie-
HIAX -(hparMeHToB ¢ TeM jKe OTHOUIeHHeM n/p, Kak Yy HCXOJHOTO sjpa,
MOINIO OBl WPHBOMUTH K IOABICHWIO B OOJBIINICTBE CIYy4aeB HECTAOMIBHELIX
W30TOIOB ¢ HeDOJBINM H30LITKOM HeiTpoHoB (0T OAHOrO 70 ABYX), Tak Kak
TPYAHO Ougarb O00JAbBIIYyI0 HEHTPOHHYI0 H30HITOYHOCTH y (pParMeHToB, UeM
Yy MCXOMHOTO Spa.

B cayuae, ecmr Onr dparmMeHTH 00JaNaJI HOCTATOUHOI OHEPTHEl BO3-
OyIeHnsa Ui HeHapeHns HYKIOHOB, IOJ00Hoe McHapenue MOriao Onl mpu-
BOJMTH K HaOXI0JaeMBIM B ONbITEe CTAOMIBHBIM MB30TOMAaM. A Tak Kak BpeM#A
JREBHI 110 OTHOINGHIIO K TAKOMY pacuajy ompejenenHo menpie yem 1071 cex.,
TO B OTOM CJydae MHOTO3apsyHble YACTHIEI He OyAyT OCTaBISITH BUJMMOIO
clIefia B OMYJLCUII IePej PACIIa0M, YTO COTJIACYeTCS C TeM, 4To HabaioaeMue
MHOTO3apsAAHbIe (PArMeHTH, OCTABJIAIOINEG CJIeJAL B OMYJILCHU, YCTOIINBLI
10 OTHONICHWIO K BMHCCHM TsuKeJasX dacTui (p uau o). OgHaro MoHO Ioja-
raTh, YTO B HMBBECTHOM THCJIE CAydaeB MCIycKaeMble M3 syiep gparMentsi He
001aauT CKOJIbKO-HHOY/b 3HAYATENBHOIT dHeprueil BosOy:ruenns. [leiicTen-
' TeIbHO, Hagmuyme cpegn GParMeHToB TAKUX HEHTPOHO-M30LITOYHEIX H30TOIOB,
rar Li®, mewmocpejcrBeHHO CBUgETEALCTBYET 00 OTCYTCTBUH Yy (parMenTa
JHEPTHH BO30Y/KeHNsI, TaK KaK B IPOTHBHOM CJIydYae HEeBO3MOKHO ObuIO Obr
nx Habaoxenue (yposeus 2.28 Mop y Li® mecrabiien 1mo OTHONIEHHMIO K DMIC-
CHII HeHTpOHA).

CymecTBoBanme cpejnm NpoaykToB pacmemienns musoronos BS m N 1o
T0I jKe. NPHYMHE TAKe CBHJCTENLCTBYET 0 MAIOM BO30Y/KICHUN MCITYCKAEMBIX
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¢parmenTon. Taxun o0pazom, MBI HMeeM, ¢ OJ(HOI CTOPOHEL, GOJbITOe Ipeolia-
nanpe cTaOMIBHHIX IB0TOIOB Cpe/i HAOIIOAeMbIX B OILITe (parMenTtosn,
a ¢ JIPyroii, — CBHJETEJBLCTBO B IIOJIb3Y MaJoil sHEPrHMH Bo30yskjeHus ¢par-
MEHTOB IIPM MX NenyckKanun s sjpa. OTcioja MOKHO CHAeNaTh BHIBOL O CTa-
OMIBHOCTI MCIYCKAEMEIX B PACIIECIICHNAX (JPArMeHToB, HpPUYeM 9Ta cTaOHIb-
HOCTh ABIAETCH, HO-BHAMMOMY, OJIHOI I3 XapaKTepHCTHK Ipoiecca ¢par-
MEHTATQIM.

Omuaxo HeoOXOMIMO BaMeTHTH, YTO MHOIJA (pParMeHT MCHyCKAaeTcs H3
Afpa ¢ JOCTATOYHOIl sHeprmeil Bos3Oy;kmeHHs, dYToOK OLITH HEYCTONYMBHIM
K pacmajgy Ha cocrapigiongie ero vactuinpl. Ciayuay McOycKamms M3 sjep
Bo30y;keHHEIX parmento BY, C'? um O, mperepmeBaiomux pacuajg HA O-
uvacTHIlbl, IpuBoxpsrcsa B pabore Ileprunca [8]. IlomoGrue ciyuaum oGpaso-
BaHNA B AJEPHHX PaCHCINICHUAX BO30Y/KICHHLIX (PArMeHToB sBIAIOTCH,
Kak cliefiyeT u3 paboT, BHIIOJHEHHBIX ¢ HOMOIBIO METO/A AACPHBIX BMYJIbLCHIl,
cpaBHMTENBHO perkumu. TaxknmMm o6pasoM, MOKHO CUNTATh, YTO W3BECTHEHIE
cpoiicTBa HA0MI0OJ@eMBIX IPH DPACIIEIUICHHN SIjiep MHOTO3aPAAHBIX YacTuI —
X pacupefieleHie II0 3apsAjy M Macce, UX JHepPrusa Boa30ys;KIeHUA — MOTYT
OBITH IICHOJB30BAHBL JUIA XapPAKTePHCTHRI CAMOT0  Ipoiecca 00pas3oBaHus
MHOTO3aPSAHBIX YACTHII.

Murepecio otsmernTs, WTO NPH HHEPTHN HAAIONIX dYacTHI[ OoJblie He-
CKOJBRIX MIIJIHAPAOB DIEKTPOHOBOJLT cpeju (parMeHToB, 00pasyomuxcsda
OpH pacuieIVieHnn A7ep, NOABIAeTCH 0C0ObIIl BIJ HeCTAOMILHAIX ()parsenToB—
runep@parMenTs, IpecTaBisionme co0oil o0puHbIC (pParMeHTH, BHYTPH
KOTOPLIX B CBABAHHOM COCTOAHHH Haxomurcsa A vacruna. llpm smeprum npo-
Tonon 9 Bop rumepdparsentst cocrasiasior upumepuo 0.3% or mesamoro gucia
dparmenToB ¢ Z > 4.

Kax yme ormeuasoch, sapsjoBoe pacupejesieniie (parMeHToB IpPH pac-
menytenmy sigep Ag u Br okaspiBaeTcs He3aBUCHIMM OT SHEPTMM HaJalomux
JacTHI[ B IMPoKoil obsactm sHepruii. B To ke BpeMsa Xopomo M3BECTHO,
YTO MHOTHE JIpyrile XaparkrepHceruku ¢parvenTanui (ceuenme, yrioBoe pac-
npejieenue, MHOKECTBEHHOCTD) ABJIAIOTCA (yHKHueil osmeprmum OGomOappu-
PYIOINX YacTHI. ‘

B paGore [°*] Bompoc o cBsA3M 3aps0BOr0 pacipejieieHns (HparMeHTos
¢ KOHKPETHEIMII YCIOBHAMN MX 00pasoBanusa OblI IOJBEPTHYT ClIENHAIBHOMY
MCCIAeI0BAHAI0, KOTOpPOe NMOKAa3alo, 4TO 3apsjioBhle pacupepeeHys (parmven-
TOB MPAKTHYECKN COBIajaior: 1) B pacmemiennsax ¢ Mauxoii M (oxbmoil mepe-
JaBaeMoil pHeprHeil sAPY B COYAAPEHHMM ¢ wvacTumeil, 2) JyiA PasINIHBIX
HanpapieHyil ICOyCKaHmA (ParMeHToB 110 OTHOUIEHNIO K IIajalomeMy Ipo-
TOMY, 3) NPH PAsIHIHOM uucie GparMenton ¢ Z > 4 B OJNOM DACHIeILICHIIH.
B cBere smiX pesyabTaTon CTAHOBUTCH LOHATHOI HE3aBMCHMOCTH 3aPAA0BOTO
pacmpejiesieHus (parMeHTOB OT HHEPIHU NAJIAIOIIX YacTHIl, TAK KaK ¢ HM3Me-
HeHNeM WX DHEePIHH IPOUCXOJAT KAk pas TaKkue M3MCHEHHA IIpoliecca pac-
memrenns (M3MeHeHNe OTHOCHTENBHOH Joanm OoJbMIUX Hepejady 9HEPTUH,
M3MeHeHWe YIJOBOTO pacupejlellenus (parMeHToB I IIX CpejHero 9mcia),
0T KOTOPHIX 3apAjoBoe pacupejiellenne (parMenTon He 3aBHCHT.

§ 3. QHEPTETHYECKOE PACHPEJEJEHHE ®PATMEHTOB

HauGonpimee KoamyecTBO SKCIEPUMEHTANBHBIX CBefenuii o0 SHepreTH-
YECKOM pacmpejieleHnn 00pasyoIuXcs B sJEPHBEX PaCIieIUIeHHAX MHOTO-
3apAMHBIX YACTHI[ TOJAYYEHO K HACTOANEMY BPEeMeHH IIPH IIOMOI[M MeTOJa
AAEPHBIX DMYJBLCHIl, T. €. TJIAaBHBIM 00PAa30M JUIA CJIydas PaciieIUIeHHil sjep
Ag u Br. U3 pabor [3% 4L 43, 60, 61, 44, 55] y3gecTHO, UTO HE3ABHCHMO OT
sapsja o0pasylomuxcs MHOTOBAPAMAHBIX HYACTHI[ HX 3HEPreTHYecKoe pac-
IpejieleHne XapaKTepuayercs HajawdueM (ParMeHTOB ¢ DHePrHsAMHI KaK 3Ha-
9UTEJABHO BHIIE, TAK W HHKe HOMHHAJBHOTO KyJIoHOBCKoro Gaphepa. Ilpm
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3TOM HpPeHMymiecTBeHHoe oOpasoBanme (parsMeHTOB IPOMCXOUT C HEPTHAMU
BOJIHBE HOMHHAIBHOTO KYJIOHOBCKOTo Gapwhepa szupa. Ha puc. 83 upusejeno
sHeprerTmyeckoe pacupejencnue ¢parmentos Li®, momyuemnoe B patore [°°].
[Torasaummoe sHepreTHIecKoe pacipesieieHle OTHOCHTCSA K CIYYal0 paciieIuie-
mmit simep Ag u DBr.

CymecrBoBanne MmHOrosapsjy- WV
HBIX 4YacTHI[ ¢ dHeprueit mmoro 20t
GoupIIell DHEPINH KYJIOHOBCKOTO
OTTAJIRHBAHN HEOJAHOKPATHO OT- 7Jf
MEYAJIOCH elle paHbile IIPH HC-
CJEOBAHUHM pacuieniaenuii, cos- 70} /
JlaRaeMBIX  KOCMUYECKMMM  JIy-
yaym [9710 38 2] Busox o cy- SF |
IeCTBOBAHUM TakHX Hajbapbep- / \’\n\‘\’\'_‘
HBIX MHOTO8APs/{HBIX YACTHI] OBbLJI e S R
CJleIaH M NP1 M3YYCHHH BTOPHY- 0 20 30 40 530 60 70 80 90 Msb
HEIX AEPHBIX Peakmmii mpu Oom-

JappupoBke MuIIeHNM mnporoHamm Pme. 83. OImepremimueckoe paciipejierenie L1
Goxpmmux smepruii [18 46 3], Ipn npu pacmensemnt ajep Ag, Br.
obiydenyut psapa saementos (Cu, Tpuear = PACAET U0 S TOOPRRERCHADCHILL

Sn, Pb) maiimessr pearkmum 00-

pasoBaHHs M30TONOB, NPEBLIIAIONX II0 3apsAAYy Ha 3 M 4 eUMHHIEI 3apsijl
spa-mumenn. IlosBiaenne TaKMX M30TOMOB MOKHO OOBACHUTH TOJIBKO BTO-
PHYHBIMA PEARIAMI MCXOJHBIX sif[ep-MUIleHeil ¢ BO3HHRAWINEME B pac-
IMeIieHnAX @parMentaMy ¢ 3apajgoM Z=3 u 4, UMEOmMUMH DHEPrHH 3HA-
YNTEABHO OO0Iblle SHEPrHM KYJOHOBCKOro Oaphepa WCXOAHOTO Ajpa.

Hamxmune mmorosapsapgubix vactun, ¢ 2 > Fiy; s#ABIserca ofHOil M3

nanfosiee MHTEPeCHHIX ocobeHHocTeil IMpomecca ux obOpasosamusi. llpm yse-

OMYCHUM  BHEePIuH  IAJaioiX

YaCcTHI|, BHI3LIBAIOINX pacHierie-

HUSA, 3JHEpreTMYecKoe pacipeje-

JeHne BO3HIKAONIX MHOTO3a-

= © PANHBIX YACTHI[ MEHAETCA B 0C-

HOBHOM 2a CYeT YBeJIYeHHA

OTHOCHTEJILHOH JIOJH YaCTHI[ ¢

RN E > Eyy;. HauGoxee BepositHas

jKe DHePrisA (hParmMeHTOB OCTALTCS!
OIHOM ¥ TOi sKe.

Ha puc. 84 mpusejienst Io-
aydennsie Hartkosnim [44] smep-
reTHYeCKHe pacipejeneHnsa gpar-
menroB Li%, oOpasyemmx mpu
- 4 v B3aNMOJIeiICTBHH  IIPOTOHOB €
Ele e sy yo I e s g sy smeprueit 2.2 Bas ¢ sjgpamu Al,
¢ 20 4 60 60 100 120M38 Cu, Ag, Au u U. Kak Bugao us

PHUCYHKA, IIOJOKEHIe MaKCHMyMa
Prc. 84. Omeprermueckme pacmpepenenns Li®  9HEpPreTMIecKoro pacnpejieleHHsA
Ul paSAMYHEIX sAjlep DI DHEPrHH NpPOTOHOB  (parmenToB Li®, mecmyckaembix 13
2.2 Bas. agep Ag, Au u U, xopomo
COBIIaJIaeT €O 3HaJeHUmeM 9f-

@eKTEBHOTO KYJIOHOBCKOro Oapbepa, ompejiejennoro mo gopmyie

$

N
40

20

S o8 &Y o838

paiadee
L+ 1000
2 Z1Zyer . = -
rae Vo=p m ; To=1.4-10""% cM; p— nponunaemocts Oapbepa.
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B o ke Bpema omeprermueckmit cnextp ¢gparmenton Li¥, nenyckaemwix
npn pacmenienun sigep Cu, cmiupHo caBuHyT B 00JacTh G0JBINIIX BHEPTUil.
Martnueckn. cnexrp dparmenron Li® ua mepu (Z = 29) naxopures B obnacru
Ooapmnx smepruii, wem cnextp Li® nz cepedpa (Z =4T), uro npencrasaser
HACTOJABKO 00JBUIYI0 aHOMAJMIO, UYTO Tpedyer JanabHelnmx Icc/ie/1oBaHnii.
HaTepecso oTMETHTH, YTO NWOJOKEHHE MaKCUMyMa OHEPFeTHUECKOTO pac-
npejenenns ¢Qparmentos Li%, umenymemnnwnix m3z ypama, ykassiBaer Ha TO,
970 HE MOKeT OHTHh CKOJBKO-HHOYIH BHAUNTEJBHOrO BKJIAJA OT HCHyCKa-
A Li® 13 Bo30yskjieHHEIX OCKOJKOB jleJieHusi, a (parMenTh HCMYCKAITCs
HENOCPEJICTBEHHO N3 fjep ypana.

B obaactn smepruit dparmMeHToB O0KOX0 dHeprun dHHERTHBHOTO KO-
HOBCKOTO 6apbepa IIX JSHepreTnyecroe pacnpenoncmm JUTH d)paPMCHTOB
¢ HeGOABMIIMI 3apAAaMI YAOBJICTBOPUTEILHO ONICHIBACTCS TePMOJMHAMNI-
geckoil (opmynoii npomecca menapenus (cM. riasy 3):

E—V ( E—V
N dE = ————exp|————+— :
N (E) -3 exp T dE
C yuerom nepeHocHONl CKOpPOCTH HCHAPAIOMErocs sjapa, KOTOpas Maja
0 CPaBHEHHI0 €O CKOPOCTAMNI UCHYCKAEMBIX YacTHUI[, JHEPreTHYeCKIl
crnerTp B aaboparopmoii cucreme MPHOMIGKCHHO BBIpasKaeTcst (Gopmyioi

N(Ey=gpr (1 —e@ @t b4 1))

nag V—2mV) 20 < E<V 4 @2mV)"y;
N (B) =gz (€& (@—b4-1) —e@d (a4 b4-1) )
‘nan E>V 4 (2mV)"o,

Tjie ¥ — CKOPOCTH HCHAPAOMErocs sjpa; £ — KHHeTHYecKasg dHePrisa YacTuil
" B nabopaTopHOU cHeTeMme.

BE—V @2mE)"v
a=_T_ ) b :———T— y
V — apdexTuBumit KyaoHoBckmit Oapbep; 1' — Temumeparypa sjapa; m —
Macca MCHYIEHHOU YaCTHITHL.

IIpn  cpaBmenyii ¢ OSRCIEPMMCHTAJNBHLIME J@HHGIMH mapamerpsr 7', V
I ¥ pPaccMATpPHBAITCA KAK HEKOTOPHIe YCPe[HEeHHBIe 3HAYeHUH, IOCKOIBRY
IenycKanme (GparMeHTos IIPOMCXOMUT W3 sjAep, IMOJIydJaioniix DasHylo sHep-
THIO BO30OY:KIeHIA.

IIpn mopbope TemmepaTypnl i Pa3yMHEIX 3HadYeHnil V M » MOMKHO
TOJAYYNTE Y/OBIACTBOPUTEIBHOE COBIQEHNE PACYETHBIX I AKCIEPHMEeHTAIb-
nerx gammeix. OfHAKO HoydaeMoe IIPH 9TOM 3HAaYedne TeMIepaTypLl 4acTo
TIPeBLIIIaeT SHEPIHI0 CBA3H HYKIOHOB B fpe M CTAHOBHTCA HePeaJlbHEIM
¢ (usmgeckoii Toukn spenma. Tar, B paGorax [®% 6% 7°] yraseiBaerca, dTO
IPH 3HAYEHHH IepeHocHOH ckopoctun oroio v=0.02 ¢ (¢ — ckopocTh cBera)
M BeJIuNHe KYJI0HOBCKOro Oapbepa B obmactm 6 — 9 Mss jaa monydeHms
COIVIACHA ME:KAY OKCIHePUMEHTATIBHBIME ~1 PACYETHRIMII DHEPreTHIeCKIMIT
cIeKTpaMu (GparMeHToB JHTHS TpeOyercsa NPefHoIosKenne O BeJIdiHe TeM-
neparypst 12 — 15 Mas. -

OcHoBHOIt TPYJHOCTEI0 B OOBACHEHMI HAOIOZAEMBIX JHEPreTMIeCKIX
pacupejie/ieHMii KaK YHCTO MCIAPHTeABHHX CIEKTPOB ABIAAETCA OOXbIIALd
mupHna Habimiogaemuix crmexrpos. Har Oburo mokasamo B padore Copen-
cena [°°], muraxne papumamun Bexnynn V I v He HIPHBOJAT K GOJAbBIION MIpUHe
aHepreTnyeckoro cuekrpa. Popma cmexkTpa, a B 0COOEHHOCTH ero IMMpHHA,
onpesexasierca B ocHoBHoM 3HaveHmeMm 7. Ilockompry moaywatommecs 3smHa-
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yenna 1' HACTOJNBKO BBICOKH, YTO JUIA HUX CTAHOBATCA HE3aKOHHOI TEOPIA
nenapeHud, eHHCTBeHHAA BO3MO;KHOCTH COXPAHNTL ONMCAHHYIO TEPMOJHHA-
MHYECKYI0O MHTePIpPeTanuio SHepPreTHYecKUX CIERTPOB — 9TO HCKIIOUHTH BEI-
corute spavenus 7' npm oObscHeHMH OOJBIION MIMPHHBI CHEKTPOB. I3 pamMrax
CYLIECTBYIONIEH Teopum MNCHapeHns
9TOT0 MOKHO B IIPHHIUIE JOCTHYD Nt
asyma myrsimu: 1) ymersmuts 7' 3a
cuer CHMJIBHOTO yBeJuueHms v um 2) i
OPE/OA0MKNTE CHIAbBHbIC H3MeHeHHA g5l
daprepa V B mpomecce ucmape- -
HUs A7ipa, TOIJd DHEPIeTHYeCKOe
pacupesienenne Oyner pesyabTaToM
HepeKpPuBAHIA OOJNBIIOT0 YicHa ya-
KUX pacupejeeniii, cooTBeTCTBYIO-
mMUX HU3KNUM 3Havenusm 7', cuBu-
HYTHIX JIDYI' OTHOCHTEJBHO JApyra ;
,,
1o l(l)ma.ne E. 0 75 50 75 200
JAHAKO TIepBoe IIPeAnoJoskenne Mab

NPUBOAMT K NPOTHBOPEUHAM € YIJIO-
BLIMI  pacnpejiesenusmu  ¢gparmen- Puc. 85. dneprermueckne pacupepesenns Li®
TOB, 4 BTOPOE NPHBOAMT K BHBOAY » pacmennemm:;"(;pl?anjl?lsx;)]n nepejaraeMoit
0 3aBHCHMOCTHM  DHEPIreTHYecKoro _ gm0

1 — T<N<K19;, 2 — N>20; N — uncjio «ucnapu-
CIICKTpa (f)pi}‘I‘nleHTOB oT DHeprum, TEJIBHLIX» YACTHI] B pacuierienny,
nepejgagaemMoit Axpy, 4T0 B OILITE
ne mabmopaercs (pue. 85).

Tawum oOpasom, mabiaioaeMuie dHEPreTHYECKHNE CIERTPHL (parMeHTos,
GOPMANBHO JOCTATOTHO XOPOIIO OMIICHIBAGMBIC B M3BECTHOI 00JacTil dHEPIUil
HenapuTeabnoit GopMyaoii, B eiiCTBUTEILHOCTH He MOTYT CHHTATHCA 00yCIOB-
JeHHBIMM IIpolieccoM ¥cumapenmsi. VmeioTcsa m mpsAMBe OTCTYIIeHHA OT pac-
HpeJIe/IeHNsI, JIaBaeMoro MeIapuTeJbHOil QOpMyIoil Kak B 00JaCTH MAJbIX

N
1009 3 *é\
*' He
iy \‘?\5 \
700 E_ \{,\6 :‘\(3 =
t 1L’
j ? B
0t : \'{ ‘{\
1 L 1 1 1 1 1 A J. ! Al 1 1 5 3 & A L e i
60 60 100 IZ_O Maf 60 80 100 120 M3

Puc. 86. Dmeprermueckme pacupejeieHus (parMenTon
Li, Be n B npu sueprusax Gosinme 50 Moas.

sHeprnii ¢parmentoB (£ < Fyy, ), Tak M B 00lacTH dHEPIUil, 3HAYHTE]HHO
NPEBHINAIMX JHEPTH0 KYJ0HOBCKOTO oTraakmpamms. Dopma sHeprern-
MeCKOI0 CHeKTpa s gparmMentos autus B obmxactu £ >> Fyy, , IO TaHHBIM
Mexepona [°%], onmcniBaeTcs 3aBUCHMMOCTBIO BIJA

N (E)dE = const E7"dE,
rme 1 <mn< 2.
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Ha pmc. 86 mpusemeno smeprermueckoe pacmpesiesienie ¢parsentos Li,
Be n B npn sneprusx Goasme 50 Mos [*°]. TlogoOmas e aKCIOHEHIMAIBHA S
gopma omeprermueckoro cmextpa ¢QparmentoB Li momyuema B paGore [5¢).

§ 4. YIVIOBOE PACHPEJIEJIEHHE ®PATMEHTOB

YrioBoe pachpesiesieHne MHOTO3aPAAHBIX YACTHI{ B SIEPHHX paciiee-
HUAX SABJISACTCA XapaKTePHCTHROIl, KOTOPAsA CYIMECTBEHHO BJHMsACT HA TEOpe-
THYECKOe MCToNKOBaHme mponecca. Hak Obuio moxasano eme Ileprmacom [28],
npu N3y4YcHMI pacm;en.rxelmﬁ, CO3JaBaeMbIX KOCMHYECKMMII Jydamu, yriaoBoe
pacmpeyiesieAne MHOTO3aPAAHBIX YACTHI[ AHH30TPOIHO OTHOCHTCIBHO HATpaB-
JEHIA IIagaiomnx 4YacTwuil, Impu4dyeM CTCEIeHb aHM30TPOIINH CyumieCTBeHHO 3a-
BHCHT OT CKOPOCTH (hParMeHnTos.

YrioBoe pacHpejeseHne MHOTO3apAMHHIX dactun ¢ Z >4 u ¢ Z > 3,
BOSBHUKAIUX mpu pacmemieniax sgep Ag m Br, usyuamocsr B Goabmom

76

W B O NS
T

Tl oot oo
100 1000 10009

Ep,M3b
Pme. 87. YraoBoe pacupeje- Pune. 88. 3asmenmocrts
Jenne parMentos ¢ Z >4 npu F/B ot ameprum IpoTo-
pacmemnenun agep Ag, Br. HOB i (parMenton
c Z>4.

OHeprusA npoTonos: 1 — 100 Mos;
2 — 660 MaB; 3 — 9 Dbas.

anciae pabor. Ha pue. 87 mpusejeno yriosoe pacipejesieEne MHOT03aPALHBIX
gacTuiy B JgabopaTopHoil cmereme KoopjmHAT mpu sHeprmm mporoHos 100,
660 Mss 1 9 Bos. Kak BujgHo M3 pHCYHKA, IIPH yBeANWYEHIN DHEPTHH IAaalo-
IUX YacTHI[ YIVIOBOe pacmpejiesenue (parMeHToB CTAHOBHTCA (ojiee M30TPOII-
HBM. IT0T (aKT XOpomo WLICTpupyercs puc. 88, Ha KOTOpPOM TOKa3aHa
3aBICHMOCTD OTHOIIGHNs 9YHCeJX (HPArMEHTOB, HCIYCKAEMBIX B IEpPEIHION M
3aJIHI0I0 IOJycdhepsl OTHOCHTEIBHO HANpPABICHAA Hagaomero mporona (F/B),
OT PHepPrum majaommx uporoHos. C ysexmdeHieMm dHePTHN (pParMeHTOB aHH-
30TPOIIA MX YIIOBOTO pacupejeleHHs pesxko Bospacraer. llpm osmeprum
¢parmentos Gosbme mpumepno 8 Mas ma HyKIOH oTHOIIeHHe F/B nocruraer
upubansurensno 10 mpu smeprum mapaiomumx mporomos 6.2 Bas.
AHH30TPONHOCTH YIIOBOTO PACIPeeJeHNA MHOT03aPATHMIX YacTHI[ Xa-
paKTepHA JUISA caMOro MeXaHuaMa HX Bo3HMKHoBenusa. Ilompaskm Ha gBHIKe-
HIe IeATpa uHepmum npm sueprmu mapaomux gacrar 300—660 Mas cocras-
JIAOT Beauyuny okoio 0.2, 9To 3HAYMTENHHO MEHBIIe BeTHIMHE HaGIi0/1aeMoit
AHH30TPONNN, OFHAKO NPH DHEPrHAX NAJAION(IX 9acTHI[ B 00JacTH MHJI-
JUAPJIOB MEKTPOHOBOJIBT HTH IOIPABKH MOTYT NPHBECTH K BHBOAY 00 M30-
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TPOIHOM PACIPeJIeIeHIN JerKuX fparmMentos (TakuX, Kax Li n Be) B cucreve
IeHTPA HWHEePIIH.

Moo TOKasaTh, YTO HPH M30TPOIHOM B CHCTeMe IHEeHTPa MAcC YrIoPoM
pacnpejiesiennit GparMeHToB, MMEIONUX MAKCBEJIOBCKOE pacnpejieienie cro-
pocreii, ornomenue F/B B j1abopaTopHOil CHCTeMe, eCJIU HalpaBpieHune rsn-
JReHMA HCHAPAIIErocs sjpa COBIAJAeT ¢ HAlpaBienueM NPOTOHA, jae1e:l
pepaskenamu [°°]

s = et L aan V< ELV 4 (2miT"y, ’
B (a+1)—eb(at-b+1)

E RNl [ Tl ot e 5o 2 ) AT E>V 4 @2mVY:.
B ad-f)—etlat bt t)
E—V ) &
3nech d=—"—, b=02mkE)" ot H £560 M73
Ha puc. 89 moxazama 2apncinMocTb 20-1,
F/B pas ¢parsventos i, nogayuennas
AKCHEPHMEHTAILIO 11 FLIMHCHCHAAA 1O
BepxXHMM  Qopmvynran.  Tamke BIOIHE
£ 20
6ot
60t
PA/AS
4.0} E<30 ;
20r 2 :LN
L %
X!Illlllllllllll . + .

0 50 00 150 M3g 0 4 90 135 180
Mab
Piuc. 89. Basucnmocrs-F/B or Pue. 90. Vraoseie pacnpejeie-
smeprun fparmenton Lis. unsa Li® B pasamuneix wHTEpBa-

Jax dHEepPrmii.

Cnaowmnse aunuu — pacuer.

