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IIpo6JieMa Hsyliemrn: CTPYKTYPH aTOMHoro JI;Iq)a CBJI38.Ha c Heo6-

xo.u;m,1ocT1,10 ~memm 3UM'lill'. MHOI'll'.X TeJI. IlOCROJII,Icy IIOJiylilfTI, TO'li

HOe pememre. :3TOfi 38,ll;8lill'. HeB03MOlKHO, TO ueo6XO,ll;liMO HCilOJII,30BaTI, . 

MO,n:eJIH, ,n.a.nJtlle MaKCllMaJII,HO TO'liHoe·onHcamre Cll'.CT6MH H ,Il;OCTaTO'li

HO npocTyIO MaTeMaTH'lieCKYIO !pOJNYJIHp:>Bey. 

B IIOCJie,I\HHe ro~ OOJII,lllll'.e ycnexll'. B aTOM HanpaBJieHHH ,Il;OCTHr

HYTH 6JiaroMp.H ll'.CIIOJII,30BaHll'.IO IlOJIYMHKpoCROIIH'lieCKHX MO,n:eJiefi JI)Ula, 

ROTOpHe JIBJIJIIOTCJI pasBHTHeM MO,Il;OJiefi He3aBHCHMHX -gacTH~, 0606-

llleHHOH MO,n:eJIH Eopa-MOTT8JIJ,COHa!I/ H MO,n:eJil! .UaBH.IJ:OBa/21. 0Illl'.ca

Hll'.e JI,n:pa B paMRax STll'.X MO,n:eJiefi npe,nycMaTpll'.B8eT BH,Il;eJieHHe ,ll;Bll'.llte

Hll'.JI HY:KJIOHOB B CaMOCOrJiaCOBaHHOM IIOJie .• YlieT OCT8TO'liHllX B38.lfMO

,n:eficTBHii MO/KeT npoBOMTI,CJI pa3HJ,IMH iiy;JIMH. Hmio, liTO rrpH STHX 

YCJIOBWIX O,nllllaKOBO B8.JKHO HMeTI, ROppeRTHOe pemeHHe RaK ,ll,Jifl o,n:

HO'li8CTH'liHOro 6aszca, T8.It H ,ll,Jifl 0CT8TO'qHb!l{ B39JfMO,n:efiCTBll'.H. 

B TelieHHe ,n:oJiroro.BpeMeHH ,ll,Jifl CHJII,HO,n:eqx:>p.mpoBaHHHX R,n:ep 

B KalieCTBe cpe,I\Hero IIOJIH HCIIOJII,30BaJICJI MO,n:eJII,HUH O,nHO'li8CTWl:HUH 

raMHJII,TOHHaH, BKJIIO'IaIOuntii aJimmCOHMJII,HUH OCIJ;llJIJUITOpHwt IIOTe!I

UHaJI H CIIHH-Op6HTaJI!,HOe B38HMO,n:efiCTBHe B rrpocTefimeM BH,n:e (no

TeHUHaJI Hll'.Jil>CCOHa)/3/. 

0,I\HO'li8CT~HH6 BOJIHOBH6 \PYHKUHH, IIOJiylieHHHe B STOM IIOTeH

UHaJie, OTHOCHT6JII,HQ npoCTH H·Y.IJ:06HH IIpH npru{Tllli6CROM HCIIOJII,30-

B8Hll'.H. B aTOM IIOTeHu;naJie BBe,n:enH 8CHMIITOTH'li6CRHe KB8HTOBHe 

liHCJia, n9sBOJmJllllli6 ll'.,Il;eHTHqJHUHpoB8TI, O,ll,HO'li8CTH'liHHe COCTOJIHH.ll. 

