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OBUAH XAPAKTEPHCTMKA PABO'.IH 

AKTyam,HOCTl, TeM!l: B XO.D;e :paHee BlillOJIHeHHrnc paspa60TOK MeTO,IJ;OB 
BH.n;eJiemm acTaTa :e:s o6JiyqeHHrnc Mml!eHeil :e: nponeccoB O'IHC'l'KB :e: xo~eH
TpllpOBamm noJiyqeHHI:a: npenapa'l'OB 6wm o6HapyxeHhl HOBHe,ncKJIIO'lli'l'8JI1,HO 
HHTepec:iru:e :xmnrqecrure cBoilcTBa. IlllToro raJioreiia. HcCJie,n;oBaHIDI 3THX 
CBOHC'l'B B Jfy6He H B .u;pyr:e:x .na6opa'l'OPIDIX npoBo.n;wmc1, nprutTlfl!ecx:e: Bcer..m 
M8TO.zr.aMI'[, II03BOJilllllltm,!l'C pa60Ta'1'1, C yJII,TpaMHKpoKOJilfll8CTB8Mlt pa,!OIOHYJ(
JIH,D:OB. llii'l'epec K TeMe IIOCTO.fIHHO pac'l'e'l', oco6eHHO B nocJie,IJ;Hee BpeMJI, 
TaK KaK ac'l'a'l' IIpBBJI8KaeT BID!M!llme HCCJI8,IJ;OBaTeJieil TeM, ~o H30TOII 

J" A t no CBOEM JJ.It8PHHM CBOilCTBaM IIOT8Hrm8JII,HO RBJI./I8TC.II xopcmnIM pa
,!J;BOTepaneBTl{qeCKBM cpe.n;CTBOM JIS'IeHRH paKOBUX sa6oJieBaHHil. Il03TOMY no
JiyqeHKe cBe,1teHBil o w:e:sBKo-XHMl!'lecKHX cBoilcTBaX coe.n;HHeH:e:it acTaTa -
B8C1,Ma Brultll'.M 3a,IJ;a~, EM8!011l8JI He 'l'OJI1,KO TeopeTlfl!8CKOe, HOH npaKTlfll8-
CKOe 3Ha'IeHKe. 

Me'l'O,Jt, OCHOBa.HHim Ha'3JieK'l'po4J()pese HOHOB acTaTa B CB060,Il;Hl,IX 3JI8KT
po;m'l'ax, - lIY'l'l> noJiyqeHHJI CBe.n;eH:e:it o WH3BKO-xm.m'!ecKHX cooilcTBax He
opramr<IecKHX coe.n;HHeH:e:it acTaTa H pemeHHJI MHor:e:x .u;pyr:e:x sxcnepEMeH'l'8JII,
HHX 3a,IJ;a'I, KO'l'OpHe sa'!aCTyJO H8,IJ;OC'l'ymm ,IVUI .u;pyr:e:x M8TO,IJ;OB. 3TOMY M8'1'0-
.n;y CBOHC'l'BeHHH Hal'JllI,JtHOC'l'I, B O'l'H0CHT8JI1,Ha.lI llpoC'l'O'l'a HHT8pnpeTamm 
3KcnepEM8H'l'8JII,HHX ,Jta.HHl{X. OcHOBHOe ,IJ;OC'l'OHHCTBO MeTO].ta3aKJIIO'Iae'l'C.II B 
OTCY'l'C'l'Bl'll'[ no60'IHHX JIBJieH:e:it, CM3aHHHX C BBO,IJ;OM B H3Y'I88Mllil paC'l'BOp 
BTopoil <pa3H - cop6eH'l'a HJm 3KCTpareHTa. IlOJiyq8Hlill8 3'1':HM Me'l'O,IJ;OM ~3:e:KO
xm.m'Iecrure xapaxTep:e:cTHKH coe.n;HHeH:e:it acTaTa B xoJilfllecTBaX 10-9-10-11r, 
H8COMH8HHO, npe,nC'l'aBJI.IIIOT 60JII,myJO neHHOC'l'I,. 

ij8JI1,D naHHoil pa60TH .IIBJI.IIJIOCI, HCCJ18,IJ;OBaHHe WH3BKO-XHMH'I8CKHX 
CBOilC'l'B HOHa ac'l'aTH,IJ;a H llO~ODT8JI1,HOro O,IJ;HOBaJI8H'l'HOrO KaTHOHa ~cTaTa 
M8TO,IJ;OM 3JI8K'l'p0Mlll'p0Itllll B CB060.IJ;HOM 3JI8K'l'pOJIHTe. Ilp:e: 3TOM 6wm peme:iru: 
CJI8)1yDitR8 3KcnepHMeH'l'aJII,HH8 3a,IJ;a'IH: 

- paapa60TaHH 3KCIIp8CCHH8 Me'l'O.I(HKB·BH.n;eJieHH.II H O'IHCTKH acTa'l'a B3 
BHCMYTOBl:lX H 'l'OpH8Blil: MJlllleHett; 

- paapi60TaHa M8TO..n;mta noJiyqemtll npenapa'l'OB acTaTa B pacTBopax 
3a,n;aHHOro COC'l'B.Ba. C Iiucoxott y;I:t8JI1,HOI {o6~eMHoil) aKTl!BHOCTI,D; 

I I.YJUl!lilitlfii!::iS tmtnrrfl I 
llll(l}HMX ucc.'le,llOBa~il 
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- pa.apa.6oTaHa ::m:cnepEMeHTaJII,HaJI M8TO,JtllKa l'I C03,IlpHa YCTaHOBKa 

,ll;1III onpe,neJiemm no)Oml!tHOCTl'I l'IOHOB acTaTa B. CB060.ItHHX 8JI8KTpoJil!Tax, 
CBH3aHHaJI c 3BM :m.,.raro. 

Paapa.6oTa.mme Ol)HI'HHaJII,HaJI M8TO,IUIKa l'I annapa.TypHHe cpe,ncTBa 
n03BOJDJJIH Bil8pBH8: 

- Onpe,D;eJIHT1, no,ItB.IDXHOCT1, l'IOHOB acTaT:e:.zta IlpH 6ecKOH8'lHOM pa.36aB-
Jiemm pa.cToopa.; . 

- 06Hapyun 3aBHCHMOCT1, nO)Oml!tHOCTl'I KaTl'IOHa acTaTa At f) + OT 
pH pa.cTBOpa.; 

- onpe,n0JIHT1, KOHCTaHTy .nanpoTOHH3runm: 0,ItHOBaJI8HTHOro KaTHOHa 
acTaTa; 

- onpe,n0JIHT1, KOHCTaHTH KOMIJJI8KC006pa.30BaIDIII 0,ItHOBaJI8HTHOro Ka
Tl'IOHa acTaTa C XJIDPH,It-HOHBMl:I B J:!IRPOKOM HHT8pBaJI8 KOHn8HTpaJmR aHHOHa 
( I• I0-6 M.JI-I~[ccJ~4• IO-I M.JI-I); 

- noxaaaT1,, 'ITO CKOpoCT1, peam:um 0,ItHOBaJI8HTHOro RaTHOHa acTaTa 
C XJIOJ)H.It-l'IOHBMH 38.Bl'ICHT OT pH cpe,D;H, HO Ha YCTOi111l'IBOCT1, At ce; KOH
neHTpaI(WI IF-HOHOB He.BJIIDieT. 

Ilpa.KTH118CKasl ll8HHOCT1,. MeTO.n;mm, pa3pa.60TaHHHe )tlilI Bll,Il;8JI8HWI l'I 
O'll'ICTKH acTaTa l'I nOJiy118HIDI ero npenapa.TOB B pa.cTBOpax 3MaHHOro co
CTaBa C BHCOKOH.~8JlhHOi1 (o6'I>eMHoil:) 8.KTl'IBHOCT1,I>, JIBJimOTCJI B HaCTOJlllt88 
BpeWI HaH60Jiee COBepmeHHHMJII l'I ::Jqlp8KTHBHHMR H y,ItOBJI8TBOPJIIOT Tpe60BaIIWIM 
.mo6HX 3KCn8pEM8HTOB XHMK'l8CKOro, WH3l'I118CKOro l'I 6HOJIO:I'l{q8CKOro xapax~ 
Tepa., ,ll;1III KOTOpmc H806XO'AHMU BHCOKORa118CTB8HHH8 npenapa.TH ITHToro ran:o
reHa. Ha IlpoT.!Illtemm H8CKOJII,Kl'IJC JI8T OHH ycnemHO HCnOJI1,30BaJil!C1, ,ll;1III 

npone.nemm ::DIMl'I'i8CKHX l'I pa,IOI06HOJIO:I'l{q8Citl'IX l'ICCJie,noBaHHil B ,1Ty6He l'I 
HHCTHTYTax rJU> :e:.qccP. 

Paapa.6oTa.HHaJI M8TO,IUIKa ,ll;1III 30HHoro a718K~peaa llOHOB B CB06o.n
HHX a718KTpOJIHTax IlpHro'AHa ,ll;1III nayg:eHIDI ::icm.m,recitHX.COCTOJIHHil: B pa.CTBO
pa.x MmCpOKOffn8HT~ MHornx 8JI8M8HTOB. YcoBepmeHCTBOBaHH8 l'I3M8l)RT8Jll,
HOi1 anna~TYPH. O'I8Bl'I'AHO, no3BOJil!T CYIIt8CTB8HHO pa.cnmpnT1, 8Tll B03MOlKHO
CTl'I ll p0aJil'I30BaT1, 60JI1,myIO nporpaMMy l'ICCJie,noBaHHil B 06JiaCTH xm.mn 
a718KTpOJDitTOB, pa,IOI06ROJI0rl'Il'I l'I M8.ItlmHHH. ·" 

Anpo6anwi pe3yJI1,TaTOB. PeayJI1,TaTH pa.6oTH ,D;OKJI.a,IQma.JmC1, Ha X Mei:;
'AYHap0,ItHOil: . KO~peHqlm . no pa,IOIOXHMmI (qccp, Mal)RaHCK8 Jla3HH, 26-30 '. 
anpeJIJI I982 r.), Ha ceMIDiape ;s HHcTHTyTe ,imepma: HcCJie~oBaHHil JI ,imep
Hoil: SHepreTHKn EAH. B c~. Ha ceMIDiape .B HHCTHTYT8 <p.113l'I118CKOfi XHMlll'I 

AH CCCP, a Tarute Ha cewmapax no WR3HK8 aToMHoro H,IJJl8. HaY"<IHo-sxcne

JmM8HTaJII,Horo OT,neJia .ff'A8PHOi1 cneKTpoCKOill'Il'I l'I :PMHOXHMlil'I Jia6opa.TOPHH 
Jm8PHHX npo6JieM Ollilli. 

