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Y  poOOTi pO3rISAAaETbCs  HECHiBMIpHA  HAACTPYKTypa, IO  OIMUCYETHCS  OBOMA
mudepeHIiaTbHAMI  PIBHAHHAMH JApPYroro mopsaky. JlocmimkeHo OuHaMIKy HecHiBMipHOL
HAJCTPYKTypd B MOMEHT i BHHUKHEHHS HpH 3MiHI JBOX Oe3posMmipHux mapamertpiB 7 i K
MaTeMaTH4yHOi Mozeni. [lepmmii 3 HUX BiATOBiTA€ 3a CTIHKICTh HACHIBMIPHOI HAJCTPYKTYpH, a
JOpyruil - 3a 11 aHi30TpomHy B3aemoniro. [IpoaHamizoBaHO CIEKTPH BEIMYMHH ITOKAa3HHKIB
JlsmyHOBa Ta KapTH AMHAMIYHUX PEeXHMMIB HecmiBMipHOi ¢a3u npu 3mini mapamerpis 7' i K B
inrepBani [0,1]. PospaxyHok mnoka3HukiB JIsimyHOBa BHKOHaHO B cepenoBuii Python i3
BHKOpHCTaHHsaM 6ibmiorek Skipy, JITCODE.

IMpu manux 3mauennsx mapamerpis 7 i K (0.0015 + 0.03) B maniii cucremi BHHHKAE
XaOTHYHHH CTaH, SKUH OOYMOBIEHHH B3a€MOII€I0 MK DPI3SHUMH HPOCTOPOBUMH OOJIACTSIMH
CKOpPENbOBAHOTO PYXy TeTpaeApuYHUX TIpyn. IlosBY XaoTMYHOro craHy (TpH 3apoJpKEeHHI
HECMIBMIPHOI HAJCTPYKTYpH) Ta HOro iCHyBaHHS NpM MalUX 3HAYeHHsAX mapamerpa 7,
3aCBIUYIOTh K CIEKTPH MOKa3HWKIB JIsmyHoBa Tak i KapTW JUHAMIiYHUX pexuMiB. [Ipm
30imbIIeHH] napamerpa 7 XaOTHYHUI CTaH BiJCYTHIH.

Kniouogi cnosa: HectiiBMipHa HaACTPYKTYpa, (pa3oBuil MOpTpeT, AMHAMIUHI PEKHUMH, CIIEKTPH
noka3HuKiB JlsmyHoBa.

Bigomo [1], mo y 3HauyHOMY TemIepaTypHOMY iHTepBaii Buile (azoBoro nepexony B
HecIiBMIpHY a3y CTpyKTypa KpHCTaly 3a3Ha€ CTPYKTYPHHX IOpYIIeHb, IOB’SI3aHUX 3
YTBOPEHHSIM TPOCTOPOBUX 00JacTell CKOpENbOBAHOTO pyXy TeTpaeapuuHux rpymn. Tak B
kpuctanax [N(CHs)s]o:MeCls (Me = Zn, Co, Cu) 1i o6nacti XapakTepu3ylThCs TIOBOPOTOM
terpaenpuuHux rpyn MeCls. Lledi TemmnepaTypHHH iHTEpBall CTAHOBHTBH KiJbKa JECSTKIB
rpaxyciB, i XapakTepHU3yeTbcs HEMOHOTOHHOIO ITOBEIIHKOIO SIK JieNeKTpudyHuX [2] Tak i
JBOITPOMCHE3aJIOMIIIOIOUMX ~ BiuactuBocTed  [3].  HemiHiliHicTs  JaHUX — 3aJIeXKHOCTEH
30UIBIIY€ETHCS TIPH MiAX0Al A0 (Pa30BOTO Mepexoay BUXiJHA — HecIiBMipHa (asa, 1o MOXKe
CBIIYMTH SIK TPO picT JaHMX oOyacTeif, Tak 1 Npo 30UIbIIEHHS BEJIWYHHU IOBOPOTY
teTpaenpuuHux rpymn B kpuctanax [N(CHs)s]oMeCls (Me = Zn, Co, Cu). 3 pocToM aaHHX
obmacreil 301mbIIyeThCS (PAKT IXHROTO B3a€EMOBIUIMBY OJHY Ha OfHY. Lls B3aemomis B mporieci
YTBOPEHHSI HECITIIBMIPHOT HAJCTPYKTYPH MOXKE TPHUBOANTH JI0 BUHUKHEHHS XaOTHYHOTO CTaHy,
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SIKMI TI0 CBOTH TPUPOL € BIMIHHUM BiJ] XaOTHYHOTO CTaHy, 1[0 BUHHKAE B COJITOHHOMY i
CTOXaCTHUYHOMY pPEXHMMi HECHIBMIpHOI HAACTPYKTYypH. B minTBep/kKeHHs HasBHOCTI
BUHHMKAIOYHX MEXaHIYHUX HAIIPy>KeHb MK 00JaCTSIMHU CKOPEILOBAHOTO PYXy TETpaeApHIHUX
TPy BECTYIAIOTH TOCTI/KEHHS 0 BIUIMBY PyXOMHX 1 HEPYXOMUX Ae(eKTiB Ha TeMIepaTypHYy
MOBEIiHKY JBONPOMEHE3ATIOMIICHHS B TEeMIEpaTypHOMY iHTEpBajli iCHYBaHHS HPOCTOPOBHX
obmacTeil CKopeIbOBaHOTO PYXY TeTpacAPHIHHX Trpy [4].

