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l 

HccneAO&aDJO peamuor He 1 
+ He 1 

.. He ' + p + p + 12,82 Mea 

,Li 6 +p+Q n 

He' +p +t(Li 6
) 

/1 2 3/ /1,2/ 
BOCBlllll8BW TpB 81tCB8pBW8BT8n&BW8 paiSOTH 

0 1 
• 8 B&pBioiX IUI7X paiSOTax 0 BHUGn-

B8BBHX npB 8BeprBIIX 360 K811 ( Good et al. ) • 240 lt8B ( ·AlmqYiat et al. ) , ISwa BSwe

peuw 8Bepre1'11'18CitB8 CB81tTpH npOTOBOII B BOitUABO BAD'IB8 BBK80 COOTII8TCTB7101118rO 

oiSpa30BaBBIO Li I B OCBOBBOW COCTOIIIIIIB, ltOTOp»l li8DillJ(WBA8TCil U IIDIJIOIOII CBBODIBOI 

cueKTp OT pacuua aa TpB '!aCTIIIlH. B Tpen.el ( Good et al. ) npeACTaaneBW nouwe 

C8'18BBil p881tBBB II BBTepaane 8JreprBI 101>-880 lt811, 3TB pesyn&'I'8'1'H DOB7"l8BW 7WBOlK&

D8M ABijlc!JepeJIBB8n&BHX C8'18DI, B3M8p8BBWX BOA yrllOM 90° B8 4.. II Bp8lUIOBOlK&DB 

0 ccjlepB'I8CitOI CBWW&TpBB DpO.Q71tTOII p881tBBB. PaiSOTa IIHDoaB8B8 88 TII8PAOI WBDieD1 

uony'leBBol weTOAOM uiSBBJtB. fiorpemBOCTB B3uepeol se yJta3aBw. 

H8CTOlllll81l paiSOTa SIIIJUI8'1'CSI Bp0Aon:E8D8W BCCII8AONBBSI 8TOI pellltlliB II 6onee 
a 

WBpGitOM IBTepaane 8BeprBI C BCDOn&30BaD8W r630BOI WBDI8D He , 8 paiSOTe B3We-

peaw a6conJOTBWe 3lla'I8DSI ABtMJepeBilBam.awx ce'l:eol Allll yru 90° 11 BBTepaa11e 8Bep

rsl 500-1700 11:811 B yrllOIIW8 p8CDp8A8ll8Dil BpOTOaOB II BBT8pB8Re yrBOII 0-135° npB 

4-x asa'leDIIX 8Jreprsa. H3 8TBX AaiiBWX B0117'18BW uonawe ce'leBBSI peUilBB 
a a 

He +He • 

.QnSI llpOIIepu W8TOABKB B3Mepenl llPOB8A8B IOBTpOn&BWI OBWT IIO B3WepeBBJO ABijlc!JepeB-

8 ' JlB8.1lbBWX C8'18BBI pe&KABB D (He ,p) He II &TOM llt8 BBT8pB8118 8Bepr111, 

1. MetO@U 8Icaep•weBTa 

PaiSOTa IIWDOIIB8B8 Ba 3B8ITpOCT8TB'I8CXOM reaepaTOpe 06&eABB8BBOrO RBCTHT7T8 
8 

SIA8PBbiX IICC118AOB8BRI, ra30B8B WBDI8Bb He ycTaBaBBBB8118Cb B Jl8BTpe B8JtYYMBOI 

/4/ 
ll8Mepw, XOBCTpyXJlBB 1tOTOpOI ODIC8B8 pasee • 8 paiSOTe BCDOilb30B8.1lBCb 1\0imeiiK 

ABYX TRDOB: 
1 
TO'I8'1B8B

11
- AilS! R3MepeBBSI yriiOIIHX pacnpeAelleBBI B 'AIIRBB&SI' - tllHl 

R3MepeBHI aiScO.IliOTBWX 3B8'18H11A ABijlc!JepeBDiaBbBWX C8'18BRI BOA yriiOM 90°, 8 ll8'18CTBe 

