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I. Bee,neuue 

O6meH3BeCTHO; 'ITO :me:icrpocpope3 - BeCbMa 3cpcpeKTHBHblH MeTOL( c6opa 

HHq>OpMau1rn O q>H3HKO-XHMH'lecKHX CBOHCTBax MHrpHpYJOmHx B 3ne:icrpH'leCKOM 

none HOHOB H HX B3aHMO,lleHCTBHH C ·paCTBopaMH 3.ri:e:icrponHTOB. HccneL(OBaHHll 

Trucoro · po,na .o6bl'IHO ·HanpaMeHbI Ha HJy'leHHe npoueccoa rH,llponHJa H 

KOMilJieKcoo6pa30BaHHll 3neMeHTOB B paCTBopax, 'ITO llM.!leTCll B HaCTo.11mee BpeM.11 

aKTYaJibHOH 3a,lla'leii L(n.11 HeopraHn_qeCKoii, q>H3H'le<:Koii H pa,llHOXHMHH. 

. . IlpH .. • npoBe,neHHH 3neKfpoMHrpauHoHHbIX HCcne,noBaHHii H3Mep.!1eTCll 

BenwiHHa • cpe,nHeii nO.ztBH)KHOCTH H0HOB HJyqaeMoro 3neMeHTa B paCTBope npH 

CTa6HJIH3HpoBaHHhIX · rpa,llHeH-rax npHJIO)KeHHoro 3ne:icrp11qecKoro non.11, 

TeMnepa-rypax H 'coCTaBaX paCTBOpOB. TepMHH "cpe,n:Hllll nOL(Blf)KHOCTb" -;; 

no.n:paJyMeBaeT. cymeCTBOBaHHe HJyqaeMoro 3neMeH1:a 0)lHOBpeMeHHO B HeCKOnbKHX 

HOHHblX cpopMax, HaXO.Il:llmHXCll Me)K,lly co6oii B na6HnbH!=)M paBHOBeCHH, H 
Bbipa)Ka~Cll KaK 

n . . 

;= 2>~G, 
l=l 

r,lle ~ H G - HH,llHBH,n:yaJibHall fi0Jl:Bi1)KHOCTb H MOnbHall )lOn.11 i-ii HOHHOH q>OpMbl; U 

HMeeT pa3MepH0CTb [are-1c-1
]. 

Ba)KHbIM npeHMymeCTBOM . 3ne:icrpOMHrpaUHOHHOro MeTO,na·. llBnlleTCll 

B03MO)KHOCTb pa6oTaTb npH YJibTPaHH3KHX KOHUeHTPaUHllX 3neMeHTa B paCTBOpe . 

(MeHee l o-s M}, 'ITO O'leHb Ba)KHO npH H3Y'ICHHH npoueccoB KOMnneKcoo6pa30BaHHll 

H rH.n:ponnJa, TaK KaK nonHocrt;ro HCKJIIO'laeTCll B03MO)KHOCTb o6pa3oBaHHll 

nonHll,llepHbIX coe,ztHHCHHH H, CJIC,llOBaTenbHO, o6ner'laeTCll HHTepnpeTaUHll 

3KCnepHMCHTaJibHbIX . ,naHHblX. B · 3THX <:ny'lallX, KaK npaBHno, · HCilOnb3YJOTCll 

pa,llHOaKTHBHbie H30T0Ilbl HCcne,n:yeMblX 3neMeHTOB, 'ITO n03BOnlleT OTCl)'.C)KHBaTb HX 

MHrpau1110 no y HJIH .n:pyrHM BH,ztaM H3JIY'leHHll. HMeHHO. npHMeHeHHe 

pa.n:HOHYKnHJlOB n03BOnlleT pa6oTaTb npaKTH'ICCKH np!{ mo6blX pa36aBneHHllX 

paCTBOp013, r.n:e KOHUCffTPaUHll .HccneeyeMoro 3neMeHTa orpaHH'IHBaeTCll TOnbKO 
COOTHOWeHHeM 3cp<peKT ;. q>OH. . . 

Ba)KHeHWHM pe3ynbTaTOM . 3JICicrpOMHrpaUHOHHbIX Hccne,llOBaHHH MO)KHO 

C'IHTaTb onpe,n:eneHHC HH,llHBH,n:yaJibHblX nO,n:BH)KHOCTCH ~ . 'H. KOHCTaHT 

KOMnJICKCOo6pa30BaHHll (rH,llpOJIH3a) 3JICMCHTa. B CaMOM o6meM cnyqae L(n.11 

na6HJibHbIX CHCTCM BenH'IHHa -;; CB.!13aHa C paBHOBCCHOH KOHUeHTPauHeH nHraH,na 
COOTHOWCHHeM 

n . 

u.+ L~[Lf 
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r,lle u. - IlOL(BH)KHOCTb HeJaKOMnnexco:saHH0ro HOHa,.{.I.:'. _'{Hc,JIO THIIOB KOMIIneKCHblX 

'iaCTHU, Pi - nonHa.11 KOHCTaHTa yc-ioii'IHB0CT~- K'c,MrrnexcHoro HOHa. 31-o ypaaHeHHe 
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co,n:ep)KHT 2n+l KOHCTaHT, ace HJIH 'laCTb KOTOpbIX HeH3BeCTHbI H MOryT 6bITb 

orrpe,n:eneHbI Ha OCHOBaHIIH 3KCIIepHMeHTaJibHbIX ,n:aHHblX. 

B Jia6opaTOpHH ll)lepHbJX rrpo6neM O61,e,n:HHeHHOro HHCTHTYTa ll)lepHblX 

HCCne,n:oBaHHH (,l{y6Ha, PoCCHll) B rrocne,n:HHe fO)lbl ycrrewHO pa3BHBMC.!I HOBblH 

BapHaHT MeTO)la HH3KOBOnbTHOro 30HHOro 3ne:icrpocpope3a pa,n:HOH~H,llOB B 

cao6o,n:HblX paCTBOpax· 3ne:icrponHTOB [1,2]. Ero rnaBHOH OTnH'IHTenbHOH qepTOH 

llBnlleTC.11 rrpoae,n:eHHe 3ne1crpocpope3a B paCTB0pax, CB060)lHblX OT 

MenKO)lHCflepCHblX . rH,n:pO)lHHaMH'leCKHX CTa6HnH3aTopoB 
)KH)lKOCTH (BOJIOKHa, rropowKH), rrpHMeH.!leMblX 110,n:aBn.1110mHM 6onbWHHCTBOM 

HCcne,n:oBaTeneii. BenH'IHHbl ll0,n:BH)KHOCTeii HOHOB, orrpe,n:enlleMble B TaKHX 

ycnOBHllX, He Hy)K)lalOTC.!I B MHOfO'IHCneHHblX 3MIIHpH'leCKHX rronpaBKax, 06bJ'IHO 

BBO)lHMblX. rrpH o6pa60TKe pe3ynbTaTOB Ollb!TOB. IlpHMeHeHHe TaKOH TeXHHKH 

pa60TbI 3Ha'IHTenbHO IIOBblCHno TO'IHOCTb nonyqaeMbIX 3KCnepHMeHTMbHblX 

pe3ynhTaT0B H onpe,nenlleMblX Ha HX OCH0Be q>H3HKO-XHMH'leCKHX .KOHCTaHT. 8 
C00TBeTCTBHH C )KeCTKHMH Tpe6oaaHH.!IMH K CTa6HnbHOCTH COCTaBa 4>0HOBoro 

3neKTP0JIHTa BO BpeM.!I np0B~,neHH.!I H3MepeHHH 6bma pa3pa6oTaHa cneuHanbHa.11 

K0HCTPYKUHll 3neKTpOMHrpauH0HH0H .!l'ICHKH [2], 06ecne'IHBa10ma.11 3T0 ycnoBite 

pa60Tbl. . Mcnonb30BaHHe MeT0,na npHHecno uenbJH pll.l{ HOBblX H HHTepeCHbIX 

,n:aHHbIX 0 C0CT0.!IHHllX cne,noB 3neMeHT0B B B0,!{HblX paCTB0pax [3-7]. 
B HaCTollmee BpeMll npHMeHeHHe pll.l{a H0BbIX Il0,!{X0,!{0B Il03B0nlleT 

cymecTBeHH0 pacwHpHTb B03M0)KH0CTH MeT0,na, Il0BbICHTb TO'IH0CTb H 

"npOH3BO,!{HTenbHOCTb11 3KCnepHMeHTa. 

