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'llm2U1UJ.ruhmF1mhJ! qru1ruhru1m t 2013p. 11hquihuphpp 10-ph d.1500-p.h L.L. <tUU 

l>p.qpqruqwu L.l:iU1ruqnU1IlLpJmhhl:ip.p. t>huU1p.U1IlLU1mu (0203, U2U1wp.wq-2, L.L. <tUU 

1>2.1') l>p.qpqmJP. 049 uruuhruql1U1rulj_ruh ]unp.hp.l}IlLU: 

Uu1l:ihw]ununLp]UlUJ! qrup.l:i!li t oruhnpruhru1 b'll.L. q]l.Ull}Ul)l.UlUnLU: 

Ul:iri_tlruajip.h runwptj_ruo t 8 hn]l:itlpl:ip.p. 2013p. 

Uwuuwajiillmqruh JunJ.l.hMP. ~ :pp.q.tlwp. ql1U1. pl:iqhruom, l}Ilghhill 

qpu1ruqwh prup.UlilLil_Ul)l. ' 'Jt<'r-- '1,.'ll.. !1w1ruhprup.1wh 

Tc Ma ,1:111ccepTal.\HH yrneplK,1:1eHa B I1HCT11Tyre <l>11311qecKHX Hccne,1:1osaH11i1 HAH PA 

l lar111blH pyKOBO,[IHTCJJb: 

OcjlH!.\HaJJbHblC OllllOHCHTbl: 

Bct1Yll.\!Ul opraH113au11J1: 

,[IOKTOP cjJH3.-MaT. HayK. 

npocjieccop M<t>TI1 B .Il.Kpai1HOIJ 

,[IOKTOP cjJl13 .-MaT. HayK, 

npocjieccop rarnK Kp10q10111 

,[IOKTOp cjJH3.-MaT. HayK, 

npocjieccop Bna,1:111M11p MaHbKO 

Hau110HanbH!Ul HayqHaJl na6opaTop11>1 

HM. A.I1. An11xam111a 

3all\11Ta COCTOHTCll 10 ,[leKa6pH 2013r. B l s00 qacoe B l1HCTHTyTe <l>11311qeCKH\ 

Hccnc,1:1oeaH11i1 HAH PA (0203, AunapaK-2, 11<1>11 HAH PA) Ha 3acc,[la111rn 

CJJCJ\11aJJl13HpOBaHHOf0 COBCTa llO <l>H3HKC 049. 

: ;111ccepTau11ei1 MOlKHO o3HaKOMHTbCll s 6116n110TeKe EfY. 
/\1nopc<j1epaT pa30CJJaH 8 HOll6pR 2013r. 

F Y•1c11i,1i1 ceKpeTapb 

C.:JJCl\H3Jl H3HpOBaHHOf0 COBeTa 

KaH,[111,[laT Qll13.-MaT. HayK, ,1:1oue11T 

B.Il. KanaHTapl!H 

OlimAJI XAPAKTEPHCTHKA PAliOTbl 

AKT)'3JJbllOCTb TCMbl 

B 1925 ro,1:1y, Ha ocHose pa6oT lllaTheH,1:1pa11arn EoJe. Anb6epT 3i1H1J1Tei1J.1 

npe,1:1cKa3an nepexo,1:1 qacTJJU MaTepHH B 0,[IHO e,[IHHCTBe1rnoe KB3HTOBOe COCTORHHe np11 

llHJKHX TeMnepaTypax. 

3TO COCTOllHHC MaTep1rn, DOJe-3~iHJIJTdiHOBCKHH KOH,lleHCaT, B npHHUHne, 

BCTpe•1aeTCR RO MllOnlX <JH13WleCKHX CHTyauHRX (Hanp11Mep. B CBepxnpOBOJ:IHMOCTll H 

ceepxTeKy•recTH, B Jla3CpHOM HJJTyqeHHH, B HeihpOHHblX JBCJJ:lax). 0,1:1HaKO, B 'IHCTOM BH):le. 

TO CCTb, 6eJ Ha.IlOlKeHHblX CHJlbHblX BHeWHHX (~aKTOPOB (T3KHX, KaK, HanpHMep, 

peweTo•rnoe BJaHMO,[ICHCTRHe B HBJleHHH CRepxnpOBO,llHMOCTH MCTaJlJTOB). B CHCTCMe 

MaccoBhlX MaTepHaHhHblX Tell, 0nepeb1e 6brno nony<1eHo R YHbTpaxono,1:111b1x pa3pelKCHHb1x 

raJax HeihpaHbHbJX aTOMOB e 1995 ro,1:1y. 3a :no ,1:1ocrnlKeHHe e 200 I ro,1:1y 3p11Ky Kopnenny 

H Kapny BawMa11y, COBMecrno c BoHbcJ1raHrOM KeTTepn11, 6b1JTa np11cylK,1:1e11a Ho6eneecKaH 

npeMHll no cJH13HKe. Bnocne,1:1CTBHH. B xono,1:1ni,1x <J>epMHOHHblX aTOMapHblX ra3ax 

JKcnepHMCHTaJlbHO 6bJJ10 J:IOCTHrHYTO Cll.\e OJ:IHO BalKnoe COCTOHHHe MaTep1m 

BblpOlK,[ICHHblH <l>epMH-raJ. 

Cero,[IHll, c noMOll.\blO no,1:106HblX Bb1pm1<,1:1eHHblX KBaHTOBblX CHCTeM 

yJTbTpaxono,1:1nb1x 60Jon/c~epM110HHhlx •iacTHU (aToMoe, MOJTeKyn) npoBOJ:IRT HaMnoro 6oHee 

T04HblC 113Mepemrn KaK cjJHJH'lCCKHX BCJlH'lHH, TaK H <l>y11,1:1aMeHTaJTbHblX llOCTOHHMblX. 

3Kcnepm1ef1T 11 TeopHR J:IOBOJTbHO TO'IHO conocTaBJTllJOTCll. Ell.\e TPHJ:IUaTh JTeT HaJHJ:I 

3Ha4HTeJlbHOH COCTaRJTlllOll.\ett MOTHBfil{HH pa6oT c XOJlO,[IHblMH 3TOM3MH llBJTHJTaCb H,[lel! 0 

TOM, 'ITO c HX llOMOll.\blO H3Mepemrn CTaHYT ell.\e TO•rnee. Ho OTUbl Jla3epHoro OXJTalK,[leHllll 

,[lalKe He npe,llCTaBJTl!JlH, B K3KOH CTeneHH OHH J:IOJllKHbl 6blJ1H 0Ka3aTCll npaBbl. VbH34aJTbHO 

KOHUeHTpHpOBaJTHCb Ha npmteHeHHllX B HJMepe1rn11 epeMCHH H 'laCTOT (nanpHMep, 

TO'IHOCTb aTOMHblX •1acon yny•1m11nacb Ha ,1:1ea nopHJ:IKa). Ho ceromrn, xoHOJ:1Hb1e aTOMbT 

npHMCHRIOTCR npH HJMepeHJJH UJHflOKOro KJTacca QlH3H4eCKHX BeJTWlflH H <l>YHJ:laMeHTaJTbHbl 

KOHCT3HT. TaK. 11anp11Mep. HCllOJlbJ)'ll l!BH)'IO ,[leMOHCTpaumo BOJTHOBOH npHpO,llbl aTOMOB, 

npH TeMnepaTypax MHKpOKeJTbBHH H HHlKe, 6ypno pa3BHBaeTCll 3TOMH3ll HHTepcJ1epoMeTp1rn. 

Ha ee ocnoee co3,1:1a10Tcl! aKcenepoMeTpbl. rnpoMeTpbr, rpa.ii110MeTpb1. rpae11MeTpb1. 

TO'IHOCTb KOTOflblX conocTaBHMa HJTH npeBOCXO,llHT TO'IHOCTH "Tpa,[IHUHOHHblX" ycTpOHCTB 

Ma caMblX pa3HblX npHHUHnax . TaKlKe XOJTO,[IHble aTO~fbl 6blJlH HCllOJlbJOBaHbl ,[IJl)f 

HJMepemrn nocTOllHHOtt TOMKOtt CTPYKT)'pbl c TO'IHOCTblO nopH,1:1Ka 10" (-9) (pac•1eT 
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npoBOAHnc11 npH tta6n10ACHHH J cjicj>eKTa )J,onnepa). Mcnonb3YH aTOMHblH na3ep, cero.ntt11 

3Ha'IHTCflbHO npH6nH3Hn11Cb K TO'IHOCTH, HC06XOAHMOH Aflll 061rnpylKCHf.lll 

rpaBHTaLl,HOHHblX BOnH. 

napasinCflbHO, 3aMCTllO pa3BHBaCTCll Ca~1a TCOpHll BblpQ)KACHHll KBaHTOBblX raJOB. 

YnbTpaxonOAHOe semecTso ~IOlKCT npeAOCTaBHTb B03MOlKHOCTb npaKTw1ecKH HAeanbHOH 

peanHJUU.HH BU)f{HblX KBaHTOBblX napa.11Hr~1 , TUKHX, KaK OCHOBononara10LL1,HH npHHLl,Hn 

cynepn03HLl,HH, tta.n6apbep110e OTpalKCllHC, TYHHCJIHpoBaHHe, llBRCHHll KBaHTOBOH 

HllTCpct1epCHLl,HH H AHC~p3KLl,HH MaTepHanbHblX BORH H T. n .. npH )TOM BalKHO, '!TO B cnyc1ae 

BbipOlKACHHblX KB3HTOBblX D03e- H <])e pMH-ra30B .naHHblC TCCTbl npoBOAllTCll B HCRHHeHHOH 

CllTyau.1111, TO CCTb, Kor.na pacc~rnTpHBae~lblC CHCTeMbl )~)~JCKTHBHO ynpaBJllllOTCll 

cyu.1ecTBCHHO HCRHHCHHbl~IH ypas11e1rn11MH ABHlKeHHll. 3AeCb cneAyeT OTMCTHTb, '!TO 

A3HHaH HCRHHCHHOCTb, c TO'IKH 3pCHHll npHHLl,HllHanbHOro no.nxoAa, CCTb cneACTBHe scero 

RHllJb cnoco6a OllHC3HHll ~IHOrOYaCTH'IHOH 3a,ll3'1H HeCKORbKO ynpomeHHblMH 

MaTeMaTH'ICCKIHnl MeTOA3~1H, a He 11sn11eTCll C~YHAaMe1nanbHblM OTpHuaHHeM RHHCHHOH 

npHpO,llbl KB3HTOBOH MexaHHKH. TaKHM o6pa30M, MHOrD'!aCTH'IHble MO,llenH, KOTOpble 

