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A6cop1Sua pe.rp:oae..-KI>Ilt aneMell"rOB aa auo.aaTax aa paCTBopoa aaoraoil xacnO'I'bl 
11.21 181 14 5/ 

aay>~anac.. .nauaoM , Hmuaaoil • .liP• , cllailpacoM • Ba'laaaaow ' • B~>~no yCTalloa-

nello, '(TO aa 8Tillt paCTBOpOB Jla Caiii>KOOCKOBKYX 8JIIIOJIOOOM&IIIIYX CM0118X TJID8 'I&TB&PTR'I

KYX aMaJIOB pe.rp:oaeMeiii>IIYe sneuell"rY (p.a.a.) a6copiSapyJDTCa cnaiSo. XOTR a6cop6apye

M~'I'Io p.3.8o a B03paCT8eT C DOIUIJK&Jllle' 8TOMJioro KOM&pa, 84 OCIIOB& 811HOIIIIOrO OOMella 

a 'laCT~o~x a30TJIOJ:acnYx paCTaopax BCe-T8J:R aem.aH ocymeCTBR'I'Io pa3Qenellae llalKe aaR

ISonee nenax naaTaDllOB. OQaaJ:o p.3.s. oiS&apJlKIIBaiO'I' uoa~o~weaay10 a6copiSapyeMocn. H3 
• /2 8/ 17,81 

J:OI(JI88Tp8pOB8JIKYX paCTBopOB 118Tp8T8 8MMOKaJI ' a H3 paCTBOPOB llRTp8T8 naTilll • 

171 
Hcuom.ay• a J:a'leCTBe INIIO&Il"ra paCTBopY arrrpaTa IUI'I'IIR, Map~:yc a Hem.coa cMorna 

upoaecTa xpoMaTorpaljla'lecJ:oe p83.11&11&88& nerux p.3.a. 118 8118081l"raX. B R&.II8BHO ony6ml
/9/ 

J:oaauoil paiSOTe XaMary'l8 ISwno yCTaiiOBII&IIo, 'ITO nerJ:8e pe.rp:oaeMellbahle sneMeHThl 

o'leSJa xopomo a6copiS8pyiDTCa .11a 8JIHOIIIIT8X 83 pacTBopoa a8'l'p&Ta Maroa. 

A.11copiSilaJO p.3.s. aaaouTaMa a3 arrrpaTaYx pacTaopoa MolKJio 3Ha'laTe11bao yny'IDIJITb 
/10 11/ 

38M&80il 'laCTa BO.IIY COOTBeTCTBYIOW8M paCTBopRT&II&M, H81Ip8Mep, MeT8HOIIOM ' • 

Bo.IIHo-MeTSJIOIII>HYe pacTaopY a30THOII J:8CIIOTH ylKe acn0111>3oaaoc.. .!IIIli rpy6blx 
/12/ 

rpynuoa~o~x paaQell&118il p.3.s. , Tal: ll<e ~:ax 8 .ltiHI npoae.II&H8SI .11pyr8x xpoMaTOrpaojla'le-

•

/11 ,18,14/ 
cux pa3,!1enea8 • 

pa
., __ /15/ 

B aameA upe.IIY.!!Ymeil """'~ 8Ccnelloaanac.. allllollooiSWell.llaR aiScopiSuH raQomr-

Jiaa a eapOIUIH a BO.IIHo-weTaaOIII>aYX pacTBopax aeATpaiii>HhlX IIRTp&TOB. Bl>lno ycTaltOaneao, 

'ITO aei1Tp8111>Hhl& JlaTp8Tbl B II&J:OTophiX Cny'ISJIX I[CJIOIIIo80B8Tb ISonee YlloOHO, '18M 830T&yl0 

J:8CIIOTy. Haup8M&p, acn011b30B8HRe 11e11Tpa111>8hiX HRTpaToa.uoaaonJieT pa6oran. upa noabJmea

llhiX Tet.mepaT:ypax. B~>~no Taltllte uoxaaa11o, 'ITO aaaoaayil o1Swe11 83 BOilHo-MeTaaom.ahJx , 
pacTBopoa IIKTpaTOB awMoaaR uoaaonK&T ocymeCTBHTb ylloiSJIYil M&TOil paaQeneHaR cneQo-

awx J:OIIR'IeCTB ISonee nerJ:8X. 'I&M raQooaaA p.3.s., OT MaxpoxOIIR'IeCTa raQonaaaH. 

B aaCToameil paiSOTe 

DO.IIrpynliY. 

8ft &ccneQoaaaaa pacnpocTpaaeaY aa ace p.3.s. uepaeaoli 

8 
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3J:S:Uep1MeSTAIUtBaB 'IACTio 

MuepiAlJkl• PeaJ:TIBbl IS~o~na ltllanacjiiKan.BB x.'l. 1 'I.A.a. • 1cnoro.aoaanaci> !Sea 

O'IIBCTD. 

PaAIO&J:TIBSble B30TOIIbl p.a.a. BbiAenJUIBCb 13 TaBTanoaoll M!lmesB, o!Sny'lessoll 

upOTosaMll c aaepr1eJt 680 MaB sa csaxpon:IJ:llOTpoae B Jly!Sae, 1 O'lamanaCJo sa xpowaTo

rpacji.B'IeCJ:OII II:MORJ:e1 aanonseRRoll J:ATIOSOo!SM&RROII CMonoll Jlay&J:C 50 x8 B AMMORBIROI 

cjlopue. 3nJ08BTOM CnylKIIl allbcjta-riApOOJ:CII30ISyTip8T AMMORII. 

B aslo.aoo!SM&RRI>IX aJ:cnepiM&ITAX ynOTpe!SnlUIBCI> can~>aoociOBRble aslosoo!SweasaJ:B 

AM!SepnaT IRA 400 R JlayeJ:C 1 II RBTpaTROI cjlopMe. 

CoAeplK&IIlR8 M8TAR0ll &nJOeBTbl I paCTBopbl, 13 J:OTOpbiX npOBOARll8Cio copCSn:IS, IICerAA 

rOTOBBllRCb senocpeACTB8RSO I18p8A OIIbiTOM B IIOAII:BCllKllRCb A30TROI J:ICllOToA AO 0,01N 

KoschdJBnBel[fbi pacnpenenaBII. Koecjlcjla!IBeRTbl pacupeAenesas onpeAenBIIBCJo lliCSo B 

CTATB'I8CJ:IX , lliCSO B ,IIBSAMI'IeCJ:BX YCllOBBIIX B 38BICIMOCTB OT IX OlKIA88MOII 118lli'IBRbi. 

B CTaTR'IeCKRX &J:cuepiMesTax 0,05 r (II uepeC'IeTe .aa aCSconiDTso cyxy~ CMony) 

AMCSepnsTa IRA - 400 (SRTpATRAll cjlopua) BCTpllXRBanB C 1,2 Bill 8 Mn COOTB8TCTBY~IIl&

ro pACTBOpa, COAep.lKAIIl&rO paAROAJ:TRBSWI RSARJ:8Top. nocne AOCTRlKeSSB p8BSOB8CBB Alli

J:BOTSAll 'IACTb paCTBopa S8SOCSn&Cb RA llnAT.SOBblft IIBCJ: B Bb1CymsBAll8Cb IIOA BRcjlpaKpac

ROft naMUoll. PaABO&J:TSBSOCTb oCSpaauo11 aaMepHllaci> TopueBbiM raArepoBCJ:BM C'leT'IIIXOM. 

Ha OCBOBASRI IIOny'I8SSbiX peaym.TaTOB p8CC'IJ:TblB8llJ:Cb J:O&cjtcpBn:BeSTbi pacupeAeneSBB X: d : 

<•. -· >·• Kd • • ' (1) 
•• • m 

rAe •t - oCSmall paASOAXT.BROCTb oCSpaan:a; •. - p8BSOBeCS8!l paABOAII:TRBSOCTb paCTBo-

pa; y - o61.ew paCTBopa ( Mn); m - Bee cMoJihl ( r). 

B ABBaiiO:'IeCJ:BX oiibiTax paAROAJ:'l'aBsHA •aOTOII aneMesTa, KOTOpbiA seo!SxoARMO 

6blll0 •ccneAOB8Tb1 BSOCJ:IlCll B 11:8111le COOTBeTCTIIY~IIlero aniOeSTA B 8RROS006Messy~ J:OllOS• 

X'f 2 MM X 105 MMo 3JriOAT co!SapanCR OTAellbSbiMJ: J:AMRMJ: ( • 0,08 Mn), p8AR08J:TBB

ROCTb J:OTopblX peracTpapoaanacb raArepoBCJ:RN C'leT'IRJ:ON. Koacjtcpan:aesTbl pacupeAenesas 

paCC'IB:TbiiiAIIJ:Cb uo uono•es•JO IIRJ:a sa J:pRBOII an~apoaaus: 

rAe 

B Nll1 

x.d. • .. -•. 
m 

(2) 

"• - o61,ey 8lli08T81 COOTBeTCTBYIOIIlJ:il naxy B Mllj • 1 - CBOCIOASbll o&bew J:OllOSKR 

m -Bee CMOllbl B r. 

