MATEMATHUYECKHUE BONMPOCHI TEOPUH HANLE)XHOCTH
b. B. I'nedeuxo, 0. K. Beases, H. H. Kosaaenro

BBEINEHHE

B Hacrosinem KpaTKkoM o630pe MBI TpejnosiaraeM AAaTbh He
TOJILKO TNpejcTaB/ieHHE O 3ajadax, yxKe IMOJAYUHBIIHX pelledne,
HO M HEKOTODYIO KjJaccHu(pHKAUHIO HANpaBJeHHH HCCIeNOBAHHH,
3aC/yKUBAIOWHX, N0 HaumeMy y6eXKAeHHIO, BKAIOYCHHS B TEOPHIO
HafeKHOCTH. JIpU 3TOM MBI OrpaHUYHBAEMCs JHIIL TeMH Halpas-
JIGHHSIMH, B KOTODLIX OCHOBHYIO DOJIb HTPAIOT METOALI TEOPHH Be-
poATHOCTE! H MaTeMaTHYecKOl CcTaTHCTHKH. Mbl He CTPeMHJIHCH
TPH COCTABJEHHH CHHCKAa pabBoT ykazaTb BO3MOXKHO OGoJbliee
YHCJAO aBTOPOB M CTaTel, a OTPAHHUMIHUCH COBCEM HEBOJIbIIHM
HX UHCJOM, TOCKOJALKY ceHuac HMeIOTCA XOpOoWIO COCTaBJ/EHHLIE
Pubanorpaduueckie CBOLAKH 0 TEOPHH HAMTEHKHOCTH.

§ 1. 3BHAYEHHE BOIIPOCOB HAINE}HOCTH YCTPOHWCTB
B COBPEMEHHOW TEXHHKE,
HEOBXOIAHUMOCTb NPHBJEYEHHS CTATHCTHYECKHX METOHLOB
AJig PEWIEHHA NPOBJEM TEOPHH H NMPAKTHKH HAILEXHOCTH

BHHMaHHe K TEOPHH HAACKHOCTH HENPEPHBHO BO3pacTaer BO
BceMm Mupe. BompocaMy MOBBIIEHHS WAaAeXKHOCTH MPOAYKIUY Ha-
YHHAIOT HHTEPECOBATLCA HE TOJMBKO OTHEJbHLIE HHXEHEphl H ydye-
Hble, HO H TOCYINapCTBeHHBIEe [efTeNH, OpPraiH3aTophl HayKH,
a4 TaKXKe CIeLHAJHCTE MHOTHX ofJacTelt 3HaHHSI — BPauH, acTpo-
HOMBL, (u3MKH H 6Hosoru. M sTOT MHTepec He ciayuaeH, TaK Kak
OH BLI3BAH K JKH3HH BCEM YCTpPeMJEHHEM COBPEMEHHOH HayKH
¥ TeXHHUKH, B CHJY KOTOPOT'O IJIsi YIpaBJeHHs Da3lHYHOTO pona
npoueccaMu U A8 HAyYyHOTO MCCAENOBAHHS BCe UIHPE HCIONb-
3YIOTCS MEXaHH3MBl H 3JEKTpOHHble ycrpolicTBa. OTBeTcTBEH-
HOCTE (DYHKUHH, NMOPyUAEMBIX anmaparType BO3PACTAET, a4 BMECTe
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C 3THM BO3PACTA4eT M CJOXKHOCTb 3THX ycrpoiicTB. UTo6bI cocra-
BHTb HEKOTOpOE HpeJCTaBjeHHe 06 HX CJAOXKHOCTH, MBI BOCIOJb-
gyeMcA NpUMepaMH, NpPHBEIEHHHIMH B cTaThsix TapmsHa [145}
u Xasutoyasana [107]: cuctema ynpaB/eHHS aMepPHKaHCKOTO MexkK-
KOHTHHEHTAIbHOTO  cHapsima  «ATaac»  CONEPXKHT  OKOJO
300 000 sseMeHTOB; BLIUMCIUTENbHOE YCTPOHCTBO CHCTEMBl AaJfb-
Hero 06Hapy}l{eHHH [MBO CIUA comepxur ceoime 50000 anex-
TPOHHBIX  Jamn, 170000 amwomos, 547000 conporuBseHHid,
189 000 KOHJIEHCATOPOB. Jng Toro uTobl CTOJIb CJOXKHOE 0060-
pyAoBaHHe [eHCTBOBANO; HEOBXOZMMO MONAEPKUBATL KaXKILIH
3JMIeMeHT B paGoueM COCTOAHMH. K YeMy MOMKET NDMBECTH OTKAs3
OAHOrO eJHHCTBEHHOrO 3JIEMEHTA, HAaNpHMep O6pLIB MOABOASALIErO
MpOBOAA, MOMKHO TIPEACTABHTb, PACCMOTPEB HapyweHHe PabOTHL
CTHMYJSATOPA CEPLEUHO fesiTeNbHOCTH, BMOHTHPOBAHHOIO B Opra-
HH3M BOJILHOTO.

HeynoBneTBopHTeNBHOCT TAKOTO NOJCXKEHHA Oblia OoTMeue-
Ha B ojHoMm u3 mokaamoB M. B. Kenawma. Mm 610 crasano,
YTO <«MpH Bo3pacralolileil Ba’XHOCTH (QYHKUMH, BLIMOHAEMDBIX
3JIEKTPOHHBIMH  NPHOOPaMH M aBTOMAaTHUECKMMH CHCTEMaMH,
ocTpo BeraeT npofaema ofecneuedus HX HajexkHocTH. Hepony-
CTHMO, 4TOObl B yCTPOMCTBAX, HACUMTLIBAIOUIUX MHOTHE THICSUH
9JIEKTPOHHBIX H MEXaAHHUECKHX 5JEMEHTOB, BBHIXOA H3 CTPOS OLHO-
ro HAH OaXe HEeCKOAbLKHMX 3JEeMEHTOB BbI3BaJ HapyUIeHHE MpO-
pecca paboTel. DTO CTABHT Cepbe3HEle 3afaul [0 MNOBLILIEHHIO
najgexdocty sneMentoB. Ho elle Gosee BaxHO c030aTh TaKue
METOAL! MMOCTPOSHHST CJAOMHBIX KOMIJIEKCOB, KOTOphle ofecrneyH-
BaJK OB HAJEKHYIO PabOTy HaKe NMpH BEIXOJE M3 CTPOS OTHENb-
HLIX 3JIEMEHTOB, NOAOGHO TOMY KAaK OTHNbHEIE TOBPEXIEeHHST
B JKHBOM OpraHH3Me He HapylIaloT ero HOPMAJIbHOH desTeNbHO-
cTH. B 3THX HanpaB/ieHUAX yKe NPENJNOXKeH Psi MPUHIHUNOB, HO
CTOMT 3ajaya CO3LaHUS TEeOPETHUECKHX OCHOB ofecrleyeHHs Ha-
NeKHOCTH»

;OTMeTHM, YTO yC/MOXKHEHHe (QYHKUHH H YBeJHYeHHe OTBETCT-
BEHHOCTH, BO3J4araeMblX Ha DasHOTO poja YCTPOHCTBE, NPUBOLAT
K HeoOXONHMOCTH OCYLUECTBJIEHHA ABYX B3aHMHO TMPOTHBOPEUH-
BLIX TpeGoBaHMA:  YCJOMHEHHS 3THX YCTPOHCTBE (a BMecTe
C 9THM yBeJHUYEHHMS UHCJIA COCTABMASIOUWHX HX 3JEMEHTOB
H YMeHbIUEHHS HaJeXHOCTH YCTPOHCTBA B LEJNOM) W ONHOBPEMEH-
HOrO yBeJHUeHHS] TpeGOBAHHH K HaaeXuocTH ycrpofictsa. Heco-
MHEHHO, YTO pa3pelleHHe 3TOTO MPOTHBOPEUHS HEMOCHJbHO OLHOI
MaTeMaTHKe H BO3MOXHO JHIIbL B COBMECTHOM Tpyae (H3HKaA,
MarteMatdka W TexHHka. OTCIOfa CTAHOBUTCHA FICHBIM, YTO MaTe-
MaTHKe OTBOAHTCA B TEODHH HANEXKHOCTH XOTS H OUEHDb 3HAWH-
TeJIbHAS, HO BCe JKe OrpaHUYeHHAs POJb.

VICKITIOUHTEbHO BaXXHLIM M HEeJOCTATOUYHO paspaBoTaHHbIM
BONPOCOM SIBJISIETCS BHIACHEHHE IKOHOMHUECKOI'O 3HAUEHHS MOBEI-
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IIEHHSA HAJEXHOCTH 1Jis HapoXHoro xossiicTsa. [lopbiilenne Ha-
HeKHOCTH, Kak npaBuJo, TpeGyerT HEKOTOPHIX 3arpaT. B ceasm
C 3THM BO3HHKAET BOMPOC O pPAa3bICKAHHM 3KOHOMHUECKH OIpaB-
NAHHOTO YPOBHS HALEKHOCTH, MpeBblIIeHHEe KOTOPOro NpH JaH-
HOM YDPOBHE TeXHOJOTHH ¥ KayeCTBe HCXOAHLIX MAaTepHaaoB MpH-
BENET K 3KOHOMHUECKH HeolnpaBAaHHOMY YAOPOXMKAHUIO MPOLYK-
uuu. Bmecre ¢ Tem GesoroBopouHOe CTpeMJIEHMe CHU3UTh celbe-
CTOHMOCTh NPOAYKUHKE 6e3 OJHOBPEMEHHOTO YCTAHOBJIEHHS YPOB-
HA MHHMMAaJbHO IONYCTHMOHN HameKHOCTH MOXET NPHBECTH W BO
MHOTHX cAydasx MPUBOAHT K pPe3KOMY NOBLIIEHHIO SKCIJyaTa-
LIHOHHBIX PACXOMLOB, JIOXKALIKXCA TAXKeNLM OpeMeHeM Ha OpyrHe
oTpacyan HaponHoro xossifictea. Hepenxo cayuaercs Tax, uTo He-
‘GoJIbLIHE CYMMBI, COKOHOMJIEHHBIE B IIPOLECCe NPOH3BOACTBA 1PO-
JYKLHH, BEAYT K HeOOXOAMMOCTH OOJbIUHX 3aTPAaT B Ipollecce ee
sKcnsyaralwi, Bosnukaer 3agaua onpefefleHHS 5KOHOMHYECKH
Lenecoo6pasyoro yposHs ceBeCTOMMOCTH, NIPH- KOTOPOM He Hapy-
majack 6Bl YyCTAHOBJIEHHAs HaJeXKHOCTb HPOAYKUHH B CTOPOHY
ee yxynwenus. BuipaboTka KpuTepreB aKOHOMHYECKOH s(deKTus-
HOCTH NPOAYKLUHH H pasblCKaHHe ONTHMaNbHHX NyTel OpraHusa-
LI{Y NPOM3BOACTBA MOPYT M JAOJIKHBI CTATb LEHTPAJbHBIMH 3a-
IauaMy TEOPHUH HAaEKHOCTH.

Onna #3 BO3MOMKHEIX I[TOCTAMOBOK 3aJay TAKOTO POAA MOMKET
ObiTh chopMynupoBana caepyiouiuM obpasoM. O6ozHauum yepes.
R(f) Hapme)kHOCTb HHTEpecylollell Hac cucTeMsl H uepes WIR({)]
€e CTOHMOCTb (CTOHMOCTb, KAK MB! Y?K@ TOBODHJIH, ABMAETCA HEKO-
TOPHIM (PYHKIMOHANOM OT HajAeKHOCTH cucTeMbl). Kaxabit otkas
IJISl CBOEro yCTpaHeHus TpebyeT HEKOTOPLIX 3aTpaT, BooOIlle ro-
BOpS, 3aBHCAILNUX OT MHOTHX cayualHbIX npuund. OGo3Hauum ue-
pez E; saTparThl Ha ycTpaHeuHe i-ro otrxkasa, Kpome Toro, kax-
Ibifl 0TKa3 BJaeyeT 3a co0ol HEKOTOPHIHA yliepD, TaKKe 3aBUCH-
it OT MHOTHX OBCTOSITENBLCTE (OT BpeMeHH, KOT4a OH HACTYIHJ,.
OT AJNHTENLHOCTH BOCCTAHOBJEHHST PABouyero COCTOSIHHS M 0D.);
Mbl oGosHauum ero 6yxBoil y;. EcaM 3a BpeMs ¢ HpoH3OWAO 1%
OTKa30B, TO HaHeceHHbIl yulep® paBen 2 (& -+ y:). Cpeinee sHa-
yenue atoro yuep6a pasuo M3 (& + y;). Ob6uine saTpathl, T. e.
OCHOBHBIE H IKCIWIYATALHOHHEIE PACXOALI, B CpeIHeM PABHBL

V({t)y = WIR()]+ MZ(& + y4).

Ecnn £ — cpox cayx6bl ycTpoHCTB2, TO eCTECTBEHHO, UTOOLL
3aTpaThl O COAEPIKaHHIO H NPHBENEHHIO B NOPAJOK YCTpoHcTBa
GBI MAHMMaJbHBL. BO3MOXHBI H ADYyrHe NOCTAHOBKH 3afad 00
OTBLICKAHUH 3KOHOMMUYECKM IlenecooBGpasHol HaJemHOCTH H3Je-
aufi. Hanpumep, MoxHO TpeGoBarh, uroOul B MaxkcuMyMm obpa-
uiancs aBmnil 3KOHOMHUeCKHH 3(dexrT oT HCIoAb30BaHHUA AaH-
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HOTO ycTpoHctsa, T. e. croumoctb S[R(¢)] npousmeienHofl ¢ ero
TIOMOTIBIO MPONYKIUY 34 BEUeTOM V (f):

Lty =S[R(&)] =V (8).

Mu cuuTaeM HCKJIIOUHTENBHO BaXXKHHIM DasieNoM TEOpHH Ha-
JEeKHOCTH €€ 3KoHOMUueckul acnexr. K coxkalieHuio, 3afaiy 3To-
ro Xapakrepa IOoKa paspaboTaHbl KpafiHe HELOCTATOYHO H OTpa-
HHYHBAKOTCH B JyYlIeM CJyYae HeCOBEPUIEHHLIM cOOpOM CTATH-
CTHYECKMX AaHHBLIX 06 ylepGe, HAaHOCHMOM CcTpaHe npeHeOpexe-
HHeM K HajexXHocTH uajenud. Mmerouuecs B HameM pacnops-
KeHHH MaTepHalbl YOeLHTeNBbHO [MOKA3LIBAIOT, YTO CTPEMIIEHHE
K YBeJHYEHHIO KOJHUECTBAa BHINYIIeHHLIX H3JeNHl 32 cUeT HX Ka-
YeCTBA B DAJE C/yuaes NPHBOAMT He K JHKBMAALMH rosojga Ha
HUX, & K elle GoJbluefl X HeXBATKe. 3aclyKUBaeT YIOMHHAaHHSA
pabora Appoy [69]. DToT aBTOpP paccMaTpuBaeT ONTHMAJbHYIO
ROJMMTUKY KalUTaJIOBJIOXKEHUH, YYHTEIBAA HaJeXHOCTh 000PyLO-
BaHAs. [ BBHIYHC/AEHHS 9KOHOMHUECKOTO [OKA3aTeNs, Xapakre-
PHUBYIOLIET0 CKOPOCTh AMOPTH3AUMH 060pyLOBaHHA, Appoy He-
TIOMb30BAJ amnnapaT TEOpPHH IPOLECCOB BOCCTaHOBJeHHA. MHTe-
pecHblll aneMenTapHLIE moAxon HMeercsi B pabore Bosuuosa [77]

TTporpamMMa ofecneyerus HaAeKHOCTH H3Jeaus JOKHA

BKJIIOUATb B ce0s Bce 3Tambl CO3LaHUs M IKCIAyaTallHH: MPOeK-
THPOBAHHE, MPOH3BOACTBO MCHLITaHHS, cBop H 06paboTKy CTaTH-
‘CTHYECKHX NAHHBIX. Ha KamAOM H3 3THX 3TANOB BO3HHKAIOT MHO-
POYHC/IeHHbIe CBOeOoGpa3Hble MaTeMaTHUeCKHe 3anaiH, pelleHHe
KOTOpBIX B HACTOsILlee BpeMs elle AAJeKo OT 3aBepliedus. 3a
noCMefHHe TOABl B [EYATH I[OABHAOCL GoJbllIoe uHCIO pabor,
B KOTOPBIX CHCTEMATHYECKH H3/1ardioTcs [porpaMmbel obecnede-
. HHS HALEXHOCTH PasJHYHOrO THMA NpoAykuuu. Heckoabpko no-
KJa[oB 3TOTO HANpaRJeHUus ONYyOJHKOBAHE B TPYLAX HALHO-
HanbHBIX cuMmnosnyMoB CIIA no Teopuu uagexuoctd (CM., Ha-
npumep, paborsl Kiementa {81}, Moppucona [128}).

