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Pa6oTa BllnOJIHSHa Ha ~H3RqecKOM lfaKYJibT8T8 I!HJibHDCCKoro 
YJIHB8pCHT8Ta RB ]a6opaTopRR Bli~CJIHTSJibHOtt TSXHHKR H aBTOMa
TH3aUHH 06~8,ItHHSHHOro HHCTHTYTa JI,It8pHliX RCCJIS~OBaHHtt. 

0qJHUH8JibHU8 OllIIOH8HTU: 
~OKTOP qlH3HKO-MaT8M9.THqecKHX HayK, 
tt718H-KOppecnoH,IteHT AH CCCP 

noKTOp qlH3HKO-MaT8MaTll:qecKIDC HayK, 
np$ccop 

noKTOp qllI3llKO-MaT8MaTHqecKIDC HayK, 
npoqieccop 

OB'iRHHHROB A.A. 

KaJIHTKHH H.H. 

MaxrutbKOB B.r. 

· Be,Izylllee npe~npWiTll8: BceoomHutt HaytJHO-HCCJienoBaTSJlbOKHll 
neHTp no HayqeHHD CBOttOTB nOB8PXHOOTH H BaKYYMa (MooKBa). 

3aJitHTa oocTOHTOH 11 ·4 11 Of-lSaS'r,9-i !990 r. B /0, 3D qacoB 
I 

Ha aacenaHHH Cn8UHaJIH3HpOBaHHoro COBSTa n 047.0I.04 no 3antHT8 
noKTOpCKllX ~HCCSPTanHll npH ]a6opaTopHH Bll~CJillT8Jll,HOtt T8XHRKH 
ll aBTOMaTH3aUHH 06~8.I(HHSHHOro llHCTHTYTa .R;!l8pRllX RCCJI8~OBaHHtt 
(I4I9BD r.,IJy6Ha, murn, ]BTA). 

C ~HCC8pTaUHett MOlltHO O3HaKOMIITbC.fl B 6H6JIHOT8K8,O6M,ItHH8H
HOro HHCTIITYTa JI.It8PHHX HCCJI8~OBaHHtt. 

ABTopeqiepaT paaoCJiaH 11 /3" a hryc.-;a_· !990 r. 
I 

YqeHUtt C8Kp8Tapb CIT8UHaJIH3HpOBaHHOI'O COB8Ta 
KaH.ItMaT q>H3HKO-MaT8MaTHqecKIDC HayK ut 

lIBaJN8HKO 3.M. 
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OBIWI XAPAK'IEPHCTHKA PAEO'IH 

AKTy:aJII,HOCTI, npo6JI9Mli. CoBp8M9HHH9 ~OCTHl!t8Jnm B O6.JiacTH Cll8KTpo
CKOmm:, @18HKH TIJia8MH H TIJia8MOXHMl:lll, RB8HTOBOft 8JI9RTp0mntH, @18HKH 
KOH,ll8HCHpOBaHHOro COC~Ollmm, acTpoqlH8HKH, 6HO<pH8HKH, Mmtp08JI9RTPOHH
KH, T90p9TH'118CROft H 8RCil8pHM8HTaJII,HOft XHMIIH B 8HaqHT8JII,HOft CT8Il9HH 
CBJl8aHH C pa8BHTH8M H npHM9H8HIDIMH M9TO~OB T90p0THq9CROft H MaT9MaTH
'118CKOft ~H8HKH~ B KBaHTOBOtt M8XaHHRe MOJI9KYJia (KJiaCTep) paooMaTpHBa.8T
OH KaR CHCT8Ma, COCTOllma,H H8 ~ep H 8JI8KTPOHOB. C nanm IlOJlY'll9HHH 
KBaHTOBOM8'XaHH'll8CKOtt HHg)OpMawra O COOTB8TCTB,Y,101Ulll MOJI8KYJiaX, MOJI9KY
JIHPHHX HOHaX, MO~8JIDHHX KJiacTSpax H HX B3aHMO~ettcTBHH C aTOMru.m, 
HOHaMH, MOJI8KYJiaMI! H H3J!Yli8HH8M npHXO,ItHTCH pemaTI, ypaBH8HH8 mpe~re
pa (YIII). IlpH 8TOM pemaeTOH Cil8KTpMI,Ha.Sl 38,Ila'!Ja lt)Ul ~peHill!8,.7ll,HOro 
ypaBaeHHH BTOporo nopR.IUta B 'IJaCTHHX npoH8BO~ no 3N KOO~aTaM 
( N - o6mee qHCJIO 'IJaCTHn B CHCT8Me) C onepaTopoM IlOT8Hn!I8JILHOI 8H8p
rHH, CO~8PlK8.IIIHM O~HO- H ~y:xqa_cmqHHe onepaTOpH. 

JJ;IJl CHCTSM, COCTOHIUlll 60JI88 '118M H8 Tpex 'llaCTHn, IlPH pemeHHH YIIl 
npHXO,ItHTCJl npHM8H.flTI, npH<1JIH'!t8HHH8 M8TO~ pemeHHH, OCHOBaHHHe Ha <»eHo
M8HOJIOrH'll8CROM BH6ope npH6JimteHHI (HanpHMep, ~a6aTH118CRO8 npH6Jmze
HHe), IlO8BOJililJl!lHX pa8~8JIJiTI, nep8M8HHH8, a IlOJlYq9HHl:l8 IlPH 8TOM npH6JIH-
1!t8HHl:l8 ypaBH8HHH pemaTI, 8Ha.JIHTH'll8CRH JIH60 qHCJI8HHO. IlpHM8H8HH8 :eapm
JllIOHHOro M8TO~a HJIH T9OpmI BO8MY1!l8HHI IlO8BOJIH8T YTO'IIH.flTI, pemeHHH. 
TaKHM o6pa8OM, npH aenocpe~CTB8HHOM pemeHHH Ylil IlpHXO,ItHTOH TaKllt8 npH
M8HRTI, M8TO~ qHCJI8HHOro MO~eJIHpOBaHHH H HOUOJIDSOBaTI, 8:EN. Jl;Bllt8 TaROI 
no~o~ npH pemeHHH RpynHHX T9Op8TH'll8CRHX H npHKJ18,11;HHX 9~-q Tpe6yeT 
60JII>IIIHX aaTpaT BHqHOJillT9JII,HHX pecypcoB COBpeM8HHHX YHHB8POaJII,HHX 8:EN 
co o&aJIHpHHMH nponeooopar.m. coa,uaHHe MaTpHtmHX npo:necoopoB H MHoro
nponeocopHHX BH'IIHCJIH'1'8JIDHYX ROMTIJI8RCOB IlO8BOJili8T Ha IlOpH.ltRH yB8JIH'IIHTI, 
BHqHCJIHT8JII,HH8 MOIIIHOOTH SBM H ycKOPHTL pememre 8THX 8~11. 8TO orpedy-
8T paapa6OTRH HOBHX 'IIHCJI8HHHX M8TO~OB, paonapaJJJieJIHBaDJll!X BH1DitOJIHT8JII,
mdt nponeoo H IlOSBOJilDllll!IX '1'8.RZ8 8®>8RTHBHO npHM8Bl'ITI, KOHB88pBYJ) o6-
pa6oTKy JtaHHHX npH pemeHHH YIIl JtJlH MOJI8KYJI, -qTO HB1Ul8TOH HOBHM H aR
'l'Y'SJIDHml HanpaBJI8HH8M B paSBHTmI BH'IIHCJIHT8JII,HOI Ma.T8Ma.THKH H BHqHO'JDI
T9JIDHOI cp!SHRH. 

COCTOHHH8 npo6JieMH H OCHOBHH8 II8JIJII HOOJI8lIOB8JJM. 06H'qHO Il,PHM8-
HJl8MHI npH pemeHHH YIIl 8JtH86aTBqeom IlO,llXO,ll IlP8lUIOJmra8T IlO9Ta!IH08 
pemeHHe YIIl: OHa1J8Jla;JI()JJJtHO pemaTLOJt 3JI8KT{>OHHO8 YlH Jl.lll onpe~uemm 
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rmiepnoBepmocm a.IOia6aTHt1ecxoro noTe~aJia (rIIAII), c ROTO,PHM ,JtaJiee 
pemaeTCSl ROJI86aT8JIEiHO-BP81118T8JIJ:,HaH sa.na,m. Kallt.ItHff HS 8THX 8TallOB pe
meHHH IIP8ltCT8.BJill8T co6off C8MOCTOHT8Jil>HYI) BHllHCJmT8mHYJ) npo6JI8M.Y. 
Mero.n caMOcorJiacoBaHHoro IIOJIJ{ (CCII}, npe.JlJiozeumdt !apTpH H ibOKOM B 
CJl'Y'q88 MHOro8JI8KTpommx aTOMOB, 6HJI o6o61I(8H PyTaHOM JlJISl MOJI8ttyJI, B 
KOTOpoM OltH08JI8KTpOHHali MOJI8ttyJJJipuaH B~OBaa qJYHKD;KH (op6HTaJIJ:,} BH
pallt8.8TCH ~ettuott KOM6HHangeft STOMHWC BO~OBHX <pyHKD;Kft (op6nTa.1Ieii), 
neuTpHpOBammx Ha OT.Jt8mHHX H,llpax MOJI8K,1JIH. Trutm.1 o6paaoM, aTOMHH8 
cpymtn;KH-SIBJimOTCH 6aancoM pa8JIOZ8HHH JlJISl MOJI8KY?DIPHHX (pymtI];d. IlpH 
8TOM pemeHBe HHTerpo,ItHqxI,epeHIJ;KaJil:,mlX ypaBHeHHft !apTpH-4iOKa CBO,ItHTCH 
R pemeHHD M8TO.ItOM IIOCJI8.ItOBaT8JIJ:,HHX npH~eHHff o6061I(8HHOft aJire6pan
ll8CKOfi sa.na,m Ha coclcTB8HHH8 9Hall8HHH H COOTB8TCTBYJOOIH8 HM coclcTB8H
HI,l8 B9RTOpa, Ollp8lt8JJJIDl1H8 K08~D;K8HTI:l pa3JIOZ8HHH: 

F~ :'}.Sx, (I) 

r.ne F H S - CHMM8TpHi:nme Ma.TPHD1:l nop.a,mta M , M - tmCJio 6aaHoHWC 
aTOMHElX op6HTaJiett, F - MB.TpHUa onepaTopa ~oxa, S - MaTp~ HHTerpa
JIOB nepeKpHBaHM. C y,!8TOM CHMM8TPHH tmCJIO MaTpH"IHHX 8JI8M8HTOB, OilH
CHBaDIIHX ,!03yX8JI8KTp0HH08 B8aHMO.It8ACTBH8 H HcnomsyaMl:IX npH ~pMHpoBa
HHH Ma.TPHD1:l F , paBuo M4/a, ,rro yxaaHBaaT aa cTeneHHcie BospacTaune 
saTpaT BH'tJHCJmT8mHHX pecypCOB 31:M c pacnmpaHHeM clasHca JlJISl ,ItaHHOff 
CHCT8MH :wm npH nepexo.ne K 60JI88 CJIOllCHHM CHCT8MaM. CBMR 6asHCHH8 
qJYHKIJ;KH, KaK IIpaBHJIO, HBJJJIIOTCH pamelmfiMH ypaBH8mrl1 XapTpH-4iOKa-PyTaHa 
JlJIH COOTB8TOTBYiOIJll,1.X 8JI8KTpOHHHX T8JNOB aTOMOB C pa.JtHaJIJ:,HHMH "1B.CTSIMH, 
npe,ItOTB.BJI8HHHMH ra:ycoOBOKID,ffl HJIH CJI8T8POBCKHMII ~ HJIH aHaJIO
I'H'tl'.HHMH annpoKOHMaHTaMH 'IJHCJI8HHHX DPTPB--(pOKOBCKRX ~- Honom-
80BaHH8 rayccoBOKHX 6aSHOHIDC <pyHKD;Kft B MOJI8KYJIHPHilX pac~eTax Oyll(80T
B8HHO ynpOII(a8T BH'IJHOJI8HHH ,ItByX8JI8RTpOHHRX M8.Tp~X 8JI8M8HTOB, II08TO
M'9' B Sa,ttalffi.X 'tJHCJI8HHOro MO,It8JIHp0BaHHH TIIAIJ OHH HCIIOmSYIDTCH HaHclOJiee 
"1B.CTO. TeM He M8H88, ra:yccoBcime <pyHKnHH H8 HM8DT npaBHJil:,HOff aoHMIITO
THKH npn r .... 00 , ,rro IIPHBO.ItHT K CYII(8CTB8HHHM npo6JI8MaM IIPH H9y,!8HHH 
IIOB8pXHOCTH IIOT8HD;KamHOft 8H8prnH Ha 60Jil:,!IIHX paCOTOJIBWIX, npH pemeimn 
sa.na~ pacoeaHHH. 3TO IIOKaSHBa.8T, ~TO C08,ItaHH8 lfflCJI8HHHX M8TO,I(OB BH
'IJHCJI8HHH MHOroneHTpOBHX HHT8rpaJIOB 00 CJI8T8p0BCKHMH qJYHK~, lta!OII(HX 
B08MOlKHOCTJ:, 8qq>8KTHBHO HCII0m80B8Tl:, MaT!)H1IHH8 npo~eccopH H·MHoronpo
~eocopmrn OHOT8MH, HB1IB8TCH aKTYaJII,HOff npo6JieMoil. 

PemeHHa 8JI8RTpOHIIOro Yl1I, IIOJiyll8Him8 M9TO,ItOM CCII, Sll3Jlll!OTOR. npn6-
JIHllt8HHHMH, TaK KaK HCIIOJIJ:,SY9TCJl npH6JIH!t8HH9 p8.S.It8JI8HHHX nepeMemrux. 
Il08TOMY BOSHHKa8T BOIIpoo 06 YTO'IH8HIDl,IIOJJY'I8HHHX pemeHHtt - ~Ta ag)
\PSKTa 8JI9KTpOHHOff KOppeJIJinIDI. Ilpm.18H9HH9 IIOJI8BOtt ~pMl:l T80PHH B08My
memi:tt, IIp0,nJIOllt8HHOii H.H.Eoro.mo60BHM, MHOl'O'm.CTKtmOii T80pHH BOSMJmE3HHtt 
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PeJiea-lIJpe.nHHrepa .RBJIR.8TOa OltHHM HS Ha.IIpaMemrli IIPH pememm: lta.HHOii 
npo6JieMH, a paapa60TKa OII00060B pemeHHa ee IIP8ltOT8.BJIB8T aKTYaJIJ:,HYD 
BH~CJIHT9JII,ffYID 88.It8.V. 

TIIAII sa.naeTca sHaqeHHRMH a,ttHa6aTlfTieOitoro IIOTeHD;KaJia. Ha N -Mep
uoff 08TK8, ll()JJy'tl9mmMH IIYT8M pemeHl:111 8JI8RTPOHHOI'O YIII. B.i6op Heo6xo
.ItHMOro mara oeTim, o6ecne~al!lll(ero sa.naHHYJD To~ocT:i:, pemem YilI JlJIH 

KOJie6a.TemHoro .I(BID!taima, orpaHH~eH pooTOM saTpaT BHi:mCJIHTenHHX pe
cypooB 3EM IIPH pa.oll8T8 SH8.~8HHtt TIIAII. Il08TOMY no MHllHMaJil:,HOMY KOJIH-· 
ll8CTBY 3uaqeHHff TI1AII aIIIIpORCIDmpy8TCH 8.HaJIHTHtl80ROil <py'HKD;K8il:. Honom-
80BaHH9 !.moro~a.OTH~oro pa8.7IOl!t8HHH IIOSBOJIJI8T BH,Il;9JIHTJ:, B BHPalit8HHH 
a.,ItHa.6aTHqeoROI'O IIOT8HilHaJI8. 'VI9HH O,ItHO-, ,ItBy:x-. Tp8XtraCTH'tl'.Hll8 H 60Jiee 
mooKHX IlOpa.ItKOB. ,IlBy:xaTOMHa.Jl MOJI8KYJia HBJJJI8TOH MO,It9ml> ,ItBy:x~OTH~
Horo BSaHMO,It8il:CTBHH B ,ItaHHOM pasJIOllt8HHH. B CBl!8H O 8THM BOIIpoo IIOHC
Ka H8.H60JI98 rn6KHX H He c.wmmx aHaJmTH~8CKHX mpallt8HB1i IIOT8HD;K8Jll,
HOil: CWHKD;KH ,ItByxaTOMHOff MOJI8KYJIH, KOTOpHe MOI'JIH 6H c ,ItOOTaTO~O BH
COKOff TO~OOTJ:,D OilHOHBaTI, XO.It IlOT8HD;KaJIJ:,HOi KpHBoff, u paspa6oTita OII
THMaJII,HHX a.n:ropHTMOB OIIP8lt8JI8HHH Cil8RTpOCK0~8CKRX xapaKT8PHOTHK HB
JJJl!OTCH 8.KTYaJII,HHMK. 

IlpBM9H8HH8 M8TO,Ita CCII npH pememm: MHOrOM8pHoro Ylll, OilHOHB8Dlt81'0 
H8JIHH8imli9 ROJie6aHHa MOJI9ttyJI H KJiaCTepOB,, II08BOJIJi8T qia.RTOpH80BaTI, 
MHOI'OM8pH09 Yl1I B CHCT8MY O,ItHOM9PHHX HHTerpo.zn$p8peHD;KamHHX ypa:BH8-
HHtt. B TaROM IIO,ltXO.It8 MHOI'OKpa.THO pemaeToa O~HOM8pH08 YilI C aqq,eRTHBHHM 
aHrapM0~80ImM IlOT8HilHMOM. IlOSTOMY paspa.6oTRa sqxp8KTHBHHX a.JII'OPHT
MOB pemaHHH O,ItHOM8pHoro Ylll .ItJ1II KOJI86aT8Jll:,HOro .D,Bmtemm SIBJIS18TCJi aR
TYaJIJ:,HOil: K8K C TO~ pemeHHH MHOl'OM8pHoro Yill, TaK HO TO"lltH pemeHHa 
OltHOM8pHHX aa.naq, CBJlSammx C o6ocHOBaHH8M aurapMOHBqecKOI MOlt8JIH B 
T80plm BHCOKOT8Mil8paTYpHoft ooopxnpoBO,IOIMOC'l'H, a TaRllt8 C T80p8THtl8C
KHM H8y,I8mI8M OII8KTpOB .ItBYXB,TOMHHX MOJI8ItYJI. 

