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no Mepe npoABH~eann. a o6nacTb nee 6onee aanexnx TpancypanoBhlX aneMen

TOB cymecTBeHHO B03pSCTaroT TPYAHOCTH HX HAeHTn~HKSI!HH XHMUqecKHMH MeTOAa

MH. Sro cnnaano n nepayro oqepeab c TeMI qro napa Tn~enhtX TpaacypanonbtX 

aneMenTon nMeroT oqeab xopoTxne apeMena ~nann (aecnTbte aonn· ceKyHAht). noa

ToMy a nacTonmee npeMn Ann aanexax TpancypanoBhlX aneMenron :ncnonbayeTcn 

~HaHqecKHit MeTOA nAeHTH~nKSI!HH H30TOHOB. Ba~Hb!M MOMeHTOM aToro MGTOAS liB -

nneTcn naMepenne aaeprnn n nepnoaa nonypacnSAa a -paAtiOSKTHBHb!X HPQAYK-

TOB. 

B aTnx ycnoannx oqenb 6onbmoe anaqeane HMeeT qncToTa MaTepaana Mnme-

nei! H MaTepnana noano~H OTHOCHTenbH? TaKnX HpiiMeceli ( Bl Pb •
1 

T Jl, 

KOTOpbte MOryT npn B3SHMOAellCTBDn C Tlt~enbtMn HOHSMH ASBaTb a -paAnOaK-

THBHhle npoAyKThi1 aaTpymznromne HAeHTH~nKanuro Tpancypanoaoro aneMenTa; ... · 

·onhtThi no uccneaoaaanro nnyToaneBhtX Mnmenen na npucyTcTaue npnMeceA 

Bi 1 Ph n Hq 1 npoaeAenahie B aKcnepnMenTax no cnnTeay 102-ro aneMeHTa 
1 

HOKaaann, qTQ npn 6oM6apAHpOBKe STnX aneMeHTOB HOHSMH yrnepoAa n KHCnopOAa 

• MoryT 06pa30BbiBSTbCll pSAUOSKTHBHhle H30TOnbi AI , Rn 
1 

Fr 
1 

Ra H Ap. 

6 ,. < B.M~a 11 • 21 u nMeromne Ko-sneMenToBI 0 naAaromne SHeprnen a -paCHSAa a 

poTKne nepnoAhi nonypacnaAa. TaK, aanpnMep, B onbtTax no o6ny~ennro BHCMyTa 

nonaMn Kncnopoaa na6nroAanncb, KpoMe ABYX rpynn a -qacTnn c aaeprnen 

6,0+01 2 Msa n 715+0,2 Msn1 eme a -qacTnl!bi c sneprnell oKono 9 Msa, qncno 
- - 3 

KOTOphiX npnMepno n 10 paaa Menbme1 qeM KonnqecTao a -qacTnn c saeprnell 

7,5 Man. B aToll ~e cep11n onbiTOB o6nyqann ecTecTneanyro cMecb naoTouon cnna-

1!8 noHaMn KncnopOAa. 8 npnneaeHI!OM SBTOp8MII cneKTpe a -qSCTHI! HMeroTCll 
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a -qacTIIUhi c saeprnell .. 9 Mas. llpu"!eM ceqea11e oopaaonaBl!SI l!30TOna, ucnyc-

Karomero a -"'BCTllllbl C STOll anepr!!ell
1 

OK838JIOCb AO.CTBTO"'HO OOJiblllliM . 

-:w 2 ' ( .. 10 · eM ) • B oonee noanaell paooTe no cunTeay TpancypaaoshiX aneMeaTos 

TSK>Ke ObiJIO nOK838HO, "'TO npl!CyTCTSlle CSIIHUB S Ml!Ill9HSIX SISJISI6TCSI OCHOSHb!M 

MewaiOLUHM tP8KTOpOM 1 T.K. npll OOJiy"'9HIIll CBIIHUS TSI>K9Jib!Mli HOliBMll S03Hl!KBIOT 

c ooJibllillM ceqen11eM pannoaKTl!SHbie nponyKThi, ncnycKaromne necKonbKO rpynn 
/3/ 

a -"'aCTHil c anepruell 5onbrne 8 Mas • 

HaJIH"'II9 npl!M9CII CSllHUB S semecTse Mlllli9HII S KOJIII"!OCTSBX .r:l9CHTbiX llJIH

na>Ke COTbiX llO~el! MllKporpaMMB MO>K6T nOJIHOCTbiO CKpb!Tb a!jJ!jleKT CliHT9311pOS8H

HOro Tpancypanosoro sneMenTa. 

