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OBWI XAPAKTEPHCTHKA PABOTH 

AffiMl>HOCTl, rrpo6JreMH. IIoCJie OTKPHTIDI p0T8UHOHHHX llOJIOC B 8Hep
l'e~8CKHX cne~pax HByqeHHe Bpa!ltaTeJII,HOI'O ,nmmelll!UI B 8TOMHHX smpax 
CTMO O,ItlmM HS cnoco60B l'IOCJI8,ItOB8HWI.l'IX OTPYKTYPH• AHMH8HPYH R3Me
H8H:WI B KBa3H'mOT:lfCmOM H Bll:6paUHOHHOM one~pe B036YJr,D;eHH:lt no Mepe 
YBeJUAelmll Yl'JIOBOI'O WM8HT8 ( H OK0p0CTH Bpa!l!eHRII), WllHO ycTaHOBHTl, 
OTKIIOH8lmll OT 8,Itl!a6a~ecKOI T80PRH Bpamelll!UI H IlOJiyqRTl, IIPH 8TOM.,ItO
llOJIHl'ITeJII,Hyll HHqX>pwu~ o oTpoeHRH smep. BllcTpoe pasm1Tl!e eKcnepHMeH
TMl>HHX BOSMOmIOCTel ll03BOJIR:8T H3yq8Tl, COCTOB:Hlm 00 Bee 6o.7Il,IIIRMH 
OIIRHaMB:. B HaCTOHDt88 Bpe~ BO MHOI'HX aapy6eJtHHX R OT8'18CTB8HHHX J18-
6opaTOpmiX B8,It8TCH HHT8HCHBHOe HCCJ18,ItOB8HHe BHCOKOCllRHOBHX COCTOJIHHit 
smep, IIOJIY'IBHHHX, ilanpm4ep, B peattnWDC o TmteJIHMH :a:owu.m:. IIoeToMY 
O'l8Hl, 8K'I'YaJ1I,HOI JIBJ1Si8TCH sa,na'la 003,ItaHWI T80pmI H W,It8Jlel, KOTOPJ:le, 
JipmmJil,HO HHTepnpeTHPYH H8KOIIJI8HHI:l8 cne~poCKOllH'l8CIGl8 ,ItaHHI:l8 0 BH
OOKOCllHHOBHX COCTOJDmlDC, HMeJilI 6H ,ItOCT8TOtmyJ) npe,ItCKa38TeJll>HYJ) CBJIY 
~ HCCJI8,ItOB8HR:lt B HOBHX o6JracTmt. . 

KaK 8KCll8pm48HTMl>HO, TBK RB TeopeTl!'l8CKOM WI8H8 OCHOBHO:lt 
npo6JreMOI 3,It8CI, SIBJIJI8TCH OIDIC8Hl'le 4)0,PMli R KOJIJI8RTHBHHX BOB6yJr,IteHH:lt 
6HCTp0Bpa!ltamtHJ[CH H,Itep H HX R3M8HeHH:lt B 88BHCHWCTH OT OK0p0CTH Bpa
Dt8HRH (yI'JIOBOI'O WM8HT8}. BoJwmmcTBO TeopeTH'l8CKl!X HHTepnpeTBIJ;RI 
BTKX BOllp0COB OCHOBaHO Ha MRKp0CKOllH'l8C.KHX MO,It8Jlmt,KOrOpHe llO,ItTBep
,ItBJIR KOJIJie~HBHHit xapa~ep COCTOHHH:I! RpaCT-o6JlacTH. He pemeHHOI llPH 
8TOM OCT8JI8Cl, sa,na'la OllHC8Hl'IH HBM8H8HRSI qx:>J:Ml:l H,Itpa, KOTOpaH pemaeTCH, 
KaK npammo, OT,It8Jll,HO B W,It8JIB KJiaOCH'l8CKOI D,ItROft KaWIH O yqeTOM 
(HJIR 6ea} 060JIO'l8'1HOI IlOllpaBIGI. Ml!KpoCKOllH'l8CKH8 W,It8JIH CBll38HH C 
H8MaJIHMH BH'IRCJIRT8Jll>HHMH Tpy,nHOCTHMI! R 60JI:bllll!M 'IBCJIOM ,ItOllOJIHHT8Jil,HHX 
ynpooteHH:lt lI npe,ItJIOJicmeHH:lt, B1D!l11Hlt8 KOTOPHX Ha pe3yJ1I,T8TH 6HBaeT 0'18HI, 
TPY.ItHO KOHTp0JIRp0B8TI,. ECT8CTB8HHO no~TO?,\Y 00Jl!1THTJ:,QH K 60Jiee npoc
THM M:>,IteJlJIM Nl.11 TOI'O, 'IT06H od'l>e,Itl!Hl'ITI, 8HWil'I3 qJO pw R K0.71.7I8KTRBHHX 
BOB6,Y&,Itemtll:; 

