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OlllWI XAPAI<TEI'l'.CTI1KA PAroru 

~'lhHocn noo6Jm'>m. B 6.ruutalhnee BpeWI ajxpeKTRBHWI oo­

JlacTh :rnep:rn~ B Hcc.ne,noB8llMX a,npon-RJ:I.e~HHX B3mt\.IO,Jl,eitcTmd\ B 

ROCMaqecKJ~X JIYq~ ,JJ,OJIXHa CTSTl> lWlll0 Iol SB, 'liTOOH ,Jl,OCTaTO'IHO 

Jl,aJICRO OTOnTH OT ,JJ,Hana30lla IOI4 7 1015 aB, OXIlaTHBaeMoro yc­

ROpi1TeJ!JlMZ HOBOI'O nolroJl.eHY.R. CBeJJ.eHIDI 0 CBOitCTBaX aJ:tpoH-R,J:r.ep­

lillX B3am.10,ne1'.CTBlti! llp!i aHepl'W!X >r- !0!6 aB MOUO llOJIY'laTl>, 

;~3yqa11 xapar:TepHCTRIG! R,!1.epHO-aJieRTpoMarHRTBHX KaCKB,IlOB (fl.SK) 
RHl.:1;,J:J:poB3.Hl'.JlX qacnutaMH nepBH'IHOI'O ROCW!'ieCROIO HSJlY'ie!mP.: 

11.;ipC>IOOC &TMOCtiJepHl:DC JrnBHeH (lllAJI) B 3RCnepHMeHTBX c mt3JG!M 

aHepreTH~ecRHM noporoM perHCTpanMH 'lacTHU ZJIH rai.:Ma-a.nporumx 

CeMei':CTB C :mep!'"neH ~ IifS sB, pe:rHCTpRpyeMUX B SI<CIIepHMeH­

Tax C HCllOJil>30:BairneM Ha I'OpHHX B.liCOTax rv 4000-6000 M peHT­

I'eH03MYJU>CllOHHHX KaMep {PSK) - aJ(cnepmdt:HT "IlaMHp" B CCCP c 

aHepreTHqecKHM noporoM f nf ~ rc12 sB. B aKCnep~eHTax c 

P3K, TaEXe I<ax oTqacTH H :a ll!AJI, qJ.ll3RT:JecxyD KHTepnpeTrunm JtB.H­

HllX 3aTpy;r;.w.eT tteonpeJteJieHROCTl> CBe,Jtemut o Xl!MCOCTaBe nepmN­

uoro I<OCMHt!ecROIO H3Jly<leHrut B 06.naCTH CBepxB.!iCOKHX aaepndt. 

Ilpv. 3HepI'WlX "' !015 aB B I<OCMlNCCIWX JIY'ISX llOJiyqCH.li yKa3a­

ID!R Ha CTeneHHOli pocT MHOJ:eCTBeHHOCTH po21,JtanqHXCJ'i B 8,IlpoH­

Hh'.X H3aruAo,u.ei1cTmtsrx 'laCTHU c YBeJili11eaH.eM auepnm, pocT ce11e­

m:a npoueccoB c 60JII>wm.m nonepe11moo1 ro.my;u,caMH -qacTHU, pocT 

cetreHYJ:r aeynpyroro :ssaHMO,Jteil:cTBWi 8,IlpoHoB. MolltHo npe,ltllOJia­

ra.T», 'lTO npn nepeXO.lte K 60Jiee iwcoKl!l4 sHepl'WlM aTR npouecc.a 

-06HapyaaT ce6.a: 60J1ee RpKO :a pa3Jllf'lHHX xapaKTepHCT~Kax peI'll­
cTpzpyer.mx C06HT!di, B 'iaCTHOCTB, B rawa-a,Ilpowmx CeMeHCT­

:aax. TaE npM 3HepI'lil!X ra"1Ma-CeMeHCTB ~i;i> 5. 1014 aB 
( E 11; ~ 2 • ro12 aB) Ha6Jno.Jtam ,Jl,Be paaHomwrocTR co6H'l'Hil, 

co,!le})Een;nx 06.wcT:& noBlillleH1loro <I>oaa - rBJio H 6ea rano. Ha­

.lllNHe l'!Jlli OTCYTCTm~e I'?..110 MOJKeT 6HTI> CMSSHO c oco6eHHOCTJ'i­

?.'Y. pa3EHTUH .H3K B a'l'MOCcpepe liJlH xm.mqecJ<oro COCTa:Ba nepBH'l­

HIDC I<OCMH'lecIOOC JIY11eil:. BoaMOl!HaJi WH3H11ecI<M HHTepnpeTSUYJ'I 

axcnepHIAeHTa.JlbIIoro MaTepaana o6!RHo cJie,l\YeT r:s aawmaa Mo­

;r;.eJil>HHX pac11eTOB fl3K .II KX COI10CTa:B.i1eIDUI c axcnep.IIMeHTOM, 

no~TOMY npoBeJJ.elUie ~eTan:&HOI'O MO~elI.llpoBaHlll!: fl.SK B aTMOC~e­
pe no pR,'llY MOJJ.e~eit 8,IlJ.JOH-RJ:I.epHHX B3am.!o~encTBH! npa pa3Jlli'i­

Sl:!X rq:>C,ltllOJIOZCHKliX 0 XRMCOCTaBe nepBl{'l:Hl:IX ROCMH'lecimx JIY'ie~. 
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MO,lte.lmpoBrume pa3mtTWI rBMMa-CeMeilcTB B rBMM~ORe P3K ;llJUI 

nsyqeHB.ll xap8ltTepncTnK ceMencTB c raJio R 6ea ran:o » onpe.ne­
JielUle HeKOTOpbCC xa~8ltTepllCTHR J,lijJOH-JJ,ll.eplililX B3ll!ofo,nelicTmlli 
IIPH aaeprwoc l\J roJ.6 3B, BWIOJIHeHlllie Jl ,ll}ICCepra.I.lliOHRO!\ pa-
6oTe, 6e31CJIOBHO ru<TYWU.HH. 

ileJll)E HaCTOmuen pa60TH HllJl!!JlOCb: 
- nayqeim:e MeX8Hld3MOB o6paaoB8.HBJl ,nByx TlllIOB cynepce­

Mell:CTB raMMa-RBaHTOB c 3Heprnei! 'i.E{~· 5·Iol4 3B ( f nt~ 
2.1oI2 aB) Ha ropHHX BHCOTax'aa OCHOBe MO,lteJU.HliX pac"le!OB 
B.3K B anmc'1lepe c aaepI'W1Mll nepBll'IHHX "laCTHil > 5·1ol~ 3B; 

- BlffiBJieHRe xapaRTepUCTllK raMMa-CeMell:CTB, 'iYBCTBllTeJU,­
mnc: I< CBOHCTBaM a.npoH-JJJI.epawc B3aIJMO,neRcuuil; 

- llLIJ'illJleHlle xapaJ\'repHCTHK raMMa-CeMeacTB, ttyBCTBRTe.nb­
HUX K ::G!MCOCTa:sy nepmr<rnoro KOCM11"lecKoro R3JIY"1eHIDI; 

- nsyqeane xa~aKTepncTnK a.npoa-JJJI.epawc BSB.llMo,neicTBRi 
npH 3Hepnmx ,.., loJ.G aB. 

Jiayqaag aom1saa pa6oTH. ~epBHe IIpOBe,nea pac"leT xapax­
TepucTm< cynepceMeHCTB raMMa-I<BaHTOB B .H:3K c !IOpoI'OM 

En i :: O, 5 T.3B c 11cnOJl&so:saHHeM umpoKoro Mac ca Mo,ne.11.ea 
a;n;pcH-HJJ:epHHX B3lli™O.neliCTBHt1 IIpll pa3Jl:R'U!WC IIpe.llllOJIO.EeHIDDt 
0 JG!MCOCTaBe nepBU"lHOro H3JIY'leHIDl. :ai,ne.,,1eHH ,nBe rpy!IIIH co-
6hlTIDi - c raJio n 6es re.no, .u.irn KOTopwc IIOJIY't!eH pH.I{ xapax­
'l.'epacT;iK. 06Hapyxe:aa 'IYBCTID!TeJll>HOCT:D xapaxTepRCTRK JUlYX 
TH!IOB C06HTHil K CBOfiCT.BaM MO,l{eJIK MH01tecTBem.t0ro poE,Jle!D!Ji 
"lacTim K Xl1McocTa:sy. MccJie.noBaHH Mexrumaw o6pasoBaHWI ra­
JJO B rar.!Ma-ceMeilc'l.'Bax. Ilo.i-zy-qeHH xapa.RTepHCTRI<H "pewmcn­
"lCCKo~" Mo,ne.n.K a.npoa-smepaoro BSB.liMo,nei!cTI!Wi rrpn E 

rv roIG aB. 

