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VfayqeaHe XHMH'l9CKOro noae.neHHH H aaneHTHbiX tPOpM pa,nH08KTHaHbiX 

aTOMOa, a03H~K8IOlllHX a peaynbTaTe pa3nH'IHbiX H,nepHbiX npeap8Ul9HHR 1 noMHMO 

C8MOCTOHTenbHOrO H8Y'IHOrO HHTepeca He06XO,llHMO .nnH npaaHnbHOft pa3pa60TKH 

H ycoa.epweHCTaoaaHHH M eTO,llOa nonyqeHHH pa,nHOXHMH'l9CKH 'IHCTbi',( npenapaToa, 

BonbWOe 'IHCnO paGoT, HM 9IOWHXCH a nHTepaType H nOCBHlll9HHbiX 9TOMy 

aonpocy /1:_4/, Bbmonaeao,' a ocaoaaoM·, npH o6nyqeaHH eewecTa.a MHWSHH qac

THuaMH ManbiX H cpe.nHHX aaeprHR /.no 20 Mae/, Ho, aa pe.n.KHM HcKnroqeaHeM 

/5'/ 1 B nHTepaType H9T .ll8HHbiX no HCCneaoB8HHIO XHMH<ieCKOrO COCTOHHHH npo,nyK

TOa S1.ll9pHbiX p98KUHft 1 npOT9K8IOlllHX npH a38HMO.ll9RC.TBHH '18CTHU abiCOKHX 

aaeprHii /aecKonbKO coT Maa/ c eewecTaoM. 

B aacTOS1WeR pa6oTe npoao.nHnocb HayqeaHe aaneaTHbiX cpopM:, a • KOTOpbiX 

CT86HnH3HpyiDTCS1 nocne pacTaopeHHSl o6n Y'J9HH6ft i\tlfweHH B BO.ll9 pa,nH08KTHaHbi9 
' :.. '"" <::.,:::,· >:! .• 

H30TOnbi H0£.!8• nony'laiOwHel!~ npH pacw enneHHH Tennypa, U93HSI H H0ll8 6biCTpbi-
l 

MH· npoToaaMH no P.eaKUHSlM: 

Cornacao cywecTayiOWHM npe.n CTaeneHHSlM, eaaHMOlleRcTBHe 6biCTpoft ~acTH-

. Ubi CO CnO:>i<Hbit-i Sl.llpOM npoTeKaeT a .nae CT8.llHH /6/, nepBaSI CT,,8llHSI - SyKnoa

HbiR K8CK8ll aHyTpH Sl,npa, KOr.na Han eT8lOlll8.SI 6biCTp8S1 '18CTHUa, ,npOXOllSI '19p93 

SlllpO,, nepe.naeT '18CTb caoeft 9H eprHH O.llHOMy HnH H9CKOnbKHM HyKnOH8M B Slllpe, 

'ITO npHBO.llHT K HCnyCK8HHIO H9KOToporo 'IHCna 6biCTpbiX "K8CK8llHbiX" 'laCTHU H 

K B036y)K,ll9HHOMy COCTOSIHHIO OCT8TO'IHOrO Sl,npa, 

II 
BTopaH cTa.nHH aaKnroqaeTcSI a ycnoKoeaHH ocTaTO'Iaoro Slllpa, Kor.na ero . ~ 

9H eprHH B036y)K,ll9HHH 1 .llOCTHr 810Ul8Sl H9CKOnbKHX ll9CHTKOB H ,ll8)K9 COT9H MHn

nHOHOB aneKTpOHOaOnbT 1 CHH)K89TCS1 a CaSI3H C HCn8p9HH9M paanH'IHbiX '18CTHU:.npOTOHOB 1 

aeRipoaoa, .neRTpOHOB, TSI)K9nbiX '18CTHU Jo/.., t 4' . Be I • a T8K)Ke a -
KB8HTOB, 
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OcTaToqaoe Bapo :1\oaa nocne oKoaqaaHB npouecca ucnapeHHSI ~MeeT KHHeTu

qecKyro aaepruro 2~3 Mas 111, qTo. npeBbiwaeT. aaepruro xHM·HqecKHX.. csgaeA H ao-

CTaToqao anSI. HX paapyweHHSI. C,OCTOSIHHe STOMa B MOMeRT ero 00pa'30BSHHSI 

HeH3BeCTH0 1 oaHaK.O e.CTb OCHOBaHH~ npeanonaraTb 141 1 qTo "'ropBqHA, aTOM"' He

ceT 6on&woA nono:iKuTen&HbiA· aapBa, .Ho no M epe aaMeaneHHSI csoero aBH:lKeHHSI 

oa npHcoeaHHSieT aneKTpOHbi, H ero nono:lKHTen&HbiA sap Ba yMeH&waeTcB. 

B pgae paooT BbiCK838Hbi npeanono:lKeHHSI 0 TOM, B KaKHX cpopMaX oopaayroT

CSI npoayKTbi gaepHbiX peaKuHA. ATeH /81 cquTan, qTo npoayKTbi In ' p 1. H 

I~. 1 · o{./. - peaKUHA cne,hyeT O.:lKHaa~b B BbiCWHX OKHCneHHbiX COCTOSIHHSIX 1 TaK 

KaK OOMoapaHpyiOIU.He H BbineTaiOIUHe qacT.HUbi1 o6naaaiOIUHe oonhWOA CKOpOCTbi0 1 

MOryT BbiOHBSTb aneKTpOHbi H Oopa30BbiB8Tb nono:lKHTen&Hbie HOHbi. 

B oTaoweHHH npoayKToB peaKuH'A rnyooKoro pacmenneHHSI. PyacTaM 191 

caenan npeanono:lKeHHe, qTo .oaH aon:lKHbi o6paaoBbiBaT&CSI B HH3WHX OKHcneaabiX 

cpopMax. 

