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OHIWI XAPAKTEPHCTHKA PAEOTl:l 

AKTyam,HOCTI, rrpo6JieMH. YCKOIJCHK8 ;i;eitTpOHOB .D;O pe.IDITl1mICTCIWX 
3Heprnit B 1970 ro]Jy Ha CHHXpOqa30TpOHe JIB3 Ollilli CTaJIO Ha'!JaJIOM yc
ll8111HOI'O pa3BRTRH HOBOI'O uarrpaBJiemta: qllI3lllm BlilCOitllx aueprnit - pemt
TRBRCTCKOtt .fI,ll;epHoii qllI3lllm. 

llsy-g:eHJie llIJOnecca MHozecTBemroro ppl!r,Itemta: >mCTmt B smel)HHXCTOJIK
HOBemmx llPH BHCOKRX 3H8PI'RHX R 60JII,ll!lDC rrepe.n;atta.X m.!IlyJibCa JIMeeT llCIJ
BOCTerremroe 3Hatteime .n;JIH llOHRMaHIDI M8X8HJI3Ma ClI.7ll,HliX B3amJJO.n;ettcTBRit 
R CTIJyKTYPH aTOMHOI'O .fI,ll;pa. llcCJie.n;onamre llIJOnecca MHOllteCTBemroit re
Heparom '!JaCTJID; B smpo-smepHHX CTOJIKHOB8HRIDC llIJlI BHCOKIDC 3Hep:ramc 
T8CHO CBJI3aHO C lI3Y'!8HlI8M KOJIJI8KTHBHHX B3ruIMO'AettcTBRfi B .fI,ll;IJC.B Hac
TOJ'llll88 BIJ8MII llIJII)OKO o6CYJ1Q:t81)TCH TaIGie SIBJiemm,KaK y;n;ap:aaa: BOJIHa, 
csepxitJIOTHHe .fI,ll;pa, IcyMyMTJIBHoe o6paao:eaime >mcTJID; H T.'A. 
CorJiaCHO l)a3Jil'IlllWM MO,ll;8JIIIM Blt7Ia.It KOJIJI8KTJIBHHX B3amJJO'A8HCTBRfi 'AOJillt8H 
Cita3aTl>CH ua RMIIyJibCHHX lI yrJIOBHX xa,PaitT8IJlICTlIB8X BTOIJHtJHI:llC 'mCTlill;. 
C 3TOtt TO'IKJI spemta: neJiecoo6IJa3HO llIJOB8CTlI CpaBHJITeJII,HHH aHaJIJI3 
m.myJibCHHX JI yrJIOBIDC xapaKT8IJ!ICTmt BTOPJI'llmlC 'tJB.CTmt ( B 'tJB.CTHOCTR, 
II - M830HOB),o6pasoBaHIWX B ~-smepHHX R Hylt7IOH-nyMOHHl:lX CTOJIK
HOBeHIDDC. TaKllte rrpe.n;cTaBJIIIeT JIHTepec cpaBHeHJie aKcrrepm,:eHTaJII,HHX 
pacrrpe.n;eJiemtit C IJaC'!eTaMJI B par.max MO,ll;eJieit, KOTOIJH8 He yttl1Tlll!alOT 
KOJIJI8KTRBHlllC JIBJiemtil. 

l!RCJIO BTOIJ!IlIHHX '!JaCTJID;, IJ0~8HIWX B smpo-smepHlllC B3amJIO'AettcT
BWIX, CYJll8CTB8lm0 pacTeT C IJOCTOM aTOMHOro neca .fI,ll;pa-CHapit.D;a.IIoaTO
?fiY rrpJI n:sy-g:emm rrIJOnecca MHoxecTnemroro IJO~emta: tm.cnm B smepuux 
CTOJIKHOBeHIDDC UeJiecoo6pa3HO llpJIMeHJITI, lIHKJII03RBHHH rromco'A,llJ:lH KOTOIJOM 
RCCJie.n;yJOTca: xa!)aitT8IJlICTRKR BWJ;eJiemroro TmJa 'tJB.CTRU • .lI,7m lIHKJII03JIBlWX 
llIJOU8CCOB 6wm BimmntYTH TaKl'!e 4JYH,It8M8HTaJII,HHe I'HllOT83H,KaK MaCmTa6-
HM lIHBaprulllTHOCTI> H rrpe.n;eJibHM q>paI'M8HTanM, B KOTOPllX CqJO,PMYJIRIJO
BaHH HOBHe llpmmmlli lIHOOIJliaHTHOCTlI CR.lII:,HliX B3MMO'AeiicTmrli llpH BHCO
KRX 8HepI'RHX. 

llsy-g:eHJie rrponecca MHOZ8CTB8llllOI'O po~eHllff 'tJB.CTlill; B .fI,ll;8,PHHX 
CTOJIKHOB8HRIDC Ha CHHXpocp8.30TpOHe JIB3 OHHH rrpe.n;cTaBJIR:eT 6oJII,mott 
lIHTepec,TaK KaK .fI,ll;pa YCKOJ)RDTCH .no neplm'!HHX 3Hep:rml:, llIJ!I KOTOPHX 
crrpane.n;JIJina_ rm:roT°esa rrpe.n;eJII,HOii q>parMeHTartm smep (P0= 3,5+4 TuB/c 
Ha HYKJIOH/ • 

lleJII, pa6oTu.HacTOJilll8Sl .n;HccepTanwr rrocBH!Ilena aKCrrepm,:eHTaJII,HO-:=~ llIJOnec{,c: Wl}~zecTB8HHOI'O IJO~eHRH W --M830HOB B CJI8.IlY]JlltKX 

it t Ta. ~Yi-+ X' (I) 

JipH nepBl1'1HOM lIM!IYJ!l>Ce Ha HYKJIOH 4,2 TuB/c. 

,,~..:a.,.t..:.11-~n..~ l,.,.,. .... n,t._.r,_..,.~.,_~_.,......_ 
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Ue.m,10 ,ItlilccepT~OHHOit pa60TH Jll3Jlll8TCH IIp0B8'A8Hl!e amumsa SKCIIepl!MeH
TaJII,HHX ~ IIO MHOJ!t8CTB8HHOCTK, O'AHO'IJB.CTlt'mUM mutJII>Sllll:mM cneKT
Jrui!,KOPPemnntOHHHM xapaKTep:HCTmm!ll BTO!)K'IHl:IX 'IJB.CTRD; K BWUlJiemi:e 
OCHOBHlilC 3aKOHOMepHOCTei1 KCC~e,ItyeMHX nponeccoB. 