IlpaI<Tz11ecRru:r ueaaocu pa6oTH.!. Hsyqelilil nepoHTH!:le Me­
XaHR3Ml:I reHeparura cynepceMelicTB raMMa-RBaHTOB c rano n 
6ea raJio Jl)IJl 11mpoitoro uacca Mo.ne.n.eia B3aY.Mo,ne}icTBHH H no­
Rasaaa B03MOAHOCT.b ~01'0 H3Y'<!eHJUi CBOltCT.B a.npoH­
a,nepHl:UC B3ffi1MO,lteRCTBH~ llpH :meprrurx ~ Iol6 3B Ha OCHOBe 
aH8.IDI3D. ,I\aHHHX lU3YX T}!IlOB cynepceMe~CTB raMMa-KB3HTOB, 
pe:rHcTpHpyeirux B 3¥cnepl!MeHTax c P3K. ilOJiy"leHa o~eHKa :aepx­
ne"lt rpa.rum.;,i .no;ra smep .Et>~11eaa B cocTm!e !!epa=..Hc!'O RCX:Ml!"lec­

xoro H3J'.y-'1eHIDI I!pi'l 3Heprrurx rV Ic16 aB. OnpeJJ,eJieHH OCHOB­
HH"! 'iepTH Y".l.!leJIR 1mpo11-smepruix :asruJMo.nelicuml c xasa.n8Mll 
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wa.nol z 60JU>mol .nucc:nnamm asep:nm, nosBOJUDlllea onzcan cy­
~eCTBYDitHA Ha6op 8KCUep1tMeHTSJIDH!iX ,ltEIHHliX no cynepceuelCT­
BBM raMMa-BBB.HTOB. YKa3awwe pesyJILTaTli MOryT 6liTb HCIIOJ!b-
30BaHhl B HCCJle,Il,O:eaH!t!JlX CBOICTB ~B-smepHWC B3aHMO.UelcTmtl 
B 3KCIIeJ»!MeHTSX . _:_ c P3K, a "l'al<lte n0J1esmt W1fl nocTpoelilUI 
MO,ne.nu B3aHMO,UeltCTBHI, Il03BOJUllaltel HHTepnpeTHpo:eaTl> lllilpoHYD 
COBOl<YllHOCT:D ,Il,aH!raX B KOCMH"lec.KHX JIY"lax. 

Anno6agv.JI pa.601u. PesyJibTaTH, npn:se.neHHHe B .nuccep.ra­
mu1 • ,IJ,OK.Jla.ll.hlBaJIHC:D MHOI'ORpaTHO Ha COBelllaHKHX CoTpy,nHH'lecT­
Ba "Ilar.rnp" (1976-1982 rr.), 18-oii MeJK,cyHapo;:uioi1 ROH4Jepemurn 
no ROCMH"leclGIM JIY"laM (I983r.)' ROHtllepeHl.UUIX MOJlO,ltHX yqeHHX 
Ta,II,JK. CCP (1977 r.) H ECCP (1978 r.), o6cyx,naJIRC:D Ha Hay"l­
H.l:IX ce1.nrnapax <lll11 AH TEl,llJ!t.CCP. mm.1 H O'ICB:3 lillWI~ MI'Y' Jia-
6opaTopm! ROCM:-NecIOOt Jiy'<!ei1 ~}iAH CCCP. 

IIY6JIHRail}!H. PesyJinaTli nccJie,noBa!U!ii ony6JIHKOBaHH B 7 
pa.6oTax. 

CTPYKT"ipa ]JI 06'1eM pa60Tbl. ltHCCeprau.HJi COCTOHT H3 :ane­
.nerurn:, 4-x rJiaB, aal\Jll!RelilUi R CIIHCKa JiliTepaT'Jpl:!, co,nepliUi'.r 
IS-4 CTpaHHil TeKCTa, BMXJ'iM 34 pHCymw.,' 12 'l.'a6JIKU H 

6H6Jillorpajl1m H3 89 HamJ!eHOBa1U11. 
A.BTOp BJIBOCHT Ha saamty: 
I. PesyJI:DTSThl :accJie.UOBaHliH pa3JUI'iimx MexrumsMoB o6pa­

SOBaHHH ra.n:o B r~a-ceuelCTBax, perHCTpRpyeMHX B P3!{ Ha 

ropHWC BblCOTax. 
2. PesynTaThl Mo.ne.n.HHX pac"leToB xapru<TepHCTRR ,nByx 

TRIIOB cynepceMencTB raMMa-RBaHTOB B H3K Jl)IJl CJiyqaen pas­
HHX nep:BH"llll:IX JJ,ll.ep ll O,IlHOKOMllOHeHTHHX MO,Ile.nett IlpH c:aepx­

llliCOKRX aaepnui:x. 
3. QneHEY BepxHe:A rpaHHDJ:I .IlOJIH · JJJI.ep xe.11esa B 

COCTSBe nepBB1UiOro KOCMR'tecROl'O R3J!Y'1ieHWi llpH aaepl"'nHX 
,..., rol6 sB. · 

~4. HeRoTopHe ~epTH peBJll'lCTR11ec1<0ft MO.JteJIH impoH-SI)(ep­

HHX B3aHMO,Ile:ACTBH:A IIpH 3B6pnuDC ~ 1016 aB. 

KPATKOE C~ PAIDTl:l 

~ BBeneHHZ o60CBOBl:maeTCH aRT)'&llloHOCT» HSY'lleHml a.n­
polllll:iX B5azMO,IJ.ei1cTmllt B KOClm'leCRKX JIY'<ISX IIpH CBepxmico:mx 
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3Hep~l.S!X B 3RCIIepl'.!I :::HTax c llCllOJil>S·.:' .l8.ffileM P3K, Hay1rnrui: HOEI3-
na H IIpaETH1ieCRM 3Ha'llL."-40CTl> pa60T!lj IIpllBe.n.eHo RpaTi<oe C0,1'ep­
Jtamie .ll.liCCepTamni: no rJiaBaM. 

B nepoon :r;ia13e .naH o6aop 3Rcneptt:.ietTruu.llliX l! TeopeT::-
11ec:imx peay.llI>TaTOB no nponeccaM MHoateCTBe1:rnoro poz,neicm qac­
TllU :e a,n;pomwx B3aRMOAe;icTmmx, peay.;u,TaTOB a"'-cr:epm.:eHTal'.l>­
noro H3Y'ieHM rar.11>1a-ce:.se~cT:s, pemcTpxpyeM!iX :s P3K Ha rop:u:;x 
.BHCOTax, B MO,lteJIHpo:Bal:ll!Jl i1X xapairrepuCTURi 06CYJl'AaeTC.R: 3a;I.a­
qa H3Y'ieBIDI CBO!lCTB a,n;poH- J!,ItepHl:i!'X. .aaam.10.ne!lcTBIDi IIplI 3Heprn­
.R:X ~ Iol6 aB C HC!IOJll>30BSHBeM X<apal(Tepl!CTllK cynepceMeiiC1'B 

raMMa-I<BaHToB x q,op.cy.impyeTCJt nem, :ecCJie,;i;o~. 
Bo BToroil r;ial:)e oimcaHa npone.lIYJla MO.J4e.JmpollamIB raMMa­

cei.tc!lcT.a B aTMoe<f?epe. Pa.C'leT H3K npone.u;eH MeTo.n.ot.1 MoHTe-Kap­
JIO. PaccMoT~l:W TpH MO.UeJm Baam.to~eftcTEI.R: a,n;poHOB c ~pa.M>I 
BeJlecT.aa aTMOC4Jepu: c M8.t'IOii 'AiICC!!na.u;;-:eli 3Hepnra (MJI) CI<e~­
zrnroooronmc. li 38IDICHMOCT:i>D MHOXecTlleHHOCTH BTOplrt!RKX a,n;­

POHOB OT 3HepI"".r.I nh .. l!Jfo, yuepeH!!ott ,Il.J!CCllilan;re;I :rnep-
nra (Y,U} n~ rv E1/4 :a 60JI»mo~ )lRCCnnan;i:eli :rnepr>;rn Oi!O, 
n}, -v E!/2 

• ,nJLq B38llMQ..Tt,e~CTD'JKll.leI'O a,u.poHa C:S060~.E-d2 rrpo-
6er ml6i1pa .• 1c11 (')..# > = ?5 r/cM2 :s Mo.ne..'LS.'< i.UJ., ~ n 

<J..f{> = 92,8 r/crl- (I+0,016 lh I,5 (12,5 Eo/1012 sB) B 

MO,ll;eJJH YJJ., <i\;.) =(1,4 + I,4?) l. J..,v). • :xoa<;·~llll,i!.eHT He"fii:py-
roC'l'li B3aRMo,ne}icTBiU! <1<.t1>= 0,5, <:1<.,r> = 0,6, nonepe'lH!:l!i 

MMJ1YJII>c < Pt.11> = 0,5-;. 0,8 Tu3/c, <Pur> = 0,33-;- 0,4 TuB/c. 
XapaRTepHCTllIDI po?l,ll,&":i:WJ.CR: BO rorutMo,l!.e~cT~I! a.u,poHOB (Y'll!­
TblBWlliCl> TC\ll.bl{O lm-MeSOl:ill) BOCll:po.B3BO,IC1JillCI:. IIpli MO;II.e.mrpoBa­
mm li30TpoIIHoro pacna,n.a 1'a IDi-MesoHl:i H()3apa;;\&;rnoro lj';>a!l:en-
~. - - -·----~ u ,.,,;I/4.:.. I/2 V1T = -
llUlli:l Mi:l\..>.v,; ... ., '"'I) • B MO,l!.e.IDIX ~ ..... -4-1 K'!.l! llOCJle;noBa-