Paa.11ue.aae. PaaAeneoe cBoCSoABbiX OT aocaT&ns p.a.a. &ay'lanocb sa xonos~:ax 

2 MM X 105 MN1 aanOIIJ:eHBbiX AMCSepiiJ:TOM IRA 400 (HsTpaTSAB cjlopMa) • 400 Mem 

Jlayaxc 1 ( .asTpaTsas cjlopMa) - 400 Mem. YcnoBBSI a·xcnepsMesTa 6~o~na 'l'e lKe caN~>~e, 

Bill 

4 

• 

'ITO a up• onpeAenes•a xoacjltjlluaBToB pacnpeAen&RBll ARRAIIO:'I&eJ:BM NeTOJ 

upepbiBROrO pa&Aell&llll!l BCall IIOAJ'P1IInbl n:epa!l •CDOIDo80BaliACJo TeXRBJ:a rp 

aliJOapOBAUB. HeupepbiBRoe •aweseue J:ORII&BTpan.BR J:OMIIOSaBT emoeBTa A 

IIOMOIIl• npOCTOII 8KCIIOSe.BilR81lbROI CJ:CT8Nbl CM8JII8US, COCTOJIIIlall aa S&KJ 

•oA J:aMepw • peaep11yapa. H3Meae••e J:ORJieRTpan.B• II TAJ:J:X CJ:CT8M&X MO 
/18/ 

Clll cn&Jl7JOIIl•w ypa11aeuew ~ 

c., •C1 +<c 0 -c1 )esp(-v/vo >. 

rAe C.t • J:OBil8RTPaJtal II peaepByape; C 0- J:OHA81lTpallRlll II CM8CIIT81li>BOI 

·v0 - oeh.ew cNeciiT8m.lol uwepw. 

npa AUOIBON OCSNeHe p.a.a. II IIOABo-M&TAROJibBblX pACTBOpax UTpaT 

CIIOCoCIBOC'nl 8nJOeBT8 MOlK8T CSw-n. IIOIIWIIl8Ba pa3111:'1RWMJ: M8TOAAMJ:: YllfeRI 

TpaiiBI liRCSO CIIBPT81 UCSo BB'Q)A'J'A II paCTBope I 1111150 oCSoax OABOIIp'M"B 

•auraeuwx 3AeCJo 9J:CIIep•ue8Tax ISMeRHll&Cb TOmtJ:O J:ORII88TPAIIRlll .. ,.~ 

OIIWTAX Ct • 0 • n09'J'OM1 BWpa•8Rie (8) :rupOIIlAeTCil: AO IIUa . 

C .. • c0 esp(-v/v0 ) • 

Peaym.'J'aTW • oCicyJKAeue 

Ha pac. 1 nOJ:a3a.ao llllllllllle J:ORil&BTp&llBS RBTP&Ta ANNOIIKB aa Koat 

D:peAelleRBll aerxax p.a.a. Jl)m 8Bioaoo6ueuol aCScopCSilU aa 85% paCTIIopo 

BJ:Aao, 'ITO 11 aa,.-.eaaoA oCSnaCTa J:.ORII&BTpaiiBI lt X. • - naaallaall cjlyJIKilas 

C T811'8BCOM yrna BaJ:liOU1 Guu.au II: 8AJ:RIIl8o 3TO OSB8'188T1 'ITO Alllll 

TOll Uepi&Bol DQArp1JIIIb1 ~N888RRe J:09cjtcpRilleRTOII pacnpeAeJre&J:lll B 38111C 

ll8BTp&llBI RBTPATA ANNOIIBll NOlK8T OlliCWBATt.Clll yp811B8Ril1Mll IlpliiMWX Jill 

J111X 'lepe3 U .... O ocel ll:oopARBaT. JlaiiCTIIHT81DoRO, IIOApOC5.BWI 911:CDepRM8! 

DOJ:88biii88T1 'ITO JUIJl paC'taopOII C COAeplKaBI&M N8'1'e110U. ~ 85% nocne Bl 

II:PIIIIIUBCirO 1'18CTJ:4 II CAMOM Ba'18118 38BICIMOC'nl IM88T IlpliiMOIIJ:B&IBbiii 

AOBAT&m.B01 C ltopOIIliM IlpiCSmllKeBR&M MO:IIDO 38111C8Tb, 'ITO 

X. 4 • a[ NB , lfO 1 ] , 

rJl& a - IIOCTOllUalll1 xapaJ:TepBAll II A8RRblX ycnOBJIIIX A.IIB II:A:II,!IorO p.a.a. 

1 COOTBeTCTB)"JOIIlJ:a cjlaJ:TOpw paaAe.ueulll coCSpABbi 11 TaC5atute I. 
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3KCDapBM8HTAnbH8H '18~ 

PaaKTBBbl !SblnB KBanBopBXADBB x.'l. • 'l.t~.a. B BCnom.aoaanBCh !Sea 

a B30T0Dbl p.a.a. Bbi):I8.11JUUICh B3 T8HT8.110BOA MllmeHB1 o!Sny'leHHOA 

e.ll 680 MaB H8 CBHXPODBK.IIOTpOHe B lJ.y6ae, B O'IBDIAnBCh Ha XpoMaTo-

1 aanonHeHBOA K&TBOHOOISMeBHOA CMO.IIOA: lJ.ayaKC 50 X8 B &MNOUA:soA 

:>KJI.II an&ojla-rBt~pOOKCBB30ISyTBp8T 8MMOUBo 

HbiX axcnepBM&BTax ynOTpe!SnBDBCh CBDhHOOCBOBKble assoaoo!SuesHRKB 

BRTpaTHOA: ojlopM&o 

i9T8HO.II 9.11109HTbl R paCTBOpb11 B3 XOTOpbiX Dp0B00.118Ch Cop!SDBH, BCert~a 

D9P8ll ODbiTOM B DOJ:IXRC.IIBDBCh 830THOA UCROTOA 1:10 0,01 N 

Koe.P,P.DBaHTbl pacnpe~:~enea•• onpe~:~enBDBC& na6o a 

YC.IIOBBHX B 38BBCBMOCTB OT BX O:>KIIt188MOA B9.11B'IBBbl. 

axcnepBMeHTax 0,06 r (a nepec•eTe sa a6conJOTso cyxy10 CMony) 

400 (HBTp8TB8ll ojlopua) BCTpliXBB8nB C 1,2 BnB 8 M.ll COOTB9TCTBYJODI&

DI&ro P8llB08KTBBHWA: BBJUIJt8TOp. nocne llOCTBlK&HBll p8BIIOB8CBll ana

opa HABOCBDaCh Ha DDATBBOBbiA ABCX B Bb1CYDIBB8D8Ch DO):I Blloppaxpac

:TBBBOCTh o6paauoa B3Mepsnac& TopueBbiM raArepoBCXBM C'I&T'IUOM. 

paCC'IBTbiB8.11BCh K09ojJq,BDB8HTbl pacnpe):le.lleHBH J( d I 

J( d • ( at - •e )•Y' 

•. • m 
( 1) 

'8tiB08li:TBBBOCTh o!Spaaua; • • - puBoaecsaSI pansoaKTBBBocT& pacTao-

eopa ( Mn); m - aec CMOJlbl (r). 

X 0Db1T8X P8AB08B:TBBHhiA: H30TOD 3.118M8BT81 XOTOphiA: Be06XO):IBMO 

,BOCBDCSI B lt8D.IIe COOTB9TCTB:YJODiero &.IIJOeBT8 B AUOBOO!SMeBB;yJO ltO.IIOB• 

3nJOaT co!Sapancsr OTt~en&HbiMB JtAMBMB ( • 0,08 Mn), pa~:~soaKTBB

TpBpoaanac& raA:repoecJtBM C'leT'IBKoM. Koa.P,PsuBeHTbl pacnpe~:~enessSI 

onoJKeHBJO DBX8 Ba !tpBBOA: 9.1110Hp0B8USI: 

I.d • •m-Y __ I_ 

(2) 
m 

JOaTa, COOTBeTCTBYJODIBA DBKy B M.lli "t • Cao!SOt~BbiA o&J.aN ltO.IIOHitB 

bl B r. 