Po3paxyHok noka3HUKiB JIsmyHOBa 3/iHCHIOBABCS AJIsl HECHIBMIPHOT HAICTPYKTYpPH, LIO
OIMUCYETHCS ABOMA MU(ePEeHIIaTEHIME PiBHSAHHAME APYroro nopsaky [1]:

R"-R°+(1-¢” +T¢')R-R"*K (cosne+1)=0; M

(p”+2%((p’—%)+R”’ZKSinn(p:O; (2)

ne T 1 K - 6e3po3mipHi mapaMeTpH, MO OMUCYIOTh CTIHKICTh HECHiBMIPHOI CTPYKTYpH Ta ii
aHI30TPOIHY B3a€MOJIIIO BiATIOBIAHO, N — IiJIe YUCIIO, M0 XapaKTEPH3Y€e CHMETPIIO MOTEHIIATY
[1]. 3 MeTo0 MOCHTIKEHHS! TUHAMIYHHX PEXKUMIB HECMIBMIPHOI HAJACTPYKTypH B MOMEHT il
BUHHMKHEHHS OYJIM MPOBEJICHI JOCHIIIKeHHs (ha30BUX MOPTPETIB Ta MOKa3HUKIB JIsmyHoBa npu
MaJlx 3Ha4eHHsx napamerpis 71 K.

Cucremy, 110 CKIIQIA€ThCS 3 OBOX AudepeHianbHuX piBHsIHb (1) i (2) Apyroro Hopsaky
pO3B’s3yBanu yncenpHUM MeTogoM BDF [5, 6].

Po3paxyHnok koedinienTiB JIsmyHoBa BUKOHAHO B cepenoBuili Python i3 BukopucTanHsIM
616moTek Skipy, JITCODE mo mMetoauiii onucaHoi B pobori [6].

Ha puc. 1 HaBeneHO 3aiexHICTh NMOKa3HUKIB JIsAmyHOBa, CHEKTPIB iX BEIMYMH Ta KapTH
JUHAMIYHHX peXUMIB Bix 3MiHi mapamerpiB 7'i K B inTepsaii 0.0+1.0.

