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Beenenue. C pasBurnem BbIYHCIUTENBHON TEXHUKHM BO3PACTAET MHTEDPEC K UHC-
JIEHHBIM METOJIaM PENICHUs NPUKJIAIHBIX 33184, B YACTHOCTH K CTATHCTUIECKOMY MOJIC/IN-
posanuto (nan meroxy Monre-Kaputo; em., Hanpumep, [1]). Tpagunuonso metoasr MoHTe-
Kapso paccMaTpuBarmTCs B Ka4eCTBe aJbTePHATHBHBIX «IeTEPMUHUPOBAHHBIMY JHCJIEH-
HBIM METOJaM (B YACTHOCTH, KOHEYHO-PA3HOCTHBIM M KOHEUHO-JIEMEHTHBIM cxemaM ). -
HAKO BO MHOI'MX CJIydasiX 3PpHEeKTUBHBIME OKA3bIBAIOTCS CMENIAHHBIE aJIOPUTMbI, COJEP-
JKarme B ce0e 3JIEMEHTHI JIeTePMUHHPOBAHHBIX U CTOXACTHYECKUX YUCJCHHBIX cXeM. Takue
KOMOUHHPOBAHHBIE AJTOPUTMbI MOXKHO HA3BATh OUCKPEMHO-CMOLACMUNECKUMU YUCAEH-
nomu memodamu (M. pasa. 5.3 B pabore [1]).

Crneyer cpa3y OTMETHTh, YTO CHEKTP JUCKPETHO-CTOXACTHIECKHUX AITOPHTMOB J0-
CTATOYHO MHUPOK. KOMOMHHPOBAHHbBIE YUCIEHHBIE METOIB BO3HUKAIOT BO BCEX OCHOBHBIX
paszjiesax TeOpUH YUCACHHOTO CTATHCTUICCKOTO MOJICINPOBAHUA, K KOTOPBIM CJIEIyeT OT-
HECTH: YUCJICHHYIO PEAJN3AIMI0 BHIOOPOYHBIX 3HAYECHUI U TPACKTOPUH CJaydaiiHbIX BeJIu-
YHH, BEKTOPOB W (DYHKIM; BEIYUCIEHAE MHOTOKDATHBIX MHTErPAJIOB; (DYHKIHOHATHHBIE
oneHKu MeToa MonTe-Kapio; mpuiozKeHus, CBI3aHHBIE ¢ PEIIEHHeM 3,789 BEITHCTATE b
HOU MATEMATHKU ¥ MaTeMaTuIeckoii pusuku [1]. 3amerum, 4To mOx TEPMUH « THCKPETHO-
CTOXaCTUIECKUE UYUCJICHHBIE METO/BI» HOJXOJAT TAKZKE AJTOPHTMbBI YUCJCHHOIO Dere-
HHA CTOXaCTHIeCKNX auddepennuaababiX ypaBHeHn i, THHAMAKO-BEPOATHOCTHBIE MOICIN
OKPYZKAIOTIeil Cpe/ibl, BEPOATHOCTHBIE KJIETOTHBIE aBTOMATHI, PAHJIOMI3UPOBAHHBIE CETOY-
HBIE aJITOPUTMBI U MHOTO€ JIPYTOe.

B nmannoii pabore cuenaH 0030p PpPe3yAbTATOB  MCCICIOBAHUN  TUCKDPETHO-
CTOXaCTUIECKUX METOJ/0B, NPOBOJAUMBIX B HOCJIEJHEE BPEMs B OTJEJE CTATHCTHYECKOIO
MozeanpoBanus B pusnke NHCTUTYTA BHIMMCANTENLHONR MAaTEMATUKE ¥ MATEMATHYECKOMN
reocduzukn Cubupckoro oraenernnst PAH (r. Hoocn6upek).

