ABTOpCKa crpaBKa

3a Hay9YHUTE pwHOcH Ha join. 1-p Haranus Tomoposa KombkoBcka
B TPYIOBETE, MPEICTABEHN 3a y4acThe B KOHKYPC 3a “mpodecop”,
obssen or UMU-BAH u ny6snukysan B JIB 6p. 35/2016

B obnact Ha Buciie obpasopanne 4. IIpuponnm Haykm, MareMaTnka u BWHEOOP-
MarTuKa, npodecuoHanno napasienue 4.5 Maremaruka, Hay4Ha CIEHHAIHOCT
“N3uncanrenna maremaTnka” (Uncyien u TeopeTnveH aHaIN3 Ha HEJIMHEHN Yac-
THU IUbEPEHITNATHN YPABHEHNS)

3a ygyacTre B KOHKypCA Ca MpPEICTaBeHu 27 CTATUHU, PA3IE/IEHN B IBE TPYIIA.
Craruure, o3uadenu ¢ [A1]-[A1l], ca nybaukyBanu B cuucanus ¢ uMnakT hak-
top. Craruure [B1]-[B16] uamar umuaxr dhakrop, karo 13 or 14X ca B U31aHus
c¢be SJR. Benukwy npescraBeru pe3ysITaT ¢a MOy IeHn CJIe T TPUCHKIAHETO MU
Ha HAYIHOTO 3BAHUE ,,JOIIEHT".

IIpencraBenure 3a ydacTre B KOHKYPCA CTATUW CA IPYNHUPAHU TEMATUIHO B
TpU TPYIIN:

1. Teopernyen ananu3 Ha HEJTUHEHHU [IUCIEPCHU YPABHEHUS

2. Yucnenn meroau 3a ypaBHEHHS OT THIIA HA BycmHeck

3. Yucsien anajm3 HA OPYTH MPOOJIEMH.

1 VYBoxg
OCHOBHa 9aCT OT IPEACTABEHUTE CTAaTUU TPETHUPAT TCOPETUYIHHUA U YHUCJICH aHa-
I3 Ha HEeJIWHEHHN IUCIIEPCHU YpaBHEHHWs OT THUIa Ha BycmHeck:

0?u 0?u 9 "

¢ HaYAJTHA o
U
U(.T,O) = UO(‘T)7 E(IJ)) = ul(I) (2)
U IPAHUYHU yCJIOBHS
u(z,t) = 0, Au(z,t) =0, |z|— oo (3)

B Ge3kpaiinara obsact R™ x [0, T]. Tyk A e oneparopbr Ha Jlamiac no mpoct-
PAHCTBEHHATE MPOMEHIUBH, (1 U 2 Ca MOJOKHATETHN KOHCTaHTH. Hennuednoct-
Ta B ypaBHeHMeTO Ha Bycuueck ce 3amaBa or ¢ynkiusara f. [Ipumepu Ha pas-
rnexxaann B craruure bynxkmum ca f(u) = alul?, f(u) = alulP7lu, p > 2
f(u) = aluPu + blu|*Pu, p > 1.

Pasrnexx janara 3anada (1)-(3) ce mosryuaBa npu MOJEIMPAHETO HA PA3/IHY-
HE TpobyieMu OT (pm3mKara, OMOJOrUATA U JAP.. KJIACHIECKOTO yPaBHEHHE HA,
Bycuneck e ypasuennero (1) cn =1, f; =0 u f(u) = au?. To Bb3HUKBA IpH
MOJIEIUPAHE Ha, JBUKEHUETO Ha MOBbPXHOCTHU BHJIHU B IJIUTKA BOmu. Ipyrn
npuioxenns Ha (1), B KOWTO HesmHelHOCTTA € oT Buna f(u) = alu|Pu+ blu|*Pu,
ca Ja/IeHN T0-HATATbHK B U3JIOKEHUETO.



Hskon dpynmamenTannu cBoiicTBa Ha ypaBHeHHeTO HA BycuHeck ca ciemau-
Te: 3ama3BaHe Ha Macara, Ha MomenTa M (0) u Ha eneprusita E(0) B nporeca Ha
€BOJIIOIMS HA PEIEHNETO BbB BPEMETO; HAJUYUETO Ha YacTHU perteHus Ha (1),
KOUTO Ca JIOKAJU3UPAHU B MPOCTPAHCTBOTO, JIBUXKAT CE€ C MOCTOSHHA CKOPOCT
BbB BpeMeTo u 3anaspar $popMaTa CH C TEYEeHHE Ha BpeMeTo. TakupBa 4aCTHH
pelleHnsi ce HAPUYAT COJUTOHU.

Bagauara (1)-(3) npurexkasa qBa TUMA PEIIEHU: TIOOATHO ChIECTBYBAIIH,
OrpaHUYEHU 38 BCAKO (DUKCUPAHO BPEME PEIICHHUsT; U T.H. ,,u30yXBamm" 3a Kpaii-
HO BpeMe DellleHus - PEIIeHNUsI, 33 KOUTO [IPU KJIOHEHE HA BPEMETO K'bM KpaiiHa
Besuuyuna T (HapedyeHa Bpeme Ha U30yXBaHe), HAKOS HOPMA HA PENIEHUETO
(manpumep H' mopmara) kmonu kbM Geskpaitnoct. OcHOBEeH TpobGiieM B Teopu-
ATa € YCTAHOBSIBAHETO HA KPUTEPHUH, MPU KOUTO B 3aBUCHMOCT OT HAYATHUTE
Jauau perennero Ha (1)-(3) npuHaaIeku KbM €IUH OT JBATA TUIA, PEIICHUS.

Ba 3azauu ¢ eneprua E(0) < d TakuBa KpUTEPUU Ca MOJIyYEHU Upe3 MPe.l-
noxenus B [13]' mMeron na noremimanuure avu. Tyk koncrantata d (mountain
pass level) e paBua Ha jbsiGounHaTa HA HOTEHIMANHATA sia. Hanpumep, or [16],
[20] 1 Ap. e u3BECTHO, Y€ PeleHuero Ha ypaBHenuero Ha Bycuneck ¢ nesubeii-
HOocT f(u) = alu|P m30yxBa, aKO HAMAJIHATE JAHHU MPUTEKABAT OTPUIATEHA
eneprus, F(0) < 0. B ciyuas na cyokpuruuna eneprus 0 < F(0) < d rmobasHo-
TO CHIIECTBYBaHE MU M30yXBaHE HA PEIIEHUETO Ce ONMPEIEs HAILIHO OT 3HAKA
Ha ¢ynkuuonasna na Hexapu (nedbuHupan Karo npou3BoHa HA MOTEHIMAIHATA
eHeprusi): ako croiHocrra Ha QyHkuumonasa Ha Hexapu e nosoxuresnna upu
t = 0, TO peleHreTo ChIIECTBYBA TJIODATHO, KO CTOMHOCTTA Ha (DYHKIMOHAIA
e orpunaresna npu t = 0, TO perrneHneTo u3byxBa BbB BPEMETO.