HlffCHCHBHO npHMCHlllOTCll B pa3HblX 06J1aCTllX aTOMHOH 11 MOneKyn11pHOH ~)HJHKH, 

npe.nocTasmuoT .nononHHTCflbHble B03~10lKllOCTH Aflll TCCTHpOBUHHll KBaHTOBOH MexaHHKH B 

111101! <l>H3H'1ecKOH o6cTaHOBKe. BalK1rn eme, 'ITO 6ecnpeueAeHTHO BblCOKaH cTeneHb 

KOHTponHpyeMOCTH MelK'taCTH'IHblX B33HMO,lleHCTBHH BHCUIHHMH 3neKTpOM3rHHTHblMH 

nonllMH, AOCTHrttyTall B H3CTOllll.ICC BpCMll B 3KCnepHMCHTaX, n03BOnlleT HCCJICAOBaTb 

KBaHTOBhlC lKllAKOCTH B npClKAC HC AOCTY OHblX pelKHMax H ycnOBHllX. 

no3TOMy, B HaCTOllll.ICC BpCMll o6naCTb ynbTpaXOROAHblX KBaHTOBblX raJOB B 

BblCIJICH CTCOCHH ah'THBHa 11 pacu1HpllCTCll BO MHOrHX pa3Hb1X HanpasneHHllX. B H3CTOllll\CH 

pa6oTe paCCMaTpHsaeTCll OAHO HJ BblLUenepeYHCneHHblX npHHLl,HnHanbHO BalKHblX 

KB3HTOBblX 3CjHjlCKTOB - tta.n6apbepttoe npoXOlKACHHC H OTpalKCllHC ~1aTep11anbHblX BOnH -

AJl ll pa3fll1'1HblX Bl1AOB (OAHOMepttoro) OTpalKa10LL1,ero llOTCHu11ana KOHC'IHOH 

rny611Hb1/sb1c0Tb1 (np11~·1oyronh1ia11 HMa, 110TeHu11an Po1etta-Mop3e, .11sol!Ha11 .11enbTa-11Ma 11 

T.A.). A1mm13 npOBOAHTCH B paMKax 1rJBecn1oro noHyKnaccH'ICCKOro np116m1ll(CHHH 

CpCAllero rlOJlll fpocca-n1naeBCKOrO. no,llXOA, KOTOpblH, Kill( 6blfl0 ll0K33alrn 

MllOro<111cne11HblMll CKpynyne311Ll~IH HCCJICAOB3Hl1ll~IH, npoBeAellllbl~ll1 B nocneAHHC rOAbl 

pa3Jll1'11·1blMH rpynna~rn l·ICCJICAOBilTCne ll H )KCnepaMCHT:lJlbHO, H TeopeTH'ICCKH, 
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MCKBaTHO, c .nosonbHO RblCOKOH TO'IHOCThlO on11cbrnaeT .n~ma~rnKy IJ03e-KOHACHCaTa 11p11 

AOCTaTO'IHO 6onb1UOM KOJlH'ICCTBC 'laCTau, HaXOAllWHXCll B KOHACllCllpOBaHHOM COCTOllHHH. 

Cne.nyeT OTMeTHTb, 'TTO ypa0HeH11e fpocca-n11rnescKoro Ky6w1eCKU 

Hem111eiiHaR sepcm1 HenHHeHHoro ypasHemrn Wpe.1111Hrepa, 6y.nrrn Henocpe.ncrneHHbTM 11, 

eepOllTHO, npoCTCHIJIHM OOJlHHOMHaJlbHblM, o6o6weHHCM JlHHCHHOro ypaBHCHHll 

Wpe,llHHrepa, 003BOJlllCT nOHllTb OCHOBononarmow11e MCXaHl13Mbl, JlClKall\He B OCHORe 

HCJlHHCHHOH AHHaMHKH BO MHOrHX .npyrax cjJl.l3H'ICCKHX c~nyaum1x: B rHAPOAl1HaMHKe. 

HCJlHHeHHOH OOT11KC, HCJlHHCHHOH aKyCTHKe, cjJHJHKC KOHACHCHpoBaHHOro COCTOllHHll. B 

AHHaMHKC TennOBbfX HMnyn bCOB B TBCPAbfX Tenax H JlaHrMypOBCKHX BOJlH B TCOJlOH 

nnaJMe, T . ./I .. 

Ue.rii, pa6oThl 

I. TeopeTw1ecKoe Hccne.nosaHHe HM6apbepHoro npoxolKACHHH H 0TpalKeHH11 

HCRHHei1HbfX MaTepHanbHbfX BOnH .11n11 p11.11a MOACflbHblX OAHOMepHblX 

noTeHuHanOB, xoporno HJY'ICHHblX B RHllCHHO~f f<BaHTOBOH Teopm1: noTeHuHan 

c~opMbl cTyneHbKH, np11Moyro11bHbfH noTenunan, noTe11uHan P03eHa-Mop3e 

(KBMpaTHblH CeKaHc nmep6onH'ICCKHH), ABOHHall ACJlbTa-11Ma. 

2. Mccne.noemrne CJl)''IaCB nonHoro (6e3oTpalKaTenbHOro) llpOXOlKACHf.111 

HCRHHCHHblX MaTepHanbHbfX BOJlH, onpe.neneHHe OOJlOlKCHHll pe30HaHCOB 

BbTCllJHX nopll,llKOB nonHoro HM6apbepHoro npOXOlKACHHll AJlll noTeHu11ano0 

KOHC'IHOH IJJHpHHbl (noTeHuHan Po1eHa-Mop3e H np11MoyronbHb!H 6apbep). 

3. l' byYeHHe noee.neHHll KOH,lleHcarn B none ABOHHO~i llMbf H HCCJlCAOBaHHC 

B03HHKHOBCHHll AHHaMH'ICCKOro xaoca B AHHaMHKe 'Jacn1ubl B noJJe 

nepHOAH'ICCKOro nOTCHUHana B paMKax K)'6H'ICCKH HCRHHCHHOrO ypaBHCHHll 

Wpe.nHHrepa. 

Harrna11 noa11111a 11 npaKTn'lecKa11 ue1111ocT1> pa6oTM 

Hay'!Ha11 HOBH3Ha o6ycnosneHa KaK caMHMH paccMoTpeHHblMH 3a.11a'iaM11, 

nepe'mcneHHblMH BblIJJe, TaK H JaMeTHbfMH MCTOAOJ10rw1eCKHMH HOBIJJCCTBaMn, 

pa3pa6ornHHbfMH B npouecce nccne.nosaHHll. B 'laCTHOCTH: 

I. npn pa6oTe HM 3Ma'ICH HM6apbepHoro OTpalKCHHll D03C-KOHACl·IC3TOB OT 

OOTCHUHana P03eHa-Mop3e (rnaea 2), 6b1Jl npeAJIOlKCH cneumjJH'ICCKHH 

MaTeMaTH'ICCKHH no.nxo.n .11n11 H3Y'ICHHll peJOHaHCOB nonHoro 
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(6eJOTpaJKaTeJJbHOro) npoXOlKLleHHll, OCHOBaHHblH Ha nepec~OPMYJJHpOBKe 

npo6ne~lbl B KaYeCTBe JaAa'IH Ha co6CTBeHHble JHa'leHHI! OTHOCHTCJlbHO 

BblCOTbI / rny6HHbl nOTCHl.IHaJlbHOH l!Mbl. 3TOT OOL\XOLl LlOCTaTO'IHO 06UIHH H 

fl03BOJll!CT HCCJleLlOB3Tb MHOrO'IHCJleHHblC flOTCHUHaJlbl p3'3Hb!X 

npocTpaHCTBeHHblX cj>OpM (LlBOHHOH npllMOyroJJbHblH 6apbep, npOHJBCL\CHHC 

napafiOJJH'ICCKOrO OOTeHUllaJJa H rayCCOBCKOrO KOHRepTa (KOTOpblH MOL\CilHpyeT 

06bl'lHO HCflOJlbJYCMYIO B Onb>Tax OnTH'lCCKYIO JIOBYWKY) HJIH aCHMMCTpH'lHblH 

noTCHUHaJI, H~lelOUIHH LlBa pa:JHblX MaCwTa6a HJMCHeHHll B pa3HblX o6naCTbl!X 

npocTpaHcTsa). 

KpoMe Toro, MOJKHO noKaJaTb, YTO 3TOT nOAXOLl 11aJ111eTcll rn6KHM 

HHCTPYMCHTOM , KOTOpblH MOJKeT npHMeHl!TCll , c He60JJbUIOH MOLlepHHJauHei1, He 

TOJlbKO B yKaJaHHblX Cily<laHX, HO 11 LlJIH JHaYHTeJlbllO 6onee UIHJlOKOro Kpyra 

JaL1a'1, onHCb1BaiOU1HX L10nOJJH11TeJ1bHb1e 3clicjieKTbl. B 'IHCJJe TaKHX JaAaY, B 

'laCTHOCTH, HeJIHHeHHblH KBaHTOBblH TpaHcnopT, TYHHeJ111poBaH11e H caM0'3axaaT 

Eine-KOH)leHcaToB. 

HaKOHeu, MCTOLl npeAOCTaBJllieT BOJMOlKHOCTb HCCJJeAOBaTb peJOHaHCbl 

6eJOTpalKaTeJJbHOro npOXOJK)leHHll HCJIHHeHHblX ~laTepHaJJbHblX BOJIH npH 

HemrneHHOCTHX, OTJIH'lalOUIHXCH OT KBanpaTH'IHOH HeJIHHeHHOCTH cpeAHero OOJIH 

rpocca - CTHTaeBCKOrO (HanpHMCp, YeTBCJlTOH CTeneHH HJll1 HaCblllla!OUlaH). 

2. B paJAeJJe 2.4 Bb1BeL1eHo 11eJJHHei1Hoe JlHc)icliepeHuHanbHOe ypaaHeH11e TpeTbero 

OOJlHL\Ka Llill! OJIOTHOCTH KOH,!ICHC3Ta, 3KBHBaJJCHTHOC ypaBHeHHIO rpocca­

nHTaeBCKOrQ (~10,ayJJHUHH <lla3bl K0H,[leHC3Ta Bbl'IHCJll!CTCI! BOOCJle)lCTBHH •1epe3 

OJIOTHOCTb C nOMOUlblO KBa)lpaTypbl). np11 )lOCT3TO'lHO fiOJJblllHX BOJIHOBblX 

'IHCJlaX nana10U1ei1 ~rnTepHaJJbHOH BOJ!Hbl 3TO ypaBHe1rne npHBO)ll1TCll K 

Hem111eHHOMY npe)lCJlbHOMY ypaBHCHHIO nepaoro nOpl!)lKa, pewe1rne KOTOporo 

~IOlKHO HCOOJ!b30B3Tb npH np116JJHJHTeJ1bHOM pac•1eTe HHTerpana )lJll! 

onpe)leJ1e111rn peJOHaHCHOH rny6HHbl l!Mbl H TeM caMb\M nOCTpOHTb npOCTOe 

np116m1JKe1111e BblCOKOH TO'IHOCTH. 

