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j}S u m · m· a r y 

. . f h 199m H . . For exc~tat~on o t e , gisomer~c 

state ( T ~ = 43 mi!l) there were use;~ the 
(n,n') and (n,2n) reactions of fast neutrons 
(En= 14 MeV) of the neutron_ generator NG-· 
200 when bombarding 19~Hg and · 200Hg nuclei 
with the neutron fluxes of-.. the order of 
2-6.108 .n/cm 2.sec. Haloids were-determined 
on the 19f(n,p) 1~ -, · 35Cl(n,2n)~4mq; 79 Br(n,2n)·78Br 
and 127J (n,ll) 126J reaction's ·~ With; the. ~xcep
tion of iodine, the limits of the d~tection 
of these eiem~hb:i;; wheh:'determinin~· ''them 
simul taneously:·on ·o .1. ~t-' 0. z 'g · ·sample_s, · ·~re 
in the range of i .; . 7-.10 .:..4 g. For 300 _: ·15 
300 sec regime the determinat-·ion· sensitivi
ty-is of 139 cpm/mg (chlorine)~ 35lcpm/mg 
(mercury) , 375 cpm/mg (bromine) and 
398 cpm/mg, (fluorine) • The determination 
duration, wit~out taking into account 
the sample prepar~tion, is 15 min. 
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Baeoenue 

Coe,n:nnennxM pTyTH ·H PTYl'hCo,n:ep)Ka~HM BellleCTBaM 
llpHHa,n:ne)KHT BH.D:HOe MeCTO B. liJapMa:u;eBTH'H'iCKOM iipOH3;.· 
BOACTBe, opraHnqecKOM -~CHHTe3e, 'KaTann3e, B npo~3':8o,n::. 
CTBax liJyHrHIJ;H.D:OB, rep6,HUH.IJ:OB H B px,n:e ,n:pyrnx rrpHKna,n:Hhix' 
H iiayqHhiX o6naCTHX npHMeHeHHH. Kmiccnqec:Knii ananH3 

<. ': • ' • __ ,_ ,•· 

MHornx PTYThco,n:ep)KalllHX 8ellleCTB _HBnxeTcx Tpy,n:oeMKHM 
n Tpe6_yw~nM 3aTpa:rhi 3JiaqnTen:bnoro Konn~ecTBa B·p~:Meiin·; 
.!(mi anann'TnKa nn pa6oThi Bcer,n:a· coiipxiKenhl c nei<oiophiM 
3·neMeinoM piicKa, oco6eH:H:o; Tor~a, l<or.ria on nMee·r .n:eno 
c neTyqHMH, CHllhHOTOKCHtiHhi~m coe.n:nHeHHHMH. PTYTH, a 
TaK)Ke. B T~x cny<iaxx, Kor.n:a onpe,n:ene:H:H:e p'i'yT~ npoBo.finr~x 
TOllhKO nocne Mimepaim3aunn o6pa3:u;a. , · , 

Onpe,n:eneHHIO PTYTH . B pa3nHqHhlx· o6'heKTax .. nyTeM. 
,n:eCTpyKTHBHOrO H 6e3,n:ecTpyKTHBHOrO BapHaHTOB aKT,HBa~? 
uH:oniioro anann3a nocBx~eH px.n: pa6oT /l 1. BnnManne 
K' .D:aHHOH rrpo6neMaTHKe 06bH.CHHeTCH, MHOrHMH ~eHHhiMH 
CBOHCTBaMH 3TOrO MeTanna, BhiCOKOH TOKCHqHOCThiD PTYTH' :. 
n 6onbiiiHHCT!la ·ee coe.n:nnennii, a TaK)Ke pocToM pTyTnoii 
KOI~TaMHHaUHH )KH3HeHHOH Gpe,n:hi. . llo rrepeqncneHHbiM npn- .. 
quH<iM 60nbiiiHHCTBO 3TH X pa6o.T · rrpe,n:ci'aBnHIOT C060H Me-· 
To.n:u~u· u pe 3ynhTa Thi~orrpe,n:eneunx MHKp~- u:· ynhTpaMnKpo
KonnqecTn ·p:r):TH B. MaKpomi.Be·cKax II3yqaeMhlx' .. 'BellleCTB, ~-.• 
)lnx •. aKTIInaumr, KaK npaBnno, IIcnonh3yeTcx IIHTeHcHBHhiii · .. . - . . . . . . . ' 

IIOTOK Tenn~)BbiX HeHTpOHOB peaKTOpa. 
' B, 6n6niior.pa(illln 12 I , rrocBx~elmoii, pa6oTaM _B o6nacTn 

aKTHBaUHOHHOrO. · aHanii3a . c·. IICIIOllh:)OBaHHeM , reHepaTopa 
6~ICTphlx IIeiiTpOlfOB / E; =,f4 M:Ja/, CChinOK Ha orrpe,n:enenue 
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PTYTH neT. Kroiinep B pa6oTe I 3 1 yKa3hiBaeT na B03Mo)K
HOCTh TaKOrO onpe,neneHHH ,nml HeHTpOHHOrO TOKa 2 X 
X 10 8 H/cM! CeK II .D;BYX 60llhliiHX CUHHTHllllHUHOHHhlX KpH
CTannoB Na Jl'I£ j 1/ = 100xl90 MM/, o6ecne'-I:HBalOIUHX 
BhiCO~IO 3$$eKTHBHOCTh perHCTpaUHH raMMa-KBaHTOB. <lly!{_~ 
H .np. 4 ~ pa6oTaH c nonynpoBo,nHHKOBhiM .neTeKTopoM Ge/Li 
C iJ:YBCTBHTellhHhiM 06'heMOM 22 CM ; He ,nenaiOT 3aKlliOiJ:eHHH 
0 B03MO:>KHOCTH onpe,neneHHH pTyTH, XOTH IIpHBO.D;HT pe3ynh
TaTbl .nnH 6onee qeM 60 3neMeHTOB. 