0IIP8lt8JI8HH8 KOJI86aT8JIJ:,HO-BP81118.T8Jll>HHX ypOBH8ft 9H8prHH H806XO.ItH
MO H8 TOJIJ,KO JlJIH HHTepnpeTa.rtHH Cil8KTpoB, HOH JlJIJl MO.It8.1lllpoBamm 
CBOftCTB B81I(80TBa M8TOlt8M]I CTaTHO'l'Hll8CKOft (pl!SHKH. 

Paspa.60TKa 9qxp8KTHBHHX aJII'OpHmOB BH1mCJI8HWl IlOT8HD;KaJia pacce.a
HHH H BHSya.71I,HOro np8ltCTaBJI8HBH npocTpa.HCTB8HHOrO pacnpe,neJiemm: MOJI8-
KYJJJIPHOI'O 8JI8KT!)OOTaffltl8CROI'O IlOTAHD;KM8, (M:3Il) Op0ltOTB8MH Mall!HHHOI 
rpaipHKH HBJJJI8TOH aRTY8.Jll,HOft. 

OIIHOaHHHa lf8TOJXH II03BOJUll)T HCOJI8lt0B8.T!, mnpom Kpyr SB,Itaq T80pe
THqacKol :xm.nm B (pllSlilm. Hmte MH npBB8,lt8M JllDilI, H8KOTOPH8 HS ma:. 

I. 0IIpeJX9JI8HH8 paBHOB80HHX reoM8Tp~8CKHX nap8M8Tp0B, rap110HH
ll8CRHJ: ROJI86aT8Jll:,HHX qaoTOT, oneHRS. 3H8PI'8THll80RHJ: xapaRT8pHCTHR pe-
8.Kllllft JlJIJl MOJI8KY'JJKPHHX HOHOB, M8TaOTa6HJIJ,HHX MOJI8ttyJI, 3KCII8pHM8H'l'aJIJ:,
H98 HOCJI8,I(O:eamuI KOTOPHX KpaffHe 98TPYltH8HH. Y~eT aqxileRTOB aHrapMOHHS-
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Ma npe.n;cTaBJIII9T BOSMOgHOCTI, .ItJIJI HCCJie.n;o:samm B086Yllt,11;9HHHX KOJI96aT8JII,
HHX cocToamrli H sanpemerumx KOJie6aTeJII,HHX nepexo.n;oB. MccJie.n;oBaHHe 
KOJI86aT8JII,HHX B086YK,Itemmx COCTOsmmi MOJI8KYJI T0CHO CBJiSaHO C 60JI90 
.n;eTanBHM Hsy,10HHeM nponecooB KOJI06aT8JII,HOi1 peJZB.Kcantm, nrpaeT Ballt

H.Yll pO.lll, npH cos~ Jia80POB, Ha.n:y-qat!)lltH B HK-o6JiaCTH, npH H8y,10HHH 
aTMO$PH IIJI8.H0T, ,ItJIJl HCllOJII,SOBamm Jia89pHoro pas.n;eJiemm HSOTOilOB, 

• .ItJIJI npOB0,Il;0Him HJUtYitHPOBa.mmx xmmimcKHX pea:ltlld. 
2. M8Y1{0HH9 3JI8KTpOHHOft CT,PYKTYpH MOJI8KYJI R_MOJI0KY.7IJIPHHX HOHOB, 

B COOTaB KOTOPHX BXO,w:IT aTOMH RH0PTHHX rasoB. Oco6mt RHT0p0C K 3THM 
coe,Il;RHeKWIM msBaH TeM, ,rro B noCJie~e ro~ cos.n;rum Jiaaeps, pa6oTruo
lltll8 Ha 3KCHM8pHHX MOJI9KYJiaX, CO.Il:0Pl!C8lltllX aTOMH RH0pTHllX rasoB. 

3. HsyqeHHe 3JI9KTPOHHOft CTPYKTYPH TpermeHHHX asareTSponim,im:qec
KHX MOJI0KYJI, RX KOJI96aT0JILHHX H BpamaT0JII,HHX Cil9KTpOB, BHHCH0HH9 BOil
pOCOB CTa6WII>HOCTH 3THX CHCT0M. B "q8CTHOCTH, oco6yn BalltHOCTI, npHo6-
p0TaBlT pacimm sHepreTmm HaH60Jiee BepOHTHmc KaHaJIOB pacrra.n;a reTepo
IJ;IUtJIOB, B TO Bpewr KaK o6paTH!i9 peaKIJ;IUI acCOIJ;llantm, a TaKllt0 npOTOHH
pOBaHID:t BalmH .ItJIJI RCCJI0,Il;OBaHHJI H MO,iJ;eJIHpOBaHIDI nponeccoB, IlpOHC.XO,Itli~ 
1!tKX B llJIOTHHX M0E8B09,Il;HHX 06JiaKaX. 

4. TeopeTlfCI0CKR0 pacqem Cil0KTpOCKOilHqecrutX llOCTOHHHHX H T8pMO
nnmu.m-cmcKHX xapaxT8pHCTHK Kap6o,zuraaTHOHOB, 3KCil0pHM0HTaJI1,H00 onpe.n;e
JI8HH0 KOTOpHX Itpattlie SaTpy,llHHT8JII>HO, .fIBJISmTCJl aK'l'YaJIE,HHMH Kalt .ItJIJI 

Hn0HTHWHKa.D;lm Kap6o.n;HKarnoHoB, Tax H ltJifl rrpenoopHTeJII>Horo paoqeTa 
COCTOHHHJI ITJiaSMH. 

ll8JII, pa6om COCTOHT B paspa60TK0 qnCJieHHHX M0TO,Il;OB pememm·Ylll 
.ItJIJI MOJI8KYJI, KOTOpHe o6ecneqnBa!)T OilTmlla.lll,JJYD TOqffOCTE, H llOSBOJillIDT 
3qxp0RTHBH00 npHM8H0HH0 napaJIJI8Jll,HHX BI:lqnCJiend; B cos.n;amm IIaK8TOB 
IlPHKJia.llHHX nporpa.MM .ItJIJl 8BM; B IlOJiytl8HHH RBaHTOBOMexaHHqecKOft HHWQP
Ma:a;lm O MOJI01cy'JiaX, MOJI01cy'JIJipHHX HOHaX, KJiaCTepax H MO,Il;9JIHpOB8HHH on
THqecKHX. T8pM0,Il;RHaM}!q00KRX CBOffCTB BemecTBa B pa8JIH1IHHX arperaTHHX 
COCTOHHID:tX. 

M0TOnH HCCJienooomm. 0CHOBY M8TO,Il;OJIOrmI HCCJI0,Il;OBamur COCT8BJIR0T 
qffCJI8HH09 MO,Il;9JmpOBaHH8 I'IIAil M9TO,Il;OM CillI XapTpH-./J)OKa-PyTrura C "q8CTHq
HHM y,19TOM 3~9KTOB 3JI9KTPOHHOft KOppeJ!.llIJ;lm, pememre YllI .ItJIJl KOJI86a
T8Jil:,HOro ,Il;BH1KEIHHJI, npH 3TOM HCflOJII,8ynTCJI o6mne M8TO,Il;H T80P8THqecKOii 
H MaT9Ma.TlitI0CKOii WHSHKH• BHqHCJIHT8JII,HOit .MaT8MaTHKH, T80pmI aIIIIpOKOH
l'ilD.IJ;llll, CTaTHCTlfCI9CRH8_ M9TO~ H 8BM. 

IlOCTOB0pHOCTl> OCHOBHHX Ha~X IIOJIOE8Imff H IlOJiy,10HHHX pesyJII,Ta
TOB o6ecne~eTCJl CTporocnD M8TO,Il;OB T80p0TlfCI0CKO! H Ma.'1'8.MaTHqecKott 
ipllsHRH, BI:ltmCJIHT0JII,HOlt M8.T8M8.THKH, IIpllM8wt0MHX. npR-llOJIY110HmI peayJII,
TaTOB; COBmutemreM qff0JI9HHHX peayJII>TaTOB, ll0.n:y,I9HHHX .n;pyrm.m aBTopa-
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MH C npIDVl0H9HH8M .n;pyrmc M8TO,Il;OB ll ll8.K0TOB nporpaMM; ll0Jfj"I0HH9M pe
BYJII>TaTOB, o6o6maJIIl!IDC paHee R8B9CTH!i9; KoppeJIHp0BaHH9M IlOJiytl8HHHX 
T00p0TlfCI9CKRX peayJII>TaTOB C RM9ltlltHMRCJI 3KCil9.PHM0HTaJII>Hw.m ,Il;B,HHHMJIJ'. 

HayqffaJI HOBH3Ha H npaKTlfCI9CK8Jl ll8HHOCTJ;. Paapa60TaHHH0 M0TO,Il;H R 
aJiropHTMU, HCilOJII>Syewe IlpH pememm YllI JtJI!I MOJI9KYJI H KJiaCT8POB, O'r
HOCJITCH K napaJIJie~I,HO-IlOCJI9,Il;OBaT0JII,HOMY ·THIIY H o6ecne'IJRBall)T BOSMOZ
HOCTE, nmpoKoro pacnapaJIJiemmruma BHqHCJIRT8JII,HOro nponecoa. 

TaKHM o6paaoM, pa8BHTH M9TO,Il;OJIOrn-cmcKH0 OCHOBH pemeHH.R: Yill Ha 
8BM CJieltYB)lltlDC noKoJieHHft, 6aaHpY]mlHXca Ha MHoronponecoopHHX cHcT8MaX 
n MaTplfCIHHX npoueccopax. 

COBOKYITHOCTI, nOJJy'qeHHHX B .n;HccepTanim peayJII>TaTOB ll03BOJI.R:9T 
CTaBHTL n 6oJiee a<M>eKTHBHO no TOqffOCTH H aaTpaTaM nponeccopHoro Bpe
M9HH pemaTI, npmme Cil9KTPOCKOillfCI9CKH9 Sa.ztatm, 8aJtB,qK no onpe~8JI8HRD 
ceqeHHft 3JI9M9HTapHHX rrponeccOB BSaHMo.n;effcTBR.R: MOJI9KYJI C HSJIY119HH9M, 
no FISyq9HHD nponeccoB BHYT.PHMOJI8KYJia.PHOft llHHaMRKH, 38,Itaqn MaT8MaTH
imcKoro MO,Il;9JIHpOBaHID:t CBOftCTB BemecTBa. 

BnepBUe IIOJIY110HH!i8 peayJII>Ta'lli O llOT8HIJ;l{8JII,HHX ~ H (ppar
M9HT8.X I'IIAII, CT8.6WII,HOCTR, KOHW()pdaIJ;IIJIX, Cil0KTpOCKOillfCI8CKKX X8paRT9-
pHOTHRaX H .n;p. ,ItJIJl HCCJI9,Il;OBaHHHX MOJI8KYJI, ItJiaCT8p0B, MOJI8Ky-JI.R:pma 
HOHOB onoco6oTBYl)T ~0MY' IIOHHMamlll nponeccoB, II.POHCXO;ltRlllHX B JIJia8-
M8, H H806XO.ItHMH JtJIJr pememm BSlltHHX IlPHKJiaJtHHX 38,ltaq. 

HeROTOPH0 pe3yJII>TBTH ,Il;HCC8pT8.D;IIOHHOI pa6om yge llOJIY11WIH ,ttaJIJ,

Helmee paSBHTR9 R flPHM9H9IDi8. 

PeaJn1samra n BHenpemre pesyJII>TaTOB pa6oTH. TeopeTH-cmcxm:e n npmt
Jia.ItHHe pesyJII>TaTH ,Il;HCC0PTaIJ;IIH HCilOJll,SOBaJmCI, B HayqHO-HCCJI8,Il;OBa.T0JII,
CltRX pa6oTax, BHllOJIHemt'!!lr B '1'8-cmHHe I968-I988 rr. Ha ~H3lfCI0CKOM qa
lcy'J!l:,T8T8 BWil>Hl>CCKOro rooymi:B0pORT0Ta RM. B.Kancyxaca, B HHCTHTYT8 
ipHSHltlil AH Jfil'l'CCP, B l1HCTHTJT0 ipl!SHKR IlOJIYllp0BO.JlHHKOB AH Jfil'l'CCP, B 
MOCKOBCKOM rOCYHHB0.PCHT8T8 HM. M.B.HOMOHOCOBa, roH HM. C.H.BaBliJJIOBa 
HBO MHOrRX .IqlyrBX H8Y'qH0-HCCJI9~0BaT8JII,OKRX, Y1196Hlil H npOMH!IIJI8HHHX 
oprami:aaIJ;lfflX. HCCJI9~0B8Hmt BHilOJIH8HH B COOTB8TCTBHH C npo6JI8MH0-'1'8Ma
TH-cmcltHM nJiaHOM BBYinIO-HCCJI8lt0BaT8JII,CKHX pa60T OIDIB; C nporpSMMoft 
I'KHT CCCP "IlepcneRTHBa" H co BoeoomHoft M8EBY'30BOROI nporpaMMol "Jia-
88p!,[ I". 

ocnoBHH8 oosvJlI,TaTH pccepTf!IJW!: ltOTOpae mznun:Mt9/i w sapm:m. 
J.fOj!tHO cd'lopMVJIHpOBaTJ> B mme OJI8ltmIDIX UOJIOllt0mdt: 

I. Paapa60TaI{ aHaJIHTHKO-qnCJieHHHft M9TO,Il; pac-cmTa SBB-cmmdt MHOro
Il0HTPOBiiX RHT8rpa.JIOB co CJI8T8pOBCKRMH qJY'HR!lWllm, ll08BO.mn:ntd pacnapaJI
JI8JIHTJ, BlflmCJmTeJIE,HHit rrponeco. 

2. Paapa60TaI{ M8TO,Il; BHqnOJiemm H OT06pa1teHM llOT8JIIlHaJia ,...- peme
HWr MHOrORB.HaJII,HOro Yill B 88,lta"UlX paccemnm 8JI8KTpOHOB, llOSHTPOHOB H 

WQTOHOB Ha MOJI81cy'JIBX. 
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3. Paspa6oTaHa M8TO,llHK8. nocTp08HWl H annpOKC:m&9.IltIH I'IIAII. 
4. Paapa6oTaH a.JII'OpHTM pamaHWI Ylll C aHI'apMoHHqacKHM noT8Hlll{8JIOM, 

o6acnatm:Ba:mtBit noBlllll8H1JYIO TO~OCTI, pemamrtt H pacnapa.1LII8JIHB8.HH8 BH
~CJI8Hldt 

5. Paspa6oTB.HH H p88.1IK30Ba.HH Ha COBpeMemmx SBM a.JII'OpHTM!l pama
HIDI YJ<B.3ammx sawiq, pa60TOCnoco6HOCTb H 3!pp8KTHBHOCTI, a.JII'OPHTMOB 
no.1tTBapaotaaTOSI Ha npHMapax: pamaHM p8B.JI1,HHX wnsnqacKKX sa,naq. 

6. BnapBHa npOB8,It8HO T80p8~8CK08 H3y,i8HH8 BHCOKOBOS6yar,Itemmx 
KOJI86aT8Jn,HHX COCTOSDml MOJI8KYRH CO2• 

?. BrrepBl:le HCCJie.1toBaHo pacnpe.1te~eHHa M3IT .It1Ill TP8,XqJJ:8HHHX asare
T8pOWIMOB K H8KOTOpHX MOJI8KYJIHPHHX HOHOB. 

8. HcCJI8,ItOBaHH 0Kp0CTHOCTH CT~OHapHHX TOqeK rIIAII Tpaxtmemmx 
CHZ+ C H~+ C H2+ • asareTeponmtJIOB, MOJI8KYJUII)HHX KOHOB 4., 2.~ , 2 4 , pacc~TaHFi 

HX Bpal]lllT8Jll,HH8 nOCTOSIHHH8, KOJI86aT8JII,HFi8 qacTOTH, T8pMO.u;HBaMH'tl8CKH8 
CWHKWIK, paccMoTpeHH KaHaJIH pacna,n;a. Pacc~Ta.HH 6ap1,epH KHB8pc:m Tpex
tmemmx reTepOni'fKJIOB, sim.qemm cpo.ItcTBa K npoTOHY, onpe;n;eJieHFi KaHaJIH 
o6pa30BaHW! npOTOHHpOBaHHHX MOJI8KYJI B HOH-MOJI8KYJISIPHHX peam:o,mx. 

. .lvJK psma MOJI8KYJIRPHHX HOHOB, CO,It8p!talllHX aTOMEl HH8PTHHX rasoB, 
BH~CJI8HH RO~pMaD;l!OHHH8 H Cll0KTpOCK0~8CKH8 X8paRT8pHCTHKH H pac
CMOTp0H BOnpoc 06 RX CT86HJI1,HOCTH. HcCJI8,ItOBaHO.BJIWIHH8 OKpyzemm Ha 
JIDmHecneHD;IID Eu~~ B MeT8JLllo-opraHHqecKHX KoMnJieKcax. 

