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NCCIEJOBAHUME YYBCTBUTEJIBHOCTHU ITPOI'PAMMBbI PA3ZBUTUS T'OPHBIX
PABOT M EE PUCKOB B YCJIOBUAX YT'OJIbHOM INAXTBI

s ananuza vyecmeumenbHOCIMuU NPOSPAMMbL PA3GUMUSL 20PHBIX pabom HA Y2ONbHOU ulaxme paspabomana
CMoXacmuyeckasi Mooelb, KOmopasi 6a3upyemcs Ha OPUEHMUPOSAHHOM Myabmucpage, eeca KOmopo2o 6bl-
YUCTAIOMCSL C NOMOWBIO NPOYEOYPbl Camnauned. Bapuayus ciyyatinbix 3uauyenuti memnos 0CHOSHbIX Npoyec-
€06 000bIYU Y2Iisl BLIYUCTANIAC C NOMOWBIO CREYUATIbHO HAMPEHUPOBAHHOU UCKYCCMBEHHOU HEUPOHHOU cemil.
Yemanoenenvr napamempul ciyuaiineix ynkyuii memnog no02omosKku u 000uluu yais, a makice 0OKa3ana
MAKCUMATLHASL YY8CMEUMETbHOCHb NPOEKMA NOO3EMHOU y2nedobbiul K (hakxmopy mManioamniumyoHol Hapy-

WEeHHOoCmUu.

Knwuesvie cnosa: cmoxacmuueckoe Modeﬂupoeanue, ynpaejenue npoekmamu u npocpammamu, puckKu, 4)ye6-

cmeumelbHoCmy npoekmada, HeﬁpOHHble cemu.
BBenenune

VYronbHas TMPOMBIIIICHHOCTh SABJISICTCA TapaHTOM
SHEPreTUUECKON HE3aBHUCUMOCTH Y KpaWHBI. Y UYHUTHIBAS
PACTYIIYI0 HECTaOMJILHOCTH MHUPOBOM SKOHOMHKH, HC-
YepraHue 3amacoB HepTH W Trasza, a TaKKe IOJUTHYC-
CKHE TIPOOJIEMBI, CBS3aHHBIC C IOCTABKOW YKa3aHHBIX
pecypcoB H3-3a pyOeka, CICIyeT CAENaTh BBIBOA O
CTPATETUUECKOM 3HAYCHHUM COOCTBEHHOTO VIV JUIS
0o0eCIIeUeHHsT YHEPreTHYECKUX U CHIPHEBBIX MOTPEOHO-
CTel SKOHOMHKH HAIeTr0 TroCyaapcTBa. YKpauHa 3aHU-
MaeT 3-4 MecTO B MHpPE IO MPOMBIIUICHHBIM 3amacam
yIJIL, XOTSA OHHM XapaKTePHU3YIOTCS OIpeaeSICHHBIMU
0COOCHHOCTSIMHU.

Tak cpenmusis riryonHa pa3pabOTKH Ha YroJIbHBIX
maxtax YKpauHbl gocturia 740M, a psisi COBpEMEHHBIX
BBICOKOIIPOU3BOIUTEIBHBIX ~ TPEANPUATHN  TOCTUTIIH
riyouH 1200m u Oonee. Ilnmactel, oTpabaTsiBaeMblie Ha
riyoune Oomee 800-900M CKIOHHBI K Ta30MHAMHUYC-
CKUM SBJICHHSAM U COAEPKAT BBICOKOE KOJIUYECCTBO
B3PBIBOOIIACHOT'O Ta3a MeTaHa. [1ouTH Bce IMaxToruia-
CTBI MOBPEXKICHBI MAJIOAMILIUTYIHBIMU HApPYIICHUSIMU,
B OKPECTHOCTH KOTOPBIX TIOBBINIACTCA BEPOSATHOCTD
ra30JUHAMAYCCKUX SIBIICHUM, PE3KO YMEHBIIACTCS ycC-
TOWYUBOCTH KPOBJIM TOPHBIX BRIpaOOTOK. [Ipu mepexone
TaKUX HapYIICHWHA TOPHBIMUA pabOTaMH YacTO BO3HH-
KalOT aBapHH, NPU KOTOPBIX BBIXOIWUT U3 CTPOsI TOPHO-
IIaXTHOe oOopymoBaHue. BrleykazaHHble (BaKTOPBI
MOBHIINAIOT BHYTPEHHHUE PUCKH, CHIDKAS TEMITbI TOOBIYH
yIJISE B HECKOJIBKO pa3, MOCKOJIBKY Ha CErOIHS MPaKTHU-
YEeCKU BCE pa3BEIaHHBIC 3aMachl XapaKTePU3YIOTCS HHU3-
KOM JTOCTOBEPHOCTHIO MAHHBIX O MAaJOAMILIUTYIHBIX
HAPYIICHUIX, KOTOPBIE MOT'YT CYIIECTBEHHO YXYALIUTH
YCIIOBUS OTPAOOTKH YroOJbHBIX IUIACTOB. DTO HEraTHB-

HO CKa3bIBaeTcsi Ha (PMHAHCOBOM COCTOSIHHH YTI'OJBHBIX
LIaXT U 3aTPYAHSET OATOTOBKY M BBIEMKY HOBBIX 3aria-
coB. B cBs13u ¢ 3THM 0CO0YI0 aKTyaJbHOCTh UMEET IIPO-
OJeMa HaJIeKHOTO IUIAHMPOBAHHS W YIIPaBJICHHUS OC-
HOBHBIMH IPOIECCAMH JOOBIYM YIJISI C Y4€TOM BHYT-
PEHHHX PHCKOB FOPHOT'O IIPOU3BO/ICTBA.

Hecmortpst Ha To, 4TO OOBIYA YIIISI OCYIIECTBIIS-
eTcsl B IIOTOYHOM PEXHUME, 0 CBOEH CTPYKTYpe Hpo-
rpaMMa pa3BUTUS TOPHBIX PabOT YroNbHOM IIaXTHI
O4YeHb OJM3Ka K MPOEKTHO-OPHEHTUPOBAHHOMY CTHIIIO
yIpaBieHus npousBojcTBoM. lllaxTHoe moie pa3ouBa-
ercsl Ha OJIOKH, TOPU30HTHI WIIN TIAHENTU W KaXIbIH OJI0K
paccmarpuBaeTcsi Kak OTIENbHBIH OOBEKT, IUIS OTpa-
OOTKH KOTOPOI'O COCTABIISIETCS TPOEKT, COAEpIKAIIHA
BCE XapakTepHble (a3bl, HAUMHAs OT NPEIUHBECTHIIHU-
OHHOW M 3aKaH4YMBas JEMOHTa)XeM OOOPYAOBAaHUS U3
OCTaHOBJICHHBIX 3a00€B M IIOTallleHHEM T'OpHBIX BBIpa-
OOTOK.

OgHuM U3 BaXHEHIIMX KOMIIOHEHT Ipolecca
YIIPaBJICHUS TPOEKTOM SIBIISETCS HCCIEIOBaHHE €ro
YYBCTBUTEIHHOCTH HAa BAPHALMIO OTAEIBHBIX (PaKTOPOB,
OKa3bIBAIOIINX CYIIECTBEHHOE BIIMSHUE Ha XOJ IMPOEK-
ta. Takyro 3a1a4y MO)KHO PEUIUTh TOJIBKO C MOMOUIBIO
MaTeMaTU4YeCKUX HMMUTAIMOHHBIX MOJENeH, M03BO-
JISFOIMX YYecTh BCE MHOrooOpas3ue BIUSIOMMX (akTo-
POB H CIIOXKHOM CTPYKTYPBI HCCIIEIyEMOro Ipoliecca, a
Takke Bcex (a3 mpoekTa u ero napamerpos [1-3].

