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ÑÒ�ÓÊÒÓ�À ÂÈÕ�ÅÂÎÉ �ÅØÅÒÊÈÂ ÀÍÈÇÎÒ�ÎÏÍÛÕ ÑÂÅ�ÕÏ�ÎÂÎÄÍÈÊÀÕÞ. Í. Îâ÷èííèêîâ*Max-Plank-Institute for Physis Complex SystemsD-01187, Dresden, GermanyÈíñòèòóò òåîðåòè÷åñêîé �èçèêè èì. Ë. Ä. Ëàíäàó �îññèéñêîé àêàäåìèè íàóê117940, Ìîñêâà, �îññèÿÏîñòóïèëà â ðåäàêöèþ 21 ñåíòÿáðÿ 2000 ã.Èññëåäîâàíà ñòðóêòóðà âèõðåâîé ðåøåòêè â àíèçîòðîïíûõ ñâåðõïðîâîäíèêàõ ïðè ïðîèçâîëüíîé òåìïåðà-òóðå â ìàãíèòíûõ ïîëÿõ, áëèçêèõ ê êðèòè÷åñêîìó. Â îáùåì ñëó÷àå âîçíèêàåò ðîìáîýäðè÷åñêàÿ ñòðóêòóðàñ óãëîì ïðè âåðøèíå, çàâèñÿùèì îò òåìïåðàòóðû, âåëè÷èíû ìàãíèòíîãî ïîëÿ è ìàòåðèàëüíûõ êîíñòàíò.Âàæíûì �àêòîðîì ÿâëÿåòñÿ ìàëàÿ (2%) ðàçíèöà ñâîáîäíûõ ýíåðãèé òðåóãîëüíîé è êâàäðàòíîé ðåøåòîêâ ñèëüíîì ïîëå â ïðèáëèæåíèè �èíçáóðãà�Ëàíäàó. Ýòîò �àêòîð ñîõðàíÿåòñÿ è â àíèçîòðîïíîì ñëó÷àå.PACS: 74.60.E 1. ÂÂÅÄÅÍÈÅÂ èçîòðîïíûõ ñâåðõïðîâîäíèêàõ âòîðîãî ðîäàïåðåõîä â ñâåðõïðîâîäÿùåå ñîñòîÿíèå â ìàãíèòíîìïîëå ïðîèñõîäèò êàê �àçîâûé ïåðåõîä âòîðîãî ðîäàñ îáðàçîâàíèåì âèõðåâîé ðåøåòêè [1℄. Èç ñèììåò-ðèéíûõ ñîîáðàæåíèé ÿñíî, ÷òî âèõðåâàÿ ðåøåòêàìîæåò áûòü êâàäðàòíîé èëè òðåóãîëüíîé. Îêàçûâà-åòñÿ, ÷òî âáëèçè òåìïåðàòóðû ïåðåõîäà Tc òðåóãîëü-íàÿ ðåøåòêà ñ îäíèì êâàíòîì ïîòîêà â ÿ÷åéêå ñîîò-âåòñòâóåò ìèíèìóìó ñâîáîäíîé ýíåðãèè, à êâàäðàò-íàÿ ÿâëÿåòñÿ ñåäëîâîé òî÷êîé [2℄. Ýòî ñâîéñòâî èçî-òðîïíûõ ñâåðõïðîâîäíèêîâ ñîõðàíÿåòñÿ è ïðè ïðî-èçâîëüíîé òåìïåðàòóðå çà èñêëþ÷åíèåì óçêîé îáëà-ñòè çíà÷åíèé �èçè÷åñêèõ ïàðàìåòðîâ ñâåðõïðîâîä-íèêà, â êîòîðîé ïåðåõîä â ñâåðõïðîâîäÿùåå ñîñòîÿ-íèå ìîæåò áûòü áîëåå ñëîæíûì [3℄.Â ñèëó ÷èñëåííûõ ïðè÷èí ðàçíîñòü ñâîáîäíûõýíåðãèé äëÿ òðåóãîëüíîé è êâàäðàòíîé ðåøåòîêâáëèçè òî÷êè ïåðåõîäà ñîñòàâëÿåò îêîëî 2-õ ïðî-öåíòîâ îò ýíåðãèè ñâåðõïðîâîäÿùåãî ïåðåõîäà [1, 2℄.Ïîýòîìó ïðåäñòàâëÿåò èíòåðåñ èññëåäîâàòü âëèÿíèåàíèçîòðîïèè íà ñòðóêòóðó âèõðåâîé ðåøåòêè, äà-æå åñëè îíà è ìàëà. Î÷åâèäíî, ÷òî â àíèçîòðîïíîìñâåðõïðîâîäíèêå âèõðåâàÿ ðåøåòêà áóäåò ðîìáîýä-*E-mail: ovhin�labs.polynrs-gre.fr; ov�itp.a.ru

