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I'IlIqloreoXHMHtleCRHki M9TO,n nO}tCKOB 30JIOTa HMeeT 60..1ee 'JeM 40-JIeT

~ HCTOpKD. B R8CTORmee BpeMR ,nOR8S8H8 B~COK8R ~OHHaR cnoco6

BOCTI> 90.11018 B l1PBpO,nHlllC BO,nax n YC'l'SHOBJIeHa B03MOlKROCT:b 1l01lC}(OB 

ero MeCTop~eKZH Ha OCHOBe nOTOKOB 11 OpeO.11OB ~icceHHHR B no,nS9M

aNX 11 rrOBepXHOCTENX BO,nax 30SH rHnepreHeaa /1- • 
BMec're 0 T 6M , RaH60.11ee nepcney.TlIBfwii. IIp!:IMoJ.! rH.IJ;PoI'eOJGlMH'{eCKH~ 

MeTO,n nOHeROB SO.11OT~RUX MecTopoaneHHM Bce ema He BHWan 113 9}(Cne

PllM9HTan:bBO~ CTa,nKZ 11 npaR~eCKH He lIcn~syeTcR npoK3BO.nCTB9HroW~ 

reOJIOrH'JeCKHMB 06~e~HeHRRMH. 

B HeMaJIoil CTerreJW 9TO 06YCJIOBJIeHO TaM. 'JTO umpOKO llpHMeWleMhle B 

nOllC}(OEO~ ITpaKTKKe ROAneRTKBHHe MeTO~ ollpe.ne~eHRa MHKp03neMeHTOB B 

IIpHpO,lfdlDC BO,nax (JITII-BIITP 11 TID'l). OCHOBSHHHe Ha COOCBJK,I{emm 3~e
MeHTOB pa3J1H'llWMH I<0JlJl9KTOPaMH /87, He3t!J.PeKTlIBHIi llpH nOHcKax SMa

TOPY.nHHX MeCTop~eHH~ no !lp!:IMOMY nOHCROBOMy rrpHSHaKy. 3~~OTO HMH 
lL1Dl Boo61U9 He onpe.neJUIeTCR (COOCBJKJ{9Irne ero MeTO,llOM TID1 COCTaBJUIeT 

Bcero 30-40%), Rm onpe,n8JlS:l9TCR (MeTo,uoM JITI1-BIITP) JOOil:b B cJJY'Iae 

BIiC01<HX co.ue~1j.! - 6Mee 3 t~r/~. llpe,uan 06HspyxeHHR ~ 
MeTO)t8l_m. oCHoBarrmdi Ha RORI\eBTPHPOBaIDrH 3MOTa cop6eIlT8MH. ,ll.OJIroe 

apeMR He rrpeBlWaJI 0.01-0,025 r,mr/JI, 'JTO B 60JI:bunrnCTB9 CJlJ~aeB He

,ll.OCT8'l'O'ffi0 .IVUJ BW{BJlemtfl 3aKOHOMepHocTeJ.! paCnpe,nM9HliR 30J10Ta ,nSllte 

B SO.11OTOIIOCHUX pal\CHaX lIS-3a er o IDI3KlIX co,ue:plilaJfEli B rrpnpo,uHhIX 

BO,uax. 

Uollpoc 0 KOHnOHTPBURRX SO.1IOTa B BO~ax ~ocWepli TeCHO CBR3aH 

c npo6JIerAo~i on'pe~eJIeHH.q KJlB.PKOBhlX CoiJollOBlDC) cO)J,ep!Ulilllii IIp>! npoBe,ne

Iflm I1U(porOOXHMlf'leCKI4X nOHcKOB. B cwry 'lero flBJlSle'l'cSJ I!CKJIKllUIT8Jl:bIlO 

B1<TyM:bIIllM, Ii Ha HeM He06xoJlllMO OCTaH08KTbCR 60.1Iee nO;IU)06ao. 

H8.l16MC:B rrpe,ncT8I!liT8Jll>Rble ,naHHLI8 0 KJIapK8 30.1I0Ta B npecHllX no,u

SeMHliX BO,nax SOHH SRTKBHoro BO,ll006MeHa nOJIY'leHH }J)!Ji 06J1acTef,\ YMepeH

Huro KJ1BMaTa . K.naPK 30JI0T8 nO,lJ,3eM,HHlC. BO,n Ta9J!tHHlC. ;ra1\l~[MtllToB OKa38.n

CR paBeH 0,008 ~~~ (428 aaanK30B). a ropHQ-CTellBHX - 0,004 MRr/~ 
(598 8H8.IUl30B) 9. . 

PatSO'l'aMH /1,4/ B npecHlDC no,us eMENX BO,nax Ta8litJlHX JUlH;II;IIl8!fyOB 

.na.m.HSI'O DoCTOKa YCTaHOBJleHO cpe.nHee co,nepllt8.IDl6 SOJIOTa 0,0026 MF.r/JI 

(156 a.HaJm30B) , 8 B BO,uax Eimce8.cKOI'O Iq>JllIt8., 386aJlRaJI:wt, ca..'Umpa, 
Ky3HeltKOrO JuIaTay, AJITaJi 15 ~oll Mo3I'OJ'lHl! (555 8H8.lIB30B) 

- 0,004 MKr/JI llpHBo~ /9 RAapR 30J10Ta no,naeMEHX BO,n npo~ 
MHOI'0JI9THe! MepSJIOTii (NeHee 0.012 MKr/~). ,non~eH )J.aHBHMK B.H.Ma
KaPOBa no B:Ky'l'Bll (0. 001 Ml<I'/ on) I! Ii. A. BoPOTH.l!KOBa no 1iyI<oTKe (0.003 
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MKr/x) 11/. Occ6ym rpymIY IrpHpo;IOOO{ BO~ upe,ll.CT8.BJlfDOT COJIOHOBa'l'H9 

rpyRTOBli9 BO,ll.H I(OHTHH9HTa.JlI>HOl'O sacOJIeIDUl, B KOTopm; nOBHlll9tmli9 

KOun9HTP~ SOJIOTa 06BBaHH upon9CCaM HCnapHTeJIbHOrO K0Hn9HTPKP°Ba

HIDi . COOTHOmeHH9 MaM.Icr paCUPOCorpaH9HHeM npeclWX BO,ll. BWileJIa'UD3aHRJ'I 

R COJI9HHX BO,ll. KORTHH9HTa.JlI>HOro saCOJISHRa COCTaBJIff&t 4:1, a cpe,ll.Hse 

CO~9pzrum9 SOJIOTa rIO 574. 8HaJm3aM ldSM9HJISTCll OT 0,0015 w.u:/Jl B Iiy

.nyH;U;HHcKoR CTeIDI, ll;0 0,084 M1U'/JI., B CTeIlRX yMeperr0I'O IlQRca, iJltHo:!t 

IAoHI'OJIlII'I, UeH'J1laJI1:JIoM KaaaxcTaHe it CpsnHei! A3IDl 1,9/• 

13 nOBepxHocTHHX BO~ax Dra B.CH6spH no ~aHHHM Ha-Ta reoxHNBH 
HM. A. II.Bimorpa.n.OBa CO AH CCCP, cpe.ItHe8 CO,ll.9p1l8.Rl!e SMOTa (1624 
amulHsa) COCTBBJU!ST 0,005 MKI'/JI. AHaJ:[or R'IJI1l! RJIaPK nOJIy1JeH .IV1li peR 
it 03ep 3a6a1KaJIha no ll;aBHHM reOJIO~Sc,oro HHCTRTYTa DypHTCKoro 