0aHaKO OKOHqaTen&aoe XRMHqecKOe COCTOSilJHe npoayKTOB BaepHbiX peaKUHA 

oyaeT onpeaenBTbCSI TeMH cpopMaMH, B KOTOpbiX OHH CTa6HnH3HpyiOTCSI B pesyn&Ta

Te BTOpHqHbiX peaKUH:I\. C OKpy:lKa!OIUHMH HX aTOMaMH H MOneKynaMH KSK B TBepao:l\ 

. cpaae, ~Tffi<.. H. npH paCTBOpeHHH .B Boa e, noaTOMy oea 9KCnep~MeHTanbHOA npoBepKH 

aesoaMO:lKHO nonyqHTb npaBHn&aoe npeacTasneaue o XHMJf.qecKHX cpopM ax cTaoHnuaa
£~ 

" UHH npoayKTOB pacmenneHHB • 

. BbxopaHHhiA aaMH B KaqecTBe o6'beKTa uccn eaoBaHHSI Aoa Gbin. oqea& yaooea, 

TaK KSK··~H oonaaaeT HeCKOnbKHMH ycToi\qHBbiMH BaneHTHbiMH cpopMaMH liiepiioaaT, 

iioaaT, iioau.ti, MoneKynBpHbdt .Aoal, H~oTonaoro o6Meaa Me:lKay KOTOpbiMH MO:lKHo 

H30e:lKaTb B ycnoBHSIX HH.SKOA KHCnOTHOCTH paCTBopa 1101. PaaHoAoa, oopaayromuA:-
. . . ' 

CSI J(8K .npoayKT pacmenneHHSI,. HM eeT pSia cpaBHHTen&HO .llOnrO:lKHByiUHX H30TODOB 

1111, HaeaTHcpHKauHB KoTopbiX ae npeacTaBnBeT aaTpyaaeaua npH onpeneneHHH 

H3oTonaoro cocTaBa san eHTHbiX cpopM. 

3KpnepHMeHTan&HaSI qacTb 

OonyqeliHe. npenapaToB 

. 06n yqeaue XHMHqec·KH qlfCTbiX coeaHHeHHA Tennyp,a I H2.:Je ol! ~211z_O I' 
ue3HRI ace, GNql c;.2SO.y I H Aoaa I K.:JOI(J /<7f1J I<J I, npoooaHnOCb 

·, 
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npoTOHaMH c aHeprnefi ~60 ~aa Ha cnHxpounKnoTpOHe 06~ennHeHHoro HHCTHTyTa Hnep· 

H biX nccnenoaaHnti, 

HanH'IHe pHna coenHHeHHft ueaHH H ilona, noaoni::.HO xopowo pacTaopHMbiX 

B BOne, D03BOnHnO HaM H3y'IHTb BnHHHHe aHHOHa Ha OTHOCHTenbHblll BbiXOn cPOPM 

panlioiiona, o6paayromerocg npn pacmenneHHH ueanH H ilona. 

TaK KaK cnenbi · ancop6HpoaaHHOii anarn H Kncnopona aoanyxa annHroT Ha 

OTHOCHTenbHbiti BbiXOn BaneHTHbiX cPOpM afleMeHTOB, o6paayiOillHXCH npH HnepHbiX 

peaKunS:ix 12 I, a pHne onbiTOB HaMH ncciienoaanocb anHHHHe npenaapHTeni::.Hoii o6-

pa6oTKH MnweHH Ha o6paaoaa·HHe paanH'IHbiX aaneHTHbiX ciJopM pannoiiona. C aToii 

uenaro npenapaThl nepen e'finy'leHHeM TlllaTenbHO BbiCYWHBanHCb ~· aaMKHyToii 

cncTeMe a aTMocciJepe aproHa npn paanH'IHhlX TeMnepaiypax / 

npn KOMHaTHoii TeMnepaType, conn ueaHH..;npn.., 300°C, coennHeHnH 

~.7ef4·~~0-
. o o· 

ftona-npH..,80 -80 C I, 

aaKYYMHpoaannci::. H o6nyqanncb a aaaKynpoaaHHbiX KBapueabiX aMnynax. HeaaKyyMn

poaaHHbze coenHHeHHe o6nyqanncb a naKeTax na anroMnHneaoa· ¢one~~ nnn a aMnynax. 

TennypoaaH KncnoTa o6ny'lanacb pacceHHHbiM nyqKOM npoTOHOB c HHTeHcna-
10 . • . . 

HOCTbiO 10 DpOTOHOB '1epe3 MHWeHb B CeKyHny B T9'19HHe 10;_20 'laCOB,. npn 
·o 

TaKOM o6nyqeHnn, Korna TeMnepaTypa MnweHn He npeabzwana 90 C, HaM ynanocb 

na6e:maTI::. cnnbHoro Harpeaa n TeM caM biM npenoTapaTHTb paano:meHne Tennypoaoii 

KHCnOTbl no HepaCTBOpHMOll B Bone nayoKHCH Tennypa, 

Coenn·HeHHH ueanH H ilona o6nyqanncb. KCK pacceHHHbiM ny'IKOM npoToHOB a 

T9'19HH9 15-30 'lacoa, TaK H BHyTpeHHHM CcPOKycnpoaaHHbiM ny'IKOM DpOTOHOB C 

HHT9HCHBHOCTbiO .tV 5 • 10
12 

npOTOHOB 'lepea MHW9Hb1'a CeKyHny B Teqemie 30-40 

CnenyeT aaMeTHTb, 'ITO o6nyqeHne c<PoKycnpoaaHHbiM ny'IKOM npnaonnT K 
. . . 0 

cnni::.HOMY Harpeay MHwenn lnpnMepHo no 300-400 Cl, aTo 6eaycnoaHo 6yneT 

CKa3biBaTI::.CH Ha peayni::.TaTax aKcnepnMeHTa. OnHaKo 6oni::.WHHCT.ao pannoxirMIPie

CKHX nccnenoaaHnft npoaonnTcH nMeHHO npn o6ny'leHHH aemecTaa Mnwean npoTo-
·, . 

