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pOBaHUS, APXUTEKTYPHBIEC PEIICHHUS ¥ UCIIOIb30BaHNE COBPEMEHHBIX HHCTPYMEHTOB obec-
IICYnBarOT FI/I6KOCTI), pacpACMOCTb U MOTCHUHAT IJIA pa3BUTUA MHTCPAKTHBHBIX 2D-
MPUJIOKEHUN TAHHOTO JKaHpa.
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Lannas paboma noceéawena paspabomxe MemoouKy u npOSPAMMHO20 KOMAIAEKCA OJisl a6mo-
Mamuzayuyu co30anus 00CMOGEPHBIX YUEOHLIX MAMEPUAL08 NO MEXHUYECKUM OUCYUNTIUHAM C UC-
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This work is devoted to the development of a methodology and a software complex for
automating the creation of reliable educational materials for technical disciplines using large
language models.
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Co3nganue Ka4eCTBEHHBIX JIEKIUMHA, METOJIUYECKUX MATEpPUATIOB — TPYIOEMKHU MpO-
1ecc, Tpedyromuii mpopaboTku Ooinbioro oobema uHGopmaruu. OIHAKO ¢ MOSBICHUEM
00bIUX A3BIKOBBIX Mojenel (LLM) nosiBistoTcss HOBbIE BO3MOXKHOCTH IS aBTOMAaTH3a-
K faHHo#i aesrenbHocTH [1]. Ilpu mpsmom npumenenuu LLM BO3HHKArOT MpoOIEMBI,
TaKkhe KaK OIIMOOYHbIE U BBIAYMaHHBIE JJAHHbIE T€HEPUPYEMBIX TEKCTOB U CKJIOHHOCTH K
rajumrorHamsM [2]. [IpobiaeMa HeToCTOBEPHOCTH SIBISIETCS KPUTHYHOM B TEXHUYECKOM 00pa-
30BaHUH, TJI€ TOYHOCTb M HA/ICKHOCTh yUeOHOTO KOHTEHTA SIBJISIOTCSI BAKHBIMU ACTICKTAMHU.

[lenbto paOOTHI ABISETCS OMHCAHHME APXUTEKTYPhl U alropuTtMa paboThl MPOTrpaMM-
HOTO KOMIUIEKCA, TTO3BOJISIONIETO TeHEPUPOBATh yUeOHbIC MAaTepUANIBl HA OCHOBE HaOOPOB
9K3aMEHAIMOHHBIX BOIIPOCOB C BHICOKOW JOCTOBEPHOCTHIO. PazpaboranHasi cuctema moj-
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nepkuBaeT padoty kak ¢ OpenAl API s3bIKOBBIX MOAENEH, TaK U C JOKAJIbHBIMH SI3BIKO-
BBIMH MOJEJISIMU.

OCHOBHBIMU 3Tanamy peaju3aluu IpeiaraéMoll METOAUKH SBISIOTCA: pa3paboTka
HaOOPOB BOIPOCOB, KOHKPETU3UPYIOMIMX W ACTATU3UPYIOIIMX H3yuyeHHE TeM Yy4eOHOM
TUCIUILIMHBL, BBIOOp Habopa peanuszanuii LLM u npeaBaputenbHas OlleHKa UX BO3MOXK-
HOCTEH OTBETUTH Ha 3TU BOIPOCH 0€3 raJIIOIMHALMI; MHOTOCTYIIEHYaTasl TeHepauus oT-
BETOB Ha K&KIBIH M3 MOJYYEHHBIX BOIPOCOB C MPEABAPUTEIHHON BepupUKAINC; U OIe-
HOYHas (uHaNbHAs BepU(UKALNA TEKCTOB MOJYyYEHHBIX OTBETOB.

[Tonxon, mpeanonararonfii TeHepao OTBETOB HA BCE BOMPOCHI OJHOBPEMEHHO B
pamkax omHoro 3ampoca Kk LLM, oxa3zancs Hed(HEKTUBHBIM U3-32 HEJAOCTATOYHOIO pa3-
Mepa KOHTEKCTHOTO OKHa OOJIBIIMHCTBA MOJEJCH IS mepefadd OoJbIIuX 00bEMOB WH-
dbopmariuu, 00IBIION HArpy3KH Ha CEPBEPHI M HEYCTOWYMBOCTH CETEBOTO COCAMHECHHS. B
pe3ynbTaTe, HaMU MPUMEHSIIACh METOAMKA OTBETA Ha KaXKJIbIi BOIIPOC MO OTAEIHHOCTH.

Cucrema nocTpoeHa o MOAYJIbHOMY TPHHIMITY U BKITFOUAET TPH OCHOBHBIX OJIOKa, KO-
TOpbIE PadOTAIOT MOCIIENOBATENBHO, YTO TaPaHTUPYET HAAEKHYIO JJOCTOBEPHOCTh KOHTEHTA.