!JilwIa.na CO AH CCCP no 2976 8HaJIRS8M /5 • 
)J.aJ-Iluie sapy6ellHHX ilCCJl8ll;OBaHH~ no COll;9paamno SOJIOTa/9/lIp8CHHX 

BO).\8X MHpa H8MHOI'0'IRCJl8l1llH. ,ll.JlRBIrnI'CTOR R K. Typ8KSIF1 9 IIplIImM8JOT 

¥EWR SOJIOTa ~ P8tffiliX BO,ll. paBllliM 0 , 0 02 MKl'/ JI.. ITo ,Il.aHBHM B.3I:nw 
/9~ npecIme p e'ilWe, nO~eMHH8 II osepHH8 BOltii co).\eIl1t8'f B CP~IUUllM 
0 ,011 YRr/JI. SOJIOTa , a nO).\3eMHH9 BO~ illB~ xapaKTepH9YDTCl1 cpe).lHHM 

cO,ll.e,PllaHlleM SOJIOTa 0 , 003 MKr /Jl. 13 CBO,ll.Hoi! pa60T9 P.Eo!JIa /7/ -yKB.

3 1:lB8.8 TCH , 'iTO CpelJ;HR8 KOun9RTpan;ID! SOJIOTa ~ HC9X UP9Cma: BO,ll. HHlt9 

0 , 03 IfJt..! '/JI., rrpH STOM 0n.19'la9TCI1 BIiICOKM l:l9paBHOMepHOCTb B paCllIJ8,[\8-

JI8HRZ c?¥~n 90JIOTa. TIOCJl8,1l.Hee nO).\TB~a8TCl1 it P SSYJIbT8TaNK 

pa60 Thl , B KOTOpoit Ha. OCHOB8HID! aHaJm3a 41 np06il BO.D. , oT06paa: 

HHX B SaDa,Il.HOa 'laCTR C09~eHHHX lliTaTOB AM9pKKR R AJIRCRH ( 15 KOTO'l

ImKOB, 15 CI<B8ZHH, ? pe"IHhIX BO,n H 4 .lU>yrmc TmJ8 Bo,a,), YCTallOBJI8RO 

Cp8)l;H99 CO).\9pl1taHl48 SOJIOTa 0 ,005 MKr/JI nplI ROJIs68.KWtX R01lI{eHTpan;d. 


B OTJJ;eJ[bHHX np06ax OT M9Hge 0,001 ).\0 0 ,036 MlU'/Jt. IIPlI 8TOM MaXCJl


MaJIloHR9 ROBU9H'1'p8nlIIit SOJlOTa (0,035-0,036 NKl'/JI) BWJBJIeHH B ,Il.BjX 


npo6ax C BRco1<ol NmlepMB9~9tt (paCCOJIli) H py.nHJmlHlC BO).\8X 


(0,023 MKI'/JI). 
n p 9,ll.CT8BJl9HI11 0 OO).\9PlIUlHliD:l sOJIOTa B BO,ll;ax r.ny6IDnIHX SOH nm:po-

CflJepll WOry']' ).\aTl> nO,l{S8t.01H9 Mlm9pBJU>1IY9 BO.!tH, p8Cnpoc'l'p8ll8HBHS BO 

BC9X R.PY1IHHX apT9S118lJOJtIIX 6acC9ibiax I[ no.ncTl11I8JlIUIX 1[[ IqlllC'l'Q.1LIl]f"I90

1Utt nopo).\ax .no r.ny6mm B H9C1<OJI],KO ,n9CllTKOB iGL1IOM9TpOB, BKIIIJIlflIi 

Iql1lC1'8JIJIlI'Ie009 nopo.ItH S9MBol ROpH . HtU'P9TH8 ).\0 2Q0-3000C • 60J1'39. 

C 8Tl1X nosmtd RaJ[6om.am:1t lIHT9peC IIp9,ll.OftlWDl'l' 'l'PiI OCHOBIIY9 .rpynmi 

WJlHepaJlloHHX BO).\: I - XOJ1OJUlYe yrJl9KBc.mI9, 2 - lCpeMHllOTI:IS Tepm.1IIolGl8; 

3 _ C0J19HW8 BOJOl • pacCo.IH (,ll;a.HBBa 0 co.nepsamm SMOTa lJ 8TU BO,nax 

IIplIBe,n:8Bi1 B Ta6JI.1). HaJl60JIee I:llISKlIe CO).\epII.9.HlIJr 30JlOTa xapaKTapml 

,11,JIJl a;30TIDiI T9pMa1U>lQIX BO).\ v6JIa.OTeI HOB.1Imo: ropoocipa90~'re.m.ma 
;IUmaewd. a B8ll60Jlea BIiOORll6 - ,n.JJJl rIUijIOHpl 06.i8.oTel! OOBp&1Il6RHOro 

2 

BY~8HRSMa. TaR, B ~OTepMax KpaTepHoro os epa TpoRUKoro Ha By~a

He M.C~ 11 B ,l{onEHe Y90M Ha KaM'laTRe, CO,ll.e~e 3 0J10Ta ,l{OCTH

raeT 20-28 MlU'/Jt. 
3onOTO B C0JI8HHX BO).\ax 11 pacc~.ax , r eH9TRq9CKH CBI13aHHHX C oca

,l{O'lHHUH nopo,ll;aM1l nna~PM8HHHX 6acoe~oB OCa,Il.KOHaKOnAe~ ~yqaHO 
He,l{OCTaTO'lHO. TIo STONY BOIIpOCY KMeeTCl1 ~ O,ll.Ha pa6 0 Ta to . B Ko

Top oA pacCMOTpeB xapaKT&p pacnpe,l{M8HIDI 3 MOTa B C0JI9HHX BO,ll.8X H 

paOCOJIaX H$9rasoHoolWX OTJl.0lit9Imti CSBepa TOMCKOa 06JIaCTK (3an~HO

CK6l!pCKidt apT89IW.HcK'Irlt 6acceShr). h0JI8e up8;n;CTaB.HTeJIl>HHe ;n;amm8 IIOJIy

~eHH B rI0CJ1e~e9 Bp eMR (M.C. AoMOHOCOB, hl.~.KYCTOB ) ).\JIfl COJIeHHX BO,ll. 

H paCCOJIOB nmoli 'iaCTR CH6l!pCKOA II..'Ia'D!>OpMll, 3aJIeraD!llIDC ,no r .ny6mll>l 

3 ,5 HM. CC,Il.eplilBHR8 30JIOTa B HKX K0JI86JIeTCR OT 0 , 006 ,Il.0 0,026 MKr / JI. 