HaMH C 6oni::.Weft HHT9HCHBH0CTbiO, noaTOMY KaaanOCb HHTepeCHbiM H3y'IUTb Oopa-

30BaHH9 pa3nH'IHbiX cPOpM pannoftona B aaBHCHMOC TH OT HHT9HCH BHOCTH Dy'IKa npo-
. . 

ToHoa. TaKoe cpaaHe~ne ohlno BhlnoriHeHo npH o6ny'leHnH coneft ueanH~ ionaTa .H 

il:onnna KannH, 



I 

-6-

VI a eHTH cl>mcauHSl Ban eaTH biX ci>opM pan.Hoftona 

Oony'leHHbie nperiapaTbi "ocTbiBamf"· oKono 12 qacos D.nSJ Toro, 'iTOobi pacnanHch 

KOpOTKO)KHBYlllHe H30TOnbi ftona 1121' nocne qero MHWeHH paCTBOpSlnHCh B c~e)!{enepe· 

rHBHHOM OHD.HCTHnnaTe,. nocKonhKY paCTBOpbi H,.Je 0'1 ·,2~ ~ U#q, ~SO'/ HM~nH KHC

nyro peaKUHI0 0 TO D.nSl H30e)KaHHS1 B03MO)KHOrO H30TOnHoro OOMeHa Me)KD.Y OKHCneHHbi

MH H aoccTaHoBneHHbiMH cocTOSlHHSlMH ftona OHD.HCTHnnaT B aTHX cnyqagx npensapHTenh

Ho nonmena'lHBancSl TaK, 'iTOObi pacTsop HMen HeftTpanhHYIO peaKUHIO, .DnSl aHan:Haa 

opanach anHKBOTH8Sl qaCTh OT oomero paCTBOpa, 

B ocHo.By MeTOD.HKH Hay'leHHSl saneHTHhxX ci>opM paD.HOaKTHBHbiX H30Tonos ftona, 

nonyqaJOlllHXCSl no peaKUHSlM rriyooKoro pacmenneHHSl H npH nocnen.yromeM pacTBope:

HHH semecTBa MHWeHH B Bone, .. nerno xpoMaTorpaci>:H'lecKoe paaneneH:He aHHOHOB 

nona I JO't: J o3·,.:; I l oe3 :HOCHTe~Sl, OnHC8HI;t~e B nHTepaType 113.1 If MOD.Hqm

UHpOBaHHOe H8MH np:HMeH:HTenhHO K ycnOBHSJM Hawero onbiTa, 

npen.BapHTenhH8SJ paapaOOTKa MeTOD.8 paan.eneHHSJ MHKpOKOnH'iecTB nepi'wn.aTa, 
. , I y ~l I t'>f/.31 1 

fton.aTa, ftOD.HD.a H aneMeHTapaoro ftona Obina BbiDOnHeHa c noM OlllhiO " V. , ...., O. 
~ . , 3 

H 'J~ ·. · Csooon.Hbie oT HOCHTeng· nepfton.aT ~ H fton.aT ObinH cHHTea:HpoBaHbi HaMH 

M ,..,m · x/ · 
H3 npenapaTa a. J , ae con.ep)Kamero HOCHTenst • 

·,. ' . .· ' . . . :... ' 

Paan.eneHHe 8HHOHOB fton.a oea HOCHTeneft npOBOD.HnOCh Ha KOnOHKe pa3MepoM 

1 00x 2. MM, Ha~onHeHHOft aMoepnHTOM :J /{. ·A- 400 B HHTpaTHOft cPOpMe C pa3Me"'!"' 
· . I I 

poM aepaa ,.., 30 .u • 3nroeaTaMH cny)KifnH n.nst ::JOlt -6HD.HCTHnnaT, n.nst !YIJ.J 
I ~-· . 

H !J - pacTsop .1 N /( N·O.J npH pH =10,4. nocn~ anroHpoBaHHSJ aTHX aHHOHOB 

M hi onpe.zlenSlnH ocTaromHftcst. aa eM one aneMeHTapHbift lion, n.nst qero cMona npoM hi

aa~acb 411 paCTBOpOM Ml.zsq,ifon. BO~CT8H8BnHBancSJ D.O ftOD.HD.B If nocneD.HHif 

BbiMbiBancst 2 N pacT·sopoM /VaN0 npH pi-/= 10,4. 

Ha pHcyHKax 

;;f3' ' ~13/ . 

131 I 131 
1 H 2 npen cTasneHo xpoMaTorpaci>H'l:ecKoe paaneneHHe /1 0'1 ,J Q~ 

. ' ' . 3 
Oe3 BellleCTBa MHWeHH If B npHCyTCTBHH TennypOBOft KHCnOTbi 

IKo!uieHTpauliSl. 0,1 r1Mn 1 Oomee KOnH'ieCTBO 0,15 rl • 

. KaK BHD.HO H3 pHi::yHKOB, ,MaKpoKonH'iecTBa · H2..!Je 0'1 'Z ~ 0 He Mewa-

roT ·paan eneHHIO, 
X I u "11Jl I .Ill :yiJI ' 

ViOD.BT. I .J O.J oea. HOCHTengl roTOBHnCSl OKHCneHHeM trCl. B H,Jij_Tpanb~ 
. HOft HnH cnaoomenO'iHOft cpen.e n}IJMaHraHaTOM KanHSJ; nepfton.aT I. ::I vt oea 
·HOCRTengl - OKHcneHHeM /V~ ::/1 

I B '.menO'iHOft 'cpen.e rHnoxnop.H.TOM HaTpHSI, 
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AHaiiorlPH{bie KpiiBbie 6bmll CHSIThi 11 Ha cpoHe. coe.lliiHeH111L uea.11s:1 IKoaueHTpauns:~ 

0,03-0,05 r1Mn 1 .:>6mee K01lii'IeCTBO 0,05 -0,072 I"l, 0Ka3a.1IOCb
1 

'ITO B npiiCYTCTBIIII a Ce a IV4 u C:f<Sqnpollcxon'IIT qacT~'IHOe BbiTectteane ftO.llaTa B nepliO.llaTHY'O 

