ABTOpCKa cnpaBKa 3a Hay4HUTe NPUHOCU B CNUCHKa C Nybnukauumum,
npeAcTaBeHU KaTo xabunutaumMoHeH TpyA 3a y4acTue B KOHKYpC 3a
AOLUEeHT B obnacT Ha Buclle obpa3oBaHue 4. [MpupoaHn HayKu,
MaTemMmaTuka n niHpopmaTtmka, npodpecuoHariHo Ha-
npaBneHue 4.6. UHcpbopmaTnka 1 KOMNIOTHPHU HaYKW,
Hay4Ha cneumnanHoct ,MHdopmaTuka“ (MogenunpaHe

Ha CJTIOXXHU CUCTEMMU C roJsisima pa3MepHOCT)

rn. ac. a-p BeHenuH TopopoB

OT cnucbka ¢ nybnvkauumn 3a yyactve B KOHKypca, 8 nybnukauumn ca npeactaBeHu KaTo
xabunuTtauunoHeH Tpya. NpeacraBeHn ca 5 nydnvkaumm ¢ MnakT paHr (2 B npecTuxHaTa
nopeauua American Institute of Physics n 3 B Springer nopeguuata Studies in
Computational Inteligence), egHa B 6a3ata IEEE Xplore n Buguma B Scopus u ouwe 2
cTaTuM, KOMTO He nonagaT B CBETOBHOM3BECTHMTE 6asn gaHHW. TemaTuyHOTO
HanpaeneHve, B KOETO nonagart Te3u nyonvkauum e ,MofenvpaHe Ha CNoXHU CUCTEMU
C ronsma pasMepHoOCT “, @ Hay4YHMUTE MPUHOCK B TAX MOraT fa ce NpeacTaBsaT BbB BUA Ha

MOHOFpa(bMFI CbC ClnegHoTOo 3arnaBsue

CT)BpeMeHHI/I CTOXAaCTHUYIM IMOAX0AH 3a MOJC/IMPAHEC HA
CJI0OKHH CUCTCMHU C 1oJisiMa pasMEPHOCT B €CKOJIOIHATA

1. YBoa

Ona3sBaHeTo Ha OKoNHaTa cpeda Ce HapeXxaa Cpef BoAeluvTe NpUopuTeTy B LS CBAT.
HeobGxogumo e fa ce npoeefat 3aabnboveHn HayYHU U3creaBaHns U aa ce aHanuavpat

npeun3Ho OCHOBHUTE q)I/ISI/I‘-IHVI n XMMUYHN npouecun, npoTndawln npu npeHoca Ha



3aMbpcuUTenK, KakTo U CbMpoBOXAawmTe M TpaHchopmaumn. EddekTuBHOTO
M3NbfHEHME Ha Tasn CrnoXHa 3adaya MW3NCKBa CbBMECTHU [AEWUCTBUS Mexay
crneumanucTn B obnactrta Ha MOA4eNMpPaHeTO Ha MPEHOC Ha 3aMbpPCUTENN BbB Bb3ayLUHa
cpefa, YMCreHns aHanms3 U Hay4yHuTe npecMmaTaHus. Mima mMHoro npegussukaTencrea B
Ta3n obnacT Ha u3cneaBaHus, Tbi KaTto ToBa e 6bone3HeHa Tema 3a o6LecTBOTO, a CbLLO
Taka 1 BaXkeH BbMNPOC 3a cucteMarta Ha 3[paBeonasBaHeTo.

CblLLeCcTBeH A OT CTOXacTUYHUTE MeToam 3a rorieMun 3agaym ce naga Ha MoHte Kaprno
metoauTe [10]. MoHTe Kapno metoamte ca meTogu 3a NpubNMXKeHO nNpecMsiTaHe Ha
peLlleHMeTo Ha 3afaun OT u3vncnuTenHaTa MateMaTtmka Ypes U3nons3saHe Ha CryyYyamHm
npouecu, Kato napameTpute Ha CbOTBETHMS MpoUeC CbBnNaga C peLlleHMeTo Ha
3agadvarta. MeTogbT MOXe Aa rapaHTupa, Ye rpewkaTa npu npubnmxeHoTo npecMsitaHe
Ha HeusBecCcTHaTa BeNUYMHA € Mo-Manka OT 3ajajeHa CTOWMHOCT C onpegerieHa
BeposTHocT. MeToante MoTte Kapno 4yecto ce nsnonssar 3a peliaBaHeTO Ha (PU3NYHN U
MaTemMatuyeckn npobnemMu n ca MHOro NonesHu Nnpu pellaBaHeTo Ha ronemun 3agayw,
Korato € HEeBb3MOXHO WKW HenpakTUYHO M3MOM3BaHEeTO Ha ApYyrn mMaTemaTuyecku
metoan. MoHTe Kapno metoante ca ocobeHo nosniesHu 3a cMMyrnmpaHe Ha siBfieHNs CbC
3Ha4MTENHa HEeCUrypHOCT BbB BxogHaTa MHGOpMaums U cuctemu ¢ ronam bpon Ha -
cTeneHn Ha ceoboaa.

MoHTe Kapno metoguTte gaBaT CTaTUCTUYECKM OLIEHKM 3a (PyHKUMOHaN OT pelleHneTo
npu obpaboTka Ha n3Bagka Ha onpegeneHa cnyyanHa BefiMdmHa, YneTo MaTtemMaTmyecko
OYyakBaHe cbBnaga C TbpceHua QyHkumoHan. MoHTe Kaprno metogute npegnarat
NpOCTOTa Ha KOHCTPYKUMUTE U YeCTO Ce MU3MOon3BaT 3a CMMynauuMsa Ha npouecu, Yneto
noBegeHMe MOXe Aa ce MHTeprnpeTupa caMO B CTaTUCTUYECKM CMUCHS, KakBUTO ca
BXOOHUTE nNapameTpu B MaTemaTudeckus Mopen OonuceBall panevyeH npeHoc Ha
3aMbpcuTENM BbLB Bb3dyxa, B KOWTO nNpeactoM fa ce MNpuroXu aHanuv3 Ha
YyBCTBUTENHOCTTA.

EdektmBHnte MoHTe Kapno wmetoguM wumaT ronsmo 3HayeHWe 3a aHanmsa Ha
YyBCTBUTENHOCTTA Ha rofieMu KOMMTbpHN Mogenu [11]. HacTosweTo nacnensaHe ce
drokycmpa BbpXy MHOIO rofiiM Moer, onucBaLl, NnpeHoca Ha 3aMbpCUTENN BbB Bb3ayXa,
TbI KaTO BUCOKUTE HMBA Ha 3aMbpcsABaHe MoraTt da goBefaT A0 paspyllaBaHe Ha eko-

cuctemMmnTe M ga 3actpawaTt pacteHuATa, XMBOTHUTE N XOopaTa. Te3n 3agayum morar



ycreLHo Aa ce pellat ypes pa3paboTBaHETO M M3NON3BaHETO Ha HageXxaeH anapaT 3a
aHanu3a Ha 4yBCTBMTENIHOCTTa 3a M3ydYaBaHe Ha PasfINYyHW SIBNIEHUS!, CBbP3aHN CbC
3aMbpcsiBAHETO Ha oOkonHata cpeda. OOGMKHOBEHO uM3uMcCnUTENHaTa 3agava,
Bb3HMKBALLM NPU pellaBaHe Ha rofnsiM maTteMaTU4ecku MOAerl, ce XxapakTepusupa C
MHOrO rofisiMa pa3mepHOCT, KaTo TPYAHOCTU OT U3YUCIIUTENEH XapaKTep ce MNosiBsiBarT,
A0OpWU KoraTto NpecMsiTaHusiTa Ce M3BbPLUBAT CbC CbBPEMEHHWM MOLLHMX KOMMOTbPHU
cucteMu. 3a TOBa € U3KIYUTENHO BaXXHO MoAena Aa 6bae onpocTeH, ako € Bb3MOXHO,
KaTo ca MoCTUrHaTU HeoBGXoAMMOTO HMBO HA TOYHOCT W HAAEXAHOCT Ha pe3ynTtaTute,
nonyyeHu ot Mmogerna. EqHa Bb3MOXHOCT 3a MOCTUraHETO Ha Tasw Len e NpeaBapuUTeNHO
Aa ce npoBede aHanusa Ha 4yBcTBUTENHocTTa [21]. Mo pedmHMuMa aHanm3a Ha
YyBCTBUTENHOCTTA [22] e mn3cneaBaHe Kak koneGaHWeTo B U3XOOHWTE CTOMHOCTU Ha
AafeH CNoXeH MoAen UMM cUcCTeEMa MOXe Oa Cce pasnpedeny Mexay pasnuyHuTe
M3TOYHUUM Ha W3MeHeHue cped BxoAHMTe napameTpu [23]. AHanu3a Ha
YyBCTBMTENHOCTTA € CbBPEMEHHA NEpPCMNeKTUBHA TeXHUKa 3a u3crieABaHe Ha ronemwu
cucTeMn KaTo ekonormdyHute cuctemn. OcHOBHaTa waess Ha aHanmMsa Ha
YyBCTBMTENHOCTTA € [Aa OLeHsIBa UMY NPOrHo3npa (4pes KOMMTbPHU CUMMYRauumn Bbpxy
roneMuM martemMaTMyecku MOAenu) Msipkata 3a YyBCTBUTENHOCTTA Ha W3XO4HUTE
pesyntaty Ha Mogena KkbM nepTypbauumte Ha HSAKOM BXOOHWM nNapaMeTpu.
MatemaTnyeckata hOpMynMpoOBKa Ha 3afJadaTa 3a aHanmsa Ha YyBCTBUTENHOCTTa ce

npeacTaBs Ype3 MHOXECTBO OT MHTEerpanu ¢ BUCoka pasMepHOCT.

