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PASPABOTKA METOIUKH OIITUMHN3ALUU U YCKOPEHUA
MNPOEKTUPOBAHUA DLC-IIOKPBITUI
B YCJIIOBUSAX JEOULNTA JAHHBIX
C IOMOIIBIO MOMAPHBIX CPABHEHUM
BOJbIINMHA A3BIKOBBIMU MOJIEJIAMUAU
N TOIMOJOI'MYECKOI'O PASPEHIEHUSA KOH®JINKTOB
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AHHOTaNHUsA. ATTMa30M000HBIC YITICPOIHBIC TOKPBITHUS, TIOTyYaeMbIC METOJIOM MarHETPOHHOTO pacIbLIe-
HUSL, BOCTPEOOBAHBI B MPOMBINIICHHOCTH OJIaroaps peBOCXOIHBIM TPHOOMEXaHIHIECKUM CBOMCTBaM. OTHAKO
ONTUMHU3AIIHS TTAPAMETPOB MX ra30(ha3HOTO CHHTE3a MPEICTABISCT COOON CIMKHYIO 33]1a9y «ISPHOTO SIITHKA)
CO CMEILIAHHBIM MPOCTPAHCTBOM MapaMETPOB (HANPsHKEHUE CMEILLEHUS, TeMIIepaTypa MOAJI0KKH, KOHLIEHTpa-
WS JISTUPYIOIIETO METAIlIa) B YCIOBUSAX OCTPOTO Ne(UINTA TaHHBIX («XOJOMHBIA cTapTy»). [l mpeoaoieHus
ATHX OTPAaHHYCHHUU pa3pabOTaH METOJ aKTHBHOHN ONTHMHU3AIMK HAa OCHOBE OOYUYCHHS MPEAIIOYTCHUSIM, MIPH-
BJICKAIOIIUI Ooubiue si3pikoBbic Mojienu (LLM) B kadecTBe SKCIEPTOB VIS MONAPHOTO CpaBHEHUs. BMecTo
MpejcKa3aHuss a0COMOTHRIX CBOWCTB MaTCPUANIOB MMOIX0 3aneiictyer LLM B pamkax mapaJurMbl TeHEpa-
LIUH, TOTTOJTHCHHOW MOUCKOM, UCIIONB3Ysl allpHOPHBIC (PU3UYECKHE 3HAHUSI O MPOIECCaX OCAKIACHUS (BIHSIHUAC
HAMPSDKEHUST CMEIIEHUSI Ha Sp -THOPUIN3AIINIO, JTETHPOBAHUS — HA TEPMUYECKYIO CTaOUIBHOCTE) JJIs OTpe-
JIeJIeHHs] KadyeCTBEHHBIX OTHOWEHUH npeanoutrenui. [Ipucymue LLM-omieHKam [MUKIMYECKUE TPOTUBOPEUHS
(4 > B > C > A) ycrpansiiorcs ¢ nomonibio Moaenu bpammu — Teppu ¢ sikopHO# perynspu3anueii, peaimsy-
FOIICH TOMOJIOTMYCCKOE pa3pelieHue KOH(GIMKTOB Ha OPHEHTHPOBAHHBIX Tpadax, peOpa KOTOPHIX B3BCIICHBI
0 OTKAJTMOPOBAHHBIM JIOTUTAM MPABIOMOO0US TOKCHOB. DKCIICPUMEHTAIbHAS BAIMAANNS Ha OCHUMApKE U3
16 peanbpHBIX HAOOPOB AaHHBIX ra3zodasHoro ocaxkacHus (17 BBIOOPOK) MOKa3aia, 4TO MHTETPAIIHS TOMOJIOTH-
YECKOro KOHCEHCyca B mpoliecc MpuHsATus pemenuid LLM cyliecTBeHHO MOBBIIIAET TOYHOCTD MpeacKazaHuit
U YCKOPSICT IPOCKTHPOBAHUE MATEPHUAJIOB TIPU IC(HUITUTE IKCIICPUMCHTAILHBIX TAaHHBIX.

KiroueBrblie ciioBa: aJ'IMa3OHO,HO6HLIe YIIICPpOAHBIC TOKPLITHA, OOJIBIINE SI3LIKOBBIC MOJCIIH, 06yquI/Ie Ha
OpEANOYTCHUAX, MUHUMAJIBHOC PA3PBIBAIOIICC MHOXKCCTBO AYT, ONTUMU3AIUSA «KUCPHOI'O ALIUKaA».

DEVELOPMENT OF A METHODOLOGY FOR OPTIMIZING AND ACCELERATING
THE DESIGN OF DLC COATINGS UNDER DATA SCARCITY
USING PAIRWISE COMPARISONS BY LARGE LANGUAGE MODELS
AND TOPOLOGICAL CONFLICT RESOLUTION
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Abstract. Diamond-like carbon coatings deposited by magnetron sputtering are highly demanded in
industry due to their superior tribomechanical properties. However, optimizing their vapor-phase synthesis
parameters represents a challenging black-box problem with a mixed parameter space (bias voltage, substrate
temperature, and metal dopant concentration) under acute data scarcity (a “cold-start” scenario). To overcome

' THCTUTYT MaTeMaTHK{, MEXaHWKH W KOMIbIOTepHbIX Hayk FOskHOro (emepanproro ynusepcurera (Institute of Mathematics,
Mechanics and Computer Sciences of Southern Federal University, Rostov-on-Don, Russian Federation), Poccuiickast @eneparus, 344090,
r. PocroB-Ha-Jlony, yi1. Munsaakosa, 8a, e-mail: gre@sfedu.ru

2 POCTOBCKHIA TOCYIapCTBEHHbIH yHUBEpcuTeT myTei cooOmienust (Rostov State Transport University, Rostov-on-Don, Russian
Federation), Poccuiickas @eneparus, 344038, . PoctoB-Ha-/lony, mi. Poctosckoro Ctpenkosoro [Tonka Hapogroro Ononuenust, 2

HAVKA IOT'A POCCHUM 2026 Tom22 Ne3



PABPABOTKA METO/IVKM...

these limitations, we developed a preference-learning-based active optimization method that leverages
large language models (LLMs) as experts for pairwise comparison. Rather than predicting absolute material
properties, our approach utilizes LLMs within a retrieval-augmented generation paradigm, employing prior
physical knowledge of deposition processes (e.g., the influence of bias voltage on sp*-hybridization and of
doping on thermal stability) to determine qualitative preference relations. The cyclic inconsistencies inherent
in LLM evaluations (4 > B > C > A) are resolved using an anchor-regularized Bradley-Terry model that
implements topological conflict resolution on directed graphs, the edges of which are weighted by calibrated
token likelihood logits. Experimental validation on a benchmark of 16 real-world vapor deposition datasets
(comprising 17 samples) demonstrates that integrating topological consensus into the LLM decision-making
process significantly improves prediction accuracy and accelerates materials design under experimental data
scarcity.

Keywords: diamond-like carbon coatings, large language models, preference learning, minimum feedback
arc set, black-box optimization.
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