HOBK3Ha K Ha.yqmut Il8HHOCTL paOOTH. BIIepBHe CKCTeMB.mecRH xsy
qew .JCapaKTepHCTKKll n-~ M830HOB, 00pa30BaHHU:X: B Sij:tpo-SI,D;epHIDC B3aH
M0,!(8HCTBR!DC, B SaBKCKMOCTK OT aTOMHOI'O Beca SJ,D;pa-CHapSI,D;a. IIp:H nep
JmlmOM KMnYJ.II,Ce Ha HYKJIOH 4,2 I'aB/c. 
IIpoamumsHpoBaHH pacnpe'Ae~emta: IIO ?.lllOJKeCTBeHHOCTlI, KMnYJ.II,CHHM K 
yrnoBHM xapaKT8p:HCTmm!ll rr-- M830HOB, oopaso.BaHHHX B peaKUWDC (l). 
IIo~eHHHe pesyJ.II,TaTH CpaBHKB8JllICI, C ,I(aHlWMR IIO HYMOH-HYKJIOHHHM 
B3aKMO'AeitcTBWIM K IIP8'ACRa88.HKRMR RaC!ta'AHOi1 MO,I(eJm. BnepBH8 IIpoBe
'A8H aaams KMllYJ.II,CHliX. H yr~OBU:X: xapa.KT8!)KCTKK rr--MeBOHOB,poJQJ;eH
HHX B SI,D;epHIDC CTOJTltHOBemmx, B samrcm.tOCTK OT nepeMeHHOit nx. ' xa
paKT8!)K3YD!l8li nopSI,D;OK KyMYJIIITKBHOCTR. lIORa3aHO, ~ STOT amums 
l!YBCTBKTe~eH K MO'A8J.II,HliM npe.I(tlRa3aJIKSIM. 8KCnep:HMeHTaJII,HH8 ,I(aHHHe 
IIO OOpasoBaJmJO II-- M830HOB H npoBe.I(eHH!:lii B ,I(RCC8PTaumt CpaBID!T8J.II,
Hllli amums pesyJ.II,TaTOB BWlam RaK ;rr.JUi IIp0BepRH CYJll0CTByDlllllX,TaK 
H 'AJIII paspaOOTIW HOBHX TeopeT~8CKRX MO.I(e~eit MHOE8CTB8HHOI'O po,r,n;e
Hl!SI 'IJB.CTRD; IIPK BHCOKRX aaeprwIX. 

Ilpa1tmecm:ur uemmcTI> pa6oTu. IIo~eHHHe B MHHOit pa6oTe pe
syJ.II,TaTu MOryT OHTI, RCIIOJ.II,30Balill IIPH IIp08KTRp0BSHm![ HOBU:X: SKCII8p:H
M8HTOB no KCCJI8'AOBallIDO B3aHMO,I\8HCTBHH 8,Iij)OHOB R ~ep C smpaMH rrpn 
BHCOKllX aHepraa:x. 

Anporlamyr paOOTH. 0CHOBHHe peByJ.II,TaTH ,ItlilCC8PTaumt IIpe,I(CTaB
JmJmCI> Ha MeJQJ;yHapO'AHHX xompepe:imwnc no q!H3RK8 BHCOKRX aHeprmi R 
CTPYKTY.P8 SI,I1;Pa B TOKHO (1978), BrumY13epe (1979), fu>es,I(eHe (1980), 
BepcMe (l98I), a TaKllte .I(OKJI8,IO,IB8JIKCI> Ha ceccWIX 0T'AeJieHIDI SJ,D;epaott 
qmsmm: AH CCCP B 1980 - 1981 rr, Ha ceMRHapax JlB8 ~ COBeJllaHWIX MeE

.ItYHaPD'AHOI'O COT~eCTBa IIO RCMe,IJ;OBami:SIM Ha .I(ByxMeTpoBOii npona
HOBOii RaMepe JlB8 OIDIB. . 

Ilv6JmFarnm. OcHOBHOe CO'Aepxaime paOOTH onyomKOBaHO B 5 CTaTI>
JIX B JltYI)HaJie "J{ItepHaSI qJHSKRa", B mme npenpKHTOB O:IDlli H B M8Tepxa
mx BHDieynOwmyTU:X: M8WJiap0'AHU:X: KOHqiepemnnt. 

06'I.eM lIHCCep:ramm. JtKccepTrutWI COCTOHT KS BB8,I\8HWI, qeTHpex 
rmB R 38.KJllDqeHKSI. TeKCT C0,!(8.PJGIT 105 CTpaHRD;, BKJll)tJM: 22 TaOmnu 
R 35 pKCyaKOB. CnKcoit Jm:TepaTYl)H HaC1Jll:THBa8T 63 Ham!8HOBamta:. 
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ABTop Bli,IU3RI'88T ;rr.JUi 3amRTl1 CJie.n;y1(11llie pesym,TaTu: 

I. Ilpo.I\eJiaHHYD paOOTY IIO HSj"leIDDO n o6pa60TKe 1354 d.Ta, ,674 
HeTa M II77 CTa BBanMO.I(e:iicTmiii, no~eHHu:x: c noMOIItl>IO 'ABYJCM8Tp0Boi1 
nponaHoBoit IIySHIJI,KOBoii RaMepu JlB8 OIDIB npn nep~oM KMnYm.ce SI,D;ep
CHapSI,D;OB 4,2 I'aB/c Ha HYMOH. 

2. PesyJ.II,T8TH,llO~eHH11e npn RCM8,Il;OB8Hlm MHOllt8CTB8HHOCTR rr-
M8SOHOB, po~eHHUX B P8aKUWDC (l). 

3. PesyJ.II,T8TH HCM8,I\OBaHRII O'AHO'IB.CTR'IHHlC mmJIIOBRBHUX CII8ItTp0B 
rr--MeBOHOBf o6pasoBaHHu:x: B CTOJiltHOBemmx ~erIGIX peJIIITRBRCTCKIIX SI,D;ep 
d, /He K 

2c c SI,D;paMH T8HT8m. 
4. PesyJ.II,T8TH,II~eHHHe IIPH KCMe,I\OBamm KMilyJ.II,CHHX H yr~o

BU:X: xapa.KT8!)KCTHK BTOP~ OTp:HUaT8J.II,HUX IIHOHOB, poJQJ;eHHUX B peaK
UIDIX (l), B 3aBKCm40CTK OT nepeMeHHOit lll(., xapaxTepH3YJOlll8ll llOpSI,D;Olt 
KyMYJIIITKBHOCTK. 

CO,I{EPlrAH11E llliCCEPTAI001 

Bo BBe,nemm OTM8'1JB.8TCH 8ItTYBJ.II,HOCTL H3j"l8HWI npoueccOB MHO
llteCTB8HHOi1 reHepanKH 'IJB.CTRD; B SI,D;epHHX CTOJTltHOBeHWIX IIpH BHCOIWX 
SH8!)rWIX H OOJ.II,llllIX nepe'Aaqax KMllYJ.II,08, a TalOlte C\P)!)?.WJmpoBaHa OCHOB
Haa: UeJ.II, H CO,I\8J;llltaJU18 ,I(RCC8!)Taumt. 

B nepBott rmBe OIIIICHBaDTCSI MeTo~ecitRe ocoOeHHOCTR IIO~e
HHJI H o6pa6oTKH aKCIIep:HMeHTaJII,HHX .I(aHHUX. 

3Rcnepm.{8HTaJ.II,HHff MaTepxM 6~ IIO~eH C IIOMOIItl>IO .I(ByxM8Tpo
BOtt IIp0ll8HOBOtt IIySJiPI,ItOBOf ItaMepu 'llIK-500 JlB8 OIDIB c BayTpeHHett 
MHill8HI>D HS TaHTMOBU:X: ITJiaCTRH,llOMemeHHOli B Mal'HRTHOM no~e HaII,PfDJteH
HOCTLIO H i::r 15 Itl'c. 

KaMe_oo 3ltCIIOHIIp0BM8CI, B nyqit8X ~el'KWC PeJIJITRBHCTCKRX SI,D;ep 
cl '4tte R 12c Ha CHHXpoq>aSOTpoHe JlB8 OIDIB ll!)H ltMIIyJ.II,Ce Ha HYMOH 
4,2 I'aB/c. B ,ItlilCC8PT8UKH IIl)llllO,ItFITCX OCHOBHHe X8pa.KT8!)RCTHKH Ra.Maps, 
mnmmoro IIOJI.ll, CRCTeMH \P)TOrpaqlHPOB8Hlm H nyqKOBHX SI,D;ep. 