ijlJ!~ pa60TH SIBJIJIBTOH OIDIC8Hl'l8 B paMKaX e,nmrol, qm:sr:iecKH 
HBI'JIJWIOI M8Xp00KOllH'l8CKOI MO,It8JIH KaK paBHOB8CHHX 8JIJIRIICOH,IJ;8JII,HHX 
ROHiim7paltd 6HCTp0BP81llamtHXCH H,Itep, T8K R 111WIHX KOJie6aHHI KBB.ItPY
JIOJII,HOI cm.N8Tp:a:H OTHOCHT8Jll>HO 8Tmt COCTOSDIH:lt. 

HafiHM HOmIBHa, TPY.ItHOCTH omrcamm B paMitaX e,ItHHol m.zt8JIR KaK 
qx>p,,H 6HCTl)OBP81llamtHXCH smep, TaK ll: HX COCTOHHH:I! B HpaCT o6JlacTH pe-
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meIW B p8MK8X M8KpC>CKOIIlf'l8CKOtt MO.IteJm, o6o6ntannett MO,IteJil, K11accH"iec
KOtt UJtKott KaIJJm (IOKK} y"ieToM npmunma IIayJm B pacnpe.zteJtemm HYK
JIOHOB no CKOpC>CTJIM H 38BlICllMOOTl>lD, 8TOI'O pacnpe.zteJiemm OT COCTOSIHWI 
smepHOI'O 118nt8CTBa (JI,Ite,PHWI l'lI,Iij)O,ItlIHaMlUta} H BnepBlle nJ)lIMewi:eu.o:lt ,n1IJl'. 

BpantamteI'OCfI smpa. IIpIIBJI8"i8HlI8 M8T8M8TH"i80KIDC MeTO,ItOB, paspa6oTaH
HHX B T80plilI caMOrpaBIITHpyn!lllX MaCC (BHPHaJILHWt M8TO,It 1JaH.Iu)aoexx:apa
Jie60BIII1a} n03BOJill'JIO opaBHIITeJILHO npocTO H qll!SlI"ieC.Kll'. Har.mmHO npeo,Ito
JI8TI, Tpy,ItHocm pememm: ypaBHemnt smepHott rH.Iij)O,ItlIHSMlIKlI, a TaKllte ·B!tlID
'IIRTI, B paocMOTpeHIIe noBepxHOCTHlle H KYJIOHOBOKlI8 c:ww smpa. 

B HOBOM no,IOCO,It8 (MO,IteJII, KaIWl: qiepMII-im,nKOCTlI K<»llt} nOJIYlleH 6onee 
mIIpoKlltt, "i8M B MO,IteJilI KlKK,,ItlianaSOH YCTOtt"iRBHlC paBHOBeCHHX 8JIJIIDIC01I,ItaJII,
HHX qll!ryp BPSlllamtmCCfI smep. IIOJIY'l88MU8 B TaKOM no,IOCO,It8 _ypaBHemm ,Itlm

lltemm, OillICW381IlllI8 KOJIJI8KTlIBHH8 ,ItBlilltemm, BnepBlle npl!Be,IteIW K KaHOHlI
'l:8 OKOM,Y BlI,ItY H npoKBaHTOBaHH. 

Haytmrui: H npaKTII"iBCKafJ ueHHoCTI,. ~SH"ieOKWI HarJISmHOCTI, MO.IteJm 
H npooTOTa pa0118TOB nosBOJIJmT nJ)lIMeHR:TI, MJ,It8JII, B mIIpoKOtt o6Jiaom HC
CJie,ItOBaHHI! OBOt1CTB 6HCTpC>Bpa!ltaD!lKXCfIJI,It8p, y,Ita"iHO 38M8WIJI Tpy,It08ll00'(8 
pao"i8TH B MHKpC>OKOIIlf'l8CKl!X no,IOCO,Itax. IlOJIY'l8HHH8 ,ItaHHHe MOryT 6HTI, HC
n01II,30BaHH ,n1IJl'. npol'H03HpoBamm H aHaJIHSa ,ItaHHHX no cneKTpaM 'Ir -H3JIY
"i8HWI HS 6HOTpoBpant8lllll!XCfI JI,Itep. MeTO.ItH, paspa,60TaHHHe B ,ItHCCe!)TaIJ;HH, 
MOJ:'Y'l' 6HTI, ycnemHO HCn01ILSOBSHll B 60Jiee CJIOlltHHX MO.IteJIRX, r.zte y,mm.:.. 
BaJlTCfI, Hanpmrep, 0601IO'l:8'll1He' 8qql8KTH, ClltHMa8MOCTI, KaIWt, BmtpeBHe 
,ItBID1emm, 6onee CJIOlltHWI qx>pMa smpa, KOJie6amm 60Jiee BHCOKOtt M,YJII,THITOJII,-
Hocm MH ,ItHil0JII,HH8 KOJie6rumli: H T.,It. " 