llpH H3yiJ:eHHH· ananHTHiJ:eCKHX B03MO)KHOCTeH annapaTy
phl, COCTOHI.QeH H3 HeHTpOHHOrO reHepaTopa, nonynpoBo,n
HHKOBhiX 'Ge I Li - ,neTeKTopoB c. qyBCTBHTenhHhiMH o6'heMaMH 
oT I ,5 .no 40 c~ n MHoro-Kanan:bnoro anann3aTopa nMnynL
con, conpH:>KeHHOrO c .. ManhiM . KOMIIhlOTe.poM , .rP k, Mhl 
npHIIIllH K ,3aKlliQ'-IeJ!HIO,- '-ITO HCIIOllh30BaHHe 6onLIIIo:r~ ~·Ge/U
,neTeKTOpa /40. cM3

/ o6ecne'-IHB/!eT :B. cnyqae onpe,ne)leHHH 
PTYTH rnonyq~nne pe3yllhTaToB, -cpaBHHMhiX c pe3ynhTa
TaMH KllaCCH'IeCKOrO: aHallH3a. ,llpn' ;lTOM ,nnH np.OBe_,neHHH 
aHaJIH3a_ Tpe6yeTCH C,YiqeCTBeHHO MeHhiiie_ BpeMeHH; ,.H Me
TO.D;HKa npaKTHiJ:eCKH HCKllJOiJ:aeT HeKOTOphiH 3lleMeHT pHCKa. 
BLICoKaH paJpeiiiaJOI.QaH cnoco6nocTI> ,neTeKTopoB,- B,no6aBoK 
K 3TOMY ,. ,nenaeT B03MO:>KHhiM O.D;HdBpeMeHHOe. 6e 3HHTep$e
peHUHOHHOe onpe,neneHHe HeKOTOphiX ,npyrHX MHKp03lleMeH
TOB·HCCne,nyeMOrO Bei.QeCTBa. 

. B nacTOHIUeii pa6oTe onncana Me-To,nnKa onpe.neneHHH 
PTYTH H. o.nnoBpeMennoro onpe.neneHHH PTYTH H ranon,noB 
B' o.nnoii naBecKe. 

·3KcnepuMe1tilraA&HaR 'Jacm& 

lfCIIOIIh30BaHHhiH HCTO'-I:HHK HeHTPOHOB ,. HeHTpOHHhlH 
renepaTop Hr-200, 128-KananLHhiH raMMa-cneKTpoweTp 

-~o c~~THllllJinHOHHhiM KpHcTa.'!:IJIOM Na] 1 Tl. ~ 40 x 40 .~M 
II raMMa-cneKTpOMeTp C 4096-KananhHhiM aHallH3aTopOM 
HMnynhCOB.H nonynpoBo:U.nnKOBhiM ··de/Li -AeieKTopoM onn
caHbi B panimx pa6oTax ls,6 I . TaM · :>Ke onncaHhi H ,nBa 
HeJaBHCHMhiX MeTO,na MOHHTOpHpOBaHH~ HeHTpOHHhiX IIOTO-
KOB; HCn<lllh30BaHHhiX II B HaCTOHIUeH paGoTe.' . . -
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· K{):HllJnrypauli~ MHIIIeHh - o6nyqaeMLift ~6'be:K-r.- Mo:HnTopw 
· rrpn. Bce·x:H:3MepennHx cTporo · co6mo~anach. · · · .. , · 

M3 puc. i BH.D;HO xopoiiiee cormicne ,naHHhiX a6conJOTHoro_:. 
H OTHOCHTenhnoro MeTo.noB MOHHTOpHpoBaHHH neiiTpoimoro · 

: rroT~Ka. 3na'leHnH' 58860 uMn /TITC-100/ n ·165o' uMn 
6" - 8' ' 2 I ~cuI cooTBeTCTBYJOT noTOKY 5xl 0 · H/CM. ceK, na KOTOphiH 

6biJIH HOpMHpOBaHhl pe3yllhTaT~I Bcex H3M.epeHHH: 
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_." P~T-100 

{) ' 1 3 ~ 5 6 1 -~ 9 .. 10" i .... p_ 

Puc. I. MonnTopnpo:Banne ne'iiTponnoro noToKa. 
- ·- ' ,, ·.·~ "' ... ~ .. 

,ll;m1 pa6oThi·Mhl pacnonaranH necKonhKHMH Ge/Li nony
. IIPOBO.D;HHKOBhlMH ,neTeKTOpaMH. Obllla IIpOBe,neHa 3Hepre:.. 
~.:THiJ:eCKaH • Kann6pOBKa 3THX ,neTeK.TOpOB II CHHThl KpHBhie 

3aBHCHMOCTH a6coniOTHOH 3$<lJeKTIIBHOCTII perHCTpaUIIH_raM
Ma -KBaHTOB ~T HX 3HeprHH. · 3$$eKTHBHOCTh qrrpe,nenHllH.IIO 

. .- lPOT.OIIHKaM :cTaH.,tiapTHbiX CITeKTpOMeTpii'-I:eCKIIX: raMMa-n3.-

;\--~''' 

nyqaTene'ii· 241 Am. - 57 Co 22 N~ 137cs . 54M n 65zn 
.. " . '· <. . ' ~-._ ' . ' n_ ' 

.D;llH KOTOphiX KOlliiiJ:e CTBO raMMa ~ KBaHTOB Ka:>K,noro nepexo,na 
onpe.neneno c ToimocThiO, ny'-I:III~ii, t.ieM I0<1o; Kpo~e 3TJix 
H3nyqaTeneH:;- 6Liii :Hcnonh30Bali· iai<:>Ke a6conroTnorrpoKa
nn6poBa-nniiH: HCToiriuiK 2 26 Ra , naxo.nHIUIIHCH B paBHOBeCHH 
co c:BmiMn ,noqepH'nMn rrpo,nyKTaMn'pacria~a>KaK H3E!_ecT'H_o; 
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OTHOCHTellhHbie HHTeHCHBHOCTH raMMa- nepeXO,IJ.OB 226 Ra 
H.3iiep'e:Hbr" pa3ii~iMii MeTo.n.a:MH 17 I /Jiait:6onee Iio:Bbu~ .n.almhre 
nonyqeHbi npH noMi:HUH ··GeiLi ~.n.eTeKTopa/8 I /rc o'THOi::H
TenhHO BhiCOKofi ToqHOCTLJO, nyqmeii, qeM 5~6~o .n.n.iJ.' HaH6o
nee HHTeHCHBHbiX nHimii. CaM HC-TO;_IHH~ 226 Ra npo:KanH6-
poBaH C TOqHOCThiD ,IJ.O 1'0~o; . - . . . . 
' IIocne H3~epeHHii ~H ycpe.n.HeHit:H · nonyq(mHLix 3i<cnepH-