AHaJIn3 cymecTBYOIMX nyonaukamuii [1-6] B
paMKax OYepueHHOW NpOoOJEeMbl MO3BOJSIET ClENaTh
BBIBOJ O TOM, YTO Ha CErOJHsS HET MaTeMaTHYEeCKHX
MoJIeJIeH IS ONMUCAHUsI MIPOEKTOB JOOBIYM YIJIA C yde-
TOM CTOXaCTHYHOCTU OCHOBHBIX ITPOIIECCOB T'OPHOT'O
MPOU3BOJICTBA (TIOJATOTOBKM M J00bMM yriis). Boib-
LIMHCTBO HCCIIEIOBAHUI CBSI3aHO C aHAIN30M SKOHOMHU-
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YECKOI'0 COCTOSHHSI YTOJIBHBIX HIAXT M COBEPLICHCTBO-
BaHMEM METOIOB MX yNpaBlieHusi 0e3 ydera 0COOEHHO-
CTell OCHOBHBIX IIPOIIECCOB TOPHOTrO IIPOM3BO/ICTBA,
KOTOpBIE U JISKAT B OCHOBE SKOHOMHKH YTIie00bIBaIO-
UMx npennpuatuil [4-6]. Psan uccienosarenbckux pa-
00T TOCBAIIEHHI  BCIIOMOTATENBHBIM  IIpOIECcCaM,
MMEIOIINM CaMOCTOSATENIFHOE 3HAUYEHNE C TOYKH 3PEHUS
YIIPaBJICHUS. COCTOSHHMEM MacCHBa TOpHBIX mopox [7],
wim 0e30MacHOCThIO0 TOpHBIX pador [8]. Bmecre ¢ Tem
mporpamMma pa3BHTHS TOPHBIX Pa0OT SIBISETCS OCHOB-
HBIM HHCTPYMEHTOM ILTAHUPOBAHUSI M YIIPABJICHHS MO~
3eMHOI J100ObIuell yris. YkazaHHas mporpamMva IUIaHH-
pyeTcsi W BBINONHSIETCS B BEChbMa JKECTKHX YCIIOBHSIX
OIpaHMYEHHOCTH MaTEePUAIbHBIX, (PMHAHCOBBIX, TPYHO-
BBIX PECYPCOB U BpeMeHH. Peanu3anus nepcrekTHBHOTO
WIN TEKYLIEro MPOeKTa OTPa0OTKH 3aracoB IIAXTHOT'O
TIOJISI OCYIIECTBISIETCSl Ha (DOHE BBICOKOHM CTENeHU He-
OITPEJIeTICHHOCTH, MOPOXKAAIONIEH 3HAUYUTENbHBIE BHYT-
peHHue pucku npeanpustus. Takum o0pa3oM, Ha cero-
JTHSI OCTAFOTCSI HEPEIICHHBIMU CIIEAYIONIIE IPOOIEMBI:

—Ha CErojiHs HET MaTeMaTH4YeCKOW MOJENHU IIpo-
rpaMMBbI Pa3BUTHS TOPHBIX pabOT Ha YrolbHOMH IIaxTe;

—COCTaBJIEHUE MPOrpaMMbl Pa3BUTHSI TOPHBIX pa-
00T ocymiecTBiseTcs Oe3 ydera HEONpPEAETEeHHOCTEH,
MOPOXKAAIONIMX BBHICOKHE BHYTPEHHHE PUCKU TPEATPH-
SATUSL ~ M3-32  HEJNOCTOBEPHOW  pa3BeNKd  T'OpPHO-
Te0JIOTMYECKUX YCIIOBUH OTPabOTKH 3aIlacoB W, B YacT-
HOCTH, MaJIOAMIUTMTYJAHOW HapyIIEHHOCTH IIaXTHOTO
TIOJISE;

—OTCYTCTBHE MOJIENU HE JaeT BO3MOXXHOCTH HC-
ClIeIoBaTh 4YYBCTBHUTEIBHOCTh MPOEKTA OTPaOOTKH 3a-
MAaCOB M YCTaHOBHUTH (PAKTOPHI, K BapHalMd KOTOPBIX
nporpamMma pa3BHTHS TOPHBIX padoT sIBisETCs Hanbo-
Jiee YSA3BUMOM.

B cBsI3M ¢ 3TUM HeJIBI0 TaHHOW pabOoThI SBISETCS
BbIsSIBJIEHHE (DaKTOPOB, K KOTOPBIM MPOEKT OTPaOOTKH
0JI0Ka LIaXTHOTO TIOJISl YTOJIBHOW IIaXThl MIMEET MaKCH-
MaJBHYI0 YyBCTBHUTEIBHOCTh. [l JOCTIKEHHSI TIO-
CTaBJICHHOH LI HEOOXOMUMO PEIIUTh 3aady paspa-
OOTKM CTOXACTHYECKOW MOJIENIM MPOrpaMMBbl Pa3BHUTHS
TOpHBIX paboT ¥ OOOCHOBAHUSI METOJUKH €€ UCCIIENO-
BaHHS Ha YYBCTBUTEIBHOCTD.

ITocranoBka 3aJa4u U pa3paboTka
CTOXaCTHYECKOI MO/Ie/ N MPOrpaMMblI
Pa3BUTHS TOPHBIX padoT

OCHOBHBIE TIPOLIECCHI TOPHOTO MTPOU3BOJCTBA, KO-
TOPBIMU SBJISIOTCS TIOJITOTOBKA U BEIEMKA 3ar1acoB YT,
BBITIOJTHAIOTCS B BEChbMa CTECHEHHBIX YCIOBMSAX IMOJ-
3eMHOr0 MPOCTPAHCTBA, KOTOPBIE OOYCIOBIMBAIOT TEC-
HYI0 TPUYUHHO-CJIEJICTBEHHYIO 3aBHCUMOCTh OTJEIb-
HBIX ONepalui U TMPOIECCOB MOATOTOBKM M BBIEMKH
yras. Tak, Hampumep, OYMCTHOW WM MPOXOMYECKUN
KOMOaiiH HEBO3MOXHO Ja)X€ pa3BEepHYTh B paboueM

MIPOCTPAHCTBE TOPHON BBIPAOOTKU M ISl IEPEMEIICHHS
KoMOaiiHa B pyroii 3a00i ero pa3ouparoT Ha OJIOKU U
MepeBO3AT IO YacTsAM, a 3aTeM COOMpAaroT Ha HOBOM
MecTe. B CBSI3U ¢ 3THM NOCIIEeI0BAaTEIBHOCTH MPOIIECCOB
TOPHOT'O TIPOU3BOJICTBA IPECTABISIET COOOH JIOTHUECKH
TECHO CBSI3aHHYIO NPUYUHHO-CIIEJICTBEHHYIO CBS3b CO-
OBITHIA, KOTOPBIE MOXKHO ONHMCATh TEPMHUHAMH YCIOBHOU
BEPOSTHOCTH.

Hampumep, ecii TeMITbI IPOXOJIKU KOHBEHEPHOT'O
mrpeka OymyT Hiwke Ha 30% IUTaHUPYEMBIX, TOTIa OYH-
CTHOH 3a00ii OyneT BBEICH B JCHCTBHE C OIO3AaHUEM
Ha 4 Mecsna, B pe3ysibTaTe yero IuiaHoBas 1o0br4a Oy-
ZIeT HeIoBbInoaHeHa Ha 350 Teic TOHH. B 00mmeM Buze
Takas TPUYUHHO-CIEJICTBEHHAs CBSI3b OIUCHIBACTCS
Cpe/cTBaMH MaTeMaTH4ecKux rpagos [7].