TeJI:bHOCT:t! 1>aiiep60JIOB IroHe'Ulo;j; MaCC!i M cp = 2,6 fa3/c2 , ncp,.,,{r.fo 
:s MOJ!.e.JIK &i;n:, Il]Ji!'iEll TeMnepa'.i'ypa pacna,::.a, xc:.pa!<'!'epRsy-

:cmrui: BM!IYJII>Cli Illl-Me::onoB B cne«Tpe Iliirurna, ~ ~ m!i • 
G.pmrn!.laJIOCI>, 'iTO xapa:RTl!pi!CTll!i:I BTOpli'IBHX 'iacTnu Be 3B.E'.CRT 

OT :lalaP.'l'OBl:iX 'lll:Ce.it i:CXOJUTh;X a,ii;poHOB. 3~Cil.MCCTa cpe.n.ae~ 
~HOlteC~BeilliOCTR :p<n[,l(elllllOt >m-Ue30BOB B nepe,n.HeM ROl:!'/Ce OT 

3Hep:::"n. B3am&O.Jl.ela:cT1zy)lltero a,npoHa E0 n~.a c.1e~ 
~~: 

'Ill: <n!> = I,55 !n ~Eg~1!r)2 ~;.::, ' + 6,58 
T+l: <nr;> = 7,0 (Eo/Io-" ~B) .i../4 
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F;l: < f1t;). = 8, 0 <EJiol2 sB) I/Z. 
B pac11eTax no MOP.eJJ.H. r.m n ne.P'!liRHOM 1<0cMn'lecRoM H3JIY-

11emrn paccMaTpn:sa.nPic:& 'l'OJU>RO npoTOHU l4 ff,Upa l!te.neaa, YJJ. - npo­
Tom: n J.. - qac'l'llUil, EU - ~OJil>l<O . npo'roHl:I. npITT:eM cneRTp n~ 
BH'llWX q acTiiH n:pe,lUIOJiaI'a.'lCSl B mi.ne IY.. ( > ~)"' Ea ~.1. 
C:pe.rome cno6oi urue IlIJ06enr ff,Uep <AF1>= 15 "I:/cr?, ( ·4)= 1/2 
IlpRIDiMaJIOCl>. qTo HJ~lO ·:llSJleaa llpl'I B30l1MO,D;e1!CTBHli ll<lllHOC'rl>IO 

r!JparneHTHpyeT Ha H6B38HM11)'.leil.c•:B;yl0llll~e izylUl.O.Hli. a lf;YlUlOHlil 

J.. -11acTuw.: ::: noponT1·:ocTI>IO I/2 l33allMOAelicTlij'llT oelmHHM o6pa­
aoM. B pac11eTe lU:lI\ MOAeJllipoB8Jlcc1> TpexMepsoe paaim'rlie 3JleR­
TpoHHo-4oToHHWC. 1\8.Cll~OB (~K). HHlU\Mpollaliro.!X raMMa-IUlaHTa­

rt.}I, 06pa.30BB.HHW..tli llpH pac~ HeliT!)aJll>lfHX tm--rAe:;lOIIO:D. llpR 
MOAWIHIJOBaIDm xapaK'reJ,!HCTIU{ ~CH BO :BaIDIMOAe.ilcTmm 

tJ.acTm.t. nepe,11.Hero Ko111ca aKe,PreTI'[qOOl~dl nopor ae Jll!OJtHJlM. B 
npouecce. pa3BuTIDI r~ Y'iY.T!lBf¥UtC& Q.ltp()H:;il c 8H.epl'Y.eR J3Ulll0 

2 T;:iD » rat.4M0.-ima.HTH• :ueRTpo!m, no3l1TpoHU (mate no){ o6utmli 
Ha3Bwme.M "rawaa-:KDaliTH•) o 3F'3pmen lThll!le 0.5 TsB. PactJ.eT 

il3K npoB~eH MK se_pTlilltSJtLHOro Hanpamieurui a Heo.;umpo,IUioil 
MMOOWepe c KCJ10J11)3 0DalrueM annpoKCY.MaLU!OlUIO~ 3amIOlfMOCTli 

AaMeHJUl - p O'l' BLICOTH - Il » CTWQ4ap'lHOA aTMocQiepe . 

P = II60,3 '¥{J (-H/G60Clrit) r/~ • PeX'IICTpauwl r&MMa-CeMeilct:a 

11 IDC a,r.u>OHHOI'O conpo~eIDUI ocyuteCT~SCi> Ha BUCO'l'e 

4370 M, P "' 596 r/o~ (3:KCnepm4ewr -rtamp•). CMO.Ile.m'lpoBaH­
aue raM?i4a~eMeKCTBa o6pa6aTHBWlllCL c .Y~TOM npoC'l'paHCTBeH­

HOI'O paapewemui peHreHOBCY.OH llJleamt, ll0rpeU1HOCTlI R5Mepemm 
· 3Heprmr ( ~ E1 = 0,25fi, s~eprerK'lecRoro nol'Ora E,.,,,. 2 TaB. 
B ceMei!cTBa BK11J0'lan.V.cl> 'iaCTHIUl, pacnOJIOJtelUWe .aa pacctomum 

R. t '15 CM ;no aHepl'eTH1lecl\ll .B3BEIW0HHOI'O . UeH'l'pa, Tpe6oB8Jl.OCl> 
n,~3. XapaKTepHCTI1KH 1'8.MMa-ce:.ce;tcTB 0IE1"' IQO TaB, Et ~ 
2 TaB Ha cTaTucTmce 91 DSNMa-Ceft(eilcTBO B l'tfOJl.eJIM P:t.m xopo­
m0 cor,1aCY1QTCP. c pesy.n:&TaTat.m .ltWI'RX pacloT. 

D TOOTiieH rmwe ll3.llO&eH MeTC>,ll pac'ieTa 06JlaCTa llODl-l­

wemroro (i;oHa B rar.ua-ceMeiicTawt-raJW. Ha r.ny6wtax penwTpa-
wm :E: IO K. e. CB.'1P1.\0BOii PSK pacciurni1.BM1:c1> 3aa<1eHWt 

r.JIOTHOCTH MeKTpoHOB ne OT 3JleKTpoMarHli'l'l:WX Jnra·gei!, o6pa-
30DaHIWX rru.JMa-1maHTa:t.n, 3Jle1'"TpoH&t!1 (noanTpomu.m) ceMe1i-
cTna. B WIOCKocn1 peI".1CTpru.un: cTpO:IJiacl> ce'l'Ka paaMepoM 
20 x 20 Iviit.

2 c wnro~.! O,G r44, npuqeM ea .ueH~p COll!laJtM c 



s ltepreTH'!ecroIM B3Bewel!llllM :~urTpor,; v OGUTirn. B yMax. ceTIDi n 

:i<pyre pB,WCOM 48 MRM paCC'iliWBaJIHCl> 3Ha'leHlIB cpe,nuei\ WIOT­

HOCTH 3JleRTpoHOB :wIH CTeneHH llOTeMHeHHR peHreHOBOKOM IlJleHro·. 

Ha pacCTORHID'IX L.. 300 MRM OT '!RCTHUU .no COOTBeTCT:sylOU.\8H 

TO'lrof IIJlOTHOCTl> 3J18RTpoHOB B JlRBHe BWlliCJIRJlaCI:i c llOMOIIU>IO 

lillpW!teim~ oceooro IIpu6,,nmiteHIDi TpeXMepHoli TeopIDi aJieRTpoMaI'­

HHTHl>IX JlHBHett, Ha paccTOHHIDIX ~ 300 MRM HCUOJIJ,30BaJIOCI:i 

np~IcJJIBl!teHHe 6cw,ruwc p£Wcycon (E0 = oQ ) • IlOJlHoe ~ICJIO 
3.JJ0KTpoHOB B JIH:Blie Ha r.ny6HHa.x ~ 10 K. e. pacC'lliThlBaJIOCI> :a 
n :~ldJIIUteHim E J<aCI<a,tl.HOti TeOpIDI ,1JJlJl. J18rI<Oro BellleCTBa. ,UJJ.fl 
HC .<v,nHhlX raMMa-l(BaHTOB CeMetiCTBa llpOBOMJlCH p03b1I'J;lhlll I<OHBep­

CHOHHIDC npo6eroB ,no o6pa30BSHWi nepoo11 9J18RTpOII-Il03HTpoHHOii 

napw. IlIJH aHepl'lUIX :mlll.le IO TaB yMe&llleHlieM ce'leHIDi c poc­

TOM aHepnm IIpR6Jm:l!teHHO y-<IIIWBBJICJI ~eRT Jlatt,n~-IloMepaHlJY­

I<a-Mm::n.ana. 3aTeM pacc'!ltTliBBJIHCl> cpe;zume xapru<Te)}RCTUI<H Jn1;a­
He:ll, HHm.1,HpoBaHHWC HC:)(O;D;.IIDMH aJieFTpOllaMH (no:....k!:TpoijaMR) raM­
Ma~eMeitcr:ea H 3JleRTpoH-ll03HTpo!UWMH napaMH' 06pa.aOFaHHblMH 

·rBMMa-RBallTSMH. 

