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B crarbe mpezcTaBieHa MaTeMaTMuyeckas MOJENb ¥ aJITOPUTMUUYECKOe obecrieyeHne CUCTEMBI IO -
Iepskku TpuHsITHs petternit (CIIIP) ayis pa3paboTky MporpaMMHOro obecrieduenus B chepe opraHmsa-
LIMOHHBIX cucTeM. DOKYC cie/laH Ha MHTerpalyy MeTOA0B MCKYCCTBEHHOIO MHTEeJUIeKTa, ONITUMU3al U
" aHaIM3a PUCKOB. PazpaboTaHa MHOTOYPOBHEBAsI apXUTEKTYpPa, BKIIOYAIONIAs MOy cbopa Tpebo-
BaHMI, OLIEHKY PUCKOB, MOZEeIMPOBAHMS IIPOLECCOB M ONTMMMU3aLMK pelleHMii. [IpennoskeHbl MOIN-
dbunpoBaHHbIE METOBI, TAKME KaK afanTUBHbI MoHTe-Kapio ¢ ML-B3BelIMBaHMEM, [IJIsI AYMHAMMIYE-
CKO#1 onTMMu3aIyu. Arpo6anus Ha CMMYJIMPOBAHHBIX M PeasIbHbIX Kejicax rmoka3asa CHYDKEHME PUCKOB
Ha 30%, 3aTpaT Ha 20% ¥ yCKOpeHMe BbIBOJA IMPOAYKTOB Ha PbIHOK Ha 25%. Mojenb COOTBETCTBYET
TIPUHIIAIIAM OOIIIeit TeOpUM CUCTEM Y MPEBOCXOANUT aHANIOTM 10 3G GEKTUBHOCTY U aJANITUBHOCTM.
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BBEJIEHUE

B yu10BUSIX IMHAMUYHOTO Pa3BUTHUS OPraHM3alMMOHHBIX CUCTEM aKTyaJbHOM 3a7aueil SIBJseTCs CO3-
naHvie 3(QGEeKTUBHBIX CUCTEM TMOANEPKKYU TpuHATUS pemieHuii (CIIIP) myis yrpaBieHus: pa3paboTKoit
nporpammHoro obecrieuenus (T10). CormacHo otuety McKinsey «Technology Trends Outlook 2025», okoito
70% mpoeKkTOB B cdepe OpraHM3alMOHHBIX CUCTEM CTaJKUBAIOTCS C HeyZayaMM M3-3a HeCOOTBETCTBUS
Tpe6oBaHmit u puckos. [Ipemyiaraemast mogenb CIIIP opreHTHPOBaHA HA MHTETPAIMI0 METOHOB MUCKYC-
CTBeHHOro uHreiekra (MN), ontumusanuy 1 aHananusa pUCKOB, YTO MTO3BOJISIET IIEPeTH OT CTaTUUECKUX
mopeneii K fuHamuueckum WM-cucrtemam. Mozenb OCHOBaHa Ha MPUHIMIIAX MHOIO KPUTEPUATBLHOTO
aHanmsa pemreunit (MCDM) 1 yunTbiBaeT crienubuUKy MHAYCTPUM OPTaHM3alIMOHHBIX CUCTEM: PeryssTop-
Hble Tpe6oBanust (GDPR, PCI DSS, ®enepanbHblii 3akoH PO N2 152-D3), BOMaTWIIbLHOCTb PBIHKOB U 0€3-
OITaCHOCTb TpaH3akuuii [1-3].

Llenp paboOTHI 3aK/II0YaeTCsl B pa3paboTke M anmpobaniuy MaTeMaTHyeckoil MOZeny M alropuTMuye-
ckoro obecrieuenust CIITIP [1j1s1 OpraHM3alMOHHBIX CUCTEM, 06eCTIeunBaIOIMX MOBbIIIEHNE 3PHEKTUBHO-
¢ty paspabotku I10, cHIKeHMe OrMepalMOHHBIX PUCKOB U 3aTpaT, a Takoke YCKOpeHMe BbIBOIA MPOAYK-
TOB Ha PBIHOK 3a CUeT MHTerpauum metomoB WV, BKiIo4ass HEUETKUI aHaIUTUYECKUI MepapXuuecKuii
nporecc (Fuzzy AHP), reinforcement learning (RL) u moguduiuposanusiit meron Monte-Kapno ¢ ML-
B3BelllVBaHMEM.

AHAJIN3 ITPUMEHEHNS ITOAX000B

B pamkax aHanM3a MpMMEHEHUS ITOAXOM0B K CO3MAHUIO CUCTEMBI MOAIEPKKM TIPUHSTHS PelleHuit
(CIIIIP) mnst pa3spaboTKy MIPOTPaMMHOTO obecrieueHys B cepe OpraHM3aiOHHbIX CUCTEM IIPeIJiaraeTcst
KOMIUIEKCHAsT MaTeMaTuuecKasi Mojie/ib, OCHOBAaHHAsI HA MHOTOYPOBHEBOI apXUTEKType, KOTOpast MHTe-
TPUPYeT JaHHbIe O TPEOOBAHMUAX CTEMKXOIAEPOB, OIIEHKY PMCKOB U IIPOLIECChI MOAEIUPOBaHMA [5].

JTa MOoeTb OPMEHTUPOBAHA Ha CITenVOUKY MHIYCTPUM OPTAHU3AIMOHHBIX CUCTEM, TIe KITIOUeBbIMU
(akTOpamy BBICTYIIAIOT CTPOTME PEryISTOpHbIe TpebOBaHMS, TakMe Kak compliance ¢ Hopmamu GDPR,
PCI DSS u ®enepanbHbiM 3aKOHOM PO N2 152-03 «O repcoHalbHbIX JaHHbBIX», @ TAKKE BbICOKAsI CTENEHb
HeOoIpeeIeHHOCTM, 00yC/IOB/IEHHAST BOJIATMUILHOCTHIO (DMHAHCOBBIX PIHKOB ¥ HEOOXOAMMOCTBIO 0becre-
yeHus1 6€30TaCHOCTM TpaH3aKIuit [6-7].

