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B OCHOBY .1n1ccepTarunt nOJIOJ!t8HH pa6om, Ha~ame OROJIO rurr
Ha,rmaTJJ Jl8T H838,ll C neJil,D o6ecneimn mICORORa~eCTB8HHHMl! _HC
TO'IIWRSMH :llSJI~emta: HOB08 ll,1IH.·. 06'!,e.JnJH8HHOrO l!HCTHTY,Ta HanpaB
Jl8HH8 ncCJie.1toBaIDJA - JJ.It8PHYJl cneRTpocRom!D. Han6~Jiee BHTepec
mn.m ~ HS~eHM 6WIH OTHOCHT8Jll,HO ROPOTROllCilllyntHe, c nepHO,lt8-
ME noJiypacruma OT .n~aca·, ,ltO H8CROJU,RHX ~E\0013, .B8ATpOHO,lt8ipll
nHTHH8 HSOTOIIH. ·Hx noJI~8JIH B JJ.Itepm;ix peaRUWDC paCll\8lIJl8Hl!.H npH . 
o6JI~8HJJH 8JI8M8HTOB"npoTOHSMJ! C BHeprHel 660-680 MaB HS CHHXpo-,. 
nHRJIOTPOHe:,Jia6opaTopJJH .JJ.Itepm,ix npo6JieM. 

OT-~CTBOBSBmero-B axcnep~eHT8X·XHMHR8 Tpe6pBaJIOCI> RSR 
MOEHO 6HcTpee, -noJIHee H 'IIHIIl8 OT,lt8Jll1Tl, S~HHHtt 8JI8M_8HT OT Ma-:: 
TepBaJia WIIIl8HH H r.morOKOMJIOH88THOit CM8CH npO,ItYRTOB JJ.It~PBliX_ 
peamnrtt, p8,Itll08RTllBHOCTl> KOTOpRX 6HJia ~ ~,r-BRB Ra. •.· 

IloJI~emm~ npenapaT He .1tOJlJ8H. 6HJI co,1teplK8T1>, BSO'.J.'.OnH~ro_ 
HOCBTeJm ll'6BT1> B q>OpMe,·npHI'O,lUlOitlJ,lU{ HSrOTOBJiemm BCTointm:
ROB HSJI~eHWI. - · 

KaR npaBMO,c lI,1IH. ~llOJIH8Hl!/l • BC8X .nepe'IBCJl8RmlX YCJIOBHA 
Hymlli 6HJ1H HOBHe M8TO.ztmm, B XO,lte_pa6oTH H8.It ROTOpliMB H8.TOJll>
RO BWICHHJlHCl, RpaT"laffnmanyTB pemeHHJr.OCHOBHOi\ -.np:mtJI8.!tHOI -
sa.imu, ·Ho· -H HaRBIIJIHBSJIC.H JISTepHaJI, HHTepecHHiLc imcTo XHMF1ec-. 
Roi TO'llU'I -speHIJl;; ·TaR 6WIO · c J18HT8HJJ,T(8MH H,. B eme 6onmel CTe
neHD, C 8CT8TOM~ ROTopm4·nocBJI111eH8 .1n1ccepTan:ea. PacCM8TpHBae
MH8 8JI8M8H'l'li peSRO OT~8JIHCl, no CBOZM x:m,mqecRHM CBOICTBSM, 
HO M8TO;!tH1i8CRHI no.roco.1t K pa60T8, c·mom 6WI.061l\HI. 

TaRoe COB!ll81l\8Hl!e H8yqHSJC BijTepecOB OR838JIOCl>-B8Cl>M8 no
J18SBHM, 1!60 ROCBemml .. nepeHOC HaROlJJl8~ SHamII H_ OllliTa C 
O.ItHOI T8M8THRlll HS ]JJJyryDBcer,lt8 .ltaBSJI llOJlOJWT8Jll,~ pesyJ11>TaT. 

Hcxo,!t.Hnpe.ll(,I(e Beere ·us &Toi BlJYTpeHHel CBSlSH B pasBB~n 
,ltByx BH8mHe,He_noxoJEHX H8np8BJ18HDI ·JIICCJl8,Il;OB8lW.H, ,aBTOp C~eJI 
BOSMOllCHHM HX 06'!,e.JnJHemte B O,ItHOI pa6oTe. 

,UJJccepTanHR COCTOHT l!S .ItBYY.--~aq1'ett. · .• 
_IIepBM llOCB.Hll\8H8 BOnpoc~-Bll,lteJI8~:JlaH'l'BHHnHHX npo.lt,Yl{:

TOB .a,nepliliX peamnrl pacmelIJleHHJI HS pe,!tROS8M8Jll,HHX MHmeHeit lll 
ll0,1!,l'OTOBKH MJU\'pOROJm1i8CTB P33 R BSMepeHIDiM. 

Dropa.a ~8CT1, paCCM8TPBB88T Bll,Il;8J18HHe acTaTa BS TOpM, 06-
~eHHoro npoTOHBMlil BHCORHX BHeprul, H XHMlJl!8CIOll8 CBOICTB8 

ORHCJ18HHHX COCTOmD!I WlTOro raJioreaa. 
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I. HeilTPOHO,ne~HIUITHlie H30TOm.t pe,$03eM6Jll,HUX SJieMeHTOB 
(P33) 6h!JUI H .no uacTOR!llero BpeMeIDJ ocTa1>Tca ocaoBHHM o6beR
TOM llCCJl0,U:OB8HllH I{QJIJISKTHBa q>H3HKOB OT,neJia smepHolt CII~RTpo
CKOilHll H pa,nHOXllMl!H H MHOrmc Jia6opaTopHfi CoBeTCRoro COll38 H 
38 py6elltOM, COTPY.ZUIH"laJllll}JX C OT,IJ;8JIOM. B nep:BBe- ro,nH pa6oru 
HCCJie,noBBJJllCl, H30TOm.t TillteJIWC P3:3 OT JllDT81UIJI .no Tep6HJI(I50~ 
A~ 173). MaTepHBJIOM MHmeHH npH HX npHrOTOBJl8HHB CJiyimJI TaH
T8Jl, HO OH M8Jl0 rrpuro,neH ~ llOJly-<16HWl .Bl:lCOROpa,nHOBRTHBHUX 
npenapaTOB JierKHX P3:3 OT ra.no.rmHHH .no Jl8HTaHa(I30~ A~ !50} •' 
}Lil.fl 3TOH ueJIH T8HT8JI CJI8,rt0B8JIO 3aM0HHTl, K8KEM-JIH6o MeTaJIJIOM 
cepe.m1HU rpymm P33. 0,nHaKo TaKas: saMeHa Tpe6oBaJia pememm 
c.,'!QlltHOH XHMH'IJeCKOtt 3B,na'IJE: rrpoBe.neHHH 6hlCTporo :e 8\M)eRTHBHO-, 
ro pas,neJiemm M,mpo- Ho-7r) H MaKpo- (2-3 r) KOJIHliecTB 
oqeHl, 6JIH3KHX IIO CBOHCTBaM P3:3, 38,natm, KOTOpaH OCJIOlltHJt118C1, 
BhlCOKOil P~H08KTHBHOCT1,ID o6pa6aruBaeMh!X MaTepHBJIOB. Cpe,IJ;H 
MHOrO'IJHCJISHH!,IX ny6JIHK81U!tt o paa,neJieHH.IIX P3:3 He 6h!JIO HH roTO
BhlX pemeimil HHTepecoBallrueit Hae npo6.new, HH Tamu:, ROTopee 
MOJl:HO 6h!Jl0 6hl.B3HT1, 38 rrpOTOTHII ~ MSTO.ItH"ISCKOil pa3pa60TKH 
C JBepeuuocTl,BJ B IIOJIOlmTSJll,H!,IX pe3JJI1,T8Tax. 

3a.itaqy·uaxox.nenuH yCJ10BHlt HaH~y-qmero B03MOJKHoro pas,ne
J1enl!H MHKpo- H M8KpOKOJIH'!J8CTB P3:3 38 KP8TTJaimlee BOSMOmIOe 
BpetAfl H rrpH MHHHMB.Jll,Hh!X aaTpaTax cpe.ncTB H YCHJIHff Ha IIOJiy-<le- ' 
HHe M8PHO-CII8KTpOCROim'16CKHX nperrapaTOB Mhl CMOrJIH pemHTl, 
CJ!S,l(YJOIII.HMH M6TO,U:aMH: 

I) 3KCTP8RUHOHHOil xpoMaTorpaq>Hefi(pacnpe,ne;mTeJiliHOff xpo
MaTorpa~neil c o6p81IleHHhlMR qiaaru.m); 

2) BIIHOHH!,IM OOMSHOM H3 He!tTp8Jl1,HLIX BO,nHo-MeTaHOJil,HWC 
paCTBOpoB. Hl!TpaToB; 

3) ueMeHT8UH6H aMBJil,raMoil HaTpHH ll3 aueTaTHUX p8CTBOpoB; 
4) Ha OCHOBe 3<M,eKTa CHJiap~a~~JJMepca IIPH o6JiytJeHHH xe

Jl8TOB P33, 
GxeMa Bcero npouecca IIOJiy-qemui: pa,nHOXIDtlHliecKJJ -.mcrux, 

B TOM 'IJHCJ!e ll MOHOH30TOIIHhlX nperrapaTOB P3:3, IIOKasaua Ha 
PHC. I. 
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OBJIYlIBHHE .MillI.IEHH 

OT.JlFJIEHHE IlPO.ltYKTOB H,llEPHHX PEA.Kitifil 
OT MATEPHAJIA MIDIIEHH METO,UAf,fil: 
a) coocruio:teIDJa(TaHTMOBaH MHmeH1,) 
6) 8RCTP8KitBOHHOfi xpoMaTorpa!pl)H 

(ap6ueBaH B ra,nOJIHHB8BaH MHW8HB) 
B) mraoHHoo6MeHHofi xpoMaiorpa~nH 

(ra,n;OJIHHBeBas: MB!liem,) ' 
r) ueMeHTBIUJH aMBJiliraMofi H8TpHH 

(Tep6HeBM MHW6H1,) 
.n) OT~a'IJH rop.a;qmc 8TOMOB - a<M,eKT 

C2Rap~a-qaJIMepca 
__ Jcoe.ztm1eHHH P3S B Ra~eCTBe MHllleHllJ) 

IIOJU'OTOBKA CYMMAPHOI'O IIPEIIAPATA P3:3 
K PA3. 

PA3.l{FJIEIIl1FrcYMMAPHOI'O IIPEIIAPATA PSS 
HA OT.ltEIIHiliE 31IEMEll'ru HA MHKPOXPO

MATOrPAw~KOki KOJIOHHE 

Ha.mPEffiiE TAMMA 
Clrn{TPOB 

S~KOE OCA11QlEH11E 

H3ffl>EffiiE 

e - CIIEKTPOB 

Pllc. I. CxeMa IIOJ!y-<18HWI p8,I1;110XBIOA0CRH "llfC'l'HX H lllOHO
H30TOIIHhlX npenapaTOB Jl8HT8HB,ltOB. 
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n. Pacnpe,It8Jl8Hlle paS,It8Jll18MUX_Be~ecTB M8'5,ey ,ItHywI H8CM8-
. llmBEllOll\ID>ll!CH llW,ItirnMl! ~saw B . YCJIOBRflX, ROr.zta 8RCTpaRIU!OHH08 

Pa.BHOBSCHe YCTaH~BaeTCH Me~ HenO,ItHllmmM 8RCTpareHTOM, 
ipHKCllpCB8HHliM Ha r~oqio6HOM MaTepHaJie H npOT8K8J!ll!YM qepes 
TaROtt Han~T8Jll, KOJIOHHH BO,JUruM paCTBOpOM, nOSBOJI&lIO TSXHD
qecKH npoCTO .ItOCTHr8Tb siW?eKT MHOrocTyneHqaTott 8RCTpaKIUIU E, 
CJ18,ItOB8T8JlbHO, p8S,It8MT» B8~8CTBa C 6llSKm.m 8RCTp8KIUIOHHB
ME CBOitCTBaME. 

B RaqecTBe HanOJIHHT8Jll1 ROJIOHH, npe,ItHaSHaqemmx ~ pas.zte
Jl8HHH MBKpO-MaRpOROllqecTB PSS, HCnOJI»SOBaJIH Hepas6aBJI8HBYJ) 
.ItH-2-8THAr8KCHJIOpToipoajlopHYJ) RHCJIOTy, cop6HpoBaHHYJ) Ha r~o
~6HSHpOBaHHl:lX KpynHonopHCTblX BliCOROSMIDJ.X CHJIHRareJUIX KCK .15 2 
H KCK .Iii 2,5 coBeTcRoro npousBo.ztcTBa E "Eisenach " npoHsBo.ztcT
Ba r.IU'. MaRcHMaJI»Ho .ztonycTEMan sarpys:rm cwurnareJieil HD EH P 
( Q MJI/r) 6wra ~ KCK 1'2 0,8 MJI/r, a KCK .152,5 :a "Eis-enach" 
0,6-0,7 MJI/r. 