SKcnepnMeHTSJibHaSI qacTb 

nna nposepKII "'HCTOTbl MllllieHell II pa3JIH"'HbiX peaKTIISOS OTHOCIITeJibi!O CSIIH

UB n aacToamell paooTe ohm ncnonbaosan aKTnsaunoHHhrll MeTOil ero onpeneneana 

c IIcnonbaosaaneM ycKopeHHhiX uonon yrnepona c nocne.nyrowell perJicTpannell na-

nenennoll· a -aKT!!SHOCTl!. 

Onpeneneal!e CBIIHUB B MliiUeHSIX np0!!3SOilliJIOCb no l!30Tony panoRa -212, 

KOTOpbill !!MeeT nepnon nonypacnana 23 MIIHyThJ, scnencTBne qero 9Ta MeTonnKa 

« 5 • « /2/ SIBJISieTCSI uonee yno aon, "!eM ncnonbaonanaaSI D pauoTe , rne npncyTcTsne cne-

noSbiX KOJII!"!eCTB CBIIHUB B Ml!lli91!11 OllpeneJISIJIOCb 110 p8Jlli08KTIIBHOMy l!30TOny 

panoaa-211. HaTon lln 
211 

nMeeT oTaocnTenbHO fionbrnoll nepnon nonypacnana 

-( 16 "!aCOS) • lloaTOMy llJISI HartonneHl!SI ero. B llOCT8TO"'HOM KOJill"!eCTSe HeOOXOilli

MO npoBOAIITh Alll!TeJihHOe OOJiy"'eHl!e. 

B !Iamnx axcnepnMeHTax pannoaKTIIBHI>Ill naoTon panona-212 nonyqaeTcSI a 

peaynhTaTe anh~a-pacnana KopOTKO>Kl!Bymero naoTona pannSI-216, soa!InKaromero 

c oonbmliM ceqenneM npn oonyqerum cannna ycKopeHHbiMll noHaMn yrnepolla-12. 

Aaanna nposonnncSI aa ycKopnTene Y-150 fla5opaTopnn SI!lepab!X peaKunl! 

omm. 
MeTollnK'a npoBelleRnSI aaann:aa aaKnroqanacb B r.nenyromeM. M:arneab, noMe

meanaSI a KaMepy, aanomrennyro nnepTBb!M raaoM (apronoM) npn .[1asneanu 

0,15-0,20 aTM, oonyqanacb ycKopeHHb!Mll liOHaMll yrnepona. Hnpa OTilB"'ll, D03-

I!l!KBIOIIlll9 IIpll D3BliMO.tteli:CTBllll Slllep Mlllli9Hll II IIB119T8101IlliX 'IaCTHU, Bb!Ol!SB1111Cb 
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na Mnmean B raaoBhiii o6'hGM, 'l'OpMoannnch B neM n oca:m.t~annch aa ero cTenxn. 

AnroMn.lmeBasi lf!onhra - c6op!IHK paaMepoM1,2cM x 8,7cM, noKphiBaromasr snyTpea

ane cTeHKn raaosoro o6'heMD., nocne OKOR'la.lmsr o6nyqeallsr BhiHIIManach na KaMephl 

11 o6c'l11Th!Banacb, SlfllflexTHBHOCTb c6opa HAep OTAaqll panoaa-212 pasasrnacb 20%. 

Llna perncTpannn anhlfla-'laCTHlt IICUOnh3oBa~csr xpeMnneBhiA nosepxaocTao-6apbep-

1Ihlil AeTeKTOP c pa6oqefi nncimMbiO 1,6 CM ll c saepreTH'leCKHM paapemeaneM 

80 KSB nnsr anhlf!a'-nnrum aMepl!UHH-241 11 Kropnsr-244, noMemaeMhiil aa pacc~osrmm 
S MM oT aniOMHane:Boro c6op.~m:s:a. npH STOM o6c<~li:ThiBanach npnMepao 1/8 ero 

'lSCTb, npn Taxtofi reoMeTpHH Ollh!Ta alfllf!eXTHBHOCTb anblf!a-c'leTa paAOHa-212 paB

asrnaCb .. SO%. 