I'pad npencrasisier coboli ceTeByt0 MOJENb U CO-
CTOMT U3 COOBITHI MIIM OTAENBHBIX MOMEHTOB BPEMEHH,
KOTOpBIE CBSI3aHBI MEXIy co0oil myramu. CereBas Mo-
JIeNb OYA€T COCTOSITh U3 JIECATKOB, @ TO M COT€H COOBI-
THUIA, KOTOpBIE CBSI3aHBI MEXIy COOOW HarpaBiIeHHBIMH
OT mponuroro k Oyaymemy ayramu. Iloatomy nannyro
MOJIEIb TIPUHSATO UMEHOBATh MYIBTHIPad)oM, KOTOPBIH
SIBIISIETCS  aCUMMETpPHYecKuM (HarpaBieHHbIM). [Ipe-
MMYILECTBO CETEBOM MOJIETH B BUje rpada 3akiarouaer-
Cs B €r0 YHUBEPCAIBHOCTH W TPUTOJHOCTH OIHCATh
MOOYI0 CTPYKTYPY VIpPaBIeHUS] U B3aUMOCBS3H OT-
JIETTbHBIX TIPOIIECCOB U ONEpalHii.

OpuuM U3 HamOosiee BaXKHBIX MAapaMETPOB CETH
SIBIISIETCS  KPUTUYECKUH IyTh, OT KOTOPOrO 3aBUCUT
BpEMsi BBITIOTHEHUS BCETO MPOEKTa WM MPOrpaMMel. B
JTAHHOW paboTe Al HaXOXKACHHSI KPUTUYECKOro MyTH
npuMeneH anroput™m JIx. Kemmu u M. ®umbepra [10-
12]. Beca ayr mynbTHrpada ornpeaessiroTcsi ¢ IoMOUIbIO
CHeLUaIbHO pa3padOTaHHBIX MaTEMAaTHYECKUX MOJie-
neit. J{ns obecriedyeHus] TOCTOBEPHOCTH yKa3aHHBIE MO-
JIeNT CTPOMJIMCh Ha OCHOBAHWHM CTATHCTHYECKOW oOpa-
0OTKH (paKTHYECKHX IIOKazaTenell paboThl MPOXOmde-
CKHUX U JOOBIYHBIX y4acTKoB (puc. 1). Tak Temmsl mon-
TOTOBHUTEJILHOM BBIPAOOTKH HAXOATCS 110 3aBUCUMOCTH

v = voexp(-0,035t) £A, (1

TJIe Vo — Ha4yaJbHasi CKOPOCTh IPOBEICHHS BBIPAOOTKH,
t- BpeMs MPOXOAKH, A — ciydaliHas BapHualus TEMIIOB
MIPOXOJTKH.

HayanbHble TeMIIBI IPOXOAKHU OMPENEISIOTCS TOp-
HO-T€OJIOTUYECKUMHU YCIIOBUSIMHU, a TakKKe IpUMEHsIe-
MOM TEXHHKOW IJIs MPOBEICHHS BHIPAOOTKH, THIIOM H
IJIOTHOCTBIO Kpenu. Kak BuIuUM, TeMIbl MNPOXOAKH
HUMEIOT TPEHAOBYIO U CTOXAaCTHYECKYIO COCTaBIISIONLYIO.

Temnbl 10OBIYM M3 OYMCTHOTO 32005 OIpemess-
FOTCSI COTJIACHO 3aBUCHMOCTHU

d:d() iA] , (2)

rac d() Ij1aHoBas )106]31‘13, paccuuTaHHasA COTJIaCHO
HOpMaTHBHOﬁ MCTOAWKH, Al- Bapuanusa I[OGI)I‘II/I.
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AMITTUTYAa ciay4yaltHOW BapHallii TEMIIOB MpOBe-
JICHHUsI TIOATOTOBUTEIILHBIX BBIPAOOTOK W ITOJBUTAHUS
OYHUCTHBIX 3a00€B HAXOMUTCS IyTEM CaAMILTHHTa TEMITOB
MIPOXOJKU ¥ MOJBUTAHUS JIaB U3 paclpeneieHuil, mapa-
METPbI KOTOPBIX OBUIM YCTaHOBJICHBI HAa OCHOBE CTaTH-
cTrdeckoil 00paboTku akTHueckux HaHHBIX. [IpoBep-
Ka TIOJIYYEHHBIX BBIOOPOK C MOMOIIBI0 KpuTepus ITup-
COHa TOATBEPAMIA, YTO THCTOTPaMMBI BapHaIlid TEM-
OB TTOJATOTOBUTEIBHBIX M OYHUCTHBIX pabOT HE MPOTHU-
BOpEYAT HOPMAJIbHBIM WM YCCUCHHBIM HOPMAJIbHBIM
pacnpeneneHusiM. [Ipu 3TOM BelnWYMHA BapUalyd J0-
ObIYM 3aBHCUT OT aOCOJIOTHOM BEIUYMHBI TOOBIYH
(puc. 2).

[Ipu peanu3anmu MpOUEAYPhl CAMIUIMHTA YYUTHI-
BaJlaCh BO3MO)KHAs KOPPENAIUS MEXKIY OTACIbHBIMU
BXOJHBIMH BeTMYMHAMH. ECIu BXOoIHbIE (haKTOPBI KOp-
PENUPYIOT MEXIY CO0O#, Torna MpUMEHSIETCS CIICAYIO-
i moaxon (puc. 3). IlycTe koppensnus Mexay ¢ax-
TOpaMH CUMMETpHUHas. B 3ToM citydae npu odepeHOM

3aIlyCKe CTOXAaCTHYECKOW MOJENH CiydaiiHOe 3HaYeHUE
(akTopa 1 BeIOMpaeTCs U3 BCETo AMAaIla30Ha Ha TpaduKe
puc. 3,a. 3HaueHue (akropa 2 BEIOMpACTCS U3 IUAIa30-
Ha 1 (To ecTh U3 nuamnasona ot 50 no 135), BeIAENEHHO-
ro (uUrypHoil CkoOKOW COINIacHO pachpeaeneHHio, Io-
Jy4eHHOMY Ha ceuyeHHu rpaduka npu BHIOpaHHOI Be-
mnumnHe (akropa 1. Ha cienyromiem 3arycke cTOXacTu-
YEeCKOM MOJICNIM M3 BCEH IIKAJbI BRIOMPAIOT CIyJaiHOe
3HaueHue (akropa 2 (puc. 3,0), a ciydaiiHOe 3HAUCHHE
¢bakTopa 1 BEIOMpArOT Ha AManazoHe 2 TO €CTh B Ipee-
nax ot 0 go 60.

Takum obOpa3zom, coOmomaercs  (u3UUeCKUit
CMBICIT BO3MOXKHBIX CBsI3eH MEXKIY BXOIHBIMHU (haKTo-
pamu. Hampumep, mpH IOJNOXKHUTENBHON KOPPEISLUH
MeXIy (akTopaMu TpH CIy4allHOM BBIOOpPE Majoro
3HAa4YCHUs TMepBoro (akropa, CIydailHO OTOOpPaHHOE
3HaYCHUE BTOPOro (hakropa Takxke OyJaeT BHIOMPAThCS B
npezieNiax MasibIX BO3MOXKHBIX BeaW4uH. [Ipu orpuua-
TENLHOM KOPPEALUOHHON CBSI3U HA000POT.