ðè÷åñêîé ñ ïàðàìåòðàìè, çàâèñÿùèìè îò òåìïåðà-òóðû è âåëè÷èíû ìàãíèòíîãî ïîëÿ.Íèæå áóäåò íàéäåíà çàâèñèìîñòü ïàðàìåòðîââèõðåâîé ðåøåòêè îò òåìïåðàòóðû è ìàòåðèàëü-íûõ ïàðàìåòðîâ ñâåðõïðîâîäíèêà. Ìû ðàññìîòðèì�èçè÷åñêè íàèáîëåå èíòåðåñíûé ñëó÷àé ¾ãðÿçíîãî¿ñâåðõïðîâîäíèêà è ïîêàæåì, ÷òî äëÿ îïðåäåëåíèÿïàðàìåòðîâ âèõðåâîé ðåøåòêè íåîáõîäèìî ó÷èòû-âàòü ñëåäóþùèå ïî äëèíå ñâîáîäíîãî ïðîáåãà ýëåê-òðîíîâ ÷ëåíû â âûðàæåíèè äëÿ ñâîáîäíîé ýíåðãèè.Â àíèçîòðîïíîì ñâåðõïðîâîäíèêå âêëàä ýòèõ ïîïðà-âî÷íûõ ÷ëåíîâ â óðàâíåíèå äëÿ óãëà ìåæäó âåêòî-ðàìè ýëåìåíòàðíîé ÿ÷åéêè ìîæåò áûòü íå ìàë.2. ÑÈÑÒÅÌÀ Ó�ÀÂÍÅÍÈÉ ÄËß ÔÓÍÊÖÈÉ��ÈÍÀ Â ÀÍÈÇÎÒ�ÎÏÍÎÌÑÂÅ�ÕÏ�ÎÂÎÄÍÈÊÅÂ êâàçèêëàññè÷åñêîì ïðèáëèæåíèè ñèñòåìàóðàâíåíèé äëÿ �óíêöèé �ðèíà â àíèçîòðîïíîìñâåðõïðîâîäíèêå èìååò òîò æå âèä, ÷òî è â èçîòðîï-íîì ñâåðõïðîâîäíèêå [4�6℄:
(