1. «Mogenupyembie» 6a3uChl 1 BEPOATHOCTHBIE pacnpenesenns. B Hacro-
stiIee BpeMsi IMIMPOKOe MPUMEHEHHe HAXOST aJITOPUTMBI M TIAKETHI TPOTPAMM, B KOTOPBIX
PeaIM3YI0TC MHOXKECTBA TOUYEK, PACHPEIEJEHHBIX B CJIOKHBIX 00JIACTSX COJIACHO 3a/1aH-
HOI IIOTHOCTH pacupejesenusa. K TakuM 3ajadaM OTHOCATCS, B 9aCTHOCTH, POOIeMbI
BU3yaau3anun oobekToB Ha DBM, mocrpoennst afanTuBHLIX ceToK u ap. B paborax |2, 3|
IpeJcTaBIeH MporpaMMublii Moayab AlTricks GeomRandom, B KOTOPOM HCIOIB30BAH P
IPHHIUIIAAIBHBIX COOOPAXKEeHHH M0 ONTHMU3AIMH COOTBETCTBYIONIMX AJTOPUTMOB UHC-
JIEHHOTO MOJIEJIMPOBaHUsI. B 4aCTHOCTH, CYIIECTBEHHBIM SIBJISIETCS TO OOCTOSATEIBLCTBO, UTO
U IPUMEHEHUU KYCOYHO-TIOJIMHOMUA/IbHBIX AllPOKCUMAIMA (DYHKIUN LIOTHOCTH §(X)
BUJIA

M
1

f(x)=HLng(x); Lug(x) = ;wz(g)Xi(X)§ H = m (1)

(3zech {w;(g)} — xko3bdunuents, cps3annsle co 3HavenusaMu g = (g(x1),...,9(xu)) B

yanax cerku {x;}, a {x;(x)} — 6asucubie byukyn) s Goabuux M BO3MOXKHA pea-
mu3anust 3GOEKTUBHBIX MOIUGbUKAIUT COOTBETCTBYONIEN0 METOIA CYHEePIIO3UINH (KBaH-



TUJIBHOTO METOJ/Ia, MeTo[a YoJIKepa u JIip. — cM., HanpuMmep, [1]). Kpome Toro, cymecTsen-
HBIM 3J1€Ch SABISETCS 000D COOTBETCTBYIOIIErO allllPOKCHMAIMOHHOIO 0a31uca, KOTOPhIi
KPOMe OOBIYHBIX CBONCTB alNpOKCHMAINN U YCTONIMBOCTH JOJIKEH 00/1a1aTh CBOHCTBOM
«modeaupyemocmuy. Tlociennee o3nadaer, aro dbyHkimu {x;(x)} u3 coornomenus (1)
JIOJIZKHBI OBITH IIPOIOPIHOHAIBHBI BEPOATHOCTHBIM ILJIOTHOCTSIM, JJIsSI KOTOPBIX CYIIECTBY-
10T 3(MPEeKTUBHBIE AITOPUTMBI YHCIEHHON peaan3aluid BeIOOPOUYHBIX 3HaudeHuit. B pabo-
Te |4] moKazaHO, YTO XOPOITHMH CBOFCTBAME MOJETHDYEMOCTH 00J1a[aeT MHOIOMEPHBIT
KoHewHO-31eMenTHbI 6asuc Crpenra-Pukca (repmunosorus u3 kuuru [5]). Murepecnoit
BH/IUTCS BO3MOKHOCTD (TTOKA He M3YYeHHas) MCIOIb30BaHns B nmpubmkenusx suga (1)
BEIBJIETOBBIX METOJIOB.

