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B po6oTi mociipKeHo BIUIMB CUMETPIi TepMOJMHAMIYHOTO IOTEHLIATY (1) Ha XapakTep MOBENiHKH
koeoimientiB Jlsmynosa. Po3paxyHok cuctemn nudepeHLiaNbHUX PIBHSHB APYTrOro MOPSIKY 3AiHCHEHO
6aratokpokoBrM MetonoM BDF 3minHoro nmopsuxy. Po3paxyHok JsimyHOBCBKUX KOe(illieHTIB BUKOHAHO
B porpamMHomy cepenosuii Python i3 Bukopucranusm 6i6miorek Skipy, JITCODE.

BcTaHoBIIEHO, 110 IPH 3HAYCHHSIX 71 > 5 AMHAMiKa HECHiBMIPHOI HAJCTPYKTYPU BH3HAYAETHCS IPO-
CTOPOBOIO 3MIHOIO aMILTITYIU MapamMeTpa HOpsAKy (MepInM iHTerpaloM pyxXy HECHiBMIpHOI HaJCTPYK-
TypH). 3a 3HaYeHb 1 <5 IMHAMiKa HECHiBMIPHOI HAJICTPYKTYpH BH3HAYAETHCS MPOCTOPOBOIO 3MIHOIO
¢a3u mapametpa nopsky Ta ii 30ypeHnsam. [lokazaHo, 0 Ha AMHAMIKY HaJICTPYKTypH HE BIUIUBAE CET-
HETOENEKTPHYHA, YA CEHETOeNaCTHYHA IPUPOJA HECTIIBMIPHOT HAICTPYKTYPH.

Kmiouosi cnosa: HecniBMipHa HaICTPYKTYypa, Ha30oBuil OPTPET, MOKa3HUKH JIsmyHOBa.

Bigomo [1], mo noka3uuku JlsimyHoBa TMHAMIYHOI CUCTEMH BH3HAYalOTh MIBUAKICTh O-
JITy HECKIHUEHHO ONM3BKUX TpaeKkTOpid. BoHM BimirparoTh Baromy poiib y BHSBJICHHI IIOBEi-
HKH AWHAMIYHOI CHCTEMH.

Inest nokasHukiB JIAmyHoBa ToJsrae y BU3HAYEHHI XapaKTEePUCTHYHUX YHCEN OJIs AUHA-
MIYHOI CUCTEMH, IIO J03BOJISAE KIACU(IKyBaTH MOBEAIHKY CUCTEMH y cTuciiit popmi. [Tozurn-
BHE 3HAUCHHS IOKa3HMKa JIAIyHOBa CBIMYNUTH NPO XaOTHYHY MOBEIIHKY CHCTEMH, a BiJI'€MHE
3HAYCHHS XapakTepU3y€e IIBHIKICTh BiIHOBIICHHS IWHAMIYHOI cUCTeMH Ticis 30ypenHs. Lli
YKCla MOBUHHI BPaxOBYBAaTH €KCIIOHEHILIAIbHY 301KHICTh a00 ITUBEPreHIil0 TPAEKTOPIH, sIKi
6mm3bKi onuHa 10 oxHoi. KinmbkicTe koediuieHTiB JIsmyHoBa, 110 ONKCYIOTh NMOBEIHKY JIMHA-
MIYHOI CHCTeMH, TOPIBHIOE PO3MIPHOCTI 11i€i cucTeMu. SIKIo cyMa BeiX mokazHUKIB JIsmyHoBa
€ HeraTHBHA, TO CHCTEMa Ma€ aTpakTop. sl MpaKTHYHOTO 3aCTOCYBAHHS HAMBAXKIUBILIAM €
3HaYeHHs HaWOUIbIIOro mokasHuka JlsnyHoBa. SIKIO HaWOLIbIe 3HAUYEHHS B CIIEKTPI MOKa3-
HUKIB JIsSMyHOBa MO3UTHBHE, 116 03HAYAE, [0 CUCTeMa XaoTHuHa. HaliOlbie 3HaYeHHs J0PiB-
HIOE HYJIIO BKa3ye Ha NepioJuyHy abo KBa3inepioguyHy IUHaMiKy. SKmo Bci nokaszHuku Jls-
ITyHOBA € HETATHBHUMHU, TO CTa0iIbHOI0 KPUTUIHOIO TPAEKTOPIEIO € aTPAKTOP.