, Ily6Jnmmpm;., MaTepHaJIH 'AnCC8PTrunnt ony6JinxoBaHH B 7 Hayg:ma: TpY
)ta.X. IlOJiy'leHo 2 aBTOpcKHX Cm!,l{8T8JI1,CTBa Ha ll306peT8HWI. 
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CO.n;EP:lKAIME PAIDTH 

B nepBOll rJiaBe ,naeTC.!I Oill'ICaHH8 H8pa.BHOB8CHHX .!IBJI8Hl'Ili B pa.CTBOpax 
a718KTpoJIHTOB: 'Al'Iqxpy3l'Il'I, a718KTpoilpoBO,ItHOCTl'I. pacTBOpoB l'I a718KTpoWopeTH-
118CKOi1 no)tBm!tHOCTl'I l'IOHOB, 8Kcnepli!M8HTaJI1,HHX M8TO,D;OB onpe,neJieHl'IJI nO'ABIDJt
HOCTll l'IOHOB B cpe.ne nOpRCToro HailO~TeJIJI ll B CB060,ItHOM OT HaITOJIHHTeJUI 
a718KTpoJIHTe. 

PaBHOB8Cl'I8 B pa.CTBOpax a718KTpOJil'ITOB Bcer,na JIBJIJI8TC.!I 'Al'IH8Ml'I'I8CKEM, 
ycpe,ItHeHH!,IM no BpeM8HH lI 06'I>8MY. Hepa.BHOB8CHH8 JIBJI8Hl'IJI B pa.CTBOpax 
nO.IIBJIIDOTC.!I IlpH l'I3M8H8Hlll'I aKTHBHOCTl'I pa.cTBOpeHHoro B8Ill8CTBa B 0,ItHOli 
'laCTl'I CRCT8MH no OTHOmemm K .ztl)YI'OH 1:tlm Ilpl'I Han:Oxemm 8JI8KTpl'I118CKOro 
noJIII, KOTOpue IlpHBO,ItllT K B03HHKHOBemm Ml'II'pa.Il;ROHHHX nOTOKOB KaTl'IOHOB 
l'I aHHOHOB, 06ycJIOBJil!B8lOillRX 8JI8KTilpOBO,ItHOCT1, pa.CTBOpoB. IlpH 8TllX npo
neccax 8JI8KTpoHei1TplJI1,HOCt1, pa.CTBOpa. He HapymaeTCJI. HaJroxeHHe 8JI8KT
p:e:-qecxoro noJIII yneJil111l'IBaeT 'll'ICJIO mmpaBJISHHHX nepecKOKOB llOHOB l'I H8-
3aBHCl'IMO OT Toro·, 'ITO nx, HanpHMep, Ilpl'I rpl'Al'I8HT8 noTeHU}la.)Ia I B. CM-~ 

npma:epHO B rn6 pa3 MSfilme, 'ISM 0611l8811l'ICJIO nepeCKOROB, o6yCJIOIUmBalOillRX 
'Al'Iqxpy3l'IIO, noJie 0Ka3HBa8T BnOJIH8 33M8THO~ op11eHTHpYIW188 BJIIDnm:8 Ha 'ABH
X8HH8 l'IOHOB. 

Cpe'AHH.!I CK0p0CT1, U e, , npH06peTaeMaH llOHOM ,naHHoro B:e:.zta B 8JI8RT
pl'I118CKOM noJie Hanp.Rllt8HHOCT1,ID I B.CM-I no OTHomemm R OKpyxruoml'IM 'laCTH

t(aM - no.nnmmocTh l'IOHOB, .!IBJI/ISTC.!I OCHOBHOli onpe,n8JI.!I8MOtt B8JIH11l'IHOll. 
HCCJI8,D;OBaHH8 l'I3M8HeHllil no,nnmmOCTl'I B 3aBl'ICHMOCTl'I OT ll3M8H8HWI 0,ItHOro 
l'I3 napa.MeTpoB Cl'ICTSMH n03BOJI/I8T nOJIY'laT1, cne.nemm O :xm,ra-qecrurx: B3aH
MO,D;8HCTBHHX, CBH3aHHHX C l'I3M8H8HH8M 3HaKa l'IJil! BWIWmHH aap.ima l'ICCJI8-
.nyeMoro llOHa; 06 06pa30BaHHH KOMIJJI8KCHllX C08'Al'IH8Hl'Ill l'IJil! accon11aTOB; 
0 cne~H118CIGIX B3aHMO,neficTBHJIX l'IOHOB C M8KTpoJil!TOM npR R3MeHemm 
CTeneHH 0Kl'ICJI8Hl'IJI l'I nepexo,na l'I3 O,ItHOfi OKHCJISHHOfi Wop,nl B .npyryio, a 
Taltlt8 onpe,neJil!Tl:, COOTB0TCTBYJX!llI0 KOHCTaHTH. KoJil'I'lecTBSHHaJI o6pa.60TKa 
peayJI1,TaTOB l'I3MepeHl'l1i OCHOBaHa Ha ypaBHemm MaT8pJ!aJil,HOro 6MaHca, 
0Ill'ICHBaJOill8M ll3M8H8HH8 cpe,ItHeil CKOJX)CTR MllI'parnm U e _, Ha.XO.nsm!RXC.!I B 
'Al'IH8MR'l'.8CKOM pa.BHOBSCIDI l'IOHHHX WCIN M8M8HTa. B -qacTHOCTl'I, npl'I KOMil
iexcoo6pa30BaHHH 3TO'Ypa.BH8HHe·mi:eeT BliJ,D;: 

Uc = lt ~ L /3: ll, [ll ]' 
1 + 2 P,, [ //] 

(I) 

r,ne UK - nO.nBHXHOCTh KaTl'IOHa MSTaJIJJa., ,fj_ i - nO.zi;BIDllHOCT1, l'IOHOB 
• Q . • 
I -Toro KOMIJJieKCa, r; - IIOJIHaJI KOHCTaHTa YCTOH'll'IBOCTH I -Toro KOMil-

JISKCa, [ IJ] - KOHn8HTpruntil ROMilJI6KC006pa30BaT8JIII. 
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3KcrrepllM8HTaJil,HO (,/ e, MOJKHO . orrpe.n;e.mrr1, B cpe.n;e IIO:plICTOro 1mepT
HOro HaIIOJIHliT8JIII ll B CB060.n;HOM SJieRTpOJillTe. B rrepBOM CJIY'I8.8 ~o.mm
T8JII, llCRJI!OtJa.eT ROHBeRTllBH!le, I'l)8llllTa.InlOHHHe ll ,lij)yrne llOTORll, IIpllBO,Il;fl
unie R nepeMeunraamoo paCTBOpa B SJieRTpor.mrpa.qe:OHHOli CllCTeMe. Ho O.n;HO
BpeMeHHO C BTllM BHOCllTCJI pim .n;ono.mm:TeJII,HWC tpal<TOpoB, BJillJIHll~ ROTO:pwc 
Ha p~3YJII,TaTH :mwepeHllfi Tpy.n;HO ytieCT1>. 

B CB060.n;HCM e~eRTJ)OJmTe ll3MepeHHaJI SJieRTpoqiopeTHtJ8CRaJI ll0.n;IDD!t
HOCT1> paBHa no~OCTll llOHOB. 

C·TottKB: speHHJI ncc~e.n;oBaHllfi :xmmn HeOprB.Hll'IecRHX coe.n;HHeHllfi 
acTaTa 8,Il;llHCTBeHHllM B03MOlll'..lillM MeTO,Il;OM ll3MepeHHJI llO,ll;BllOltliOCTeil llOHOB 
llJITOro rMoreHa .HBJI.aeTCJI-llCIIOJII,30Ba.Hlle Wlll BTOit n;eJIH rop:e:sOHTaJ!I,HOro 
30HHOro SJieRTpoqiopesa B CB060.n;HOM SJI8RTpoJmTe. 

·BTOpag rJiaBa IIOCBJillle~a on:e:camno M8TO.n;HRH Bll,Il;S~emw ll O'lllCTRll 
acTaTa ll3 BllCMYTOBl:lX .-.~ TOp:e:emu MmJieHeii, o6Jiyqemmxo(. -1!8.CTlID;aMll C 
3Heprneil 36 MeB ll IIpOTOHaMH C 3H8p!'lleii 660 MeB COOTB8TCTB8HHO, ll 
llO~emw npenapaTOB 3a.n;aHHOro COCTaBa C BHCOROit y.n;mHOit (o6~8MHOit) 

. aRTllBHOCTl>IO,· 
lilI O,IJ;Ha H3 H3B8CTHWC M8TO.n;HR He y,D;OM8TBOp!IJIB. Hailll:lM Tpe6oBaHllJIM 

R Ra'I8CTBY no~eHIWX npenapaTOB, :awco.n;y acTaTa, TJlY,Il;08MROCTll H npo
,Il;OJllltHTMl>HOCTH ero Bime~eHHJI, y.n;o6cTBY H 6eaorraCHOCTll.pa6oTH c ROllH
pYJ(XIIID,,IR Ma.HHIIyJIIITO:paMl'l.·Il03TOMY Mli Bll!cylr.IJ;8Hli 6wm paspa60TaT1> co6-
CTBeHHHe Bal)HaHTH M8TO.n;HR. 

