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Äîñëiæåíî òðèêóòíèé ñïiíîâèé êëàñòåð. Öÿ ìîäåëü îïèñó¹ ñïiíè â ìîëåêó-
ëÿðíîìó êëàñòåði äèñïðîçiþ. Íà îñíîâi çâ'ÿçêó çàïëóòàíîñòi ñïiíó ç éîãî
ñåðåäíiì çíà÷åííÿì, îòðèìàíèì â ðîáîòi [A. M. Frydryszak, M. I. Samar,
V. M. Tkachuk Eur. Phys. J. D 71, 233, 2017], îá÷èñëþ¹òüñÿ çàïëóòàíiñòü
ñïiíiâ ó òðèêóòíîìó ñïiíîâîìó êëàñòåði.

Êëþ÷îâi ñëîâà: çàïëóòàíiñòü, òðèêóòíèé ñïiíîâèé êëàñòåð

1 Âñòóï

Êâàíòîâà çàïëóòàíiñòü ¹ îäíèì ç íàéöiêàâiøèõ êâàíòîâîìåõàíi÷íèõ ÿâèù. Êiëü-
êiñíå âèìiðþâàííÿ çàïëóòàíîñòi ¹ âàæëèâîþ çàäà÷åþ â êâàíòîâié iíôîðìàöi¨. Ñåðåä
áàãàòüîõ çàñòîñóâàíü, êâàíòîâà çàïëóòàíiñòü øèðîêî âèêîðèñòîâó¹òüñÿ â êâàíòîâié
êðèïòîãðàôi¨ [1], êâàíòîâié òåëåïîðòàöi¨ [2], à òàêîæ ìîæå çàñòîñîâóâàòèñÿ äëÿ îïòè-
ìiçàöi¨ êëàñè÷íèõ îá÷èñëåíü [3].

Ãåîìåòðè÷íà ìiðà çàïëóòàíîñòi âèçíà÷à¹òüñÿ ÿê ìiíiìàëüíà âiäñòàíü ìiæ çàïëó-
òàíèì ñòàíîì i íàéáëèæ÷èì ÷èñòèì íåçàïëóòàíèì ñòàíîì. Öÿ ìiðà çàïëóòàíîñòi áó-
ëà âïåðøå ââåäåíà ó ïðàöi [4]. Âëàñòèâîñòi ãåîìåòðè÷íî¨ ìiðè çàïëóòàíîñòi äëÿ áàãà-
òî÷àñòèíêîâèõ ñèñòåì äîñëiäæóâàëè Âi(Wei) i �îëäáàðò(Goldbart) [5], à òàêîæ Áðî-
äi(Brody) i Õà ñòîí(Hughston) [6]. Âèâ÷åííÿ ãåîìåòðè÷íî¨ ìiðè çàïëóòàíîñòi ïðè-
âåðíóëî áàãàòî óâàãè (äèâ., íàïðèêëàä, [7�13]).

Ïîðÿä iç òåîðåòè÷íèìè äîñëiäæåííÿìè ìiðè çàïëóòàíîñòi âàæëèâèì ¹ ¨¨ åêñïå-
ðèìåíòàëüíå âèìiðþâàííÿ. Ó ïðàöi [14] çíàéäåíî çâ'ÿçîê ãåîìåòðè÷íî¨ ìiðè çàïëó-
òàíîñòi ñïiíó ç éîãî ñåðåäíiì çíà÷åííÿì. Öåé çâ'ÿçîê âiäêðèâà¹ ìîæëèâiñòü ïðÿìîãî
åêñïåðèìåíòàëüíîãî âèìiðþâàííÿ ãåîìåòðè÷íî¨ ìiðè çàïëóòàíîñòi ñïiíó ç äîâiëüíîþ
êâàíòîâîþ ñèñòåìîþ. Ó ñòàòòi ìè äîñëiäæó¹ìî çàïëóòàíiñòü òðèêóòíîãî ñïiíîâîãî
êëàñòåðà íà îñíîâi çâ'ÿçêó çàïëóòàíîñòi ñïiíó ç éîãî ñåðåäíiì çíà÷åííÿì [14].

