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Çàãàëüíà õàðàêòåðèñòèêà ðîáîòè

Îá ðóíòóâàííÿ âèáîðó òåìè äîñëiäæåííÿ. Îñòàííiì ÷àñîì ó ôiçèöi
âèñîêèõ åíåðãié òà àñòðîôiçèöi áóëî çäîáóòî íèçêó åêñïåðèìåíòàëüíèõ ðåçóëü-
òàòiâ, ÿêi ìàþòü ôóíäàìåíòàëüíå çíà÷åííÿ äëÿ ðîçóìiííÿ áóäîâè Âñåñâiòó òà
âçà¹ìîäié ìàòåði¨. Äî íèõ âiäíîñÿòüñÿ âiäêðèòòÿ ìiêðîõâèëüîâîãî êîñìi÷íîãî
ôîíó, áîçîíà Õiããñà, äîâåäåííÿ iñíóâàííÿ ÷îðíèõ äið òà ãðàâiòàöiéíèõ õâèëü.
Öå çàãîñòðèëî ïðîáëåìó ïîáóäîâè òåîði¨ êâàíòîâî¨ ãðàâiòàöi¨, ÿêà íà ñó÷àñíîìó
åòàïi ðîçâèòêó  ðóíòó¹òüñÿ íà òåîði¨ ñóïåðñòðóí. Ó ïðîñòîðàõ àíòè-äå Ñiòòåðà
àêòèâíî äîñëiäæó¹òüñÿ ïîáóäîâà êâàíòîâî¨ òåîði¨ ãðàâiòàöi¨ íà îñíîâi ãiïîòåçè
AdS/CFT âiäïîâiäíîñòi ÿê êîíôîðìíî-iíâàðiàíòíî¨ òåîði¨ òèïó ßíãà-Ìiëëñà àáî
×åðíà-Ñàéìîíñà íà ¨õ ìåæi. Äàíà ãiïîòåçà òà ¨¨ óçàãàëüíåííÿ âêàçóþòü ìîæëè-
âèé øëÿõ äî îá'¹äíàííÿ Çàãàëüíî¨ òåîði¨ âiäíîñíîñòi òà Ñòàíäàðòíî¨ ìîäåëi, ó
ÿêié ôåðìiîííi ïîëÿ âiäiãðàþòü ôóíäàìåíòàëüíó ðîëü.

Ñåðéîçíîþ ïåðåøêîäîþ íà öüîìó øëÿõó ¹ ïðîáëåìà ïîÿñíåííÿ ïðèðîäè òåì-
íî¨ ìàòåði¨. Íàéáiëüø ðîçðîáëåíi ñöåíàði¨ ¨¨ îïèñó âèõîäÿòü iç òîãî, ùî âîíà
ñêëàäà¹òüñÿ ç ôåðìiîíiâ òàêèõ ÿê íåéòðèíî, íåéòðàëiíî àáî áiëüø ñêëàäíèõ
ôåðìiîííèõ êîìïîíåíòiâ ñóïåðìóëüòèïëåòiâ òåîði¨ ñóïåðñòðóí àáî ñóïåðãðàâi-
òàöi¨.

Ó öüîìó çâ'ÿçêó îñîáëèâó óâàãó ïðèâåðòàþòü òåîðåòèêî-ïîëüîâi ïiäõîäè, ÿêi
äàþòü ìîæëèâiñòü ñïiëüíîãî îïèñó áîçîíiâ òà ôåðìiîíiâ ó âèêðèâëåíèõ ïðîñòî-
ðàõ. Íà äîäàòîê äî òåîði¨ ñòðóí òà ñóïåðãðàâiòàöi¨ òàêèì ïiäõîäîì ¹ òâiñòîðíà
ïðîãðàìà Ð. Ïåíðîóçà, ÿêà ïðîïîíó¹ ¹äèíó ìàòåìàòè÷íó îñíîâó äëÿ îïèñó ïî-
ëüîâèõ òåîðié ó ïëàñêèõ i âèêðèâëåíèõ ïðîñòîðàõ òà ñóìiñíà ç òåîði¹þ ãðàâiòàöi¨
Åéíøòåéíà.

Òîìó çàñòîñóâàííÿ òåîði¨ òâiñòîðiâ ó òåîðiÿõ ñóïåðñòðóí òà ñóïåðãðàâiòàöi¨
¹ âàæëèâèì íàïðÿìîì, ÿêèé íà îñíîâi îá'¹äíàííÿ ìàòåìàòè÷íèõ òà òåîðôiçè-
÷íèõ ïðèíöèïiâ ìîæå ïðèâåñòè äî ïðîãðåñó ó ðîçâ'ÿçàííi ïðîáëåìè ïîáóäîâè
êâàíòîâî¨ òåîði¨ ãðàâiòàöi¨ ç âêëþ÷åííÿì òåìíî¨ ìàòåði¨.

Çâ'ÿçîê ðîáîòè ç íàóêîâèìè ïðîãðàìàìè i òåìàìè. Ðåçóëüòàòè, ïðåä-
ñòàâëåíi â äèñåðòàöi¨, áóëè çäîáóòi ïiä ÷àñ âèêîíàííÿ íàñòóïíèõ òåì áàçîâîãî
ôiíàíñóâàííÿ âiääiëó ñòàòèñòè÷íî¨ ôiçèêè òà êâàíòîâî¨ òåîði¨ ïîëÿ Iíñòèòóòó
òåîðåòè÷íî¨ ôiçèêè iì. Î.I. Àõi¹çåðà ÍÍÖ ÕÔÒI ÍÀÍ Óêðà¨íè:

- ¾Òåîðåòè÷íi äîñëiäæåííÿ çi ñòàòèñòè÷íî¨ ôiçèêè êîíäåíñîâàíèõ ñåðåäîâèù
çi ñïîíòàííî ïîðóøåíîþ ñèìåòði¹þ òà ãàçîïîäiáíèõ ñèñòåì i òåîðåòèêî-ãðóïîâèõ
ìåòîäiâ ó òåîði¨ ïîëÿ¿, 2006-2010 ðð., íîìåð äåðæàâíî¨ ðå¹ñòðàöi¨ â ÓêðIÍÒÅI
080906UP0010;

- ¾Ðîçâèòîê ìåòîäiâ ñòàòèñòè÷íî¨ ôiçèêè òà êâàíòîâî¨ òåîði¨ ïîëÿ äëÿ äî-
ñëiäæåííÿ ïðîáëåì êîíäåíñîâàíèõ i ãàçîïîäiáíèõ ñåðåäîâèù òà äèíàìiêè ïîëiâ
i ñóïåðñèìåòðè÷íèõ ïîäîâæåíèõ îá'¹êòiâ¿, 2011-2015 ðð., íîìåð äåðæàâíî¨ ðå¹-
ñòðàöi¨ â ÓêðIÍÒÅI 0111U009549;

- ¾Äîñëiäæåííÿ êëàñè÷íèõ i êâàíòîâèõ ñèìåòðié ó òåîðåòèêî-ïîëüîâèõ òà
ñòðóííèõ ìîäåëÿõ òà ïðîáëåì ñòàòèñòè÷íî¨ ìåõàíiêè êîíäåíñîâàíèõ ñåðåäî-



2

âèù¿, 2016-2020 ðð., íîìåð äåðæàâíî¨ ðå¹ñòðàöi¨ â ÓêðIÍÒÅI 0116U007065;
- ¾Ðîçâèòîê ìåòîäiâ ñòàòèñòè÷íî¨ ôiçèêè òà êâàíòîâî¨ òåîði¨ ïîëÿ äëÿ äî-

ñëiäæåííÿ ïðîáëåì ôiçèêè êâàíòîâèõ ñèñòåì áàãàòüîõ ÷àñòèíîê òà iíäóêîâàíî¨
ãðàâiòàöi¨ é êàëiáðóâàëüíèõ ïîëiâ ó òåîði¨ (ñóïåð)ñòðóí i áðàí¿, 2021-2025 ðð.,
íîìåð äåðæàâíî¨ ðå¹ñòðàöi¨ â ÓêðIÍÒÅI 0121U108722.

Ìåòà òà çàâäàííÿ äîñëiäæåííÿ. Ìåòîþ äèñåðòàöi¨ ¹ ðîçâèòîê ñóïåðñè-
ìåòðè÷íî¨ òåîði¨ ðåëÿòèâiñòñüêèõ ñïiíîâèõ ÷àñòèíîê òà ñòðóí ó âèêðèâëåíèõ òà
òâiñòîðíèõ ïðîñòîðàõ, âèâ÷åííÿ ¨õ êëàñè÷íèõ i êâàíòîâèõ ñèìåòðié íà îñíîâi
òåîðåòèêî-ãðóïîâèõ i ãåîìåòðè÷íèõ ïiäõîäiâ êâàíòîâî¨ òåîði¨ ïîëÿ. Çàäà÷i äî-
ñëiäæåííÿ ïîëÿãàëè ó âèâ÷åííi ñòðóêòóðè öèõ ñèìåòðié òà ¨¨ çàëåæíîñòi âiä
ãåîìåòði¨ ïðîñòîðó, ñïiíîâèõ ñòóïåíiâ ñâîáîäè, õàðàêòåðó âçà¹ìîäi¨ iç çîâíiøíi-
ìè ïîëÿìè. Äëÿ ðîçâ'ÿçàííÿ ïîñòàâëåíèõ çàäà÷ áóëè ïîáóäîâàíi íîâi ìîäåëi
÷àñòèíîê i ñòðóí â óçàãàëüíåíèõ ïðîñòîðàõ, à òàêîæ ðîçøèðåíî âiäîìi ìîäåëi
íà âèïàäîê âèêðèâëåíèõ òà òâiñòîðíèõ ñóïåðïðîñòîðiâ ó ðiçíèõ äèíàìi÷íèõ ðå-
æèìàõ. Ó öèõ ìîäåëÿõ áóëè äîñëiäæåíi óìîâè êëàñè÷íî¨ iíòå ðîâíîñòi çäîáóòèõ
íåëiíiéíèõ ðiâíÿíü òà ìîæëèâîñòi ¨õ çâåäåííÿ äî ëiíiéíèõ ðiâíÿíü. Ðîçãëÿäà-
ëàñü òàêîæ çàäà÷à êâàíòóâàííÿ ïîáóäîâàíèõ ìîäåëåé.

Ðîçãîðíóòèé ïåðåëiê çàâäàíü, ÿêi ðîçâ'ÿçóþòüñÿ ó äèñåðòàöiéíié ðîáîòi, íà-
âåäåíî íèæ÷å.

1. Âèâ÷èòè íåëiíiéíó ðåàëiçàöiþ ãðóïè ñèìåòði¨ äâîâèìiðíî¨ OSp(4|6)/
(SO(1, 3) × U(3)) σ-ìîäåëi ó êîíôîðìíié ïàðàìåòðèçàöi¨, ÿêà âiäïîâiäà¹ ãåíå-
ðàòîðàì D = 3 N = 6 ñóïåðêîíôîðìíî¨ àëãåáðè. Äîñëiäèòè ãëîáàëüíó ñóïåð-
êîíôîðìíó ñèìåòðiþ σ-ìîäåëi.

2. Äëÿ äàíî¨ σ-ìîäåëi äîâåñòè ëiíiéíó çàëåæíiñòü ðiâíÿíü äëÿ ôåðìiîííèõ
ïîëiâ, ñôîðìóëüîâàíèõ ç âèêîðèñòàííÿì ôîðì Êàðòàíà, òà çäîáóòè ãóñòèíè
âiäïîâiäíèõ íüîòåðîâèõ ñòðóìiâ ÿê â òåðìiíàõ öèõ ôîðì, òàê i ïàðàìåòðiâ ñó-
ïåðêîíôîðìíî¨ àëãåáðè.

3. Çäîáóòè ëàãðàíæiàí òà ãàìiëüòîíiàí ñóïåðñòðóíè â AdS4 × CP3 ñóïåð-
áåêãðàóíäi ó êàëiáðóâàííi ñâiòëîâîãî êîíóñà äëÿ ëîêàëüíèõ ñèìåòðié äi¨, ÿêèé
óòâîðåíî íóëü-ãåîäåçè÷íèìè íà êîíôîðìíié ìåæi ÷îòèðèâèìiðíîãî ïðîñòîðó
àíòè-äå Ñiòòåðà AdS4 â êîîðäèíàòàõ Ïóàíêàðå.

4. Äëÿ ñóïåðñòðóíè ó AdS4 × CP3 ñóïåðáåêãðàóíäi ðîçãëÿíóòè ìîæëèâiñòü
÷àñòêîâîãî çàêðiïëåííÿ êàëiáðóâàííÿ κ-ñèìåòði¨, â ÿêîìó çàëèøàþòüñÿ äâi ç âî-
ñüìè êîîðäèíàò ó ñåêòîði ñóïåðñèìåòðié, ïîðóøåíèõ äàíèì áåêãðàóíäîì. Ïðåä-
ñòàâèòè ðiâíÿííÿ ñóïåðñòðóíè ó öüîìó êàëiáðóâàííi ó âèãëÿäi óìîâè íóëüîâî¨
êðèâèçíè äëÿ ëèñòêîâî¨ 1-ôîðìè. Ïðîàíàëiçóâàòè óìîâó Êàëóöè-Êëåéíà.

5. Äîâåñòè êëàñè÷íó iíòå ðîâíiñòü ðiâíÿíü áåçìàñîâî¨ ñóïåð÷àñòèíêè â
OSp(4|6)/(SO(1, 3) × U(3)) ñóïåðñèìåòðè÷íîìó ôàêòîð-ïðîñòîði. Âñòàíîâèòè
ñïiââiäíîøåííÿ ìiæ êîìïîíåíòàìè ïàðè Ëàêñà ñóïåð÷àñòèíêè òà çâ'ÿçíiñòþ Ëà-
êñà âiäïîâiäíî¨ äâîâèìiðíî¨ σ-ìîäåëi. Äîâåñòè iíòå ðîâíiñòü ðiâíÿíü áåçìàñîâî¨
ñóïåð÷àñòèíêè òà D0-áðàíè â AdS4 × CP3 ñóïåðïðîñòîði.

6. Çäîáóòè ñóïåðòâiñòîðíi ôîðìóëþâàííÿ ìîäåëåé ñòðóí iíâàðiàíòíèõ âiäíî-
ñíî ïðîñòîðîâî-÷àñîâî¨ ñóïåðñèìåòði¨ ó ðîçìiðíîñòÿõ D = 4, 6, 10. Çäîáóòè â'ÿçi
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íà êîìïîíåíòè OSp(8∗|2) òà OSp(32|1) ñóïåðòâiñòîðiâ, ÿêi çàáåçïå÷óþòü ¨õ âiä-
ïîâiäíiñòü êîîðäèíàòàì N = 1 ñóïåðïðîñòîðiâ Ìiíêîâñüêîãî ó ðîçìiðíîñòÿõ
D = 6 òà D = 10. Çäîáóòè ðåäóêîâàíi ñóïåðòâiñòîðíi ìîäåëi òà ïðîàíàëiçóâàòè
ìîäåëü, ÿêà âiäïîâiäà¹ D = 4 N = 2 ñóïåðñòðóíi, ÿê ãàìiëüòîíîâó ñèñòåìó ç
â'ÿçÿìè.

7. Ïðîâåñòè àíàëiç ìîäåëi D = 10 N = 1 ñóïåðñòðóíè ó çäîáóòîìó ñóïåðòâi-
ñòîðíîìó ôîðìóëþâàííi ÿê ãàìiëüòîíîâî¨ ñèñòåìè ç â'ÿçÿìè.

8. Âèâ÷èòè ðåàëiçàöi¨ íåñêií÷åííîâèìiðíèõ êëàñè÷íèõ ñóïåðêîíôîðìíèõ ñè-
ìåòðié ó ìîäåëi òâiñòîðíî¨ ñòðóíè Áåðêîâiöà òà ¨¨ óçàãàëüíåííi äëÿ âiëüíèõ
SL(4|4,R) ñóïåðòâiñòîðiâ. Äîñëiäèòè âiäïîâiäíi êâàíòîâi ñèìåòði¨.

9. Ðîçðîáèòè ëîðåíö-ãàðìîíi÷íå iíòå ðàëüíå ïðåäñòàâëåííÿ äëÿ âiëüíèõ áåç-
ìàñîâèõ ñèìåòðè÷íèõ ñïiíîðíèõ ïîëiâ ó ïðîñòîði Ìiíêîâñüêîãî ðîçìiðíîñòi
D = 5.

10. Ðîçðîáèòè îïèñ â àìáiòâiñòîðíîìó ïðîñòîði áåçìàñîâèõ óíiòàðíèõ íåçâi-
äíèõ ïðåäñòàâëåíü su(2, 2) ç äîäàòíîþ åíåðãi¹þ. Âñòàíîâèòè ñïiââiäíîøåííÿ
ìiæ àìáiòâiñòîðíèì òà âiäîìèì îñöèëÿòîðíèì îïèñàìè öèõ ïðåäñòàâëåíü.

11. Çäîáóòè 4-òâiñòîðíå ôîðìóëþâàííÿ ìîäåëi ìàñèâíî¨ ÷àñòèíêè ó ï'ÿòè-
âèìiðíîìó ïðîñòîði àíòè-äå Ñiòòåðà, âñòàíîâèòè éîãî çâ'ÿçîê ç ðàíiøå âiäîìèì
2-òâiñòîðíèì ôîðìóëþâàííÿì òà ïðîâåñòè ¨¨ êâàíòóâàííÿ â òåðìiíàõ àìáiòâi-
ñòîðiâ.

12. Âñòàíîâèòè çâ'ÿçîê ìiæ çìiííèìè, ÿêi âõîäÿòü äî ñóïåðïðîñòîðîâîãî òà
ñóïåðòâiñòîðíèõ ôîðìóëþâàíü ìîäåëi áåçìàñîâî¨ ñóïåð÷àñòèíêè â AdS5 × S5

ñóïåðáåêãðàóíäi, à òàêîæ ìiæ öèìè ôîðìóëþâàííÿìè. Ïðîâåñòè êâàíòóâàííÿ
çà Äiðàêîì äàíî¨ ìîäåëi ó 4-ñóïåðòâiñòîðíîìó ôîðìóëþâàííi.

13. Çäîáóòè ôîðìóëþâàííÿ ìîäåëi áåçìàñîâî¨ ñïiíîâî¨ ÷àñòèíêè ó D-
âèìiðíîìó ïðîñòîði àíòè-äå Ñiòòåðà, ðåàëiçîâàíîìó ÿê äiéñíèé ïðî¹êòèâíèé
áàãàòîâèä. Óçàãàëüíèòè ìîäåëü íà âèïàäîê âçà¹ìîäi¨ ç ôîíîâèìè åëåêòðîìà-
ãíiòíèì òà àáåëåâèìè àíòèñèìåòðè÷íèìè êàëiáðóâàëüíèìè ïîëÿìè i ïðîâåñòè
¨¨ êâàíòóâàííÿ çà Äiðàêîì.

14. Ïîáóäóâàòè ìîäåëü çàìêíåíî¨ áåçíàòÿãîâî¨ ñïiíîâî¨ ñòðóíè ó D-
âèìiðíîìó ïðîñòîði àíòè-äå Ñiòòåðà ó çàçíà÷åíié ðåàëiçàöi¨. Ïîáóäóâàòè ÁÐÑÒ
ãåíåðàòîð ñòðóíè òà äîñëiäèòè éîãî êâàíòîâi àíîìàëi¨.

Îá'¹êò äîñëiäæåíü. Êëàñè÷íèé i êâàíòîâèé îïèñ âçà¹ìîäiþ÷èõ áîçîíiâ i
ôåðìiîíiâ ÿê ðåëÿòèâiñòñüêèõ òî÷êîâèõ òà ïðîòÿæíèõ îá'¹êòiâ ó ñóïåðñèìåòðè-
÷íèõ ïîëüîâèõ òà ñòðóííèõ òåîðiÿõ.

Ïðåäìåò äîñëiäæåíü. Cóïåðñèìåòðè÷íi ìîäåëi ðåëÿòèâiñòñüêèõ ÷àñòèíîê
i ñòðóí ó âèêðèâëåíèõ i òâiñòîðíèõ ïðîñòîðàõ, ¨x ëàãðàíæåâi òà ãàìiëüòîíîâi
ôîðìóëþâàííÿ i ñèìåòði¨.

Ìåòîäè äîñëiäæåíü. Äëÿ äîñëiäæåííÿ ñóïåðñèìåòðè÷íèõ ìîäåëåé ðåëÿ-
òèâiñòñüêèõ ÷àñòèíîê i ñòðóí âèêîðèñòîâóþòüñÿ ëàãðàíæiâ òà ãàìiëüòîíiâ ôîð-
ìàëiçìè. Îñêiëüêè äîñëiäæóâàíi ìîäåëi ¹ äèíàìi÷íèìè ñèñòåìàìè ç â'ÿçÿìè,
äëÿ ¨õ ãàìiëüòîíîâîãî îïèñó i êâàíòóâàííÿ çàñòîñîâóþòüñÿ ìåòîä Äiðàêà òà ìå-
òîä ÁÐÑÒ êâàíòóâàííÿ. Äëÿ îïèñó ¨õ êëàñè÷íî¨ äèíàìiêè òà êâàíòîâèõ ñòàíiâ
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òàêîæ âèêîðèñòîâóþòüñÿ âiäîìi ãåîìåòðè÷íi òà òåîðåòèêî-ãðóïîâi ìåòîäè, òàêi
ÿê ìåòîä îðòîíîðìîâàíîãî ðåïåðà Å. Êàðòàíà, ìåòîä îñöèëÿòîðíî¨ ðåàëiçàöi¨
óíiòàðíèõ íåçâiäíèõ ïðåäñòàâëåíü íåêîìïàêòíèõ àëãåáð òà ìåòîäè òåîði¨ òâi-
ñòîðiâ Ð. Ïåíðîóçà.

Íàóêîâà íîâèçíà îòðèìàíèõ ðåçóëüòàòiâ. Ó äèñåðòàöi¨ çàïðîïîíîâà-
íi òà äîñëiäæåíi íîâi ñóïåðñèìåòðè÷íi ìîäåëi ðåëÿòèâiñòñüêèõ îá'¹êòiâ òà íîâi
ôîðìóëþâàííÿ âiäîìèõ ìîäåëåé òî÷êîâèõ ÷àñòèíîê, áåçíàòÿãîâèõ ñòðóí i ñòðóí
ç íåíóëüîâèì íàòÿãîì ÿê ó ïðîñòîði-÷àñi, òàê i ó òâiñòîðíèõ ïðîñòîðàõ. Òàêîæ ó
äèñåðòàöi¨ çäîáóòî íîâi ðåçóëüòàòè ïðè äîñëiäæåííi âiäîìèõ ôîðìóëþâàíü ñó-
ïåðñèìåòðè÷íèõ ìîäåëåé ÷àñòèíîê i ñòðóí. Áiëüø äåòàëüíî íîâèçíó ðåçóëüòàòiâ,
ïðåäñòàâëåíèõ ó äèñåðòàöiéíié ðîáîòi, ðîçêðèâàþòü íàâåäåíi íèæ÷å òâåðäæåí-
íÿ.