Ilp11 aJillBpoBaHms cy6MHKporpaMMOBWC Ko~ecTB Gd. H Eu us 
ROJIOHl!li C HanOJIHHT8Jl8M Ha OCHOBe KCK .I& 2(15 MRM, q = O,&wr, 
0,73 wr cM-2w,H-I, 65°C) 6:hlJia no.nyqeHa BSTT = 0,092 MM • .I{.nsI 

8TOro·HanOJIHHT8Jll1 onpe,ItM8Hli K08cI$llUI8HTH pacnpe,IteJieHWl (E) 
Bcex PSS B. Sa.BHc~ocu or RHCJIOTHOcTH aJDOOHTa npH 4o0c E 65°c. 
B KOOp,ItHHaTax Lg E - ig[ir+J SaBHCJIIMOCTH BMe~ npl!6Jll!SHT8JU,
HO JIHHeimlltt xapaKTep·c HaRJIOHOM OPiOJIO -3. Cpe,ItH:afi ~ltTOp pas
,It8Jl8HHH B~_ea rp~ JlaHT_a~.ztOB npH 40°c P(Lu/La> = 2!.24. OH • 
HHJ!te 8TO)t BMH~Hli ~ 8Jl8M8HTOB 11epHeBOii no.D;I'pymlll: ~(G¼a> 
= I,94 H B1,1me ,I1,1Ul 6°.'11ee ~~: ~(Lu/Tb) = 2,64, 

IlorJio~e~e H~nO~UITeJ!.ID,lH MaitpOitOJIEqecTB JI8HT8ltl!.It0B H me: 
BJIEmtHe Ha llOBe,IteHHe MHRponOJrnqecTB ECOJie,ItOBaJIOCl>, rJia.BHHM 
o6pasoM, Ha np11Mepe ap6HH a·ra.n;OJIHIDUI, BH6pammx B RaqecTBe 
MaTepHaJIOB MJameHett. MaPiCHM_aJlbHOe ROJilNeCTBO JlaHTaHH,Ita, ROTO
poe cop6Hp0BaJIOCl> Ha ~OJIOHHe, o6paTHO nponopi:n,oHaJU,HO ROHll8H
Tpai:n,E RHCJiom, B HameM cJiy,tae HCI, B pacTBope, us ROToporo 
H,It8T cop6nmn. MaKCHMaJU,HM TeopeTEqecKSH 8MROCTb ROJIOHml 
(MTE), Kor.zta Beel> aitcTpareHT cBHsaH B coe,ItHHeHHH THIIa 
Ln(DEHP)3, .ztOCTEr8Jlacb TOJil>RO np11 no.ztaqe Ha ROJIOHHY pas6a.B-
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JieHHoro CJia6q1tHCJioro (pH? 2) nETamero pacTBopa. IlpH BHMSBa
HHH JlaHTaHH,Ita HS KOJIOH.llli, OH noJlllJI&11CH TeM·palibme(u TeM pes
qe 6wr ero nepe,ItHBtt ippoHT·H 60Jiee saTmtYT sa.n;HUtt), .qeM 6oJll>
me 6llJia sarpysita (B) ROJIOHHH(B % OT MTE). qT06H o6I,eM, COOT
BeTCTBYJDlltlltt HaqaJiy BHMHBaHHH MaKpoJiaHTaHH,Ita HS ROJIOHHH (VA) 
J40l!HO 6llJIO HCnOJil>SOBaTl>.npll sa.n;aHHott B .ItJll1 o~eHKH KaqecTBa 
pas.ztMeimtt Ha ROJioHHax pasHoro pasMepa, OH 6wr npoHopMllpo
BaH no o6beMY HDEHP (VE) B ROJIOHHe. HopMHpoBaHHoe Ha11aJ10 BH
MW38HWI (A) MaKp0ROJIHqecTB JIJJ6oro JlaHTaHH,Ita C H3B8CTHOtt B .ItaH

HHX YCJIOBHJDC ,ItJll1 ero MHKpOPiOJilN8CTB Be~qHHOil E paccqmTHBa
JIOCb no aMimPH~ecROMY ypa.BHemm (I) 

Lg A = .LgE - O,I5 - 0,036 B. (I) 
Y.ztOBJ18TBOpHT8Jll,H08 OT,IteJieHUe MEKpOKOJIHqecTB 6oJiee JierRHX JiaH
TaHH,ItOB OT MaKpOPiOJI}!q8CTB PSS, 8CJIH B YCJIOBWDC pa3,It8JI8HHH 
I~ E ~ 2, ORaSaJIOCb BOSMOlEHHM TOJ!l>KO TOr.zta, KOr,Ita Bl,lnOJIHH
~OCb COOTHOmeHHe (2) 

i\iaKpo 11\mRpo~ I,5. (2) 

0THOmeHHe (2) cnpaBe,D;JIHBO .ItJll1 oneHKH MaRCHMaJibHOtt sarpySKH 
KOJIOHHH npH pas.n:eJieHHH naffl 6JIH3JI8l£8l!UtX JiaHTaHH.ztoB: AZ ~ 4. 
B Tex CJiyqaJIX, itor.zta oTHomeHHe (2) >> I,5 , o6HSaTeJU,HHM yc
JIOBHeM BHCOKoro ipaRTOpa o6or~eHl!H CYMMapHoro npenapaTa MHK
poaJieMeHTOB JlllJI&118Cl> B ~ 50%. STo CMS8HO C TeM, qTO npH Ha
H8C8Hl!H MTIIKpoaJieMeHra ipl!RcHpoBaJIHCl> reJieM Ln(DEHP)3 H B 
nponecce aJIJJl!poBaHHH nepexo.ItHJIH B BO.ItHYD ~sy TOJll>KO no Me
pe npeBp~eHM TpH-,ItllaJIKHJiipocqiaTa B RHO~yJ) COJU,. 

Ha ocHoBaHHH noJiyqeHHWC cBe.zteHHff o pas.n:~eHHH MaRpO-Ml!R
poROJIH11ecTB PSS 6HJIH paspa60T8Hli yCJIOBHH BH,IteJieHHH cyMMapHo-· 
ro npenapaTa pe.ztRoseMe~l>HHX npo.ztYKTOB H,ItepHHX perumBtt pac
lll8nJI8HHH ap6HH JII ra.n;oJIHHHH. B 8TOM npenapaTe H8XO,ll;MOCl> He 
60Jiee IO~ Be~eCTBa MBmeHH. KaR 11 ODJJ:aJIOCl>, o6Jiyqetme JlaH
TaHJII.ItHHX wmeHett CY!ll8CTB8HHO nOBl,ICHJIO pa,ItHoaKTHBHOCTb npena
paTOB P3S nepHeBott no.D;I'pymlll no CpaBH8HHD C TaHTaJIOBOtt MH
melil>D. HanpHMep, npH npoqmx paBHLIX YCJIOBHJDC pa.ItHOaKTHBHOCTJ, 
npenapaTa eBpomm, BLJ.IteJieHHoro HS ap6un, 6wraB 11eTHpe pasa, 
a npaseo,Itl!Ma HS.ra,JJ;OJIHHiIJI Ha nopH.ItOK BHme, qeM HS TaHTaJia. 
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llpenapam 6wm o60r811lem.t OTHOCBTeJll,HO ROpOTRODl!YJIU™ll BSOTO
llaMB. MBTElJihHOCTb npo~e.ItYJ)H OT.Ite.nemm_oT.MaTepB8JI8 MBllleHH 
Cl7MM8pHoro npenapaTa Ml'IRp0ROJIH'li8CTB.P38 H llO,ltl'OTOBRa ero K 
pas.zteABHHD Ha OT.IteJI»m.te 8JI8MeHTH 6u.na OKOJIO ~aca. 8KCTPBRIUIOH
HO-xpoMaTorpa(plf~ecKHtt M8TO.It pa3.It8Aemm MBRPO-MBKpOROJIB11eCTB 
A8HTamJ,I(OB MOJEHO C~T8Tb ymmepCa.JU,BliM ,ItlIJi pememm s~a~ npe
napaTHBHoro xapaRTepa npm H3BJ18~8HBB HS ABHTBHHMOtt MHmeHH 
~aHTam!~ xe npo.nyRTOB H.Jtepm.tx peamzyitt pacmenneHB.s:, nocRom,
Ry OH He HaRJia,n;ll:B8JI npaRTIAecRB H.IU{SRBX orpaHlfCleHl!ft Ha BH6op 
3R8M8HT8 Ml'lm8HB. 

KpoMe ~oxmm~ecxoro acneRTa, CHJIHRareJieBHe ROAOHHH c 
R0~8HTpHpOBBHHOtt HDEHP OR838JIHCb o~em. llOJiesmn.m B aHaJIHTH
~ecROM nAaHe. O!m 6HJIH HCllOAD30B8HH .ItlIJi npelI)!,apHTElJibHOro, ne
pe.zt RO~eCTB8Hm.tM onpe.zteJieHBeM, RO~eHTpHpoBaJm.s: npBMecett 
A8HT8HH,I(OB, CO,ItepxaII\IDCCJl B P8AROS8M8JI1,Hl:lX M8TaJJJiax B HTTPBB 
BHCOROii -«mCTOTli. B llOCJI8M8M CJI~e 8TO ll03BOJIWIO H~emto 
onpe.zteMTb ABHTaHl!JU!He sarpgsHeHl!.s: nop~a Io-4 - IO~ 
npu OllTHRo-cneRTPa.Jll,HOM ORO!Aamm H I0-6 - I0-7% npn HettTpo
Ho-aRTHBa~OHHOM ORO!A8HHH. 

Ill. AlmoH006MeHHaH M8TOAUR8 6u.na npeMa3Ha~eHa, r~m.tM 
o6pasoM, .ItlIJi o6pa6oT:tm raAo.mumemix Ml'ImeHett. AlmoHoo6MeHm.te 
pas,IteAeim.s: PSS BHllOJIHHJIBCb Ha CHJII,HOOCHOBHl:OC aHHOHHTax THna 
~eTBepTB'llmX aMMOHHeBWC ocnoBaHHtt IRA 400 H .l{ayaxo I us BO.It
HO-MeTaHollmoc paOTBOpOB HllTpaTOB 8MMOHB.S: B ABTR!I. 8aMeHa B 
BOMO-CimpTOBWC paoTBopax 830THOtt RBCJIOTli Ha HettTpam.m.te HBT
pam llOSBOJlllJia npoBOAUTb p83.It8A8HB.S: npH llOBlimemmx TeMDepaTy
pax. E.naro.ztap.s: 3TOMY 38 o~eT YA~8Hl!.S: ImH8TD1i8CRHX tpaRTOpoB 
CORpaTWIOCb BpeMll pa3,IteJieHR!I H 6HJIH 6oAee pe3RO orprum~em.t 
30Hll BHMUB8HRII OT,IteJI»HHX aJieMeHTOB. HcCJie,I(OBBAHCb, B OCHOB
HOM, CBCTeMH c HBTpaTOM 8MMOIDI.S: 0,3M ~[NH4N03] ~ 4M H CO,Itep
lltaHHeM M8T8HOJI8 55% ~ C ~ 85%, B ROTOpllX ROaj$nu!eHTll paonpe
,neAeHB.li ( D ) 6HAH Mem,me IOO. C noBHmeHBe111 Ro~eHTPailMH c1mp
Ta :e COJIB B paoTBOpe D poOJrn. llpH llOCTO.s:HHOM CO,Itepxamrn 
MeTaHOJia .ItlIJi Bcex Aerxruc PSS OT r~OJIBHH.S: .ItO AaHTaHa 

D = a· [NH~N03]. cs> 
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B YPBBHemna. (8) a. - llOOTOJIHHruI BeJllABHe, xapaKTepHaH .ItlIJi RaJ!t
,I(Oro AaHTaHlJ,1(8 npH SSAaHHHX OO.Itepll!aml.S:X MeTaHoAa, TeMnepaType 
ll oopTe aHBOH006M8HHOtt CMOJIH. 0THOmeHHe napaMeTpOB a lI)!,yx 
AaHTBHB,I(OB COOTB8TOTBOB8JIO BX tpaRTOPY pas,IteJieHB.S: j3 • Cpe.n
HBli tpaRTOP pas,IteJieHR!I j (Gd./La) He 38BHCeJI OT TeMnepa
Typ!l, HO H8MHOro Y13eJIH~B8JIO.li C pOCTOM co,Itep:immm MeTaHOJia: 

B 65% ClfsOH ~(Gd/La) = I,5 , a B 80% ClfsOH i (Gd/La)=I,8. 
llpBMewm 8JlllBpOBaHBe AaHT8HB,JtOB 65% ClfsOH c y6HBaD11ett ROH~eH
TpaJlMett HBTpaTa aMMOHB.s: npH so0c, MH BnepBHe ocy~eCTBHRH 
qeTKoe xpoMaTorpa~~ecRoe pas~eJiemte CYJ,!MH Bcex SJieMeHTOB ne
pHeBott llO,ltl'pymIH PSS Ha aHBOH006MeHHol ROJIOHHe. 

&iMHBBHBe MaRpoROJIHtiecTB Gd, Sm, Nd. H Pr HS sanoAHeH
moc CBJII,HOOCHOBBHII amlOHl'ITOM ROAOHH BSy,IMOOb npH IO%-Hoff 
sarpysRe. CMOJili. 8arpysRa paccl!BTHBMac» Ha ocHoBaHHH npe,n;nonoxe....; 
H:m, qTO BOHBTOM qi:imcupymO.li aHBoHH L.n ( NO 8 ) 5 

2-. lloAyqemme 
8RCnepBMeHT8Jlbm.te .ItaHHHe llOR838JIB, qTo aHHommtt o.6MeB B3 BO.It
HO~eTaHOJILm.tX pacTBOpoB H8ilTp8Jlbm.tX HBTpaTOB npH noBHmeHm.tX 
TeMIIepaTypax llOSBOJI.lieT ~RTBBHO Bll.IteJI.s:Tb P8S - npo,cyRTli 
H,lt8pHiiX peBRIUIA pacmeMBHB.11 HS AaHTaHB,Jtm.tX Mml!eHeff. HanpHMep, 
npH o6pa60TR8 raAOJIHHBeBol LmllleHB BecoM I,5-3r MaRp08JI8M8HT 
aJlllHpOB8JIB pacTBopoM 80% ClfsOH - 0,6M NH4N03 c o&r,eMHol cxo
pocTLD 2,5-3 MJI. cM-2mra-I npu 5o0c. )la.nee 0,02M HN03 BHMll
BBAH Ro~eBTpaT MHRpoaJieueHToB, co.ztepllEU!mHI IO%Eu, 85% Sm, 
IOO% 60Jiee Jieritmc AaHTaHB.ItOB H He BHme ro-¾ Gd • Ko~eHTpaT 
ll0Jly,I8JIC.S: ~epes ~ac llOMe .ItOCTaBRlrl r.mmem1 B PBABOxm.m~eCRYJ) 
Jia6opaTOpBD. B .ItaHHOM ~aOTHOM_CAyqae aHBOB006MemmA npo~ecc 
ORa38JICa H8CROJI1,RO 1,1to6uee B 8RCMyaT8.IUIH, ~eM 8KOTpamntOBHa.li 
xpoMaTorpaq>Ha c HDEHP B KaqecTBe· q>HRCBpoBaHHol ipasu. 

Haaitemme yMoBH.li BHBoHoo6MeHHoro pas.zteJieHBa MaRpo-MHRpo
ROJil!l~ecTB PSS MOr,YT_6HTb llOAesmn.ra ,n;.11SI noBHmeHB.B: ~CTBHTElJib
HOCTH 8H8JIB3a l!BCTHX odpas~OB P8S Ha JiaHTaHB,JtHHe npHMeCH H 
.ItlIJi rJiy6oRoA O~CTRB npenapaTOB JierRBX P8S OT pe,intoseMeJII,HWt 
ll8 3Brp.liSH8HHI. 