v
∂

∂r

)
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(3)Â óðàâíåíèÿõ (1)�(3) v = ∂εp/∂p � ñêîðîñòü íàïîâåðõíîñòè Ôåðìè, âåëè÷èíà èìïóëüñîâ p,p1 òàê-æå çàâèñèò îò íàïðàâëåíèÿ. �åøåíèå ñèñòåìû óðàâ-íåíèé (1) èùåì â âèäå
Ĝ = Ĝ0 + Ĝ1 + Ĝ2 + Ĝ3 + . . . (4)Â óðàâíåíèè (4) �óíêöèÿ �ðèíà Ĝ0 íå çàâèñèòîò óãëîâ âåêòîðà p, à âåëè÷èíû G1,2,3 íå ñîäåðæàòñðåäíåãî çíà÷åíèÿ è ÿâëÿþòñÿ ïðèáëèæåíèÿìè ñî-îòâåòñòâåííî ïåðâîãî, âòîðîãî è òðåòüåãî ïîðÿäêîâïî äëèíå ñâîáîäíîãî ïðîáåãà ýëåêòðîíîâ. Èç �îðìóë(1)�(4) íàõîäèì
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.Îïåðàòîð D â �îðìóëàõ (5) îïðåäåëÿåòñÿ âåðõ-íåé �îðìóëîé, τ, τ1, τ2, . . . � âðåìåíà ñòîëêíîâåíèéäëÿ íóëåâîé, ïåðâîé, âòîðîé è ò. ä. ãàðìîíèê [3℄.Ïðè èçîòðîïíîì ðàññåÿíèè âñå îíè, êðîìå íóëåâîé,ðàâíû íóëþ. Ñèìâîë { }1,3 îçíà÷àåò ïðîåêòèðîâà-íèå âûðàæåíèÿ â ñêîáêàõ ñîîòâåòñòâåííî íà ïåðâóþè òðåòüþ ãàðìîíèêè. Ïîäñòàâëÿÿ âûðàæåíèå (5) âóðàâíåíèå (1), ïîëó÷àåì çàìêíóòîå óðàâíåíèå òîëü-êî äëÿ �óíêöèè Ĝ0. Êàê îáû÷íî, çàïèøåì �óíêöèþ
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2. (9)Â óðàâíåíèè (9) |λ| � ý��åêòèâíàÿ êîíñòàíòàâçàèìîäåéñòâèÿ. Âåêòîðíûé ïîòåíöèàë A âûáðàí ââèäå
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3. ÑÒ�ÓÊÒÓ�À ÂÈÕ�ÅÂÎÉ �ÅØÅÒÊÈÂÁËÈÇÈ Hc2Â äàëüíåéøåì óäîáíî ïåðåéòè ê ãëàâíûì îñÿìòåíçîðà Dij . Îáîçíà÷èì èõ ÷åðåç a, b, c (ïîêà ïðî-èçâîëüíî). Áóäåì ñ÷èòàòü, ÷òî ìàãíèòíîå ïîëå íà-ïðàâëåíî âäîëü îäíîé èç ãëàâíûõ îñåé è íàçîâåì ååîñüþ c. Çàïèøåì ïàðàìåòð ïîðÿäêà ∆ â âèäå ðÿäàïî ñòåïåíÿì Hc2 −B:
∆ = ∆0 + ∆1 + ∆2 + . . . (12)ãäå ∆1,∆2, . . . îðòîãîíàëüíû ê ∆0.Â ãëàâíîì ïðèáëèæåíèè ïî äëèíå ñâîáîäíîãîïðîáåãà ýëåêòðîíîâ íàõîäèì
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. (13)Ïðåäïîëîæèì, ÷òî ìîäóëü ïàðàìåòðà ïîðÿäêàîáðàçóåò ïåðèîäè÷åñêóþ ðåøåòêó ñ âåêòîðàìè ýëå-ìåíòàðíîé ÿ÷åéêè a1,2:
|∆(r − na1 −ma2)|2 = |∆(r)|2, (14)ãäå n,m � öåëûå ÷èñëà.Âûáåðåì âåêòîðû a1,2 â âèäå

a1 = a(sinϕ, cosϕ), a2 = a(− sinϕ, cosϕ). (15)Ïðåäïîëîæèì, ÷òî â ÿ÷åéêå îäèí êâàíò ïîòîêà.Òîãäà èç óñëîâèÿ ïåðèîäè÷íîñòè (14) íàõîäèì
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(16)Âåêòîðû K1,2 îáðàòíîé ðåøåòêè âûáåðåì â âèäå
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(17)Â ãëàâíîì ïðèáëèæåíèè ïî äëèíå ñâîáîäíîãîïðîáåãà è ïî ïàðàìåòðó (Hc2 − B) ïëîòíîñòü òîêà
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H1 = −4πeν

[ 1

2πT
ψ′

(1

2
+

Γ(T ) + λ̂

2πT

)]

×

×
√

DaDb

(

|∆|2 −
〈

|∆|2
〉)