VAOBIETBOPUTEIBHO COBIAZAeT ¢ pacueToM W cama (opma YIIOBOTO pacipe-
AeIEHUA JHTHEBHX (parMeHToB, 00pasyIOMUXCsS IIPH PACHICIICHIN sfep
Ag u Br xocmmuecryvm mygamu [°]. Ha pue. 90 mokaszame oKCIepHMEHTA b-
Hnle M pacueTHele yriaopele pacmpepenenusa Li. Teopermueckoe yrioBoe pac-
npefieieniic MOACUMTHBAIOCH 10 dopmye

(E— V) — (2mE)":v cos O

W (E, 0)d0= const [1 1o (%)’ cos 0 i X
£ TIBt A EERL /a
e [_ (E— V) (2TmE) vcosﬂ] sin 0d0,

rae O — yron B maGopatopmoii cucTeMe Mesky HAIpaBICHNeM JBUKCHUSA
gparmenTa 1 MCIAPAIOINErocA sjpa. g
Opmako HeoOXOANMO OTMETHTH, UTO Tokazammoe ma pmc. 90 cosmajeHme
pacueToB ¢ BKCIECPAMEHTOM ToaydyeHo upm 3uadennun 7=11.5 Mos, nupn
V=6 Mos 1 v=0.016 ¢, 1. e. npu oueHb BHICOKOM, ¢ TOUKU 3PEHHA QUIMTCCKH

peaJbHOM KapTHHHI, 3HAYEHHH TeMIepaTyphl.
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ITo omyGamKoBaHHBIM JAHHBIM HeAb3s YCTAHOBHTH YETKOIl 3aBICHMOCTH
YII0BOTO paclpejieleHHsA MHOIO3apPAMHEIX YaCTHI[ B SJEPHEIX PaCHICILICHHAX
OT TOJHOTO UICJAa YacTHI[ B PACINeIUIeHIi, T. ¢. OT IOJHON JHepruu, mepe-
AaHnoil AApy mpu coymapenmu. B paGore [¢7] oTvewaercs ymembimienme amii-
30TPOIMI YIJIOBOTO pacupefenenns Li® mpu mepexone K MHOTOJIYYeBHIM 3Be3-
JaM, ofHaro HadaiogaeMulii sQ@erT He IPEBHIAET CTATHCTHYCCKYIO OITHOKY.

§ 5. MHORECTBEHHOCTDb HPOITECCA ®PATMEHTAILIH

B mpomecce oGpazoBammsa ¢parMeHTOB 1PN PACIICINICHMII CIOKHEIX sAeD
OpICTpHRIMM YacTHIAMI ofpamiaer Ha cels BHuMaHme arT 00pasoBAHU JBYX
u GoJBIIero WHeaa MHOTO3aPAMHEIX YAaCTHI[ B OJHOM pPACHIEINIeHHI. 9Ta MHO-
ARECTBEHHOCTH 00pas3oBaHnAa (PArMeHTOB CTAHOBHTCS JIOBOJIBHO 3aMETHOM
npu sHeprun nagaonx vactan oonbme 1 Bas. Ecan mpu smeprum mpotonos

p
10k
x 2
we NS
- Fal R
; ESighn
N \ \;
I ihe kN
0k E\ fass
5 T e
i sk
- : \
- 0071k \
ek
10kt - \
C \
B = \
I 0007\ NSl /] .,
; e B AN
1 2 7 4 Ny B e {lardn)
Puc. 91. Ornocurensuasi BepoAT- Punc. 92. Koppeasmua 3apsjos
HOCTH 00pa30BAHUA paCIIeIlTeH i (hparMenToB B OJIHOM pacierie-
C_ PAsAMYEBIM  9HCJIOM (parMen- HHH.
TOB. zz— pZ(Zn. Zm%=)/ (ZF+ Zm); 2}“;-“1)
s — . Touru — 3 -
1 — 660 Map; 2 — 9000 Mos. DHMEHT: RPUSHE — PACHET TDIL Heaa-

BrcHMOM 00pasopaHui  (GpParMeHToB.

660 Mo ceuenme ofpasoBaHms pacimielieHuil ¢ AByMs I Golee gparMeHTaMH
¢ Z >4 npn pacmemienun sgep Ag, Br cocrapiger BemuumEY 0KOJIO
0.5 mGapu [*°] (mpumepro 4% ot moaHOrO cedenisi o6pasoBanms GpparMeHTos),
To mpu snepruu upotonos 9 Bas 910 cevenme pasno mpudiausnreasno 16 méapn,
qro cocrapisger 0koao 16 % or mommoro cevenus pparmentamun [2¢]. IIpmvepno
TAKOIL ke IPONEHT pPacmeliennii ¢ HeCKOJIbKRIMI (parmMenTaMn Habaiofaercs
npu pacmemiesun agep Ag u Br xocmmgeckumu srysamum [3%].

Bompoc o umecxe ¢parmenToB B sJ[ePHBIX pacuieIIeHNAX JeTalXbHO ICCIe-
nosajica B pabGorax [#% 3% 68 69]  Ha pumc. 91 morasaHo pacupeneIeHHe
pacimesienuii mo yucay gparmentos ¢ Z _> 4 upu sueprusax nporonos 660 Moz
u 9 Bas. Kar sujpio, Boixoj paciiemienitii pe3ko majiaer ¢ pocToym gucsia gpar-
MEHTOB B DaciielieHI., S

Necaeposanne XapakTepHCTHK AAEPHBIX pacHieIVIeHMii, B KOTOPHX obpa-
3yercs jBa m Ooxablie pParMeHTOB, IMOKABAM0, UTO JAHHBE PACHeIIeHHA Ciie
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Gosee CMemeHEl B CTOPOHY MHOIOJYYeBEIX PACHIEIVICHHIT II0 CPABHEHUIO ¢ Pac-
memrennsami ¢ oxumm gparmentom (pue. 77). Cpepgmee wmemo wactum (me
cuntasg @parmentos) Oojee yeM B 2 pasa NPEBHINAET CpejHee UMCIO YACTHI[

B 00BUHBIX pacmemiennax. Taxum odOpasom, pac-
IETUIEHHNA ¢ HECKOJIBRUMI (JparMeHTaMi IIpoNC-
XOfAT OpH eme OOJBINNX IlepelaBaeMBIX BHep-
IHAX, YeM PACHIEIVIeHHA ¢ OJHUM (parMeHnToM.
Hax n nmpessje, pocT MHOKECTBEHHOCTH HPOIECCa
obpasopanns (GpParMeHTOB C YBeJIMYECHIECM DHEp-
THH TaJaloniX JacTHI[ MOKHO CBA3ATH ¢ POCTOM
OTHOCHTEeTBHOI 71011 GONBIINX Tepefad HHePriu.
OcHoBHEIe XapaKTePHCTHKH paCHCILICHHIT ¢
HECKOJIBKUMH  ()parMenTaMi  ObIM  00CY/RJeHEL
B padore [°] ¢ Tourm zpeHus HezaBMCHMOTO 00-
pasoBaHUA OTHEIBLHEIX ParMeHTOB B JAHHBIX Pac-
memiennax. PaceMoTpenyme OTHOCHTEJBHBIX Be-
poATHOCTEll  HAOMIOMEHUA  PA3IMIHOTO YHCIA
¢parmenToB B ommom pacmemrennu (pue. 91)
M He3aBHCHMOCTH 3apAZOBOTO  pacupejeJeHnsa
¢dparmenToB oT MX uMcaIa B pacmemienni (eum. § 2)
IpsAMO IPHBOJAAT K TaKoil Touke spenus. [leiicr-
BHTEIBHO, OJMHAKOBLIE B3apsAHOBHIe pacipejee-
HHS B PACHEINIEHHAX € OJHHM M JABYMs ¢par-
MeHTaMIl OyAyT I0JyYaThCHd,. eciau BepOATHOCTD
HabJiofieHuss Hapel 3apARoB Z, u 7, B OIHOM

30 60 30 120 750 760"50

Puc. 93. Pacupesenenne mpo-
CTPAHCTBEHHBIX YIVIOB MEHRIY
¢parmMenTaMit B pacuiernie-
HUAX C JByMsA (hparMeHTaMi.

Hynxmupnas wpueas — pacder-
Has.,

PACIICIVICHIII paBHA IIPONBBEJICHINI0 BCPOATHOCTEH 00pAa30BAHUA KaKIOT0

3apspja:
pl'"l = pnpm'

m

M 0OpasoM:

m

Toraa ecam mopmuposats >, p,=1 nu
“ 13
2 p.=1, 1o BepoarmocTs mabaoaeHUs

($parMenToB ¢ 3apAAOM Z, B pacuienJeHnsax
¢ aByMs ¢parmenramm Haiijercsa clemylo-

B =Y o pi=—=p D,

m

T. €. OHA OKa3BIBAETCH PaBHOM BepoAT-
Hoctn madJaiojenns 3apana Zp, B paclien-
JEHISX ¢ OfHHM (pParMenToM.

Ha pme. 92 mpuBejensl OTHOCHTEIbHEE

L 1 L l A \
180 240 300 3%0°p

1

0 &0

120

Puc. 94. Pacnpepenenue yrios

B IpOeKImM Mesy (@parMenTamu

B PaCHeIIeHIsaX ¢ TpeMa ¢parMen-
TaMH.

IHMynwsmupras aunua — pacyeTHas.

UCCIEOBAHUA BDSHEPreTu4YecKkoro

4acTOTHI HaOJIIOMeHNs Mapsl  3apsAmoB Zp
0 Z,, B OJHOM PACHICIUICHIN B 3aBHCHMOCTH
or ux cymmsl (Z,+Z, ) m wacrora HabII0-
feHnst ByX (parMeHTOB € DPABHBIMI 3aps-
JAMH B 3aBHCHMOCTH OT 3apsja. Har BugHO
n3 puc. 92, sKCHepUMEHTAIbHLIC JaHHBIE
XOPOTIO COBHAJAIOT ¢ PACIETOM IpPH IIPeJmo-
JOReHNN He3aBHCHMOro HeOycRamms Qpar-
meHTOB. TaksKe X0poUIO COTIACYIOTCA € JaH-
HBIM  IIPeANOJIOKeHHeM M  Pe3yJbTaThl

pacmpesiesenusi (PparMeHTOB B paciien-

JeHUAX ¢ aByMmsl parMeHTamMm: dHepreTHyeckoe pacHpejeleHne UX OKa3bl-
BAETCH TEM 7Ke CAMBIM, YTO ¥ IPH OJMHOYHOM Hemyckanmn $parmentos. Ham-
Gosee BepOATHOE OTHONICHHE HHEPrUii Ha HYRIOH B TAKEIOM H JerkoMm ¢par-

14 fizepuuie pearuinn
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MEHTAX, HMCIYCKAeMBIX B OJHOM pACIICIUICHHN, SBJISETCS BEJIMUHHON OKOJIO
e/[IHHITE.

B To ke Bpemsi yrioBmie pacuipefeqennsa (ParMeHTOB B PacH{eILICHHAX
¢ ABYMA U Tpemst parMeHTaMu HAXO[ATCA B BHAMMOM HIPOTHBOPEYNIH ¢ TOTKOIT
3PEHNsI He3aBHCUMOro o0pas3oBaHUsA OTAeNbHEX (parmenton. Ms puc. 93, 94,
Ha KOTOPHIX IOKA3AHK DKCIePHMeHTATbHO HAlIeHHbIe U paccunTaHHbe (B Ipeji-
IOJO/ReHNN He3aBHCHUMOI'0 HCIyCKaHus (bparmen'ron) pacopeneienusa yrios
MeIRy (I)parmen’ra.\m, Xopomnro O6Hapy’)l\‘HBaeTCH CYHIeCTBOBaHNEe OIlpejeseH-
HOHl YyrJOBOIT Koppenammm Me;say ¢parmentamu: Ipeodgajanue GOIBIIMX
VINIOB MEJKLY HUMM,

§ 6. CBOIICTBA OCTATOYHBIX AJEP B 'PACHIEIVIEHUAX C ®PATMEHTAMHI

Nayuenne ocTaToOuHLIX e B HEKOTOPOil OMpeeTeHHoil 001aCTH MACCOBBIX
quce] NpH B3aUMOJEHCTBIN 9acTHI[ BHICOKOM SHEPIHH € SApPaMM JaeT HOI0J-
HATEJbHBIE CBEJ[EHUA O Xapakrepe TpoIecca, HPUBOMAIEI0 K IOABJICHUIO
MHOrozapsanunx uactun. OOpasopanme B SAEPHBIX DPACIEIIeHHAX (parmMeH-

TOB ¢ Maccamu B obiactn 4 < 40 co-
6,cm? OTBETCTBYET BIIOJIHE OIpesie]eHHoil
_26 oflacTm Macc OCTATOUYHBIX sjep,
0 KOTOpast TP dHEPrHAX Nagalonux
gacTui, Menbme 1 DBas maxomnres
MEKIYy 00JacTAMI Mace IMPOJYKTOB
pearIWil jeleHus M peakmuii pac-
LI eI CHILA.

MosH0 05RIIaTh HAILINA BIOIHE
OIIPEJIeIEHHBIX CBOICTB dTHX OCTa-
TOYHBIX SAIep, MCXOHA N3 M3BECT-
HEIX CBOICTB HMCOyCcKaembix (par-
merToB. Tar xar Habaoogaemsre
¢parvenTst B OOJIBIIHHCTBE CBOEM
SABAAIOTCS CTAOMIBHEIMH H30TOIIAMIM
JErKuX sfep, TO OCTATOYHLIC Spa
B [aHHBIX pACIICINIeHHAX OyayT
mepBoHavaJ bHO O0NagaTh  BHAYM-
TeIBHBIM H30ETROM Helirpouos. [lpu
He0CTATOUHOIT dHEPIHH BO30Yke-
- HHA OCTATOYHOIrO Apa HPOLecc

HCHapeHUsA He CMOYKeT W3MEHUTHh

DTOTO TOJO;REeHHST, H Habaomaemoe

L i SR S R RN v 0CTATOUHOE ANPO AOJKHO O/RIAATHCS

10? 107 0  WelTpoOHO-MBOKITOMHLIM. DTO Hpej-

£,,,M35 HOI0keHIe o0bAcHAeT HabI0IaB-

Iy mytocss Hprorepom mn Illyrapma-

b S5 ooy Coent_o0Taent iow [*] oapncoers uanoiee ne-

g POSAITHOTO 3apAfa "0CTATOUHERIX fAep

) OT HX MacCoBOTO UMCIA MpH 00ay-

YeHHH TOJBMILA IPOTOHAMIL ¢ DHED-

rmeit 450 Mas. B otom caywae B obmactm Maceoshix wmcea 99—115

0CTATOYHBI AJpPA WMEIOT 3HAYNTENBHEl HeHTpOHHBIT U30HTOR, KOTO-

pHI He MOsKeT OHITHL OOBsICHeH MeXaHH3MOM pearmui pacmierrenns (T. e.

HYKJIOHHBIH KacKaj--ucmapenue HyKIOHOB), I B TO jKe BPeMs pacipe/ienerie

IPOJYKTOB PACHIeILIeHNs TOJbMHS II0 MaccaM rOBOPHT IPOTHB NX oOpasosa-
HHUA B NPOLECCe JIeJeHNMsI.

Ipu G6aABIMUX DHEPTHAX MaJAIONMX YACTHI[ C POCTOM DHEPTHH BO3OY:Rie-
HAA 0CTATOYHBIX Siflep HpoIiecc HMemapenus: OyAeT IPUBOJAHTH K 00pasoBaHIio

T

w

T T TTrT]

1 0-23
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HelTPOHO-HEeOCTATOYHEIX fjiep BCJIEACTBIE NPEHMYIECTBEHHOTO MCHApPeHHs
meitrponos. Cpejir 9TUX IPOAYKTOB HeJXb3sdA yiKe ONIHYHTH OCTATOYHEIE AXpPA
0T mponecca (PPArMEHTAIIN, OJHAKO HOATBEpPsKAEHIIEM TOTO, YTO Y4acTh ITHX
OpOJIYKTOB B OHpefedeHHOI o0aacTn Mace cBA3aHa ¢ oOpasoBaHmeM (parmen-
ToB ¢ A < 40, sBIsAeTcA 3aBHCIMOCTD CeYeHUS NX 00pPA30BAHUA OT DHEPTHH
najaonux gactur. Ha pue. 95 mpusegena saBucuMocTh cedeHnsa oOpasoBaHus
HeiiTpPOHO-HEeJ[0CTATOUHEX u30TonoB Oapus (Ba'?®, Ba'?®, Ba'¥) m wrapmus
(Cd'*7) u meitrpono-usGeirounsix m3orono Ba'4® m Cd™® or sHeprmm mpoTto-
HOB Tipu obGaywenmn csunma [*2]. Ua cpasmenust pume. 95 m pume. 74 BupHO,
HACKOJABKO XOPOUIO COBIAAIOT 3aBHCUMOCTH CEYeHMA 00pazoBaHUA HEHTPOHO-
AeUITUTHEIX H30TONOB Oapis I ceyeHus: 0OpasoBaHAA (ParMeHToB, B TO BpeMA
Kak JUIsd WM30TOMOB KajMiiA HaOIIOfaercs COBEpPHIeHHO HHAA 3aBHCHMOCTE.

BricTpriii pocT cedeHHs 00pasoBaHIA HEHTPOHO-HEIOCTATOYHBIX M30TOIOB
MOKET PACCMATPHBATHLCH KAK CBUJCTEIBCTBO YBEJANYCHHS BEPOATHOCTH 00Jb-
IMUX Iepejiay SHEePruil IPOTOHOM “SIPY € YBeJHNYCHHEM DHEPTHH TIPOTOHOB.
Taxum 06pason, 0TCIOA CHOBA CIELYET BBIBOJ O CBSA3HM PacCMaTPHBAEMOTO IIPO-
Hecca 00pa30BaHMA MHOTO3apSJHBIX YaCTHI[ ¢ BEIMIHHOIl IeperaHHoil ARpY
DHepruH. JTOT ;Ke BHBOJ 0 OOJBINOI BeJWYHHE DHEPTUH, IepeaBaeMoil Anpy
B caygae o0pasoBaHuA HelTpoHO-AefHINTHEIX H30TOHOB Gapus, ObUI crerad
Ilyrapmanoym 1 ppyramu [7® 7] ma ocmoBammm mayuenusi nmpoOeroBHIX Xa-
PAKTePHCTHR HAAEP-0TAAYN IPH PaCHeINIeHHN BUCMYyTa IIPOTOHAMH pPa3HBIX
9Hepruii. 9T0 MOATBEpPs/KAETCSA MCCIEJOBAHUEM SANep-0TAauYM Ipn 00TydeHHn
BHCMYTa M TaHTajxa mpoToHamu ¢ smeprmeit 450 Map [7 73],

§ 7. O MEXAHNU3ME ®PATMEHTAI[HI}

Hax ysxe otmevanocs, pacmemaennsa agep Ag u Br,s KoTopsix nabaogaoTes
MHOTOBapAHEE JACTHIEI, II0 MHOTHM CBOMM CBOIicTBAM IOJOOHBI OOBIYHBIM
pacuierienmsaM. Tar, HampHMep, OHH UMEIT IPHMEPHO TAKOe yKe OTHOIICHHE
a/p, AaHAB0TPONIHS B YIIOBOM PACHPEJEIEHHN C-YACTHI[ W IPOTOHOB MOJKET
TOBOPHTH O AJIEPHO-KACKAJHOM MeXaHU3Me BozOy:RueHmsa sigpa. Tawxnm oGpa-
30M, oOpasoBaHHe C-4aCTHI[ M IPOTOHOB B PACCMATPHBAEMBIX PACIIEIICHMIX
MOKeT GBITH HOHSATHO ¢ TOYKHM 3PEeHNA OORYHBIX OPEICTABICHUN 0 HPOTeKAHHH
AfepHoil peakmum na OGOJBIIAX HHEPTHSX.

Pacemorpnym Temepsh ocHOBHBIE OCOOCHHOCTH SBIEHNS MCIYCKAHMSA MHOTO-
3aPAJHBIX YACTHI[ B AJCPHBIX DPACHICINIEHHAX C TOYRH BPEHISA IIPOIECCOB,
KOTOpEHE B HACTOAIIEE BPEMs KayRyTCA YyKe MPUBBIYHBIME TP HHTEPIPETAIII
naalmoneiicq‘mm TACTHIL GO.TLHXOﬁ YHEPruu ¢ AJpaMi H KOTOPbIe B TO K€ BpeMs
B IPHHI{AIIE MOI'YT OLITH OTBETCTBEHHLLI 34 00pas3oBaHIle MHOT03a PSJ{HBIX JaCTHIL.

Anepuo-racragupiii nponece. CmibHas aHH30TPONUA YIJIOBOTO pacrpe-
JICIeHAA MHOTO3aPAMHBIX YaCTHI[ OTHOCHTEIBHO HAUpaBIEHHsA Iajaloneit
YACTUIB, POCT BBHIXOJa MHOTO3aPSIHBIX YACTHN C POCTOM YIICIA KAaCKaJHBIX
YaCTHI[ B PACIIEILIeHN, 0COGeHHOCTH DHEePTeTHYeCKOr0 pacupeeeHnsa MHOTO-
3apAAHLIX YACTHI[ JIAl0T OCHOBAHMA JIA MPEAUO0JO/KEeHHS 0 BO3MOJKHOCTH HX
o0pazoBanus B AHepHO-KACKaJHOM IIpomecce.

B arom cayuae, Tak jke Kak M IPHOOBACHEHNN BB COKOYHEPTHYHEIX (L-UaCTHIL,
HCIYCKAGMBIX IPH pacilelIeHuu Sj(pa, IPeAnoJaraeTcsa cyuecTsoBaHne BHY TPH
anpa Gosiee WM MeHee YCTOIUYMBEIX KOPPEIANHiIT HYKIOHOB (TaK HA3BIBAEMBIX
IPYNNHNPOBOK WIN KOMILIEKCOB), CIOCOOHBIX BBLIETATH M3 AApa B peayiabTaTe
coyJlapeHnd ¢ HAMH KacKajHbX HyriIomos. Ilpm atom cymectBemHEIME OYyT
TOJBKO HOA00HBIE COyAapeHus B IOBEPXHOCTHOM CJioe fjpa, Tak Kak JIHHA
¢B00OIHOTO TIpofera paccMaTPHBAEGMBIX TIPYNINMPOBOK HYKJIOHOB B SJEPHOM
BeI[ecTBEe HEBEINKA IO CPABHEHUIO ¢ pasMepamil fAxpa.

Jlast mpopepkm naHHOIN KapTHHB HoABAeHHA (QPATMEHTOB B AJepPHOM
pPacHieIUICHIN HeoOX0UMO MpOBejeHIe PACUYeTOB THIA pacyeTa SAIEepHO-
KrackajHoro npouecca mo meroxy Monre-Hapao. Ogmako B Hactosimee Bpems
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9TO yHnmpaercd B HEBO3MOKHOCTH DPaspelluTh (@Bl PAJ BOIPOCOB: O BEpOAT-
HOCTH CYIECTBOBAHIS MHOTOHYKJIOHHBIX TPYHIOIPOBOK B AApax M MX pacupe-
Aeiennn 1o A, Z m nuMItyabcaM, He0CTaTOYHOCTh cBefeHnil o jurpdepeninanb-
HBEIX CEUEHHAX PAcCeAHIA OBICTPHIX HYKIOHOB Ha JEIKHX Ajpax H T. JI.

UmeTo KavyecTBeHHO OINCAHHAA KapTHHA o0paszoBaHmsa (parMeHTOB Jaer
BO3MOKHOCTH 00BACHUTD TaKue 0coOeHHoCTH gparMeHTaInn, Kak I0CTOAHCTBO
pacmpejesienus (parMeHToB IO 3apAay TPH PA3JIHMYHBIX YCIOBHAX MX 0Opa-
30BAHNA, YMEHbIIeHIe aHH30TPOINK YINIOBOIO pacmpejereHns (parMenTon
¢ YBEJIHMYECHHEM DHePIuH majaioniix npororos. C npupiedenneM JOMOTHITETb-
HBIX HPEATIOJNO/KeHHIT 0 TPOCTPAHCTBEHHOM pPACIpeeIeHIH IPYNInpPOBOK
HywiIoHoB B jud@ysHoil ofracTtin Ajpa B 9TOI KapTHHE MOKHO IOHATH M yrI-
JOBYH0 Koppeasnmio GparMenTor IpH MHOYKECTBEHHOM HX mcmyckanmm. [leii-
CTBHTEIBHO, €CHH JIOIMYCTHTHh IPOCTPAHCTBEHHYI0O HEOJAHOPOIHOCTh B pacipe-
JleJIeHNi TPYNIHPOBOK HYKJIOHOB B sij{[pe M IPEANOJIOKITH, 4T0 OJn3Koe pac-
MOJO/KEHAe HEeCKOJBKHX KPYIOHBIX TIpPYNIMPOBOK HYKJIOHOB MAaJOBEpPOATHO,
TO Henyckanue parmenTos OyjeT MPOMCXOANTD H3 YAAJICHHBIX JPYT OT jpyra
ofsiacTeii sifpa, 4TO MpUBEAET K OOJBIIAM YIVIAM Pasjiera ME;KAy HIUMIL.

OcHOBHBIE TPY/HOCTH, KOTOpPSHIE HOABIAIOTCA IIPH OMMCAHHK (PparmMeHTa-
UM KaK YHCTO BHIOMBATEJIBHOTO IpoIecca, CBA3AHLI ¢ TeM, YTO IPOIECC
nepejiavi HHePTUM H IMITYIbca HeROTOPOIl IPYHINPOBKe HYKIOHOB paccMaTpi-
Baercs Kak KBasmympyroe paccesnue OBICTPOTO KacKRajHOTO HYKIOHA Ha JaH-
HOiT rpymmmposke. B aTom ciayvae, eciim 0cTaBUTh B CTOPOHE BONPOC O MeXa-
HU3MEe TAKOTO KBasHyIPYroro paccesHis BHYTPH AApa, MORHO Ha OCHOBAHII
3aKOHOMEPHOCTEIl YHPYroro paccesHHsS 9YacTHL ¥ HaOJII0gaeMoro sHepreTn-
YEeCKOT0 I YIJIOBOrO pacmpepesneHnil parMenToB 3awaiounth: 1) oTercTBeH-
HBEIMI 3a BbhIOHBaHe GparMeHToB 13 fAApa MOTYT OBITH JHIIb BeChbMa DHEpPruy-
Hele Kackagpsie Hywiaonst (£ > 100 Mas), 2) kpazuyupyroe paccesmie HTIX
OBICTPHIX HYKJIOHOB HAa IPYNHUPOBKAX JIOJZKHO IPOMCXOANTH Ha OGOoJbIINe
yrast  (yrast  paccesHus > A[R), 3) RackajHble HYKJIOHBI, IPOU3BO-
jsingEe BeionBague GpParMeHToOB U3 AApPA, AOM/KHBI MMETh JOBOJILHO IIHPOKOE
yIJIOBOE pacHpejeieHie OTHOCHTeNBHO HAIPABJICHIA IaJaloniero OpoTOHA.

Nexoya n3 laHabiX 3a KIIOYCHIIT I YIUTHIBAS Pes3y/IbTaTLl PACYCTOB S/[ePHO-
KacKajHOTO mpomecca B sAjpe (cM. raaBy 2) m gauusie o AuddepeHmaababM
CEUEHHMAM YIPYIroro paccesinug OBICTPHIX HYKAOHOB Ha JErKHX AJpax, MbL
CTAJKMBACMCS CO 3HAYHTEIBHBIMH TPYAHOCTAMIL HPH IOHBITKE OOBACHEHH
BCero spjeHms (QparMeHTallHl B paMKaxX OJHOTO TOJBKO BHIOMBATEIBHOTO
npoiecca. Tak, TPyAHLIM OKasbBaeTcs MHOHATH OTHOCHTEALHO OOJBIIOE Ce-
YeHue mporecca fbpal‘MCHTalUll[ 1 CPaAaBHHUTEJBHO MaJXYIO BCIHYMHY yI‘JIOBOl‘r'f
AHH30TPOIHE HenyckaeMsix pparsenton. Ilpm sTom TpygHoCcTH 9TH BO3pacTaoT
opu paceMoTpenun gparmeHTon ¢ Goabmmmiu Z.

[ToaToMy eciim M MOKHO JOHYCTHTH BO3MO/KHOCTH 0OpasoBaHuA (parmen-
TOB B pe3yJabTaTe KBA3HYHPYTIHX CTOJKHOBEHHIl KAaCKaJHBIX HYKIOHOB € TPYM-
OHPOBKAMH BHYTPH AJpa, TO TOJIBKO JUIA OIpeJe/eHH0il yacTH (hparMeHTos,
OCTAJIBHBIE JKe JOJ/KHBL OOBACHATHCH JPYTHMH IIPOIIECCAMM.

MNmeercss B mpHHOUOE M Apyrasg BO3MOKHOCTH 00pasoBaHmA ObICTPHIX
MHOTO3aPAHBIX YACTHI[ B Ipollecce PasBUTUA SHAEPHOTO KacKajga. JT0 — SAB-
JeHHe, aHaJormyHoe mpomeccy saxsara (pick-up), mo Goxee caoskHOe, UeM
B cayuae saxparta HeilTpoHoM mpoToHa. OTHOCHTEIHHO HTOTO IPoIecca MOFKHO
TaK/ke 3aKIIOYNTH, YTO OH He MOKeT OBITH OTBETCTBEHHBIM 32 CKOJb-HHOY/(H
3HAUNTEJNBHYIO JI0JI0 HMOJHOro ceveHmst gparmentamun [39].

Henapennme ¢parmentoB u3 BosOy:kgennoro sajxpa. B page pa-
Gor ['% L 67 7] qemafoTCs BHIBOJBI, YTO HCIYCKAHHE MHOTO3APAHBIX YaCTHIL
MOsKeT OBITH 00BACHEHO TeopHeil MCIaPeHNA YACTHI[ N3 CIIBHO BO30Y/KAEHHBIX
anep. llpm srom B moap3y menmapureabHOI MPUPOJBI MHOTO3APATHLIX YaCTHIL
NPUBOJIATCA: JIAHHBIE MO BEPOSATHOCTH MCIYCKAHIA MHOTO3aPSJHBIX YaCTHIL
IO CPaBHEHHIO ¢ BePOATHOCTHIO MCHyCcKaums mpoTtoHosn [7 1'% 8L 73] sapp-
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Tab6aunma .35

JKcnepuMEHTAIbHBIE H BHIYUNCIEHHBIe cevenns (B mO0apmax) oGpasopanmsa Heb, LiS,
Be” u N13 B mponecece menapenns

Ep = 940 Mas Ep = 1840 Mos
Mumienns dparMenT SBLIGUCIT S pBIqm eIt
“arcuep ‘grcnep

1 11 1 11
| R R o o e | 1.83 3.56 442 4.10 9.01
Cu { {971 NPT A — — — 3 2.26 4.72
Be? 5 -l 44414 2.80 3.66 11.7+2.9 7.56 6.45
Zn NI e 0.13 0.028 0.029 0.33 0.079 0.056
. Hed . oo 442 3.68 6.51 T+4 7.65 13.18
Ag { Lis, . — — < 4 3.61 5.75
Be7 ¢ i anii2:54016 3.02 4141 11.3+2.8 7.38 8.75
In NI Selpa 0.056 0.020 0.025 0.19 0.041 0.044
ik [|Li8 ... — - — 9 8.45 10.75
P Beda R S 0.3 1.31 2.07 59+1.5 6.12 6.50
Pb { Hes .. .|+ 1045 | 641 9.55 | 24+11 | 1895 | 29.60
N3 o] £0.044 0.008 0.007 0.11 0.035 0.028
U N3 . . .| 0025 0.030 0.023 0.075 0.111 0.094

IIpumewannme. | ull OTHOCATCA K PasiANYHLIM BapnmaHTaMm pacuera.

