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ARTya.,n,HOCTb.TeMH. Cpe~n OCHOBHWC cpe~CTB IlCMB~OBaHM H,ItepHott 
CTpyKcypH B o6JIB.CTR HH3RHX 8Hepr.l!ft B036yll';ll;8HM CBoeft 8~RTHBHOCTJ.,1) 
B~eJIJmTCJJ MeTo~u of.- n o'-oneRTpocxonnn. O'!eB.ff,IJ;HO, '!TO 1toppeRTHoe 
OIIRCaHRB M8xaHH3MB. pacna.na JJBMBTCJJ ,!I806XO~HMHM yc~OBHBM npn ncnoJII,-
30BaH.l!.I! xapaRTBpHCTHR ~aHHoro RaHaJIB. pacna,na ~JIJJ H3Y"{8HM CBOftCTB 
smepHl:lX OOCTOJJHHft. 

06pa6oTRa axcnepHMBHTB.JII,HlIX ~aHHHX no r,( -pacna,ny o6ll'!Ho npoBo~n ... 
JiaCb B paMRaX R -MB.Tpn'!Horo BapHaH'ra Teopnn ,;,('-pacna,na. IIpa a.TOM pe--
BYJII,TaTH pac'!B.TOB OKa3HB8.JWCb CMl,HO 3aB.l!CJI!IIHMH OT BH6opa pa,nnyca I<B.

HaJIB. fl~. CyntecTBBHHHft nporpeco B onncaHHH.OTHOCHTB~bHWC B8pOJJTHOC
TBI o(-nepexo~OB pasHoro TWia, a Tarulte B noH.IW.aHHR CaMoro M8xaHR3Ma 
o(-pacna,na 6WI CBst3aH C pasBKT.i'IBM H8 R..-MaTp.i'l'!HOro no~xo~a. He co
~BPlmlllBro CB060~HWC napa.MeTpOB •. 3TO IIOSBO~MO .i'ICllO~bSOBaTb pesyJII,TSTH 
paC'!BTOB m.i'lpHH o(-pacna.na ~JIJJ npoBepRH npaBHJII,HOCT.i'I onRcaHM CTPYKTY
PH,BO~OBWC cpyHRnRft OCHOBHl:lX H HHSR0~8l!tall1HX B036ylli.l(eHHl:lX COCTOJJHRft 
sm;ep. . 

.llJIJJ 8H8prd Bos6p;n;eHM H,Itpa nopsm;Ka 8Heprnn CBJJSR HBffTpOHa OCHOB~ 
HM-.l!Hq)OPMan.l!JJ o CBOftCTBaX smepHWC COCTOJJHllft 6asnpyeTCst, r~HHM o6pa-
30M, Ha ~aHHWC O HBftTpOHHWC R napnHMbHl:lX pa,nnanHOHHWC m.i'lpHHax llteCT-
K.l!X (-ne pexo~oB. . .. 

PaccMOTp8HH!l8 B ~nccepTannn BonpoCH t-pacna.na ROMilliyH,ll;-COCTOJJ-· 
H.Hff B SHa'!HT8JII,HOft Mepe RHHnHHpOBaH!l pasBHTR8M cpaBHHTBJII,HO.HOBOro 
HanpaMBHM 8KCII8pHMeHT8.JII,HWC ncc~e~oBaHRft, CBstSaHHoro C R9Y"{8H.1!8M 

t-nepexo~OB Me~y C~OmraMR BHCOKOBOS6yll';ll;8HHHMH COCTOJJHHHM.i'I. BoJII,moa 
HHTBpec C TO'!KR spCHM BHRCHeHM OBOftCTB nepBR'!Hl:lX MJJrRRX f-nepexo
~OB IIp8~CTaBJist!OT paC'!BTH IIOJIHNX P8Jl:HanROHHWC m.i'lpHH H (-cneKTpOB TBn
~OBOrO 38.XBaTa HBftTpOHOB, noSBOJIJml!U!B npoBepHTb COOTB8TCTBR8 pa3Jlll'!
HWC MO~e~eft ~TOHHWC CMOBWC ~Hft COBORYIIHOCTR SRCII8pHM8HT8.JII,HWC 
~aHHWC, 

Kopp8KTH08 OIIRC8HR8 .l!HTerpaJII,HHX xapaRT8pRCTRK pa.nzannoHHoro RaHa
.JIB. pacna,n~ HBftTpOHHWC pesoHaHCOB JJBJIJJ8TCst Heo6xo~.l!MI:Dd YMOBRBM npn .. 
aHaJW38 no~eHHWC B IIOC~8~H88 BpeMJI OIIHTHWC ~aHHWC no 8~RT8.M H8CO
XpaH8H.i'IJJ npocTpaHCTBBHHOft '!BTHOCT.I! B CIIBRTpax P8Jl:Ran.l!OHHOro 38.XBaTa 
H8fl:TpOHOB. 

lleJlll pa6oru. B.cooTBBTCTBHH co cRasaHHHM Bume OCHOBHHMR sa,na'!awt 
HaC'l'O.Fllll8ft.pa6oTH JJBJISW'l'Cst: 

I. TeopeT.l!'!BC!td .pac'!eT B8pOJJTHOCTBI o(-pacna,na OCHOBHHX .I! Hl'ISRO
~BlmlllRX COCTOJJHru!: psma Tstllt8JIHX Cip3pR'!8CKHX smep C ne~ npoBepKR K8.

~8CTBa MO~BJII,HOro onHcaHM B~OBHX ~.l!tt COCTOJJHru!: R MexaH.l!SMa 
oC-pacna.na. 

1u1,1mnnwn 11tCTffJT 
11-.,iawx1 ecc lSP.,llOBIUIG 

FiM~It~CTEKA 



2 .• PacqeT IDITerpa.m,HHX JCapaKTepHCTRlK (-pacna.na K0MllaYH,1\-C0CT0.R'.
Hrut .a;n;ep C y,I8T0M C0Bp8M8HHl:DC .I(aHHWC 0 B8p0.R:TH0CTJIX r-nepeXO.I(OB Mellt

.I(y BHC0KOB036yiir,nemraMH C0CT0mIID!MH H H3yt{8HHe B03M0lltH0C.TJ! T8CT.Kp0Ba
HM Ha 3TOff 0CH0Be T80peTJ!t[8CIDOC q>()TOHHHX CW!0BHX WIDCnfilt. 

3. AHB.Jm3 3qqieKTOB H8C0XpaHeHM npocTpaHCTB8HH0tt t[8TH0CTH B RHTe
rpam,HHX cneKTpaX (-KBaHTOB -. (n, t.}-pea.KU,HH B paMKaX pa3BHToro no.I(
X0.I(a K onHcaHIDO CB0ttCTB pB,nHBI{H0HHoro KaHaJra pacna.na HBttTp0HHllX peso
HaHC0B. 

Ha;ytrHa.R: H0BHSHa. BnepBHe npoB8.I(8H yt{8T BRJra.I(a B SHat[8HH8 a6coJDOT
H0tt oe-nmpHHH nepeHopMHp0BaHHoro aqqieKTJ!BHOro.BsaHMO.I(ettcTBM Mel!U(y 
HYJ(JI0HaMJ!~ q>opMHPYJJl!lHMH o(-qacTmxy. IIoxasaHo, t[T0 nprumTwt BapMaHT 
T80p.KJ! o( -pacna.na M0llt8T CJIYlK.11Tl, 0CH0B0tt npH a1m.1rnse CTPYKTYPH 0CH0B
HHX H HK3R0n8lll'.al!lHX Bos6meHHHX C0CT0RHHtt .a;n;ep. 

Ha npm.1epe pac'leTa BeposrTH0CTH oc -nepexo.I(a oj-ej B .ll;I!;pe 2I0po .. 
BnepBHe noxasaHa B0SMOl!UIOCTl, peMHSBI{HH o6nerqeHH0ro M8X8HHSMa o(

pacna.na c L•.t. PasBHTwt no.I(X0.I(. R onHcamm ~ -mHpRH HcnonsoBaH 
.ItM npoBepxz· npe.ItcTaBneHrut o MarH'lH0CTH .a;n;pa I46t;;c/. 

Ha OCH0B8 pacqeTOB ll0JIHI,IX l'-nmpRH H HHT8HCHBH0CTett !,'.cneRTPOB 
npoB8.I(8H0 T8CTHp0BaHH8 TeopeTJ!t[8CICWC pa.I(HBI{H0HHHX CM0Bl:lX ~rut 
S1(EI) H Si (MI). BnepBue noxasaHo, 'lTo B m.e:poxott o6JmcTH MaccoBHX .. 
'lHCen C A~80+I50 BMB.I(H r-nepeXO.I(OB MYnTHn0nl>H0CTett EI H MI B RH
TerpMJ,HHe. ·iapaKTep.e:cTHRH peaxa,mr. (n,t) conocTaBHMH. ' 

IlpOB8.I(8H TeopeTH'l8CRHtt aHanHs aqqieK.TOB H8C0XpaH8HM t[8TH0CTH ,B 
RHTerpam,HHX cneKTpax t -KBaHT0B (n,i)-pea.KU,HH. Hccne,I(OBaHa BOSM0llt
H0CTl, .11'.SBneqeHM HS 3RcnepHM8HT~Hl:DC ~aHHHX no P-H8t[8THHM aqxfieKTSM 
R0nR'l8CTB8HHOtt RH(WpMBI{HH-O.MaTpRt[HHX.3neM8HTax CJm6oro BSaHMO.I(effcT~ 
BM. Ilpe.I(CKa3aH0 CYlll8CTBOBaHH8 B .a;n;pe IIS Sn .ll'.HT8HCKBHHX llteCTRIDC EI
nepex9,I(oB HS He_coxpaHmoll\8rO np?CTpaHCTB8HHYJJ t[8TH0CTl, pesoHaHCa I-. 