MeHTanhHbiX 3HaqeHHH HHTeH-CHBHOCTe:ii Ka~.n.oro l)JOTOITHK·a. 
6bma onpe.n.eneHa a6COlliOTHa.H 3l}Jl}JeKTHBHOCTb ,IJ.eTeKTOpOB 
c n)qHoCThJO, nyqme:ii '-!eM lO~o I oTHOCHTenhHhiX/ .n.nH 3Hep
reTHqecKoro HHTepaana 50 K36 - 2 M36. KpHBhie . 3aBH
CHMOCTH 3l}Jl}JeKTHBHOCTH .perHCTpaUHH raMMa-KBaHTOB ,IJ.llH 
BCeX 4 nonynpOBO,IJ.HHKOBbiX ,IJ.eTeKTOpOB npHBe,IJ.eHhl HapUC. 2 
B pa6oTef 6 /. ,[J;nH cpaBHeHHH npHBe,IJ.eHa KpHBaH f =f(Ey) H 
.n;nH CUHHTHnnHUHOHHoro KpHCTanna N a] 1 Tl tJ 40x40 'MM. 

·TaM :>Ke Haxo.n.HTCH Ta6nHua c .n.aHHhiMH no pa3pemaJOIUHM 
CITOC06HOCTHM 3THX ,IJ.eTeKTOpOB. 

.i!!!L 
S min 

80 

60 -: .. ··.: 

40 . · 

20 

0 200 

·.··. 
.. . · .· 

.;·· .. 
..... 

: · .... ·.····:··: .. ·:·.·.· .. ·.·:··: ............... ·.:· ...... ·.· ... · 

1,00 600 channel 
number 

,PHC. 2. raMMa-cneKTP /0 - 650 K36/ TpOHHOH ynaKOBKH, 
!o6nyqeHHOH ITOTOKOM 4,2 X 108 H/ CMiceK. GeiLi ,IJ.eTeKTOP 
40 cM3 , pe:>KHM 300 - 15 - 300 ceK. 
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O:rH:o~HTe.nhHo'x.opo~aH pa3perna~IUaH cnoco6H~CT~·.G~/Li 
J:leTeKTOpC>B 30 H 40 CM 3 ,IJ.enaeT B03MO:>KHhiM Ha,D;e::>KHO 
pa3nHqHTh 3HepreTHqecKil6nH3KHe raMMa- nepexo.n.hl H onpe
.ne.riHTb B:x · 3HeprHro. c OTHOCHTenhHO BhiCOKo:ii ToqHoCThro, 
KOTOpa.H ~nH HHTeHCHBHbiX llHHHH .IJ;OCTHrana 3JiaqeHHH 1,0 ·-· ' .· 
1,5 K36. :. . 

B 11a6A. 1 j npHae,neHhi · aHanHTHqec:KHe ltl H HeKoTophie 
.IJ;pyrHe H.IJ;epHbie peaKUHH, J<OTOpbie MOryT 6hiTh HCllOllb3Q-

u 6 f3 9J . BaHbl B HaCTO.HIUeH pa OTe ' . · ... 

llpH KopoTKOM o6nyqeHHH .H,nep Hg B03HHKaeT no peaK
UHHM 199Hg (n,n'). H 200Hg(n,2n) H30Mep 199mHg, BbiXO.IJ; 
KOTOporo 3HaqHTellhHO rrpeBhiniaeT BhiXO.IJ; ,npyr:Hx pa.IJ;HOH30-

. TOIIOB • 

lf3yqaeMhie 06'beKThl o6nyqanHCb B 3anaHHHbiX ·TpOHHbiX 
llOllH3THneHOBhiX IIaKeTaX 1xl CM, H3rOTOBmiHHbiX H3 rrneHKH 
TOlliUHH()_H 0,06 -MM 06hlqHoro npOMhiiiineHHOr'o KaqecTBa. 
Ha- puc. 2 - qacTh "raMMa- cneKTpa" 3TO:ii yrraKOBKH, 
o6ny'qeHHOH H H3MepeHHOH B TOM ::>Ke -pe::>KHMe, B KOTOpOM 
~poao,nHnHCh -orrpe.neneHf\H. Pe3ynhTaThi, nonyq~HHble nJ)B:,_ 
o6nyqeHHH 10 yrraKOBOK, 6binH npaKT~Ht.i:eCKH H,IJ;eHTHqJibi' 1i 
6nH3I<H K C06CTBeHHOMY l)JoHy CIIeKTpOMeTpHqec'Ko:ii 'arrnapa
TYPbi. THnHqHhi:ii crreKTP 6hm. 3anHcaH.B rraM.HTh annapaTyphi • 

H IIOcne OKOHtraHHH H3MepeHHH 06'heKTa aBTOMaTH~U!CKH 
.BhiqHTancH. llpaKTHqecKoe 3HaqeHHe 3TOT crreKTP iiM'en .zinH 
pacqeTa .ripe.nena· o6Hapy::>KeHHH oT.nenhHhix 3neMeHTOB, 'Tai<· 
.KaK oT,nenbHbie ero qacTH. cqnTa~HCh l)JoH:oM N npH pacqeTe~ 
npe,nenoa no KPHTepHro :3'./ N • 

Jib puc. 3 H .IIO.IJ;IIHCH K HeMy CTaHOBHTCH HCHhiM~·qTO 
l)JoTorrH~ ~HHlirHnHUHOHHoro raMMa.,.H3nyqeHHH.· 13 NIT Y2 : 
·10 MUH/,.BOJHHKaiDIUero Bpe3yllhTaTe BTOpHqHhiX peaKUHH 
npOTOHOB H',IJ;eHTpOHOB OT,IJ;at.i:H, reHepHpyeMhiX llpH ynpyroM 
pacceHHHH 6hiCTphiX HeHTPOHOB Ha H,npax ~ H H 2 H ,c H,npaMH 
12C H 13c IIOllH3THlleHa, B CIIeKTpe llO.HBmieTC.H_.TOllhKO. 
IIJ>H .nmiTenbHOM oGnyqeHHH 3HaqHTenbHO 6onbmeii HaBeCKH;: 
IIOllH3THnena. To ::>Ke caMoe MO::>KiiO CKa3aTb H 0 qaCTH· 1_3 N, . 
:Bo31niKaroiueii ;-B ··ne3ynhTaTe '.si.nepHbiX peaKUHii ':(p; a) H 
( n, 2n) Ha .H)ipax 16 0 · H ' 14 N co.nep::>Ka~Xc.H B H3yqae:M:w::x 