PaccMoTpeHo o6pasonrume rano _ n n:pocTpanc>r:neHHo-aHep­

reirnqecimx KOllrPK:cypaUPiruc '!aCTlil~ raMMa~eMeiicT:ea, .o6ycJioBJieH­

Hb1X npoueccoM paa:BRTKH B aTMOC~epe 3J16RTpOHH0-4JOTOHUOl'O 1<ac- ~ 

Ka,tl.a BblCOKOD auepnni HJiH ~OH~ BS.aHMO,netlcTmteM c cJOJll>WO~ 
,nHCCltnSUHe~ 3liepnm ( IJ1t ,.., Bo I 2 ' Eo-;:: 104 TaB} aa Hl13-

ROii llhlCOTe HM ycTaHOBK01i H .$ I+i R. e. ~HroJ.WI pa~npe.l\e­

JieHKH DJIOTHOC'l'l'l noTeMHe1IDJI :a ueHTpaJU:iHoli '!aoTH l'aJIO pasJilN-
Ha Wu! aTZX MeJt'.Blm3MOB o6pasoBSIDISI rwro. PaccMOTpeH BMM B 

rWio 'tac'?~ raMMa-c8Meacir11a p~aon aHepnui: ( EJ~ O,I TaB), 

'tTO .n.wro OCHO:BalU10 B JUlJU>Heilnnu pac'lleTax Y1UiTUBaTl> 'l'()JU)KO 

BMa,n. 'lacT!m, c EI~ 0,5 TaB. 

~ 'leTn!U?TO~ r~sp3e npe;n;cTaR1.le.lll.I peayJU>TaTli pac'!e'Ia 

c~·nepceMeiiCTB raMMP-1030.BTOB 0 t"E}'~500 TaB, El~ 2 TaB l'l 

npoBP'AeHc cpaBHeHUe c .11.aHHliMH 31\cftepHMeHTa "Ilarrmp". CTa­

THCTlnta co6li'l'l!~ no:KaaaHa ~ Ta.6.n.. I, :me E0m~" 0603Ha11a­

eT Ml:H::MWU.HYlO 3Hep!ID:> B cnel\Tpe Il8fBli'!J:WX '18CTm~. rr:t:I!'IeM II 

c.rrytiae MO,ll.eJlll P::m po3lil'Pml! fl.SK IIpOBO.IUUJ.C.fl '1p::I w:ChJl8TIWX 

SHa'leILUUC Fu· 
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TaCSJrnua I 

06'heM pac'leTa 

I t I I 

h'iOl\CJl:b i P:!1Ul f:e :Mil. i P:YJ;. i rJ.. :Yll, i P::Qll 
I ! ! ! 

E mf11 (P:3B) 2 .2c 6,3 IO 40 
0 

/V.si;u< I3IO 270 086 224 II3 

flee ( ~ 500 TaB) 91 59 4I 15 30 

-----------------------------

Yrmsal-!Hlle sHD.'!eli1''5'. !:;"L" oC)ecne'!HDm:iT TO'!HOCTb oueHroI 

HliTCHCHB!IOCTH cyrrepc 9lt.e~;'.JTB Ha ypoBHe CTaTlICTli'!CCI\OiI • fio­

MHMO cyn..?pcer.rn1\cTn H'.l t.1arHI1TfIOA JlCHTe 3aIIHCl:lBaJII!CI> raMMa­

ceMe}icTna c ~Et~ 100~.TaB, Er ~.0,5 T~B. CTaT:11cTaKa crr.o­

,!l,MllpoBaiulli.X · cyuepceMe>1c·.rn npel3l-llllaeT . (B CJly'!ae He:Ko'l'opux 

Mo;:1,e.ne~l) MU cL1us1m 1< Tu'VlelOOleiicH aKcnep1t.MeHTa..1LHOil "fc""' 50. 

l!HTeHC1IBHOCTli cynepceMeilCTB I'al>'il'ita-Iraa.HTOB. 

B TOdJl. 2. ~Jn-ee.ne1ru Me;rr.v.aH.lllle 3lta'rnmi.a ::meprmI nepmPi­

Hb!X .r..,IJ.ep - E
0 

(I72.? BKTJa.IT. oT 'if!CTv:U c aneprueli nwrw (n mr­

r.te) HOTopo:i COCTaBJlfi8T $(; % I!HT8HCfiBHOC'f:H cynepceMei!CTB · 

3Ta ne.1n'11m:i xapm:·repirny~~ .nnam13on 113y-'-Hle1.mx anep-
rn.>l J-I DO .BCeX 1-~0,!l,OJlliX ~ I0-!-0 oB. TipliBC,!l,eHU TRieite Hor 

Mn:poro1miie I< ll!-!Tenc;maocT;lM nepll!!'UL.'iX 'iaCTHU npu E0~ 101 3B 
YlH'l'CHCl-:BllOC'.C:l cynepceMeiiCTB, l\OTOpble COllOCTaD.t1.f.1¥JTCJl c ~aH­

HblMI! ;rncrrcp;n,:0H'ra ''Iln:.mp" B CJly'!ae HOpMa'Il>lIOI'O ::OiMCOCT~a 

nepnwrnoro i1oc1.il11.rncKoro 11:3./1Y'lemm: I (~ 1016 sB) "' 
,-2. -I -I "' • % o( r"1! r 0, 66 1" r c p , 4C ,o - P, 15 - , 2v,.. -r.e • 
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Ta6:1ut1Ul 2 

l1R7eHCBBHOC'J~·cynepceuelc7B 1'8MM8•I<B81l'lOB 

Mo,llem. 
! I I I I t 3JCD~) I ~~L\U_t_ Fe ~MA l P:Yll 1o1.:Yll I P:m 1 pm41Hr-

8 49 19 45 54 .to (l/l) (Pall) 

!~ 2,0 O,<fl O,l? O,f1l 0,02 
" .._ 16 1. bIO eB) +0,2 +0,01 +0,-025 +0,02 +O,OI 

', ~ -l -I - - - - ... 1
00 

,M r cp ) 0,5 0,009 O,Ooi O,OCY7 0,005 O,<l> 
DMCOOTaBl) ;t0,05 ;t0,0015 ;t0,000 j;O,OO'Z .;1;.0,002b ;tO,OI 

l~ Ha~l;;,~IS~; 
2 CoTpJ'JUGA8CTBO -ilaMHp•, 191:2 l'e 

K aJ10ne:pBMeHTeAHOl41 peayn>'tW./ Cmtsita B CJIY'l&e aopuuu.­
soro XBMCOC'laBa BJl'l'eHO)lBHOCU. oyaepceMelCTB B MO;lte.Jm 

(p + J.. ):Yll, uplAell HllEU.\ ftJJ.ep o A> I cooTa:BJUIG'l' r.seaee 30 %. 
HaHBOJIBHOCU cynepceMeA01':& D MOJtep P:MJl c1111ecneHBO mmie 
a KCnepIBteHTwu.Bost, 0.1Uf8ll0 3JRAJl'tUliBO YMelllaQ. DJl'.leHCBllllOOD 

IlJlOTOBOB a OOO'!lleTCneHHO YatJDl'U• lt®» SJJtel) :senesa MOIBO 
AOCTHU y.uo:.MeTJ!OPw.M1liBOro oor.aaosa e &KCnepHMeatrOM B JUlSl 
MOJlUB 0 M8JIOA AVOOIQlaw&e! &sepnm. 31ccUepHMeH':NWiHHI pesya­
Ta'! MO&eT ~~ ,_.e rpyao ouaoeu MOJleJIJ,D P1BI, ecJ1J1 JJepJDA-

oe J<oCW111ecaoe llSJl1'ieUe .noaoot~• cociom J!S npoiouoa. 
B eKCnepm.t.ean o 07aepoeuelcTMMJ1 ~a-DaJl"'OD nonJWl­

e-rcm ;ltOllOJllllJT&nBM JIOSllO&BQCTJ. ~'11> HJl'l'eHCBDHOC'm 
ia: xapoTe!)HC'.fllmt cO(lu•nllt JU1.1X TllDOJU B OJUUIX ~ae'lOSI npo­
Tmteaswi 06.lulc•u llOlllllleHHOl'O ciioaa (rMO) p8,MYCOM,.. I,5-t-15 NM 
.. B APJntX ee np&w.rH'liC1Ql Re'J. OdpasOBamle raJIO CMsaHO 0 

IOHJleJltp8'J,Kel 81lepl'Kll raMMa .. ICOMIIOll~ 006Wl?IJ! Ha CpapmlTMl>-
BO aeCSom.111ou yqaeTJ<tt H. c,118,JlOJla'fMJ,HO. c COO'l'BeTC1'~ 
uponeooaa.m B ll3lt• llJi11lO,tl.RllU!Mll 1' JtOHIUIH'lpaumt 8Hepnuu :»K 
mtcoaol enepnu B aTNOC~epe MB aAei-.-{Oe :93aBMO~elo'l'lDle c (SOJU,- · 

mol JtllCCBfUW.llel &nepnni aa HltSRol mtoote Ha,JJ ycorauo:a~oa. 
Paccuatprna&Mlie MOAe.J H3K nosBOJl.RJOT ouem1'1'1> pon aTllX we­

xann3lilo:P Q :8 qacTaOCTil, D MOAEl,lll4 L{ll 60Jiee llOJlOmuUil Sdepnm, 

9 

RJIYlll6H B l'aMl18.-l03aB'l'H B 0)1HOM B3aBMO,Jteiic'l'mm, nepe;n;aeTCH 

ABYM raMMa-imaHTaM, a :e Mo;aeJDJ :El Mex::unmM o<Spaao:saim.a: rano 
nocpe,Il,CTBOM ~K Bl:lCOKO~ 0HeJ>lllM llOJlHOCTl>D no,11,aJ111eH. 