Mertoro 1aHOT poOOTH € po3paxyHOK MOKa3HUKIB JIsmyHOBa Uil HECTIIBMIPHOI HAICTPYK-
TYpH, 1110 ONUCYIOTHCS IBOMa TU(epEeHIIAIbHUME PIBHSIHHIMH PYroro nopsaky [2]:
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TEpU3ye CHUMETpPiI0 MOTeHLialy, Ta 0e3po3MipHi 3MiHHI 1) = (r/ (2u ))A R, z= (y/ r)A g, Ta
BIUIUB CUMETpii TEPMOJIUHAMIUYHOTO IMOTEHLIay (7) Ha XapakTep MOBEIIHKH KOe(ili€HTiB
JIsnynoBa. Bigomo [3], mo HaWOIIbII e)eKTHBHIMH METONAMH PO3PaXyHKY CHCTEM Tudepe-
HI[IAIFHUX PIBHSAHB OPYTOTO MOPSAKY € 0araTOKpOKOBHI HeslBHHU MeTon Amamca-MynToHa
3MIHHOTO MOPSIIKY, Ta OaraTokpokoBuii Metos BDF 3mMiHHOrO mopsiaky .

Po3paxyHok koedimienTi JIsmyHOBa BUKOHaHO B cepeoBuili Python i3 BUKOpHUCTaHHIM
610moTek Skipy, JITCODE mo MeToauii onucaHoi B podoTi [4].

Cucremy (1), (2), mo ckimamaersest 3 ABOX AU(PEpPEHLIABHUX PIBHAHb JPYrOro MOPSIKY
PO3B’sI3yBaJIM YHCENILHUM MeTosioM BDF. OTprMaHuii criekTp rnokasHukiB JIsmyHoBa 300paxe-
HO Ha puc. 1. Ha puc. | a1 K0>)KHOTO 3HAYEeHHS 7 HAaBEACHO 3aJIeKHICTh YOTUPHOX IMOKA3HUKIB
JIsmyHoBa po3paxoBaHo MeTonoM BDF, sikuif BUMaraB po3paxyHKy MaTpuui SIkobGiaHa. 3rigHo
puc. 1 nepinit koediuient JlsmyHoBa € gonatHii, Ipyruil € BiI'eMHUI 13 HE3HAYHUM 3HAYCH-
HAM #oro BenuumHU. Tperidi 1 yeTBepTHiA MOKAa3HHMK € Bix emMHuM. [Ipu g <1 (3a ymoBH
T=1.0, ToOTO CTIMKOCTI HECIIBMIpHOi HA/JICTPYKTYpH) JaHa CHCTEMa XapaKTEePU3yeThCsS OJ-
HUM ITO3WTHBHHMM 3HAYCHHSM IOKa3HHKa JIAnyHOBa i TppoMa Bix eMHHMH 3Ha4eHHAMH. [Ipu-
YoMy TPETili MOKAa3HUK MpUiiMae Bill’€eMHE 3HAUCHHS, SIKE [10 MOYJIIO 3HAYHO NEPEBUILYE 1HIII
nokasHukH. OTxe cyma BCiX OKa3HUKIB JISITyHOBA € HEraTMBHA, TO CUCTEMa Ma€ aTpaKkTop.
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Puc. 1. 3anexuicts Bennuunu koedimieHTiB JlsmyHoBa Bix Benn4nHU aHI30TponHOI B3aeMoii K = ¢, sika
OIUCY€ETHCS IHBapiaHTOM J[3sTOIIMHBCHKOTO, [IPU Pi3HUX 3HAUYCHHSX TTapamerpa 7,
3aymoBu 7'=1.0, R=0.3.
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Puc. 1. (mpomoBxeHHs). 3aleKHICTh BEITUYH-
HU KoedinieHTiB JIAnyHOBa BiJ BEIWYUHU aHI3OT-
ponHoi B3aemoii K = ¢, sika OnucyeThes iHBapiaH-
TOM /J[3SUIOIIMHBCHKOTO, NPH PIi3HUX 3HAUYCHHSIX
napamerpa n, 3a ymonu 7'=1.0, R=0.3.

