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C. r. APYTIOIDIH, B. H:. BAPJlAHJIH, E. Ii. JlA)UIH 

OCOJiEHHOCTM KOMTIJIEKCOOI>PA30BAHMJI MAKPOMOnEKYn ~ 
c HM3KOMOnEKYIDIPHblM.11 nHrAH.l(AMM 

HaCTOlllllHil o63op nocelllneH aHaJJHJY oco6eHHoCTeit KOMnneKcoo6paJoea

HHll JlHK c o6parnMo H Heo6paTHMO ce11Jb1eaJOIUHMHc11 11uraH11aMH. B Ka'{eCTee 

o6paTHMO CBll3b!BaJOIUHXCll Bb16paHbl TPH KJlacca HH3KOMOJieKyJJllpHblX J!HraH-

1108. xapaKTepH3YJOWHXCll p83JJH'{HblMH MexaHH3MaMH ce11Jb1BaHHll. TaKHMH 11u

raH11aM11. B qacTHOCTH, llBJllllOTCll HOHbl 11eyxeaJJeHTHblX MeTaJJJ!OB nepeoro nepe

XOllHOfO pllJla nopcj>HpHHOBble KOMnneKCbl, a TaKJKe aMHHOKHCJIOTbl UBHTTe

pHOHHOfO THna. B Ka'!enee Heo6paTHMO CBll3blBaJOIUHXCll ,1HraH1IOB Bb16paHb1 

coe11HHeHHll Pt(II) H Ru(III). 8b16op JTHX JJHraMOB 06ycnoB.11eH TeM, '{TO OHH 

OXBaTb!BaJOT llO'{TH see B03MOJICHbie THnbl BJaHMOlleHCTBHH c JlHK, cywecreyio

WHX B peanbHblX CHCTeMax. 

B pa6oTe npoeo11HTc11 CHCTeMaTH3aUHll o6mux 3aKoHoMepHoCTcli BJaHM0-

11ellcTBHll Bbl11Jenepeq11cJ1eHHblX KJ18CCOB J!HraHllOB c JlHK H BblllBJllllOTCJI HX 

cneuucjl1tqecK11e p83JJH'{Hll. 

Koncl»opMaUHB H cTafiHJihHOCTh JI.HK B npucyrCTBHB 

HH3KOMOJieicy JIBpHblX JIHraimoe 

I 
B HacTOSIUlee speMSI HMeeTc.11 .zi:osoJibHO MHoro KaK 3KcnepHMeHTaJibHblX. 

TaK H TeopeTH'-leCKHX pa6oT, CBH.LJ.eTeJibCTBYIOlllHX 0 TOM, 1-ITO .ll.Byxueno4e•rna.11 

MOJleKyJTa ,UHK MO)l(eT cymecTBOBaTb B MaJIO OTJ1H4alOUlHXCSI .LJ.pyr OT .zi:pyra no 

3tteprnSIM KottcpopMaUHSIX (A-, B-, Z- H T . .lJ.. cpopMbJ ,UHK) [1-3]. 3rn <f>opMbl 

OTJIH'-lalOTCSI pacno.'JO)l(eHHeM nap OCHOBaHHH H yrnoM HX HaKJIOHa no OTHO

UJeHHIO K ocM cnHparrn, a TaK)l(e 3HaKoM JaKpYTKH .ll.BOHHOH cnHpaJIH (A- H B

<f>opMbJ - npaBo3aKpy4eHHble, a Z-<f>opMa - JTeBo3aKpy4eHHa.11) [1-5]. A-<f>opMa 

,UHK xapaKTepl·f3yeTCB noHH)l(CHHOH BJla)l(HOCTblO H cymecTByCT B CMeCSIX BO.LI.bl c 

opraHH'-lecKHMH pacTsopHTeJI.RMH B BOJIOKHax [1, 4, 6]. B B-ceMeHCTBe cpopM B 

3aBHCHMOCTH OT BeJIH4HHbl yrna cnHpaJibHOro spa1ueHHB B03MO)f(H0 cyUleCT

BOBaHHe KOHcpopMaUHH ,UHK rnna B-, C-, T- H ,l.l-<f>opM. fiocKOJibKY ycJIOBH.ff 

cymecTBoBaHHSI B-cpopMbl ,UHK ttaH6oJiee 6JIH3KH K ycnoBHSIM cpe.LJ.bJ B KJieTKe, ro 
B-$opMa CYHTaeTCB ocHOBHOH. 

Xorn cpopMbJ B-ceMeHcTBa HaH6onee ycTOH'-IHBbJ npH $H3HOJIOrHl.feCKHX 

ycJIOBIDIX, 0.llHaKO B npol.lecce cpyttKLlHOHHpoBaHHSI ,UHK B KJleTKe B03M0)1(Ha pea-

3 



JIH3aum1 H JJ.pyrux ee KOH<f>opMaUHOHHblX COCTOJIHHH. HeKOTOpbie H3 HHX MOI)'T 

CTa6HJIH3HpOBaTbC.SI 6eJIKaMH, HHbie B03HHKaJOT B Kal.feCTBe npoMe)K)'TOl.fHbIX 

COCTO.SIHHH npH <f>YHKUHOHHposamm .[{HK. K TaKHM <f>opMaM CJieJJ.YeT OTHeCTH H 

JieBo3aKpyl.feHHble Z- H Z'-, a TatoKe TaK Ha3bIBaeMbie 'I'-<f>opMbl [4-6]. 'I'-<f>opMa 

J1Bm1eTc.S1 nau6onee KOMnaKTHOH <}>opMOH .[{HK. Bo3HHKHOBeHHe noJJ.o6HbIX 

CTPYKTyp o6ycnosneno yMeHbUieHHeM pacTBopHMOCTH ~HK npH H3MeHeHHH yc

JIOBHH cpeJJ.bI, B pe3yJJbTRTe l.fero npoHCXOJJ.HT BttyTpHMOJieKyJI.SlpHR.SI KOMTIRKTH3a

UH.SI HJIH )l{e 06pa3y10TC.S1 xonecTepH'leCKHe )l(HJJ.KOKpHCTaJIJIHl.feCKHe CTPYKTYPhl 

npH arperaum-1 .[{HK [7]. 
Z-<f>opMa ~K B OTJIHl.fHe OT JJ.pyrHX H3BeCTHblX - JieBRJI perynllpHR.S! CTIH

panb [4, 5, 8]. Ee DOBTOp.Sl!OIUR.S!Cll eJ].HHHUa - JJ.88 ttyKJieOTHJ].a. 3TO, 01.feBHJ].HO, 

CBJl3aHO c TeM, l.fTO Z-<f>opMa no,1yqaeTC.SI B OCHOBHOM J].Jlll qepeJJ.YIOIUHXCll nocne

)lOBaTeJibHOCTeH (nanp., CGCGCG). Cpe)lttee cnHpaJihHoe sparueHHe s pacl.fere 

Ha napy OCHOBaHHH COCTRBJllleT 30°, a naphl B Z-<}>opMe nosepttyTbl Ha 180° OTHO

CHTeJibHO caxapo<f>oc<}>aTnoro ocTosa B-<f>opMbI [4]. CTPYK'fYPY Z-<}>opMbI .[{HK OT 

.upyrnx OTJIHl.(aeT TaIOKe Kon<}>opMaUH.ff caxapnoro KOJibUa ( C 1 '-3K30 BMecTo C3 '-

3H.l1.0 JJ.JI.ff A-<f>opMbI H C2'-3H.lJ.O JJ.JI.ff B-<f>opMbI). Kon<f>opMaUHOHHhle nepexOJJ..bI 

Me)l{,lly CeMeHCTBaMH <}>opM HOCllT CKal.fKOo6pa3HblH xapaKTep, a nepeXOJ].bl BttyTpH 

KIDl\,IJ.OfO ceMeHcTBa npoHCXOJJ.JIT TIJiaBHO H nenpepbIBHO. 

CymecTsosauue 60Jib11Ioro pa3ttoo6pa3H.ff pa3JIHl.fH.bIX <}>opM .[{HK YKa3h1-

BaeT Ha TO, l.fTO B pacTBopax ~HK see speMll npoHCXOJ]..SIT KOH<f>opMaU.HOHHble 

Kone6aHH.ff. B HHX MOrYT npoHCXOJJ.HTb JIOKaJibHble pacKpbITHll JJ.BOHHOH cmtpanH 

[9]. Ha OCHOBe reopeTHl.feCKOfO aHaJIH3a OTibITOB co csepxcnHpaJibHOH ~K 

noKaJatto, 'ITO JlBOHHR.ff cnupaJih MO)l{eT HCDbITbIBaT& TaIOKe KPYTHJibHbJe 

Kone6aHHll [IO]. 
qpe3BbI"laHHO HHTepeCHblM c TO"IKH 3peHH.SI DOHHMaHHJI OCHOBHbIX npouec

COB <l>YHKUHOHHpOBRHHll ttyKJieHHOBbIX KHCJIOT (peryJJ.SIUHJI, TpaHCKpHnum1, 

TPaHCJI.S1UH.S1, peKoM6HHaUHll) Cl.fHTaeTC.ff HBJieHHe nepexo.ua cnHpaJib-KJiy6oK 

~HK. 3ToT npouecc, llBJJlllOIUHHC.SI pe3yJibTRTOM B03JJ.eHCTBHJI Ha ~K ycnosuii 

cpe,nbI (reMnepaTYPbl, pH, co.uep)l{RHH.SI HOHOB MeTaJIJIOB B paCTBOpe, COCTaB H 

CTPYKTypa pacTBopHTeJI.SI), snepsb1e 6hm o6napY*eH ~OTH c COTPYJJ.HHKaMH [11] 

H HHTeHCHBHO H3Y"laJICJI B nocJJe)lYfOIUHe fO)lbJ MHOfHMH aBTOpaMH (CM., 
·~I 

uanp., [12-14]). 
~HK npeJJ.CTRBJIJleT co6oi1 O)lHOMepHblH anepHOJJ.Hl.feCKHH KpHCTaJIJI [12]. 

0.!J.HOMepHOCTb o6ycnOBJieHa TeM, l.fTO Ka)l{,llR.SI 3JieMeHTapHall .Sll.feHKa (napa OCHO-

BRHHH) MOJieicyJibl B3RHMO.l{eHCTBYeT JJHillb c .llBYM.SI coce.l{HHMH Rl.feHKRMH (Koop

JJ.HHaUHOHHOe 'IHCJIO paBHO 2), a anepHO.!J.Hl.fHOCTb - TeM, lffO MOJieKyJia COCTOHT 

H3 3JieMeHTapHbIX Rl.feeK .usyx copTOB AT- H Il..J;-nap ttyKJieOTHJJ.OB, npw·leM 

nepHOJUfl.(HOCTb HCKJIIOl.(eHa, noCKOJibicy nocJieJJ.OBaTeJibHOCTblO ttyKJieOTH.!J.OB 

onpe.neJI11eTC.S1 BC.ff retteTHl.fecKasr 1m<}>opMaUHJ1. BMRCHeHHe oco6euuocTei1 nJiaB-

neHHJI 3THX O,llHOMepHbIX anepHO.llHl.feCKHX KpHCTaJIJIOB npeJJ.CTaBJI.lleTCR HCJIIO

'IHTeJibHO BR)l{HOH 3a)J.a"leH KaK JJ.JI.SI <f>H3HKH Boo6rue, TaK H JJ.JI.SI MOJieKym1pHOH 

6HO<f>H3HKH B "laCTHOCTH. 

B 6Hcm1paJibHOM cocTO.llHHH ~K HMeeT sec&Ma >KecTKylO CTPYK'fYPY, ee 

CTilTHCTHl.feCKHH cerMeHT JlOBOJibHO BeJIHK (no 300 nap ocnoaaHHH). TaKRR uenb 

4 

i 
.j 



yr 
>IX 

IH 

Ma 

>IX 

re-
1a-

)bl 

H-

10, 

re-

Te 

o-

OT 

3'-
l.bl 

JH 

i>I-

.1e 

1H 

[K 

.1e 

c-

:.ll, 

)K 

IH 

H 

l] 
I., 

:]. 
D-
p-
tT 

:M 

>B 

8-

)-

IH 

~e 

lb 

-~ 

I 

i 
l 
. j 

o6wrno xapaKTepH3YeTC-" rayccoBbtM pacnpeJJ.eJieHHeM pacCTO.llHHH Me)l(J{)' ee 

KOHUaMH. 

MoJieKYmlpHble csoucTBa H TepMOJJ.HHaMHlfecKHe xapaicrepHCTHKH .LUfK B 

cnHpa!lbHOM H KJiy6Koo6pa3HOM COCTO.llHH.llX cymeCT8eHHO pa3!1HlfHbl, lfTO H 

no380JUleT H3YtfaTb nepexoJJ. cnnpa.rib-tc.ay6oK pa3HbIMH MeTOJJ.aMH: Y<l>- u HK

cneKTpocKonneu [ 15-20], BHCK03HMeTpHeH [21, 22], MHKpOKaJIOpHMeTpHeH [23, 
24], Kpyr08bIM )J.HXpOH3MOM (K,[() [l, 3, 25, 26], )J.HCnepcHeH OnTHlfeCKOro 

8pameHHSI [27] H T.)J.. 

Crn6HJibHOCTb JJ.BOHHOH cnnpanu ,AHK onpe.u.e1111eTc11 8eJIHlfHHOH cso6oJJ.

HOH 3HeprnH nepexoti.a cn11paJib-KJiy60K. 3Ta seJIHlfHHa 8KJitolfaeT B ce6.ll cso6oJJ.

Hbie 3HeprHH B3aHMOti.eHCTBHSI OCHOBaHHH B nponrnonOJIO)KHbIX uen11x, cso6o.n

HYIO 3Heprmo Me)l(IlJlOCKOCTHOro B3aHMOtJ.eHCTBH.ll OCHOBaHHH ( CTIKHHf 83aHMO

.u.eHCTBH.11 ), H3MeHeHHSI CB060JJ.HOH 3HeprHH B3aHMO)J.eHCTBH.ll cf>occf>aTHbIX rpynn c 

npOTHBOHOHaMH H 80)].HblM OKpy)l(eHHeM, a TaK)l(e H3MeHeHHe KOH<popMaUHOHHOH 

CB060)J.HOH 3HeprHH [28-33]. c 3TOH TOlfKH 3peHH.ll HeCOMHeHHbIH HHTepec npe.D.

CTaBJJ.lleT H3yl.feHHe KOMruJeKCOB ,[(HK c 8ellJ,eCT8aMH, cnoco6HblMH H3MeHJITb 

KOHcf>opMaUHIO H crn6HJJbHOCTh MaKpOMOJJeKYJJbJ. H 3TO ecTeCTBeHHO, senb 

orpoMHOe KOJlHlfeCTBO <f>H3HOJ10rHlfeCKHX npoueccos B )f(ffBblX CHCTeMax .llBJlJleTCH 

np.llMbIM OTPa)l(eHHeM B3aHMOJJ.ei1cTBmI .[lHK c pa3HbJMH HH3KO- (HOH.bl MeTaJrnos, 

aMHHOKHCJlOTbl, aHTH6HOTHKH H JJ.p.) H BbICOKOMOJJeKYJJRpHbIMH (Hanp., 6emrn) 

semecTBaMH. Tlo THny HX CBSl3bJBaffl.t.ll c .[lHK 3TH semeCTBa MO:>KHO pa3,ll.eJ1HTb Ha 

JJ.Be rpynnb1: o6pamUMo H neo6pamUMo CBR3btsaiomnecR. 

TlpH neo6paTHMOM CBR3bIBaHHH semecTBO K08aJJeHTHO CillHBaeTCR c ,AHK, 

'ITO npHBO.ll.HT K neo6paTHMOH MOJJ.H$HKaUHH ee cTpyKrypb1. K TaKHM semecTB~M 
OTHOCRTCR HeKOTOpbte MeTaJIJlCOJJ.ep)l(allJ,He npenapaTbl. 

KompopMau.n.11 H TepMocrn6HJJbHOCTh .[lHK secbMa lfY8CTBHTeJibHbl TaJOKe K 

B3aHMO)J.eHCT8HIO c o6paTHMO CBR3bIBalOllJ,HMHCSI c new semecTBaMH. 06paTHMO 

CBSl3bIBat0m11ec.11 semecTBa, s csoio OlfepeJJ.b, MO)l(HO no.u.pa3JJ.eJJHT.b Ha JJ.Ba KJiacca: 

nepBbIH - 3TO Henocpe,ll.CTBeHHO B3aHMO.lleHCTBYIOll{He c .[lHK (Hanp., HOH.bl Me

TaJJJ108, npOTOH, nopqn:ipHHbl H MeTaJJJJonopqmpHHbl H T . .n.), BTOpOH - onocpe.no

BaHHO (H3MeHeHHe KOH<f>opMaUHH H TepMOCTa6HJibHOCTH .AHK npoHCXO)J.HT qepe3 

H3Menenne csoiicTB pacTBop1nem1) BJJHRIOlilHe na MaKpoMoJJeKYJJY. K nocJJeJJ.

HeMy po.ny cOe,ll.HHeHHH MO)l(HO OTHeCTH, HanpnMep, MOlfeBHtty, a TaJOKe aMHHO

KHCJlOTJ>I U8H1TepHOHHOfO THna. 

CBSl3bIBaHHe 6oJJblllHHCTBa semeCTB, OTHOCRIUHXCJI K nep80H rpynne, xopo

mo OTIHCbIBaeTCSl .II.BYMSl COCTORHHRMH - CB.113aHHbIM c MaKpOMOJieKYJJOH H HeC8.ll-

3aHHbIM c Heii. B HeKOTOpblX CJIYlfaRX CBR3aHHblX COCTOSIHHH MO:>KeT 6bITb Hec

KOJlbKO THnos, HanpHMep, .ll.JlR nop<f>Hp1rnos. TaKHe semecTBa npHHRTO Ha3blBaTh 

JlHraH.naMH (HJJH CKpenKaMH). K HHM OTHOC.llTC.11, 8 nepsyto Olfepe.nb, HOH.bl 

MeTaJIJJOB, cnoco6Hb1e a.Qcop6HposaTbC.ll Ha CTPoro onpe.neJJeHHbIX uenTPax cssi-

3.bIBaHH.ll .AHK [34-41]. CocTOHHHe JJHran.D.a ( CBR3aHHoe c .[lHK HJIH necsuanHoe) 

3aBHCHT KaK OT ycJJ08HH cpe,ll.bl H COCTaBa pacTBOpHTeJUI, TaK H OT KOHUeHTPaUHH 

caMoro mtraH.Lta . 

TaKHM o6pa30M, H3 sb1meH3JIO)l(eHHoro cneJJ.YeT, 'ITO HeT eJJ.HHoro Mexa

HH3Ma ,lJ.JUI 06-MICHeHH.ll KOHcf>opMaU,HOHHblX nepeXO)J.08 KaK BffYTPH ceMeHCTBa 
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<f>opM ,nHK, TaK H Me>K.ll)' HHMH. KIDKJJ.btH c.nyqau no.no6ttoro nepexo.na HMeeT 

CBOH oco6eHHOCTH, H Bbl.!ICHeHHe 3THX oco6eHHOCTeH MO)l(eT ,naTb .nonOJIHH

TeJibH)'IO HH<f>OpMaQHIO 0 npupo,ne CHJI, CTa6HJIH3HpytomHX TY HJIH HH)'IO CTpyK

TYPY. KaK H3BecTHo, H3y'iettne ycnosnii cymecTBOBaHu.11 TOH HJIH HHOH KOH$op

Ma1.urn H HX B3aHMHbIX npespameHHH HMeeT 6oJibWOe 3Ha'IeHHe ,llJl.11 nOHHMaHH.11 

MexaHH3MOB <l>YHKQHOHHpoBaHH" pa3JIHqffblX KOMruteKCOB ,nHK c HH3KO- H BbICO

KOMOJieKy JijlpHbIMH coe,nHHeffHjlMH. 

c )TOH TOqKH 3peffffjl BeCbMa HHTepecHblM npe,llCTaBJIReTCR HJ)"IeHHe 

BJIH.IIHH.II P".Ila pe,nKHX aMHHOKHCJIOT, CTeXHOMeTpH'"IeCKHX KOHUeHTpaUHH HOHOB 

MeTaJIJIOB nepaoro nepexo.naoro P".n.a, nopqmpHHOBbIX KOMnJieKcoB, MeTannco

.n.ep)l(amux coe)J.HHeHHH Ha KOHcpopMaUHOHHOe COCTORHHe H CTa6HJihHOCTb ,nHK. 

Ilo.n6op YKa3aHHbIX coe.uuHeHHH onpas.nb1BaeTc.1I TeM, 'iTO oHH oxaaTbIBatoT 

npaKTH'ieCKH Bee THflbl KOMruteKcoo6pa30BaHH.11 JIHfaH.IlOB c ,nHK, cymecTBYIO

mue B peaJibHblX CHCTeMax. 
I 

I. 06paTHMO ceR1L1ea108'HecR J1HratmL1 

a) PeJJ:KHe aMHHOKHCJJOTb1-nea11epaoHbl. HHTepeCHbIM KJiaccoM o6paTH

MO CB.113b1Batoll{HXC" c ,nHK JIHraHLl.OB jlBJijlJOTC.II aMHHOKHCJIOTbl-l.(BHTTepHOHbl, 

HMetomne '"leTKO pa3L1.eJieHHbte 3ap11Ll.bl. K HHM OTHOCllTC" rJIHUHH, ~-anaHHH, y

aMHHOMaCJIS!HM KHCJIOTa (y-AMK) - peLl.KHe aMHHOKHCJIOTbl, H3BeCTHbie CBOHMH 

<PapMaKOJlOrH'ieCKHMH CBOHCTBaMH. BblHCHeHHe MexaHH3MOB BJaHMO.lleHCTBHR 

JTHX BemecTB c ,nHK C03.IlaeT npeLt.nOCbIJIKH )lJijl noHHMaHHll pstLt.a oco6eHHOCTeH 

B3aHMOLl.eHCTBH.II ,nHK c 6eJIKaMH, conyrcTBytomHMH npoTeKaHHIO acex 6e3 

HCKJllO'ieHH.11 6HOJIOfH'"lecKHX npouecCOB B KJleTKe. 

Ilepexoo cnupG11b-KJ1y601<. B JIHTepazype HMeeTCjt orpaHH'"leHHoe 4HCJio pa-

60T, noca.11meHHblX H3y'leHHIO B3aHMO,lleHCTBHSI ,nHK c sew.ecTBaMH aHaJIOfH'-1-

HOro XHMH"lecKoro CTpOeHH.11 [42-44]. AttaJIH3 3THX pa6oT noKa3bIBaeT, qTo .llHa

MHHbt THna H2N-(CH2)n-NH2 npHBOLl..IIT K nOBbIWeHHIO TeMnepazypbt rutaBJieHH.11 

(Tm) ,nHK [43, 44]. IlpH'leM MaKCHMYM 3cp<l>eKTa J{OCTHraeTC.II npH n=5. 
,na..1bttenmee yae11nqettue MeTHJieHOBblX rpynn npHBOJ{HT K nocTenetttton Lt.ecTa-

6HJIH3aUHl-t ,nHK. IlpeJ{no11araeTCSI, 'iTO yMeHbllleHHe TepMOCTa6HJibHOCnt ,nHK 

npH n>S HJJ.eHTH'iHO JJ.eHCTBHIO opraHH'IeCKHX pacTBopnTeJieH, KOTOpbte, C03)J.aBast 

Heno11sipey10 aTMOccpepy BOKpyr ,nHK, npHBOLl.}IT Kee necTa6HJIH3aUHH [43, 44]. 
IlocTeneHHoe )Ke yaeJIHlfeHHe Trn npu H3MeHeHHH n OT 1 no 5 npe)lno11araeTc.1I 

o6ycJIOBJleHHbIM cneuH<l>H'ieCKHM CBll3hIBaHHeM JJ.HaMHHOB: 0):1.Ha aMHHOrpynna 

CBll3htBaeTCst c cpoccpaTHOH rpynnoii, a .npyra11 - c a30THCTbIMH ocHosaHH}IMH A 

HJUI T. MoHoaMHHbt npn MaJibIX KOHUeHTpaunn CTHMYJIHPYIOT .necTa6HJIH3aUHIO 

Ll.BOHHOH cnnpann [42], a npH .IlaJlbHeHrneM IlOBblllleHltlH HX co.nep)l(aHH.11 B 

pacTBope npHBO.IlllT K CTa6HJIH3aUHH ,nHK. Ilpu KOHUeHTpaUHSIX aMHHOB, CTa6u

JIH3Hpy10mux .IlBOHH)'IO cm1panb, H3MeffjleTCjl KOHcpOpMaUH" ,nHK - npoHCXO.IlHT 

B-C-noL1.06HbIH KOHcpopMaUHOHHblH nepexo.u. AaTOpbt BbtrneyKa3aHHbIX pa60T 

C8}13bIBalOT crn6w11nnpy10mee .l{eikTBHe HHJKOMOJieKyJijjpffbJX MOHOaMHHOB c He

cneumpnqeCKHM B3aHMO,LleHCTBHeM aMHHOrpynn JIHraH,llOB c cpoccpaTHbIMH rpyn

naMH )UIK, a .l{ecTa6HJIH3Hpytomee .nencTBHe npH MaJibIX KOHUeHTpaUH}IX MOHO

aMHHOB - c HX B3aHMO.IleHCTBHeM c aJOTHCTblMH OCHOBaHH.IIMH. 
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Y<I>-cneKTpoct>oTOMeTpHqecKoe nccne.nosattne TepMOAHHaMnqecKHX oco-

6eHHOCTeil ,lJ,HK 8 80.IJ.HblX pacTBopax fJIHU.HHa, ~-aJiaHHHa H y-AMK IlOK83bI8aeT, 

llTO TeMneparypa IlJlaBJieHH.11 (Tm) H llIHpHHa TeMneparypttoro HHTepsana ( ~ T) 
nepexo.11.a cnupa.Hb-KJiy6oK ,lJ,HK 3asucn OT HOHHOH CHJlhI pacTBopHTeJUI u 

KOHU.ettTpaUHH aMHHOKHCJIOT (puc. 1, 2). 
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10·• IO" 1 2 3 4 C(\I) 

PHC. 1. 3a.BHCHMOCTb TCMneparypbl nnasneHHll (a) H 
HHTepeana nepexona c11Hpanb-KJIYOOK (6) .llHK THM)'· 
ca TeneHKa OT KOHUeHTpllllHH P-anaHHHa npu HOHHblX 

cHnax: • - 0,02M, ti- 0,2M, o -0,002M [Na j . 

XapaKTep TepMO"'iY8CT8HTeJihHOCTH ,lJ,HK 3asucwr TaJOKe OT 8HJJ.a aMHHO

KHCJIOThI. PeJyJILTaThI, rrpu8e.11.eHHhIX Ha puc. 3, csn.neTeJihCT8YJOT o TOM, tITo 

8 

7 

6 

4 

3 

z 4 C(Ml 

Puc. 2. 3aeucHMOCTb HHTepeana nepe
xo.na cnupanb--KnyOOK .llHK THM)'ca 

y8enW1eHHe qncna MeTHJieH08hIX rpynn B 

aMHHOKHCJIOTaX npH80.LIHT K OCJia6JieHHIO 

3cpcpeKTa .necTa6HJIH3aUHH MaKpOMOJieKYJl 

,[(HK, tta6mo.naeMoro npH OTHOCHTeJlbHO Ma

JlblX KOHU.eHTJJaU.H.llX aMHHOKHCJlOT, H K 

ycHJieHHIO HX CTa6HJ1H3Hpy10mero .11.eHCT8IDI 

npH OTHOCHTeJlhHO BblCOKHX KOHU.eHTJJaU.IDIX 

(> l ,5-2M). ,ll,ecTa6HJ1H3aU.H.ll MmKeT 6h1Th 

o6ycnosnetta, cKopee 8Cero, TpeM.11 o6cTo

RTeJ1bCTBaMH. Bo-nepBhIX, eJaHMo.n:ei1cTBHeM 

IlOJlO)KHTeJlbHO 3apst)KeHHblX aMHHHblX rpynn 

aMHHOKHC,10T c OTJJHU.aTeJibHO 3apst)KeHHbIMH 

ct>occt>aTHbIMH rpynnaMH ,ll,HK, conpOBO)l(-

TeneHKa OT KOHUeHTpauHH aMHHO- .11.aJOIUHMC.ll qaCTH'iHblM BbITeCHeHHeM HOH08 

KHcnOTw: • - rnHl.lHH, o - P-a.r1aHHH, Na+, e pe3yJ1hTaTe qero ocna6JisteTC.ll 3KpaHH-

x - y-AMK. 33l.J.H.ll 83aHMHOfO OTTaJIKHBaHH.ll ct>occt>aTHbIX 

rpynn. Bo-eTopL1x, no .11.ocTH)l(eHHH cTexuoMeTJJH'iecKoro coornowettu..11 ,ll,HK
aMHHOKHcnoTa cso6o,nHbie (HeCB.ll3aHHbie) aMHHOKHCJIOTbl, noao6HO HeKOTOpbIM 

opraHuqecKHM coe,nHHeHH.llM, 803.11.eHCTBYIOT Ha npOCTJJaHCTBeHHYIO CTJJYKTYPY 

B0.11.hl, rn.npaTHposaHHOH Ha ,[(HK, H3MeH.ll.ll Me)KMOJleKynstpHble B3aHMOJJ.eHCTBH.ll 

Me)l()J.y HHMH u TeM caMbIM noHH)l(ast cTa6HJlhHOCTb ,[(HK. HaKotteu., B-TJJeTbHX, 
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}J.ecTa6HJJH3aUIDI CTJ>YK1YJ>bl MO)f(eT 6blTb pe3yJibTaTOM npJIMOfO B3aHMOJJ.eiicTBHJI 

aMHHOKHCJIOT c a30THCTbIMH OCHOBaHHJIMH. qeM )Ke B OCHOBHOM o6ycJIOBJieHa 

}J.eCTa6HIIH3aUIDI ,LUIK? 

Tm("C) 

a 

68 

66 

-2 -1 o lgCCM) -1 • 
PKc. 3. 3asHCHMOCTb TCMTiepaTYJ>LI IUJaBJICHKll AHK OT norapKcl>Ma KOHUCHrpamm aMKHOKHC

nOTLI 8 OTCYfCTBHC 3KpllHHpOBKH «l>occt>aTHI.IX rpynn (a) H npH HX IlOJIHOii 3KpaHHpOBICC HOH8MH 

Mg2+ ([Mg2j=6· I 0-4.M) (6): x - rnHUHH, o -13-anaHHH, • - y-AMK. 

AHa.IIH3 pe3yJibTilTOB, nonyqeHHLIX s pa60TaX [45, 46], no3BOJUICT O.l{H0-

3HatfHO YTBep)f{.l{aTb, tfTO rmnurn, ~-aJiaHHH H y-AMK HenocpeJJ.CTBeHHO He KOH

TaKTHPYIOT c aJOTHCTbIMH ocHosaHHJIMH. TaKHM o6pa30M, 3<P<l>eKT JJ.eCTa6HJJH3a

QHH )lHK He MO)l(eT 6bITb o6ycJIOBJieH npJIMblM 83aHMO}J.eHCTBHeM aMHHOKHCJIOT c 

a30THCTblMH OCHOBaHHHMH. 

CnmKHbIH xapaKTep 3aBHCHMOCTH TepMocTa6HJJLHOCTH OT HOHHOA CH.Jllil 

paCTsopa YKa3L1saeT Ha so3MO)f(HOCTb peanH3aQHH :meKTPocTaTHt1ecKoro Mexa

HH3Ma }J.eCTa6HJIH3aQHH ,[{HK 8 npHCYTCTBHH o6cy)f{.l{aeMblX llMHHOKHCJIOT. Ec
TeCTBeHHO .l{yMaTb, tfTO npH MaJiblX KOHQeHTpal{HJIX aMHHOKHCJIOT DpOHCXO.llHT 

B3aHMO}J.eHCTBHe DOJIO)l(HTeJlbHO 3apJ1:>KeHHblX aMHHHblX rpynn QBHTTepHOHOB c 

OTpHQaTeJibHO 3apH)l(eHHbIMH <l>oc<l>aTHblMH rpynnaMH ,LUIK. 0JJ.HaKO peWaIOI..QHA 

BKJla,l{ B yMeHbWeHHe TepMOCTa6HJibHOCTH BHOCHT }J.eHCTBHe aMHHOKHCJIOT Ha 

npoc-rpaHCTBeHH)'IO CTJ>YKTYPY BO}J.bl, Henocpe.ncTBeHHO npHJieralOI..QeH K )U-IK. 

HttbIMH cnosaMH, 3TH aMHHOKHCJIOTbI, no,1J.06uo ueKoTOpbIM oprauHtfeCKHM pacT

eopHTeJIJIM, Bbl3blBaIOT uapyweHHe DpOCTpaHCTBeHHOH CTJ>YK1YJ>bl BO}J.bl, Heno

cpeJ.lCTBeHHO npHJiera10mei:f K MaKpoMoJieKYJiaM )U-IK, CTHMYJiffPYJI TCM caMb1M 

H3MeueHHJI Me:lKMOJieKYJIJipHbIX B3aHMOJJ.encTBHH )U-IK-pacTBOpHTeJib. XapaKTep 

H3MeHeHHH 3THX B3aHMOJJ;eHCTBHH 3aBHCHT OT JJ;JIHHbl yrneBOJJ.Opo.l{HOrO pa.l{HICa.11& 

aMHHOKHCJIOTbl H CTeneHH ee pa3BeTBJieHHOCTH [21]. 
06paTHMCR Tenepb K 34J<l>eKTY ysenwremur -repMOCTil6H1lbHOCTH JU-II< npH 

BblCOKHX KOHQCHTpaQHJIX aMHHOKHCJIOTbl. H3BeCTHO, 1fl'O CTil6HJJbHOCT'b ~ 
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I 

38BHCHT OT HOHHOH CHJibl paCTBopa ( TeMnepazypa ,lleHazypal.l,HH JIHHeHHO pacTeT c 

pOCTOM norapHClJMa HOHHOH CHJlbl). c )"leTOM npaKTHtleCKH JIHHeHHOH 388HCH

MOCTH Tm OT norapH<\>Ma KOHUeHtpau,HH aMHHOKHCJIOT, MO)KHO y6eJJ.1IT1>csi:, 'ITO 

l6 

l4 

12 

lO 

Aff(a.rilr) 
C8060JJ.HaSI 3HeprHJI CTa6HJIH38l.l,HH H8TH8-

HOH CTpyrcryp1>1 ,[(HK .si:8m1e-rc.si: norapmp

MH':lecKoil <l>YHKUHeH KOHUeHtpal.l,HH 8MH

HOKHCJ10Thl 8 pacTBope. 3ToT <PaKT npu no

cromcTBe 3HTaJibnHH nepexo,lla (pHc. 3, 4) 
C8H)J,eTeJibCT8YeT 0 TOM, 'ITO MexaHH3M CT8-

6HJIH38UHH cnupanLnon CTPYK1)'pb1 ,[(HK 
UBHTTepHOHaMH, KaK H 8 cnyqae O)J,H08a-

8 .._~ ...... ~ ...... ~ ..... ~ ..... ~_..... JieHTHblX 3JieKTPOJIHT08 [47], HMeeT 3HTJ>0-

1 2 3 4 C(M) IlHHHYIO npHpo.zzy. Cornacno fITHUHHY [ 48, 
Pile. 4. 3aeHCHMOCU. 3HTll1lh!IHH nepexo- 49], IlpOTHBOHOHbl, neperne)J,WHe 8 paCTBOp 

.Ila cnepam.-Krry6oK JlHK OT "oHUeHTpa- H3 HOHHOH «rny6LI» MaKpOMOJieKYJibI, onpe-

UHH B-amunrna. JJ,eJl.llJOT 3HTponmo HX CMerneHIDI. TaKHM 

o6p830M, lfeM HIDKe KOHUeHTJ)8UHJI npOTH80HOH08 8 pacTBope, TeM 3ffTPOilHHHO 

6onee 8bir0.llCH npouecc OJiaBJleHH.11. flpH 833.HMO}leHCTBHH aMHHOKHCJIOT c ,[(HK 
3ffTPOOIDI CMeweHIDI IlpOTHBOHOHOB H l{BHTiepHOHOB 6y}leT 38BHCeTb He TOJlbKO 

OT KOHUeffTP8UHH nep81>IX 8 pacTBope, HO H BTOpbIX. A 3TO JHalfHT, 'ITO lfeM ibIIIIe 

KOHQeffTPal{HJI aMHHOKHCJIOT 8 pacTBope, TeM 3HtpOIIHHHO MeHee 8birO}leH 

npouecc IlJI88JieHIDI )];HK H, CJIC,ll08aTeJibHO, 8bIWe ee TepMOCTa6HJibHOCTb. "" 

KoH<jJOpMatjWt. li38CCTHO, 'ITO 8 CTHMyJIHpOBaHHH KOH<{>OpMau,HOHHhlX ne

peXO.ll08 MOJieKYJI ,[(HK onpe}leJieHHyJO poJib Hrpae-r H3MeHeHHe C80HCTB paCT80-

pHTeJI.sI. ,D;eikTBHTCJlbHO, OCH08HbIM <f>aKTOpOM, onpe.lleJl.sIJOIUHM Kon<t>opMau,HOH

Hoe COCTO.sIHHe ,[(HK, JIBJUleTC.sI aKTHBHOCTb MOJie- /;.F.r-----------
KYJI 80.llLI, KOTOpasi: qpe3Bbilfaituo qyscT8HTen&ua 

K COCT88Y pacTBopHTeJIJI [3, 50]. BecbMa UCHHyJO 

H onpe.lleneHHyJO un<f>opMaUHJO 06 oco6eHHocT.si:x 

KOH<f>opMal.l,HOHHOrO COCTOBHHJI ,[(HK MO)l(HO IIO

JI)"IHTb Ha OCH08e HCCJie.llOsaHHH MaKpOMOJieKyJI 

,[(HK 8 ycJI08IDIX lf8CTHlfHOH HX .llCrH,llpaTau,HH 

[51] H H3MCHCHH.ll nom1pHOCTH cpe,llbl [I, 2]. c 
3TOH QCJlblO 8 pa6oTe [ 46] MeTO)J,OM K,lJ; npoBe

,llCHO ,lleTaJibHOe HCCJ1C)J,08aHHe KOH<t>opMal.l,HOH

HblX npe8pam;eHHH ,[(HK 8 80.llHblX pacTBopax 

' J 

.J 

-l 

.J _, 
-5 

270 A. (run) 

rJIHUHHa, ~-anaHHHa H y-AMK, 'ITO Il03BOJIJleT Pile. 5. CnCIITJ>bl K}J. }].HK THM)'• 

BbIBCHHTb pOJib }lerHJJ,paTal.l,HH ,[(HK B CTHM)'

JIHpOB8HHH Kou<t>opMaQHOHHblX nepeXO.ll08 8 HCA. 

li3MeHeHHe cneKTP08 K,lJ; ,[(HK B npHCYTCTBHH 

rJIHUHHa, ~-ananHHa H y-AMK CBH)J,CTeJlbCTByeT, 

lfTO B o6naCTH KOHQCffTPal{HH 8MHHOKHCJ10T, 

ca TCneHK8 B npHCyrcTBHH MO'IC

BHHbl " ~-anaHHHa s o, 1 ssc•: 
(- ) - 'IHCTilll }].HK, (- • -) -
JlHK+4M MO'ICBHHbl, (- -) -

)lHK + 4M IJ-anllHllH&. 

CTa6HJIH3HpyiomHX ,[(HK, npOHCXO,llJIT KOH<t>opMliUHOHHblC H3MCHCHHJI MaKpoMO

JieKYJI 8 npe.llenax B-ceMeilcTBa <t>opM (cM., Hanp., pHc. 5). 

• 1 SSC = O, l SM NaCl + 0,01 SM Na QHTPllrf. 
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IlpaKTH'leCKH DOJlHOe COBna,zJ,eHHe MHKpOKaJIOpHMeTJ>HqecKHX (BblCOKHe 

KOHUeHTpaUHH) H cneKTJ>O<l>OTOMeTJ)HqecKHX .LlH<P<l>epeHUHaJibHblX (HH3KHe Ha 

nopJl)J.OK KOHQeHTJ)aUHH) KpHBbIX OJiaBJieHHH (pHC. 6) DOKa3bIBaeT, ~o KOH<l>op-

2.G 

LO 

n 
'' ! : J 

? ,.: !,. ..... 
··v'. / r ...__ 

l 
' , 

I , . 

(a) -d9/dt :: (b) 

S'J ., 61 75 t,'C 

PHc. 6. MHKpoKaJIOpHMeTPK'fecKHe (a) H cne1CTpo<l.>OToMCTpH11e

cKHe (b) .UH<l.><l.>epeHl(HaJibHble KpHBblC m1ae,1eHHJI .[{HK THMyca 

TCJieHn e npHcyTCTBHH pll3nH11Hi.IX KOHI.tCffTPauKA P-aJiaHHHa 

e 0,1 SSC: 1-0, 2-1,6M, 3-5M. 

MaUHOHHbJe H3MeHeHHJI 

.[{1-IK, peanHJyeMbre B 

BO.LJ.HbIX paCTBopax P
anaHHHa (aHaJIOrHqHaJI 

KaPTHHa Ha6JIIO)J.aeTC.$1 

H B cnyqwi:x rJIHUHHa, 

H y-AMK), He CBH3aHbl 

c Me)l(MOJieKyJIJlpHOH H 

BHYTJ)HMOJieKyJIHpHOH 

arperaUHHMH. 

I-fa nonyqeHHbIX 

pe3yJ1bTaTOB CJie.LJ.YeT, 

qTo Kott<PopMaUHOHHble 

COCTOHHHH ,LlHK B BO.Ll

HblX paCTBopax rJIHUHHa, a TalOKe pe.D.KHX aMHHOKHCJIOT ~-anamrna H y-AMK 
o6ycJioBJieHbl KaK npHMblM B3aHMO)J.eHCTBHeM aMHHOKHCJIOT c ,aHK ( 3JieKTJ)OCTa

TH'leCKOe B3aHMO)J.eHCTBHe OOJIO)l(HTeJibHO 3apH)l(eHHblX aMHHHblX rpynn aMHHO

KHCJ10T c OTJ)HQaTeJibHO 3apJl)l(eHHblMH <t>oc<PaTHblMH rpynnaMH .[{1-IK npH MaJlblX 

KOHUeHTpaUHHX BeI.QeCTB ), TaK H KOCBeHHblM B03)J.eHCTBHeM Ha CTJ>YKTYPY 

MaKpoMoJieKyJibI nyTeM H3MetteHHH CTPYKTYPbI H CBOHCTB BO.LI.bl. 

PaccMOTJ>HM no.D.po6Hbie KOH<l>opMaUHOHHbie H3MeHeHHH J{HK B o6nacTH 

MaJiblX (10"3-10"1M) H BblCOKHX KOHUeHTJ)aQHH (1-5M) JIHraH)J.OB. KaK 6blJ10 

CKaJaHO BblWe, npH OTHOCHTeJibHO MaJiblX KOHUeHTJ)aUHHX aMHHOKHCJIOT o6pa-

3YIOTCH KOMOJieKCbl 

.[{1-IK-UBHTTepHOHbl, B 

pe3y~bTaTe qero npo

HCXO.D.HT qacTuquoe 

BbrrecHeHHe CBJl3aH

HbIX C .z:lHK HOHOB H 

HapyrneHHe npocTJ)aH

cTBeHHOH CTJ)}'KTYPbI 

.eEa,. •. --~~~~~~--~~~~~~--. 

" ,. u i 
(b) 

II 

• • IUI ~ 

• 1:· . 
• I" Io I 

CJ.6 

o . .a . 
B Henocpe.D.CTBeHHO -J -2 -1 0 .J -2 II 

.e~·.!J 
1.6 

L-' 

u 

I.II 

l;Cf;\.1) 

npHJieratOI.QeM K .[{1-IK PHC. 7. 3aeHCHMOCTb OTHOCHTCJlbHOA HHTCHCHBHOCTH fiOJIOC 

CJIOe BO.LI.bl (rH.LJ.paTHWI 6£276 (a) H dE245 (b) caeKTpoB K)l J(HK THMyca TeJICHKa OT no-
BO.LJ.a) [ 45]. Ilocne.D.Hee rapH<l.>Ma KOHI.tCffTPauHH aMHHOKHcnoTbl e 0, I SSC: • - rnHI.tHH, 

npHBO.LJ.HT K H3Meue- 0 - P-aJiaHHH, x - y-AMK. 

HHHM B cneKTpax K.a .[{1-IK (pHC. 7). T.e., c yseJrnqeHHeM CO.D.ep)l(aHHJI 3THX Be

I.QeCTB B HHTepsarre 10"3 -10"1 M npH HeH3MeHHOH KOHUeHTJ)aUHH .z:lHK B paCTBOpe 

IIpOHCXO.D.HT yBeJIHqeHHe aMOJIHTY .LI.bl OOJIO)l(HTeJibHOH IlOJIOCbl K.a ~C276· 
CneeyeT OTMeTHTh, ~o npH rex )Ke KOHUeHTJ)aUHJIX aMHHOKHCJIOT npoHc

XO.LlHT pe3Koe na.n.ettHe 3HTaJihnHH nepexo.D.a cnHpa.'lh-KJIY6oK ,aHK (25], o6yc

JIOBJieHHoe Y.D.aJieHHeM 11acTH MOJieKYJI BO.LI.bl, npHHHMalOLQHX yqacTHe B IlOCTJ)O-
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eHHH rHJJ.paTHOH 06011oqKH HCXO}UfOH ,[{HK. IlpH BblCOKHX )Ire KOHQeHTpal.UUIX 

aMHHOKHCJIOT B cneKTpax K,ll; nponcxo.wrr HHble H3MeHemu1 - MOHOTOHHO yMeHb

rnaeTCJI HHTeHCHBHOCTb fiOJIOCbl ~C276 H yeeJJHqHeaeTCJI OTpHQaTeJJbHaJI noJJoca 

~e276 (pHc. 7). MbI cKJ10HHb1 noJJaraTh, ~o KottcpopMaUHOHHhie H3MeHeHHJI ,[{HK e 

80.[{HblX pacTBopax rllHQHHa, ~-aJlaHHHa H y-AMK npu BblCOKHX KOHUeHTpaQHJIX 

o6ycJIOBJieHbl CKopee ecero HX CTpyKTypopa3pyrnaIOlllHM BJIH}IHHeM Ha BO.[{y. 

IlepeXO.[{bl B TpeTHqHoH H BTOpHqHOH CTpyKrypax ,[{HK 3aBHC.llT OT .[{JIHHbl 

yrneeonoponttoro P<l.llHKana Mo11eKy11b1 H cTeneHH ero pa3BeTBJieHHOCTH. A, KaK 

6blJIO noKaJaHO B pa6oTe [26], B ycJJOBH}IX IlOJIHOH 3KpaHHpOBKH cpoccpaTHblX 

rpynn HCCJie.[{OBaHHbie aMHHOKHCJIOTbl BenyT ce6JI nono6uo HeKOTOpbIM opraHH

qecKHM semecTBaM. 0HH necTa6HJIH3HpYJOT MaKpOMOJieKyny ,l.lHK, HapyrnaH npo

CTpaHCTBeHHYJO CTPYKTYPY BO.[{bl e uenocpencTBeHHOH 6mt30CTH OT MaKpoMoJie

KyJI [52]. TaKHM o6pa30M, B HCCJie.[{yeMOM pH.[{y aMHHOKHCJIOT (H2N-(CH2)n

-COOH) HaH60JiblI1YIO .[{JIHtty HMeeT y-AMK H HMeHHO OH .llBJIJleTC.ff JIY'llllHM 

CTpyK1)'pOpa3pyrnaIOlllHM areHTOM . 

6) lf oHbI MeTaJIJIOB nepeoro nepexo,lluoro psma. IlpoTeKaIOmHe e opra- . 

HH3Me cpepMeHTaTHBHble peaKQHH, KaK npaBHJIO, KaTaJIH3HpyK>TC.ll HOHaMH .[{Byx

BaJleHTHblX MeTaJIJioe. B aKTHBHOM ueHTpe JJK>6oro <f>epMeHTa 06J13aTeJJbHO npn

CYTCTBYJOT HOHbl onpeneJJeHHOro MeTamia, HX HaJIHqne Heo6xo.[{HMO MR HOp

MaJibHOro npoTeKaHHR npoQeccoe penJIHKaunu u TpaHcKpunQHH. HoHhI nepexon

HbIX MeTaJIJIOB npo.RBJIRK>T CHJJbHOe MYTareHHoe u KaHQeporeHttoe neiicTeHe. 

HoHbI MeTa.'IJIOB TaIOKe nrpaIOT 3HaquTeJJbttyK> ponb e cpyHKQHOHHpoeaHHH ttyK

JieHHOBhIX KHCJIOT, fi03TOMY J1I06b1e .[{aHHbJe 0 <f>muqeCKHX CBOHCTBax KOMnJieK

COB ,lUIK c MeTaJIJiaMH MOryr npencTaBmITb HCCOMHeHHbIH HHTepec .[{JIJI nOHHMa

HHR MOJieKyJIRpH0-6HoJioruqecKHX MexaHH3MOB <l>YHKUHOHHpOBaHHR ttyKJleHHO

BblX KHCJIOT (cM., uanp., [53]). 
CoepeMeHHbie naHHbie o MecTax npenno~HTeJJbHoro CBR3hIBaHHR ttyKJ1en

HOBhIX KHCJIOT c HOHaMH MeTaJIJTOB OCHOBblBaJOTC.R Ha H3yqeHHH KpHCTaJIJiffqe

CKHX CTpYKTYP MeTaJIJl-ttyKJleOTH.[{HbIX KOMnJJeKCOB MeTO.[{OM peHTreHOCTpyKryp

HOro aHaJIH3a, a TaIOKe cneKTpoe RMP H 3ITP pacTBopoe co11eH: MeTaJIJIOB c ttyK

neoTH.[{aMH [53]. Ha ttyKJieOTH.[{ax HMeeTCJI TpH THna QeHTpoB CBR3hIBaHH.R M.11 

HOHOB MeTaJIJIOB: OCHOBaHHe, <f>occpaT H pH603a (HJIH .[{e30KCHpH6o3a). PH603a 

cqHTaeTC.R cna6bIM JIHraH.[{OM H Il03TOMY KaK noTeHQHaJlbHblH ueHTp CBR3bIBaHHJI 

He npe.[{CTaBmieT HHTepeca. <l>occpaTHaJI rpynna H3-3a HaJIHqHJI B Hdt aTOMOB KHC-

11opona, HeCylllHX 3HaqnTeJibHblH OTpHUaTeJibHbIH 3ap.ff.[{, }IBJl.ffeTCR CHJibHblM 

JIHraH.[{OM no OTHOllleHHIO K HOHaM menoqHbIX H me11oquo-3eMeJibHblX, a TaIOKe 

nepeXO.[{HbIX MeTaJIJIOB. 11 HaKoHeQ, a30THCThle OCHOBaHH.R JIBJI.ff}()TC}l CHJibHbIM 

JIHraH.[{OM TOJibKO .[{JI.ff HOHOB nepeXO.[{HblX MeTaJIJIOB. 

Ha cpoccpaTHbIX rpynnax HMeeTCR onuo MeCTO CB.113bIBaHHR, xapaKTepH3)'10-

ll.leec.R BblCOKOH nJIOTHOCTbK> OTpHQaTeJlbHOro 3ap.ff.[{a, Ha a30THCTblX OCHOBaHH}IX 

npenno~HTeJlbHbIMH .[{JIJI CB.R3bIBaHH}l c HOHaMH MeTaJIJIOB .RBJl.RIOTCJI MecTa c H3-

6bITOqHOH WIOTHOCTblO 3ap.ff.[{a, T.e. MeCTa, OOJia,llalOlllHe 60JlblileH OCHOBHOCTblO 

(cxeMa I). 
Cornacuo cxeMe I, npeMOiKeHHOH B pa6oTe [54], rroTeHQHaJlbHbie MeCTa 

CBJl3blBaHH.ff HOHOB MeTaJIJIOB c aJOTHCThlMH OCHOBaHH.RMH ClleJJ.YIOLUHe (B CKOOK8X 
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npHBe,ZleHbl BeJU1.11HHbl H36blT011HOH IUlOTHOCTH 3apJ1.JJ:a .ZJ.aHHoro aroMa ): 

Ha ryaHHHe - N7 (0,63), Nl (0,55), 06 H NH22 (0,43); 

Ha a.n.eHHHe - N7 (0,52), Nl (0,53), NH26 (0,43); 

Ha UHT03HHe - N3 (0,66), 02 H NH24 (0,43); 

Ha THMHHe - N3 (0,32), 04 (0,35), 02 (0,33). 

0.11.HaKo eenymy10 ponb B npouecce KOMrmeKcoo6paJ0BattH.11 ,nHK c Houa

MH MeTIUIJJOB HrpaeT He CTOJJbKO OCHOBHOCTb, CKOJJbKO CTepH11eCKHe cpaKTOpbl 

CxeMa l. CxeMa KOMfiJICMCHTapHhlX AT- H ru
HYKJICOTHllHblX nap. 3seJJtO<tKOA yKaJaH1>1 Mcc

ra, 0611amlJOIUHC BblCOKOA fiJIOTHOCTb!O 3apll,lla. 

R - MCCTa npHCOC)lHHCHH.11 OCHOBaHHit K «t>ypa-

H03HOMY KOJlbUY. 

KOHKpeTHOrO MeCTa CBJl3bIBaHHJI. ,[{eyx-

eanettTHble HOHbl nepexO,ZlHbIX MeTan

JIOB o6paJyIOT HaH6onee ycTOHlfHBbie 

KOMnJieKCbI c nono>KenHeM N7 nypHHO

BbIX ttyKJieOTH.L\08 (oco6eHHO ryaHHHa), 

npHlfeM CBJ13b N7-MeTanJJ 3HalfHTeJibHO 

6011ee CHJibHa.11, lfeM :no cJJe.nyeT HJ 

npocToro paccMo-rpeHHJI OCHOBHOCTH 

yKaJaHHoro MecTa [53-56]. 

Hottbl nepeXO.!lHbIX MeT8nJ10B, 

6J1aro.n.apJ1 CBOeH He3aBeprneHHOH 3d-

3JieKTpOHHOH KOHcpHrypauHH, MOryr 

o6pa30BbIBaTb c aToMaMH ,ZlOHopa KOOp

.!lHHaQHOHHble CBJl3H. KpHCTanJJorpacpu-

11ecKHe .11.aHHbie, nony11eHHb1e .ZlJIJI 

HOHOB Cu2+, Mn2
+, Co2

+ H Ni2+, o6Ha

p)')KHBaJOT xeJ1aT006pa3HOe CBJl3blBa

HHe HOHOB c N7 ryaHHHa H KHCJJOpo

.!lOM cpoccpaTHOH rpynnb1. 06ttapy)KeHo 

TaIOKe KOMnJJeKcoo6pa30BaHHe HOHOB 

nepexO.ZJ,HbIX MeTaJIJIOB c noJJo:>KeHHJIMH 

N 1 ryaHHHa H a.nettHHa H 06 ryattHHa, 

O.ZJ,HaKO ycTOHlfHBOCTb noJJy11eHHblX 

KOMnJieKcos 3Ha11HTeJILHo HH)f(e, tteM npH CBJ1Jb1BaHHH c N7 nypHHOBbIX 

ttyKJieOTH.llOB (53). 

B nHpHMH.llHHOBhIX ttyKJieOTH.uax (UHT03HHe H THMHHe) nOJIO)f(eHHe N3 

A:BJIJleTCJI HaH6oJJee npe.nnotfTHTeJJbHbIM MeCTOM CBJl3bIBaHHJI .llByxeaneHTHblX HO

HOB nepexo.!lHhIX MeTaJIJlOB. Cest.3hIBam1e >Ke c nono)KeHHeM 02 JHalfHTeJJbHO 

cna6ee . .HcKJIJOlfeHHe COCTaBJJA:fOT HOHbl Mn2+, npe,ZlTIO'IHTaJOIUHe CBJl3bIBaTbCJI c 

02 aTOMOM UHT03HHa [56]. 

B JJHTeparype 06cy)KJJ.aeTcJ1 TaK>Ke eonpoc o B03MO:>KHOCTH CBst.3bIBaHHJI 

HOHOB MeTaJJJIOB c aMHHOrpynnaMH OCHOBaHHH. 0.n.HaKO noKa3aHO, lfTO OHH JIBJISl.

fOTCJI nJJOXHMH JJHrau.n.aMH no TOH npH11Hne, 11To ueno.ne11etttta.11 napa 7t-3JieK-rpo

HOB ,ZleJIOKaJIH30BaHa H TI03TOMY He cnoco6tta K CBR3bl8aHHfO c 1-fOHOM MeTanJia. 

Ho nocne .n.enpoTOHHpoeaHHJI OHH Moryr y11acTBoeaTb B CBJ13bIBaHHH MeTaJIJJa c 

ttyKJieOTH.ZJ.OM [53]. CJJe,ZloeaTeJJbHO, aKTHBHOCTb MecTa ua ttyKJieon1.ne JaBHCHT OT 

BHeWHHX ycJIOBHH, B 11acTHOCTH OT pH cpe.!lbl, KOHQeH-rpaUHH HOHOB, TeMne

parypbl H T.,ll. 
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B 3aBHCHMOCTH OT Toro, c KaKHM KMeHHO MeCTOM Ha HyKJICOTH,Ue CBJ13bl

BaeTCH HOH, CTpyKrypa H, CJJeJJ.OBaTeJJbHO, <l>H3H'leCKHe CBOHCTB~ noJJy'leHHblX 

KOMnJJeKCOB 6yJJ.YT CHJlbHO paJJIH'laTbCH. 

BecbMa u,eHttylO HH<popMaU.HIO o CTPYK1YPC H csoHCTBax KOMnJieKcoB 

ro-IK-MeTaJIJl MO)((}fO no.rry'IHTb, eCJJH HCCJJeJJ.OBaTb HX TeMneparypHoe nnaB.ileHHe 

[38, 57] H KOH¢opMaUI10HHble nepeXO).l,bl B ,[{HK, Bhl3blBaeMble HOHaMH MeT!L'IJlOB 

[ 41, 58, 59). Bee npeJJ.JTO)f(eHHble B OTMe'leHHhlX pa6oTax MexaHH3Mbl CBH3LIBaHHH 

HOHOB MeTaJIJJOB (B 'laCTHOCTH HOHOB nepeXOJJ.HblX MeTaJIJJOB) npeJJ.no,1ara10T 

H36HpaTeJJbHoe CBJl3blBaHHe IIOCJJeJJ.HHX c onpeJJ.eJJeHHblMH ttyKJieOTHJJ.HblMH 

napaMH. 

KomjJopMalfUR. l1ccJJe.nosamte cneicrpOB I<,[{ KOMnJieKcoB J(HK c HOHaMH 

nepexOJJ.HblX MeTaJIJJOB IIOKa3bIBaeT, 'ITO npH KOMHaTHOH TCMIIepazype IIO).l, BJJHJl

HHCM HOHOB J(HK nepeXOJJ.HT B 6onee 3aKpy11eHttylO no cpastteHHIO c B-Q>opMOH 

«C-no.no6ny10» <PopMy B npeJJ.eJJax B-ceMeiicTBa [60-62). 3Q>Q>eKT .noCTHraeT na-

611.aM/C 

IS 

14 

13 

II 

3 CfM/PI 

PHc. 8. 3asHCHMOCT& 3HTaJJbnHH nepe

xona cnHpaJJ1>-KJJy60K .[{HK THMyca 

TCJICHKa OT KOHUCHTPauHH HOHOB Mn2
+ 

( o) H Co
2

• ( • ). 3KcnepHMCHT&I npo
BOJilfJIHC& B 0, I SSC, lfOHH3JI cHna 

CblI..QeHHJI npH OTHOCHTCJlbHOH KOHUCHTPaUHH 

M 1+ C 2+ N.2+ C 2+ 
HOHOB n ' 0 ' I ' u K ttyKJieonmy,. 

paaHOH 0,5MIP.':J-ro CBH3atto c TeM, 'ITO npH 

YKa3aHHbIX KOHU.effTPaU.HHx nonmKHTeJibHO 

3apH)l(eHHble HOHbl .nsyxsaneHTHblX MeTaJIJJOB 

6oJJee 3¢Q>eKTHBHO, 'ICM BHOCHMble c 6yQ>e

poM o.nH0Ba.1eHTHbie HOHbl Na·, 3KpaHHPYIOT 

OTpHUaTe;lbHblH 3apH.ll <}>occpaTHblX rpynn 

,[{HK, npH'leM JJ.JIH noJJHOH 3KpaHHpoBKH 

,llOCTaTO'ICH I HOH Ha 2 Q>ocQ>aTHbie rpynrrbl. 

IlpH 6oJJee BblCOKHX KOHU.eHTpaUH.SIX HOHOB 

nepeXOJJ.HblX MeTaJIJJOB, Kor.u.a BeCb 3apH,ll 

<t>oc<t>aTHblX rpynrr npaKTH'leCKH HMH 3KpaHH

posau, OHH ua1mHalOT B3aHMO,lleHCTBOBaTb c 

OCHOBaHHHMH, 'ITO, ecTeCTBCHHO, npHBOJJ.HT K 

oc11a611eHH10 cnHpanH J(HK. 
[Naj=0,2. B nOJib3Y TaKoro 3aKJIIO'ICHHH CBH)le

TeJibCTBYIQT TaIOKe MHKpOKaJIOpHMCTPH'ICCKHe pe3yJibTaTbl [59]: no KOHUeHTpa

UHH --0,5MIP JHTaJibnHH nJiaBJJeHHH J(HK ysenH'IHBaeTCH, a npH 6oJJee BLICOKHX 

(.u.o 4MIP) - yMeHblllaeTCH (pHC. 8). 
Ilepexoo cnupaJ1b-1<J1y60K. Ha pHc. 9 rrpHse.u,eHLI JJ.H$4>epeHUHaJJbHbie KpH

Bbie nJiaBJJeHHH ,[{HK THMyca TeJJeHKa B I 0-3 M NaCl s npHCYTCTBHHH pa3JJH'IHLIX 

KOHU.eHTpau,HH HOHOB Mn2
+, Co

2
+, Ni2+, Cu

2
+. lh rpaQ>HKOB pHcyHKa cJJeJzyeT, 'ITO 

B 3aBHCHMOCTH OT KOHUeHTpaUHH HOHOB rrpOHCXOJJ.HT 3Ha'IHTeJ1bHOe H3MeHeHHe 

<t>opMbl KpHBOH nJiaBJieHHJI. IlocKOJibKY HaH6onee CHJibHOe H3MeHeHHe KpHBOH 

nJJaBJieHHH npOHCXOJJ.HT B BbICOKOTeMneparypHOH qacTH ( OHa CJJ.BHraeTCJI B CTO

pony HH3KHX TeMnepazyp ), TO MO)f{HO 3aKJIIO'IHTb, 'ITO HMeeT MeCTO npeHMyI..QeCT

BCHHaH JJ.eCTa6HJIH3aU,HH fl.J.-nap npH KOHU,eHTpaU.HH HOHOB ~IM/P. K TaKOMy )KC 

3aKJJIO'leHHIO npHBOJJ.HT aHaJIH3 3aBHCHMOCTeH Tm H !l T ,[{HK c pa3HblM ru.-co.u.ep

)l(aHHCM OT KOHU,eHTpau,HH .u.o6aBJIHeMoro HOHa (pHC. I 0). 113 pHc. l 0 cJJeJzyeT, 'ITO 

BIIJIOTb .u.o KOHUeHTpaUHH HOHOB Mn2
+, Co

2
\ H Ni

2
+ -IMIP repMOCTil6HJibHOCTb 
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PHC. 9 . .llHcpcpepeHUHaJibHbJe KpHBble nnasnemu1 JlHK THMyca TeJJeHKa npH pa3JJH"IHblX KOHUeHT

pauHllX HOHOB Mn2+, Co
2
+, Ni2+, Cu

2
+. UHcppi.1 y KpHsi.1x - KOHUeHTpaUHH HOHOB B Mon11x Ha Moni. 

HyKneoTHJloe (MIP). 

,llaJTee, c nOBblllleHHeM KOHUeHTpaUHH JTHX HOHOB TepMOCTa6HJibHOCTb .l{HK 
yMeH&UiaeTCH. Oco6eHHO 3Ha•nneJI&Hoe yMeH&UJettue Ha6moJJ.aeTCH .Ll.Jlj( )lHK c 

e&1cOKHM rI...{-co.n.ep)((am:1eM. ,[(Jis .l{HK )Ke c e&1coKHM AT-co.D.ep)l(aHHeM (Cl. 
Perfringens) TepMocTa6HJibHOCTb npaKTHlfeCKH He MeHHeTCj( .Ll.O KOHI.leHTPaUHH 

IMIP. npu TaKOM xapaKTepe H3MeHeHHj( TepMOCTa6HJibHOCTH ,[{HK MO)((HO 6b1JIO 

O)((HJJ.aTb HHBepcHH OTHOCHTeJlbHblX TepMOCTa6HJibHOCTei:i AT- H ru-nap. 0.D.HaKO 

3TO j(BJieHHe Ha6mo.uaeTcH TOJihKO e cJiylfae HOHOB Cu2
+. CJie.aoeaTeJI&Ho, npH CTe

XHOM~H'-IeCKHX KOHUeHTPaum1x c pocToM KOJUf"!ecTea HOHOB Mn2
+, Co

2
+ H Ni2

+ 

tta6mo.L1.aeTCj( JIHUJb TeHJJ.eHUHj( K BhipaBHHBaHHIO n:pMOCTa6HJJbHOCTeH AT- H 

rl..{-6oraTblX )lHK. npH'-IeM TepMOCTa6HJ1bHOCTb fU-6oraTOH )lHK OCTaeTCJI Bbl

Uie A T-6oraTOH npu Bcex HCCJie)lOBaHHblX KOHUeHTpaUHJIX HOHOB. no 3cpcpeK

THBHOCTH c6JIH)KeHHJI TepMOCTa6HJ1bHOCTeH AT- H ru-nap )lHK 3TH HOHbl MO)l(HO 
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+ < Ni2+ < Cu2+. 

.H:HTepBan :>1Ce nnaBJieHHJI ,[{HK yMeH1>UJaeTCJ1 npu Bcex KOHUeH'TpaQHJIX .no-

6aBJIJ1eM1>1x HOHOB (puc. IO). ToJI1>Ko npu KOHUettTpaQHJlx IM/P OH pe3KO c~eT-
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eM MHHHMaJibHOe 3Ha

'leHHe HHTepBana nnaB

neHHJI I, 7-2,0°C, a .LlJIJI 

.[(HK c BblCOKHM AT-

co.nep:>ICaHHeM OH cy-
. 0 

:>1CaeTcJ1 .no 0,6-0, 7 C. 
3ToT 3<t><t>eKT JIBJIJleTCJI 

pe3yJI1>TaTOM H36Hpa

TeJibHOfO B3aHMO,neH:

CTBHJI HOHOB C rJ~-ttyK

JieOTH):{HblMH napaMH 

[63, 64). IlocKOJihKY 

npH O,llHHX H Tex :>ICe 

KOHUeHTPaQHJIX HOHOB 

MeTaJIJIOB Ha .nomo 

ru-nap B AT-6oraTbIX 

.[(HK npHXO,llHTCJI 

60Jibllle HOHOB, 'leM B 

fU-6oraThIX .[(HK, TO 

HX .neHCTBHe Ha nepBble 

6y.neT 3<j><j>eKTHBHee 

(HHTepBaJI nnaBJieHHSI 

yMeH1>UJaeTCJ1 CHJI1>Hee 

B A T-6oraT1>1x ,[{HK, 
1.!eM B fU-6oraTbIX). 

Oco61>1H HHTepec 

i 0 +-~~~~---.-----.--~- i npe.ncTaBJIJllOT HOHbl 
0 2 4 8 8 w ~ 14 ~ 2 

-- --·--·- ------------ --- Cu +. ,[{ocTaTOl.!HO HH3-

PHc. I 0. TiapaMe'I'pbl nepexoJla cnHpanb-Kny6oK JUil{ pa:iml'IHblx 

HCTO'IHHKOB (o - THMyca TeneHKa, • - Mluteus, a - Cl. Perfrin
gens) B npHCYTC'fBHH HOHOB p83nH'IHblX Me'I'annoe. 

KHe HX KOHUeHTpauHH 

(0,65-2,0M/P) Bbl3h1Ba

IOT HHBepcHIO OTHOCH-

TeJlbHbIX TepMOCTa-

6HJibHOCTeH AT- H ru-nap .[(HK . .H:HTepBan >Ke nnaBJieHHJI Bcex .[(HK npH OtfeHh 

HH3KHX KOHUeH'TpaUHJIX HOHOB Cu
2
+ (<O,SMIP) se,neT ce6JI HeCKOJibKO aHOMaJib

HO. Oco6eHHO CHJibHO 3TO Ha6JIIO):{aeTCJI y fU-6oraTOH .[(HK. ,[{o KOHUeHTpaQHH 

HoHos Cu2+<0,5MIP uHTepBan nJiaBneHHJI 3TOH .[(HK pacTeT AO 20°c. Ilpu .nan1>-
v c 2t HeHUJeM nOBbIUJeHHH KOHUeHTpauu HOHOB u HHTepsan nnaBJieHHJI scex THilOB 

.[(HK H3MeHJ1eTCJ1 TaK:>ICe, KaK H B cny1.1ae HOHOB. Mn2+, Co
2
+ H Ni2

+ (pHc. I 0). 
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Ha JJ.H<j><j>epeHUHaJibHbIX KpHB&1x DJiaBJieHH.11 .l{HK THM}'ca TeJleHKa (pHc. 9) 
npH HaJIH'IHH JJ.O 0,5-0,6M/ P HOHOB Cu

2
• tta6n10JJ.aeTC.SI yurnpeHHe KPHBOH, 

conposo)J{)J.aeMoe TeMeHI.J.HeH K no.SIBJleHHIO JJ.Byxcpa:mocTH nnasJJeHH.ll. IlpH 

6onee BblCOKHX KOHUeHTPaWUIX (>0,65M/ P) HOHOB Cu
2
+ JJ.HcpcpepeHUHaJlbHWI 

KpHBWI pe3KO cy)l(aeTC.ll, npH'leM npOHCXOJJ.HT CJIH.SIHHe OTJJ.eJibHbJX IlHKOB B O,UHH 

YJKHH penepHbIH, KaK H B CJI)"fae OCTaJlbHblX HCCJleJJ.OBaHHblX HaMH MeTaJI

JlOB. TaKHM o6pa3oM, npu 3THX KoHueHTpaUH.SIX HOHOB Cu
2
+ HHTepsa.n nnas

JieHH.ll C}?KaeTC.SI, O.LJ.HaKO OCTaeTC.SI see )Ke .Ll.OCTaTO'IHO 60J1bUIHM (-3,S--4°C) [65]. 
IlpH o6paTHMOM CB.Sl3bIBaHHH JlHraH,l\OB H3BeCTHbl HeCKOJibKO npH'IHH, npu

BO.l\.lllll.HX K yrnHpeHHIO H nsyxcrynett'laTOCTH KpHBbIX 0J1asneuHJ1: I) Koonepants

HbIH xapaKTep B3aHMO,UeHCTBH.SI JJHraH,UOB c )U-IK (66], 2) CHJJbHbie OTJ1H'IHSI B 3Ha

qeHHSIX KOHCTaHT CB.SI3bIBaHHSI JIHraH,l\a co CilHpaJlbHblMH H pacnJiaBJieHHhlMH 

yqacTKaMH .UHK (66], 3) BH)TJ>HMOJieKyJI.SipHa.SI arperaUIDI ,[(HK [7], 4) HaJIH'IHe 

DpHMeCHblX HOHOB (67]. Ha nepBbIH 83rJI.SI,U, mrn:6onee sepo.SITHOH .SIBJl.SleTCSI nep

BIUI npH'IHHa, nocKOJlbKY H3BeCTtto, 'ITO HOHbl Cu
2
+ KoonepaTHBHO CB.SI3bIBalOTC.SI c 

0.Ll.ffOUeDO'le'IHblMH OOJIHttyKJleOTHJJ.aMH polyA H polyC (38]. 0.nHaKO paC'leTbl 

IlOKa3hIBaIOT, 'ITO npH CTOJib HH3KHX KOHQeHTPaUH>lX BKJla,!l KOOnepaTHBHOCTH 

CBJl3bIBaHH.SI Cu
2
+ c m-u< tte3Ha'IHTeJieH. KaK no'Ka3aHo s pa6oTax (32, 62], npu 

HH3KHX CTeneH.SIX 3anoJIHeHH>l .l{HK HOHaMH MeJJ.H OTJIH'IIDI B KOHCTaHTax CB.ll3bl

BaHH.ll HOHOB MeJJ.H co cnHpaJlbHblMH H pacnnasneHHhlMH yqacTKaMH MOryr npH

BeCTH K nepepacnpe,neJieHHJO HOHOB c pacnnasJleHHblX Ha cnHpaJibHbie yqaCTKH B 

npouecce 0J1asneHH>l ,L(H.K H, cne.nosaTenhHO, Moryr cTaTb OJIHOH H3 npH'IHH 

yurnpeHH.ll KpHBOH. qTO KacaeTC.SI rpeTheH npH'IHHbl, TO o6bI'IHO o6pa3oBaHHe ar

peraTOB B .l{HK npOHCXO.Ll.HT npH 3Ha'IHTeJibHO 6onee BbICOKHX KOHQettTpaUH.SIX 

JlHraH,l\OB . .l{pyrou BepO.llTHOH npH'IHHOH ywHpeHH.SI KpHBOH nnasneHH.SI .l{HK B 

npHCYTCTBHH HOHOB Cu
2
+ MO)l(eT 6bITb HaJIH'IHe B pacTBope npHMeCHblX HOHOB, 

.neHCTBHe KOTOpblX He MO:>KeT He npo.llBJUITbC.SI npH CTOJlb HH3KHX KOHUeHTPaUH.AX 

HOHOB Cu2
+. 

e) Iloptepeew e MeTaJIJionoptepenb1. PaccMQTPeHHe nop<j>upHHOBbIX 

KOMDJieKCOB B Ka'leCTBe o6paTHMO CB.SI3bIBalOill.HXC)l nuraH,l\OB o6ycnosneHO TeM, 

'ITO 3TH CoeJJ.HHeHHJI cnoco6Hbl peaJIH30BbIBaTb coseprneHHO OC06bIH THO 

o6paTHMOro CB.113bIBaHH.ll c .l{HK - HHTepKaJI.llQHIO. 

Tiop<j>HpHHbl H MeTam1onopcl>HpHHbI npeJJ.CTaBJIJllOT co6oii IlJlOCKHe UHKJlH

qecKHe opraHH'leCKHe COe){HHeHH.ll, OCHOBY KOTOpbIX COCTaBJI.lleT nopcpHpHHOBOe 

JI.llpo. B ueHTPe .A.LI.pa MO)l(eT Haxo.zxHTbc.ll MeTann, cs.113aHHhIH c aJOTaMH .SI.Upa 

'leTblpbMSI HJIH 6onee KOOp.llHHaQHOHHblMH CB.113.llMH. 06wrno 3TO OJlHH H3 

MeTaJlJIOB nepsoro nepexo.nnoro p.SI.na, HO B03MO)l(HbI TaIOKe KOMOJleKCbI c 6onee 

Til)l(eJlblMH MeTaJIJiaMu, uanpuMep, Ag, Au, Pd, Pt H T.,ll. IloMHMO MeTaJIJia, 

nopq>HpHHbI MOryr OTJJH'laTbC.11 TalOKe THOOM H MeCTOOOJJO)l(eHHeM 60Kosoro 

p&D.HKana (CM., Hanp., cxeMy 2). 
nopcl>HpHHbl H oco6eHHO HX MeTaJIJ10npoH380.l{Hble seCbMa pacnpOCTPaHe

HM B npupo.zxe. 0HH BXO){.llT B COCTaB 6HOJ10rH4eCKHX coe,nuHeHHH (reMorno6HH, 

XJJopocpH.i1,1, eHTaMHHbl rpynnbt B u T.A.). KaK npHpOJJ.HbJe, TaK H CHHTe3HposaH

Hble nop<t>HpHHbl OTHOC.ATC.A K pa3p.SIJlY HHTeHCHBHO u3yqaeMbIX cOeJJ.HHeHHH, 

XHMHl.feCKHe H $OTOXHMH'ICCKHe CBOHCTBa KOTOpbIX UIHpOKO HCilOJlb3YIOTCJI B 
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Me.niuume H 6uonoruu [68-72]. I>naro.napsi cnoco6HOCTH io6upaTeJibHO HaKan

JIHBaTbCH B onyxoneBblX KJleTKax, OHH npHMemIIOTCR B OHKOJIOrHlfeCKOH npaKTHKe 

B KalJeCTBe .nHarHOCTHlJecKoro TCCTa o6ttap}')KeHHR <f>opMbl onyx.om-I [70]. 3To 

HX Ka'leCTBO TaK )Ke, KaK H <f>oTOceHCH6HJIH3al.lHOHHble csoikTBa [73], ycnernHO 

....... - - ;,;• HCnOJib3YIOTCJI B <f>oTO.llHHa-

Me=2H 
Me=Cu 
Me=Co 
Me= Zn 
Me= Ni 

\ /; 

R= CHrCH2-0H 
TOEPyP(4) Me=2H 
CuTOEPyP(4) Me=Cu 
CoTOEPyP(4) Me=Co 
ZnTOEPyP(4) Me=Zn 
NiTOEPyP(4) Me=Ni 

TOEPyP(3) 
CuTOEPyP(3) 
CoTOEPyP(3) 
ZnTOEPyP(3) 
NiTOEPyP(3) 

CxeMa 2. CrpyKT)'J>Hb1e cpopMyJibJ Me3o-Te-rpa (4-N-oKcH-
1THJinHJ>HllHJI) nopcpHpHHa (TOEPyP(4)) H ero 3-N-3aMe
meHHoro aH3.10ra (TOEPyP(3)), a TaKJKe HX MeTaJIJJOKOMfl
JJeKCOB (MeTOEPyP(4), MeTOEPyP(3), r.ae Me= Co, Cu, 
Ni, Zn). Ha cxeMe cnpaea HBXO.llJITCJI nopcpHpHHbl c 6oKo
BbJMH pauHKB.i1aMH, np11coe.a11HeHHblMH K 3N-nonolKeHHJO 

flHJ>HllHJIOBOro KOJlbUa, cneea - 8 4N-noJIOlKeHHH. 

MHlJCCKOH TepanHH onyxo

JieH [70-72]. Xoporno H3-

BeCTHbl TaK)l(e npontBOBH

pycHble, npornsorpH6KoBbie 

H aHTH6aKTepHa.rJbHbie csoH

CTBa nop<f>HpHHOB [68, 69]. 
Ilo:noMy MHOrHC HCCJIC.llOBa

TeJIH npOJIBJIJllOT HHTepec K 

CHHTe3y HOBblX nop<f>HpHHOB 

c l.lCJlblO C03.UaHHR JlCKapcT

BeHHblX cpe.ucTB Ha HX OCHO

Be (71, 74]. HanpHMep, npH

seneHHbie Ha cxeMe 2 nop

<f>HpHHbI, CHHTe3HposaHHble 

Ha Ka<f>e.npe <f>apMaKonornqe

CKOH XHMHH EpesaHcKoro 

MenHl.lHHCKoro roe. yttHsep

CHTeTa no MeTO.ny (74], 
o6naAatoT npoTusorpH6KOBbIMH H aHTH6aKTepua.nbHbJMH csoikTBaMH. XOTJI 

MCJ.tHK0-6HOJ10rH1JeCKOe neHCTBHC CHHTC3HpOBaHHblX nop<f>HpHHOB H onpeneneHO, 

0.llHaKO MCXattrf3M HX B3aHM01leHCTBHH c ):{HK npaKTHlJeCKH B KIDKJJ.OM KOHK· 

peTHOM cny'lae rpe6yer HH.UHBHJ:J.YaJlbHOro H3YlJCHHR. 

y CTaHOBJICHO, lfTO nop<f>HpHHbl MOiyr B3aHMOJleitcTBOBaTb c JlHK 'fPCMJI 

MeXaHHJMaMH [75-80] (pHC. 11 ): 
• HHTepKa.rJSlmteif. npH KOTOpOH nJIOCKOCTb MOJieKYJibl nop<f>upHHa BKJIH-

HHBaeTCJI Me)((;'.l.y cocenHHMH napaMH OCHOBaHHH ):{HK, npH 3TOM nHpH.llHJlOBble 

rpynnbl OKa3bIBalOTCSI TOplfal.llHMH B :>Keno6Kax - no ABa B KIDK.ll.OM (pHC. 11, a); 

• BHCllIHHM ynopJlllO'leHHblM :>KeJ106KOBbJM. IlpH 3TOM CTIOC06e B3aHMO· 

.neHCTBHSI npOHCXO.llHT o6pa3oBaHHe Ha ):{HK napa.nneJibHOH ynaKOBKH nJIOCKOC

TeH nop<f>HpHHOB npyr Han .upyroM ( CT3KHHf-B3aHMO.lleHCTBHJI nop<f>HpHHOB ). 

BJaHMO,lleHCTBHSI npOHCXO.lVIT B OCHOBHOM B MaJIOM )l(eJio6Ke ):{HK, HO He HCKJIIO

qeHO - H s 60JibllIOM (puc. 11, s). OcHOBaHHJI npH 3TOM pacnonaraioTcR B )l(eno6-

Kax non tteKoTOpbIM yrnoM K ocH cnHpa.nH. B qaCTHOCTH J.lJl" TMPyP(4) 3TOT yron 
COCTaBJIJleT 55° (Ha pHcyHKe HaKJIOH He TIOKaJaH); 

• BHCllIHHM HeynopSIAO'ICHHblM :>Keno6KOBblM, npH KOTOpoM MOJieKyJlbl 

nopqmputta pacnonaralOTCR B 60J1bllIOM )l(eJI06Ke ):{HK TaK, '{TO fl.110CKOCTb 

nop<f>HpHHOBOro KOJlbUa OKa3bleaeTCSI napanneJlbHOH OCH ee cnHpaJIH (pHC. 11, 6). 
06a THna :>KCJI06KOBOro B3aHMOJl.CHCTBHSI npOHCXO.llSIT npH nenocpe.llCTBeff .. 

HOM yqacTHH OTpHU,aTeJlbHO 3apS1)1(CHHblX <f>oc<f>aTHbJX rpynn. 

Bee HMe10l.llHecJ1 Ha ceronHRWHHif neHb pe3ynbTaTb1 no 83aHMO,neHCTBHJIM 
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,llHK-nopcjmpHH nonylfeHbI B OCHOBHOM .II.JUI O)J.HOfO BO)J.OpacTBOpHMOfO nop<t>H

pHHa - Me30-TeTpa-(MeTHJ1nHpHJJ.HJ1)nop<t>HpHHa (TMPyP). 0)J.HaKO H3BeCTHO, 'ITO 

MexaHH3M CBJl3blBaHHSI c ,llHK BO MHOfOM 3aBHCHT OT THna 6oKOBOf0 paJJ.H

KaJla. HanpHMep, Bo.nopacTBopHMbIH Me30-TeTpa-( TpHMeTHJ1nHpHJJ.HJ1 )nopqiHpHH 

c::::t:=) (TMAP) H3-3a HMHLIHJI 

~ TpeX MeTHJibHbIX rpynn B 

~ ~ 6oKOBOM paJJ.HKane (3aMe

a 6 B 

THM, lfTO B TMPyP OJJ.Ha 

MeTHJihHaJI rpynna) cTepn

qecKH He cnoco6eH HHTep

KanHpoBaTh B ,llHK H CBJl-

3bIBaeTCSI c HeH TOJlbKO 

BHeWHHM cnoco6oM [69, 
78]. B JlHTeparype HMe

eTCJI o'leHh Mano pa6oT no 
PHc. 11. CxeMaTH'1ecKM nHarpaMMa, HnmocrpHpyK>wu MC-
XaHH3MbI cBJI3bisaHHJI KoMm1eKcos ,nHK c TMPyP(4): a) - H3yL1eHHJO CBJl3blBaHHJI C 
HHTepKaJTJIUHJI, 6) - BHeWHee Heynopll.1lO'leHHOe J1Ceno6KOBOe ,llHK nop<t>HpHHOB C pa3-
CBJl3b1BaHHe H e) - eHewHee ynopll.1lO'leHHOe J1Ceno6KOB~ JlHlfHblMH 6oKOBbIMH paJJ.H-

ceJI3bisaHHe. PHCyHOK 83JIT H3 pa6oTbl f80l KaJlaMH. IlO'.lTOMY HaWeH 

ueJibJO 6hmo HJY'IHTh, KaK BJIHJleT y.1J.J1HHeHHe 6oKoBoro paJJ.HKana nHpHJJ.HJlOBoro 

KOJlbUa nopqmpHHOB ( cxeMa 1) Ha MexaHH3Mbl CBJl3bIBaHHJI c ,llHK. 

CneKmpbl Kpy206020 iJuxpoU3Ma. Ha6JlJOJJ.aeMhre npH BHewHeM H BHYTpeH

HeM (HHTepKaJlJIUHJI) ynopJl)J.O'leHHOM CBJl3bIBaHHH nop<t>HJJHHOB Me)l<fiJlOCKOCT

Hbie CTeKHHf-B3aHMO)J,CHCTBHJI Me)l(,ll)' CBJl3aHHbIMH Ha ,llHK nop<!>HpHHaMH npH

BO)J,JIT K HeTpHBHaJlbHOMY pe3yJlhTaTY - Ha cneKTpax KpyroBoro )J.HXpOH3Ma KOM

rn1eKCOB ,llHK-nop<t>npHH nOJIBJlJleTCSI BTOplUI nonoca JJ.HXpOH'IHOfO nornoiueHHJI 

[75, 76, 78, 81]. l-fasecrno, 'ITO KOMnneKCbl ,[(HK c Me30-TeTpa-( 4N-MeTHJIIlHpH

JJ.HJ1)nopqmpHHaMH (TMPyP(4)) xapaKTepH3YIOTCSI .llBYMJI nonocaMH K,ll: 

1) 220-3 lOHM, KOTOplUI COBna)J.aeT c nonocoH ecTeCTBeHHOro K,ll ,llHK; 

2) 40~ 70HM - nonoca HHJJ.YUHposaHHOro nop<t>HpHHaMH K,ll, KOTOplUI 

cosnaJJ.aeT c OJJ.HOH H3 nonoc nornomeHHJI nopqiupHHOB (nonocon Cope), rJJ,e 

,[(HK npo3patrna. 