YHudmumpanuat gatckun Onnepos moaen (UNI-DEM) [28] cumynupa npouecu, CBbp3aHn
C MpeHoca Ha 3amMbpcuUTENU BbB Bb3dyxa, M e pa3paboTeH oT HauuoHanHus gatcku
WHCTUTYT 3a u3cneaBaHe Ha OKoNHaTa cpefa C akTUBHOTO y4yacTue Ha yydeHu oT BAH.
lMpocTpaHcTBEHaTa obnact Ha modena BkroyBa usana Espona, CpeamseMHOMOPUETO,
KakTo 1 4actu ot Asnsa n Adpuka. MogensT npegoctaBa Bb3MOXHOCT 3a u3cnensaHe
BbB BPEMETO Ha KOHLIEHTPALMMUTE HA OCHOBHUTE TUMOBE 3aMbpCcuUTENM (CEPHN N a30THU
CbeaVHEHUs, aMOHSK, aMOHMEBUN WMOHW, a30T, CBOOOAHWM paaukanu, BbINeBogopoau),
KOeTO uMa 3HaveHue 3a ekonormyHata 6e3onacHOCT, CenckoTO CTOMAHCTBO U
3gpaBeonasBaHeTo. M3bpaHmaT matemaTtnyeckm Moaen onucea no agekBaTeH HauyuH

npoTnyawunTe C*)I/I3I/I‘-IHI/1 (a,EI,BeKU,I/IFI, ,El,l/l(by3lllﬂ, geno3nund, spegHuTe eMI/ICI/II/I) N XUMNYHA



npoLiecn, KOUTO CbNPOBOXAAT MpeHoca Ha 3ambpcutenn BbB Bb3gyxa. UNI-DEM e
MOLLHO CPeACcTBO 3a MoJenupaHe Ha Bb3OyLUHOTO 3aMbpcsiBaHe B rnobaneH mawab,
pa3paboTBaH W W3MNON3BaH MnoBeye OT [ABEe [eceTuneTns 3a npecMsiTaHe Ha
KOHLEHTpaumMmMTe Ha ronsiMm 6pon XMMm4yecku BellecTBa (BKIHOYBAMKM BCUMYKM OMACHM
3aMbpcuTENN Ha Bb3ayxa) Hag ronsma reorpadgcka obnact (4800 x 4800 km). B
MaTemaTtuyeckata opMynmMpoBKa Ha Modena ca OTYETEeHU BCUYKM OCHOBHU (PU3NYHU
npouecun (agBekuns, audysus, Aeno3vumsi, EMUCUM N XUMUYHU peakummn). OT gpyra
CTpaHa, 4pe3 TO3M MoAen MoraT ga ce u3cnegsaTt OCHOBHUTE BUOOBE XUMMUYHM
3ambpcutenu  (cynduaHn, asoTHW, aMOHSAYHKW, O30H, CBOOOAHM pagukanu W
Bbrnesofopoan). XUMUYHUTE peakuuMuM WUrpadt USKIIUYUTENHO BaxHa pons B
MaTemMaTmyeckusa mogen. YpaBHeHNATa B MOAena ce CBbp3BaTt B CUCTEMa MMEHHO 4pe3
XMMu4HuUTEe peakumn. OT gpyra cTpaHa, HENIMHEMHOCTTa M CBOWCTBOTO ,TBBbPAOCT" Ha
cuctemaTa OT ypaBHEHUs ce ornpedens OCHOBHO OT MPUCBCTBMETO Ha XUMUYHUTE
npouecn. Cxemarta, koaTo ce usnonaea [29], e CBM IV (Carbon Bond Mechanism) un
BkntouBa 35 3ambpeutenn U 116 XMMUYHKU peakummn (69 3aBUCAT OT BpeMeTo U 47 He
3aBucaT ot BpemeTo). OcHoBHaTa MoTuBauus 3a usbopa Ha T03u Mogen e, 4Ye Ton e eanH

OT MoAenuTe, B KOUTO XMMUYHUTE NPOLIECH ca 3aaaaeHn ONTUMarnHo agekBaTHo.

2. HayyHu npuHocH

Hay4yHuTe npuHocu B ny6nukauuuTe, 3amecTBallM XabunutaumoHeH Tpya, Morar
Aa ce rpynupar B crieAHUTe HanpaBreHus:

* PaspaboTBaHe Ha HOBU CTOXAaCTUYHM MeTOAU (TOUYKOBU MHOXECTBA TUMN
pelleTKa C pasfnUyHU reHepupaw BeKTopu 6asMpaHu Ha ONTUManeH reHepupaty
BEKTOp, BEKTOP OT NOJIMHOMMArHa TpaHchopmupawa pyHKLMA, BEKTop 6a3upaH
Ha obolweHaTa peauua Ha ®uboHaum; moaucMuMpaH aganTUBEH anropuTbM U
MoaucmumpaHa peauua Ha BaH gep KopnyT) 3a aHanus3 Ha YyBCTBUTENTHOCTTA Ha

CII0)XXHa eKOoJiormMyHa cuctema c ronsima pasmepHoct [B1-B4];



* MpunaraHe u cpaBHeHMWe 3a NbPBU NbT Ha CbLECTBYBALMU CTOXAaCTUYHU
MmeToau (KBasucnyvyamHu peavum Ha ®op, XonTtbH M BaH aep KopnyT n naBapka
NaTUHCKU XMNepKyo) 3a aHan13 Ha YYBCTBUTEITHOCTTA Ha eKonronyHus moaen [B7,
B8],

* PazpaboTrBaHe Ha HOB MeToa MoHTe Kapno 3a ronemMu NMHEMHN CUCTEMM,
CpaBHEHMUA C Aocera CbluecTByBallUTe CTOXaCTUYHU NOAXOAMU, U NPUNOXEHUEe 3a

MaTpuLia C BaXHO 3Ha4YeHue Npu ona3BaHeToO Ha OKosHaTa cpeaa [B5, B6].

2.1 PaspaboTBaHe Ha HOBM CTOXaCTU4YHM MeTOAM 3a aHanNM3 Ha

YYBCTBUTEJNTHOCTTA Ha CJIOXXHa eKOoJ1orm4yHa cuctema C rosfisima pasmMmepHoOCT

OcHoBHaTa UeNnl Ha wuscnegBaHuATa, YMMTO pesynTaTu ca onucaHu no-gony, e
paspaboTBaHe W wu3cnegBaHe Ha HOB (KONMYECTBEH) MeXaHW3bM 3a aHanui3 Ha
YyBCTBUTESNHOCTTA Ha CroXHa cuUCTemMa C rofisma pasMpHOCT, OnucBalla paneyeH
NPeHOC Ha 3aMbpcuTENn BbLB Bb3LyXa, KaTo Ce WU3NonsBa ONuUCaHuUAT B yBoAa
maTtemaTuyeckn mogen UNI-DEM. Han-wumpoko nanonssaHute cnocobu 3a aHanusa Ha
YyBCTBUTENHOCTTa Ca MeToAnTe, OCHOBAHW Ha AUCMNEpPCUsATa, Tbi KaTo Te NpegocTaBsaT
Bb3MOXXHOCT HE CaMO 3a KaydeCTBEHa, HO U KOnmM4yecTBeHa Krnacuukaumst Ha BXOgHUTE
napameTpu Ha JafleH MaTeMaTU4ecku Moaen B 3aBMCUMOCT OT CTeNeHTa UM Ha BIUsiHNE
BbpXy u3xogHus pesyntat. EguH oT npunoxenute nogxoaum e metoabT Ha Cobon
[11,24], 4ynaTo ngesa ce CbCTOM B NPECMATAHETO Ha MHOUKATOPWU 3a YyBCTBUTESTHOCTTA,
npeacTaBnsiBallyM YacTHO Ha CbOTBETHMUTE YacTUYHM W NbIHM  gucnepcun. OT
MateMaTuyecka rfiegHa ToYKka, [MPECMSATAHETO Ha YUCNEHUTE WHAOMKATOPU Ha
YyBCTBUTENHOCTTA (MHOEKCU Ha YyBCTBUTENHOCT) Ce cBexaa A0 nNpubnmkeHo
npecmsTaHe Ha MHOromepHu uHTerpanu [11]. C uen HagexgHa WHTepnpeTauus Ha
nonyyeHuTe pesynraTu 3a aHann3 Ha YyBCTBUTENHOCTTA HA MaTemMaTU4eckuTe MoLenu
ce Hanara paspaboTBaHe W npunaraHe Ha eqEKTUBHW CTOXaCTUYHM anropuTMmu 3a
MHOFOMEPHO YUCIIEHO UHTErpupaHe, cbobpaseHo C M34YMCNUTENHUTE 0COBEHOCTU Ha
noanHTerpanHuTe (yHKUMKW, ONUCBALLW pasrfexgaHuTe MaTemaTuyecku mMoaenu, u

XapaKTepucTtnknTe Ha I/l36paHI/1Te noaxoaun 3a aHalnim3 Ha 4yBCTBUTEJTHOCTTA.