Anpo6aIIIUI pa60TLI. PesynTaTLt pa6oTH ,ItOK!IEIJtHBaJIRCI, Ha r:r Bc8COll3-
HOtt KOHqiep8HIJ;HH M'.)JIO,Itl,IX y-qeHHX no T80p8TH'l8CKOI qll!SHKe (KHeB, I980), 
XXXI CoBentaHHH no smepHol cneKTpocKOilHlI H OTPYKTYPB aToM11oro smpa 
(CaMapKSH,It, I98I}, ·Me:ar,u;yHapo,ItHOM COB8ntaHHH no BSaID.t:>,ItelcTmm smep H 
smepHHM B036~eHW!M (.Ity6Ha, I982), YI Hay"iliol KOHq>epeHil;lm. HHOTHTYTS 
(pHSH.Kll'. AH .lIRT. CCP (BWII,Hllo, !983). B xo.Iie pa60TH OCHOBHH8 pesyJII,TSTH 
,ItOMEIJtHBaJIROI, H o6oyx,ttaJIHOI, Ha ceMHHapax OT,IteJia T80,PD aTOMHOI'O smpa 
H 08KTOpC>B JI, Ji 2 TOI'O Ee OT,It8JI8 Jia6opaTOplilI T80p0ftll80ROft q.&ISHKH 
06'l>8,ItlIH8HHOI'O RHOTHTyTa H.It8PHHX EQOJI8,ItO:sruml, Ha oewmapax OT,It8JI8 Te
ope STOMHOI'O smpa H 06'l>8,Itml8HHOM T80p8TBtl8CKOM ceummpe HHCTH'fYTS qll!
SHKH AH .lIRT. CCP. 

.IIy6JmRamm.lio pesyJII,TSTaM ,ItHOCO!)TaIJJm ony6JIHROBaHO fil8CTI,.pa6oT. 

CTDyKp.pa H o6'l>eM'pa6oTH. ,llHcce!)Tanm oocTOHT HS BBe.ztemm, 11eTHpex 
r.naB, SaK1!D"i8Hm, ,ItByx. npw1o&eHHtt, CillIOita JIHT8P8TYPLI H OO,It8p,l!;HT II8 
OTpaHH~ M81llHHOilHOHOl'O T8KCTa, BKllDtiaJI !5 pHCYHKOBH OilHOOK JIHT8pa'fYPH 
KS 87 HSHM8HO:aamdt. 
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CO,ItEPlKA.HHE PABOTH 

Bo llB8,Itemm 06CYJ!{,It8ll)TCfI OOHOBHHe npo6JieMH H TPY,ItHOOTlI OITHcamm 
BllCOKOCilHHOBHlC OOCTOJnml aTOMHHX smep, BJIWnme Bpantemm: Ha 0,ItHO'laC
TH'IHlle lll KOJIJI8KTHBHHe ,ItBmtemm. PaoOMaTp}IBaeTCfI OOOTomme T80plilI 
OillIOamm qx)J)Ml:l 6HOTpC>Bpa!ll8lCIIIHXOJI smep H oneKTpa BX KOJIJI8KTHBHWC B03-
ClyJK,I(eHl!tt ( B TOM 'IHCJie H rHraHTCimX pesonaHooB} B HpacT-o6Jiaom. 06-
pantaeTCfI BHHMaHHe na TPY,ItHOCTlI MllKpC>CKOIIlf'l80KlDC MO,IteJlett OIIHOSHWI 
KOJIJI8KTHBHHlC ,ItBIDJteHl!tt B 6HoTpoBpantaD!lKXOJI smpax H Ha aJII,T8PH8TlIBIIWl 
paSBHBaJlltdCfI B noCJie,ItHHe I'O,ItH MaKpOCKlllIH"i8C!Wll no,IOCO,It (smepmur :rn,I(

po;11;mmMlUta}, npm,reHJieMHtt ,n1IJl'. OIIHCSHWI KOJIJI8KTHBHHlC JIBJieHlll:lt B HeBpa
IllaD!lKXOJI smpax. OOpMyJilllpy8TCfI noCTaHOB.Ka 38,Ita'ID! ,ItlIC08pTanHOHHOtt pa-
60TH H HSMe'llUOTCfI IlYTlll ee pememm. 

