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npoaeaeHHOe H91lllBHO 3KCnepl!M9HT81IbHOe HCC TI9)l0Bll HUe llOrTIOll.I9HH H 11 - Me-

"' a L,· I I I 30HOB nerKH'-111 HapllMl! 't'OT03MYTibCI!H C 06p830B8Hii 9M ll0Kll3B TIO, 'ITO 

OC HOBHOA BKTillll B C949HR9 TB K HX llpOUeCCOB BHOCH T T peX4B C T H4HllH peBKUI!H 

+ n ' (I) 

B B9pOHTHOCTii llBYX4BCTH4HbiX pe.'lKUHH B9CbMll MllTibl. 3TOT <~BKT C B M no c eGe 

12, 3 1 
CTIYlKHT J!OK838T9TibCTBOM D b lllBHHYTOrO p auee npeanOTI0>1<9HlfH , 'ITO nor.~Ol!!e-

I!He 11 - M930HB npOHCXOaHT llpHMbiM o6p830M TIH60 118 CHT!bi!O CBI!31lHHOM HyK-

TIOHe, TIH60 Hll MBTIOHYKTIOHH OIJ 8CCOUH8UHH B llllpe • .QeliCTBHT9TibHO, OllHOHYKTIOH

HOe llOrTIOll.l e HH e llpHBOilHT B 3 TOM CTIY'Iae K CHTibHOB036ylKU9 HHbiM COCTOI!HHI!M KO-

He'!Horo 11apa, nelKBUlHM c yll.leCTBe Hn o Bb!We nopora ero accouaa THBHoro pa3 aana, 

TBK 'ITO 4HCTIO KOH94Hb1X 'lllCTHU B pe8KUHH He M9HbWe Tpex. C apyrol\ CTOpOHb!
1 

npa nornoll.leHHH " M930H8 MllTIOHYK TIOHHOii llCCOUI!BUHetl OCHOBH8 II 4BCTb DHD-

CHMOii 
11 - M930HOM 3 HeprHH pacnpeaenl!eTCH M9>1<1lY HY KTIOHBM H 3TOI\ llCC OUH8-

UIIH, KOTOpal! llOTili<HB p83 B8JIHB8TbCSI, no Kpailnel\ Mepe, li B ABe 'lllC TI!llbl, '~TO BHOIIu 

npHBOA HT K MHOr04llCTH4HOMy npouec c y. 3KCnc pl!MeHT8TibH09 llOKB3 ll T eT!bCTBO no-

llBBTI9HHII llBYX4ACTH4Hb!X peaKUHA c nylKHT, TBKl!M o6pll30M, nOaTB9plK/l9HII9M llpH-

MOrO M9XBHH3M8 nOrT!OlJ.IeHHH OCTllHOBHBll.IHXC!! 1l - M930I!OB. 

B p eaKUHH (I) Mexa nii 3M OllHOHYKTI OHHoro nornoll.leHJIH nonnoC Tb JO orc y T c T-

ayeT, TaK KBK ao x< e npH nornoll.le lllflf tr 

p o 
1 1 

B o6pa3yeTCH n cocTO!!Inrn c E* 

ra pa3 sana 
11 B na 

8 L i n 
3 He 

3 

M930HB 

19 J'-bs 

S - HYKTIOHOM K 0!19 4HOe Hll

/ 4 1 
, •rTo rop a::Jao liHli<e nopo-

(ero BDT!Jf4HHil 



9llHHCTB9HHO B03 M0lt<Hb!M M9Xl!HH3MOM peaKUHH ( 1) Clie)lyeT C'IHT8Tb llOrliOlll9HHe 

rt - M930H8 HB '19TblpeX'IBCTII'IHOl! 8CCOUII8UHII B !lllpe 
12C , KOTOpOl! llOliJKHO 

6b1Tb !lllPO ~ Li • HacTOSilllBSI aaMeTKa nocaSlllleHa TeopeTH'I9CKOMY auanuay noll)"

/1/ 
'19BHhlX B 

~ Li H8 

peaynbTBTOB B 1Ip9llli01I0)K9RHR lipBMOrO liOrliOlU9BHH 1T - M930HOB 

/ 3;5/ 
(puc.1) aaanorH'IHO TOMy, K8K 3TO 6blliO Cll91I8HO pasee npH liC-

Cli9llOB8HHH KB83H81Ib$a'I8CTR'IHOrO llOrliOlU9BHB 1T - M930HOB B peaKUliH 
12 8 ~ 

C(IT-,DH)2He 

0CHOBHbl9 llpH61IHlK9HHH, HC1I01Ib3Y9Mbl9 B paC'IeTe, CBOASITCB K Cli9llYIOllleMy. 

npu Olli!C8Rl!H norliOlU9HHH IT - M930H8 H8 
12 C Mbl nonaraeM, 'ITO 1T - M930R 

aaaaMOAellcTayeT co aceM o6beMOM !lllpa. nonuau aepouTHOCTb nornomeuuu " 

M930B8 ~ Li C'IHT89TC!l KOBCT8HTOll, Be 38BHCHlU9il OT rrepeA8HROrO HMilylihC8, 

CocTOHHHH aaqanbHOro a KOHe'lsoro !lllep orrucwaaiOTC!l BOliHOBhlMB !jlysKnHBMH Mo-