1. Âèâåäåíî íîâå ôîðìóëþâàííÿ OSp(4|6)/(SO(1, 3)×U(3)) σ-ìîäåëi â òåð-
ìiíàõ 1-ôîðì Êàðòàíà, àñîöiéîâàíèõ ç ãåíåðàòîðàìè D = 3 N = 6 ñóïåðêîí-
ôîðìíî¨ àëãåáðè. Çäîáóòî ÿâíèé âèðàç äëÿ ëàãðàíæiàíà σ-ìîäåëi â òåðìiíàõ
êîîðäèíàò, ÿêi âiäïîâiäàþòü ãåíåðàòîðàì öi¹¨ ñóïåðàëãåáðè. Äîâåäåíî, ùî ôåð-
ìiîííi ðiâíÿííÿ σ-ìîäåëi ¹ ëiíiéíî çàëåæíèìè, ùî ïåðåäáà÷à¹ iíâàðiàíòíiñòü ¨¨
äi¨ âiäíîñíî êàëiáðóâàëüíî¨ κ-ñèìåòði¨.

2. Çäîáóòî âèðàçè äëÿ ãóñòèí íüîòåðîâèõ ñòðóìiâ, ïîâ'ÿçàíèõ ç iíâàðiàíòíi-
ñòþ äi¨ OSp(4|6)/(SO(1, 3)× U(3)) σ-ìîäåëi âiäíîñíî ãëîáàëüíî¨ D = 3 N = 6
ñóïåðêîíôîðìíî¨ ñèìåòði¨.

3. Äëÿ ëîêàëüíèõ ñèìåòðié äi¨ ñóïåðñòðóíè â AdS4 × CP3 ñóïåðïðîñòîði
çàïðîïîíîâàíi íîâi êàëiáðóâàëüíi óìîâè ñâiòëîâîãî êîíóñà, ÿêèé óòâîðåíî íóëü-
ãåîäåçè÷íèìè íà êîíôîðìíié ìåæi ÷îòèðèâèìiðíîãî ïðîñòîðó àíòè-äå Ñiòòåðà
AdS4 ó êîíôîðìíî-ïëàñêié ïàðàìåòðèçàöi¨. Çäîáóòi ëàãðàíæiàí òà ãàìiëüòîíiàí
ñóïåðñòðóíè ó öüîìó êàëiáðóâàííi â òåðìiíàõ ñóïåðïðîñòîðîâèõ êîîðäèíàò.

4. Â ìîäåëi AdS4×CP3 ñóïåðñòðóíè ââåäåíî íîâó êàëiáðóâàëüíó óìîâó äëÿ
κ-ñèìåòði¨, ÿêà âèêëþ÷à¹ 6 ç âîñüìè êîîðäèíàò äëÿ ñóïåðñèìåòðié, ïîðóøåíèõ
äàíèì ñóïåðáåêãðàóíäîì. Ðiâíÿííÿ ñóïåðñòðóíè â äàíîìó ÷àñòêîâîìó êàëiáðó-
âàííi ïðåäñòàâëåíî ó âèãëÿäi óìîâè íóëüîâî¨ êðèâèçíè äëÿ ëèñòêîâî¨ 1-ôîðìè,
ÿêà ðîçøèðþ¹ çâ'ÿçíiñòü Ëàêñà OSp(4|6)/(SO(1, 3) × U(3)) σ-ìîäåëi âíåñêàìè
êîîðäèíàò äëÿ ïîðóøåíèõ ñóïåðñèìåòðié.

5. Äîâåäåíî êëàñè÷íó iíòå ðîâíiñòü ðiâíÿíü áåçìàñîâî¨ ñóïåð÷àñòèí-
êè òà D0-áðàíè â AdS4 × CP3 ñóïåðïðîñòîði. Âñòàíîâëåíî âiäïîâiäíiñòü
ìiæ iíòå ðîâíèìè ñòðóêòóðàìè áåçìàñîâî¨ ñóïåð÷àñòèíêè òà σ-ìîäåëi â
OSp(4|6)/(SO(1, 3)× U(3)) ñèìåòðè÷íîìó ñóïåðïðîñòîði.

6. Çàïðîïîíîâàíi íîâi ñóïåðòâiñòîðíi ôîðìóëþâàííÿ ñóïåðñòðóí ó ðîçìið-
íîñòÿõ D = 4, 6, 10. Ââåäåíi ðåäóêîâàíi ñóïåðòâiñòîðíi ìîäåëi, ÿêi âiäïîâiäàþòü
N = 1, 2 ñóïåðñòðóíàì ó öèõ ðîçìiðíîñòÿõ òà óçàãàëüíþþòü (ñóïåð)òâiñòîðíi
ôîðìóëþâàííÿ áåçìàñîâèõ (ñóïåð)÷àñòèíîê òà íóëü-(ñóïåð)ñòðóí.

7. D = 10 N = 1 ñóïåðñòðóíó ó çàïðîïîíîâàíîìó ñóïåðòâiñòîðíîìó ôîð-
ìóëþâàííi ïðîàíàëiçîâàíî ÿê ãàìiëüòîíîâó ñèñòåìó ç â'ÿçÿìè. Çäîáóòî íàáîðè
â'ÿçåé ïåðøîãî ðîäó i äðóãîãî ðîäó, äëÿ ÿêèõ ïîáóäîâàíi äóæêè Äiðàêà. Äîñëi-
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äæåíî àëãåáðó â'ÿçåé ïåðøîãî ðîäó íà äóæêàõ Äiðàêà.
8. Âèÿâëåíi êëàñè÷íi íåñêií÷åííîâèìiðíi ãëîáàëüíi ñèìåòði¨ ëàãðàíæiàíiâ

ëiâî- i ïðàâî-áiæíèõ ïîëiâ âiëüíèõ PSL(4|4,R) ñóïåðòâiñòîðiâ ó ìîäåëi òâiñòîð-
íî¨ ñòðóíè Áåðêîâiöà òà ¨¨ ðîçøèðåííi, â ÿêîìó âiäñóòíÿGL(1,R) êàëiáðóâàëüíà
ñèìåòðiÿ. Äîâåäåíî, ùî öi ñèìåòði¨ ïîðóøóþòüñÿ ó êâàíòîâié òåîði¨.

9. Çàïðîïîíîâàíî ëîðåíö-ãàðìîíi÷íå iíòå ðàëüíå ïðåäñòàâëåííÿ äëÿ ñèìå-
òðè÷íèõ ñïiíîðíèõ ïîëiâ ó ï'ÿòèâèìiðíîìó ïðîñòîði Ìiíêîâñüêîãî, ÿêi çàäî-
âîëüíÿþòü ðiâíÿííÿ òèïó Äiðàêà äëÿ âiëüíèõ áåçìàñîâèõ ïîëiâ.

10. Çíàéäåíî ðåàëiçàöiþ â àìáiòâiñòîðíîìó ïðîñòîði áåçìàñîâèõ óíiòàðíèõ
íåçâiäíèõ ïðåäñòàâëåíü su(2, 2) ç äîäàòíîþ åíåðãi¹þ. Âñòàíîâëåíî âiäïîâiäíiñòü
ìiæ âiäîìîþ îñöèëÿòîðíîþ òà àìáiòâiñòîðíîþ ðåàëiçàöiÿìè öèõ ïðåäñòàâëåíü.

11. Çàïðîïîíîâàíî 4-òâiñòîðíå ôîðìóëþâàííÿ ìîäåëi ìàñèâíî¨ ÷àñòèíêè ó
ï'ÿòèâèìiðíîìó ïðîñòîði àíòè-äå Ñiòòåðà òà âñòàíîâëåíî éîãî çâ'ÿçîê ç âiäî-
ìèì 2-òâiñòîðíèì ôîðìóëþâàííÿì. Çäîáóòî íîâå àìáiòâiñòîðíå ïðåäñòàâëåííÿ
õâèëüîâî¨ ôóíêöi¨ ÷àñòèíêè.

12. Âñòàíîâëåíî çâ'ÿçîê ìiæ êîìïîíåíòàìè psu(2, 2|4) ñóïåðòâiñòîðiâ òà åëå-
ìåíòàìè ñóïåðìàòðèöi, ïàðàìåòðèçîâàíî¨ êîîðäèíàòàìè AdS5 × S5 ñóïåðïðî-
ñòîðó, é ìiæ ñóïåðïðîñòîðîâèì i ñóïåðòâiñòîðíèìè ôîðìóëþâàííÿìè ìîäåëi
áåçìàñîâî¨ ñóïåð÷àñòèíêè ó öüîìó ñóïåðïðîñòîði. Ïðîâåäåíî ¨¨ êâàíòóâàííÿ çà
Äiðàêîì ó 4-ñóïåðòâiñòîðíîìó ôîðìóëþâàííi. Ðîçðîáëåíî àìáiòâiñòîðíèé îïèñ
ñóïåðìóëüòèïëåòà D = 5 N = 8 êàëiáðîâàíî¨ ñóïåðãðàâiòàöi¨.

13. Çàïðîïîíîâàíî íîâå ôîðìóëþâàííÿ ìîäåëi âiëüíî¨ áåçìàñîâî¨ ñïiíîâî¨
÷àñòèíêè ó D-âèìiðíîìó ïðîñòîði àíòè-äå Ñiòòåðà, ðåàëiçîâàíîìó ÿê ïðî¹êòèâ-
íèé áàãàòîâèä. Ïîáóäîâàíi âçà¹ìîäi¨ ñïiíîâî¨ ÷àñòèíêè ç ôîíîâèìè åëåêòðî-
ìàãíiòíèì òà àáåëåâèìè àíòèñèìåòðè÷íèìè êàëiáðóâàëüíèìè ïîëÿìè, ÿêi óçà-
ãàëüíþþòü íà âèïàäîê ïðîñòîðó àíòè-äå Ñiòòåðà âiäïîâiäíi âçà¹ìîäi¨ ñïiíîâî¨
÷àñòèíêè ó ïðîñòîði Ìiíêîâñüêîãî. Ïðîâåäåíî êâàíòóâàííÿ ìîäåëi çà Äiðàêîì
òà çäîáóòî ðiâíÿííÿ äëÿ õâèëüîâî¨ ôóíêöi¨ ÷àñòèíêè.

14. Çàïðîïîíîâàíî ìîäåëü çàìêíåíî¨ áåçíàòÿãîâî¨ ñïiíîâî¨ ñòðóíè ó D-
âèìiðíîìó ïðîñòîði àíòè-äå Ñiòòåðà ó äàíié ðåàëiçàöi¨. Ïîáóäîâàíî ¨¨ êâàíòîâèé
ÁÐÑÒ ãåíåðàòîð, ÿêèé ¹ âiëüíèì âiä àíîìàëié äëÿ äîâiëüíî¨ ðîçìiðíîñòi D ïî-
äiáíî äî êâàíòîâèõ íóëü-(ñóïåð)ñòðóí i íóëü-(ñóïåð-)p-áðàí ó (ñóïåð)ïðîñòîði
Ìiíêîâñüêîãî.

Ïðàêòè÷íå çíà÷åííÿ îäåðæàíèõ ðåçóëüòàòiâ. Çäîáóòi ó äèñåðòàöi¨ ðå-
çóëüòàòè çíàõîäÿòüñÿ íà ñòèêó òåîðié ñóïåðñòðóí, êàëiáðóâàëüíèõ ïîëiâ òà ñó-
ïåðãðàâiòàöi¨. Òîìó âîíè ìàþòü ïðàêòè÷íå çíà÷åííÿ äëÿ ðîçðîáêè ¹äèíîãî òå-
îðôiçè÷íîãî i ìàòåìàòè÷íîãî ïiäõîäó äî îïèñó áîçîííèõ i ôåðìiîííèõ ïîëiâ
ó ïëàñêèõ òà âèêðèâëåíèõ ïðîñòîðàõ. Ðîçðîáêà òàêîãî ïiäõîäó íåîáõiäíà äëÿ
îá'¹äíàííÿ ïðèíöèïiâ ðåëÿòèâiñòñüêî¨ êâàíòîâî¨ ìåõàíiêè òà çàãàëüíî¨ òåîði¨
âiäíîñíîñòi.

Ïîáóäîâàíi ó äèñåðòàöi¨ íîâi cóïåðñèìåòðè÷íi ìîäåëi ñïiíîâèõ ÷àñòèíîê i
ñòðóí ó âèêðèâëåíèõ òà òâiñòîðíèõ ïðîñòîðàõ ìîæóòü ïðåäñòàâëÿòè iíòåðåñ
äëÿ ðåàëiçàöi¨ äàíîãî ïiäõîäó çà çàçíà÷åíèìè íèæ÷å íàïðÿìàìè.
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Çàïðîïîíîâàíi ñóïåðòâiñòîðíi ôîðìóëþâàííÿ ñóïåðñòðóí öiêàâî âèêîðèñòà-
òè äëÿ ¨õ êâàíòóâàííÿ ó ñóïåðòâiñòîðíîìó ïðîñòîði. ßê âiäîìî, îêðiì êîîðäèíàò
ñóïåðïðîñòîðó ñóïåðòâiñòîðè âêëþ÷àþòü äîäàòêîâi êîìóòóþ÷i ñïiíîðíi êîîðäè-
íàòè. Âðàõóâàííÿ ¨õ âíåñêó ó ñêîðî÷åííÿ êâàíòîâèõ àíîìàëié ìîæå ïðèâåñòè
äî çíèæåííÿ êðèòè÷íî¨ ðîçìiðíîñòi D=10 ó òåîði¨ ñóïåðñòðóí òà ïîáóäîâè ìî-
äåëåé êâàíòîâî¨ òåîði¨ ãðàâiòàöi¨ ó ðîçøèðåíîìó ñóïåðòâiñòîðíîìó ïðîñòîði. Òà-
êèé ïiäõiä ìîæå ïðîÿñíèòè ìåõàíiçì óòâîðåííÿ ïðîñòîðîâî-÷àñîâî¨ ñòðóêòóðè
ó ðàííüîìó Âñåñâiòi.

Ïðîâåäåíå ó äèñåðòàöi¨ êâàíòóâàííÿ ìîäåëi áåçìàñîâî¨ ñóïåð÷àñòèíêè ó ñó-
ïåðòâiñòîðíîìó ôîðìóëþâàííi äà¹ ïðåäñòàâëåííÿ ¨¨ õâèëüîâî¨ ôóíêöi¨ ó ñó-
ïåðòâiñòîðíîìó ïðîñòîði. Áóëî ïîêàçàíî, ùî öÿ õâèëüîâà ôóíêöiÿ îïèñó¹ ïîëÿ
ìóëüòèïëåòà ñóïåðãðàâiòàöi¨, ÿêi âiäïîâiäàþòü áåçìàñîâèì çáóäæåííÿì ñóïåð-
ñòðóí. Ó öüîìó çâ`ÿçêó öiêàâî äîñëiäèòè ìîæëèâîñòi ðîçøèðåííÿ çàïðîïîíîâà-
íîãî îïèñó âêëþ÷åííÿì ìàñèâíèõ áîçîííèõ i ôåðìiîííèõ ïîëiâ ç âèùèìè ñïi-
íàìè çi ñïåêòðà çáóäæåíü ñóïåðñòðóí. Öi ïîëÿ ìîæóòü ðîçãëÿäàòèñü â ÿêîñòi
êàíäèäàòiâ íà ðîëü ñêëàäîâèõ òåìíî¨ ìàòåði¨ ïîðÿä ç iíøèìè ñöåíàðiÿìè, ÿêi
àêòèâíî äîñëiäæóþòüñÿ ó òåïåðiøíié ÷àñ.

Çàïðîïîíîâàíi ñóïåðñèìåòðè÷íi ìîäåëi ÷àñòèíêè çi ñïiíîì 1/2 ìiñòÿòü íîâó
iíôîðìàöiþ ïðî âëàñòèâîñòi òà ìîæëèâi âçà¹ìîäi¨ ôåðìiîííèõ òà áîçîííèõ ïî-
ëiâ. Âèäà¹òüñÿ âàæëèâèì óçàãàëüíèòè öi ìîäåëi íà âèïàäîê ìàñèâíèõ ÷àñòèíîê
ó ïðîñòîði äå Ciòòåðà òà äîñëiäèòè ðîçøèðåíi ñóïåðñèìåòði¨ íà éîãî ãåîäåçè÷íèõ
ëiíiÿõ.

Ðåçóëüòàòè äîñëiäæåíü OSp(4|6)/(SO(1, 3)×U(3)) σ-ìîäåëi òà ñóïåðñòðóíè
ó AdS4×CP3 ñóïåðáåêãðàóíäi âèêîðèñòîâóþòüñÿ ïðè âèâ÷åííi êâàíòîâî¨ òåîði¨
ãðàâiòàöi¨ ó äàíîìó áåêãðàóíäi â ðàìêàõ AdS4/CFT3 âiäïîâiäíîñòi.

Îñîáèñòèé âíåñîê çäîáóâà÷à. Óñi ðîáîòè, ðåçóëüòàòè ÿêèõ óâiéøëè äî
äèñåðòàöi¨, âèêîíàíi çäîáóâà÷åì îñîáèñòî áåç ñïiâàâòîðiâ.

Àïðîáàöiÿ ðåçóëüòàòiâ äèñåðòàöi¨. Ðåçóëüòàòè, ïðåäñòàâëåíi â äèñåðòà-
öi¨, äîïîâiäàëèñü íà ÷èñëåííèõ íàóêîâèõ çàõîäàõ â Óêðà¨íi òà çà êîðäîíîì:
• IV Summer School in Modern Mathematical Physics, Institute of Physics,

Belgrade, Serbia, 3-14 September 2006;
• Bogolyubov Kyiv Conference �Modern Problems of Theoretical and

Mathematical Physics�, Bogolyubov ITP, Kyiv, Ukraine, 15-18 September 2009;
• II-nd Young Scientists Conference �Modern Problems of Theoretical Physics�,

Bogolyubov ITP, Kyiv, Ukraine, 22-24 December 2010;
• III-rd International Conference �Quantum Electrodynamics and Statistical

Physics�, NSC KIPT, Kharkiv, Ukraine, 29 August - 2 September 2011;
• III-rd Young Scientists Conference �Modern Problems of Theoretical Physics�,

Bogolyubov ITP, Kyiv, Ukraine, 21-23 December 2011;
• International Conference �Physics and Mathematics of Nonlinear Phenomena�,

Gallipoli, Italy, 22-29 June 2013;
• International Seminar �Quantum Field Theory and Supersymmetry� dedicated

to the 90-th birhtday anniversary of Academician D.V. Volkov, NSC KIPT, Kharkiv,
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Ukraine, 3 July 2015;
• International Conference �Problems of Theoretical Physics� dedicated to the

50-th anniversary of Bogolyubov ITP foundation, Bogolyubov ITP, Kyiv, Ukraine,
24-26 May 2016;
• V International Conference �Analysis and Mathematical Physics� dedicated

to V.A. Marchenko's 95th birthday and the centennial anniversary of the NAS of
Ukraine, B.I. Verkin ILTPE, Kharkiv, Ukraine, 19-24 June 2017;
• VI International Conference �Analysis and Mathematical Physics� dedicated

to the centennial anniversary of the NAS of Ukraine and the 50th anniversary of the
Department of Function Theory, B.I. Verkin ILTPE, Kharkiv, Ukraine, 18-22 June
2018;
• XXVIth International Colloquium on Integrable Systems, Czech Technical Uni-

versity, Prague, Czech Republic, 8-12 July 2019.
Àâòîð òàêîæ äîïîâiäàâ ìàòåðiàëè äèñåðòàöi¨ íà ñåìiíàðàõ â Iíñòèòóòi òåî-

ðåòè÷íî¨ ôiçèêè iì. Î.I. Àõi¹çåðà ÍÍÖ ÕÔÒI ÍÀÍ Óêðà¨íè.
Ïóáëiêàöi¨. Îñíîâíi ðåçóëüòàòè äèñåðòàöi¨ îïóáëiêîâàíî ó 20 ñòàòòÿõ, ÿêi

ïðîiíäåêñîâàíi ó ìiæíàðîäíèõ íàóêîìåòðè÷íèõ áàçàõ Scopus òà Web of Science.
Äîäàòêîâî 9 ðîáiò çàñâiä÷óþòü àïðîáàöiþ ìàòåðiàëiâ äèñåðòàöi¨ òà îïóáëiêîâàíi
ó ïðàöÿõ íàóêîâèõ êîíôåðåíöié, íàðàä, øêîëè òà êîëîêâióìó. 13 ðîáiò îïóáëiêî-
âàíi ó íàóêîâèõ æóðíàëàõ, ÿêi çà êëàñèôiêàöi¹þ SCImago Journal and Country
Rank âõîäÿòü äî ïåðøîãî êâàðòèëÿ (Q1). 6 ðîáiò îïóáëiêîâàíi ó íàóêîâèõ âèäà-
ííÿõ, âiäíåñåíèõ äî äðóãîãî êâàðòèëÿ (Q2).

Ñòðóêòóðà òà îáñÿã äèñåðòàöi¨. Äèñåðòàöiÿ ñêëàäà¹òüñÿ iç àíîòàöi¨, âñòó-
ïó, ÷îòèðüîõ ðîçäiëiâ îñíîâíî¨ ÷àñòèíè, âèñíîâêiâ, ñïèñêó âèêîðèñòàíèõ äæåðåë
òà äîäàòêó. Ó íüîìó íàâåäåíî ñïèñîê ïóáëiêàöié çà òåìîþ äèñåðòàöi¨ òà äàíi
ùîäî àïðîáàöi¨ ¨¨ ðåçóëüòàòiâ. Çàãàëüíèé îáñÿã äèñåðòàöi¨ 378 ñòîðiíîê, â òî-
ìó ÷èñëi 13 òàáëèöü. Ñïèñîê âèêîðèñòàíèõ äæåðåë âêëþ÷à¹ 371 ïîñèëàííÿ òà
çàéìà¹ 45 ñòîðiíîê.

