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PO BIKBAJIPATUYHUI AHT APMOHIYHU OCHUAJISITOP —
HIAXIA Y PAMKAX PO3KJIALY IO OCHUIAATOPHOMY BA3HUCY.
1. JOCIIIKEHHSA XBUJIbOBUX @ YHKIIN I IPUCKOPEHHS 3BI’)KHOCTI PO3KJIAAIB

Jnst tpaguniitnoi ¢izndHoi MOl KBaHTOBOTO OiKBAJPaTHYHOTO aHTapMOHIYHOTO OCHWJISATOPA 3 TaMiJIbTOHIAHOM
H :%(p2+xz)+kx4, SKUH BIZIirpac 3Ha4YyHy POJIb y KBAHTOBIA Teopii moisi, (i3uii eIeMEeHTapHHX YaCTHHOK Ta

sanepHid  (i3ui, JOKNAAHO BHUBYAIOTHCS 1 PO3PAXOBYIOThCS HOro (i3W4Hi XapakTEPUCTHKH Ta BIACTHBOCTI.
3anponoHOBaHUK HAMM TS JOCIIHKEHHS MOJEI METO/ pO3KiIaay XBHILOBOI (hYHKIIi CHCTEMH IO TIOBHOMY HabOpy
BIacCHUX (YHKII TapMOHIYHOTO OCHMJISATOpa Ja€ 3MOTYy TOYHO aHaji3yBaTH Ta pPO3paxOBYBaTH BCI MapaMeTpH i
BJIACTHBOCTI BIANOBIJHUX KBAaHTOBHX cHCTeM. JlaHa MOJENb TakoX MIMPOKO 3aCTOCOBYETHCS IUISL JIOCHIKEHHS
MOJIEKYJIIPHUX KOJIMBaHb, JOHOHHUX MOJ] Y TBEpANX TiJIaX, HEJMHIHHUX ONTHYHUX sBUIN Tomlo. Hamu po3paxoBano Ta
MoOYZI0BaHO XBWIJIbOBI (DYHKIIi aHrapMOHIYHOTO OCHWJIATOpa JUIA psAy 3HAueHb KOHCTAHTH 3B’sI3Ky A . Takox
3allpOIIOHOBAHO 1 JOKJIAaJHO BHBYEHO IIOKpAIleHHH MOAn(IKOBaHMH METON pO3KIaay IO Yy3arajJbHEHOMY
OIITHMI3yIOUOMY OCHUISITOPHOMY 0a3MCy 3 BapiHOBaHOIO YaCTOTOIO LILOTO 0A3UCy, SIKUH J1a€ MOXKIIUBICTh KapAMHAIBHO
NPUCKOPUTH 30DKHICTh PO3KJIAIIB y BCiii 00JacTi 3MIHM KOHCTAHTH 3B’S3Ky A 1 TaKUM YMHOM 3HAYHO ITiJBHIIHTH
e(QeKTHBHICTh 3aCTOCOBAHOTO METOIY, JAalO4YH 3MOTY IPOBOIHUTH PO3PAaXyHKH 3 BUKOPHCTAHHAM IY)K€ Majoro 4ucia
6asucHux ¢yHkiii N $10. Orxe, ueit Moau(diKOBaHUHA MigXiZ Aa€ 3MOTY JOCHTH MPOCTO 1 €EKTUBHO MPAKTHYHO
TIOBHICTIO PO3B’s3aTH 33/1a4y PO OIKBaJpaTHYHUI aHTapMOHIYHUN OCHMIIATOP, 3a0€3MeUy0Ur MOKIUBICTE BiJTHOCHO
JIETKOTO PO3PaxyHKy TpH OyIb-IKUX 3HAYEHHSIX KOHCTAHTH 3B 53Ky BCIX HOro (Qi3MYHMX XapaKTEPHCTHK, BKIIIOYAIOUN
eHeprii OCHOBHOTO 1 30yIKCHHUX CTaHIB, a TAKOX XBIIILOBI (DYHKIIIT X CTaHIB.
Knrouogi crosa: aHrapMOHIYHHN OCHIIIATOP, OCHUISITOPHUIA 0a3¥c, KBAHTOBA TEOPis MOJS.
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THE QUARTIC ANHARMONIC OSCILLATOR — AN OSCILLATOR-BASIS EXPANSION APPROACH.
Il. STUDY OF THE WAVE FUNCTIONS AND ACCELERATION OF THE EXPANSIONS CONVERGENCE

For the traditional physical model of the quantum quartic anharmonic oscillator with the Hamiltonian
H :%(p2 +x2)+xx4, which plays a significant role in quantum field theory, elementary particle physics, and nuclear

physics, its physical characteristics and properties are comprehensively studied and calculated. The method we propose
for studying the model, based on expanding the system’s wave function in a complete set of harmonic oscillator
eigenfunctions, facilitates a thorough analysis and evaluation of all parameters and features of the corresponding
quantum systems. This model is also widely used for studying molecular vibrations, phonon modes in solids, nonlinear
optical phenomena, and more. We have calculated and constructed the wave functions of the anharmonic oscillator for
various values of the oscillator coupling constant A. Furthermore, an improved and modified expansion method, using a
generalized optimizing oscillator basis with variable frequency, has also been proposed and studied in detail. This
improved method drastically accelerates the convergence of expansions across the entire range of the coupling constant
variation, thereby substantially increasing the efficiency of the applied method by allowing calculations with a very
small number of expansion basis functions N <10. Consequently, this modified approach provides a practically
complete, quite simple, and efficient solution to the problem of the quartic anharmonic oscillator, enabling the relatively
easy computation of all its physical properties, including the energies of the ground and excited states, as well as the
wave functions of these states, for any values of the coupling constant.
Keywords: anharmonic oscillator, oscillator basis, quantum field theory.
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