Jil HT91ICli:BHOCTll a -qacTnn, aa6nroAaeMhiX B cneKTpax, cymeCTseaao aasn-

csrT oT speMeaaoro pe~Ma aa:s:onneansr 11 C'leTa aKTBBRocTn. B naaaoi! cepnn onhi

TOB speMa aaxonneansr Bhl6npanoch paBahiM ABYM nonynepno.r:taM pacnana .r:msr Rn 212 

(46 MIIHyT), a o6cqeT c6op.1m:s:a HAep OT.r:ta'lll: aa'IBaancsr 'lepea 12 MHIIyT nocne 

oxoaqaa11sr o6ny'leana 11 Annncsr 30 MnayT. B cnyqae aapymea11sr BpeMeaaoro pe~

Ma BsOAIInBCb nonpaBKII c y<~eToM nepnon& nonypacnana Rn
212 

• B xta'leCTBe aTa

noaa ncnonbaosanacb Mnmeab, coneplKamasr nasecTaoe :s:onll'l9CTBO csnHna. lJyscTsn-
-8 

TenhHOCTb MeTo.r:ta npn yxaaaaJihiX Bbime ycnosnsrx pa;easrnach 10 r cs11ana. 

MeTo.r:t 11aro'l'Osne.1msr UIIKnoTpOHRbiX Mllmeaell: Bxtnro'laeT B ce6sr ncnonbaosanne 

MaTepnana nonnOJKKII, semecT.Ba Mil mean 11 6onhm IIX :s:onn<~ecTB paann'lHhiX xnMn'le

cxnx peSKTIIBOBo a· CBH311 C STIIM aeo6xci.r:tHMO 6h!nO npOananH3IIpOBSTb' KSlK.r:tYIO 

KOMllOH9!1Ty B OT.r:tenhHOCTII HS npiiCYTCTBIIe B Hefi CBIIHUa. 
2 

B Ta6n. 1 noKaaaao coneplKa.lme canana B MKrlcM nnsr paann'lHhiX anroMnHn-

eBbiX ¢onhr, onpeneneaaoe · npn o6nyqen11n nouaMH yrnepona. 

B Ta6n. 2 npnaeAeJihl peaynhTaThi aaanllaoB na co.r:tepJKaJIIIe CBIIHUa B xnMII

·qecK.HX peax'J'IIBax, IIcrronbayeMbiX B nponecce IIaroToBneansr MHmeael! 6ea norronnn

Tenhaol! O'IIICTKII OT CBIIHlla, 

B 113B9CTI!h!X B HSCTOsrmee BpeMR SKCTpaKlliiOHHbiX CHCTeMaX ITOBe.r:tenne CBIIH

na ananornqno noaenennro TpexaanenTHhiX TpancypanoBbiX sneMeHTOB nnn 6nnaxo K 
171 

neMy. B peaynhTaTe sToro SKCTpaxnnonabiM MeTo.r:toM Tpynao .r:to6nTbcH BhiCOKoll: 

O'IHCTKII aMepHUHR OT ITpHMecefi CBHHllSo 

Hcxo.r:tR na nnTepaTypHbiX nannhiX no paanoaecJibiM xoalfl¢nnneHTaM pacnpene
/6/ 

neHnn nanTana, aMepnnnsr n cBnHna B consrnol! xncnoTe na.xaTHOHHTe n anno-
/4 5/ 

anTe ' Mhi Bbi6pann. nnR oqncTKH MeTon nonoo6Mennoll xpoMaTorpa¢nn. Bo acex 

onbiTax npnMeannncb nonoo6Mennhie cMoiThi onnofi napTnn: xaTnoanT LlayaKc-50x8 
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. H a.Emo.lmT llaysxc-1x8 (pa3MepoM 3epna 0,04 MM, pa3Mep&I .xono.sox i::TanapTHble-

. 4x80 MM). Bcsr paooqasr nocy.Qa 6blna H3roToBnena H3 xsapna H · Teljlnona. nepe.Q 

KlllKllb!M OUblTOM nocy.Qa TmaTen&.IIO Mblnac& lt.IICnOTSMH H .QHTH30HOM. BMecTe C 

STHM · 6blna npoae.Qefta npoaepxa cMon na co.Qep>KanHe B .IIHx· CBHHita. llnsr sToro 

npoaonHnoc& nonnoe C>KHra.Eme unpe.t~enennoA naaecxu cManbl c nocn.e.t~yromea xn

Mn'tecxoll: oopaooT!toll: H ananH3oM yron&noro. ocTaTita. B pe3yn&TaTe 6&mo ycTanoa

neno, 'ITO Co.Qep:~KA.Ime CBRJma B HCUOnb3yeMblX HllMH CMOnaX - ltATiilO.ImTe R 8HHO

.IIHTe He npeBblntlle'l' 0,1 Mitr Ha 1,.., CMOnbl. YcnOBHSI O'IHCT!t.ll Ha XpOMaTorpaljlu