PaaneneBBe ceo6ot~sblx OT HOCBTe.IIH p.a.s. Bay•anoc& aa JtonosJtax 

IO.IIBeBBbiX AM6epnaTOM IRA 400 (BBTp8TB8H ojlopMa) - 400 Mew BnB 

asr ,PopMa) - 400 Mew. YcnoaBH axcnepsMeHTa 6blns Te lKe caMhle, 

4 

• 

!' ,,. 
,, 

,(1 

·:y: 

f" 
1.1 

' 

'ITO K DpK ODpa~:~enaBBK lt094JCjiBDBaRTOB p&CDp41Jl8.118BBll 0H8M11'18CKBM M9TOAOM. lJ.ns He

DpapbiBBOrO pae.Qe.llaBBB BCaA DOIU'P)'DDbl D8PKB KCUo.IDt80BanaCh TeXJUrxa rpAJ:1K9HTBOrO 

e.IIDIIpoaaua. He~epHasoe •auasaBBa KOBD&BTpADB• KONJIOKaHT e.IIJOaRTa .llocTHranOCJo up• 

DOMODIK DpOCTOA 8XCDOH8HDB8DhKOA CBCTaMbl CM8DI9UH, COCTOJIDieA K3 aaxpbiToA CM8CBTelllt-O 

KoA xauapbl H peaepayapa. J13M8H8KK8 KOHD8HTp8J:IKK B T8KBX CBCTeMaX MOlK&T ODKCbiBa,._ 
/16/ csr C.II&JQ'IOJIIBM ypaaseueu ~ 

c,. •C1 +<c 0 -c1 lesp(-v/vo l. 
(8) 

r.Ua C1 • KOHD8.B'I"paatall B peaapayapa; Co- XOHII9RTpaDBB B CM8CKTeDhJIOA UMape; 

'V0 - o&J.eu CMacKT&m.aol uuaplol. 

npa 8BBOHJIOM OISM&Jia p.a,e. II BOJlBo-MaTaBOJlbKI>IX paCTBOpax UTp8TOB
0 

BbiMbiBaJODiall 

cnoco!SsOCTit amoeHTa MOJK&T ISHTio noablmeu paanB'IBbl... uaTo.llaMB: yuem.meueu xoanes-

TpaDB• n•!So cDKpTa, alSo BII'VJ81'a a pacTBope 
1 

alSo 
o!Sosx OABOBpaMaali:o, O.IIBaKo a 

K3llar89MbiX 3.118Ch 8KCJiapKMaRTax K3M9BBD8Ch TOJlbKO KOHD&JITpaDBB UTpaTOB, 8 BamKX 

OllbiTAX c, -0 • n08'J'Oaq BblpalK&Ua (8) TDPODia&TCll JlO BU8 

C.,. • c0 esp(-V/V0 ). (4) 

Peay,ru,TaTH • oCScr-.lleue 

Ha pac, 1 DOita38BO lliiiiUUIIle KOIIJI8RTp8DKR UTpaTa AMMOIIIIB Ba xoeq,.p.JIK&BThl pac

Dpe.Jl&n8BBll llarKBx p.a.a. DpK auosoo!Suauol a!Scop!SJIKK •a 85% paCTaopoa M&Tuona. 

8J[JlBO, 'ITO B K3T'f&BJIOA o!SnaCTB KOJIIlaHTp&t~JtA I1J.: 4 - DBaABall ojJyBQBll OT ls(NB
4

N0
1

] 

c Tasrescou yrna BaKnou, !SalraKBu x aABUJia. 3TO 03Ba'LI&T, 'ITO Mll acex anaMes-

TOB D9pB9BoA DOJtrpynDbl B8M811811B8 K08.P,P.JIB&HTOB p&CnpfJl8.118HBR B 38BKCKMOCTB OT KOII

J18J[TpaDBK IIBTpaT8 &MMOIIBJI NOlK9T OJIBCbiB8'fttCJI yp&BJI&UJI... DpiiMbiX n.BBBI
1 

llpOXOJl ... 

D1BX 'lepea U'IUO ocel KoopJlBDT. lJ.eiCTBBTeDhKO, JIO.QpOISIIWI 8JtCDepKM&IIT8111tllloiA asanaa 

IIOJI:HblllaaT, 'ITO .lUIS paCT&opoa c COJlapliUIJIIIeu u~ ~ 88% nocne se!Som.moro •c
KPKII.IIUBCII'O ,.,...CTU B CANOY Ba'UM 34BKCKMOCTit BMeeT DpliMO.IIBJiaiBhll X&pUTap. Cne-

Jl0BaftllloB01 C ltOpOIIUIM DpK!Snallt8U8M MOlKIIO NJIBC&Tit1 'ITO 

1: 4 ••[NB 4 N0 1 ], 

r.Qa a - DOCTOSIIUiall1 XApattTepll.all B Jl81U1h!X YCROUHX Jl.llll UlK.QcrO p.3,8
0 

3Ba'I8BBll a 

B COOTBeTCTBJ'IOIIIB8 41&KToplol pa3Jl8.118Ull co!SpaBbl B Ta~Smule 1. 

6 
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TaC5n•aa 1 

3aa•ao• DOC'l'OIIIlB:WX ''a,, • ljlarropoa paa.QeneuH .QU nerux p.a.e. np• :.10°C a CBCT&Ne 

6515 CB 1 OB -NB.&IU~- AMtsepnrr IRA 400 

3newell'l' 

''a'' 

41arrop 
pe8.Qen&USI 

Gd 

8,:.1 

Ea 

4,8 

1,40 

Sm Pm 

8,8 11,1 

1,44 1,71 

Nd Pr Ce La 

17,8 27,1 40,4 53 

1,88 1,88 1,49 1,81 

B BO.QS~Ne'l'U~.BWX pacTJIOpAX U'l'pll'l'8 IIBTBSI K08~B8JI'I'W pacnpe.Q&II8BBSI 3IUIB

CSIT fYt KOSia8B'!"paUII Bll'l'paT8 ua'le, '18M B paCTBopalt 8NNOBBSI (pac. ~). npB'IBBy 8"1'0ro 

AOCTATO'UIO AOCTOII8pBO OC5'JoBCBII'fto ,llOB~BO Tp)'JlBOo rnaasoe p83U'IB8 8TIIX AB)'lt K8TBOBOB 

SKCD8pBN8HftlUoJIO DPO-eTCSI B TON1 'ITO B npHC)'TCTBU BOHOB 8MMOBIIIII cjl&KTop pa3.Q811-

USI npaii:TB'I&CU He 38BBCIIT fYt 11:01Ul8ll'l'p81lBB COU0 Tor.Qa 11:811: B DpBC)'TCTBBB BOBOB nBTBSI 

tjlaxTOp p83,1l8n8Ull 38NeTHO p8CT8'1' C pOCTOM II:OBa&BTpailBB BIITp8T8, KpoMe Toro, B cp&Jl&, 

COJl&pliUIIQel IIJITP8T DTIIB1 II:O&.pjiBJulell"J'H pacnp&Jl8118BBB 38..CSIT fYt XOG8BTp81lBB C5onee 

P83K01 '18M B paCTBCJp8X BBTp8T8 8MNOBBL 

3U'I8BBB xoe.pjiBJuleBTOB pacnp&Jlaii&UR nensx p,a,a, B CBCT8M8 85'1. CB1 OB -IN LIN(\ 

Awtsepmrr IRA 400 np• 20°C 11 COrnaeTCTB)'IOIQBe cjla][TOJilol paa)leneHBB noxaaaBH 

• TaC5n•a• :.1. 

TaC5n•aa 2 

3aa'leus Jt~eii'I'OB pacnpaAeneBB!I • cjlaxTopoa paa)laneuB Jl 1111 nerux p.a.a. 

DpB 20°C B CBC'NNe 1$5'1. CB 10B-IN LIN01 - AwC5epUT IRA 400 

3neuell'l' 

l:d 

41arrop 
paa.QMeus 

Gd 

8,4 

1,41 

Ea Sm 

9,0 12,8 

1,38 1,88 

Pm Nd Pr c. La 

28,2 45,5 98,8 247 588 

1,98 2,12 :.!,56 2,87 

PBC. 8-8 IUUIJOCTPIIp)'IOT B03MOlKJIOCTB p83Jl8118U!I narii:Blt p.a.e, BBJIB00 'ITO BCDOIIb-

3)'B &moell'l' DOCTOBBBol BhiNI>IBaiOIQel CBIIhl' MOlKJIO 0'18& ltopOIIIO p83.Q8UTio CM8lK.Bhl8 

anewe.BTW. B~o~crna e4J4le11TBBHOI T&opeTR'Iecxol Tapenu ~:onona, paCC'IBTaHHaB no 

/17/ 
DBII:)' np8380.QBN8 {pBC, 8) B8 OCIIOJWIUII T&opBB rnl011:8)'cjla o p&BBA 0,56 MN, 8 DO DBII:)' 

seouwa (p•c. 4) - B3TT • 0,58 ww. 

6 ··J 

,J~ .. 
I J 

.. 