300 —— 4 10KHBLIN
A 8- 3 J0KHBIN
250 4+ —2— 2 107KHBII
\ - %= | 109KHBIH
A DKCHOHEHUHMAILHBIN (4 10KHBII
g 200 g * — — DKCIOHEHIMABbHBIN (3 FOKHBIN
= \ — - DKCHOHEHINAIBLHLIN (2 H0KHBIN
= \ y = 198,49¢71
= 150 Pl 4 R=0,60
E A R /4
5 g : : \ v £ 116626977
= 100 = : L S S ey
E | \A_—_!_ =
2 i L m ;
50 a8\ T Fr— Taea
y=117,27¢ 0%
O T T T T T T T T T T T T T T T T T T T T T Rz\:0\452\ T
1 3 5 7 9 11 13 15 17 19 21 23 25

MCCS{HBI C HavaJ1a MpoxXoJaKu
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Puc. 2. 3aBucuMOCTh BapHaIluu J00BIYH OT €¢ a0COTIOTHOM BETUYNHBI
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Puc. 3. Texnuka caMIUIMHra C Y4€TOM KOPPEIALUE MEXIY BXOAHBIMU (pakTopaMu

CroxacTudeckas MOJENb MHOIOKPaTHO 3aIlycKa-
eTcs P OJTHUX U TeX K€ HayaJIbHBIX YCIOBUAX U OJU-
HAKOBOW apXHUTEKType CceTeBoro rpada mnporpamMmbl
pas3BuTHs TOpHBIX padot. [Ipu kaxaoM 3amycke croxac-
THUYECKON MOJIEITM BCE BXOJHBIE BEIUYUHBI OYAYT BBI-
OupaThcs M3 CIyYaiHBIX 3Ha4YeHHWH. B CBs3M ¢ ATUM
peleHusl Ipu KaXKJOM 3aIllycKe MOJENH OyayT OTIIH-
yaTbcs. B pe3ynbraTe mosiBisercs BMECTO OJHOTO KpH-
TUYECKOro ITyTH LIENbIH CIIUCOK Takux myTel. Ilpu aTom
aJTOPUTM IOJICUUTHIBAET YUCIIO MOSABICHUN KaxXa0ro
WHIMBHYAJIILHOTO KPUTHYECKOro ImyTH. [Ipu Gonbiom
YHCIIe 3aITyCKOB CTOXAaCTHYECKOH Monenu (Harpumep,
200 3amycKoB) 4acTOTHI MOSBJICHUI KPUTHUECKHX ITyTeH
MPUOIMKAIOTCS K UX BEPOSITHOCTH, KOTOPBIE U SIBIISIOT-
¢Sl KOJTMYECTBEHHOU MEpOl PUCKOB.

[lar npupameHuss BpeMeHH B Ipoliecce croxac-
TUYECKOTO MOJENHUPOBAaHUS TNPHUHUMAETCd Ha OCHOBE
aBTOKOPPEISIIMOHHOTO aHAIIM3a IMOCYTOYHOH TO0BIYH U
npoxonku. Oxa3anoch, 4TO CYIIECTBYET IOCTOBEpHas
CBA3b MEXJy TEMIIaMU OCHOBHBIX IPOLIECCOB T'OPHOTO
MIPOU3BOJCTBA, MOBTOpsIOLIMXCA yepe3 6-7 cyrok. B
UTOre Iar NpUpallieHus BPEMEHH B INpOLEcce CToXac-
TUYECKOr0 MOJEINPOBAHUS MIPUHUMAIU PaBHBIM 7 CyT-
KaM. B 3ToM cnydae xapakrep Bapuanuu TEMIIOB IIPO-
XOJIKA W JO0OBIYM SIBIISIETCSl CTAOMIIBHBIM U HE 3aBHCHUT
OT BTOPOCTEIIEHHBIX (DaKTOPOB.

Takum oOpazoM mporpaMma pa3BUTHS OA3EMHBIX
TOPHBIX paboT Ha YrOJLHOM MIaXTe ONUCHIBAETCS aHTH-
CUMMETPHYECKUM OPUEHTHUPOBAHHBIM MYJIBTHIPagoM,
Beca JAYT KOTOPOIO OINpPENeNsioTCs CTOXAaCTUYECKOM
MOJIENIBI0, HMMEIoUIed HeCTaIl[MOHAPHYI0 AKCIIOHEHIIU-
aJbHO 3aTYXAIOU[YI0 TPEHAOBYIO COCTABIAIONIYIO U Ba-
PHALIMOHHYIO KOMIIOHEHTY, paclpeieleHue KOTOpoi
COIJIaCyeTCsl ¢ HOpMaJIbHBIM 3aKOHOM, a BEJIMYMHA PUC-
KOB HEBBIITOJTHEHHS [TPOrpaMMBbl TOPHBIX PabOT ompene-
JISeTC CTOXAaCTUUECKUM MOJETMPOBAHUEM C IIIAroM I10
BPEMEHHU PaBHBIM 7 CyTKaM.

Onucanue PE3yJbTaTOB CTOXAaCTUIECCKOI'0
MOAC/IUPOBAHUA

CroxacThyeckoe MOETHPOBAHHWE  MPOTPAMMBbI
pa3BUTHS TOPHBIX pabOT BBIMOJHSUIOCH JJISI TOJOBBIX

MPOrpaMM COBPEMEHHBIX IPOU3BOJMUTENBHBIX YTOJIb-
HbIX maxT JloHOacca. OneHUBAIUCH TOIOBBIC IPOrpaM-
Mol 32 2009, 2010 u 2011 romel. Huwke mpuBonsiTcs B
Ka4yecTBe MpUMepa pe3yNbTaThl MOJECIUPOBAHHS PUCKOB
HEBBIITOJIHEHUSI TONOBBIX mporpamM m/y ITokpoBckoe.
VkazaHHas yroipHas IIaxTa OTpaOaTHIBAET 3amackl
wiacra ds B BecbMa CIIOXKHBIX TOPHO-T€OJIOTHYECKUX
YCIOBHSAX, KOTOPbIE CYIIECTBEHHO IOBBINIAIOT HEOIpe-
JIETICHHOCTh IJIAHUPOBAHUS M YBEIIMYMBAIOT PUCK He-
BBINOJHEHHSI TO/IOBOM IPOrpaMMbl TOPHBIX PaboOT B
LIETIOM.

CereBast MOJIENIb TOPHBIX paboOT cocTouT u3 70 y3-
70B U 112 BeKTOPOB, 0003HAYAIOIINX OT/AEIBHBIE STAIIbI
OCHOBHBIX ITPOU3BOJICTBEHHBIX MPOLIECCOB (TIOATOTOBKY
wim oTpaboTKy 3amacoB). B mporecce MonenmupoBaHust
MOACYUTHIBAETCSl KOJIIMUECTBO peAM3alMi  KpUTHYE-
CKHUX ITyTeH, KOTOpble BO3HHKAIOT IO XOAY MOJEIUpPO-
Banus. Yem cioxsee rpad pabor M 4eM CHJIbHEe Ba-
pUalysi TEMIIOB TOPHBIX pPaboOT, TeM pa3HOOOpa3Hee
CIIEHapUH, KOTOPbIE BO3ZHUKAIOT NPHU CIyYaHHBIX KOM-
OMHALMSIX BO3MOXKHBIX 3HAYEHUH TEMIIOB JOOBIYH H
TIPOXOJKH.

CueHapuil XxapakTepu3yercss KpUTHUECKUM ITyTEM
rpada, KOTOpBIH ONpeeNseTcs B BUAE MOCIEN0BATENb-
HOCTH y370B. KpoMme TOrO, BBIYHCISIOTCS Camble paH-
HHE U cCaMble TIO3[IHUE CPOKHU Havaja U OKOHYAHUS Kax-
JIOM paboThI, a TAKXKE €€ JUINTENBHOCTh B KOXKIOM Yy3JIe
rpada.