B nepBOtt rJISBe BBO.ItHTOJI cJ.iYHKIWJI pacnpe.zteJtemm / ( ;, iJ, t) , Ko
Topaa: Y.ItOBJI8TBOp,IeT KHHeTH'leCKOMY ypaBHemno EoJII,IJMaHa ll ,ItaeT Bepo.R:T-.. -HOCTI, HattTl! HYMOH, ~Cf! CO OKOpoCTI,IO U B TO'IKe X B MO-
MeHT BpeMeHH t • YpaBH8HH8 IioJII,D1v!BHa 3amICaHO B CHCTeMe KOOP.ItHHaT, 
Bpantamt8HCfI O nocTommoii yrJIOBOii OKO!)OCTLIO 5{_. IIpUMeHeHIIe M8TO,Ita 
MOM8HTOB no OKOpoOTJIM HYMOHOB ,n1IJl'. pememm 3TOI'O YPSBH8Hlm ,ItaeT YP8B
H8HHII smepHoii I'H,IU)O,ItHHSMHKH. IIepBLltt M:>MeHT - 9TO YpaBHeHIIe HenpepHB
HOOTH. BTOpott MOM8HT - ypaBHeHIIe 8i11Iepa: 

;,{nu,) J d ( I { I ~W' ,: 
---;:;--t' + Z. ~. ;;; ~;· +nu,u,-) + n ;;; ~ 1-.ZL. ~.-,.r !,f"- ut -t 

<I ,i•.f .i <J • ' l.,{•.f 

J 3 
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r,I(e n lx, t) = j /,1; - nJioTnocTI, 'IHOJia 11aoTHn B smpe, uJ)l,:tJ=J fo./J;_ 
- i - WI ROMIIOH8HTa ope,ItHeff oxopoo~ HYK1IOHOB,ft·{t,tJ:,,,J(t1,-11,){~--'ft·)/l/i?
TeHSOp ,ItaBJieHHtt (HaTsatemtlt,Han,PHJtemnt}. Tpem MOM8HT -YPQBH8HlI8 
IlOTOKa_~~8prHH-M8CCLI - onpe.zteJIJieT T8H30p ~-
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I')J;e ft :. ;t + i. u., {i-. , ~-._ = Jtu.·-u,-J(t1r".i)(<1"-11")/ a'il. B CJIY'I88 
KBa,IijlyIIOJ.WWX KOJI8681m::l1 WU4 BK1!8,It8 H8 ,wl8To I!O9TO?q lICJ:tYCCTB8HHO 

O6pmiaT1> uerroi:iey He rrpmco~CJI. 

~ CtnlT88TCJI K8IIJI8:l1 H8ClmM88MOll .lm,ItKOCTll. Tol')J;a ns ypaBH8HWl 
J 31.l 

HerrpepimHOCTll CJI8,Jzy8'l', lI'l'O z. at= 0 • Il7roTHOCTI, B8Ill8CTB8 
lt»,I ,t 

.f-= m n. (.rtaK ll <j, - WIOTHOCTI, sapsma B JJ.1U)8) CtmT88TCJI IIOCTO-

mmon. YpaBHe:im:e ,ttBlD!t8mrJI ( I) OTJJFW.8TCJI OT YpaBHemm ~mm Kil{ 

HaJm'lll8M T8H3Opa pij BM8C'l'O q>8HOM8HOJIOI'H1i8CKOI'O ,Il;8BJI8Hll!Ij2 • pij 
orrpe,n;eJili8TCJI YpaBH8Hn8M (2). :3To O6CTOSIT8JII,CTBO IIOSBOJllleT yqecTl> 

B MO,Il;eJm Ka IIPRHIJ;IDI liayJill B pacrrpe,n;eJiemm HYliJIOHOB IIO CROpoCT.HM lI 

SamICHmTI, 9'1'01'0 pacrrpe,n;eJie:ima: OT COC'l'omma: smepHOI'O B8Ill8CTB8 (TaK 

H83HBa8MYI) 11,148qx:>,PMa~ IIOB8p:xlIOCTll <repr.m"). 
,ll7m pememm: CllCT8MEl ypaBHemtlt (3), (4) npm.mneH MSTO,II; BlIPll8Jll,

HmC TeopeM liaH.JU>acerocapa - Jie6omu113, pasmmtlt ~ IIsyqemm: paBHoBe

CWI l'I CT86:wll,HOCT1I BP8IllaxI!tllXCJI CaMOI'paBlITlipymtl,DC T8JI. :3'1'0 - M8TO,II; 

MOMeHTOB no KOOP,Il;lIH8TaM, rrpm.remmff K pememm I'B)U)O~CRHX sa,n;atz. 