IlpoCMOTp CTepeocHHMKOB npoHSBO~CJl Ha Ilp0CMOT,POBUX CTOJiaX 
EIIC-I K mc-2.Ilp:e: IIp0CMOTpe OTOHpaJTRCI, COOHTlm, oopasoBaHHse B TaH
TMOBSX MHllleHIIX, H BCH lm\P)J;'MlU'RII OTHOCHTeJ.II,HQ MHO:E8CTB8HHOCTH pas
JTH'lllWC TmTO,B BTOl)RqffU:X: 'IJB.CTRD; srumc~CI, CHatJaJia B cneUHaJ.II,HU:X: 
zypHaJISX.IIpoCMOTpa, a saTeM Ha M8I'HHTHYJ) neHTY CYJ,1MaPHHX pesyJ.II,Ta
TOB ( JlS T - npocMoTpa). 

MsMepemi:e Hau,I(eHHHX COOHm npoBO~OCI, Ha IIO~TOMB.Tax 
TKIIa IlYOC K CAME!' ,pa6oT8DI!HX H8 JmHJrDit c 8ml B3CM-4 'JlBTA.MaTemTR
qecltaSI o6pa6oTKa COOHTKit nl)OBO,ItlilJmCI, Ha 3BM CDC-6500 no nporpaMMe 
I'E001~, C03,l{aHHOtt COTpy,IUmltaMH .l!B3. IloCJie npoBepitH xaqecTBa 
RSMepelD!ll coosnm SaIIHCHBaJTRCI, Ha ~eHTy Cyw&lp:imx pesy~TaTOB (Jl s T-

3fgcyea .llllH Tu n .IU>• 0HHH, I-5942, ]ly6Ha, I97I. 
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HSMepemrli). To'IllOCTI, onpe,n;eJiemm napru~eTpoB BTOPR'IliblX tJaCTHn OI<asa
JiaCI, paBHOii: 

<.Jf-) = ( II,5 ± 0,3) % , 
~-1'lJd.) = ( O,OI0.3±0,0002), 
< 4.P> == ( 0,0063±.(),0002) pa,!!;, 

r,n;e P - lIMIIY~C "!aCTmtU; "'3°'-TrurreHc r.ny6mmoro yrJia;J-asmzyTMI>
Haii yroJI/3/ • 

Cpe.nn co6uTd, OT06paHHHlC ll!Jll npOCMOTpe.BMeJiacI, npm,iecb C06li
THH, o6paso:samuDC B MOe nponaHa TOJJJillIHOli ,... I MM,llpll.lleraIOllleM K TaH
TaJIOBliM llJiaCTlffiaM.8-ra npm11ecI, COCTamt/Ia (9.±8)%, (9.±8)% n (18.±4) % 
cooTBeTCTBeHHo wmdTa-;HeTa-n CTa - BsaHMo,n;ettcTmni. 

Ewra. BHeceHa nonpruma Ha noTe.PJD If"-MesoHOB, BWieTamtrue no,n; yr- . 
JIOM OKOJIO 90° K llaTipaBJiemm ny,ma n "sacTpe:sammmc" B llJia~TRHe,a Trut
xe Ha llOTepro "!aCT~, BWieTamtrue no.n 6oHI>llllIM yrJIOM K MOCKOCTll <pOTO
rpaqJHpOB8.Hllll. STa nonprum.a cocTamwa ,nJUI 06Jiy1temm: ,n;eiiTpoH&m,SlJU>a
Mn re.mm ll yrJiepo,n;a COOTB8TC'.rneHHO II;I8 H ?%. IlpHMecI, HeH,neHT~!qlR
unpyeMillC aJieKTpoHOB He npeBlmiaJia 5%, cpe,nmrli rpamI1IHl.ltt mmyHI>c, Ha
tnmaa: 0 KOToporo rr-- Me30H!l yBepeHHO H,neHTll~poBaJmCI,, COCT8l!J!ffJI 
80 MaB/c. 

BTopag rJia!Jli nocBmiteHa nsy-qern MHOJKeCTBeHHOCTll OTpmi:aTeHI>HUX: 
llllOHOB, poli,ll;eHHblX B si:,npo-si:,nepHblX B8anMO,neiiCTBtmX /I. 2/. 

Ha pnc. I npe,ncTaBHem:1 pacnpe,n;Memw: no MHoxecTBeHHocTn rr -r.m
soHoB, o6pasooomrax B peaimwix (I). 
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PRc.I. Pacnpe,n;eJieHRR no MHOlK8CTB8HHOCTH rr--MeSOHOB,o6= 0 oBaH-
' 4 ~ ..-., 

IWX B Heyrrpyrnx BSanMo,nettcTmmx d, He :n C c TaHTaJioM. 

KpnB1!8 ua pncyHimx COOTB8TCTByx>T pacnpe,n;eJieHlIRM IIyaccoHa C na_pru.1eT
pru.ru:, paBlWMll 8KcnepHMeHTaHI>HllM cpe,n;HHM sua'!eHlllIM. B Ta6~e I npn-
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Be,nem-1 BeJlll'Il'.Hll cpe,iumx MHOJKeCTB6HHOCTe:ii < n.-> ll ,IJ,llcrrepcmi 
,f)_-: ✓<.12~>-<n._-f' pacnpe,n;Memrli no MHOlK8CTBeHHOCTH OTPHUaTeHl,HblX 

ImOHOB. 

<. 12-) §}_ 

0,90 ± 0,06 0,88 ± 0,05 
I.&_ _± 0,I I,22 ±_ 0,04 
3,4 ± 0,2 2,90 ±0,08 

Ta6.lll{Ua I 

<12-> 
~! 

I,I6 ± 0,15 
I,08 ± 0,08 
0,40 £-0-;D 

Yls pnc. I n ns npnBe,n;eHHHX B Ta6~e I SHa'!eHJIH OTHomeHM < tL> / to! 
BH.ItHO, '!To B c.ny-qae HMeTa.IOIIIHX JierroIX si:,nep pacnpe,n;eJieHM no irnoxecT
BeHHocTn Ir - M880HOB llO'!Tll He OTJilt'laJOTCR OT nyaccOHOBCKlIX, a B c.ny
'!ae yrJiepo.nuoro o6Hy-qemm pacnpe,n;eJieHHe sru.ieTHO mnpe nyaccoHOBcKoro. 

Ha pnc.2 npe,ncTaBJieHa 38.Bl!Cl!MOCTI, cpe.ItHe:ii MHOlK8CTB8HHOCTH OTpn
naTeJII,HblX '!aCT~ OT cpe,n;Hero '!RCJia npoBaa11Mo.n;eiicTBOBa.BlllllX HYRJIOHOB 
si:,npa-cHapsma <. Vi> .Yls pnc.2 BH.ItHO, 'ITO MHoJKecTBeHHOCTI> If"-MeSOHOB, 

~ 
• (N,d,H,,C)TQ 

2 
A. 

~ 
V' 

0 2 4 
<vi.> 

6 

PHc.2.3aB:ncliMocTI> cpe.iurett MHO-
xecTB8HHOCTH .( n,_ > 
OT. <Vi> • 

4 ..--~""T--.--~~~-

J 

::-,) 2 

l 

0 1 i 
<n.-> 

-•• 

" 
PHc.3. 3aBncnMocTI> ,nncne_pcmt ~

OT cpe.nuett MHOE8CTB8HHOCTH 
UL-,. B pp-n si:,npo-si:,nepHblX 
Bsruruo,n;ettcTBllfIX. 

po~eHHUlC B R,!U)O-si:,nepHUlC B8anMO,nettcTBIDDC,JI11Heiillo pacTeT C yB8Jilt'le
HHeM '!RCJia llp0B3aRMO,ll;ettcTBOBaBllllIX HYRJIOHOB si:,npa-cHap!I.Il.a. 

