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1. BsenenHe 

HecMoTpH aa sHa'IHTenbHbte ycnexH M~cc6ayaposcxoi!: cnexTpocxonHH, 

JlOCTHrHyThte c noMoiUbJO umpoxo H3BeCTHhiX H3ny'laTeneil: -
6 7 

Fe , 119 Sn H Jlp., 

onpeJleneHHhli!: HHTepec npencTaBnHeT paapa6oTKa TexHHKB axcnepuMeHTa 

H c 6onee qyscTBHTenbHhlMH Hsny'laTenHMB. OnHHM H3 npeJlCTaBHTenei!: sToro 

IIOKOneHHH M~CC6ayspOBCKHX H3ny'laTenei!: HBnHeTCH H3QTOII UHHK-67 (ypoBeHb 

92 K 9B, r IE =5.1o-16). nepBbte OIIb!Tb/ 1 • 21 noxasanH, 'ITO 9TOT Hsnyqa

Tenb cneayeT OTHeCTH K 'IHCny MeTOJlH'IeCKH TPYilHbtX. TpyJlHOCTb pa6oThi c 

HBM o6ycnoanena K&K ManocT&~ aa6nDnaeMoro peaonancnoro ~KTa 

< 0,2%) 
1 

TaK H cpaBHHTenbHO KOpOTKHM BpeMeHeM )I{H3HH MaTepHHQKOrO 
~ ' 

HJlpa - rannHH-67 ( T t! 
2 

=78 qac). 0JlHHM H3 cnoco6os rrpeononeHHH sTHX 

He6naronpHHTHblX 06CTOHTenbCTB HBnSieTCH IlpHMeHeHHe B8CbMa CHnbHh!X HC-

TO'IHHKOBo 

HcnonbsyeMbti!: B npeJlbillYIUHX onhiTBX MeTOil npHroTosneHHH 
s7Ga _ o6-

ny'leHHe nnaCTHHKH ZnO IlpOTOH8MH HnH Jlei!:ToHaMH - II03BOnHeT nony'I8Tb 

HCTO'IHHKH C aK THBHOCTb!O 1-2 MKIOpHo OrpaHH'IeHHSl 31leCb B08HHKaiOT B oc-

HOBHOM H3-3a HeB03MO)I{HOCTH o6ecne'IHTb JlOCTaTO'IHO XOpOlliHH c'heM Terrna 

C rrnaCTHHKB OKHCH UHHKao Tax, IlpH o6ny'leHHH 88 BHyTpeHHeM nyqKe UHKnO

TpOH8 Y-150 MOWHOCTb ITy'IK8 AOn)l{fta 6b!Tb He 6onee 80-50 BaTT, HH&'Ie 

MHmeHb rreperpesaeTCSI B 6btCTpo paapymaeTcH. 

TiporpeCC H8 9TOM rryTB B03MO)I{eH, eCnH npHMeHSITb MeTannH'IeCKY10 

MHllieHb C BOJlSIHbiM OXn8)KJleHHeM1 a paJlHOaKTHBHbie SIJlpa 
67Ga 1 BbtlleneHHhie 
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paAHOXHMH~eCKH, BHOCHTb B HCCneayeMOe BemeCTBO (HarrpHMep, 

rryTeM TepMOAH~~Y3HHo 

2. TexaHKa oony~eHHH 

7.nO 

MaTepHan MHrneaH aon*ea yaoBneTBOpHTb pHay crreuH$H~ecKHX Tpe6oBa

HHlt: ooecrre~HB8Tb AOCT8TO~HO BbiCOKHi!: BbiXOA ranmm-67 rrpH OTHOCHTellbHO 

HH3KOM ypOBHe apyrHX p8AHOH30TOIIOB; o6naaaTb AOCT8TO~HO BhlCOKOfi TyronnaB

KOCTbiO H xoporneft TeiTllOITpOBOAHOCTbiOi 6b!Tb AOCTYIIHbiM AllH MHOI"OKp8THOI"O 