9. ,IvrK H3yqemm oco6eHHOCT8ft WCHOHHOro cneRTpa B Bl:ICOKOT8MII8pa
TYPHHX CB8pxilPOBO,ItHHKaX Ha MO,It0Jll,HOM KJiaCTepe ( Cu2.0 )2+ HCCJI8,ItOBaHO 
BJIHJraH8 HSOT0~0CROro 3aMe~emm Ha npO,ItOJII,HH0 KOJI06aHIDl aTOMa KHCJIO
po,na, a Tal0£8 npOB8,It8HO ~CJI0HH08 MOlI8JIHpOBaHH0 BJIIDIHHH H30TOimqecRo
ro 3aM8lll0IDIJI Ha RBa3HJIOK8Jll:i1JYIO WII'KYl) MO.It.V. 

Anpo6amm: pa6om. PasyJI1iTam, Bome,ItlllHe B .ItHCcepTaWID, 6wm npe.1t
CTaBJI8HH H ,ItOKJia,IOlBaJIHCl:i Ha 'O Mez.nyHB.po,ItHOft KOHql8p0HWIK no HBJI0HHHM 
B HOHH3Kp0BaHHOM rase (MmrcR, 1981 r.); Ha CH6HpCKHX COB0llla.HWlX no 
cneRTpOCKOIDIH "HHBepcHSH saC0JI8HHOCTl:i H reHepanwt Ha nepexonax B aTO
Ma.JC H MOJI8KYJiax" (TOMCK, 1981 r., 1986 r.); Ha Ylll, IX, X BcecomHHX 
KOB!J?epeHWIRX no WHSKK8 8JI8KTPOHHHX H STOMHHX CTOJIRHOB8HHR (JleHHHrpa,n;, 
1981 r.; Klp&3.Jia, 1984 r.; Ygropo.1t, 1988 r.); Ha YI Cm.mosHYMe no uez
MOJI8KYJil'IpHOMY B3aHMO;IJ;8ftCTBHIJ H ROHWopManRffM MOJI8KYJI (BHJII>HllC, 1982 r.); 
Ha Mmtpocm.mosKY148 no KBaHTOBOft XKMJm (!HcSJIHne, l!CCP, 1983 r.); Ha 
KoBif?ep8HWIH no RBaHTOBOtt XHMIDI (l{HenponeTpOBCK, 1983 r.); Ha 16, IS,. 
19 EBponeftcKHX KOHI'J)8COOX no MOJI8Jey'JUII)HOft cneKTpOCKOIDIH (CCWWl, 
1983 r.; AMcT8p,ttaM, 198? r.; .l{pes,IteH, 1989 r.); aa Mez,eyHapO,ItHOI ROH
<IiepeHWIK no peHTreHOBCltOMY Ks.xytl8Hllll H nponeccaM BO BHYTpeHHHX 060-

JIOtmaX aTOMOB, MOJI8KYJI H TB8p,ttOro T8JIB. (JiettnWir, 1984 r.); Ha Bceco113-
HOI KO~ep8HWIH no HCCJI8,ItOBaHJIII) CBOiiCTB MOJI8Jey'JI B rasonott qiase (HBa-
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HOBO, 1984 r.); Ha IX BcecomHOM COB81!18HHH no KBaHTOBOft xm.mH (HBa
HOBO, 1985 r.); Ha lY BcecoIOsHOM ClIMII03ayM8 no ,ItHH8MIJK8 8JI8M8HTapHHX 
aTOMHO-MOJI8KYJIJIPHHX npoueccoB (1IepHoroJIOBKa1 198? r.); Ha Hay,mHX 
KOBPepeHD;WDC no TeopHK on~ecKKX cneKTPOB c~olKHllX cncTeM H MSTO,It!Irol 
npeno,ItanaHHH T80pIDI CTpoemm: B011!8CTBa B eypce o6mett WHSllltH (MOCKBa, 
198? r., 1989 r.); Ha C8KD;lm BHtmCJIHT8JlI,H01t ~3lIRH XXlll II mY :a:ayq
HbtX ROH/pepeHIJ,idl waB:.VJII>T8Ta qm:SHKO-MaT8MaTHqecKHX PI 8CT8CTB8HHHX Hayit 

Y.IUI HM. II.JlyMyM6s: (MOCKBa, 198? r.; 1988 r.); Ha I, 2 BcecoI03HHX M8xt
BY30BCRHX KOf!P8P8HUWlX "BHtmCJIHT8JIDH8.fl WH3mta H Ma.T8Ma~0CK08 MO,It8-
JIHpOBaHH8" (BoJirorpa.It, 1988 r., 1989 r.); Ha XXYI MettJlYHapo,ItHOM cneK
TpocKonHqecxoM KOJIJIOKBRYM8 (COWHH, 1989 r.); Ha 2 BcecomHott mROJie
ceMHHape no KBaHTOBOtt XHMHH H CTaTHCTHqecKott WH3HK8 (BJlaJnmOCTOK, 
1989 r.); Ha M871tJtYHapO,ItHOM cewmape no BHCOKOT8MII8paTYpH01t CBepxnpo
BO,ItHMOCTH (J!y6Ha, 1989 r._). 0CHOBHH8 MaTepllaJIH ,ItHCC8pTaWIH H80,ItHO
KpaTHO ,ItOKJla,I1J.lB8.JmCI, Ha ceMRHapax Jia6opaTOpHH BH~CJIHT8Jll,HOtt T8XHHRK 
H a.BTowmsanirH, Jia6opaTopHH TeopeTHqecxott WHSmtH OIDlli, Ko~pe~ 
WH3H118CKOro tlBB:.VJII>T8Ta BWII>HJ!JCCKOro YIDI!l8PCHT8Ta. 

Ily6JIHKaIDIH pesyJII,TaTOB H JlHlIHHft BRJiaJI aBTOpa. ITO T8M8 ,ItB'.CC8pTa
WIH ony6JIHKOBaHO 33 pa6oTI:l, B TOM ~CJie MOHorp~. c6opHHK a.JII'OPHT
MOB H nporpaMM. B COBM8CTHHX pa6oTax nOCTaHOBKa sa,n;aq H Haytm&0 H,ll8H, 
BKJI10qeml'.I:l8 B ,ItHCC8PT8WI1D, npHHB,ItJI8BaT a.BTOPY. 

CTPYJSTVpa. pa60TH. l{HccepTaWIH COCTOHT HS BB8.lt8IDIJI, 08M0'. rm, 
sait1IDtJeH1m: II cnHcKa JIHT8P8TYPH. 

CO,ItE.P.l[AIDIE PAEO'.IH 

I. Marnrne BJII'OpHTMH B pacqeTax pamra.lil,mIX qacTe:tt npeo6pasoJ~
RHSi lIJIJI CJI3T800BCKHX if>yHitinrlt. 

B pacqeTax MHOroueHTPOBHX HHT8rpaJIOB BalltH08 M8CTO 3amI?,18.8T Bl:l
"IHCJI8HH8 PaJlBaJII,HHX qacTeit .ItJili npeo6paSOBaHHHX K .ltpy!'OJ,lj" JJJU)Y a'l'Oll

HHX <fJYHKD;ldl: CJI8T0pOBCKOro THna, KOTOPH8 mwpOKO HOn~ymTCa B a.mlJIH

THqecKOM npe,ItCTaBJI8HHH xapTPH-WoKOBCKHX pemeHHff. B OCHOBY ,naHHoro 
npeo6pa30BaHHH CJI3T8POBCKHX cpymcn;a:n nOJIOZ8HO pa3JI01!8HH8 RX no cxpepH
qecIGIM <WHK:llIDIM Ha ,ItpyrOM R;Itpe. ITOJIOE8Hli8 HCXO.ItHOfl CRC~Mli KOOp,ItHHaT 
0 ~ no oTHomeHHD R HOBoff On, aa;n;aeTOSI P8JtHYC-B8KTOpoM Ra.b , npH 
3TOM OCH KOOp.JtHHaTHHX CHCT8U .fIBJUil)TCH llSpa.1IJI8JiaHHMII. 

CorJiaORO o6mett CX0M8 EH~C.!I8HIDI MHOro~HTpoBHX HHTeI'paJIOB, np8.lt
JIOEGHHOtt A.E.EOJIOTmmM H B.K.illyrypomnt, HCil0Jll,SOBaHH8 npeo6paso:samm: 
lbypI,8 H pa3JIOl'10HHH IIJIOCKOtt BOJIHH no cxpepnecltlll! cpyHKJlW'IM nosBOJIHJIO 
np:meHHTI> Tl)aHCJllllllIOHHYJJ cmm9TPHD oo6cTBemmx ~ onepaTOpa HM

ny.111,ca H CB01!:0TBa rpynnH Bpain8HIIJI Tpemepuoro npOC'l'pSBCTBa H nOJIY"lll'l'D 
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,IT,lIJ1 o6mero CJIY™ CJI3T8pOBCKOtt WYHRl.tlIB aHaJmTHlWCKOe BHpaii:e:ime WIS! 

npeo
6
pa:~~r,~(~) ~ ,· \ 1(2l~1-)(Qt'W [t t" t~~ 
\~ e ltm "'t, L_ u~ 4-n(2t'+ ~) D O 0 

rt r1 t'l t'rr{ t"n-t' __, . 

"Lm. m" m'j Rntt.'t'1(ra)?-a1o)Yt\,n''(Rl\\;,JYfm'Cro..)' (2) 

r,n;e npm.ruMH: CK06RaMH 0608Ha~eHH R0~8H'l'H KJie6ma-rop,zmHa,"(tm(z) 
- cq>ep~ecme ~~ a Rntt't"(ra..,RoJ,J- pa.zuraJU,HM imcT1> ,Pa3JIOJJte-

,, t'' HHSI, 8aBHCSll!lM OT KBaHTOBWC 1IHC8JI n , t , ~ , , llapaM9Tpa S H 
MeE8',llepHoro paccTo.mnm: Rab : 

R ( n t'' '!,h,_ -(M-\) -(t~1) -(ft'\) 
ntt't" r-Q.,"-a.b)-=(--\) 'Yi 1, (~ro..) (1Ro.bJ ~ 

~2-(n-'t t ... t~ tu) r ( n;_ t .._ ~) r ( n-i-1 -ti) r ( n.-r t-\-2) r -1c n.;--\) )< 

£ n+ t'' n""" t' B . c1,. 

x L!.~xp[-1\ ra.-Ro.b \] L L A,1.r(ntt't")(+sra.;'(!s~oJ,J-
d.."\) f->-cO 

n-+ t" n'\-t' ? } 
-e:l<-?t~(rc..-tRa1c,JJI_ ~J.~(n.lt't'')(~r'4J (1sR";,'} , 

. o1 ...... o r>'=o 

r,n;e Bepxmre 8HaRR \~\ cooTBeTCTBYJOT BHpaiKemm Rn.tt't11 Cra.,RabJ 
.ItJJSI r ~~Ra.lo , a lf.Dml:e - ltJVi r G\,) Ra'o , A,4 (n t t' t") RMmlTCJl 
8Jl9M8HT8MII MaTPIImlA(:~itt't")pa8M9pHOCTH (n-tt''s-\),. (n+t'-,.1) : 

rn.-tl , ,,, 

(3) 

1// L"2:'J_t: \, s (-o\)S-1c?c:.2<\,•W➔ Xr(2.t'- +1)f('2.t'~v-t1) 
Aol~ntU)=L [_ L_ L_ rc~-k-t.\'lf(n:_l-1 _:..,.f\f(t*k~f), 

\<.=D '\, "-0 V:0 'X."0 2. / \.: 2 '/ 2.. 

r(n.-\-'X-t ~) re t-t-r1 

... 2k""<\"'"""") 
)(---· ·- - .. ----·---.. --.. -----· ------ ){ 

f (k-1: i\) \ ( q,-1--\) r( V-1c'\) r( ?<.""~) \( "2.""'\) r ( n-S-z..., '1) 

~----------___:,1 __________ _ 
re t'-q_ ·d) f(t\v-t t\) r(s-'l(:t 1)r( t-t'- l''.+2k+q,+v-S-1c;(:t'I) (4) 
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npR S-;.Q,-'<V.\-'0.--J..-f-' , 7..-:.cJ....-V , y,n;oBJieTBopJIXI!lRX YCJIOBHHM 
C) ~ sf n , \) ~ 2. ~ n.- s • IIpz paclffiT8 apryMeHTH raMMa-

~il: r(t- l'- t"-\-ZK·H\,-'tV➔ 'I) H \ (t.- !.'-t'.'+2k"""q,: ... v-s-1: ')(-', A.) 
- MOryT qpmmMa.TI, OTPR~T8JI1>HI:l8 8Hall8HIDI. B TaIUIX CJIY'tJ8SIX 8Ha~emm co

OTB8TCTBYJlltlIX 'Vl8HOB nOJI,y'tra.IOTCJl llpH noMOlltll ib<>.PMYJlll 

f (-m.-'t -\;/f(-h.-+~) = G\)n-m f (n )/';-(m) · (5) 

Ec.m 0Tpl{U8.T8JIJ.HHM smml9TCH TOJil>KO apryM8HT raMMa-cwmtn,IH B 3H8M8Ha
T9JI9, TO COOTB8TCTBYKt!IRil 'V18H RC~8a8T. 1IliCJI8HHI:l8 3Ha~8HHSI 9JI8M8HTOB 
Ma TPHIX A(n l t' e) onpe,n;e.nsmT aHBJm~8CK08 BH,Pallt9HH8 pa,ItHaJil>HOA ~CTH 

Rntt't"(fo., Ro.b "), ', npH aToMA(ntt't'.') saBHCRT OT Ha6opa KBaHTO
moc ,mceJI n. , t , t , ~1 

• Il08TOMy' It8JI8C006pasHo O.n;RH pas HX BH'l!HC
JIHTI, H coxpaHRTl> BO BH8mHeii nawITH 31JJI. )11m 8JI0M8HTOB MB.TPHil HM88T 

· t' tn M8CTO npocroe COOTHOID8HH8 ·llpH nepecTaHOBK8 HHlt8KCOB H : 
f:\(o.tt't'')::.C-\)t

1

A('{\tt't") , nosTor,v ,ltOCTaTO~O BB1IKCJIHTJ. MaTPllllll 
TOJI1>RO ltJVi t'' )' t . Tana npH t'"' t;' MaTPHilll CB'.MM8Tpirnnl OTH0Cl:'I
T8JI1>HO n8p9CTaHOBRH HH,ll8KCOB d... H r ; B.. 9THX CJIYtraJDC ltOCTaTO~O BH
inlCJIJlTl> R coxparuITI, O.D:HH H8 yrJIOB Ma.TPHil, HanpHMep, Jf,]U! t' ?- o(. • 

Y~eT CBMM8TpIDI no8BOJilt1I 8Ha'l!HT8JII,HO yM8HI,lllHTI, saTpaTH BP8M8HH neHT
pa.,n,noro nponeccopa H o6'WM BHemHett naMliTH 3:FM. Tamm o6pasoM, np:a: 

t' t" sa.rtrummc Ma.Kcm.,am,HWC 8Ha'll8HIDIX H ib<>PMHpy8TCJl 6asa ,ItaHHIDC, 
COCTOHIJlWI B8 tpaftJIOB, HM81CillHX IlOCJI8,ItOB8.T8Jil>HYI0 CTpaimimy!) CTP'JKTYPY, 
B ROTOl)HX CO;lt8!)lKaTCJl Bee MaTPHml Jf,]U! ltBa.HTOBIDC 1IHC8JI n , t , COOT
B8TCTBYJJ!t81 sneRTPOHHOft o6o~Ollltll aTOMa. 

C pocroM 8Ha~em l' , t" npR BH'l!HCJieHIDI A.J..f:> (n t l' t") 
B08HHKaDT TPYJlHOCTll C npe,ItCTaBJI8HH8M RaR cromx Ma.TplPlllltt 8JI8M0HTOB, 
Tait H npoMellty'TO"IIHI:lX p98YJI1>TaTOB BH"UICJI8Hd 'IIHCJia.MB'. C "IIJia.BalOllt81 88-
llJlTOil" Ha KOmtpemott 3BA, B TO BpeMSI ltaR A.J..f:>(nt t't")JmJIJlDTCSI It8JI01IHCJI8H
HBMH. )11m TaRlIX CllTYaltllll 6I:lJla paspa6oTaHa H npm.teHeHa H8CTaH,n;apTH8.Jl 
ap$eTHRa, Hcnom,sYJJ!ta.SI npe,ItcTaBJie:ime l!RceJI B BlUte c ::. i t:\ o. f i: , 

r)'.18 a.i. - npocTHe ,mc.na, -t:,~ - npmmMalO'l' n;eJIHe wm nQJIYneme 8Ha~e
mm. Taxon cnoco6 nosBoJIJleT B ,ItaJII,Hel\meM pa60TaT1> co cTenewn.m npoc
THX 'lJHC8JI. C 9TOtt Il8JI1>D 6wm BB8,It8HH CJI8.IJ:.VICIIIH8 onepawm: paSJIO!t8HH8 
,mc.na no creneHHM npocTHX ,mceJI; 8Jil'e6paB'lec1toe CJiose:ime 11:HYX ,mean, 
npe,ItBa.pllT0JI1>Ho pa3Jiozemmx no cTeneHJIM npocTHX ~ceJI; pa8Jioze:ime 
qJaRTOpHa.na 'IltCJia; nepeBO,n; 1IHCJI8, ,Pa8JI01t8HHOro no crenelU!M npocTHX 
,mceJI, B npocTYI) ;itpo61,. IlinoJIHe:ime onepaD,Htt Ha.It 'l!HCJiaMR B .n:aHHoM 
npe,n;CT8.BJI8HHH xopomo B9KTOPR8Y8TCSI, 'IITO Il08BOJIH8T sqxl)eRTHBHO HCilO.lII:,-
80Ba.TI, Ma.TpHlIIDle nponeccopu. 
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Henocpe.1tcTBeHHOe BH'!IlICJieIDie au.a1IeHR:lt iwmtIXIIH R'{\.tt'. t'' C, , R ) 
npn MaJIHX 3Ha'liemmx I"" npHBO,ltHT R 'IIHCJI8HH01!: H8YCTO:I:t1IlmOcTH, no~no-

rq 38M8Ha el<?. (t~r) CTeneHHHMH psma.MH H Y1!8T CBOHCTB MaTplflIHIDC 

aJieMeHTOBA.L~ntt't'?nosBOJIRJIH npe.1tCTaBHT1> RY\tl'.t" (,, ?._) B BH.lt8 

pH.Ita : t'' t' ) 
Rntt't" (r ~ R) :: (-'\) 211'>/zf (n+'\) ( 1:,R)-( ~ ,, exo ~-~ R)" 

. ['ff- c4 A.,_11 (n.tl't:) ( 5 R)°"( s r)"'~-t-, ' 

cJ..:o r:,-=o '\,~o q, • (6) 

r.1te cyMMHpOBaHH8 no q,, npHBO,ItHTC.fl c maro11r1 2. II pH Bll'!IlICJI8HIDIX c sa-

.It8HH01!: TO"IHOCTJ',I) '\,~ BIJ3liBa8T o6pHB 68CROH81IHO:lt OyMM!I, npeBpalll8.fl 

6ecROH8'1iH!,lf CTeneHHO:lt Pfl.It B noJJllHOM ROH81IHO:lt CT8Il8HR. Ha~H08 3Ha-

1I8HR8 q, paBHJieTc.A:p -::.2t~1-t3, eCJIH p~O • Kor.1tap<O ,q,:O 
npH p 1I8THOM H q, ~1 npH p H8'tl8THOM. IlpH r-, ':: 0 Cy-MMHpOBa.Hll8 no 

Q Ha'IIlIHa8TCSI C On-10.'1:'?-= '2l'-t1 '70 • MmmMaJil>H08 3Ha'tl8HH8 CT8n8HH 
{ • ( I '\ OI O DI 

1: Stnin-:: ffil..f\. t, ":,-'i:~-t-1~,.1..• IlpH 3Ha'tl8HH.flX ~-;, , SmiY\. ~ \.. • 
· R'fltt'l" (r,R) MOlltHO ~peo6pasoBaTI> B nOJIHHOM no cTeneHJW ,Itpo6n 

r/p_ : J~~ 2.· t' 
R~tt'r1 (r£R) '° LG~(n,l,t',t'\,R)(r/9.) j- , (?) 