CHMOCTb BTOHl BepOATHOCTH 0T sHeprum BosOymmennst sjep [0 7], nanmsie
10 PHEPTeTHYeCKHM CIeKTpaM MHorosapaaubix gactur [ 7] m mo mx yr-
JoBoMy pacupepexennio [67]. :

Boapmasi wacTh CpaBHEHHIl DKCIEPHMEHTAJBHBIX JIAHHBIX C TpeAcKa-
3aHMAMI TEO P HCHapeHs oTHocuTea K derkum gparmenrtam (He®, Li®, Be?).
B patGore Xynmca n Mmmaepa [7] ncuapenne Be” us simep Cu, Ag m Au Gsuio
HOJCYATAHO ¢ IOMOIBI0 HJIEKTPOHHO-BLIYMCIUTENbHOI MAIINHB € YYeTOM
pacnpejeleHs 0CTATOUHBIX fAjiep Hocje AjepHO-KacKagHoOro Iporecca 1o A,
Z u U. Jlaa scex rpex agep (Cu, Ag u Au) Haiieno xopoulee coBIajeHne
PacYeTHOIl 3aBUCHMOCTH Cedernus 00pasoBaHus OT dHEPTHUU HAJAIOIAX TPOTO-
HOB ¢ HKcuepuMeHTaJbHBIME fAanmbivu Baxep, @Mpupaangepa n Xyjuca [*].
Ha puc. 96 noraszamnt pesyubTarsi, moJyueHnsie B ux pabore.

B paGore [*] Obtium yTOUHEHB HEKOTOPbIE TOJOKEHHA HCHAPUTEIbHO
TEOPUU M TOBTOPEHBI BHIUMCJEeHNsA cedyennit odpasosanns Be’, Li® n He®,
a Takyke BBUNcJaensl ceuenms obOpasosanms N¥ B npomecce McnapeHms.
B rabi. 35 npusejieHBl BSKCIEPHMEHTAJIbHBIE M PacueTHbe CeUYCHHA JIA
pasIMuHBIX Ajep-mumeneil. Wagk BugHo m3 TaGiaHIE!, IMOJYdYaeTcs OYeHDH XO-
polmee COBHAJIEHHE PACYETHHIX JAHHEIX ¢ 9KCHEPHMEHTOM IS CAMBEIX JIETKHX
dparmentos. [las dparmentoB N'2 cormacme ropasjgo Xyske.

Yro ke Kacaercs HHEPTreTHYECKOTO CIEKTpa 00pasyeMmbix (parmMeHTOB,
TO CpaBHEeHHe HAOII0(AeMbIX CHEKTPOB ¢ PACYCTHLIME B OOJBIIMHCTBE CIYdYaeB
HE JIaeT COTJACHs, KaK y7Kke 0TMeJaa0Ch BhIIIIe PN 00CY KAeHIH DHEePreTHIecKIX
cuexkrpos. Hak Opuro morasamo Hartkoseim [44] (pme. 84), Gosee mum MeHee
VAOBJETBOPUTEABHOE COTJIACHE DKCIIePHMEHTANBHBIX JMaHHHX II0 00pas0oBaHIIO
dparmento Li® ¢ pacuerHbiMu MOjKeT OBITH IIOJIYYEHO JIHIOb JUIS CIaydas
pacmeruiennii sijep cepedpa (mpuuem Toabko A ¢parmentos ¢ I < 40 Mas).
Brraucaenustit mo popmyste nenapenns cuexrp Li® ns 3omoTa sHaunTenbHo yike,
YeM HKCIePUMEHTANbHEI, H JIAeT CAUIIKOM MaJ0e YHCI0 BHICOKODHEPIHYHBIX
¢parmenros Li®. Brumciennas dgopma cmexrpa Li® ms meam Haxopmres B X0-
poIIeM COTJacWH ¢ HAOJIOeHHAMH, HO IIOJOKEHHE ero Ha »HepPreTHYecKOoil
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mxaxe auzke upumepno Ha 10 Mae. Taxnm oGpasom, cyasa mo sHEpreTHICCKIM
cuexrpam Li®, ncnmapurenbusiii MeXaHH3M He MOJKET TaKyke OJIMHAKOBO XOPOMIO
omucaTth HMHCCHI0 (parMeHToB M3 PAsHBIX ALEp.

Jlis MHOTrO3apAAHLIX YacTHI[ ¢ Z > 5 COBNAJEHIS ¢ Teopmeil memapenus
HeT Jja;ke M0 OTHOCHTEILIOH BEpPOATHOCTH HX HMcmyckaHms ud axpa. OrHocu-
TeJbHAsA BEPOATHOCTh MX HAOIIOZEHNA 10 OTHOIEHHIO K HPOTOHAM B paciiem-
JIGHHH ORA3LIBACTCA 3HAUNTEIbBHOE GOJH)IIIO, 4eMm IIo TeopH#n HcHapeHmns.

Mmerotes, Kpome TOro, MPSAMEIC ONBITHBIC JAHHbIE, KOTOPHE TPY/HO MOHATH
C TOYRH 3peHHusA MoABIeHHA (parMeHTOB B Ipoluecce HCHApPeHusi. 9To, BO-
IIePBLIX, MOBOJLHO 3HAYUTEIbHAA MHOKECTBEHHOCTH mmpoiecca 06])&3083}1[17[
MHOTO3aPAAHEIX YACTHI[ ¥ 3aTeM pOCT CeveHitsd 00pasoBaHMA MHOTO3apSATHBIX
YACTUI ¢ YREJIWYEHHEM aTOMHOTO HOMepa sijipa-mumenn. HemomsaTna, ¢ Toukn
3PeHN Nelapennsa, M 60JbIIAA YIJI0BasA AHU30TPONI MHOTO3aPAHLIX YACTHIL.

0e
10% ?//———é' 10 1k
e - ;
]
I 1& A 0.753
i - = g
. Cu E Ag i Au
07 ] ] 1 01 1 1 1 001 ’ 1 1 1
0 1 2 3 0 7 2 3 0 7 2% 3638

Puc. 96. 3apmenmocrs cewenmit obpasopanms Be? mpm pacmemienun saep Cu, Ag,
Au or @Heprum IpPOTOHOB.

1 — JKCHEepPHMEHTAJIBHBIC JaHHbIC; 2 — pacuer.

IIponece acummMeTpmuHOro gexeHms sAApPa. XOPOIIO I3BECTHO M3 Pajiuo-
XHMHYCCKIHX MCCJIEAOBAHMII IPOYKTOB’ pacHieIuien il Agep OBCTPHIMI YaCTH-
IAMH, a TaK/Ke M3 OPAMBIX H3MEPeHMHii, YT0 OTHOIICHHE CEUCHIsE PeaRIun je-
JeHnsdA K CeYeHHI0 Heynpyroro BSHHMOJIGIUICTBIIR MOHOTOHIIO yBCJIHTIHBaAECTCH
¢ pocToM dHeprun Gombapaupyo0Iux yacTui. Byecrte ¢ TeM HMMEIOTCS OIbITHBIe
J@HHBC O NOABJEHHI Bce Oosee m Goxee acmMMeTpmaHbIX (OpM JeaeHus
¢ yBeImYeHmeM DHEPIHN BO30YKACHUSA sAjpa. OTH (GaKTH CIY7RAT 0CHOBAHHEM
JIA CHeNAHHLIX B HEKOTOPHX paforTax MPeAnoSOsKeHHIl O JeTNTeIbHOM Xa-
paxTepe Iporecca, TPHBOJAMEro K MOABICHII0 B DPACHIEIICHHAX MHOTO03a-
pagEsixX vacTu [3% 26 48 56] Kpome Toro, Takoe UPEIOTOKeHHE JITAT0Ch
HpocTo W WoTOMY, uTo memyckamme sjppom ¢ A~100 ¢parmentos ¢ A=~20
Ka3aJoch pasyMHee BCEro WHTEPIpPeTHpOBATh Kak jejdenue sAxpa [ 77780

Nmeotest m Teopermyeckue IpeHOCHUIKI JUIA LHOXO0HOI TOYKH 3peHus.
Kax Gsuro mokasano Myzkumoro n Amaryun [5°], mpu cmrsnonm Bo3OyHACHIH
AApa BCIEACTBHE YMEHBIICHHON «BA3KOCTH» AJEPHOT0 BeIecTBA HHEPrHs
CKOpee CKOHICHTPHPYeTCHA B IOBEPXHOCTHHIX H 00BEMHEIX Kode0aHMAX,
eM HoiijieT Ha HarpeBamme s(pa Kak LeJxoro. B pToM ciayuae JeqeHIIEe MOKET
CTATH BeCchbMa BEPOSATHHIM HpoieccoM. IIpm Temmeparype Axpa mopsaka sHep-
IHM CBA3H HYKJIOHA IMMPHHA JUIA JeleHust Girarojaps yMEHBIISHAID TOBepX-
HOCTHOTO HATAKEHIS CTAHOBUTCS CPABHUMOIL ¢ HEHTPOHHOIT NI PIHOIT, TIPIYeM
JIQHHEIT BBIBOJ CHPABEUINB KaK JUis CHMMETPHYIHOTO, Tak M JJIsI aCHMMETPHY-
HOTO J(eJeHMSI.
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Orcyrersue Gonee M MeHEe CTPOTOI TEOPHH JEAHTEJBHBIX IIPOIECCOB
He TI03BOJIAeT MPOaHAMN3IIPOBATE IIPOTIeCe 00 Pa30BAHMA MHOI03a PAJHBIX YaCTHI]
¢ TOYKN 3PEHHA CHJIBHO acCHMMETPHYHOTO jeienusa sxpa. MoskHO yRasaTh
JIMIND Ha CJAEYIONie OCHOBHbIC 0COOEHHOCTH IIpomecca AeJenus sapa, KOTopHe
OpOTHBOpEYAT M3BeCTHHIM (parTaM IpH 00pas0oBAHHH PACHICINIEHISI ¢ MHOTO-
3apAgHoit wactumeit. l3pecTHEle K HACTOAMEMY BpPEMEHH OILITHHIE (JaKTHI
YKasBIBaIoT, 4TO:

1. Ilpu pgemenum Agpa KuHETHYECKAs DHEPIIS OCKOIKOB OIIPEIEIAETCS
uxX KyaoHosckuMm BsammopeifctsueM. Ilpm mcmycrammm MuorozapAmHbIX uwa-
CTHI[ B 3HAYNTEIHLHOM LPOMEHTE Caydyaen KuHeTmueckas DHeprus (parMeHTOB
00JIbIIe BHEPTHIl KYJOHOBCKOIO pPacTAJKMBAHU,

2. Jlas mpouecca JeJdeHusl XapaKTepHO IHajleHHe BHIXOAA ¢ YBEIMYEHIEeM
CTeIeHM acuMMeTpmit jenenns aAxpa. Ilpm umcoyckanmm MHOTOBapsHiHLIX 4ya-
cTHI[, Ha000POT, — VBEJINYCHIE UX BLIXO0J(@ C YMEHBIIeHIeM MaccH (yparMeHTa.

3. Jlemenne sijgpa ecth mpoiiecc, TPeOYIONAil IPOMEKYTKA BPEeMEHT, MHOTO
00abIIero, yem syepHoe spems. Ilporece memycKanmst MEOTO3a pALHBIX YaCTHIL,
MOKHO J(yMaTh, €cTh IPOIECcC, MPOTeKAIOMMIl 3a A[ePHOe BpPEMI.

4. O6pasopanne 0OJIBIIE YeM JBYX OCKOJIKOB LpH JEJEHHH sjpa ABIAETCH
BechbMa pepknM coOsiTmeM. MuoskecTBeHHOCTh 00pasoBaHUs MHOI03apsIHEIX
JaCTHI], ABIMIONAACA CYIECTBEHHOII CTOPOHOIT paccMaTpMBAacMOTO IrpoIecca,
€CTh JIOBOJIBHO YacToe CcoOmITHe.

5. Ockonkm, oOpasyonpiecsi Ipu jeJMeHUN, HMEIOT B OOJLIIHHCTBE CIY-
9aen TO jKe OTHOIIeHUE n/p, 4To u peasuieecs sapo. MHOTo3apsHbe YaCTHIE,
ACIycKaeMble IPH pPacHieIUIeHHn Sjep, ABIAIOTCA B OOXBIIUHCTBE CTa0WIb-
HBIMH H30TOHAMH, & OCTATOYHBIE AHpa IPH HTOM IMOJYYaioTCsA IMepBOHAYAIBHO
HEeHTPOHO-M30RI TOUHBIMA.

6. Ilpm jenemum sgpa yriaoBoe pacupejefeHne OCKOJKOB €CIH U HMeer
AHIB0TPOHMIO OTHOCHTEJNHHO HAMPABICHNA IIQjaloiieil YacTANB, TO 3HAYM-
TEJABHO MEHEee Pe3KO BHIPDA/KEHHYI0, UeM MHOTO3apsfjHble YaCTHIEI, KOTOPEIE,
KAK W3BECTHO, MCIYCKAITCA IPENMMYINIeCTBEHHO B HepejHoIo moiycdepy.

7. Ceuenye peaxkiuy jeJxeHus sjep pesko BozpacTaer ¢ pocToMm A Mmmenu
(ompumeprio B 102 pas or Ho & U). Ceuenue ke mpomecca 00pasoBanmsa MHOIO-
3apAJHLIX YACTHI[ CPABHUTEIBHO MEJJICHHO pacteT ¢ poctom A Mmmenn (Max-
CHMYM B JiBa pasa B TOM ke 00JacTH MACCOBEIX WHCE).

Taxrusm oGpaszom, mecmoabzopaHme mjeil, OOLIYHO PA3BHBACMEIX B TEOPIAX
JIeJIeHNST Sep, BPAJ JII OKAJKETCS MOJEe3HBIM IpH 00bACHeHIN ABJIeHusd (par-
MEHTAI[HH.

I'inoreanr o mexanmame ¢parmenrammn. IIposejsennoe souime obcyenne
IBBECTHHIX IpoIeccoB 0OpasoBauusi UPOAYKTOB SjIEPHOTO PACIIeIVICHHsT IIPU-
BOJIAT K BHIBOJY, YTO Kajkjblil M3 pasoOpaHHLIX HPONECCOB BCTpedaeT Te MM
MHBIE TPYAHOCTA IpH OOBACHEHHH BCEIl COBOKYMHOCTH HKRCIEPUMEHTATbHBIX
JAHHBIX 1O (hparMeHTaIji.

IIpu sroM mambosbmume saTpyjHCHHA KaK ¢ TOYKH 3PEHNsS BHIOHBAHHI,
TaKk ¥ ¢ TOYKM 3PEHHA HcmapeHns (QparMeHTOB BO3HHKAIT IPH O0BACHEHHH
ucnyckamyus gparmMentoB ¢ doxabmmamu Z u A.

IToaToMmy muTepecio pacemMoTpeTh HIOTESH, KOTOPHE BEBHTAJHCEH BPEMSI
OT BpemeHn st o0bAcHenus (Qparmentanmm. Tax, eme B 1949 r. Temeran
(eam. [%%]) mperommn pgas oObsAcHeHRHA GOJNBIIONH BEPOATHOCTH MCHYCKAHUA
MHOTO32PAJHBIX TaCTHI, TPEeJIOJ0KATH HAXIUHe 60JBIIOr0 YIIOBOTO MOMEHTA
y Bosbyssaennoro Axpa. Menyeramme sapoM TskesasX yactuiy Oyzer 6iaaro-
HPAATCTBOBATH CHATHIO OOJBIIOrO YIVIOBOTO MOMEHTAa, IOJIYyY9aeMOro SIpoM
upu coypapeHun ¢ OHCTPOil wacTHIEll, TaK KaK YIJIOBOI MOMEHT, YHOCHMBII
$paryenTom (0pOHTANBHBIT MOMEHT-}COOCTBEHHbIN CIHH), 00BMHO OyjeT 3HA-
YATeJABHO $0JIbINe, YeM YIIOBOI MOMEHT, YHOCHMEIT ny kaoHamu. H coskaienmio,
9Ta THHOTE3a He IOJYYHiIa PasBuTiA B Iociaeaylomiue roasl. B wactHOCTH,
He FCHO, MO/KHO JH B TaKOil MOjesu 00hACHITh CYI[eCTBOBAHAE AHI30TPOIHML
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B YINIOBOM pacIpejiejeHun (parMenToB OTHOCHTeIBHO HAIPABIEHUII BLepej(
n uasax. Ilpm memycranmm wacTuiy u3 Axpa ¢ GOJBIINM YITIOBHIM MOMEHTOM
J0J7KHA BOBHUKATH TOJIBKO IOIEpeYHas aHU30TPOIMHA OTHOCHTEIBHO HAlpaB-
JeHHus JABIKeHHA INaJaonieil uacTuib.

OpHako He BHI3LIBAET, IO-BHAUMOMY, COMHEHHII caMo0 IIPeAIloo;Kenue,
YT0 YIJIOBOIl MOMEHT, JIOJIYYEHHBIT S/(POM, MOJKET BJIHMATH HA XOj| Lpoiecea
nciycranns gparsentos. VIsBecTHO, 94TO € POCTOM 3HEPIHIE, IePEABACMOIL APy
Opyu coyjapenum, pacreT M YIVIOBOH MOMEHT BO30ysRmeHHOro sjupa [3b 82]
A rag 6BUI0 NMOKA3aHO BRIIE, ¢ POCTOM IepeaBaeMoil dHEePruH BO3pacTaer
ceuenme oOpasoaEmna ¢parmentoB. Tawumm 00pazoM, MOYRET CYILECTBOBATH
CBA3H BEPOATHOCTH HCHYCKAHNSA (JPATMEHTOB ¢ BEAHYHHOIN YIIOBOIO MOMEHTA
BO30Y/KIEHHOTO S(pa.

B rumorese Teserau mpemosaraeTcs, 410 HCIyCRaHne parMeaToB Mponc-
XOJIIT B Ipolecce OOBIYHOTO HCHAPEHUA, HO HPH ONPeeJeHHBX HAauaJbHBIX
yeaosuax (0oasmioil yriaosoit MomenT Bosbys;iennoro Axpa). H rumoreszam
TAKOTO sKke THIIA, KOTJA IPeAIoJaraercs, 4To 3a 00pasoBaHme MHOTO3aPAIHBIX
YaCTHI[ OTBETCTBEHHBI Y7Ke M3BECTHHIE IIPOIECCHl, HO IPH OIpPEIedeHILX yC-
JOBUAX, MOYKHO OTHECTH THHOTesy «Typoyaentnoro afderrar [eitzenbepra [52],
IUIOTe3y MHOTORpaTHOTO oOmena mesomamu [$1], rumoresy duryrryammit sjgep-
noit marepuu [*?], rummoTesy acmMMeTpuUHOTO jedeHUST SAApa ¢ GOJBITEM yI-
n0BEIM  MomenToM [86 87],

ITepsrie aBe rmmoTessl He HAXOMAT LMOATBEP:RAeHHA HA ombire. llpum «ryp-
Oyaenrnom sQdexTer, BOZHHKAONEM IIPH MHOKECTBEHHOM DOJKICHIN Me30-
HOB IIPH IOMAJAHNN B AP0 YACTHIIHI, MOKHO OBLIO OBl OKHATH KO PEISIHIO
MesRy obpasoBanmeM (parMEHTOB M ME30HHHIX JUBHEI, Yero HET HA caMoM
nexe [*% 2], T'mmoresa acMMMETPHUYHOTO JEIEHHS SAPA ¢ OOJBITAM YTJOBBIM
MOMEHTOM TAKKe, Kak H rumoresa Temxerym, pasBuTHA He IOJYYILIA.

Bruto BHgBHHYTO TaK/Ke HECKOJBKO THIOTE3, KOTOPHIE IIPEACTaBISIOT
c000ii MB3BECTHBII OTXO0J{ OT OOBIYHBIX IpEACTABIEHNII. JTO, BO-IIEPBHIX, TI'H-
noreza Ileprumca [°%] o mampmHOjelicTBYOMIX SAACPHEIX CIIAX, BHIIBHHYTAs
M, YTOOLI 0OBACHUTD B3auUMOJ(eiicTBIe OBICTPOro HYKIOHA ¢ GOJABIIOIT IPYIIHOil
HYRJIOHOB. JlaHHAS THIOTE3a B CBETE MMEIOIIUXCS Telepb MPeACTaBICHUIl CMbI-
KRAeTCA ¢ TOYKOI 3peHus KOMIEKTHBHOTO B3aHMOJICHCTBEA HYRIOHOB IPYIIIL!
1 majaoniero 6eicTporo Hykiaouna [8%]. K rumoTesam BTOpPOIl rpymmsl OTHOCHTEST
HECKOJIBKO THIIOTEe3, B KOTOPHIX IIpomecc oOpasoBaHms GparMeHTOB paccMmaTt-
puBaercs Kak 0COOBIT MPOLece Pacielienusa Aapa, OTIHIHLIL 0T BHIOMBAHUS,
HcmapeHns u Jenenus [% % 39]

CyniecTByeT HECKOJBKO TOYEK 3peHusi Ha OTIMYNTEIbLHEIC 0COOEHHOCTU
oporecca (parMeHTAmUU Kak 0co00ro Ipomecca  pacmieIlIeHis  Apa.
Kporep u Ilyrapman (2] cymecrsennoii xapakTepucTukoil mporecca (par-
MEHTAIHA CUYMTAIOT cTa0mabHOCTH oOpasyeMux (¢parmentos. Bouasdraur,
Barep m ppyrme [*?] ommmuurensnoil ¢TopoHoil 9T0r0 HOBOrO Ipoiiecca CHm-
TaloT 0OJIBMIYI0 CKOpOCTHh ero nporekaHus. OGpasyionimecsa B OBICTPOM IIPo-
necce GparMeHTH HMEIOT OTHOMICHUE 72/p, KAK Y MCXOAHOTO fAjpa, m ofsajjaor
JOCTATOYHEIM BO30y IenneM Jid menapenns vacrur. B patore Jlossknmal??]
(fparmMeHTanuA paccMaTpuUBaeTcs Kak ObICTPEIT Ipormecc, MPHBORAMANA K 00-
pPa3oBaHUI0 B OCHOBHOM CTaOMIBHEIX N30TOIOB Jerkux sjep. B csere o6cysxmen-
HEIX BEIIIe 0COOCHHOCTEIl ABIeHIA 00pas0BaHIA MHOr03a PAHEIX YaCTAIL B Sjiep-
HEIX pPACHIEINIEHHUAX IOCHEIHIe TUIOTE3Bl KayKyTCA ILIOJOTBOPHEIME B TOM
CMBICJI@, YTO HBITAIOTCS B I{eJ0M OOBACHHTH BCe SBJIEHUE, He BHIeJAS U3 Hero
Ha IEepPBHIX IOpax 4acTeil, 00yCIOBICHHBIX, BO3MOKIO, APYTUMH IIPOMECCAMI.

PacemorpuM  OCHOBHBIE IIOCBUTKH —IIPEIOJNATAEMEIX MEXaHI3MOB IIPO-
ecca ¢parmenramuu. B pabGorax [* %] mpuumnoil mOABIEHNS HOBOrO BH/A
ANEPHOTrO IIPeBpalleHus, KOrja H3 Ajpa MCIycKaercsd (parMeHtT, CYUTAeTCH
ME30HHEII MEeXaHH3M Iepefadd YHePTHH SAJPY, BaRITIOYAION(HIICA B TOM, Y70
B Afpe TMOINION[AeTCH TT-Me30H, 00pa30BAHHEIA BO BpPEMS HYKIOH-HYKIOHHBIX
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coymapennii B sfepHoM Kackaje. Ecin ske 9T0r0 He MPOUCXOAUT, TO (PparMeHT
B pacHICIICHUN TOABUTHLCSA HE MOKET.

IIpocras mMojenb HYRJIOH-HYKIOHHBIX COyAapeHmii IPHBOAUT K ciabomy
POCTY TepeJaHHOl dHEPTHH ¢ POCTOM dHeprum majgaronieil wactunsl. OxHaro
npu suepruu yactum coxee 300 Map memaercst saMeTHLIM o0pasoBaHme JT-Me-
30H0B, u Obuto mpexmomxoskeHo [2% 521 gwro moraomenne ME30HOB B POJNTENb-
CKOM fIZ[pe CTAHOBHTCH OCHOBHOII NpUYMHOIl HOJBHINX IHepejad dHePIruH AApy.
droMy cnocofCTBYeT TO 0OCTOATENBCTBO, YTO Hambojiee BepOATHAA dHePTHs
o0pasyeMbiX B TaKHX cOoyjapenmax -me3onoB [?°] Gauska K oHeprum peso-
HAHCHOIO 3aXBaTa T-Me30Ha Mapoii HykiIoHoB [] 1 coorBeTeTBYET MAKCHMYMY
yupyroro paccesnus m-meson-uyriaon [*2]. Iloatomy m-meson, oGpasoBae-
nmiics BHYTPH Ajpa, HMeeT HeOOJBIIYI0 BEpPOATHOCTH BHIXOMA HAPYKY.
Onenka, nposexennast B padore [*3], mokassiBaer, uTo Ipu B3aUMOJEICTBHI
nporonon ¢ sueprueit 1000 Mas ¢ agpom ¢ A=100 u3 sppa BRIXOMUT HAPYIKY
npumepHo 1/3 Bcex 00pasoBaBHIMXCH TT-ME30HOB.

Rax nasecrao [*1], ceuenne mMe30HO00pasoBamdEis IpH HYKIOH-HY KIOHHBIX
coyjapenusx odeHb OnicTpo pacrer ot mopora xo 1000 Mas, a sarem octaerca
OPAMEPHO MOCTOAHHBIM. Y BeJdilueHme IlepegaBaeMoil sHeprum B 00gacTH
sHepruu magatomux vacrur Ooabme 1000 Mo MoskeT mATH 3a CUeT MHOTO-
KpaTHOTO 00pasoBaHMIA ME30HOB B OJHOM si/[pe, 4 TaKyKe 3a CYeT MHOKeCTBeH-
HQTO POJKJACHHS ME30HOB B OJHOM COY/ApeHHH.

Mesonnomy MexammaMy Iepejgadum dHEPruH APy, MOMUMO 00JbLION Bei-
9HHBL IIepeaBaeMoil sHeprun, IPUONCHIBACTCH, KPOMe TOr0, CHIbHAA JTOKAIb-
HOCTh B HarpeBaHmm Ajapa. B cmry G0JbmIOTO ceYeHMs paccesHns T-Me30H-
HYKJIOH #H 60JbHIOl BEPOATHOCTH 3axXBaTa -Me30HA ero cBOOOJHENL mpober
oypmer cocrapasrh npumepno 0.1 pamumyca sjpa [*2], uro ‘upuseger ® uepe-
Jade ero MOJHOII YHEePruM HYRJIOHAM, HAXOJAIAMCH B HeOOJBHION oOmacTi
anpa. B otux ycmosmax, kaxk mpepuosaaraor Boasdranr u gpyrume [*2], oGpa-
3YIOTCH SHAYNTEIbHEIC MECTHBIC HADYIICHUSA B Spe, Pa3phIBACTCA P HYRIOH-
HYRJIOHHBIX CBA3€i, a COBMECTHOE BJINAHHE CIHJ HATAMKEHUA, KYJIOHOBCKOTO
OTTAJIKHBAHAA ¥ MMIYJIbCOB, HOJIYYEHHBIX IPH PasBHTHN KACKaja, MPHBOJIHT
K OsicTpoMy paspymenuio sizpa. Ilpu atom cymiecTsyer Goabimas BepoATHOCTD
HOABJIEHNA CPEAH MPOJYKTOB PACHEIUIeHNA HYKIOHHBIX TPYIIHPOBOK.

B pamepmeitmem s o0bscHeHHA pocTa BHIXO[AA (PArMEHTOB ¢ POCTOM
ATOMHOTO HOMepa MUIIeHH TeMH ke aBTopamu [*°] Gsuio cpenamo mpepmoso-
JKeHHe 0 BIMAHHU HAa Ipoljecc oOpasoBamims (parMeHTOB JEIHTEILHOI CIO-
cobnoctn sxpa (T. e. mapamerpa Z%/A).

B patore [??] Gb10 0oT™MEueHO, UTO ME30HHBIT MeXaHU3M TIePegady HHep i
AAPY He MOKeT CUNTATHCA eUHCTBEHHON MPHYMHOM 00pasopaHus paciieruie-
HH ¢ parMeHTaMH.