):\aHHa.11 pa6oTa IlOCB.!lmeHa onHCaHHIO • pa3pa60TaHH0ro HaMH K0Mrrnexca 

3KCnepHMeHTaJibH0ro o6opy,noBaHml, rrpe,n:ilaJHa'leHH0ro ,!{Jlll . H3MepeHHH 

IlO,!{BH)KHOCTeii MHKp0KOJIH'leCTB 3neMeHT0B B CB060.l{Hb!X paCTaopax 3neICTp0nHT0B 

B 3neKTPH'leCKHX nomx. 

II. AnnaparypuaH opraHH38l(HH H 3JieMeHTbl 
3JieKTpoMurpau;uouuoii: ycrauoeKu 

Bnox-cxeMa 3KCIIepHMeHTaJibHOH yCTaHOBKH ,!{Jlll H3MepeHHll CKOpoCTeii 

MHrpauHH H0H0B pa,n:H0H~H,ll0B B B0.l{HbIX paCTBopax npHBe~eHa Ha pHC. I. HH)Ke 

B ,naHH0M pa3,n:ene npHBe,zteH0 pa3BepHYTOe onHCaHHe ee HaH6onee BaiKHbIX YJJI0B. 

.YCTaHOBKa C0CT0HT H3 3Jie:KTpOMHrpaUHOHH0H H'leHKH (B ueHTpe cxeMbI}, 

nO,llKnIO'leHH0H K HCT0'IHHKY CTa6HJIH3HpoBaHHOro BbIC0K0ro Hanp.11:lKeHIL'I ,!{Jlll 

coJ,naHHll · B H'leiiKe . noCT0.!IHHoro rpa,n:HeHTa 3JieICTpH'lecKOro non.11. 

IIepHCT~bTH'leCKHH HaC0C o6ecne'IHBaeT noCT0.!IHHOe o6HOBneHHe q>OHOBOro 

3Jie:KTp0JIHTa. B iipH3JieICTpO)lHbIX KaMepax JI'leHKH .l{Jlll no.n:.n:epiKaHHH ero 

IlOCT0JIHHOro COCTaBa B 3JieICTpOMHrpaUHOHH0H TPY6Ke. CTa6HJIH3aUH.!1 

TeMnepaTYpbI paCTBopa B 3JieICTp0JlHbIX KaMepax H TPY6Ke JI'leHKH ocymeCTBn.!leTCJI 

nyreM npoKa'IKH qepe3 0XJia)K)la10myro py6awKY ijO)lbI H3 )KH,nK0CTH0ro 

TepMoCTaTa. ,[\nH onpe,n:eneHHll Il0JI0:lKCHHll MHrpHpyromeii B)lOJib TPY6KH JI'leHKH 

30HbI pa,nH03JieMeHTa <;ny)KHT KOJIJIHMHpOBaHHbIH y-,n:eTeKTop, nepeMemeHHe 

K0TOporo (cKaHHpOBaHHe 3Jie:KTpOMHrpaUHOHHOH TPY6KH) npOH3BO)lHTCJI npH 

noMomn waroBoro )lBHraTenJI. 
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CHCTeMa B UeJIOM 'ynpaBJU1erc11 npH Il0M0IUH nepCOHaJibHOro K0MilbIOTepa. 
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Pnc. 1. BJiox-cxeMa 3lICKipOMIIIJlauiloHHoii . ycraHOBKH. CUll1lTlfJIJilmHoHHLiti y-.n=op, 
. nepeMemaeMLIH maroBLIM lIB.HrBTCJICM, CKBH.HpYeT · Tpy61C)' ll'ICHKH .nim onpe.neJICHllll IlOJJOJKeHHll 

JOHLi Mllipnpyromero 3JieMem-a. TeMnepaTYPHLJii ·.naT'rnK MaJILIX pa3MepoB pacnoJioJKeH 
Henoepe.nCTBCHHO B 3JICKipOMIIIJl8U.HOHHOii Tpy6xe, CnrHaJI C Hero IlOCJie YClilICHHll Il0.Zl.8eTCll Ha 
OlIIIH H3 Bxo.noB MYm,nmn:c:Kcopa, xomiYT.Hpyromero BXo,!l,Hoii KaHaJI AI.\Il. CnrHaJI c lIClIHTClill 
HCTO'IHHKa BLICOKOro HBilplllKCHHll, a TaKJKe YCHJieHHLiit CITCKTpOMCTpH'ICCKHH CllrHaJI Il0.Zl.8IOTCll Ha . 
BXO.ZJ.1,1 Mym, llfilllc:Kcopa . 

YnpaBJU1romaa H pernCTpHpyromaa :meKTP0HHKa ~M0HTHpoBaHa Ha .IlBYX ruiaTax, 

yCTaHaBJIHBaeMbIX B CTaH,D;apTHbie pa3'beMbl -Ha MaTepHHCK0H ruiaTe K0MilbIOTepa; 

Ha nepBOH H3 HHX CM0HTHP0BaH ~Han:oro-umppoBOH • npeo6p~30!)aTeni., a BTopaa 
co,nep)KHT cxeMbI HilTepq>eiica waroBoro .IlBHraTeJlj! H ynpaBJ1eHH11 HarpeBaTeneM 

)KH,nKOCTHOro TepM0CT8Ta, cxeMY npeo6pa30BaHH1! CHrttana . TeMnepaTJPHOfO 
.naT'IHKa H K0MMJTaTop CHrHaJI0B, no,naBaeMbIX Ha AQIT. . 
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TiporpaMMHoe o6ecneqeHHe npe,nnonaraer co3,naHHe Ha 6a3e AQTI 
MH0roKaHaJI:bH0f0 (4096 KaHaJIOB) aHaJIH3ilTopa .nM npHeMa H o6pa6oTKH 

noCTynaromeii c ,nereKTopa cneKTPOMeTpH'lecxoii HHtpopMaUHH, ynpaBJieHHe 

pa6oToii waroBoro ,IlBHraTeJij!, H3MepeHHe TeMnepaTJPbI :meKTp0JIHTa B 1111eiixe H 

ynpaBJieHHe TepM0CTaT0M ,nM ee D0Mep)KaHH11 Ha 3a,naHH0M ypoBHe, K0HTp0Jib 

BeJIH'lHHbI no,naBaeMoro Ha a'leiixy BbJcoxoro HaupH)KeHHH H on-line BH3YaJIH3aUHIO 

Bcero KOMnnexca nonyqaeMblX 3KCnepHMeHTaJibHblX ,naHHbIX. TiporpaMMHO

annapaTHbie cpe,nCTBa D03BOJISIIOT TaK)Ke B WHp0KHX npe,nenax H3MeHS!Tb pe)KHMbl 

pa60Tbl BbJWeyKa3aHHblX Y3JI0B yCTaHOBKH ,nM ee npHcnoco6JieHH11 K pamH'IHblM 
3KCnepHMeHTaJibHbJM YCJI0BHSIM. • 

A. 3J1eKTpOMnrpa1010HuaH gqeuira 

KoHCTPYKUHS! :meKTpOMHrpaUHOHHOii H'leHKH, npHMeHeHHOii B HaCToHmeii 

pa6oTe {pHC. 2), aHaJI0rH'lHa pa3pa6oTaHHOH " ODHCaHHOH paHee B pa6oTe [2]. 
jlqeiixa C0CT0HT H3 ;:J;BYX 3JieKTp0;:J;HblX KaMep xy6H'leCKOH tpOpMbl, BblD0JIHeHHbIX H3 

D0JIHCTHpona, coe,nHHeHHblX co CTeKJIHHHOH 3JieKTP0MHrpauHOHH0H Tpy6xoii qepe3 

TetpJIOHOBbJe nepexo,nHbJe KaMepbl 2 c tpnaHUaMU. B xaq~e pa6o'IHX 'laCTeii 

.:meKTP0;:J;0B 3 HCD0Jlb3YIOTCJI 0Tpe3KH BnaHHH0H B CTeKJI0 nnaTHHOBOH np0B0JIOKH; 

CTeKJIHHHbJe Tpy6KH 3JieKTP0;:J;0B noMeiueHbl B. CJ)KHBaIOmHeCJ:i Ha KOHuax 

3JieKTP0;:J;Hble KO)K)'XH 4, ueHTpHpyeMbJe TetpJIOHOBblMH KpbllllKaMH 3Jieicrpo,nHblX 

KaMep. CTeKJIHHHble 3MeeBHKH npe,nHa3HatJeHbl ,nM D0Mep)l(aHH11 TeMneparypbl 

3JieKTp0JIHTa B KaMepax np)iMepH0 Ha yp0BHe TeMnepaTJPbl B 

3JieKTPOMHrpaUHOHHoii Tpy6xe. 