3rigHo 3 puc. 1 mepmuii moka3HUK JIAMyHOBA € MOJATHIN, APYTHA MpUAMae SK Bil'€MHI
TaKk 1 JOJaTHI 3HAYCHHS 3 HE3HAYHWM BIAXWICHHSIM HOro BeMMYWHH. Tpertii 1 deTBepTHi
MOKa3HUKH € Big eMHUMH. CIiJi 3a3HAYMATH, IO MEPIIMHA, OPYTUH 1 YETBEPTHH MMOKA3HUKU
JIsmyHOBa HOCATH aHOMANBHUI XapakTep 3 SBHO BHpakeHORo mepiommuHicTio. [Ipnm K1 7<1
JlaHa CHCTEeMa XapaKTepPH3yEThCS OJHMM IMO3WTHBHUM 3HAa4€HHAM NOKa3zHMKa JIsmyHoBa i
TpbOMa BiJI’€MHMMH 3HaueHHsSMH. [IpudoMy TpeTiii NMOKa3HHK NpuiiMae Bij €MHe 3HAuYSHHS,
SIKE IT0 MOJIYJIFO 3HAYHO MEPEBHIIyeE iHII MokasHuku. OTKe cyMa BCiX MOKa3HUKIB JIsmyHOBa €
BiJI’€MHOIO BEJIMYHHOIO, TOOTO CHCTEMa Ma€ aTpaKTop.

CunijJy TaKOX 3a3HAYUTH, IO TPETiH MOKa3HUK JIsmyHOBa HOCHTH aHOMaJBHUI XapakTep
npu 7 <0.2 1K < 1. Ha e 30kpeMa Bka3ye i ClieKTp BeIHMYUHU A3. Ha HasiBHICTh aHOMaJIbHOTO
MIEPIOINIHOTO XapaKTepy MOBEIIHKU A1, A2 BKa3yHOTh K CIIEKTPH X BEJIMYHH TaK i KapTa
JUHAMIYHHUX PEXKUMIB JOCHIKyBaHOI cucteMu (puc. 1). 3rilHO KapTH JUHAMIYHHX PEKAMIB
naHoi cucremu 3a ymoBu R = 0.3, ¢ = 0.3, 7, K = 0.00+1 mana cucrema xapaKTepu3y€eThCs
nBoma curuatypami (0,-,-,- Ta +,-,-,- ), sIKi epioIUYHO 3MIHIOIOTh 0J{HA O/HY (puc. 1).

30UIbIICHHS BEJIMYMHKM 3MiHM (a3 ¢ CYNPOBOIKYETHCS 301JIBLICHHSIM BEJINYNHH
AHOMAJIBHOI MOBEIHKHU A3 (puc. 1), mpuuomy nanmii KoedimieHT JIsmyHoBa HabyBae qomaTHe
3HaueHHs. 30KpeMa Iie Jo0pe UTIOCTpyE CIeKTp BEIWYMHH JaHoro KoedimieHta. Kapra
JUHAMIYHHAX PeXXHUMIB 3a TaHUX yMOB (puc. 1,6) xapakrepusyerbcs Tppboma curaatypamu (0,-,-
-+ *+m-m 1,0,--) 1 3acBigdye MosIBY XaOTHYHOTO PEXUMY HAJICTPYKTYpH (CHIHATypa
koediuientiB Jisimynosa: +,0,-.-). SIk BioMo Takuii 3cyB 1o (a3i Moxe OyTH BHKIMKAHUI SK
BIUIMBOM 3OBHIIIHIX YHWHHUKIB (HANpY>XCHHS MEXaHIYHUX 1 EJNIeKTPUYHHX TMOJIB) TaK 1
TIOBEPXHEBOIO EHEPri€lo. 30KpeMa Ipo Iie 3a3Ha4aIoch B poOoTi [7].
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Puc. 1. 3anexHicts nokasHuKiB JsnyHoBa (), crieKTpy iX BenuuuH (6), Ta KAPTU IUHAMIYHHX PEKUMIB
(6) mpu 3mini mapamerpis T'i K B intepsaii 0.0 + 1.0, Ta pi3HHX MOYaTKOBUX 3HAYCHb (ha3u MapameTpa
mopsiaky @ =0.31¢ =0.9.

IMopanbme 30iNbIICHHS BEJMYMHU 3CYBY (pa3d NPHBOIUTH 10 3MEHIICHHS aHOMAJILHOL
noBefiHkn KoedimieHTiB JIsmyHOBa Ta 3HMKHEHHS Ha KapTi pPEXHMIB HECHiBMipHOI
HAJICTPYKTYPH CUTHATYpH, 110 BiNoBizae 3a xaoTuuHui ii cran. Omxke npu 7< 0.1 1 K< 0.4 B
JlaHid cuCTeMi BUHUKAa€ XAOTHYHMH CTaH, SIKUHA Ha JyMKY aBTOPiB 0OYMOBJIEHHUH B3a€EMOJIEIO
MDK PI3HUMH IIPOCTOPOBUMH 00JIaCTSAMH CKOPEILOBAHOTO PYXY TETPaCAPHYHHX TPYIL.