0;n,Hrut0 H8p.H,lly C OIIll'.CaHHHMH ,Il;OCTOHHCTBaMll'. II0T6HUll8.JI HITTll>C~ 

coHa IDl!e·eT ~Jruff pH.I( QYllleCTBeHHux: He,IJ,ocTaTROB. OH .llilBJIJieTCSI 

6eCROHeliHHM no rJiy6ll'.He H BCJie,l[,CTBHe aTOI'O co6CTBeHHHe BOJIHOBHe 

%'HRUHH ero HM6IOT acIDJIITOTmtY ( l1/X.f) (,·pr') ) , He OTBeli8JOOIYIO 
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¢H3HqecRHM ycJIOBIDIM. RpoMe 3TOIO, B cxeMe H~Jll>CCOHa OTCYTCTBY

eT 3aBllCUMOCTI, OTHOCIITeJibHOro pacnoJIOlKeIDUJ IIO,ll;OOOJioqeK OT .ft ., 

'crurn-opClHT~Hoe B3al:!Mo,n;eilcTBHe He aaBHCHT OT ,n;eqx>pMamm. B 

nepBOHaq8JII,HOM BapHaHTe 3TOI'O MeTo,n;a He ytJHTLlBaeTcR C:Brol, 060-

JIOqeR, OTJIK'!atallllXCR no rnaBHOMY KB8.HTOBOMY 'lliCJIY .!{ Ha ;D;Be 

e ,ll;llHlllUI. , 

IIepe'lllCJieHHHe cpaKTOPH OrpaHHqHBaJOT B03MOlKHOCTll ll 0,IJ,HOqac

Tll'IHOI'O onncaHIDI CBOfiCTB R,n;ep, ll naytJerum me Ha OCHOBe ITOJIY

MHRJ)OCROIIK'leCKllX MO,n;eJieH, HanpUMep, CBepxTeKytJefi Mo.n;eJIII R,mia/'41. 

IToTeHUHM CaRCOHa-By.n;ca COOTBeTCTByeT 3KCnepm.1eHT8Jll,HllM 

,Il,8.HHHM O pacnpe,n;eJieHHll MOTHOCTll aaPfl,n;a B R,n;pax, a pacqeTH, 

BIDJOJIHeHHHe Ha OCHOBamm oCloJioqeqHOH MO,n;eJirr )J)lH cqiepll'leCKIDC 

R.n;ep C T!ll<HM ITOTeHimaJIOM, ,IT,aIOT npaBHJII,HOe npe,n;CT8BJieHIIe O aa

ITOJIHeHITH 060JioqeK ITO BCefi neprro,n;HtJeCKOH ClICTeMe. 

BnepBl.Ie aa,n;aqy 06 O.D;IIOtJaCTWmWC COCTORHHHX B aHH30TJlOIIHOM 

ITOTeHI.UiaJie CaRCOHa-By,nca pe!l!HJU! ll.3.HeMHJlOBCKIDi li B.A.'tlenypHOB 

/ 5/. O!IH liCITOJib30BaJili MeTO,ll; 'IliCJieHHOI'O liHTerpHpoBaHWJ CI1CTeMH 

,n;Hiiq;epeHUHMl>HIDC ypaBIIeHHH H IIOJIY'Il!J!H O.n;HOtJaCTH'IHHe 3Hepnm H 

BOJIHOBHe <f:YHKUHH HeHTJ)OHHHX H npoTOHHHX COCTORHHH. 0.n;HaKO Ta

RHe pacqeTH CJ!OlKHU, a rrpe,n;CTaBJieHHe co6CTBeHHWC qJyHRimfi B BH,n;e 

rp0M03.n;KllX Ta6mm: aaTpy.n;HReT npaRTH1l:eCKOe npHMeHeH.re MeTo.u.a. 

· lluail(e 6wrn: npe.rrJio:iceHH .n;pyrne MElTO,IJ;l,l perneHHR ypaBHeHHR lllpe:ZorHre

pa C aHll30TJ)OITHJ:lM IlOTeHUH8JIOM CaRCOHa-By,nca/6/. 