Bee Heo6XO,ll,llW.l8 yc.nomm: paBHOB8CHSt TOlIHO mmo,wrrca lIS BllplI8JII,lllilt 

YpaBHemnl BTOp0I'O IIOpiI,n;lta. 

B KOHI.l)3 I'JISBH ,Il;OR83HB88'l'CJI, lITO qx:>puyJmpoBRa Sa,natJl'I H8 npoTBBO

petmT llSB8CTH!lM S"aKOHSM COxpaH8HRlt m.myJII,Oa~ !&>MeHTa KOJI:lN8OTB8 ,ItBll

zemm lI eHepnm. 

._BQ BTOpoft I'JI8B8 Ha OCH~;ll8 IIOJI:yq8HHHX BllplI8JII,lllilt YpaBH8mnl ll3yq8-

Hli 9JWllICOll.14WI&Hli8 <Jm'nlH ·•paBHOB8c:wI BpalltamtHXCJI smep B CJIY'I88 OT

eyTOTBWl OTHOClITeJII,HmC ,ItBmtemtlt BO BpantaJJite!CJI OlIOT8M8 KOop,n;mw.'l': 

CWIDCHYTH8 lI BHTsmy'rH8 Oq>8p01I.148Jll>HH8, 8 TaKllt8•8JLlllIIIOOlI.148JII,HH8. (He-

8lt01IaJII,Hli8) ROHi1JWzy'panlm. B 8TOM CJIY'I88 Blip.!aJWW8 YpaBHemm: BToporo 

IIO!)lI,n;Ka ,n;aDT OBJISI, cKOpoCTH BP8Ill8HWI Sl (BORpyl' OCH 3 ) O IIOJIYOCJI

MlI 8JtmDICO1I.148: 

st1,u : ,2 (6_i,. 0'3}) - 'ff),, ~ 7/lH , §l.~1,: ~(a',i ·0j3)- 1J/.u .,. ~l, (3) 

I',148 Jii , ·c,:., , 1YJ,•: - ,n;ll'.8I'OHaJII,HH8 ROMIIOH8HTH T8H3OpoB Jmepn;m, IIO-, 

B8p:xHOCTHOit ll.eyJIOHOBOROi1 BH8pl'lli1 smpa, B1lpaZamtl{eCJl_qep88 IIOJIYOCll 

8JtmDICOll,wl. Pememm mIPHRJll>HHlC ypaBHemtlt B 110,n;eJIJDC K~:i B Kll!K qx:,p
MBJII,HO OOBnaJilI. PaOCMOTP8Hli .rtaK yoTOiNlmHe OTHOC1IT8Jll,HO ,Il;8JI8lllUI 

(II8paM8Tp ,Il;BJim,l)OTll JJ.Itpa X < ,( ) , Talt B ,IJ;eJIJmlll8CJI s;tt8pBH8 CKOT8MH 

(X ~ -1) • Ha PHO• I npl!IB8,I1;8HH paBHOB80Hli8 aROl!Ml>HH8 qJlll'YllH (cqie
p01I.14H). 

HsytzeHO Twat8 IIOB8,I1;8Hll8 TB8.P,ItOT8.IWIOl'O MOMeHTa Jm8Pll!iDI s;ttep 

B 88BJ[om.l)C'l'll OT cxopocTH BP8Ill8HWl (yrJIOBOI'O MDileHTa) s;ttep. Od0?,1te
HH JIBJl8BKS: I'HI'aHTCROl'O 60It6e:ioomaa, qx:>p68H,tOIHI'a. lilSOMSTpoB 410!Yi• 
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Pl!l:o. I. 

Sam!:cm.r>CTI, II8paM8Tpa 

BP8Ill8HWl Y: Sl.:1 
/ Sl; 

OT napaMeTpa .14eqiopMSiij!H 

d cqie p01I.148Jil>HOi1 KilK 
'A1IJI smep o ,n;op0JlK111 y.,
OTa6R1I1>HocT1I o pasJWMH 

IIapaMeTpaMll ,Il;0JllIM'.)OTlI 

X; 1,9.0::: 
e 35,IA-I/2 MeB. 