Ha ocHOBaHMM MOJYYEHHBIX JAaHHBIX MOXKHO OCY-
LIECTBIISITH JETANILHBIA aHAIN3 BCETO MPOEKTa C YYETOM
BCEX BO3MOXKHBIX HIOAHCOB B KQXKIOM Y3JI€ MJIH BEKTO-
pe. Hmwke mnpuBeneHbl pe3ynbTaThl CTOXaCTHYECKOTO
MOJICTTMPOBAHHUS TIPH UCXOAHBIX YCIOBHAX U OrpaHUye-
HUSIX, KOTOpBIE 00CYKIAJIUCh BHIIIIE.

B pesynmbprare CTOXacTHYECKOTO MOJEIUPOBAHUS
06110 BBIAENEHO 20 BO3MOXKHBIX CIIEHApUEB, NIPU peaju-
3allMl KOTOPBIX KPUTHYECKUH ITyTh MPOeKTa (IIporpam-
MBI pa3BUTHS TOpHBIX padot Ha 2010) nporeraer yepes
ClIefyIONIME  ITOCJIEOBAaTENbHOCTH  Y3JIOB  rpada
(Tabn. 1). B xoHIE KaXIOH CTPOKH yKa3aHa BEpOST-
HOCTh pealM3allud JaHHOTo cueHapus. lIpakTHueckuii
WHTEpEC MPEICTaBISIOT T€ CIEHAPUHU, BEPOSITHOCTh KO-
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TOPBIX 3HAUUTENbHA. B maHHOM aHanmm3e nenecoobpas-
HO NPOaHAIM3UPOBATH CIEHAPUHU, BEPOSATHOCTH KOTO-
peIx npessimaeT 10%.

Tabauma 1
Cnucok ClieHapHeB KPUTHIECKOTO MyTH
Homep
KpUTH- N Beposr-
4eCKOro Kpurueckuii nyrs HOCI?FB, %
IyTH

1 -1-44-44-45-45-46-46-55 29

2 -1-44-44-48-48-49-49-55 17

3 -1-44-44-46-55 13

4 -1-35-35-36-36-37-37-55 8

5 -1-22-22-55 5

6 -1-27-27-28-28-29-29-55 4

7 -1-23-23-24-24-25-25-26-26-55 3

8 -1-44-44-45-44-48-45-46-46-55- 3

48-49-49-55

Hawubornee BeposTHBIE CliEHAPHU peaNn3aliy KpH-
TUYECKOTO IMYTH CBS3aHBI C MOATOTOBKOM 1 10)KHOM Ja-
BbI Osioka 10, KOTOpPYIO OYIYT BBINOIHATH KOHKPETHBIE
Opuranel. C 3TUMHM TOATOTOBUTENBHBIMH paboTamu
cBsA3aHbI cueHapuu 1, 2, u 8. CymMMmapHasi BepOSATHOCTb
yKa3aHHBIX CILieHapueB cocTaBiseT 49%.

IepBerit BexkTop (BekTop Ne75 ¢ y3ma 1 B y3en 44)
B YKa3aHHBIX ILIEMOYKaX IpEICTaBIsieT co0Oi mpoBene-
Hue | IKHOro KoHBeHepHoro mrpeka Omoka 10 mo
TOYKH, C KOTOPOH OyIeT Hape3aThCs MOHTAXKHBIH XOIOK
1 roxHo# naBbl. [IpoBepka mo kpureputo Konmoroposa-
CMupHOBa IOKa3ajia, YTO TUCTOrpaMMa COINIacyeTcs C
HOpPMaJIbHBIM 3aKOHOM pactpezencaus (puc. 4). Cpen-
HAS JUTUTEIBHOCTH 3TOM paboThl cocTaBisieT 45,6+13,4
HEeJIeNU, XOTsI IUTAHUPYETCs €€ BBITOJHUTH 32 6 MecsIeB
uin 24 Henenu. MUHMMANbHAS JUTUTENBHOCTD BBIMOJ-
HEHUSl YKa3aHHOW MOATOTOBUTEIBHOW pPabOThI MOXET
COCTaBUTH 16 HenmeNlb ¢ BEPOSTHOCTHIO He Oonee 2%, a
MakcUMaJsibHasl 75 Henenb ¢ TaKod K€ BEPOSTHOCTHIO.
Hawubonee BeposiTHO MpOBEJECHUE YKa3aHHOTO Y4acTKa
BEIpa0OTKH B TeueHue 35-60 Hesenb, 4TO BUIHO Ha THC-
TOrpaMM€ CPOKOB BBITIOJIHEHUS JIAaHHOW Pa0OThI, MpH-
BeJIeHHOM Ha puc. 4.

Kak criencrBue, BHICOKa BEpOSTHOCTh HEBBITIONHE-
HUSI paboT B CPOK IO MOJTrOTOBKE MOHTa)KHOTO XOKa 1
10KHOH J1aBbI Osioka 10. Dta pabora BXOOHUT B KpUTHYE-
CKHMe TyTU Mo creHapusMm 2, 8, 9, 15, 16 cymmapHas
BEPOSATHOCTh KOTOPBIX cocTaBiseT 28%. Ilpu a3Tom kpu-
TUYECKUM SIBJISIETCS TPOILIECC ITOATOTOBKH XOAKa CO
CTOPOHBI BEHTWISIIIMOHHOTO IITPEKa.

CormocraBiieHHE TPOrHO3a C (PAKTHYECKUM BBIIION-
HEHHEM IPOrpaMMBbl Pa3BUTHSI TOPHBIX PadOT MOKa3aIo
XOpolIee COBIaJeHNE KaK MO OOBEKTaM PHCKOB, TaK M
M0 KOJIMYECTBEHHBIM 3aJiep)KKaM BBIMIOJIHEHUS IPO-
rpaMMBbI pa3BUTHS TOpPHBIX paboT. Pacxoxaenue cpen-
HUX TPOTHO3HBIX CPOKOB U (PAKTUUECKHUX HE TPEBHICHIIA
32%. B pesynbraTe HEBBIIOIHEHUS T'OJOBOW Mporpam-
MBI Pa3BUTHSI TOPHBIX PabOT (hakTHyeckas ceGecTou-

MOCTb YIJIS YBEJIMUMIIACh 110 CPABHEHHIO C IUIAHOBOH Ha
5,6%, a mortepst MpUOBLTH U3-3a HEpeaIU30BaAHHOM NpO-
JyKIUU cocTaBmia 640 MIIH. TpUBEH.
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BepxHue npezensl HHTEPBAJIOB, HEJl.

Puc. 4. 'ucrorpamma cpokoB npoBesieHust 1 F0KHOTO
KOHBeHepHoro mrpeka Onoka 10

Pa3paborka aqaropurma aHajausa
NporpaMMbl pa3BUTHS TOPHBIX padoT
HA YYBCTBUTEJIbHOCTb

OOmias cxema aHajHM3a MPOEKTa Ha YyBCTBUTEIb-
HOCTh K BapHalliM MCXOIHBIX MapamMeTpOB MOJIEIH CO-
crouT B cienyromiem [13-15]. Jng usydeHus 4yBCTBU-
TENILHOCTU MOZETH HEOOXOUMO TOJTyYHTh B KOJIHYECT-
BEHHOM BHJIE €€ PEaKIUIO Ha BapHAIMIO OMpe/IeIeHHO-
ro ¢akropa mpu MPOYMX HCXOAHBIX JaHHBIX. locras-
JIeHHas 3a/la4a YCJIOXKHSIETCSl TEM, YTO MOJIENb SBJISIETCS
CTOXACTUYECKON U 00ecriedeHre NPOYNX PaBHBIX yCIIO-
BUI HE ABJISETCS TPUBUAJIBHOM 3ada4eil.