3aKOHOMepHO npe.llilOJJOJKHTb, l{TO nonoca HH.!lYUHpoBaHHOfO K.ll B BHJJ.H

MOH 06.TJaCTH o6ycnoBJieHa TOJlbKO ynaKOBKOH nopqinpHHOB Ha ,llHK, nOCKOJibKY 

nopcjmpHHbl, JIBJIJIIOIUHeCJI nJIOCKHMH, CHMMeTpffllHbIMH coe)J.HHeHHJIMH, ecTeCT

BeHHOH OflTHlfeCKOH aKTHBHOCTblO He o6JiaJJ.aJOT H HMelOT ttyJieBOH )J.HXpOH3M BO 

seen o6nacTH 3JieKTpoHHhlX nepexo)J.oB. 

l. llop<J>upuHbl. Ha puc. 12 npHBeJJ.eHbI K,ll-cneKTpbI KOMOJieKCOB ,llHK 
c TOEPyP(4) H TOEPyP(3). YseJJHLICHHe ornocHTeJibHOH KOHUeHTpallHH 

(r=Cnopcj/Cnap oc8 JUIK) TOEPyP( 4) (puc. 12, a) npHBO.ZI.HT K pacmenneHHJO IlOJIOJKH

TeJJbHOH nonocbI ~s276 ,llHK Ha .llBe nonocb1, TOr.lla KaK JJ.o6aBJieHHe TOEPyP(3) 

K ,llHK (pHC. 12, 6) - JIHillb K He60JiblllOMY YMCHbllleHHIO ee HHTeHCHBHOCTH, 

npaKTHlfeCKH He H3MeHJIJI HHTeHCHBHOCTH OTpHllaTeJibHOfO nHKa (B-C-nOJJ.06HblH 

nepexoJJ.). CneJJ.oBaTeJibHO, pa3JIHlfHJI e Mecrax npncoe,LlHHeHHJI 6oKoeoro paJJ.HKa

na Ha nHpHJJ.HJIOBOM KOJlblle nop<t>HpHHa OKa3bIBalOTCJI BCCbMa cymeCTBeHHblMH B 
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nnaue 803,lleHCTBHJI naHHblX nop$HpHHOB ua KOH$OpM81.lHIO .[{HK [82, 83]. 
B BH,llHMOH o6JiaCTH o6a KOMnJieKCa HMelOT OTpHUaTeJlbHbJH I<):( (KBanpaTH

KH B sepxueM npasoM yrny pnc. 12), cnenosaTeJI&Ho, cornacuo [75, 76, 81], 

TOEPyP(4) 

l•I 

I 
TOEPyPtJ) I -······ 

' 
3 I ~: 2 

lb) 

PHc. 12. CneICTpbl Kpyroaoro .llHXpoHJMa KOMn
neKcoa ,llHK c TOEPyP(4) (a) H TOEPyP(3) (b) 
npH pa3J1H'IHblX OTHOCHTCJlbHblX KOHUCHTJ>aUH-

MO)l(HO yTBep)l(JlaTh, 'ITO :ITH nopcpH-
pHH&I npennoqnnucrr HHTepKansuHou
HhlH cnoco6 CB.ll3&IBaHHJI npyrnM. 3-roT 
cnoco6 peanHJyeTc.ll B fl\-6oraT&IX 
yqacTKax ,[{HK, a B A T-6oraT&IX -
B3aHMO,L{eHCTBHe c nop$HpHH8MH npo
HCXOJlHT nocpencTBOM BHewuero )f(e
no6Kosoro CBJl3bIBaHHJI [69, 78, 79]. 
HuTepecH&IH pe3y,1&TaT nony'laeTC.ll B 
KOMnJieKcax nopctmpHHbl-pO ly( dA-dT)2 

(poly(dA-dT)2 - 3TO CHHTeTH4eCKaJI 

ABycmtpaJibHruI .[{HK MHHOH npH
MepHO 200 nap ttyKJieOTH,llOB, Ka)l(JlaJI 
HHTKa KOTOpOH COCTOHT H3 aJibTepHH
py10w.eii A T-nocnenosaTeJibHOCTH). 
IlOCKOJlbKy paCCTOJIHHe Me)l(Jly COCe.ll
HHMH BJlOJib uenn AT-napaMH MeH&
me BeJJTHKaJibHblX pa3MepoB nop$HpH-

llX nop<l>HPHHa: (-)- r=O; (- • -) - r= 0,077; HOB, TO 3TOT nom1Mep CTepH4eCKH He 
(- .. -)-r=0,15: ( ... )-r=0,77. cnoco6eu 838.HMO.lleHcTBOBaTb c nop-

cpHpHHaMH nocpe.llCTBOM HHTepKaJI.lll.lHH H & TOEPyP(4) l•I 
npennonaraeT TOJihKO BHewHee cB.ll3bIBa
HHe nopqrnpHHOB Ha nosepXHOCTH noJIH
Mepa. CooTBeTCTBYIOW.He cneKTpbI I<):( 
npnseneHbI Ha pnc. 13. 

B BH.llHMOH o6naCTH cneKTPbl 
TOEPyP( 4) HMelOT TOJibKO noJIO)f(HTeJ1b

uy10 nonocy npn A.=435HM. OnuaKo c 
yseJIHl{eHHeM KOHUeHTP8UHH nop$HpHHa 
B KOMTIJieKCax Ha4HHaeT BblpHCOBblB8TbC.ll 

H OTPHUaTeJlbHaJI TIOJIOCa npH A.=425uM. 
IlpH HH3KHX KOHUeHTpaUH.llX nop¢HpHHa 
cneKTp I<):( TOEPyP(3}-,llHK KOMnJieKca 
B BHJlHMOH o6JiaCTH CTOl{TH KOHcepsaTH
BeH. 0AH8KO c yseJIH4eHHeM KOHUeHTpa-
1.lHH nop¢HpHHa nonmKHTeJibHaJI nonoca 
paCTeT B HeCKOJibKO pa3 CHJlbHee, tteM OT
PHUaTeJibHaJI. 

B Ycl>-o6nacTH ua6mo.llaeTc.ll pann
KaJibHoe H3MeHeHHC cneKTpos: c yseJIH4e
HHeM KOHUeHTpaUHH nop¢HpHHOB nono

& 
2 

310 

Mam) 

lb) 

PHc. 13. CneKTpbI Kpyroaoro .llHXpOHJMa 
KOMnJJeKcoe poly(dA-dT)2 c TOEPyP(4) (a) 

H TOEPyP(3) (b) npH paJJJH'IHblX OTHOCH
TeJJLHLIX KOHUCHTpaUHllX noplj>HpHHa: (-) 
- r-=O; (- - -)- r = 0,013; (- • -)- r = 0,066; 

( •••• ) - r=O, 13; ( ••• ) - r=0.66. 

)f(HTeJibHaJI nonoca A.=310--260HM Memurr 3HllK c «+» ua «-». CpasHHBaJI H3Me-
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HeHHSI B Y<I>-o6nacTH K)J,-cneKTpa KOMTIJleKCOB nopQ>HpHHOB c ,[{HK (pHC. 12, a) H 
poly(dA-dT)2 (pHC. 13), MO)l(eM npHHTH K BblBO,n:y, lfTO xapaKTepHoe pacmeI1JleHHe 
nonocbl '1e

276 
S1BJJJ1eTCS1 npH3HaKoM BHewuero CBSl3hIBaHHSI nopcjmpHHOB c A T-60-

raT1>1MH yqaCTKaMH ,[(HK. IlpHse.u.eHHbie BbIBOJlbl HaxO,n:HTCSI B xopoweM COOT
BeTCTBHH c pe3yJihTaTaMH pa6oT [78, 84], r.n:e noKa3auo, 'ITO nopcjmpHHhI TMPyP 
npH BblCOKHX HOHHblX CHJiax o6pa3ytOT .llOCTaTOlfHO npOTSl:>KeHHbJe accouHaTbl 
(arperaThI) .upyr c ,n:pyroM Ha nosepxuocTH poly(dA-dT)2. 3To ua cneKTpax K,[( 

npOJIBJIReTCJl B BH.ue aHOMaJlbHO CHJibHblX TIOJIOC B BH.l{HMOH o6JiaCTH. He HCKJifO
'feHo, 'ITO 3TO JIBJIJleTCJI CJie.l{CTBHeM o6pa30BaHHJI nopcfmpHHaMH )l(H.l{KOKpHCTaJl
JlHlfeCKHX cTpyKl)'p Ha no.rnJMepe KaK ua MaTpuue. 

2. Mema.;z,wnop¢upu11bz. Ha puc. 14 H 15 npuse.ueuh1 cneKTpbl KJJ, .[{HK c 
Zn-, Cu-co.uep)l(aJ.UHMH MeTannonopcJmpHHaMH, CHHTe3HposaHHbIMH ua 6aJe 

2 
J 

0 240 

ZnTOEPyP(4} 

ZnTOEPyP(3) 
4iO 411 

310 

A.frun} 

(bl 

PHc. 14. CneKTpbl kpyroeoro llHXpoHJMa 
kOMOJieKcoa )lHK c ZnTOEPyP(4) (a) H 
ZnTOEPyP(3) (b) np11 paJnH'!Hl>IX orno
CHTeJI1>H1>1x kOHUeHTJ>aUHllX nop<fl11pHHa: 
(-) - r=O; (- - -) - r=0,03; (-. -) -
r=0,077; (• -- •)- r=O, 11; (- •• -)-r=O, 15; 

(• .. )-r-0,77. 

&: 

CuTOEPyPt41 

310 

(a) 

CuTOEPyP(31 

2 

(b) 

P11c. 15. CneKTpl>l Kpyroeoro llHXpOHJMa 
kOMnneKcoa )lHK c CuTOEPyP(4) (a) H 
CuTOEPyP(3) (b) np11 paJnH'!H1>1x OTHO
cHTenbHl.IX KOHUeHTpaUHJIX nopq>HpHHa: 
(-)- r=O; (-. -)- r=0,027; (- •• -) -

r=0,08; (-··)-r=0,77; (-~-)-r=l,35. .. 

TOEPyP(4) H TOEPyP(3) 6e3MeTaJI&H&Ix nopcfmpHHOB. KaK BHllHM, npH HaJIHtJHH 
Merarmonopcj>npHHOB, cHHTe3HpoBaHH&IX ua 6aJe TOEPyP(4), s Y<I>-o6nacrn 
cneKTpOB I([{ tta6.rno.uaercS1 pacUJ,enneuHe nHKa eCTecTBeuttoro KJJ. )..{HK npu 
}..=27511M, Tor.ua KaK .u,1g Menurnonopcj>HpHHOB MeTOEPyP(3) npoHCXO.llHT JIHWh 
ue6onbwoe yMeHhUJeHHe JTOH nonoc&t. TaKHM o6pa30M, no BH.ZJ.Y K)J,-cneKTpos B 
YcI>-o6naCTH KOMTIJieKcos )..{HK c MeTarmonopcj>HpHttaMH MO)l(HO O.llH03HattHO 
CY.Li:HTb, ua 6a3e KaKoro 6e3MeTaJibHOro nopcj>HpHHa OHH nonyqettbl [82]. 

CHnhH&JH JcfJcj>eKT pacmenJieHHJI nonochI '),;==27511.M tta6mo.uaercS1 npH 
HaJJH'fHH s pacTBope ZnTOEPyP(4) (pHc. 14), lfTO npHBOJJ.HT K H3MeHeHHJO 3HaKa 
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3TOH nonochI c «+» ua «-», KaK 3TO HMeeT MecTo MR Z-<f>opMLI HJIH arpernpoBaH
HOH lJ'(-t<f>opMhI ,llHK [7, 8]. O.nuaKo no.no6uoe H3MeHeHue <f>opMhI ,llHK MO>KeT 

61>1Th ue e.nnHCTBeHHLIM pe3yJihTaTOM ee B3aHMo.neJicTBHR c nopcf>HpHHaMH. B03-
Mm1ma TalOKe H .npyrWI npHLJHHa. TIOCKOJlhKY caMH nopqmpHHbl HMCIOT no.1ocy 
nornomeHHR B Y<I>-o6JiacTH, cosna.na10my10 c no11ocoH nornomeum1 )lHK, He 
HCKJIIO"leHO, "ITO B pe3yJlhTaTe BHeurnen ynaKOBKH nopqmpHHOB Ha ,[{HK o6pa-
3YIOlllHeCJI .D.OCTaT01.fHO nponnKeHHble nop<f>HpHHOBhle CTJlYKl)'pbl npuo6peTaJOT 
OTJlHUaTeJlbHblH HH.D.yQHposaHHblH K,[{ B nonoce A'=260-310HM, KOTOpblH B cyMMe 
c nOJIO>KHTeJlhHblM spameHHCM ,[{HK B 3TOH o6JiaCTH uaeT pacmenJieHHe nOJlOCbl. 

06pa30BaHHe ,ll.OCTaTO"IHO npOTR)f(eHHhlX nop<f>upHHOBblX CTJlYKl)'P Ha no
sepXHOCTH MK secLMa sepoHTHO. 3To cne.D.yeT TaIOKe H3 3KcnepHMeHTOB no 
c-rpyiittoMy .AHxpoH3MY ,[(HK s npHCYTCTBHH TMPyP(4) H ero MeTa.1JioK0MnJieK
cos. ,[(eHCTBHTeJihHO, npH BHClllHCM )f(CJJ06KOBOM CB.sI3bIBaHHH nJIOCKOCTH nopq>H
pHHOBOfO KOJihUa pacnonaraJOTCR He napanneJibHO HJlH nepneH.l{HKYJlRpHo OCH 
cmtpaJIH, a no.n yrnoM K tteH [85, 86J. B qacrnocTH MR TMPyP(4) 3TOT yron 

r
& & - cocrnsmreT 55°, JVJR ZnTMPyP(4) - 65°, a .ll.JIJI 
10 " CoTMPyP(4)-45°. 

/\,_ TIO 3HaKy HH.ll.YUHpOBaHHOfO K,[{ B 

z ! . BHJl.HMOH o6nacTH MO)f(HO YTBep)f(.l{aTh, lJTO 

i .r\\ ZnTOEPyP(4), ZnTOEPyP(3) (pHc. 14) H 
i ~ '-~-.., m CoTOEPyP(4), CoTOEPyP(3) pea.'1H30BbIBaJOT 

' : ~ A.(mu) BHCUIHee ynopJl.l{OlfeHHOe CBJl3bIBaHHe c ,[(HK, v· a CuTOEPyP(4), CuTOEPyP(3) (puc. 15) H 
·· .. -I\ 

t i.! ( 

, -· \.1 
CuTOEPyP(3) 

PHc. 16. Cne1ITpld Kpyroeoro llHxpo
K3Ma KOMfiJICKCOB poly(dA-dT)2 c 

NiTOEPyP(4), NiTOEPyP(3) CBll3hIBaJOTCJI c 
,[(HK npe.nno"ITHTe.lbHee HHTCpKaJJRl.lHeH [82]. 

Tenepb paccMoTpHM sonpoc o B03MO)f(-
HOCTH peaJJH3al~HH BHelltHero CBJl3blBaHHR .wur 
BTopoH- rpynnbI MeTan11onopqrnpHHOB. B csuu 
c 3THM B pa6ore [82] 6bl.'1H HCCJJe,ll.OBaHbl 
cneKTphl K,n: KOMnJJeKCOB CuTOEPyP{3) c 
poly( dA-dT)2 (pHc. 16). 3.necb aHoMa.1bHO 

CuTOEPyP(3) npH pa3JIK'IHldX OTHO

CKTCJihHblX KOHUCHTJ>atlHllX nopcl>K

pHHa: (-)- r=O; (- • -)- r=0,022; (-
•• -) - r=O, 11, (- - -) - r=0,22; ( ••• ) - CHJlbHblC H3MeHeHHJI CflCICTpOB K,[{ B BHJ{HMOH 

r=l,I; (-~-)-r=3,0. o6nacnt poly(dA-dT)2 npH OOBblWCHHH co.nep-

)1(3HHJI CuTOEPyP(J) roBopJ1T o cnoco6HocTH 3THX nop<f>HpHHOB B3aHMo.nen
CTBoBaTh TaK)f(e c AT-napaMH, LJTo npoHCXO.ll.HT TOJihKO nyreM BHeumero 
CBR3hIBaHHJI (no.no6HhIH )Ke 3<f><f>eKT Ha6mo.natrrcJ1 ,ZJJIR CuTOEPyP(4) H Ni
co,Aep)KalllHX nopqmpHHOB ). 

llepexoo cnupClllb-K-'ly6oK. B ra6n. 1 Bh16opo4HO npHse.neHLI .naHHLle no 
IlJlaBJleHHl:O )lHK THMyca TeJleHKa B npHCYTCTBHH pa31IH<fHhlX KOHQettTpauHH 
nop<f>HpHHOB (0,001 < r <0,0 l ). 

KaK BH.ll.HO H3 rn6n. I, npH 0,001 < r <0,05 TeMneparypa H HHTepaan nnas
neHH.sI cna6o MCHRl:OTCJI. TipH CTOJib HH3KHX KOHl.lCHTµaum1x nopcf>HpHHa CKOpee 
scero peaJJH3yeTcH suernttee CBJl3bIBaHHe. B noJib3Y 3Toro npe,Anono)f(eHHJI cBH.ll.e
TeJJbCTBYeT He60JibllIOH pocT rHnoxpOMHOCTH (Ha 1-2%) .no r=O,O I. TipH KOHl.leHT
pal..{HJIX 0,05< r <0,3 senHlfHHhl Tm H L\ T pacTYf, a npn r>0,3 Ha6JIJ:O.llaJOTCJI arpe-
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I 

rauHOHHbte SIBJTeHHSI (HMeHHO c 3THX 3Ha1feHHH Ha1fHHalOTCJI pMHKaJlbHLie H3Me

HeHHSI B cneKTpax K,ll KOMnJieKCOB }UIK c nopqiupHHaMH). 

Ta6nu11a 1 

TeMnepamypa nna6/leHwi (I' ,,J, uHmeJJ6an nna61leHUJI (AT) u zunoxpoMHblU 3t/Jrpe1<m (Llh) noROCbl 
A.=260HM JiHK mUMyca meneH1<a 6 KOMnJleKce c HeKomopblMu noprpupuHaMu. KoH11eHmpa11wi JiHK 

5· 10-s M nap HJIKlleomuoOB 

r 
TOEPyP(4) ZnTOEPyP(4) CuTOEPyP(4) 

Tm, oc 6.T, °C 6.h, % Tm, °C 6.T, 0c 6.h, % Tm, oc 6.T, °C 6.h, % 

0 71,8 9,8 37 71,8 9,8 37 71,8 9,8 37 
0,001 72,8 9,3 38 - - - - - -
0,002 70,6 9,6 39 71,4 9,9 37 71,9 9,6 37 
0,01 71,6 9,4 36 - - - - - -
o,oz - - - 72,8 11,5 37,5 72,5 10,2 37 
0,05 73,3 9,5 34 - - - - - -
0 1 75,6 11,8 33 80,6 13,6 39 80,9 12.2 28 
>0,3 arperamu1 

· B rn6n. 2 npHse.nettbl .nattHbie no 11JiaeneHHIO ,[{HK c pa3JJH'IHbIMH MeTaJJJIO

nop4>HpHHaMH npH O,llHOH KOHUeHTpaUHH r=O, 1. 

Ta6nu11a 2 

llapaMempbl K/)U6blX nJIQ6ReHU11 KOMnReKC06 JI.HK mUMyca meneHl<Q c pa3/IU"HblMU 
noprpupuHaMul Memannonop</JupuHaMU (r=O, 1) 

}J.fIK +nopcjlKpHH T"" 
0c 1'1T, °C M, o/o 

JIHK 6e3 nondJKPHHa 71,8 9,8 37 
.UHK + TOEPvP( 4) 75,8 11,8 33 
L(HK+ZnTOEPyP(4) 80,6 13,6 39 
L(HK+CoTOEPyP(4l 78.6 14,3 35 
}J.fIK +CuTOEPyP( 4) 80,9 12,2 28 
JIHK+NiTOEPyP(4) 82,9 13,1 25 
}J.fIK+ TOEPyP(3) 75,0 14,9 32 
.[(HK +ZnTOEPyP(3) 77,2 10,5 40 
L(HK+CoTOEPyP(3) 77,8 11,8 36 
}J.fIK-'-CuTOEPyP(3) 72,6 10,4 25 
JIHK+NiTOEPvP(3) 73,0 12,0 30 

KaK BH.llHM H3 Ta6JI. 2, rnnoxpoMHbIH 34>4>eKT (Llh) secbMa qyecTBHTeneH 

K THny ueHTpa.ribHOro MeTaJJJla. flo H3MeHeHHIO rnnoxpOMHOro 3<t><t>eKTa MeTaJJJJO

nopcjmpHHbl MO)l(HO pa3,nenHTb Ha ,nee rpynnb1: 

1) MeTaJIJIOKoMnJJeKCbl Zn H Co c o6oHMH THnaMH 6e3MeTa.JibHblX nop¢H

pHHOB, He MeHJIJOmHe (Co) HJIH He3tta1fHTeJ1bHO yseJIH'IHBalOmHe (Zn) nmo

xpOMHblH 3cj>cj>eKT )lHK; 
2) MeTai1JIOKOMl1JleKcbI Cu H Ni c 3THMH nopcjmpHHaMH, CHJibHO yMeHb

waromue rnnoxpoMHbIH J<t>Q>eKT .[lHK (.llJlSI Cu Llh paetto 28% H 25%, a .llJlJI Ni -
25% H 30% .llJHt TOEPyP(4) H TOEPyP(3) cooTseTCTBeHtto). 

HttrepecHble JaKOHOMepttoCTH Ha6mo.na10Tcsi npH KOHUeHTPaQHH nop¢u

pHHa r=O, l. IlpH 3TOM KOHUeHTpaQHH TeMneparypa H HHTepBan nJiaBJieHHJI ,UHK 
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paciyr AIUI ecex THOOB nop<l>HPHHOB. 0.nHaKO TIO yeeJrnqenue 3aBHCHT OT mum
'IH.11 H nma MeTanna, a TalOKe OT nonoiKeHHR (3N HJlH 4N) 6oKoeoro pa,nuKana Ha 

nHpH.llHJlOBOM KOJlbUe. JleHCTBHTeJlbHO, Tm H ~ T H3MeHJllOTCR CHJlbHee .ll.TUI 
TOEPyP(4) Hero MeTaJIJlOKOMnJJeKcoe, qeM .llll" TOEPyP(3). 

Y MeHbllleHHe rnnoxpoMHOro 3<P<f>eKTa ~h no11ocb1 A.=260HM JlHK npu 
nnasJieHHH KOMnJleKCOB JlHK c HeKOTOpblMH nop<f>HpHHaMH roeopHT 06 oc11a6ne
HHH Me)l(IlJIOCKOCTHblX CT3KHHf-B3aHMO)J.eHCTBHH Me)l{.ny napaMH OCHOBaHHH. 1ro 
MO)l(eT npOH30HTH, eCJIH Me)l(.ny HHMH HHTepKanHpylOT n110CKOCTH nop<f>HpHHO
BblX Koneu. B pe3yJ1bTaTe, B MecTax HHTepKanHposaHHJI nop<f>HpHHOB B3aHMO,neif
CTBHJI Me)l(Jly coce.[(HHMH B,UOJlb uenH napaMH aJOTHCTbIX OCHOBaHHH JlHK 
ocna6n.11t0Tc.11. T.e. JJJI.11 6e3MeTaJibHblX, a TaK)l(e Cu- H Ni-co.nep)l(aurnx nopqm
puuos peanH3YeTCR npeuMymecTBeHHO HHTepKaJI.llQHOHHblH cnoco6 CB.113blBaHHJI. 
BHellIHee )Ke CB.113bIBaHue He MewaeT CT3KHHr-ynaKOBKe nap OCHOBaHHH JlHK 
.npyr Ha,U .llPYfOM, H Il03TOM)' rHnoxpoMHblH 3<f><f>etcr He yMeHhlllaeTCJI, KaK TIO 
npoucxo,nHT JJJIJI nop<f>HpHHOB c Zn H Co. 

npose,neHHbie HCCJie.llOBaHHJI KOMDJieKCOB JlHK C nop<f>HpHHaMH IlOKa3aJIH, 
qro MexaHH3M HX npe.n:noqTHTeJlbHOro CBR3bIBaHHJI onpe,neJJ.lleTC.11 THilOM QeHT-

PMc. 17. Cnoco6bt KOOpllMHMposaHMll MC'fa
nnos e MeTaJlnonopit>11p11uax MeTMPyP(4): 
a) Me=Cu2

+, b) Me=Zn2
', c) Me=Mn3

+. 

Ni2+. P11cyuoK BlllT Ml pa6oTbt [78]. 

panhttoro MeTanna, Toquee ero crepeoMeT
pHei%. A cTepeoMerpu.11 MeTaJIJIOKoMnneK
coe nop<f>HpHHOB oqeHb CHJlbHO JaBHCHT 
OT TaKoro napaMerpa, KaK 'IHCJlO aTOMOB, c 
KOTOpbIMH nepeXO.UHOH MeTa..1JI KOOp.llHHH
pyeT [81]. KoopmrnauHounoe qucno JJJI.ll 
Cu - 4. Cu-co.nep)l(all.lHH nopqmpHH o6pa-
3YeT 4 KOOp.llHHaQHOHHble CB.113H c qeTblpb
M.11 aTOMaMH a30Ta nop<f>HpHHOBoro .11.npa. 
BcneJJ.CTBHe 3TOro, ne 06paJy.11 aKCHaJibHO
ro nurau.na, MeTanJI pacnonaraeTcs e 
IlJIOCKOCTH nopq>HpHHOBOro KOJibUa [69, 
81] (pHC. 17). 

K :noH: )Ke rpynne MO)l(HO oTHecnt 
Ni, KOTOpbIH TalOKe He BblJleJaeT H3 nnoc
KOCTH nop<PHPHHOBOfO KOJlbQa, XOTJI OH 
MO)KeT o6pa30BbIBaTb 4- HJIH 6-KOOp.UHHa
UHOHHble coe.n:HHeHH.ll (so BTOpOM cnyqae 
o6paJyeT .nsa aKCHa.TlbHbIX JIHraHJJ.a, pac
noJJo)l(eHHbIX nepneHAHKYJJ.llpHO IlJlOCKOC
TH nopqmpHHa, KOTOpb!e KaK 6bI ueiiTpa
Jll.13YIOT .npyr .npyra). Ni-co.nep)l(amue nop
qmpHHbI TMPyP, uanpHMep, cnoco6Hhl 
o6pa3oeaTb o6a THna KOOp.llHHaUHH npH
Mepuo e paBHbIX nponopuu.11x [87]. 

KoopJJ.HHaUHOHHoe qucno ,ll,JIJI Zn H Co pasuo 5 [69, 78]. Oop<f>upHHbl c 
3THMH MeTaJlJlaMH HMelOT 0.llHH aKCHaJlbHbIH JlHrau.n, pacnOJIO)l(eHHblH B uettTpe 
nop<f>HpHHOBOro R.npa nepneHAHKyJl.llpHO IlJIOCKOCTH nop<f>HpHHa, 6naro.aapJJ qeMy 
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oHH BbITaJIKHBaJOTCR H3 fl.IIOCKOCTH nop<l>npHHosoro KOJibUa. B pe3yJibTaTe, '.ITH 

MeTannonopq>HpHHbl He Moryr BCJle.llCTBHe CTepHlleCKHX npH'IHH HHTepKanHpO

BaTb Me:>KJJ.y napaMH OCHOBamrn )UIK H o6pa3YJOT TOJILKO BHeWHHH THTI CBR-

3bIBaHHR (pHC. 17). 

ITposeJJ,eHHblH aHaJIH3 noKa3bIBaeT [82, 83], 'ITO: 

• y]J.JlHHeHHe 60Kosoro pa,llHKana B nHpH.llHJIOBOM KOJlbUe npHHUHTIHaJlb-

HO He MeWieT MeXaHH3Ma CBR3bIBaHHR nop<l>HpHHOB c ,UHK. TOEPyP(4) H 

TOEPyP(3) csR3bIBaIOTCH c ,UHK KaK nocpe.ncTBOM o6pa3oBaHHR BHewHero, TaK H 

BttyTpeHHero CTIKHHra (HHTepKMHU.HH); 

• B 3aBHCHMOCTH OT MeCTa npHKpenneHHR OKCHJTHJirpynnbl B TIHpH.llHJIO-

BOM KOJlbUe MeHHeTCSI MeXaHH3M HX npe.nnO'ITHTeJlbHOrO B3aHMO.lleHCTBHSI c )UIK: 
(4N-oKCHJTHJinHpH.llHJI)nop<t>npHHbI npe.nno11HTa10T HHTepKaJIHUHIO B CTPYKTYPY 

,UHK, HO X}')Ke peanH308b!BalOT BHeurnee C8Sl3bl8aHHe, qeM 3N-nop<t>npHHbI; 

• MexaHH3M 83aHMO.lleHCT8HR nop<l>HpHH08 c .[{HK 3aBHCHT OT nma ueHT-

panbHOro MeTanJia. fio JTOMY npH3HaKY MeTaJIJIOTIOpC}>HpHHbl MO)l(HO pa3.lleJIHTL 

Ha .nee rpynnb1: 

I) MeTaJIJionop<l>HpHHLI, npe.nno11HTa10UlHe HHTepKaJIRUHOHHblH cnoco6 

CBR3bIBaHHR c .[{HK, - :no Cu- H Ni-co.nep)f(alllHe MeTannonop<l>HpHHb1; 

2) MeTannonopq>HpHHbl, npe,nnO'IHTalOUlHe BHeUIHee ynopH.llOlfeHHOe CBR-

3blBaHHe c )UIK, - JTO Zn- H Co-co,nep)f(alllHe MeTannonopqmpHHbl. 

II. Heo6paTHMO ce111b1eaiomeec11 JIHrall.llhl 

KaK }')Ke rosopnnocb BbIUJe, tteo6paTHMoe KosaneHTHoe CBH3blBaHHe nnran

.uos c ro-IK npnso.nHT K XHMW-1ecKOH Mo,nmpHKaU.HH ee CTPYKTYPbI [85-95]. 

113BCCTHO, 1ff0 8 pe3yJ1LTaTe npHMOro KOBaJieHTHoro CBR3bIBaHHR c ,UHK <t>opMH

PYIOTCSI TPH ocHOBHblX THna a.u,nyKTo8: 

I . MoHo<l>yHKUHOHanLHLie a.u.nyKTL1, CBR3aJfHble c O.llHHM ttyKJieOTH.llOM 

.llBOHHOH cnnpanH [90, 96]. 
2. BttyTpHueno11e11H&le CIIIHBKH, KOTOpble <t>opMHpYJOTCSI nyreM 6n<t>ynK

UHOHaJlbHOro CBSl3bIBaHHSI c .llBYMR ttyKJICOTH,naMH O)lHOH uenH. 3To Moryr 6b1Tb 

KaK coce,nttHe ttyKJieOTH.llbl, TaK H ttyKJICOTH.llbl, pa3.lleJieHHLle nocJie,llOBaTeJibHO

CTRMH pa3J1H'IHOH ]J.JlHHbl (91, 92). 

3. Me)l(ueno11ettHble CUIHBKH, KOTOpble <t>opMHpylOTCR nyreM 6H<l>YffKUHO

HaJibHOro C8.!13bI8aHHSI c .llByM.ll ttyKJICOTH.llaMH, npHHa]J.JlC)f(alllHMH pa3JIH'IHblM ue

IlSIM .llBOHHOH CnHpanH. 3To MOryT 6LITb KOMnJieMeHTapHble ttyKJieOTH.llbl 0.llHOH 

napbl OCHOBaHHH HJIH ttyKJICOTH.llbl pa3HblX nap - coce,nHHX HJIH pa3.llCJieHHbIX 

TIOCJIC.llOBaTeJTbHOCT.!IMH pa3JJH'IHOH ]J.JlHHbl H COCTaBa [93, 96, 97). 

Bee THnbl XHMH'leCKHX Mo.nn<t>nKaU.HH CTPYKTYPLI ro-IK BJIHRIOT Ha xa

paKTep ee nJiaBJieHHSI [95-97), nOCKOJlbKY OHH H3MeH.!llOT cso6o,nttyl0 JHeprHIO 

cnnpanbHblX H pacn.naBJICHHblX nap OCHOBaHHH B TO'IKax csoero pacnOJIO)l(eHHR H 

CMe)f(HblX c HHMH o6naCT.!IX. CJie,ll08aTeJlbHO, HH<l>opMaUHR 0 BJIH.!IHHH CUIHBOK Ha 

CTa6HJibHOCTb ro-IK 8a)l(Ha KaK ]J.JlR BblSIBJieHH.ll MexaHH3MOB 6HOJ10rH'leCKOH 

aKTHBHOCTH CWHBaJOlllHX areHT08, TaK H ]J.JlR nOHHMaHH.ll CBOHCTB .UBOHHOH 

cmfpanH. 
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Pt(II)-co.nep)((aIUHX KOMnneKca - llHC.LlHaMHH.LlHX1IOpruiaTHHa(II) ( UHc-Mn) H 

TJ>aHC-Mn H .nsa Ru(III)-co.nep*aIUHX KOMTTJieKca - NAMI H RAP. CTJ>ytcryp

Hbie Q>opMyJibl 3THX coe.nHHeHHH npHBe,LleHbl HH)((e (CM. cxeMy 3). 

a) IlJiaTHHOBble KOMDJICKCbl uuc-MII H Tpauc-MII. Httrepec K rutaTH

HOBblM KOMruieKCaM ,LlOCTaT04HO BblCOK, noCK0,1bKY 60JlblllHHCTBO H3 HHX o6na,n,a

eT CHJibHOH npornsoonyxonesoi1 aKTHBHOCThfO [90, 91, 98]. Cpe.nH 3THX npenapa

TOB oco6hIH HHTepec npe.UCTaBJI.fffOT llHC-Mn Hee CTepeOH30Mep - YpaHc-).JJln. 

HHTepec K nepBOH H3 HHX o6'b.RCH.ffeTC.ff TeM, 'iTO ~K .ffBJl.ffeTC.ff KJieToqHoH MH

weHbfO .um1 3Toro CHJibHoro npoTHBoonyxonesoro npenapaTa [90-95, 99]. 0Ha 

KOBaJieHTHO CB.R3hIBaeTc.R c KJieToqHoH ):(HK H HHrn6HpyeT ee pennHKaUHIO. CTe

peoH30Mep )((e TpaHc-Mn TaK)((e KOBaJieHTHO CB.ff3blBaeTC.ff c ,llHK, O,LlHaKO OH 

KJIHHHqecKH HHaKTHBeH H MeHee llHTOTOKcHqeH, qeM uHc-Mn [100-102]. Pe

wa10my10 ponh s peanH3aQHH KJieTOl.fHbIX npoueccos HrpaeT ue,1eHanpaBJJeHHoe 

803.ZleHCTBHe nnaTHHOBblX KOMTIJieKCOB Ha onpeJJ,eJieHHble HyKJieOTH.Zlbl. 

OcHOBHOH THn B3aHMOJJ,eHCTBH.ff l.{Hc-Mn c ,llHK - TIO 6HQlYHKQHOHaJib

HOe B3aHMO.UeHCTBHe c noJIO)f(eHHSIMH N7 .usyx coce,LlHHX ryaHHHOBblX OCHOBaHHH 

B 0.llHOH H TOH )f(e uenH B nocJieJJ,OBaTeJibHOCT.SIX nma d(GpG) B 60JiblllOH 6op03.Ll

Ke .llBOHHOH cnHpaJIH [103-105]. 3ToT THn B3aHMO,LleHCTBH.ff COCTaBJI.ffeT noqTH 

65% OT o6mei1 nnaTHHaQHH npH rh <0,01 ( 3,Llecb rh=C .lUU1/Cnap H)'ICJI). CymecTBeHHO 

MeHhllle 6HQ>yttKQHOHaJibHblX B3aHMO.lleHCTBHH npOHCXOJJ,HT B nocne.uosaTeJibHO

CTSIX THna d(ApG) (nol.fTH 23% OT o6mei1 nnaTHHaQHH [106]). npHqeM no.uo6ttoro 

THna B3aHMOJJ,eHCTBH.sI npOHCXO.Ll.SIT TOJlbKO npH JJ.OCTH)((eHHH HaCblIUeHH.ff B3aHMO

JJ,eHCTBHH B nocneJJ,oBaTeJibHOCT.ffX THna d(GpGp) (npH 0,02<rh<O,l). Cne.nyIOIUHH 

nm B3aHMO.lleHCTBHH - :rro 6mt>yHKllHOHaJibHble B3aHMOJJ,eHCTBH.ff llHC-).JJln c 

.LlBYMH ryaHHHaMH O.llHOH H TOH *e uenH, pa3.n:eneHHhIMH J1106b1M .npyrnM ttyKJieo

TH)J.OM (nocJieJJ,OBaTeJibHOCTH THna d{GpXpG)). 3ToT THn B3aHMOJJ,eHCTBH.ff coc

TaBJI.ffeT -7% OT o6mei1 nnaTHHaQHH [92, 105]. l...\Hc-Mn MO)f(eT 06pa30Bb1saTb 

TaK)((e xenaTbI, coeJJ.HH.RSI N7 c 06 OJJ.Horo ryaHHHosoro ocHoBaHHsi [107]. Motto

Q>yttKllHOHaJibHOe CB.ff3bIBaHHe llHC-).JJln H CB.ff3blBaHHe Me)f(uenol.feqttoro THna 

OTHOCHTeJ1bHO MaJibl ( COOTBeTCTBeHHO 5% H 1 % OT o6mei1 nJiaTHHaQHH) [90, 95]. 

TpaHc-Mn TalOKe npeJJ.nOl.fTHTeJihHee CB.ff3hlBaeTcsi c nono*eHH.ffMH N7 

ryattHHa. 0.n:HaKO HMelOTCSI .n:aHHble 0 CB.ff3bIBaHHH .llOCTaTOl.fHO BblCOKHX KOHQeHT

pauHHH rpattc-Mn c a,n,eHHHOBblMH OCHOBaHH.SIMH. 11CXO.Ll.SI H3 CBOHX CTepeOXH

MHqecKHX oco6eHHOCTeH, TpaHc-Mn MO>KeT o6pa30BbIBaTh 1-3-BHYfPHUenol.fel.f

HblH THn CB.ff3bIBaHH.ff B yl.faCTKax d(GpXpG) [101]. 

CneJJ.yeT OTMeTHTb, 4TO npH HH3KHX KOHQeHTJ>allHSIX KaK uuc-).JJln, TaK H 

TJ>aHc-Mn npOHCXOJJ,HT MOHOQlYHKllHOHaJibHOe KOMnJieKcoo6pa3oBaHHe c ,llHK, 
KOTOpoe npespamaeTC.ff B OJJ.HH H3 6HQlYHKQHOHaJibHblX THfiOB CBSl3bIBaHH.ff c yse

JIH4eHHeM KOHlleHYpauHu nnaTHHOBoro KOMnneKca. EcTecrseHHO, l.fTO see YKa3aH

Hb1e BH.Llbl CB.ff3bIBaHH.ff llHC-).JJln H YpaHc-Mn npHBOJJ..SIT K H3MeHeHH.SIM TeMne

parypbl H HHTepsana nepexo.na cn11pa,1b-1CJ1y60K, .neQ>opMaQHH .llBOHHOH cn11pan11, 

a TalOKe O,LlHOHHTeBblM H .llBYHHTeBblM pa3pb1BaM npH ,LlOCTaT04HO BblCOKHX 

KottueHTpauH.RX (r,,>O, 1) [89, l 04, l 08]. B np11cyYCTBHH u11c-.lU{ll 11 Tpattc-Mn 

npOHCXO,LlHT H cymecTBeHHOe H3MeHeHHe KOHQlOpMaQHH ,llHK [I 09). 

nom.rraeMC.ff npoaHaJIH3HpOBaTb 3TH pe3yJibTaTbl H nonyLfCHHblC H&MH Ye!>-
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H K,[l-,!laHHble c )"ieTOM Toro <IJaKTa, 'ITO .uo CHX nop HeT e,!lHHOfO CTJ>OHHOfO no.u

xo.ua K o6MICHeHHJO oco6eHHOCTeH KOMnJieKcoo6pa30BaHIDI 3THX semecTB c ,[{HK. 

Ta611u"la 3 

3Ha'leHWl Tm u L1T pa3HblX /(HK npu pa311U'lHblX omHocumellbHblX KOHl/eHmpa"IUJIX rh l/UC-/J.[(ll 

u mpaHc-/1,[(ll (B CK06Kax). Bee U3MepeHWl npoBOOUJIUCb 6 pacmBope 0, 0 IM NaC!O ~+O, 00 IM NaCl 

rh Cl.Perfringens THMyc TeneHKa 

Tm, oc LIT, De Tm, °C LIT, 0c 
0 58,5 (58,5) 5,5 (5,5) 68,0 (68,0) 10,0 (10,0) 
0,003 60,0 (59,5) 6,8 (6,8) 68,5 (69,2) 10,3 (12, I) 
0,03 58,5 (61,5) 7,2 (12,5) 66.7 (70,0) 12,0 (14,3) 
0,3 58,5 (63,5) 7,3 (12,5) 66,0 (72,3) 12,6 (18,2) 
3 45.0 (42,5) 7,5 (7,5) 51,6 (53,5) 13,8 (11,0) 

E. Coli M Luteus 

Tm, uc LIT, De Tm, °C LIT, °C 
0 74,5 (74,5) 5,8 (5,8) 85,5 (85,5) 4,2 (4.2) 
0,003 72,5 (76,5) 8,7 (8,1) 81,0 (89,0) 10,7 (7,0) 
0,03 71,0 (77,8) 12,5 (14,0) 83,0 (91,8) 10,6 (9,2) 
0,3 68,5 (80,0) 13,0 (15,8) 80,0H 12,7(-) 
3 49,5 (51,5) 13,5 ( 11,0) 52,0 (-) 15,7(-) 

Pe3ym,TaTbI, npHBe.1J.eHHb1e B Ta6JI. 3, noKaJbIBaroT, 'ITO B cny11ae l.lHC-Mil 

HMeeT MeCTO .uecTa6HJIH3aUIDI AT- H fl],-ttyKJieOTH.llHbIX nap. flpw1eM .necTa6H

JIH3aUHJI ru-nap HeCKOJlbKO BbIUie. B cnyqae ,lJ,HK c BbICOKHM A T-CO.IJ.ep)l(aHHeM 

(C/.Perfringens H THMYC TeJieHKa) HMeeT MeCTO He3Ha'IHTeJibHOe yseJIH'leHHe TeM

neparypbl n.naBJieHHJI (Ha 2-3°C). 113MeHeHHe ~T TaIOKe cymecTBeHHhIM o6pa30M 

3aBHCHT OT fU-CO.IJ.ep)l(aHHJI ,[{HK. 3TOT pe3yJibTaT JiefKO OOH.S!Tb, eCJIH )"ieCTb, 

'ITO ,i],Jl.SI fU-6oraTblX L(HK 6H<l>YHKUHOHaJibHbie B3aHMO)J,eHCTBIDI B nocne.noaa-

1A J-9 
(•) 

u 

TeJibHOCTJIX THna d(GpG) 60-

Jiee 3cpcpeKTHBHbl H HaCbIIUe

HHe 3THM OCHOBHhlM THnOM 

B3aHMO.[(eikTBHj( B fU-6ora

TblX peanH3yeTCJI npH 6onee 

HH3KHX KOHUCHTJ>aUH.SIX l.lHC

Mfl, 11eM a A T-6oraThIX 

L(HK. 

,. Tt"CI 11HTepecHbie pe3ynb-

PHc. 18. KpHBble !lJlaBJieHHJI pdGpdC (a) H pdApdT (b): 
TaTbl nonyqaJOTC.SI B KOMn

JleKcax l.lHC-Mfl-pdGpdC 

(pHc. I 8). KaK H cne.nosano 
I- rb=0,003; 2 - rb=0,03; 3 - rb=0,3. 

O>l<H.[(aTb, ):{eCTa6HJ1H3al.lHg pdGpdC B npHCyTCTBHH UHC-Mfl HaH6onee 3cp$eK

THBHa H, cne.noaaTeJlhHO, npouecc .nerpa.nauHH ,[{HK HacrynaeT npH JJ.OCTaTO'IHO 

HH3KHX KOHUeH-rpauHJIX l.lHC-Mfl (pHC. 18). Ha'IHHa.st c rb-0,3, KpHBa.st nJiaBJieHHSI 

pdGpdC npHHHMaeT .ll.BycryneH'laTbIH BH.ll, 'ITO YKa3hIBaeT Ha npHcyrcTBHe 

CHJibHOfO aHTHKOonepaTHBHOfO xapaKTepa B3aHMO.IJ.eHCTBH.SI Me)l(.[(y JlHfaH.[(aMH, 

a.ncop6HposaHHhIMH Ha ~HK [I IOJ. /1,rIJI pdApdT .l(ByxcryneH'laTOcTb nnaBJieHHJI 

ue ua6nro.uaeTCg. 
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B CJiy'lae :>Ke TpaHc-Mfl HeJaBHCHMO OT IT.l-co.zi:ep:>KaHHJI ,llHK npH KOH

ueHTpaUHJIX 0,3> rh >0,003 npoHCXO.ll.HT pocT TepMocrn6HJibHOCTH acex ,[(HK. K 
TaKoMy BbIBO.ll.Y npHBO.llHT aHaJIH3 .naHHbIX Ta6JI. 3. Cornactto [34], npu KOHUeHT

paUHJIX 0,003< rb <0,03 TpaHc-.z:mn MOHO<t>YHKUHOHaJibHO CBJl3blBaeTCJI c nOJIO:>Ke

HHeM N7 ryaHHHa, B peJyJibTaTe ,[(HK nepexo.n.HT B 6onee ynopJI.llOl.feHHyJO cnH

panbH)'lO <t>opMy c 6oJiee BblCOKOH TepMocTa6HJibHOCTbJO. B cnyttae :/Ke uuc-Mfl 

npH 3TH:X KOHUeHTpaUHJIX npeo6Jia.n.aeT 1-2 6Hcf>YHKUHOHaJibHOe CBJ13b!BaHHe c 

noJio:>KeHHJIMH N7 coce.llHHX ryaHHHOB O.UHOH H TOH >Ke uenu B nocne.o:oaaTem.

HOCTJIX THna d(GpG) B 60JibllIOH 6opo3.0:Ke .D.BOHHOH cnHpaJIH [103, 104]. CKopee 

scero HMeHHO 3THM H onpe.neJJJleTCJI pa3JJH'IHOe .ueHCTBHe UHc-MTI H TpaHc-Mfl 

Ha napaMeTpbl ruiaBJieHH}) )I.HK. npH 3TOM KaK B CJiyttae UHC-Mll, TaK H Tp8HC

Mfl B )U-IK npoHCXO,lJ,JIT cyiuecTBeHHble KOH<t>opMaUHOHHbie H3MeHeHHJI. 

l13BeCTHO, l.fTO CBJl3bIBaHHe UHC-Mfl c .ZJ;HK npHBO.D.HT K KOHcf>OpMaUHOH

HOMY H3MeHeHHJO caxapHoro KOJibUa OT C 2'-3H.ll.O K C 3'-3H.llO [103]. 3-ro CBH.Ue

TeJJbCTBYeT o JIOKaJibHbIX B-A-KottcpopMaUHOHHhIX H3MeHeHHJIX B MecTax CBJIJbh 

saHHJI. 0.nHaKO TOJJbKO MOHocf>yHKUHOHaJibHblM CBJl3bIBaHHeM TpaHc-MTI c ,llHK 
npH CTOJJb HH3KHX KOHUeHTpaUHJIX nJiaTHHOBoro KOMnJieKca (0,003< rh <0,03) H 

1-2 BH)'TpHUenol.fe'IHbIM CBJl3bIBaHHeM UHc-Mn npH TeX )l(e KOHUeHTpaUHJIX 

JJHratt.n.a HeB03MO)l(H0 o6b})CHHTb .llOCTaTO'iHO CHJibHOe H3MeHeHHe Tm H ~ T .[{HK 
np11 rb=0,003 (cM. Ta6JI. 3). 

c yqeTOM Toro, lfTO npH CTOJib HHJKHX KOHUeHTpaUHJIX JIHfaH,llOB HeB03-

MO)l(Hbl BbICOKHe CTeneHH JanOJJHeHHJI ,lUIK, O)f(H,llaeMoe yaeJIHl.feHHe <>Tm MO)l(HO 

oueHHTb c noMOIUhlO cooTHoUieHHSI .[{.IO. JlaH,llo [30, 11 O]: 

8Tm = RIO In ( 1- rb) , 
~H·/1 

r.ne T0 - TeMneparypa ruiaBJieHHJI ,[(HK .llJIJI rh=O, & - 3HTaJihnHJI nepexo.ua 

cnHpanb-KJiy6oK, R - raJoBa}) nocToJIHHaSI, /1 - KOJIHl.feCTBo nap octtoaaHHH, 

COOTBeTCTBYIOIUHX O.ll.HOMY ueuTpy CBJl3bIBaHHJI. 3-ro COOTHOllieHHe cnpaae.lJ,JlHBO 

npH BbICOKHX CTeneHSIX 3anOJJHeHHJI H BbICOKHX KOHCTaHTax CBJl3bIB'aHHJI 

J1Hf3H.ll.OB C ):{HK. 
Pacl.feTbl nOKa3blB3IOT, l.fTO KOJIH'leCTBO nap OCHOBaHHH /1 Me)f(Jly ueHTpaMH 

CBJl3bIB3HHR npH6JIH3HTeJibHO paBHO 300. 3-ro 3HatfHT, lfTO KOBaJieHTHOe CBJ13bIBa

HHe nnanrnoBblX KOMnJieKCOB c peJJ.KHMH ueHTpaMH CBJl3blB3HHJI MO)l(eT npHBO

.UHTb K cymecTBeHHbIM H3MeHeHHRM TeMneparypbI nnaBJJeHHJI. B peaJibHbIX cuc

TeMax KOJIH'leCTBO 3THX ueHTpOB MO>KeT 6bITb MHOfO MeHbllle 300, nocKOJibKY 

B03MO)J{Hbl TaK)l(e H .llpyrHe MeXaHH3Mbl CB.Jl3blBaHHJI UHC-JlJJ.Il H Tp3HC-Mll c 

,n;HK[lll, 112]. 
,L{pyroif BepORTHOH npHttHHOH, npHBO.llJIUlCH K CTOJlb «3K30THlfHbIM» H3Me

HCHHJIM nose.ueHHJI .[{HK npH KOMnJieKcoo6pa3oBaHHH c nJiaTHHOBbIMH KOMnJieK

caMH MOryT 6b!Tb JIOKaJJbHbie B-A-nepexo.ll.hl B MaKpoMoJieKyne B oKpecTHOCTH 

QCHTpa CBJl3bIBaHHJI [106]. 3-roT BOnpoc .llOCTaTOlfHO no.zi:po6Ho HCCJie)J,OBaH HaMH 

TeopeTHl.feCKH H 3KCnepHMeHTaJlbHO, a nepeXO.Z{bl B-A ff cnupa.nb-KJiy6oK pac

CMaTpHBaJIHCb Ha JIJbIKe Mo.uena 3HMMa-Eperra [113]. PaclfeTbI noKaJaJIH, 'ITO 

npH CTOJlb HH3KHX KOHUeHTp3UHJIX UHc-MTI (rb==0,003) JIOKaJibHblH B-A-nepe-
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xo.u, HH.UYUHpyeM&IH rmaTHHauneH ,[(HK, MO)l(eT npnsecTH K H3MeHeHHIO Tm 
,[(HK MaKCHMYM ua 0, 1°C [ 13, 11 O]. CTOJlb ttecymecTBeHHoe H3MeHeHHe Tm He 

MO)l(eT o6b.ilCHHTb 3KCnepHMeHTaJ1bHO Ha6nio.uaeMoe CHJibHOe H3MeHeHHe B 

CTa6HJihHOCHI ,[(HK (peaJibHO tta611io.uaeTC.il ~Tm=4°C ) . 
.H HaKOHeU, cne.uyiomeH sepo.iiTHOH npH'-IHHOH, cnoco6HoH npHBeCTH K 

no.uo6HbIM cepbe3HbIM H3MeHeHHHM xapaKTepHCTHK nnasneun.ii ,[(HK, MO)l(eT f 
6h1Th 3HaqHTeJibHoe 113MeHeHHe BTOpH4HOH H TPent4HOH CTPYKTYP ,[{HK, KOTO- 1 
pble, KaK H B cny4ae HOHOB .llBYXBaJieHTHblX MeTaJIJlOB [19, 54], npHBO,Ll.U K H3Me-

HeHHIO noTeHUHaJia .UaJibHO)leHCTBHH Me)l(,lJ.y a.ncop6nposaHHbIMH JIHraH,Ll.aMH H .; 

ero 3aBHCHMOCTH OT CTCTICHH CUHpaJibHOCTH [ 114). 0o)l06HOfO po.Ila 3cpcpeKTbl 

B0'3HHKalOT npH cymecTBeHHOM H3MeHeHHH cyMMapttoro 3apH.ua ,[(HK npH ee i 
KOM0J1eKcoo6pa30BaHHH c nnraH.uaMH [ 19, 54, 55, 11 O], 'iTO HeB03MO)KHO npn 

CTOJib HH3KHX KOHUeHTPaUliHX nnaTHHOBOro KOMTUieKca. ,[(eHCTBHTeJihHO, B ;:i:aH

HOM cnyqae BhICOKHe cTeneuH HaChIIUeHH.il .[{HK JIHratt;:i:aMH .uocTHralOTCH Y*e 

npH O'leHb MaJiblX KOHUeHTpaUHHX noc.1e;:i:HHX (rb=0,003). IlpH JTOM, KaK Mbl 

TIOKa3aJIH, cymecTBylOT KpaHHe peJJ:KHe ueHTpbl CBH3bIBaHHH, paCCTOHHH.il Me)l(Jly 

KOTOpblMH .uocrnrnquo BeJlHKH (-300 ttyKJieOTHJJ:HblX nap). 3TH ueHTPbl O'leHb 

lfYBCTBHTeJlbHbl K ttyKJieontJ{HblM nocne.uosaTeJibHOCTHM B flJ,-6oraTblX yqacTKax 

reTeporeHHOH ,[(HK [34, 109]. HaM npe.ucrnsJIHeTCH, 11To uan6onee sepoSITHOH 

npHqHHOH CTOJib «JK30TH'ieCKoro» H3MetteHHH cTpyKryp&1 ,[(HK npH nnaTHHaUHH 

Moryr 6bJTb arperauHOHHhJe 3cpcpeKTbl B MaKpoMoneKyne [ 115]. B [34] ttaMH 6bIJIO 

TIOKa3aHO, 'iTO npH KOMUJleKCOo6pa30BaHHH ,[(HK c UHC-,[(,[(Il H TPaHc-,[(,[(Il, 

KpoMe cneuHcpH4eCKOf0 CB.il3bJBaHHSI miraH)J,OB c ,[(HK, HMelOTCSI TaK*e HecneuH

cpH4eCKHe cpaKTOpbl, smunomHe Ha nepexo;:i: cnHpaJib-KJiy6oK (ttanp., JIOKaJibHbie 

B-A-nepexo.UbI, cpopMHposattHe BttyTpHMOJieKynHpHhIX HJIH Me*MOJleKym1pHhJX 

arperarns, npoueccbI ;:i:erpa.nauHH ,[(HK H ;:i:p.). Cpe;:i:H YKa3aHHbIX HecneuHcpHlfe

CKHX cpaKTOpOB npH HH3KHX KOHUeHTpaUHSIX JIHraH.ua (-0,003) Moryr 6b1Tb KaK 

JIOKaJibHbJe B-A-nepexoJJ:hI, TaK H 06pa30BaHH.i1 Me)l(MoneKy;rnpHbIX H BttyTpH

MOJieKyJIHpHbIX arperaTOB B npouecce UJiaBJICHHH ):{HK. 0pOUCCCbl )Ke ;:i:erpa

J{aUHH ,[(HK npOHCXOJJ:HT npH cymecTBCHHO 6onee BbICOKHX KOHUeHTPaUH.HX 

( 1 < rb <O, l) nJTaTHHOBblX KOMTIJJeKCOB [ 108]. 
Mb1 noJTaraeM, 'ITO npn HH3KHX KouueHTPaUH.HX nnaTHHOBbIX KOMnJJeKcos 

He HCKJIIOlfaeTCH B03M0)1(HOCTb o6pa30BaHHH BttyTpHMOJieKyJIHpHblX CIJJHBOK ,[(HK 
nocpe.ucTBOM 6H.lleHTaJibHbIX B3aHMO.UeHCTBHH nnaTHHOBbIX KOMTIJieKcos c N7 
Il03HUHHMH ryaHHHOB, paccTOSIHHe Me)l(Jly KOTOpblMH B)lOJlb uenH MO)l(eT COCTa

BHTb HeCKOJibKO coT ttyKJieOTH.llOB. TaKoro po.ua B3aHMOJleHCTBH.H nJiaTHHOBhIX 

KOMUJieKcos c ,[(HK .uomKHhI npHBO.llHTb K o6pa3oBaHHIO KOJibUeBbIX CTPYl<TYP 

BttyTpH MaKpOMOJieKyJihl H ee KOMTiaKTH3aUHH. IlOCKOJlbKY yKa3aHHblH 3cpcpeKT 

.uomKeH 6b1Tb CBSl3aH c MOJieKynHpHOH MaccoH: ,[(HK, TO .!J.Jljl HH3KOMOJieKyJIHpHOH 

,[\HK H3MeHeHHH xapaKTepHCTHK nepexoi.i.a cnHpaJib-KJiy6oK JlOJl)l(Hbl 6b1Tb Mettee 

Bbip~eHbl. Pe3yJJ&TaTbI no nnasneHHIO cpparMCHTHposaHHOH ,[(HK (MoneKyn.11p

HaH Macca KOTOpOH Ha )lBa nopH.llKa MeHbllle) B npHCyTCTBHH UHc-Mil H TPaHC

MTI no.uTBep)f()lalOT JTo [ 11 O]. 
TaKHM o6pa30M, cyMMHPYH Bb1llleH3JIO)l(eHttoe, MO)l(HO 3aKJIIOlfHTb, lfTO .un.11 

JIHraH)lOB THUa UHC-,lIJI.fl H Tpauc-,[(,[(Il cymeCTBYIOT KpaH:ue pe.llKHe ueHTpbl 
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HIO Tm 
Tm He 

:UHe B 

ecTH K 

MO)l(eT I , KOTO-

IC H3Me-

'.\aMH H .; 

)<l>CKTbl 

i npH ee 

HO npH 

B ;:i:aH-

'CSI y)l(e 

<aK Mbl 

Me)l(JJ:y 

I OL!CHb 

-1aCTKax 

IOSITHOH 

HHaUHH 

lH 6hIJIO 

c-Mil, 

ecneuH-

:aJihHble 

JISlpHblX 

~HCf>HL!e-
i>ITb KaK 

BttyTpH-

: ;:i:erpa-

rpaUH.SIX 

nJieKCOB 

OK ,[{HK 

is c N7 

T COCTa-

"HHOBhlX 

TPYKTYP 

Jct><f>eKT 

YJISlpHOH 

rb Mettee 

1eKyJIS1p-

H TPaHc-

L!TO JlJUI 

ueHTp&1 

CBSl3blBaHHR Ha ,[{HK B BHJJ:e onpe;:i:eneHHblX ffYKJleOTHJJ:HblX nocne;:i:osaTeJibHO

CTeH, KOTOpbie HaxOJJ,RTCR B Il..l;-6oraThIX yqacTKax rereporeHHOH ,L{HK. 3TH JIH

raHJJ,bl ~e npH JJ.OCTaTO'IHO HH3KHX KOHl.leHTPaUHRX cnoco6Hbl cephe3HO BJIH.SITb 

Ha CTPYKTYPY ,L{HK, 'ITO RBJIReTCR Kpaiffie Heo)l(HJJ.aHHhIM pe3yJI&TaTOM. OpHL!HHhI 

CTOJih cep&e3HhIX H3MeHeHHH CTPYKTYPhI ,L{HK MOryT 6bITh pa3HbIMH, H noKa OHH 

o,nH03HalfHO He onpe.neneH&I. M&1 nonaraeM, lfTO HaH6onee sepoRTHhIMH H3 HHX 

MOryT 6bITb o6pa3oBaHHe BffYTPHMOJieKYJIRpHbIX CWHBOK B ,L{HK H ee KOMna.IC

TH3al.lHR (110). 

6) PyreuueeL1e coe}luueuea. ,L{pyrnM KJJaccoM Heo6pan1Mo CBR3hlBa

IOll{HXCR c ,L{HK 1rnraH.nos RBJJ.SIJOTCR coe.nHHeHHR PYTeHHSI. HeK0Top&1e KOMn

neKChl Ru(III) npoRBJIRJOT RpKo Bhlpa)l(eHHYJO npoTHBoonyxonesyio aKTHBHOCTh, 

o~~",::'" 
c1-RI -N 3 _u_ 
Cl 6~ HfOOH 

- 6 

II 
0 

CxeMa 3. Ru(III)-co.llep>KaIUHe KOMnJJeKc1>1 RAP (a) 
H NAMI (6). 

npHlfeM no cpastteumo c nnan1tto

BhIMH KOMTIJieKCaMH o6na)la!OT 3Ha-

lfHTeJibHO MeH&WeH TOKCHL!HOCTblO 

[116-118). 3THM H onpe.neJJReTCR 

cf>apMaKOJIOrHL!eCKHH HHTepec K 

.n:aHHhIM coe.nHHeHHRM. B OTJIHlfHe 

OT nnaTHHOB&Ix, KOMnneKChI PYTe

HHR npaKTH'IeCKH He i.nyqeHhl. M&1 

HCCJieJJ,OBaJIH B3aHMOJJ,eHCTBHe c 

,lU-IK .asyx KOMnneKcos Ru(III) 
NAMI (Na-TpaHc-(JJ.HMeTHJ1cyn&

<1>0KcH.ll)( HMH.n;aJon )rerpaxnopHJJ. p~HHR(Ill)) H RAP (.llHXJIOpo-1,2-nponHJieH

,nHaMHHTerpaaueraT PYTeHm1(11I)) ( cxeMa 3 ). * 
KaK BH.llHO H3 Ta6n. 4, KOMnneKCbl PYTeHH.11 BhI3hIBaJOT ysenHlfeHHe KaK 

repMOCTa6HJibHOCTH .llBOHHOH cnHpanH ,L{HK (H3MeHeHHe TeMneparypbl nnaBJie

HHR b'Tm::::::l-4°C), TaK H HHrepsana nnasneHHR ..dT. OpHlfeM CTa6HJIH3al.lHR B03-

pacTaeT c yseJIHlfeHHeM KOHUeHTpaumrn KOMnJieKcos PYTeHHR. KaK noKaJhIBalOT 

JJ:Hcf>cf>epeHl.lHaJlbHbie KpHBbie nnaBJieHHSI ,L{HK, B npHCYTCTBHH JTHX KOMn.JlCKCOB 

tta6JIJOJJ,aeTCSI H36HpaTeJibHOCTb HX CB.Sl3bIBaHHR no OTHOWeHHJO K fl.(-6oraTbIM 

yqacTKaM ,lU-IK [59]. 

Ta6nuqa 4 

3Ha'leHUR meMnepamypbl (/' ,,J u UHmep6QJIQ ( tff} TIJIQ6JleHUR J(HK mUM)'Ca meJleHICQ npu pa3JIU'4HblX 

ICOH14eHmpa14wu: ICOMTIJlelCC06 pymeHUR 

)lHK NAM! +)lHK RAP +.llHK 
rb=O rh=0,01 rh=O,l rh=0,01 rh=O,I 

Tm, °C 67,3 69,5 71,I 67,5 68,3 
LJT, °C 9,8 9,9 14,1 10,2 11,5 

CornacHo .aaHHblM, nonyqettHhIM no HJyqeHHJO JTHX KOMOJieKcos MeTo.aa

MH Kpyrosoro JJ:HxpoH3Ma H ren&-JJJeKrpocf>ope3a (CM., Hanp., [119, 120]), H3Me

HeHHSI KOHcf>opMaQHH H repMOCTa6HJibHOCTH npH KOMnJieKcoo6pa30BaHHH c ,L{HK 

• NAM! H RAP 61>1JJH CHHTe3HpOBllHbl Ha XHMH'ICCKOM ipaKyJJbTCTC <l>nopeHTHikKoro YHHBCpcH

TeTa H Jll06e3HO npe110CTaBJJCHbl HaM 3aee11y101UHM na6opaTOpHeil HCOpraHH'ICCKOil XHMHH npocjl. 

n. 0pHOJlH. 
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JHatJHTeJibHO MaJibl no cpasHeHHIO c TaKOBbIMH ,u,.1u1 unc-.u.n;n. B LiacTHOCTH npo- .,. 

se.neHHbie HaMH H3MepeHHJI cneKTPOB K,l{ ,[{HK nOKa.3aJU1, lfTO HH 0.l{HH H3 HC

CJie,llOBaHHbIX KOMnJieKCOB pyreHHSl npaKTHtJeCKH He MeHJieT cneKTpbl Kpyrosoro 

JlHXpoH3Ma ,[{HK ,llIDKe npH BbICOKHX KOHUeHTpaUHSIX (rb=O, 1) [121]. 
J13secTHO, •uo 60.11bwoe BJJHSIHHe Ha npouecc n.nasneHHSI OKa.Jb1BaeT Me)l(

uenot1et1Hoe CWHBaHHe HHTeH MOJieKyJibl ,nHK (:no o6ycJIOBJJeHO TOilOJIOrH

'ieCKHMH orpaHHLieHHSIMH TIOJIHOro pacxo)l(,lleHHe HHTeH ,[{HK) B pe3yJibTaTe ee 

OJiaBJieHHSI . .l{IDKe npH HH3KHX CTeneHSIX JaTIOJIHeHHSI .[{HK JIHraH.l{aMH TIO.Ll06Hble 

B3aHMO,lleHCTBHSl MOryr npHBeCTH K cywecTBeHHOMY yseJIHl.feHHIO TeMneparypbl 

nnasnettm1.. Hccne.D.osamte KpHBbIX pettarypauHH ,ll;HK THMyca TeJleHKa npn 

.u.06asJ1eHHH KOMnneKcos NAMI, RAP H unc-MO npH r=O, I noKaJaJIO, qrn 

pettarypaUHJI KOMnneKcos L{HK-;1HraH.n cocTaBJ1sieT 27% WISI NAMI, 31 % WISI 

RAP, 43% .llmI unc-Mfl [121). OrMernM, tJTo pettarypaunJI "iHCTOH ,[{HK paBHa 

7%. 0THOCHTeJibHO BblCOKHH npoueHT peHarypaUHH .[{HK B npncyrcTBHH 

KOMTIJieKCOB pyTeHHJI CBSI3aH CKopee scero c o6pa.30BaHHeM Me)l(HHTeBblX CUIHBOK 

Me)l(,ll)' ryaHHHOBblMH OCHOBaHHSIMH, pacnOJIO)l(eHHblMH B npOTHBOTIO.IJO)l(HblX 

HHTSIX 6HCTIHpaJIH ,lJ;HK. 
CpasttettHe curnsa10mero .neHCTBHSI MCTaJIJioopraHHtJecKHX coe,llHHeHHH 

Pt(II) H Ru(UI) noKaJa.110, LITO no 3cpcpeKTHBHOCTH cwneaHHSI HHTeii .[{HK nx , 

MO)l{HO pacnonmKHTb s psi.LC: RAP<NAMI<uHc-MIJ. I 
Pa6oma 6blno;meHa npu 1'acmwmou noooep:JICKe ZpaHmOB ISTC A301.2, i 
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Uthpn$nu1 

Ul(Gwptm GtlJlptlwb' t 'l-u.0--fl hbm 11wpobtJl L nl qwpobtJl 4wUI
t.{n:q tJlqwCiqCibpfl l.JnllUitbpuwnw2wguwG wnwCioCiwhwml(mpJmGCibpp mumu
CiwuppmpJWCi(!: OpUihu qwpohtJl ltwUitl.Illl' {!Cimptlwb' bCi 4wUIUWG mwpphp 
UbtuwCipqUCibpntl pCimpwqptlnq bpbp tnpl.l.lfl gwbpwUnthltnttWJpU tJlqw(iq(ibp: 
liJql.l.IPuflp bCi, uwuCiwtlnpwUihu, wnw2f1Ci wCigmuwJflG 2wppp bpl(tlwtbCim 
uhmwqCihpp poCiCibp(!, UIDP:PJ:lp}lCiwjpCi l(nllUithpuCibp(!, flCilUibU CiwL gtlJl
mhppnCiwj}lCi mfll.l.lfl wupCiwppmCihp{!: OpUibu n~ qwpobtJl 4wUitlnq tJlqwCiq
Cihp {!Citnptlwb bCi Pt(II) L. Ru(III)-]1 u}lwgmpJmCiCihp(!: 'l-pwCig numpmpJmCil! 
UIWJUwCiwtlnptlwb t WJCi pwCintl, np CipwCip {!Ciqqpl(mu hCi l(bCiuwpwCiw4wa 
hwllwl.Jwpqhpmu qDJillJlJillCi mCihgnq hCiwpwtlnp pntnp tnflUihp}l l}lntuwqqh
gmpJmCiCibp(!: 

U2tuwmwCipmu hwuwl(wpqtlmu bCi 'l-uf<T-p 4P4Ciwltli UIWPfltJp}l hhm 
tlbp[! Ci24.wb tJiqwCiqCibpp l}lnfuwqqbgmpJmCiCibp}l (!CiqhwCimp op}lCiw~w
l}lmpJmCiCibp[! L pwgwhwJmtlmu qpwCig Jmpwhwmmq wnwCi6Ciwhwm-
4mp JmCiCibp(!: 

S. G. HAROUTIUNIAN, V. I. V ARDANY AN, Y. B. DALY AN 

THE PECULIARITIES OF COMPLEXA TION OF DNA 
MACROMOLECULE WITH LOW MOLECULAR LIGANDS 

Summary 

The present review is devoted to the analysis of peculiarities of DNA 
complexation with reversibly and irreversibly binding ligands. Three classes of low 
molecular ligands with different types of binding were discussed. These types of 
ligands particularly are: bivalent transitional metal ions, porphyrin complexes, and 
zwitterionic amino acids. As irreversible binding ligands some Pt(II) and Ru(III) 
complexes were used. 

The systematization of the general patterns and revealing of specific 
differences in interaction of above mentioned ligands with double helix DNA is ' 
presented. 
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bPb<lU"Lfl "lbSU4U"L ~UUULUUPU"Lfl ~flSU4U"L Sb'lb4U~flP 
Y'IEHLIE 3AIIHCKH EPEBAHCKOro rOCY,UAPCTBEHHOro YHHBEPCHTETA ----

Pliwlfwli q}nnmpJmlilihp 3,2004 EcreCTBCHHhlC HaYKH 

MameMamuKa 

YJlK 517.53 

M. C. MAPTHPOCmi 

P ABHOMEPHOE CYMM11POBAiillE .6110PTOfOHAJihHhIX 
PA3JIO)KEHl1H IIO HEIIOJIHhIM Cl1CTEMAM PAU110HAJihHhIX 

<DYHKUMH B IIPOCTPAHCTBAX XAPL{11 

6HoproroHll.ll&Rble pa3JJOJKCIOOI <f>yHKwdt KJJacca Xap.QH IP( I <p<.•) 
no Heno,1Hoi! CHCTCMC pammHaJJbHblX <f>yHKwdt paBHOMepHO cyMMHPYIOTCll 

Ha KOMD8KTHblX DOllMHO.lKCCTBaX KOMDJJCKCHOtt DJJOCKOCTH, JJC)l(8UJHX Ha 00110-

Ilrl'CJlbHOM paCCTOllHHH OT MHO:lKCCTBa DOJDOCOB <f>yHKwdt l181Uf0il CHCTCMbl. 

Bae.aemre. PaccMOTpHM CHCTeMY pauaoHa.TibHbIX cpyHKUHA 

s! I 
et.(z)= 1 , k=l,2, ... ;s=O,l, ... ,mk-l, (1) 

2tri ( -)-•+ z-A.k 

r.ae { A.k} ;;, - ROCJie,aoeaTeJibHOCTb pa3.TIH'IHblX KOMDJICKCHblX 'IHCCJI H3 

OTKp&ITOA eepXHcA nonyII.JiocKOCTH G<+> = { z: Im z > O} TaKH, 'ITO 

~ m,,_ Im.A.,,_ 
£.., 2 <OO. 
t;1 1 +j~j 

(2) 

IIycr& H~ - npocrpaHCTBO XapJlH e eepxHeA nonynnocKOCTH. Cywecr

eyeT PSIJI pa6crr (cM., Hanp., [l-4]), noce.s1uteHH&1x pa3JIHlfH&IM 3a,nat1aM 
HHTepno:rnpoeaim.s1 H eonpocy 6a3HCHOCTH CHCTCMbl ( l) B ceoeA '3aMKHyroA 

JIHHeHHOH o6o_r1o'IKe e npocTPaHCTBax H! (I < p < oo) . B t1aCTHOCTH H'3BeCTHO 

(cM. [l]), 'ITO yc.,"Ioeae (2) Heo6xo,nnMo H JtOCTaTO'IHO .ll.TI.sl HcnonHOTbl 

CHCTeMbI (I) 011fOCHTeJibHO JI1o6oro H3 npocrpaHCTB H!(I < p < oo). 

1Iopox,neHHa.s1 nenoAHoA cuCTeMoA (1 ), 6uopToroHa.TI&Ha.s1 CHCTCMa B 

H! 6&1-<'Ia eee..:ieHa u cnCTeMaTH'leCKH ucnoA&3oeaHa M.M. )lJKp6awjiHOM 

(cM. (2-4)). B pa6crre [SJ B.X. Myco.s1HOM nonyt1etto HHTerpa.TibHOC npe.11-

cTaBJieHHe yKa3aHHOii 6HOpTOf0Ha.TlbHOA CHCTCMbl {'Pk.} H c HCnOJlb10BaHHCM 

fH)Jb6eproeoA crpy"T)'Pbl npocrpaHCTBa H! npe.ll.TIOJICCH MCTO,a cyMMHposaHHR 



! i 6uop-roroHa.nbHoro pa3JJOJKeHHSI 

I 
' 

11 

11 

ao mt-I 

L L a1cs(f)e1c.,(z) (3) 
k=I s=O 

K npoeKUHH f E H! Ha no.nnpocTpaHCTBO, nopOJK:,D:eHHoe CHCTeMoit (1 ). 

Ko3cpqmuueHTbI 6uopTOrOHa.11bHoro pa3JJOJK:eHHSI onpe.nenSIIOTCSI no cpopMyne 
ao 

ah(f) = f f(X)<P1c.o(x1Jx' r.ne /(x) H <Pk.<(x)- cpyHKUHH rpaHHtfHblX 3HatfeHHit 

(cM., Hanp., [6]) f H <P1c.t. ,[loKa3aHo TaKxe [7], tfTO ecnH f EH! (1 < p <co), 
TO cyMMHpyK>masr nocne.noaaTeJTbHOCTb [5] 

...,..-----:-

1 n mt-I { d"' r. (A)} 
-.LLa1csCf> - .. ~ 
2m k=I .•=O dA. z-A. .t=-4 

(4) 

(r.ne rn - n-blit ocTaTOK npoH3Be,neHHSI liJISIWKe B G(+)) cxo.nHTCSI no HOpMe 

npoCTpaHCTBa H! H BOCCTaHaBJIHBaeT KaJK:,lly10 cpyHKUHIO, npHHa,llJICJKaLUylO 

3aMbIKaHHIO J"IHHeiiHoii 060JiotfKH ( 1) B H! . 
06o3Ha"llHM t1epe3 EP 3aMbIKaHue JIHHeiiHoii o6onotfKH cucreMbI (1) B 

npoCTpaHCTBe H! . PaccMaTpHBax aonpoc 6a3HCHOCTH CHCTeM { e/c.t} H { <Pks} B 

DO.llnpocTpaHCTBax EP, ,[lxp6awsre [3] .noKa3aJ:I, tfTO npu ycnoauxx (2) H 

inf {n A.k - ~ } 2! 0 > 0, sup mk < 00 
k~I J=I Ak - A k~I 

j~k J 

(5) 

6uoproroHaJ:IbHOC pa3JJOJKeHHe (3) paBHOMepHO CXO.llHTCSI Ha Jil06oM KOMnaKTe, 

nexameM atte A - 3aMbIKaHHSI MHoxecTBa TOtfeK {..tk }"" . 
k=I 

AHa.norH"llHbdi: pe3y JlbTaT no.Jiyt1eH AftpaneTSIHOM [8] .ll.JIR CHCTeMbI 

• s! z·' 
e h(z)=

2 
.( _ )s+I, k=l,2,. .. ;s=O,l,. . .,mk-1, 

m 1-akz 
(I') 

paccMOTpeHHOH B npocTpaHCTBax Xap.nu ff P (1 < p < oo) B e.llHHHtfHOM Kpyre 

D = { z: lzl < l} , r.ne nocne.noBaTeJibHOCTb pa3JIHtfHbIX KOMnJieKCHbIX tfHCe.JI 

ak ED y.noBJieTBopxeT He TOJibKO ycJIOBHIO eenoJIHOTbI (cM. TaKJK:e [9]) 
00 

L mk ( 1 -lak I) < co , 
k=I 

HO H ycnoau10 JI. KapnecoHa 

{
"" ale -a. } 

inf n .I 2! " > 0, 
k~1 1=1 I -a ak 

j~k .I 
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supmk <oo. 
k~l 

(2') 

(5') 

(4) pa 
JIHBa 

£2(-0: 

:)KCCTE 

CXO.llH 

cnyqa 

nonyt1 

3aMbIJI 

CCJIH 

r.ne a 

no cu< 

£P(-cc 

MHOJK:C 
l 

HOCTH 

CXOJIH1 



(3) 

1 ). 

JJe 

:>)' 

(4) 

Me 

{IO 

B 

B 

re, 

l ') 

re 

~·) 

') 

IlocTaHoeKa Ja.Z.atfll. EcJJH paccMaTpHBaTb pe3yJJhTaT [3] c TOt:i:KH 

3peHHH 3a.nat1H Haxox.neHHH o6JJaCTH aHaJJHTHt:i:ecKoro npO.UOJJ::lKeHHH cpyHK

UHH KJJacca EP , TO cJJe.nyeT OTMeTHTb, t:i:To H 6e3 .nonoJJHHTeJJbHhIX ycJJo-

BHH ( 5) Ka::lK.llYIO cpyHKUHIO KJJacca E2 MO::lKHO aHaJJHTRtlCCKH .uoonpe.neJJHTb 

Ha MHO::lKeCTBe c \A [4]. IlpH 3TOM [5] cyMMHPYIOlllaH nocJJe,llOBaTeJJbHOCTb 

( 4) paBHOMepHo CXOJlHTCH BHYTPH MHO::lKeCTBa C \A. l>oJJee Toro, cnpase.n

JJHBa CJJe,llylOUlaH [5] 
Teo p e Ma. EcJJH nocJJe.lloBaTeJJbHOCTb KOHet:i:HbIX JJHHeHHblX KOM6HHa

Pn mt-I 

UHH cpyHKUHH H3 HenoJJHOH CHCTCMbI (1) L L ai;>ek.f(z) CXOJlHTCH no HopMe 
k=l .<=0 

L2 
( -oo, oo) , TO oHa CXO.llHTCH paBHOMepHo Ha Kax..uoM KOMnaKTHOM no.nMHO

xecTBe MHoxecTBa C \ A . 
B HacTOHlI.leH pa6oTe cTaBHTCH Ja.nat:i:a ..noKa3aTb paBHoMepuyio 

CXO.UHMOCTb cyMMHPYIOll.leH nocJJe)lOBaTeJJhHOCTH ( 4) BHyTpH c \ A B o6meM 

cJJyqae, Kor..a;a f EH! {l < p < oo). C yt:i:eToM [7] JJ.JIH 3Toro JJ.OCTaTOt:i:HO 

noJJyt:i:HTb I! -aHaJJOr BbillJenpHBeJleHHOH TeopeMbl . 

CTaBHTCH TaKxe attanornt:i:uaa JaJJ.at:i:a JlJIH CHCTeMbI (l '). IlyCTh E·
P 

JaMbIKaHHe JJHHeHHOH o6oJJOt:i:KH HenoJJHOH cHcTeMbI (1 ') B npocTpaaCTBe 

ffP(D), I< p < oo, a A - 3aMbIKaHHe MHoxecrea {lf ak}"" . l13BCCTHO, qro 
k-1 

(4') 

r,Zie ah(/) - K03cpcpHUHeHTbl 6HOpTOrOHaJJbHOro pa3JJO::lKeHHH cpyHKUHH f 
no cHCTeMe (I'), a rn - n -bm oCTaTOK npoH3Be.neHHH DJJSlllIKe B D . 

Pe3yJlbT8T. IlycTb I< p < oo. 
Teo p e Ma 1 . EcnH rrocJJe..a;oBaTenhHOCTb KOHeqffbJX JIHHCHHbIX KOM6H-

Pn m,-1 

uaueit cpyttKitHH H3 HenoJIHoit CHCTeMbI (1) L L ai~>e.t,(z) cxo.aHTCH no HOpMe 
k=I .1"=0 

I! (-oo, 00) ' TO OHa CXO,llHTCSI paBHOMepuo Ha KaJK)lOM KOMnaKTHOM no.a

MHO::lKeCTBe MHoxecTBa C \ A . 
Cneocmaue 1.1. EcnH MHO::lKeCTBO npe.aenbHbIX rot:i:eK nocne..noBaTenb-

HOCTH { A,k} =~1 He oxeaTbIBaeT BCIO eemecTBeHHYIO OCb, TO cpyHKUHH KJJacca 

EP auanHTHt:i:eCKH npo.aoJJxaJOTcsi H3 G 1+) e (C \ G1+» \A. 

CneocmBue 1.2. EcJIH f E EP, ro rrocJie.llOBaTeJibHOCTb (4) paBHOMepHo 

CXOJlHTCH Ha KaJK,[(OM KOMnaKTHOM IIOJlMHOJKCCTBe MHOJKeCTBa c \ A K 
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HCKOTopoit cpyHKUHH F TaKoit, qTO F(z) = f(z), z E G(+). 

Teo p e .Ma 2. EcJilt nocne)lOBaTeJlbHOCTb KoueqHbIX JIHHeiiHbIX KOM6H

P. mt-I 

uauHtt cpYffKUHii HJ Henonuoit CHCTeMbI (1') L L al;>e~(z) cxo)lHTCj[ no 
k=I s=O 

HOpMe LP Ha e)lHffHqHolt OKpyxcHOCTH, TO OHa CXO)lHTCH paBHOMepHO Ha 

Ka:>KJlOM KOMnaKTHOM MHO:>KeCTBe, Jie:>Kall.{eM BHe A . 
CJ?eOcmaue 2.1. Ecmt MHO:>KecTBo npe.LleJlbHbIX ToqeK nocne)lOBaTeJib-

HOCTH {ak };=
1 

He JaHHMaeT BCIO e,JJHHH'IHYIO oKpyxHOCTb, TO cpyHKllHH 

Knacca E; aHaJJHTHqecKH npo)lOJI:>KaJOTCj[ HJ D B (C \ D) \A. 

CJ?eocmaue 2.2. EcJIH f e E;, TO nocne)loBaTeJJbHOCTb (4') paBHoMep

Ho CXO.LlHTC.Sl Ha Ka:>K,UOM KOMnaKTHOM IlO,UMHmKeCTBe MHOJKCCTBa c \ A K 

HeKoTopoif cpyHKUHH F TaKoii, qTO F(z) = j(z), z ED. 
IlpHBe.ueHHbie ,l{Be IlOCJie.D,HHe TeopeMbl )lOKaJbIBalOTCH O)lHHM H TCM 

xe MeTO,UOM, Il03TOMY orpaHHqHMC.Sl ,llOKaJaTeJibCTBOM nepaott HJ HHX. 

/(oKa:JameJZ&cmao meope.Mbl I. KaK HJBeCTHO, ycnoa11e (2) Heo6-

XO.UHMO H .nocTaToqHo )lJJH cymeCTBoBaHHH npoH3Be)leHHH oJIHIIIKe 

""[z-A. Jmt II+A.JI 
B(z)= TI 'le vk , r)le vk =--2 npH A.k :-t:-i H vk =1 npH A.k =i. 

k=l z - A.k I + A.k 

IlpoHJBCJlCHHe B(z) paBHOMepHO CXO)lHTCJI Ha KaJJ(JlOM KOMnaKTHOM 00.Ll

MHO:>KeCTBe MHOJKecTBa C \ A . 
IlycTb Bn ( z) - n -oe qaCTHqHoe npoHJBC.LlCHHe B( z) . IlonoxHM 

K( )
= 1 B(z)-B(t) 

z,t . 
2tri B(t')(_z-t) 

Huxe CHMBOJTOM IHlr o6oJHa qeHa Hop Ma B npocTpaHCTBe I: ( --oo, oo) . 

Jle.MMa I. IlycTb I < r < oo H K - KOMnaKTHoe MHoxecTBO, 11exa

ll.{ee B C\A. Tor)la llKn(z,•)-K(z,•)11 :::i 0 paBHOMepHo JlJUI zEK. 
r n-+«:i 

/(oKa:JameJZ&cmao. 06oJHaquM qepe3 G<0
> aemecTBeHHYIO OCb. TaK 

KaK noqTH )lJJH acex t E G<0
l BbinOJIHHeTCH IBn (t)I = IB(t)I =I , TO 

IK.(z,t)- K(z,t~ s IB.(~ ~ t ~ + IB(z ~I~ ~~I- B(t~, (z,t) e (CI A) x G"'. (6) 

B cnyqae, KOr.Lla K He HMeeT o6lllHX TotreK c G <0> , • pacCTOjJHHe 

dist(K,G<0>) nonoxHTeJibHO. Tor.ua cpyHKUHjJ U(z,t)=II+jtl
1

, HenpepbIBHasr Ha 
z-t 

K x G<0>, CTpeMHTCjf K e.llHHHue npH ltl ~ ao paBHOMepHo OTHOCHTeJibHO z e K. 
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J103T1 

ByeT 

I1ocK1 

COOTH 

TO np 

K orp 

(6), ('. 

KOHeq 

nepBOI 

Ocrae· 

orpam1 

HHe d 

B CHJIY 

HOWeHI 

TaKoe, 

r 
(-E,E) 

HenyCT< 



I{-

10 

ra 

[H 

>-

K 

i
e 

(-

Ilo3TOMY <PYHKUHH U(z,t) orpaHm1eHa cBepxy Ha K x G<0l, T.e. cymeCT

ByeT IlOCTD.ilHHaH u > 0 TaKa.sl, tfTO 

1 u (0) -, -, .:5-l I' (z,t)eKxG . z-t l+t (7) 

IlocKoJibKY .ll.11.SJ mo6oii <PYHKWfH rp e L1 (-oo, oo) cnpaBC.llJIHBO npe.llCJibHoe 

COOTHOWCHHe (3) 

"" 
flBn(t)-B(t)r!rp(t)jdt ~ 0, (8) 

n~oo -a) 

ro np• B>16ope \l'(t) = (i : l•I J • c Y••roM paBHoMepHoil CXOJIHMOCTH B, ( z) 

K orpaHa'leHHoii <PYHKWfH B(z) Ha K yTBepx.llCHHe JICMMbl BblTCKaCT H3 

(6), (7) H (8). 