Mpeanonara ce [22], Ye MaTemMaTUYECKUAT MOAEN MOXe Aa ce NpeacTaBn Ype3 MoaesHa
dyHkums fo, KOSITO B cryyass onucBa pasnpederieHMeTo Ha KOHLEeHTpauusita Ha
3ambpcuTenuTe B mogena. MwnHata gucnepcust D Ha n3XxoaHUs napaMeTbp Ha Mogena
ce pasnara Ha 4acTM4HUTE AMCMepcuy Mo aHamnorMyeH HayuH Ha pasnaraHeTo Ha
mMozenHaTa dyHkumsa [22]. MbNHUAT MHAEKC Ha YyBCTBUTENHOCTTa S npeacraBnsisa
MsipKa 3a USNOCTHOTO BnuMsiHMe (MbNHUS edekT) Ha AadeH BXOAEH napaMeTbp BbpXy
konebaHuaTa B U3XoOQHWUSI pe3ynTaTt U ce AeduHMpaT Ype3 AUCTIEPCUNTE Ha YCNOBHUTE
oyYakBaHus. Si ce Hapu4ya OCHOBEH eeKT (MHOEKC Ha YyBCTBMTENHOCTTA OT NbPBU pen)
n Si e WHOeKC Ha 4yBCTBUTENHOCTTA OT 2-pu pen (CbOTBETHO [ABYCTPaHHU

B3aMMOOeNCTBUA mMexXxagy CbOTBETHUTE napameTpM).

B nybnukaummte ca onncanun pesyntatute oT NPoBeAEHNA aHann3 Ha YyBCTBUTENHOCTTA
Ha KOHUEHTpaunnTe Ha OCHOBHW 3aMbpCcUTENM BbB Bb3ayXxa (0O30H, aMOHSK, aMOHMEB
cyndatr M amMOHMEB HUTpAT), CUMynMpaHW OT MoAen 3a [JaneyvyeH MpeHoc Ha
3ambpcutenn BbB Bb3gyxa UNI-DEM, cnpamMo HuBaTa Ha 4eTupu rpynu OoT BpedHu
eMucun B pesyntaTt OT YOBeLLKa AeNHOCT — a30TeH OKCuA U Quokcug, cepeH Anokcua,
aMOHSIK, aHTPOMOreHHW BBLIMEBOLOPOAMN, B TPU E€BPOMNEWNCKM rpagjoBe C pPasfvyHo
reorpadocko pasnonoxeHue. CbLLO Taka B nybnukauuuTe ca onucaHun pesyntatute oT
YUCMEHOTO u3crnedBaHe Ha YyBCTBUTENHOCTTA Ha KOHUEHTpauusTa Ha BaXeH
3aMbpcuTEN KaTto 030Ha CNPAMO M3MEHEHMSITa Ha CKOPOCTHUTE KOHCTaHTUM Ha LiecT
npoTMYaLLM XUMUYHW peakumn, onmcaHn B matematudeckms mogen UNI-DEM, c
pasnMyHM NOoAXOAWM 3a aHanu3 Ha 4YyBCTBUTENHOCTTA M anroputMu 3a YUCIEHO
nHTerpupaHe. OT npeaBapuTesiHA N3cnegBaHnsa € yCTaHOBEHO, Y€ CaMO TPU XUMUYHU
peakuun (OBe - 3aBuCeLLM OT BPEMETO U eHa — He3aBKCeLLla) OKa3BaT NO-CbLECTBEHO
BNUAHUE BbPXY KOHLEHTpauunTe Ha O30H. Te3n JaHHM ca M3MNOoN3BaHU 3a HACTOALWOTO
nacnegBaHe. B nbpBusa cnyyanm Ha BpegHW eMUCUM OT YETUPU TPYNU 3aMbpPCUTENN
mMogenHaTta gyHkums fo ce npeactaBs oT 4-MepeH MHTerpasn, a NbfIHUTE MHAOEKCU Ha
YyBCTBUTENHOCTTA U MHAEKCUTE HA YYBCTBUTENHOCT OT MbPBU M BTOPU pea OT 8-MepHM
NHTerpanun. Bbe BTOpUA crnydanm Ha LWEeCT XMMUYHU peakumu, mogenHata dyHkums fo ce

npencraBda OT 6-MepeH UHTEerpan, a nblHUTEe WHOEKCU Ha YYyBCTBUTEITHOCTTa W



WHOEKCUTE Ha YyBCTBUTENHOCT OT MbPBM U BTOPY pef oT 12-MepHu nHterpanu. B nbpeus
crny4yall B YUCINEHWUTE EKCNepuMEHTM € u3cnedBaHa KOHLEHTpauusiTa Ha aMOHSIK B

MwnaHo, a BbB BTOpPUA cnyqa|7| — KOHLUEeHTpauuAaATa Ha O30H B I'eHya.

B [B1] 3a nbpBK NbT 3a aHanM3 Ha YyBCTBUTENHOCTTA € pa3paboTeHO U MPUMOXKEHO
TOYKOBO MHOXECTBO TWM pelleTka C reHepupall BekTop obobueHaTa peguua Ha

durnboHauu.

Mo pedumHMLMA Korato TOYKUTE OT €4HO MHOXECTBO Ca Bb3NMTe Ha UHTEerpaumoHHaTa
peweTka, nonagjawu B obnactta Ha UWHTerpupaHe, noriyyaBame MeTo 3a
anpoKCcUMMpaHe Ha uHTerpana, HapeyeH TeOPeTMKO-YMCIIOB METO 3a UHTerpupaHe Ha
Bb3NUTe Ha MHTerpauuoHHaTa peuweTtka (lattice rule). CxogumocTTa Ha pelueTkaTa
3aBUCK OT n3bopa Ha reHepmpalLmsi BeKTop Z. BeKTOpbT z, 3a KOWTO HEPABEHCTBOTO Ha
Baxsanos [9] e n3anNbnHEHO ce Hapuya 0OOBLP MNK ONTMMAarneH reHepupatily BEKTop, a
HEroBmTe KOMMOHEHTU- ONTUMAarHU kKoeuneHTn B cMnchba Ha Kopobos [18]. N3BecTHM
ca peguua TeopemMu, JOoKa3BallyM CbLUECTBYBAHETO HA ONTUMAITHM FreHepupaLLm BEKTOPW.
TpyaHoOCTTa € B KOHCTyMpaHEeTO Ha Te3n OnTMMalrHu BEKTOpW, 0coBeHo B 3agayun oT
ronama pasmepHocT. OCHOBHaTa uaesa 3a MnoflydaBaHETO Ha onTuMarneH reHepupawy,
BEKTOP Z € CBbp3aHa C TbPCEHETO HAa MMHMMYMa Ha Han-foLlaTa rpeLuka, nony4yeHa npu
WHTErpMpaHeTO Ha TECTOBM DYHKUUK, NPUHAANEeXalwm Ha npeasapuTtenHo gedunHnpaH
Knac. 3a BCMYKM OYHKUMKN OT JafeH Knac ce NpaBu OLEHKa Ha rpelukata OT YMCEHOTO
WHTerpupaHe. Hamupa ce "Han-nowara" oyHKUMA 3a Kraca, B CMUCHI Ha OYHKUMATA, 3a
KOSATO rpelukata OT YUCMEHOTO WHTerpupaHe € MakcumanHa. ToraBa nog [ob6bp
reHepupally BeKTop ce pa3bupa BeKTOpbT, MUHUMU3UPALL rpeLukaTa nofydeHa npu
WHTErpMpaHeTo Ha Haur-nowara yHkums B knaca. CnegoBatenHo MUHUMU3NPAHETO Ha
MaKCMMyMa Ha rpeLukata OT YNCNEHOTO UHTErpMpaHe Boau 4O HaMUpaHe Ha onTuMareH
reHepupaly BEKTOp z. TbpCEeHEeTO Ha ONTMMasHW reHepupawiym BEeKTOpW Mpu BUCOKA
pa3MepHOCT MMa BWUCOKA WU3YMUCNUTENHA TPYAHOCT. M36opbT Ha [OoObp reHepupaly
BEKTOP, KOMTO OO Marsku rpeLlkn npu UHTerpupaHe, He e TpuBuaneH. Manonseat ce
CMNOXHW METOAM OT Teopus Ha YMcnaTa, OCHOBaAHW Ha pasnnYHU KPUTEPUM KaTo MHOEKC
Ha Zaremba n rpeLuka Ha Han-nowara (pyHKUus, onucaHn no rope. YCTaHOBEHO €, Ye 3a

Ao6bp reHepupall BEKTOp € Heobxoammo nHaekca Ha Zaremba ga 6bae mMakcumaneH
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[27]. B oBymMepHusa crniydan onTumMarniHa KOHCTPYKUMSA CbluecTByBa. PaspaboTeHus Tyk
MeTO 3a MPO3MBOSIHA Pa3MEPHOCT U3MNOS3Ba 3a reHepupaly, BEKTOP KOHCTPYKUMATA,
npegnoxeH ot Hua n Wang npe3 1981 r. [14]. NpegumMcTBOTO Ha pelleTkaTa, basmpaHa
Ha obobuweHaTa peguua Ha PuboHaun, e HerHata 6bp3MHa M BUCOKATa TOYHOCT Mpu
MHOFOMEPHM UHTEerpanu oT rnagakM noguMHTerpanHu (GyHKUUMM CbC CPaBHUTESNTHO HUCKA
pa3MepHOCT.

