Poccuiickuii Kp amlC ll e COO 6m e H uﬂ Russian Journal of Immunology /

UMMYHOA0UMECK ULl JICYPHAN Rossiyskiy Immunologicheskiy Zhurnal

2025, T. 28, Ne 3, cmp. 355-362 ShOl" 4 communications 2025, Vol. 28, Ne 3, pp. 355-362

NCNOJIb30BAHUE BOSMOXXHOCTEMN

UCKYCCTBEHHOIO MHTEJIJIEKTA

B UMMYHOJIOTM: OT OB30PA JIUTEPATYPbI 10
CTATUCTUYECKOWN OBPABOTKU U AHAJTU3A NOJTYMEHHbIX

OAHHbIX
Bepmoruna O.B.

DI'BYH «Hucmumym ummynosoeuu u guzuosoeuu» Ypanvckozo omoenenus Poccuiickoi akademuu Hayk,
2. Examepunoype, Poccus

Pesrome. TpanummmoHHoOe U3yYeHUE TUTEPATYPhI, UCITIOIb30BaHNUE CTAaHIAPTHBIX METOIOB aHAIN3a JaHHBIX
B UMMYHOJIOTMM 3aHMMAaeT 3HAUUTEJIbHOE BpeMsI, He BCeraa IT03BOJIsIsI CIIPAaBUTHCS C MACIITAOOM M CI0XKHO-
CTBIO TIpo0JIeMbl. MCKYCCTBEHHBIM MHTEIUIEKT MOXKET IIOMOYb B PEIICHUM 3TOTO BOIIPOCA, aBTOMATU3UPYSI
TIPOIIECCHI MOMCKA W DKCHEPTU3bl aKTyaIbHBIX CBEACHMI, TTO3BOJISISI YUCHBIM M3BJICKATh BaxKHbBIC (haKThl U3
00bIINX 00BbeMOB MHGopMaluu. Llenpio nccaeqoBaHusI cTaao onpeaeeHrue MOTeHIIaaa NCKYCCTBEHHOTO
MHTEJIIEKTa B UMMYHOJIOTMYECKMX MCCICAOBAaHUSIX C aKIIEHTOM Ha aBTOMAaTH3allMI0 cOOpa JIMTEepaTypHBIX
MaHHBIX U aHaIU3 UMGPOBBIX cBeneHUi. TeopeTmyecKkasi 4acTb pabOTHl OCHOBaHA HAa M3YYEHUM MaTepua-
noB 0a3 PubMed, Scopus, Google Scholar, ResearchGate 3a 2000-2025 roabl, TUIT — OpUTHHAaIbHAsI CTAThbs
wiu 0630p auTeparypbl. OCHOBA CTpaTerMM MOKMCKAa — MCIOJIb30BaHME KIIIOUEBBIX CJIOB, IIpollecc oTdbopa
nyOJMKAIIM 3aKJTI09ajIcs B CKPUHUHTE 3ar0JIOBKOB, aHHOTAIIMI U TTIOJTHBIX TEKCTOB HUCciiemoBaHmuii. [1pak-
TUYECKasl YaCTh PaOOTHI BHIITOJIHEHA KaK CPaBHUTEJILHBIN aHAIM3 Pe3yJIbTaTOB, paHee M3YUeHHBIX JaHHBIX,
C BBIBOJIAMH, TTOJIyYCHHBIMU TIPU MCIIOJB30BAHNM TEXHOJIOTUI MCKYCCTBEHHOIO MHTEJUICKTA, Ha IIpUMepax
mogeneit GPT v.4.0. YctaHOB/IEHO, YTO TEXHOJOTH MCKYCCTBEHHOIO MHTEJIJIEKTa MOTYT OBITh ITOJIE3HBI B
paboTe Haa co3gaHWeM 0030pa JUTEepaTyphbl II0 UMMYHOJIOIMH, BKJIO4Yast (OopMHUpPOBaHUE pe3loMe, CUHTE3
rpacMKOB M CXEM, BU3YaIU3UPYIOIINX HOBBIC CUTHAJIbHBIC ITYTH, B3aMOCBSI3U MEXIy KIeTKaMu, (paKTOPhI
pa3BuTus 3abojieBaHuii. [ToMruMO pabOThI ¢ TeKCTaMU, UCKYCCTBEHHBIN MHTEJIEKT MOXET ObITh IPUMEHEH
IUTSI CTAaTUCTUYECKOM 00pabOTKM U aHaIM3a HUMPOBBIX JTaHHBIX, HATIPUMED, BBISIBICHUSI 3aKOHOMEPHOCTEH,
pelIeHsT BOIIPOCOB ITPOTHO3MPOBAHUSI, IIOCTPOCHUS MOJIeNIei, paCCMOTPEHUSI IPYTUX OoJiee CIOXHBIX 3a-
nmad. [1pu cpaBHeHMU paHee M3YYEeHHBIX JaHHBIX ¢ pe3yiabprataMu ucroab3oBadus GPT v.4.0 yctaHoBIIEHO,
YTO Y pa3HbIX 4aT-O00TOB MOTYT BCTPEYAThCS CICAYIOIIME HEAOCTATKU: 3aBUCUMOCTb OTBETa OT CTUJISL (pop-
MYJMPOBaHMS 3aIpoca, CUHTE3 MHPOPMALIMKU B O4eHb 0000ILIEHHOM BHE, CO3daH1e HeOOIbIINX 00bEMOB
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tekcTa (1o 1000 cioB), pucK Imarvara, CJI0KHOCTU ¢ CUHTE30M PUCYHKOB, CXeM, TaOaull, MpeacTaBieHe
MCYEPIThIBAOIIE MH(MOPMAIIMK TIPEUMYIIIECTBEHHO Ha aHTJIMHCKOM sI3bIKE, CAMOCTOSITeJIbHOE CUHTE3UPO-
BaHUE HECYIIECTBYIOIINX CCHIJIOK Ha JIMTepaTypHble UCTOUHUKHU. BuiBonbl: 1. MICKyCcCTBEHHBIN MHTEIUIEKT
MOXKeT mpeobpa3oBaTh UMMYHOJIOTUYECKME UCCIEN0BaHUS, TI03BOJISIS TIPOBOAUTH Oojiee 3¢h(EKTUBHBIN 00-
30p JIMTEepaTyphl U OoJiee IIyOOKWiT aHaIM3 JaHHBIX, OHAKO Ha HAaYaJIbHBIX 3Tarax TpedyeTcsl 9KCIepTHBI
Haznzop. 2. [To Mepe pa3aBUTHSI TEXHOJIOTUI UCKYCCTBEHHOTO MHTEJJIEKTa OHU CTAHYT HEOTHhEMJIEMOM YacThIO
MHCTPYMEHTapUsi UMMYHOJIOTA.