Îñíîâíèé çìiñò ðîáîòè

Âñòóïíèé ðîçäië âêëþ÷à¹ îãëÿä ëiòåðàòóðè òà îá ðóíòóâàííÿ âèáîðó òåìè
äîñëiäæåíü. Äàëi íàâåäåíi äàíi ïðî çâ'ÿçîê ðîáîòè ç íàóêîâèìè ïðîãðàìàìè i
òåìàìè, ñôîðìóëüîâàíî ìåòó òà çàâäàííÿ äîñëiäæåííÿ, îçíà÷åíî éîãî îá'¹êò
òà ïðåäìåò, ïåðåëi÷åíi âèêîðèñòàíi ìåòîäè äîñëiäæåíü, îõàðàêòåðèçîâàíî íàó-
êîâó íîâèçíó îòðèìàíèõ ðåçóëüòàòiâ òà ¨õ ïðàêòè÷íå çíà÷åííÿ. Íà çàâåðøåííÿ
ïåðøîãî ðîçäiëó íàâåäåíî ñïèñîê îñíîâíèõ ïóáëiêàöié, ÿêi ðîçêðèâàþòü çìiñò
äèñåðòàöi¨, òà îñîáèñòèé âíåñîê çäîáóâà÷à, àïðîáàöiþ ðåçóëüòàòiâ äèñåðòàöi¨, ¨¨
ñòðóêòóðó òà îáñÿã.

Ó ïåðøîìó ðîçäiëi ¾Ñóïåðñòðóíà ó AdS4×CP3 ñóïåðïðîñòîði òà N = 6 ñó-
ïåðêîíôîðìíà ñèìåòðiÿ ó (1+2) ðîçìiðíîñòÿõ¿ âèâ÷à¹òüñÿ ìîäåëü ñóïåðñòðóíè
â AdS4 × CP3 ñóïåðïðîñòîði [1*]. Âií ìà¹ ñòðóêòóðó äîáóòêó ÷îòèðèâèìiðíî-
ãî ïðîñòîðó àíòè-äå Ñiòòåðà AdS4 òà òðèâèìiðíîãî êîìïëåêñíîãî ïðî¹êòèâíîãî
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ïðîñòîðó CP3 i âêëþ÷à¹ 32 àíòèêîìóòóþ÷i ãðàññìàíîâi êîîðäèíàòè. Îðòîñèì-
ïëåêòè÷íà osp(4|6) ñóïåðàëãåáðà ãëîáàëüíî¨ ñèìåòði¨ AdS4×CP3 ñóïåðïðîñòîðó
ñêëàäà¹òüñÿ ç 10 ãåíåðàòîðiâ sp(4) = so(2, 3) àëãåáðè ñèìåòði¨ ïðîñòîðó àíòè-
äå Ñiòòåðà AdS4 = SO(2, 3)/SO(1, 3), 15 ãåíåðàòîðiâ su(4) àëãåáðè ñèìåòði¨
CP3 = SU(4)/U(3) ïðîñòîðó i 4 × 6 = 24 ãåíåðàòîðiâ ñóïåðñèìåòðié. 24 ç 32
ãðàññìàíîâèõ êîîðäèíàò ¹ ïàðàìåòðàìè ïðè öèõ ãåíåðàòîðàõ, à ðåøòà 8 ãðàñ-
ñìàíîâèõ êîîðäèíàò âiäïîâiäàþòü ïîðóøåíèì ñóïåðñèìåòðiÿì AdS4 × CP3 ñó-
ïåðïðîñòîðó.

Íàÿâíiñòü ñåêòîðà ïîðóøåíèõ ñóïåðñèìåòðié iñòîòíî óñêëàäíþ¹ ñòðóêòóðó
ëàãðàíæiàíà ñóïåðñòðóíè ó äàíîìó ñóïåðïðîñòîði, âèâåäåííÿ i àíàëiç ¨¨ äèíà-
ìi÷íèõ ðiâíÿíü òà ïåðåâiðêó ãiïîòåçè AdS4/CFT3 âiäïîâiäíîñòi [2*]. Òîìó áóëî
çàïðîïîíîâàíî [3*], [4*] ðîçãëÿäàòè óìîâó îáåðíåííÿ íà íóëü ëèñòêîâèõ ïîëiâ
êîîðäèíàò äëÿ ïîðóøåíèõ ñóïåðñèìåòðié AdS4×CP3 ñóïåðïðîñòîðó ÿê ÷àñòêîâå
êàëiáðóâàííÿ κ-ñèìåòði¨ � ëîêàëüíî¨ ñèìåòði¨ äi¨ ñóïåðñòðóíè ç àíòèêîìóòóþ÷è-
ìè ïàðàìåòðàìè [5*], [6*]. Òàêà iíòåðïðåòàöiÿ öi¹¨ óìîâè ñïðàâåäëèâà, çîêðåìà,
êîëè ñóïåðñòðóíà ðóõà¹òüñÿ îäíî÷àñíî ó AdS4 òà CP3 ïðîñòîðàõ. Íàêëàäåí-
íÿ äàíî¨ óìîâè îáìåæó¹ ðóõ ñóïåðñòðóíè (10|24)-âèìiðíèì ïiäñóïåðïðîñòîðîì
AdS4 × CP3 ñóïåðïðîñòîðó. Öåé ïiäñóïåðïðîñòið ìà¹ ñòðóêòóðó ñóïåðñèìåòðè-
÷íîãî ôàêòîð-ïðîñòîðó OSp(4|6)/(SO(1, 3) × U(3)), à äèíàìiêà ñóïåðñòðóíè ó
íüîìó îïèñó¹òüñÿ âiäîìîþ äâîâèìiðíîþ σ-ìîäåëëþ [3*], [4*].

Ïiñëÿ âñòóïíîãî ïiäðîçäiëó 1.1 ó ïiäðîçäiëi 1.2 ðîçãëÿäà¹òüñÿ çàïðîïîíî-
âàíå ó íàøié ðîáîòi [1] ôîðìóëþâàííÿ OSp(4|6)/(SO(1, 3) × U(3)) σ-ìîäåëi
â òåðìiíàõ äèôåðåíöiéíèõ ôîðì Êàðòàíà ó êîíôîðìíîìó áàçèñi. Ìîæëèâiñòü
òàêîãî ôîðìóëþâàííÿ  ðóíòó¹òüñÿ íà içîìîðôiçìi osp(4|6) ñóïåðàëãåáðè òà
sconf(3|6) ñóïåðàëãåáðè D = 3 N = 6 ñóïåðêîíôîðìíî¨ ñèìåòði¨, ÿêèé ëå-
æèòü â îñíîâi AdS4/CFT3 âiäïîâiäíîñòi. OSp(4|6) ¹ ñóïåðãðóïîþ ãëîáàëüíî¨
ñèìåòði¨ AdS4×CP3 ñóïåðïðîñòîðó, à D = 3 N = 6 ñóïåðêîíôîðìíà ñèìåòðiÿ ¹
ãëîáàëüíîþ ñèìåòði¹þ òåîði¨ ×åðíà-Ñàéìîíñà ç ïîëÿìè ìàòåði¨ ó ñóïåðïðîñòîði
Ìiíêîâñüêîãî íà ìåæi ñóïåðïðîñòîðó àíòè-äå Ñiòòåðà AdS4.

Ôîðìè Êàðòàíà ó êîíôîðìíîìó áàçèñi îçíà÷àþòüñÿ òàêèì ñïiââiäíîøåííÿì

G −1dG = c(d)gsconf(3|6) = Gmn(d)Mmn + ωm(d)Pm + cm(d)Km + ∆(d)D

+Ωa
b(d)Vb

a + Ωa
4(d)V4

a + Ω4
a(d)Va

4 + Ω4
4(d)V4

4

+ωµa (d)Q a
µ + ω̄µa(d)Q̄µa + χµa(d)Sµa + χ̄aµ(d)S̄µa ∈ sconf(3|6).

(1)

G íàáóâà¹ çíà÷åííÿ â OSp(4|6)/(SO(1, 3)× U(3)) ñóïåðñèìåòðè÷íîìó ôàêòîð-
ïðîñòîði i çàëåæèòü âiä éîãî êîîðäèíàò Z, à c(d) = {Gmn(d), ωm(d), cm(d),∆(d),
Ωa

b(d),Ωa
4(d),Ω4

a(d),Ω4
4(d);ωµa (d), ω̄µa(d), χµa(d), χ̄aµ(d)} (m,n = 0, 1, 2; a, b =

1, 2, 3;µ = 1, 2) ¹ äèôåðåíöiéíèìè ôîðìàìè Êàðòàíà. Öi 1-ôîðìè ¹ êîåôiöi¹í-
òàìè ïðè ãåíåðàòîðàõ D = 3 N = 6 ñóïåðêîíôîðìíî¨ àëãåáðè gsconf(3|6). Âî-
íà âêëþ÷à¹ ãåíåðàòîðè {Mmn, Pm, Km, D} êîíôîðìíî¨ àëãåáðè conf(1, 2) òðè-
âèìiðíîãî ïðîñòîðó Ìiíêîâñüêîãî, ãåíåðàòîðè {Vab, V4

a, Va
4, V4

4 = −Vaa} àë-
ãåáðè su(4), ïðåäñòàâëåíi ó âèãëÿäi ñóìè ãåíåðàòîðiâ u(3) àëãåáðè Va

b òà ãå-
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íåðàòîðiâ su(4)/u(3) ôàêòîð-àëãåáðè {V4
a, Va

4}, à òàêîæ ãåíåðàòîðè ñóïåð-
ñèìåòðié Ïóàíêàðå {Q a

µ , Q̄µa} òà ãåíåðàòîðè ñïåöiàëüíèõ êîíôîðìíèõ ñóïåð-
ñèìåòðié {Sµa, S̄µa}, ÿêi íåñóòü ñïiíîðíå ïðåäñòàâëåííÿ sl(2,R) àëãåáðè òà
(àíòè)ôóíäàìåíòàëüíå ïðåäñòàâëåííÿ su(3) àëãåáðè. Ó σ-ìîäåëi êîîðäèíàòè
OSp(4|6)/(SO(1, 3)×U(3)) ñóïåðñèìåòðè÷íîãî ôàêòîð-ïðîñòîðó ðîçãëÿäàþòüñÿ
ÿê ïîëÿ Z(ξ), ÿêi çàäàþòü âiäîáðàæåííÿ ñâiòîâîãî ëèñòêà Σ ç êîîðäèíàòàìè ξi =

(τ, σ) ó öåé ôàêòîð-ïðîñòið, à ¨õ äèôåðåíöiàëè îçíà÷àþòüñÿ ÿê dZ = dξi
∂Z

∂ξi
=

dτ
∂Z

∂τ
+dσ

∂Z

∂σ
. Àíàëîãi÷íî âèðàæàþòüñÿ ÷åðåç äèôåðåíöiàëè êîîðäèíàò ñâiòîâîãî

ëèñòêà ôîðìè Êàðòàíà c(d) = dξici. Êîåôiöi¹íòíi ôóíêöi¨ ci(Z, ∂Z/∂ξj), ÿêi âiä-
ïîâiäàþòü ãåíåðàòîðàì ôàêòîð-àëãåáðè osp(4|6)/(so(1, 3) × u(3)), âèçíà÷àþòü
ëàãðàíæiàí σ-ìîäåëi. Ó çàïðîïîíîâàíîìó ôîðìóëþâàííi ¨¨ äiÿ

Sσ−model =

∫
Σ

d2ξLσ−model (2)

äà¹òüñÿ iíòå ðàëîì çà ñâiòîâèì ëèñòêîì âiä ëàãðàíæiàíà

Lσ−model = −T
2

√
−γγij

(
1

4
(ωmi + cmi )(ωjm + cjm) + ∆i∆j

+
1

2
(Ωia

4Ωj4
a + Ωja

4Ωi4
a)

)
− T

2
(ωµa (d) ∧ εµνω̄νa(d) + χµa(d) ∧ εµνχ̄aν(d)) ,

(3)

â ÿêîìó T � íàòÿã ñóïåðñòðóíè, γij ¹ äîïîìiæíîþ ëèñòêîâîþ ìåòðèêîþ ç äå-
òåðìiíàíòîì γ òà îáåðíåíîþ ìåòðèêîþ γij, ∧ ïîçíà÷à¹ çîâíiøíié äîáóòîê äè-
ôåðåíöiéíèõ ôîðì, à εµν i εµν (εµνενρ = δρµ) ¹ îäèíè÷íèìè àíòèñèìåòðè÷íèìè
ñïiíîðàìè ó ïðîñòîði äâîêîìïîíåíòíèõ sl(2,R) ñïiíîðiâ. Ó öüîìó æ ïiäðîçäiëi
âàðiþâàííÿì äi¨ σ-ìîäåëi (2) çäîáóòî ðiâíÿííÿ äëÿ ôåðìiîííèõ ïîëiâ. Öi ðiâíÿ-
ííÿ ïðåäñòàâëåíî ó âèãëÿäi àíàëîãi÷íîìó òîìó, ÿêèé ìàþòü ôåðìiîííi ðiâíÿííÿ
ñóïåðñòðóí Ãðiíà-Øâàðöà ó ïëàñêèõ ñóïåðïðîñòîðàõ [7*], òà äîâåäåíî, ùî ç 24
ðiâíÿíü 16 ¹ íåçàëåæíèìè. Çãiäíî ç äðóãîþ òåîðåìîþ Íüîòåð öå ñâiä÷èòü ïðî
iíâàðiàíòíiñòü äi¨ σ-ìîäåëi âiäíîñíî 8-ïàðàìåòðè÷íèõ ïåðåòâîðåíü κ-ñèìåòði¨.

Òàêîæ ðîçãëÿíóòî êîíêðåòíèé ïðèêëàä ïàðàìåòðèçàöi¨ ïðåäñòàâíèêà
OSp(4|6)/(SO(1, 3)×U(3)) ôàêòîð-ïðîñòîðó êîîðäèíàòàìè, ÿêi ¹ ïàðàìåòðàìè
ïðè ãåíåðàòîðàõ D = 3 N = 6 ñóïåðêîíôîðìíî¨ àëãåáðè

G =exp (xmPm+θµaQ
a
µ+θ̄ µaQ̄µa) exp (ηµaS

µa+η̄aµS̄
µ
a ) exp (zaVa

4+z̄aV4
a) exp (ϕD).

(xm, ϕ) ¹ êîîðäèíàòàìè Ïóàíêàðå ïðîñòîðó àíòè-äå Ñiòòåðà AdS4, (za, z̄a) � êîì-
ïëåêñíi êîîðäèíàòè CP3 ïðîñòîðó, à (xm, θµa , θ̄

µa) ïàðàìåòðèçóþòü D = 3 N = 6
ñóïåðïðîñòið Ìiíêîâñüêîãî íà ìåæi OSp(4|6)/(SO(1, 3)×U(3)) ñóïåðïðîñòîðó.
Çäîáóòî ÿâíi âèðàçè äëÿ ôîðì Êàðòàíà, ÿêi âiäïîâiäàþòü äàíîìó ïðåäñòàâ-
íèêó, ÿê ôóíêöié öèõ êîîðäèíàò òà ¨õ äèôåðåíöiàëiâ. Çà òàêî¨ ïàðàìåòðèçàöi¨
ëàãðàíæiàí σ-ìîäåëi âêëþ÷à¹ ÷ëåíè äî âîñüìîãî ïîðÿäêó çà ãðàññìàíîâèìè
êîîðäèíàòàìè OSp(4|6)/(SO(1, 3)× U(3)) ñóïåðïðîñòîðó.
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Ó ïiäðîçäiëi 1.3 âèâ÷åíî iíâàðiàíòíiñòü äi¨ σ-ìîäåëi âiäíîñíî ãëîáàëüíî¨
D = 3 N = 6 ñóïåðêîíôîðìíî¨ ñèìåòði¨ [2]. Çäîáóòî ÿâíi âèðàçè äëÿ âàðiàöié
ôîðì Êàðòàíà ó êîíôîðìíîìó áàçèñi, ïàðàìåòðiâ iíôiíiòåçèìàëüíèõ ïåðåòâî-
ðåíü iç ãðóïè ñòàáiëüíîñòi SO(1, 3)×U(3) ÿê ôóíêöié ïàðàìåòðiâ D = 3 N = 6
ñóïåðêîíôîðìíèõ ïåðåòâîðåíü òà êîîðäèíàò OSp(4|6)/(SO(1, 3)×U(3)) ñóïåð-
ïðîñòîðó, à òàêîæ âàðiàöi¨ öèõ êîîðäèíàò. Ó öüîìó æ ïiäðîçäiëi ëîêàëiçàöi¹þ
ïåðåòâîðåíü D = 3 N = 6 ñóïåðêîíôîðìíî¨ ñèìåòði¨ çäîáóòî ãóñòèíè íüîòåðî-
âèõ ñòðóìiâ. Òàêîæ çäîáóòî ÿâíi âèðàçè äëÿ ãóñòèí íüîòåðîâèõ ñòðóìiâ ÷åðåç
êîîðäèíàòè OSp(4|6)/(SO(1, 3)×U(3)) ñóïåðñèìåòðè÷íîãî ôàêòîð-ïðîñòîðó òà
¨õ ëèñòêîâi ïîõiäíi.

Ó ïiäðîçäiëi 1.4 çàïðîïîíîâàíî íîâi êàëiáðóâàëüíi óìîâè äëÿ κ-ñèìåòði¨ â
ìîäåëi AdS4 × CP3 ñóïåðñòðóíè [3]

θ2
A = θ̄2A = η1A = η̄A1 = 0.

Ãðàññìàíîâi êîîðäèíàòè θ2
A = θ+

A , θ̄
2A = θ̄+A, η1A = η+

A i η̄A1 = η̄+A íåñóòü (àí-
òè)ôóíäàìåíòàëüíå ïðåäñòàâëåííÿ su(4) àëãåáðè i ìàþòü äîäàòíó âàãó âiäíîñíî
SO(1, 1) ⊂ SO(1, 2) = SL(2,R) ñèìåòði¨ ç ãåíåðàòîðîì M+− = −2M02. Ñåðåä
íèõ 12 êîîðäèíàò θ+

a , θ̄
+a, η+

a i η̄+a âiäíîñÿòüñÿ äî OSp(4|6)/(SO(1, 3) × U(3))
ñóïåðñèìåòðè÷íîãî ôàêòîð-ïðîñòîðó é âiäïîâiäàþòü íåïîðóøåíèì ñóïåðñèìå-
òðiÿì, à iíøi 4 êîîðäèíàòè θ+

4 , θ̄
+4, η+

4 i η̄+4 íàëåæàòü äî ñåêòîðà ïîðóøåíèõ
ñóïåðñèìåòðié. Ðåøòà 16 ãðàññìàíîâèõ êîîðäèíàò AdS4 × CP3 ñóïåðïðîñòîðó
θ1
A = θ−A ≡ θA = (θa, θ4), θ̄1A = θ̄−A ≡ θ̄A = (θ̄a, θ̄4), η2A = η−A ≡ ηA = (ηa, η4) i
η̄A2 = η̄−A ≡ η̄A = (η̄a, η̄4) ¹ äèíàìi÷íèìè çìiííèìè ñóïåðñòðóíè ó äàíîìó êàëi-
áðóâàííi. Îñêiëüêè ñåðåä íèõ ¹ 4 êîîðäèíàòè ñåêòîðà ïîðóøåíèõ ñóïåðñèìåòðié
(θ4, θ̄

4, η4, η̄
4), öi êàëiáðóâàëüíi óìîâè íå ìîæóòü áóòè íàêëàäåíi â ðàìêàõ σ-

ìîäåëi. Îäíàê ¨õ ìîæíà çàñòîñóâàòè ó òèõ äèíàìi÷íè ñåêòîðàõ, ÿêi íå ìîæóòü
áóòè îïèñàíi çà äîïîìîãîþ σ-ìîäåëi, íàïðèêëàä, êîëè ñóïåðñòðóíà ðóõà¹òüñÿ
ëèøå ó ïðîñòîði àíòè-äå Ñiòòåðà [3*], [1*].

Çäîáóòî âèðàç äëÿ ëàãðàíæiàíà ñóïåðñòðóíè ó çàïðîïîíîâàíîìó êàëiáðó-
âàííi [3]

L AdS4×CP 3

sstring, l.c. = −T
2

√
−γγijgl.c.ij + TεijB(2)l.c.ij. (4)

Âií âêëþ÷à¹ iíäóêîâàíó ìåòðèêó ñâiòîâîãî ëèñòêà gl.c. ij = gAdS4

l.c. ij + gCP
3

l.c. ij, ÿêó
ïðåäñòàâëåíî ÿê ñóìó äâîõ äîäàíêiâ. Âèãëÿä ïåðøîãî iç íèõ âèçíà÷à¹òüñÿ
êîíôîðìíî-ïëàñêîþ ìåòðèêîþ Ïóàíêàðå ïðîñòîðó àíòè-äå Ñiòòåðà AdS4

gAdS4

l.c. ij =
1

8
e−4ϕ(∂ix

+∂jx
− + ∂jx

+∂ix
−) +

1

4
e−4ϕ∂ix

1∂jx
1 + ∂iϕ∂jϕ

+
1

4
e−2ϕ[∂ix

+($j+4Θ Ωbos j a
a)+∂jx

+($i+4Θ Ωbos ia
a)]−4e−4ϕθ4θ̄

4η4η̄
4∂ix

+∂jx
+,

$(d) = ie−2ϕ(dθaθ̄
a − θadθ̄ a) + i(dθ4θ̄

4 − θ4dθ̄
4)

+ie2ϕ(dηaη̄
a − ηadη̄a) + i(dη4η̄

4 − η4dη̄
4),
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äå x± = x2 ± x0, x1 ¹ êîîðäèíàòàìè ìåæîâîãî ïðîñòîðó Ìiíêîâñüêîãî ó áàçèñi
ñâiòëîâîãî êîíóñà, ϕ ïàðàìåòðèçó¹ îðòîãîíàëüíèé äî ìåæi âèìið ïðîñòîðóAdS4,
à Θ = θ4θ̄

4 + η4η̄
4. Äðóãèé äîäàíîê

gCP
3

l.c. ij =
1

2
(Ωbos i a

4Ωbos j 4
a + Ωbos j a

4Ωbos i 4
a)

+e−ϕ[∂ix
+(Ωbos j a

4 ˆ̄ηaη̄4 − Ωbos j 4
aη̂aη4) + ∂jx

+(Ωbos i a
4 ˆ̄ηaη̄4 − Ωbos i 4

aη̂aη4)]

+
1

2
[∂ix

+(εabcΩbos j 4
a ˆ̄ηb ˆ̄ηc−εabcΩbos j a

4η̂bη̂c)+∂jx
+(εabcΩbos i 4

a ˆ̄ηb ˆ̄ηc−εabcΩbos i a
4η̂bη̂c)]

+2[(η̂a ˆ̄ηa)2 + e−ϕ(εabc ˆ̄η
a ˆ̄ηb ˆ̄ηcη̄4 + εabcη̂aη̂bη̂cη4) + 2e−2ϕη̂a ˆ̄ηaη4η̄

4]∂ix
+∂jx

+

¹ ñóìîþ âiäîáðàæåííÿ íà ñâiòîâèé ëèñòîê iíôiíiòåçèìàëüíîãî åëåìåíòà äîâæè-
íè CP3 ïðîñòîðó, âèðàæåíîãî ÷åðåç âiäîáðàæåííÿ éîãî êîìïëåêñíîãî ôiëüáàé-
íà Ωbos i4

a(z, z̄) = ∂iz
bΩb|

a(z, z̄) + ∂iz̄bΩ
b|a(z, z̄), Ωbos ia

4(z, z̄) = ∂iz
bΩb|a(z, z̄) +

∂iz̄bΩ
b|
a(z, z̄), òà ÷ëåíiâ äðóãîãî i ÷åòâåðòîãî ïîðÿäêiâ çà ãðàññìàíîâèìè êîîð-

äèíàòàìè. Äðóãèé ÷ëåí ó ëàãðàíæiàíi (4) ¹ ëèñòêîâèì âiäîáðàæåííÿì êàëi-
áðóâàëüíî¨ 2-ôîðìè Íåâ'¹-Øâàðöà, âçà¹ìîäiÿ ñòðóíè ç ÿêîþ óçàãàëüíþ¹ ìiíi-
ìàëüíó âçà¹ìîäiþ òî÷êîâî¨ çàðÿäæåíî¨ ÷àñòèíêè ç åëåêòðîìàãíiòíèì ïîëåì. Ó
çàïðîïîíîâàíîìó êàëiáðóâàííi öÿ 2-ôîðìà äîðiâíþ¹

B(2)l.c.(d) =
1

2
e−4ϕ(θ4θ̄

4 + η4η̄
4)dx1 ∧ dx+ + e−2ϕη̂a ˆ̄ηadx1 ∧ dx+

+
1

2
e−2ϕ(η̂ad̂θ̄

a + d̂θa ˆ̄η a) ∧ dx+ +
1

4
e−2ϕ(dθ4η̄

4 − dη4θ̄
4 + η4dθ̄

4 − θ4dη̄
4) ∧ dx+

+ie−ϕη̂aθ4dx
+ ∧ Ωbos 4

a(d) + ie−ϕ ˆ̄ηaθ̄4dx+ ∧ Ωbos a
4(d)

+ie−2ϕ(θ4η̄
4 − η4θ̄

4)dx+ ∧ Ωbos a
a(d).

