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AKTyanbHOCTh.  MeTofonoruueckue  AeQUIUTHl  aHAIUTHYECKUX  KOHBEHWEPOB B
OMOMEIMIIMHCKUX HMCCIEJOBAHUSAX — HAPYIIEHUS COOTHOLIEHMsI COOBITUM Ha NEepEeMEHHYIO
(EPV), neanmexBaTHast oOpaboTKa MPOIYIICHHBIX MAHHBIX, CHCTEMAaTHYECKOE OTCYTCTBHE
OLIEHKU KalMOpOBKM — WACHTU(GUIMPOBAHBI KaK CTPYKTYPHbBIH JETEPMHUHAHT KpH3HCa
Bocmpou3BoaruMocTd. Wynants et al. (2020) BBISIBUIIN BBICOKUH pUCK cMemIeHus B 94% u3 232
nporHoctuyeckux  mogeneir  COVID-19, mnpeumyiiecTBEHHO — BCIEACTBHUE  OIMIMOOK
IPOEKTUPOBAHUS  aHAIMTUUECKOro KoHBeiepa. CymecTBytomue cuctemsl AutoML
ONTUMU3UPYIOT IIPEICKA3ATEIbHYIO IIPOU3BOIUTEIBHOCTbD, OCTaBJIAs YIpo3bl
METOI0JIOTUYECKON BATMAHOCTH HEAIPECOBAHHBIMH.

Henb wucciaenoBanusi. @PopManu3oBaTh ABYXYPOBHEBBIM  BBIYHMCIUTEIBHBIM  MeTa-
Mmetoponorndeckuii ppeiiMBopk — MHTeuekTyanbHbll MeTononoruueckuit ApXuTeKTop
(UMA), — anropuTMHUYeCKd KOHCTPYHPYIOIIUH METOAOJOTUYECKH OOOCHOBAHHBIC
AQHAJIMTUYECKNE KOHBEWEPBI U3 CTPYKTYPHBIX XapaKTEPUCTHUK JaTaceTa.

Marepuanbsl u Metroabl. Pa3paboTaH ABYyXypOBHEBBI (pelMBOpK. JlMarHocTHyecKuit
YPOBEHB OCYLIECTBIISIET | 1-MEpHBINM CTPYKTYpHBIN ayIUT BXOAHBIX JaHHBIX 10 TPEM JOMEHAM
BAIMJHOCTH: cTatucTuyeckuii BboIBOA (EPV, MynbTUKONIMHEApHOCTH, IepeodyueHue),
BHYTPEHHST BaIUAHOCTh (MexaHu3M mponymieHHbXx gaHHbix MCAR/MAR/MNAR,
JucOanaHC KIIaccoB, HEJIMHEMHOCTb) M KalMOpOBOYHAs NMPUMEHHUMOCTh. KommeHcaTopHbIi
ypoBeHb peann3yeT [IpaBuno KommineMeHTapHOCTH — XKaJHYI0 ONTUMH3ALNIO, IPU KOTOPOM
K@Kl METOJ BKJIKOYACTCS MCKIOYUTEIBHO HAa OCHOBAaHUU €r0 BKJIAJa B COKpAILECHHE
OCTaTOYHOM MOBEPXHOCTU Yrpo3. AJITOPUTM BEepU(UIMPOBAH Ha KAHOHUYECKOM CIICHApUU:
n=420, p=38, EPV=2,34, nponycku 18% npu MAR-mexanuzme, IR=4,2, MIC=0,31 npu
r=0,06. CpaBHHUTEIbHBIH aHaIM3 PoBeaEH 1Mo 6 n3Mepenusm ¢ H20 AutoML, Auto-Sklearn,
TPOT, AutoGluon; perpocnekTHBHbIN ayauT oxBaTui 50 OmyOIMKOBAaHHBIX HCCIIEIOBaHHUN
KJIIMHAYECKOTO IIPOTHO3UPOBAHMS.

Pesyabrarsl. Kagueiii anroput™ c¢ (1—1/e)-rapanTueil annmpokcHMaluu CHHTE3UpoBall 9-
komnoHeHTHBIH koHBelep (MICE, m=20 — LASSO uepe3 10-kpatayto CV — noructuueckas
perpeccuss — RCS, 3 y3na — Oyrcrpen-sanmumanus, B=1000 — ROC AUC + 95% 1 —
kanuOpoBounsle kpuBble + ICI — DCA — HoMorpamma), JOCTUTHYB IOJIHOTO MOKPBITHS
npoduns ys3zBumocteir (V(P*)=0,00). CpaBHUTENbHBI aHalW3 BBIABHI CTPYKTYPHBIE
npeumymiectBa UMA nHang AutoML B miectd u3MepeHMsX: IUAarHOCTHYECKas TIiIyOMHa,
oOpaboTka Hapymenuit EPV, ynpasieHue npomyieHHbIMUA JaHHBIMHU, OI[EHKa KaJluOpOBKH,
aHanu3 kiauHu4Yeckoi nonesHoctu (DCA) u merononorndeckas o0bsicHuMocTs. Hu oxnHa u3
paccMoTpeHHbIX AutoML-cucrem He peanusyer wuneHtudukauuio EPV  kak  yrposbl
BaJIMAHOCTH. PerpocnextuBHbI ayaur 50 uccieqoBaHMN NOATBEPAMI CHCTEMaTHYECKUE
METO/I0JIOTHYECKHE IPOOEIbl, yCTpaHUMBbIE (PPEHMBOPKOM.