3 



8Xdnaoro o~~:omKA rasoaoA 

H cni0n8 ( TOliiiUHOA 0,ci65 

.ameo RCDOillo30B8JI8Cb nnelllta At 2 o3 (Tomn:.taoA 0,04 MrlcM
2

) 

t~r/cw2 ). fiOTep• saeprn •oaoa He 3 a oJtoDDtax onpeJlell!UIJICb 

DO cwemeBHJO pesoiiAIICBoro IIHia pellltllD D + He l .. He'!,. p B IXHTepaTypBiolM IpBBiolM 

/5/ /6/ ~ = f (E) ltllll At
2
o

3 
B CmDJlbl o fasoaall MHID9Hb !Jhlna B30J1HPOB8.lla OT Iopnyca 

dx ~~:aMephl • cny:aar.lla noaym~~:oA TOia. BsyTpR MJimeHH aaxoJlHlllleb Tepwollapa JlllH asuepeHHSl 

TeMnepaTyplol rasa 8 Bel, fiorpemBOCTb 8 B3M9p9HD TeMDepaTyplol COCTaBJISlllll ;!_l O o MR-

3 weBb BADOJlHSlllaCb He cTOnponeBTROI IORil9HTP8JlHB no naBJIOIIll!il 30-40 MM pT,eT. npB 

pa6oTe C BXOnBblM OltOWKOM B3 CJIJOnhl • .naBJ1eBH9 R3M9plUIOCb M11IpOM8HOM9TpOM e DOrpem-
3 

ROCTbiO :!;_0,2%. Onpeaenene DOTepB saepr•• BOROB He B raso8oA MHmeo npOH3BOilB-

/7/ JlOCb DO )laiiHbiM paiSOTbl o fio OK011'18RRB llBKlla 113MepeBBA ras NHID9RR B03Bp81DIUICR B 

6annoa Dep80R8'UlllbRoro xpaaeoL Bb!XOJl UpOTOHOB as peaxnBH asuepMcR nosepXBOCTIIo-

6apbepHb1MH Jl9T9ITopaMB 113 Kp8MRHSI p -TBn81 IOMlleRCIIpOB8RBorO IIHTB9M, fipB BSMe

peiiHII yriiOBbiX paCDp8Jl81191lllA Jl9TeiTOp ycTaR8BIIHB811CSl R8 8pa!D8JOJDeMCSl KpORWTeiHe 

R8 pacCTOSlRHR 79 MM OT n9BTp8 IaM&pbl. fionOllt911Be Jl9TeiTOpa OTROCBTellbRO ny'IXa MOrno 

M&RHTbCII a npeaenax 0-135° e 4Jmtean11ell 'lapes ~~:a:.mhle 15°. Yrnosoe paspemene spa

maJOmeroeK JleT&ITopa :!;_3,5° • .nl!.lluble yrnoshlx paenpenenellllA aopMHposalliiCb no OTe'laT8M 

aeTeJtTopa Taxoro )1(9 TBila, yeTaaoBJteaaoro non yrnow 45°. Hunym.chl Ka)Jtnoro as aeTei

Topo8 "'lepes uanomyuSliDBil npenycanaTem. u ycaiiHTellb aanpaMKIIHCb aa aaa 128-xaaanbllhiX 

&MDIIHTYJlRbiX 8R81IH38TOp8o fpanyKpOBit8 no &BeprHII CHCTeMbl ll9TeltTOp-8R81IH38TOp ODBC8R8 

181 
8 pa!SOTe • 

2. llB:d!d!epe!JlB&IlLBble ce,eRRK nos yrnoM 90° 

.nucjMjlepeBilHallbRiol8 Ce"'leRHSI DOll yrnOM 90° HSMep!UDICb R8 JlJlRHROI MHWO-

HB. Pac"'leT npoaoJlHneSI no ljlopuy.lle: 

du B • C • 760 

-- -12 d!l n Ltp G 6,25. 10 

rae B - BblXO.Il peaxnD0 C BBT - DOCTOSIRR8SI BBTerpaTopa TOI8 0 L t- "'IBCilO nomMJIJlTa 

DpH TeMDepaTYp8 t ; n - OTC"119Thl HBTerpaTopa Toxa; p - ~o~aaneBBe 8 MM pT.cT.; 