Knroueswie crosa: uckyccmeennulii unmennekm, mawurtoe ooyuenue, GPT, yam-6om, ananu3 0aHHbIX, UMMYHOA02US

USAGE OF ARTIFICIAL INTELLIGENCE CAPABILITIES IN
IMMUNOLOGY: FROM LITERATURE REVIEW TO STATISTICAL
PROCESSING AND ANALYSIS OF OBTAINED DATA

Berdiugina O.V.

Institute of Immunology and Physiology, Ural Branch, Russian Academy of Sciences, Exaterinburg, Russian Federation

Abstract. Traditional literature review and the standard methods of data analysis in immunology is time-
consuming and does not allow rapid solution of large-scale and complex research problems. Artificial intelligence
can assist in addressing this issue by automating the processes of search and evaluation of relevant information.
The aim of this study was to determine the potential of artificial intelligence in immunological research, based
on the automated collection of literature data and analysis of digital information. The theoretical aspect of
the study was based on the analysis of materials from PubMed, Scopus, ResearchGate databases covering the
years 2000-2025. The practical approach was conducted via comparative analysis of previously published data
and conclusions obtained by means of artificial intelligence technologies, e.g., by GPT v.4.0 models. It was
found that artificial intelligence technologies may be useful in conducting literature reviews in immunology,
including compilation of findings, generation of graphical presentations, as well as visualization of new signaling
pathways, cellular interactions, and disease-related factors. In addition to the text analysis, artificial intelligence
may be applied to statistical processing and digital data analysis, such as detection of regularities, solution of
forecasting issues, design of models. A comparison of previously studied data with the results obtained using
GPT v.4.0 revealed several limitations of different chatbot models, including the dependence of responses on
the style of query formulation, excessively generalized information synthesis, limited text output (up to 1,000
words), plagiarism risks, difficulties in generating figures, diagrams, and tables, presentation of comprehensive
information predominantly in English, and spontaneous creation of non-existent references to the literature
sources. Conclusions: 1. Artificial intelligence may sufficiently change immunological research, allowing for a
more effective literature reviewing and deeper data analysis, however, requiring expert supervision at the initial
stages. 2. Upon development of artificial intelligence technologies, they will become an integral part of the
immunologist’s toolkit.

Keywords: artificial intelligence, machine learning, GPT, chatbot, data analysis, immunology

Pa6Gora BbIMoJIHEHA MO TeMe TOCYIapCTBEHHOIO
saganusgs HUP ®TBYH «MMU®» ¥pO PAH Ne roc.
peructpauuu 122020900136-4

BeeneHue

Pa3zBuTne MMMYHOJIOTMM KaK HayKU COIPOBO-
XKAaeTcsl OKCMOHEHLMaAbHBIM POCTOM YKCJia HOBBIX
MCCIeIOBaHUI, €XErogHOM ITyOJuKalueil ThICSY
crareit. [logoOHas1 TeHASHLIMSI, C OJJHOM CTOPOHBI,
J1aeT BO3MOXHOCTb 3HAYMMO PaCLIMPSATh TOPU3OHTHI

3HAHUIA, C IPYTOil CTOPOHBI, CO3/IAET CYIIIECTBEHHbBIE
MPOOJIEMBI JIJISI YYEHBIX, CTAPAIOIINXCS OBITh B Kypce
MOCJIEIHUX HOBOCTEW W YCIIeTh MPOAHATU3UPOBATH
nH(bOPMAaIIMIO U3 Pa3HBIX UCTOYHUKOB. OCOOEHHO-
CTHIO YBEJIWUYEHUSI OObEeMa HOBBIX CBEAEHUI1 CTaHO-
BUTCSI CUTyallusl, KOTJIa CIEeIHNaINCThl, 3aHUMAalo-
IIMecsl WCCIENOBAHUEM TIPOOJIEM, HE CBSI3aHHBIX
MeX1y cOoOOW pasznesioB UMMYHOJOTUU, CTAIKWBA-
I0OTCSI ¢ KOMMYHUKATUBHBIMU OapbepaMu WIN TPO-
OesaMu B 3HAHUSIX IPYT JIpyTa.
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Hckycemeennblil unmennekm 6 UMMYHOA0UU
Artificial intelligence in immunology