B cratee Pailepcona [136] maerca WHTEpecHOE pacusieHeuie
HCTODHH pa3BuTHf paboT mo teopun wHajgexuoctw B CIIA wua
gransl. TakuxX  3TA0OB  YCJAOBHO OH  OTMeuaerT  4Yerhipe:
1930—1940 rr.— BepaGorka craupaproB, 1940—1950 rr.— pas-
padoTKa CTATHCTHYECKHX METOLOB TeKyIUero H NPHEeMOUHOIO KOHT-
poJis 32 KauecTBOM NMponykuuu; 1950—1960 rr.— nocranoska sa-
a4y H CHCTeMATHUECKOe H3YUYEHHE BONPOCOB HAJEXHOCTH 3JeMeH- |
ToB; ¢ 1960 r. HaMeTHIach TEHAEHIHS M3YUEHHS HaJeKHOCTH CH-
CTeM Ha BCeX CTalHAX HX CO3M4HHS — OT IMPOEKTHPOBAHHA [0
SKCIIYyaTallHH BKJIIOYHTENBHO.

Ha Bcex craguax H3yd4eHHS U OGECHEUeHHS HANEMHHOCTH H3-
nenuit HeH30eXKHO MPHXOAMTCH CTAJKMBATBCA C THMHUHO CAyyai-
HBIMH SIBJCHHAMH: JIHTENbHOCTh GecnepeGofHOl paGoThl s/MeMeH-
Ta WM CHCTEMbl, HACTyIJIEHHE MOMEHTA 0OTKa3a, IJHTENbHOCTD
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flomcKa HEHCOPABHOCTH, BpeMs Ha ee yCTpaHeHHe, OLeHKa Kadye-
©TBa NapTHH H3jefuil Mo BeIGOPKe, OLEHKA ONHOPOAHOCTH JBYX
rpynn M3fenul, OLeHKA 3anaco st obecneuends GecrmepeGoH-
HOli paGOThl anmapaTypel B TeueHHe 3aJaHHOro Cpoka H T. X
TTono6HoOro ke poia 3afaud BOSHHKAIOT MDH OLeHKe Lenecood-
Pa3HOCTH TeX HJIM HHBIX H3MEHeHHH B CXeMe YCTPOHCTBA MM XKe
B QIage erc HCIOoJb30BaHHusA. DTO OOCTOATENBLCTBO XOPOLIO H3Be-
CTHO Y O3TOMY OCHOBHBIM METOLOM KOJHUECTBEHHOIO HCCIHEeN0Ba-
HUS BOINPOCOB TEOPHH HaJEKHOCTH NPH3HAHHO CYHTAIOTCH TEOPHS
BepOoATHOCTEH M MaTeMaTHYeCcKas CTaTHCTHKA. Opgal{msaum{ CTeH-
JOBBIX HCHBITAHHH, NMPOBEPKH KayeCTBA H3LENHH, NPHEMOYHOrO
KOHTPOMS W Ha3HAUeHHs IKCIVIYATALHOHHOIO DeXXMMa He MOXKer
nostomy OBofTHCh 0e3 HCIONL30OBAHHS TEOPHM BEPOSTHOCTEH
H pa3paGOTKH COOTBETCTBYIOIIHX BOIPOCOB MAaTeMAaTHUECKO! CTa-
THCTHKH.

B cyliecTBylollef,, moxa elle CPaBHUTENBHO HEMHOTOYHCJIEH-
HO. MOHOTpa(hHUeCKol JIHTepaType 3HaUHTEIbHOE MECTO OTBOLHT-
CHA H3JIOXKEHHIO 3JIeMEHTOB MAaTeMaTHUeCKOH cratucTHkH. [nd
npuMepa yKaxKeM, YTO B MOHOrpadyHu KaJI?6po [78] us 16 ryiaB
MOJIOBHHA I[IOCBAIIEHA TEOPHHM BEPOSATHOCTEH H MaTeMaTHUeCKOR
craTHcTHKe. TO Xe caMoe OTHOCHTCA W Kk MoHorpaduu Jlnoiga
u Jiunosa [36]. Kak Mel yBHUAUM B chaeaylouem naparpade, camo
TIOHATHE HaJEeKHOCTH HMEET CYIECTBEHHO BEDOSTHOCTHBIN Xap ak-
Tep. V3 ofwux paGor 0 TEOPHH HAJEMXKHOCTH OTMETHM TIOCJ/el-
Hioro crateio B. P. Jlernna u M. A. Yakosa [34].

§ 2. KOJIMYECTBEHHASA OLLEHKA HAIOEXHOCTH.
HAJE)XXHOCTb 3JIEMEHTA 1 HAIOEXHOCTb CHUCTEM.
@YHKIIHA 3¢PEKTHBHOCTH CHCTEMBbI

B HacrosflleM mnaparpacdpe Mbl H3J0MHM OOLIHE ITPHHIIHAIBI
TIOCTPOEHHS MaTeMaTHUeCKHX MojejieH, npuMeHAeMHEX B TEOPHH
HAaLeXHOCTH, a TakKe yKaxkeM OOWIHH MeTOH NOCTPOeHHs pas-
JIHUHBIX KOMHUECTBEHHLIX NOKasaTesell HaleKHOCTH.

[Ipo6eMBl HAAEXKHOCTH HauaJH NMPHBJIEKATH K cebe NpPHCTalb-
HOe BHMMAHHE CPABHHUTEJNbHO HeJaBHO, [103TOMY ECTECTBEHHO, UTO
€lIe He YCTAHOBHJIACE ORHO3HAYHASI H OOLIENPHHSITAS TEPMHHO-
Jorusa. CpaBHHTENBHO HELABHO H3AaH CJOBAPb TEPMHHOB [0 Ha-
JEeXHOCTH B 06/1acTH pangHoanekTporuKH (59]. Ero cocrasienuio
MpeAleCcTBOBaa GoablIasy NHCKYCCHS, B TOM UHCJE W Ha CTpa-
Huax nedaTd. OCHOBHBEIM HCXOZHBIM [TOHSITHEM TEODHH HaAexk-
HOCTH $IBJIAETCS HaleXHOCTh CHCTeMEl (3JeMenTta ¥ ap.). [loxg na-
JEXKHOCTBIO CHCTEMBL (371eMEHTa ¥ T. I.) O6BLIUHO ITOHMMAIOT CIIO-
«COBGHOCTh 3TOH CHCTEMBLI BHIIOJHSITH NOCTABJICHHYIO Mepel Hel 3a-
Javy npy 3aflaHHbIX TPeBOBAaHHAX Ha KauyeCcTBO paBoTe. DTO YHC-
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TO KauecTBEHHOE NOHSITHE JOJIKHO H3MEPATLCA PA3JHUYHBIMHM KO-
JIMUECTBEHEHBEIMH TOKA3aTeJsIMH.

[Tox HagEeXHOCTBIO CHCTEME (KaK KOJHYECTBEHHOH XapaKTepH-
CTHKOH) NPHHATO NOHUMATL BEPOATHOCTL Ge30TKa3HOH ee pabOTH!
B TeueHHe 3afanuoro uHTeppana spemend {118)]. Takoll yakuit mox-
XOZ K MOHSTHIO HAJe’KHOCTH B psje caydaeB HemocraToueH. [lo-
5TOMY B HEKOTOPHIX paBorax, Hampumep 98], npemnaratorcs «6o-
Jee ofmue» TepMHEHLL: 3(p(peKTHBHOCTD H AP.

3aMeTHM, 4TO IPH TOM MHoroo6pasuu TpeboBaHufl, ¢ KOTO-
PHIM NPHXOJNHTCH CTAJKHBATLCH Ha NMPaKTHKe, HepelKo HYKHO
XapaKTepH30oBaTh HAJEKHOCTh M3JeNMHH TOCPEICTBOM TO OJHOIO,. .
TO Apyroro nokasarteis. Tak, B OJHHUX CJAy4asx MOXKeT MOTpe-
60BaTbCs, YTOOE BO3MOXKHO Ooabllel OblJa AOATOBEUYHOCTh H3Je-
JIHd, B APYTHX — MakCHMalbHasg BepOSTHOCTb Ge30TKasHoO# pabo-
THl B TeueHHe 3afaHHOr0 NMpPOMexyTka I, a B TPeTbHX, UYTOOHI
CpeHAA AMHUTENLHOCTE 6e30TKA3HOH paBoTol OmIa MAKCHMAJbBHO
BSoabLo#. MoxeT BO3SHHKHYTb HeoO0XOAUMOCTb NOCTHXKEHHA Ma-
KCHMAJIbHOH  BEJUUHHBI CPa3y HeCKONLKHX XapaKTepHCTHK.
HMuorna atu TpeGoBaHus MOTYT OKa3aThed H B3aHMHO NPOTHBOpPE-
YUBLIMH. Torga cienyer AOGHTLCA ONTHMAJBHOTO B KaKOM-TO
ONpeslesIeHHOM CMbIC/Ie pelleHus. BeiGop MOHSITHS ONTHMANLHOCTH
NpH STOM BCELEJNO ONpejessieTcss HasHaueHHeM TOr0 YCTPOHCTBA,.
KOTOPOE MOJBEpraeTcs HCCAeL0BaHHUIO.

Mu craszaqu, 4TO HaJeXHOCTL (saemeHTa, GJIOKa, yana, CH-
CTEeMBl) 0O3HAUAET CHOCOOHOCTH H3LeNHsl COXPaHATh cBOHCTBA, He-
00xonuMble U BBINOJHEHHA TOrO Ha3HaueHHUA, PajH KOTOpOro:
OHO H3TOTOBJIeHO. [JoOaBUM Temepb, YTO TPH KayecTBa OCOGEHHO
BAXKHBLl AMA HaleXHbIX H3Jenuii; ux OGesoTkasHocte B paforTe,
IIOJITOBEYHOCTb H PEMOHTONPHUIOAHOCTh. B KauecTBe KOJHUECTBEH-
HOHl OLlleHKH 0e30TKa3HOCTH Leiecoo0pa3Ho BeIOPATh BEPOATHOCTD.
HenpepelBHOro pafouero COCTOSHHS H3JeNHs B TeueHHe BpeMe-
Hi 7. O [JONroBeUHOCTH MEl yXKe YIOMHHAJ K. PeMOHTONpHTOX-
HOCTh BKJIOUaeT B ceGs MHOMECTBO passIHYHBIX TpeGOoBaHuH —
npucrnocobaetHocTe K O0HAPYKEHHI0 OTK430B, HX YCTPaHEHHIO,
OEICTPOTY HX WCIPABJEHHS, CTOHMOCTb HCIPABJEHHA, NPHCIOCOD-
MIEHHOCTD K [POBENEHHIO NPOPHIAKTHYECKHX MEPONPHATHH.

Ouenp BaxHO AOOHTbCA MepesoMa B CO3HAHHHM NPOEKTHPOB-
INHKOB M XO3fHCTBEHHHKOB H [PU3HATb, YTO CJELyeT NOGHTBCA
He BOOOIE JOJrOBEYHOCTH, a MAaKCHMAaJbHOH 3IKOHOMHUECKH
ONpaBAaHHOA AOJNTOBEYHOCTH. MOXKHO H3rOTOBUTH TaKOE H3JeNHe,.
KOTOpOe CTaHeT pafoTaTb OUeHb NOJTo 3a cyeT GOJBINIOrO YHMEHa
PEMOHTOB M BOCCTAHOBMeHHH ero paborocnocobuoctd. Ho no xae~
KHX 110D CJAeLyeT LOBOAHTH 3Ty NOJrOBeUHOCTh? s oTBera Ha
STOT BONPOC CJEAYyeT MNpPHBIeYs SKOHOMHUECKHE CcoobparKeHus
(uim e UM 3KBHBaJeHTHHe). [ToBbilIeHHe LOJTOBEYHOCTH Tpe-
Gyer HeKOTOPBHIX 3aTPAT KaK NPH [epBOHAYAJbHOM HATOTOBJIEHHH,
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‘TaK M NpH peMOHTHBIX pafBorax. Ecnum cymmapusle 3atpaTsl 3a
'HEKOTODBIH NepHojl, MPEBLILAIOT CTOMMOCTh paBoThl ABYX HOBBIX
usfenufl 1 sKoHOMHYECKHH s3hdexT oT X PabOTH He MEHbLIE, YeM
OT OJJHOTO MHOTOKDPaTHO BOCCTAHABJUBAEMOr0 M3AGMHS, TO, [10-BH-
JUMOMY, lenecoofpasHee He pPaCTATHBATL CPOK SKCIIYATAIHH
OJHOI'0 H3JeIHH, 2 CBOEBDEMEHHO 3aMeHHTb CTApoe H3JeNHe HO-
BLIM JlaXKe B TOM CJlyyae, eCJId OHO ellle He YCTAPeao MO ajbHO.

PaccmorpuM tenepb oOILHE MYTh MOCTPOCHHS MATEMATHUYECKOH
MOAEJH H3YUeHHs HAJeXKHOCTH HeKoTopol cucreMmb: . Kaxpmoe
-coctoanne cucteMbl C MBI CUHTAEM JIEMEHTOM X MHOXECTBA BO3-
MOYKHBIX ee COCTOSIHHH.

PasueiM, ¢ TOUKH 3pEHHUST HANEXKHOCTH, COCTOSHHSIM CHCTEMEBI
‘COOTBETCTBYIOT passHuHble TOuKH X. COBOKYIIHOCTH BCEX COCTOSA-
Buli x oOpasyeT (a30BOe IPOCTPAHCTBO COCTOSHHH CHCTEMBI

C rTeueHHEM BpeMeHM HEKOTODHIE B/JEeMEHTHI, COCTABJISIONIHE
‘CHCTEMY, JHOO BBIXOJAT H3 CTPOf, JAUOG0 MeHSIIOTCS NapaMeTpsl,
onpenenslomine Hx padoTy, NOTOMY B PA3HEIE MOMEHTH Bpeme-
HH COCTOSIHHE CHCTEMBI OMMCHLIBAETCS TOUKAMH (Has3oBOTO TIPO-
crpanctsa Eg.