' . . /"n' 11./rl ' S n" 
cppaKUIIIO, O'IeBII7lHO, MaKpOKOllii'IeCTBaMII IIOHOB ~ I I vv.3 If Vt- • B' STIIX 

cnyt{as:~x np11 H.lleHTHcpiiKaiiiiii aaneHTHbiX cpopM 'Ao.lla 6panacb cyMMa BhiCWIIX OKII

.J+~ II J<~-S I. · cneHHbiX cpopM I 

MHOI"OKpaTH:bie OnhiTbi no pa3Jl.e.TieHHIO IICKYCCTBeHHOit CMeCH aHIIOHOB ftOJla 

noKa3a.TIII 1 'ITO MeCTOnono:m.eHHe niiKOBbiX 06'beMOB He MeHs:IeTCs:I, 0JlHaK0
1 

'IT06bi 

y6e.lliiTbCSI B TOM 1 ''ITO np11 ll.lleHTH¢IfKaiiHH BaneHTHbiX cpOpM ftO.lla B o6ny'IeHHOfi 

MIIWeHII OHH COXpa!JSIIOT TaKOe :m.e nono:m.eHIIe 1 M hi npOBOJlii1IH a.aa11113 Ha CO.llep

:m.aHHe pa.lliiOaKTHBHoro iio.lla B Me:m.niiKOBbiX o6'beMax. PesynhTaThi a.aan11sa noKa

sanll, 'ITO cpp~KUIISI X IMr:;2tl.llY niiKOB,bi~H 06'be.¥.~~!. ::1 oil' H J(4' ICO.llep:>KHT 

0,1 - 0,2% pa.lliiOaKTIIBHoro Ao.ll'a oT o6mero ero K01IH<IecTaa; • cppaKnns:~ Y IM e:m..lly 

:Jq 1 
K .J 

1 

I oKono 3% ; cppaKUIISI ,l IMe:m..lly J 1 
K ~ I - 0,2 - 0,4%. 

, C1Ie.llOBaTe1IbH0 1 Ka)KJlbift niiKOBbiA 06'beM COXpaHSieT TO M6CTOnonb:m.eHHe1~ 

KaKoe 6bmo nonyqeao .np11 paspa6oTKe M eTOJla. 

Yfs-sa C1JO)KHOI"O pa.llHOXHM.II'IeCKOI"O COCTaBa IipOJlYKTOB pacmenneHIISI Ten

nypa, Ue3Hs:I II itOJla He1Ib3SI 6bi1IO Henocpe.llCTBeHHO CHSITb KpHByiO XpOMaTOI"pacpll

·qecKOI"O pa3.ll eneHIISI BaneHTHbiX cpopM P8.lliiOAO.lla B o6nytieHHOft MIIWeHII, noaTOMy 

Ka:m.Jlas:I iiO.llOCO.llep:m.amas:~ cppaKUIISI nocne pa3.lleneHIISI HY:m..ll anach. a .ll anbHe~weii 

O'IHCTKe 1 Jl1ISI qero B Hee BBO.llii1IHCb M8KpOK01IH'IeCTB8 HOCHTe1ISI ftO.ll8 110 Mrl B 

COOTBeTCTByiOmeft BaneHTHOA cpOpMe, II 38TeM ii:O.ll Bbi.ll enSI1ICH no JlH CTH.111ISIUHOHHOfi 

K SKCTpaKUIIOHHOii MeTOJlHKe 1141, 

JlnSI onpe.lleneHKSI B03MO:m.HbiX noTepb pa.llHOaKTHB.aoro fto.lla a npouecce 

xpoMaTorpacplltiecKoro p 83Jl eneHHSI aaneHTHbiX · cpopM cyMMa Y.ll enhHhiX aKTIIBHOcTetl 

iiO.lla BCeX nonytieHHhiX nocne OtiHCTKH cppaKUHll Cp8BHIIB81I8Cb C y Jle1IbHOii 8KTHB

HOCTbiO l10.ll8t, Bhi.lleneHHOI"O uenHKOM 113 T8KOro :m.e 06'beMa J>8CTBOpa
1 

KaKOti 6bi1I 

B3SIT .ll1I g onpe.llen EliiiSI Ban eaTHbiX cpopM, PesynhTaTbi. noKa381III, 'ITO ItOTepb P8.llll0" 

8KTIIBHOI"O l10Jl8 He npOIICXO.llHT, 

napannenbHO XpOM8TOI"p8cpH'IeCKOMy pas . .lle~eHHIO npOBOJlii1IOCb onpe.lleneHHe 

BaneHTHbiX cpopM liO.ll8 8H81IHTII'IeCKHM MeTOJlOM 1151; 

CT8HOB1IeHHbie . cpOpMbl /iiO.llll.ll II aneMeHTapHbiJi llo.ul 

BHatiane oTaens:~nKch aoc

aKcTpaKullell B c ce't 113 

' 

1 ....................................... 
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pacTBopa, . HMeromero pH = 3-7, 

pH= 3 · ocamaancH iloaaT s snae 

nocne STOrO H3 OCT8BWerOCH paCTBOpa npH 

Ba. (J ~},<. , Ilep~oaai ocamaaiicH H3 

ocTaBillerocH nocn'e o'l'aen~HHH ocaaKa 8 a (JD.J)2 rtmn.bTpaTa, aoseaeaaoro .no 

tN ·no H/Vtj B BH.z:te Bt(YO~tk· . 
0THOCHTenhHbiil BbiXO,Ll ilo.z:ta B TOil HliH HHOik BaneHTHOit cpopMe onpeaenHnCH 

no yaenhaoa aKTHBHOCTH oca.z:tKa Pd~ 1 nonytteaaoro .H3 Kam.nou cppaKUHH 

· Ao.z:ta, 

AKTHBHOCTH 'ocaaKoB H3MepHnHch Topuo~biM ctteTttRKOM MCT-40. Yi.z:te~THcpH-
. · · 171~3 Jl21/ /"'fi:J.(; .7· 1$0 x/ 