B cbwara ctatmsa e npunoxeHa 3a nMbpBYM MNbT ,3a aHanu3 Ha 4YyBCTBUTESTHOCTTA, U
n3Bagka natuHckm xuneky6 (LHS). B o6wims cnyyan, npy peanvsaummte Ha paBHOMEPHO
pasnpegeneHa criydyariHa BenvymMHa MOXe da ce Habnwogaea CTpynBaHe B OnpeaeneHu
nogobnactm u ToBa Ada AoBede OO0 MNOBULWLIABAHE Ha Aaucnepcudara, TbW KaTo
peanusauuuTe He ca TornkoBa Jobpe paBHOMEPHO pasnpeneneHyn B obnactra, KOfkoTo
ce oYyakBa. 3aToBa M3cregBaHusiTa 3a HamansiBaHe Ha gucnepcusita ca HacovYeHN KbM
KOHTPONMpaHO  pasnpedensHe Ha peanu3aummte B  CbOTBeTHata obnacrt.
KoHcTpyupaHeTo Ha MeToa Ha ,,cnouctata’ uasagka (,,stratified sampling™ ') e pesyntat
oT Te3an ycunusa. CoblUecTBeH HedoCTaTbK MNpUM npunaraHe Ha TO3uW noaxon, €
pasgensHeTo Ha nogobnactn. AKO eHa s-mepHa obnacTt ce pa3bue Ha paBHOMEpPHU
nogobnactn 4pe3 pasgensHe Ha ABE MO BCSKO HarnpasfieHue, ce nonyyasat 25
nogobnactn. B cny4asa Ha ronemmn s 6podaT Ha nogobnactute ps3Ko HapacTBa, KOETO
orpaHuyaBa CUHO nsbopa Ha pa3MepHOCT Ha criydyarHaTta ussagka. Toau npobnem ce
npeogonssam OT M3BagKkaTa flaTUHCKM XUNepKyd, uanonsesaHa 3a nbpBu NbT B [20].
M3Bagkata "natmHckn xmnepkyb" e cneuwaneH sBug "crnoucrta nssagka". B oBymepHus
cnyyanm KeagpaTtHa mpexa e "natuHckun" kBagpaT, ToraBa M caMo ToraBa, Korato BbB
BCEKM pen W cTbnb Ha kBagpaT nonaga camMO efHa peanu3auus Ha cnyyYanHaTa
BeNuYKnHa. Tasm KoOHUrypaumsi CbOTBETCTBA Ha LaxMaTHa ObCKa, B KOATO TONOBETE ca
pPa3nonoXeHn Taka, Ye HUTO eauH He 3acTpawasa agpyr. "llatuHkn" xunepkyb e
0600LeHne Ha Tasu KOHUenuusa 3a NPOU3BOSIHA Pas3MepHOCT. Tasn TEXHWKa M3MCKBa
TOYHO MO edHa cryvamHa Todka BbB BCska nogobnact, ToBa CBOWCTBO € e4HO OT
OCHOBHUTE NpeaguMCTBa Ha n3BagkaTta "natmcku" xmnepkyo.

Peaouuunte Ha Cobon (1967) [25] ca moxe 6y Han-nonynspHuTe peavun B kBasu-MoHTe
Kapno metogute. B peauua cpaBHeHWs Ha KadecTBaTa Ha paBHOMEPHO pa3snpeneneHuTe

peavum Te ce okasBat Har-gobpu nunu namexay Ham-gobpute. 3atoBa B Ta3u U HAKOU OT



cnegpawmTte nybnuvkauMmM Te ca LUMPOKO M3MNON3BaHW M € HanpaBeHO CpaBHEHWE C
ocTaHanuTe CTOXaCTUYHWU NOAXO0AW, NOBEYETO OT KOUTO ce npurnaraT 3a MbpBU NbT KbM
aHanusa Ha YyBTBMTENHOCTTa Ha MoJena.

B n3cnegBaHeTo ca NpunNoXXeHn u Tpy ONTUMarnHu 3a OnpeaerneHmn Knacose oT PyHKUMK
anroputmMm  MoHTe Kapno 3a MHOMOMEPHO YUCMNEHO WHTerpupaHe, W3nonssalum
‘namecteHn” keasucnyyYamHun peguum Ha Cobon. Wpesata Ha anroputMuTte €
OpUrMHaNHUTE KBasucrydyanHn Todkm Ha Cobon ga 6baaT ,M3MecTeHn” Ha 4OCTaTbYyHO
Marnko pa3cTosiHMe (paguyc), Taka Ye HoBaTa TOYKa (KOATO € NCeBAOCNyYanHa) Aa nexm
B CbLUNSA enieMeHTapeH noguHTepBar, KakTo U opyrMHanHaTa KBasucinyyamHa Touka, 3a
Aa ce 3anasy paBHOMepHaTa pasnpefeneHocT Ha TodkuTe. M3mecTBaHeTo* ce
peanuaupa Kato nceBaocnyyanHata Tovka e m3bpaHa (paBHOMEPHO pasnpeaeneHa)
BbpXY cheparta C LEeHTbp CbOTBETHATa KBasuCnydamHa Touyka oT peguuarta Ha Cobon.
HanpaBeHO e cpaBHeHWe C pesyntaTtute, norydeHn ¢ sedve onmucaHute MoHTe Kapno
anropuTMu, U3Non3eaLimn cneumanHo n3bpaHy TOYKOBU MHOXECTBA - M3BaKa “naTtuMHCKM
xunepky6” n obobueHa peanua Ha dPnboHauM, KOUTO ca NPUNOXKEHN 3a MBbPBU MbT 3a
eKonornyHms mogen. AnropuTMUTE Ca  YCNEewWHO MPUNOXEeHN 3a NpubnmKeHoTo
npecmaTaHe Ha rnobanHute wuHaekcn [24] Ha JyBcTBUTENHoctTa Ha Cobon 3a

KOHKpeTHaTa 3aJava.

B [B2] 3a aHanu3a Ha 4yBCTBUTENHOCTTA ca pa3paboTeHn TOYKOBU MHOXECTBA TUI
peweTKn ¢ pasnuyHn reHepupawmn Bektopn. PaspaboTeHun ca 3 peweTkn ¢ 3 pasnnyHm
reHepupalum BekTopa. [bpBata pelleTka nsnonssa reHepupatll Bektop obobuieHaTa
peouua Ha ®unboHaun, onmucaH no-rope. BTopaTta pelweTka M3nonsBa MHOrOMepeH
reHepupaLl, BEKTOp nosfy4eH no Metoaa Ha 6bp3aTa KOHCTPyKLUMs, pa3paboTteH B [17]. 3a
TO3W BEKTOp € JoKasaHo B [17], 4e e onTuManeH reHeHpmpall BEKTOP 3a pasrnexaaHus
knac 3agauyn. TpeTaTa pelueTka M3MNon3Ba reHepupall BEKTOp OT MNOoSIMHOMUanHa
dyHKUMA ¢ BUEKTUBHM CBOMCTBA. HanpaBeHo e cpaBHeHME Mexay peavuarta Ha XOonThbH
n kBasn-MoHte Kapno metogu, 6asvpaHum Ha TOYKOBM MHOXECTa OT TWUM pelueTka C
pas3nnyHM FeHepupawmn BEKTOpM 3a MnpecMmsaATaHe Ha MbfHUTE WHOEKCU Ha
YyBCTBUTENHOCTTA. TOBa € eauH OT MbpBUTE MbTU, B KOUTO peauuaTta Ha XONTbH €

NPUNoXXeHa 3a CroXHaTa cucTema c rornsgima pa3amMmepHoCT, 3aeHO C oLLe ABe nybnvkauum



oT ABTopckaTta cnpaBka [I'3 u '4]. PegnuaTta Ha XonTbH € eaHa OT Han-nonynspHUTe
peavum ¢ HUCHK auckpenaHc. Ts e BbBeaeHa 3a nbpsu nbT npes 1960 r. [16] n e npumep
3a KBasucnydanmHa nocnegoBaTenHocT OT uucna. Pegnuute Ha XonTbH obobuiasaT
efiHOMepHUTe nocrnegoBaTenHocT Ha BaH aep Kopnyt [26]. Peguuata Ha XONTbH €
KOHCTpyMpaHa CbrfiacHO MeTOA, KOMTO W3MNoni3Ba KaTto OCHOBU OTHOCUTENHO MPOCTU
(coprime) uucna. Cnopepn o4yakBaHaTO 3a MHAEKCUMTE Ha YyBCTBUMTEHOCT, TOYKOBOTO
MHOXeCTBO, 6asupaHo Ha ob6obuwieHaTta peguua Ha OuboHaum OT CcbOTBETHaTa
pasMepHOCT faBa Han-gobpu pesyntatu 3a 4 u 6-mepHUTE UHTerpanu. 3a 8 n 12-
MEPHUTE UHTEerpanu Ham-gobpwu pesynTtaTu AaBa CTOXaCTUYHUS METOA C OonTUMarneH
reHepupall BEKTOP Nosly4yeH no meTtoda Ha 6bp3ata KOHCTPYKLUUS, KOUTO MMa ONTUMarneH
nopsiAbK Ha CXOOMMOCT 3a pasrnexaaHust Knac yHkumm. TpeTusa ctoxacTudeH MeToa,
OCHOBaH Ha creumaneH reHepupalw, BekTop, ©6asvpaH Ha TpaHchopmupalla
nofivHoMmnanHa OyHKUMSA, ce oKasBa Mo HETOYEeH OT peauuaTta Ha XOnTbH 3a BUCOKU

pa3MepHOCTU Ha NoaMHTerpanHaTa yHKUMS 1 ce Bnusie OT rMaakocTTa Ha PyHKUMsATA.