,ãäå ψ(x) � ïñè-�óíêöèÿ Ýéëåðà.Ñ ó÷åòîì âûðàæåíèÿ (20) ïðèâåäåì �îðìóëó (9)ê âèäó
Fs − FN

V
= ν

{〈

|∆|2
〉[
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(T 0

c

T

)

+

+ ψ
(1

2
+
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)
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〈|∆|2〉2
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+

+
Γ(T ) + λ̂
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2
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Γ(T ) + λ̂
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2
+
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−
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4π
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0
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+
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ν
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+

Γ(T ) + λ̂
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)
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〉
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+
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)

×

× Γijkl

〈1
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+

+
1

8
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∆
)((

∂0
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l
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4
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∂0
−

)
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(

∂0
−

)

j
∆
)((
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+

)

k

(

∂0
+

)

l
∆∗

)〉

. (21)Â �îðìóëå (21) âåëè÷èíà V � îáúåì ñâåðõïðî-âîäíèêà, T 0
c � òåìïåðàòóðà ñâåðõïðîâîäÿùåãî ïå-ðåõîäà â ñâåðõïðîâîäíèêå áåç ïàðàìàãíèòíûõ ïðè-ìåñåé, âåëè÷èíà βA = 〈|∆|4〉/〈|∆|2〉2 � ñòðóêòóðíàÿêîíñòàíòà Àáðèêîñîâà.Äëÿ âû÷èñëåíèÿ ñðåäíèõ âåëè÷èí â �îðìóëå (21)

âîñïîëüçóåìñÿ ñîîòíîøåíèÿìè
(∂0

−)y∆ = i

√

Da

Db
(∂0

−)x∆,

|∆|2 =
∑

N,M

CNM exp{i(NK1 +MK2) · r},
(

(

∂0
−

)

x
∆
)

(

∂0
+

)

x
∆∗ =

=
∑

N,M

C̃NM exp{i(NK1 +MK2) · r},
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(

∂0
−

)2

x
∆
)

(

∂0
+

)2

x
∆∗ =

=
∑

N,M

ANM exp{i(NK1 +MK2) · r}.

(22)
Êîý��èöèåíòû CNM , C̃NM , ANM ìîãóò áûòüíàéäåíû ñ èñïîëüçîâàíèåì (16), à òàêæå ÿâíîãîâûðàæåíèÿ (13) äëÿ ïàðàìåòðà ïîðÿäêà ∆.Â ðåçóëüòàòå íàõîäèì
CNM = 〈|∆0|2〉(−)M(M−N) exp(−πQNM ),

C̃NM = 〈|∆0|2〉(−)M(M−N)eB

√

Db

Da
×

× [1 − 2πQNM ] exp(−πQNM ),

ANM = 〈|∆0|2〉(−)M(M−N)e2B2Db

Da
×

×
{

3 + 8π2

(
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+
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2
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+
Da
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ctg2 ϕ−

− 4π

√
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Db
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2
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√

Db

Da

(

M −N

2

)2

tgϕ

}

,

(23)
ãäå
QNM =

√

Db

Da

(

M −N

2

)2

tgϕ+

+

√

Da

Db

(

M +N

2

)2

ctgϕ. (24)Ñ ó÷åòîì �îðìóë (22), (23) ïðèâåäåì âûðàæåíèå399
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+
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, (25)ãäå
S =

∑

N,M

QNM exp(−2πQNM),

βA =
∑

N,M

exp(−2πQNM ),

S1 =
∑

N,M

{
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exp(−2πQNM ),

S2 = 8π2
∑

N,M

(M2 −N2

4

)2

exp(−2πQNM),

S3 = 2π2
∑

N,M

Q2
NM exp(−2πQNM ),

λ̂cr − λ̂ = e(Hc2 −B)
√

DaDb,

λ̂ = eB
√

DaDb.