11CDOlllo3)'!1 rpa.QII811TH08 SniOIIpOB8HII81 MO)f{BO Bh!Mh!Tb BCIO 118pii8B)'IO 

M&pHO '18TblpM.IICT8MB K8DliSIMII ( CM, piiC, 5-6), 06'J.eM, COOTBeTCTB)'IOII!IIII 

H8MHOrO Dp8Bhlll!88'1' OC5'1oeM paCTBopa, lleOC5XO.QBMOro .QliSI lt8TIIOHOOC5M&HHOr 

pB&BOII DO.QrpyDDhl C am.<jla-r&.QpOOitCIIR30C5yTHp8TOM 8MMOBRSI, BpeMSI, Tpe6 

BhlDOllll8111151 p83.Q8.119JIBSI H8 8HHOBHT8X0 B .QB8 pasa 60llbme, '19M DpB p83)l8 

xaTHOHBTBOII KO.IIOB!te, C.neny&T saMeTBTb, 'ITO paaneneBHSI, noxaaaaa~o~e B8 

npOB9Jl8llhl He B aC5cOlllOTBO ODTHM8llloHhiX yCliOBIISIX, nps l!y11W9M Bhl6ope p 

p83.Q8.119USI 9li8M8li'I'OB MO)f{BO BhlUOliHBTio 6onee 'leTitO, 

H8 piiC, f:! ):(n!l Cp8BH8HHSI DO!t838Hbl DHKII Bb!Mb!BaliiiSI K8llloll11511 CTpOI 

BII.QBo, 'ITO 9TH 9lleM&BTbl np11 .Q8HBbiX ycnoBH!IX 9liJOHPOB8HBSI BhlMhlB8JOTC5 

liii8M II MoryT 6hlTb XOpomo p83.Q8.119Bbl, B CIICT8M8X 0 CO.Q9p)f{Bil!HX B11Tp8T 

1111Tp8T8 liiiTilllo IIX p83)l9ll91lH9 Dp0B9CTII Tpy.!lHO, npa TBX yCliOBIISIX 0Db!T8, 

6blllll DOl!y'191lbl pesym.T8Tbl, DOK838Hilhl9 118 PIIC, 6, 68pllll II BTTpllll BbiiYhl! 

0.Qil81t0 np11 KOMH8TJIOII T9MD9p8Type 68pllll II IITTpllll DOS!Bli5110TCSI JlB)'I\UI 'IE 

HhiMII <jlpaK)liiSIMII, 3TO CB51381l0 C TeM, 'ITO K09<jl.pllllJI9BTbi p8CnpenenellBRI 6 

6blCTpee C DOJIH)f{9HH9M T8MD9p8T)'phl, '19M KOS<jJq,llllll8HT BTTPIIB, 

npe.QCit838H119 M9CTODOII0)1{9HIISI DIIK8 np11 rpa.QHBHTHOM Sli!OHpOB8l 

npocToe COO'tBOW911119 (5) D03BOliB9T np9.QCK838Tb DOliOlK9HII9 Dlllt8 n: 

9li!OIIp0B81lllll MeT8BOllbHhiM paCTBOpOM BHTp8T8 8MMOIIIISI, 

11a TeOpllll Sll1011p0B8HH!I CliBJlyeT, 'ITO p8CCTOSIHII9 "f " xOTopoe 

a6copC58T8 DO.Q BliiiSIH119M Slii08HT8 OC5'1o9MOM ''v" t p8BHO! 

f • v/ AD , 

r.Qe A - nnOII!8Ab nonep&'lllOrO C9'19HIISI KOliOHKB, II D -06'1o9MHhlll K09<jl~ 

lleHIISl, 3TO COOT!BOW9HII8 ~Dp8B8.Qli11BO II )lliB npOH3BOllbHO M8llhiX 06'1o&MOB 

M8llh!X 0Tp93KOB KOliOHJtB, npe)lDOliOlKHM, 'ITO aC5cop68T DepBOH8'18llbHO COllE 

KOM Cll09 H8 B9pll!IIH9 KOliOHKII) Bh1Mhi889TCSI B "n" npH9MOB, nycTb: 

Avk - o6'1oeM 9liJOeHT8 k , npome.Qmall qepea 30HY a6copC511pOB8HHo: 

Afk - p8CCTOSIHHe, KOTopoe npomna aoa8 M8KCIIM8llbHOII xoHneHTp8IU 

6HpOB8HHOrO SlleMeHT8 DOll )l911CTBH9M 9lll08HT8 k ; 

A"lt- cso6o.QH&Iil o6'1oeM, coOTseTCTBYJOillHII Afk ; 

L - 0011!811 )lli11H8 KOliOHKH; 

V m - 06'beM DpOmeAmero 'l9p93 KOnOHKy p8CTBOpa, COOTBBTCTBYJOII!B 

H8 KpiiBOll Bh!MblB8HHSI; 

VI - CB060)lHbii! 06'J.9M KOliOHKK; 
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TaiSna~a 

"•" a 4NtrropOB paa.Qeneusr A~ nerJUIX p.a.a. npa :.!0°C a caCTeue 

65!l CB a OB -N~NOa- AMCieprurt IRA •oo 

11 Sm Pm Nd Pr Ce La 

,IS 6,8 11,1 17,8 27,1 40,4 58 

1,44 1,71 1,56 1,86 1,49 1,31 

BWX paCTaopax DTpa'l'a naTBSI Jtoacjl41Jmae.BTW pacnpe.Qeneaaa sua

~). llpnaay &TOro 

0 oiS'IoSICBII"'''o .QOB~BO Tpy.QBO. rnaaaoe p8311B'IB8 9TIIlt llBYX lt8TBOBOB 

,llBJIJieTCSI B TOM, 'ITO B npacyTCTBBB BOBOB 8MMOJIBII 4JaJtTOp p83.Q81le

OT JtOS.8BTp~B cona, Tor.Qa Jt8Jt B DpBC:yTCTBBB BOBOB llBTBB 

paCTe'l' c pOCTON Jtoa~•~•• llliTpaTa. Kpowe Toro, B cpe.Qe, 

'l'asr, JtoscMumae.BTW pacnpe.QeneBBll aaucll'l' OT JtOQell'l'pa.QBB ISonee 

,ax BBTP8Ta aMMOBBL 

eBTOB pacnpe.QeneBBll nen.RX p,a.a, B CBC'I'8Ne 65% CB1 OB -IN LINDa 

llpB 20 °C B COO'I'BeTCTBfiOIIIB8 cjlaK'I'oplol p83.Q8118BBSI DOJt83811H 

TaiSna~a 2 

pacupe.Qenea•sr a cjlarropo~~ paa.Qeneusr A ns nerJUIX p.s.a. 

'C B CBCTeMe ISS% CB 10B-IN LIN01 - AwCiepna'l' IRA 400 

Eu Sm Pm Nd Pr c. La 

9,0 12,5 28,2 45,5 96,8 247 588 

1,41 1,88 1,86 1,96 2,12 :.!,56 2,37 

'•PYIO'I' B03MOlKIIOCTB pas.Qeneua nerJtalt p.a.a. Ba.QBo, 'ITO acDom.

BNMbiB8JOIIIel CBnN, MOlKJIO 0'18.. xopomo p83.Q811B'fto CM8JKIIH8 

&tjlcjleltTBBBOI '1'8opeTB'I8CJtOI TapenJtB Jt0110BJtB, paCC'IBT8BB8SI DO 

/17/ 
• 8) B8 OCJIOB8UB '1'8opBJI rmoltayljla , paBBa 0,56 MM0 8 DO DBJty 

3TT • 0,58 uu. 

6 

• 

·' 

) 
jU. 

HcDom.sysr rpa.QB&II'I'Boe enJOaposaBae, MOlKHo Bh!Mh!Tb BCIO nepaesyJO DOArpyuuy Dpa

Mepao 'l8TblpMSICT8MB K8DnSIMB ( CM, pBC, 5-6) • 06'beM, COOTB8TCTB710111Bil 400 K8DnHM, He 

H8MHOro Dp8BbiW8eT 06'b8M p8CTBopa, He06XO.!IBMOrO AnSI K8TBOH006M8HHOro p83AeneHHSI Il8-

pB8BOil DOArpyDDblo C am.ljla-r&,!lpOOitCHH306yTHp8TOM 8MMOHHB, BpeMH, Tpe6yJOmeecg ,!lllSI 

BhlDOnH&HB.SI p83.QeneBHH H8 8BHOHHT8X, B .!IB8 p838 6om.me, '18M DpB p83,!18l18BHH H8 Cym.cjlo

K8TBOBBTHOA KMOBJte. Cne.r:~yeT aaMeTa'fto, 'ITO paa.r:~eneaasr, noKa3aBahle sa pac. 5-6, 6btn& 

llpOB8.!18Hbl Be B a6coniOTHO ODTHM8nbHblX yCnOBBSIX, npa ny'IW8M Bbl6ope pa60'IHX yCl!OBHll 

paa.Qeneli.asr eneMeHToB MOJKHo s~o~nonHB'fto 6onee 'leTKo. 