B [B3] e HanpaBeHO npubnmxeHo MpecMaATaHe Ha NbHUTE MWMHAOEKCUM Ha
YyBCTBUTENHOCTTa NOCPEACTBOM MoANdULMpaH aganTMBeH anroputbM. M3BecTHO e, Ye
afanTUBHUTE anropuTMn ca ocobeHO HagexaHu N edPEeKTUBHU NPU UHTErpupaHeTo Ha
noguHTErpanHn yHKUUN C U34YUCANTENHN OCOBEHOCTU, KaTO CbLUECTBYBAT PasfvyHK
agantusHun anroputMmn MoHTe Kapno B 3aBUMCMMOCT OT cTpaTernara 3a agantupaHe.
PaspaboteHa e moaudumkauus Ha agjanTMBHUS anroputbMm, msnons3eaH B [12,17].
CobluecTByBaT pasfnUYHM MNOOXOOU MPU KOHCTPYMpaHETO Ha ajanTUBHW arropuTtMu
MoHTe Kapno. PeanuampaHuaT TyK aganTMBEH anropuTbM He M3nonsBa HUKaksa
npegBaputenHa wHgopmauna 3a rnagkoctTta Ha noguHTerpanHaTta gyHKUus, HO
n3nonsea anoctepuvopHa uHopmauus 3a aucnepcuata. OcHoBHaTa wuges e
KOHUEHTpMpaHe Ha cryyYyanHu TOYkM B nogobractute, B KOMTO AUcnepcusita € ronama
(no oTHOWeEHMe Ha npeaBapuTENHO 3agafeHa TOYHOCT), T.e. NOAXOAbT Ce OCHOBaBa Ha
PEKYPCMBHO pasgensHe Ha obnacTra, M3non3Banky anocTepuopHa WHgopmauus 3a
rpewikara npuv TekywoTo pasgensHe. ARMropyTbMbT 3anoyBa C pasgensHe Ha
WHTepBanuTe MO BCUYKM HanpasfeHus Ha M noguHTepBana, kato M e 3agageHo kaTo

BxoOslW, napameTbp. [py pasnuuHM CTOMHOCTM Ha napamMeTbpa M ce nonyyaea
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Moandukaums Ha OCHOBHUS anropuTbM. BbB Bcska nogobnacT ce npecmsaTa CTOMHOCTTa
Ha CbOTBETHMS uWHTerpan m gucnepcusata. Cnen ToBa nofnydyeHata aucnepcus ce
CpaBHsIBa C npegBapuTenHo 3agjageHa cTonHocT. [lonydeHata wuwHdopmauusa ce
N3MNon3Ba 3a CriegBalloTo CrbCTABaHe, Thbi KaTo NogobnacTTa ¢ Han-ronsiMo CTaHgapTHO
OTKIOHEHWE ce pasgenss Ha 25 HoBu nogobnactu. AnropuTbMbT cnvpa, Korato
CTaHOAPTHOTO OTKMOHEHME BbB BCUYKW, MOSyYEHU crnen AeneHveto nogobnacrtu, e
AocTurHata npefBapuTenHo 3agageHata  TOYHOCT (Mnn  koraTo e  [ocTurHat
npenBapuTeNnHO 3agageH MakcumarneH 6pon Ha nogobnactute, B KOUTO HE € U3MbIIHEH
CTOM-KPUTEPUAT, UNN Ha HMBATa Ha pasgensaHe). Taka ce nonyyaea eaHoO NpUbAmxeHne
Ha wuHTerpana ¢ noaxon MoHTe Kapno. HanpaseHn ca cpaBHeHUSs C TOYKOBOTO
MHOXECTBO TUN pelleTka, 6asmpaHo Ha obobueHaTa peanua Ha PuboHaum n n3BagkaTa
NaTUHCKM Xnnepky6. 3a HUCKN pa3MepHOCTU Hal- ePEKTUBHO € TOYKOBOTO MHOXECTBO C
reHepupaly BekTop obobuieHaTta peavua Ha PuboHaum, a 3a BMCOKM Pa3MEPHOCTU
ajanTMBHUSA NOLXOA MoKasBa nNpeaMMcTBO npen pewetkatra Ha PuboHaum c 3-4
nopsiagbka no-gobpa OTHOCUTENHa rpelwka M u3Bagkata NaTUHCKU xunepkyd c 1-2

nopaabKa I'IO-D,O6pa OTHOCUTESIHA rpellka 3a MHOEeKCUTE Ha YyBCTBUTEJTHOCT.

B [B4] 3a nbpBM NbT 3a aHaNM3 Ha YyBCTBUTENHOCTA Ha MOJenNa e NpunoxeHa peavuarta
Ha BaH aep KopnyT. 3a nbpBM MNbT € HanpaBeHO CpaBHEHWE Ha Ta3n peamua ¢ TOYKOBO
MHOXeCTBO TUN pelleTka, 6asnpaHo Ha obobuieHaTa peguua Ha dnuboHaun 1 n3Bagka
naTuMHCKM xunepky®. 3a NbpB NbT 3a aHanu3 Ha 4YyBCTBUTESNHOCTTA Ha Mopaena e
paspaboteHa moguduumpaHa peguua Ha BaH aep Kopnyt npu ocHoBa 3. Metogute ca
N3Mnon3BaHu B NPOYYBAHETO 3a aHanNn3 Ha YyBCTBUTENHOCTTA Ha pe3yntaTute ot u3xoaa
Ha Oatckua OnnepoB mMoaen 3a HAKOW 3aMbpCUTENU Ha Bb3gyxa NO OTHOLUEHWE Ha
HMBaTa Ha BPeAHW E€MUCUN U HAKOW CKOPOCTHM KOHCTAHTU Ha XMMWYHU peakuum.
Penvuata Ha BaH gep KopnyT e npumep 3a Han-npoctata eqHOMEPHa peauua ¢ HUCHK
AncKpenaHc, onncaHa 3a npbe NbT npe3 1935 [26] oT xonaHACKNA MaTeMaTuk BaH aep
Kopnyt. Peguuata Ha BaH gep KopnyT 4yecTto ce u3nonsBa 3a reHepupaHe Ha
nocrnegoBaTenHOCT OT  TOYKM, KOUTO uMmaT no-gobpa CXOAMMOCT  OTKOJIKOTO

I'ICGBD,OCJ'I)”—IGI?IHI/ITG Touku. [locnegoBaTenHocTTa Ha BaH aep KOpI'IyT reHepupa
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nocnepgosaTenHoct oT Todkn B [0,1] KoeTo HuMKora He ce nosTaps. EnemeHTuTe Ha
nocnegosaTenHocTTa Ha BaH aep KopnyT ca ctporo no-manko ot 1. [NbpBOHavyanHaTa
peouua Ha BaH gep KopnyT 3anucBa UAno 4YnMcno B OCHoBa 2, HO morat ga 6vaar
nosiyyeHn moaudumkaumm Ha peguuaTa npu no-rofiiMa ocHoea. Peguuata e ycnewHo
npunoXxeHa 3a nsymcnaBaHe Ha rnobanHuTe nHOeKkcu Ha vyBcTBuTenHocTTa Ha Cobon,
CbOTBETCTBALLM HA BIIMSHMETO Ha HHAKOMKO BXOAHW napameTbpa (LWeCT CKOPOCTHU
KOHCTaHTU Ha XUMWUYHU peakumm N YeTUPU pPasfUyHU TPpynu 3aMbpcuTenn) BbpPXY
KOHUEHTpauMmTe Ha BaXXHW 3aMbpcuTeNnn Ha Bb3ayxa. YucrneHute ekcrnepuMeHTU
nokaseart, 4e pasrnexgaHute peguum Ha Ban pgep KopnyT ca edekTuBHM 3a
pasrnexgaHute MHOrOMEpPHW WHTerpany n ocobeHO 3a M3yucnsgBaHe Ha Marnkum no
CTOMHOCT WHAEKCU Ha YyBCTBUTENMHOCT. [loKaTO 3a HWUCKM pa3MepHOCTUM TOYKOBOTO
MHOXeCTBO C reHepupLL, BeKTop obolleHaTta peguua Ha PrnboHaum nma npegumcTBo, 3a
BMCOKM pasMepHOCTU peaumuaTa Ha BaH gep KopnyT noctura no-gobpa oTHocuTernHa
rpewka u OT TOYKOBOTO MHOXECTBO, M O6nu3km pesyntatm C m3BagkaTa JlaTUHCKK

Xnnepkyo.