Hayqgasr H npaKTHt[8CRa.R: ll8HH0CTl,. PesynTaTH paC'l8T0B xapaRT8PHC
THR *·H J"-pacna.I(a.MoryT. 6HTl, Hcnom,soBaHH .ItM YTO'lH8!!.M Hal!Ul:X 
npe.I(CTaBneHrut-RaK O CTPYKTYP8 B0JIHOBl:lX ~ pacll8.I(aDIIU1XCJI COCTO.R'.
Hrut, TaR.R 0 M8.JCaHRSMaX c(- H O-pacna.I(a. Hanpm,ep, 06HapYJ!leHH08

8
ycH

neHH8 o{ -nepexo.I(OB c L .=2 . .e:s napHQ1!.H6~Hommx cocTomuffl .a;n;ep I 4 Dy 
l! 2I0po M0llteT oxasaT1>CR nonesHHM npH paccMoTpeHHH oC -pacna.Ita r.e:ram:
cxmc KBa.I(pynonHHX pesoHaHC0B, mHP0R0 o6c~eMoro B HaCT0Jm188 BpeM.R:. 
li3yqeHH8. Bonpoca O np.e:po.I(e (-nepeXO.I(OB M8:m;Icy' BHC0KOBOS6YJ!f,I(8HHHMH .. 
C0CTO.R'.H.MMH HM88T 1!8.lltH0e 3Hat[8HH8 .I(M aHMHSa pea.KU,H.H (1'1,To9, Sil!J!JiJ>."'. 

l!l8ffCR yrumaJIJ,HHM .HHCTPYM8HT0M npH Hccne.I(OBaHU npe.rutoM1IaYH,l\HHX C0CT0-
RHrut • .n:ocTKrHYM B pa6oTe ypoBem TeopeTH'leCRoro onHcaHHJI nporcecca 

(-pacna.I(a M0llteT 0RaSaTl,CR nonesHHM npH pacqeTax C6t[8HHtt SaxBaTa 
6HCTpHX H6ttTp0H0B B sa.naqax peaRT0pOCTp08HM, ll0CKOnl,l(y TO'lH0CTl, 
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npelltHWC M8TO.I(0B B pJJ.?(8 cnyqaeB 6wxa H8.I(OCTaT0t[HO BHCOKott. AHa.Jrn.3 3RC
rrepHM8HT8.lll,HliX .I(aHHliX II0 H8C0XpaH8HillO 'l8THOCT.11'. B IIOnHHX Cn8RTpax Q - _ 
I<BaHT0B nosB0M8T no.nyqRTl, 0I:(8HRR OlltH.I(a8MHX P-H8t[6THWC aipfeRT0B, K0-
TOpHe M0ryT 6WTJ, RCnonso:aaHH IIPH IIJUlHHp0BaHHH H npoBe.I(eHRR H0BHX 

3KcnepHM8HT0B. 

Arrpodaµrur pa6ora. 0cH0BHH8 pesym.TaTH .I(HCC6pTBI{HH .I(0KJW.nimaJIHCl, 
H o6CY]r,IJ;anJ!Cl, Ha.ceMWiapax ~ H ffl Oi1ffil., B Hffl (Mocx:sa), 
11 HRH AH CCCP (Mocx:sa), 11 JIHm> AH CCCP ( ThT'lHHa), B · <li3H 
i(Q6mmcK), , Ha XXYII, XXX, .XXXIII, XXXIY, XXXYI CoBemaHMX no .ir,nepHoff 
cneKTP0CKOIIHH H CTPYKTYPS 8TOJIHOr0 .a;n;pa, Ha YI BcecoD3HOft KOHif,epeHI:(RR 
no H8ftTpoHH0ft ~H3RlK8, Ha XIX 3ro.meft DIKone JJHRi:l.i. 

' . 

Ily6JIHRaII.lffl. _ no MaT8p~ .I(.HCcepTBI{RH onyMHK0BaH0 8 pa6oT. 

06'heM.H.CTpytt:ey:pa RHCC60T8.tli!H •. nzccepTBI{M C0CT0HT R3 BB8.I(6HM, 
rpex rJiaB, S8KJ!Dt[8HM H IIP.IL7IOllt6HM. B Heft C0.I(6plltHTCJI I69 CTpaH~ Ma

lJLIIHOnHCH0ro T6KCT8, I9 m6n~. IO pRCym<oB, cnHC0K nHTepaTypH .KS 

I55 Ha.11'.M8H0Balirut. 

CQnEPlKAHHE PAEOTl:l 
- " 

Bo BB8.I(8HHH KpaTK0 HM0llteHO C0.I(epir.aHHe .I(HCC8PTarcRR, pacCMOTpeHH 
HayqH08.SHa~8HR8 H aRTj'aJll,HOCTl, RCM8.I(Y6MWC npo6neM,C<lio.PMYMP0BaHH 

0CHOB~e nemt pa6ora. 

B nepBol rJiaBe HsyqeHo BJIMHJl.8 Ha BepORTH0.CTI> oC -pacna.n:a nepe
H0pMHp0BaHHoro aipfeKTHBH0ro BSR.ll'.MO.I(8ftCTBM M8JJmY HYKJIOHSM.11'., ·<J,opwtpym
llU'IWt oC -'UlCTRI:(y 

I 
a TaKSe npoB8.I(8HH pac~eTH 0TH0CHT8Jil,HHX mHPRH o( -n'e

peXO.I(0B HS 0CH0BHHX H HJISKonellallUIX B0s6y,imeHHHX C0CT0mJHft T1Dlt8JIYX 

OKO~OM8I'H'l8CltJIX .ir,nep. 
B paMKaX H8 R. -MS.Tp.imioro :eaplUlHTa T80p.lUI o(_ -pacna.n:a c<flepR'l8CK.ll'.X 

.a;n;ep 8MIW1TY,Jt8. no.116ap1,9pHoro cl -nepeXO.I(a HS cocTORHM po.llRTeJil,CKo-.. 
ro .ir.npa lffr:' "1; B cocrom12e .1toqepHero .ir.npa l/{r,. lf Mf onpe.I(eJIR:-
erca COO'l'HOID8HJI8M 1 

f1. . . ~ C~ L J, "' 11,~~ l ,r,Ji.f"'I, r;,Lr;;MJJ =v21r~ M111M1<:A~ 't'"f oLM~l-ra-l > , <I> 

rrp1111eM orreparop rrepexo.na 01.M Dee'!' BH.11 

OLM -::. ~ rkJ r;,.,r.12tJt_ ztr1..-YJ · (2) 

3.I(8C:E. ~ - pery.ruq>HM ItyJIOHOBCl':WI ~. ft(,4.y) - IIOT8HI:(HBJI · 

BS8BMO.I(8ICTBM .ItO'lft!pHero .a;n;pa (A-4) R CX: -ttaCT~, BWI8TaD!lt8ft C op6H
T,ytr>lmM MCN8H'l'OM L 

1 
'fo<. - BffYTpeHHR.R: BOJIHOBrut q,yHKJ:l}iH «, -'IB.CTmn,I, 

Jl - onepaTOP aHT.ll'.CHMM8TpRSBI{.IUI. 
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QrpamI'!miaJrCI, CJIY<ra.8M, KOI'l(a OCHOBHO:lt B~ B mapimy o(_-pacna,na -

onpe.n:eJIJieTCH KOMllOH8HTO:lt BO~HOBOtt ipyHla.tllR pO.I(RTemcKoro ,mpa A, KO'l'O

pM COOTB8TCTBY8T ,IlB.Uemm 4-x HYRJIOHOB' o6pa3yJllll.l!X ol -'laCTRizy'. noBepx 

OCTOBa, coBna.wmmero C ,n:o-qepHHM MJ>OM (A-4) (,n:.MI'OHMl>H08 npH6Jimm-

mte), BHpruiteHlle .n:mr noTeimHBJia L7;( {A·V) MOlEHO npe.n:cTa.BRTl> B B.inte 

'{ '{ 

Lk(A·'/) ~ L V, (lf~t) + ' [ tX.(f~-'t,•1)-V. (17i:-f:1)il (3) 
· t l ?-:- l/ 1,, i1· ' If''~, 

. L• J<t•f ·· 
r.n:e ~('Ci} - CaMOCOI'JiaCOBaHHI:ltt. o60JiotJe<ralrtt IlOT8fmK8.JI, a 0, . - aip

q>eKTRBH08 B3am.io.n:ettCTBll8 (9B), KOTopoe nepexo.n:HT B nycTOTHHtt ~OH

HyKJIOHHlli!: noreimHWI Vii , ecmt neHTP THlt8CTll Baam.m.n:ettcTBynlt8tt naps 

yxo.n:HT l(M8KO OT neHTpa ,mpa A. 
3aMeTHM, '!TO Bee npe.n:i:mymRe pac118TH BepORTHOCT8t1 o(-pacna.n:a B·. 

pru.max He R -wi.TpH1IBoro no.n:xo.n:a .n:eJlBJIIlc:r, c yqeToM TOJil,ltO nepBoft.cyMMH 

B llOT8HitRM8 It (A-'f) , IIpll118M IIOT8HitllaJili Vi ('Z,) . BH6HpMHCl> B f 
06H'iHO:lt By;I(C-caJtCOHOBCKO:lt g)OpM8, BJIMHH8 9B KOH8'1HOI'O pa.n:eyca atr 
Ha BepoRTHOCTR of. -nepexo.n:oB 6HJIO R3ycl8HO Ha npHMepe 06~er11eHHOI'O oC. -
pacna.n:a, Kor.n:a ipopMllpyJll!UI8 o{-"<JaCTHilY napl:l npoTOHOB . .Ii H8ffTPOHOB BHJI8-

TB.DT C MOM8HTaMll, paBmDAR ttyJID, 3aBHCRMOC'l'l> 9B OT KOOp.IUtHaTH It8HTpa. 