CUMoreHHHit acTaT BimeJliIJICJI H3 TO:pll8BHX 114Hlll8H8it II:plI BX cro:pamm 
B IIOTOR8 B03,ItyXa II:plI TSMIIepaType r200°c • .lf8TY'lll8 IIpo)zyRTH ,lij)yrBX cna
~oreHHWC e~eMeHTOB BM8CT8 C acTaTOM IIOCTYJiaJm B•RBapD;8BYIO T8pi!Oxpo
MaT0~8CRYIO RO~omcy .nmmoii 400 MM, i 4 MM ll nepena.n;oM TeMIIepaTypH 
IIO .rtmme ROJIOHRll OT 1200 .n;o 25°c. OtmcTRa acTaTa OT :paJl,HOHYRJm,Il;OB ,lij)Y
I'llX SJI8MeHTOB ·(oRO~O 20) ,Il;OCTHraJI.aCl> pacIIO~OX8HlieM IIO,Itlto,Itfill!HX COp6eH:
TOB (RBapD;eBaJI BaTa, ~TllHOBaJI ll cepe6pJIHaJI ~~ll, crmpa.m M8.n;HOli 
npOBO~ORll) 'B sapam~e 3RCII8:plIM8HTMl>HO onpe.n;MeHHWC TeMII8pB.TYl)HWC 30HaX. 
Ha rasoBoil CMecn 6o~ee 99% acTaTa a.n;cop6:HpOBMOC1> Ha cepe6:pm1ott ~JII,re 
B Y3ROM TSMIIepaTypHOM llHT8pBM8 (I75±,25°C). raMMa~CII8RTpOM8Tpll'lecrum 
aHaJill3, npoBe.n;emnm G l ( u i )-.n;eTeRTOpoM, He o6Hapym£JI JillHHii :e:soTo
IIOB ,lij)yrHX SJieMSHTOB • 

IloJI,V;IeHHe :e: BIDIMeHHe acTaTa ~a BHCM;y'l'OBHX meHeil, MmneIDI r0To
BMRC1> Ba.RYYMHHM ~eHHeM ( ro- Top, IIOO-I30o0c) Ha MaCCllBHlie 
M8.n;HH8 IIOMO.lltKll C ajxpeRTllBHOtt TOJlillRHOli CJIOJI I50 MRM. AcTaT IIO~ 

!2.0'JB ( .l13-;t:AL B peaxmmx i J., X h J · ~ Ha. ycROPHTMe Y-200 .lia6opaTO:plIH smepma: 
peaititHfi murn:. MaRcHMMDHHil BHXO,Il; acTaTa B HalllllX 3RCII8Pl11M8HTax 6~ 
I ,r..ro8 ER. (MRA •. 'I)-1 • Ha 114HllleHH acTaT :e:cnaPffJ.(cJI np:e: TeMnepaType 
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56o0c B IIOTORe r0JIHJI, H B TeMIIepaTypHOM llHT8pBMe I75±_25°c a.n;cop6:a
poBMCJI Ha cepe6:pm1oii ~JII,re. 

ITorneHHe npenapaTOB acTaTa B pacTBOpax 3a.n;aHHOro COCTaBa C BH
COROtt y,D;Ml>HOii (o6MMHOii) 8.RTllBHOCTl>D. AcTaT Ha cepe6pJIHOli ~JII,re 
IIOMell{a.)IH B Bepxmo10 1!8.CTl> CTe~ott &my~, Ha ,IJ;He ROTOpoii HaJCO.IUIJ[CJI 
BO,IJ;HUH paCTBOp 3a,IJ;aHHOro COCTaBa. AMrry~ 3anrumaJilI, B8pXHIOIO ee qacn 
HarpeBMH .n;o TeMIIepaTypH 5oo0c, a .n;HO 0~ Bo.n;on. AcTaT B 3THX 
yc~ommx nepexo.n;HJI B BO,IJ;Hlili p=.lCTBOP, y.n;Ml>HM aRTllBHOCTl> ROTOporo B 
OT,Il;8JII,HJ:lX C~MX ,Il;OCTllraJI.a rcfO E!t.~-I. 

Paapa6oTamme HaMH "cyxRe" M8TO,Il;ZKR nepepa60TRll BHCMYTOBUX ll 
TOPll8BllX MllllleHefi COCTOJIT H3 npe.n;Ml>HO IIpoCTHX orrepan;Hll, ROTOpHe ~8I'RO 
BHIIOJIHJIIOTCJI C IIOMOIIU,IO .n;HCTa!mHOHHoro llHCTPYMeHTa sa 6no~orHtJeCROH aa
IltHTOit. ,Il;Jig II0~8HllJI H806XO.n;HMHX npenapaTOB acTaTa, C R03qlq)llD;HeHTOM 
O'IHCTRH > ro5 , TpeCSyeTCJI He 6o~ee tJa.ca. 3aMeTHli8 IIOTepll acTaTa B npo
n;ecce Bll,Il;e~eHHJI n ROHD;SHTP:HpOBaHHJI CBJI3aHH mmn. c Reno~ ncnapeIDieM 
c cepe6:pm1oil ~OJII,rll :e: He npeBHmalllT 5%. 

B Tp8T1>ett r~e pacCMaTp:imaJOTCJI ROHCTpyronm annapaTypH ll cxeMa 
opraHH3a.Inlll ll3MepeHllfi CROpocTeil MJll'p8Ium: HOHOB pa.u;ROHyltJll!,U;OB B CB0-
60,Il;HllX e~eRTJ)OJillTSX. 

,lJ;1m no~emm ,Il;OCTOB8pHWC pe3yJII,TaTOB II:plI H3MepeHllll IIO.n;BRl!CHOCTH 
llOHOB 06JI3aTMl>HHM YCJIOBHeM smJllleTCJI IIO,IUl;epllt8.Hlle IIOCTO~ napaM:eT
J)OB CliICTeMH: TeMIIepaTypH, pH, COCTaBa SJieRT~Ta, rpa,roteHTa HanpruKe
HHJI. HeMMOBalltHH B 3TOM CJIY'I8,e Ta&Xe M8TO,Il;H JiI3MepeHHJI H o6pa60TRll no
~emwx peaynTaTOB. B .u,aHHOll r~e .n;:accepTan;HH .n;aeTCJI OIIHCaHH8 ROM
MeRca annapaTYl)H liI CBJI3aHHoro C Hett M8TO.n;a o6pa60TRK 3RCII8pHM8HT8.1.11>
HliX pe3yJII,TaTOB, ROTOpHe MOJmO pacCMaT:plIBaTl> RaR nep13Hil, 3aROH'Ielllmii 
3Tan Pa3BHTHJI .n;aHHOro ROMIIJieRca. 

KoHcTpyxr.mg e~eRTJ)OMll[Mlailll:OHHoi Sl'iemcg H cTa6RJm3a.Inlll pH n coc
TaBa e~eRTpOJillTa. MsroTOMeHHaJI H3 CTe~ H3Mep:e:TeJII,HaJI JI'Iei!:Ra IIORa-
3aHa Ha p:e:c. I. Mow Mn'plql()BaJIR B ropliI30HTaJII,HOil Tpy6Re MHHOii .n;o 
500 MM Hi 3-4 MM. TpyCSRa l'IMMa TpliI B8pTHRMl>HHX OTRJ)HTHX naTpy6Ra. 
0.n;HH H3 HHX, I4, CJiyJltWI MJI BBO.n;a p=.lCTBOpa llCC~e.n;yeMoro pa.n;HOHYRJill,Il;a, 
.n;Ba ,lij)YI'HX - Wlll H3Mepemm rpa.n;:aeHTa HanpJIXeHHJI ll BBO,IJ;a ,IJ;aT'lllRa TeM
II8paTYJ)HOro ROHTJ)OJIII •. BHcoRoe HallpJillteHHe .n;o IOOO B no.n;aBMoc1, Ha wra
THHOBIH3 SJieRTJ)O,Il;H I, ROTOpHe B cTeRJilIHHHX 3aunITHHX D;H.1IllH.ll:pa 5 - npn
SJieRTpO.n;HllX Ra.\l:epax - BCTa.BJIJIJil!Cl> Ha lllJlliqlaX B cocy.n;u Wlll e~eRTJ)OJill
TOB 2 • .I];Jig CTa6rumsrumn pH H COCTaBa e~eRTJ)OJIIITa ll3 IIpHSJieRTpo.n;HllX 
RaMep II8:plICTaJ!I,Tll'!ecKHM Ha.COCOM HenpepHBHo OTRa~CJI 3~8RTJ)OJIIIT, 
06oraI11eHHHil IIpO,Il;yRTaMH SJieRTp0Jill3a. 3.IIeRTpOMHrpan;!iOHHaJI Tpy6Ra OT.n;e
~Cl, OT cocy.n;oB Mmq>OIIOpHCTOll MeM6J)aHOii - smepHW~ ~TpOM, c .n;:aa-
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PHc.· l. CxeMa a~eKTpOMlll'pamIOHHOH Sl'I9iirol; ,ItJIJI ropll30HTaJibHOrO 30HHOro 
M9KTpoqiopeaa. l - IIIDTmIOBl19 3~9KTp0.D:lli 2 - M9KTpo,ll;Hli9 KaMep11; 3 -
- M9KTp0MlII'pamIOHHM Tpy6:&a; 4 - nepexO,ll;Hli9 KaMep11; 5 - CT9KJUIHHl19 
3~9KTp0,l(Hl19 KOJKyxH; 6 - Cllc'{l()H .IIJI.fI pery.11:n:pcmamm ypoBHJI M9KTp0JIRTa; 
7 - Tpy6Ka .IIJI.fI IlO'Aatm CBe~ero 3~9KTpo~a; 8 - CT9RJI/IHHM CUllpaJII, ,ItJIJI 

T9JMOCTaTlipOBammi 9 - Tpy6Ka .IIJI.fI OTcacl1I3a.HllfI 3~9KTpoJIRTa; 10,II -
- OTB9pcT.11JI .IIJI.fI IlpoMllBFJI ll 3anOJIH9HIDI CllCT9Mlli 12 - T9JMOCTaTJipy10llJ,M 
Tpy6Ka, I3,I4,I5 - naTpy6Kll .IIJI.fI BBO'Aa aKTlIBHOro pacTBOpa, 3JI9KTp0'AOB 
.Il,7I.fI H3M9p9HIDI IIOT9HUllaID ll T9pMO,Ita.T'IIDtai I6 - ynJIOTH.mOmee KOJII,~Oi 
I7 -~ .IIJI.fI npncoe.IUmeHllJI M9KTp0MlII'pamIOHHOH Tpy6Kll K.3~9KTpo'A
HHM KaM9paMi I8 - ,M9pH!le qJIDU,Tpll. 