Ñòàòòÿ ìà¹ òàêó ñòðóêòóðó. Ó äðóãîìó ðîçäiëi ðîçãëÿíåíî ãåîìåòðè÷íó ìiðó çà-
ïëóòàíîñòi òà ¨¨ çâ'ÿçîê ç ñåðåäíiì çíà÷åííÿì ñïiíó. Òðåòié ðîçäië ïðèñâÿ÷åíî òðè-
êóòíîìó ñïiíîâîìó êëàñòåðó. Çíàéäåíî âèðàç äëÿ çàïëóòàíîñòi ñïiíiâ òðèêóòíîãî
ñïiíîâîãî êëàñòåðà. Ó ÷åòâåðòîìó ðîçäiëi ïðåäñòàâëåíî âèñíîâêè.

c© Ãîëüñüêèé Þ. Ç., Ãíàòåíêî Õ. Ï., 2019
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2 Ãåîìåòðè÷íà ìiðà çàïëóòàíîñòi ñïiíó òà éîãî ñåðå-

äí¹ çíà÷åííÿ

Ãåîìåòðè÷íà ìiðà çàïëóòàíîñòi âèçíà÷à¹òüñÿ ÿê ìiíiìàëüíà êâàäðàòè÷íà âiä-
ñòàíü ìiæ çàïëóòàíèì ñòàíîì |ψ〉 i ñóêóïíiñòþ ÷èñòèõ íåçàïëóòàíèõ ñòàíiâ |ψs〉

E(|ψ〉) = min
|ψs〉

(1− |〈ψ|ψs〉|2) = 1−max
|ψs〉
|〈ψ|ψs〉|2, (1)

äå 1− |〈ψ|ψs〉|2 � êâàäðàò âiäñòàíi Ôóáiíi-Ñòóäi.
Ó ðîáîòi [14] ïîêàçàíî, ùî äëÿ îá÷èñëåííÿ ãåîìåòðè÷íî¨ ìiðè çàïëóòàíîñòi ñïiíó

ç äîâiëüíîþ êâàíòîâîþ ñèñòåìîþ íåîáõiäíèì ¹ çíàõîäæåííÿ ñåðåäíüîãî çíà÷åííÿ
öüîãî ñïiíó.

Â çàãàëüíîìó âèïàäêó, ÷èñòèé êâàíòîâèé ñòàí ñïiíó S = 1/2, ÿêèé ìîæå áóòè
çàïëóòàíèì ç äîâiëüíîþ êâàíòîâîþ ñèñòåìîþ â ÷èñòîìó ñòàíi ìà¹ âèãëÿä

|ψ〉 = a|↑〉|φ1〉+ b|↓〉|φ2〉, (2)

òóò êîíñòàíòè a, b � äiéñíi òà äîäàòíi, |φ1〉 òà |φ2〉 äîâiëüíi âåêòîðè ñòàíiâ êâàíòî-
âî¨ ñèñòåìè çàïëóòàíî¨ ç ñïiíîì, ÿêi çàäîâîëüíÿþòü óìîâó íîðìóâàííÿ 〈φ1|φ1〉 =
〈φ2|φ2〉 = 1 òà â çàãàëüíîìó âèïàäêó íå ¹ îðòîãîíàëüíèìè 〈φ1|φ2〉 6= 0. Âèêîðè-
ñòîâóþ÷è ðîçêëàä Øìiäòà, äîâiëüíèé âåêòîð ñòàíó ñïiíó, ÿêèé âçà¹ìîäi¹ ç ïåâíîþ
êâàíòîâîþ ñèñòåìîþ, ìîæå áóòè çàïèñàíèé ÿê

|ψ〉 = λ1|α1〉|φ̃1〉+ λ2|α2〉|φ̃2〉, (3)

äå |α1〉, |α2〉 äâà îðòîãîíàëüíi ñïiíîâi ñòàíè

|α1〉 =
|↑〉+ α|↓〉√
1 + |α|2

, |α2〉 =
α∗|↑〉 − |↓〉√

1 + |α|2
, (4)

|φ̃1〉, |φ̃2〉 � îðòîãîíàëüíi ñòàíè äîâiëüíî¨ êâàíòîâî¨ ñèñòåìè, ÿêà âçà¹ìîäi¹ çi ñïiíîì,
λ1, λ2 � äiéñíi i äîäàòíi êîíñòàíòè, êîåôiöi¹íòè Øìiäòà, ÿêi çàäîâîëüíÿþòü óìîâó
λ21 + λ22 = 1. Ãåîìåòðè÷íà ìiðà çàïëóòàíîñòi ïîâ'ÿçàíà ç çíà÷åííÿìè öèõ êîíñòàíò
λ1, λ2 i âèçíà÷à¹òüñÿ ÿê E(|ψ〉) = 1−max(λ21, λ

2
2) [15].