Bbupochr 3a ri106ajiHO ChlecTBYBaHe wiu u30dyxBaHe Ha pernenuero Ha (1)-
(3) cbe cynepkpuruuna eneprus E(0) > d e nenocrarbano usyden. Teopemu 3a
rJI00ATHO CbIIECTBYBAHE HA PEIIEHHETO €A M3BECTHU B MHOIO MAJKO CIIyqam,
HATPUMEp 34 33Ja4i C HAYAJHU JAHHU, ChOTBETBAIM Ha, comuToHuTe. OCBeH
TOBa 3HAKBLT Ha (yHKIMoHANMa Ha Hexapu He e mocrarbueH 3a u3byxBaHe Ha
perieareTo. TbpcaT ce Apyru, JOMbJIHUTEIHA YCIOBUsI BbPXY HAYAHUTE TAHHH,
KOHUTO JIa Ca JOCTATHYHU 32 M30yXBaHE HA PEMNICHUETO.

Ocuosen Mmerog [9] 3a JokazaresncTBO HA U30yXBaHE HA PEIIEHUETO € CJIell-
HUAT: HAf-HAIIPE Cé KOHCTPYUPA II0JIXO0/ANA MHTErPAJIHA XaPAKTEPUCTUKA, HA
PEIeHNeTO, KOATO Ce PA3IVIEXKI MO-HATATHK KaTO (DYHKIHUSA Ha BPEMETO; TIPU
TMOAXOIATIIS W300p Tas3u MYHKIWS Ce JOKA3BA, 9€ Tsl € PerneHne Ha audepenIim-
AJTHO HEPABEHCTBO; TOBA AU(DEPEHITNATHO HEPABEHCTBO Ce N3CIeIBA U CE YCTAHO-
BsIBA HAIIPEMED, Y€ PEIIEHHETO My KJOHM K'bM OE3KPAaWHOCT 3a KpailHO Bpeme.
Jobpe uzsecren upumep 3a 110100HO HEPABEHCTBO € ToBa OT [6].

lnmrupanusta na cratum 6e3 OyKBa B O3HAYEHHETO Ca OT JIMTEPATYPATa B KPas HA aBTOP-
CKaTa CIIPaBKa



2 TeoperuveH aHAJN3 Ha HEJUHEHU AUCHEPCHU
YpPaBHeHUs

B ra3m gacT ca M3I0XKEHN TEOPETUIHW PE3yJITaTH BbB BPBH3KA C PA3LIICIAHUTE
B yBOJA OCHOBHU TPOOGJEME: M3BOJ HA TOYHA CTONHOCT HA KPUTHYHATA E€HEP-
PeTUYHA KOHCTAHTA IPHU PA3IUYHYU HelWHEHHN (DYHKIMN; PA3BUBAHE HA WIEUTE
Ha METO/A Ha [MOTEHIIUAJHATA, IMa, [PEJJIAraiikKu , HECTAHAPTEH METO " Ha 110-
TEHIMATHATA sIMA; W3CJIeIBAHE HA YCTOWYNBOCTTA HA CONMTOHU; (DOPMYIUPAHE
HA HOBO JM(DEPEHIINATHO HEPABEHCTBO ¢ M30YXBAI0 PENeHne W Ha HOBU JTOCTa-
THIHN YCJIOBUS 33 M30yXBaHEe HA PEIeHNs] C TIPOM3BOJIHA €HEPTHUs; TPE/JIAaraHe u
u3cyIeBaHe HAa HOBY (hOYHKIIMOHAIH, 3ATa3BAIIK 3HAKA CA B T€YEHNE HA BPEMETO.

3a exuomepHara 3aaa4a (1)-(3) ¢ HPOM3BONHE JUCIEPCHA KOHCTAHTH 1 U
B2 m 3a HenmuediHoCT OT BUma f(u) = «|ulP, p > 2, B [B6] u [A5] e momyuena
TOYHATA CTOMHOCT HA KPUTHYHA €HEpreTHYHa KOoHCTaHTa. B [A5] BbBexIaMe
JBa HOBM (yHKIMoHaMa. Eauaudar or Tax, I, 0b6o0maBa KiacmdecKusa QyHK-
nuonast Ha Hexapw u 3aBucu or mapamerbpa 7. 3a HEro ce J0Ka3Ba 3ama3BaHe
Ha 3HAKA B TEYEHHWE HA BPEMETO IMPHU MOAXOILAIIN CTORHOCTH HA HapaMeTbpa U
ako 0 < E(0) < d . Oxassa ce obade, 1€ 3a 334241 C [OJIOKUTEIHA EHEPrus
NpPU BCUYKH JOCTATHYHO T'OJIEMU CTOMHOCTH Ha <y (DYHKIMOHAJIBLT [, € BUHAIM
orpuriareseH. 3aToBa BbhBEXK1aMe BTOpH (QYHKIHMOHA K, BKJIIOYBAIIL HE CAMO
HavaIHus TPOMUIT Uy, HO U HAYATHATA CKOPOCT 41 Ha perreHuero. B reopema 6
ce JIOKA3Ba 3ala3BaHe HA MOJOKUTETHAS 3HaK Ha K B TeYeHre HA BPEMETO, aKO B
Havda/iHusg MOMEHT K € TOJIOKUTEIeH U HAYATHUTE JIAHHU YJIOBJIETBOPSABAT €IHO
HepapeHcTBo. OcHoBeH pesyaTar B [A5] e Teopema 7 3a TII00aJHO ChHIECTBYBAHE
HA peIeHne ¢ MPON3BOJIHA TTOJIOKUTETHA eHEPT s, aKO B HAYATHNUST MOMEHT K e
TIOJIOYKUTEJIEH U € U3M'bJIHEHO [TOMbJIHATETHOTO HEPABEHCTBO, CBbP3BAIN0 CAMO
HavasHuTe ganau. [locoden e MeTos 3a HAMUPAHEe HA HAYAJHU JTAHHU, 33 KOUTO
YCJIOBHSATA HA HOBATA TEOPEMa 34 ChIIECTBYBAHE Ca W3II'bJIHEHH.

B crarun [A6], [A11] n [B11] ce pasrmexkna 3amaqara (1) - (3) ¢ komGnaNpana
HesmuHeitHOCT OT BUa Ha Bepuymu f(u) = alu|Pu + blu|*Pu, p > 1, mpu Beuukn
BB3MOKHM KOMOWHAIIMK Ha 3HAIUTE Ha @ W b. 3a7a49n ¢ HEJIMHEHHOCTH OT TO-
30 BUJ Bb3HUKBAT HAIIPUMED B MEXAHWKATA MPU MOJETUPAHETO HA HAJTbHIKHU
BbJHU B CBHBAEM €JIACTUYEH IPHT, B OUOJIOrUsITA IPU PA3IPOCTPAHEHUETO HA
HEPBHU UMILYJICH B OmomemMOpanu u ap. BasucHa posis urpae T.H. ,,OCHOBHO® pe-
IIeHNE, WU CTAIMOHAPHOTO pemienue Ha (1), ussecTHO ome kaTo 'ground state’.
B [A6 |, npunaraiikn pesymraru or [1], ca HaMepeHN HEOOXOAMMHU W JOCTATHY-
HU yCJIOBHSA 3a KOeMUIMEHTHUTE a, b U mapamerbpa p, MPU KOUTO ChIIECTBYBA
€IMHCTBEHO (C TOYHOCT /10 TPAHCJIALMS) OJOKUTEIHO CTAIMOHAPHO PelleHre
Ha (1). B ciyuas b < 0 3a BCSKO P Ce U3UUC/IABA KDUTUYHATA €HEPIeTHYHA KOH-
cTanTa d B sIBEH BUJ, Upe3 CJOKEH WHTerpaj. B wacTHOCT mpm p = 2, ToecT 3a
49ecTo cpemnianara 3-5 HesauHeiHOCT, (hopMysaTa 3a d e OIMpoCTeHa 1 He ChIbPKa
WHTErpaJIu.