Bo muorux curyanuax mig 6osee «ObICTPOro» IMOIYUYEHUs BHIOOPOUYHBIX 3HAYCHUIM
cJiydaiiHO pacipe/ieJIeHHbIX TOYeK BMECTO HPUOJIMKEHNS IIJIOTHOCTH 11€J1eCO0DPa3HO BhIOU-
paTh MOJeAUPYEMBLE GEPOATIHOCTIHBLE PACHPEIEACHUS, TOMYCKAIONIE TOCTpoeHue 3D dheK-
TUBHBIX AJTOPUTMOB YUCIEHHOTO MOJETUPOBaHUs (3Ta BO3MOKHOCThH TAKKe MPeLyCMOT-
pera B nporpammuom moayiae AlTricks GeomRandom [3]). B pabore |2]| mpeactaBienst
COOTBETCTBYIOIIME COODPArKEHHUsI [0 «HCKYCCTBEHHOMY» KOHCTPYHPOBAHUIO BEPOSTHOCT-
HbIX paclpejle/ieHnil, jjonyckanimux 3pdekTuBHoe Mo/ IMpoBaHne MeTOJaMu: 00paTHOM
dbyHKIIME pacupeeseHus, MOAETUPOBAHUA JIBYMEPHOTO CJIY4YaffHOIO BEKTOpPa C 3aBUCH-
MBIMH KOMIIOHEHTAMHU, WHTErPAILHON W JIMCKPETHONW CYNEPIO3HINHN, MCKIIOUEHUA. DTO
SBJISIETCH, B YACTHOCTH, OCHOBOI CO3/aHus «OaHKa» MOJIEJTUPYEMBIX BEPOITHOCTHBIX pPac-
IpeeeHnii ¢ MeJIbI0 UCIOJIb30BAHHA €ro IPH MOCTpoeHuH 3(M@(EKTHBHBIX AJTOPUTMOB
YUCJICHHOIO CTATHCTHYCCKOTO MOJEJNpPOBaHUs. B KadecTBe OIHOTO M3 MPUMEPOB HPUMe-
HEHHUsl MPeJICTaBIeHHBIX TEXHOJOIHH B paboTre |2] paccMOTpeH HTepaIroHHbI THCKPETHO-
CTOXACTHYECKUI aJTOPUTM OCTPOEHUs aAalTHBHBIX ceToK (cM. [6, 7], a Takxke TOKIa
nannoii koudepemnnuu [8]).

2. JInCKpeTHO-CTOXaCTUYEeCKNEe AJIFOPUTMBI YNCJEHHOIO0 HNHTErpupOBa-
uusd. /s TpUbINKEeHHOTO BBIYUCICHIS] HHTEIPATIOB MAJIBIX PA3MEPHOCTEH ¢ I3 IKUME (B
OOBITHOM HJIH OOODIIEHHOM CMBICJIAX) HOJBIHTErPAJIbHBIMEI (DYHKIUAMEI U OTHOCHTEIbHO
IPOCTHIME 00JACTSIMUA HHTErDHPOBAaHUs PA3BUTA TEOPUsl KYyoamyprux dopmys (cM., Ha-
npumep, [9]). K HemocTarkam «KjraccuIecKux» (JleTepMUHHPOBAHHBIX ) KybaTypHBIX (op-
MyYJI Ha KJIACCAX MOIBIHTErPAIbHBIX (PYHKIUH ciieryer OTHECTH: Caa0blidl yueT cruenuduKu
TOM WJIM MHOW MOABLIHTErPAIbHONR (DYHKIMH, HEOOXOIUMOCTh Pa3spabOTKH CHIerraaIbHBIX
GHUCJICHHBIX AJTOPUTMOB MOUCKA ONTHMAJIBHBIX BECOB U (MJIH) Y3JI0B, YYBCTBUTEIBHOCTD K
POCTY Da3MEPHOCTH U TJIAJKOCTH HAYAJIBHBIX JAHHBIX (HOIBIHTErpaabHOil byHKIHT 1 00-
JIACTH WHTErPUPOBAHMSI ), TPYJAHOCTH B TIOCTPOEHHUHN TIOKA3ATETHHBIX TECTOBBIX YHCIEHHBIX
IPUMEPOB M KOHTPOJIS TOYHOCTH U 3aTpaTl IIPH NpPAKTHYECKUX BblUMCIeHHsX. s cy-
MIECTBEHHO MHOIOMEPHBIX 38184 I10CTATOYHO 3D (MEKTHBHBIM OKA3BIBACTCS CMAHIAPMHbLL
memod Mowme-Kapao (cm., nanpumep, [1|). TiiaBapim megocrarkom merona Moure-Kapoio
SBJISETCA OTHOCHTEIBHO HU3KasA CKOPOCTH CXOAMMOCTH TIOTPEITHOCTH K HYJIIO MPU BO3Pac-
TAHUW YUCJIA CJIYIANHBIX Y3JI0B.