~-d,' 

r.1te cYMMHpoBaHRe no j Be.IteTC.fl c maroM I. 
II pH BH'tlHCJI8HIIH R03(ppl:ID;ll8HTOB G jCn,t ,t' r: ~ 1 R J npHXO;n:HTC.fl MHO-

roRpaTHO BHnOJIRSITI> cooTBeTCTByDIIHe onepaD;IIH ~a.It Ma.Tp:im;ru.m Mntt' t)n 

B8RTOpaMH. BH'tlHCJieHHe 1IHCJI8HHl:lX 3Ha1I8HHfi Rntt' l" ( r, ?.) npoBOJ.O!T-

C.fl no CX8M8 ropHepa. Ta.Kott IlO,ItXO.It n03BOJI.fl8T aqipeKTHBHO HcnOJil>30BaTI, 

Ma.TpH"IHHe nponeccopu. 

BHp8.llteHHe .ItM Rn. t t' t'' ( r 7 R ) TaIOite y,no6Ho npe.1tcTaBRTI> B 

CJieJlYKlllleM mme: r.-t t' , 

C '")'\ - \ ( 0'7 'I l (. , l' 911 
' ~-t-1 

RY\'.,t'.t" O:<-.J-e.x?c\r-:--.,jL"'':"IY'-,-, ,"tt}l;r ·. (8) 

~-::0 

( 
o?'9

11 n"" 
TaKHM o6pasoM, onpe.1teJieHHe Koacf)pRU!ieHTOB Gj n, .. , 1..., ... , ~, 'f--} H 

\-1. (' ( n, ~, t', t': 5 ,'~fJ no3BOJI.fl9 T B y,n;o6uott .I1,1IJl npoBe.IteHHH ,na.1n,Heimmx 

BH1IRCJiemrl1 ~opMe npe.ItOTaBHTI, pa.ItHaJir,HHe lJaOTH npeo6paso:sammx cf/y"HK
D;llft. 

IO 

3cpp9KTHBHOCTI> paspa60Ta.HHOro aJirOpH'!Ma ~ BH1IRCJI8HHSI pa,nnaJll,

HHX tJacTett npeo6pasoBamrux K .It.PYI'OMY JJJtPY iwmt~tt 6wm npooopeHa B 

.JIB3 ornm Ha 3R~ EC-I055M c MaTpH1lHHM MOJtYJI8M MAMO, npH 3TOM 6HJIO no

JIY'tl8HO YM9HI,!ll8HH8 38TpaT BpeMeHH neHTJ)aJII,HOro nponeccopa 3:ai EC-I055M 
B IQ-80 pa3. 

2. CBOftCTBa H aJirODHTMH paCl!8Ta ITJIOBHX ~acTeff MHOrOrreHTDOBHX 

lIBTElrpaJioB. 

Ilpeo6pasoBaHH9 IlO.ItHHTerpaJII,HHX CJI3T9POBCKHX ~ K ,1tpyrOM;/ 

R.D:PY (2), npe.IXCTaBJI8HH9 onepaTOPOB B cqiepH'tl8CKHX KOOp.IXBHB,Tax B BHpa

l!t9IDI.flX ,1lJI.fl MaTpH"IHHX 3JI8M8HTOB xapTpH-qK)KOBCKOro onepaTopa Il03BOJIIIDT 

CB9CTH MHOroneHTpOB!lft HHT8rpaJI R cyMM8 O.ItHoneHTPOBHX. OnepaTop 3JI8K

TPOCT8TH1I8CKOro B38HMO,It8ilCTB:Wl C\,i, 9,j \it-~ r-\ llpe.JXCTa.BJ.U10TCJI pa3-

JIOl!t8IDI8M .IlmJJia.ca. llHTOrpHpOBaHH8 no yrJIOBHM nepeM8HHl:IM npHBO.ltHT R 

nO.!lBJI8HHD B8JJll'!IlIH Teopmr HenpHBO,Itm,!liX TOH3opma: onepaTopoB, BH,It8JI8-

Hl:II) yrJIOBOft H palO!aJIJ',HOtt "I8.CT8ft HHT8rpaJIOB. TaRHM o6pa30M, npH BH'IHC

JI8HHH'3Ha~emrll MaT_pR"IHHX 3JI8M8HTOB .It,lISl MOJI8RYJI, COCTO.flllllDC H3 'tl8THpex 

H 60Jiee JJJ:tep, npHXOJtHTC.fl npeo6paaoBaTI, .no Tpex CJI3T8poBcKHX <W'fiRD;llft. 

IlpOB8.IX8HO CB8,It8HH8 BC8X THilOB HHTerpaJIOB K O.ItHoneHTpOBHM H JIHTerpHpo

BaHH8 no YI'JIOBHM nepeM8HHHM, npH 3TOM yrJIOBYJJ "I8.0To MHoroneHTJ)OBHX 

lIBT8rpaJIOB o6p83YJ)T cyJ.llMH npOH3B8lt8mrlt KOaqxpmn,:eHTOB K.1Ie6ma-rop,u.a.Ha 

H c:qiepH1!8C.RHX cJ.iyHKD;iltt. Ilepme 3a.BHCR'.T OT KBaHTOBHX 'tlHC8JI t L , "'t 
6asncmn: BTOMHHX <J_,ymmd H ltBaHTOBHX 'tlHC8JI t'~ , t~ , no KOTOPlaf npo-

t ' t" HCXOJ.OIT CYMl\fflpOB8lm8, B TO BpeM!I Kalt B~pae - OT i, , i, 1'l yrJIOJlHX 

Koop.JXBHB.T JJ,Itep Bt , Cf..: • Truam o6pasou, yrJioBaSI 11aoT1> lt,lDI 11H'l'8rpa

Jra Ral!t,ll;oro THna npH onpe.n;eJieHHOM Ha6ope !U!aHTOHtX 'IHC8JI t~ , rn.~ H 

38,ltaHHOM OTHOCHT8JI1,HOM paCnOJ[OlE8mll'I Hlt8P B llp00Tp&HC'l'B8 BH-qJIOJI.fl8TCSI 

HesamtCHMO,IlY'l'814 cyw.m:po:eamlJl no npoeKIJ;llmf M:OMeHTOB t', , tZ H k . 
IIOCJI8 aTOro cym.mpymTCSI no t'~ , tr , k npOB3B0)l9tmJt yrJIOBO! 

'liaCTH Ha P8,lllI8.lIJ',HYII, 3aBllCJDltYI) OT paco'l'OJlHld KeBltY ~J!'l'Pamt, EMH'fO
ma ,mceJI l.:. , tt , t'[ , k • B o6Dl9M ony,w.e imoroneHTpoBfll mt'Nrpa.tI 

BHpaJW.8TCR'. 68CROH81iBOI oywaol CJU1l'a8MHX. TOJii,RO ~ ~B'l'p0EX mI

'l'OrpaJIOB Il8p0EpuBa!IlIH, KHH81'Il'tl80ROI 8H8prmt, ~ 0.ltl:IO-, ltBJ'.XSJ!91t'rl)OH

HOro J.t1JIOHOBOROro H nrdpBJtHoro mnerpaJIOB ycJIOBH.ll B8B01'3SHOJJeimlt R0-
~8HTOB KJieoma-ropJtaBa odpYJWJT deCXOli8T.JB08 cylilllmpoEBD8. ~

JI8mI8 :impaaemift amoronenwoma mrrarpuos s Yl'JIOBf!l H pa.ll}W-lilttlYl> 

1JB.O'l'H JIOS:BOJDI9T mlliBOJISI'f:& ODOBPfJlll9DO rpymm D'l'9J:'pUOB, D!eW OJnt
mutOBH8 paJlHSJINmO tmO'ffl II OTJD'llf!D!OittCII JI:P1r OT ~ nadopaat IE.rDT

mll JtBaB'l'Om.a: 'IHC8JI mi. , yr.10J!lill'. 1t0op,101u• 8~ R Cf i- , onpe~ 

r80fl.l8TJ)l!ll801tj'I) .l.tOI$n'Ypaum:> II,1l8p, U: m,JlaHRTI, n&pLUa.nm.1.9 mntreatmut. 

C 8'1'01 Il8JIM> yr.10:eue ,mom ,PX 1Di'1'8rpa.t[OD OT OJD{G,mO'llAmilX OIHlpa'l'OpoB 

np8JlC'l'aBJl8HB lCa.TpmJZWil, HM8DIDH pamepROO'fl, ( 21,,t-1)" C 212,-t-1) 
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n samrcsmnn,m O'l' t c., k • 8 ~ , Cf i: • B CJiytme HHTerpaJIOB OT .ItBYJCtraC-
'ffltmHX onepaTOpoB BB8Jt8Hl:l 1cyII8J)MaTpnuf' c pasmpHOCT:&D ('2.t-\-t 1) ,. 
,,_ ('2.tf'° f)~ (2t7,t-f),{2.t~-tv. IlepeXOll OT 6asHca KOMIIJI8KCHWC $pIPr8CKill 
~tt R CSaSHcy peaJII,HHX nocpe.1tcTBoM YHHTapHoro npeo6pasooomm EeTe 
H HCllOJll,30BaHK0 CBOffCTBa C.HMM8TPHH c<!JepR'tJ8CKRX ~. MaTPllll npe
o6pa30BaIDm R R03ifxpHna:eBTOB KJie6ma-rop.uaua Il03BOJIHJm npR BI:l'IJHCJI0BRH 
MB.Tp:im YTJIOBHX 'IJB.CT0ft YM8HmHTb npe.1teJIH CYMMRpo:aamm no OJtHOll lI3 
npoeRitl'dt OT ( - t ~, t ~ ) llO .( 0, ti- ) • 

TpexneB'rl)OBRff H llBYXI(eBTPOBHll OCSMemme HHT0rpa.m1 HrpalDT BaxtHY!) 
pOJib B T80pHR MarB8TH3Ma MBoroaTOMBWC CHCT8M, B 'IOOpml'. BHCOltOT8MII8-
paTYPBOI CB8pxllpOBO,ItBMOCTK, T8.R MK OHH onpe.1teJI.fDDT 3Ha'IJ0H!UI ROHCT8.HT 
oCSMeua B COO'l'B0TCTBYDltHX o6oCS~emm.x CillIBOBHX raN.HJib'l'OHHauax. 

B YTJIOBYJ) ,men BC8X MHOroneHTPOBHX KHT0rpa.JIOB B Ka'IJ8CTB0 MHO
UT8JI8ft BXOMT KOSqxl)BinieHTI:l KJie6ma-rop,ltaI:la. Henocpe.ucTB8BB08 BI:l'IJKC
Jiemte RX 3Ba'tJ8HRtt B nponecce paC'tJ8Ta YTJIOBHX 'tJaCTett Ha 3BM !IpRBO.InlT 
K 60JI1,Ii!HM sa'rl)aTaM BpeMe:im neuTpMI,uoro nponeccopa. IIpR pac11eTe RH
Terpa.na MBor01tpamo HCIIOJll,SYJD'l'CSl o,mm H T0 Ee ROS~8H'l'I:l K.n:ec5ma.
rop.uaua, Be roBopSI y;xe 06 HCIIOJll,30:BamtH O.JnmaKOBHX K03~8HTOB npH 
mI'IJHCJl8HmI paSJIH"tJHHX HHT8rpaJioB; 60JI88 TOI'O llOBOJThHO 'tJaCTO 'IJHCJI8HHH8 
3Ba'IJ8HRH K09(tq)RWI8HTOB K.n:eCSma-rop.uaua COBIIaJtax>T BCJI8,ItCTBH0 CBOttCTB 
CHMMe'l'pHH. IIpoB0Jt8HH08 H3Y'1l8mt8 IIOJiyttemmx mipBllteHRll ,IWI yrJIOBHX "tJac
Tett IlOSBOJiltlIO BU.lt8Jlll'.Tb B Ma.CCHBI:l CJI8,eylmtK0 npoH3B8Jt8HWI K03tf,qmll,ll8H-

TOB KJie6ma-rop.uaua: l · · -l n \ · l 
~ , • ~1 h_ h I )1 J'l h _l 

. ~('2.J,i"°")l2ji'"9/(2Ji'°',) _o IJ D_ Lm,\ m,_ Y'(\~ 

H B Jl8JII,H8flm.8M RX COXpaHH'l'b BO BHemHett II8MHTR 8BM. IIpOB8,It8HO pa3,It8JI8-
Hl!8 STHX Ma.CCHBOB no 'l'RilaM H orrp8Jt8JI0Hl:l IIP8.It8JIH RSM9H8HIDt B KlllltltOM 
TlllCOM MaCCHBe: nepBHtt - lWi BC8X ~8HTPOBHX 0,ItHOSJI0RTpommx llHTer
paJIOB, BTOpoll - ;l1,1I.fr eyJIOHOBcrn, TP8THI - wm rzCSpK.ItHHX, "tJ8TBepTHll -
lWi llB"JX- R 'l'P8Xll8HTPOEIHX 06M8BHHX. KpOM0 TOro, BI:lll8JI8H IIH'l'Htt (JtOIIOJI
HJillJXIDI 'IJ8TB8p'l'Hll) Ma.CORB llJIH Tp9:xrt8HTpOBbtX KY~OHOBOKHX H 'tJ9THpextieHT
pOBHX IDIT0rpa.7IOB. ,1LIDi BI:l'tJllCJI8IDm 3JI9M9HTOB 3THX MaCCRBOB HCIIO~bSOBa
H!l Kalt peeyppeH'l'HI:le COO'l'Homemm llJIH K03qxpHUII8HTOB·KJia6ma-rop.uaHa, 
Ta.It H aJire6pa.H1I8CKH8 BJ:lP8llt8HWi ltIDl,Itos~eHTOB BHI'Hepa. Taltllte npe,It
~0~8HO COJCpaHHTb TpeyrOJibHI:l8 Ma.T,PRinl, SJI9M8HTaMlr KOTopmc SIB1UmTCH 
:ma"tJ8Hllll npHC08.It:iraemmx qiyHK:tniit J!8llta.Hltpa Pt ( )<.} • Bc~0JtCTBH8 CSoJIJ,llJll 
3Ha1l8Hd MOM8HTOB ( lt 7 30) IIpR H8IIOCp8,ItCTB8HHHX BH'IJHCJI8HIDJ.X Ha 
SFlJ KOS<WlHnH8HTOB K.n:e6ma-rop.uaua. H npncoe.zumaHBHX (!JYHKUllff J!81Ka!Oij}8. 
IIpHMeHeua H8CTaH",ltapTHru! apmpM8THKa, HCIIOJThSYIWtruI rrpocTH8 'tJHCJia. Hc
IIOJll,30BaHRe CBOttCTB CHMM8TPHR KOsqxpHD,ll8HTOB K1Ie6ma-rop,naua IIOSBOJIRJIO 
CYIJ{8CTB8HHO YM8Hb!l!HTb o6~eM RCIIOJll,3Y8MOtt IIaMSITR .ItJIR IIHTHMepHHX Mac-
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CHBOB OT )-\ , j 2. , ~ ') , m .,_ , m ?, , 3JI8M8HTaMH KO'l'OpHJC SIBJIHX)TCJl npo
H3B8ll8HRH Rol$Ilm:~rnHTOB K1Ie6ma-rop.uaua. C STOtt Il9Jib!) onpe.1te~8HH npe

Jl9JII:l R3M9H8IDm 3Ha'tJ8HRft napa.ueTpOB 51 • 5'2. • s 3 ' '""'-1 • l'Y\?, • CTpyK
TYpa K opraHHSa]lltff Ma.CCHBOB, a TaRllt8 IlOJIY'tJ8HH a.nreCSpa.H'tJ8CRH8 BHP8.l!t8-
Hllfi ;Il,7IJi aJtpeca, KOTOpse HCIIOJI1,3yi)TCSl npn BH60pKe HYEHOI'O 9~0M8HTa 
HS MaCCRBa. 