Ó ïiäðîçäiëi 1.5 çäîáóòèé ëàãðàíæiàí ñóïåðñòðóíè ïðåäñòàâëåíî ó çìiííèõ
ôàçîâîãî ïðîñòîðó (x±, p±), (x1, p1), (ϕ, pϕ), (zM , pN) òà çàêðiïëåíî êàëiáðóâà-
ííÿ ñâiòëîâîãî êîíóñà äëÿ ðåïàðàìåòðèçàöiéíî¨ ñèìåòði¨ ñâiòîâîãî ëèñòêà

x+(τ, σ) = τ, p−(τ, σ) =
1

2
P̃− = const.

Â ðåçóëüòàòi ðîçâ'ÿçàííÿ â'ÿçåé íà êîìïîíåíòè iìïóëüñó çíàéäåíî âèðàç äëÿ ãó-
ñòèíè ãàìiëüòîíiàíà ñóïåðñòðóíè ÷åðåç êàëiáðóâàëüíî-iíâàðiàíòíi ôiçè÷íi çìií-
íi [4]

H AdS4×CP 3

sstring, l.c. (τ, σ) =
T̃

2
exp

(
− 4ϕ√

P̃−

)
[η̂a∂̂σθ̄

a+∂̂σθa ˆ̄η a+
1

2
(∂σθ4η̄

4 −θ4∂ση̄
4 −∂ση4θ̄

4

+η4∂σθ̄
4)] +

T̃

4
exp

(
− 4ϕ√

P̃−

)[
2

T̃
exp

(
4ϕ√
P̃−

)
p2

1 +
T̃

8
exp

(
− 4ϕ√

P̃−

)
∂σx

1∂σx
1

+
1

2T̃
p2
ϕ+

T̃

2
∂σϕ∂σϕ+

1

2T̃
(p·p)+

T̃

2
∂σz

MgMN∂σz
N+

8P̃−

T̃
exp

(
8ϕ√
P̃−

)
((q ·q)−B)

+4

√
P̃− exp

(
4ϕ√
P̃−

)(
C∂σx

1 − q̃M∂σzM −
1

T̃
(p · q)

)]
, T̃ =

T

P̃−
,
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äå

B = 2[(η̂a ˆ̄ηa)2 + e−ϕ(εabc ˆ̄η
a ˆ̄ηb ˆ̄ηcη̄4 + εabcη̂aη̂bη̂cη4) + 2e−2ϕη4η̄

4(η̂a ˆ̄ηa − e−2ϕθ4θ̄
4)],

C = e−2ϕ

(
η̂a ˆ̄ηa +

1

2
e−2ϕΘ

)
, Θ = θ4θ̄

4 + η4η̄
4,

qM = 1
2(ΩbosM4

aεabc ˆ̄η
b ˆ̄ηc − ΩbosMa

4εabcη̂bη̂c)

+e−ϕ(ΩbosMa
4 ˆ̄ηaη̄4 − ΩbosM4

aη̂aη4) + e−2ϕΘ ΩbosMa
a,

q̃M = ie−ϕ
[
ΩbosMa

4 ˆ̄ηaθ̄4 + ΩbosM4
aη̂aθ4 + e−ϕ(θ4η̄

4 − η4θ̄
4)ΩbosMa

a
]
.

Ó öèõ âèðàçàõ ïåðåäáà÷à¹òüñÿ, ùî 6 äiéñíèõ êîîðäèíàò zM ïàðàìåòðèçóþòü
CP3 ïðîñòið ç ìåòðèêîþ gMN(z) = 1

2(ΩbosMa
4ΩbosN4

a + ΩbosNa
4ΩbosM4

a). Òàêîæ
ââåäåíî ñêîðî÷åíå ïîçíà÷åííÿ ñêàëÿðíîãî äîáóòêó D = 6 âåêòîðiâ ç îáåðíå-
íîþ ìåòðèêîþ gMN(z): qMgMNqN = (q · q) i ò.ä. Ãóñòèíà ãàìiëüòîíiàíà âêëþ÷à¹
÷ëåíè äðóãîãî òà ÷åòâåðòîãî ïîðÿäêiâ çà ãðàññìàíîâèìè êîîðäèíàòàìè ñóïåð-
ïðîñòîðó. Áóëî ïîêàçàíî, ùî éîãî êâàäðàòè÷íà ÷àñòèíà ñïiâïàäà¹ ç ãàìiëüòî-
íiàíîì ñóïåðñòðóíè òèïó IIÀ ó ïëàñêîìó ñóïåðïðîñòîði ó êàëiáðóâàííi ñâiòëî-
âîãî êîíóñà. Çäîáóòèé âèðàç äëÿ ãàìiëüòîíiàíà ìîæå âèêîðèñòîâóâàòèñü äëÿ
ïåðåâiðêè ãiïîòåçè AdS4/CFT3 âiäïîâiäíîñòi. Ïåðåäáà÷à¹òüñÿ, ùî éîãî âëàñíi
çíà÷åííÿ âèçíà÷àþòü ñïåêòð åíåðãié êâàíòîâàíî¨ ñóïåðñòðóíè, ÿêèé ñïiâïàäà¹
çi ñïåêòðîì àíîìàëüíèõ ðîçìiðíîñòåé êàëiáðóâàëüíî-iíâàðiàíòíèõ îïåðàòîðiâ ó
D = 3 N = 6 ñóïåðêîíôîðìíié òåîði¨ ×åðíà-Ñàéìîíñà ç ïîëÿìè ìàòåði¨.

Ó äðóãîìó ðîçäiëi îñíîâíî¨ ÷àñòèíè, ÿêèé ìà¹ íàçâó ¾Êëàñè÷íà iíòå ðîâ-
íiñòü ðiâíÿíü áåçìàñîâî¨ ñóïåð÷àñòèíêè i D0-áðàíè ó AdS4×CP3 ñóïåðïðîñòî-
ði. Ìiíiìàëüíå ðîçøèðåííÿ iíòå ðîâíî¨ OSp(4|6)/(SO(1, 3) × U(3)) σ-ìîäåëi¿
âèâ÷à¹òüñÿ iíòå ðîâíà ñòðóêòóðà ìîäåëi AdS4×CP3 ñóïåðñòðóíè â ðiçíèõ ñåêòî-
ðàõ òà äèíàìi÷íèõ ðåæèìàõ. Ó ïiäðîçäiëi 2.1 êîðîòêî îêðåñëåíî êîëî çàâäàíü,
ÿêi áóäóòü ðîçâ'ÿçàíi ó äàíîìó ðîçäiëi.

Äëÿ äîñëiäæåííÿ ìîæëèâî¨ iíòå ðîâíîñòi ðiâíÿíü ñóïåðñòðóíè ó AdS4×CP3

ñóïåðïðîñòîði ó ïiäðîçäiëi 2.2 çàïðîïîíîâàíî ïàðàìåòðèçóâàòè éîãî ñåêòîð ïî-
ðóøåíèõ ñóïåðñèìåòðié ÷îòèðìà SL(2,R) ñïiíîðíèìè êîîðäèíàòàìè ç äiéñíèìè
êîìïîíåíòíèìè, ÿêi ¹ äiéñíîþ òà óÿâíîþ ÷àñòèíàìè äâîêîìïîíåíòíèõ ñïiíîðiâ
θµ4 = (θ+

4 , θ
−
4 ) ≡ θµ i ηµ4 = (η+

4 , η
−
4 ) ≡ ηµ. Êîæåí ç íèõ ìîæíà ðîçãëÿäàòè ÿê

ìiíiìàëüíèé SL(2,R)-êîâàðiàíòíèé îá'¹êò ó ñåêòîði ïîðóøåíèõ ñóïåðñèìåòðié.
Çàïðîïîíîâàíi óìîâè, ÿêi ÷àñòêîâî çàêðiïëþþòü êàëiáðóâàííÿ κ-ñèìåòði¨ äi¨
ñóïåðñòðóíè. Ó êîæíîìó ç òàêèõ êàëiáðóâàíü âiäìiííèì âiä íóëÿ çàëèøà¹òüñÿ
ëèøå îäèí çi ñïiíîðiâ, òîáòî ó ñåêòîði ïîðóøåíèõ ñóïåðñèìåòðié çàëèøàþòüñÿ
8 − 6 = 2 êîîðäèíàòè. Öå ïðèâîäèòü äî ìiíiìàëüíèõ ðîçøèðåíü iíòå ðîâíî¨
OSp(4|6)/(SO(1, 3)×U(3)) σ-ìîäåëi. Ó ïiäðîçäiëi 2.2 äåòàëüíî ðîçãëÿíóòî ÷àñ-
òêîâå êàëiáðóâàííÿ, â ÿêîìó íå îáåðòà¹òüñÿ íà íóëü ëèøå äiéñíà ÷àñòèíà θµ,
òîáòî θ̄µ = θµ òà ηµ = 0 [5]. Çäîáóòî âèðàç äëÿ äi¨ ñóïåðñòðóíè

SAdS4×CP3

sstring,min =

∫
Σ

d2ξL AdS4×CP3

sstring,min : (5)
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L AdS4×CP3

sstring,min = −T
2

√
−γγij

(
Em
i Ejm + E 3

i E
3
j − Ei aEj

a
)

−T
2

[
(ω µ

a (d) + 2iΩa
4(d)θµ) ∧ (ω̄aµ(d)− 2iΩ4

a(d)θµ)

+ χµa(d) ∧ χ̄µa(d)] + T (Ωa
4(d) ∧ Ω4

a(d) + 2iΩa
a(d) ∧∆(d))(θθ),

äå

Em(d) =
1

2
(ωm(d) + cm(d))− i

2
εmk lGk l(d)(θθ)− idθσmθ, E 3(d) = −∆(d),

Ea(d) = i(Ωa
4(d) + 2χµa(d)θµ), Ea(d) = i(Ω4

a(d)− 2χ̄aµ(d)θµ)

¹ áîçîííèìè êîìïîíåíòàìè ñóïåðôiëüáàéíà AdS4×CP3 ñóïåðïðîñòîðó ó çàïðî-
ïîíîâàíîìó êàëiáðóâàííi. Ïðè θµ = 0 öåé ëàãðàíæiàí ïåðåõîäèòü ó ëàãðàíæiàí
σ-ìîäåëi ó êîíôîðìíîìó áàçèñi (3).

Âàðiþâàííÿì äi¨ (5) çà êîîðäèíàòàìè OSp(4|6)/(SO(1, 3)×U(3)) ñóïåðïðî-
ñòîðó çäîáóòî ðiâíÿííÿ ñóïåðñòðóíè ó öüîìó êàëiáðóâàííi [5]. Öi ðiâíÿííÿ ïðåä-
ñòàâëåíî ó âèãëÿäi ñòåïåíåâèõ ðîçêëàäiâ çà θµ òà dθµ, àëå ÷åðåç ñêëàäíó ñòðó-
êòóðó íèæ÷å íàâåäåíi ëèøå ¨õ ïåðøi ÷ëåíè

∂i(
√
−γγijGj

0′m)+2
√
−γγij(Gi

mnGj
0′
n+Gi

3m∆j)

+2i
(
ω(1)

µ
a(d) ∧ σmµνω̄(1)

νa(d)− ω(3)
µ
a(d) ∧ σmµνω̄(3)

νa(d)
)

+ . . . = 0,
(6)

∂i(
√
−γγij∆j)−2

√
−γγijGi

3mGj
0′
m

+2
(
ω(1)

µ
a(d) ∧ ω̄(1)

a
µ(d) + ω(3)

µ
a(d) ∧ ω̄(3)

a
µ(d)

)
+ . . . = 0,

(7)

∂i(
√
−γγijΩj4

a)+i
√
−γγijΩi4

b(Ωjb
a+δabΩjc

c)

−2iεabc
(
ω(1)

µ
b (d)∧ω(1)µc(d)+ω(3)

µ
b (d)∧ω(3)µc(d)

)
+ . . . = 0 òà ê.ñ.,

(8)

V ij
+Gi

0′mσ̃µνm ω(1)j νa−iV ij
+ ∆iω

µ
(1)j a−V

ij
+ εabcΩi4

bω̄ µc
(1)j + . . . = 0 òà ê.ñ., (9)

V ij
− Gi

0′mσ̃µνm ω(3)j νa+iV ij
− ∆iω

µ
(3)j a+V ij

− εabcΩi4
bω̄ µc

(3)j + . . . = 0 òà ê.ñ., (10)

äå V ij
± = 1

2(
√
−γγij±εij) ¹ ëèñòêîâèìè ïðî¹êòîðàìè, ÿêi òàêîæ âõîäÿòü äî ôåð-

ìiîííèõ ðiâíÿíü ñóïåðñòðóí ó ïëàñêèõ ñóïåðïðîñòîðàõ. Ïðè θµ = 0 öi ðiâíÿííÿ
ïåðåõîäÿòü ó ðiâíÿííÿ OSp(4|6)/(SO(1, 3)×U(3)) σ-ìîäåëi. Çàïèñ ðiâíÿíü (6)-
(10) â òåðìiíàõ ôîðì Êàðòàíà äëÿ ãåíåðàòîðiâ ç ÷îòèðüîõ âëàñíèõ ïiäïðîñòî-
ðiâ Z4 àâòîìîðôiçìó osp(4|6) ñóïåðàëãåáðè çóìîâëåíèé òèì, ùî âîíè âõîäÿòü
äî âèðàçó äëÿ çâ'ÿçíîñòi Ëàêñà. Êðèâèçíà öi¹¨ çâ'ÿçíîñòi Ëàêñà îáåðòà¹òüñÿ íà
íóëü íà ðiâíÿííÿõ σ-ìîäåëi, ùî äîâîäèòü ¨õ êëàñè÷íó iíòå ðîâíiñòü. Âiäçíà÷è-
ìî, ùî OSp(4|6)/(SO(1, 3) × U(3)) σ-ìîäåëü íàëåæèòü äî ñiìåéñòâà êëàñè÷íî
iíòå ðîâíèõ äâîâèìiðíèõ ìîäåëåé ó ñóïåðñèìåòðè÷íèõ ôàêòîð-ïðîñòîðàõ [8*].
Öi ôàêòîð-ïðîñòîðè âiäçíà÷àþòüñÿ òèì, ùî (àíòè)êîìóòàöiéíi ñïiââiäíîøåí-
íÿ ¨õ ñóïåðàëãåáð ñèìåòði¨ iíâàðiàíòíi âiäíîñíî Z4 àâòîìîðôiçìó, à ãåíåðàòîðè
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àëãåáðè ñòàáiëüíîñòi íàëåæàòü äî éîãî iíâàðiàíòíîãî ïiäïðîñòîðó, òîáòî ïiäïðî-
ñòîðó, ÿêèé âiäïîâiäà¹ âëàñíîìó çíà÷åííþ +1. Ó êîíôîðìíîìó áàçèñi (1) âèðàçè
äëÿ ôîðì Êàðòàíà, ÿêi âiäïîâiäàþòü ãåíåðàòîðàì so(1, 3) ⊕ u(3) àëãåáðè ñòà-
áiëüíîñòi, ¹ òàêèìè {Gmn(d), G 3m(d) = 1

2(cm(d) − ωm(d)),Ωa
b(d)}. {G 0′m(d) =

1
2(cm(d)+ωm(d)), G 0′3(d) = −∆(d),Ω4

a(d),Ωa
4(d)} ¹ ôîðìàìè Êàðòàíà äëÿ ãåíå-

ðàòîðiâ ç âëàñíèì çíà÷åííÿì -1, ÿêi íàëåæàòü äî ôàêòîð-àëãåáð so(2, 3)/so(1, 3)
i su(4)/u(3). Ðàçîì 10 ôîðì Êàðòàíà {G 0′3(d), G 0′m(d), G 3m(d), Gmn(d)} âiä-
ïîâiäàþòü ãåíåðàòîðàì Mmn (m,n = 0′, 0, 1, 2, 3) so(2, 3) = sp(4) ïiäàëãå-
áðè osp(4|6) ñóïåðàëãåáðè. Ãåíåðàòîðè ñóïåðñèìåòðié Q a

(1,3)µ = Q a
µ ± iS a

µ òà
Q̄(1,3)µa = Q̄µa∓ iS̄µa íàëåæàòü äî ïiäïðîñòîðiâ ç âëàñíèìè çíà÷åííÿìè ±i. Àñî-
öiéîâàíi ç íèìè ôîðìè Êàðòàíà îçíà÷àþòüñÿ ÿê ω µ

(1,3) a(d) = 1
2(ωµa (d) ± iχµa(d))

òà ω̄µa(1,3)(d) = 1
2(ω̄µa(d)∓ iχ̄µa(d)). Âàðiþâàííÿì äi¨ (5) çà êîîðäèíàòàìè ñåêòîðà

ïîðóøåíèõ ñóïåðñèìåòðié çäîáóòî 8 iíøèõ ôåðìiîííèõ ðiâíÿíü
√
−γγij(Ωi a

4χ̄ µa
j −Ωi 4

aχ µ
j a)+i(Ω4

a(d)∧ωµa (d)+Ωa
4(d)∧ω̄µa(d)) + . . . = 0, (11)

√
−γγij(Ωi a

4χ̄ µa
j +Ωi 4

aχ µ
j a)−i(Ω4

a(d)∧ωµa (d)−Ωa
4(d)∧ω̄µa(d)) + . . . = 0, (12)

√
−γγij(Ωi 4

aω µ
j a−Ωi a

4ω̄ µa
j )+i(Ω4

a(d)∧χµa(d) + Ωa
4(d) ∧ χ̄µa(d)) + . . . = 0, (13)

√
−γγij(Ωi 4

aω µ
j a+Ωi a

4ω̄ µa
j )+i(Ω4

a(d)∧χµa(d)− Ωa
4(d) ∧ χ̄µa(d)) + . . . = 0. (14)

Îñíîâíèì ðåçóëüòàòîì ïiäðîçäiëó 2.2 ¹ ïðåäñòàâëåííÿ ðiâíÿíü ñóïåðñòðóíè
ó çàïðîïîíîâàíîìó ÷àñòêîâîìó êàëiáðóâàííi κ-ñèìåòði¨ (6)-(14) ó âèãëÿäi óìîâè
íóëüîâî¨ êðèâèçíè

dL(d)− L(d) ∧ L(d) = 0

äëÿ ëèñòêîâî¨ 1-ôîðìè L(d), ÿêà íàáóâà¹ çíà÷åííÿ â osp(4|6) ñóïåðàëãåáði içîìå-
òði¨ AdS4×CP3 ñóïåðïðîñòîðó [5]. Öåé ðåçóëüòàò âêàçó¹ íà ìîæëèâiñòü ðîçøè-
ðåííÿ iíòå ðîâíî¨ ñòðóêòóðè OSp(4|6)/(SO(1, 3) × U(3)) σ-ìîäåëi íà íåëiíiéíi
ðiâíÿííÿ, ÿêi âèïëèâàþòü iç ïîâíî¨ äi¨ AdS4 × CP3 ñóïåðñòðóíè òà âðàõîâóþòü
âíåñêè êîîðäèíàò ñåêòîðà ïîðóøåíèõ ñóïåðñèìåòðié [9*], [10*].