CormacHo oruety McKinsey «Technology Trends Outlook 2025», B 2025 romy okomno 70% MpOeKTOB B
cdepe opraHM3alMOHHBIX CYCTEM CTAJIKMBAIOTCS C HeyoayaMM 13-3a HECOOTBETCTBUS TpeGOBaHMI U pU-
CKOB, UTO MOAYEPKMBAET aKTyaJIbHOCTh MHTETpUPOBaHHBIX Mofesnelt CIIIIP [4].

®opMasibHO HabOp TPebOoBaHMIT MOMEIN OIPeIesseTcsT Kak

RS = {r_i | r_i = (type, priority, cost, risk), i=1,...,n}

Tapanun Heopb Bacunvesuu, maadwiuti HayuHsili compyoHuk Llenmpa mexHono2uueckux uHUyuamue.
E-mail: Garanin_i.v@mail.ru

66



MawuHocmpoeHue U MawiuHoseoeHue

rae type npuHazayieskut MHoxkecTBY {F, NF, R} (byHKIMOHAMbHbIE, HeYHKIIMOHAIbHbIE U PETYISITOPHbIE
acreKTsl), priority mpeacTaBisieT c0607 HOpMaIM30BaHHBIN TpuopuTeT B MHTepBase [0,1], paccunTpiBae-
MBIl Yepe3 HeYeTKMI aHanUTuYeCckuit mepapxmudeckuii npouecc (Fuzzy AHP),

cost oTpaykaeT OlLIeHKY 3aTpaT B YUIOBHBIX eMHUIAX (HAIpuMep, B pyosIsax min yacax pa3paboTku, ¢
cpenauMy 3HaYeHMsIMU 50-100 mutH py6. o manHbiM PwC 2025 17151 TpoeKToB B chepe opraHn3aiMoOHHbIX
CUCTEM),

a risk sBsIeTCS BEPOSITHOCTHO OIEHKOJ HeCOOTBETCTBUSI, BEIUMCIISIEMOI C UCIIOIb30BaHMEM MOJIM-
dbunmposanHoii cumyssiuuu MonTte-Kapiio [8-10].

Opranu3sanys CMCTeMbl BKTIOUaeT HeCKOIbKO KITI0UeBbIX MOJYJIeH, Cpeli KOTOPbIX MOAY/Ib cOopa 1 aHa-
nu3a TpeboBaHuii (Requirements Analysis Module, RAM) o6pa6aTbeiBaeT Ha6op RS, mpuMMeHSISI HEYETKYIO
JIOTUKY /ISl yUeTa Heollpee/leHHOCTel B 9KCIIEPTHBIX OLleHKAaX; IPMOPUTET PACCUMTHIBAETCS O hopmyrie

priority(r_i) = defuzz(X{k=1}"p \tilde{w}k \cdot \tilde{v}{ik}),
roe \tilde{w}k — HeueTkue Beca KkpuTepueB B popme TPeyroabHbIX HeueTKMX uncen (1, m, u), \tilde{v}{ik}
— HeueTKMe 3HaUeHMsI TpeboBaHMsI 1o KpuTepuio k (HampumMep, 6€301MacHOCTb, CTOMMOCTb, compliance), a
defuzz — onepauus gedassubukaum, HaipuMep, MeTOLOM LieHTpa TsikecTu: (1 + 2m + u)/4.

O6ocHoBaHMe ucnonb3oBanus Fuzzy AHP 3akmiouaercs: B ero apbeKTUBHOCTY Mpu 06paboTKe CyOb-
€KTUBHBIX OLIEHOK B OPTaHM3aIlMOHHbBIX CUCTEeMAaX, IMle TOYHOCTD IOBbIIIaeTcsl Ha 15-20% 1o cpaBHEHMIO C
kinaccuyeckuMm AHP, Kak moka3aHO B MCCIeNOBAaHMSX 10 PAHXKMPOBAHMIO (DMHAHCOBBIX PUIOKeHM. Mo-
Iyib otleHKM puckoB (Risk Assessment Module, RAM) peanusyeT CUMYJISILIMIO THICSTY CLIEHAPMEB HA OCHOBE
CTyJaitHbIX BBIOOPOK M3 pacripeneseHuit TOXOOHOCTel aKTUBOB ISl OLIEHKM BEPOSTHOCTHBIX XapaKTepu-
cTuK nopTtdens, Takux Kak Value at Risk (VaR) n Conditional Value at Risk (CVaR); omHako cranmapTHas
dbopma meTtona MoHTe-Kapio nmeeT orpaHnyeHMsI, BKIIOUAs 3aBUCUMOCTb OT allpMOPHBIX pacIipesieneHni
¥ PaBHOMEPHOE B3BelllYBaHME CLieHapyeB, UTO MOXKET ITPMBECTU K HEJJOOLIEHKe XBOCTOBBIX PUCKOB [11].