Ha pac. tl .!IllS! Cp8BB8BHSI DOK838Hhl DBKB BblMblB8HHH K8nbllBH0 CTpOHIUISI B 6apaH, 

Ba.Qao, 'ITO &TB eneMaHThl npa .!IBBBbiX ycnosasrx eniOBpoBaHHB BhlMhlB8IOTCSI Depe.r:~ ra.r:~ona

BHeM H MOryT 6h!Tb Xopomo pa3,!18l18Hhl, 8 CBCT8M8X 0 C0,!18p:lK8111HX BHTp8T 8MMOBHSI BM8CTO 

BHTP8T8 naTHH, HX pas.r:~eneaae nposeCTB TPYABO. npa Tex ycnoBH!IX ODblTa, npa KOTOpblX 

6h!na DOI!Y'I8Hhl pe3ynbT8Tbl, DOK838HBbl8 88 pac, 61 6apall B HTTpHll Bb!WblB810TCll COBM8CTHO, 

0,!1B81t0 llpH KOMH8TBOil T8MD8p8Typ8 6apall B HTTJlHll DOHBllSIIOTCll ABYMSI '18TKO H30l1HpOB8H

HblMB cjlp8ltllBHMH. 3'1'0 CBSI38HO C TaM, 'ITO KO&!jlcjla!UieHTbl p8CDp8,!18ll8BBH 6apBll B03p8CT810T 

6h!CTpee C DOBBlK8BH8M T8MD8p8Typbl 0 '18M KO&cjlcjla!UieHT HTTPHSI, 

npe,!1Cit838BH8 M8CTOD0110lK8HHH DHK8 npa rp8.!1B8HTHOM 9ll10HPOB8HBB 

npocToe COOTHOW8BH8 (5) D03BOnSiaT llp8.!1CK838Tb DOll0lK8HH8 DHJt8 npa rp8,!1H8HTHOM 

eniOaposasaa MeTaaom.BbtM paCTBopoM HaTpaTa aMMoaaa. 

!13 TaOpHB 9ll!OHpOB8HBH Clla.!lyeT, 'ITO p8CCTOSIRB8 "f " 

a6cop68T8 DO.!I BllHSIRH8M 9lll08RT8 OIS'IoaMOM "v", p8BHO: 

KOTOpOe DpOXO.!IHT DBK 

f • v/ AD , (6) 

r.r:~e A - DnomaAb nonepe'IRoro ceqesasr xonoaKa, a D -o6'baMRhlli KoecjlcjlanaeHT pacnpeAe-

ll8HHB. 3TO COOT>BOW8HH8 CDp8B8.!11IHBO B .!IllS! DpOB3BOJib~ M8llblX 06'b8MOB aniOeHT8 H Al!B 

M81lb!X OTpe3KOB KOllORltB, npeADOllOlKHM, 'ITO a6cop68T nepBOH8'18llbHO COABplKSBWHiiCH B TOR-

KOM Cll08 H8 B8pWHH8 KOllOHKH
1

Bh!MblB88TCH B ''n ,, DpH8MOB, nyc'l'b: 

Avk - o6'heM aniOeHTa It , npowe.r:~wal! 'lape3 30HY a6cop6aposaasoro aneMeHTa; 

Afk - pacCTOHHae, KOTopoe npowna 3osa M8KCHM8llbHOll KOHil8HTpanaa (DaK) a6cop-

6apOB8HHOrO 9ll8M8HT8 DO.!I .!18iiCTBB8M 9ll108HT8 

Av1k- cso60ARhtli o6'beM, cooTneTCTBYIOWHil Afk 1 

L - o6mag .r:~naaa KonoaKa; 

It ; 

V m - 06'baM DpOW8,!1W8rO 'lepe3 KOnOHKy p8CTBOpa, COOTB8TCTBYIOIIIBl! M8KCBMYMY 

B.a KpHBOA BbiMhlBSHKSJ; 

VI - CB060.!1Hb!l! o6'beM KOnoHKHi 

''I 
I, 
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I 

v, 
Y., 

m 

o6maA o&i.eM smoeBT8; 

o6maA o&i.eM Eonoaxa; 

BQC CMO~ B EOnOBEe, 

noA AeiiCTBReM o6~eM8 ~yl - nepBoro S~BTa 

EonOHEe sa p8CCTOSI.Bae ~l 1 • ~ .. , I A01 • 

alScop(iaT .QBRlKeTCSI BSR3 DO 

Kor.Qa rp8BBD8 p8s.Qen8 MelK.Qy nepBbiM a BTOpbiM smoeRTOM .IIOiiAEI'l' .110 MAJtCHMYM8 

nonocbl a5cop68Ta1 p8cnonoJKeasoro sa p8CCTOSIBBH ~l1 OT aepxa Eonosu1 as EonOBEB 

BbiTe'!eT paCTBOp o&J.&MOM ~"I +~Y11 • To'lao T8E *&1 paCC'!'OSIBBe1 sa EOTopoe CABBBeT-

CSI DBK DOA AeiiCTBReM BTOpOrO sn~ST81 ()yAeT 

~t2 - ~"2 I A 02 

8 o&J.eM p8CTB0p8 1 BbiTeEWero 83 KOnOBKR K MOM&BTy 

BToporo B TpeTbero sn~BT81 6yAeT 

aoTpe'IH IIHKa a rpaunhr pas.Qen8 

~"2 + ~ .. ,2 • 

B o6meM BRAe AnH sn~HT8 k 

Mt-~"tiADt 8 ~vt +~vtk • 

CnenoB8Tem.so, nnsr EGaOBEB nnssoll L nony'l8eTcsr cnenyJOmsll peayn&T8T: 

L-IMk • .!_i~ .. kiDk} k •1 A t•l 

V,. • I (~vk +~"ttl• v, +V1 k •I 

{7) 

npa rpanaeHTBOM snJOapOB8HBB xoanesTp8llBH snJOeHTa B3MeHH8TClil senpepbiBBO, Cneno-

B8TeDbiiO, 

Vm-Vl 

L•!_J~ 
A o D(V) {8) 

Ecns npBHSITb BO BHBM8HIIe1 'ITO DIV) B Kd (V) CBlii38Bbl Me*AY co(ioll COOTHOWeHH-

eM D(V) • K 4 (VI •miV • 

My: 

, TO yp8BBeHie {8) MO}I{ftO npeo6p830B8Tb B cnenyJOmyJO ljlop-

v,.-v1 
m • J 

0 

dV 

Kd (V) {9) 

Ecna ADS! naHHOll CRCTeMbl B3BeCTHO, K8K yBenR'!eUBe O&i.eM8 snJOQBTa BnlllileT H8 K d 

TO yp8BHeRRe {9) MOlKHO DpORRTerpapoBaTb, B o&J.eM BbiTeKaJOmero paCTBOp8
1 

COOTBeTCTBYIO

WBii DBKy, MOlKeT 6b1Tb paCC'IHTaH, 

B H8WeM '!aCTBOM cny'!ae, B EoTopoM nerEae p,s,s, paaAenHJOTCII a MeTaHORbHhiX 

paCTBOp8X RHTpaTa aMMOHBII C DOMOIIIbJO DpOCTOii CM&CHTenbHOii CHCTeMhl
1 

0 KOTOpOii YDOMB-

H8nOCb Bb1We 1 ljlyHKilHII Kd (V) MO*eT ObiT& nony'!eaa &3 yp8BHenaA {4) R {5) 

8 

• 

~ 

1: (V) ••Co exp(-!-) 1 

d 'o 

i1CXOASI B3 ypaaJteHJII {9) a· {10), DOC48 HBTerpapOIWIDSI MOlKBO R81IHC, 

ljlopuyny ARlil paC'IEI'l'8 

V = V
1 

+ V0 ta(•Com +1). 
,. Vo 

Ecna aaaecTIIW asa'!esasr nocTOIIBsblx "• OT.QenbSbiX p,a,a, .Qnlil AaHI 

ROil CMonb1 1 TeMI18paT1Jllll B COAeplK&BB.!I M&TaJtOn41 C DOMOllibJO ypaaseaall '(I 

paCC'IBTasa B&pOliiTS8lil D03RllHH DHKB Ra KpBBOii 9nJOBpOB4HBlil, npa 8TOM1 EO! 

Meaa&TCa, 'ITO an10apoaaaae BhlnonssreTcsr a Tex JKe cauhlx ycnoaaax. Peaym 

J:'8C'IQT4 B cpaBBQBHB C SKCD&pBM&RTanblll>llllll DpBB8A&Bbl S8 pac, 7, LlnH pac 

BCDOI!b30B4Rbl AaHBhl8 pac, 1, XOTR paCC'liiTaBBbl8 peaym.TaTbl BO BCQX cny'l 

M8BbW8 &ECll&pKM&BTalii.BbiX, COBDBA&BBQ O'I&Bb XOpowee, pa3nB'IBQ M&lli,!Q' pi 

H SECD8pHM8BTBIIJoBbiMB 3B4'18HHRlllll DBKOB HQ Dp&BbiWAEI'l' 5%. 