Ecnu o6o3naduThb uepesd x(f) COCTOAHHME CHCTEMBI B MOMEHT £,
T0 TIOCAeN0BaTeNbHOE H3MEHEeHHE COCTOAHHH X ({) ¢ TeueHdeM
BpeMeHH ¢ sBJAsercd, BooOLle TOBOPS, CAyuaHHLIM MNPOILEccoM,
pasBuBaomuMcss B (pa3oBoM npocrtpaHcTBe Eq. Cayualublil xa-
pakrep ero ofbAcHSIETCS CAyYaHHBLIM H3MeHeHHEM INapaMeTpoB,
onpenensiomnx paboTy 3JAeMeHTOB, H caydafiHpiM XapaKTepoM
0TKa30B 3Tux ajeMenrtoB. Camofi aseMeHTtapHo# uAniocTpanue
‘CKa3aHHOTO MOXKET CJAYXXKHTh CJeLYIOWIHH NpHMep: HYCTh CHCcTeMa
MOYKET HaXOAHThCA TOJBKO B KOHEUHOM UHCJIE COCTOSHME, pasfH-
YAIOLIMXCH C TOUKH 3PEHHs HAJEXKHOCTH X, X, .., X, KOTOPHIE
M COCTaBAsIOT (hasoBOE MPOCTPAHCTBO. EC/H MPEANONOKUTE, YTO
‘3aKOHE paclpefeldeHust LJIUTeJbHOCTH (Ge30TKa3Hol paboTsl sJe-
MEHTOBR H AJNHTENbHOCTH WX 3aMEHLI — [l0KasaTelbHbl, TO BpPeEMHA
TpeOBBAHHS B COCTORHHH X; [0 lepexola B X; TaKyKe HMEET Io-
Ka34aTeJbHOE paclnpeleneHne c0 CPeLHHM BpeMeHeM MNpeSbiBaHHA
wij > 0. Cayua#iumifi npouecc x(f) B 3ToM chaydae SIBJARTCS
nenbio Mapkoga,

B pa6ote [3] nokasaHo, uyTo AJIS TEOPHH HAJEXKHOCTH OCOOLIH
HHTEepec npelcrapaser oCMWUpPHLIA Kiacc fofee CAOXKHBIX (aso-
‘BLIX TIPOCTPAHCTB.

Hrak, xaxgoil gusnueckoii cucreme C Mbl CONOCTaBJsIEM He-
KoTopoe hasoBoe mpocTpaHcTBo Eg={x} u onucbiBaeM 3BOIO-
TUI0 CHCTEMBI BO BpEMeHM CJayualHBIM nporeccoM X (f). Pasnuy-
HBle KOJMIHUECTBEHHBIE XAPAKTEPHCTHKH HALEXHOCTH CTPOATCS
KaK MaTeMaTHUeCKHEe OXKHAAHHA OT (PYHKILHOHAJIOB, 3aJaHHBIX Ha
‘TpaekTopusax npouecca. TakuM oBpasom, ecyH X(£) — TPaeKkTo-
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pua u Ofx(£)] ecTb HEKOTOPHIY (HPYHKUHOHA, TO XapAKTEPHCTHKON
HALEeXKHOCTH MOYKET CJYKHTh BeJHUHHA
o= MO [x(2)). (1)
3aMeTHM, UTO TaKoH MOIXOH SABJISETCS 3HAYHTENbHO Bojee
obluM, yeM npelnoxkeHHsld B paborax [113, 70, 118]. IIpu nante-
»Kawmem BuiGope dynkuxonasa Dx(f)] MOXKHO MOJNYUHTE BCe H3-
BeCTHbIE UMCJIOBBIE XAPAKTePHCTHKH HAJIEKHOCTH,

Tax, nanpumep, eciu cucTeMa OTKasblBaer (cocrostHue X (f)
BXOJMT B HEKOTOPOE KDPHTHUYECKOe MOAMHOXKeCcTBO K, ABisiomee-
¢ yacrtblo ¢asosoro mnpocrpaHcTBa E¢), TO paccMaTpHBasd,.
G YHKILHIO

e(t)={ 1 mpun £
O npu £ >«
(T—BpeMa NepBOro monajaHud B NOLMHOMXKeCTBO K), NMOJYUHM,,

YTO BepOSTHOCTL $e30TKasHoft paboThl B TeuyeHue BPeMEHH [
pasHa:

" dynkunonaa @ [e(¢)] ==

R () = M2 e (2)]. (2

AnanornuHbIM 06pasoM MOXKHO MOJYYATH H ApDYTHE Xapaxre-
DPHCTHKHM HaleXHOCTH. B paze paboT npeanaraercs BBOLHTL B Ka-
yecTBe [OKA3aTeNs HaleXHOCTH QYHKUHIO s(pdexTuBHOoCTH. Ecau
Ka:XKIoe CoCTOAHHe X M3 (hasoBoro npocrpaHctsa E¢ MBI oueru--
BAEM HEeKOTODLIM YHc/aoM f(x), TO MoJyvaromascs npHu 3TOM (PyHK-
nus y=={(x) HaseBaercs QyukuHel 5¢hHEeKTHBHOCTH.

Ouenp uwacToO mpeanoNaraT, YTO QYHKUHA 3PHEKTHBHOCTH
npuHHMaer ToAbKO ABa 3HaueHud 0 u 1. Cpenusas 5 PeXKTHBHOCTD.

CHCTEMBI B MOMEHT ¢
e(ty=Mjx (). (3)

3aMeruM, UTO I/ PASJHUHBIX CHCTEM MJH AJ5 ONHEX H TeX
JKe CHCTEM, HO HaXONSIIUXCS B PA3HBIX YCIOBHAX HCIOJL3OBAHHS, .
B KauecTBe OCHOBHLIX YHC/AEGHHBIX NOKasaTenell HaleXHOCTH HalLo
BBIOHPATL Pa3AHUHBIE XapaKTEPHCTHKH. B ofHuX cayyasx, Hanpu-
Mep B CHCTEéMaxX yIOpaB/eHH#d, 0cOBYIO POJb HTpaeT BEPOSATHOCTD.
Hes0TKasHOR UX pafOoTEl B TeUeHHEe 3aJlAHHOTO BPEMEHH, B ADYTHX
cayyasx (JTUHUM CBASH Ges 0coBo cpOUHBIX cO0GIIEHHHA) ocobyio-
poJib MTpaeT TaK HasLiBaeMbli KOS((PHIHEHT TOTOBHOCTH, PaBHEIH
cpefHell noJle BPEMeHH, B TeYeHHe KOTOPOrO CHCTEMA HCIpaBHA.

B saxmioueHHe storo maparpada OTMETHM, UTO JJS CHCTEM
XapaKTepHO JeJeHne Ha 6JI0KH, KOTOpPble B CBOIO OUepellb COCTOST"
aubo us Goaee Meaxkux 6a0Kk0oB, AUGO H3 HNEMEHTOB (CONPOTHB-"
Jenu#, KoHAeHcaTopoB i T. m.). OgHOH M3 OCHOBHEIX 3a4ay TEO-
DPUH HAMEXKHOCTH SBJAAETCH Takoe KOHCTPYHPOBAHHE CHCTEM, UTO-
OBl HX HaJeXHOCTh OLlMa He HHIKE, a Ja)Ke BBHIIEe Haje:KHOCTeH
OTHENbHBIX COCTABJSIONINX ee GJOKOB U 2JIEMEHTOB.
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§ 3. IOTOKH OTKA30B, BHESATIHBIE OTKAS3BI.
BO3MOXHOCTH HCNOJIB30OBAHHA NPENENbHbBIX TEOPEM.
CTAPEHUE 3JIEMEHTOB. CEOH

IlpenmonouM, YTO CHCTEMa MOXKET HAXOZHTBECA TOJIbKO
B JIByX COCTOMHMSX: HCOPaBHOM M HeHcnpaBHOM. MomeHTH {#;}
NOSABJIEHHA OTKA30B aNNapaTtyphl ABJAAITCH, BOOSIle rOBOPH, CIy-
yaueIME BeauuuraMyd. CayyadiHyio noc/eZOBATeNBHOCTh TOUEK £
Ha NpsAMOH Has3HBAIOT CAyualHBIM MOTOKOM. MHOrHe safauy Teo-
PHH HaZleXXHOCTH SIBJSIOTCS IO CYUIeCTRY 3a7adaMH, CBA3AHHEIMU
¢ H3YUeHHeM CJyuyaHHBIX TMOTOKOB OTKa3oB. Hampumep, Beposr-
HOCTb 6e30TKa3HOM PaboTHl B HHTEpBasNe (S;, Sp) paBHA BepOsT-
HOCTH TOrO, UTO Ha 3TOT HHTEPBaJ He NonajgaeT HH OAHA TOU-
ka f; CJjenyer 2aMeTHTh, YTO B TEOPHH BepOsTHOCTEH yxe
CPaBHHTEJBHO [aBHO 3aHMMAIOTCS H3yUEHHEM CAyIaHHBIX MOTOKOB.

C GoJibIIOf MOJHOTOH WX TEOPHSA H3J0XKEeHA B 3aMeyaTesbHOH
guure A. 5. Xunuuna [63], a TakxKe B psame ero craren.

OCHOBHEIM CTHMYJIOM, BRI3BABUINM K JKU3HH TEOPHIO CAydaii-
HBEIX TIOTOKOB, fBHWJIach TeJedOHHS, TIe MOMEHTH BBLISOBOB afo-
HEHTOB, MOCTYHAIOHX Ha TeJe(OHHYI0 CTAaHIMI0, 00pasyIoT cay-
yalHe MOTOK, MekAy MHOTHMH 3ajfauyaMy TEOPUH HaAEeXKHOCTH
H TeOpHH MaccoBoro obcuyskuBaHus [63, 138] cywecTByeT raybo-
kasi aHajorud. [lelicTBuTeNbHO, MOCTATOUHO 3aMEHHTb CJOBO
«BLI3OB» CJIOBOM «OTKa3», «BPEMs pasroBopas Ha «IJHTENbHOCTDH
peMoHTa», a <«KaHaJ OGCJHY:KHBAHHS» Ha <PEMOHTHBIN CTEHI»,
Kak MHOTHe 3a1ayi (K TOMY »Ke y»Ke SaUaCTYIO PelleHHLIE) CTa-
HOBSITCA 3afauaMy TEOPHM HaleyKHOCTH. MHOTHEe NOHATHS TEOPHH
cinyuyafiHEIX TOTOKOB, HAaUPHMep TaKue, KaK NapaMeTp caydaliHo-
ro TmOTOKAa, WHTEHCHBHOCThL, (yHKUHH IlanepMa, HecOMHeHHO,
LOJKHBI HaliTy cefe IIMPOKOe IpPHMEHEHHe B TEOPHHM Halex-
HOCTH,

PaccmoTpuM Tenepn CXeMy Ipolecca BOCCTAHOBJEHHS, Npen-
CTABJAOUIYIO 3HAUMTEJLHBIH HHTEpec AJS TEOPHH HaXeX<HOCTH.
IpennonoXuM, 4TO B HayasdbHLII MOMEHT f =0 HCHOJiL3yeTCs
5JeMeHT, KOTOpHIi paBoraer 6e30TKa3HO NO MOMEeHTa fg, B MO-
MEHT fp OH MIHOBEHHO 3aMeHfeTcsl HOBBIM, KOTODBII Ge30TKasHO
paboraeT 10 MOMeHTa {; H T. A,

MowmeHTs! 0TRA30B fo, 1, l2,... 06Pa3yoT CAVUANHYIO TOCAENO-
BaTeJbHOCTE ToueK. IIpH 3ToM HpeAnojaraercs, 4TO CPOKH
CIYKObI OTAEJNBHBIX IJAEMEHTOB, T. €, fo, ¢ — to, loa— 1), ... ABASI-
I0TCST B3aMMHO HE3aBHCHUMBIMH CJAYyYaWHBIMKH BEJHUKHAME, fo
HMeeT QYHKIMIO pacnpenesnedus Fo(x), a Bce OCTaJbHbIE PasHO-
CTH I — ln - ONMHAKOBO pacmnpesiesenbl ¢ QYHKUHeH pacnpene-
JeHus F(x). Drta, Kasanock Obl, BeCbMa YacTHAS CXeMa HaxORLHUT
cefe MHOrOYHCJIEHHBIE NPHMEHEHHS, B TOM YHCJE H B TEOPHH Ha-
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Jexuoctd. [To 3TuM BoOmpocaM MOXKHO peKoMeHAoBaTh paboTy
Koxkca [84] u 063op Cmura [54).

B TeopuH HaueHOCTH ECTECTBEHHOE MPHJIOXKEHHe HAXOLAT
TIpefeJLHEle TEOpeMbl THINA CYMMHDOBAHHS B3aUMHO He3aBUCH-
MBIX CAYYafHBIX BEIHUHH.

Cucrema, Kak NpaBHI0, COCTOMT M3 Oossuiore uuciaa N aje-
menToB. Ecnu MOMeHTH OTKa30B i-T0 3JieMeHta ({ =1, N) obpa-
BYIOT cayYaiiHblil notox {f,:}, TO NOTOK OTKAa30B BCel anmapary-
pet Gymer mpejcraBaATs coOoH OObelHHEHUWE MOTOKOB OTKa30B
OT[EeNbHBIX 3JeMeHTOB.

Eme B TenedoHur G0 NaBHO 3aMeUYEHO, UTO MOTOK BBI3O-
BOB, TIOCTYNAKOLINX HA TeNedDOHHYIO CTAHUMIO, ABJIAETCS ONHUSKUM.
K nyaccoHoBckomy. IlepBasi- monbiTka HECTPOroro 0GOCHOBaHHS
Gona gana ITansmom [130], 3aTeM CTpPOroe HOKa3aTe bCTBO STOTO
¢raxra TpH BecsbMa INMPOKHX  VCJAOBHAX OBIIO  NOJYYEHO
A. 9. Xunyunsimu [63] (cm. Takke pabory I'. A, Ocockosa [43]).

AHajoryuuHOe TOJNOXKEHHE HMEET MEeCTO M B TEOPHH HaJexHO-
CTH, TILEe CYMMAapHBIH TNOTOK OTKa30B [IOYTH Bcerna GuaH30K
K TyaccoHoBcKoMY [136].

Bonee Toro, uMeroTCs HeKoTOphle coobpaxenus [136] oTHOCU-
TeJIbHO TOrO, YTO B XOPOWIO CNPOEKTHPOBAHHBIX CHCTEMax IMOTOK
‘0TKa30B 00653aH OLITL OAM3KHM K ITyacCOHOBCKOMY.

B yxasauwoil Bbillte npenennHoll Teopeme [lanbma — Xunuu-
Ha — OcOCKOBA paccMaTpHBAETCH JHIUbL CTANMOHAPHBEIN caydail
Oanako ee MOXHO 0006IWHUTL H Ha HECTAUMHOHAPHBIH cjaydail.

QOcobriil HWHTepec 34eCb MPENCTABJAET BHIACHEHHe CTENeHH
TpuGAHKEHUA K NYACCOHOBCKOMY IOTOKY TNPH POCTe duc/aa 3Je-
MEeHTOB CHCTEMBL

[Mono6un# BoOmpoc BHepBLIE OB YAaCTHYHO H3YUEH B HHTE-
pecuofi paGore M. b. IToroxesa {44]. B nanbueliniem 3o Hanpas-
JeHne TONyuwao pasBHTHe B paborax I1. @pankena [62]
u B. M. T'purennonuca [14, 18], asnasuxcs yuactuukamu Cemu-
Hapa no Teopuu HajexHoctw B MI'Y, pykoBonumoro arTopamu
Hacrosero o63opa. Pacnpocrpanenune TeopeMsl Ilanbma — XuH-
YMHA Ha NPOLeCcCH BOCCTaHOBMeHUs AaHO B. IM. I'puresnuonucom
B pabore [16].

Hraxk, B8 cHcTeMaX, COCTOSWIHX M3 OOJBIIOrO YHCJIa OTHOCH-
TeJbHO HAJEKHBIX 3JeMeHTOB, IIOTOK OTKa30B ¢ OOoJabinofl cre-
TIeHbI0 NPHUGJMIKEHHI MOXHO CUHTATH ITyaCCOHOBCKHM,

B paGotax [44, 62] BHYHCASIOTCA NONPABGYHBIE YJEHE], KOTO-
pbie Haxo H06aBJSATE K TYACCOHOBCKOMY pAaCIpPeAesieHHIO.