B mpensioskeHHOV MOIenu BBOAUTCS MoauduKauus — aganTuBHbI MeTon MoHTe-Kapiio ¢ B3Bemnm-
BaHMEM ClieHapMeB Ha OCHOBe MallMHHOTO OOyUeHMs: paclpeneneHius reHepupyloTcs JUHAMUUYECKN C
UCIIO/Ib30BaHMEM IeHepaTUBHO-COCTsA3aTeNbHbIX ceTeil (GAN), roe reHepatop G(z) aganTupyercs K Te-
Kyllemy caBury nanueix (data drift), o6HapykuBaeMomMy uepe3 MaKCMMAa/IbHYIO CPeIHIOI0 PacXOIMMOCTb
(MMD) 1o dhopmyiie

MMD(P, Q) = [lp_P - p_QII*2_¢
roe P — Tekylllee pacripesenieHne JaHHbIX, Q — MCTOpUUecKoe, a ¢ — OTOOpakeHNUe B IIPOCTPAHCTBO C
saapom (Harpumep, RBF-saapo). Kaxkmomy ciieHapuio s_k mpucBamBaeTcst BeC
o_k = exp(B - RL(s_k)),

rae RL(s_k) — Bo3HarpaxkmeHue OT areHTa Ha OCHOBE MPOKCUMAIbHONM onTuMusanymu nonutuku (PPO),
OIleHMBalolIee ClieHapHii IO KPUTEPUSIM JOXOOHOCTH, pUcka U compliance; 9To MO3BOJSIET MTOBBICUTD J10-
CTOBEPHOCTDb OLIeHKM PUCKOB Ha 20% 3a cueT cHMkeHus aucrnepcuut CVaR, MOCKONIbKY Beca KOPPeKTUpy-
IOTCSI B PeaJIbHOM BpeMeHM ¢ (DOKyCOM Ha MPUOPUTETHbIe TpeGoBaHMS, HATIPUMED, PeryasaTOPHbIe TUMU-
ThI C KOHIIEHTpAalyeli Bbillle 35% MoayJaioT HyleBo Bec IJ1s1 HeIOMyCTUMbIX clleHapueB [13,15].

Anroputm MmopuduiMpoBanHoro Mmetoga MoHTe-Kapio BKIIOYaeT 3Tarbl:

- reHepaluio 6a30BbIX ClleHapyeB 1o popmyiie

r(k) = n + L z(k), rae z(k) ~ N(0, I);
- apanTtaiuio uepe3 GAN st koppekTupoBku z(k);
- B3BelllJBaHMe CLieHapyeB C UCII0/Ib30BaHNeM
softmax(v*T f(s_k)),

roe f(s_k) — npusHaku ciieHapusi, v — Beca U3 MOAEIM MallMHHOTO 00yUeHMUSI;

- ¥ arperauuio

CVaR o = Yo k- (-R_p(k)) / o

IUIST XYAIIMX ClleHapueB. DTa MoguduKaiys, B OTAMYMe OT KIACCUUYeCKOTO MOAX0/a, MoBbiaeT 3ddek-
TUBHOCTb B 3aZjauax IMpUOPUTHU3AIMM TpeboBaHMIA, IIe Beca Ha compliance-ciieHapun npessimaioT 0.5,
M IeMOHCTPUPYET yIydllleHre TOYHOCTM Ha 15-25% B 63KTecTax Ha JaHHBIX IO MpoekTam 3a 2020-2024
rogpel [12,14].

Mopnynb MopenupoBauus npoiieccoB (Process Modeling Module, PMM) muHTerpMpyeT Amarpammbl
BPMN 2.0 g5t onmucanus nociaenosaTenbHocTeit M IDEFO mis dyHKIMOHAMBHOTO aHaau3a, C aBTOMATH-
3alueit yepes cKpunTel Ha Python c ucnonbs3oBanmem 6mubnoreku bpmn-python, uTo Mo3BosIET MOAE-
JIMPOBATh MPOLLECCHI C YYETOM PUCKOB, TAe BeTBieHMs: B BPMN 3aBuCSAT OT NOPOroBbIX 3HAYEHMIT pUCKa
Boitre 0.5 [16].

Mopnynp ontumusanuu perneruit (Decision Optimization Module, DOM) npumeHsieT aaropuUTMBbI
reinforcement learning (RL) asis AMHaMu4yeCcKo# onTummu3sanym mo hopmysie o6HoBieHUsT Q-bYHKIUM

Q(s,a) < Q(s,a) + afr + y max{a’} Q(s’,a’) - Q(s,a)],
rIe s — TeKylee cocTosiHMe (Habop RS), a — meiicTBue (MPUHATH MM MOOUPUIIMPOBATH TpeObOBaHME), T —
Harpaga (MuHyc cost MuHyc risk), . = 0.1 (koadpduiinenT o6yuenust), y = 0.9 (pakTop IMCKOHTUPOBAHMS);
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obocHoBaHme RL 3akioyaeTrcs: B ero 3(pGeKTMBHOCTY B 33/1aUax IOCTIeI0BATENbHOIO MIPUHSITHUS pelle-
Huit 11t paspabotku 10, roe oH CHMsKaeT BpeMsl pa3paboTky Ha 25% 3a cueT afganTauuy K MUSMEHEHUSIM,
KaK ykazaHo B 0630pax 1o nmpumMeHeHuio RL B software engineering, u mpeBocxoauT supervised machine
learning B iMHaMMuecKMX cpemax JIjist OLEHKM ITPOEKTOB B cpepe OpraHn3alMOHHbBIX CUCTEM C IIPUPOCTOM
moxomHocTy Ha 15% [19,20].

Cucrema opraHu30BaHa Kak Mepapxmuyeckasi CTpyKTypa ¢ 06paTHOI CBSI3bI0, TIe pe3yabTaThl 13 RAM
KOppeKTUpyIoT npuoputeTsl B RS, a DOM ontumnsupyet nponeccsl B PMM, ¢ nHTerpanuen yepes 1eH-
Tpain3oBaHHYI0 6a3y maHHbIX (SQL mamu NoSQL) 115t obecrieueHUsT TpacCUPyeMOCTM ¥ MacIITabupyeMo-
cTu; tMbpuaHbIi mogxon MCDM + VI 060CHOBAH MCCIEIOBAHNUSIMU, Ile TaKMe MOZEIV MOBBIIIAIOT 3(]-
(beKTMBHOCTD B yIpaBiaeHuM prHaHCOBbIMM puckamy Ha 20-30%.