TpanuumoHHoe M3y4eHWEe JTUTEePaTyphbl, UCTIOIb-
30BaHUE CTaHIAPTHBIX METOJOB aHaJM3a 3aHUMAaET
3HAYNTEJIPHOE BpeMsI, He BCETIa ITO3BOJISIS CIpa-
BUTBCS C MaclITaboM U CJIOXHOCTBIO MPOOJIEMBI.
HckyccrBeHHbIN nHTe1eKT (M) MoxeT moMoub B
pEeIIeHNH 3TOTO BOIPOCca, aBTOMATU3UPYsI ITPOLIECChHI
MOKCKa M 3KCIIEPTU3bl aKTyaJIbHBIX CBEACHUM, I10-
3BOJISIST YICHBIM U3BJICKaTh BasKHBIC (DAKTHI M3 OOJIb-
mux o0beMOB JaHHBIX. Hanmpumep, nMmeercst onbIT
OPUMEHEHHUSI METOIOB MCKYCCTBEHHOTO MHTEJIICKTa
B OMOMEIUIIMHE C MCTIOJIb30BaHUEM ITpOrpaMM 00-
paboOTKM eCcTeCTBEeHHOro s3bika (natural language
processing, NLP), mamuHHoro (machine learning,
ML) u rnydookoro odyuenus (deep learning, DL) [8].

Ilesnio nannoii padoTHI CTAIO OTpEAeIeHUEe T0-
TeHIMaJla UCKYCCTBEHHOIO0 MHTE/UIEKTa B UMMYHO-
JIOTUYECKUX MCCIIENOBAHUSIX C aKIIEHTOM Ha aBTO-
MaTu3aInio coopa JIUTEepaTypPHbBIX JaHHBIX U aHAJIU3
MG POBBIX CBEICHUIA.

MaTepmanbl N METObI

Teoperuyeckast yacTh pabOTBl OCHOBaHa Ha pe-
3yJIbTaTax M3y4eHUSI MaTepUaIOB U3 OTKPBITHIX MC-
TouHUKOB — 6a3 PubMed, Scopus, Google Scholar,
ResearchGate — 3a 2000-2025 roapl, TUIT — OPUTH-
HaJIbHasI CTaTbs WJIM 0030p JIMTEpaTyphl; M3 pac-
CMOTpPEHUSI MUCKITIOUAIUCh PeIaKIIMOHHbIE CTaThbU B
CBSI3U C OTCYTCTBUEM CCHIJIOK Ha HAYyYHO O0OCHOBaH-
Hble ucciienoBaHus. OcHOBa CTpaTeruy IOMCKa —
MCMOJb30BaHME KIIOUYeBbIX cJioB: artificial intelli-
gence, machine learning, NLP, data analysis, GPT
(generative pre-trained transformer), immunology.
IIpouecc ordbopa nybarMKaumMii 3aKkJiroyancs B CKpy-
HUHTE 3aroJIOBKOB U aHHOTAIIMIA, a TaKXKe TOJTHBIX
TEKCTOB MCCJICIOBAHUI, OTpaHMYCHMEM ObLIa I0-
CTYITHOCTh MCTOYHUKOB MHMOPMALIM I ITUPOKO-
IO MOJIb30BAaTEJISI: HE BKJIIOUEHBI «3aKPbIThIe» ITy0I1-
KalluW.

IMpakTuyeckasi yacTb pabOTHI BBIMOJHEHA Kak
CpPaBHUTEIILHBIN aHAJIM3 pe3yIbTaTOB paHee M3y-
YEeHHBIX JaHHBIX [l1] ¢ BbBIBOJAMMU, TOJYYEHHBIMU
IpU MCTIOJb30BAHUU TEXHOJOTUM MCKYCCTBEHHOTO
uHTeJJIeKTa, Ha mpumMepax mozaeneii GPT v4.0, B
yactHoctu ChatGPT (https://chatgpt.com/), API
(https://platform.openai.com/), Duck.ai (https://
duckduckgo.com/?q=DuckDuckGo+Al+Chat&ia=
chat&duckai=1) ot OpenAl, Microsoft 365 Copilot
(https://www.microsoft.com/en-us/microsoft-365/
copilot), Bing Chat (https://copilot.microsoft.com/
chats/7M5nYXy3DNQC7vZVBVCwWE) ot Microsoft,
DeepSeek-R1 (https://www.deepseek.com/) or Hang-
zhou DeepSeck Atrtificial Intelligence, Qwen (https://
chat.gwenlm.ai/) ot Alibaba Cloud, Med-PaLM
(https://sites.research.google/med-palm/) ot Google
Research.

Jnst BU3yanu3aliMyd TOJYYEHHBIX TaHHBIX WC-
MOJb30BaH IMa0JOH M3 HWHTEPHET-UCTOYHMKA
https://presentation-creation.ru/.