TJllt8CTll Rij Bsasmo.n:ettcTBYJl!lle:lt napH HYKJIOHOB,a TaKllfB OT we oTHOCH

TemHoA K001}.n:RIIaTH 'l;i BH6llpa..llRCI, B B.inte 

lJ:. :alr;t} =const{(;~nyn{f<.ii)+f:~[1-Yt~ii)]leJ<f[-{Zij/to)],(4) 
'd I _ l/ 0 lJ 1J !J _ 

r.n:e Y(Rij) =f(Rij)/p(o), npH'IBM p(Rti) - o.n:HoHYKJIOHRWl nJIOTHOcti:r,, 

a 'Z
0 

=I, ?4 4H 6mtsxo K Bemt'IHHe pa.IU!Yca, onpe.n:eJUD)lllero ~:r,HO.I(ettcTBYl)-'. 

IeyD 'lSC'l'l, HYKJIOH-HYRJIOHHl:lX IIOT8HW!SJIOB. 3Ha'!8HWl: napaueTpa n ' a 

T8.KlE6 B8~ll'IRH (in H r.ex , onpe,n:eJlJDJIIUIX Cl!JIY BSIU!MO.l(8!C'l'BWI HYKJIO-
HOB BO BHYTpeHHeit (in) H BH811IH8ft (<K) o6JJB.C TJIX .impa, B:u6Hpa.1u1c:r, B 

COOTBB'l'C'l'BM C Tpa.n:RitROHHO RCIIOJ1l,Sy8MHM Bap!llall'l'OM HHTeplIOJMIVU! B '1'80-

pM KOH8'1HHX q>epMH-cac'l'8M, BB.IUtY rpOMos.n:xocTH BH'IHOJieHd, CB888HHWt 

C onemtoa Bltlr8,1Ul B o( -mRPHHY BTOporo 'lJI8HB. BsalDIO.n:elc'l'BM ~{A-V) , 
paC118'1'H 6wm. IIpOB8,It8HH B paJ4R8X IIp0C'l'Off odOJIO'iC'IHO! MO.l(eJIII 6ea y-qera 
CMelllJIIBSHM KO~Hr~d .n:M psma .o6Jier11emmx ~ -nepexo.n:OB B HSOTOIIB.X 

Po. Pac'le'i'H noxasa.JUI, 'ITO yqeT vreaa c nepeHopMHpoBKOff BsaHMo.n:effoT

BM npHBO,I{H'l' It YJ,18Hl>memm a6cOJIDTHHX 8Ha'i8Hd oC-ll!JlPJIIH He 60Jiee .T{8M 

HS. 30-40%. Il03'1'0MY BC8 ,na.JII,HeftlllH8 BH'IHCJI8HWl: « -IIIHpllH npoBe.n:eHH C 

ycl8'1'0M 'l'omKO nepBOI'O 'IJIB.Ha BSaHMo.n:ettCTBM (3). 
- BoJI1,mott HHT8peC C 'l'O'IKH speHWl:- npoBepKR pa3Jm'iHHX T80peTH'l8CKHX 

npe.n:c'l'a.BJI8mtff, KacaJlIIUlXCH ,mepHOft O'l'pyKTYPH~ .H M8xaHH3Ma pag~a,npe.n:

CTa.BJUIJ)'l' pac'18TH BepoRTHOC'1'8tt oC -nepexo.n:oB B ,mpax B6JIRSH 
208

Pb , 3TO 

o6'LJiCHR8TCH '1'8M, 'i'l'O Cpel(H BC8X HSB8C'l'HHX HYKJill,I(OB B yteasaHimJC MpllX 
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atw,eKTH. o60JIO'i8tJHOtt CTpyKTypH llPORBJUOOTCR B mu160Jiee HBHOM B.lnt8 •. Ta- . 

KJ!M o6pasoM, yKa3SHHl:l8 pac11em MOryT CJ!YUTI, Bru\HHM KpB'l'8p.HeM IIpaBMl>

HOC.TK npe,D;IIOJ!OllteHd O M8xaH.II31!18 oC -pacna.n;a. BB.imy 'l'OI'O, 'ITO .ItHal'OHaJUI-

3aIJ;HOHHHO paC'!8T!l MOll!HO' noMe.n:oBaT8~l,HO ocynteCTBHTI, TOJll,KO .l(JIJ{ .a;nep 

B 6.muraffmeft oRpecTHOCTH ~u Mar.HtiecROro ~ 208Pnill Bli'!Hc~eHM ot
ump.HH dwm npone.n:eHH npel!t,Il;e ncero .n:JIJI ,mep 2 Bi , 21"Po .a 210pb, 
IIpe.n:cTaBHB • B pm.max ueTo.zta R.PA Bupal!teHWI .n:M BoJIHOBIDt lfr./HRitHff I./J3i. 
it lJf Jf ~ cooTB8TCTByDIIU!8 .a;npa1,1 "v.ar.1111e0Koe :t 2 ffYMOHa", Ha ocHoBe. 

T8XH.IIKH BTopwmoro KBSHTOBaHM y.n:aJIOCl, IIOJIYllllTl, BHpallt8IDUi ;u;m. B8-

POHTHOCT8tt c{-napexo,ItOB. 

B Ta6.rume I .n:M ,mpa 
210 Bi npmie.n:eHU pesynTaTH pac11eToB OTHOCH

T8JII,HWC IIIHprut H806Jier11enHHX c(. -rrepexo.n:oB ll3 OCHOBHOI'O (r) H .RSOM8pHO

ro· ·(9~) COCTOJIIDtll. 

Ta6.111tna I 

m ~ 
J;_ '~Ji. f 9--rr 9-... 12 9-.... 2j 9-.... 22 r-.23 9---3

1
9-~4

1
1--2

1 
r-r

1 

~KC~Mem1 I,O I,3 0,2 I,I I,25 I,0 0,2 0,5 I,6 

KaK Bll.l(HO ll3 Ta6~ I, l(OCTBI'HyTHft ypoBeHI, OIIHCaHM OTHOCJIT8Jll,HUX . 

oC -lllRPHH B ,mpe 2 o Bi.. B ne~oM mwteTCR y.n:0MeTBopne~1>HliM. McUD11e

HHe COCTaBJIJIJlT Jfflilll, oC -nepeXQlUl, IIPHBO.I(J!JJ1}!:e K saceJieHHll COCTOJiHd 2i. 

.II 4j ,D;O'i8pH8I'O ~ 206re • Pacxo~8HH8 '1'80pW!: C 3KCll8p.llM8HTOM CBJISa

HO, llO-,.Bll.l(HMOMY, C !'8M, 11'1'0 BOJIHOB!le cpyHl(ItHll 3 THX COCTORHHft H8 !IBJIJi

DTCH .l(OCTBTO'IHO KOppeRTHNMlt. lonoJIHH'l'8Jll,Ht:D4 aprYM9H'l'OM B IIOJII,SY 'l'aKO

,o 38ltJil)'l8HM CJIY1U1'l' OTCYTCTBHe COI'JiaCWl: Me:,imy OIIliTHl,!MH l(altHHMH I! pe,.,. 
S/Jll,'1'8'1'8M.II paC'l8TOB JipHB8~8HHWt B8pOHTHOCT8! MI- H E2-rrepexo.n:oB·B M-

pe 
2067'e, CBHSaHHHX C COO'l'OIIHH.f!WI 21 H 41, ' 

IlpH BJAl!M8Hl1JII BepOHTHOC'1'8! o(,-nepexo.n:oB B '18'l'H0-'18TH1:IX .a;npax 
2 ~0:Pb a 210po BB.lf,Icy' orpaHlN8HHOCTI! .IICIIMLSyeMoro 6aszca o6o~O"<J8'1HHX 

COOTOIIHHit -OCHOBHOft 8.KitBHT C.l(8Jt9.H Ha B~8HH8 atw,eKTOB CM8trumaHM .. 