. IY. HcnOJil,SOBaHHe npo~ecca neweHTaJlMH P3o aMaJIToI'BMOI aaT-
pHa: .ItlIJi pas,IteAeHB.s: MHRpoRoAUqecTB JlBHTaHB.ItOB OCHOBaHO Ha xopo
wo lrlSBeCTHOM CBOICTBe BOCCTaHOMeHm.tX .ItO MeTaJIAOB AaHTaHH.ItOB 
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o6p830BllB8Th C PTYThD npo1I!llle liHTepMeTaJIJllAeCRBe coe,zrHHeHBH 
TBn8 LnHgn • HMeBlllHeCH JIBTepaTypHlle ,ztamru:e onHCHBaJilf yCJio
B:eit 8qq>8RTBBHOft ueMeHTartHB MaRpOROJmqecTB ~erKHX P38 OT La 
,zto Eu , a TaRJEe Yb • CBe.zte.Emtt o ueMeHT8UHB cy6MHRporpaMMo
BllX ROJIJ,fqeCTB 8TBX JlaHTrum.ztOB HO BOSMOZHOCTH me OT,IteJieHHH 
OT Becomu: ROJm1ieCTB neueMeHTBP,YDIIIDCCJt JlaHTaHB,ItOB ne 6HJio. 
MeTO.ItH ueMeHTaIUIOHHoro pas.zteJiemm P38 B pa.ztDoxm,mqecxon npaK

_TBRe_qiaRTBqecRB ne DpBMerutnHch. lfaMlr 6HJIH BCCJie,ItOBaHll yCJio
BBH UeMeHTaIOm P38 B COCTOHHIIIHX, CB060,ItHllX OT HOCBTeJieff 0,3-
0,5% aMaJIYaMOil HaTpBa: us 6yqiepHUX pacTBopoB 0,2 M~[Na(H)OAc] 
~ I,ai. Iano Hail,Iteno, 13:TO Bee 8JieMeHTU, ueMeHTHpynIUieCH B 

MaKpOROJm1ieCTBax, xopomo 8RCTpar:epymca: ~aJihraMOit B IIPH 
YJIDTP8MHRpOROHU8HTP8IUIHX. KpoMe Toro, Ha6.nlu:tMoch HeBSB8CT
noe ,ItJlSI M8Rp0ROJllJ1ieCTB OTHOCBTeJlhHO BHCOROe, ,ItO 50%, HSBJie-
13:eHBe r~OJIBHllil B COCTOHHHB, CB060,ItHOM OT HOCBTeJIH. MaKCB
M8JlhHOe H3BJie1ieHBe B 8M8JlhraMl 60Jiee TJDlteJIWC P38, 38 BCRJIJJ-
13:eHDeM Yb , ~HJIO MeHhme ro-~. RilcoRSJ! ROHUeHTPauHH aue
TaT-BOH8 He CR83llll8Jl8Ch Ha pesyJihT8T8X ueMeHTaUHH. 0,ItH8RO 
H3BJie1ieHBe 90% H 60Jiee MlfRPOROJIH1i8CTB P38 B 8M8JIY8MY ,ItOCTH
r8JIOCh TOJihRO TOr,It8, ROr.zta HCXO,ItHOe co.zteplralllle HaTpBH B aMSJlh

raMe 6WIO 8RBBMOJISipHo(:wm 60Jiee) CO,ItepJtaHHD CH3COOH B 6yq>ep
HOM paCTBOpe. B DpOTHBHOM CJiyqae Bc.ne.zt 38 H8TpHeM H81llJH8JIOCh 
ORHCJieHBe If'" MHRPOROJIH1i8CTB OTUeMeHTHpOBamnlX Jl8HT8HB,ItOB. 
YBeJilfl!eHBe ROHU8HTP8UHB Na+c NaCL ) :i;i 6~pHOM p8CTBOpe 
BIJJIOTh .zto 4 M He BJIH&IIO na ueMeHTaum:> Sm, Eu. H Yb, HMeD
II!BX ycTO~e B BO,ItHllX paCTBopax ,ItByxBSJieHTime COCTOHHHlt. 
Ho y,w npB (Na1-J ~ IM saMeTHO cHBJtaJioch lilSBJieqeime B aMBJlh

raMY ,I(pyrBX UeMeHTBpYIJ!tHXCH P38. B npBCfTCTBHB MaRpOROJIBqecTB 
HeueMeHTBpynIUIXCH 8Jl8MeHTOB, ,Itallte DpB OTHOCBT8JI1,HO H8BllC0-
10ilX BX ROHUeHTpauBHX B 6yq>ep.HHX paCTBopax(~ I Mr/MJI) ueMeH
TauHH MHitpOROJmqecTB 3aMeTHO CHBZ8JI8Ch. KaSSJIOCh H8B60Jiee 
BeposrrHUM, 13:TO 8TO CBJI38HO C cop6uuen MHRP08JieMeHTOB I'BJU)O
ORHChlD MaRpoSJieMeHTa, ROTOpaH o6pasyeTCH H8DOCpe,ztcTB8llHO y 
llOB_8pxHOCTB 8M8Jll,I'8Mfl. HCXO,ltfI B3 TaRoro npe,D;CTaBJieHBJt, ueMeH
TBUHOHHOe pa3,IteJieHBe M8Kpo-Ml!RpOROJIH1ieCTB Jl8HT8Hll,ll;OB npoBO,ItH
JIH npB 0,ItHOBpeMeHHOM BHTeHCBBHOM nepeMelllHBamm 8M8Jlhr8MI,[ B 
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paCTBOpa, qTo6H YMeHDIDl!ITh TOJlllll!HY rH,I(pOORBCHOro CJIOH, y:se
JIJll1iHTh noBepxHOCTh H noBLICBTh qacTOTY o6HOBJiemm noBepxHOCTB 
aMSJIYaMH. B BTHX yCJioBHJDt B TeqeHBe IO MHHYT y,ztaBSJIOCh llli

.zteJIBTh 40% G-d H cmmie 60% 60Jiee Jierimx P38 - npo,ItyKTOB SQtep
ma: peSRUHff pac~eIJJieHHJt - us Tep6BeBoff MHmeHH BecoM Ir. 8To 
HaH60Jiee DpOCTOI E 6HCTpHil BS paspa6oT8HHllX HSMH MeTO,ItOB c6po
ca Ma.TepHaJia JlaHTamuntOI MHmeHB, 06JIY13:8HHOil BHyTpeHHHM npo
TOHBIDI nyqROM ycROpHTeJIH. Ho He06XO,ItHMOCTh.pa6oTH C 60JIJ,Wli
Mlll ROJll!qecTB8Mll BLICORO'J'ORCH1iHOil PTYTB orpaHB'll!B8Jl8 ero npe
napaTBBHOe npHMeHeHBe. 

BiCTpHe B ceJieKTBBHHe no OTHomeHBJD R OT,IteJihHHM P38 pas
,D;eJieHBSI Ha OCHOBe MeTo.zta ueMeHTSUHB ORaS8JIBCh B H8ROTOJ:SX CJiy
~SHX HaB60Jiee y,11;06l:lllMH, a HHOr,D;a B e,zrHHCTBeHHO BOSMOlKHl,IMH pe
melm.RMB npenapaTBBHllX s~aq, ROT0pli8 BOSHBRSJIB B CBSiSB C neo6-
XO,ItBMOCThlD Dp0B8,IteHBSI TeX HJIJII HHYX SQt~pHo-cneRTpOCROillA8CRHX 
BSMepeHBff. B 1i8CTHOCTB, ueMeHTauHH aMSJlhraMoff H8TpM lilCnOJlh
SOB8Jl8Ch H8Mlll ,ItJlSI BH,IteJielilfH ~011epHBX·a~eMeHTOB B3 npenapaTOB 
I67LlL, I64Yb , I42 Sm B I49Tb • 

Y. HHTepec R CBOftCTBaM neATpOHO,zteif!HUIJTma: H30TOnOB P38 
C ROPOTiraMB (TI/2 ~ 30 MHH) nepBO,It8Mlll noJiypaCDMa CTBMYJIBPO
B8Jl llOBCRH ycRopeHllllx MeTO,ItOB pa3,IteJieHM JlaHTaHB,D;OB, BCllOJlh
SYIJ!tHX 8qq>eRT OT,Italffl B XBMHqecRHe 8qq>eRTH npu smepHllX npeBpa
~eHBHX. HCCJI8,ItOB8JIBCh xeJiaTHH8 ROMIJJieRCH P38 C 8TBJieH,zrHaMHH
TeTpayRCYCHOff(H4 8,llTA) H C_,ItB8TBJI8HTpHaMBHlleHTayRCYCHOil 
CH5-1l'I'lIA) KBCJIOTaMH. B JIBTepaType MOllllIO H8ITH YRasaime na nep
cneRTBBHOCTh 8TBX coe,ItBHeimn, nanpBMep, C TOtmB spemJH ocy
~8CTBJI8lilf.lt 6HCTpHX pas,zteJieHBff reHeTH~8CRB CBJl38HHWC JlaHTalll!,It
HYX nap. Ho ny6JIBR8UBA O npenapaTBBHOM ucnOJih30BaHBB sqxl>eK
Ta ~Wiap,zta-1IaJIMepc8 B peaJlhHWC CBCTeMax, CO,Itep381IU!X(Lnn'I'lIA)

2
-, 

( Lna,llTA)I- MB ,I(pyrHe ROMIJJieRcs JiaHTaHB.ztOB c nomiim.mnoRap6oR

cBJihH!iMB RBCJIOTSMB, He 6wro. 
Hm.m 6HJia usyqena B03MOllllIOCTh npoBe,zteHMH 6HcTpwc pas.zte

JieHHI Ha OCHOBe JCBMBqecRBX 8qq>eRTOB SQtepHllX npeBp~eIDJtt Ha 
npBMepe SQtepHOft HSOM81)HOff nail{ I60m Ho/IS09 Ho B ,!Qt@HWC 
uso6apma: nap I 34ce;I3<i La, 144de;I44 Pr u I 40 Nd;:DlOpr. 

HaH60Jiee xopomue peayJIDTaTH 6WIH noJiyqeH!l C X8JlaTai.m(LnnTIIA)
2
-. 
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OT CBJISalIH!lX B KOMIIJleKc MaTepHHCKBX Jmep ,D;oqepHHe npO,nyKTl:I 
OT,D;eJlJllIHCD cop6~eff Ha cyJll:,(,POK8THOHBT8X. Ew!o HaibteHO, qTo 
OllTHMMDH8SI ,ttnJt npoBe,D;eHHH pa3,D;0Jl8HHff KOmteHTp~ xeJlaTHHX 
KOMIIJleKCOB PSS JleDT B npe,D;eJlax OT IO~ ,D;O IO""°M, a KOHit8H
TP8ItWI Jl8HT8HH,D;OB B HOHHOff-q,opMe He BUme 10-'\!. IlpB C06JIJQll;8-
HBH 8THX YMOBHil, B BHTepBM8 pH 6,6-9,0' sarpa:sHeime ,D;oqep-· 
HHX Il!)enapaTOB MaTepBHCKBMH .11,Iij)SMH 6WIO ~ 0,5%, eCJIH MaTe-
pBHCI<Hff 8JleMeHT :exo~ B COCTSB KOMil.lleKCa ( Ln.llTIIA)2-. 

MeTo~xa o,ItHoKpaTHoro pas,D;M8HRJI uso6apHHx B usoMepHUx 
nap JlSHTS~OB Cl1.8Jl8.118 l1.0CTynHl:iMB ,tt1lJt BSMepeHBff l1.0qepHHe H30-
T01Ul C nepHOl1.8MH no.nypacn~a He MeHee 3 MBayT. Bo.nee KOPOT~O
lltBBYJIIH8 BSOTOlil,l (TI/2 ~ IO cex) HenpepHBHO BH.ll;eJiinB c no
MOllll>D H860JII,moff 8HBOH006MeHHoff KOJJOHHll, HOHHT B KOTOpol Ha
xo~cg B q,opMe KOMIIJieKCHoro aHllOHS MaTepHHCKOro M8MeHT8 
( 1n.llTIIA)2-. 

Ha npm4epe KOMIIJieKcoB ap6:ea, ~cnpos:wi: H r~MBmm c o6-
1Jl8tt 4)0pMYJ1ott ( NH 4)2Lnc14H18 N 3o16 • H2o 6wia us~eHa Bos
uoimocT» npBMeHeHBa cyx:ex coe,D;BHeimtt aToro· TBna B xaqecT~e 
MHmeHel npB 06Jl~eHBH Ha B03@8 BHB8l1.8IDmM BS ycKopBTeJUI 
IIYtJKOM npoToHoB c.aHeprHeff 660 Man. IlpB l1.0Se 9 uerapa,n(aKcno
s~a 30 MBH,YT) B pesynTaTe P8l1.BOJIBSa o6pasoBHBSJioc» .D:0100 
MKr Jl8HT8H:el1.0B B HOHHOff q,opMe Ha rpaMM KOMIIJI8KCa. OTHOCBTen
HOe cyw.iapHoe y,n;epxaHBe ( R .I ) npo,nyKTOB Jm8PHWC pea~tt 6HJ10 

pesynTaToM ~yx nponeccon: cTa62.11BS8UHB ropaqero aToMa B 
TBep.D;o! qiase ( R s ) H nepexo.D:a BOHOB B KOMIIJieKo B pesy~Ta
Te pe~! o6MeHa ( R i ) B·pacTBope • .l{.ng no.D;~eHHa noMe,D;He
ro nponecca o~aeMHe KOMIIJleKCH Bcer.D:a COl1.8P:ataJll! H8KOTO,PHI, 
Totmo nsBecTHHtt us6HTOK MeMeHTa MlfllleHB ( UL3+) OT O,I l1.0 . n 
I,8 MOJIDHHX nponeHTa. B 8TOJII BHTepBane u Lfi+ cyw.iapHoe y11.ep-
l!aHBe xopomo OllHCHBMOCD aMIIHpnecKBM ypaBHeHHeM (4) 

Ri = 14/U 
0i:~-t, (4) 

a qiaKTop o6or81lleHBa ( F )-ypaBHeHBeM (5): 

r = 1001u L~+ - ~4/u ff n. 3•. <5> 
.l{.ng B1.:1.It0J1emm cyw.iapHoro npenapaTa P8l1.BOSETHBmtx PSS 06-

~eHH1,1e coe~HeHHa pacTBopa:D B BO.D:8 H cop6HpOBM:e Ln3+ 
He60JIDIIDIM K~ecTBOM K8TBOHHT8. IlpenapaT CO,D;epl[8JI.l1.0 70,, JlaH-
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T~OB - llp0,IG'ltTOB al1,epma: pe~ff npH 300 ~ r ~450. Bea 
onepanua pas.D:eJleHBg MaKpOMBKpOKOJIB1ieCTB Jl8HT8Jffll1.0B llPOl1.0Jl
zan:aoD I,5-2,0 MBH,YTH. IlpBMepHO qepes 15 MHHyT llOMe KOmta 
06Jl~eHHH Ha'll!HSJmC~ HaMepeHJlfl rru.ma-cneKTPOB 0Tl1.eJ1DllHX npe-

_napaTOB Jl8HTaHBl1.0B H~ llOl1.rOTOBK8 liDC K Macc-cenapaxmu. 
IloJ1~eHH ,D;amme o p8l1.BOJmse cyx:ex xeJ1aToB ( N H4)2Er.llTIIA 

H ( N H4) 2Gd.llTIIA npu o6Jl~eHBu B aToMHUX peaKTopax u o peTeH
UHB B 8THX coe~HeHBHX npO,nyKTOB ( n , 'f )-peaKIUJtt. IloKaSaHO, 
qTo KOWIJleKCH JlaHT8HHl1.0B, HMellllU'IX, ll0,D;06HO ap6BD, OTHOCBTeJlD
HO HBSKHe BHTerpMDHHe ceqeHJJg 38XBaTa T8llJIOBHX HeffTpOHOB, 
MOlEHO o6~8TD KOpOTKOe BpeMSt npn BHCOIUDC ' IJJIOTHOCTHX Heff
TPOHOB, JlB6o ,n:JIBTMhHOe - npH MaJIHX llOTOK8X ueffTpOHOB H r8M
Ma-KB8HTOB. BOSMOllHO, qTo npoBe~eime TaKBX o6~yqeHHff OKa:iteT
cg no~eSHHM B llJlaHe OTl1,eJlDHHX s~aq npenapaTHBHOtt pal1,HOxmll!B 
H l!eKOTOpiX HelTpOHO-aKTHBanHOHH!,IX onpe11.eJ1eHBtt He60JlDmHX npm.te
ceff ~aHTaHB,D;OB B 'IBCTliX npenapaTax P33. 