'teCit.IIX xonoHitax Bbl6HpanHc:& no on&ITHblM .QaHHb!M .QnSI xosljlljlHuHeHTOB pacnpeneneHHll 

/4 5/ /6/ 
naHTana, aMepHitHsr H CBRHita B comznoll: xucnoTe .Ra aHHo.RRTe ' H xa'nl:o.!On'e • 

0TpaooT!ta MeTO.QHit.ll npOBO.QHnac:& Ha naHTane, HOHOOOMeHHb!9 CBOACTBa ltOTOporo 

B ycnoBHHX onb!TOB onH3KH x caoll:cTBaM aMepHUHH. B Ka:lK.QoM onb!Te Hcnonb3osa

noc& no 6 Mr naHTll.Ra, B KOTOpb!ll: AOOaBnHnOC:& 30 Mltr CBRHita. 

nanTaH R CBHHeit 8ACOp6npoBanHCb Ha a.lmO.ImTe RnH XllTHO.ImTe H3 2H HCL, 

Bb!Mb!Ba.RRe TaK:~Ke npOBOAHnOCb 2H HCL • np:n STOM C KllTHOHIITa CHa'lana Bb!Mbi

BMCH CBRH8lt ( ICdPb -=10), a 38TeM naHTSH ( ICdLa • 50), C 8.1mOIIIIT8 n8HT8H Bbl

Mb!BanCH .QByMH CBOOOAHb!MH OO'beMaMH 2H HCL, B TO BpeMH KA!t CBH.R8lt OCTaBancH 

Hll CMone ( K d P b • 24, MaltCIIMYM copOUHH) • 

Ha KaTRO.ImTe ycnoBHH pa3Aene.RRH ny'IIIIe a I H HCL ( Kd La • 265, 

Kd Pb = 35), 'teM a 2 H HCL , OAHaKo .t~nH sTOro pacxo.QyeTcH 6on&moe xonH'leCT

BO KRCnoT&I. KpoMe TOro, AnH nocneAyiOnteA O'IRCTltH lla AHHOIIRTe Hy>KHo ObinO Obi 

nepeBOAHTb naHTB.H 113 1 H HCL B 2 H HCL , 'ITO CBH3B.HO C B03MO)KHOCThiO 3ar

pH3H8.1mH naHTB.Ha CBHHitOM. 

Pe3yn&TaTbl onb!TOB npe.QcTaaneH&I B Taonnuax 3 11 4. Kax BH.Qno R3 Taonun, 

nony'leHnble xos¢¢nnnenTbl O'IRCTKR nanTana oT CBRHita 3Ha'tRTen&no HH)Ke xosljlljlu
/4-6/ 

nHeHTOB, pacc'tRTAHilbtX no nuTepaTypllbtM Allllllb!M • STO B&I3Ballo, aeponTno, 

TeM, 'ITO Aallllble, ucnonb3oBaHHble AnH pac'teToB, nony'lellbl AnH llecxon&KRX AecnT-
/4/ 

KOB MRnnurpaMMOB CBHH!tll H nallT8H8 B paBHOB8CHblX ycnoBHHX. Kax 113BeCTHO , 

B 2 H HCL , rAe Cl'lBHen cynteCTByeT B BIIAe Pb C); B PbCI:- , ecTb HCKOTO-

poe KOnll'leCTBO IIOIIOB PbCI + II PbCI~ , KOTOpble He 8ACOp6upyHCh npOXOASIT 

qepea a.lmoHHT aMeCTe c nanTanoM 11 aMepunneM. K TOMY )KG, xax BR.QHO H3 Ta6-

nRitbl 3, xosljlljlunueHT O'IHCTKR nanTana oT caunna naAaeT c 20 nocne nepaoro 

IlHKna AO 2 R IIB'KG AnSI nocneAyiOntHX IlHltnO.B O'IHCTKH Ha llHIIOHIITe. STBM II OO'bHC

HHeTCSI TpyAHOCTh AOCTII)KeHHH Bb!COKOA CTGllGHH O'IHCTKII naHTllHll H llMGpHiliiSI 
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oT MHKpoxonnqecTB cansna. Ho npn npnMeaeann nocnenoaaTenbHO xaTHonaoro n 
-8 aanoaaoro o6Meaa.aaM ynanocb nocTnrayTb Bhicoxofi cTenean oqncTKH (10 r) 

Mnnnnrpa~MOBNX xonnqecTB naaTaaa H aMepnnnH OT cansna. Ecnn ~pnMeaeane 

aanoaaolt xonoHKn sa onna n_nxn naeT xoa4>cl>nnneaT oqncTKH a 2 a HCL 30, TO, 

ncnonb3yH nocnenoaaTenbHyiD oqnCTxy aa KaTHOHHTe n aanoanTe, ero Mo~ao no-
2 

aecTH no 5. tO • Hs aMepsnnH, oqnmeaaoro TaKHM MeTOnoM, 6binH nsroToaneHN 

UHKnOTpOBHhie MHUieHII C conep~HHeM CBHHUa 0,01 MKr aa J Mr aMepHUHH. 