Pacmemnennsa ¢ oGpasosanmem $parMeHTOB MOTYT IPOMCXOAUTH I TOTHA,
KOTJIa ME30HHEII MeXaHU3M Nepefaum sHeprum He mmeer mecra [7]. Bro
noATBepEAaeTcd HajauaneM (parMeHTOB B PACHICIUIEHMAX C MAJBIM YHCIOM
@-YaCTHI] M IIPOTOHOB, T. €. IPH OTHOCHTEIBHO MAJOIl Iepejade dHEPIIH; Meji-
JEeHHBIM H3MEeHEeHHeM CedeHnst o0pasoBaHmsa MHOTO3aPSAAHBIX dacTHI B 00-
JAacTH MaJBIX dHEPruil HmaJalomuX IPOTOHOB (OTCYTCTBYeT pe3Ruil cmaj ce-
YeHus IPH TOpore MEe30HO00PA30BAHMA); OTCYTCTBUEM 00BN Pa3HIIL B ce-
geHnu 00pasoBaHMA (PAarMeHnTOB B PACHCIUICHIAX, CO3{aBAeMBIX OBICTPHIMIT
T-ME30HAMH M IIPOTOHAMHI; (aKTOM OJ{HOBPEMEHHOT0 MCIyCRAaHHA B pacHienie-
HUM B MHOTO3apAJHOIl YacTHIB, W ©-ME30HA, 4TO TOBOPUT O TOM, 4TO OOpa-
30BABIINIICA JT-ME30H He IMOTJIOTINICA B AApe.

B pacemarpusaemoit pabore [*°] npomece oGpazosauus ¢gparmenToB npej-
cTaBifercs Kak OLICTPHIL Ipolfecc paspymeHHsA sAjgpa ¢ OXHOBPEMEHHBIM 00-
pasoBaHumeM (parMeHTa M HECKOJIbKUX Goxee gerkux gacrun (2, p, a), HAcTy-
malonuii B peayabrare 0COOBIX yCJIOBHII HePBHYHOTO B3aNMOJIeHCTBHS HaIAl0-
meil YacTHIIH ¢ AZPOM NP lepejade OOJBIION dHEPTUIT S/APY I €r0 YacTH.
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C Tourm spemns Takoro OBICTPOrO pacCHIEILIeHHA Axpa (Kak MPSIMOIL SEPHOIL
PearIHy ¢ 07{HOBPEMEHHBIM 00pa30BaHIeM MHOTHX YACTHIL) MOJKHO Ka4ecTBeHHO
o0bsicHUTE MHOTHE ocobemmocTi mmponecca (parmenramuun. K coskamennio,
B HacTOAINEe BpeMsA HeT JOCTATOYHO DPABBITOI TEOPHH HOJOOHHIX pPearIuil it
TPY/IHO CHEJaTh OKOHYATEIHHOE CY/KJCHILe.

WNnrepecusie mpexgcrasienus Osuim passuTsl B padote [lemmcosa, Hoca-
pesoit 1 Yepenrosa [*°]. Oun pacemoTpenn Kackajublil Mexanusm oGpas3oBa-
Hist GparMenToB, M0 KOTOPOMY OTHEJeHHEe (PParMeHToB OT AApa MPOHCXOTUT
B IIpoIiecce BHYTPHAACPHOTO HYRIOHHOIO KacKajga B pesyJabTaTe HapPyMICHHI
sipepnnix  cpsiseli. IIpu dToM® cymecTBeHHLIE IOIYLICHHA JeJIal0TCA O Hpo-
CTPAHCTBEHHOIl cTpYyRType Axpa (Hajiwdie B fAjpe HPOCTPAHCTBEHHO CROpPpe-
JHPOBAHHBIX I'PYIII HYKJIOHOB, CBASAHHEIX C OCTAIBHEIM SIPOM IOCPEHECTBOM
He0OJBIIOTO THCJIA HYRJIOHOB). B Ipomecce pasBuTHsI HYKIOHHOTO KacKaja

an
de

750

100
H 50
W 6 80 W0 : 2
Puc. 97. Pacuernnie 1 akcnme- Puc. 98. YraoBue pacupeje-
PUMEHTAJLHEEe JHEPTeTHIecKHe Jenns parMentoB ¢ Z=>4.
pacnpe,uellenuﬂ Lim Be' 1 — DRCIEPHMEHTAILHO HONIYYeH~

noe pacnpenemenne [3°];

(pusme — CIRO2PARMB —
Kpuswe pacuer, 2ucmozp t 2 — pacuer [®5

SKCHEPHMEHTANBHBIC pacHpeesennd.

.

IpH NONAJaHHH B AAPO OLICTPOIl YAaCTHIE HYKJIOHBI, BHIIOJIHAIOI[NE POJIb
cBA3ell, MOTYT GBITH BHIOWTLI M3 sIj(pa ¥ JaHHAA TPYIIA OKasKeTCs OT/eNeHHO
or saxpa. Ecan B panpueiinem sta rpynma He 3aXBaTHBACTCH SIPOM, TO OTHE-
JeHie 3aKaHynBaercsd HcIyckanueM ¢parmenta. Takuym oGpasoM, HyKIOHHBIL
Kacka) Kar Opl URCHPYCT ONPEHEIEeHHYK TPOCTPAHCTBEHHYIO CTPYKTYPY
Axpa, UMEBIIYIOCS B MOMEHT HolajaHus B Axapo OsicTpoit gacTuusl. Pacuer
OIICAHHOTO KaCKajHoro Mexanusma o00pasoBaHmnd (pParMenToB ObLI BEITOJHEH
caepyionyM obpasom: 1) mo Momean mykiaounoro kackajpa (mo merogy Momnte-
Rapio) n myrem pemenus BeposTHOCTHOI 3aa4 0 cJydaiiHoil BHOOpKe paccun-
THIBAJIOCH OT/eNeHnme $parMenTa OT sjgpa; 2) HO MOJENIH JRUAKOIN Ralim one-
HHBAJACh BEPOSTHOCTH 3aXpaTa OTjejupmierccs parmenta sjipom. Meromom
Monte-Hapio paccunthiBazoch TOIBRO pacmpejejeHne BHOUBaeMHIX B Kac-
Kajile HYKIOHOB II0 00beMy smpa.

Ipemrosxennas Moeb MO3BOJSCT PACCIRTATH MOYTH BCE XAaPAKTEPUCTHRIL
aprenns  (parmenramui. Pacuer, OpoBefeHHBIT IIPH JHeprud IPOTOHOB
660 Moss, xopomio o0bsAcHseT sHepreTHYeCcKUe pacupejeaeHus (QparMenTosn
IOpH SHepruAx BOAMBH KyJoHOBeKOro Gapbepa (puc. 97), HO B TO ke BpeMms
COBepIIEHHO mHe o0bscusier @parmMeHToB ¢ £ > E yyy. YTiIOBHE pacmpe-
fedennd GparMenToB, HodyuyeHHbe B pacuere (pme. 98), coBmajgaioT ¢ 3JKcIe-
PUMEHTAJBHEIMI, eCJII He pacCMATPHBATH OBICTPHIX (PArMeHTOB, JAION{HX
OCHOBHOII BRTaj NOX MaamMm yriavu. TouHO Tak yke Y/0BIETBODPHTEIHHOE
COTJAcHe PACYCTHHX I HKCICPHMEHTAJIBHLIX JAHHBEIX HOJIyJYaeTca I 3a-
BHCUMOCTH BepOATHOCTH HCIyCKaHMs (parMeHTOB OT 4HCcia Jydeil B 3Besje,
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JViA 3apAgoBoro pacupepenenud Qparmenton (puc. 99), A BeNMUYMHB ITOJ-
HOTO cedenus (parMeHTarii 1 ero 3aBHCHMOCTH OT YHEPIHI NajaloniiX IpoTo-
goB (puc. 100). EcrectBennoe oGbsicHeHue B 9TOM KapTuHE ITOJYYaeT MHO-
JkecTBeHHOCTh (parmeHtanuu. VuTepecno orMernTb, uT0 OOJBIIAs YACTh
PAcYeTOB COTVIACYETCA ¢ DKCHePUMEHTOM, €CJAU YMCI0 HYRIOHOB CBSASH MEHbBINe
WM PaBHO 2 H B Ka/KABIL MOMEHT BpPeMeHH BO (JparMeHTax HAXOHICA OKOJIO
HOJOBMIBI BCEX HYKITOHOB fApa.

Tpysnocts mETEPIpETANMN HKCICPHMEHTANBHLIX JIAHHBIX, OTHOCAI[IIXCH
K MCIYCKAHMI0 MHOTO3AapAAHBIX YacTUl[ UpPH paciielyieHuH fAjep, CBA3aHa
¢ HEmOJNHOTOI HTUX JIAHHBIX M ABHOII HEYJOBIETBOPHTEIBHOCTHI0 CYIECTBYIO-

N T
80+ 10
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L \§~8 L {
40 s 6l 1
L , (<)
4 -
) " $
= 2 =
- = =) ) TS 12, S S
(] 4 8 72 7 200 500 700
Ep, Mab
Puc. 99. 3BapsajoBoe pac- Pue. 100. ®yuxnusa BoadyxK-
mpenenenne (GparMenToB Mpu JeHmst s 00pasoBaHmAg
pacmenuaennn aaep Ag, Br. ¢parMenToB ¢ Z =>4 npn pac-

mergiennn sjaep Ag n Br mpo-
Tonaym ¢ snepruei 660 Mas.
1 — pacuer [*°],

1 — pacuer [9%].

U(IX TPeACTABIEHHIl 0 CTPYRTYpe Ajep I XapakTepe B3auMojeiicTBus OLCTPHIX
gactar ¢ axpami. Ho yike ceifgac mpejicTaBiaioTcs 3acHy;KNBAIOMUME BHH-
MaHII BaKTIOYEHMS 0 CYIECTBOBAHNN HEKOTOPOro OBICTPOrO IHporecca pas-
PYIIEHHA fjpa, OTINYAIONIErocsi Mo CBOCH MPHPOAE OT M3BECTHHIX IIPOIECCOB
JIeJIeHHAA, HCOAPEHUA M BHIOMBAaHWA, 1 O CBA3H IIpoiecca o0pazoBammsa MHOIO-
3apANHLIX YaCcTHIl €O CTPYKRTYPOI Apa.
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Faasa 11
JEJEHNE SJIEP YACTHIIAMH BBICORKNX OJHEPTHII

R HacToAmermy BpeMemm OmyOIIKOBAHO 0OJBIIOE YHCI0 Pald0T, MOCBSNICH-
HHIX MB3YYEeHUI0 JIedeHHA sjep HeilTpoHAMM CaMBIX PasiMuyHBIX dHEPTHil, Ipo-
TOHAMH, JelITPOHAMHN, (-YaCTHUI[AMI, ME30HAMU U Y-KBAHTAMH.

OTpierasich OT HECYN[ECTBEHHBLIX OCOOEHHOCTEIl, CBA3aHHLIX € IPUPOJOIL
YACTHIEI, TPOUBBOJAMIEI JeleHIe, PACCMOTPHM pe3yJbTAaTHl OLBITOB, HO3BO-
JIATONNX ONEHNTDH BIMAHNE BeJIHYAHE DHEPITH BO3OY/KICHIA AIpa Ha pacipe-
JlelieHne II0 MaccaM HPOJAYKTOB JIeJIeHWs, 3HAYCHHE CEYCHHIl W JIeJHMOCTeil
JUTSL PA3JINYHGIX sjlep W Ha COOTHOIICHUS ME/KAY KOHRYPHPYION[HMI IIPOIec-
caMil TP OXJIA/K(eHHN SIpa.

B mocnegmme roxmt psAjoM aBTOPOB MCCAEOBATOCH JeJACHHE Aep MHOTO-
sapAHLIMA HoHaMi. MBL cown HeoOXO0HMBIM PACCMOTPETh OCHOBHbBIE Pe3yilb-
TATH HTHX ONBITOB, HONOJHAIONINX HAIIK SHAHNA O MeXaHU3Me JieeHus.

UnraTeno, HHTEpeCYIOMEMyCs: IPOOIeMOil JleIeHus B IeJI0M, MEL B JIOIOJ-
HeHie K JaHHOIl IJaBe PeKOMEHJyeM CTaThi, OMyOiauKoBaHHbe B Kuure ['],
a Tamwke nocaepaue 0630put 1o jenernio suep [> *]. Tawm ke moskHO HaiiTH 1
JIOTIOTHUTENBHYI0 Onbanorpaduio OpUrHHAIBHLIX paboT.

§ 1. PACIIPEJIEJIEHHE II0 MACCAM HIPOJAYKTOB JIEJTEHILA

PaccMoTpny aKcmepnMeHTalbHEE [aHHbe 00 H3MEHeHHMH pacipejeseHns
o MaccaM IPOJYKTOB JEJICHMS NPH Pa3qMIHBIX IHEPrufAX BO30Y KIeHAA M
pasuuix Z Jexsniuxcs sjuep.
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WspecTHo, uto A Axep B o6aacTy ypana Ipu yBEeINICHIN DHEePTHN YaCTHIL
paclpesiesienye M0 MaccaM H3MEHACTCH B HANPABJEHHN BO3PACTAHUS BHIXOJ0B
cummerpuanoro peinenus. Ilpusenennsie ma puc. 101 xpunrie maoT mpemcras-
aJeHNe 00 IBOJIOMMI CHEKTPA MACC HIPH JeilCTBUN HA YPAH TEINIOBEIMH HeilTpo-
mamu (@), mporonamu 10 (6), 70 (¢) m 340 (2) Mas [*]. Jlannsie moxyueHs pagumo-
XuMuyeckuM MeTonoM. llpm peficTBHE TeINIOBEIME HEHTPOHAMEH B OCHOBHOM
Jlelenne MPOMCXOJUT Ha OCKOJKHM, CYNIECTBEHHO HEpaBHEIe 10 MaccaM. Hpu-
Bas BHIXOJOB IMeeT pBa Markcumyma. OrHoOIIeHIE MaKCHMAILHOTO BEIXOA
R MHHOMAJTBHOMY COCTaBJACT
penunuuny oroso 600. ITpm me-
a 6 aeann nporonamu 10 Mas ato
oTHOTIIenHe ymMensiaerces 1o 10
H3-32 YBEIMUCHNS O CHMMe-
TPUYHBIX JIEJCHUIT, T IPH Jie-
genmn nmporomamu 340 Moae
JOJIA CIMMETPHYHBIX e CHIUIT
YBEINUNBAETCS HACTOIBKO, 4TO
Kpupas NMeeT JHIIb OJUH
MaKCHMYM, IPAXOIANIMIICA Ha
BBIXO[BI  CHMMETDHUHBIX I
OAMBKEX K CHUMMETPHYHLIM IO
Macce IPOJYKTAM  JIeJeHMIL.
OHOBpPEMEHHO IIPOMCXOIUT 32~
P MeTHOe YIIHmpeHNe KPUBHIX B
CTOPOHY JIETKHX IPOJYyKTOB
meaenus. Tar, mus 3HAYCHHI
0;~0.1 mbapn mpm yBeamge-
HEH dHEepruu nporoHos ot 10
no 340 Moap pacupepenenne
yIupseTcst IpHOIH3UTeTHHO
or 66 mo 100 maccoBBIX eu-
HUIT.

ITopobrasg waprTuoa B U3-
MEHEHHM pPAacIpejeSeHus o
oo i i MaccaM ¢ pOCTOM HSHEPTHH BO3-

80 120 0 80 120 160 A OY/KIeHNST UMeeT MeCTo TaKiKe
mpu  jledeHnn  wryTomus [°]
Pnc. 101. Pacmpenemertme o MaccaM HpOAykroB XM TOpHA fo)
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leIeHNA ypa#a NpH JeHCTBHI TeILIOBHIX HeHTpo- Vmmpenne KpuUBBIX pac-
HOB M OBICTPBIX HPOTOHOB. npelleJIeH.IlH 10 MaccaM ¢ po_
OGwbAcHenye CM. B TEKCTe. CTOM AHEepTrHH BO30YHKeHIA
MOSKEeT OBITH CBAZAHO € JBYMSI
OpPHIIHAMA.

1. Hpn yeeamuernic sHeprum 6oMOa pAHPYIONIHX YaCTHI] PACTeT YHCI0 Kac-
RaJiHbIX YaCTHI[, YBEANIHBACTCS CpPeHAsS dHePTUA BO30YKIeHIA ANep, YMeHb-
MAeTCsa B CPejHeM MaccoBoe umemo Ajppa mepey perenmem. IIpm Tom sxe oTHO-
MEHUN Mace IPH JeJeHul Macehl saep-IpoAyKToB OyAyT MeHbIie, KOT/a
pHEpPTHs MPOTOHOB Oosbime. Tak KAk geauThes Oyjper Habop Amep ¢ pasami-
HBIMIL 9HEPTHAMA BO30Y/JICHIA, TO FPAHANA €¢ CO CTOPOHBI TAKEIBIX IPOAYK-
TOB CYHIGCTBOHHO HE H3MEHHTCH, B TO BpeMA Kak moApjieHnue 0Oojiee JErKmx
NPOAYKTOB JleeHnA PACIIIPUT KPHBYIO B CTOPOHY MEHBIINX Macc.

2. Ymmupenue KpHBOIT MacCOBOTO PACIPEAeNEHHS ¢ POCTOM DHEPTHH BO3-
Oy KICHUST BCIEJCTBHE IOSIBIEHWA W BO3PACTAHUSA BEIXOIOB Oojree acmMMmer-
PUUHBIX JleTeHiL. 2

Har mowrazamo panee, Kpome IEPBOIl NPUYMHE, HO-BIIIMOMY, HMeeT
MeCTO U BTOpAasd.
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Bosmoykasie m3MeHeHNA B paclpeieeHun O MaccaM HIDOJYKTOB JICTeHHA
ypaHa B 3aBHCHMOCTH OT JHEPTHH BO30Y:;kAcHHS usyyanuch B patore [7].
Ypan epopmicst B dorocaoit n mracTnarE ob6aygannes nporonami 660 Mas.
Jeautensusie coObtnd, mabiofenHne B doTocaoe, pasduBaiuch 3aTeM Ha
I'PYHIEL 0 YHCIY Rup BAPAKEHHBIX YACTHI[ (MCHAPUTEILHEIX), COIPOBOKRIAIO-
mux penenne. Pamee [®] Obira ycraHoBiena 3aBHCUMOCTB MEKAY Nap B CPEJI-
HUM 3Ha4YeHHEM JIONOJHHTeJBHOTo 10 180° yruia meskay ocKOIKaMH, KOTOPHIT
XapaKkTepusyeT dHepTuio Bo30y:KAeHnms sjpa-octaTka. [lo sHepruii mporonos
oroxo 660 Mo Brmosmserca smmupudecroe coorromenie pupa U=A-+Bnr,y,
(4 m B — mocrosgHALE), KOTOPOE MO3-
BOJISIET KiaaccH(MIUpPOBAThL  CIydYal
JQNCHUA [0 SHEePTUAM BO30Y K/CHM.

Ha pme. 102 mokHO BHJETH pac-
npejeJeHne II0 OTHOIIEHIAM HpoOeron
0CKOIKOB Ly/L; Jerkoro M TAKEIOro
npu sHeprusx BosOys;kpenus 60, 240 n
380 Mos, samensiomee pacupepenennc 4
0 MaccaM. 3aMeTHO ABHOE YHINpPEHUE
KPUBLIX 324 CYET YMEHBIICHIST YHCJIA
CHMMETPHYHEIX U POCTA ACUMMETPUY-
BeIX genemmit.  Astopst [7] yrBepik- J0
JAI0T, 4TO0 W3MeHEeHIe B paclpejene-
HOW 110 OTHOIIEHHAM IPO6eroB He CBA-
3aHO ¢ HEPEHOCHOI CKOPOCTHIO, a MAB-
JAACTCS CIHEHACTBUEM BIMSAHIA BeJIHYNHEL 20
QHEPIHU BO30Y/KICHHSA HA pacipejeie-
HUe IO MaccaM TPOAYKTOB JeJCHHA.

Bupx xpuseix maccoBoro paciupeje-
JeHUs NPOAYKTOB JIeJIEHHA CYINecT- g
BeHHO 3apmenT Kak ot U, tak m or Z
appa-mumienn. Tak, mampumep, npu
nexennn Ra22® mporomamu 11 Mag [% 1]
HaOIIOMAI0TCA PAsJeJbHO [[BA THIA Je-
JEHMIl — acHMMETPIYHOE M CHMMETPHI- 70 22
Hoe. llpw yBenmuenunm sHeprum BO3- L il
Oyrensit OPEMOPHO » JIHA ! PASA -Tpo- Puc. 102. Pacnpepeiienie OTHOUIeHT
00J1a/Jaf0MIM CTAHOBIUTCSA CUMMETPIY- 1poGeron  La/Lr-0CKOIKOB jleleniis ypana
noe jesaenne (puc. 103, a, 6). NP PARIHYHEIX PHEPTHAX BO3GYHICHNS:

JBa Bujia JieleHHsa — acHMMeTpuy- 1 — U—60 Ma: & — U—240 Mos;

HOE I CHMMETPHYHOEe — UMeT MmecTo ¢ — U—380 e e S
-Taryke i Th**? npm genenmn y-KBaH-
tramu ¢ E . =70 Map [''].

Ha puc. 104 npepcrasieno pacipeeiaeniie 0 Maccas IPOYKTOB JleJeHIs
Bi2% nporonavu ¢ sneprueii 36 n 58 Mos, mo jannsm Cyraxapa u apyrux [12].
Cevenns piesienus pasust 1.9 m 11.3 mbapn.

Ilpn pexemm uporomamu 36 Mas asropmt ['2] o0mapy:Kmmt U I IPOAYK-
TOB JIEJNCHI BUCMYTA PasfelbHO HAOIIONAEMEBIl acHMMeTDHUYHEIL BHJ Macco-
BOTO pacupepeiaenns B obaacrn mace 66—73. Beixoj acmvMMerpnuHOTO JleIeHI A
cocTapisgeT Beamunny aunib 0koxo 0.3% K obmemy Buxogy. Ecian mo sxcrnepu-
MEHTAJILHBIM TOUKaM /715 BEIXO/I0B JEIKIX IIPOAYKTOB IeJIeHIsI TOCTPONTE pacipe-
Jlellene 0 MaceaM JUIA  TAJKENIBIX, HPHHAB YWCI0 WCHYIEHHBEX IIpu
JIeJICHHN HEHTPOHOB PaBHEIM 4, TO MAKCHMAJILHBIC BHIXOJBI IIPH achMMe-
TpugHOM  Jierennn  Bi*’® Gyayr cooTBeTCTBOBATH  MACCOBBIM  UNCJIaM
70 n 136.

Jas pamgus uz padorst [°] smawenms gma maxcmmymosn pasasi 87 m 135.
CixepoBarenbuo, y BUCMYTa, Kak M y sijiep ¢ 00apmmM Z, TOJOKeHHe Mak-
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CHMYMOB JUIA TAKEIEIX OCKOJKOB OCTAeTCA HEM3MEeHHBIM M JIHIOb CMEIaeTcs
MOJIOKeHNe MAKCHAMYMa JUIS JIETKHX OCKOJIKOB.

Aprtopsr [*2] nmpepmonaraior, 4ro HaAMYHE ACHMMETPHYHOrO BHJIA JIEJIEHIST
JUIA BECMYTa, Kak ¥ Juis 0ojiee TAKENBIX sAep, BePOsATHO, 00YCIOBIEHO BN~
HUeM 00004eTHEIX 3(deKTOB, B JAHHOM clydae 000J09YeK ¢ INCIOM IPOTOHOB
n meitrporos 50 m 82. Ha KpmBoil BHIXOI0B IpH jedeHnn mnporoHamu 58 Mas
yi/ke HeT HHKAKNX HaMeKOB Ha [[BA Pas/ielbHO HAOJIOaeMbIX BHA JIeJTeHMA.

Pacemorpennnie gakThl ZOMyCKAOT HPEAIONOKEHNEe, YTO CHMMETPAYHOE
Jeqenne 00YCJAOBJICHO YBeJAUYGHHEM HHEPTUH BO30Y;KIeHHA BHE 3aBHCHMOCTH
0T MAaccoBOTO HOMEpa -die-
MeHTa. AcuUMMeTpHYHOE Jie-
JieHye, KOTOPOe BhIABIACTCH
B Bujie asyropboro pacmpe-
JlelleHnA 10 MaccaMm, Kak
ykasmmBaiaoch B ['3], Be-
POATHO, CBA3aHO € HAJIH-
ypeM HeHTPOHHBIX M IPO-
TOHHBIX 000JI09€K B OCKOJI-
Kax. Jlaa TAKeIBIX DileMeH-
ToB (TOpHii, ypan M TsKe-
Jiee) OHO HABJIAECTCA OCHOB-
HBIM BUJIOM JIeJe€HUSA IIPH
MaJIBIX HHEPIHAX BO3OYK-
JIeHHA HaJ MOPOTOM M IIPO-
CTHpAaeTCs [0 BHCMYTA, IJie
OHO COCTABJSET JHOIH OO
npornenra. Tarkmm oOpazoM,
BBIXOJBI  ACHMMETPHIHOTO
JIeJIeHIsI TAKOT0 BHJA 3aBH-
CAT OT CTPYKTYPHL Afpa M
ero MecTa B IePHOIMYeCKOI
TadJyniie. :

Llia BuemyTa, Kak M A
ypaHa, HHTEPECHO COHOCTa-
5 BHTH Me;Ky co00il Macco-
BBIE pacupejieieHnda OpH
PABHBIX DHEPTHAX BO30Y:K-
JIeHISI. 9TO MOYKHO CesaTh
u3 pacemorpenusi puc. 105—
Puc. 103. Pacupepnenenue mo maccam npoxykroB ae- 107, rjue NPUBOJATCA pac-
JeHua pamua nporonamu 11 Mas (a) m  jgelitpomamu TpeJieJIeHns M0 MaccaM TpH -

22 Moas (6) [Y]. z
1 H3MEPCHHBIC BEeIUYMHBI: 2 3epRAJLHO  OTOOpaKeHHbIe neHeHHn BHCLIYTa ne“TpO-
=2 2 . —t J 7 bl 5
TOYKM, ¥v=5; § — 3ePKAJBHO OTOOPA/KEHHBIE TOYKH, v=3. mavu 22 m 190 Mag [*415],
nporomamm 340 wu 480

Mos [1% 7], W3 cpaBHeHnmsa BHAHO, 4YTO IMMPHHBL KPUBEIX MAacCOBOTO
pacupejieleHHsA CYI(ECTBEHHO 3aBUCAT OT SHEPrHH Bo30y:KAeHHA M yBe-
IMINBAIOTCA C ee POCTOM OT BHAYeHHs OKoido 18 MaccoBHX eguHHI[ IpH
sueprimi Bo3Oy;aenna Boausn 27 Map npuGiusurensuo o 40 mpum jeixenun
peitrpornasit 190 Mag. C yBeandennem sHeprun Bo30y;KAeHAA JUIA COBOKYITHOCTH
JeIANMXCA AfepP BCTYHAIOT B JleiicTBIe JPyrue BUJBL JieJeHus, Golee achmM-
METPHYHEIC, KOTOPBIE IIPM MEHBIIMX YHEPTHAX B3alpelajuch BHYTPEHHHMII
YCIOBHAMH. JTa aCHMMETPHA Yike MHOTO IMPONCXO;KICHASA I He CBA3aHA ¢ Ha-
JWYHEeM BHYTPHAJAEPHBIX 3aMKHYTHIX 000J0YeK.

ITpn pexemmn nporomanu 340 m 480 Mas KpuBsie HpPHUMEPHO OJIMHAKOBEL
no mromaju, Ho juist 480 Mas pacnpejieseniie mmpe y OCHOBAHHA 3a CYeT
yOBIIN BRJIAJA CHMMETPHYHOTO JeJeHHs.
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VBeauuenue BKJaja acUMMETPHUHBIX jedenuii['®] ¢ pocrom smeprum
B030Y/KIHIA HATJIAJHO BUJIHO W3 OTHOINEHMS 3/2‘28; JUIA BBIXOJOB pas-
mmaEHX npoaykToB pesaenus (puc. 108). Buixogsr mpopysToB acummerpuu-
HBIX ncnexmi’x (Ba'*®, Sr®) Boapocau Goabmme, 4em BBHIXOJbl CUMMETPHUHBIX
neaennit (Ag, Mo™).

O6yxosuim [1°] cpesana momeITKa JaTh KadecTBeHHOe 00bACHEHHE pacIin-
peHus KPHBOIl pacupeielieHNsA II0 MaccaM Ha OCHOBe HNPHMeHeHHA K SAPY
Mojenn sruakoit Kamau. OH IPeAIOIO/KHII, YTO PaCHIMpenue MaccoBoii Kpu-
BOIl CBA3aHO ¢ MOABICHHEM JIeJUTENbHBIX COOBITHII, TIPOMCXO/AIIX IPI BEICO-
Koii Temneparype axpa. Ecan AE=FE,—FE, ecTh pasHuna B 9HePTHH aTHBAINN
JIA aCHMMETPHYHBIX M CHMMEeTPHYHBIX $opM

JleJIeHAA, TO B COOTBETCTBMI €O CTATUCTHYE- 0°r
CKOil Teopueil OTHOHIEHHE BePOATHOCTEN 6F /'\,.7
OCYIECTBJICHHS IIePBOTO WM BTOPOTO BHJA L ./' Y
JeJeHUS  JIOJ/KHO ONpPEJesIATLCA  BBIPAsKe-
HUEeM BHJA 2
w0}
13
oc B A[} 6‘ - 7
w= = zehp(—F) s
a & 3k
~§
rge 7' — remmeparypa  Ajxpa  Ipum  je- < “ZL
aernn. C POCTOM TeMIepaTypsl OTHOCHTedb- - :
HEIl BRJIAJ ACHMMETPHYHEIX II0 Macce Jie- 6 A
aenuit Oymer ysemmuuBarbes mpu AL > 0. 3k
Jlns moHMMaHHA KPHUBLIX —pacipesene-
HAA 10 MaccamM TpPH DHEPIHH [POTOHOB &
09t
300 MaB u Bpume cJaegyer OTMETHTDL, UTO,
KpPOMe TPOAYKTOB JIJEHMsI, COBMECTHO IIO- 6r
ABIASAIOTCA TPOAYKTHL PeaKIuil PacIierIeHs < S ] Voo ;
n ¢parmenraruu. IlpoxykTir peaxmuii pac- 70 80 9 100 110 A

MEIUVIEHNs 3aH0JHAT o0gacTh B pacupe-

JICIEHHN  He TOJABKO OKOIO0 MACCOBOTO HO-  pyc. 104, Pacupejieremnmie 1o Mac-
Mepa MHIOEHM, HO TP TaKHX OJHEPIUAX cam npoaykros jaexenus Bi'? mpo-
CMBIKAIOTCSI € TPOJYKTAMH JIeJIeHus €O CTO- tonamu 58 (1) 1 36 (2) Mas.
POHEI  Tsskedoll KommomenTe. lIpogyrTer

dparmvenTanun 3anoaHAKWT 00JacTb OT Z > 2, W NIPU JIOCTATOYHO BEICOKOIL
SQHEePruym TPOTOHOR BRIXOALI X TAaKYKe PACHPOCTPAHAITCH J10 JerkKuX Ipojayik-
TOB JIeJeHHSA € COMOCTABHMBIMU ceueHmsMu. Eeam sHeprus NPOTOHOB npe-
peimaer 1 BaB, T0 HpomyRTHI HedeHNsa yike He BBIIEAAIOTCS UETKO B pac-
npejie;IeHui. Ha puc. 107 supno, uro npm £,=3 Bos pacupejiesienie mo Mac-
cam npn mexenuu Pb mpejcrasisiercs MOHOTOHHOT RpPHBOIi, a BEIXOJ(BL MaII0
pasimyaTcsa A Bcero muuTepsana mace ot 20 mo 185.