KO~ypmutft. Pac'leTH IIOKB.38JDIA :'1'0 OTHOCllT8~HHe B8p0RTHOCTH od~er-

118HH1:IX-oG-nspexo.n:oB B ,mpax 21"Pb I! 2 IDPo OII.RCl:lBaDTCJt npZMepHO 'l'81t ,re' 
· MK z nepoRTHOCT.11 Heo6Jier11eHHHX ol-nepexo.n:oB B ,mpe 2 IDBi.. 06pamaeT 

HS. ce6Jt BHBMallH8 6om.moe YCMBH.1!8 BepOH'l'HOCTB oC-nepexo.n:a oj, s ~ 2t B 

.B,llpe 2I~o .r;t48m/I';t0~=205, ·rM r~cT - ~- lllllpHHa, pacc11HTaHHM B 

J)MlltaX IIPOC'l'Oft 060JIO'i811HOlt Mo.n:eJIH. 3TO'l' peay~l>'l'BT-yK8.3HEa8'1':1m: B08MOllt..

HOC'1'L pearuISSJllll{ M8%aHllSM8 o6JieI''l8HHOI'O oG -pacna.n:a H8 TO~O ~M R3Be

cmoro CJIY"W.Sl-oG -IIepexo.ztoB oJ.s ... 0j:·s; • OTMeTHM, 'ITO aHa'IHTemHoe yi3e

Jnt'ieHJ1e · ·OTHOm8HM ~Mamf.r!11C IIO~BHO .n:M oc, -rrepeXO.I(OB HS OCHOBHOI'O 

000'1'0.IIHHJt o;.s. Sl;Ilpa 210po Ha nepBlle .IIS OOCTOIIHH:lt 2+, 4~ H T.,D;. ,It0'18p-
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Hero ,mpa. 
206PB, KOTOpHe RM8!lT srpKo Bllp8.llt8HHYJO KOJfJI8KTm!HYJO O'l'PYltTYPY 

'1'.IUia napHott BH6panRK. 

IIo· IUta.JIOI'mt oo o.nyqaeM ,me~ o A=2IO 6WI ~oBe,tteH aH8JllIS o(, -nepexo

.It~B B OKOJIOMaI'K'leoKwc ,mpax 
20 

Po, 
2IIRn 11 2 R.a o 'l.HCJIOM HettTpoHoB 

N =I25, B KoTopwc RMe!l'l'OJI RaK o6Jier:qemme, TaK a IIOJIY06Jier'l!eHHHe c,(.._

nepexo.ItH. IloOKOJil,KY OOHOBHli8 K ruumflmne Bos6~8HHH8 OOOTOJIHM po.ItK

'l'8Jil,OlWX K ,ItO'l8PHKX smep ~JllOTOJI npaKTK'leoM O,ItHOKBaSH'l!lO'l'll'llWMK no 

H8ilTpOHHOtt OKOT8M8, TO yxasaHHHe.no~o6JI8I''l!erume ol-nepexo,ItH.yo~HH 

'l'OJil,KO no IIpOTOHHOtt OKOT8M8. Ha OCHOB8 nOWlTWl T80p8Tll'l80KOI'O Kosqxf,n

Qll8HTa ycMBHM K == r;f.1em,1rJ110T~1'!>·K" c Y'l8TOM aRcnepBMeHTB.Jil,HHX .. 

.ttaHHHX·o mKpHHax o6Jier'leHHHX·a no~o6JieMeHHHXal-nepexo.noB 6Wia no~

'ISHa.lI,eH0MeHoJior11'l'.ecKan onemta H8il'l'~OHHOI'O KOsqxf,mi:KeHm yoWI8HM (KY) 
B OKOJIOM!ll'-li'18CKKX ,mpax c N =I25 ~=3,3:!:o,3. c· IIOMO!lll,!l S'l'OI'O .aHatf8,.,. 

HM KY 6wm paOC'IRTaHH OTHOCMT8Jil,HHB. BapOHTHOC'l'R 60.10,moro 'IHCJia ct. -
nepexo,ttOB. pasHoro T.IUia B H8'18THO-H8'l8T~ ,mpax 2I2 F-i a 2I0 At • 
Ilpn 3'1'0M B Ka'l8CTB8 OOHOBHHX COC'l'OJmd yRa3aHHHX ,map npHHllMaJIB.Cl, . 

.ttByxKBas.nacTR'IHWI xoHgJm,ypa.nM [P(1haqJ,N(.3P1/z.J] 5 +, a JtJISI 

oooTommit cooTBeTcTByJ)IIUDC .ttotJ:apHHX ,map . At a 206 e,.;,. acnom,s0Ba

nc1, BOJIHOBH8 ~HK, no~8HHH8·0-Y'{8'1'0M CM8111HBaHM KOHgJm-ypand sa 

O'l8T. NP-Bsa.HMo.ItettoTBM. Bwro noxasrum, 'l'l'O .ltJlJI 06'!,.iroHeJWJr ~~HTa

uu c.HJIH o6JiertJ:eHHWC ~ -nepexo.noB 5+-+ 5! H 5+-. 52 B ,mpax 2 Pt .. a 
2I0 At T~6yeTcn cymecTBeHHo 6oJildil8e OM811ll!BaHH8 o6oJIOtJ:etJHHX MJ.7Il,'l'H-

IIJieToB JP(1h!l/fc)N{J.(¥;,J] a [P(1h9;,_) N (3p1/i}] B .not1epHHX 

,mpax 
2 •At H 06st , 'IBM sTo OJie~T as T~mi:HOHHHX o60Jio'letJHHX_ 

paC'18'l'OB • 

... B nooJI8,ItH88 BpeMn Ilp0JIBJI!l'.8TOJI SHa'IHT8JI1,Hlitt HHTepec .K .HSJ'l8Hllll 

H8ft'l'poHO.It8~Hil.lt'l'HHX sr,nep ·n6JIH3.I! A...,!50. B psme pa60'1' OBO!C'l'Ba 9'1'HX 

1tll:8p OIIHO.HBM.ltOl, B paMKS.X IIpe,ItIIOJIOll8HM o Mal'.H'IHOC'l'll sr.npa. 146Gd. .. B.. 
,1Ui008p'l'anrut Ha OCHOBa BOJIHOBHX ~. UOJiy-q8HHHX B. yRa38.HHHX pa6o ... 

'1'aJC~6wm.npoB8.It8HH ~0'18TH OTHOOHT8Jil,HliX B8p0Jl'l'H00'1'8lt ol. -nepexo,ttOB B 

118THo-:ire'l'HHX JtIJ;pax 
48Gd .It 148 by. PesyJII,TaTH BH'IH~eHd oxasa.ruio1, 

B IJ;8J!OM 6JIHSKH K aHaJIOI'.IAllHM pesyJI1,'1'8'1'8M, UOJIY'l8HHHM .ltJlJI sr.nep B6JIKS.H 
208PB, 'l'l'O 0BB,ll;8'1'8Jil,CTBye'l' B UOJil,Sf·I'JmOT8SH O Nal'H'IHOOTII.HYK,1D!Jta 
146Gd • B 'lla.Q'fHOCTH, aa6JuulaeTOJI OYJ!l80'1'B8HH08 YB8JIH'l8JUl8 0'1'HOln8H.IIJt_ 

~em,1ricir MJI c1.-nepexo.ItoB ms .OCHOBHoro o.ooToJIHM sr.npa 148 Du ·Ha 
.. o+ 2+ 4+ 144Gd K ::, II8pBH8 as OOOTOJIH.d: , . Jl . .1t0'18pH8I'O sr.npa .. -- .. OOJIBJI8H.1Dl, 

axcuepJIM8HT!lJil,HaJI .IH~pM8IlWI O B8p0Jl'1'HOO'l'JIX ol-nepeXO,Il;OB B yRaSaHHOI 

06JiaOTH, ,map 088.TCJI 'l'OJILltO .ltJlJI cl -nepeXC>,Ita . o;s.-~ 0 ;.$. B HJt.P8 
I48Gd. IloS'l'OMY .ltJlJI OKOH'l8.'1'8JI1,Horo pemeH.IIJI Boupoca o 'l'OM, JIBJIJIBTCJI 

JIH ,mpo 146 Gd MarHtJ:aoru!M, Hymm .ItOIIOJlll.lt'1'8JI:&HHe s1tonepHMeHTaJI1,HH8 

.ICOJ!8,D;OBaHM. 
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f, 

KpOMe o( -paoII8,1Ul OCHOBHHX H . HltSROJI8lialllllX. OOOTO.IUUtlt, B HaOTOJml88 

BpBMSi HSJ'l8HH o(_ -nepeXo,ItH .113 BHCOKOJI8lt:B.IIUIX · BOS6j'lf,11;8HHHX OOCTOJIH.d: 

(perutnM ( n,o<.) Ha pasoHaHOHHX H8ffTpo.HaX), a 'l'arutte HOOJI8,ItOBaHa JJ)Jy

C'l'YI18HimTaJ1.perutnWI {n,tol) • .nooTHI'HYTH! ypoB8Hl> '1'80p8TH'l80ROI'O 

OIIHcaH.IIJI ope,ItHHX o(.. -lllllp.l'lH.H8ftTpOHHHX peSOHaHOOB noSBOJIHJI Ha OOHOB8 

aaa.,msa perucnmt (n,fol) no~a5 m$>J>Manim o BepoHTHOCTJIX (-nepa

xo.ItoB M8l!;!ly OJIO!tHHM.I! BHCOKOJI8!t81lU!M1t OOOTOJIH.HJIMK sr,nep. 06.0~8H.BD 

8'1'.HX BOIIpOCOB H UOOBRm8H.Ma'1'8pHaJI BTopott I'JiaBH .1tH008pTanM. 