CTOCKOJlbKY 06U1ee pe111e1rne 3TOro npeL1eJ1bllOrQ ypam1et1HH 113BeCTHO )lJll! 

np0113BOJlbHOro noTeHu11ana (pe111e1rne HaXO.llHTCH KaK KOpeHb w1orO'IJleHHOro 

ypaa11e11HH TpeTbero nopHL\Ka), TaKOH war npe)lOCTaBJJlleT CHCTeMaT11YeCKy10 

BOJMOlKHOCTb paCCMOTpetrnH OTpalKatOLUHX noTeHUHaJIOB pa3Hb1 X BH.llOB. 
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3. HccJ1eL1osa1111e BOJHHKHOBeHHI! mrnaMHYecKoro xaoca s none on110Mep11oro 

nepHOllH'leCKOro n0Te11u11ana np11 HaJIWIHH Ky611YeCKOli Hen1111eiiHOCTH, 

CBOHCTBeHHOH )lJll! ypaBHeHHll fpocca-n1.naeecKoro, MOlKeT 6b1Tb llOJJeJHO np11 

3HaJIHTll'leCKOM om1camm .llJIHHHblX .ll,lKOJecj1co110RCKHX nepexo,aoa H HeKOTOphlX 

.llPYrHX npoueccoa KBaHTOBOro MHKpOMHpa. KpoMe Toro, pe3)'JlbT3Tbl 

npencTaBJll!IOT llOllOJIHHTeJJbHblH HHTepec, llOCKOJlbK)' MOnen11pyt0T npoueCCbl, 

OllHCb!BaeMble HeJJHHeHHblM ypaBHeHHeM nmlHjJy'lHH H ll03TOMY MoryT 6h1Tb 

npHMeHeHbl llJJI! nonaBJJCHHI! wyMOB B onpeneJJCllllblX TCXHHYeCKHX CHCTCMax H 

ycTpOHCTBax , T3KHX KaK, Hanp11Mep, HeJJHHCHHble BOJIOKOHHO-OllTHYCCKHC 

ycTpOHCTBa CBl!JH. 

4. HaKOHeu, KaK )'lKe 6hlJIO OTMC'leHO RhllUe. ll3HHOe HCCJJe)lOB3HHe KacaeTCI! 

HeJJHHeHHOro ypae11e1rnH Wpen11Hrepa, KOTOpoe l!BJJl!eTCI! B3lKHOH MO.llCJlblO, 

BCTpe'1310U{eHCI! B paJllblX o6JJaCTl!X <l>HJHKH (Hemmei1Hal! OllTHKa, CllHHOBble 

BOJ!Hbl B M3fHHTHhlX nJJeHKax, JlaHrMypORCKHe BOJ!Hbl B Tennott llila:JMC H 

rpaBHT3UHOHHble noeepxHOCTHblC BOJ!Hbl B lKHllKOCTl!X) . no3TOM)' Kpyr 

HeJJHHettHblX 3<l><!JeKTOB, OXBa'leHHblX HaCTOl!Ulei-t pa6oTOfi , npencTaBJJl!CT 

06U1ecjJHJH'leCKHH HllTepec, a pe3)'JlbTaTbl HOCl!T npHHUHllH3JlbHblH xapaKTep H 

MoryT 6b1Tb npHMeHHMhl K UlHpOKOM)' Kpyry aHanOrH'lHblX 3aAa'l . 

Ocnonnble noJIOJKcnnn, BblllOCllMbte na 1aw11T)· 

I. Ha.n11•me Tpex pa:Jnwmb1x cueHap11e0 JeomouHH CHCTCMhl (KOJ1e6aTeJ1bHh1tt , 

HCKOJJe6aTeJJbllblH H paCXOllHUIHHCll) npH pacnpocTpaHCllHH MaTepHaJJbHblX BOJIH 

HaA llOTeHuHaJIOM clJopMbl CTyneHbKH npH HaJIH'lHH Ky6H'!eCKOH HeJJHHettHOCTH 

npHfiJJHJKeHHll fpOCCa-nHTaeBCKOrQ. nomlblH 3HaJIH3, Ha OCHOBe TO'lHOrO 

peu1emrn 3M3'1H, Bblpa)l{eHHOro 'lepe3 JJIJIHllTH'ICCK)'IO Sll-(~)'HKUHIO 51 K0611 , 

ecero neyMepHoro npocTpaHCTBa 6eJpa:JMep11b1x BXOllHbfX napaMeTpoo Jana,111 

(napaMeTp 11emrnei:i11ocTH 11 BblCOTa 6apbepa e ennHHuax XHM11<1ecKoro 

llOTeHUHaJJa KoHnencaTa), onpe1.1eJ1e1rne TO'IHhlX rpa1111u o6nacTeii, 

COOTBeTCTB)'IOUIHX KalK)lOM)' HJ B03MOlKHblX cue11apHeB. H TO'lllOe onpenenem1e 

llOJIOlKeHHR cm1ryn11pHO~i TO'lKH, rne npOHCXOllHT CK3'IOK OT OllHOro cue1-1ap1rn 

nosenemrn K ,apyroMy. 
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2. flonpaBKl1 K K03<(HjlHUMeHTY OTpalKeHJrn 11 3HaJll1TH'leCKHe ycnOBHll Ha napaMeTpbl 

AnH nonttoro (6e3oTpalKaTenbHOro) npoxOlKAeHMH HaA npHMoyronbHbJM 

noTeHUHaJIOM, noTeHuuanoM P03eHa-Mop3e, ABOHHOH )lenbTa-HMOH B 

O)lllOMepHOH 3a)la•1e KBaHTOBOro Ha)l6apbepHoro OTpalKeHWI HemrneHHblX 

MaTepH<UibHblX BOnH, OllflCblBaeMOH Ky6w1eCKl1M HemrneHHblM ypaBHeHMeM 

WpeAMHrepa np11 Manb1x 11en11ttei1HOCTbHX, 

3. Bb1COKOTO'lllblH aHanH3 nonolKemtH pe3oHaHcos nonHoro Ha)l6apbepHoro 

npOXOlK)leHMll MaTep11aJ1bHblX BOnH B npu6nHlKeHHH HenHHei111oro ypasHeHHll 

lJJpe)lHHrepa. )J,aHHb1e nonolKeHMH nonyYeHbl nyTeM nepec(iopMynupoBKH 

npo6.~eMb1 B Ka•1ecrne KBa3HnHHeHHOH 3a)la'IH Ha co6crneH11b1e 3HaYeHHH 

OTllOCHTenbHO BblCOTb1/rny6HHbl noTeHUHaJla, 'ITO npe)lCTaBnHeT co6oi1 

caMOCTOHTeTi bHblH MeTO)lOTIOfH'!eCKHH HHTepec, TIOCKOTibKY MOlKeT 6b1Tb 

npHMe11eH K PllAY Apyrnx O)lllOMepHblX noTeHuttanos H ATIH Apyrnx <liopM 

Hemme H HOCTH. 

1-laCTHble <pH3fl'leCKHe pe3ynbTaTbl: 

- ToY11oe, B paMKax np116n11lKe1111H fpocca-flHTaescKoro, nonolKeHHe nepsoro 

Hen11Hei111oro pe3oHaHca nonHoro npoxolK)leH11H AJlH noTeHu11aJ1a Po3eHa-Mop3e. 

- )J,eMOHCTpau11H, c flOMOLUblO TO'IHOro pemeHMll 3a)la411 )lJlll nepsoro pe30HaHca, 

B03MOlKHOCTH 6e30TpalKaTenhHOro npOXOlK)leHHll Ha)l noTeHUHanOM 

TIOJlOlKHTeJlbllOH BblCOTbl (T.e., Ha)l 6apbepm1). )J,aHHblH pe3yJlbTaT 

pacnpocTpaHeH Ha pe30HaHCbl BblCUJero nopHAKa c npm1eHeHHeM annapaTa 

ypasHemrn TpeTbero nopHAKB )lJlR flJlOTHOCTH sepOllTHOCTH (nyHKT 5). 

- <l>opMyJlbl )lJlll C)lBHra flOJlOlKellHll ll-ro pe30Ha11ca H3-3a 11en11HeHHOCTH: C)lBHr 

pe30HaHCOB BblCUJHX nopHAKOB mrneeH no OTHOIUeHHIO K nopHAKY pe3011a11ca )lJlll 

flOTeHUHana P03eHa-Mop3e H TIOCTOHHeH )lJlll npHMoyronbHOro 6apbepa. 

4. 3Ha•1eHl1ll napaMeTpOB, Bbl3blBaJOLUHX )lHll3MH'!eCt(l]H xaoc B noBe)lelrnH 

KBaHTOBOH CHCTeMbl B none nepHO)lH'leCKOro TIOTeHUHaJla OTITM'teCl(l)H perneTKH B 

cny'lae np116nHlKeHl1ll fpocca-TittTaeBCKOro c OTTaJIKMBaJOLUeH HeJlHHeHHOCTblO. 
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Anpo6a111111 

OcHOBHbTe pe3ynbTaTbT HacToHwei1 pa60Tb1 AOKJla)lblBaJIHCb 11 o6cylKAaJlHCb Ha 

MHOrHX ceMHHapax pa:JHblX opraHHJaUHH (PocCHHCKaH <l>e)lepaUHH: Ka<(le)lpa 

TeopernYeCKOH (pH3HKH 11 KatpeApa o6wei1 <11113111<11 M<l>TVI, <llAKlll M<llTVI, <llOn<ll 

M<llTVf, <llH3H4eCKHH VIHCTHTYT AKa)lewrn HayK (<lllllAH), BnBAHMHpCKHH 

rocy)lapcTBeHHbTH YHHBepCHTeT, CaMapcKoe OT)leJleHHe <llVfAH; ApMeHHH: Vf<llVI HAH 

PA; <llpaHUHH: Universite de Bourgogne (Dijon); CoeAeHe1rnoe KoponeBcTBo: Isaac Newton 

Institute (Cambridge); fepMaHHH: Physiczenlrum or Bad Honnef, Max Planck Institute for 

Physics or Complex Systems H Apyrne), a TaK ll<e Ha cneAylOUIHX Mell<AyHapOAHbTX 

KompepeHUHllX ( 1 7): 

I. International Conrerence " Modern problems in Optics and Photonics MPOP -
2009", 27 August - 2 September, 2009, Yerevan, Armenia, oral talk. 