Kait OTM8'tJ8JIOCb, IIPRM8H8HH8 MaTplflIHHX npoueccopOB IIOBrma8T 3!p
cp8KTRBHOCTb HCIIOJil,30Ba.HHH H8CTaH,Ita.pTHott ap$8THKH, KOTOpa.Jl npHMeHSI-
8TCSl npn BH'llllCJI8HHH xoaq$IllJ'leHTOB K.1Ie6ma-rop.uaua. Paspa6oTamme a.11-

ropHTMH paC'tJ8T8 yr~OBHX 'IJ8.CT8ft MHoronau'l'pomzx l'IHT8rpa.noB II08BOJISDD'l' 
TaRl!t8 3(fxIJeKTRBHO HCIIOJibSOBB.Tb Ma.TpH'tJHI:l8 nponeccopu. 

IlpHB8,lt8HHJ:ltt 'IJHCJI8mruft 8H8JIR8 yrJIOBHX 'IJB.CT8it IIOKa8HBa8T, 'IJTO C 
pooTOM sua110mtit MOM8HTOB k , t' t , t{.' 3Ba'IJ8HRSI yr~OBHX 'tJaCTeii, ItaK 

IIPaBHJIO, OCD,llJIJIHPYIO'l', npH.3TOM llJIH RY~OHOBCKHX l'IHT8rpaJIOB H8 CTp8WIT
cst K HYJim. B OCHOBHOM, CXO,ItRMOCTb MHOrOil8HTPOBHX RHT8rpaJIOB OIIp0Jt8-
JIH8TCSI RX pa,wra.111,HOll 'tJ8CTbD. B c.ny,me BHCOKO! ClIMM8'l'pHR HCCJl8@MOA 
MOJI8KYJIH yrJIOBH8 'tJaCTH MHoronaH'l'pOBHX RUT0rpaJIOB JIBJIIDJTC& HHBapHaHT-' 

HWm B8JIH'tJHHaMR, H9 saBHCJimHM!{ OT M0!tl!lt8pHI:DC paCCTOSIHKtt, IIOSTO?q 
pac'll8T K IIOCJI8JtYD!188 38IIOMHH8HH8 cynepMa.TPRil llJIH COOTB8TCTB91.t4ll KOH
ipHrypa~ H,lt8p R TO'IJ8'1JHHX rpynn ll03B0Jllll)'l' cyI118CTB8HHO ynpOCTHT• R 
TeM CaMW,{ ycROpHn BH'tJHCJIHT8Jn.HYft nponeco m1T0rpa.110B. 

3. Pamr8JIT@i8 "tJaCTH H OXOllllMOCTb MHoroneHTOOBHX HHT0fPM9B. 
IIpeoCSpaaom:ime MHoroneH'rl)OBI:lX HHT8I'paJIOB R OJlHOJl8HTpOBHM H :ira

'1'8l'PHPOBaHH8 IIO yrJIOBHM Il8p0M8HHHM IIOSBOJlSDOT BWJ;8JIHTI, paJtaaJil,BYJ) 
~C'l'b MHoronaHTPOBHX RHT8rpaJIOB. CaMr:tlt CJIOJCHI:lft BHll m181)T pamm.m,HH8 
~cTH :iraTerpaJioB sJie1tTpocTa'l'H'tJecxoro B88.l'IM0.1telcTmm sJISRTPOHOB: 

0000 \<. 

Rk (X-1, ')(. 2 ) =- ) ~ 1\-t-1 )(" (r,...)')\
2
(r2")~'2.dr,.. r~dr 

2 
, 

0 O '> . 
(9) 

r.11e '-'- npe.1tCTaBJIJI0'l' Mem,mee, a r,. - 60JII,mee HS paccTomml ,~ R 
r2 • X ~ (r) npeJJ;cTaBJUieT npoRSBBJteHHe llBYX pa.IntaJil>HHX ~. sa

BRCRillll OT O,llHOI H TOA llt8 pa.InlSJil,HOI nepeM8HHO!. IIpH CB8ll8HKR IIHoro
neBTpOBHX KHT8rpa.noB K O,llHOU8H'l'POBH111.MaKORM:a.JII,H08 'tJHCJlO npeo6pasoBSH
BHX llO.l1HHT8l'paJII,HHX BOJIHOBWC Wlilt4d paBHO Tp0M. 

IIpoB8.1t8Hmrl! aBaJIB'.3 llOJIY'IJ8HHHX BHpalltemrlt IIORS3Hl388'1', 'IJ'l'O npH mi

'tJJiICJiemm Ralltltoro KOHitpe_THoro RHTerpaJia Tpe6yeTcst orpamr"tJemmft ua6op 
'1'81WX BCIIOMOl'a'l'8Jll,Ht,tX RHT8rpSJIOB, Rall'JUdl: RS KOTOpmc MHoroRpaTHO HC
IIOJibSY8TCSl npH ml'IJZCA0HRR 3Ha'IJ8HIDI pa,mm.Jll,HOI tm.CTH RHT8rpaJia. IIPH 
3TOM 8TH BCllOMOraTOJil,BH8 RH'l'erpa.,ru CMsaBH M8l!JtY coCSol Ilp0CTmm pe
ltY'PP8HTHmm COOTHOmemmr.m, IlOSBOJVllJllllll,m B 8Ha'tJHT0~bHOI CT0ll8BH COltpa
THTl, o6'I,eM BI:l'tJJiICJI8HKI. 
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IIpoBe.n:emrul aHa.Jm3 pe:eypp8HTHHX COOTHOmem ,ItJIH 8THX HHTerpa.nOB 
Il03BOJIHJI nOCTpOKTI, BH"lllICJIHT8JIJ,HH8 CX8MH, ,llaD!tH8 MlilmMBJII,HH8 IlOT8pH 
TOtmOCTH. IlOJiyq8HHH8 pexyppeHTml8 COOTHOW8HIDI ,ItJIH BCIIOMOraTeJIJ,ImX 
HHT8rpB.JIOB ll BHpazemm ,ItJIH pa,ItHB.JII,HllX 1JaCT81t ll cru.mx MHoroneiiTpOBHX 
HHT8rpaJIOB Il03BOJifl!)T HCIIOJIJ,30BaTI, Ma.TpHtmH8 nponeccopH ,ItJUI Bwm:c~e
HH1t IlOCJl8ltHHX. 

.AHa.lm3 'IIlICJI8HHliX 3HaTI8mrlt MHoroneHTpOBHX HHTerpaJIOB Il0,ItTB8p!f.lta-
8T TOT @aitT, TITO CXO,ItHMOCTI, p,r.na o6ecne~aTca pa.ztHaJIJ,H01t TiaCTLD. 
Ha npHMepe MM8KYJIH M9Ta.Ha IlORa3aHO, TITO TO'tJHOCTI, BHqHCJISHHHX Tp9X
ll0HTPOBIDC 06Mammx HHTer~oB ltOCTHI'aeT C8MH 3Ha1mJill!X D;II~p. 9CJIH 
YtmTHBallTcH .It9CHTI, q,JIBHOB B cY}!Me no k . 

}LJrJI ycxopemm CXO,llHMOCTH ps!.JIOB, a T8M CaMHM, ,It0CTID!t9HIDI 6Mee 
BHCOKOtt TO'tIHOCTH BHtmCJieHHtt K j'M8Hl,lll9HHH aaTpaT B!,lq:0'.CJIHTB~I,HHX pecyp
COB SBA Bal!tH09 M9CTO HM98T BH6op ll0HTpa, K KOTOPOMY npeo6pa3ytOTCH 
no.mmTer~I,HH0 qJyHKD;IIH, TaK rum npIDCO,ItlITCfl C"lllITaTI, COB8pm8HHO pa3-
JII11Il!H8 pa.zmam.HHe HHTerpaJIH co CBOHM xapaitT8pOM CXO,ItHMOCTH ,ItJllI 6ec
KOH8'!IHOro cyw.mpoBaHHI! no k , a TaKllte 6HcTpoTott YM8H1,meHHH aMJJJIH

TY.mmx 3HaTiemrll: .IWI PaJtRaJII,HllX TiacTett Rn•1.,l-1.,t'.· t'~ (r,R) c pocTOM 3Haite-
' II L i, 

HKii ti.. , tL B 3aBKCHMOCTK OT npOH3B8.D:8HWI s·~Ri., ; TI9M Mem,me 8TO 
3HaTieHKe, T8M 6HcTpee YM9HI,!JlaDTM aMJJJIHTY.IW. Truaru·o6paaoM, Heo6xo
.llHMO npH BH'!!l!IC~9HKK Raxotoro MHOroneHTpOBoro KHTerpa.na BH6HpaTI, Ta.KOH 
o6d ll0HTp, Mil KOToporo 6yltfT MHHKMaJIJ,HHMR 3HatI8HKH ~.:.P-L, • Ta6JIH
u,a J KJ!JIIlCTPHPY8T CXO,lJ;HMOCTI, .n:BYXU9HTpOBHX 06MeHHHX HHTerpaJIOB O 2s 
H 2p~,1T C~T0p0BCKKMH ~. ,llJUI MeEl'J,Il.;epHoro paCCTOHHHH R = 8 aT. 
8,It. H ~i, = I. 

Ta6.mma I. CXO,ItHMOCTI, .IlB1XU9HTPOBHX o6M8HHHX IIHTerpaJIOB 
(3Ha.1I8HIDi B aT.9,It.). 

k (i;Ase.lGA~e1•\o'?i (5Ab~\SAbr.,J,,.\i}'?> ., ('tf~Sc,\"rrA':>r.}\0
5 (s p..1\" ~ \ 5,Ji ~~Cf 

0 I,!9023423 I,43730!85 0 0 
I I,83!0!060 I,97450253 4,08327672 2,0752!3!6 
2 2,09749642 2,!5532373 6,65067046 4,40845306 

IO 2,24474435 2,24467894 8,34!02585 8,3!067254 
20 2,24475803 2,24475964 8,34126978 8,34097432 
23 2,244759!0 2,24476002 8,34!27022 8, 34!!69'76 
24 2,2447593! 2,24476008 8,34!27033 8,34II9849 
25 2,24475948 2,244760!2 8,34!2704! 8,34!2!847 
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KaK c~e,nyeT K3 Ta.6.lmI:ni I, npK k = 25 .ItJili (SA5~\G;,.Se,) JtOCTH
raeTca coBna.n:eHKe 6 3HatialllHX nmpp, a .ItJili (T\"11.5e,l'Tfp.5e,) - 4 UR/ilp, 
npniieM, O'tIBBK.ItHO, TITO npo.ztomceHHe cyMMKpoBamm no k .zto.mmo npBBec
TH K COBIIa,lJ;9HK10 60Jihm9ro -rmc.na ~p. TO'tIHOCT:E. Bl:ltm:Memm HHTer~OB 
C sAc:e, \sA~r.i ) H (wAs~\1rAsB ) npn k = 25 paana 8 aIIattantHM 
D;l!ippaM. 3HaTI8HWI 8THX KHTerpa.noB, Il0Jzy"1I8HHH9 M.KOTB.Hll IlYT8M mIT8rpH
po:samm B opepOK,Itam.HO! CHCT8M8 KOOP.ItlIHaT C HCil0~30BaHK9M pasJIO'ESHWI 
HefiMaHa, paBBH (~A$e,\GA$e,) = 0,0022448, (1\,-.Se,\ii"t,.Si>)} = 
= 0,0000834!, COOTB8TCTB9HHO. AHa.norni:moe cpaBH9Hll0 ~ RY~OHOBCRHX 
,ItByxIJ;8HTpOPHXHHT8rpSJIOB .n:aeT COBII8Jt8lll'r9 3HaTiemni C 8 3Ha~ URif>
pa.MK, npl!B9.It9HHHMR M.KOTaHH, TITO IlO,ItTBepxoi:aeT aqqieRTl!BHOCTI, M0TO,lJ;a K 
npaBM1,nocn pa6om paapa6oTaHHoro·naiteTa nporpa.MM ,ItJIII mqzc~emm: 
MHOroneHTpOB!lX HHTerpa.noB Ha MBK 11 3JI:E.6pyc". Paapa60TaHHH8 aJII'OpI!'l'MH 
Il03BOM10T npm.t8HRTI, MHor9nponeccopHH8 ROMIIJI0KCH Ha 6aae nep~pmbmx 
MaTpH-cnmx nponeccopoB, Hanp:imep, EC-2706, l! pacna~eJIHT:& He TOJIJ,RO 
BH13llM0HHH Pa.rutaJI:E.HllX lI yr~OBHX lJaCTeit MHOroneHTpOBHX HHT8rpaJIOB, HO 
K c&mx HHTerpaJIOB: Kj"JIOHOBCKRX, rH6p~. o6Memmx, nepeRpHBamm, 
KKH8THTI9CKOit 8H8pl'lm H ;n:p • 

4. IIoTe'HURall paccesnnm. Y1I0T aqxpexToB aJieKTpoHHo:t:l Roppe.JPIIDm. 
Ilpe.ztCTaBHB B~OByl) ~D;l!lO HenpepUBHOro Cil9RTpa H IIOT8HD;IIB.JI BsaR

MO,It0!tCTBKa CKCT0Mll 111'«lJI9KYJia-paoceHBaewA 8Jl8RTPOH" B BH.D:9 paMozemm 
no cif)epH1!8CKKM ~. onpe.zteJiemmM B CHCT9M9 Il8HTpa Ma.CO, CTaURO
HaPH08 YIIl npeo6pasyeTca B 6eCROH8,myl) CHCT9MY' ,ItlI<fxpep8HIJ;ll:8JI1,HliX ypa.B

Hemrl! BToporo no.PJUtRB,, ROTOpaa: o6pUBa.8TCH BHdopoM MaKCBMaJIJ,HOro 3Ha-
1I8HKJI Sml1>\.t npH ROTOpOM pememm ROH8itHOit CRCT8Mil ypaBH8mIA o6ecne,m
BaDT H806XO.ztHMYI) TOTIHOOT» Ma.Tpm:J;H paoce.R:HHH: 

( d2. _ c;(S-'<'t°) "t' '2-). ~? Cr )-2)t,\vr (c-') cf ~r}=~ AJ..u:(r-J, (IO) 
..1 .. ~ r'l. s , s<;,' 1sc;; "L.:.. 
Q, '5-.:1 d.., 

r;n:e u~ Cr) - pa.n:HSJII,HB'.8 lJaOTH npeo6pa30BaHHIDC R It8HTpY' Ma.CC O;n:H08~R
TpOHimX MOJI8RYJIR:PHHX (py.l:IRIJ,d, A,j... - MHODT8Jm Jiarpamta, . odecne1ll!Ballltlle 
opTOrOHaJII,HOCT» BOJIHOBOI ~ nenpepUBHOro Cil81tTpa O MOJIEIR;v"JmpliliMlI 
~ 8aIIOJlH8HHUX COCTO.mndt TOI E8 cmweTpml, ~; (r) - p8,Itl,Ia.Jil,HFi8 

'IJaCTH paSJIOllt8HHJI .It,M {pymtll;iIH HanpepimHoro CII8RTpa, vPcr)- Wl'l'PHUa 
pa.n:HSJI1,HO:tt 'IJaCTH IIOT9HD;IISJia paccemwr. HBlt8RC ? yml3UBa.8T Ha aa
BHCID40CTD OT npoeRil,'IIH MOM8H'l'OB • .HJm BOJIHOBHX ~ llmlll8lll'r 68.PYTCK 
pemeHKJI ypaBH8HWI (I). IIo-reHURSJI paocesmIDI V( f') lD488T CJI8.11YDitK9 coc
~e: C'l'aTn8CJ.tYI) Vs't.C?), noJmpHSSUROBHy!l Vpol(r) H odMe:HHyD 
- Vex.(?) . .1IOMKID'lpyJt.14d BKJ.ra,It ,lta8'1' C'ffl'l'lill9CKa.R: COCT8.BJ.tlIJlll8J Y-:,\C?) 
RO'l'Opa.R: Ollp0lt8Jm8TCH no BOJIHOBHM ~ Mm118mI • .HJm onpa.ne~emm: 
Vrotl<')ucno~aoBaH IlOJJy'8Mmlplt'!i80Rlrlt M8'l'Olt, a ~ Vc-J. (7) - IIOJJYRJISC-
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Cllll8CKSSI MO;D;8JIJ, 06Mam1oro IlOT8HD;R8Jl8. :wm MO;n:8JII, CB060,llHOro 8JI8KTpOH
HOro rasa. P8JIRMl,Hll8 'tlaCTH paSJI01t8HRJI no $p~9CKHM {py'HRilllRM ltJllI 

V'Ft('?)H Ve..,_(r) onpe;n:ammTC.a: l!RCJI8HHO c n:cnOJib30BamteM rayccoBoi1 
Im8JtpaTYPH H8 mme 32-ro nopRJt}ta. B c.ny,me C~T9p0BCKH.X 6a3HCHHX 
w.YHKJ.(llft ltJliI onpe;n:eJieHWI Ut(r-) H 'J.,..._cn HCIIOJn,SOBaHll p83YJIUaTH, 
KOTOJ)H8 06CY7ltltaJIHCI, paH8e. lJ,Jm CTaTli'l'li0CROI'O IlOT9HilllaJia rrc.nyqeHO aHa