B peqiepnpyeMott .n;nccepraunn O!IllcaH npnelJIID!teHHuil MeTo.n; perne-

HID! ypaBHeHM lllpe.n;mirepa C aHH30TpORHWl IlOTeHUliaJIOM CaKCOHa

By,n;ca, HCCJie,n;oBaHa TO'IHOCTI, 3TOIO MeTo,n;a Ha OCHOBe qzyHRu:mi aa

;rr.aqn illTy:[Ma-JleyBllJIJI.H. C HCilOJil,30B8lilleM MeTO,Wl, ll3JIOlKeHHOro B 
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rJiaBe I, pacctJIITaHH 0.n;HOtJaCTH'IHUe aHepnrn: H BOJIHOBUe qzyHRIJlfil 

H,n;ep ,oelJiacTH 220 !: .,4 ,f, 250. Bwm:cJieHU paBHOBeCHHe 3HatJerum 

KBa,IIJlYIIOJil,HOH H reRCa.n;eRanOJI&HOfi ,n;eg)(i:[Maunn }J,lI.II CWibHO~qiop.m-

poBaHHHX R.n;ep I50 ~ J/ ~ 190, • 220 ~ Jl ~ 250. , 

IlePBBJI rJiaBa .n;ncceprarum OITHCLlBaeT MeTo,n pernemrn ypaBHe

HHH lllpe.u;mtrepa wm C(pepK'!ecrur-cll!MMeTpW!HOrof?/ (§ I), H ,n;eqiop

MHJJOBaHHoro/8 • 9/ ( § · 2) noTeHUliaJia CaxcoHa-By,nca. PerneHHe, 

npe,n;cTaBJieHHOe B § I, npn6J!HlKeHHO, HO ;rr.aeT B03MOlKHOCTI, IlOJIY

'IHTl, BOJIHOBHe, IPYHRinill: B, aHamrrmecROM mr,n;e. OTO BeCI>Ma Bal!CHO. 

IlOCROJII,Ry BOJIHOBHe,q\yHKini:H ,n;eqx>p..mpoBaHHOro H)U)a paaJiaramCH B 

Pfl.D; IIO co6cTBeHHlilM qiytUCUHRM cqieplR8CI<OI'O IlOTeHIJ;HaJia Cat<COHa

By,n;ca. 

OilHCLlBaeMuil M8TO,I( OMa;rr.aeT TeMH lite npeHMyll{eCTBaMH,, 'ITO H 

MeTo,n; HHJI&ccoHa (y,n;oe5Hue wm :e:cnoJI&aOBaHWI Ta6JJHUU,BOJIHOBIDC 

qiyHRUlifi, B03MOlKHOCTb npmmCiiB8HIDI O.n;HO'IacTK'IBHM COCTOHHIDIM 

acm.mTOT:IA8CRHX RBaHTOBIDC 'IHCeJI) H B TO lK8 BpeMSI CB06o,n;eH OT 

npacyntBX 8TOMY MeTO,IlY He,n;ocTaTROB. 

Bo BTOpo:I\ rJiaBe .u;aa,a oueHRa TO'lHOCTH o6cyz,wleMoro B 

rJIB.Be I MeTo,n;a Ha OCHOBe npm.teHeHIIH qJYHKI.Udt aa,natJK illrypAa

JlRYBWfJIIJ G-ne. {r) /IO/. 3TH qJytUCqml o6paayur .n;ncxpeTH!tlt R IlOJI

Huil Ha6op COCTOHHltlt, no ROTOPHM MOlKeT 6UTb paaioxeHa JWCSast 

CWHI<URH, tf (P) , maelll!aH aenpeplll!Hyll nePBYJ() npoaaBO.I(HyXJ :e: 

Y~BJI8TBOPHJJJtM ~HUM YCJIOBRHM 3a,D;a'IH lllTYp.n,a-JleyBWIJIH. 