2. International Conforences "Laser Physics 2009-2012", October, Ashtarak, 
Armenia, posters and oral talks. 

3. 3rd International School CPLP "Contemporary Problems of Laser Physics·', 
November 9-11 , 2009, Moscow, Russia, oral talk. 

4. VII All-Russian Samara Youth Conrerence-contest "Optics and Laser Physics -
2009'·, November 18-21, 2009, Samara. Russia, oral , winner. 

5. The 16th Central European Workshop on Quantum Optics (CEWQO), 23-27 May, 
Turku, Finland. 

6. 52"d and 53•d Traditional MIPT conrerences " Modern problems in fundamental 
and applied sciences.,, November, 2009/2010, Moscow, Russia, oral talks. winner. 

7. 450th WE-Heraeus-Seminar " Mixed States or Light and Matter .. , February 7 - I 0, 
20 I 0. Physikzentrum Bad Honnef, Germany, poster. 

8. Conference "Young Scientists of Russia' ·, April 16, 20 I 0, Moscow. Russia, poster, 
winner. 

9. Conference-contest of young physicists or the Moscow Physical Society, section 
"Fundamental Physics•·, April 19. 2010, Moscow, Russia, oral, absolute winner. 

I 0. First International School for Young Researchers " Applied Mathematics and 
Physics .. , Dolgoprudny, Moscow region, Russia . .July 1-13, 20 I 0. 

11. International Workshop and Summer school " Quo Vadis Bose-Einstein 
Condensate•', August 2 - 20, 2010, MPIPKS Dresden, Germany, poster and oral 
talk. 

12. International conference " Optics and its applications··. September 4-7, 2011. 
Yerevan, Armenia, poster. 

13. Les Houches Physics School "Cold gases with long range interactions .. , September 
18-30, 2011 , Les Houches, France, poster. 

3a OT)leJlbHbTe 'TaCTH '.lTOH pa60Tbl aBTOP 6h1Jl Harpal!<)leH 3 Me!laJlllMll. 

coorneTcTBeHHO, Eeponei1cKoi1, Pocc11i1cKoti H Mell<AyHapoAHblX AKaAe~mi1 HayK. 

ny6m1t<aQllll. TIO TeMe )lllCCepTaUHll Ony6nHKOB3HO f 6 pa60T, HJ HHX 9 CTaTeif B 

Mell<AyHapOAHbTX peueH311pyeMblX ll<)'pHanax (cnHCOK B KOHQe )lHCcepTaUHH). 
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CTPY""YPa 11 ofrLeM. Pa6oTa cocTOHT 113 BBe.D.e111111, Tpex rnaa, 3aKJHO'le1rn11 11 

cmtcKa u11THpoaa1111oi1 JJHTepaTypb1. Co.D.ep11<amte pa60Tb1 H3IlOlKCHO 11a 111 CTpa1rnuax, 

BKJliO'lall 32 p11cy11Ka 11 6116m10rp:lfl>1110 H3 I 03 pa3Jll1'1Hb1X H3HMCHOBalHIH. 

1\PA Tl\OE CO,[l,EP'}KA HHE PAf>OTbl 

B nepsoil rJlaBe pacc~1aTp11saeTc11 11en1111ei1110e KBaHToaoe pacnpocTpaHe1111e 

~1aTep11aJlbllblX BOJlfl Ha)l, CTOTe11u11aJJOM CllOpMbl CTyneHbKH B npH6JlftlKCHl111 rpocca­

nll'laeBCKOro. 

.!!._§_!J_ )l,aeTCll KOpOTKOe npe.D.CT3BJlCHHe 0 npH6Jl11lKeH11fl cpe.D.ttero nOJlll H BblBO)l,HTCll 

COOTBeTCTBYl{)lJ.leC ypaBHCmte rpocca-nHT3CBCKOro. 

fl § 1.2 3H3Jlf!TH'ICCKH HCCJle)l,yCTCll OT)J3lKCHHC XOJlO)l,HblX ll.ICJlO'lHblX 3TOMOB 

pe30HUHCHblM Jl33epHblM ny•1KOM B paMKaX npH6JlHlKCHHll rpocca-n11TaeBCKOro 

(Ky611•1eCKH HeJlflHCHHOro ypaBHCllHll UJpe.D.HHrepa). MeTO)l,OM MHOrHX MacwTa60B 

Bhl'IHCJleHa nonpaBKa K K03CIHl>HuHeHTY OT)J3lKCHHll 113-33 cna6ofi HCJlHHCHHOCTH 

cTau11011a1H1oro ypaa11e111111 Wpe.D.HHrepa. HenHHCHHOCTb JJ.06aam1eT npocTpa11crneHHb1e 

rapMOHl1KH K JlHHCHHOH na)l,al{)WCH H OT)J3lKCHHOH BOJ1H3M. noKa3a.HO, 'lTO pOilb 

HeJlHHCHHOCTl1 yBeJlH'IHBaeTCll , KOr)l,a KHHCTl1'1eCKal! 3HeprHll aTOMa 6JJH3Ka K BblCOTe 

n0Te11u11a.nb11oro 6apbepa. Pe1ynbTaTb1cpaa11eHb1c113BCCTHblMH •111cneHHb1M11 pac'!eTaMH. 

~ paCCMOTpeHO pacnpocTpaHeHHe MaTep113IlbHblX BOJlH 11a)l, noTCIH.lHaJJOM ctiopMbl 

cTyneHbKH s paMKax Ky611•1ecK11 11en1111ei111oro ypaa11e111111 Ulpe.D.HHrepa. Tlpoae.D.eH 

KOMCTJlCKCHblH a11a.n113 COOTBCTCTBYIOll.ICH CTau110HapHOH 3a)l,a'lH, OCHOBaHHblH Ha TO'lHOM 

llCJlHHCHHOM )l,Hcj>qiepe11u11aJlbHOM ypaBHCHHH BTOporo nopH)l.Ka )l,Jlll CTJlOTHOCTH 

BepOllTHOCTH. npe)l.CT3BJ1CHO 11 npOaHaJJH3HpOB3HO TO'IHOC pewe1rne 33.D.U'lH , BblpalKCHHOC 

•1epe3 JJlJJHnT11•1ecKyl{) sn-cl>YHKu1110 5IK0611. Knaccmp11u11poaa11b1, a 1aa11CHMOCTH OT 

BXO)l,HblX napaMeTpOB CHCTCMbl, K3'1CCTBCllHO pa3JlH'lHblC Tl1nbl KapTHHbl pacnpocTp3HCHHll 

BOJlll. BblllBJleHbl T)JH cueHapHll )l,11H3MHKl1 CHCTCMbl : KOJle6aTCJlbHblH, HCKOJle6aTCJlbHblH 11 

pacxo.D.llll.l11fic11. A11a.n11111py11 20-npocTpaHCTBO 6e3pa3MepttbIX napaMeTpoa 3a)J.a'lH 

(napaMeTp HCJlHHCHHOCTH 11 BblCOTa!rny61111a OTp3lK31{)lJ.lero llOTCHUHaJJa, B C)l,HHHuax 
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XHMH'ICCKOro noTeHu11a.na), nOKaJaHO, '!TO o6naCTb napaMeTpOB, r)l,e HeT orpaHH'lCHHOro 

pewemlll, Ja)l,aeTCll 33MKHYTOH KpHBOH, COCTOHUlCH 113 cerMeHTa 3J1Jll1CTTH'ICCKOH KpHBOH 11 

.D.BYX 0Tpe3KOB. noKaJaHo, 'ITO Cyll.ICCTByeT onpe.D.CJlCHHM oco6a11 TO'IK3, np11H3)l.JlelK3ll.13ll 

YKaJ3HHOH 3J1Jll1CTTH'ICCKOH Kp11BOH, r)l,e npo11CXO)l,HT CKa•!OK OT 0.D.HOro cueHap1111 

Jeomou1111 K .D.pyroMy. Onpe.D.ene110 noJJOlKCHHe JToii TO'tK11, 11 .D.Illl ecex pa:ipeuJeHHblX 

o6nacTeH BOBJlC'ICHHblX BXO)l,HblX napaMeTpOB Ja)J,a•m OllHCUHbl 11 npoaH3Jll13H))OBaHbl B 

JJ.eTa.n11x oco6e1111ocTH cue11apnee Jeomounn. 

BTopasi rJlaBa 

B § 2.1 paccMOTpe110 KB3HTOBOe Ha.D.6apbep1me OTpalKemre IJ03e-'7i-iH111TeHHOBCK11x 

KOll.D.CHC3TOR O)l,llOMCpHblM npHMOyroJlbHblM llOTCllUHaJlhllbl~I 6apbepoM HJlH HMOH B 

npH6JlHlKCHHll Ky6wrecKlf HCJlHllCHHOro ypaBHemrn II lpem111repa c MaJJO~i HCJlHllCHHOCThlO. 

CaMbril lfHTepecHblH cnY'raii pea.n113yeTCH, KOr.D.a KO>clHlmu11e11T oTpalKeHHH paaeH 11ymo 

.D.Illl n1-111efl11oro ypaB11e111111 Jllpe.D.HHrepa. Tor-.D.a OTpalKe1me onpe.D.en11eTc11 Manb1~r 

HCJlHHCHHblM 'IJlCHOM B ypaBHCllHH rpocca-n11TaeRCKOro. Dh!JlO llOJlY'ICHO npocToe 

3HaJJHTH'1CCKOe BblpalKeH11e )l,Jlll K03(1JcjJHU11CHTa OTpalKCllHR C03.D.anaeMoro HeJlHHCHHOCTblO. 

nony'leHo 3HaJJHTH'leCKOe YCilOBl·IC )J,Jlll Toro, 'IT06b1 06ll.lee )l,CHCTBl1e llOTCHUHaJJbHOro 

6apbepa H HCJlHHCHllOCTH npHBO)l.HJlO K H)'JlCBO~ry KOJQHlmuHemy OTpalKeHHH. 

AHaJJHTH'leCKH Bb!RC)l,CH K03CIHllHUHCHT OTpalKCHHH e6m1JH pe30H3HCOB, KOTO))blC CMell.leHbl 

HJ-33 HCJlHHCHllOCTll. 