YI. Pas.D:eJleHBe cyw.iapHoro npenapaTa JlaHTaHB~oB, no~~eH
Horo JIJJ6HM BS HSJlOJEeHHHX m1me cnoco60B,OC,YllleCTBJlaJ!OCD xopomo 
HSBeCTHHMB MeTO,D;aMH KaTHOH006MeHHoff xpoMaTorpa~HH Ha MOHO
~YHKnBOHMDHHX CYJll:,(,POK8THOHBT8X, CMDHOKBC~OTHOro THn_a. B K8-
qecTBe 9JlDeHTOB HCllOllSOBMH paCTBOpH aMMOHBffHofi COJlH 
d.- rHJij)OOKCHH80MaCJIRHOtt KHMOTH C llOJlOlltHTMDHHM rpal1,Hel!TOM 

KOHit8HTP8UHM. 
OCHOBll!le TPY.IUlOCTH, B03HBK8BWHe npH_pas~eJleHJJB CMeCH 

MHKpoKOJIBqecTB JlaHTaHB~OB, 6HJlB Ha nepBHX 8Tanax Hamett pa6oTH 
CM88ll!l C nepeHOCOM BHCOKOp8l1,H08KTHBHOro cyw.iapHoro npenapa
Ta PSS B MBKpoxpouaTorpa~uqecKYJl KOJlOHHy n c p!l.!tOM noCJielJ.YJ)
ll\HX onepanuff no no,D;rOTOBKe KOJJOHHH K nponeccy pas.D:e~eHHa. STH 
onepaxmH Tpe60B8JIB pa6oTH PYK BCllOJIHHTeJlg B Henocpe.D:CTBeHHOtt 
6JlB30CTH OT HHT8HCHBHoro HCTO'IUIHKa HOHHSBpymtero B~emra, 
qTo pe3KO orpaHH'IBBaJlO P8l1.H08KTBBHOCTD pa3~8Jlg8Ml:lX npenapa
TOB p8MR8MB HOpM P8l1.B8nHOHHOtt TeXHHim 6esonaCHOCTH. )lJuI ~HC
Ta~oHHoro o6CJ1YDB8HHa MBKpoxpoMaTorpa~uqecKoff KOJJOHHH 6H

J1a CKOHCTpYJ!poBaHa H BHe,D;peHa B llOBCe,lUieBHYD npaKTHKY opuru
H~HM 8JleKTPOMexaHJJqecKaa CHCTeMa npoBe.D:eHBH P8l1.BanBOHHO 
Oll8CHHX onepaxmff. -UaHHM CBCT8M8 llOSBO~HJla Ha I5-20,, COKpa-
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T:HTI, Bpewi IIOJIY'l8Hl!S: pa,nBoxm.m-qec:ira 'liBCTWC <ppaRIUJtt JiaHTaHH,Il;OB 
B npm.tepHO B CTO pas IIOBHCBTI,_mt PaitBOaRTBBHOCTI,. IloCJie~ee 
06CTOS:TeJll,CTBO SIBl!JlOCI, OCHOBOtt CyI!l8CTB8HHOro nporpecca H,It8pHO
CII8KTpOCR0Im'q8CKBX HCCJie,n;oBaHEI. 

YII. ,JJ,mi H,ItepHol CII8KTPOCROIIllB 'qp03Bl:l'liaimO Bam!U BOIIpOCH 
xaqecTBa :HCTO'l{HBROB B3JIY'l6HHH. Ilpe:uusuomme MarHBTHH6 npm6opu 
Tpe6ym TOHKHX, IIpaKTlf48CKB H8 co,n;ep:s:amHX CJIOH B81lt8CTBa, HCTOll
HHKOB, IIJlO~ll Bcero I0-15 w 2• 

C Y'l8TOM 8TBX Tpe6oBaHHI 6H~H IIPOBe,n;eHH HCC~e,n;oBaHW! 
8Jl6RTp0~BTD'li6CROro oca~eHBH rB,n;pOORBCett cy6MBRporpaMMOBHX 
ROJUA8CTB PSS Ha KaTo,n;ax MMOI IIJIODtaitB, Henocpe,n;cTBeHBO BB 
pacTBOPOB,OKCBRHCJIOT - KOMIIJI8KC006pasoBaTe~ett, BID4HB811Jl\HX ~aH
TaHB,Il)I BS xpoMaTorpa<pB'li6CROtt KO~omm. ~emme pesy~l>T8TH 
,n;am! B03MO:EHOCTI, paspa60T8TI, M8TO,Il; 6llcTporo, xopomo BOCnpOB3-
BO,n;BMOro H agqieKTHBHOro IIpHI'OTOMeHHa micoROR8'1i8CTB8HmlX Bc
T011Hl'!ROB, np111MeH8HH8 ROTOpliX o6ecne,nraMo ,Il;OCTMlE8Hlle pacqeT
ma: paspemeHHtt npu6opoB. 

Hatt,n;emm:e YCJIOBM a~eKTp0Jll!Til1l8CKOro OC8Jr,It6HWi MHKPORO
~l1118CTB ~8HT8HH,n;OB OR838Jll!CI, T8ltlE8 HCKJIJltlliJT8Jil,HO IIOJ188HWlll 
IIPB IIO,n;I'OTOBR6 q,pazmufl OT,Il;8JII,HWC PSS K HSOTOIIHOMY pas,n;MeHBlD 
B a~eKTpOMarHHTHHX Macc-cenapaTopax 0 BCIIOJU,30BaHHeM HOHHoro 
BCTO"'lHlraa IIOB8PXHOCTHO-BOHH38IUIOHHOro T:Hna. Hmllf ~o IIOKa-
38HO, 'liTO 8Jl8KTpoxm.mqecKaH M8T0,10i!K8 IIO,n;I'OTOBKH Jm.1UI8TCH e,n;mr
CTB8HHOtt, IIO KpaflHett Mepe Ha cero~.mmrnl ,IJ;8HI,, IIplll'Cl~OI }])1JI 

aqq>eRTEBHoro (oT 20 ,n;o 80%%) u 6scTporo (2-3 wmym) nponecca 
cenap8IUJH MBKPOKOJIH'li8CTB 8Jl8M8HTOB rpymm ~8HTamJ,Il;OB no Mac
CaM. 

CoqeTrume paspa6oTammx HSMB ycxopemmx MeTo.n;oB BH,n;e~e
lDllH H IIO,n;I'OTOBRH K BSMepe!DfflM H81TpOHO,Il;$ItJITHWX HSOTOIIOB ~aH
TaHH,n;OB c,n;e~am! ,Il;OCTymlHMJI ,lVISl HSY'l8Hlm MOHOHSOTOIIH P33 c ne
PHO,Il;aw! IIOJiypacna,n;a 5-IO MHHYT. 

Ylll. Beci. KOMIIJI8KC npoBe,n;emmx Hmm MCCJl8,Il;OBaHHtt C PSS, 
IIO-BH.n;HMOMY, MOll!HO C'll!T8TI, IIOJIHOCTI,ll S8BepmelUllD4 C TO'ql{H spe
lUIJ! nplD48H8Hl!Jt IIOJIY'l8HHHX pesyJII,T8TOB R H,ItepHO-CII8RTpOCKOtm
qecRD Sa,n;a118M. 

O~aKoocTMCH·e111e ne.mtlt ps.n sa,n;aq, pememae ROTOJEX npe,n;-
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CT8BJ!St6T 'liBCTO :xm,mqecna B p8,10i!ODIMB"i8CKB! BHTepec. HaIIpB
Mep, COCT8B'COp6:HpyeMHX C08,n;BHeHBtt B YTO'liHeHHe MexrumsMa cop6-

. nan P3S MB BO~OM8T8HOJII,HliX pacTBOpOB HHTp8TOB; KBH8Tlf48CRB8 
,n;amme 06 BSOTOIIllOM ll 8JI8M8HT8pHOM 06MeHax M8llr,Ity BOH8MB H 
II~aMBHOIIOJIHRap6oKCBJII,HHMB KOMllJI8KC8MB TmteJIBX PSS H H8KOTO
pi8 ,n;pyrme. 3TH 38,)Ul'lll MOll!HO paccMaTpHBaTI, KBR OCHOBY nepcnex
TBBHoro UJlaHa pa6oT no PaitHOD!Ml!D ~aHTSHH,n;OB B Hamett ~a6opaTo
puu, 8KcnepweHT~HHM MaTepHMOM ,lVISl ROTOpliX IIOCJIYZST ~erxo 
H,n;8HTBq>H:UUPY8MH8 IIO peHTr8HOBCKOMY B raMMa-B3JlY'l8HB.RM aettTpo
HO,Il;6(pHWJTH!le HSOTOIIH ~aHTaHH,Il;OB, C BHCOKOtt y.IteJU,HOA p8,10i!OaK
TBBHOCTI,I) npenapaTOB. 

IX. Ilepm,te pa6oTH c acTaTOM B ,IJ,y6He 61:l.lilf npoBe.n;eHH 
B.B.KypqaTOBHM Hero rpynnon BCKOpe IlOMe BBo,n;a B 8KCIIJlyaTa
nBD CHHXp0nBK~OTpoaa. Hsyim.,mci, BTOpB'lHlle .fl.]lepHHe peax:uuH, 
npBBO.Itmllll8 K o6pasoBaHHll acTaTa npn o6Jly,reHHH BBCMYT8 B CBHH
llB npoTOH8W!! BliCORHX aaepr:d. Jla,ni.He~ee paSBDTD8 8TBX pa60T 
H IIOTpe6HOCTH B pa,n;uo:xmmiiecRB 'lllCTHX npenapaTax acTaTa ,lVISl 

.fl.]l6pHol CII8KTpOCKOIIBB CT1™,Y~Hp0B8Jllf B8Y'l8HH8 XBMJAec.RHX 
CBOICTB M8M8HTa. 

Tpy~ocTH, CTOSIBllll!le Ha nyTB paSBBTBH HanpaBJieHBH, B ns
BSCTHOI Mepe 6wiu CBH88HH C OTHOCBTMbHOI CKYAOCTbD CB8,Il;8HHft no 
XHMKH acTaTa. Ec.11B ROpOTRO npoOYMMJ1!pOB8Tl, pesyAl>TaTH pa6oT 
no aeopraHH~ecxol D!MJIH 80T8Ta, TO OCHOBHOI BX ~8JII,D 6HAO no,n;
TBe~emae o6DtHOCTD CBOllCTB IIHToro rMoreHa B OCTMbHHX ~e-
HOB rpynIIH. UMD 6Wia 3'CII8DIHO ,Il;OCTDrHYTa, IIOCKOJU,Ky 8KCII8Plll
M6HT8JII,HO y,n;anoci. ,Il;OHaSaTI, H8JUI1lH8 6Ml>IIWHCTBa OlDf.naBlllBXCH 
,lVISl acTaTa CBOICTB. Ilpu 8TOM Ha6~ca PH.It CYJll8CTB8HHHX 
paSJIJ!f1DII M6W CBOICTBaMH 8CT8T8 D MaKpOKOJIB'l{8CTB tto,n;a, ero 
6.JnmaAmero coce,n;a no rpymxe. Hanpoep,IIJioxaa ,Il;ilCTHJIJimU1R ac
TaTa JIIS IO!ICJIHX paCTBOp0B, cop6:uua 8CTaTH.n;a BS C~OKli'ICJlliX 
pacTBOPOB cepe6poM H Te~pOM, 88Tpy,n;HeHH08 OKHCJ18Hl!l6 ,n;o ce
MHBaJ18HTHOro COCTOJUDIH(JIJlll H83'CTOltmBOCTI, IIOMe~ero), HaJIH-
tD!e B BO.ztHSX pacTBopax Hexoero npoMeJtyTo'liHoro Mew At (0) n 
At (Y) BMBHTHoro cocTOiflWI: 
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Af~ At(OHaCJ,} I.OB At(?) 1•5!!.JIA.to3 l,GB HAto4 
(O,IM HCl04,25°C) 

3TH pa3JIH11Bfi MOrJIH OOTD CJI8.ItCTBB8M sarpa3H8HHtt, oco6eH
HOCTett IlOB8,It8HHfi YllTpaMHKPOKOJIHqecTB rMOH,ItOB B BO,IUIWC pacT
BOpax H oco6eHHO XJilMHqecKIDC CBOttCTB 8CT8Ta, mtT8K8Dl!IDC H3 
ero noJIOJteHHfi B nepzo~ecKott Ta~mte n.H.Me~eJieeBa. IlpH'lB
Hli HapyweHHa 8H8JlOrBH B CBO!CTBax He 6wm 06'1',8KTOM paccMOTpe
Hli!.I!. 