(26)
Â �îðìóëå (26) îïóñêàåì ÷ëåíû, äàþùèå ìà-ëóþ ïåðåíîðìèðîâêó êîý��èöèåíòîâ ïðè ñòðóêòóð-íûõ ñóììàõ βA è S. Âñå ñòðóêòóðíûå êîíñòàíòû,

βA, S, S1,2,3, âõîäÿùèå â âûðàæåíèå (25) äëÿ ñâîáîä-íîé ýíåðãèè è îïðåäåëÿþùèå ñòðóêòóðó âèõðåâîé

1.5
00.51.0 �A4S z0.7 0.90.50.3�èñ. 1. Çàâèñèìîñòü �óíêöèé βA, 4S îò ïàðàìåòðà

z =
p

Db/Da tg ϕ

0.2 0.4 0.6 0.8 1.000.40.8 S3
z
S2S1

S
�0:4�èñ. 2. Çàâèñèìîñòü �óíêöèé S1, S2, S3 îò ïàðà-ìåòðà z =

p

Db/Da tg ϕðåøåòêè, çàâèñÿò ëèøü îò îäíîãî ïàðàìåòðà z, ðàâ-íîãî
z =

√

Db

Da
tgϕ. (27)Ïðè ýòîì �óíêöèè βA, S, S2, S3 ïåðåõîäÿò â ñåáÿ ïðèçàìåíå z → 1/z, à �óíêöèÿ S1 ìåíÿåò çíàê ïðè òàêîéçàìåíå. Íà ðèñóíêàõ 1, 2 ïðèâåäåíû çíà÷åíèÿ �óíê-öèé βA, S è S1, S2, S3 â èíòåðâàëå 0.3�1. Èç ñîîá-ðàæåíèé ñèììåòðèè ñëåäóåò, ÷òî äëÿ ñòðóêòóðíûõñóìì βA, S, S3 òî÷êè z = 1, z =

√
3, 1/

√
3 ÿâëÿþò-ñÿ ýêñòðåìàëüíûìè. Â èçîòðîïíîì ñâåðõïðîâîäíè-êå êîý��èöèåíòû ïðè ñóììàõ S1, S2 îáðàùàþòñÿ âíóëü.4. Ó�ÀÂÍÅÍÈß ÄËß ÏÀ�ÀÌÅÒ�ÎÂ 〈|∆|2〉, zÏàðàìåòðû 〈|∆|2〉, z è B ÿâëÿþòñÿ ñâîáîäíûìè ââûðàæåíèè (25) äëÿ ñâîáîäíîé ýíåðãèè. Èõ çíà÷å-íèå îïðåäåëÿåòñÿ èç óñëîâèÿ ýêñòðåìóìà ñâîáîäíîéýíåðãèè (25) ïî ýòèì ïàðàìåòðàì, ò. å.

∂

(

FS − FN

V

)

∂〈|∆|2〉 = 0, (28)400



ÆÝÒÔ, òîì 119, âûï. 2, 2001 Ñòðóêòóðà âèõðåâîé ðåøåòêè. . .
βA 4S S1 S2 S31 1.18034 0.375714 0 0.85416 1.0017061/√3 1.159595 0.3691106 0 0.5281606 1.056321

∂

(

FS − FN

V

)

/∂z = 0,

∂

(

FS − FN

V

)

/∂B = 0.Ïðåäïîëîæèì, ÷òî òåìïåðàòóðà íàñòîëüêî áëèç-êà ê Tc, ÷òî ìîæíî ñîõðàíèòü â óðàâíåíèè (25) òîëü-êî ñòàðøèå ïî 1 − T/Tc ÷ëåíû. Â ýòîì ñëó÷àå âåëè-÷èíà βA äîëæíà áûòü ýêñòðåìàëüíà [1℄, ò. å.
√

Db

Da
tgϕ =

{

1,
√

3, 1/
√

3
}

. (29)Òî÷êà 1 (êâàäðàòíàÿ ðåøåòêà â èçîòðîïíîì ñëó-÷àå) ñîîòâåòñòâóåò ñåäëîâîé òî÷êå (ìàêñèìóì ïî z).Òàêèì îáðàçîì, â ýòîì ïðîñòåéøåì ñëó÷àå ðåàëèçó-åòñÿ ðîìáîýäðè÷åñêàÿ ðåøåòêà ñ óãëîì ϕ, îïðåäåëÿ-åìûì óðàâíåíèåì
√