Ha pzc. 3 noI<aaa.Ha saB1IciiMocTI> ,IJ,llcnepcmt (jJ_ OT cpe.nuett MHoxecT
BeHHOCTH < fl-), HamR ,naHHHe ,nJUI peaKillrll ( I) n ,nJUI BSam.tO,n;eil:cTBnii C npo
rraHOM npe,n;cTaBJI8Hli KpyxKaMlt H TpeyrOJII,HHRaM:II, 3,necb Taroite npnBe,n;eHll 
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aKcneplIMSHTaJll,HHe .namrue no B3amll0.I{8HCTB1UIM .ff,I(ep re.mm: C .ff,I(pa.MH tl, 
C,.Jle,Jt, Cu, Pl (cBeTJllie :icaa,zwaTs) H .ff,Il;ep yrJiepo.na c mu;iru.m c, 
M,Si ,Ca., 1'l, (TeM1me ~TH) npH m.mym,ce P0=4,5 ThB/c Ha HYKJIOH, 
TIOJIY'I8HHH8 Ha CT,PHMS,PHOH RaMepe CRM-200 .IIB8 OWilI, IlpiIM8.SI JllllllUI COOT
B8TCTBY8T 8Mim.PH'IeCKOH saBHCHMOCTH BpyOJISBCKOro ,D;JllI Heynpyr:wc .PP
B3aHMO.I{8HCTBHH B RHTepBaJie RMIIyJlI,COB 4+400 ThB/c. 

lliTpllXOBOH KpHBOH IlOKa3aHa 3aBHCllMOCTI,, COOTBSTCTByI(lllaH pacnpe.ne
Jiemm IlyacCOHa. li3 .PHC.3 OT'ISTJIRBO B:imHO, 'ITO 8KcnepHMeHTaJll,Hli8 
TO'!KR ,JJ,JI!I BSaHMo.nettcT.Bmi d H He c pasJIR"IHHMII R.JU)aMlI ( <.fl.-) <2) "Jio
JKaTCJI"Ha JIRHefi:Hylo 3aBHCllMOCTl, Bpy6JieBcKOro.0.nHaKO ,D;JllI B38.IlMO.I{8HCT
.Bmi .ff,I(ep yrJiepo.na c TJDlteJWMR Mm!leHm.m (.Zz, Ta H T • .n.) Ha6.mo.naeTcJI 
OTKJIOHeHHe OT JIRHettHott SaBHCHMOCTH B CTOP0HY OTHOCRTSJJI,HOro ynmpeIDlll 
pacnpe.neJieHHfi,Ha6.mo.naeMoe ynmpeHHe pacnpe.neJieHHit no tJHCJiy rr--MesoHOB, 
pox.nemrax: B CTOJIKHOBSHWJX .ff,I(ep yrJiepo.na C paSJIH'IHID.m TJD!t8JWMH .ff,I(pa
MH, CBSI3aHO C q>JIYK~ B·tJHcJie npoBSaHMo.nettCTBOBaBIJlllX HYKJIOHOB 
.ff,I(pa-CHa!)Ma. 

B TpeTI>eii r.mme npHBO,nHTCJI RMIIyJJI,CHHe H yrJIOBHe xapaKTS.PHCTH
KH U--M830HOD, o6paSOBaHHHX B CTOJIRHOBemmx JierKWC peJIIITHBHCTCKWC 
.ff,I(ep C .ff,I(paMH TaHTaJia /4/, B HatiaJie 8TOii rJiaBH KpaTKO OllHCaHH 8Kcne
,PHMeHTaJI&Hll8 ,naHH!le no HYKJIOH-HYKJIOHllliM BSamllO.I{ettcTBIUIM TI.PH m.mym,ce 
3,83 ThB/c H KaCRaJUiaJI Mo.nem,, c KOTO.PI:lMH npoBO.nHJIOCI, cpaBHeHHe 
,naHHHX no .ff,Il;.PO-.ff,Il;epHHM BSaHMo.nettcTBIUIM. 

B Ta6.mme 2 npHBe.neHH cpe,nHHe xapaKT8,PHCTHKH U--MeSOHOB,OOpaso
BaHHHX BO Bsam,m.neiiCTBltf9C (1) t a llMSHHO: cpe.nHHtt m.mym,c < P> ;ope.n
m yroJI BHJieTa - < 0>: cpe,!UllIH nonepetJHlltt m.mym,c - < f?. > H cpe.nRf!Jl 
O!lCTpoTa - <:t> /4/,Krut BR.I{HO HS TaOJI, 2,cpe,nHHe xapaKTepHCTHKH U--Me-
30HOB IlO'ITH He SaBHCJIT OT THTia .ff,I(pa-CHa!)Ma,Ha6.mo.naeTcJI TOJJI,KO He-
6om,moe ( ~ IO%) YMSHl>meHHe cpe,nHero yrJia <8> H YBeJIHtieHHe cpe,nHett 
O!lcTpoT!l <'J> npH nepexo.ne OT .nettTpoHa K yrJiepo.ny. 

Ta6.mru,a 2 

THn B3aH- "'-P> <a> </?,> 
Mo.nettcT- (reB/c) (p~) (raB/c) <y> 
BM 

d,Ta 0,46+0,0l 0,99±(),02 0,24±.(),01 0,70+0,0I 
HeTa 0,50±0,02 0,91±0,02 0,26±0,01 0,76±.Q,02 

CTa 0,48+0,0l 0,90±0,0l 0,240±0,003 0,79±1),0l 
,VIV 0,57I;t(),004 0,782;t0,005 0,288;t(),001 l,062;t(),007 

(~Ta) 
0,47;t0,0l 0,96±.Q,02 0, 225;t0, 004 O,??;t0,01 
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B noCJie,nHHX CTpoKaX Ta6,mmll 2 npnne.neHH cpe,nHHe xapaKT8PHCTHKH rr-
M880HOB,poJK,Itemmx B HYKJIOH-HYKJIOHHHX B3aHMo.nettcTBllHX npn m,mym,ce 
3,83 raB/c, H npe.ncKasaHM KacKa,nHott Mo.neJIH .UHM. Hs TaOJIHI.nl BR.nHO, 
'ITO cpe,nHHe SHatJeHHJI RMIIyJll>COB H OHCTpoT U--Me30HOB, poJK,IJ;eHHHX B 
.ff,I(.PO-.ff,!(8PHHX B3amll0.I{8HCTBHJIX, CHCT8M8.TH'I8CKH HWJte, cpe,nHHe 3HatJeHIDI 
nonepetJHHX HMIIYJll>COB B npe.ne.nax BKCll~pHMeHTaJll,HHX onm6oK O,nHHrutOBll, 
a cpe,nHHe yrJIH BWISTa 6oJll>me, 'ISM B cJiytJae HYKJIOH-HYKJIOHHHX BSallMO
.nettcT.Bmi.TaIO!te B:imHO, 'ITO npe.ncrasaHHe KaCKa.nHOii Mo.neJIH ,D;JllI cpe.n
HHX xapaKTepHCTHK U---Me30HOB B OCHOBHOM y,noBJieTBO.PHTeJll>HO corJiacyeT
CJI C aKcnepl'!MeHTaJll,IlllMR .naHHHMII, 

:lli.myJll>CHHe cneKTpH U--Me30HOB, 00pa30BaHHWC B .Peam:tWIX ( 1), npe.n
CTaBJISH!l Ha pnc.4 B noJiyJiorapHqMR'ISCROM MaCmTa6e.CneKT.PH HOp.nipoBaHH 
Ha 0.I{HO BSal'!MO,neiiCTBHe, 

1;1~~ 
i~~~~ 

I ~~ .. 