rrpHI"OTOBlleHHH MHllieHelt; AOITYCK8Tb HeCnO*HYIO paaHOXHMH~ecKyiO MeTOAHKY 

H3Bne~eHHH I"8llllHHo 3THM Tpe6oBaHHHM YAOBneTBOpHeT Meab, B KOTOpoft IIOA 

aeltCTBHeM ycKOpeHHbiX a -~aCTHU oopasyeTCH TpeoyeMblll: H30TOIT ran

llHft-67/3/. 06ny~eHHe MHllieHH rrpoH3BOAHllOCb Ha UHKllOTpoae Y-200 na6opa

TOpHH HaepHhiX peaKUHlt OHHH. IToToK a -~acTHU c aaeprHelt 32 MaB 

COCTaBnsin 125-150 MHKpoaMrrep, KOHCTpyKUHH MHllieHH H lliTOK8 IIOK838H8 HB 

pHC, 1, BHyTpeHHHH Tpy6Ka lliTOK8 H30llHpOB8H8 9l!eKTpH~eCKH OT H8PY*HOlt H 

CllY*HT OAHOBpeMeHHO AllH rroaa~H 0Xll8*A8IOllieH B0Abl 0 AllH H3MepeHHH TOK8 

rry~Ka, rraaa10mero aa MHrneHb, H anH cosaaHHH ycHnHH, aeo6xoaHMoro anH 

BaKyyMHOITllOTHOI"O CoeaHH9HHH C~eMHOft MHllieHH CO WTOKOM. ITpeayCMOTpeH 

AHCTaHUHOHHblft C~eM MHlli9HH CO lliTOK8o 

llpH TBKOft KOHCTpyKUHH MHllieHb BbiA9P*HBana ITOTOK a -~8CTHU ao 

150-. MKa IlpH o6ny~aeMOft ITllOW8AH "' 0,2 CM2, ~TO COOTBeTCTByeT BbiAene

HHIO MOlliHOCTH Ha MHllieHH OKOllO 4,5 KBTo ITpH 9TOM H8fri10.1l8ll0Cb He3H8'1HTenb

HOe paspyrneHHe ITOBepXHOCTH MHllieHH, OAH8KO ITPO*HI"BHHH ao HapyrneHHH B8-

KyyMHOft rrnoTHOCTH ae rrpoHcxoaHno. HaTerpanbHaH aosa oony~eHHH o6br~Ho 

COCT8BllHll8 800-1200 MKa•~aC, 

3. MeTOilHKa BbiileneHHH rannHH 

3.1. ITpHMecH. TpeooBaHHH K ~HcToTe rrperrapaTa 

rannHi!:-67, HCITOllb3yeMhii!: .1lllH rrpHI"OTOBlleHHH M~~c6ayapOBCKOI"O HCTO'I

HHKa, aeo6XOAHMO ITOlly~HTb B paaHOXHMH~eCKH 'IHCTOM BHae, 6e3 HOCHTenH, 

B M8llOM o6~eMe paCTBOpa, KOTOpbii!: MO*HO H8HeCTH H8 OKHCb UHHKa, 
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rlp11 o5ny'!eH1111 Me.011 a - '18CT11U8M11 c sHepr11eil: 32 M ss HapSI.OY c 11so

ToiiOM 
67 Ga o6pasy10TCSI SI.apa 

66Ga , 65 Zn , 67 Cu 11 pSI.O .apyr11x. OcHosnoil: 

MeruaJOmeil: H XHMH'IeCKH HeOTilenHMoil: rrpHMeCbJO SIBnsleTCSI HSOTOII 6 6 Ga 
( T !I 2 ==9 'lacos), riosToMy M11rueHb rrocne o5ny'leH11SI o5bi'IHO Bbi.Oep:ii<HBanach 

2-3 .QHSI .00 Ha'lana p8.0HOX11MH'!eCKOil: o5pa50TKH H 113MepeH11il:, 3a 9TO BpeMSI 
66 Ga pacrraaanCSI )10 ypOBHSI1 He BnHSIIOUlero Ha pesynhT8Tbl H3MepeHHH, 

J1s IIpHMeceil: CT85HnbHbiX sneMeHTOB H8H5onee BepOSITHOH (He C'I11T8SI 

Me.OH) SIBnSieTCSI IIpHMeCb *enesa1 KOTOpOe B ManoM KOn11'!eCTBe IIp11CyTCTByeT 

B MaTepHane MHlUeHH H '!aCTH'IHO BHOCHTCSI IIpH e~ 11SrOTOBneHHH, 05mee KO

nH'I8CTBO IIpHM8CH *enes a B HCXO.OHOM rrperrapaTe 05bi'IHO He !Ip8Bb!lllaeT 0,5 Mr, 

BMecTe c TeM rrapaMarH11THbie IIpHMecH SIBmiJOTCSI HaH5onee He*enaTenb-
67 -11 

HbiMH, HarroMHHM1 'ITO B cny'lae Zn ( /L ==0,876 SI,M,, [' =4,8,10 ss) 

SeeMaHOBCKOe pacmerrneHHe Ha O.OHy illHp11Hy nHHHH IJ.H = [' HMeeTCSI Y*e B 

rrone 16 8pCTello npHHHM8SI 9TO 3Ha'leHHe IIOnSI B Ka'leCTBe KpHTH'IeCKOr01 

MO*HO oueHHTb .aonycTHMoe co.aep*aHHe. *enesa ( HnH .apyrHx rrapaMarHHTHbiX 

!IpHMecei!:) B HCTO'IHHKe, UnSI /L = 6 /L 6 O.OHH rrapaMarHHTHbiil: !IpHM8CHbiil: 8TOM 
0 