s oueHKM 3¢ derTuBHOCTU U HageskHocTy CIIIIP mpemjioskeHbl MOKasaTeNy, agallTMPOBaHHbIE K
KOHTEKCTY C yuyeToM ctatucTuku Gartner o 30% mpoBasax mpoekToB 3a 2020-2024 ronpl: 3¢dHeKTUBHOCTb
E paccunTbIBaeTcsl Kak OTHOIIEHME B3BELIeHHOTO M0JIe3HOr0 pe3y/abTara K 3aTpaTtam

E=3fi=1}"nw_i - S(r_i) / ¥{i=1}"n cost(r_i),
roe w_i = priority(r_i), S(r_i) — metpuka ycnexa (0 wiu 1 Ha ocHOBe compliance, ¢ S > 0.8 B 70% ciy4yaeB
cornacHo faHHbIM McKinsey);

HaJeXHOCTb

R =1 - P(failure) = 1 - (1/N) X{k=1}"N I(outcome_k > threshold),
roe I — uagukaTopHas ¢yukius, threshold = 0.5, 1 Monte Carlo cumskaet P(failure) na 20%;
TOUYHOCTh
A =(1/n) ¥{i=1}"n (1 - |pred_i - expert_il|),
¢ A=0.92 g RL-mogmeneii; agantuBHOCTh Ad = 1 - T adapted /T initial, c Ad > 0.3 61aromapst nyHamuke RL.

OTH TTOKa3aTeau MPOTeCTUPOBAHbI HA CUMYAMPOBAHHBIX JaHHBIX 13 100 mpoekToB, neMoHCcTpupys E >
0.85 1 R > 0.9, c o6mum yrmyurieHem Ha 20% 3a cueT r’uOpUIHBIX MOJIEIEN.

CraTtucTudeckye JaHHbIE TIOATBEPKAAIOT aKTyaJIbHOCTh Mofe: 1Mo otuety Gartner «Hype Cycle for
Financial Services, 2025», 70% IpoOeKTOB B OpPraHM3alMOHHBIX CUCTEMAX TEPIIAT Heymady 13-3a HeCcooT-
BETCTBUSI TPEOOBAHUSM U HEa[eKBATHOTO YIIpaBIeHNs puckaMu, ¢ BHegpeHrieM MCDM CHIKAIOIIMM 3TOT
rmoKkasatesb Ha 25-30% uepe3 ontumusanyio mpuoputetos; PwC B «Global FinTech Survey 2025» ykasbI-
BaeT Ha CPeJHIOI CTOMMOCTDb pa3paboTku 50-100 MutH pybiielt ¢ BepoSITHOCTBIO CpbiBa MpoekTa 20-30%
13-3a PEryISTOPHBIX U OMEePaIMOHHbIX PMUCKOB, TTOJKPEIUIEHHYI0 KejicaMy ITPOeKTOB KoMIaHuii Revolut
u N26, Te MHTerpupoBaHHbIe MOJEIV COKPATU/IM BpeMsI BbIBOAA MPOAYKTOB Ha 20-25%.

OreHKa MoOJenu yepe3 MpU3HAKM OOIIeil TeOpuM CUCTEM TOATBEPIKIAET €e COOTBETCTBYE: Pe3Yilb-
TatTuBHOCTSH C E = 0.85 u moBbimennem ycrexa Ha 20% 3a cuet Fuzzy AHP; sHepmkeHTHOCTh ¢ Ad = 0.3 11
MIPUPOCTOM afganTuBHOCTM Ha 30% ot uHTerpauyuu RL ¢ Monte Carlo; 1eocTHOCTb ¢ KO3 hUIieHTOM
cornmacoBaHHOCTH 0.92 ¥ CHMSKEHMEM OMIMOOK Ha 15%; MepapXmMuHOCTh C IyOMHOI 3 YPOBHS U COKpalie-
HMeM BpeMeHU pelennii Ha 18%; OTKpbITOCTD ¢ K03 duumenTom paciiipenus 0.95 1 cHUsKeHreM 3aTpaT
Ha 15%; crabuabHOCTh ¢ R = 0.9 1 ycroitunBocThio +10%; agantuBHOCcTh ¢ Ad = 0.35-0.45 u aganramyeri
3a 5-7 urepauuii.

Kaskmas xapakrepucTuka noaTBepxkaeHa cumynsinysivu Ha 100 nmpoekTax ¢ t-rectoMm (p < 0.05), ynyu-
IeHneM pesyabTaTUBHOCTM Ha 22% (CI 95%: 18-26%). MaTeMaTudeckuii armapar [Ij1s1 OIeHKM PUCKOB U
MIPMOPUTETOB BKIoyaeT Fuzzy AHP njis mpmuoputeToB 1o hopmysie:

priority(r_i) = defuzz(E{k=1}"p \tilde{w}k - \tilde{v}{ik}),
¢ nedassudukanmeii enTpom TsoRecT 1 RMSE < 0.05; Fuzzy TOPSIS nas pamkupoBaHusi C HOpMaau-
3alMei MaTpulibl pelieHni, B3BelnBanmeM, ornpenenennem PIS u NIS, eBKIMOOBbIMMU paCCTOSHUSIMU U
Koadduimentom 6mmusoctu CC_i = d_i*- / (d_i*+ + d_i*-), yimyumast cortacoBaHHOCTb Ha 15%; mogudum-
poBaHHbIT MoHTe-Kapio ¢ ML-B3BelmmBaHueM, OITUMU3MPOBAHHBIM CO0POM CTAaTUCTUKM Yepe3 Random
Forest mnu Gradient Boosting, MMD pnyist data drift, LSTM niist BecoB w_k 1 RL 11j11 1uHaMU4eCKUX BECOB,
¢ popmyioit
SimRisk(r_i) = (1/N) ${k=1}*N (1 - [[{j=1}"m (1 - pfij,k}),

cumskast N Ha 30% 1 RMSE Ha 15%; cpaBHeHMe ¢ VaR mmokassiBaeT mpeBocxoacTBo MoHTe-Kapiio mo mocro-
BepHOCTH (A = 0.94 vs 0.85), apdberTnBHOCTM (BpeMSI CHMUKEHO Ha 35%) U pe3ylnbTaTUBHOCTYU (pUCKMU -32%
npotuB -20%), c arpob6ariyeit Ha mpoekTax Revolut [17].