Konm BigcTanb MiK NMPOCTOPOBHUMH OOJIACTSIMHM CKOPEIHOBAHOTO PYXY TETpaeApPHUHMX
TPyl € TAaKOl0, II0 BOHM HE BIUIMBAIOTH OJIHA Ha OJHY, XaOTHYHHH CTaH IOBHHEH OyTH

BiACYTHIM. 3 mi€l0 MeTOoI0 Oylo MPOBEACHO AOCHIIKEHHS TaHOI CHCTEMH 3a YMOBH 1 =
0.00005+0.005; K = 0.00005 + 0.005 (puc. 2)
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Puc. 2. 3anexHicTh MOKa3HUKIB JIAMyHOBA @), CHEKTPY IX BEIHMYHUH 6) IpH 3MiHiI mapameTpiB 71 K B
intepaini 0.00005 + 0.005

3rizHo 3 puc. 2. TOKasHUKK JIAmyHOBa A3, A4 XapaKTEpU3YIOTbCS aHOMAaJIbHOIO
MOBEAIHKOIO 1 po30mBaroTh mpoctip B koopauHarax 7 i K Ha nBa minmnmpocropu. Ilepmmii
XapaKTepU3y€eThCs HOJATHUMHM 3HAUCHHSAMHE A1, A2 Ta BiJl’€MHAMH 3HAUCHHSAMH A3, A4, @ IPYTUH
JI0JIATHUMU 3HAUYEHHSMH BCiX Koediuientamu JlsmyHoBa. OTxe, SIK NPUITYCKaJIOCh BUILE, MPU
T<0.00151 K <0.0015 icHye cTan cucTeMH, KOJIU IPOCTOPOBI 00J1aCTI CKOPEILOBAHOTO PYXY
TeTpae/pUuHUX TPyHn He B3aeMoitoTh. 3a ymoBu, koo 7 1 K > 0.0015 cucrema
XapaKTepU3y€eThCs MOSIBOI0 XaOTHYHOTO CTaHY 31 CHTHATYPOIO «+;+;+;+».

B mpasix [1, 4] HeoJHOPA30BO BiIMIYANIOCh, 1[0 PYXOMI 1 HEPYXOMi JOMIIIKH 1 JedexTr
MIPUBOISTE 10 30UIBIICHHS aHOMaJbHOI MOBEHIHKH (I3SMYHHMX BEJIMYHH B TEMIIEPATYPHOMY
iHTepBai iCHyBaHHS IPOCTOPOBHX 00JIACTEH CKOPEIBOBAHOTO PYXY TeTpaeApuuHuX Tpym [1].
Taki nedekTy Ta JOMIIIKK MOKHA TaKOX aCOLIIOBATH 13 30ypeHHAM (a3u napamerpa MopsaKy
¢'. Tomy Ha puc.3 HaBeAeHI MOCTI[PKEHHS BIUIMBY 30ypeHHs (a3u Ha IUHAMIKY JaHOi
CHUCTEMH.