2)? .

Bamgawara (1) - (3) ¢ monmyckammaTa b > 0, a < 0, a® > (];%1)1) B HeJIMHEH-
socrra f ce pasriexiaa B [A6] 3a wbpBu nbr B smreparypara. B to3u cayuait
ce BbBEXKIA HOB ,,HECTAHIAPTEH® METOJ Ha MOTEHIMATHATE amu. 3cmensa ce



crpykrypara Ha (¢yuknuonana xna Hexapm m ma muoroobpasumero ra Hexapm,
KOWTO Ca MO-CJIOXKHU OT Te3u B ciaydas b < 0. Jloka3Ba ce, e BeaIndnHATa, d,
U3YUCIEHA BbPXY (DYHKIUUTE OT I[HAJIOTO MHOroodOpasmero na Hexapwu, KiioHU
KbM MUHYC Oe3kpaiinoct. ToBa mo3BogBa pA3IIEKIAHETO HA HOBA MOTEHIINA-
Ha fMa U JeUHUPAHETO HA HOBA KPUTUYIHA €HEPreTUYHA KOHCTAHTA di KATO
MUHUMYM HA [OTEHIIUAJIHATA, €HEPIUs CAMO BbPXY €JHA 9acT OT (DYHKIUUTE OT
muOroobpasmero na Hexapu. /lokasBa ce, 1e d e MOJOKUTETHA BEIWYNHA U
ce HAMUpa HeHHaTa CTOWHOCT B $IBEH BHUJ Upe3 CJIOXKEH WHTErpaj Mpu p # 2.
@opwmyna 3a d4 e ompocrena npu p = 2. C nmomorra Ha HOBaTa KPUTHYHA €HEP-
reTUIHa KOHCTaHTa d ce J0Ka3Ba ocHoBHaTa Teopema 6.3 3a cbIecTByBaHe HA
r106asIHO perenue Ha 3ajga4u ¢ eneprug F(0) < d.

Caygastr b > 0, a < 0, a®> = (’;FTQl)zb ce pasTiexga MoapoOHO B CTATHUS
[B11]. B [A6] npu pa3rieskIaHNTe OrPAHUUEHUS Ce JOKA3BA CHINECTBYBAHE Ha
JIBEé CUMETPUYHYU HETPUBUAJHU PENIeHNs Ha CTAI[MOHAPHOTO ypaBHEHWE, HO HE
OT BHJ[a HA COJIMTOH, TOECT C TpaHuunu ycjaosus u(x,t) — 0 upu |z| — 0o , a
ot Buja 'kink’, Koraro uMaMe rpaHUYHE YCJIOBHUS g—Z(x,t) — 0 upu |z| — oo.
Iomo6uo na [A6], B [B11 | ce HaMupa HOBa moreHnuasHa siMa u ce aeduHupa
HOBA KPUTHYHA €HEPreTHYHA KOHCTAHTA d4 - AHAJIOP HA KOHCTAHTaTa d OT KJla-
CHYECKWsSI METOJI Ha TOTeHIuaJHuTe siMu. JIOKa3Ba ce OCHOBHATA TeopeMa 2 3a
ChINECTBYBaHE Ha rJI00AJHO pemienue npu cyokpuruuna eneprusa F(0) < dy. B
TeopeMa 4 ce N0Ka3Ba, 9e Lo HOpMAaTa HA TPAJMEHTA HA PENIeHUeTO € BUHATU
OTpAHWYEHA B MAKCHMAJIHUS WHTEPBAJ Ha CbHIIECTBYBAHE HA PEINEHHETO, TO-
ecT u3byXBaHe HA PEIICHUETO Ype3 KJIOHEHe HA HOPMATa HA IPAJIUEHTA MY K'bM
0e3KpaifHOCT € HeBb3MOXKHO. 33 PA3JIUKa OT MPEIUITHUTE CAYyYad Ha BPH3KU
MEXKIy KOe(UIMEHTUTE @ U b, TPU KOUTO KPUTUIHATA €HEPreTUIHA, KOHCTAHTA
Ce M3YUC/IABA B IBEH BUJI YPE3 CTAIMOHAPHOTO pelenue, B ciaydas b > 0, a < 0,
a’? = (’;r%l)zb ¥ 3a BCSIKO p B TEOpeMa 5 Ca HAMEPEHU CaMO OIEHKU OTrope W
OTJI0JIy Ha KOHCTAHTATa d.

B ocrananure nBa ciayuas, cBbp3anu ¢ HesquneiinocTTa Ha Beprysu (b > 0,
a>0)u(b>0,a<0,a?< “’;”%ﬁzb), u 3amagata (1) - (3), B [A6] ce moxa3pa
CHINECTBYBAaHE HA €IMHCTBEHO TTIODATHO PEIIEHNe Ype3 3aKOHa, 33, 3ama3BaHe Ha
€HEepPrusTa.

B [B12] ce pasruexka ypaBHenuero Ha BycuHeck ¢ JinHeiiHA Bb3CTAHOBIBA-
ma cuyia u ¢ nenuHeiinoct f(u) = a|u|P~lu. Toa ypapHeHHe ONMCBA HAIPETHATE
gedopMaI B €JIaCTUYeH PbT. 3a HPbB II'bT, NPUIArAlKH METOJA HA IMOTEH-
[IHAJHUTE SIMHU, B TeopeMa 3 1 Teopema 4 ce JOKa3Ba rII00aJIHOTO ChIIECTBYBAHE
i u30yXBaHEe HA PEIEHUETO B CJIydas Ha CyOKpuUTHYHA eHeprus. M3senena e
OIIEHKA OTIOJY HA KPUTWYHATA €HEPreTHIHa KOHCTaHTa. [Ipu m3nmbiHeHuwe HA
JIBe JIOI'bJIHATEJIHA HEPABEHCTBA 33 HAYAJHUTE JAHHH, B TEOpeMa 5 U Teope-
Ma 6 ce u3cienBa 3HAKBT Ha (yHknumonasa na Hexapu, karo ce J0Ka3Ba, 4e
Toi e BuHAaru orpurnareneH. OCHOBHUME PE3yITATH, MOJIYYEeHH B TEOpeMa 7, Ca
3a U30yXBaHE HA PEIIEHUETO B CIydas Ha MPOU3BOJIHA TIOJOKUTETHA, €HEPrusl U
OIIEHKATa OTrOpe Ha Bpemero Ha m30yxsaue. /lajen e MeTos 3a moCTpOsiBaHe Ha,
HAYAJIHU JAHHU C €HEPTHUsl, TIO-TOJIsIMA OT MPOU3BOJIHO MOJIOKUTETHO YUCIIO, 34
KOUTO Ca W3II'bJIHEHU YCJIOBUATA HA TeopeMara 3a n30yXBaHe Ha PEIIEHUETO.