TpeboBanms k BeiOopy LLM. Ilpu Bei6ope LLM, ucnonb3yemMbIx B KOMIUICKCE, YUH-
THIBAJIUCH CJEAYIOUINE KPUTEPUH: CTOMMOCTb HCIIOJIb30BaHUSA, JOCTYMHOCTh depe3 API,
JMLIEH3Us, 00bEM KOHTEKCTHOTO OKHA, a TaK)Ke aHAJIUTUYECKHE BO3MOKHOCTU M TpeboBa-
HUS K JIOKAJIBbHBIM pecypcaM. B kauecTBe UCIONIb3yEeMbIX JUIsl IPOBEACHUSI SKCIIEPUMEHTOB
LLM o6bsumn BeiOpansl DeepSeek V3, DeepSeek R1, Llama 4, Gemini 2.5 Flash, Qwen3 u
Gemma 3 27B. Kaxnasa u3 3TUX Mofenei MpeacTaBiseT 3HaYUTeNbHOE TOCTHKEHHE B 00-
JaCTH UCKYCCTBEHHOT'O MHTEIIEKTA U 10ocTyIHA yepe3 API pasnuunbix nposaiinepos [3].

IlepBbIi1 MOYJIb 3aHUMAETCS MOArOTOBKOM 3ampoca. Ha oCHOBE BXOJHBIX BOIIPOCOB
OH coOMpaeT AeTalU3UPOBAHHBIM 3ampoc, B KOTOPOM MOMHMO CaMOT0 BOMpOCA 3a/JaHbI
JTUPEKTHUBBI 110 CTUIIIO U CTPYKTYpE OTBETA, & TAK)KE OIPAaHUYCHUS, XapaKTepHbIE AJIsl KOH-
KpETHOW AMCLUHMIUIMHBL. Takas JeTanu3anys BaXkHa JUIsl CHUXKEHMSI HEONPEAECIEHHOCTH U
MOBBIIICHHS pesieBaHTHOCTH oTBeTa LLM. CdopMupoBaHHBIA 3ampoc MepenaeTcs dyepe3
API Bo BTOpO#1 MOIynb — BeIOpaHHyt0 LLM, Oyas To oOnavyHas MoJaeNb WU JIOKaJIbHAS,
4yTO o0ecrmeuynBaeT THOKOCTh U TO3BOJSET KOHTPOJIUPOBATH 3aTpathl. llomyueHHBIE
ot LLM oTBeT coxpaHsioTcs B euHbIN (hopmat, Oarogapsi 4emy ux rnocieayloras oopa-
00TKa CTaHOBHTCS TPOIIE, & BKIIOUEHUE B YIEOHBIH Mporecc — 0oJiee yI100HbBIM.

B nienTpe Bcel apXUTEKTyphl CTOUT (PUHAIBHBIA MOJYJIb, Ubs 3a7a4a — BEPUPUIIUPO-
BaTh CT€HEPUPOBAHHBIN TeKCT. OH aBTOMAaTUYECKH CBEPSIET MOTYUYCHHBIH MaTepual ¢ mpo-
BEPEHHBIMU HCTOUYHUKAMHU — YTBEPKJACHHBIMU YYEOHBIMU MOCOOHSIMH, (POPMHUPYIOIIUMHU
STaJOHHYIO0 0a3y 3HaHWUW. MexaHu3M Bepu(PUKAIMK OCHOBAH Ha aJlTOPUTMAX CEMaHTHYe-
CKOT'0 CpaBHEHHS ()parMeHTOB TeKcTa. JIJis 9TOH 11eH B KauecTBe SMOSIMHTOBOM MOICITH
BbIOpana MiniLM-L6-v2. Jlannas moenb mpeodpazyeT Kak 3TaJOHHBIE TEKCTHI M3 0a3bl
3HaHUH, TaK U CreHepupoBaHHble OTBEThl LLM B BBICOKO pa3sMEpHBIEC YUCIIOBBIE BEKTOPHI.
Jlasiee cuctema HCIoNb3yeT BEeKTOpHYIO 0a3y maHHbIX FAISS mist apdexTuBHOro moncka u
KOJIMYECTBEHHOW OIICHKH CEMaHTHUYECKON OJIM30CTH CreHEepHpPOBAHHOIO KOHTEHTa K HC-
TOYHUKAM. DTO MO3BOJISET BBISBISATH U MAapKUPOBATh TaK Ha3bIBAEMbIC TaJUTIOIMHALINUA —
CBE/ICHUS, HE Hall/ICHHbIC B ATAJIOHHBIX pecypcax. Takum oOpa3oM, cucrema He OrpaHUYH-
BAeTCs JIMIIb T'€Hepallel, a TakKe aKTHUBHO OTOMpAET KOHTEHT, MOJAEPKHUBAsi BHICOKUI
CTaHAapT 00pa3oBaTeIbHBIX MaTEPHAIIOB.