Db

Da
tgϕ = {

√
3, 1/

√
3 }. (30)Êàê îòìå÷àëîñü âûøå, âî âñåì èíòåðâàëå (29)âåëè÷èíû βA, S ìåíÿþòñÿ î÷åíü ìåäëåííî. Ïî ýòîéïðè÷èíå âî âòîðîì óðàâíåíèè (28) ìîæåò ñòàòü ñó-ùåñòâåííûì ïîïðàâî÷íûé ÷ëåí âûðàæåíèÿ (25) ñâî-áîäíîé ýíåðãèè:
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= 0, (31)ãäå x = 1/2 + (Γ(T ) + λ̂)/2πT .

Ïåðâîå èç óðàâíåíèé (28) íå ñîäåðæèò ÷èñëåí-íîé ìàëîñòè. Ïîýòîìó åãî ìîæíî íàïèñàòü â ãëàâ-íîì ïðèáëèæåíèè ïî äëèíå ñâîáîäíîãî ïðîáåãà. Âðåçóëüòàòå ïîëó÷èì
〈|∆|2〉 = 2πTe(Hc2 −B)

√

DaDbψ
′(x)×

×
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3
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]

−

− 4π(βA − 1)DaDbe
2ν +

λ̂

6T
ψ′′′(x)S

}−1

. (32)Óðàâíåíèÿ (31), (32) îïðåäåëÿþò çíà÷åíèå ïàðà-ìåòðîâ z è 〈|∆|2〉 è òåì ñàìûì çíà÷åíèå ñâîáîäíîéýíåðãèè (25). Ôóíêöèè βA, S èìåþò ìàêñèìóì â òî÷-êå z = 1 è ìèíèìóì â òî÷êàõ z = {1/
√

3,
√

3}. Ôóíê-öèÿ S3 èìååò ìèíèìóì â òî÷êå z = 1 è ìàêñèìóìâ òî÷êàõ z = {1/
√

3,
√

3}. Èç óðàâíåíèé (26) ñëå-äóåò, ÷òî ïðè z → 0 �óíêöèè βA, S, S3 ïðîïîðöè-îíàëüíû z−1/2. Òåì ñàìûì �óíêöèÿ S3 èìååò åùåäâå òî÷êè ìèíèìóìà. Èç óðàâíåíèÿ (25) ñëåäóåò,÷òî â èçîòðîïíîì ñâåðõïðîâîäíèêå ó÷åò ïîïðàâî÷-íûõ ÷ëåíîâ ïî äëèíå ñâîáîäíîãî ïðîáåãà ïðèâîäèòëèøü ê óãëóáëåíèþ ìèíèìóìà, ñîîòâåòñòâóþùåãîòðåóãîëüíîé ðåøåòêå. Â àíèçîòðîïíîì ñâåðõïðîâîä-íèêå òî÷êà z = 1, âîîáùå ãîâîðÿ, íå ÿâëÿåòñÿ ýêñ-òðåìàëüíîé. Ñìåùàþòñÿ ïîëîæåíèÿ âñåõ òðåõ ýêñ-òðåìóìîâ. Ïðè ýòîì ñíèìàåòñÿ âûðîæäåíèå è îäèíèç ìèíèìóìîâ ñòàíîâèòñÿ òîëüêî ëîêàëüíûì ìèíè-ìóìîì. Âîçìîæíî ñóùåñòâîâàíèå áîëåå ÷åì òðåõ ðå-øåíèé óðàâíåíèé (31).Ïðèâåäåì çíà÷åíèå �óíêöèé βA, S, S1, S2, S3 âòî÷êàõ {1, 1/
√