BeiBOABI:



— HMA ¢opmanuzyeT NpUHIMIHAILHO HHOU KJIacC aHAJIUTUYECKON aBTOMAaTHU3alUu:
ONTHMH3ALMIO METOAO0JIOTMYECKON BAIMIHOCTH, a HE NIPEACKA3aTEILHON
IIPOU3BOJUTEIILHOCTH.

— 11-mepHBIil TMarHOCTUYECKHH ayIuT 00eCTieYrBaeT UICHTHU(PUKAIIUIO YTPO3,
CUCTEeMAaTUYECKU UTHOPUPYEMBIX B KIIMHUYECKUX MCCIEN0BaHMIX: HapylieHus EPV,
MAR-MexaHH3M MPOITYIIEHHBIX JAHHBIX, MUCKAINOPOBKA.

— IlpaBuno KoMrieMeHTapHOCTH — alNrOPUTMUYECKH BOCTIPOU3BOAMMBIN MPUHIUT 0TOOpa
METO/I0B C BEpUPHULIHUPYEMON allPOKCUMALIMOHHON rapaHTHeH.

— HMA coBmecTuMm ¢ TeopeMoii «Het GecrimaTHOro o0enay: meneBast GyHKIUS TOKPBITUS
BAJIMJHOCTH SIBJISICTCS. HOPMAaTUBHOW KOHCTPYKLIMEH, & HE DMIIMPUYECKOM.

— OpeliMBOPK MPECTABISICT MACIITA0UpyeMoe HHMPACTPYKTYPHOE BMEIIATEIBCTBO
IIPOTUB KPU3KCA BOCIIPOU3BOJAUMOCTH, HE 3aBHUCAIIEE OT YPOBHS OMOCTaTUCTHUECKON
MOJTOTOBKU HCCIIEIOBATETIS.
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Abstract. Methodological deficiencies in biomedical analytical pipelines — including
violations of events-per-variable (EPV) ratios, inadequate handling of missing data
mechanisms, and systematic absence of calibration assessment — have been identified as
structural determinants of the reproducibility crisis. Wynants et al. (2020) found high risk of
bias in 94% of 232 COVID-19 prediction models, predominantly due to analytical pipeline
design errors. This study aimed to formalize a two-level computational meta-methodological
framework — the Intelligent Methodological Architect (IMA) — algorithmically constructing
methodologically justified analytical pipelines from dataset structural characteristics. The
Diagnostic Level performs an 11-dimensional validity audit across three domains: statistical
inference (EPV, multicollinearity, overfitting), internal validity (missing data mechanism
MCAR/MAR/MNAR, class imbalance, nonlinearity), and calibration applicability. The
Compensatory Level implements the Complementarity Rule — a greedy optimization selecting
each method exclusively on the basis of its measured contribution to reducing the residual
validity threat surface. Verification against a canonical scenario (n=420, p=38, EPV=2.34, 18%
MAR missing data, IR=4.2, nonlinear biomarker MIC=0.31 at r=0.06) yielded a nine-
component pipeline (MICE, m=20 — LASSO via 10-fold CV — logistic regression — RCS, 3
knots — bootstrap validation, B=1000 — ROC AUC + 95% CI — calibration curves + ICI —
DCA — nomogram) achieving complete vulnerability profile coverage (V(P*)=0.00) with a
(1—1/e) approximation guarantee. Structural comparison with AutoML systems (H20 AutoML,
Auto-Sklearn, TPOT, AutoGluon) demonstrated IMA advantages across six dimensions:
diagnostic depth, EPV handling, missing data management, calibration assessment, clinical
utility analysis, and methodological explainability. Retrospective audit of 50 published clinical
prediction studies confirmed systematic gaps addressable by the framework. IMA represents a
new category of research infrastructure translating methodological expertise into an executable,
auditable algorithm — a scalable infrastructural intervention against the reproducibility crisis
independent of individual researcher’s biostatistical training.
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