IlycTb Tenepb MHO:lKeCTBo Kn G<0
> HenycTo a ne:itcHT e HCKOTOpoM 

KOHCtfHOM HHTCpBane (-E,E). IlOBTOp.sl.sl paccy:lK)lCHH.sl, npOBC,llCHHblC B 

nepBOM paCCMOTpeHHOM cnyqae, noJiytfHM 

J /Kn(z,t)-K(z,t)f' dt 4 0, zeK. 
Fl>£ "~ 

E 

JIKn(z,t)-K(z,tt dt 4 0, zeK. 
-£ "~"" 

(9) 

)l.n.s1 npoH3BOJibHOro nOJIOJKHTCJibHOro tfHCJia & Bb16epeM OTKpblTOC 

orpaHHtfCHHoe MHO:lKeCTBo V TaKoe, tfT06b1 K c V c V c C \ A , a pacCTo.s1-

HHe d = dist(K,8V) 6bIJIO MCHbWC & ( V - 3aMbIKaHHC V, a 8V- rpaHHUa V ). 

B cnny paBHOMepHOH CXO.llHMOCTH Bn(z) 4 B(z), z e K, H npe.llCJJbHoro COOT-
n~oo 

HOWCHH.sl (8) CYlllCCTBJeT HaTypanbHOe 1fHCJIO N. He 3aBHCjilllCC OT z. 
TaKoe, 'ITO npu n ~ N Bhmo,1H.s1JOTc.s1 nepaBCHCTBa 

/B,,(z)-B(z~<d2 , zeK, 
I 

{_t1s,(1)-B(1~' dJ r <d2
• 

(10) 

IlyCTb Kd - MHOXCCTBO TO'ICK H3 K ' paCCTO.slHHC KOTOpbIX OT mrrepsana 

(-E,E) MCHbllle d. Ilono:xcHM M=maxjB(z)j. EcJJH MHO:lKecTBO K\K, 
.l'EK 

nenycro H z e K \ K, , ro, cor naCHo ( 6) H (IO), aMeeM 
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· 1 

I 
j 
j 

sr' _1( d' + ~: IB.(1)-B(t~'} s2' Ed' +2'-1 M' d's( E + ~'}2•)', n;,.N, 

cne.nosaTeJibHO, 
E 

J IKn(z,t)-K(z,t)r dt ::i o, z e K \ Kd. 
-E n-+oo 

(11) 

c nl06oit TO'IKOit z E Kd accOUHHpyeM 0Tpe30K BeIUeCTBeHHOit OCH 

~ = { t E [-E, EJ: jz - tis; d} . TaK KaK Bn '(z) CXO.llHTCsr K B'(z) paBHOMepHo Ha 

V, TO nocne.nosaTeJibHOCTb cf>YHKUHit IB'(z)l,IB1 '(z)l.IB2 '(z)l,····IBn '(z)I,··· 

paBHOMepHo orpaHH'leHa csepxy Ha V HeKOTOpbIM qHCJIOM B > 0. Tor.ua 

IB(z)-B(t)I= JB'(u)du s;Blz-tj, (z,t)eKdx~, 
r,, 

r)le Yzi - npsrMOJIHHeitHbm oTpe3oK c KOHUaMH B TO'IKax z H t, uenH

KOM nexaIUHit B KOMnaKTe V . CosepweHHO aeanorH'IHO nonyqaeM 

IBn(z)-Bn(t)I s; Biz-ti, n = 1,2, ... ; (z,t) E Kd x ~. IloJTOMy, nono:x<HB 

1 B'(t) I Bn '(t) 
K(t,t)=---, Kn(t,t)=---, tETz,zEKd, npHXOJlHM K OUCHKaM 

2tri B(t) 2tri Bn (t) 

IK(z,t)js;B, IKn(z,t)ls;B, (z,t)eKd x~, n=l,2, .... 

Cne.nosaTeJihHO, npH z e Kd H n ~ N HMeeM 

i,· 

J IKn(z,t)-K(z,t)I' dt = JIKn(z,t)-K(z,t)r dt + J IKn(z,t)-K(z,t)j' dt s; 
-E T, (-E,E)IT, 

s (2BJ'l7; I + l ( d + M IB. (I); B(t >I J dt :;; (2B)' 2& + ( E + ~}2e )' 
H B pe3y Jib Ta Te 

E 

JI Kn (z,t)- K(z,t)I' dt ::i 0, z E Kd . 
-£ n-+ao 

(12) 

CooTHoweHHe (9) BbITeKaeT H3 ( 11) H ( 12). JleMMa .llOKa3aHa. 

3a.MettaHue. HopMa llK(z,•)11, orpaHHqetta Ha K 3a cqeT orpaHH'leH-

HOCTH cpyttKUHH K(z,t) Ha .z:teKaPTOBOM npoH3Be.z:teHHH K x [-E,E]. Ilocne.u

eee HMeeT MeCTO BBH.llY oueHOK 
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IK(z,t)I s; M + 
1 

npH lz -ti~ d H jK(z,t)I s; B npH lz -ti< d. 
d 

Pn mk-1 

IloJIOJKHM Qn(z) = L L ai:>ekt(z). 113BCCTHO [5], 'ITO 
k=I ssO 

B CHJ 

6ecKo 

,llJIH j 

llK(z,• 

CXO.llH 

paBHO 

Ka<jJeiJJ 

I. Ma 
2. A• 
3. AlK 
4. A• 
5. My1 
6. focj 
7. Ma1 
8. AllI 
9. Ma1 
JO. fee, 

bP40 
cus 

nwg}lnl 
qmiuut 
q.pwqw 

THE l 
INCC 

1 
system. 
plane or 



ao 

Qn(z)= f Qn(t)Km(z,t)dt, m~pn, zeC\{A,,A.i, ... ,Am}· (13) 
_.., 

B cuny neMMbI 1, B paBeHCTBe ( 13) npH cpHKCHpoBaHHOM n, yCTpeMHB m B 

6ecKOHeqffOCTb, nonyqHM 
00 

Qn(z)= fQn(t)K(z,t)dt, zeC\A. 

IIycTb K- KOMnaKT H3 C \A. Cor nacHo HepaBeHCTBY f e.n.nepa 

/Qn(z)-Qm(z)/ ~//Qn -Qm//P //K(z,•)//q, Z EK, pq = p +q 

AJlH mo6oii napb1 HaTypanbHbIX qffcen n H m . Ho nocKOJlbKY cpyHKUHH 

/IK(z,•>llr orpaHuqeHa Ha K' TO H3 IlOCJlCAHeii OUCHKH BbITCKaeT, qTO 

CXOAHMOCTb IlOCJle,LlOBaTeJlbHOCTH Qn no HOpMe I! ( -oo, CXl) rapaHmpyeT ee 

paattoMepHyID CXO.LlHMOCTb Ha K . 

Ka</Jedpa .Mame.Mamu"ecKoc:o aHaJIU:Ja llocmynu.na 29.04.2004 
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nwg}lnuw1 :i>mulJ.gl1wCibp}l n~ ul}ltl hwuwqwpq}l hwl{wuwpw~w\fl qntuwpl{mu t 
qnuuutpu hwppmpJmCimu hwuwqwpq}l -l>mCiqg}lwCihp)1 phhnCibp)l pwqumpJntCipg 
qpwqwfi hbnwl{n1unpJwCi l{pw qmCil{m1 lj_nliUJwti.m pwqumpJmfiCibp}l l{pw: 

M. S. MARTIROSY AN 

THE UNIFORMLY SUMMATION OF BIORTHOGONAL EXPANSJONS BY THE 
INCOMPLETE SYSTEM OF RATIONAL FUNCTIONS IN HARDY'S SPACES 

Summary 

The biorthogonal expansions in Hardy's ffP(l<p<00 ) spaces by the incomplete 
system of rational functions are uniformly summated on the compact subsets of complex 
plane on positive distance from the set of poles of system's functions. 
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bl'b'lU\.1> "lbSUllU\. <UUULUUPU\.I> Q.f>SUllU\. Sb'lbllUQ.l>f' 
~HblE 3ARHCKH EPEBAHCKOro rOCY~APCTBEHHOro YHHBEPCHTETA 

------------·· ---·-----· -·----
~fiwltwfi qpumtpJntfifihp 3,2004 EcrecTeelilfble uay1rn 

MameMamuKa 

Y[.(K 517.946:532.591 

m. A. fPHrOP.SIH, C. M. MAHYialH, r. r. or AIDIH 

T011HblE qACTHhIE PEIIIEHH.sI HEJTJ.1HE"f1Horo yp ABHEH11.sI 
KJIE"flHA-fOP,l.{OHA 11 HX IlPHJ10)J(EHl1.sI B MEXAHl1KE 

)1(11,l.{KOCTH 11 r A3A 

II011ytfeHo HOeoe aHaJIHTHtfecKoe peweJUte ypaeHeHHll K11eAHa-foplloHa, 

KOTOpoe OIDfCblBaeT H3BCCTH)'IO 3BOJllOQHIO )'CJlHHCKHOA BOJIHbl, nepeMe

tna10meAc11, OllHaKO, c MCHbWeA aMnJIHTYllOll H co ceepneyKoeoA CKOpOCTblO. 

[.(Jill roro )KC ypaeHCHHll c llHCCHIJaUHell (Bll3KOCTblO) UOCTp<>CHbl TOtfHble 
tf8CTHb1e pewe1UU1 CTPYKTYPbl yllapHblx eo11H. 

l. Ocnoenb1e ypaeneHHJI. PaccMaTp1maeTc» MOHO,Lrncnepctta» cMecb 
B513KoA C)l(HMaeMOH )J(ffJlKOCTH c MaJiblM 06-beMHb!M conep)l(aHtteM ny3blpbKOB 

Ka110ptt"leCKH coeeprnettttoro ra3a. IlpennonaraeTC» OTCYTCTBHe npoueccoe 

npo6JieHtt», c;rnnatttt» H o6pa3oBaHH» HOBhIX ny3hlpbKOB. B TaKHX cpenax o6mHA 

MeXaHH3M )lHCCHnauHH cpopMttpyeTC51 H3 COCTaBJlsrJOIUHX 3a C"!eT Me)l(cpa3ttoro 

TenJioo6MeHa, BH3KOCTH H C)l(HMaeMOCTH [I-4]. IlpH an11a6aTHt:reCKOM npe

.ue~lbHOM pe)J(HMe TepMO.llHHaMHqecKoro noeenettH» ra3a B ny3biphKax, pa3-

Mepb1 KOTOpbIX ,LIOCTaToqtto BeJll.fKH, Me)l(cpa3HbrH Tennoo6MeH OTCYTCTByeT. 

Torna HeJlttHetfttoe pacnpocTpatteHtte BOJlHhI naBJieHH» B cMecH onmneTC51 
.LIBYXBOJlHOBbIM ypaBHeHHeM [2-3]: 
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H 

p 
3JJ.CCb t - BpeMR, x- npoCTpaHCTBCHHaR KOOp)J.HHaTa, p = -- - H3-

Po -1 
6bITOqHoe 3HaqeHHe JJ;aBJieHHR P, p - nJIOTHOCTb, R - pa.QHyc ny3bipbKa, a -

c 
CKOpOCTb 3ByKa, r =_.!!_ - IlOKa3aTCJib a.QHa6aTbl ra3a, cp H Cv - YJJ:CJibHbIC 

Cv 

TennoeMKOCTH npn noCTORHHOM .n.aBJieHHH H o6'beMe, Po<< 1 - o6'beMHoe ra3o

co.n.epxaHHe. 11HJJ.CKCbl «1», «2» H «0» OTHCCCHbl COOTBCTCTBCHHO K napaMeT

paM )f(H)J.KOCTH, ra3a H COCTOHHHIQ paBHOBCCHH (noKoH) CMCCH, (J)r - a)J.Ha6aTH

qecKa51 pe3oHaHcHa» qacToTa ny3hipbKa (qacToTa MHHHaepTa). 

llpn .n.pyroM npeJleJibHOM pexHMe H30TepMH4ecKoro noae.n.eHHR ra3a B 

JlOCTaT04HO MeJIKHX ny3blpbKax Mex¢a3Hb!H Tennoo6MeH OilHTb-TaKH OTCYT

CTByeT. PacnpocTpatteHHe BOJlH BHOBb OilHllleTCH ypasHeHHeM ( 1.1 ), B KOTOpoM 

cpopMaJibHO MO)f(HO IlOJJaraTb r = I . 
Oco6ettHOCTbIO ra30XHJJ.KOCTHOH CMecH nn»eTcH HepapxH» npou:ecca 

pacnpocTpatteHHH BOJlH. B JlHHeHHOM npH6JIHXeHHH, nocJJe BXOX)leHHH HCXO)J.

HOfO B03MymeHHH B CMeCb, ero BbICOKOtiaCTOTHaH (w > (J),) COCTaBJlHIOUlaH pac

npocTpaHHCTCH B BH)le npe)J.BeCTHHKa - 6bICTpOH BOJlHbI [2-3] - co CKOpOCTbIO, 

notfTH cosna,AaIOmelt co cKopoCTbIO 3syKa arn s 4HCToti XHJJ.KOCTH. Bcne.n. 

Ja HCH nepeMemaeTCH HH3KOtiaCTOTHaH tiaCTb HMny JlbCa B BH)J.e Me)J.JleHHOH 

BOJlHbl (w < (J)r) co CKOpOCTbIO 3ByKa B CMeCH ao' qro IlOJJ.TBepx.n.aeTCH 

CTPYKTypoit ypasHeHH.SI ( 1.1 ). 
Hccne)lyeM noBe)leHHe 6bICTpoit BOJIHbI. He Tep.SI» OOlllHOCTH a noCTa

HOBKe 1a.n.at£H, npnMeM ynpomaIOmHe npeJlnonoxeHH51, 06nert£a1-011lHe nocne

JlYl-OlllHe BbIKJla)lKH H npHBO)lHl-OlllHe K Har Jl51JlHbIM pe3y JlbTaTaM. llpH onpe.ne

JleHHH K03¢¢0u:HeHTa HeJIHHettHOCTH a npeHe6peraeTC51 COCTaBJI51IOUleH, KO

Topag xapaKTepH3yeT CXHMaeMOCTb. lloCKOJlbKY Macca ra3a HH4TOXHO Mana 

s cpastteHHH c Maccott XHJlKOCTH, T.e. p20 P0 << p10 (1- Po), noCTOJibKY H 

Po= (1- P0)p10 • B CHJIY MaJIOCTH HCXOJJ.Horo o6'beMHoro ra3oco.nepxaHH51 Po 

noH.SITH51 nnoTHOCTH cMecH H XHJJ:KOCTH 0Tox.11ecTBJI5llOTC.SI: Po ~ Ao . Tor.Qa 

r + 1 PoPoaf, 1 1 PoPo 
a=--· • 2=-2-+--. 

2y YPo ao alO YPo 
B paccMaTpHsaeMott nocTaHosKe a ypasHeHHH (1.1) rnaBHbIM 51BJI51-

eTc» BOJlHOBOH onepaTop BbICIIIero nop51JJ.Ka, H3 KOTOporo CJle)lyeT 

fi / ot2 ~ a1~(;2 / ax2 
. 11cnoJlb30BaHHe 3TOH cs.SI3H s ocTaJibHhIX tIJieHax ypasHeHHR 

H IIOCJieJJ.yIOIUee JJ.ByKpaTHOe HHTerpHpoBaHHe no t Il03BOJI511QT npHBeCTH ero K 

BH)ly 

8
2 p -a2 o2 p -~· µ. (J)~ op+ (1)2 PoPoa~o (p-r + 1 p2) = O, 

ot2 10 8x2 3 p a~ ot r r Po 2y 

r)le KOHCTaHTbI HHTerpHpoBaHHR B3.SITbI paBHbIMH HYJIIO. BBOJJ.R HOBble nepe

MCHHbie 
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y+l 
u=--p, 

2y 
t~J YPo __ 1_1', x~J YPo __ l x', 

f3oPo a10m, f3oPo liJ, 

nepenHWCM ypaBHCHHe B 6e3pa3MepHOM BH,lle: 

82u o2u au 
----5-+u-u2 =0, ar2 ox2 ot 

4 µ YPo m, 
8=-·- 2 ·--. 

3 Po f3oPoao 0oat0 

(1.2) 

(1.3) 

3.necb WTpHXH Ha)l 6e3pa3MepHbIMH KOOp.llHHaTaMH onymeHbl. 
IlepeHJJeM K nocTpoeamo TOqHbIX peweHHH ypaetteHu» (1.3). Bocnonb-

3yeMC}{ MCTOJJ.OM, npe.nno:x<.eHHblM B [5] H HCil0Jlb30BaHHblM B [6, 7], npu 
peweHHH HCJlHHCHHblX ypasHeHHH, HCHHTerpupyeMblX MCTOJlOM o6paTHOH 3a
JJ.atm. TeOpHH pacceHHH.ff. IlpeJJCTaBHM HCKOMOe peweHHe ypaBHCHH.ff (1.3) B 

BHJJe pa3JIO)l(CHH.SI Jlopana: 

"' ( ) F-2 F-1 ~ F H u x,t =u1 +u2 +u3 + ~u1 · , (1.4) 
1=4 

rJJ.e cpyHKUHH u,(x,t) H F(x,t) no)lnexaT naxox.nemno (i = 1,2,3). IloJJCTaB

JI.Sl.ff (1.4) B (1.3), npupaBH}{CM K HYJIJO Ko3<1>cpHUHCHTbl npH COOTBCTCTBYlOlllHX 

CTCilCHSIX cpyHIUJ.HH F : 

npa F-4 u1 = 6(F,2 -F}), (1.5) 

3.llCCb F,,Fx,F,x H T.Jl. - tfaCTHbie npoH3BOJlHhie OT F(x,t). JJ.ns HaxO)l(

JlCHHg U3, uj (j ~ 4) nonyqaeM peKyppeHTHblC COOTHOWCHffjl, 

0.nnaKO OKa3a.TIOCb, tfTO cpyHKUffjl U7 (x,t)' onpe)leJigeMaS H3 npHpaBHCH

HOro ny;uo Ko3cpqmuueHTa npu F 2
, BbmaJJ:aeT B cuny onpeJJ:eJieHH» u1 H3 

no11yYaeMoro COOTHOWCHHSI. IloCKOJlbKY peKyppeHTHOCTb HapywaeTCSI, B (1.4) 
MO)l(HO noJiaraTb uj = 0 Jllljl j ~ 7. B CB.ff3H c 3THM H3 Bblpaxenuit K03cpcpu-

UHCHTOB npH Fs, F4 
H F COOTBCTCTBenao no11yqaM u6 = u5 = u4 = 0 . lb coeo

KynnocTH cso6oJlHbIX ttnenos (Ko3cpqmuueHT npu F 0
) BbHICHSieTcs, 4TO cpynK

uns u3 (x,t) YJlOBJieTBopSieT ypasnenmo, no BHJJ.Y cosna.naJOmeMy c (1.3), oTKy.lla 

cJieJJ.YIOT TpHBHaJibHbie peweHHSI u3 = 0, u3 = l. Tor)la H3 Ko3cpcpHUHeHTa npn 

F- 1 nonyttHM 11nneitnoe ypasnenHe 

82u 82u au 
----8-2 ±u =0. a12 ax2 at 2 (l.6) 

113 npHpaBHCHHOro K HYJIIO K03cpcpHIJ.HCHTa npH F-2
' B COOTBCTCTBHH c 

no11yt1eHHbJMH 3HatfeHH.ffMH U3' 6yJlCM HMCTb 

a2u, Ou2 a2u, au2 (aul ) 2 
- 2--2-F,-u2F,, --2-+2-f'x +u2F:a-o --u2F, -"2 ±Ui =0. (1.7) at at ax ax at 
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B ypaBHeHH}IX ( 1. 6), ( 1. 7) BepxHHii H HHJKHHii 3HaKH ( ±) OTHeceHbl 

cooTBeTCTBeHHO K 3HatJeHH}IM u3 = 0 H u 3 =1. IIo.ncTaBJI}l51 cpopMyJihI (1.5) B 

(1.6), (1.7) H KOM6HHHPY51 noJiytJaeMhie COOTHOWeHH51, npH,lleM K ypaBHeHHIO, 

oTKy.na onpe.neJIHTC51 HBHbIH BH,ll <t>YHKUHH F: 
F(x,t) = l +exp(h-cot), (1.8) 

r.ne 6e3pa3MepHbie IlOCTOIDIHbie BeJIHlJHHbl OJ H k HrpalOT COOTBeTCTBCHHO 

pOJIH l.faCTOTbl H BOJIHOBOro \IHCJia. 

PaccMOTpHM pa3Hhle BapnaHTbl ypaBHeHHH (1.3) H, B COOTBCTCTBHH c 

HHMH, IlOJlYlJHM HX TO\IHbie qaCTHbie peweHHSI'.. 

2. YpaseeBHe K.!Ieiiea-ropi.oea (<5 = 0). 

a1u a1u 2 
---+u-u =0. ot2 ox2 

y paBHCHHe HrpaeT cf>ytt.naMeHTaJibHYIO pOJib TaKJKe B HCCJICJlOBaHHHX 

pa3JIHlJHbIX MO,lleJieii TeOpHH IlOJI.sl, JlHHeHHOii JlHHaMHKH KpHCTaJlJIH\leCKOA 

peweTKH [l, 8]. Pewettue JlHHdittoro sapnattTa npusenetto, ttanp., B [2]. 
C.11ytlafi u3 = 0. IIo.nCTaBJlHH (1.8) B cpopMyJThI (1.5) H ypaBHCHHe (1.6), 

6y,!leM HMeTh 

u1 =6(co 2 -k2)exp[2(h-cot)], (2.1) 

u2 = - 6(w2 -k2 )exp(h-cot), oi - k1 + l = 0. 
PeweHue ( 1.4 ), 3anucaHHoe B pa3MepHbIX KOO{'>.llHHaTax ( 1.2), npe.nCTattCT, 

cor JlaCHo (2.1 ), B BHJle 

p=]I_ch-2(0Jr JPoPo k.;J=]I_ch-2(ko .;), 
r+l 2 YPo r+l 2 

ko = ~a~o -a~ wrk, ~ = x-Vt, 
a10Clo 

(2.2) 

3.necb H .11a.11ee .; - CTaUHOHapHaH KOOpJlHHaTa, CBUaHHa.sI c cppoHTOM 

BOJIHbl (.; = 0 ), v - CKOpoCTb ero pacnpocrpaHeHH.sl. PeweHHe (2.2), HHbIM nyTeM 

nonytJeHHoe snepBbie KopneJIOM [ 1 ], onuchmaeT nOBC.LICHHe ye.nutteHHOii BOJTHbI 

(COJIHTOHa) c aMn,,HTYJlOH 3y /(r +I). QqeBH,llHO, lJTO CIWpoCTb pacnpoCTpaHe-

HH.sl COJTHTOHa .sIBJIHeTC51 .ll03BYKOBOii, IlOCKOJibKY v < alO' H JlJljl csepxKopoTKHX 

BOJIH (k ~ 00) ee BeJJHllHHa CTpCMHTCSI'. K 3HalJCHH10 CKOpoCTH 3ByKa B l.IHCTOA 

:lKH.QKOCTH: V ~ a10 • 

C.ny'ftlii u 3 = I . <I>opMy Jlbl (2.1) coxpaHmoT CBOIO cHJiy, a .llHCnepcuoHHoe 

ypaBHeHue 6y.neT crrJIHqaTbC.sr err npeJibIJlylllero: w2 -k2 
- I= 0. Tor.ua, B cHJJy 

npenCTaB.,CHHSI'. (1.4) H nepBblX JIBYX <P<>PMYJJ H3 (2.1), HOBbIM H BTOpbIM 

TOllHbIM peWCHHeM 6y )]CT cf>YHKUH.sl 

2r lr 3 -i(wr JPoPo J] R p=- 1--ch - -k.; , V =±aio 1+-2 • 
y+I 2 2 yp0 k 

(2.3) 
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PeweHHe (2.3) onHCbIBaeT pacnp<>CTpaHeHHe yeJlHHCHHOA BOJIHbI ( COJIHTO-

' (ly+Y) Ha) c aMDJIHT}'JlOA _r_' nepe-
r +I 

2 

Piie. J. 

Mell{aJOll{eltcB co CBCpX3BYKO

BOH CKOpOCTblO v > alO ' H npH 

k ~ 00 BHOBb HMCCM V ~ QIO. 

Ha pHc. 1 B conyTCTBy

JOll.leif CHCTCMe KOOp.llHHaT 

npHBC.llCHbl npocpHJIH COJIH-
{• 
-,- TOHOB, onHCbmaeMbIX pewe-

HH}{MH (2.2) - Kp. 2 H (2.3) -
Kp. 1. 

3. CTpyKTYPbl BOJIH 

(yt1eT B}{3KOCTH). IlycTb u3 =I. 

fiO.llCTaBJIBB (1.8) B <f>opMyJibl (1.5) H ypaBHCHHC (1.6), 6y,neM HMCTb 

u1 = 6(a>2 -k2 )exp[2(/cx-wt)], 

u2 = -6( w2 -k2 + 
8
; }xp(/cx -wt), 

w2 + c5w - k2 - I = 0 . 

(3.1) 

Ilo.ocTaHOBKa cpopMyJI (3.1) B ypaBHCHHe (1.7) H noc.ne.oyJOmee KOM6H

HHpoBaHHe c .llHCnepcHOHHblM COOTHOUJCHHCM H3 (3.1) npHBO.llSIT K CBB3RM 

w2 -k2 = _!_ tv = ~ · ..!._ k =±~·..!._~I - 6 
c52 

• 
6' 6 c5 ' 6 t5 25 

CornaCHO nonyt1eHHbIM CBB3BM H <f>opMyJiaM (3.1) H B CHJIY npe.n

CTaBJieHH}{ peweHHB B BH.llC ( 1.4), nony•rnM 

u(x' ,t') =(I+ exp(/cx' -wtT2
• (3.2) 

IlpocTOA 00.llCTaHOBKOH nposepHeTCSI, tlTO cpyHKUH$1 (3.2), .llCHCTBHTCJlbHO, 

BBJIBCTCSI TOllHbIM peweHHCM ypaBHCHHSI (1.3). Ilepexo.u K pa3MepHblM KOOp

)lHHaTaM ( 1.2) D03BOJIHCT 3aDHCaTb ero B BH.lle 

p = .IL[1 + exp(k1i;)r2, i; = x-Vt, (3.3) 
r+ I 

k = JP,p,"' k 
I r ' 

YPo 

r.ue eepXHHA H HH)f(HHA 3Hairn ( ±) OTHeceHbl K BOJIHaM, nepeMell{aJOll.(}fMCB co 

csepx3BYKOBOH CKOpoCTblO v > alO COOTBCTCTBCHHO B.llOJlb DOJIO)f(HTCJibHOro H 

OTpHUaTe.nbHOrO HanpaMCHHH OCH x . ,ll.m1 nepeoA H3 HHX BJlaJIH OT cppOHTa 

i; = 0 H3 (3.3) CJICJJ.YIOT acHMDTOTHtlCCKHe 3HatleHH$1 

p(-oo) =.IL , p( oo) = 0, (3.4) 
r+l 
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r 

II 

1, 

fl 

a 

onpe.nemnomue paBHOBeCHbie 0.llHOpOJlHble COCTOHHHH CMeCH B o6nacTHX Il03a,IIH 

(; < 0) u snepe.nH (i; > 0) cppottTa. CTocKOJibKY peweHHe (3.3) HenpepbIBHo coe-

JlHHHeT 3TH npe.nenbHhJe cocTOHHHH, cne.noBaTeJibHO, otto onuchJBaeT cTpyKTYPY 

y,aapHofi BOJIHbI. 

Hccne.nyeM nose.neHHe peweHHH (3.3) B o6naCTH n03a.zxn (~ < 0) cppoHTa 

BOJlHbl. IlonaraH p = p(-oo) + z' r.ne z - MaJIOe B03MymeHHe, H npOBO.llH CTaH

,aapTHYIO npoue.aypy no BblHBJieHHIO HBHOro BH,!la cpyHKUHH z(i;), nonrrnM 

z - exp( 5c; I 8)' OTKyJla npH i;--+ -<Xl CJle.llyeT z = 0. TaKHM o6pa30M, B 

o6JiaCTH i; < 0 peweHHe (3.3) yCToiiqHBo K MaJlblM B03MymeHJUIM. 

Cny~aa u3 = O . <l>opMy Jibl (3 .1) JlJUI u1 H u 2 OCTaHyTcH 6e3 H3MCHe

HHJI, a JlHCnepcuOHHoe COOTHOWeHHe npHMeT BH.ll oi - k 2 + 8m + 1 = 0 . 
,[{JIJI CBH3CH, COOTBCTCTBYI01UHX paccMaTpHBaeMoMy cnyqa10, 6y.llCM 

HMCTb 

w2 -k2 =-..!._ w=-~·_.!._ k=±~·1-J1+ 6 82 • 
6' 6 8' 6 0 25 

Tor.aa peweHHe ypasHeHHH (1.3), 3anucaHHoe t:1epe3 ,llas.neHue B pa3-
MepHblX KoopJIHHaTax ( 1.2), npe.ll~aHeT B BH.llC cpyHKUHH 

p=k[1-(l+expk2i;r
2 J, ~=x-Vt, (3.S) 

y+I 
I 

k, ~ ~PoPo w,k' y ~±a,,(1 +~02)-2 . 
YPo 25 

PeweRHe (3.5), UK H (3.3), OilHCbIBaeT crpyKTypbl y.llapHblX BOJIH, KOTO

pble, O.llHaKo, pacnpocrpaHJllOTC.sl c .IIOJBYKOBOli CKOpOCTblO ( v < a,o ) B.!IOJlb no-

-t 

.<~+!?_ .lIOXHTCJlbHOfO (HHJKHHit '3HaK) 

z H OTpHUaTC.lbHOro ( eepXHHli 

2 

z • 

3HaK) HanpaB,1CHHit OCH x. 
Ha puc. 2 npe;icraBJlCHbl 

CTpYKTYPbl OJIHOHanpaB,lCHHbJX 

y .aapHbJX B0,1ff, nepeMCUJaJO

lUHXCH B;JO,lb nOJJOJKHTC,1bHO

fO HanpaB.lCHHH OCH x ' onH

CbIBaCMblC peweHH'IMH (3.3) -
Kp. I H '3.5) -- Kp 2. 

3a1c110lfeJ1J1e. He .. 1HHeli

Hoe ypasHeHHC K.1eifHa-f op.::ro-
he. 2. Ha onHCbJBaCT JB0 .. 1JQUHJO Bbl

COKOt:faCTmHYX yc;iHHCHHblX BO.i1H (COJIHTOHOB) c paJHblMH at.mnHTYJUlMH, nepe

MeUiaJOIUHXCjj' ffC T0.1bk0 c ;JOJBYKOBOli ( paHCC HJBCCTHOC ), HO H co ceepx lBY
KOBOH CKopocTJIMH, HCHaMHOfO OT.mftfaJOJUHMHCSI OT CKOpoCTH 1ByKa B 14HCTOll 

.lKHJIKOCTH. YqCT BjJ'.Jl:OCTH JJ<YJBOJ'ISICT onpeJ.1eJ1HTb crpynypb1 yJJapHbtx BOJJH. 

PAY, ErY. ~ ~ HAH PA flocmyn1U1a 11.ll.2001 
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U lhjl m,P n ui 

fltunurnwupplfwb t qwq}1 UJ.11UJ.2WlJ.Ghpntl hhqmlJ.P tuwnGmprµmI mw
pwc)lfnq wpwq wlltpfl lfwpp(!: Ulltp]l GlJ.wpwqpuwG hwuwp umwgtlwb t 
llthJCip-q.npqnCip n~ qbwJpG hwlfwuwpntUl} ajmpt.qwmptl qmuwphlltGhpntl: 
lrwnmglfwb hG Gpw uwuGwtlnp 6zqppm tmbmuGhp(!, npnGp Gqwpwqpmu hCi 
unlltmnGGhpp mhqwljlnfuntpJmGGhp(! (upwgJWt wlltpGhp) pG~UJ.hu u]lG~awJ

CiwJflG (CiwtulJ.pGmu hwJmGp), WJCiUJ.hu tt qhpawJGw1flG wpwqmpJmGCihpntl: 
'l-pu]lUJ.wgpwJp hwztlwnmU(! hwCiqhgGmu t tmbmuGhp]l, npnCip q]lmwplJ.tlnq 
tuwnGmpqmu GlJ.wpwqpmu hG hwptlwbwJ]lG wijlpCihpp qwnmg4_wbp(!: 
Umwgtlwb wGwlltmplJ. tmbmuCihp(! npwqwUJ.hU 6p2m hCi Gqwpwqpmu 
ljlnpaGwqwG 6wGwUJ.wphntl qpmwpq4_wc) wijlpGhpp mwpwbtiwG UJ.Pnghu(!: 

Sh. A GRIGORY AN, S. M. MANUKY AN, G. G. OHANY AN 

EXACT PARTICULAR SOLUTIONS OF NONLINEAR KLEIN-GORDON 
EQUA TJON AND THEIR APPLICATION IN FLUID MECHANICS 

Summary 

The behavior of a rapid wave (the precursor) spreading in a liquid with gas 
bubbles has been studied. For its description, the nonlinear Klein-Gordon equation 
with dissipative components was modeled. Its exact partial solutions were 
constructed, describing the displacement of solitons (solitary waves), both at a 
subsonic speed (known earlier) and at a supersonic speed. Record of dissipation 
(viscosity) leads to solutions that describe the structures of shock waves in the 
examined mixture. The obtained analytic solutions correctly reflect the process of 
dissemination of waves observed in the experiment. 
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bP~U~~ ~bSU~U~ ~UUULUUPU~~ ~~su~u~ Sb~b~U~~p 
Y'IEHblE JAIIHCKH EPEBAHCKOfO fOCYAAPCTBEHHoro YHHBEPCHTETA 

f!fiwtiwfi qfnnmpJmfilibp 3,2004 EcTecTBCHHhle Hll)'I.H 

MexaHuKa 

Y)lK 519.95 

A. C. qJIHHfAP.HH 

YCTOWU1BOCTb PEllIEHIDI HrPOBbIX 3A,l{A q HABE~HIDI HA 
m-BbIIlYKJlbIE KOMITAKTHbIE MHO)l{ECTBA .[(JUI 

JlliHEHHblX CHCTEM 

PaccMaTpHBaeTCR yCTOAtiHBOCTL peweHHR HrpoBblX 3a,naq Ha&e.llCHHll Ha 

m-BLll1YKJJLIC KOMnaKTHblC MHOJKCCTBa, KOr.lla 061.eKTLl HO.ll'IHHlllOTCll CHCTCMaM 

o6blKHOBCHHI.IX JJHHCHHblX HCCTaUHOHapHbIX 11H1t>ct>epeHUHaJII.HblX ypaeHCHHA 

c noCTOllHHOH H nepeMeHHOH .llHHaMHKOH. }J.OKaJb!BaCTCll, '!TO peWCHHR 

YCTOH'IHBI.1 OTHOCHTCJJI.HO Manoro B03MYLUCHHll napaMCTpoe CHCTCMbl H 

OTHOCHTCJJhHO MaJJOro BOJMYLUCHHJI Ha'laJJhHhIX JHa'ICHHH. 

§ 1. Oyen. HMeeM ynpawu1eMbIH o6'beKT, .ll.BH)f(eH11e KOToporo onHCbI

saeTc.11 CHCTeMOH JIHHeHHbIX .ll.HcpcpepeHUHaJibHblX ypaBHeHHH c HenpepbIBHblMH 

K03cpcpH1lHeHTaMH, onpe)leJieHHbIMH Ha [to'()] : 
x = A(t)x + B(t)u + C(t)v, (1.1) 

r)le A ( t) - MaTPHl..la pa3MepHOCTH ( n x n) , x - n -MepHbIH BeKTOp-cTOJ16eu., 

MaT(JHU.bI B ( t) - ( n x p) , C ( t) - ( n x q) ; u, v - seKTopbI ynpaBJtJ110IUHX B03.lleii

CTBHH, .ll.OnyCTHMbie peaJIH3aUHH KOTOphlX npe.ll,TIOJiaralOTCJI H3MepHMbIMH H CTec

HeHbl orpauU11eHID1MH u E Pc RP, v E Q c Rq, r.ll,e P H Q - orpaHH'leHHble H 

3aMKffYTbie MHO)f(eCTBa [1]. CTyCTb 3a,llaHbI MOMeHTbl BpeMeHH ta,a = 1,2, ... ,m, 

Y.ll.OBJieTBopJ110IUHe yCJIOBHIO t0 S 11 S t2 S ... S Im = f), H 3a.llaHbI BhlnyI<Jible, KOM-

naKTHble MHO)l(eCTsa Ma c Jt.n), a= 1,2, ... ,m. Qem. nepsoro HrpoKa pewHTb 

3a.ll,aqy HaBe.ll,eHHJI Ha MHO)l(eCTBa Ma' a= 1,2, ... ,m' B COOTBeTCTBYIOIUHe MOMeH

Tbl BpeMeHH ta, a= 1,2, ... ,m. T.e. nepBbIH HrpoK .ll.OmKeH Bb16paTh TaKYIO cTpa

TerHIO u +u(t), lff06bl B Ka)l(.ll,l>IH MOMeHT BpeMeHH ta, a =1,2, ... ,m, BblTIOJJHll

JIOCb ycnosne x[ta] E Ma npH ynopHOM conpoTHBJteHHH sroporo HrpoKa. Uem, 

sroporo HrpoKa noMewaTb 3'TOM)', T.e. Bb16paTb TaKYJO CTpaTerHIO V + v(t), lff0-

6b1 XOTll 6bl .llJUI O.ll.HOro ta, a= 1, 2, ... ,m, BblTIOJIHllJJOCb ycnoeHe x[ta] fE Ma, 
a::: 1,2, ... ,m' npH ynopHOM COnpoTHBJJeHHH nepsoro HrpoKa. 
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I 

Hccne.n.yeM ycTOH"IHBOCTb perneHHJI Bb1rnenocTaBJieHHOH HrpoeoH 3MalfH 

OTHOCITTCJlbHO Manoro H3MeHeHH.ll napaMeTpOB CHCTeMbl (I. I). ,ltnJI 3TOfO 

OJJ.HOBpeMeHHO c (I . l) pacCMOTPHM 803MymeHttylO CHCTeMy 

:/ =A.(t)x· +B.(t)u+c·(t)v, (1.2) 

rJJ.e MaTPHUbl A. (t), B. (t), c· (t) Mano OTJlH"IWOTCJI OT A(t), B(t), C(t)' T.e. 

I a ~s(t) - a1,(t) is Li 

I b ~s (t) - b1s (t) IS Li npH t E [t0 ,.9], (1.3) 

I C ~s ( t} - CJ-' ( t) I S Li 

r.ne L1 > 0 - ManaJ1 eenHlfHHa [2]. PaccMaTPHeaeM ycTOHlfHBOCTb .llBH)l(eHHH, 

nopo)l(JJ.aeMblX 3KCTpeManbHblMH CTPaTerH.llMH ue HnH Ve' onpe.nen.11eMblMH 

H3 npHHUHna MaKCHMyMa [I], no OTHOllleHHIO K ManbIM B03MymeHH.llM 

LiA = A. - A, L1B = B. - B, L1C = c· - c napaMeTPOB CHCTeMbl. 0603HalfHM 

ceMeHCTBO .llBIDKeHHH { x [ t] } (to st s .9) CHCTeMbl ( l.l ), OTBelfalOIUee HCXOJJ.HOH 

TI03HUHH {t
0

,Xo} npH ynpaBJieHIDIX u[t]eP, v=v[t] (v[t]eQ), qepe3 

X[U, v;to,Xo]. 

CeMeHCTBO JJ.BIDKeHHH { x" [t] } (t0 ~ts .9) CHCTeMbI (1.2) npH TOH )Ke 

HCXOJJ.HOH no3HUHH {lo' Xo} H npH TeX )Ke ynpaBJleHH.llX u [ t] E p' v = v [ t] 
(v[t]eQ) 0603HalfHM qepe3 x•[U,v;to,Xo]· 

OnpeoeJ1e11ue. CKIDKeM, "ITO CTPaTerHR U 06ecne11HeaeT ycroiRHBOCTb JJ.BH

:lKeHHH {x[t]} H3 X[U,v;to,Xo] (to st, Sl2 s ... stm =.9),ecJlHJlJl.llJU06oro &>0 

MO:>KHO yKaJaTb "IHCJIO Li( & ) >- 0 (npH & -+ 0, Li-+ 0 ), TIUCoe, "ITO JlJl.11 Ka)l(JJ.Oro 

.a (a=I,2, ... ,m) BCRKoe .llBIDKeHHe { x°[tl} (t0 St1 '5.12 -5. ••. Stm =.9) H3CeMeH

CTBa x*[U,v;t
0
,x

0
] 6yJJ.eT HaxOJJ.HTCJI B &-OKpeCTHOCTH CeMeHCTBa JlBH)KeHHH 

X[U,v;t
0
,x

0
], KaK TOJibKO 6y.nyT BbinOJIHCHbJ ttepaeeHCTBa (1.3). Htta11e roeop1, 

ecJIH C1'J'aTerH.ll U o6ecne11ueaeT ycroiRHBOCTb .llBIDKeHHH { x[ t]} H3 

X(U, v;t
0
,x

0
], TO npn BblTIOJlHeHHH ttepaeeHcTB (1.3) JlJl.11 mo6oro JJ.BIDICe

HH.11 { X • [ t n H3 CeMeHCTBa x• [ U, v; t0 , x0 ] HaHlleTCR TaKoe JJ.BIDKeHHe { X [ t]} 
H3 X(U, v;t

0
,Xo], KOTOpoe 6y.neT yJJ.OBJieTBOpRTb uepaBeHCTBY 

~{ x[t]}-{x"[t] }II<& JlJl.11 Ka)l(JJ.oro te[t0 ,.9]. AuanorH"IHbJM o6pa30M onpeJJ.e

n.11e-rc.11 ycroiRHBOCTb JJ.BH)J(CHHJf { x [ t]} H3 x [ u' v; lo' Xo ] ' nopo)l(JJ.8CMblX ynpae

JieHH.llMH u=u[t] (u[t]eP), v[t]eQ. 

50 

1 

BOCTb .n 

JieHHJIM 

npH HC 

cpeJJ.H 

H.lllOTC.11 

XOT.11 61 

ii{ x[t]} 
MepbI. 

T1 

MOlKHO 

(s = I,2. 

lim A,
0 

S-+00 

TeM He l 

B KaKO 

jj{ x[t]} · 

3J 

HblMH <I>: 

UHH MOl 

U)l()loe 1 

X, T.e. 

Ta 

HbIMH $~ 

TorJJ.a, c 

eHHOH n 

roil croi 



H 

0 

~) 

i) 

H 

M 

M 

IH 

'] 

If-

0 

·o 

IH 

JI, 
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B· 

Teo p e Ma 1 . 1 . .l(onycTHMbie CT)JaTerHH U H V o6ecne11nsaJOT ycro~n

BOCTh .llBH>KeHHH { x [I]} ceMeHCTBa x ' nopo)IC.L{eHHblX COOTBeTCTBeHHO ynpas-

JieHHJIMH u[t]eP, v=v[t] (v[t]eQ) HJIH u=u[t] (u[t]eP), v[t]eQ. 
/(0Ka1ameJ1bCm60. Ilpnse.L{eM .llOKa.3aTeJibCTBO MeTO.llOM OT npoTHBHoro Ml 

,llBH>KeHHJI x [ u' v; lo' Xo] . IlycTb TeopeMa HesepHa .llJIJI KaKOH-TO CT)JaTerHH u 
npH HCXO.L{HOH TI03HUHH {lo' Xo} H npH peaJIH3aUHH v[ I]. 3TO 03Ha'laeT, 'ITO 

cpe.llH Bcex a = 1, 2, ... , m cymecTBYeT XOTJI 6bl 0.llHO a. ' TaKoe, 'fl'O BbinOJI

HJllOTCJI ycJIOBHJI (l .3 ), HO npH 3TOM B ceMeikTse x [ u, v; lo' Xo 1 cymecTByeT 

XOTJI 6bl 0.l{HO .llBH>KeHHe { x[t] } ' .llJIJI KOToporo BbinOJlHJleTCJI HepaseHCTBO 

IJ{ x[t]} -{ x· [t] }Ii~ & Ha HeKoTopoM MHO:>KecTBe Ea. E [t0 , .9) noJJO>KHTeJibHOH 

Mepbl. 

Tor.na coOTBeTCTBeHHO pa.3HbIM B03MymeHHJIM napaMe'f)JOB cncreM&I 

MO:>KHO nOCTJJOHTb nocne.nosaTeJihHOCTH M8TJJHQ A.: (t ), s.: (t ), cs. (t) 
(s = 1,2, ... ), TaKHX, 'ITO paBHOMepHO no I 6y.nYT BblnOJIHeHbl COOTHOllieHHJI 

lim As•(t)=A(t), lim Bs•(t)=B(t), lim Cs•(t)=C(t) npn t0 StS.9, HO 
s-+co .t-+cc s->ao 

• { • [ 1 }(.t) TeM He MeHee Ka>K.lloe ceMeHCTBO Xs .llBIDKeHHH x t He 6y.lleT H8XO.llHTbCJI 

s KaKOH-TO onpe.neneHHOH &-oKpeCTHOCTH ceMeHcTsa X[u,V;t0 ,.xo], T.e. 

llt x[t]}-{x.[t] r>11~& Ha Ea. c(t0 ,.9); µ(Ea.)>0. 

3JieMeHTbt TIOCJie)J.OBaTeJibHOCTH { x• [t] r JIBJIJllOTCI a6COJIJOTHO HenpepbIB· 

HbIMH <l>YHKl..IHJIMH. TorJJ.a no JieMMe KaHTopa H3 noH noc11e.nosaTeJibHOCTH <l>YHK

UHH MO>KHO Bb16paTb no.llnOCJie.L{OBaTeJihHOCTb { x. [I] f 1) (J = I, 2, ... ) ' KOTOpaJI 

npn t 0 s t s .9 6y .l{eT CXO.llffTCJI K HeKOTOpoH BeKTOp-<f>yuKQHH { x [ t] } ( 0) ' DpfftleM 

IC8)1()loe H3 .llBIDKeHHif { x • [ t] } (SJ) He 6y.ne-r ne>KaTb B & -oKpecTHOCTH ceMeiicTBa 

X, T.e. jj{x(t) }-{x0

[t) r11~& Ha Ea., µ(Ea.)>0. 

TaK KaK B HarneM cnyqae .llBH>KeHHJI IBJIJIJOTCI a6coJIJOTHO HenpepblB

HblMH <l>YHKl..IHJIMH, TO KOMTiaKTHOCTb MHO>KeCTBa JJ.BIDKeHHH He HapyrnaeTCI [3]. 

TorJJ.a, c OAHOH cropoHbl, BCJieACTBHe KOMnaKTHOCTH npe.nen { x[t] }(o) nocTpo-

eHHOH TIOJJ.DOCJieJJ.OBaTe.TlbHOCTH npHHa.nJie>KHT CeMeikTBy X
0 

[ U, v; 10 , X0 ], C .npy

roii cropoHbl, T.k. lim A.:(t)=A(t), lim Bs•(t)=B(t), lim Cs
0

(t)=C(t) 
.t-HO .f-+CO S'-+00 

SI 



npH 10 :51:59, Tonpe.aenecTLJJieMeHT ceMeiicTBa X[U,v;l0,x0]. TaKHMo6pa-

30M, non:yqaeM npOTHBOpe•rne, T.e. CTp8TerHJ1 u npH HCXO,llHOH 003HUHH 

{t0 ,x0 } H peaJIH3aUHH v(t) npH mo6oM a (a=l,2, ... ,m) 06ecne11HsaeT 

ycTOH'IHBOCTb .llBIDKCHHH { x [I] } ceMeHCTBa x [ u' v; lo' Xo] . ,An11 .llBIDKeHmI 

x [ u, v; lo' Xo] JJ.OK838TeJibCTBO 8H8JIOfH1.fHO. 

B perym1pHOM cn:yqae 3KCTpeM8JlbHble CTp8TefHH ue H Ve' onpeJJ.eJIJle

Mble H3 npHHUHna MaKCHMYMa [l], J1BJIJ110TCJ1 .aonycTHMhIMH. TorJJ.a no 

.llOK838HHOH TeopeMe OHH o6ecne'IHBalOT ycTOH'IHBOCTh .llBIDKCHHH {x[1] } , T.e., 

OOJJ.CTaBJIJIJI 3TH ynpaBJJJllOll{He 803.ll.CHCTBHJI B CHCTCMY ( 1.1 ), nonyqaeM B 

Ka'leCTBe perneHHJI a6cOJJIOTHO nenpepblBHble KpHBbte, KOTOpbte B MOMCHTbl 

speMeHH ta npOXO.AJIT 11epe3 MHO)l{CCTBa Ma. 

§ 2. IlycTb Tenepb .llBIDKenHe ynpaBJI.11eMoro o6'beKTa onHCbIBaeTc.11 cne

.llYJOIUeii CHCTeMOH: 

(2.1) 

r.ae A,(1), B;(t), C;(t) - MaTpHUbt c uenpepbtBHhIMH JJieMeHTaMH npH 

I e (10 , 9) H c p83MepnocuMH, cooTBeTCTsenuo paBHhlMH ( n x n), ( n x P;) n 

( n x q;) ; u, e I';, v; e Q; ; MHO)l{eCTBa I'; c RP; , Q; c Rq, - 38.l{8HHbie KOMnaKTb1, 

i e I (! = 1,2, ... ,m) [4]. 

IlycTL 38.l{aHbl BhinyKJihle, 38MKffYThle H orpaHHtteHHhre MHO)J(ecTBa M;, 

i e I, B npoc-rpaHCTBe x e Rn H MOMeHTbl speMeHH t0 :5 t1 :5 ... :5 Im = 9. 

3ao01la 2.1. L(aHbl HalfaJibHIUI Il03HUHJI (to,Xo) H MOMeHTbl speMeHH 

I;. t e [tk-1>1 k). Tpe6yeTC.11 uaiiTH 3KCTpeM8JibHbie nporpaMMHbie ynpaaneHHJI 

uJ (t) H vJ (1)' KOTOpbie Y.llOBJieTBOp.lllOT CJJC.l{ylOllleMy ycJIOBHIO: 

max min [I min jjx1 - p1 112 + }'.: min //x(tJ,10 ,x0 ,uA.), vJ (.) )- PJf ]
112 

= 
h0}h0} ;=lP;eM,(11 ) J=kp1eMi(11 ) 

= &(O) (10,Xo,X1 , ... ,xk-l • { IJ} ). 

r.ue t0 e[tk-1'tk), k=l, ... ,m,[4].3.lleCh DO.ll uA1) H vAt) cne.l{yeTDOHHMaTb 

JII06b1e HHTerpnpyeMbie no Jie6ery cpyHKUHH, y.uoBJieTBop.1110mne nolfTH BC3.lle 

BKJIJOlfeHHJIM UJ (t) E ~' VJ (t) E QJ Ha npoMe~Ke t E [tJ_l ,t J) (J EI); 

x(t,lo,Xo,U; (.),VJ(.))- perneuHe CHCTCMbl (2.1 ), KOTopoe COCTOHT H3 a6COJllOTHO 

HenpepblBHblX KpHBblX . 

.[(JUI 3TOH 3a,lla'IH B [4] BbIJI.CJUleTCJI peryn.11pHblH cnyqaii H .z:taeTCJI perne

HHe. PaccMOTpHM ycTOH'IHBOCTb perneHHJI JTOH 38.l{attH, OJJ.HOBpeMenuo c (2.1) 
pacCMOTpHM B03MYIUeHH)'IO CHCTeMY 
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l-

H 

:T 

:-

0 

., 
B 

>I 

:-

x:=A:(t)x;+B;(t)u*+c;(t)vk, k=l,2, ... ,m, (2.2) 

r.ne MaTpHUbl A; ( t), B; ( t), c; ( t) HeCKOJibKO OTnH'·lalOTCJI OT At( t), Bk (I), 
Ck (t), T.e. 

ar(1) - aJs(1) Is L1 

I bJs
0

(1) - bJs(1) js L1 npu 1e[10 ,.9] Hmo6oM ke/, (2.3) 

I cJ; ( t) - cJ .• ( t) I s L1 

r.lle L1 > 0 - MM8JI BeJIHtfHHa. 

HccneJlYeM ycTOHtfHBOCTb .a;BmKeHHH x[1] = x[t,10 ,x0 ,U(o) J no OTHouie-

umo K MMbIM B03M)'llleHHJIM L1Ak = A: - Ak , L1Bk = n; -Bk, L1Ck = c; - ck 
napaMeTpOB CHCTeMbl. 3TH JlBH)l(eHHJI nopO)l(JlatOTCJI 3KCTpeManbHblMH CTpaTe

rHXMH U(O) +U(O)(t), onpe.lleJIJleMblMH H3 npHHl.(Hna MaKCHMyMa (4]. 

0603HalfHM ceMeHCTBO .llBH)l(eHHH { x [I] } (lo s I s .9) CHCTeMbl (2. I), 

OTBetfaJOU{ee HCXO.llHOH Il03HQHH {10,Xo} npH ynpasneHHJIX uj (t)e ~. VJ =VJ (1) 

(v1(t)eQJ ). qepe3 x[ U,v,to,Xo,Xp···•xk,{1J}]. 

CeMeHcTBo .llBH*eHHH { x·[r]} (t0 sts.9) CHCTeMbl (2.2) npH roil )l(e 

HCXO.llHOH Il03Hl.(HH {to,Xo} H npu TeX >Ke ynpasneHHJIX uJ(1)e~. Vj=vJ(t) 

h (t) E Qj) o603HatfHM qepe3 x· [ U, v;lo,Xo,X1,····xk,{11}]. 

OnpeoeJZenue. CKa>KeM, 1fTO KYCOt1Ho-nporpaMMHax cTparerHJI U + u ( t) 

o6ecnelfHBaeT ycroWIHBOCTb .llBH)l(eHHH {x[1]} H3 X (t0 S/1 S/2 S ... Stm =.9), 
ecnu MJI mo6oro & > 0 MO)l(HO YKaJaTb qucno L1 ( & ) > 0 ( npH & ~ 0, L1 ~ 0 ), 

TaKoe, 1fTO JlJUI Ka>KJ{OfO j (J = 1, 2, ... , m) BCJ!Koe .llBIDKeHHe { x. [ t 1} 
(to Sl1 S/2 s ... Stm =.9) H3 ceMeHCTBa x•[ U,v;to,Xo•Xi• .. .,xk,{tJ}] 6y.lleT uaxo

.ltHTbCJI B & -OKpeCTHOCTH ceMeHCTBa .llBIDKeHHH x [ u' v, lo' Xo, Xp ... , xk' {I j} J , K8K 

TOJibKO 6y.llYT BblilOJIHeHbl uepaBeHCTB8 (2.3). 
Httat1e roBopx, ecnH Kyco'itto-nporpaMMHax CTpaTerHJI U o6ecnequeaer 

ycroi1qusocT& JlBH)l(eHHH {x[t]} H3 X, TO npH s&monHeHHH HepasettCTB (2.3) 

AllJI mo6oro .llBIDKeHHJI { x
0 [t1} H3 ceMeHCTBa X

0 

HaHJleTC" TIUCOe .llBH)l(eHHe 

{ x[t]} HJ X, KOTopoe 6y.lleT y.nosnersopfih HepaseucTBy Ii{ x[t ]}-{ x" [t] }II< & 

.11,1u1 Ka>KJ{Oro t e [ t0 , 8] . Bepua cneJlYIOlll8JI reopeMa. 
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Teo p e Ma 2. 1 . }1,orrycTHMbie crpaTerHH U o6ecne1.fHBaIOT ycTOH1.fHBOCTb 

.llBH*eHHH {x[t]} ceMeHcTsa x[ U,v,t0 ,x0 ,.xi, ... ,x .. ,{11 }], nopo)l(.lleHH1>1x ynpas-

neHIDIMH u1 (t)e~. v1 =v1 (t) (v1 (r)eQ1 ). 

}1,oKaJaTeJibCTBO JTOH TeopeMbl Mbl He npHBO)lHM, T.K. Ha Ka)l(,llOM JTa

ne OHO aHaJIOfH1.fHO ,aoKaJaTeJlbCTBY reopeMbl m npe,abl)J.yIUero naparpaqia. 

§ 3. Tenepb HCCJleAyeM ycTOH1.fHBOCTb pemeHHJI CHCTeMbl ( 1.1) OTHOCH-

TeJlbHO H3MCHCHHSI Ha1.faJibHblX 3Ha1.feHHH {lo' Xo} . flpH JTOM no.a ycTOH1.fHBO

CTblO Mbl noHHMaeM ee onpe.aeneHHe no furryHoBy [5]. 
ITpeAnOJlO)f{HM, 1.fTO HMeeT MecTo perym1pHblH cnyqaif HrpbI. B03bMeM Ha-

11anbHb1e 3Ha1.feHIDI x(to) = Xo H COOTBeTCTBeHHO HM eAHHCTBeHHblM cnoco6oM 

H3 npHHUHna MaKCHMyMa [I] onpe,aenHM JKCTpeMaJibHbie crpaTerHH ( u
0

, v0
) • 

ITo,acTaBHB HX B ( 1.1 ), nony1.fHM CHCTeMY 

x=A(t)x+B(t)u0 +C(t)v0
, (3.l) 

npasb1e qaCTH KOTopoii 3aBHC.srr TOJlbKO OT (t,x). Tor,aa, no TeopeMe Kapa

Teo.aopH, cymecTByeT emrncTBeHHoe a6COJIIOTHO HenpepblBHOe perneHHe CHCTCMbl 

(3.1). 06o3Ha1.fHM JTO perneHHe qepe3 x(t;t0 ,x0 ,u0 ,v0 )=x0 (t), te(t0 ,.9) (oHo 

COOTBeTCTBYeT Ha1.faJibHblM 3Ha1.feHHJIM x(to) = Xo ). flpH1.feM JTO perneHHe B 

3aBHCHMOCTH OT Ha1.fanhHb1x ycnosHH: MeHReTCJI HenpepblBHO. floKa)f{eM, 1.fTO JTO 

perneHHe 6y,aeT ycTOH1.fHBbIM. 

H.3 !l>OPMYJlbl (2.11) [l] cne.ayeT, 11TO <l>YHKUHJI e(
0)(to,Xo,.9) HenpepblBHO 

3aBHCHT OT x0 , a no t0 - ee3,ae HenpepblBHa, KpoMe T01.feK ta (a = 1, 2, ... , m), 

r.ae oHa HMeeT pa3pb1BbI TOJlbKO nepsoro po.aa. Bcne,aCTBHe JToro B T01.fKax 

ta (a= 1, 2, ... ,m) pemeHHe x0 (t) HMeeT H3JIOMbl. Ha1.faJibHblM 3Ha1.feHHJIM Jla)lHM 

npHparnettHe Llx0 , T.e. B03bMCM x(t0 ) = x0 + LlXo . ITycTb { u0 +Liu, v0 +Liv) -

cooTBeTCTBYfOlUHe HM JKCTpeManhHL1e CTpaTerHH. flo.llcTaBHB HX B (I. I), 
nonyqHM CHCTeMY 

x = A(t)x + B(t)(u0 +Liu)+ C(t){ v0 +Liv). (3.2) 

H. rrycn. x(t;t0 ,x0 +Llx0 ,u0 +Llu,v0 +Llv)=x0 (t)+Llx(t) (te(a,oo)) ecn. peme

HHe CHCTCMbl (3.2), COOTBeTCTBYfOUlee HailaJibHblM 3Ha11eHHRM x(to) = Xo + LlXo. 

ITpe,anonO)l(HM, 1.fTO e(o) (t0,x0 + Llx0,.9) - rHnOTeTH11eCKOe paccornacoea

HHe, COOTBeTCTBYIOUlee Ha1.faJibHblM 3HalfeHIDIM x( lo) = Xo + Llxo . H.3-3a Henpe

pblBHOCTH <t>YHKUHH e(O) (to,Xo,.9) no Xo cne.ayeT, 1.fTO npH MaJIOM H3MCHeHHH Ha

lfaJibHblX ycnOBHH OHa TaIOKe MCHSleTCJI Ha Many!O BCJ1H1.fHtty [2]. H. T.K. B TO'IKax 

ta (a= 1,2, ... ,m) otta HMeeT pa3pb1BLI TOJihKO nepsoro po.Ila, T.e. coseprnaeT 
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CK81.fKH orp8HHl.feHHOH BeJIHl.fHHbl, TO B 3THX TOl.fK8X H3MeHeHHJI <l>YHKUHH 

&(
0)(t0,x0,.9) 6y.D.yr MaJiblMH [I]. B .ll8HHOH 38.llat.fe Mbl p8CCMaTpHBaeM TOJibKO 

KOHet.fHOe t.fHCJIO ueJieBblX MHO)(CeCTB H .llJij( Ka)(C,llOfO MHO)(CeCTB8 HMeeM MaJIOe 

HJMeHeHHe <l>YHKl.{HH &(O) (to,Xo,.9)' HO T.K. cyMM8 KOHet.fHOro t.fHCJ18 MaJlblX 

eeJIHl.fHH L{8eT onub MaJIYIO BeJIH"IHffY, TO B pe3yJibTaTe flOJ1Yt.f8eTCH, t.fTO npH 

MaJIOM H3MeHeHHH H8'1aJibHblX ycJIOBHH <f>yHKUHH e(O) (to,Xo,.9) Ha BceM HHTep

B8Jle (t0,.9) TO)f(e MeHJ1eTCJ1 MaJio. T.e. nonyq8eM c11eey10mHH BbIBO.ll. 

Teo p e Ma 3. J. B peryJ1HpHOM CJ1Yt.f8e peweuHe x
0 

( t) cHcreMbI ( 1.1 ), 

cOOTBeTCTBYIOD.lee JKCTpeMaJihHbIM CTp8TerHHM, KOTOpbie peUlalOT TpeTblO Hrpo

BYIO 381{81.fY, ycTOHl.fHBO OTHOCHTeJTbHO MaJihIX H3MetteHHH H81.faJibHbIX 3H81.feHHH. 

T8K KaK rHDOTeTH'iecKoe paccornacoeaHHe &(o) (10 ,x0 ,Xi,. .. ,xk_1,{t1
}), on-

petteJIJ1eMoe H3 [ 4], o6JIM8eT TeMH )(Ce CBOHCTB8MH, t.fTO H <f>YHKUHJI &(O) (lo' Xo '.9) 
H3 [l], TO pellleHHe 381{81.fH 2.1 yl{OBJieTBopHeT CJieey10meH TeopeMe. 

TeopeMa 3.2. B pery11J1pHOM cny'iae pellleHHe x0 (t) CHCTeMbI (2.1), 

COOTBeTCTByJOlllee 3KCTpeMaJibHblM CTpaTerHHM, ycTOHl.fHBO OTHOCHTeJibHO MaJiblX 

H3MeHeHHH Hat.faJibHblX 3Hat.feHHH. 

Ka</Jeopa Meopemu~ecKou MexaHuicu llocmynuna 23. 10.2003 

JIHTEPATYPA 

I. fa6pHeJIHH M.C. - Y'lem.ie laIIHCKH ErY, 1976, .N"!! I, c. 34-39. 
2. KpacoecKHH H.H. Hrpoebre JaJia'!H o ecrpe'!e IIBH>KCHHH. M.: HayKa, 1970, c. 157-163. 
3. JIH 3.6., Mapicyc JI. Octt0Bb1 TeopHH OllTIIMa.rtbttoro ynpaeneHHll. M.: HayKa, 1972, 572 c. 
4. fa6pHeJJHH M.C. - Ma:eyJ. c6. Hay'IHblX Tpynoe. MaTeMaTHxa. Ep., EfY, 1985, Bbln. 5, 

c. 124-134. 
5. )l.eMHJIOBH'I 6.Il. JleKUHH no MaTeMaTH'ICCKOH TeopHH yCToA'IHBOCTH. M.: HayKa, 1967, 

c. 63-{;9. 

U. U. ~LM.A.UP8U'1 

Q.ITT15f"l\, .c!.UU1I4UPQ.bflfl .c!.UuttP m flHl-01'8.Pli liflU""lUliS 
l!UQlJTil-fc)-301'" ubP.Pu l!bPUUu lvU'lU5.Pu lvh'}.flflubflfl 

Ul H5lJU't., ti U3fl1' u fll'fc)-5 fl fl uC 

U 1hft n lfl n 111 

'l-}unwpqtlnul t qbqwtlwptlnq opJbquiti pbpuwfi lufiqpti tmMwfi 
lJ.wJmfimpmCil! qml111w1Jm mnmgflq pwqllmpmCiCibpfl 4Jtw, bpp opjbqut(! 
hCipwpqitmu t hwuuiwmmCi u qmlflntuwqwCi qpCiwuflqwJntl unqnpwqwCi 

SS 



' ., 

qmuJ}lfi n~ umwg}lnliwp q}l~hphlig}lwt hwl[wuwpmulitp}l hwuwqwpq}lli: 
liUiwgmgl[mu t, np tmamulihp[! 4wJmli hli num hwuw4wpq}1 Uiwpwutmphp}1 
tlJ.npp zhqmufitp}l u num uqqpliwqwli ll!WJUwfilihp}l tlJ.npp 2tqnuifitp}1: 

A.S. CHLINGARY AN 

STABILITY OF THE SOLUTION OF GAME PROBLEMS ON GUIDANCE 
TO m CONVEX AND COMPACT SETS FOR LINEAR SYSTEMS 

Summary 

The stability of solution of game problems on guidance to convex and 
compact sets when objects follow the systems of ordinary linear nonstationary 
differential equations with constant and variable dynamics is considered. It is 
proved that solutions are stable with respect to small perturbation of system 
parameters and small perturbation of initial values. 
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~ 
bPb<lU"\Jt> fllbSUliU"\, ~UUULUUPU"\,t> q.flSUliU"\, Sb'lbliUq.flp 

Y'IEHLlE 3AOHCKH EPEBAHCKOfO fOCY):{APCTBEHHOfO YHHBEPCHTETA 

Pfiwilwfi qjnnmpJmfifihp 3,2004 EcTeCTBCHHhle Ha)'B 

<l>U3UKQ 

Y,lO< 535. 311; 50. 53 

A. M. fPHfOPRH, A. A. MAKAPRH, C. l{. HEPCHCRH, IO. C. qHJIHHfAPRH, 
B. JI. 3Jl1iA.101H 

HCCJIE.[(OBAHME OTKJIOHEHJUl JIA3EPHOro JIYllA nPH 
nPOXO)l{)lEHHI1 4EPE3 803.[(YlllHYIO CPE.[(Y C TEMOEPATYPHbIM 
fPA.[(HEHTOM C OOMOI.l\blO ABTOMATH3HPOBAHHOH CHCTEMhl 

MOHHTOPHHr A 

B pa60Te onHcaHa aBTOMaTH3HpoBaHH8ll JKcnepHMeHTanLHall ycraHOBKa, 

MOl!CJIHPYJOWall pa6oTy OnTH'ICCKQj:i CHCTCMLI perncrpauHH MaJILIX .ue$opMa

UHj:i M100HH1>1x l!ST'IHKOB Ha cneKTpOMeTpe e UEPHe c yqcroM npoxolK.ll.eHHll 

Jia3epHoro JIY'l8 '1epe3 B03l!YIUHYJO cpelly c TeneparypHLIM rpa.aHeHTOM. 

flp011e.L1eHO Cp8BHCHHC IlOJIY'ICHHLIX )KCilCpHMeHTanLHLIX ll8HHLIX C TCOpeTK

'ICCKHMH pac'leTaMH. 

1. Bee,llenee. 3a,naqa H3MepeHHJI MaJTbIX nepeMemeHHH (- lMKM) na 
OTHOCHTeJibHO 60JiblllHX paccTOSIHIUIX qacTo 803HHKaeT npH npo8e,neHHH <PH3H
'feCKHX 3KcnepHMeHTo8. B qacTHOCTH, Ha MI-OOHHOM cneKTpoMeTPe 8 UEPHe 
(3KcnepHMeHTbl ATLAS H ALICE) [I] TPe6yeTCSI MOHHTOpHHr 803MO)((ffblX 
Jle<t>opMaJ..Utii ,naT'IHK08 8bJCOKOJHepreTH'iec1<Hx MI-OOHHblX TPeK08 .llJISI onpe.ne
neHHSI HCTHHHblX KOOp,llHHaT Ml-OOH08. ,[(JISI 3TOH ueJIH HCnOJib3YeTCSI onTH'ieCKaSI 
CHCTeMa, ,l{aHHbie, nonyqeHHble OT KOTOpOH, CO.llepJlCaT norpernHOCTb 3aqac1)10 
nopSl,llKa H3MepS!eMbIX 8eJIHqHH, 8bl38aHttyl-O OTKJIOHeHHeM caMoro nyqKa npH 
npoxo}f(.lleHHH qepe3 803,nyrnttyI-O cpeey c TeneparypHbIM rpa.nweHToM. 

l..J;eJib HaCTOSII.UeH pa60Tbl - C03,l{affl.te aBTOMaTH3HpOBaHHOH CHCTeMbl 
perncTpHpal{HH MaJibIX nepeMemeHHH c y<leTOM npoxo)l(,D.eHH.R naJepHoro nyqKa 
'iepe3 803,nyrnnyI-O cpe.ny c TenepaTYPHhlM rpa.nHeHTOM H cpaanenHe nony
qettttbIX pe3yJlbTaTOB c pac'leTHblMH. 

2. Onecauee '.JKcnepuMeHTaJibHoii ycTaHOBKH. Pea.nbHaSI onTH\feCKM 
CHCTeMa pentCTPaUHH .ne<t>opMal{HH MexaHH'ieCKHX CMemeHHH Ml-OOHHblX ,naT
'iHK08, YCTaHOBJieHHa.R Ha Ml-OOHHOM cneKTpOMeTPe, COCTOHT H3 HCTO\fHHK08 
OnTH'ieCKOro H3JIY'ieHHJI H nocJie,l{OBaTeJibHO pacnono:>ICeHHblX KOOp.llHHaTHblX 
JlaT'IHKOB [I]. 
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,llJur MO)leJrnposamur pa60Tbl 3TOH OITTHqecKOH CHCTeMbl 6i.ma C03)laHa 
3KcnepHMeHTanbHaJI ycTaHOBKa (pHc. I). 

~H-EJ--t---t-i-+-~~~--~ 
L RI H R2 

c 

PHc. I . CxeMa JKcnepHMCHTilllLHoA yCTaHOBKH. 

Ila3epHblH nyqoK c He-Ne Jia3epa nocne npoxo)l()J.eHHJI TenecKona (L) H 

IlOJieBOH .nna<f>parMbl (C) nocrynaeT Ha nepBblH KOOpJlHHaTHbIH .naT'iHK (RI). 
IlocJie JTOfO JIY'i npOXOJlHT lfepe3 CHCTeMy C03JlaHHJI TeMnepaTypHOfO rpa,llH· 
eHTa (H) H nonll,L{aeT Ha BTOpOH KOOpJlHHaTHblH J{aTlfHK (R2). CMemeHHe 
Jia3epHoro nyqa B so3;:zyxe IlOJl BJJHJIHHeM TeMneparypHoro rpa,AHeHTa onpe
.nemreTCJI KaK pa3HOCTb OTKJIOHeHHH no COOTBeTCTBYIOUlHM OCJl:M x H y nep
BOro H BToporo .naTqHKOB. B pa6oTe 6b1JIH HCnOJib30BaHbl nonynpo3pa'iHbie JlaT
'iHKH no3HQHOHHoro KOHTPomr ttecKOJibKHX o6'beKTOB Bb1paBHHBaHHJ1 RELMY 
(Reflected Light Monitor Of Yerevan Physics Institute) [2] (pnc. 2). 

111) 
nonynpo3pa"IH8A 3ep1<anbHaA nn8HKa 

PHC. 2. nonyrrpo3pa'fHl>IA .naT'fHK n03HUHOHHOro KOffTPOJIJI RELMY: a) CXCMa .!lllT'fHKa, 

6) pacnOJIOJKCHHC CBCTOBOro ny'fKa Ha lj>oTOnpHCMHHKax. 

RELMY npe.ncTaBJIJleT H3 ce6J1 anJOMHHHeByJO npH3MY c HaTJlffYTOH 
no.rrynpo3paqHoH 3epKaJibHOH rmeHKOH (a). lfacTb CBeTOBOro ny'fKa OTpIDKaeTCJI: 
OT 3epKana H llll,L{aeT Ha cpoTOJleTeKTOp, aKTHBHaJI qacTb KOToporo npe.ncTaBJIJleT 
co6oH 4 H)J.eHTH'iHblX KpeMHHeBblX <f>oTOJlHOJla, co6paHHblX B Kpyrny10 cporo-

6aTape10 c JlHaMeTpoM 20.MM (6). HanpJr:)f(eHHe V, oT Ka)f()J.oro ceKTopa nponop

QHOHaJJbHO HHTeHCHBHOCTH csern, nll,L{aIOl.1.lero Ha 3TOT ceKTop. Cnrttanb1 nocne 
ycHJieHHJI 0QncppOBbIBa10TcJ1 H nepeJlaIOTCJI B KOMilblOTep JlJIJI: aHaJJHJa. HanpJr:
)f(eHHJI, nponopQHOHaJJhHble CMell.leHHIO nyqKa OT OITTH'ieCKOH OCH }laTl:fHKa 
COOTBeTCTBeHHO B HanpaBJieHHJl:X x H y ( OnTH'feCKHH nyqoK npOXOJlHT napaJI
JieJibHO OCH z ), onpe.neJIJllOTCI H3 COOTHOllleHHH: 

(1) 

,llrrJI HCKJIJOqeHHJI BJIHJIHHJI <f>.II)'ICIYaQHH HHTeHCHBHOCTH Jia3epuoro ny'fKa 
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H8 TO'IHOCTb paC'leTOB HCUOJlb30BaJIOCb HOpMHpOBaHHe CHfHaJIOB: 

llV;ll = V;/±V;. 
1=1 

(2) 

E!loK co1oaHUR meMnepamypH020 zpaoue11ma npeJJ.CTilBJUleT H3 ce6.11 pacno

JIO)KeHHble ropH30HTaJibHO OJJ.HH HaJJ. JJ.pyrnM xoJIOJJ.HJlbHHK H HarpeBaTeJib. TeM

neparypHbIH rpaJJ.HeHT B BepTHKaJlbHOM H ropH30HTaJlbHOM Hanpas,1eHH.RX onpe

,LleJl.ReTC.R npH COOTBeTCTBYIOIUeM CKaHHpOBaHHH xpoMeJlb-aJIIOMeJieBOH TepMO

napb! B o6JiaCTH npoxo)l()l:eHH.R JiaJepHoro nyqKa. 

H1Mepumellb'Ha.R 1Jacmb 3KcnepUMeHma'lbHOU ycmaH06KU BbinOJIHeHa Ha 

o6opyJJ.OBaHHH B CTilHJJ.apTe «CAMAC» . .llrr.11 H3MepeHH.R Hanp.R)KeHID! <t>oTO

JJ.aTLfHKOB 6blJI 11cnoJib30BaH 16-sxoJJ.OBOH peJieHHbIH MYJibTHTIJieKcop, c BbIXOJJ.a 

KOToporo H3Mep.11eMbIH c11rnan nocrynaeT Ha 14-paJp.RJJ.HbIH AUTI. To4HOCTb 

H3MepeHH.R COCTaBJI.ReT l-2wB, LfTO npH xapaKTepHblX Hanp.R)f(eHHJIX Ha <t>oTO

,LlHOJJ.aX ,L(aeT OTHOCHTeJibffYIO oum6Ky nop.R.L(Ka 1 %. Pa36poc K03<t><t>mu1eHTOB 

ycHJTeHH.R npe.L(BapHTeJibHblX ycHJIHTeJieH <t>oTOnpHeMHHKOB (nop.R.L(Ka l %) B 

pacLfeTax He Y4HThIBaJIC.R. 

IlpozpOMMbl c6opa u o6pa6omKU 3Kcnep11MeHTaJihHbIX .L(aHHblX 6bIJIH 

ttanHCaHbl B cpe.ne «Lab View». OporpaMMa c6opa ,UaHHbIX npOH3BO.L(HT nooqepe.L(

HOe CKaHHposaHHe BOCbMH <t>oTonpHeMHHKOB c JJ.Byx )J,aT'IHKOB, a TalOKe 3Ha'leHH.R 

repMo-3.ZJ:C TepMonapbI. nocKOJTbKY MYJibTHnJleKCOp flOCTpOeH Ha MexaHHLfeCKHX 

pene, nporpaMMa 06ecneq11eaeT speMeHHYJO 3aJJ.epil<KY noc.'!e nepeKJIIOLfeHH.R Ha 

Kli)((,L{b!H CJieJJ.ylOIUHH Kattan, HCKJIIOLfa.R TeM caMbIM BJIIDIHHe .L(pe6e3ra KOHTaKTOB 

pene Ha pe3yJihTaTbI H3MepeHHH. B nporpaMMe npeJJ.ycMoTpeHa u11<t>posa.11 cl>HJihT

pauIDI H3Mep.s1eMoro c11rttana, HCKJI10'laioma.s1 cJiy'laHH&Ie oum6KH, BbI3BaHHbie He

cra6HJ1bHOCTb10 3JieKTpOHHbIX TpaKTOB H3MepHTeJibHOH CHCTeMbl. OporpaMMa 

o6ecneLfHBaeT c6op H 3anHCb JJ.aHHbIX B <t>aHJibl Ha )l(eCTKHH JJ.HCK JJ.JI.!1 HX nocneey

IOIUeH craTHCTH'leCKOH o6pa6oTKH. OpH o6pa6oTKe noJiyqeHHbIX JJ.aHHbIX HcnoJih-

3YJOTC.R ycpe;J,HeHHe H3Mep.ReMbIX CHrHa..108 B 3aJ}.aHHbIX HHTepeanax speMeHH H 

CfJI8)1(HBaHHe 3KCnepHMeHTa.HbHbIX 3aBHCHMOCTeH c noMOUiblO noJIHHOMOB. 

3. Teopua u MO,LleJIH pac'leToe. Ope.L(nonaraeTc.!I, 'ITO JJ.HcnepcH.!I o6ycnos

netta TeMnepazypHbIMH Heoll.HOpOJJ.HOCT.!IMH B03JJ.yxa. Tor.LI.a JJ.JI.!i Ko3<t><l>HQHeHTa 

npe,10MJieHH.R n(A.,T) MO)f(HO BOCnOJib30BaTbC.R 3MnHpH'leCKOH <t>opMyJIOH [3, 4] 

n(A..,T)=1+10-4[77,6p + 5,84·1~11p -0,06pws]• (3) 
T TJ. 

r,Zle A. - .llJIHHa BOJIHLI B MeTpax, p- aTMoc<t>epHoe JJ.aBJ1eHHe, Pws - napU:HaJihHoe 

.llllBJieHHe BOJl,SIHLIX napoB B cpe]le (Pws ::::: 1500 - 2000lla) . .llrr.11 OOTHlfeCKoro ]lHa

na30Ha BOJIH BKJia,l( nocJie]lHero 'IJieHa O'leHb He3HaLfHTeJ1bHblH H HM MO)l(HO npe

ue6peL!b. B 3TOM cnyqae JJ.JI.R HH]leKca peqipaKQHH HMeeM MYJibTHOJIHKaTHBffYIO 

<l>opMyJIY 

N, (r) ~ :( 77,6 + s,s:·,10") = /(T)(P(.<). (4) 

Haxo)l()l:eHHe cMeIUeHIDI ny11a npH H3BecTHOM K03cl><l>HU:HeHTe npenoMJie-
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HIDI n(A.,T) 8 npn6nIDKeHHH reoMeTpHtfeCKOH OITTHKH, 8 o6meM cnyqae, CBO

,lUITC.ll K perneHHIO ypaeueHH.ll 3HKOHana. O;waKo ero MO)f(HO .nocTaTO'fHO ynpoc

THTb paCCMOTJleHHCM MO)l.eJibHbIX 3a)l.atf [ 5]. 
3.1. Mo,ne.'lb eepTHKaJILuoii o.nuopo.nuoii noJIOCbl. Ilo.ll.orpeTyK> o6nacTL 

803.ll.yxa paccMOTpHM 8 8H.ll.C sepTHKanbHOH IlOJIOCbl lllHpHHOH d , rpaHHUaMH 

KoTopoH .llBn.lllOTC.ll napannenbHhie nnocKocrn, a TeMneparypa T 8ttyrpH 3TOH 

nOJlOCbr nocTO.llHHa H npe8ocxo.zurr reMneparypy 0Kpy)l{at0meii cpe,nb1 To 
(pHC. 3). 

y 

y 

I 

1 ... 

0 Zo 

d 

I 
I 
I 

•I 
zo+d z 

PHC. 3. IlpoXOllCll.CHHe ltl13CpKOro JIY'la 'lepel TCMnepa-rypHhllt rpll,llHCKr. 

Ilep8HtfHblH nyq, na.nat0mnn no.n yrnoM a 0 Ha TOtfKY c KOOp.l{HHaTaMH 

(Yo' Zo), 8 o6JiacTH [ Zo' Zo + d] pacnpOCTJlaH.lleTC.ll np.llMOJIHHCHHO (nyHKTHpHa.ll 

JIHHH.ll Ha pnc. 3) H noKH)l.aCT 3TY 0611aCTb []0).l. TCM )KC yrnoM a 0 8 TOtfKC 

(y,zo + d) H c HCKOTOpbIM OTKJIOHCHHCM Liy OT na,nat0mero nyqa: 

,. ( 1 ) _ d[ n0 sin a0 J £Jy .11. - -tga0 , 

~n2 (A.)-nJ sina0 

(5) 

r.ne no = n(A., T0 ). 

3.2. Mo.neJib ropu10HT&J1beoro rpa.nuenTa TeMnepa-rypL1. IlycTh ua11ano 

CHCTCMbl KoopmrnaT noMCl.l(CHO B T04KC na)l.CHH.ll nyqa H B HHTep8a.fle [O, d] 

HaxO.l{HTC.ll 00).l.OrpeTblH 803.ll.yx c IlOCTO.llHHblM rpa.nHeHTOM TeMneparypbl gz 

no uanpaBJieHHIO OZ. Pa36H8a.ll [O,d] Ha o,nuopO.ll.HLie cnoH rom.IlHHOH dz c no

CTORHHbIM KOJ<l><l>Hl.{HCHTOM npeJIOMJICHH.ll n; ' .l{JIJI o6naCTH [ Z; 'Z; + dz] ' HMCCM 

{
no sinao = n; (z;.Y1 )sin P1 (z;.Y; ). (6) 

dz=ctgpdy. 

CncTeMa (6) no380JI.lleT onpe.ll.eJI.llTb KaK uanpa8JieHHe 81>1xo.na C8CT080ro 

JJY'fa, TaK H OTKJIOHeHHe OT uanpasneHHJI na.neHH.ll. OrpaHHtfH8a.l!Cb JIHHCHHbIM 
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)-

,-

'b 

11 

ii 

0 

H 

" 
e 

npH6JIIDKeHHeM, )J)IJI n(T,A.) no.rryqHM: 

n(T(y),A.) =ii+ anl . dT = n - f(O,O)<p).gyy _ f(O,O)<p;.gzz' (7) 
8T (o,o> dy T T 

r.ue n = 1 + f[T(O,O)]<p(A.) - K03<1>$HUHeJIT npeJIOMJieHHJI nepBOH nOJIOCbl WH

pHHOH dz . ,llJIJI MO,!lemt ropH301ITa.JibHOf0 rpa,a.HeHTa TeMneparypbl B BblpruKeHHe 

(7) ua,a.o no.ncTaBHTb gY = 0. Tor.na MO:>KHo onpe.neJIHTb <apaeKTopHlO» Jiyqa ua 

nJIOCKOCTH YOZ : 

(8) 

r.ue c0 = n0 sin a0 , Po =I, 013 · l 05 lla - HOpMa.JibHoe aTMoc<t>epuoe ,llaBJieHHe. 

3.3. Mo.11.eJib eepTHKa.rJbHoro rpa.r..aeeTa TeMneparypLr. B 3TOH MO)leJIH 
paccMaTpHBaeTCJI cnyqaii, Kor.Ila TeMneparypttoe none paBHOMepuo H3MeHJ1eT
CJ1 no HanpaBJieHHJO OY. TorJJ.a ropH30JITa.JibHblH cnoi1 BOJ.nyxa B nonoce 

[Y,, y, + dy] HMeeT nocTOJIHHbIH KoJ<t><l>HUHeJIT npeJIOMJieHHJI ni . B 3TOM cnyqae 

CHCTeMa (6) rrpHo6peTaeT c11e.ny10mHH BH,ll: 

{
n0 cosa0 =ni(z;,yi)sinp,(zi,yi), (

6
*) 

dz=ctgfidy. 

,llJIJI rronyqeffHJI K03$<l>HUHeHTa npeJIOMJJeHHJI )J)IJI 3TOH MO.lleJIH B 
BblpIDKeHHH (7) Ha,llO yqecTb, 4TO rpa,llHelIT no HanpaBJJeHHJO oz paBeH ttyJJlO H 

n(y,A.)=ii-/(0,0)<p).gyy. (7*) 
T 

PeweHHe ypasHeHHH (6*) H (7*) HMeeT BHJJ., nOXO)l(HH Ha BblpruKeHHe (8), c 
nepecTaBJJeHHbIMH KOOp.llHHaTaMH z H y . A .nm1 i:rncneHHblX pact1eTOB MO)l(HO 

nOJlb30BaTbCJI 6onee npOCTbJM Bblpa)l(eHHeM, nonyt1eHHbIM H3 3TOro peweHHJI npH 
coxpaueHHH nepBbJX .llByx CJJaraeMblX B <l>ypbe-pa3JJO)l(eHHJIX <l>YHKllHH 

O apKCHttyCOB: 

(8*) 

r.ue c =no cosa0 • 

4. 06cY11meeae pe1yJJLTaToB. Ha pHc. 4,a npHse.n:eu&1 H3MeHeHHJI cHr
HaJJOB c .llByx ceKTopoB )laT'iHKa R2 BO BpeMeHH IlOJl B03)leHCTBHeM rpa,a.HeHTa 
reMneparyp1>1 6eJ uopMHpOBKH. PeJyJJ1>TaT1>1, no11yt1eHH1>1e nocne HOpMHpOBKH 
MJI 3THX )Ke CHrHaaoB, npHBeAeHbl Ha pHC. 4,6. J.b cpaBHeHHJI 'JTHX rpacpHKOB 
c11e.nyeT, lfl'O KIDK)'mHecJI Ko.rie6aHHll JJaJepuoro nyqa cnpoeouHpoBaHbl He ero 
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npocTpattCTBeHHblM CMemeHHeM, a H3MeHeHHeM ero HHTeHCHBHOCTH. 3aBHCH

MOCTH CMell(eHH$1 «QeHTpa U)l(eCTH» JJa3epHoro nyqa OT 8peMeHH, paCCt{HTaHHble 

no <f>opMyJJaM (I) H (2) no OC$1M x H y' npHBe.n:eHbl Ha pHC. 4, 8. HatfaJibHbJH 

! 1500 

:> 1000 +-.+--+--f-x:---t-1111 ... 