!1...§__b1 paccMOT))CHO KB3HTOBOe H3)l.6apbepHoe 0TpalKCHl1C 'laCTHUbl OT 0.D.HO~repHoii 

noTettu11a.nbHOH HMhl P03eHa-Mop3e .D.IlR 11ennttefl11oro ypaetteHHR Wpe.D.HHrepa co cna6ow 

HCJ111HCHHOCTbl{). HaH6onee llHTepeCHblMH BHOBb, KaK 11 B cny'lae np11~10yrOJlbHOro 

6apbepa, OK33b!B3IOTCH pe30H3HCHbre cny•ra11, KOr)l,a )l,Jlll JlHHeHHOro ypaBHCHl111 

Wpe.D.11Hrepa K03CfHjrnunem OTpalKeHl15( CTporo paeeH uymo. Tor.D.a OTpalKeHHe 

onpe.D.CJlRCTCll TOJlbKO MaJlblM llCJlHHCHHblM 'lJlCHOM B ypaBHeHml fpocca-nnTaeecKoro. 

noJl)''lCHO npOCTOe 311aJJHTH'1CCKOe Bbtpalt<em1e .D..J\ll KOJCIHllHUHCHTa OTpalKeHHll , 

onpe.D.CJll!e~roro TOJlbKO HCJlHJleHHOCTblO. HaH)l,CHO anaJlHTH'ICCKOe BblpalKeHne, 

CBH3b!B3JOU.lee rny6nHy llOTCHUHaJlbHOH HMbl H eenwmHy HCJlHHeHHOCTH LIJlR 110Jl)''ICH1111 
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11ynecoro KO)Cl><l>ttl~HeHTa OTpa>Kemrn. TaKlKe, K01cpqJHuHeHT OTpalKeHllll Bbl'IHCJICH 

<lllaJJ11TH'leCKl1 B6Jll1311 pe30Hauca, C)lBHHYTOro HemrnettHOCTblO. 

R § 2.3 paccM0Tpe110 KBaHTOBoe tta)l6apbepHoe 0Tpa1Ke1111e ynbTpaxono)lHbIX aTOMOB 

noTeHUHaJJOM P03eHa-Mop3e B paMKax np116n111KeHl1ll cpe)lttero nOJlll rpocca-n11TaeBCKOro . 

llepecj1opMyn11pyll 3a)la'ly 6e30TpalKaTeJlbHOro npoxo1K)le1111ll KaK KBa311J11111elh1y10 3a)laYy 

na co6CTBellHble 311a•1e1111ll )]Jill rny611Hbl n0Te11u11ana, 11cnOJ1b3Yll MO)lllC~11u11poBaHHYIO 

CTau11011ap11yio Teop1110 B03My1UeH11H P3Jlell-Wpe)ll1Hrepa, onpe)leJleHbl OC06b1e BblCOTbl 

n0Te11u11ana, np11 KOTOpb1x npo11cxo)l11T non11oe npoxo1K)le1111e. np116n111Ke1111e c 6onbu101\ 

TO'IHOCTblO OnI1CbIBaeT flOJIOlKeHl1ll pe30HaHCOB )]Jill acex nopll)lKOB pe30HaHCOB, ecn11 

napaMeTp 11en1111ellHocT11 Man no cpaBHe111110 c x11M11•1ecKHM noTe11u11anoM 11aneTaiou1ell 

•1aCTHL(hl. llpu~1e•1aTeJ1bHO , '!TO pe3yJlbTaT )lJlll nepsoro pe30HaHca 0Ka3blBaeTCH TO'IHblM, 

T.e ., Bb1Be)le11Hall cj1op~1yna )]Jill pe3011a11c11oll Bb1COTb1 noTeHu11ana )laeT TO'IHOe 3 HaYeH11e 

nOJ1~1Ke1111ll nepBoro 11emrnei111oro pe30Ha11ca )]Jill acell )lOnycTHMOH 06nacT11 113MeHeHHll 

napaMeTpOB 3a)la•111 (napaMeTp 11en11HeHHOCT H H X l1MH'leCKl1H noTeHUHaJJ). 

nocne)lHee 61>1no noKaJa110 11ocTpoe1111e~1 TO'tHoro pewe1111ll )]Jill nepsoro pe3oHaHca. 6onee 

Toro, yKaJaHHOe np116n111Ke1111e noKa3b1aaeT, '!TO a 11en11HefiHOM cn)"1ae 6e30Tpa1KaTeJ1b11oe 

npoXOlK)le1111e MOlKeT npoHCXO)llffb He TOllbKO lJ,Jlll noTeHuHanbHblX llM, HO 11 )]Jill 

noTeHUllaJlbllblX 6apbepoB c noJIOlKiffeJlbHOH BblCOTOH noTeHu11ana. 01-10 TaKJKe 

noKa3b10aeT, 'ITO 11en1111ei1Hoe cMeiueH11e nonolKeHttll pe30Ha11ca OT nono1KeHHll 

COOTBeTCTBy101uero J111Hei111oro pe30HaHca onHCblBaeTCll npHMepHO mrnefiHOi1 <l>YHKUHeH 

nopllAKa pe3oHaHca. HaKOHeu, KOM611H11py11 aHa1111T11•1ecK11e 11 YHcneHttb1e MeTO)lbI, 

CKOHCTpy11po0aHa KO~In3KTHall, TeM He MeHee, BblCOKOTO'!Hall aHaJ111Tll'leC1<al1 cjiopM)'Jla )lJlll 

1101101KeH1111 ll-ro pe30Ha11ca. 

.l.!...§_b_1 noL1po6Ho 11cc11e)loaa11b1, c noMO!UbIO T0'111oro 11en11HellHoro AW]>~>epeHU11aJJhHoro 

ypaBHeHHll TpeTbero nopll)lKa )lllll nnOTHOCTH BepOllTHOCTH, pe30HaHCbl nO!lHOro 

npoxo1K)le111rn Bb1cu111x nopH)lKOB np11 11a)l6apbepHOM 0Tpa1KeH1111 £03e-KOH)leHcaT00 OT 

llOTeHUl1aJJa P01e11a-Mop3e B np116J1111KeH1rn rpocca-rlinaeBCKOfO. ,lJ,pyrH~I MCTO)lOM 

nOll)"leHO TO'IHOe pei11e1111e )lJlll nepaoro pe30HaHCa 11 nOKa"3aHO, 'ITO B HeJl11HCHHOM cnyyae 

6e30TpalKaTeJlhHOe npOXOlK)leHHe B03~10lKHO 11 11a)l 6apbepaMl1 (nOTeHu11ana~111 c 

llOJIOlKHTeJlhHOH BblCOTOH). )J,anee noKa3at-IO, 'ITO xopowee np116J1111KeH11e )lllll pe30HaHCOB 
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BbiCLlll1X nOpll)lKOB MOlKeT 6b1Tb llOCTpOeHO, 11cnOllb3Yll npe)lCJlbHOe peweH11e ypaBHeHHll 

)lllll nJJOTHOCTH, llOJJY'lae~10e KaK KOpeHh nomtHOMl1aJlbHOro ypaBHeHl1ll TpeTbero nopll)lKa. 

Hcnonb3Yll npe)leJJbHYIO cl>YHKU11J0.11 peweH11e )lilll nepaoro pe3oHaHca, nocTpOeHo npocTOe 

np116JJ111KeH11e )lJlll CMeiueHHll flOJIOlKeHl1ll HeJl11HeHHOro pe30H3HCa no OHIOIJlelmlO K 

no311u1111 n11HettHoro pe3oHaHca )lllll pe3oHaHcoa Bb1cm11x nopll)lKOB. Pe3ynhTaT 

Bb1m1cb10aeTCll KaK 1111HCHHall qiyHKU11ll nopll)lKa pe3oHattcq. TaKoe no0e)lc1111c 3a~1en10 

OTJlH'IaeTCH OT CJl)"lall 11pm.1oyronbHOro 6apbepa, r)le HCJll1HeHHOe CMClUCIHle npltMepHO 

llOCTOllHHO )lJlll Bcex nOpll)lKOB pe30HaHCOB. 

TpeTbSJ rJJaBa 11ocslliue11a cocrnBHbIM 6apbepaM. 

.!!.___§__;L! UllaJJHTl1'1eCKl1 HCCJle)lOBaHO pe30HaHCllOe OTpa1Ke1111e D03e-3i111111Teii110BCKOro 

KOH)lCHCaTa )lBOHHblM )leJlbTa-6apbepoM B np116JJH1Ke111m rpocca-llHTaeBCKOro . BbIBe)leH 

KO::icl>rlu1u11eHT OTpalKe1111l1 np11 cna6oll HCJll!HeHHOCTH, KOTopall nORBJlHeTCH 113-3a 

caMOB03)lCHCTBl1ll m1ca~16JJH XOJlO)lHblX weJJO'IHblX aTO~IOB. 0)lH0~1epHblii llOTe11u11aJ1 

annpoKCl1~1flpOBaH )lBY~lll OTTaJIKHBalOUI11Ml1 )lCJlbTa-rl>YHKUllOllllblM11 6aphcpa~Ht. 

V!cnOJlb3Yll MCTO)l MHOf11X Macuna6oa )lJlll H36aaneHHll OT ceKynllpllblX •IJle!IOB, nOJl)"leHO 

aHaJ111TH'1ecKoe Bb1paJKe1me )lllll Ko1rl11l>111111e11Ta 0Tpa1Ke1urn . CaMblH 1111Tepcc11b1i1 cny•iall 

COOTBCTCTBYCT :rneprnl!M KOH)leHCaTa, npH KOTOpblX 6e3 Hemrneii11oro •1ne11a OTCyTcrnyeT 

0Tpa1KeH11e. Tor)la 0Tpa1Ke1me npo11cxo)l11T 113-1a Hen11Hei1HOCT11. B1>rne,QeH K01cjHjn1u11e11T 

OTpa>KeHHll B nepBO~I nopl!D.Ke no napaMeTpy HCJIHHeHHOCTl1. 