KauHH ·paanoaKTHBHbiX HaoTonos_ aoaa I. v 1. 1 J. 1 .. I 

5 Ka.>Kaoa MHweHH nposoaHilach. no ,nepifoay nonypacnaaa H THny nanytteHHH, JlnH 
' ' •' . IY/23 "'1130 I 

cpaBHeHHH OTHOCHTellbHbiX. BbiXO.z:tOB H30TOUOB V H c./ 1 HMelOllli'IX O,LlH-

H8KOBbift nepHO.z:t nonypacna.na1 HO pa3Hbift Xap~KTep H3ny~eHHH 1 H3MepeHHH 8KTHB

.H!OCTH nposoaHnHch c Be -nornoTHTe~eM H 6ea 'aero /16/, 

PeaynbT8Tbl HCCne.z:tOB8HHH H HX oocy:>K.z:teHHe 

· nonytteHHbie H8MI'I peayllhT8Tbi 0 cpOpMaX CTa6HnH38UHH p8.z:tH08K.THBHbiX Hao

TOUOB aoaa, ·o6paayromHXCH no peaKUHHM rny6oKoro · pacmenneHHH T.ennypa, ueaHH 

.H ·aoaa ObiCTpbiMH npoToHaMHI nocne pacTBOpeHHH, o6n2tteHHbiX npenapaT.oB B soae !> ,. . 

npeacTaBneHbi · B · T a6n.Huax 1,2,3. 

6
. 

1
xx/ 

Ta nHua 

Pacnpea eneaHe pariiioaoaa no'''B'aneHTHbiM cpopM aM npH o6nyttemiH Tennyposoa 
· · ··.;. > · KHcnoTbi ObiCTpbiMH rnpoToHaMH .. 

.MeTO.z:t %% Ylto 8KTHBHOCTH 
I npHMettaHH onpeaeneHHH 0KHCneHHbie. cpopMbi .. , 

\ .JO,/ 
xpoMaT~rpaqmtt. · 12 
XHMHtteCKHft . 10 
.xpoM aTorpacf>iltt. 26 
XHMHtteCKHft 44 

---·--

xl :~II. 3 (K} J T '/L:: 15 r.a.c. ; .. 

:t'1.t. ( fJ j I() 
1 

T fJ, = 1. '5 'JJ.{; 

·.:;~' 
66 

.• .65 

13 

BoccTaHOBn,cpopM bi 

J2, 
1 

25 
8 

56 

":! t2.1{ ( ~~ K} J 

-:/'ao (n-); 

:J' 
21 MilWGHh He 

BaKyyMHpo 

52 BaKyyMHP• 
MHWeHh 

~ {, = ~ S"gllj 
T Ji = /1,1 c, -r,a:c. • 

e 

xx/JliiHHbie 1 npliseaeHa~re so scex Ta6nHuax, npeacTaBnB:roT cpea·Hro'K) · apHcpMeTH
ttecKyro BellH"lHHY 6-9 onpeaeneHHft, ·MaKCHM81IhHOe OTKllOHeHH.e He. npeBbiW81IO 
3-:5%. . 

....._________ 
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Ta6nHua 2 

· PacnpeaeneHHe paaHoiioaa no BaneHTHbiM cpopMaM npH. o6ny'leHHH coneii. ueauSJ •. 

) 

Coeaa- MeToa 
.. 

%% YU 8KTHBHOCTII: 

H9HH9 onpeaeneHHSJ OKucneHHbre . BoccTaHoBneHHbre npuMe'laHHe 

cpopMbi cpopMbr 

:10~ 'JO} J2. j' 

xpoM aTorpacpH'I. 48 5 47 MuweHb He BaKyyMH-

XHM11'19CK11H poBanacb,11HT9HC11B-

6 38 56 HOCTb., 5•1 0l2p 'lepea 

M11W9HblceK. 

CsCt xpoMaTorpacpH'I. 2 38 60 BakYY¥11POBaHHaSJ MH-

XHM11'19CK11H . 
.99··· 

W8Hb 11 11HT9HC11BHOCTb .. ,. 1 ... s•tol2 p qepea M11-

we.HblceK. 

xpoMaTorpacpuq, 9S 2 8aKyyM11p~B8HH85J M11-

XHM11'19CK11H ill 9Hb , 11HT9HC11BHOCTb 

7 83 10 '10'. Hi p :'iepea M11-:" 

' W9Hb/ceK, 

xpoMaTorpacp11'1, 39 5 56 M,11W9Hb H9B8KYYM11-

X11M11'19CKHH ' pOB8HHaSJ,11HT9HC11B-

6 38 56 HOCTb "- 5•1 o12 .p .qe-

pea M11W9HbfCeK, 

sNg 
xpoMaTorpacp11'1. 13 6 81 ·BaKyyM11pOB8HH85J ~11~ 

W9Hb, 11H:1'9HCHBHOCTb . 

""'5•10 12 p qepea M11-
c 

W9Hb/ceK 

xpoMaTorpacp11'1. 46 21 33 
. 

BaKyyMnpoBaiman M11-. 

19 

.W9Hb,HHT9HC11BHOCTb 

XHM11'19CKUH 7 40 53 10 10
p qep.ea\.ni-

weHblceK. ·· .. · ... ·. 

xpoMa Torpacpuq. · 12 7 81 BaKyyM11poBaHHaSJ M11-

W9Hb, HHTAHCHBHOCTb 
'12-

s250Lt 
""5•10 p qepea 

M11W eHblceK. · · · 

. c 
xpoMaTorpacp11'1, 23 34 43 ·'. 

BaKyyM11poBaHHasi MH-

XHMH'I9CKHH 3 20 77 
W9Hb, 11HT9HCHBHOCTb 

10l0
p qepea 

M11W9Hb/CeK. 
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T a 6 ·n H u a 3 

PaenpeaeneaHe paaHoiloaa no BaneHTHbiM ¢opMaM npH o6ny'leHHH eoeaHaeaHfi 
iio.ila 'J..{ilweHH. BaKyyMHpOBaHHbiel 

Co~aH.;. 
%% Yll• BKTHBHOeTH 

HeHHe 
· MeToa onpea eneaHH 

0KHeneHHbie BoeeTaaoanea. 
npHMe'laHHe 

cPOPMbi ¢opMbi 

ao: 'JO; JA J( 
.. . 