Bo Bcex CMO,Il,eJlHpo:Balimtlt ceMeiicTBSX raMMa-imaHTOB <5Wl 
npoBe;n;eH pac'l:eT ran:o Ha ~OlUie 1'3K 9 K.e. o f'!e?:OM raMMa-
1\BaHTOD c Er;,r o,5 TaB. ~eJ.teHH Al38 rpyllIIH coOH'l'l'lA: c raJI9 

(r- ceMelicTBa) no KPllITep.ldlO -r..~~ 0,032 aJI/MKMl Ha DJIO!l{a,Illl 

~ 5 N'Niz XOTfl 61:l ,II,Jl.II O;u.HOI'O U8HTpa H cylleiiCeMe:lic-::sa 

raMMa-RBaHTOB des raJio (EI'-ceMetic'l'sa) c ~El ~00 TaB, 
E ~ >,. 2 TaB. T0.1ll>I(Q B MO,ll.eJIH P;11W, B l'PYIIIIY co6aTIDi c rano 
BOUIJIO HeCl\OJrbRO CeMeliCTB C ~'\.E( ~ 500 TaB (IO %>. B Ta6JI. 3 
IlpHBe,Il,eHl:l BHa'l:eHWI l/IHTeHCliBHOCTe! r..ceMe~CTB H EJ:'-ceMe~C'l'B 
llI liX OTHomeHna. 3,I1,6Ch ~e npe,Il,C'l'aB1.l6BH SHB.'l:eIUUI HHT0BCHB­

HOCTe~ CeMe~CTB ,Il,B'JX TAllOB, no.nyqeH~e B 0RCllepmiteRTe 
"Ilru.mp" rrpH OT6ope no :amneyRasanllHM I<pETep:wlr4. 

Ta<17mua 3 

llHTeHCliBHOCTH cynepcate~CTB l'aMMa-RBaHTOB 
c raJio 111 6es rano 

I . - I re; ! ! ! · ! axcn1) 
MOAe.nL ! P:Ml{ la:tr &li\}J, ! P:Yll l J.. :rn ! P::ijl ! I /0 3 

! ! ! ! ! !a~ 

l e __ 
I ri ro16 aB) 

IE.r 

! ( ~1016 eB) 

Ir 
!Br 

I.45 O,OII 0,043 O,OI8 
±0,18 :,t0,0035 ;t0,0l4 zO,OI 

0,?5 0,064 d,I2? 0,052 

0,0025 0,083 
.tO, OOI ,:tO, 02 

0,0175 0,083 

;t0,13 

2,0 
;!;0,25 

_t0,0f1l5 z.0,023 .;t0,016 .:t,0.008 ±0,02 

0,17 0,35 0,35 O,I5 1,0 
.:t,0,00 .t0,12 ;t0,22 ±0,I .:t,0,2 

I) c01:~~ecT11~~~~-. 19$? r. 

Mo,1%e.n:& P:E!I ttOSBOJISleT UOJJY'U!Tb 14l'IlmMWI1'BYX> onelll<Y' lUJ­
'feHC~BHOC'l'H r-eeMe~O~B, ROTO:pHe DpaR'.rHtleCRK llOJlHOCT»~ 4Jop­
MHpYl>TCSl DpO)TYK'laMl! 0.1Ui01'9 :esamao,ne!c'f:mIJt a.a s:a:axoi B.blcote 
ua.u; ycTasp111<ott (40-t400 •>. Taxse x~ z B P:m ·B 110Jte.m 

(P + ~ ) : Yll o6HapyxBDae'fCJI He;rt0C'l8TOJC r-ceuelC'!B - O'fBO-



i( ' 

I. IJJJ I 'llJ 
meHHe r I sr = 0,35, 'i'l'O I'Opa3.JJ;O MeHJ>me :rncnepHMeH-

TaJII.HO Ra6.moJI.aeMOro sHaqe1001 IJ 1 I:r-:: I,O ± 0,2. 
IlpHMepao B 30 % CJIY'iaeB rano B (P +~) :Yn <:BJisaJ:Ihl c 

BSlllfMO.JJ;eilCTt!K.<IM\{ Ha He60Ju.llIHX BhlCOTax. B OCT8JIMWX - c pas­

:BK'l'lieM BHcoooaHept'H'lllllX W>K. Ilpeo6.na,na.mrn Er-ceMef1cTB :11 

He.JJ;OCTSTOR r-ceMencTB » MO.JJ;eJIHX B3wn.lO.JJ;eRcTBl1n, no~o61rux Yn 
HJlH :ij{, CMSSJW C llO.Ita:MeHKeM 3Jiel<TpoMarJ:mTHOro Ra.Hana re­

HepSUHlI ra.no. B MO.J:le.Jm P:r/Dl • HanpoTliB, 11a6JIJO,naeTCR CYllleCT­

Belllloe npewmeHHe liHTell'ntBHOC'l'H r-cer.tei\CTB HM HHTeHCHBHO-

( T:bkl Er-ceMeiicTB, 'ITO ooyCJioBneHo 60J11>11IHMR Bepo.fITHOCTRMli 06-
pasoBalll!R DliCOR03Heplll'lHHX raMMa-KBaHTOD BO D3al1MO.JJ;eiicTBHSIX. 
30 % C06liTl'1H c raJIO ruae101' MBOI'OU0HTPOBYIO CTJJYRTYPY, B03HlU<a­

l:WIYJO OT CJIO:ttemm BI<Jla.ROB HeoRO.ill.iKHX BOS.JJ;YWHhlX WIK, o6paso­

BaHHliX no BSmtMO.JJ;e~cTBWlX Ha paaHWC BhlCOTa. Ha pYc. I np11-
Be.D:eHbl npMMepN xapaRTepawx rano :& ceMei1cTEax c ~ E/=2000 T3B, 
llOJIY'l6HHWC no MO,JteJlflM: l':MU. P:.1,ll, H P:m. Pa3JIH1il1.fl D iI.>opMe 
:ra.no ClYJ.SaHN c COOTBeTCTB,Ylll{IDm pa3Jllttrn.flMH xapaHTepHCTRR 

RJ(epHOro n MeH'l'poMal'HHTHOro KaliWlon reHepSUHH ra.no. Hs 
COilOCTaBnem!Ul pesyJU>T8'l'OB pac'leTa c aHC!Iepru.teHTSJll>l&IMH .JJ;aH­
m.n.m CJlelJYeT t ~TO B .,., 90 % (lJJY'i8.6B :ra.no .JJ;OJDKHO liMBT!. 

aJieH'l'poMarHHTHOe nponcX~erute m 'iTO MO.JJ;eJlH YJL, :m He MOryT 

06ec11etmTI> HaOJooJtaeMOl'O 3Ha'le~JI l1HTeHCHBHOC'l'H r-ceMeiiCTB. 

I p:M);> [P:t"IJJ 
Ilpeo6.na,naHl4e r-oeMettou r sr = 2, o H sHa.'iHTeJLMioe 

3amlllleHHe Hll'teHCHllOCTH B MO,lle.Tm P:f'41!. B38¥!MOCBfI3atW, Tai< 

natt TO M ,npyroe oupe.neJUWTC.fl nponeccoM ,naconnaruw aHepnut 
13 fl3K, J'.l,7ui TOI'O t 'lTOOH CHllSJl'?l> HHT9HCUBHOCTJ. COOblndl B MO­

,J:le.nH Mil Heo6XOJUWO npe.lUlOJlQ'Atl:l'll> CSOJil>DJYIO ,l!.OJW TSO&eJIWC RJ(ep 

B nepmrctHOM ROCMH'!eCROM H2J1Y'll6IOO'. npH 3HepIWOt > ro15 aB. 
3TO O)UlOBpeMeHHO llpK'BO,!Ul'l' K j'MeHbWelWJO COOTHCmemm 1~~11;.»(:! 