CTeKJIHHHbJe K0HUbl 3JieKTpOMHrpaUHOHHOH Tpy6KH J repMerH'IH0 xpenucg 

B Topuax nepexo,nHblX KaMep nocpe,nCTB0M npH)KHMHblX tpJiaHueB C YruI0THeHHeM H3 

KHCJlirTOCTOHKOH pe3HHbl. OTBepCTH11 B .BepxHeii 'laCTH nepexo,nHblX KaMep 

npe,nHa3Ha'leHbl ,nM 3BaxyauHH H 3aJIHBKH 3JI~0JIHTa B Tpy6xy Jl'leHKH. 

OcHOBHaH ,neran:b J:i'leHKH - 3JieKTP0MHrpau1milHM Tpy6xa - COCT0HT H3 

co6CTBeHHO Tpy6KH c BHyTpeHHHM ,nHaMerp0M 3,0 MM H OKpJ)KaIOmeii ee py6aJllKH 

7, npe,nHa3Ha'leHHOH ,nM UHpKJJIHUHH B0;:J;bl H3 )KH,ll;K0CTH0fO TepMOCTaTa. 

BbJBe,neHHble 3a npe,neJibl py6aJllKH BepTHKMbHbie naTpy6KH npe,nHa3HatJeHbl ,nM 

D0MemeHH11 BO BHYTPeHHIOIO Tpy6xy TeMnep~lTypHblX ,naT'IHK0B, 3JieKJl)0;:J;0B ,nM 

H3MepeHH11 rpa,nHeHTa HanpH)KeHHJ:i, a TaK)Ke .nM BBe,neHH11 paCTBopa HCCJie,nyeMoro 

pa,nH0H30T0na. 

CucmeMa IJUPKYllJIIJUU rponoeozo 'JlleKmponuma. Ee · ocH0BH0e Ha3Ha'leHHe -

o6ecne'lHTb D0CTOSIHCTB0 COCTaBa 3JieKTPOJIHTa BO Bceii H'leiiKe B TetJeHHe 

.lI)IHTeJlbH0f0 3KCnepHMeHTa. K 6bICTpOMY H3MeHeHHIO COCTaBa (pH) 3JieKTp0JIHTa 

M0)Ke'f npHBeCTH nona,naHHe B Hero npo,nyKT0B 3JieKTp0JIH3a, D03T0MY O'leHb 

Ba)KHblM SIBJU!eTCSI HX D0JIH0e y,naneHHe H3 npH3JieKTpO;:J;HOH o6naCTH. 3-ro 

)];0CTHraercJ:i DYTeM D0CT011HHOr0 . oroopa 3JieKTp0JIHTa H3 BHyTpeHHero 

npOCTpaHCTBa 3JieKTP0;:J;HbJX K0)KJX0B 4 _qepe3 naTpy6KH 8, pacnoJI0)KeHHble B 

Henocpe,nCTBeHHOH 6JIH30CTH. OT 3JieKTpo,noB. CxopoCTb oroopa v_ no,no6paHa 

TaKHM. o6pa30M, 'IT06b1 JIHHeHHM CK0p0CTb T0Ka 3JieKTp0JIHTa B cy)KeHHbIX 'laCTax 

KO)Kyx0B npeBbIWan:a 30 . CWMHH, 'IT0 3HaqHTeJibH0 BbIJlle CK0p0CTH MHrpaUHH 

JII06bIX H0H0B npH rpa,nHeHTax miripH)KeHH11 ~20 B/cM. )lIDI K0~neHcauHH 0TTOKa 

3JieKTP0JIHTa H3 KaMepbl CJiy)KHT no,naromHii naTJ)y6oK 9, qepe3 KOTOpbIH nocrynaeT 

CBe)KHH 3JieKTP0JIHT co CK0p0CTbIO v • ... 1.2v_; ,nM D0Mep)KaHH11 D0CT011HH0f0 
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ypOBIDI 3JieKTJ)OJIHTa 13 KaMepe CJIY)KHT KOHTpOJibHbIH naTPy6ox JO, pa6oTaIOl.I.{HH 

xaxcmpoH. 
C_ UeJibIO YCTPaHeHHH nyJibCaUHH, BO3HHKaIOl.I.{HX B 3JieKTpO,nHbIX KaMepax npH 

pa60Te nepHCTaJibTH'1ecxoro Hacoca, MeJKJzy 3JieKTpo,nHbIMH H nepexo,nHbIMH 

KaMepaMH yCTaHOBJieHbI-rH,npO,nHHaMHtJecKHe conpOTHBJieHHH 11, H3fOTOBJieHHbie H3 

g,nepHbIX YJibTPaqmJibTPOB, nonyqaeMbIX 06nyt1eHHeM TH)KeJiblMH m:>HaMH 

nOJIH3THJieHTepeq>TaJiaTHOH nneHKH C ee nocne,nyIOUlHM UleJIO'IHbIM TPaBJieHHeM 

[8,9]. IlpH H3fOTOBJieHHH MeM6paH 6bIJia HCnOJib3OBaHa MeTO,nHKa 

rH,npoqio6H3aUHH nYTeM pa,nHaUHOHHOH npHBHBKH Ha HX noaepxHOCTb 

nOJIHCTHpona, 'ITO o6ecnetJHJIO YCTOH'IHBOCTb MeM6paH B UleJIO'IHbIX cpe.nax. (pH:;; 

13). B onHCbIBaeMOH yCTaHOBKe Mb! HCnOJib3OBaJIH MeM6paHbl TOJil.I.{HHOH 10 MKM C 

6 

6 ,7 

a) 

Puc. 2. KoHc-rpy.KnHJI 3JICKTpOMHrpaUHOHHOH l!'lefuru: BM cnepe.llH H cuepxy (a) H yCTpoikrao 
3JieKTpO.IUIOH KaMepbt (6). l - 3JICKTpOMHrpaLtHoHHall Tpy6xa, 2-nepeXO,IUiall KaMepa, 3-3JieKTpOl(, 
4-3lleK1pOI(HLIH KOJKYX, 5-TepMOCTaTilpyronmii 3MeeBHK, 6-naTpy6KH, 7-TepMOCTaTilpywmas 
py6aUIKa, 8,9,10 - naTpy6KH CHCTeMLI WIPKYllllUHH 3JICKTp<imrra, 11-MeM6paHa (cM,IlOllCHemui B 
TeKCTe). . . 

' 0 

.nHaMerpOM nop 150-180 A H nponyCKHOH cnoco6HOCTblO no BO,ne 0.012-0.016 MJI• 

•MHH.1•cM·2 npH &P=0.05 MIIa. 

rpa,nHeHT HanpH)KeHHH B TPY6Ke IlOCTOHHHO H3MepHJICH UHq>pOBblM 

BOJibTMeTpOM C BBO,nHMblMH B naTPy6KH 6 nnaTHHOBbIMH 3Jieicrpo,naMH. 