0.i 

O,Oi 

• CTa 
• c,..Ta 
x dTa 

a,ooio i 2 :s 
fl 

Pllc ,-4. lli.myJll>CHHe cneKTP!:I 
U--MeSOHOB, 

./1,l d 
a. 3,0 ± 0,2 

-t 2,8 ± 0,1 

.:t" l,II 

IlJ:lHMHe .nmnm npe.ncTaBJIIIHJT co6oii 
pesyJll>TaT annpoKcHMalllm cneKTpoB 
BKCllOHemntaJII,HOii SaBHCllMOCTI,ID: 

ciJ2_ e-fll 
ol /J, .. a . (2) 

B Ta6.mme 3 npnBe.neHH sHatJeHIDI na
pru.1eTpoB a Ht ,D;JI.lI pa3H!:IX THTIOB 
peaKUKlt ll COOTB8TCTByI(ll!R8 llM SHa
tJeHRfI .f..L Ha O.I{HY CTenem, CBOOO
,ns.Krut BR.nHO HS pnc.4 H TaOJI.3,m.t
nyJll>cH!:le cneKT.PH U--MesoHOB xopomo 
annpoKCHMHpylOTCJI 8KCnOH8mntaJI&HOH 
saBHCllMOCTl>ID C O,nHHaKOBliM noKasa
TeJieM ,D;JllI Bcex nepBHtJHHX .ff,Il;ep. 

Ha pnc.5 npe.ncTal3JleHo pacnpe.ne
JieHRe U--MeSOHOB HS CTa-BSaHMo.nett
CTmdl no ItBa,IU>a.TY nonepetJHoro RM
nym,ca Ff • CMomHaJI JmllWI'. npe,ttCTaB
MeT co6oii pesyJII,TaT annpoKc~ 
aTOro pacnpe.neJiemm ;r;gym aKCnOHeH
Tm.m: 

Ta~ 3 

He. C 
5,0 ± 0,8 10,2 + 0,8 

2,6 ± 0,1 2,6 ± 0,05 
0,96 1;46 
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dlZ- _ JI e-af?,2, + Be-fl?" 
~ - • (3) 

r 
Koa~eHTH .JI, a, J3, f H 8Ha'!eHlUI .;;,I. Ha OlJJ:fY CTenem, cB060,I(H npHBe
,neHH B Ta6JI. 4 ,nJI!l pasHUX nepBH'!Hwc m:i;ep. 

t 
iO' 

A/rt;.• o.as•o.rn 
B/,C •a.ts •0,02 

a •(l,i,, ♦J 
b •<as,o.s; 

10•1 I, • I 11 I 11, 1 1, I,· e I I 
o D, 10 0,20 0.30 O,~O 

rt 

Kax Bl'OUIO us Ta6JIHIU,I 4,pacnpe,neJie
lllle no P.,': xopomo annpoRcm.mpyeT
Cf! ,nBYMff 8KCil~_HeHT8.MlI C O,I(HHaRO
BHMH rrapar,mTpaMll ,nJI!l Bcex rrepBH'I
HHX m:i;eJ), TaRoii xapaxTep pacnpe
,tieJieHl1ll no f?." yKasHBaeT,IIO-BH
.nHMOMY, Ha cymecTBOBaIDie ,IJ;Byx 
MexaHH8?AOB 06J)a80BaHlUI Ir-Me80HOB 
B 8THX B8aHMO,neiicTBrurx:. 

Ha pHc.6 npe.ncTaBJieHo pacnpe
,neJieJme Ir-Me80HOB ll8 CTa-B8aHMO
,neiicTBUii B CllCTeMe ueHTpa MaCC 
HYKJIOH.:.IIyKJIOH no q>eirnMaHOBCKOii 
neJ)eMeHHoii ..t .8To pacnpe.ne.rremrn 
HecHMMeTpR'IHo. Pacrrpe,neJieHHe no X. 

. xopomo OilliCIIBaeTCJI axcnoHemnmm,
HOH 8aBHCIIMOCTbBl ect.X C K08{f(l.llllJ1eH
Ta.MH HaKJIOHa o( n, =-6, 0+0, 2 

I, -

PKc.5. Pacnpe,nMeIDie no KBa.npaTY 
norrepe'!Horo ~JII,ca 
rr-;.r,iesoHOB B CTa-B8aHMO
,ne.1<1CTBWIX. 

B 8a,nHeii IlOJIYCq>epe ( X ~ 0) • 

(J:, ::0,96) B nepe,nHeii no,rrycqiepe 
(X>O) ll o(J = 4,6±0,I (/,.0,77) 

0TCIQJJ;a CJie,nyeT, 'ITO CllCTeMa ueHTpa MaCC 
Ta6JIHIJ,9. 4 

jfi d fte C 
.:If 0,88 ± O,I2 0,88 ± O,II 0,85 ± 0,07 
.JJ O,I2 + 0,03 0,I2 + 0,04 0,I5 ± 0,02 
a 42 ± 6 39 ± 5 44 ± 4 
t 8±I 8±I 8,5 ± 0,5 

~J., 0,89 0,89 0,93 

HYKJIOH-HYKJIOH He JIBJIJieTCJI CHCTeMOii ~eHTpa Ma.CC ,I(JIJI Bceii COBOicylI
HOCTll IT --Me80HOB, o6pa80BaHHHX B CTa - B8aHMO,I(eHCTBIDIX, 

CJie,I(OBaTeJII,HO' ,nJIJI OillicamIB 8TOro pacnpe,neJiemm Tpe6yeTCSI y-qeT 
BHYTPHMepHwc npoueccoB. 

Ha pnc. 6 npHBO,nHTCSI Ta1C11:e cpaBHeHHe axcnepm.!eHTaJII,Horo pacnpe
,neJieHHSI no X c npe,nCRaSaHHeM Mo,neJIH BHYTPHM0PHOro rac~ (,I.lRM). 
lm,rulo, 'ITO MO,I(0JII, y,noBJieTBOPHT0JII,HO OIIHCHBa0T 8RCnepllMeHTaJibHOe 

8 

(}, 
) 

L 

drt·----.------,.------.---, 
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1000 
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100 
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Pnc.6. Pacnpe,neJieHHe Il--MesoHOB 
us CTa-BsaHMo,nettcTBHii no 

riiHMaHOBCROit X B CllCTeMe 
eHTpa Mace HYKJIOH- OH, 
- saBHCRMOCTb e°'X~npe,n

CKa8aHUe KaC:Ka,ll;HOli MO,I(eJIH, 

pacnpe,neJieHHe, sa ncRJIIO'!eHHeM 06-
JiaCTH x <- - I, r,ne B ::rncnepm.!eHTe 
nO-BR.ItIDl!OMY, HaOJIIQJJ;aDTCSI ltYMYJiflTHB
HHe Ir-Me80HH, 