'.::: 1,0, Tax R~B ~6~uix MO.n.emt F.e :MJl npeo6Jl~ruoT 
EI'-oeMettcTBS. - Ir ~/111/~

110, I?. B paMRax paccMaTpnnaeMoit 
MO'AeJIH MJl c Hesa:saom&m.m OT anepnm ceqeimeM H KOaqxpHI.\HeH­

TOM Heynpyl.'OCTH B3tU™O,l!.ettcTmm CJ!e.nyeT, 11TO y,n.oBJieTBOPM­
TeJll>HOe Olll!CWiHe HHTeHCRBHOCTeil r H B.r-ceMe~CTB ~OCTHraeT­
Cit IT.PR npe,l1,l.JJ10Jltemm B nepllH'!HOM HOCMJdtJeCROM Rs.nyqelllrn .no­

JUl upoTOhOB - 5 % I<'! Mt...t-1 Yte.nesa - 95 %. B .n.a.n1>nefuneM c Ta­
ro;M ;,_, ·~HomeHReM npoTOHOIJ H n,n.ep JKe.nesa paccMaTp1rnaeTcfl Mo­

.ne.ni. ·, 1
, fe):l.,\U,. qaCTl> r ~eMettCTB ( ~ T::f') B 3~0i., 1 

II 

reHepzpyeTc.fl B fl3l{ OT RJ(ep xe.nesa, npHtieM B nOJioBHne c.nyqa­

eB ra.no B fl3K OT RJ(ep l!te.nesa MMeGT 3Jl6HTpOManm'l'H.Oe nponc­

XOlFJl,eHHe - B oCTSJIDHllX rano o6pa.syeTcn :acne.ncTDZe nepet<pH­

nruum 3JieI<TpOMarimTHOti HOMilOHeHTll I<aORB,!(OB, B03HHHaKllU1X llPli 
BSaBMo.n,ellcTBJUIX HYRJIOHOB nep:mNHoro RJ(pa EeJiesa c HaqaJll>Hott 

aHeprneii ~ ro17 aB, H .a.ocTMraeT 60Jil>lllllX paaMepoB ""' 20 Mr4t 

Ta6Jmua 4 

XapaitT~HCITHim r-ceMeV.CTB raMM8-ltBallTOB 
(E;r,,,P. 2 TaB) 

·~ 

! .tE/c~ )l, < A'51)! <.Nj.> I t(.R ,J ', <!R/]1~4;:R1'1 
M 1 a1 fl! lw • ,,. • ~·; 

o.n.Wll> tTeB I !f ;;,;0,041 MM tT::iBM?.!r~.01 
! ! . r ! I t 

P:Mll HOO J46 9.o IG,I . 81 II,4 
.:!.:.IOO ;tl5 .;t0.5 .;t0.8 . .t4 j;,0,8 

Ft :MU 5IOO 67C II.I 33,2 !GI 16,0 
±,I200 ,t9I ;t0,4 .;tl,9 z.2 ;t2,5 

P:YJJ. 2560 331 ~O,l 23,5 Im I3.6 
.:t.;900 ,t8I z.l,I ±2,1' t;8 j;,2,7 

<A : YJJ. 1390 209 I310 23,2 108 II,5 
t.260 +74 ... ,tI 1 4 :;2,a ,±IO .;t4,0, 

-----~--~~----------~-----~--
IlpocTpaHcT~eHHlile g aHePreI!qecl<!!e xapa!faepnpTPIG! ~­

ceMencTB raMMa.-RBrutToB. B Tad.n. 4,5 npaBe;ueHH ope,tUme xapai<­
Tepl'!CTRKR r- H B!'-CeMe:llOTJ;J raMMa-KBSH'l'O.B, nonyqerume MI! 
pasmrx: MO.U.eJieti .HSK. PesyJll>'!'aTll pac11&roB no Mo.itemt P:at ae 
npHBO,lI.ilTC.fl, nocn0JI1>icy RX HeJtt,M 6wto yope.tUiirn. no aaepre-rH­
qecKoMY cneRTPY nepmNHWC ~OOMK'IOOIGOt .nytiest. · 

Xapa.RTep.HCTHKl!l ceueltCTB, OMO,neJIHpOB~ no pasmm Mo­

,tteJIRM, :HMeJOT 3BM6THl:llt ~6poo Ratt B paMRSX I'pYIJIJH co6Hndt 
onpe.ne.neHHoro -ntna, Tait H B cOOBTiUIX pasaoro TUIIa. 



MOJJ.em. 

P:Mll 

Fe :MIJ. 

p :Y]l 

J.. : Y]l 

Ta6~5 

Xaprur.re~Tmm Er-ceMeftc'!B rarn~KBaHTOll 
( ~ EA·> 500 TaB. EK~ 2 T3B} 

! <5:Ea-'>) .:: Na-> ! <1'1/> ! < R~> ! ~ERt) ! <Rt> 
! W' 0 ! f T !Ff ! T9B I ' ~ ,04 I f>9M l 513 MM l ~0.01 

670 94 9,8 22,9 lltj 17,7 
.t.;40 ;t.7 .;!;.Q,6 ;t.I ,O ;t5 zI,I 
920 165 11,5 46,7 2Il :rl ,2 
±70 .±,I3 ±0,4 ;tO.s t,;4 ±I,2 
676 124 II,! 27,7 I25 22,9 
±45 ±9 ,tO,(; ;tl,3 jf3 ,;tI,5 

IOOO 193 12,5 a>,I 157 22/1 
;t.2IO ,;!:40 ;t,0.,6 ~.2 .;tIO z.2,6 

-----------~------------~~--~~ 

Oco6eHHOCTH oopasol3aHWI m.JIO 07qerJlllBO ~ npa 
CpamieIDm WIOTHOC'l'll SHeprmt B r- l! 1i.r-OeMe~BaX H i. Jj~ 
r-ceMeHC'l'B. B r-ceMeftcTBaX ltllOTBOC1'R 3Hepnn1 npimepHO B 5 
pas l3lilllet qeM B Br-oeMeiicnJaX ttp111 '?OM Jie MO.I(emi, '!TO 11 oIIpe­

.n;MJieT o6paaOBB.ID.te ra.no. Heodxo;:uwatI IIJIOTHOCT:& aHepnm :a 
r-ceMeHC'l'BBX MO.n;eJU! P:lin{ AOC"ia:l'ae'l'Cfi Ilpl'.l MeH:&umx SHepI'Rf!X 
! E 0 Br.Jie.n;cwxe 60M>lllOI a@lem:H:aaocTH SJleltTpoHHo..(poorottaoro 

mIBa.na oopa.so:sa.IrM razo. Oftl:e'l'.HM s.aa'll'!TeJI])Hoe pa3Jm'IIKe xapro<­
'l'epHCTEI< CeMe:llCTll, reR8J.11P7eJ.11HX nep:swmwii:a llPQ'l'OHaMll'. B JJ,14pa ... 

MH xMesa :a MO,!!.eXll IUI: M ~ep )lteJiesa CYll\eCT:setmo :mnne saep­
I'li.11 T-ceMettCTB, B2 paaa doJu,me n,POC'l'pa.HC'l'BeHlnifi pasMep r-
B Er-ceMeiiCTB. c J']J8D'lemlm.1 CTelleHli ;uHOClillamul SHepnur B 

fl3K aaepreTWiecae CJlell.Tpl raMl'4a-imaa-ro:a B ceMeflcwax ciraHo­

MTCJI Mflrtte, lISHdoaee secrmrlt cneRTp - B CeMencTBax B Mo;ne­
JIR P:MlJ.. 

.Il.JlJ1 cprumemut c 11pOCT}laHCT13elUIW&H l! SHepreTRtieCIGIMH xa­

:pal<'l'0pl'.lO'l'lil<&m cynepceMeiiOTB raMMa-I<BaRTOB 6wn1 liCllOJll>30:sa.IW 

a~cnepll.~0HTaJII,HHe ,AS111:16e COTPY'A~0CTBa "Ilar.rnp" (I977 r.). 
Ha .,.,.J" ~ 2-5 npe.n.cramem-; HHTerpwu.ime pacnpe;nMemm no oTno-

n • ~ I .......... ' " , "fi ;nO•lR aaepnm: ~aMMa-RBaH'rO El _ = E y I '- E -
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( .P'>,;- 0,04) B npoo~C'l'BSHJWe ~peRllffMJ,HUe ,PeoIIpeJle.7Ia-

HWI ra:.t.aa-RBSHTOB c /' ~ o, OI, npHlleM paonpeJtMeHHS no 
.P' HOp.1UpoBa!W Ha Nr <f 1 ~ 0,04), a upocTpSRCT:BC'1WiUt ,.. Ka 

: llj{f'~o.or>. c axcnepweH'rM&mw psonpe~e..nem!eM no i!' 
T-ceaaelic'?B (JJHC~ 2) .BS-aa OD.1.U>JllHX oam6ou B npaDOA qacn pao­
JJpe,lleJJeHIUl Mo.infO cor.nacOBaT:& pPCqem iJO pa3UJIM MOAe.MM. O;r 
.Bal(O llpoc1'p8H0"68Hlie pacnpeAM~ r-cetate.frcTB Dpe 9SCPepn­
MeH'la.'GHHX (puc. 3). .lio.Ju.moe yumpegse B MOAe..MX PsYll • Fe :Wl 
uosso o6t.oomrn. 3SNe'.rJillM lmlJS,1tOM ff;llepm>ro JW!a1l8., .na:imiero no 
cpaeaemw c a11e1l'l'pO~HHWC JUUJMml OOJ!ee mpomt.e reno. 
llecKOJU,ro <SOJJee lllH_powe pac~~e.nem1e s ~).tlWf P:.fliUl oOMCHll­

e'tCJl HCnom>30BWDletA .UOO'MIJK.Bla'. JIMUt:JJlH ~ U (ttp>. B P:M!l 
3CMe~ JIB.'l'epBWI BUCO'!', 0 tfOT()pm COOl'!pBmC.fl I'aMMa-IraB.H­

'RH,. HecKOJlbKO 6o.ll:J,me se~ro JUM Jlf'!lllero corJlaCRll c at<­
cnepmiteS.'l'OtA. ne,PBHt ~M pacnpe)LMeJWJ a MO.IteJIH P:Y]l KaR 

paa co~ c n011011Cm1eu ~t.ta ownepHMeHTant.Horo pac­
up~emUt II reuepipye'l'M 3\MC, CO$~ B CeMe~CT:Be ,ll;O:BOJll>­