O60cHOBaHHOCTH NpuMeHeHus1 UM-anroputmos ¢ npumeneHuem Fuzzy AHP c TouHocTbio +15-20%
Hag AHP; RL c Ad +20% v cHukeHMeM BpeMeHu Ha 25%; MoHTe-Kapiio ¢ omm6koii -20% Han VaR; rubpupg,
nosbiiaeT E Ha 20-30%; cpaBHeHMe C ajibTepHATUBAMU ITOATBEPXKAAET TOYHOCTD. [IpMMeHMMOCTb MOJIeNIN
MoATBepPKIeHa anpobatyeit Ha cuMyanpoBaHHbIX (100 MPOEKTOB) U peasibHbBIX Keiicax KoMraHuit Revolut
1 N26, ¢ cHReHMeM puckoB Ha 30%, 3aTpaT Ha 20% 1 BpeMeHM Ha 25%; cpaBHeHMe ¢ aHaJloTaMy B TabIm-
e 2.2 mokassiBaet npeocxofctBo CIITP mo E=0.85, R=0.90, A=0.92, Ad=0.35-0.45, T=6 u.
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CpaBHeHne MeTonoB
noanepP>XXKu NPpUHATUA pelueHnA

d & =

MeTog aHanuaa uepapxum (Fuzzy AHP)

« +15% NoBLILEHWE TOYHOCTH
» +20% CHWXeHWe pucka

MoauduumpoeaHHelil MmeTof, IloHTe-Kapno
€ UCMoNb30BaHUeM MalMHHOIo obydeHus

+ +25% NOBbIWEeHWEe TOYHOCTHU
+ +30% CHWXEeHWe pucka

» +20% CHUXeHWe 3aTpar

+ +15% CHUXEHWE BpeMeHU

MeTop noakpenneHus (Reinforcement Learning)

+ +30% NoBbIWEHWE TOYHOCTHU
« +25% CHUXeHne pucka

* +25% CHWXeHWe 3aTpar

+ +20% CHWXEeHWne BpeMeHM

Pucynoxk 1. CpaBHUTe/NbHBIN aHan3 MeTonoB CIITIP

Ta6auua 1. letanusupoBaHHas mporodka momenu CIIIIP uepes Mpu3HaKM CUCTEM

IIpusHaxk Onmncanue CootBercrBue | KommuecrBeHuass | OOocHOBaHMe
CUCTEMBI mopenu CITIIP OLIeHKa
PesynbpraTuBHOCTH | CITOCOOHOCTD Bricokas E=0.85 Fuzzy AHP
JIOCTUTaTh LieJieii TIOBBIILIAET yCIIex
Ha 20%
JHepIKeHTHOCTb | HoBble cBojicTBa CpenHss Ad=0.3 RL + Monte Carlo
+30%
aJanTUBHOCTU
LlenocTHOCTD EnuHag cTpykTypa Bricokas Koadbdumment 0.92 | CHIOKeHME
ommbok Ha 15%
NepapxmnuHoCcTh MHoroypoBHeBast Boicokas I'ny6uHa 3 CHikeHUE
opraHmsauus BpemeHu Ha 18%
OTKpBITOCTD Pacmmpenne Boicokas Kosdduiment 0.95 | CHusKeHMe
3aTpaT Ha 15%
CTabuIbHOCTD CoxpaHeHne Cpennsis R=0.9 YCTOMYMBOCTD
PaboTOCIIOCOOHOCTHU +10%
AATITMBHOCTD Peakuns BbIcokas Ad=0.35-0.45 Apanranms 3a 5-
Ha M3MeHeHMs 7 uTepauuii
BHEJIPEHUE CUCTEMBbI

BHepnpeHue cuctembl noaaepskku npuHaTUs pewrennii (CIIIP) aist opraHn3aiMOHHBIX CUCTEM Mpe[-
roJlaraeT peayn3amyio KOMIUIEKCHOW IIaTGOopMbl, KOTOpas MHTETPUPYET ITPOIECChl MOIEIMPOBAHMS,
aHa/IM3a PUCKOB M CTATUCTUYECKOI 06pabOTKM TaHHBIX B OVMHYI0 MUKPO CEPBUCHYIO apXUTEKTYpY, 0be-
CIIeYyBasi BLICOKYIO MacIITabupyeMoCTb, HaJeKHOCTD U 6e3ormacHocTh. CrcTeMa pa3paboTaHa AJist aBTO-
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Tao6nuna 2. CpaBuenue monenu CIIITP ¢ aHasoramMmu

MeTtoa/Mopenb E R A Ad T IIpeumyinecrsa HepocraTku
(&)
Waterfall 0.65 | 0.85 | 0.75 | 0.10 | 15 | IIpocroTa Hwuskast Ad
Agile 0.78 1 0.88 | 0.80 | 0.30 | 10 | 'M6KOCTD Het ananusa
PUCKOB
Classic AHP 0.70 | 0.80 | 0.75 | 0.15 | 12 | [Tpo3payHOCTb Hwuskas A
Classic TOPSIS 0.72 1 0.82 | 0.78 | 0.18 11 | PawxkupoBaHue CJIOKHOCTD
T0 TI0KA3aTeJIsIM
IBM Watson 0.80 | 0.87 | 0.85]0.28 |8 MacrutabupoBaHie CTOMMOCTb
Google Cloud Al 0.8210.89|0.87 |0.32 |7 T'MOKOCTD 3aBUCUMOCTD
Ilpednazaemoitii 0.85 1 0.90 | 0.92 | 0.35- | 6 Tubpunm NN nis GPU - TpebyioTcs
anzopumm ons 0.45 COYeTaHMs JIyUIINX 3HAUUTEJIbHbIE
nepcneKmueHoli peleHuit B oTpacin MOIIHOCTH
CIIIIP

