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[IpennoxeHa apxXuTeKTypa MNPOrpaMMHON CHUCTEMBI
JUTS. TECTUPOBAHMS CEPBEPHOTO 00OPYIOBAHUS TEPE]] €T
skcrutyatanueii. [lomobHoe TecTHpoBaHNE UMEET BaKHOE
3HAYCHUE JIIs 00CCIICUCHUS HAJICKHOM U OecriepeOoiHON
pabotel cucteM MHOTO()YHKINOHAIBHOTO HH(OpMAIIH-
OHHO-BbIUMCIUTENbHOTO KomIuiekca OWSIUN. OcHoBHOM
LIENBI0 TECTUPOBAHMS SBIISCTCS BBIIBICHUE CKPBITHIX J€-
(heKTOB, KOTOPBIC MOTYT BO3HHKHYThH IPU KPUTHYCCKHUX
Harpy3kax Ha oOopynoBaHuwe. B KadecTBe OCHOBHOTO
MOJXOAa K TCCTHPOBAHUIO DIICKTPOHHBIX KOMIIOHCHTOB
6su1 BEIOpan meton Highly Accelerated Stress Screening
(HASS). B atoM MeTone ucmoib3yeTcs TeMieparypa Te-
CTHPYEMOT0 KOMIIOHEHTA B Ka4eCTBE MapaMeTpa I yCKO-
PEHHUSI IPOIIECCOB JIETPalalliil MaTePUATIOB H KOMIIOHCH-
ToB. OcHOBHas 11esib HASS — moBbIIeHne HaeKHOCTH
o0opyoBaHUs 3a cyeT OOHapy)XeHUs Ne(EeKTOB Ha paH-
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HUX dTanax XHU3HCHHOI'0 IUKJIa, TCM CaMbIM CHHXACTCA
BEpPOATHOCTh cOOEB Ha Ooyiee MO3MHUX dTamax. BakHOM
YacCTBhIO CUCTEMBI ABJISCTCS IOACHCTEMa MOHUTOPUHT'A, He-
obxonnmasi Ay cOopa W aHaIHM3a TaHHBIX O TEMIIeparype
TECTUPYEMBIX KOMIIOHEHTOB. AHAJIM3 TeMIIepaTypHbIX Me-
TPHUK Ha 3Tarle TECTHPOBAHMS O3BOJISET ONPEACIUTE PO-
JIOJDKUTEIIBHOCTh TECTUPOBAHUS C 33JaHHON TOYHOCTEIO.
B nomonHeHMe K TakMM HHCTPYMEHTaM MOHHMTOPHHIA,
kak Node Exporter, Prometheus, Prometheus Gateway u
Grafana, B cucteMe HcHonb3yeTcs Stress-ng s Harpys-
KU 00O0pYIOBaHUS CHHTETHYSCKHMH TecTaMH. B pamkax
MHTErpalyy ¢ CUCTeMOi MHBeHTapu3auuu iTop B makere
HMMEETCsI BOBMOJKHOCTh COOMPATh U XpaHUTh (ailiisl xKyp-
HAJIOB M PE3yNbTaThl TeCTUpOBaHMs. MeTox B Hacrosiee
BpEMs HAXOANTCS Ha CTa M aKTUBHOM pa3paboTKH.

Tsamtsurov E., Balashov N., Lukyanov K. Development of a
Software Suite for Testing Server Hardware // Phys. Part. Nucl.
Lett. 2025 (in press).

Meshcheryakov Laboratory
of Information Technologies

The design of a software system for testing server
equipment before its operation is proposed. Such a test-
ing is vital for ensuring the reliable and smooth operation
of the systems of the JINR Multifunctional Information
and Computing Complex. The main purpose of testing
is to identify hidden defects that may arise under critical
loads on the equipment. The Highly Accelerated Stress
Screening (HASS) method is selected as the primary test-
ing approach for electronic components. This method uti-
lizes the temperature of the tested component as a parame-
ter to accelerate the degradation processes of materials and
components. The primary objective of HASS is to enhance
component reliability by detecting vulnerabilities early in
the development process, thereby reducing the likelihood
of failures when the component is deployed. A key part
of the system is the monitoring subsystem required for
collecting and analyzing temperature data from the tested
components. Temperature metrics analysis during the
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testing phase enables one to determine the duration of
testing with a given accuracy. In addition to monitoring
tools, such as Node Exporter, Prometheus, Prometheus
Gateway, and Grafana, the system uses Stress-ng to load
the equipment with synthetic tests. As part of integration
with the iTop inventory system, the suite has the ability
to collect and store test log files and results. The solution
is currently under active development.