Jnst mpoBepku 3¢ HEeKTUBHOCTH pa3pabOTaHHOTO pelIeHUs ObUIO MPOBEIEHO JKCIIe-
PUMEHTAJILHOE HCcCieoBaHuE. B KkauecTBe TECTOBBIX AAHHBIX MCIOJB30BaJIUCh dK3aMEHa-
IIMOHHBIE BOMPOCH N0 Kypcy «OcHoBel Web-au3aitna 1 HTMLy. DtanonHoii 6a30# 3Ha-
HUM SBJSIIOTCS YTBEpPXkJACHHbIE ydeOHble mocoOus. CreHepupoBaHHbBIE OTBETHI OIEHUBA-
JUCH MO AECATUOAITLHOM IIKaJle COrNIACHO TPEeM KPUTEPHUSIM: TOUHOCTH, TIOJTHOTA PACKPHI-
THUSL TEMBI U CTPYKTYpHAs LEIOCTHOCTb. [losyueHHBbIH aHaIN3 TIOKa3ajl, 4YTO OOJBIIMHCTBO



172 Cexnus I. UHpopManmoHHbIe TEXHOJIOTHH U MOJETHPOBAHME

OTBETOB MOJYYHJIU BBICOKYIO OLICHKY (8 0ayulOB M BBIIIE), YTO MOATBEPIKIACT BBICOKYIO
3P PEeKTUBHOCTh MOl Bepuukaruu. [Ipu 5ToM oTBETH 001a1a10T YETKOI CTPYKTYpOii,
COIIPOBOKIAIOTCSA TEOPETUIECKHM 0OOOCHOBAHHUEM M MTPAKTHYECKUMH MTPUMEPAMHU.

Pa3paboTanHast apXWUTEKTypa CHOCOOCTBYET CO3/aHMI0 KAUECTBEHHBIX JIEKLMOHHBIX W
METOJIMYECKHX MaTepUalioB, Mpejylaras CUCTEMHBIH MOJIX0/] K aBTOMaTH3alMi y4eOHOro Ipo-
necca. Mcnons3oBanre LLM 1o3BOsi€T SKOHOMUTH BpEMs U IMOAJEPKUBATH BBICOKUIN CTaH-
JapT 00pa3oBaTeIbHBIX MaTepUaIoB. Moy IbHas OpraHU3alysl IO3BOJISET aJalTHPOBATh CUC-
TEMY AJIsl Pa3HbIX JUCLUIUIMH U COXPAHATh KOHTPOJIb KauecTBa. BO3MOXKHOCTB MCIIOJIB30BaHUS
Pa3IMYHBIX A3BIKOBBIX MOJIEJIeN oOecrieunBaeT THOKOCTh BEIOOpa ONTUMAIIBHOTO PEILICHUs IS
KOHKPETHBIX YYEOHBIX 33/1a4 U MpeAMETHBIX obmacteil. MHTerpanus ¢ otkpbItbiMi API o3Bo-
JISIET TIOJKITFOYaTh HOBBIE MOJICNH 110 MEPE X MOSBIICHHS, YTO 0OECIICYMBALT MTOCTOSIHHOE Pa3-
BUTHE cUcTeMbl. CpaBHUTENIBHBIA aHAIN3 PE3yJIbTaTOB MO3BOJISIET MOJ00OPATh HauboJee TOY-
Hble ()OPMYIIUPOBKH, HEOOXOUMBIE JJIsI TEXHUUECKUX TUCLUILIUH.
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Ilpeocmasnena umumayuoHHas Mooenb U NPocPaMMHble CPeOCmea MOOeIUpoO8aHUs pabomol
Koeenepayuonnou ycmarnosku (KI'Y), npeonasnauennou 0ns sHepeoodecneuenus parioHHOU
bonvruyvl. Onpedenenvl cMpykmypa Mooenu, Kioyegvle Napamempsl, NPUHYUNGL QYHKYUOHU-
POBAHUSL U APXUMEKMYPA NPOSPAMMHO20 KOMNJIEKCA, 00eCcneuusaoujeco nposeoeHue CYeHapHbIX
pacuemos u ananu3z sggpexmusnocmu KI'Y npu paznuunvix pescumax pabomoi.
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This paper presents a simulation model and software tools for simulating the operation of a
cogeneration unit (CPU) designed to supply power to a district hospital. The model structure, key
parameters, operating principles, and architecture of the software package enabling scenario
calculations and analysis of the CPU's efficiency under various operating conditions are defined.
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