Bo BB8,It8HRll K Hett o60yll!,ll;8HO COBpeM8HH08 OOC'l'OJIHH8 npo6JI8MH OIIHoa

H.ltJI UOJIHHX pa,I(HanHOHHHXlllllp.l'lH H *.PMf.7ll1pOBaHH OCHOBHH8 Rp.l!T8pmt, RO

TOpHM .ItOJDltHH y;J:{OBJI8TBOpJl'l'D HCIIOJII,SyeMHe B paO'l8'1'aJC ~TOHHH8 ORJIOBH8 

~ H tIJIO'l'HOOTR BOS6yll!,ll;eHHHX OOOTOJIHHtt. IloCKOJII,Ky HHTSrpam,HHe 

xapaKTepHO'l'.HruJ,pa.ztHanHOHHOro ruUISJJa paona.na HeffTpOHHHX pesOHaHOOB 

(yope,ttH8HHH8 IIOJIHH8 r -cmpmm H RH'1'8HCHBHOO'l'.I! 'J'-oneRTpoB) 0Ilpe,tt8JIR:

DTCJI B OCHOBHOM "t-nepeXO.It&ffl Ha .It00'1'8'l'O'IHO OJIOl!HH8 KOH8'1HH8 OOO'l'OJI

HM, TO BWIHOJI8HWI IIpOB8,It8HH B paMKaX CTaTHOTH'l8CROI'O no.nxo.na. 

· B ,ItHIIOJil,HOM npH6JI.ltlleH.IUt BHpal!8HRe .ltJlJI ope,ItHett UOJIHOtt pa.n:HanHOHHOI 

D!.ltp.HHH S-H81TpOHHHX pesoHaHCOB HM88T Bn 

J::I+~ u :.t, .3 

'i = ! oL (JJrt>f((UfL. L_ s'7tL)f (it%)~c/~, (5) 

;/, «,Z:+1. J:./i-~1 Ji o LrEf,1'1f 1/ff+ ¥ j7¥ 
r.1te I - omm sr.npa.~eHJl, ?J1't'(u) - IIJIO'l'HOO'l'l, Bos6yJQteHHHX 000ToJ1Hd 

KOMII8~-,mpa 00 0IIJIH0M H '18'1'HOC'l'l,J) J!lr: np.ll aaepru BOS6~8HJUI lj, 
S l"l(E11 L) - ~omme ouOBwe ~ MYJIH.111onH00'1'8I EI z r ', MI. . . . 

C.0,Itye'l' II0.1t'18PKBYfl>, 11'1'0 B O'l'J!Jl"I.18 O'l' 'l'~OIDDIX ItO.ItXO,ItOB, KO

H8imaR Jl8.Jllo K0'1'0pKX saKJll)'l{8JJl!Cl, B OlI.lcaH.llJI UOJIHHX ~Han.llOHHHX lll.llp.llt. 

IJYTBM IIOJtI'OHKI( BX0,1l;JDIU!X B paC118'1' IJapaM8'l'pOB, B ,ItaHHOft pa60T8- peaJ!JISO.

BaH .11101 IIpllHil.llI, a JIM8HHO: BOSMODOO'l'l, ROJlltt{8CTB8HHOro BOClq)O.llSB8,It8-

HRJI 3RCII8pm48H'1'8Jll,HHX SHatieHd /-DlllpHH. H .ltH'1'8HOHBHOC'1'81 7-oneRTpoB 

ROIIOJIJ,SOBaHa B m,ecTB8 T80Ta T80pB'l'.ll'l80RHX.~TOHHHX O.IJIOBHX ~d 

S'T{£1) • st!!~· Uo./.IY'l8HHHX paHee. . ·-
~ CHJIOBO! $ if (Ef) HOUOJil,SOBaJI0.01, OJie.eyl)lll88 BHpUe,.. 

mte, OIIpaBB.ItJIHBOe B 06JJBo'l'.11'ope.nux z TJmeJIHX o~plltleoux (HeMBr.HtJ:e

oux) m,;ep: 

5il(E1) ==- 3· f06 !fl fj [E/ +lftt2 T2(u;J] M e,-3 
f . A Ea ( E. 2 _ E. 2) 2 

3 , (6) 
• 1 I' 

r.ne . £} .It ri- - - lllltpmm. H IIOJIOllt8HH8 I'HI'8HTCKOI'O .ItHIIOJil,HOro 3J18R- . 

Tp1tt1eo1t0ro pesoHlUlca, a T(Vi) - R.T.tBPHM '1'8MIIepaTYJ)a, coo'l'Be'l'CTBY-. 
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l)lll!iJI KOH8"IHOMy COCTOmnm '. Sru.!eT.HM, _tJro CWIOB8.JI ®"HKitM (6) xopomo .. 

BOCnpOK3B0.nK'l' llOCTORHCTBO pa,D;P.aQROHHOtt CWIOBOtt qJyHRUliK B o6JiaCTZ KOM~ 

IIaYIOt-KOMimYJUt /. C3 -c1
) ?f -nepexo.noB c E

8
.63 lihB, axcnepHMeH'1'8.JII,

HO ycraHoBJieHHoe .nmr ROMIIaYIOt-n:ztpa I
44Nd, a TaKlle y.noBJieTBOPKT8Jll,HO 

corJIB.cyeTCJ! o Ollll'l'HllMH .naHHHMH B o6JJRCT.lt !:eCTitrut ( C➔S) d'-nepexo-

.IJ;OB. _ -

B RatJecrBe cwroBoft ~ S~(t11) npn.]8ctJeTax RCIIOJn.soBaJiocD 

8KC1I8pHMeHTaJll,H08 3HatJ8Hli6 s;c (MI) ::~d • IO MaB-3, IIOJIY'l8HH06 .IJ;JIJI. 

KOMIIayim-,r;iu,a I 44Nd , RoTopoe oKasaJioCD .nocTaTotJHo C!JIHSKHM K reope.Tll

-qecKott Oit6Hlt8. s;c'O.U)~ s;s {MI)~2•rn-8 MaB-3. K COJEaJierum, .no

CTOBepHHe .IJ;RHHlle O pa,D;Har(HOHHWC.CKJIOBWC q,yH!alKRX B. oC!JJB.CTK Mm'KZX 

'-"-+ c' o' -nepexo.noB llOJIYl!BHH TOJIJ,Ko..,nmr KOMIIaYJUt-smpa I44Nd, npz

tJeM B npe.ne.nax 3KCII8pnM8H'l'RJil,HOii norpemHOCTH s;c( f1) ~ 5p·1{Mf). 
lJJroTHOCTD-BosC!ylf,ll;eHHHX cocTOJIH.Hi1 P.Jfm,(Uf) BUtJHCJIJJJmCD Ha oc

Ho:ae MO.IJ;6JIH ~p.1H-rasa C no.nromcott IJO.IJ; Ha~-aeMoe 3HatJ8HR8 IIJIOTHOCU 

ypOBHett npz 8HeprRH CBJIBH HettTpoHa H npH 8H8,PI'WIX B030~8HM IIO.PJW(a 

2-3 MaB. BosMOmtOCTD O.IJ;HOSHatraott ~HOMeHOJiora:tJecxon IIapaM8Tpzsaumi: 

3H8pI'6TR'l6CROft saBHCltMOCTll IIJIO'l'HOCTH, a TaI<Jm BJIIDIHHe 8KC1I8pltM6HTRJIJ,

HOtt Heonpe,neJieHHOCTH B SHatJ8H.11K IIJIOTHOCTl! HKSKOJier.anuoc COCTOmutlt Ha 

BBJIH'!UUIH ft 6wm nsyqeHH Ha npZMepe ,r;iu,a I44Nd, · .nmr :c<.oroporo .. 

~a: Sr (EI) z S; (MI) ZBB8CTlW ar<cnep.BMeHTMDHO. IlpoBe.neHHUtt 

aHaJIKa IJORasaJI, liTO Ha OCHOB8 m.l8Jlll!8ftCR 8KCII8pHM8HTaJIJ,HOtt JD$>If,'.anwt 
0 IIJIOTHOCTR YPOBH8lt B03MOllt!Ia ee O,llH03HatJHaR ~HOM8HOJIOI'K118CKB.JI napa-.. 
M8SpK98.ItM H,- CJI8.I(OBaT8Jll,HO, IIOJIYl!SHZe a6cOJmTHHX 9HatJ8Hd IIOJIHHX.pa

,It.Har(HOHHHX ml'IPKH JlJllI sa.namwx CWIOBUX qiymtud StCEI) 11 Sr (MI). . 

PesyJILTS'l'li pa0'l8TOB np.r.ma,naHU Ha p:ao. l B Blil.IJ;8 OTHOW8HWl r}KO /r} B 

88BHCHKOCTH OT KSCCOBoro QHCna. 

~•;r/r--------~ 
1,5 

--- ♦ 
i+~•• 71++.~•--iC __ _ 

11----;--+-- . . l. 
0.5 r f f ------, -

♦ ♦• 

1,0 

100 140 160 A 

P~c • I• OTHo~eHM r;xo;r; B SaBHCIMOC'l'H 0'1' MaCCOBoro __ qa:c.na. 