PesynbTathl 1 06CYyXaeHWe

YcTaHOBJIEHO, YTO TPOIECC MOMCKAa U aHaau3a
HaydyHO HHGOpPMallMM B 00JacTU WMMYHOJIOTUM
MOXET OBbITh aBTOMAaTU3WPOBAH ITyTeM MPUBJICUCHUST
MCKYCCTBEHHOTro mHTeuiekTa. [loMmruMo 3Toro, Bo3-
MOXHO pElIeHUE ellle OJHOW BaxkHOoU 3amauu. M3-
BECTHO, YTO JIUTEPATypHBIC 0030DPHI, BBISBISIONINC
npoOesibl B 3HAHUSIX M OTIPEAEISTIONINe aKTyaIbHbIe
HampaBJIeHWs] TIOMCKa, HEpPeOKO coaep:KaT aBTOp-
CKYIO OLICHKY ITOJIydeHHBIX CBeIeHU it [6], mpu 3TOM
CYOBEKTUBHOCTh BOCIIPUSITASI MOXKET IIPUBECTH K
UCKaXKeHUI0 (DAaKTOB, HEIOCTOBEPHBIM BBIBOAAM, 3a-
TPYIHSIONINM CpaBHEHUE MTOJTYYeHHBIX TaHHBIX. c-
KYCCTBEHHBIM MHTEJUIEKT ITO3BOJISIET M30eXKaTh 3TOr0
HEeIOCTaTKa: OH 00e3JTMUMBAET B3TJISAL Ha TTPOOIEMY.

IlepBbiM HampaBiaeHUEM pabOThl C HAyYHBIMU
TeKCTaMU C TIpUBJIEYEHWEM WCKYCCTBEHHOTO WH-
TeJUIEKTa MOXKET OBITh COOCTBEHHO cCO3IaHue 00-
30pa JIMTepaTypbl Ha KaKylo-JIu0O TeMy, HalpuMep
«O11eHKa B3aMMOCBS3U MEXAY U3MeHeHueM (yHK-
LMY UMMYHHBIX KJIETOK, KOHIIEHTpallU1 LIUTOKWHOB
¢ KIMHUYeCKNMH dopMaMu Ooyie3Hn». B ocHOBe
Takoii paboThl — aHaiIM3 pedepaToB U TOJTHOTEK-
CTOBBIX CTaTeil U3 HOCTYITHBIX NCTOUHUKOB. B wacT-
HocTH, ucciaenoBaHue Mohammad Piri S. u coaBT.
(2024) nponeMOHCTPUPOBAIO BO3MOXKHOCTU UCKYC-
CTBEHHOTO UHTEJJIEKTa B CO3[IaHUU JIMTEPATypPHOTO
0030pa, pacKpbIBAIOIIETO TAaTOTEHETUYECKYI0 POJIb
Tth B pa3BUTHMM ayTOMMMYHHBIX 3a00JIEBaHUIA.

BTopbIM TMOIXOMOM K WMCIIOJB30BAaHUIO HOBBIX
TEXHOJIOTUIT B UMMYHOJIOTUM MOXET OBITH MCIOJIb-
30BaHME MCKYCCTBEHHOTO MHTEJUIEKTa Uis 0000111e-
HUS TATEPATYPHBIX TaHHBIX, a UMCHHO: CO3MaHUs
KpaTKMX 0030pOB HayUyHbIX CTaTeil, HallMCaHUS aB-
TopedepaToB, pesiome. g TMoab30BaTeNIsT TaKast
BO3MOXHOCTb IT03BOJISIET OBICTPO O3HAKOMUTBCS C
OCHOBHBIMU TTOJIOXEHUSIMU W BBIBOJAMU TTyOIMKa-
uuu. ITpuMepom MoXKeT ObITh 0000IIIeHUE CBEACHMIA,
Kacarolmxcs IMoaX0A0B K M3y4eHNI0 MUKpOOHroma ¢
LeJIbI0 OLIEHKU €ro B3aUMOICHCTBUS ¢ MaKpoopra-
HU3MOM Ha OCHOBE TaHHBIX 9KCIPECCUU TE€HOB, 13-
MEHEHMS YPOBHSI METa0OJIUTOB IIPU Pa3HBIX HO30JI0-
rudeckux opmax [4].

TpeTbuM TIOIXOAOM B MCITOJB30BAHWUM WCKYC-
CTBEHHOIO MHTEJUIEKTa i pabOThl C TEKCTOBBIMU
TaHHBIMH B 00JIACTH UMMYHOJIOTUM MOKET OBITH BO3-
MOXKHOCTb CUHTEe3a rpadKOB U CXEM, BU3YTU3UPY-
FOIIIMX HOBBIE CUTHAILHEIC ITYTH, BBISIBJISICMBIC B3all-
MOCBS$I3U MEX/y PAa3HBIMU TUTNIAMU KJIETOK, (DaKTOPBI
pa3BUTUS 3200JIEBAHUI, YTO TTIO3BOJISIET CUHTE3UPO-
BaTh COBPEMEHHBIC TMITOTe3bl B HayKe. Hampumep,
Kirouac D.C. u coaBsr. (2012) nponeMOHCTpHUPOBAHbBI
BO3MOXHOCTH BM3yaln3allMM TPOTEUH-TPOTEUHO-
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BOTO B3aMMOJEUCTBUSI TIPU BOCIAJICHUN, OTIpeeie-
HBI XapaKTePUCTUKN KUHETUIECKOTO/JIOTMIEeCKOTO
MOICINPOBAHUSI BOCHAJIUTEIBHON 1 OMOCpPEIOBaH-
HOM peliernTopaMu Mepeaadyr CUrHaia.