JLn;sI BHSICHemm MexaHHSMa polli.I(e
HHSI BTOPlI'IHHX 'Ia.CTHU B Mpo-R,ll;ep
HHX B8aHMO,neiicTBHRX HaMll 6HJI npo
Be;n;eH cpaBHHTeJII,HHH aHaJIH8 llMIIYJII,C
HHX H yrJIOBHX xapaKTepucTHK Ir-Me-
80HOB,polli,I(eHHHX B m:i;po-m:i;epHHX H 
HYKJIOH-HyRJIOHHHX B8aHMo;n;eitcTBlL!IX. 
Ha pnc.7 npe;n;cTaBJieHH HMIIYJII,CHHe 
H yrJIOBHe pacnpe;n;eJieHHSI,pacnpe;n;e
JieHHSI no rronepe'!HoMy HMIIYJII,cy H 
6HCTpoT0 Il--Me30HOB,polli.I(eHHHX B 
CTa l1 HYKJIOH-HYKJIOHHHX 138aHMO;n;eit
CTBIDIX /51.Pacnpe,neJieHHSI HOpMHpo
BaHH Ha 0,I(HHaKOBoe noJIHoe 'IHCJIO 
IT-- Me80HOB,lm,rulO, 'ITO B CTa-B8aH
MO;n;eiiCTBHSIX HMIIYJII,Cillm cneKTP Ir -
Me80HOB cymeCTBeHHO CMHI"IaeTCf!, 

a yrJIOBOe pacrrpe;n;eJieHUe cTaHOBHTCSI 8&1eTHO mnpe, tJ:eM B c.rrytiae HYKJIOH
HYKJIOHIIHX B38.HMO,I(0HCTBllli. 

Pacnpe,neJieHHSI no nonepe'!HoMy llMlIYJibCY no:EtasIIBaDT,, 'ITO B CTa
BSlllIMO,neiicTBlif!X polli,I(aeTCSI OTHOCHT0JlbHO 60JII,l]Je' tJ:0M B HYKJIOII-HYKJIOH
HUX B8aHMo,neiiCTBIDIX,Il--Me80HOB C MaJlllMl1 lI 60Jibllll1MlI nonepe'!HHMH HM
ITyJibCa.MH, npll 8TOM cpe,nHHe 8HatJ:emm (cM. Ta6JI.2) IlOIIepe'!HHX HMIIYJI:&
COB B paccMaTPHBaeMWC peaKIJ;WIX ORa3HBalOTCJI 6Jll18KID.m,XOTSI caMH pac
rrpe;n;eJiemm saMeTHO OTJill'Ia.BlTCSI. Ha p:ii:c. 7r BH;n;IIO, 'ITO pacnpe,neJieHHe 
rr--Me30HOB, o6pa80Ba.HHllX B CTa-B8aHMO,neiiCTBID!X, no 6HCTpOTe no 
cpaB!l0HHBl C HYRJIOH-HYKJIOHHHMH ;n;aHIIHMll cymecTB01IHO CMemaeTCSI B CTOpo
HY o6JiaCTH qiparMeHTauuH Mpa-MHllleHH. 

Ha p:ac.7 ( a,6,B,r) npHBe;n;eHH TaIOKe npe;n;crasaHIDI KacRa,nHoii Mo
,neJill. Bl!;n;HO, 'ITO KaCRa,nHaJI MO;n;eJII, B OCHOBHOM y;n;oBJieTBOPlITeJibHO Ollll
CHBaeT Bee axcnepHMeHTaJII,H11e pacnpe,neJiemm ,nJI!l CTa -BSamAo;n;eiicTBUii. 

B tJ:eTB0pToii rJiaBe npoBe;n;eH aHaJIH8 lIMIIYJibCHHX ll yrJIOBHX xapax
TepucTlffi OTJ)HIJ,9.T0JII,HHX IlllOHOB, o6pasoBaHIIHX B peaKIJ;WIX (I), B 8aBUCll
MOCTll OT nepeMeHIIOli n~, xapaKT0PH8YJ!lll0H nopm:i;oK KYMYJISITJ/IBHOCTH/ti/. 

IlOIJlI,]UtOM ltYMYJiflTHBHOCTR Ha8HBa0TCSI CJie;n;yl001aSI BeJIHtJ:HHa: 
E - If (4) 

721(::. .ilp ' 
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PRc. 7. Ml.my.n:&cHHe (a) H yrJioBHe (6) _pacrrpe.neJieHWI, _pacrrpe,n;eJieHWI 
IIO rronepetJHOMY m.my.n:&cy (B) li 6HCTpoTe (r) Ir-M830HOB, o6-
!)a30l3SHHWC B CTa R HYRJIOH-HYRJIOHHHX B3am.lO,D;eilCTBHJDC.I'RCTO
rpaMMa - rrpe,n;c:itasrume Rac~oil MO,ll;eJIH .IU<1if ,J:tJIII CTa-B38l!Mo
,n;eiicTmn1. 

10 

t 

r,n;e f H Pu - :mep!'IDl li npo,D;OJIJ,rurli l!MIIYJI&C BTO!)H'lllOll '!JaCTHUU B Jrac5opa
TO!)HOll CliCTeMe KOOl)'Al!HaT; 'lflp - r.racca rrpoTOHa, 3Ta BeJIH'llllia xapa1tTe
p:asyeT MFIHRMaJI&HYJO Macey Mli!lleHH, Heo6xo,Itm.ly10 ,J:tJIII 06pas9BaHWI ,n;aHHo:il 
'ffi.CTlll.Ul, 

Ha pnc.8 npe,n;cTaBJieHH _pacrrpe,n;eJiemm Ir-Me30HOB no BeJIH'llllie aK 
,J:tJI11 Tpex TlillOB B~al!MO,ll;8llCTBlill (I). Pacnpe,n;eJieHWI HO!)MFipoBaHll Ha 
O'AffO B3aHMO,ll;8llCTBl!e. ll3 p:ac.8 Bn'AHO,.'!TO 3TH pacnpe,n;eJieHWI np:a 
iZK > 0,05 xopomo OIIliCHBaJOTCJI aKcnoHemnra,JII,HOil: 3aBHCliMOCT1,JO C 6JIH3Kll-

MF! HaRJIOHa.Mll, 

4~ o CTa--:7f" .. X 
• HeTa--f-•X 
A dTo.--,C-·+ X 
x NN --,r· • X 
- DK~ 

ot 
I , NJ\ 

-• m a 0,2 □.~ 0,6 0,8 t0 fl« 

PRc.8, Pacnpe,neJieHHJI Ir-Me30HOB no 
nepeMeHHoii n,,_ ,xapaxTel)li3YJO

. lll8R IIOpg,IJ;OR IcyMYJIJITliBHOCTli, 

Ha !)lie. 8, MR cpaBHeHWI npHBe
,n;eHu Taroite pacnpe,n;eJieHHJI J:r-Me
soHOB no BeJIHtJHHe I?," 'AJIR HYK
JIOH-HYKJIOHHHX B3a.ID,l0,ll;8HCTBlill 
H npe,n;cRa3aHHe RaC:Ka.nHOR MO,ll;eJIH 
,J:tJIII CTa-Bsam10,n;eiicTBHit (:rncTO
rpaMMa). B:lmHO. '!TO qx)pMH pa.cnpe
.I\eJI8Hlili no nepeMeHHo:11 n 11 'AJIR 