Tsamtsurov E., Balashov N., Lukyanov K. Development of a
Software Suite for Testing Server Hardware // Phys. Part. Nucl.
Lett. 2025 (in press).
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[TomyueHbl OleHKH HAONIONAEMOCTH YaCTHII-KaHJH-
naroB B TeMHyto Mareputo (TM) Ha Bonbiiom aapoHHOM
KoJUTaiiiepe, OCHOBaHHbIEC HAa BEIYMCICHUHU ITPOIIECCOB B3a-
HMMOJICHCTBUS TaKUX 4dacTHIl ¢ yacTunamu CTaHIapTHOMN
MOJIEIM B IIOJXOJ€ XUITCOBCKOIO IOpTaja. XUITCOBCKUI
TOpTaJl MPEACTaBIsIET COOOH YMPOIICHHBIH METO/ OMHCa-
HUSI B3aUMOJICHCTBHH MEXKy TEMHBIM M BUAUMBIM CEKTO-
pamu 3a cuet ooMeHa nepenocuyrkamu co cnuaom 0. C yue-
TOM CYIIECTBYIOIIMX OIpaHUYCHUN Ha CKaJsIpHBIC MOPTa-
JIBI, IOJYYEHHBIX U3 JAHHBIX TOA3EMHBIX IKCIIEPUMEHTOB
0 IpsIMOMY HaOITtofieHuto YacTull TM, XUITCOBCKHit CeK-
TOP B TaKOM ITOJIXO/Ie C HEOOXOIMMOCTBIO JOJDKEH OBITh
paclIpeH OTHOCUTENBHO npenacTaBieHHoro B CM. B Ha-
cTosIel paboTe UCTIONB3YIOTCSl MOJICIIbHAS KOHCTPYKITHS
C ABYX/yOJETHBIM XHTTCOBCKHM CEKTOPOM H JIOTIOJHH-
TENBHBIM CKAIIpOM WU TceBnockamsipoM 2HDM + S(a)
u mpennoioxkenue o ¢pepmuonHorr TM. B pamkax 3Toit
MOJIENIN BBIUUCIIEHBI CEUEHHS ACCOLMUPOBAHHOTO POXKie-
Hus gactHi TM ¢ HeHTpanbHBIM KannopoBodHsM Z 9-60-
30H0M. OOCy»X)marTcsi epcreKTuBbl HaOmoneHuss TM u
MacCOBBIE MPEAETbl Ha CKAJSPHBIE MEPEHOCUUKH. Taxke
B pabore mpecTaBieH 0030p MpebIyIero aHalu3a JaH-
Heix LHC 11 npOTOH-IPOTOHHBIX CTOJIKHOBEHMH NpHU
9HEpruM B cucreMme LeHtpa macc 13 ToB c¢ mabpannoi
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uHTErpanbHoil cBeTumocThio 137 (67!, coOpanmbIX B
skcnepumente CMS B 2016-2018 rr. B ykazaHHOM
kanasie. OTCyTCTBHE 3HAYMMBIX MTPEBBIIICHUH HaJl POHOM
CM OT O0XHIAaeMOTo CHUTHAJIBHOTO MpoIecca MepeBo-
JUTCSL B OTPAaHWYEHUs] Ha MPOCTPAHCTBO IApaMETPOB
N3yYCHHON MOJIENN CKAISIPHOTO MOpTaa.

Casuna M.B., Cauxceecxkuii K. B., [lImamoe C.B. Ilouck
HaCTHIL TEMHOM Marepuu, MNPEACKasbIBAEMBIX B MOJICIHU CKa-
JIIpHOTO mopTalia € Z[ByXZ[y6J'IeTHI)IM pacliupeHUEM XHUITCOB-

CKOTO CEKTOpa M OHUM JOTOIHUTEIbHBIM cHHIIIETOM // DUASL.
2025. T.56, Boim. 2. C. 547-558.