[TpoBoasuM aHayi3 MO BIUIMBY BEJIMYMHU IIapaMeTpa 7 Ha NOBeAiHKY KoediuieHTiB Jlsmy-
HOBA, CJIiJI 3a3HAYMTH, 110 IIPH /1 > 5 TIPOCTEKYETHCSI aHOMaJIbHA MOBEJIHKA pyroro Koediri-
enta JlamyHoBa (),). I3 posrmsayToi 3anmexxHOoCTI (A, ~ f(¢)) MOXKHA CTBEPIKYBATH, IO MEPEXia
JI0 XaOTUYHOTO CTaHy B JAHUX CHUCTEMaX MOXOAWTH mpu: n =9, ¢ >450; n=8, ¢ > 150; n =17,
q>70;n=6,g>30;n=5,g>10.
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OTmxe 32 yMOBU 3MCHIICHHS BEJIMYMHHU IAapaMeTpa 1 CIIOCTEPIraeThCsl MOHKEHHS CTild-
KOCTI JOCII/KyBaHOT cucTeMu. TakuM YMHOM Iepexij] 10 Xaocy B JaHiil cucTeMi MoB'sI3aHuil 3
aHOMAaJILHOIO MIOBE/IIHKOI0 Koe(illieHTa A,, AKUH Hece iH(pOpMaIiio PO IBUAKICTh 3MIHH aM-
IUTITYAM TIapaMeTpa HOPSIKY, 1 € XapaKTepUCTHUKOIO MepIIoro iHterpana pyxy. Ciin Takox
BIIMITHTH, IO Ha 3aJEKHOCTIX A ~flg) mnst n=5, ¢g~25+3.5, n=6,q~10+12; n=17,
q ~25+30 cmocrepiraeThCsi aHOMajbHA ITOBEOIHKA 3 IOIAJBIIOD MOHOTOHHOK 3MIHOIO
(n=5,4g~35+11;n=6,9g~12+30; n="7, g ~30+ 100), 10 CBITYUTH PO HASBHICTH iH-
TepBally BIOPSIKYBaHHS, a OT)KE 1 caMoopraHizauito n1aHoi cucremu. [Ipo BUHUKHEHHS cTaHy
SIKUHA OTIHCYETHCS K CaMOOPTaHi3allis HECIIBMIPHOT HAICTPYKTYPH, 3a3Ha4alioch B mpari [5],
Jle OMHUCYBaNach HECIiBMipHA HAJACTPYKTypa B CTOXAaCTHYHOMY ii pexkumi. ToOTO manuii ctan
XapaKTepU3y€eThCsl HABHICTIO SIK XaOTHYHOT a3y, Tak 1 CHiBMIPHUX JAOBronepioquuHux das.

ITpu n <5 B nUHAMIYHI MPOIECH CHCTEMH BKIIOYAeThes 1 (pa3oBa CKIIagoBa IapaMeTpa
MOPSAKY HECHiBMIpHOI HaACTPYKTypH. Ha 3anexxHocTsx Az ~ flq) 1 Ay ~ flq) , SIK1 BIATIOBiAAIOTH
3a NMOBEeAIHKY (a3u napameTpa mopsaKy Ta ii 3MiHy, MPOSBIISIOTHCS IBHO BUPAKEHI aHOMAJIbHI
3MIHM TPHU mepexofi mo xaocy: n =4, g >3.8; n=3, ¢ > 0.8. Taki aHOMaJIbHI 3MiHH TaKOX
MIPOCIIIKOBYIOTBCS 1 Ha 3aJISKHOCTI A, ~ flg). Ilpu n <5 crocrepiratoTbesi aHOMaIbHI 3MiHH
He TIMBKK Ha A, a ¥ Ha iHmmMX Koedimienrax JlsmyHnoBa (A4 1 A;). Tak npu n =4 B okomi
q=15+251npu n=3 B okom ¢ =0.1+ 0.2 IpOCHIAKOBY€ETHCS CTAaH SKHH XapaKTepU3y€e
Xa0THYHY MOBEIIHKY JaHOI CUCTEMH, PO 110 CBIUaTh TAKOX JOCIIDKEHHS (pa3oBUX mopTpe-
TiB [6], Ta CIIEKTpaIbHUX XapaKTEpUCTHK MaHoi cuctemu [7]. [To3a mum miama3oHOM crcTreMa
3HOBY XapaKTepU3yETHCS MOHOTOHHOKO TOBEIIHKOIO Ay, A3, A4, @ 3 JAHHUX IO JOCIIKECHHIO
(ha3oBHX MOPTPETIB, MOXKHA 3pOOUTH BUCHOBOK, 110 CHCTEMa 3HAXOAUTHCS B CTaHI IO Xapak-
TEPU3YEThCS K caMooprasizaiis cuctemu. OTKe BIAMIHHICTD y MOBediHIl KoedimieHTiB JIs-
IIyHOBA NpH # > 5 1 ipu 1 < 5, MOB’s3aHa 3 TUM IO NpH 7 < 5 3HaYHY POJIb B JIUHAMILI Hal-
CTPYKTYPH Bifirpae ¢aza mapamerpa MopsaKy, Ta ii CIIOTBOPESHHS.