Takum o6pa3oM, TEXHOJOTU UCKYCCTBEHHOTO MH-
TeJJIEKTa MOTYT OBITh ITOJIE3HBI B pab0OTe Hajd co3aa-
HUEeM 0030pa JTUTepaTyphbl IO UMMYHOJIOTUH.

IMTomumo pabotsl ¢ Tekctamu, UM MoxeT ObITh
WCTIOJIB30BAH JUISI CTATUCTUISCKOM 00pabOTKM JaH-
HBIX, TTOJIYyYCHHBIX B UMMYHOJOTUYECKUX HCCIEI0-
BaHuUsX. B yacTHocTH, Takue cepBuchl, Kak Google
Colab (https://colab.research.google.com/), Julius
Al (https://julius.ai/), JASP (https://jasp-stats.org/)
MOTYT OBITB ITOJIE3HBIMH IJIsI U3YUYEHUS PEe3YyIBTATOB
coOCcTBeHHBIX uccienoBanuit, Gnuplot (http://www.
gnuplot.info/) — mjs1 rpacdrUUecKoro npeacTaBiIeHUS
JaHHBIX.

TpeTbe OGoJibllIOE HampaBlieHUE TIPUMEHEHUSI UC-
KYCCTBEHHOTO MHTEJUIEKTa B UMMYHOJIOTUW — aHa-
JIN3 TIOJYYEeHHBIX OaHHBIX, HAIpUMep paboTra IIo
BBISIBJICHUIO 3aKOHOMEPHOCTEI, BOIIPOCHI ITPOTHO-
3UPOBaHUS, TIOCTPOSHUST MOJEJIeH, pellleHrue IPYTUX
OoJiee clOXHBIX 3ama4. K OCHOBHBIM 00JacTSIM pa-
0O0THI ¢ IU(POBBIMU TAHHBIMU MOKHO OTHECTH:

1. CoOCTBEHHO aHAIU3 U CUCTeMAaTU3alUI0 00JIb-
X 00BEMOB CBEACHUI, MOJTyJdaeMbIX B pe3yJIbraTe
TEHOMHBIX, TPAaHCKPUIITOMHBIX, IIPOTCOMHBIX MC-
cinegoBaHuii [10]; MHOrMe aBTOpPBI OTMEYalOT, YTO
anroputMmbl MU, B yacTHOCTU MOeU TTyOOKOTro 00-
y4eHusl, oueHb 3(hHeKTUBHBI TPU aHATM3E Pe3yJIbTa-
TOB BBICOKOITPOU3BOIUTEILHOTO CEKBEHUPOBAHMSI.

2. Ilpssmyio 1 0o6paTHYIO MEHIEJIEBCKYIO PaHIO-
MU3ALMIO, HWCIIOIB3YeMYIO IS OLICHKW B3aMMOC-
BSI3U OJTHOHYKJICOTHUIHBIX TTOIMMOpPGU3MOB (single
nucleotide polymorphism, SNP) ¢ ¢akTopom purcka
win  (heHOTUTTMYECKUM TMPU3HAKOM (HO30J0THYEe-
cKoli hopMoii) U JUIsT IPOBEPKU OOPATHOU MPUYMH-
HO-CJICICTBEHHOIl CBSI3M B SIIMIESMUOJIOTMUCCKUX
WCCIICIOBAHUSIX.

3. BoisiBIeHUE CKPBITHIX MAaTTEPHOB U YCTAaHOBJIE-
HUE KOPPEJSILIMOHHBIX CBSI3eil MEeXIy mapaMeTpaMu,
KOTOpBIE MOTYT ObITh HEOUEBUIHBI TIPU TPAJIUIIMOH -
HOM aHajin3e JaHHbBIX, KaK IMPeICTaBIeHO B ITyOJIM-
kaumu Elste J. u coast. (2024), a Tak:ke MOIEIUPO-
BaHME MEXKKJICTOUYHBIX B3aMMOACUCTBUI, HAIIpUMeED,
Kak B uccinenoBanuu Kumar A. u coanrt. (2024).

4. UneHTUGUKaALUIO 1 KJIAaCCU(PULIUPOBAHUE UM-
MYHHBIX KJIETOK B MOP(OJIOTMIECKUX U TUCTOIOTH -
YecKUX IMperapaTax ¢ 3KCIePTHONW TOYHOCTBHIO KakK
ocymiectBunu Crispino A. u coast. (2024) B usyue-
HUU T-1MM@OIUTOB ITPU MIIOCKOKJICTOYHOM KapIr-
HOMe ITOJIOCTH pTa.

5. IIporHo3upoBaHUe UMMYHHOI'O OTBETa Ha Te-
panuio, BakIIMHALIMIO, XMpyprudeckoe jJedyeHue [15],
MOVCK OMOMapKepoB, HAIIpUMep, CTapeHUsI Ha OC-
HOBE HCCJICIOBAHMUS TPAHCKPUIITOMOB OTIEIHHBIX
Kietok [13].