saMeTao pacmerrnSieT M~cc5ayspoBcKyJO nHHHJO Ha paccTOSIHHH "'20 A 11nH Ha 

"' 1, 103 aTOMaX Zn 0 npH Bece o6pasua Zn Q ,HCIIOnbSyeMOrO B Ka'leC-

TBe HCTO'IHHKa 0,05 r, 40 MKr rrapaMarHHTHb!X !IpHMeceil: B 0'1Hill8HHOM rrperra

paTe rannHSI Y*e SIBnSIJOTCSI BeCbMa OIIaCHb!MH, no-BH.OHMOMY1 9TO rrpe.aenhHOe 

3Ha'!eHHe .OOn*HO 6b!Tb IIOHH*eHO. 110 Kpal\Heit Mepe B 50-100 pas, TaK K8K B 

B rrpouecce TepMO.OH~~Y3HH MO~eT 6hlTb HCIIOnbSOBaH He Becb o6~eM o5pasua 

H KaKoe-To KOnH'!eCTBO IIpHMeceft COJlep~HTCSI B o5pasue eme )10 BBe)leHHSI 

rannHSI, HeTpyllHO saMeTHTb, 'ITO Tpe6oBaHHSI K co.aep~aHHIO .OHaMarHHTHbiX 

K8THOHOB, Bbi3biB8IOUlHX KBaapyrronbHOe pacmerrneHHe OCHOBHOro COCTOSIHHSI 

67 Zn 
, Haxo.OSITCSI Ha TOM *e yposHe, B CBSI3H c ST11M "H.aeanhHhiA" rrperra-

paT He .aon*eH co.nep*aTh 5onee 1 MKr scex rrpHMeceA, 

TaK KaK OllHOBpeMeHHbiit KOHTpOnb sa BCeMH IIp11MeCSIMH X11MH'IeCK11MH 

MeTO)laMH OCyUleCTBHTb TPYllH0 1 OCHOBHoe BHHM8HHe 5bmO yaeneHO O'IHCTKe 

OT *enesa KaK HaH5onee BepOSITHOft H BMeCTe C TeM Ha116onee Tpy.OHOOT.aen11-

MOA IIpHMeCH, 

6 
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3,2. PacTBopeH11e M11IIleH11 11 Bbi.OeneHHe rannHSI 

AKTHBHbiA enol!: TOnlll11HOft OKano 0,1 MM, pacrrono~eHHbiA Ha TOpuesoil: 

'laCT11 Me.aHoft MHIIleHH, pacTsopswH B 5,6H HNO 3 ( 6 Mn). PacTBopeHHe s Helt 

H!leT He CnHIIlKOM 6ypHO ( 6e3 pas6pbi3rHB8HHSI), paBHOMepHO IIO rny6HHe H 

.OOCTaTO'IHO 6biCTpO, Cnoft Tpe5yeMOR TOnru11Hbi CH11MaeTCSI sa 17-20 MHH IIpH 

KoMHaTHoit TeMnepaType. DnSI nyqlllero yaaneHHSI rryshiphKOB rasa H 6onee 

paBHOMepHoro paCTBopeH11SI M9.[111 M11IIleHb !Ip11 paCTBOpeHH11 *enaTenbHO IlO

MeCT11Tb B KHCnOTy TaK, 'IT06bi aKT11BHbiit cnoit paCIIOn0*11nCSI HaKnOHHO, npH 

pearHpy~meA rrosepxHOCT11 7-9 cM2 B pacTBop rrepexo.aHT 0,5 - 0,6 r MeaH 

H 6onee 95% aKTHBHOCTH, 

nocne paCTBOpeHHSI o6nyqeHHOil: MHllieHH B paCTBOpe Ha6nJOn8eTCSI He-

6onblllOe KOnH'IeCTBO MenKO.[l11CIIepCHOHHOrO OCa.OKa TeMHOrO UBeTa, 3TOT OCa

.OOK1 S!BnSI!OillHHCSI1 llO-B11.0HMOMy 1 yrnepo.OOM1 BOSH11KaJOill11M 1Ip11 IIHpOnHSe rrapoB 

BaKyyMHoro Macna Ha o6nyqaeMoil: rrosepxHOCTH, a.acop6HpyeT OKano 10% aK

THBHOCT11, TaK KaK apyroro OTpHUaTenbHOrO BnHSIHHSI Ha rrpouecc Bhl)leneHHSI 

rannHSI oca.noK He oKaSbiBaeT, To cneu11anhHOe ero oT.aeneH11e He npoHsso.aHT

CSI 11 oH oTaenHeTCSI nos.aHee np11 nponycKaHHH pacTsopa qepes xpoMaTorpa~H

qecKyJO KOnOHKYo 

llls .aaHHhiX no a.acop6uHH aneMeHTOB Ha KaTHOHHTe HS pacTsopos HCI /4/ 

BH.OHo, 'ITO B KOHueHTpHposaHHbiX pacTsopax H Cl Koa¢~HuHeHTbi pacnpeae

neHHH rannHSI H ~enesa 6onee 103 , a MeaH H uHHKa < 1. CneaosaTenbHo, 

ecnH pacT BOp 830THOKHcnoil: MellH nepeBeCTH B COnSIHOKHCnbiA ( [ H a]> 8 H ) 