B miaTBepaKeHHI OCTaHHBOTO BUCHOBKY BUCTYIIAIOTh CIIEKTPH MMOTYIKHOCTI, SIKI HaBe/IeH]
Ha puc. 2 1 puc. 3. OTpuMaHi 3aJIe)KHOCTI 3aCBIAYYIOTh, IO MPH #>5 CHEKTP MOTYKHOCTI
OTPUMAaHHMH 13 POCTOPOBOI MOBEIIHKH MapamMeTpa MOPSAKY MPU MEePEXOAl O XaOTHYHOI JHu-
HaMIK{ HaJCTPYKTYPH XapaKTePU3YEThC OLITBIIOI0 KUTBKICTIO cMYT (pHC. 2) HiX npH n < 5.

[TpoBoasuM aHalli3 BILIMBY ITAPHOCTI MapaMeTpa 1 Ha AMHAMIKy HEeCHiBMiIpHOT HaJCTPYyK-
TypH, 3T1JTHO i3 pe3yJIbTaTiB HABEACHUX HA PUC. 1, MOXKHA 3a3HAYMTH, IO SIK IS MAPHUX A TaK
i I HEMapHUX 3HAYCHB 71 SIKOICh OCOOJIMBOT MOBENIHKU KoediieHTiB JISmyHOBa HE BiaMiva-
70ck. OTKe 111 CETHETORJIEKTPUYHHX Ta CETHETOETIACTHYHNX KPUCTANIB B SIKMX ICHY€ HECIIiB-
MipHa HaJCTPYKTYpa, dKa ONMHCYETHCS JBOXKOMIIOHETHHUM IapaMeTPOM HOPAAKY OCOOIMBOC-
Teil y 3MiHI TUHAMIKH HECIIiBMIPHOT HaJCTPYKTypH He OyJie BiMi4aTHUCh.

Buxonsuu i3 pe3yibTaTiB TOCTIKCHb BIUIMBY CHUMETPii TEMOJAMHAMIYHOTO TOTCHINATY
HAa TTOBeTiHKY Koe(inieHTiB JIamyHoBa MOXHa 3pOOUTH HACTYIIHI BUCHOBKH:

IIpu 3Ha"eHHSAX 7 > 5 NUHaAMIKa HECHIBMIPHOI HAACTPYKTYpH BH3HAYAETHCS HPOCTOPO-
BOIO 3MIHOIO aMILTITY/JM Tapamerpa MopsaKy (MEepIIMM iHTerpajgoM pyxy HecHiBMIpHOI Hal-
CIPYKTypH)

IIpu n <5 puHamika HeCHiBMIpHOI HAICTPYKTYPH BHU3HAYAETHCS IPOCTOPOBOIO 3MIHOIO
(a3u napamerpa nopsAKy Ta i 30ypeHHsIM.

