obtained,

II.) numerical methods and systematic approximations (one momentum, linear and harmonic

approximations) have been developed to compute the Wigner function for Interacting two-
component quantum plasmas,

lII) extensive results for the momentum distribution of nonideal quantum plasmas, including

dense hydrogen and electron-hole plasmas, have been obtained and analytical fit formulas have
been proposed.

[V) 1t is demonstrated that the present path integral Monte Carlo (PIMC) method allow to reach

the strongly degenerate limit of an ideal Ferm gas, thus, going far beyond previous direct PIMC
methods in coordinate representation (except PB-PIMC, see below).

l'o summarize: a new PIMC approach in the Wigner representation has been developed that is
very valuable for the simulation of nonideal quantum systems in thermodynamic equilibrium. If
It 1s combined with other methods it can help to reduce the fermion sign problem (FSP) of PIMC

simulations. I consider the present work as an important first step of research. At the same time, |
list a few problems of the present avtoreferat:

- on p. 4 it is stated that one of the tasks of the thesis was to «overcome the FSPy» in the

computation of the Wigner function. However, this is not demonstrated. There is even not a
single figure where results for the average sign are presented.

- there exists another PIMC method in coordinate (PB-PIMC) space that also allows to treat

strongly correlated quantum plasmas and has no sign problem for temperatures above half of the

Fermi temperature. This should have been mentioned and comparisons with existing accurate
PB-PIMC results would have been desirable.

- the avotreferat contains a number of numerical results. Unfortunately, there is no information
on the accuracy — neither on the Systematic error of the developed approximations, nor on the
statistical errors. It is also not clear how many beads have been used and how the results scale

with the beads number. To demonstrate the accuracy and reliability of the new method,
benchmark calculations and comparisons with existing other simulation results, for example for

model systems, would have been desirable.

Bcee mepeuncieHHble 3aMeYaHMs HOCAT PeKOMEHIaTelIbHBbIiA XapakTe€p M HE CHHUXKAIOT OOIIEH
3HAYUMOCTH JTUCCEPTALMOHHON pPA0OTHI; AMCCEPTALlMs MPEACTABISET COOOM 3aKOHYEHHYIO
Hay4YHO-KBATM(UKALMOHHYIO ~ paboTy, KOTOpas  COOTBETCTBYET  BCEM KPUTEPHUSIM,
YCTaHOBJIEHHBIM M. 9 [loNOXKeHMsT O TOpsAKe MPUCYXKAEHUS YUeHBIX cTerneHeii Ne 842 or
24.09.2013r., a ee aBTop Jlapkun Anekcanap Cepreesuy 3aCITY)KHMBAET MPUCYXKACHHUS YUEHOU
CTENEHM KaHIuAaTa (U3MKO-MaTeMaTHYECKMX HayK Mo crneurambHoctu 01.04.08 - du3mnka

MMJI1a3MBl.
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/1 mpounTas aBTopedepar Ha JaHHY!O AUCCePTaL|I0, TAKXKe 51 3HAKOM C rybnukanusmu A.C.

JlapkuHa. ITOT aBTOpedepar CoLepKUT HeCKOIbKO BayKHBIX HAYUYHBIX pe3y/bTaToB. CaMble BaXKHbIE
U3 HUX:

[) 6b110 Oy UeHO Mpe/icTaB/eHye GyHKIMU BUrHepa KaHOHHUeCKOro dHcaMb/1s B BU/je MHTErPaJia
[10 TPAEKTOPUSM;

[1) 6b1tH paspaboTaHb! UMC/IEHHbIE METOABI U CUCTEMAaTHUe CKHe allpOKCHMAal[|UH
(OAHOUMITY/IbCHBIN MOAXOZ, TMHEMHOe U TapMOHHYe CKOe MIPUOJIMKeHUSs ) ISl BBIUMC/IeHHS]
(PyHKLMH Burdepa HeniealbHOM IBY XKOMIIOHEHTHOM KBAHTOBOM TT/1a3Mbl;

[11) IToka3aHo, uTo HacTosie MeToabl MoHTe Kapsio (PIMC) no3Bo/sitoT paccCMaTpUBaTh
“aeanbHbIM PePMH a3 C CH/IbHBIM BBIDOXK/IEHUEM, UTO SB/SETCS OO/IbIIMM [LIArOM BIep&s] 1o

CPpaBHEHHIO C NPAMBIMHA MeTogamu PIMC B KoopauHaTHOM rpesacTaBieHUH (Kkpome PB-PIMC, cwm.
HUXKeE).