BZ,D;HO, tJTO ,nmr 6oJil,lllltHC'l'Ba HCOJI8,llOBaHHHX J'I,ll8p, sa RCKJill~eHHeM n:ztep 
92;ln, IIBsn, I

20sn-H I~Ba. nomme pa.IUUUl.l!OHHU8 mKpRHH Bocnpo.Hs~ 

BO.IJ;JU'CR y}J.OBJI8TBOpHT6JIJ,HO. Kalt IIOKa88JIH.:BWfflCJI8Hwt, B 06JlaOTR MaCCO

BUX ~RC8JI A"'BO+I50 mHplllW ry(MI), pacCtJH!'aHHHe o yqe_TOM TOJIDKO ,MI
ne~xo.noB, COCTB.BJIJIJlT npm~epHO IJOJIOBKHy llOJIHOff pa,D;KartROHHO:lt lll.l!pWW r; 

8 

i 

l 
( 
I 

J 

J 

(5). Si'OT pesyJIDTaT IJO,lli'B8~8'1' rwroresy 06 YHKBepCWII,HOCTH COOTHO-

SCC' CC' 
lllllHM J.!8Jr,lcy' O.IIJIOBLIMR !W}IK[tHJ!Wf r (EI) H s r<MI)' BliCKa3aHJIYD 

paHee Ha OCHOB8 aHMZsa P6aRllKK I« Nd( n a'o0140ce. C YtJ8TOM aroro ' -o6CT0Ji'1'8Jll,C'l'Ba 6wra R3YtJ8Ha 8HepreTKtJ8CKaR saBHCHMOCTD IIOJIHHX pa,D;Ka-

QKOHHWC-l!IlqlKH H noJiyqeJW npocme aHaJIKTHtJ6CKH8 Bllpa.llt8HM .I(JIII pacqera 
B8JIKtD!H /y • ... ·. . . . . - . • . · -

PasBKffl II<>.nXO.It--K OIIHcaHRll IJOJIHHX pa,D;Har(KOHHUX mRpKH. 6UJI npHM8H8H 

JlJllI -aHa.JIHSa C'l'a'l'.l!C'l'Ktl801'to! tJaCTH _- t-cneRTpOB pa,D;Har(KOHHOI'O aanara 

T8MOBliX H8ft!I'poHOB Ha cpe.nHHX H TmteJiliX ~pne~ItHX. H,lij)aX. IlpH 8TOM 

mJTeHCHBHOC'l'l, (-mmHZ C 8HeprKeft Er liHTerpam,Horo cneKTpa t-J1Y-
11efl BUtlZCJIH.JlaCD IIO /Ilo1)MYJI8 - · 

~ (Ef) ==~, ~(t;Jffllf'=~,,(ift)lq,(~} 1 (7~ 

r.ne W,e { E-1-) :: L. q Wf.11 [E".fh) ¾" f - sace.neHHOCTD pacna.n;Horo-cocTo-

mtM I c ,.9Hepr.1teit -:/£ (E,, <f. ,, ) a: noJIHott pa.n.Har(HOHHott nmpHHoft ;;t I r:f ,/. - IIapQmi{HM llllip. d' -nepexo.na Me~y' COCTO.mntsIMJ! I 
.H .f1 r Ha OCHOB8 ttaCKa,ll;HOft M8'1'0.I(HKR 6liJIH paCCtJHTaHH B8JllfqKHU y ( £1' )
IDIT8HCHBHOC't.ll f -ltBaH'l'OB , J K (ff) , IIpHBe.1(8HH118 Ha 8.IJ;HHlMrali KHT8 p-
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PRC. 2 . 

CpaBH8HRe·e1tCIJ8pHMeHTSJI1,HUX l!..

paCtJ8THHX 3HatJ8mt! HH'l'8HC.IIBHO

CT8it IDIT8I'.PaJIJ,HWC l'-cneKTpOB 

.nmr ,mep B"l , I04Rh I _II4cd. 



Ba.JI 8H8prWI (I MaB) H Ha 0,11;.0:H 3aXBa'l' H8i1'l'poHa. B Ra'll8C'l'B8 rrpmepa Jia .. 

pHC. 2 Dpe,ll;C'1'8.BJI6HH BH'Cffl.CJI8HHll8 3Ha'll8HWI BBJIR'IIRH V(E-1) (m'l'pmtOBaH

HH8 JIIDIM) MR n;n;ep 5-i , ro4 R.h .It II4cd. ltO'l'OpHe CpaBH.IU38JlTCSI C 

COO'l'B8 TC'l'BYJJIIUIM.H 3KCII8 p.1IM8HT8.Jll,HHM.a ,JJ;aHHHM.11 ( CIIJIOmHH8 JIRHU) • PaC'IIBT, 

Kalt IlpaB.HJIO, y;I{OBJI8'l'BOp.lt'l'8Jil,HO BOCIIp0.1!3130~'1' MSll'Icyl) .It. Cpe,ll;HDll.'llaC'l'.II .. 

t-cnett'l'pa .It rrpHB0,11;.HT K saH.llllteHHHM RH'l'BHC.ltBHOC'l'SJM B o6JiaC'l'.lt cy(Sl!teC'l'

ru!X i-nepeXO,lJ;OB C 8HeprW!M.1t,Jia· 2-3 MaB M8IIDlllllMl1 8Hepru CBJ!S.II HBtt'l'-. 

poHa • .UJIR: H6KOTOpWC n;n;ep 6HJI.lt BH'IIKCJI8HH 'l'8.!0lt8 saceJieHHOC'l'K H.lt3KOJI8l£8...

Dt.ltX cocTomnttt II no.nyt1eHo 1,!{013.-'18T)!IOP.1tTem.Hoe corJiao.l!e c axonepRM.eHTOM. 

B Tpe 'l'l,8i\ .. rJiaBe. Ha .ocHoBe pasB.ltToro n0,1J;Xo,11;a x on.11caium . .l!HTerpaJIL

HWC xapa1<TepacT.11K perumu · (nJJ'] rrpoBe,JJ;eIJ __ aHamts P-He'lleTHHX s~tt'l'OB 

B IlOJIHHX. crreit'l'pax ¥ -KBaH'l'OB 'l'BIIJIOBOro. saXBaT.a H8ftTpOHOB. Cpe,11;.lt ·axo

rrep.HMeH'l'OB, 'B. ROTopwc acoJie,JJ;ye'l'CR: RHTepciiepeimrut aMILllltT1,!{ f -nepexo,.. 

,ll;OB Me~ n;n;epHHMR OOC'l'OB!Ulm.Ul O npOTRBOilOJIOlltHOtt 'IIB'l'HOC'l'l,Jl, Ha.lWom.~ 

mee paonpoc'l'paH8HK8 Ha Ilpalt'l'mte. IlO.nyt{HJIH K3MepeW18 Q.ltpKYJIJIJ)HOft IlOJIJIJ>R~ 

3~ y -KBaH'l'OB Pr , B03HHK8Dlle! npK pa,JJ;RWV!OHHOM 3aXBa'l'8 HenOJIJipK30-

B8.HHHX HBl'l'pOHOB, ft .lt3M8p8HK8 P".8He1leTHOtt aOl'lMM8'l'pM an0 · BHJie'l'a i -.. 
KBaH'l'OB O'l'HOOK'J.'8Jil.HO HanpaBJieHWI OIIKHa IIB,ll;SlllllHX IlOJIR:pK30BaHHWC H8!'l'pO

HOB •. H3M8peHWI 61:lJllt npoBe,JJ;eHH Ha n;n;pax ce' ~ I Co ,8-r ,C~fn,J,[j,l{l 
.It Ho, npK'lleM MR 6om,manoT:sa n;n;eH BeJiftUHH. P..-He'lle'l'HWC a~K'l'OB B noJI

ma: j -oneKTpax 6WIH nopn;n;Ra ro- -ro::-4 (,nJIJi n;n;ep Co, Cd, ] K Ho 
no.nyt1eHH orpallH'leHWI Ha BBJIH'IKHY a{MleK"ra). . .. .. I. 

PesyJD,TaT 8KOD8pHM8H'l'a. no .K3M8p8HHll IU!P1tYJISIPHOff DOJIJIJ)K3a!U!K IJ, . 
liH'l'8rp8Jll>HOro TO!Ca 4>c>TOHOB, KCnynteHHHX nocJie SaXBa'l'a T8IIJIOBHX H8ff'l'pO-

HOB K30TODOM, MOl!e'l' 6H'l'l, samtcaH B BH.D:8 . 