. liHTepec K IlfiTOMY rMoreey, C 0,ItUOtt CTOpOHli, C ~yrott -
60JII,llll!l8 8KcneplilM8HT8llHli8 TPY.ItHOCTH no~8HHfi ,ItOCTOBepHott HH

. 4JOpM8U}fB O ero CBOttCTBax npHB8JllJ K TOMY, qTo K H8CTOJ!!It8MY 
BpeMeHH no 3TOMY Bonpocy ony~HKOB8HO o6sopHilX pa6oT He MeHD
me, qeM opBrDHallHilX. 0,!0!H DS llOCJie,ItUIDC no Bp8M8HB H ,ItOCT8-
TOqHO n~ o6sopoB 6wI H8Ill!C8H npH ~8CTHH 8BTOpa. 

x. B CTpaHax COUlf8JIHCTW18CKoro CO~j'lleCTB8 HaH60Jiee 6Jia
ronpHfiTHli8 YCJIOBHfi ,ItJUl H3~emm 8CT8T8 1™81DTCfi B 06'!',e,!O!H8HHOM 
HHCTHTyTe H,D;epHHX HcCJie.itoBaHBtt. IlpH 6oM6ap,ItBpOBRe TOPHH npo
TOHaMH c aHeprueA 660 MaB, B H,ItepH11X pea:tanUDC rJI)'6oKoro pac
~eMeHHfi MoryT 6liTD n~eHH Bee H3B8CT.Hlie HSOTOII!i acTaTa, B 
TOM 'IBCJI8 :s HaH60Jiee ,ItOJirODBYJIIH8 C M8CCOB1:lMH tmCJI8MB 209,_ 
210 H 211, ceqeHBH o6paSOB8HDH KOTOp!iX 10-15 M6. CYMJ4a 8Tlll: 
HSOTOilOB H8K8llJIHBM8CD B nponecce o6~eHBH co CKOpOCTDD npH
M8pHO 0,3-0,4 MlOlpH/r-MKa•qac. HSOTOllHliff COCT8B 8CTaTa B TOpHe
BOA MHmeHH cnyCTH qao IlOCJie o6~8HHfi npHD8,It8H B TB6JIHne • 

. Ta6Jifil!a_ l 
HSOTOilHl:IH COCTSB npenapaTa BCT8T8 

AT.B.At 205 206 207 208 209 210 2II 

TI/2 26,2wm 3IMl!H l,~ I,6q. 5,5q. 8,3q. 7,2 q. 

% 2,5 2,7 II,9 20,6. 22,9 16,8 22,6 
0TH.mtX. O,II O,I2 0,52 0,9 1,0 0,73 0,97 
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Oca,ItOK 

~JIDTPST, 

WWIDTp8T 

Wl!JIDTPSW!H .ItJIJl 
OtmCTKH pacTBopa OT 
H860JII,IIIHX KOJ.mqeoTB 
HepacTBOpHBIDHXCH qac 
THn,cTeKJI.lf/l,JllTP 53 

'.IteJieHHe 8CT8T8 OT 
Th H OCHOBHOtt M8CCH 
pa,!O!OSKTHBHliX 8JI8-
M8HTOB.TeJIJiypOB8H 
KOJIOHK8 4x40w.Cxo-

QqucTK8 8CT8T8 OT 
sarpHSHeHHi pa,ItHO -
TeJIJIYpOM H CJI8,It8MH 
pa,ItHoAo.ita.TeJIJiypOBM 
KOJIOHRB 2x20Mt.r.CKO
pocTD Ilp0T8K8HHH 
p-poB l,5-2MJJ/MHH 

meJIOqHOff npenapaT 
50mCVMJI B IM NaOH 

IO MJI xoHn.HCL+!MJI.Koim. 
HN03+0,25MJI KOHn.HP+ 2-
3r MeT.Th 

npOMHBHOtt paCTBOp 
17 MJI KOHn.HCI+l3WIH20 

5 WI IM SnCL2. B 4M HCI 

IlpOMHBHlie paCTBOpH 
I/30wr O,IM SnCL2-6M HCI 
2/30wr l,5M HCL 
3/30wr I,5M HCL+2-5Mr Te(IY} 

0

4/30 MJI H20 
S.nmtpYIJ!tHtt pacTBOp 
7,5 WI 2 M NaOH 

5wr 6MHCL+2-5Mr Te(IY) 

IlpoWBHlie paCTBOPli 
I/IO wr 3M HCL 
2/IO WI 3M HCL-0,IM SnCL2 
3/IO WI SM HCL 
4/IO WI H20 
S.nmtpYJJllHA paCTBOp 
IM NaOH 

Pl!c.2. CxeMa n~eHHH pa,ItHoD!MlJlieoKH tmcTWC npenapaToB 
acTaTa MeTO,ItOM.TeJIJiypoBHX KOJIOHH 
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JI.mt OT,tt8JI8Hl!H OT TOpWI, 01ll!CTim B ROBD;eHTpBpOBamtJ! ac
TaTa Tpe60B8J.18CD pa3pa60TR8 aq,I/eRTlll!BWC, ,ltllllllllX xopomo BOC
llpOB3BO,ItB!,lH8 pe3y~TaTH M8TO.nBR. HaE6o.nee y;u;a'DIHM peme:imeM 
.ttaHHol 3~a,m OR838JI8CD M8TO,JU!R8 IIOJiy'l:8Hl!H pa,1U!OXl!MlA8CRB 
,mcTHX npenapaTOB acTaTa c noMOIIU>D BOJIOHH, sanOJIHemmx nopom
ROM 8JI8M8HTapHoro Te~pa(pBc.2). MeTO.nB1(8 OCHOBaHS Ha ceJieB
THBHOI cop6:mm 8CT8T8 T8JIJIYI)OM BB DCJIHX paCTBOpOB, cop;epxa
llUfX Cl1~HH:lt BOCCTaHOBBT8JID Srt 2+-. BepOHTHO, 8TOT nponecc .fIB

MBTCH pesy~TSTOM o6pa30B8Hli!Ji KOOp,JU!Hanl10HHOff CBHSH M8llf,IU' 
ROH81llmWl' a00M8Mlll KpBCTaJJJm118ClOIX neno~eR Te~pa H 60JIDllll1Mlil 
( 'i. ~ 2,3 A), .nerxo noJIHpBSyDlllOOICH aHB0HaM11 At - , 06~a1>
J!lID,ffl ~eTHp:&r.m Heno.ttM8HmlMB napm.m MeKTpOHOB. ATOM T8JµIypa, 
BM8DIU!l'! CTpOeHHe BHemHett 8Jl8RTPOHHOA o60JIO~RD 5 S 2 

5p
4, ,ttOJI

lll'.8.11 6HJI 6HTD rumenTopoM, a 8CT8T~ - HOH - 6s 2sp6 - ,ttOHOPOM 

8JI8KTp0HHOtt na,IS. 
TalOSM o6pa30M, T8JIJIYP MOlEHO 6WIO npe,ttCTaBBTD ce6e R8R 

BOH006M8HHllK, B36Bp8T8JIDH0 copelBpOBaBmmt ml rpawll BPBCTaJI
JIOB aCT8TU-HOHH 113 RBCJlliX cpe,tt. ~RTBBHHMB 8JDJ8HT8MB cop-
6Bp0B8HHOro Ha T~JIJiype acTaTa 6WIB paCTBOJS 1i18JIO~el. HoHLt 
r~o:itcBJia, 06.na,Jtam.l!e B30BJie:itTpoimol rMo~BY CTPYRTYPOI 
B BHCOROI T8H,IJ;8Hitil81 R o6pasoBamm 1tOO~H8IllilOHHHX CBl!Sel 
BCJI8,ttCTBlil8 cBoero OTPBil8T8JIDHOrO 88ps,!t8 H Tpex neno,tteJieHHHX 
8JI8RTp0HHLIX nap, npmt~ecRB nOJIHOCTDID ,ttecopelBpOBaJilil acTa
TU-BOl:IH C noBepxHOOTB RpBCT8JlJIOB cop68HT8. IloOJI8,1lOB8T8Jll,HM 
O"DICT1t8 aoTaTa HS 'l!B1X TeJIJiypOma ROJIOHHaX ·noSBOJIJt118 BHJt8-
JlHTD ao±5% acTaTa B qiopMe At- B O,I-O,I5 wi IM NaOH • 3a
rpt1sHeHlile npenapaTa pa.wromtTBBm.'Jal B30TOIIaMB p;pyrlllX &JieMeH
TOB 6Wio He mime 5.ro-2%, co,iteparume TeJLllypa ~ 30 MIO'/WI. 

OOHOBHHM nponeccOM M8TO,JU!RB 6HJI8 ~TP8Illffl 8CT8TOCO- · 
,lt8pza!IIBX pacTBOPOB -~epe3 OJIOB T8JIJIYJ?8· ~TP8IlED MOZHO 6HJIO 
npoBO.ztJ(TD CO CBOp0CTl>I> ,ltO IOO MJJ/ou"tam 6es llOT8PD 8JI8M8HTS. 
Ilo&TOIIQ' saTpaTH Bp8M8Hll H8 BHno.n:HeHJle M8TO,ltJIBB OT pacTBopeUH 
TOPU: .no IIOJly'l:8HBJl ID,8JIO"iHOr0 npenapaT8 6HJIB OTHOCZ'l'eJll,HO Ma

JIHMII: OROJ10 n0JI1'l'OP8 ~COB. llleJio,mol npenapaT OR888JlCJl -qpes
miqa!Ho y;u;o6mm ,IVlSI nplll'OTOBJI8BJIJI BCT01DDlltOB B3Jly'l:8HBJl, npena
paTOB, IIPBI'O,ltHLtX ,IVlSI ,lt8JIDHelmel M8CC-C8II8pan11B IIHTOro rMore-

JUl B p&SJIJABilX IIO OOCTSBY 8CT8TOCO,lt8_p38JIIEC p8CTBOpoB. 
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no H8m8MY MH8Hl!JD, B H8CTOSill88 BpeWI H8T Heo6xo~OCTB 
B8CTB l1CCJI8,tt0BaH:l!Ji B IIJI8H8 paspa60TRH HOBoro "MOBporo" M8TO,tta 
BHJtM8Hli!Ji acTaTa 113 TOpHeBOI Wrnll8Hl!, nocBO~KY M8TO,ltBR8 T8JI
.nypoma: KOJIOHH ,ttOCTSTO"iHO YJ{BBepc~Ha H BilOJIH8 IIp:BM81DIM8 R 
pemewm Bcex s~a~. ,IVlSI KOTOIJWC Tpe6ymCH H30TOIIH acTaTa o 

TI/2 ~ 30 MEHYT. 
IX. 0,ttHol :es nepmix ~eTKO npoSIBBBlIIHXCH TeH,IJ;emudt, no,ttMe

qemmx B nepmo~ecxol cnoTeue n.H.MeH,IJ;MeeBa, 6Wio HapacTa
HBe y raJioreHoB M8TaJIJJ]Jqeom oBolcTB no Mepe yBeJIBqemm BX 

nOPH,ltKOma: HOM8p0B. 8'ro CTBMYJIBpOBa.no B3y'l:8HB8 C08,JU!H8HDI 
f!O.ll:a, B KOTOJRX OH lIMM 6H s.neBTPOIIOJIODTMDHHI xapaKTep. Ee
JIB npoaH8Jllf8BPOB8TD EHnOJIHemme B STOM HanpaBJiemra pa6om,·To 
MOEHO c.n:e.naTD BllBO,tt, ~TO B K0~8HOHp0B8HHWC cpe]lax B CB060.1l:
HOM COOTOSDmll, nO-BB,ltBUOMY, B8 CYID,6CTBYl)T JUJ lt8TBOH I+, HB 

OKCBB8TDOHU ttO]l03lilJI IO+ D IO,ltBJI I~. HeT 8KCn8plilM8HTa.n:E,HHX 
.ttaHHHX HO npoTOHlilpOBaHBH ORCUKBOJIOT IIHTH- B C6WIB8J.16HTHOro 
A~. . 

0.ltH8KO T80p8TB~6CBB B 8KCnepBM8HT8Jll,HO no B31'116H6HHD BOC
CT8HOBBTeJIDH0r0 llOT6HllB8J.18 KBOJIHX paOTBOpoB 12 6WIO .1l:OR83aHO 
CYID,80TBOB8HB8 B BO.nHWC pacTBopax IIO.nOJEBTMDHOro BOHa(IOH2>+ -
rB.JU)aTHp0Ba.HHOro K8TBOH8 lo,tta BJill npoTOHBpOBa.HHOI rnnolO.ltHOA 
KBOJIOTH. 

HCXO,Itll BS 60J1ee 8JI8KTp0IIOJIODT8JIDHOro xapaKTepa acTaTa, 
K8SMOCD BOSMOlmlil'I H8ITB yOJIOBBa, B ltOTOp!:lX aHaJIOr:einntlt no 
cTpoeHHD r~aTBpoBaHHOIIQ' KaTDOHY Ao.tta :eou(AtOH2 )+ 6y]leT ,ttoc
TaTO"iHO. YCTOff1mBHM .n;,n.s: H3y'l:8HWI ero CBOICTB M8TO,tt8WI p~OXl1-
MJIB. He BCBJlllll8HO, qTo KpOM8 npoTOHllpOB8HHOfi rnnoaCTSTOBOA 
ltBOJIOTH MoryT C,YJll8CTBOB8Tb B BO,ttHliX pacTBOpax H p;pyrBe nOJio
DTeJil,HO sapsmemm:e 8CT8TOCO,tt8.PJ18111118 BOBH. 

JIBTepaTypHHe ,ttaHHHe Il03BOJ1BJIB C.7l:8JI8TD np8,ttIIOJIOllteHl18, ~TO 
nOJIODT8JU,:m.tA HOH 8CT8T8 MO:KEIT 6HTb YCTOitcDIBHM B pas6aBJieHHHX 
paoTBopax MHHepa.,wmx IDIOJIOT, CO.tt8PlE8111HX 6rucpoMaT-HOH.·IlosTO
M'f sxcnepli!M8HTH no IIOHCKY H BCOJI8,ttOB8HHJD IlOJIOllmT8JIDBIIX l10HOB 
wrroro rMoreua IIJirumpoB8Jll!o~-c y'l:BTOM Toro, ~To B BO.ttHHX 
pacTBopax C pH ~ I oCSasaTMDBO ,ttOJilll'.Ha llpHOYTCTBOB8TD 

J' 
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H2C!;207, ROHll8HTprunm ROTopott 6y,IteT B BHTepBaJie OT IO~ ,ItO 
10-.ci,i. 