JlHTli'['l{9CR08 BHpmtemi:e, B ROTOpOM Bwt0JI8Hll p8JIR8JI1,HBJI H yrJIOBaH 'tlaCTli'l. 
YrJIOBYJ) 'tlaOTI, o6pasym Cj'MMEI npOHSBe;n:eHRfi K08~0HTOB K.ne6ma.-rop.zta
Ha H CqJ8pHll80RBX CWHKIJ;d. Ileplllle 88.BHC.ll'r OT RBaHTOBHX l!RC8JI tc. , hlc:, 
BTOpue - OT TaKRX za KBaHTOBHX 'liRC8JI H cqiepHqecrorx xoop.mraaT 80.: , 

Cfo, , ROTOpHe onpe;n:e.mmTCH reoM8TpHeft MOJI8KYJIH H Ha.IlpaBJI8Hll0M ,IU3H

zemm paoceHBa.eMoro aJieRTPOHa :wm noaHTPOHS.. 
IlpH Mo;n:eJIRpOBamm M8!CMOJI8KYJJJl'PHOI'O B3a~o;n:ettoTBHJI, :xm,mqecrorx 

pea.itnai H006XO,Itm40 onpe;n:eJIRTb H HOCJI8;D;OBa.T:E> (py'lmI~IU> V ,:.,Ir ('?) • C :noi 
It9JIJ,I) BR6Ipam'CH c{!lepn:qeoKHe IlOB0PXHOCTI, ltJllI ROTOPHX: sapaH00 B,l'tfflC
JlfillTOS 3Ha'li8HWI pa,ItltaJil,HJ,D( ,mcrel 'J-.,\ (r') H B .nan:&H0:ihn9M IIpOH3BO;n:HTCH 
BH'tfflCJI0HJI0 yrJIOBOft qacm ,ItJIH KaxutOI'O BH6paHHoro HaIIpa13JI0HIDI H Cyrv,MR
pOBaHRe COOTB0TCTBYJllllKX npon:sBe;n:em pa,nHaJII,HHX H yrJIOBilX 'liaCT8ft. 
B c.nyqaa CKMM8Tl)KimliX_ MOJI8K.YJI BH'tfflCJIJDlTCJI V-..\- ( c') ltJllI H8IlPHBO;n:m,U:lX 
rrpe;n:CTMJI8HD 'l'0118tntOft rpymtH MO.Uf:Y'Jllr Tam o6paaoM, paspa6oTamrall 
anropn:m paonapaJJJieJDIIBI.H liS-cmCJI1u:m V,-..\-(F) • 

lJ,Jm JIRH81lmx MOJieKJJI ( TO"Ie1DS8 rpymIH CHMM0TPHH. - 1)(J()h , Ct,0h ) 
npoeKJ.(IIJI IlOJIHOI'O op6HTaJI:&Horo l\lOMEIHTa 8JI8RTpOHOB H8. OCI, aKCHaJI:&HOft 
Cm.M8Tplm ooxpammTCJI. B 8THX ~ npOH3BO;n:HTCH pa3JIOl!t8Im8 IIOT8H
IlllaJia paccesmwi no nOJIHHoMDt .lemuoq,a. B KaqecTBe 6asn:cmn: if}yHKnlrlt 
,ItJm: 1IOCTp08HRJI npH6Jimlemmx OltH03JI~KTPO!IHNX MOJI8K.Y"JJKPHHX BOJIHOBHX 
{py'HRuHI umaemr IIPJ{ paBHOBIOmtx KO~ ,uep lJBCTO BM00TO c~
T8POBCICHX n:cnOJn,SyMCH rayccoBcKHe. C aiol ueJII>D paspa60TaHll aJII'OPHT
Mll Bl:ll!RCJI8HHS pa)l;RaJII>HOit 'liaCTH CTaTH'li8CKOI'O IlOT8HilH8Jl8. nyT8M TpaHc!I>op
MHpoBaHRH npOR3B0.lt8HHJI rayccOBCKHX qiymt!J;.11 K U8HTPY Ma.CC MOJI8KYJIH, 
HC1IOJII,3YH paSJiogeHRe 3KCilOH8HTH MO,ItH~HIJ;HpOBaHHHMR {py'HRD;Km.m EecceJJK 
MHHMOI'O apryM9HTa: 

e.:,C.9 \:-~(r"-R)'l.}= 4TI e_,r.?t"\(f'l.-t~)j) ':,it('2:~rR.)\:o(r~.~~).(II) 
' 't 

B Ka'liecTBe TacToBoro np~epa BS.ll'ra MO.I[0KYJia N 2.., llJilI xoTopott 
npoBe;n:eHO H3yt18Hl'I8 BJmsmHJI annpOKCm,w.n;ID! MOJI9KYJIJipHHX {py'HR:a;1d\ B S , ? 
CJI3T8pCBCROM 6asHC8 raycCOBCKKMK Ha pa;n:HaJII,Hj'IO '1{8.CTI, KOaqxl)~eHTOB 
paSJIOS8HHJI IIJIOTHOCTll aapsma H CTSTli'['l{8CKOI'O IlOT8HD;Ra.Jia. TaI018 paccMOT
peH Bonpoc CXO;n:HMOCTli'l 3H8'1i8Hd IIJIOTHOCTli'[ sap~a Ha OCH MOJI8KYJIH. l!Hc
JI8Hml8 pesyJIJ,TSTH 1IOKa3HBallT, '!{TO Ka'li8CTB8HHOro C0Bll8Jt8mtll pesyJII>Ta-
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TOB ,IlJUl pa;n:HaJILHl:lX qacT8R MOlltHO ou;n:aTI> npH annpoRcm.mpoBamm OJI3T8-
pOBCKHX rliYmtllllll H8 M9H88 ~BM IljITl:,I) rayccOBCKID,m. lJ,Jm 3::EM EC-1060, 
EC-I061 003,ItaHH IlaK0TH nporpaMM ,ItJISI BH'liHCJI8HHJI 3Ha'l{8mi:ff pa;n:HBJlLHHX 
lJBCTeff pasJioxeHHJI lt1DI nOJIHoro nOT9Hilll8Jl8. pacceJIHHJI. C :a;eJiaD H3yqemi:JI 
npOcTl)aHCTB8HHOro pacnpe;n:eJieHWI M3II oos;n:aHa HHT9paRTHBHaJI CHCT8Ma 
Ma.lllHHHO:lt I'paqliIKR ltJliI Ilp0ltCT8.BJI8HWI HSO.mnmfl: llOT8H:a;HaJia B OIIp8,It8JI8H
HllX C8'1{8HHJDC. 

IIpoB8lt8H yqeT aqxl)eKTOB 3JI8KTPOHHOtt ROppeJI!iUHH nyT0M HOllOJI~30Ba
HHJI r.moroqacm,mo:tt TeopHH BoaMYI1temrtt Pe.I[eH-llipeltRHrepa n: MeTo.n:a cynep
noSHilHR KO~Ht'YPaD;ldi. P88.lIH30BaH HT9paWIOHHirlt npo:a;ecc, B KOTOPOM ltJliI 
OT6opa HaH60JI88 Ba.mm:x lt8T8pMRHaHTOB B MHOI'OKOBP:lll'YP!llll!OHHYI> BOJIHO
BYIO cpyH!tl.(IID ncnonsyeTCH T80pHH B03MYI!t8Hl:Iit. HCOJI8,ItOB8JlOCI, OCHOBH08 
3JI8KTpOHH08 COCT<>mme t'A,. MOJI8KYJIH BO.ltH. Pesym,TaTH pacqem H RX 

CP8.BH8HH8 C p83YJII>T8.TaM3: llle({xpepa rrpHBO.n;stTCS B m6Jm:a;e 2. CpaBH8HH8 

Ta6JIHIJ,9. 2. Peaym.TaTH yqeTa 3Jl8KTpOHHO:lt KOppeMl.(IIH 1I,1IJl COCTOJIHHJI 
MOJI9KYJIH f½0 M8TO.ItOM cyn~pnoaHD,lllI KO~paun:fi CK. 

BoJIHOBaJI <pYHKUIDI lJHCJIO KOH- IlOJIHaSI a Hep- 3H9pl'M 
~Illlti I'RfI KOppeJIHitd 

CCII l -76,009838 0,0 
(-76,009839) 

CK CO BC8Mlt mryTHBMK 342 -76,1491?8 -0,139340 
B036yameHRm.m 1) 
CK CO BC8MR OltHO- H ;n:B~-
KpaTHI:OOI B036Yllt,lt8HWiMll ( "::,-\"1)) 

361 -76,150DI5 -0,140177 

CK co BceMlt c s~1J-\-T r 3203 -76,15II56 -0,1413I8 
CK CO BC8MH ( 'D-\"Gl,) 1481? -76,155697 -0,145859 
CK co BC8Mlt .( S"TD-+ T-+ Q) 1?678 -?6,157603 -0,147765 
IloJIHoe CK 256473 -76,157866 -0,148028 
CK Ha 6asHce (287) (-76,107550) (-0, 09??II) 
ROIIW:lll'YPanHff, OT06paHHHX: 
HT8paIJ;ROI!HID4 M8TO.IJ:OM 

-"- (II94) (-?6,145417) (-0,135579) 
-"- (3308) (~76,152096) (-0,142258) 

IIpHM8'tlaHH8: B CK06KaX - pesyJib'l'aTH, IlOJIY'l{8HHll8 no paapa60'1'8.HHOMY 
IlaK8TY nporpaMM H8. 3BM EC-I060, TH G, 0603Ha,ml>T 
Tpex- H ~eTHpa:ntpaTHUe BOS6yx,IteHHJI, COOTB8TCTB8HHO. 

peay.nI>TaTOB ll0Ka3HB8.8T, 'liTO qiymtl.(IIJI C 3308 ROH!pHrypan;mmm, OT06paHHH
Mll no ;n:aHHOMY aJirOPHTMY, .n;aeT IlpaKTli'lll80Im T;f llt0 3H8pl'Hll ROpp8JIIIIlllH, 
l!TO H npH HCil0Jll,30Ba.Hlll'I BC8X O,ItHO-, l!BY-X- H TpeJCKpaTHO ~086Y'Z,U8HH!il 
ROH.qll!rypa~ff (-0,142258 H -0,I413I8 BT.e;n:., COOTB8TCTB8HHO). 3TO COC
TSBJUI8T 96% OT 3H8prlm KOppeJI!iUHH npH IIOJIHOit cynepnosmnm RO$rypa
~:tt (2564?3 ROH!PHI'YI)aIJ;Idl:). 
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5 • .AJiropH'l'MH pememm YllJ ltJUI KOJI86aT8Jil,HOfO ID3lut8Hllll. 
M3B8CTHH ,m3a MeTO.zta pemeHM MHOrOM8pHoro Ylll .ItIDI KOJie6aT8JII,HOro 

,IU3:l!E8Hlm B HOpMaJII,HHX KOop,ltllHaTaX: BapRaD,HOHHll:tl: H CCII. IIpKM8H8Hll8 
MeTo]ta CCII XapTp:a-'l)oKa <t)aKTopa3yeT MHoroMSpHoe y-paBHeHHe B cncTSMY 
HHTerpo,llH{p'pepemnram,HHX ypa.BH8HRll K ltOIJYCKa8T pacnapaJLJ18.mma.HRe BH
~CJIRT8JII>HOro npouecca. Ka!utoe n3 ypa.BHemrtt HBJIBeTcn YJJI .ItJIJI aHrapMo
mrqecKoro OCIJ,HJIJIJITopa c s{p'peKTRBHHM IIOT8HUHaJIOM. 8TR Ypa.BH8HRII MHOro
KpaTHO pemaIDTCH IIOKa He ltOCTRra8TCH CaMOcor.rracoBaHHOCTI> pem8HRH .ItJIJl 
CHCT8Mll. B CJJY'!Jll8 OltHOM8pHoro a.HrapMOIDPi8CKOro OCmt}LIDITOpa HM88M Jra
H8:mi08 O.ltHOPOltH08 ,n:aqxpepeHit1IaJII>H08 ypaBH8HH8 BTOporo IIOp.RltKa C rpa
Hll1IllllMR ycJioBHJOOJ JI}IpHXJie Cf (a.)-:: Cf lb) =0 , H npHMeHemre KOHe1IHo-pa3-
HOcTHon cxew npHBOltHT K a.,rre6prurttecKoi npo6JieMe co6cTBemmx sHaqe
m: 

(A-KJ)q_r~o, (I2) 

r.zte 'r - B8KT0p-CTOJI6eu 3Ha1tem ,ItJUI co6cTB8HHIDC ~ Ha paBHOM8p-
HOit C8TK8 Ra1>Tp03R8 [o.):,] , pi._ - JI8HT011HM MaTpmJ,a, CT,PYRTYl)a RO-
TOpoft saBKCRT OT B!ipruitemrlt CT8II8HR armpoKCHManID{ ,llHqq>ep8HUHMDHOro 
onepaTopa pH.ItOM onepaTopa U8HTpa.Jll,HI:DC pasHocTSA,K- Bemr<nma, npo
nopUKO~HM co6cTBeHHOMY su.a~mm At • 'J - 8.IUIHK11HM Ma.Tpmta. A.J1-
re6paH11ecICM Ilp0M8Ma pemaeTCH .ItJm onpe,It8JI8HHH CBll3aHHHX COCTO.HHBff 
B HHT8pBaJI8 [o, "'Y'I\] CII8KTpa C06CTB8HHHX su.aqeBXA, IIPll 9TOM B c.,zy,rae 
BCOJI9ltOBaHJm BHCOROB036~8HHHX KOJI86aT8JII,Hl:DC COCTOmmfl Heo6X0.11ID40 
npBM8HHT!> IIOBHlll8HHYJ) T01IHOCTI, annpOKCm.cantm ltR(!Xp9p8HlJ;i!RnHOro onepa
TOpa, IIPBBOJVmlYD K< ll8HTa,W!ar01UlJilJWM Ma~ fl.. , ll Yl38Jra1Jli!Ba'l'I> ~o
JIO T0118K JU{CKP8TB3aill{H .ItO 400+600. BH6op OIITRMaJil,HOro mara,MKHHMaJU,- _ 
HOro ,mc.na T0118R ,ltllCRP8TH3a.D,IIH,H806XOltill,!Oro nopH.U;Ka annpOKOHMantm 
IIPOBCXO;IUIT IIYT8M Ilp0B9lt8HHJI ~OJI8HHOro SKcnepueHTa IlpK pememm Ylll C 
ltOBXp0'l'm!M aHI'a_pl,l)Bll~CRRM IIOT8Hnl!a.7IOM. Cm.10 pemeHHe COCTOHT BS OJie

~ maroB: I) - npeo6pasoBaHKa mTpllWZ A K cm.mBTplfli8c1t0tt Tpex
Jtl(&rom:uti>KOI BpalllemmMH ffito6H, 2) - 0IIp0lt8JI8HH8 co6C'l'B0HHHX SHa1tem 
11 ~HHOM IraT8pBaJI8 C HCIIOJII>SOMHH8M IlOOJI8lt0BaT8.Jll>HOO'l'll Dl'?Y'l)Ua ll 

M8TO,lla Jl8JI8JIIDl'. OTpeSJta nonOJiaM, 3) - HaXOU8Hlr8 C00'1'B8TCT.ByJOOtl{X coCS
O'l'EeHH.HX BOK'?Op0B lf8TOllOM odpamol n:T8pan;m, 4) - npeodpasoBamm ax 
lWi ucxo.ItHoft MaTpirnJi A • AlmJms TSxmPmcIUtX xapaKT8pllCTIIK H TO"l!Hoo
'ffl BaIIO.IHHllH ap..,'flllmClWl'. 0Il8pan;lltt Ha ymraepCaJlJ)HOM: npoueocope 
EC-IOOI a Ma'l'PlfCmOM npoueccope EC-2706 IlOSBOJIKJI pea.mmOBS.Tl> OJl8,11)1)

ltd aJII'OpH'ffll .zt,m pememm OltHOK0pHoro Ylll C aa:ra1140JmtI80Kmf llOTElmtRaJID!A 
Ka JIBYXIIp0D,8000pHOII ltOMIIJI8ltC8 EC-IOGI - EC~706 B JIBTA o:wrn:: nepml 
JI 118'1'S8pTUI lllal'H BHIIOJm'JIMCH Ha npO]l80COpe EC-IOOI, a BTopott 11 Tpem 
- im M!H'PB"DIOIII Ilp0IJ)COOp8 EC-2?06. Banoe MBOTO B N!l'r8MBffll'SOXOII KO-
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.It9JmpoBamm BM88T Ylil O CKMM8TPR1IHHM Il0'1'8HllH8JIOM, IlplI 8TOM pemaeTCH 
Ypa.BH8HH9 Ha Oirp83K8 [ 0, ~ 1 0Tlt8JII>HO ]I,7U{ OllMM9TplflmHX H aHTBOHMM9'1'
pH1?Hltt pemeimtt, COOTB8TCTB8HHO, ~TO IIOSB0Jm8T YM9HHIIHT1, B ,IU3a pasa 
IIOpsr,ItOK MaTpRIJ; IlpR COXpaHemm TOA llt8 TO"IIHOCTB pemeHHft R cyI!l9CTB8HHO 
YM8Hl,lllHTl, sairpaTH BP8M8HH U8HTpa.JII>HOl'O npoueccopa. 

IIp:a pemamm YpaBHeHHft CCII BOSHHKa0T npoMeMa annpoKCHMallIDI I'IIAI1 
H 8qXpeKTHBHOl'O IIOT8HD;lraJUl. B CBSISH O 8TRM B Ka'l0CTB8 MO,ll8Jil>HOft Sa.zta
~ 6wro paccMoTpeHo pemem,:e npnMoff oneKTpocKomrcmcKOff sa,1.ta,m ,llJIII 

,IU3yxaTOMHHX MOJI8RYJI npH Ha.JIH11KH H960JililllOro KOJm1180TBa H89MimpH1teorurx 
.ztammx O X0,118 IlOT8HUHaJII>HOft q,ymt[tlm (II~) B o6Jraom MmmMyMa. HMeeTCH 
H8CKOJII>KO J» B BH,It9 

Y\ • 

V ( '(,)-:. ~0 ~ '2. Ct;-~ 9i l, ~\,) ' (I3) 

\.,-:." 

