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This study investigates the internal structure of compact stars models using the Chaplygin
equation of state, a notable candidate for describing exotic matter due to its ability to manifest
dark energy through an inverse pressure-density relationship. By integrating this equation of state
into the framework of general relativity, we derive solutions that describe stable and physically
realistic stellar configurations. The spacetime geometry within the stellar interior is governed by the
Buchdahl metric potential, facilitating the construction of analytic models applicable to observed
compact objects such as PSRJ1903 + 327, CenX - 3, and VelaX - 1, with respective masses of

1.667


M , 1.49


M , and 1.77


M , and corresponding radii of 9.438 km, 9.178 km, and 9.56 km.
To visualize the behavior of thermodynamic variables, two-dimensional contour plots are employed
to illustrate the spatial variation of matter density and radial pressure, revealing centrally peaked
distributions that decrease smoothly toward the boundary-consistent with expected stellar behavior.
The model's validity is further examined using standard physical checks, including the satisfaction
of energy conditions, causality constraints, and dynamical stability via the adiabatic index. The
results support the Chaplygin gas as a compelling equation of state for describing compact astro-
physical bodies and demonstrate the effectiveness of combining analytic methods with advanced
graphical analysis in modeling relativistic stars.
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ÒÅÎÐÅÒÈ×ÅÑÊÎÅ ÈÑÑËÅÄÎÂÀÍÈÅ ÒÅÌÍÛÕ ÇÂÅÇÄ
Ñ Ó×ÅÒÎÌ ÓÐÀÂÍÅÍÈß ÑÎÑÒÎßÍÈß ×ÀÏËÛÃÈÍÀ

 Ï.ÒÀÌÒÀ, Ï.ÔÓËÎÐÈß

Â äàííîì èññëåäîâàíèè èçó÷àåòñÿ âíóòðåííÿÿ ñòðóêòóðà ìîäåëåé

êîìïàêòíûõ çâåçä ñ èñïîëüçîâàíèåì óðàâíåíèÿ ñîñòîÿíèÿ ×àïëûãèíà, êîòîðîå

ÿâëÿåòñÿ îäíèì èç íàèáîëåå ïîäõîäÿùèõ äëÿ îïèñàíèÿ ýêçîòè÷åñêîé ìàòåðèè

áëàãîäàðÿ ñâîåé ñïîñîáíîñòè ïðîÿâëÿòü òåìíóþ ýíåðãèþ ÷åðåç îáðàòíóþ

çàâèñèìîñòü äàâëåíèÿ îò ïëîòíîñòè. Èíòåãðèðóÿ ýòî óðàâíåíèå ñîñòîÿíèÿ â

ðàìêè îáùåé òåîðèè îòíîñèòåëüíîñòè,  ïîëó÷åíû ðåøåíèÿ, îïèñûâàþùèå

ñòàáèëüíûå è ôèçè÷åñêè ðåàëèñòè÷íûå êîíôèãóðàöèè çâåçä. Ãåîìåòðèÿ

ïðîñòðàíñòâà-âðåìåíè âíóòðè çâåçäû îïðåäåëÿåòñÿ ìåòðè÷åñêèì ïîòåíöèàëîì

Áóõäàëÿ, ÷òî îáëåã÷àåò ïîñòðîåíèå àíàëèòè÷åñêèõ ìîäåëåé, ïðèìåíèìûõ ê

íàáëþäàåìûì êîìïàêòíûì îáúåêòàì, òàêèì êàê PSRJ1903 + 327, CenX - 3 è

VelaX - 1, ñ ñîîòâåòñòâóþùèìè ìàññàìè 1.667 M , 1.49 M  è 1.77 M , à

òàêæå ñîîòâåòñòâóþùèìè ðàäèóñàìè 9.438 êì, 9.178 êì è 9.56 êì. Äëÿ âèçóà-

ëèçàöèè ïîâåäåíèÿ òåðìîäèíàìè÷åñêèõ ïåðåìåííûõ èñïîëüçóþòñÿ äâóìåðíûå

êîíòóðíûå ãðàôèêè, èëëþñòðèðóþùèå ïðîñòðàíñòâåííîå èçìåíåíèå ïëîòíîñòè

âåùåñòâà è ðàäèàëüíîãî äàâëåíèÿ, êîòîðûå ïîêàçûâàþò ðàñïðåäåëåíèå ñ

ïèêîì â öåíòðå, ïëàâíî óìåíüøàþùååñÿ ê ãðàíèöå, ÷òî ñîîòâåòñòâóåò îæè-

äàåìîìó ïîâåäåíèþ çâåçä. Äîñòîâåðíîñòü ìîäåëè äîïîëíèòåëüíî ïðîâåðÿåòñÿ

ñ ïîìîùüþ ñòàíäàðòíûõ ôèçè÷åñêèõ ïðîâåðîê, âêëþ÷àÿ ñîáëþäåíèå ýíåðãå-

òè÷åñêèõ óñëîâèé, îãðàíè÷åíèé ïðè÷èííîñòè è äèíàìè÷åñêîé ñòàáèëüíîñòè

ñ ïîìîùüþ àäèàáàòè÷åñêîãî èíäåêñà. Ðåçóëüòàòû ïîäòâåðæäàþò, ÷òî ãàç

×àïëûãèíà ÿâëÿåòñÿ ïðèâëåêàòåëüíûì óðàâíåíèåì ñîñòîÿíèÿ äëÿ îïèñàíèÿ

êîìïàêòíûõ àñòðîôèçè÷åñêèõ òåë, è äåìîíñòðèðóþò ýôôåêòèâíîñòü ñî÷åòàíèÿ

àíàëèòè÷åñêèõ ìåòîäîâ ñ ïåðåäîâûì ãðàôè÷åñêèì àíàëèçîì ïðè ìîäåëèðîâàíèè

ðåëÿòèâèñòñêèõ çâåçä.

Êëþ÷åâûå ñëîâà: òåìíûå çâåçäû: óðàâíåíèÿ ×àïëûãèíà
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