B pa6orax [10, 11| mokazano, 4ro BechbMa 3PHEKTUBHBIME MOIYT OKa3aThCsl U
CMeIIaHHbIE, KOMOUHUPOBAHHBIE NPOUEIYPDL YUCAEHHO20 UHMEZPUPOSAHUS, COYETAIOIINE
B cebe 3meMenThl Kybarypubix dpopmyn u Merona Monte-Kapio. Ilo-suaumomy, ogna u3
HePBLIX YUCJEHHBIX CXeM TOo00HOro poma Obuta npeacraniera H.C. baxsaioBeiM B Ha-
qajie MeCTHIeCATHIX TOA0B HPOIILIOro Beka (cM. pabory [12], a Takzke qokiaz [13] ganmoit
KOH(MEepeHTHH ). DTOT aJTOPUTM MOMKHO TPAKTOBATH KAK HPEIEJbHBINA CIydail 6u00pku
no epynnam. Kpome 3roit KoHcTpykiuu B paborax [10, 11| pacemorpensr duckpemto-



CMOTACTNUMECKUE 8EPCUL 8bLO0PKU NO GANCHOCTNU, GBLOCAEHUA 2A06HOT wacmu, Memoda
UHMEZPUPOBAHUSA NO HACMU 00AACTNU, MEMOIG CAONHCHOT MHOROMEPHOT CUMMEMPUSAUUL,
MEMOJa PABHOMEPHOT Bb60PKU, MEMODd € NONPABOUHBIM MHONCUMEAEM, 2€0MEMPULE-
cko20 memoda 1 1p. Bee 3Ty mpreMbl IO3BOJIAIOT B psijie CJIydaeB CYIeCTBEHHO TOHU3UTh
TPYIOEMKOCTh CTAHIAPTHOIO ajaropurma meroga Monrre-Kapio.

3. @PyHKOnoHaJbHBbIE aaropuTMbl MeToma MonTte-KapJio. B nociennne nBa
JECSITUIIeTHST AKTHBHO Pa3BUBaeTCs (B OCHOBHOM B OTJIEJI€ CTATHCTHIECKOTO MOJIETHPOBa-
aust B dbuszuke IBMuMI' CO PAH) reopus npubsnzkennst yHKIHIA, 33/ [aHHBIX B HHTe-
rpajabHOi popme, a TakkKe ee puaoskeHnsi. OCHOBHBIM 00'bEKTOM M3y YEHUS SIBJISIETCS Pe-
[IeHHEe HHTErPAIbLHOr0 ypaBHeHust PpearojibMa BTOPOro pojia, OTpazkaroliee pacipeielie-
HHe COCTOSHUI BaXKHBIX MOJIEIbHBIX MAPKOBCKHUX MPOIECCOB. UCKPETHO-CTOXaCTHYCCKHA
AJPOPUTM NPUOJIMZKEHHs PEIIeHUsT BKJIIOYAET BBEJICHIE CETKHU 10 apaMeTpy, OeHKY 3Ha-
yennii pyHKIuU B y3aax merogom Monre-Kapsio u Bocno/iHeHe pereHnst 1m0 101y YeHHBIM
3HAYEHUSAM B Y3/1aX C HCTOIb30BAHUEM AIIPOKCUMAIMOHHOTO basuca. CoOOTBETCTBYIOIINIA
Gasuc JoKeH 001a7aTh XOPOIIMMEI CBOHCTBAMHI YCTOWIMBOCTH (ITUMHU CBOMCTBAME 00-
JAJIAI0T, B 4acTHOCTH, GasucHbie dynkunn Crpenra—Pukca |1, 4, 5, 14]).

[Tpu usyveHuu CXOAMMOCTH JUCKPETHO-CTOXACTMYECKUX YHMCJICHHBIX aJrOPUTMOB
npubanzKenus QYHKIUHE BayKHBIM ABJIS€TCH BOIPOC O BLIOOPE (PYHKIMOHAILHONR Mephl U
BEPOSITHOCTHOTO CMBICJIa CXOJMMOCTH K HYJIIO MOrperHocT Meroaa. Cremays Tpajauiiusam
KJIACCHYECKOTO YHCJIEHHOTO aHaiu3a (CM., HampuMep, [9]), 37ech pasyMHO HCIOJIB30BATH
Lo- u C-MeTpUKY JJIs IIOIPENTHOCTH U CXOJUMOCTD B CPEJHEM M 110 BEPOSTHOCTH COOTBET-
crBeHHO (CM., Hampumep, (1, 14]). JIusg 3Tux mojxoJoB K ONEHKe MOTPEIIHOCTH YIAeTCs
Pa3JI0ZKUTh MOTPEITHOCTh HA «JIeTePMUHUPOBAHHYIO» M «CTOXACTUIECKYI0» KOMIIOHEHTHI,
nepBasi U3 KOTOPHIX OMEHUBAETCS CBEPXY C TOMOIIBI0 COOTBETCTBYIOIIMX AMNPOKCHMAIIH-
OHHBIX TeopeM |[5], a Bropast CBOJUTCs K OIeHKE MAKCUMYyMa CJIy4YailHbIX HOTDEIIHOCTeH B
y3J1aX CeTKH.