500 

0 

a 

= 
= 

OD+---+---t~+--+---t~-,.-----.-~---r---1 

0 10 20 30 40 50 80 90 100 

0.8 

D.6 

0.4 

.; 02 

0.0 

MUH 

B 

PHc. 4. CHruaJibI, no11y<1CHHblC OT ll8T'IHKa R2: 
a) 6e3 HOpMHpOBKH. 6) nocne HOpMHpOBKH, 

e) KOOpllHHaTbl «UCHTPa TllJKCCTH» llY'IKa. 

ropH30HTaJ1bHblH yqaCTOK (~45MUH) 

COOTBeTCT8yeT 8peMeHH .n:o BKJUO

qeHH$1 CHCTeMbl C03.D:aHml TeMnepa

TypHOfO rpa.n:HeHTa. IlOCJie 8KJllO

qeHH$1 3TOH CHCTeMbl O.D:HOBpeMeH

HO c B03pacTaHHeM CMemeHHSI nyqa 

no OCH y 803pacTaeT rnyM08aJI 

./lOpmKKa: c pOCTOM rpa.n:HeHTa TeM

neparypbl nponopuHoHaJibHO 803-

pacTaeT llIHpHHa .n:opO)l(KH KaK no 

ocH Y, TaK H no ocH X. Y8e

JJH'leHHe rnyM08 no o6eHM OCSIM, 

Otfe8H.D:HO, C8Sl3aHO c 803HHKHOBeHH

eM ryp6yJieHTHblX nOTOK08 803.D:yxa 

Ha 8epTHKCl.JlbHblX rpaHHQax CHCTeMl>I 

uarpe8aTeJib-XOJIO.D:HJibHHK. 

8;1HS1HHe ryp6yneHTHOCTH H3-

3a onpe.n:eneHHbIX TPY.D:HOCTeif 8 Teo

peTH'leCKHX pacqeTax He Y'IHTbI8a

JJOCb, a 3KCnepHMeHTaJibHbie .n:aHHbie 

nO.LJ.8epra.rIHCb cTan1cntlfec1<oi1 o6pa-

6oTKe. OrpaHH'ieHHe cMemeuHH no 

ocu Y , ua6mo.n:aeMoe ua rpa$HKe 

.D:JJSI 60JiblllHX rpa.n:HeHT08, C8Sl3aHo c 

TeM, lfTO OTKJIOHeHHe nyqa 60JJbllle 

JlHanaJOHa H3MepS1eMblX CMemeHHH 

,/laTtlHKa. 

C'le.llyeT DO.lllfepKHYTb, 'ITO 

DpH8e.D:eHHbie 3a8HCHMOCTH (pHC. 4) 
noJiy'ieHbI npH olfeHb 6oJJbUJHX rpa

.D.HeHTax TeMneparypbI ( nopS1,a1<a ne

CKOJibKHX ,/leCSITKOB 2paolcM). 3-ro 

HaMHoro 60Jibllie, 'ieM 8 ycJI08HllX 

pea.ribuoro JKcnepHMeHTa ATLAS, 
O)lHaKO ,/laeT B03MO)l(HOCTb 6onee HarJijl.LJ.HO ]leMOHCTJ>Hp08aTb J<f><f>eKT. 

TennoeoR rpanHeirr, zpaolcM 3KcnepHMCHT, MICM TeopHll, MICM 

8 58±5 68 
14 85±5 97 

)lnR rpa.n:HeHTOB )l(e, 6JIH3KHX K ycJIOBHSIM ATLAS, nony'ieHbl 3KcnepH

MClfraJlbHbJe cMemeHHSI na.Jepuoro nyqa u pacc'iHTilHbt ero reopeTHt{eCKHe 3Ha-
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tWqbpwJJ:1Ci l}1Ci2}1 mwpw<)nult! 2bptiwum}16wCiwJp!i qpwq}lb!im m!ihgnq 
Ol}WJ}lfi tif12w4wJpml: 4wmwp4wb" t umwg4wb" t!J.npc\wpwpwqwfi mtlJwtfihp}l 
u mbuwqwfi hw2qwpqfihp):1 hwtihtiwmmpJmfi: 

A. M. GRIGORYAN, A. H. MAKARYAN, S. C. NERSISYAN, 
U.S. CHILINGARYAN, V. L. ELBAKYAN 

LASER BEAM REJECTION INVESTIGATION PASSING THROUGH AIR 
WITH TEMPERATURE GRADIENT USING THE MONITORING 

AUTOMATED SYSTEM 

Summary 

In this work was describe the automated experimental assembly, which 
simulate the optical system of muon registration detectors for small deformations 
in CERN spectrometer experiment with calculation of laser beam passing through a 
thermal gradient in air. Comparison of experimental results with theory is carried 
out. 
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Y'IEHblE 3AilHCKH EPEBAHCKOfO fOCY.LiU'CTBEHHOfO YHHBEPCHTETA 

Pliwltwfi qtimmpJmfifihp 3,2004 EcrccTacHHl>lc HAYltR 

XuMUll 

Y,llK 546.98+543.25+668.8 

A. P. MKP'f\UIH, r. H. lllATIOlllHHKOBA, A. r. XAlJATPjJH 

HCCJIE,llOBAHlffi B3A.HMO,llEHCTBIUI l1AJIJIA,[(IDl(II) C T.HOM04E
BHHOH .H <l>EH.HJIT.HOMOqEBHHOH CilEKTPO<I>OTOMETP.HliECK.HM 

METO,llOM 

8WJIBJICHLI OITTHM3,,1bHLIC YCJIOBHJI B3llHMO.llCACTBHJI () • ..,.., ICHCJIOTHC>Cn 

cpeJtw, npe.11e.1bl no.1111KHJ1CMOCTH ocuoe110My JaKony cj>OTOMCTJ>HH). McrnnaMH 

Mo;uipHblX on!OWCHHH H C)lBHra paBHOBCCHJI onpe.11c:11eHbl cocraew o6pa1yio

lllHXC• COCJlHHCHHH. 

PaJpa6o-rauw MeTO.llHKH onpe.11e11eHH• nanJiaJlHJl(ll) B :JllC1CTpOnHTc: nanna
.llllpOB8HHll. 

)lrul KOJIOpHMel"J>H'iecKoro onpe.zteJieHH.I naJlnMH.1(11) npe;UJOilCCHbl I 

OCHOBHOM opraHffqecKHe peareHThI - a -cpypHJI.ZlHOKCHM, napaHHTpmOJIHMeTHJJ

aHHJIHH, HHTp030llHcpeHH.i1aMHH H .ztp. MeJKJIY TI!M HH O.ztHH HJ HHX ue M<Y&eT 6wn. 
npHMeHeH .l..'UI onpe..'leJieHH.I mLlJJa.ilH.1(11) B pacTBOpax c BblCOKoli KOHIJeHTpa

UHeH ueihpa.1bHblX co.1eH, T3K tcaK npH 3'TOM yMeHblUaeTCJI HHTCHCHBHocn. 

OKpaCKH, C)JKaeTCJI HJITepea.11 OITTHM<L1bHOH KHCJIOTHOCTH, HeOOX01lHMO ;i..1HTe,1 ..... 

Hoe Bbl;tep'lKHBaHKe paCTBOpoB ,'.l;"Ul ;'.IOCTIUKCHHJI M3KCHM3.1bHOH OKpacKH ( J J, 
,llaHHble no B33HMO..leHCTBHIO nai.1a..:uu(II) c THOMO'feBHHOH, npe,1CT3.8,"leff

Hble puo~ aBTOpOB, .:tOB0.1bHO npomsope'fHBbl. COCTae THOMO'feBHHHux KOMn

ne1tcos na·ua.JHJl(Il) Ko.1e6,1ercJ1 OT l: l .ao I :4 [2]. MeToJlaMH nOTCHUH<>MtrptfH 

H aMnepoMel"pHH )'CT3HOB.1CHO, lfTO 8 cepHOKHC,10H cpe.ae o6paJYKYTCJI COCJJHHC

HHJI C MO.lbHl.DI OTHOWeHHCM pearHP)10lllHX KOMnOHCHTOB ) :2 ff 1 :4 (3). 
Ue..lblO HaCTOfllleH pa6arw .1MlleTC.1 HJY'fCHHe BJaHMonelfcTsHll nanna

.ZlHJl(Il) c THOMO&ICBHHOH (TM) H clJeHHJrTHOMO'fCBHHOli (<J>TM) 8 COJJIHOICHC.11ofX 

pacnopax. 
3Kc~-....- ~. CTaHJ:tapntblH pacTBOp naJIJJ3JIH•<fl) rmo•H

nH pacTBOpeHHC\f '4C'Ta.UH'teCKOrO naJJ,1aJlffJI 8 KOHllCH'f pHp<JllaH11oif al<J'rtt(>Ji 

KHcnOTC c 110C.J1e11)101Qdi )leffK1"p31lHdi cepttoli KHCJJOToli. Pa6olfHe pacnopw 
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TM H <I>TM 6blJIH nOJIY'leHbl pacTeopeHHeM TOl{HblX HaeecoK peareHTOB, nepe

KpHCT8JIJIH3oBaHHbIX COOTBeTCTBeHHO B .llHCTHJIJIHpoeaHHOH BO,lle H :rrattoJie. 

OmuqecKyt0 nJIOTHOCTb noJIY'leHHbIX oKpaweHHbIX coe.nutteHHH H3Me

p.11JIH Ha cneKTP0<t>oT0Me~ C<I>-4A. Ilpe.neapHTeJibHblMH onbITaMH 6b1JI0 

ycTaHOBJieHO, l{TO B cepHOKHCJlbIX pacTBopax naJIJia,llHH(II) o6paJyeT OKpaweH

Hbie oca.uKH c TM H <I>TM, 'ITO .neJiaeT HeB03MO)l(HbJM ux HJyqeHHe cneKTPO

$OToMeTPHlfecKHM MeTO,llOM. 

lfayqeHHe 3JieKTPOHHbIX cneKTPOB CBeTOnornomeHHJI Coe,llHHeHHH naJIJJa

.llH.11(11) c TM H <I>TM B coJIJ1HOKHCJib1x pacTBopax noKaJaJio, l{TO npH cJIHBa

HHH peareHTOB cneKTPbI nornomeHHJI cymecTBeHHO OTJIHl{afOTCJI OT cneKTPOB 

CBeTonornomeHHJI HCXO,llHbIX KOMnOHeHTOB, l{T0 CBH,lleTeJibCTBYeT 06 o6pa30Ba

HHH HOBOro HH,llHBff.llYaJibHOro coe,llHHeHHJI KOMnJieKCHoro xapaKTepa. Ha6JIIO,lla

IOTCJI l{eTKO Bbipa)KeHHbie MaKCHMYMbl npH 330 H 400HM. c UOBbIWeHHeM KOH

ueHTPaUHH opraHHl{eCKHX peareHTOB BTOpOH MaKCHMYM HCl{eJaeT npH MOJlbHOM 

OTHomeHHH Pd(II):R=l:l, a nepBbIH -yeeJIHl{HBaeTcsi H .uocTuraeT MaKCHMaJib-

noro 3HaqenHsi npH Pd(ll):R=I :3 
A (cM. pHc.). YKa3aHHbie MOJihHhle 

l ' 

... i 

0,2 ~ 

I 

. l ~ .. 
3441 3M 420 .... >..•• 

CnelCTpbl nornoweHIDI. I - 0,5Mll 1,0· 10·2 M Pd(II) 

Ha <jJoHe 2,0M HCI; 2 - [Pd(ll)] : [<l>TM]=I: I Ha 
<jJoHe 2,0MHCI; 3 - (Pd(ll)]: [<l>TM]=I :3 Ha <jJoHe 

2,0M HCI. 

OTHOWeHHJI He H3MeHJllOTCJI B 

npe.ueJiaX KOHl{eHTpaUHH COJIJIHOH 

KHCJIOTbl O,l-7,0MO.llb!Jl. 
PacTBopbI c MeHbWeH KHC

JIOTHOCThfO He H3Yl{aJIHCb H3-3a 

B03MO)KHOro fH,llpQIJH3a XJIOpH.na 

UaJia,llH.11(11), a HCUOJlb30BaHHe 60-

11ee KHCJlblX pacTBOpOB HeUeJie

coo6pa3HO H3 TeXHH'leCKHX co

o6p~eHHH. B .llaJihHeHweM see 

H3MepeHHJI OUTHlfeCKOH UJIOT-

HOCTH paCTBOpOB npoBO,llHJIH 

npH KOHUeHTPaUHH COJIJIHOH 

KHCJIOThI 2,0Mo.llbl.ll. OKpacKa 

o6pa3ylOl.llHXCJI B CHCTeMe coe.uH

HeHHH pa3BHBaeTCJI cpa3y )Ke 

nocJie CJIHBaHHJI peareHTOB H OCTaeTCJI UOCTOJIHHOH B Te'leHHe 24 'laCOB. 

PeareHTbl (TM H <I>TM) .uo6aBJIJIJIHCb B .uecJITHKpaTHOM H36blTKe no OTHOWe

HHIO K naJina.uu10(II). 

IlO.ll'IHHJleMOCTb OCHOBHOMY 3aKotty <t>oTOM~HH tta6J110,llaeTCJ1 B cne

JlYIOl.lleM HHTepBaJie KOHUeHTpaU.HH naJina.uu.11(11): 0,865-2 l ,6MK21MJI (TM) H 

0,2l0-21,6MK2/MJ1 (<I>TM). Cpe.nttHe JHa'lettu.11 K~lllHXCJI MOJihHbIX Ko3<t><t>uuu

eHTOB CBeTOnornomeHHJI COCTaBJIJllOT COOTBeTCTBeHHO £330 ~000MO.llb-I . JI . CM-I 

(TM) " e330 ~soooMo.llb- 1 
• Jl . cM-

1 (<I>TM). 
Yaenu'leHHe tfYBCTBHTeJibHOCTH onpe.nenettHJI naJIJia.umr(II) cne.nyeT 06M1c

HHTh UOJIBJleHHeM B MOJleKyne <t>eHHJITHOMO'leBHHbl rpynmfpoBKH -NH-C6Hs, 

UOBblWa10meH HHTeHCHBHOCTb OKpaCKH 06pa3yt01.llHXCJI COe,llHHeHHH. 
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HccJie.uoBaHHe cocTitsa 06p33y10meroc11 coe.uHHeHHR naJIJIMH11(II) c TM 
H <I>TM 6bIJIO npose;::{eHO MeTO.ll3MH MOJIRpHblX OTHOWeHHH H C.llBHra paBHO

secHR. B o6oux CJ1)'11aRX nO.llTBep)l()laeTcR o6paJoBaHHe KOMnJieKCHbIX coe;::{H

HeHHH npH MOJlbHbIX OTHoweHHRX Pd(II):R=l:l u Pd(II):R=l:3. ,[Via naJIJIMHR(Il) 

xapaKTepHO o6p33083HHe KB3,llpaTHO-IlJlaHapHbIX KOMilJleKCOB c KOOp.llHH3U.HOH

HblM qucJIOM 4 [ 4]. HJsecTHO, qrn naJIJia;::{HH(II) o6paJyeT KOMnJieKCHbie coe.llH

HeHHR c HeHTpaJibHbIMH MOJleKyJiaMH, CO.llep)l{3ll.(HMH aTOMbl 330Ta, cepbI, KHC

nopo.na H .llpyrux 3JleMeHTOB co CB060.llHOH Heno;::{eJleHHOH napou 3JleKTPOHOB. 

TaKOBbIMH RBJIRIOTCR, B qacTHOCTH, coe.llHHeHHR MOHO-, .nu-, TpH- u 

TeTpaaMHHororo rnna [5]. 

B cJiyqa11x c TM u <l>TM KOMnJieKcoo6paJoBaHHe npoucxo.nwr 33 c11er 

KOOp.llHH3U.HH qepe3 aTOM cepbl, n03TOMy coe;::{HHeHHR, 06pa3y10ll.(Hec11 npH 

sJaHMO.lleHCTBHH n3J1JI3;::{H11(II) c TM H <l>TM, MO)l{HO npe.llCTaBHTb cJie.llYfOlUHM 

o6pa3oM: H[PdRCl3] H [PdR3Cl]Cl, r.lle R - TM HJIH <l>TM. 
Ha OCHOBaHHH noJiyt:IeHHblX .llaHHblX npeJJ.JIO)KeH MeTO.ll onpe.lleJieHHJI 

naJ1J13;::{HSI B 3JleKTpOJIHTe IlaJIJla;::{HpoBaHHSI. c 3TOH u.eJiblO K aJIHKBOTHOMY 061,e

M)' 3JleKTpOJ1ITTa .uo6aBmlJ1H COJlRHYIO KHCJJOTY .no KOHU.eHTpaU.HH 2,0MO!lbhl 
a KoHeqHoM pacTBope, lMfl 0,5%-ro pacTBopa TM HJJH <l>TM, .uoso.UHJJH .no 

25,0.M!l .llHCTHJJJ1HpOB3HHOH BO.llOH H H3MepRJIH OilTfflleCKYfO nJIOTHOCTb npH 

.!lJJHHe BOJJHbl 330HM (/ =lcM). ,L(aHHbie npe.llCTaBJleHbl B Ta6nuu.e. 

OnpeOelleHue lfOJl/IOOWl(ll) 6 JJ1eKmpo1iume n(lllJlaOup06aHUJ1 

aMnepOMe'fJ'H'leCKHM 

MeTO.llOM, 

MZIMll (TM) 

0,2605 

M2fMA 

(TM) 

0,2839 

Onpe.neneHo Pd(II) 
cj>OTOMeTpH'lecKHM MeTO.llOM 

norpewHoCTb, 

%OTH. (TM) 

8,25 

M2fMJI 

(<l>TM) 

0,2918 

norpewHOCTb, 

% OTH. (<l>TM) 

2,9 

KaK BH.llHO HJ npHBe,neHHbIX .ll3HHbIX, norpewHOCTb onpe,neJieHHJI Haxo

.AHTCJI B .uonycTHMblX npe.lleJlax, a THOM04eBHH3 H oco6eHHO ct>eHHJJTHOM04eBHHa 

MOryT 6bITb HCOOJ1b30B3Hbl MR onpe,IJ,eJleHHSI IlaJIJla;::{HR(II) $OTOMeTpffqecKHM 

MeTO,lJ,OM B COJIRHOKHCJJblX pacTBopax IlaJIJ13;::{HpoBaHHJI. 

nocmymua 12.06.2003 
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Utqbqmpw1muwiw.Pwtrwfi bqwfiwqm{ mumufiwuflptlbt t pfmuflqw
fiJmpp L. ~bCiflwflnupqwCiJmpp hbm tqw1wajm1u(II)-}1 l}ln}uwqqbgmpJmfip: 
<!_wumwmtlbt bfi l}ln}uwqqbgmpJWfi Oll}Ul}lUWt ll}WJUWCifibp'(! (Amax, Ufl2WtlWJpp 
pptlntpJDlli'[!, 1muwiwl}lmpJwCi hfluCiwqwCi opbCipflli bCipwpqtlbtm uwhllwfi
Cibp{!): lfntwJflCi hwpwpbpnmpJmfifibpp L. hwtlwuwpwtunmpJwfi mbqwzwpdjl 
hqwCiwqCibpntl npnztlbt t qilJWQnIJ. U}lWgntpjntUCibpp pWIJ.WqpntpJntfi{!: 

lTzwlJ.tlbt bCi tqwtw'lflmuwtqwmuwli ltblfmpntflmmu tqw1wq}lnuljl 
utqbtrmpw1muwiw$wqwfi pwCiwqwqwfi npnzuwfi hqwfiwqfibp: 

A. R. MKRTCHYAN, G. N. SHAPOSHNIKOVA, H. G. KHACHATRYAN 

INVESTIGATION OF INTERACTION OF PALLADIUM(Il) 
WITH THIOUREA AND PHENYLTIIlOUREA USING 

SPECTROPHOTOMETRIC METHOD 

Summary 

The interaction of palladium(Il) with thiourea and phenylthiourea has been 
studied using spectrophotometric method. Optimal conditions for this interaction 
have been estimated (Amax, medium acidity, the range of Submittance to the 
photometry main law). The composition of compounds formed in the system has 
been determined by means of the two methods: molar ratio and equilibrium shift 
methods. 

Some methods have been elaborated for spectrophotometric determination 
of palladium in the galvanic electrolyte. 
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bf'b-lUul> "lbSUltUu ~UUULUUf'Uul> Q.l>SUltUu Sb'l.bltUQ.t>f' 
Y'IEHblE 3AIIHCKH EPEBAHCKOI'O I'OCY)lAPCTBEHHOI'O YHHBEPCHTETA 

(l6w~wli q}nnmpJmlilihp 3,2004 EcTeCI'llCHHhle Ha)'JtH 

XuMUR 

Y,llK 546.23 + 547.496.3 

C. B. BAPTAH.SIH, Ill. A rJOJibHA3AP.SIH, H. M . .llABT.SIH, A. r. XAlJATPjfH 

AMCTEPOMETPHtlECKOE OnPE~JIEHHE PEHIDI B PA3J1HtlHhlX 
Ol>bEKTAX HEKOTOPhlMH OCHOBHhlMH KPACHTEJljlM.11. 

PACllET flP0113BE,[{EHHH PACTBOPHMOCTH 06PA3YIOUU1XCJI 
MAJlOPACTBOPHMhIX COE,[{HHEHHH 

IloKaJaHo, '!TO eoJMOlKHO onpeneneHHe peHH.11 e paJJJH'fHt.IX peHHRconep

lklllUHX o6be1CTax MeTOJIOM aMnepOMeTpH'ICCKOro nrrpoeaHH.11 c HCllOJlbJOBaHHCM 

B Ka'ICCTBe aHILlHTH'ICCKHX peareHTOB opraHH'ICCKHX OCHOBHblX KpacHTe11eA 

(pollaMHH )l{(P)I{), pOJiaMHH 6)1{(P6)1{)). THTpoeanHe npoeoJIHIIH e 0,8-1,0M 
«tioc<f>opHOKHCJIOH cpene Ha nJJaTHHOBOM HHJIHKaTOpHOM MHKpO)JICICTpOJIC npH 

norenuHane+l,4B(P)I(, P6)1() H npH nyneeoM nOTeHUHaJie (ca«lipaHHHT). 

)leyM.11 HCJaBHCHMt.IMH MeTOJlaMH onpene.'ICHbl JHa'ICHH.11 npoHJBCJICHHR 

paCTBOpHMOCTH Ma..'!opacreopHMblX COC.llHHCHHH. o6paJyJOUlHXCJI npH BJaHMO

JICHCTBHH neppeHaT-HOHOB c KaTHOHaMH BbllllCYKaJaHHblX opraHH'ICCKHX OCHOB

HblX KpaCHTCJICA (a TiilOICC KpHCTaJIJIH'ICCKOro «liHOJleTOBOro H MCTH.'JOBOfO 

4>HOJICTOBOro ). 

Pattee HaMH 6blJIO DOJCa3aHO, lfTO opraHHtfecKHe OCHOBHble KpacHTCJIH 
calf>paHHH T(CT}, poJJ.aMHH )l((P)I(), poJJ.aMHH 6)1((P6)1(), MeTHJIOBblH «t>noJie
TOBbIH (M<J>) H KpHCTilJIJIHtfCCKHH «t>HOJleTOBblH (K<J>) MOryT 6b1Tb HCnOJiblOB8Hbl 
B KatfeCTBe aHaJIHTHtfeCKHX peareHTOB LI.JI.SI aMnepoMeTpHtfeCKOfO onpeJJ.eJieHHJI 
peHH.SI (1-4]. CTpH B3aHMOJJ.eHCTBHH peHH.SI (VII) C 'ITHMH KpacH"remlMH o6pa-
3YIOTC.SI MaJiopaCTBopHMble COCJJ.HHCHH,., npeJJ.CTaBJIJllOIUHe co6oH TilK H83blBae
Mble HOHHble accounaTbl. 

QeJlblO HaCTO.SIIUeH pa6on.r JIBJl"eTC" npHMCHCHHe p33pa6oTilHHblX MCTO
.llHK .ll.JIJI aMnepoMeTpHtfecKoro onpeJJ.eJleHH" peHH.SI B pa311HtfHblX peHHHCOJJ.ep
)IC8lllHX o6beKTilX n pactfeT 3HatfeHHH npoH3BeJJ.eHHH pacTBopHMOCTH (OP) o6pa-
3YI0lllHXC" ManopaCTBOpHMblX HOHHblX accounaTOB. 

B JIITT'eparype om1caHbl pa3JIHtfHble MeTOJJ.bl paclfeTil nP MaJIOpaCTBOpH
MblX Coe.D.HHCHHH. B ;taHHOH pa6oTe HCDOJlb'JOB8Hbl Jl88 H3 HHX - aMnepoMeTpH
lfecKHH MeTOJJ., pa3pa6oTilHHblH 3.A. faJL18H c ccrrpyJJ.HHKaMH [5] (8 HeCKOJlbKO 
BH,l{OH3MeHeHHOM H8MH BapHaHTe), a TillOICC rpaBHMeTpHlfecKHA MCTOJJ. [6). 
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no [5], 3Ha'leHHJI OP paCClfHTbIBaJQTCJI H3 rrpe.n:sapHTeJibHO fIOCTpoeHttoro 

KaJIH6poBOlfHOro rpaQ>HKa 33BHCHMOCTH .n:uQ>Q>yJHOHHOro TOKa OT KOHl..{eHTP31.(HH 

roro KOMnoHeHTa ManopacTsopuMoro coe.n:uHeHHJI, KOTOpbIH B pacTBope JJ.aer 

:meKTPOJl.ffYIO peaKQHIO Ha nJiaTHHOBOM MHKp03JieKTpO.[(e. IloCKOJibKY H3y'leHHbie 

HaMH TPY.n:HopacTBopHMbie coe,nuHeHHJI co.n:ep)l(aT HHTeHCHBHo oKpaUieHHbJH 

KaTHOH opraHHlfeCKOro OCHOBHOro KpacHTeJIJI, rrpH pacTBopeHHH pacTBOpLI 

rrpit06peTa10T OKpacKy COOTBeTCTBYIOII.(ero KpaCHTeJIJI . .naHHOe o6CTOJITeJibCTBO 

fl03BOJIJleT HCnOJibJOBaTb Q>oTOMeTPHlfeCKHH MeTO.[( .[(JIJI onpe.n:eneHHJI KOHQeHT

paQHH KpacHTeJIJI B HaCblll.(eHHblX pacTBopax MaJIOpaCTBOpHMbIX coe.n:HHeHHH Ha 

OCHOBaHHH aMnepoMeTpHlfeCKOro MeTO,ll,a, peKOMeH,ll,yeMoro B [5] . 

3tccnepHMeHTaJlbHaH 'laCTb. CTaHJJ.aPTHbIH pacTBop peHHJI (VII) 
(l,0· 10-2M0.1lb!.1l) fOTOBHJIH pacTBopeHHeM B Jl.HCTHJIJIHposaHHOH so.n:e TO'fHOH 

HasecKH neppettaTa aMMOHHJI lf.,n.a., a pa6olfHe pacTBopbI KpacHTeneii 

(l,o.10·2M0.1lb!.1l) - B .[(HCTHJIJIHpOBaHHOH so.n:e TOlfHblX HaBCCOK npenapaTOB 

TOJf )l(e KBaJIH<j>HKaQHH. 

AMnepoMeTpHlfecKoe TffTPOBattue npoBO.llHJIH Ha co6paHHOH aMnepo

MeTpHlfeCKOH ycTaHOBKe c nnaTHHOBblM HHJJ.HKaTOpHblM 3JieKTpo,noM (rrposo

JJOKa .n:JIHHOH 4MM). 3JJeKTpOJJ. cpastteHHJI - MepKyp-ifo.n:u.n:tt&IH. THTPOBaJIH 

Ha <f>otte 0,8-l ,OMOJlblJl Q>oc<f>opHOH KHCJlOTbl. 

<l>oTOMeTpHlfeCKHe onpe.n:eneHHJI nposo,nHJIH Ha crreKTpo<f>oroMe-rpe C<l>-16. 

Onpeoe.1lenue peHUR 6 pG3.1lUllHbl.X penuucooep:J1<:cnqux o6beKmax. ,llnJ1 
orrpe,ll,eJleHHJI peHHJI HCfIOJ1b30BaJIH MOJIH6,neHOBbie KOHQeHTPaTbl ArapaKa H 

K8Jl)KapaHa, pett1dico.n:ep)l(all.(HH rrpenapaT BHPr, a TaIOKe peHHeBbie cnnaeb1 

paJJIHlfHOfO KalfeCTBeHHOro COCTaBa. 

Xoo aHaJ1U3a KOHtfeHmpamoB u npenapama BHPI'. HasecKH MOJIH6.n:e

HOBbIX KOHQeHTP3TOB MaCCOH 5,02 (no TPH npo6bI OT Ka)f(,Jl.oro o6pa31.(a) 

TIUaTeJibHO CMeUJHBaJIH nyTeM HX paCTHpaHHJI c 15,0? OKCH,ll,a KaJibQHJI H 

1,02 nepMattrattaTa KaJIHJI. CMecb nepeHocHJIH B Q>ap<J>opOBbIH THrenb H 

OOKpbIBaJIH TOHKHM CJIOeM OKCH,na KaJibQHJI. TureJib c co.n:ep)l(HMblM HarpeBaJIH 

rrpu TeMneparype 650°C s Te'leHHe l,0-1,511. Ilocne oxn~eHHJI cneKH 

061,e)J.HH.llJJH, nepeHOCHJIH B XHMHlfeCKHH CTaKaH, 3aJIHBaJIH 50,0M!l .[(HCTHJI

JIHpOBaHHOH 80,ll,bl H KHfIJITHJIH B Te'l:eHHe npHMepHO rronyqaca. 3aTeM 

OT<f>HJibTPQBblBaJIH 80,ll,H}'IO BbITJl>KKy, npOMblBaJIH OCTaTOK Ha <j>HJlbTpe H 

,LtOBO,l{HJIH KOHelfHbIH o6'beM .no 50,0M!l ,ll,HCTHJIJIHpOBaHHOH 80,lJ,OH (<f>HJibTP3T 

ynapusanu, ecnu o6'beM nocne npoM&IBaHHJI nonylfaJICJI 6oJibUJe 50,0M!l). 
Opu aHaJIH3e npenapaTa BHPr ttasec1<y 2,02 Tll.(aTeJI&Ho cMeUIHBaJIH 

nyreM ee paCTHpaHHJI c 6,02 OKCH,ll,a KaJJbQHJI H 0,62 rrepMaHraHaTa KaJIHJI. 

,nanbHeHUJHe onepaQHH aHanorH'IHbI BbJUJeonncaHHblM. 

,llnJ1 aMnepOMeTpHlfecKoro onpe.n:eneHHJI peHHJI 6panu aJIHKBOTHble o6'heMLI 

no 15,0M!l, nepeHOCHJIH HX B XHMH'l:eCKHH CTaKaH BMeCTHMOCTblO 50,0.Mll H 

.n:o6aBJIJIJIH <J>oc<J>opuyro KHCJIOTY c TaKHM paclfeTOM, 'l:TOObl ee KOHQeHTPaQHJI B 

KOHClfHOM pacTsope (25,0M!l) COCTaBHJia 0,8-1,0MOJlblJI. 
npu HCfIOJlb30BaHHH B KalfeCTBe peareHTa p)I( H P6)1( aMnepOMeTpH'l:e

CKoe THTPOBaHHe nposo.n:HJIH npn + l ,4B, ca<J>paHHHa T - npH uynesoM rrOTeHQHa-
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UI 

ne. TaK KaK nacnOJ>THbie )J.aHHbie o co)J.ep>KaHHH peHHJI e o6paJuax KoHuempaToe 

6bIJJH npe)J.CTaBJieHbl HHTepsanaMH (0,030--0,035% (ArapaK) H 0,020--0,025% 
(Ka)J.>KapaH)), TO napanneJILHO 6LIJIO npoBe)J.eHo TaIOKe n1TpOBaHHe MeTO)J.OM 

)J.OOaBOK. no.nyqeHHbie .llaHHble npHBe.lleHbl B Ta6JI. I . 

Ta611u14a 1 

AMnepOMempu'lecKoe onpe0e11eHue peHUJI 6 HeKomopblX peHuiico0ep:J1CC1U4UX o6beKmax 
(P = 0,95; n = 5; ta= 2, 78) 

PomlMHH )I( PO,llaMHH 6)1( Ca<J>paHHH T 

HaHMCHOeaHHC CO,llCplKaHHC peHHll, %, CO,llCplKaHHC pCHHll, %, co.11eplKaHHe peHHll, %, 
001.eKTa npllMoe onpe.11eneHHe npllMOe onpe.lleneHHe npllMOC onpe.11eneHHe 

MCTO.llOM .1106asoK MCTO.llOM no6aBOK MCTO.llOM .ll06aBOK 

MOnH6.!ICHOBblil 0,0332+0,0018 0,0340±0,00 I 0 0,0340±0,0020 

KOHUCHTJ)aT (ArapaK) 0,0330±0,0018 0,0340±0,0010 0,0330±0,0020 

MOJIHO.!ICHOBblil KOH· 0,0240±0,0020 0.0232±0,0018 -
ueHTpaT (KaJilKapaH) 0,0240±0,0020 0,0235±0,00IO 

npenapaT BHPf 0,01235+0,0005 0.1230±0.00 IO -
(0,125% peHHll) 0, 1240±0,0007 0, 1235±0,0008 

H 0rHOCHTeJibHaJI norpeIIIHOCTb onpe.lleJieHHJI npH aHaJIH3e npenapaTa 

bl BHPr He npeeb1waeT 1,5%. 
Xoo a11wiU3a pe11ueBblX cWlaBoB. Opn aHaJIHJe cnnaeos MbI pacnonarann 

~- HHilJopMauHeH TOJibKO 0 KaqecTBeHHOM HX COCTase. flpaBHJibHOCTb H8lllHX 

t) pe3yJihTaTOB 6Lma KOCBeHHO nO.llTBep)f()leHa TaIOKe MeTO)J.OM ao6asoK. 

H Pa1;zo:J1Ce11ue npo6. HasecKH nopowKoB cnnasos Maccoit 0, 7-2,02 (no 

H nJITh napanneJibHbIX npo6 OT Ka>KJ'.lOfO o6paJua) paCTBOPJIJIH B CMeCH KOH-

" ueHTpHpOBaHHblX aJOTHOH (5,0Mll) H COJIJIHOH (5,0M!l) KHCJIOT. flpH Heo6xo-

H .llHMOCTH o6'beM )J.06aBJIJleMblX KHCJIOT yseJIH'·IHBaJIH .llO IlOJIHOrO pacTBopeHHJI 

I· B3flh1X HaBeCOK. 0oJiy'leHHble paCTBOpbI BbmapHBaJIH Ha 80.llJIHOH 6aHe .llO 

~ «BJia>KHbIX COJieH», .uo6aBJIJIJIH HeMHOro .llHCTHJIJntposaHHOH BO)J.bl H 2,0M!l 
H KOHQeHTpHpOBaHHOH cepHOH KHCJIOTbl H npO,llOJl>KaJIH BbmapHBaHHe )J.0 npeKpa-

T meHHJI BbJ)J.eJieHHR rycTblX napoB OKCH)J.a cepbl (VI). flonyqeHHhfH OCTaTOK 

pacTBOpJIJIH B ne60JihlllOM o6'beMe )J.HCTHJIJIHpOBaHHOH BO)J.hl, noc11e qero 

H ilJHJibTPOBaJIH, 3areM nepeHeCJIH ¢HJihTPaT B MepHble KOJI6bI o6'beMOM 50,0M!l. 
I. .l{o6aBJIJIJIH ¢oc¢opttyl0 KHCJ101)' c TaKHM pacqeTOM, qTOObl ee KOHl..leHTpal..lHJI B 

KOHeqHoM paCTBOpe COCT8BHJia 0,8-1,0MO!lb/Jl . 
• 1 AMnepOMeTpHqecKoe THTJlOBaHHe npoBO,llHJIH KaJC onncatto B1>1me, c roil 
1 numb pa.3HHQei1, qro 6panHCb aJIHKBOTHbie 06'beM1>1 1,0-5,0Mll. OocKOJibK}' 

s nacnopTHOe CO)J.ep>KaHHe peHHJI B CruiaBax He 6LIJ10 H3BeCTHO, BO scex CJIY'l8JIX 

npoeo)J.HJJOCh TaK>Ke THTPOBaHHe no MeTO.llY .zto6aeoK. flonyqenn1>re pe3YJibTaTbl 

npuBe)J.eHhI s rn611. 2. 
Hcxo.llJI HJ aaHHblX Ta611nu 1 H 2, MO>KHO npe.llJlmKHTh P)I( H P6)1( B 

rcaqecTBe aHaJIHTHqecKHX peareHTOB ,llJIJI onpe)J.eJieHHJI peHHJI 8 p8311H\fHblX 
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OOwKTax MeTOJIOM aMnepoMeTpWICCICOro THTpOBaHHI. 

Ta6.n'f4a 1 

AMiwpoMempu11ecKoe onpede11eHue peHUA B peHueBblX CnAatlOX (P = 0,95; n = 5; ta= 2, 78) 

HallaeHo pcHHll, MZ 

KalfecneHHWA Mace a poJl8MMH )I( po.llaMHH 6)1( cacllpaHllH T Co.11epllCBHMe 
COCTH cnnaaa npo6w, 

np•MOC onpeJteneH1te npl!MOC onpell.tnCHltC npl!MOC onpeD.enCHltC 
peHMll B 

z cnnase, % 
MeTOJlOM JlOOaBOK MeTOJlOM ll.OOaBOK MeTOJlOM JlOOaBOK 

Ni, Fe, Re 0,7485 2J.Q 9,30 1,24 ± O,Q3 -
9,10 9,50 

Mo. Al, Re 0,7730 ll.2Q 27.90 27.90 3,61±0,01 
27,80 28,00 27,80 

Mo, Al, Mn, 2,0050 1.85 0,092 ± 0,001 - -
Cr. Re 1,82 

Pac11em 3Ha'leHUU nP MallopacmeopUMblX coeouHeHuU peHUR (VII) c opza
HU'lec.·KUMU ocHOBHblMU Kpacume.!lJl.Mu. <PomoMempu11ecKUu Memoo. ,[tm1 HaXO)IC

.neHHR J\JlHH BOJlH MaKCHMYMOB CBeTonornomeHHSI 6blJlH CHSITbl cneKYpbl CBeTO

nornomcHHSI pacTeopoe c KOHUeHYpauHeH 1,0· l 04
MO.llb!Jl (l=IcM). 3TH MaKCH

MYMhl 11a6moJJ.W1HCb npH c11e.11.y10LUHX .IJ.JlHHax sontt: CT - 51 OHM; P)f( H P6)f( -
S2011M; K<I> H M<I> - 520HM. ,llanee 6b111H nocTpoettbI Ka.rrn6poBOLIHble rpaq>H

KH: 8 MCpHblX KOJ16ax o6beMOM 25,0.wi roTOBHJlH CTaH)J.apYHble paCTBOpbl Kpa

CHTCJlCA c H18CCTHOA KOHUeHYpal..lHCH H H3MepH11H 3Ha'leHHJI OnTHLieCKOH WIOT

llOCTH 11pH cooTeeTCTBYIOLUHX JJ.JlHHax sonH. ,llnR nonyqettHR oca.11.Koe TPY.11.HO

pacnopuMwx CoeJJ.HHCHHH K 5,0..wi 1,0· l 0"2
MOJlbi.ll paCTBOpa neppettaTa aMMO

HHll J.lOOUBJlllJlH 5,0.-lf!l 1,0· l 0"2
.WOJlbf.'l paCTBOpa KpaCHTeJlJI H OCTaBJlJIJIH Ha HOlfb. 

Ha c.rtc:.'\)·1011u1H .ACHb, OTUeHTpmf>yrnposae OCa.D.KH, npoMbIBa.JlH HX 5-6 pa.3 JJ.HC

THJtJntpoeamtllH eo.AoA, nepeHoCHJIH B Ko116b1, .IJ.OBO.IJ.JI o6beM pacTBopa .no l.ll 
,.'.lHcnmmtp~.'BllHHOH eo;~oit PacTeopbl BCYpHXHBa.JlH Ha Ka'lanKe e TeLieHHe 511 

npH t~Mncparype ~0°C. npH '.)TOM YCTaH8BJ1HBaJ10Cb paBHOBecHe OCa.D.OK-pacT

Bllp H n6~~noBblBMHCb ttacbluteHHble pacTeopbl. H3Mep.lUIH OIITHLiecKy10 MOT

H\lC Tb rll\!l)"llCHHblX pacTBopoe npH COOTBeTCTBYIOlUHX AllHHax BOJIH, a no 

KaJHt6('\'80'1Hl'MY rpa<t>HKY onpe,.'leJl.llJlH KOHl..leirrpawoo KpacHTe.IUI. nocKOJibK}' 

ML'll'paCTB\)pltMblC HOHHble accOUH8Tbl neppeHaTa c OpraHH'lecKHMH OCHOBHblMH 

KpaClf~'lllMll 6HH8pHbl, JT8 KOHl..lempallHJI 'IHCJJeHHO paBHa TalOICe paCTBO

pMM\°I\: m C\)\"lt'l\el\:reyaomero Houuoro accouHaTa. EcTeCTBeuuo, TIM lKe pacqen.1 
Ml'l'Yt' liblTb Bblll\'\J1HeHbl noc..1e onpe.!leJlCHH.11 KOHUCtrrpaUMH neppettara 8 Hacbl

lllCHHhlX paCTl'llJlaX, KC\TI.)pu TIUOICe 'IHCJICHHO paaua pacrBOpHMOCT11 ocaJlKa 

MQHHOI\) ACC\'llHllTa. 

)Hl'teHHM np J>aCC'lllTWBUH 113 ypuuteHD IIP=s2
, l'JIC S - pacnopH

~fi M\Hnt\\I\) llCC\)U.H81''1. 

l}'t&lfikWIHplNc'\'A:llN .Wt"...00. ~I onpe.!lC.'leHHI llta'leturii f1P rpa.BH

MetpM't«KKM. M~ llOJt}''l.Ctltte OCUlroB. RpOMbllWOIC H 8C1pllXlllWlllC HX 

6blJ10 

cmf>H 
BJ Bel 

ue6o. 

TeMil 

KOMH 

)Ke HI-I 

HOHH 

a JaTI 

PCJ 

l. r. 
~ 

2. .. 
Y"l 

3. r. 
2l)j 

4. r. 
5. fa 

C. I 
6. Jle 



6b1JJO npoBe,lleHO KaK onHC8HO Bblme. JJ;anee pacTBOpbl 6blJIH Tlll3TeJJLHO 

OTii>HJtbTpOBaHbl H OCTOpo)KHO BbmapeHbl B npe.llBap1tTeJ1bHO npoKaJJeHHblX H 

B3BeWeHHblX cpap<t>opoBblX qamKax Ha BOJVIHOH 6aHe nyreM .ll008BJieHHJI HX 

He6on&mHMH nopUHJIMH. Oca,nKH B&1cymnsanH B cymHllbHOM rnKacpy npH 

reMnepatype 120°C s Teqemte ltt, nocne ttero OXJia>K,llaJJH B JKCHKarope JlO 

KOMHaTHOH TeMnepatypb1, s1semnsamt. CTpoue.nypa nosTOpJ111acb .llO .llOCTH

>Kemui nOCTOJIHHOH MaCCbl ocamca. lh MaCCbl OCa,llKOB ManopaCTBOpHMblX 

HOHHblX accounaTOB paCClfHTblBaJIH KOHUeHTP3UHtO H8CblllleHHOro pacTBopa, 

a 38TeM no npHBe,lleHHOMY BbJWe ypaBHeHHIO - 3HalfeHHJI I1P. 

Pocwtm :1HDwtH11ii llP MaJlopGCmllOfJUMbU UOHHbU acco11uamos neppeHama c opzaHu11ec1eUMu 
OCHOBHblMU Kp<JCwneAJIMU (P = 0,95; n = 5; ta..-: 2,78) 

KoHUeH1'plll.lHI KoHUCHTJ>auHll 3Ha'ICHHC np 3Ha'ICHHC np 

KpacH1'CJIL 
1epacKTCJU1, COCltHHCHHll, HOHHOfO HOHHOro Cpc.a.Hee 

MQ,trJJI M011rJ11 8CCOUHaTa accoUHaTa 3H8'1CHKC IIP 
( lf>oTOMCTplf1fC· (rpaBlfMCTpH'IC (cjlorOMCTpH'IC· ( rp8BHMCTplf'IC· 

CXHA MeT0.11) CIClfA MCTO.ll) CKHA MeTO.ll) CICHA MCTO.ll) 

c&41pauHH T 5.0. I0-6 5,0. JO"' 2,50. 10·11 2,50 · 10'11 2,50 · 10·11 

J>0.'18MHH )I( I, 75 · 10-' 1,80. 10-6 3,06. 10·12 3,24. 10·12 3,15. 10·12 

po.Ja.>.(HH 6)1( 1,5 · IO-' 1,5. 10-6 2,25. 10·12 2,25. 10·12 2,25 . 10· 12 

KJ>HCTa:1.:ur1ec- 2,0S · Ur6 2,90. 10"6 4,20. 10·12 8,41 . 10·12 6,30. 10·12 

DIA fHO:reroawil 

MeTH.lOBWA z,c.>s. nr 3,20. 10-6 8,70. !0"11 10.24. 10·11 9,47 · J0' 12 

+tio:teTolllidt 

(/ocmy1111.11a 2j.01.lO<U 
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Uu$n$nul 

UuiwgmgtJ.bt t, np nbfitmuI uiwpmfiwqnq mwppbp opJbqmfibpmu hfiw
pwtJ.np t nbfitmuI}l npn2mufi wutqbpw~wipwqwCi mtnnpuwfi bqwCiwqntJ. up 
zwpp opqwCiwqwCi h}luCiwJflfi fibpqwfiJmphpntJ. (nnqwuflfi ct, nnqwuflfi 6ct, 
uw:t>pwfiflfi S): Sflmpnuil! qwmwpl{bt t 0,8-1,0lf '.pnu:t>npwqwfi ppl{P 
U}l2wtJ.WJpnUi: fiptqhU flCiqflqwmnpWJflfi ttblJmpnq 4flpwnt.J.ht t UUWtnpCih 
1wpwJflfi ufl4pnt1 bqmpnq]!' + 1,4 tl uinmhfigflwtntl nnqwuflfi ct-fl, nnqwu}lfi 
6c:J--fl qhuwnuI L qpnJwlJ.wfi 111.nmhfig}lwtntl' uw:t>pwfi}lfi S-p qhuwmu: 

~}lufit.J.htntl umwgtJ.wb WJllllmfipfihpfl l\Jlw' nnqwuflCi ct-Ci L. nnqwu}lfi 
6c:J--fi qwpblfl t wnw2wp4bt np111.hu nbwqbfimfibp unlflpqbfiwJflfi }umw
Ujntpbpmu L. hwuwdmttlwbpfibpntu nhfijuuu}l wulllhpw~wqiwqwfi npn2uwfi 
hwuwp: 

bpqm }lpwp}lg wfiqw}u bqwfiwqfibpntJ.' :t>nmnuhmpwqwfi L. lt2nw
iw$wqwfi, npnztlht bfi tlhPl! Cizl{wb h}lufiwJ}lfi opqwCiwlfwCi fibplfwUJm
pbplt (}lfi~uitm CiwL. pjntphqwj}lfi uwCimzwqwqntjCi}l L. UhpfltWJpfi uwfim
zwqwqntjfi}l) qwmpnfifihpp hhm uitpnbfiwm-pnfifihpp wnw2wgpw<) pfl~ 

tmbhtfl tipwgmpJmfifibpp 1mbbltmtpJwfi wpmwqpJWtfibpp wpcthpfibp]!: 

S. V. VARTANYAN, Sh. A GYULNAZARYAN, N. M. DAVTYAN, H. G. KHACHATRYAN 

AMPEROMETRIC DETERMINATION OF RHENIUM IN DIFFERENT 
OBJECTS BY SOME ORGANIC BASIC DYES. CALCULATION OF 

SOLUBILITY PRODUCTS FOR OBTAINING INSOLUBLE COMPOUNDS 

Summary 

Possibility of rhenium determination in different rhenium-containing objects 
by amperometric titration method using some organic basic dyes as analytical 
reagents (Rhodamine G, Rhodamine 6G, Safranine T) has been shown. Titrations 
have been carried out in 0,8-1,0M phosphoric acid medium on the platinum 
indicating microelectrode at + 1,4 V(Rhodamine G, Rhodamine 6G) and 0,0 V (Saf
ranine T) potentials. 

Solubility products values (SP) for compounds forming during interaction 
between perrhenate-ions and cations of the mentioned organic basic dyes (as well 
as Crystal Violet and Methyl Violet) have been calculated by means of two 
independent methods (photometric and gravimetric). 
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B tw;TOSUJl,eH pa6oTe c UieJl.WO YBeJJHcteHHJI npocrpaHCTllCHHOro ~ 
HHpoBaHHR 11erHJJ.pOaMHHOKHCJIOTHOro ocranca co CTOpoH cl>eHH.lbuoH rp~nIILI 

N-6ettJHn11po11HHOsoro OCTanca H aJibJJ.HMHHHOfO 13Mecnrre.'UI 6WJIH CHHTelH

potiattbl XHpaJJbHble KOMIVICK.Cbl HOHa Ni2~ OCHOBaHHH 1..1.IH«M>a )lCm;tpoa.'la

HHHa c XHpa.IlbHblMH pea1-eHTaMH (S)-N-(2-6eH301L1cl>eHHJJ)-l-{3,4-.llHX.;10p6eH-

3HJl)nHpponH}lHH-2-Kap6oKcaMHJ10M (CPB) H (S)-O-N-(N-6eH3HJIDpOJIHJI)-2-aMH

H0-2',51-JlHMernn6eHJO<fJeHOHOM (BBX). 
Xupa.i1bttblH pearettT CPB H ero XHpaJJbHblH Ni2

+ kOMnneKc ocHosamdi 

WHlj>lj>a c rnHUHHOM (Ni-CPB-Gly) 6b1J1H CHHTe1HpoBaHb1 cornacuo [7]. Cxe

t.ta I HJIJllOCTpHpyeT CHHTe'J XHpaJibHOro peareHTa BBX rn H3 T03HJI8HTJ)a

HHJIOBOH KHCJIOTbl 'fepe1 npoMe)f(yrO'fHOC o6pa3083HHC 2-aMHH0-2',5'-.llHMe
THit6eHlOH8 (1), 

CxeMa I. 

CxeMa 2 HJIJJIOCTJ>HPYeT CHHTe3 XHpanbttwx Ni2• KOMnJJeKcoa OCHOB8HHH 

lllH<M>a rnH1.tHHa c xHprutbHblMH Kap6oHHJibHblMH coe.D.HHCHHJIMH CPB H BBX 
(Ni-CPB-Gly Q) H Ni-BBX-Gly W). PeaKl.tHH CHHTe3a KOMruieKcoe J. H ~ 
npoTeK.CUOT 11t1e,LVleHHo no cpaBHeHHIO c CHHTe30M KOMflJJCKCa Ha OCHOBe 

XHprutbttoro pearettTa BPB, 'fTO, no-BH.llHMOMy, .11BJU1eTC.11 cne.D.CTBHCM crepH

'fecKHX Q>aKTOpoB, o6ycJl08JleHHblX Ha.JlH'fHeM 3J1eK1'p08.Kl!errropHblX JaMecTH

Te;aeH s aMHHo6emo$cttottosoM H N-6eH3HJmponHHOBOM <t>panteHTaX. CHJrre:J 
BBX ll> ocyll.lecTBJJ.llJOT npH KOMHaTHOH l'eMneparype s CH2Cl2; npo.izyKT 

11epeKpHCTWIJIHJyt0r HJ remaHa. KoMrUieK.c Ni-Gly-BBX W o6pa.JyeTC.11 e 

BH,Ae .'.lBYX aTpo110H30MepoB (A H 8). KOTOpble 6blJ1H pa.3.lJ.CJieHbl xpoMaro

rpacpHpoBaHHeM (Si°'2, CHClrCH3COOC2Hs ( 1 :5)) H oxapaKTCp1130BaHW 
~eTO.l\OM 1H-JIMP. 



X•O. Y•H, CPS 

X • H. Y = CH,, BB1C ( l.J 

Gfy, KOH 

Nl(NOJ,. MeOff 

Cxeau2. 

X •Cl, Y • H, NlCPB-011 fl) 

X • H, Y •CH,, NUllX-411 ft.) 
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CxeMa 3 HJIJIIOCTJJHPYeT CHHTe3 XHpaJibHbIX KOMnJieKCOB (R)-cepHHa -
Ni-CPB-(R)-Ser ~) H Ni-BBX-(R)-Ser (!). KoHJleHcaQHR KOMnJieKcoe rnHiurna 
(Ni-CPB-Gly Q) H Ni-BBX-Gly (i)) c napa<J>opMoM H.lleT npH HarpeBaHHH e 
lUeJioqHOH cpe,ne. no XOJlY peaKL\HH JlHaCTepeoMepHbie KOMnJieKCbl (S)-cepuHa 
(Ni-CPB-(S)-Ser H Ni-BBX-(S)-Ser) nonHOCTbfO nepexo.nn e KOMnJieKCbI 
(R)-cepHHa ~ H fil. KaK 6bIJIO noKaJaHO paHee Ha npHMepe CHHTe3a KOMnJieKCOB 
cepHHa Ha ocHoBe xHpa.JI&Horo peareHTa BPB, npH ysenHqeHHH OCHOBHOCTH 
cpeJlbl npOHCXOJlHT HOHH3aUHR /3 -OH rpynn&I OCTaTKa cepHHa, 'lTO conpo

BO>K,JJ.aeTC.11 BHYTJJHMOJieKynRpHOH neperpynnupOBKOH KOMnJieKca c KOOpJlHHa
UHeH HOHa MeTaJIJia no HOHH3HpOBaHHOH rH.llpOKCHJlbHOH rpynne. B nony
qeffHOM KOMnJleKce repMOJlHHaMuqecKH 6onee BbJrO.llHbIM OKa3bIBaeTC.11 .llHa
crepeoMep, co.nep)f(aLUHH ct>parMeHT (R)-cepHHa. B npHCYTCTBHH cna6oro 
OCHOBaHH.11 (Et3N) npe.llnO'lTHTeJlbHO npoHCXOJlHT o6pa30BaHHe KOMnJieKCOB 
(S)-cepHHa. KoMnneKc Ni-BBX-(R)-Ser ® nonyqaeTC.11 B BHJle .llByx aTpono
H30Mepos, KOTOpbie 6bUIH pa3.lleJieHbl xpoMaTOrpacpH11ecKH H oxapaicrepH30-

BaHbl cneKTJJaJibHblMH MeTO.llaMH. 

~x 
9N /oyo CH,CN / NllaOO, 

H : '-Ni yCH
2
0H + (CH3CO~O _25< __ _ 

o~v 

K-CI, Y-11, Ni-CPS- LI -AM ( l) 
XsH, Y=CH,, N;.88)(. LI -Ala (I.) 

CXCMa4. 

KaK BH.llHO H3 cxeMbI 4, KOMnJieKCbI ~ H ! 6blJlH ncnoJib30BaHbI ,ZUI.11 cHHTe38 
KOMnJieKcos nerH.llpoaJiaHHHa qepe3 npoMe:>K)'ToqHoe aueTHJlHposaHHe ceputtoso
ro <f>parMeH'Til H a, fJ -3JIHMHHHpoBaHHe ocTaTKa yKcycHOH KHCJIOTbI 0-aUeTHJJ-

cepHHOBbIX KOMrIJieKCOB. AuenmnpoBaHHe ~ H ! 8 Cpe.lle aueroHmpHJJa B npHcyr-
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cTBffff Na2C03 npoucxoJJ.HT MeJ].J1eHHo ff ycKopJ1eTcJ1 npn yeenwieHffH H36bJTKa 
yKcycHoro aHrHJJ.pffJJ.a. B cnyqae Ni-CPB-(R)-Ser ~ aueTffJJffpoeaHHe no cpaaHe
HHIO c KOMnneKcoM (R)-cepffHa ua ocHOBe XffpanbHoro peareHTa BPB npoffc
xoJJ.HT Me}].J1eHHo (a Te'"leHffe 8-1011). CpaamneJJbHO HeaKTffBeH no OTHorneHffto 
K peaKUHH a, /3 -3JIHMHHHpoaaHHJI TaIOKe nonyqeHHblH 0-aQeTHJlbHblH npOff380}l,-

HbIH KOMOJJeKCa cepffHa Ha OCHOBe XHpaJJbHOro peareHTa CPB (Ni-CPB-(R)-0-
AcSer). PeaKUHOHHaJI cMeCb no}].aepraercJ1 nonHoMy Jl.eaueTHJIHpoeaHHlO TOJibKO 
nocne nonuoro aUeTHJ1HpoaauuJ1 <i>parMeHra (R)-cepnHa npu uarpeaaHHH a 
relfeHHe 3-411. 

Ilpu aueTHJJHpoaaHHH KOMOJJeKca Ni-BBX-(R)-Ser ~) <j>parMeHr cepHHa 
nOJIHOCTbJO auenurnpyeTCJI B TelfeHue 5~11. B1>1J1CHHnoc1>, rrro s JTOM cnyqae 
peaKUHJI JJ.eaUeTHJ1ffpoeamu1 nonyqeHttoro KoMnneKca 0-aQeTHJicepffHa, e OTJIH
que OT peaKUHff aUeTHJJHpoeaHHJI, npoucxo)lHT oqeHb nerKo. AQeTHJJHpoBaHHblH 
npoff3BOAHbIH KoMnneKca B npouecce ero o6pa3oBaHHJI napannenbHO no.neep
raeTCR }l,eaUeTHJJffpoaaHHIO. Ilonttoe al.(eTHJJHpoBaHue H .ueaQeTffJJffpoeaHue KOMn
neKca ~ npOHCXO}l,ffT npff TpeXKpaTHOM H36bJTKe (CH3C0)20 B TelfeHue 211. 

B pe3yJihTaTe peaKUffff auermrnpoaaHHR ff .ueauerffJIHpoBaHffJI o6p83ytoTCJI 
XHpaJibHbie Ni2 ... KOMOJJeKCbl OCHOBaHHR lllmp<j>a .nern.npoanaHffHa c XHpaJJbHblMH 
peareHTaMH CPB H BBX (Ni-CPB-LI -Ala (1) H Ni-BBX- LI -Ala nm. IlpH JTOM 
KOMnJieKc .nerHJJ.poaJJaHHHa Ha ocuoae XffpaJJbHoro peareHTa BBX (~) 06pa3yercR 
e BffJl.e .nayx arponoff30Mepoa (A ff B). Arponoff30Mepb1 KOMnneKca ~ 6bIJIH 
paJ.11.eneHbI ua KOJIOHKe c Si02, JlODOJIHHTeJJbHO OlfHUleHbl Ha ce<t>a.ueKce LH-20 
H oxapaKTepH30BaHbI cneKTpaJJbHbIMff MeTOJJ.aMff aHaJJff3a. ArponoHJOMepHbie 
KOMOJJeKCbl .uerHJ],poanaHHHa CHJJbHO OTJIHlfalOTCJI .npyr OT .npyra no <l>H3HKO
XHMH'"leCKHM napaMerpaM. 

3KcnepHMeHTaJ1bHa11 11acrb. CneKTpbl 1H-.HMP perHcrpHpoBaJJHCb Ha 
npu6opax «Bruker WP 200» H «Bruker XP 400». OmH'"lecKoe epameHHe H3Me
PJIJIH Ha nonRpHMeTpe «Perkin-Elmer 341 ». Bee HcnOJJb30BaHHb1e pacTaopHTeJIH 
6blJIH CBe)l(eneperHaHHbIMH. DeH3HJIDpoJIHH nonylfHJlff no paHee pa3pa6oTaHHOH 
MeTOJlffKe [8). B pa60Te ffCDOJib30BaJJffCb rnffUffH, napa<J>opM, yKcycHhlH aHntJl
pHJJ., n-KCHJJOJI, 6eH3HJJ6poMHA, JTaHOJiaMHH, ffMffA830JJ ff Jlpyrne peaKTHBbl 
<PKJ>Mbl «Aldrich» H «PeaxHM». Ni-CPB-Gly Q) CHHTe3ffpoBaJIH cornacuo [7]. 

CuHme3 2-aMUHo-2',5'-iJUMemun6eH30Ha (!J. B cyxy10 KpyrnoJJ.OHH)'IO KOJI-
6y DOMelllaJOT 36,52 (0,125.MOJlb) cyxoH Ts-aurpaHHJIOBOH ICHCJIOTbl, 350Mll 6e3-
BOJJ.Horo n-KcHJioJia H 302(0,142.Mollb} PCl5. CMeCb nepeMeWffBalOT npH 50°C 
e TelfeHHe 511. PacTBop OXJl8)1(AaIOT .ao 20-25°C, npH6aam110T K HeMy 72,52 
(0,55 .wo11b) AICI3, TeMneparypy peaKUHOHHOH cMecn nOJl.HHMBIOT llO 80-90°C 
H nepeMelliHB3lOT B TelfeHHe 811. 3aTeM rrpH KOMHaTHOH TeMneparype peaKUffOH
H)'IO CMeCb BbIJIHBaIOT a JJHTpoBYIO Ko116y co cMecblO 1202 JJb.Ua H I 0Mll I 2N HCI. 
PacTaop ynapHBaIOT, oca,i:{oK TI.QaTeJJbHO npoMb1aa10T nocneJloBaTeJJbHO 0,5N 
HCI, H20, 5% Na2C03 H H20 J].J1JI nonHoro YJlaJieHHJI npuMeceii aHrpaHHJlO
BOH KHCJJOTbl H .apyrHX HCXOJl.HbJX peareHTOB. 

HeolfHUleHHblH, BJJllilCHbIH cynb<f>aMHJl. pacTBOpJilOT npu HarpesaHHH Ha 
napoeoif 6aHe a TelfeHHe 311 e 400M.ll KOHUeHTp11poaaHHOH H1S04. CepHOKHC
JlhlH pacTBop BblJIHBalOT B mrrpoBblH CTaKaH, OXJl8)1(A8IOT B 6aue co Jlb}l,OM H K 

79 



~ . . ' ' ., . . ... \ . ... . . 

... 

co)lep)l(HMOMY Me}lJleHHO npn nepeMeUIH8aHHH npn6asJU110T 8002 Jib)la. Bo 8pe
Mj( 3TOH onepal(HH 8bl)leJij(eTC$l <PettHJI-n-ryJIOHIICYJib<t>OH. 3aTeM npn6a8Jij(IOT 152 
aKTH8Hpo8aHttoro yrng, nepeMeurn8alOT 8 re11eune l 0MuH H <PHilbTpYIOT. <l>HJlbT
paT HeHTpaJIH3YIOT 12N N~OH )lO pH 4-5, 8blfia8WHH npn 3TOM OCa)lOK OT· 

<t>HJ1bTp08b1Bat0T, npOMblBatOT 80.lJ.OH. ITpoJlYKT nony11aeTC$l 8 8H)le )l(eJlTblX Kpnc
TaJIJ108. BblXO)l 40% ( 11,252, 0,05MOJlb ). T nn= 99-10 l 0c. Haff)leuo, %: c 79 ,98; 
H 6,80; N 6,15. C15H150N. Bwrncnetto, %: C 79,97; H 6,71; N 6,21. 1H-RMP 
(CDCh, o, M.Jl.): 2,16 (c., 3H, CH3); 2,29 (c., 3H, CH3); 6,31 (c., 2H, NH2); 

6,46-7,27 (M., 7H, Ar). 
(S)-N-(2-(2', 5 '-</Je11wi6e111owi))-J-nuppollUOUH-2-Kap6oKCaMUO (BBX) (~. 

K paCT8opy 4,52 (0,022Mollb) 6ett3HnnponnHa 8 20MJl CH2Cli npH oxna)l()le
HHH .lJ.O -10°C .no6aBJ1S110T 4,572 (0,022Mollb) PC15 H nepeMelllH8atOT 10MUH. 
3aTeM TeMneparypy peaKUHOHHOH CMeCH ITO,llHHMalOT ,l\O KOMHaTHOH H npH nepe
MeWHBaHHH .no6aBJ1SllOT 4,82 (0,022Mollb) 2-aMHH0-2',5'-.llHMeTHJI6eH30<t>eHOHa. 
3a xo.noM peaKI.{HH cne.nn MeTO.llOM TCX (Si02, (C2H5) 20-Me0H (3: l )) .no non
HOH KOHBepcHH KeTOHa. 4epe3 3'1 K peaKUHOHHOH CMeCH npH HHTeHCHBHOM nepe
MeWH8aHHH .no6aBJ1HIOT HaCbllUeHHblH paCTBOp TeXHH'leCKOH CO,llbl .no meJlO'IHOH 
peaKUHH pH. 3aTeM opraHH'leCKHH CJIOH OT,lleJlSllOT, npOMbl8alOT 80JlOH H ynapH-
8alOT JlOCyxa. ITpOJlYKT KpHCTaJIJIH3YIOT H3 remaua. ITony'lalOT KpHCTaJIJlbI BBX . 
6yporo UBeTa. BbIXOJl 90% (8, 17 2, 0,019MOJlb ). T nn=96-98°C. Hau)leHO, %: 
C 78,38; H 6,90; N 6,81. C21H28N202. Bbl'IHCJieHo, %: C 78,61; H 6,84; N 6,79. 
1H-RMP (CDCb, 8' M.Jl.): 1,76 (M., lH, r-H Pro); 1,98 (M., lH, /3-H Pro); 
2,01 (M., lH, /3-H Pro); 2,22 (c., 3H, CH3); 2,26 (c., 3H, CH3); 2,38 (M., 2H, 
8 -H Pro); 3,32 (M., 2H, 8 -, a -H Pro); 3,64 n 3,98 (AB, 2H, NCH2Ph, 
JAB=l3I'11); 6,97-7,48 (M ., 6H, Ar); 8,73 (M., lH, Ar); 12,43 (c., lH, NH). 

Cu11me1 Ni-BBX-Gly (1.J. K pacT8opy 2,72 (6,5.MMOllb) BBX, 3,82 
(13.MMOllb) Ni(N03)2·6H20 H 2,42 (32MM0J1b) Gly s 20M.11 MeOH )lo6a8J1$llOT 
pacTBop 3,22 (58M.Mo.11b) KOH 8 15w1 MeOH. CMecb nepeMewnsann npH 
55-65°C s Te'lettne l 'I. 3a XOJlOM peaKUHH cne)lSIT MeTOJlOM TCX (Si02, 

CHCb-CH3COOEt (I :5)). ITocne OKOH'lattffj( peaKUHH cMecb HeHTpanH3y101 
CH3COOH .no pH 5-6 n pa36a8JISllOT 80,llOH JlO o6beMa 200MJl. Bbma8WHH 
OCa)lOK KOMIUieKca Ni-BBX-Gly oT<t>HJibTp08blBalOT H cylllaT no.n 8aKyyMOM. 
He6onbwyio qacTb KOMnneKca (12) xpoMarnrpa<t>nposann ua Si02 8 cncTeMe 
pacTBopnTeJieH CHC'3-CH3C00Et (1 :5). ITonyqeuo 2,42 (4,55MMOllb) Ni-BBX
Gly (70%). Tnn=98-l00°C. [a ]o25= +1304° (c=0,05; CHCb). Hau.neuo, %: 
C 66,03; H 5,42; N 8,18. C29H29N303Ni. Bb111ncnetto, %: C 66,18; H 5,55; N 7,98. 
ITpo.nyKT cymecTByeT B BH)le .nsyx aTpOnOH30Mepo8 (A n B). 1H-RMP (CDCh, 
0, M.)l.): 

A. 1,86 (c., 3H, CH3); 2,04 (M., 2H, /3-H Pro); 2,26 (c., 3H, CH3); 2,45 (M., 
2H, y-H Pro); 2,50 (M., lH, 8 -H Pro); 3,335 n 3,725 (AB, 2H, CHCH2, JAB= 

=22I'l/); 3,41 (M., 2H, 8 -, a -H Pro); 3,58 n 4,35 (AB, 2H, NCH2Ph, JAB =l l,5I'l/); 
6,01-6,85 (M., 3H, Ar); 7,05-7,48 (M., 6H, Ar); 8,08-8,34 (M., 3 H, Ar). 

B. 1,98 ( c., 3H, CH3); 2,06 (M., 2H, /3 -H Pro); 2,31 ( c., 3H, CH3); 2,46 (M., 
2H, y-H Pro); 2,48 (M., JH, t5 - H Pro); 3,43 (M., 2H, 8-, a-H Pro); 3,515 ff 
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3,69 (AB, 2H, CHCH2, JAB=20I'14); 3,515 H 4,41 (AB, 2H, NCH2Ph, JAB=l l,5I'14); 
6,01-6,85 (M., 3H, Ar); 7,05-7,48 (M., 6H, Ar); 8,08-8,34 (M., 3H, Ar). 

CuHme3 Ni-CPB-(R)-Ser (j). K pacTBopy 232 (0,04MO.llb) KOMIUieKca Ni
CPB-Gly B 200.Mn MeTattona .i.o6aMJllOT 40MJZ 4N CH30Na H 132 (0,4MO.llb) napa
<l>opMa. PeaKUHOHHylO CMeCb nepeMellIHBaIOT B aTMoc<t>epe Ar npH TeMneparype 
40-50°C B Te'leHHe 511 .zxo nonHoro npespameHHR KOMIUieKca Ni-CPB-(S)-Ser 
B KOMnneKc Ni-CPB-(R)-Ser. 3a xo.zxoM peaKUHH cne.llJlT MeTO.llOM TCX B cHc
reMe C6HsCH3 -CH3COCH3 (2:3). ,[{anee peaKUHOHttylO cMec& tteJirpanH3YJOT 
CH3COOH .zxo pH 5-6 H pa36asm110T so.zxoii B 5 pa3. B&masmHii oca.zxoK OT<l>HnbT
poBbIBaIOT, npOMbIBalOT 80,[J.OH H cymaT IlO,[J. BaKyyMOM. 

flonyqeH 172 (0,028MO.llb) Ni-CPB-(R)-Ser (70%). T llJl=242-243°C. HaiiJJ.e
HO, %: C 56,33; H 4,24; N 6,58. C2sH2s04N3Cl2Ni. BLI'IHCJJeHo, %: C 56,90; 
H 4,61; N 6,86. CneKTp 1H-RMP (CDCb, o, M . .zx.): 1,85 (M., lH, P-H Pro); 
2,08 (M., 3H, p-, a-, y-H Pro); 2,49 (c., lH, OH); 3,18-4,30 (AB, 2H, NCH2Ar, 

J=12,4I'14); 3,38 (M., lH, a -H Pro); 3,62 (M., 3H, o -H Pro, CH20H); 4,08 (M., 
lH, t5 -H Pro); 6,60 (M., lH, Ar); 6,69 (M., lH, Ar); 7,1 (M., 4H, Ar); 7,40 (M:, 
2H, Ar); 7,49 (M., lH, Ar); 8,09 (c., lH, Ar); 8,25 (M., lH, Ar); 8,35 (M., lH, 
Ar). [a]o25=-2116°(c=0,3; MeOH). 

CuHme3 Ni-BBX-(R)-Ser (§). K pacTBopy 1,82 (3,4M.Mo.llb) Ni-BBX-Gly B 
1 OM!l MeOH B aTMoc<Pepe Ar npH nocTORHHOM nepeMellIHBaHHH JJ.06aBJIRIOT 
0,52 ( 17 MMD.lib) (CH20)n H 2, 15.Mll 4N MeONa. flepeMewusaHHe npoJJ.OJDKaIOT 
B aTMOc<t>epe Ar npH KOMHaTHOH TeMneparype 8 Te'leHHe 211. 3a XO)J.OM peaKQHH 
cneJJ.HJIH MeTO.D.OM TCX Ha Si02 B cHcTeMe pacTBOpHTeneii CHC13-CH3COCH3 
(I : I). flpH 3TOM npOHCXO)J.HT KaK KOHBepCHJl KOMUJieKca rJIHQHHa B KOMUJieKC 
cepHHa, TaK H nepexo.zx Ni-BBX-(S)-Ser 8 Ni-BBX-(R)-Ser. flocne 3Toro peaK
UHOHttylO CMec& HeH'rpanH3YJOT CH3COOH .llO pH 5-6, .D.06aBJIJllOT 20M.ll CHCb H 
IOOM.ll H20, opraHH'leCKHH cnoii OTJJ.eJIRIOT, npoM&IBaIOT 80.D.OH. flpo.D.yKT 'IHCTRT 
xpoMarnrpa<t>Ht1ecKH Ha KOJIOHKe c Si02 (CHC'3-CH3COCH3 ( 4: 1 )). flony'leHo 
1,232 (2,21MMO.llb) Ni-BBX-(R)-Ser (65%). TllJl=l47-149°C. [a ]o25= -1708° 
(c=0,05; CHCb). Haful,eHo, %: C 62,74; H 5,78; N 6,82. C30H31N304Ni·H20. 
BbI'IHcnetto, %: C 6,74; H 5,79; N 7,32. flpoeyKT cyl.l{eCTByer B BH.lle .D.Byx 
arponoHJOMepos (A H B). 1H-JIMP (CDCh, o, M.JJ..): 

A. 1,823 (c., 3H, CH3); 1,93 (M., 2H, P-H Pro); 2,322 (c., 3H, CH3); 
2,586 (M., 2H, y-H Pro); 3,45 (M., IH, o -H Pro); 3,48 H 4,48 (AB, 2H, NCH2Ph, 
JAB =12I'14); 3,50 (M., IH, a -H Pro); 3,59 H 3,62 (AB 'laCTh ABX CHCTeMbI, 2H M, 
CH20H, JAB =6); 4,02 (M., lH, o-H Pro); 4,08 (X qacTh ABX CHCTeMhl, IHM, 
CHCH20H); 6,67-6,71(M.,3H, Ar); 6,82 (c., lH, OH); 7,15 (M., 2H, Ar); 7,45-
7,50 (M., 4H, Ar); 8,04 (M., 2H, Ar); 8,48 (M., lH, Ar). 

B. 1,93 (M., 2H, P-H Pro); 2,12 (c., 3H, CH3); 2,29 (c., 3H, CH3); 2,64 (M., 

2H, y-H Pro); 3,45 (M., IH, o -H Pro); 3,50 H 4,42 (AB, 2H, NCH2Ph, JAB= 
=12I'14); 3,52 (M., lH, o -H Pro); 3,60 (M., lH, a -H Pro); 3,61 H 3,64 (AB qacn 
ABX cHCTeMbI, 2H, CH20H, JAB =6I'14); 4,05 (M., IH, o -H Pro); 4,12 (M., X qacTh 
ABX cHcTeMbI, IH, CHCH20H); 6,67-6,71 (M., 3H, Ar); 6,83 (c., IH, OH); 
7,15 (M., 2H, Ar); 7,45-7,50 (M., 4H, Ar); 8,04 (M., 2H, Ar); 8,48 (M., IH, Ar). 
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CuHme1 Ni-CPB-A-Ala (ZJ. K pacTBopy 22,22 (0,037Mollb) Ni-CPB
(R)-Ser s 60M.ll CH3CN B aTMoc<t>epe Ar H npH nocToRHHOM nepeMenrnBaHHH 
.1106aBm110T 202 (0,0 l 8M0.11b) Na2C03 H no 11acuM 6,42 (0,062Mo.llb) yKcycttoro 
attrnJJ.pH.11a. Auern1rnposattHe Ni-CPB-(R)-Ser npo.110JDKaeTcR B Te11eHHe 811. 
3aTeM peaKQHOHttylO CMeCb HarpeBaJOT .110 50-60°C B TelfeHHe 3-411 .no non
HOfO .11eauern1rnpoBaHHR KOMIDieKCa Ni-CPB-(R)-0-AcSer. 3a XO.ll.OM peaK-
1..lHH aQCTHJIHpoBaHH.11 H .11eaQCTH1IHpoBaHHJ1 cne.11RT MCTO.ll.OM TCX (Si02, 
CHCb-(CH3)iCO (5:1)) no HC'IC3HOBCHHIO nutta HCXO)lHOfO KOMflJICKCa (R)-ce
pHHa. flocne OKOHlJaHHJI peaKQHH JJIHMHHHpoBaHHR OCa)lOK HeopraHHlfeCKHX 
COJteH OT<t>HllbTPOBbtBalOT, pacTBop ynapHBalOT .nocyxa, OCTaTOK paCTBOp.lllOT B 

MHHHMaJlhHOM KOllH'leCTBe CHCb, 011umatoT xpoMaTorpa<t>upoBaHHeM Ha Ko
JIOHKe c SiOi B CHCTeMe paCTBOpHTCJlCH CHCh-(CH3)2CO (5: 1). nonyqeHo 212 
(0,036.Mo;ib) KOMIDieKca Ni-CPB-A-Ala (98%). T1111=235-237°C. HaiiAeHo, %: 
C 55,90; H 4,27; N 6,98. C2sH2303N3NiC'2· l,25 H20. Bb111ucneuo, %: C 55,84; 
H 4,24; N 6,90. CneKTP 1H-RMP (CDCh, o, M . .lJ..): 2,08 (M., IH, P-H Pro); 

2,23(M., lH, r-HPro);2,60(M., lH, P-HPro);2,69(M., lH, r-HPro); 3,19H 

4,25 (AB, 2H, NCH2Ar, JAB=l2,4I'74); 3,40 (M., lH, a -H Pro); 3,58 (M., lH, 
o -H Pro); 3,72 (M., lH, o -H Pro); 4,17 (M., lH, CHCH2); 5,64 (M., lH, CHCH2); 
6,72 {M., lH, Ar); 6,85 {M., lH, Ar); 7,20 {M., 2H, Ar); 7,38 (M., lH, Ar); 7,48 
(M., 4H, Ar); 7,82 (M., lH, Ar); 8,06 (M., lH, Ar); 8,86 {c., lH, Ar). 
[a ]o25=+2865,0° (c =0,052, CHCb). 

CuHme1 Ni-BBX-LJ-Ala (§). K pacTBopy 2,3z (4MMOJJb) Ni-BBX-(R)-Ser 
B 20.MJl CH3CN B aTMoc<t>epe Ar JJ.o6aBJt.llJOT 22 (20MMO.llb) Na2C03 H 1,22 
( 12MMoAb) yKcycttoro aHrnApH.lJ.a. 3a XOJJ.OM peaKl..lHH CJie,n_gT MCTO.ll.OM TCX 
(Si02, CHClrCH3COCH3 (5:1)) no HClJe3HOBCHHJO c11e.ll.OB ucxoAHoro KOMIDieKca 
cepHHa. lJ.epe3 211 nocne Ao6aBJteHH11 yKcycttoro aHrHApH.ll.a HCXO.ll.HhtH KOMn-
11eKc Ni-BBX-(R)-Ser 11epe3 npoMC)KYTOlJHOe aQeTHJIHpoaaHHe noJIHOCThlO 
nO,lJ.BepraeTC.11 a' p -JJIHMHHHpoBaHHIO c o6pa30BaHHeM .llByx aTPOnOH30MepHblX 
KOMflJieKCOB Ni-BBX- .1-Ala. PeaKQHOHttylO CMeCb <t>HJihTPYIOT, OCa)lOK npoMbl
BaJOT XJiopo<t>opMOM, opraHHlJeCKHH CJIOH ynapuBalOT ,lJ.ocyxa. .[lea aTPOnOH30-
Mepa KOMflJieKCa .nerHApOa.IlaHHHa 6blJIH pa3JJ.eJieHbl Ha KOJIOHKe c CHJIHKa
reJJeM (Si02, CHClrCH3COCH3 (IO: 1 )) H JJ.OnoJIHHTeJibHO OlJHLUeHbl Ha ce<t>a
.neKce LH-20 (6ett30JI-JTauon (3: 1 )). 

AmponoU3oMep A. Bh1xo.n. 40% (0,862, 1,6.wcoJJ&). T rut=85-87°C. 
[a ]o25=+2375,0° (c=0,056; CHCl3). HaH.n.etto, %: C 67,31; H 5,50; N 7,28. 
C30H29N303Ni. 8b111uc11etto, %: C 66,94; H 5,43; N 7,81. 1H-RMP (CDCb, 
o, M . .n.): 1,85 (c., 3H, CH3); 2,09 (M., 2H, /J-H Pro); 2,34 (c., 3H, CH3); 2,53 

(M., lH, r -H Pro); 3,17 (M., lH, y-H Pro); 3,45 H 4,385 (AB, 2H, NCH2Ph, 
JAB=l2I'74); 3,49 (M., lH, a -H Pro); 3,62 (M., 2H, o -H Pro); 4,21 (M., lH, =CH2); 
5,65 ( c., I H, =CH2); 6,67 (M., 1 H, Ar); 6, 78 (M., 2H, Ar); 7, 15 (M., 2H, Ar); 
7,06-7,2 (M., 2H, Ar); 7,32-7,36 (M., 2H, Ar); 8,1-8,15 (M., 3H, Ar). 

AmponoU3oMep B. B1>1xo,n_ 50% (12, 2MM0J1b). Trut=233-235°C. 
[a ]o25=+3147,5° (c=0,061; CHCb). HaH.n.euo, %: C 67,22; H 5,52; N 7,42. 
C3oH29N303Ni. Bbi'iHCJietto, %: C 66,94; H 5,43; N 7,81. 1H ->IMP (CDCb, 

O, M.)l.: 
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8, M.A.): 2,07 (M., lH, /J-H Pro); 2,11 (c., 3H, CH3); 2,15 (M., lH, /J-H Pro); 

2,28 (c., 3H, CH3); 2,56 (M., lH, y-H Pro); 2,63 (M., IH, r -H Pro); 3,39 H 

4,32 (AB, 2H, NCH2Ph, JAB=l2I'11); 3,48 (M., IH, a -H Pro); 3,55 (M., IH, 8 -H 
Pro); 3,71 (M., lH, 8 -H Pro); 4,23 (M., IH, =CH2); 5,59 (M., IH, =CH2); 
6,71 (M., 2H, Ar); 6,78 (M., lH, OH); 7,12-7,84 (M., 6H, Ar); 8,15 (M., 3H, Ar). 

Pa6oma 6blnOJIHeHa npu r/JUHGHC060U noooep:JK:Ke Me:JK:OyHapoOH020 
HOJl"HO-mex11U'lec1<020 11eHmpa (zpaHm ISTC A-356). 

EI'Y. HH30C PAH flocmyn1U1a 25.02.2003 

JIHTEPATYPA 

1. Radahhisman A.N. - J. Biochcm., 1970, v. 1, p. 117. 
2. D1Vis L. and Metzler D.E. -The Enzymes, ed. P.D. Boyer, New York, Acad. Press 3rd Ed., 

1972, v. 7, p. 33. 
3. 6e.noicoHi. JO.ff., )bu111rapi1H C.M., Cann111 A.C., HelUIOB A.C., liu111coa B.M. - H38. AH 

CCCP. cep. xHM., 1988 . .N"!! 7, c. 1617. 
4. Belokon' Y.N. - Janssen Chimica Acta, 1992, v. 2, p. 4. 
5. Belokon' Yu.N., Sagbiyan A.S., Djamgaryaa S.M., Bakhmutov V.I., Belikov V.M. - Tetra

hedron. 1988, v. 44, .N"!! 17. p. 5507-5514. 
6. Saghiyan A.S., Geolchanyan A.V., Djamgaryan S.M., Vardapetyan S.M., Tararov V.I., 

N.A.Kuz'mina, lkonnikov N.S., Belokon' Yu.N. and Nort M. Rass. - Chem. Bull., Intern. 
Edition. 2000, v. 49, .N"!! 8. p. 1460. 

7. Can1RH A.C., Ile-rpocRH A.A., A1116apuy11tt1H A.A., Mueee B.H., liuoKOHb JO.ff. - XHM. 
xcypH. ApMCHHH, 2002, T. 55, N!! 3, c. 150. 

~. 4. 4UUPUP~OM.IBU"\J, U. U. UU'l8U"\J, U. U. ITlbSf'OU8U"\J, L. L. UU"\JUU8U"\J, 
Q.. lf. lf4f'S~BU"\J, U. U. U<lbSt>U8U"\J, <l. t>. UULbb<l, am."\.,.. Pblff40"\J 

'1-b~.P'l-POULU'V.P'V.P C.Pl>l>.P ~.PlT~bP.P ~bS Ni(II) .PO'V.P 
Ufi.li.2USPUr> 'VOP ~.PPULU3.P'V 40lT"lU;~U'VbP.P U.P'VfO'bQ 

Uulflnlf1nuI 
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Jl 

lTzwlttlht hCi (S)-N-(2-phCiqnP.t:PhCipt)-l-(3,4-qll1nnppbCiqjlt)utlipntlulliCi-2-
ltwppopuwuPll(CPB) L (S)-N-(2-(2' ,5'-ajluhJlPL:PhCipL)phCiqnpt)-1-utlipntlulliCi-2-
ltwppopuwuPll (BBX) pppwtWJ}l.Ci nbwqbCimCibp)l. L CipwCig h)l.uwCi tl.Pw J;,. 

qwnmgtlwo qbh}l.IyUlwtwCipCip Cif14btwJ}1Ci PPPWLWJ}l.Ci qnuuutpuCibpp (Ni-CPB-
LI -Ala L Ni-BBX- LI -Ala) u}l.CiJlbqp UbJlnqCibp: BBX PPPWLWJ}l.Ci nbwqtCim}l 
qbuwmu pntnp u)l.CiJ}hqtlwo qnUU{thpuCibp[!. qbhpqpnwtwCipCip L. uf12wCiltJwt 
<uf:lgpCip m ubp)l.Cip, wnw2wCimu bCi tp4m wmpnU{npqnubpCibpp dLntl, npnCip 
wCi2wmtlbt L hbmwqnmtlht bCi ctwuwCiwqwltlJ.g utqb4wpwt wfiwt.liqjl 
ubpllllfi bpntl: 
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H. H. HAMBARDZUMY AN, A. S. SAGHIY AN, A. A. PETROSYAN, L. L.MANASY AN, 
G. M. MKRTCHYAN, A. A. AVETISYAN, V. I. MALEEV, Yu. N. BELOKON' 

SYNTHESIS OF NEW CIDRAL Ni(II) COMPLEXES OF SCIDFF'S 
BASE OF DEHYDROALANINE 

Summary 

New methods for the synthesis of the chiral reagents (S)-N-(2-
-benzoylphenyl)-1-(3,4-dichlorbenzyl)pirrolydin-2-carboxamide (CPB) and (S)-N-
-(2-(2',5'-dimethylphenyl)benzoyl)-l-benzylpirrolydin-2-carboxamide (BBX) and 
their chiral Ni

2
+ complexes of Schiff s bases with dehydroalanine (Ni-CPB- L1 -

-Ala and Ni-BBX- L1 -Ala) has been elaborated. All the complexes derived from 
BBX are formed as atropoisomers. These atropoisomers were isolated and 
subjected to spectral analysis. 
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bf'b<lU'Lf> "lbSUllU\, ~UUULUUf'Ul.f> <\.f>SUllU\, Sb'lbllU<\.f>f' 
~HJ.IE 3ADHCKH EPEBAHCKOro rOCY.QAPCTBEHHOro YHHBEPCHTETA 

Pfiw~wfi qfiu1mpJmfilihp 3,2004 fuCCTBCHHLIC H8ytal 

XUMUR 

Yll)(. 547.294.314.07 

A. A. AM6APl..{YMJIH 

ACHMMETPWIECKHH Cl1HTE3 (S)-Bl1H11JlrJI.11l(11HA lffiPE3 
XHP AJihHhitt Ni(II) KOMCTJIEKC OCHOBAHl1R WH<I><I>A 

,LlEfl1.[U>OAMl1HOMACJUIHOH KHCJIOTbl C (S)-N-(2-I>EH30HJI
<I>EH11JI)-l-(3 ,4-,l.U1XJIOPI>EH311JI)-nl1PPOJil1,l.U1H-2-KAPI>OKCAMl1.[(0M 

Pa:Jpa6onw HOB!dli MeTO.ll aCHMMeTpH'fCCKOro CHHTC"Ja (S)-BHHHnrnHUHHa 

H)'KJICOlj>Hni.ui.rM npHCOC.llHHCHHeM 6eH3HnllMHHa K C=C cell3H .11emnpo

llMHHOMaCnllHOH KHCnOTLI 8 ee Ni(II) KOMnneKCC OCHOBaHHll WHlj>cj>a c XHpani.