Ó ðîáîòi [14] ïîêàçàíî, ùî êîåôiöi¹íòè Øìiäòà λ1, λ2 ïîâ'ÿçàíi ç ñåðåäíiì çíà÷å-

ííÿì ñïiíó λ21,2 = 1
2 (1± | 〈σ〉 |), äå | 〈σ〉 | =

√
〈σ〉2. ßê íàñëiäîê, çàïëóòàíiñòü ñïiíó ç

äîâiëüíîþ êâàíòîâîþ ñèñòåìîþ âèçíà÷à¹òüñÿ éîãî ñåðåäíiì çíà÷åííÿì.

E(|ψ〉) = 1

2
(1− | 〈σ〉 |). (5)

Òàê, äëÿ òîãî, ùîá îá÷èñëèòè ìiðó çàïëóòàíîñòi ñïiíó ç äîâiëüíîþ êâàíòîâîþ ñè-
ñòåìîþ ïîòðiáíî ëèøå çíàéòè ñåðåäí¹ çíà÷åííÿ ñïiíó. Íà îñíîâi ðåçóëüòàòó (5) ó
ðîáîòi [16] äîñëiäæåíî çàïëóòàíiñòü ñèñòåìè N ñïiíiâ 1/2 iç âçà¹ìîäi¹þ Içèíãà, êî-
ëè ó ïî÷àòêîâîìó ñòàíi âñi ñïiíè ìàþòü îäíàêîâèé íàïðÿì. Ó íàñòóïíîìó ðîçäiëi
ðåçóëüòàò (5) áóäå âèêîðèñòàíî äëÿ îá÷èñëåííÿ çàïëóòàíîñòi ñïiíiâ òðèêóòíîãî ñïi-
íîâîãî êëàñòåðà äëÿ äîâiëüíîãî ïî÷àòêîâîãî ñòàíó ñèñòåìè.
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3 Çàïëóòàíiñòü ñïiíiâ òðèêóòíîãî ñïiíîâîãî êëàñòå-

ðà

Ðîçãëÿíüìî òðèêóòíèé ñïiíîâèé êëàñòåð, ÿêèé îïèñó¹òüñÿ òàêèì ãàìiëüòîíiàíîì
(äèâ. íàïðèêëàä [17])

HT = −J(σz0σz1 + σz1σ
z
2 + σz2σ

z
0)− h(σz0 + σz1 + σz2), (6)

òóò J, h - êîíñòàíòè, ÿêi âiäïîâiäàþòü çà âåëè÷èíó âçà¹ìîäi¨ òà ìàãíiòíå ïîëå, âiä-
ïîâiäíî (äèâ. ðèñ. 1)

Ðèñ. 1: Òðèêóòíèé ñïiíîâèé êëàñòåð

Çíàéäåìî çàïëóòàíiñòü ñïiíiâ ó òàêié ñèñòåìi. Äëÿ öüîãî âèêîðèñòà¹ìî çâ'ÿçîê çà-
ïëóòàíîñòi iç ñåðåäíiì çíà÷åííÿì ñïiíó (5). Çàóâàæèìî, ùî öÿ ñèñòåìà ¹ îäíi¹þ ç
íàéïðîñòiøèõ åêñïåðèìåíòàëüíèõ ðåàëiçàöié, ÿêà îïèñó¹ ïîâåäiíêó ñïiíiâ â ìîëå-
êóëÿðíîìó òðèêóòíîìó êëàñòåði äèñïðîçiþ (òðèêóòíèé Dy3+ êëàñòåð). Çàóâàæèìî,
ùî iîíè Dy3+ ìîæóòü áóòè ïðåäñòàâëåíi åôåêòèâíèì ñïiíîì 1/2 òà çìîäåëüîâàíi
ãàìiëüòîíiàíîì Içèíãà [18].

Íåõàé ó ïî÷àòêîâèé ìîìåíò ÷àñó õâèëüîâà ôóíêöiÿ ñèñòåìè ¹ ôàêòîðèçîâàíîþ

|ψt=0〉 = |ψ0〉|ψ1〉|ψ2〉, (7)

äå êîæíà ç ôóíêöié

|ψi〉 = ai|↑〉+ bi|↓〉, (8)

òóò ai òà bi � êîìïëåêñíi êîíñòàíòè.
Äëÿ ôóíêöi¨ (8) óìîâà íîðìóâàííÿ ìà¹ âèãëÿä

|a2i |+ |b2i | = 1. (9)