6. [NepcoHanu3anuio peKOMEHIALMI IO JUAarHO-
CTUKE U JICUCHUIO C YUETOM MMEIOIINXCS MMMYHO-
JIOTUYECKUX JaHHBIX [14] B TOM 4uclie U Ha IOy -
ILIMOHHOM YPOBHE, KakK, HallpuMep, Npu MaHAeMUN
COVID-19, korna uccienoBaHusl ¢ TIPUBJICYCHUEM
BO3MOXHOCTE# MCKYCCTBEHHOTO MHTEJIEKTA ChITpa-
JIV PEIIAIOITYIO POJIb B aHAIM3¢ MMMYHHBIX peaKIIuid
Ha SARS-CoV-2, 4To 1M03BOINIO MTOTYYUTh LIEHHYIO
MH(OpMaIMIO s pa3paboTKU BaKLUH [2].

Cpeny BO3MOXXHBIX CEPBUCOB I10 aHAIM3Y HU(-
POBBIX TAaHHBIX C TIPUBJIEUCHUEM BO3MOXKHOCTEI HC-
KyccTBeHHOTO wmHTeiekTa: Bioconductor (https://
www.bioconductor.org/) — a1 OmomHbOpPMaI-
OHHBIX uccienoBaHuii, TensorFlow (https://www.
tensorflow.org/) — WiIs1 U3y4eHUsI FeHOMa, poTeoMa,
KapTUPOBaHMSI TEHOB, MOJISJIMPOBAHUS pacIIpocTpa-
HeHms nHpeknum, IBM Watson Studio (https://www.
ibm.com/products/watson-studio) — st IporHoO3u-
pPOBaHUS U YIPaBJICHUS PUCKAMU B UMMYHOJIOTUMN,
Bioinformatics.org (https://www.bioinformatics.
org/) — IJis aHaJIu3a, MOJECJIMPOBaHUS 1 BU3yalu3a-
UM UMMYHOJIOTMYECKMX TaHHBIX.

OTneIbHO MOXHO OTMETUTHh BO3MOXHOCTH WC-
KYCCTBEHHOTO WHTEJUIEKTAa B OCBOCHUM WUMMYHO-
Jornu, kak Hayku. C OOHOIW CTOPOHBI, TMOSIBUJIACH
MepCIieKTUBa OBICTPOro JOCTyIIa K HEOOXOAMMBIM
MaHHBIM U3 Pa3HbIX Pa3nejioB AUCLUIUIMHBI, C APY-
roi — criocodHocTh cuHTe3a MU TecToB cO MHOXKE-
CTBEHHBIMU OTBETaMU JJISI TIPOBEPKHU TMOJYICHHBIX
3HaHwuii [12].

CrenyommM 3TalioM padOThl CTaJI0 M3YYeHUE
MOTeHIIMAaJa UCKYCCTBEHHOIO MHTEJIJIEKTa B pelle-
HUU HayyHOM 3amauyu. Ha mpumepe ucroib30BaHUs
mogeneit GPT v.4.0 BbIlosiHeH CpaBHUTEbHbBINA aHa-
13 cuHTe3upoBaHHbIX MU ¢ paHee nmpoaHaau3upo-
BaHHBIMU U OITyOJIMKOBAHHBIMU TAHHBIMU [1].

YcranosiieHo, uto Moae GPT ymoOHBI 11 1mo-
JIy4EHUST OTBETOB Ha KOHKPETHBIE 3alIPOCHI B yCJIO-
BUSIX IEPCOHATU3UPOBAHHOI 00paTHOI1 cBs3u. MU3y-
yeHue (PpyHKIMOHATbHBIX BO3MOXHOCTEH IMoKa3aao
HaJIM4ue MOJIOXKUTETbHBIX M OTPUIIATEIbHBIX CTOPOH
B3anuMojelicteug (puc. 1, Tadma. 1).

B uenom ucnosbzoBanue MM B HaydyHBIX uccie-
MIOBAHMUSX SIBISICTCSI MHOTOOOCIIAIOIINM, OIHAKO,
JUTSL TIOJTyYeHUSI TOUHBIX UMMYHOJIOTUYECKUX CBEIe-
HUI M CO3MaHMUsI OPUTHMHAIBHOTO KOHTEHTa TpeOy-
eTcst mpodeccuoHallbHbIN Han3op. Kak crencreue,
HECMOTPSI Ha UMCIOIINICS MOTeHIIU A, IIPUMSHEHNE
MCKYCCTBEHHOTO MHTEJIJIEKTa B UMMYHOJIOTUH B Ha-
CTOSIIIIEe BpeMsI CTAJIKMBACTCSI C HEKOTOPBIMU TPY/I-
HOCTSIMM: UMEETCSI CJI0KHOCTb B IIOHMMAHUU TOTO,
Ha ocHoBaHuM yero MM nenaet BoiBoabl. HeoObek-
TUBHOCTh HabOpa JaHHBIX, HETTOJIHbIE aHHOTAIIUN 1
BapMATUBHOCTh 3KCIEPUMCEHTAJIBHBIX ITPOTOKOJIOB,
MOTYT OTPAaHUYUTH TOYHOCTH 1 0000II1aeMOCTh TTPO-
THO30B/TIPOTHOCTUYECKUX MOEJeit, YTO MoKa CO3-
JlaeT CJIOXKHOCTU BHEIPEHUsI CUHTe3upoBaHHbIX MU
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PucyHok 1. MonoxutensHble acnekTbl NPpUMeHeHUs YaT-60ToB Ha 6ase GPT ans Hay4HbIX UcCnefoBaHuil B 06nacTy
MMMYHOJIOTMM Ha NpUMepe paHee NPoaHanM3MpPOBaHHbIX U ONY6NIMKOBaHHbLIX AaHHbIX