We present the estimations of Dark Matter (DM) can-
didate observability at the Large Hadron Collider, based on
the calculation of the interaction processes of such parti-
cles with Standard Model particles in the Higgs portal ap-
proach. The Higgs portal is a simplified method to describe
interactions between the dark and visible sectors due to
spin-0 mediator exchange. Given the existing constraints
on scalar portals obtained from underground experiments
on direct DM detection, the Higgs sector in such an ap-
proach must necessarily be extended relative to that pre-
sented in the Standard Model. We use a model construction
with a two-doublet Higgs model and an additional scalar or
pseudoscalar, 2HDM + S(a), and the assumption of fermi-
onic DM. Within this model, we calculate the production
cross sections of DM associated with a neutral gauge Z°
boson. The prospects for DM observation and mass reaches
for scalar mediators are discussed. The paper also provides
an overview of the previous analysis of proton—proton col-
lision data at a centre-of-mass energy of 13 TeV with an
integrated luminosity of 137 fb~!, collected by the CMS
experiment at the LHC in 2016-2018. The absence of
significant excesses over the Standard Model background
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from the expected signal process translates into limits on
the parameter space of the studied scalar portal model.

Savina M., Slizhevskii K., Shmatov S. Search for Dark Matter
Particles Predicted by the Scalar Portal Model with a Two-Dou-
blet Higgs Sector and an Additional Pseudoscalar // Phys. Part.
Nucl. 2025. V.56, No. 2. P.547-558 (in Russian).
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Corpynuuku JIUT coBmecTHO ¢ kosieramu u3 JIOBD
TTONYYHIN PE3yJAbTaThl NPUMEHEHUS TPAAHEHTHOTO Oy-
CTHHTA Ha/I PEIIAIONIMU JISPEBbSIMHU B 33/1aue HACHTH(DU-
Kaluu 9acTull B skcriepumenTe MPD Ha yckopuTensHOM
xomiuiekce NICA. 3a mocnenHee AeCATUIETHE aNTOPUT-
MBI MaIlTHHHOTO O0yYEHUsI HAIIUTA ITUPOKOE TPUMEHECHUE
BO MHOTHX 3a7a4ax (pU3WKW BBICOKMX PHEPTHUil, BKIIOUAs
HUACHTH(UKALNIO 3apsHKEHHBIX 4acThll. B pamkax mpo-
BEICHHOTO HCCIICIOBAHUS PAacCMaTPUBAIUCh METOIBI
TPaMEHTHOr0 OYyCTHHIA, MOCKONBKY BXOJHBIC JaHHBIC
B 3aJa4yc WACHTU(UKAIIMY YaCTHII, KaK B IIEJIOM, TaK U B
MPD B 4acTHOCTH, SIBISIOTCSI CTPYKTYPHUPOBAHHBIMH.
PaccMoTpeHBl YeThlpe peajM3alii TIpajueHTHOro Oy-
cturara: XGBoost, CatBoost, LightGBM u SketchBoost.
JUIs OIIEHKM TOYHOCTH M CKOPOCTH METO/IOB MPOBEICHBI
YHUCIICHHBIC JKCIIEPUMEHTHI C WCIIONB30BAHUEM TaHHBIX
MomnTe-Kapino MopeanpoBaHusi COyaapeHui siiep BUCMY-
Ta npu >Heprun 9,2 I'HB ¢ MUHUMAIBHBIM MPUIIETEHBIM
apaMeTpoM, KOTopasi O)KHIACTCS B paMKaX IIEPBOTO 3aITy-
cKka aKcriepuMeHTa. [lomydyeHHbIe pe3ynbTaThl MOKa3bIBa-

0T, YTO METOABI I'PAAUCHTHOTO 6YCTI/IH1"a 00ecreunBaroT
BBICOKYIO Bq)(beKTHBHOCTL 1 IPEBOCXOIAAT BO3MOKHOCTH
METOMa, PCaJINn30BAaHHOTO B IPOTrpaMMHOM o0ecricueHHHI
OKCIIEPUMEHTA, 0COOEHHO B 00J1aCTH BHICOKHX HUMITYJIbCOB.
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Papoyan V., Aparin A., Ayriyan A., Grigorian H., Koro-
bitsin A. Gradient Boosted Decision Tree for Particle Identifica-
tion Problem at MPD // Phys. Part. Nucl. Lett. 2025. V.22, No. 3.

Papoyan V., Aparin A., Ayriyan A., Grigorian H., Koro-
bitsin A. Machine Learning in High-Momentum Particle Identifi-
cation in the MPD Experiment // Phys. Part. Nucl. 2025 (in press).