[pexne Bcero, HEOOXOTUMO ONPENETUTHCS, KaKOH
rapameTp MOJIEJIM MOXKHO CUMTATh HambOosiee mpeicra-
BUTEJIBHBIM C TOYKH 3PEHHs KOJIMYECTBEHHOH peaKiuu
MOJIETIM Ha BapHaIHIo OTAeIbHOrO (hakropa. OnbIT 3KC-
TUTyaTalnuy pa3paboTaHHOW MOJIENH IMoKa3all, YTo B Ka-
YecTBe MCKOMOro Mapamerpa HauOosee IOJXOSIIIM
SIBIISIETCSL BPEMSI OTKJIOHEHHUSI CPOKOB peasiu3aliy Ipo-
€KTa OT 33J]aHHOT'O B MPOrpaMMe Pa3BUTHs TOPHBIX pa-
6or. Kak mokazaHo Bblllle, CPOKH OKOHYAHHUS ITPOCKTa
WIN TPOrpaMMBbl ONPEIEISIOTCS ITyTEM BBISBICHHS
JUTNTENBHOCTH KPUTHYECKHX ITyTEH.

C ofHOM CTOpOHBI HpU peanu3alu NPorpaMMBbI
pa3BUTHS TOPHBIX PabOT KPYITHOH COBPEMEHHOH yroJb-
HOHM IaXThl BEPOSTHOCTh CaMOro JUIMHHOTO KpHTHYE-
CKOro myTH He npeBbimaer 50% 1 He HaMHOT'O OTJIMYa-
€TCsl OT BEPOSITHOCTH ONMKANUIINX KPUTUYECKUX MYyTeH.
C 1pyroil CTOpOHBI NpH peaju3aluyd OONBIION IPO-
rpaMMbl Pa3BHUTHS TOPHBIX pabOT MOXKET BO3HUKAThH
HECKOJIBKO JIECATKOB KpHTHYeCKUX IyTed. OueBHIHO,
410 HanboJee MOIHBIM MapaMeTpOM MOJIETIH OYAET TOT,
KOTOpPBI YUUTHIBAET BCE KPUTUUECKHUE MY TH.

B cBs3u ¢ oTMM B JaHHOW paboTe B KayecTBe
0000IIEHHOTO MapaMeTpa YyBCTBUTEIBHOCTH MPOrpaM-
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MBI Pa3BUTHSI TOPHBIX Pa0OT yroNbHON LIAXThI MPENIo-
KEHO HCIOIb30BAaTh CPEIHEB3BEIICHHYIO BEIUYHMHY
OTKJIOHEHHsI BPEMEHM peau3aliy MPOrpaMMbl C yde-
TOM BCEX MOJYyYEHHBIX €€ KPUTUYECKUX MyTeH.

N
S=>ASp;, 3)
i=l1
rae N — 4iCiIo KPUTHUYECKUX MyTeHd, S — 4yBCTBUTEINb-
HOCTh HpOrpaMMbl, AS; - OTHOCHUTEIBHOE OTKJIOHEHHE
CPOKOB 3aBEpIICHHS MPOEKTa, P; - BEPOITHOCTH 1i-TOTO
KPUTHUYECKOTO ITyTH.

3aMeTuM, 4TO IpU JTIOCPOYHOM 3aBEPLICHHH IPO-
eKTa WIN nporpaMMbl AS; MOXeT oKa3aThCi OTpHUIla-
TENILHBIM, YTO HE MPOTHBOPEUUT (PU3UUECKOMY CMBICTY.
OpHaKO B YCIIOBHSIX KECTKOrO Ae(pHUIUTa PECYPCOB U
BBINOJHEHHSI NPOEKTa Ha BpeMs (2 HE HAa KOHEYHBIH
pe3yabTar [16]) 00OOIICHHBINA MapaMeTp YyBCTBHUTEIIb-
HOCTH TIPOEKTa Bceraa OylIeT UMETh IOJOXKHTEIbHOE
3HAYEHHE.

J1y1s1 BBINONTHEHHSI MCIBITAHUI MPOEKTa Ha YyBCT-
BUTEJIBHOCTh ObLTa pa3paboTaHa Cieayromas Mpoueay-
pa. IIpoBepsiercs Ha YyBCTBUTEIBHOCTh KaXKIbIi Mapa-
MeTp B OTJeibHOCTH. Haumbosee BaKHBIE pe3yNbTaThI
MIPOBEPKH MPOrPaMMBbl Ha YyBCTBUTEIHHOCTh TOYyYaroT
NPY UCIBITAHUW PEAKIMU MPOrpaMMbl Ha BapHaLUIO
BEJIMYMHBI BXOJIHBIX (DaKTOPOB, KOTOpBIE OIPEIEISIIOT
BEJIMYMHY BapHallMU TEMIIOB MPOXOAKH U JOOBIYH, TIPH
W3MEHEHHH 3aKOHOB PacIpelesieHNs] BApHALUH TEMIIOB
TOpPHBIX PabOT, BapHUalMX BEPOSITHOCTH OT/IEIBHBIX BEK-
TOpOB Tpada (OTAENBHBIX PadOT B IpOrpamMMme).

Hamnpumep, npu BecbMa 01aronpHsTHBIX YCIOBHSX
OYHUCTHBIC 3a00M MOT'YT OOCCIICUHUTh YPOBEHb JOOBIUH,
KOTOpBIIl COOTBETCTBYET HOPMATHBHOM Harpy3ke Ha
O4YKCTHO# 3a00ii. Kak npaBuiio, HOpMAaTUBHBINA YPOBEHb
OrpaHHYEH IO TaK Ha3bIBAEMOMY Tra3oBoMy (akTopy,
KOI/la Jlake NP HAJIUYUH Pe3epBOB MOIIHOCTU M TIPO-
W3BOJUTENFHOCTH y MalliH ¥ MEXaHH3MOB HENb3sl JI0-
ObIBaTh yrisl OOJNbIIE JOIMYCTHMOIO KPHUTHYECKOTO KO-
JIMYECTBA, KOT/Ia KOHLIEHTPALHS BBIIEIISIOIEr0Cs B3PhI-
BOOMACHOTO MeTaHa B MOJA3EMHOH atMocdepe NpeBbI-
LIaeT JOIYCTUMBIA YPOBEHb.

BooO1ie Hannune Takux ONaronpusTHBIX YCIOBHIM
JIOCTaTOYHO PEAKO BCTPEUAIOTCS HE TOJBKO Ha YKpauWH-
CKUX, HO W Ha 3apyOeKHBIX YTOJBHBIX HIaXTaxX, O YeM
CBUJIETENBCTBYIOT TIEPHOIMYECKHE KaTacTpOdbl, COMpo-
BOJK/IAIOIINE B3PBIBBI TA30BO3/AYLIHOW Cpelbl C IOCIe-
JIyIOIIEeH THOENBIO AECATKOB, & TO M COTeH Joaeh. Ox-
HaKO NPH BO3HUKHOBEHWHU TAKUX YCJIOBUI TMCTOrpaM-
MBI JIOOBIYM U3 OYHCTHBIX 3200€B MEHSIOT OpMYy, CTa-
HOBSITCSI HECUMMETPUYHBIMH M OOJIbIIIE COOTBETCTBYIOT
JIOTHOPMAJIbHOMY WJIM OSKCIOHEHIHMAJIbHOMY 3aKOHaM.
[Ipn TakoMm M3MEHEHUH OJHOIO U3 OCHOBHBIX Napamer-
POB CTOXaCTHYECKOW MOJIENTN Pe3yJIbTaThl MOJIEIHPOBa-
HUSI HAYMHAIOT CYIIECTBEHHO OTJIMYAThCS OT TEX, KO-

TOpBIE IIOJNYYEHBI MPU CUMMETPUYHOM (B YaCTHOCTH
HOPMAaJIbHOM ) 3aKOHE pacIpe/IeeHusl.