[logBogs uror: paspaboranHe HOBeIM PIMC nogxos B BUrHepoBcKoMm rpecTaB/ieHHH
[pesCcTaB/sieT DO/IBIION UHTepeC [/ MOZe/TUPOBAHUA HeHU/JeaIbHbIX KBAHTOBBIX CHCTEM,
HaXoAALUXCS B TEPMOJJMHAMHUYECKOM paBHOBeCUU. KoMOHHalHs ero ¢ ApyruMU MeTonaMu,
BO3MOJKHO, TI03BOJIUT YMEHBIUINUTh (PePMUOHHY!O rpobsiemy 3Haka (FSP) B mozmenupoBanuu PIMC.
71 CYATaI0 HACTOSAIIYIO PA0OTY Ba)KHBIM IepBbIM I11arOM B [JA@HHOM HarlpaB/IeHUM UCCIe0BaHUH. B
TO Ke BpeMsl, 1 Hallle/l C/IeIyIOlMe HeJoCTaTKU B aBTopedepare:

- Ha CTP. 3 YTBEP)K/AAETCs, UTO CyLieCTByouMe MeTo/ bl PIMC B KOOpAMHATHOM MPOCTPAHCTBE He
[TO3BOJIAKOT PACCUHTBIBATL CpeHHE Be/IMUMHbI OIePATOPOB, 3aBUCALLIMX OT UMITY/IbCA. ITO HEBEPHO.
MeTo/bl B KOOPMHATHOM IPOCTPAHCTBE [103BO/ISIFOT BBIUMC/IUTHL MATPHULLY TJIOTHOCTH, KOTOpas
uepe3 rpeobpasoBaHue Pypbe NPUBOAUT K HYHKLMU BurHepa.

- Ha CTP. 4 YTBEPXK/AeTCs, UTO OJHOM U3 LiesIel JaHHOW JUCCePTalMOHHOM paboThl ObLIO
«TIpeojjo/ieHre (PePMUOHHON POO/IeMBI 3HaKa» IIpU pacuéTe GyHKLMU Bruruepa. OHAKO, 3TO He

[10Ka3aHo. B aBTOpedepare HET HU OLHOIO rpaduka, Ha KOTOPOM Obi10 ObI [T0KA3aHO Cpe/iHee
3HaueHHe 3Haka.

- cyumtecTByeT aApyrou metoz PIMC B koopauHatHOoM ripoctpancTtse (PB-PIMC), KOTOPbIW TaKXKe
[I03BO/IAET MOJE/IMPOBATL CH/IbHO HeW/jea/IbHYt0 KBAHTOBYIO [1/1a3My U He UMeeT I1po0sieMbl 3HakKa
A/ TEMITepaTyp BIVIOTh A0 ITOJIOBHMHBI TeMIiepaTypbl PepMu. JTO c/1e0Baio Obl YIIOMSAHY TS, a

TaKoKe ’KeJ1aTe/IbHO COMOCTaBUTh Pe3y/IbTaThl C CYIeCTBYHOLIUMU TOUHBIMU pe3yssTaraMy PB-
PIMC.

- aBTOpedepar CO/IeP>KUT 3HAUUTE/IbHOe KOJIMUeCTBO UUC/IeHHBIX pe3y/bTaToB. K CcoXKaleHuro, He
MMPUBOJUTCSA HUKAKOU MH(MOPMALIMU O TOUHOCTU — HHU CHUCTeMaTHue CKUX OLIMOO0K pa3paboTaHHbIX
AlMPOKCHUMALIMH, HU CTaTUCTUUECKUX OLIMOOK., TakyKe HESICHO, CKOJILKO «OyCHUH» [uncIo
HPOMEXKYTOUHBIX KOODIMHAT, alllIPOKCUMUPYIOLUX TPaeKTOpUo — 1puM. [lepeBojumkal Obiio
MCII0/Ib30BAHO B pacyeTax W Kak pe3y/ibTaTbl U3MEHSFOTCS ITPU U3MEHeHUW umcJla «OycuH». /11
AE€MOHCTPAl[MH TOUHOCTH U HaZIEXKHOCTH HOBBIX METO/]0B, Ke/1aTe/IbHO [TPOBECTH TeCTOBbIE

PACUETBI U CPABHMTDL Pe3YJ/IbTaThI C CYI[eCTBYIOLMMU Pe3y/IbTaTaMH APYTUX METO/0B, HallpuMep,
17151 HEKOTOPBIX MO e/IbHbIX CUCTEM.