B [A11] ce uscuensa opburasinara ycroidMBOCT UJIM HEYCTOWYMBOCT HA CO-
JIUTOHHMTE pernennst Ha (1) MpwW KBaApaTHIHO-KyOHUYHATA HesnHeRHOCT f(u) =
au? + bu®. Haii-nanpes, B 3aBUCHMOCT OT 3HAIUTE Ha y9acTBAIINTE B ypaBHe-
HHUETO TTapaMeTpH, Ce€ M3BEKIAT BCHUKH JIBHKEIH C& ChC CKOPOCT ¢ COMATOHH
¥ MHTEPBAJHNTE 33 CKOPOCTHUTE UM. 3a €IuH OCHOBEH CIydail HA KOMOMHAIMA HA
[IAPAMETPUTE, CBbP3aH C MOJIEJIUPAHETO HA HEPBHU MMILYJICH, CE IPUIATAT UJIEH
or meopusTa OT [5] m [3] 3a ycroumMBOCT MM HEYCTORYMBOCT Ha COMMTOHW. B
Teopema 1 u Teopema 2 ce U3BEXKIAT B ABEH BUJ, CBHP3AHATA CbC 3AKOHUTE 33
3ama3BaHe Ha eHeprust © MoMeHT dbyHKuus d(c) u Bropara n npoussonHa d”(c).
ToBa Mo3BOMSABA Ja Ce yCTAHOBHA OPOMTATHATA yCTONIMBOCT WM HEYCTOHYNBOCT
H& COJTMTOHMUTE, KATO IPOCTO CE 3aMECTAT KOHKPETHUTE APAMETPH OT 3a/1a9aTa
BBHB dopmynara 3a d’(c) n ce onpenenn 3HakbT Ha d’(¢). B Teopema 5 ca moy-
YEHHU Pe3yJITATU 33 yCTONYUBOCT UJIM HEYCTOWYIMBOCT, BAJUIHU B OKOJHOCTU HA
KpaiiHUuTe TOYKU OT MHTEPBAJIUTE Ha CbHIIECTBYBAHE Ha BbH3MOKHUTE CKOPOCTU
Ha comuToHuMTe. B Teopema 3 e HAmpaBeH MPENW3€H aHAIN3 HA YCTOHYHBOCTTA
3a yacrHus ciay4daii na ypasuenue (1), B koero 1 = 0. Ilosyuenure B crarusita
pesynraru 0600iasar u3secruu pesyararu or [3], [4].

B crarunre [A7]-[A10], [B12] n [B13] ce pa3riexxgar BbIpocH 3a m3byxpa-
HE HA PellleHus C MPOU3BOJIHO BUCOKA MOJIOXKHUTEHA EHEPrus Ha yPABHEHUETO
na Knaita-Topmon u ypaBaernero Ha Bycureck ¢ muHeiHA Bb3CTAHOBSIBAIIA CH-
J1a, KATO PA3IJIEXKJTAHATE HEJMHEHHOCTH ca oT obmr Bua. B gacteH ciaydanm Ha
HeJIMHEeHOCTUTE Ce IosyvaBa Henuaeiinocrra Ha Bepuynmu. Tpyanocrure mpu
TPETUPAHETO HA TAKWUBA HEJMHEHHOCTH € JIUMCATA HA XOMOTEHHOCT TIPU PECKa-
JIUpaHe Ha YPABHEHWETO W HAYAIHUTE JaHHHU.

B crarusaTa [A7] ce pasriexa ypasuennero Ha Kuaitu-Topion ¢ Henmueil-
HOCT OT faBa obOmm BuIa. BbBexkaa ce m ce m3ciaeaBa HOB (PyHKIHOHAT P or
PeIeHneTo, uaeaTa 3a KOHTO e B3eTa OT IMOAXO/ANA JEKOMIIO3UIUS Ha IPOH3-
BOIHATA, IO BpemeTo. B ocHoBHATA Teopema 2.2 ce [10Ka3Ba n30yXBaHE HA, PEIIe-
HUETO Ha YPABHEHHETO 33 KPAHO BpeMe, aKo Ca yJIOBJIETBOPEHNU JONbJIHUTEHI
YCJIOBHs BbPXY HAYaJHUTE NAaHHU. IIPEJIOKEHOTO B CTATUATA JOCTATHIHO yC-
JioBHe 3a m30yXBaHe Ha peleHreTo o600ImaBa u OTcIabBa W3BECTHUTE IO CEra
jocrarbaad yeaosus ot [15], [18], [7], [19]. Ocen roBa mosydaBame, 4e HAKOH
YCJIOBHs BbPXY HadajHure ganuu, Hajoxkenu B [18] u [19], ca uznuwnu. Kon-
CTPYHMpAT CE HAYAJHU JAHHU C MPOU3BOJIHO TOJISMA MOJIOXKUTEHA €HEPTHUs, 38
KOMTO MPEJIOKEHOTO B CTATHUATA, YCJIOBUE € U3II'bJHEHO, & U3BECTHUTE 10 CEera
JIOCTATHIHA YCJIOBHUSA - HE. MeTOmbT Ha JOKA3ATENCTBO Cé OCHOBABA HA U3ITbK-
Hasmst MeTos Ha Jlesuw [9)].

B crarusra [A8] ce pasriexna u3bdyxBaHeTO HA PEIIEHUETO HA yPABHEHUETO
ua Bycuneck ¢ nuHelHa Bb3CTAHOBABAINA CUJIA W C IBA THUNA OOIM HEJIUHEH-
wocru. B reopema 4.1 ce dopMynupa J0CTATHIHO YCIOBUE BbDPXY HAUATHUTE
JIaHHU, [IPY U3I'bJIHEHUETO Ha KOETO Ce JIoKa3Ba u30yXBaHe HA DEIIEHHeTO 33
Kpaiiao Bpeme. laBa ce orenka oTrope Ha Bpemero Ha m3byxsBame. [Ipemnoxen
e HOB (yHKIMOHAT P OT pemrennero m ce nokassa, de pyuknuonaabr na He-
Xapu € BUHAIM OTPUIATENICH, aKO € YIOBJIETBOPEHO JOCTATHUHOTO YCIOBHE 3
HavaJHUTE JaHHu. J[0Ka3aTe/CcTBOTO Ha pe3yaTara ce 6a3upa Ha MPeIoKeHa
B cTarmsaTa MOAWMUKAINS HA M3MbKHAIASA MeTon Ha Jlesua. Toea e mbpBUAT



[OJIyYEeH B JIATEPATYPATA PE3YJITAT 33 HECHINECTBYBAHE HA [JIOOAJIHO PELIEHUE
3a Pa3IJIekKIaHOTO ypaBHEHMWe.