Wurepecno ormernts, 9ro, Kak caejayer u3 paborsl [7], mpm BECOKHX
BHEPTNAX BOBOY/KJEHNSA pPacIpejielieHne 110 MAaccaM IPOJYKTOB JiedeHHsa Cy-
IMEeCTBeHHO He OTJANYAETCHA JIA TAKIX PasHEIX sjep, KAk ypaH, BUCMYT U BOJb-
dpam. Iro Bupmo u3 puc. 109, rpe pacnpejedeHiie Mo OTHOMEHMsAM IPOOEros
aano npu U=400 Mas.

IIpn panvueitimes ymMeHbpImeHHH 7 MIINEHN, HANPHMeD NP JeJCeHNIl TaH-
rana [*°], BEIXo{BI TPOAYKTOB [eldeHHd NpH sHeprum uporonos 340 Mos
(pme. 110) emie oTmeasioTCs YeTKO OT MPOAYRTOB peakimii pacHeILIeHIs M
bparsenramun. OTHOmeEHNE MAKCHMAJILHOTO BHIXOAA K MUHUMAagbHOMY (10
kpasm pacupesenenns) okoxo 10. Ilpn E,=5.7 Bos, xaxk n jaas ¢BHHENA NPH
E,=3 BoaB, NpojyKTH pacmerieHus, IIeJIOHH}I n ¢parMenTamuun He pasjie-
JIHIOTCH Mexay coboit [*]. B oOmacth, 3anmmMaeMylo mpi MeHBINMX DHEPTUAX
OCKOJKAMM JIeJIEHNs, ¢ 3aMETHBIM CEeYeHHeM MOrYT HOMAajaTh MPOJYKTH pPeak-

1/, 15 ApepHble pearuuu 225
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Puc. 105. BrIXombl HpOJIYKTOB JCIeHHS
BHcMyTa Jeiitpomamm 22 Mam [1°].

1 — nHabaoxaeMblii BBIXOA; 2 — BBRIXOA A0UOJd-
HUTEJLHONO OCKOMKA, v=4.
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Puc. 107. BRIXo#sl IpPOJYKTOB jrelie-

HIA W OTHICINICHHSA TIPH JeiicTBAI Ha

pcMyT mporomamm 340 (3) m 480 (2)

Mo u ma cBuHer, nmporomamm 3 DBap
(1) [16,17].
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Puc. 106. Beixonst i IpoxyK-
TOB JeJieEuss Opm  o0ayde-

num Bi*'? neiitponamMun ¢ aHep-
rueit 190 Mas [15].

134
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Puc. 108. Ornomenne ceue-

HHIl I TPOAYKTOB  Jlele-

HHS BHCMyTa, XapakrepH-

3ylomee yBeJnueHne BEX00B

acUMMeTDHYHBIX JleJeHnii ¢

BO3pacTammeM SHeprud IIpo-
TOHOB.



nEi pacmemniennda u gparmenrtamuu. [leiicTBnTenbHO, ceveHne ¢parMeHTanun

Ha TaHTajXe NPH dHepruaH IporoHoB okKoxo 6 Bas cocraBaser Benmunuy 0K0I0

130 mGapm mus ¢parmentos ¢ Z > 4.* Ilpum Tawkux »HePrUAX 3HAYNTEICH
/ .
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Punc. 109. Pacnpenenenne orTHOIIeHMI

npoberoB OCKoJKOB Jenenns U, Bi
u W npnm osHeprmm  Bo3Oy:Kne-

s 400 Moas. 1
Jenenne: 1 — ypanma; 2 o BHCMYTa;

3 — BOJab(ppama

— nporoHamn 0.34 1
2 — nporonamu 5.7 bos

60 120 180 A

Pnc. 110. Buxopsl HpogyK-
TOB JleJIeHAA W OTOICITIeHNA

JUISA TaHTaJ a.

{203
(=11

Bos

BKJaJ cOOBITHIT ¢ ABYMA M Jlaske TPeMs MHOT03aPsAMHBIMI JaCTHIAMI HA OHO
pacmemienne. Pacmemnenns ¢ pparmentamu o0sano Maoroaydensie. Tar, mas
E,=9 Bap cpexmee uicao mydeil B pacmeIlIeHUAX I0j00HOTO THIIA OKOJIO

17. Cpepnmnit 3apsjg ¢gparmesTa IpUMEpHO pa-
BeH 0. V3 9THX JAHABIX HOIYYHM, YTO CPejHMIT
3apAJ AJPa-0CTATKA B PACHICIVIEHUAX C OJIHHM
¢parmMeHTOM yMEHBIIAeTCsI HA 23 M B pacmiel-
JIeHUsAX ¢ JAByMs parmMeHTamMm — ma 28 epu-
HUI[ 3apaAja, TakuM o0pasoM, JUIs CpPeJHero
3HAYCHUS 3apsAjga sApa-ocTaTka OyaeM MMeTh
BemauHy okoao 50—45. CaemosaTesnbHo, 00-
JACcTh MACCOBHIX dYICEN, KOTOpas NpH dHEpP-
ruax 300—400 MaB samosmseTcs NPOAYKTaMH
Jesienns, mpH OOJBIINAX HHEPTrUAX OyaeT Io-
HOJNHATHCA TaK/Ke MJpaMil-0CTATKaMH OT pac-
menennit ¢ gparmesTamMn.

Tlpu peiicTBum 9YacTUI[ BHICOKHX DHEPIIIl
Ha DJIEMEHTHl ¢ MEHLINIMHE Z, YeM y TaHTala,
Hampumep, Ha cepebpo [2?] mam mase mens [24],
HA MACCOBHIX KPHUBHIX, IOJYYEHHBIX PajiiOXy-
MHYECKHM MeToJ0M, He HalammaeTcsa Xapak-
TEPHOTO MAKCHMYyMa, COOTBETCTBYIOIETO HpO-
JYKTaM CHMMETPHYHOrO [eJeHHA. 3jech Mpo-
IYKTHL OTIIEIVIEHHs 1 (hparMeHTAlNH mepe-
KPHBawT 00JacTh, KyJa MOTYT IOIAcTh, BO3-

=a
Ql
N
N

LA L B )R 11 B 411 e

TrYITInT

0 20 0 4 50Z
Puc. 111. Ceuenusa oGpasoBa-
HUSL 9JIEMEHTOB B pesyJjbrare
pacmeruienns cepedpa IpPoTO-

mamn ¢ sueprueii 480 (7) m 340
(2) Map [23 35],

MOKHO, OCKOJKW JIeJIeHHS jaske ¥ TIPU He OYEHHb BHICOKMX BHEPTHAX IIPOTO-
soB. Ha pme. 111 mpuBojurca KpuBas BEIX0JI0B 2JIeMEHTOB IIPH paciierie-
HER cepeGpa mporonamu ¢ sueprueir 480 u 340 Map [2% 35],

* Ceuenne gparmenranum na cepedpe mia E,=9 Boas,

no pagore [22], okoio0

90 mGapn. Ceuenne Ha TaHTale OIEHUM M3 BHIPAKeHIA

a5 (Ta) =0, (Ag)

'/, 15 AnepHble pearuHH

SI‘COM (Ta)

%reom (Ag) 5
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§ 2. CEYEHHSA JEJEHNA M JEJNMOCTH (sy/s)

G

Haubouabuiee KojamuecTso JaHHBIX LA , Il 0y —CeueHnue jelieHuns

U C;— NOJHOE CeYCHUEe HEeYNpPYroro B3auMOJEMCTBUsA, NOJYUYeHO HpPU H3Y-
YeHUH B3auMOjeiicTBUs MPOTOHOB ¢ sapamu. V3 paccmorpenusi pesyiabra-

TOB 10O M3MepeHmnio cevyeHuit npu jgejJeauun gaiaep neﬁ’rpoaamu n a-gyactTunaMmu
g

¢ oneprusgmu 6oasme 10 Mas caegyer, uro, mo-Bugumomy, CYIeCTBEHHO

He 3aBHCHT OT IPUPOJBI YACTUI[, B TOH Mepe, B KaKOM 3TO HE CBA3AHO
¢ M3MeHeHHWeM 3apsja peasmerocs sppa. Mueercs B Bumy, uro npm 3ajan-
HOWf DHepPrunm ¢ yBeINUYeHNeM Gy UPU B3aMeHe, HANpUMep, INPOTOHA Jeii-

TPOHOM  COOTBETCTBEHHO YyBeiamyusaercs u o[> *]. Cxasammoe Buime
]
13 ONBITOB IO JeJCHMI0 MHO-

orHocuTes U K HelrTponam. Jlammsie i

ro3apsAHBIMA MOHAMHI HE BKJIOYEHBl B PACCMOTpPEHMEe, TaK KaK IS HHX
3aBucuMocTu oy (E) eme mexocTaTouHO M3yUeHH.

[Ipu BHICOKMX SHEPrHsAX BKJAJ J(EJUTEJBHBIX COOBITUIA B o0miee cede-
HIe B3aUMOJEHCTBUs CYIECTBEHHO M PEryJsAPHO 3aBUCUT OT Z Spa-MUIISHM.

Gf -
Orsomenue i npubamKaercs K eQuHuIe A Aaep KOHIA Nepuo{HIecKoi

¢
Tabiuns (3a ypanoM) u yOmBaeT ¢ yMeHbIIeHHEM SJAEPHOIO 3apAja.
Haubonee monmbie jammbe, NO3BOJAIIIME ITPOCHCAUTH H3IMEHEHHE

g
J0 IparTHIeCcKMn JI00BIX Bllepl‘ﬂﬁ, NOJIy4YeHBl M3 ONBITOB 1O JeJICHUIo

U8, Ceuenne pmejeHus A ypama pocruraer suavenust upumepuo 1.3
Gapu upu sgeprun mporomos 100—150 Mas|[*2%] u pausee cymecTBeHHO
ne sapucur ot smeprun. Tak, npu E,=9 Boas s,=1.3 + 0.4 Gapu[*).
Iloxnoe HEYNPYroe Ceuenie npu E =300 Mfaa[“] pasuo 1.85 Gapm u
npu JjajdbHeieM yBeJUYeHun aneprmx IPOTOHOB NOYTH He MEHIeTCs.

O
CaenoBarensno, jus U8 —G—:O.756 00 BCEeMy MHTEpBaly 9SHEPLUH OT
¢

100 MaB u BBIIE. '
Hag Topusa o, npm smeprum nporomos cBmme 100 Moap cocrasiser

o
seuuuny, 6ansxylo x 0.8 6apu[*] u coorsercrsenno ——=0.465.
3

Has Bi?® npn smeprum nporoHoB oxosgo 350 MbsB ceuenne jeaeHus
pocruraer Beduanasl okoso 200 mMOapH 1m0 M3MEepEeHHSAM C HOMOMBI0 MOHU-
3alMOHHON Kameps [**]. Do, mo- BHIAMOMY, MAKCHMAJLHO BO3MOJKHOe 3mave-
nue o, naa BucMmyta. llpm nganbmeiimem yBeJudeHnu JHEPrud NPOTOHOB
oy CYNECTBEHHO He MeHserca. dTo Buamo, mampumep, ua puc. 107. Cym-
MapHBIE BBIXOABl IS OPOJXYKTOB [EJEHNS BUCMYTa NpU JIBYX pasHBIX
SHEPrusAX COBOATAIOT B IpejeJax BO3MOKHBIX OMUOOK M3MepeHumii.

Ilpn oGayuennnm spep Pb mporomamm 3 DBaB KpuBas BEIX0J(0B pacipo-
crpamsercss Ha mHTepBan MaccoBmx umces ot 20 mo 200. Asropsr ['¢] orme-
JaloT, 4TO eCIM 1O AHANOTHI ¢ Pe3YAbTATAMI JUIsA HHEPIHU IPOTOHOB 0.34
n 0.48 BoB cunmrarh, 9TO MPOAYKTH A[EPHOH peaknmuu B WHTepBajJe Macc OT
120 mo 40 obGsazamsr jeixeHuio, TO WA CEYEHWS JleIeHHs CBUHIA nonytm'rcn
BeamanHa okoxo 100 mOapm. Omm OepyT MAacCoBEI WHTePBAJ, CABHHYTHIA
Bieso Ha 20 eJMHAI], MCXOJIA U3 TOTO, UTO NPH dHepruu mporonos 3 Bas cpep-
HAA 9HePrusa Bo30yseHus OyjeT SHAYHTENBHO BHIE, KACKAAHBIX YaCTHI
crafer GOJBITE M IPOJYKTHL JleJeHHsA JOJ/KHE HMETh MEHBIIyI0 Maccy. Taxmm
obpasoM, st aemerToB B odaacty Bi m Pb makcumanbmoe 3Hadenue cedeHns
JeIeHHsA, MO-BUIMOMY, cocTaBiaser Bexmanny okoixo 200 mbapH juda BHCMYTa
n 100 m6apr pus csBumma. Ilpunumas[?®] 3mauenuss o, muasg BHCMYyTa MU

228



g

csuana coorsercrsenno 1.6 m 1.56 Gapm, momyuum s

0.13 u 0.064. _
Ilns Au' no pesyabratam uamepennii ceuemmit jesenus [3] mpir sHep-

BEJINYIHBI

c
rium 340 Man 0,=10.05 Gapm n 7::-:0.035. JT0 3HaUeHHE, NO-BHUMOMY,

HECKOJBHKO 3aHM;KeHO, HO He HaMHOTO II0 CPaBHEGHHIO C TeM, UTO JOJKHO
OBWTH UPH HACHIIEHUN.

a .
Ha puc. 112 M0sKHO BHIETH 3aBHCHMOCTH -f T RS T2 5 B 200 g

t
Au' no mamepenusm Crefimepa n IOmrepmana [*]. Jlas ypasa u topus
aTa 3aBUMCHMMOCTH OKasblBae€TCH CTPOro HOCTOSIHHON B uurepsale aﬂeprnﬁ
100—350 Mas. [{us Buemyra mpu smeprum 350 Msp wpusas Oiuska K Ha-
CHIENHIO, a JUIsI 30JI0TA HACHII[EHIE eme He JOCTUTHYTO, HO POCT AeJu-

6%
el

005

0z

T

0 1 L L L 1 0 2 i i 1
50 750 250 350 - 50 50 250 350
Jnepeus npomonol, M35

Puc. 112. Ornomenne cedenus jenxenusd (0y) K IMOTHOMY
CeueHMNIO HeyIpyroro B3amMmoseiicTBusa (0;) Kak (yHKInA
sHepruy Nporonos s U238, Th232, Bi209 gy Aul??,

MOCTH ¢ 3Heprueil ABHO 3aMeUIUICA M MOKHO HOJAraTh, 4TO KpuBas yiKe
He JaneKa OT HACHIEHUA.

Jas soasppama m ranrana smavemns o, npn E,—660 Mos pasum co-
orsercrsenno 0.011 + 0.003 u 0.008 + 0.003 Gapa no M3MepeHUAM € IO-
womplo goromerona [*°] m pammoxummueckoro merona [*']. Ilommoe ceuenue
weynpyroro Bzaumopeiictsua [*] —1.44 u 1.42 Gaps, a orHomeHue oy/g
pasuo 0.0076 w 0.0056 coorsercrBemmO.

Jlanee, La'™, Sb'2 no wusmepenmuam Jlaspyxmmoii um apyrux [*2 3],
umetor npn E,—660 Mo ceuenne pensemmsa 0.6 m 0.25 mGapn. 3maue-
BuA o; paBabl coorBeTcTBeHHo 1.16 m 1.07 Gapm, a pemumocra — 0.000517
n 0.000234. )

Ceuenue nenenns pus cepebpa, mo msmepenmsam Illamosa [**], pasro
0.3 mbape, a mno msmepermio Koderana [*],—or 0.01 no 0.1 wam oxouno
0.05 mGapn; geammocTu moiayuarcs coorsercrsenno 3-107* u 5. 1075,

Ha puc. 113 smavenust nus peammocreii, Kak OHNM OBLJIM OHNpeCJeHBI
seime [**], mapecenmsl B mnoayiorapudmmueckoM wmacmrate B 3aBUCHMOCTH
or Z’/A. Kax BujnM, SKcnepuMeHTajbHBIE TOYKH, N0 Kpaiimeil Mepe 0
JanTaEa, COBCeM HEIJIOXO JIOMKATCA HA TNPAMYI0 JUHHD. Tpu 3HAUCHNS
peaumocTed (nasa nanTana, cypbMBl M cepebpa), eciau o, s cepeGpa B3ATH
no Ilamosy [*], panexm or mupamoii. Bozmo;kno, uTO 31m€CH MMEET MECTO
WHOH MeXaHU3M, OTJHYHBIN OT «KJIACCHUECKOTo» JeJeHHA, I GOJBINHCTBO
mabiofeEEHIX  cayvaeB o0s3aHo mpomeccy  PparMeHTAIIOHHOrO THIA.
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JKenepuMenTaNbELC JAHHBE 10 JICJICHUIO sjep B 9Toii ofaactu ewme co-
BePIIeHHO HEJIO0CTATOYHH JUISA OJ{HO3HAYHOTO OTBETA.

Ecnn cormacurbes, uro nposejieHHas npaMas NpaBHIbHO OTpazkaer sa
BHCUMOCTE G/, o1 Z*[A, To B amajuruveckoii ¢opme 5T0 3anumercs
7 X oo (42 v o) |
E _f:cxp[O.()(’Z (_1 2 3().25)J,
- <

Ot

T

OTKyja cienayer, uro misa Z*/A=
=36.25 ceuenme HEYIPYIoro B3au-
MOJIeiiCTBUSA JJOIKHO HOJHOCTHIO MITN
TMOUTH TOJHOCTHIO, YUYHTHIBAA IIPU-
OJM;KEHHELL XapakTep 3aBUCHMOCTH,
ONPEJEIATHCA JIeJIEHIIeM.

07

L IIIHH[

07

TTTTm

§ 3. JIEJIEHHE MHOI'O3APAIHbIMI
HNOHAMHI

6r/6y

T TTTT

Vsydenne BO3MORHBIX SJIEPHBIX
pearIyiil, UAyImuX npu  obJydeHun
Pa3JIMYHEIX IB30TOIOB MHOTO3apA[-
HBIMH MOHAMH, HpejicTaBiser 00ab-
moiit maTepec. JleiicTBurenbuo, 31ech
MBI MOKEM IIOJIY9NTh HOBBIE #AJpa,

0 L 1 2 obyajjaomme WHLIMH CBOHCTBaMH,

0 20 7% 30 “  yem upm axpare, HampuMep, Mpo-
TOHA WM HeHTpoHa OAXOojAmniel

Pme. 113. Jlorapudpm 07/0; xak ¢yurnus - SHEPTUH.
Z*/A. CocraBmoe sjpo, ofpasymonmeecs
TIPW CJVISTHMI AP a-MUIIeHNT 1 MHOTO-
3apANHOTO MOHA, Oyjer HeilTPoHOXeGUINITHEIM M30TOIIOM HJIEMEHTA C 3apPs/I0M,
PaBHBIM CyMMe 3apsijioB HOHA W sjpa-MuiieHH (B ciaydae IOJHOTO CIUAHUA).
Tax, maupumep, npu obayuennn Re!® momamun O Gynem mmers Bi2% Bmecto
crabmipnoro Bi*®?. Kpome Toro, momyumsiieecss OT CIMAHUS JBYX CHCTEM
cocTaBHoe PO, KOTOpoe 3arem OyaeT IepexojuThb B OCHOBHOE COCTOSAHHE
HNCHapeHyeM YacTHI[ IJIM MCIBITHIBATH JleJIEHHe, HMeeT B cpejHeM O0JabIIoi
MOMEHT KoamdectBa apisrenus. CiaegoBaTelbHO, M3ydYeHHe TAKHX sAep Jaer
BO3MOKHOCTH BBIABHTH HEe TOJLKO BlIMsgHHE Hejocraryra neii'rponon, HO ¥ BJINA-
HEe OOJBIIOTO YIVIOBOTO MOMEHTA HA XOJ SAEPHOI pPeaKIUH, B TOM UHCIE U

JIeINTENBHOM.

MaxrcumagbHbli  yriaoBoit MomenT [/, COCTABHOrO SjIpa  OIpPeeasercs

BBHIPA;KEHIIEM

T T

T T T

L= \2p (B, + R,)* (E—V),

rne Ry m R, — paguyc moHA W APA-MUILIGHU; [\ — IPUBEJIeHHAs Macca;
E — sHeprus wmoma B cumcTeMe IeHTpa Mace; V — RyJjoHOoBCKHil Gapbep.

Ecan conocraBurb, HampuMep, MaKCHMaIbHBe YIVIOBHIE MOMEHTHI, KOTOPhHIe
MOryT OBITH cooOmensl sjpy Bi®’? mpu crToJgKHOBEeHHH ¢ IPOTOHOM, G-4aCTH-
neit m monom O, to upn K., =150 Mos mnomyunm smavenns 26.1, 53.3,
76.2 h coorsercTsenno. Kpome Toro, BzammojieiicTBHe sApa ¢ IPOTOHOM IIPH
YKasaHHOH 9HEPIruH MOiijeT BO MHOTHX CIydasx HHade, YeM C Ts/KeJIBIM HO-
HOM, 4 MMEHHO: Yepes CTAJNI0 KacKaj— AIP0-0CTATOK, ITO IMPHBEJeT K pacipe-
JIQJIEHHIO 10 DYHEPIUAM BO30Y/KIeHHA M YIIOBBIM MOMEHTaM, B KOTOPOM 3Ha-
YeHMs, BHYICACHHEE HMCXO[s W3 HAYaAJIbHOIl SHEPIHHM IIPOTOHOB, OyAyT AB-
JATHCA JIAIL BEPXHHM TPEJeI0M.
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Haaunuue yriaosoro Mmomenrta, o06yCIOBICHHOTO B OCHOBHOM BpaTEHUEM
sApa Kak IeJoro, MOJKeT OKashBaTh BiMsnue Ha Beanunuy Oapbepa s
JlelleHns, A CJEJ0BATEJBHO, TAK/Ke M HA CEUYCHHE JeJeHus oy 3ajada
o pexennu ppamaiomuxcs sgep Osia pacemorpena Ink-Tlnuaxom [*7]. Hoay-
YeHHBIE UM PesyJbTaThl IS 0apbepa M CCUCHMS JICJNEHHUA C yYeTOM BIUA-
HUSL YTJIOBOTO MOMEHTA MMEIOT B[

E;— 4=R?010.732° — (1.22 4 5.62%) y -+ (4.6 + 112) y?] = 4=R20f (2, y), (111, 5)

V : -’lmax
op=n (R B.‘-’-(i—~)- [ w @ 111. 6
= (R, Ry o o () dy, (I11. 6)
72
=
rpe z=1—2=1— (_Z2—; A= [
T)Kp
i 0%}
27 % o
= =m0’ I — yriaoBoii Moment; J,— C
% L
0.020 3
‘070—25:
> C
N E
< 001w -
=
T Wt il
700 80 90 100 0 720
E, M3b
Puc. 114. Dynrmua f (z, y). Puc. 115. BasncumocTn cede-
I i (BT 2 7em(,20: HOA jeaenus (0y) OT dHEPTHH
3 — 2=0.24; 4 — 2=0.285; HOHOB B J1aG0paTOPHOI CII-
5 — z=0.82. creMe mua Bi, Au, Re.

O0mpAcHenue CM. B TeEKCTe.

MOMEHT WHepIm; 0 — yJellibHasg NnoBepxXuocTHAM JdHEpPrusd, MSB; U)f (y) =
m+1 o
=1— (———) — BepOsJATHOCTH JneJIeHust (V] BBLIIETOM m HeHMTPOHOB;

I'=T,+I'y—nonnasa nmipuna;
_ k() +Re)2 E—V
Ymax — ]0 4mR20 *

Ha pumc. 114 sasucumocts f(z, y) npejpcraBiena rpaduuecku s pas-
usix z u y. Ha puc. 115 ampuamvu (7) pawmsr oxcenepuMeHTaJbHBIE 3aBHCH-
MOCTH ceueHus JeJenus s BUcMyTa, 30J0Ta M penus [*°] or smepruu na-
Jeralomux 1onoB B JAaboparopHoil cuereMme Koopjaumar. Jlmaumamm 3 m 2 —

2
seiuncaennsie 1o Qopmyae (I11.6) ¢ mapamerpamn (%) wpur, PaBEBIMEH 51

u 52 coorsercrBenno; ro=1.5-10"" cm.

C  nOBBINEHIEM YHEPIUM Gy YBENNYMBACTCA N TPU  Yyux R Ygp =2
7
5

=

z%(1 -+ 62z) ceuenue pejeHHA COBHANAET C NOJHBIM CeUYCHUEM PeaKILUI.
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o omenxe Ilur-Ilnuaxa, puas saemenrtos B obmactu Yb u Dy sre ycio-
sue Oyner BmmogmAThesa npu smeprum N'* oxoso 150 Mas. Ceuenme neue-
HUs PACTET TAK/Ke ¢ YBEJUYEHNEM MacChl HaJETAIOMUX YacTHIL.

K macrosmemy BpeMeHN WCCIe[0BAIOCH jeleHHe sjep ypaHa, BACMYTa,
30l10Ta, PEHNs MOHAMM YIVIEPOJa, A30Ta M KUCIOPOJA IpH SHEPrusAX OT II0-
porosoii o mpumepuo 10.5 Mse ma mykiaom. Jlajee HDPHBOXATCA OCHOBHEIE
HOJIy9eHHEIe Pe3yJIbTaTHL.

Pacnpeneaenne mo wmaccaM HpoxykToB jexenma. Isywamca cmextp
MacC OCKOJIKOB NPH JeJIeHHM 30J0Ta M ypaHa MOHAMH a30Ta C dHepTHeil 10
115 Mos [28]. Bmpenamuch mociae oOixydeHus 14 pasiaumgHBIX DIEMEHTOB.
HKpupas pacupejiesieEHsA OCKOJKOB JIeJeHAA IO Maccam, IoJydeHHas Ipu 00-
JyYeHHNU 30JI0TA, HMeeT BHJ CPABHHTEIBHO y3Koro muxa (puc. 116) ¢ mmpumoi

=% s

-~ -~

&' log { 3 g“ 10 /é{-?-\

£ | > F A4

=S 3 =~ -
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5 | L 5 | ;

3 Lo

3 (115— ﬁ? ': 01g
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“w €60 60 100 126 1%0A 60 80 100 120 %o %04

Pnc. 116. PaCHpeflenenne 10 Maccam po-  Pme. 117. Pacnpepenenme 10 Maccam
AYKTOB Jlelenns, 00pasyIomuxcs Ipn 00-  IpOJyKTOB JleJeRNns, 00pasyloNmmXCcs IpH
AyuenuHm 3070TA HMOHAMI a30Ta. O0JyYeHHH ypaHA WOHAMH a30Ta.

1 — ?chepnxen'mnbnue SHaAYeHNA BBIXOIOB
¢ yuerow mMxonoD M micrmipunuposamtiys  HA IOZOBMHHOI BHCOTe 0KO0I0 20 Mac-
it L S coBuIX epmauIl. Makcumym B pacmpe-
nexenmn  coorBercrByer A~~100.

CrmexkTp Macc OCKOJKOB JleJleHMA ypaHa 3HAYNTEIBHO IMHpPe, YeM JUIsA 30-
aora (pme. 117). Pasuumy B ¢opme MacCCOBBIX  paclpejeJemuii Jyis
Au u U asropst [**] oObAcHAIT TeMm, 9Wro AAA MUIMEHN Au AeJAN(IMHCH
AfpaMH ABIAITCA BEICOKO Bo30Oy:kmenmeie sppa Rn?'l, a mpaa mumenn U —
coorercTBeHHO Ks?°%) ecam pearumums ujeT Yepes COCTABHOE SAPO, HO JLIsA
Es®%? npm BrICOKOIl sHeprum BosOy;KieHHS OyJer MMeTh,MecT0 Kak O0im3-
KOe K CHUMMETPHYHOMY, TaK M CIUIBHO acHMMETPHYHOe II0 MaccaMm JeJIeHHe.

B pa6ore [*®] Geuro mojmeueno Takike ymupernne KPUBLIX MacCoBOIO pac-
HpejieJIeHuA ¢ POCTOM SHEPIHH BO30Y:;KIeHH, KaK M IIPH JieJeHIH IPOTOHAMI.
Hanpnmep, npm oGaydenmm aByxX ¢oabr M3 30710Ta, CIO0;KEHHBIX BMecTe,
pacipejieJieHMe IO MaccaMm Imupe juis mepsoil (0 BpeMeHH HPOXO0KIAeHMA HO-
Hamm) GoJBIH, T/ie DHEPTHA HOHOB cocraBiasana oxoxo 115 Mas, wem jusa BTO-
poii, re sHeprusa Opia Menbime Ha 30 Mas.