XII. 3HaR sapima BOHS 8CT8TS, IIOJlY'l8HHOro ORBCJI8HBeM 
At(O) 6m:poMaToM B aaoTHo~ B nepx.,ropaTHORlICJlHX cpe.ztax, 6wr 
onpe,IteJieH IIO HSIIp~emm ero MBrpa!ij!D B 8JieRTPU1ieCROM IIOJie. 
Bo Bcex onpe,IteJieHHmc SCTST B 6mtpOM8TOCO,Itep%8111BX pacTBopax 
wirpHpOBB.Jl TOJU,RO K KSTO~. AHOJIBT 6WI IIpaRTlflteCRlJ Hepa,ItHOSR
THBeH. B OTCYTCT.BHe ORBCJIBTeJIJI At (0), BHecemmit B neHTpaJil>
HYJ> 'UlCTl> Jflle!Rn, He 6HJI 06HappreH HB B 8HOJIHTe, HB B RSTO
JIHTe. IIoCJie,I(Hee o6CTOstT8JU,CTBO II03BOJ1BJIO YTBepllr,ltSTl>, 'CJTO ~B
llreHHe SCTSTS K RSTO~ B nponecce OJI8RTpOJIH38 CBfl38HO He C rm.zt
po,IUIHaMltqecKm.t nepeHOCOM, s C MBI'paIUlel IIOJIOll!lfTeJU,HO sapsmeH
HllX 8CTSTOCO,Iteplit811!BX BOHOB, o6paSOB8Bll!HXCJi IIPH ORHCJieHHD Hel
TpB.Jil>HOro aapimo»oro cocTOJDmJ:t aJieMeHTa H2Cr2o7• 

Xlll. IIOJIODTeJil>OO HOH SCT8TS o6paTlIMO cop6npOB8JICJi H3 
pacTBOpOB KHCJIOT CWil>HORBCJIOTHW4ll MOHOqJymo:u!OHB.Jll,HllMH cy~
K8TBOHHT8MH TBIIS .ItaysRC 50. Kos~eHTH pacnpe,IteJI8HHH MOHO
TOHHO y6HBB.JIH no Mepe y»eJI1Iqe1UUI ROHlleHTpanml H NO 3 H HCIO 4 
OT 0,3 M ,ItO 2,0 M, CO 102 ,ItO 4,6 B CO 130 ,ItO 6, COOTB8TCTB8H
HO. B xoop,IUiaaTax Lg CI/n >- Lg [ir-] sa»11cHMocTl> D oT [ir-] 
B HHT8pBB.Jie O, 3M ~ (iP] ~ I, 5M HU8JI8 IIpm.!OJIHH81Hlltt XapaRT8p C 
T8Hr8HCOM yrJIS H8RJIOH8 ROCH aOcqHCC OROJIO e~Bitll. 0TCll.It8, 
ncxo,wi: HS H~BecTHoro cooTHomeHM Lg ½, = Z Lg [ir-] +const, 
6wro C,It8JI8HO S8RJIIJ'l8HH8, qTo H~eHSHI IIOJlOJmTeJil>OO HOH ac
Ta'ra 0.I(H03apsmeH. 8TOT HOH 6llJI o6osHaqeH cm.mOJIOLI( At 9 )+. 

B nepBOM npH6JIHJKeHBH COp6IUlll ( Ate )+ HS pacTBOpoB MlJ

H8P8Jil,HllX RHCJIOT Bl:lrJIJmeJia R8R o6H1Ullall K8THOHHlll o6MeH O.I(HO
BaJI8HTHOro BOHS, HanpHMep TI+. Ho eCJID MJ'[ IIOCJI8.I(Hero R031P-
<pHnll8HTEl pacnpe.zteJieHR!l He sa»nceJIB OT npHpo.ItU RHCJIOTH, TO D 
MJI ( AU) )+ B pacTBopax HN o3 B Hi04 6llJIB SaMSTHO MeHl>me, 
qe14 B HCl04• 

B TeMIIepaTypHOM HHTepB8JI8 OT 10°c ,Ito so0c cop6nua cAt&)+ 
R8TBOHHTOM yt,'18lWll8JI8Cl>.IIO'CJTB B~oe. 8HT8.Jll>IIBH cop6nuoHHoro 
nponecca, pacc'D!TaHHM no :as»ecTHott qiopMyJie AH==2,3Rdl9D/d.(½J• 

6llJia paBHS - 3300 Ra.n/MOJil,. 8Ta B8JIH'iBH8 IIO a6COJIDTHO
MY 8Haqemm cymecTBeHHo BHme BHT8JU,IIBft nponeccoB o6MeHa o,I(Ho-
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B8JI8HTHllX R8THOHOB Ha cyJII,qJOR8THOHHTax. B qacTHOC.TD, MJ1 TB.Jl
JIDH AH = -!500 RWMOJil>. 

Ko~:anueHm pacnpe.zteJiemm (At@)+ :a pacTBopax HCl04 -
N aCl04 c ~ =I He 6wm nocTO.fIHHllMH. OHH poCJID no Mepe y6HBaHHH 
[Ir"]. IIp:e [W-]"0,7M 3a.BBc11MocT1, • LgD = 'f ( Lg [ir-J) 6wrs 
mme:tmol H :ID48Jl8 H8RJIOH -I. Co3,It8B8JIOCl, BneqaTJieHl!e, qTo B 
nponecce cop6rum (Ate )+ BO,Itopo,J:tli!tlt HOH JIBJIHJICH OCHOBHllM KOH
KYPHPYDJU™ IIPOTHBODOHOM. 

IIp1me,ttemme 9KCIIepHMeHT8JILHlle cpaKTll MOlEHO OOJIO pacCMST
PHB8TL KSK Yl(SSrume Ha CJIOmmit COCTa.B BOHS( Ate )+ B HS H8C
ROJll>KO Heo6HtJHHtt xapaKT8p cop6IOJB K8TDOHS IIHToro raJioreHa 
CY~K8TDOHHTOM. 

XIY. 0,Itlll!M l'IS II8,P.BHX 06Hapyxemmx CBOitCTB (Ate)+ Ciwra 
T8H.zt8HnBH K KOMlIJI8KC006psso.BSHBD. Onpe,IteJI8HHH ROHJleHTp8IOJOH
HllX KOHCT8H'l' YCTOi1mBOCTD ROMIIJI8RCOB (AtE) )+ BllIIOJIH8HLI M8'1'0-
~0M RSTl'IOHlloro o6MeHa, OCHOBrumoro Ha 38.BHCDMOCTH ~ciJm H8CBH
srumoro B KOMllJ18RC IIOJIODT8Jll,HOro HOH8 OT KO.HneHTpsnim JIBraH
.tta B pscT.Bope. HcCJie,ItOBaJIBCl, XJIOpB,ItB!,le, cy~TBHe, HB'l'p8TBHe 
D 6mtpOM8TBHe KOMlIJIBRCH ( At@ )+. Hait.IteHBHe IIpH 20°c SHaqem111 
KOHll8HTP8IOIOmoot KOHCT8HT YCTO!ql,JBOCTH IIpDB8,It8BH B T86Jllilne. 

Ta6JIIIIU8 2. 
KoHll8HTPanll!OHBHe·xoHCT8!fTll YCTOl'D!BOCTH ROMII.7l8RCOB 

SCTST8 

PaCTBOp,I 
HliTepBSJI ROHll8H-

JJ1CM""I) hCtr2> TPSillH JIDrSH,tta 

0,3M HCI04-c M HCI 2.I0~4' C ,1.10-2 I,3.10::s 2,6.!0° 
0,5M HCI04-c M HCI 2.Ioj(c.C::6.lOj 3 . 5 

I,6.103 2,5.105 
0,5M H o3-c M HCI 2.10 ~ c~6.l0 0,7.lO 2,5.lO 
(I-c)M HCI04-c M HN03 

O,I ~· c~ I I,35 -
(I-c)M HCI04-c M !¼S04 O,I ~ c~I I,75 3,I 
lM HCI04-c M H2tr2o7 I.IO~~ c.(5.10-2 22 -

U. WO C,It8JI8HO Ilp8~IIOJ10X8HH8, 11TO JIO pJJ',Ity CBOICTB 
(At. 9 )+ IIOXOll Ha O.I(HOB8JI8H'l'Hll8 K8THOHll H8ROTOpHX TDeJillX Me
T8JIJIOB. Ha OCHOB8 9TOI npe,ItIIOCHJIRH D3Y'l8.JIOC!, HSBJieqeime SCTS-
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Ta H3 830THORHCJJl:lX paCTBOpOB COJIJIMH ,Itl!I'8TeponoJIBRBCJIOT, ao,I(a
Ta.MB H 6:wcpoMaTaMB. 

HCCJI8,I(OBaHRfi 3axBaTa comn.m ,Itm'8TeponOJmRBCJIOT BlilnOJIH8Hll, 
B ocHOBHOM, c ~oc~opH0Bon1,~prumtrum· ne3M(Cs8PW), BMMomm 
( ( NH

4
)
8
PW) u py6H'AUH ( Rb 8PW) • .Hyqme Boero ( At9 )+ B3-

BJl8KaJICSl Cs 8PW • HanpHMep, npu cop6no ( AH))+ HS npe'ABa
pHTeJILHO cqiop,,mpoBaHlll:lX ociw<ax H3 3M HN Os - 2.ro-2M CsN Os 
np1115°c D =42<>±50 MJI/r. 3Ta BeJIB-cmHa 6Wia o6paTHO nponopnm

oHaJILHa TeMIIepaType nponecca 
. lgD = 14,15 - 0,04 T. (6) 

IloBhlmeHHe KOJmeHTpanuA HN03 ,I(O 5M 11 HllTpaTOB ne3M H CKSH'AUSI 
.I(O O,IM MaJIO cKa3HBaJIOCL Ha BeJIH-cmHax D • Ee.nu (At9 )+ cop-
6HpoBaJIB He HOpMSJll,HOA, a RHCJIOA COJU,J) Cs~W , TO KOaqxpll
UH8HTH pacnpe,n;eJieHZJI yMeHLIIISJlHCJ, 60Jiee, 118M B OTO pa3. Cop-
6nHSl ( At8 )+ cOJIRMB Rb sPW" :a ( N H4)8PW 6HJia MeHee aip
cpeKTl!BHa no cpaBH8HBll c Cs3PW • B 3MHN 03, 2.ro-2M no KOH
neHTPanBH HBTpaToB, npH 15°c .lt}I.f[ py6H'AUeBo! cou D =50 WJ/r, 
a .lt}I.f[ 8MMOHB8BOii D =2,5 WI/r. Oco6eHHOCTH' cop6nu11 ( Ate )+ 
qJOcqx>pHOBOJilippaMSTaMB II\8Jl011HYX M8T8JIJIOB BepOSITHO, C~38HO C 
pa3MepoM H CTp08HBeM K8THOH8 llllTOrO raJioreHe. 

AcT8T 011eHL aqxl)eKTHBHO HSBJleKaJICSl H3 830THORBCJIHX pacTBO
poB Tpy.I(HopacTBOpBMol COJIJ,I) TI2Cr2o7 KaK B nponecce o6pa3oBa
Hl!Sl OCEW<S, TaK H npB cop6nBH Ha 3apaHee CqJOpMl'lpOB8HHHX KpHc
T8JlJI8X. Hanp:ID11ep, B cHcTeMe 20 Mr Tl2Cr2o7 - 5 MJI a! HN o3 -
O,OThi H2Cr207 B OCa,I(OK nepexo.I(HJIO 90 ± 5% (Ate)+. PaBHOB8C
Hll8 YCJIOBHSI ycTaHSBJIHBSJlBCL sa 20-30 MJIJH3'T. 

SKcmipHMeHTSJll,HO noKa3aHO, 11TO ( At (9 ) + H3BJl8K8JICSI J/13 
aso'l'HOKHCJJl:lX pacTBopoB Ag2Cr2o7• IlpH11eM nepexo.I( B oca.I(OK ac
TaTa B nponecce cop6nu11 Ha sapaHee cqiopM:mpoBammx Kpi!CTaJIJiax 
npollCXO,I(BJI MeHee noJIHo, 118M npB o6p830B8HBH 6HXpOM8T8 cepe6pa 
B acTaTOCO.I(8plt811114X paCTBOpax. 

0,I(HOB8Jl8HTHHI K8TJ/IOH MToro raJioreHa xopomo COOCaJ[,I(SJlCSl 
HS 830THOKHCJIHX paCTBOpoB C Tpy,ItHopacTBOplilMlilm !O.I(8TaMB M8T8Jl
JIOB: 113 5 MJi 0,5M HN 03 OROJIO 9~ ( At9 )+ HSBJl8KaJIOCI, lq Mr 

A9J0
8

• Ilop.R;ItoK ,n;o6aBJieHHSl peaKTBBOB B npHCYTCTBHe B pacTBO
pe MHOrosa.Pfl,ltl!HX llOHOB npaKTl!11ecK:m He CK831:lB8JIBCI, Ha pe3yJ11,T8-
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Tax COOCrur;zteHHI. Ilpll 0Crur.D;8Hl!lll 6ap11Sl HS6STROM iio,I(aTa ll011Tll 
B8C1, ( Ate ·,+ OR83lmaJICSl B OCEW{8. Ho npH o6paTHOM COOTHOlll8-
HHB p88KTBBOB J/1 B npBCYTCTBIDI MHOr038,PlJ.ltBHX HOHOB B 0Ca,I(K8 
6Wio JllIIIll, 10-12% acTaTa. AHaJiorm11HaH KapTBHa Ha6Jm.n;anac1, :e 
npB C00Crur;It8HHH acTaTa C iio,n;aTOM TOPBSI. 

BcSl COBOKynHOCTI, llOJIY118mmi 8RcnepHMeHT8.lII,HllX ,I(aHHI:lX no 
a,I(COp6UHH H COOCrur;It8HHll acTaTa C TPY.ItHOP8CTBOpID.!llMH co.nm.m 
O,ItHOB8Jl8HTHllX M8TaJJJIOB H8 llp0THBOpe11HJia H81118MY 3aRJlll)q8Jim:l O 
TOM, 11TO B KJ/ICJISX pacTBopax, CO.I(8Pllt8IllllX 6mcpoMaT, acTaT cy
lI\8CTBY8T B qiopMe 0,I(HOB8Jl8HTHOro KSTHOHa. 

MexaHJ/ISW nepexo.I(a ( Ate )+ ll3 paCTBOpOB B TBep,nyD qia3y 
npaRTl!118CRB He llSY118JIBCJ,, nOCKOJILRY rJiaBHO! U8Jil,10 BSnoJIHeH
HllX HCCJ18.I(OB8HJ/ltt OOJIH'llOHCKH K8118CTB8HHO HOBSX XBMH118CKHX 
cBottcTB nHToro raJioreHa. 