HliJM Kap6oHHnLHLIM peareHTOM (S)-N-(2-6eH30Hncj>eHHn)-l-(3,4-.11Hxnop6eH-

3Hn)nHppo.1H.11HH-2-Kap6oKcaMH.llOM. nocne HCflOCpC;lCTBCHHOl'O paJ,10JICCHHll 

peaKUHOHHHOli CMCCH BliJ.lleneHa ueneBllJI llMHHOICHCnOTa (S)-BHHHJirnHI{HH c 

48% 3HaHTHOMCpHOH 'fHCTOTOli. 

CTOHCK HOBbIX MeTOJtOB aCHMMeTpH'lecKoro CHHTe:Ja ue6eJIKOBblX aMHHO

KHCJIOT - aKTyaJibHa.11 3a)ta'fa [1-4]. MHorHe ue6eJIKOBbte a-aMHHOKHCJIOTbl .11eJI.11-

IOTC.11 npoeyKTaMH BTOpHqHoro MeTa6oJIH3Ma HJIH o6pa30BbJBaJOTC.ll KaK npo

Me~O'IHble coeJtHHeHH.11 B peaKU.H.llX MeTa6oJIH3Ma 6eJIKOBblX aMHHOKHCJIOT. 3"ro 
Te aMHHOKHCJIOTbJ, KOTOpbie He o6Hapy:iKHeafOTC.ll B 6eJIKOBOH uenH H He HMeJOT 

COOTBeTCTBYtolll.HX T-PHK H KOJtOBoro rpHDJieTa. 0HH JtOCTaTO'fHO urnpoKo pac

npocrpauettbl B npHpoJte: H3BeCTHO 6oJiee 700 He6eJIKOBblX aMHHOKHCJIOT (5, 6]. 
liJiaro.n.ap.11 OOBbIIIJeHHOH cneu.mf>HqHOCTH H npOLlOJl)KHTeJibHOCTH .!{eHCTBH.11 

MHOrHe ue6eJIKOBbie a-aMHHOKHCJIOTbl, KaK Heo6paTHMble HHrH6HTOpb1 <f>ep
MeHTOB, ycneurno npHMeH.llfOTC.11 B MeJtHUHHe H <f>apMaKOJIOntH [7-16]. K lfHCJI)' 

JTHX coe.n.HHeHHH OTHOCHTC.11 H BHHHJlrJIHUHH [ l 7J. 
Pauee 6bIJI pa3pa6oTilH MHorocTa,nHHHblH MeTO.lt acHMMeTJ>HlfCCKOro 

CHHTe:Ja ( S)-BHHHJirJIHUHHa HJ MeTHOHHHa qepe3 xHpa..'lbHbIH Ni(IJ) KOMJUieKc 

OCHOBaHH.11 illH<f><t>a c XHpaJibHblM Kap60HHJlbHblM peareITTOM (S)-2-N-(N'-
6eHJH.rmponHJI)aMHHOOeHJo<f>eHOHOM ((S)-BPB) [1 SJ. C HcnoJJbJOBaHHeM ::m>ro 

XHpaJibHOfO peareHTa 6blJIO o6Hapy)l(eHO TaK)l(e o6pa30BaHHe BHHHJIL'lHUHHa (..llO 
10%) npH npHcOeL(HHeHHH 6eH3HJIMepKanTaHa K XHpaJibHOMy Ni(ll) KOMWICICC)' 

mu<f><f>oeoro OCHOBaHH.11 JterH.!{poaMHHOMaCJI.llHOH KHCJIOTbl [ 19]. 
B uacrou!leii pa6crre coo6maercJI o6 acHMMeTJ'H'feCKOM CHHTC'le (S)

BHHHJirnHll.HHa c HCOOJlb30BaHHeM HOBOfO XHpa.ribHOfO Ni(II) KOMnneKca ocao-

IS 
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eaHHJI lllmp<t>a .ueru.upoaMHHOMaCJIJIHOH KHCJIOTbl c XHpaJibHblM Kap6oHHJlbHblM 
COe)lHHCHHCM (S)-N-(2-6eH30HJI<l>eHHJl )-1-(3 ,4-)lHXJ10p6eH3HJl )m1ppOJIH)lHH-2-Kap-
6oKCaMH)lOM ((S)-CPB). HaMH y)l(e coo61..llanocb o B03MO)l(HOCTH BbICOKoceneK

THBHoro aCHMMeTpH'ICCKOfO CHHTe3a a- H fi-3aMCl..llCHHblX (S)-a-aMHHOKHCJIOT 
npH HCDOJlb30BaHHH XHpaJibHOfO peareHTa (S)-CPB [20, 21]. 

l1cxo.unb1e xupanbHbie Ni(II) KOMnneKCbI ocnoeaHHJI lllu<l><t>a (S)-CPB c E
H Z-.ueru.upoaMHHOMaCJIJIHOH KHCJIOTOH - Ni-(S)-CPB-(E)-~-ABA (E-l) H Ni-(S)

-CPB-(Z)-~-ABA (Z-l) - 6blJIH CHHTC3HpoBaHbl H3 COOTBCTCTBYIOl..llHX KOMDJleK
COB (R)-TPCOHHHa no aHaJIOrH'IHOH MeTO)lHKe CHHTe3a KOMDJICKCOB .ueru.upoaMH
HOMaCJIJIHOH KHCJIOTbl Ha OCHOBe XHpaJibHOro peareHTa (S)-BPB [22]. flpH 3TOM B 
KOJIH'iCCTBe .uo 5-7 % o6pa3yeTCJI KOMDJICKC BHHHJlrJIHU.HHa (f.). 

CxeMa 1 HJIJIIOCTPHpyeT acHMMeTpH'IeCKHH CHHTe3 (S)-BHHHJirJIHQHHa npu
coe)lHuenHeM 6eH3HJiaMHHa K C=C CBJl3H KOMDJieKca E-1. 

~o 2N HCI I Ky-2-8 H+ 
0 

~o ~OH - J;H 
JYH • ...... CH=CH

2 
+ } Ph Ph CH3 NH2 

z (S)-CPB ~ 
Z-1 

CxeMa I. 

flpH 3TOM B Ka11eCTee OCHOBHOfO npo.ayKTa o6pa3yeTCJI KOMOJICKC 
BHHHJlrJIHU.HHa (~), O)lHaKo peaKU.HJI npHCOe)lHHCHHJI conpOBO)l()laeTCJI o6pa30-
BaHHCM npHMeceu KOMDJieKca Z-.uern.upoaMHH0MacnJ1nou KHCJIOTbI (Z-l) (.uo 
35%). flpucoe.uuuenue ttyKJieo<t>una npoTeKaeT npu narpeeaHHH 50-60°C 3a 5'1 
3a xo.aoM peaKU.HH nerKo cne.UHTb MeTO.!lOM TCX Ha Si02 e cHcTeMe pacT
BOpHTeneu CHCb-CH3COOEt (1 :3) HJIH CHC13-CH3COCH3 (7: l ). Bb1xo.u 
KOMDJieKca BHHHJirnHQHHa (f.) cocTaB11J1eT 50%. C u.eJiblO ycTaHoBJJeHHJI CTPYK
rypbI H a6COJIIOTHOH KOHqmrypal.{HH OCHOBHOfO )lHacTepeoMepa DOCJie 3aBep
WeHHJI peaKUHH npucoe.UHHeHHJI peaKU.HOHHaJI cMeCb 6b1Jia xpoMarorpa<l>Hpoea
Ha ua nJiaCTHHKax c Si02 (25cM x 25cM) e CHCTeMe pacTBOpHTenelf CHCh
-CH3COCH3 (7: I). ,[{HacTepeoMepHaJI 'IHCTOTa CHHTC3HpoeaHHOfO KOMDJieKCa 
BHHHJirJJHUHHa, no .naHHhlM 1H->IMP cneKTPOCKODHH, COCTaBJlJleT 48%. 

L(eneBaJI aMHHOKHCJlOTa 6bIJia Bbl)leJieHa pa3Jio:>KCHHCM KOMnJieKCa f. o6pa-
00rKOH 2N HCI npu TeMneparype 45-50°C c nocne.ay10ll.lelf .aeMHHepanH3au.ueit 
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c noMOlllblO KaTHOHHTa Ky-2 x 8 B H+ -<t>opMe [ 18]. 3HaHTHOMepHaJI lfHCTOTil 
ebmeneHHOH aMHHOKHcJI0Tb1 (S)-BHHHJirJIHQHHa, no .n;aHHbIM xHpaJibHoro DKX 
aHaJIH3a, COCTaBJIJleT 48%. 

06paJosaHHe BHHHJirJIHQHHa He MOJKeT 6blTb OO"bJICHetto npocToH cxeMOH 
aJIJIHJibHOH neperpynnHpOBKH, TaK KaK s OTCYTCTBHe HyKJieo<t>HJia B ycnoeHJ1x 
peaKQHH nonyi-1euHe KOMnJieKCa BHHHJlrJIHQHHa He Ha6Jit0,1J,aeTCJI. IlpH'IHHOH 
ero o6p330BaHHJI MO)l(eT 6b!Tb 3JIHMHHHpOBaHHe aMHHo6eH3HJibHOfO OCTaTKa 
H3 npo.n;yKTa npHCoe,llHHeHHJI (CM. cxeMy 2). 

0 0 

N< ;.~ 
N ''CH=CH

2 

Ph 

Z-! 

CxeMa 2 . 

.l{BHJKYllleH CHJIOH TaKOfO 3JIHMHHHpoBaHHJI MO)KeT 6blTb 3Ha'IHTeJibHoe 
crepH'leCKoe Hanp11)1(ettHe, Ha6nt0.uaeMoe KaK B npo.uyKTe npHCoe.UHHeHHJI 6eu-
3HJiaMHHa K KOMnJieKcy E-.n;erH,ztpoaMHHOMaCJIJIHOH KHCJIOTbl, TilK H 8 HCXO,ll

HOM KOMnJieKce E-1. 
B cnriae Hcnon1>3oeaHHJ1 KOMnJieKca Z-.uerH.ztpoaMHHoMaCJIJIHOH KHCJIOTbl 

(Z-D peaKQHJI npHcoe.uHeHHJI aMHHa He npoTeKaeT, lfTO, no-BH.UHMOMy, JIBJUl
eTCJI cne.ucTeHeM crepH'leCKHX 3aTpy.n;HeHHH co CTOpoHbI CH3 rpymlbl 

,llerH.upoaMHHOMaCJIJIHOfO <l>parMeHTa. 
3KcnepHMeHTaJihHaB 11acri.. CneKYpbI 

1H-51MP perHCTpHpoBaJIH Ha 
npH6opax Bruker WP 200 H Bruker XP 400. OmH'!ecKoe epallleHHe HJMepllJJH 
Ha noJIJ1pHMeTpe PerkinElmer 341. 3uaHTHOMepHblH DKX auaJIH3 BHHHJifJIHQHHa 
e BH.zte u-nponHnoeoro 3qmpa N-TpH<jHopaueTHJibHoro npoH3BO.UHoro npoeo
JJ.HJIH Ha XHpaJibHOH <t>aJe THna Chirasi/Val (KanHJim1pmu1 KBapueeaJI KOJIOHKB 
40Mx0,23MM c TOJllllHHOH DJieHKH 0,12.MKM) npH TeMneparype 125°C, ra.3-
HOCHTeJlb - renHH. B pa6ore HcnoJI1>30BaJIHCb rJIHQHH, 3,4-.UHxnop6eH3HJJXJIOPH.zt 
H .n;pyrHe peareHTbl <l>HPM «Aldrich» H «PeaXHM». 

CHHTe3 KOMnJieKcoe E-1 H Z-1 npoBO.LlHJIH no pauee pa3pa6oTaHHOA 
Mero.n;mce [22), c HcnonbJOBaHHeM (S)-CPB BMeCTo (S)-BPB. CTPYKTYPY KoMn-
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neKcoe E-1 H Z-1 yCTaIIaBJIHBaJIH cpH3HKO-XHMH11ecKHMH MeTo.n:aMH aHaJIH3a. 
KoMnJleKc E-L Trut=248-250°C. [a]o25=+2146,2° (c=0,052; CHCh). 

Haii.n:eHo, %: C 55,39; H 4,00; N 6,21. C29H2s03N3NiCli·0,25CCJ... B&111Hcne
HO, %: c 55,63; H 3,99, N 6,65. 1H-RMP (CDCl3, t5, M . .lJ..): 1,71 (JJ:., 3H, CH3); 
2,03 (M., lH, p..H Pro); 2,21 (M., lH, y-H Pro); 2,57 (M., lH, p..H Pro), 2,67 (M., 
lH, y-H Pro); 3,13 H 4,23 (AB, 2H, NCH2Ar, J=12,64Hz); 3,39 (M., lH, a-H Pro); 
3,55 (M., lH, 8-H Pro); 3,72 (M., lH, 8-H Pro); 5,08 (M., lH, CH-CH3); 6,69--{),85 
(JJ:., 2H, Ar); 7,15-7,41 (M., 7H, Ar); 7,81-8,04 (M., 2H, Ar); 8,837 (c., lH, Ar). 

KoMnJ1eKc Z-1. TIUl=235-236°C. (a]o25=+712,5° (c=0,048; CHCl3). Haii.n:e
Ho, %: C 58,73; H 4,25; N 7,08. C29H2s03N3NiC'2. B&111HcneHo, %: C 58,68; 
H 4,02, N 6,97. 1H-RMP (CDCh, t5, M . .n:.): 0,81 (.n:., 3H, CH3); 2,06 (M., lH, P-H 
Pro); 2,24 (M., lH, y-H Pro); 2,61 (M., lH, y-H Pro); 2,74 (M., lH, P..H Pro); 3,098 
H 4,14 (AB, 2H, NCH2Ar, J=12,64Hz); 3,42 (M., 2H, a-, 8-H Pro); 3,87 (M., lH, 
8-H Pro); 5,83 (M., lH, CH-CH3); 6,72--{),98 (JJ:., 2H, Ar); 7,16--7,41 (M., 7H, Ar); 
7,85-8,08 (M., 2H, Ar); 8,79 (c., lH, Ar). 

IlpucoeouHeHue 6eH3WlaMUHa K KOMnJleKcy E-1 u BblOelleHue (S)-eu11W1-
ZllUJ/UHa (J). K pacTBopy 2z (3,4MMOJlb) KOMnJieKca E-1 s 40M.ll CH3CN A06as
murn 1,1 Mil (IO MMOllb) 6eH3HJiaMHHa H nepeMeUJHBaJIH 8 Te'leHHH 511 8 aTMo
clf>epe Ar npu TeMnepazype 50--{)0°C. 3a XOAOM peaKLtHH cneAHJIH MeTOAOM TCX 
(Si02, CHCh-CH3COOEt (1:3)). nocne HC'le3HOBeHHJI OJITHa HCXOAHOro KOMn
JleKca E-1 K peaKUHOHHOH CMecH Ao6aeJIJIJJH 2Mll CHCb H 1 OM.ll H20, opraHH-
11ecKHH cnoii OTAeJIJIJIH H npoM&IBaJIH BOAOH (2 pa3a no 1 OM!l). CMec& xpoMa
rorpaq>HpoBaJIH Ha Si02 (50cM x 3cM, CHClr{CH3)2CO (2: l )), OCHOBHYJO lf>paK
LUilO oxapaKTepH30BaJIH cneKTPaJibHbIMH MeTOAaMH aHaJIH3a. 

KoMnJleKc l B&IXOA l ,25z (2, lMMOJlb ), 62,5%. T rui=252-254°C. [ a]o 25= 

=+1475° (c=0,05; CHCb). Haii.lleHo, %: C 57,58; H 4,24; N 6,86. 
C29H2s03N3NiCli·0,5 H20. B&11111cneHo, %: C 57,85; H 4,35; N 6,98. 1H-RMP 
(CDCb, t5, M.Jl.): 2,21(M.,2H, P-H Pro); 2,60 (M., lH, 8-H Pro); 2,69 (M., 2H, 
y-H Pro); 3,25 H 4,29 (AB, 2H, NCH2Ar, J=l2,64Hz); 3,38 (M., lH, a-H Pro); 
3,47 (M., lH, 8-H Pro); 5,39-5,55 (AB 11acT& ABX CHCTeMbI, 2H, CH2, JAB=0,2Hz, 
JAX=7,8Hz, J8x=l6,72Hz); 6,04 (X 11acn, ABX CHCTeM&I, N-CH-); 6,71-5,79 
(M., 3H, Ar); 7,26--7,48 (M., 6H, Ar); 7,82-8,05 (M., 2H, Ar); 8,83 (c., lH, Ar). 

B&rAeJieHHe uenesoii aMHHOKHCJIOT&I (S)-BHHHJirJIHUHHa H3 peaKLtHOHHOH 
CMeCH npoBOAHJIH CJ1e]lyt01UHM o6pa30M: peaKL(HOHHytO CMeCb npOAYKTOB npH
Coe]lHHeHHJI ynapueanu Aocyxa, cyxoif oCTaTOK pacTBopSIJIH e 20Mll CH30H H 
npH nepeMelllHBaHHH Me]lJleHHO ]lo6aBJIJIJIH K 20M!l 2N HCI, ttarpeToro JlO 50°C. 
IlOCJie HC'le3HOBeHHJI xapaKTepHOH ]lJlJI KOMOJieKCOB KpaCHOH OKpaCKH paCTBOp 
KOHUeUTpHpoBa.IIH OOJl BaKYYMOM, A06a8JIJIJ1H 20M!l 80.llbl, cpH11bTPOBaJIH, H3 

lf>HJJbTPaTa OCTilTKH HCXO]lHOro (S)-CPB ,L{OOOJIHHTeJlbHO 3KCTParHpOBaJIH XJIO
polf>opMOM. H3 BO]lHOH lf>paKUHH aMHHOKHCJIOTY BbI,L{eJIMH Ha KOJIOHKe c 
KaTHOHHTOM Ky-2 x 8 e H+-lf>opMe (30cM x 3CM) npH ucnoJI&3oeaHHH e Ka11eCTse 
3JIIOeHTa 5% BO]ltto-cnuproeoro pacTBopa NHiOH (H20-C2H50H (5: I)). 3nt0aT 
KOHUeUTpHpOBaJIH DOJl BaKYYMOM H KpHCTaJIJ1H30BaJIH aMHHOKHCJlOTY H3 CMeCH 
H20-C2HsOH ( 1 :4 ). nony'IHJlH 0, l 6c (I ,65MMOJlb) (S)-BHHHJifJIHUHHa (J), lfl'O 

COOTBeTCTBYeT 79 % XHMH'ICCKOro BbIXO,L{a. 
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(S)-6UHWl2llUJ/UHa (J). Tnn=l81-182°C. [a]o2s=+48,9° (c=0,4; H20). Hd
,lleHo, %: C 43,54; H 7,24; N 12,68. C4H102N·0,5 H20. Bbl"IHCJICHO, %: C 43,63; 
H 7,27; N 12,72. 1H-..sIMP (D20+DCC*, 8, M.JJ..): 4,26 (JI.., tH, a-H, J::o 7,lHz); 
5,48 (M.,2H, ~H, Jtpattc=l6,6Hz, 1uHc=9,5Hz); 5,97 (M., IH, ,8-H). 3HaHTHOMCpHU 
'IHCTOTa, no JJ,aHHblM XHpaJJbHOro f)f{)( aHaJJH3a, COCTaBJUICT 48%. 

Pa6oma 6blnOJlHeHa npu </JuHGHC060U noooepJICKe MeJICOyHapoOH020 
Hay11Ho-meXHWlecKozo 1feHmpa (I'paHm JSTC M A-356). 
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(S)-1lf\1Jfll Q.LP8f11Jfl UUf1UbSPfl4 Ufl"lJf<TbQC (S)-N-(2-Pb1JQOfll
l>b1Jfll)-l-(3,4-'1-f"l..J2lOPPb1JQfll)<llflPPOLP'1-f11J-2-4UPPO.RUUUfl'1-fl 

b'-l '1-b~f1'1-POUUfl1JU4UPUQ.Uf<TliT1lf\ Cfll>l>fl ~MT.Rfl Ni(II) 
J!PPULU5f11J 40lf<lllb"'-!Ufl Ufl..2080'-l. 

U1hpn$n11I 

lfzwlttlwb t (S)-tlltfi}ltcu}lg}lfi}l wu}ltibmp}llt u}lfipbq}l finp bqwfiwlt' 
hptifitlwb Ni(II) }lnfi}l hbm qbh}lqpnwti}lfiwltwpwqwpptllt L. (S)-N-(2-pbfiqn
Pt:PbG}lt)-l-(3,4-q}l1nnppbuqpt)utlippnt1iq}lG-2-ltwppopuwtI}lq}l pppwtwJpG nbw
qbump C}l:j>:j>p hptip}l wnw2wgpwb ttnouuhpup qbh}lqpnwtI}luwpptlwJpfi 
tifiwgnpq}l ltPltfiwlt}l C=C ltwuitiu pbGq}ltwtI}lup wupubmpplt ti}lwguwfi nbwlt
g}lwJ}l tlflw: fl.bwltg}lnu fuwnumpq}l wqwpptlwJ}lU PWJPWJUWUp L. tmbntJf P 
hhmwqw wqwqpquwtip wfi2wmtlhL t ot.qm}lqwt.qhu wqm}ltl fit.qwmwlJ.wJpfi 
wtipuwppm (S)-tlltfiJltqt1ig}lfi(!' 48% tfiwfimpntibpwj}lfi owppmpJWUp: 

H.H. HAMBARDZUMYAN 

ASYMMETRIC SYNTHESIS OF (S)-VINYLGL YCINE VIA CHIRAL 
Ni(II) COMPLEX SCHIFF'S BASE OF DEHYDROAMINOBUTANOIC 

ACID WITH (S)-N-(2-BENZOYLPHENYL)-1-(3,4-DICHLOR
BENZYL)PYRROL YDIN-2-CARBOXAMIDE 

Summary 

A new method for asymmetric synthesis of (S)-vinylglycine via nucleophile 
addition of benzylamine to C=C bond of dehydroaminobutanoic acid in Ni(ll) 
complex of Schiffs base with a chiral auxiliare (S)-N-(2-benzoylphenyl)-1-(3,4-
dichlorbenzyl)pyrrolydin-2-carboxamide has been elaborated. After decomposition 
of the reaction mixture amino acid (S)-vinylglycine has been isolated with ee 48%. 
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bf'b<f.U'\,t> "lbSUliU'\, ~UUULUUf'Uof> Q.f>SUliUo Sb'lbliUQ.f>f' 
Y'IEHblE 3AIIHCKH EPEBAHCKOro rocY~EHHOro YHHBEPCHTETA 

Pfiw~wfi qflmmpJmfifihp 3,2004 EcrecTBetllll>le aayga 

DUOJIOZUR 

YJlK 58.03+ 581.174.1 

JI. C. r Al>PHEIDIH 

CIIEKTPO<l>OTOMETPWIECK11H AHAJIM3 CTHfMEHTOB BO.ll:OPOCJIM 
CHLORELLA PYRENOIDOSA, CTO,n:BEPfHYTOH ,n:EHCTBMIO 

CTOBbllllEHHbIX TEMCTEPA TYP 

,llnJI OUCHKH cl>YHKUHOHaJlbHOro COC'TOllHHll cl>OTOCHHTCTlf11CCKOro annapirra 

HCCJIC)lOBaJIH BJIHllHHe BLICOKHX TeMneparyp Ha flHf'MeHTHYIO CHCTCMY XJIO

pe11m>1. y CTaHOBJICHO, 'ITO no.11 !lCACTBHeM TeMneparyp yMeHblIIReTCll CO!lCp

lK8HHe flHf'MeHTOB. TipH'fCM HaHOOJiee 'fYBCTBHTeJILHLI xnopocl>HJIJI a H Kapo

THHOHlll:d. KOHUCffTPRUHll x11opoct>H1111a b H3MCHlleTCll HC311a'fHTeJILHO, 'ITO 

CBHlleTCJTbCTByCT 06 yCTOA'fHBOCTH CBCTOC06Hpatoruero KOMflJICKCa (noCKOJlb

Ky B HCM npaKTH'fCCKH H8XO!lHTCll BCCb x11opocl>HJIJI b). 

TeMnepaTYJ>a BbICTynaer K8K perym1TOp CKOpoCTH <f>orncHHTe3a B <f>H3HO

JIOrHtfecKOM .11.H8Il830He TeMnepaiyp, a TaIOKe B KatteCTBe CTPecc-<f>aKTopa. nosbl

meHHble TeMnepaiypbI OK83bIBalOT MHOfOCTOpOHHee .neHCTBHe Ha <f>YHKUHO

HHpOBaHHe <f>OTOCHHTeTHtfecKoro annapara (cI>CA) H nepBH'-IHble peaKUHH <t>OTo

CHHTe'.38 (1-5]. 
Mccne.nosattHJI nOK838.11H, 'ITO H3MeHeHHJI <f>oTOCHHTeTHttecKoA aKTHB

HOCTH KoppenupylOT co cneuu<f>HtteCKHMH noBpe)l()leHHJIMH MeM6paH XJiopo

n.rraCTOB H no.nasJieHHeM aKTHBHOCTH <f>epMeHTOB npH HeKOTOpOH noporosoA 

TeMnepaiype, nputteM npu reMneparypax BblWe noporoeolf 3TH nospe)l()leHHJI 

Heo6paTHMbl [ 1, 2, 4]. 
P".n asropos nbITaeTCJI pacKpblTb npupo.ny rennosoro nospe)l()leHHJI <t>OTO

CHHTeTHlfecKHX MeM6paH [2, 4]. Ha OCHOBaHHH pe3yJJbTaTOB 3THX pa60T MO)KHO 

38KJIIOlfHTb, 'ITO Harpe88HHe cymecTBeHHO BJIHJleT Ha opraHH'38UHIO MeM6paHHblX 

6enKOB, BXO.l1.JllllHX B COCTilB <f>oTOCHHTeTHtfeCKOfO annapaTa, B ttaCTHOCTH, H8 

nHrMeHT-6eJIKOBblH KOMnJieKC (Ill>K), 6eJIKH peaKUHOHHOro ueHTpa (Pll) H KHCJIO

po.nBblJle.'IJllOlllYIO CHCTeMY <f>OTOCHCTeMbl 2 ( cI>C2) [I • 3' 4]. npu .aeHCTBHH cy6-

0ITTHMaJlbHblX TeMnepaiyp TalOKe npoHCXO,UJIT H'3MeHeHHe :>KHpHOKHCJJOTHOfO coc

Ta88 MeM6paH H nepepacnpe.aeneHHe JIHilH.llOB npH <f>paKUHOHHpoBaHHH, tfTO H 

CBH.lleTeJibCTBYeT o ttapyweHHH CTPYKTYPbl MeM6paH, B TOM LfHCJie 11unu.a-6en

KOBblX B33HMO.lleAcmHH [3, 6]. 
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Co.nep>KaHHe XJiopo<IJHJJnoe H KapoTHHOH)lOB .11Bm1eTCS1 1.f)'BCTBHTeJibHbIM 

nOK8.3aTeJieM <f>H'3HOJIOrH"leCKOro COCTOSIHHSI o6'heKTa, OTpIDKalOLQHM HHTeHCHB

HOCTb <f>oTOCHHTe3a npu c-rpeccoBbJX 803,LleHCT8HSIX, H3MeHeHHSIX 8 OHToreHe-

3C H a,Ll8nTHBHblX nepec-rpoi:fKaX [6-8]. 

l.J,eJJblO ttacT0111..Qei:f pa6oTbI llBJISleTCB uccne,no8aHue H3MeHeHHSI co,nep)l(a

HHR nHrMeHTOB (xnopo<IJunnos H KapoTHHOH)l08) JeneHOH 80.LlOpocnu Ch/orella 
npH J{CHCTBHH BblCOKHX TeMneparyp. 

06'beKT H MeTO.Llbl HccJ1e.noeauH11. B Ka'leCTBe o6beKTa HCCJIC.LlOBaHHR 

HCnOJib30Banacb O.LlHOKJieTO"IHaB 3eneHa11 BOJlopocJib Ch/ore/la pyrenoidosa. Xno
pem1a KYJJbTHBHpoeanacb e 500.MJl Kon6ax Ha nHTaTeJibHoi:f cpe.Lle TaMHll npH 

25°C H ecTecTBeHHOM oceemeHHH (500-800.llK). CycneH3HB XJiopennb1 O.LlHHa

Koeoet nJIOTHOCTH H 0.LlHHaKOBOfO o6'beMa no)leepranacb TenJIOBOMY 803,LleHCTBHIO 

( 45 H 50°C) e Te4eHHe I 5MUH e YJib-rpaTepMocTare TY-I. 3aTeM o6'beKT 

8,ll8ITTHpOB8JIH K KOMHaTHOH TeMnepatype. Onpe.neneHHe CO)lep>KaHHSI XJIOpOQ>HJI

JIOR a H b 8 XJiopenne np080)lHJIH nyTCM 3KC-rparupoBaHHSI 80% paCTBOpoM 

&U.eTOHa c nocJieA)'lOIUHM H3MepeHHeM ornu11eCKOH nJIOTHOCTH 3KCTJ'aKTa Ha 

cneKTpo<f>oroMeTpe CcJ>..-10. KoHueHTpaUHH XJiopo<f>HJinoe pacc11HTbrBaJIH no 
ypaBHeHHlM BepHOHa (CM. [9), CTJ'. 130). npu onpe.LleJJeHHH KOHUeHTJ'aUHH Kapo

THHOH)lOB 8 cyMMapHOH Bblnl>KKe nHrMeHTOB HCOOJib30BaJJaCb <f>opMyJia Ben
urreAHa (CM. [9J, CTp. 132). Konw-1ecTBO nurMeHTOB npuee.LleHo e OTHOllleHHH 

cyxoro Beca XJIOpeJIJJbl. nony4eHHble .Ll8HHble TIO)l8epranHCb CTaTHCTH4eCKOH 

o6pa6oTKe [IO]. l>Honorn4ecKru1 noeropHOCTb onhITOB 3-KpaTHaB. 

Pe1yJ1bTI1Tbl H OOcY*ileuee. Cornactto cylUeCTByIOIUHM npe.nCTa.BJieHIDIM, 

Henocpe.ncTBeHHoe yqacTue e nep8H'-IHbIX npoueccax npeo6paJ08aHHS1 3Hepruu e 
cj>oTOCHHTe3e npHHHMaeT TOJibKO I% xnopo<f>HJma, a OCTilJlbHU Macca nun.teHToe 

CJl)1KHT A/Ill nornomeHHSI 3HeprHH H nepeJJ.a4H ee COOTBeTCTBYIQlUHM P~. J.13-
BCCTHO. 'ITO Beeb XJJopo<IJHJJJl THJla.KOH)lOB J10KaJIH30BaH B -rpex MeM6paHHblX 

CTpYli."l)pax - 8 KOMfL'lCKCax <I>C2, <I>C I, a TIUOKe CBeTOCOOHpaJOlUeM KOMnJieKce 

(CCK) [ 11]. B COCTaB Pl{ o6eux Q>oTOCHCTeM BXOJlHT rnaaHblM o6pa30M xno
poqm.1n a, a 8 COCTilB CCK, cpynKUHOHaJibHO conpuceHHoro c cl>C2, 8 ocuoenoM 

xnopo<f>HJm b. 
nurMCHTHU CHCTeM& JlBJIJleTCJI KpHTepHeM B3aHMO.llCHCTBHJI cl>oTI>cHHTeJH· 

pywomero o6'beKTa c 01<p)11<aJOmeif cpe.uoif [2, 6, 8]. B JJ.aHHOH pa6o-re onpe,ll.eJIJlJIH 

CO.ll.ep)((aHHe x.1opoqm .. 1.10B a H b, a TilIOICe COJJ.eplKaHHe KaJ>OTHHOH)lOB .!\JUI oueH

KH creneHH noBpe>K;J.eHHJI THJla.KOH)lHblX MeM6pau npH .ll.CHCTISHH OOBblWCHHblX 

TeMneparyp. PelyJibT8Thl npHBe)lCHbl B Ta6JIHl{e. 

~#W ~- llMZWHlft08 ""' ptDR'llUlll ~ 

T~ X~a, X.IOf>O+twt b, alb Kllp011lllOllJl 
()(' 

M.~I.' c~°'· 111CCa ~~ cyx. acca ]q}z cyx. aeca 
lS ,_,,, .. ~.,) 3.1 J1'-0. ll 1.81±-0.05 I, 73±-0, II 1,06±0,04 

•5 l. 7h-0.16 l.6'h-0.02 l.59z-0,08 0,85±-0,07 
so 2,Uttl.15 1.56±-0.02 1,53±-0,07 0,71±-0,02 

H~oauntc mtTMCHTlfOro cocraaa cl>CA x;rope..'Vlw l10UlaJl0, lfTO c 
noeMmettHCM teMnepatypw Ha6.moJJ.aeiu 118,llCHHC CO,!lep)IQlllD XJIOPOCloovloB. 
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flpH 3TOM H3MeHeHH.II B nHrMeHTHOM KOMIUleKce IlO.ll BnH.IIHHeM TeMneparypbl 

npoHCXO)UIT rnaBHbIM o6pa30M 3a C'leT CHH)l(eHH.II CO,llep)l(aHH.II xnopocf>Hnna a, 
KOnH'leCTBO )f(e xnopocfmnna b nonH)f(aeTCsi e MeHbllleii cTenenH. TaK, KonueH

Tpaunsi xnop0<tmnna a yMeHblllaeTc.II Ha 13 H 23%, xnopocfmnna b - Ha 7 H 

14% (npH 45 H so0c COOTBCTCTBCHHO) no cpaeHeHHfO c KOHTponeM. 3To CBH)lC

renbCTBYeT 0 TOM, lfTO p~ 6onee no,llBep)l(CHbl .llCHCTBHIO BblCOKHX TCMneparyp, 

'ICM CCK. 
lJTo )l(C KacaeTC.II co.aep)l(aHH.II KapOTHHOH,llOB, TO ,llaHHbIJf nHrMCHT 0Ka38JJ

C.II 6onee lfYBCTBHTenbHbIM K .aeiicTBHfO noBblllICHHbIX TeMneparyp. Ero KOHUCHT

paUH.II YMCHblllaeTC.II Ha 20 H 33% no cpaeHeHHfO c KOHTpOneM. 

TaKHM o6pa3oM, noBblillCHHble TeMneparyphr CHH)f(aIOT o6mee KOJTH'leCTBO 

rutrMCHTOB. 3TH H3MCHCHIDI B nHrMCHTHOM KOMnneKce OTpIDKafO'f no,llaeneHHC 

ctiOTOCHHTeTH'ICCKOH aKTHBHOCTH xnopeJUibl, 'ITO 00,llTBep)f(,llaeT nonytfeHHblC 

naMH panee .aaHHble [ 12, 13 J. 

nocmynUAa 25. I 1.2003 
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utflqdbfimfibp)l pwGwl{mpJwfi fitlwqdwfi: -Rtnpn!l>flt a-fi u ltwpmnpGnflllfihpn 
wnwtlbt qqwJmfi bG: Pult qpbpb wdpm12mpJwdp LDLJU hwl!wpnq hwuwtfl
pmd qmfitlnq ptnpn~fll b -p ltnfighfimpwgpwJp wuuzwu $mpn)untpJmGn 
ll_l{WJnttl t WJI} hwliwtflp)l ltWJillfintpjWG uwupfi: 

L. S. GABRIEL YAN 

THE SPECTROPHOTOMETRIC ANALYSIS OF PIGMENTS OF ALGA 
CHLORELLA PYRENOIDOSA, SUBJECTED TO ACTION OF INCREASED 

TEMPERA TURES 

Summary 

For an evaluation of a functional state of the photosynthetic apparatus 
investigated the effect of high temperatures on pigments system Ch/orella 
pyrenoidosa. It is established, that under action of temperatures the contents of 
pigments decreases. Chlorophyll a and carotenoids are more sensitive. Concen
tration of chlorophyll b changes insignificantly, that testifies the stability of light
harvesting complex LHC (in fact all chlorophyll b is in LHC). 
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bPb'-lU'\,f> "lbSU14Ut. ~UUULUUPU'\,f> Q.f>SUl.fUt. Sb'lbl4UQ.f>P 
Y'fEffblE 3AilHCKH EPEBAHCKoro rocY/{APCTBEHHOro YHHBEPCHTETA 

Pliw\fwli qfunmpJmlilihp 3,2004 EcTecTBCHllhlC HllYJtH 

Y)lK 533.9.57 

f./bliuwpwlin1p1n1 Ii 

U. lu. Ul\.ll.2U\,3U\,, ~- U. UN.1UU3U\,, U.U. Ul\.ll.2U\,SU\,, 
U.U. ~UluUP3U\,, l.Q.. U\,U\,SU\, 

"lPfllP"UP. 4USUf!fllPQUP l>bflUb"US"UbPC bt.l "UPU"UB 
U4SP.t.lflH<r5U"U 4u.rq_ut.lfl.PflMJC P.CluU"U ~4U"U 

(SALMO ISCHCHAN) SUP.Pbfl opq_u-u \,{;PO.Hf 

"UbpwbmpJnt6: "lpnifififl tlbpwbnuII! qununwuwmfl mbrlfl t mfibfinu.I 
uumwuopuf1.J}.wq ("10) Lt tajlpnifiCi-5-4wppopufliwm-qbhflqpnqbfiwq ("l54'l-) 
~puhCimfibJlfl tiwufiwqgntfJWUp: "lJ10tflGfl opuflqwgliwfi uwngbuflG liwu
fiwqgmu t fiwl.t gflmnppnli c-fi' npUjbu ttb4mpnCifibpfl w4ghUjmnp [I]: 
fl.bwqgflwfi qpbpb tlt {!fipwfimu opuflqwg4wa "VU'l-.b-mt: 4wlljntJUI 
6wfi6}1 (Phormia regina) lipmnpnfiqpfmu.Ifibpntu uwntflfip opupqwgliwfi 
uwnghul! }upwfitinuI t U4l>-ntl, nnmbfinfin4 Lt wpubfiwmn4 [2]: E.co/i-p 
P2fl2Cihp)lg umwgtlwb "l54'l- :t>l;pubfiut[! tiwpptiwfi t bfipwp4tlbt 350 
wfiq.wu [3]: 

P.fi~i.qbu tlqwJntU bfi [4]-fl hbrlflfiwl{fibp[!, CATCH-22 uflfiqpmimt hp-
1.}wfiq UWJlll.qwfig wpJWfi UjLWqtiwJmU hwJmfiwpbp4bt t UjpnlflCifl pwpc.\p 
pwCiw4ntpJmfi: UpUilJlDU[l wpmwhwJm4mu t tu.UitbUjuJ1wJn4, qjlpmpJwUp, 
hpuinlJw19pCibu}lwJntl Lt w11mwp}1fi qflllnp:j>flqunq: "lpntflfiopupqwqj1 pmJl 
wl}m}u{ntpJmfi{! hwfiqhgCinuI t uwntflfij1 4wmwpnlflqufl fuwfumuwfin: <!.b
rlflCiwl}fibp{! qwifiu bfi WJfi bqpwqwgmf JWfi, np CATCH-22 upfiqpmin 
UJWJUwCiwtlnpqwb t "10-p ppnununllp 22gl 1 qbfip tpuuwbupwJnt{: 

~bmwqnmtiw6 opJbl{w(! Lt tibpnq.fibp(!: Uzfuwmwfipmu mumufiw
u}lplfbt t "10-p Lt "l54rl--fl wqm}ltlntpJntCi[l t6b.pntu w6b.gt{wo flzfuwfi 
dljwfi (Salmo ischchan) mwppb.p opqwlifipmu: "l.pntflfip qwmwpnlflqufl 
!}>bpuhfimCibp}l wtim}ll}mpJwfi npnzuwfi hwuwp UJwmpwuwl}ht t 10%-ng 
hnunqhfiwm: <!.nunqhCiwguwCi hwuwp llJlUjhU u}l~wt.lWJP t OWllWJbL qw
uunu-fiwmpjunu-!}>nu!}>wtnwjpCi pm!}>hp[l (pH=8,0): ~m1nqtCiwgnu11! qwwwp
llbt t "lnmhp-t1l}b~pbup WUjW\.uw hnunqbCiwmnJlillJ.: 

flJpni/llift ljwmwpni/lqtfft !}>bptfblimtibpft wljwftlfmpJUJU npo;mufp: "l.ww
pwumlfht t }lfil!mpwg}lnCi fuwnfimpq, llJl[l UjWpmCiw4bL t 53tfff 4.wtflnui
fiwmp}lntu-!lmu!}>wmwJ}lfi pm!}>bp (pH=8,0), 0,2tfff L-uwntflfi, 1,6tfqff gpum-
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' ... 

ppnu-c, 4tfl/if 1'U'l-+, 0,5tf[ hnunqbCiwm u Jntpwpwfivmp mwppbpwlJ.nuI 
hwUWUIWUlWufuwG pwCiwlJ.Gbpm.l t:t>blJ.mnpfibp: f'lfilJ.mpwg}lwfi 1.J.wmwptltt t 
37°C 2bpuwum]16wfin11r 1 chuu mLnqmpJwup: f'l.CilJ.mpwgpwJpg hbmn ntwq
g}lwfi lJ.wCiqCibgtltt t 96%-ng tpptwJflCi ut.qflpum4: 1'um2fihpf! gbfimpfl:t>mq
tltt ta 8000g wpwqwgmuntl 10 pm.qt: "l.0-}1 u "l.54'1-p wlJ.mfltlmpJmCi
fibp[! npnztlhL bfi [!Utn wnw2wgwc} qummwuwmfl pwGwqmpJWCi: q.um
mwuwm[! npnztlht t ppnuwmnqpw:t>fllt bqwCiwqntl [5]: qbp2pCiflu pwCiw
timpJmCi[! npnzbtm hwuwp 1.J.wmwptltt t tumgpw 0,1%-ng CdClrlt 60%-ng 
ut.qflpmwJpCi tmc}ntJpntl 1 chuu mLnqmp1wup: q.mfiw~wtitmun tiwmwptlhL t 
:t>nmntt hltmpwltnt npputmpntl: 

lf]1lnnpnli1JPJm1tfubpft wupwmmtfp: UJimnpnfiqppnuHibpf! wfi2wmbtm 
hwuwp hnunqbCiwmn uwnn tqwJUwCiCibpntu gbCimpp:t>mqtltt t 10 pn111h 
500g-ntl: 1'um4wc}p[! pw$tlht t, flulJ. tlhpCiumtlwc}pf! tmc}tlbt t 4tff 0,01 U:ng 
mp}lu-HCI pm:t>bpn1u u gtCimpp~mqtlht t 30 pnUib 15 OOOUJmlp wpwqm
pJwup: UJq uumgbuf! ltPlJ.Citlbt t 3 wCiqwu: qbp2}1Ci wCiqwu Cium4woppCi 
wtlhiwgtlbt t 10%-ng tpfltWJflCi ut.qflpm, uwnbgtlbt t, WUIW hwtbgtlht li. 
gbCitnpp~mqtlbt 30 pnUib 15 OOOUJm/p wpwqmpJWUp: 0,01 U:ng mppu-HCI 
pm:t>tpmu (pH=8,2) umwg4wa Cium4wc}pf! ppbCipg CibplJ.wJwgfimu t upmn
pnCiqp}lmuCitpp :t>pwqgpwfi: StlJwtCitpp tl.ltCiwqwqpwtiwCi u2wqmun ppw
qwCiwgtlbt t qoqCibubCiuqm 1.J.nqupg CilJ.wpwqptl_wb utpnqntl_ [6]: 

<l>npdtpp wpll.JmlipfitpJ!: UJili~l.t pbqufiwtlnpnttif! qwmwplfwb munui
fiwuppntpJmfifibpfl mtlJwtCihpJ! (mtu wq. 1) QntJQ bfi mwtltu, np "l.0-~ 
wubCiwpwpdp wlJ.mp4mpJntU[! hWJUICiwpbptlbt t pzfuwCi dqwli upumui 
(5,2ltfljunL), }luq wutCiwgwbp wqmptlmpJmfiJ!' bppqwufibpmu (l,l9uljunL): 

U111nwwlJ I 

flJ0-}1 /,, flJSl.[fJ..-}1 wfJmju/mp1mlip /12/uwli dfJwli mwppbp opqwlililipnul 
(tfl/tln[ qyn1mwtfwm Jq pwptf h1muljwt}pn11f, n=.5, M±m) 

"10-fl t.. "l54'l--fl 
"10-}l I.a ITJ.5f.i'l--}l W~Ul}ll{ntpjnt6p 

Opqw66hpp dl{wrguiw6 zp2w6nui 
w~m}ll{mpJm6p 

wpm tq 

bp}l~wu6bp 1,19±0,08 4,02±0,29 16,98±0,98 

uwpq 2,12±0,14 4,42±0,30 8,47±0,61 

u~pui 5,21±0,037 6,2±0,40 11,30±0,76 

funfl~fihp 2,74±0,11 5,32±0,38 28,47±1,05 

mqhIJ. 2,67±0,19 4,64±0,31 5,19±0,37 

d~61t}lp 1,26±0,32 - 7,79±0,55 

~qwqpdwfi zp2wCimtI wpnt u tq dqCibpp mwppbp opqwCifibpfl "10-fl 
t.. "l.54'1--fl mum1.HiwuflpmpJmfifibpf! l{qwJntU bfi, np CipwCig pntnp opqwCi-
6bpn1u tqpntfl6fl 1.J.wmwpntltqup :t>tptibCimfibp}l wlJ.m)u{mpJntfi(! CiwfunM 
mtlJwtfibpflg pwpdp t: 

~l{wqpuwCi 2p2wCimtI wpmfibpp bp}lltwtlfibpp !l>bptibCimfibpfl wl{mfl
l{mpJmUJ! wt[btwCimu t 3,5 wCiqwtI, pulJ. tqbppCif!' 13 wfiqwu: tqbpp 
}un}lqfibpfl !i>bptlbfimfibpp wqmfu{mpJntfil! wl{btwfimu t wl{blfl pwfi I 0 
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wuqwu: tqbpp L. wpmubpp l>bpubumubpp wlJ.mlnlmJlJmuubpfl mwppbpm
JlJmfiubpf! pwgwmpl1_nuI bfi uhnwqwu qfuinp.'l>pqunl1_: UlJ.fihwJm t, np 
opqwupqup l>ltqltntnqpwlJ.wfi tflmfmtumJlJmfiuhpp ctwuwuw4 mbqp t mub
fimu ubmwpntti4 tqpngbuubpp tJbpwlJ.wnmgmu L. tqpntPU[I qummwuwmp 
u}l~mgml. wl{mfltl uhpqpwtltlmu t t)mJuwfiwlJ.WJ}lU lll.Jlllgbuubp}l ub2. LPWQ
fibtntl P22P tubpqhmplJ. 111.whwu2ubp[1: 

niumufiwu}lptlbt t fiwL. }12Juwfi <\lJ.wfi mwppbp opqwulibpfl tlflmn
pnullPflmufibpmu lll.JllltPfilt l'.ih11Puwfi l>bpuhumfibpp wlJ.mP.tlmJlJillU{!: Umwg
l{wa mtlJwtfibpJ! pb.ptlwo bfi wq. 2-nui: 

U111n1uwlf 2 

11}0-/l £ 11J5lt'1-f1 wlfw/1t/mp1mlif! /12/uwli dlfwli wwppbp opqwlilibp/1 tljlwnpnOIJfl/1n11f· 
libpmtl (tfl/tfnJ qymwwtfww lq pwptf h1nwtjwbpn11f, n=5, M±m) 

, ____ --~- ------------

Opqw66bpp 11\0-fl t. "15l{~Ji 11!4tnji~~~J_D_l61J - -
bpflqwulibp 3,18±-0,22 
uwpq 3,61±-0_!_2_8 -----
u)lpm 5,42~._3~ --

tunflq6bp ~?6±-0,3_2_. 
DUJ.bq 3,76±Q!2_~ 

StlJwiubpJ! gmJg bu mwttm, np uumtltO)l 6bJun1wfi ~pllbOmfibp~ 
muhu h}luuwlJ.wumu tipmnpnUllPPWl mhqwlJ.wJmtI: 

~w2nJlll 2wppp tlJ.np<\bp{! utl}lptlwo hfi mwpphp tl>hlJ.mnplibpfl wqqb
QDLJlJWUJ! UJ.PDtPUP opultilwgUWU l>bpUbUmUbpp wlJ.mptlntpjWli tlJiw pz
}uwU olJ.wu mwppbp opqwuubpmu: StlJwtUbp[! wutflmfu.lwo bu WfJ.. 3-nul: 

t.'l>bqmnpfibp}l J!UtnpmpJillU[! lJ.wmwptlhL t WJCi tjlwumpg, np CipwCigpg 
bplJmUJ! hwuajluwfimtI bu qltilJ.nttiqp wnwfigpwjpCi l>bptibfimfibpjlg ub4.}1 . 
.'linu.'f>n.'l>pmqmn4}luwqp puhflp}lumpubp (gflmpwui L Ubl>), fiu4 OJmufibp(! 
WJI} :}>bpubum}l hwuwp hwuwptlmtI bfi wlJ.m}ltlwmnpubp (Ulfl> L. Ulfl>): 

flfi2tqbu QDlJQ b(i UlWtPU WI}. 3-fl UltlJWLfihpf!, QpUipWUl[! flJfuW(j 
llqwu U}lWJfi hppqwuubpmtI L. UWJlllilltI t Jupwumu uumLJ:lGf1 4wuiwpnLJ:lql1)1 
l>tiptihCimUbpP wlJ.mtn.lntflJillU{!, upuiqhn awow(i olJ.wfi qtu.wmu [7] WJU 
}upwfinuI t fi2tlwo .'pbpubCimfibpfl wljmJ11.lmp JntCi[! pn1np opq.wfiCihpnu1: 
Cum bplantJpJ:tfi, g}lmpwm{!, 6Cizbtntl qlti4nLJ:lqf1 tqpngbuf!, llflw<twuwfiw(I 
}upwfinuI t WJt nl.flltfibpjl qnpomfibmpJmG[!: flzfuwfi <\lJ.wCi wwppbp op
qwCiCibpp l>bptibCimCibpp wlJ.mptlmpJmfiCihpfl (gfluipwuiml JupwCil{wo) uiwp
pbpntpJmCiubpJ!, hwtlwfiwpwp, UJ.WJUwfiwtlnpl(wo bG WJI} !pbpubGuiCil:ip)l 
:J>pqpljwp}lu}lwljwfi hwm4mpJmfiCibPlt mwppbpntfJWUp: fl.fi~ t.lbpwpbfU1LU t 
bwawCi a4wCi bwuwtqwmwufuwu opqwfifibpp !pbputfimCibpp w4w)lt.lnt
fJmfifihpf1 hhm mfihgwo UlWppbpnlfJDt(JObppfi, WU4W J}W, WUbUWjU hwtlW· 
llw4wCintflJWUp, UlWJUwCiwtlnptlwo t flztuwfip &?Wflgpwhwu ?Jlbpnul ptiwl1-
t{b1m bwCiq.wtiwfipmt (J.?wqgpwhwtl ?flhpmtl pfiwlll(nrt o4fibfl(!. fl wwp
pbpntpJillU wqp ~pbpmu pCiwljt{nqfihpp, wnwt.lbL qq.wJmfi bfi wpwwpjl(i 
uJii>wtlwJp}l wql)lll\lfihPlt hwuq.btq): 
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U111n1uw1J 3 

Swppbp t/JlilJtnnpUbpft wqqbgnwmOp "10 - ft £ "15l./'J. - ft wlJ111ju/mp1wO l/Jlw ft1}uw6 
dlJwU wwppbp opqwOUbpnuf (tflJtinz qymwwtfwtn Jq pwptf h1mut/wbpn11I, n=5, M±m) 

Opqwfifihp'(! t:t>hqmnpfihpn• 
"10-p t. "151.:i'l-p 
wqmplJ.mpJmfin 

wnwfig t:t>hltmnp 3,93±0,28 
gpmpwm 12,30±0,75 

hpltqwlifihp gpmpwm+Ub3> 1,89±0,12 
UtJl> 0 
Ulil> 0 
Ubl> 0 

wnwfig t~bqmnp 4,51±0,31 
gpmpwm 7,61±0,53 

uwpq gpmpwm+Ubl> 2,82±0,20 
UtJl> 5,24±0,37 
Ulil> 19,60±0,97 
Ubl> 6,55±0,45 

wnwfig t:t>hltmnp 6,35±0,43 
gpl.IlpWl.Il 0 

up pm ahmpwm+Ub l> 0 
UtJl> 2,62±0,19 
Ulil> 5,24±0,37 
Ubl> 7,86±0,54 

wnwfig t:t>bqump 5,24±0,37 
gpmpwm 0 

tunltltfihp ahmpwm+Ub3> 0 
UIJl> 1,31±0,09 
Ulil> 5,24±0,37 
Ubl> 0 

wnwfig t:ptqmnp 4,97±0,33 
m.qhq Ut.rl> 0 

Ulil> 7,86±0,54 
Ubl> 10,48±0,72 

• Ub!b-fl, UtJl>-lt t. U'-13>-p qnfighfimpwgltwfihpn· 10-{> if, gpmpwmltfil! · 3· 10-5 l!:' 

Uiumuwti 3-fl mtlJwtlihp[! Ciwl.t 4.tiwJntU bli, np Ulr.b-fl wn\iWJDtfJwtlp 
UUllltfllip Opupq.wgtlw(i lllJlilQbU[! [!CiJ}hwlipWUlbU 6CiztlntU t' pWQWDntf jWtlp 
uwpqfl l.t upmfl ~bpuhlimlihpfl: Cum bpl.tntJpflli, qw pwgwmptJ.mu t 
CipwCintJ., np wliwbpnp qtfl\intflq[!, WJil t~blJ.tnnpntJ. tupwCitJ.btntJ., UpgwlJ.gnui t 
lllJlntfllifl opuflqwguwli Uipngbup hbm' wnwtJ.ht t~hqmfltl. WUiwhntlhtn~ 
P22P tlibpqbmflq UIWhwCi2Cihp[!: 

l/bUuwpj11J}lw1/J wupjJaU 
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A X. Ar A,lOKAWIH, 3. C. MHHACRH, A. A. Ar A,ZVKAIDIH, 
A. A. 3AXAP.SIH, JI. r. AHAHJIH 

<l>EPMEHTbl KATAEOJIM3MA ITPOJlMHA 11 PErY.JUII.U'UI HX 
AKTHBHOCTH B PA3JlWIHhIX OPfAHAX <l>OPEJ111 

(SALMO ISCHCHAN) 

Pe3IOMe 

J13yqeHbl aKTHBHOCTH npoJIHHOKCH)la3bl (TIO) H nupoJIHH-5-Kap6oKCHJnlT-
. ,llerH.ZJ.poretta3&I (fl5K,Z:O B pa3nuqu&1x oprauax cj>openH. B&1coK<u1 aKTHBHOCTb 

Q>epMeHTOB o6uapy>KeHa B cepAQe p&16&1 no cpaBHeHHJO c TaKOBOH B OCTaJibHblX 
oprauax. B nepHOA OTKJiaAKH HKpHHOK B nolfKax caMOK aKTHBHOCT& cj>ep
MeHToB OKHCJieHIDI npOJIHHa B03paCTaeT B 13 pa3, a B noqKaX caMUOB-8 3,5 
pa3a. Bo scex H3ylfetttt&IX oprauax, 3a HCKJIJOlfettHeM cepAua H >Ka6p, 
LUtTPaT 3HalfHTeJI&HO CTHMynupyeT aKTHBHOCT& ITO H fl5KJ{. KoMnneKc l.{HT

paT+ A T<I> B neqenH CTHMYJIHPYeT aKTHBHOCTb YKaJaHH&IX <l>epMetrr0e 6onee 
'!eM e 4 pa3a. 

A. Kh. AGHAJANY AN, Z. S MINASY AN, A. A. AGHAJANY AN, 
A. A. ZAKHARY AN, L. G. ANANY AN 

ENlYMES OF PROLINE DEGRADATION AND THEIR 
REGULATION IN DIFFERENT ORGANS OF SALMO JSCHCHAN 

Summary 

Activation of proline oxidaze(PO) and pirolin-5-caroxilate-dehidrogenaze 
(PSKD) in the organs of Sa/mo :.Schchan has been investigated. In compa
rison with other organs high activity of the enzymes has been found in the 
heart of fish. The activity of proline degradation enzymes in kidney increases 
13 times during laying of hardroe of the females and in the kidney of the 
male - 3,5 times. Citrate stimulates the activity of PO and P5KD in all 
organs, except the gills and the heart. The complex of citrate and ATP in 
liver stimulates the activity of the mentioned enzymes over 4 times. 
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bl'b<lUl.f> "lbSUttUl. ~UUULUUl'Ul.f> Q.f>SUttUl. Sb'lbtfUQ.f>l' 
yqEHblE 3AllHCKH EPEBAHCKoro rocY,llAPCTBEHHOro YHHBEPCHTET A 

Pliw~wli q~uintpjntli6hp 3,2004 

DUOJI02UR 

Y,llK 616.088.61 

A. B. JlAjlH, H. H. KCA.IJ.)KHIUIH, C. M. MHHACRH, 3. C. rEBOPIOIH, 
A. P. CAPKHCRH 

THIIOJlOIWIECKHH AHAJI.H3 KAP)U10rEMO)U1HAMMKH 
y CT APlllEKJIACCHHKOB B YCJIOBllilX 3K3AMEHAQMOHHOro 

HATIP.IDKEHllil 

AHanHJ HlY'fCHHhlX noKa:JaTeneA eweHn ewpaxcemme enHJ1HHe 31C3aMCHa

UHOHHoro crpecca Ha 311opoei.e Y'fCHHKOB cneUH8JJH3HpoB8HHMX wKon. Y'leHHKH 

c CHMnBTH'ICCICHM THnOM perynJIUHH COCTaBJJJlnH «rpynny pHCICll>>. Hx COCTOllHHe 

xapB1CTCp1noeanoci. HBHOO.IThlIIHMH H3MCHCHHJIMH HHTCrpa.m.HWX noK838TCJJeA 

MCXBHH3MB peryJIJIUHH pHTMa cep11ua. 

lhBeCTHO, lfTO nepHOJl lllKOJlbHOro o6yqeHHJI, JIBJlJIJICb crpeccoHaChIIUeH

HblM nanoM >KH'3He.D.eR'TeJibHOCTH, BHOCHT CBOH KOppeKTHBbl B npoQecc OITTO

reHeTH'ieCKoro pa3BHTHJI [I, 2]. B CBJl3H c 3THM o6'beKTHBHaR oQeHKa <l>YHK

UHOHaJihHhIX B03MO>KHOCTeH pacryiuero opraHH3Ma npH yMCTBeHH0-3MOQHO

HaJibHOH .ll.CJITeJlbHOCTH, onpe.D.eJieHHe HHTeHCHBHOCTH H npo,llOJl)ICHTeJlbHOCTH 

y'le6HblX HarpYJOK, Bbl3b1Bal0ll{HX HanpJ1)1(eHHe <l>YHKLlHH B <l>H3HOJ10rH'leCKH 

nonyCTHMblX npe.D.eJiax, npHo6peTalOT Ba)l(HOe HayqHo-npaKTINeCKOe 3Ha'leHHe. 

HanpR)l(eHHblH pe)ICHM .llHJI, 3Ha'lHTCJibHhIH o6'heM y'le6Hoii HarpYJKH, .D.e<l>HQITT 

BpeMeHH, Heo6xo,llHMOro JlJIJI ycsoeHHJI HH<J>OpMaQHH, xapaKTepHbie JlJIJI yqe6-

HblX 3aBe.D.eHHH HOBOro THna (JIHQCH, rHMHa3HH, lllKOJlbl c ymy6neHHblM 

H3y'leHHeM pJl.lla npe.llMeTOB H .D.p.), JIBJIJIJOTCJI Bblpa)l(CHHblMH ncHxOTpaBMH

PYIOIUHMH <l>aKTopaMH JlJIJI nonpocrKOB [3, 4]. HecMOTpJI tta :rro, .aaHHblC o 

BJIHJIHHH 3KCnepHMCHT8JlbHblX <t>opM o6y'leHHJI Ha 3JlOpoBbe lllKOJlbHHKOB 

llOBOJihHO npoTHBOpe'lHBbl. He.D.OCTaTO'lHO ocsemeHo T3.IOKe COCTOJIHHe <J>H3HOJIO

rtNecKHX <l>YHKQHH lllKOJibHHKOB cneQHaJIH3HpoBaHHblX IUKOJI npH yMCTBeHH0-

3MOLlHOHa.'lbHOM HanpJl)l(eHHH, K8KOBbIM JIBJlJleTCJI 3K3aMCHaitHOHHbIH nepHOJl. 

l(eJibtO H8CTOJ11Uero HCCJlCltOBaHHJI JIB.t1JIJ10Cb npoBe,llCHHe HH.D.HBHJl.YaJlb

HO-rpynnoBOH THilH38UHH BCreTaTHBHbIX H ncHXOJlOfH'lCCKHX Il0Ka33Te.JICH yqe

HHKOB, o6y'la10IUHXCJ1 B o6pa3oBaTeJibHblX yqpe)KJl.eHIDIX Hoeoro THna~ B yCJio

BMIX 3K3aMCH8UHOHHOro nCHXO)MOQHOHaJlbHOro HanpJl)l(CHHJI. 

Manp11&11 • MeTOtlW •ccJ1e.1toeaea11. B HCCJJC.llOBaHHJIX npHHHMamt yqac

nte 113 )''ICHHKOB. 06cJie.ayeMble rpynnbl 6blJ1H c<l>opMHpoBaHbl CJIC.:JYIOIUHM 

00pa30M: nepBU - H3 47 Y'ICHHKOB (B03paCT 14-16 ne'l'), OO}"i8IOIUHXC.I 8 vrn 
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• 
H X KJtaccax fHMHa.JHH «Heifpott» r. Epeeatta c JJ.H$$epettunpoeaHHbIM o6yqe
HHeM (3KCnepHMeHTaJlbH8JI rpynna), f)l.e 3aJUITHH npOBOJ].HTCH B pe)l(HMe 6-J].HeB

HOH y11e6HOH He)l.eJIH c o6H3aTeJibHblMH 3K3aMettaMH B HHBape H KOHUe y11e6ttoro 

ro.ua; BTOP8JI - H3 66 y11eHHKOB Toro )Ke B03pacTa o6meo6pa.30BaTeJibHOH WKOJlbl 

N!? 10 HM. M. Xopettauu (KOHTpOJibH8JI rpynna). 

,Z1.rnl BblHBJieHIDI JIH'IHOCTHblX oco6eHHOCTeH HCnbrryeMblX nepeJJ. JKcne

pHMeHTaMH ocymecTBJIHJIOCb KOMnblOTepttoe nCHXOJIOfH'lecKoe TeCTHpOBaHHe c 

onpeJJ.eJieHHeM ypoBJUI rpeBO)l(HOCTH {YT) no onpocHHKY Cnun6eprepa. CTeneHb 

caMoqyBCTBHH (C), aKTHBHOCTH (A), HacrpoeHHH (H) onpeJJ.eJUlJlaCb comacuo 

noKa.JaTeJIHM CAH, a HeifpoTH3Ma - no AuJeHKY. 

Bo ecex rpynnax onpeJJ.eJIHJIHCb ocnoBHbie noKa.JaTeJIH KapJJ.HO- u reMo

AHHaMHKH: nynhc, ap-repHa.nbHoe .uaenenue ( cncTOJIH11ecKoe - CA):(, JJ.HaCTo

nu11ecKoe - ,[(A~. nyJibCOBOe - n~. cpeJ].He,1J.UHaMH'leCKOe - CM). AprepHaJib

HOe )laBJieHHe (A~) H3MepHJIOCb MeTO.llOM KopOTKOBa. no <t>opMyJie CTappa 

pacc11HTblBaJIHCb cncTOJIH'IecKHH H MHttyTHbIH o6beMbI KpoBH (CO H MOK). 

~" ananu3a pHTMa cepAua lllKOJibHHKOB Ha AByxKaHaJihHOM JJieKTPOKapJJ.uo
rpa<t>e 3K 2T-02 perncrpupoeanacb 3Kf. CnrHanb1 3Kf, MOJJ.YJIHpoeattHbte 

3BYKOBOH 11acTOTOH, 3anHCblBaJIHCb Ha nopraTHBHblH MarHHTOtPOH H 11epe3 aBTO

Mant'ICCKHH un<t>poBOH npeo6pa.30BaTCJib no)l.aBaJIHCb Ha MOHHTOP KOMnbIOTepa 

IBM-486. MaTeMaTH'IecKHH ananuJ pHTMa cep.uua npoeoJJ.HJICH MeTOJJ.OM eapua

UHOHHOH nynhcOMeTpuu no KpHTepHHM P.M. l:iaeecKoro H AP· [5] c nQMOl.UblO 

KOMTibIOTepttoif nporpaMMbl «Cardio», pa.3pa6oTaHHOH B na6opaTopuu HttcTH

zyra $H3Honornu HMeHu JI.A. Op6enu HAH PA. IlporpaMMa o6ecne•meana 

aBTOMaTH4eCKYIO perncTpaUHIO H attanm R-R uHTepeanoe c nocrpoeHHeM Kap

AHOHHTepeanorpaMM (KHf). B MaTeMaTH'IecKoM 6noKe nporpaMMbl nony11eHHble 

KHr no.ueepranucb cneuuanbHOH o6pa6oTKe, B pe3YJibTare qero BhIAaeancH 

p.11.ll noKa.JaTeneu, xapaKTepu3y10mux CTaTHCTHlfeCKHe, rncTorpa$H'IeCKHe, aero

Koppem1unottttb1e H cneKTpanbHbte napaMerpbI JlHHaMHKH cepne11ttoro pHTMa. 

BbI'IHCJIHJIHCb cne.uy10mue HHTerpanbHhie noKa.Jaremt pHTMa cepJJ.ua: AMo -

aMruurry.LJ.a MO.llbl, Mo - MO.Ila, ~x - eapuaunoHHbIH pa.3Max, Vk - K03$<f>nuneHT 
eapuauuu KapnuouttTepeanoe, HH - HH.lleKc HanpH)l(eHHll, HBP - HHJJ.eKc sere

TaTHBHoro paBHOBeCHH, IlAilP - noKa.JaTeJib a)l.eKBaTHOCTH npoueccoe perym1-

UHH, BOP - eereTaTHBHbIH noKa.JaTeJih pHTMa. 
Ilony'IeHHble .llaHHbie nOJ].BepranHCb CTaTHCTH'leCKOH o6pa60TICe Ha 

KOMnhiorepe IBM-486 c y'IeTOM t KpHTepnH no Cn10)lettzy. 
Pe1yJ1LT&Tb1 o o6c~euoe. CpaBHHTeJibHblH attanH3 ncuxo<f>H3HOJIOfH

qecKoro CTazyca H napaMerpos cepJJ.elfttoro pHTMa lllKOJibHHKOB KOffTPOJibHOH u 
3KCnepuMeHTaJibHOH rpynn BblHBHJl pa.3ttyIO creneHb HanpH)l(eHHH peryJillTOp

HblX CHCTeM, onpe)leJIHIOLUHX «Uetty» a)l.aITTaUHH K 3K3aMettaUHOHHOMY Hanp.11-
:>KeHHIO. 0THOCHTeJibHO BblCOKa.11 cTenettb HanpJl)l(eHHJI MexaHH3MOB peryJIJIUHH 

cep)le11ttoro pHTMa u YT 6bIJJa xapaKTeptta .llJl" yqamuxc11 rHMHa.JHH. XapaKTep 
H rny6utta pa.3BHTHJI JKJaMeHaUHOHHoro crpecca onpeJJ.eJIJIJIHCb THnoM sereTa
THBHOH peryJIJIUHH cep,LJ.elfHOfO pHTMa, KOTOpbIH ycnoBHO oueHHBaJlCll KaK 

saroroHHlfeCKHH npu HH<60 ycn.e.LJ.., HOpMOTOHH'lecKHH - HH=60-l 50 ycn.eJJ.., 

CHMnaTOTOHH'lecKHH - HH> 150 ycn.eJJ.. 
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3K3aMeHbl conpoBO)l(,llaJIHCb BblpIDKeHHbIMH 3MOUHOH8JlbHblMH peaK

UIDIMH y11.eHHKOB. CTenenb H npo.u.omKHTeJibHOCTb 3MOUHOHaJJbttoro B036}')1<

.u.enu.11 3aBHCeJIH OT o6beKTHBHO ,ll.eHCTBYJOIUHX cf>aKTOpOB H ncHXOJIOfHlf.eCKHX 

oco6ennocTeH JIH'fHOCTH. TecTHposaHne lllKOJibHHKOB no AH3eHKy Bbl.llBHJIO 

npHHa,ll.ne)l(HOCTb 0011.TH scex o6cne.u.yeMbIX K 3KCTJ)aBepTaM, 5 y11.eHHKOB 6bmH 

utrrpasepTaMH. CocTo.11nue y11.eHHKOB KOtrrpOJibHOH rpynnbI xapaKTepH30BaJJOcb, 

B OCHOBHOM, HH3KHM ypoBHeM HeHpOnf3Ma, a 3KcnepHMeHTaJJbHOH rpynDbl -

cpe.l(HHM H BbICOKHM. B npe.U.JKJaMenauuoHHbIH nepHO.ll B KOHTJ)OJibHOH rpym1e 

na6mo.u.aJJocb nonmKeHHe noKaJaTen.11 CAH (.u.o 5, 10±0,25 6aJinoB, npH nopMe 

5,24±0,22, p<0,05), npo,ll.OJI)l(al01Ueec.11 H B OOCT3K3aMeHaUHOHHbIH nepuo.u. 3a Clf.eT 

yMeHbLUeHHR ypoBHJI CaMO'fYBCTBHH H aKTHBHOCTH. lf.yaCTBO OTBeTCTBeHHOCTH 3a 

pe3yJibTaTbl 3K3aMeHOB o6ycJIOBJIHBaJ10 OTHOCHTeJibHO HH3KHH ypoaeHb aKTHa

HOCTH H HacTpOeHH.11 a 3KcnepHMeHTaJJbHOH rpynne. B npe.ll.3K3aMenaUHOHHbIH 

nepHO.ll. noKaJaTeJIH CAH y nocJie.U.HHX noHH)l(aJJHCb .u.o 4,85±0, 17 6aJinos 

(npH HOpMe 5,09±0, 19 6rumoa, p<0,05), B OOCT3K3aMeHallHOHHbIH - ,ll.O 4,95±0,29 

6aJJJIOB. flo cy6beKTHBHbIM OOKaJaTeJI.llM lllKOJibHHKOB, HaH6onee BblpIDKeHHblif 

CTJ'ax nepe.u. 3K3aMettoM HCDbITbIBaJJH CHMnaroroHHKH. B npe.U.3K3aMettaQHOH

HbIH nepHO.ll. B HHTerpaJJbHbIX noKaJaTeJI.llX cep.u.e11.noro pITTMa naH6onee 

BblpIDKeHHble C,llBHfH OTMelf.aJJHCb y .u.ecRTHKJiaCCHHKOB 3KCnepHMeHTaJibHOH 

rpynnbl. YseJIH'IHBaJJOCb 'IHCJIO CHMnaTOTOHHKOB - 60% (npH 35% B KOHTpOJib

HOH rpynne ), saroroHHKH OTCYTCTBOBaJJH. Cpe.u.H BOCbMHKnaccHHKOB CHMnaroro

HHKH COCTaBJIRJIH 27% (CM. pHc.). 

HapR.u.y c H3y'lenneM rpa.u.auuit no HH, npose.u.eu TalOICe aHaJIH3 xapaK

Tepa pearnposanH.11 Ha 3K3aMettaQHOHHbIH CTJ'ecC. Bb1.118Jleno .u.sa THna peaKUHH: I 
- c .llOCTOBepHblM nOBbILUeHHeM l1H .llO 3K3aMeHOB H coxpaHeHHeM IlOBblllleHHOfO 

HJIH BOCCTaHOBJieHHeM HCXO,ll.HOfO ypoBHJI B UOCT3K3aMeHaUHOHHbIH nepHo.u.; II -
c .u.ocrosepHbIM nottff)({eHHeM l1H .u.o H nocne 3K3aMeHa. B 3KcnepnMeHTIUib

HOH rpynne I THn pearnposaHHSI 6bIJI xapaKTepen .ll.JlSI 65% BOCbMHKJiaccHHKOB H 

82% .u.ecnuKJiaccHHKos; II THn pearnposaun.11 Ha6JIIO.U.aJICH COOTBeTCTBeHHO y 

35% H 18% HCnbrryeMbIX. flo.u.o6HaR KapTHHa CBH,ll.eTeJibCTBYeT o6 aKTHBaQHH 

CHMnaTHlf.ecKOfO OT,lleJia BereTaTHBHOH HepBHOH CHCTeMbl (BHC) H MeXaHH3MOB 

QetrrpaJJbHOH peryJIHI.lHH cep.u.e11.HOH .u.e11reJibHOCTH y rHMHaJHCTOB [6]. B noJib3Y 

.u.annoro YTBep)l(.lJ.eHH.11 rosopHT H HJMeHeHH.11, na6n10.u.aeM1>1e na rncro-, cKaTTep

H aBTOKOppenorpaMMax: C.llBHr Kap.U.HOHHTepBaJJOB B cropotty TaxHKap,ll.HH c TeH

.u.enuHeH K napOKCH3MaJ1bHOH TaXHKap.u.uu; yseJIHlf.eHHe KY'fHOCTH, npHHHM810ll.l,eH 

BH,ll. 3JIHnca, Ha CKarreprpaMMax; yseJIH'leHHe Ha aBTOKOppenorpaMMax MOll{HOCTH 

cneKTJ)a HH3KO- H cpe.u.ne'lacToTHblx KOMnoneHTOB. BenHlf.HHa Mo/ ~x YK8Jbl· 
B8Jla Ha ,ll.OMHHHpoBaHHe BJIHRHH.11 a.u.peneprn'lecKHX CTJ'YJCTYP H yqacTHe ryMO

paJJbHOfO 3BeHa B perymlUHH CHttyCHOro pHTMa cep.u.ua. y pR,lla WKOJlbHHKOB 

3KCnepHMeHTaJJbHOH rpynnbI (saro- H nopMOTOHHKH) BeJIH'IHHa HH BbIXO.U.HJia 

3a ycJIOBHbie rpaHHUbl HOpMbl H 30Hbl a.u.anTaUHH, ,ll.OCTHraR IlOKaJaTeJI.11 30Hbl 

nanp.11)1(enn.11 (.u.o 267,86 ycn.e.u..). Y CHMnaTOTOHHKOB HH noBbIWaJJCH .u.o 

318, 15 YCJI.e,ll.. flepe,ll 3K3aMeHOM Ha6JIIO,llaJ1C.ll TalOICe pOCT HHTerpaJJbHbIX 

noKaJareneu MexaHH3Ma peryn.11u;un cep.ae'IHoro pHTMa (HBP, BOP, nAilP), 

naH6onee BbipIDKeHHblH y ucnhrryeMbIX 3KcnepuMeHT8JlbHOH rpynn1>1. BblJIB-
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neHHbie e I rpynne H3MeHeHHJI crrpIDKaJOT cocTOJIHHe rHnepcHMnaTOTOHHH. 

)laHHblH THn pearHpoBaHHJI ClfHT8eTCJI H8HMeHee 6naronpHJITHblM npH 3MOLUfO

H8JlbHOM CTpeCCe. 

III 

A 

50"!. 56% 

24% 6% 

r~35°~ 

D ...... ~ 
76% 59% 82% 

9% 9% 9% 18% 

B e~ ......... 
64% 73% 

"'~ 
c:J - BU'OTOllllJ(H, - - HOpMOTOllHlt:H, - - CHMIJ8TOTOHHJ(H 

H3MCHCHHe np<>llCH'ntOro C001HOWCHHJI yqeHHKOB c pa3JIH'IHblM TIUTOM BCreTaTHBHoA pery JllllDDI 

pHTMa cep.aua B JK3aMCHaQHOHHblA nepHO.ll. I - OOblqffblA yqe611b1A .llCHb (cfx>11), II - .llO JICJaMetta, 

III - IIOCJIC JK38MCHa. A, Ii - VIII H x KJ18CCbl KOIUpOJlbHOit rpynm.i; 8, r - VIII H x KJtaCCW 

JKCllCpHMCHTaJlbHOit rpymn.i. 

Y HCnb1TyeMblX II THna pearnpoeaHHJI eeJIHl.fHHa HH .no 3t0aMeHa noH11-

)((3JlaCb. 31-a TeHJleHUHJI coxpamuracb TaIOKe B nocnK3aMeHaU.HOHHblH nepHOll, 

'ITO CBHJleTeJibcTBycr o J.lOMHHHpoeaHHH napacHMnaTHl.fecKoro oTne.rra BHC H 

HH3KOH aKTHBHOCTH MexaHH3MOB ueHTJ>aJibHOH peryJIJIU.HH cep.ne'fuoro pHTMa. Ha 
no yKaJblBaJOT H ua6mo.uaeMble B no.uo6HblX cny'faJix Ha rncTorpaMMax yee.r11t

'leHHe eapHaUHOHHoro pa3Maxa, noHH)KeHne KY'IHOCTH Ha cKaneprpaMMax. a 

TaJOKe ycHJieHHe cneKTJ>a BbICOKOl.f8CTOTHblX KOMOOHeHTOB cep.nelfHOfO pHTMa H8 

aBTOKoppenorpaMMax. Cornacuo TeOpe'I'HlfeCKHM noJJo:>KeHHJIM, npn noHmKeHH1f 

HH H AMo, noBbillleHHH Llx, Ha6mo.uaeMblX BO JI rpynne, aBTOHOMHblH KOHT)'P 

peryJJJIUHH cep.nelfHOro pHTMa «cnpaeJJJieTCJI» c HMeiomeucJI HarpyiKoH. KOTO

pa.11 Bbl3b1Bae'f cf>yttKUHOHaJJbHoe HanpJI:>KeHHe, HO He npH80)1HT K Bblpa>KeHHOM)' 

yroMJJeHHtO [2]. AKTHBallHJI napacHMnaTH1.feCKHX MexaHH'lMOB HOCHT, no-BlUH

MOM)', perymrropHblH xapaKTep, HanpaeneHHblH Ha npe.uynpe:>KJleHHe H36blTO'l

HWX 3Cl>c1>eK"TOB CHMn8Tlf1fecKOH CHCTeMbl. flpe.U'.1K3aMeHaL{HOHHOC HanpHCCHMe 
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npHBO.llHnO TalOKe K H3MeHeHHJIM Kap.llHO- H reMOJlHHRMfftleCKHX D0Ka3RTeJieit 

rHMHR3HCTOB. IlpH 3TOM 3HRlfHMble C)J.BHrH B lfRCTOTe cep)J.elfHOro COKpameHHJI 

Ha6mo.z:taJIHCb y ,l{eBOlfeK. 3Ta 38KOHOMepHOCTb coxpaIDl1IRCb H B DOCT3K3aMeHRUH

OHHblf1 nepHO)J.. IlcHX03MOUH0HaJibHOe HanpJDl(eHHe OTpIDKaJIOCb H HR nOKa3RTe

Jl.llX A)];, lfTO npo11emmocb e rnnepcHMnaTOTOHHlfeCKOM THne Kpoeoo6pallleHHJ1. 

IlOBbIWeHHe BCCX COCTRBJllllOlllHX A)]; (CA)];, )];A,[{, Il,[{, C,ZUO HRKRHyHe 

3K3aMeHOB 6bIJIO o6ycJIOBJieHo npeHMYllleCTBeHHO aKTHBRUHeH pa6oTbl cepm.{a. 

nocJie,/.\Hee 00,/.\TBep)((,J.laeTCSI H DOKa3RTeJISIMH ueHTpaJibHOH reMO,/.\HHRMHKH. MOK 
y BOCbMHKJIRCCHHU nepe)l 3K3RMeHaMH 803paCTaJI Ha 44%, y JlCBJITHKJiaCCHHU - Ha 

28%, y )J.eCHTHKJiaccHHU - Ha 3 I ,5% (p<0,00 I). 
IlOCJie 3K3aMeHa y 60JibWHHCTBa yqeHHKOB Ha6JIIOJlaJIOCb BOCCTaHOBJieHHC 

HCXOJlHOrO <f>oHa (HopMO- H earOTOHHKH), lfTO CBH)J.eTeJibCTBYeT 0 TeCHOM 83RHMO

)leHCTBHH 3pro- H Tpo<f>oTponHoif cucTeM opraumMa. OTMelfaJIOCb TaIOICe noHH

>KeHHe YT. Y )leeoqeK, cpe.ll.H KOTOpbIX 35% BOCbMHKJiaccHHUbI, 53% )J.eB.RTH

H 48% ,l.leC.RTHKJiaccHHUbI, nocne 3K3aMeHOB A)]; HMeno TeH,l.leHUHIO K nOBbillle

HHIO (CHMDRTOTOHHKH). IlcHX03MOUHOHaJibHoe HanpJDl(eHHe, HCDblTbIBaeMOe Ha

KRttyHe 3K3RMeHOB, coxpaH.RJIOCb Ha DpOTJDl(eHHH BCeH ceCCHH, npeTepneea.a npH 

3TOM )J.HHRMHlfeCKHe HJMeHeHH.R OT O)J.Horo JKJaMeHa K ApyroMY. 