0np&A8R8HHe E0&9KI!allH&RTOB paC!!p&AeneHBII npa DOMOIIIH TeXBBU 

rpasaeaTsoro aniOapoaaJtBsr 

Hcnonb3yH o6pa60TEY1 o6paTBYJO Toll, EOTOpAlil acnonb3oBaR8Cb Anlil pac 

RHH DBKOB1 MOlKSO DORy'IHTb llnH BCQX an&MQSTOB nepaeaoil DOArpyDDbl 3aBHC 

,.. OT I[()Bil&HTpallHH BHTpaT4 aMMOSBH, Llnll sToro aneM&RTbl 1 EOTOpbl& HeO!iXOJU 

pas.QenHJOTCll DpS Benpepb!BSOM .B3M8S&HHB KOSlleSTpallBB BBTpaTa B SRJOQUTe, 

SBJO DBKOB sa KpBBOA SRJOBPOB&BBII MOlKSO paCC'IHTBTb DOCTOHBSbJQ 

• • 2__[exp(V,.-V1 >IV0 -1]. 
c,m 

3TOT MeTOA Onpenen&SHlil KOS.pq,.llHeRTOB pacnpeneneUBll Tpe6y&T BO MBOro P• 

" MeBB1 '18M )lpyrae, Tax Ealt MEICTO DonOJK8BBII DBKOB MOlKeT BOCDpOK3BOllBTbC 

W01 TO'IBOCTb naBHOrO M8TO.Qa B OCBOBBOM 38BBCBT OT AJtEypaTBOCTB 0Dp8.Q81 

Onpenenesae V1 1 a cnyqae Jtonoaxs1 scnom.aoa8BmeiicH aalllB1 B03MOJKso c 

±.8- 5%, Ha TO'IHOCTb onpeneneRBII V m anasreT Pllll p83nB'IHhiX ljlaJtTopoa. K 

o&J.eM KBDnB 0'18Bb cna()o 38BHCBT OT KOSll&BTpallBB BHTp8TB, noaTOMY Bn&l 

TpallBH HBTpaTa &a TO'IROCTb onpenen&BBII v 
m BQ3BA'IBTellloHOQ, 

B Ta6nane 3 npaaeAeShl asa'!esasr "• " 1 onpeneneBsble c noMOWbJO TE 

llB&BTHOro anJOapOBaHBll B COOTBeTCTBYJOIIIBQ ljlaJtTOpbl pasnen&BBII, 

4>yBKllHB "d OT KOBil8BTpallHB 1 DOCTpOQRBbiQ DO. naBBbiM TaOnBllbl 81 

88 pBC, 8, 0rnen&Bbl8 3ECDepaMeHTBIIJoBble TO'IKH Ba pHC, 8 6blnB Dcny'leHbl l 
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,eM snJOeHTa; 

eM z.onoHxs; 

B KOnOHKe. 

''heMa Llv1 - nepaoro sniOeHTa 

M I- Llvl I ADI . 

aC5cop6aT JlBHlK9TCSI BSHS DO 

ll.9II8 MelKil.y nepBbiM II BTOpbiM 8II109BTOM JlOIJleT llO MUCKMYMa 

onolKeHHQrO H8 paCCTOBHBB Llf1 OT Bepxa KonOSlllll0 BS KonOSKB 

llv1 +Llv11 • To'IHO TaK lK90 pacCTOS!Ime, sa KOTopoe C.!lBJISeT-

Toporo 9II109HT8 0 oyll.eT 

.1f 2 • Llv2 I A D2 

KWero 113 KOIIOHKH K MOM9HTY ao-rpe'la naxa a rpaHBil.bl pas~tena 

oyll.9T 

llv2 + Llv12 • 

9II109HT8 ~ 

Mk •Llvk IADk H Llv k +Llv1k • 

OHKH AnHHOll L nonyqaeTCH CII9AYIOillHll peSyiibTST: 

L • I Mk • ..!.._I Llvk Ink } 
k•l A k•l 

V,. •k~l (Llvk +Llv1k)• V 1 +V1 

(7) 

IIIOapoaaaaa KoaneaTpanaH sniOeHTa HSMeHHeTCs aenpepblaao, CneAo-

Vm-Vi 

L•!_f~ 
A o D(Vl (8) 

HM8HBe, 'ITO D(V) H Kd (V) CB5138Hbl M9lK.!ly CODOA COOTHOW9HH-

' TO YP8BH9HB9 (8) MOlKHO npeo6p830B8Tb B CII91l.YIOWYIO ~Op-

Vm-Vi 

m • f 
0 

dV 

Kd (V) (9) 

bl H3B9CTH00 KBK yB9IIH'I9HH9 OIS1.9M8 9II109HT8 BJIBS!Et'l' Ha Kd 

liPOHHTerpHpOB8TbJ B o6'1oeM BbiT9K8101ll9ro pacTaopa, COOTBEtTCTBYIO-

nerKH9 p,3,9, p831l.9IIHIOTCH B M9T8HonbHbiX 

IIOMOlllblO IIpOCTOii CM9CHT9JibHOll CHCT9Mbl
0 

0 KOTOpOA ynOMH

MO>KeT Ob!Tb nonyqeaa H3 ypaaaeaall (4) 11 (5) 

8 

#I& 

K (V) .ac0 exp<-!-> 
• •o (10) 

HCXO.IlSI BS yp~BaDI (9) B · (10) 1 nacma BST&rpBpOBa.RBSI MOlKRO B8DBC8Tb CJI9QyiOIIlYIO 

~OpyYny .llRK,P8C'IEt'1'8 

V =V,+Vo&<•Com+l). 
,. Yo (11) 

Ecu asaacT.IIbl saa'leaas nocTOHRRbiX "•" OT.Ilem.RbiX p.a,s. llllSI .llaaaoA BoaooiSMea-

HOI CMonb1 0 TeMD8pa'I'1PIII B CO.!l9plK8BBll MeTaaona 0 C DOMOIIIblO ypaaae&BII '(11) MOlK9T ISbiTb 

paCC'III'l'8B8 B9pOliTS8SI li03BDBll DBX8 B8 KpBBOA 9JI10Bp0B8JIBSI, npa 8TOM0 KOB9'1B00 DQ!Ipa3y

M8B88'l'Cll, 'ITO aniOspoaassa ablnonaHeTCII a Tex lKe caMhiX ycnoaBHX, Peayn&TaTbl Ta~~:oro 

~aC'IeTa a cpaa•easa c sKCnepBM&BTallbBhiMB IIpBB&.Il&Bbl aa pRe. 7. llnH pac'leTa IS&JJIB 

BCD011b30B8Bbl .ll8BSb19 pBC, 1, XOTSI paCC"lJJ'l'8BBhl8 peayli&T8Tbl BO BC9X CJIY'I8SIX B9CKOIIbKO 

M8BbWe 9KCnepBM8ST811bBbiX1 C08D8,1leBB8 0'18Bb XOpOm&e, pa3JIB'IBe MelK,Ily paCC'IB'l'aBSbiMB 

B 81tCU8pBM8BT811bBhiMB 3B8'1eBHIIMB nBKOB Be npeabiW89'1' 5%, 

0np&,ll8118BB9 lt08fpDB91l'l'OB pacnpe,llell&IIBSI npB DOMOillB TeXBHKB 

rpaa•esTaoro slliOBpoaau.ll 

Hcnollb3yll oiSpaiSOTxy, oiSpaTSYIO TOI, ltOTOpaa BCU011b3088JI8Cb .!lllSI p8C'I9T8 liOIIOlKe

KBII DHK081 MOlKBO DOJIY'IBTb ll.JIH BC9X 91leM&STOB nepBeaoll DO,Ilrpynnbl 38BIICHMOCTb Kd 

OT KOIIIl9HTp81l.BB BKTP8T8 8MMQBBSI, llna 9TOro 8JI9M91l'l'b1 0 KOT0pb19 H900X01l.BMO B3y'IBTio1 

p83.!l9IIKIO'l'Cll IIpB HenpephiBSOM .B3M&IIeBBB KOSil.9STp81l.BB SBTp8'1'8 B 8JI109H'l'e, no DOIIOlK&

SBIO DBKOB Sa KpBBOI 91IIOBpOB8BBII MOlKHO paCC'IBT8Tb DOCTOIIHBble 

a. ~ [exp(V.,- V1 liV0 -1]. 
c,m 

(12) 

3TOT MeTO.Il onpe.llerreSBR K09~DBell'l'OB paCnpe,ll9119RIIII TpeoyeT BO MHOrO pa3 MeSbme Bpe

J. 
Mesa, '19M .llpyrae, Tax KSK M&CTO nonolKeBBII uxoa MOlKeT aocnpoaaao.!lBTbCH O'leBb xopo-

W01 TO'IROCTb .ll8HHOrO M9T0Jl8 B OCSOBHOM 38BRCHT OT aKKypaTSOCTB OIIp9A91leBBSI V1 B V., • 

Onpe,llelleSBe V1 1 B CJiyqae KOIIOSKB, IICDOIIb30B8BWeliCII H8MB 0 B03MOlKSO C 'l'O'IHOCTblO 