H rrponycTHTb qepes KaTHOHHTHYJO KonoHKY ( DayaKc 50x8, 50x3 MM2, 35-50 MK), 

TO Me)lb H UHHK npoAayT 6es nornomeHHSI H IIOnHOCTbiO OTJlenSITCSI OT rannHSI, 

KOTOpbiH BMeCTe C *eneSOM IIpO'IHO yaep~HBaeTCSI Ha CMone. Bb!MbiBaHHe ran

nHSI npoHsBO!lHTCSI 3,6 H Cl, rlpH aTOM *eneso aa'!HHaeT BbiMbiBaThCSI HecKonh

KO paHbllle ( Ha 2-8 KannH, KOTopbie nerKo Ha6nJO!laTb BHsyanhHO no *enTo

My UBeTy), qeM rannHil:, TeM caMbiM llOCTHraeTCSI OT!leneHHe OCHOBHOA 'laCTH 

*enesa, 'ITO nono~HTenbHO oTpa*aeTCSI Ha nocneayJOmeM nonHoM pasaeneHHH 

aneMeHToB. OaHaKo rrepeseaeHHe Cu( NO 
3 

) 
2 

B Cu Cl 
2 

, csgsaHHOe c 

HeOllHOKpaTHbiM ynapHBaHHeM pacTsopa .aocyxa, H nponycKaHHe qepes KonoH

KY pacTsopa CuCl
2 

, o6~eM KOToporo Hs-sa HeBbiCOKoA pacTBOpHMOCTH B 

H Cl cocTaBmieT oKono 20 Mn oTHHMaJOT cnHIIlKOM MHoro speMeHH ( "'6 qacoa), 

'ITO H8Y!l06HO .anSI 9KC!IepHM8HTanbHOrO BbliiOnHeHHSI, 

7 



Eonee obiCTpoe Bhr/leneaHe rannHSJ npoH3BO/lHTCSJ MeTO/lOM cooca>KileHHH. 

B Ka'!eCTBe HOCHTellSJ HCflOilb3yeTCSI K8KOi!:-IIHOO H3 TSJ>KellblX pe/lK03eMellbllblX 

MeMeHTOB ( aanpHMep - IIIOTeUHi!:), KOTOpbii!: B /l81lbHei!:IUeM nerKO OT/lenSJeTCSI 

xpoMaTorpacpaqecKH. 

K pacTeopy MHIUeaa /lOOaBnHeTCSJ pacTeop aMMHaKa (20-25 Mn 5% pacT

eopa) • Me/lb OCT8eTCSI B BH/le 8MMH8K8T8 B paCTBope, a rannHi!: COOCa>K/l8eTCSI 

c rH/lpOOKHCbiO IIIOTeUHHo C 10 Mr HOCHTellSJ Bbi/lenHeTCH 80-85% rannHH. Eo-

nee nonaoe OT/leneaHe Ga JlOCTHraeTcH rrosTopahrM cooca>KJleaHeM. 

3aXBS'IeHHbii!: OCSJlKOM SMMHSKST MeJlH ( OC8/lOK CHaero UBeTa) Yll811HeT

CH 2-3 -KpSTHbiM nepeoC8>KJleHHeM rHJlpOOKHCH. LlnH pSCTBOpeHHSI Ka>K/lbli!: pa3 

xcnonb3yeTCSI 1,5 Mn 4 a: HCI, a Jlnst oca>KJleHHSJ - 3 Mn 5 + M NH 40H 
3aTeM OC8Jl0K llp0Mbl~89TCSI BOJlOA: H p8CTBOpSieTCSI B 1,5 Mn 11 H HQ 
PacTeop nponycKaeTcst qepea KaTHOHHTHyiO KonoaKy s_:priUe yKaaaaabiX paaMepos 

co cKopoCTbiO 5-6 Kanenb B MHHyTy. 3aTeM KonoaKa npoMbiBaeTcst 8 H HCI 
(2-3 ceooo/lllbiX oo'beMa) H npoH3BOJlHTCSJ aniOHpoeaaHe rannHst 3,6 H HCI • 

Opx aToM caoea npoHCXO/lHT aenonaoe OTJleneaHe >Keneaa. 3aTpaTbi epeMeHH 

COCTSM_HIOT "' 1 '18Co 

3.3. 0'!HCTK8 rannHSI oT :>Keneaa 

BbiMbiTbiA: H3 KOIIOHKH npenapaT rannHst HMeeT oo'beM 0,5-0, 7 Mn3,6 a Ha 
H B K8'1QPTB9 llpHM9CH COJl9p:>KHT llp8KTH'IeCKH TOilbKO >Keneao B KOIIH'I9CTB9 

0,05-0,1 Mr. LlnH p83JleneaHSI rannHSI H >K911938 B Bbllll9YK838Hllb1X KOIIH'IeCT

B8X HCilOilb3YIOTCSI flO'ITH HCKIIIO'IHTenbHO XpOMaTorpacpaqeCKHe MeTO/lb/ 
4- 1

0/ • 

e/6, 7,8,10/ noKaaaao, 'ITO xopoiUee paa/leneaae aneMeaToB nonyqaeTcH B cnyqae, 

KOrJla >Keneao aaxo/lHTCSI B JlByxeaneaTaoA: cpopMe. Ho nonaoe soccTaaosneaae 

>Keneaa B BOJlllhlX p8CTBOp8X JlO JlBYXB8119HTHOrO COCTOSIHHH T8K>Ke CBH38HO C 

OOilbiUHMH Tpy/lHOCTSIMH H llpHMeaeaHeM CHilbllblX BOCCT8110BHTeneA:, H81lpHMep, 

Ti a 3 • 0nHC8HHhle MeTO/lHKH pa3)leneHHH aneMeaTOB CIIO>KHbi, TPY/l09MKH 

H aeyJlooHbi anst npaKTH'IecKoro npxMeaeaxH, oco6eaao npx paooTe c BhrcoKo

aKTHBHbiMH npenap8T8MHo 

YllOBneTBopHTenbaoe paaJleneaHe Fe 3 + H Ga 3+ obrno nonyqeao nHIUb 

118 KOIIOHK8X Cp8BHHTenbHO OOilbiUHX p83MepOB/ 8/. J1CKOMbiA: npenapaT 3/l9Cb 

nonyqaeTcst e 6onbiUOM oo'heMe pacTeopa. 3aTpaTbr epeMeHH TSK:>Ke eenHKH. 