MLIT researchers in collaboration with colleagues
from VBLHEP obtained results on the application of gra-
dient boosted decision trees (GBDTs) for particle identi-
fication (PID) in the MPD experiment at the NICA accel-
erator complex. Over the last ten years, machine learning
algorithms have become widely used in high-energy phys-
ics tasks, including charged particle identification. Since
MPD PID data are structured, GBDT methods were con-
sidered. Four gradient boosting implementations, namely,
XGBoost, CatBoost, LightGBM, and SketchBoost, were
reviewed within this work. Numerical studies were con-
ducted to determine the differences between them. A com-
parison of accuracy and speed was made on Monte Carlo
data generated with minimum bias, BiBi collisions at
9.2 GeV, which is expected to be the first colliding system
at MPD. The results demonstrate that gradient boosting
methods provide high efficiency and outperform the meth-
od implemented in the experiment’s software, particularly
in the high-momentum region.
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Papoyan V., Aparin A., Ayrivan A., Grigorian H., Koro-
bitsin A. Gradient Boosted Decision Tree for Particle Identifica-
tion Problem at MPD // Phys. Part. Nucl. Lett. 2025. V.22, No. 3.

Papoyan V., Aparin A., Ayriyan A., Grigorian H., Koro-
bitsin A. Machine Learning in High-Momentum Particle Identifi-
cation in the MPD Experiment // Phys. Part. Nucl. 2025 (in press).
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Knaccudukarust 00e3He#H pacTCHUI SIBISCTCS Bax-
HOM 0O0IacThI0 MCCIEIOBAHMN H3-3a €€ MPAKTHYECKOTO
MIPUMEHEHMsSI B CENTbCKOM X03siiicTBe. HecmoTpst Ha Gora-
TYIO UCTOPUIO BOIIPOCA, 3HAYUTEIBHBIN MPOrpecc ObLI 10-
CTUTHYT TOJIBKO C MICTIOJIb30BAHUEM CBEPTOUHBIX HEHPOH-
HbIX cereil. OmHaKko 00y4YeHHe MoI0OHBIX MOIeIe 00bIY-
HO TpebyeT OOoNbIINX HAOOPOB JaHHBIX, KOTOPBIE TPYIHO
cobparp B oOacTu Oose3Heit pactenuii. [logoOHas cuty-
aryst XapakTepHa JUIsI MHOTHX OTpaciiei, 9TO MPHUBENO K
pa3paboTKe MPOABHUHYTHIX METOIOB, TAKMX Kak 00OydeHne
¢ MasbiM yuciioM npumMepoB (few-shot learning). Taxoii
MOAXOJ, [MO3BOJISIET KJIACCU(HUIIUPOBATh H300payKESHUS
JlakKe TpY HaIU4ud MX HeOosbimoro umcia (menee 10)
JUISL KaXJA0W Kareropuu. MHOrue u3 3TUX METO/I0B OCHO-
BaHBl HA BBIIBICHHH CXOJICTB MEXAY H300pa’keHHUSIMU.
Heckonpko ¢QyHKIWMIA MOTEph, MCHOIB3YEMBIX B OOYYCHHH C
HEOOIBIINM KOJMHUecTBOM H300pakeHuii (Contrastive, Triplet,
Quadruplet, SphereFace, CosFace m ArcFace) mapsimy c
MOMYJSIPHBIMU apXUTEKTypaMu HeWpoHHbIX cereil (MobileNet,
EfficientNet, ConvNeXt, ResNeXt u T.1.), ObUIH OIICHCHBI B
pabore [1] mns knmaccuduxauuu 68 xiaccoB OoJesHel pacre-
nuit. Habop mannerx cocrostt u3 4000 m3o0paxenuii, coopan-
HBIX B peajbHbIX ycnoBusix (ruardpopma DoctorP), uro
JACIAaeT €ro HACAJIbHBIM JJI1 TECTUPOBAHUSA 3TUX METOIOB.

B pesynbrare uccnenoBaHus ObUIO TPOJEMOHCTPHPO-
BaHO, YTO MpHU3HaKH cBoicTB (embeddings), momy4yaembie
NPU KCIIOJIb30BAHUH YTJIOBBIX (DYHKUUH MHHUMM3ALMH
HOTepL, HMEIT 0O0JIee YETKOE pacnpeaciicHue U cernapanuro
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MEXy KJIaccaMM U JaloT 0oJiee BHICOKYIO TOUHOCTb IIPU UC-
HOJIb30BAHUM KJIACCU(PUKATOPOB OTHOCHUTENIBLHO IPHU3HAKOB,
HOJIy4aeMbIX IIPH IPUMEHEHUH CHaMCKUX (DYHKIUH TOTEPb.