Figure 1. Positive aspects of using GPT-powered chatbots for scientific research in immunology, exemplified by previously analyzed

and published data

TABINLIA 1. OTPULATENBHBIE OCOBEHHOCTU PE3YNbTATOB UCMOJNIb30BAHUA YATOB HA BA3E
GENERATIVE PRE-TRAINED TRANSFORMER B UMMYHOJIOIr'MYECKUX UCCNEONOBAHUAX HA NPUMEPE PAHEE
MPOAHANN3NUPOBAHHbIX U ONMYBIIMKOBAHHbIX JAHHbIX

TABLE 1. NEGATIVE FEATURES OF THE RESULTS OF USING GPT-BASED CHATS IN IMMUNOLOGICAL RESEARCH USING
THE EXAMPLE OF PREVIOUSLY ANALYZED AND PUBLISHED DATA

BbisiBNneHHble 0cO6eHHOCTU
Identified features

MosicHeHune
Explanation

3HaunTenbHas 3aBUCUMOCTb
oTBeTa OT CTUnsa
c¢hopmynumpoBaHus 3anpoca
A significant dependence of the
response on the way the query
is phrased

B Ton nnu nHom cteneHun BapbMpyeT B pa3Hbix YyaT-60Tax, obycrnoBrneHa
Hann4ynem v ncnosfib3oBaHmem CBfA3u C 06y'~laIOLI.|,I/IM HaGOpOM AaHHbIX
To one degree or another, it varies in different chatbots due to the presence
and use of communication with the training dataset

CuHTe3 nHdopmauum B o4eHb
oblem Buae, BO3MOXHbI
NOBTOPbI ANA YCUIeHUs1
BreyvyaTrieHus 0 pacKpbITUM TEMbI
3anpoca

Synthesis of information in a very
general way, repetitions are possible
to enhance the impression of the
disclosure of the subject of the
request

Hanpumep, ChatGPT B TekcTe oTBeTa (BBeAeHue, OCHOBHas

YacTb U 3aKIn4YeHue) npegnaraeTt TpyM ogHooOpasHbIe Mo cMbicny
chopmMynMpoBKU; Cpean CUHTE3MPOBaHHbLIX KNOYEBbIX CIIOB ObIo
npeasnoXxeHo TONbKO OA4HO, cocToslee u3 1 cnosa, ocTarnbHble —
croBoco4eTaHus u3s 2-3 cnos

For example, ChatGPT offers three identical formulations in the response text
(introduction, main part, and conclusion); among the synthesized keywords,
only one consisted of 1 word, while the rest were phrases of 2-3 words

CuHTe3 HebonbLKnX 06HEMOB
TeKCcTa HeCMOTPA Ha 3anpoc
NONHOLIEHHON NO 06beMy cTaTbu
Creating a small text despite the
request of a full-length article

Mpwu 3anpoce ctatbu paamepom B 3000 crioB CMHTE3UpPYETCA TEKCT
o6bemom okorno 1000 cnoB; Hanpumep, Microsoft 365 Copilot moxeT
npeasnoXUTb co3faHue TONbKO CTPYKTYpPbI Ny6nvkauumn

When requesting an article with a length of 3,000 words, a text with
approximately 1,000 words will be generated; for instance, Microsoft 365
Copilot might suggest creating only the structure of the publication
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Tabnuya 1 (okoH4YaHue)
Table 1 (continued)

BbisiBneHHblIe 0COOEeHHOCTH
Identified features

MosicHeHue
Explanation

Mmerowmiica puck nnarumara,
HeT BO3MOXXHOCTU NPOBEpPUTbL
Ha Hanuiue 3aMMCTBOBaHUMN
OHNawH

There is a high risk of plagiarism,
and there is no way to check for
borrowings online

MpuynHa — ncnonb3oBaHue Ansi 06yYeHUs yxe onybrnmMkoBaHHOMN
uHdopmauum; Hanpumep, ChatGPT npennaraer nepeATu Ha
cneuvanuavMpoBaHHble CepBUCHI NS onpeaernieHUs Hanuyusi
3aMMCTBOBaHUMN

The reason for potential plagiarism is the use of already published information
for training; for example, ChatGPT suggests using specialized services

to detect instances of plagiarism

He Bce yaT-60TbI NO3BONAIOT
CUHTe3UpoBaTb PUCYHKU, CXeMbl
M Tabnuubli

Not all chatbots allow the synthesis
of drawings, diagrams, and tables

Hanpumep, npu 3anpoce DeepSeek-R1 unnrocrpauum K TeKCTy cTaTby
nony4eH OoTBET: KHe MOFy HanpsiMy co3gaBaTb UK oTobpaxaTb
BusyasnibHbleé PUCYHKU UnNu gunarpamMmmbl, HO MOry onucaTb UX
copepxaHue»

For example, when requesting DeepSeek-R1 to provide illustrations for

the article, the response was: “I cannot directly create or display visual images
or diagrams, but | can describe their content”