Ceuenne penemmsa. llamepsanoch Kak (YHKIA OT SHEPTHH IPH EJICHUN
U, Bi, Au, Re, Yb npu oGxyuennnm momamm yriepoja, azora m KHCIOPOJIA
¢ suepruamu o 10.5 Mas ma HyKIOH.

Has pexenns momamm asora Bi, Au, Re, saBmcumocts 0/(F) noxasana
Ha puc. 118, mo usmepenusm Ilommkamosa m J[pyuna [3?]. Ceqerme JerIeHu

pnGnmxelmo YAOBIETBOPSET BBHIPA;KEHHIO -

1 1 4
o, =2 (Al + Al (1 —7)



upu ro=(1.4--1.55)- 10" cm, rge V — xynonosckuii Gapvep; E — xume-
THueckas dHeprusa uoHa; Ay M Ayona — MaccoBHE uncia AjApa-MUMIEHRU n
nona. 3
Wsmepenns BeJuCh ¢ IOMONIBI0 HOHM3AIMOHHOIN KaMepsl HA BHIBEJICHHOM
U3 IUKIOTPOHA IyYKe MOHOB.
Bpurr u Keunarom [1°] comocramam ceuenms jenenus ¢ ceueHmsamu 06-
pas3oBaHM COCTABHOTO AAPA O, OpH GomOapMpoBKe 30J0TA H BUCMYTa HOHAMH
yriepoja m Kacjopopa. B Tabi. 36 mammr

8i IO y9eHHEIe MMH 3HAYeHHA CeUeHH M.
o*l Ha puc. : 149 MILIOCTPUPYeTCA X071
- Az 3aBHCHMOCTEM CeYeHUH o, I o, OT dHEP-
- 4 1} i et
- A 2
R 3 i i
e 1
{mﬁ: -
© C / u
i S
- 8 05}
- Sk
02+t
il vh
P 1 J 1 1 i V) 1 O n 1 1 1 1 L J
60 70 &80 90 1700 60 80 100 720
£, M8 Epaf M8
Puc. 118. Ceuenne pexenust Bi, Pnc. 119. 3aBucuMocTn OT SHEPruH cede-
Au, Re xak ¢ynrnma sumeprun nus fexenus (0y) u cedenns obpasoBanusa
nouon N4, cocraBaOro sjpa (0;) aaa peaxknun Bi+-C.

run past peaknun Bi--C. B npepenax BO3MOKHBIX 9KCHEPUMEHTAb™
HBX OmuGOK CBA3L MEKAY 0, M 0, MOsKeT OWTH 3anucana B Bupe o, = 0.65,.

3nech ceuenne coctaBHOro Anpa BHunciasiock no Tomacy [*']. Takum 06-
pasoM, IS BUCMyTa, 10 Kpaitmeit mepe mo sHeprum mounos 120—130 Mas,
BKJAaJ o, B obuiee ceveHue B3aNMOMEHCTBUA He 3aBHCUT OT BHEPrUHN UOHOB.

Ilonyuennas cBsA3L MeKAY Oy M O, Kak ykaswiBaior aBropst [*°], momy-
CKaeT mTpeanosokeHHA: 1) UTO ompejiesleHHBIH BKIAJ COCTaBIsAET IpPAMOE
B3aumoyieiicteie 0e3 0o0pasoBaHusl COCTABHOTO AApA; 2) cedeHne, He IPHBO-
Jmee K JIeNeHN0, MOJKeT ABJIATHCS CYMMOIl CeYeHHIl IIPAMOrO B3aUMOJIeii-
CTBHUA M Mcunapenus meiitponos Ges jenennsa. llepBoe manbGonee BepoATHO mpH
BHICOKMX 9YHEPIHAX BO30OY/KIEHHsA, BTOPOe — IPH HHA3KHX; J) OTHOIIEHWE
:‘—: O4YeHb MAJI0 M He B3aBACAT OT 9HePruH BO30Y/KIEHNS IIPH BEICOKHX
sepruax. Ojuaxo »To IpeANONOKeHHe, KaK MBI YBHHM jlajee, He COIJa-
CYeTCS C Pe3yJdbTaTaMy 3aBHCHMOCTH YIVIOBOIO pacipejeleHHs OCKOJKOB OT
oHePrud. 3aBHCHMOCTh O, OT BHEPTUH MOHOB YIJIEPOJA JIIsA 30J0Ta MPHBEJeHa
Ha puc. 120, mo pammnim Topmoma m ppyrmx [42].

Heckonpro” cioB (0 cedenmn obpasopamua cocraBHoro sgpa (o,). Ilpm
OomOapaupoBKe sAfep TsHKEJBIMH MOHAMH, KpOMe CJOMAHAA JBYX CHCTEM
B OTHO COCTaBHOE AJ(PO, MOKET ITPOMCXOAUTH YaCTHYHOe paspymenue HOHA
B cmaoBoM moie sapa [#2]. Ilpm arom oOpasoBaBmeecs AApo II0 Macce M 3a-
pARy OymeT MeHbIIe CYMMBI COOTBETCTBYIONUX 3HAYCHHIT IIPH HOJTHOM CJIMAHIH.
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TaGauna 36

SHa%weHMA s oy M 9, NpH OOAYICHAH
Bi-m Au nonamu C n O. Ceuenns juas

Taoanmma 37
3uauenne 7 M3 ONBITOB M BHIYNCICHHOE

.6])&3088“!"! COCTaBHOroO ﬂnpﬂ nOJry4eHsl DHepriH Y|
BbIY HO - .
neaennem no [41] ‘:;%pa‘-’rol}):{lgﬁ T_,),I:‘,(’ e
ol 2 3 o cn;l'r:;ae, u3 onpiITa nepesadn
b Mon ‘| Gap | Gapm 1% va_nﬂltm_
Bi+C ..| 126 | 22 | 133 | 063 R L
: o 93.3 0.188+0.01 0.191
Aut+C . .| 126 | 22 | 135 | 0.61 5o oiaiont oits
Bi+0 . .| 168 | 238 | 163 | 072 : il L
Au+40 . .| 168 | 23 | 1.80| 0.79

dueprua Bo30yHICHN M HePeaHHbll MMIYJILC P DTOM TaKike OyAyT ompe-
AeNATHCA YACTHBIM BHWJIOM B3aNMOJEHCTBIA JUISi JIAHHOTO WHJMBHLYAJIBLHOTO
coburria. O Tom, yjeT Jum peakuus yepes 06pazoBaHme COCTABHOTO ANPA, MOKHO
CHeNaTh BAKJIIOYEHNE W3 CPABHEHHUs IIOJHOTO MMIYJILCAa MOHA ¢ JMIIYJIBLCOM,
Hepe/laHHbIM IPU B3aMMOJEHCTBNN APy, KoTopoe sarem geantcst. Ouenujmo,
YTO CAMAHME JIBYX CHCTEM B OJHO SAPO JIOM/KHO COMPOBOAIATHCHA Hepesavdeil
BCEr0 MMIYJhca HOBOMY SpY.

Fopmon m ppyrue [#2] npm maydemmm AeauTeABLHON pPeAKIMII Ha 3010Te
JUIA PemeHyss BOIPOCA O BeJWYNHe MepejaBacMoro MMIY/Ibca PaceMaTpUBasu
H3MeHeHMe OHepreTHYecKoro pacipe-
JleIeHnsl 0CKOMKOB ¢ M3MEHeHHeM yIiaa
MeJKIy HaIpaBiIeHHeM IyYKa M CKO-
pocThio OCKoIKa B JabopaTtopHoil CH-
cTeMe KoopauuaT. B Taxom omeite nmpu
N3MEHeHUN yIVIa MAMEHUTCH MOJ0iKe-
HIe MaKCHMyMa Wa 3HePreTHYecKoil
MKaje, COOTBETCTBYIONIET0  CHMMe-
# TPUYHOMY IIO Maccam JAeJIieHuIo, u3-3a

HAJIO/KeHHIA HePeHOCHOIl CKOPOCTH, OT-
Ky/la ONpeJeJUTCA OTHOMCHUEe

-
T rTTmg

6, 6aps
o

T T Ty

R Vst
1 - | 1 pe=—y I vy !

120 140

0.01 L L ey
60 80 100
£ M3b I7e vy — CKOPOCTDL JICJSIIEerocst sijpa
B HAUpPaBJIeHNN [IyYKa; ¥y — CKOPOCTH
OCKOJIKA B CHCTeMe IeHTpa Mace.

IToxyuennple pe3yJabTaTLl  IPUBE-
neHs B Tabda. 37.

Kax BujuM m3 Japppx, s 30J0Ta mojaydaercs (B mpejeraax BO3MOKHBIX
ommMO0R MBMEPEHNA), YTO JUIA CAydaeB B3aMMOJICIHCTBISE, COIPOBOKAAIOMMXCH
leJTeHmeM, PeaKIia MAeT MCKIYATEeALHO Yepes IPOMERYTOUHOe COCTABHOe
AJPO.

Crasannoe HeIb3A 0000IUTH I PACIPOCTPAHNTL Ha Ajxpa Gojee TAAOILIE,
uem sosoro. Hampmmep, ects yrasamme [#4], wro mas spep B oGmacti ypana
BEePOATHOCTH IIOJHOTO CJHAVAHHUA B3HAYNTEIHHO MEHBIIe, YeM IS 30J0Ta.

Oneprusa ockoakos jenenma. Bpurr nm Ksumron [1°] ¢ momompio mpo-
NOPIMOHAILHOIO CYCTYMKA ONPEeNeNIIH KUHETHYCCKYI0 9HEPTHIO OCKOJIKOB
npu seaennn monamu C'2 w O% puemyra n soxora. PesyiabraTer mx MamepemHuii
nagsl B Taba. 38.

Kax Osuio panee mowasamo Teppemom [4°], orHomenue cpejmeil KiuHeTH-

72

HpHMEPHO

Puc. 120. Ceuenne nemenmss Au'®? xax
¢ynxousa sueprun nonon C12,

YeCKOif DHEPIMH JIBYX OCKOJKOB K BeJIMYHHE OTHOIIeHNA A—.;
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pasmo 0.121 JUIA MEOTHX e KOHIA IepHOJHIecKoil TaOJMIEl PN [{eJTeHIH
MeJIeHHBLIME  HeiiTpoHaMiI.

ITo pesynbraram mamepenmii Iopgoma m apyrmx [#2], xumermueckas anep—
IUA OCKOJKOB CJIErKa YBEJIMYMBAETCA C POCTOM DHEPTHH HAJIETAIIEro IMoHA
B cpepuem or 14246 o 146+ 6 Mo s mapsl 0CKOJIKOB. 9T0 HE3HAUNTE] b-
HOe YBeJHYEHNEe KHHETIYeCKOIl HHEeprum MozkeT OLTh 00£3aHO YMEHLIICHHIO
MacChl Tepej JeJeHneM M3-3a HCHAPEHHS HEeHTPOHOB.

Yraosoe pacnpejenenne 0CKOAROB. Sapy mpm B3anMojeiicTBUN ¢ MHO-
TO3apAAHLIM HOHOM BBICOKOIl DHEPIHM TepeaaeTcess B cpejHeM (0JbII0il MOMEHT
rosmuectsa apipkenns (I). Yrrosoe pacmpemenenne 0CKOJIKOB j{eJTeHIs Ompe-
JeaUTCS IpU HTOM ABYMSA BeamuumHaMu: Bexropom I m ero mpoexmmeit K Ha
HaNpaBJICHHE PA3IeTa OCKOIKOB.

Jlst XapaKTepuCTHKH YII0BOTO pacupejerenns yaoono seectn [4¢] mapa-
MeTp

' ,- i
pzi_:(_l_’"_)zzh_gl Tabamia 38
Y. g 2K YRR 7
Hanbonee BepoaTHAA KHMHETHYECKAS
rne [ u K__cp(\,nﬂ“(s peauauas 1 DHEPIHA OCKOJIKOB NpH JejeHun Au u
n K; I, — makcumanpnoe anauenne [; Bi monavn C u O
Tovp. — 9bderTnBuBil  MOMEHT HHEp-
I SIIpa uepeji ero pasmejenmnem (st 2 2
. Peaxnnda KIHeT? —_—
COCTOAHNUS, COOTBETCTBY IOILET0 CeJlJIo- Moh A%
BOIT TOUKE); BBIUMCIACTCS Jopp B Npei-
NOJIOKEHMIT 0 f[pe KaKk 0 TBEPJOM
TeJIe  ONpejiesennoil opMei; jag  Au4-C . . 7543 0.123
he o ROp M8 Aut0...]  75+3 0.119
- HoJydaeTcs BeJUYUHA OKOJO0 Bi-C . . 81+3 0.123
2Jad et Bi+O0 . .| 8%3 0.119
2
3 Has; T:( o ’5) — TeMueparypa

AZpa nepej JeJeHueM.

Havanpnas aHeprus Bo3bymuenus Uy OTPeJICIUTCH, B OCHOBHOM, Kume-
TUYECKONH DHEPTHeil MOHA U Pa3HOCTHIO MEK/Ay CYMMOIl MAacc 0 CJOMAHUA U
Maccoil coeTaBHOIO sIjpa.

Yriaosoe pacnpejelieniie 0KasbBAaCTCA BHITAHYTHBIM BIepej M Hazax 1o
OTHONIEHUIO K HaNpaBJeHNIO JBWKeHNA uoHa. Amnusorponus TeM GoJjbmie,
gem Goabme P. MakcumalnbHOE 3HAYEHHME AHU30TPONUN COOTBETCTBYET HAM-
mMenbniemMy K, Korja HanpaBleHUE OCH JICJCHMS TNEePHeHAUKYJISAPHO YIJo-
BOMY MOMeHTY. B aroM ciaywae yriosoe pacnpejeseHne onpejaessercs

Sl
(bynxnueusm—o, rjpe 0 yrom Meskmy wmanpaBieHueM pasieTa OCKOJKOB I

NyYKOM MHOrO3aps/IHBIX HOHOB.

Jna P=0 pacupepenenne Gyaer msaoTpounsM (mMeeTcs B BHUAY CICTEMA,
CBA3AHHAS ¢ IEHTPOM MAace).

Puc. 121 maer mpexcrapiaenne 06 yIIoBOM pacupejele i 0CKOIKOB Jiele-
HUsL mpH pasueix P [18].

Menapenme wacrui ABIgeTcA IPOLHECCOM, KOHKYPHPYOIIHMM C JeIeHHEM.
JlereHnmio MoskeT IpeAmecTBOBATH HCHAPEHIEe HECKOJAbKUX HeHTPOHOB, B pe-
3yJabTaTe Yero dHepris BO3OY/KICHHA W TeMIepaTypa fjpa moHusaTca. YroGst
BOCIIOIB30BATHCA NpPH ONEHKAX HAYATHHBIMA 3HAYCHNAMII YIJIOBOIO MOMEHTA
(Ix) m omeprueit BosOymmenns (Uy), momuo sBectn ¢ynrmmio [4°]

fQAU, A=
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KOTOpas yuuThiBaer BiusHue mamemexusi / uw U Ha yraoBoe pacupejeieHne
OCKOJIKOB B pe3yjbTaTe NCHADEHHs HEiiTPOHOB Iepes [eleHHeM.
Bymem mmers:
#2 If'l
2%spy 2 Tw
Yuenbmenne yraosoro momenTa (A/) mpm mcmapenun HeiTpoHOB, Bepo-
ATHO, MAJO0 U0 CpaBHEHHIO ¢ [y, B TO BpeMA KAk H3MeHeHHEe dHeprud BO3-
- oy:unennss AU mosker OBITH 3HAYH-
TabGauna 39 TeAbHHIM W, CJIEMOBATEIABHO, OJKHO
ABIATHCA ONpeesionuM (GaKkTopom.
Ecan aT0 Tak, TO AaHU30TPOUHA B yI-
JOBOM pacupejejgeHun jJojaskHEa  ObiTh
foabImell s TeX caydaes, B KOTOPHIX

=

-f(AU, AD).

3navenns mapaMeTpos, XaparTepu-
3YIOUEX YrI0BOGEe pacnpejelensie 0CRoI-
KoB, upu jedennn Au m Bi momamu

CuoO S

AelleHne IPOMCXOJUT IpI MeHbIIei

a o e sHepruu Boz0ysennsa. Eciau noraratsh

Daakmhi [ p Z | &  pamee, 4YTO JeJcHIEe YCHemHee KOH-
- ] - o 72

<) o T =T [ KypUPYeT ¢ HCHapeHueM, Korjaa —-yse-

: . JIMYEBAETCH, TO AHMB0TPOIMS JOJKHA

ﬁ‘;$8 }% ?8i—855) [éggg %3 ggg YMEHBIIATHCA € YBEJIHYEHHEM MaCco-.

Bi+C | 82| 45%05 |4450| 19| 358 Boro Homepa A. '

Bi+ O | 108| 5.0+0.5 [ 8360 2.1| 36.8 Ha puc. 122 npuseneHH pesyiab-

raret [1°] mo usMepenmsM aHMB0TPO-

IHE IpH 00JIYYeHIH 30JI0TA M BHCMYTA
momamu C'? u O pasmupIx bpHepruii.

Mas pearuuii, ormeuennnx Ha puc. 122 nudpamu 4, 5, 1, 6, nasEBe cO-
Opanst B Tabm. 39.

N3 cpasmennsa me:xpy coboit kpuseix I—6 ciemyer:

1. Ilpn Goxbmieit dHeprum WOHOB AHM3OTPOINLA -Takske Ooubmie. Jlammbril
daKT cBA3AH ¢ BEJHUYMHOII YIIOBOTO MOMEHTA CHCTEMBI, KOTODBIL pacter
¢ yBeJqHmueHHeM »Hepruu GomGapaupyonux

6(6)
JaCTHI]. b

2. qaa peaxmun Au+C u Au+O (kpu-
Bule 4, 5) anmmsorponns Goabime UPH OOM-
GaprupoBKe B30J0Ta MOHAMH yDIEpoja, XOTA  §
HA4YaJabHBIII yIII0BOIl MOMEHT CHCTEMBI 00JIbIne
JUISI PeaKIUH ¢ KHCIOPOAOM. 37ech, II0-Bil-
UMOMY, CKA3HIBACTCH BIMANNE ITapamerpa
P <39

— Ha JIeIIMOCT. dror mapamerp Gosbme
»!4

JUIA pearIMH Ha KHCIOPOJe, CICACTBHEM
Uero, BO3MOJKHO, SIBIACTCA JejieHue ¢ Oojee
BBICOROIO BO30ykmennoro yposus. [logo6- 2
HOe 3aRIIOUCHHE CIeAyeT TaK/Ke U3 pac-
CMOTPEHHUs Pe3yJbTaToB II0 AHH30TPOIHN

OCKOJKOB JJIsi peakmuil Ha Bucmyre (Kpu- , 20 %0 s -
Bbie 1, 6). Bansinue yriaosoro MoMenTa mouTn
MOJHOCTBIO KOMIICHCHDPYETCS YBEIAHYCHIEM

Pme. 121. Vraosoe pacnpejesernie
OCKOJIKOB JleJIeHUsT IPH pasgHux P.
lmpamel‘pa—g~ OpH JeJeHHH WOHAMH KRHC- y

Z
Jopojaa. OTHomenne 1t A TPOMERYTOYHOTO Anpa, yBesqrmyuBapliee

BEpOATHOCTDL JeJeHUA 10 HCcHapeHuda HOﬁTpOHOB, TaKk;ke OOJIbINe Ha neaywo
eIHHUILY .

PaCCMOTpeIIHMe Pe3yJabTaThl HPHUBOMAT K HIPEJUOJIOKEeHNI0, 4TO BIHAHHE
YTJIOBOIO MOMEHTA Ha JeJUMOCTb He OYeHb BeJIHKO. Ecan 6m BEepOATHOCTD
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JeleHUs CHWIBHO BO3pacTala ¢ YBEIMYEHMEM YIJIOBOTO MOMCHTA CHCTEMBI,
TO TPH JIeJICHUN BHCMYTa MOHAMH KHCJIOPOJA AHH30TPOMNA JOJIKHA OBl PE3KO
BO3PACTH, Yero B JeiCTBHTEIBHOCTH He HaOIIOaCTCA.

R mopoGuomy ske seoxy npumes Tapantun [17] nopn usyuennu jememust
apep Th?*%, U3¢ g Pu®! pomamm C2 m 06,

§ 4.0 COOTHOMEHUE MER/TY JIEJNTEILHOI I HCTAPHTEILHO
IHPHHAMI (/T 1)

Har yske ormeuasoch pamee, ueM BuIme asHepruda OomMOapiHpyoOInx da-
CTHI], TeM Pa3BeTBJICHHEE KacKaj 1 TeM Ooibiie OyjeT OTIMIaThCA B CPE/HEeM
3apAj Agep-MulieHeil oT 3apsama ANep-0cTaTROB IocIe IPOXOKIeHNA KacKaja.

CoBOKYIIHOCTD BOBOY/KACHHEIX SIJ[ED OCTATKOB, IOJYYAION(IXCA IOCTe
HPOXOKJICHUA KAaCKaja, YMEHBINACT CBOIO DHEPTHIO BOBOY/KICHUS IYTEM JICIa-
pennst yacTui. Eciam sHeprmsi Bos3Oy:KIenmsi MHOTO 00JbLIe HOpOTa JUIS jie-
JTEHUA T BEPOSTHOCTH JEJCHUA BEJIMKU, TO JIGMEHHIE SPAa-0CTaTRAa MOZKRET Ipo-
n30iTH, KOTJ@ dHepTHsA BO3OY/KICHUS elle BHICOKA. OHEPris BO30YRIeHNsT
Torja OyjierT CHIMATHCS HemapeHneM vacTur yie ns ockoiaros. CooTHomernie
OIPUH JIeTHTeABHON I HCOapPHTEeAbHOI IS PABHLIX COCTOSHUIT BO3OY KjeHIA
olmpejiesisieT MOMEHT JiedeHHs. OTH COOTHOHNICHHS MOTYT OBITH Pas3/IndHBIMI
VI Axep M3 PasHLIX MeCT IePHOAMYCCKOIl Tadirmint.

I. ,U,J”l anep B pili'l()l’{(‘ Clil[llu:l—llllCMyTil MHOTI'Ie J9RKenepuMenTalabHbie
JaHubie 1O JICJeHNIK YacTHIAMII BBICOKHX Dll(‘[)l'lli'l HE HPOTHBOPCYITBO ()6'[)-
AcHameh [ ¥] ma ocHoBe HMICCHOHHOTO MeXaHU3Ma JIeJeHis, BHepBhie
chopmylposaatoro B pagore [*]. Dmuccnonnas runoresa ueXoAUT U3 HPe-

G 35 s 3 ~ * I
nonoxkennii: a) I', >0, rae ', — ueiirpounas mupuna; 0) l—‘f— pacrer B
n
nponecce aMuccnn HelTponon, Gapbep I JleJeHns MOHUZKACTCS ¢ Po-
zZ2 s g
CTOM =, DHCPIMSA CBABN HEHTPOHA YBeIHUMBACTOH. DRCTPEeMAJIbHOe HPEIno-

JOREUNe HMUCCHOHHOI runoresst coorsercryer yeiosunio I'pa~0, ecuu
aHeprisa BozOysKAeHNA OoJbine sHeprun cpssn Heiirpona B sape. Llpi srom
HPENOJNO/KeIMN JIeJeHIIe HPOHCXOIT, KOrAA CO3/Al0TCH YCHAOBIMA, NP KO-
TOPBIX aHeprudg BodOY:KJeHIsE 00JbITe HOpora JUIsS J(eJenis, HO MCHBINE
pHeprun cps3u Heirpona. Beerga cumraeres, uto l’,>l‘7, rje l‘.r——mu—
pUHA pajinaninonnas.

B mocaepnue roasl nogBuianch dKCHCPUMEHTAJIBABIC JAHHBIEe TP HHEP-
ruAax BosOysijpenmst g0 o0 Mas, T. ¢. cpaBHUTEJIBHO He O4YeHb OOJLINNX,
KOTOPBIE HCTOJKOBHBAIOTCI B 1OJL3Y JICJCHIS ¢ BEpPXHEro YpoBHA BO30Yy-
mpenns. Peub uper o6 onsirax, nposejenusix (Daitepxomnonm i japyrimi [']
10 JieJieHII0 000rameHaEX H30TOHOB CBHHIA o-YacTHIAMI ¢ JHEPUUAMI 10
42 Mos.

Ocramosumest mojpo6mee wa arux pesyabrarax. Ha pue. 123 npuso-
aaTes QYHRIUN BO3Oy;KAeHUs UL BHIXOJ0B Y, 0JHOTO U3 NPOJYKTOB Je-
JICHUS, IPH PA3JINTHBIX HHEPrUAX G-YaCTHI[ U A PA3HBIX M30TOIOB CBHHILA.

Asropst |'°] ¢opMyanpyioT aBa BBHIBOJAA 3 HPUBECHHBIX 3aBHCHUMOCTEIN.

1. Beixoasr He 3aBiIcAT OT MACCOBOroO umejga, U B DTOM CMbICIE Hapa-

2

Z2
MeTp T ORaszpiBaeTCA HECOCTOATECJIHBHBIM B JIAHHOM 3HEpPreTuYeckoM uuTep-

Bajie a-4acTulir.

I
2. Ormomenue l—f ecth OBlCTPO Bozpacraomas QyHRIUA DdHEPruu BO3-
n
OysKACHUS JeJsmMuxcs sjep.
CreficTBneM BHITENPHUBEICHHLIX 3aKIOUCHIIT SBIACTCH YTBEPsKIeHNe Me-
XaHm3Ma BHICOKOTeMIEpaTypHoTo jexenns. Jleiicreurenbno, u3 pue. 123
claejyer, uTo IonepeuHoe cedenue A obpasosamms coctasioro sypa Po®'®,
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KOTOPOE 3aTeM JIQIUTCS, W B KauecTBe OAHOTO M3 JABYX IPOAYKTOB JiejeHius
nospasgercs Y, pasao 0.02 mOapn upu smeprum BosOyswgenna 33 Mas.
Jcim JielleHns He Tpousoiizer 1 Bos3OyssienHoe auapo Po?'* memapur HeiiTpoH,
10 noayunresa uzoron Po*'! ¢ smeprueil osOysnieHnsa oxoxo 27 Mas, musa Ko-
TOPOro ceuenme jenenns oyger seero aumb orogo 0.003 mbapim, T. e. MeHbIIe
B 7 pas. OTciofia uvMeeM, uTo TOILKO 0K0I0 1/, Beixoga Y 2 {OJIKHO HOTYyINTHCA
npu jpexennn uzoromos Po*'', Po?'® u 1. x. CaepoBaTesbHO, JiejieHUE CBHHILA
(-9ACTHIIAME B PACCMOTPEHHOM HMHTCDPBAJIE YHEPIUMH — JeJeHHe BBICOKOTEM-
neparypuoe. Ilo pesyabratam obcy:xpenusa ombiToB [1°] mampamusaioTcs

3aMeyaHmsA.
: 1. BmiBoj o nosexenuu it crie-
’0'L3 . : s
JIam, HCXO/S U3 3aBUCUMOCTH OT d9HEp-
1 run BosOyskjenns Beixoga Y%, on-
0749t /1
I 1
N
X 2
< .
-5 /l/ { 0% 2
S
n i ' ~29
g "y 204 0
3 L sG] i
o-Pb (86%) o0
al s=Pb - (72%) ©
i 31
0 v -Pb2% (88%) w7t
A-Auw;
R
J 1 1 1 1 ) 1 1 ("} 1 1 1
I3 L2025 Jg. 35 L2/ 0 20 40 60 &80 100 72
U, M8 Ed! Msb
Puc. 123. Brixop Y93 xak yuruns smep- Puc. 124. Buxonst Mo®? B 3aBncn-
I BOBG)"?K,’I(}IIH)’I lel JleJietnin H30TOonOB MOCTHH OT JHepIrun }lel“XTPOHOB IIpH
C¢BHHIA o-yacTmnmamm [19]. Jledlen i ODOrameHHBX  M30TOLOB

ceunna [1°].
OO0OBACHEHHUA CM. B TeKEIC.

HOIO 13 NPOJAYKTOB JleJIeHIs, a He N3 OTHOMEHUA cevyeHuil o /s, UTO He-
PABHOICHHO, TAK KaK B IEPBOM cliyuae HE YUHTHIBACTCS 3aBUCHMOCTb Cede-
Hugs 00pasoBanns COCTABHOTO SJPA OT SHEPLUIl G-YaCTHIL.

2. U3 wpuBwix, npusepenunix na puc. 123, MOmKHO c/lellaTh 3aKIIOUCHITE
0 HEe3aBUHCHMOCTH G, OT MACCOBOIO WHCJIA HPH JCJEHUI a-4acTUIAMU H30TO-
nos Ph*% Ph27 Ph208 yo masecrun Gojiee paHHme ONBITH, KOTOPHIE JAIOT
nupie pesyasrarsi. Hanpumep, lowkepman n Ilepanman [*?] npu geaenuu
olorauleHHBIX M30TONOB cBuHNA Jeirponamur 70 100 Mas namun (puc. 124),
urTo BEIXOAE Mo® npu smeprun meitrponos oxomno 30—40 Map oranmuatorcs
B 30—40 pas paa uzorona ¢ maccoii 208(2) u cmecu, oGoramensoii Gouee
aerkumit uzoronamn (Z) (73.8°/, nzoronos ¢ maccoseimn wucaamn 207, 206
u 204). Renan n Buramg [*°] ¢ noMompio MOHN3AMMOHHOI KaMepsl H3ydaiu
G, JUIA H30TONOB CBUHIA npu jeaennu Heirpomamu 84 Map u rarske mamuin
BABHCHMOCTD CEUeHUs JIeJEHIsE 0T MacCOBOTO HOMepa. JTH JAHHBIE TPHBe-
aennl B Tadia. 40.