MaTHU3alMM YIIpaBaeHus pa3paboTKOIi TPOTPaMMHOTO 06ecTeue s, 00beIMHSIST METOIbI MICKYCCTBEHHO-
ro unrtesnekta (M) ¢ TpaguiiiOHHBIMM TTOAXO0IaMM K YIIpaBJIeHMIO TPOeKTaMU, YTO ITO3BOJISIeT TTOBLICUTD
pe3ynbTaTUBHOCTL Ha 20-30% MO CpaBHEHMIO C KJIACCMYECKMMY METOIOMOTUSIMM, TaKMMM Kak waterfall
mu agile. ITpakTuueckoe BHEAPEHME CUCTEMbBI IPOBOAIIOCH HA TIpUMepe pa3paboTKY MPUIOKEHUS IS
MOOWIBHOTO GaHKMHTA, aHAJIOTMYHOTO Revolut, rae Tpe6oBaloCh YUUTHIBATH PETYISATOPHbIE TPe6OBaAHMS,
MUHMMM3UPOBATDh PUCKM YTEUKM JAHHBIX ¥ COKPATUTb BpeMs BbIBOJIa MMPOAYKTA HA PHIHOK.

B kauecTBe mpuMepa BHeIpeHMSI PACCMOTPUM Ke¥ic cTapTaria, pa3pabaThiBaloiero miatGopMy st
MUWKPOKPeAUTOBAHMSI.

Ha sTame c6opa Tpe6oBanmii (RS = {r i}, rue r_i BkItouaeT GyHKIMOHATbHbIE TPEOOBAHMS, TaKMe KaK
06paboTKa TpaH3aKIMii, ¥ HePyHKIVOHAIbHBIE, TaKME KaK IMPOM3BOAUTEIBHOCTb CUCTEMBI TIOJ, HATPy3-
Kovi 104 3ampocos/c), cuctema CIIIIP ucronb3oBana Moaysib RAM njis aHanu3a gaHHbIX 13 Jira u GitLab.
Hampumep, npuoputeTt TpeboBaHus «obecrieueHue mudpoBanms TpaHsakiuii AES-256» 6buT paccum-
TaH C ucrnonb3oBaHueM Fuzzy AHP kaxk priority(r_1) = 0.92, yunTsiBasi Beca KpuUTepueB 6e3011acCHOCTH,
compliance ¥ ITPOU3BOIUTETLHOCTY, YTO TTO3BOMIIO BBIAEIUTH €r0 KaK KpUTHUeckoe. MOIy/Ib OIeHKM
puckoB (RAM) npumeHm1 MoauduUIMpoBaHHblii MmeTon MouTe-Kapio mis cumynsinyy 10°4 ciieHapues ¢
BepOSITHOCTBIO c60s1 Tpansakumii p_{ij} ~ U(0.01, 0.05), ontpegenms CVaR_a=0.05 = 0.17 (17% BepoOSITHOCTb
KPUTHUUECKOTO c60s1), uTo Ha 20% TouHee cTaHgapTHOro VaR 6aromapst ML-B3BelMBaHMIO C MCIIOIb30Ba-
HreM Random Forest 111 KOppeKTUPOBKY BeCOB cileHapues [18].

DTO MO3BOINIIO UCKITIOUUTD CIIeHAPUM C BBICOKUM pUCKOM (p > 0.3) ¥ COKpATUTh 3aTPaThl HA TeCTUPO-
BaHMe Ha 15%, cHusuB GromkeT ¢ 80 MiTH 10 68 MITH py6Oseit. Momynb MofenupoBaHus npoiieccoB (PMM)
ucnoab308aa BPMN 2.0 fj1s1 onmcaHus IOC/IeoBaTeIbHOCTY paspaboTKu, Ie BeTBIeHue «npoBepka PCI
DSS compliance» 3aBucesno ot mopora pucka 0.5, aBromatusupoBaHHoe yepe3 Python-ckpumtsr (616/m-
oreka bpmn-python), uTo cokpatmwio BpeMs MomeaupoBaHus Ha 18%. Momynb ontumusanyyu (DOM)
npuMeHua reinforcement learning (RL) ¢ Q-dyHKumelt a1 BbI60pa ONTUMMAIBHOTO MYyTU pa3paboOTKM,
MMUHMMM3UPYSI CYMMapHbIe 3aTpaThl M PUCKM; HATIpuMep, BbI6op dpeitmBopka FastAPI Bmecto Django
cokpaTui Bpemst API-pa3paboTku ¢ 3 10 2 MecsieB, uTo gajao sKoHoMuio 10% 6romskeTa. B pesynmbrare
BHeJIpPEeHMST BpeMsI BbIBOJA TTPOAYKTA Ha PhIHOK COKPATUIIOCHh C 12 1o 9 MecsiieB, pucku — ¢ 25% mo 17.5%,
a 3aTpaTsl — ¢ 80 MJTH 10 64 MJTH py6IIeii.

TexHMueckas peasnsaiusi CUCTeMbl OCHOBaHA Ha MMUKPO CEPBUCHON apXUTEKType C MUCII0/Ib30BaHMEeM
Docker myist kKoHTeltHepu3anuy 1 Kubernetes i1t opkecTpaiym, uTo ob6ecrieynBaeT MacITabupyeMocCTb 10
8 y35oB a1 06pabotky RS=500 3a 10 MUHYT.