3rigHo 3 7-, K-niarpamamu noka3HukiB JIsmmyHoBa BXXe NMpH ManX 3HaYECHHSIX 30ypeHHs
¢dasu (¢’ = 0.1) mpOCTEKYEThCS TMOSIBA MO3UTUBHHUX 3HAYECHb Az 1 A4 (pHC. 3,a), MO MOXKE
CBITYUTH MPO BUHUKHEHHS XaOTHYHOTO CTaHy cucTeMu. Ha criekTpax BeTMYMHU Koe(dilieHTiB
JIsmyHOBA YiTKO OKPECIIOETHCS 001acTh MOSIBU MOJKIIMBOTO Xaocy (puc. 3,6). bepy4u no ysaru
KapTy JUHAMIYHHX PEXUMIB HECMIBMIPHOI HAACTPYKTYypH (puc. 3,6), OsiBA XaOTHYHOTO CTaHY
MPOCTEKYETHCSI PH Manmux 3HaueHHsx mapamerpa T (0.001 < 7< 0.1). Iomansiie 36iabIIeHHS
BEJMYUHHA (' CTUMYIIIOE 301IbIICHHS 00JacTi ICHYBaHHS XaOTHYHOro cTany, i mpu ¢ = 0.75
OCHOBHHUM PEXKHMMOM JIaHOT CUCTEMH € XaOTUIHHH.
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Puc. 3. 3anexnicTs nokasHukiB JIsyHOBa @), CIEKTpPY X BEMHYHH 6), Ta KAPTU JHHAMITHUX PEXHUMIB 0)
mipu 3MiHi mapametpiB 7’1 K B inTepsani 0.0 + 1.0, Ta pi3HNX NOYaTKOBUX 3HAYEHHSX 30ypeHHS Qa3n
nmapamerpa nopsaky ¢’ =0.11¢'=0.75.

3a ymoBn, ko T 1 K << 0.001, ¢azoBuii mopTper 1aHOI CUCTEMH XapaKTepPH3yeThCS
o0acTio, J1e aTpakTop NpuiiMae xapakTep By3bKOro nuieidy, Ta o0nacti, e MpOCTeKY€EThCS
posumpeHHs arpaktopa (puc. 4,a). 30utbmenHs BennunH napameTpiB 7 i K cynpoBomKyeTbes
30inbLICHHAM KiNbKOCTI Oidypkauiii (puc.4,a). Komu T i K npuiimae 3nauenHs > 0.0015
(puc. 4,6-2) ha3oBuii mOpTPET NaHOI CUCTEMH XapaKTEPU3YEThCS PO3ABOEHHIM aTpakTopa Ha
IBl TimkM B o0yacTi, 1€ paHille MpOCTeKyBanoch po3mmpeHHs. Ilopanbiie 30inbIIeHHS
napametpiB 7' 1 K cynpoBOKy€eTbCsl 30UIBIIEHHSM PO3ABOEHHS, SIKE JIOCATAE MAKCUMYMY TIPH
T i K =0.003. TIpu noxanpuioMy 30UTbIIEHHI BEJIMUMHH LUX HapaMeTpiB MPOXOAUTH MPOLEC
3MEHILCHHS PO3/JIBOEHHS, Ta 3MEHIIECHHSI KUIbKOCTI O1pypKariii.
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®a308uit NopTpeT

®a3oBuit nopTpeT ®a308ui nopTper

a) T=0.001; K=0.001;9=0.6 6) T =0.0015; K=0.0015; ¢ =0.6 6) T=0.003; K=0.003; 9 =0.6

®asoswii nopTper
PTP ®a3osuit nopTpeT ®a30Buit nopTpeT
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2) T=0.03; K=0.03; 9=0.6 0)T=01,K=0.1,¢=0.6 e) T=03,K=03;9=06

Puc. 4. ®azoBwuii noptper B koopanHatax R, R',¢ npu pizHux 3HaueHHsx napamerpis 7'i K ta
R=03;n=4;9=0.6.