B Ta6JI .2 upHBe,neHH pac~eTlill8 3Ha-qeHIDI KJIaPRa 30JIOTa B pasmrnrnx 
BO,nax r~o~epH*. 06p~eT HB ce6R BHHMaHRe TOT ~T, 'iTO B OT~
'iRS 0'1' IIpEll!UlltlC l!CCJIe).\oBaHldt, H8 YC'l'aHOBJIeHO pa3.7m'lHH MeJK,JJy KJIapKOM 

3MOTa npecHHX no,nseMHHX H nOB8pXHOCTHHX BO,ll., KOTOpBM OK83aJICR 

Bl:mle KJIapKa BO,ll. MHpOBoro oKeaua . 

HaE60JI8e m1COlG'IM KJIaPKOM 06JIa,n,am COBpeMeHHlile I'll,llJ>OTePf'/lli ,Il.0J1I'0

11mBymroc BY.lIlUUfiI'I ecKIDC neHTpOB , ROToplie Ta.RHM 06paSOM l1BJIID)TCll 0).\ 

HHM liS OCHOBHHX rrOCTaBmaROB 3 0JIOTa B r~ocwepy, H, KaK HaM np8,1l.CTaB

M 9TCH, B 9Ha'll!TeJIhHOii Mepe onpe,ne.rurm MeTaJL1IOreHHll Pl1l!JTOBllX CBCTSIII 

OReaKOB R THxooReaucKoro nO,ll.B~HOrO TIOllCa, r,ne H3B8CTHli I<pyrrHlie 

MeCTopOlICneHIDi 3 0JIOTa. npa aTOM B 06meM 06'beMe nO,ll.38MHIDC BO).\ IqlHC

TaJIJIH'l80KKX nopo).\ 38~mOn ROpU COBp8M8HHHe rH,Il.pOT8pMH 06naCT9~ aRTHB

HO~ By.nRaHH~80KO~ ,nSRTeJIhHOCTH, 8C.JIR HCXO,nHTb KS DJl0~~ pacnpO

CT,P8HeHRa By.JIKaBH~9CKKX nORCOB , SaRHMBDT 1/ 1 0 'iaCTb . 

JWPR sMna l'lUUloc¢>epH, C yqeTOM 8.I1,lmOBPSM9HHla o61.9MOB OT.o;em.

MHlC ae BlI,Il.OB, OR838JICll paBHliM 2. 2xIO- 9 ( B8C.%) , 'ITO Ha nBS no~ 
M8Hldll8 MaPI<8. 30JI0Ta (4 ,3xro- 7) seMHo/r! ROpH no A. TI.Blmo~OBY IIi. 

YCT8HOBJI9BHHe KJIaPKOBR9 CO.o;8pJW.HH1i SOJIOTa B pasJIlt'lHHX mmax I'H,Il.

poc4!ePH MOI'yT JIB1lRTbCSi OCHOBaHB8M JJ,JJJ1 mmM8K1U[ PrnJlI:lX aJlowa.mdI' 
SMOTa JIpB JIpOBe;n;eHlDI l'l!lij)OreOXllM1fllecKBX n OBCKOB B p8.9Jlll'1UlHX l'e0Jl'0

1'IJ1ISC1<RX YCJ10BJUIX III cnoc06cTBoBaTl>, T8KHM 06pasOM, ).\aJlloHs!msyY 00 -

BepmeHCTBOBaHHD caNOro ~r80~9CRoro Y9TO;n;a nOBCKOB; KaR n ono

lIlI'l' em.JWlt I!pl'IM9p llPie,8Hllll U00JI9,I{Bero SiBJUlIlTCll IIC0JI9.nOBaHWl, upoB&

).\8HHH8 B 3a6a1KaJn,e 5 H8. pa3BS).\aHHHX, HO H8 0Tp8.6aTllB8.8IGIX ..acTO

~8JnIJIX H IIpOJIBJIeRBJIX SOJIOTa, '1'.8. B yc.nOBWDC, BCKJLIl'i8IIlIitX BJIlUDIH8 

TaxHOI'8BllOro S~HeHliUl SMOTa npllPO).\BIiX nOTOKOB paC09SUDl1l. Ha . 
WlO~ 650 ~ 6W10 OT06paHO 2690 BOl{HHX up06. KOHU8HTJl8IWl sonoTa 

B BO).\BHX upo6ax BaPlol!l>OBEUlBCl> OT 0,0005 ,l{0 0,952 MIU/Jl. Cpe.ztmte 

• PaC'I9T upoBe).\6s H.C.IOMOHOCOBHM. 
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Ta~ I 

Cpemme conep:sa.w!JI SOJIOTa B Bv,ll;al. rJJ:Y6HHBHX SOH I'II.U.POCIl>epH 

Kon-BO McTO~PaltOR 
MJf.r/JI. SHanMSOB CBe.ne~ 

XClJI.OlIJ!He YI'.neJ<lC.11}!e BOJIli 

UpB6~e H 3a6~e O, OOS 12 HlJ-T reoXl'!Wm 
CO AlI CCCP , 
r80JIOI'lA'.InI- T 

~c~ 
AsoTIDie TepMli 

Ea.WtaJn,CRBJl pHJllToBWl SOBa 
II 3a6a.IKaJr:De 0, 0034 32 _11_ 

Yr.neMCJlHe TepM.b! 

IIpi16a!Kam.e H 3a6aitKaJn,e 0,0067 6 -"
M8TaHOBH8 TeVMJ,! 

_ u_
IIp1!l6Wam.8 0 ,008 3 

COBp8MeHHHe ranpoTepMH no.nroEKBymHX 
By~8CKHX neH!poB 

_11 _Ka.r.RaTRa 11 KypWIl>CKH8 OC TpOBa, 

9IIaYJlteTKa 0 ,38 
ilmo-KBM68Jll,HH8 T8~onpORBJleIDlJl, 
mapOJDi ByJIltaHa 3~el(Q , no.mma 
fetrn epoB 0,66 S _fl_ 

U,Osr, 2CeBepHaH AMepHKa 
HnOlmJl 0,53 27 

HOBWl 39JlB.B,1l;ll1J 0,20 7 

CMeJ:U,!8 BOlW • naccOJlH 

C0JI8BH8 BO,D;ll m'a ClI6HpCKOB; 
14 HB-T r eoXBMlDlIIJIa~:pMIi 0,009 

CO All CCCP
HH-T SQMHOI 
~COAH 

PaccOJD,l lII'a Ca6HpClCoft ttn.a*I»-!H t 

B TOM 'DIMe: 


a) x.nop1l;ltBH8 Ba'l'pll8BHe O,0I5 13 -" 
_ 11

I)) XJIopllllBHe RaJIJ>llil8BH8 a , 013 6 

CcneHYe BOlDi 11 pa.oco.'IH m'a 3ana.n.
Ho-CI6xpcKoro apT88&aHOKOro 6ac
ceitRa 0 ,10 20 IO 

SPaOCOllH DmoA Ka.1nnJ?opmm 0 , 036 2 
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l!K>IlOBHe co.n.ep1lt8HW1 SOJIOTa B up0aH8.lIK3BP0BaHHIiX upo6ax paBJIH 0 ,004 
MKr/n, T. e. Ha~oASTCfl aa ypOBHe KnaPKOBUX CO.n.e~i~ B npeCHHX Bo

.n.ax 1'H,DJ?OcWepH . TOr.n,a K8K B npe.n.e..nax p:rnonpOJti:lJIeKJrlt KOm:(eHTpWJ;IIl! 