E~ = /BIJiftfJ~;(E,,}E(f}F~J7 dEr 
(8) 

, _'i:ojs,,:Jr(fr)F(E,,>E,,d~ '. 
npK-qeM HH'l'8rpKpo:aaHKe npoBO,lJ;K'l'OR ,11;0 :rnepru CBR81'1 811 OOO'l'll8'l'O'fByl)

ll!8ro ROMIIaYHJt-H,tij)a o llS_ooM Et , y-q.1tTHBaJ>11UtM TOKOBHI Me'l'o,11; perJJcirpa-.. 
IU!K ( -KBaHTOB. ~HH l!(Ej,) K FfEtl ODpe,11;8Jlllll'fCR 8KOD8j>JIM8H

'l'8.Jll,ljOjt Me'l'O,lUllCOI. BxOMIQ!l.R B 4lo'fHYJiy (8) QKptty.MpBBJr IIOJIJq)1'188ltJUI 

Prlf B ,ll;BYJCYPOBH8BOM rrp.1t6JIKllt8HIUI Oll.HCHB88'l'CR BHpall8HK8M 

1/f = .Lti [ r}I / r,,il J f.t (9) 
. ~ ( Er IP rs , . 

r,11;e (t;/1/n ft ct;)!)~ - Il8l)QR8Jll,HH8 8MJW!Ty,I(H r'-nepexo,11;0B 
B ooo~oRHKe / zs ,JJ;aDlt.ltX BKJia,11; B aiMJettT s- • . p - pesoHancoB, 

0- - Ma'l'pK~ 8JI8M8H'l' OJia6oro B3amt0,1J;elcTBM 1 CM811UlB81;1118rO .S- B pw 
8MIIJilt'l'1,!{H peaKQHH MR cooToJmM i. , E p - anepru 6.muraftmero K Ten-

10 

JioBott Toqxe P-pe.soHaHoa. Km< BH.D:HO .Ha 4x>.PMYJI (8) H (9), tJHCJIHTen 

BHpazeHWI (8) rrpe,11;c'l'aBJIJreT co6oi1' cYMMY 6onmoro tJHOJia c.nytmttHWC (rro 

3H8Ky' K ~we) CJI81'a8MHX, llOCKMl>ey 3Ha'll8HM B.MIIJI.ltTy;I{ napuHB.m,HHX 

m.ltpKH ( r; t-l ) ? own.Ho ®zyR'l'YHPY)l'l'. TaifflM o6pa30M, Ha6ama,eMH!t 3~ 

<f?eIC'l'.:MOllteT 6HTI, BH"mCJI8H JOOlll, .• Tor,11;a, KOr,11;a 3'l'K B.MIIJI.lt'l'y;I{H, BKJID'IIM HX 

SHaKR, HSB8CTHH HS H88aBHOEMHX axcnepHMeH'l'OB. B pa6ore IIORaSaHo, 11'1'0 

8,lJ;IDlCTB8HHOff 'l'80peTH'q8CROff B8JI.H'q1'1HOff, RO'l'OPYJ> MOlltHO COIIOO'l'aBHTL na6-

.1Il\lta8MOMY sHa'lleH.IDl BeJIH"qRHH A I:= J !}ff J .Zj,{f) E{ErJF(rj-} q,dE0 , 
RBJIR:B'l'OR ope,11;HeKBa,1J;pa'l'K'qH08 OTKJIOH8HK8 

. 11 ------- V2 
[D(i11J] 

2
= [ f (/}'f ~(e·F E}f/] , <ro> 

TOr,JJ;a Kalt A J -;:. 0 • 
Ha ooHoBe paamt'l'Oil Bo B'ropoff rJiaBe oxeMH onRcanrut pa,JJ;KB.Il.ltOHHoro 

Ita.Ha.ira pac~ 6wnt pacc11HTaHH BeJIKtJKHH J:J,z:. (8) npeiime Bcero ,JJ;JIR: 

n;n;ep B-t , I 4 Cd , Sn H 
140La, MR KO'l'OpWC HM88'l'OR H83aB.ltCHMM 

8KCll8p.HM8HTaJILHaR HHqx>pMaQM O Wi'l'PH'lHHX 8JI8M8HTax I). "HHT8rpa.JIL-,. 
i.: 

HWl11 8CRMM8'1'pM· Clhj" BH'lHOJIJtllB.OL C llOMOIIlJ,10 np.ltB8~8HHHX BH!II8 COO'l'-

HOme}IBI!: ~~ _/}r.. , B 1t0Topwc noJUil'aJIOOL F' = E(~} =F(9') = 1 K 

a,tf:::: lf'f. A if , r,11;e ~Top A,f aaB.1tcn oT onKHoB HB.'18.Jll,Horo 

• (l} H_ KOH8'ql!Oro (/) COOTORHd. 3aMeTHM, 'll'l'O DP.It pa0'118'l'ax Be.mmm 

If]: S . Cl;j HCIIOJIE,SOBaJiaCI, ,11;8TaJII,HM 3KCil8pllM8H'l'8.Jll,Hrul HHqx>pMa

llWI O ,11;.HCKpe'l'HHX H.ltSK0~8zaDUIX COC'l'ORHRRX ,map, Ha KOTOpHe Hll:Y'l' ll80T

ltK8 napu.mm.HHe 't -rrepexo,11;u., 

Kalt IIORaSaJD!I-BH'qilCJI8HKR:, .MR BC8X yxasamrax BH!II8 n;n;ep, sa .ltCitJm

'q8HK8M II8 Sn, '1'80pe'l'lt'll8CKK8 .It axcnepHMeH'raJll,Hli8 B8Jlll'IKHH g.x.ra~) 
B It8JIOM oorJiaCYJ)TOR y;I{OBJI8'l'BOp.ll'l'8JIJ,HO. AHB.JIHs, npoBe~eHHHtt B o~e 

,mpa II8 Sn , noRasSJI, ll'l'O . KaP'f WJa pa,IlHaQ.ltoHHoro pacna,na B a TOM JJ'APB 

H8 OllHCHBa8TOR Ha OCHOB8 CTaTHCTJNeCKOro IIO,ll;XO,JJ;a. l{JIR: o6'LJIOH8HM 8KO

nepltM8H'raJll,HHX ,JJ;aHHWC no P-H8'q8THJAI 8qq18KT8M B IIOJIHHX f -Oll8K'l'pax R,11;

pa IIB Sn 6HJio· BHcttasaHo npe~noJiozenze o HaJIH11HK HHreaceHWC zeoTKwc 

EI-nepexOJtOB .ltS cJJa6oro p-BOJIHoBoro pesoH.aHoa r c aBeprel I,33 sB • 

0TM6TRM, .. ll'l'O yxaaamme 6 -nepeXOJtH 6wnt ,JJ;8ffCTBJllT8JII.HO o6Hapym,HH B 

UOOJI8,JJ;YJ)lll8M 8KOll8pllt.!8H'l'8. 

HcXO,ll;R JIS y;I{OBJie'l'BOp.11'1'8.JII,HOro Oili'IcaHWI P-H6.'q8'l'HHX a®ieKTOB MR 
'l'BO'l'OBHX ,map Ha ooaoBe aKCnep.HMeHTaJII,HHJC sHa-qend BBJIH'qHH Pf ax~

c ll01401lll,Jl qJOpMyJI (8)-(IO) 6WIJl no.nyqeHH OQ8HKH MR Ma'l'pK11HWC 8JI8M8H',-_ ,,.._,, - - . 

TOB OJia6oro BSa.ltM0,11;8ttC'l'B.l!R, o6oSHa'q8HHH8 Hue RaK v-9KC•" 3Ha-qemm 
N 

i,- -SRO npRBe~eHH B Ta6JI. 2, B KOTOpYJ) 'l'8IOK8 BKJIIO'l8.HH MB.'l'pll1lHH8 SJie- .. 

M8H'l'H 1i axe•· no.nyt1eHHHe-B aitCIIep.HMeHTax "~!Nlfiepeimnam.Horo" Tmra. Sa

Me'l'.ltM, tJTO MR 60Jiee JIBrKKX gn;ep 36ce H 7~e , MR KO'l'OpWC CTa'l'KC'l'H-
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I. 

KoMII.-1 Ep 
.ri;npo aB 

36ce 

57Te 
60co 

398 

II47 

I38o3f) 

82Bi o,88 

II4Cd. 7 

IIBSn I,33 

1J aKc 

MaB 

( 120:tso )n.r 
(6o±rn)n 

(I30!'40) 'P 

(32:!:a) 

Tad,ruma 2 

~ V-axc 
MaB 

'78+22 
-IS 

ss±rs 

~ 30 

'l8CR08 OllHCaHR8-ll~ecca 

(lli) MOUT dHTI> Me1iee odo
CHOBaHHHM, . dwm Hcnom.soBaHH 

axcnepm.ieHTMI>Hlle .itaHHHe od 

mt'1'8HCRBHOCTJIX napqRam,HW( ·-

¥ -nepeXO,ltOB HS CMBmRBaDIIUIX-,. 

CH no 'l8THOCTH p8SOHaHCOB. 

3TO llOSBOJIMO ,lt8TaJII,HO npoa~ 

HM.l!SBPOBaTI, MexaH.RsM ~J)MH

poBaHM .l!HT8rpaJII,HHX B8.lllt"lBH z:. z: 
(3,0:!:o,s)nn 4,6±0,4 I} B %1 B llOJiytl.lITJJ --

+ - oneHKH .ItJm t> aRc• B 11acuro0TB, 
(0,4~,I>n1 '- 0,8 B CJIY'{ae ,mpa 57pe dWJo no-
(0,4:!:o,IJ11n 3, 7 RaS8HO, -."l'l'O .HS 8ROIIepm.1eH'1'aJm-

( o, 8±o ! 3 >n1 Hor~ cooTHomeHrut MeQy Pf s 

I28J 7,6*) (0,5±0,4)11/1 ' 2 · 011/' CJl6.I(y8'l' ROr8peHTHOCTJJ . 