Ha nunamiky HaJCTPYKTYpH HE BIUIMBAE CETHETOCICKTPUYHA, YA CETHETOCIACTHYHA MPH-
poZa HecliBMIpHOT HaJACTPYKTYpH.
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Puc. 2. CiexTpy OTY>KHOCTI OTPHMAaHi 13 MPOCTOPOBOT MOBEIIHKY MapaMeTpa MOPSAKY 32 YMOBH:
Ry=0.3;R'=0; g=0; ¢' =0, T=1.0, mpu pi3HUX 3HaUECHHsIX mapameTpa K Ta n.
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Puc. 3. CriekTpu noTy>KHOCTI OTpHUMaHi 13 (ha30BOi XapaKTEPUCTUKH IIapaMeTpa MOPSIKY 32 yMOBH:
Ry=0.3;R'=0;9y=0; ¢'=0 7= 1.0, npu pi3HUX 3HaAUCHHAX napameTrpa K Ta n.
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PosrisitHeMO BIDIMB MOYAaTKOBMX YMOB Ha AWHAMIKY HecHiBMipHOi HancTpykTypu. Ocki-
JBKH TIpU 1 <5 JWHaMika HECHiBMIpHOI HAJICTPYKTYpH BHU3HA4YaeThcs (Da30BOIO CKJIIAI0BOIO
napaMeTpa MopsKy, TO PO3IIISTHEMO BIUIUB [TOYATKOBOTO 3HAYCHHS (O Ha TUHAMIKY HECITIBMi-
pHOT HaxcTpykTypu 3a ymoBu 7 = 1.0, n = 4, R = 0.3. Ha puc. 4 HaBeieHO 3MiHY JIAITyHOBCh-
KHX KoedimieHTiB 32 ymoBH @y = 0.3 1 ¢y = 0.6 Ta 0.9. Ha Biaminy Bix ¢y = 0 mpu ¢y # 0 mpo-
XOIHUTh MPOLEC IIOAABICHHSD» aHOMAIBHOI MOBEIIHKH KOCQIMIEHTIB A3 1 Ay Ta PO3LIMPCHHS
obnacreii camoopraHizauii HaACTPYKTYpH (9o =0.3;¢=1.0+1.4; =23 +2.4; ¢y =0.6; g =
0.7+1.2;g=15+25;00=0.9;,¢=0.7+12;9g=1.4+2.6).
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Puc.4. 3anexHicTs BeanunHK KoedinieHTiB JIAmyHOBa BiJ BEIMYMHY aHI30TPOIHOI B3aeMouii K = ¢, ska
OIUCY€ETHCS IHBapiaHTOM J[3sIOIIMHBCHEKOTO, IIPU Pi3HUX ITOYaTKOBUX 3HA4YEHb @y ((pazu mapameTpa no-
paaky),3aymosu 7=1.0,R=0.3,n=4.
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3 MeTOI OTpHMaHHS KAPTHHU NTUHAMIKH HECIIBMIPHOI HAICTPYKTypH Oy MpPOBEACHI
IOCTiKeHHST (ha30BHX MOPTPETIB B KoOpAuHATaX R, R'1 ¢ mpu pizHux 3HadeHHsX K i ¢g. Ha
puc. 5 HaBeneHO (Ha30Bi MOPTPETU JOCIIKYBAIBHOI CHCTEMH 32 YMOBH 1 = 4. Sk 1 it @ =
0.3 Tak i it @y = 0.6 1 0.9, 3rigHO puc. 5 TMHAMIKY JaHOI CHCTEMH MOKHa po30UTH Ha 3 eTa-
nu. [lepimii niana3oH BUHUKHEHHS Xa0Cy XapaKTEPH3YEThCs 3alIOBHEHHS IPOCTOPY MiX aT-
paxtopamu (g = 0.3; K =¢ = 0.8 ; ¢o = 0.6; K = 0.6). Ilepexin B obxacTh camoopranizarii
HAJCTPYKTYpPH XapaKTEPU3YEThCSA IOSBOIO 00JACTel MPO30POCTI 1 aTPaKTOPIB y BHUIJISIL
ey (oo = 0.3; K= 1.2; 9o = 0.6; K = 1.0). dpyruit eran nepexoay a0 xaocy (¢g = 0.3 ; K
=1.6; ¢y = 0.6 ; K= 1.3) MokHa TTOB’5I3aTH i3 PO3MIHUPEHHSAM aTPAKTOPIB Ta IMOJATBIIOMY 3Me-
HILIEHHI 00J1acTi Mpo30pocTi y Ga3zoBoMy noptpeTi. Jpyruii sik i mepumii nepexij 10 00acTi
camooprasizamii JaHoi CHCTEMHU CYNPOBODKY€EThCS HE3HAUHUM «IIPOCBITIIEHHAMY» AaHoro (a-
30BOr0 MOPTPETY 3 UiTKO BUPAKCHHMH aTpakTopamu y BUrIiAl 1uieiidy. HesHaune «mpocBiT-
JICHHS» TaHOTO (Pa30BOTO MOPTPETY 3YMOBIIEHO MOSBOO OLTBIIOTO KUTBKOCTI aTpakTopis. Tpe-
Till Iepexix K0 Xaocy XapaKTepHU3yeThCsl BUHUKHEHHSAM XAaOTHYHOI'O aTPaKkTOpa sKUil BOJIOIIE
OLIBII CKJIATHILIOK CTPYKTYPOIO (pa30BOro MOPTPETa YNM XaOTHYHI aTPaKTOPH SKi PO3TIISHYTI
Buie. [Ipoexiis TaKoro aTpakTopa CKIANAeThesl 3 ABOX CHUMETPHUYHMX BIHOCHO OCi abcimc
YacTUH. PyX THIOBOI TPaeKkTOpii MO0 XaOTHYHOMY aTpaKkTOpy MOXKHa YMOBHO PO30OHMTH Ha MBI
¢aszu. B nepiiit ¢aszi TpaekTopii 3MiHCHIOIOTh Xa0TUYHI PyXU B3[J0BXK BUTKIB BEPXHBOI (HHK-
HBOT) YaCTHHU aTPaKTOpa 4ac BiJ yacy Mmepexo/siuu 10 IpaHMii o0iacTi Jiokamizauii 1e BTpa-
Ya€eThCsl CTIMKICTh BEPXHIX (HMKHIX) CHMETPUYHUX TPaHUYHMX IUKIIB. B HenependauyBanmii
MOMEHT Yacy TPAEKTOpis MEePEeXOTUTh i3 BEpXHBOI (HIDKHBOI) WACTHHH aTpaKTopa A0 HOro
BEpXHBOI (HIKHBO1) YaCTHHH. Takui MpOIEC MOBTOPIOETHhCS OE3KiHEUHO YUCIIO pa3iB. Takum
YHHOM TIEPEXij I0 Xa0Cy Ma€e OCOOJIMBOCTI XapaKTepHi [yis ciieHapito Deiirenbayma (Oe3kiHe-
YHUI KackaJ OiypKaliii HoABOEHHS NepioiB IMKIIB), TakK 1 Ul IepeMekaeMocTi (Henepe-
0auyBaHOI IepeMeKaeMOCTI MK BEPXHBOIO 1 HIDKHBOIO YaCTHHAMH BHHHUKAIOYOTO Xa0THIHOTO
aTpakTopa).