~®-.~01 6 r· 
""·" 

PHc. 2. AnnapaTypHM 6~0K-CX9Ma ycTaHOBRll .IIJI.fI MeKTpocpopeaa B CB0-
60,l(HllX an:eKTpoJIRTax. l - a~eKTp0MllrpamIOHHM Tpy6Ka; 2 - ncTOwmt 
ruuII»Jllt9HRlI; 3 - 'A9T9KTOp H3Jiytiemm; 4 - peB9pcHBH!lH nnraTem,; 5 -
MHOrOKa.HaJIE,Hllil aH~3aTOp; 6 - mIT9pcpellcH!lH 6~0R B CTaH,ItapTe KAMAK 
fili028; 7 - 3BM :EX::-IOIO; 8 - T9p.{O,Ita.T'll!K; 9 - 6~0K .IIJI.fI pery;mpoBaHllJI 
T9Mil9paTypll B Tpy6Ke; IO - TepMOCTaT; Ml H M2 - pa,IO!OaKTHBHl19 
M9TKH. 
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MeTpoM oTBepcTHll He 6o~ee 400 X. BcSI Sl'Ie:lhta RMMa TeptocTaTnpyYOllllri1 
KOllcyX. C:wra TOKa KOHTpOJmpOBaJiaCI, MWIJmaMn9JN9TpOM. 

H3M9U9HJI9 rpa.lil![9HTa Hanpmt9H.11JI. Cne~ecKHe oco6eHHOCTH M9TO,Ita, 
CBH3aHHl19 C .ll',1DilT9JII,HllM IlpoXOJK,lt9Hll9M 3JI9KTPH'I9CKOro TOKa tJ:9p93 3~9KTpO
JlliT, Tp96YJOT H9IIpepllBHOro ll3M9peHIDI rpa,u;ll9HTa IlOTe~. IlpH 3TOM 
BO Bp9MSI 8RCil9pnMeHTa ocymecT~8TCSI aBTOMaTH'I9CKllH KOHTp0JII, CTa6HJII,
HOCTll CHCT8Mll, IIOCKOJII,KJ ll3M9H8Hll9 :xm.mtl8CKOro COCTaBa M8KTp0JIRTa 
JI ero TeMIIepaTYl)Il IIpHBO,ltlI'r R Jl3M9H8Hm0 COilpoT:m3JI9H.11JI 3~9KTp0JIRTa B 
OT'A9JII,Hl1X 'IaCTSIX Sl'I9HKH. IloCJie~ee, B CBOIO ottepe.IU,, ll3M9HJ!9T rpa,u;neHT 
Hanpm!t8Hl1JI lt1Ilil'. C03,Ita.9T HepaBHOM9pH!lH r~eHT Ha KOHTpO~Y9MOM.~acT
R8 Tpy6RR. ,Il;1m lICKJI!Oll8HnSI o6pa30BaHIDI Ilpo.eyltTOB 3JI9KTpOJIR3a Ha ll3M8-
plIT9JII,HllX M8KTpO.I{ax, rpa.ttll8HT HailJllllK9HRlI ll3M9pS!Jlli C IIOMOIIII>!O 'A~8M 
.rump8Jlt8HIDI, COilpoT:m3JI8HJl8 ROTOporo MmKHO 6wro H3M9HSITb ~OTb 'AO He
CKOJII,KlIX I'OM. 

TeXHHKa neTeKTlfPOBaHllSI @mmnettcSI aoH11 H cxeMa arrrrapaTypHOll op
raHRa~ 3RCll8plIM8HTa • .IUIJi ll3M8peHIDI aKTlIBHOCTlI ~mitymellcSI 30Hll JIC
Il0Jll,30~0Cb H8IIpepllBH09 CKalillpoBa.HlI8 MID:'paI{llOHHOll Tpy6KH 'A9T9KTOpoM, 

ROTOpwi rrepeM91l18J.[CSI B,ll;OJil, ee OCH. Jvm ~OJiytiemm BOCilpoll3BO.n;m.ru:x: pe-
3ym,TaTOB Hym!O 6WIO perncTpnpOBaTb JIIDIIE, II9pII8~JIJIJ)Hl19 R MOCROCTlI 
'A8T9RT0pa /-ltB8.HTl1 • .IUIJi ll30TOIIOB, RM910lltIDC B crreRTpe /-KBaHTll C 3Hep
l'll8ll H8 6o~ee 150 K3B, 3TO Tp960BaHH8 Te~ecIGI IIpoCTO Bl1IIOJIHSI8TCSI 
C IlOMOIIII>!O CB~OBOro KOJIJmMa.TOpa TOJill!RHOH IO MM, rror~OntaKJllt9ro 60KOB09 
naJiytieBlle. Ho KOJrJmMaTOp He ,ttaeT HymIOro a@leKTa·.IVI!l ~OH:ylt)IlI.UOB 

C .lK9CTR.m..m J-RBaHTaMJI B CII8RTp8, lI IIplI CKaHllpoBaHID't MO'A9JII,Hl1X TO'l:8'1-
HWC JICTO'llllntOB Ha.6.1no.naJoTCSI npoT~emw:e CEMM8TPH'IH119 30Hll. P83RO YM9HI,-
11DITb rro601IH11e. ajqleKTH Y.I(MOCb TOJII,RO rroCJie ~tteH.llJI B cxeMY ~eTeKTR
poBaHllSI ,!OICRpHMRHa.TOpa lI MHOroRaHaJU,HOro aMIIJmTY.I(HOl'O a.HaJIJl3aTopa 
(MAA} , pa60TaBIII9ro B MJJII,TlICK9JIJI0pHOM peJJtHMe, 'ITO II03B~O perncTpR
poBaTb J-KBaHT!l B npe~pnT9JII,HO B!16paHHOM 3HepreTH'I9CKOM ,!OlaII8.30H8. 

Pacnp8'AM9HJl8 pa,IUIOaKTHBHHX HOHOB B M8KTpo~OHHOl1 Tpy6Ke 
lI3M8pS!Jlli C~.IILllJIHIOIOHHllM 'A8T8KTOpoM C KPHCT~OM Ala J(T-t.) (j 12 MM, 

BllCOTOll 30 MM, aHepr8TH'I8CR08 pa3pemeH1Ie IO%). 3aKpllT!ltt CBIDirtOBOll 
3aIIIRTOH AeTeRTOp {pnc. 2) 6wr ycTaHOMeH Ha Te~ene, KOTOpaJI B T8tJ:9-
HlI8 OIWTa. nnra.rracb C IIOCTOSIHHOll CK0p0CTI,IQ B,ll;OJII, TpY6RH. IDiqio~ 
0 paCIIpe'A8~8HHH aRTHBHOCTH IIO .n.,nme TpJ6KH lI lI3M9H9HlIH BO BpeM9HlI 
Hrutal1.11ID3aJiaCb B 1laMIITH lI3rOTOMeHHoro B OIDIB B CTaH,ItapTe KAMAK MHOro
RaH8JII,HOro aMtIJIRTYAHOro aH~aTOpa. 

Crre~o coa,Ita.HHHtt IIaKST rrporpaMM I O Y , 6~oK-CXeMa ROToporo 
IIOKaaaHa Ha p:e:c. 3, II03BO~ IlpoBO'AHTb o6pa60TRy peaym,TaTOB 8'AHHH'I
Hl1X ll3MepeHHll H9Il0Cp8'ACTB9HHO IlOCJie OROH'laBllSI OII11Ta lI IlO~Tb ROH8tJ:
HllH peaym,TaT rrpaKTllttecu cpaay xe rroc~e aaBepmeHllJI BceK aRcrrepl'll'l!eH
TaJII,HOil nporpaMM!l. 
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Pllc. 3. E.lIOK-CXeMa IlpOrpaMM I OR. 