Camo mnoHATHe OTKa3a He SABJSETCI MNpOCThiM. He Bcernmds,
SICHO, OTKa3ajla CHCTeMa MJIHM elle MPOAOJKAeT HCnpaBHO pabo-
Tath. Heno B ToM, uTO pafoTa CHCTEMB ONpeEJAETCs 3Haue-
HHAMH napaMeTpoB a; (i = 1, ..., M), KOTOpble MOTYT MEHSIThCH
PasIMYHEIM 0BPa3oM,
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B chiyuae Taxk Ha3bIBaeMbIX BHe3allHBIX OTKA30B ONHH M3 IIa-
pPaMeTpOB MEHSeTCs CKAuKOM 32 JIONMYCTHMBIE NpPeesnl (3aMbl-
KaHue HJH O6pHIB). B cnydae mocremeHHBIX OTKAa30B MapaMerp
MeUIEHHO <IJIBBET» 3a AONyCTUMBble rpanuibl. OKaspBaeTcs, 4To
MOMEHT HACTYIJIEHHS TOCTENEHHOT) OTKa3a HMeeT B psfe Cay-
yaeB pacnpejenenue, 6uU3Koe K HopMadsHoMy [6, 109].

B HenaBHo Boitenuieit kKaure B, B, Bacuinesa, B. A. Kos-
goga u JI. . Trauenko [10] HacTynieHue MOCTENEHHBIX OTKA30B
paceMaTpPHBAETCSl KAK HENpPephBHEIH MapkoBexMH mporecc, 3To
TO3BOASIET HCTMOJB30BATL XOPOMIO paspaboTaHHLIY ammapar ma-
pabonmyecknx AuddepeHualsHBIX YD aBHEHUIL,

B psajze noaBMBWIHXCA B TocselHee BpeMs paboT uccaenyeres
MOJeNb OTKA30B, OCHOBAHHAS HA aHaJH3e [POYHOCTH H YCHJIMS.
IlpennososkuM, 4To H3JeJIHe XapaxkTepH3yeTcs TNPOYHOCThIO E,
a yCHJIMe, NpHJAaraemMoe K HeMYy TpPH HCMOJb30BaHWH paBHO 1),
O6e pennuuHel & U M caydadHs, [log HageKHOCTbHIO €CTECTBEHHD
nonuMats P{§> n}. B Taxolt cuTyauun oueHKa HaNeKHOCTH CBO-
OUTCH K OLEHKe MapaMeTpoB pacnpefesneHnil £ u 1. Ouua us no-
cneiuux pa6otr B 3TOU obmacre TmpHHaniexur Jlunory w Afine-
muanepy [122] ITourn Bo Bcex pafoTax aHANH3 TNPOU3BOLHTCSH
B IIpeJIOXKEeHHH, 4TO cayualuwiii Bextop (& 1) ofmanmaer wop-
MaJbREIM PACIPELEICIITeN,

Haxoneu, ecTeCTBEHHO ellie BLIAGNUTh TAK HaluBaeMule cOou,
HI¥ TepeMekalominecst orxasbl. COoOf— 3T0 TakO# 0TKA3, KOTO-
puilii BOZHHKAET 1 HcyezaeT caydalinnimM of6pasom ©ea  BCAKOrO
BHewHero Bo3felicTBuss. COOH ABJAIOTCS OAHHM H3 CaMbIX Xapax-
TEPHBIX THTOB OTKA30B, BO3HUKAIOWIHX B 3AEKTPOHHBIX BhHIYHCAH-
TEJIbHLIX MallHHax.

Hanbonee nepcnekTHBHBIMH MetomamMi  6opbOH co cGoaAMHU
ABJAAIOTCA  Tak  Ha3plBaeMble CaMOKOPPEKTHPYUIHe KOIEH,
O Fpammecxoﬁ nporpamme Gopnbul co cbosmu cM. B paGo-
te {100].

§ 4. CTATUCTHYECKHE TIPOBJIEMBI
OLEHKY XAPAKTEPUCTUK OTKA30B

[Torox MOMEHTOB OTKA30B anmnapaTypel SBJASETCA OJHHM H3
OCHOBHBIX TIOHATHH TEOPHH HaJeXKHOCTH, MOMEeHTh BO3HHKHO-
BEHHSl OTKa30B B 3HAYHTENBHOI cTeneHy o0ycjongeHbl cTabuab-
HOCTBIO PaBOoyHX XapaKTepUCTHK 3JeMEeHTOB.

Cayualinplll XapakTep MOMEHTA BO3HHKHOBEHHS OTKAasa 3Je-
MeHTa HauboJjee NONHO ONKCHIBAEeTcH BeposTHOCTHI0 R(f) Ges-
oTKa3no#l paborbl B TeyeHue BpeMeHHM ¢ WM (QYHKIHeH pacrpe-
LeJIeHHs JAJauTenbHocTH OesoTkasHo#t paGorm F(f) = 1 — R(f).
OnHako CBOHCTBA COXpaHeHHS CTAOHABHOCTH HArJIAJHO Bhipaxa-
I0TCS yepe3 Tak Ha3blBAEMYIO A-XapaKTepHCTHKY, HJH, K&K HHOr-

2 3akna N 20 17



La ToBOPAT, QYHKIMIO OTNACHOCTH OTKa30B, KOTOpas OMNpefe/IaeT-
€Sl TOCPENCTBOM DaBEeHCTBA

A(t)y=— R'(H)/R(¢),
rie

, dF (¢
—R (,f)__:_?i_g_)

— IIOTHOCTh BEpOATHOCTEH OTKa30B. Ecan N — uHCIO0 HCHBI-
THIBAEMBIX 37eMenToB, N (f) —U4HCI0 3JeMeHTOB, HCIPABHO pa-
foTalomKx A0 MoMeHnTa f, a n:(A{) — UHCAO 3ITEMEHTOB, OTKa-
3aBWuX B untepnane {f, t+ Af), To

M(£) = In lim 23D
M0 Ny AN (2)

s stolt popmysnl caepyer, 9TC NpH KoHeuHHX N m A{¢ npu-
Gauxenuo A (1) %——A%t-](-\]—é)—)—. OnHako Taxofi NOyTh MOCTPOEHHS
OLIEHOK SIBJSETCS 3aKOHHBIM JHUIUL TIPHM BechMa OGOJBbINHX 3HaUe-
nusx N. Hcxonst us Buna A(f), cpox coyk0nl s/71eMenToOB (M anna-
paTyphl), Kak OpaBHJO, pa3GuBAlOTCS HA TPH pPE3KO pasfu-
JaoWuXca MexXAy coboll neprona. B Teuenue mepBoro mepuona,
TaK Ha3b[BAeMOTO mepuona MpupaboTKH, A-XapaKkTepHCTHKa MpH-
HHMaeTr cpaBHHTeJbHO OoJsbllde 3HAYEHHS, HO SIBJASTCA MOHO-
TOHHO yOwmBarowmeil ¢yHxkiuell, CymecTBoBalue Takoro nepHoaa
CBSI32HO ¢ BAHAHHEM Je(heKTOB, BHECEHHRBIX B X0Je NPOHU3BOACTBE,
Ha BO3HHKHOBEHWE DAaHHHX OTKAas30B. OJeMEHTH, COAep:KalliHe
Ne(erTH], «BHIrOPalT» («BEIFKHMAOTCA») B TEYeHHe 3TOrO NEPHO-
Ila, HA3bIBAEMOTO mnepuoxoM npupaboTku, 3aTeM cCaefyerT ANH-
TeJbHBII BTOPOH TepHoj HOPMaJbHOW DaBoThl, KOTOPHIH Xapak-
TepHsyercs HeGONBIIMMHE 3HAUEHHSIME (PYHKLMH ONACHOCTH OTKa-
30B, KOTOPas K TOMY Ke B TGUeHHe 3TOro nepuoja 6aH3Ka K TO-
crosunoit, ITocoenunit, Tperuil, nmepuon XapakrepusyeTcs Hapa-
cTaHHeM HHTEHCHBHOCTE¥ OTKA30B, BLI3BAHHBIX CTAPeHHEM OCHOB-
HOW Macchl 3JeMeHTOB, Mul ofpaniaeM BHHMaHHe Ha IIYGOKYIO
aHAJMOTHIO OMHUCAHHON KAPTHHBI C TEMH ABJEHMAMH, KOTOphIE YiKe
IaBHO M3y4aloTCA B TaK Ha3eBaeMOH Teopmu cMepTHocTH [102].

OpHako, yMECTHO OTMETMTb, YTO aBTOPAM H3BECTHEL pPe3yJb-
TaThl NJHTENbHBIX HCHHITAHAI (B TeueHuwe 5 JseT), Korna (yHK-
" LIMs OTIACHOCTM OTK430B HelpepLIBHO yObiBasna, Takum oGpasom,
BO3MOKHOCTL BLILEJEHHA TPeX NEepHONO0B HEOOXOIUMO TPOBEPATH
B Ka)OM KOHKPETHOM cJyuae,

[ns BpluucieHus psija NokasaTesnell HaJeKHOCTH HHOTAA HO-
CTaTOYHO SHATL JHUIbL cpefiHee BpeMsA Ge30TKa3HOU paboThl

o0 )

tep— S tdF (t) = SR () dt.
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B rom cayuae, xorna R (f)= e, {,,=A"l. 3nauenus f,
MOXHO HafiTw B psne paboT, Hanpumep [41].

B 6oabIMHCTBE HCCJAEAOBAHHI MPEANONATAETCS, UYTO Orac-
HOCTh OTKA430B MOCTOSAHHA, Taxoe INpejnoNoxKeHHe 3KBHBAJEHTHO
ToMy, 4T0 R(t) = e ~M. Psan aBropos, Hanpumep H. I'. Bpyesny
[6], ykasplBawT, yTO GoOJiee peajbHO NMPEANOJOXKEHHE O TOM, YTO
OYHKLIHMSA pacnpefeneHusl MJsg BpeMeHu 6e30TKa3HOH paBoTul sB-
JAeTCsl CYNepnosHiuell IMoKasaTesbHOTO ¥ TayCCOBCKOTO paclpe-
LeJIeHHH, TpHYeM MNOKa3aTesabHOe paclpelesieHHe COOTBETCTBYeT
BHe3aNHbIM OTKa3aM, a TayCcCOBCKOE — MOCTENEeHHHIM OTKasaM,
KOTOPBIE BHI3EIBAIOTCS CTAPEHHEM.

Tunuuuoli 3amauell TEOpPHUM HANEXKHOCTH SABJSETCS OLEHKA
R(#) w A(f) mo mawnblM ucnbiTaHuil, [To HalleMy MHEHMIO, HaH-
fo/iee NpakTHUEH TNapaMeTPHUYECKHI IONXOX, KOTja TpeanoJa-
raeTcs, UTo MJIOTHOCTh BepositHocTedl oTkasos p(f) = f(f, 6), rme
0 wnam ue ussecrno. [Mapamerp 0, BoOGILE rOBOPS, SIBJSIETCA BeK-
TOPHBIM, Hanpumep, B cjaydae HOpMa/ILHOIO 3aK0Ha

J—p)?
1w

sy on

f(t’ 6)=

uMelores xsa napamerpa: 0= (p, o).

B npakTike HaAeXKHOCTH IIHPOKOE NMPUMEHEHHe HAaXOMAAT pas-
nAHuHbe cemefictBa dyuxuni f(f, 0): ramma-pyuxuuu [106], dyHk-
uuu pacnpenesenus BeliGynnaa [150], HopmanbHoe u Jorapud-
MHUECKH HOpMaJjbHoe pacnpefesneHus [66, 103]. Mu oBpauiaem
BHMMaHue n Ha Gosee ofllee TpexmapaMeTpHUECKOe ceMelcTBO
[143], xoropoe BxJjlouaeT B cels, KaK YacTHBIE Caydval, yKasaH-
Hble Beille cemedicTBa., IlnoTHOCTL 3TOro ceMeficTBa HMeET BHI:

FE e, By)=c(aB )tee T,

rae c(a, B, y)— HOPMHPOBOUHLIA KOIhHHLHEHT.

Mpbt orMeTHM 3Jech TAKXKe M TO, YTO HHOIJA Xopollee IpH-
OAMXKEHHE Ha dTare NPHPaBGOTKH MOXKHO TMOMYYHTb, HCIIONL3YS
34KOHBI C TJIOTHOCTLIO BHAA

[~)

p(ty={ emig(t)ydn.

0

Haubonee nuTepecHbIM NPEICTABHTENEM TAKOrO THNA 3AKOHOB
ABJISIETCS JOTapUMMHUUECKH MOKA3aTeNbHBIH 3aK0H, 1T KOTOPOTO
R()y=(1+1t) —=

Xopoulo H3BECTHHE B CTATHCTHKE METOZBl OLLEHKH TApaMET-
pos [29] u [31] cHcTeMaTHUECKH MOMYJASPHIHPYIOTCS (M HacTo He
caMbiM JY4mIHM oGpasoM) NpPHMEHUTEJbHO K 3a4aYaM TEeOpHH
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najexkuocty [110, 116, 150]). Takue BakHkie NOHATHS, KaK JOBe-
pHUTe/NbHLIE MHTEpPBAJB ¥ JOBEPUTEJLHEIE MHOMKECTBA, elle Heio-
CTATOYHO MCHOJMB3YIOTCH B TEOpHH HafexkHOcTH, HexoTophle ua-
CTHHIE 3a7a4H peliensl B pagore [40].