2.2 I1pv|nara|-|e n CpaBHeHMe 3a NbPBU NBT Ha CblUeCTByBalln CTOXaCTUYHU

mMeToAM 3a aHarin3 Ha YyBCTBUTEJTHOCTTA,

B [B7] 3a nbpBM NbT € HanpaBeHO € NPUbNmKeHo NpecMsiTaHe Ha NbJIHUTE UHOEKCU Ha
YyBCTBMTENHOCTTA MOCPEACTBOM TPUTE HaW LUMPOKO M3MOM3BaHW KBasucriyvyanHarta
peunum Ha Cobon, XontbH n dop. Te3n Tpu peavum HuUKora gocera He ca Gunu
CpaBHSAABaHM MpuW aHanuM3 Ha YyBCTBUTESTHOCT Ha KOHKPETHUS MOAeN M ToBa MOTMBMpa
HacTosLWOoTO n3cnensaHe. PegnuaTta Ha ®op e KOHCTpyMpaHa 3a NbpBu NbT npe3 1982
[15] 1 3a nbpBM NBT Ce Npunara 3a aHanuM3 Ha YyBCTBMTENHOCTTa Ha Moaena, 3aefHo C
nybnukaumsa [[2] oT cnucbka No KoHKypca. Peguuata Ha ®op e kaTo peauuata Ha
XOnTbH, HO M3M0M3Ba cCaMO €4Ha OCHOBA 3a BCUMYKM PasMepHOCTU, KaTO OCHOBAaTa € Hau-
MasnkoTo NPOCTO YMCIO, KOETO € MO-rofisiMO UM paBHO Ha Bpos Ha n3MmepeHuaTa (Unu 2
3a egHOMepHa 3agadva). 3a aHanu3a Ha YyBCTBUTEITHOCTTa € U3MOM3BaHO U TOYKOBOTO

MHOXECTBO C OnTMMarieH reHepupaly, BeKTop, onncaH B [19]. B HAKou criydyan Ha marku
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NO CTOMHOCT WHOEKCM Ha YyBCTBUTENHOCT TOYKOBOTO MHOXECTBO C OMTMMareH
reHepupaly BEKTOp AaBa no-gobpwu pesynrtaTtu OT KBasucnyvanHata peguua Ha Coborn.
3a ronemuTe NO-CTOMHOCT MHAEKCU Ha YyBCTBUTENHOCT TOYKOBOTO MHOXECTBO NOKa3Ba
noYTn BMHarM no-gobpa oTHOCUTENHa rpelwwka ot peguuaTta Ha Cobon. Peguuarta Ha
XONTbH AaBa C eavH NOpsiAbK No-fiowla OTHOCUTESNHA rpellka oT peauuaTta Ha Cobon.
Peounuata Ha ®op faBa HeHaZeXOHW pes3ynTaTh 3a MarkuTe Nno-CTOMHOCT MHAEKCU Ha
4YyBCTBUTENHOCTTA, KaTo pe3yntaTtuTe ca fowun Aopu B Ciydas Ha ronemm no CTOMHOCT
WHOEKCU Ha 4YyBCTBMTENHOCT, NpeacTaBeHuM OT 12-mepHu wuHTerpanu. [lpoBeneHus
aHanmsa Ha YyBCTBMTENHOCTTA CE OYakBa Aa MMa WU3KMIYUTENHO BakHa ABYCTpaHHa
ponsi: 3a TecTBaHe W NogobpsiBaHe Ha MaTemMaTU4YecKUTe MOAENWU, U 3a HagexaHa

MHTEepnpeTaumnd Ha YncrieHnTe pe3yntat OT CTpaHa Ha CbOTBETHUTE cneynarimcTtuTe.

B [B8] e HanpaBeHO cpaBHeEHME MeXaY TOYKOBO MHOXECTBA TUM PeLLeTKN C ONTUMarnHus
reHepupaLy BEKTOP, TOYKOBO MHOXECTBO TUIM PELLETKA C reHepupall BekTop obobuieHaTta
peavua Ha ®uboHaum n kBasucrnydyamHata peguua Ha Cobon. [lokasaHo e, 4e
reHepupalLmsi BEeKTOp MNosfy4yeH no meToga Ha Obp3aTa KOHCTPYKUMS MMa NpeanmcTBO
cnpsiMo reHepupawms Bektop 6asmpaH Ha obobueHaTta peavua Ha PuboHaum oOT
CbOTBETHaTa pa3MepHOCT. HanpaBeHn ca cpaBHEHUS M C KBa3ucny4yarnHaTta peavua Ha
Cobon. PasrnegaHm ca MHOMOMEPHM MHTErpanm C HUCKa WU BUCOKA pPasMepHOCT,
cboTBeTHO 4,10 1M 25-MepHU, KOUTO HamupaT MNPUIOXKEHWE NpPU MPEecMSATaHEeTO Ha
YUCNEHUTE NHONKATOPWU HA YyBCTBUTENHOCTTA Ha CITOXXHWN EKONOrMYHM CUCTEMM C ronisimMa
pasMepHocCT. [JokaTo 3a 4-MepHUs MHTEerpan TOYKOBOTO MHOXECTBO C reHepupalums
BekTop obouwleHaTa peguua Ha PuboHaum nocTtura manko no-gobpa oTHocuTernHa
rpewka OT Ta3uM Ha onTUManHusa reHepupall, Bektop, 3a 10 u 25-mepHust uHTerpan
OTHOCUTENHAaTa rpeLuka, nosyyeHa ¢ TO4KOBOTO MHOXECTBO 6a3mpaHO Ha onTuMarnHus
reHepupL, BEKTOp MpeBb3XOXAa OTHOCUTENHATa rpelka MoflydeHa C TOYKOBOTO
MHOXecCcTBO 6a3vpaHo Ha obobuieHaTa peguua Ha PuboHaunm c 2 nopsiabka u
KBasucnyvamHata peguua Ha Cobon ¢ 1 nopsabK, KOETO AeMOHCTpUpa npegMMmcraeaTta

Ha onTuMalriHuA reHepupall, BEKTOp 3a CIoXXHU CUCTEMU C roJidaMa Pp3MEPHOCT.
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2.3 PaspaborBaHe Ha HoB MeToa MoHTe Kapno 3a nuHeMHM cuctemm C

NMPUNoOXeHNs B eKoJNlornAaTa

PaspaboteH e HoB meToa MoHTe Kapno 3a pewwaBaHe Ha CUCTEMU OT JIMHEWNHMU
anrebpuyHn ypasHeHus (IWE). Hosus anroputbm MoHTe Kapno 3a pewaBaHe Ha
nuHerHn cuctemmn oT Buaa Bx=f, e peanusaupaH Ha GasaTa Ha meToAda ,,CryvaniHO
onyxgaeHe no ypasHeHuata“ (WE) Ha nuenHata cuctema, paspaboteH B [13] C
n3noni3aBaHe Ha AuckpeTHa Bepura Ha Mapkos. MatpuuaTta B n gscHata yacTt f ca
HOpPMUpPaHK, 3a [a Ce YCKOpU CXOOUMOCTTa Ha CToxacTuyHus npouec. OedwuHunpame
nUTepaumMoHHaTa maTpuua Ha anroputbMa kato A=I-Db, n cuctemata ce npeacrtaBsa BbB
Bnoa x=Ax+b, kbgeto b=Df n D e pguaroHanHTa maTtpuua. ToraBa aecuHupame
penakcauMoHHUA napaMeTbp kato g=di X bi, KbaeTo di ca enemMeHTUTE Ha AMaroHanHaTa
matpuua D n bii ca guaroHanHuTe enemMeHT Ha MaTpuuaTta B. HanpaseH e ontumaneH
n360op Ha penakcaumMoHHNA NapaMeTbp, KOeTo BOAM A0 BanaHcupaHe Ha uTepaynoHHaTa
MaTtpuua 1 0O NoBuMLIaBaHe Ha TOMHOCTTa Ha anropuTbma. NMNopagn peanunsaumsTta cu,
MeToabT € B NbTu no-6bp3 ot MoHTe Kapno metoga WE, kato ekcnepumeHTuTe
nokassat M NpPeguMMCTBO MO OTHOLIEHWE Ha TOYHOCTTA, KOeTO ce Buxaa ocobeHo 3a
MaTpuum C roriima pasmepHoCT. HoBMAT MeTo nocTura MHOro no-gobpa TOYHOCT 3a no-
Marko BpeMe 1 no-manbk 6pon oTHanpe 3agageHy ntepauumn. MetoabT MOXe yCMNeLHo
Aa ce KOHKypupa C rpagueHTHUTEe MeToau, KaTo cbluecTByBaT maTpuumn kato NOS4, 3a
konto mMetoabT MoHTe Kapno e no-gobbp OT MeToga Ha crnperHatusi rpagueHT.
HanpaBeHO e cpaBHeHWe CbC CTaHAapTHUA padpuHupaH metod MoHte Kapro [10] 3a
NMUHENHN cuctemn Kn ¢ opurnHanHua metogq WE, kato nonydeHuTe pesyntatim
yTBbpXaaBaT HoBus meToq MoHTe Kapno kaTto eamH oT Han-gobpe n3BecTHUTE METOAM
MoHTe Kapno 3a nuHenHun cuctemu. bnarogjapeHwe Ha HanpaBeHUTe onTUMM3auun
HOBUAT MeToA AaBa MHOro no-gobpwu pesyntatu u oT padpuHupanusa [10] metoq MoHTe
Kapno n e yctaHOBEH KaTo eanH OT Han-6bp3nTe n TouHn anroputMmmn MoHTe Kaprno 3a
pelaBaHe Ha cucTemMu OT NUHEWHW anrebpuyHn ypaBHeHus. Matpuuata NOS4 [30]