06pa60TKa. pe3VJII,TaTOB ll3Me:pemm. B Hamett 
CllCTeMe onpe'AeJieHHe nO;ItBDHOCTR HOHOB CBO
'AHTCJI K T01IHOMY onpe'AeJiemm CKO!)OCTH ,ItBmKe
mm: a.RTJrIBHOii 30Hll IlJ>lI nOCTOmIHWC TeMnepa.
Type, pH, COCTaBe 3JieKTpoaTa ll rpa.,n!!:eHTe 
HaIIpffJ!temm: E (B.cM-1). OT ToimocTH HSMe
pemm: nO;ItBDHOCTH B e.Itmm'mOM SKcnepRM9HTe 
ROT BOCilpOH3BO,IO!MOCTR pesyJII,Ta.TOB Onpe'Ae
Jiemm: cpe;ItHett KO~eHTpa.IUIOHHOtt nO,ItBJ11lllliOCTH 
3aBHCHT Katt npBMeHl!MOCTI, M9TO'AB, ;n;.7lfi peme
mm: KOHKpeTHHX 38,Ita.'l, Tatt ll 'AOCTOBepHOCTI, 
no.7IY'Iemmx pe3yJII,TaTOB. n,m 6oJiee Toimoro 
Oilpe'AeJiemm: MeCTOilOJIOEemtlI a.RTRBHOtt 30Hll 
Ha KOllcyX Tpy6Im Ilpl!KJ!el:lllaJm ,ItBe TO'!e~e 

IID!IDL_) pa,IO!Oa.RTRBHlie M9TKH (M[ ll M2), OTMS"iaBllme 
yqacTOK, Ha KOTO!)OMCKO!)OCTI, nepeMentemm 

'AeTSKTOpa 6wra. CTl)Oro nocTommott. O'AHa R3 HRX {MI) npmmMa.llaCI, sa Ha

~o KOOp,IOma.T ll OTHOCHT8JII,HO Hee paCC1DITHBaJIOCI, paccTomme, IlpOH'AeH
HOe 30HOtt sa lI3BecTmrll: IlpOM9JB:y'l'OK BpeM9HlI, PaccTomme MeJr,IJy MI lI M2 
ll3BeCTHO C T01IHOCTI,JO ±0,I CM, ~eHTH 3anRCH RHq)Op.mnmt noCJie O;ItHO
ro SKcnepl!MeHTa nOKaSaHH Ha l)llC. 4. B XO'Ae SKcnepl!MeHTa MecTonoJIOllteHHe 
30H y,IJ;a.BaJlOCI, ~ClIJ)OBaTI, OT 8 'AO 30 pas. B KOOp,ItJma.Tax X:: f ( t J 
qepes STlI TO~ IlpOBO'Al'fJIR IIJlflMYIO lI on;emma.m1 no qJ()IJ,!YJiaM {3+6) napa.
MeTpH ~eimoro ypa.:eHemm: {2) H m: .ItRcnepco: 

X= x"- wl , (2) 