Iporec camoopranizaiiii MOJKHA IMOB’SI3aTH 13 JIOKAI3aI[i€0 XBUIHOBOTO BEKTOPA HECIHi-
BMipHOI HaZICTPYKTypH Ha CIiBMipHOMY 3Ha4€HHI BUILOTO MOpPsIKy. JIokanizamist XBUIEOBOTO
BEKTOpa HECIIBMiPHOCTI Ha CIIIBMIPHHUX 3HAUYEHHSX BUIIOTO MOPSIKY €KCIIEPUMEHTAIBHO CITO-
CTEepIrajgoch B MICICKTPUUHUX KpHCTanax [8] mpu 3MiHi JIHIHHUX PO3MIPIB KPUCTaIa B3IOBK
oci iCHyBaHHsI B HbOMY HECIIBMipHOT HaJICTPYKTYpPH, NP 3HAYCHHSIX TOBILIUHM KpUCTala Ha-
6araro O1IBIIMMH HIX Nepion HaACTPYKTYpH (d, = 600 MKM).

Otxe crioTBOpeHHs a3y mapamerpa IOpsIKy Ha Kpal KpucTala MOXKHA B IIEpIIOMY Ha-
OMDKEHHI TIOB’SI3aTH 3 TPAHUYHUMHK YMOBaMH. Taki KacKajHi MEepexoH 10 Xaocy Ha JyMKY
aBTOPIB MOB’A3aHO 3 PES)KMMaMH ICHYBaHHS HECIIBMIpHOT HaACTPyKTypH. [1osiBY Xaocy Ha Tpe-
TBOMY €Talli COPUYMHEHO MEPeX0J0M HECIHiBMIPHOI HAICTPYKTYPH 10 il CTOXaCTHYHOTO pe-
KUMY iCHYBaHHS. B cTOXacTHYHOMY pekpMi iCHYBaHHS HECIiBMIipHOI HAACTPYKTYpH BUHHKAE
Xa0TH4HA, MOXKJIMBO HecmiBMipHa ¢a3a [9], sika 1 € MPOTOTUIIOM JaHOT'0 XAaOTHYHOI'O CTaHy.
Caiz TakoX 3a3Ha4YMTH, 1[0 TOYATKOBI YMOBHU (IpPaHW4HI YMOBH) CTaOLII3YIOTh CHCTEMY IpPHU-
BOJSIYM TUM CaMHM JI0 3HSTTSI BUPOIXKEHOCTI CHCTEMH, Ta IEPEeX0y HECHiBMIPHOI HAACTPYK-
TYpH JI0 CTaHy, SIKUH XapaKTepU3y€eThCs iICHYBaHHIM JOBIOMEPIOANIHUX CIIBMIpHUX (a3.
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0o =0.3; K=0.8 0p=03;K=12 0p=03:K=1.6 0o=03; K=2.1