§..l.1. nOCBll!UCH l1CCJle)lOBa111110 )ll1HaMtt'leCKOro xaoca B )ll1HUMllKC KBUHTOBOH CllCTe~lbl B 

none O)lHOMCpHoro nep110)lll'leCKOro n0Te111111ana OnTH'ICCKOii pe111eTKH, B paMKUX 

np116m11Ke1Hlll Ky611,1ecK11 ttemrnellHoro CTa"UHOHapHoro ypaaHeHMHH Wpe)lttHrepa c 

OTTaJJKHBaIOUieH HCmIHeHHOCTblO. noKa33Ha MaTeMaTH'JeCKM 3HaJIOrttll C 33)la'leH 

1rnaccw1ecKOH MexaHl1Kl1 0 MaTeMaT11'1eCKOM MallTH11Ke KanttUbl, KOTOpblH BOJ6y1K,i].aeTCll 

CJ136hlM peryHllpHblM BblCOKO'laCTOTllhlM B03My1Uett11eM. np11 onpe)leJleHHblX 3Ha'ICHl1l!X 

napaMeTpOB 3a)l3'111 B Cl1CTeMe B03Hl1KaeT )lHH3Mtt'leCK11H xaoc, KOTOpblH 3HaJJHT11'!eCKl1 

MO)lenupyeTCll Hen11HeHHblM ypaBtteH11eM )l11qicj1y31111. Kp11Tep11eM l.Jttp11K0Ba onpe)leneHbl 11 

npoaHaJlll311pOB3Hbl 3Ha'leHttll napaMeTpOB Cl1CTeMhl, np11 KOTOpblX 11MeeT MeCTO 

)11maM11YecK11i1 xaoc. 

B 1aKJJt0•1eHHH crj1opMyn11ponaHb1 OCHO&Hh1e nony'leHHbie pe3yn1>TaThl. 
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OCHOBHblE PE3Y Jlb TATbl Ll,llCCEPTAUHOHHOii PA60Thl 

HccJIC,[\083113 3M343 HM63pbep11oro p3cnpocTp3HCH\olll HCJl\olHCHHhlX M3TepH3IlhHhlX BOIIH 

HM O,!\HOMCpt·lhlMH 110TCHUHaH::tM\ol B p3MK3X Ky611•1eCKH 11emrnei1110ro ypaBHCHHll 

UJpe,!\HHrepa. 0CHOBHhlC pe3)'IlbTaThl pa60Tbt: 

I. B JMa•1e Kaatnoaoro Tpa11c11oprn HM 110Te11u11anoM <liopMbt cTy11eHbKH: 

2. 

3. 

• Bhl'lllCJIClta 11onpa11Ka K KOJCj1clntU\olCHT)' OTpa>KCHHll \ol3-33 cna6o~i HCJlHltdhtOCT\ol. 

• •tepe3 )JfJll-lrtTH'lCCKllC cj1y11KU\olH 5lK06H 3311\olCaHO TO'IHOC perne1me 33.£\3'111 B 

llCJHllleiiHOM cny<tae. noK333HO cymecTROB3HHC K3'1CCTBCHHO p33Hb1X cue11ap11eB 

pacnpoCTpa11emrn BOJlHbt (OCUHJlJlHp)'lOUlHH, 11eocm1J1ll\olP)'IOUllli1 II 

pacxOAH UllliicH). TmaTeJlbllO npoaHant-1J11poa311a 20-nnocKOCTh 6eJpaJMepHbtX 

napaMeTpOR "JM3'111 (napaMeTp 11emmeiiHOCTll II BhlCOTa CT)'llCllhKH R C,[\HIH1U3X 

XHMH'lCCKOrO llOTCHUl13I13). noK3'33HO, 'ITO 0611aCTh, r,!\C 
peme1111e 

11corpa1111'lel1HO, orpamt4ella cen1e11TOM 3JlJ11111TWICCKOH KpllBOH H ,[\B)'~IR 

oTpeJKaMH. OnpeAeneHa HBH3ll cjiopMa 31111 nnT114ecKofi Kp11aoii 11 noKa33HO, •no 

Ha '}TOH KpllROH C)'UlCCTB)'CT oco63ll c1rnry11HpHall T04K3, r11e npOllCXO)lHT CK3'10K 

OT O)lHOfO B03MO>KH0f0 CUCH3p11ll 3BOillOUHH K 11pyroMy. To•tHO 011pe11e11CHO 

rtOJlO>KCllHC ) TOH TO'IKH H OrtHC3Hbl oco6eHHOCTH )l\olHaMHKH C\olCTCMbl BO acex 

o6nacrnx napaMeTpOB '3::ti13'111. 

B 3a)la•1e pacnpocTp3HCHHll MaTep11anhHLTX 001111 HM npl!MoyronhHbtM 

noTe111~11anLHhlM 6apLepoM/l!Mo11 KOHC'THOH m11pm1b1 11 noTeHu11anoM P03e11a-MopJe 

TIOJl)"leltbl npOCThTC aHaJlHT\ol'ICCKHe BbtpaJKCHHll )lllll K0)(1)(1ll1UHCHT3 OTpmKeHHll, 

COJ)l3B3CMOrQ TOJlbKO HCJ1HHei1HOCThfO. nony<tCHO 3H3IIHT\ol'TCCKOC )'CJlOBHC )lJlll TOrD, 

•n06bt o6mee 11ei1cTBllC rtOTCHUHaHhllOrQ 6apbepa \ol HCJlHHCHHOCTH npHBO)lHJlO K 

H)'JleBOM)' KO'ltlicjlHUHCIH)' OTpaJKeHHll. AH3Il\olHl4CCKH BblBC)leH KOJljHl>HUHeHT 

OTpaJKCHllll a6Jl\ol311 pe30H3HCOB, KOTOpbte CMCUlCHbl HJ-Ja 11e11m1eHHOCTll. 

M3TCM3TH4CCKHH 110)1,XO)l 1ny<1eHHll pe30H3HCOB 
nomrnro 

Pa3pa60TaH 
H3 OCHOB3HHblH 

(6eJOTpaJKaTCJlbHOf0) H3.l\6aphepHoro npOXOJK)l.CHHll, 

nepe<l>OPM)'JlHpOBKC 11po611eMbl 
B K3'1eCTBC 3Ma4H Ha co6cTBCl1HblC JHa'leHHll )lllll 

3TOT OO)lXO)l llBJlllCTbCll rn6K~IM HHCTp)'MCllTOM, 
rny6ttHbt/Bb1COTh1 noTeHUHana. 

KOTOpblH ~IOJKCT npHMCHllTCll He TOJlbKO B )'K333HHOM CJl)"tae, HO 11 )lJlll 6onee 
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4. 

11111p0Koro Kpyra 3a,!\a4. B •111cnc TaK11x 3Ma•1, a •tacT11ocn1, 11em111eih1i,1i1 KBaHTOBbtH 

Tpa11c11opT, Ty1111em1poaa1111e 11 caMOJaxaaT Eo3e - KOll.l\CHCaTOB. 

TeM lKC c11oco60M MOlKHO 11ccne,[\0BaTb M11oro•111cneHHbte 110Te111111ar1b1 pa3tibt X 

11pocTpa11cTBCHHblX 111opM (.l\BOiiHOH npll~10yroI1bHblH 6apbep, npOll'3Be,!\e1111e 

11apa60I1H'ICCKOfO OOTCllUH3Jl3 H fa)'COBCKOfO KOHBCi)Ta (KOTOpOe MO,[\CI111p)'CT 

06bl'lllO HC00Ilh3)'CM)'IO B OOblT3X OrtTll'ICCK)'IO IIOll)'lllK)') llJlll aCltMMCTpll'lllblH 

nOTCHUHan, HMCIOUJ,HH ,[\Ba pa3Hb1X Macu1Ta6a 113MCllCH11ll B pa311blX '13CTllX 

11pOCTpaHCTBa). 

KpoMe Toro, MCTO,[\ 11pe,[\OCTaBJllleT B03MOlKHOCTb HCCJle,[\OB::tTL pe30H::tHCbl 

6e30Tp3lK3TCJlbHOro 11pOXOlK,[\CHHll ~IHOf0'13CTl1'1HblX 11e111111eihthlX KB3HTOBhlX 

CHCTCM, 011HCblBat0UlllXCll HemrneilHOCTllMH, OTJ1H'l310ll(HMCll OT KB3,!\p3TH'll10H 

HCJlHHCHHOCTH CpC,!\HCfO 110Jlll fpocca - n11TaCBCKOro; 110,!\06HblM 11pHMCpOM 

llBJlllCTCll paCCMOTpCHHblH H3MH Clly<l3H 11aCbllll::tfOUlCH HCJlHHCHHOCTH. 

PeJ)'JlLTaTLt , 11011y4e1111L1e 11p11MeHe1111eM MCTOAa, cne,!\)'fOUJ,He: 

• 011pe,!\ene110 110110JKe1me 11epaoro 11e111111ei111oro pe30H3HC3 1101111oro 

11poxOJK,[\e1111ll .l\llll 110Te11u113113 P03e113-Mop3e (pe3)'JlhTaT T04Hh1H a paMKax 

11pH6JlHlKCHflll rpocca-n11TaCBCKOro). 

• noJ1)'4CHbl 11pOCTblC cl>OpM)'Jlbl ,[\Jlll C)lBHra rtOJlOlKCHHll n-rO pC30H3HC3 113-33 

HemrneihtOCTH: ,[\Jlll pe30H3HCOB BblCLUHX nopll.l\KOB C,[\BHr OK33blB3CTCll 

np11Mep110 JlHHCHHblM no OTHOUJCHHIO K nopll,!\K)' pe30H3HCa ,[\Jlll nOTCHUHana 

Po3eH3-Mop3e 11 np11MepHO nocTOllHHLIM e c11y4ae npl!MoyronLHoro 6apLepa. 

• noK333H3 B03MOlKHOCTb 6e30Tp3lK3TCJlbHOfO 11pOXOlK,[\CHHll M3TepHaJlbHblX 

BOJlH H3)1 110TCHUH3J10M OOJlOJKHTCJlbHOH BblCOThl (T.e., Ha,[\ 63pbepoM). 

BLrne11e110 11emrneii11oe AHCl>cjiepe11u11anL11oe yp3011eH11e TpeTLero nopll)lKa )lllll 

OJ10THOCTl1 KOH,[\CHC3Ta, JKBHB3IICHTHOC )'p3BHCHHIO rpocca-n11TaCBCKOfO. npH 

,[\OCT3T0'1110 60JlblllllX BOJlHOBblX 'IHCJlax 03)1,afOUJ,CH M3TCpHaJlbHOH BOJlHbl 3TO 

ypa011e1me npMBO)lHTCll K HCilflHCHHOM)' npe,!\CJlbHOM)' ypaBHCHHIO nepeoro nopll)l,Ka, 

pe111e1111e KOTOporo ~IOJKHO 11COOJ1b30B3Tb 11p11 11p11611H3HTCJlbHOM p3C•teTe HIHerpan3 

,[\Jlll onpe,!\CJICHHll pe30HaHCHOH rny611Hbl ll~lbl 11 OOJly<IHTh np116J1HJKCl·IHC BbiCOKOft 

TO'IHOCTH. 

nocKOJlbK)' 06UJ,ee pe1uem1e npe,!\CJlbflOrQ ypaBHCHHll H3BCCTHO ,[\Jlll 

npOH3BOJlbHOro noTeHu11ana (pewe1111e H3X0,[\11TCll K3K KOpCHh MHOf04JlCHHOro 
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5. 