HacrtymHuMm eTanom € po3mHpeHHs By3bKOTro Huiei(y 3a paxyHOK 301IbIIEHHS KIIbKOCTI
OidypkauiiHux TpaekTopid. OTKe B Npoleci BUHUKHEHHS HECHIBMIpHOI HaJICTPYKTYpuU B
okomi (azoBoro mepexo]y BHUXiJHAa-HeCHiBMipHAa (a3a IPOCTEKYETbCS IHTEPBAJ, SKU
XapaKTepu3yeThCsi  B3aEMOBIUIMBOM  NPOCTOPOBHX  OOJlacTeil  CKOPENbOBAHOTO  PyXy
TeTpaepuIHUX rpyml. JlaHa B3aeMois OPYIIye MPOCTOPOBO MOIYJIbOBAHUH CTaH, SIK B CAMHX
MIPOCTOPOBUX OOJNACTSAX CKOPEIhOBAHOTO PYXY TETpacApUYHMX TPYII, TaK i 11032 HUMH 1 MOXKe
TIPUBOJIMTH /10 BUHUKHEHHS Xa0TUYHOTO cTaHy. Ha gyMKy aBTOpiB 1 cUTyaris i pearni3yeTbes
npu Manmux 3HauyeHHsx napamerpa 7 i K (0.0015 + 0.03). 3rigHo 3 KapTamMu AMHAMiYHHX
PEeKMMIB, HaBeIeHUX Ha puc. | 1 puc. 2, XaoTUUHMH cTaH cnocrepiraetbes npu 7 > 0.1 ta 'y
BCBOMY JOCIi/pKyBaHOMY niarmazoni K. Buxonsuu i3 o3HaueHHs1 napamerpa 7 (mapamerp 1o
ONHCY€E JMajJeKo [iouy B3aEMOJIiI0), 30UIBIICHHS BEJIWYUHH WOTO BeAe 10 30iIbIICHHS
JANIEKOIIF0901 B3a€EMOIII, 10 1 3yMOBIIIO€ 3MEHIIIEHHS CTIHKOCTI XaOTHYHOTO CTaHy CUCTEMH Ta
MEPEeXOy 10 OAHOPIAHOT KAPTHHH MOIYIHOBAHOI HAJICTPYKTYPH.

AHajoriyaa KapTHHa TPOCTEXKYETHCS 1 TPU HasBHOCTI 30ypeHHs ¢asu (puc. 5). TobTo
IIpY MaJINX 3HAYEHHS MapaMeTpa I BUHWKA€e HECTIHKMI XaOTUYHUX CTaH, SKUH MpH 301IbIICHH]
BEIMYMHMA TIapaMeTpa, IO OIHUCYE NAICKOII0Yy B3aeMOii0, 3HUKae. Bimomo [4], mo B
3araJbHOMY BIUIMB JAe(EKTiB 1 JOMINIOK Ha IPOCTOPOBI 00JACTi CKOPEIHOBAHOTO PYXY
TeTpacApUYHUX Tpyn € moniOHuid. Lle, 30kpema, MPOSBISETHCS y 30UIBIICHHI HETiHIHHOL
MOBEAIHKY (DI3MYHUX BEJIMYMH B TEMIIEpPAaTYypHOMY iHTepBaii iX icHyBaHHs. Brumus ¢as3u ta ii
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30ypeHHs 3yMOBJIIOIOTH MOJIOHY MOBEAIHKY aTpakTopiB Ha (a3oBOMY MOPTPETI CHUCTEMHU
(puc. 4, 5). ToOTO, MOSBOIO aTPAKTOPA, SIKUH XapaKTepPHU3y€EThCS BY3bKUM ILICH()OM B OTHOMY
mpocTopi (pa3oBOro MmOPTpETy Ta PO3TaIYy)KEHHM XBOCTOM (PO3JBOEHHSIM) B IHIIOMY
(puc. 4, 6, 6, 2; puc. 5, 2).

®azosud nopTpeT ®a3osuii nopTpet

®a3osuit nopTpeT

@) T=002; K=0.1;
¢'=00

@a308Mit nopTpeT @a308uit nopTpeT e e

6)T=0.02,K=0.1;¢'=0.01 6) T=0.02K=0.1: ¢'=0.1

2)T=002;K=0.1;
¢'=0.15

0) T=0.02;K=0.1;¢'=0.3 ¢)T=002,K=0.1;¢'=05

Puc.5 da3oBwuii mopTper B koopanHatax R, R’, ¢ npu pi3unx 3Hauennsx ¢' TaR =0.3; n = 4;
7=0.02;K=0.1.