urpae BaxHa posid 3a MoAgefnimpaHeTo Ha NPeHOCU Ha 3aMbpCcUTESIM BbB Bb3ayXa U
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ekonormyHarta 6e3onacHocT. Ts e CBbp3aHa C aHann3a Ha YyBCTBUTEJTHOCTTA Ha CJ10XKHa
eKonorm4yHa cucrtema, onuceawa mopest Ha AanedyeH npeHoc Ha 3aMbpPCUTENIN BbB

Bb3ayxa.

[B5] e paswmpeHune Ha ctatus [B6] n e onucaH no-nogpobHo HoBuAT meToa MoHTe Kapno
3a NIMHENHN CUCTEMMW U Ca pasLLUMPEHU HErOBUTE NPUITOXEHUS 3@ MOAeNMpaHe Ha CIIOXHM
eKONorm4yHu cucteMmn. MHOro HayyHm U MHXEHepPHU NPUMNOXEHUA ce OCHOoBaBaT Ha Ha
pellaBaHeTO Ha rofieMn CUCTeMM OT NIMHENHU anrebpuyHu ypaBHeHus. BpemeTo 3a
n3dymncnsiBaHe Ha 3agayv oT ronsima pa3amepHOCT UK 3a HAMUpPaHe Ha peLleHus B peasniHo
Bpeme, Moxe fa 6bae orpaHM4YeHO M ToBa NpaBW M3MNOM3BAHETO Ha MHOrMO OT
yCTaHOBEHUTE anropntMn HelenecbobpasHo. NogobpeHnsT anroputbM ce OCHoBaBa Ha
Hackopo paspaboTteHus metog MoHTe Kapno ,,crniydanHo 6nyxgaeHe no ypaBHeHnaTa,
(,,walk on equations (WE)), 6asvMpaH Ha HeAUCKOHTMpaHa CyMa Ha CryYanHu
TpaeKkTopun ¢ nornbliaHe. 3a YCbBbPLUEHCTBAHE HA OCHOBHUSA anropuTbM ce npunarat
HAKOMKO TEXHWKW, KaTo OpoeHe Ha noceleHuaTa Ha ypaBHEHUATa Ha nuHenHaTa
cuctema n nocnegosatesiius metoq MoHTe Kapno Ha [)koH XonTbH [13]. ANropuTbMbT
e OonTUMM3MpaH 4pe3 u3bvpaHe Ha NOAXOAALM CTOMHOCTM Ha penakcauuMOHHUS
napameTbp, KOeTo BOAM A0 HaMansgBaHe Ha W3YUCMUTENHaTa CrOXHOCT U Ha
noBuLaBaHe Ha TOMHOCTTA 3a AageH 6pon ntepauun. MNMpegnmcTeaTta Ha anropuTbma
mMorat ga 6bagat HabniogaBaHu 0cobBEeHO 3a CUCTEMM C MHOFO rofsiMa pasmMepHOCT.
MoBegeHneTo Ha anroputbma MoHTe Kapno 3a fMHEWHW CUCTEMM He 3aBUCKU OT
nNbTHOCTTA Ha MartpuuyaTta. Matpuuatra NOS4 uma camo 5.9 cpegHo HeHynesu
ernemMeHTa B KonoHa u pea. NpeanmcTBoTO Ha anropMTbMa € B CUia KakTo 3a paspeneHu,
Taka M 3a NObTHU MaTpuuun. M3BbpLUEHM Ca YMCNEHUM EKCMEPUMEHTU 3a Npumepu C
paspedeHn U NAabTHM MaTpuuM C pasnuyHa pasMepHocT M 3a matpuuyata NOS4 c
dyHOAMEHTaNHO NpUroXeHue, B3eTa OT MPUMOXEHUS CBbP3aHW C anpokcumauumst no
Matoga Ha KpawHuTe enemMeHTM Ha Mofen, OnuceBall rpenoBa CTpyKTypa B
KOHCTpYKTMBHaTta MexaHuka. Matpuua NOS4 ce wusnon3eBa npu Hanpasata U

06D,yXBaHeTO Ha Kpunarta Ha caMorneTuTe n nMma BaXHO 3Ha4YeHune npu ona3BaHeETo Ha
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OKOnMHaTa cpeaa M HamMupa TMpUiioxXeHna B MoOAEeSIMpaHEeTO Ha CJIOXHU EeKOJTOrM4HU

CUCTEMMN.

3a maTtpuuata NOS4 e yctaHOBEHO, Ye paspaboTeHust anroputbm (IWE) aasa no-gobpu
pesynTaTu OT LUMPOKO M3MOM3BaHMA MeTo Ha criperHaTua rpagueHT ¢ npeobycnaBsaHe
(PCG). PesynTtaTtute, npeacraBeHu B cTaTusaTa, nokasear, Ye cxogumocTta 3a IWE e no-
pobpa: kpuBaTa, NpeAcTaBsa OTHOCUTENHATa rpelka ¢ 6post utepauum, e no-rnagka u
noctura TouHocT 10°% nnu 1077, nokato kpusaTa, nonydeHa ¢ PCG, noctura ToyHocT 1073,
KaTO B eKCnepumeHTUTe cMe nouckanu ToyHocT 108, Toan pesynTtat moxe Aa 6bae
obdacHeH no crnegHust HavmH. YcnexbT Ha metoga PCG ce ocHoBaBa Ha hakTa, 4Ye Tou
pabotTu B onTuManHu nognpoctpaHcTBa Ha Kpunos. Hawwuat IWE anropytbMm CcbLlo
paboTu B onTumanHu nognpoctpaHctBa Ha Kpunos. Pasnukata e, ye gokato B PCG
BCBLLHOCT Ce peluaBa ONTUMM3aUMOHHa 3aZada 1 ako nma fiokariHu MUHUMYMU, 6nn3ku
Ao rnobanHus, cxoguMMocTTa Ha npoueca Moxe Aa nonagHe B JIOKanHUA MUHUMYM,
KakbBTO € W cnydasat ¢ PCG. Hawwuar anropuTvM € He3aBUCMM OT TakaBa
ONTUMM3ALMOHHA npoLueaypa, nopagu Koeto pesyntatute ca no-gobpu. KoHkpeTHaTa
matpuua (NOS4) narnexaga e tpyaeH tect 3a PCG. Toau ¢akt He moxe aa ce 0606Lm,
3al0TO ycnexbT Ha MeToda 3aBUCK OT KOHKpPeTHUSA (pyHKUMOHan, konTto Tpsabsa aa ce
MuHUMK3Mpa npu metoga PCG. ToBa e BbNPOC Ha JONBIIHUTENEH aHanua, KOUTo He e
TpuBMnaneH. He moxe ga ce rapaHTupa, 4e nogobeH edekT ce crny4yBa 3a BCSka MaTpuLa,
HO MMa MHOro BaxHM cnyyam kato Matpuuyata NOS4, B kouTO paspaboTeHuaT
ontummnanpaH MoHTe Kapno metoa IWE ce npeacrtaeaT no-gobpe oT eamH OT Han-
nobpute un wmpoko manonssaHn metoan PCG. 3a matpuum kato NOS4, kKouto umat
NOKanHW MUHUMYMU, 6nM30 4O rnobanHus € N3BeCTHO, Ye Korato AETEPMUHUCTUYHUTE
anropuTMu nonagHaT B floKarieH MUMHUMYM, KOUTO € CbCeaeH Ha rnobaneH MUHUMYM, He
MoraT Aa M3ns3aT OT Hero, anropMTbMbT OCTaBa B TO3M NIOKANEH MUHUMYM U 3auuKns,
pokato metoauTte MoHTe Kapno, nopaam ctoxactnyHaTa cu npupoga, Aopy Aa nonagHar
B NTOKanHW MMHUMYMU, NECHO n3nun3ar oT Tax. 3aToBa 3a matpuuata NOS4 cxogmumocTTa

Ha MoHTe Kapno metoga IWE e no-gobpa ot Ta3m Ha meToaa Ha PCG.