30JI0Ta B BO.n.ax ~e3KO B03paC~aDT . ITpR 8TOM rrpOTHaeHHOCTh BQAHHX no
TOHOB paCCeHHRH 30JIOTa , CqHrafi OT KopeHBoro BCTo~a .n.o TOqKH 

OT60pa nocne.n.He ~ rrp06J:l e aHOM~HHM co.n.e~eM COCTaBnaeT OT 

0 ,6 ,1l.0 1,2 l<M. 
~9BecTHHe KopeHHHe 30JIOTopy,nHHe MeCTo~eHRB ~e ~acTO '1aTKO 

BH.RBJIJII)TCJl. I!OBWDSmmMli nc OTSOWeHRll K KJIaPKY rrpSCHIIX BO}!; I'H;IU)oC¢e

pH KOHIJ.eR~.m SOJIOTa, aaxO.llJDllerocSl B BO.n.HHX nOToKax paCOel!lIllJl 

KaI< B paCTBopeRHOM, T8K :It BO B3BemeHHOM cocromnm . 

IToKaaaTanhHH B 3TOi OTaOmeHKR ~reQXRMKqeCKBe HCcnS.n.OBaHHH 

T.r8MHJThTOBa 1I lUJ . / 6 aa 30JI0TWC: nplOICR8JC B 1QI'00BOCTO'llIOit '1acnt 

ABcTp8JlBl! (EaPPIDU'TOHcRHiI. 14 .lIP.). Ea.PPIDlI".coHcKoe 30JI0Topy;lJ.Hoe MBC

TCp 0lH,ll6HHe DJJOll\BJ(.blO 60 ~ rrpe.n.CTaBJl6HO 06or8llJ.6HflID4H cym,q,l'Ul.aMR 
KBapL(eBHMlI JOJUIMH, saner8lll\l1Ml! cpe,ItH qepHlilC CJIal:U(eB. neC1J8lI\Il(OB 

.R MeTSMo~oBaBHHX ROHrAOMepaToB. Co.n.epxaKaR sonoTa B Bo.n.e 

p .Kon~, lUJ6HBP~6~ PY.1l.ROa none, ROJIe6nDTcSl OT 0 ,028 .n.0 0,130 
MIU'/n. IIp_ 8TOM MaRCJI!Y8JIl>HHe ROHIteH'l'p8JlIDt SOJIOTa (0 ,123-0,130 ra.r/ni 

BIUlBJl9JIH Ba yqacTRaX p eRll lmlle p;rnKlf'l1UlX OTB8JIOB H XBOCTOxpaHKlIlllIlll. 

TaR Ralt np06H BO.ll.H 6wm rrp<$iJn.TpOBaml "Ispes cllWlloTp ,ltH8M8T:pCU 1,2 
YKM , aBTOpH O'liITam , 'ITO o~.n.eJI.eHHOe BMH 3MOTO HaxO):tilTCSl B ~e 

Hc TJlHHOrO pacTBOpa , 1<0JIJl0H,1l.0B H opramI'leoRl!X ROM1IJleKCOB. CO.!lep.~e 
30nOT8 B TBep.1l.0A BSBeCB (~R~~ 60JIee 1,2 MRM) ROJIe6JI.ercfl OT Q,006 
.n.o 0,044 MI<I' Ita JIHTp oTCPHJ11,TpOB8.HHOa BO.ll.H . 

ITpne.n.emme rrpm.4epa cB1I,I1.eTeJIhCT13yDT 0 TOM , "ITO Kopemme ..ec'ro

pOlI;lXeHllJl B 3 0BH SQ.)lO'fop:rnBoA MRHep8Jll!3auBll ¢lKKcupym'CJl CO.1l.Bps.amtRMH 

SOJIOTa B BO.1l.mIX nOTOR8JC pa.cc emnm. ::xpeBJllll8mtmm KJIapR I'B;lWOcit-ePH 

0, 022 MKr/n. TIp]! 8TOM , Ralt nOKa3HB8.eT 8JlWIIlS pe3yJIloTaTOB F-~ol'eo
xmm<IecXBX nO]!CROB SOJIOTa B paa.!nI'nIlIX .lT8R,Il)D$um: SOHaX /I,4=-6,12/ , 
Mal<Ci!MaJI:bHWe ero ROHIteH~ B BO.1l.liHX IIO'l'OKaX :paCOBJlBlUl sonO'l'opy,ll.

HliX MecTopc~eIm~ 06H"lH0 lie npeBHJll8l)T 0,5-1 ,0 ra.r/JI, a "ypal'8.HBHe" 

co.n.eplll8BllSl (~J 28 MKr/n) . BwmJIel:lBliB B OOBpewBHHHX l'B.lUloTepMaX 

Kar.Na.'l'R1!I , Dem BJiYll npBPo,.n.y 1I OBJJl3a.HH CRopee Bcero c Ba'laJI},JD,IM 

9TanOM cllopopoB3.KHJi ..eoTopOll.D:emd\ SOJIOTa. B8 ~o oo:ap8..BHBHe 

I'H,1UlOTepNII .1l.0JIl"0UBYIIIII ByJIR8.RlJ1ieOKJIX D.8H'lpOB lOIeln' camdl BHe oRd 

JlS BC8X 1lP~.ltma BO.1l. RJIaPR SOJIO'1'8 (0,455 tlBX'/¥.) . 
He OBJJl3aHH 0 90JI.OTOpy.n.BliWlt N8QTOP0ll,ll.8DSD11! OOJlaHWe BO,1l.H II paoeo

.lIH , B J(OTOPWX BHOO.Kll8 ItOBI4ell~ So.:lOT8 (.ItO O. I te.:r/Jl) od'bJTCWII71'

CSl npc.ItBCcaYll IlCnapD:reJI.l>I:fOro itOBl{8B'1'pIlpOB8lDISl. RIUt B .u.p8BBBX OOJle

po,1l.BliX 6accdaax OC~OH8J(OIlJ[alllU(. TaR Il OOBPew8mna: JlBHllJ!lBIll'rax OT&
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nel III DyCTHHlo . H8M8JloBSDYXl pOJn> 9.1l.eCl> lll'paJlT ~ n 8peHoca SOJlo-

Ta. BliOOR8Jl KOBl4BH'l'pruntJI RCNlIJIeRcoodpaaoBaTeJI.BI B MIlHepeJDISKpOBaHHHX

BO.1l.8X SBJIfleTCSl npJtlD!BoA TOro , 'ITO MeT8.1.lJDt'ieCR08 SM OTO SBa'lBT9JIhIlO 

l!H'r8HCKBBeB nepeXO,1l.iIT B pacTBO~, 06paays "JIOllBHe" 8H0MBJIlIliI. 0006ea

HO 6om.IJIYIl p om. npll 8TOM BI'pa1lT XllopB;l(lIHe KOMIlJleRCH SMOTa. 

B 8TOt! OBIJSlIl ,lI,JlII IIOBHlllBHlIIB s<IxPeRTImHOOTB: l'l!l(pOI'8OXBYlf'1eCROrO NB

TO.1l.8 n OIlCROB Beo6x oABYHM ycnOBIl8M SlBJI.ReTCH BHHBJIeHK8 lcxoBHI I'H,1Ul0

reHBoro ROHIteHTpBpOBBHKS • clloPN ~ 8QaOT8 B SOKe rKDepraHBSB. 