Ó ïiäðîçäiëi 2.3 ðîçãëÿíóòî ìîäåëü áåçìàñîâî¨ ñóïåð÷àñòèíêè â OSp(4|6)/
(SO(1, 3)× U(3)) ñóïåðïðîñòîði [4*]

S
OSp(4|6)/(SO(1,3)×U(3))
sparticle =

∫
L

dτ

e

(
G 0′m′

τ G 0′

τm′ + Ωτa
4Ωτ4

a
)
, (15)

äå G 0′m′
τ (m′ = 0, 1, 2, 3) òà Ωτa

4, Ωτ4
a ¹ âiäîáðàæåííÿìè ôîðì Êàðòàíà äëÿ

ãåíåðàòîðiâ ôàêòîð-àëãåáð so(2, 3)/so(1, 3) i su(4)/u(3) íà ñâiòîâó ëiíiþ L, à
ìíîæíèê Ëàãðàíæà e(τ) ¹ îäíîâèìiðíèì àíàëîãîì ìåòðèêè íà ñâiòîâîìó ëèñ-
òêó ñòðóíè. Âàðiþâàííÿ äi¨ (15) çà öèì ìíîæíèêîì Ëàãðàíæà ïðèâîäèòü äî
óìîâè, ÿêà âèðàæà¹ ñâiòëîïîäiáíiñòü iìïóëüñó ÷àñòèíêè ó ëàãðàíæiâîìó ôîð-
ìóëþâàííi. Ó ãàìiëüòîíîâîìó ôîðìóëþâàííi öÿ óìîâà ¹ â'ÿççþ ïåðøîãî ðîäó i
ãåíåðàòîðîì ðåïàðàìåòðèçàöiéíî¨ ñèìåòði¨ äi¨. Îñêiëüêè âîíà íå ¹ äèíàìi÷íèì
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ðiâíÿííÿì, äëÿ ñïðîùåííÿ âèãëÿäó äèíàìi÷íèõ ðiâíÿíü, ÿêi âèïëèâàþòü iç âà-
ðiàöi¨ äi¨ (15) çà êîîðäèíàòàìè OSp(4|6)/(SO(1, 3)×U(3)) ñóïåðïðîñòîðó, áóëî
çàêðiïëåíî êàëiáðóâàííÿ ðåïàðàìåòðèçàöiéíî¨ ñèìåòði¨ óìîâîþ e(τ) = 1. Âèâå-
äåíî áîçîííi

dGτ
0′m

dτ
+ 2Gτ

mnGτ
0′
n + 2Gτ

3m∆τ = 0,

d∆τ

dτ
− 2Gτ

3mGτ
0′
m = 0,

dΩτ4
a

dτ
+ iΩτ4

b(Ωτb
a + δabΩτc

c) = 0 òà ê.ñ.

i ôåðìiîííi ðiâíÿííÿ ñóïåð÷àñòèíêè

Gτ
0′mσ̃µνm ω(1)τνa−i∆τω(1)τ

µ
a−εabcΩτ4

bω̄(1)τ
µc=0 òà ê.ñ.,

Gτ
0′mσ̃µνm ω(3)τνa+i∆τω(3)τ

µ
a+εabcΩτ4

bω̄(3)τ
µc=0 òà ê.ñ.

Äëÿ çäîáóòèõ ðiâíÿíü çíàéäåíî ïðåäñòàâëåííÿ ó ôîðìi ðiâíÿííÿ Ëàêñà

dL
OSp(4|6)/(SO(1,3)×U(3))
sparticle

dτ
+
[
M,L

OSp(4|6)/(SO(1,3)×U(3))
sparticle

]
= 0,

äå
L
OSp(4|6)/(SO(1,3)×U(3))
sparticle = 2Gτ

0′mM 0′m + ∆τD + Ωτa
4V4

a + Ωτ4
aVa

4

òà

M = G −1 d

dτ
G =

∑
j∈0,1,2,3

cjτgj ∈ osp(4|6)

¹ êîìïîíåíòàìè ïàðè Ëàêñà, é âiäòàê äîâåäåíî ¨õ êëàñè÷íó iíòå ðîâíiñòü [6].
Äîâåäåííÿ êëàñè÷íî¨ iíòå ðîâíîñòi ðiâíÿíü áåçìàñîâî¨ OSp(4|6)/(SO(1, 3)×

U(3)) ñóïåð÷àñòèíêè ó ïiäðîçäiëi 2.3 óçàãàëüíåíî íà âèïàäîê ðiâíÿíü áåçìàñîâî¨
ñóïåð÷àñòèíêè â AdS4×CP3 ñóïåðïðîñòîði [7]. Äiÿ AdS4×CP3 ñóïåð÷àñòèíêè
ìà¹ òàêèé âèãëÿä

SAdS4×CP3

sparticle =

∫
L

dτ

e

(
Eτm′Em

′

τ − EτaEτ
a
)
,

äå Em′τ i Eτa, Eτ a ïðåäñòàâëÿþòü âiäîáðàæåííÿ íà ñâiòîâó ëiíiþ áîçîííèõ êîì-
ïîíåíòiâ 1-ôîðìè ñóïåðôiëüáàéíà AdS4 × CP3 ñóïåðïðîñòîðó. Âîíè ìàþòü âè-
ãëÿä ñòåïåíåâèõ ðîçêëàäiâ çà êîîðäèíàòàìè ñåêòîðà ïîðóøåíèõ ñóïåðñèìåòðié
(θµ, θ̄µ, ηµ, η̄µ), êîåôiöi¹íòàìè ÿêèõ ¹ ôîðìè Êàðòàíà äëÿ ãåíåðàòîðiâ osp(4|6)
ñóïåðàëãåáðè òà äèôåðåíöiàëè öèõ êîîðäèíàò. Çäîáóòî äèíàìi÷íi ðiâíÿííÿ ñó-
ïåð÷àñòèíêè òà ïðåäñòàâëåíî ¨õ ó ôîðìi ðiâíÿííÿ Ëàêñà

dLAdS4×CP3

sparticle

dτ
+
[
M,LAdS4×CP3

sparticle

]
= 0,
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äå êîìïîíåíòà ïàðè Ëàêñà M ¹ òàêîþ æ ÿê i ó âèïàäêó OSp(4|6)/(SO(1, 3) ×
U(3)) ñóïåð÷àñòèíêè, à êîìïîíåíòà LAdS4×CP3

sparticle âðàõîâó¹ çàëåæíiñòü âiä êîîðäè-
íàò ñåêòîðà ïîðóøåíèõ ñóïåðñèìåòðié.

Äîâåäåííÿ êëàñè÷íî¨ iíòå ðîâíîñòi ðiâíÿíü áåçìàñîâî¨ ñóïåð÷àñòèíêè â
AdS4 × CP3 ñóïåðïðîñòîði óçàãàëüíåíî íà âèïàäîê D0-áðàíè ó äàíîìó ñóïåð-
ïðîñòîði [11*]. Äiþ D0-áðàíè � òî÷êîâîãî íåïåðòóðáàòèâíîãî îá'¹êòà â òåîði¨
ñóïåðñòðóí òèïó IIÀ � ïðåäñòàâëåíî ó âèãëÿäi

SAdS4×CP3

D0−brane =

∫
L

dτ

{
1

2

[
1

eΦ2
L

(
Eτm′Em

′

τ − EτaEτ
a
)
− em2

]
+mALτ

}
,

äå m � ¨¨ ìàñà. Îñòàííié ÷ëåí ó äi¨ îïèñó¹ âçà¹ìîäiþ D0-áðàíè ç êàëiáðóâàëü-
íîþ 1-ôîðìîþ Ðàìîíà-Ðàìîíà AL(d), ÿêà ïðèñóòíÿ ó ñïåêòði ñòàíiâ çàìêíåíî¨
ñóïåðñòðóíè òèïó IIÀ. Çàðÿä D0-áðàíè ïî âiäíîøåííþ äî öüîãî êàëiáðóâàëüíî-
ãî ïîëÿ äîðiâíþ¹ ¨¨ ìàñi m. Ðiâíÿííÿ D0-áðàíè ïðåäñòàâëåíî ó ôîðìi ðiâíÿííÿ
Ëàêñà

dLAdS4×CP3

D0−brane

dτ
+
[
M,LAdS4×CP3

D0−brane

]
= 0,

äå êîìïîíåíòà ïàðè Ëàêñà LAdS4×CP3

D0−brane âðàõîâó¹ âíåñîê ïîëÿ Ðàìîíà-Ðàìîíà òà
íåíóëüîâó ìàñó m. Öå äîâîäèòü ¨õ êëàñè÷íó iíòå ðîâíiñòü [8].

Ó ðîçäiëi 3 ïiä íàçâîþ ¾Êëàñè÷íi òà êâàíòîâi ñèìåòði¨ (ñóïåð)òâiñòîðíèõ
ôîðìóëþâàíü ìîäåëåé ðåëÿòèâiñòñüêèõ ñòðóí ó (ñóïåð)ïðîñòîðàõ Ìiíêîâñüêî-
ãî¿ äîñëiäæó¹òüñÿ ïî¹äíàííÿ òåîðié ñóïåðñòðóí òà òâiñòîðiâ. Ç öi¹þ ìåòîþ òâi-
ñòîðîïîäiáíå ôîðìóëþâàííÿ [12*], [13*], [14*] (ñóïåð)ñòðóí ó (ñóïåð)ïðîñòîðàõ
Ìiíêîâñüêîãî, ÿêå âèêîðèñòîâó¹ ñïiíîðíi êîìïîíåíòè äiàäè Íüþìåíà-Ïåíðîóçà
äëÿD = 4 òà ¨¨ ðîçøèðåííÿ íà äîâiëüíi âèùi ðîçìiðíîñòi, âêëþ÷àþ÷èD = 6, 10,
óçàãàëüíåíî äî ñóïåðòâiñòîðíîãî ôîðìóëþâàííÿ.

Ïiñëÿ âñòóïíîãî ïiäðîçäiëó 3.1 ó ïiäðîçäiëi 3.2 çäîáóòi òâiñòîðíi ôîðìóëþ-
âàííÿ ìîäåëåé áîçîííî¨ ñòðóíè òà ñóïåðñòðóí ó D = 4 (ñóïåð)ïðîñòîði Ìií-
êîâñüêîãî ó ëàãðàíæiâîìó òà ãàìiëüòîíîâîìó ïiäõîäàõ [9], [10]. Ó ïóíêòi 3.2.1
çäîáóòî òâiñòîðíå ôîðìóëþâàííÿ áîçîííî¨ ñòðóíè [9]

SD=4
string, tw =

∫
Σ

LD=4
string, tw(ξ) :

LD=4
string, tw(ξ)=

−i
4(α′)1/2

[
e[+2]∧ω[−2]

Z (d)−e[−2]∧ω[+2]
W (d)

]
+
c

2
e[−2]∧e[+2],

−ū−α̇dx̃α̇αu−α =
i

2
ω

[−2]
Z (d) =

i

2
(Z̄−αdZ

α−−dZ̄−αZα−),

−v̄+
α̇ dx̃

α̇αv+
α =

i

2
ω

[+2]
W (d) =

i

2
(W̄+

α dW
α+−dW̄+

αW
α+).

(16)

Äiþ ñòðóíè (16) ïðåäñòàâëåíî ó âèãëÿäi iíòå ðàëà âiä ëàãðàíæiâî¨ 2-ôîðìè,
ÿêà ìiñòèòü êîìïîíåíòè äiàäè Íüþìåíà-Ïåíðîóçà v α(α) = (uα−, v α+) ∈ SL(2,C),
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v̄ α̇(α̇) = (ūα̇−, v̄ α̇+) ∈ SL(2,C) òà 1-ôîðìè öâàéáàéíà e[±2] = dξµe
[±2]
µ ç äåòåðìi-

íàíòîì e = 1
2e

[−2]∧e[+2]. Âàãè êîìïîíåíòiâ äiàäè òà öâàéáàéíà âiäíîñíî SO(1, 1)
ãðóïè ëîêàëüíî¨ ñèìåòði¨, ÿêà äi¹ ó äîòè÷íîìó ïðîñòîði äî ñâiòîâîãî ëèñòêà, íà-
âåäåíî ó âèãëÿäi ¨õ âåðõíiõ iíäåêñiâ. α′ ¹ ïàðàìåòðîì íàõèëó òðà¹êòîðié Ðåäæå,
à c � ÷èñëîâèé êîåôiöi¹íò, òîìó íàòÿã ñòðóíè äîðiâíþ¹ T = 1

2cα′ .
Ó çàïðîïîíîâàíîìó ôîðìóëþâàííi äèíàìi÷íèìè çìiííèìè ¹ öâàéáàéí òà ïà-

ðà òâiñòîðiâ Ïåíðîóçà Zα− = (µα−, ū−α̇ ), Wα+ = (ν α+, v̄+
α̇ ) i äóàëüíèõ òâiñòîðiâ

Z̄−α = (u−α , µ̄
α̇−), W̄+

α = (v+
α , ν̄

α̇+) (α = 1, ..., 4; α, α̇ = 1, 2), ÿêi ðåàëiçóþòü
(àíòè)ôóíäàìåíòàëüíå ïðåäñòàâëåííÿ ãðóïè SU(2, 2) ÷îòèðèêðàòíî¨ íàêðèâíî¨
êîíôîðìíî¨ ãðóïè ÷îòèðèâèìiðíîãî ïðîñòîðó Ìiíêîâñüêîãî. Òâiñòîðè çàäîâîëü-
íÿþòü óìîâè íóëüîâî¨ íîðìè òà îðòîãîíàëüíîñòi

Z̄−αZ
α− = u−αµ

α− + µ̄α̇−ū−α̇ = 0, W̄+
αW

α+ = v+
α ν

α+ + ν̄ α̇+v̄+
α̇ = 0, (17)

W̄+
αZ

α− = v+
αµ

α− + ν̄ α̇+ū−α̇ = 0, (W̄+
αZ

α−)† = Z̄−αW
α+ = 0, (18)

à ¨õ ïðî¹êöiéíi ÷àñòèíè ñêëàäàþòü íîðìîâàíó äiàäó Íüþìåíà-Ïåíðîóçà

uα−v+
α = 1, ūα̇−v̄+

α̇ = 1 ⇔ Wα+IαβZ
β− = 1, W̄+

α I
αβZ̄−β = 1. (19)

Iç óìîâ (19) âèïëèâà¹, ùî êîìïîíåíòè äiàäè óòâîðþþòü íîðìîâàíèé áàçèñ ó
ïðîñòîði äâîêîìïîíåíòíèõ SL(2,C) ñïiíîðiâ. Öi óìîâè ïîðóøóþòü SU(2, 2) ñè-
ìåòðiþ òâiñòîðíîãî ïðîñòîðó äî ñèìåòði¨ Ïóàíêàðå ISO(1, 3), ÿêà ¹ ãëîáàëüíîþ
ñèìåòði¹þ äi¨ ñòðóíè çàâäÿêè ïðèñóòíîñòi ó íié ðîçìiðíîãî ïàðàìåòðà íàòÿãó
[T ] = [L−2]. Çàãàëîì 6 óìîâ çâîäÿòü ÷èñëî íåçàëåæíèõ êîìïîíåíòiâ òâiñòî-
ðiâ äî äåñÿòè. Ñòiëüêè æ êîìïîíåíò ðàçîì ìàþòü ïðîñòîðîâî-÷àñîâi êîîðäèíà-
òè xα̇α = xmσ̃α̇αm , äå σ̃α̇αm � ðåëÿòèâiñòñüêi ìàòðèöi Ïàóëi, òà íîðìîâàíà äiàäà.
Ðîçâ'ÿçêàìè öèõ óìîâ ¹ âèðàçè äëÿ ãîëîâíèõ ñïiíîðíèõ ÷àñòèí òâiñòîðiâ ÷åðåç
ïðî¹êöi¨ ïðîñòîðîâî-÷àñîâèõ êîîðäèíàò íà êîìïîíåíòè äiàäè

µα− = iū−α̇x
α̇α, ν α+ = iv̄+

α̇x
α̇α; µ̄α̇− = −ixα̇αu−α , ν̄ α̇+ = −ixα̇αv+

α ,

ÿêi ¹ ïðèêëàäàìè ñïiââiäíîøåíü iíöèäåíòíîñòi â òåîði¨ òâiñòîðiâ. Âàðiþâàííÿì
äi¨ (16) ç óðàõóâàííÿì óìîâ (17)-(19) âèâåäåíi ðiâíÿííÿ ñòðóíè ó òâiñòîðíîìó
ôîðìóëþâàííi òà ïîêàçàíà ¨õ åêâiâàëåíòíiñòü ðiâíÿííÿì ìiíiìàëüíîãî âêëàäå-
ííÿ ñâiòîâîãî ëèñòêà ó ìåòîäi îðòîíîðìîâàíîãî ðåïåðà Å. Êàðòàíà [15*], [16*].

Òâiñòîðíå ôîðìóëþâàííÿ áîçîííî¨ ñòðóíè óçàãàëüíåíî ó ïóíêòi 3.2.2 äî ñó-
ïåðòâiñòîðíîãî ôîðìóëþâàííÿ D = 4 N = 1 ñóïåðñòðóíè â òåðìiíàõ äâîõ
SU(2, 2|1) ñóïåðòâiñòîðiâ ZA− = (µα−, ū−α̇ , η̄

−), WA+ = (ν α+, v̄+
α̇ , ζ̄

+) òà äóàëü-
íèõ ñóïåðòâiñòîðiâ Z̄−A = (u−α , µ̄

α̇−, η−), W̄+
A = (v+

α , ν̄
α̇+, ζ+), êîæåí ç ÿêèõ âêëþ-

÷à¹ ÷îòèðè áîçîííi êîìïîíåíòè òà îäíó êîìïëåêñíó ãðàññìàíîâó êîìïîíåíòó.
Ñóïåðòâiñòîðè çàäîâîëüíÿþòü SU(2, 2|1)-iíâàðiàíòíi óìîâè íóëüîâî¨ íîðìè òà
îðòîãîíàëüíîñòi

Z̄−AZA− = u−αµ
α− + µ̄α̇−ū−α̇ + η−η̄− = 0, W̄+

AWA+ = v+
α ν

α+ + ν̄α̇+v̄+
α̇ + ζ+ζ̄+ = 0,

W̄+
AZA− = v+

αµ
α− + ν̄α̇+ū−α̇ + ζ+η̄− = 0, Z̄−AWA+ = u−αν

α+ + µ̄α̇−v̄+
α̇ + η−ζ̄+ = 0.
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Öi óìîâè çàáåçïå÷óþòü ðiâíiñòü ÷èñëà íåçàëåæíèõ êîìïîíåíòiâ äâîõ ñóïåðòâi-
ñòîðiâ ñóìi ÷èñëà êîîðäèíàò D = 4 N = 1 ñóïåðïðîñòîðó Ìiíêîâñüêîãî (xαα̇,
θα, θ̄α̇) òà ÷èñëà êîìïîíåíòiâ íîðìîâàíî¨ äiàäè Íüþìåíà-Ïåíðîóçà. Ðîçâ'ÿçîê
öèõ óìîâ âiäíîñíî ãîëîâíèõ ñïiíîðíèõ ÷àñòèí ñóïåðòâiñòîðiâ

µα− = iū−α̇x
α̇α + θαη̄−, η̄− = 2ūα̇−θ̄α̇, ν

α+ = iv̄+
α̇x

α̇α + θαζ̄+, ζ̄+ = 2v̄α̇+θ̄α̇;

µ̄α̇− = −ixα̇αu−α + η−θ̄α̇, η− = 2uα−θα; ν̄α̇+ = −ixα̇αv+
α + ζ+θ̄α̇, ζ+ = 2vα+θα

ïðåäñòàâëÿ¹ ñóïåðñèìåòðè÷íå óçàãàëüíåííÿ ñïiââiäíîøåíü iíöèäåíòíîñòi äëÿ
òâiñòîðiâ Ïåíðîóçà.

Äiÿ D = 4 N = 1 ñóïåðñòðóíè ó çàïðîïîíîâàíîìó ñóïåðòâiñòîðíîìó ôîð-
ìóëþâàííi ìà¹ âèãëÿä [9]

SD=4,N=1
sstring, stw =

∫
Σ

(
−i

4(α′)1/2

[
e[+2]∧ω[−2]

Z (d)−e[−2]∧ω[+2]
W (d)

]
+
c

2
e[−2]∧e[+2]

− s

8cα′

[
ω

[−2]
Z (d)∧ω[+2]

ζ (d)+ω
[+2]
W (d)∧ω[−2]

η (d)−ωZ̄W(d)∧ωζη̄(d)−ωW̄Z(d)∧ωηζ̄(d)
])
.

Âîíà âêëþ÷à¹ ïîáóäîâàíi iç ñóïåðòâiñòîðiâ òà ¨õ äèôåðåíöiàëiâ SU(2, 2|1)-
iíâàðiàíòíi 1-ôîðìè

ω
[−2]
Z (d) = Z̄−AdZA− − dZ̄

−
AZA−, ω

[+2]
W (d) = W̄+

AdWA+ − dW̄+
AWA+,

ωW̄Z(d) = W̄+
AdZA− − dW̄

+
AZA−, ωZ̄W(d) = −(ωW̄Z)†

é 1-ôîðìè, ïîáóäîâàíi ç ãðàññìàíîâèõ êîìïîíåíòiâ ñóïåðòâiñòîðiâ

ω
[−2]
η (d) = η−Dη̄− −Dη−η̄−, ω

[+2]
ζ (d) = ζ+Dζ̄+ −Dζ+ζ̄+,

ωζη̄(d) = ζ+Dη̄− −Dζ+η̄−, ωηζ̄(d) = −(ωζη̄)
†

iíâàðiàíòíi ëèøå âiäíîñíî D = 4 N = 1 ñóïåðãðóïè Ïóàíêàðå, ÿêà ¹ ïiäãðó-
ïîþ SU(2, 2|1) cóïåðãðóïè. Çäîáóòî ðiâíÿííÿ ñóïåðñòðóíè ó ñóïåðòâiñòîðíîìó
ôîðìóëþâàííi òà çàêîíè ïåðåòâîðåííÿ κ-ñèìåòði¨.

Òàêîæ ó öüîìó ïóíêòi ââåäåíi ðåäóêîâàíi ñóïåðòâiñòîðíi ìîäåëi ç êâàäðà-
òè÷íèìè ëàãðàíæiàíàìè [9], ÿêi óçàãàëüíþþòü íà âèïàäîê ñòðóí ç íåíóëüîâèì
íàòÿãîì òâiñòîðíi ôîðìóëþâàííÿ ìîäåëåé áåçìàñîâî¨ ñóïåð÷àñòèíêè [17*] òà
áåçíàòÿãîâî¨ ñóïåðñòðóíè [18*]. Äiÿ áîçîííî¨ ñòðóíè ó òâiñòîðíîìó ôîðìóëþ-
âàííi ¹ ¨õ îêðåìèì âèïàäêîì, ÿêèé âiäïîâiäà¹ îáåðíåííþ íà íóëü ãðàññìàíîâèõ
êîìïîíåíòiâ ñóïåðòâiñòîðiâ.

Ó ïóíêòi 3.2.3 ïðîâåäåíî àíàëiç ðåäóêîâàíî¨ ìîäåëi, ÿêà âiäïîâiäà¹ N = 2
ñóïåðñòðóíi, ÿê ãàìiëüòîíîâî¨ ñèñòåìè ç â'ÿçÿìè. Çäîáóòî âèðàçè äëÿ ëîðåíö-
êîâàðiàíòíèõ òà íåçâiäíèõ íàáîðiâ â'ÿçåé ïåðøîãî òà äðóãîãî ðîäó [10].