Tp8T:&Jt I'JISBa IIOOBSmt8Ha aHRJilISy OII8KTpa HOIJM&lII,HHX ItBa,n;pylIOJII.H!a 

ROJI86aiml lI yoToi1tzl!!Boom 6HOTp0Bp0Ill8JmHXCJI smep OTHOClIT8Jil>HO em 
BOS~emrtt. HalIRJIO I'JISBH SHSROMHT C BaPHSD;il!J!MH, BlmSB88MHIOI M8JllOOil 

OTliJIOH8HlIIDm OT paBHOB8OHSt ZlI.14ROCTlI. B IIpe.14JIOJIOZ8Hml MRJIOCTH B03MYIIl8-

Hlli1 JI1IH88PHSYl)TCJI H8JID'.H8!HH8 YpaBH8Hmt ,ItBDeHWl. CIIOT8Ma JilIH88plI3OBaH

HliX mIPHRJil>HHX YpaBH8Hd BToporo IIOPR,ItKa B CJIY'I88 u - 0 BHI'JIH.JJ;l!T o.ne
JC'l]!tHM o6pasoM: 

'?J"V.;i -i 
1 

;}~ • (4) 
--l = Sflll + fl (,/-f,-l}Yu· -.252L. l;s4 _:i -J.io-.,- + J~- + J't'{j · at u 1.,~ at .. 

8,n;ec1, Y,;-c= JS' 1· x.; rl"t H sn'i = J t1 P'd. d; - KOJIJI8It'l'BBHH8 ne-

P8M8HHH8 '(HaIIpm.lep, KBSJUlYJIOJII,mdl lollMeHT JmJmeTCJI JIHHelHol ~ea 

B8J!Btze ¼,.) ; vii= v,,, + v.i·.. , j ~ ..1; - 6eoxoHetIHo MaJioe JUll'paHZBBO 

OMel!leHHe. cfo:4 , S,,-/J~- , S'Zl,i BupazamCJI llepes V.-,J • Stl,"l onpe,n;e-

ueTOJt BapliaD;11el llP!)HHTerpHpoBaHHoro no O61.ei,y smpa ypaBHemm (2). 
Ha PHO· 2 IIplIB8,Il;8HH OII8KTPH HOpMaJII,HHX KBSJUlYJIOJU,HHX KOJie6amdt 

8ltCllaJII,HOI'O K H8aKCllaJII,HOI'O Bpalll8Dlt8I'OCJI JJ,Itpa .t!flt fr B m,n;8Jlla: Kll!K 
H KU. Pememm (HO,PMBJII,HH8 ltJIPI OOC!OTB8HHH8 'iaCTOTH t ) BO!WiltO:& 
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GIIeRTp KB8,IUJYIIOJWIWX .KOJl86amtlt Bl)8111&1111810Jl KiK (a) B KU (6) 
lJyH!m!pmie JDUDm OOOTB8TOTBYJ)T OIIJIJ>OHJ''l'HM Oll>epoll,lt8Jll,HHM «Im'Y
pay, owrolllHHe - 8JIJlBIICOB.ItMl>HHM. Yr.noBOI 11:>Nell'r I - B vr.-
HBJlaX t. • X • 0,62 ( 154 Er ) , t,.Q., .. 35,I • A- MaB. 
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Paspememrae SJieRTpoMal'HHTHHe nepexo.ItH Mex.DY 6ecqx>HOHHHM R o.n;Ho
g,oHoHHHMII COCTO.mmm.m: IIPR l1]JyX xapa.KTepHHX 3H8'18HMX CRO~CTR 

BP8Illemm WIil aKOJIMLHHX KlKK (a) R K~Jll'. (6). X = 0,62(1 4 Er4 ) 

B np8.Jt1IOJIOZ8Hllll l'Bl)MOHR'l80ROI 38Bllcmt)~ OT BpeMeHB: 

.~ '"; 

..,. ➔ - ,i· t 
j(-;,t) =] {x) e 

YrJioBOI W>M8HT SJJtpa IIl)lt BO36yz,ttemm ;f -m.n: M8HJl8TOJI Ha 

t 2 t, , ,.:e - MO,n; - Ha -t:,lt; , s,- MO,Wl - He 
M8wteTCSI. B MO,n;e.m K~Jll'. Y'{8'l' ,n;eg,o.IMBnu IIOB8pXllOCTJI ~PMJI y-B8JIJl1Dt7l Jlt8CT