0=0.6; K=13

00=0.6; K=2.0 0= 0.6, K=2.8 00=0.6; K=3.0

Puc. 5. ®azoBuit noprper cucremu B koopanHatax R, dR/dx, dp/dx npu pi3HHX MOYaTKOBUX 3HAYCHD Qg
(da3u mapamerpa nopanxy) ta K, 3a ymosu 7'=1.0, R=0.3, n=4.
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THE FEATURES OF BEHAVIOR OF THE LYAPUNOV’S EXPONENTS FROM THE

SYMMETRY OF THERMODYNAMIC POTENTIAL
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S. Sveleba, I. Katerynchuk, I. Kunyo, I. Karpa, Ya. Shmygelsky
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The influence of the thermodynamic potential () symmetry on the behavior of the Lyapunov
exponents is investigated. The calculation of the system of second-order differential equations
was performed by a multi-step variable-order BDF method. The Lyapunov coefficients were cal-
culated using Python software using Skipy, JiTCODE libraries.

It is established that for values of n > 5, the dynamics of the incommensurate superstructure is
determined by the spatial change in the amplitude of the order parameter (the first integral of the
motion of the incommensurate superstructure). For n < 5, the dynamics of a incommensurate su-
perstructure is determined by the spatial change of the phase of the order parameter and its per-
turbation. It is shown that the dynamics of the superstructure is not affected by the ferroelectric or
ferroelastic nature of the incommensurate superstructure.

In order to obtain a detailed picture of the dynamics of the incommensurate superstructure,
phase portraits were investigated in the coordinates R, R, and ¢ at different values of the anisot-
ropic interaction of the superstructure and the initial phase values of the order parameter @,. It is
established that the dynamics of this system is determined by the cascades of transition to chaos
and areas of self-organization of the superstructure. It is shown that at the final stage of the transi-
tion to chaos, the system is characterized by the emergence of a chaotic attractor, which has a
more complex phase portrait structure.

The projection of such an attractor consists of two symmetrical parts with respect to the axis
of the abscissa. The movement of a typical trajectory of a chaotic attractor can be divided into
two phases. In the first phase of the trajectory, chaotic movements are made along the turns of the
upper (lower) part of the attractor from time to time, passing to the boundary of the localization
region where the stability of the upper (lower) symmetric boundary cycles is lost. At an unpre-
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dictable time, the trajectory moves from the upper (lower) part of the attractor to its upper (lower)
part. This process is repeated infinitely many times. Thus, the transition to chaos has features
characteristic of the Feigenbaum scenario (infinite cascade of bifurcations of doubling cycles),
and for mixing (unpredictable mixing between the upper and lower parts of the emerging chaotic
attractor). The self-organization process can be associated with the localization of a wave vector
of incommensurate superstructure at a commensurate higher order value.

It is shown that the distortion of the order parameter phase at the edge of the crystal can be re-
lated to boundary conditions in the first approximation. According to the authors, such cascading
transitions to chaos are related to the modes of existence of a incommensurate superstructure. The
emergence of chaos in the third stage is caused by the transition of a incommensurate superstruc-
ture to its stochastic mode of existence. In a stochastic mode of existence of a incommensurate
superstructure, a chaotic, possibly incommensurate phase arises, which is a prototype of this cha-
otic state. It should be noted that the initial conditions (boundary conditions) stabilize the system,
thereby leading to the removal of the degeneracy of the system, and the transition of a incom-
mensurate superstructure to a state characterized by the existence of long-period proportional
phases.

Key words: incommensurate superstructures, phase portraits, Lyapunov’s exponents.
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