Ó ïiäðîçäiëi 3.3 çàïðîïîíîâàíi ôîðìóëþâàííÿ ñóïåðñòðóí ó ñóïåðïðîñòîðàõ
Ìiíêîâñüêîãî ðîçìiðíîñòåé D = 6 òà D = 10 â òåðìiíàõ ñóïåðòâiñòîðiâ, ÿêi
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ðåàëiçóþòü ôóíäàìåíòàëüíi ïðåäñòàâëåííÿ âiäïîâiäíèõ ñóïåðêîíôîðìíèõ ãðóï
[11].

Cóïåðòâiñòîðè ó ðîçìiðíîñòi D = 6 îçíà÷åíi ÿê òàêi, ùî ðåàëiçóþòü ôóíäà-
ìåíòàëüíå ïðåäñòàâëåííÿ ñóïåðêîíôîðìíî¨ ãðóïè D = 6 N = 1 ñóïåðïðîñòîðó
Ìiíêîâñüêîãî [11]. �¨ ñóïåðàëãåáðà içîìîðôíà îðòîñèìïëåêòè÷íié osp(8∗|2) ñóïå-
ðàëãåáði, äî ñêëàäó ÿêî¨ âõîäÿòü so(8∗) = so(2, 6) = conf(1, 5) òà su(2) = so(3)
ïiäàëãåáðè. Ëàãðàíæiàí D = 6 N = 1 ñóïåðñòðóíè ó ñóïåðòâiñòîðíîìó ôîðìó-
ëþâàííi âêëþ÷à¹ äâà äóáëåòè OSp(8∗|2) ñóïåðòâiñòîðiâ

ZΛ+a = (µα+a, v+a
α , ηi+a), ZΛ−ȧ = (µα−ȧ, v−ȧα , ηi−ȧ), α = 1, . . . , 4; i, a, ȧ = 1, 2.

�õ áîçîííi êîìïîíåíòè µα+a, µα−ȧ, v+a
α i v−ȧα ¹ SU(2)-ñèìïëåêòè÷íèìè ìàéîðàíà-

âåéëiâñüêèìè Spin(1, 5) ñïiíîðàìè ðiçíèõ êiðàëüíîñòåé, ïðè ÷îìó (µα+a, v+a
α )

òà (µα−ȧ, v−ȧα ) ïåðåòâîðþþòüñÿ ÿê âîñüìèêîìïîíåíòíi SU(2)-ñèìïëåêòè÷íi
ìàéîðàíà-âåéëiâñüêi Spin(2, 6) ñïiíîðè. Ãðàññìàíîâi êîìïîíåíòè ñóïåðòâiñòîðiâ
ηi+a i ηi−ȧ çà iíäåêñîì i ïåðåòâîðþþòüñÿ ÿê SU(2) ñïiíîðè. Ïðî¹êöiéíi ÷àñòè-
íè ñóïåðòâiñòîðiâ óòâîðþþòü 4 × 4 ìàòðèöþ ñïiíîðíèõ ëîðåíöåâèõ ãàðìîíiê
(v+a
α , v−ȧα ), ÿêà óçàãàëüíþ¹ íîðìîâàíó äiàäó Íüþìåíà-Ïåíðîóçà íà ðîçìiðíiñòü

D = 6 [19*], [20*]. Ïðè îïèñi äèíàìiêè (ñóïåð)ñòðóíè ó ìåòîäi ðóõîìîãî ðåïåðà
ñïiíîðíi ëîðåíöåâi ãàðìîíiêè òà ïîáóäîâàíèé iç íèõ âåêòîðíèé ðåïåð íàáóâàþòü
çíà÷åííÿ ó ôàêòîð-ãðóïi SO(1, D − 1)/(SO(1, 1) × SO(D − 2)), ùî âiäïîâiäà¹
îði¹íòàöi¨ äâîõ éîãî êîìïîíåíòiâ ó äîòè÷íîìó ïðîñòîði äî ñâiòîâîãî ëèñòêà, à
ðåøòè � ó îðòîãîíàëüíîìó äîïîâíåííi äàíîãî ïðîñòîðó [21*], [12*]. Ó ðîçìiðíî-
ñòi D = 6 ç óðàõóâàííÿì ãðóïîâèõ içîìîðôiçìiâ ñïiíîðíi ëîðåíöåâi ãàðìîíiêè

íàáóâàþòü çíà÷åííÿ ó Spin(1, 5)/(SO(1, 1) × SU(2) × S̃U(2)) ôàêòîð-ãðóïi. Ó
ðîáîòi [11] çäîáóòî óìîâè íà ñóïåðòâiñòîðè, íàêëàäåííÿ ÿêèõ çàáåçïå÷ó¹ iíöè-
äåíòíiñòü ¨õ êîìïîíåíòiâ êîîðäèíàòàì D = 6 N = 1 ñóïåðïðîñòîðó Ìiíêîâ-
ñüêîãî. Äiÿ D = 6 N = 1 ñóïåðñòðóíè ó çàïðîïîíîâàíîìó ñóïåðòâiñòîðíîìó
ôîðìóëþâàííi ìà¹ âèãëÿä [11]

SD=6,N=1
string, stw =

∫
Σ

(
1

2(α′)1/2

[
e[+2]∧ω[−2](d)−e[−2]∧ω[+2](d)

]
+
c

2
e[−2]∧e[+2]

+
is

cα′

[
1

2
ω[−2](d)∧ϕ[+2](d)+

1

2
ω[+2](d)∧ϕ[−2](d)−ω(i)(d)∧ϕ(i)(d)

])
,

äå

ω[+2](d) =
1

2
εab(dµ

α+av+b
α + dv+a

α µα+b − iεij dηi+aηj+b),

ω[−2](d) = −1

2
εȧḃ(dµ

α−ȧv−ḃα + dv−ȧα µα−ḃ − iεij dηi−ȧηj−ḃ),

ω(i)(d) =
1

4
(dµα+av−ȧα + dv+a

α µα−ȧ − iεij dηi+aηj−ȧ

−dµα+av−ȧα − dv+a
α µα−ȧ + iεij dη

i+aηj−ȧ)σ
(i)
aȧ ,
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ϕ[+2](d) = −1

2
εabDη+a

i ηi+b, ϕ[−2](d) =
1

2
εȧḃDη

−ȧ
i ηi−ḃ,

ϕ(i)(d) =
1

4
(Dη+a

i ηi−ȧ −Dη−ȧi ηi+a)σ
(i)
aȧ .

Âèâåäåíi ðiâíÿííÿ ñóïåðñòðóíè ó ñóïåðòâiñòîðíîìó ôîðìóëþâàííi òà çàêîíè
ïåðåòâîðåííÿ κ-ñèìåòði¨. Òàêîæ ââåäåíi ðåäóêîâàíi ñóïåðòâiñòîðíi ìîäåëi, ëà-
ãðàíæiàíè ÿêèõ êâàäðàòè÷íi çà êîìïîíåíòàìè ñóïåðòâiñòîðiâ.

Ñóïåðòâiñòîðè, ÿêi âiäïîâiäàþòü D = 10 N = 1 ñóïåðïðîñòîðó Ìiíêîâñüêî-
ãî, ðåàëiçóþòü ôóíäàìåíòàëüíå ïðåäñòàâëåííÿ OSp(32|1) ñóïåðãðóïè. �¨ ñóïå-
ðàëãåáðà osp(32|1) âêëþ÷à¹ êîíôîðìíó àëãåáðó 10-âèìiðíîãî ïðîñòîðó Ìií-
êîâñüêîãî conf(1, 9) ⊂ sp(32). Âèâåäåíî äiþ D = 10 N = 1 ñóïåðñòðóíè ó
ñóïåðòâiñòîðíîìó ôîðìóëþâàííi [11]

SD=10,N=1
sstring, stw =

∫
Σ

(
1

2(α′)1/2

[
e[+2] ∧ ω[−2](d)− e[−2] ∧ ω[+2](d)

]
+
c

2
e[−2] ∧ e[+2]

+
is

cα′

[
1

2
ω[−2](d) ∧ ϕ[+2](d)+

1

2
ω[+2](d) ∧ ϕ[−2](d)−ω(I)(d) ∧ ϕ(I)(d)

])
,

(20)

ω[+2](d) =
1

8

(
dµα̂+

A
v+
α̂A
− dv+

α̂A
µα̂+

A
− idη+

A
η+
A

)
,

ω[−2](d) =
1

8

(
dµα̂−

Ȧ
v−
α̂Ȧ
− dv−

α̂Ȧ
dµα̂−

Ȧ
− idη−

Ȧ
η−
Ȧ

)
,

ω(I)(d)=
1

16

(
dµα̂+

A
v−
α̂Ȧ
−dv+

α̂A
µα̂−
Ȧ
−idη+

A
η−
Ȧ

+dµα̂−
Ȧ
v+
α̂A
−dv−

α̂Ȧ
µα̂+

A
−idη−

Ȧ
η+
A

)
γ

(I)

AȦ
,

ϕ[+2](d) =
1

8
Dη+

A
η+
A
, ϕ[−2](d) =

1

8
Dη−

Ȧ
η−
Ȧ
, ϕ(I)(d) =

1

16
γ

(I)

AȦ
(Dη+

A
η−
Ȧ

+Dη−
Ȧ
η+
A

).

Äèíàìi÷íèìè çìiííèìè ó çàïðîïîíîâàíîìó ôîðìóëþâàííi ¹ äâà îêòåòè îðòî-
ñèìïëåêòè÷íèõ OSp(32|1) ñóïåðòâiñòîðiâ

ZΛ+
A =

(
µα̂+

A
, v+

α̂A
, η+

A

)
, ZΛ−

Ȧ
=
(
µα̂−
Ȧ
, v−

α̂Ȧ
, η−

Ȧ

)
, α̂ = 1, . . . , 16, A, Ȧ = 1, . . . , 8.

�õ áîçîííi êîìïîíåíòè µα̂+

A
, v+

α̂A
i µα̂−

Ȧ
, v−

α̂Ȧ
¹ ìàéîðàíà-âåéëiâñüêèìè Spin(1, 9)

òà Spin(8) ñïiíîðàìè ðiçíèõ êiðàëüíîñòåé, à ôåðìiîííi êîìïîíåíòè η+
A
i η−

Ȧ
¹

ìàéîðàíà-âåéëiâñüêèìè Spin(8) ñïiíîðàìè ðiçíèõ êiðàëüíîñòåé. Ïðî¹êöiéíi ÷à-
ñòèíè ñóïåðòâiñòîðiâ óòâîðþþòü 16× 16 ìàòðèöþ ñïiíîðíèõ ëîðåíöåâèõ ãàðìî-
íiê
(
v+
α̂A
, v−

α̂Ȧ

)
ó ðîçìiðíîñòi D = 10 [19*], [20*]. Ç óðàõóâàííÿì SO(1, 1)×SO(8)

êàëiáðóâàëüíî¨ ñèìåòði¨ äi¨ ñóïåðñòðóíè ó ñóïåðòâiñòîðíîìó (20) òà ëîðåíö-
ãàðìîíi÷íîìó [12*] ôîðìóëþâàííÿõ ñïiíîðíi ëîðåíöåâi ãàðìîíiêè íàáóâàþòü
çíà÷åííÿ ó ôàêòîð-ãðóïi Spin(1, 9)/(SO(1, 1)×Spin(8)). Çäîáóòi óìîâè, ÿêi çà-
áåçïå÷óþòü iíöèäåíòíiñòü êîìïîíåíòiâ OSp(32|1) ñóïåðòâiñòîðiâ êîîðäèíàòàì
D = 10 N = 1 ñóïåðïðîñòîðó Ìiíêîâñüêîãî [11]. Âèâåäåíi ðiâíÿííÿ D = 10
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N = 1 ñóïåðñòðóíè ó ñóïåðòâiñòîðíîìó ôîðìóëþâàííi òà âàðiàöi¨ ñóïåðòâiñòî-
ðiâ ïðè ïåðåòâîðåííÿõ κ-ñèìåòði¨. Ââåäåíi ðåäóêîâàíi ñóïåðòâiñòîðíi ìîäåëi ç
êâàäðàòè÷íèìè çà êîìïîíåíòàìè ñóïåðòâiñòîðiâ ëàãðàíæiàíàìè.

Ó ïiäðîçäiëi 3.4 ïðîàíàëiçîâàíî ìîäåëü D = 10 N = 1 ñóïåðñòðóíè ó çàïðî-
ïîíîâàíîìó ñóïåðòâiñòîðíîìó ôîðìóëþâàííi ÿê ãàìiëüòîíîâó ñèñòåìó ç â'ÿçÿìè
[12]. Çäîáóòî âèðàçè ÷åðåç êîìïîíåíòè ñóïåðòâiñòîðiâ äëÿ êîâàðiàíòíèõ òà íå-
çâiäíèõ íàáîðiâ â'ÿçåé ïåðøîãî i äðóãîãî ðîäó òà äîñëiäæåíî àëãåáðó â'ÿçåé
ïåðøîãî ðîäó íà äóæêàõ Äiðàêà.

Ç ìåòîþ ïîðiâíÿííÿ ñòðóêòóðè ñèìåòðié ñóïåðòâiñòîðíèõ ôîðìóëþâàíü ñó-
ïåðñòðóí, çàïðîïîíîâàíèõ ó íàøèõ ðîáîòàõ [9], [10], [11], òà âiäîìî¨ ìîäåëi òâi-
ñòîðíî¨ ñòðóíè Áåðêîâiöà [22*] ó ïiäðîçäiëi 3.5 äîñëiäæåíi êëàñè÷íi ãëîáàëüíi
ñèìåòði¨ öi¹¨ ìîäåëi òà ¨¨ ðîçøèðåííÿ, â ÿêîìó íà ñóïåðòâiñòîðè íå íàêëàäåíî
äîäàòêîâèõ â'ÿçåé. Ïîêàçàíî, ùî ãëîáàëüíi ñèìåòði¨ öèõ ìîäåëåé ¹ íåñêií÷åí-
íîâèìiðíèìè óçàãàëüíåííÿìè D = 4 N = 4 ñóïåðêîíôîðìíî¨ ñèìåòði¨ [13].

Äèíàìi÷íèìè çìiííèìè ó ìîäåëi Áåðêîâiöà ¹ ëiâî- òà ïðàâî-áiæíi ïîëÿ
PSL(4|4) ñóïåðòâiñòîðiâ ZA(τ, σ), YA(τ, σ) i Z̄A′(τ, σ), ȲA′(τ, σ) ðàçîì ç iíøèìè
ëèñòêîâèìè ïîëÿìè. Äëÿ ïîëiâ ñóïåðòâiñòîðiâ äiÿ âèçíà÷à¹òüñÿ ñóìîþ

SL−tw =

∫
Σ

dτdσLL−tw : LL−tw = −2YA∂−ZA + ζYAZA

òà

SR−tw =

∫
Σ

dτdσLR−tw : LR−tw = −2ȲA′∂+Z̄A
′
+ ζ̄ȲA′Z̄A

′
,

äå σ± = τ ± σ òà ∂± = 1
2
(∂τ ± ∂σ) ¹ ëèñòêîâèìè êîîðäèíàòàìè òà ïîõiäíè-

ìè ó áàçèñi ñâiòëîâîãî êîíóñà. Çà äîïîìîãîþ ìíîæíèêiâ Ëàãðàíæà ζ(τ, σ) òà
ζ̄(τ, σ) ââîäÿòüñÿ â'ÿçi YAZA = 0 i ȲA′Z̄A

′
= 0, ÿêi ¹ ãåíåðàòîðàìè GL(1,R)L

òà GL(1,R)R ëîêàëüíèõ ñèìåòðié. Òàêîæ ó ïiäðîçäiëi 3.5 ðîçãëÿíóòî ìîäåëü ç
äi¹þ äëÿ ïîëiâ ñóïåðòâiñòîðiâ

S ′ = S ′L−tw + S ′R−tw,

äå

S ′L−tw =

∫
Σ

dτdσL ′
L−tw : L ′

L−tw = −2YA∂−ZA,

S ′R−tw =

∫
Σ

dτdσL ′
R−tw : L ′

R−tw = −2ȲA′∂+Z̄A
′

i äîäàòêîâi â'ÿçi âiäñóòíi.
Ïîêàçàíî, ùî äëÿ äîâiëüíîãî L ≥ 0 äiÿ S ′L−tw iíâàðiàíòíà âiäíîñíî ïåðåòâî-

ðåíü
δΛL
ZA = ΛAB(L)ZB(L), δΛL

YA = −LYCΛCAB(L−1)ZB(L−1),
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äå ïàðàìåòðè ΛABL...B1 ≡ ΛAB(L) ¹ ãðàäóéîâàíî-ñèìåòðè÷íèìè çà íèæíiìè iíäå-
êñàìè òà ZA(L) ≡ ZA1 · · · ZAL. Âñòàíîâëåíî, ùî âiäïîâiäíi ãóñòèíè íüîòåðîâèõ
ñòðóìiâ ç òî÷íiñòþ äî ÷èñëîâîãî ôàêòîðà äàþòüñÿ ìîíîìàìè

T (L)
B
A(L)(σ) = YBZA(L), L ≥ 0

òà óòâîðþþòü íåñêií÷åííîâèìiðíó ñóïåðàëãåáðó íà äóæêàõ Äiðàêà, ÿêó áóëî
íàçâàíî ñóïåðàëãåáðîþ òâiñòîðíî¨ ñòðóíè. �¨ ñêií÷åííîâèìiðíà ïiäàëãåáðà ñêëà-
äà¹òüñÿ iç ãóñòèíè ñòðóìó YA(σ), ÿêèé íà äóæêàõ Äiðàêà ãåíåðó¹ çñóâè êîì-
ïîíåíòiâ ñóïåðòâiñòîðà ZA(σ) íà ñòàëi, òà ãåíåðàòîðiâ gl(4|4,R) ñóïåðàëãåáðè
TA
B(σ) = YAZB. Äiÿ äëÿ ïðàâî-áiæíèõ ïîëiâ ñóïåðòâiñòîðiâ S ′R−tw iíâàðiàíòíà

âiäíîñíî àíàëîãi÷íèõ ñèìåòðié, ïiä äi¹þ ÿêèõ ïåðåòâîðþþòüñÿ Z̄A′ òà ȲA′. Äî-
âåäåíî, ùî íà êâàíòîâîìó ðiâíi äàíà ãëîáàëüíà íåñêií÷åííîâèìiðíà ñèìåòðiÿ
ïîðóøó¹òüñÿ äî SL(4|4,R) ⊂ GL(4|4,R) ñèìåòði¨, à ó ìîäåëi Áåðêîâiöà âiäïî-
âiäíîþ ñèìåòði¹þ ¹ PSL(4|4,R) ⊂ SL(4|4,R) ñèìåòðiÿ [13].

Ó ÷åòâåðòîìó ðîçäiëi ¾Êëàñè÷íi òà êâàíòîâi ñèìåòði¨ ïðîñòîðîâî-÷àñîâèõ
i òâiñòîðíèõ ôîðìóëþâàíü ìîäåëåé ðåëÿòèâiñòñüêèõ ÷àñòèíîê òà ñòðóí ó (ñó-
ïåð)ïðîñòîðàõ àíòè-äå Ñiòòåðà¿ äîñëiäæóþòüñÿ ñóïåðñèìåòðè÷íi ìîäåëi áåçìà-
ñîâèõ ÷àñòèíîê i ñòðóí ç íóëüîâèì íàòÿãîì ó (ñóïåð)ïðîñòîðàõ àíòè-äå Ñiòòåðà,
â ÿêèõ ëiíiéíî ðåàëiçîâàíî ¨õ ãëîáàëüíi ñèìåòði¨. Ïiñëÿ âñòóïíîãî ïiäðîçäiëó 4.1
ó ïiäðîçäiëàõ 4.2 òà 4.3 çäîáóòi íåîáõiäíi ïîïåðåäíi ðåçóëüòàòè äëÿ äîñëiäæåííÿ
öèõ ìîäåëåé.

Ó ïiäðîçäiëi 4.2 ðîçãëÿíóòî ñïiíîðíå ïðåäñòàâëåííÿ äëÿ òåíçîðiâ íàïðóæå-
íîñòåé, äèíàìi÷íèõ ðiâíÿíü òà òîòîæíîñòåé Á'ÿíêi ïîëiâ ßíãà-Ìiëëñà, Ðàðiòè-
Øâiíãåðà òà ãðàâiòàöiéíîãî ó ï'ÿòèâèìiðíîìó ïðîñòîði. Ïîêàçàíî [14], ùî ¨õ
äèíàìiêà ó ãðàíèöi âiëüíèõ ïîëiâ ó ïðîñòîði Ìiíêîâñüêîãî îïèñó¹òüñÿ ñèìåòðè-
÷íèìè ñïiíîðíèìè ïîëÿìè ðàíãó 2s (s = 1, 3/2, 2), ÿêi çàäîâîëüíÿþòü áåçìàñîâi
ðiâíÿííÿ òèïó Äiðàêà òà Êëåéíà-Ãîðäîíà

∂α
λWλβ(2s−1)(x) = 0, �Wα(2s)(x) = 0, α,β,λ = 1, . . . , 4. (21)

Òóò i íèæ÷å ÷èñëà ó êðóãëèõ äóæêàõ ïiñëÿ iíäåêñiâ ïîçíà÷àþòü ¨õ ãðóïè, ÿêi
ñêëàäàþòüñÿ ç âiäïîâiäíî¨ êiëüêîñòi ñèìåòðèçîâàíèõ iíäåêñiâ.

Çàïðîïîíîâàíî [14] ïðåäñòàâëåííÿ äëÿ âiëüíèõ áåçìàñîâèõ ñèìåòðè÷íèõ ñïi-
íîðíèõ ïîëiâ ó ïðîñòîði Ìiíêîâñüêîãî ç êîîðäèíàòàìè xm

′
(m′ = 0, 1, . . . , 4) ó âè-

ãëÿäi iíòå ðàëà âiä îäíîðiäíèõ ôóíêöié ñïiíîðíèõ ëîðåíö-ãàðìîíi÷íèõ çìiííèõ
v+i
α çà òðèâèìiðíîþ ñôåðîþ S3, ðåàëiçîâàíîþ ÿê SO(1, 4)/(SO(1, 1) × ISO(3))
ôàêòîð-áàãàòîâèä,

Wα(2s)(x
m′) =

∫
S3

Ω[+6]v+i1
α1
· · · v+i2s

α2s
φ

[−6−2s]
i(2s) (x[+2], v+),

äå x[+2] = −1
2x

m′vT±i
α γm′

α
βv

β±
i, à γm′

α
β ¹ 4 × 4 γ-ìàòðèöÿìè ó ðîçìiðíîñòi

D = 1 + 4. Ó çàïðîïîíîâàíîìó ïðåäñòàâëåííi ðiâíÿííÿ òèïó Äiðàêà òà Êëåéíà-
Ãîðäîíà (21) çàäîâîëüíÿþòüñÿ çà ïîáóäîâîþ. Öå ïðåäñòàâëåííÿ óçàãàëüíþ¹ íà
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âèïàäîê ï'ÿòèâèìiðíîãî ïðîñòîðó âiäîìi êîíòóðíi iíòå ðàëè Ïåíðîóçà äëÿ âiëü-
íèõ áåçìàñîâèõ ñèìåòðè÷íèõ ñïiíîðíèõ ïîëiâ ó ÷îòèðèâèìiðíîìó ïðîñòîði.