PH,tt Cy,n;eT CXO~TbCH It '/I ( Y) a6cOJIDl'HO R paBHOMepHO. TrumM 

r;.ne (r) o6pasoM, paaJiaraTI> no CWHRnrun.t 

Taime q)yHl{mm '/l{P} 
MOlltRO,TOJll,RO 

, ROTOpHe BM8JOT RHTerpnpyeM!ltt RBa,DpaT, 

T8lt R8lt TOJll,ltO II!)l! BHilOJIHelilm YCJIOBIDl 

J r!,(r) dr <JI" OO 
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no.ey-qeHH!lli Pfl,Il; 6y.n;eT CXO~Tl,C.ff I( tf { r). 
B npoTHBOnOROJKHOCTb ypaBHemm illpe~repa aa,wl~a illry:[.Ma

llilyBif~ He HMeeT HerrpepHBHoro cneRTpa (rr:pn V(v-) < 0 ) . 
CRe .nc>BaTeRbHO' npeliMymE!CTBO pasmllteHif.ff IJO cpyHRr(IDlM G-1-1 e {r) 
aaRJI101laeTC.fI B TOM, "iTO He B08HirRaeT Tpy,Il;!lOCTeif C y"ieTOM :BJil:I.fl

Hif.ff Herrpepmmoro crreRTpa Ha crurnaHmrn cocTORHif.ff. B peay.m,TaTe 

Ilp0Be.n;eHHOI'O B.H~aa MOJitHO CRa8aTb, "iTO MeTO,Il;, ll8ROllteHHW B 

rn. I' OCJJia,wleT xopomeif TO'IHOCTbIO npH .n:ei.flop,mnmrx:. 6Jrn:8R!tlX R 

paBHOBeCHIJM, H rrpn aHeprnmc B HHTepBMe c.F - 3 M3ii ~ Er= ~ E f:" 

+ 3 MaB. MeTo.n; paaROllt~Hif.ff rro·qiyHRIJJIJIM IllTypMa-llilyBirJIJUI HMeeT Ir 

CaMOCTORTeJil,HOe SHatieHHe, IJOCROJII,ey nosBOR.lleT OIIBC!lllaTb BHCO

ROB036y)l(.n;0HHHe COCTORHif.ff C BHCOROH TO'IHOCTbIO. IlPfIMOe llCIJOJil,30-

BaHife TaROI'O pasROliteHlm B08MOlKHO ;uJfI! ReI'K!tlX R.n;ep; B CJJY'Iae T.fI

JKeRHX. R.n;ep Heo6xo,JJ;ZMa MO~ij)lIBamm, IJ08BOJIR!(lJlM RHRBli~p0BaTb 

HeimTOpy!O I'.l)OM03;n;ROCTb paclieTOB. 

OneHHB TO"iHOCTb IJpll6RHJKeHIDl rrpe.n;cTaBJieHHOI'O B-rR. I Me-
' TO,wl, MOJKHO rrpZMeHWrb ero lIJfI! ROHRpeTHHX pac"ieTOB. Pasee 6wm 

pacc"iHTaHH O,IJ;IIOtiaCTH'IHlle cxeMll li xapaRTepliCTliRli R.n;ep B 06Rac

TH I50 ~ Jl ~ . rnof II/. 
B rmma 3 rrpe.n;cTaBJieH pactieT O,IJ;IIOtiaCTli'Ill.llX cxeM aRTliHli,Il;OB 

/ 9,I2,I3/. 3TO BeCbMa B8.lltH8.fI aa,wltia, noCKOJI&ey .n;o cmc nop He 

cymeCTBOBaJIO O,IJ;IIOtJaCTli'IHOH cxeMU ,lI.IDl 8TliX R.n;ep, y lI,OBReTBOPfIIO

meif 8RCIJepm.1.eHTaJil,HllM .u,a.HHHM no 3ruIOJIHeHHIO o60RO"ieR. 