Îòæå, õâèëüîâó ôóíêöiþ ñèñòåìè çàïèøåìî ÿê

|ψt=0〉 = a0a1a2|↑↑↑〉+ a0a1b2|↑↑↓〉+ a0b1a2|↑↓↑〉+ a0b1b2|↑↓↓〉+
+ b0a1a2|↓↑↑〉+ b0a1b2|↓↑↓〉+ b0b1a2|↓↓↑〉+ b0b1b2|↓↓↓〉. (10)
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Çíàéäåìî çìiíó â ÷àñi õâèëüîâî¨ ôóíêöi¨ (10). Âðàõóâàâøè âèãëÿä ãàìiëüòîíiàíó
(6), îïåðàòîð åâîëþöi¨ çàïèøåìî ÿê

Ŝ = exp(− i
~
HT t) = exp(iω(σz0σ

z
1 + σz1σ

z
2 + σz2σ

z
0)t+ iα(σz0 + σz1 + σz2)t). (11)

äå ω = J/~ i α = h/~.
Îòæå, îòðèìà¹ìî

|ψ(t)〉 = a0a1a2e
3i(α+ω)t|↑↑↑〉+ a0a1b2e

i(α−ω)t|↑↑↓〉+
+ a0b1a2e

i(α−ω)t|↑↓↑〉+ a0b1b2e
−i(α+ω)t|↑↓↓〉+

+ b0a1a2e
i(α−ω)t|↓↑↑〉+ b0a1b2e

−i(α+ω)t|↓↑↓〉+
+ b0b1a2e

−i(α+ω)t|↓↓↑〉+ b0b1b2e
3i(ω−α)t|↓↓↓〉. (12)

Îá÷èñëèìî çàïëóòàíiñòü ñïiíó iç iíøèìè ñïiíàìè ñèñòåìè. Ðîçãëÿíüìî çàïëóòà-
íiñòü ñïiíó ç iíäåêñîì 0 iç ïåðøèì òà äðóãèì ñïiíîì ñèñòåìè. Äëÿ öüîãî âiäøóêà¹ìî
ñåðåäí¹ çíà÷åííÿ

〈σ0〉 = 〈ψ(t)|σ0|ψ(t)〉. (13)

Êîìïîíåíòè âåêòîðà (13) ìàþòü âèãëÿä

〈σx0 〉 = α∗0α4

(
e−2i(α+2ω)t +

a0b
∗
0

a∗0b0
e2i(α+2ω)t

)
+

+ α∗3α7

(
e−2i(α−2ω)t +

a0b
∗
0

a∗0b0
e2i(α−2ω)t

)
+

+ (α∗1α5 + α∗2α6)

(
e−2iαt +

a0b
∗
0

a∗0b0
e2iαt

)
, (14)

〈σy0 〉 = − iα∗0α4

(
e−2i(α+2ω)t − a0b

∗
0

a∗0b0
e2i(α+2ω)t

)
−

− iα∗3α7

(
e−2i(α−2ω)t − a0b

∗
0

a∗0b0
e2i(α−2ω)t

)
−

− i(α∗1α5 + α∗2α6)

(
e−2iαt − a0b

∗
0

a∗0b0
e2iαt

)
, (15)

〈σz0〉 = |α0|2 + |α1|2 + |α2|2 + |α3|2 − |α4|2 − |α5|2 − |α6|2 − |α7|2, (16)

äå

α0 = a0a1a2, α1 = a0a1b2, α2 = a0b1a2, α3 = a0b1b2, (17)

α4 = b0a1a2, α5 = b0a1b2, α6 = b0b1a2, α7 = b0b1b2. (18)

Âèðàçè äëÿ 〈σx0 〉, 〈σ
y
0 〉, 〈σz0〉 ìîæíà çàïèñàòè ÷åðåç ñåðåäíi çíà÷åííÿ ñïiíiâ â ïî÷à-
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òêîâîìó ñòàíi (t = 0):

〈σx0 〉 = 〈σx0 〉0

[
cos(2αt) cos(4ωt) 〈σz1〉0 〈σ

z
2〉0 −

1

2
sin(4ωt) sin(2αt)(〈σz1〉0 + 〈σ

z
2〉0)

]
+

+ 〈σy0 〉0

[
sin(2αt) cos(4ωt) 〈σz1〉0 〈σ

z
2〉0 +

1

2
sin(4ωt) cos(2αt)(〈σz1〉0 + 〈σ

z
2〉0)

]
, (19)