:!:,3- 5%, Ha TO'IHOC'l'b onpe.llelleHIISI V., ana steT PSI.Il !)831IR'ISbiX cpaKTOpoa. K C'laC'l'biO, 

oiS'JoeN K8DIIB 0'18Bb cnaiSo 38BIICHT OT KOBileSTpanaa BHTp8T8, noeTOMy BJIBIIBBe KORPeH-

TpaDBa HBTpaTa aa TO'ISOCT& onpe.11enea11H v .. B93B8'1HTen&aoe, 

B Ta6nsne 3 npiiBS.IleSbl aaa'I&BBII "•" , onpe.lleneasble c noMOillbiO TexaaKII rpa

.llaeaTsoro 9JIIOBpOB8HIISI B COOTBeTCTBYIOillBe cpaKTOpbi p83.1l91leRBII, 

4>yBKiliiH Kd OT KORil.9HTp81liiB1 DOCTp09BRbl9 DO .ll8RRbiM '1'8011Hilb1 3, liOK838Rbl 

aa pac. 8. OT.!le11&Hhle axcnepaM9HTaru.able TO'IKII sa pac. 8 ISblna nonyqeahl MeTO.IlBMB, 

9 
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onacaBJrhiMII 11 axcnepawenam.Bol! 'laC'l'll. KaJt MOlKJIO BBneT&, axcnepaMellTam.Bhle TOUR 

J18lK8T O'lem. !SJIRSltO OT COOTBeT=ByiomBX paC'IQTJihiX IIBRBll. P83.1llf'IJUI 118 IIJI8BhiJDaiOT p~ 

6poca, aa!SlnonaeMoro IIPB onpeAeneBBR xoacjlcllaiOiellToB pacnpeneneDB npyraMB weTonaMR. 

TaCinaua 8 

3118'18HRSI 'a" R cPaltTOpOB p83ll81f8JIRSI lllfB neruX p.3.a. IIJIR 20°C B CRCTeMe 80" CH8 OH

NH4N08 • AMC5ep.JIRT IRA 400 

( OIIJI81l81f8Jihl IIJIB DOMOIIlB T8XRRXH rpaUellTHOrO SniORpOB8HB51) 

3neMeBT 

"•, 

<l>axTop 
pa3AeneRRB 

Gd Eu 

17,2 26,1 

1,52 

Sm 

42,0 

1,61 

Pm Nd Pr 

81,4 155 880 

1,94 1,92 2,12 1,91 

ABTOpbl 6naronapahl AOXTopy 11. Kamy 38 BHBMBHBe X· eTOl! paCIOTe. 

3 a 1t n D 'I e 11 B e 

Co 

881 

1,69 

La 

1085 

Anaonoo6MeanaB a6cop6naB a pa3Aeneaae p.3.s. nepaesol! nonrpynnhl asy'lanocb B 

CHCTeMSX 

CH 3 OH -NH
4 

N0
3 

CH 3 OH - LIN03 

CH3 OH - LINO 3 

- AM6epnaT IRA 400 

- AM6epnaT IRA 400 

- ,Uaysxc-1. 

Bhlno ycTaaoaneBo, 'ITO B MeTaBonconeplK8mHX pacTsopax BBTpaTa aMMOHBB xosljlljlauaeBThl 

paCIIJieneneHBSI ll6I'ItlfX p.3.So SIBIISIIOTCSI nHHeJIJiblMB ljlyRKUBSIMH OT KOHil6HTp8UBB IIBTp8T8o 

Ha OCBOBBHBH aToro C5bUia npennoJKeHbl npocThte cxeMbl pac'leTa sepoBTBoro MecTononoJKe

HKB DBXOB npa I'paQBeJITHOM 8.1IDHpOB8JIHH H MeTOil onpene.JieHHB KOsljlljlanaeHTOB pacnpene

ll6HHB C DOMOIIlbD TQXHHKH I'p8liB6HTHOI'O S.IIIDHpOBBHHB. 
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epaMeBTan:&aoll 'IBC'rR. Kax MOJKRo BRI!e'l'b, sKcnepaMeBTaJUoRhle 'l'O'IU 

O'l' coO'l'BeTC'l'Byiomax pac'leTI!hiX rumall. P a3Jllr'IJUI l!e npeBhiDIAIO'l' paa,

o npR onpel!eneRHR Kos~naeR'l'OB pacnpeAenei!Rs IIPYrRMR MeTOAaMR. 

TaCSnHaa 8 

K'l'OpOB pa3118118.11RH II.IIH ner][J[X p,3,S, DpR 20°C B CHC'reMe 80" CH10H· 

NH 4N03 - AMISep.IIRT IRA 400 

81!81181!bl DpH IIOMOII!R 'l'8XRHKR rpai!R&H'l'ROrO 91110HpOBai!H.11) 

d Eu Sm Pm Nd Pr Ce La 

,2 26,1 42,0 81,4 155 880 881 1085 

1,52 1,61 1,94 1,92 2,12 1,91 1,69 

apahl IIOE'l'Opy M, Kamy 38 BRBMBRHe K S'l'Oll pa50Te, 

3 a x n ID 'I e I! a e 

.11 a6cop6uas a paa11eneaae p.a.s. nepResoll IIOArpynnbi aayqanocb s 

CH 3 OH -NH
4 

N03 

CH 3 OH - LIN03 

CH 3 0H -LIN0 3 

- AMoep.IIR'Z' IRA 400. 

- AMoepnRT IRA 400 

- .llaysxc-1. 

TO B MeTaBO.IICOI!eplKalllRX paCTsOpax BRTpaTa BMMORBH K09cpcpRllR8RTbl 

p,3,9, liB.IIHIDTCH liRHellHhiMR cpyHKilHHMR OT KOH!leHTp8IlHR BRTpaTa, 

6bi.IIR npeA.IIO)I(eHbl llpOCThle CX8Mhl p8C'IeT8 sepOHTROrO M8CTOII0110)1(9-

HTHOM 91IIDHpOBaHHR R MeTOII onpel!e.lleHRli KOscpcjlRllR8HTOB pacnpel!e

KR rpai!B9RTHOrO 911IDRpOB8HRli, 

n R T e p a T y p a 

H.Irne.i, Bull. Chern. Soc. Japan, 34, 952 ( 1961). 

10 

,.;:. 

4, J.P.Faria ad R.F.Bachuu, ADa!. Cbem., II§, 1157 (1964). 

5, R.F. Baehaua ad J.P.Faria, Coaf-ce Oil tbe Uae of Radioiaotopea in the Physical Seiencea and lndnatry. 

Paper RICC-173, Copnhapn, Seplemhao 1960 • . 
6. K.A.Krana and F.Nelaoa, Synrpoaiam Oil IOD Exehanp and Chramatopphy in Analytical Chemiatry. Am.Soe. far 

Teeting Ma.u;la, Special PablieatiOD No. 1!15, J- 1956 • 

7. Y.Marena and F.NeiaOD, J,l'llya. Cbem., 68, 77 ( 1959). 

8. Y.Morena and I.Ainhamer, JJnarg. Nne!. Cbem.,_aa, 141 (1!151). 

9. H.Haaaphi, I.Hib- and K.Knroda, J.a-n.tog., 18. 556 ( 1!155). 

lO.J.Karld.eh and F.Te.., Anal. Chem., liJl, 1265 ( 1!151). 

11. J.P.Faria and J.W.Wartoa, Anal. Chem.,l!, lim (1962). 

12. R.A.Ed(IJII, Anal. Chim. Acta, .a!!, 321 (1968). 

18. J.S.Fritz, H. Waki and 8.8. Ganalda, Anal. Cham., ~ 900 ( 1964). 

1.&. B.A.·BO'Iupea a E.H. BoesOAJII!, PaiiHOXRMR.II, Z. 46, 1 (1965). 

15. 41. MOIUiap, A. Xopsa'l', B.A. Bonxos, B.A. Xanxaa. npenpaH'l' OM.HH E-1921, 
.llyiS.aa. 1964; PIIAIIOXRMR.II I, 188 (1966) .• 

16. B.Dnab, Arldv Kemi,!!, 1 (1!155). 

17. E.Glueebuf, Trana. Faraday Soc., jl, 84 (1!155). 

PyJtOIUICb IIOC't'yiiH.IIa B H3.Q4'l'e1IbCKHA O'l'.Qe.ll 

7 anpens 1966 r. 