OcHoBen pesynrar, moyder B cratusTa [A9], e dbopMmyaupaHoTo B TEope-
Ma 3.1 HOBO audepeHIMaTHO HEPABEHCTBO ¢ HECHIECTBYBAIIO TI0DATHO perle-
Hue. B Teopemara ce m3BexkKja U OIEHKA OTTOPEe HA MAKCHMATHOTO BpeMe Ha
ChIIecTBYBaHe Ha pemierrero. [logo6Hu HepaBeHCTBA, U3BECTHH B JINTEPATY Pa-
Ta, ca re3m or [6], [15], [8]. Oxa3Ba ce, ue HOBOTO HEPABEHCTBO Ce YIOBJIETBOPSIBA
€CTEeCTBEHO MPU TPETUPAHETO HA HEJIWHEHHN MTUCTEPCHA YPABHEHUS OT BUIA HA
Knaita-T'opnon n ypaBuennero Ha BycurHeck ¢ guHeitHa Bb3CTaHOBABAINA CHJIA
¥ ¢ HeJIwHeHHOCTH OT JBa obIw Buia. KaTo cieicrBue oT HOBOTO HEpaBEeH-
CTBO Ca IOJIyYEHU TEOpeMHU 3a m3OyXBaHe HA PEHICHUSTA HA YPABHEHUETO HA
Knaitn-Topnon n yparuennero Ha Bycureck ¢ anHeitHA Bb3CTAHOBABAINA CUIIA
TIPU y/IOBJIETBOPSIBAHE HA JOMbJIHUTENHO YCJIOBUE 33 HAYATIHUTE JAHHH, KOETO €
10-001I0 OT cBHOTBeTHHUTE ycaosus B [19], [7].

B reopema 3 or [A10] e npe/icraBeHo 10-001I0 JOI'BIHUTEIHO YCJIOBUE 32 Ha-
JaJHUTE JaHHU OT ToBa B [A9], npu KOETO ce J0Ka3Ba HECHIIECTBYBAHE HA IJI0-
6aJIHO PelleHUue HA HOBOTO OOUKHOBEHO iudepeHuuasHo Hepasencrso or [A9).
B reopema 2 ce dbopmysnupa ea1HO HEOOXOIUMO U JOCTATHIHO YCIOBHE 33 W30y X-
BaHe Ha perennero Ha audepeHIasIHoTo HepaseHcTBo or [A9]. Karo ocHoBHO
MPUIOKEHHE Ha TeopeMa 3 ce J0Ka3Ba n30yXBaHe 33 KPAWHO BpeMe Ha PerieHu-
ero Ha ypasuennero Ha Knaita-T'opmon ¢ HenmmHeiiHOCT OT OOIIT BUI IIPH ITO-00III0
OT W3BECTHUTE 10 Cera JOI'bJIHUTETHO YCJIOBUE 33 HAYATHUTE JAHHU.

B [B13] ce pasriexzaa ypaBHeHHETO HA Bycumeck ¢ JuHEHHA BBL3CTAHOBSI-
BaIlla CUJIa U HeJauHeiHocT oT o0 Bua. Jledunupanu ca Tpu 0000IEHNS HA
kitacndeckust dynkmuonas Ha Hexapu. 3a Bceku or 0000meHuTe (DYHKIMOHA-
qu, B Teopema 4 - TeopeMa 6 ce JOKa3Ba 3alMa3BAHETO HA OTPUIATETHUS 3HAK
Ha (YHKIMOHAJIA B T€YEHUE HA BPEMETO, AKO B HAYAJIHUS MOMEHT CTOWHOCTTA
Ha (dyHKImonana e orpurarenna. Karo ciefcrsie ce ycraHoBsBa n30yXBaHe Ha
PEITIeHNeTO HA PA3TJIeKIAHATA 33/1a49a, KOETO MOXKE /14 MMa, TIPOM3BOJIHO TOJISIMa,
eneprus. OCHOBHUAT PE3yJITAT B CTATUSTA € TEOPEMA, 7, B KOATO € (pOpMyIupano
JIOI'bTHATENTHO YCJIOBHE 33 HAYaaHUTE JaHHU (H0Z00HO HA ToBa ot [A10]), mpu
YIOBJIETBOPSIBAHETO HA KOETO Ce JOKa3Ba M3OyXBaHE HA PEHIeHHeTO 33 KPaitHO
BpeMe.

3 YHucgenu Metoau 3a ypaBHeHHus OT Tumna Ha by-
CHHECK

Crarnure [A4], [B3]-[B5], [B7]-[B10], [B14]-[B16] ca mocBereHm Ha UnCIEHH
MEeTO/IM 3a pellaBaHe Ha MHOTOMEPHOTO ypasHeHue Ha Bycuneck (1)-(3) m Ha
OLpeIeIHeTO Ha KPUTHIHATA €HePreTHIHA KOHCTAHTA B MHOTOMEPHUS CIIydail.
3a mpocTOTa M3IOKEHUETO € HAIIPABEHO 334 JByMEpHATa 3a/1a9a.

3a peraBane Ha eIHOMEPHOTO ypaBHeHue Ha BycuHeck B mreparypara ca
MPEJIOYKEHN PA3JIMYHN YUCAEHW METOIM, KATO AN(EPEHIYHN METOIM, METOM, Ha,
KpAfHUTE eJIeMEeHTH, CIIEKTPAJIHY U [ICEBJOCIEKTPAIHA METOAN, CHMIJICK THIHH



meronu u Ap. Yucienu pesyirary 3a JAByMepHaTa 3ajada ca 1yOjIuKyBaHu CaMo

B [2]. Teopernuen anann3 e HanpaBeH camo 3a ciayvas S, = 0 B (1), cboTBETHO B

[12] - 3a Meroza Ha KpaiiHuTe eemeHTH, U B [11] - 3a eauH audepeHdeH MeTO/.
OcHoBHUTE LIEH, IIOCTABEHU B YHCIEHUTE U3C/Ie/IBaHK, Ca:

® IOCTPOSABAHE U TEOPETHYHO U3CICIBAHE 38 CXOAUMOCT B TOYHOCT Ha, Iude-
peHvHu cxemu 3a 061oTo ypaBHenue Ha Bycuneck (1), riasao ¢ 81 # 0;

® [IOCTPOsIBAHE HA KOHCEPBAMUBHY CTemU (3Ala3BALIM TIOIXOIAIIN IUCKPET-
HY AQHAJIO3U HA €HEPIUHATA, MOMEHTA U JIP.);

e mocTposiBane Ha edbexTuBHU (€ OPOIl HA MPECMATAHUATA MPOMOPIUOHATICH
Ha Opost Ha BBH3JIUTE) aJrOPUTMU (B €JHOMEPHUS U MHOTOMEDHUSI CJIYYaH )
32, KOMIIOT'HPHA CAMYJIAIMS HA TE3W CXEMH.

KomcepBaruHOCTTa Ha U3C/IEIBAHUTE YUCIEHA METOIU € OCODEHO BAYKHA XapaK-
TEPUCTHUKA 38 MPECMATAHETO Ha YMCJIEHOTO PENICHUE 6 06452 NePpuod 0m 6peMe.