Ii. CucreMa HlMepettHH H peryJmposauHH TCMnepaTYpbt 

Heo6xo,nHMOCTb . TO'IHO H3MepHTb H CTa6HJIH3HpOBaTb. TeMnepaTypy 

3JieKTJ)OJIHTa 13 TPY6Ke gqeiiKH o6ycnoBJieHa CHJibHOH 3aBHCHMOCTblO IlO,nBH)KHOCTeii 

HOHOB OT TeMnepaTypbI cpe,nb1 (~2% Ha 1°C [31). Y.naneHHOCTb iit1eiiKH oT 

OCHOBHOfO 061,eMa TepMOCTaTa, a TaK,Ke 3HatJHTeJibHOe TenJIOBbI,neJieHHe _ B 
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3JieKTJ)OMHrpauHOHHOH TPY6xe· (.no I BT/CM) npHBO,nHT K TOMy, 'ITO pa3HOCTb 

TeMneparyp 3JieKTJ)OJIHTa B TPY6Ke H OXJia,K,naIOmeii BO,nbl B TepMOCTaTe MO)KeT 

,nOCTHraTb HeCKOJibKHX rpa.nycoB. 3TO .nenaeT Heo6xo.nHMblM H3MepeHHe 

TeMnepaTypbI Henocpe.nCTBeHHO BHYTPH TPY6KH (0 3 MM) "• cne.noBaTeJibHO, 
npHMeHeH'tte tJYBCTBHTeJibHOro TepMo,naTtJHKa MaJibIX pa3MepoB. B KatJeCTBe 

TaKOBOro CJIY)KHT noMemeHHbIH B TOHKOCTeHHYIO CTeKJIHHHYIO aMnyny 

Manora6apHTHblH KpeMHHeBblH mm.n (pttc.3), IlHTaeMblH nOCTOHHHblM TOKOM OT 

rettepaTopa TOKa (pttc. 4). IlpH• H3MeHeHHH TeMnepaTypbl nponopuHOHWibHO 

H3MeHHeTCH conpOTHBJieHHe ,nHo,na H, cne.noBaTeJibHO, ria,neHHe HanpH)KeHHH Ha HeM. 

3TO HanpH)KeHHe YCHJIHBaeTCH onepauHOHHblM YCHJIHTeJieM H npeo6pa3yeTCH C 

noMOlllblO Al{Il B umppoBoii xo.n, KOTOpbIH no.naeTcH B 3BM [10]. IIporpaMMHaH 

no.n,nep)KKa yCTaHOBKH o6ecnetJHBaeT CtJHTblBaHHe H o6pa60TKY TeKymero 3HatJeHHH 

TeMnepaTypbl 3JieKTPOJIHTa C nepHO,nHtJHOCTblO 1 pa3 B 1 ceKyH.ny npH JII060M 

pe)KHMe pa60Tbl. ,[(HHaMHtJeCKHH ,nttanaJOH H3MepHeMbIX TeMnepaTyp 0 + +40°C, 
TO'IHOCTb H3MepeHHH 'coCTaBJIHeT 0.01 ·0 c. rpa.nyHpOBKa JIHHeiiHoro ,nHanaJOHa 

ycHJIHTeJIH npoH3BO,nHT~H noTeHUHOMeTpaMH "SET 0" H "SET K" (pttc. 4), nepBbIM 

H3 KOTOpb!X yCTaHaBJI~BaeTCH HyJieBoe HanpH)KeHHe Ha Bb!XO,ne YCHJIHTeJIH npH 

T=0.00°C, a BTOpblM - HanpH)KeHHe +4 B npH T=40.00°C. 

••2.5 mm .5 

2. 

Pttc.3 

Vr!!
i 
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L"P1,ouno--t I . " ' -. -s,· ' 
6.8K ~ . ~+ ?r-4 ! JrnoK n,;o' 

LJS.8K I - .;.• • •• ---i 
1'D8 

Pnc.4 

PHc.3. KOHCJPYKUHll TeMnepaT}'pHOl'O ,IJ.aT'IHKa H ero pacnoJIOJKeHHe B 3JieJ,1J>OMHI]l81.tHOJIHOfi 
Tpy6xe. l - KpCMHHeBJ.tii .IIHOJJ., 2 - CTeKJilllil!8ll aMnyJia, 3.- Tpy6xa 3JICKTpOMHip81UIOIIllOH ll'lei'um, 4 
- py6a11JKa, 5 - naTpy6ox JJ.lIH BBOJJ.a JJ.aT'IHKa · · 

PHc. 4. CxeMa BKJIJO'leHHl! ,ll.8T'IHKa H3MepeHHl! TeMilep8T}'pLI. ITo,icneHHll B TeKCTe 

YnpaBJieHHe Harj>eaaTeJieM )KH,nKOCTHoro TepMOCTaTa. ocymeCTBJIHeTCH 

WHpOTHO-HMilYJibCHbIM_ MeTO,nOM TaK, .'ITO-_ npo,nOJI)KHTeJibHOCTb BKJIIO'IeHHOrO 

COCTOHHHH if arpeBaTeJIH 7;.,., yCTamiBJIHB!leTCH_ ,ZlIDI Ka,K,noro H3 CJie,nylOUlHX .npyr 3a 

.npyroM 6e3 nepepb!Ba. BpeMeHHbIX OTPe3KOB T,,,p, 7;.,.,:;; T,,,p. Ilpo,nOJI)KHTeJibHOCTb 

nepHo,na T,,,p 3a,naeTCH nOJib3OBaTeneM H 06bltJHO COCT8BJIHeT 2-10 c. .[(nll i-ro 

nepHo,na r,:,p npo,noJI)KHTeJibHOCTb T/,,0 , BbitJHCJIHeTcH B xotiue i-1-ro nepno.na ~o 

anropHTMY 

7 



dT ·. -. _ T,, · T,,,, +-; dT = T; 0 1-T,,ab, T/.,., - T. + T. T"" 
. h c 

r.ne T,,ab - no.ZlJlepi1msaeMoe 3Ha"leH11e ,,. ~------------'--~ 
. - ~. 

TeMnepaTypbI, T1-1 - cpe.nHee 3Ha"leH11e · ~ 

TeMneparypb1 3a nep110.n T,',~;. T,, wT, - ·"'·I 
CKOpOCTb HarpeBaHllll ll Cl JU j . . .. 
caMonpoll3BOJI_bHOro (npH BblKJIIO"leHHOM.' f ~ 
HarpesaTene) . OXJialK.lleHllll Cl!CTeMbl B ~ ill "1 
OKpeCTHdCTll T,,ab ( onpe.ZleJillIOTCll B i . '1 

· aBTOMaTH"lecKOM pelKHMe nepe.n Ha"laJIOM i ,., 3 I 
3KCnepHMeHTa). TiepeMeHHall T"" pasHa ! r" 1, . , , •. . 6 I 
T. dT ..,.. T. .dT'~n TI ,., ~~•~ ·T,.,. ,, ecn_H "'-V, ll h• ecn11 -"'• epsoe . 

cnaraeMoe B 3TOM BblpalKeHl!ll "1 : . . . 
o6ecne"ll!BaeT . yqeT COOTHOUieHllll ~ . 
CKOpOCTeii HarpeBaHlill lf . O , ,~. , .~ , .~ , .,~ • 10).,. , .,).,. , 14000 

caMonpOll3BOilbHOro OXJialK.lleHllll Time,..., . 

Cl!CTeMbl, a BTopoe BHOCliT KoppeKUllIO B. Pnc.5. BpeMeHHall JaBHCHMOCTb TeMnepaT)llbl 
BeJlll"lllHY Thtat . • B 3aBl!Cl!MOCTll OT B :meicrpOMHrpa!.IHOHHOH TPY6Ke: a - npH 
OTKJIOHeHllll TeKymeii TeMneparypbl _ OT CTa6rirrma1.1HH TeMnepaT)llbl iia ypoeHe 30.0° 
3a.nam1oro 3Ha"leHHll. . Ha . · p11c.5 B C 8 . BaHHe. TepMo<:;aTa 6-npH 

. TepMOCTaTHpOBaHHH caMOH TPY6KH 
cpasHe1mn n_oKa3aHbI speMeHHall 
3aB~CllMOCTb 'T_eM11epaTypbl ~3HYTPll 3neKTpOMHrpa:u110HHOii Tpy6Kll 'r,-.i,. npH ee 

cra611n113aumr I:ia ypOBHe T,,ab =30.0°C_ (Kpm3all 6) ll BpeMeHHall 3aBl!CllMOCTb 3TOH 