118 OCHOBe &ROUepIDll8HT8JIbHWC llocn~oBaBJIA B r:mallllto-xmorqeORoro YC.1l.8

JIlIPOB8lW!: sa Slid. lJB:cnSImoe MO.IteDpOBaBlle IIplIPo.n.moc nponeccOB C 

IIOMOIl!Ml Slid. OOHOB8BHOe as pe&lIloHWC CO.1l.ep!l8.Bl1HX SOJIOTB B ITpKpO.n.moc 

BO.1l.8X , nOSB0JlS8'l' Halt60nee IIOJlHO pacKPHTh r eOXlDlll"leolOte OCod8RROCTH 

IIOBe.ltBHKR SOJlOT8 B Boae rznepreHBS8 III n eJI.BaanpaBJI.eHHO B8CTE nOIlCKH 

ero M8QTopa:I.Ilemdt 

Ylle nBpBHB peSYJIl.T8m TaltIlX pa.60T Ba O,1l.HOM B3 3onOTOHOOma: pait
OROB CB6BPll nOK8SaJIB HeoOMBelIHYJl nepcn9RTlIllHOCTl> 8Tore HaDpaBJISHlIIB 

I'B;lWOr8~9~ IlO0JI.9.ltOBaHZl. B P BSYJIloTBTe ~SlRo-XKYI[qeOR01'O 
YO.1l.eJIBpOBaEB.R 13 0 Kcnom.30BaHltEIM ITpOrpallYHoro R0MIU8RC8 "CeJI.SR

Top" lCT8BOMeHO, 'ITO B YCJI.oa.sx ode,1l.HeBllSI KBCJI.OPO.1l.OM aaapaBJIeImOCTl> 

npoIlecca ~B8lW!: Xl!II.m'ieCROrO OOCTaBa BO.n. 30BH :nm8p reH8S8 ~BT 

~ CTOPOBY npeodpaaOB8HHR cllol* SOJlOTa .a l'II,lUlOKCJJJD.BHX B I'IOij)OO~OIl

X.lIOpJOtIDa (Au OHO , [ AUCl.(OR)l- ) B ltONllJ1eRC, CO.1l.epJr8llld H2S-{AU(~S)~~ 
B 8TU YaJ10.BllJlX npoKCXO.ItBT pacTBOpeHlle 80Jl0T8 II mmoc 81'0 'lp~0

DJ[l,BJDO[ BO,D;8ID n o 8 0Hall TEmT0Kn80lt1lX B8.pyI!8m. np. C11811t8DJl TP&

..,-HRI)-Dnma: IlO.1l.S8IIBHX BO.1l ° IlOB8pDlOC'fllHlOl , BOOO'1'8.BOU'fe.m.ml8 y c

.a0UJ( OM811.1DY.rCR OlOlOD1'eJIl.fDDIK. KONILlIeRCW 80Jl0T8, CO.1l~e oeposo

.Itopo,u. IlepaxO,1l.SlT B l18J[oycToluBIIB K0MIJJ.I8RCH C 00-, 01-, _ AUse ape-
o 

J[CXO,1l.JrT IIO'lTJl IlOJlBOe lIl(Il8J[eHlle SOJlOTIl B cllol*9 Au • STO'l' IIpOIleoo 

SOOIT IlOCTORBBKI X8paRT8p, B pB8YnbTaTB B 90H8 rKUepr8R881l npo.CXO

.Jtrl' odpaaoBaJDe BTOpnHYX ROBl4ea'1'p8D.d SOJlOTa lWt MB'f8Jtl8.. B paccwo

'1'pBHRHX y cxolWlX IIpll CO.ltepaaHD. 80J10TB B TpE!II\BHBo-u.n.BHX BO,ItaX 

2,4xIO-6r / JI _ C}IMlPHOM pac.x0.1l.8 06men pa.srpr.llOI 10 11/c S8 100 mc . 

JIST B SOBY rKDepI'eS8S8 no0 '1'1l18e'l' IlOP~ 70 TORR Me'f&llll&. 

ITo B8JDBIiIJ MHeHDl, 9'1'0 O,D;D D IIJ'l'81 ~B8B1Il 80JlOTOHOOma 

pocoliIJ81, nOIlOD ltOTopHX, BaPW ° 1t0pea:moa MeO~8BJ1.1DD16MOryT 

I .It0DllW OOJlI'eCTJ!Jl8ncH C nOUOIID>J) 8ltOnpBCOIIIIX l'Ilij)OreOXJDOflleolOlX 

M9TO,D;OB. O~O .1l0 HaOTORlll9l'O BPeM8H1l 8Q.10'l'OHOCHBe poccmm: B8 JIBm

DOh o6'I.ex'l'C* T8JCU DOBOlIOB . Eoaee 'foro, .1l.0Bo.u.BO 1Dp01t0 PflOlIPOC'l'p8.

BeBO~8De, 'ITO POCOIIIIJI 8Q.1OT8 He odpe.ayur BO,llJIIIX 1I0'fCDOII pao06ll

DJJ • &ieO'fe C 'reM, K& OOKOBaDII npo~8.Ileama B 1I0o.&exmre 1'O.D.H 

J:CCJle,ItOBaHd B OJJ;HOII 118 py;ItHBX patOHOS 3a6aI:Ka.u.H loTSBou eH cllaJtT 
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http:KBCJI.OPO.1l.OM
http:YCJI.oa.sx
http:BO.1l.8X
http:BO.1l.8X
http:RCNlIJIeRcoodpaaoBaTeJI.BI
http:OBJJl3a.HH
http:nOKa3HB8.eT
http:TBep.1l.0A
http:1<0JIJl0H,1l.0B
http:nocne.n.He


!!WllI'rnH Cneu;m1lH'l9CKIDC CJlOJKHHlC TIl) CTpYKTYJ?9 JmTO~OreOXlWlf'leCIGIlC 

OpSrurOB paCCGRElSi Sc...10Ta Ha.n PYCJIOBl:lMll poccunm.m: /. OcHCBBloI9 pe-

sy;n,'raTH BIffiOJlHeHmIX HCCJIe,n;OBaIIlIJ C.BO.D.RTCfl R c.ns;ryJlI;eMy, B pyc.nrJBlDC 

IIO'l'ORaX l'lUJ;pOX1llMl!'leCKOe nMS pacce.JJHIDr 30JIOTOliOCHll:\ poccl:lileii xapaK
Tepllsy e Tc fl l(OlD..(eHTpaJ.t.WJi,m 30JlO'ra Oo.:1ee D,or MIU'/JI, 'ITO YlIte CaMO n o 

ceO~· IlruL"ISTCfl nORCKOBblM nplJ3liaKOM . B Ij'lWII:.Tp a.'re , .rlJlUh3HRCM ldHHepaJILtmlC 

3B€Cil~i , KOlD..(elirpal.\llll 30JIoo:-a onpe,n;eJIf:HB. lUi YPoBHe O,l1025--G,Otl) Itllil'/JI, 

'!." lie npe8HlllB.eT KJlB.pR 3o,,'IOTO npecHllX. 1l0,n;SBW!lD: BO)l 1'1 3Ha'UlT9.ltbHO 