OTxKe, cucTeMa, sika MOJEINIOETHCS JBOMa Au(epeHlialbHUMU PIBHSAHHIMU JUIS OIHCY
HECIIIBMIPDHOT HAQJICTPYKTYpH, 32 HasBHOCTI JIBOKOMIIOHEHTHOIO [apaMmeTpa MOpPSIKY
XapaKTepU3y€eTHCS CKIIAJHOI0 TUHAMIKOIO B TIporieci ii 3apopkeHHs. BaymBy pois B JHHAMIII
3apO/DKEHHS HECHiBMIpPHOI HAICTPYKTypH BiIirpae BelIWYHHA, IO OIKCYE CTYIMiHb
nanekoxitogoi B3aemopii. [lpum Manmx 3HaueHHsX 11 BeJMYMHM TPOCTOPOBI oOmacti
CKOPENbOBAaHOTO PYXy TETPAaeAPHYHUX TPYH HE B3a€MOIIIOTH OJHA 3 OJHOI. AHIapMOHI3M
KOJIMBaHHS OCHOBHOI TpaTKM 1 MiArpaTKH (sKa OIMCYe MOIYJSLIHHY HaJACTPYKTYpY)
CHpUYMHSE 30iJbIICHHS JAJICKOJII0Y0i B3aEMOJIil, IO MOPOKYE PO3LIMPEHHS MPOCTOPOBOL
o0nacTi CKOpEeNbOBAaHOTO pYyXy TETpaeApHYHMX TIpym Ta IX B3aeMonito. B3saemonis
MPOCTOPOBUX OOJIaCTel CKOPENIbOBAaHOTO pYyXy TETPaeIpU4HUX TPyH MPHBOAUTH [0
MOPYIIEHHS] MOAYJSIIHHOI KapTHHU PYXY TETpaeApUYHUX TPYM, CHPUUHHSIIOYA THM CaMUM
MOSIBy XAOTHYHOTO CTaHy HAACTPYyKTypH. Ha Iie 30KpeMa BKa3ylOTh EKCIIEPUMEHTAIIbHI
JOCTi/DKEHHSI 10 BIUIMBY Je(eKTiB Ta JOMIIIOK Ha JBO3AJIOMIIIOIOYI Ta JieJIeKTpHUHI
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BnactuBocti kpuctaniB (N(CHs)s)2MeCls (1e Me = Zn; Cu) B TemmepaTypHOMY iHTepBali
ICHYBaHHSI TIPOCTOPOBHMX oOnacTeli CKOpPEeNbOBAaHOTO pyXy TeTpaexpuyHux rpyn [1].
HocnijkenHst moka3HukiB JlsimyHoBa A3 1 A4, SIKI ONMCYIOTH TOBEIHKY a3y mapamerpa
TOPSAAKY 1 (a30BOi IMIBHAKOCTI HAACTPYKTYpH Bimmosimeo (puc. 1-3) cBimuarts mpo mosBy
Xa0THYHOTO CTaHy Ta 3aJICKHICTh HOTO BiJl IOYaTKOBUX YMOB.

PosrnsHyTa AMCHIaTHBHA CHCTEMa XapaKTePU3YEThCs BTPATOK SHEprii B IPOIECi CBOTO
PO3BHUTKY, TOOTO MOYaTKOBa 00JacTe B (pa30BOMY IPOCTOPI 3MEHINYETHCH, 1, HapemITi,
TPAEKTOPIi Bifl BCiX IIOYaTKOBUX YMOB, Y3ATHX B TIEBHIN 00acTi (0aceiiHi TSHKIHHS), CXOIATHCS
JI0 JESKOro BCTaHOBJEHOro B (a3oBoMy mpoctopi arpakropa (puc. 3-4). 3a3puyaii
JMCUITATHBHA IMHAMIYHA CUCTEMa BOJIOJIE TIJIBKH OJHUM a00 JEKIIbKOMa TaKUMH aTPaKTOPiB
IpU TIEBHUX 3HAUEHHSAX MapaMmerpiB. Bigomo, 0 KiIbKICT aTpakTopiB 3pocrae 3i
3MEHIICHHSIM JUCHIANii, ajle XaOTHYHUX MDK HMMH Maio. lle sBUIe CHIBHO MOB'SI3aHO 3
KpH3aMH, SIKI aTpakTop BiI4yBae MpH 3MiHI MapaMeTpiB, i BUKIUKA€E 3ITKHEHHSM 3 MEXaMH
OaceiiHy npu 3MiHI mapamerpa HeliHiHHOCTI. B pe3ynbTari XaOTHUHHMIA aTpakTOp 3HUKAE
Bifpa3y micisi HOro TOSBH 3 KacKaxy IMOJBOEHHS Iepiogy. 3MiHH TaKOX BigOyBarOThCS 3
OaceifiHaMn TsDKIHHS 1 Mekamu OaceifniB. [leprmi cTaroTh JOCHTh MaldWMHU il OUTBIIOCTI
CHIBICHYIOUHX aTPaKTOPiB.