JKe BeJill"IHHbl B TOM cnyqae, KOr.lla Ha ypOBHe 30.0°C nO.ll.lleplKHBaeTCll TeMnepaTypa 
B BaHHe lKH.llKOffHOfO TepMOCTaTa (Kpl!Ball a). B nocne.nHeM cnyqae BeJlll"ll!Ha. T,ub, 
3Ha"IHTenbHO npeBbIUiaeT. He06XO.llllMOe .. 3Ha"leHl!e BCileJlCTBl!e OMll"leCKOro 
TeOJIOBbl.ZleJieHl!ll s rpy6Ke 11 He OTnH"laeTCll Heo6xo.n;HMOH cra6HnbHOCTbIO, "ITO 11 
o6ycnOBJIHBae-r Heo6xo.nm.iOCTb np11MeHeH1ill . cneilllaJib~blX .naT"ll!KOB )lJill 
l!3Mepe~Hll ll CTa?_HnH3aUllll TeMncpaTypbl B Reii, 

B. ,UeTeKTop smepnoro 1tJJiy11euusi 

Ycmpoiicmeo. B Ka"leCTBe . .D;eTeKTOpa peHTreHOBCKOfO . ~ . 'Y~ll3JiyqeHllll 
liCnonb3YeTCll · c6opKa .Kpncranna Nal (Tl) 025x25 MM c <l>3Y. ·. KpliCTaJlJI Nal ·"' 
KOJIJiliMHpoaaH. CBliHUOBbIM • KOJIJIHMaTopoM TOnI.UHHOii 25 MM c seprnKWI&Hoii 
llleJlbIO . J .5x25. MM, KOTOpbiii · npe.D;HaJHa"leH. .l);Illl nony"leHllll H0,I<HOfO 
npocrpaHCTBeHH_Oro . pa3peUieHHll npli CKaHlipOBaillill 3neKrpOMHrpaUliOHHOii 
Tpy6Kli. YcnOBllll 3KcnepnMeHTa rpe6yIOT . CTa6HnbHOCTli cneKrpoMerpli"leCKoro 
TpaKTa s Te"leHHe .l);IlliTeJlbHblX npoMelKyTKOB speMeHH Ii,· 'ITO oco6eHHO BalKHO, npli 
H3MeHeHHH 3arpy3Kli .nereKTOpa Ha,- 1-3 nopll.rtKa. .[(Jui BbinOnHe1mll 3TOro 

• Tpe6oBaHlill B cneKTpOMeTpH"leCKOM 6noKe (cM. 6noK-cxeMy Ha plic.l) ucnonb30BaHa 
cxeMa cra6nmnaum1 (pnc. 6) c npnMeileHHeM B Ka"lecr~e penepHoro CHrH_aJia ·· OT 
CBeTO.l);HO,Zla, npnae.neHHOfO a onTli"leCKHH KOHTaKT c. OKHOM <l>3Y. TaKal! 
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cTa6ttnll3aUHll o6ecne"lliBaeT cMemeHlie nliKa c 3Heprlieii 661.66 K3B He 6onee· tieM 
Ha 1% 3a 24 qaca ·" He _6onee "leM Ha .1.5 % npli HJMeHeHliH :iarpyJKli .nereKTopa OT 
50 .no 50000 co6/c. 3HeprernqecKoe pa3peUieHne Ha 3HepmH 661.66 K3B coCTaBJllleT 
He 6onee 8%. 

CneKTpOMeTpttqecxnii cttrHWI, npeo6pa3oBaHHbIH AUTI B xo.n, C"IHTbIBaeTC.SI 
nporpaMMOH MHOfOKaHaJlbHOfO aHaJill3aTopa, 06ecne"IHBal01lleii HaKonne!{He . 
cneKrpa Ii (npn Heo6xo.n;HMOCTH) ero BHJyanHJaUHIO, a TaKJKe 3HepreTH"lecxyro 
KaJ1H6pOBKY cneKrpOMerpli"leCKOfO . 
TpaKTa. 

CucmeJ11a nepeJ1teUJemm. )J;erex-
Top 3aKpenneH Ha nO.n;BHlKHOH . : . .... 7 
nnoma.nKe, nepeMema10meiic.S1 no 

1
~•~.... ! n. ........ g§g ! 

HanpaBJI.SllOlllHM B.l);Oilb rpy6KH i 11 : . · . . : 
~ ~ r---,. t • ~ lo, ADC 3neKTp0MlirpaUliOHHOH ll"leliKH. r--711 '- t r-7 1Amolif+1 t 

Tinoma.nxa npHBO.D;HTCll B .D;BmKeHHe 
nocpe.ncTBoM qepBll"IHOH nepe.na"lli, 
Be.nymnii Ban KOTOpoii . lKeCTKO . 
coe.nliHeH c BaJIOM · maroaoro 
.D;BliraTeJI.SI. TionHa.SI 6a3a nepeMemeHH.SI 
.ne-reKTOpa COCTaBJllleT 450 MM. 

lliarOBbIH .n;BHraTenb 
I HV · Coat.NI : 

ynpaBJI.SleTC.SI liHTepqieiiCOM ( CM. pnc. I), I t_ ____________________ _, 

06ecne"l1iBa10LUHM qiopMlipoaaHne - . 
cttrHWIOB .n;Illl spameHH.SI sana Pnc.6. CxeMa cra6runmunm · cneKTPOMCTPH'ICC-

Koro TPaKTa 
.nsnraTeJI.SI s np.SIMOM Ii o6paTHOM . . . . 
HanpasneHli.SIX. OH . co.neplKliT ynpaBJllleMblll .l);eJIHTeJlb qaCTOTbl .l);Illl. nonyqeHmI . 
HYlKHblX qiajOBbIX ClirHaJlOB, a TaKlKe CXeMbl nplieMa H o6pa60TKH CllrHaJlOB OT .n;syx 
nap .naT"IHKOB .xpaiiHliX nonoJKeHHli. B KalK.llOH_ nape ·0.l);HH .ij3 .naT"lliKOB 
npe.nHa3Ha"leH .l);Jl.SI ailapHHHOii OCTaHOBKH . .l);BliraTeJI.SI B cnyqae nporpaMMHOro c60.S1, 
a .n'pyroii lirpaer_pOJib Heno.nBHJKHoro p1:nepa AM OTC"leTa Ha"laJibHoro nonoJKeHn.SI 
.nereKTopa; <l>a30Bb!e CHrHaJlbl no.naroTC~ B marOBblH- .llBlifaTenb tiepe:3 6JIOK 
npliso.z:i;a (pnc.l). · · · · · ·· · · · · 

JlHHeiiHilll CKOpOCTb nepeMeLUeHH.SI ·.z:i;e-reKTopa MOlKeT :eapbHpOBaTbC.SI no 
JKenaHHl0'3KcnepttMeHTaTopa B npe.nenax 0-6 MM/CC xpaTHOCTbl0'5 MKM/c; TO"IHOCTb 
noJliUHdm-1posaHH.S1 ·_ .z:i;ereKTopa coC'raBJllleT ; O. I· MM.- · B npouecce . HJMepemrn 
n~J'.lBlilKHOCTli MHrpttpyromero pa.nH0Hyxn1ma . .nereKTop .ocymeCTB.iI.Sler 
aBTOMaTH"lecxoe B03BpatHOtfCKaH1ipOBaHlie Tpy6Kil .Sl"leHKI{ Me)!(.l);y npe.nsapHTeJibHO 
311.naHHblMH nOilb30BaTeneM KpaHHl{MH nOJIOJKeHliRMH.. . . . 

: Oa,oenoii pa6o'luii p,e:»eUM. OcfiOBHbI_M pa6o"lliM pelKHMOM ycraHOBKli 
HBJllleTC.SI.B03BpaTHOe CKaHlipOBaHtte'.neTeKTOpOM 3IleKTpOMHrpauHOHHOH rpy6Kli 
MelK.ity 3apaaee Ja.ZlaHHb!Mli xpaiiHliMH rio.JlmKeHHl!MH. TTPH 3TOM paCCTOllHH8 MeX9(Y. 
3TH_Mli. · TO"IK.aMH pa36HBaeTC.SI npbrplJ:MMHbU.t:. o6pa30M. Ha uenoe "IHcnp. o.nnHaKOBblX. 
.0Tpe3KO~, .WIH.Ha Af (Hnli CB.SIJaHHal! C. H~H. Bpe~eiUirui Il()O.D;OillKHTeJlbHOCTb . L\t). 
KOTOpblX :Ja.nae-rcsi nonb30BaTeneM 0.llHOBpeMeliHo··c'•.npyrliMHilapaMeipaMH pa6oTbI. 