r'Ae l° - nocTOJIHHaJI, paBllaJI no B9JllAlme paccTomnm OT Mec'l'a' BBO,tta 
a.RTlIBHOC'l'll 'AO MI; X - paccTomme 0'1' MI 'AO n;eHTpa T.ffllteCTR 30Hll '!epes 

~~~r· r-r-r-,~p~•:rrr·< ~
.!:; I I p I 
2.5 

1.51 

500 K 

. .,-, , 
B.P8MJi t llOCJ!8 Ha1ia!Ia MRrparcm; Y{ -_ 
CKO,POCTI, ,ItBmlt8HWi SOH!l lipR 'IRCJI8 
8ICCll8,Plll48HTaJII,HHX TO'leIC rt., 

PJIC. 4. ~9HT SanRClIB IIaMJlTR 

WiaJDil:3aTopa B 8W3RCEMOCTH OT HOM8pa 
RBHaJra. 

8 

'N:: h I l; X; - I l; 2 X; 
n2.tf-Cz.t;JX.-

(3) XO= "f._ if 'i X? - 2 L X; 2- 1:(4) 
' YILtf - l2.,t;) 2 

' 

,,-1.l -1."'" t 
,.i. ,;:, s~ -S).[_.1. + ( n L t; (6) 

..)w:: nl:lf - (2.LJ 2 C5>,_ A'- n 112-t~-(L.t;)l. 1 

r'Ae 

,i 1 l ---: ~ ·1.J • 
,.5 = ~ 2. l X, - x,, - Wl;) I L = i 

i• L 
(7) 

Katt n~o, '!RCJIO nOBTOPHHX Onpe'AeJiemril: ( rn ) BeJ!ll'll!H IlO,ItBIDKHO
CTH HOHa lIPll 3a,IJ;aHHOit KO~eHTparcmt SJieKTpoaTa 6wro OT 6 'AO I2. Bee 

~o ~ 
OHH B 60JII,meit RJm MeHI>me~ CTeneHR OT~aJillCI, BeJm'IID!aMII xi-. ll W'J 
( j ::. 1. -;- m } , lfa SKcnepEMeHTa.JII,HO IlOJIY'IeHHh!X 3Ha'!eH:ait x, , C yqe
TOM CTaTRCTH'leCKOro Beca OT'AeJII,HOI'O onpe'AeJieHIDI ~ = + onpe'AeJllI-
a Bemmmy X. ll ee ,ItRcnepcRJO sx~ 

i 

X":: (LP; ~
0

)-[~1r; r 1 

J-

.i ~o -,, 1. - 1 
$,,. = [2. P; t \ - X ) ].[ ( WI - 1 ) 2 pi ] ' 

w, 

~ Z=~. • 
BHme 1w YJ1t8 OTMe'!a.,m, 'ITO HCTRHHOe 3Ha'!eHHe Be~ X,, 

HSBeCTHO. 3Ha<mMocTI> o~oHemm X0 
OT HCTRHHoro sHa'!emm 

onpe'AeJIIIJlliI no Kl)llTepm:>: 

I ;_ I 

I XO - vo I L_ l ( WI f ;,:- ( S- F· 
o /\ PK Xo J 

(8) 

(9) 

6wro x: 

(IO) 

r'Ae ~Pl', - KO~eHT CTll]teHTa lIPll p = 0,95 ll '!HCJie cTeneHeit CB06o
,Itli K • 

Ill)ll HemmOJIH8HlIR 8Toro H8paB9HCTBa ITOCJI8'AOBaTeJII,HO llCKJIJO'laJill 
RS (8) Te 3Ha'!emm: Xj _ (H~

0
He 60JII,me 30% OT Ha'laJII,HOrO K0~8CTBa), 

;n;.7lfi KOTopwc pasHHD;a I X • - Xi / 6wra MaKCRMaJII,Ha. Eca np:e: oT6pa.-
KOBKe HCRJilJ'l8JIOCI, 6oJII,me 30% 'A8HHWC,·TO C'IHTaJIR, 'ITO STO yita3UBaE3T Ha 
HaJilflDi(8 CllCTeMaTH'leCKRX OTKJlOHemnl:, CBJI3aHH!lX C npo:acxo,JtHIJtm.m B · 
SJieKTpOMm'pa.ItllOHHOii Tpy6Ke npon;eccru.m, ll pesyJII,TaTH ,na.HHOit cepe 
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3KCnepm.rnHTOB He pacCMa.TplraalilIC:&. Hs Bcex w;, ;If,)I.ff ltOTOpHX COOT-

B8TCTBJDllU:18 3Hai:reHIDI Xj m__?BJI8TBOpmm: YCJIOBIDO }IO), onpe,ne.ruum: cpe,I(-

HBJKl cKopocT:& .I(Blll!teHWI so.HH w R ee .I(Rcnepcmo 5w no <I>oIMYJIBM, a.Ha

JIOI'lrn!HM (8) H (9). 
3RcnepHM8HTaJI:&HM IIJlOBepKa BOCIIpOH3BOlmMOCTH M8TOJIHJtlI. Paspa6o

Ta.HHa.!l HaMR M8TO,I(RKa 6wra Tl!l1lT8JI:&HO npoBepeHa Ha IlpliIM8pe 6.mmattmero' 

roMoJiora acTaT:ir,na - aHHOHa il:o,I(lJ.D:8.. HcCJie,noBaBRII npoBo.rcwmc:& c yJI:&Tpa-
131 ;-

Mmq>OKOJIH"l8CTB8MR • Ta.rum Jlte 3Kcnep:RM8HTH 6wm: BHIIOJIHe.HH C f•o,,~• _ "" 
KaTHOHOM JI8.HT8.HOlJ,ll;a / .t, • 3Hai:remm B8.1IlrnlIH nO.I(BRlmOCTH J R T ,6 

6wm no.rryqeHH 3KCTpallOJI.III:Cll8il: K0Hq8HTpaqltOHHHX nO.I(BRlmOCTett Uc. Ha 

HyJI8BYJO KOHq8HTpaqllil 3JI8KTpoJIRTa. IlOCltOJI:&KY cpe,ItHHe onm6ltll IIpR onpe

,I(8JI8IDm IAe 6wm OT 0, 5 .no 2' 0%, B 3a.BHC:BMOCTH OT KOHq8HTpaqltR q>oHO

noro sJieKTpoJIRTa, TO ;If,JI.ff onpe,neJieHRlI .U- M1,1 OrpamrtmJ!IIC:& JIRHeil:Hoi:i: 

3KCTpallOJI.III:Cll8il: y:pa.BH8HRlI: 

Ue; -::c l,('° - I< vc {II) 

Onpe,I(eJieHHHe Hru.m: cpe,ItHHe BeJilI"mHI:l llp8,I(8JI:&HHX nO,I(BRlltHOCT8H ;If,JI.ff 

O.I. T - Ll ... = (8,IS±,0 2).ro-4 c~.B-1 .c-1 R ;If,JI.ff 1.b0r.t 3 t-Uco= 
= (7,0+0,I5).ro-4 ~.B-f.c-1 IIpR 25°c 6wm 6Jmsltll 1t npmlil'.THM sa sTa

Jiomrae7 7,96.I0-4 ~-B-1.c-1 R 6,82.ro-4 ~.B-1.c-1 COOTB8TCTB8HHO. 

B "18TB8pTOli rme o6cyJ£,D;a!OTCJI pesyJI:&TaTH HCCJI8,I(O:BaltWi no,ll;Bml!HO

CTR H80pr8.HR"l8CIGlX <I>oIM acTaTa. HMelOllllleCJI JIRTepaTYJ)HHe ,namme noxa.-

3HBaKJT, "ITO acTaT MOJ!t8T CY1118CTBOBaT:& B BaJieHTHHX COCTOJIHWIX - I,0,+I 
(:wm +3)' +5, +7. Hrul60Jiee ,ll;OCTOB8p!i0 H,lt8HT~BaHHOil: q>op.rott C"IH

Ta8TCJI acTaTH,It, C HSyi:remm Mlll'paIOm ltOTOporo MH Hai:raJIR HaIIIR 31tcnepn

M8HTH C acTaTOM. 

IlpenapaT acTaT:ir,na no.rryqa.im BOCCT8.HOBJI8IDl:8M acTaTa B ~eJIOi:rHOil: 

cpe.ne (0,0OI M) I'lJ.ll;Pa3mII'R,Iij)a.TOM <r.ro-4 M + r.ro-3 M). l{oHq8HTpaqlt

OHHHe no.I(BRlmOCTR /If.- H3M8plIJ!ll B RHT8pBaJie r.ro-5 M + r.rn-IM ~OH
.Iin/1 llp8,I(OTBpa!ll8HIDI OltHCJI8Hl1ll acTaTlJ,ll;a BO BpeMJI 3JI8ltTpoqJOpesa, 3JI8ltTpo

JIRT Bcer,na CO,I(8piira1.[ 2. I0-5 M ~ H~- 0 H. ,Il;1Ig K8Jlr,ItOil: KOHq8HTpaitHR "IHCJIO, 

onpe,neJieHd 6HJIO OT 8 ,I(O I2, a CTa.H,napTHHe 0TltJIOH8HRII 2%. PaCC'llIT8.H-

HaJI no ypa.BH8HRSM (3)+(II) B8JIH1Dma Uoo = (9, 5±,0,3) ~ .B-I .c-1 

OitaSaJiaC:& 3Ha"IHT8JI:&HO BHill8, "18M MOllCHO 6HJIO 6H O.lltl!,I(aT:&, RCXO,Itfl ml 

nO.u;BlllltHOCT8! .npyrmc raJiore~OB. Ee.ml HCXO,I(KT:& TOJI:&ltO ]!3 coo6pazem 

o pasMepe :a:oHa Ar ( 2,3 X), To no;o;BDHOCT:& acTaT:ima npH 6ec1t0Hei:r

HOM pas6aBJiemm .nomma. 6HT:& M8H:&me :wm paBHa COOTB8TCTBj'Dll8il: no,ll;BHllt

HOCTH tto.ltlmS,. liaM TpY.[(!IO cetti:rac 06'LR:CHRT:&, C "ISM CBJI38.HO 3TO :pas.m
"IH8, HO COB8p!l8HHO 0"18motHO, "ITO llpo.D:OJIX8IDl:8 litCCJI8,I(OBrumll acTaTH,Ita 
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C IIOMOll!I>ID paspa60T8.HHOil: M8TO,I(RKR' nosBOJllIT nOJIY'IllT:& ·. HOBH8, :imTepecHHe 

CB8,I(8HlU:[ 06 3TOM, Ka.3aJIOC:& 6H, xopomo Hsyi:reHHOM XRMlf'I8CKOM COCTOJIHIDI 

acTaTa. 

KaTll:OH acTaTa. AcTaT, OltHCJI8HHlili 6nx:poMa.TOM, B OTJllI"llit8 OT .I(pyI'llX 

raJioreHlt,I(OB, CTa6wms:apyeTCJI B pacTBOpax: KRCJIOT B q>op.ie IIOJIOD:T8JI:&HO

ro O,I(HosapJmHoro ROHa, ;If,JI.ff KOToporo 6wro npe,u,rroJKeHo o6osHai:reHJie 

( A f:. 0 t . Hs RSBSCTHBX :x:mmi:recruIX • cooil:cTB sToro ROHa CJie,I(yeT, i:rTo 

OH M8.1IO IIOXOJlt Ha O,I(HOSal)ff.Il;HHe KaTROHH MSTa.JUIOB. Ilpe,I(IIOJI8.I'a8TCJI, "ITO 

( Al e) t - npoinmii a.KBaltOMIIJISKC' :wm, "ITO O,I(HO H TO lite , Il'poTOHlitpoBa.H

HaJl rRIIOacTaTHM KlitCJIOTa. 06 ycTOR'mBOCTlit IIO,I(06Horo coeromeHltSI tto.na 

m&eK>TcJI TeopeTHi:reeitHe o~emm:. 

E,n;m!CTBSHHHM BOSMOlltlll:lM nyTSM IIO,I(TBSp.I(RT:& 3TJ I'mIOT83Y SIBJUI8TCJI 

lit3Mepemi:e IIO,I(BltlltlIOCTH HOHa B pacTBOpax: C rrepeMeHHOH KRCJIOTHOCT:&Kl H 

IIOCTOJIHHOH HOHHOH Cl'IJIOH.·ECJIH HallII! Ilpe,I(CTaBJISHIDI B8pHH, TO CJI8,I(OBaJIO 

6H OlltlJ,ll;aT:& 3aM8,IT,JI8ill!H ,nmme:mm (A /; 0) + B 3JI8KTPH"l8CIWM IIOJIS, IIpR yne

J!l!'l8IDIR pH Rs-sa C,I(Bltra pa.BHOB8CHJI ( H,1., 0 fl tt t H.t O ~ J((Jlll +- HJO Bnpa.BO. 