B [B3], [B4] u [A4] ca pasrrenann Tpu cemeiicTBa OT TPUCIOHHH audepeH-
YHYU CXEMH, 3aBHCEIIU OT IapaMerbp, 33 YHCIEHO PelaBaHe Ha MHOIOMEPHOTO
ypasHenue Ha Bycuneck ¢ npousBosiHa Hesquneidinoct. Te ce paznuuasar mo ar-
pPOKCUMaIuaATa Ha HeauHelnus duiaed B (1). Exnara orT npemjiokeHuTe CXeMu,
T.H. ,9BHA® CXeMa, AlPOKCUMUPA HEJUHEHHOCTTa Ype3 CTONHOCTH Ha PEIIeHU-
€TO Ha OCHOBHHS CJoil mo Bpemero. (JcraHamuTe JBE CXEMH Ca ,HESIBHU" - Te
BKJIIOYBAT YHUCJIEHOTO PEIIEHne HA TOPHUS CJIOH MO BPEMETO KATO apryMEHT HA
HeJIMHEHHA (DYyHKIMA - U Ce PA3IMYABAT I10 ATPOKCUMAIMATA HA HEJTMHEIHOCTTA.
AHazn3bT HA TIIABHUS YJIEH OT T'PEINIKATa Ha alTpPOKCHMAIWs, TIpoBeeH B [Ad],
MOKa3Ba MPEJUMCTBOTO HA €IHATA ,HEeABHA® CXeMa MpeJ APYrara MO OTHOIIEe-
HUE Ha IPEINIKaTa Ha AIPOKCUMAIMs, KOETO € ChIIECTBEHO TP 33/a4u C TOJIEMU
IPOU3BO/IHU.

B [B3], [B4] u [A4] e nokasana KOHCEPBATUBHOCTTA HA JBETE ,HEABHU® Ce-
mencTBa ,HI/Id)epeH‘IHI/I CXEMHU- 3alla3BaHE Ha Ha4daJIHATA €HEePrusd 1pu eBOJIIOIUA
Ha YMCJIEHOTO pelrenne BB BpeMeTo. IIpu Tperara cxema, T.H. , TBHA cxemMa‘, ce
Y/JOBJIETBOPSABA MHTErPAJHO ThXKIECTBO, BAJIMIHO 38 BCEKU JIBA ChCEIHU CJIOS
1o Bpemero, Buxk [B3].

IIpu ocHOBHMTE TPEIIONOKEHUS, Y€ TOYHOTO U UHUCJIEHOTO PEIIEHHE Ca, Or-
PAHUYEHU B PA3IJIEXKIAHUS BPEMEBH MHTEPBAJI, & CT'bIIKATA 110 BPEMETO € J10C-
TATBUHO MaJIKa (OrpaHUYeHa OTTOPE OT MAKCHUMYMa Ha TOYHOTO U YUCJIEHO Pe-
IIeHWe), 33 BCHUKM mpeyiozkenu cxeMmu B [A4] u [B4] ca goxasanu 3a mpbs
I'bT TEOPEMHU 3a CXOJMMOCT Ha YUCJIEHOTO PENIeHHE K'bM TOYHOTO ChC CKOPOCT
O(h? + 72) (h e xapakTepHaTa CTBIKa IO MPOCTPAHCTBOTO, & T € CTBIIKATA O
Bpemero). [losyuenu ca cbrilacyBanu OLEHKU HA IPELIKATA B JAUCKPETHA PABHO-
MepHa HOpMa (€ TOYHOCT JI0 JIOTAPUTMUYEH MHOKUTEN) U B Auckperna Cobosesa
HOpMa W21 n- B Teopema 3.4 o1 [A4] TOIBIHATENHO € JOKA3aHO CBHITECTBYBAHETO
HAa JIOKAJIHO (IO BPEMETO) OIPAHMYEHO B AUCKPETHOTO IIPOCTPAHCTBO W21 5, IHC-
JIGHO PEIEeHNe, IPHU JTOCTATHIHO MAJKA CT'HIKA MO BPEMETO, OTPAHUIEHA OTTOPE
OT BXOIHM HapaMerpu Ha 3aaadara. OCHOBHUTE MPEOIOJEHU TPYAHOCTU IIPU



YUCJIEHHUs AHAIM3 HA CXEMUTE Ca HEJTMHEHHOCTTA HA M3XOAHATA AU EePEeHIMaTHA
327294 U HAJTMIMETO HA HECTAHIAPTHHUS HJICH BlA% B Hesl.

B ennomepnus ciay4vaii B [B3], [B7] u [A4], a B nBymepHus ciayvaii B [B5], ca
HAIIPABEHM MHOIOYMC/IEHU €KCIIEPUMEHTH OTHOCHO PEea Ha CXOAMMOCT U Y/0B-
JIETBOPSIBAHETO HA, JIUCKPETHUS 3aKOH 3a 3ala3BaHe HA €HEPruaATa. BCUUYKM Te
MOKa3BaT BTOPUs PEJl HA CXOAMMOCT U 3ala3BaHe Ha JUCKPETHATA €HEprus C
MHOT'O BHCOKA TOYHOCT.

Ipennoxenure B [B3], [B4] u [A4] nudependnn cxemu 3a ypaBHEHHETO Ha
Bycuneck (1) ca u3nona3Banu MHOrOKPaTHO IIPU YMCIEHUTE EKCIIEPUMEHTH , IIPEI-
crasenu B reopernunure craruu [A5], [A6], [B6], [B11] u [B12]. Haupuwmep, B
[A5] u [B6] ce meMoHCTpHpA YNCIEHO TOYHOCTTA HA KPUTHYIHA €HEPreTHIHA KOH-
CTaHTA, KATO CE M3CJIe/IBa [IOBEJICHUETO HA YUCJICHH PEIeHNs C eHepruu, OIu3Ku
HOJ ¥ HaJ Ta3u KoHcraHTa. IIposenenure B [B6] u [A5] npyru uucienn ekce-
PUMEHTH NOKa3BaT, 4e rJ100aIHaTa Pa3pemuMocT nin n36yXBaHe HA PEHNICHUATA
Ha 3aa4m ¢bC cyOkpurnana eneprus F(0) < d 3aBucaT He caMO OT HAYATHUS
mpodUI Ha PENIEHUETO Ug, & U OT CKOPOCTTA 1. TOBA HU MOTHBUPA JIa BbBEIEM
B [A5] nBara HOBM emeprernuHm dbyHKuHoHAIa. OCHOBHUTE HMIEH 3a YHCIEHO
perraBate Ha (1)—(3) ca MpUIIOKEHU MPH MOCTPOSIBAHETO HA YMCJICHH METOIH 32
pelaBaHe Ha ypaBHEHHMETO HA ByCHMHECK OT MIeCTH pef M NP yPaBHEHHETO Ha
Bycuneck ¢ nuneiina pb3cranosssaiia cusa B [B12].

AnropurbMbT, peanusnpan B [B5], e ocHOBaH Ha pasienBaHeTo Ha anudepeH-
YHUTE CXEeMHU Ha JUCKPETHA JBYMEpHA eJUNTUIHA 3372498 U HA XUIEpOOJUYHA
3a7a4a. 3a U3YUC/IABAHE HA PEIICHUETO Ha ,HEeABHUTE® CXEMU Ce U3UCKBA U
JlolrbaHUTeNIeH urepalmonen nporec. Taka B [B5], ennospemento c [2], ca npea-
CTABEHM I'bPBUTE W3BECTHU B JIMTEPATYPATA YUCJEHH PE3YJITATH 3& PEIIABaHEe
Ha JByMepHarTa 3aja4a Ha Bycuneck.