PemcrpilpyeMOii Ben'H"IHHOH .SIBJllleTC.SI. "IHCilQ co6biTHii, nocrynaroiumt 3a lipeM.S! lit B 
onpe.z:i;eneHHble O~ila y-cneKTpa. 0.n;HOBpeMeHHd · MOlKeT MOHHTOpHpOBaTbC.SI .AO 4 
TaKHX HeJaBJ:iCHMblX OKOH, non~lKeHHe rpaHHU KOTOpbIX B _ cneKrpe 3aJlaeTC.SI 
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nonb30BaTerreM nepe,n Ha'Ian0M H3MepeHHH npH npocM0Tpe nonHoro y-cne1CTpa 

Hccne,nyeMoro H30T0n~. TaKHM o6pa30M, BO BpeM.11 H3MepeHHH <fiYHKUHeH 

aHanH3aTopH0H 'IaCTH nporpaMMH0ro 06ecne'IeHH.11 .11Bn.11eTc.11 HaxonneHue cneKTpa B 

Te'IeHue BpeMeHH !:i.t, ero o6pa6oTKa )I)l.11 onpe,neneHu.11 qucna co6bITHH, 

3aperHCTpHp0B8HHbIX B 4-x 38,zt8HHblX ero 0KHax, 3anHCb nonyqeHHblX 3H8'IeHJtH B 

onepaTHBHYJO naM.11Tb_H c6poc aHanH3aTopa )I)l.11 HaxonneHH.11 cne1CTpa.B Te'IeHue 

cne.nyiomero 0Tpe3Ka flt. ,l{n.11 Ka)K)loro H3 T8KHX BpeMeHHblX 0Tpe3K0B H3BeCTH0 

KaK TO'IH0e pacnono)KeHHe ,lleTeKTopa B ero Ha'IanbHbIH M0MeHT, T8K H T0'IHOe 

8CTP0H0MH'Iecxoe BpeM.11, CO0TBeTCTByromee Haqany ero OTC'IeTa. 

PeJynbTaTOM 3T0ro npouecca .IIBn.lleTc.11 nonyqeHue 4-x ruCTorpaMM 

pacnpe,nerreHH.11 HHTeHCHBH0CTH y-H3ny'IeHH.11 no MHHe Tpy6KH .ll'IeHKH .nn.11. 

pa3JIH'IHbIX yqaCTK0B ero cneKTpa. Pa3peweHue 3T0ro pacnpe,neneHH.11 no .ztnHHe 

Tpy6KH onpe,zterr.lleTC.11 CK0p0CTblO ,ltBH)KeHH.11 ,lleTeKTopa u npo,non)KHTeITbH0CTblO 

npoMe~Ka flt; 3Ha'IeHH.11 3THX napaMeTp0B 38,zt8lOTC.II n0Jib30B8Te.JieM, HCX0,zt.11 H3 

8KTHBHOCTH HCfl0Jib3yeMoro npenapaTa If Heo6xO,ztHMOH T0'IH0CTH onpe,neneHHll 
Il0JI0)KeHHl! MHrpupyiomeii 30Hbl. 

. IlpH o6pa60TKe T8KHX . rnCTorpaMM, nonyqeHHbIX npu MH0r0KpaTH0M 

CK8HHpOB8HHH Tpy6KH BO BpeM.11 ,ltBH)KeHH.11 pa,ztH08KTHBHOH 30Hbl, M0)KH0 

onpe,nerrHTb 38BHCHM0CTb OT BpeMeHH -BeITH'IHHbl npoH,neHHOrO ero flYTH H, 

cne,nOB8TeITbH0, paCC'IHT8Tb n0,ztBH)KH0CTb Hccne.nyeMoro 3JieMeHTa B ycn0BH.IIX 
,nattttoro om,ITa. 

McnOJib30B8HH8.II MeT0,llHKa cne)KeHHl! 38 pa,ztH08KTHBH0H 30HOH TOJibKO no 

onpe,nerreHHbIM yqaCTKaM cneicrpa ee y-u3nyqeHH.11 ,naeT cne,nyromue npeHMyIUeCTBa 
(cM. TaK)Ke unnroc-rpauuu B cne,n. pa3i:terre): · 

e 3H8'IHTeITbH0e Il0BbIWeHHe C00TH0WeHHl! 3<Ji<JleK1'-<fioH npH yCTaH0BKe 0KHa B 

cneKTpe Ha <JloTOnHK, Jie)K8IUHH B o6naCTH 40-300 K3B, 'ITO. CBll38H0 C 

OTCe'IeHHeM np0HHK8lOIUero qepe3 K0nnHMaTop )KeCTK0ro H3ny'IeHHll H 60JibWeH 
'I8CTH K0MilT0H0BCKHX HMnynbcoB; 

• npH pa6oTe co CMeCblO H30T0n0B .ztByx pa3JIH'IHblX XHMH'IeCKHX 3neMeHT0B, 

HMeromux B M.llrKOH o6naCTH pa3peWHMbie <fioTOflHKH, M0)KH0 no OT,lle.JibH0CTH 

cne,ztHTb 38 ,ltBH)KeHHeM 3THX 3neMeHTOB, 'ITO ,naeT 0'IeHb TO'IH)'IO HH<fiopM8UHIO 
06 HX 0TH0CHTeITbH0M noBe,neHHH B ycn0BHllX ,naHH0ro onbITa. 

m. 3KcnepnMeHTaJibHble PeJYJlbTaTbI 

C UeITblO ,neM0HCTp8UHH <fiYHKUHOHanbHbIX B03M0)KH0CTeH onucaHH0H 

YCT8HOBKH HH)Ke Mb! npHB0,llHM HeKOT0pbie Pe3YJibT8Tbl npoBe,zteHHbIX Ha Hett 
TeCTOBblX 3KCnepHMeHT0B: . 

a) MUZpOlfUR 30Hbl paiJUO'JJU!Menma BOO/lb 'JJleKmpoMu2pa11uoHHOii . mpy6Ku. B 
3KCnepuMeHTe HCfl0Jib30Banc.11 pa,ztH0HYKnlf.zt 133Ba, C UeITblO . onpe,neneHHll. 

HH.ztHBH.ztyanbH0H no,ztBH)KH0CTH·xaTH0Ha Ba2+B nep:,rnopaTHbIX paCTBopax c HH3K0H 

HOHHOH CHJIOH: 3neKTpOMHrp8UHOHH8.11 .11qei1xa 6bma 3anonH'eHa <fioHOBblM 

3neKTpOJIHT0M COCTaBa 0.1 M NaCIO4 - 10-3M HCIO4; Ilocne BbIB0,lla yCTaH0BKH Ha 

· TeMnepaTYPHbIH pe)KHM (T,,ab=303°K) npu rpa,nuettTe ttanp.11)KeHHll 10.0 B/cM u T0Ke 

12 MAB O,llHH H3 naTpy6KOB 6 (puc.2) 6bmu BBe,neHbl 2 MKn paCTBopa 6apHll-133 6eJ 
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H0CHTe.Jill c y,nenbHOlf liKTHBHOCTblO 1.0 MKKH/MKJI. CxaHHpoaaHHe Tpy6KH 

,lleTeKT0p0M B npl!M0M H o6paTHOM HanpaBiieHHllX np0H3B0,llHJI0Cb npH CK0p0CTH 

ero nepeMeIUeHHll 0.75 MM/C 1t npo,uomKHTenbHOCTH OJlHOrO wara H3MepeHHll 4 c. 