JOOI[e KJIaPKfl :rE;D;PocqJepH . l3ca rpaHyJIOMeTpH'leCK1'Ie ~ .lUITonmporeo 

:mMIflieCKKX OpeOJIOB paccemmn COltepataT SMOTO B l<OHll;eH~ 0'1' 

u, J3 ;no 5,41 r/-r HrulOOJIse "npOJIYKTl'IlIHOt!" }1BJlffSTCP. \tJpaKI:l;Wi C PS3M8

po~ ~aCTzn 0'1' 0,001 ltO 0,25 MM. ilPH STOM ~ O.05-Q,Q1 H O,QI
~,OOI MM HBJLmOTCfI "npo.n.:yl<TKBHUMPI" RaJ( no K0JIlrIr8CTBY np06, co,neplla

IIIID- SOJIOTO (91-75%), Tal( II ITO KOrmSH'IpaIJ;!!lI SOJIOT8. .Il0C'l'm'aDil8.: 

COOTBeTCTBeHHO 3,7 1'1 1,3 T IT YCTaHOaneH ~T ~ SOJIOTa B ~vH

ROn6JlBTOBO~ (rJlHHllCTo-Ronno~O~) ~axnan ( MeR8e 0,001 Wd), npz 
OTCYTCTBKB ero B ~Rnb~Te , ~TO CB~eT9.ltbcTBYeT 0 rrpBCyTCTBRH TORRa

~cuepcHoro , 13 TOM ~CJI8 1'1 RonnO~Oro SOJIOTB 13 ~To~or60~8C

~ opeQnBX pacceHHRR. K~eCTBO npo6. co~e~ 3~OTO B TOHKo

DeJ1}JTOBoll \PpaKU;KH, COC TaBHJlO 5B%, a ero KOrm;eHTpImWl B OT,il;9JII,l:IllJC rIPo

oax ,ItOCTBI'aeT 0,2-0,36 r/T . Kp OMe 30JIOTa, B TOHROne;mToBoi'; ~ 

rrpacYTcTBYM r.:nnmcTIle wmep8JIli (I'E;lQlOCJIJ:Ulet, Rao.n:mmT, C.lI!\D.a, pe.D;Ko 

MOH'n>10pwmOKBT), TOItKOJl,ifCnepcHlit!: lUIapu, no.neBlie lIIllaTli a OKBCJIU 

lleJl6aa. C!J;im~0H1WM M8TO.ll;OM CnOR'i'PaJThHOrO anamma, ~p'a60TaR

JmM B lli-IcTH'lYTe r80xm.nm mo! . A.ll.Birnorpa,noBa CO AH CCCP 7157, Bwm

.lI8HO rrpeo6.na,namJe aOJIOTml c pa3MepOM OT 2,5 (lIlil3UII!!it npe,It9Jl IPHR~ 
pasMepoB SOJIOTmf .ItaHllllM MeTo~oM) ;no 16 MKM H 60JIee BO ~ Me

Bse 0,25 MM. B 6Mee Kpy1IHlDC l:f!paKI..camc ~a.cTI!UE SOJIOTa OTM9'1amCE 

.n:mIIl> B 9.ItHRlf'lli1iX npo6roc , 
ija Bcero CRaSaBHOrO BliTe~aeT ~ nJIH DOBCROB BHBO~ 0 TOM, 'ITO 

JIaTO~Or80~ecKKX opeOJIaX paCceHHRfl SMOTOHOCEHX pocc~e! 

~ SMOTa B CaMOPO,ItHOM COCTO~ B Ra'leCTBe COCTaBHO~ qac~ 

BSB~CB rJIHHHC~~ MRH8panOB a OKBCJICB xsnes a , rrpeO~8T Ran ~ro 
~el B BCTKBllOM paCTBope, a ~ITeHcaaHO npOTe~e B CBCTeM8 

Bo.na-nopo~a npoueCCli COOCaMneHZH a cop6~ orp~ .naHDHOCT~ 

nepeHoca sonoTa p9~ nOTORaMH .ItO 1 ,5-2 XM . 

TalUIM 06pasOM, SaJIOXeRO na'laJIO HOBore HaIIpB.B1leHl'Ui B nO)!CRoBoit 

rn:n;poreoXl!Mllll, ne.JIl>HeAmaJ:i paspaOOTKa l! rrpaK'lTJecJ(06 rrpHM9H8;m6 

KOToporo OTKPHBa8T mHpORRe nepOn 9KTRHM ilORCKOB SonOTOHOCHNX pOCCHn8~. 

nOCTHMeHRR B O~~CTK paspaooTKH Teope~~ecKHX OCHOB r~oreoXBMR

'l8CRO~O M9TO,ItB nOBCROB HeonpaanaaHO croa60 BHe~RmTCR B npaKTZRJ no-

a 

RCRO.BUX pa60T. B 'IeM lite upi!11lru8 n: 1(8}(OB BHlCO;n; as C0 3;n;aBllJerOCR n o

JIOJIeBIDl? KpOMe cy6'baKTKBHl.:X, CB.HS8.HIllE C H8,JJ;OBepaeM R caMQMy I'H;IU>Q

reOXHMH'l9CROMY M6TO.llY, OCROBHO£! B orrpeJ(e.1ISDlIlsfi I1IllAKHOtt ;IVIHTeJIl>RO 

.:Ia,nepllOtif n npa1<'l'lf'JSCKOM BHa.n;pSIIlo..a MSTO.I\B flBJIReTCR TO, 'ITO BCS oe:;> 

llCMlO'f8lWl CYlIIOCTBJDlIHS MeTO.nmrn onpe.ll.eJl.8HlUl 3 OJIOTa B rrpKpO)l.J1HX 

BO;na1:, ynOB1HITBOPJllllre8 COBpeMsmmx Tpe60BaRIDIM anaJIHsa, KMelDT O;nIDI 

palll8J!lI!H! H8,UOt'Ta'rOl( - OIm otJeHJ, Re::lltcrrpecclW, Tpyl{oeMKU. a Ta:K&S 

'~O KnH CODceM Henr~O,JJ;HK B nOJI~EHX ycnOBBRX • 

.!i.IDl yaapsIDlOro o npe,uBJIelIRR 3 0JIOTa B BO.ItHWC OO$sIt'rax lfCUOJII>Sg eMB.R 

M8TO,nwta aHaJmS8 ;nOJlll:Ha HMe TD rrpelteJI 0 6nap-yltelmJI Be ),:Y71.e IxIO- r / JT.. 
i{ T8.lillM MeTO~aM OTHOCSlTc.II HB1\TpOHRO-aR'l'llBatl;lJoHHW1 B 8 'l'OMHO-aOCOPO

D;Il.OHHhln, npl! STOM BO BCSX eJIy'lrutX HeOOXO.!tIDAu npa.r;;aapa T9JIhHOe ROHl\9H

Tpl!ponrume SOJIOTa RS BO.ll.HHlt npo6 B TIOJIeBIlX YCJIOBWIX . liM81mo n OT 

STan pB60T .11.0 CHX nop sraruJe TCfl RaMHeM npS'I'ltHOBeHllfl ,/J;J.)1 nOHCKOBRKOB, 