Onmaxo B ofzope Xaunepua |*] mo jejenuio sjep, rje TakKe obey-
JKJaoTeAa pesyiaprarsl onntoB (DaiiepxoJiyia, yKe IpPUBOUTCSH 3aBUCUMOCTD

a
VIS OTHONMIeHnA —O'f‘ oT 9Heprum BO?-G)"IK}IOHHH. pr{ TaROM 1pe/icTaBJeHnn
t
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CTAHOBNTCS 3aMETHBIM BIMSAHHEG MAcCOBBIX WYHCEJ U30TONOB HA JIEJUMOCTH
Ajep, HO 3aBUCHMOCTH OT DHEPIUI OKABHKIBACTCH BCe Ke CUIbHEe, YeM OT
MAaccoBBIX WUHCEJI, IM0ITOMY 3aKjlouenme o Bozpacranuu ormomenus I'y/T7,
¢ YBeJIUYCHNEM DHEPTMM 0-UaCTHI[ OCTAeTCH B CHIC JUIS PACCMOTPEHHOIO
uHTepBaJa dHEpruil. 5

A
3ariaoueHune o BoapacTagmnm 5 RS ¢ yBeJduuenuem oSHepruu B036y)1{]10~
n

HUS TOATBepsK/laeTess Tak:ke mcciaejopapneM Bunbscoma '], BhINOJHEHHBIM
B Toll ;xe naGoparopuu, rje n['?]. Buascom msywas yriosoe pacmpejelne-
HIC TPOYKTOB JeJICHUS CBHHNA c-vactuiamu ¢ sHeprmeii 43 Mos. Hak
ormMeuaeTcss BmiibcomoMm, 9KCIEpNMEHTAJbHBIC TOYKM XOPONIO JIOKATCS Ha
KpPUBBIE, PACCUNTAHHBIE B COOTBETCTBHM ¢ Teopernueckoii Gopmydoii Xai-
cpb (a' f) _4
apyp(@imf) TH
Jlagasie Buapcona, Kak BUJUM, XOTS M He COBNANAIOT NMOJHOCTHIO C Pe3Yib-
rarom Daiiepxoana (4 Bmecro 7), HO TaKKe yKa-
TaGamma 40 3pBaOT Ha GOJNBLIYI0 BEPOATHOCTH JIJEHNST BO3-
Oy KIACHHOTO sAjpa JI0 MCHAPEHUs HepBoro Heii-
TPOHA.
Wz onpiToB 10 J€JEHNIO JIeP ¢-4acTUuIaMmil

nepua, Crpyrunckoro [**] Jmme B npepnosioskeHmy, uTO

Jlerenne H30TONOB CBHHIA
neiitponamur 84 Mos

¢ sneprueit owxogo 40 Mos wHennsst, KOHEUYHO

iy Spb/*Th P T, g

L C/leJIaTh BAKJIOUCHI 0 MOBEJCHUI - — NPI 3HA-
n

206 0.007 4-0.0005 YUTENLHO OOJBIINX dHePrusx Bo3Oy;kuenus. [[us

207 0.0101+0.002 TaKUX COOBITHIl U3BECTHBI pPE3yJIbTATHI, YHKasbl-

208 0.0028+0.0009 palomue ma nupeobjajaHne BepoATHOCTH UCHA-

penusi wacrur, nepe; jgexemueMm. Tax, sHanpu-
Mep, B NOCJeJHUMEe TOAbl ONyOJIMKOBAHBI JaH-
HBIC 10 3aBUCHMOCTH BBIXOJ0B OT OTHOMIEHUS MAacC OCKOJIKOB (TOuHee or
L
JI . v
OTHOINEHUA NPoderon T) npu jgenemumu Bi u Pb nporomamu 660 Moas.
2.
DBoino maiiteno, 4ro BRIXOJBI JieJCHNA B B3aBHCHMOCTH OT OTHOINEHUS TPO-
6erop OCKOJKOB, M3MEPeHHBIX B (OTOCI0€, UBMEHAOTCH HE MOHOTOHHO.
[Ipu menennu Bucmyra [*], manpumep, nist cayuaes, CONPOBOKIAMTIIXCH
BBICTOM 4—0 3apAKeHHBIX WaCTHI[, B THCTOTPAMME BHIXOJI0B HAO/II0aeTCs

MAaKCUMYM, KOrja L” =1.3—1.45 (puc. 125).
X

Pacuer moxasmiBaer, wro st rpynmsl leeHnii ¢ nemyckanuem 4 u 5 sa-
PAZREHHBIX YacTHIl cpepuHum Jenamumcs sagpom spiasgercs Pt'7. [Topasisio-
uiee GOMBIIMHCTBO JIeIANMXCA Ajgep aroii rpynnst copepsxunr menbme 100 meii-
Tporon. Ho yixe mas rpynost jenemmii ¢ BBUICTOM TPeX 3apsyKeHHBIX YaCTHIL
HavaJabHasA dHeprus BosOysxpenns Oyjer menpme upumepno xa 100 Mas [8],
mooTOMYy GOJIBIIAS YACTH JICJASIMXCA sjep joazkna umerh Ooxbme 100 meiir-
ponos. OcTaJbHbIC PPYNIB, COOTBETCTBYIONNE MEHBIIEMY YHCIY 3aPsAsKeHHbIX
vyacTull, gaoT eme Oosee GoraTnlie HeilTpomamu pesiAmmecs sppa. Ilpm cmwm-
MeTPHYHOM CIOCco0e AeNEeHI B KAk 0M OCKOJKEe JOI/KHO 0Ka3aThCA HECKOIBRO
Gonpme 50 neiirponos. Takum oGpazom, yeroitunsuie rpyumuposkn uz 50 meiir-
POHOB HOPORAI0T CUMMETDHYHEIE JleopMAIH Sjipa H RaK CIeJCTBIE Pa3Ball
Ajxpa Ha JiBe ojuHaROoBHe yacTH. Horga ske B peasmemMcs AxQpe 0CTACTCS YHCIO0
meiirponon, menbimee 100 (weThipex-m mATHIYUEBHe eJTEHNs), BINAHLE HeiT-
POHHBIX 000JI0UEK HEPecTaeT CKaspiBATHCH, a Hanbo/aee CHJABHO IPOSBIACTCS
AeifcTBue HPOTOHHBIX oGosouek ¢ gmeaom mporomos 50 m 28. Mexopsa wus
TOTO, uTo 0GodO4YeyHbIe DPPerTH He JoJHBL O OLl BHIABIATHCH, eCIn
JleleHie MPONCXOANT, KOTAA PO MMEET BHICOKYIO DHEPTHio BO30YKmeHud,
OTH HKRCHCPHMENTHI, HA HAIl B3IIAJ, MOLYT CIY/KHTh apryMEHTOM B HOJb3Y
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HMHCCHOHHOIO0 MeXaHH3Ma JeJeHHsI TAKNX fAJep, KaKk CBUHeIl M BUCMYT, B TexX
caydadax, Korja IepejlaHHas IPOTOHOM DHEPrus J0CTaTOUYHA JJIA UCHApPEeHMsT
70 MOMEHTA JieJeHHs 4—5 3apsyKeHHBIX YaCTHI[ M COOTBETCTBYIONEro YHCIa
HelTPOHOB.

II. OGpatuMest K 9KCOEPIMEHTAJBHEIM HCCJAEIOBAHMAM IO H3YYeHIO
JedeHus WPH JIeHCTBHHE YACTHI[ BLICOKHX DHEPrmil Ha sAjppa B pailoHe ILIYyTO-
Husi, ypasa m Topus. PaceMOTpEM Te ‘OHBITH, OTKY/a MOKHO C/(eJaTh HERO-

6o} 607 6o
nap‘o n¢’=1 n@:
50 50 50
4 40 + 40
b
3
530 30 30 +
=2
20 201 20F
70 10 0+
0 e P II-_!_\I_A V7o MR W - WL TV 7 R B L e Al =
700 745 190 100 145 1.90 100 145 .90 L,,/Lm
N, ,=4uf
Sop it T gl SAPRETS s Lo e
40 4 40
T 30 s0f
g
o 20 20 20
10 10 10 +
8 b Vo Y ey L S R {5 R e e e R R b oy /L (e i L W ] T
700 145 190 100 7.4:5 7.90 100 145 190 Ly [y

Puc. 125. Pacnpejiesenie 10 OTHONICHHAM IIPOGETOB OCKOJKOB
JIerKOTO K TAKeJOMy IIpH JleJleHnn BueMyrta Inporonamm 660 Map.

TOpHie BHIBOJALL 0 coorHOmenmnm messay I'y m I', mpm pasmmix smeprusx Bos-
Oyssenus.

B paGorax [*% ®°], mcmoamennsix B HKammpopmmiickom yHuBepcmrere
rpynmnoii Cufopra, Obuinm moayueHsl GyHKINN BO3OY/KICHUA IS IPOLYKTOB
OTIIENIICHNSA M JieJleHuA NpH o0aydennu o-gactanamu ¢ ameprusmm ot 20 0
50 MaB nsotomoB mryronus m ypana (Pu?38, Pu???, Pu?42, U233, 235 g U238).
Wzyvannch BHXOAB TIPOAYKTOB, COOTBETCTBYIOIMUX pearmusm (a,zn), (o,
pxn) M peariuH JeJdeHMA.

B crateax pamsl caejpyiomme OCHOBHBIC Pe3yJIbTaThl.

1. HaGmoeHsl Madbie cedeHHs Ui HPOAYKTOB OTIICIVIeHHsA M Goibiine
ceueHna juia gexenms. Hanpmmep, mia uszoroma Pu®2? mpu jeiicrsum a-va-
crunamn 47.5 Mos cewenne ormemtenns ¢ =30 mGapn, a 0,=1900 mbapm.
Taknm oGpasom, M3aMepeHHOe ceueHne A BCEX HPOAYKTOB OTIHICILICHHA CO-
crapiasger Bcero Jumb 0Koao 1.5%.
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TaGamma 41

Ornomenne I'),/T; n I'y/T, ana msoronos xiopusa

0- snpo IIpomeskyTounEIe » T L T,
M;'I’:'l'l")e"" R AND A npou,:?wra : "ﬂgﬂ cpc';l/ru;e CD({,’l/ng
Pu238 (a, 2r) | Cm240 Cm242, 241 0.16 5:2
Pu238 (a, 4n) Cm238 Cm?242, 241, 240, 239 0.12 7.3
Pu239 (2, 2n) Cm24 Cm243, 242 0.24 3.2
Pu239 (@, 3n) Cm240 Cim243, 242, 241 0.20 4.0
Pu239 (a, 4n) Cm?239 Cm243, 242, 241, 240 0.16 5.4
Pu242 (a, 2n) Cm244 (Cm246, 245 0.66 0.52
Puz2 (a, 4n) | Cm242 (m?246, 245, 244, 243 0.30 2.3

2. Amanuz ceuemuil JUIsI NPOAYKTOB peanuuu (@, xn), UCXOIA N3 Npej-
NOJNOMKEHUA O KOMIAYH/-SI/[pe, TNpHBed K BeluuiHe cpejHero 3HaveHus

or 1 no 7 pas uzoronos mayrouus (radi. 41). Ormomenme pacrer

f
T i3
¢ VMCHBIICHIEM MAccoBOro wneja uaorona. BB radu. 42 jansl coOTBETCTBYIO-
mue snavenus st usoromon U u U, orkypa caepyer Takske, uTO

Iy Iy
at rrma o 42 —TT:T—1 UBMCHACTCH B TEX jKe
npejenaax.

Ornomenne HEHTPOHHON IMHPHHBI K 10~
HOil, NCHOTL3OBAHHOE NPH NOACYETE Ce-
yennii pearnmii (z, xn) pua U253

3. Ilpejnoaokenne, cjiejannoe as-
TOpPAMI O HEe3aBUCUMOCTH OTHOUICHIIA

u U2b . ; 3 x 5
—F~ OT DHePIHIl Hajg NOPOrOM HMUC-
-n
| %
i s RPECEI S cumM  HeHTPOHA, MPUBOJNT K COTJIACHIO
l BBHIUHCJCHHBIX ~CeUEeHIHl OTILe nJIeHIsT
S — ¢ arcnepumenrtaiapabiMi (puc. 126).
(TW/T)); 012 | 023 4. Ilpn mammweix B rTaba. 42 snaue-
n W BER TN IR e e A ot
(BCe)s, o = wpes v oo | QL7 1 032 Ty
(Tw/Teg v v oo ww .| 007 | 045  BEAX —5— JUIA MBOTONOB ypPAHA M IIPH
(BT RS PEa o sl 2 0 ) 0 ) 0.21 n
TT)s - o vvn. .| 004 | 009  ynorpeGiieHHHX B ONBTe JHEPrHAX
Bo3Gymaenua oxoso 80°, cayuaen

IIpumeuanme. Hl_m‘lewcm 1,2... coor- ,I],OJI(‘]Illﬁ npejanecTsyloT ucHnapeHmnio
;g’;‘{g’fﬂ)’lm ammecenn 1-ro, 2-ro, ... i-ro HefiT- Hei‘rrpona.
Ha ocuope amammsa  BHIXOHOB
IPOJYKTOB pacIielieHusl ypaHa Ipu-
MEepPHO K TOMOOHHIM ke pesysabTaTaM NPHXOAUT B CBOMX HCCJEIOBAHHAX
[oiir [°6].
OTmeuennpie BpuNe JAHHBIE OTHOCATCA K HOBEICHHIO TANKEJIBIX AJep, BO3-
Oyskaenne KoTopeix He mpessmmaer 50 Mas.
B 1958 u 1960 rr. Geuim omyGamkoBambl MCCHCOBAHMSA, BHIOJHEHHBIE
C IOMONIBIO DICKTPOHHBIX BBEIUMCJIMTENABHLIX Mammm [°% 58] mocaneHHBIC
usyuennio coornomenus me;ay I'y uw I') mpu Goapmux wem 50 Map sHeprusx
BO30YsRIeHuA Jis Ajiep B obaacT ypana u Topus. B paGore [*8] perameasimes
ceveHus s wpojaykTos pacmemienus U?2® nporomamu ¢ smeprmeii 340 Moan
U pesyJibTaThl CPABHUBAJNCH € DKCOCPUMEHTAJbHLIMI Hapasvn Jlnmgrepa
n OcBopua [°°].
Ilpn BBYBCICHAN MCULITHBAINCH CIEAYIONIHE TPEINOIOKEHIA 0 COOT-
HOINEHHAX MERJY JIeIUTeNBbHOH M MCHAPUTEILHOI MIHpPUHAMM.
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Ty
5
U He mu3Mensomielics ¢ smeprieit B objactu, T7e

U~ 100 Mas.

ABJASETCH BEJNYNHON, THUNNYHON A JAHHOTO sApa

1. Ornomenne

2. Jlenenume KOHKypupyeT JIIIb Ha HocjejHeil crajum HcnapeHus Heii-
i

= e
—l,i —0, mnanpumep, mas U >20 Mas, u T £0 npas
n n

TPOHOB, T. €.

U< 20 Mas.

3. Jlememme npuBOANT K 222
HCKIIOUeHITI0 SMHICCHN HelTPOHOB £
BBIIIE HEKOTOPOI 9HEPTHH, B3f- (e,n) (e, 2n)

TON [pH BHYHCIEHUAX pPaBHOIL
Ty :

40 Mos, 1. e. —=ocompulU >
rf"

240 Mo u — — orpamuues-
n

noe npu U< 40 Moas.

r

6, mbapn

25
4 . sy
i. Ornomenue b (et,3n) (e, 4n)

$ymrnueit smeprur  BosOysKIe- 10k 10
ausg npu U<100 Mas B coor- 2 ;
BETCTBHH € NPEAHOJOKeHIeM
Hocrposexoro n apyrux [*7].
[Ipn wmensrranmm npeanodo-
Ty
¥
n30TONOB ypama Opaauch 13
pabore [*'] (pue. 127), mpuuem  Ppye. 126. CpaBsuenne pacdernsix (I) m sKcmepn-
HCTBITHIBAJIOCH KAk NPEJANOJOKe-  MeHTalnbubiX (2) dyunknmii BosOyiayienus s
HUE O JIHEHOIl 3aBHCHMOCTI pearuuii U3 (a, zn) [**].
(kpusas 2), Tak u npu Ooiee
cio:knoii (kpusas 7).
Cpasuenne ¢ sxcnepuMmenTajgpubiMu jlagaepmu  Jlungrepa u  OcBopna
NOKa3allo, 4TO: a) BBHIYHCJIEHUs OJiyKe COrJacyioTcs ¢ TpejnolosKeHneM

-0.5

Henpeps BHO U3MEeHAIOm e icst i

1 A*/

L 1 1
i 20 40 20 30 40
Fnepeun ec-vacmut,, M6

skennii 1—3 sHavenua

s I Z2
JIMHEHHOH 3aBHCHMOCTIT ln( I‘" ) oT A ; ) u3 ¢jleJJAaHHBIX TPEJI0J0Ke-
7
Ty

it 1—3 manayumee corgacme mnojydaeTcs NpH He3aBUCHMOCTII e
n
amepruu Bo3dympenusa (raba. 43).
Tabunuma 43

Cevenna (B MOapH) A1 HM30TONOB ypaHa — pacueTHbIE, € YYETOM
JeICHNA, H DRCHNEPHMEHTAILHBIC

Maccossle gncaa
Hpenr}‘oa?‘meﬂue -
1% 237 ‘ 236 | 235 | 234 | 233 | 232 | 231 ’ 230 | 229 | 228
1 |26.7| 29 | 22 |14.4| 83| 41|1.7 |0.530.13 | 0.025
LI <2 27 30 |4 22 |47 =144 S0 79T 154 1134 1.8
3 [26.6| 28| 20 (10 22| 03003 — | — —_
Ceuenua us
oopitTa . . .|~50 —| —| —| —|<4| — 10.35]|0.06|0.038
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by
Jlas mpoBepKH MpeANoJOKeHNA 4 OTHOMmEHHe IIIPUH ——» Kak B pa-
n

cuerax JlocrpoBckoro u apyrux [*7|, npeacraBisioch 3aBHCHMOCTHIO

e e L

x exp{2 )/ & ALW—E)"—(U—E)], (LI 7)

B KOTOpoil U — smepruss Bo30Y;KACHNIS HAYAJbLHOTO AApa € MAaCCOBBIM
uncaom A; E;—oueprusa awrtusamuu; E, —osmeprug cpA3m  HeiiTpona.
31ech geauTenbHAS HIMpUHA ONpejelieHa corjacuo mojenu bopa u Yui-
aepa[”?], a meiirponnas — no Baii-

I'L; crondy [*F]. i
w0 Tosobroe 3axanme _[L CUIBHO
- n
= VCIO/KHACT BHIYHCICHNA, HODTOMY
- BHIUMC/IAINCH JUIIb CEUYeHIsS IS
. asyx msoronos U2 m U5, Ceue-
10k o HUA  TOJyuliuch pasEbiMu 29 u
- 4.4 mbapH, B TO BpeMs Kak 9Kcle-
s PUMEHTAJBHBIC 2ZHAYCHNS COCTAB-
i 7 agfor 3 w 0.03 wmGapr coorBeTcT-
i BenHo. Awropsl [?] sariouaoT OT-
o1k ci0jia, 4TO NPEJHOJOKCHNEe O 3aBU-
E 2 2 rf =
: 5 : i . z¢ CHMOCTH —— OT JHEpruM B MOJI00-

355 360 365 370 375 360A 3
HOM (opMe JlaeT MEHBNIYI0 BepPOAT-

Puc. 127. Bapuammn sasucumoctn I'n/T; or HOCTB QCJICHUA B TEUGHHe IPO-

Z*/A, npunastee B BeMumcaennsx Jlmppsmepa — Ilecca MCHAapeHHsA, UeM 9TO clejyer

u Typkepmaa [°°]. U3 DKCHEPUMEHTAIHHO MOJyYeHHBIX

O0pACHEHUA CM. B TeKCTE. pes3yiabTaToB IS M30TONOB U2 »

U2, xora soiunciaenns [locTpos-

CKOTO U JIPYIUX HENJ0X0 COrJacyloTcA ¢ APYTHMI JKCHePHMEeHTAIbHBIMIE
JAHHBIMI.

Ilo moBoxy pesyabraToB, HpuUBEAEHHBIX B Tabm. 43, ciaemyeT 3aMeTHTh,
YTO OTMEYAlOT M caMil aBTOpPHl paborsl [*%], uro BLrUmcaenns He AT OYCHD
XOpOUNIX COBHAJieHNil mpm BceX pasoOpaHHBIX Opepmosgo;keHnax. Ocobenno
9TO OTHOCHTCA K M30TOMAM, OYCHB OJMB3KAM ¥ JAaJeKHM II0 MACCOBBIM YHCJIAM
OT Maccehl sgpa-mumenn. B orHomennn Guamzkrero u3oromna ¢ Maccoit 237 mpej-
mojaraercs, 4TO 37Iech PACXO/RICHIE CBABAHO ¢ BO3MOKHOCTBIO 00pa3oBaHUSA
H30TONIA He MCIapeHyueM HeliTPOHOB, a4 MeXaHU3MOM IPAMOTO B3aUMOJeiiCTBUA.
Pacxomxpenue ¢ sxemepuMenToM A JaJbHIIX H30TOMOB MO/KeT OBITH BHI3BAHO
TeM 00CTOATEIBCTBOM, YTO CYIIECTBYIONIAs TCOPUs MCHapeHus HYKIOHA M3-3a
HeyueTa HEKOTOPHIX dPPEKTOB JaeT CHMITKOM MaJayi0 BepOATHOCTH MCHAPEeHH
sapa:reHHEX wactun npu U < 100 Moas.

K wmacrosmemy BpemeHum H3BeCTHHI TaK/ke PpeaylabTaThl, JOIYCKAIOI{HE
uHOe mcroaropanme mosepenms I',/T, mpm smeprumsx pos0yswaeHUsS OROIO
100 Mos. IMamoss [*'] Geur mposeien aHaaus HKCMEPUMEHTATBHBIX JTAHHBIX
10 BEIXOJaM HPOJIYKTOB pacIieIlIeHusa ypaHa IportoHayu ¢ sueprueit 340 Mos
TaKKe 1m0 pesyiabratam onsitoB Jlmpgmepa u OcGopua [°°]. Ilomaras, uTto
BEPOATHOCTH OMHCCHOHHOTO JICJICHHSI ONpEAeasAeTcas UCKIIINTeTLHO Hapa-
metpom Z*/A, Illayos comocrasii mo 9ToMy mapaMeTpy HpOAYKTHl pacuierie-
HHOA M30TONOB ypaHa M IPOTAKRTHHUA, BLIXOJLI KOTOPBIX OBLIN OIIPEeseHb
B ounitax Jlumguepa u OcbGopua. Ilpu merennn mo cxeme «rayGOKOrO» HMHC-
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cuonnoro jenenns, T. e. upu npexuonosenmun I'y/T,=0, worma U > E,,
Kak oTMeuaeTcs B paboTe, JUIs MB0TONOB ypaHA M IPOTAKTHHIA, 0TOOpaHHBIX
0 TpPHHIMIOY paBHoro Z%/A, J0XKHO BHIOJHATHCA YCIOBHE OJMHAKOBOIL
BEPOATHOCTH JUISL [IEICHUS H30TONOB U2, posOysrpentoro jo smepruum U,
i nzoronos Pa*®?, Bo30y:kieHHBIX 0 dHEPTHH U0+40 Mos.* Ilpepunonosie-
HIE O PABHOIL BEpPOATHOCTH, KaK OKA3aJ0Ch, JEHCTBUTENLHO YAOBICTBOPSET
sremepuMenTanbHeM ganasiM Jluagmepa u Ocbopma, uwro Obwro Ilamonsmv
HCTOJIROBAHO KaK YKasamue, 410 jleJeHHe IPOMCXOAHT B OCHOBHOM IOCHe:
CHATHS DHEpPrui BO3OY;KAeHNsA HcOapeHneM HeiiTpOHOB.

Xapauarom n Qapan [%] usywamocs yriosoe pacupejeineHne HelITpOHOB
OTHOCHTEABHO JMHHH PA3JeTa OCKOJKOB HPH JEJTeHNN ypaHa HeiTpoHamu
¢ ameprueit 147 Mos. Ilpnnnmas 3a ®09(QPUIMEHT AHUZOTPOIMN OTHOIICHHE
qicjaa HeHTpoHOB, nemynmenapx moyx yraamu 0 m 90° k maupaBieHuIo JBUAY-
HIerocst OCKOJNIKA, MOKHO HpI HEKO-

o -
TOPHIX TPEAIoOJOReHNAX IO HaHJeH-

HOMY Ha oIbiTe KodGduimenTty ammzo- 6
TPOUMHE ONEHHTH YHCJIO HEHTPOHOB, ol
MCHYIMEHHBIX 10 M IOcIe JIedeHmsa. -~ 4
Ucmoansys meroyx msmepenms cosma- 3
N—

JIeHNil HefTPOHOB € OCKOJKOM Jee- 2k
HudA, apropst [%*] mamum, aro BeandnHa
roapPumumenTa AHU30TPOINN  paBHA - 3 . :
1.27+0.41 wpm pgexennu ypama Ipo- 0 100 200 300 400 500
roHamu 147 Mos. U, Mab

KoagdummenT anuaoTpONHN MOKHO Puc. 128. 3asmcmMocTh WmCIA HCIHYIMEH-
TAK/AE BEMHCANTh  OPH  PABTHYEBX oy’ non’ jesemmmn  ypama  3apaskeHHEX
UPEANOAOAKEHUAX O COOTHOIICHMI  gacTim (YACTIIB NCTAPEHNsA) OT HATATL-
messny 'y m I, Mpn pasnwix sHeprusx — HOil dHEPIMH BOOY/AICHHA JIeJAMEroCs
BO30YKJICHHUA M CPABHUTH € HKCHEPU- £hp
Mentabuo maitemmint. I13 comooman- Tomar natecuus pueicnise gt i
JIeHn Xap;llllll‘ u (l)ap.rm IPUIIUIA  9TO BCA 9HEPrHA BO3OYIKACHUA CHUMAETCS Iy TeM
K BaKI0YCHHIO, YTO TPH  J{eJeHUH e S
ypaua mportonamu 147 Mse B cpepunem
ucnapsiercsi 13 meitrponos, w3 HuX 10 pedeHus — 11.54+1 u mocae gemenns
2.5+41. Tar war 2.5 HeilTpoHa CIeyeT OTHECTH K WMCIOYCKAHIIO OCKOJKAMIT
3a CYET BHYTpPEHHEeIl dHeprum sjapa, TO M3 IPHBEAEHHBIX pPe3yJabTaTOB Cle-
AyeT, uTO IpPAKTHYECKH BCA HHEPTHs BO3OYKIEHISA CHUMAaeTcA IpejBapu-
TeJBHOI BMIccHell HellTpoHOB.

B o63ope [*?] mo gemenmio sgep wacTanamu BECOKNX anepruit (£,>100 Moas)
OIMCAHBI PEe3YJbTATHI JBYX DKCIEPHMEHTOB, M3 KOTOPHIX CIeAyeT, 4To Jele-
HIe ypaHa UPeHMYI[ECTBCHHO IIPOMCXOMUT I0CJHe MCHAPeHUS IIPOTOHOB.

B ommite Illamosa [®] mo pememmo ypama mporomamm 450 Mos 6wt mpo-
JlelIaH  pacueT BaBHCHMOCTH WYHCJAQ 3apAKeHHBIX YacTHI[ (MCHapHTEIbHLIX)
OT dHeprum BO3OY/KICHIS B MPEANONOZKeHNN, YTO BCS DHEPIHs CHIMAETCA
nenmapennem. Pacuer xopomo cosman ¢ omsiTHEIMEH ganabivE (puc. 128). Pac-
IpejiesieHne 1Mo 9HePruAM 3apsskeHHBIX wacTur [% ®] Tawme coorBercTByeT
JACTHYHOMY HCHDapenmio ux po jexennms (pue. 129).

Octpoymos u Duios [°°] mecaemoBasm yriaoBoe pacipejegeHHe ICIapi-
TeJBLHBIX IPOTOHOB, COLPOBOKIAIONNX JIeJACHIe, OTHOCUTEIBHO JHHHH pas-
JeTa OCKOJIKOB, KOTOPOE OKA3aJ0Ch M30TPOIIHEIM.

N3 coBorynHoCTH BTHX JABYX OIBITOB CJIEAyeT, 4To, 10 Kpaiiueil mepe, 60Jb-
MIUHCTBO IIPOTOHOB HCHAPAETCH SAPOM [0 [AEICHHA M, CIE0BATEJILHO,IpH

* Papunie orHOmeHua Z2/A Owumr HadMOJEHBI A M30TONOB YypaHAa M IPOTAKTH-
HAA, CABUHYTHIX O Macce Ha O ejmHun. (Tciojga pasHUA B JHEPrHM BO30Y/KICHAA
noayuanres 40 Moag, cunraa 8 Map ma uwacruny (HeiTpoH).
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Tadoanma 44

3uavenns U B MOMEHT jleJeHHs N3 ONBITOB IO YIJIOBOMY pacnpene-
JCHHIO OCKOJIKOB IIPH J€JCHHN 5(ep 30J0Ta HOHAMH YyIJIepoja

’ E ; Boiync-
Eq U, 2 ) U—E i U
mow' | Mo | P | Tw | Eo | oY | ampmee, | o uoueon
s Bl s
123.3 98.6 | 10 ‘ 4600 | 115 595 8—13 | 21.5—26.5
93.3 1.4 7.2 ( 2530 87.8 12 10—16 2228
72.4 51.6 G 11148 46.4 9 11—14 20—23

BBICOKHX DHEPTHAX BO30Y/RACHUS KOHKYDEHI[MA ME;Ly JeJeHHeM U Hcmape-

HUEeM YaCTHI[ B HAYAJIbHBII MOMEHT, KOTJ[A BePOATHOCTH HCHAPEHIA IIPOTOHOB

U HeilTPOHOB COJMMKAIOTCHA, OCYIIECTBJISAETCA B IOJb3Y MCHAPEHHS YaCTHII.

Jlst TAKeNBIX A{ep 9TO COOTBETCTBYET DHEPTHH BO30YIRACHHA CBHIIIE 70—

100 Mag, Tak kar mpu sHeprum menbme 70 Map, mo serunciaenuam [locrpos-

ckoro m apyrux [°7], m3 oOmero umeaa memapesHsx wactuy 99.7% momrHb
COCTABJIATH HEIITPOHBL.