G - reoueTpB"119CIHA ~TOP ( 
-3 G -8,17•10 ) o fipR o6paOoTKe pesym.TaTOB 8BOJlBilaeb 

nonpas~~:a aa BSMeReBBe TeMDepaTyphl rasa MBmeaa. fionpas:xa R8 aarpesaRBe rasa MRme-
3 

HH 8 oOO.eue, rae npoxoa•n ny'IOK He , ae B80.IlBnaCb, BhiXOJl npOTOBOB 113 peaKDBB 

onpenenHIICSI DO BSMepeBiliO nllOID81lB SRepreTB'!eCJI:Oro cneii:Tpa DpOTOROB I8R81lOB I 

peaKI{HB, TanB'IRblll cDeii:Tp npOTOB08 no~~:asaR aa pac. 1. BcneACTBBe uno)JteBBlil sa 

BHaxos&epreTB'IecKRil y'laCTOK aenpepb!BHoro cneii:Tpa ~oRoBhiX HMnym.coa (peaxnBH 

12 3 C +He B T.Jl,), STOT Y'faCTOit cnez:Tpa He MOr 6b!Tb HCilOJib308aR B pac'!eTe, 

II 

fiOSTOMy B pac\reTe HCDOJ!b3088118eb DOilOBBRa nllOID8JlH1 COOTBeTCTBYIOWaSI BbiCOJtOSRepre-

4 

l 

:t 

f 

.~-

TB"'I8CII:Ouy J"'8CTJI:7 eiiUTpa DpOTOBOBo 0DpQ8118D8 11:8RIUI8 aJianBaaTopa, p83.Q8.11moJilerO 
Emu 

81tCnapiiM8BT8DRHI CD81M'p B8 llB8 paBillole '18C'l'B ~ , JIPOIISBOJ:OIIIoc;:Jo B8 0CBOB8RWII 

rpaljlsu I'JI8.Q7JIPOHB saepreTB'IeeJtOI IDII:8nH .QeTeii:Topa (p•e. 2). Tool MeTO.Il o6pa1Sot"D: 

pesym.TaTOB llpe,llll0118r88T1 'ITO B3M8P81lllloll HaWK &BepreTB"'I8CUI CDUTp CBM118Tpll'leB 
Emax 

OTHOCII"l'elllaBO --· _ 1 'ITO enpaael!nBBO 'I'OmoltO B CBCT9M8 ll8BTp8 MACe, Ta:x ll:lllt a11111 
2 

l(alllllol8 Dony"'I8Biol B 1J.C,II:,, TO DpiiiiiiTioll MeTOn o6paiSOTD pesym.T8TOB CB!13811 e Ollp8.1l8-

118HBIKMB OmBIS11:8MBo Mw e'IIITaew, "11'1'0 DOCII:OIIblty B pae'leT8X BCil011b3YeTCB BloleOII:OSRepre

TB'Iecltlll J"'8CTOII: eaeKTp81 IICJ1:8)Jt8BBII eneii:TP81 paBIIO 11:811: II OmBISII:a, R8B8nBII:R (&aeprBa 

npOTOBOB R&~plolBHOro eD811:Tp8 peaKIID R8XOAIITC51 B Hp81l8118X 8-10 M8B1 8 TO BptiMII 

11:811: 8B8pl'IISI B81leT8101DBX BOIIOB He
3 

B CBCTeue J181M'pa uace BW88T MHeKM811bB08 

31l8"118D8 0,8 usa), Pesym.T8Tiol B3Mepa&l npe)(CT8Bn8Jihl B TaiSmrlle 1 H pile, 8. 0..1SU 

uswepaol .IPitiM!MtpeBJUlam.RHX ce'leHRil cOCTaBIIS&T 7%, oaa cnarae'I'CII •a 0111111S011: onpesa

.lleDs BHXO.Ila npOTOBOa peaua:11 - 6%, reoMeTpll"'leell:oro ~II:TOpa - 2%, onpeneneBBII 

"'IIICJ18 8TOMOII MBmeBB - 1%, TOKA ny'lll:8 - 0,5'1.. 0111116KA B ODpeJlellellHH SRttprBII B30Mo

ll8leTBB51 He J B ll811Tp8 MKmeD B3M8RSI8TC51 OT 4 AO 2% npB R3MeB8HBB 8R9prBB OT 

