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ÂÀÕ äëÿ ñèñòåìû n âíóòðåííèõ äæîçåôñîíîâñêèõ ïåðåõîäîâ îïðåäåëÿëàñü ïî ÷èñëåí-
íîìó ðåøåíèþ ñèñòåìû n íåëèíåéíûõ äèôôåðåíöèàëüíûõ óðàâíåíèé. ÂÀÕ èìååò âèä
ïåòëè ãèñòåðåçèñà (Phys.Rev. B 75,104508, 2007). Íà îáðàòíîé âåòâè ïåòëè ãèñòåðåçèñà,
ïðè ïîäõîäå ê òî÷êå èçëîìà Ib, íàïðÿæåíèå V (I) ðåçêî ñïàäàåò ê íóëþ. Êðîìå òîãî, ïðè
÷èñëåííîì ìîäåëèðîâàíèè â ñëó÷àå íåïåðåîäè÷åñêèõ ãðàíè÷íûõ óñëîâèé â îêðåñòíîñòè
òî÷êè èçëîìà íàáëþäàåòñÿ âåòâëåíèå ÂÀÕ. Èíòåðåñíî èññëåäîâàòü ýòî ÿâëåíèå àíàëèòè-
÷åñêè, ðàçâèâàÿ àñèìïòîòè÷åñêèå ìåòîäû. Áûë ïðåäëîæåí (ÆÂÌ è ÌÔ. 2012, òîì 52, N
11, ñ.2093-2100) ñìåøàííûé ÷èñëåííî-àíàëèòè÷åñêèé àëãîðèòì: ïðÿìàÿ âåòâü ãèñòåðåçèñà
è îáðàòíàÿ âåòâü âû÷èñëÿþòñÿ ïî "àñèìïòîòè÷åñêèì"ôîðìóëàì, íå äîõîäÿ íà ìàëîå ðàñ-
ñòîÿíèå äî Ib. Îñòàâøèåñÿ òî÷êè îïðåäåëÿþòñÿ ÷èñëåííî. Ìåòîä õîðîøî çàðåêîìåíäîâàë
ñåáÿ, â ÷àñòíîñòè ïðè âû÷èñëåíèè âåòâåé ïåòëè ãèñòåðåçèñà. Îáñóæäàåòñÿ ïîïûòêà ïðî-
äîëæèòü àñèìïòîòèêó â îáëàñòü òî÷êè èçëîìà, èñïîëüçóÿ ìåòîä óñðåäíåíèÿ. Êðîìå òîãî
áûëà ñäåëàíà ïîïûòêà óòî÷íèòü "àñèìïòîòè÷åñêèå" ôîðìóëû. Âû÷èñëåíèå V (I) ñâîäèòñÿ
ê ðåøåíèþ èíòåãðàëüíûõ óðàâíåíèé, êîòîðûå ðåøàþòñÿ ìåòîäîì ïðîñòûõ èòåðàöèé, íà-
÷èíàÿ ñ íóëÿ. "Àñèìïòîòè÷åñêèå" ôîðìóëû ÿëÿþòñÿ ðåçóëüòàòîì âòîðîé èòåðàöèè. Ïðè
âûïîëíåíèè òðåòüåé èòåðàöèè ïîÿâëÿþòñÿ èíòåãðàëû I =

∫ t
0 sin(ws+a+d+csin(ws+a))ds,

J =
∫ t
0 sin(ws + a + d + csin(ws + a))exp(−b(t − s))ds. Áûëè ïîñòðîåíû è èñïîëüçîâàëèñü

â ðàñ÷åòàõ àñèìïòîòèêè ýòèõ èíòåãðàëîâ ïðè áîëüøèõ t. Âñå ðàñ÷åòû áûëè ïðîâåäåíû ñ
èñïîëüçîâàíèåì ñèñòåìû REDUCE 3.8 .
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IVC for a stack of n Josephson junctions is de�ned numerically solving a system of n non-
linear di�erential equations. The current voltage characteristic has the shape of a Hysteresis
loop (Phys.Rev. B 75,104508, 2007) . On the back branch of the Hysteresis loop, near the
breakpoint Ib, voltage V (I) decreases to zero rapidly. In addition, in numerical modelling (non-
periodic boundary condition) IVC branching is observed near Ib. It is interesting to study this
phenomenon analytically developing asymptotic methods. A numerical-analytical method was
proposed in Mathematics and Mathematical Physics,2012, Vol.52, No.11, pp. 1590-1596: the
right branch of the hysteresis loop and the back branch (not nearing some �nite distance to Ib)
are calculated using the "asymptotic" formulas. The rest points are calculated numerically. This
method showed good results in particular in IVC branching calculation. We discuss attempt to
prolong asymptotic at the breakpoint region using the average method. We attemped as well
to correct the "asymptotic" formulas. V (I) calculation reduces to solving integral equations
which are solved by simple iterations method starting from zero. The "asymptotic" formulas is
result of the second iteration. In the third iteration implementation following intehrals appear
I =

∫ t
0 sin(ws+a+d+ csin(ws+a))ds, J =

∫ t
0 sin(ws+a+d+ csin(ws+a))exp(−b(t− s))ds.

Asymptotics of these integrals for big t were developed and used in IVC calculations. All
calculations were performed using the REDUCE 3.8 system.
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