· o6'belcrax, a TaK::>Ke a o6'he:Me-Bo3,nyxa~ ·3anaHHHoro c o6pa3-
uaMH B ynaKOBKaX. .. 
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0 .25 50 75 100 
CHANNEL 

NUMBER 

PHC. 3:. raMMa-cneKTP /0 - 900 Kae/ ll.JITH TpOHHbiX 
y.naKOBOK, ,o6nyqeHJihiX 60 MUH ITOTOKOM2,3 xJO H/CM·CeK. 
, N a} /T{ ,IJ;eTeKTOp. ~40 X 40 MM, KpHBhie. 1 ·~ 5 CHHThl qepe 3 
2,11;21,34n '43 MUH nocne KOHu;a o6nyqeHHH; 

B · Tl!a6A. 2inpnBe.n;eHhi 3HaqeHHH qyBCTBHTenhHoc:reii on- .. 
pe.n;eneaii.H ;H np.e.n;em)B o6Hapy)KeHHH, .n;nH PTYTH n ra!fOHAOB~ 

- -· 4 ··- '· • • • ' ,· • 

,II;OCTHrHyThie B · ,IJ;aHHhiX 3KCnepHMeHTanhHhiX ycnOBHHX, B .. 
pe)KHMe 300 ·~ 15 - 300 celc H nepecqHTaHHhie Ha :HeiiT:-. 
pOHHhiH ITOTOK 5x108 H/CM~ CeK. . . . . 

B "'l'!6A. 3 u 4 ... peJynhTaThi o.n;HoBpeMeHHoro onpe.n;ene
HHH Hg-f.CI H Hg+F+Br •• llpHBe.n;eHHhle 3HaqeHHH JIBnJIIOTCH 
Cp~,IJ;HHMH H3 ,Tpex onpe.n;eneHHH, npoBe,IJ;eHHhiX C .HHTep~: 
BanoM .B 4 ,D;JI.H, .n;ocTaToqHhiM nonHoro pacna.I(a Bcex; 
HaBe.n;eHHhiX aKTHBHOCTeii. CneKrpoMeTpHqeci<aH annapaTypa 
pa6or.ana .cTapHnhHO .. H npaKTHqecKH .c. ,HyneBhiM c.n;BHroM 
CBOB;J( napa,MeTpOB KaK B, Teqe_l!~~ cepHH J!3M_e~~-HHH, TaK• 
H npH HOBhiX BKniOqeHHJIX. . 

raMMa-cneKTp CHHTeT~qecKoro o6pa3IJ;a Hg+F_+Br npH-. 
Be,IJ;eH Ha-puc. 4 1• B ,3TOM cnyqae 6bma BJHTa OTHOCHTenhHO 
ManaJI . HaBec'Ka HgO ' a . BMeCTO. LiF . H .. c6 H4 Br2c 6blnH 
HcnonhJOBaHhi NH4 F H N H 4 Br_.n;nH HM.J:l!~POBaHH~ CHTyaiJ;HH, 
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Tacla,qa 1. 

!BUKTII'II8CIJI8 II HBKOTOpYe .qp)'I'Il8 .a,qepHY8 pe&K~IlJ 
KOTOpHe KOryT 0H'rb llCUOAbBOB&HH AAB A&HHOJ p&OO~Iolo 

corao. Hsooron I . .a,qepuaa.l ce'II&Hil&l npOAYU 
11 COABP&&Hile peu~a peu~x peu~x 

B BC'ro Cll8CII . /110/ 

8H11pl'll11 /X8B/. II 

T 112 1 BJa.OA /.,./ riiKila
. 118.Jl'tl11Hil11 

r19 

CIS6 
c:tS7 
~,.711 

~,.81 

J126 

"9i99 
~200 

~201 

Vtf02 

100~1 n,2.n 
(..,l n 1 p 

n,o~. 

75 151l+) n,ln. 
24 16 n 1 ~ 
oo,5 (+) l'\ 1ln 

n,p 
49,5f n 1in 

n.,p 
n,p 
n,~ 

100 J(+l n 1lr, 
n,p 

16,81(+\ 

23 ,1 (+) 

lS ,2 
29,8 

n,a~-· 

n1n1 

n1~.n 
n,p 
n,ot-

"''1> 
"•"'· 

60 
- 20 

20 
8 

so 
860 

10 
660 

lt) 

16 
so 

1200 
20 

6 

s,5 
2,0 

2,0. 
2,0 

p18 

0 19 

1'116· 
C.l S4WI 

5s7 ·. 

. 'P.'r78: 

Sf_7!J.,. 

~Om 
Se8lWI 
Se8l 
A,78 

. J126 

T~12'7 
. :s.1241"11z, 
. ..,19!J'WI 

"£99"' 
A,;}OO 
\>\197 
~01 
pt199 

ll8.1111H 
2!111BX 

7,acex 
S2 141l11H 

6 11KIIH 

6,6MIIH 
S 1!1.1111H 
4,4'1&0 
1 IOtl&C 

18 1 6.1111H 
1 ,ot~ac 

lS 1 li{IL 
li,4ll&C 
21KilH~ 
4211KK 

42DB 
48,4MKH 

18'11&0 
2.6MIIH 
SOMIIH 

611/200/ 
1!J8/!J7~ lS60/55/ 
6i4ot6~/ ,nlo/6/x-or.i.~ 
21S0/52/ ,14W27/K T.l(.' 
3090/!JO/ 
61S/141+aHui'll.1. 