426 no 1700 K&B, eOOTBe'I'CTB&HRO, 8 II:OIITpOIIbROM onbJTe DO ODpeaeneDJO JUitiM!Mtpe.BIUI8nlt-
3 4 

lllolX ee'leBBI p8811:DD He + 0 .. He + p +18,34\1\ea MIIID81lb B81lOillilUiaCb AeATepuau 'IIICTO-

TOA 98,8 :!:.. Of%• B Ta6111Ule 1 (pile, 4) DPIIBEIJl91llol ll8Billol8 llBtiM!MtpeRUAIIbiDIX C9'18BBI 

peaKDD He + D , R3wepeallhle non yrnow 90° B lUI6opaTopaoA CBCTewe II:OOPJlHR8T a 

BRTepBaJ~e saepral 387-1458 Jt&B. Ha pae. 4 nau Ta:xJKe ~~:paaaR, nony"'leauaa .Qene-
/9/ 

neu aa 4 " saa'!elllll nomroro ce'lellBa pea~~:ua, DpiiB&AeHRwX B pa60Te KyTDa • liP• 

(pHJlOM aBTOpOB ISI>Uia nOK838H8 e~pll'I8C11:8SI CRMMeTpBSl yr.IIOBiolX pacnpeaeneBBI B pae
/10 11/ 

euaTpiiB88MOI oiSnacTB &Reprllll ' ), 

CT8IlllapTR811 OTBOCBT91lbB8SI omB611:a BSMepaDil eOCTaBn518T :!;_3%, Oaa CllllraeTCSI 

BS OmBISII:II B BSM&peHBB BhiXOil8 npOTOROB peaii:DD - 1%, reoMeTpll'leCKorO cjlaJI:Topa - 2%, 

113wepeDSl "'IBena aTOMOB rasoaol MKW8RB - 1,5%, 'lllcna na.QaJOmux '18CTIIIl - 0,5%. OIDHIS-

11:8 B onpeAeneHBB saeprD asuMoAeleTBKSl asueuSieTCSl OT 8 no 1,5% npB npeAeAIDIX 

saeprRliX OT 426 .QO 1702 11:881 COOTB9TCTB8HHO, KaK BHJlBO BS pacyaKa, nony'leBRble Slla"'le

HBSI .llB*peBJUlallbllloiX ce'leDA a npeaenax oma6ox xopomo coanasaJDT c aaaawMB paiSOTH 
/9/ 3 3 3 

KyTDa • Cne.ll;reT saueTBTb, 'ITO npa onpeseneJIIUI ce"'leDil pealtllBB He +He B He + D 
3 

'IRCTOTa ny'IXa HOROB He Be R3M9pRnaCb. O.llBaltO xopomee eornacae nony"'leHHbiX C8"119-
+ 

BRA nocne.llael pea~~:n•• e IIHTepaTypRWMB aaRillolMB noaTseplK.QaeT, 'ITO npRMecH aoaos DH , 
+ 3 

HHH B ny'IXe uoaos He uanw. 
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Tal5nalla 

Peaxllll!l He 
3 

+ ff e 
3 

Peaxlllls He 3
t D 

E ~90"lxto"27 cw 2/cTp E ~ (90°)x 10 Be 8 llE% n.• 
(z:gn) dO 

(xsa)_ 
dO 

426 4 0,047 387 26,4 

493 0,0605 27,1 
28,1 

652 0,0895 429 36,1 

671 3,5 0,211 495 44,5 
532 51 

0,180 50,5 

795 0,441 60,2 
612 52,2 

797 0,385 51,4 

0,824 63,1 
57,6 

890 0,403 56,8 

0,428 59,2 
59,9 

994 ;!:.3,0 0,827 58,6 

1143 0,803 57,9 
673 48,9 

0,780 66,8 

1180 0,752 735 49,2 
49,4 

0,809 799 46,9 

1230 0,795 46,5 
50,2 

0,784 852 42,3 

0,891 42,6 
933 37,2 

12{15 ::!:,2,5 1,168 998 33,4 

1462 1,325 33,4 
35,6 

1465 1,236 35,8 

1,113 35,2 
36,2 

1468 ;!:.2 1,300 37,3 

1702 1,476 36,5 
35,2 
.3fi,2 

1148 26,3 
29,9 

1301 22,3 
1458 18,5 

•2T 
CM 2/CTp 

4';·, 

't. 

tj 
I 
r ,l. 