X pOM aTorpa cPH'IeeKHil 9,2 3 5 YfaraaeHBHOeTb I<JDlf. 10 P qepea 
XHMH'IeeKHil 9 87 4 MHllleHb leeK. 

xpoMaTorpa¢HqeeKHil 94 2 4 _,_ 
KJ03 

XHMH'IeeKHil 9 83 8 

xpoMaTorpaqmqeCKHil ·· 85 '5 10 Yf HTeHeHBHOeTb 

XHMH'IeeKHil 21 74 5 tv 5•to12p e qepea 
MHllleHb leeK. 

xpoMaTor~acPH'IeeKHil 5 7 88 
" -"-XHMH'IeeKHil:. 2 0,5 97 

XJ 
xpoMaTorpa¢HqeeKHil 9 2 89 Yf HTeHeHBHOeTb 

XHMH'IeeKR,il: 1,5 1,5' ~1 
toto P qepea 
MHll19HbleeKo 

-- ----- -------- ----- --

KaK. BWlHO 1{3 nonyqeHHbiX aaHHbiX, OTHOeHTenbHblil: BbiXO.ll BaneHTHbiX cPOPM 

aaBHeHT. OT yenOBHil: OnbiTa, a HMeHH0 1 OT npea~apHTenbliOfi o6pa60TKH MHllleHH 

fBbieylllHBSHHe H BaKyyMHpOBaHHe/ H OT HHTeHeHBHOeTH nyqKa npOTOHOB, 

H anH'IHe eneao5 BnarH H aaeop6HpoBaHaoro KHenopoila Boaayxa B · o6nyqae

MOM eoe.llRHeHHH yaenH'IHBaeT OTHOeHTenbHblil: BbiXO.!l OKHeneHHblX cPOPM pa.!lHOii:O.lla 

ITa6nHua 4/. 

TaK, npH o6nyqeaHH BbieyllleHHbiX H aaKyyMHpoBaHHbiX MHllleaeit .BbiXOLl paaHo

itoaa a cpopMenepitoaaTa H itonaTa yMeHblllancHnnH H~reO'I·.2~0 
a a-sa paaa, nnH Cs N ~ B · TpH paaa, a anH Cs C£ - npHMepao a nsaauaTb 

paa. 

i 
I 
l 
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T a · 6 n H u. a 4 

Bbrxoa OKHcneHHbiX cpopM paaHoitoaa /cyMMa yaenhHbiX aKTHBHocTeit nepaoaaTa 

H RO,llaTa B %%/ B aaBHCHMOCTH OT COCTOSIHHSI MHlli9HH 

CoeaHHeHHe 

H,_.7e011 ·2 H,.D 
CsN03 

.esce· 

%% aKTHBHOCTH B cpopMe JOt/+ .7~ I 
MHllieflb B ycnoBHSIX na6opa..;. 

TOpHOT'O xpaHeHHSI 

78 

39 

48 

BaKyyMHpoBaaaaSI MHllieHb 

39 

13 

2 

Pe3yJibT8Tbi Ta6JIHUbi T'OBOpSIT T8K:>Ke 0 TOM, 'ITO BbiXO.ll OKHCJieHHbiX ·cpopM 

aaBHCHT OT XHMH'19CKOT'O .,CocTaBa C09,llHH9HHSI 1 a HM9HH~ 1 '!eM MeHbllie. KHCJIOpO.ll8 

CO,llep:>KHTCSI B KpHCT8JIJIH'IeCKOR pellieTKe, TeM MeHbllie o6paayeTCSI OKHCJieHHbiX 

cpopM paaHoitoaa /3-it cTon6eu ~a6nHuhl 41. 

CHHLKeaHe HHTeacHBHOCTH uy'!Ka npoTOHOB aa .uBa:-TpH nopSI.uKa npHBO.llHT 

K yBeJIH'IeHHIO BblXO.lla pa,llHOti:o.ua B OKHCJieHHOM COCTOSIHHH /Ta6JIHUa 5/ • 

Ta6nHua 5 

8biXO.U OKHCJI9HHbiX cpOpM pa.u:Hoti:o.ua . /%% i .B 3aBHCHMOCTH OT HHT9HCHBHOCTH 

try'IKa npoToHoB IMHlli9HH BaKyyMHpoBaHHbre/ 

Coe.uHHeiiHe 
12 

..... 5-10 p qepea MHllieHhlceK, 
10 

10 p 'Iepea 

MHllieHbfceK. 

a a 2 94 

uNo3 13 46 

u.,5tso" 12 23· 

K .:Y03 90 93 

I<:J 3 6 

· YBenH'IeHHe co.uep:m:aHHSI ti:oaa B OKHcneHHbiX cocTOSIHHSIX 1 .:Jf'/.J JfS' 1 
npH o6ny'IeHHH MHW ooeti: pacceSIHHbiM ny'IKOM npOTOHOB /TeMnepaTypa MHllieHH He 

0 0 ,. . . . . . " . . . . 

npeBbilliana 80 -90 C I no cpaBH9HHIO c peaynhTaTaMH, nony'IeHHbiMH npH o6ny-

'IeHHH ccpoKyCHpOB8HHbiM 

. 06'bSICHHTb CJI9.llYIOlllHM . 