OOecnieueHre MPOYUX PABHBIX YCIOBUH IpH HC-
MIBITAHUM MOJIETI HAa YYBCTBUTEIBHOCTH K OJHOMY U3
UCCIIEeNyeMbIX (aKTOPOB JIOCTHTAETCS YBEITHYCHUEM
yycia uchbelTaHui. IIpu 3ToM 3amaeTcss HECKOIBKO Jie-
TEpMUHUPOBAaHHBIX YpPOBHEH Hcciienyemoro Qakropa, a
Ha Ka)XJOM YPOBHE MOJIENb HCHBITHIBAIOT OMpEIeNeH-
HOE KOJIMYECTBO pa3, KOTOpoe oOeclieunBaeT Moiyde-
HUE YCTOMYMBOH THUCTOTPaMMBbl YYBCTBUTEIHHOCTH.
CoOOTBETCTBUE THCTOIPAMMBI OIpPEIEICHHOMY 3aKOHY
pacripesielieHlsi  ONpENeNsIOT € MOMOLIBI0 KPUTEPHS
Koamoroposa-CmupHoBa.

Jis obecrieueHuss BO3MOXKHOCTH HM3MEHEHUsI Ba-
pHaLUK TEMITOB JOOBIYH U IMPOXOJIKH Ha BXOJE MOJEIH
B 3aBUCHMOCTH OT M3MEHEHUs HCCIeayeMoro (akropa,
OblIa OCYILECTBJICHA JEKOMITO3MIMS OOLIMX pacrpere-
JICHUH TEMIIOB JOOBIYU M MPOXOAKH, KOTOPHIE HCIOJb-
30BJIUCh TP OLIEHKE PUCKA ITPOTrPaMMBI.

[lpu pemieHnu 3agauu JEKOMIIO3MIUM BO3HHKIA
npobJieMa MYJIbTHKOBapUALlUK OT/AEIBHBIX (haKTOpPOB, B
Ka4yecTBe KOTOPBIX ObUIM BHIOpAHBI T€OJIOTHYECKHE Ha-
pYLIEHHs, YPOBEHb TEXHHKH OE€30IaCHOCTH, KOMILIEK-
TalMs OCHOBHBIX IPOQECCHi, MaTepUaIbHO-TEXHHU-
YecKoe CHaOKeHUE U yPOBEHb TEXHUYeCKon 0asbl [5]. B
CBSI3U C 9TUM NIPHUIILUIOCH OTKa3aThCsl OT METOJOB Mate-
MaTHYECKOW CTaTUCTUKU U HCIOJIb30BATh HCKYCCTBEH-
HblE HEHPOHHBIE CETH, KOTOpbIE OBUTH HATPEHUPOBAHBI
Ha 9KCIEePUMEHTAIBHBIX Ha0OpaX JaHHbIX.

HckyccTBeHHass HEMpoHHas CeTh COCTOsUJIa U3
HEWpPOHOB THIIA MEPCENTPOHA (pUC. 5): MECTH BXOIHBIX
(1 - reomormyeckue HapyueHus, 2 - ypoOBeHb TEXHHUKH
0€30IacHOCTH, 3 - KOMIUICKTAIUSA OCHOBHBIX Ipodec-
cuil, 4 - MaTepHaJbHO-TEXHUYECKOE CHAOXKEHUeE,
5 - ypOBEHb TEXHUUYESCKON 0a3bl U 6 - BHEIIHUH (haKTop)
BO BXOJHOM CJIO€, YEThIPEX HEHPOHOB B IPOMEXYTOY-
HOM cIloe | JIBYX HeiipoHoB Ha Bbixoje (11 - Bapuamus
npoxozku, 12 - Bapuanus 1o0ean). B nmpomexyrouHoM
cnoe cornacHo pexkomeHmamusMm [17] B3sTo cpenHee
YHCIIO HEWPOHOB MEXAY YHCIOM BXOJHBIX U BBIXO[-
HBIX. YHCIIEHHBbIE BEJMYMHBI (PaKTOPOB BBIPAYKAIIUCH C
MOMOIIBI0 OaJbHOW IIKalIbl M ONPEICSUIUCH ITyTeM
9KCHepTHON olleHKH. CeTh TPEHHPOBAaJIU Ha HaOOpax
(haKTHYEeCKUX NaHHBIX, ITOJYYEHHBIX HA OCHOBE OIbITA
pabotsl yronpHbIX maxt. [IpoBepka pobacTHOCTH ceTH
MPOU3BOJIMIIACH Ha HE3aBHCHMOM Ha0Ope NaHHBIX, KO-
TOPBIA TP TPEHHUPOBKE CETH HE IMOKas3bBaIU. B pe-
3yJabTaTe Ha BXOJIE MOJAETH YAAJIOCh Pa3JeiuTh OO0
BapHaIMIO TEMIIOB HArpy3Kd Ha COCTaBIISIOIINE, KOTO-
pBI€ 3aBUCENH TOJBKO OT KaXKAOro u3 (hakTopoB B OT-
JIEIBHOCTH.

Ha puc. 6 u 7 nokaszaHsl pe3yabTaThl HCCIEI0BA-
HUHA CTOXAaCTHYECKOW MOJIENH IPOrpaMMBbl Pa3BHTHS
TOPHBIX Pa0OT YTrOJBHOM IIaXTHl HA YyBCTBUTEIHLHOCTD
K Hauboiee CYIIECTBEHHBIM BXOIHBIM (haKToOpam.
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Puc. 5. Ctpykrypa HEHpOHHOM CETH

YpoBeHb TeXHUKH 0€30MacHOCTH

KoMmiexranus 0cHOBHBIX Ipo eccuit

MartepualbHO-TeXHHYECKO e CHaOXKeHne
t

YpoBeHb TeXHHUYECKOH Oa3bl

I'eonornueckue HapymeHus

0 10 20 30 40 50 60
Bapuauns, %
Puc. 6. Pacnpeznenenue Bapuay ATUTETBHOCTU
KPUTUUYECKHX ITyTeH ISl pa3HbIX (paKTOpOB

YpoBeHb TekHHUECKOH Oa3b

{aTepuabHOFTEXHHYE Koe[ cHabKeHne

Kommuiekraijus 0CHORHBIX IPO( hECcnﬁ

YpoBeHb TeXHUKH 6e30nacuo

T'eosnornuegkue HapymeHns |

030 -020 -0,00 000 010 020 030 040 0,50
Kos¢durment perpeccun
Puc. 7. 3nauenue k03(pPUINEHTOB perpeccun
pa3IuuHBIX (HAKTOPOB HA OOOOIICHHBIN MTOKA3aTENb
YYBCTBUTEIBHOCTH MPOrPAMMBI Pa3BUTHS
TOpPHBIX PadoT

Ha puc. 6 BuaHO, 4TO HOpMUpPOBaHHAsI BapHalys 0000-
[IEHHOTO MapameTpa YyBCTBUTENLHOCTH MaKCHMallbHA
i (haKToOpa «reoNIOTMYECKHe HAPYIICHHUs», TPHIEM
ko3 dunmeHT perpeccuu 3Toro (akropa Ha BEIUIHHY
0000IIIEHHOI'0 TapaMeTpa YYBCTBUTEIBHOCTH IOJIOXKH-
teneH u nocruraet 0,46 (puc. 7). OTO CBUIETENBCTBYET

0 TOM, YTO (DAKTOp «MaJIOAMILUIMTY/HBIE TeOoJIOoTHYe-
CKHE HapyILICHUs» UMEeT 0co00e BIUSHUE HA YPOBEHb
PHUCKOB HEBBITIONHEHUS! TIPOTPaMMBI Pa3BUTHUS TOPHBIX
paboT YroJbHOM IMAXTHI.