Jlist  mOTHOTHL  PACCMOTPEHMS B
tabu. 44 mpusejensi JaHHBIE O BeJN-
YypHe OHeprum  BO30YIKICHHS  Ampa
60+
- el
= ok E
& -
= B o pr—t——s
bU
L N b
2 Dy
L L L L L L 01 P T ] T el R T L VIR 2 8 et
O 00 R a0 40 50 60 70 60 90 100 10
Jnepaus npomonob,Mab U, Mab

Pnc. 129. Pacnpegenenne mnporonoB no  Pue. 130. Ornomenne cedenms jelne-
BHEPTHAM U3 peakINiii: NpH paciielvieNnn  HuA K cedennio oOpazoBanms COCTaB-
ypaua nporonamu (I) 332 Mas [%4]; npn HOTO sjipa  Kak s)ym{mm SHEPIII
jedaennn ypana nporonamu (2) 660 Mas [®];  BosOyspenns pas peaxupn Aut®?-4-Cl2,
npH pacmenenns cepebpa nporonamiu (3)

332 Moas [%4].

B MOMEHT JleJIeHHsI W3 ONBITOB II0 JIEJEHHI0 Ajep B30J0Ta IOHAMI yIJe-
poma [%].

Hpu swuncaennax pas omemsu /2 Opamnocs ry=1.5- 107" cm. Ilpeano-
Jarajoch npu 9TOM, 4TO YIJIOBOI MOMEHT MAJO H3MEHSETCA NPH HCHapeHHuH
Jerknx wacrun (meiirponos, mnporonos). Beicora Gapbepa £, smuncisiach
no gopmyae (I11.5).

Raxk swmno ms radn. 44, smeprust BosOymKjacHUs JeJAIMMEXCA AJAep He
B3aBUCUT OT DHEPIUM MOHOB, OHA NPUOIHBNTEIBHO NOCTOAHHA M COCTABJIAELT
pequuuny oxodo 20 Mss. [leaenuio wommaymj-sjpa, CIe0BaTebHO, BO
BCEX CJydYagX Npe/UiuecTBYeT HcHapeHue HeCKOJbKNX YaCTIHIL.

"f
TFoppon u apyrme [*?] noctpoman saBucuMocTh —— OT dHeprum Bosdy-
anenns (puc. 130). Ilpu smeprusix Goubmie ueMm 70 MsB kpusas, Kak
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BIJIMM, napajieapHa ocu adcemucce. Takoit X0 3aBUCHMOCTH, KAK OTMEHAIOT
T

4
ABTOPBI, COOTBETCTBYCT YMEHBNICHHIO BepPOATHOCTH JleJIeHIsd e C yBeJamn-
¢

! Ty
yennem sueprun BosOy:kaenus. Heiicrsurensno, ecaun Ol -~ (I'y— noanas
t

mupuna pasHa Igaer -+ I'y) He uamensinocs ¢ pocrom sHeprum, To UpH HTOM

a
]

= JAOJARHO OBt BOo3pacTt, Tak KaK € POCTOM dHEepPrim Ii()36}')l{}[CIIIIH YBCJI-
I .

YNBACTCA JUINHA LEeNOYKHN MJIL YICJ0 CTYHNEHeH B npomecce CHATUA BO30y-
AJICHIA, NPH KOTOPBIX JieJieHne MOKeT KOHKYPHpPOBATH € HCHAPEHHEM.
i
Ouesujino, ymensiienue I—/f COOTBETCTBYET TAK/KE yMEHBHICHITIO f—/—
qacr
Kak nenapuTeinbHas IMHPUHA PacTeT € yBeJUdYeHueM »Hepruu BosOysKie-
HUSA.

ApTopnt [#?] ykaspBaoT TpH BO3MOZKHBIX IPUYMHEL 7151 0OBACHEHN M3Me-
HeHNA BEpPOSITHOCTI JeJeHus ¢ POCTOM BSHEPTHH BO3OY KIeHISI.

1. Ilpn Goapmmx sueprusix posoys:xuenns (U > 100 Mag) Goabme BeposiT-
HOCTL HCHApEeHHs 3aps;keHHoll wacTuinl. Takoe cobuiTne, ecam 0HO IPOMBOIl-
JIeT, OTpas3uTCA Ha BEPOATHOCTH JEJCHHA B CTOPOHY yMeHbmmenns. HBunrton
n apyrie [%¢] rax Gypro Obl HaGIIOAAN YBeNHUEHHE UMCIA 3aPA/KCHHBIX
YACTHI[, CONPOBOKAAIOINX JeJeHne, KOIJa MUIIeHb I3 30J0Ta 00aydanach
nonamu O ¢ smeprmeit 160 Mas.

2. Ilpu smeprusax BosOysuenus o 70 Map nenapaoTes TpenMyIecTnenno
HeliTpoHsl, IpH dTOM pacter Z2/A W yBeJMUHBACTCA BEPOSTHOCTH Jiee-
HUS.

3. Ilpn cousnmm moma, wuMeromero OOJBUIYI0 KHHETHYECKYIO JHEPTHIO,
¢ SAAPOM-MUINEHBIO 00pasyloneecsi COCTaBHOE PO HMEET BEICOKYIO HHEPTIIO
BO30Y KIeHIst, OOJABIIOI YINIOBOI MOMEHT M BBICOKYIO ILIOTHOCTH COCTOSI-
anit [%7] ¢ Goabmmm cnmmom. Kar ys;ke oTMeuasoch pamee, Hcoapenmne 4acTHIY
Oy/ieT CyNecTBeHHO YMeHbINATh JIHIIb DHEPLui0 BO30YKACHUS COCTABHOLO
Axpa, 3aMETHO He MeHssl YIVIOBOI MOMEHT ¥ HAYAJBHYIO ILIOTHOCTL COCTOSHMIL
¢ Ooapmi crnmHaMu. B pesyiabrare mosyumTes aHoMagbHOE AAPO, A KO-
TOPOTO BO3MOJKHO ¢ 00JbHieil BepoOATHOCTHIO OyAeT COBEpIIATLCA JeJIeHie,
a He ucHapeHiie HEHTPOHOB.

Takum o6pazom, N3 COBORYNHOCTH MMEIOUIXCS HKCIEPUMEeHTANbHBIX
JAHHBIX 10 JICJEHNHIO SI/ICP YacTHIAMII BBICOKNX HHEPruil ciaejyer:

1. BRXOAB DPOJAYKTOB OTHICIJICHNSI HA H3OTONAX ypaHa M IJIYTOHIS
npu obayuenun e-uactupamm o o0 Mss m nporonamum GoJjiee BBICOKHX
QHepruil Jiyume corjJacymorcs ¢ HPOBCJAEHHBIMI pacuyeTaMmil B HPE0JI0Ke-
Ty
L

qacr
u yrasmsaior na Goapmyio seimunuy 'y mo cpasmenuo ¢ Tyger
2. DHeprernvyeckie 1 YrJOBBE PACHPECJCHUS 3apA/KeHHBIX TacTHIL,
CONPOBOK/AIONLNIX JICJCHIIe /P ypaHa, He NPOTHBOPEUAT MPe/NoJ0KeHI0,
YTO JUISL AJep, Bo30Yy:KAEHUE KOTOPBIX JIONYCKAET € 3aMeTHON BEPOATHOCTHIO

, TAK

HITLL He3aBICEMOCTH ot sueprun Boaby:kenusa B unre psagae U <100 Mas

Iy
T H3MeHnseTcsa
qacr

B HanpasJeHMI, JIOI])'CNZIIOHI(‘M npelmymec'memloe ucnapesue vacTHiy J10
JICJIeHUS.

3. llpu. jexennu zosora womamu yriaepoja (OpoMe;RYTOUHOE SIPO UMEET
Z =285) npu sueprun posdyxjaenua no 100 Man jpesenme npomexo/ur mpe-
HIMYIEeCTEeHHo 1noclie ucnapesuss HeCKOJLRHX vacrTuil, B cpemIeM npmu

ucnapenne sapsyrenusnX uactun, (U >70—100 Mbas),

It

U=~ 20 Mag, n T /_ yomBaer ¢ pocrom omeprunm BozOymjenus. Vmerwo-
yacr

mecs 9KCNePUMEHTAJBHBIE JIAHHBIC TOKAa, K COMKAJEHMIO, emle HexocTa-
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TOUHBL JUIA CY’K/ICHIS, TUONYHO An. Taxoe mnonejenue orHomenns I y/Tyacr
nag spep B obanactu Z~A~8) miaum oHO 00YCJOBIEHO HaJMuueM OOJBIIOLO
YIJIOBOTO MOMEHTA.

4. llocmepnme dKcnepuMeHTaJXbHBE JAHHBIC 10 JeJCHHI0 BHCMYTa M
CBUHIIA g-yacTHIlaMu npu sHeprmax Boz0y:muenusa g0 50 Mose yraspisaor
HA pPOCT OTHOIIEHI I,F’ ¢ BO3pacTaAHMEM DHEPTUH BO3OYIKICHHA B HTOM

Jqacr
unrepsane. Opmako npossiaenne obGonodeunwx a@HGeKToB npum HeTCHIM
Anep B aroil ke obaacrun Z uporomamu 660 Map momyckaer mnpepmosiozKe-
Hie 006 MHOW 3aBHCHMOCTH JUIA IIMPHH NPH HEPTUAX Bosbymaenus Goapme,
gem 100 Mos, npusojsameii K jeJeHNI0 JUMBL B KOHIE HpOIecca OXJIAKIe-
HUS sijpa.

9. Jlas sitep Goilee Jerknx, 4eM CBHHEI[, SKCHCPUMEHTAJBHBIEC IAHHBIC
N0 JIeJeHN0 HeJOCTATOYHBl JUISA BBIBOJAA O COOTHONICHUN MEKIY J(CJUTeNh-
HOM M menmapureibHoil mupunamn. B oToii obaactu meoOXomuMBl jlajdbHeii-
mue GoJjee oOMIUPHBIE ICCACAOBAHMS JAeJUTEJIbHBIX CBOMCTB sAnep.

JdureparTypa

. C6. «Dn3uka jedenns aTOMHBIX sAaep», Aromusjar, M. (1957).

. I. Halpern, Annual Review of Nuclear Science, 9, 245 (1959).

. A. Kraut, Nukleonik, 2, 155 (1960).

P.C. Stevenson, H . G. Hicks, W. Nervik, D. R. Nethaway,

Phys. Rev., 111, 886 (1958).

< R. A, Glass, R, J..Cazry, J.W. Cobble, G. T. .S eabioryg, Phys. Rev,;

104, 434 (1956).

. A. Newton, Phys. Rev., 75, 17 (1949).

B. II. ITamoB, O. B. JI o & uu, JRITD, 29, 286 (1955).

B. II. IlI a m 0 B, «DusuKa jejaeHns aTOMELIX sjiep», Aromuzgar, M., 129 (1957).

R.C.Jensen, A. W. Fairhall, Phys. Rev., 109, 942 (1958).

A. W. Fairhall, R.C. Jensen, E. F. Neuzil, Proc. Second U. N. Int.

Conf. Peaceful Uses Atomic Energy, 15, 452, Geneva (1958). ;

.B. A. Borages, A.Il. Komap, I'. E.Coxaxnam, JHéT(D, 38, 1374 (1960)..

. T.Sugihara, R. Boesmer, J. Meadows, Phys. Rev., 121, 1179 (1961).

.M. C. Mayer, Phys. Rev., 74, 235 (1949). L. M eit ner, Nature Lond., 165,
561 (1950).

.A. W. Fairhall, Phys. Rev., 102, 1335 (1956).

.I.Goeckerman,I. Perlman, Phys. Rev., 76, 628 (1949).

.R. Wolfgang,EEW.Baker,A.A.Garetto,J.B.Cumming,G. Fri-
edlander, J. Hudis, Phys. Rev., 103, 394 (1956).

.A.II. Bunorpagos, M. Il. Anumapnn, B.I. Bapanos, A. K. Jl a B-
pyxuua, T.B. Bapanosa, ®. I. fTaBaxoBcka s, Ceccust AH CCCP no
Limpnomy NCIOJAB30BaHNI0 aToMHON suHepran, Jacepamma OXH, Hsg. AH CCCP
(1955).

18. A. HH Mypuu,B. K.llpeo6pasmencrmnii, H E. Tur o B, Ua. AH CCCP,

Ne 4 (1955).

19. A. 1. 0 6y x o B, JHITD, 38, 271 (1960).

20. W. E. Nervik,G.T.Seaborg, Phys. Rev., 97, 1092 (1955).

21. J. R. Grover, UCRL-3932 (1957)."

22.H.A.llepdpunaon, H.C. UBanoBa, O.B.Jloxknu, M.M.Maxapos,
B.Gl/l. Ocrpoymos, 3. I. Corosnena, B. IIl. Ill amo B, JKITD, 38, 34>
(1960).

23:'B. B.)l\‘ypqa'ron, B.II.Mexenos, II. . Bopucon, M. M. Ky3aHe-
nosa,Jl. H. Kypuatosa,Jl. B.Yncrsaxko e, Ceccust AH CCCP o mupaomy
HCTIOJB30BAHNIO aTOMIOIT snepraw, 178 (1955).

24. R. Batzel, G. Seaborg, Phys. Rev., 79, 528 (1950); 82, 607 (1951);
A.K.laBpyxuna,Jl.l.Mocraaena,Jl. [. Kpacasuuma, .M. T p e~
4 | I e B a, ATomuas aHeprus, 3, 285 (1957).

25. H. C. Hicks, R. S. Gilbert, Phys. Rev., 100, 1286 (1955).

26. G. P.Millburn, W. Birnbaum, W. E. Grandal, L. Schecter,
Phys. Rev., 95, 1268 (1954).

27. H. C. U B a u o B a. Co. «Duanra neaeHns aToMubIX sjep», Atommazar, M., 115 (1957).

28. H. M. Steiner, J. A. Jungerman, Phys. Rev., 101, 807 (1956).

29. HH A. Hepdnanon, B.d. aposcrux, .®. leancenro, A. 1. 0 6 y-

x o B, JKITD, 38, 716 (1960).

248

e
B So®N® o pwpes

e
wne

e
S UL

—
-1



30.

31. B

44.

45.
46.

47.
48.

49.

50.
a1,

52.
54.
5.
56.

57.

58.
59.
60.
61.
63.
64. R
65.
66.

67.
68.

wo%m07mﬂmx

".»’.'GZHB'J"‘J»""

H.A.llepdunaos, H. C. HBamora, O. B. Tomxun, B. I. Ocrpo-
ymos, B. Il. Il amo B, Ceccna AH CCCP mo MHDHOMY HCIIOJb30BAHHIO aTOMHOIT
amepron, 79 (1955).

.BapanoBcruii, A. H Mypunu, 6. K. llpeoGpamencKnii
Pagnoxmymsa, 4, sum. 4, (1962).

.A. K. JlaBpyxuna, J.Jl. Kpacasuua, A. A. loaagaakos, JJAH

CCCP, 119, 56 (1958).
A. K. JlaBpyxuua, B. E. Paxoscrnit, Cy Xyum-ryi, C. Xolimart
¢ K m i, HOTD, 40, 409 (1961).

Ba Il IL[aMOB, HAT®, 35, 316 (1958).
. Kofstad, UCRL-2265 (1953).
.A. llepduxos, KITD, 41, 871 (1961).
.A.lluk-IInvak, 2113T(D 34 341 (1958).
I/ITapanTnH,IOBI‘ep'nn' JIMI‘yceBa,B(DMﬂcoenon
.B.®maunosa, ' H. ®xepo s, HITD, 34, 316 (1958).
.M. loaxumxanos, B. A. [ pyns, }I\‘E)T(D, 36, 743 (1959).
.C.Britt, A. R. Quinton, Phys. Rev., 120, 1768 (1960).
. D. Thomas, Phys. Rev., 120 1771 (1960).
.E.Gordon, A. E. Larsh, .Sikkeland, G. T. Seaborg,. Phys.
ev 120, 1341 (1960)

.J.Fremli n, Nuclear reactions. Ed. by P. M. Endt and M. Demeur, I, Amster-

dam, 86—158 (1%9) I'. H. ® g e p 0 B, MaTep. KoH(. 110 sAePHEM PeaKIHAM ¢ MHOTO-
sapsazusiMu mouayy, OMAN, Jlyoua (1958)
ACE. harnsh G B Gordon T. Sikkeland, T. R. Walton, Proc.
Second Gatlmhurg Conf. Reactions between complex nucle1 May (1958).
J. Terrel, Phys. Rev., 113, 532 (1959).
I. Halpern, V. S t rutinski, Proc. Second U. N. Intern Conf. Peaceful
ses Atomic Energy, 15, 408 (1958)

.. Tapaurun, HITD, 32, 250 (1960).

U.Toxppgaumckmuii, BG Henbrunnua, J. 3. Tapywmos, HITOD,
9, 778 (1955).

.Goe csk erman, J. Perlman, Phys. Rev., 72, 352 (1947); Phys. Rev., 73,
2 / (1948)

el ly, C. Wiegand, Phys. Rev., 73, 1135 (1948).

\N ilson, Angular dxstnbutmns of some selected fission Iragments, thesis,
versity of Washmgton (1961).

ohr, I. Wheeler, Phys. Rev., 56, 426 (1939).
Jlaponc}\nx H.:A. llep(I)HJIOD }H(—)T(D 36, 652 (1959).
.Glass, R.J. Carxrr, 3. Wi Goibble:Gd: Seaborg,Phys.Rev.,lOé,
956)

ndenbosch, T.D. Thomas,S.E.Vandenbosch,R.A.Glass,
eaborg, Phys. Rev., 111, 1358 (1958).
a te, Canad. J. Chem., 36, 1707 (1958).
ostrovsky, Z. Fraenkel, P. Rabinowitz, Proc. Second U. N.
Conf. Peaceful Uses Atomic-Energy, 15, 1615, (1958). I. Dostrovsky,
abinowitech, R. Bivins, Phys. Rev., 111, 1659 (1958).
M. Lindner, A. Turkevich, Phys. Rev., 119, 1632 (1960).
M. Llndner, R.Osborne, Phys Rev., 103 378(1906)
R.Vandenbosch,JJ,R_.Huizenga, Proc. Second U. N. Intern Conf. Pea-
ceful Uses Atomic Iunergy, 15, 688 (1958). _
B. II. 1T a m 0 B, JKIT®, 33, 346 (1957).

Nw:ﬁc

34

48
R.
G.
B.
[
Int.
F.

w UWH<

G ANG Hardlng,F J. Farley, Proc. Phys. Soc., A 69, 853 (1956).

gl(i.gol)'lepq)nnon O.B. JTomrnx B. IL. I]Iazuon Yen. ¢us. mayk, 70,
6
. W. Deutsch, Phys. Rev., 97, 1110 (1955).
B. H. Oc'rpoymon P. A. (Dunon FRITD, 33, 1335 (1957).
A.R. Quinton, H.C.Britt, W. Knox ¢ E.Andersen, Phys. Rev.,
120, 1346 (1960).
) Erncson V.Strutinski, Nucl. Phys., 8, 284 (1958).
Ve \Velsskopf Phys. Rev,52 295 (1937).




OTJIABIEHWE
Crp.
U T 8 G B0 5 T G I e s R O SRR S s R AR R s R e 3

I. TEOPETUUYECKHUE IPEJICTABJIEHNS O B3BAUMOJIEWUCTBUI YACTHI]
BOJbLIINX 9HEPIUI C SJPAMU

Tagea sl - OnTAICCRBTS MOROIES 15 v b ta oath SNEAME I e T S0 S o E T e o 5
§ 1. TIpesBapATeNLHBIC BAMETAHMA o & 't /o sv s ooisio lo e aia dew v e 5
§ ) OCHOBHBIE TIOJIOKEHIS ONTHYECKOM MOMENH . . . . & « & « o « « « o . S
IIpaMoyronpHasgs MOTEHOMANDHAA AMA . & o v « o o & o & o 5 .« o & 13
§ 4. fAipo ¢ 1mbd)y3uoi’| rpammei‘l s ) W A YR s R SR 0 b Pt TSN 19
§ 9. Yaer cump-opoHTAALHON CBAM . . . R s S 23
§ 6. IpnMenenne onTHYECKOIT MOJETH K ,[p\’lll\f YACTHIANM &S S i s, 28
41501 723 0 g7 o] Sere I SR S A S R LSRR iy e e e 31
Tase 25 FRECRANRAT SMOTMGIHBY - o b v e, v pr G e S SR N 1L e 33
G A Te s 0 U G A YT BT B AR Iy S PR S AN L o e Bl e R TS Y B
§ 2. Merojt pacuera Kackaga . . . . dig Sl 35
§ 3. O mapamerpax sjipa, HCIHOJIbL3YEMBIX npu pacuer ax 1o ME‘TO.’W ‘Moute- l\ap 10 40
§ 4. O0 memycraunm m3 sjep CHAOMKHBIX YacTHI[ B KackajiiioMm mpomecee . . . 44
§ 5. HeRoTophe Pe3ysibTarTsl pacueTOB KACKaia BHYTpPHAICPHBIX CTOTRHO BeHHil
no merogy Monte-Rapio . . . 5 % Sragtie I | oA TR 50
§ 6. Jlpyrue merognl pacgera Iporecca pacmcn:lunm nu-p A e e T a8
§ 7. «lloBepxuOCTHEIY B3AHMOICHCTBILT omc'rpmx uyhnouon C SAApaME - .. . . 60
AR EVE 1) g S e i e E B o ad 3 R © o I g SR L SN 65
Ladew: 3" CTaTAETRICCRAA ~MOMETE SMAPA~ v L % d5. o v o A s i o o 67
§ 1. Obmume szamewawuss . . . 3 . A e ek e 3 S B S T Mg R S 67
§ 2. ®Dopmyaa Baiickomda s H(‘lldp('HlIﬂ tmcmm,x WBEAIPA: e-do oy 05, n Al mboees 69
§ 3. O nmapamerpe HIOTHOCTH FPOBHOHEATAL 2o v B A ta = 0y o Dl st T4
§ 4. O norenmmaianroM Oapbepe sjapa . . . LR Pl SO TAY e 78
§ .3. [TocaenoBarensHoe McHapeHIe l[(,Cl\O.'Ibhll\ qacmu Y S 84
§ 6. Dmueensa CaoKIBIX YaCTHIL T S R Ny B S A Th 88
§ 1. JHepreTHycckie M yrIOBEIE pacnpucncmm ucuapmomn\cn JACTUL, . . . 90
T O-
R 323 07 i 11 U BN T o R e T B T 2 S 3 ke T AR e 93
II. DRCIHEPUMEHTAJIDHBIE METOJILI HCCJIEMAOBAHUA AJNEPHDBIX
PEARIUNA 11PH BHICOKON SHEPTHIT YACTHI]
Taasa 4. Ilpumenenne MeTo;(0B XHMHYICCKOTO anajnsa JiIfg NM3yYeHnsA AXCPHBIX DPe-
BRI, oo o G g e s ey 0 i e o WA s i o S G Lo i 1 95
§ 13 P anuoX IMIIeCRIVE. METOJL A ia) 5o inthaiee. o o 1o ettt ot o var et o HBT-F0 00 96
§ 2 ;MeToIEr TAS0BOTO AHANMBN A5 fistaiichoe mavsiia,, o L ad it S e St ol 109
§ /3. MerGn H30TOUHOTO=PasHABTCHMI & i i; 5 o tac ot e o e e el shissvaston o siach o +A00
0§ o T ek R 0 L S e T ey AT RN s
Pindat 5. METON. - AIODHEX - OMYIBCHI, St f oo oot i e v ehrceho A 13
§ 1. CROMETBA  ANEDHAEX. 1 OMYIIBCIIL  E 1ottt ot fe s e S Tt s ae Lo g e A S
§ 2. XaparTepHCTHRN CJAI0B YaCTHIL B SICPHOI MYJILCHIT M X WaMepenna. . . 118
§ 3. Meroan mieHTHOURANMIT YaCTHIL B BMYJIDCHIL . . . . . . . .« . . . . 126
§ 4. Meroast naydenusi pacieiiennii ajep onpeiteTcHubX ameMenton . . . . . 129
T A AR i S ST R St S T O, e R ST KU i 1)
I'aasa 6. TTpuvencnne MeToja CUCTYHROB I CPEACTB PAAMOICKTPOHHKE . . . - 131
§ 1. Mamepenne MOJHBIX cedelHii HEyHPYTroro B3anMo/1eiicTBNA 9acTuil ¢ (pa\m 132
§ 2. Mayuenne 06pasoBauist OT/AGNAbHEIX HPOJAYKTOB SIACPHBLIX peakiymii . . . . 139
§ 3. MaMepenie yrIoBwX M OHEPrCTHYCCKIX PACTPEICTCHIIT BTOPHITLIX qacTn 142
ST IBDOIIDATS ..o S i R R bt RS AT ot pay S miEss T L oIS, e

250



T'aasa 7. J|pyrioe MeTOAB H3YIeHusA SAEPHLIX PeaKIUl TP BHICORNX auepruax . . . 145

§ 1. Henonb3oBamme TeXHUKE MAacC-CHCKTPOMOTPHH . . . . . . « . . . . . 145
§ 2. MarauTHBND AHATHS IPOIYKTOB AICPHOTO pacm(,nnuum i PR e by L
§ 3. Merox Bpamjaiomeroca amcka . . . . NI 2 e e e WIS V)
& NIRRT O DBT SBVITBOOMA . o o o7 o fae 65 o' e int e e’ Jebelatk b i o 04 o /LAY
I N e R RN R R - R T s L e e

III. PE3BYJLTATHI HKCIHEPUMEHTAJIBHBIX MHMCCIEILOBAHUN
ANEPHBIX PEARIMI P BBLICOKOM SHEPI'MI YACTHI]

Taaga 8. CeveHMs HEYHPYTrOro B3S&UMONCHCTBHEA .« . o o « o o o o « o o « o - 150

Jlureparypa . . . . e S s e S R b S R e e RS S
I'aasa 9. Pearumnm pacluenvwmm A A Iy e e
§ 1. Oynkuun no.;(ym'lcmm p(-amum pacmenm,mm R IR i e PRI
§ 2. Dueprust BO3OY/RACHAA AP . . . . . o et o e T
§ 3. Jlerkne 9acTHILI, ICHycKaeMble B n,u\pumx pacm,cum,ﬂnm( gLl 161
§ 4. M3oronusrii i1 n300apHEL COCTAB AACP-HPOAYKTOB B PeaRIMAX pacmen denus 169
§ 5. Pacnpepesienne Mace NpOAyKTOB peaKmuii pacmielvicHus . . . S 1180
§ 6. Tonkas crpykTypa BHX0/0B H[cp-npolyKTOB peaxuuu pacmuwuum i 182
§ 7. IloBepxnoctHbie B3auMojeiicTBHA . . . . g e e e, T e S
Jlureparypa FNRE. s T S SRR R A A e i e A L e i e R
Baan 10, DparMOmTAIIIR /o s s ol e e s s L R S oy e e S = ()
§ 1. Ceuenne npomnecea (bparm-u'rmum i ke AR ),
§ 2. Ilpupoxa ¢parMenTon, 06pasyomuxcs B mcpnm\ pacmomlemm\ g o R 117
§ 3. DHeprerndeckoe pacipegenacane gparMenTon . . LR e etr et o 20
§ 4. Yraosoe pacuperencHue (PATMEHTOB < « « « « o o o o o o o« o « o o 206
§ 5. MuoskecrpennocTh Ipormecca gparmenranum . . . B et iy | e DY
§ 6. CpoiicrBa OCTaTOMHBIX Sep B pacmcnncuxm‘( (¢ tbpamoura\m AT e
§ 7. O mexammame (QparMeHTanum . . . . B mipe sl MR A S e L
T P T B o e 18 e o L e e e i e g e )
Taasa 11. Jlenenue siep TacTIaMI BRICOKMX DHEPIHIT . . . .« « . o o « . . . 221
§ 1. Pacmpeesenne o MaccaM IPOAYKTOB ACMEHIA . . . . . o . . . « « « . 221
§ 2. CeveHHS MeHMCHUA M XOTEMOCTH (O£/T). < '« oo o o o o o o= s o o o 228
§ 3. Jlemenue MHOrOZapsIHBIMU HOHAMM , . . . BB sbaer s s S0
§ 4. O coOTHOIIEHIIT MEA/TY ,1(,mrrem,uounucnapnreubuou mupmm\m (I‘r,’l‘qac-.-) 238
Jn'rcpa'rypa....................... RS S

Hugonait Anexcaugposuu ITe pduxos, Oxer Bragmmuponuua JI ok K un
u Beesoaoy Hsamosuu OcTpoyMoOB

AJNEPHBIE PEAKIINY ITOJ AEMACTBUEM YACTHUI[l BBICOKUX OHEPIHNX

YVmeepucdeno x nevamu
Paduesory uncmumymonm um. B. I'. Xaonuna ArxadesMuuw Hayx CCCP

Pepaxropst Majgareanscrsa H. B. Cysopos, T. H. Kyaazuna
Xynomuauwk B. B. Ppubarun
Texuunuecknii pegaxTop M. H. Hondpamsesa
Koppexropet I'. A. Bape, P. I'. I'epuwuncras v JI. JI. Homan

Cnano B natop 9,1V 1962 r. Hnnnncauo ¥ nevyarn 8/IX 1962 r. PHMCO AH CCCP N 22-26B.
®opmar Oymarm 70 X 108Y,. DBym. 77/s. Iey. 15’/.:21 57 yea. mew. . V4.-nsx. J. 23,08,
Man. Ne 1682, Tlm 3aKk. N 646 M-39655. Tnpam 3000,

ena 1 p. 82 %

Jlennurpaacroe oraesenie Majarenscrsa Axajemun Hayg CCCP
Jenunrpaju, B-164, Menjencepckad JuH., ja. 1

1-a Tan. Uaparenscrsa Axajemnn nayx CCCP
Jenunrpax, B-34, 9 auansg, a. 12
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