BO c.naiSoe ra.110. TaJWM o6pa80M, raM ~ ceMeitcuax no~aeT­
cn: 3'WC, IDm'iJiW'.p0l3SHHlilM .O).\Hml1 (WJJJ! A:ayM.11-'.rpeMR:) BHCOR03llepl'Z1J­
mom raMMa-x:aaHTaMli.. B CJlYllae I>r-ee."'1ei1cn pacnpe;n:eJieHBil no 
,. HeiffiM COI'JlaCOBa'll> c SRCllepJ!MeI:IT.aJll>HNM ID1 no O,n;Hoii Mo:ne-

JlH {p:Pic. 4). 3HcnepHMeHTaJJ.I,HOe pacnpe;n:eJieHHe xap8.I\Tepnay-
eTca 60JU>meil lqlYTHSHO~ wm WiI'ROCT:&io. CSMlie SH01i:l'ITem.IIHe 
pa3J!Ht!WI c SI<cnepiiMOli~M OOHapYJ!t11~a!OT MO,IteJlll P:Mlt li 

{P +Fe }:MIT.. YBeJlll'IHBafl CTenem. ~CCWlaumt SHepnm :a MO.n;e­
JI:l'I MOjKHO, no-mr.m1MOMY 9 ;noCiRT:bCfI COI'JiaCM c SJ.<cnepmiieHTOM. 
PacxOJ11.11:eHHe c a1mnepRMeHTOM npoJ'UIJUieTM z npK cpamiemm 
npocTpaHCTBeHP..HX pacnpe,Ite.Jlemlli MOAeJI:bIWX BI'-ceMeAOTB (pzc.o), 
Ilpl11IeM Oil.fIT:D-Taroi B HaH60JI:&rueft CTeneim Mfl MO.IteJIH (P +Fe ) : 
MU. JJ.oBOJIJ:>HO 6.nHsI<RM K aRcnep:aMeH'l'Y or:asa:saeTCSI pacnp~e­
Jieime l>I'-ceMei!cTB MO;iteJIH PiYJJ.. OTMeTBM. tz'l'o noCJiemme .nan­
ime COTpy,IUmtieCTBa "IlaMHp" (!98Zr.) c YTO~HeimeM IIpoUeJJ.Y­
pbI onpe;ne.nemm do.i1Lumx ima1i.eIDili sHepntlt raMMa-1UlaH'?o11 yxa­
s1:raam Ha c6JmJ!teHHe cneI<Tpa llO f 1 r-ceMe!tC~rB Cl MO,tteJII,Jl 
P:MIJ. li COOTBeTC'l'BYJOIUel'O cne:~pa EI'-CeMettCTB c MO.IteJU.D 

(P + J.. ) :Y.JJ.. 
]13 1DOCTJ)8HCTBeHHOI'O pacnpe,1\eJiea:w:t EI'-ceMe~o~rn MOltHO no­

mTh L. '. r:K:.f ;no.11R Mep :a:e.nesa B nepBK'iROM awxyqemm <. ?(if,, 
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~TO pacXO,JJ;HTCa c COOTBeTCTBJ'l!Xl.\HM pesy.'l.I>TaTOM, > 90 %, IlOJJ.Y-
11e1:tHOM npn OIIlriCSHIUf HHTeHCHBROCTeR r- 11 EI'-CeMeLiCTB D MO,JJ;e.nH 

M.U.. IlonID1teR.11e ,nOJIH $I,11.ep JKeJiesa B MO,!(eJIR (P + Fe ) : MU yne.1rn­

q1rnaeT n 6e3 TOI'O CYl!tOOTBeHHOe paMU'!Jte cneI<Tpa no f I 3TOii 

MO;ll.eJIR C 3I<Cnt"'.?liM0M6HTOM. 

Ilor.raMo pacCMOTpemwx xapru<TepHCTHK raMMa-ceMe:itcTD B 3l{C­

nepmteHTSX c P3K CYln~TBYeT Tamte B03MOi&HOCT:b 11·-yqemm xapaR­

TepHCTHI< 8,llpOlJHOI'O conpo:ool!Ol.emm c'eMeiiCTD. HO IlOI<a ell\e a;a;pon­

HM }(QMIIOHeHTa BI:lCOK09H0pI'.li'lHWC CeMeiiCTB H3yqena .'l.111.lib y e,nH­

mt'!HWC co6llTH~. HeI<OTOpHe peayJIM'aTbl pac'leTa no 8,Ii.poHHOMy co­

npoool!Ol.elum cynepceMei1:cTB :raMMa-I<BaHTOB o6RapyrornaioT ;tonoJIIUt­

TeJI:bH!ile B03MOlKHOCTll noBimieHHa '!Yl3CTB.11Te.Jll)HOCTH :rncnepm.leHTa 

1t oco6eHHOCT.fIM pasBWl'Mfl H3K. B qacTuocT.11, 3Hep:rnJI a;a;po1moi1. 

'KOMnOHeHTli B r-c eMel\CTBSX, l!HHJ.U'1.11p0Ba!IHWC nJ(pawt, B HeCI<OJibl<O 

paa 60Jl:bIDe. 'leM B CerileitcTBaX OT llpO'l'OHOB - STOT aqxpeKT MOlKHO 

HSY'JaTI>. paccMa'l'pRBrut pa3Bl!THe ra.no B a;a;poHHOM 6JIO'Ke P3K. 
Ilpe;ll.CTaJlJIJleT llHTepec H MCCJie;ll.OBBJU':e a;a;poHHOI'O COCTaBa CeMei1.­

CTB, Ta.I< :KaI< MlI TruteJlh!X .$,ep BH,neJieHa ffYlt110HH8.lI I<OM:IOH0HTa. 

IlpoB0,IteH!Wit COllMOOTHbl:it 8.HaJIH3 ,):(fil!HIDC IIO r- H :EI'-ceMeti­

CTBBM I'aMMa-I<Ba.HTOB c onpe,u.e.JieHHOCT:&IO npHBO,WiT R BHBO.JJY t 'ITO 

HH o.nua H3 l<OJIM'leCTBeHHO paCCMOTpeHllllX MO,I\e.Jiei1 R3K He COO'l'­

B0TCTeyeT ;11.e:RcTBHTM:hHOCTH. B MOAeJJ.H (P +Fe ):MD., nosBOJUI­

D!leli llpB.BWU.HO ortHCaT:& SRCnepHMeH'l'aJU,Hbte ~amme no UHTeHCHB­

HOCTru.t r- li Br-ceMeilCTB, &Hepl'eTH'lectme 11 ·npoCTpaHCTBemwe 

xapaI<TepHCTHIIB EI'-ceMeilCT» 3HaqM'l'eJU>HO paCXOJl.flTCfi c ~I<Cne­

pIDAellTOM. Mo.neJIB xe THna Yll, ijJ, llpOTHl30pe'laT AaHllliM !IO 

r-ceMettCTBaM. PacCMOTpemwe MO.l(eJIH npe.IUlOJiaraIOT HeI«>TOplillt 

0,'!UlOTRllHlitt MeXal:iH3M a.apoHHWC B3aJIMOJJ.0ilCTBHa B llll!po'KOM )\liana-
::tll'A 

30He aHeprntl: JIH60 MBJIOttaCTli"iHtd! npouecc c IlOCTOaHHHM 0 in 
B <K> , Jra6o r.ruoroqacTH'lHliit npouecc c nocToJIHHliM HJm pacTY-

"> N" 
llllW 0 £n • He:RoTopue Mo,ne.n:a YJJ.OB.1IeTBOpH'rem.ao ormcHBaIOT 

OTJJ.eJIJ:.Hl:.le a~cnepl™eliTBJll>HNe xapaKTep11cTHJru. B 6oJiee pe8JU>­

Bo1t MOJJ.eJra, no-llMJl,HMoMy, c0"lerui.e MBJlO'lSCTl!'llHUX npoueccoB 

,n.QJIJllio na;a;aT:b c &Hepraeil (B .U.OJU'IX nCJIHoro ce'leIDIB), a <.tt> 
pacTJa' R. COOTBeTC'rBeHHO. ,nOJIJl MHO:r'QqacT]4qHNJC. MSII'RRX npo­

ueccoB .U.OJ.tl.Ha paeTH. PeayJI:&TaTu npo.ne.nrumoro pac'ieTa n1.1 

o~e.neBlO> lmTeHCr.JHOCTH r-ceMellCTB B Mo.neJIH P:i.m 00Hapyim­

B81>T 12-RpatHoe 88.BHD18HHe HHTeBORBHOCTH no cpa:aHeI:m:i c 3Rcne-
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puMeJITaJI:bHliM 3Ha'lef!H0M :a CJ1Y1lae CJlOlitHOI'O XHMIN6CROI'O COCTa­
'?M'tl 

Ba n~H'lHOro ROCMl!"!.ecRoro H3Jly<i8hWJ.. CJie,u.omTeJI:&Ho, <;:) ~ O,I 
0i~ c10I6 aB) no MO,JJ;eJIV. MU MOllteT o6ecne'lHT:b 3l<CnepHMeH­