8 
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LlnH peiUSHHSI IIOCT8Bil9HHOA: 38/l8'1H H8HOOI199 IIOJlXO/lSIIUHMH K83811HCb 

/lSHHbie no 8/lCOpouHH >Keneaa H rannHSJ KaTHOHHTOM H3 pacTBopoB HCI /5/ 

DposepO'IHbi9 Ollb!Tbl IIOK838nH, 'ITO H8 KOIIOHK9 2x100 MM (Llay9KC 50x8, 
+ 

25-30 ll , H - cpopMa) c noMOIUbiO 6 a H Cl MO>Kao paaJlenRTb Fe H 

Ga npH coJlep>K8HHH >Keneaa JlO 1 Mr. DaKH aneMeaToe oTCTOSJT cpaeaH-

Tenbao JlaneKo Jlpyr OT Jlpyra H il aniOaTe nepeJl aaqanoM BbiMbiBSHHSJ rannHSI 

>1<911930 C llOMOIUbiO pOJl8HHJl-HOH8 He OOHapy>KHB89TCSJ. 0JlH8KO IIHK rannHSJ 

nonyqaeTCSI O'!ellb IUHpOKHM (oKOIIO 20 Kanenb) H llpH KOHU911TpHpOB8HHH llpena

paTa ( aanpHMep, ynapHeaaaeM) e a eM aeaaoe>Kao o6aapy>KHBaeTcSJ :>Keneao. 

To >Ke caMoe aaoniOnaeTcR npH BbiMbiBaaHH rannHSJ ( nocne BhiXOJla >Keneaa ) 

yaKHM nHKOM c noMOIUbiO 6onee CHnbaoro aniOeaTa ( 3,6 H HCI ) • 
TaKoi!: peaynbTaT ae HBnHeTCH aeo>KH/laaahrM, TaK KaK o6paaosaaae JlllHH

HhlX "XBOCTOB' X8p8KT9pll0 JlllH XpOM8TOrpacpH'!9CKHX p83/l911911Hi!: M8KpOKOIIH

qeCTB aneMeaToe. CneJloBaTen&ao, Ka>KymeecH xopoiUHM paaJleneaHe rannH~t 

H >Keneaa B Jl8HHOM cnyqae SIBI11'19TCSI H9Y/lOBI19TBOpHT91lbllhlMo 

lJTOObl HCKIIIO'IHTb aarpS13119HHe rannHH >Kene30M llpH 911IOHpOB8HHH1 ae

OOXO/lHMO IIO/l00p8Tb yCIIOBHH 1 llpH KOTOpbiX rannHA: Bb1MbiB89TCH H3 KOIIOHKH 

nepBhlMo 3TO /lOCTHraeTCSI M9TO/lOM 9KCTp8KUHOHHOA: XpOM8TOrpa~HH B CHCTe-

cl /10 11/ 
Me TpH6yTHn4>oc4JaT ( TEcfl) - H ' 

KonoaKa ( 2x100 MM2) aanonaHeTcH rHnpocpo6H3HposaaHbiM canHKareneM 

(KCK N~2, 35-50/l ), nponHTaaahrM TEcfl (0,6 Mn TEcfl aa l'r canHKarenH). 

AncopoUHH Ga H Fe npoaasonHTCH aa pacTsopa H Cl ( c 2: 8 a ) • LlnH 

9TOrO npenapaT1 Bbi/leneHHbiA H3 K8THOHHTHOi!: KOIIOHKH 1 ynapHBaeTCH /lO OO'heMa 

2-3 Kanenb H paa6asnHeTCH 3-5 KannHMH KoaueaTpHpoPaaaoA HCl • PacTsop 

nepeaOCHTCSI B KOIIOHKY H nponycKaeTCSI CO CKOpOCTbiO 2 K8llllH B MHHYTY• 3a

T9M KOIIOHK8 npOMbiB89TCSI 8 a H a ( 1 CBOOO/lllblA OO'b9M) H llpOH3BOJlHTCSI 

aniOHposa.HHe aneMeaTOB 1,1 H H Cl • KpHBbre aniOHposaaHH rannHH H paanH'IHbiX 

KOIIH'!eCTB >Kell938 rrpe/lCT8Bil9Hbl 118 pHC. 2. 06paiUaeT Ha ce6SI BHHMaHHe CHilb

H8SI 38BHCHMOCTb llOIIO>K9HHSI M8KCHMYM8 118 KpHBblX 91110HpOB8HHSI >K911938 OT 

o6IUero ero KonH'IeCTBa aa KonoaKe a, cneJloBaTenbao, BbiXO/la 'IHCToro rannaH. 