0,llH.aRO CP8.zta' ID!X H8JII,3H Bil.ttemrTI> n~ 0 llOCTS.TOtIHOtt r:n:6xocnm, Il08TO
MY 6wra IlOCTpoeHa HOBaH m Ha OCHOB8 Pll.Ita (I3) 0 HCII0Jll,30Balm8M 1 
B (p()pM9 

5(R\?,c1..) = ~C?)(RP_R~)/(R?-tc(R~), (I4) 

r.zte p I- o, ~ /:. -I, s(p) = I, ec.mr p.,. o, H 5(p) = -I, eCJIR p .c( o, R; 
- paBHOB8CH08 M8M.D;8pH08 paccTosnme. EJiaro,Itapsr BB0,ll8HH!l B 1,(R\p.d) 
,ItByx H8JIBH91bmx napaMeTpOB p ll c:I. , HOBaH ni 06JI8Jt8.8T BllCOKOft 
rn6KOCTI>Xl. IIp9,1t1IOllt8Him8 paHee II~ .Ilamram, Ca:l:!MoHca-Ilappa-'l)mr.,raHa, 
TaRRaapa, 0I'llJmI>8-Tnnmmra JmJ!JmTOH '!JllOTBHMK c.nyqamm HOBOtt 06o611t8H
HOtt I» R MOI'j'T 6tlTI, IlOJJY"i0Hil BS (I3), (!4) IIYT8M IIOltOTaHOBKH COOTB8T
CTBYD!Ull 3Ha'l0HHff p H o{. • 

IlepeMeHHYD ; (R. \?, c:1..) MOlltHO HCilOJII,30BaTl, ,1t1ISl BOCIIpOHSB8lt8HHH 
XO.zta 4iym0.1,1u1 9JI8RTpoHHoi1 3H8prmt. '2. 

PesyJII>TaTH annpoKcHMantm o HcnoJI1,30BaHHeM V ,._ -= '3 
0 
~ ( R \ p ,cC.) 

.ztaHHilX H83Mmtpl1118CKOro pao~Ta KOJioca ,Mlt \-\'2- IlOKaSHBallT BHCOR;YD 
CT8II8Hl, I'H6ROCTB n~ (I3) H (I4) no OTHomemm K II~ .l{amt9Ma, CahfoHB.
IIappa-'l)HHJIBJJa, Tamtaapa, OI'HJIBt,8-TmnmHI'a, a CpaBH8HR8 OTHOCHTSJU,m,cc 
0Tlt7IOHemrlt OT .ztammx KOJioca lt8MOHOTPRPY8T IIP8l:t?i\Ylll8CTBO npHM8H8HWI 
HOBl:lX 00 Bo Beel 06.rracm armpoKOHMa.J:O'llt Me!tJI,Itepm.ix pacc-roSIHRA. 

Ha npHMepe MOJI8Iey"JI HF , CO , H C. l uocJie.ztoBaHO BJJJJmme Totmoc
TR a.HaJms:n:pyeMott n~ Ha norpe!IIHOCTB BR11HCJI8HlM OII8RTPOOKOID1[~CRHX 
IlOCTOJIHHHX. 

PaCCMOTpeH BOnpoc 0 BH6ope Y3JIOEHX TO'l0K BRYTPH HHT8PBaJia HHT8P
IIOJmlllm • .IlJm 3TOro IlpOB8~8HO Opa.BH8HH8 pesyJII>TaTOB llHT8PIIOJIJlltlm C 
OIITmr.aJII,HHM BH60p0M j"BJIOB ( qe6HID8BCRaH mrrepnOJIJDllV{) 0 pesyJII>T8T&m 
llHTepno.n:smim no paBHOOTCTOmQHM Y'8,1IaM. 
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6. 'tJHCJI8HH08 M01I8JmDOBaHH8 IlOT8HimaJII,mpt IIOB80XHOCT8ll K mma.MH
qacruDC xapaRT8DHCTHR JIJill MOJI8KV'JI lIBVOKlICH yrJiepo.na H pSUia Tpex,.nemmx 
aaareTeponmgroB. , 

M8TO.ItOM xapTpH~Oita C HCIIOJII,30Brum'.8M 6aSHCHoro HB.6opa (55 31? '2.c\1 
,ItJIJI lt8,ZJlOro aTOMa 61lJm paCC'CIRTamt 3JI8KTpomme BOJIHOBH8 /py'H:KI1lm, 3Ha
't!l3HHJI no.mmx :rnepnrlt JtJIJI 56 pa~ reoMeTp~ecKIIX KoH{f)Hrypail,Pitt. 
Pacqeru: IIPOBO,ItWIHCI, H8. 3a& EC-!060, EC-I06I. Ha BH9IDHHX MaI'HHTH!:lX 

HOCHT8JmX 008.Ita.H 69.HK p93YJII,TaTOB pacqeTa JtJIJI MOJI0Kj"JIH CO2 M9TO.ItOM 
CCil, B KOTOpOM CO,It9plmTCH O.ItHO- H .ItBJX3JI0KTpOHHll9 HHT8rpaJIH, MaTpH
Ifll IlJIOTHOCTH, MOJI8KYJmPim0 op6HTa.JIH, MaTpHqmte 3JI9M9HTH COOTB8TCT
~ KOMIIOH8HT ,ItlIIIOJII,HOro MOM8HTa H ,Itp. 06111Htt o6~eM HH~OpMan;m:t B 
6aHKe .1laHHliX - OKOJIO 600 M6aftT. JJ,mnm CMaeft 0-C Bap:&HpOBa.JIHCI, OT 
I08 .ItO I30 IIM, a yrJIH O-C-0 - OT I40° l{O rno0• TeopeTHtI8CK08 8Ha,W
:ame paBHOB0'CHOro paccTMHHJI 0-C ,n;mr mrnebott KO$rypan,KH paBHO 
II4,57 IIM (aKCII8pHM8HTaJII>H00 8HatJ:8HH8 - II6,00 IIM). !IOJIHWI 3H0pI'M 
WIK paBHOB8CHOI KOBl>HrYPa.IlID'I pmma - IS? ,6784 aT.8.Jl. 56 SHaqeJmtt JtJIJI 

IIOJIHHX 3Heprd pa3JIHimHX reoMeTPH'ISCKKX KO}IPHI'YPamill, onpe,ll8JifID!tlIX 
COOTBSTCTBYJO!ll,18 TO'llKH Ha IIOT0Hil,PiaJII,HOR IIOBepXHOCTH, annpoKcm.mpo:sa
JZHC:& aHaJIHTHt:ffiCKlI JtJIJI IIOJzy"qeHHJI CHJIOIHX IIOCTOJIHHH.X .ItO 1l8TB8pToro no
PH.Itita BRJil>'IKT8JII,HO. BepOHTHOCTH08 pacnpe,It8JI8HH8 CTaH)lapTH30BaHH&1X 
OCTaTKOB CBH.I{8T8JII,CTBY'8'.r 06 OTCYTCTBD 3Ha'tffl:T8JI:&HllX OTKJIOH8Jid pac
"!8'l'HHX :a npe,llcitaaamrux no aIIIIpoxcm.m:py-m:euy BHpmtemi:10 aHaqeJmtt TIJAII. 
3HalJSHHH OTKJIOH8mrlt He IIpeBH!l!.aDT 4.ro-3 aT.8.It. ,IlJm onpe,It8JI9HHH KOJI8-
6aT8JII,HOro OII0KTpa H KOJie6aT8JII,ImX BOJIHOBHX /IJyI{KIJ;.I:1:1: pemaJIOCI, Yill B , 
HOpMaJII,HHX KOOpJUIHaTax BapHaD;lIO:mmM M8TOl{OM c RCilOJII,BOBaHH8M .ItO 953 
6asHCHH.X ~ lt1Ifl O,ItHOMepHoro rapMOmilJSCKoro OCD;KJrJIJITOpa, npH 
3TOM .ItBYMSPmni aHrapMOmitmCitHtt OCD;WIJUITOP·.ItS<fx)pMaIJ,PIOHBHX KOJI86a.mdt 
MOJI8KYJIH.MOJl8JIHPOBaJICH .IUlYWI O,ItHOMepmnm, OilHOHBallllllMH KOJie6amm H3-
rn6a BO Bsa.m.mo nepneH,D;HKYJUIPimX HanpaBJiemmx. BapHaD;IIommit npe.IteJI 
.ItOCTl!I'a9TCH npH pa3M8PHOCTH 6asHca B !000 qJYHKil,Pift. 

C D;8JII,IO HSYlJSHWI BJIIDIHWI B8roIMO.D;0ACTBWI KOJie6aT8JII,HllX MO.It Ha . 
Cll0KTP 6wm KOH8tn!O-pa3HOCTHBM M9TO.ItOM pemeHH Yll! ,ItJIJI H9B3alIMO.It8llCT
BYlllll'IX aHrapMOHH'll:8CltHX OCD;lIJIJUITOpOB, OmICim8mntX CHMMe-rprne H a.HTH
ClIMMeTpKtIIme B8JI9H'l'BU8 ROJie6amm. CpaBH9Hlt8 pesyJII,TaTOB IIOita3HBa8T, 
~TO cneKTP KOJie6rumff BOCI!pOH3BOlUITC.fi C OTHOCHT8JI'E,HOi!: norpelllHOCTI,R>, 
He npewmaDJtei!: rs%. 3TH pesyJII,Tam no.u;TBepEJtaDT npHMeHm!OCTI> B xaqe
oTBe HYJI8BOro npH6mmeHWI M0,11;8JIH H8B3aHMo.u;eff~tBY:WUU. O,ItHOMepma aH

?apMOHlJq8CRHX OCIJ,PIJIJIHTOpOB. 
.1l,7r.a onemm D8p0HTHOCT81 nepeXO.ItOB M8l!Utj" KOJie6aTeJI'E,HliMR COCTOH

HIDIMll V H V / 6wm pacc"Il!TaHH B8JIK'tffl:H!:l ,llBIIOJII,HHX MOM8HTOB nepexo
JJ;OB d vv, • ~ llRI.tll1£ ,llBIIOJII,Horo MOM8HTa 6rn onpe.D;eJieHB. 8.H8JIHTRT1ecRoi 
annpORCHMalllt8i!: 3Ha'I8HKI KOMIIOH8HT ,llBIIOJ[I,HOro MOM8HTa B KOOp.ltlIHSTax 
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CHMM8TpHH C yqeTOM 'IJJI8HOB .u;o TpeTI>ero IIOpH.Itita BKJID'tffl:T8JII,HO H noCJie
ltY'IIl{RM IIp0.ItCTaBJI8HH8M B HO,PMaJI'E,HHX KOOp,IUIHaTax. 3TH ,Itamme II03BOJIHJIH 
npoBecTH o:a;eHKY sHaqem K03~li!IlH8HTOB 3AmnTeftHa Aw, .ItJIB cnoHTa.H
Horo HSJIYti8HHH. 

CpaBH8HH8 TeopeTHlJSCltHX pesyJII,TaTOB C 3KCII8pHM8HTaJII,HHMH no,u;
TBepuaeT .ItOCTOBepHOOTI, on;eHKH SHalJSHHi!: R08~Il,PI8HTOB 3i!mnTei!:Ha MR'. 
3KCII8pRM8HTaJII,HO eme He H3yq8HHHX nepeXO.ItOB C BllCOKOB086Y1t,It0mmx RO
JI800'.1'8JII>HliX COCTOJlHHft. 

~aJiee npHB8,ll;8Hli pesyJI'E>TSTH HCCJI8.ItOBaHWI TI1AII ,ItJIJI CHCT8M 

\-\ 6-n c~-n Nn H \-\ 4-n C..:,-n N ri. IIpH n = 0+3 B 06JiaCTHX JIOKaJII,HHX 
MKJmMYMOB, COOTB8TCTBY1(11llIX o6pasoBamno ~'I8CtmX CTPYKTYP-

CpaBHHT8JII,Hlltt aHaJIHa H3M8H8HKH ,wnm OCHOBHHX CM38A OTHOCHT8JII,
HO ail,PIMHtmCRKX a.HaJioroB, co.u;epga!IIKX TO ze 'CIRCJIO aTOMOB H 'l'lIII cMael, 
IIOita3HBa8T, l!TO B CTa6MI>HHX ~qecKHX MOJISKYJISX Ha6.mo.rta8TCH H8RO
Topoe YKOPOll8HH8 CM38:l:1: c-c (nmtnonpOIIaH, asHpH.ItHH) JIH60 H860JIH!I08 
Y.ztJIKH8HH8 OBH38i!: C-C H C-N (asHpH.ItHH, IJ,PIKJionponeH, 3H-.ItHa3HpKH), l!TO 

·no.ItTB8p!t,It88TCH CYlll8CTBymtm.m 3KCil8pHM9HTMI,HHMH ,Ita.HHHMH. B rpynne 
MaJIOCTa6M'E>HH.X asareT8~0Il,PIKJIOB, H3B8CTBHX ItaR B BH.!{8 Il,POH8BO,ItmlX, 
TaK H Hearu.mmeHHOM BH.!{9. ,llJIHHll OCHOBHI:lX CMaett YB8JIK"Il!BaR>TCJ'l Ha 3, 9-
7 ,8%. CBHSH C-N H, oco6eHHo, N-N B aHTHapoMaTHtieCRHX rmIOT8TH110c
KHX reTepOil,PIMax paCTJ'lrKBallTCH ,u;o II,0-24,6%, l!TO OTpalltaeT ,It8CTa6H
JIH3Hpymxd xapaKT8p n-1\ conp,meHHR H8Il0,ll;8JI8HHOff 3JI8RTPOHHOI napu 
H3Il aToMa asoTa c 11 -CHCT8MOtt ,ll;BOimott CM3H. 

C D;8JI'E,R) 3KCil8PKM8HT8JI'E>HOtt Hl{8HT~:PIKallHH M8T8CTa6run.mtx MOJI8KYJI 
paCC'tffl:TaHH Bpaill8,T8JII,Hll8 IlOCTOHHHH8 H qacTO'l'H B,Pallll:lT8JII,HHX nepeXO.ItOB, 
a Tana IlOJiogeHHa OCHOBHHX .mnmtt ill{-norJiomeHHH, npOH8B8,It8Ha HX Hl{8H
THcpmtaitIIR. 

C HCIIOJII,80BaHH8M T80pmr PPKM IlPOB8,ll;8H M0,11;8JII,mnl paclJST KOHCTaH
m CKOpOCTH Jia39pHO-IDIJlYllltPOBaHHOtt MOHOMOJI8Kj"mlpHOtt peaxwm - npo:a;ecc 
HHBepcmr BO.Itopo.u;a y aToMa aaoTa B aaHpH.ItHHe. 

0.ItHOR H3 :sammx xapaKT8pHCTmt lt1Ifl peruawtt npOTOHHpOBaHHJ'l JJBJm-
8TCH 3Ha'IJ:8HH9 cpo.u;CTBa K npoTOHY (err). Il08TOJ.!Y' Ilp0HSB8.It8H paCtI8T err 
.ItJIJI Tpex1t1Iemmx asoTCO.It8PlKalllHX reTepoIJ,PIKJioB c HcnoJI1,aoBaHHSM EH 6-3IN 
H tm.CTH'IHUM yqeTOM 3JI8KTpOHHOtt ROppeJIJllllilH MII2/6-3I!W H IIOJIH0:1:1: OIITHMH
sruwe:1:1: reoMeTp111Iecrua napaMeTpoB JtJIJI peareHTa H pesyJI'E>THPYJIItero MOJie
KYMpHoro HOHa. JJ;m Tpex MOJI8KYJI ( 2-a3Hp:lma, aaHpH,ItHHa H wic-l{Ha3HpH
.ItHHa) Ha~eim snaqeHHH C:Il, 60JIHIIH8, 'I8M yaw.ma.Ka, a rum60JI88 HH3KH8 
err, corJiaCHO pactieTaM, ,u;o.,rmm 6HTI, y H8HaCHllt8HmDC reTepOllltMOB npH 
IlPOTOIDipOBa.HHH sp~-I'H6pH.ItHHX aTOMOB asoTa. ,1T.:lrH HayqeHHH IIpOCTpaHCT
Bemmx xapaRT8pHCTKK npOT8KaHHH perotwm paCC'tJKTHBaJICH M3Il MR'. H30Jm
po:saHHott MOJieeyJIH peareHTa n cpe,u;cTBSMH Mall!HHHOff rpacfmnm oTo6pazaJICH 
B COOTB8TCTBYDnRX C8"18HHHX lt)Ifl onpe.u;8JI8IDIR B8JIHT.mH lfflHRMYMOB M3Il. 
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Il0Ka38H8 pom, OCTOBHHX op6HTaJI8ff B ~OpMHpOBa.HHH M3Il, Ha qTO yxa-
3HB88T ipaKT mumtnm JmHellil:ott 38BHCIDdOCTH M8lltJJY 3Haq8HWIMK 3H8pnrl1 
O,Il;H03JI8KTPOHHHX YPOBH8tt COOTB8TCTByxlltlDC aTOMH!lX op6HTBJI8tt H B8Jmqli
H&m MlIHHMYMOB M3Il. H3yq8Ha 38BBCHMOCT:& M8JUY nepBHMH lIOT8JmRa.n:aMll 
HOIDl38Illlll, 8H8pI'IDiMR OCHOBHWC Op6HTBJI8ft H 8HaqeHIDIMR CIT, lIOK83BHO, 
qTQ lIOBHlll8HH8 HOIDI3BD,lIOHHWC lIOT8JmRaJIOB nponopD,!IOHaJII,HO lIOHID.ta8T CII. 