TaKHM o6pa3oM, aHaJIH3 nonyqeHHbIX ARHHLIX noJBOJI.ReT JaKJIIO':IHTb, 'ITO 

3K38MeH .RBJIReTC.R CHnbHI:.IM CTPeccopHbIM <f>aKTOpoM, BJIHRIOlllHM Ha ypoeeHL 

IlCHXOJIOfH':leCKHX H eereTaTHBHblX DOKa3aTeJieH CTapweKJiaCCHHKOB, CBH)J.eTeJib

CTBOM qero .RBJI.ReTC.R H )J.HHaMHKa HJMeHeHHH 11H. CpaeHHTeJibHbIH aHaJIH3 H3Me

HeHHH napaMeTpOB cep)J.e':IHOro pHTMa KOHTpOJlbHOH H 3KCnepHMeHTaJibHOH 

rpynri BbUIBHn DOBbIWeHtty10 HanpR)({eHHOCTb peryJI.llTOpHblX MeXaHH3MOB yqe

HHKOB WKOJI c .ll.H<l><f>epeHuupoeattHbIM o6yqeHHeM. YceoettHe yqamHMHCR rHM

Ha3HH B 3K3aMeHaUHOHHblH nepHO)J. 60JibWOrO o6'beMa HH<popMRUHH ,/.\ReTCSI BblCO

KOH «4>H3HOJIOrHlfeCKOH ueuoii» - Hanp.R)({eHHeM H nepeuanpll)({eHHeM ueHTpaJib

HOH HepBHOH CHCTeMbl H CHCTeM BereTaTHBHOro o6ecne':leHHSI. IlO,l.lTBep)((,J.leHHeM 

nocne.z:tHero llBJI.ReTC.R yeenHlfeHne ':IHCJia WKOJJbHHKOB-CHMnaroTOHHKOB. Y':leHH

KH c IlOBbIWeHHblM ypoBHeM TPeBO:>KHOCTH, CHMilRTH':leCKHM TOH)'COM perym1uHH 

cep.z:telfHOro pHTMa tty)((,J.lalOTCSI B cneUHaJibHOM KOHTpOJie co CTOpoHbl npo<f>HJiaK

THlfeCKOH cny:>K6b1. B CBll3H c 3THM peKOMemcyeTC.R npoee.z:teuue nepHOJlH':lecKoro 

ncHxonornqecKoro H Me.z:tHUHHCKoro o6cne)loBaHH.R yqamuxc.11 .11;1.11 npeJlOTBpa

IQeHH.11 npoueccoe nepeHanp11)({eHH.11 H cpb1ea ~arrraunu. 

llocmymaa 26.12.2003 
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LUP'-lUcr01'-i0"5U"V "lU5UU"V"VbP01'-IT 

U lhp mtrn ui 

fimnuifiwuppqwb gmgw6pz6bpp qbptmbntp JDLfiI! pwgwhwJuibt t p66w-
4wfi twpqwbntpJwfi wnwllht wpuiwhwJmqwb wqqbgmpJmfin uwufiwqp
mwgtlwa quwngfibpp wzwltbpmfibpp wnmwwltwCi 4}16wllti tlJlw: ~6Ciwqw6 
twptlwbntpJwfi tqwJuwfifibpmu uputqwpnmnfip4 mpu.iJl qwpqwqnpmu mfihgnq 
unqnpnqfihpn qwquht hfi npullti J:umup, npnfig hwuwp qpwfigtlht t upuip nppup 
lJ.wpqwqnpuwCi pfiuibqpwt gmgwfipzCibpp wnwtlbt lflmtmJ:umpJmfi: 

AV. DAYAN, N. N. KSADJIKYAN, S. M. MINASYAN, E. S. GEVORKYAN, 
A. R. SARKISY AN 

TYPOLOGICAL ANALYSIS OF CARDIOGEMODINAMIC AMONG 
PUPILS OF HIGH CLASSES IN TERMS OF EXAMINATION EFFORT 

Summary 

The analysis of investigated exponents has revealed a deeper effect of 
examination stress on specialized school pupils' health conditions. Increase of 
central regulation mechanisms' activity was revealed in conditions of examination 
tension loading of sympathetic nervous system. The pupils, who have sympatho
tonic regulation, have formed a «risk>> group and have more changes in integral 
exponents of heart rhythm regulation. 
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bPb-lU'11> "lbSUllU1' ~UUULUUPU'11> C\.l>SUllU'1 Sb'lbliUC\.l>P 
yqEffL(E 3AIIHCKH EPEBAHCKOrO rocY,UAPCTBEHHOro YHHBEPCHTETA 

.Pliwllwli qltumipJmlilihp 3,2004 EcrecTBCIDlblC Ha)'XH 

l.r/iliu wpw tin lf}Jn 1 fl 

YJU< 612.8+591.18 

fl.. u. ~UPni-.ruanJ-"V6U"L, "V. u. ~U40.PBU"V, "V. 8n1. U'l-UlffiU"V 

fUI<hlUtrvUJ!U'l8f'l "l.UoUUlibbPOMT <f'l''lff4UlT"lf'l CA 1 'l-UCSf'l 
'l-b.PC C1'0Ufi.flt-fct5lfl., 4UPQ.U~PUUb Q.OPt>C1'fctU801'-lT 

\,bpwbntpJmfi: fctftlwbfiwpwqgfl utWJuwfifibpnu1 2fitwnwqwfi Cimpp 
$mpnfumpJmfifibpfi ppwqwfiwfinuI bfi bpqwpwl{mfi mqbqlt (qnnqbqwJpfi) 
2fi1wnwqwfi qbfimpnfi}l L l{bpqnl'.iqbqwJ}lfi qnJwgmpJmfifibpp PWM l}mfuwq
qbgmpJwfi hbmLwCipm[: Q.pwqwCimpJwCi ub2 qwfi u}l zwpp wzfuwmwfipfibp, 
npnfip tlhpwphpmu hfi hpl.Jwpwl{mCi mqhIJ.ll 2fi1wnwqwfi qbfimpnfip qnpbw
nwqwfi tl}ll'.iwqp qpw tlnlp}lwqwfi hwowqwpq}l qwpLnp qnJwgmpJntfiCibp}lg 
ubqp' h}lutnl.J.wuutf>. (bntl.wopm) CA1 qw2m}l wqqbgmpJWfil! [op}lfiwq, 1, 2]: 

fltumufiwuppntpjWfi Ubpnqpl}wfi: fituntUfiwuppmpJmfifihpf! qwtnwptl.bt 
bfi ump $npo}l utWJtiwfifibpnu1 180-230q pw2 mCibgnq uutf>.mwq wnfibm
Cibpp qpw, npnfip ptiphg4.ht hfi pinpwtnq}l (30tiq! qq) L Cibtipmmwlli (I Otfq/ qq) 
fuwnfimpqm[: t>n4_w6}1m CA, qwzml! tthl.J.mpwfupwfi4.bt t qnfiumwCimwCib 
bplJ.pLbn tthl.J.mpnqfibpn4. (mpwtiwq}lb"f! 0,2titi, ti}12ttblJ.mpnqwJ}lfi hbnw4_npnt
PJntfi{! 0,2-0,3tit1), npnfig umbpbmnwpuflq qnqufinpn2mul! qwmwp4.bt t f!Utn 
l>}l!l>lJ.n4.wJfl L lfwp2wlfl wmtwu}l [3]: 

Cfi1wnwqwa Ub,1pnfiUbpfl wlJ.mfl4_mpJwfi wpmwbtiwfi fiutwmwlJ.n4. mqb
IJ.llqp tiwufiwqp hbnwgmupg hbmn o}lqpntthl.J.mpnlll! }12bg4.bt t bpqwpwtl.mfi 
mqhIJ.ll 2fiiWilwqwfi qbfimpnfip (obex) zp2wfi: Upmw2fiiwl.J.wfi (tpuutJipwmnp) 
l.t CibpzCitwqwCi (}lfiut.qppwmnp) CihjpnCifibp}l mwpphpwquwfi, flCiill!hu uwL. 
2fiiwnmpJwfi f!Ciqhwfimp nhwqg}lwJ}l qUwhwmowfi fiutwmwl.J.ml qpwfig4.ht t 
qhfiqwfim wpmwp}lfi zfi~wnntpjntfi{!: 'bhjpnfifihp}l flOUJ.IllLUWJ}lCi wqmfltl.ntpJWfi 
wpmwp22w1}1Ci qpwfigntO{! }lpwqwfiwgl{ht t WUJ.wlJ.Jw ti}lqpntthqmpnqfihpm{: 

<l>npohpf! qwmwp4.ht bfi pp4_wbfiwpwqgp wqqbgmpJwfi qpfiwtipqw
JDLU: UJq CiutwmwlJ.n4. umhpbnmwpuplJ uwppw4_nptiwfil! :pppu4_wb qbfiqw-
6pfi mhqwqp4_bt t l'.ifi2wfugpqmu: Ommtifiwuppt{nq gmgwfipzfihp}l qpwfi
gmon lJ.wmwp4.ht t qpqnmo}lg wnw2 L hhmn. finpoopupwJp utWJOwCifih
pn1u· p02=142tftf ulilJ. UJ., 4000-5000ti <<pwpopmpJWfi» 4_pw' p02 =109-
85 tfti uOIJ. UJ., 7500-80000:.p qpw · p02=64-58titi uOIJ. u1. L «f>.2hgmupg» 
hbmn · qwpoJWl finpuopupwJp utWJUWfifibpnuI: 
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Ui 
U. OJtl}l 

q. 
fibjpnCiCi 
fibpzCiiU 

C1 
gltwfibp] 
4nq: b't 
wpqbtwl 
pwfiwltlJ 

<I>n1 
lllWJUW 

fin uw 
4000-50( 
7500-80( 
(( b mu 

fin uw 
4000-50( 
7500-80( 
(( b mu 

fct{l 
pwfiwqw 
Gtizatpp. · 
t}lmpnfun 
dpm CA 
fibpzfiiWl 
1W qp.ow 
gnuI, put 
wtl.btwgm 
'Uhjpnfifit 
twqnq we 
fibpqWJW1 
bm.J.wopm 
fihp2fiiwlt 

@-pt 
r2tgmun 
uwfi: u11 

hwuwqwr 
wtl.htwgm 



Umwgtl_wc) mtlJwtfibpp 4}16wtiwqpwtiwfi uzwtinu.i(! tiwmwptl_bt t 
U. OJ4}lfip ubpnqntl_ [4]: 

Q.pwfigtl_ht t hp4wpwtl_mfi mqhqfl zuiwnwqwfi qhfimpnGp 40 1.fmttWJpfi 
fibJpnfifihpp w4mptl_mpJmfi, npnfigpg 22-(! hqht hfi wpmwzfiiw4wfi, 18-[!' 
fihpzl1iw4wfi: 

Cum bmlw6fl.m CA1 qwzmp qpqm.iwfi fiqwuuiwup i.qwmwujuwfi nhwlJ.
gltwfibpp fibJpnfifihp£! pw<hufitl_bt hfi hp4m Juupp · wtimfltl_wgnq l.t wpqhtwlt
l}nq: b'4 finpuopupwJmU, l.t' pptl_wbfiwpwqgp wqqhgmpJwfi qpfiwlif14wJmU 
wpqhtw44nq fihJpnfifibpfl. pwfiw4mpJDLU(! qbpwltznbt t wqmptl_wgtl.llllfihpp 
~wliwtiPfi (wq. 1): 

UIJJDIUUJI/ I 

/dpt{wuliwpwl/{//1 U{UJJtfwtitibpnuI bntfwdflm CA 1 1JW2111/l t1M1111pwfupwtitfwli lil[w111tfwtfp 
bpl;wpwtfmli DIIJbl//l 2u1wnwl;wli Ob1pnOOlipfl pwliwl;wl;wli t/JmjJnfump1mO[! 

<l>npdJl lrhJpn66bplt ul{qp6w-
111wJtiw66hpf! l{w6 pwCiWI{[! (%) 

fin uw 
4000-5000ti 
7500-8000tf 
« b mtI» 

fin uw 
4000-5000ti 
7500-8000tf 
« b mtI» 

Upqh1wl{lJn11 
CibJpnCiCibp (%) 

U~mfllJwgnq 

% 

@'ptl_wc)fiwpwqgp wqqhgmpJWfi qpfiwlip4wJmU t.flnttwJpfi fihJpnfiCibp}l 
pwCiwqwqwfi l}lnl}lnJumpJmCifihppfi qmqwhhn qpmtl.ht bfi fiwL. WJL gmgw-
6pzfihpfl. · hwuwqwpltP mhnqmpJwfi, }lulllmtufibpp pwfiwtiP, hw6wJumpJwfi 
t}lmpnfuntpjntfifihp: \,npUWt upfintnptnWJpfi l'ifizuwfi lllWJUWfifihpmu bntl_w
dpm CA1 qwzmfl. qpqnuwfi <huuwfiwq wpqbtwqtl_nq wpmwzfiiw4wfi l.t 
6bpzfi1wqwfi fibJpnfifihpfl. hwuwqwpqmu fi4wm4ht t fl.ulllnttufibpfl. pwfiw
IIP ltJltiwmmu, hbml.twpwp l.t fl.UlllilttUfibpfl uf12flfi hw6wfuntpjwfi l}lnppw
gnuI, flult wtimfl.tl_wgtl_nq fibJpnfifibpfl hwuwqwp4mu· }lut.qnqufibp}l pwfiwltP 
wl}btwgmu, hbml.twpwp l.t PlllllilllUfibpfl ufl2pfi hwtiwfumpjWU ubbwgmu: 
'UhJpnfifihpp flulllmtuwJfl.fi w4mptl_mpJwfi tl_pw bntl_wofl.m CA, qwzmfl. wpqb
twqnq wqqbgmpJntfi{! qbpwltznht t qpqnnq wqqbgmpJWfi{!: llitJmuwlt 2-nu.i 
fibpqwJwgtl_wc) t finpUwJmlI l.t hfl.lllopupwJp wqqhgmpJwfi qpfiwupqwJmtl 
Onl}woflm CA1 qwzmfl. tthltmpwfupwfiuwfi <huuwfiwlt wpmwzfiiwltwfi l.t 
fibpzfiiwqwfi fibJpnfifibpp }lut.qmtUWJpfi wqmfl.tl_mpJwfi tflnl}lnfumpJntfi{!: 

@'pt.{wafiwpwqg}l wqqhgmpJwfi wnw2flfi tflnqmu (4000-5000l1) pOi-f1 
P2bgnuI{! hwfiqbgpbt t zfiiwnwqwfi fibJpnCiCibpfl wltmfltl_ntpJWU pwpopwg
uwfi: UJU l}lnqmu qpmtlbt t wpqbtwltt.{nq l.t wltmpt.{wgnq fihJpnfiCihp}l 
hwuwqwptiP mhnqmpJwfi tflnppwgmu, qpwCigmu fltlt.qnqufibpp pwCiwltP 
wtfbtwgmu, }lulllnttufibp}l u}l2}lfi hwtiwfuntpJwCi ubbwgmu: \,uwfi hhzmwg-
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l{wb l>nCifl. tfpw bnl{wopm CA1 qw2mfl. lthlJ.mpw)upwCimun wnw2wgpbt t 
wpmwhwJmtJ.wb wpqb1wqnq wqqbgmpJmCi: fctptJ.wbCiwpwqgfl. bwCip lfmtLmtI 
(7500-8000U) wpmw2Ci~wqwCi L. Cihp2Ci~wqwCi CihJpnCiUbpfl. hwuwqwp4mu 
qpmlf.ht t ptitqm1uUhpfl. pwUw4fl )upum Ul{wqmu: 'Vuwa 6U21.{wb l>nCi~ 
tfpw CA1 qw2mfl. lthlJ.mpw)upwUmU{! l{bpnhfl.2JWL CihjpnUCibpfl.U pUnpn2 
nhwqgpw tli wnw2wgpht: 

UQJDlUUJI/ 2 

lilpqwbliwpwl/!J}l UJW)lfwlililipnuf tniqwdjmz CA 1 1JW,ltn/l t1lif/tnpwjupwlitfwli lil/wtnlfwlfp 
lipf/wpwt/mli DU[liqft 2li.iwnwiJwli liliJpnlililipjJ }lliUJDlfUWJ/lli wljtn}lt/mpjwli l/Jm/mjump1m6{! 

Upqb1wql{nq fibJpnfifibp liltmfll{wgnq fihJpnfifihp 

<I>npdfl hwowtumpJmfi, hwowtumpJmli, 
UjWJUWfifihpn /ltfUJI t/ lfmlflntum- /ltfUJI t/ tl:mlflntum-

uflfil qpqnmutig 
p JlJDlfifl, 

ufllil qpqnmuflg 
p JlJDllifl, 

% % 
qpqnmun hhmn qpqnmun hhmn 

wpmwzfilwqwli lihJpnlilihp 

linpuw 42±3,1 26±1,9 0,001 38 31±2,3 41±3,2 0,02 32 

4000-5000tf 54±4,3 30±2,3 0,001 44 42±3,9 57±4,3 O,o2 36 

7500-8000tf 24±1,9 20±1,I 0,05 16 21±1,8 24±1,9 0,2 13 

«h9hgmu» 43±3,3 27±1,8 0,001 36 32±2,9 42±3,1 0,05 31 

lihpzlilwtiwli fihJpnlilihp 

linpuw 46±3,9 27±2,0 0,001 41 45±3,9 60±5,3 0,05 33 

4000-5000tf 57±4,5 30±2,7 0,001 47 50±4,3 70±5,7 O,QI 40 

7500-8000lf 26±1,7 21±1,3 0,05 19 30±2,1 35±2,7 0,2 15 

«h9 hQ mu» 45±4,1 27±2,1 0,001 39 43±3,3 58±4,2 0,05 37 

'4hUqwUfl.Uhpfl.U «fl.2hgUhtntQ» hhmn (Cinptiwt upUntnpmwJfl.U 6U2uwfi 
tqWJUwUUbpnui) npn2 dwuwUwq wUg (15-20 pntqb) qpml{bt t fl.U~tqhu 

h1wlJ.bmwJfl.U gmgwUfl.2Ubpfl., wJUtqhu lt qpqnuwa Uqwmuwup UhJpnUUbpp 
nhwqgpwUbpp l{bpwqwUqUmu (wq. 2): 

bqpwqwgmpJmfi: ~hp[! UlJ.wpwqpqwb tfmpowpwpwlJ.wCi mtlJwtUbp{! 
1U~wnw4wa UhJpnUUbpfl. putqm1uwJfl.U w4mfl.l{mpJwU l{pw p}}l{wbUwpwqgp 
L. bnl{wopm CA1 qw2mfl lth4mpwqwU qpqnuwa hwuwqgl{wb wqqhgm
pJwU wM.JmUp bfi: 'Vuwa qbtqpmu Jlpl{wbUwpwqgp qmqhp[! bwnwJht bfi 
nptqhu 1>nU, opp tfpw hbmn wl{b1wgh1 t bntJ.wofl.m wqqbgm}}JmUn: "Unp
uopupwJmU bnqwopm CA1 q.w2mfl. qpqnuwfi dwuwUwq umwgl{wb mtlJwt
UhpJ! hptqopuflwJfl tqwJIIwUCibpmu lJ.wmwpl{nq qmpohpfl. hwuwp bwnwJht 
bfi nptqhu ummqp~: '4hUqwUfl.Uhpp <<pwpopwguwU» wnw2fl.U qmqmu (4000-
5000U) 2U~wnwlJ.wU UhJpnUCihpfl. wtimfl.l{mpJwCi pwpopwgmlIJ! tqWJUWCiw-
1.{nptlwb t UJWJlIJ.WJfl.U p2fl.2Ghpfl. tfpw fl.U~~hu nhl>thlJ.mnp, wJUtqhu tt pOrfl 
fl.2hguwa wUuf12w4wCi wqqbgmpJwtip L. P22WJfl.U pwqwUpUhpfl. wtqwpL.h
nwguwup [5, 6]: bplJ.pnpq lfmqmu (7500-8000U) mhqfl. t mfihfimu 1U~w
nwqwG fihJpnUUhpfl. wlJ.mpl{ntpjwU 6U2mu, npJ! qwtqtlwb t P22WJpU pw
qwUpCihpfl. qwnmgl{w()pw1>mCilJ.gpnCiwt qwquwl{npuwfi, qwtfl.mu-Ciwmppm-
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uwqwCi lllnuuw ~mCiqgflwJfl }uwCiqwpuwCi, flCi~tqbu Ciwla P22WJflli wgflqnqfl 
qwpqwguwCi hbm [7]: 

CCi~wnwqwCi fibJpnCiCibpfl qpw bml_wllflm CA1 qwzmfl pwpq wqqbgm
fJntfil! qwpblfl t pwgwmpbt CipwCim.l_, np bml_w&pm WJI') hwmtlwbnut 
mwpwpwzfutlwb bCi n~ uflwJCi wpqbtwtitlnq lihJpnCiCibp (qbpw4znm1), WJtl.& 
wqmpl[wgnqCibp: 

Ubp CiwfultlJCi munuICiwuflpmpJmCiCibpmu [8, 9] zli~wnwqwli libJpnO
Cibpfl qpw lflupflwqwfi hwuwqwpqp UJntU qnJwgmpJmfifibpp' bfipwmhuw
pupfl, Cizwhwuwlflpp qbqhwuf12wJpfi qnppqfibpp wqqbgmpJwfi mumufiwuflp
uwfi ctwuwfiwq qflml[bt t hw4wnwq bphntJPI!' w4mptlwgnq CibJpnCifihpfl 
pwfiW41! qbpw4znbt t Wpqbtwql[nqfibpp(i: liJUUlbqflg hbmhntU t, np zCiiw
IlDl}}JWli tqpngbufl tiwpqwtlnpuwCi ubfuwCiflquCibpnuI [IUqqpqlfw<} bCi qtfu
mqbqfl mwppbp uwqwpqwqCibpmu qmfitlnq qnjwgmpJmCiuhp: btl upwJfi 
l}f1Wfig qntUWJIWJpfi wqqbgntpjlllUJ! qwpnq t WUlWhntlht zCiiwnmpJWCi 
wnwl[bt humwti qwpqwl[npmUJ! L. opqwfipqufl hmuwlfl hwpuwpl{nqwqw
limpJntfi{! ZP2WlllWIDilfl uti2wl[wjpfl tflmpnfutl.nq utWJUWCifibptiCi: 

UUIJllllll £ l/lililpuliftlilip/I /111q/1Dfaq/JWJft wtipjJDli U111wgt/b1 l 01.fN.2()()1 

I. li.YK.JmD C.6., Cl>lviaTOU IO.M., 3.-.a ID. ID. - Bonpocw HdtpoXHpypnlll, 1998, Kt 4, 
c. 1-7. 

2. K....,.. R.H., Cap&llCGa r.T .. rall6apa Jl.C. Cerrro-lllllllOUMlla.llWIH CllCttMa H oprulll• 
38IIHll DOBCJlCHIUI. Ep.: lb11- BO AH ApM. CCP, 1986, 126c. 

3. liypem .sL. Ilnpam. M., 3uap H. 3.11eupocpn110~lle MeTOJIW ""ne~•· M.: 
H.:1, 1962. 456c. 

4. OiBmJ ff.A. - JK. DaT0.11. cfJBwoJI. B xroep. TCplllJllH, 1960, T. 4, Kt 4, C. 76-85. 
5. B.nacoa H.r. Hep11BU urru H ~cu. MaTep. VII Me.&JIYIDP. CIDlllO'J. «'.koMf'o-
~'lOnl'ICalle npo6JJeMY aJllJmllllll(». M., 1994, c. 54. 

6. Jlyu..-. 11.,Ll. - DtoJIJI. xcnep. 6Bon. H MCJDIUHHW, 1997, T. 124 (9). c. 244-254. 
7. CaMoi..'IOS M.O. PeuUllll HelpottoB Mora Ha noJOICCMIO. JI.: Hayu, 1985, c. 190. 
8. Kapaon-M..A.., ~o.r .. AulumlLC. - Cl>loHOJJOJ" Jl. CCCP, 1987, T.ll, 

Jlf! 7. c. 926. 
9. AuaJlll 8.C., Ide ... OI., Capsw- H.S. - <PlrwoJIOf" . .&. CCCP, 1991, T. 77, 

Jlf! 12, c. 41--48. 

P. C. APY110HJlll. H. C. AJOOrn1H, H.10. AJlA)dll 

PO.Jlh CA1 IJOIDI fHIIIJOKAMIIA B PEfY Jljll{HH ,llblXAHWI 
IlPH rnnoKCHH 

Pe3IOMe 

B BOpMC • B yCJlOBHJl.X uc.oopoJlHOi He..!lOCTaTOcutOC H"JY'leMO sJJH'l· 
1111e CA1 ooJIJI nmn~aMna Ha HMlly .. 11>CHyJO UTH.BHOCTb AWUTeJJbffblX 

aeApoao9 DpOJIOJIJ'OBaTOf'O rn. B ycJJO.BH.U HOpMVIbHOrO an1occpeptroro 
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.naBJieHHH .llO «no.n'heMa» XHBOTHbIX :meKTpHtJeCKoe pa3.npaxeHHe CA1 nong 
runnoKaMna oKa3bIBaJJO npeHMymecTBeHHO TopM03Hll.lee BJIHHHHe. B HatJanb
uoif cpa3e rHilOKCHH ua «BbICOTe» 4-5 TbIC. M HMeJia MecTO aKTHBaQHH qac
TOTHOfO pa3pH.na uettpoHOB. Ha 3TOM cpoue TOpM03Hll.lee BJIHHHHe CTHMy
JIHQHH CA1 nOJIH rnnnoKaMna 6hIJIO 6oJiee Bblpaxeuo, tJCM B ycJIOBHHX 
HOpMOKCHH. Bo BTOpOH cpa3e (7 ,5-8 TbIC. M) Ha6JI1-0)laJJOCb yrneTeHHC aKTHB
HOCTH .llhixaTeJibHoro QeHTpa npo,llonroBaToro Mo3ra H CA1 noJIH rHnno
KaMna. B ycnoBH}lX THxenoii rnnoKcHH Ha6JIIO)laJIOCb yrueTeHne HMny JibCHott 
aKTHBHOCTH tteitpoHOB, npu 3TOM TOpM03Hll.lee BJIHHHHe CA1 nonsi: runno
KaMna 6bUIO He3HalJHTeJlhHbIM. 

R. S. ARUTUNY AN, N. S. HAKOPY AN, N. J. ADAMYAN 

THE CA1 AREA OF HIPPOCAMPUS REACTION IN RESPIRATORY 
REGULATION IN HYPOXIA CONDITIONS 

Summary 

Jn the normal as well as in the oxygen deficiency conditions research has 
been made to study the influence of CA 1 area of hippocarnpus on impulse activity 
of respiratory neurons of medulla oblongata. 

In conditions of normal atmospheric pressure the electrical stimulation of 
CA1 area has had mainly inhibiting influence. Jn the initial phase, on 4-5 thousand 
meter altitude, activation of frequent discharge of neurons occurred. In this 
situation the inhibiting influence of stimulation of CA 1 area of hippocampus was 
more accentuated than in conditions of normoxia. In the second pha:se, 7,5-8 
thousand meters on the reduction of the impulse activity of neurons, stimulation of 
CA1 area induced uncharacteristic reactions of those neurons. 
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bUOJIOZUR 

M. r. TACJIAXlihmI 

MHKO<I>JlOPA APMEHillf. PO,[{ ASCOCHYTA LIB. 

B CTilTbe npHBe.!leH KOHcneKT o6HapYJKeHHIJX a ApMeHHH BHllOB po.Ila 

Ascochyta lib. L{JIJI KIDK.!lOro HJ HHX .lUleTCll J13THHCKoe H3383HHe, yK33bIB3eTC.I 

aBTOp, nepBOHCTO'IHHK, JlHTeparypHWI CCIJJJKa, mrraiowee paCTeHHe, MeCTO H 

llaTa c6opa. 

B paMKax MHoroJieTHHX nnaHOBblX uccne.noeaHHii MHKoqmophI ApMeHHH 

8.BTOpOM H8CTO.llLQeH CTaTbH H3yi.1eHbl BH.LJ.OBOH COCTaB, 3KOJIOrH.ll H pacnpo

CTpaHeHHe rpH60B 92 BH.ll.OB H3 po.na Ascochyta B ApMeHHH. fpH6bl B KOHcneKTe 

pacnoJIO)l(eHbl B amt>aBHTHOM nop.11.nKe BH.LJ.OBbJX H8HMeHOBaHHH. ,[{.rr.11 K8)1(.LJ.Of0 

BH.LJ.a, noMHMO naTHHCKoro Ha3Batt11.11, YK838HbI asTopbI, nepsoHCT01fHHK, JIHTe

pazyptta.11 ccbIJIKa, nuTaJ-OLQee pacTettue, MecTO 11 .narn c6opa [I, 2] *. 
f pH6bI po.na Ascochyta .11sn.1110Tc.11 nap83HTaMH BbICUIHX pacTeHHH H3 MHO

rHX 60TaHH'JeCKHX ceMeHCTB H Bbl3bJBaJ-OT n.llTHHCTOCTb JIHCTbeB, pe)l(e CTe6JieH, 

IlJIO.ll.OB, 11aUieJIHCTHKOB H .npyrnx 3eJieHblX 11acTeH. IhTHa 6b!B81-0T caMOH 

pa3Hoo6p83HOH <f>opMbI - oKpyrnbre, npo.nonrosaTb1e HJIH 6ec<f>opMeHHhJe, o.nH

H01fHhie HJIH CJIHB81-0ll{Hec.11, 11aCTO 38XB8TbIB8fOII{He 6oJiblllYfO 1f8CTb JIHCTOBOH 

WiaCTHHKH, HeOK8HMJieHHble HJIH orpaHH1feHHble KOpH11HeBblMH, 11epHblMH, nyp
nypHblMH HJIH .npyroro l.(BeTa o60.ll.K8MH, 1f8CTO c KOHl.(eHTpH1feCKOH 30HaJib

HOCTbl-O. 0KpacKa HHblX - OT CBeTJio-ceporo HJIH 6eJIOB8TOfO .ll.0 6yporo, TeMHO

nypnypHoro, nolffH 11epHoro l.(BeTa. IlHKHH.LJ.bl mapOBH,llHble, UiapOBH.LJ.HO-KOHH

'leCKHe, mapOBH.LJ.HO-npHnn1-0cttyTb1e, J1HH30BH.ll.Hhle, pacce.11HHble no sceMY nney 

JIH6o KOHl.(eHTpHlfeCKHMH KpyraMH Ha O.LJ.HOH HJIH 06e11x CTOpoHaX n.llTHa. 

YcTbHl.(e OKpyrnoe HJIH cJierKa npo.nonrosaTOe. KoHH.AHH l.(HJJHH.ApH11ecKHe, YMH

HeHH0-3JIJ1HncoH.LJ.aJibHb1e, llIHpOKOBepeTeHOBH.ll.Hble, pe)l(e 6ynaBOBH.lJ.HbJe, .llHl.(e

BH.LJ.Hble, c O.ll.HOH neperopo.ll.KOH, c nepeT.ll)l(KOH HJJH 6e3 Hee. Mono,llbie He3peJihie 

KOHH.ll.HH O.LJ.HOKJieTOlfHbie, 6eCl.(BeTHble, pe)l(e OlfeHb CJia6o OKpaUieHHble -

3eneHOB8Tble HJTH OJTHBKOBble. 

• c UCJlblO MaKCHM3nbHOro COKpaweHHll 061.eMa CTilTbH B Ka'ICCTBC ilHTeparypHoA CCblJIKH npHBO

Jl'HTCll TOilbKO KHHra [I], KOTOpWI llBillleTCll MOHorpat\>H'ICCKOR o6pa6oTKOH acex ony6nHKOBaH

HblX BHllOB noro po.Ila H B KOTopyio BOWJIH TillOICC apMllHCKHC BHllbl. 11aCTb nepBOHCTO'IHHKOB 

YTO'IHCHa no c6opHHKY [2]. 
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IlpH CHJlbHOM nopIDKeHHH MHOfHe BH){bl HaHOCSIT cepbe3HbJH Bpe.zt 
ceJibCKOX03JIHCTBeHHblM K}'JibTYPaM, .npesecHblM H K}'CTapHHKOBblM nopo.llaM, 
,lleKopaTHBHblM paCTeHHJIM. 

Koucnen BH.llOB po.Ila Ascochyta 

Ascochyta acericola Massa. Ann. Mycol., 10 (3), 1912:290. Ha Acer 
negundo L. - ropHC, 23 .10.1963; Ha Acer platanoides L. - Baua,ll3op, 14. 07.1998. 

Ascochyta amorphae Allesch. Ber. Bayer. Bot. Ges., 4, 1896:34. Ha 
Amorpha fruticosa L. - AJiasep.llCKHH p-H, 21.09 .1966; neconapK «CocHSIKH», 
11.09.1958; CTenaHaBaH, 24.04.1989. 

Ascochyta aquilegiae (Roum. et Pat.) Sacc. Ann. Mycol., 3, 1905:406; 
Men&HHK, 1977:77. Ha Aquilegia vulgaris L. - JieconapK «CocHSIKH», 16.08.1955; 
EpesaHCKHH 6oT. ca.n, 17.07.1957; ua Aquilegia olympica Boiss. - OKpecTHOCTH 
c. AHKaBaH, 16.07.1961; Ha Delphinium araraticum (N. Busch) Grossh. -
EpesaHCKHH 6oT. ca.n, 13.08.1960; Aparau, 17.09.1987. 

Ascochyta asclepiadearum Trav. Ann. Mycol., l, 1903 :312; MeJibHHK, 
1977:88. Ha Asclepias syriaca L. - neconapK «CocHJIKH», 9.07.1975; Kuposa
KaHCKHH 6oT. ca.n, 24.09.1990. 

Ascochyta babajaniae Taslakhchyan. MuKon. H cfiuronaron., 1, 1, 1967:113. 
Ha Ocimum basilicum L. - KuposaKaH, 15.08.1962; EpesaH, 28.08.1992. 

Ascochyta balsamitae Taslakhchyan. MHKOJI. u cfiuTOnaron., l, l, 1967: 113. 
Ha Pyrethrum balsamita (L.) W. - KHposaKatt, 14. 07. 1965; CrenauaeaH, 7.08. 
1979. 

Ascochyta betae Prill. et Del. Bull. Soc. Mycol. France, 7, 1891 :24; 
Men&HHK, 1977:98. Ha Beta vulgaris L. - KuposaKaH, coproyqacTOK cosxo3a 
HM. lllayMJ1Ha, 10.18.1963; Cucuau, c. Hopasau, 20.09.1973; Cn~aK, 20.08.1981. 

Ascochyta boltshauseri Sacc. F. pflanzenkrankh, 1, 1891: 136; MeJibHHK, 
1977:70. Ha Vicia faba L. - nosceMeCTHO s paifouax B&1paw.usattHJ1 6o6os; Ha 
Onobrychis saliva Lam. - KuposaKau, 1951; Ha Onobrychis hajastana Grossh.
JleHHHaKaH, 10.10.1955; Mapryuu, 10.07.1967; Ha Trifolium ambiguum Bieb. -
neconapK «COCHSIKH», 20.05.1959; ua Trifolium pratense L. - KHpoBaKaH, 1963. 

Ascochyta bondarceviana Mein. HoBOCTH CHCT. HH3W. paCT., 1957:204; 
MeJibHHK, 1977:78. Ha Ribes alba L. - Crenauaeau, 15.08.1962. 

Ascochyta borjomi Bond. J13secTHS1 HMnepaTOpcKoro CaHKT-
nerep6yprcKoro &rr. Ca,Aa, 12,1912:102. Ha Caragana arborescens Lam.
KuposaKaHCKHH 6oT. Ca.A, 3.07.1962; 7.08.1965. 

Ascochyta boydii Grove. J. Bot., 56, 1918:315; MeJI&HHK,1977:83. Ha 
Alisma plantago-aquatica L.- oKpeCTHOCTH CremmaBaHa, Ha 6onore, 8.08.1962; 
EpesaH, OKpeCTHOCTH o3epa Aifrep, 24.07 .1993. 

Ascochyta calamagrostidis Brun. Mat. Mycol. Saint., 25; MeJibHHK, 
1977: 113. Ha Calamagrostis epigeios (L.) Roth. - CrenaHaBaH, 1962; AHKaeaH, 
23.07.1972. 

Ascochyta calystegiae Sacc. Michelia, l, 1878:169; MeJibHHK, 1977:103. 
Ha Calystegia sepium (L.) R. Br. - HoeM6epJ1H, 6JIH3 c. Apquc, 26.09.1964; 
ua Convo/vulus arvensis L. - lllaMWa.nHH, ypoqaw.e «Mucxaua», 15.09.1968. 
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Ascochyta caricae Rabenh. Bot. Leitung, Berlin, 1851 :445; MeJibHHK, 
1977:74. Ha Ficus carica L. - coexoo 3eihyu HoeM6ep.11ucKoro p-ua, 23.08.1964; 
MerpH, 17.08. 1988. 

Ascochyta caulico/a Laub. Arb. d. Biol. f. Land und Forst. Wirtsch. K. 
Gesund, 3,1903:441. Ha Meililotus officinalis. (L.) Pall. - I>acapreqap, 6nH3 
c. feilcy, 23.08.1961; Ceeau, 25.05.1962; AuKaeau, 22.06.1972. 

Ascochyta chenopodii Rostr. Botanisk Tidskrift, 26, 1905 :311. Ha 
Chenopodium album L. - c. Hopa.zxY'.J, paifou HM. KaMo, 26.07.1969; A6oHH, 
27 .08.1987. 

Ascochyta chlorospora Sped Michelia, l, 1878:483. Ha Cerasus vulgaris 
Mi/1.-KHpoeaKaH, 17.07.1963; c. )f{;:{auoe, 28.08.1969; A1mapaK, 12.06.1986. 

Ascochyta citri Penz. Michelia, 2, 1882:445. Ha JKHBblX JJHCTbJIX 
KOMHaTHoro JIHMOHa - Citrus limon (L.) Burm. flt. - KHpoeaKau, 14.07 .1965. 

Ascochyta compositarum J J Davis. Trans. Wisconsin Acad. Sci, 19, 
2,1919:695; MenbHHK, 1977:99. Ha Aster alpinus L. - KHpoeaKaHCKHH 60T. ca,zx, 
15.07 1965; ua Rudbeckia hirta L. - neconapK «COCHJIKH», 06.09.1969. 

Ascochyta cornicola Sacc. Michelia, 1(2), 1878:169. Ha Cornus mas L. -
neconapK «Cocu.11KH», 15.07.1969; OwaKau, 17.08.1986; Hmteeeau, 24.09.1992. 

Ascochyta crategico/a Allesch. Ber. Bayer. Bot.Ges., 5, I 897:6. Ha 
Crataegorus caucasica C. Koch. - l<HpoBaKaH, neconapK, 5.08.1962; )lHJIH)IGlff, 
18.08.1988. 

Ascochyta cucumeris Fautr. et Roum. Rev. Mycol.(Tolouse), 13, 1891:79; 
MenbHHK, 1977 :67. Ha Bryonia dioica Jacq. - KHpoeaKaH, Jiec, 15 .08.1963; ua 
Cucumis sativus L. - rncpecTHOCTH BaHa,zx3opa, 24.08.1983; ~eeaH, WaMwa
,llHH, ,UHJIIDKaH. 

Ascochyta cytisi Lib. Pl. Crypt. Ard. 156, 1832; MenbHHK, 1977: 125. Ha 
Laburnum anagyroides Medik. - neconapK «CocHJ1KH», 24.05.1959; l<Hpo
BaKaHCKHH 60T. CaJl, 29.06.1960; 30.09.1959; 6.09.1969. 

Ascochyta daturae Sacc. Michelia, 1, 1878:163; MenbHHK, 1977:164. Ha 
Datura stramonium L. - KHpoeaKaH, nee 6JIH3 c. lllaraJIH, 17.08.1963; 
mcpeCTHOCTH 11.wtceeaua, 23.08.1958; Ha Capsicum annum L. - CHCHaH, oro
po.AbI, 19.10.1963; ua Lycopersicum esculentum Mill. - CHcHaH, 26.09.1963; 
KHpoeaKaH, 14.08.1959; Axyu.noe, 20.07 .1979. 

Ascochyta davidii Taslakhchyan. MHKOJI. H tl»rronaron., l, 1967:112; 
MenbHHK, 1977:133. Ha Buddleja davidii Franch. - neconapK «CocHJWt>>, 
19.09.1962. 

Ascochyta dentariae Brezhn. 6oT. MaT. OTJl. coop. pacr. 6oT. HHCT. AH 
CCCP, 7, 1951: 186; MeJJbHHK, 1977: 105. Ha Cardamine uliginosa Bieb. -
3ana,zxHYe crrporH l.laxicytu1UKoro xpe6Ta, .ayOOalolM nee 6JIH3 c. Jlycanox. 
5.09.1957; AHKaBaH, 24.07.1969. 

Ascochyta deutziae Bres. Hedwigia, 39, 1900:326. Ha Delllzia grocilis 
SJeb. et Fuck. - neconapK «COCHJIKH», 29.04.1969. 

Ascochyta dispaci Bub. Ann. K.K. Naturhist. Hofmus., 23, 1909: 104; 
Mem.uHK, 1977: 108. Ha Dipsacus strigosus W.- l<MposaKaH, BaHa.mop, nee, 
23.08.1961; 15.07.1963. 
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Ascochyta doronici Allesch. Hedwigia, 36, 1897:162; MenhHHK, 1977:99. 
Ha Arctium tomentosum Mill. - napK l>iopaKaHCKOH o6cepsaropHH, 16.04.1973; 
Ha Callistephus chinesis (L.) Wees. - ,lVKepM)'K, JlCHJlponapK, 23.07.1974; Ha 
Doronicum oblongifolium DC - KHposaKaHCKHH 6oT. ca.n, 19.07.1939; Ha Zinnia 
elegans Jasq. - KHpoBaKaHCKHH 6oT. ca.n, 18.07 .1958. 

Ascochyta erevanica D. Bab. et Simonian. Stud. cercet. Biol. ser. bot., 
1964:446; MenhHHK, 1977: 172. Ha Centhranthus ruber DC - EpeBaHCKHH 6oT. 
ca.n, 10.07.1959. 

Ascochyta euphrasiae Oud. Contr. Fl. Mycol. Pays-Bas, 16:68; MeJihHHK, 
1977: 161. Ha Digitalis nervosa Steud. et Hochst. ex Berth. - neconapK «CocHJ1-
KH», 21.07.1960. 

Ascochyta evonymicola Allesch. Hedwigia, 36, 1897: 162. Ha Evonymus 
sempervirens Rupr. ex Boiss. - KHpoBaKaH, nee, 7.07.1963; EpeBaHCKHH 60T. 
ca.n, 24.07.1992. 

Ascochyta fabae Speg. An. del Museo Nacional de Buenos Aires ser., 76, 
1899:321. Ha Vicia faba L. - nosceMecTHO B panoHax Bbipall(HBaHHJI 6060s. 

Ascochyta fagi Woronich. BecTH. TH<t>JJHCCKoro 6oT. Ca)la, 28, 1913 :22; 
MenhHHK, 1977:110. Ha Fagus orientalis Lipsky - CrenaHaBaH, neCHH'feCTBo, 
15 .08.1950; 11.wKesaH, JICCHH'iCCTBO, 11.08.1972. 

Ascochyta ferdinandi Bub et Malk. Ann. Mycol., 6, 1908:24; MenhHHK, 
1977:93. Ha Sambucus nigra L. - OKpeCTHOCTH .[lH.nIDKaHa, 1969. 

Ascochyta forsythiae (Sacc.) Hoehn. sec. H Zimm. Verh. Naturf. Vereins 
Brunn., 47, 1909:36; MeJihHHK, 1977:138. Ha Forsythia viridissima Linde -
neconapK «CocHnH», 14.07 .1959; Ha Forsythia indermedia Fab. - KHposaKaH
CKHH 6oT. Ca)l, 24.07 .1959. 

Ascochyta graminicola Sacc. Michelia, 1(2), 1878:127. Ha Agropyron 
repens (L.) Beauv. - 3lfMHa)l3HH, 22.07.1963; Epesau, 27.07.1965; AxyHJlOB, 
16.04.1967; ua Agrostis stoloniferal.- CHcHaH, 24.09.1969. 

Ascochyta humuliphila Melnik. HosocTH CHCT. HH3W. paCT., 1972:210. 
Ha Humulus lupulus L.-KHposaKaH, nee, 19.09.1963. 

Ascochyta hyoscyami Pat. Cat. rais pl. cell. Tunisie, 1897: 121. Ha 
Hyoscyamus niger L.-KHpoBaKau, nee, 22.08.1963; AHKaBaH, 07.07.1992. 

Ascochyta idaei Oud Hedwigia, 41, 1898: 178; MenbHHK, 1977: 153. Ha 
Rubus caesius L. - KnpoBaKaH, c. lllaranbl, 15.07.1963; Ha Rubus idaeus L. -
ropHC, 24.07.1969. 

Ascochyta impatientis Bres. Hedwigia, 1900:326; MeJJbHHK, 1977:88. Ha 
Impatiens balsamina L. - EpesaHCKHH 6oT. ca.n, 13 .07 .1972. 

Ascochyta ischami Sacc. Michelia, 1878: 164. Ha Poa compressa L. -
EpesaHCKHH 6oT. ca.n, OT)leJJ apMJIHCKOH <lmopbl, 25.07.1964; Ha Agropyron 
repens L.-EpeBaH, OKpeCTHOCTH, 16.04.1950; 21.07.1975. 

Ascochyta juglandis Boltsh. Z. ptlanzenkrankh, 8, 1898:263; MeJJI>HHK, 
1977:120. Ha Jug/ans regia L. - ,[lH.nu)l(aH, 10.07.1964; 20.09.1982; AwTapaK, 
CarMocasaH, 28.08.1992. 

Ascochyta kabatiana Trott. in Sacc. Et Trott., Syll. Fung., 25, 1931 :330. 
Ha Laburnum anagyroides Med. - neconapK «COCHJIKH», l 5.08.1959; KHposa-
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KaHCKHH 60T. can, 29.04.1960; 30.08.1965; EpesaHcKH.ff 6oT. can, 12.04.1989. 
Ascochyta lagochili Byzova. <l>n. cnop. pacT. KaJaxcTaHa, 5, 2, 1968:267; 

Men&HHK, 1977:70. Ha Betonica officinalis L. - EpeBaHCKHH 60T. can, 23.09.1959. 
Ascochyta lamiorum Sacc. Michelia, 1, 1878: 170; Men&HHK, 1977: 122. Ha 

Lamium tomentosum W - KHpoBaKaH, ymen&e p. Baua.n3op, nee, 21.07 .1961. 
Ascochyta lathyri Trail. Scott. Naturalist (Perth.), 3, 1887:87; Men&HHK, 

1977:127. Ha Lathyrus odoratus L. - neconapK «CocHJIKH», 15.08.1958; Ha 
Lathyrus miniatus Bieb.: Stev. - KaMo, 15.07.1960; .llOJIHHa p. MapMapHK, 
06.08.1968; Ha Lahyrus roseus stev. - .1.1:y60B&IH nee c. Jlycanox, 17.09.1967. 

Ascochyta ligustri Sacc. et Speg. Michelia, I, 1878: 185; Men&HHK, 
1977: 139. Ha Ligustrum vulgare L. - KHpoBaKaH, .1.1:eH.D.ponapK, 19.04.1965. 

Ascochyta lupinicola Petr. Ann. Mycol., 19 , 1922: 145. Ha Lupinus hirsulus 
L. -KHposaKaucKHH 6oT. CaJJ:, 22.07.1963; ,[{HJJH:>KaH, 24.07.1987. 

Ascochyta malvicola Sacc. Michelia, l, 1878: 161; MenhHHK, 1977: 134. Ha 
Malva neglecta Wallr. - KHposaKaH, 1961; Ha Althaea officinalis L. - TilM HCe, 
15.08.1963. 

Ascochyta marginata J. J Davis. Trans. Wisconsin Acad. Sci., 18, 
1915:263; Men&HHK, 1977:86. Ha Aralia marginata L. - neconapK «CoctUIKH>>, 
29.04.1959. 

Ascochyta martianoffianum (Thuem.) Sacc. Hedwigia, 16, I 882: I 70. Ha 
Salixsp.- MapzyHH, 07.09.1969; Hopa.ny3, 14.08.1994. 

Ascochyta mattiolae Oud Contr. Fl. Mycol. Pays-Bas, 16:69; MeJI&HHK, 
1977: l 06. Ha Matt1'ola incana (L.) R. Br. - neconapK «COCIDIKH», 10.09.1958; 
Ha Brassicaceae sp. - CTenaHasaH, cyxne copHbie MecTa, 11.07 .1962; KHpoBaKaH, 
24.09 .1963. 

Ascochyta meliloti Trues. Ha Melilotus officinalis Desr., - KHpoBaKaH, 
10.10.1963; AHKasan, 08.07.1989. 

Ascochyta metulispora Berk. et Br. Ann. Nat. Hist., I, 1878:30; MCJILHHK, 
1977:139. Ha Fraxinus excelsior L. - KHposaKaH, neconapK, 15.08.1963. 

Ascochyta moelleriana Wint. Contr. Fl. Mycol. Lus. Ha Digitalis nervosa 
Stend Hachst. - Crenanaean, 21.07 .1959; Axyn.1.1:os, 17 .08.1969. 

Ascochyta mori R. Mre. Ann. Mycol., 2, 1913:354; Men&HHK, 1977:137. 
Ha Morus alba L. - KnposaKaH, 21.081964. 

Ascochyta nicotianae Pass. Atti Soc .. Crittog. Ital., 3, 1881: 14. Ha Nicotiana 
tabacum L. - neconapK «COCHJIKH», 10.09.1959; CrenaHasan, 8.07.1960; Hitwce
BaH, 22.07.1969. 

Ascochyta nobilis Kah. et Bub. Oesterr. Bot. Z., 54, 1904:24; Mem.mm, 
1977:157. Ha Dictamnus sp. - neconapK «COCHJIKH», 6.09.1969; Ha Ptelea 
trifo/iata L. - TaM :>Ke, 10.09.1958. 

Ascochyta obdusens Fuck. Symb. Mycol., 1869:388. Ha Filipelttlul.o 
ulmariae (L.) Max. - KHpos8KaH, 1970; AnKasan, 22.07.1996. 

Ascochyta orni Sacc.et Speg, Michelia, l, 1878:168; MeJibHHK, 1977:140. 
Ha Fraxinus excelsior L. - IO)l(HWI ApMeHHJI, 15.08.1952; neconapK «CoctUIKM», 

20.07.1959. 
Ascochyta orientalis Bond Acta Horti Petropol., 26, 1906:43; Meni.tnnc. 
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1977: 140. Ha Syringa vulgar is L. - KHpoBaK&HCKHii 60T. ca.it, 22.07 .1963; 
,U..nH}f(aH, napK, 25.08.1966. 

A.vcochyta oudemansii Sacc. et P. Syd Sylloge Fungorum, 14(2), 1898:947; 
Men&HHK, 1977:97. Ha Evonymus sempervirens Rupr. ex Boiss. - KHpoBaKaH, 
nee, 07.08.1963. 

Ascochyta pa/Iida Kah. et Bub. Hedwigia, 47, 1908:357; Men&HHK, 1977:82. 
Ha Ace negundo L. - fopHc, 23.10.1963. 

Ascochyta paliuri Sacc. Michelia, 1, 1878: 166; Men&HHK, 1977: 153. Ha 
Paliurus spina-christi Mill. - OKpeCTHOCTH Kact>aHa, 24.09.1963; EpesaH, 
l(HuepnaKa6ep~. 16. I 0. I 986. 

Ascochyta phaseolorum Sacc. Michelia, 1, 1878:169; MeJibHHK, 1977:127. 
Ha Phaseolus vulgaris l. - KHposaKaH, 20.08.1963; ua Caragana arborescens 
lam. - KHpoBaKaHCKHii 6oT. ca.a, 03.08.1967; 07.08.1965; Ha Lupinus hirsutus 
L.- KHposaKaHCKHH 6oTca,n, 22.07.1963. 

Ascochyta philadelphi Sacc. et Speg. Michelia, 2, 1881 :622; Men&HHIC, 
1977: 160. Ha Philadelphus coronarius L. - KHposaKaHCKHH 6oT. ca.a, 15.08.1963; 
Ha Philadelphus caucasicus Koehne. - neconapK «CocIDIKH», 08.07 .1959; ua 
Philadelphus grandiflora Wild. - KHpoBaKaH, 16.07 .1952; Ha Deutzia gracilis 
Bieb. etFucc. - neconapK «COCHJIKH», 29.04.1959. 

Ascochyta ph/ogis Vogl. Atti Ann. Reale Accad. Agric. Torino, 51, 1908:20; 
Men&HHK, 1977: 145. Ha Phlox paniculata L. - KHpoBaKa11cKHii 6<rr. ca.zt, 
30.09.1969. 

Ascochyta physa/ina Sacc. Michelia, 1, 1878:93; Men&HHIC, 1977:79. Ha 
llyoscyamus niger L. - KHpoBaKaH, 22.08.1963. 

A.scochyta pinodes l. K. Jones, New York State Agric. Exp. Sta. (Geneva) 
Bull., 547, 1927:4; MenbHHK, 1977:71. Ha Onobrychis sativa Lam. - KHpoBaK&H, 
20.08.1951; Ha Onobrychis hajastana A. Grossh. - JleHHHaK.aH, 20.10.1955; 
MapryHH, 10.07.1967; Ha Pisum sativuml. - nosceMecTHo. 

A.scochyta piricola Sacc. Nuovo Giomale Botanico Italiano, 7, 1875:31 l. Ha 
Pyrus communis L. - KHpoBaKaH, 1970; lllaMWa.zJ.HH, 22.08.1981. 

A.scochyta pisi Lib. Pl. Crypt. Ard., 12, 1830; Men&HHK, 1977:72. Ha Pisum 
Sdtiv"'" L - noBceMecTHo s paifoHax BblpalllHBaHH.11 ropoxa. 

Ascochyta potentillarum Sacc. Michelia, 1, 1978: 197; Men&HHK, 1977: 154. 
Ha Potentilla rectal. - KHpoBaKaH, 6eper p. BaHa.znop, 15.08.1969. 

Ascoch.vra pteleae Bub. et Kah. Hedwigia, 52, 1912:348. Ha Ptelea trifo/iate 
L. - Jleconapt< «CocHttOO>, 10.09.1958; 12.10.1969; EpeBaHCKHif 6oT. Ca.A, 

06.08.1984. 
AscochytaquercwsSacc. etSpeg. Michelia, 1878:162; MenbHHJC, 1977:110. 

Ha QNercus occidentalis J Gay - c. lllaraJiw 6JIH3 KHpOB8.1Wi8, 1970; ea 
Qwrcus macranthera Fisch. et Mey . ex Hohen. - KHpOBaKaH, nee, 1978. 

Ascochyta rabiei (Pass.) labr. Rev. Pathol. Veg. Entomol. Agric. Fance, 
18, 193 l :230; MCJ11>HDK, 1977: 128. Ha Cicer arietimon L. - l10BCCMeC'l1IO B 

paftoffax 8MpautHBaH1U H)'Ta. 

Ascochyta ribesia Sacc. el Fat11r. Bull. Soc. Mycol. France, 16, 1900:22. 
Ha RW:s .""""1f L - CeuHCIOOl 6oT. caJl. 5 .09. l 969; Ka Grossularia reclillOla 
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(L.) Mill. - KHpoeaKaH, npuyca.ne6tt&Ii:i y11acToK, 26.08.1969. 
Ascochyta rosicola Sacc. Michelia, I, 1878: 164. Ha Rosa canina L. -

KupoeaKaHCKHH 6oT. ca.n, 22.07.1963; .H.zvKeeatt, 09.05.1965; AxyH.noB, 
10.09.1969. 

Ascochyta sanicu/a J. J. Davis. Trans. Wisconsin Acad. Sci, 18, 1918: I 05; 
Men&HHK, 1977: 170. Ha Smyrniopsis armenia Schischk. - EpeeaHCKHH 60T. 
Ca.A, OT.lleJI apMllHCKOH <j)]]Opbl, 30.05.1972. 

Ascochyta sarmenticia Sacc. Michelia, 2 (6), 1880:110. Ha Lonicera 
caprifolium L. - neconapK «COCH.llKH», 27.08.1963; KupoeaKaH, .zxett.nponapiC; 
25.07.1962. 

Ascochyta solanicola Oud. Contr. Fl.Mycol. Pays-Bas, 17, 1902:264. Ha 
Solanum nigrum L. - l<HpoBaICaH, nee no 6epery p. BaHamop, 20.04.1960; 
17.09.1963. 

Ascochyta spiraeae Kah. et Bub. Hedwigia, 43, 1908:359; Me11t.HHK, 
1977:155. Ha Filipendula u/mariae (L.) Maxim.- c. AreepaH, .zxy6oeo-rpa6oe1.1Ji 
JJeC, 4.10.1967; Ha Spiraea arenata L.- KupoeaKaHCKHH 60T. ca.n, 22.07.1963. 

Ascochyta syringae Bres. Hedwigia, 34, 1894:207; MeJJbHHK, 1977: 140. Ha 
Syringa vulgaris L. - neconapK <<CocHJIKH», 17.08.1959; KHpoBaKaH, 30.09.1969. 

Ascochyta tenerrima Sacc. et Roum. Michelia, I, 1881 :622; Me11t.HHK, 
1977:94. Ha Lonicera caucasica Pall.- 11ec 611u3 c. Jlycanox, 18.09.1969; Ha 
Lonicera caprifolium L. - JJeconapK «CocHnH>>, 27.08.1963; Ha Viburnum 
lantana L. - neconapK «Coctt.llKH», 3.07.1959; Ha Viburnum opu/us L.
KHpoBaKaHcKHii 6oT. ca.u, 6.09.1969; Ha Sambucus nigra L. - KHpoBaKaHCKHH 6oT. 
Call, 14.07.1969. 

Ascochyta triliae Bub. et Kah. Hedwigia, 46, 1907:293. Ha Tilia cordata 
Mill. - neconapK «COCHllKH», 23.04.1959; KHpOsaKaH, nee, 24.08.1979. 

Ascochyta tremu/ae (Thuem.) Sacc. Mycoth. Univ., 1895. Ha Populus nigra 
L. - neconapK «CocHJIKH», l 4.10.1963; )lK.1HX<aH, nee, 14.09.1991. 

Ascochyta trifolii Bond et Trus. Eone3HH pacT., 7, 1913:215. Ha Trifolium 
'1lrlbiguum M B. - CTerrattaeaH, 20.05.1969; Ha Trifoliwn pratense L. - KHpO
BUaH. 20.07. 1960; Ornaicatt, 16.08.1972. 

Ascochyta ulmella Sacc. Michelia, 1 (2), l 378: l 69. Ulmus e/liptica C. 
Koch. - KHpoeaicaH, .L{eH.iworrapK, 04.08.1964. 

Ascochyta viciae Lib. Pl. Crypt. Ard., 356, 1837; MCJII>HHK, 1977: 129. Ha 
Y-1eia sativa L. - l<HpoBaICaH, 22.08.1962; I 0.10.1963; Ha Melilotus ofjicinalis 
(L)Pail.-6acapret:tap, OJYH3 c. Te~cy, 23.08.1961; Cesan, 25.05.1961. 

Ascochyta violae Sa:c. et Speg. Michelia, I, 1878: 163; Men1>HKK, 1977: 173. 
Ha Viola odorata L. - HwrceBaH, Jiec 6JTH3 c. BepuH-Ar~aH, 16.09.1962; 
i(apoBaJCaH, 15.08.1984. 

Ascochyta weigeliae Sacc. et Sped Michelia, 1, 1878: 170. Ha Weigelia 
rr:JtJea Lindi. - necorrapK «CocHRKK>>, 25.07.1963. 

Ascochyta zeina Sacc. Michelia, 1, 1878: 165; MCJ1M1RK, 1977: 118. Ha Zea 
llfaJl.9 L. - KHpoBa.KaH, 1958. 
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~UBUUSU'Ul'l lJll40l>lflPU'U: ASCOCHYTA LIB. Sb.cu! 

U\hpn$nui 

4wt.nwpt.lwb munulCiwuppmpJmCiCibp(l WJllllmCipmu ~WJWUt.nwCimu 
hw.1mCiwpbptjb1 bCi Ascochyta Lib. gbqpCi UIWt.nlJ.wumi 92 mbuwlJ.: ~nqqwmnu 
wul1U mbuwlJ.(1 hwuwp pbptlmu t Cipw tWtn}lCibpbCi wCitlwCimUJ!, hhqpCiwlJ.J!, 
uCinq pmJup wCit.lwCimuJ!, hwtlwpuwCi tlWJPI! lt wuuwp}ltln: 

M.G.TASLAKHCHYAN 

MYCOFLORA OF ARMENIA. GENUS ASCOCHYTA LIB. 

Summary 

As a result of the resarches in Armenia there have been found 92 species 
belonging to genus Ascochyta. In the list included in the article besides the latin 
names of the species there are also pointed the authors, the names of the host 
plants, the places of collection and the dates. 
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bf'b1.f.U11f\ lllbSUliU"l, <UUULUUf'U11f\ C}.f\SUliU"t, Sb'lbliU<l.f\C' 
Y'IEHLIE 3ADHCKH EPEBAHCKoro fOCYAAPCTBEHHOl'O YHHB•:P<~HTF.TA 

Pfiwlfwfi q)nnmpJmfifihp 3, 2004 EcTeCTBCHHWC Hl)'KH 

l/bOuwpw timp;nt 0 

YAK 583.337 

L U. Cfll-lvSUv 

luU~'lP UP J?lfVf\ UflPSbPf\ tUPPf\flQ.liubQf\ U4Qll'1UllU\, b1.l 
fil-C <I>fil-lbPf\ fll-Ufl1''1UUUf\Pfll-fitBfll-'1C 

'bhpWOOlfJJDL6: luwqmm dWJ11llf01fJJW6J! hWJU16fl t h6wqmJ6 dw
dw6wlf6bp}lg: Vitaceae {!6tnw6flpfl 6bp4wJwgmgf11Cibpfl wnw9f1Ci h6l:wpw-
6w4wa u6wgnJ11l6bpJ! hwfiqpl.llntu b6 qbnLu umnpflCi 4w46wJf1Ci Cium
l[w<}p6bpnul: t5wqmuntl wtlbtlt bpflmwuwJlll Vitis gbqp, npf16 hfltlCiw4wCin11J 
UjWm4w6mu b6 fuwqnqwqnpcnnpJw6 tlb9 mCimbuwlfwCi lfwpLnp (j7wCiw
lfmpJm6 m6bgnq fuwqnqfl unpmbp{!, hw6qbu t bflbt bppnpqw4w6 
lJl2W6nul: 

~WJWUUJW6{! tqwmdwljw6npb6 hwuwplfmd t qwpqwgwb fuwqnqw
qnpmuljw6 ljbfimpnfifibppg Ublll!, nptnbq WJchJ tt dzw\ilfnttl b(i dbb pwfiW
lfDLpjWdJ! fuwqnqfl finp L wpctbpwlfnp unpmbp: 

UbtblJg}tnfi wz}uwmwfipfibpfl hw9nqntpjndi[1 qbpwqw6gWUJbU UfWJ· 
dwfiwtlnptlw() t 00nqwlfw6 oLbpfl O}Jztn (IUtnpntpjwtlp: l-1wpLnp CiJW6w
lfmpJm6 ntfi}l htwlfbUJWjpfi OLbpfl 4bf1Wf1UlW'lfln1JWqwCi hwdw4WfKf.llld 
lihJnq}l mwppbp tftnttbpfl" U\.llDJlDqbfibq}l, qwlibmnqbCibqfl L pt1Jt.H.iuJqnp
dwfi UjpngbUfl mumufiwuflpntpjntfi[!'. l!Jfi IJwpnq t O<lfibt pwtlw\iwfiflu IWJfi 
mwpw()ntu mfibgilJJ WJfilllfmfl bpLmJpfibpfl UfWpqwpw6tiwfifl, flu>u.iflupp Mi 
UjmqwpwtJl{!. uw6p UfUlllWJfiOlJJJDlfil! L WJLfi, npn(ip fl!bg6nuf b6 fwwlm1JJ 
phppwmtflnp JillfiJ!: 

.{w 1wumw601d fwwlmttt wnw2f1'i ~6wpwlpu6 mumd6w11f1~ 
pmpJD166bPJ! ljwmwJltlb[ tfi b. Q._ UfninUJwfifl lplqdflq [ l j: 

Ubnwljwfi uumubgfibpfl munuUiwuflJmtpffl16p um.lnpwpwp utfutln1d t 
bwqllfl ~tpjiltfiflg t. qwMWqmdf1g: luWIJDllfl ql.lKJn bp061ulJ1JJlimd 
nt6fl mutifllifibpfl htmlaJWt tnlwlhfll! wpwlJwu, bplfubn L hwq1~wr}buf 
lnufiqlJupiq UWJm!P Jiqwlfw6: Cum ll "l. P-wpwtimffJ rz1. fuwrlmlfJ mu11fJ~-
6bpft mflliihpfl dwufJfi funuhtJlu Uflitnp t waw9Cmprptt[ hhull. JW1 uqqpm Op-
6bpnit umw~. np fuwJJn'IP bplpnmfi pntJU t L hplHJnptb np 6pw inu· 
llfllililip@ b1Jriiiwlftu6md iJWmo b6 bplpn UlfJalJl. JxtwLJw6p uhpp1. nsnua 
umt~tfmti umt.fJIJL t1mzth1nnlJli6hpalL Jlldl ~ ~w4' 
lfmlui•fnpw(: 
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~bmwqmnmpJwO dbpnqfiltwO: UzfuwmwOplt OIJ.lwmwljfi t hqht 
munuHiwuflpht fuwqnqp mfimhuwlJ.wfi lizwliwlJ.mJJJmfi mfibgnq h}Ifiq unp
mhplt (lJufuwtlt, CwhmUJwfilt, 'l-bqpfi bphwfilt, <l>wpl{wfiw h ~wpbfigp) 
tupppnqbOhqp uqqpOwqwO h mz tlmtthp{!: Pbqtifiwl{nptiwfi IJ.IPDgbup tlwq 
tlmtthPI! mumuOwupphtm hwuwp oqmwqnpb'ht hfip "Uwtlw2}1fi}1 :}>ppuw
mnpl!' fiwtuwlJ.lhu b'wqqwpnqpn20bpl! tizw4btn4 pwgwfuwppl{wJltfi tmb'ntJ
pnl{ 3: l hwpwpbpmpJwtip: UhpuOwpnqpn20hp}1 qwpqwgtiwfi mz tlmtthpfi 
mumuOwuppbtm hwtiwp oqmwqnpb'ht bfip Ppnquqm :}>ltpuwcJn, np{! pwq
lJ.wgwb' t bphp uwu ibqnp :}>npuwttiOlt, tlblt uwu 96% ulllltpmlt h 0,3 tiwu 
uwngwpwgwfuwpptl}l tuwnfimpqpg: 'l.f.wq tflnttbpltg umwgqwb' uzmwlJ.wfi 
1J.1Ph1J.1wpwm0bp{! [I] UJWmpwumtlbt hfi 5-12 tlpqpnO, puq mz tflnttbppfi{!' 
25-35 upqpnO hwummpJWUp L Obpql{ht bO hpqwf}lt hbdnmnpultttifintl ([!um 
~WJqbOhwJOp): 

UpqJmliplihp[! L. pfiliwpltmd: flrnnuHiwuppl{ht t U-ufuw1.}1, CwhntUJW
lilt, 'l-bqpO lipLwlip, <l>wpl{wfiw h ~wphfiglt unpmhplt 3000 t}lnzbhwmpq
fihpp :}>bpmlttmf Jntfi{! h umhplttntf Jntli{!, }10i1J.1hu fiwh qbOumliwqmpJmfin: 
'l.f.hp2pfip npnzuwa hwdwp UJWtnpwumbt hfip ctwuwfiwqwtlnp 1J.1Phlll.w
pwmfihp' t}lnzbhwmpqCibp{! Cihp4htn4 wghmnljwpti}1Cin4: l>bpmltt t}lnzbhw
mlt4Cibp{! mCibCimu hfi 4wpqwqmJCi hpwCiq, pwt}lwCig}llj gpmnllltwqtiw, 
uu1h11utiwfihp{! Cihp44mu bCi umq wghumqwpupfiwJpfi qmJCintl, puq umbpfll 
t}lnzbhwmpqOhpn qpbpb ibfi Cibpq4mu qwu zwm pmJt bCi Cibpqqmd: Umwg4wb' 
WpqJntCipCibp{! pbptlwb' bfi WllJDtUWljmti: 

lvwqnl/ll t/Jfl/bhw111}1f/6bp/1 1Jbp111}11n1p1w6 b u1111ip}1fntpjw6 f/li6unt6wf/ntpjw6 UJWpwtfli111plipp 

Unpmp 'Vlim.zp l(bpg!ihtm l>bpmpt lftnzbhwmpqfibpp Umbpflt lftnzbhwmflqfibpfl 
wlil(w!imlin l{WJlll! f}fll(n mnqnun f}fll(n mnqnun 

lfufuwlfl Uzmwpwq 2852 95,06 148 4,93 

CwhmUJwlifl Uzmwpwq 2624 87,46 376 12,53 

'1-bqflli bpt..wlifl Uzmwpwq 2547 84,90 453 15,10 

<t>wpl(wliw lThpowl(wCi 2412 80,40 588 19,60 

Owphligfl Uzmwpw~ 2749 91,63 251 8,36 

luwqnqp t}ln2wfinpCibpmu Cinptlwt ohwl{npl{wb' t}lnzbhwmflljCihplt ljnq
pltfi qwO CiwL wfilll.tnflwpbp t}lnzbhwmpqfihp, npnfip 1J.1Wtn6wn hO qwnfinuI 
fuwqnqfl muqflljOhpp umbpfltDLf JWCi{!: <I>nzhhwmpqfihplt umhplttmpJmfit! 
qhqhmwmptl L qhfihpwmtit.l qnppqfibpp gptnnllltwqtlwJp l{wq qhqhfihpw
gltwJlt wpll.Jmfip t [3]: "UpwCig qhCiumfiwljmpJwfi t.lJlw pwgwuwpwp t 
wfi11Pw11wnfimd Ciwl.t 2hpuwum}16wfit! l.t olllt hwpwphpwljwCi funCiwl{m
f Jntfit!: luwqnqfl ltntttnntpWJltfi pCinpnz hfi b'tuqqwpwt}lp l.t IJ.IUlflWf}WtPP 
bpl.tntJpCihpJ!, npnCip unl{npwpwp LflCimd hfi muqquwfi wl{wpmpg hbmn: 
fl.ult Ujtnqwljnpp hpupp unm qmCil{nq ljnljnCiCihp}!, muqflljfihp{! l.t mwppbp 
Ubb'ntf}JWU ubpufiwpwfiCihpfi Ill UWCip Lll.tnntqfihp}! qwpnq bfi pwt}ltlht 
muqljuwCi nq2 }!Cipwgpmu: t5wqljwpwl.fll! pwgwuwpwp t WU11PWl1WnfinuI 
pbppunnqntpjwCi qpw, bpphUCi mbq}l t mfibCinut pbpp)l uwuCiwldt ljwU 
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1Jlfl4. lJ.npmum [1, 3]: t>wqlJ.wpwtltfl tqwm6wn qwpnq t hwUq}luwGwt Uwh 
wnt2fibpf1 h muqtrwtltnzm pbpfl qwpqwgntd[!, flqwqw(i qwdbmn~flmfl 
umbpfltmp JntCi[!: 

'1-bq}lCi bphwU}l, <I>wpqwCiw unpmbpfl wUubpumpJwCi tqwm6wn qw
pnq t hwuwp4_bt f1Cittqbu ubpubpfl pwJpWJmlIU m pbpfl qwpqwgmun, 
wJCitqbu tL 4_bpwpmw1111nq opqwuUbpfl n~ Cinpllwt qwpqwgmUJ!, pqwqwCi 
qwubmn~flmfl p2f12ubpfl qwq ntfiiwgmlIJ! h WJtG: 

Opnz unpmbppu pCinpnz t qmuwbumpJWCi (tqwppbCinlJ.wptq}llJ.) 
6wUwtqwphn4. tqmmqCibp wnw2wgubm, npfl tqwm6wnubpJ! up pwUpuu bCi. 
1. oijwp2f12I! nU:rµnfiwlJ. ~t pbquUwijnpllwu, 2. tltnzb}unqnqwqubpf! ubplluw
pwU UUIUbL ib(j lJ.wpnqwUmu, 3. 04_wp2f12I! intUfl qwpqwUwtm ua11mUw
lJ.mpj11tCi, 4. 04_wp2f12I! uU11maw4 t pbquUwqnpuwa, PWJQ muql{wtltnzflU 
umbflfll t: luwqnq}l unpmtpu mwppbpqmu ta uflllJwUgflg qmuwbUmpJwUp 
UjUimqUbp wnw2wgUbtm flpbUg hwmlJ.mpJWUp (UjmmqUbpfl wnw2wgmu 
wnwUg ubpubpp, qwmwplJ. ubpubpnq, qwmwplJ. h Unpllwt ubpubpnq): luwqnq}l 
bplJ.ubn muq}llJ.Uhp mubgnq unpmbpfl lJ.muwc)UmpJntUI! hf11HiwlJ.wUmu pbquUw
l{wpuwU uwngbup pwgwlJ.WJillJljWG hbmLwUp t, PWJ9 n~ llflzm: UUubpu 
unpmbp[! Uzijwb bqwUwlJ.ntl tqmmqUbp ta wnw2wgUmu uf111hU1pmu wnwag 
pbquUwqnpuwa h wnwag uwqu}l qwpqwguwa, up mpf12 qbtqpmu· wnlJ.w 
uwUp h $w$mlJ. pwqwUpnij ubpubpfl pbquUwijnpmupg hbmn: 

luwqnq}l Uzijwb unpmbpp ubpuUwpnqpn2Utppg n~ pntnpnut t qwp
qwamu uwquGwtqwplJ. h, pwgp WJq, qwpqwgwb Di pntnp uwquGwtqwp
lJ.hpU b(i ~mUlJ.gflnUwt mbuwqbmpg Lflwpctbp LflUmu: '1-pwUg up uwun 
wmnp6wUwpwp pwJPWJijmu t, flulJ. UJntuUbpu qwpqwUmu ta, pwJg Di 
Lflwpctbp, npp hbmhwUpntl tqmmqUbpfl up uwun LflGmu t wnwUg ubpub
pfl, UJmu uwun · uhpuhpnij, npnGg ub2 uwquf! qwu tGI}Dutqbpun pwgw
ltwJmU t qwu LflGmu t pbpqwpqwgwb: 

lfu}uwtli, CwhmujwG}l h ~wpbUgp unpmbpp uwquCiwjpU UjWplJ.bpfl 
Ube) uwumu oijwp22wJpU Wtqwpwmfl t1tubGmUbpf! lJ.wpnq bG PWJPWJtlbt, 
flu4 lJ.hGmpnUwqwU P2P2I! J!UqhwqwnwlJ.I! · lJ.wpnq t pbquUwijnptlbt h 
wnw2wgut1 hqnp tfil}Dutqbpu: tGI}Dutqbpufl qwpqwgmUJ! uflG~h P22WJpUf1 
l{bpwc)4_bll! u}lzm it, np J!UpwUmu t Unpuwi: ~w6w}u lJ.nppqGbp[! qwnUmu 
hfi 2npu, bpptua mp hwm, uwlJ.wJfi hbmwqwJntU qwqwpmu t tGI}Dutqbpup 
ltnpflqUbpfl ol.twijnpuwa J!Upwgpn: bppbuG UlJ.wmijmu hfi wnwUg uwqufl h 
wnwfig tUI}Dutqhpufl ubpubp, npnUg wnlJ.wJntpJntU(! }unumu t wJfi uwuflU, 
np uhpubpp uh() uwuf! wnw2wUmu t wnwfig pbqufiwijnpmpJwfi: tfil}D
UUjbpup pwgwlJ.wJntpJwfi tqwJuwUUbpnui wUhhmwfinui t w6nq uwqu)l }upw
finq wqqbgmpJntGJ!, np)l hhmhwUpnq tqmmqUbpf! pbL hwumUwfimu bfi, 
PWJQ ita hwuGmu Unpuw1 uh()ntpjwG, ti(imu b(i uwGp, uhpuGwqmpt.r 
Ubpubpp wUuwqd qwpqwgmuf! qwpnq t LflGbt oijwp22wJflG wtqwpwm}l 
qwpqwguwa Unpuw1 J!fipwgpfl }uw}ummufitp)l hbmhwGp: bppbUfi pbqufiw-
4.npmpJmG)lg hbmn tt d4_wp2fl2I! uqumu pwjpWJtlht: upw tqwpmfiwqm
PJntfi(! hwmf14wtl.nptJ.mu t u tlJiw t hwuUmu uwquGwJ)lfi tqwplJ.)1 DI\2 
dqwp22wJf1Ci wtqwpwmp tthlihfimUhpfl pwJPWJntU[!: UJI} ctwuwfiwlJ. uwqu
fiwtqwplJ.J! LQt[wb t LflCimu P22WJ}lfi tfil}Dutqbpunt[: ~hwijnptJ.wb ubptibp[! 
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qwpqwOnul bO Onpdwt_, mObOmd bCi tCiqnui.qbptl,pwJg uwqtl lhCi mCibCinuI, 
w1uf1CipO · htunwqnuntwb ubptlbpfl uuibpfltmJJJWCi i.qwuillwnl! tltCimtl t ubpubp~ 
wOuwqtt qwpqwgnulp [5]: 

.(.wJmfip t., np ubpup wtlbCiw(twplinp tlwuhpfl' uwqtlJi L tCiqnui.qbpu~ 
db~ 4w fintpp 4wpqw4npnq !l>flqpntnqflw4wCi tlJntuhwpwpbpm~JmCi: U4qpnuI 
tOJ}flutqbpup :)>flqflntnqpwi.qbu wtlhtlt w4utfl4 t qnpbmtl, wpqbtwltbtntJ. 
UWt)Ufl qwpqwgmU~, wl}btlt fll] wljutptl t l}WDCimU Ciwu UWJlU{!, ):lfim ubb" 
dwuwup cS02mu t tCiqnui.qbptlfl wll{!: 

/JppwpwODl/#JUIO " qbObtn/ltWJ/I wtfpjln6 Uuiwgt/bf t I 3.11. 2003 

I. CllMOHllH E.r. UHro·JM6pitonorH11ecKoe HccneAosaHHe HalfanbHblX H 003.D;HHX cTaJlBI 
JM5pnoreHCl8 HCKOTOpblx copros BHHOrp&Aa (Vitis vinifera), B03Aenh!B3CMhlX B YCJIOBHJIX 
ApM. CCP. AHTopecp. AHCC. Ha coHcKaHHe y11. CT. KaHJ{. 6HoJJOr. HayK. Ep., 1973. 

2. 6apaHo• JI.A. CTp<lCHHe eHHorpaltHoA no3bl. M.: AMnenorpacpH.11 CCCP, 1946, 327 c. 
3. EpaaHJl11H c.r., CHM0H11H E.r. - Y'feHhle 3lllD!cKH ErY, 2001, N2 3. 
4. Herpyn• A.M., 'fllrpHH R.H. H Ap. KyJlbTypa BIUIOrpa,mt. M.: roe. H3A·B0 CCJlbX03. JJHTepaT., 

195H. 
S. XH:lllHQllH C.M. Xapanep HBcneAO.B8HHJI 6ecceMJIHHOCTH s rH6pHJlHOM noroMCTBC BHHO

rpana. ARTOpecp . .lllfCC. Ha COHCKaHHC ylf. CT. Kall,[J.. 6HOJIOr. HayK. Ep., 1965. 

Jl.C. mYXml 

-
H3Y\ffiHHE HAlfAJlbHhIX If I103JlHUX CTA)lHA: 3MBPHOrEHE3A 

HEKOTOPhIX COPTOB BlfHOrP AJlA 

Pe310Me 

Crepn.rtbHOCTb BercTaTHBHblX H reHepaTHBHblX j(Jlep OhUlbl(bl COpTOB 

Mex.a.rm, mayMRHH, )l.crHH EpesaHH, IlapsaHa H qapeHUH pe3yJibTaT paHHeii 

)lCreHepaumt UHTOn.rtaJMbl. y copTOB 6e3 CCMJIH B03MOJKHbl ODblJleHHe H OIIJIO

,!lOTBOpeHHC, HO HOpMaJlbHoe CCMJlo6pa30BaHHe OTCyrcTByeT B pe3yJibTaTC 

Henpaslt.1bHOro X.O.Ila 3M6pnorcHe3a. Jh-3a CTepHJibHOCTH o6pa30BaBWHCC)( 

6ccceMstHHblC OJlO.Ilbl BHHorpa,!la B X03JritCTBeHHOM OTHOWeHHH IlOJlOIHTe.'lbHoe 

JtBJTCHHC, " CCMCHa HC TO 'ITO HC pa3BHB3JOTCJI, a pa.ipywaJOTCR B npouecce 

pa181tTHM HJlH OCTatOTCJI HC,nopa3BHTblMH. npH'IHHOA 6ecceM.llHHOCTH MOJKeT 

6b1Tb HCHOpMaJlbHOC pa3BIITHC penpo.IzyK1llBKhlX OpraHOB, paHHCC pa.3pyweHHe 

lt.JtCTOK lt;CHCKOro raMeTo<fmTa " .np. 

Y ropn..)8 l{cmH EpcsaHn, IlapBaHa pa3pywcHHx CCMCHHhlX no1:1ea: nponc-

1tontrr 8 003.llHltX UHK.'laX pa·~BIITHR, B pc1y.1'lbTilTC qero ajx>pMHpOBaBWHCCJI 

RJtO)lbt 0.11\~UOT c Hcnopa1BHThlMH CCMCH3.Mlt. 

Y s~-ex OCTa.'lbHhlX roproe nplt'rnHoil ODIJlaHRJI QBeTOB JIBJDleTCJI 

OTlt~HC B llt.CHCkOM rtOJlOBOM annapue. 

lll 
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L. S. SHUKHIAN 

THE STUDY OF SOME SORTS OF GRAPES IN THE PRIMARY ANO 
LATE STAGES OF EMBRYOGENESIS 

Summary 

Primary and late stages of embryogenesis of grapes M•khali, Shahumyanl, 
Deghin Y erevani, Parvana and Charentsl sorts were studied conMidering the ~rup 
capacity and the economic significance. 

Success of selection work is conditioned by the right choice of r1rent1I 
fonns. The steriliz.ation of the pollens of the mentioned sort11 i'I the re1oilt of 
vegetative and generative seeds' early degeneration in the cell of plHma. In barren 
sorts pollination and fecundation are possible, bit normal fertility ladi., he~itU!Kl of 
nonnal course of embryogenesis. In the result of stcrili1.ation fruit'I of gr11pcei 1tre 
barren and economical, it's a nonnal phenomenon and grain'I either don't develop 
but decay during the process of development or remain undeveloped. 

The reason that grapes are barren can be also con'lidcred a• ""'"'"""' 
development of reproductive organs, early destruction of f emalc ~lilt 
gametophase. 

In the sorts of Deghin Erevani, Parvana decay of bud'I take• pllU in f~ l#te 
stages of development, the result of which formed fruiU can have undn'clt'f'Clld 
grains. 

The reason of grapes falling can be the alterations taking pi.ce in dte #)'lttan 
of female genitals. 
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bl'b".U'Lf\ lllbSUllU'L ~Ul111LUUl'U'Lf\ Q.f\SUl.iU'L Strlbl.iUQ.N' 
Y'lltHblE 1AflHCKH EPKBAHCKOro l'OCY/lAPCTBEHHOro YHHBEPCHTETA 

··---------------- ----
3,2004 EcrccrBellllhle eayu 

I'eOJIOZUJl 

YJtf( 551. 491. 4 

e.n.BAP,ZJ.AHJIH 

OCHOBHblE fTPHHLU1:nbI KOMIDIEKCHPOBAHIDI 
fl1,llPOrEO<I>l13H1-IECKHX 11 A3POKOCMWIECKHX METO,l.(OB 

HCCJIE~OBAHH'A C UEJiblO 113YllEHIDI PECYPCOB IlO,l.(JEMHbIX BO).( 

0.llHHM H3 BalKHCAWHX eonpocoe KOMOJICKCHpoeaHHll .llHCTaHUHOHHWX 

MCTOJlOB HCCJIC.llOB/lllHfi RBJIJ/.CTCR BLIRCHCHHC COOTHOWCHHR p83peilllllOUlCR 

cnoco6HOCTH H MacWTa6oe a3poKOCMO<l>OTOCHHMKOB H rH,llporeo<l>H3H'{CCKHX 

Jl8HHhlX npH xapaKTepHCTHKC YCJIOBHA <t>opMHpoeaHHJI D0.ll3CMHOro CTOKa H 

nocrpoeHHH COOTBCTCTBYJOIUHX KapT H p83pC30B, COCTaBJIJICMblX ,llJIR HCTOJI• 

KOB8HHR npHpOJlhl 8HOMaJlbHblX 061.eKTOB. 3<l><l>eKTHBHOCTb KOMDJICKCHpoBlllfHR 

.11.H'-'TBHUHOHHblX MCTO.llOB pacCMOTpCHa Ha TCppHTOpHH AparaucKoro MBCCHBa 

KoMnneKc peKOMCHJlOBaH H J1J11 .llpyrHX eynKlllfH'iCCKHX o6naCTCA. 

0JlHHM H3 88)1<HeAWHX BonpocoB KOMnneKCHpoBaHIDI .llHCTilHUHOHHblX 

MeTOJlOB HCCJle,llOB8HHA RBJIReTCR COOTHOWeHue pa3pelU810lI{eH cnoco6uocTH ff 

M8CWTa6os <j>OTOH306pIDKeHHH ( a3pOKOCMo<f>OTOCHHMKOB ), HCnOJ1b3yeMblX npH 

xapnK'rCpHCTHKe ycJIOBHA (o6'beKTOB) <j>opMuposaHHJI nO)l3eMHOfO CTOKa H no

CTpOCHHJI K8J>T H pa3pe30B, COCTaBJleHHblX no rHJJ.poreo<j>H3H"leCKHM )laHHblM JJ.JlJI 

HCTOJ11\0R81fHR npHpO)lbl 3THX ycJIOBHH (OfrbeKTOB). ).(HCTaHUHOHHble HCCJie)lOBa

HHJl (a3pOKOCMH'tCCKHe H rn.nporeonoru'teCKHe) noKaJblBalOT, 'tTO onpe)lenenmu1 

'tl\CTb 110J1Y't8CMOH KOCMH'teCKOH HH<f>OpMaUHH He HaxO)lHT OTo6pIDKeHHR Ha 

OObl'tHblX reonoro-reo<j>H3H'tecKHx KapTax. KaK noKaJbIBaeT onbrr pa6oT, no,Ao6-

mx llOJl(.l)l(CHHC, fJ188HblM o6pa30M, o6'bRCHSleTCSI He)lOCTaTO'tHOH )leTaJlbHOCTblO 

fC\lJ1lll't.H'CO$H3H'tCCKHX M8TepH8JlOB, 'tTO He n03BOJUleT o6nap)')KHTb OT)lelUH

<t>pnpoaattHble ll6'bel\.11>1 Ha Kapnx Macurra6a MeHee I :200 000 [I]. Pa6oTh1, BbI

m.l.rtHeHHt.1e Ha cneUH8JlbHblX 83pOKOCMH'teCKHX nOJlHfOHax, DOKaJaJIH, 'tTO HH· 

~pMttLUll, 110J1Y'ICHHU c KOCMH'teCKOfO CHHMK8 M8CWTa6a I : I 000 000 c p83-

pelllttKlutCA cnocl'l6HocThIO MeHee I OQw, MOlKeT 6bITb npoHirrepnpentp0aana 

TOJ'lhlm Ha 60-80%. ecJlM aH8J1H3HpyIOTCll reonoro-reo<t>HJH'lecKHe MaTepH8Jlbl 

MIClUTtt6a I :50 000, H nO'tTM Ha 100°/o - npM HCDOJ1b3088HHH 6onee 

1Cpyl1Hl'M8Cll1Tll6t1blX M8TepH8J10B. 

TitKHM l'6pMOM, MCl'IKO- H Cpe.llHeM8CWTa6HblC ICOCMOCHllMKH no 

HH$lpMa nnutOCTM COOTBCTCTBYIOT tcpynHOM8CWT86HblM reonoro-reoct»H311'1ec

ICHM l\1U,Tt'pHll.lll\M. 

I lpu 11'\)"ICHMM aymcaHH'ICCKHX pdoHOI .IUll ueneA OOHCIC8 pecypcos 
nOJtJOMHMX IOJt HAMM lblDOJ1HCHa KOMMCKCHU MHTCpnpeT&UU .ll&HHW..'< .lllfC· 
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TaHUHOHHbIX 30HJJ.Hpo8aHHu. 3To no380JIHJIO 8bUl8HTh CTPOeHHe OT.lleJibHbIX 8yn

KaHH'4.eCKHX KOMnneKCOB, HX CTPYKTYJ>HO-TeKczypub1e oco6eHHOCTH, pacnono)l(e

HHe norpe6eHHblX 80.llOpa3,lleJI08, cf>auuanbHble pa3H08H,llHOCTH 80.llOynopHblX 

nopoA, T.e. 8 uenoM 8onpoc&1, cnoco6cTBy10mHe peweHmo 3a,n:a11 o cf>opMHpo

BaHHH n pacnpe.n:eneuuu nomeMnoro CTOKa peruoHa. 

0cH08Hbie npHHUHTibI KOMnneKcHoil HHTepnpeTaUHH AaHHblX .n:ncTaHUHOH

HblX MeTOA08 paccMOTPHM Ha npnMepe AparaucKoro Maccn8a. Y cTaHo8neHo, lfTO 

Mono,n:1>1e 8YJIKauu11ecKne nopOAl>I Aparaua 8bl,n:em110Tc.R TeMHOH oKpacKoif, HMe

JOT rycTYJQ c8oeo6pa3ffYJO CeTb TPelUHH H cneAbI Te11eHm1 na808b1x noTOK08. Cy
mecTByJOIUHe npHeMbl rn.n:poreoJIOrHlfeCKOro .newHcf>pnpo8aHH.ff a.3pOKOCMOcf>OTo

CHHMKOB TeCHO C8.ff3aHbl C rny6HHOH 3aneraHH.ff TIOA3eMHblX 80,n. CTo 3TOMy npH3-

HaKy nomeMH1>1e 80A&I AparaucKoro MaccH8a pa3,n:eneu&1 Ha TP" rpynn1>1 [2]. 
K nepsoii OTHOC.RTC.11 uerny60Ko3anera10mHe TIOA3eMH&1e 80,n:&1, aKTHBHO 

B11HJIJOlUHe Ha cf>opMHp08aHHe C80HCT8 cf>H3HOHOMHlfeCKHX KOMnOHeHTOB naH,ll

CxeMa pattoHHpoBaHMll MaccHBa ropbl Aparal\ no 

)leWH<f>pHpoBaHHIO aJpoKOCMH'lecKHX CfflfMKOB H 

reo<f>H3H'!eCKHM JlaHHblM: I H 2 - y'la<-'TKH <f>opMH

posaHHll COCpellOTO'leHHOro CTOKa, TpaH3HTa H pa3-

rpY3KH nO)l3eMHblX BOll; 3- npHnosepXHOCTHble Jlpe

ffHPYIOUIHe JJMHel\HblC rH.D.poreoJIOrM'lecKMe CTpyK

Typbl; 4 - r ny6MHHble llpeHHPYIOUIHC JlHHCl\Hble 

m)lporeonorM'ICCKHe CTJ>YKTYPbl; 5 - OCHOBHble ua

npaBJICHHll llBHJKCHHJI llOJl3CMHblX BOJl (no naHHblM 

fH.lJ.pDreo<f>H3H'ICCKHX HCCJlCJlOBaHllA). 

wacf>Ta. 31.J;eCb rny6HHHOCTb rn.n:po

HHJJ.HKaUHH onpet.J;eJI.ffeTCR rny6HHOH 

npomfKHOBeHH.ff KOpHeBblX CHCTeM 

pacTeHHH - rHApOHH,llHKaTOp08 

pe)f(e c npoueccaMH, C8Jl3aHHbIMH c 

TIO,L{'.3eMHblMH 80,naMH. 