0TCIO/l8 IIOHSITH0 1 IIO'IeMy T8K B8>KHO '18CTH'IHOe OT/l9119HHe >Keneaa 118 K8THO

HHTHOi!: KOIIOHKe. 
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PHc. 2. KpHBbJe Bb!MbiB8HIISI rannllll II lKeneaa Ha 9KCTp8KUIIOHHOit KOnOHKe. no 
oc11 a6cu11cc - HoMep KannH, no ocH opaiiHaT - coaeplKaHHe Ga 11 Fe B oT
aenbHhiX KBDnSIX ( ycnOBHbJe eaiiHHUbl) • Pa3Hb!MH TO'IK8MII ITOM8'18HO paanH'IHOe 
coaeplKaHIIe lKeneaa B Hcxoa»oM npenapaTe: - - - - BhiXoa rannHH, 

0 - 0,5 Mr lKeneaa, ~ - 0,1 Mr lKeneaa, 0 - 0,05 Mr lKeneaa, 
e - pa6o'IHit OITbiT. Kono»Ka: 2xl00 MM2; CllnHKarenb KCK N>2, 35-50 MK, 

9KCTpareHT - TE<P 0, 6 Mn/r c11n11KarenH: amoeHT - 1,1 H H Cl , t ~ 20°C. 
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flpH paaaeiJeHHH Fe H Ga Ha sKcTpaKuHOHHO~ KonoHK~ cneayeT 

HMeTb B BHllYt 'iTO OObi'IHbJH CHnHKarenb coaeplKHT IIpHMeCb lKeneaa, KOTOpOe 

TpyllHO yaanSieTCH C BHyTpeHHHX CnoeB, MeaneHHO llH~~YHllHpyeT K IIOBepXHOCTH 

aepeH H sKcTparHpyeTCH TE<Il, oco6eHno, ecnH B KononKe naxonHTCH KonuenT-

pnpoBannaSI H Cl , flpn smonpoBaHHH 1,1 HCl STO lKeneao Bb!MbJB8eTCH 

a aarpSI3HSieT rannni!:. flosToMy rrepea paanenenneM KonoHKY cnenyeT TlliaTenb

HO rrpoMbiTb 0,5 M H Cl ( 1,5-2 Mn), a apeMSI MelKLly rrpoMhiBKOi!: n nanecenneM 

pa3nenSieMbJX sneMeHTOB llOnlKHO Ob!Tb MHHHManbHbiM, nyqliJe BCero B Ka'ieCT

Be HOCHTenH 3KCTpareHT8 HCIIOnb30B8Tb ClleUHanhHO O'iHll{eHHb!H OT lKeneaa 

cnmiKarenb nnn apyroi!:, ne coaeplKamnfi lKeneaa MaTepnan, HarrpnMep, rropnc

Tbii!: Te~noH. 

3,4, BBenenae rannHSI B KpncTannnqecKyiO pellleTKy 

OKifCll UHHKa 

fannni!:-67 BHOCHnCH B OKHCb UllHKa MapKH "oco6oi!: 'iHCTOTbi" (ZnQ -99,95%, 

Fe < 5.1 o-4%). YT06bi na6elK8Tb TPYllHOCTei!:, CBH38HHb!X c HCITOnb30B8HHeM 

paAHoaKTHBHoro rropolllKa,·oKHCb UHHKa rrpeaBapnTenbHo rrpeccoBann H oolKH

ranH rrpH 650°C B Te'IeHne 45 MHHyT, flocne aToi!: rrpoueayphi Ta6neTKa rro 

CBOtiCTB8M H8IIOMHHaeT Men, T,e, SIBnSieTCSl MeXaHH'ieCKH IlpO'iHOti H XOpOlllO 

BIIHTb!BaeT paCTBOp, TeM C8Mb!M C03ll8IOTCH onarorrpHSITHbie ycnOBllH AnSI BHen

peHHH rannHSI B pellleTKY Zn 0 no Bcei!: Tonmnne Ta6neTKH, 

flperrapaT rannHSI BbiLlemieTCH H3 3KcTpaKUHOHHoi!: KonoHKH B oo'beMe 

0,12-0,16 Mn (6-8 Karrenb), 1,1 H HCl. HerrocpeacTBennoe HaHeceHHe sToro 

paCTBOpa H8 TaoneTKY OKHCH UHHKa ( 5x5x 1,5 MM3 ) C BbiCYlllHB8HHeM K8lKllOH 

110pUHH 11pHBOLlHT K paCTBOpeHHIO OKHCH UHHKa, B peayiibTaTe o6paayeTCSl 

rHrpocKollH'iHbii!: Zn Cl 2 H Ta6neTKa He BbiCylllHBaeTcSI ( Ha soanyxe pacrrnbiBa

eTcSI). YTOOhi HaoelKaTb 3Tor~ HeooxoAHMO yaanHTb H3obiTOK H Cl yrrapHea

HHeM rrperrapaTa aocyxa, nHoo rrpHMeHSITb cHnbHO crre'!eHHYID Ta6neTKy, Ha Ko-

TOpyro HCl aei!:cTByeT cna6o, B rrepeoM cnyqae HaoniOaaeTcSI Heo6paTH-

M8SI 8LlCOpOUHSl rannHH Ha IlOBepXHOCTH 110LliiOlKKH1 H8 KOTOpOi!: !1pOH3BOLlHnOCb 