IJpenapaT (/U,0) + rOTOBlitJIR nyTSM HarpeBaHHSI pacTBOpa - 0,5 M 
/-la 0~ - I.I0-3 M 1-/4 CiL 0, • 0rrp8,I(8JI8HH8 IIO,I(BlDBllOCTB litOHOB acTa-

Ta llpoBO,I(PIJIOC:& B paCTBOpax (0,4-x)M 1-((£ O't - X M Ya. l!lO~ - I.I0-4 M 
u,l Ci.l- o,. , r,I(e o,r ~ x ~ o,375. IIpRcYTcTBHe r.ro-4 M H.t e.~o, 

npe,I(OTBpa!llaJIO BOCCT8.HOBJI8HJI8 ( M. 0 ) • BO Bp8M.ll 3JieK-rpc$)pesa. 3ltcrre-

pHM8HTH IIO 3JI8KTpoq>opesy acTaTa B 6:e:xpOMB.TCO,I(8!)lK81ItliX pacTBOpax: 

HLA"a.) CL 0~ .naJIR e~e o,I(Ho H, oi:remotHo, Ha:e:6oJiee necKoe IIO,I(TBeps,ne-

Hlit8 CYil!8CTBOB8.IDIKl IIOJIOll!lITSJI:&HOro litOHa mrroro raJioreHa. Bo BC8X OIIHTax 

• ' \- M2 Ml,I Ha6JIKJ,naJIR r.mrpan;mo acTaTa TOJI:&RO lt KaTO-
, .,,_ \ ,I(y (pRc. 5), a Me,u,rreHHoe y6mirume B.RTRB-

j : . ! HOCTlit Ha MSCTS BBO,ll;a B8p0JITH88 Boero CBJI-

. . }\_ Sa.HO c ~cop6:o;e:ett KaTROHa Ha ltOJLlIOl{,I(HHX 

.' \ .. , ,....... ,,,.. -, i:racTHU.ax KP8MHB8B0li ltHCJIOTH. 1IeTKaH 3aBlit-

"' _···;, •80 --.,,, ;;_ "" 560 CHMOCT:& CK0p0CTH MiU'l)8.1unt .OT pH 3JI8ltTpoJilitTa 

MZ ., 

J'-.. ·····-~-·-·-' 
-'l,•45- \A j 

. . ... ' -. ___ _,, ·-

~~11oi&idol40iio 

J ··- \~ '~ 
, ·-... __________ ........ _ .. -~ ·,,/ .. 

1040 1060 1080 1100 1120 1'11,0 1160 

PHc. 5. Pacnpe.I(MeHHe acTaTa B.D:OJI:& 

3JI8ltTJ)OMHI'p8ItlOHHO.ll Tpy6ltlt i:repes ti Mm 

IIOCJI8 Hai:raJia 3RCII8pHM8HTa. A ~ IIOltBD

Ha.JI 30Ha1 B - H8IIO;n;BHlltllWI 30Ha Ha M8CT8 

BBO,ll;a, MI H M2 - pa.ItK08.RTRBHH8 M8TKlt, 

o~e 6asy HSMepem wnmott 

190 MM. 
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IlO,ItTBep;n;wra Ha.lllY rmIOT83Y O CTpoemm Ita.TllOHa acTaTa, IIOCROJU,:Ky CRO-

pc>CT1, Mlil'pa.rnm mi: ll i O +- , HR Al O; , 011erumHo, He .n;o.mma saBHceT1, 

B BII6pamiOM llHT8pllaJ18 OT ROH!l8HTpaumI Ir° ROHOB. EcJm Ha.6J110.n;aBlllaJIC.ll 
3a:B:IICUMOCT1, .n;eilcTIDITeJII,HO OTJ)8.ll(a.8T rrpoqecc .n;errpoTmmpcmaHWl, TO ll3M8-

H8HlI8 CROPOCTR MlII'paIUm ,ll;OJilKHO OTpal!taTl, CM81118HlI8 ,1llIHaMl{tl6CROro paBHO_; 

Becllll I ll.1. 0 IH. J' + 1-1.., o;;:: Hot: I: + H3 o" n .n;oJill!llo 6IIT1> rrporroPitHOHaJII,HO 

OTHOCllT6JII,HOil ROH!l6HTpaUlm RaTROHa B paCTBOpe: 

Uc =- U1111t11• 
[(IH0J'J 

--- = 
[l/lt0)'] + UllOH] 

Uulf 0,• l H' J . (I2) 

[H·J+K"'p 

IloCJie WleM6HTapmnc npeo6pa30Ba.llllli (I2) IIO.nytraeTCJI ypamrnHBe npJIMOli 

.n:mnm, npoxo.n;mqeil rro.n; yrJIOM J.. = 45° R OCJIM ROOp.mmaT R II03BOJilI!Olqeli 

onpe.n;eJIBTl, l<.,1 p R3 8RCIIepnMeHTaJII,HHX pesym,TaTOB (CM. Ta6JI.): 

Ta~ 

IIo.n;:ammocTl, acTaTa B 0,4 M Hl/4 J U o., - I.I0-4M H .• /'z~ 0,rrp»: 25°c 

pH Ue .IO~ ~~B-1.c-I pH Uc.Io4 ~-?~c-I 

I,68 I,I7 0,93 2,43 

I,56 I,34 0,83 2,45 

I,42 I,67 0,7I 2,64 

I,2I 2,38 0,63 2,67 

I,09 2,4I 

ti ( ut! ) =- 11 ( _f_ ) - PH 
utAio,· - ut! K",, 

(I3) 

Ilocxom,ey BeJll!llm!Y u.lRteJ' B YCJIOBl!lll 8RCIIepJ!MeHTa 6:wro He-

B03MOEHO ll3M8pBT1>, TO ypaBHeHRe (I3) pema.im C llCIIOJll,30Ba.Im8M Uuae}' 
B xa:qecTBe rrepeMeHHOro IIapaM8Tpa ll 6paJIB TO 3Ha'l8HKe ( U l Fl £ 0 J t = 
= 3,08.I□-4 CM2 .B-1.c-1), 'AJI.ll ROTOporo '.()a3IDl!1;a ltrJ- -1 MmmMaJII,Ha. 

(meHeHHaJI TBRllM o6pa30M ROHCTa:HTa .n;enpoTOHR3aIU!JI K«p = 0,032±0,005 

0Ra3aJiaC1, Bllllle, '18M O~a.Jm, R IIpaRTB'l8CRB TaROH .lite, RaR ll pacclJl!-
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Ta.HHW! 'AJI.ll l JO H.L t . Ee YTO'IHemi:e Tpe6yeT 6oJiee o6nmpHoro Ha6opa 

8RCII8pRM8HTaJI1,HHJC .n;amrnx. 
XJioptrnmm ROMIIJI8RCII llOJIOllO.!TeJI1,HOro RaTROHa acTaTa. 0,n;HllM l!3 IIep

BlIX CBOHCTB, ROTopoe y.n;a)IOC1, o6Hap:yDT1, rrpn pa6oTe C IlOJI0.11WTeJI1,H!:lM 

ROHOM acTaTa, 6:wra ero TeH.n;eHillI.lI R o6pasOBaHB!O ROMIIJI8RCHHX ROHOB. Pa

Hee MeTO,D:OM ROHHOro o6MeHa 6:wro Il0Ra.3a:HO, 'ITO B Y3ROM llHTepBaJie ROH

qeHTpaIOiii XJIOpH,D;-ROHa (2.ro-3+r.rn-2 ) M; (At 0 J + o6pa3yeT .n;Be ROMII-

JI8RCBHe qiop,m - Al Cl R Al CL,,_- , IJPR 8TOM orrpe.n;eJieBH ROHCTaHTII 
~ 3 -l o. 5 -.1 ,t 

ycTolttmBocTR n. = I,3.IO M.JI R ,~ = 2,5.IO M.JI • Co3.n;a.HHruI 

Ha.MR MeTo.n;mta ll03BOJIWia onpe.n;eJIRTl, CTYIIeH'!aTIIe ROHCTa:HTII YCTOli'!RBO

CTR XJIOp:r.r,n;HHJC ROMIIJieRCOB acTaTa B RHTepBaJie ROH!l8HTpa.Umi XJIOpH,ll;-ROHOB 

r.rn-6 ~ l ll -J ~ I ,5.rn-I M.JI-I. Xo.n;· 3aBllCRMOCTR lAe. = f'{[ U ·1} no-

Ra3aJI (pnc. 6), 'ITO B 8TOM RHTepBaJie ROH!leHTpaUltit {IU 0 J t .n;eiicTBH

T8JII,HO o6pasyeT ItoMIIJieRcHHe WC)p,!ll: IJ I. U R Al U.z - • Ha OCHOBe 

8RCIIepRMeHTaJI1,HWC pe3yJU,TaTOB B8JIII'llmll /< 1 Haxo.n;wm:c1, MeTO,ll;OM 

HanMeH1illllil'.X RBaJU)aTOB. MmmMam,Hoe OTRJIOHeHRe OT 8RCIIewn,teHTaJil,HlIX 

.n;aHBHX IIOJIY'llt)IR rrpn KL = 9,5.I02 trI ~ K1. = 2,5.Iif trI. 3TH B8JIB-

'IRHH ORa3a.JllIC1, OlJ8H1, 6JIB3Rl!Mlil R pa:Hee IIOJiyqeHHW/1 pe3ym,TaTBM. 

~ 3 

·~ 2 ... ·~ 
N_ 

ti 

<T 

~-1 
0 

=> 
-2 

-3 

--6 -5 -4 -3 -2 -1 0 lg[Cl]-

.... 

Pllc. 6. 3amtCRMOC'1'1, B8JllllmlllI u e OT ROH!leHTpaUim u - . 

Onpe.n;eJieHWI ROHCTaH'l' YCTOli'!RBOCTB XJIO:pl!f.ltI!IIX ROMIIJI8RCOB acTaTa 

6wm npoBe.n;eBH 'l'OJII,RO B pacTBOpax KHCJIOT (pH.= C,O ., 5 -£ ) • IlOIIIITRR 

BlIIIOJIBXTl, BRCnepRM6HT B He!TJ)8Jll,Hl:lX COJieBIIX pacTBOpa:ic ;a;aJm HeCROJU,RO 

HeOJra,1taBJfilli pesym,TaT: 6oJiee 90%. aCTaTa, BHeCeHHoro B O,I5 M K a.. • 
OCTa:BaJIC.ll B Tpy6xe Ha M8CT8 Ha.HeceHH.ll. O.n;muto He6om,maJI 'laCTl, o6pa-
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30BWJa.Jia llO,zum:m:HylO 30HY, CKOpoCTL Ml'II'parom: KOTOpott COOTB8TCTBOBaJia 
Al Cl..1,- • AKT:imHocn pacTBopa M8llt,DY cTaPToBoii :e: no.ItBIDBHoii 30HaMH 

6wm. Ha ypoBHe qx>Ha. IIp:e: 60Jiee HH3KHX 3Ha'l8HWIX pH p8.CTB0p M8l!Q:tY 
30HaMil HM8JI OTHOCHT8JILHO BHCOitylO aKTHBHOCTL, YJ)OB8HL KOTOpoit 'l8TKO 
3aBHC8JI OT KHCJIOTHOCTH 3JI8KTpoJIHTa H np:e: pH=I npa.KTH'l8CKH cpasy qiop
r,mpo:sa.rracL Y3KM, orpa.HH'leHHall: soHa II t. a.,,- • TaKofi xe ajq>eKT Ha

~aJICJI, eCJIH B H8liTpa.JILHIDi pa.CTBOp (O,I5 M I< lL ) BBO,!Otlm 3apa.Hee 
o6pa.30BaHHim II t CL.L - • IlOJIY'l8Hlill8 gJa!tTll n03BOJIHIOT c.n;eJia.TL 3aKJIIO-
'l8HlI8 0 TOM, 'ITO CK0p0CTL pea:KD;lm (At 0 J 1- C XJIOJm,It-HOH&m 3aBHCHT 
OT pH pa.CTBOpa, HO Ha ycTOitinmOCTL II t ~ - KOl!q8HTpalnIJI W° H8 BJIWieT. 

B rurroit rJia.Be pacCMaTpHil8.lOTCSI nepcneKTHBH .n;am,neiimero pa.3BHTHSI 
M8TO,wl. 30HHOro MeKTpoqx>pesa B CB060.n;HOM 3JI8KTpoJIHT8. He3aBHCHMO OT 
TOro, 'ITO nOJIY'l8HHll8 pesyJILTaTll no HCCJie.n;o:samm H80praHH'leCKIDC <Ix>IM 