BropaR rpynna BKJIJOlfaeT B 

ce6S1 nomeMHbie 80JJ.bl, uaxoJJ..fflUHecJ1 

HH)f(e rpaHHUbl KOpHe8blX CHCTeM H 

npaKTHlfeCKH He 8JIH.ffl0ll.{He Ha pac

THTeJibHOCTb H pen&e<f> reppHTOpHH. 

3,!J.eCb rn.n:poHH,!l.HKaUH.ff OCH08bl8aeT

CJI Ha ouenKe HH<f>HJibTpaUHH aTMO

c<f>epHblX 0Ca,llK08, 8JIHJll01UHX Ha 

MHHepaJIH3aUHIO H 80.llHbIH 6anaHC 

no.n.3eMH&Ix 80.ll. TaKaR oueHKa onpe

,llem1e-rcS1 8bI.ffBJieHHeM QTPHuaren1>

H&1x cf>opM pen&e<f>a (8 TOM lfHcne no

rpe6eHHoro ), rycTOTbl cent speMeH

HbIX 80.llOTOK08, noHCKaMH Koppen.11-

TH8HblX C8.ff3eH Me)f(,lly cf>H3HOHOMH

lfeCKHMH KOMTIOHeHTaMH H 80,llHO

<f>H3HlfeCKHMH C80HCT8aMH nopo,ll. 

rny6HHHOCTbfHApoHH.llHKaQHH 3TOH 

rpynn&1 npaKTHlfeCKH onpe,lleJI.ffeTCJI 

rny6HHOH 3aJieraHHJI ypo8H.ff rpyH

T08blX 80.ll. TpeT&JI rpynna 8KJIJOtfaeT 8 ce6J1 uanopH&Ie 80.llbl, OT.D.eneuu&1e OT 

no8epxHOCTH 80AoynopoM. Hx rn.npoHHJJ.HKaQHJO He803MO>KHO npo8ecTH npHMblM 

MeTO.llOM, H OCH08HOH MeTOJ{HlfeCKHH npneM 3,.l{eCb - 3TO aHaJIH3 803,n:eHCT8HJI 

BbIHBm1eML1x no a.3poKOCMo<f>oTocunMKaM TeKTOHH'leCKHX CTPYKTYP Ha Httcf>HJii.

TPaUHJO OCa,llK08 H cf>HJihTPaUHJO TIOJ{3eMHOfO CTOKa. 
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B QeJIOM c noMOl.UblO a3pOKOCMH<:iecKHX H fH.ll.poreo<l>HJHlfecKHX [3] MeTO

.ll.08 no.rrylfeH 6oJibWOH o6beM HH<IJOpMaQHH, cnoco6cTByt01.UeH peweHHIO KOH

KpeTHblX Ja)lal.f o6 ycno8IDIX <1JopMupo8aHIDI u pacnpe.ll.eJieHHJI no)lJeMHoro 

CTOKa HCCJie)lyeMOH TeppHTOpHH. Oo peJyJibTaTaM )leWH$pHp08aHIDI a3pOKOCMO

<IJoTOCHHMK08 8 npe.ll.enax Maccu8a ropb1 AparaQ ycTaH08JJeH pR.ll. JIHHHaMeHToe, 

MHOrHe HJ KOTOpbIX C8JIJbl8alOTCJI c pa3pb18HblMH HapyrneHHJIMH (CM. pHCYHOK). 

HH.llHKaQIDI 0080.ll.HeHHOCTH ycTaHo8JieHHbIX pa3pbI8HbIX HapyweHHH noJ80JIJleT 

onpe,neJIHTb HX pOJib B pacnpe,neJieHHH no)lJeMHblX 80.ll., JaKOHOMepHOCTH HX <l>op

MHp08aHHJI, .ll.8IDKeHIDI H pa3rpyJKH. CTpn THnHJaQHH OT)leurn<IJpwpoBaHHbIX Ha 

KOCMO$OTOCbeMKax JIHHeaMeHT08 KaK pa3pb18HbIX HapyweHHH OHH KJiaccu<l>m.\H

poBaHbl no reoMtrrpHl.feCKHM, CTPYKTYPHbIM, naH)lwa<l>THbIM H )lewn<IJpo80"IHbIM 

npHJHaKaM (2). fio reOMeTJ>HlfeCKHM npHJHaKaM 8blJ18JleHbl HeCKOJlhKO rpynn 

pa3pbIBHblX HapyrneHHH, KIDK)l~ HJ KOTOpbIX xapaKTepHJyeTCJI onpe.neneHHblMH 

nOKaJaTeJIJIMH (npoTJ1)f(eHHOCTb10, wHpHHOH, aJHM)'TOM npocTupattu.11). B&I.ll.ene

HbI )lHarattaJibHO nepeceKalOIUHeCJI CHCTeMbl pa3J10MOB cy6MepHJlHaJibHOf0 H cy6-

WHpOTHOfO npocTHpaHHH, HMelOIUHX 60J1bWYIO npOTJl)f(eHHOCTb (HHOf,[{a 6onee 

150KM); HX JIHHeaMeHTbl Bbipa)f(alOTCJI 8 JiaH)lmactne B 8H)le cnpJ1MJieHHbIX OT

peJK08 pe"IH&IX ):{OJIHH, ycrynos pen1>e<1Ja, a TaIOKe pR.llOM noryxwux eynKaHoe. 

Y cnoetto OHH OTHeceH&I K pa3noMaM I nopJl):{Ka. Opu TIOM cpe.ll.H HHX ttau6o

nee 80.llOHOCHblMH JIBJIJllOTCJI paJJIOMbl cy6MepHJlHOHaJibHOH opHeHTHpOBKH, OTHO

CJIIUHeCJI, KaK npa8HJIO, K c6pocaM. 3Ta rpynna pa3pbIBHblX HapymeHHH Mac

CHBa ):{peHHpyeT He TOJlbKO MeCTHbIH IlO)J.JeMHbIH CTOK, HO H rny6oKO JaJieraio

IUHe nO.IJ.JeMHbie BO):{bI HJ cMe)f(HblX pernottoe, ttanpaeneHH&Ie e cTopotty Apapat

cKoro apTeJHaHcKoro 6acceiiHa. PaJJlOMbl, OTHOCJ11.UHeCJ1 KO BTOpou H TPeT&eH: 

rpynnaM, e1>1.IJ.eJJJ110TCJ1 npeuMyiuecTBeHHO no naH.IJ.rnacj>THbIM HH./lHKaTopaM. Ha 

MeCTHOCTH c HHMH C08na,[{alOT cnpJIMJieHHble yqacTKH rny6oKO epeJaHHblX peq

HblX .ll.OJIHH, pe3KHe neperu6b1 cKJioHa, Qeno"IKH UIJiaK081>1x Kottyco8. K TaKHM 

paJJIOMaM npttypo"leHbl Mettee MOIUHbJe IlO.[IJeMHbie IlOTOKH (no cpaetteHHJO c 

paJJioMaMH I nopR.ll.Ka), cl>opMupyt0iuuecJ1 e npe)lenax O.IJ.HOH rn):{poreonorn"le

CKOH cTpyKT)'pbl. OpuMepoM MO:lKeT CJIY)l(HTb noToK, npuypolfeH&IH K pa3pbI8HO

MY HapyrneHHJO, HJlYl.UeM}' no JIHHHH noc. Anapatt - c. oaJMaxn10p. Ha yimcTKe 

co8na,[{eHHJI paJJioMa c HJ8eCTHoH: norpe6eHHOH .IJ.OJIHHOH p. naneoKacax tta6mo

.IJ.a10TCJ1 BhIXOJlbI po.IJ.HHKOB AnapaHCKOH, HaJpe8aHCKOH H oaJMaxnt0pcKoH rpynn. 

0.[IHHM HJ Ba)f(ffbJX <IJaKTopoe, BJIHJIIOIUHX Ha ycnOBHJI o6paJOBaHHJI no,ll

JeMHOfO cToKa Maccuea, J1BJIJ1eTcJ1 Tpel.UHHOBaTocT& 8yJJKaHH"lecKHX nopo.n. TaK, 

HanpHMep, 061.UHH aHaJIHJ a3pO<IJOTOCbeMOK H reo:meKTpHl.feCKHX )laHHblX IlOJBO

JIHJI B npe.IJ.eJiax BOCTfflfHblX CKJIOH08 MaCCHBa Aparau. BbI)J.eJIHTb OT)J.eJibHbie JO

Hbl nOBbIWeHHOH Tpel.UHHOBaTOCTH. 3.ll.eCb )J.JIHHa TaKHX JOH KOJie6JieTCJI OT He

CKOJlbKHX MeTpoB .IJ.O nepe1>1x coreH. ,[VIJ1 TPeIUHH xapaKTepH&I ceeepo-Jana.IJ.

ttoe (320-330°), ceeepO-BOCTO"IHOe (50--60°) H cy6rnHpOTHOe (270-280°) npocTH

paHIDI. Hau6onbwy10 Bblpa:lKeHHOCTb e JiaH.IJ.mact>Te HMelOT TpeIUHH&I, CBJ1JaHH&Ie 

c ttoeenwnMH H cospeMeHHbIMH TeKTOHHl.feCKHMH HapyrneHHJIMH. B u.enoM 

C08MeCTHaJI o6pa60TKa .IJ.aHHhIX JlHCTaHQHOHH&Ix MeTO.ll.OB noJBOJIHJia Ha Apa

raQCKOM MaCCHBe BbI)leJIHTb norpe6eHHbie .IJ.OJIHHbl H JIOKaJibHbie BO)lOc6opHble 

yqacTKH: I) 6acceHHhI c xoporno pa38HTOH rH)lpoceT&JO, cno:lKeHH&Ie Ha no8epx-
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HOCTH npeHMymecTBeHHO CJia6onpoHHUaeMMMH OTJIO:>KeHH.llMH c npeo6na,aaHHeM 
noeepXHOCTHOfO CTOKa Ha.ll HHcpHJibTpauHeii aTMOCcpepHblX OCa.llKOB (3TO BOCTOlf
Hble H 3ana,aHble CKJIOHbI); 2) 6acceHHbl, CJIO>KeHHble npenMymecTBeHHO Tpe-
1.QHHOBaTblMH JlaBOBblMH noKposaMH c 60JiblIIHM KOJIHlfeCTBOM 3aMKttyrblX OTpH
u;aTeJibHblX cpopM penbecpa H npeo6na,aaHneM no.1ueMHoro cToKa Ha.ll nosepx
HOCTHhIM (:no lO>KHbie H lfaCTHlfHO lOf0-3ana,aHble CKJIOHbl). 

3cpcpeKTHBHOCTb KOMnJieKCHpOBaHH.11 .z:tHCTaHUHOHHbIX IOpoKOCMHlfeCKHX H 
rH,LlporeocpH3HlfeCKHX MeTO.LlOB Ha Tepp11Top11n AparaucKoro Maccnsa no3BOJIHJia 
HCnOJib30BaTb 3TOT KOMnneKc .z:tJI.11 .z:tpyrnx synKaHHlfeCKHX o6nacTeH. 

Ka</Jeapa zeo<jJU3u11ecKux MemoiJ06 noucKa u 
pa36e0Ku MecmopoJtCOeHUU n011e3HbVC UCKOnaeMbVC 
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q_ Ill. 4.UMUuSUu 

~P~PfibP4PU~PQP4U4lfl, bqO~USPbQbPU4Uu lJb[c)-fi~ubPP 

~UUU~PP 4PPU11-UUu ~PlfUU4Uu U4Qf!fi1'-u~ubPC USfiPbP4P3U 
QPU3Pu fl-bUfit-PlfUbPP fit-Ufit-lfUUUPPUUu ulllUSU4fiq 

Uu tlI n tlI n uI 

UumpbplfpJW ~pwhnupbpfl liL.wqnpuwfi lllWJUWfifibpfl pfimpwqpuwfi, 
}lfillllhu 6wL. hwUwlJ.lwmwuJuwfi pwpmbqfibpp L. qmpqwb"pfibpfl qwnmguwCi 
hwuwp WM.Jntfiwqbm t Ol}Wlllpbqbpwqwfi h hltqpnbplfpw~pqpqwqwfi Ub~nq
fibpp hwuwlJlp l.lJlpwnmun: llpi.qbu oppt:iwlt phptlwb" ht:i Upwqw<)jl Lhnt:iwqwOq
tlwop mwpw<)pmu munuHiwuppnt~Jmt:it:ibpp wplJ.Jmfipfibp[!, npnOp qwpblJl t 
ltlipwnbt fiuwuwuiJ:ilJ.l hpwpfuwJJ:i6 qwuqqwb"CibpJ:i mumuwuflpuwa ctwuwuwti: 

V. P. V ARDANY AN 

APPLICATION OF GENERAL PRINCIPLES OF HYDROGEOPHYSICAL 
AND AEROCOSMIC COMPLEX METHODS FOR INVESTIGATION OF 

GROUND WATER RESOURCES f 
Summary 

The aerocosmic and hydrogeopysical complex methods are effective in in
vestigation of ground water runoff as well as for compiling corresponding maps 
and logs. As an example, Aragats massif territory investigation results have been 1· 
discussed in this article, which permits to apply these methods in analogue volcanic 
regions. 
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bf'b<lU'l.I> "l.bSUllU'l. ~UUUlUUl'U'\,I> q.1>SUllU'\, Strlbl{Uq.f>f' 
Y-IEHLIE 3AilHCKH EPEBAHCKOro l'OCY.Z.APCTBEHHOro YHHBEPCHTETA 

Pfiw4wfi qjlmmpJmfifihp 3,2004 EcTCCTseHHMe eayu 

l7pqpwpwOn1p;n11i 

Y.zn< 624. 131 

U . .l,. ~USf'OSU'V 

b.P4:UffuU4:U1' ULM\Jb.PP. SU.PUtHlHTC 4:U"l.(U3P.\, 
Q..POf.\,S\,b.PO.Hf lu01'U®1'.C0-3U\, <l>O<l>lllu01'.C0-3U\, LUffu 

SP..PON3.C0-0Nf 

\,bpwmnpJmfi: "4wtlw1}lfi qpmfimfihp[! (lfwtl, wl{wqwlfwl{, qwtlwtlwq) 
ltwqumu bCi wupm12 llumtJ.wbj}wj}lCi WtqwpUbp}l 65-82%-l!' hfluCiwqwCinul 
hwUqfluwUwtntl h}luCiwmwlt qwu tlfl2wtlWJP flCidbCibpwJpCi qwnmJgCibpp 
hwuwp: \JpwCip }lpbCig}lg Cibpqw1wgCimu bCi pwpq qflCiwtlflq -1>}lqpqwp}l
tlpw4wa hwuw4wpqbp, dwJnWJpCi, funznpwphltnp L. wtlwqwJ}lU qpmllm
Ubp}lg mwpphptlmu bU wnwoqwqwll hwmqmJ:lJmllfibpfl Jmpwhwmmq ipmpn
funtJ:lJmfiCihpntl: <!.wJmfi}l t, np funznpwpbqnp L. wtlwqw1}lfi qpmCimCihpnttl 
funfiwtlmpjwfi, 2pwhwqbgqwmtt}:ljWCi wumpl'.iwfip wtlhtWQillU]! UpwCizwllwq 

hwCiqbgUmu t bpqwJfiwltwfi wttipfl mwpwbtlwCi wpwqntpJwU (vP) wl'.i}lfi: 

4:wtlwJ}lU qpmfimfibpntu hpqwJUwqwfi wttipfl mwpwbtlw(i wpwqmJ:lJilllll! 
funfiwtlmJ:lJWfi, 2pwhwqhgqwmtt}:lJWfi wumpl'.iwfi}l hbm mUfl qwfutlwmn
}:}Jntfi, npp tqwpqwpwfimUJ! Ube) CizwfiwqmpJmfi mfi}l, tlwufiwtJ.npwtqbu 
qwl{wj}lfi qpntfimCibp}l mwpwbtlwfi w2wfiCibpfl ubjutlpq tlfl4Pnw2wCiwg-
uwfi hwuwp: . 

UJU fuCiqpfl tmbtlwfi mqqntJ:lJWUp fihpltwJmUu hwJtnfip bfi uwhUwGw
ipwq pqnt1 wzfuwmwCipCibp' u.P.. 4:p}lqtpp, U.u. Q.npJw}lCinttP, U."l.(. 'U}lltn
twL.}l L. WJtfi [ 1-6], npnCig hwuwowJCi qwtlwJ}lCi qpntCimUhp}l hwuwp qnJm
J:lJntfi mCip funCiwtlmf)JWCi tfmitinfumJ:lJWfi npnzwlifl m}lpntJJ:l, npfl uwhuwfi
fihpntu funUwtlmJ:lJWCi qwu 2pwhwqtguwCi mumpl'.iwfip wl'.i[! hwCiqbgCimu t 
hpltwJfiwqwCi wttip}l mwpwbtlwCi wpwqntpJwCi CitJ.wquwfi: lunfiwtlntJ:lJWfi 
WJI} mflpnlJJ:lJ!, Cipwfip wCitlwCibt bfi «tqwpwqnpuwp>, pwUp np pwgwhWJUl
l{wc) ~t, pb tlhp2}lfifm umnppfi L. tlbppfi uwhUwfifibp[! }lfi~tq}lup pCimpwqp)l~ 
funfiwqm}:}JntfiCibpp hhm bfi qwtqtlwc): 

fl mwpphpntpJmfi funznpwphltnp L. wqwqwJ}lfi qpntfimUbpp' qwqw
Jltfi qpmfimUtp}l wnwoqwqwCi hwtnqntpJmfiUbp}l tlPw funCiwtlmpJmUfi mfip 
bpqwlifl wqqhgm}:}Jmfi: U]1 ltnqtl}lg · Junfiwl{mpJwU, 2pwhwqbgtlwblttpJWfi 
wum}l6wfi}l wl{btwgnul[!, tqWJUwCiwtlnpl{wc) fipwfinul qwmwpqnt}:}Jmfifitpp 
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bwl[wtfibpfl t.Pnppwguwup, hwfiqbgfimtI t bp4wJfiw4wfi wlflpCibpfl wpwqm
pJwfi w6pfi, OJmu qnqupg' qwpnq t hwfiqbgfibtflCi~UJbU wtipmpJWfi (uwhpp qp
uw:ryuupJwfi) fiqwquwfi{f WJfiUJbU ti WpWqntpJWfi tflnppWQUWfi{!: 

Pfiw4wfiwpwp, WJU hp4m qnponfifibpp pfimbqpwi wql}bgmpJwup 
qqwfifunpn2t.Ui bpqwJwfiw4wCi wtflpp mwpwoowfi wpwqmpJwfi w6I! qwd 
fiqwqmtI[!: 

<!.hmwqmnmpJWfi dbpnqplJ.wfi L. WM.Jmfipfihpl!: "VbptiwJtugtlwo w2tuui
mwfipfl UUJtumw4Ci t pwgwhwJmhi tiwtltuJpCi qpmfimCibpp wnwoqw4wCi 
hwmqmpJmfiCibp}1 tflnt.PnfumpJwCi oppfiw~wtflmpJmCiCibp}1 wnwCiafiwhwmqm
pJmfifibp{! funUwl[mpJwfi tflnt.PnfuntpJtufi ituJCi mflpntJpmu, qpmCimfl 1J.tiwfu
p}1 fummpJtufi wfit.Pnt.PnfubtflmpJWU UJWJUWCifibpmu' Pd = const 

flpUJbu mumtICiwuppmpJwli opJhqm bwnwJhi bfi P2uwCifl Uwpfl<unutfl 
pwpop qninpq wqmpl[ntpJwfi tinfimtinp}1infi}1mwJpfi tiwqtI mfibgnq pbCimnCip
tnWJflU h bphwCifl tpbpmfipp 2P2tufip upngbfip hwuw4fl qtupUptul[mfi qwl[bp{!: 

~wqhp w p, qlutl pd,qlutl Ps ,qluti & G wL WP Ip IL 

0,122 1,59 1,42 2,70 0,901 0,366 0,519 0,208 0,311 <O 
.c. 0,158 1,64 1,42 2,70 0,901 0,473 - - - <O .c. 
c:s 0,198 1,70 1,42 2,70 0,901 0,593 <O s - - -
s:i. 0,223 1,74 l,42 2,70 0,901 0,668 0,113 .i:s - - -
c:::.. 

.LI 0,261 1,79 1,42 2,70 0,901 0,782 - - - 0,235 

0,292 1,83 1,42 2,70 0,901 0,875 - - - 0,270 

<::I 0,282 1,34 1,046 2,75 1,629 0,476 1,705 0,404 1,301 <O 
.c. 

0,338 1,40 1,046 2,75 1,629 0,571 3 - - - <O 
5 0,388 1,45 1,046 2,75 1,629 0,655 - - - <O .c. 

<::I 0,465 1,53 1,046 2,75 1,629 0,789 0,047 s:: - - -
5 

0,527 1,60 1,046 2,75 1,629 0,890 0,094 <::I - - -
.i::I 
Q, 0,587 1,66 1,046 2,75 1,629 0,991 - - - 0,141 

3mpwpwCiDntP qpmCimp tflnpowpqtiwfi hwtiwp UJ.tumpwumtlbi bfi 
hflCiq mwppbp funCiwt{mpJmfiCibpfl fuwnCimp11Ghp' uuwum}14mpJwfi uumpflfi 

uwhUwfi}l.g pwpop (w 2 WP) L. gwap (w <WP): llrtJmuwtimtI pbpl[wo bfi 

mumfiwu}l.pl[nq fiumzGbp}l. 2pwl>}1.qflqwqwfi hwmqmpJntfifibp}l. hbtnuJtui 
gmgwuflzuhp{!. W - uqqpfiw(twfi Junfiwl[mpJmli, p - fummpJmli, Pd - fttiwfu-

PP }uumtpjntU, Ps - u}l.CihpWtWJ}l.fi uwufifl4Gbpfl futnmpjntU, & - mulJntnlJ.b

fintpjWU qnpbw4}1.g, G - 2pwhwq.bgt{wompJwli wum}16wli, WL - funCiwl{m

J}JWli hnumfimpJtufi uwhUwfi, WP - funCiwtlmpJWU UJ.iwutnpqntpJWU utnnppfi 

uwhtiwfi, IL - qnfiupumblig}l.tuJ}l. gmgp~, IP - UJ.iwum}lqmpJwfi p}lt{: 

.RwCifl np qpntfimfibp}l. wnwoqwqwfi hwmqmpJmfifibpI! npnzt[mtI bfi 
pfi~tqbu 2pwhwqbgqwontpjWCi wutn}16'wCim{, WjCitqbu ti wupntpjWUp (uwh
pfl q}luw:qpntpjntfi), WUJ.W nqtnpWOWJfiWJ}l.fi ubpnqnt{ bpqwjCiwqwfi wtflp
fibpp mwpwMwU wpwqntJJJWU npnzuwCi t.Pnpobpfl hbm ubqmbq flpwqw-
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aw~l(ht bfi CiwL uwhpft ryuiwqpmpJwli npnzuwa qmpobp, mwppbp }umnt
PJtuup L tunliwt.ImpJwUp qpmfimfibpft hwuwp: UJu liUJ.wmwqntl oqmw
qn11bl(b1 t Upwhwppwq UWhpp UW(lp Tz = 0,1; 0,2; 0,3 lf'11w Dll\I\Wdpq 

}umwy(jnq LWpnuHibpft 4.ftpwm.iwup: 'Uqwp I-mu pbpl{wb" bfi phfimnGftmw
Jft(j L l:pbpmfipp 4wpupwl}mfi 4wtlbpp uwhpp ajluwqpmpJwli qw}uuwfi 
4npbpn WJ'l qwqhpp }unfiwl{mpJmlipg: Uwhpp ajluwqpmfJntfil! fibpltwJwg
ll.wb t Cib(lllpU ztliuwa qnpb"wqgntl' tg<p L 4WUJ.Wqgl{wbntpjWUp' c: 

... ,C . lJ"llw 
o.so 

• 
0.JO 

1.10 

w 

. 1 

~ 

2 

0.00 --~------~-------. w 
0.2 O.• Q.6 

ti' ,C,II"lw 
t.JO • p 

G.25 

0.1t 

t.15 

G.10 

0.15 

t.00 -+---.------.---,.----, w 
0.1 u 

ult. I: (lblllnn6ltutWJltfi (w) t. tpbpmliltlt (p) ltwlfhplt uwhpfl qlniwqpntpjwli ltwJunulf! lipwfig 
Junfiwl{mpJmliltg. I - tgrp, 2 - C ( lf'IJw): 

Ni~UJ.bU bpLmu t a4. 1-pg, ti.uw}upp hwumwmmCi }ummpJWli qbu1.
pnuI }unliwl{mpJwfi w6n UltCi~L. UJ.twumtiltmpJwfi umnpltli uwhUwfiltG hwuw
U{wuuuu}utulinq }unfiwtlmp Jntfi(! hwfiqbgfimU t uwhpp ajlUWilJlillf JWli litlwq
Uwli{l. pu4 }unCiwl{mpJwll umnpltli uwhUwllltg pwpdp wpcJhpGhpp qhUJ.PntO 
utuhpt1 11putu1ymtpJntli[! qnpb"llw4wllnphCi ilt Ciqwqmu: 'UzbCip, np wnwfid}lfi 
Oum.>lih11p tlinpd1up44nq 2pwhwqhgtlwan1p JWCi wum}lCiwCi(! · G > 0, 850: J!wfi}l 

np tlin11dw114l{wb qJlmlimCibpf! qmCiqmu bCi 4.ftuwtajlCiq qnCiufmmbCigflwJft tl}l

<lw4mu ( O < IL < O. 25), CiptuCignuI UJ.wpmCiwqtlnq 2mp'(! hwCiqbu t pbpmu 11ntb-

4nqtuJ)lli L. ouunmltti. hwmqmpJmlifibp: 'Uuwfi UJ.WJUwCifihpmu uwhp}l q1tuw
llflmr.1wli llJ1w btu4mnqhCiwJfl<i (ibqnp) 6Ci1mul! wqqbgmpJmfi w qnpan1u: 

'U4wp 2-mu ph11tlwb bli pbfimnfi}lmwJltfi L. tphpmCipfl ljwpupwtlmfi 
l1wl{b1m1u h114tuJlituqwli wtltPlihplt mwpwWwCi wpwqntp JWfi ljw}uuwfi 
~n11b1111 utuhpp t\pthu111mtpJmfipg l C, tg<f',) L. }unfiwtlmpJmfiflg: 

Uum19l{tul) uut1w1lib11~ fntJt bfi mwtltu bqpw4w9Cibtm. np funCiwtlm
PJWCi 1u611 ttpli~la numumpqmpJlUfi umn1lf1Ci uwhUwfipll hwOWUJ.wmwu}uwfinq 
f\mtinnlmr,1mti{l (l)ml1mnqhUmrJ1ufi qnpbwt{g)l wlhflmtmfubtltmpJw6 L. 2pw
hmtth~1lw,'\mp,1tuli 1utm1fl6mUp 1u6}1 14w_11'itufifibJ10ui} hwfiqhgfinni t bpljwJ· 
Uwt{tuli \UlltPlibpp U\Wtnubdw(i WJllUQntfJWfi fitlwqdwfi, dflOiqlm unwumfl-
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nm- ltntflJWU uump}lfi uwhuwCi}lfi hwuwUjwmwutuwlinq tunCiwtlmpJmli}lg pw1u\p 
nw- wpctbpCibp}l qbUjpmu (u}lLCimJfi ltnCiu}lumhfiy)lwJ)l UIWJUwfifihpnui) Cil{wm4mu 
llpq t wnwoqwltwCi bpltwJfiwltwfi wlflp}l mwpwbllwli wpwqmpJWU wt\: 
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wg-

fig 
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l,11. 2: ~hlimnli)ltnwJ)llli (w) l.. tpbpntliflfl (p) lfwtlhpm.0 h111fwJliwlfwti wiJip)l 111wpwodw6 
UIJllUQDlpJWU IJwfum.Up uwltp)l IJPUWl)lllllpJWli UIWJlWUhulpbpfwj. C-i19 (I), lg~ (2) ii. 

}unliwtlrupJnLfi~ (3 ): 

Umwg4wb wpqJDt~fi~ p!U.Jl bfi wwtjliu wlibt. bbmliJWL bqpw'l1.U
~JD1CiCihpJ!: 

1. lvnCiwl}mpJwCi, ~whwq.bglf.wOlltpJWU wumptiwfip wti[l 4wl{hJlllLU 
bpqwJwCiwqwfi uqflpfibpp wwpwouwfi wpWQ.IllJ:lJWU 4Jlw mf.ibfinul t b{1'4_wlijl 
wq:qhgmp Jillfi: 

2. UnwlJbtwqntJfi ilntb4mtwJpfi funCiwl{mpJmfipg gwop funfiwl{mpJWU 
:qbuwnuj l}bp2pfipu W6{! hWUUlWUlntCi OWl.jnuiljb(impJWCi q.nJlOW4.gp Lll.WJ
UWfifibpmU hw(iqbg(imu t wupntpjWU L bpqWJUWl.jw(i WfWP uiwpwot.iw(i 
wpwqmpJwCi CitJ.wquwfiJ!: 

3. UnwtJ.btWQ.IltJfi unibltnttWJpli funfiw\{wmwpmpJmfipg pwp6p funfiw
qntpJWfi :qbuwmu tl.lip2)1fi)lu wCi(!, npJ! UjWJUwfiwtln11tlwb t ouunm)14 
pwqwfipwJ}lCi 2PP qnJwgmuml, hwumwmm6 owljnm4bCimpJwfi qn11ow4gp 
UJWJUWfiCibpn1U ,tll hwfiqhgfimu uwhpp ajluwqpmpjWU Cil}wqUwfi, u}ltiiqhn 
fiqwuu.tmu t bplJwJfiwljwCi wlflpp mwpwOtlwCi wpwqntpJWCi w6: 

(/111UJgl/fi[ t 27.()6.2()()3 

I. r., I ILIL, n-x I I - - G>.M. Cc:lkMlll•eew M81'QIUol B ~pd r.c:o.1JQ(181. 
M. He.z:tPa. 1979, c. 144. 

2. Kpm-ep ILH .• Ko&eam• A.JJ.. Cdk:NMee&:Qe r.pyHT~ M ~a.i ~~om 
MHKpopalioHHpoBaHID! KtnwiiteB. 1979. c. 81 -89. 

3. Kpm-ep H.H .. Ko&ttWlllffl' A.Jl. CKop<>c"l"b pac.upocT~ ~MM'iCOUIX llOJUI H «napll

.llOKCaJlbtlbUi HHTCpBaJI B.11aJ1utoCTH» 11 ~pcHhiX oopo_u<tx · B 1U1 !1wKeHeptto-u:Acwu-

11cc1:u1 OCHOBa ,lleTa.IUIHOro CdicMlt'feCKOIO ~ H ~MH'iC\:t..Ol'O ""'1f,.po
palk»otpoea1ou1 TawKeHT ~att. 1983, c. 14--16 

4. Mec'lllll C.P. PCQ.OOrll'fecue ~w B r>lllllHCTNX r.py,in:ax c y~Tu~ ~.,.x ao~1·•· 
Ep.: AlaCT8H, 1992, c. 393. 
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5. HHKHTHH B.H. Ocaoebl HHJKeaepaoit ceitcMHKH. M.: H3.A·BO MrY, 1981, c. 175. 
6. Ha11.011aee A.B. CeitcMlf'ICCKHe ceoACTea rpyHToe. M.: Hayu, 1981, c. 184. 

c. r. AHPOJIH 

PACIIPOCTPAHEHHE fIPO,l(OJihHhIX BOJIH B fJI11HI1CTbIX fPYHTAX 
ITPH lllHPOKOM HHTEPBAJIE BJIA)l{HOCTH 

Pe3JOMe 

Ysenfflleuue BJIIDKHOCTH rnHHHCTbIX rpyHTOs HMeeT .asonuoe 803,!leHcTBHe 
Ha CKOpoCTb pacnpOCTJ>8HeHHJI npO,!lOJlbHbIX BOJIH (VP ). c O,!lHOH cropoHbI, 3TO 

npHBO,!lHT K yMeHbllleHHIO o6'beMa nop, B pe3yJibTaTe 11ero yseJIH'IHB8eTCJI CKO
poCTb VP . C .apyron cTopoHbI, ysenu11ettue BJIIDKHOCTH s 3aBHCHMOCTH oT ua11anb-

HOH BJIIDKHOCTH H CTeneHH ee BO.llOHaCbIW:eHHJI MO)l(eT npusecTH K YMeHbllleHHIO 
npo11uocTH rpyFrra, cne.aosaTeJibHO, K yMeHbllleHHIO CKopocTH VP . 

XapaKTepHbie noKaJaTeJIH BJIIDKHOCTH rpyHToB, Kor.aa ee ysenu11eune npn
BO.llHT K UOCTOJIHCTBY HJIH H3MeHeHHIO conpOTHBJieHHJI C.llBHry H CKOpOCTH pac
npOCTJ)aHeHHJI npO.llOJlbHbIX BOJIH, yCTaHOBJieHbl JKcnepHMeHTaJibHblMH HCCJie
,!l088HHJIMH. 

Ha ocHoBaHHH JTHX pe3yJibTilTOB ycTaHoBJietto, lfTO sepxHHH npe.aen «napa
AOKCaJibHoro» HHTepsana BJIIDKHOCTH COOTBeTCTBYeT BJIIDKHOCTH M8KCHMaJibHOH 
MOJieKyJIRpHOH BJiaroeMKOCTH. 

S. H. HA YROYAN 

TRANSMISSION OF LONGITUDINAL WA YES IN LOAMY SOILS 
UNDER THE WIDE RANGE OF HUMIDITY 

Summary 

The increase of humidity in loamy soils generally has a double influence on 
velocity of transmission of longitudinal waves ( VP ). On the one hand the increase 

of soil humidity brings to reduction of the volume of pores the result of which is 
the increase of VP velocity through the soil medium. On the other hand the 

increase of humidity depending on initial humidity and degree of saturation might 
result in reduction of soil solidity and consequently to reduction of velocity VP. 

Characteristic indexes of soil humidity, when increase of those brings to the 
constancy of modification of the slip resistance (shear strength) and changes the 
velocity of transmission of longitudinal waves (VP) have been stated by 

experimental investigations. 
Basing these experiments, the correspondence of the upper limit of 

«paradoxical» interval of humidity and the lower limit of plasticity has been 
established. 
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brbttU'Lf\ "lbSUllUl. <UlJl.lLUUrUl.f\ Q..f\SUllUl. Sb1tbllUQ..f\r 
)'qEffbIE 3AilHCKH EPEBAHCKOro rocy ,llAPCTBEHHOro YHHBEPCHTETA 

Pliwllwli qJtmmpJmlilihp 3,2004 

ll1Juwphwqpn1p1mti 

Y)U< 556-512 

~-~.ruu~~uau~. P.~.~usu4u~au~ 

fl.blflbl>fl ~bl.f.UOU<l>U4U\, SUP.Pb.Pf\ 'l-b.Pfl Q.\,U~USOMTC 
~flUJ2UQ.flBUBU1fl, '1l.P08bUllHf ('l-b~b'l- Q.bSfl O.Pfl\,U40l.f.) 

~nupwqnJwgmun pwp:q tqpngbu t' hwmltwtqbu tbnfiwJ}lfi mwpwbp
Cibpmu, npmbq Cipw ohwlj_npuw(i lJ.pw u}lwdwuwaw4 4wpnq hfi wq:qht 
pwquw{}}l.tl qnpbnfifibp: ~nup}l. ohwt{npuwfi lJ.pw wq:qnq qnponfifibp}l. qbp}l. 
qfiwhWUlUWU lj_bpwpbpJWt tiwmwplj_wo DLUDLUUWU}l.pntf}JDLfifihpf! lWUl 2.hfi, 
pu4 hqwofihpfi tt fit{}l.pt{wo b(i tqW{lWUbtnpbpflg npht ubltfl wq:qbgmpJWCi 
qfiwhwmuwfin [I, 2]: 

Uhp w2tuwmwfipmu nptqbu hnupwqnJwguwfi qlluwt{np qnpbnfifibp 
{!Citnplj_wo b(i nbt}l.h:J>}l. ohw2.wt{lwqwfi u}l. 2WPP tqwpwuhmpbp: .Rwfi}l. op 
nbtlJb:J>p ohW2.Wt{lW4Wfi UlWpphpp npw4wqw(i h pwfiwqwqwfi gmgwfifll
fihpp uwfipw4Jlti}l.m h pwquwl}nquwfip hbmwqnum1un hfiwpwlj_npmpJmfi t 
mwt}l.u mumufiwu}l.pht tWfilllw:J>mmu nfipwgnq pfiw4wa tqpnghufihp}l. pfimJ
!ll!fi m wnwfiofiwhwmqmpJmfifihpf! h }1 hwJm phpht op}l.fiw2.wt{lmpJmfifibp, 
npnfip qwphnp hfi tWfi1llw:J>mwqpmw4wfi h 2J1Wpwfiw4wfi up 2WJ1p ltfl
pwnwtiwfi fi2wfiwqmpJmfi mfihgnq _tufiq}l.pfihp}l. UJ.Wpqwpwfiuwfi hwuwp, mu
m}l. wnw2}1G wfiqwu 'l-hpbq qhm}l. oppfiwtintl t{lnpo t wplJ.ht hwuwtlJp qhptqnt{ 
qfiwhwmbt hnupwqnJwguwfi lJ.pw wq:qnq qnpanfifihpfl qhpn: LbnfiwJpfi 
w2wfifihpn1u, }l.fi2.UJ.J1u}l.Ci 'l-hphq qhm}l. wt{wqwfifi t, npmhq nht}l.h:J>n w.i.p}l. 
t nfiltfimu pwpopmpJmfifibp}l. qqwt}l. mwmwfimufibpnlJ., hnp}l.qnfiwltwfi h 
}unppwj}l.Ci ubo uwufiwmlj_wbntpjwup h uwqbphntjp}l. qqwt}l. phpmpJmfifib
pnlJ., tWfilllw:t>mfibp}l. lj_hp[!Cipwg qwuwt{npmpJmfifi m Cipwfigmu [!Cipwgnq 
pfiwqwfi tqpngbufibp[! pfimpwqplj_mu bu pwquwqwfimpJwup h lu}lum pwp
qmpJwup: UJu wnmunt{ nbt}l.h:t>n. npUJ.hu twfiq2w:J>m}l. pwqwqp}l.2.fihpfl qnp
amfihmpJwfi WMJillUp, qnpbntfi uwuuw4gmpJillU mCifl pfiw4wfi tqpnghu
fihpmu: bph uw4hphn1Jpfl nht}l.h:J>[! q}l.mwpqhfip nptqhu pfipfimpmJfi hwuw
qwpq, WUJ.W tWfilllw:J>mwq}l.mwqwfi, 2pwpwfiwqwfi h bp4Jlwohwpwfiwqwfi 
fufiq}l.pfibp}l. UJ.wpqwpwfiuwfi hwuwp UJ.hmp t hw2t{}l. wnfiht Ciwh mwpwb"pp 
hpqpwpwfiwqwfi qwnmgt{wapn npUJ.bu nht}l.h:J>}l. h}l.up, thnfiwtwfi2hp[! 4wqunq 
wtqwpfihpp tJ1pntnq}1w4wfi qwqun h 2pwhpljpwpwfiwqwfi hwmtiwfi):tifibpf!, 
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npnCip thnCiwjpCi bpqpCibpnui n~ upwjCi UIWJUWCiw4_npnuI b(i nbtltb:t>J:l aL.w
~wi.pwqwCi L. aL.wpwCiwlj_wCi mwppbp}:l wnwCiaCiwhwmqmpJmCiCibp(!, wnL. 
lj_wpL.np qbp mCibCi hnupwqnJwguwCi UIPDgbumu: liJu luCiq}:lpCibp}:l munuiCiw
u}:lpowCi qnpmnu qwpL.np t CiwL qCiwhwutbt hnqwpmuwqwCi mubqntJPP qbp[!, 
np[! qwpqw4_npmu t tWCilllw:t>mmo [!Cipwgnq 2pw2bpuwJ}1Ci UIPDgbuUbp}:l 
wpwqntpJntCi(! L, hbmLwpwp, npnzw4}1.npbU wqqmu t tWCil}2w:t>m}1 wupnq2 
hwuwttipJ:l 4.Pw: 

<.nupwqnJwguwCi UIPDgbu}:l tJpw nbtltb~fl aL.wiwt.PwqwCi mwppbp}l 
wqqbgmpJntCi(! qCiwhwmbtm hwuwp lj_wmwpbt bCip 'l-bpbq qbm}:l 2phw4_wp 
w4_wqwCi}1 nbtltb:t>J:l aL.w~wi.pwqwCi wnwCi6}1Ci mwppbp.}1 pwpmbqwqpmu 
(I :200000 uwuzmwp}:l pwpmbqCibp}:l oqCimpJWUp), opp h}:luw(i 4_pw tt }1pw
qwCiwg4_bt b(i pwpmbqw~wi.pwqw(i wztuwmwCipCibp L. 4.bptntbntpjntCiCibp: 
UnwCiaCiwhWutntq ntzwqpntpjntCi b(ip qwpapbt nbtltb:t>J:l WJCilllltup pwqw
qpp~Cibpp(i, }1Ci~lllltu}1p b(i 2phw4_wp w4_wqwCi}1 u}12}1Ci pwpapntpjntCi(!, 
uwqbpL.ntJPP pbpmpJntCi{!, twCi2bp}1 qnquCiwqpmpJntCi{!, hnp}:lqnCiwqwCi L. 
tunppwJ}:lCi uwuCiwm4_wmnpJmCiJ!: 'l-}1mwpq4_bt bCi CiwL qbmw4_wqwCip wCi
mwnwlllwtntlwbntpJntCi(! L mwpwbp[! qwqonq WUiwpCibpfl tltJlntnqpwqwCi 
ltwqtI{!: Umwgtlwb WpqJntCipCibp}:l tlbptmbntpjntCi(! gmJg t m4.bt. np nbtltb
:t>J:l aL.wiwt.PwltwCi pCimpwqp}:l~Cibp}:l L. qbmbp}:l hnup}:l u}12L. qnjntpjntCi 
mCibgnq npnzw4}1.npbCi wpmwhwJmtlwb ltwUihPI! hCiwpw4_npmpJntCi bCi 
mwttiu qCiwhwmbt nbtltb:t>J:l pwqwqp}:l~Cibp}:lg JntpwpwCi~Jntp}:l qbp(! hnupw
qnJwguwCi UIPDgbumu: "l.wpq4.bt t, np hnupwqnJwgowCi UIPngbup tJpw 
wqqnq nbtltb~p pwqwqpp~Ubp}:lg qtluw4_np qbp[! UIWtnqwCimu t 2phw4_wp 
W4_wqw(i(ibpp Ufl2fl(i pwpapntpjWCi(!, pwCip np tbnCiWjpCi bpqp(ibpntu, pCi~

lajlup(i mumoCiwupp4_nq mwpwbpCi t, hnupwqnJwguwCi UIPngbuCibp}:l 4.hp[!Ci
pwg pwztuuwCi qnpbn10 q}Im1jmtI t humwq wpmwhwJm4_wb npnzwqp 
op}:lCiw~wi.pmpjntCi: 5wbpwq}1p w2wCiCibp}1g qbllllt tbnCibp}:l qwmwpCihpf! 
t.Pntu4.mu t pCiwqwCi UIWJUWCiCihp}:l 0112 hwowtltp{!, hbmL.wpwp CiwL. 2pw
JpCi hwz4.bltln}1 mwppbp}:l hwpwpbpwqgntpJntCi(!, npnCip wpmwhwJmtlwb 
bCi npnzwtiP pwCiwltwqwCi gmgwCipzCibpn4_: flpUihu [!CiqhwCimp op}:lCiw~w
t.PmpJntCi' (!Uut pwpapntpJwCi mbqmobp}:l pwCiwltI! wtlbtwCimu t, }:lult qn-
1npzwgmu{! Ci4_wqmu, hbmL.wpwp hnupp qnpmu4}1g{! obmuCimu t: 

.Rwfip np mwppbp tlbp[!Cipwg qnm}1Cibpntu hnup}:l aL.wtlnpuwfi UIWJ
owGCibp(! mwppbp bCi, mump mumuCiwupptlnq mwpwbpmu wnwCiaCiwg
tlmu bG u)l pwCi)l pwpapw~wt.PwlJwCi owqwpqwqCibp, npnfigmu hnupwqn
JWguwG UIPngbu)l tJpw wqqnq qnpbnCiCibpp pCimJPI! t.Pntutlmu t: CCiqhw
Cimp wnuwup 2000Lf-)1g pwpap qnmmu q}:ltntlmu bCi hnupwqnjwguwfi 
CiUiwumw4_np UIWJUWCifibp · mbqmufibp}:l 0}12}1fi mwpbl}wG pwCiwlJG wtlhtlt 
pwCi 600Lftf t, qntuwpwJpfi qn1npzwgmul! ubb ~t· u}1Ci~L 300Lflf, hnup}:l 
qnpmu4J:lgl! pwpap t' w4_btlt pwG 0,5: 'l-pwG hwltwnwlf pwpapw~wt.Pw
qwCi gwbp qnm}1Ci pCimpwqp4_nul t n~ ubb op2}1Ci mwpblJwCi opCin1nptnwjpCi 
mbqmufibpn4. (unm 450Lftf), zwm qDtnp2wguwup (unm 500Lftf) Lt, hbmltw
pwp, pmJt wpmwhwJmtlwb hnupwqnJwgowop: 

'l-bpbq qbmp 2phw4_wp w4_wqwCip lOqtfL w4_btlt bpl}wpmpJmfi mCibgnq 
52 <lbutwtlwqwGCibp}:l hwuwp (Ciq. I) tibp qnqu}:lg hwzl{wplttlwb bCi nbtltb:t>fl 
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fibplifi' 750-850tftf [3], qpwfip mfibfi hnup.ti u nbllth!l>li hnpltqnfiwqwfi m J:unp
pwJ.tifi UWUfiWUIUWfi qmpp qnpb-wti.tig: 'l-w pWQWU1p4_mU t WJU qbmw4_wqwfi
fibpntU ubb mwpwbmu mCibgnq hpwpJ:uwbpfi Wtqwpfihpp 2pwhptu1wpwfiw
qwfi hwmqwfipzUhpn4_: liJumbq mwpwb4_wb wtqwpfihp[! hpufiwqwfimu J:upum 
~qnmqbfi u 6hqpw4_np4_wb hfi, npp tqWU1QWilil4_ UpfintnpUIWJpfi mbqntUfihpp 
qqwllt U:wu[! fibpb<)4_mu t, ufibtntl pfi~tqbu Umhtliwfiw4_wfip wpmbqJwfi w4_w
qwfi[!, WJfitqhu lt lnnm uwpwhwppp hwpwtlwJpfi uwumu' Swzppp u ~npwqh
mp qwCipnfifibpntu u Ubbwnmp w4_wqwfimu pbnfiwpwtlitlnq hqnp wqpJmp
fibp[! [4]: liJU qbmw4_wqwCiCibpmu hnupp qnp~qgp U:hb mwppbpntpJmfi
fibp[!' 0,07-0,36, wnw2pfi hbpppfi tqWJUWfiw4_np4_wb hfi qhmw4_wqwfifihpp 
u.ti2flfi pwpopntpJmfifibpp U:bb mwmwfimU:Cihpn4_' 1592tJ:.flg u.tifi~u 227ltf: 

2600 

2500 

2400 

2300 

2200 
'":! 
d 2100 
a e: 2000 
c 
.g: 1900 
3 
~ 1800 
.c. 
~ 1700 

1600 
w P: 

1500 

1400 A < 200d 

1300 
• 200-350tl 
• > 350tl 

1200 

0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 0.55 0.60 0.65 0.70 0.7E 

~nuJJli qnpbwqlig 

'Vq. 2: 'l-bpbq qbwti tlwwqlibpti 2phwtlWJJ wtlwqwlilibpli uti2lili pwpdpntpjwli qwfuntUJ! hnupti 
qnpbwqgtig: w) ~npwqbmli tlbplili hnuwlipli dwtu tlmwqlibp, p) <I>wupwltti tlhplili hnuwlipli 
tlwwqlibp, q) ~npwqbwti L. <l>wupwqti uwnplili huwliJ}lihpli t. 'l-bpbqli wtlwqwlili tlmwqlibp: 

Cfiq npntU:, fi24.wb" qbmw4_wqwfifihpntU: 2PWJflfi hw24_bqznfl pwgwuwqwfi 
wfiqWtqp[! uu uhb t' UpfintnpUIWJflfi mhqmufibpp fiqwmuwup WJU qwqumu t 
24-40%: litlhllt hwpwtl qmfi4_nq Ubbwnm qhmfl (23) hnup.ti qnpb-wtiligJ! 
5,28 t: Uw J:unumu t fizi.J.wb 19-22, 24-31 qhmw4_wqwCifihpp t.ihmhppfi 
hwuwtqwmwu}uwfinq mwpwc)ppg qhlll.ti Uh~nmp w4_wqwfi zwp<hlnq 
}unppWJpfi hnupp UWupfi, npp tqWLnQWDntl tt 23 qbtn[! (q) ltw}umopg qqWtP 
w2 t mbqwqp4_w<), npJ! pbp4_wb fiqwp.ti uwuzmwpflg qmpu t U:fimu: (q) 
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qwJ:um 
gmgwl 
qpwfip 
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wfiqwt 
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hpufiw 
mnnpb 
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wnqwJ 
UlWJpfi 
<l>wU:pt 
tlwfiw 

l 
qwfi[! 
fimu o 
w4_wqu 
qnp~I 

wnw2u 
pJWUp, 
u.tiwu.til 
liJll tq 
hnupw< 
mfibgm 
npp tq1 
hnp.tiqn 
fiwpwtj 
uwufiw 
qhp m( 
uwqbpt 
np mur 
hnup.ti I 

qhmbpt 
mhq qt 
wnwfio 
qwqpuu 
tlintpjnt 
mhqJw( 
muqwfi 

t, 

uwufiw1 
zp2wqu 
350tf gr 
oppfiw~1 

)unppwJ 



qwfunuin <.\Lwtlnpnq qbmbpCi Wi_PP bCi {!CiqCinuI hnupp qnpawqgp pwp<.\p 
gmgwCif12Cihpntl, {!Ciq npnuI tif12f1Ci pwp<.\pntpJwCi wtlhtwgtiwCi{! qntq{!Cipwg 
qpwCip L.u w6mtI bCi' 0,33--0,64: UJU qwfunttI{! qwqtinq qbmbpp 2phwtlwp 
wtlwqwCiCibpp 2PWJpCi hwztlbltlnmu L.u qpmtlmtI t upCii_L. 10% L wtlbtfl 
wCiqwu.w, npp UJ.WU16wn{! wnwCi<.\pCi qbmwtlwqwCiCibpmtI funppwjpCi hnupp 
<.\L.wtlnpmtICi t: UJu qbmwtlwqwCiCihpp tiwl}bpLntJPI! qwqtinq WUJ.WpCihp{! 
hpuCiwqwCimu 2pwubpct qwu pmJt 2pwpwt.PwCig bCi, hhmL.wpwp, WJumbq 
umnphpltPJw hnupp L. hwubUwmwpwp uha tw mCibgnq wqpJmpCihpp qn
JntpJntCiI! UJ.WJUwCiwtlnptlwa t mbqmnCiwqwCi 6bqpbpp L. qnmpwmmuCibpp 
wnqwJntPJWUp, npnCig up2ngntl lt hpuCiwlJ.wCimtI qwmwptlmu t upCintnp
UlWJpCi mbqmtICibpp Up qqwtfl Uwup CibpaantU{!: 'l-pw UwuflCi t qqwjntU 
<l>wupwltfl qnqwqnpmpJmCimtI qmCitlnq ni_ tiba (UwtpwCiqp, UUJ.}lmwltfl L 
tlwCiw<.\npfl) wpmbqjwCi wtlwqwCiCibpp qnJntpJmCin: 

UJu qbpUJ. bCi <.\Lwtlnp4_nuI CiwL. Umbt.PwCiwtlwCifl wptnbqjwCi wtlw
qwCin hJm.u}lu-wpLhwflg uCinq umnpbpltPJW 2PhPI! [5), npnCip hfluCiwqw
Cimu <.\L.wtJ.nptlmtI bCi unpw2bCi (29) L Ubqm.tqw (31) qbmbpp 2phwqwp 
wtlwqwCiCibpmu, npp UJ.Wm6wnntl CipwCip pCimpwqptlmtI bCi hnupp lflnpp 
qnpawqgntl: uq. 2-p qhptmbmpjntCi{! gm.jg t mwtflu, np 3 qwfumuCibpp 
wnw2wgm.tII! UJ.WJUwCiwtJ.npqwa t nbtflb:Pp funppwJpCi uwuCiwmqwam
PJWUp, pwCip np WJCi wUJ.wpCibpp 2pwhpltPwpwCiwqwCi hwmqwCipzCibpp hbm 
upwupCi umnphpltPJw uCiuwCi i_WtPI! npn2nq hpuCiwqwCi gm.gwCipzCibp}lg t: 
UJq UJ.Wtn6wnntl lt funppWjpCi uwuCiwmtlwam.pjm.Ci{! nCimptlht t npUJ.bU 
hnupwqnJwguwCi bpltpnpq qtfuwtlnp qnpanCi: <l>npp 2phwqwp wqwqwCi 
ntfibgnq qbmbp{! (1, 3, 5, 6) {!fiqhwCimp WilUWUp ntCib(i Di_ funp{! UWUCiWUlntU, 
npp UJ.wm6wnntl upwCip i_bCi hwuCim.u wtlhtfl funppmu qmCiqnq 2pwmwp 
hnp}lqnCiCibpflCi, m.ump WJU wtlwqwCiCibpmu umnphpltPJW hnupbpp pbn
Ciwpwi.pmu, npUJ.bu l}wCinCi, i_f1 l}wmwpqmtI: 'l-pwCi hwtiwnwti' funppwJpCi 
uwuCiwmuwCi pwp<.\p gmgwCip2Cihp m.Cibgnq qbmbpp uCiuwCi ub2 npn2wltfl 
qbp m.Cip CiwL. uumpbplJ.pJW uCintU{!, np{! unqnpwpwp 2phwtlwp wqwqwCip 
uwtihpbup i.pnppwgtiwCin qmq[!Cipwg w6m.u t [6): UJumhqflg hbmLntu t, 
np mumtICiwupptlnq mwpw<)pnuI pwquwpfltl WJL qnpanCifibpfl hbm ubqmbq 
hnupp qnpawqgp Oba mwppbpm.pjm.CiCibp{! UJ.WJUWCiwtlnpqwa bCi CiwL. WJll 
qbmbpp hnupp ub2 umnphpltPJw uCitiwCi wntiwJmpJwUp: ~bmLwpwp, WJU
mbq tiwpLnp qbp bCi umwCimtI 2phwtJ.wp wqwqwfip 2pwhpltPwpwCiwqwCi 
wnwCi<.\CiwhwmqmpJmCiCibp{!' 2pwmwp hnppqnCiCibpp pwfiwlt[!, Cipwfig mb
qwqpuwfi UJ.WJUwfiCihpn, hqnpm.pJmfi[! L. WJtfi: tlhp[! Cizqwa oppCiwi_w
lflmpJm.Ci[! hwumwmtJ.m.u t mumuCiwuppqnq mwpw<)pnuI <.\Lwqnpqwa wp
tnbqJwCi wqwqwCiCibpp L. hqnp tw m.Cihgnq wqpJmpCibpp futipbpp mwpw
awtiwfi pw2futlwantpJwUp (6--8) (mbu Ciq. 3 ): 

u-4. 2-pg bpLnuI t, np [!Ciqhwfimp wntiwup tipCii_L. 200lf funppwJpfi 
uwuCiwmuwCi gm.gwCifl2 mfibgnq qbmbp{! pw2tutlwa bCi (w) tiwtuuwCi 
zp2wtiwwmu, 200-350lf gmgwCif12ntl. l.tbmbpn' (p) qwfuuwfi, pul.t wtl.btfl pwfi 
350u gmgwfiP.2 mCihgnqCihpI!' (q) qwfuuwCi 2p2wlJ.wJpm.u: UwqwJCi Ci2tJ.wa 
oppCiWi_W$ntpjntCipg Ufl 2wpp qbmbpp 2hqm.U(i Wfihfiwp t pwgwtnpbt UpWJfi 
)unppwJpfi uwuCiwmtlwantpJwtip: UJumbq UJ.hmp t fiqwmp wnCibi, op pwpq 
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bpltJlwpwfiwltwfi tiwnmgtlwb}2 mfibgnq w2wGGbpnuI, flGlUJlluflG munutfiw
upptlnq mwpwbl}G t, num funppwJpfi uwufiwmuwa gmgwGti2P w6p umnp
bpltJlJW uGuwG wtlbtwguwG oppCiwlwt}lmpJmfi[! 4wpnq t fuwfumtlbt L. 
bppbUU ti tiwpnq t ajltntlbt hwljwnw4 tqwtn4bpn: fl-blltb:J>p ohwlwtltwl}wfi WJL 
mwppbpp uwCipwltJlljjlm mumuCiwuppmpJmCipg 1.4,wpqtlbt t, np upwfig tifl 
UWU[! J!UqhwCimp oppfiWlWtPDlf}JDlfipg 2bqtlmu t ub4, bppbufi tt upwchuuw
fiwl} up pwfip qnp()nfifibpp wqqbgmpJwCi mwq Qifiltqbu opflfiwq Q.wpqwn qb
tn[!): liJutqbu opflCiwl{, 2, 4, 7, 8, 9, 12 l{bmbp[! · lUWJWb wtlbllt pwfi 350tf 
funppwjflCi UwufiwtnUWfiJ!, tnbqwpw2futlwb bfi (p) l}wfutiwCi 2P2W4WJPillU, 
np[! pwgwmptlmti t <l>wupwljjl tlbppfi hnuwfipp 2p2wfimu lttltliwJfl lnpmpJwtip, 
fi2tlwb qbmwtlwqwCifibpnuI hwpwtlwhWJWQ thnCiwtwfi2bp}l qhpw42nmpJwUp 
L }lfimbfiufltl :)>pqfl4w4wa hnqufiwhwpntpJwUp, l}wfip "J14, 7, 9 qbmwtlwqwfi
Ubpp tiwlthpLntJpCihp}l phpmpJmCin qbpwqwCigmu t 12 -J!, pu4 2, 8, 12 qbmw
tlwqwCifibppfi1!' 10°-[!: liJU qbtnbpp 2PhWtlwp Wtlwqw(i(ibpntU Oliwtlnptlwb 
funppwJ}lCi hnup}l u}l uwun umnpbpltPJW 6wfiw1.4,wphntl uCimu t "UwtpwCiajl, 
UUJ.llmwljjl L. ~wfiwonp}l wpmhcuwfi wtlwqwfiCibp[!: UJq uwu}lCi t tlltwJntU 
fiwL. tibp 4nqu}lg ltwqtiwb WJU qbmwtlwqwCiCibp}l 2PWJ}1Ci hw2tlb42}1nCibp}l 
hwubuwmwpwp ubb wCiltwt.qp}l wn4wJmpJntCi[!: CCiq npntti, "UwtpwCiajl wp
mbcuwfi wtlwqwuf.! ufitlmti t crwql{w2bG L. :)fllfuwu qbmbpfl, UUJ.lltnwltfl
Gf.!, npJ! hwtibUwmwpwp pntJL t mumuCiwu}lptlwb [ 4, 6]' OJll}Ciwtlw2mp, Cb
fiwtlwCi, Ooflonp, J:!wpwonp, }lu4 ~wuwonp}lCif.!' P-wqmu L. Swfiomm qhmb
p}l 2phwtlwp wtlwqwfiCibppg: P-ninpntl}lfi WJL 4bptq t pwgwmptlmti 19, 21, 
22, 30 qbmbp}l mbqw2wpcfJ! qbtq}l (w) tiwtumun: 

liJumbq hnupp qnpbw4gp t}lnl}p gmgwfif126bpJ! tqWJUwfiwtlnptlwb bU 
fi24,wb qhmwtlwqwfifibpntU bw4mn4hfi u fuputn 6bqpwtl_npqwb hpwpfuwb}lfi 
wtqwpfibp}l 2p2wCimu lJ,wmwptlnq UpfintnptnWJ}lfi 2php}l pfimbUufltl Cihp
bWwup L. umnpbpltJlJw hnupbpp wntiwJmpJwUp, npnfip h}lufiw4wfinui phnCiw
pwt}lqmu bCi Ubbwnm}l (23) wtlwqwfimu, mump fipw hnupp qnpbwljjlgJ! 
5,28 t: 34 4btnp tnbqw2wpd"J:! (p) 4wfumUpg qbUJll W£ QDlJQ t tnWWU, np WJU· 
mbq umnpbpltPJw hnupn pwgwqw3mu t: ~nupp qnpbwqgfl hwubUwmwpwp 
ubb gmgwCip2[! 1.4,WJUWCiwtt_nptlwb t CipwCintl, np hnupCi wtlb\wCimU t hnp}l
qnCiwlJ,wCi uwuCiwmuwCi futnntpjwCi w6pCi qntqf.!Cipwg (0,9/jtf/ljtf L. wqbllt): 'l-w 
pwgwmptlmU t WJU qhtnwtlwqwCiCibpp hnupp oL.wqnptiw(i Ub£ 0Ciw1.4,w2wp
Cibp}l ubb qbpm{ L. hnup}l CibpmwpblJ,wCi pw2fuuwCi uhqnfiwJ}lfi ubb mwp
pbpntpJmCiubpntl: "UmJfiu bu wtqwgmgmu uwL. Ll.wqwfuumwufl ~np mwt}lwu
mwCiwJ}lu 2p2wCiCibpnuI lJ,wmwpqwb ajlmwplJ,muCibpJ! [1]: UJI} 4bptq t pw
gwmptlmti GwL. 42, 43 tibmhpfl mhqw2wp<Jn qbUJll (q) tiwfumuJ!, npnug wqw
qwfifihpmu hnp}lqnuw4wa uwuuwmtJw()ntpJmCiCi wtlhllt pwCi l,15/jtJ//jtJ2 t: 

fl-muwtiwu hwppwtlwJpfl wCimwnwmwt}lwumwuwJ}lU qntnnt 2phwtl_wp 
wqwqwuCihpmu tiwmwptlwb ajlmwp4muuhpJ! gmJg bu mtlbi, np wCimwnw
tqwtm}w{)ntpJwfi w6fl hbm hnupf! fil}wqmu t 35-55%-ntl [I]: 'l-w pwgwmptlmtl 
t wumwnwJpfi qnp2 hnqbpp flu1>flttnpwg}lnCi pwpop hwmtiwu}lzubpntl, nplt 
tqwtn6wnntl uwqbpLntpWJPU hnupfl u}l UWU[! tlbpwbtlmti t umnpbp4pJW 
hnupfl: CCiq npntti, wumwn}l wqqbgmpJntU[! funppwJpCi uwuuwmuwu gmgw
Gpzp wl[hiwguwfil! qmqnlipwg lillwqmu t: 16, 18, 46 qbmbpp 2phwl(wp wt{w-
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lilt- 3: '1-h 
llwqwfi \>~ 
um4Jnut, v 
J - ll!Wtbr 
btDD lfw~1 
i)Jtti-liwDlt • 
Hr i. ltwJfi 

UJ 
rnubllti ~ 
thufi 4w1 
hnupp qr 
wnwfiofl 
qnp()nfi(i 
UJDlU LO\ 

twfi2hpfl 
hnupp q 



qwCiCibpnuI wCimwnwutwmqwbmpJntCit! ltwqunnt t hwuwutwunuutuwfiwpwtt 
64, 36 h 79%, pu4 tunppwjpfi uwuawmmun qbpwqwCignut t 350tf-11, np~ 
utwm6wnntl, WJU qbmbpn (q) 4wtunnl}lg lhtttlbt bll \jtnpp pll~ qbutfl t\wfu: 

1 I : ~ ·._ · · · _ · t z I f 3 11 l I l l l ! l l 4 I > .; .~
0 

-· l 
s ~ 51· ••• • 1112··· 3 8 E_:rir; ~] 

lilt- 3: ').bptuJ qhmlt ?Phiwtwo U&ttwqw(ijl ?Pwbftlt!lUJPttt6wlJw6 uf\IMtutnfllt pwptnbq r7J: ~t"f'
llwqwfi ?flWUJWfl lmpltqnfifibp. I - libnqbli-)npnpqwqwli tunnfltm1-tl1Jt1nnfltmt. tUt1n11lltmt-tttPft'
Um4JnuL 11'.iw-qhwwJltfi I.. UWDCJWtlW2mwJltli limmfw()plibp. 2 libnqb6-1nppnpqmltmfi 1wtlmfil111, 
3 - ll!WtbnqnJlt I.. 1UiqnlJwJlinqn1'1 1.Jpwpw11m11tli-db11qbtwJ'16 LUUJWfllibp: ~nrrdfiwhmptJwl> l1brrl.tft 
btDD lfw~l.jwb tnlfwi (mbqwqwli) 9pwmwp hnpflqnlilitp. 4 - t.fbqnqn1lt li lttuJlinqn1lt h11mpfuur
i)Jtti-Uwnl.jwO'J2wJltti Ul.UfWfllibfl, 5 -Gbnutw1bnqnJlt t1tntmut1bp1qmJflfi wtqwpObp, 6 - llJW1bnqn
Jjr l.. ltwJfinqnJlt lilqldtu:Jpm.lftu.Jltli WUfWfllibp, 7 - uumphflltf'IJW ~bpfl 1Jmunut)tku6 Mtifi6byt, 

8 - inbtfuin6wfJUl(i- luutfumnuifibp: 

UJuuttrumt, pbpllw(J tnt.ltwt.6bpf! t11tw.1nul tta, np nmnn10wuflpt{mt mtitl 
rnubllti 2phwtlwp Llll(wqwuubpnui wumwnWUfWtnt{WITTllJJJmGn hnupfl Gtlm<t· 
thufi 4wnLnp qnpanfi t: liwmwpw<) L!hp1m<tntl}JmOObpf! gnlJq bO mw1pu, rtp 
hnupp q.npawltgf1 JhantpJwti t{pw pwgp 'lflhwl{wp wl{wqwCifl pwpdpmpJm Opg 
wmufioflfi-wnwOoflO l}wu t.iflw<tuulwGwq wqrµmI bO CiwL tlfl lUIPP UlJl 
qnpanfifihp: \.f.bp~}lOOhptm !ll{mu wnwl}bt qqw1}1 bO nbtflb~ 6liw~wtflw~w0 
UJDlU LOWpphp1f tunppwjpG L. hnpflqnOwqwO tiruuOrutmlwbrnIJJmOp, LhnGw
twfi2hpfl ~pmpJmOn, 4n11ufhu11pmp.1mOn L. wnO, npnCig wqqbgnt}JJWO i.mutr 
hnupp qupmuqgfl wp<ltipfibpn '1-bpbfl qbm'fl 9flhrutltllf1 wtfwqwfinnt mttt~ 

.~ 
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mwGl[mu bG 0,07- 0,64-fl ufl2wqwJpmu: ~nupfl qnpcnuqgfl qbpfl qGwhwmmuQ 
mCifl tiflpwnwqwG uM li2wGwqmp Jntli: Pbpl[wb qnpbpfl up2ngnl[ qwpbtlI t 
qGwhwmbt ~mumufiwuflpl[wb qbmbpp hnupfl pfimpwqpp~Ghp{!: 

.b/Jq/11/UJl/UJO UJ/juU1phU1<JflDl/1}U16 UJtipfln6 UtnUJgt/lif t 27.0S.2004 

1. Boc1epeceHCKHA K.n. fHJlporeonorw1ecicHe pac11en.r npH npoeKTHpoBaHHH coopyxceHHA Ha 
M8Jlb1x peKax, py'lbllX H epeMeHHblX so.ztoToKax. JI.: fH.ztpOMeTHJ.ztaT, 1965, 468 c. 

2. COKOJIOBCKHA .lJ..JI. Pc'!HOii CTOK. Jl.: rH.ztpOMeTHJJ18T, 1968, 539 c. 
3. AJ1eKC8HJlpRH r.A., AKonRH A.C., MH8U8K8HRH 6.U., T8M83RH A.A. CospeMeHHblH 80.llHblA 

68JlaHc ApMllHCKoA CCP. C6. pa6oT rH.ztpOMeTQeirrpa ApM. YfM, 1990, Bbln. 5, c. 78-166. 
4. fHJlporco11orHJ1 CCCP, T. XI, ApMllHCKall CCP. M.: He.ztpa, 1968, 351 c. 
5. MHH8CRH P.C. Bap.ll8HRH B.n. n1111eopem.efjl H pacnpeJlCllCHHe DOJ13CMHOro CTOIC8 l.ICH· 

rpanb11oro eyJJK&HH'lecKoro Haropb.11 ApMeHHH. Ep.: AcomK, 2003, 152 c. 
6. BeryHH B.T. Pecypcb1 nomeMHblX so.11 ApM. CCP H nepcneKTHBbl HX anonbJOBllHHll. Ep.: 

H3.zt.-Bo AH ApM. CCP, 1986, 156 c. 
7. ATnac npHpo.llHblX ycnoeHA H CCTCCTBCHHWX pccypcos PA, fHJipollorHJI. Ep.: HJ.11.-eo AH 

ApM. CCP, 1990. 
8. fconont1 ApM. CCP, T. VIII, fHJlporeonontJt. Ep.: H3.ll.·BO AH ApM. CCP, 1974, 392 c. 

r. TI. T A.llEBOC.SIH, Ii. n. MHAI.WCAIDIH 

01.(EHKA POJIH MOP<I>OMETPJillEC.KHX 3JIEMEHTOB PEJlhE<I>A B 
nPOl.(ECCE CTOKOOl>PA30BAHRSI (HA nPHMEPE P. ,llEJ>E.[{) 

Pe3IOMe 

B CTaTbe o6cy)K.!laeTCJ1 sonpoc Ol.leHKH BJIHJIHIDI p.11.Ll.a Mop<l>oMe-rpu11ecKHX 
napaMe-rpOB pe!1be<l>a Ha npouecc CTOKoOOpa30BaHHJI. Ilony11eHbl JIOKaJibHble 
3&8HCHMOCTH Me)l(.lly K03<l><l>HUHeHTaMH CTOKa H cpe.uHeH BblCOThl so.uoc6opa, 
ropH30HT8JlbHblMH H rnyfarnHblMH pac'IJleHeHHOCTJIMH, 3KCD03HUIDIMH H yK
JIOHaMH CKJIOHOB. 3'rH 38BHCHMOCTH MO)J(HO HCDOJ1b30BaTb npH pac'leTaX 
xap&KTepHCTHKH CTOKa HeH3yqeHHblX peK. 

G. P. TADEVOSYAN, 8. P. MNATSAKANYAN 

EVALUATION OF THE MORPHOMETRICAL ELEMENTS OF RELIEF IN 
THE PROCESS OF RUNOFF (ON THE EXAMPLE OF DEBED RIVER) 

Summary 

In the article the point of issue is the evaluation of influence of the mor
phometrical elements of relief in the process of runoff. The local correlations be
tween the coefficient of low and middle elevations of water intake, horizontal and 
deep dissections. expositions and slopes are received. These correlations can be 
used while giving •characteristic of runoff of the unexamined rivers. 
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H. X. MECPOllilH 

IlPOBEPKA B1IlOTE3hl OTHOCHTEJihHO KOPPEJISIQHOHHOA 
<I>YHKQHH f AYCCOBCKOfO IlPOQECCA 

B CTBTbC npHBOrorr<:.11 KpHTepHA npoBepKH nmOTe3bl OTHOCHTCJibHO 
Koppen.llUHOHHOA ¢YHl<UHH Ha6JIIOJl8CMOro CT8UHOHapHorO raycCOBCICoro 

npoQecca ~(t),te(O,r],c ffYJICBblM cpeJlJIHM. 

1. IlyCTb Ha6JUO)laeTCJI CTal{HOHapHblA rayccOBCKHA npol{ecc .;(t), 
te[O,T], c HyneBbIM cpe.llHHM u Koppem11..{noHHoii cpyHKl..{HeA B(t). Tpe6yeTc.ff: 

IlOCTpOHTb MOJlCJib, c IlOMOLLlblO KOTopoii MOXHO 6bIJIO 6bl ocymecTBHTb 

nposepKy runOTe3bI H0 o TOM, \ITO KoppeJI.ff:l{HOHHa.s1 cpyHKl..{H.ff: npol{ecca 

.; ( t) HMCCT BHJJ; 

B{t} = l -ct2 +It ll+a + o(ltl2+a), t ~ 0, O(a(2, (1) 

npOTHB runOTe3bl H1 : 

B(t)=t-clrr +0(11r). r~o. o(a(2. (2) 

,llorryCTHM, crrpaBe)lJIHBa rurrOTe3a H0 • Jb (1) cne;::i;yeT, \ITO B(t) 
.llBaX)lbl .nucpcpepeHl..{HpyeMa~ npH 3TOM JlJlj( KOppeJI.ff:l{HOHHOA cpyHKl..{HH 

rrpol{ecca .;'(t) UMCCT MCCTO COOTHOWCHHe 4,L1_hB"(o) = clhr' O(a(2' r.ne 

4,- oneparop B3JITH.ff: pa3HOCTH: 4,B(t)=B(t+h)-B(t). Tor.Ila, no [l], 

cymecTBYeT 3KBHBaJ1CHTHblA rayccOBCKHH npol{ecc ~· ( t), JlJlj{ KaJK.llOA 

TpaeKTOpHH KOToporo rrpH .D:OCTaTO\lHO MaJibIX h paBHOMepHO no I B 

KUK.llOM KOHC\IHOM HHTepsane 14,~'(t)l::;clhnlnlhljl/2 , r,D,e C- HCKOTOpH 

IlOCTOJIHHaH. 0Tc10.aa CJie,ayeT, TITO t· (I) HenpepblBCH. Ilo:rroMy cny11all-

N-1[.; ( h( k + l})-c;(kh)]
2 

T 
HaJI eeJIH'IHHa VN = h L , r.ite h = - , HMeeT TaKoe 

/czO h N 

:xce npe,aeJibHoe pacnpe.iteneHHe, TITO H h ~' ( .;' ( kh) )
2 

. IlocKOJ1hKY ~· (I) 
lc=O 
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... 

HenpcpbIBCH, 
N-l 2 T 2 

h_L (f(kh)) CXOJUfTC'1 K f(f(t)) di DO'ITH BCIOJly. TaKHM 
k·O O 

T 2 
B npc.nene HMCCT TO xe pacnpe.neJICHHC, 'ITO H f(f (t)) dt. 

0 

EcnH BBCCTH CTaTHCTHKY 

w. 
B ycnosHRX rHnOTe3hl H0 nonyqaeM, 11ro CTaTHCTHKa W = h:;i, rJle 

T 2 T 2 
cr2 = E f ( f (I)) di , aCHMnTOTH'ICCKH ( N -+ oo ) JKBHBaneHTHa f ( ~, ( t)) dt . 

0 0 

IlyCTb Tenepb cnpase,nnHsa runOTe3a H1, T.e. B(t) = 1-cltr +o(lral). 
Tor.na HMCCT MCCTO cne,nyJOLQee npe,neJibHOC COOTHOWeHHe B CMblCJJe 

CXO,.llHMOCTH B cpe,nHeM [l]: 

I N-1 

tim-I 
h-+0 N k=O 

___ ( 4._q(_kh )_)2 = 1 

4..1-hB( o) . 
Y'IHThIBH, 'ITO s ycnosHH (2) 

4,.i1_ 11B( o) = o(lhla) , 
N-1 2 

WiN = WiN . Nlhr:::: ~ (4.~(kh)) . Tlhla r}le :::: 

h Nlhr h NLl,..d_hB(o) h2 
' 

HMCCM 

Q>yHKllHH. 

(3) 

(4) 

w. -B ca.ny (3), (4) H ycnoBH'1 O(a(2 6yJleM HMCTb _J]f_:::: ha 2 
h-+0 oo. 

h 
Tax:HM o6pa30M, npoBepKy rHIIOTC3bl OTHOCHTCJibHO Koppemil.lHOHHOA 

<l>YHKllHH paccMaTpH:eaeMoro npouecca MOXHO ocyLQeCTBHTb c noMOl.QblO cne

W. 
Jl)'JOJ.Qero KpHTCpHJJ:: eCJIH CTaTHCTHKa w = I~ /t-+O )<Xl nO'ITH BCIO,.lly, TO 

ha 
w. 

cnpaae.zvnma nmOTCJa H1 , ec.rut xe W = ....llf acHMJITOTH11ecx:H JKBHBaneHTHa 
ha 

T 2 J( f (I)) dJ , TO CilpaBCJl.llHBa rHIIOTC3a Ho. 3&MCTHM, 'ITO ecmt 11Cpe3 Pa H 
0 

Pi OOo3Ha'IHTb eepoJtTHOCTHhle P-Mepbl, COOTBCTCTB)'IOLQHe x:oppenRUHoHHblM 

<f>YHKUH.llM npouecca npH H0 H H 1, TO H3 CKaJaHHoro 6y.neT cne.no:ea.Tb, lfl'O 

Nephi Po H Pi B3aHMHO CHHrym1pHbl. 

2 •. OnHWeM M0,LlCJ1b npoBepKH rHIIOTe3hl. 06o3Ha'IHM KOppelUIUHOHHYIO 

<l>YHKUHIO npol.lecca f (I) '1Cpe3 R (I, s )- R.ZJ.po BDOJIHC HCnpepblBHOro DOJIOXH-

TCJibHO 

HHC R1 

OpTOHO 

Pa3.1loll 

CTaTHC'J 

Tor.D 

=l 

T...C. p 

3 

n 
C=Cr 

0 

P{Xn)~ 

1ITO Cr 
0 



TCJihHoro onepaTopa [2]. Tor.Qa, no TeopeMe Mepcepa, oHa .i:tonycx:aeT pa3JJO:lKe-
00 

HHe R(t,s) = Llic'Pk (t)q;k (s), r.11e A..- coocTBCHHble 3Ha11eHHJ1, a q>t(t) -
k=I 

OpTOHOpMHpoBaHHa.sl CHCTeMa COOCTBCHHblX cpyHKUHft: 
T T 
f'P;(t)q;At)dt=oij, JR(t,s)91As)ds=11q>1 (1), rj11I \oo. 
0 0 

Pa3.110X:HM f (t) B P.IJl no OpTOHOpMHpoBaHHOA CHCTCMC 'Pt (t): ~· (t) = 
"" T = LXk'Pt (t), r.11e x .. = J~'(t)9Jk (t)dt - rayccoectcHe cny11aAHble BCJlH'IHHbl, 
k~ 0 

.AJIJI 1rnropb1X Ex,, = 0, Ex,x, = 116iJ. TorJU, 
T I ao 

J(,;'(1))2 di= LX;i1 • Jtp, (1)q;1 (t)dt = :LlxJ . 
0 1,J 0 •=• 

HopMHpyJI cnyqaftable BCJIH'IHHtil x .. ' OOJlY'IHM HC3aeHCHMblC CTllH,llapTHblC 

1 E I 2 00 2 00 2 
"-=.Ji:~' k=l,2, ... , 11 ror.118 j(,;(1))dl=~lx,j =~.:t,!11,j. 

Ta.DIM o6pa30M., 38,Wl'la CBO.llHTCJI K HaxO:lK.llCHHIO TaKoro c' 'ITOObl .llJlJI 

"" 
craTHCTHKH w = :L A..:111 BhlDOJOOIJJOCb yCJJOBHe P { w > C} (l - r , rp,e y)O -

k=l 

3a,llaHHhdt ypc>BCHb 3Ha1fHMOCTH. 

n "" 
06o3H31DIM X,, = L,.:t1r11i, Y,, = L Aic'li. ,L(m1 e)O HMeeM 

k=I k=n+I 

P{X,, +Y,, :SC}~P{X,, :SC-&,Y,, se}. 

Tor.IlB P{X,, +Y,,)C} = 1-P{Xn +Y,, :SC} sl-P{X,, !.C-e,Y,, :S;e} = 
=1-P{X,, :SC-e}·P{Y,, se} = 

=[1-P{X,, sC-e}]+P{X,, sC-e}·[l-P{Y,, :S;e}]= 

=P{X,, ~C-e} +P{X,, sC-c} ·P{Y,,)e} sP{X,,)C-e} +P{Y,,)e}, 

T~. P{X,, +Y,,)C} sP{X,,)C-c} +P{Y,,)e}. 
I I 00 

3aMeTHM, 11TO ooHCpaBCHCTBY 'le6bllUeBa P{Y,,)e} :S;-EY,, =- L lie. 
& & k=n+I 

IlyCTh r - 33Jl&HHhlA ypoeeHb 3Ha'IHMOCTH H 6 - ero norpeWHOCTb, 

C=Cr -TllaJI DOCTOJIHIWI, 'ITO P{X,, +Y,,)C} =l-y. 

06o3H3UM llepC3 C = C, TilKYIO OOCTOJIHHylO, A/UI KOTOpol 

P{X,,)C} = 1-y. ff3 aepaeeHC'l'Ba l-y=P{X,,)C} S P{X,, +Y,,)C} CNIJ.YCT, 

'ITO Cr(C,. 

OUCHHM pa3HOCTb 
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P{Xn +Yn)C}-P{Xn +Y n>C} =P{Xn +Yn)C}-(t-r)= 

=P{Xn +Yn>C}-P{Xn>C} ~P{xn>C-e} +P{Yn)e}-P{Xn>C}. 
TaKHM o6pa3oM, 

O(P{Xn +Yn>C}-P{Xn +Yn)C} ~P{Xn)C-e} +P{Yn)e}-P{Xn)C} ~o. 

Ilo 3aJlaHHOMY 8 HaD.zleM TaKoe & , qTo6hI P { X n )C - & } -

o I ~ o 
-P{Xn>c} =-

2
. ECJin npn JTOM oKaJKCTCH, 11TO - L A.1 ~-. TO c -

& j=n+I 2 
l ~ 0 

HCKOMoe. EcJIH - L A.1 ~ - , TO HYXHO noJJO:XCHTb n + 1 BMeCTO n H 
& jzn+I 2 

1 ~ 0 
npo,llenaTh JTOT npoqecc .AO TeX nop, noKa - L A. 1 ~ - . 

& J=n+l 2 

HaA,lleHHaff TaKHM o6pa30M DOCTOffHHU c e[ cy+o•cy-o J. 
Ka<f>ei>pa meopuu sepoJU11110cmeii 
u Mame.MamU'll!CKOii cmamucmuKU 

llocmynwio 04.12.2003 
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'U. Iv. UbUPO"lSU\, 

~Ufi1'U5Uu ~POBbUP 400.blSUBnOu l>01'u48Pli5P 
'-lbPlWbP5Ul '-lliP4Ut>n USOl'~OMJ'Q 

Uutfin tfimu 

~mµtwantu pbptlmtl t qpnJwlJwu uf12flfinq q ( t ),t e [ 0, r]. umwgpnfiwp 

qwmuJwU UJ.pDgbufl qnnbuwg]mCi !}>mCilfgflwJ}l tlbpwpbpJWL qwpqwb}l 
ummquwa hwJmwUflzn: 

N. Ch. MESROPY AN 

VERIFYING HYPOTHESIS ON THE CORRELATIVE FUNCTION OF 
GAUSSIAN PROCESS 

Summary 

The paper presents a criterion of verifying hypothesis on the correlative 
function observed by stationary Gaussian process with zero average value. 
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bPb<lU\,f\ lllbSU4U\, ~UUULUUPU\,f\ Q.f\SU4U\, Sb'lb4UQ.f\P 
Y'lEHLIE 3AIIHCKH EPEBAHCKoro rocy AAPCTBEHHOro YHHBEPCHTET A 

Pfiwltwfi qltutntpJntfifihp 3,2004 EcTecTeeHHJMe uayu 

.'bjJqjJ/jw 

Yro< 621. 373 

U. U. lr01-SOH18U'U 

l>bUSfl'4..USPliSITVU3P'V UQ'1-Uli'VbPP U"lbliSPUl UbLl.lffiM.J'C 

U1.4bqmpwt ubquuwCi hpLntJpfl Ciqwmuwup w611IJ. hbmwppppmpJmCiJ! 
UIWJUWCiwl{nptlwb' t tlhp2hpu pwgwhwJmtlwb Cipw tip zwpp hCiwpwtlnpm
pjntCiCibpntl' npnCip wnCiitlntU hCi iwqbpwJpCi ~flqfll.JwJfl hpwmw1.4 fuCiajlpCibp 
hwfiajluwgm1 qhpqwp6 wqqwfizwCip qpwfiguwfi L tiwnwtlwpuwfi [l-3], flCii
iitbu CiwL ump unwmnCip qbfibpwgmunq UIWJUWCiwtlnptlwb' 01.4mptiwl.JwCi 1.Jw
lllfl fuCiajlpCihpp hhm [4, 5): liJu bpl.Jm tiPpwnmpJmfiCibpp mbuwCiltJmfipg wtlbtli 
l.JwpLnp t bpLntJPP hhmwqnmmun 01.4mpl.Jwqwfi wqqwCizwCif1 hCiwpwt.1.np 
qwp6 mLnqmpJmfiCibpp qb1.4Pmu: 

U1.4bl.Jmpwt ubquuwCi bpLntJPP ppwlJ.wCiwguwfi hwuwlJ.wpqJ! pwqlJ.w
gwb' t ajlu1.4bpupnCi hw1.4wquwCi qbpg (~ q.) L 01.4mplJ.wl.JwCi upwunq tntUW
mwpflg [6]: UCimiwt ajlu1.4hpuf1wJntl 'U,q.-mo wqqwlm hplJ.wpmu t ctwuwCiw-
4P uh2 L umwCinui pwgwuwlJ.wCi iPPl.4: lmuwmwpmu wqqwl.Jp nl qb'wJpCi 
jifipCiwqqbgmpJmfin hwCiqbgfimu t iPPuW uwpuwfi L u1.4bl.Jmpp ubquuwfi: SL.n
qmpJntfiCihpp ~bumntlwJpltJwCiwJpCi mppntJpmu ajl~pwlJ.gpnCi gwCigbpp 1.Jwu 
tqppquwfibpp qmJq hwCiajluwgnq ~q.-Ci l.Jwpnq t qpuL.npb1 pwpap l.Jwpqf1 
ajlu1.4bpupnCi, Im4 tmuwmwp[! CiwL pwpap 1.Jwpqfl Ili qb'wJpCi hwmlJ.mpJmCiCibp 
[7]: (8] hnqtlwb'mu wnwfiapfi tlhptmb'tlht t }UupwJf1Ci wpwqmpJmfifibpfl ajlu
tqbpuJiwJfl qbpt! Utqbl.JtnpWt UbflUUWfi tqpngbunui: liJU W]fuWUlWCipntU fibpqw
JWQti.Wb' hfi u1.4blJ.mpwt ubquuwfi tl.Pw pwpap 1.J.wpqfl ni qb'wJ]1fi L ajlu1.4bpupnfi 
qnpb'nfiCihpfl wqqbgmpJmfifibpfl pqWJpfi hhmwqnmuwfi WM.Jmfipfihpt!: 

~bmwqnmmpJwfi dbpnqJilJwCi: UzJuwmwfipt! lJwmwptlht t u1.4hlJmpwt 
ubqduwfi qnpOJ!Cipwgf! filtwpwqpnq hwt.lwuwpmufihpp pl{wJflfi tmouwfi Ufli>n
gntl: lmuwmwpn1u 6wnwqwJpuwfi pfipfiwqqhgmpJntfit! ~bUmntlwJpltJwCiw
J)lfi m]1pntJpmu Ciltwpwqptlmu t Cpbajl.Ciqbpfl nul}hwfipwgt.lwb hwt.Iwuw
pnulntl (9]. 