B [B6] e paspaboteH HOB nogobpeH anroputbm MoHTe Kapno (IWE) 3a nuHenHu

cuctemun Ha 6asata Ha MoHTe Kapno metoaa ,,criydanHo bnyxagaeHe no ypaBHeHusTa"
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(WE). HanpaBeHo e cpaBHeHME 1 C MeETO4A Ha CNperHaTus rpagneHT u ¢ padouHUpaHus
[10] meToa MoHTe Kapno 3a maTtpuuata NOS4. AnropuTbMbT € M3MN0N3BaH 3a HaMmupaHe
Ha BCUYKM KOMMOHEHTWU Ha pelleHMeTO Ha pearnHn JfWHEeWHU CcUcTeMun C rondama
pasmepHocT, a umeHHo 7,100 u 5000-mepHu maTtpuuyun. 3a 5000-mepHaTa maTtpuua
HawnAT nogobpeH MeTon AaBa YyBTBUTENHO MO-4obpwu pesyntatn OT OPUTrMHANHUSA
meTog. 3a 5000-mepHaTa nnbTHaA Matpuua, cneq 30 utepaumm Ha anroputbma, WE
[laBa OTHOCWTENHa rpelka ¢ nopaabk 10°, nokato nogobpeHnaT anroputbm IWE naBsa
oTHocuTenHa rpewka 10718 n cbwo Taka onTumMuampanus IWE e 15 nbTu no 6bp3 oT
npeawecteHnka cun WE. lNoBegeHneTto Ha npeanoxeHna anroputbM MoHTe Kaprno He
3aBUCKM OT NITBLTHOCTTA Ha MatpuuaTa. bnarogapeHne Ha HanpaBeHUTE ONTMMU3aLMK
HOBMAT MeTOA AaBa MHOro no-g4obpu pesyntaTtu oT ctaHgapTHUs metoq MoHTe Kapro u
€ YCTaHOBEH KaTo eaunH OT Han-6bp3nte n TouHM anroputmm MoHTe Kapno 3a peluaBaHe

Ha CMCTEeMW OT NIMHENHN anrebpryHM ypaBHEHUSI C MHOTO rofisiMa pasmMeHpocCT.

3. 3akntoyeHue

HacTtoswoTo nscnegsaHe e Haco4eHo KbM ekoriormdyHa 6esonacHocT. Pa3paboTeH e HoB
CTOXaCTMYEeH NOAXOA 3a pellaBaHe Ha NIMHEWHUM CUCTEMW C roriiMa pasmMepHOCT, KOUTO
MMaT Ba)XXHO 3HaYeHWe 3a eKONOrM4yHOTO paBHoBecue. [MpurnoxeHa M mnscrnegBaHa e
cuctematTmsMpaHa Cxema 3a aHanmM3 Ha YyBCTBUTENHOCTa KbM TofsiM MOAEen Ha
3ambpcutenu BbB Bb3ayxa-UNI-DEM, 3a pga ce npoyunm 4yBCTBUTENHOCTTA Ha
KOHUEHTpauMmTe Ha BaXKHW 3aMbpPCUTENM BbB Bb3abXa CNPAMO BPEeAHW €MUCUN U
CMPSIMO CKOPOCTHWU KOHCT@HTU Ha HAKOW M30paHW XMMUYHU peakuuun. [MoBeyeto oOT
pe3yntatute morat Aa 6baaT NpunoXeHn 1 3a Apyrn roneMm MmateMatuyeckn Mogenu.
AHanuMsbT Ha YyBCTBUTENHOCTTA W B YacCTHOCT MOfydYeHuTe pesyntatm umat
M3KMIOYMTENHO BaxHa [ABYCTpaHHa ponsa: 3a TectBaHe W nogobpsiBaHe Ha
MatemaTtuyecknute MoAenn, U OT Apyra CTpaHa, 3a HagexaHa WHTepnpeTtauus Ha
YUCrNEeHUTe pesynTaTu OT CTpaHa Ha CbOTBETHUTE crneumnanucTute. AHanm3bT, OCHOBaH
Ha gucnepcusaTa, € MHOro edgeKkTMBeH anapaTt 3a 3aabfibovyeHo npoy4vBaHe Ha
3aBMCUMOCTTa MeXAy OTAEeNHUTE napameTpu, U3XOOHUTe pes3ynTtatM U BbTPELUHUTE

MexXaHu3Mu, perynupaiin pasrnexngaHara cucrema. Onpe,qenﬂﬁkm OCHOBHUTE XNMWUYHU
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peakuuun, BrvsielwM Bbpxy MOBEAEHMETO Ha cucTemaTta, cneuuanucTute oT pasfnuyHm
NpUnoXxHn obnactn (puamka, XMMus) wWe Morat ga nonydart LeHHa WHdopmauus 3a
nopobpsiBaHETO Ha Mofena, a ToBa OT CBOS CTpaHa LWe AoBede OO NoBULLIABAHE Ha
HageXQHOCTTa M YyCTONYMBOCTTA Ha NPOrHo3nte. Taka Ypes aHanms Ha YyBCTBUTENHOCTTA
MaTEMaTUYECKUAT MOAEN e MOAMNOMOrHe 3a M3roTBAHETO Ha MO-TOYHU MPOrHo3n 3a
Bb3AENCTBUETO HA BPEAHUTE EMUCUM BbPXY YOBELLKOTO 3ApaBe U 3arybuTe B CECKOTO
cTtonaHcTBo. [peanmcTBoTO Ha M3bpaHWss MEeTod 3a aHanu3 Ha YyBCTBUTEMHOCTTA €
Bb3MOXHOCTTA [a Ce NpecMeTHaT He CaMO MHAEKCUTE OT MbPBU pea, HO U UHOEKCUTE OT
No-BMCOK pef, KOeTO HOCK MHGOPMAaLNS 32 CbBMECTHUS NMPUHOC Ha BXOOHUTE NapamMeTpu
BbpXy W3MEHeHMATa Ha M3XOOHWsI pes3ynTaT, a OCBeH ToBa W30bpaHusa nogxon ce
Xapaktepuaupa c ontMmarniHa U34ucrnmTeriHa CroXKHOCT, KOSTO € MpornopLMoHanHa Ha
pa3MepHOCTTa Ha CcnyyamHata m3Bagka M Ha Opos Ha napameTpute. Yucnenute
€eKCNeprMMEHTU NOTBbPXKAABAT, Ye pasrfiefaHnuTe CTOXacTUYHM anropuTMmn ca ePeKTUBHU
3a MHOTOMEPHO YMCIIEHO MHTErpMpaHe 1 no-cneLmanHo 3a NPecMATaHETO Ha Marku no
CTOMHOCT MHAEKCUM Ha YyBCTBMTENHOCTTA. 3a NbpBM NbT 3a 3agavarta ca NpUoKeHu
TOYKOBM MHOXECTBa TWN pelleTka C reHepupal, Bektop obobuieHata peguua Ha
®duboHaun, reHepupall, BEKTOP OT ONMHOMMArHa (OYHKUMS M OMTUMANeH reHepupaly
BEKTOP MOJMy4YeH MO MeToabT Ha Obp3arta KOHCTPYKUMSA. 3a MbpBM NbT 3a 3agayarta ca
pa3paboTeHn mogudunkaumm Ha aganTUBHUS anropuTbM 1 peguuaTa Ha BaH gep KopnyT.
3a NbpBM NbT Ca NPUITOXKEHN N CPaBHEHWN KBa3ucnyvanHaTta peumua Ha XonTbH, Pop n
Cobon, n HenHun MoauduKaumu, KakTo U u3Bagkata natuvHCKM xunepkyb. Toea e
N3KMOYNTENHO BaXKHO 3a LANOCTHaTa npoueaypa Ha aHanv3 Ha YyBCTBUTEINHOCTTA Ha
MaTemMaTM4eckn MOLENN, KaKTO M 3a HagexaHata MHTepnpeTauus Ha pesyntatute oT
Tean mogenn. MNonyyeHnTe pesyntaTu Nokasear, 4Ye paspaboTeHuTe U M3Non3BaHu 3a
NpbB MbT NOAXOAMN 3a aHaNM3 Ha YyBCTBMENHOCTTA Ca eAuH OT Han-gobpute MeToau, ot
rmegHa TOYKa Ha msdMcnuTenHa egekTUBHOCT U TOYHOCT. CToxacTuyHuTe MeToawu,
OCHOBaHW Ha ONTUMAaIHX reHepupaLLn BEKTOPU, N3MON3BaHN 3a MbpPBU MNbT 3a aHanM3 Ha
YyBCTBUTESTHOCT Ha CITOXXHM CUCTEMM C rofnsima pa3MepHOCT, OTBapAT HOBU Bb3MOXHOCTU
3a N0 MNpeumseH N HagexaeH aHanu3 Ha 4yBcTBUTENHOCT. Kato Obaewa pabota ce

O4akKBa 3a MogesiMpaHe Ha CIioXXHaTta cuctemMa C rondma pa3amMmepHOCT Aa ce paspa60TﬂT
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N npunoxXxart 3a NbpBU MbT CBPBbX CXOAALLN CTOXaCTUYHU MeTOoan, n3nons3epalln BMeCTO

onTUMaIHW reHepupaLLm BEKTOPU, ONTUMAanHN reHepupaLLy MaTpuLm.
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