.10 

11 



-

La 

ce 
l!:d ~ // 

I 
P1' 

/// , 100 l 
Nd 

Pill 

Sill 

l!ll1 

Gd 

10 ~ / / / / / 

I I I I I I I I t I I I I I I I I 

1 1 
10 

Jr. l'lll41'103 

Pac. 1. Hau:eaeaa11 Jto~eB'I'OB pacupeaeAeaalll p.a.a. OT raaoaa&alll 
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Pae. 2. HaMeaeHBSI KOecpcpanaeaTOB pacnpelleneHBSI p.a.e. OT rallO· 

llO naRT8H8 B 38BHCHMOCTB OT J:ORil9HTp.!lllHB BBTp8T8 B C 

65% CH 3 OH- LINO 3 - AM6epnaT IRA 400 npH 
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M8B8BBR J[0~8BTOB p&Cupellene&BR Po3o8o OT r&AOIIIIBBB 

II&BT&B& B 38BBCBMOCTB OT KOBII8BTP&llBB BB'l'p8T8 B ~BCTeW8 
65% CH3 OR - Nll4 N01 - Aue5epaa-r IRA 400 npa 20 C. 
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t- / ~ Ce 

~ // / Pr 
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2 

' Hd 

10 ' ' ' I I - - - - r.d 

0,5 1,0 1,5 

"' "[,1""03 

P&c. 2, HaueaeH&H Koa~~BllB&HTOB pacnpenenea&H p.a.a, OT raAon&HBH 
llO n&HT8H8 B 38BBCHMOCTB OT KOHll9HTp8llBB HBTp8T8 B CBCT9M9 

65% CH sOH- LIND s - Au6epnaT IRA 400 npH :!0°C, 
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5. PaaJieneaae csotiOAHblX OT HOCBTeng nerKKX p.a.a. Ha ~~:gn' 
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~:~anee acnom.aosanocb rpa~:~aeHTHoe amoapoaaaae. Yo •2,0 

C 0 = :.!,5N 

15 

I ____________ _ 



2000 
::;:u 

j iii! 

II. ~ rr 0 

-.f>' 
11'00 ~ .. ... 

0 

" ce 

O' I!IC:I! ttl. 1.1 I ll£1 l~t. I I 
0 80 160 240 .320 400 

drops 

Pa3Q81l8BBe csoCSOQBWX OT BOCBTellll Ea , lfd , Pr B Ce 

sa ltOilOUe AUOBBTa AwCSepoT IRA 40() 2 MW X lOIS MM 

DpB 20°C. 31lJOeBT 85% CB1 OB-O,OIIf Blf0 1 -CI,51f lfB
4

1f0
1

• 

""'I 
Gd 

I 
II. 
0 

~ 
I II l'lll .. .. .. 

1000 t 
" I II 11 

:Jd 

I Jl.J VI\ I 0 

0 80 160 240 

drops 

Pa31181l8BBe CBOCSOQBWX OT HOCBT811SI Cd , Pm B lfd 

Ba KOilg&Ke 8BBOBBT8 AwllepnBT IRA 400 2 MM X 105 MM 

DpB 20 C. 3nJOea1' 85% CB 1 0B-O,Ollf Blf0
1 

-0,51fLIIf0
1 

. 

14 

• 

-

• 

I Pac. 

-
--~ -

• 0e 

10" -----
-

"' p, -
0 

-
" ... .... 
!; ... 
() 

" 
1c3 

10~ 

1.C I ' ' . 
c 2\0 4C0 ,'ro 

oropa 

5. Paaaeneaae cao60AHblX OT BocHTeng nerKHX p.a.a. aa ltg"'OHJte 

8HBOHHT8 AM6epllBT IRA 400 2 MM X 105 MM DpB 50 C. 
31l!OeHT 110 100 Jtanellb 65% CB1 OH-O,OlN HN01 -2,5NNR4 N0 1 
Aallee BCDOJih30B81lOCb rpaAH&RTHoe 91l10BpOB8HBe. V0 •2,0 Mil, 

C0 = :.!,5N 

15 



' ,, 

.. 

Pac. 

! 
~ .. 
i 

104 

103 

sr 

en 

Y,Ba 

Gd 

1!U. 

L:> 

"• , II I 

11d 

Sa 

Pll 
~ 

102 

10 I !I '" ,,, I• I ,,, u, II I I I .I I I I . I I I 
c 200 400 6oO 

drop• 

6. Paa,qenesae ceo6o.ll&hlll OT BOCHTena nerux
0

p.3.s. aa KonoaJte 
asaoaaTa lla:ysJtc I 2 MM x 105 MM npa 50 c. 3niOeHT 65% 

CBs OB- 0,01 N BNOs - LIN01 • rpauenaoe smoaposaaae, 
Va • 2 Mn, C0 • :.!,5 N 

16 

, 
;' 

II 

' • I' 
1: 
~ 
~\ 

I 
., 
:f,, 1!1 

·"' ' 
0 

h .., ... 
I ~ .., 

<> a: 

~ :.::: :.: :0: :0: :0: :0 0 "' "' "' $ \l) 

" "' "' .... "' .... .. N ...i ...i 0 0 0 c 

Gd Eu Sm Pill Nd P2 
I I I I I I I 

~-00C 

2000 

0 I I I I , I I I V> I I I\ J I A. ,/ I 
0 l.OO 200 300 

rlro] 

Pac. 7. Cpaeaeaae sJtcnepaMe&Tan&BhiX a pac'l:eTBhlll 3Ba'leBRA M 
nonoxceoA RBKOB Ba KpRBOA s.rgoapOBaBBS!. KonoBJta .2 ) 
AM6epnaT IRA 400, t • 20 C. 3ni08BT 65% CB10R-O,I 
rpa.llR9BTBoe SlllORpOB8BBe. Va - 2,0 Mn, c. -2·,5 N 

17 

I,_. ------------------------



Psc. 

1!. 
0 

~ .. 
~ .. 
0 .. 

104 

~ 

103 

1o2 

sr 

CIL 

Y0Ba 

Gd 

211 

IA 

~e 

lid 

sa 

Pll 
1'2' 

-

II I I I I I I I 10 I ,, ,,, II! I• I I,, u., I I I . 

200 400 600 

drops 

6. Pa3.1lenes•e ceo6ons~>~x OT BOCBTe11SJ nerx•x
0

p,3,&, sa xonosxe 
8HBOBBT8 .llay&XC 1 2 MM X 105 MM RpB 50 C, 311J09BT 65% 

CBa OR- 0,01 N BNOs - LIN01 , rpa.QB9BTBoe &1110BpOB8BBe0 

v 0 - 2 Mil, c, - :l,5 N 

• 16 

.. 

, , 

1,\ 

-

• 
11!1 

·"' 0 

h ... ... 
~ ... 
<> a: 

::.:~ :..:: :0: :0: :0: :0: • :0: • 0 N N "' $ ·~ N N :!! "' "' .... ~ "l N 

~· .... .... 0 0 0 0 0 0 

Gd Eu Sill .1?111 Nd Pr Ce La 

I I I I I I I I 

I,.00C 

2000 

0 1 1 1 1 ., 1 1 1 v'- 1 1 1 \A 1 i'l. ,L 1 v 1 1 1 ~ 1 

0 100 200 300 400 

~rope 

PBc. 7. Cpaesesse axcnepaMesTam.BhiX 11 pa~'leTKhiX 3Ka'leBHII MeCT~ 
ROIIOJK9BHII RKXOB B8 XpHBOII 8~HpOB8BHSio Konona 2 MMX105MM 
AM6epnaT IRA 400, t • 20 C, 3nl09BT 65% CH10B-0,01N HN01 -NH4 N03 
rpanseBTBoe 81110BpOB8BB9o Vo - 2,0 Mil, Co -2·,5 N 

17 



,.J 

, , , 

10 

103 

,/ 

/ 
, , · oe , 

, , , 
, , 

, / 
,' 

, ·-s 
,,'' 

, / 
/ / 

Pr -
,' 

, 
,' / 

, ,/ -
,,'' / 

/ 
-

/• 
, , -

,' 
, 

/ / 
, , -

,' , , / Nd -
/ 

, , , , 

, , , , , , , 
, , , 

/ 
, , , -

,/ 
, , .. / •/ 

, ,-' ,• 
,' / , / 

-
, , , 

, , / 
,' 

,. Pill 

/ 
, ,/ 

, / 
, 

/ , 
, , / 

, , , -

,/ 
, ,4 

, , 

/ 
, , , 

, / 
, 

/ 
, 

, , , , Sa 

/ 
, , , , 

~ ,,, , , , 
, , , , 

, , , , , , 

,'• , , / 

/ 
, , , ,' ll11 

, , , 
, , ' ,' 

, , ,/ 
, , / 

, , 

, , , 
, , 1 

, , , , , ,-. / Gd 

, , , 

/ 
, , , , ,,,' 

,' , , ,' 
, ,' 

, , , , , ... ,' 
, 

' 
, ' 

' / 
, , ' 

, 
,.,, ' 

,/ 
, , , ' 

, 
, , , ,' , , 

,/ 
, , ' 

, 
/ 

,, , 
, ' ' 

, 

' ' ,.,'' 
,' 

, 
' 
, 

, ' 
, , 

,,''I 
, , J,'~,'!__L I 

I / I I I I 

,. 
--4 

102 

1e·1 1 

J.: 11!!41!03 

P•c. 8. 3aaBCBMOC'l':b xoetjJ4la:qeBToa paeupeA:e.neRB51 OT XOJIIleBTpalUIB 

BBTpaTa B CBCTeMe 80% CH s OH - NH4 NO s - Aw~prurr IRA 400, 
paCC .. T8BBA51 DO ypa&BeRBJO ( 12) • 
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