Tal5nalla II 

YrnoBble pacnpe11eneHJIB (M6/cTepa,q) B nonBHe ce"'eDn pealtllllB He 1 tHe1 

Yron B E 
Be 1 

n.c.Jt. 
() 882 lt9B 1152 Jt8B 1250 Jt8B 1452 B8B 

0 
0,534 0,918 1,286 1;820 
0,594 1,039 1,257 

15 0,516 1,041 1,247 1,836 

30 0,529 0,943 1,289 1,733 

46 0,500 :1,861 1,119 1,580 

0,979 1,158 

0,501 
0,930 1,166 1,474 

60 0,517 

75 0,486 0,832 1,005 1,382 

90 0,430 0,778 0,934 1,25 

105 0,415 0,776 0,938 1,162 

120 0,375 0,677 0,804 1,080 

135 0,360 0,592 0,784 1,058 

nonxoe 
ce'le.RBe 5,48 9,84 12,04 16,23 

(l0..27cM2 ) ::!:,0,33 ::!:.. 0,59 :!:. 0,72 ::!:,0,97 

3. YrnoBhle pacnpe11eneaan B nonJlble ce'lemul pealtllHll He 
1 

t He 
1 

Peaym.TaTbl B3Mepe.RBII yrnoahiX pacnpe11ene.RBI ll8Bbl B Ta6nane 11 • pac. 6. 

CT8BA8JITK8Sl OTBOCKT811bBAB omx6xa K3Mepeon yrnoBbiX pacnpe,lleneiiiiA COCT8BnB8T B 

cpeA&eM ;!:.9%. Oaa cnaraeTCn aa oma6ox: 

1. 0npell8R8DB Bb1XOA8 npOTOBOB pe8ltllKK (c Y'IBTOM CT8TKCTII"18CJtOit OIIIB6Jta) - 6%, 

2. CT8TKCTK'I8CJtOII OmB6JtB H3MepeiiiUI MOBHTOpON - 2%. 

3. Oma6o aopMHPOBitB no 3B8"1BHBliW llHtiJcllepeHilHam.BbiX ce"'ellllll noll yrnoM 

90° - 7%. 

nony'leHHble peaym.T8Tbl no yrnOBbiM pacnpeneneDSlM YJt83biB8iOT B4 38M8THblli 

BJtnaA BO B3aHMOllellcTBHe 6onee ablcoxax MOMeaToa. Hcnom.ayn rpaljm:'iecz:ult MeTOil 

p831leneHHB y"'acTJtoa aaepreTB'Iecxoro cnez:Tpa COOTaeTCTByDmero paanH"'BbiM xaaanaM 

7 
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peu:IUIII, ww nOI!)"'O:IDI. ;rr110awe pac~~pe.Qenea• UJ~~Aoro UJran.a pe&ltiUIII (p•c. 7). H

seoupueneBBOCft, CBJI3aBBol c a w.Qea:eaew JrpO'l'Ouoro JIJlU BTqpOrO 1:auna, OliDICSu 

a oupuea:e... ero BIUIAAA cocTaanft'l -20- 80'1.. 

8H'IJIC.II8DB DOI:aaaml0 '1'1'0 UpU:Tep ;ri'.IIOBHll: p&CIIp8JlM8DI Ami UQCII'O UBama 

peal:llD p83.11J1118L Bcu Jl.llll 'l'p8lt'I&C'I'II'IllorO ltAIIAQ pacllp8.Q8li8D8 NOIIO'I'ODO Cli&.IIAe'l' 

O't 0 .QO 135°, '1'0 11 ;rra~Hlt paCIIJI8ll8MDlllt DPO'I'OIIOB pea1tJ0111 He 3 +He 3 -+ Li +·p .._ 