6. 

ypasHemrn TpeTbero nopH.nKa), TaKo~i war npe.nocTasmteT CHCTeMan1YeCKY10 

B03M0)f(HOCTb paccMOTpemrn OTpa)f(alOWHX noTellUH3JTOB pa3HblX BH.!\OB. 

npHMeHeHHeM :noro no.nxo.na eocnpoHJBe.neHbT peJyJTbTaTbt npe.nb1.nywero nyHKTa H 

noKaJaHO, '!TO llBHOe OTJTWIHe B noee.neHHH pe3oHaHCOB R CJT)''lallX noTeHUHaJTOB 

POJeHa-MopJe H npHMoyroJTbHoro 6api,epa o6ycJTOBJTeHo nJTaBHbtM HJMeHeHHeM 

noTeHUHaJTa POJeHa-Mop3e B OTJTW!He OT peJKOro HJMeHetnrn B nocJTe.nHeM CJTy<tae. 

TaKHM o6prooM, noKaJaHa 'tyecTBHTeJTbHOCTb npouecca npoxo)f(.neHHll K propbtBaM B 

<l>opMax 6apbepoe. 

B 3a.na<1e OTpa)f(eHHJI MaTepHaJTbHblX BOJTH OT .neoj.:fHoro .neJTbTa-noTeHUHaJTa noJTy'leH 

K03<IHl>HuHeHT OTp3)f(eHHll B HeJIHHej.:fHOM CJTy'-lae B pa~tKaX npH6JTH)f(eHHll fpOCCa-

n1-1TaeBCKOr0. noJTy'teHbl H npoaHaJTH3HpOBaHbl nOJTO)f(elHlll pe30HaHCOB nOJIHOrD 

npoxo)f(.neHHJt. 

noKaJaHO B03HHKHOBeHHe, npH onpe.neJteHHbtX 31ta'teHHllX napaMeTpoe, 

mmaMw1ecKoro xaoca B peweHHH Ky6tt'tecKH HeJIHHeHHOrO CTaUHOHapHoro 

ypasHeHHll 

onTwteCKOH 

Wpe.nm1repa 

peweTKH B 

.!\Jilt 

CJty<tae 

o.nHoMepHoro nepno.nw1ecKoro noTeHunana 

OTTaJTKt-1Ba10wej.:f HeJTHHej.:fHOCTH. Haj.:i.neHbt 

COOTBeTCTBYIOWlle 311a<1emrn napaMCTpOB H noKaJaHO, '-ITO xaoc aHaJTHTH'-leCKH 

Mo.nem1pyeTCll 11em111ej.:fHbtM ypasHemteM .nml><l>YJHH. 
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n~ ~Ull81't. t.8fiP@-Ul1Ut, ll~t.bI'I> ~llt.Sll81't. UVWll'}UI'~nPUC W 

@-fiPt.blll8nPUC 

CJ1Jlll)pliqhpp Ju11pwuwp11m1pu 112 qom1pu hwt[muwptiwu 2p2wuwl1uhpmtI hhU1wq11u11.[hL 
I:: 11). qbw1t1u UJ11Llawl1wu wt11puhpp UlWJ1WOl1LtfQ tiptu)_tUlj1 u111Ulhugpwluhpr l~1WJ11ll: 
U2Juwtnwupr hrtfuwljwu wp11J111puhpQ hhu1h1wLu tu. 
t'. Uuu1p6wuwO.LI up1u1 hhgpw1J1 tlpw111tl pt[wuUlwjph U11m1huUJl1J1UlP Juh11p11uf. 

• hw2iJtlwb I:: wh11pw11wpO.uwh q11pbwljgp 11UJI)11ttfQ lam11_ 112 qom1um1a1u1h 
u1wtn6wnml: 

• 8wl111pJ1r L1J1UJU1rl1 :j>mbl1gpwhhpj1 tfr211gm[ qpijwb I:: 11). ql:im1ph 11tu1pmu Juh11pp 
62qppU1 LlllOlllUQ: Umhpmuwuh hhU1mq11u1qwb I:: Jul111pp wnwhg 
2wiJ11111wl1whm1a1mh u1wpwuhU1phpj1 (11). qllw]hlllJa]Wh u1m1nuuhU1pp LI 
WUU1p6w\Jp f'Ul)ldJlllllaJWU, ppupwl1wu U111Ulhugpwtli upwt[11p\Jhpm[ 
UIJ1U1U1hm1unjwo) hpl1).tutJ1 hmp1a11qaJ11LhQ: 511l)g I:: U1)1t[tull tutlipp u1wpwbuwLI 
npmljwUJhU LI1wpphp ughuwphhpj1 q111m1a1mhQ (u11.uu1wh1111wljmh, 112 
tnwU1wu1111wljwh LI tnwpwtfpU11111): 5m19 L Ul]ltjwo, 11p whumhumhwtj1wlj 
Llllllifwu tnpJ111lJlaQ, mpqwqotj11uf I:: ltl1UJLI1Pl1 !J11pp up uhquhhU111ij LI hpljlll 
hwun[mbnq: flp112t[wo L l::tl1UJU1plj lp1pp pwgmhWJU1 U1huph m gm19 I:: U1]1t[wo, 11p 
UIJI] lp1pp tjpw qn]lllJa]IllLI mup hwu1mlj upuqmuwp uJ1 ljhu1, 11pu1h11 u1h11p J:: 

mhhhmu (lt[11umgpw1p up hhwpwqnp ughhwppg UJ11LUpu) whgmuQ: &:2qpprn 
1111112t[wo I:: WJ11 ljhu1p LI1hl)Q LI hl1wpwqpt[wb hh hwuwljwpqp 11J1hwupl1w1!1 
mnwhO.hwhwrnlj11qaJ111hhhpQ Juh11pp u1wpwuhu1phpp UlUI]lwbm1a1wu p111_11p 
ll1 PJ111LJJ3h hpmtI: 

2. 'lhp2wt[np [UIJLillllaJWU m1111whlj1mu wpqhtpl1/h11pp LI f}11qhu -U11pqh[1 u111Ulhugpw1J1 
qpw111tl u1n11awl1wh w1_J1puhpp Ulwpwbtfwh Juh11pmu tfpmJh 112 qom1u1111a1wup 
UJWJUU1uwq11pt[wo wh11pmqmpO.uu1h q11powl1gp hwtfu1p urnwgtjwo hu u1wpq 
whw[pLI1plj wprnwhW]Ull1LJ3JnIULihp: Uu1mgijwb I:: whwtl1rnpl1 UJUIJUUIUU WJLI 11hUJPP 
hwuwp, hpp u111u1hhgpwl wpqhwp LI 112 qow1hm13JUJh Qli11hwump tuq11hg11qap1tl!Q 
phpmu I:: wh11pw11wpO.uwh qp111wljwu qnpbwl1gp: Uhwtlrn1pl1 1pnpu I:: php1[wo (112 
qbw]h11LJ3JWU u1wU16um11ij U1h11w2wpdt[wo nhq11hwuuuhpp tf11U1u1l1u1mmtf) 
lllUI)JlUII)W]ldUWU q11pbwljpgQ: 

3. U2wl1tlwb L u1!1tl (whtUUI)JlWI)UIJld) t[hpu1pqhww1ph mugu1uh nhq11hu1hulihpj1 
hhu1UJq111.1nfwli uuqahuu1u1pl1wlju1li u11rnhg111u: Ujh l1m1u1h11u[ I:: ul1qpl1wl1wh Juhqpp 
(11pu1hu UJl1U1hhgjm11J1 pwpO.p11qa1wh!Ju11pnqa1wh hmuwp uhtlm1l1tul1 wpdl:iplihpj1 
Juh1111p) tjhpwO.Liwl1hJ1UJLfwh uh2: UJU 1fh1a11l1Q 6l1mh q11pllpp L 11]1Q l1m111111 L 
l1!111wm[ht 112 upw]h h2ijwo I)hUJpmu, w11 lnuLI Juh11p11uhpp tm[htl1 LtUJh 2112tuhwl1!1 
hwuwp: Up1u1puj1p hh, tiwuhtm[11pwu1hu, pt[wuu1w1pu 112 qbw1j1u u11m1huu11111u1Q, 
P11qh-l111h11hhumu1l1h11P 1amhhtwg11ufh m pupum1amljw111111ufQ: 

\.,m]U l:iqtuhwl111iJ ljtu11htl1 I:: rntupphp Ultupwo1ul1tuh O.hj1 pwqtfuqajnj 
t411u11:ihgpuqhhp hl:itnwqnu1h1 (l111lju1uljj1 m1111whljj11th tupql:i1pQ. u1u11nup111j1l1 
UJl1lllhhgrw1!1 Li q.m111u1wh b11wpp wpum111pJWlQ (un111:i1mtln11nnf l 1j111pO.l:ipn1u 
u111jnptupw11 oqum1q111101jn11 ou1u1rl1ml1wh 1aml1u1p11Q) l1tmf tu11p1fl;u1pj1l1 
u1nu1hhgpttqQ (tnwptub11qa1u1\1 tnu111ph]1 tfu1uhpn1tI l:iplp1t um1pphp l1hpu11!1mjrn~llln11 
UJnrnhhgptuw)): 
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4. 

5. 

6. 