3} (ñì. òàáëèöó).5. ÇÀÊËÞ×ÅÍÈÅÈññëåäîâàíà ñòðóêòóðà âèõðåâîé ðåøåòêè â àíè-çîòðîïíîì ñâåðõïðîâîäíèêå ïðè ïðîèçâîëüíîé òåì-ïåðàòóðå â ìàãíèòíûõ ïîëÿõ, áëèçêèõ ê êðèòè÷å-ñêîìó. Åñëè ìàãíèòíîå ïîëå îðèåíòèðîâàíî âäîëüîäíîé èç ãëàâíûõ îñåé, òî ðåøàþùèì �àêòîðîì ÿâ-ëÿåòñÿ àíèçîòðîïèÿ â ïëîñêîñòè, ïåðïåíäèêóëÿðíîéìàãíèòíîìó ïîëþ. Äàæå ñëàáàÿ àíèçîòðîïèÿ ìîæåò2 ÆÝÒÔ, âûï. 2 401



Þ. Í. Îâ÷èííèêîâ ÆÝÒÔ, òîì 119, âûï. 2, 2001ñóùåñòâåííî èçìåíèòü óãîë â ðîìáîýäðè÷åñêîé ýëå-ìåíòàðíîé ÿ÷åéêå. Ýòîò óãîë ÿâëÿåòñÿ �óíêöèåéòåìïåðàòóðû, ïîëÿ è ìàòåðèàëüíûõ êîíñòàíò. Ïðè-÷èíà ñîñòîèò â òîì, ÷òî â ïðèáëèæåíèè �èíçáóðãà�Ëàíäàó â èçîòðîïíûõ ñâåðõïðîâîäíèêàõ ðàçíèöàñâîáîäíûõ ýíåðãèé êâàäðàòíîé è òðåóãîëüíîé ðåøå-òîê ñîñòàâëÿåò òîëüêî 2% îò ýíåðãèè ñâåðõïðîâîäÿ-ùåãî ïåðåõîäà. Â èçîòðîïíûõ ñâåðõïðîâîäíèêàõ íè-÷åãî ñóùåñòâåííîãî ïðè ïîíèæåíèè òåìïåðàòóðû íåâîçíèêàåò. Â àíèçîòðîïíûõ ñâåðõïðîâîäíèêàõ ñíè-ìàåòñÿ âûðîæäåíèå, ñâÿçàííîå ñ ïðåîáðàçîâàíèåì
z → 1/z, è äâà òîæäåñòâåííûõ ñîñòîÿíèÿ ñòàíîâÿò-ñÿ ðàçëè÷íûìè. Ïðè ýòîì îäíî èç íèõ ñîîòâåòñòâó-åò ëèøü ëîêàëüíîìó ìèíèìóìó, äðóãîå � îñíîâíî-ìó ñîñòîÿíèþ. Ýòè ñîñòîÿíèÿ ðàçäåëåíû áàðüåðîìè ïåðåõîä ìåæäó íèìè ÿâëÿåòñÿ ïåðåõîäîì ïåðâîãîðîäà. Âïîëíå âîçìîæíî, ÷òî èçìåíåíèå ïîëÿ ìîæåòïðèâåñòè ê ïåðåõîäó ìåæäó ýòèìè ñîñòîÿíèÿìè [7℄.Îòìåòèì òàêæå, ÷òî óðàâíåíèå (31) äëÿ óãëà ïðèâåðøèíå ðîìáîýäðè÷åñêîé ñòðóêòóðû ìîæåò èìåòüáîëåå òðåõ ðåøåíèé äàæå â ïîëÿõ áëèçêèõ ê Hc2.Èññëåäîâàíèå ñëàáûõ ïîëåé,H ≪ Hc2, ïðåäñòàâëÿåòáîëüøèå òðóäíîñòè, ïîñêîëüêó â ãëàâíîì ïðèáëèæå-íèè ýíåðãèÿ çàâèñèò ëèøü îò ïëîòíîñòè âèõðåé [2℄. Âýòîé ñâÿçè óïðîùåííûé ïîäõîä ñ íåëîêàëüíûì îáîá-ùåíèåì ëîíäîíîâñêîãî ïðèáëèæåíèÿ [8℄ íàì ïðåä-ñòàâëÿåòñÿ íåäîñòàòî÷íûì. Îí ïðîòèâîðå÷èò ýêñïå-ðèìåíòàëüíûì äàííûì [7, 9℄.
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