Ó ïiäðîçäiëi 4.3 ïîáóäîâàíî ðåàëiçàöiþ â àìáiòâiñòîðíîìó ïðîñòîði áåçìàñî-
âèõ óíiòàðíèõ íåçâiäíèõ ïðåäñòàâëåíü su(2, 2) àëãåáðè ç äîäàòíîþ åíåðãi¹þ [15].
Â ¨¨ îñíîâi ëåæèòü âiäîìèé îñöèëÿòîðíèé îïèñ öèõ ïðåäñòàâëåíü [23*], [24*], à
òàêîæ ñïiââiäíîøåííÿ ìiæ áîçîííèìè su(2) îñöèëÿòîðàìè i êîìïîíåíòàìè òâi-
ñòîðiâ Ïåíðîóçà [25*], [26*]. Çäîáóòà ðåàëiçàöiÿ âèêîðèñòîâó¹òüñÿ ó ïiäðîçäiëi
4.4 äëÿ îïèñó ôiçè÷íèõ ñòàíiâ ó ñóïåðòâiñòîðíîìó ôîðìóëþâàííi ìîäåëi áåçìà-
ñîâî¨ ñóïåð÷àñòèíêè â AdS5 × S5 ñóïåðïðîñòîði.

Ó ïóíêòi 4.4.1 çàïðîïîíîâàíî íîâå òâiñòîðíå ôîðìóëþâàííÿ ìîäåëi ìàñèâíî¨
÷àñòèíêè ó ï'ÿòèâèìiðíîìó ïðîñòîði àíòè-äå Ñiòòåðà [16]

SAdS5

particle, 4−tw =

∫
L

dτ

[
i

2

(
Z̄λ
αŻ

α
ν − ˙̄Zλ

αZ
α
ν

)
γ(0)ν

λ + Λν
λ

(
Z̄λ
αZ

α
ν −

m

2
δλν

)]
.

Âîíî âêëþ÷à¹ 4 × 4 ìàòðèöþ òâiñòîðiâ Zα
ν , â'ÿçi íà êîìïîíåíòè ÿêî¨ Z̄λ

αZ
α
ν −

m
2 δ

λ
ν = 0 ââîäÿòüñÿ çà äîïîìîãîþ ìàòðèöi ìíîæíèêiâ Ëàãðàíæà Λν

λ(τ). Çäîáóòî
ðîçâ'ÿçîê öèõ â'ÿçåé ó âèãëÿäi ñïiââiäíîøåíü iíöèäåíòíîñòi

Zα
ν = Gα

βv
β
ν , Z̄ν

α = vTν
βG
−1β

α,

äå 4 × 4 ìàòðèöÿ Gα
β ∈ SU(2, 2)/Spin(1, 4) çàëåæèòü âiä êîîðäèíàò ïðîñòîðó

àíòè-äå Ñiòòåðà, à vαµ ¹ ìàòðèöåþ ñïiíîðíèõ ëîðåíöåâèõ ãàðìîíiê ó ðîçìiðíî-
ñòi D = 1 + 4, ÿêi óòâîðþþòü áàçèñ ó ïðîñòîði Spin(1, 4) ñïiíîðiâ. Ïðîâåäåíî
êâàíòóâàííÿ ìîäåëi çà Äiðàêîì òà çäîáóòî íîâå ïðåäñòàâëåííÿ äëÿ õâèëüîâî¨
ôóíêöi¨ ÷àñòèíêè â àìáiòâiñòîðíîìó ïðîñòîði.

Ó ïóíêòi 4.4.2 ðîçãëÿäà¹òüñÿ ìîäåëü áåçìàñîâî¨ ñóïåð÷àñòèíêè â AdS5 × S5

ñóïåðïðîñòîði

SAdS5×S5

sparticle =

∫
L

dτ
[
pm′E

m′

τ + pI ′E
I ′

τ −
g

2
(pm′p

m′ + pI ′pI ′)
]
,

äå Em′
τ òà EI ′

τ � âiäîáðàæåííÿ íà ¨¨ ñâiòîâó ëiíiþ áîçîííèõ êîìïîíåíòiâ AdS5×S5

ñóïåðôiëüáàéíà ó äîòè÷íèõ ïðîñòîðàõ äî AdS5 i S5. Çàïðîïîíîâàíi ïðåäñòàâ-
ëåííÿ [16] äëÿ êîìïîíåíòiâ D = 10 iìïóëüñó ñóïåð÷àñòèíêè pm′ i pI ′ ÷åðåç
Spin(1, 4) òà Spin(5) ñïiíîðíi çìiííi vβν i `BN

pm′ = −1

2
vTλ

αγm′
α
βv

β
νγ

(0)ν
λ = −1

2
(vkαγm′

α
βv

β
k − vk̇αγm′αβv

β

k̇
),

pI ′ =
1

2
`TL

AγI ′
A
B`

B
Nγ

(5)N
L = −1

2
(` qAγI ′

A
B`

B
q + ` q̇AγI ′

A
B`

B
q̇ ).

Çàïðîïîíîâàíi ñïiââiäíîøåííÿ [16]

ZAN =GABV
B
N =

(
−ZAk ZAk̇ ΨAp ΨAṗ

)
,
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VAN =

(
vαν 0

0 `AN

)
=

(
−vαk vαk̇ 0 0

0 0 `Ap `Aṗ

)
,

ÿêi çâ'ÿçóþòü 8 × 8 ñóïåðìàòðèöþ PSU(2, 2|4) ñóïåðòâiñòîðiâ ZAN ç 8 × 8 ñó-
ïåðìàòðèöåþ GAB, ÿêà çàëåæèòü âiä êîîðäèíàò AdS5 × S5 ñóïåðïðîñòîðó òà
âèçíà÷à¹ éîãî ñóïåðôiëüáàéí i çâ'ÿçíiñòü, òà Spin(1, 4) i Spin(5) ñïiíîðíèìè
çìiííèìè. Ç âèêîðèñòàííÿì öèõ ñïiââiäíîøåíü âñòàíîâëåíî çâ'ÿçîê [16] ìiæ ñó-
ïåðïðîñòîðîâèì ôîðìóëþâàííÿì [27*] òà 8-ñóïåðòâiñòîðíèì ôîðìóëþâàííÿì ç
ëàãðàíæiàíîì [28*]

L AdS5×S5

sparticle, 8−stw = L AdS5×S5

sparticle, 8−stw, kin + L AdS5×S5

sparticle, 8−stw, constr,

â ÿêîìó êiíåòè÷íèé ÷ëåí äëÿ ñóïåðòâiñòîðiâ ìà¹ âèãëÿä

L AdS5×S5

sparticle, 8−stw, kin =
i

2
(Z̄kAŻAk − ˙̄ZkAZAk ) +

i

2
(Z̄Ak̇ŻAk̇ −

˙̄ZAk̇ZAk̇)

+
i

2
(Ψ̄q
AΨ̇Aq − ˙̄Ψq

AΨAq )− i

2
(Ψ̄Aq̇Ψ̇

Aq̇ − ˙̄ΨAq̇Ψ
Aq̇),

à L AdS5×S5

sparticle, 8−stw, constr ¹ ëiíiéíîþ êîìáiíàöi¹þ ç ìíîæíèêàìè Ëàãðàíæà â'ÿçåé íà
êîìïîíåíòè ñóïåðòâiñòîðiâ. Ïiñëÿ ðîçâ'ÿçàííÿ ÷àñòèíè â'ÿçåé íà ñïiíîðíi çìiííi
8-ñóïåðòâiñòîðíå ôîðìóëþâàííÿ çâåäåíî [16] äî ïðîñòiøîãî 4-ñóïåðòâiñòîðíîãî
ôîðìóëþâàííÿ [29*] òà âïåðøå ïðîâåäåíî êâàíòóâàííÿ çà Äiðàêîì ìîäåëi ñó-
ïåð÷àñòèíêè [17]. Ïîêàçàíî, ùî ¨¨ ôiçè÷íi ñòàíè ñïiâïàäàþòü ç íàáîðîì ïðåä-
ñòàâëåíü psu(2, 2|4) ñóïåðàëãåáðè, ÿêi îïèñóþòü çáóäæåííÿ ïîëiâ IIB ñóïåðãðà-
âiòàöi¨ íàä AdS5 × S5 ñóïåðáåêãðàóíäîì [23*], [30*]. Òàêîæ ðîçðîáëåíî îïèñ
ñóïåðìóëüòèïëåòà D = 5 N = 8 êàëiáðîâàíî¨ ñóïåðãðàâiòàöi¨, ÿêèé îïèñó¹ áåç-
ìàñîâi çáóäæåííÿ, â àìáiòâiñòîðíîìó ïðîñòîði [18].

Ó ïóíêòi 4.5.1 çàïðîïîíîâàíå íîâå ôîðìóëþâàííÿ [19] ìîäåëi áåçìàñîâî¨ ñïi-
íîâî¨ ÷àñòèíêè ó D-âèìiðíîìó ïðîñòîði àíòè-äå Ñiòòåðà AdSD, ðåàëiçîâàíîìó
ÿê äiéñíèé ïðî¹êòèâíèé áàãàòîâèä ïàðàìåòðèçîâàíèé îäíîðiäíèìè êîîðäèíàòà-
ìè xm, ÿêi îçíà÷åíi ç òî÷íiñòþ äî ìíîæåííÿ íà âiäìiííå âiä íóëÿ äiéñíå ÷èñëî:
xm ∼ λxm,m = 0′, 0, . . . , D−1, λ ∈ R/{0}. Iíâàðiàíòíi âiäíîñíî òàêèõ äèëàòàöié
êîîðäèíàòè ym = 1

|x|x
m, |x|2 ≡ −(x · x), çàäîâîëüíÿþòü óìîâó y2 ≡ (y · y) = −1,

ÿêà âèçíà÷à¹ âêëàäåííÿ ïðîñòîðó àíòè-äå Ñiòòåðà îäèíè÷íîãî ðàäióñà ÿê ãiïåð-
áîëî¨äà ó (D+1)-âèìiðíèé ïëàñêèé ïðîñòið ç äâîìà ÷àñîâèìè ðîçìiðíîñòÿìè. Ó
öüîìó ïðîñòîði ëiíiéíî äi¹ SO(2, D−1) ãðóïà içîìåòði¨ ïðîñòîðó àíòè-äå Ñiòòå-
ðà. Ìîæëèâi ðîçâ'ÿçêè ym(zm

′
) óìîâè y2(z) = −1 âèçíà÷àþòü ïàðàìåòðèçàöiþ

ïðîñòîðó àíòè-äå Ñiòòåðà âíóòðiøíiìè êîîðäèíàòàìè zm
′
(m′ = 0, . . . , D − 1).

Iíâàðiàíòíà âiäíîñíî ìiíiìàëüíî¨ ëîêàëüíî¨ ñóïåðñèìåòði¨ ñâiòîâî¨ ëiíi¨ ìî-
äåëü âiëüíî¨ áåçìàñîâî¨ ñïiíîâî¨ ÷àñòèíêè îïèñó¹ íà êëàñè÷íîìó ðiâíi ñóïåðñè-
ìåòðè÷íó ðåëÿòèâiñòñüêó ìåõàíiêó êâàíòîâî¨ ÷àñòèíêè çi ñïiíîì 1/2 ó ïðîñòîði
àíòè-äå Ñiòòåðà [31*]. Çàïðîïîíîâàíî íîâå ôîðìóëþâàííÿ ¨¨ äi¨ ó çìiííèõ ôà-
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çîâîãî ïðîñòîðó

SAdSD

spinparticle =

∫
L

dτ

(
(p · ẋ) +

i

2
(ξ · ξ̇)− ẽ

2
T + iχΦ + aD

)
, (22)

ÿêå âêëþ÷à¹ ç ìíîæíèêàìè Ëàãðàíæà ẽ(τ), a(τ) i χ(τ) ãàìiëüòîíîâi â'ÿçi ïåð-
øîãî ðîäó

T = |x|2p2 + 2i(ξ · x)(ξ · p) ≈ 0, Φ = |x|(ξ · p) ≈ 0, D = (x · p) ≈ 0 (23)

äå (ξ ·x), (ξ ·p) i (x ·p) ïîçíà÷àþòü ñêàëÿðíèé äîáóòîê SO(2, D−1) âåêòîðiâ. Öi
â'ÿçi ¹ ãåíåðàòîðàìè ðåïàðàìåòðèçàöié òà ëîêàëüíî¨ ñóïåðñèìåòði¨ ñâiòîâî¨ ëiíi¨,
à òàêîæ ëîêàëüíèõ äèëàòàöié ïðîñòîðîâèõ êîîðäèíàò âiäïîâiäíî. Âiäìiííîþ
ðèñîþ çàïðîïîíîâàíîãî ôîðìóëþâàííÿ ¹ ëiíiéíà ðåàëiçàöiÿ SO(2, D− 1) ãðóïè
içîìåòði¨ ïðîñòîðó àíòè-äå Ñiòòåðà. Âàðiþâàííÿ äi¨ (22) çà âåêòîðîì iìïóëüñó
÷àñòèíêè pm ïðèâîäèòü äî ðiâíÿííÿ

ẽpm =
1

|x|2
(ẋm + axm)− iẽ

|x|2
(ξ · x)ξm +

iχ

|x|
ξm.

Öå ðiâíÿííÿ äîçâîëÿ¹ âèðàçèòè iìïóëüñ ÷àñòèíêè ÷åðåç ¨¨ êîîðäèíàòè xm(τ) i
øâèäêîñòi ẋm(τ), à òàêîæ âåêòîð ξm(τ) ç ãðàññìàíîâèìè êîìïîíåíòàìè, ÿêèé
îïèñó¹ ñïiíîâi ñòóïåíi ñâîáîäè íà êëàñè÷íîìó ðiâíi. Éîãî ïiäñòàíîâêà äî (22)
äà¹ ëàãðàíæiàí ÷àñòèíêè ó êîíôiãóðàöiéíîìó ïðîñòîði

L AdSD

spinparticle, conf =
1

2ẽ|x|2
(ẋ+ ax)2+

i

2
(ξ · ξ̇)− i

|x|2
(ξ · x)(ξ · ẋ)+

iχ

ẽ|x|
ξ · (ẋ+ ax). (24)

Ó äàíîìó ôîðìóëþâàííi ðîçêðèâà¹òüñÿ ðîëü ìíîæíèêà Ëàãðàíæà a(τ) ÿê îäíî-
âèìiðíîãî êàëiáðóâàëüíîãî ïîëÿ äëÿ ëîêàëüíèõ äèëàòàöié ïðîñòîðîâèõ êîîðäè-
íàò. Âèêëþ÷åííÿì a(τ) çà äîïîìîãîþ ïiäñòàíîâêè ðîçâ'ÿçêó ðiâíÿííÿ äëÿ íüîãî,
çäîáóòî iíøå ïðåäñòàâëåííÿ ëàãðàíæiàíà ñïiíîâî¨ ÷àñòèíêè

L RPD

spinparticle =
1

2ẽ|x|2
(ẋθẋ) +

i

2
(ξ · ξ̇)− i

|x|2
(ξ · x)(ξ · ẋ) +

iχ

ẽ|x|
(ξθẋ), (25)

ÿêå âiäïîâiäà¹ ðåàëiçàöi¨ AdSD ïðîñòîðó ÿê äiéñíîãî ïðî¹êòèâíîãî áàãàòîâèäó
RPD, ïàðàìåòðèçîâàíîãî îäíîðiäíèìè êîîðäèíàòàìè. Ìàòðèöÿ θmn = ηmn +

1
|x|2x

mxn âiäiãðà¹ ðîëü éîãî âèðîäæåíîãî ìåòðè÷íîãî òåíçîðà.
Ïðîâåäåíî êâàíòóâàííÿ ìîäåëi çà Äiðàêîì ç âèêîðèñòàííÿì âiäîìî¨ ðåàëiçà-

öi¨ îïåðàòîðiâ ñïiíîâèõ çìiííèõ {ξm, ξn} = ηmn ⇒ ξm = 2−1/2γm γ−ìàòðèöÿìè
ó ðîçìiðíîñòi D+1. Çäîáóòî ðiâíÿííÿ Äiðàêà òà Êëåéíà-Ãîðäîíà äëÿ ñïiíîðíî¨
õâèëüîâî¨ ôóíêöi¨ ÷àñòèíêè ó êîíôiãóðàöiéíîìó ïðîñòîði Ψ(x)

DxΨ(x) =
(
|x|(γ · ∂) + D

2|x|(γ · x)
)
Ψ(x) = 0,

D2
xΨ(x) =

(
|x|∂m(|x|∂m)− (γ · x)(γ · ∂) + D2

4

)
Ψ(x) = 0.
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Âîíà ìà¹ ñòåïiíü îäíîðiäíîñòi íóëü çà îäíîðiäíèìè êîîðäèíàòàìè xm. Öi ðiâíÿ-
ííÿ òàêîæ âèðàæåíî ÷åðåç íåîäîðiäíi òà âíóòðiøíi êîîðäèíàòè ïðîñòîðó àíòè-
äå Ñiòòåðà.

Ó ïiäïóíêòi 4.5.1.3 çàïðîïîíîâàíå ôîðìóëþâàííÿ âiëüíî¨ ñïiíîâî¨ ÷àñòèíêè
ó ïðîñòîði àíòè-äå Ñiòòåðà ðîçøèðåíî íà âèïàäîê ¨¨ âçà¹ìîäi¨ ç ôîíîâèì åëå-
êòðîìàãíiòíèì ïîëåì [20]. Ó äàíîìó ïiäõîäi êîìïîíåíòè ïîòåíöiàëó åëåêòðîìà-
ãíiòíîãî ïîëÿ Am(x) ¹ îäíîðiäíèìè ôóíêöiÿìè êîîðäèíàò (x · ∂)Am(x) = −1
òà çàäîâîëüíÿþòü óìîâó ïîïåðå÷íîñòi (x · A(x)) = 0. Ç óðàõóâàííÿì öèõ óìîâ
ïîïåðå÷íèé òåíçîð íàïðóæåíîñòi äîðiâíþ¹ Fmn(x) = ∂mAn − ∂nAm. Ó ôîðìó-
ëþâàííi ó ôàçîâîìó ïðîñòîði äiÿ ñïiíîâî¨ ÷àñòèíêè ç íåíóëüîâèì åëåêòðè÷íèì
çàðÿäîì e äà¹òüñÿ âèðàçîì (22), äî ÿêîãî âõîäÿòü â'ÿçi ïåðøîãî ðîäó

Φ(e) = |x| ξ·(p−eA(x)) ≈ 0, T(e) = |x|(p−eA)2+2i(ξ·x)ξ·(p−eA)+ie|x|2(ξ·F ·ξ) ≈ 0

òà D ≈ 0. Ïåðøi äâi ç íèõ óçàãàëüíþþòü â'ÿçi (23) íà âèïàäîê âçà¹ìîäi¨ iç çîâíi-
øíiì åëåêòðîìàãíiòíèì ïîëåì. Òàêîæ çäîáóòî ïðåäñòàâëåííÿ äëÿ ëàãðàíæiàíà
ñïiíîâî¨ ÷àñòèíêè ó êîíôiãóðàöiéíîìó ïðîñòîði, ÿêi ðîçøèðþþòü (24) òà (25).

Ïðîâåäåíî êâàíòóâàííÿ ìîäåëi çà Äiðàêîì òà çäîáóòî ðiâíÿííÿ Äiðàêà òà
Êëåéíà-Ãîðäîíà äëÿ õâèëüîâî¨ ôóíêöi¨ ÷àñòèíêè ó çîâíiøíüîìó åëåêòðîìàãíi-
òíîìó ïîëi

Dx(A)Ψ(x) =
(
|x|γ · (∂ − ieA) + D

2|x|(γ · x)
)
Ψ(x) = 0,

D2
x(A)Ψ(x) =

(
[|x|γ · (∂ − ieA)]2 + D2

4

)
Ψ(x) = 0.

Öi ðiâíÿííÿ â îäíîðiäíèõ êîîðäèíàòàõ xm áóëî ïðåäñòàâëåíî òàêîæ ó âíóòði-
øíiõ êîîðäèíàòàõ ïðîñòîðó àíòè-äå Ñiòòåðà zm

′
, â ÿêèõ âîíè íàáóâàþòü âèãëÿäó

âiäîìèõ ðiâíÿíü äëÿ ïîëÿ çi ñïiíîì 1/2 ó çîâíiøíüîìó ïîëi

ρm
′
Dm′(A)ψ(z) = 0,

(
Dm′(A)Dm′(A)−ieσm′n′Fm′n′+D(D−1)

4

)
ψ(z) = 0.

Òóò ρm
′
= ρa

′
em
′

a′ (z) i ρa
′
¹ ìàòðèöÿìè Äiðàêà ó âèìiðíîñòi D, à em

′

a′ (z) � ôiëüáàéí
ïðîñòîðó àíòè-äå Ñiòòåðà. Dm′(A) = ∂m′ + 1

2ωm′
a′b′σa′b′ − ieAm′ ¹ êîâàðiàíòíîþ

ïîõiäíîþ çà ïðèñóòíîñòi çîâíiøíüîãî ïîëÿ, äî ÿêî¨ âõîäèòü ñïiíîâà çâ'ÿçíiñòü
ïðîñòîðó àíòè-äå Ñiòòåðà ωm′a

′b′(z).
Ó ïiäïóíêòi 4.5.1.4 çàïðîïîíîâàíå ôîðìóëþâàííÿ ñïiíîâî¨ ÷àñòèíêè ó ïðî-

ñòîði àíòè-äå Ñiòòåðà, ÿêà âçà¹ìîäi¹ ç àáåëåâèìè àíòèñèìåòðè÷íèìè êàëiáðó-
âàëüíèìè ïîëÿìè [20]. Öi ïîëÿ ïðèñóòíi ó ñïåêòði êâàíòîâàíèõ çàìêíåíèõ ñó-
ïåðñòðóí.

Çäîáóòi ôîðìóëþâàííÿ óçàãàëüíþþòü íà ïðîñòið àíòè-äå Ñiòòåðà âiäîìó
ìîäåëü ñïiíîâî¨ ÷àñòèíêè ó ïðîñòîði Ìiíêîâñüêîãî, ÿêà âçà¹ìîäi¹ iç çîâíiøíi-
ìè åëåêòðîìàãíiòíèì [32*] òà àáåëåâèìè àíòèñèìåòðè÷íèìè êàëiáðóâàëüíèìè
ïîëÿìè [33*].