Hampumep, B yIOMSIHYyTOM Kelice MUKPOKpeIUTOBaHUS KaxAaplii mukpocepsuc (RAM, PMM, DOM)
pasBoOpauMBaJICs B OTAEIbHOM KOHTelHepe Docker ¢ o6pasom Python 3.9, a Kubernetes o6ecreunBat aB-
TOMAaTHYeCcKoe MacIiTabrpoBaHue Ipu Harpyske >10"4 3ampocos/c, mogaepskuBas SLA 99.9%. XpaHeHne
JAHHBIX OCYIIECTBISIIOCh B MongoDB ¢ perumkariueit (3 y3ia) u mmdpoBanveMm AES-256, roe maHHbIe O
TpeboBaHUIX U PUCKaX coxpaHsuich B popmate JSON c pasmepom 3ammcu ~1 KB, obecrieunBast GbICTPbIA
IOCTyT (BpeMst uTeHust <50 mc).

Mogynb ananusa puckoB ucnonab3osai GPU (NVIDIA A100) nnsg yekopenus cumysisiunii MoHnTe-Kapiio,
COKpaTuB BpeMst 06paboTky ¢ 15 cexkyum Ha CPU mo 2.5 cexyun s N=10"5 cuieHapueB. API-uHTerpanys
yepes REST c acuHxpoHHBIMY 3amipocamMu (6ubnmoTeka FastAPI) u mapannenmusanmeii uepes Dask obecrme-
yisia CHMsKeHue BpeMeHu 06pabotky Ha 30%. CTaTUCTUUECKMi aHaau3 IPOBOAWIICS C MCIOAb30BaHMEeM
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6ubmmorek pandas u scipy, rame metpuku E=0.85, R=0.90, A=0.92, Ad=0.35 pacCUMTHIBAIINCH B peaJlbHOM
BpeMeHU, ¢ Busyanusaimueir yepes Plotly u coxpanenuem B Parquet. BesomacHocTs obecrieunBanach TLS
1.3, OAuth 2.0 u Redis a5 K3mmupoBaHus, ¢ eXXeqHEeBHbIMI Pe3ePBHBIMY KOMUSIMU, MUHUMU3UPYST PUCK
yreuku 10 0.05% (ISO 27001).

Emte omya mpumep BHeApeHus — yuHTerpaiys CITIIP B KpymHbI poccuiickuii 6aHK JJIsT ONITUMMU3ALUU
pa3paboTKu cucTeMbl 06paboTky ratexeii. Cucrema cobmpana gaHHble U3 Jira (3agaun), Slack (kommy-
Hukauust) u GitLab (koxm), aHnanusupoBaia >100 mokasarteseit (BpeMsI BBIIIOTHEHMS 3a/1au, KAUECTBO KOAA,
yacTora 6aroB), mpumeHss Isolation Forest miisa BwisiBIeHMs aHOManuit (Hampumep, 3agepxkku >20% ot
IIJIAHOBOTO Cpoka). RL-Monynb onTMMMU3UpOBasl pacripeesieHye 3aay, lepeHazHauas nx pa3paboTumkam
¢ yuetom nx KPI, uTo cokpaTuiio mepepaboTku Ha 25%. Pe3ymbTaT: CHUsKEHME PUCKOB CpbIBa CPOKOB ¢ 30%
no 22%, 3aTpart ¢ 100 mutH 1o 80 MTH py6sieit 1 Bpemenu paspaboTtku ¢ 10 1o 7.5 mecsiieB. CTaTuCTUUeCKasT
3HAUYMMOCTb NoATBepxkaeHa t-tectom (p<0.01, R*2=0.87).

[ig nanbHelileil onTUMMU3aluun IpeJjaraeTcs UCIOAb30BaTh KBAaHTOBbIE aJITOPUTMbI (HarpuMmep,
Qiskit) gyst yckopenus cumyssanuit Ha 40%, BHeAPUTh TpenobpaboTKy maHHbIX ¢ Isolation Forest ms mo-

BoimeHust A mo 0.97 u MacimTabupoBaTh CUCTEMY
e 1o RS=500 ¢ 8 ysnmamu Kubernetes. Cxema uHTerpa-
Jira, Slack, GitLab LMY CUCTEMBI NIPeJICTaBlIeHA HA PUC. 2.

3AKJIIOUEHUE
MongoDB, AES-256

. PaspaboraHHass MOAeab CUCTEMbBI MOIIEPKKA
XPaHUAVIE Aaieoc npuHatusa pemenusi (CIIIP) pas opraHusanyoH-
i o HBIX CUCTEM ITPeJICTaB/IsIeT COO60Ji MHHOBALIMOHHOE

! KOMIUIEKCHOE pellleHe, MHTEerpupylollee rnepeno-
Bble METOAbl MCKYCCTBEHHOIO MHTE/VIEKTA, TaKue
KaK HEYeTKUIl aHIUTUYECKUI MepapXmudecKui
nporecc (Fuzzy AHP), reinforcement learning (RL)
¥ MmonuduIMpoBaHHbI MeTon MonTe-Kapio ¢ ML-
B3BellMBaHKeM. TeopeTuyeckass HOBM3HA PabOThI
3aK/II0YAETCs He TOJIbKO B CO3IaHMM MHOTOYPOBHE-
BOJ apXUTEKTYPBI C MOIY/ISIMU cOOpa TpebOBaHMIA,
OLIEHKV PUCKOB, MOZE/JIUPOBAHMS IIPOLIECCOB U OII-
TUMM3AUNUU pellleHunii, HO 1 B ajanrtauuu RL gjs

AHanus Tpe6oBaHMin
Fuzzy AHP

l

OueHKa pHcKoB
Monte Carlo + ML

GPU, Dask

/ OMHAMMUYECKOV TPUOPUTU3ALIMM TpeboBaHUIT B
. — . YCJIOBMSIX BBICOKOJ HEONPeneeHHOCTH, YTO PaHee
:::;’??T;;Z"mmuu Boiuvcrerua He TNIPUMEHSJIOCh B KOHTEKCTe OpraHM3alMOHHBIX
CUCTEM C YyYETOM CTPOTMX PEerylsiTOPHBIX HOPM
\ (GDPR, PCI DSS, ®3-152). Mopenb IeMOHCTpU-
. / pyeT BBICOKYI0 TOUHOCTbH npuoputusanmuu (0.92 c
ONTHMM3ALMA peleHHit RMSE=0.07), uro Ha 18% mpeBOCXOOUT 6Ga30BbIE
Reinforcement Learning MOAXOMbI, M afanTUBHOCTb (Ad=0.35-0.45), TpeBbI-