. . . 0 . 
ny'IKOM ITeMnepaTypa ""'300-400 Cl, Mo:m:ao, BepoSITHO, 

o6paaoM. YfaBeCTHO, 'ITO SJI9KTpOHbi, CBSI38~Hbi9 C ~-:-
UeHTpaMH OKpaWHBaHHSI B KpHCTaJIJIH'19CKOii pellieTK.e /3/ t OCB060:>K.ll8IOTCSI npH 
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HarpeBaHHH, .11 qacTb aTHX aneKTpOHOB MO)KeT ObiTb aaxsaqeHa aoaHHKBIOlllHM.If nono

)K.IfTellbHbiMH HOHaMH paaHoaKTHBHoro Aoaa, qTo npHBOAHT K yaen.lfqeHHIO oTpHUaTen~

Horo aapSiaa Aoaa. KpoMe Toro, ·Mo)KHO npeanono*HTb, qTo c pocToM HHTeHCHBHo

CTH oonyqeHHSI yBe11.1fqHBaeTCSI oopa30B8HHe npoayKTOB paa.lfaUHOHHO!'O paapyweHHSI 

BemeCTBa MHWeHH, C KOTOpb!MH B03HHK8IOUlHe paaH08KTHBHbie Hapa fioaa MO!'YT 

pearHpOB8Tb KaK np.ll ABH)KeHH.If "ropgqer9". 8TOM8 BHyTpH KpHCT811118, TaK .If. B Mo

MeHT paCTBopeHHSI M8TepH8118 MHWeH.If B BOae. 

.Del\CTBHTellbHO, ecnH OollyqeHHbie B TeX yC110BHSIX . . m, 
paCTBOpHTb B BOAHOM pacTBOpe, coaep)K8UleM · Jo'f 

k ce Hll.lf 1< .t so¥ 
tyl31 I 

H11H vf Z6 oea HOCHTellSI~ 
To HaonroaaeTcSI eoccTaHoBneHHe neplloaaTa .11 ttoaaTa ITaon~rua 61. 

Taonuua 6 

Yf3MeHeHHe XHMHqecKO!'O COCTOSIHHSI MHKpOK011HqecTB fioaa 1%%1 npH B38.1fMOAefi-

J,~/ I ~IJI 1 ~131 . . ' · 
CTBHH 0'1 .J ~ . v il IKa)Kaoro B OTaellbHOCTHI c oonyqeHHbiM.If ObiCTpbi-

MH npoToHa~m k ce'' k N~ H ~sol( .H aqanbHSSI aKTHBHOCTb noaa B K8)KAOil: 
¢paKUHH UpHHSITa 38 100%. 

BaneHTHbie ¢opMbi, I( ce c X N~. c .. /(250¥ c 
HaonroaaeMbie nocne 1 "7,3, 1 jslt. 1 J~s1 JIJ' 1 JIJI 1 Jf"' JtJ 1 J'3J.,t JPT 
B3aHMoa eiicTBHSI IJ D" v3 Dl( 03 0" Uj 

:;131 1 JIJI I o" + . vj 1,s 12,0 o,5 96,0 97,6 ~ 19,6 61,0 78,0 o,8 
131 rr.IJI :J + .J' 98,7 28,0 99,5 4,0 2,4 80,4 39,0 22,0 99,2 

2 ---- _ ______l_____ ___ _____________l_ ______ ~--·---- ----

06nyqeHHbiil: me K N 0.!1 qacTHqHo OKHC11SieT Aoatl.!J .11 npaKTHqecKH He. aoc

cTaHaBnHBaeT nepitoaaT u :ll:oaaT •. Ha ocHoBaHHH peaynbTaToB aoBOllbHO oonbworo 

qucna paooT o pa~HaUIIOHHOM paapyweHHH HHTpaToB 117 I MO)KHO npeanonaraTb, 

' 
qTo H8011IOAaeMOe OK.IfClleHHe Aoaff!(l MO)KeT ObiTb peaynbTaToM aeAcTBHSI npoayK-

TOB paano*eHHSI HHTpaTa I IV0;;_
1 

ii 0 I. 

· ConocTaaneHHe peaynbTaToB Taon~ru, 2 H 6 noaaonSieT caenaTb aaKnroqeHHe, 

qTO paaHOfioa, oopaayiOUlHHCSI IIPH oonyqeH.If.lf coeaHHeHHl\ uea.lfSI HHTeHCHBHbiM 

nyqKoM npoTo'-'OB, cTaoHnuaHpyeTcSI npeHMymecTBeHHO B HHaweii aaneHTHofi ¢opMe • 

.Deil:cTBHTellbHo, aa*e npH o6nyqeHHH HHTpaTa, Koraa MO)KHO obmo obi. O)KHaaTb 

oonbwero oopa30B8HHSI paaHofioaa B OKHClleHHbiX ¢opMaX, no;TH 90% paaHofioaa oo• 

H~py)KeHO B .BOCCT8HOB1leHHbiX ¢opMaX. 

XJ 
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PaccMaTpHBaR peaynhTaTbi TaonHUbi 3, M ()}KHO cKaaaTh, 'ITO npH o6ny<JeHHH 

C09..QHH9HHH HO..Qa I 1<..] 0'1, I<!J~ , /( J I OCHOBHBSI 'JaCTh oopaayromerOCSI 

paaHoaKTHBHoro aoaa obrna o6aapymeaa. B. To:l!: ¢opMe, B KaKoii o.H aaxoaHncg 

B o6ny<JaeMoM coeaHaeHHH, aa HCKnro<JeHHeM nepAoaaTa, ang KOTo·poro· 87% paaHo

aKTHBHoro Aoaa aa:l!:aeao B aoaaTaoa ¢paKUHH. VlHTepecao OTMeTHTh 1 ~'ITO aaano

rH'IHbre aaHHbie obrnH nony<JeHbi H npil o6ny<JeHHH aoaaTa H nep:l!:oaa1-a ·TennoBbiMH 

ae:l!:TpoHaMH ITaonHua 11. 