Ó ïóíêòi 4.5.2 çàïðîïîíîâàíî íîâó ìîäåëü çàìêíåíî¨ ñïiíîâî¨ ñòðóíè ç íóëüî-
âèì íàòÿãîì ó D-âèìiðíîìó ïðîñòîði àíòè-äå Ñiòòåðà, ÿêà óçàãàëüíþ¹ çäîáóòå
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íîâå ôîðìóëþâàííÿ áåçìàñîâî¨ ñïiíîâî¨ ÷àñòèíêè [19]. Âèâåäåíî äiþ ñïiíîâî¨
ñòðóíè ó çìiííèõ ôàçîâîãî ïðîñòîðó

SAdSD

spinstring =

∫
Σ

dτdσ

(
(P · ∂τX) +

i

2
(Ξ · ∂τΞ)− e

2
T − vL+ aD + iχΦ

)
,

äå e(τ, σ), v(τ, σ), a(τ, σ) òà χ(τ, σ) ¹ ìíîæíèêàìè Ëàãðàíæà äëÿ ãàìiëüòîíîâèõ
â'ÿçåé

Φ(σ) = (Ξ · P ) ≈ 0, −L(σ) = (P · ∂σX) +
i

2
(Ξ · ∂σΞ) ≈ 0,

T (σ) = P 2 ≈ 0, D(σ) = (X · P ) ≈ 0,

ÿêi óçàãàëüíþþòü â'ÿçi â ìîäåëi ñïiíîâî¨ ÷àñòèíêè (23). Öi â'ÿçi ¹ ãåíåðàòîðàìè
ëîêàëüíèõ ñèìåòðié äi¨ çàïðîïîíîâàíî¨ ìîäåëi i óòâîðþþòü ëèñòêîâó n = 1
ñóïåðàëãåáðó Âiðàñîðî ðîçøèðåíó ãåíåðàòîðîì äèëàòàöié êîîðäèíàò D(σ) ≈ 0.
Òàêîæ çäîáóòi ïðåäñòàâëåííÿ äëÿ ëàãðàíæiàíà ó êîíôiãóðàöiéíîìó ïðîñòîði,
âèâåäåíi òà ðîçâ'ÿçàíi ðiâíÿííÿ ñïiíîâî¨ ñòðóíè.

Äîñëiäæåíî êàëiáðóâàëüíi ñèìåòði¨ çàïðîïîíîâàíî¨ ìîäåëi íà êâàíòîâîìó
ðiâíi. Çíàéäåíî ðåàëiçàöiþ îïåðàòîðiâ çìiííèõ ôàçîâîãî ïðîñòîðó òà äóõiâ, äëÿ
ÿêî¨ â àëãåáði êàëiáðóâàëüíèõ ñèìåòðié âiäñóòíi àíîìàëi¨ íåçàëåæíî âiä ðîçìið-
íîñòi ïðîñòîðó àíòè-äå Ñiòòåðà. Ïîäiáíå âïîðÿäêóâàííÿ âèêîðèñòîâóâàëîñü äëÿ
äîâåäåííÿ âiäñóòíîñòi àíîìàëié ó ìîäåëÿõ íóëü-(ñóïåð)ñòðóí òà íóëü-(ñóïåð)-p-
áðàí ó (ñóïåð)ïðîñòîði Ìiíêîâñüêîãî [34*], [35*], [36*].

Âèñíîâêè

Äèñåðòàöiþ ïðèñâÿ÷åíî âèâ÷åííþ ñòðóêòóðè íåëiíiéíîñòåé ó ñóïåðñèìåòðè-
÷íèõ òåîðiÿõ ñòðóí, ïîâ'ÿçàíèõ ÿê ç êðèâèçíîþ çîâíiøíüîãî áåêãðàóíäà, òàê i
îáóìîâëåíèõ ¨õ ñïiíîâèìè ñòóïåíÿìè ñâîáîäè. Äåòàëüíî ïðîàíàëiçîâàíî ãðàíè-
÷íi âèïàäêè íóëüîâîãî òà íåñêií÷åííîãî íàòÿãó. Ó öèõ ãðàíè÷íèõ âèïàäêàõ äîâå-
äåíî êëàñè÷íó iíòå ðîâíiñòü íåëiíiéíèõ ðiâíÿíü ñóïåðñòðóí ó (ñóïåð)ïðîñòîðàõ
àíòè-äå Ñiòòåðà àáî öi ðiâíÿííÿ áóëè ïåðåòâîðåíi ó ëiíiéíi ïiñëÿ ïåðåõîäó äî
òâiñòîðíèõ çìiííèõ, ùî äîçâîëèëî çàñòîñóâàòè âiäîìi ìåòîäè êâàíòóâàííÿ.

Îñíîâíi íàóêîâi ðåçóëüòàòè äèñåðòàöi¨ ñôîðìóëüîâàíî íèæ÷å.
1. Çàïðîïîíîâàíî ôîðìóëþâàííÿ äâîâèìiðíî¨ σ-ìîäåëi ó OSp(4|6)/(SO(1, 3)

×U(3)) ñóïåðñèìåòðè÷íîìó ôàêòîð-ïðîñòîði, ÿêå  ðóíòó¹òüñÿ íà ðåàëiçàöi¨
osp(4|6) ñóïåðàëãåáðè éîãî ãëîáàëüíî¨ ñèìåòði¨ ÿê D = 3 N = 6 ñóïåðêîí-
ôîðìíî¨ àëãåáðè. Äîâåäåíî ëiíiéíó çàëåæíiñòü ðiâíÿíü äëÿ ôåðìiîííèõ ïîëiâ
σ-ìîäåëi.

2. Äîñëiäæåíî íåëiíiéíó ðåàëiçàöiþ D = 3 N = 6 ñóïåðêîíôîðìíî¨ ñèìåòði¨
ó öié σ-ìîäåëi. Çäîáóòî ãóñòèíè íüîòåðîâèõ ñòðóìiâ, ïîâ'ÿçàíèõ ç äàíîþ ãëî-
áàëüíîþ ñèìåòði¹þ, â òåðìiíàõ ôîðì Êàðòàíà òà ïàðàìåòðiâ ñóïåðêîíôîðìíî¨
àëãåáðè.
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3. Çàïðîïîíîâàíî äëÿ κ-ñèìåòði¨ òà ëèñòêîâèõ ðåïàðàìåòðèçàöié äi¨ ñóïåð-
ñòðóíè â AdS4 × CP3 ñóïåðáåêãðàóíäi êàëiáðóâàííÿ ñâiòëîâîãî êîíóñà, â ÿêî-
ìó âií óòâîðåíèé íóëü-ãåîäåçè÷íèìè íà ìåæi ÷îòèðèâèìiðíîãî ïðîñòîðó àíòè-
äå Ñiòòåðà AdS4 ó êîíôîðìíî-ïëàñêié ïàðàìåòðèçàöi¨. Ïîáóäîâàíî ëàãðàíæiàí
òà ãàìiëüòîíiàí ñóïåðñòðóíè ó äàíîìó êàëiáðóâàííi.

4. Çäîáóòî ëàãðàíæiàí ñóïåðñòðóíè ó ÷àñòêîâîìó êàëiáðóâàííi κ-ñèìåòði¨, â
ÿêîìó çàëèøàþòüñÿ äâi ç âîñüìè êîîðäèíàò ó ñåêòîði ñóïåðñèìåòðié, ïîðóøåíèõ
AdS4×CP3 ñóïåðáåêãðàóíäîì. Çíàéäåíî ïðåäñòàâëåííÿ íóëüîâî¨ êðèâèçíè äëÿ
ðiâíÿíü ñóïåðñòðóíè ó öüîìó êàëiáðóâàííi, ùî âêàçó¹ íà ¨õ ìîæëèâó êëàñè÷íó
iíòå ðîâíiñòü é ó çàãàëüíîìó âèïàäêó, êîëè íå íàêëàäåíî êàëiáðóâàëüíèõ óìîâ.

5. Äîâåäåíî êëàñè÷íó iíòå ðîâíiñòü ðiâíÿíü áåçìàñîâî¨ ñóïåð÷àñòèíêè òà
D0-áðàíè â AdS4 × CP3 ñóïåðïðîñòîði. Äîâåäåíî êëàñè÷íó iíòå ðîâíiñòü ðiâ-
íÿíü áåçìàñîâî¨ ñóïåð÷àñòèíêè â OSp(4|6)/(SO(1, 3)×U(3)) ñóïåðñèìåòðè÷íî-
ìó ôàêòîð-ïðîñòîði òà âñòàíîâëåíî ñïiââiäíîøåííÿ ìiæ êîìïîíåíòàìè ¨¨ ïàðè
Ëàêñà òà çâ'ÿçíiñòþ Ëàêñà σ-ìîäåëi ó öüîìó ïðîñòîði.

6. Çàïðîïîíîâàíi íîâi ñóïåðòâiñòîðíi ôîðìóëþâàííÿ ìîäåëåé ñòðóí iíâàði-
àíòíèõ âiäíîñíî ïðîñòîðîâî-÷àñîâî¨ ñóïåðñèìåòði¨ i ðîçðîáëåíi ëàãðàíæiâ òà
ãàìiëüòîíiâ ïiäõîäè äî ¨õ îïèñó.

7. Ââåäåíî ðåäóêîâàíi ñóïåðòâiñòîðíi ìîäåëi, ÿêi óçàãàëüíþþòü íà âèïàäîê
ñòðóí ç íàòÿãîì ñóïåðòâiñòîðíi ôîðìóëþâàííÿ áåçìàñîâèõ ÷àñòèíîê òà áåçíàòÿ-
ãîâèõ ñòðóí. Ïðîâåäåíî àíàëiç ìîäåëi, ÿêà âiäïîâiäà¹ D = 4 N = 2 ñóïåðñòðóíi,
ÿê ãàìiëüòîíîâî¨ ñèñòåìè ç â'ÿçÿìè.

8. Äîâåäåíî iíâàðiàíòíiñòü âiäíîñíî íåñêií÷åííîâèìiðíèõ ðîçøèðåíü ãëî-
áàëüíî¨ ñóïåðêîíôîðìíî¨ ñèìåòði¨ êëàñè÷íèõ ëàãðàíæiàíiâ ëiâî- òà ïðàâî-
áiæíèõ ïîëiâ ñóïåðòâiñòîðiâ ó ìîäåëi òâiñòîðíî¨ ñòðóíè Áåðêîâiöà òà óçàãàëü-
íåíié ìîäåëi, â ÿêié âiäñóòíÿ êàëiáðóâàëüíà GL(1,R) ñèìåòðiÿ. Ïîêàçàíî, ùî
öi ñèìåòði¨ ïîðóøóþòüñÿ ó êâàíòîâié òåîði¨.

9. Çàïðîïîíîâàíî ëîðåíö-ãàðìîíi÷íå iíòå ðàëüíå ïðåäñòàâëåííÿ äëÿ âiëüíèõ
áåçìàñîâèõ ñèìåòðè÷íèõ ñïiíîðíèõ ïîëiâ ó ïðîñòîði Ìiíêîâñüêîãî ðîçìiðíîñòi
D = 5.

10. Ðîçðîáëåíî îïèñ â àìáiòâiñòîðíîìó ïðîñòîði áåçìàñîâèõ óíiòàðíèõ íåçâi-
äíèõ ïðåäñòàâëåíü su(2, 2) àëãåáðè ç äîäàòíîþ åíåðãi¹þ. Âñòàíîâëåíî ñïiââiä-
íîøåííÿ ìiæ àìáiòâiñòîðíèì òà âiäîìèì îñöèëÿòîðíèì îïèñàìè öèõ ïðåäñòàâ-
ëåíü.

11. Ââåäåíî 4-òâiñòîðíå ôîðìóëþâàííÿ ìîäåëi ìàñèâíî¨ ÷àñòèíêè ó ï'ÿòèâè-
ìiðíîìó ïðîñòîði àíòè-äå Ñiòòåðà, âñòàíîâëåíî éîãî çâ'ÿçîê ç ðàíiøå âiäîìèì
2-òâiñòîðíèì ôîðìóëþâàííÿì òà ïðîâåäåíî êâàíòóâàííÿ ìîäåëi â òåðìiíàõ àì-
áiòâiñòîðiâ.

12. Âñòàíîâëåíî çâ'ÿçîê ìiæ çìiííèìè, ÿêi âõîäÿòü äî ñóïåðïðîñòîðîâîãî òà
ñóïåðòâiñòîðíèõ ôîðìóëþâàíü ìîäåëi áåçìàñîâî¨ ñóïåð÷àñòèíêè ó AdS5 × S5

ñóïåðáåêãðàóíäi, à òàêîæ ìiæ öèìè ôîðìóëþâàííÿìè. Ïðîâåäåíî êâàíòóâàííÿ
çà Äiðàêîì öi¹¨ ìîäåëi ó 4-ñóïåðòâiñòîðíîìó ôîðìóëþâàííi.

13. Çàïðîïîíîâàíî ôîðìóëþâàííÿ ìîäåëi áåçìàñîâî¨ ñïiíîâî¨ ÷àñòèíêè, â
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ÿêîìóD-âèìiðíèé ïðîñòið àíòè-äå Ñiòòåðà ðåàëiçîâàíî ÿê äiéñíèé ïðî¹êòèâíèé
áàãàòîâèä. Ìîäåëü óçàãàëüíåíî íà âèïàäîê âçà¹ìîäi¨ ç ôîíîâèìè åëåêòðîìàãíi-
òíèì i àáåëåâèìè àíòèñèìåòðè÷íèìè êàëiáðóâàëüíèìè ïîëÿìè òà ïðîâåäåíî ¨¨
êâàíòóâàííÿ çà Äiðàêîì.

14. Ïîáóäîâàíî ìîäåëü çàìêíåíî¨ áåçíàòÿãîâî¨ ñïiíîâî¨ ñòðóíè ó D-
âèìiðíîìó ïðîñòîði àíòè-äå Ñiòòåðà ó çàçíà÷åíié ðåàëiçàöi¨. Çäîáóòî êâàíòîâi
ãåíåðàòîðè ¨¨ êàëiáðóâàëüíèõ ñèìåòðié, ó (àíòè)êîìóòàöiéíèõ ñïiââiäíîøåííÿõ
ÿêèõ âiäñóòíi àíîìàëi¨.
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Àíîòàöiÿ

Óâàðîâ Ä.Â. Ñóïåðñèìåòðè÷íi ìîäåëi ñïiíîâèõ ÷àñòèíîê i ñòðóí ó âèêðèâ-
ëåíèõ òà òâiñòîðíèõ ïðîñòîðàõ. � Êâàëiôiêàöiéíà íàóêîâà ïðàöÿ íà ïðàâàõ ðó-
êîïèñó.

Äèñåðòàöiÿ íà çäîáóòòÿ íàóêîâîãî ñòóïåíÿ äîêòîðà ôiçèêî-ìàòåìàòè÷íèõ
íàóê çà ñïåöiàëüíiñòþ 01.04.02 ¾Òåîðåòè÷íà ôiçèêà¿ (10 � ïðèðîäíè÷i íàóêè, 104
� ôiçèêà i àñòðîíîìiÿ). � Íàöiîíàëüíèé íàóêîâèé öåíòð ¾Õàðêiâñüêèé ôiçèêî-
òåõíi÷íèé iíñòèòóò¿ ÍÀÍ Óêðà¨íè, Õàðêiâ, 2024.

Îñíîâíà iäåÿ äèñåðòàöi¨ ïîëÿãà¹ ó äîñëiäæåííi óçàãàëüíåíî¨ äèíàìiêè i ñèìå-
òðié ó òåîði¨ ñóïåðñèìåòðè÷íèx ðåëÿòèâiñòñüêèõ ñïiíîâèõ ÷àñòèíîê i ñòðóí, ÿêi
âèíèêàþòü ïðè ïåðåõîäi âiä ïëàñêèõ äî âèêðèâëåíèõ òà òâiñòîðíèõ ïðîñòîðiâ.
�¨ àêòóàëüíiñòü ïîÿñíþ¹òüñÿ ôóíäàìåíòàëüíèìè òðóäíîùàìè íà øëÿõó ïîáó-
äîâè êâàíòîâî¨ òåîði¨ ãðàâiòàöi¨ íà îñíîâi òåîði¨ ñóïåðñòðóí. Ó ñóïåðïðîñòîðàõ
àíòè-äå Ñiòòåðà, òàêèõ ÿê AdS5 × S5 òà AdS4 × CP3, àêòèâíî äîñëiäæó¹òüñÿ
ìîæëèâiñòü ãîëîãðàôi÷íîãî ôîðìóëþâàííÿ òåîði¨ êâàíòîâî¨ ãðàâiòàöi¨. �õ ñè-
ìåòði¨ ìîæóòü áóòè ðåàëiçîâàíi ÿê ñóïåðêîíôîðìíi ñèìåòði¨, ùî âèçíà÷à¹ ïåð-
øî÷åðãîâèé iíòåðåñ äî çàñòîñóâàííÿ ñóïåðñèìåòðèçîâàíîãî òâiñòîðíîãî ïiäõîäó
äî ñóïåðñòðóí, âêëàäåíèõ ó öi ñóïåðïðîñòîðè. Ó äèñåðòàöiéíié ðîáîòi âèâ÷à¹-
òüñÿ ïî¹äíàííÿ òåîði¨ òâiñòîðiâ òà òåîði¨ ñóïåðñòðóí. Ç öi¹þ ìåòîþ ïîáóäîâàíi
íîâi ìîäåëi òà çàïðîïîíîâàíi íîâi ôîðìóëþâàííÿ âiäîìèõ ìîäåëåé ñóïåðñèìå-
òðè÷íèõ ÷àñòèíîê i ñòðóí. 3äîáóòi òàêîæ íîâi ðåçóëüòàòè ïðè âèâ÷åííi âiäîìèõ
ìîäåëåé, òàêèõ ÿê AdS4×CP3 ñóïåðñòðóíà òà áåçìàñîâà AdS5×S5 ñóïåð÷àñòèí-
êà. Ðåçóëüòàòè äèñåðòàöi¨ ñâiä÷àòü ïðî òå, ùî ïî¹äíàííÿ òåîði¨ òâiñòîðiâ i òåîði¨
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ñóïåðñòðóí òà âèêîðèñòàííÿ ìåòîäiâ òåîði¨ iíòå ðîâíèõ ñèñòåì ïðåäñòàâëÿþòü
iíòåðåñ äëÿ ðîçâ'ÿçàííÿ ïðîáëåìè îá'¹äíàííÿ êâàíòîâî¨ ìåõàíiêè i ãðàâiòàöi¨.

Êëþ÷îâi ñëîâà: ñóïåðñèìåòðiÿ, ñóïåðïðîñòið, ñóïåðòâiñòîð, ñóïåðñòðóíà, ñó-
ïåð÷àñòèíêà, ëàãðàíæiàí, ãàìiëüòîíiàí, êëàñè÷íà iíòå ðîâíiñòü, ãàìiëüòîíîâà
â'ÿçü, îñöèëÿòîð.
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In the thesis developed is supersymmetric theory of relativistic spinning particles
and strings in curved and twistor spaces. Studied are their classical and quantum
symmetries on the basis of group-theoretic and geometric approaches of the quantum
�eld theory. Interest to this direction of research is enhanced by recent results of
experiments in high-energy physics, gravitation and cosmology. Their explanation
requires construction of a theory that would unify all known fundamental interacti-
ons. A possibility to construct consistent on the quantum level theory exists in
the framework of the superstring theory in 10-dimensional space-time. This theory
is based on the idea of relativistic extended objects � strings and branes � and
the concept of supersymmetry unifying bosons and fermions. Recently there was
attained some progress in constructing quantum gravity based on application of
the holographic principle in superstring theory. According to this principle quantum
gravity in a bounded space-time domain could be described in terms of quantum �eld
theory in the boundary space. The most examined is application of the holographic
principle for construction of the quantum gravity in the anti-de Sitter superspaces
such as AdS5×S5 and AdS4×CP3 ones. There it is assumed to be formulated as the
Yang-Mills or Chern-Simons theory in �at boundary superspaces. Global symmetri-
es of these anti-de Sitter superspaces are realized as superconformal symmetries of
the boundary superspaces. The latter underlie supersymmetric extention of the twi-
stor space. Therefore uni�cation of the twistor theory and string theory seems to be
a promising approach to address the quantum gravity problem on the basis of the
holographic principle.

To continue further development of this approach in the thesis constructed were
novel models and proposed novel formulations of known supersymmetric models of
relativistic particles and strings in the anti-de Sitter and twistor spaces. There were
obtained new results in the study of known supersymmetric models in these spaces.
Examined was the symmetry structure of considered models and its dependence of
the space geometry, spin degrees of freedom and mechanisms of interaction with
background �elds.
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For local symmetries of the superstring model in the AdS4×CP3 superspace in
the thesis there were proposed the light-cone gauge conditions corresponding to the
light cone on the boundary of the four-dimensional anti-de Sitter space AdS4 in the
conformally-�at parametrization. There were obtained the superstring Lagrangian
and Hamiltonian in this gauge. Also there was proposed partial κ-symmetry gauge,
in which in the sector of supersymmetries broken in the AdS4 × CP3 superspace
remain only two out of eight coordinates. Found was the zero-curvature representati-
on for the superstring equations in such partial gauge. This indicates on possible
classical integrability of the AdS4 × CP3 superstring equations. Presented in the
thesis proof of the classical integrability of massless particle and D0-brane equati-
ons in the mentioned superspace sustains this possibility. There were proposed novel
supertwistor formulations of the superstring models and elaborated the Lagrangian
and Hamiltonian approaches to their description. It was established the connecti-
on between superspace and supertwistor formulations of the massless superparticle
model in the AdS5 × S5 superspace. In the supertwistor formulation there was for
the �rst time performed the Dirac quantization of this model. There was proposed
novel formulation of the massless spinning particle model, in which symmetry group
of the D-dimensional anti-de Sitter space is linearly realized. This formulation was
generalized to the case of particle's interaction with background electromagnetic and
Abelian antisymmetric gauge �elds and performed its Dirac quantization. It was
proposed novel model of the closed tensionless spinning string in the D-dimensional
anti-de Sitter space in such realization. There were constructed quantum generators
of its gauge symmetries, the (anti)commutation relations of which are anomaly-free.

Obtained results contribute to the range of approaches to overcome di�culties
on the way to gravity quantization on the basis of superstring theory.

Key words: supersymmetry, superspace, supertwistor, superstring, superparticle,
Lagrangian, Hamiltonian, classical integrability, Hamiltonian constraint, oscillator.