CTPYKTYPHHA 8H8Jm3 H3M8H8HWI ,IVIHH OCTOBHHX CBR:38tt npH npOTOHH
pOB8IDIH lIOKa3aJl, "ITO KOOPJOm8llHR H3Il aTOMOB aaoTa B8,IJ;8T K YKOpoqemm 
CBJl38ft ~8T8CTB6Mt,HllX Jll'[MOB, qTO MO!t8T OHT:& HClIOJI:&80B8HO npH CHHTe-
88 ~HHHX MOJI8KYJI, B TO BpeMH KaR npOTOHHpOBSHH8 8HTlI8p0MaTHq8CIUlX 
2H-a3HpHHa H IH-ltlt88HpHHa no aTOMaM yrJI8PO.It8 B8,IJ;8T R napeXO'AY B 6o
JI88 CT80Ml,Hll8 ItHKJIHqecKHe H30M8pli. TpH88lipHH, cymecTBOB8HH8 KOTOpo
ro B H81TpaJII,HOM BB'.'A8 MaJIOB8pOJITHO, ,IJ;O.mt8H COOTB8TCTBOBaT1, H8rJ.TY60-
KOMY MKHHMYMY TIIAII B npoTOIDipOBaHHOft lfjopMe. 

C neJI:&ll o60CHOB8HHK B03MOlltHOCTH o6pa30BBHHK IlpOTOHHp0B8HHHX MO

JieKYJI TP8x-<17I8HHllX asareTepOJll'[RJIOB B yCJIOBHHX IIJlOTHHX MegsBe3.IOmX 06-
JiaROB esyqeHH HBHOOJI88 BHrO,IJ;HH8 RaHaJIH oopasoBaHHK J:IYT8M HOH-MOJI8KY

JIHpHllX pa~. 

7. CneRTDOCROilHq8CRH8 H T8QMOJIHH8.Ml{q8cRH8 xapa.KT80HCTKKH M088-
eyJIJmHHX HOHOB H ICJJaCTepmrt1: lIOlIXOil R MOil8JIHOOBaHJm onTH3ecm QBOBCTB 
ROHIIeHCHpo:saHHoro COCTOJtHRfl. 

IlpB HCCJI8,IJ;Ol!a.HHH .1IBY'XRP8THHX HOHOB npocTeflml!X yrJieBO,Il;OpO,Il;OB B 
K8q8CTB8 6a3HCHHX <WHRlll!ft ltJIK yrJiepO.ItB. HCilOJI:&30B8JIHC1, xapTpH-qJOROB
CRH8 pememm lt)'UI OCHOBHOro COCTOHHHK HOHa yrJiepo.ItB., alilIPORCHMHPOBB.H
Bl:,le ~ rayccoBCROro THIIB ( "1 s b? ) ' ROTOPH8 ROHTpaKTHI)OB8JIHC:& 
B ['2.s-\p] , a WIJI aToMoB Bo,nopo,D;a - oaauc XysHHBrn-,llaHmmra (4s)/C4s] 
Ha 31:M EC-1060 npOB8,ll;8H8 OlITRMH38UIIJl reoM8TPHqecKBX napaM8TPOB CTPYK
TYP (noCJieJ!;OBaT8JI:E,HO MmmMR::mpyg IIOJIHYD SHeprnll no COOTB8TCTBYJ.lltlIM 
BHYTP8mmM ltOOPJOm8'l'aM JlO TeX nop, noRa. p83HOCT1, nomrux 1meprntt H8 
Il0CJI8,IJ;OB8T8JI:&HHX marax H8 npeBHmaJIB. ro-G 8T.8,IJ;.). IlpOB8Jl8HO HCCJI8Jl0-
B8HH8 :emt.mmJl 8JI8RTJ)OHHOtt KOppeJimlHH Ha 3Ha118HH.fl paBHOBeCHHX reor.mT
pH'tl8CKHX nap&feTpoB, H lt)'UI ueROTOPHX CJIY128B OHH OWIH nepeonTl!MZSHPO
:saHH C yqe_TOM SJieRTpOHHOI ROppaJIJlil;lm. TO'IIHOCT:& onpe,neJiemmx ,wIHH CM
sett He xy:e 5+IO IIM R yrOJI - 0,2°+0,3°. 

IlpoOO,IteHH08 H3yqeBR8 OTHOCHT8JII,HOtt CT80Mt,HOC'ffl H30M8p0B IIOlt8-
BHB88'1', no aOCMD'l'HI,IM Lfiilll!MY)i'.aM TIIAII HCCJ18Jl;OB8JIHHX lt8p00,Itlllt8THOHOB 

COOTB8TCTBYJ)'l' Cl'IHrJI9THHe c~+cuooh>, CHi+(D4h), C:zHi+(l)'.2.J), 
C2~+<C2v>, C3~+<1)oo'n> H TJ)mIJI8THlle C2~+cnl)01r,) CT!)YK'l'YPH. !Io onpe
Jl;eJieHHmrf reOM8TPKqecKIDl napaMeirpaM JtJVl Hrut60JI88 YCTO~ H30M8p0B 
B CJiyqae H30TOilOB I 2c H IH paCCqHTaHl,I Bpania'1'8JI:&HB8 IlOCTOJlHBU8, peme
HB Ilpm&:Ul ltOJI80ST8JII,HaJI 38.It81iR H nQJiyqeH cneRTP rapM0~8CRHX ROJI86a-
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T8JI1,BllX 'ia.CTOT, npHB8,1l8HO OTH8CeHHe "laCTOT no Tl'IIIBM Cl'IMM8TpBH ROJie-
6aHHtt, BHqHCJI8H8 8HeprHK HY'JieBHX ltOJieOSHHtt. 

Ew!H p8CCqHTaHH <l>paI'MeHTH IlOB8pXHOCT8ft IlOT8HD;IIaJI:&HOft 8H8pI'lIH 
OCHOBHRX COCTOsmmt M<;>JieKYJI.flPHHX l'IOHOB \-\e'2.F\ Ne2,.r-\-, A.r'2.r-+ H mtt
,IJ;8HO, qro rJio6aJI:&Hlift MHlIHMYM IIOJIHOA 8H8PI'HH 3TRX lIOHOB COOTB8TOTBY8T 
JIHHelHoft cHMMaTpHqHofi KOHWOPMaJll'[H. ,ll.lil! STOil 1tol$)!)Man;D mmoJIHaHB 
OIITHMH38D;Wi raoMaTpHH. IlpoBe,neH pacqe'l' aHeprd BOSMOZHHX Ilp0.IJ:YRTOB 
,ItltCCOI1H8Illlll R H8 OCHOBe 8THJC ,Itammx·BHqHCJieHII OTHOCHT8JII,HB8 SH9prHH 
cBR:satt Hel-1- , Ne.;r=+ , Ar2F+ • IlpH HcCJie.1toBa.HHH MOJieKYJUip:imx m:oHoB 
I'H.IJ:PH.IJ:OB HHepTHHx rasoB: ArHi" , ArH1 , Ne\-l; , Ad·-lNe-\" J1..1IH 
npe,nBapHT8JI:&HllX pacqeTOB HCIIOJI1,30BaJICJI 6a3HC CT0-6~. a ltB.Jil,Heflmae 
y-TOqH8HHe pesyJI:&TaTOB BHIIOJIHJIJIOC1, 0 'IlOMOll(I,lO 6asnca (9s Gp)/ [7~ 3o] 
ltJIK Ar , ( 7$ 3? )/ [ 4 ~ 2?] JtJVl Ne n ( 5":>)/['3s1 ltJIK H. ,ll.lil!' · 

A.d-\'i Halnauo, 11'?0 MIIJmMYM nOJIHoft aHepI'lm cooTBeTCTBYeT JIHHefiHofl: 
8CHMMeTpRqHOft K01$)pMa.Jll'[H: ( Af' -H-H)+, IIpR 3TOM paBHOBeCHH8 M8Mltep
HB8 paccTOJIHH.fI R ( Af'-H) = IGO IlM H R CH-H) = I04 nM. 11IsyqeHH oco-
6eHHocTH rIIAII ocHoBuoro cocTommJI Ar Ht. JlJISi JmHebott CHMMeTpzqec-
Kott KOH!f>opMBIJ;!IH H ROKWOPMaJll'[H paBH008JtpeHHOro Tpeyrom,HHRa. 

HccJie.1toBamie TIIAII OCHOBHoro cocTOmnm Af' H! noRaSaJIO, qro STOT 
MOJieKYMPHHI HOH B cymHOCTH JIBJIHeTCJI ROMIL7IeKCOM A.r ••• Hi" , npuqeM 
paccTOJlHH8 Melltl(Y' SIJlPaMH BO <I>parMeHTe CH3) R3M8JmeTCJI H83H8qHT8JII,HO 
no cpaBH8HH10 co CBOOO,IJ;HllM HOHOM ~. a 8TOM Ar- HBXOJlHTC.fl B IIJlOCKOC
TH (H3) Ha ocH cHMMeTpHH (H3). PaccTomme OT Ar ,no 6Jim1CHero aToMa 
H: R. ( Ar-H) = 2I8 nM. -t 

IlpOBS,lleHHHe pacqem IIOK83aJIH, qTO B OCHOBHOM COCTOJtHRH Ner\.!, 
HMeeT reoMeTpHtI8Cicy10 CTPYKTYPY, cxol!yl) co CT,PYRTY!)ott Adi; . Pac
CTOJIHHe OT Ne .1to 6JIHmero aTOMB. H paBHo I82 IIM. 

MoJieKYJIHpHHtt HOH Ar \-l Ne.;- B ocHoBHOM cocTomnm HMaeT mmeftBy'm 
KOBipopMaJll'[ID, IIpH'tl8M 8TOM H pacnoJIOllt8H Mel!UtV' ,ItBywI 8'1'0Ma.MH HHepTHHX 
rasoB. SHBqemIH paBHOBSCHHX paccTo.flHHA: R ( /\r-H) = !45 IIM, R(H- Ne): 
= I43 IIM. 

06CY1K,It8H BOilpOC O CT80H.ll»HOCTR RCCJie,llY8MWt MOJieityJI.flpHHX HOHOB. 
IlOKa3aHo, 11'?0 JmHeme HOHH He~+ H He~+ .flBJD'llOTOJI M8T8CT8.0H.ll»HHMH H 

oopasymCll K8K npOM87ltYTO'IIHH8 KJiaCT8pH B peaRJll'[JlX He~+ + He _,. Hat-... 
He+ + He H Ha2+ + He _.. He2+ --+ 2He+ . 2 3 4 2· 

,llaJiee npoBe~eHo MO~eJmpOBa.HHe Cil8KTpaJI1,HHX xapaRTepHCTmt HOHHHX 
RpHCTaJJJIOB O npHMeCHUMH 8TOM8MH rpymm peJtROSeM8Jil,HHX (PS) 9JieM8HTOB 
H HX KOMilJieRCHHX 009,Itl![H8mrlt IJYT8M Hsyqemm KJiaOTepoB, COCTOJllltilX H3 
neHTpaJI:&Horo P3 HORS H 8TOMOB OJIDHero OK_pyzemm. Ewm paCCMOTpeHH 
KpHcTaJIJIH mna (pTopHJtoB c npHMec:ewm PS BOHS.MK ce3+, E u2 -t H TeTpa
anaTHJiaD;eTOHBT Tp0XBBJI8HTHOro enpomm: B ROIOt8HOBPOBaHHOM COOTon:HHH. 
Pam!am,Hue ,m.cTH 4~ , '5 d , (o~ , 6? oasnoHHX (f}ymw,d .ItM neHTpaJII,Horo 
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P3 HOHa onpe,tta.JTJIJIHOD 'qKOJI8HHHM pemeHIIeM pa,ltl'ISJIDHOro Ylll C YHHB8pCBJI:&
HllM llOT8HilR8JIOM ramnapa ll O yqeTOM KY~OHOBCROtt aORMIITOTHM ,llJilI HOHll-
3HpOB8mIHX aTOMOB. 

B 38Jta-qe oaMooorJiaco:eamm: no sap!'fJlY' B 6a3nom,itt mi6op He BRJ!Dlla
~OD 4~ ~. '1'8R KaK 5H8'1I8BHH rpynnoBHX HHT8rpaJIOB nepeK!llBa
BRH C 4 ~ ~ OIW.98.JmCI, HallHOro M8H1,IIl8 ,ttpyrHX. B pesynTaT8 
pao"laTa llOJIY''II8HO paonpe,tt8JI8HH8 S~8RTpomtoA MOTHOCTR ,1l;JIJi RJiaCT8pOB, 
KOTopoe B c.ny,:me T8TpaaI18THJI8lleToHaTa eBpomm (£u(A.cP...)41- xopo
mo Koppe~pyeT O 3KCll8PBM8H'1'8JIDHmm HK-im.CTOT8.!iffl COO'l'B8TOTBy'lWU!X xn
?m'II8CKHX OBRSel. C non~SOB8Hll8M T80p:im KpHOTMJm'II80KOro IlOJ.tll H no
JIY''II8HHUX 3H8'tl8HHA ,ltJl.f! paonpe,tt8Jl8HH.II 9a.PJ'l'JtOB Ha aTO!VlaX npoB8,tt8HO HO
OJI8,1lOBaHH8 BJm.mmJI OBMMeTPHH IlOJill Ha pa01I18IIJI8HH8 BOS6YE,IteHmIX Q -
ypoBHel ca3-t- H E \.t'2.;- B 1tpHO'l'aJI.1Ia.X THna ~TopH,ItoB, ua TOHKY!l OTVYKTY
PY .m.nmecil9HTHoro oneKTpa [Eu (AcA)4]-

B PaMKBX (f)c>Homtoro M8X8HHSMa OB8pXIIpOBO,ttHMOO'l'H paoCMOTp8HO BJIIDI

HH8 HSOTOilH'II80KOrO SaM81l'18HHJI Ha OOO'l'B8TOTBYDltH8 KO~e6aT8~l>BH8 M0.10:l B 
119no1Dta.X Cu- 0 B Y Ba'2. C.u 3 0 7-'b o HOilOJIDSOl3aHJII8M MO.ttennoro 
RJIS0'1'8pa ( Cu-0-Cu }2+. JIJm MB.0T0pa MeTO.ttOM CCII c noeB.1tonoT0Hnm
JIOM 6:wm pa00'qKT8RH 8Ha118HHH B 081l8HHH I'IJ.AII ,1£1llI 80HMM8'1'!llI1lHOro Ba
X8HTHOro KOJI8datmlt H onpe,tte~eHH OHJlOBH8 IlOC'l'OHHHHe JtO mecToro IlOPH,ll
Ka BitJID1m'l'8.UHO. PaCC'qKTamI1:l8 8Ha1l8mtri I'IJ.AII B oe-qemm, COO'l'B8TOTB1J)
mero Jt~OPM!lltllOHHOMY Roxe6amn, Hsrnda, llOKaSSJIH, "lTO mmelJm.ci KO~H
l'YPSI:tR.f! H8 COO'l'B8'1'0TBj"8T MIIHHMYMY SH8prnH H .fll3JI.II8'1'CJI nepeXO,IlBHM coc
'.l'ORHH8M. IIonorq IlOT8BilR8JI 1I,1IJJ. KB8SHJlOK8.JI!,HOI Mlll'ROI MO,ItH nonepe"lHO
ro ROJiedaxm 8TOMOB 016, 018 B nenOliltaX MOJt8~pOB8JIO.f! CHMM8TPH"IBHM 
,l03yxm,mm,r Il0'1'8HD;lI8.JIOM B~ -/:\.'l..'2..-'r B')(.4 -t P...IJ./4B. 

Pacnpe,tte~emre 9~8K'l'pOHHOI MO'l'HOC'l'H B RJiaCT8p8 IlOKBSim88T 9Ha
,nt'1'8n1JY1) ,ttOJill KO:ea.t8H'l'HOC'l'H B BHCOKOT8Mll8paTYpHUX CB8pxIIpOBO,lUDIICaX • 

Ha JtBYXllPOil9CCOpHOM KOMIIJI8K08 UEK OHIDI, OOOT0Jml8M HS EC-I06I H 
MaTPH1lHOro npoIJ,eocopa EC-2?06 o ncnonsoooimeM paspadommmx axropHT
MOB pememm Ylll IlPH IlOMOillH 1lH~8HHOro SKCll8PHM8HTa, 6wm BCM8Jt0~ 
OC068HHOCTH HSM9H8HH.f! SH8Pr8TH'II8CKOro Cll8KTpa, M8.Tpninmx 9JI8M9HTOB 
.ztmronHoro H ~OJibBoro MOM8H'l'OB lt,1ut ROJieda'l'8~l>HHX COOTOJmlilit 
MSU'KOI RBS.SRJIOR8JlI,HOft MO;lU,t B 98.BHCHMOC'l'H OT IIapaM9TpOB JlBYX.llJ,moro no
T8HllKaJia H onp8,tt8JI8H8 06.JmC'l'D npl!M8Hm400'l'H JIBYXYp0BH8BOft MO,tt8Jm ,1£1llI 

OIIl'ICmmst 8X8RTPOH-<_l,oHOHHOrO BSam.iO,ttelC'l'BH.f!. B paMRa.X STOit M~Jt8Jm Hsy
iroHO BJIHStHH8 HSOTOIIl'I1l80ROro 98M8!ll8Hlm Ha Ter.mepaTY'PY CB8pxnpOBO,I!;BMOC
m Tc. Henoopeno'l'B8HHHM pem8Im8M Ylll C 8.Hl'apMOHH1l8CRHM IlOT8HIOJS.JIOM 
acBMMaTpHimOro ROJie6amm RJia.CTepa HOOJI8,ttOB8.HO BJIWIHH8 HSO'l'OilHlWCKOro 
COCTaB8 Ha Cll8KTpaJibHH8 xapaKT8pHOTHKH BHCORO"laCTOTHOfi MO,ItH. 
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