Ortmerum monorpaduu H, B. lllopa [65] u Jlnofina u Jiuncsa
[36], rae k OleHKe HaLEXHOCTH NPHMEHAIOTCA DAa3NHYHbIE METO-
IB MaTeMaTHUECKOH CTATHCTHKH,

B cratee Xencona u Kymuenca [108] naercsi HHTepecHEH Me-
TOJ, TIOCTPOGHHA TOJEDAHTHBIX NPeJeNoB CIy4afHON BeJHUHHMB
npu J100bIX 3HAUSHHAX ONpeleNslOiNX mapamerpoB. Pelnenue
3TOH 3anaun OcoGeHHO BAaXHO, ecjH TpebyeTcss NMPOU3BECTH HC-
IbiTAHHA ¢ BBICOKUM YpOBHeM AocToBepHocTH. Meron Xencoua
¥ KynMeHnca npiuMeHHM B TOM Cayyae, eC/ HHTEHCHBHOCTb OTKa-
308 sBJaAeTCsl HeyOniBaoUlell dyuKireH,

Qco06nlll MHTepec MPelCTaBJIsIET IOCTPOGHHE DARJNHUYHEIX Marte-
MATHYECKHX MoOJeJsiefl BOSHHKHOBEHWS OTKA30B, YYHTHIBAIOIIUX
(usuky sBJeHHH crapenus. Ilpu stom BuA ceMeficTBa (PYHKIHI
f(¢, 0) onpemensieres, HCXOAA U3 MaTeMaTHYeCKOH MOAeNH, a 3Ha-
YeHHs HEeM3BecTHbIX napamerpos 6 = (8, 0,,...,8, ) umeror ompe-
neneHHb guanueckui cMbic/. THMHUHLIM IpuMepom pabor Ta-
KOro HamnpaBJeHHs] MOMKeT CAy¥KuTh pabora Mepcepa [127]. Bo-
Jiee TMpocToll cayualt nuHefiHOro pocra mapamerpa Oull paccMOT-
pen paree [, B, dpyxununem [19]. Dror aBTOp passua CBOR
NOAX0J B PALe LOCAeNyIomuX padoT. K coxkajgeHHIO, 00 HACTOs-
I{ero BpeMeHy BOTPOC O (PYHKIHCHAJIBHOM BHIE PaclpeseeHHs]
BpeMeHH 6e30TkasHoil pafoThl IJsT KOHKPETHBIX THIOB 080pYy-
HOBAHKS NAJex 0T OKOHUATENLHOTrO PelleHHs,

HudopMamys 0 xapaxrepe 3akoHa pacrpefeseHns LJas cpoKa
6e30TKasHOM paGoTLl H €ro mapaMeTpax roJyyaercsl B pesy/bTa-
Te 06paBoTKN NaHHLIX CTeHJOBLIX HcnhiTaHufl, HauGonee paspa-
foran cayuajl noxasaTeabHOro pacrpejpenenus, CTeHLOBble HC-
NLITAHUS MOMHO TMJaHHPOBATh PasJuuHbIMu crnocobamu, Hanpu-
Mep, MOXKHO OKAaHUMBATL MCMILITAHHA uUepes (DUKCHPOBAHHOE Bpe-
Msa {, B MOMEHT, KOTEA TPOHCXORUT r-H oTkas, # T. 1. MHdopma-
HHS O XOJe HCHEITaHHE HHOTZA MOXKeT GBITh NOJYUeHa TOJIbKO
yepes AHCKPerHble HHTepBaje BpeMeHu. ITo mosopy obpaborki
Pe3VNbTATOB CTEHLOBHIX HCIOWTAHWH HMeEIOTCs MHOrouHCAeHHLIE
pa6otr {92, 93, 94, 65, 125]. 3aMerum, ONHAKO, UTO A4XKE B CJIY-
yae NpOCTeHIIero NOKAa3aTeNbHOrO Pacnpejesielus clejaHo nAa-
Jexo He Bce, Mcnonbays MeToAnl TEODHH pelmamliux (yHKUHH,
37/leChb MOYKHO IIOJYYHTb HHTEPECHBIe Pes3yasTarh. Ecnu peuraw-
was GyHKuHA, faollad MOMEHT OCTAHOBKH HCHLITAHHS, 3aBHCHT
IHIbL OT TEYEHH Npolecca 10 3TOTO MOMEHTa, YTO SIBJASIETCS
JIOTHUECKMM CJAEACTBHEM 3aKOHA MPHUMHHOCTH, TO HOCTATOUHON
CTATHCTHKOH OYyZer YHC/I0 OTKA30BR H cyMMmapHasa Hapaforka
BCEX DJIEMEHTOB,
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Opna us HaupboJee aKkTyaJbHBIX nMpobseM cBA3aHa ¢ H3HUe-
CKOW CTOPOHOH NMDOBeNEHHS CTEHAOBbLIX MCULITaHUN, Bonpocw Ta-
KOro poja NpHBJAeKaloT K cefe B HacTosllee BpeMs OOJblLIOe
BHuMaHue, CYWHOCTL NPOGJAEMBl 3aKJAOUAETCI B TOM, YTO B CBSA-
83U C POCTOM HA/JeXXHOCTH 3JIEMEHTOB CTEHJOBble HCIBITAHHUS NPO-
. HOJIXKAJOTCH BeCbMa AJAUTENbHBIM cpox (mopsifka MeCslesB), uTo
HHOPJa MOXKeT CBECTH Ha HeT LLeHHOCTb HHAMOPMaluH, MONy4YeH-
HOW B pesy/bTaTe TakMX HcnbiTanuil, Ilpu mpoBegeHHH ycKOpeH-
HBIX MCIBITaHHH €O3A2l0TCS YTAMXKENeHHbe YCJA0BHS DaBOTH 3Jje-
MentoB, Oxaszafoch, yTo AN psAAa NPOCTHX 3JAEMEHTOB, HaNpH-
Mep TaKuX, Kak KOHIEHCATOpPLI, MOXHO paspaboTaTs AOBOJLIO
3P (PEXTUBHYI0 METOAMKY YCKOPEHHLIX HCHEBITaHHE, XOPOLWIO Cora-
CYIOLIYIOCS ¢ ONBITHHIMH JaHHLIME, B kayecTse Haubosee THMMB-
HbIX paboT TAKOTo HanpaB/jeHHs orMeTum [91, 121]

3acay:XHBAalOT BHHUMaHuf paboTbl, NOCBsIleHHbe 06paboTke
JAHHBIX HCHOBITAHME AJIST NPOBEPKH HCXOILHBIX T'HIIOTE3 O BHAE 3a-
KOHa pacnpefejedus. B Hux #3yuaroTcs OWHOKE, BO3HHKAIONIHE
B pe3yJbLTATE TOrO, YTO B KAUECTBE HCXOIHON THIOTE3Hl, HA KOTO-
po# OCHOBaHa METOAMKA DACYETOB, NMPeANoJaralgock, 4T0 HMeeT
MECTO, Hanpyumep, TOKas3aTeNbHLIli 3aKOH, TOTAAa KaK Ha CaMOM
Iesne BepPOSITHOCTL 6e30TKa3HOH paGoThl COOTBETCTBYET 3aKOHY
Beiifyana [153]. Boabliyio axkTyaJbHOCTb NpELCTaBJseT paspa-
6oTKa MaTeMaTHUeCKOTo MeToia OO0beAMHeHHA Pa3HOPOAHOH HH-
(popMalMK ¢ llesbio BLIBOJA BHAA 3aKOoHA pacHpelesNeHHs AJU-
TeNbHOCTH 6e30TKasHoll paborbl. Hanwuue mnonofuoro wmerona
NO3BOMHAC Ohl HCNOJL30BATL HMEIOUIHECT BO MHOTMX OTPacisiX
NpousBOACTBa OOIINPHHE CTATHCTHHECKHE AaHHble 06 oTKasax
oGopynoBaHuysl B Pa3/IHUHBIX YCaOBHAX. B cTporoft dopmynnpos-
Ke 3ajavya MoxkeT OLITh TOCTaBjJeHa CJAeAYIOIHM ob6pa3oM.
[TycTh Npou3BOAMTCA 7 CepHi HCHBITaHHH

Xi1s Xigy + oy Xk
x21, xsz, ey kaI,
xnla xnzv rery xnku

HaJ AJHTENbHOCTLI0 0e30TKAasHOH paBoTH HEKOTOporo ycrpof:
crBa. Ka)kpasi cepusi MCILITAHHI IPOHM3BOAUTCA B (pHKCUPOBAH-
HBEIX YCJOBHUSX, MEHSIOWHKXCA OT cepuu X cepui. Ilyers & — cay-
yalinas BeJHUMHA, DeasH3aLUAMHA KOTOPOH FABJAAIOTCH Xil, X4, -
X, Ilycts uaBectHo, uto & = f(EW, 0;), 1<{i< n, rae
[(x, y) — usBectHas QYHKUHS, Eo'Y — HezaBUCHMBIE CJaydaliHble
BEJHYHHLI ¢ HEM3BECTHLIM pacupepneneaneM Fo(f), 8i— Heunsse-
cTHele napameTphl. TpeGyercss no HaGMIOJeHHON CepHH Oue-
Huth Fo (1),
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Pewennto 3108 npoGieMbl NOCBALLEH pAn paboT, U3 KOTOPEIX
MBl 3[eCh YNOMsSIHEM JHIIb KOHKpDETHBle pe3ylbTaThl, Halollue
MPaKTUYECKHe NPHMEHeHHS K OLEHKe XapaKTePHCTHK HaleXHO-
ctd. B cratee M. H. Kosaneuko [24] npelnaraercs INOAX0J, IO~
3BOJAIOIINN B IIMPOKHX MPEANOCBIIKAX BOCCTAHABAMBATL aiiil-
THBHBIH H MYJBTHINIUKATHBHBIH THI paclpeleneHus mpH k; > 3
B paGore Y. H. Boaonuna [11] Beluucasierca pacrnpefeseHue cra-
THCTHK oT HaGMioleHil, He 3aBUCALMX OT MacliraGHOTo mapa-
Merpa saxoua Befi6ynna, Otmerum Taxke padory Jlaxa [119],
H3 KOTOpOIl CJeIyeT BO3MOXKHOCTh INOCTPOEHHS! COCTOATENLHOTO
KPUTEDHsI AJ5 IPOBEPKH TMNOTe3bl O raMMa-pacnpejeneHus AJH-
TeJbHOCTH Ge30TKa3HON paboTel NpH £;> 2 B NpEANONOKEHHH,
4TO MHOXKECTBO KOHKYPHPYIOLIHX THOOTE3 BXONHT B Kjaacc 6es-
FPAaHHUHO JENUMBIX pPAclpefeseHui,

Bo MHOrHX cayuafx M3 MOJesau oOpasoBaHHsA 0TKasa 0e3rpa-
HHUYHasl AEJHMOCTb YCMATPHUBAETCA HENocpeAcTBeHHOo, Tak, Aas
MOJENH C TapaMeTpoM, U3MEHSIOULMMCH BO BPEMEHH B COOTBET-
CTBHH C OLHODPOINHBIM AN(DGHY3UOHHBIM INPOLIECCOM, KOTAa 0TKa3
HACTYIAeT NpPH [Iepeceyeryy NpolieccoM (GHKCHPOBAHHOTO YpPOB-
He, JUIHTEJbLHOCTh 0e30TKasHoH paborel Oymer GearpaHHUHO He-
MO cayyalino# BeAMUHHON.

Hopple 3amaun BO3HUKAIOT NPH CTATHCTHYECKOHN OLEHKe Ha-
LEeXHOCTH CNOXHEX cHereM. IIpu GoJibIioM uHC/Ae BXOISIHX
B HHX 3JIEMEHTOB JOCTOBEPHOCTL COBMECTHOH CTaTHCTHUECKOH
DIIEHKH HX IapaMeTpoB, ecTecTBeHHO Oyier Husko#t. Crenyer
NpeABapHUTEJIbHO BHIACHHThL BJIMAHME OTKA3a KaXAOTO 3JEeMEeHTa
Ha KaueCTBO (PYHKUWOHHPOBAHHMS CHCTEMBl H 3aTeM HasHadaTh
JoBepuTeabHble 061acTH, Hcxons u3 3ToH sasucumocTH, [Toxa
uMeercsi HeGoJbiIOe UKeg0 pabGot B aToM Hamnpassaenun [40].

OnHo#t 13 BaXHBIX M CBOe0OOPAa3HBIX 3amau CTATHCTHYECKOTrO
Xapaxkrepa sBJsIeTCS BbIABJEHHEe KOHCTPYKTHBHBIX HenopaboToxk,
KOTOPEIE CHHXKAIOT HafeXXHOcTh cHcTeMbl. IJo aromy Bompocy
cM., Hanpumep, [135]. B nocnenuue romel B 3apy6exHolt auTepa-
TYPe NOSBHJIOCH MHOrO pafoT, MOCBSILLEHHBIX HCC/EA0BAHHIO W3-
MeHeHHsl HaJexHOCTH M3AeJHs B Tpouecce ero paspaBoTkH, Mo-
CTPOeHUs M KCOIyaTaunud, MoKHO FOBODHTH O «KPHBBIX pOCTa
HagexHocTH», Ha Ham B3risn, Takol NMOAXOM NpPEJNCTABJSIET 3HA-
YUTeJpHEIA HHTepec. [IpW HaAMUYHM COOTBETCTBYIOLLErO MaTeMa-
THUECKOTO alapara MOMXHO OyIeT OLEHHWBATL BpeMsd, HeoOXOdH-
MOe [J151 TOBLIIEHKS HaLeXKHOCTH CO3JaBaeMbIX KOHCTPYKIHMI A0
3afaHHoro yposHs. [Ipocrefiinas maTeMaTHUeCcKass MOJENb, Ha
KOTOPOH MOXKHO NPOMJJIIOCTPUPOBATL TPHMEHEHHE KPWBBIX PO-
CTa HaJeXHOCTH®», COCTOUT B cielylolleM. B cucreMe cyllecTByer
OJMH HCTOYHWK OTKa3a, TaK 4TO J0 YCTPaHEeHHS 3TOTO HCTOUHMKA
HaJeXHOCTh paBHa +<C 1, a nocsae yerpaneHnus paBHa |. B xaxk-
JOM HCHBITAHUH HCTOUHHK OTKAa3a MOXeT ObITh BHIABJEGH U yCTpa-
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HeH C BepOsTHOCTBIO p. B TakoM ciyyae CPenHsist HaAekKHOCTh
nocie n HennTanui Gymer pasHa l— (1 —p)™tl OcHoBHbE pe-
3YJLTATHL, TIOJYYeHHBIE N0 MOCHAEJHEr0 BPEMEeHH, H3JI0KEHE

[36). Onraxo B 2TOM BayKHOM HANPABJEHUM ellle MHOTO Hepe-
MeHHBX 3a7a4. B YacTHOCTH, eCTeCTBEHHO MOCTABHTL 3a7auy 06
ONTHMAJBLHOM TUIAHHPOBAHHH HCIBITAHHHE TNPH BOSMOXKHOCTH Hc-
TOJMb30BATL HECKOMBLKO METONOB HCNBITAHHE, KaMIbII W3 KOTO-
PHIX XapaKTEPH3YeTCs CBOEH BEPOATHOCTBIO BLIIBJEHHST HCTOY-
HUKOB OTK430B M CBOEH CTOMMOCTBIO. '

§ 5. IPOBEPKA THNOTE3 U MPUHEMCHYHBLIWY KOHTPOJIb

Teopus Hame)kHoOCTH siBAseTcs OOJAcTLIO 3HAHHEH, KOTOpas
B HACTOSIIUEe BpeMs LUMPOKO HMCMOJL3YET, a B GYyHYIieM H cama
OKa)keT 3HMaYMTeJbHOe CTUMYJHPYIOUlee BJHAHHE Ha DasBUTHe
MaTeMaTHUYeCKOH CTATHCTHKHM. Y:iKe cefiuac TOJNOIKeHWe 1es1 Ta-
KOBO, WTO TOUTH BCE pe3yJbTaThl MareMarHueckofl CTaTHCTHKH
MOryT GBLITh HCIOAB30BAHEl B Pa3/IMYHBEIX 3anadax TEODHH Ha-
pexuocty, Tak, HanpuMep, ecad MLl XOTHM TPUMEHHTL TApamMert-
pUdeckull MOOXOM K OUeHKe BePOATHOCTH Oe3oTrasHoll paBorw,
nonbupas cemeficrsa yHxuuit f(f, 0), HauGosee TouHO corsa-
CYIOIMecs: ¢ ONBITHBIMH AAHHLIMH, TO HYXKHO HCIIOJNb30BAaTh Me-
TOABI TEOPHH NPOBEPKH CTATHCTHUYEGCKHUX THMIIOTE3, B YaCTHOCTH,
Kputepuy THna cornacusa [31, 120] Bonbwoit HaGop pasnuuHbIX
KPUTEPHER, CBASAHHBIX ¢ I[POBEPKOM THUNOTE3 O TOM, UTO
R(t) = e~ yuratenr MOMeT HalTH B AByX paborax Dncrefina
[93, 94].