I34 *) ·· + aMILJIZm naP!l.Ram.HHX t-nepe-
Cs 9,s - o, 9~,3 xo.itoB .ea s- .1 f-peso1r.aHcoB 

140
La O, 75 (I,3:!:o,I)11n 0,96 Ha ocH.OBHoe .11.nepBoe Boadyx-

I66Ho ro::fE) _ ~2:4 .iteHHoe COCTO.IIHWl,C yq&TOM Toro, 

. . .'lTO J3RJia.it )'ltaSBHHHX f -nepexo-
-3E) Ilp.llHHT!,18 SHa"l8HM Ep. ,ltOB ll B8Jt.l!"l.11Hy fj}• .lmJIJJ8'1'CH 

onpe.iteJIJmllU'IM, dwranoJ!Y'{eHa 
HaJtBll<HSJI oneHRa .itM MaTpKTIHoro aJieMeHTa CJiadoro BsaHMo.iteloT~HJr z) axo= 

=32±a MaB. Kalt BH,D;Ho Ha·TadJI. 2, SHa'l~HMlB'l'P.ll"lHHX .aJl811earoB Vaxo• 
RS.BJl8'l8HHli8 Ha OCHOBe ,ltaHmlX llO lj,~aRc( q;fSRC) 1 B Q6JlOM Ht! Dpo!KBO
pe'laT B6Jl.l!'lmra.M if axe· 

B.. S8Jtllll'i8HU <$),PMyJmpOBaHH OCHOBHl,18 pesyJII,oraTH, npe,1tC'l'aBJUH!Mll8 
1t SaII!.1!'1'8: 

. - I. IlpOB8,!t8H yqeT BRJia,Ita B adCOJll)THyl) lllltp.llHy ~ -paCIIaJl& -OO!a'l'O',I

HOro U8P9HOJlM.l!pOBaHHoro BS8.J!MO,lt8JlC'l'BM MeQy HyMOHaMJI o(; -:IJl!!OfJ!llH. -

.:2. IIOJ!Y'{eHH-~PMYJlH B npoB8,!t8HH p&C'l8!'B BepOH'l'HOC'l'eJt «:-1'llpt%0,lOB 
ll .impax BdJIBs.e 

2 
Pb c ycoBepmeHcTBoBaJ!JIHMlr { R.PA) odOJI0'.1181Dnll!ll ~ 

nMMB .ItJm CYDteCTBeHHo .. dom.mero, 'l8M npeQe, 'l.lCJ18 oC -nepexo,?toD. Iloxa
SSHO, ti'l'O paO'l8THll8 SHa'l8H.l!H OfHOCBT8JII,HBX ~-IUplUI Y,!tOM8D0pllHJBHO 

corJiacyDTCH o m.iexmur,.mcH OllH'l'HliM.H .itSHHliMJI. Ha np&epe pao,zen. sepoST
H.ocT.1 oC ~oim.na o1- 21 B ~ 21

0po . .itaHo MJIKpooxonnecxoe odtJte"":-- _ 

it.He MSxaHB.8Ma odJl8I"l8HHOro cx:;:.;.pacI18,IU1 J!:S OOHOllHOl'O 'C-OO'l'Omwt ot 7~!HO

'lHROro P0.lt.llTeJ11,CROro ,mpa B BOSdYJm8HH08 COC'l'Omnte 2j .It0'l9J)K8'"" 
ro ,mpa. 
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3. J3 HetJeTHo-He'leTHUX .ri;npa,c.-c N =I25 nOJzylJeHo ipeHOMeHOJior.11,iecxoe 

orpaHRtJeHRe Ha BeJIHttrury HettTpoHHoro xoacM>m~aeHTa ycwremm Kl· . IIpB 
:3TOM noxasaHo, :<ITO ]J.JI1! od'l>HCH8HM qiparMeHTS.UHB cwm o6JiertteHHllX . oC

nepexo.itOB B .ri;npax 212 Pz z 210 At. TpedyeTcH CYl!JeCTBeHHo nHoe cMemn

BaHRe o6oJiottetJHHX MyJII,THllJleTOB B ~otJepHIDC smpax 208 At H 206 Bi, -qeM 

:3TO CJie~yeT HS Tpa,IJ;RQBOHJIHX o6OJIO'l8'lHllX pactJeTOB. 

4. B paMRaX npe.itCTaBJieHRtt o Mar.lttJHOCTH .ri;npa 146 Gel npoBe~eHH pac

tJ8Tli ll8pOSITHOCTettol-nepexo,1tOB B COC8,ltHWC .ri;npax. PesyJII,TaTli pa:ctJeTOB 

cBH.n;eTBJIDCTByIOT B nOJID3Y rmtoTesH o MarH'tHOCT.lt HYKJIH.n;a 146Gd. 
5. IIORa3aHO, 'ITO pactJ8T!,l"a6coJIIOTHWC 3Ha'i8HHtt llOJIHliX p8,Il;lf8.U.ltOHHllX 

mBPBH H IDIT8HCRBHOCTelL t-cneKTpOB MoryT 6HTI, HCll0JlD30BaHH B K,a"l8CTB8. 

T8CTa TeopeTRtJecxruc qJOTOHHWC CWIOBHX qJYHRI:(Hft Scr(EI) R St(MI), H8 co

~eplml!IHX CBOdO~HHX napaMe~poB. liCXOM H3 cpaBH8HM pesynTaTOB pac'le

TOB C OllHTHHMH ~aHHNMH c.neJiaH BHBO,lt O TOM, "ITO YJta38:HH!,18 CBJIOBHe ipyHit
~Wl MOryT'CJiylKl{TD Ha,IJ;eltHoli OCHOBO.li npH aHaJIB3e pa,IJ;HS.UHOHHOro RaHaJia 

pacna.na H8liTpOHHWC pe30HaHCOB. 

6, IloKa3aHO, "ITO ,ltJUi 60JII,IIIWICTBa HSYtJ8HHHX ,mep BKJIB,tCH i-nepexo

,ltOB MYJIDTIDlOJlbHOCTett EI H MI B BHTerpa.m,HHe xapaxTepHCTBRH nponecca 

( ll1 "/) COllOCTaBZM!l, 

7. IIpoBe~eH TeopeTHttecKd 8:H8JIH3 P-HetJeTHWC aqqieRTOB B llOJlHHX 

cneRTpax a' -RllaHTOB (n,c:)')-peaxqHH H llOKa3aHa BOSMOXHOCTD H3BJl8'!8HBH 

B3 OllliTHHX .itaHHWC 3Ha'leHM MaTpB'lHOro aJleMeHTa cmdoro BSa.llMo~ettcTBM. 

8. Ilpe~cxasaHO HB.JllltJRe HHT8HCHBHHX .lKeCTRRX EI-nepexo~oB H3 He co

xrsHmomero llpOCTpaHCTB8HHyIO 'l8THOCTI, pe30HaHca I- B COCTaBHOM Jl;Il;pe 

I 8 Sn , nO.I(TBepimeHHoe _nocJie.I(YJ)mBM axcnepBM~HT~M. _ .. __ 

B IlpBJIOllteHBB np.KB8~8HH ,!t8T8JIB pactteTOB BRJia,IJ;a B mBPHHY oC-pacna.na 

nepeHopM.apOBaHHOrO aqqieKTliBHoro BSaHMo~ettCTBM M8JmY HyKJIOHaMB, ipopMR

pyromm.m o( -YaCTBcy • 
OCHOBHHe pesyJII,TaTH ,ltBCC8PTS.UHH ony6JmROBaHH B CJl8;IJYilllRX pa6oTax: 

I • .llywITpecxy T., .Ka,nMeHCRRtt c.r., JIOMatJ8HltOB ll.A., XoJiaH c., fyp-
MaH B.ll. Bn'wiHBe nepeHOpM.apOBR.lt OCTaTOtJHOro BSaHMo~ettcTBM Ha a6co

JilOTHH8 mBpBHll oC-pacna,na cipepH'l8CIUlX smep.- lisB. AH CCCP, cep.cpRS,, 

!978, T. 42, c, I982-I986, 

2. ApTB.MOHOB C.A •• llcaxoB .B~-½h.-.. . .Ka,nMeHCRHtt c.r.' JioMa'l8.HltOB ll.A •• 

~H B.ll. A.m,qa- B rama-nepexo.itH B cipepH'l8CKHX Jl;Il;paX B6JIH3H 

PB.- H~, 1982, -T, .36, c. 829-840. 

3. TuiXT8Jll, B.M., Ka.nMeHCRBtt c.r., JIOM8.'l8Hlt0B ll.A., ~H B.ll. {)(jJier

tJ8HHlitt B noJiyod.1tertJemm:tt oc -pacna.n Jl;Il;ep c N =I25 B aqqiexm cnapRBa-

HM. - H~. I983, T.-38. c. I403-I409. . 

4. Ap'l'B.MOHOB-C.A •• llca.xoB B.ll •• JioMatJ8HltOB ll.A. Pa,nBB.qHOHHll8 .It r-ne
pexo~H Jl;Il;ep o 'lBTmoot A B6JIBaB 146G?d.- m, I987, T. 45, c. 33-43. 
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