B [B7] e npe/jioykeHo pas3indHoO, T.H. TIOKOOPAWHATHO, PA3IeNBaHe HA MTPeJ-
JioxkenuTe IuEPEHIHN CXEMHU, KOETO C€ OCHOBaBa HA PENIABAHETO HA CEpHs
OT €JHOMEPHM 33Ja9M Haf-HAIIPEI B €IHATAa, a MOCJAE B JAPYTaTa KOOPIWHAT-
HA IOCOKA, ¥ HA PENIABAHETO HA JBYMEPHA EJIMITHYIHA 331393 CbC CTAHJIAPTEH
auckperen Jlannacuas.

B [B10] ce mpemiarar u n3cieiBat JBe YHCIEHH CXEMW 3a pelllaBaHe Ha JIBY-
MEPHOTO ypaBHEHME Ha ByCHHECK, 3aUCaHO B JBUKEIIA Ce €IHOBPEMEHHO ChC
COJIUTOHA, KOOPAMHATHA cucTeMa. CMeceHara MpOru3BO/IHA 110 BPEMETO U 110 €/IHa-
Ta IPOCTPAHCTBEHA MPOMEHINBA B €JHATA CXEMa Ce AIIPOKCHMHUPA IPE3 TEHTPA-
Ha KpaiiHa pas/mka IO OPOCTPAHCTBEHATA NPOMEH/IMBA, & BbB BTOPATa CXEMa
- upe3 pasniuka ,cpemty moroka® (upwind). Jluneituure cxXemu, ChOTBETCTBAIIN
HA TIPEJJIOKEHUTE HEeJIMHEHHN, ce aHAJM3UPAT U Ce MOKa3Ba TAXHATA YCTOHYIU-
BOCT 110 HAYAJIHU JAHHU U [IICHA YacT. 3a eJIHOMepHATa 337a4a Ca [POBEIEHU
MHOTOYHCJIEHN €KCIIEPUMEHTH 33 HAMHUPAHE Ha JYUCIEHUS PEJ HA CXOIMMOCT.
IIpemuMcTBOTO HA TE3M CXEMH € B 3aIa3BAHETO HA COJUTOHA BUHATU B IEHTHPA
HA KOODJMHATHATA CHCTEMA B T€YEHUE Ha Bpemero. TO 103BOJIsiBA yCHIEIIHOTO
U3M0/I3BAHE HA HEPABHOMEPHA MPEXKa, CI'bCTABAIIA C€ OKOJIO HAYAJIOTO Ha, KOOP-
JUHATHATA CUCTEMA, K'bJETO MIPOU3BOIHUTE 110 MPOCTPAHCTBEHUTE TIPOMEH/IUBY
ca roJeMu.



B [B9] ce upeusiara HoBa 4eTupucioiina aBynapamerpuda audepenita cxe-
Ma 3a permasaHe Ha IBYMEpHOTO ypapHeHuWe Ha Bycmueck, kaTo B Teopema 1 ce
JIOKa3Ba, HefHATa KOHCEPBATHBHOCT. Ilpm moaxonam n36op Ha eIuHUS OT Mapa-
METPHTE U C1a00 OrPAHMYEHHE OTTOPE 38 CTBIKATA MO BPEMETO IPe3 XapaKTep-
HATA CTBIKA IO MNPOCTPAHCTBOTO, HAMHPAHETO HA PEIIEHUETO HA IIOJTy9EeHATA
audepeHYHa CXeMa Ce CBEXKJA CaMoO J0 PElaBaHe Ha JIMCKPETHO €JUITUYHO
ypaBHEHWE OT BTOPW PeI BhpXy MPaBObIbIHA Mpeka, KOETO € CTAaHJIAPTHA 3a-
Jlada B 9uCIeHnTe MeToan. Taka JuciieHaTa peaan3anus Ha, MeTOIa CTaBa, MHOTO
ebdekrusHa. B Teopema 2 or [B14] ce mokassa, de deTupucioiHaTa JudepeHIHa
cxema nva O(h? + 72) ckopocr Ha cxomumoct. B [B9] u [B14] ca mpescrase-
HU YUCJIEHW €KCIEPUMEHTH 33 yCTAHOBSBAHE HA YHMCJIEHUS PEJ, HA CXOJUMOCT
W 3ama3BaHe Ha IWCKPETHUS eHepreTwdeH (DyHKIMOHAJ, KAKTO W CPABHEHME C
MW3BECTHUTE BeYe TPUCIONHN nuEepeHIHA CXEMHU.

B [BS8] ce mpemiiara BEKTOpHA aUTHBHA CXeMa, HAPUYaHa OIIE ,, MHOIOKOM-
MIOHEHTEH METOM, Ha MPOMEHJTMBHUTE HANPABJIEHHS", 38 JBYMEPHOTO yPaBHEHUE
na Bycuneck. Ilpu T031 MeTosm Ha BCAKA €1HA CTHIKA [0 BPEMETO CE ONPEIEs
BEKTOD OT PEUIEHUs, KOUTO Ca HPUOJIMKEHUS HAa TOYHOTO pemenue. Penbr Ha
arpokcumanus Ha To3u Meron e O(h? + 7), ako 3a kKoedwurnmenTta 31 OT ypas-
nernnero (1) e manbimerno B # 0, mw O(h? + 72), ako 31 = 0. B Teopema 1 ce
JIOKa3Ba, 9€ PA3TMKATA MEKIY €HEPreTHYHUTE HOPMH HA PEIIeHNeTO, N3IuCIe-
HU 3a J[Ba II0CJIe0BaTe/Hu €104 110 Bpemero, e O(T). B reopema 2 u ciiencrsue 1
Cce JI0Ka3Ba CXOJMMOCT HA YUCJIEHOTO PEeleHne K'bM TOYHOTO B CHJIHA JUCKPETHA
nopma W2, cnbe ckopocr O(h% + 7), ako 1 # 0. ATropuThbMbT 3a HaMupaHe
Ha BEKTOPA OT MPUG/IMIKEHUTe PelleHns e epeKTHBEH, KaTo Ha BCAKA CTBIKA Ce
pelaBaT JUHEeHHN 5-IMaroHaJIHu CUCTeMU ypasHeHus. [IpejcTtaBenn ca aucieHn
€KCIIEPUMEHTH, KATO € HAIIPABEHO CPABHEHWE C APYTH JAQMEPEHTHNA CXEMHU.