Bonblwas yacTb YaT-60TOB
MMeeT nyylune BO3MOXHOCTHU
npu pa6orte Ha si3blke OpUrMHana
(4awe — Ha aHFMMMACKOM A3bIKE)
Most chatbots have better
capabilities when working in

the original language (most often

in English)

He6onblwas YyacTb 4aT-60TOB CNOCOGHA K paboTe Ha PyCCKOM fA3bIKe, HO
MH(OPMALIMOHHbIE BO3MOXHOCTMU HUXKE, YeM Y aHrMOA3bIYHbLIX MoAenen
A small number of chatbots are capable of working in Russian, but their
informational capabilities are lower compared to English-language models

Bo3moxHo camocTosiTenbHOe
CUHTe3npoBaHue
HecyLLeCTBYHOLMUX CCbINOK Ans
ob3opa nuTepartypbl

Artificial intelligence can
independently generate non-existent
references for a literature review

Hanpumep, npeanoxeHHaa DeepSeek-R1ccbinka:

Wang L.L. et al. (2021) “Extracting immune-related gene-disease
associations from PubMed using natural language processing.”
*Bioinformatics*, 37(15), 2121-2129. https://doi.org/10.1093/
bioinformatics/btab123

He cyllecTByeT, Haubonee 6nMM3Kon No cMbIicny oka3sanacb pabora:
Bravo A., Pifiero J., Queralt-Rosinach N., Rautschka M., Furlong L.I.
Extraction of relations between genes and diseases from text and large-
scale data analysis: implications for translational research. BMC, 2015,
Bioinformatics, Vol. 16, no. 55. https://doi.org/10.1186/s12859-015-0472-9
For example, the reference suggested by DeepSeek-R1: Wang L.L., et al.
(2021). “Extracting immune-related gene-disease associations from PubMed
using natural language processing.” *Bioinformatics*, 37(15), 2121-2129.
https://doi.org/10.1093/bioinformatics/btab123

does not exist, and the closest match in meaning is the paper: Bravo A,
Pifiero J., Queralt-Rosinach N., Rautschka M., Furlong L.I. Extraction of
relations between genes and diseases from text and large-scale data analysis:
implications for translational research. BMC, 2015, Bioinformatics, Vol. 16, no.
55 https://doi.org/10.1186/s12859-015-0472-9

MpeacTaBneHue ccbinok nocne
cTaTtbu 6e3 yNnOMMUHaHUA B TEKCTE
The references used in the article
are located at the end, and there are
no citations in the text

MpepnoxeHHble Qwen chat ccbinkM NPMBOAUNMUCH TONbLKO B KOHLIE TEKCTa
cTaTbu

The references suggested by Qwen chat were placed only at the end of

the article

He onpeaeneHsl ycnoBus
nyo6nukauum Hay4YHbIX
MaTepuanoB, Nosy4YeHHbIX NyTeEM
ucnonb3oBaHus U

The conditions for publishing
scientific materials obtained through
the use of Al have not been defined

Mpwu nybnukauumn ctaTten B XKypHanax TpebyeTcs yka3biBaTb
ucnonb3oBaHue U/ npu noarotoske paboThbl

When publishing articles in journals, it is required to specify the use of Al in
the preparation of the work
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CBEJEHMI B HayKy U MpakTuky. Bmecre ¢ TeM, nHre-
rpauusi UM B mMMyHonornyeckue uccieqoBaHUs,
HarpuMep, MOSIBISIOIIUECS CHELUMATIM3UPOBAHHbIE
yar-00ThI, paboTalollIre C MeAUKO-OMOJIOrMYeCKU-
MU JaHHBIMM, WU Takue QaarMaHCKUE MOMAEJIH,
Takue kKak Grok-3 u B LIeJIOM MOJEIHN CJAEAYIOLIEro
nokosaeHus (v.5.0), OTKpBIBAIOT OIPOMHBIE TTepCcreK-
TUBBI TSI YIYIIIEHWS HAIIEro MTOHUMaHUSI NMMYH-
HOI cucTeMbl U pa3pabOTKM HOBBIX TeparieBTHUYe-
CKUX CTpaTerui.

BbiBoapb!

1. McKycCTBEHHBI MHTEJIEKT MOXKET mpeodpa-
30BaTh UMMYHOJIOTMYECKUE MCCIIEIOBAHUS, MO3BO-
JISIS1 MPOBOIUTH OoJiee 3(p(heKTUBHBIN 0030p JIUTEpa-
Typbl U Oosiee rTyOOKMI aHaIM3 JaHHBIX, OAHAKO Ha
HavyaJbHbIX 3Tanax TpedyeTcsl 3KCHEePTHBIN HAn30p.

Cnucok nutepatypbl / References

2. HecMoOTpst Ha coxpaHsIIoLIUeCs MTpo0JeMbl, 10~
CTOSIHHOE pa3BUTHE W OTBETCTBEHHOE MCITOJIb30Ba-
HMEe UHCTPYMeHTOB, MY MOXeT yCKOPUTh OTKPBITUS
U YJIYYIIUTh pPe3yJIbTaThl JIeUeHUsI NaLlMeHTOB.

3. ITo Mepe pa3BUTUSI TEXHOJOTHI MCKYCCTBEH-
HOTO WMHTEJJIEKTa OHU CTaHYT HEOTheMJIEMOU da-
CTBIO MHCTPYMEHTAPHsI UMMYHOJIOTA.
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