B CJJY'Iae noTeHIJ;HaJia CaRCOHa-By.n;ca OTHOCRTeJI&HOe pacnOROllte

mrn o60RO'IeR RBJmeTC.II cpymm;aeii MaccOBOI'O 'IliCRa JI , TaK RaR 

aaeprHH COCTO.IIHllll C ~8HHMli n, e., J I!Mem pasRHtieyIO aamrcH

MOCTb OT pa,u.Hyca .11.npa. IloaTOMY, ooo6me I'OBOPfl, O;ImO'IaCTH'IHUe 
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COCTORHIDI B IlOTeHIJ;Ha.ire CaxCOHa-By.n;ca HylKHO BH'IRCJiliTb lI.R.11 R8.1K

.n;oro 8HatJemm MaccOBOro 'IHCRa. 0,IJ;IIaRO BCRe.n;cTBlie Toro, 'ITO o.n;

HO'IaCT.K'IHHe 8Hepnm Ir BOJIHOBHe cm'HRIJ;Kll npH yBeRHtJeHHH JI- Me

H.IIIOTC.II Me,WieHHO Ir MOHOTOHHO, 06RacTb .11.n;ep 220 ~ JI ~ 256 

MOl!tHO pas.n;eRHTb Ha TPli 80HH: Ji= 229, 239, 247. 

Pac'IeT rrpoBe.n;eH lI,R.II CJJY'IM RBa,IJJJYIJOJII,HOH Ir reRca.n;eRruIORb-. 

HOil .n;e~p.!amrlt }a.o H ftl(o, OTRH'IHIDC OT HYM• 

ITOJJY'IeHHUe 0,IJ;!IOtiacTHtJHHe CXeMH nepe,wiJOT IIOPfl,Il;OR OCHOBHHX 

COCTO.IIHHH He"ieTHHX no r Ir N .11.n;ep npH paBHOBeCHllX 3Ha'IeHll.lix 

napaMeTpoB .n;eqJC>pMaIJ;HH (CM. Ta6mi:rzy I). Ha IJHC. Ill 2 ;n;.im Ilpilllle

pa npHBe.n;eHu O;IUJ.OtJacTHtJHHe· HeRTpoHHM Ir Ilp0TOHHM cxeMu YJJOB

HeH. llCCRe,nQBaHll HeROTOpHe O;ImO'IaC~ITTHlle xapaRTepHCTHRH, 

H8IIpliMep, rrapaMeTpH Pa3B.II8llBaHif.ff (1, . 06cyJK,D;eHa 3aJ3HCMM.0CTb 

8TliX BeRHtJirH lI.R.11 pa3HHX COCTO.IIHHH OT napaMeTpoB cpe;imero IJOJIR 
P:> pa.&lf. f:,. pa,i"-. 

Ir 3Ha'IeHHH tW , ( l(O • IloRa3aHO, "iTO ,lI,7m RBaBHIIepeceRa-

IOU!HXC.II COCTO.IIHiffi napaMeTpll pa8Bfl3UBaHH.II tiyBCTBHTeRbHH K BeRH

'IHHaM d., X , onpe.n:eMnnHM cpe,IJ;IIee noRe. He:11TpoHHue cxeM:u 

HMeIOT O"ieHb BllCORyIO nROTHOCTb YJJOBHen. ~TO OTprucaeTC.II Ha ne;rn:

'IliHax KOS~ll!UfeHTOB CMemH:samm BORHOBOH qzyHRIJ;lili. KaR npammo, 

HeJI&a.11 BH.n;eRHTb O,IJ;IIy ROMIIOHeHTY, ~IO IJO-WiBJI.IIJWlHH BKRa.n;. 