B craruure [B15] u [B16] ce Hamupa ducieno crangoHapaoro (T.H. ,ground
state“) pemenue Ha JByMEpHOTO ypaBHEeHUe Ha BycHHECK ¢ eUHUYHA HeJTUHEH-
HOCT WJIM HeJIMHeHHoCT OT Buaa Ha Beprynn. Tpabsa ma orbenexuM, 9e TOIHO
PEIIeHne HA TOBA CTAIMOHAPHO yPABHEHWE HE € M3BECTHO. MeTombT ce OCHOBA-
Ba HA 3aIMCBaHE HA OOMKHOBEHHOTO MU(bEPEHINATHO yPABHEHUE OT BTOPH Pel
KaTO HAvajHa 337344 3a CHCTEMA OT YPABHEHWS OT I'bPBU PEJ; PEIIABAHETO
HA IOC/IEJHATA YPe3 Meroja Ha Crpesdara B IMOAXO/MAINA IIOCOKA HA HAMUPA-
He HA PeleHneTo, B ChOTBETCTBHE C yCTOWYWBHS TIO OTHOIIEHWE HA TPEITKHA OT
3akpbIysiHe anroputbM Ha Miller [14]; mpuiarane Ha Meroma ua Pynre-Kyra ¢
rmobaseH pes Ha CXOIUMOCT O(h4). Hammpa ce ancieHusaT pen Ha CXOTUMOCT Ha,
MeTosa, Koitto ce okazsa O(h3) 3a enmnomepnara 3amaga u O(h*) 3a nBymepnara
zagada. C nomonira Ha M3YMCAEHOTO C BUCOKA TOYHOCT CTAIMOHAPHO PEIeHue,
B [B15] e mamepena ¢ TounocT ~ 1072 kpuTwuHaTa eHepreTHYHa KOHCTaHTA
d 3a mByMepHOTO ypaBHeHWe Ha Bycmueck mpum KBagparnyHa W KyOWdHA HEJIW-
meiiroct. ToBa MO3BOMIABA 1A Ce TIPUJIOKAT 3a IBYMEPHUTE 3a1a49u Ha Bycureck
cbe cybkpurnuna eneprusa F(0) < d teoperudnure pesyiararu, GOpMyIUpaHu
B yBOJA, KATO CE€ OIPEJeIu OTHAIPEJ], 0e3 ja Ce pelraBa 4nuCIeHO 3a/a9ara,
TIOBEJICHUETO HA, PEIeHneTo (rI00asHo ChIIECTBYBAHE WX U30yXBaHe).



4 YwmcjeH aHAJM3 Ha APYru mpobiieMn

B crarumre [Al] u [A2] ce m3cienBa MeTOZ 3a UMCJIEHO HAMHUDAHE HA, JIOTA-
PUTMUYHHUS TIOTEHIIUAJ OT JBOEH CJION U HA O0EMEH TMOTEHIINaJj, KONTO CBEeXK1a
JBETE 33741 0 PElaBaHe HA IWCKPETHO eJINIITUYHO YPABHEHUE ChC CTAHIAD-
TEeH IUCKPETEH JIAIMJIACHAH U MOAXOMAIA JAsgcHa dact. Te3n 3a1a9u Bb3HUKBAT
[IPU TPUJIATAHETO HA METO/A HA TPAHUYHE €JIEMEHTH 33 PElIaBaHe HA JIBYMEDHU
eMITUYHM 334K B objacTu ¢ miajaka rpanuua. B reopema 1 or [Al] u re-
opema 1 or [A2] ca mosnyueHn omeHKM Ha Tpermkara B auckperHoTo CoboseBo
MIPOCTPAHCTBO Wg, CBIJIACYBAHU C TVIQIKOCTTA HA MOTEHIMAJINATE OT TPOCTPAH-
ctBO Ha Becor. C TaxHaA MOMOII, ca U3BEJIEHU OIEHKU HA IPEINKATA B JUCKPETHA
MAKCHMAJTHA HOPMa, KOUTO Ca ONTHMATHE MO MOPSIbK € TOYHOCT JIO0 JIOTAPUT-
MuueH MHOxKuTesl. B yacrunocr ce nosyuasar uzsecruure cxemu or [10].

B cratusTa [A3] ce pasriexa mporec Ha KPUCTAJIEH PacTeXX B MHOTOKOM-
MOHEHTHM cucTeMu (Harpumep npu (GOpMHUPAHETO HA CTBHKJO). Maremarudec-
KHASAT MOJIEJI CE CBEXKA /10 HEJIMHEITHO mapaboInyHO ypaBHEHUE, PA3IVIEXKIAHO B
00JIACT € HEM3BECTHA TPAHMIA, W JOMbJIHUTEHUA YCIOBUsS BbPXY HEM3BECTHATA
IrPaHUIA OT THIIA HA Te3u npu egHodga3nara 3aaqa va Credan. [Ipeanoxenusar
YUCJIEH METOJI ce 6a31pa HA U3MPABSIHE HA TPAHUIIATA YPE3 CMIHA HA MTPOMEHJIN-
BHUTE W Ce CBEXK/IA 10 PEIaBaHe Ha HeJWHEHa CucTeMa OT ypasBHenws. [Ipose-
JEHUTE C KOHKPETHU (PU3NIECKU TMAPAMETPU UUCJIEHU EKCIIEPUMEHTH TOKA3BaT
CHOTBETCTBUE C EKCIIEPUMEHTATTHUTE JAHHU.

B crarusra [B1] ce pa3sriexzaa equnTudHO ypaBHEHUE OT BTOPU el C Hec-
TAHJAPTHU IPAHUYHU YCJIOBUs, BKJIIOYBAIIM KAKTO HEU3BECTHATA (DYHKIMSA U
HOPMAJIHATA # TPOW3BOIHA, TAKA U BTOPATA, TPOU3BOIHA HA HEM3BECTHATA (DYH-
KIWs B TAHTEHIIMAJIHO HampaBjeHre. TakwWBa I'DAHUYHU YCJIOBHS Ce HAPUUIAT
ycaoBus ua Bennes [17]. 3a anpokcumalis Ha NOCOYEHATA 337244 Ce [peJijiara
JudepeHdIHa cXeMa ChC CrenuduyuHa AMPOKCUMAIsS HA TPAHUYHOTO YCJIOBHE.
B siema 3 e nonydeHa anpuopHa ONEHKA HA JMCKPETHOTO PELICHUE B CHEUATHA
HOpMA Ype3 HOpPMAa Ha JIsCcHaTa dJacT. B Teopema 1 e m0oKa3aHa CXOIUMOCT Ha,
JUCKPETHOTO PEIIeHNe KbM TOYHOTO, KATO PEIbT HA, CXOIUMOCT € CbIJIACYBAH C
TJIQIKOCTTa HA TOYHOTO PEIEHUE.

Bagauara ¢ rpanudHu yciaoBus Ha Bennen or [Bl] e moruBupana or pas-
ieganus B [B2] Mouesn Ha €neKTpPUYHOTO 110J1€ OKOJIO BbPXa HA ATOMHO CH-
sos mukpockon (AFM), koiito npobusa auenekrpuk. Hewssectrara dbyHKIms
€ TIOTEHINAT BT Ha eJIEKTPUIHOTO T0JIe, a MOJEIbT Ce CBEXKJA /10 PelllaBaHe Ha
JBYMEDPHO EJIUIITUYHO YPABHEHUE B IUIHHIPUIHU KOOPJINHATH, C HA 9aCTH MTOC-
TOSIHHY KOS(DUIIMEHTH U C YCJOBHUs 38 CBbP3Bame oT Buaa Ha Benren. Yucrenuar
MeToJI ce Ha3upa Ha MeTona Ha Kpadinure passuku. [Ipum anmpokcumariusTa Ha
YCJIOBHETO Ha CBbp3BaHe HAa BeHIes ce npuiiara MeTobT Ha KpAHUTE eJIeMEeH-
i (M3MOJI3BAT Ce TPUBIbJIHA KPAHU eleMeHTH). BbpXy peauiia OT BJIOKEHU
MPEKU Ce M3CJIEIBA, YUCICHUST PEJ HA CXOAUMOCT B PABHOMEDPHA, HOPMA, KOUTO
ce OKa3Ba II'bPBH.

27.06.2016 r. Tlommuc:

(mou. n-p Haranua Kosbkoscka)
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