; arp = _.!_ a2rp +;Pi .!. a3rp + Rjrpj2"' - RJti'I' ajrpj2 - iµ a/'1'12 "' , (I) 
a( 2 a,,2 6 a,,3 a,, a,, 

npmblt 'I' ( ~. Tf )-fi qwfiqwq tflmpnfutlnrt wdUftfiumtqli t' linpdwtfnptfwb hwtf w

qwpq]1 ummpmd mfibgwb ftp wnwtlhtW<}IltJCi wpctbpntf, L~) = r 2 I k2 - hwpwpb

pwqwfi hbnwtlnpmpJntfi{! ( L~) = r 2 I ki- qpu1.4bpufmfi bplJ.wpntpJntfi{!, T -Ci 

dwdwfiw\tw JPfi ltltuwtWJfintpJDtfifi t pllt.qmtuJl I I e uwt,wpqwtiP l{pw, 
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k1 =ld1k/dm1 /, nptnlu\ k-fi wlflpwJflfi tlbqmnpfi t, m -Ci' hw<'.iw}umpJntfi{!), 

TJ=(t-zlu)IT0 - tjwqnIJ. dwtfwuwljf! (z-n mwpwbwqwfi qnoJlillifiwmfi t, 
u-fi' }utipwjpfi wpwqntpJntfiJ!, r 0 -fi' fltitqmtufl uqqpfiwqwfi tnL.nqntpJntfi{!): Ol 

qbw3fimp3wfi pfimpwqflp[! npn2lfmtI t R = L0 I LNL fimJfimpJwtip, npmbq 

LNL = ( kn2f or' -Ill qbwjflfi bpqwpmp jntfifi t, n2 = 3, 2·10-16 utf I c{m - ltl{wpgfl 

ni qbwJfintpJwfi qnpbwl.J.Pg[!, 10 -Ci' ownwqwjptiwfi timmpw3fl6 flGmhfiufnl.m

pJmfin: 3mpwpwfivmp qnpcmfip fibp1y11Iwfi ~WtPI! npn2tJ.mtI t hwtiwtqwmwu
}uwfi qnpbwqgntl. bppnpq qwpqp qputqhpu)lwfi' JJi = k3 /(k2r0 )-m.J., n~ qbwJpfi 

wpowq.wfip)l )lfibpg)lnfimpJntfil!' µ 2 = r RI r 0 -ntJ., wiltpwJ)lfi Ill umwg)lnfiwpm

pJntfi[!' µ = T !( m 0 )-nl{: P.fi~tqbu bpL.nttI t, qnpbw4)1gfibp)l wpdbpfibp)l npnz

uwCi ub2 fltiutnttufl ml.anqntpjntlil! qwpl.anp pfimpwqpbpflg t: ~<l--mti 6wnw
qwjptiwfi l{wppfl Cil}wpwqppJ! hwfiqbgfimu t (1) hwtlwuwpuwCizf R = 0, 
q = -Z UJWJUwfifibpntl, npmbq Z -n ~ <l--)1 bpl}wpmpJmliCi t (pwqw): (1) hw

tJ.wuwpuwfi ptlwJflfi tmmiwfi [!fipwgpmu l}flpwntlhL t :Pflqflqwl}wfi qnpcmfifib
pnl{ pwqqwuniwfi ubpmm, qpuuthpu)lnfi pWJLillU l}flpwmlht t .bmpphfl wpwq 
oLwtjln}umpJWU WLqnppptin: Oputbu uqqpliwqwfi UJWJUWfifihp (!UtnptJ.bt bli 
fltitqnttup qwmuJwfi mbupn L utqbl.J.mpwi uwhtiwfiwtjlwl}mpJntfi[!: Opn2tJ.ht 

bfi cJwtiwfiwltwJflCi L. utqbqmpwt pw2}umtICifibpf!' l{TJ)=ll/f(T/)1
2 

L S(.0)= 

= IJ(.0)12 ( f (n)-fi qntitqtbpu WUtqtfltnmqp :pmp)lb-tqwtnl}bpCi t, Q .(i' hwpw

pbpwl}wfi hwowfumpJmfin) ~ <l--)lg hbmn L hwtiwqwpq)l twmu: ~bpl{wo 
wp11.1mfipfibp[! tJ.bpwphpnuI hfi fltitqmtufl .dt = 30-35 :Pt/ ( r 0 = 20_.'/>t/) mL.nqm-

pJWCi[! ( ..:1t = 2( In ( 2 )112 )r0 , ..:1t-fi chuuwfiwqwJflfi tWJCimpJmfifi t )ltitqmtufl 

I/2 UWl{WJlllWl.J.P l{pw), nppfi hWUWUJWUlWUfuWCinui bfi qnpbwl.J.Pgfibpp 
hhmLJWL wpdhpfibpJ!. ~Q.-mtI µ 1 =0,4, tmuwmwpnuI µ1 =0,05, µ 2 = 0,3, 

µ = 0, 043 : ~ <l--fl L. tmuwmwpfl bpqwpntpJmfifibp[!' Z = 6, f = 3 hwuw

tqwmwu}uwfiwpwp: 
Up111mfipfihp[!: "Uqwpfl w, p-mtI tqwtn[thptJ.wO I L. 2 qnphpfl hwtihtiw

mmtiflg bpLmtI t, np qpmqbpupnfi nbctpumu ~ Q.-]l bppnpq qwpqp qpuuthP
uflwJfl hbmhwfipntl wnw2wgwo wupubmppq qb:pnpuwgpwfihp[! cJwuwfiwqw
JPfi L UUih4mpwt utwmqhpfibpmtI wl{htfJ. pntJL hfi wpmwhWJtntJ.wO, pwli Ill 
qbwJflfi nhdptimtI: bpl}pnpq l}wpqp qpuuthpu}lwli imuwmwpnttI ni tiflwJfi 
hwpphgfimu t tqwmqbpn, WJL fiwL fil{wqbgfimtI t (10-20%) utqbl.J.mpwt uhqtI
tiwfi ~wtJln, puq hppnJlll l}wpqfl qputqhpupwCi wqqhgmpJmfi ~fl mfibfinui WJI} 
qnpb(!fipwgfl tlPw: "Upw wqqhgmpJmfin ul}umtI t fl hwJm qwtf-fl ubo wpcthp
fihpfl qhtqpmtI uuthl}mpp n~ q0w1pfi hwpumwgtiwfi cJwuwfiwq: ~wpop qwpqfl 
n} q0w3pfi qnpanfifibp[! ppbfig wqqhgmpJntfi[! pnqfimtI hfi pfipfiwqqhgmp1wfi 
wnw2fJ.Ci flul} tjlnqmu: lmuwmwpnuI n~ q0w1fimp1wfi t1bl}mpnfiw3pfi pfimJpfl 
lfinph}:ltl Ill qbwJflfi wpowqwfiJH! qpbpb wqfipwppwJflfi t' rR = 3 :Pt/ [9]: ~ 
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qnpmulrnlt lflnppmpJwCi tqwmnwnm.[ Cipw Cibpqpmul! CintJCitqbu twqwCi ~t: Lm
uwmwpmu wwpwjpCi n2 umwgpnCiwpntpjntCil! hwCiqbgCimu t putqnqu}l qwqw
p}l m2wguwCi' l!Cil).hntU} u}1Ci2L hwpqWCnuJ}lCi w\llp}l aLwtfnpmu, u}lwchuuwCiwq 
utqbqmpl! hfipwpqhtm.t wu}lubmppq qh~npuwg}lwJlt' q L q: UJu qnp<mCilt 

1(11) 1 a S(n) 4 

w 

0.8 :: 

0.6 

0.4 

0.2 

.. .. . . .. . . .. .. . . . . . . . . . . 

-10 0 

1(11) 11- ~ 
0.8 r: .. . . 
0.6 :: q •• 
0.4 : : 

b 

. . 
0.2 : : 

1(11) 1 
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0.6 

0.4 

0.2 
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• • • -,,. ,,. ,,. .. .. .. .. .. .. .. .. .. .. . . .. 
•___!__ 

10 

2 

10 

OL.i-91ft:':~~~·J!-..-..~ .... ...._JI 

20 -20 0 

3 

2 

1 

S(~ ~I 
1 

o-..-.... ,_ 
-2 

p 

2 

2 .{} 

q 

2 .{} 

q 

0 2 .{} 

tiwnwqwJ}lUwfi pfimbfiuflllmpJwfi ctwuwfiwtiwJJtfi (w, q, b) t.. u111b1Impwt pw2Jumufihp{! (p, q, q). 
tihmhpnmf hwuwtiwpqJi ununpmu, qcrfltifihpm{" <U.c+-flg hhmn, hnb qbmf hwuwtiwpqJt hwmu; 
1-1!' uuthtimpwt uhquuwfi n~ qbwJflfi, 2-1!· qltuutbpuflnfi nbdflufibpmu: PfimpwqphpJt wpith11filip{! 
w, p, q, q-fl hwuwp {!fitnpl[bt hfi · .f=3, Z=6, n2 qbwJflll nhdflumu R= I 2, 'lfluui.hpuflnfimu' R=9: 
'}..t,Q.-mu µ 1;(),4, tmuwmwpmu µ1=µ2=µ=0 (w, p), 'U.<+-mu µ,=O, tmuwmwpmu µ,=µz=O, µ=(),I 

(q, q), R=39.f=3, Z=l2, 'l-.e,Q.-mu µ 1;(),4, 1nmwmwpmu µ1=µ2=.u=O (b, q): 

wqqbgmpJmCil! mbuwCib\11 qwpltCibtm hwuwp Ciqwpmu·gmgwqpt.[wo t µ = 0,1 

qbuipl! (Lit= I 0 - 20 !Jl/J: Lmuwmwpmu bpqpnq qwpqp IlltutqbpultwJlt wqqb
gmpJmCil! Cit.[wqmu t' l!Cil).hntUI u}1Ci~L IJlPtl qbpwgnuI, bpp ubawgfinuI bCip 
~Q.-}1 pwqwCi [8]: "lwpqt.[mu t, np CimJCi qbptq }umuwlflbt pwpltp qwpqfl 
qnpcmUCibp}lg w hw9nql.[mu umwgl.[wo qnphpl! mCihCimu bCi pmJt., uwqwJfi 
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Gltwmbllt wu}uibmppqntpJntG: ~Q.-p pwqwJp ubb" wp<tbpGbpp qbuwmu 
ubbwGmu t Gpw bppnpq qwpqp qpuUJ.bpupwJp wqqbgmpJntU[! (b, q): _µwgp 
wupubmppq qb.'l>npuwgpwJpg, puUJ.nttult UUJ.bqmpmu Gqwml[mu t GwL. hwl'.iw
}uwqwCiwJpCi zbqmu' qwqwp[! qbumpnupg zbql[mu t: 

bqpwltwgmpJmG: Uqqwqubpp mL.nqmpJntCiGbpp .'l>bUuml[wJp4JwGwJpG 
m}lpntJpnuI wnqw bG pwpop qwpqp qpuUJ.bpupnfi L. n~ qb"wJpfi qnpb"nGGbp[!. 
~Q.-mu bppnJlll qwpqp qpuUJ.bpupwJp Gbpqpmun Gqwmbllt t mL.nqmpJmG
Gbp}l ~50J)(/mppntJpmu: upw wqqbgntpJntG[! Cil[wqmu t tmuwmwpp bpqpnJlll 
qwpqp qpuUJ.bpupwJp wnqwJmpJwG qbuwnuI: LmuwmwpnuI pwpop qwpq}l 
.'l>pq}lqwqwG qnpb"nGGbppg twqwG Gbpqpmu mGp wlltpwJpG n~ umwg}lnfiwpm
J)JntUf.!, npf.! Gqwmbllt t mL.nqmpJmCiGbpp wl[bllt qwpl'.i m}lpmJpmu' 10-20.'j>lf: 

~bq}luwqf.! zGnphwqwtntf}jntG t hwjmGmu Q.. l. buwjwfipG L. l. lu. lTm
pWllJWG}lCi wz}uwmwfipp Gqwmuwup hwmmq mzwryuupjwli L. WPllJntGwl[bm 
pCifiwpqmuGbpp hwuwp: 

Q.bpwpwq OUJUJftf/wJ/1 [Wpnpwwnp}lw Uwwgtfbf t 09.07. 2004 

Q.f'U tr uun 1-rua n "'" 
I. MapKapJ1H H.JJ., Mypa.llJIH JI.X. - KBa1IT. 3neKTpoH., 1995, T. 22, .N"!! 7, c. 695-697. 
2. Mooradian L.Kh., Zohrabyan A.V., Ninoyan V.J., Kutuzian A.A., Froehly C., Louradour F., 

Barthelemy A. - SPIE Proc., 1998, v. 3418, p. 78-85. 
3. Mooradian L.Kh., Froehly C., Louradoor F., Barthelemy A. - IEEE J. Quantum Electronics, 
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4. KyryJJIH A.A., KBpaKOCJIH A.A., Mypa.llJIH JJ.X. - lbs. HAH PA, <DloHKa, 2002, T. 37, .N"!! 6, 

c. 350-353. 
5. Kotuzyan A.A, Mansoryan T.G., Kirakosyan A.A., Mooradian L.Kh. - SPIE Proc., 2003, 

v. 5135. p. 156-160. 
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A. A. KYTY'.3.SIH 

CilEKTPAJibHMI KOMilPECCIUI <I>EMTOCEKYH,l(HbIX MMilYJibCOB 

Pe3JOMe 

Mccne.noaatto BJIHHHHe AHCnepcHOHHbIX u uenHHeAHbIX 3cpcpeKTOB Bbicwe

ro nopHJJ.Ka Ha npou.ecc cneKTpaJibHOii KOMnpecCHH. IloKa3aHO, tJTO BJIHHHHSI 

JTHX 3<l>ct>eKTOB npoHBJISIJOTCjJ B o6naCTH .[lJIHTeJibHOCTeA :5 50</Jc. 

A. A. KUTIJZIAN 

SPECTRAL COMPRESSION OF FEMTOSECOND PULSES 

Summary 

The influence of high-order dispersion and nonlinear effects on the spectral 

compression process is studied. This influence is revealed in the :5 50.fe time scale. 
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bf'b'-1.Uuft "lbSU4Uu ~UUlllUUf'Uuft Q.ftSU4Uu Sb'lb4UQ.ftf' 
Y'IEHLIE 3AilHCKH EPEBAHCKOro rOCY,[(APCTBEHHOrO YHHBEPCHTETA 

Pfiwltwfi q}luimpJmfifihp 3,2004 

XUMUJl 

YAK 541.135.52 

M. B. MAPTHPOCml, JI. E. CAPrcmi, c. K. rPHrOPmI 

BJUUIHHE CTPYKTYPhl <DA30BOA IlJlEHKH HA KOPP03J10HHhIE 
CBOACTBA HEPACTBOPHMhIX AHO.[(OB HA OCHOBE CBHHL(A 

HCCJleJ].OBaHa 1mppo3HOHHlUI CTOIK.OCTb CBHHnOBO-Cepe6plUlblX H CBHHUO

eo-cypbM.llHHCTblX HepacreopHMblx aHO.llOB B cepHO-KHCJiblX pacTBopax. Bhl'IB

JICHO orrpeneneHHoe pa1JIH11He B CTPYKTYpax H csoll:cTBax cpa30BblX cnoes, 

cpopMHPYIO~Hxcll Ha nosepxHOCTH JTHX aHonos. Jly'IWHMH 1alllH'fHblMH ceoR

CTBaMH OOJ18ll8IOT cf:>a30Bble CJIOH CBHHUOBO-cepe6pl!HblX aHO.LlOB. IlOK838HO, 

qro MOllHcpHUHp<lBaHHCM KpHCTaJIJIH'leCKoro CTpOCHHJI cp830BOro CJIOll (ny
TCM JICrHp<lB8HH'I) MO:lKHO .LlODO.llllHTCJibHO DOBblW8Tb KOppo3HOHffY10 CTOl
KOCTb 3THX aHOllOB. 

Beei.eBBe. IloBblllleune Koppo3nouuoit CTOitKOCTH uepaCTeopHMbIX auo

JJ.OB .SIBJUleTC.SI O.[lHOH H3 HaH6onee BaXHblX npo6neM npH 3J1eKTpOJ1HTHtfeCKOM 

ocaxgeHHH p.si:.D.a 1.V3eTHbIX MeTannoe H3 cepHO-KHCJlbIX paCTsopos. B npo

Qecce 3J1eKTPOJ1H3a TaKHe aHO)l.bl llO,ll.BepraIOTC.SI KOppo3HH H npO.ll.YKTbl pa3-

pyweHH.SI 3arp.S13H.SIIOT KaTO.ll.HbIH oca,ll.oK. KpoMe Toro, BbICOKoe nepeHanp.si:

xeHne, Bbl3bIBa10mee ,ll.OllOJ1HHTeJ1bHOe paCXO,ll.OBaHHe TOKa Ha paCTBOpeHHe 

HX KOMilOHeHTOB, SIBJISleTC.SI HenpoH3BOAHTeJ1bHOit COCTaBJl.SllOLUeii B 6anaHce 

Hanp.si:)J(eHH.SI 3JleKTPOJ1H3epoB. 

Ha Kopp03HOHHYIO CTOHKOCTb HepacTBOpHMbIX aHO.ll.OB uan6onee cy

meCTseHHoe BJlH.SIHHe OKa3bIBaeT 3aLUHTHblH cpa30BblH CJ10H, cpopMHpyIOLUHA

C.SI BO speM.SI 3J1eKTp011H3a, Ha nosepxHOCTH H B nopax KOToporo npoHCXO.[lHT 

OCHOBHOH aHO.ll.HbIH npouecc - BhI,ll.e11em1e KHcnopoJJ.a. Ha 3aLUHTHOe csoiicTBO 

cpa30Boro CJ10.SI CHJlbHO BJlH.SleT nernpoBaHHe aHO.[la pa3J1HtfHblMH 3J1eMeHTaMH, 

J<PcpeKTHBHOCTb KOTOpbIX onpe.[leJl.SleTC.SI HX 3J1eKTpOXHMHtfeCKHMH CBOHCTBaMH. 

L(eJlblO HaCTO.SIWeA pa6oTbl .SIBJl.SleTC.SI H3ytfeHHe BJ1H.SIHH.SI CTpyKTYPbI 

noeepxHoCTttoro cpa3osoro cno.si: (3aLUHTHOB nneHKH) Ha Koppo3HOHHYIO CTOA

KOCTb uepaCTBOpHMbIX CBHHQOBblX aHO.[lOB, nernposaHHbIX cepe6poM H cypbMOA, 

npH aHO,ll.HOit non.si:pH3aUHH B cepHO-KHCJlOM paCTsope. 

MeToi.eKa :JKCnepHMeHTOB. Onb1THb1e JJleKTPO.ll.bl 6blJ1H H3rOToBJ1eHbl 

H3 6HHapHblX CilJlaBOB Ha OCHOBe CBHHUa MapKH co. B KatfeCTBe nernpy10-

LUHX no6aBOK HCOOJlb30BaJ1HCb cepe6po H eypbMa. Koppo3HOHHblM HCObITa-
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HHSIM no.llBepr JIHCb cnJiaBbl CBHHQa c COJJ.Cp)l(aHHCM (no Macce) 0,8%Ag Map

KH Cp 999,9 H 6%Sb MapKH Cy 0000, KOTOpbIC 6bIJIH nonyqeHbl no CTaHJlaPT

HOtt MCTOJ].HKC [I]. )l,JISI cpaBHCHHSI HCnbITbIBaJIHCb TaK)l(C JJICKTpOJlbl H3 t{ffCToro 

CBHHQa. Koppo3HOHHa51 cTottKOCTh o6pa3QOB onpe,llem1nacb no MCTOJl.Y noTepH 

MaCCbl npH aHO.llHOH DOJIS1pH3aQHH B cepHO-KHCJIOM paCTBOpe npH KOMHaTHott 

TCMncpaType. )l,o npoBC,LJ.CHHSI OnbITOB HCnbITYCMblC aHOJlbl no.n.Bepra.rrncb 

npe.n.BapHTCJlbHOH noJ].rOTOBKC B TCtlCHHe 22-2411 c QCJiblO cpopMHpOBaHHSI 

3all.(HTHott nJieHKH H3 .ll.BYOKHCH CBHHQa. ToJill.(HHy cpa30Boro CJI051 onpe.n.em1-

JIH MHKpoCKOnH11CCKHM MCTOJl.OM, a nopHCTOCTb - Kopp03HOHHblM MCTOJl.OM [2] 
c HCnOJib30BaHHCM KpOBSIHOtt COJlH (IOdn) H XJIOpHCTOro HaTpHSI (5dn). 

Pe3yJibT8Thl a ex o6cy~eHHJ1. Pe3yJ1bTaTbI HcnbITaHHH Koppo3HOH

Hoit CTOHKOCTH aHO)lOB H3 CBHHQa H ero CilJiaBOB B cepHO-KHCJibIX paCTBOpax 

pa3JIHtlHOro COCTaBa npH 22°c npHBC.ll.CHbl B Ta6JI. 1, H3 KOTOpott CJie.n.yeT, 

tlTO c YBCJIHtlCHHCM KOHllCHTpaQHH cepHOH KHCJIOTbI ycHJIHBaeTCSI Kopp03HSI 

KaK y t{ffCTOro CBHHUa, TaK H y CnJiaBOB Ha ero OCHOBC. 0.n.HaKo aHOJl. H3 

CDJiaBa CBHHQa c 0,8% cepe6pa npOSIBJISICT HaH60JibWYIO CTOitKOCTb no cpas

HCHHIO c JlpyrHMH aHO)laMH. 3-ro o6'bSICHSICTCSI TCM, tlTO cepe6po, o6Jia)laSI 

6oJiee BbICOKOH JJICKTponpoBOJlHOCTblO, t{CM OCHOBa cnJiaBa - CBHHCll, OtlCBH)lHO, 

npHHHMaeT Ha ce6SI HeK0Topy10 11acTb TOK a. B pe3y JibTaTe nJIOTHOCTb TO Ka 

H nOJI.SlpH3al{H.SI Ha CBHHllC yMCHbWalOTC.SI H IlOJTOMY IlOBbIWaCTCR ero KOp

po3HOHHaSI CTOHKOCTb. 

Ta6J1u11a I 

H:J.MeHetu« MllCCbl anoiJoe 8 cepHO-KUCJlb/.X pacmBOpax 30 168'4 npu n.nomHocmu 
noJ1JqJU3Y10~eo m01ca i =0,075AlcM2 

COCTaB 3JleKTpomrra, IIO'I'epll Macchi aHO~oe, .Mi! (Ha lc.M2
) 

elA H2S04 Pb Pb-0,8%Ag Pb-6%Sb 
49 98 14 59 
98 153 21 75 
196 184 32 94 
240 208 47 112 

CKOpoCTb Koppo3HH orrpe)leJISICTC.sJ cyMMOA CTaQHoHapHblX cKopocTeA 

pocra cpa3oBoro CJIOSI, ero OCbinaHHCM H nepeXOJlOM HOHOB B pacTBOp. c 
JTott T011KH 3pCHHSI ,LJ.JISI OQCHKH CKOpOCTH KOpp03HH JJICKTpOJJ.a 3a OCHOB

HOtt noKa3aTCJib aHOJlHOrO OKHCJICHHSI MO)l(HO npHHSITb CKOpoCTb H3MCHCHHSI 

MaCCbl 3a C.ll.HHHllY epeMCHH. 

Koppo3HOHHblC IlOKa3aTCJIH aHOJlOB H3 CBHHQa H CDJiaBOB Ha ero OCHOBC 

npHBC,llCHbl B Ta6JI. 2. lb HHX CJICJl.YCT, tlTO CKOpoCTb KOpp03HH aHo.n.a H3 

CBHHQa c 0,8% cepe6pa cymecTBCHHO MCHbWC, \ICM H3 COJiaBa CBHHUa c 

6% cypbMbI H, TCM 6oJiee - t{HCToro CBHHQa. B pc3yJibTaTe IlOJI51pH3aQHH Ha 

CBHHllOBO-cepe6p.srHOM aHo.ne cpa30BbIH CJIOH H3 .llBYOKHCH CBHHQa .He TOJibKO 

3aMC.ll.JISICT KOpp03HOHHblC npOQCCChl, HO H OT JIH\laCTCSI npOliHOil CQCDJISICMO

CTblO c noBepxHoCThlO JJICKTpOJJ.a, 11cM H o6MICHSICTCSI HCOOJibUioe ochmaHHc 

npoJJ.yKTOB Kopp03HH B BHJlC lllJiaMa. 

0.nHaKO cpa30Ba.sJ DJICHKa o6na.naeT onpe;:i:eJICHHOH nopHCTOA CTpYKTypoA 

(Ta6JI. 3), DOJTOMY OHa He CMO)l(CT lIOJIHOCTblO 3aJJ.epxaTb HOHbl aHOJ].HOfO 
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MCTaJIJia. Ilo 3TOi\ npH11HHC .llBYXBaJICHTHbIC HOHbl CBHHUa MOryT IlOilaCTb B 

3JICKTPOJIHT, a B )l;aJlbHCHlllCM pa3pHJKaTbCH Ha KaTOJJ;e. 

Pb 

Ta6nul#a 2 

Koppo3UOHHbU! noKa:Jamenu pa3.flU'Ulbl.X anooos, nonsqJU30BaHHbl.X npu i•0,075A!c.M1 

s pacmsope cepHou icucnomw (98dn) npu 22"C 

BpeMJI, If 168 336 504 168 336 I 504 
H3MCHeHHC M8CCbl, KOJJH'ICCTBO Bbl,!lCJJHBWCroc11 

8HO.llbl .Ml (Ha lc.M2
) WJ18M8, .Ml (Ha I c.M2

) 

153 253 348 133 225 324 
Pb - 0,8%Ag 21 42 74 15 40 73 
Pb-6%Sb 75 140 216 69 128 201 

lh Ta6JI. 3 BHJJ;HO, 1{T0 nopHCTOCTb 3aIUHTHOA OJICHKH 001{TH HC 3aBH· 

CHT OT COCTasa aHO.llHOrO Marepna.na, HO COCTas cnnasa cymeCTBCHHO BJIHHeT Ha 

TOJIIUHHY cpa30BOro CJIOH. CnJiaB CBHHUa c 6%Sb npH aHO.llHOA nomlpH3aUHH no

KpbIBaeTCH cpa30BOH IlJICHKOif, KOTOpag B 2 pa3a TOJIIUC, qeM IlJICHKa y cnnasa 

Pb c 0,8%Ag. 0.llHaKo CTODKOCTb JTOro aHO.lla npOTHB Kopp03HH 3Ha11HTCJ1hHO 

ycTynaeT CTOHKOCTH aHO,lla c 0,8%Ag. BepoHTHO, npH cpopMHposaHHH ff CTa6H

JIH3aUHH cpa30BOli nJTeHKH HOHbl cepe6pa cneuncpnqecKHM o6pa30M MO.llHcpHUff· 

pyioT KpHCTannnqecKoe cTpoeHne .llBYOKHCH cBHHUa, a TaKxe KaTa.nHTH11ecKH 

,lleHCTByJOT Ha aHO,llHble peaKUHH. 

Ta6nul#a 3 

XapmanepucmUJCM 3aU4Uf11HOlO CJJO.JI pa3.flU'Ulbl.X ano0o8. non11pU30BaHHblX 
npu i=0.075.Alc.;.I s pacmsope cepHOu KUCJJOmw (98.Mlhi) u 22"C s melfeHue 168'1 

Allo.lllil IlopHCTOCTb, % 
To.11111HH8 <f><nosoro cnoll, 

.MK.M 

Pb 15 72 
Pb - 0,8'Y.Ag 16 84 

Pb-6o/~b 14 195 

IlpoMbllllJICHHble cepHO-JCHCJible 3J1CKTpoJ1HTbl qaCTO CO.llCp:lKaT B 3Ha

llHTCJ1bHOM KOJ1H11CCTBe HOHbl .llBYXBa.TICHTHOrO MapraHUa (2-4dJZ). Ilo:rroMy 

.llOOOJIHHTCJlhHYJO cepHIO 3KcnepHMCHTOB npoBO.llHJlH c UCJTblO BblHBJlCHHH 

BJIHHHHH nJICHIUt H3 .llBYOJCHCH Mapranua Ha xapaKTCpHCTHKH 3all{HTHOro CJTOjf. 

Ilpu noM aHOJ:U>I H3 cnJiasa Pb - 0,8%Ag no11HpH30Ba.nH e pacTBOpc c 

,llOOaBJICHHeM COJIH H3 cepHO-KHCJ10ro Mapraaua (3dn). IlocJie aHO,llHOH IlOJljf· 

pH3aUHH B TeqeHHe 168" npH i= 0,075A/c~ ff 22°c nopHC1'0CTb Jall{ffTHOfO 

CJ10j( COCTaBHJla 14%, a TOJIIUHHa - 115.MK.M. Ilooep" MaCCbl 3THX aHO.llOB 

COCTaBHJla B Cpe.llffeM 16Mdc...C. IlOBblllleHHa" CTODKOCTb TaKOfO JaIUHTHoro 

CJlOj[, sepoHTHO, o6ycJIOBJJCHa CMelllaHHblM cocraBOM (Pb02/Mn02). OTJTH'{alO

lllHMC" XOpolllCH 3J1CKTp<>IlpoBO,llHOCTblO [3], npnqeM o6pa30BaHHC .llBYOKHCH 

MapraHUa TepMO.llffffaMH1{CCKH B03MOJKHO Kax 3JICXTpoXHMffqecx:HM, TaX ff 

XHMH1{CCKHM IlyTCM (4, 5]. IlpH 3JICKTpoJIH3C c TaKHMH aHO.llaMH B JHa'{H· 

TC.llblloA CTeneHH YMCHbWaCTCSI ff JCOJ1ff1{CCTB0 CBHHUa B KaTOJIHOM oca,llKC. 

TnHM o6pa30M, Ha Koppo"lHOHHYIO CToliKOCTb HepacTBOpHMhJX csHH· 

QOBWX aHO.llOB pewalOlllCe BJIHsntHe OKa3blBaCT CTPYKTypa noeepxHOCTHoro 

UI 



cpa3oaoro CJIOH. .l{onOJIHHTeJlbHoe DOBbillleHHe CTOliKOCTH aHO,UOB 3a ClleT HX 

nerHpoBaHHH, B03MO)f(HO, CBH3aHO c MO,n:HcpHQHpoBaHHeM KpHCTaJIJIHlleCKOro 

CTpoeHHg ,n:ayoKHCH CBHHUa npH aHO.D:HOtt nongpH3aUHH. 

I'HYA, EI'Y llocmynu.no 23.12.2003 
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lf. \{. UUPs~rnuauo, L.b. uur~uauo, u.4.~P~~nrauo 

l>llilU5f'l"U .ca-U£tU"U.ca-f'l 4Ufl.fl1'tl4.U15.RP UQC}.b8fl1'fc}3fl1'"UC 
OU11'15t.lfl£t 4U"1Uf'b U"UflC}."UbPP 400.flQ!'lfi"U 

~US4fl1'fc}3fl1'"U "UbPP qflU 

U 1.hp n tit m ti 

~bmwqmm.{wcr t IJ.Wlll.Wp-wp~pwjfl.Ci l.t qWlll.Wp-wCimfltlnCiwjflCi nmcr
t.{nq wCinqCibpfl qnnnqflnCi IJ.wJmCintpjntUI! crWpwpp4_wJflCi tntbntjpCibpnuI: Pw
gwhwJm4_wcr t npnzwltfl mwppbpmpJmCi WJll wCinqCibpfl tiwqbpl.tntjp}lU qnJW
gnq l>wqwJflU zbpmbpfl qwnmg4_wcrp}l l.t hwmqmpJmCiCibp}l tlps_>h: lwtlwqntJCi 
lll.WZtnlll.WCi}l~ hwmqmpJmUCibpni.1_ bCi octm4_wcr ltwlll.wp-wp~pwJpCi wGnqGbpfl 
:t>wqwJflU zbpmbpn: 8mJg t mpi.1_wcr, np ~wqwJflG zbpmfl pJmpbqwJflCi 
qwnmg4_wapf1 tinllf1l>f14.wgmtin4_ tbqflptiwCi tlfls_>ngni.1_ qwpblfl t pwpdpwgCibt 
WJI} wCinqCibpfl IJ.nnnqflnG qwJmGmpJDlCi]!: 

M. V. MARTIROSYAN, L. Ye. SARGSYAN, S. K. GRIGORYAN 

INFLUENCE OF PHASE LA YER ON THE CORROSIVE STABILITY 
OF LEAD BASED INSOLUBLE ANODES 

Summary 

The corrosive stability of lead-silver and lead-antimony insoluble anodes in 
sulfuric acid solutions have been investigated. A definite difference between the 
structures and properties of these anodes have been carried out. The phase layers of 
lead-silver anodes possess the best protective properties. It's shown that the 
corrosive stabiJity of these anodes can ue additionally increased by modification of 
crystal structure of phase layer. 
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Xu Mull 

Y.llK 547.583.5 

r. 6. AMiiAPUYMJIH, 3. r. MECPOIDIH, A A. ABETHC.SIH, A. c. r AJICTRH, 
H. P. APYTIOHOBA 

83AHMO).lEHCTBHE cl>EHHJirJIH.l..(HJlHJl')cl>HP A C HEKOTOPblMH 
AMHHOKMCJIOTAMH 

Klyqceo BlaHMOlleAcTBHe fl»cHJL1r11H~Hpa c llMHHOICHCllO'fllMH, • 

IDilCllHO, c N-+c1UL13HTJ>3HIL10BOA ICHC.10TOA, rn11pox.1opHJIOM aH'fJlllllHJIOIKlA 

IJICJI01M.. a TIIDCC f1l!IPOXJWPK113MH MC1lfJIOBWX 1'HpoB JJCAUHHB H IJIHUHHB. 

PealCllU w~ oKHC•MH H aMHHOKHCJJOTaMH MaJIO w1yqeHa [ 1-4]. C 
QC.JlhllO nruiyqeHHJI HOBblX 6H0.10nt'leCKH aKTHBHblX sewecTB, COJleplKJlutHX 

WHpOICO HlBCCTHWe BWCOKoaJCTHBHble cl>apMcuc<><l>opHble cl>parMeHTbl [ 5-7 J, tiBMH 

11CCJ1e.110BaHO B3aHMOJICHCTBHe cl>eHHJJL1HUHJlHJl~Hpa c N-<l>ettHJlaHTpattHJJOIOA 
IDICJIOTOH H nt.ZJpOXJJopH.J.OM aH"IpaHIL1080H KHC,10Tbl. 

noa3aHO, qro peaKUHJI cl>eHH.JJrJJHUH}lH.ll~Hpa c N--4»eHHJl8HTJ>8HHJJOIOA 
DEJIOTOH llpOTCUCT no npaBHJJ). Kpacycwro c o6pa308attHeM 2'-rH/lpOl'CH-J'. 

~ 3CPHJ'3 N-4ieHH...'WrrpaHHJJ-080Jf KHCJIOTbl.(f). B'JllHMO/ltffCT· 

1111CM ntJJpOX.'KlJUCJ,a ampamtJJOBOlf ICJtC,1QT'ba C 4JettHJff.JIHUHJOOl~HpoM BblJle· 

J1eHW 3-x.oop-1..qie~cHitpOl13HOJJ-2(11) [3] H awrpattH.JJOBU acHcJt<rra. H·s 6en· 
EiOBWX DOIHODC.JIOT sw6paHw Of.IPOXJIOPHJIW WTHJIOBWX ~Hpoli fJJHWftta H 

L-JrilJMBa [9]. 
,llnJJ BWDJleJ:ID OllI1l1A!J.bHWX ycJIOISHI« peuJ!HH ""JleJU>UffO IJJHIJH._ 

~ M TCMDepal)'PW.. DpOJlO.'l~K'Je.JUMOCT\> peakJJHH H CQOTHOJWttHe 1u:m~ 

~ llCXO.llHWX KOM110iteHTOf3. 

Pea.KUHJ1 ~rJUIUlUU(Jl~ c f'HAP'Ox;wpff)1')M wrHJJQIOrn 'l4>HP'J 
L-...DfiiuJ.KHa n:poBe.D.eJill UAC B ar.tpOTOHJtQN (JJ.fwt<.~), TU H i Hf)O'IQHIW., (IOJl.#1 

:JTllHOJI) pacTBopKre..UX.. B ~ flPH retmeparype 85--9flc • 1e"lemw '). 311 
pDphIB OKCM,UHOT'O KOJIWJ.a IIpOTeKae'T 31 CV'f ~"TOfQ IO)JJ.)po)J.i C o6pi-= 
30BBHl!leM 3-K.11op-l~.11a-2(1f). To~~ ~~14;11, IU)tJI.# 

peaKiltUI l\e.lWfCJI B '.ffil.HOJle B l!WJJi'ey~ )'~.JIOBH#:ll.. I lpH npo~~HHH 
peBKUIDJ II BO~ n:pM 'l't*l.llepa'T)'Jle 1Q5-I JOUC • T~ 14'1 H'.i ~a·o~OIH~H 
q>e.Zlbl, QT.nt:..lll!li8 td&CJJaH.l!lC1~ CJloM k.1 o6pa6o'rP ~'O *HpQM, llQJl)''fH1IH 6c1~ 
-KpKCTIIJJ.JlM"lf:CKC>e Be~ -~ 3~-f> ... HJJQt;:J;H~lHfl:: 
•qpQJO.JJIDl-2.--0U(JV). 



I 
flOCJie BbIDapHBaHHJI BO)l.HOfO CJI0.11 H3BJie'ieHO KpHCTaJIJIHlleCKOe BeW,eCT-

80, KOTOpoe nepeKpHCTaJIJIH30BaJIH H3 '.HaHOJia. flony11eu rHJJ.pOXJIOpHJJ. MeTHJIO
BOfO 34JHpa N-(2'-rHJJ.pOKCH-3'-<t>euoKcHnpomUI)-neib.urna(III). 

+ 

......_ ,,,....__ O}-OMe 
IH~- ?Ho 
H~, 

Ill Ph 

~............._ f!Cl 

~-
Ph-o v ,...Ph 

;L....cooH 
u 

B3aHMOJJ.eikTBHe nmpoxnopHJJ.a MeTHJiosoro 34JHpa rmmuua c <t>euHJI
rnHQHJJ.Hm<)mpoM npoBe.ll.eHo B BO.ll.e npH TeMneparype 105-11 o0c B Te11euHe 1411. 
Or.ll.eJIHB H BbmapHB BO.ll.Y, BbI.ll.eJIHJIH 6enoe KpHCTaJIJIH'leCKOe semecTBO, KO
TOpoe nepeKpHCTaJIJIH30BaJIH H3 3TaHoJia. Ilony11eu rHJJ.pOXJIOPHJJ. MeTHJIOBOro 
34Jupa N-(2'-rHJJ.pOKCH-3 '-<t>euoKcHnponHJI )rnHQHHa(V). 

3iccnepHMeHTaJibHaa 11acTb. CneKTPbI RMP 1H noJIY'ieHbl Ha cneKTPo
MeTpe Mercury-300 <l>Hf,MbI Varian c pa6o11e8 11acTOTOH 300MI'q, pacTBopH
TeJib - ,llMCO-~. t = 30 C. 

HK-cneKTPbI cuubl ua cneKTPO<l>OTOMeTpe Specord IR-75. 
3 '-<l>eHOKcu-2 '-0KcunponW10«020 3</JUpa N-<jJeHW1aHmpaHW1060U KUCJIO

mbl(/). K 1,82 (8,45MMOJlb) N-<t>euHJJaHTpauHJiosou KHCJIOTbI B 6eH3one(l OM.ll) 
.ll.06asmnoT 1, 7 2 (8,45MMO!lb) <t>euHJirnHQHJJ.Hm<l>Hpa. CMecb uarpesaJOT B re11e
HHe 6'1 npH TeMneparype 95-1 oo0c. IlocJie Y.ll.aJieHH.11 paCTBOpwrem1 OCTaTOK 
neperou.1110T no.ll. saKyyMoM (Ta6JI. 1 , 2). 

3-XRop-l-</JeHoKcunponaHOll-2(11). K 3,472 (0,02Mo11b) rHJJ.poxnopHJJ.a aHT
paHHJIOBOH KHCJIOThI B 6eH3oJie ( 1 OM.ll) ue6oJibIIIHMH nopQH.llMH .ll.06asJI.1110T 
pacTsop - 32 (0,02Mo11b) Q>euHJJrnHQH.ll.HJI3<l>Hpa B 6eu3oJie (5M.ll). CMecb uarpe
BalOT B re11eHHe 811 ua BOJJ.JIHOH 6aue. Ilocne YAaJieHH.11 paCTBopHTen.11, ocTaTOK 
neperOHJllOT DO)l. BaJCYYMOM. 
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XUMU.R 

Y]lK 547.583.5 

r. 6. AMDAPQYWIH, 3. r. MECPOIDIH, A. A. ABETHC.SIH, AC. fAJICTJIH, 
H.P. APYTIOHOBA 

B3AMMO,[{EHCTBHE <l>EHMJIDIHL(HJUUI3<l>MP A C HEKOTOPLIMH 
AM:HHOKHCJIOT AM.11 

Hly'leHo B311HMOitelkTBHC it>eHHJJrJIHUHJlHIDCi>Hpa c aMHHOKHCJJOTaMH, a 

HMCHHO, c N-it>eHHJiaHTpaHHJIOBOA KHCJIOTOJi, rHllpoXJIOPH.llOM aH-rpaHHJIOBOA 

KHCJIOTLI, a TlllOICC rHllpoXiIOpH.llaMH MCTHJIOBLIX J<!>HpOB JICAUHHa· H rJIHUHHa. 

PeaKUIDI MC)l(.Jzy OKHCRMH H aMHHOKHCJIOTaMH MaJIO H3yqeua [ 1-4]. c 
ueJibllO OOJl)'1leHIDI HOBblX 6uonornqecKH aKTHBHblX semeCTB, COJJ.ep)((aIUHX 

urnpOKO H3BeCTHble BblCOKOaKTHBHbie lf>apMaKolf>opHble lf>parMeHTbI [5-7], HaMH 

uccJieJJ.osauo B3aHMOJJ.eHCTBHe lf>enHJirJIHQHJJ.HJI31f>Hpa c N-<l>ettHJiatrrpaHHJIOBOH 

KHCJIOTOH H rHJJ.POXJIOpHJJ.OM aHTpaHHJIOBOH KHCJIOTbl. 

noKaJaHO, ~o peaKQHR lf>eHHJirJIHUHJJ.HJI3<1>Hpa c N-<l>eHHJiaHTpaHHJIOBOii 

KHCJIOTOH npoTeKaeT no npasHJIY KpacycKoro .c o6paJosattHeM 2'-rHJJ.pOKCH-3'

<l>ettoKcunponHJiosoro 3cpupa N-cpettHJiaHTpaHHJIOBOH KHCJIOTbI(I). BJaHMOJJ.eHCT

sueM rHJJ.poXJIOPHJJ.a aHTpaHHJIOBOH KHCJIOTbl c lf>eHHJirJIHUHJJ.HJI31f>HpOM Bbl}].e

JieHbl 3-XJiop- l-cpeHOKCHnponaftOJI-2(11) [8] H atrrpaHHJIOBWI KHCJIOTa. J13 6eJI

KOBblX aMHHOKHCJIOT BbI6paHbl rHJJ.poXJIOpHJJ.bl MeTHJIOBblX 3cpHpoB fJIHQHHa H 

L-neHLJ.HHa [9]. 
.[lnR BbIRBJieHIDI OITfHMaJibHbIX ycJIOBHH peaKQHH HCCJICJ].OBaHO BJJH.llHHe 

CpeJJ.bl H TeMneparypbl, npoJJ.OJDKHTeJlbHOCTb peaKLJ.HH H COOTHOIUeHHe KOH

uetrrpaUHH HCXOJ].HbIX KOMOOHeHTOB. 

PeaKLJ.HR cpeuHJirnHUHJJ.HJI3cpHpa c rHJJ.poXJIOpHJJ.OM MeTHJiosoro 3cpapa 

L-neiiuuua nposeJJ.etta KaK B anpoTOHHOM (JJ.Hotccatt), TaK H B nporoHHOM (so.a.a, 

nauoJl) pacTBopHTen.11x. B JJ.HOKcaue npu TeMneparype 85-98°C s reqeuue 2-311 

pa3pblB OKCHJ].HOro KOJlbLJ.a npoTeKaeT 3a cqeT XJIOpHCTOfO BOJJ.Opo.a.a c o6pa-

30BaHHeM 3-XJiop-l-<l>ettoKcunponauona-2(11). To )Ke caMoe 3aMeqaeTCR, Kof}].a 

peaKUH" BeJJ.eTC.11 B JTaHOJle B BbIIUeyKaJaHHblX ycJIOBHRX. IlpH npose.n:eHHH 

peaKUHH B BOJ].e npu TeMneparype 105-II0°c B reqeuue 1411 H3 peaKQHOHHOH 

CpeJJ.bl, OT.!J,eJIHB MaCJijJHHCTbIH CJIOH H o6pa60TaB ero 31f>HpOM, nonyqHJIH 6enoe 

KpHCTaJIJIHqecKoe BClUecTBO - fHJJ.p<>XJ10PHJJ. 3-H300YTHJI-6-cpeHHJIOKCHMCTHJl

MOP<l>onHH-2-0Ha(N). 
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I'uopoXllopuo Memwio6020 3</Jupa N-(3'-</JeHoKcu-2'-oKcunponwi)-lleu
l/UHa(Jll) U 2UOpaX!IOpUO 3-U3o6ymwz-6-</JeHWlOKCUMemWlMOp</Jo!lUH-2-0Ha(/V). 
JKBHMOJlbH)'IO CMeCb (8,3.MMO!lb) rn.npoxnopHJJ.a MeTHJIOBOro 3cpHpa JieHU,HHa B 

1 OM!l BO.Ubl H *eHHJirJIHU.H.UHJI3cpHpa HarpesaIOT B Te"leHHe 14" npH TeMne

parype 105-110 c. 3aTeM, OT,UeJIH8 MaCmlHHCTbIH CJIOH OT 80,UHOro, K nepBOM)' 

.no6aBJIJ1JOT 34>Hp, nocne qero OCIDK.llaIOTCJI 6en&1e KPHCT8.JIJibl N (Ta6JI. 1, 2). 

XapaKmepucmuKU cuHme:mp06aHHbVC coerJuHeHuu (1-V) 

" T"""' 
0c TM, 

HrumeHo, % 
PacreopHMOCTh = 0 (npH IMM Bbl'IHCJJCHO, % Epyrro- BbiX0.11, :s: :s: oc g :i: pT. CT.) c H N l}lopM}'na BO.Ila :JfaHOJI 31}!Hp ,llMCO % 

u (no2°) 

I 222-224 - 72,89 5,73 3.98 C22H21N04 Hp p Hp p 84 
(l,5840) 72,71 5,82 3,85 

III 246-248 - 60.01 7.23 4,46 C1sH21N03 Hp Hp Hp p 36 
60,10 7,40 4,67 xHCI 

IV - 1287-289 58.16 7,99 4,46 C16H2sN04 p Hp Hp p 25 
57,91 7,90 4,22 xHCI 

v - 183 52.39 6,69 5.36 C12H11N04 p Hp Hp p 38 
52,27 6,58 5,08 xHCI 

Tiocne BbmapHBaHHJI 80,UHOro CJIOJI o6pa30BaHHbie KpHCTaJIJlbl npoMblBaIOT 

cnHproM, 3aTeM Jq>HpoM. TionyqaJOTCJI KJ>HCTaJIJibI III (Ta6n. I, 2). 

Ta6.11u14a 2 

CneKmpbl HK u RMP 1 H cuHme3up06aHHbVC coeOuHeHuu 

= 0 g ~ Cnerrp HK: v, cM·• Cnerrp RMP 1H: S, M . .11. 
u :i: 

3330-3350(0H, NH); 3030, 1580, I 560(C=C, 
8,5w.c.(H, NH); 8,3M(l4H, Ar); 

I 6,5.11(2H, OCH2); 4,58w.c.(H, OH); 
Ar); 1675(C=O); 1220, 1280(Ar-0-C) 

4,5.11(2H, Q:h0C6Hs) 

3250-3420(0H); l 720(C=O); I 600(C=C, Ar); 
6,91', 7,3T(3H, 2H, Ph); 4,2T(H, CH-N); 

III l 580(NH2 +); 1240(Ar-0-C) 3,95M(3H, CHCH2); 3, ln(2H, CH20); 
1,75M(3H, CH,CH); 0,95n(6H, CH3) 

1740(C=O); I 595(C=C, Ar); I 575(NH2 }; 
6,91', 7,5T(3H, 2H, Ph); 4,2c(H, CH B UHKJJe); 

-IV 3,9M(3H, CHCH, B llHKJJe); 3, In(2H, CH20); 
1240(Ar-0-C) 1,75M(3H, CH,CH); 0,95n(6H, CH3) 

v 1740(C=O); 1595(C=C, Ar); 1570(NH2~; 6,91', 7,3T(3H, 2H, Ph); 4,3T(H, CHi-N); 
I 240(Ar·O-C) 3,95M(3H, CHCH2); 3, ln(2H, CH20) 

I'uopoXllopuo Memwio6020 3</Jupa N-(3'-</JeHoKcu-2'-oKcunponwi)-2llut/U
Ha(V). 3KBHMOJibHYIO CMeCb (8.MMO!lb) rHJJ.pOXJIOpH,Ua MeTHJIOBoro 3cpHpa rJIHU,HHa 

8 1 OM!I BOJlbl H <f>eHHJirJIHl.J,H,UHJIJq>Hpa Harpe8aror B Te'leHHe 13'1 npH TeMne-
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parype I 05-I 10°C. ITocJie BhmapHaamui: BO.LI.hi, .n.o6aBJIRIOT cnHpT H ocIDK,UeH

Hh1e KpHCTaJIJlbl v npOMbIBalOT 3cpHpOM (Ta6JI. l, 2). 

Ka</Jeopa op2aHu11ecKou xw.tuu nocmynwio 22.12.2003 
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G. B. HAMBARDZUMYAN, E. G. MESROPY AN, A. A. AVETISYAN, A. S. GALSTY AN, 
I. R. HARUTYUNOV A 

INTERACTION OF PHENYLGLICIDIL ETHER WITH SOME AMINO 
ACIDS 

Summary 

Interaction of phenylglicidil ether with amino acids is investigated namely 
with N-phenylanthranilic, hydrochloride anthranilic acids, and also with hydro
chloride of a methyl ester leucine and glycine. 
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bf'b<lU"\,I> "lbSUllU1' ~UUULUUf'U"\,f> Q.f>SU llU"\, Sb'lbllUQ.f>f' 
Y'IEHblE JAilHCKH EPEBAHCKOro rOCY ,UAPCfBEHHOro YHHBEPCHTETA 

P6wltw6 qlJuintpJmfi6hp 3,2004 EcTecTBCHHhle H8)'DI 

bUOJlOi!UR 

Y.[lK 584.333.2 

<D. r. APYTIOIDIH 

3MEPttOHAflhHA~ IlflOAOHOCHOCfh f flA3KOB BttHOfP~ 
B 3ABttCttMOCTtt OT Ero COPTOBOA IlPttHAAflE)l(HOCTtt 

lhy'ICHhl npouecc 3aKna.axH 3M6pHoHaJlbHblX coueeTHA H '.lOHbl nJlOJlO

HOCHblX no6eros y pa1JlH'IHblX no npoHCXOJK)lCHHJO COpTOB BHHOrpa)la. IloKa3a

HO, 'ITO BblCOKaSI llJJOJlOHOCHOCTb r JJ31KOB y BCCX copros HaXOJlHTCSI B CpeJl

HeA 30HC no6era. B OTJJH'IHC OT esponeAcKHX, y aMypo-esponeACKHX H aMepH

KaHo-esponeACKHX COPTQB OTMC'ICHa BblCOKaSI CllOCOOHOCTb JaKJJallKH JM6pHO

HllllhHblX couseTHA B 33ll3CHblX H UCHTp8JJbHblX llO'IKaX r J131KOB. 3THM H 

o6ycnosneHo 6blcrpoe BOCCTaHoBJJel:Dle nnOJlOHowel:Dlll KYCTOB nocne JKCTpC

ManbHhlX noroJlHblx ycnosldt 

BbHIBJleHHe xapaKTepa 3aKJla)lKH JM6puoHaJlbHbIX couBeTHH u 30HbI 

. HaH60JlbllJCH IlJlO)lOHOCHOCTH y BHHOrpa)la HMeeT Ba:~rnoe :mati:eHHe npu 

onpe)leJleHHH OnTHMaJlbHOii )lJlHHbl o6pe3KH nJIO.llOBblX CTpeJlOK, a TaKJKC 

BOCCTaHOBHTeJlbHOH cnoco6HOCTH KYCTa [l-2]. 
B 30HaX c pe3KO KOHTHHCHTaJlbHbIM KJlHMaTOM, r)le CJlytiaH 3Hati:H

TCJ1bHbIX noBpe)K)lCHHii BHHorpa)lHHKOB B 3HMHHH nepHO)l Oti:CHb ti:aCTbl, 60J1b

WOH HHTepec npe)lCTaBmleT He TOJlbKO ycTOHti:HBOCTb .uaHHOrO copTa K Mopo3aM 

H 3aMopo3KaM, HO H cnoco6HOCTb ero B03MeUlaTb nputi:eHeHHble eMy 1HMHHMH 

XOJIO.!laMH noTepu B ypo)KaAHOCTH 3a Cti:eT o6HOBJICHHR H3 3aMeUlal01UHX 

noti:eK nJIO)lOHOCHblX no6eroB [3-4). 
QeJlblO HallJHX HCCJie,!lOBaHHH RBJ1$1J10Cb yCTaHOBJieHHe OCHOBHblX 3aKOHO

MepHOCTeA 3aKJia)lKH H JlH<:flcpepeHuHallHH noti:eK, a TauKe JM6pHOHaJibHOH nno

JlOHOCHOCTH r Jla3KOB (pellb H.!leT 0 KOJlHl.leCTBe IlJlOJlOHOCHblX OCHOBHblX H 3anac

Hb!X noti:eK) y cop-roB BHHOrpa.!la pa3JIH1.1Horo npoucxOJK.!lCHHR B ycJIOBHRX Apa

paTCKOH paBHHHbl )lJIR BblRBJieHHR 3aBHCHMOCTH Me)KJlY CTeneHblO noBpeJIC:.l{C

HHR no1.1eK H BOCCTaHOBHTeJibHOH cnoco6HOCTblO KycTa, ypoJKaHHOCTblO. 

MeTOJlbl ecc11e~oeaaeii. 06beKTOM u3y1.1eHHR 6h1J1H Bbr6paHhI CJ1e

.llYJOIUHe cop-ra: eBponeiicKne { V. vinifera), aMepuKaHO-eBponeikKue { V. riparia, 
V. rupestrisx V vinifera), aMypo-eBponencKue (V amurensisx V vinifera). Ami 
HCCJ1e.!loBaHHR oT6upanHCh no l 0 no6eroB OT KaJK.uoro o6pa3ua npu .!lJlHHe 

IlJlO.!lOBOH cTpeJIKH B 15 rJia3KOB. AHaToMo-MopcpoJiornti:ecKue H3MeHeHHR 

noti:eK onpe.r:teJlRJIH no .!lJlHHe no6era c noMOlllblO MHKpOCKona MEH-15. 
Pe3yJlbT8Tbl e OOcYJK.lleeee. YcTaHOBJICHO, qTo pa3Mephr KOHyca HapacTa

ffHjf paCTeHHR HMeJOT OOJibUJoe 3Hati:ettue npu onpe.AeJieHHH KOJlHti:eCTBa u 

crpynyphl cpopMupyeMblX HM opraHOB. Ta~. HanpHMep, 3a HC.!lCJIIO .!lO UBCTe-
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HHS! KOJIHtleCTBO 3aqaTOl{HblX JIHCTbeB JM6pHOHaJibHOro no6era QeHTpaJibHblX 

noqeK COPTa EypMyHK coCTaBJISIJIO y 5-ro r Jia3Ka 6 WTyK, a .AJIHHa JM6pHo

HaJibHoro no6era - 325MK. 
lhy1.1eHHC ,AHHaMHKH pa3BHTHSI JJICMCHTOB TIO"ICK pa3HOro MeCTOTIOJIOJKe

HHH B TC"ICHHC BereTaQHH IJOKa3aJIO, l{TO, He3aBHCHMO OT COPTa. ,UHaMeTp KOHy

ca HapacTaHHH no Mepe pa3BHTHSI 3aqaTOl{HOrO no6era yBeJIH"IHBaeTCH H 

.UOCTHraeT MaKCHMyMa B HaqaJibHbIH nep110.n co3peBaHHH. B KOHQe BereTaQHH y 

Cpe,llHe- H MOp030YCTOH1.IHBbIX COPTOB .llHaMeTp aneKca HH)f(HHX noqeK 60JibUie, a 

BepXHHX - MCHbWe. Ilo KOJIHl{eCTBY 3a4aTOl{HbIX JIHCTbeB HCCJieJlyeMbIC COpTa 

B KOHQe BereTaQHH cymecTBCHHO He OTJIHl{alOTCH Jlpyr OT Jlpyra. ,[{JIHHa 3aqa

TO"IHbIX no6eroB HH)l(HHX Y3JIOB B KOHQe BereTaQHH 6bJJJa 60JibWe BepXHHX. 

<DopMHpoBaHHe 3aqaTKOB COQBCTHH B nOllKaX BHHorpa.AHOH JI03bl - OCHOBa 

6yJlymero ypo)l(asi. B JTOM BaxHOM 6ttoJioruqecKOM npoQecce 6oJibWYIO 

pOJib HrpalOT 6JiaronpHHTHbie JKOJIOrH"ICCKHe ycJIOBHSI, reHOTHTI copra H onpe

,UCJICHHOC COOTHOlllCHHe MCXJlY ero pOCTOM H pa3BHTHeM. 

3a1c.1uU>tca COll8l!muU e no'llCaX pa:JJIU'llt&U copmoe BUHO.?pa(}a (c I no 15 UICl30K) 

0cHOBHhlC IlO'IKH, % 3anacHhle CpeJinee 

CopTa 6e3 c I-HM C 2-Mll C 3-Mll IlO'IKH C KOJIH'ICCTBO 
J-2-Mll COl{llC- COQBCTHft Ha COQBeTHit COllBCTHCM COl.lBCTHllMH COQBCTHllMH 

THllMH, % no6er 

esponelkKHe 
3'1MHaJ13HH 45,0 25,0 30,0 0 5,8 14,7 
JlepHaTY 31,2 46,6 22,2 0 4,4 15,0 
illaYMllHH 63 3 30,0 6,7 0 0 6,5 
CesaH 60,0 33,3 6,7 0 0 7,0 
KaxeT 46,8 36,6 15,0 1,6 4,2 12,0 
A.mlcH 40,1 38,3 21,6 0 5,8 13,0 

aMy ><>-eBponeACKHC -
Merpa6yAp 40,0 26,6 3,7 1,7 2,0 14,0 
lbtMaQKYH 46,8 36,6 16,6 0 3,3 11,0 
KapMoeHH 40,2 11,6 41,6 6,6 0,8 17,5 
Hep1rnpaT 46,0 240 30,0 0 3,3 10,2 
JlycaKepT 29,2 33,8 34,9 2,1 6,2 14,9 
6ypMyHK 44,5 28,9 26,6 0 3,3 12 7 
MepuaBaHH 54,8 13,3 29,3 2,6 4,7 16,0 
TaspocH 57,9 26,6 15,5 0 0 8,0 
qapeHUH 23,4 36,6 36,6 34 3,3 15,0 
ApnlllaTH KaPMHD 46,6 41,6 11,8 0 0 9,8 

aMepHKaHO-eBponeACKHe 
APa3H 70,0 23,3 67 1,0 2,8 5,8 
APTarec 446 35 5 17 7 2,2 33 12.6 
HepKeHH 58,5 21,6 16,6 3,3 3,3 10,3 

HawnMH HCCJieJloBaHHSIMH noKa3aHa pa3JIHt1Hasi CTeneHb 3aKJia,nKH JM6pH

OHaJibHbIX coQBeTHH KaK no .UJIHHe no6era, TaK H BHYTPH r Jia3Ka ( OCHOBHasi 

H 3anacHaSI IJO"IKH). 

113 JlaHHbJX Ta6.TIHl.{bl C.TieJlyeT, "ITO CpeJlH CO{)TOB eBponeAcKoro npoHC

XOXACHHSI B HaH60JibllleH Mepe BbJ,neJISIIOTCH cpaBHHTeJibHO MOp030YCTOHl{HBbJe 

copra 31.fMHa,L{3HH, JlepHaTy, OTJIHt{afOUlHCCSI BbICOKOH cTeneHbfO 3aKJia,UKH 1-

2-x JM6pHOHa.TibHblX COUBCTHH B ueHTpaJibHOH H 3anaCHbIX IJOl{Kax (14,7-15,0). 
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3TH copTa o6na.n:ruoT cnoco6HOCTblO B 3HaqHTeJJbHOH CTeneHH BOCCTaHaBJJHBaTb 

IlJIO.ll.OHOWeHHe 3a cqeT 3anaCHbIX noqeK H TeM caMbIM B nepBbIH xe ce30H 

KOMileHCHpOBaTb nOTepu, npHllHHeHHbie OCHOBHblM noqKaM BHHOrpa,n:HHKa HH3-

KHMH TeMnepaTypaMH. 

HapH.llY c HeKOTOpbIMH MOp030CTOHKHMH copTaMH, HMeJOll.(HMH BblCO

KHe pereHepaQHOHHblC B03MO:XCHOCTH, 60JibWHHCTBO eaponelkKHX COpTOB He 

o6Jia.n:aeT 3TOH cnoco6HocThJO. HanpHMep, coPTa IIIayMHHH H CesaH co)lep

:xcaT 63,3 H 60% 6ecnJ10)lHbIX OCHOBHblX noqeK H 30 H 33,3% noqeK c 

O)lHHM COl.{BeTueM COOTBeTCTBeHHO (CM. Ta6JI. ). 

XapaKTepHon qePToH copToB aMepnKaHo-eBponeucKoro npoucxo)KJleHHH 

HBJJHCTCH HaJJHqHe COQBCTHH B 3anaCHbIX noqKax, a Ha )lOJJIO OCHOBHblX noqeK 

c 2-3-MH COl.{BCTHHMH npHXOJJ:HTCH OT 1 )lO 17,7% o6mero HX KOJIHlfeCTBa. 

Il.rio.n:oHocHocTb no4eK TexHHlfecKHX copToB aMypo-eBponencKoro npoucxo:xc

Jl.CHHH COCTaBJHICT B cpe.n:HeM OT 8 JJ.O 17,5 COI.{BeTHH Ha no6er (KapMpCHH, 

JlycaKepT, EypMyHK H Jl.p.). 0TJinqnTeJlbHOH qepTOtt 3THX COPTOB cJie,n:yeT ClfH

TaTb cpasmneJibHO BhICOKoe Hannque cpe,n:Hero KOJinqecrsa couaeTHH Ha no6er, 

a TaUKe BblCOKHA npoueHT OCHOBHblX noqeK c 2-3-MH COQBeTHHMH. 

CpaBHHBaH 3M6pHoHaJihHYJO nno,n:oHOCHOCTb u3yqaeMbIX copToB, KOTO

pbie OTJIHqaJOTCH nOBbIWeHHOH ycrottqHBOCTblO K Mopo3aM HJIH BOCCTaHO

BHTeJJbHOH cnoco6HOCTbl-O, MO:XCHO npHATH K 3aKJIJOqeHHIO, qTo OHH, He3aBHCHMO 

OT npOHCXOX)leHHH, xapaKTep1ny10TCH BblCOKHM noKa3aTeJTeM 3M6pHOHaJlbHOtt 

DJJOJJ:OHOCHOCTH B OCHOBHhlX H 3anaCHblX noqKax. 3To CBOttCTBO Hau6onee CHJlbHO 

npoHBJTHeTcH cpe.n:u copToB aMypo-esponeucKoro npoHcxox)leHHH. MecTHhie 

HeycTotiqnBhie COPTa (V. vinifera), Hao6opoT, xapaKTepH3YJOTCH 6oJiee BhICO

KHM npoueHTOM 6ecnJIOJJ:HblX 3M6puoHaJibHbIX no6eroB, HH3KHM npoQeHTOM 

OCHOBHblX noqeK c .LlBYMH COQBeTH51MH H OTCYTCTBHeM IlJJO,LlOHOCHblX no6e

ros B 3anacHh1x noqKax. 

y CTaHOBJieHO, qTo, He3aBHCHMO OT npoHCXO)l(JJ:CHHH, y BCCX COPTOB oc

HOBHaH Harpy3Ka no6eroB COQBeTHHMH npHXO,LlHTCH Ha 30HY Me)l(JlY 5-11-hlM 

rJTa3KaMH. Ilocne 12-ro rna3Ka, KaK npaBHJJO, HMeeT MeCTO pe3KOe yMeHb

weHHe qucJia COl.{BCTHtt, npHXO)lHlllHXCH Ha noqKy. 0)lHaKo, He Bee copTa xapaK

Tep1ny1-0TCH OJJ:HHaKOBbIM ypoBHeM 3aKJia)lKH COI.{BeTHA no .LlJJHHe no6era. y 
Mopo3ocTOHKHX copToB Merpa6yttp, 'lapeHQH, 3qMHa)l3HH, HepKapaT pe3Koe 

yBeJIHqeHue qucna coQBeTun Ha noqKy HaquHaeTC51 c J-4-ro rJia3Ka, a .n:o 9-ro 

- OHO )lCpXHTC51 CTa6HJibHO, nOCJJe qero HeCKOJlbKO cna.n:aeT npH MaKCH

MaJlbHOM HX KOJlHqecTBC - 17,5. 

HeMop03oCToAKue copTa eBponettcKoro npoHcxox.n:eHHSI (CeBaH, lliay

MHHH, BocKeaT) OTJIHqaJOTCH HCBblCOKOA IlJJO)lOHOCHOCTbl-0 rJia3KOB, H HaH

OOJlbWCC KOJJH'ICCTBO coQBeTui:t HaXO)lHTCH nHWb B 30He MC)l(JJ:Y 7-10-bIM 

r Jia3KaMH. B 3THX r Jia3Kax cpe.n:Hee 'IHCJIO couBeTHH coCTaBJI51eT npuMepHo I ,35. 

TaKHM o6pa3oM, MO:x<:Ho 3aKJil-OqHTb, qro Bh1coKaH nJio)loHocHOCTb 

rJia3KOB y BCCX copTOB, He3aBHCHMO OT HX npoHCXOX,LlCHHH, HaXOJ{HTCH B 

cpe)lHeit 30He no6era. 

06meH3BeCTHO Hanuque BblCOKOfO npoQCHTa 3aKJJa)lKH COl.{BCTHit B 3anac

HblX noqKax IlOt{TH y BCCX COPTOB aMypo-eBponeucKoro H aMepHKaHO-eBponeit

CKOro npoucxoxc.n:eHHH. He3aBHCHMO OT npoucxoxc.n:eHHH, BhJHBJJHeTcH onpe.ne

JICHHaH B3aHM03aBHCHMOCTb MC:XCJJ.Y BblCOKOit 3HMOCTOitKOCTblO, BOCCTaHOBH-

IS9 



i 
l 
1 

j 

I 
J 

' ( 
l 

I 
l 
t 

TeJlbHOtt cnoco6HOCTblO H 3M6pHOHaJ1bHOii IlJJO,llOHOCHOCTblO 3anaCHblX not1eK. 
3TH oco6eHHOCTH, BepoHTHO, CBH3aHbl c reHOTHilOM COpTa, 6HOJ10rHtleCKOtt 3aKo
HOMepHOCTblO, Bblpa6oTaHHOK B npouecce JBOJJI-OUHH H HanpaBJieHHOit Ha ycKo
peHHoe BOCCTaHOBJleHHe KyCTa nOCJie 803,lleiiCTBHH Ha Hero 3KCTpeMaJ1bHbIX 
YCJJOBHii. 

llocmynuno 20.04.2004 
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UOPSU3P.v "lUS4:ITVbl01'f<t301'vP.8 

U1h}ln$nui 

OiunuHiwuppl{ht bfi fuwqnI\fl mwppbp muqmunl{ unpmbpp uwqufiwJpfi 
ffillqltwpntJtbpfl ol.twtlnpuwfi pfintJPI! L lfltlbpfl UJ.UlflWpbpmpJwfi qmnp
fibpl!: P. mwppbpmpJmfi btlPnUJ.wt.iwfi muquwfi unpmbpfl' wumpw-btlPn
UJ.wltwfi L wubpfl4w-htlPnUJ.Wltwfi ol.tbpp zfltlbp}l wtipnq2 bpltwpmpJWUp 
a4wmtlbt t wwtpp l}bCimpnfiwl}wCi m l}tw}uwppfinq pnqpn2fibpmu uwqu
fiw1tiu awqqwpmJthpp ouwt.J.npuwfi pwpop mCiw4mpJmCi: UJu wnwCioCiwhwm
qntpJntfif! IlflWltwCi qhp t qwmwpmtI tpumpbuwt UJ.WJUWfifihp}l fibpqnpbm
pJmfiltg hbmn UJ.Ulqwphlllllf}JWU wpwq qbpwqwCiqfiuwfi qnpbmtI: 

F. G. ARUTUNY AN 

EMBRYONIC FRUITING OF EYES OF GRAPES DEPENDING 
ON SORT ACCESSORY 

Summary 

The character of a laying of embryonic floscules and zones of fruiting of 
~prouts in many sorts of grapes of various origin was studied. In contrast to the 
sorts of European origin, such as Amour-European and American-European fonns 
revealed high ability of a laying of embryonic tloscules in spare and central 
kidneys of eyes for almost on all the length of sprout. Such a feature positively 
influences on accelerated testoration and fonnation of a crop after influence of 
extreme conditions. 
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lpwgwtl tlwumwl}wtln11 qpm-
Gw4wCi, UJ.Jm'.j>bunp unJlWJJl lfwlitJ.btJl 
PbJtb11JwUp ouG111wCi 75 L qlm1wltwu
tiwtJ.wpdwtiwG qnpamCibmpJwG 50-wu
JW4£1: GGtJ.bt t l 929p. hnqj1up 14-jiG liw
hppbmu: UtJ.wpmbt t mbaj1 ll-w1111um
.1wCi wqqw.1pG tJ.wpdWJlWU[l: l 947p. [lU
mwCijlpntJ. Cibpqw11pbt t Iun11hpqLuJpCi 
<!.w.1wumwCi: l 953p. qb11wqwG9mp.1wup 
wtJ.wpmbt t u"l<!.-p pf11.'ij1w.1!1 1>LUl[lllL
mbm[l: I 953p.-p~J l'iflli>L opu w7fmumml'i 
t u"l<!.-p :j>pqj14w4wG L 4np1fl11Ghpp 
ppu}1w.1}1 wupjrnGmu' thlrnlrnG wupu
mhCimpg hwuGbtml u11m11bun11p u1w7-
mnCil1Ci: 1976 -2000pp. bqbl t G7tJ.wb 
twuppnCip tJ.wpp2(!, lm4 2000p.-p~J WJfl 
wuppnCip «UJ.wmtJ.wtJ.np tJ.w11p>li» t: 

'l-bnLu muwGnqw4wG mwpj1Gb-
- . 11!19 ubo hwtimu ~Jlllgwpbpli1ml 1jl1l4p 

qlnnwhbu1LUqnmwtiwG w7J:uwmwGpGbp[l, pwgp hw.1bpl1Gj1q mj111wUJ.Lu1LJ1lll Up 
pwCip omwp tbqmCibpp' v. PhJtbJlJWG[l w11owGwqw4 !111 tuumwpwpn 111 umq
W' wuppnCip tlwpp~ uwn.'l> . .!..<!.. ~wtppltJwCip lllllllllJllll PJWG(}: ubpqpwtJ.tlli1mt 
mumuCiwqpmwqwCi w2J:uwmwGpCibpmu' bpjm1wuwpqp tiwp6 uwl'iwliw4111u 
qwpowtl wllplmCip hbnwu4wpw.1pG w7J:uwmwtiJ19Gbppg l'ib4p: I 964 1976Jlp. 
hqwtl wuppnCipCi l.J.pg UJ.pnpthUWJpG LWPDJlWUlllJljlWJP tJ.wpfln1, pu4 I 976p.
pg' q.pmwtiwu qh4w4w11D: 1962p. U. f!hJtbJlJWli[l UJ.WJUlUJ.WCimu t pbtiliw
muwqwCi L l974f.' qntimnpw\.}wG pbqbp[l: 

"lpn:p. U. f!bJLhpJwCip qpmwqwG qnpomfibmpJWCi n1npmp 7wm 1w.1Ci t: 
liJfi h)luCiwLiwCimu l{bpwpbpmu t t.1bLim11nliwqnCi11plibpp L wliql1u1umplibpjl 
0}12L LinCiqbfiuwgl{wo 1>wqmu [!Cifwgnf( nbw49j1wlibpj1 4J1Cibmj14w.1jl la 1th
J:uwCipql'ip muml'iCiwu)lpm p.1wup: "Vw umb11.bbt L hw2nrimp.1wl'ip qwpqw~Jflbt t 
Up zwpp q)lmwtiwu m1111.mp.1mGlibp: 

PJ1 qnpomfibmpJwCi u4qpCiwLiwCi 1r2wCimU '\,. f!b.11bp.1wli11 qpwtJlJ.bt t 
2PWJl1Ci L opqwfiwqwfi tmop~Cibpmu t.1bltmpnliwqnlin11Ub11t1 libpltlU.Jnt p.iwup 
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u)1 2wpp tqbpopu)1qCibp)1 PWJPWJUWCi 4J:iCibm)14.wJ}1 mumuCiwuppntpJWUp, 
wnw2wp4ht nhw4g)lwCihp)1 l!CiqhwCimp ubfuwCi)lqu: "lwpqbt t tmafliP qhpl! L. 
pp4whp1.HiwJpfi qwmwtlJ.ql! tqbpopuwupfi nbw4gpwCihpmu: Unw2J1Ci1! tflCib
tmf munuifiwu}lpbt t u)l zwpp Uihpopuwu)lCi nbwqg)lwuhp u)lghtWJ}1Ci hwuw-
4wpqbpmu: '1lwpqbt t U)lgbtfibp)l qhpl! nwqf14WLW2llPWJWqWfi nbwqg)lw
Cibpmu: "Uw pwuw4wtqbu mumuCiwu}lpht t )lfiltqhu hnunqbCi ll{WJUWUCibpnuI, 
WJUtqbu tt m.q)lq L. 2112tlwa tunqupwCibpnuI Up 2wpp 4}1fi}1tWJ)1Ci unCintihpCihp)l, 
CiwL. ptnpntqphfip tqhpopuwtI}1G hwuwqwpqntl hwpmglfwa tqntlJ.tlhpwguwCi 
op}lCiwlwtflmpJmCiCihpl!: "lwpqbt t wu)lfi)l qbpl! tqntlttibpwgtiwCi pnJ_llp mwppw-
1.Jwfi w4mhpnuI: U)lumbuwm)lqnpbfi qpwqtlhtntl tqbpopu}lqfibp}l p)ltI)lwJmf 
funummufiwtlJ.g q)lmCiwqwCi[! itP qwpnq wCimhuht 2pwaCip tqbpopupq[!: "Uw, 
-'.WJWUU1WUDLU wnw2pfi{! l.PCibtntl, uttumu t mumufiwuppbt up zwpp hnqbpntu 
1.twmwtwqwJ)lCi, CiwL. -l>nu-l>wmwqwJ}lfi w4m}lqmpJntfit! q}1Cibm)lltw4wCi ubpn
l}lllf: f\u4 1980-w4wCifibp)lg wCiqpwqwnCimu t CiwL. 2PWJ)1Ci wlfwqwCiCibpmu 
{!Cipwgnq wJCill{)lu)l nhwqg}lwCihppfi, npnCigmu twlJ.wCi qhp hfi fuwqmu 2pw-
0Ci)l tqbpopu)lq{! L. qpw pWJPWJUWCi wpqwu)lp hwCiq)luwgnq wqwm nwq)l-
4.wtCihpf!: 

"Upw 2wfiphpn4 o"l~-mu umbqbl{bg qpmwqwCi Cinp mqqntpjntCi' 
twqhpwppu}lw L tflnpp qnqwfihpnlf nwajlwgpnfi ppu}lw: BmJg mplfhg}lfi )lu
tqmtUWJpCi lwqbp)l wqqbgmpJwCi up pwCip wnwCi<.\CiwhwmqmpJmCiCihptf hwm-
4.wtqhu nwqf14wtWJ)1Ci tqntlJ.ubpwguwCi tqpngbuCibpmu: 

'-lhp2)1Ci mwp)lCibp)lfi tqpn-1>. "U . .PhJthflJWUI! hpuCiw4wCinuI qpwqlfmu t 
WJUUihu ltn~4wa «tlnth4nttWJ}1Ci qwquwqhptq4wa hwuwqwpqhpn1u» ppwqw
Ciwgtlnq nbwqgpwfibpp 4J:ifihmp4.wJp L. ubfuwCipqup mumuCiwuppmpJwup: 
4:bCiuwpwCiw4wCi p2}12CihpJ!, l.PCihtntl Jmpwmbuwq unth4.nttwJ)lfi qwquw4bptq-
4wa hwuwqwpqbp, 2Wlil qnqUbpntl hflzbgCimtI bfi u)lghtWJ)lfi hwuwqwpqbpf!: 
liJqtq)lup hwliwqwpqhpmu Ciw mumufiwuppmu t gwapwilnthlJ.mtwJpfi n~ 
nwqfllJ.wtWJpfi nhwltgpwfibp, CiwL. tqntlJ.ubpwgnuf flliltqhu mqpq,- WJfitqbu tt 
w2tlwa tunqu)lwCibpmu: 

"lpn-1>. "U . .PhJthPJWUf! 1997p. q)lmwqwfi tWJfi hwuwqnpawqgmpJmCi t 
uqunni l>pwCiu)lwJp lfnfitqhl.Pt-2 hwilwtuwpwCi)l !ppqjlqw-opq.wfiwqwfi p]l
u)1wJp WUp)lnfip hbm, npp WpllJillUpmU hWJUIUWpbplfmU bfi WJUtqbU qnllfwa 
«2P2lfWO U)12:}>wqWj)1Ci qwtnwtlJ.q» L. <<ti}12bpbUWJpfi qwtnwtlJ.q» hbtnwppppw
qw(i bpL.ntJpfihpf!: UJchl qpmCiwlJ.wCi[! qpwCip hw2nqmpJwUp oqmwqnpamu t 
2PWJ}1Ci up2wtlwJpn1u, 2pmtI L. opqwCiwlJ.wCi tmb°fllCihpnuI tntabl.P nbwqtfim
Cibp}l u}19L. nhwqg}lwfibp )lpwqnpb"htm hwuwp: 

"U. f!bJthpJwCi)1 qb4wt{wpmpJWUp L. wCitI)19w4w6 uwu6w4gmpJwUp 
qwmwptl_wa w2fuwmwfipCihp}1 hpuwCi t.J.pw tlhp2}1Ci 40 mwppCibpp [!Cipwgpmu 
Up zwpp Cibpqpmufibp bfi wptlbt «"Uw}1ppU1» q.ulf-mu, opL.wCip Ill Wtqn
hntWJflCi fuufllpfihp)l, 2wuU1WJCi q)lCipCihp)l, p)lupwqwCi nbwqm)ltlCihp)l qnpaw
pwGCibpniu: 

Swp}lfibp)l ppmCiw9wCi wzfuwmwfip]l hbmL.wCipntl ttwumwl.Jw2wm qpm
Gwqwfil! pp uwCibpfl hbm hpwmwpwlJ.bt t wl{btlJ. pwfi 620 qfnnwqwCi hnqlfwa: 
fi1fi)1 27 hbq}1Ciwl{wJ)16 tllJwJw4wCi m tqwmbfim, mtqwqplfwa 4 q)1pp' Cibp
WilJWL wnw2pfi wfiqwu llwJpbfi}l 1hqtlml qptlwa hpqhwmnp «J2}1u}lwqwfi 
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\dlfihmpqw» pmhwqwfi munulCiwqwCi obnCiwpql!: OtCibgbt t zwm wltmtnl uwu
CiwltgmpJmCi :Pwltmtmbmnui bpltm Cinp uwuCiwq)lmwgmuCibp' «1112w4w u)12w
l{WJJ1P p)lupw» L «ltltpwnw4wCi p)lu)lw» umbqbhtm qnpbnnt: "Upw qhqtutlwpm
pJwUp 50 hppmwuwprifihp ui.w2mUJ.wCibt hfi }lhqfiwbmw4wfi h 7-1!' qn4mnpw-
4wa pbqbp: upwfigpg t\bgfi Wjchi UJ.PO:\>bunpCibp b(i: 

"lpn:p. u. f!bJthJlJWCiJ! mumuCiwq)lmw4wCi w2tuwmwCipCibpflfi qmqwhbn 
w4mpl{nphfi uwuCiwltgmu t CiwL hwuwpw4w4wa 4Jw0p)10: bqh1 t luU~lf 
Ulu-p qpmmpJwfi u mbtufip4wJp UJ.hmwqwG qnutm1h)1Ci wnnOpbp UJ.bpoputu\
Cibpp ppupwJp funphpajl wCiqwu: 199 lp. luU.!,lf q.u nGqhwCimp L mhtufi)l-
4w4wa ppupwJ}l pwctwCiumCipp pJmpnJ)l npn2uwup Cizwtiw44ht t 4n1n)lqtihplt 
ppupwJp u :\>pqp4wp)lu)lwltwCi ubtuwCiplJ.wJ)l q}unwqwG tun11hp11\l wOqwu: 
bqht t b"l.!.-p L b"l.!. p)lu)lwJp :Pw4nttmhmf1 qpmwqwG tunphmpqfibp)l 
wfiqwu, .!.U~ qpmWOJillllWJ)lCi (p)lupw) tunphpajl, b"l.!. q.pmwqwG mhqhqw
qpp hwuribup tuupwqpw4wfi ltn1hq)lwJ)l wCiqwu: U]lCi~L l 997p. GbpwnJWL hqht 
t ~~ 4: L. q. CiwtuwpwpmpJwCi «p)lu}lw» wnwpltwJ}l qbml q)lmwubpnqw4wfi 
}unph(lll)l fiwtuwqwh{!: lijctU «:PpqpqwqwCi ptulttw» uwufiwqflmmpJWU qbml 
qpmwqwCi wumpowCiCibp 2Gnphnq tunphpqp, ~~ q.uu p)lupw4wa :J>flq)lqwJti 
pCium)lmmmp qpmw4wfi tunphpajl wCiqwu t: nwfiw24wb q)lmuw4wun 
{!Utnpt\bt t ~WJWUtnWUp OW(lUlWJ1WqptnW4Wfi W4WflhtlflWJfl )lll}lW4}1g, t4n
tnqfibpp u}l2wqqwJpfi w4wqbUpwJp L fl.l> pCiw4wCi q)lmmpJmtifihpp w4w
qMpwJp hwJ4wlJ.wfi uwuCiwoJmq}l pu4w4wa wfiqwiI: uw CiwL «~WJwumwfi
bqpui.mnu tizw4mpwJpU I!fi4hpw4ympJWU» tflnfuCiwfuwqwhfi t: 

f!wpop t qCiwhwmtlht UJ.Pnl>. u. P.hJtbPJWUfl qpmwuwCi4u.utwpctwqwfi 
qnpbntfibmpJntU{!: uw wpctwCiwgb1 t ~luU~ pwpopwqnLJCi l'}UJ.pngfl tlwumw
qwqnp qnpbw UJ.Wlmlw4np 4n2uwfi, )lfilUjhU CiwL pwqtiwpf14 ubqw1Cihpp L 
tqwml{nqphpp: b"l~-p h)luCiwqptiwCi 80-WUJwltlt wnppn4 UJ.Wp4Lwu1rnlh1 t nu
llh ubqwtnl{: 1998p. Uobpp4Jwfi 4hfiuwqpwqwfi pGumpmmmp npn7uwup wp
ctwfiwgh1 t «mwpqw UWflll.I!» mpmqnupCi, pu4 2004-pCi wpdwtiwgh1 t l14pn
UIWJP pCiwqwCi qpmmpJm(Hibpp wtiwq.hopwjp li:WUjOLJUl tuw> z12wG7wCipfi: 

liJn', l4Jlll:t>hunp unpwJp lfwCi4hL)1 f!bJthpJWCi{! pmhw4wG w1tuw11hnu1 
6wfiwltlwb L q.Ciwhwmqwb wfio t: UJuop t1 Ciw 2wpntCiw4mi1 t Cihpzti)wCipmt 
qwmwpht pp uppwb q.npb{! pb' 4JlpmpJwfi, ptt qpmmpjwG wu1.4w11httfihpnul: 

5wfiqw6i;i Cipwfi pw~wnnq~ntpJmCi L finp umwhqwgmuuLpt1 ppw
qnpcmuI' }l zwh ubp wqq.WJ}lfi qptnnt.pJWfi qwpq.wgllwu ~ finp ubpmUqllbp~ 
q.wum}lwpwlplt.pJWfi: 

ullJ./. nbqwn11w1J1, 

UITJ./. Jl/llf/lWJ/1 .fiwl/lll/U1bUI 
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