ROCTL KOJie6ruml (IIO CpaBHemm c IIIJ,Il;eJIJ,I) K~K), 'ITO IIOSBOJIWIO OIIJIOBTL 
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I I 

8Heprmo Im'aHTOKllX ICBa,Iij)yIIOJWIUX peBOHllHOOB (I'KP) • lIOJIY'I0HO paCIIteII

JI0HlI0 I'KP Ha IIJITI, B0TOK HB-Ba Jt0qx)pMall;lllI II KOPBOJIBOOBl:DC OHJI. B 

OIIeKTpe I@]{ IIOJD3ltlIHOI, JtB0 JtOIIommT0JI1,HU0 HlIBKOJiexantRe MO,ltH ( B TOM 

'll!OJI0 II aHWior HYTaIG!OHlllDC KOJie6rumil: Jlt00TKOl'O TpeXOOHOl'O poTaTopa). 

B KOH~ rJiaBH HBJ"I0Ha YOTOittJBBOCTl> K\lillt H KlKK OTHOCBT0JI!,HO KBa,lt

pyrrOJII,HllX KOJie6amrtl. IlpoaHWIBBIIpo:aamJ YOJIOBIDI IIOJIOlltHT0JI!,HOOTB ,?taB

JI0HRf! II :lHeprBB OB.IISII Bpa!ItaJCIItllXCH H,ltep. !IOKaBaHO, tr.ro B MOJteJIB K\li.JK 
,Itll:aIIaSOH yo-roiitm:Bux paBHOB00HllX 8JIJIIIDOOB,ItaJll,HllX qm'yp Bpantami:e:x:CH 

SJ,lt0 p nm:pe , '10M B MOJteJilI KlKK. 
B 'leTBepToit rJiane HSytiamCH BJieKTpoM'll'HBTHlle xaprutTePBOTlIKB nos-

6Yii,ll;eHBtt ICBa,Iij)yIIOJil>HOit OlIMM0TPBB 6UOTpoBpa!It8XJWCH SJ,]tep. lt71fI 9TOit 

~ JmH08PlISOBaHHll0 BBPlialII,HU0 ypamremm: ,ltB:DeHlm O IIOMOIItI,10 IIpo~

JtYI)U XKIDia IIpHBO.Il;IITCH K KaHOHl!tJ:00KOit qJO,PM0, lJTO IIOBBOJ.tl!0T IIOJIY'll!Tl> 

BH6pan;e:oHHUtt r&mJIJ:,TOHliaH ;J( • (/( ormounaeT H0 TOJil>KO paooMOTpeH

Hll0 B Tp0T1>8il rJiane 9H8Pl'lm ICBa,Iij)yIIOJil,HllX KOJie6amtlt, HO II Bpa!It8HK8 

SJ,1tp8 Kalt ~oro, reH0.PHPYJ!lll08 OOCTomnm HII. Bos6yJr,IteHHUe OOCTomma: 

OillICUBam'CH .Kalt O,ltHOqJOHOHHH8' a OOOTomnm HII - RaR 6ecxJ/oHOHHH8. Ha 
PHO. 3 IIpHB0,1teHll nosMOJKHUe EZ -rrepexo,?tH .wm altCHWII,Horo SJ,1tpa .,~,,f,. 
B MO;a;e.mtlC KlKK II K\lillt IIPlI lI:f51X xapaKTepma: 3Ha'l8HWDC yrJIOBOl'O MOM0HT8 

(JtO H IIOOJI8 IIOJIBJI8HRf! BOSMOZHllX panHOB80HUX H88KCHWII,HUX KOHqlBl'ypa

n;e:it B 9TOM smpe) • H3J"I0Hll TaRllte B8p0JITHOOTH 8TlDC E2-rrepexo;a;oB H me 
SaBKCHMOOTI, OT OKOpoOTH Bpantemm (yr.noBOl'O MOM8HT8) SJ,ltl)8, O~HeHU 

Bp8MeH8 lltH3HH OOCTOSilllii mI/ 
B IIplp!OJtemm A ;a;amCR: orrpe,1te.nemm II BUpa,Jtemm: .wm mmexoHHJC 

CHMBOJIOB, 0 IIOM01111>X> KOTOpl:DC 6WII,mHBOTBO T0HBOpoB lI me BaPffan;e:il, BO'l'pe

lJaJCIItllXCH B ,Itll:000p'l'an;e:B, BllpalKaX>Talt 'lepes IIOJIYOCH 9JtJ.tlIIIOOH;a;a. 