XYl. HCCJI8,I(OB8HH8 CBOitCTB ( Ate)+ npHB8JIO K o6HapYlKflllllil 
ero caMonpoH3BOJ11,HOro BS.n;eJieHJISl H3 pacTBopoB HN 08 - H2Cr2o7 
Ha IJJ18TBH8, noKpliTO! ORBOHO! llJ18HK02. Cy,Itll no JIHTepaTypHHM 
.I(SHHliM, 8HaJIOrl111HSe CBO!CTBa ~ ,n;pyr:ax 8Jl8M8HTOB npll YJILTpa
MaJISX KOHU8HTpanwtX H8llSB8CTHll. IlpH KOMHaTHO! TeMIIepaType CKO
poCTI, Bli,I(8JI8HBSI acTaTa Ha llJ18TllH8 3a BpeMSl 't ~ 40 MllHYTaM 
y.I(OBJl8TBOpBT8Jll,HO OimCSBaJIOCI, ypaBHeHJ/leM peaKUHB nepBoro no
,PII.ItR8 ( 7) : 

dx!c:L,; = K (a-x). S/v > (7f 
r.I(e 8 - H8118JIJ,H08 ROJIB118CTBO 3JI8M8HT8 B paCTBope, S - BJ/1,JU!MaSI 
noBepx11ocT1, a,I(cop6mm, V - ocn,eM pacTBopa, K - nocToJmHaH. 
IloCJie,ItHSlSl,B8JIB11HH8 6SJia o6paTHO npon~ItHOH8JIDH8 ROJm8HTpaUHH 
HN 08 u :BMeJia 3Ha1iemm(B e,ItllHHnax IO cM.ceK-1 )1,27±o,l7; 
l,o±O,l; o,4a±o,oa B 0,32±o,023 B I, 2, 5 H 7M HN Os, COOTBeT
CTBeHHo •. IlpB npo'UIX paBHWC yCJIOBWIX a,I(COp6UBH npoxo,I(1i1Jla noJI
Hee ll3 ropS111JiDC(90-lOOOC) paCTBOpOB. AcTaT .I(8COp6HpOB8JICSl TOJIL
RO npH aHO,ItHOit nOJISlpHSaitBB BJIH npB HarpeBaHJ/IH Wl8THHll ,n;o 
200-300°c. IlplolCYTC'fBBe B paCTBOpax Tr+(~ 5.IO~). Hg +cs.ro-\t), 
Cr(IO~) OTpBnaTeJIJ,HO CKaSSBanOCI, HS ROJIH118CTB8 COp6HpOB8H
HOrO acTaTa~ lfCXO,Itll H3 HMeDitHXCSl JIBTepaTypHWC .I(aHHWC, BSCK838-
HO npe.I(llOJI0:£8Hll8 1 'iTO 8TO CM38HO C paspymeHHeM MOHOMOJieKYJISIP
HOro Olll!CHOro CJIOSI, KOTOpsl, no HamHM npe~CT8BJI8HZJIM, lll'paeT 

SKTllBHYll pOJll, B nponecce cop6UBH ( Ate )+ llJ18THHOI. 
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CaMonpOHSBOJI1,H08 :W'A8JI8Hll8 ( At 9 )+ HS IJJl8THHe HS pacT
BOPOB ID{03 - H,J,rz07 - qpesBHqafiHO Il0JI83H08 CBOICTBO 8Toro 8Re-
MeHT8 C TO"llm speHllg npenapaTHBH~ff pa,IU!oxm.mu. . 

XYII. Ha~eHo, qTo coe.nmieHBe acTaTa, 06paaymteeCJ1 B ROH-·· 
neHTpHpOB8HHWC COJIJIHORHCJlllX pacTBOpax, o6pa60T8HHWC XJIOpOM, 
o6paTBMO cop6HpyeTcg BS STHX pacTBOpOB MOH04PymanfOHMLBHMB 
CHRLHORBCJIOTH!iMl'I cyRi,q>oR8THOHBT8Mli! THna ,IlaySRC 50 H KY-2. AHa
ROrH'llJ,llMH cBoftcTBBMl! o6RMBDT JCL2·Cli H neJJHtt PS!Jl: aHBo
HOB ROMIJJieRCHI:lX OMOOCHOBHWt MeTSJIJI-rMoremmx IraCJIOT, HanpH
Mep, Auer 

4
, Sb cr6-, TIB~ H 'APYI'Be. ltico1t:se uaMeqemaa 

( D. » IO) OMOSHatmo ,YRBSW38DT Ha oTJIHlIHe cop6nn B 'ABHHOM 
CJly,188 OT xopomo HSBeCTHOI cop6IU!H CHJlI,111:lX 8R8RTP0Jll'ITOB CHHTe

THqecRHM11 BOHBTSMB. 
MBRCJl!MSJ1I,Blle ROeqxpmnl8HTH pacnpe'AeRemm 8CT8T8 'AOCTBI'8-

Jll'ICl:, B ml HCI : D =63±3 MJI/r. ~ BUme oHB 6wm B 6M t.i.CI: 
D = sro±20 MJI/r. 3aBucoocTl:. D oT [cr]B o6ou:x CJIY-

qaJiX 6Wia no'Ao6Ha SaBBCHMOCTmA cop6nn:a JC L 2 ·CL 2 .;Jtn.a: i!oc
ReMero 8HHOH8 6WIO IlOR838HO, qTO OH He cop6BpOBMCJl Hecy~E.q!HpO
B8HHI:lM conOR:IIM8POM CTBp0JI.IUIBDHDR68HSOR8, ~e B3M8RMCK CJia6o
CmBTHMB R8TBOHBT8MJJ Hero R084$JUJl8HTH pacnpe'Ae~emm poCJil'I C 
yBe~eHBeM ROHneHTpannB Ciz B paCTBOpax. 

31tcnepHM8HT8JlI,HHe 'AaHHHe ll03BOJIBll C'AeMTL Dp8.IUIOJIOlt8HBe, 
qTO B nponecce COp6nn p8CCM8TpHB88WX 8HHOHHWC ROMIIJl8RCOB 
npHHBMBm 8RTBBH08 y,18CTB8 tyma:iuoHME,Hli8-Cy~HOBH8 rpymm 
RSTBOHBTa. 8TB 'A8HHH8 He npoTBBOpe,mJIB MO'A8JlI,BllM npe'ACT8BJI8HB
sm, corMCHO ROTOpiM H8.ItllCCOnBIIPOB8HBHe cy.m,q,orpymm CMOJIJi
cnoco6HI:l coRl:.BaTHpoBaTl:. npoToHH ~ uoHU o.IciioBMeHTHHX MeTair
~oB, B pesyJII,TSTe qero npoBCXO.ItllT RaR 6H nepe38PJl'AR8 'liSCTH 
~ymanfOHSJlI,HYX rpynn. C HJ1W1 H o6paSYJ)'l' OTHOCHT~HO npo~e 
Homme acconnam CJia6o coJII,BSTBpoB8HHHe amtoHH THna MeCI4-. 

Cop6nitK 8HIIOHH!il XOYIIJI8RCOB cy~R8TKOHBT8MJI 6H~ BC
nOJII,30B8H8 WI$1 nOJiyqeHBJI npenapaTOB 8CT8T8, !O'A8 Iii 30JIOT8 Bli
COROI Y'A8Rl:.HOl(oesiewol) p8,ltll08RTBBHOC~B. 

XYIII. C ne.nl:.ll cdopa CB8'A8HBI O CBOICTBS:X 8CT8Ta·np1il pH> I 
6wm :asy,i:eaa ero cop6nm Ha rB,Jij)aT:apoBaHHHX onCMX TBTaaa 
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(I,5~ pH~9,55) B X8J1838 (4,pH~9,6). B HCXO,ItHHX npenapaTax, 
li!M8BIIIHX pH:::: I, 8CT8T HBXO'AllJICJl B ~pMe ( At (3 ) +. Cop6nng 8CT8Ta 
cpaBHHBM8Cl:, c cop6iuea TI+ Ha 8TJilX OCMRSX B BH6paHHOM HHTep
BMe pH. ,lliu[ TSJIJIOHOHa, H8 06pasYDI1ero B yCJlOBBHX 8RCnepHMeH-
Ta C06CTB8HHOI TB8P'AOI ~SH, H86JuntM8Cl:, ~HHeflHM SaBBCHMOCTl:, 
LgD = f ( L~[w] ). BTO CBH'A8T8Jll:,CTBOBMO 06 HOHHOM o6MeHe 
Mew BO'A0p0'AOM rB,Jij)ORCHJU,HliX rpynn H rr+. . 

llpH Hsy,i:elllJH cop6ium 8CT8T8 Ha rH'APOORHCH Z8R838 H8 6SRH 
ll0Ry,18BH BOCllpoHSBO'AUWe pesyRl:.TaTH. B CHCTeMax, CO'AepxaBnmx 
TL(OH) 4 npu pH~ 3, 60JI1,m8Ji qacTl:. acTaTa(B0-90%), 'A06aBJieHHO
ro K cycneHSHH B ~pMe ( Ate )+, cop6HpOBM8Cl:, OCS'AROM • .llam,
Heflmee yB8RIJl!:eHHe pH npHBO.ItBRO R 6scTpOMY llM8HHD HSMeqeHBR. 
Cpa:eHHTeJII,HHe aRcnepHMeHTH, BlillORHemme c At (0) B At-, no
RSSMH, qTo Ha Tl (OH)4 cop6HpoBMCg, no-BH'AHMOMY, <Ats)+. 
llOCROJll,RY npH cop6IUJH Tf+ Ha6Junta.nac1, cpBepmeHHo o6paTHag Rap
THHa, TO 8'AHHCTBeHHllM o6'!>KCH8HH8M TaRoro pacxo:ar,neHBg CBOiiCTB 
MOrJIO 6NTl:., no 11ameMy MH8HHD, pasJIHlme B MexaHBSMax cop6nnu 
8THX 'AByx O'AHOSapJI,!OIWt RaTHOHOB. 

XIX. Hatt'AeHHI:lii H8Mlf llOJIODT8JII,HHii HOH ngTOro rMoreHa 
no Cy-MMe H3B8CTHbIX CEOttCTB Ma.no noxoa Ha O,IUIOBMeHTHH8 R8TH0-
1W M8T8JIJIOB. HcXO,It!I ns cxeMH OKHCRHTeJII,HO-BOCCT8HOBlilTeRl:.HllX 
llOT8HU)IMOB B BO,ItHHX pacT:eopax, MOl!tHO npe'AUORar8TL, qTo 
H2Cr2o7 oRHCJJReT acTaT 'AO At z +, r'Ae I ~ z ..:::: 5. llocROJll,RY 
HeT 'AOCTOBepHHX CBe~eIDIR O C08.ItBH8HHgx H8lil60Jiee OJll'ISKOro no 
rpynne rMoreHOB COC8'A8 aCT8Ta-ffo'Aa, B ROTOpux OH 'AB1X- HRH 
qempeXB8Jl8HT8H, HaH6oJiee :eepo.irrHo, qTo z paBHO RH6o I, 
JIH6o 3. J{aHHHMll, ll03BOJim'.111HMlJ o6'!>eRTlilBHO BS6paTl:. O'AHO lil3 'AByx 
BepoaTmzx ~maqeHBA Z , w He pacnoRaraeM. HaM RSZ8Tcg, 
npe'AUoqTHT8JII,Hee npBHJl'l'l:, Z= I H npe.1UIOJIODTl:., qTo 
( At8 )+ - YCTOi'mm.tl 8RB8KOMIJJieKC O,IUIOBMeHTHOro acTaTa H~, 
qTo ~PM8Jll,HO O,IUIO H TO xe, npOTOHHPOB8HHM runoacTaTOBM RBC
ROTa(AtOHz)+. 8RCTpanoJIHpOB8HH08 SHaqemae ROHCT8HTH p88RltHB 
At2 + HzO ~ (AtOHz)+ + At - , K .:::!. ro-4. 3TO Ha meCTl:, llOpg'A
ROB BHme, '?8M 'AM ffO'A8. QqeBlrf,IUIO, qTo 8CJlH (Ate)+= (AtOHz)+, 
·ro o6pa30B8HB8 ero B BO,ItHHX -paCTBOpax HSMHOro :eepOgTH88, '?8M 
(IOH2)+. Boswomi:o, qTo B 'AettcTDHTeRl:.HocTu (At9 )+ He MHo-, a 
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,nlilaRBaROMIIJieKc c neaTpocHMMeTpnimott CTPYKTYPOtt(H20 At OH2)+, 
ll0,ll;06HOil TOI, KOTopaa BHOr,ll;a npllllHCUBaeTCH BORY rH~OKCOHllH. 
HaM RallteTCH, 'tiTO XB~'tleCRHe CBOilCTBa ( At9 )+ BO MHOrOM onpe
,D;eJIJDlTCH npoimott cBH3I,D At- 0 B KaTHoHe acTaTa, 6Jiaro,D;apH. 
KOTopoil OH BO r.morruc pearoumx y-qaCTByeT 6e3 OTnteIIJiellllJI BO.II;&. 
B pe3yJII,TaTe llOJIJipH3YJ)lllero BJillHHHH llOJIJl neHTpaJII,HOro KaTllOHa 
B KOBaJieHTHOtt CBH3H Mell!,lly KaTBOHOM aCTaTa B MOJieRy~aMlf BO,IJ,U, 
B llOCJI8.IUJHX ,ll;O~l!OW llOHHllaTI,CH CB~omie KOHCTaHm O ~ H B38B
MO,D;ettcTBBH, a, CJie,ll;OB8T8~I,HO, ,ll;OJIJltHll noBHmaTI,CH eyK~eO,ll;OHOp
Hli8 CBOilCTBa r~KCH~I,HllX rpynn B pacTB np011HOCTI, o6pa30BaH
HHX C WC y-qacTBeM BO,ll;Opo,ltHHX c:w:i:sea, BR~ ROTOJ)WC B o6paso
BaHHe coe~HeHlltt, CO,D;eplm!IIWC ( Ate )+, B p~e CJiy-qaeB MOllteT 
npeBaJlli!POBaTI, HS'A CBH3SIMH 8JieKTPOCTaTH'tieCROrO xapaKTepa. 