B saKnK?qeane aBTOpbi Bhlpa~aiDT 6naronapHOCTb npotjJeccopy r.H. cllnepoay 

3a noCTOHBHoe BHHMaane, noKTopy H.·3aape 3a neaaNe coaeTN npn· o6cyJKAeaan 

pesynbTaToa, a Tax~e rpynne sxcnnyaTannn Y-150 sa o6ecneqeane 6ecnepe6olt

aoA pa6oTN ycl!:opHTeJISI. 
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I. 
Taonuna 

Co.aep;)KSHBe CBBHita B aniOMBHBeBbiX tln>m.rax 

N9 Tonmuaa, Co.aeplKliliue Pb , 
o6paana MX · MXrlcM2 

7 !:. 0,02 

2 6 0,03 

3 6 0,03 

4 7 0,04 

T8.6nuna 2 

PeaynbT8Tbi aHanB30B Ha COAep;)KSHUe CBBHita B XBMpeaKTBBaX1 

ucllonb3yeMbiX B llponecce uaroToanenus MBmeaeA 6ea .aonon
HHTenhaoA oqncTKU OT CBHHita 

N.1 
PeaxTuB 

06'beM npo6bl Co.aep;)KSBB9 Pb, 
DD B MnnnnnnTpax MXr 

l. H 0 (6n.ancTnnnstT) 100 0,07 
2 

2. HCL (oco6oA qucTo- 100 0,12 
Tbl) 

3. HNO 8 ( oco6oA qncTO- 100 s. o;o2 
Tbi) 

4. n a It 
xl 

100 1,20 
F -----~---

x 3% -paCTBOp HBTpOKneTq8TKH . B 8MHnaneTaTe1 aueTOae, CDUpTe. 

Ta6nuna 3 

QqnCTK8 naHTBHB OT CBBHI18 Ha 8HHOHBTe llayaxc-1x8 

Ng 06paaen La 2 0 3 CoaepJKanue Pb, Tonmnaa Mnwe-
1111 + (6 MKr) Pb MKr HB, Mr/cM2 

I. Eea O'IHCTKH 6,00 0,4 

2. nocne 1-n oqacTKH . 0,34 

3. nocne 2-n oqncTKH 0,19 

4. nocne 3-A oqHCTKH 0,08 

5. nocne 4-A oqncTKH 0,05 

8 

,• 

Ta6nHna 4 

nocne.aoBaTenbHBH oqHCTKa na&TBHB OT CBHHitB H8 8RUOBHTe H 
KBTHOHHTe (llayaKc-1x8 H llayaKc-50x8 H3 2H HCL). 

]\~ ·+8 
Co.aep;)KSBHe Pb. Tonmnaa MU-06paaeu La 

npuMeqanue 1111. + ( 1 MKr) Pb MKr meBH MrlcM2 

1 •. Eea oqncTKH 1,0 1,1 Co.aeplKaHne naaTaaa 

B HCXOAHOM o6pa311e 
B3HTO 5 Mr1 CBHHilB 5MKr. 

2. nocne 1-A oqncT- 0,036 1,3 
KH liB BHHOHUTe 

3. nocne 2- it oqncT-
0,016 1,14 KH HB KBTHOHBTe 

4. nocne · lA oqucT- 0,03 1,0 
KH HB KBTHOHHTe 

5. nocne 2-A oqncT-
0,02 1,0 Co.aep;)KSHUe nBHTB-KH HB KBTHOHHTe 

HB B UCXOAHOM 06-
6. nocne 3-4 11ocne- paane B3HTo 6 Mr, 

AOBBTenbHbiX oqHc- 0,01 1,0 CBUHUB 30 MKr. 
TOK Ha BHIIOHHTe 

x/npHMeHeHHe BHHOHHTa rrocne KBTHOHHTB Bb13BBHO TeM, qTo Anll OqHCT-
KH HB IIOHHTBX rrpnMeHSUIBCb KHCnOTbl HeAOCTBTOqHofi qnCTOTb!. . 
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