〈σy0 〉 = 〈σ
y
0 〉0

[
cos(2αt) cos(4ωt) 〈σz1〉0 〈σ

z
2〉0 −

1

2
sin(4ωt) sin(2αt)(〈σz1〉0 + 〈σ

z
2〉0)

]
−

−〈σx0 〉0

[
sin(2αt) cos(4ωt) 〈σz1〉0 〈σ

z
2〉0 +

1

2
sin(4ωt) cos(2αt)(〈σz1〉0 + 〈σ

z
2〉0)

]
, (20)

〈σz0〉 = 〈σz0〉0 , (21)

äå
〈
σjα
〉
0
= 〈ψt=0|σjα|ψt=0〉.

Âiäïîâiäíî äî (5) îòðèìà¹ìî çàïëóòàíiñòü

E =
1

2
(1− | 〈σ0〉 |) , (22)

äå

| 〈σ0〉 | =
(
〈σz0〉

2
0 +

(
〈σx0 〉

2
0 + 〈σ

y
0 〉

2
0

) [
cos4(2ωt) + sin4(2ωt) 〈σz1〉

2
0 〈σ

z
2〉

2
0 +

+ sin2(2ωt) cos2(2ωt)(〈σz1〉
2
0 + 〈σ

z
2〉

2
0)
]) 1

2

. (23)

Çâåðíiìî óâàãó, ùî çàïëóòàíiñòü ñïiíó ó òðèêóòíîìó ñïiíîâîìó êëàñòåði ç iíøèìè
ñïiíàìè âèçíà÷à¹òüñÿ ñåðåäíiì çíà÷åííÿìè ñïiíiâ ó ïî÷àòêîâîìó ñòàíi

〈
σi0
〉
0
,
〈
σi1
〉
0
,〈

σi2
〉
0
, äå i = (x, y, z), à òàêîæ âåëè÷èíîþ âçà¹ìîäi¨ (íàãàäà¹ìî, ùî ω = J/~). Çâåð-

íiìî òàêîæ óâàãó, ùî çàïëóòàíiñòü íå çàëåæèòü âiä âåëè÷èíè ìàãíiòíîãî ïîëÿ. Öå
ïîâ'ÿçàíî ç òèì, ùî îïåðàòîð åâîëþöi¨ (11) ìîæíà çàïèñàòè ÿê Ŝ = exp(iω(σz0σ

z
1 +

σz1σ
z
2 +σ

z
2σ

z
0)t) exp(iασ

z
0t) exp(iασ

z
1t) exp(iασ

z
2t). Äiÿ ëîêàëüíèõ óíiòàðíèõ îïåðàòîðiâ

exp(iασz0t), exp(iασ
z
1t), exp(iασ

z
2t) íå âïëèâà¹ íà çàïëóòàíiñòü. Çàçíà÷èìî, ùî ðåçóëü-

òàò (22) ó âèïàäêó ïî÷àòêîâîãî ñòàíó (7) ç ai = cos θ2 , bi = sin θ
2 exp(iφ) âiäïîâiäà¹

ðåçóëüòàòó, ïðåäñòàâëåíîìó ó ðîáîòi [16].
Ó âèïàäêó ai = bi = 1/

√
2 çàïëóòàíiñòü íàáóâà¹ íàáàãàòî ïðîñòiøîãî âèãëÿäó

E =
1

2
sin2(2ωt). (24)

Çàçíà÷èìî, ùî ïðè t = 0 çàïëóòàíiñòü E = 0, îñêiëüêè ïî÷àòêîâèé ñòàí ôà-
êòîðèçîâàíèé. Ìàêñèìàëüíå çíà÷åííÿ çàïëóòàíîñòi E = 1/2 îòðèìà¹ìî ïðè t =
π(2n+ 1)/4ω, äå n = 0, 1, 2...