acTaTa HM8RlT, no HameMy MHeHmo, He CTOJILKO KOJmll8CTB8HHyJO, CKOJILKO 
Ka'l8CTB8HHyi) ueHHOCTL, OHlI Il03BOJISIIOT p8.CC'lHTJllla.TL Ha .IJ;OJirOBp8M8HHyJO 
nporpar.wy HCCJie.n;oBaIDiii, OCHOBaHHylD Ha Hanmx: nayqHO-M8TO.n;H'lecKKX pas
pa6oTKa.X. Ho pea.ms~ TaKOii nporJl8MMli HeBOSMoima 6es cos.n;amm 
Ka'l8CTB8HHO HOBOro ypoBHSI CHCT8Mll perncTpa!ijm. 

Pa3BHTH8 .II,Il8pHOli M8KTpOIDIICH C IlpllM8H8HlI8M C0BpeM8HHWC MHKpo-
H Mmllll-3BM H C03.n;aHR8 B 0T,IJ;8JI8 aBTOMaTHsamm qJH3H'l8CKOro SKcnep:e:MeH
Ta JIHII 0llilli pa.n;a ymI(iimuipcmamrux 6J1:0KOB B CTa.H.n;aPTe KA.MAK, nosBOJ.IHJIO 
HaM O.n;HOBP8M8HHO C pa.6oToii no ycoBepmeHCTBO:eamm SJieKTpoMlll'p8.InlOHHOii 
JitI8liKH, Ha'laTL pa60TY no H3M8H8HH!O H ycoBepneHCTBOBamm CHCT8Mll 
perncTprunm aKTHBHOCTH H aBTOMa.TH3amm c6opa HHqx>~. IIp~aJIL
HaJI 6JIOK-CXeMa CJI8.nyJOIIl8ro, 6.1IRll{IDilllero STana pa.3BHTIDI CHCT8Mll per:e:cT
prunm noKasaHa Ha pnc. 7. HoBllii Bal)Ha.HT CHCT8Mll n03BOJI.fI8T He TOJILKO 
O.n;HOBpeMeHHO onpe.n;eJIJITL IlOJJ;I3IDKHOCTL HOHOB pa,ItHOizyltJIH,I{OB, HO·H noJI
HOCTLD aBTOMaTH3HpOBaTL ll OllTllMll3llpoBaTL npouecc c6opa H o6pa.60Trut 
liHqJ()!Manml. 

B 1:1 BO .l{ 1:1 

HaY1IHO-M8TO.IJ;lllI8CKHe llCCJI8.IJ;OBaHR!I, nOJI021teHHlle B OCHOBY .n;nccePTa
~ • .n;aJIH CJie~e pesyJILTaTll: 

1. Paapa.60TaHll ,IJ;Be M8TO.n;nKll Bl:rlCOKOT8Mn8p8.TypHOro Bll.n;eJieHIDI 
acTaTa: 

a) H3 TOpIDI, 06.JIY'leHHoro llpoTOHaMR c SHeprneii 660 MaB. CIIaJIO
reHHHit acTaT B npouecce BtmeJieHIDI O'lBJila8TCSI B rasOT8:IM0xpoMaTOrpaif,H
'l8CKO:it KOJ!OHKe 60Jiee 'l8M OT 20 M8M8HTOB, Cj'M!,!apHaSI aitTRBHOCTL KO-
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0 1 0 1 0 
7 3 5 0 1 

17 
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Pnc. 7. Annapa.TypHasI 6JIOK-CX8Ma ycTaHOBKH ,JJ,1IJI 30HHOro M8KTpoqiope3a 
B CB060.n;HHX M8KTpoJIHTax: 1 - llCTO'IHIDt Bl:rlCOKOro HarrpmteimSI; 2 ~ .n;e
T8KTOp H3 'll'l'.CTOro reIMaHIDI; 3 - IlpH3JI8KTpo.n;HHe llpoCTpa.HCTBa; 4 -
aJieKTpo~oHHrur Tpy6Ka; 5 - .II,IlepHHfi qinm,Tp; 6 - T8:IMOcTaT; 7 -
Te:IMOcTaT:e:pYJOllUfil KOJKyX; 8 - 6JIOK ynpa.BJieHIDI maroBHX .n;BHraTeJiell; 9 -
maroB!IB .n;BHraTeJIL; IO - ar.me:IMeTp; II - Bl:rlCOitooMHirii .n;eJIHTeJIL mmpm1te
HIDii 12 - nep8.n;Bl'OKHaSI TeJieJKKa.; 13 - CBllllqOB!IB KOJLllID,raTop; 14 - .n;aT'lllK 
TeMnepa.Typu; 15 - BBo.n; npo6I:rI; 16,17 - KpeiiT KAiAAK c MHKpo-3BM :e: HH
iepqieiicHllMl'! 6JioKaMH. 

TOPHX IlplIM8pHO Ha Tpll no~ BHme, 'l8M y acTaTa; pa.3.n;eJieHHe llpoBO
.n;llTCSI B IlOTOK8 B03.n;yxa; 

6) H3 BHCMYTa, o6JIY1IeHHoro aJII,qJa-'lacnmm.m c aHeprneii 36 MaB; 
BU.n;e~eIDie npOBO.n;HTCSI B nOTOKe reJIIDI. 

B o6enx M8TO.n;nKaX acTaT a.n;cop6:e:pyeTCSI ll3 ra30BOro IlOTOKa npn 
T8Mn8pa.Type I75±,25°c M8TaJIJIH'l8CitllM cepe6poM. IIpo.n;OJillllIT8JlI,HOCTL M8TO.n;:e:K 
45±,15 MHHyT, Bl:rlXO.IJ; acTaTa > 99%, pa,IJ;llOHYKJ]lWlllX 3arpSI3HeIDiii HeT. 

2. Paspa.60TaHa M8TO.n;:e:Ka IlOJIY'l8HIDI npenapa.TOB acTaTa BllCOKOit 
y,I(eJil,HOli (o6~eMHOH) aKTlmHOCTK B p8.CTBOpax 3a,IJ;aHHoro xm.mqecxoro co
CTaBa, ocHOBaHHM Ha neperoHKe acTaTa B 3aMKIIyTOM o6~eMe. 

3. Paspa.60TaHa SKCil8PllM8HTaJILHM M8TO.n;:e:Ka onpe.v;eJieHIDI no,I(BIDlt
HOCTK B CB060,IIJil:rlX M8KTpoJIKTax acTaTa H YJILTpaMHKpoKOJIH'l8CTB (ro-9 T 
+ 10-Il) r .n;pyr:e:x HOHOB J-pa.n;nOHj'RJilOl;OB • 

4. Paspa60TaHa KOHCTpj'KI:Olll M8KTpoXHMH'l8CKOii JI'l8HKH ,JJ,1IJI npoBe
.n;eHIDI SJieKTpOqiope3a HOHOB B CB060.n;HI:rIX M8KTpoJIHTax H C03;ir,a.mi CHCT8Mll: 
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- cTa6lI.7III3IlJJYIOiqRe B .ff!Iefute TeMIIepa.Typy C±0,02°C) n pH B rrpouecce 
SKCII9pl!MeHTa, 

- KOHTpOJillPYIDIIt11e rpa,mreHT HanpruiteHIDI C±O,OI B), 
,,. 

- perllCTpllpyroJllli!9 paCIIP9.Il9Jl9HlI8 rutTllBHOCTll B,IlOJI!, srqeihm ll Hrutall

JllIBa.KIIUI9 STY llliqiop,m.IUil{l BO BpeMeHlI. 
5. C03,IlaH IlaK9T rrporpaMM ,n;Jill o6pa60TKll pe3yJII,TaTOB II3Mepemrn 

H9IIOCpe.ncTB9HHO B IIPOuecce 3KCII9pm.!9HTa Ha 3BM EC-IOIO, KOTOpaJI 6HJia 
CM3aHa c paspa6oTaHHOii perncTpnpyioIIte:lt CllCT8MOll (peDM iJ ff - ✓' n L ) • 

6. 0IIpe,Il9JI8Ha IIO,IlBIDKHOCTh aHROHa acTaTH,Ita IIPll 68CKOH8'1:JlillX pa3-

6aBJieHIDIX, paBHaJI (9,5±0,3) CM2 .B-1 .c-1 • I!OKa3aHO, 'ITO acTaTH,Il-llOH 
YCTOll'IHB TOJII,KO IIPII pH > 7, 'ITO He IIPOTHBOp8'lllT II3B9CTHOii T8H,Il8Hrnm 
06 YM9Hhme~ CTa6llJihHOCTll aHHOHOB raJioreHH,IlOB B pacTBOpax IIpll YB9-
JIH'l9HHll IDC aTOMHOrO HOMepa. 

7. BnepBHe 0Ilp9,Il9JI9Ha CKOp0CTh MlII'parom KaTllOHa ( flt 0 }"' II IlOKa-
3aHO, 'ITO OHa 38.BllCllT OT pH cpe,Ill,l, 'ITO cormcyeTCH C IIP9.IlCTaBJI8HIDIMI{ 
0 TOM, 'ITO OH HBJIH8TCH IIpOTOHHp0BaHHOii rmroacTB.THOll KllCJIOTOii I /U/Jf&/; 

C,Il8JiaHa oueHKa B8Jill'llIHH KOHCTaHTH .nerrpoTOHllpOBaHRH, KOTOpaH IIpll6Jlll3II
T9JII,HO paBHa 3.10-2 • 

8. 0IIP9.Il9JI9Hli Ha OCHOBaHHll ll3Mepe:inm IlO,IlBIDKHOCT8H ~TllOHa acTaTa 
B (r.ro-6 fl U J ~ I,5.ro-1 ) M KOHCTaHTH ycTOihm:BOCTH XJIOPJiWIHX ROMII-

11 - 0. .;_ -J. ~ "'--2 . 2 JI8KCOB n la II At CL.l : P, = 9, 5.10 M.JI II rz =2,38.ro-u .JI • 
9. Bil9J:!Bli9 orrpe.neJI9HHM HaMl! IIO,IlBIDKHOCTh /It tl.i- , pa.BRM 

3,0.10-4 c~.B-1 .c-I, OKa3a.JraCh 6Jlll3KOll IIO a6COJIBlTHOll B8Jill'll!H8 MaKCII
MaJII,HOii IIO,IJ;BIDKHOCTII (ALB(, pa.BHOll 3,os.ro-4 ~-B-1 .c-1 • Trutoe . 
COBil8,ll;9HH9 B9Jll!lmH IlO.I(BIDKHOCTR IIOHOB II03BOJIII9T C,Il9JiaTh IlP9,IlilOJIO~eHIIe, 
'ITO (/tlB}~ HBJIH8TCH 6H,Il9HTaHTHHM aKBaKOMIIJI9KCOM. 

IO. 06pa30BaHll8 1/ la; B pe~ C //{, 01+ c XJIOJ)H.IlHHMll IIOHBMli 
C 3aM9THOii CKOpoCThID H,Il9T IIPII Hl!3KIDC B8Jil!tllIH3X pH paCTBOpoB.· B H9iiT
pa.JII,HHX cpe.nax KOMII.7.I9KC He o6pasyeTCH, HO yxe cqiop.mpoBaHHHH flt Cl,z

B XJIOpH,IlCO,Il8pxtall{IDC :pacTBOpax ycTOll'lllB IIPII pH= 8±1. Ha6.mo,n;aBmlliicH 
3KCll8pl!M9HTa.JII,HID1 qia.KT Tpe6yeT ,IlaJII,Heiimero IICCJI9,IlOBaHIIH'll lllIT9pIIpeTa-

Ullll. 
II. Paspa60Ta.Ha nepcrreKTRBHM CX8Ma arrrr~pa.TypHOH opraHH3aUllll 

llCCJI9,Il0BaHl!ll :xm.mqecKIDC CBOHCTB acTaTa ll llOHOB .npyI'llX pa,IU:IOHYKJIH,IlOB 
M8TO,Il0M 30HHOro 3JI9KTpoqiopesa B CB060,JtHHX 3JI8KTpOJillTax, 6a3lipy10lllaJlCH 
Ha HOBOH MO.IlllWmta!Um perHCTpnpyioIIteii CllCT8Mli C IIOJIYIIpoBO,IlHmtOBHM .ne
T8KT0poM, ynpa.BJill8MOli MRKpo-3BM. Oti:eBlI,IlHo, 'ITO HOBaH CRCT81Ja. Il03BOJillT 
pacmnpIITD rrporpaMMy ncCJie.noBaHIIii Ha o6JiacTII, IDITepecmrn ,n;Jm xm.mn 
M8KTpOJIIITOB, M9,lJ;IIUlllllilI 6:e:OJIOI'lm. . 
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