TaJibHOe 3,Ha'leime l1UT0HC'lillHOCTU · f-CeMeliC'l'D. 3TO 0;31Ia'laeT, 'ITO 

cppanAeHTfilU'l!l HWieT8IOO(ero eyMona Ca qacTHOCTH, npoueccu .JiM­

cpparomoaHo:ii 3u10comiaumi:) c neJ1.wurnoil ce'l!emrn, npm.mpHo paB­

Hoil ero BeJl.H'lHH6 llpH 60JI<..0 IIH31\KX :rne-pIWIX rv Iol2 
3B, MO­

llteT 06ecne11wr1> corJiacne pac11eTHHX 11 a:KCnepIDlleHTBJI:&Hwt xapa..­

Tep11cT1m cyneJ)9eMel1:CTB raMMa-RBaHTOB, B03IDlRamiillt OT aJtpoHOB 

c anepnrnr.rn 1015 +1017 aB. B 60JI.bmeit 11te ;n.OJie B3aHMO,tteticTmdt 

,n;oJil!tHO nposmnMl>CR naa.ID1.o,n;e:iicTmre T>-ma yMepeHaoil: wm 6o.n:bmoit 
]U'l.CCJ.llla.JJJfl~ SHepnrn. Ha 3TOM n:yTn, mm OhlJIO BHJI.HO BblJDe, MO&HO, 

no-B}I,WiMOMY, ,I\OCTH'll> y.n.oMeT:BOpliTElJU>ROI'O OIIBCaID!Sl npocTpa.H­

CTBeHllllX H 3HepreT1!"!0CRl1X xapaI<T0pl10TIU< r- H BI'--OeMeRCTB 

I'8MM8.-Rlle.HTOB c ~ E~ ~ 500 T3B. 
B 3aKTm'lemm rpoµitJ'JU1PYJOTCfi ocHOBIWe pe3ym.TaTH, IlO.IIY­

t.IeHlWe a ,n,ncceJl'l'ru.nrn: 
I. Pa3:pa6cTWl.a ROM1L11e:1<cnM nporpaMMa MO,nalllipoBa.WUl xa­

paRTeplICTlm raMMa-c eMei!CTB, B03HMR8IOO{HX B pesyJl:bTaTe paSBH­

TIDI B aTMOCcpepe n3K, C Y1l0T<>M YCJlO:B'dll peI'RCTpWWI B P!.1K. 
2. raJio .B raMMa-CeMeliCTBaX o6yCJIOBJ10HO BliCOI<Ol\ l<OmteH-

'fp0U}Iei1 sHeprmi: B I<pyre pa,n;nycoM "' I ,5 + 20 MM, B03H14Ra-

JOuteil B pesy.JI»T&Te p a3JIH'IHNX qi113n'lecllliX Mexrurn:3MOB: 

- pa3BHTM B 8TMocQ)epe S.ileI<TpoHHo-{lo'l'OlUiOI'O RacKBJJ,a, 

lilil'l IJ,XI!llpoBaHHOI'O H e60JJ:bllll1M '1!¥1CJIOM ( O,nHl lM-Tpel'Ml) l'BMMB.-KJNUl­

TOB c :mep:rnefi nopR.n'Ka HeCROJIJ:iIG1X COT TsB B mianasoHe BblCOT 

I-:-6 RM mm YCTa.HOBROli - 0JieETpoMarIDl.THilll Ra.Han.; 

- a,n;poa n.nepHOI'O B38!1MO,n;eHCTDKll c 60J11>moti ,WiCCYJ18.IJ,folA 

3Hepnm ( nh "' E
0 
I/ 4 + l/Z, E

0 
e! 104 T3B) Ha 131lCOTax 

:!;; 172 R.e. - fl,1!.epmiii RaHan; 

- p asBl'!TIDI B a't'r.ioc(flepe H3K, HIDUllllif?BaHHOro nep;sK'lllb!M 

'l'ImeJih!M smpoM (Ate.ne3a) c aJiep:rneii ~ IO 7 aB • . 
ConocTaBJieHHe c 01mnep1lMeHTaJI:bIUnvlli .n,a.H.HliMH noI<asliBaeT, 

'ITO SJI0l\TpoMaI'HliTHl:lii l<aHaJI reHepaJJ.Yili raJIO B rv 90 % CJrJ­

qaeB o6ecneqHBaeT nosmIKJ10BeIDie ra;10. 

3. Conoc Taa.1emi:e pesyJI:bTaTOB pactreTOB no Mo.n.e.JI.R.M c 

\lllJrdi \ n,;, ,.., tn Eo ) I y MepeHHOH ( nh "'E~1" ) H 60.JI:bmoii 

( ni.. ·"" E' " ) ;i.11c c;maru10n 0Hepnrn noKa3HBaeT: 
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- K K8Ha.uy M8JIOH ,Il,HCOIDI8Wlli 3Heprnli 'f.YDOTBWI'BJI:bHll ItIH­

TeHOlU3HOC'l':h ceMeiicTB c raJIO, npOC'I'paHCTB0HH09 pacnpe.u.eJiemrn 

raMMa-KBSBTOB B 3THX C9M0HOTB!D>j 

.. lt IU:Uia.rry YMepeHHOii rum 60.m,ruoft ,Il,HCCHnalO'm aHeprHH 
qyDO'r:B.H'l'&,Jll,HU Hl1T0HCHBIJ001'1> cynepoeMeM:cTB 6e3 ra.no, 3Heyre­

'l'lfll90KOe 14 !Ql.POOTpaHCTBeWtOe pacnpe.u.eJieHne tJ:acT.1H~ ::i•r1vc: ce­

Meitc'l'B; 
- I( XlWCOCTa~ 1l)'BC'l'BH'1'e.1lblibl liHTGHCliBHCJT:b }1Iltoro~e11T­

poBUX COOH'l'!:tt 0 l'aJIO, HHTeHC:IH.lHOOT:h cynepceMeidcTB 6e3 ra.110, 
D.POOTpallOTBeHHOE:t pacnpe,neJI0HH9 "t!aCTmJ; ceiv:e¥.CTB 6e3 raJio. 

Cpa13Hesne o ~W.Olle!EMElH'l'aJihlillMH .AaHHHMif no cynepceMeil­

CTBaM raMMa-RBEWTOB noJ<a3UB8eT, 'ITO 0)1,HOlWMilOH8LTHU8 MO)J.8JIH 

BSSlfMO,IteiiOTBM>l He n03:60J.IRIOT omtcaTl> HM8IOOIYlOC.fI COBOKynlIOCT:b 

'ASlfHWC· 

4. Ilpe;nnoJio~eHRe OOJnsruoll: .u.oJll! .fI)J.ep ~eJieia B nepBH"t!HOM 

ROOMR"ISOKOM na.rryqemm nim aneprIDIX "' 1016 <iB li Bl:l.IIOJIHe!:nrn 
oxeftmmra 11 a.D;pOH-il.Il9PHUX B3a.HMO)J.8il:CTBHRX B o6JiaCTH ::rneprmt 

Ia13+ Io!6 013 He no3.BO.TJ.fl0T IlOJIY'lHT:b COrJiaCOBaHHHe O~eHI~ 
OTHOOlfT0Jl:bliota HaTeHCHL~iOCTH .fI.U.~P JKeJiesa: 0, 9 <I Fe ( > 1016 sB) 
/ I ( > I016 aB) .<, O, Sb - no cooTHorueHillO cynepceMeiicTB raMMa­

IC!IUi'l'OB o rano H 6ea I'aJIO n IP~ /I < a, 7 - no npocTpaHCTBeli­

HOMy j)S.Onpa.l{eJlelllilO ~OTlW. ceMeiiCTB 6es raJio; :ae rrosBo.JUieT 

y~oJ3.1Ie'l'BO.Plf TeJllJHO OllltOaTb aHapreTK<Iecrore cneKTpH 'laOTM~ B 
OeMenoTBaX 003 I'aJlO M, Ta.I<;HM odpa30M, npoTHBOpe'm~ 9KCll0pH­

M01t'raJ!lilWM .uaMHHM no 1I:SYM ·TlmaM cynepceMe:ttoTB raMMa-KBaHTOB. 

5. Cono,iruJteH.Ke pesym.'l'aTOB pac11eTO.B c a1t011epKMeHTOM 

no JCapaKTSpltO'l'Hl<SM raMMa-ceMe!OTB O.I'aJIO OB~CT0.1IbOTBY0T 0 

11eoOxo,11,KMOO'l'R OOXpaHelmJi OK9WllI'OBOI'O KaliaJia S'A.POH-M0PIIOro 

saaiwo.n;e!OTBM npM 9Hepmmt ~ lo1° eB 0 00"l9HBSM >r- q 131~ 
(!ol6 tE) - (0,2+ 0,3) 3f~ (I012 aB) z .POOTe ce-ci:eimSJ B 

1,5+ ~ pasa B :ff~Tepoo.Jie &Haprd rol3+ 1ol7 eB aa o1leT npo~eo­
co~ 0 6o.in.tnof }U!OOl'!IlalJ;'B;0tt &H0prmi. 

I? 

Oouomme MaTepHMH JU'ICOep~ ouy6JJHI«>BaHH B CJieJtYDllJIX 
pa.6oTax: 

I. I'yJIOB i).A.' Hop.typaTOB 11>. ~9K'l' "ra.no" B oynepoe­
M0iiCTBaX cf -KBB.HTOB. Jlol<JJ8JtH AH T8,W!. OOP, 1978, ,. . 6. o. 15-18. 
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