HyEJIOH-HyEJIOHHUX li JI,D;pO-roi;epHUX 
BSruIMO,n;e:ilCTBRli HeCKOJU,KO pa.3-
Jlli'!a.IOTCJI, Ha6.mo,n:aeTCJI Ta.Itllte pa.s
Jlli'!lie MeJK,Izy" 3RCnepHM8HTa.JII,HUM 

pacnpe.n;eJieHlleM H npe.n;cKasaHHeM 
rtaCKawi:oil MO.I\eJIH, 

CJie,n;yeT OTM8TliTl>, qTQ B 
HYRJIOH-HYRJIOHHHX B3am..tO,n;eil:cTBRRX 
He Ha6Jilll,ll;aIDTCJI n-- M880HH C 

'Yl~ > 0,6,XOTJI noJIHoe KOJIHqecT
BO sape:rncT!)lil)OBaHHHX Ir-Meso
HOB B HYRJIOH-HYRJIOHHWC BSa.HMO
,n;eilCTBliJIX noqTH B 4 pasa 6om,
me,qeM B CTa -B3aHMO,n;eficTBHJIX, 

l{oJIHqeCTBO Ir-Me30HOB, reHel)lipoBaHHHX IIO Ita.C:Ka.nHOil: MO,ll;eJIH,II!)liM8l)HO 
B I,5 pasa'6o.n:&me, qeM B aKCrrepHM8HTaJI1,HliX CTa- B3aHMO,n;eficTBHJIX, 
0,n;HaKO rrpx aTOM B reHepnpoBaHHHX co6uTHJIX He Ha6Jilll,ll;aIDTCJI Ir-MesoHH 
C ll,N.> 0,9, a B 3KCII8l)liM8HTeJII,HOM _pacnpe.I(eJI8Hlili 3Jiaqemm nR. ,l(OXO,ll;JIT 
,n;o I,2. 

Ha l)lic,9 (a,6,B) npe,n;cTaBJieHa srumcHMocTl> cpe'AHE:X sHaqeHd HM
rrym,coB oTp:imaTeJI&HHX. IIHOHoB, pol!t.I(emmx: B cToJIKHoBeHRHX roi;ep d, 4iie 
H I2c C ro(_paMli TaHTaJra, OT BeJili1fflllli rrepeMeHHOii /21(. , 8,n;ec1, Taroite lll)li
Be.zteHH aRcnel)liMeHTaJil,Hli8 ,n;aHRUe IIO HYRJIOH-HYRJIOHHHM B3aIDv!O,ll;eiiCTBHSIM 
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RaCRa.n;HOMY pactJeTy B o6Jiacrn 
Il--Me30HOB, 

PHc.9. Cpe,JUme :raatJemm mmy.m,
COB rr--Me30HOB B samtcn
MOCTlI OT nepeMemmil fl1<.. 

MR CTa(a},HeTa (6) n 
cl Ta(B) B3aHMO.D;eiiCTmtH 

(cBeTJIHe RPYJ£K1!},qepHue 
Rpy,EKll - .D;aHHHe no J{Ylt)IOH
HyRJIOHiillM B3amAO.D;eiicTBIDIM, 
rncTorraMMa-npe.n;cRasaHHe 
RaCRa.n;Hoii MO.D;eJIH MR CTa
B3amAO.D;eiiCTmtH. 

n npe.n;cRasrurae RacRa.n;Hoii Mo.n;eJlli 
lU<M .D;Jm CTa- Bsrumo.n;eiicTBd.Aua
JIOI'll'Ilme samtCHMOCTH 6wm RCCJie
.D;OBaHJl 5~ cpe.n;HHX yrJIOB BHJieTa, 
6UCTpOT n rronepe'!Hmc mmyJU,COB u
Me30HOB, C YBeJIH'IemreM rrepe!JieHHOii 
Ha~aeTCSI 3aM0THOe OTJIWme 3RClle
pm.rnHTaJIJ,JIHX .IJ;a.HHl,!X OT HyRJIOH-JIYK

JIOHHI:DC B3aHMO.D;eiicTmdi ( It/(. ~ 
0,2 + 0,3) n npe.n;cRasalld RaCRa.D;
Hoii Mo.n;e.im ( JZ" ~ O, 5 + O, 6) • Ms6u
TOK ll-Me30HOB no OTHomemm R 

Jtl<.> 0,4 COCTaBM ~ 3% OT BCex 

HaM:e: 6wro HCCJie.D;OBaHO noBe.n;eHHe CT.IJYRTY.PHOH qJyH~ 

f '"') _ d6" ~ __L d6" "' JP-ECOSB/ dfJV (5) 
l p - E d}f pL df JJ?. p"- lltp ddK. ,t.JZ 

.D;JISI rr-- Me30HOB, po~eHHHX B pea~ (I) , B samtCRMOCTH OT rrepe
M0HHOii JZK. , 

Ha pnc.IO npe.n;cTaBJieHH CT.IJYRTY.PHUe qiy1ncrnm .D;JifI Tpex TnIIOB B3a:e:
MO.D;eiicTBID1,nponHTerpnpoBaHHUe no yrJIOBllM rrepeMeHirnM,T,e • 

.§D{IZA=) = jf(P)dJ2. (6) 
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Hs pnc.IO BIWiO,tJTO llHBapHa.HTHHe .n;nqqiepeHIJ;lla.n:1,lllie cetJeHIUI 06pa30-

BaIDUI ll-Me30HOB B p8.CCMaT.1)RBa0MUX peaKI.(IDIX B0.D;yT ce6R no-pa3HOMY B 
o6JiacTroc;, pas.n;eJIReMUX 3HatJeHHeM nepeMeHHoii 121<-~ 0,25.B o6JiaCTH sHatJe
HHii nl(.4. 0,25 CTPYRTYPHM rpyIDW;IDI gi{nlGJ MOHOTOHHO pacTeT, a B 06-

JiaCTli nk. ) 0,25 .D;aHHM qJylIIClOilll na.n;aeT no 3KCnOH0HIJ;llaJII,HOMY 3aROey, 

,J" 

o C+Ta-r·•x 
• He•1a.-f'·+x 
ti. d. •Ta-f'"'•x 

10'--,!-,......._~...i.......,l........!......,/-....L.,--+e--'-'.-'L-..L_.__,__--,--J 0.1 o.~ o.s 0.1 o.9 1.1 1.~ n,, 

Pnc.IO. CT,PYRTyPJme qiyHRitim .D;JI!I 
ir-Me30HOB B 3aBHCIDIIOC
Tll OT nepeMeHHOH nH. , 

' 

Ilp:ime.n;eHHHe n:a pnc.IO pacnpe
.D;eJiemm 6wm anrrpoRCHMHpOBaHH 
qiyHRI.Uieii LJ .., 

- /Ji. re-1,t. 

fp( 12.x.J = a1. e (7) 

B o6JiaCTH JZ.1<.> 0,25.SHatJeHRR 
napa.MeTpa HaJiJIOHa ~ ORa8aJIHCl> 
6rnsKHMH .D;Jm (d ,4He,C) Ta -
B8allMO.D;eiicTBHM, 

Hmm Ta101te 6wra noJIYtJeHa 
8aBHCHMOCTl> lIHBa!)Ha.HTHUX .D;H@ie
peHIJ;lla.m,JillX cetJemn1 OT RIDieTH
tJecKoil aHeprnn rrnoHoB, JieTSI!IlllX 
B 8a,IUIIOID llOJIYC~epy B Jia6opaTop
HOii CHCTeMe ROOp.n;nHaT, .D;JifI Tpex 
THITOB .sr.n;ep - CHap!I,!(OB,3Kcrrepn
M0HTaJil>l;Jle .n;aHHbie 6:wm anrrpoRCH
MRPOBaHH 4JYHK{.UI0ll 

_r 
f(T) ==Cloe 7J·, (8) 

r.n;e T - romeTntJecRaR aHepI'Rfl: rrno
na; T0 - rrapaureT.P HaRJioHa. 