9.6441 
S6/6/ 
103/lS/ 
2'76/S/ ~4BQ/U 117U/l/ 
616/42/ ,6!J5/16/II Sol{o 
386/S4/ 1 650/SS/+&HHHr. 
418/1/ .. . ~. 
18/?/ . . ... ,, .. . 1\, l.-Jil'tlll :;.l58/7~S68/36/ 

"'i l.-.IY1111 ,1b8/7~368/S6/' 
310/2!J,~1220/23,4/ 
77/7 ,5~1111/0,4.{27!1/7 ,7/ 
660/5/ 
74 11!17 1246 ,S18.1b4Q 

Tacla~a a. 
. . . 

ljy~OT&aT&Jil>HOCft a DpBAI.III oOaapyaeiiiiJI~ . r, Cl 1 ir, J II "9; 
8.10118HT xxx. BBC 8.18- &H~'l'. n.~o•w .. tl)'BCTBilT • CIQH upe.qe.1 

ctopl&a KOBT& ctooronxx ctoTOnna onpel(e.l. i'lii' oOsapy-

.. /Kr/• /xu/ /IIKlll /xKJJ/Kr/ ·· /lAW :&Biilla /Kr/ 

F' LiF 111,0 198 44198 ;3!18 '74 O,.l!l 

ci Litl 128 ,7. 14t) 1'7881 131l .!14 o,"la 

,·l!.r c,\.l~l!.rl 76,4 61D _ 2822i 37D. · as o,oe 
J I(J • 169,8 · ··a86 2'118 16 42 a,Ga . . 

~ "io .. 152,3 72 63603·. 361 12'1 0,16 

\I~P4 ·.U18K 2ft . t~ 8:U 
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Talluqa 3. 

o~soapeM&BBOe onpe~e~eBKe P!f~ 11 XJDpa 
ll CIIH'f8~118CDX CM80.1Xo 

B&B8CX& p&0118'fB08 
xr XOJUl118C'!BO 

" . i ~lt s-. I t--il 
8UM8B'f& ~-- . 

162,3 Gl 6,21 3 b 138 o,;w 0,22 0,17 

~ 6e~O 3 58,01 0..,24 0,14 o,11 
148,8 C.l 9j66. 3 v,fiQ 0,26 0,16 o,u> 

~ 39,46 3 811,80 0,18 o,u 0,16 
Hi8 15 Gl 15,08 3 15,16 0,34 o,2o o,o7 

~ 33,24 3 88;2o o,8o 0,.18 o,o4 
159,2 c.t 18,83 3 18~ 0,19 o,u o,ov 

H~ 21,00 3 21,31 o,ao 0,2J. o,31 
. 160,7 u 28,76 3 28,70 0,22 0,13 o,Q.b 

~ 10,33 3 10,i4 0,41 o,2•_ o,2.1. 
--

ii:t -~It 

o,aa.:!;(J~4 

b3 101.;!;i~6.0 
li,OQ,.t0,64 

311,SO.;tQ 147 
J.6,J.b.;tQ,S6. 
33,20.,t{l,77 
18,112.:!;0,60 
2.1. ,a 1.;!:0 ,90 ' 
28 170.;!:0,o6 

J.O 1 04.±~ ~03 

Tai!JIIl~a 4. 
0~HOBp8118HBO& onpt~Aenue p'q~ 1 4f%0pa II Op0111i. 

s c•soreorii'I&OXIIX cxecax. 
sueoxa pac11eorsoe 

xr XO.IIt118CTBO " i·. ~,. Sx l~·i\. itt·~~~ 
e~eMell'f& 1~ 

166 ,II F' 8,63 3 8,61 0,38 0,1111 0,12 8 151.;!;0 ,sa 

''" 4,22 3 4,02 0,23 0,14 0,20 4,02.:!;0 ,60 

\'t 31,18 8 81,07 o,zo 0,12 o,a 31 ,07.;!;0 ,oa 
• 154,4 r 13,34 3 13,41 o,zo 0,12 o,o., 13 t''U.;!:O ,52 

''" 14,99 3 11) ,lei 0,32 o,111 0,16 lfi,.L5,.tO,S1 

~ 
22,07 3' 21~6 0..,28 o,J.4 0,11 21,11~,60 

182,8 19,61 3 19,,0 0~111 0,11 o,t.111 111 170.;!:0 147 

'"' 26,18 8 26,36 0,40 0,24 o,22 25,36.;!:1 ,01 
I 

\tfi 11,56 8 9,_60 0,16 o,ow o,o5 9_,60£.,311 -- ! 

j 

I, 
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! 

I 
.t 

' 
I 
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npH KOTOpoii aHaJIH3HpyeMbiH 06'beKT CO,D;ep:>KHT B Ka'leCTBe 

O,IJ;HOrO H3 OCHOBHbiX MaKpOKOMnOHeHTOB a30T, no peaK~H 
14N~(n, 2n)13 N .D;aiO~Hii H30Ton 13 N c HHTeHCHBHYM aHHHrH

JIJI~OHHbiM clloTonj{xoM •. ·AHaJIHTH'IecxHe clloTonHKH Hg H · F 
p8.3MemeHbl B o6JiaCTH KOMnTOHOBCKOrO pacnpe,IJ;eJieHHJI 

clloTOnHKa 511 K36, BKJia.n'· B KOTOPl>IH BHOCJIT TaiOKe 18 F , 
· 78 Br H 80 Br .llpH cpaBHeHHH 3Toro cnexTpa co cneKTpaMH 

CMeceii C 6o~ee HH3KHM CO,D;ep:>KaHHeM a30Ta H CO cneKTpOM 

o6pa3u;a, .B KOTOpOM ciiTop H 6poM. B3JITLI B cllopMe ~Li F H 

C
6 

H
4 

Br
2 
~~ COOTBeTCTBeHHO, ·HMeeTCJI 6onee HH3KOe KOMn

TOHOBCKOe pacnpe,D;eJieHHe/; 6biJIO HaH,IJ;eHo, 'ITO C pOCTOM 

CO,IJ;ep:>KaHHJI a3 OTa npoHCXO,IJ;HT nocTeneH.HOe 3aHH:>KeHHe 

HaB,IJ;eHHbiX CO,D;ep:>KaHHB H g H F UpOTHB HCTHHHbiX. 3aHH· 

:>KE'lHHe Ha 10~ /OTHOCHTellbHbiX/ 6biJIO Haii,IJ;eHO npH 06~eM 
co,D;ep:>KaHHH .a3oTa. = 15o/o /no Becy/; 3ami:>KeHHe Ha 5o/o -

npH o60.eM co,D;ep,Ka.HHH a3oTa ·,;, 10o/o B HaBecxax 150 -

200 MZ. ,IJ;JilJ: peaJibHbiX CO,IJ;ep:>KaHHH a30Ta B op'raHH'IeCKHX 

COe,IJ;HHeHHJIX pTyTH H PTYTbCO,ZI;ep>ka~HX Be~eCTBaX/N2~5o/o/ 
3TOT 3cllclleKT He Ha6JIIO,ZJ;aJICJI.. . 