- B IIroyroxemm B IIpHBe;a;eHU qJOPMYJII,[ ,WIil B(E2) -q>aKTOpoB. paoCMaT

.PHBa8MEDC ROJDI8KTHBHl:DC BOS6Y3,1temd!:. 

B SaitgrJem IIpHBe;a;eHU 38.IQDl'DIT8JII,Hll8 BaMetmmm, ;a;e.n817l'CH mmo

Jtli O IIOJIY1{8HHUX pesym;TaTax II BOBMOJIHUX yooBepmeHCTBO:sammx, IIpmle

HeHWDC pasBHTol B pa6oTe MO;a;e.nH. Cqx)p.!YJI]lpo~ OOHOBHU8 IIOJIOEeHKS:, 

BUHOCHMU8 Ha BSlllHTY: 

I. B paMKax 8,Itll:HOI H qiHBB1leOKB HarJISJ,ltHOI MaKpoOKOI!lN8OKOI MO

;a;eJm y;a;a.noQI, 06'I.e;a;mnrr1, paocmTpeHHe qiopMH H ruwms ROJIJieimmmlX oos-
6yJr,Itemd!: B 11paoT-06.naoni: 6uoTpoBpantaDitHXCR: H,ltep. 

2. Brrepnue IIpoBe;a;eH IIOJIHUI aHWilIS panHOB80HUX eJIJIHIIOOH;a;wri.ma 

qnrryp Bpa!ItaDltl!XCSI SJ,1tep B MO;D;eJUDC K~JK H KlKK. 

3. Brrepnue B MBKpoOKOIIH'l80KOM rro;a;xo,1te paOCJfO'l'p0HK KB8,IijJYIIOJIIdllt8 

KOJie6amm BO Bpa!Itamtl![XCJ! H,lij)8.X, Y'!T8H BRJia,lt IIOBepxHOCTBHX ll RYJIOHO:S

OKl!X CR7I. ITOJIY118HO P8Clll8WI8Hll8 IlCP II OHJII.HSJI BaBll<mmOTl> 8H8,PID IlCP 
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OT OKOpoC'l'H Bpa!It8Hlm (yrJIOBOl'O MOM8HTa) SJ,ltpa. Y'leT ;a;eqiop?&lil.im IIO

BepxHOOTH ®p.n! B MO;D;eJllI K~ IIpHBeJl K yneJIB'lemm Jlt80TKOOTJI KOJie6rumil: 

H IIOHBJiemm ;a;orrOJIHHTeJII,Hl:DC IIO OTHomemm K MO;D;eJIH KlKK HRBKOJI8Jltalitwt 

BOB6yiK.1teHml. B MO,Ite.na:x: KlKK ll K~l[ IIOCJI8;D;OBaHa QTMWII,HOCTl> SJ,1t8p OTHOCll-

TeJlI,HO RB8JtPYIIOJll,HHX KOJie6rumil:. 

4. Brrepnue ypmmemm: SJ,lt8!)HOll nr;a;po,Itl!ll&mKB, OI1lIO!lBaDill!8 ima;a;py

IIOJWm8 ItOJI86amuI Bpa!ItaxmmtCSI SJ,ltep, IIPBB8;D;8HH K .KaHOHlI'l00KOJdY' BR;a;Y" 
H IIOJIY'I8H KBaHTOBWl r&mJll>TOmmH, o:immraalQlllITT! KaR BB6pan;e:omme BOS6yJt

;a;emm, TaK H Bpa!It8HlI0 SJ,1tpa K8K ~oro, reH8Pffpyllllt88 OOOTOJtHWt mr. 
5. I!OKa3aHa CRlil,HWI BaBllOHMOOTl> OT oxopooTH Bpantemm (yrJioBOro 

MOM8HTa) H,1tpa B8!)0JtTHOCTett RB8JtPYIIOJll,HHX rrepexo;a;oB M8ZJ1Y BBdpaJ:G!:OH

:ioom oooTOmmm.m:, IIOOTpoeHHJ,[MK Ha pamlOB80HllX KO~ HII, H 

COOT~ HJ! B 6UOTpoBpaJit81!JIIIDCtllI a;a;pax. 

6. B M:>;a;eJllI K~JK IIO.KaBaHa BOSMOl!HOOTI, ItOJIJLeKTl!!BHl:DC E2-rrepexo

;a;oB B,ItOJII, IIOCJie;a;o:aaTeJil>HOOTlI ypoBHel, 6.nllaKHX R HII B aKCll8.lII>HliX 

SJ,ltpax, BpamRDJIKXOJt BOKPYI' OCH OmAM8Tpm!. 
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