Aenu o6ono'!eK a L S CB!l3H. HaK oaeu, Mhl npese6peraeM aaaHMoaellcTBHeM Ko-

8 8 
H9'1HhlX '18CTBU M9lKllY co6oli, 'iTO KacaeTCH D- He H D- Li B3aHMO!l9iiCT-

BHli, TO STO npeae5peJKeuue arronae onpaaAaHo BBHAY 6onbwoll aaepraa seliTpoua 

8 8 
( .. 80 M3a). BaaaMOAel!CTBHe He- Li MO)I(HO C'IBTaTb Manh!M B cuny Toro o5-

CTOSI':'enbCTaa, 'ITO nalKe ITpH ae601IbWHX OTHOCHT9nbBblX aueprHl!X '18CTHU $a3bl HX 

pacce gHH!l ueaenHKH. B paMKax yKaaaHBhlX npa5nu)l(eSull Mhl paCC'IHTanu aaepreTH-

'19CKHe cneKTpht ael!Tporra a 
3 He , a T8KlK9 yrnoayiO KOppeliHUHIO M9lKllY 9THMH 

qacTunaMa. PeaylibTaThl pac'leTa npellCTaB neHhi sa pac.2 cnnowshiMH liRBH!lMH. 

/1/ 
racTorpa MMbl COOTBeTCTBYIOT 3KCnepHM9HTanbHblM )laSRhlM • BHLlHQ, 'ITO Teope-

TH'I9CKRe KpHBbte JlOBOnbHO aennoxo cornacyiOTC!l c SKcnepnMeBTOM. HaTepecao 

OTMCTHTb 1 'ITO sljl¢eKT CM9lll9HHH Cll9KTpa 3 He a cToposy MeHbwux sse prua, a yr-

noaoli KoppenBUHII- B CTo poay M9HbWHx yrnoa o6yc noanea BHpTyanbHh!M nauJKeHH-

eM 
~ 

L! ·a Ha'!anbBOM !lllpe 12 C • XapaKTep sToro llBHlKeBHH LlOBOnbHO cno-

lK9H, TaK KaK !lllpO-OCTaTOK 

HRIIHX (2+ C E* ~ 0 ; 1+ C 

eLi M0)1(9T 0 6 pa30Bh!BaTbCH B B9CKOnbKHX COCTO

E,. 0,97 Msa a 3+ c E* • 2,26 Msa). TaKoe JKe 

CM9lll9RH9 MaKCHMYMOB B Cli9KTpaX 3a C'I9T 
1

LlBII )K9BH!l
1 a - 'laCTHUhl B !lllp9 

12 c / 3 5/ 
rrony'leso saMH paaee ' • 

Mhl llpOB91IR TaK)I(9 OU9HKH OTBOCHT9nbBhlX a e pOHTHOCTell peaKUHli 
12 C(w- , 

D 
8 

H ) 2 
4 

He 
12 ' 8 8 

If C ( rr, D He ) Li · nonaa!l aepoHTBOCTb rrornowessH " - Me-

/5/ / 6 / 
30HOB 6yneT 01Ip9ll91I!lTbC!l llBYMH <jlaKTOpaMH : S<jl<j>eKTRBBhlMH 'IHCliBMH co-

OTB9TCTBYIOlllHX accouuanal! H B9pO!lTHOCTblO rrornomeBHH W - M930Ba sa CaMOll 

~ 12 -2 
aCCOURaUBR, 3<jl<jleKTRBHOe 'I.I!CliO Li B C COCT8Bli5'9 T a 4.10 , B TO 

4 

f 

I 



I 

BpeMll K8K 'IHCIIO 
/ 5,6 / 

a - '18CTHU - nopSJuKa Tpex • To'IHO oueHHTb senH'LBHbl 

sepoSJTHOCTeft nornomeHBll rr - Me30HOB H8 Cl - 'laCTHUe R Li Mbl He 

MO~eM. OnuaKo s npennono~eHHH aaoTonH'IeCKoA HHBapHaHTHOCTH npouecca rrorno-

weHBll MO~HO CKa38Tb 0 'ITO sepOS!THOCTb rrornoweHHll If - Me3 0Ha !Ia 

'l8CTHUe AOII~Ha B meCTb pa3 rrpeBblW8Tb BepOS!THOCTb nornoweHHll ero 

B peaynbTaTe 

W[ 12 c ( ,-, n
3

He 2•He 

R • -------------------- • 4,5 . 10 
2 

W [ 
12 

c ( " - , n 
3 

He Li 

'ITO xopowo cornacyeTCll c aKcrrepaMeHTallbHbiM aua 'leHH eM ( R • 10 
3 

) • 

TaKBM o6paaoM, . BCll cosoKynuocTb aKcn epHMeHTallbHbiX AaHHbiX o p eaKuan 

12 c ( ,-, D 
8 He ) 8 Li nonHOCTbJO cornacyeTCSJ c npennono~eHHeM , 'ITO a T a peaK-

uHn ocymecTBnl!eTcll aa C'leT rrpl!Mor o MexaHli3Ma npn rrornomeaHB rr - Me-

aoHa aa noncacTeMe 
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