BJIHJIHHe HHTeHcHBHOCTH clloTonHKa 511 K3.6 Ha onpe,D;e

neHHe 6poMa no aHaJIHTH'IeCKOMy I!JoTOllHKY 6l5 K36Haii,ZJ;eHO 

He 6biJIO. · 

B\ma6A. 5 npHBe,ZJ;eHbi pe3yJibTaTbi onpe,D;eneHHJI pTyTH 

H :raJIOH,ZJ;OB, npH pa60Te B pe:>KHMe 300 - 15 .- 300 .CeK. 

,Il;JIJI onpe,D;eJieHHJI .B 3TOM pe:>KHMe HCnOJib30BaJICJI KaJIH6· 

poBO'IHbiii rpai!JHK /puc; 5/,, nocTpoeHHbiii no pe3yJibTaTaM 

pa6oTbl C CHHTeTH'IeCK.HMH o6pa3D;aMH. 

. 6:-KpaTHOe yBeJIH'IeHHe BpeMeHH 06Jiy'leHHJI. npHBO.IJ;HT" 

K noBbiWeHHIO 'IYBCTBHTe.Ji_bHOCTH_onpe,ZJ;eneHHJI Hg ,;Br H. c;t. 
Jia£_bi~eHHaJI aKTHBHOCTb ;t9 o _ I '1w = 29. ce K/, no xoTopoMy 

npOH3BO,ZI;HTCJI onpe,IJ;eJieHHe liJTOpa, B03HHKaeT y:>Ke npH 

300-ceKYH,ZJ;HOM 06Jiy'leHHH, H ,IJ;aJibHeiiruee yBeJIH'IeHHe Bpe· 

MeHH o6ny'leHHR He npHBO,ZI;HT K noJiy'leHHIO ,ZJ;06aBO'IHOro 

none3Horo aHaJIB:TH'Iecxoro 31iJI!JeKTa. Hao6opoT, onpe,D;eneH-

. HbiB noJie3HbiB aHaliHTif:qeCKHB 3cllclleKT Ha6JIIO,ZJ;aeTCJI B cnyqae 

onpe,D;eJieHHJI HO,ZJ;a /aHaJIHTH'IeCKHB cllon)nHK 380 K36/; 

O,IJ;HaKO ,ZJ;a:>Ke ,ZJ;06aBO'IHbiB 3~eKT He n03BOJIJieT noJiy'IHTb 

npH onpe,D;eneHHH 3Toro 3JieMeHTa aKTHBau;Heii 6blcTpbiMH . 

HeiTpoHaMH Hr-200 pe3yJibTaToB, cpaBHHMbiX c pe3ynb

TaTaMH KJiaCCH'IeCKHX MeTO,ZI;OB XHMH'IeCKOrO aHaJIH3a • 

.. II 



.:.-+-,,_ 

TaOu~a o. 

OAHOBpexeuaoe onpeA&XeHBe PTYTK x ranOHAOB. 

oOpaee~ HaBec&a paCQ8TBOII 

NJ xr &OJIJ&QBCTBO 1"1 'i s,. ~ .. It:--K I 
8JIBM8HT&,~ 

1 176,1 ~ 61,86 3 62,03 o,22 0,13 0,18 

...... Cl 16,13 3 1b,OO o,21 0,13 0,13 

2 100,3 ~ oz,33 ·3 oz,oa A,18 ·o,u o,2o 
F 18,80 3 111,02 0,33 o,111 0,22 

3 181,4 "i a5,1o 3 36,28 o,21 0,12 0,13 
~.,.. 26,3!1 3 26,33 0,2o 0,1b 0,06 

4 168,0 ~ 29,66 3 2!1,61 ~,39 0,23 0,16 

r 12,66 3 12,40 0,18 o,u c,Hi 

Cl 18,42 3 18,66 0,26 o,1o 0,24 
- .5 • 192,7 \{' 36,74_ 3 so,92 0,15 o,2o o,o11 

r 9,37 3 11,61 o,b3 o,3l 0,14 
~,.,. 

30,02 3 2!1,80 o,111 o,u o,zz 
6 166,6 \{9 21,60 3 21,23 0,42 o,25 0,27 

C.t 12,98 3 13 ,u; 0,26 0;1o 0~17 

!1-r 19,b6 3 20,11 0~24 0,14 o,1b 

7 19~,2 \.lj 2o,n 3 26,oo 0,31 0,18 0,14 

r 6~6!1 3 . 6,41 0,6b o,3a 0,28 

C.l 10,07 3 11,112 0,2!1" 0,17 o,lb 

'e>r 11,18 a 10,113 0,27 0,16 0,2b 

: ... ---

;:. < 

12 

x~t-~, 

62,03.;to,o6 
1o ,oc.;tO ,oz 
~,oa.±Q,,.7 

1li,02.;tO,Il2 
3b,28.;tO,b2 
26 ,33.;t0 ,6.6 
211 ,bl.;t0,99 
12,40.;t0,47 
18 ,66.;!:0,6.4 
so,ll2.;tl,os 

II ,6l.;t1,SO 
2!1 ,80.;t0,47 .. 
21 ,23_±1 ,us 
13 J Hi .;tO ,64 
20, u.;te, tiO 
26 ,os.;tO ,a2 

6 ,41.±1 ,63 
ll ,112.;t0,73 

10-,!13_;t0,6!1 
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PHc. 5. Ka11n6pOBO'IHbiH rpa4Jnx ~1111 o~HoBpeMeHHoro onpe
~e11eHH11 Hg , F ,. Cl H Br B o~HOH HaBecxe. Pe:>KHM 
300 - 15 - 300 ceK. 
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~·i 

··:'! 

• 

.. 

. Ka11H6poBO'IHbiH .· rpa!IJHK ~11H pe)KHMa .. 1800 - 15 
300 ceK npnBe,neii Ha puc. 6. CTaH~ap-i-Hoe oTK1IOHeHne 
pacC1.fHTbiB~1IOCb ~1111. n = 3 '· 1 1 - a 1 =0,95. HcxmoqeHne 
OIIIH60'IHbiX .pe3y11bTaTOB ITpOH3BO.J;J;H110,Cb· .. B COOTBeTCTBHH 
c xpni_epn~MH .nn'H~ n .nnxcoHa /Io/. . < 

. ' - . . . . - ... . . 