Cne)!(eH1te 3a M1trpau1tefi J0Hbl ocymecTBJillJI0Cb no o,uHoMy 3HepreTH'IecxoMy 0KHY, 

ycTaH0BJieHH0MY a cneKTpe mBa Ha JIHHHIO 81.0 K3B. Ha p1tc. 7,a npe,ucTaBJieHbl 

HeCK0JibK0 rHCT0rpaMM B K00p,llHHaTax "paCCTOllHHe- HHTeHCHBH0CTb 
200 -r r · 100 .J 

~- ·w !Min •·-, 1 s . :rlrttttcr: : 1e 0 ' ' ' . ' . ' . 
200 l 50 100 150 200 2so 300 3500 50 100 150 200 250 300 mm 

,oo" r r 
0 ~hf:;:~ s 1'ffl""dlb ttp;· 4i ,tt eek er,,, .M# d 

200 ~ 50 100 150 200 250 300 3500 50 100 150 200 250 300 mm 

1 4002 NC. 4992 MC 
100 -4 

0 \M~ , I 11,"ltdf FC:ri~ , t 7:Mttt\t15¥t:,J. · s 
0 50 100 150 200 250 300 3500 50 100 150 200 250 300 mm 

E 
E 
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0 
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JOO --

,.c ::oo --"'i 
>, .,, .,, 

"-

C . 
100 - • 

0 ···• --T·---~·----...-~--.- --·• --•• • •----·•- --·-• · 

1000 ::ooo '.\000 .£000 ~00 bOi(I 

Tune from the stan. sec 

Pnc. 7. a- ,lUIH3MHKa /UIHlKCllllll JOllbl 6apnll-l 33 B,10Jlli 3.1CKtpo~mrpa1mo1111oii Tpy61m (IO B/c~t. 0.1 
M p-p. )LJJ:opHOKHCJIOro 113TJlllll pH=J.O), 6 - IlO;J)"IC:HllblC: TO'IKII B KOopmmaTax "epC!llll -
pacCTOllllHC" H annpOKCIIM11p)10lll3ll llX :n111eii11aR J3BIICIIMOCTI,. 

H3Jiy'IeHHll"' nonyqeHHbIX npH CK8HHp0BaHHH 3JieKTp0MHrpauHoHH0H Tpy6KH B 

pa3JIH'IHbie M0MeHTbI 3xcnep1tMeHTa. Tiocne JaaepweHHll onbITa (cxaH11poaaH1te 

6bmO Bbin0JIHeH0 12 pa3) nony'IeHHbie rnCTorpaMMbl 6bmH o6pa60TaHbl ,llJill 

paC'IeTa npocTpaHCTBeHHbIX Ii . apeMeHHbIX nOJIO)KeHHlf ueHTp0B Tl!)KeCTH 

3apernCTpHp0B8HHbIX 30H. TiocTpoeHHal! no 3THM ,UaHHbIM 3aBHCHM0CTb "speMll -

npofi,ueHHbIH nyTb" np1tae,ueHa Ha p1tc. 7,6. PacC'IHTaHHal! _no MHK Ml! 12 

nonyqeHH_blX T0'IeK JIHHettHal! 38BHCHM0CTb (i.=0.26) ,uana 3Ha'IeHHe -;i=(S.51± 

0.06)-10-4 cM 2 /B-c. · 

6) .BJlUHHUe noJlO:JH:eHllR ;;11ep?.ell111'1eCKIIX OKOH, ycma11a8l/ll6Qe.\tblX 6 cneKmpe 

UCClleiJyeM020 11yKJ1110a. Ha p1tc.8,a noxaJaHa pacCTaH0BKa 3HepreTH'IeCKHX. 0K0H B 

cneKTpe H30T0na 
152Eu npH npoae,ueHHH C HHM 3KcnepHMeHTa, aHaJI0rH'IH0r0 

on1tcaHH0MY a npe,ubl,uymeM paJ,uene; TionytJeHHbie .llJill Ka)!(,lloro · 113 

y~aimaneHHbIX 0K0H rnCTorpaMMbl pacnpe,ueneHHll HHTeHCHBH0CTR H3JIYlJeHHll no 

MHHe Tpy6KH npHBe,lleHbl Ha pHC. 8,6. J,b 3TOii HJIJIIOCTpaum1 BH,llH0, 'ITO 

nony'IeHHll. MaKCHManbH0ro C00TH0WeHHll CHrHan-<fioH 1t OTo6pa)KeHHll peanbH0ii 

WHpHHbl 30Hbl y,uaeTCll ,uo61tTbCll npH yCTaH0BKe 0K0H B cneKTpe Ha MllrKHe 

cpOTOnHKH 6onbWOH HHTeHCHBH0CTH. TipH YBeJIH'IeHHH 3HeprnH· cpOTOnHKa 

C00TH0WeHite CHrHan-cpoH yMeHbWaeTCll 38 C'IeT Hen0JIH0ro no,uaaneHHll 6oxoaoro 

H3Jiy'IeHHll K0JIJIHMaT0p0M Ii yMeHbWeHHll 3<JlcpeKTHBHOCTH ,ueTeKT0pa. Yw1tpeH1te 

pernCTp1tpyeM0H <JiopMbl M1trp1tpy10meii 30Hbl C p0CT0M 3HeprnH cpoTOnl!Ka 
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cB.11JaHo c KpaeabJMH 3q>q>eKTaMH Ha meJm KOruJHMaTopa. O11eBH.IlHO, 'ITO o6a 3TH 

3q>q>eKTa .IIBIDU0TC.11 He)KeJiaTeJibHblMH, TaK KaK CHH)KaK>T TO'IHOCTb onpe.neJieHH'.11 

nO,llBH)KHOCTH 3IleMeHTa. 
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4>opMy 30Hbl pa,!1.HOH)'KJIHJI3 B 3JleKTpOMHrp3UHOHHOH Tpy6Ke: 8 - paCCT8HOBKa OKOH B cneKTpC 
eBpOIDlll-152, 6 - IlOJl)"ICHHblC JtJlll Ka)l()].oro OKHa pacnpe,il;eJICHllll mrreHCIIBHOCTH HJJl)"ICHl!ll 
(OTIIOCHTCJIJ,Hble e,ll.HHllUhl) no JI.,'IHHC Tpy6KH (MM) . 
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Pnc.9. PacCTaHOBKa 3HepreTH'lecKHX OKOH B cneicrpax eBpOIDlll-152.H 6apHll•l33 (a) H noll)"ICHIILIC 
11,'lll JTIIX OKOH rncrorpaMMLI ''lcoop,nmIaTa (MM) - HIITCHCIIBHOCTL H3ll)"ICHllll (OTH-CA-)" npH 
O;l;JIOBpeMCHHOH MHrp8WIH JTiiX HJOTOilOB (IO B/cM, 0.005M paCTBop JIHMOHHOH

0

KHClIOTid c pH=3.0) 
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8) oi>noepeMeHIUJR MU2p01fllJl HeCKOJ/bKUX XU.UU'leCKU:X 3JJe.111enmoe. YCTaHOBKa 

:mepreTH'leCKHX OKOH B paJnH'IHble y11aCTKH cneKTPOB Hccne.nyeMblX 

pa.nHOaKTHBHblX HJOTOnOB B p.11,lle cny11aeB .nenaeT BOJMO)KHblM paJ)leJibHOe · 

cne)KeHHe Ja .IlBYM.11 0.IlHOBpeMeHHO MHrp»pyK>lllHMH. XHMH'leCKHMH 3IleMeHTaMH npH 

BBe.neHHH B .ll'leHKY HX CMeCH. 3TO oco6emio Ba)KHO npH pa6oTe C 3IleMeHTa~H, 

no.nBH)KHOCTH KOTOpblX B ycnoBH.IIX .naHHOro ·3KCnepHMeHTa 6nHJKH (.t\u :S 10%). 