Hasee ciejyer yuecTb, KaKue CTOXacTHUECKHe oleHKu MeToa Monre-Kapiio (He3a-
BHCHMbI€, 3aBUCHMBIE, CJ1a00 3aBUCHMBIE U T.1I.) UCHOJIB3YIOTCS B y3ax ceTku. [ljis Hesa-
BUCHMBIX OIICHOK IPH MOCTPOCHWH BEPXHEH TPAHUIBI /I MAKCAMyMa CJIydaiiHbIX Mo-
I'PEIIHOCTER B y3/71aX CEeTKH HCIIOJIb3YeTCs TeOpHUs HMOPSIKOBBIX CTATHUCTHK. /s omeHok
10 METOJY 3aBHCUMBIX UCIIBITAHUH TpeOyeTcss HCIOJb30BAHUE CIENUAIbHON TEOPHH CJia-
6oit (DbYHKIMOHATHHON) CXOIUMOCTH TIOCIe0BATEIbHOCTEN caydaiinbix dbyukmmii [1, 14].

[Mosyuennbie Bepxuue rpanutibl norpemnocru T (M, n) ucuonb3yores 3arem Jjist
OIPENIEJICHUS YCAOBHO-ONMUMAALHUL NaAPaMempos — duciaa My, y3/I0B HCHOTIb3yeMOit
CETKN U UHCJIA Moy PEATU3ANUIT CTOXACTHIECKHX OIEHOK B y3/1aX. 3/eCh U3 yDaBHEHH:
T(M,n) = ¢ (31ech § — TpebyeMblil YPOBEHDb MOTPENTHOCTH) OJMH U3 TapaMeTpoB (HAIPHU-
Mep, YUCI0 Y3708 M) BhIpazkaeTcst 4epe3 Apyroi (4epes YucI0 UCIBITAHUN 1) W HOJICTAB-
astercst B Boipazkenue S(M,n), xapakrepusyiomiee TPYA0eMKOCTb (3arparhbi) yHKIHO-
HAJBHOTO ajropuTMa. [Tonyuaemas GyHKIMA OTHOTO MEPEMEHHOTO HCCI/yeTCsl Ha, MUHH-
mywm. Touka MEHUMYMa J1aeT BHIPAYKEHUE JIJIs1 COOTBETCTBYIOIIETO YCJIOBHO-ONTUMAIHLHOTO
mapamerpa (cMm., Hanpumep, [1, 14]).

[IpumeneHne onucaHHOM 31eCh O0IIEH CXeMBbl MOCTPOEHUS U HUCCJIeI0BAHUS DYHK-
[IIOHAJBLHBIX AJITOPUTMOB BCTpedaeT crenuduuecKue TPYIHOCTH I TeX WU UHBIX HPH-
KJIQHBIX 3aa4. JlJst 1eoro psijia BayKHBIX MPUJIOKEHUH 3TH TPYIHOCTH HPEOIOJIEHBI
B paborax E.B.IlIkapyna. Eio, B wacTnocTu, mojapobHo uccjeoBaHbl (pyHKIHOHAIbHBIE
AJITOPUTMBI JIJisI pellieHusi ypaBHenust Boubimana [15, 16] u paaa KpaeBbIx 3a1a4 MaTe-
Marndeckoit usuku [17, 18].



Pabora BbimosHena npu dbunancooii mogaepxkke PODIU (mpoektsr 09-01-00035,
10-01-00040, 11-01-12030).
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