yrrapHB8HHe, 8TO MOlKeT 11pHBeCTH K 3H8'iHTenbHblM ( LlO 50%) IlOTepSIM Ilpe

IlapaTa, Bo BTopoM cnyqae coaaaiOTCSI HeonarorrpHSITHhxe ycnoBHSI nnSI aHeape

HHSI rannHH B LlOCT8TO'iHO oonblliOi!: OO'beM OKHCH UHHKa, 'iTO MOlKeT IlpHBeCTH 

K CHHlKeHHIO H3MepSieMoro s<j>~eKTa H3-38 BbiCOKOi!: KOHUeHTpauHH IIpHMecei!:, 
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Y'IHTbiBSH 9TH o6cToHTenbCTBa, B aaaaoft pa6oTe rrpenapaT rannHH yna

pusanH ao o6~eMa ~ 0,01 Mn, paa6aBnHnH soaoft H caosa ynapusanu ao 

"' 0,0 1 Mn, a 38TeM rrepeHOCHnH HS Ta6neTKY OKHCH UHHKSo BBHllY Manoro 06'be

Ma paCTBOpa OH rronHOCTb~ BITHTbiBaeTCH B Ta6neTKY H rrpaKTH'IeCKH He pacT

BDpHeT OKHCb UHHKS. nnH Yll06CTB8 BHeCeHHH paCTBOpa HS Ta6neTKe rrpe.[lBSpH

TenbHO aenaeTCH yrny6neHHe aHaMeTpOM 3-4 MM. nanee Ta6neTK8 BbiCYWHBaeT

CH noa naMnoft H noasepraeTcH OT*Hry B soaaywaoft cpeae (paaorpeB ao 

1100°C - 2 qaca, Bbl.!lep*KS rrpH 1100°C - 1 '18C 0 oxna*.[leHHe llO KOMHl:iTHOI 

TeMrrepaTypbi - 6 qacos), nocne qero ucnonb3yeTcH anH uccneaoBaHHH ~ex

Ta Ml!cc6ay9pa. 

4. PeaynbTSThl Ml!cc6ay9poscxux uccneaoBaHHft 

CsoftCTBB rrpHrOTOBneHHblX HBMH Ml!CC6ay9pOBCKHX HCTO'IHHKOB HCCne.!lO

sanHCb B cne.[ly~wHX ycnoBHRX! TeMrrepaTypa HCTO'IHHKS H rrornOTHTenH 4,2°Kj 

nornoTHTenb - nopowox Zn 0 ( 33% 
67 Zn ) , cxneeHHbtl rronHBHHHnoBbiM crrHpToM, 

TOnwHHOI 1,45 r/cM2i OTHOCHT9nb&Oe .[lBH*e&He BCTO'IHHKS • rrornoTBTenR 

coaaasanocb c rroMowb~ ITbeaoxsapua, nornoTHTenb, HCTO'IHHK H rrbeaoxsapu 

xperrHnHCb Ha asyxouaonupy~meM noasece. Ocaosaoft HHTepec npeacTasn~eT 

cpaBHeHHe xapaKTepBCTBK pB.!lHOXHMH'I9CKH rrpBrOTOBn9HHhlX HCTO'IBRKOB G 

a&anorH'IHbiMH ll8HHbiMH H3nyqaTeneft 1 rrpHrOTOBn9HHblX rrpHMbiM o6ny'I9HifeM 

Zn 0, I 1,2/. Csoaxa STHX aaHHhlX rrpRseaeaa B Ta6nuue 1. 

Kax BHaHO H3 STOft Ta6nHUb11 senH'IHH8 p930H8HCHOrO a<jxpeKT8 H WIJPHHa 

nHHHH CHnbHO ~nyKTyHpy~T OT oaHoro HCTO'IHHK8 K apyroMy. 3TH ~nyKTYBllBR 

Ha6n~aanRCb H B pa6oTaxf1,2/, rae HCTO'IHRK rrpRrOTBBnHBanCR 6ea KBKHX

nu6o paauoXHMH'Iecxux rrpoueayp. nocxonbKY senH'IRHa ~nyKTyauuft s rrepso~ 

rrpu6nH*eHHH OCTanacb HeH3MeHHOft1 Mbl MO*eM C'IHT8Tb1 'ITO p8llHOXRMHqeCK851 

rrpoueaypa aaecb He BHOCHT cymecTBeHHhlX HOBblX HeCTa6HnbHOCTeft. 

BMecTe c reM 9TH ~nyxTyauuu o6naaa~ oaaoft oco6eaaocTb~: WH,HHa 

H HHTeHCHBHOCTb pe30H8HCHOft nHHHH ~nyxTyHpy~T He38BHCHM0 1 a HX HpOH3B9-

l19HHe, o6hl'IHo rrponopuu oaanbHOe sepoHTHOCTH acWlexTa Ml!cc6ayspa, TB~*• 

HeKOIITpOnRpyeMbiM o6pa30M M9HSieTCH OT oaHoro rrpHrOTOBneHHH X apyroMy. 