....!!!!.{!_ 
_J,.i,. · 

• 10~ 

7 
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4 

- 3 

2 

iJ 10 20 JO 

'· 

,,: 

Ht 
(12 keY) 

-,.. . ~ 

Hg 
(fSB ktV) 

Br 

J 

'tO 50 m9 

PHc. <?. Ka11n6poao'IHbiii rpa<IJnx ~11H o~HoBpeMeHHoro onpe- · 
Jle11eHn11· Hg·~ · F , Cl ·, Br n J B o~Hoii Haaecxe. Pe)KHM· 
1800 - 15 - 300 ceK. 
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06cy~Oe1lue PC:3YA&mamoe 

raMMa- cneKTpOMeTp C OnHCaHHbiM KOaK.CHaJibHbiM 
Cc•/ Li - .neTeKTopoM c ·qyBCTBHTeJihHhiM, o6'beMO:fd 40 eM 3, 

,IJ;OCTHraromHM - B MaKCHMyMe a6COJIIOTHOH '3qxpeKTiiBHOCTH. 
perHCTpaUHH raMMa·H3Jiy'leHHH 3Ha'leHHH 5,3o/o, cnocofieH 
KOHI(ypHpOBaTb C raMMa·cneKTpOMeTpaMH CO CUHHTHJIJIH·· 
UHOHHbiMH KpHCTaJIJiaMH Naj /Tl cpe,IJ;HHX pa3MepoB, _na)Ke 
npH H3MepeHHH HeBhiCOKHX HaBe,IJ;eHHbiX aKTHBii"OCTeii, no
Jiy'leHHbiX npH nOMOIUH HeHTpOHHbiX reHepa'topoB. 

,ZJ;ocnirHyThie pe3yJibTaThl CBH,IJ;eTeJihCTBYIOT 0 TOM, 
'ITO HeHTPOHHhie reHepaTOpbi MOryT 6biTb C ycneXOM HC· 
nOJib30BaHbl H ,IJ;JIH aHaJIH30B B nepcneKTHBHOH H fihiCTpO 
pa3BHBaromeHCH 06JiaCTH XHMHH 3JieMeHTOOpraHH'IeCKHX COe
,IJ;HHeHHH, npH onpe,neJieHHH HeKOTOpbiX MaKp03JieMeHTOB H 
XOpOIUO aKTHBHPYIOIUHX reTep03JieMeHTOB - MeTaJIJIOB. 
Oco6oe 3Ha'leHHe aKTHBaUHOHHhiH aHaJIH3 npHo6peTaeT npH 
aHaJIH3e JieTy'IHX H TOKCH'IeCKHX COe,IJ;HHeHHH As, Cd ,-Hg , 
Bi , Pb H pH,na ,npyrHx 3JieMeHTOB. 

B TeX CJiy'laHX, KOr,na ,IJ;JIH aHaJIH3a HMeiOTCH B HaJIH'IHH 
TOJihKO He6onhlime :KonH'IeCTBa 3THX BemecTB, MO)KHO npH
MeHHTh KpaTKOBpeMeHHYIO aKTHBaUHIO TenJIOBhlMH HeHTpO· 
HaMH peaKTOpa C HCnOJib30BaHHeM KOM6HHHpOBaHHOH /no~ 
JIH3THJieH + Te«iJJIOH/ ynaKOBKH, OnHCaHIIOH B /II/ , no3BO· 
JIHIOll.leH npOBO,IJ;HTb 'IHCTO HHCTpyMeHTaJibHOe onpe,neneHHe· 
pH,na 3JieMeHTOB H HCK~IO'Iaromeii noTepH KaK raJIOH,IJ;OB /! 2 /, 

TaK H ,npyrHX 3JieMeHTOB. 
llpH pa6oTe c pTyTbopraHH'IeCKHMH coe,n;HHeHHHMH npo

HCXO,IJ;HT H a:KTHBaUHH HX opraHH'IecKoii qacTH 6hiCTphiMH 
HeiiTPOHaMH. Pe'lh H,neT npe)K_ne Bcero o peaKUHHX 
12 C(n,p) 12 B, 16o(n,p) 16 N: H

18 0(n,a) 15 c , _TaKKaK 
B3aHMO,IJ;eHCTBHe 6hiCTpbiX HeiiTpOHOB C H,npaMH BO,IJ;Opo,n;a 
npHBO,IJ;HT TOJibKO K TepMaJIH3aUHH HeHTpOHOB H o6pa30BaHHIO 
npOTOHOB H- ,neiiTpOHOB OT,IJ;a'IH, BTOpH'IH:bie· peaKUHH KOTOphiX 

. xapaKTepH3YIOTCH O'leHI: HH3KHM-H 3dJdJeK~HBHbiMH Ce'leHiiHMH. 
Jl,npa 12 B H lSC HMeiOT O'leHh KOpOTKHe nepHO,IJ;hl nony-
pacna,na /0,02 H 2,5 CeK/ H npH 15-ceKyH,IJ;HOM OXJia)K,IJ;eHHH ·,; 
npaKTH'IeCKH nonHocThiO _ pacna.naroTcH. Pa,nHOH30Ton 16 N -
HMeeT- 'T y,' -= :,7 ,3 -~e K, HO y Hero HHTeHCHBHbie raMMa- . 
nepexo,n;hl TOJihKO B o6nacTH BhiCOKHX 3HeprHii /7,11 M3e -

16 

c~ : ' 

5o/o; 6,14 M3e - 68,8o/o; 2, 75 M3e - ·O,Bo/o/. B MHrKoii 
06JiaCTH raMMa,;,cneKTpa ripH ,IJ;aHHOM 'p~)KHMe- ;BJIHHHHe 
kHcJiopo,n;a:Jie npoH~JIHJlOCb Hii •--. -ii , pa6orax c KOHKpe·T~hi:MH 
coe.riHHeHHHMH. I c~,n;ep,K'aHHe •ioicnoiJOiia .• 5 ' _- . 'ib~o/ '· ~~H 
B pa6oTax c CHHTeTH'IeCKHMH cMe6Hkt':H~ :8 Koiop'bix op~a-

• .. v- • . - . ' . . • . . ~. • \ . : ' ! . . _.. • l . ' ~. . ' ~' ... 