Bo Bropom mccienoBanuy [2] ompenensumcs Hauobo-
nee 3pPEeKTUBHBIC TTOIXOBI K OPTaHU3aINH M 00YICHUIO
Mozeneu npoekra DoctorP. Panee 1 co3nanus monenei
NIPUMEHSUINCH HelipoceTeBas apxutekrypa MobileNet v2
n ysxkums muHuME3anmun motepb Triplet Loss. OmHako
3 PEeKTUBHOCTh JaHHOTO PEIICHHS IPU YBEJINYEHHU KO-
JIMYECTBA KJIACCOB 3a00JIeBaHNH 3HAYNTEIBHO CHU3HIIACH.
B pesynbrarte ObLI MPEIOKEH HOBBIA MOAXO, B KOTOPOM
ucrnone3yercst mojens ConvNeXt base, oOydeHHas ¢ (yHK-
mueit morepp CosFace Ha HOPMaNIM30BaHHBIX H300pake-
HUsIX. JlaHHBIH MOAXOA IMO3BOJMJI JOCTHYb TOYHOCTH pac-
no3HaBanus 88,35 % u Fl-score (xapakrepucTuka, obecrie-
yuBaomas cOaTaHCUPOBAHHYIO OLEHKY 3(QeKTHBHOCTH
MOJICIIH C YYETOM KaK JIO)KHOIIOJIOXKUTEIIBHBIX, TaK U JIOXK-
HOOTPHIIATEIBHBIX pe3ynpTaToB) B 0,9.

VYIyqmieHHbIH adrOpUTM OOYyYeHHUS MoJeneil yxe
BHeApeH B miatdopmy DoctorP, 4To 3HaYNTENTFHO TTOBBI-
CUJIO TOYHOCTh M HaJICKHOCTh JAMArHOCTHKH 3a0o0JjeBa-
HUU pacTeHui.

1. Uzhinskiy A. Evaluation of Different Few-Shot Learning

Methods in the Plant Disease Classification Domain // Biology.
2025. V.14(1). P.99.

2. Uzhinskiy A. Efficient Pipeline for Plant Disease Classi-
fication // Natural Sci. Rev. 2025. V.2.100201.

Plant disease classification is a crucial research field
due to its practical applications in agriculture. While ma-
ny methods have been developed, significant progress
has only been made using convolutional neural networks.
However, training these models usually requires large
datasets, which are difficult to collect in the domain of
plant diseases. This challenge is common across various
fields, leading to the development of advanced methods,
such as few-shot learning, which enables image classifica-
tion even when fewer than ten examples are available for
each category. Many of these methods rely on identifying
similarities between images. Several loss functions used
in few-shot learning (Contrastive, Triplet, Quadruplet,
SphereFace, CosFace, and ArcFace), along with popular
neural network architectures (MobileNet, EfficientNet,
ConvNeXt, ResNeXt, etc.), were evaluated in [1] to clas-
sify 68 classes of plant diseases. The dataset consisted of
4000 images collected in real-world conditions (DoctorP
platform), making it ideal for testing these methods.

The study demonstrated that the embeddings obtained
using angular loss functions had a clearer distribution and
separation between classes and provided higher accuracy
when using classifiers relative to features obtained applying
Siamese loss functions.
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The most effective approaches for model organization
and training within the DoctorP project were identified
in [2]. The MobileNet v2 neural network architecture and
a Triplet loss function were previously used to create mod-
els. However, the effectiveness of this solution decreased
significantly with an increase in the number of disease
classes. As a result, a new approach using the ConvNeXt
base model trained with a CosFace loss function on nor-
malized images was proposed. The approach achieved a
detection accuracy of 88.35% and an F1-score (a charac-
teristic that provides a balanced evaluation of the model’s
effectiveness, taking into account both false positive and
false negative results) of 0.9.

The improved pipeline has already been implemented
in the DoctorP platform, enhancing its ability to diagnose
plant diseases with greater accuracy and reliability.

1. Uzhinskiy A. Evaluation of Different Few-Shot Learning

Methods in the Plant Disease Classification Domain // Biology.
2025. V. 14(1). P.99.