Pwgl1 Lll]l), tfbJ3111)[! huw1nmlnp11qap11u t [!UO.bnnuf q.pnuu -'1Jlnnw\rnlpn 1fl12J1u 
11w2mJ1 ptumul.JmutuJJ1u 11~ qow1l111qap1tul19 mwppbp 11~ qow1unqapnuubpml 
ul1w1m1qptJ.1111 p1[wuunu1]1u pwqtfwtfwuujil.Jw1l1u hwtfwl1wpqbpJi WULUUTJf1WTJWf1& 
wugtfwu nbq11uwuuubp[! hbu1wqnu1bpn: Upw op]1uwl.J t tfbp ri]1u1wpl.Jwo hwqbgunq 
11~-qom1l11111a1wu l)bUJp[!: 

Ub1anql1 l1]1ptumfwtfp mnwgt[wo .'p]1q]1l.Jwl.Ju1u wpq1mupubp[! hbmlt1w1u bu. 
np112tJ.wo l f}nqbu-Unpqbp UJ11U1bugl1w1J1 l)bUJp11uf lf1)1tJ. wugtfmu wnw2]1u n~ 
qow1]1u nbqnuwuu]i •1l1pp[! (mpl)J11LUJJ[! 62qp]im t q.pnuu-'llpmwlrnlpn 
tf nu1w1[ 11f111l]a]UIU 2112mum l1u bpmtf): 

Uu1u1gtJ.wo bu UJWpq pwuwO.ltbp n~ qow1un1ia1wu u1wm6wnntJ. n-1111 

nbqnuwuu]i 11J1pp]1 2b11uwu hwtfmp: PwpO.p l.Jwpq]1 nbqnuwuuubp]i 
UJWpwqwpntf 2bqmtf[! npUJbU .'pmul.Jg]1w nbqnumuu]1 hwtftup]19, 
tfnmwtJ.npwUJbu qow1]1u l uuiwg1[111u n11qbu-U11pqbj1 UJntnbugJ1wtJ1 l)bUJpmtf, 
lt, tfntnwtJ.npwUJbU hwumwtnmu ntqqwul.Jimu mpqbfp]1 qbUJpmtf: 
5m]g t u1ptJ.wo UJlllJaWl.Jwu wtJipubp]i' l)pwlrwu pu1pO.p11qa1wu UJnuibug]iw1l1 
(w1u]1upu ' wpqblp]1) tJ.pw111tJ. wuwu11pw11wp& wuguwu huwpwt[np1111aJ11LU[! 
q.pnuu -'1J]iu1wltu l.Jlll tf11tnwtJ.11p111 iaiwu 2112wlm1l.Jubp11lu: 

'l:mpu t pbptlwo q.pnuu-'1Jjnnwltul.J11l htut[muwptfwuD hwtfwpdbp bppnp11 l.Jwpq[1 tfj1 
n~-qow1!i1.1 11]1.'pbpbugJiwL hw1twuwp11lu lp1u11bumuui]i tummiaiwu hmtfwp: Cul.Junq 
u1m1awl.Jwu wtJ1p]1 ptutJ.wl.Jwu ifbo wLJipw1l1u iatJ.bp]1 l)bUJpmtf W]U hw1[wuwp11lU[! 
pbpt[nuf t wnw2J1u l.JwpqJi n~ qow1J1u muhtfwuw1]1u hwtJ.wuwptfwu, np]i LlllOntuD 
l.JmpbJ.Ji t oqlllwq11pobl hnp]1 nbqnuwuum1]1u tunpnqa1mu npn2uwu ]1ulllbqpwLJi 
hw2tJ.uwu hwtfwp lt tfbo ll"2lllmJa1wu unlllwtJ.npmiaintu uuimlnur 

Pwu]i np uwhtfu1uw1Jiu hwtJ.muwptfu1u Du11hwump L11l0111 tf[! hW]lllUJi l 
l.Jwtfw1wl1wu UJnlllbug]1wLJi hwtfwp (LmOllluD qlllutJ.nuf t nptlfbu bppnp11 l.Jwpqp 
p1uqtftt1Uf)WUW]pu lnutJ.wumptfwu Llll011lu), lt1Jlltq)llll1 ptt1JLD U1Wf1pb11 O.lt]1 
WUl)f1Wl)ltlf1&um1UJnU1bug]1mtubp]i11llllnt1pl.Jtfwu hwtfwl1wpqw1J1lt huwpwtJ.11pmia1mu 
t WUJWhntJ.mtf: Uju tfnu1bgtfwlt lj]1pwmfwtfp t[bpwpu1w11111[bt bu uw!unpl) l.Jbu1l1 
ltlf11]]11tupubp[! Ii gnl]g t U1ptJ.bt. np f}nqbu-Unpqb]1 lt nup1wul.J111tu UJ11U1bltg]1wtubp]1 
11bu11mttf nbqnuwuuubp)1 tJ.wppmtf ml.Juhm1u1 lllwppbpnqapnltD UJW]tfwltwtJ.npt[wo l · 
nnqbu-Unpqb]i UJntnbug]mqJ1 uwhmu 1]1111Jrntum1a1wup, Ji unuppbpm1a1mu tJ.bp2J1u 
UJ11U1hugjm1LJ1 lflll[lllllj 1l1mJrn!um1a1wu: U]UUJJlllmj, gm]g l uiptJ.wo wltgtfmu UJpngbuJ1 
qqwpnltnqa]ntlt[! wpqbJP-)1 0.ltmtf !uqmtfltl:q1]1 ul.Jwuitfwtfp: 
L,p1qawl.Jwu wtJ1pu bp]1' l111l.Juwl.JJ1 11btunu-upll11bug]1wtJ19 wu11pmqmpO.tf mlt tuu1111mtf, 
q.pnuu-'1J.]1ll1wl!ul.Jm tfnuiwtJ.npntiaJmu 2112wuml.Jubpnuf uuiwg1[mo t n~ qow1]1u 
l]bUJplllu WUllJlWl)W[lOoUWU qnpowlf ]19[!: Uu1wgtJ.wo lt tJ.bptntotJ.wo bu u1JitJ. wugtfmu 
nbqnuwuuubp]1 1]]1ppbp[!: 
5nl]g t U1ptJ.mo tJ.wun11 n~ qow1unqa1wu qbUJpmtf otLJui]1l.Jml.Jwu gwug]i tf]1w~w1]1 

llfltlppbpwl.Jwlt UJntnbltgJ1wLJi hwtfwp Cp11111J1uqbp)1 n~ qom1J1u uuiwg]inuwp 
hwtJ.wumptfmlt llllOUWU ub2 11Jiuwtfl1l.J pwnul1 hw1uiln[bl[! UflllJ1lt1UbU1(1bpl1 npn2 
wpdbpubp)1 11bt4pmtf: q.tnlttJ.wo bu UJWJ1llltfbu1pbp)1 hwtfwUJwummtuwu wpdbpubp[! 
lt gm]g t uiptJ.wo, np pwnu!! wlnutJ1tn[1lp1pbu tfnJ]btwtJ.nptJ.nttf t 11l1.'pmq]1w1J1 n~ 

qow1J1u hw1[wmuptfwtfp: 
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2. 

3. 

QUANTUM REFLECTION ANO TUNNELING OF NONLINEAR MATTER 

WAVES 

Nonlinear 111atter-wave above-barrier propagation problem above one-dimensional 

potentials is considered within the cubic-nonlinear Schrodinger equation. The 111ain results or the 
work are as follows: 

I. In the proble111 of the quantu111 transport above a step potential: 

A correction to the reflection coefficient due to small nonlinearity has been calculated. 

• Using the exact solution of the problem written in ter111s of the Jacobi elliptic functions, 

it is shown that in different regions of the 20 space of involved dimensionless 

parameters, the nonlinearity and the reflecting potential's height/depth, qualitatively 

distinct types of wave propagation (oscillatory, non-oscillatory and diverging) are 

observed. It is shown, that the region of the space where the solution is not restricted is 

defined by an elliptic curve and two lines. The explicit form of the elliptic curve is 

determined and it has been shown that there exists a singular point belonging to this 

curve that causes a jump from one possible evolution scenario to another one. The 

position of this point is detennined and the peculiarities of the dyna111ics of the system 

for all the regions or involved parameters have been presented in detail. 

In the problem of matter-wave propagation above finite length rectangular barrier and 

Rosen-Morse potential simple analytic expressions are derived for the reflection coefficient, 

caused only by nonlinearity. The analytic condition for common action of potential barrier 

and nonlinearity to compensate each other, thus resulting in zero reflection coefficient is 

obtained. The reflection coefficient in the vicinity of the resonances is derived analytically. 

We have developed a specific mathematical approach to treat the total (reflectionless) 

transmission resonances, that essentially rests upon the reformulation of the problem as a 

eigenvalue problem for the reflecting potential 's depth. This approach is a flexible tool that 

can be used not only in the mentioned case, but also for a wider range of problems. Among 

which, in panicular, are the quantum transport, tunneling and self-trapping of lhe Bose -
condensates. 

Using the same method for several potentials with different spatial forms may be 

treated (e.g. double rectangular barrier, parabolic potential times a Gaussian envelope 

(which models typical optical traps used in experiments) or asymmetric potential that has 

two dif1erent variation scales in different regions) . 

Besides, the method provides a possibility to treat reflectionless transmission 

resonances of many-body quantum syste111s, governed by nonlinearities, other than the 
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quad1 atic one of the 111ean-field Gross-Pitaevskii; such an exa111ple is the case of saturated 

nnnlincarily. considered recently. 

Physical results, obtained with this method are: 

The position of the first nonlinear total transmission resonance above the Rosen­

Morse potential is determined (this result turns out to be exact within the Gross­

Pitaevskii approxi111ation). 

Simple analytic formulas for 71-th resonance position shill due to the nonlinearity 

have been derived: for higher order resonances the shi fl occurs to be linear with 

respect to the resonance order in the case of the Rosen-Morse potential and 

approximately constant for the rectangular barrier. 

• The possibility of reflectionless transmission of matter-waves above a positive 

height potential (i .e. above barrier) has been shown. 

4. We have derived a third-order nonlinear differential equation for the condensate density, 

equivalent to the Gross-Pitaevskii equation. For sufficiently large wave numbers of incident 

matter-wave this equation is reduced to a first-order nonlinear limit equation with a 

solution, that can be used in approxi111ate calculation of the integral for determination of the 

resonant well depth and obtain a highly accurate approximation. 

Since the general solution of the limit equation is known for an arbitrary potential (the 

solution is found as a root of a third-order polynomial equation), this approach provides a 

systematic way to treat reflecting potentials of difTerent spatial forms. Using this approach 

we have reproduced the result of the previous point and have shown that the radical 

di fTerence in the resonance behavior in the cases of Rosen-Morse potential and rectangular 

barrier is probably caused by the smooth variation of the Rosen-Morse potential ' s shape in 

contrast to the sharp variation in the case of the rectangular barrier. Thus, the sensitivity of 

the transmission process with respect to the barrier form has been shown. 

5. ln the problem of mailer-wave reflection from a double-delta potential , we have calculated 

the reflection coefficient in the nonlinear case within the Gross-Pitaevskii approximation. 

The total transmission resonances are found and analyzed. 

6. The emergence of dynamic chaos, for certain values of parameters, in the solution of cubic 

nonlinear stationary Schrodinger equation for one-dimensional periodic potential of optical 

lattice in the case of repulsive nonlinearity has been shown. The corresponding values of 

the parameters have been found and it has been shown that the chaos is analytically 

modeled by nonlinear diffusion equation. 
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