BepoRTHoe o6~Hcaeaue sTHX ~~eKTOB aaxn~'laeTCSI s npeanono•eHHB 

0 '18CTH'IHOM (B03MO*H01 3H8'1HTenbHOM) 38XB8T9 M8T9pHHCKRX Slll9P r&nnBR 
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~ HCTOll:-
HHK8 

I 

2 

3 

4 

5 

JlRTepa-

Typawe 

A8HBW8 

TaClnHua I 

0CHOBH~8 xapaKT8pBCTHKB Kecc6ayapoBCKHX B3JiyqaT8JI81 

·~ (hO) 

MHT8HCB:BHOCT:& 
paaoaaacaoa 
JIHHHB, BCnpaB-
JI8HB8ft Ha 
lPOB, 9D 

O,II,;tO,OI 

0,09±0,0I 

O,II.±O,OI 

0,24,;tO,OI 

O,I2.;tO,OI 

0 ,Is-tO ,25 

O,I6-t0,55 

I,5 

ll!MpBHB JIIrfBBH 
KHKpOB/CeK 

O, 7.;tO,I 

I,5.±0,3 

2,5..:t0,5 

O,&t2,I 

O,&t2,I 

0,3I 

li130M8pB!il 
C,l{:BHr 
WHKpOH/C8.K 

-0,08,;tO,OI 

0, I9.;t0, 06 

0,2I,:tO,IO 

6,0,2 

0,027..:t0,02 

-0,006 /2/ 

llpH~o~eqaaH' 

I) 

2) 

2) 

3) /I/ 

/2/ 
OJtBA88W~e 

asaqaaaa 

ilpBMeqaaHf: I) li1cTOll:HH.K 6wn aeJitoro q~eTa, :aepoaTao, aa-aa 
no:awmaaaoro co,ltepaaaaa aenaaa. 

2) C.KOpoCTHW8 cne.KTpli He 6WJIM HSM8P8Biio 

3) ~aaawe noJIYt~BHW npu 6oJiee noaAHel o6pa60TK8 
peayJI:&TSTO:B 8.KCnepBM8HT8 /I/. 
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J:~eiJJeKTaMH KpHcTannHqecKolt perneTKH Zn 0 • KpoMe Toro, B03MO}KHO, 'ITO 

'18CTb 8TOMOB I'8JIJIHH OK83biBaeTCH B KOHe'IHOM C'I~Te B Me}K£1yy3JIHHX H He 

aaMemaeT UHHK. KaK HaBeCTHo, o6a 3TH MexaHH3Ma BecbMa 'IYBCTBHTenbHbi 

K TeTIJIOBOft HCTOpHH o6paaua, ero 'IHCTOTe H T,£1,, H, ecTeCTBeHHo, MOI'yT 

CHJibHO BJIHHTb Ha Bee M~cc6ayapOBCKHe xapaKTepHCTHKH OKHCH UHHKa, ITep

BbiH MeXaHH3M, KpOMe Toro, II03BOJIHeT 06'bHCHHTb MeHbiree 3H8'1eHHe HHTeH

CHBHOCTH peaoHaHCHOft JIHHHH npH BBeaeHHH I'8JIJIHH B pellieTKy KpHCTanna 

nyTeM TepM0£1H#y3HH, nettcTBHT9JibHO, IIpH J:IHijJijJyaHOHHOM OT}I(Hf'e HCTO'IHHKa, 

npHI'OTOBJieHHOI'O TipHMbiM o6ny'leHHeM Zn 0 , aTOMbi I'9JIHSI BHaqane B 

OCHOBHOM H8X0£1HTCH B '"xoporneM" Y'I8CTK9 perneTKH H TIOIT8£1810T Ha rpaHHUbi 

aepeH HJIH Ha aHcnoKaUHH rrocne npo£10JI)KHTenbHoro npouecca aHijJijJyaHH. Tep

MoaHijJijJyausr B H8llieM cnyqae H8'1HH89TCH C TIOB9pXHOCTH aepeH, H YCJIOBHH 

J:IJIH 38XB8T8 I'8JIJIHH IlOBepXHOCTbiO 6onee 6naronpHHTHbio nnsr 6onee aeTanb

HOl'O H3y'IeHHH 3THX HBJI9HHft B H8CTOHIUee Bp9MH H8MH TipOBOJ:IHTCH HOBbie 

OTib!Tbio 

B 38KJIIO'leHHe 8BTOpbi 6naroaapHT C.B. ToMHJIOBa H r.11. llJMaH9HKOBy 

aa rroneaHbre coBeTbi H o6cy)KJ:IeHHH, E.H. ITnKenbaep, A.M. CeKnpnaa, H.M. AMe

liHHa H B.H. EpKHHa aa 6onbiDYIO TIOMOIUb B 113MepeHHHX, rrepcoaan UHKJIOTpo

Ha Y -200 Jla6opaTOpHH H£19pHbiX peaKUHH 0115111 38 IIOMOIUb TipH o6ny'I9HHH 

MHrneaeH:. ABTOpbr TaK}Ke BecbMa npHaHaTenbHhr ct>.JI. llJanHpo, K.H. fpoMoBy 

H B.A. XanKHHY aa noneaabre o6cy)K£19HHH H rrocTOHHHYIO rroaJ:~ep}I(Ky Bo BpeMH 
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