T . R. ~e HaR60JIee COBepmSRHHe MeTO~ ROHl\SBTpZPOBaHHfI, Oo ec nS'lKBaD

II\RS Heooxo~ BliXO;n; B y.0Hl\eHTp8T 30JI0Ta (97-99%), Tp£:lOylO'l' ,ItOCTaBK 

o~Dbmoro o6$eMa BO~ Ha 083Y U0»9BOR napTKa. 
B H8.CTOJIllle~ pa6o';.'c ROHIl.eHTPl!JlOBaHl'le 3MOT8 npOBO,!l;l11JJ{ HenOCpSltCT

BeRMO He MeCTe rrpoooo'roopa. IIOJIHoe (98-99%) R C8JIeKTmlHOS iI3B.1lSli8Ime 

SMOTa .ll.OCTmraHOCb RCU0JII>30B8HB8M B KatJ8CTB8 K0j¥8,TpaTOpa TBSpnOrO 

3Rc'l'parsBTa (TB3KCa) na OCRons TpRoYTKmPoc~Ta 6. ~CCJI8.11.0B8HRR 
npOBO~ B 1984 ro~ He .nByx SonOTOpynHHX M8CTOp~eHB.RX H ROh

TpOJII>liONl ( cpoHOBO:.\) yqac'l'Rs. Ha B1l6pa!iIDlX llOJllU'OlIalC B KalI!;Ilo1!. TO'ffiS 

OT6opa I12.J!aJI.lI9JII,HO C KOHl\SHTplIpOBaHKSM SOJIOTa Ha TB3KC npOBOnwm 

CT60p np06 (no I JIHTJlY) .II.1IH aHBJU!sa B YCJIOBWDC CTamtOHaPRO~ JIa6o:pa 

TOPO, !IO M81 0.nxKS , B~e! ynapHBelUIp pacTBopa , oopa60TRY H~ 

':'mmt.m cyJILillB:naMH (He). Orrp8n8JleHlle l<OHr(8HTpaI(Im 3MOTa B 06pd3naY. 

TD3l(Ca 1'1 He rrpOBO.nn;iR aTOMHo-aocop6~ORHliM MS'l'O)lOM I'.a CU8KTpOMeTJ.e 

MO'!{eJIH 503 IP.HpMU fieplOOi- 3.JrbMep , lJpe.neJl o6BapyJlteBIDJ SOJIOTa C ~eToM 

KOmu6HTPBPOBBBHR (0, 5 JI - 0,5 Mn) COCT~ 2.10-11 r/~, CTaTHCTH

qecy.hJJ olIlKoKa Ha npe.neJIl>1mX RO~eHTp8l.l.1'lJlX He rrpSBliIIIaJIa 16%. 
Ra n epBoM SOJIOTOpy;n:fOM MecTopoJr;I(6HI!U ( pac . 1) reOJIOropaaBe.nOttHID.m 

paOOTw.m YCTaHOlliI8trii ABe pY.IJ.1IH8 SOIth - o.epBM (sana,nHafl), H8.Z60Jlse 
060rameKHaR SOJT.OTOM, _ BTOP8ff (BOCT01lHaR) JCJIaOOSOJT.OTOHOCHafi. llepBa£ 

PYl1.RBJl s ona B S~ROa qBOTlt ,npeHHPYeTCH PY'Il>SM ~ I, B ROTOPO/;! 

o'1'paO(\" .iH8 d OraT8H POCCImI. 3 OJ!OTa , BTOpaa: py:!Ul.8JJ SORa ~8HRPyeTCP.' 

tU!yMH Py1JLSDm - B l(9HTpaJl},HOl! ~a.CT1! (pyq. 1;2) II B BOCTO'lllol! (p~.J~). 

iIPOOli BO,lOl OTOI!Jlll.1O'lCb qep 9S 250 Y . Bcoro no '!'peM Bo.nOTORa\1 u: mTOJIL.

HI;! oT06pano B IIp0aHBJm3iipOBaHO no 30 np06 BOlOi JVUl KB.lI\I(oro M9TOlt8. 

AH&1m38MH YCTaHOMeaO, 'ITO co,nepmBK6 30JIOm B BOlte ROJIs6.neTcfl B 

np".i~eJIaX ~ , 002-O,03 MKr/ .n. llp~ aTOM , I10 p 8aYJI:bTaTaM a.HaJIH3a IIpo6, 
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PRo.I. 	IWoreODlMH'teCRll8 aaOMaJImI B npe,neJI8X BMOTopy:n:Boro 

MeCTOp~eKaR KBapn9Bo-cy~oro TZDa B '1epHOcnaH

noma TOJDII8X. A - ROHIl.8!1Tp:lpOB8HJII8 SMOTa BenOCpO,ll;c T

BORRO sa NeCTe upo6ooT6opa (0 IIODOJll>SOllaKB611 TB3KCa) 

E - ROHIl.eHTpBPOBaHKe SOJIOTa B yCJf.OBaRX CTaa.OBaPBOI 

Jta6opaTOPO 

1-4 - KOHIl.OIl'l'p8Itlm SMOTe (n .10-3 MRr/J1): 

I - ;ll0 5; 2 - 6+10; 3 - 10+20; 
4 - 20+30. 5 - SOHLI pasBllTWI 1ClI8.pneBoi cy.Jll4lJmHo

IIPODJIROBOtt r.nmepa.u9aII.1ll; 6 - CJ~e SOHLI 

(apceHormpa'l'-IDq>II'l'-XBapIteBalJ r.umepami(SSItM). 

7 - roPBli6 Jmpa6o'l'1OI (III'1'OJIloHH). 8 - TO~ O'l'6opa np06. 

,ll;OCTaBJI9Hl11DC B C'l'aIUlO!laPHY'fl Jl8.6opa-rOPIlll, CO;ll9Jm!lDO SMOTe, B OOBOB

ROIl (60,0% np06), ROJl&6JIe'l'CR B !Ip9;ll6llaX 0,002-0,006 tar/Ji, a B 26,7% 
up06 0 '1' 0, 006 ,11;0 a,OI MRr/l1 • DIIIl> B 4-x upo6ax (13,3%) 0'1' 0,01 110 
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0,03 NKI'/J1(Z3 STla: 4 npo6ne OT06paHH liB III'rOJIl>HK). BH;Iuio (pIIC.n, 

'I'TO opeOJ!li eMOTa DO BO,Il;OTOK8M JIpOClteDBalYl'CJJ 0l{9Hl> CJm60, B MecTax 

nepece'lemur py;IlHIiX SOil 1l0BHlllemmx OO,ll;9paamdt SMOTa B BO,ll;8 H8 O'l'Me

'1a8TCR,H py,nHH9 SOHLI 'I9TRO Be cf1intOI!p1XlTC8. HCRJII)tI8HHeM JJBJIRBTOR ope

OJ! SMOTa, YO'laBOBJIBHRllA DO rrp.:>68M BOltH lIS DITOJI1>lD! C KOBIl;Oll'rpaJijl9ft 

3MOTa 0,01-0,03 MKr/J1. 
Do peSYJll>TaTBM .e eJI8JIl!3!l 06Pa3Il.OB TB:3KCOB ,T. B. C upm.!9HeHll8M 