Muorue 3agaun u TpaBuia TEOPHHM KOHTPOJA KauecTBa HEMHo-
CPEICTBEHHO MOTYT OBITh MCIOML30BAHB B TEOPHH HALEKHOCTH,
Honyetum, uTo nedeKTHRIM H3LERHEM CUHTAETCS TO, KOTOpOe
OTKaXeT 3a ONpefeNeHHOe YHCJAO YacoB T TpH oOnpeleNeHHBIX
BHEIIHHX Harpyskax. BosHuKaer 3ajgauya ONpeiesieHUS 3aCOpPeH-
HOCTH MapTHil H3REMHAMH, HeQeKTHbIMH B YKA3aHHOM BRIIIe
cMoicne. Ecnp umeeres maprus B N H3feqHi, TO CKOJNbKO H3Je-
NV HaJ0 TIPOBEPUTEL, UTOOEl MO Pe3y/ihTaTaM NMPOBEPKU NMPHHATH
060CHOBAHHOE pellleHHe O TONHOCTH BCell MapTHH B ueJsoM? Mo
NPUIIIK K KJaccHuecKoll sajgaue CTaTHCTHKH O BhIbOpe ITaHa
NpUEMOYHOro XKOHTpoas., HecMmoTpsa Ha BCIO 3JeMEHTapHOCTb BO-
npoca 06 06beMe BHOOPKH, 3Ta 3alaua NpUBAeKaeT K cebe BHIH-
MaHHE B B HaCTOsIIIEe BpeMd,

HerpusHasHOCTH 9TOH 320248 COCTOHT HE B CJOXKHOCTH MarTe-
MaTHUeCKOrQ PelleHusa, a B PalMOHANLHOM YyHere BCeX CYIHecT-
BEHNBIX (haKTOPOB, BAHSIOMMK Ha BHOOD NyiaHa xourposd. [Ipu-
MEHHTENBHO K 3ajiauaM TeODHH HaleXHOCTH B NOc/efHee BpPeMs
OniH paspafoTaubl HAaGOpBl IJIAHOB: IJA TMOKA3AaTENbHOr0 pac-
npenesieHns BpeMeHn GesdorkasHol paGotet [140], mns pacnpene-
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neHust BefiGynga [141], nng HopManbHOro M JIOTApPH(MHYECKR
HOpMaJbHOTO pacnpefenenusa [105], ans ramma-pacnpepnenesus
[106]. Onua w3 nocnepHux pabor — pabora basy [73]. Fmeercs
TakxKe GOJIbIIOe KOJHUECTBO paboT nmo BHIGOPY HKOHOMHUYECKHMX
NJAHOB TPHEMOYHOTO KOHTpoast, Hanpumep, [101]. B cratwe [134]
JeJIaeTcs NOMbITKA BBeJEeHNA HeCKOJbKHMX TPYNI Hed)eKTHOCTH H3-
nenuit, Onaako Haubonee HHTepecHsle PabOTHL M0 MPHEMOUHOMY
KOHTDOJIIO HaMHCAaHH B CBASH c obuIell 3amauefi KOHTPOJS Kaue-
crBa. 3[eCh MBI OTMETHM Tpexe BCero hyHAaMEHTAILHYIO KHUTY
Honxa u Pomura [87], B XoTopo#l nanbl HaGOpsl TJ4HOB THIIA
OJHOKpATHON M JABYXKPATHOH BHIGODKH, 00eCHeYHBAIOLINE MHHH-
MyM NDOBEpSeMBIX H3AeJHil, NPH HOPMaibBOM XOHe NPOU3BOL-
CTBA W ONpeJeJeHHEIX OrpaHMUeHHAX, KOTna JHG0 nperensHOe
BLIXOZHOE KauecTBO, JH60 LoJad Ne(heKTHHEIX H3Jenuil, mpH KOTO-
po#l napTHH UPMHHMAKTCH, 3aiaHel. [Ipm atoMm upepmonaraercs,
uro B caydae OpaxkOBKH MaPTHH NPOMBBOAHMTCSH CIUIOIIHAS IIPO-
BePKa BCEeX OCTABLIMXCS HEMPOBEPEHHLIMY H3IeNHH (cayyai mHe-
paspyUINTENbHOr0 KOHTpOus). Ipyroft dymraamenTaneuoit pato-
Tofi sBaserca KHura [139], roe, mOMHMO ONHOKPATHBIX IJIAHOB H
MJIaHOB THNA OBYXKPaTHOH BbIGOPKH, AAIOTCA TAKKe MIAHbl THOA
nmocJefoBaTeNbHOr0 ananusa. B oGenx xnurax [87, 139] npusene-
Hbl MHOPOMHCJEGHHBIE UEPTEXKH ONEPATHBHBIX XapaKTepHcTHK. OT-
HOCHTENILHO TEOPUH TIIaHOB NOCAELOBATENbHOTO AHANIH3E CM. KHU-
ry Baapgza [9] u paGory [90],

MruorouncyeHHble GaKThl TEOPHH, CBA3AHHEIE ¢ KOHTPOJIEM Ka-
yecTBa, 4 TakXKe ONMHcaHMe Habopa cragRapros militairy standard
105A moxuo HaBitu B xuure Koynena [30]. MHCcTHTYTOM Matema-
THKH U MexaHHku HM. Pomanorckoro AH Y3CCP mnoarotosjeH
BoJiblu0l Ha60p OJHOKPATHBLIX IJAHOB TNPHEMOYHOTO KOHTPOJA
[42], JlaGoparopueit Teopuu BeposTHocTel MI'Y Taxmke mpeso-
WeH HAOOp 9KOHOMUYECKHX NJIAHOB IPHEMOYHOrQ KOHTPOJH, KO-
TOPBIE OXBATHIBAIOT OJHOBPEMEHHO CJYYaH KaK HepaspyLIMTeab-
HOrO, TaK ¥ PaspylINTesHOTO xOHTpodsa uanenuit. A. H. Koamo-
ropoeeiM u 0. K. DessieBbiM mpensioker M paspaboTad  METOL
CTATHCTHYECKOTO KOHTPOJS, HCMOML3YIOIHUHA B KaueCcTBE HCXOLHOI
XapakTePHCTHKU eCTECTBeHHEIH 3KOHOMHUYECKHH M0KasaTelb —
3aTPaThl, OTBOASLINECS HA KOHTPOJL H3lenuil. ABTOPHE JIOBeJH
CBOH HCCIEeNOBaHHA N0 Tabamuy ¥ IPeLJOmeHHH, NO3BONAIOILINX
HCTIONIL30BATh HX PEAYJbTATHL Ha NPaKTHKE,

§ 6. BONPOChHI PACYETA HANEXHOCTH CJO)XHbBIX CUCTEM

OnuuM u3 Haun6osee BaXKHBIX METOLOB [OBHINEHHS HaLeX-
HOCTH sIBJASIeTCA pesepBHpoBaHde. CYLIHOCTh 3TOTO METOMA COCTO-
HT B TOM, 4TC B CHCTEMY BBOZSATCS M3OBITOUHBIE 3JIEMEHTHI, KOTO-
pHle BKJIOYAIOTCA B paboTy MO Mepe BHIXOLA H3 CTPOS OCHOBHHIX.
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PaccMoTpuMm BHauade TOT cayuail, KOrjia BbILENIINE H3 CTpOR
9JeMEeHTLl (MM GJOKH) He PEMOHTHPYIOTCA,

Ecan cucteMa COCTOHT M3 HEKOTOPOro Habopa #m GJIOKOB TH-
o8 b1, ..., By ¥ IPH 3TOM OHA BBIXOAUT M3 CTPOS, KAK TONBKO
BBIXOAMT M3 cTpod J000H us 6a0KoB b;, [ =1, ..M, To Takoe coe-
nuHeHne 6yAeM YCJOBHO Ha3biBATh NOCJEN0BATENbHBIM.

Ecnu npeanosioxutb, yto 6JOKH, COCTABJSAIINE CHCTEMY,
OTKA&3hIBAIOT HE3ABUCUMO ONMH OT LDPYroro, a GyHKIUS pacnpene-
JeHHs BhIX0J4A M3 CTPos i-ro 6Joka 3a BpeMda ¢ paBua F;(f), ToO
BEPOATHOCTE 0€30TKasHol paloTsl HepeaepBHPOBAHHON CHCTEMEL
B TEUEHHE BpeMeHH !

m
rey=[1a, (4)
i=1
rne pi=1—F;(f).

PesepBHpOBazHE MOXKHO OCYILECTBASTL MHOTHMU crocofamu.
Mo2KHO MCIONIB30BATL TAK Ha3bLIBAEMOE IKCIJIYaTallHOHHOE, HJIH
ofniee, pesepBUPOBAHUE, KOI[la BMECTO OLHOW CHCTEML! B pesep-
Be HAXOJATCHA elle HECKONLKO HAEHTHUYHBIX CHCTEM.

Ecny npemmnonioKHuTh, YTO Pe3epBHbIE KOMIJIEKTHl CHCTeM Ha-
XOAATCA B TAKHUX K€ YCJIOBHSX, KAK ¥ MCXOMNHBLIT KOMIJIEKT, TO
TAKO pesepB Ha3blBAETCSA HATPYMKeHHbIM. BeposATHOCTh 6e30T-
Ka3Ho#l paboThl B TEYEHHE BPEMeHM ! COBOKYNHOCTH /M CHCTEM
paBHA:

I

Ra)y=1—[1—R®Or=1—~1~]]r) (5

i=1

Bropoifl cnocof pe3epBHpOBaHUA 3aKJKUAETCS B TOM, YTO Ml
pe3epBHpyeM Kaxkpabil Ogox by, i=1, .., m, HICHTHUHBEIMH eMy
GJ0KaMM, HAXOAAIUMMHCS] B HATPYXKEHHOM pEe3epBe B KOJIUYeCTBe
k; ax3eMIIspoB. B 3TOM cayuae BepoATHOCTb Be30TKaszHOl pabo-
Tl CHCTEMH B TeYeHHe BpeMeHH [ paBua:

m

RO=][]1—a—py4. (6)

i=1

Ecau B (6) Bce B; = n, 1o Bcerna R(f) > Ru(f), cM., Hanpamep,
[65]. MckmioyeHue COCTABAMIOT AHIIbL TPHBHANbLHBIE CIyYaH, KOTLA
pi=0 uau 1. Vsammoe KokasaTenberso 3Toro  (akra, HLAHHOE
A. . ConosbeBbiM, TPHBEAEHO B eT0 pabore [57].

OcHOBHOe KPHTHUYeCKOe 3aMeyaHHe Kk ¢popMynam  (4)—(6)
COCTOHT B TOM, YTO B HMX He VYYUTHIBAKOTCA BEPOATHOCTH IIpa-
BUJIBHON HHAMKALHH ¥ OTKMIOYEHHS HEHCNDaBHBIX OJ0KOB,
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Ecnu o6o3raunurs yepes [7; BepOATHOCTh NPABHJBHOTO BKJIIO-
yeHud 6noxa b;, TO MpHBeAeHHBe Bhile HOPMYJbl COXPAHSIOTCS,
€CJIM TIPH 9TOM TOJIBKO 3aMEHHTb p; Ha pill;.

B nexoropuix paborax, Hanpumep [32], paccmarpuBaerca Ha-
JeXHOCTh CUCTEMBl CO CMEIIAHHBIM PEe3epPBOM, NPOMEXYTOUHBIM
MeXIy SKCINyaTauuoHHHIM ¥ 6/0uHBIM pedepBHpoBanueM. Copo-
KYIHOCTb M GJIOKOB pasbuBaercst Ha r rpynn mo Sy, k=1, .., 1,
3JIEMEHTOB B KamKIoi Tpynne; B KaXKJOH# IPylNie TPOH3BOAMTCH
pe3epBHPOBAHHE N0 THIY SKCIJIYaTALHOHHOTO B i-f Ipynme B KO-
nuyecTre [; WTYK. Ecnu p;; — BepoaTHOCTh 6e30Tkasuolt paboTw
BCEH CHCTEME

e

R =T -1(~T1r) 0

h=1 i=1

Tpn yueTe HamgexuocTell nepexswouarene /1, noCTaBJIEHHBIX
0 OQHOMY Ha Ka:KAylo TPYNITY, HAfO paBeHCTBO (7) 3aMeHHTH
Ha

n

ﬁ(t):ﬁ[l—n(l—nkﬁp”)] (8)

k=1 =1

HensGexxHoe BBegeHue NepekaioyaTensell CHHXKaeT HalAeXK-
HOCTb CHCTEMB!, & BKJIOUYEHHE PE3ePBHEIX OJIOKOB IIOBHIIIAET €€,
¥ TO3TOMY BCTaeT BOTIPOC O PallMOHAJBLHOM HYHCJe pe3epBHHX
yerpoticrs, Ilpubnuxenroe pemwende 3Toro Bompoca jfaHo B [18].
Heo6xonnmo Takke pasnuyaTh JBa THIA NEPEKJIIOYAIOUIUX YCT-
poticts [79]. Qopmyner (4)—(8) yKe HOCTATOYHO BBISICHSIOT HIEH
DPEe3epBUPOBAHMS M BLEMIPLILI OT HEro,

Moxuo 6bL10 6B IPHBECTH U 60Jiee CJ0XKHBie (GOPMYJIH, CKa-
JKeM, COOTBETCTBYIOI[HE DA3JTHUYHBIM THNAM Nepekaouarenci, HO
BPSN JIM 3TO HMeeT CMEICH, Jlyuile JIst KaXKAOH KOHKPETHOH cxe-
MEI 3TH (DOPMYJIB! A5 BePOATHOCTH 6e30TKa3Hol PaboThl BLIBO-
JHTbh 32HOBO.

Yxe nocie TOro, kak HacTosfumlas pabora Gelia I[OJHOCTBIO
HalpaHa, NOABHIUCH NBe KHuru (154, 155), B XOTOpBIX ZOCTA-
TOUHO NOJAPOGHO PACCMOTDPEHE BONPOCH! Pe3epBHPOBAHHS.

Ony6aukoBaH pan paBor, B KOTOPHIX paccMarpusaloTesa 6ogee
NOoApO6HO NOGOYHBIE OTPHIATENLHBIE SBJACHIA, BHI3BAHHLIE pe3ep-
BHPOBAHHEM.

Tax, mampumep, B pabore [79] pacemarpHBaercst npocrefimui
cayyall ABYX De3epBHBIX 3JIEMEHTOB COIPOTHBJEHHH, KOHAEHCa-
TOPOB H T. II.

Kaxnamit u3 a/eMEHTOB C BEPOSTHOCTLIO P, BHXOXHT H3 CTPOA
o npuuHHe oO6pbIBA, & C BEPOATHOUTHIO Py — 110 NPHYHHE 3a-
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MplgaHus. BeposiTHOCTD O0OTKasa 3JEMEHTA Py, = P+ p, =

=MpPx, + NP, mzpﬂ, n=—]‘:ﬁ—. Jass nyGAHPOBAHHON CH-
Xo Xo

CTeMbl OTKA3 HACTynaeT TOrAAa H TOJBKO TOTJA, KOrjia o064

aJeMeHTa BuIAYT W3 CTPOst MO TpHYHHE OOphBA WA XOTS OB

ONMH M3 HUX [acT 3saMmbikande. Taxum OOpasoM, BEPOATHOCTh

QTKa3a A LYOJHPOBAHHOMN CHCTEME

Pi=pi+1—(—p)=ri+2p,— P2

Bemrphim ot fyGaHpOBaHHA

Q=L =(m—n)p,,+2n. (9)

Pxy
3 (9) BunHO, UTO UPH DPABHHIX BePOATHOCTHX OOPLIBA H 3aMBbl-
KaHus <cnyqaﬁ m==n=—2—> BBHIUIPHILIA OT [Pe3epPBUPOBaAHHA

. 1
HeT, a 0pH 7 >m (n>—2—) HMEET MECTO Jaxe YXYIIUeHHe
HAJeKHOCTH.