BcRe,D;CTBHe 8TOI'O pactieTU O;IUIO"iacTHtJHUX: COCTO.fIHHH .11.n;ep TpaHcypa

HOBOH OCJJiaCTli OCJJia,mllOT 6oJI&meif "iyBCTBHTeRbHOCTb!O R napaMeTpaM 

cpe,IJ;IIero noM, "ieM asa.irorwm:ue pactJeTH wm .11.n;ep pe;IJ;RoseMeJI&Hoif 

rpynnu.· 

3Hepnm Ir BOJIHOBHe ij)yHRIJ;lm .n;eip()p.!HpoBaHHHX .11.n;ep npe.n;CTaB

ReHu B :au.n;e Ta6mn/121, y.n;o6HUX: B npaRTH'IeCROM HCIJ0Rb80Barum, 

ROTop:ue Ham.mr c:aoe npJIMeHeHHe B pa.n;e pa6oT no CBepxTeey-qen 
Mo~en II,ltpa/I2,I4/. 
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Ilocne,IJ;Hrur (4-R) rna.Ba ,n:0:cceprarum co,D;ep:arn:T Hccne,D;OBaIIHe 

paBHOBeCHIDC 3Ha~eIDIB napaMeTpoB KBa,D;pynOJII,HOii }w H reKca

.D;eKanOJII,HOii /l(o ,D;eqiop.mmnt CMI,HO,D;e(l'Op.lllpoBaHH!lX R,D;ei/15/ 

c 150 ~ fl ! 190 H 220 ~ J/- .! 250. Pac~eTbl STIDC Be~HH JJ,lIR 

~eTHO-~eTHblJC R,D;ep npone.D;eHbl no MeTO.IJY o6ono~e~HOii nonpaBRH 

CTpyTHHCROI'O. 

B § 2 STOii rnaBbl npe,D;CTaMeim qJOp,1YJI1,J .u.,m MYm,TmIOJII,HblX 

MOMeHTOB R,D;ep npH pasHHX TeOpeTH"leCKIDC npe,Il;IIono~eHIDDC O pac

npe,D;eneHl:!H sapl!,D;a B R,D;pe. BwrcHeHa CBR3h Mel!t.IJY napaMeTpaMH .D;e

qioµ,mmrn:, nno.n;m.iHMl:! n pasHwc no.nxo.nax ( /a.o l:! E.zo ; foo H 

f.1/o ) • . . 
. fl,.pdl(. Q 

B § 3 npl:!ne.D;eHu pesym,TaTbl nmHcneHHH p .>.o H :..\ • 
. /lipd1t. 

Pac~eTu reKca,D;eKanom,noii .D;eqioµ,mmrn ,I(alO'l' sHa~eHl:!e r'l(o ~ OT-

~Hoe OT HYM .JJ)Ilr ncex R,D;ep pe,D;K03eMeJII,HOil H TpaHCypaHOBOit 

o6nacTeii. Tom,Ro .IVIH R.D;ep Erl?□ , Y,8 172, Hf1?2,I?4 
/l!dll. -
f'IO - 0. 

PesynhTaTbl pac~eTOB H8XO,Il;fITCR B xopomeM COOTBeTCTBl:!H C 

SKcnepl:!MeHT~HHMl:! ,D;aHHb!Ml:! H conna,D;aIOT C aHMO~HUMH B~Hcne

HHRMH, npoBe,D;eHHHMH Ha OCHOBe cxeMbl ilHJibCCOHa. 

0CHOBHble pesynhTaTbl, H3no·KeHHble B ,Il;l:!CCepra.mm, ony6nHKOBa

Hbl nl9,IO,I2,13, 15/ H ,nonol!teHbl Ha XIX, XX conemaHl:!RX no R,D;ep-

Hoii cneKTpoCKOIIHH ll CTIJYKType R,D;pa, Ha XI COBCU{aHl:!H no R,llepHOii 

cneKTPOCKOIIHH HeiTpOHo~e~HqHTHWC H~OTOIIOB H TeOpHH ~e~opllHpOBaH

.HWC R,D;ep ll Hay BceCOI03HOfi neTHefi lllKO~e no R,llepHb!M peaKD;WlM ll 

CTpyKType R.n;pa. 
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