BeJlli'!llHa napaureTpa T0 SaKJIIDtJeHa B nn:TepBa.rre (60-70) MaB n corJia
cyeTCR C .n;aHHHMH no Ilp0TOH-Il;Il;e.1)HHM B8aHMO.D;eiicTBIDIM npH perncT~ 
IlliOHOB no.n; yrJIOM rso0 • 

B 88.KJIJO'l0illfil C~l)MYJIHpoBaHU OCHOBHUO pesy.m,TaTU .D;HCCOl)Ta.JUIOHHOM 
pa60Tbl: , --

I. C ytJaCTHOM aBTOpa 6wr IlOJIY'IOH H llp0aHaJlli8liPOBaH 60.m,mo:il aRcrre
!)HMeHTaJII,Hllli MaTepHa.rr ( ~ 5000 co6uTmi) no H,IUX>-.sr.n;epHHM B8aHMO.n;ett
CTBlllIM B IDITepBaJie m.my.m,coB (2-5) ThB/c Ha HYRJIOH. 

2. Ha OCHOBe aHaJlli8a aRCne.1)HMeHTaJII,HHX: .D;aHHWC 6wra ll0JIY'l0Ha 
8amtCHMOCTl> p8.8JllitJJWX xapaRTepncTRR ll -Me80HOB OT aTOMHOro Beca 
.sr.n;pa-cHa.PSma,IlORaSaHO,'lTO cpe,ItWm UHOJJteCTBeHHOCTl> u-Me80BOB .mmeimo 
pacTeT C YBeJIIitJeHHeM 'IHCJia npOB8anMO.D;eiicTBOBallllmX HyiiJIOHOB .sr.n;pa-cHa
!)fI.IJ;a, a m.myJil>cHHe li yrJIOBHe cneRT.PU ll -Me80HOB npaRTHtJOCRn He Sa.BR-
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CRT OT Tima HaJI8TaIOIIl8l'O R,Iijla. BnepBlle 6w10 lIOKa3aH~, 'tJTO pacnpe,ne
JI8HH8 lIO MHOX8CTB8HHOCTR ll-M830HOB B CTa - B38l!MO'AeficTBWDC 38M8T
HO um:pe nyaccOHOBCKOro pacnpe,nMeHRJI, R 8TO ~eHHe 6wro OObJI~eHO 
q>JJ:yKTyaI.ml1Mll B tmMe lIJ;)OB31lltMO,neficTBOBalliilmC HyRJIOHOB R,Iijla -cHap!J,I(a. 

3. IloKasaHo, 'ITO lIOBe.n;eHHe IDUlaJ;)RaHTHllX .Itl!\MJell8Hm!aJI&HllX ce
"!eHRfi Ir-Me30HOB, o6pa30BaHHllX B ( d, ,., Ife,C) Ta - B38llMO,neficTBWIX, 
B o6mcTR IZA!. ~ (0,2+ 0,3) xopomo onRc:imaeicH aKcnoHeimHaJI&HHM saKO
HOM. C YBMR"I8HH8M nepeMeHHofi nl<. · Ha6mo,naeTCH 38M8TH08 OTJmlm8 
8KClI8J;)ID48HTaJI&HllX ,naHHHX OT H:yRJlOH-H:yRJIOHHHX B3aRMO,nettcTB:inl: 
( l2,:. ~ 0,2 + 0,3) R npe,ncitasaHRil: RaCRa,IO{Ott Mo.neIDI (12"~0,5+0,6). 

4. Ha OCHOBe CpaDHeHRJI c paC"IeTOM lIO RaCRa,IO{Ott MO,ne.mI npo
Be,neHa o~eHKa BKJia,Ita KyMyMTl'IBHO J;)Oll!,ll;8HHllX ll-MeSOHOB B CTa-CTOJIK
HOBemmx. 

OcHOBHlle pesy.m,TaTll ;i:tHccepT~ ony6.mntOBaHll B M8,IzymtHX 
pa6oTax: 
I. H.AHreJIOB,A.H.AHollIIDI, H.Axa6a6HH, U.BaaTap R ,np. 

ll3Y"!eHHe MHOX8CTB8HHOCTR BTOJ;)R"!HllX -qac~ BO B38llMO,nettcTBWDC 
lIJ;)OTOHOB n am,cpa-tmCT~ c BOJil,qJ!)aMOM (A=I84) B HHTepBMe ID4-
IIyJll>COB ( 2+5) TuB/H:yRJI. 
Ilpen,PRHT Oillllf,PI-I0??9,,ny6Ha,I977; 
H~,T.27,B.4,I020,I9?8. 

2. H.AHreJioB,A,H.AHomHH, H.Axa6a6HH,U.EaaTap R ,np. 
MHoxecTB8HHOCT1, BTOJ;)R"!HllX OT~T8JI1,HllX tmCT~ B H,npO-R;IJ;ep
HllX CTO~OBeHIDIX lIJ;)R ID4IIyJIJ,Ce 4,2 TuB/c Ha HYRJIOH. 
IlpenpHHT OlifflI,PI-I228I,AY6Ha,I979; 
H~,T.30,B.6 (12),1590,I979. 

3. H.AHreJIOB,H.Axa6a6HH, u.EaaTap R ,np. 
HeKOTOJ;)ll8 M8TO;i:tH"!8CKHe BOlIJ;)OCll, CBH3aHHlle C o6pa60TKOtt co611-
Tmi,06pasoBaHHHX pemrrmmcTcRBMR JI,IU>&m P , cl, He, C B npo
IIaHOBOtt IIJ3llJ)I,ROBOtt RaMepe. 
IlpenpHHT OlifflI,PI-I2281,,ny6Ha,1979. 

4. r .H •. ArammmeB,H.AHrMoB,H.Axa6a6HH,U-EaaTap n ,np. 
lIMnyJll>CHlle R yrJIOBlle xapaKT8J;)RCTl'IKH Ir-M830HOB, o6pasyDlllDCCH 
npn Bsamio,nettcTBD R;IJ;ep d , 4He, 12c c JI,IU>&m TaHTaJia ni>R ID4IIyJIJ,
ce 4,2 TuB/c. HyRJi. 
IlpelIJ;)HHT owrn,PI-8I-I76,,ny6Ha,198I. 

5. U.EaaTap, A.IT.racnapim,B.r.rpmllltH, H.A.ltiBaHOBCKWI,B • .n;.ToH88B. 
AHaJms ID4IIyJIL'CHllX R yrJIOBllX xa,taKT8,PRCTl'IR ll -M830HOB,J;)Ol!,It8HHHX 
B ~-R;IJ;eJ;)HllX BSWIMO,nettcTBWDC IIJ;)R ID4IIyJIJ,C8 Po -=4,2 ToB/c.Hy'KJI. 
IlpenpmtT Oillllf, PI-81-516 ,AY6Ha, 1981. 

---"-. - -~~-~s-• • 

Py:ttOlIRCl> lIOCTyIIWia B Rs,naTMl>CKd OT,neJI 
14 3 HOH6Jlll I98I ro,na. 