Âèñíîâêè

Ðîçãëÿíóòî òðèñïiíîâó ñèñòåìó, òðèêóòíèé ñïiíîâèé êëàñòåð, ÿêà õàðàêòåðèçó¹-
òüñÿ ãàìiëüòîíiàíîì (6). Öÿ ìîäåëü îïèñó¹ ñïiíè â ìîëåêóëÿðíîìó êëàñòåði äèñïðî-
çiþ.
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Íà îñíîâi çâ'ÿçêó ãåîìåòðè÷íî¨ ìiðè çàïëóòàíîñòi ñïiíó ç éîãî ñåðåäíiì çíà÷å-
ííÿì, ÿêèé âïåðøå áóâ çíàéäåíèé ó ðîáîòi [14], ìè çíàéøëè çàïëóòàíiñòü ñïiíiâ
òðèêóòíîãî ñïiíîâîãî êëàñòåðà (22) ó âèïàäêó äîâiëüíîãî ôàêòîðèçîâàíîãî ïî÷à-
òêîâîãî ñòàíó (7). Ìè ïîêàçàëè, ùî çàïëóòàíiñòü âèçíà÷à¹òüñÿ ñåðåäíiìè çíà÷åí-
íÿìè ñïiíiâ â ïî÷àòêîâîìó ñòàíi (t = 0) òà âåëè÷èíîþ âçà¹ìîäi¨. Òàêîæ çíàéäåíî
âèðàç äëÿ çàïëóòàíîñòi ñïiíiâ òðèêóòíîãî ñïiíîâîãî êëàñòåðà (24) ó êîíêðåòíîìó
âèïàäêó ïî÷àòêîâîãî ñòàíó (7) ç aj = bj = 1/

√
2. Çàçíà÷èìî, ùî îòðèìàíi ðåçóëüòà-

òè ïîâ'ÿçóþòü çàïëóòàíiñòü iç ñïîñòåðåæóâàíèìè âåëè÷èíàìè, à ñàìå � ç ñåðåäíiìè
çíà÷åííÿìè ñïiíiâ.
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Entanglement of spins in triangle spin cluster

Yu. Z. Golskyi, Kh. P. Gnatenko

Ivan Franko National University of Lviv, Department for Theoretical

Physics

12 Drahomanov St., Lviv, 79005, Ukraine

e-mail: golskyi.yurii@gmail.com

Entanglement is a prominent quantum phenomenon. Quanti�cation of
entanglement is important problem in quantum information theory. We study
the geometric measure of entanglement which is de�ned as a minimal squared
distance between an entangled state and separable states and is one of the
widely used measures of entanglement. Recently, the authors of the paper
[A. M. Frydryszak, M. I. Samar, V. M. Tkachuk Eur. Phys. J. D 71, 233, 2017]
showed that the geometric measure of entanglement of a spin with arbitrary
quantum system is related with observable values. Namely, they found relation of
the geometric measure entanglement of a spin with its mean value. This relation
opens possibility to �nd the geometric measure entanglement experimentally. We
apply this result to the case of system of three spins, triangle spin cluster, which
is described by Hamiltonian HT = −J(σz0σz1 + σz1σ

z
2 + σz2σ

z
0)− h(σz0 + σz1 + σz2),

where σzi are Pauli operators for spin i, J , h are constants which describe the
interaction and the magnetic �eld, respectively. It is important to note that this
spin model can be realized in the experiment. It describes spins in molecular
cluster of dysprosium. We calculate geometric measure of entanglement of spins
in the triangle spin cluster on the basis of the relation of the entanglement of
the spin with its mean value. We �nd that the entanglement of a spin in the
triangle spin cluster with other spins is determined by the mean values of spins
in the initial state and the values of interaction J . This result opens possibility
to �nd experimentally the value of entanglement of spins in the triangle spin
cluster by measuring the mean values of spins.

Key words: entanglement, triangle spin cluster
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Çàïóòàííîñòü ñïèíîâ â òðåóãîëüíîì ñïèíîâîì êëàñòåðå

Þ. Ç. Ãîëüñêèé, Õ. Ï. Ãíàòåíêî

Ëüâîâñêèé íàöèîíàëüíûé óíèâåðñèòåò èìåíè Èâàíà Ôðàíêî,
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Èññëåäóåòñÿ òðåóãîëüíûé ñïèíîâûé êëàñòåð. Ýòà ìîäåëü îïèñûâàåò ñïèíû â
ìîëåêóëÿðíîì êëàñòåðå äèñïðîçèÿ. Íà îñíîâàíèè ñâÿçè çàïóòàííîñòè ñïèíà
ç åãî ñðåäíèì çíà÷åíèåì, ïîëó÷åíîãî â ðàáîòå [A. M. Frydryszak, M. I. Samar,
V. M. Tkachuk Eur. Phys. J. D 71, 233, 2017], èñ÷èñëÿåòñÿ çàïóòàííîñòü ñïè-
íîâ â òðåóãîëüíîì ñïèíîâîì êëàñòåðå.

Êëþ÷åâûå ñëîâà: çàïóòàííîñòü, òðåóãîëüíûé ñïèíîâûé êëàñòåð