. HH'IecKaH_';a_CTh_ :BemecT~iiHM~T-~P-?,!JaJI~Ch-rJIIDK<hoii C6 H1 20 6 
rH,n;~~~H~,?~b~ c 6 H6 o2 _HJ'!~ nHMoi_m·o~ KH~no:t:oji C

6
H

8
o

7 
.• ·H

2
0 

H B. KOTOJ>biX c_9.nep)Ka,HHe K~c.nopo.n<~;,Haxo.n_~no_<;:h B_ .na:ana-

3(m,~, a·-- )'0.1Q~ -··, ,. ' - ' .. ' >· ' ' ' :- ,--- ·-· .. >' 

" '- ITonylleHHhie pe3Y.JibTaThl onpe~eneHHH 'raJIOH,IJ;OIJ'xoporuo 
· cornacyroTc11· c •pe 3YJihTaTaMH; rrony'leHHhiMH no' aMMim'-iHo-
· MY .MeTo,ny onpe.neneHHH ranoH,noB · a· 3m!M~HToonraHH

qecKHX / 13 f HJIH opraHH'IeCKHX coe,IJ;HHeHHHX'j 14
• !Sf: oTOT 

· MeTO,IJ; OCHOBaH 'Ha HarpeBaHHH' H pa3JIO)KeHHH:06pa3Ua B TOKe 
:. aMMHaKa mpH ·850 °C 'H ITOTeHUHOMeTpH'-ieCKOM THTPOBaHHH 

CMeCH· ranoreHH,IJ;OB· aMMOHHH a30THOKHCJihiM cepe6poM, 
paCTBOpeHHhiM B BO,IJ;HOH 'cMeCH YKCYCHOH KHCJIOThl H aue
TOHa. MeTO,IJ; HBJI>IeTCH Tpy,noeMKHM H ,IJ;JIHTeJihHhiM H ,naeT, 
no cpaBHeHHIO C npe,nnaraeMOH 3KCnpeCCHOH MeTO,IJ;HKOH, 
ny'IIUHe pe3yJILTaThi TOJihKO ,nnH-·Ho,na, npo6neMhi onpe.nene
HHH KOTOpOrO ,,,HaCTO,HJUejf MeTO,IJ;IfKOH. paCCMaTpHBaiOTCH 
:8 .npyroii Hameii pa6~Te/ 6 1. · ' · · · - -- ·- · -. 

Jl,nepHbie BapHaHThl 3JieMeHTHOrO '- aHaJIH3a :_ Bei.QeCTBa 
H3- 3a cBoeii 3KcnpeccH:ocTH·:~Bce' tiame iipH:Me:H.HroT'cH 'H B 
opraHH'Ie.CKOM JJieMeHTHOM .. aHaJIH3e 116/ _, . . . ,_ 

\ ·~ 

; 3aK/l10'leHue 
" \ 

_. .. -. ___ ,." __ -. .. , _. ,. 199m 
. ,lJ;nH B036y)K_neHHH _H3pMepHoro ~- C,OCTOHH:JIH . . Hg 

/. T% = 43' MU1l/ HCII9Jih~OBannch(~,-n ~).,H(n, 2n).peaKUHH 
6biCTPhiX HeiiTpOHOB IE = 14 M3a/ HelhpoHHoro reHepaTopa 

·H:r-200 c H,npaMn 199Hg. H- 200 Hg npil Hx KopoTKo~ o6ny-
- 8 z 

.'leHHH .·. nOTOKaMH 2 .. · _., 6x10 1l/CM. CeK. raMMa·}<BaHTbl, 
'HCIIYCKaeMhie·•iipH pacna_ne 199 "'Efg , perHCTpHpOBanHCh raM
Ma·cneKTpOMeTpH'IeCKOH annapaTypoii c Ge/Li·.neTeKTopoM 
c 'IYBCTBH1,'eJibiihiM o6'beMOM 40 cM3,H pa3perna10meii cno

, co6HOCTblO 3,8 K3B no JIHHHH- 1330 K3B J6oCo/.Onpe,neneHHe 
co.nep)KaHHH PTYTH · B 'o6pa3uax npoBo,nHnoch c-paBHHTeJihHhiM 
MeTo,noM no nnoma.nHM «!JoTonHKOB 72 K36 Hg ·x-nyqeii 
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IK +K /,-$oTonHKOB·l58 HJIH 374 ·K36 H30Mepa 199;;-,Hg a 
CngiTpa~ 3TaJIOHOB H OOpa3I.J;OB. 06paOOTKa CIH!KTpOB'npo
H3BO,II;HJiaCh · BpyqHyiO HJIH C llOMOIUhiO . MaJIOrO ·KOMllhiOTepa 
TIIA /pa6oTa "on-line1. · .. . . -

O,nHoapeMeHHO c PTYTLIO MO)KHo onpe.nen.siTh p.s~.n .npyrHx 
:meMeHTOB, . .naromHx npH KopoTKOM o6nyqeHHH· :KopoTKO)KH
i:iymHe pa.ziHOH30TOllhi C 4JoTOITHKaMH B M.sirKoii. o6JiaCTH 
raMMa- cneK~poa, r.ne .nnR 'Ge /Li. -.neieKTopoa Ha6nro.ziaeTc.si 
MaKCHMYM a6coniOTHoii 3$qieKTHBHOCTH. Ha npHMepe: pe)KH
MOB ; 300 - i 5 - 300 H 1800 .. _ 15. - 300 ce K noKa3aHO 
amlxHHe 6-KpaTH.oro yaenHqeHH.si ape:Memi o6nyqeHH.si o6-
pa3n;a, co.nep,Kamero PTYTh H raJIOH,IJ;hi, Ha· qyaCTBHTeJIL-7 
HOCTh ·Hx onpe.neneHHH. 

IIpe.nnaraeMa.si Me'i'o,nHKa npHro,nHa .nn.s~ 3KcnpeccHoro 
/15 MHHYT 6e3 no.nroTOBKH o6pa3ua/ onpe.neneHH.si pTyTH 
H raJIOH,II;OB .13 3JieMeHTOOpraHHqecKHX COe,IJ;HHeHH.siX, B CMe
C.siX, aMaJihnlMaX H .npyrHX TeXHHqecKHX npo,nyKTaX. 
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