Ha ocHOBaHMM BBITIONHEHHBIX HCCIIEIOBAHUH aB-
TopaMu paboOTHl pa3paboTaHbl PEKOMEHJAIMU I10 BBI-
TIOJIHEHHIO JTOTIOJTHUTEIBHBIX MPOEKTHO-U3bICKATEIb-
CKUX pPa0OT Ha WMHBECTUIIMOHHOW (ha3ze MpoeKTa JuIst
YTOYHEHHS TEOJOTMYECKHX YCIOBUH OTpabOTKM 3ara-
coB. [Ipu 3TOM 1OKa3aHoO, 4TO JOMOJHUTEIBHbIE 3aTpa-
THI Ha BBIMIOJIHEHHS [TPOEKTHO-U3BICKATENILCKUX PadoT B
Buzie reou3nveckoll A0pa3BeAKH BHIEMOYHBIX y4acT-
KOB COCTaBIISIET BCero 6-8% OT IMOTEHIMAIbHBIX YOBIT-
KOB, BBI3BaHHBIX I1a/ICHUEM YPOBHS TOOBIYM B OYHCT-
HBIX 3a00sIX MpU IepexoJie 30H MaJoaMIUIUTYIHON Ha-
PYLIEHHOCTH.

3akjaoueHue

Pa3paborana u UCTIBITaHAa CTOXaCTHYECKasi MOJIEIb
MPOrpaMMBbI Pa3BUTHS TOPHBIX PabOT YrOJbHOM IIaXThI
B BHUJE aHTUCHUMMETPUYECKOIO OpPHEHTHPOBAHHOTO
MynbTHrpada, Beca Ayr KOTOPOrO ONPEAENSIOTCS CTO-
XaCTHYECKOW MOJIENBI0, WMEIOUIeH HEeCTAlHOHAPHYIO
SKCIIOHEHIIMAIILHO 3aTyXalollyl0 TPEHIOBYIO COCTaB-
JISFOIYI0 M BapHAlIOHHYIO KOMITOHEHTY, pacrpeserne-
HHE KOTOPOH corjlacyercsi ¢ HOpMaJbHBIM 3aKOHOM, a
BEJIMYMHA PUCKOB HEBBIIOIHEHUS MPOrPaMMBI TOPHBIX
paboT ompenenseTcss CTOXaCTUYECKHUM MOJIETIHPOBaHHU-
€M C IIaroM 10 BPEMEHU PaBHBIM 7 CYTKaM.

C moMoIipio pa3paboTaHHONH WMHUTAIMOHHOW MO-
JIeNT  OCYLIECTBIIEHa KOJIMYECTBEHHAs! OIIEHKA PHCKOB
HEBBIITOJIHEHUS TPOrPaMMBbl TOPHBIX Pa0OT Ha YTrOJIbHOM
[IaXT€ ¥ BBIACICHBI KPUTUUECKHE MYTH, KOTOPEIE MMe-
FOT MaKCUMAaJIbHBIN PHCK.

O0ocHoBaH O0OOOIIEHHBIA MapaMeTp 4YyBCTBH-
TENBHOCTU TPOTPAMMBI Pa3BHTHS TOPHBIX pabOT K Ba-
pHaluK BXOAHBIX (haKTOPOB B BUJIE CPEITHEB3BEIICHHOM
BEJIMYMHBI OTKJIOHEHHH CPOKOB KPHUTHYECKUX ITyTEH
CeTeBOil Mojenu OT MIaHOBBIX. C IMOMOIIBIO UCKYCCT-
BEHHOW HEWPOHHOW CETH BBINOJHEHA JIEKOMIO3UIHS
pacripezieieHus BapHalid TEMIIOB OATOTOBUTEIBHBIX
W OYUCTHBIX PabOT, MO3BOJISIONIAS OLIEHHUTH JIOJI0 yda-
CTHS KaXIOro M3 BXOAHBIX (pakTopoB. Paspaborana
METOMKA CTOXaCTHYECKUX UCIBITAHUN MMUTAIMOHHOM
MOJIEIH Ha YyBCTBUTEIBEHOCTD.

YcTaHOBIIEHO, YTO 0N BapHaliy 0OOOIIEHHOTO
rapameTpa YyBCTBUTEILHOCTH CTOXaCTUYECKON MOJIEITH
MpOrpaMMBbl Pa3BUTHUsI TOPHBIX padoT mpessbimaer 50%,
a ko3dduiment perpeccun (hakropa «MayOAMILTUTY/I-
Hasl HapyYIIEHHOCTH» WMEET IIOJIOKHUTENBHBIA 3HaK |
nocruraet 3Hadenus 0,46.
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AOCIKEHHA YYTJIUBOCTI ITIPOI'PAMUA PO3BUTKY I''PHUYHUX POBIT
TA II PU3UKIB B YMOBAX BYT'UIbHOI ITAXTHU

JI.M. 3axapoea, B.B. Hazumxo

Jlis aHanizy 4yTJIMBOCTI ITPOrpaMH PO3BUTKY TipHUYUX POOIT Ha BYTiIbHIN IIaXTi po3po0ieHa CTOXacTHYHA
MOJIeITb, siKa 0a3yeThCS HA OPIEHTOBAHOMY MYJIBTIrpadi, BarW sSIKOr0 OOYHCIIOIOTHCSA 3a JOIMOMOIOK IPOILCAYPH
caMIuTiHra. Bapialiisi BUNaJKOBUX 3HAYCHb TEMITIB OCHOBHHMX IPOIECIB BUIOOYTKY BYTI/UIA OOYHUCITIOBAIACs 3a J0-
ITOMOTOI0 CIIEIiaJIbHO HATPCHOBAHOI MTYYHOI HEHPOHHOI Mepexi. BCTaHOBIIEHO MapaMeTpy BUMAAKOBUX () YHKIIIi
TEMIIIB MiATOTOBKH 1 BUAOOYTKY BYTI/UIA, & TAKOXK JOBEICHA MAaKCUMaIbHA YyTJIHUBICTh MPOCKTY IiI3€MHOIO BYTJIe-
BHIOOYTKY JI0 YHHHHKA MaJIOAMILTITYTHOI HAPYIICHHOCTI.

KirouoBi ciioBa: croxacTU4HE MOJCTIOBAHHSI, YIIPABIIHHA MPOSKTAMU Ta MPOTrpaMaMH, PU3UKH, YYTIUBICTh
MIPOEKTY, HEHPOHHI MEpEexi.

SENSITIVITY INVESTIGATION OF DEVELOPMENT PROGRAM AND MINING RISK AT A COAL MINE
L.N., Zacharova, V.V.Nazimko

A stochastic model has been developed to investigate sensitivity of a coal mining program. This model uses
the mathematical graph having vector weights that were calculated by sampling procedure. Artificial neural network
have been trained to determine stochastic variation of entry driving and longwall advance rates. Parameters of sto-
chastic functions have been found for coal extraction technology. Coal extraction project demonstrates maximum
sensitivity to fault destruction of the coal seams.

Key words: Stochastic simulation, project management, risk, sensitivity, neural network.

3axapoBa Jliogmuiia HukosiaeBHa — acnimpanTka kadeapbl MHHOBAIMOHHOTO MEHEKMEHTA M YIIPaBJICHUS
npoektamu J{OHEIKOoro rocy1apcTBEHHOT0 YHHUBEPCUTETA YIIpaBiIeHus, T. JloHenK.

Ha3zumko Buxtop BukropoBuu — n-p TexH. Hayk, npod. kadenpsl Mapkieiinepckoro nena J{oneunkoro
HAI[MOHAJIFHOTO TEXHHYECKOI'0 YHUBEPCUTETA, T. JJoHenk, e-mail: nvv1952@yandex.ru.