'lae'I'Cll cmaCSwl waa:CIIW7N JIPR 1J-nax 48-80°. HBTepecso orwenn., '1'1'0 uparrep e'l'llll: 

pacllp8ll8118DI All8.110rll'1811 ;ri'liOBWN p8CIIJI8ll8118JDI.IIM Ami 'l'p8li:"'8C'I'II'IllorG II Jlll)"li:'UlCft"'llorO 
3 /8/ 

uaana pe8JUIIIII He + T • 

B Ta6mlll8 n • .. piiC. 6 llp8.QCT8M811H JIOIUihle Ce'leDII p881tJOIR, ll0li)"I81111H8 ......... 

rpii])OB81018N ;ri'liOIIWll: paCilp8.Q8ll811111. p Jill TO"'81t ltJIIIBOI llpll &Beprlllllt AO 800 lt811 ( 423&8110 

600 DB) 0 ,._. ltO'tOpHll: ;ri'liOBW8 p8Cilp8J18.118111111 118 113Nepllollllc•, ll0.11)"1811H 7Nll0li:8D8N 

.QIItjlcllepeliJllla.llbliWll: C8"18DI llOA 7r.110M e0° 118 4" • nocne,IIB88 118 IIIIOCII'I' 3lla'lll'l'9.11bliOI 

omsiSa:B, noca:om.q 7lKe upa esepra 882 a:ea ;rra:o110e pacnpuueae MallO 0'1'.1111'148'1'Cll 0'1' 

B30TpODBOrO. 0mB6Jta B 113N8pe... llODIIHll: C8'1811BI ISea 7'18'1'8 0 .. 6oa: llpll 113N8peDII 8118P

rBB 11 cpeAllew COC'I'AII.IIIle'l' 10'1.. B TaiSuue Ill llpJIM.Il811H Aalllllole uo COOTilOmea ... 

M8lK.Il7 B8TBJIWII pealtllD, 113N8p81111HIIOI DO.Il yrnou e0° (ll0117"18IIH rpaljJII'I8CitBN paa.QM&-

U8N0 yuOWII.ByTbi.W BHW8) • 

TaiSn•ua III 

E Boa (a:as) 796 890 994 1143 1160 1295 1455 1702 

(Oil 13,7 14,1 13,4 16,2 21 1e 21,7 26,0 -) 90" 
on • 

Qnpe.aelleae • (Li
5 ) 

5 
Oupe.Qeneue aseprsa paasana • (Li ) upoBaaoonoc• aa ocaosa111111 B3uepea• nOIIo-

>Keua naa:a upO'I'OBOB 118 esepr8'1'11'18CI:ON cneJ:Tpe pe4ll:llBII llpll paanii'IBhlll: yrnax B esepnD. 

PaC"'eT npo•aso.Qanc• no oiSw'I.Bwu useuaTB"'ecnu cjlop..,.nau. 

n0li)"I811H C.II8.Gyl011lll8 8118'18BBB 

Q • (10,e7 ±. 0,47) M&B 

5 
<(Li )o ( 1,8e ±. 0,47) Mas 

M Ll 5 • 5,01246 ±. 0,0005 (MBOCBT. M0 12 •12) 

8 

<h"H peaym.T&TH s npenenax oma6oa: cornacyJOTCB c .QaBRYUB pB.Qa a~:cnepaue.BTam.

" /12,13/ 
RhiX paucYr • 

npe.QCT4B.IIJI.IIO l)y BRTep8C cpaBB8RB8 peaynLTaTOB aaCTOJIIIl&l pa60'tbl C p83ynbT8T8NB 

B3Y'I8UB BSaiiUO.QellcTaBA T + T, T+He3 c uem.JO Bhi.QeneRRst: aapB.Qoao-aeaaasCRNhlll: xa

paa:TepBCTBJt aTBX eaa•uo.QelcTBRA. 0AHaltO BBB.IIY RanB'IBll Tpex'laCTB'IBhlll: ~:aaanoa pe41:1lBA 

06hl'lll8JI <jlopua R -M8'1'pB'IROA '1'90pBB Be MOlK8T 6Hft llpBM81181l8, noeTOM)' .QO B8CT05m(erO 

apeueBB Mhl Taa:oro cpaaaeBBJI npoaeCTB se cuorna. 
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