K »TOMY e HanpaBJeHHIC TpUMBbIKaeT K pabora loproHa
[104]. B »to#t paGoTe mpenmOJjaraercs, 4TO MNpPABHALHOE (YHK-
HHOHMPOBAHHE COCTOMT M3 TPEX MOCNefOBATENBHEIX 3Tanos. Ha
IMEPROM W TPETheM JTanax CHeTeMa He NO/KHA OBITH BKJIOUEHA,
4 Ha BTODPOM 3Tane CHCTeMa AOJKHA OBITh BKJIOUEHHOH,

Ecnu  BEpPOATHOCTH  JNOJIKHOTO BKJIOUEHHA HA IIEPBOM H
TPETBEM 3Tanax paBHa p, U p,+ ps =1, & BEPOATHOCTL Ipa-
BHJBLHOTO BKJIOUEHUS HA BTOPOM B3TaNe P, U py+ py=1, 1O
BEPOSTHOCThL  TPABHJIBHOTO (DYHKIHOHHDOBAHUS CHCTEMH C=
== p,pi. BepoATHOCTD OTCYTCTBHA (QYHKUMOHHDOBAHMS HA BCEX

TpexX aTamax paBHa a == p,pa.

P,, — BepoATHOCTL TOrO, UTO #1 DE3ePBHLIX cHCTeM (3KCIIya-
TAUHOHHOE pe3epBUpPOBAHME) NALYT NpaBUbHOEe (YHKLHOHUPO-
BayHe, paBHa BEPOATHOCTH TOrO, UYTO BCE OHYU He AaLyT JIOIKHBIX
BKJIOUEHUH H XOT#a Obl OfHA M3 HAX OyleT (QYHKIHOHHPOBATH
HOPMAJBHO:

Pp— (@ oy~ am = Py (1 — P (10)

Vicxonst w3 dopmyarl (10), MOXHO HaliTH omTHMaJbiOoe 3HAa-
‘qeHHe JJI Yucaa m pesepBHBix cHereM. OLHAKO BOMPOCH ONTH-
MasnbHOTO PEe3epPBHPOBAHHA Mbl PACCMOTPHM B KOHUE 3TOTO IIa-
parpada.

Brimie MBI paccMoTpesnu clydgail Harpy»KeHHOrO pe3epsa, Kor-
Ja xak pafoTaiouiie, TaK ¥ pesepBHble OJOKM HAXONATCHA B OLH-
HaKOBEIX YCJOBHAX ¢ TOUKH 3PEHHA BO3MOMKHOCTEH TIOSIBJICHHS
0TKa30B. B 3TOM cayuae BeposaTHOCTH OTKaaa i{-ro 6Js0Ka Kak
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y pabotrawliux OM0KOB, T2k 1 y OJOKOB, HaXOAAWHNXCA B pesep-
Be, coBmaiatT, OueHb uaCTO BCTPEUAETCS HA TNpaKkTHKe caydal
XOJIORHOTO MJH HeHATPYXKEeHHOro pe3epBa, KOTAa G/0KH, HAXONA-
Lqyecss B pe3epBe, He BBIXOAAT U3 CTPOST ¥ He CTAapeloT. BosMmoxeH
TaKxe NPOMEXYTouHblfl cayuafl obsjerueHHOro pesepda, KOPAa
pesepBHBle OJOKM MOLYT BLIXOAHTH M3 CTPOS, HO, Kak IPaBuJIo,
C MeHblIel BEPOATHOCTHIO, ueM paboramuiue 60K,

Hackoasko rpomMosaxu tounele GopMyasl (HO3TOMY B HeKOTO-
pble U3 HHX BKPAIBbIBAIOTCA OLIMOKH), MOXKHO YOeIHThCI H3 CTa-
Telt M. A, Cunnuw [49, 50, 52].

KOHKpETHEIE BHIUHCAEHHs NJIs HeOOJLIIOro YHC/ja DesepBHBIX
6s0koB TIpHBedeHbl B pabotax [68, 131]. CM. Takxe ocuoBOnoJsa-
rawomyio B o6aacty pesepsuposanus pabory B. H. Cugoposa [53].

[TpuseneM Ternepp HECKOJBKO 3aMeuaHHil, TNpHHAMJEIKALIHX
A. 1. ConoBbeBy, KOTOPHIl paccMaTpuBaer cayyafl HeHATPYKEH-
HOro pesepBa (n OJHOTHIHBLIX JIEMEHTOB HaXOIWTCs B pesepBe,
a omuH Haxogutcsd B pabouem pexkume). Ilycts v; — cnyuafinbie
HHTEPBAJE, pPaBHLle AJHTEJLHOCTAM paboThl [-r0 3JEMEHTa,
i =0, .., n Ha Bce 3t 3/eMeHTH UMeeTCa ONHO TepeK/IICUaAIONIEE
YCTPORCTBO, KOTOpOe cpafaThiBaeT B Clyyae BbIXOAA KamIOTO
aJeMedTa ¢ BeposTHocThio | —a. Ecmm 370 nepeksouamoluee
YCTPOHCTBO He cpabaTHBaeT, TO CHCTeMa BHIXOAHT H3 CTpod. Be-
pPOATHOCTL 0e30TKaszHol paboThl 3TOHM cUCTeMbl PABHA:

n

ROY=Y a(l—a)*P{rg+ ... 4+ 7, >} +

k=0
L—a)i Pt .. L, > 1)
AnasornuHbM O6pa3OM MOXKHO paccMaTpHBaTh u CJIyLIaI‘JI,

KOTla KaKJAOMy pe3epBHOMY 3JIeMEeHTY NPHUJAHO CBOE NepexJIo-
yallee ycTpoicTeo. B aTOM cayuae

R®)=Ply+m+ ... +5,>1}

roe tv; =0 C BEPOATHOCTbIO ¢ (€CAH NepekJioyaTesr He cpabo-

Tan) u tv;>¢ ¢ Bepoarnocteio (1—a) O (), roe O (f) = Plri>1}.
Hna paccMoTpeHus o6erueHHOr0 pe3epsa B CJydas 3KCMo-
HEHIHAJbHOTO DaclnpefieleHHsa BDEMEeNH BLIXOAA M3 2TPOA MOXKHO:
HCIIOAb30BATh annapar ueneit Mapxora. [lpu stoM nonydarcs
BLIPOXKICHHbBIE TpPOLECcChl YUCTOH THbenH, y KOTOPHX (has3oBoe
NMpPOCTPAHCTBO COCTOUT M3 Uedwblx yucen m=0, 1, 2, .., n
3a Bpemsi Af c BepOATHOCTLIO AxAf cucTeMa H3 COCTOSHHA K
MePEXOJHT B COCTOSIHHE kK — 1, UTO COOTBETCTBYET moJOMKe 6Jio-
Ka, a ¢ BepOATHOCTBIO 1 -— AyAl ocTaercs B cocrosuun k. [lpn
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3TOM BEPOATHOCTb pp(f) ABNAETCH DeUIeHHeM CHCTEMB AH(Pe-
PEHUMANBHEIX VPaBHEHUH:

Pyl) =k Dper () = Xp, (£) (£ =0, ..., 1),

I/ICHOJH:3yﬂ METOT nepesaJa, MOXXHO HO‘Ka?:aTb, 4To
M. A s
ohye o - Ap—y . e
pa(t) ~ ~reztoexp - 1 )i}
k=0
le«! YCJIOBI/IPI

b

n
im - Y 52 =0
1—rco
k=0

B pa6ore A. [I. ConoBbesa [57] nokasano, uTo B TOM cayyae,
XOrja nepexjiouareqi aOCOMIOTHO HAJEXXHbI (T. €. BEepOATHOCTb
TOTO, UTO OHH NPaBH/JbHO cpabaThiBaloT, PABHA eAHHHIE), YKPYI-
Hedie Macwrtaba pe3epBHPOBAHHA YMEHBLIAET  HAJAEXKHOCTh
CHCTEMbL. .

B paGore ®uanunca [131] noguar nHTepecHwll BOmpoc 06
OlEHKe HaLeKHOCTH CHCTEMBI, KOrZa 3HauYeHHe BepOsITHOCTEN p;
HajzekHocTeH GJIOKOB M3BECTHO He TOUHO, a TPHOAMKEHHO, Ha-
NpHMep, OHH NoJyueHbl KaK OLEHKH B Pe3Y/bTAaTe OfpeleseHHbBIX
ONBITHBIX HCIBITAHHE,

Mz nmpenbiaymux QopMyn nas BepoATHOcTH Ge30Tka3HoH pa-
$0Tbl BHAHO, UTO OUEHb MHOTOe 3aBUCHT OT BLIOPAHHOI KOHKpET-
Holt cxeMBbl pesepBHpoBaHus., OHAKO NMpPH IJIAHWPOBAHUH HAH-
GoJjiee BLITOAKOTO BapHaHTa pe3epBHPOBAHHA NPHXOAHTCH YUHTBI-
BaTb PA3JMUHOrO POAA OTpPaHHUeHHsd. IKCTpPeMaNnbHblie 3amauy
CTaBATCS, HANPHMED, CAEYIOWHM 06pas3oM.

Ecau 3apansl CTOMMOCTH ¢; OJOKOB i-rO THMa, TO TpedyeTcs
HafiTh Taxoil HAabOp UHCEN Ry, Hg,..., 1, IJS UHCJA De3epBHpYE-
Mbix Ga0KOB, uT0Os R (£) > R, u ofwiasd CTOMMOCTL DE3EDBH-

m
POBaHHA, paBHas ancl, 6bl1a MHHHMAJAbHOT.
i=1

AubTepHaTHBHAS SKCTpPEMaJbHAR 3214438 COCTOHUT B TOM,
uTo0bl BepOATHOCTL Ge30TKasHON pafoTml K (£) Obvia MakCH-
ManbHOf, a ofuiad CTOMMOCTL HE TpEeBLINIafa 3aKaHHOTO YDPOR-

m
ST Co: ) 1yl <K G
i=1

MokHO paccMaTpHUBATL He ORHO, & HECKOJIbKO Or'DaHHYEHHH,
CKaKeM, Ha CyMMAapHEBIN Bec HAX 00heM anmaparypel. B oTHoure-
HHE DelleHHsl 3THX 3ajau CcAeJaHo OuyeHb MaJjo. B of3ope
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B. P. Jlesuna {33] usnaraerca paGora [67], pelnapiias yKasaH-
HBIE BBIE SKCTpeMasbHBEIE 3aaud /A chaydast Gjounoro ny6.an-
POBAHNA ¥ OTPaHMYEHHS HA CTOMMOCTb NPH PaBHBIX CTOMMOCTHX
oTAeasHBIX BJ0K0B {¢; = ¢). [aa 3TOro 4acrTHoro cayyas BLITH-
CLIBAETCA TOUHBI H JOBOJBHO NPOCTOH ANTOPHTM HAXOXKIAGHHT
OIITHMAJbHBIX YHCEJ N; AN DPe3epPBHPYIOIHX OJIOKOB.

[puMenense MeToOB JHHEHHOrO H AHHAMHYECKOTO [POrpaM-
MHUDPOBAHHSA [Jis1 CJAYYasi PasHBIX CTOMMOCTE! MMoKa He Jajo ho-
CTATOYHO MPOCTHIX TOYHBIX METOJOB,

B crarwe Bennmvana u Opeiidyca [75] paccmorpen caygafi no-
CTPOEHHs] ONTHMAJbHOrO Harpy:KeHHOrO pesepsa MNpH ABYX JH-
Helinpix  HepaBeHcTBaX. OCHOBHAS TPYAHOCTb 3aKJI0YaeTCs
B HEoGXOAUMOCTH PENIeHUS dTHX JKCTPEMAalbHHIX 3a1a4 B Ie-
Aplx uKcsiax, [Tpubanxenuslii METON ONSITB-TAKM AJA HaTPYKEH-
HOro pesepBa, T. €. 4if R({) sanzaBaeMoli no d¢opmyne (8),
OCHOBAHHBI Ha HCIOJNb30BAHHM BBINYKJAOCTH OTAENbHBIX CJd-
raeMex y

InR(f)= Y In[1—(1—P)",

i=1

6uia npensioxked E. T, Toaswrelinom n M. T. Mensenoscxoil.

MoyKHO TaxKe yKa3aTh Ha NPUGNMKEHHBIA METOX, OTKCAHHbIIE
X. JI. Cvonuukum # I1. A, UykpeeBnlM [5D], ocHOBaHHBIN Ha 3a-
MeHe AHCKDEeTHHIX 3HAUEHUH 71; HENMPEPbIBHbIMH 3HAUEHHSIMH I
HCITOMh30OBAHNHE METOLA MHOXKHTesell Jlarpanxa, Hafizennoe nmu
peLleH’e 3aTEeM OKPYIVIAETCs: L0 LeJhIX YHCe.

Caenyer OTMETHTh, YTO MPH MaJjblX 3HAYEHHAX 71; ITOT METOJ
SBJIAETCS JIHIIL II€PBBHIM H, NO-BUAHMOMY, BecbMa TIpPyObIM IpH-
GIMKEeHHEeM, TAK KaK He BCErLa B Pe3ysabTaTe OKDPYIJEHHS TMOJY-~
yaloTcA 3HaueHus, Onu3Kue Kk onTUMadbHEIM. OnHako cJefyer
OTMETHTE, UTO MeTOH MHOKHTesell JlarpaHxa moxeT HaAWTH TpH-
MEHEeHHe TIpx pacyerax pachnpefes]eHHs, HaNpuMep, MOTOKOR
oxJaxjaouero Bo3iyxa ¥ 1. n. O6 3TOM MeTo/le cM. B pabo-
tax [88, 152].

Hmeerca ewme oaua pabora [76] mnaa cayuas OGJa0YHOrO.
1yOJIHPOBAHKA C HEHATPYMKEHHLIM DE3€PBOM, KOrja pachpene-
JeHHe MOMEHTOB BhIXona OJO0KOB M3 CTDOS 3KCNOHEHLHAJLHOE,

[Tpeno:KeHHblt MeTOL COCTOUT B CJAEAYIOIEM: JJs OTLICKAHHA

A
YHUCJ& PE3CPBHLIX OJIOKOB HAag0 TNOIACYHTATh OTHOLUEHUH f[
i

rae AR, — yBeaqueHue HaJ@XKHOCTH CHCTEMBl 38 CHET A00aB-
JIEHMs elle OAHOrO peaepBHOro 6J40xa i-ro Tumna, 4 ¢; — CTOH-

MOCTb 3TOTO 6J0Ka <Hy}KHO 106aBUTh TOT 6JI0K, LJS KOTOPOroG

Ey
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AR:
OTHOUIEHHE —CB-L— MaKCHMﬂJIbHO). 3ateM 3Ty OIlepalHIio Haiao
i

MOBTOPUTH CHOBA, COCYHTAB OTHOIIEHHE NPHDAILEHMH BEPOAT-
HOCTEH K CTOHMOCTH OGJMOKOB ¢ yueToM HOOGaBJEHHEIX paHee
pe3epBHBIX GJOKOB M T. X. ITY OpPUG/IHKEHHYIO METOUHMKY TO-

A
CTPOEHHS Dpesepsa IO TPALMEHTY (YHKIHH —5—2—‘— IS cayuad
!

OZHOTO OTPAHHUEHNSA THIA JHHEAHOTO HEPABEHCTBA 27i,C; < Co

MOXKHO DEKOMEHIOBATL W B PsJE€ APYTHX CJAYUaeB; OHA MOXKET
ObITh 00OCHOBAHA, KOT XA

In R ()= 2\ fu, (£),

a fan, (f) — BeYKJEE (QYHKLUHK 1O 71;.