2. Uzhinskiy A. Efficient Pipeline for Plant Disease Classi-
fication // Natural Sci. Rev. 2025. V.2. 100201.
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B cranmaptHOil popMynmHupoBKe KBaHTOBOW MEXaHH-
KN HCIIONB3YIOTCSl KOHTHHYaJIbHO OECKOHEUHbIE MHOXeE-
CTBa, HAIIPUMEP, HENIPEPbIBHAS yHUTapHas rpymmna. OxHako
MIPUMEHEHHE HEKOHCTPYKTHBHBIX OSCKOHEUHOCTEH MOXKET
MOPOXK/IaTh TPOTHBOPEUUS] M apTe(akThl MPH OIMHUCAHUH
¢dusnueckoii peansHocTH. Ha camom nerne Juist OmucaHust
KBAaHTOBOTO MOBE/IEHUS JOCTATOYHO HCIOIb30BaTh KOHEU-

HBIE TOATPYMIBI OOIIel YHUTapHOM TpYMIbI, & NMEHHO
rpymy Betins—IeiizenOepra u ee paciupeHne — TPYIILY
Kmuddopna. Uccnenyercs BappanT KBaHTOBOW TEOPHH, OC-
HOBAHHBIHM Ha 3TUX TPYMINaxX U MOJHOCTHIO UCKIIIOUAIOIIUI
IIPUBJICUEHUE HEMNPEPBIBHOM YHUTApHOH rpynnbl. Takoi
MOAXOJ MMEET SMIMPUYECKH 3HAYUMBIE MOCIEICTBHS.
Hanpumep, orcyTcTBHE B IPUPOJE KBAHTOBOM! 3aIlyTAHHO-
CTH M MHTEP(EpEHINI MKy dIEMEHTApHBIMU YacTHIIA-
MH Pa3HbIX THIIOB IOJy4aeT €CTECTBEHHOE OObsSCHEHHE.
OTKa3 OT WCIOJB30BAHUS KOHTHHYAJIbHO OECKOHEUHBIX
MHOKECTB TpeOyeT MepecMOTpa KOHIIECMIIMH KBAHTOBBIX
COCTOSIHMM, a MIMEHHO 3aMEHBl HEIPEPHIBHOIO MPOEKTUB-
HOTO TWJILOEPTOBAa MPOCTPAHCTBA KBAHTOBBIX COCTOSIHUM
HEKOTOPbIM KOMOHMHATOPHBIM MHOXECTBOM. [lpeioxen
BO3MOJKHBII TIOIXOA K IIOCTPOCHUIO KOHCTPYKTHBHBIX
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KBAaHTOBBIX COCTOSTHHN HMCXOJS M3 OIpeAesIeHHOro Habopa
€CTECTBEHHBIX KpuTepHeB. PaccmarprBaercst npuMeHEeHHe
METOJIOB KOMITBFOTEPHO alreOphl U BEIYUCIUTEIBHON TEO-
PHH TPYIIT JJIs MCCIeOBaHUs Tpo0ieM, BOSHUKAIOMINX B
KOHTEKCTE KOHCTPYKTHBHOM KBAHTOBOW MEXaHHKH.
Kopnax B. B. KoHCTpyKTUBHAsI KBAHTOBAsi MEXaHUKa U BbI-

YHCIICHUSI C KOHeYHBIMH rpymiamu // [IporpammupoBanue. 2025.
Nel. C.9-20.

The standard formulation of quantum mechanics uses
continuously infinite sets, such as the continuous unitary
group. However, the use of non-constructive infinities can
generate inconsistencies and artifacts when describing
physical reality. In fact, to describe quantum behavior, it
is sufficient to use finite subgroups of the general unitary
group, namely, the Weyl-Heisenberg group and its exten-
sion, the Clifford group. We explore a version of quantum
theory based on these groups that completely excludes the
use of the continuous unitary group. This approach has
empirically significant consequences. For example, the ab-
sence of quantum entanglement and interference between

EI

elementary particles of different types in nature receives
a natural explanation. The rejection of the use of contin-
uously infinite sets requires a revision of the concept of
quantum states, namely, the replacement of the continuous
projective Hilbert space of quantum states by some com-
binatorial set. We propose a possible approach to build-
ing constructive quantum states based on a certain set of
natural criteria. The application of computer algebra and
computational group theory to study problems arising in
constructive quantum mechanics is considered.

Kornyak V.V. Constructive Quantum Mechanics and Cal-

culations with Finite Groups // Program. Comput. Softw. 2025.
V.51, No. 1. P.6-16.
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