· T a' 6 n H u a 7 

3aaep*Ka paaHoaKTHBHoro lloaa B ofiny<JaeMbiX coeaHHeHHIIX /%%/ 

CoeaHHeHHe PeaynbTaTbi Hamel! paoOTbi 
(p,pxn) . . 

nHTepaTypHbie Ll8HHble 
(n,J") 

9 -:;o; 87 - ::JO/ 4-Jo.,· 86- ::JO./ 1181 

83 67/19/ 

.,; 97 

VlaoTonHbiii cocTaB aaneHTHbrX ¢opM paaHoaKTHBaoro aoaa, o6paayromerocg 

npH pacmenneHHH Tennypa H U93HSI OhiCTpbiMH npOTOHaMH; npHBea.eH B TaonHue 8, 

TafinHua 8 

J.130TORHblil COCT8B OTLl enbHWX. BaneHTHbiX cpopM paLlHOiiOLla /%%/ . 
-. 

BaneaTHaR cpopMa 123XI '124 . 126 . :;130 CoeaHHeHHe 
paaaoiloaa .J . J . 'J . 

f!~:le0,-2~0 
.JO,' 16 24 52 8 
J Q I 12 36 47 5 ,J f ::J xxl 

14 33 47 6 
13 35 47 5 

.::JO' - 39 29 24 8 

uce .J ~ 35 31 26 8 OJ .. ::J' 30 33 33 4 

.:lz. 21 37 36 6 
~Zj 33 35 29 3 

~o· 20 45 31 4 

~N~ :JO"' 23 '41. 30 6 
j'J 38 31 27 4 

1:;,~ 
25 40 29 .6 
32 37 29 2 

KaK BH.llHO Ha TaonHUbi, Hao.TonHbiit cocTaB acex · BarieaTHbiX ¢opM npaKTH'IecKH . 

O..QHH8KOB 1 OC009HH0 1 eCnH y<JeCTh 1 'ITO Oll.niOKa onpe..QeneHHSI OTHOCHTenhHbiX BhiXO..QOB 

COCTaB~ReT·3Q-40%. 

. .., 1.1.3 c 
xl CneayeT OTMeTHTh, 'ITo HaoTon,-:_S .· .nony<JaromH:l!:csr npH. o6nyqeaHH J, MO>KeT 

TBK>Ke Oopa30BbiB8ThCSI H3 X£,. . no peaKUHSIM, KOTOpbie MO>KHO CX9M8TH'J9CKH aa
nHC8Th TaK: 

. ~ 133(n Zp 9n} k,'L3~ ~11.!1 
rs- '' S"lf ~cu.. v 

. . ~ ~· . 
r~ ~33 (p p JO ) /' IZ~ ~ ·~ t2.3 ~ 'V'Z..3 

~s ""=> ' n ~s ~ GH~" .2,~ or.~c. .J 

xxtl:"J -MHWeHh, nonyqeaaasr .npH BbraeneHHH acero aoaa 6ea paaaeneaHfl BaneaTHbiX 
¢opM. · 
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_BbiBOnci. 

l13ytJeaue saneHTHbiX epopM,.. 6 KOTOpbiX npoucxonut cTa6unH3aUHSI panuoaKTus-
. ~ ~ 

HbiX H30TOnOB 11ona, B03HHK8IOWHX no peaKIIHSIM I'Jiy60KOI'O pacwenneHHSI ::Je 1 ~ 

H J non ne11cTBHeM npoToaos .c · aaeprHe11 660 Mas H npH nocnenyroweM pac

TBopenHH o6nytJeHHhiX MHweae11 a sone, noKa3ano, tJTo: 

1 I Ha OTHOCHT9JibHbi11 BbiXOn BaneHTHbiX ¢lopM panHo11ona BJIHSieT XHMHlJ9CKH11 

COCTSB MHWeHH, HHT9HCH~HOCTb nytJKa npOTOHOB1 HSJIHlJHe cnenoB BJISI'H H Bosnyxa 

a o6nytJaeMoM ppenapaTe; 

21 npH 06JiytJeHHH BbiCyWeHHbiX H BaKyyMHpOBSHHbiX Tem:typOB011 KHCJIOTbi H coe-

nHHeHH11 II 931151 

cl>opMax I .J;. , 
panHo11on cTa6HnH3HpyeTcst, a ocaosaoM:, B HH3WHX saneHTHbiX 
~' . v I. B npircyTc'rBHH en enos ·ancop6lipoaaaacxx snarH H KHcno-

poila B03.llYX8 B03pacTaeT BbiXO.ll panHOH30TOnOB 11ona B OKHCJI9HHbiX cP0PM8X 

I :YO,,'. Jq' I; . 

. 31 CHH:>KeHHe HHT9HCHBHOCTH ny'IKS npoTOHOB ~a nBa-TpH. nopSinKa npH o6ny

lJ9HHH CyXHX BaKyy:MHpOBSHHbiX COJie11 ue3HSI H 11ona npHBOnHT K yseJIHlJ9HHIO BbiXOna 

11on~ B OKHcneaHhiX ct>opMax; 
~., 

41 e.CTb OCHOBSHHSI npennOJIO:>KHTb 1 'ITO nponyK'Tci pa.UHSIIHOHHOI'O pa3pyweHHSI 

aewecTBa MHW9.HH OK83biBaiOT CBOe BJIHSIHH9 Ha CTa6HJIHS8UHIO 11ona B T011 HJIH 

HH011 cPOpMej 

51 H30TOnHbift COCTSB BCc9X BaJieHTHblX cpopM panHo11ona OnHHSKOB. 

B 3aKnro_tJeaHe asTopiot npHao.c.SIT .6onbwyro 6naronapaocTb noKTopy XHMH'Ie

CKHX· aayK A.H. ~ypHHy, KaHnH.i:taTy XHMHtJeCKHX aayx B.A.XanKHHY H aay'IHOMy 

coTpynHHKY M.SI. Ky3aeuoso11 3a ueHHbie 3aMetJaHust u y'laCTHe a o6cy:mneHHH 

pe3yJibT8TOB pa6oT'"bt. 

B scmonaeHHH aKcnepHMeaTanbH011 'laCTH pa66T~I npHHHMana y'laCTHe TeXHHK 

Jia6opaTopHH 

~----·- ------------------------

H.C. M anhuesa. 

PyxonHCb n ocTynHna s H3n aT enbcKu11 oTn en 
19 n exa6p51 1959 rons. 

I 
------------
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