TakuMm YWHOM OTpPHMaHI KapTH OUHAMIYHHX pexuMiB (puc. 1, 3) 3acBim4yiOTh, IO
HEJOPO3BUHYTUI XaOTHYHHN CTaH HECHIBMIpHOI HAJACTPYKTYpH, SKHil BHHHKae B mpoueci ii
YTIBOPEHHs, iCHY€ NpH MaluX 3HaueHHsX mnapamerpa 7' (TOOTO BENMYMHH JNAJICKOAIIOYOi
B3a€MOIii) 1 IpU HOTO 301IbLICHHI 3HUKAE.
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FEATURES OF THE BEHAVIOR OF THE LYAPUNOV’S EXPONENTS UNDER
CONDITIONS OF THE TETRAEDRIC GROUPS CORRELATED MOVEMENT
SPATIAL AREAS EXISTENCE

S. Svelebal, I. Katerynchuk?, 1. Kunyo?, I. Karpa?, Ya. Shmygelsky?, O. Semotyuk?
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The dynamics of an incommensurate superstructure at the moment of it appear is investigated
in the work. The spectra of the magnitude of the Lyapunov’s exponents and the maps of the
dynamic modes of the incommensurate phase are analyzed for the 0.0 + 1.0 interval of the T and
K parameters. The calculation of Lyapunov’s exponents is performed in the Python environment
using the libraries Skipy, JiTCODE.

It is established that a chaotic state arises in this system at small values of the T and K (0.0015
+ 0.03) parameters, which is caused by the interaction between different spatial regions of the
correlated motion of tetrahedral groups. The appearance of a chaotic state (at the origin of a
incommensurate superstructure) and its existence at small values of the parameter T are evidenced
by both the spectra of the Lyapunov’s exponents A3 and A4 and the maps of dynamic regimes. As
the parameter T increases, the chaotic state disappears.

Thus, a system characterized by two differential equations to describe a incommensurate
superstructure in the presence of the two-component order parameter is characterized by the
complex dynamics in the process of its origin. An important role in the dynamics of the origin of
the incommensurate superstructure is played by a quantity that describes the degree of long-range
interaction. At small values of its magnitude, the spatial regions of the correlated motion of
tetrahedral groups do not interact with each other. The anharmonic oscillations of the main lattice
and the sublattice (which describes the modulation superstructure) cause an increase in the long-
range interaction, which causes the expansion of the spatial region of the correlated motion of
tetrahedral groups, and their interaction. The interaction of the spatial regions of the correlated
motion of tetrahedral groups leads to a violation of the modulation picture of the motion of
tetrahedral groups, thereby causing the appearance of a chaotic state of the superstructure. Studies
of Lyapunov’s exponents A3 and A4, which describe the phase behavior of the order parameter and
the phase velocity of the superstructure, respectively, indicate the appearance of the chaotic state
and its dependence on the initial conditions.

The considered dissipative system is characterized by energy loss in the process of its
development, so the initial region in phase space decreases, and, finally, trajectories from all
initial conditions taken in a certain region (gravity basin) converge to some attractor installed in
phase space. Typically, a dissipative dynamic system has only one or more such attractors at
certain parameter values. It is known that the number of attractors increases with decreasing
dissipation, but there are few chaotic between them. This phenomenon is strongly associated with
the crises that the attractor experiences when changing parameters, and causes a collision with the
boundaries of the pool when changing the nonlinearity parameter. As a result, the chaotic attractor
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disappears immediately after its appearance from the cascade of doubling the period. Changes
also occur with “gravity” pools and pool boundaries. The former become quite small for most
coexisting attractors.

The obtained maps of dynamic modes show that the underdeveloped chaotic state of the
incommensurate superstructure that arises in the process of its formation exists at small values of
the parameter T (the magnitude of the long-range interaction) and disappears with its increase.

Key words: the incommensurate superstructure, the phase portrait, the dynamic modes, the
spectra of Lyapunov’s exponents.
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