MeTO.zo,nut ROHIl.eH~ SMOTe 1I9nOCDe,nCTBSHHO na MeCTe rrpo60oT6o

pa, CO;ll9pzaBBB SMOTa Koxe<1n91'CJJ O~ 0,000 ,11;0 0,03 MRr/J1, BO ROmI'IeCT

BO upo6 C CO,ll;6pl18lOIEIM SMO'Ia mnne 0,01 MKr/J1 B 3 pasa 60JW118, '18M B 

n8~BOM CJlY'IaB (43,4% npoTD 13,3%). YC'l'aB0BJl8lDI1le 8JI0MMlD! xapax'l'e

pJl8ymc.!l BllCOKmd cO;llepmmv!MJ: SMOTa (0,01-0,03 mrr/Jf.) lit '18TRO 

~cHPYJl'l' pyJOIHB SOHLI lIO BC9Y TP9M BO,ll;OTOR8Y. AHOM8JIlD[ SMOTa 0'IeH1> 

RORTJ>e.C'rHH8, !IX IIpoTaeKBOOTb OOBIUI,1(a9T 0 rpa.B~ ~Rol MlUlepamt

Sa.D;l!JI. 
F.a BTOpOY ..eoTop~eKHK (pRo.2) oOPOOOBaHR9 6xno npOHe,neHO DO 0,11;-

HOllY BO,ll;OTOXY 11 6 TOuax 'lopes 250 1.1, .I!PeBllPYDll~ rmr09 IqIWIo py,n

® 
,.. "t- "t- .,.. -,...,.. ® 

-,... ..,..~"l--~ .... .,.. 
-<. 	 ~ ~ ..... ~ ~...c.. 

04. oJ.. 1/-.1.. .... .L ~ 

- 1-lif-IIII=if lilT, ... 
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-
" 

ho.2. fI;Iu>o.rOCJDD1l60IUUI 1W0Ka.l!U :a np8,11;eJI8X SOJIO'l'OImtROI'O 

WeoT<,pOU8lDlS cy~o!'O ftII4 B -.repBoc,1I9JIIlOma: 'l'QIl 

115U. Yo:aOBlDUI 060BB8.UJIU OM. Jt pac.I. 
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Holt 301n1. OT6 0p n 06pa60TRa IIpo6 rrpoBO~Cl> aHa1IOI'lflniO nepBOMY 


MeCTOpOlliJle11HJO. KOIID;8It'rpa.n;ru! 3 o..~OTa B Bo,ne (no .103YM Bil.D:aM Onp060BB


Him) Ita .nrumOM MeCTOpOllUlelml1l KOJIa6JIsTcH OT O,OCJ2 .no 0,025 Mf!.r/ JI. 


J<aR II B cJIY'Iae lIepllOrO Mac TOpOliI,Ile l tHH , opeOJI SOJIOTa, YCTaHOBJIeHmrll 


no aHanU3Y np06, .nOCTaaneHHHX B cT~oHapHyD na60paTop~, MaJIO 


ROHTPacT8H 1: cJIa60 !flm<cnpyeT p~Hj'1O 30lly (JImD:b B ;nayx np06ax K3 mec 


TH CO,n8pli1aHI:I8 SMOTa rrp8BtJI08JlO O,DI MEr/Jl). 


no ,na.HFlliM aFla.ID'lsa 06Pa3i\OB TB3KCOB YCTaHaBJIHBae'l'CH e,nmtM npOTil 

lKeHHafl aJiOMaJrnR 30JIOTa C ROHU6HTPaIJ;WIMlI (5 np06) OT O,DI ,no 0,023 
Nf1{.r/ll . AH OMa.lJIDl' 30JI0Ta OqeHD ROH'!'p8.CTHWI H q8TRO tpm<ClfpyeT ~l:IYIO 
38JleJKl> • 

Ha TPeT:b8M ~HOBOM ytlacTRe, paCTIOJIOlKeHHOM B 150 KM 0'1' Mec ropOlR

.neHldl. , DO He60JlD1llOMy- BO.nOTOKY, Bna.n:a!OO\8MY B KPYJIRYlJ peKY. np061l1 

BOll.H OT06paHli B TPex TO'lKax BHaJIOr ld"UiO OllHCaHHfJMY .IVlR S0J10TOpy.n;H.b!X 

MecTop oz,nemu L Co.nePJR8HRe SOJIOTa B np06ax BO.lUl He upeBWlIaJlO O.OL£ 
MRr /JI, a B .nBYX 06pa3U8J( TB9KCoB SOJIOTO C y-R83B.HHOa B!lIII8 qyBCTBB

TanbHOCTb JO He 06aapyxeHO. 

113 BumeH3JIOJIteHHOrO BImHO , " TO rrpOBe.n:ertHe ROHIleHTPl!pOBaHllR SOJIOTa 

TB3KCor~ Hsnocp 8,nCTBeHHO aa MeCTe np0600T60pa nOSBOJlHeT np0l3O.IUfTl> 

onOHCROBaHl'Ie 60J[E,!IIRX 1l.1I0mauen 1'1 TeM CaMbIM cnOC06CTByeT nm:pOKOMy 

BHe~8HBD ~oreOXJllMH'l:eCKOrO MeTo,na nOHCRa 30J10TOV,f~ MeCTOpOlK

,nem'll~ npm.ruM MeTO,nOM - no SOJJOTy- , 'ITO ,no HaCTOHlllero Bp eMeIDI ~TH

q eCRB He npOBO~OCb 1'13 - 3 8 CJlOlKHOCTH 06pa6oTRJlI rrp06 B ll0JI6B1l1X yc

JIOBIDlX. AHaJms lite 60JIhmoro KOJIH'IeCTBa KPyrrHOo&beMJWX npod BO.D:B B 
CTfU~oHapHHX ~60P~TOpHilX Hap R.nY c ~HocTm£a ax rpaHcnopTHpOBKR 

n xpa1!ellllJl no psmy npH'lHH (B OCHOBHOM, He ltOHTpwmpyeMHe rrO TSpll! 

Ha cTeHKaX nocy,uy) He ,na6T KOPPSKTKHHX p83y~TaTOB. 

B 9B.'KJIKT'1'erme aBTOplii C'tlITaJOT CBOHM npWlTHl:lM ,nOJIrOM BIlpa3.l1Tb ITpHS

HST9JThHOCTl> 8I<a,neMHKy r . H .~J(epOBY 3 8 8I<THBHyD nOMOIIlb B n OCTaHOBlte 

BltcnepZMeHT8JThHHX JlICClle,nOBromn H 06cy:I.IleHI!B pe3YJIl>T8TOB .'l,BHHOA pa60

TIl. 
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IllllolTYTe RAepHblX HCCJ1eAOeaHHH Ha4an 

"J(/mli/lcue coo6UjeHuR OURH". B He'" 
1III bH. COAep*allllole OPH rl1 HanbHble Hay4Hble, 

• ","TOA... 4eCKHe H npHKnaAHIoIe pe3ynbTaTlol, 

tlyllllI1KiUt...... . 6YAY4", 4a CTblO "CO<>6uIeHHH 

'1111'1\"'1'1(' I) C60PHHK, H",eIOT, Kat< H APynle 

'~HUHQnbHblX ny6nHKa~ ...H. 

no(iu\t: HHA OHRH" 6 YAeT BblXOAHTbtnlll .... tl i 
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