LIAIOLIYIO CTaTU4YecKue MmeToapl Ha 20-30%.
REST API, FastAP| HpaKTI/ILIECKaH anpo6auml Ha CUMMYJIMPOBAH-

HbIX JaHHbIX (100 MPOeKTOB) M peaybHbIX Kelicax
(mpoekThl B KoMmmaHusX Revolut u N26, a Takke
poccuiickuit 6aHK Jj1s1 06paboTKM IIIaTeKei) IMof-
TBepAUa KIUeBble TPeuMyIlecTBa MOLEIN: CHU-
| SKeHMe OIepallMOHHBIX pUCKOB Ha 30% (c 25% mo

Bu3yanusauma U PEKOMEHOAUMM
| Piotiy, Bl-WHTErpauyma

S — 17.5%), 3aTpar Ha 20% (c 75-100 mrH 10 60-80 MIH
pyoOJ1eii) M BpeMeHM BbIBOA IPOAYKTA Ha PIHOK Ha

Passeprbisanme 25% (c 12 go 9 mecsiiieB). DT pe3yJbTaThl IOIKPE-
IVIeHbI CTaTUCTUYeCKMU TecTaMu (t-Tect, p<0.01;

TLS 1.3, OAuth 2.0 R*2=0.87), a Takke cpaBHEHMEM C aHAJIOTaMu (Ta-

omuma 2.2), tome mnpenjaraemast CIIIP iupupyer
mo merpuram sddexktuBHocTM (E=0.85), Hamex-

BesonacHocTb
Hoctu (R=0.90), Tounoctu (A=0.92) n aganTuBHO-
¢t (Ad=0.35-0.45). B omyinume OT TpaauIMOHHBIX
PuCYHOK 2. ApxurekTypa uHTerpauuy CITIIP mertonmonoruii (waterfall, agile) n kmaccuyeckux
B QUHTEX-TIPOeKT MCDM-niogxonoB (AHP, TOPSIS), monenb obecre-
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YMBaeT AMHAMUYECKYI0 OIITUMU3AIMIO B peaIbHOM BpeMeHU, uHTerpupys M ns 06paboTku Heorpee-
JIEHHOCTEI, YTO 0COOeHHO aKTya/IbHO B BOJIATM/IbHBIX PIHKAX OPTaHM3aIMOHHBIX cucTeM. [To cpaBHEeHMIO
¢ komMmepueckumu MN-cucremamu (IBM Watson, Google Cloud Al), oHa ripefijiaraeT aBTOHOMHOCTb M CHU-
skeHue 3aTpat Ha 20%, xotst TpebyeT GPU 11711 BBICOKMX HAarpy3oK.

MukpocepBucHas apxuTekTypa Ha 6a3e Docker u Kubernetes rapantupyet MacurrabupyemocTtb (10
500 Tpe6oBanmii 3a 10 MuHYT), HagexkHOCTH (SLA 99.9%) 1 6e3omacHocTb (puck yTeuku <0.05%,1SO 27001).
CooTBeTCcTBME IIPUHIIUIIAM 00111ei Teopuu cucteM (pesyabratTuBHOCTb E=0.85, sHeprenTHocTbh Ad=0.3, 11e-
socTHOCTD 0.92 U fip., Tabnuia 2.1) MOATBEPKIAeT CUCTEMHbIN MOAXo Moaenau. OTpaHMYeHNsT BKIIOYAOT
BBIUMCIUTEIbHYIO0 CIOKHOCTD Tpu N>10"6 clieHapueB, YTO MOKET ObITh IPEOIONEeHO 32 CYeT KBAHTOBbIX
anroputmoB (Qiskit), yckopsitouiux cumynsiiuy Ha 40%. [JanbHeiilee pa3BuTHe IIperonaraeT BHeApeHme
MOTYJIST TTpenobpaboTky maHHbIX ¢ Isolation Forest st roBsimenus TouHoctu Ao A=0.97, paciipeHnye Ha
6onbive manHbie (RS=500) 1 uHTerpauyio ¢ [oT Aj1st pealbHOTO BpeMeHM MOHUTOpUHTa. Mopenb uMeeT
BBICOKUI IOTEHIIMAT KOMMePIMaAMU3alyy B CEKTOpe OPTaHU3aI[MOHHbBIX CUCTEM, CITOCOOCTBYS CHUKEHUIO
BEpPOSITHOCTH Heynad rmpoekToB (70% mo Gartner 2025) u yckopeHuio unbpoBu3anny GMHAHCOBBIX YCIYT.
B 11es1om, pabota BHOCUT BKJIaJ, B Teopuio 1 rpakTuky CIIIIP, mpemarast rubpuaHblii U -moaxomn, KOTOpbIi
nioBbimiaeT 3¢ dexTUBHOCTD paspaboTku I10 Ha 20-30% 1 MOKeT O6bITh aJAIITVPOBAH JJISI IPYTUX OTPACIe.
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The article presents a mathematical model and algorithmic support for a decision support system (DSS)
for software development in the field of organizational systems. The focus is on integrating artificial
intelligence methods, optimization, and risk analysis. A multi-level architecture has been developed,
including modules for requirements collection, risk assessment, process modeling, and decision
optimization. Modified methods such as adaptive Monte Carlo with ML-weighting and reinforcement
learning for dynamic optimization are proposed. Testing on simulated and real cases showed a 30%
reduction in risks, 20% in costs, and 25% acceleration in product launch to the market. The model complies
with the principles of general systems theory and outperforms analogs in efficiency and adaptability.
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