HCXO'Afi HS TaRBX npe,ll;CT~8HHff, Mll o6~HCHHRH . oco6eHHOC

TH cop6UHH < At 9 > + cym,cfioKaTHOHHTOM u 8'ACOp6UHB < Ate > + 
OKHCJI8HHOil llOIJepXHOCTl,ID IIJiaTBHH. To'tlKa speHH.ll: Ha ( At 9 )+, 
RaK aRBaROMIIJieRC,SIBJI.ll:8TCH, 6e3yCJIOBHO, Jll!Illl, H8ROTOpoil MO,ll;Ml,D 
peaJII,HOro RaTBOHa. Ho TI!t8T8JII,H08 KOJIB'ti8CTB8HHOe HCC~8,ll;OB8HH8 
MO,ll;8~H, O'tleB~o. llOSBOJIHT C,ll;e~aTI, ee 60Jiee o6ocHOBaHHoil, ~B-

60 OT6pOCHTI,. 
xx. B ~TepaType, llOCBJllll8HHOtt 8CT8TY, H8 6WIO cBe,D;eHBtt 0 

cnoco6ax llOJiy'tieHHH H CBOilCTBax BHcmero, ceMHBaJieHTHOro, OKHC
JieHHoro COCTOSIHl'IH acTaTa. HaM, no-BH'AUMOMY, Y.ll:aJIOCI, CHHTe3H
poBaTI, OKCHaHBOH At (Yll), ORBCJIJlH At- B ropg-qeM me~O'IIHOM 
paCTBOpe ,nlilqiTOpH,ll;OM RCeHOHa • .Jlrui B,It8HTHg)l!KSUHB At04- MU BC~ 
ll0JII,30B8Jll! 8JieKTpoq>opeTH'tleCRHff S:BaJlli!S B CORpHCT~H38UHD C 
nepilo,ll;aTaMH, HCXO'AH H3 O'tleBB,ItHHX coo6pruteHHil, 't{TO B nepBOM 
My-qae noBe,D;eHlile nepacTaTHTa ,D;OJ!JlWO 6HT1, no,D;o6HHM nepffo,D;aTy, 

a BO BTOpOM - ,ll;OJIX8H Ha6Jll\IJ;aTI,CH HSOMOppl!SM. 
Coe~HeHHe acTaTa, nOJiy'tleHHoe ORBCJieHHeM XeP2, TO'IIHO TaR 

xe, RaK I04-, npH 8JI8RTp$pese Ha 6YMare He Mm'pBpOBaJIO, a 
OCTaBaJIOCI, Ha MecTe HaHeceHH.ll: B q>epMe 'ti8TROrO nHTHa. 

IlpH CORpHCT8JIJIB38UHH B3 paCTBOpoB C pH 6±1, C KI04 H 
csro

4 
Roeqxp:mnueHm coKpHcT8JIJIB3anH:B ( D ) ne o6napynBa;m . 

R8KOft-JIH6o CHCTeMaTB'tleCROft 38BHCHMOCTH OT Beca TBeP'AOI ipase. 
.llrui R8Jll!e:ma: co~ea D = 0,06s±o,02I, a .n,1IJI nesHeB!iX -
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- D = 0,3I±0,08. TaRHM o6pasoM, aRcnep:eMeHTaJII,Hl:le pesyJII,Ta
m ll03BOJIJDlT C,ll;e~aTI, BHBO,ll;, 'tiTO B nte~011HliX pacTBopax MOlltHO 
llOJiy'tiHTI, nepacTaTHT, ORB~ acTaTH,ll; 'AIJ(pTOpB.ItOM RCeHOHa. 

XXI. Paspa6oT8HH!l8 MeTO,n;& llOJiy'tieHHJl p8,ltllOXllMH'ti8CRH 'tiHC
mx npenapaToB acTaTa, y,D;o6ma: )tJl.lI H3MepeHHtt Ha np116opax pas
JllJlUIHX THllOB, llOSBOJIHJm co6paTI, 061llHpH!ltt H HHTepecH!lil MaTe
PHaJI ~H3H'ti8CKOro xapaRTepa. HecoMHeHHo, ~H3H'tlecKHe 8RCnepH
MeHm C acTaTOM eme ,ll;OMO 6ym OCTaBaThC.ll: aKTYaJU,HHMlf. 

B nepcneKTHBHOM IIJiaHe XBMJftleCRHX pa6oT C acTaTOM, npellt
,D;e Boero, npe,D;cTaBJlSieTCH Heo6xo,D;HMHM npo,ll;o~HHe axcnepuMeH
TOB c ( At. 9 tm At04 - • Xopomee SHaHHe BX CBOilCTB B pa3~1l
Hl1X cpe,D;ax BHTepecno· He TOJII,KO caMo no ce6e,·Ho.,D;OJJJKHo ,ll;8Th 
nyTH llO,ll;XO,ll;a K H3y'ti8HHD ~yrruc BaJI8HTHllX COCTO.ll:HHii acTaTa;: 
HecoMHeHHO, CYJ!leCTByuu,mc B BO,ll;HllX paCTBOpax, .. np:u. onpe,ll;eJiemm:x 
yCJIOBH.ll:X. B03MOlEHO, 'tiTO !llI,It cne,D;eHHil·O HeopraHH'tleCKOtt xm.mB 
MToro raJioreHa Y,ll;8CTCH llOJ!y-qHTI, H_MeTO,ll;aMH rasoTepMOXpOMa
TOrpa~HH; BHTeHCHBHO pa3BHBaJlllHMHCH 13 Hamett Jia6opaTOpHH npH
MeHHT8~I,HO R ,D;pyrHM O~eKTBM. 

01lea1, HHTepecHH pa6om no CHHTesy H usy-qeHBJJ aoTaToopra
HH'tlecKHX 008,nli!HeHEff, yxeHa'tlaTHe H ycnemHo llpO,ll;OJUtaJal!HeC.A:, 
HecMOTpH'Ha 6o~hlllll8 SRCllepHMeHTaJihHHe Tpy,ll;HOCT:U.-IlplqlJieRam 
BHEMaHl8 B '.IJonpow, ·CBH3amme ..C M8X8HB3MOM CTa6HJIH3anHH BH.CO
ROHOHHSOBarumx 'aTOMOB acTaTa, o6pa3,YillllPIXC.ll: H3 ,pa,ll;OHa, B pe-. 
SYJII,T8T8 K~pacna,ll;a llOM8,ll;H8rO B pa3.7IH11H1,1X,cpe,D;ax. 

BHBO,llU 

,I. Paspa6oTaHH HOBHe B p8,IUl'OXHM:im ~aHT8HOH,ll;OB ycKopea
HHe M8TO,IJ,U pas,D;eJiemfSI·MaRpO~RPOKOJIH'tleCTB PSS H llOCJie.ItYJllleil 
o6pa60TKH llOJiy'ti8HH!lX KOHU8HTP8TOB. 3TH MeTO,IJ,l,l.ll03BOJIHDT llO,ll;
rOTSBJIBBaTh K H3MepeHH.ll:M Ha npeUH3UOHH!iX MarHHTHllX np16opax 
p8,ltllOXHMH'ti8CKH' 't{HCTl,le BHCOKOpa,ll;H08KTHBHl1e npenapam Bcex 
P33 OT JlaHTaHa ,ll;O JIJl'l'e~, CO,ll;8P!C8111He H81TpOHO,ll;e~Tmze 
H30TOllH C TV2 ~ 30 MHH. 

2. YHHBepCaJII,HHM M8TO,ll;OM pas,D;eJieHB.ll:MaRpo-MHRpOROJIH'tleCTB 
P33 HBJI.lieTC.ll: 8KCTpaKUHOHHa.ll: xpoMaTorpa@UI C•Hepa36aBJieHHoff . 
,nlil.;_2-8T.HM8KCHJIOpT$Cq>OpHott KHMOTOil B Ka'tleCTBe,cTanHOHapHOA 
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(paSH. HCCJie~OB8HO noBe~eime MaKpOKOJIJiNeCTB P38 Ha 8KCTPrumHOH
Ho-xpoMaTorpawHqecRoll ROJIOHHe B JU: BJIHJIHHe Ha noBe~eime MHRpo
ROJIHqecTB JlaHT8HH~OB. Ha OCHOBe noJiyqemmx ~ammx paapa6oTa
HH MeTO.IU!IIB Bll~eJieHH.11 JIBHTBHll.JtHl.OC' npO.ztYl(TOB MepHWC peaRUHA 
pac~eII.1IeHH.11 Ha ap6Hemx H rMom11me:ewc MHllleHett, o6Jiyqemmx 
IlpOTOHaMH C 8HeprHett 660 MaB. 8KCTp8RUHOHHO-XpOMBTOrpawJi11'leC
RM MeTo~a npHMeHeHa K 8H8JIH3Y tn!CTHX P38 HB MHKponpHMeCB 
JIBHTBH~OB. 

3. HccJie~OBBHH YMOBH.11 8HHOH006MeHHoro pas~eJI8HM BJieMeH
TOB nepHeBott rpymI!i JIBHT~OB C IlOMODU,D BO,ItHO-MeTBHOJILHHX 
pacTBOpoB HHTpBTOB npH llOBllmemmx TeMllepaTypax~ AlmOH006MeH
HM MeTO~RB ycnemHO npHMeHeHa ,ItJIJt :ml~eJieHlUI Cyw.!li JierRHX 
P38 HS rMMHHHeBofl MHWeHB. IloxaaaHa BOSMOXHOCTL HCilOJII,SO
BaHl!.11 8TOfl MeTO~KH ,ItJIJt BH8JIHTH118CKHX B npenapaTHBHHX neJiel. 

4. HcMe~oBaHa neMeHTBUHJI MHKpoKOJIJllqecTB JI!ll{TaHH~OB 
a.~8JILraMott H8TpM HSHaTpHR-oneTBTHWC 6Y4>0pHHX paCTBOpOB. IlORB-
38H8 BoaMomtocr1, m~eJieHlUI rMOJIHHH.11 n 6oJiee JI~I'ltBX P38 HS 

Tep6HeBol MHllleHB. UeMeHTSUH.11 ycneniHo npHM8H8H8 .It,1IJl 6HCTJUX 
paa~eJieHBI psma reHeTnecRB OMSSHHHX nap JIBHTaHB.ItOB. 

5. HayqeH1a1 yMOBH.11 H ycnem10> npHMeHeHa MeTo~HK~ pas~eJie.: 
RH.II MaKpO-MlllKpOROJIH'l8CTB JIBHTaJDJ~OB Ha OCHOBe 8~RT8 CHJiap
~a-qBJIMepca B CyxJIX ~B8TBJI8HTpH8MBHn8HTaaneTaTHHX KOMilJ18KCBX 
JIBHTBH~OB npBo6JiyqeHBB npoTOHaMB c &HeprBel 660 MaB. AHaJio
rH'IHHlit M8TO~yc;nelIIHO BCilOJil,30B8JIC.II MJl pas~eJieHB.11 reH8TH118CKB 
cB.11aammx Hso6apHHx u BSoMepHHx nap JIBHTa~oB. 

M8TO,IO!Im·C~8JI8Jlll ~OCT,YIIHHMB ,ItJIJt :13MepeHBtt·npenapa'l'li B30-
TOllOB C TI/2 ,a 5 MBH. IlpH Bll~8JI8HBB BX BS MBUI8HB B C TI/2 -~ 
IO cex, 8MB 8TO ~o~epHH8 BSOTOIIII OTHOCHTellHO ~OJirODByml!X 
118TepBHCRBX Mep. 

6. Paspa60TBHB 8Jl8KTpoMexaHB~ecKB.II CBCT8Ma ,ItllCTBHIU!OHHO
ro o6M)'DBBHB.II MHKpoxpoMaTorpaqnrqecxoA KBTBOH006MeHHol KO
JIOHlm ,ItJIJt pas~8JI8HB.II BlilCOKOpMJ!OBKTBBHHX npenapaTOB CM8CH 
PSS. 

7. HcMe~OBaHH OilTBMBJII,HH8 YCJIOBM 8Jl8KTp0JIJIITH~ecxoro 
oc~eHJ!.11 rJJ,Iij)OOKHCeA MHXPOXOJIB~ecTB P38 HB K8TO~ax MaJIOI IlJIO
~a,IUI. Paspa6oTBHHM ueTO.ItJIKB ycneWHo npBMeHeHa .ItJIJt no,ltI'OTOBKB 

npenapaToB P38 x BSMe.P?llllBM • uacc-cenapaitBB. 
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8. Ha OCHOBBHHH peayJILT8TOB npoBe~emunc HCCJie~OBBHBn XH

MMqecRruc CBOHC'fB BCTBTB paapa60TBH PSQt aqxpeKTBBH!lX cnoco6oB 
ero mi~eJieHB.11 H3 TOpH.11, 06JiytieHHOl'O npOTOHBMH c SHeprHeii 
660 MaB. HaH60Jiee YHHBepcBJILHllM z npocTHM .IIBJI.lleTe.11 MeTo~ TeJI
JiypoBI,1x KOJIOHH. 

9. IlpoBe~eH H30TOIDIHit aH8JIH3 BCTBTa, 06paay!OO!eroe.11 B pe-
8Kl{HHX paq~eWieHB.11 Mep TOpH.11. 

IO. 0TKJUT B paa6aBJieHHllx paCTBOpax MHH8paJILHHX KHC~OT 
IlOJIOlltHT8JILHllit 0~03BPMHb!H BC'l'BTOCO~epJKal.I\Hit KBTHOH ( At6J ) +. 

II. HccJie~OBBH8 cop6:rm.11 ( Ate )+ cy~I,q)Ol{aT.UOHIITaMH H on
pe~eJieHH 8HBtJ:8Ill!JI KOHU8HTPBUHOHHIDC KOHCTBHT ,VCTOH'lll!BOCTH 
KOMIIJI8KCOB 3Toro HOHa C PMOM HeopraHHti:eCRHX ~HraH,ZJ;OB, 

I2. IlOJiyqeHU CB8.I(8Ill!.11 0 cooca;ameHIIu H ~cop6UHl'! (Ate ) + 
H8KOTOp!lMH Tpy~HopacTBOpID.lllMl! COJI.lIMH, · co,n:eplltalill!Mll 0.IU:IOBaJieHT-
HHe · KaTHOHH. . 

I3. 06HapyzeHa H BCCJI8.I(OB8Ha paHee HeH8B8CTHa.a: ajxpeKTHB~ 
nan cop6nu.11( At0 )+ Ha noBepXHocTH MaTHHH, rroKpuTott oKHcnoii 
IlJleHKOff, 

I4. Haii~eHa-H Hsyqena o6paTna.a: cop6:rm.a: XJiopH~oro.aHHOHHoro 
KOMilJleKca acTaTa H8 COJIJIHOKHCJlliX paCTBOpOB CIDlbHOKHCJIOTHHMH 
MOHCWYHK!UfOHaJILHHMH CYJI$KaTHOHHTBMll. Pa3pa6oTalla ua OCHOBe 
3Toro CBOHCTBa M8TO~HKa xpoMaTorpa~zqecKoro ROHI.teHTpHpOBBHHR 
H O'lll!CTKH acTaTa. 

I5. HaclJIIJ~BJIBCb OTHOCHT8JlbHO BllCOKa.11 copc5n.i.a:( Ate )+ rH~
POOKldCbl() THT8Ha B lUITepaa.rre pH OT I,5 .n:o 4. 

16. Hcxo,IVI H3 co6paHH!lX CBe,n:emdt O CBoffcTnax( Ate )+' BllC

Raaano npe~nOJioacemrn, qTo 8TOT RBTHOH MOiKC'I' 6HTL aKBBKOMilJieK
-COM At I+. 

. I7. CHHTe3HpOB8H paaee HeH3BCCTHHli nepacTaT-HOH. 
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