CneKTpOMeTpH'leCKOe "paJ.neneHHe" 6nHJKO pacnonO)KeHHblX JOH JlBYX HeJaBHCHMO 

MHrpHpyK>lllHX 3neMeHTOB . .naeT TO'IHYK> HHq>OpMaUHK> 06 HX OTHOCHTeJibHOM 

noBe.neHHH B ycnOBH.IIX .nannoro onbJTa. B Ka'leCTBe npHMepa MO)KHO npHBeCTH 

3KCnepHMeHT no HJMepeHHIO a6conJOTHblX H OTHOCHTeJibHblX nO.IlBH,KHOCTeH 6apH.11 H 

eBpOnH.11 B paCTBOpe IlHMOHHOH KHCilOTbl. B 3IleKTpOMHrpaUHOHHYIO .1111ei1Ky, 

JanonHeHHYJO qioHOBblM JneirrponHTOM, co.nep,KalllHM 5.2·10-3M nHM0HHOH 

KHcnOTbl np» pH=3.0, 6bmH BBe.lleHbl 2 MKn paCTBopa, co.nep,Kamero no 2 MKKH 
133

Ba H 
152Eu. 3KcnepHMeHT npOBO.IlHilC.11 npH ycnoBH.IIX, aHanOrH'IHblX 0nHCaHHblM 

B paJ.nene a);. Ha pHC. 9,a noKaJaHbl OTCH.l!Tble OTJleJibHO y-cneKTPbl 3THX 

pa,llHOHYKnH.IlOB H non_o,KeHH.11 BblCTaBneHHblX B HHX 3HepreTH'leCKHX OKOH, 

npe,llHaJHa'leHHblX AA.II cne)KeHH.11 OT.IleJibHO Ja MHrpauHeH Ka)l(noro 3neMeHTa. Ha 

pHc.9,6 npe.nCTaBneHbl nony11eHHble B paJnH'IHble MOMeHTbl apeMeHH pacnpe.neneHH.11 

HHTeHCHBHOCTeH HJny11eHH.II ',!1)1.11 ci6oHX OKOH no MHHe 3neKTpOMHrpauHOHHOH 

TPY6KH. IloCTeneHHOe paJ.neneHHe JOH 6apH.11 H eBponH.11 noJBOil.lleT onpe.nenHTb 

a6conJOTHble JHa'leHH.11 HX nO.IlBJf)KHOCTeH (OHH . COCTaBHilH 

;Ba= (5.36±0.15)_•10-
4 

H ;Eu= (5.00±0.09)•W-
4 

CM
2 
/B•c) H paCC'IHTaTb HX 

OTHOCHTeJibHYIO paJHOCTb. 

IV. 3aKmo11enue 

OnHCaHHa.11 3KCnepHMeHTanbHa.11 · yc,aHOl3K3 . .Ilil.11 ropHJOHTanbHOro JOHH0ro 

3IleKTPOq>OpeJa pa,llH0HYKnH.Il0B B CB06o.nHbl_X: 3IleKTP0ilHT3X n0JB0il.lleT npoB0.IlHTb 

KaK a6conJOTHble, TaK n OTHOCHTeJibHble HJMepeHH.11 n0,llBH)KH0CTeH cne.noBblX 

K0ilH'leCTB 3IleMeHT0B B pac-raopax. Mccne.noBaHHe JaBHCHMOCTeH T3KHX : 

no.nam1rnoc-reu OT C0CTaBa paCTBopa (pH, H0HHa.11 cnna, K0HUeHTpaUH.11 ' 

KOMnnexcoo6paJOBaTen.11) .naeT ueHHYIO K0ilH'leCTaeHHYIO H Ka11ecTBeHHYIO 

HHq>OpMaUHIO 0 npoTeKaHHH npouecC0B rn.nponHJa H KOMnneKcoo6paJOBaHH.II. 3Ta 

Ja.na11a npe.nCTaBn.lleT q>yH,llaMeHTanbHblH Hay11HblH HHTepec H 
0

B HaCT0.lllllee BpeM.11 

BeCbMa aKryanbHa[I I], TaK KaK Biln0THYIO CB.IIJaHa c npo6neMOH HeKOHTpOnHpyeMOH 

MHrpauHH B 0Kpy,Ka10my10 cpe.ny pa,llHOHYKnH.ll0B HJ H3KOnHTenefi H JaxopoHeHHH. 

B ·'laCTH0CTH, npe.nnaraeMa.11 HaMH MeT0.IlHKa Hccne.noaaHnfi npe.noCTaBn.11eT 

npaKTH'leCKH YHHKanbHYIO BOJM0,KH0CTb HJy11aTb rH,llpOnHJ H 

KOMnneKcoo6paJOBaHHe . IlnYTOHHR npH ero KOHUeHTpaUH.IIX B pac-raope :SI 0-1 M. 
TpKHe HCcne.no_BaHH.11 CTaHOB.IITC.11 B0JM0)KHblMH npH HCnOilb_J0BaHHH e.nHHCTBeHH0ro 

K0p0TK0)KHBYlllero y-HJny11a10mero HJOTOna. mpu (l;,i=45.3 .IlHSI). Oco6eHHO 

HHTepeCHblMH S!Bn.lllOTC.11 npoueccbl rn.nponHJa H KOMnneKC006paJOB3HHSI 

)'IlbTPaMHKp0K0ilH'leCTB Pu(V), TaK KaK 3Ta q>OpMa C'IHTaeTCSI .Il0MHHHpylOlllHM 

C0CT0JIHHeM IlnYT0HH.11 B paJ6aaneHHblX B0.IlHblX pac-raopax [I 2. 13]. 
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BblllOJIHeHHe HaCT0$1U{eH pa60Tbl CTaJIO B03MOlKHblM 6naro.z:tapg q>HHaHCOBOH 
no.z:t.z:teplKKe co CTOpOHbl PocCHHCKOro q>OH.z:ta q>yH.z:taMeHTaJlbHblX HCCJie.z:tOBaHHH 

- (rpaHT N.?94-03-08934) H MelK.z:tyHapo.z:tHoro Hay1rnoro q>OH.z:ta (rpaHT N2NK-6000). 
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UynKo-CHTHHKOB B.B. 11 JJ.p. 
YcTa!IOBKa JJ.J]H rop~30HTaJlbHOro 30HIIOro 3JieKTpocpope3a 
panHOHYKJlll.!1.0B B CB06omtblX _3JieKTpOJill;rax 

Pl2-95-527 

On11callbt ycTpOHCTBO II npm1u11·n pa60Tbl YCTaHOBKH JJ.J]H HJMepeHHH 00.!I.BJUKHO
CTeH HOHOB pan11011yKJI11JJ.OB B pacrnopax B 3JieKTpH4eCKHX noJIHX. Op11Me11eH11e 
OpHflUlaJlbllOH KOIICTpyKUIIII 3JieKTpOMHrpaUl!OHHOH H4eiiKH H 3JieKTpOHHblX CHCTeJ\f 
crn6HJIH3aUHH nOJBOJllleT npOBOJJ.HTb IIJMepeHIIH npu CTporo CTa~1-1mn11poBa11ttblX 
COCTaBax H TeMnepaTypax qJOIIOBOro pacrnopa. floKaJaHa B03MO)KHOCTb m}6Jit0JJ.eHHH 
3U OJJ.H0BpeMetlHOH MHrpauHeii HeCKOJibKHX panH03JieMeHTOB II onpeJJ.eJieHHH HX 
a6COJIIOTllblX II . OTH0CHTe.TlbHblX 110.!I.BH)KIIOCTeii B YCJIOBIIHX OJJ.HOro H Toro )Ke 
3KCnepHMeHTa. npeJJ.CTUBJiellbl IIJIJIIOCTpau110HHble 3KCnepm.1eHTaJibHbte peJyJibTaTbl. 

Pa6orn BbmonHeHa B J1a6oparnp11H HJJ.epHblX npo6neM 0115IJ.il. 

npenpHHT Om,emme1111oro HHCTHTyra 1111epnhix 11cCJ1e11osam1ii.-,!ly611a, 1995 

!lepeBOJJ. asrnpa 

Tsoupko-Sitnikov V. et al. 
Device for Horisontal Zone Electrophoresis 
of Radionuclides in Free Electrolytes 

Pl2-95-527 

A design and operation of an experimental device for measuring radionuclide 
ion mobilities i_n solutions in electric fields are described. An originally designed 
electromigration cell and electronic stabilization systems provide strict stabilization 
of electrolyte composition and temperature during the measurements. Simultaneous 
migration of several radioeiem~nts can be observed and their absolute and relative 
mobilities under _ the same _experimental conditions can. be· -determined by this 
equipment. Some illustrations of the experimental results are pr~sented in ,the paper. 

The investigation has been performed at the Laboratory of Nuclear Problems; 
JINR: 
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