To nmosony pesepBupoBaHus Ge3 BOCCTAHOBJAGHHA OTMETHM
tTaxue padory Koxca [83]. [Ipennoncxkum, 4uTo y Hac uMeercs i1
OJHOTHIHBIX eJlHHHUL 000DYAOBAHHS, U3 KOTOPBIX & LITYK HMCIODL-
3yeTcs OAHOBPEMEHHO, 4 OCTaNbHble HAXOAATCS B XOJOAHOM pe-
3epee. Ilo mepe mosoMox o6ilee YMCA0 eAHHUHI OGOPYAOBAHHS
yMeHnblaercs, CynuTaercs, 4YTo B MOMEHT, KOI/lAa OCTAETCS TOMBLKO
n eguHUL O6OpPYNOBAHMS, CHCTEMA BHIXOJHT M3 CTPOS,

3amaya COCTOMT B OTHICKAHHH TaKOH METOINHKH HCIO/Jb30Ba-
HHA, YTOOL MaTeMaTHUeCKOe OXHIAaHHE MOMEHTa HACTYIIeHHs
n—k+ 1 nonoMky Obo MakcumasabusiM, Tlpennosaraercs, uro
BKJIOUEHHEe M BBIK/JIIOUEHMe He BJHSIOT Ha O0OpPYHOBaHHE,

Koke paccmorpen Tpu cmocoba Hcnosb3oBaHus ofopyao-
BaHIS:

A) Bce ucnosb30BaHHbie €NHHHUL OGOpyHOBaNMA K MOMEN-
Ty ¢ paboTanu OOWHAKOBOe BpeMsl; D) HOBble efwHHUb 0GOPYAO-
BAHUST BKJIOUAIOT B pabOTy TONBLKO MO MEpEe BhHIXOLA U3 CTPOs
paborammux e UHUL; B) B MOMEHT [ MCIOMBL3YIOTCA T€ efHHHILL!
060DY/OBAHHS, ¥ KOTOPLIX YC/IOBHOE MaTeMaTHUecKoe OXKHiaHHe
OCTAaBLIErocss BpeMeun T 6e30TKA3HOl pabBoThl ABJAETCA MAKCH-
MaJdbHBIM IPH YCJIOBHY, UTO 9Ta elHHHUA 0BOpPYNOBAHHS AC MO-
MeHTa ¢ y)Ke HCI0Jb30Bajachk. B cayyae noxasaTesLHOTO 3aKOHA
BLIXOJ0B H3 CTPOS BCE TPH CTPATEriy paBHOCHJBHEL,

B o6iem cayuae onTHMANbLHBEM sIBAsSeTCs clocod B). Yrnomu-
Hasl 5Ty CTaThl0 B Ka4eCTBE IpUMepd, Mbl TOJUEPKHBAEM BaXk-
HOCTb BONPOCOB ONTHMAJLHOIO HCHOJNBL30BAaHHUS pe3epBHOro 060-
PYIOBaHHM, NPHUEM CHAEAYeT YUHTHIBATL BJAMAHHE UHCJIA [epe-
KJIIOUeHHUll Ha cpor 0e30TkasHoll paGoThl exuHUI] 060PYIOBAHHS,

B paccMOTpeHHBIX BLILUE CAYYasiX CHCTEM C Pe3epBUDOBaHHEM
HHATHE He NPeIo/aranock, YTO OJOMKH YCTPAaHSIOTCS B TEUEHMeE,
BOOOLLE TOBOPS, CAYYalHOr0 BPEMEHHU Ipen. XaPAKTEPHCTHKH 9TO-
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ro BpPeMEeHH, Ha3blBaeMOro BPeMeHeM BOCCTAHOBJEHHs HJIH pe-
MOHTa, HABJASIOTCS  BecbMa CYILECTBEHHBLIMH  IIOKA3aTeNsAMHU
CHCTEMBI.

KonuuectBo paboT, MOCBAIIEHHBEIX H3YYEHHMIO CHCTEM C yue-
TOM BOCCTAHOBJIEHHS, HEBEJUKO, OJHAKO 3TOT CIHCOK MOXKHO
3HAYHTENBLHO DACUIMPUTH, BKJIOUHMB B HEr0 MHOTOYHC/EHHBIE
CTATbH TIO MAacCOBOMY O6ciyKHBaHWIO. B psame cayyaes [25, 37,
38] HeROTOpble XapakTePHCTURM CHCTEMEBl 3aBHCAT JHIIL OT CPel-
Hero, T. e, 0T Mipen.

B paGore Pona [133] roBopurcst 0 TOM, UTO pAL ONBITHEIX
LAHHBIX TOKA3bIBAET, YTO (YHKUHS PACHpPefeNeHHA IJIHTENLHO-
¢Tell peMOHTa OueHb UACTO CYLIECTBEHHO OTAHYAIOTCI OT NMoKa3a-
TeNLHOTO 3aKoHA. JTa (QYHKUHS DaclpefeseHHs XOPOMIO corJa-
CYeTCfl ¢ pAaClpefieNeHUsIME, ABJISIOIKEMECA KOMIO3HUKeH rayc-
COBCKOI'O U TMOKa3aTeJabHOTO paCHPEJISHeHHﬁ.

Onnaxo B mepBOM TIPHGHMKEHHH MOXHO OTPAHHYUTHLCS IOKa-
3aTeNbHEIM pacrpeieseHHeM IJs BPeMeHH pemoHnTta. EcJii K ToMy
Ke TPeANoNOXKUTb, YTO paclpefesneHue IJIsi MOMEHTOB BHIXOJA
W3 CTPOA OTHAEMbHBLIX 6J/IOKOB MOKA3aTelbHOE, TO 3TO SHAUHTEIBLHO
0GJIErYHT BBIYUC/IEHHE PA3NUUHEX BEPOATHOCTHBIX XaPaKTEPHCTHK
HAJeXHOCTH TAKHX CHCTEM.

Hanpumep, ecsil Bce 3JeMeHTH OLHOTHIHEE, C TOUKH 3DEHHA
HX PeMOHTa H NOAB/JEHHS OTKAa30B, TO B YKA3aHHBIX BRILIE NTpe-
MOMIOKEHHAX 3afa4ya CBOAUTCH K MSYUEHHIO TaK Ha3blBaeMbIX
npoueccos poxpeHud H rubean [117]. B sTom ciayuae BepogTHO-
CTH pn(f) HaJHUYHA K MOMEHTY [,k HEHCIDaBHLIX 3JEMEHTOB SAB-
AATCH DEIeHUAMH CHCTEMB IRGd(epeHINaAbEBX YPaBHeHui:

n (¢
dpdf( ) = Pyt1Pnt1 (t) - ()‘n "[‘ P‘n) Pn (t) + )‘n-—lpn—-l (t)’ (1 1)

rA€ An H Jn ~— HEKOTODBIE TIOCTOSTHHBIE,

Pap 3apau, HENOCPENCTBEHHO CBSSAHHBIX C TPHJAOKEHHAMH
TEODHH TIPOIECCOB POXKIeHUA H rubeny K HAJEKHOCTH, OblT pe-
umred HenarHo A, II. CosoBbeBriM. B uacTHOoCTH, UM 6BLLIH TIOJY-
YeHbl TOUHBIe M ACHMNTOTHUECKHE PAa3J0XKeHHSs IJIs BePOSTHOCTI
6e30TKa3Hof paGOTHl CHCTEM B TEUeHHe BpPeMeHH ! B YCJIOBHAX
pas/IHYHOTO THHA pesepBa (HarpyKeHHOrO, HEHAIDYXKEHHOTO H
08JIeTYEHHOT0) M PASJIMYHOTO YHCAA BOCCTAHABJAHBAWOIIHX YCT-
poicTB (CTEHZOB AAS PEMOHTa W T. I.). IIpWioMeHus TeOpHH
MAapKOBCKHX Llenefl K KOHKDETHHIM 3a4a4aM HafeKHOCTH PaccMo-
TpeHbl B psAfe pabor.

3. M. Knamko [23] paccmorpen cayyali HBYX AYGIHPYIOLHX
MallKH, STOT Ke CJAyya# paccMaTpuBajcs IdncTefinom u Xochop-
nom [96], xoTopble MPUBENH pacdeTHl LS PANA KOHKDETHBIX 3HA-
YEHHI mapaMeTpoB,
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Pown {133] usyuas 0o/10 BpeMeHH NMPOCTOEB KAHAJNOB C YUETOM
HaJHUHsl DE3EPBHBIX KaHAJOB, 8 TaKXe BPEMEHH TepeKJIOUeHHS
u pemonta, Iaga Toro uto6ul MOKA3aTh, KAK MHOMO 3a1ad TEOPHH
MAaccoBOro 06Cay>XKHBaHHA MOXHO (DOPMYJHPOBATH HA f3BIKE TEO-
PHM HAAEXKHOCTH, DOCTATOYHQ PacCMOTPETh KJACCHUECKYIO 3aJa-
uyy DpJaura.

B cucremy MaccoBoro o6CaAyKHBAHHSI ¢ 0TKA3aMH, COCTOALIYIO
H3 N KaHaJoB OOCAY:KHBAHUS, NMOCTYIAET NYacCOHOBCKHH NOTOK
3a5IBOK C MHTEHCHBHOCTBIO A (Bpems oBcay:KHUBaHHA paclpexene-
HO 110 [IOKa3aTe/bHOMY 3aKOHY co cpeaHuM l/u).

Kak H3BecTHO, BEPOSATHOCTBL py (f), OTBeuawllas HaaAHuHio kK
TpeGoBaHu#, B TaKoil cHCTeMe SIBJAETCA pelleHHeM CHCTEMEl TH (-
(hepeHuMaibHBIX YPABHEH!I:

DD — Ny () + pp(8):

4%%¥3==kpk_gg)__(x4_kp)pk(ﬂ-+(k-+1)upk+1UL
(0<k<n)
dp;t(t) = —npp, (t) - )\pﬂ__l (£),

HO MBI B TOYHOCTH NPHAEM K TaKoIl ke cucreMe, ecau Oy/JAeM CYH-
TaTh, YTO 3aABKH HA 00C/HyXKHBaHUE — 3ITO OTKAa3kl, a BPeMms 06-
CNyXKHUBAHUA — 35TO BpeMs pemMoHTa. FlTak, oyeHb 4acTo JHLIb
TIpOCTas 3aMeHa ¢/JI0B OTKa3 — Ha TpeboBaHHe, obcayKuBanne —
Ha DEMOHT I103B0JSET TePEHOCHTh MHOTME Pe3y/ibTaThl U3 TEOPHHU
MAaCCOBOro OOCAYIKHUBAHUS B TEOPHIO HANEIKHOCTH.

Pa6ory Jlyuaka [124] MoxKHO paccMaTpHBATL Kak H3yueHHe
BPEMEHH NPOCTOEB CHCTEME!, KOrja OTKAa3bl BO3HHKAIOT B MOMEH-
ThI, paclpelieseHHble MO 3akoHy [Tyaccona,

QnHOBpeMEHHO MOMKET NPOU3OHTH OTKAa3 cPa3y HECKOALKHX
3JeMeHTOB. PeMOHTHPY©OIee ycTpoHCTBO (CTeHX I pPeMOHTa)

TOJILKO OAHO Ha BCIO CHCTEMY, MMO3TOMY OTKa3hb! YCTpaHﬂIOTCH no-
cJienoBaTeJbHO,

3HauuTeAbHO TPYJAHEE CTPOHTCS TEopus AJAS Cayuas npous-
BOJBLHOIO, a4 HE I0Ka3aTe/JbHOIrO pacChpeie/eHHsT BPEMEHH pe-
MoHTa. OaHy Ofmyl CXeMmy 3ajau Ha PE3ePBUPOBAHHE C ROC-
CTAHOBJIEHHEM MOXXHO ONUCATh cJjenylomum o6pasoM. CHCTEMEl
COCTOAT W3 pasauuHulX THMNOB OGaoxos K'y,..., b,. Kaxmgoro
THNA HMeeTCs k; OJOKOB, M3 KOTophix £, 6/g0K0B paGoraioT,
[; HeWCrpaBHH, a l'i'=kl~(l;+l,) HaXOoNATCYd B pesepse
(o6sierueHHOM, Harpy)keHHOM uau HeHarpyxeHHoM). CHcTemy
O6CTYMUBAIOT 7 DEMOHTHPYIOWKX YCTPOHCTB Ry, Rayy-.., Ry

PemonTHpyiomee ycTpoficTBO R, MOKET PEMOHTHPOBAThH GJ/OKH
THHOR Byj, ..., 511;-

3 3akos N 20 an



Kpome Toro, Ha cayuaii HakCmJieHHs: HEHCHPABHBIX OJIOKOB H
BO3HMKHOBEHMS «Ouepenel» mepel DPEMOHTHDPYIOIMMH YCTPOH-
CTBAMH 3allaHa ONpejleNleHHas CHCTEMa NpPHOPHTeTa AJsS oYepen-
HocTH peMoHTa. BJoky i-ro Tuna (i =1, .., M) MOTYT BHIXOAMTH
M3 CTPOs uepes cayuyafiHEle HHTePBaJbl BPEMEHH, pacrpeieseH-
uble 10 3aKoHy F;(f), xorpa 6sok Tuna b; pafoTaer, U 10 3aKo-
uy F’;(¢), Koria OH HaxOIHTCA B pesepBe. BpeMs peMOHTa i-bHIM
DEMOHTHPYIOLIUM YCTPOHCTBOM j-ro 6J0Ka TakKe cuurTaercd ciy-
yaHHLIM ¢ 3aKOHOM pacnpepeneHus Fy;(f).

ITpu takom obuleM noxxoje thasoBoe MPOCTPAHCTBO COCTONA-
HHH CHCTEMBl ABJISETCS COBOKYMHOCTBIO TOUEK BHAA

’ ' " "
~ 7 K .
{l,«, Zifr ooy "Ui’li’ zij{’ ey ZU;: cea, li’ z,-ji', ey zlj’il}’
mn
. . . »! o 11
l=1;"')ln9]!)ji:J1=1$2s ""Eki’
i=1

rae [; —uncao pabotalomuXx O6J0KOB Z-r0 THOA, /)~ YHCJIO
C/IOMaHHLIX 6JMI0KOB, [; —uWc/a0 GJOKOB -0 THNA, HAXOLd-
WHXCA B DE3epse, a z,, z;], z” — BEJIHUMHDI, UHCJIEHHO paB-
HBIE BPEMEHH, B TEUEHHE XOTOpPOro OJIOKH HAXOASATCI COOTBET-
CTBEHHO B HCIPABHOM COCTOSIHHM M pafoTaloT; B HCIIPABHOM
COCTOSIHMM ¥ B DE€3epBe; HEHCIPABHBI H PEMOHTHPYIOTCH.
CocrodHue CHCTEMBEl B MOMEHT f SIBJAETCS TOYKON PacCMOT-
PEHHOro BHIe THHA, Ecau NpeanosoXHTh, YTO HHTEPBAJL Bpe-
MeHH UCIpapHO#i paboThl, BPEeMeHH HAXOMKJAEHHT B HCTIPAaBHOM
COCTOSIHMH B pe3epBe, a Takxe BpeMeHH PeMOHTA SIBJASIOTCS B3a-
MMHO HE3aBHCHMBIMH CJyYallHBIMH BeJHUHHAMM, TO TpPOUECC
U3MEHEHHS COCTOSHMI CHCTEMBI SIBJSIETCH MapKOBCKHM.
Vsmenenuss cocrosHuit 3a Bpemst Af cocrosar aubo H3 CABH-
OB BJAOJL NOJYNPAMBIX, B 5TOM CAYYae 32 BpeMs (¢, £ Af)

BC@ TIOVIOKHMTE/LHLE KOOPAMHATH 2y, 2., 2,7 YBEJHUHBAIOTCH
Ha Af, 60 NPOUCXOMAT CKAUKH B COCTOSIHMS, KOTOPHIE OTJIH-
4aloTCHd OT COCTOSHUM, NpeluecTBYIOHX CKauKy, TeM, UTO JaH00o
1 "
OJIHA H3 KOOPIHMHAT Z,;, 2, zij'l’ obpawaercs B HYJAb (Ha-
L
IpUMEP, JOMAETCHA MAIIHHA HJAM COOTBETCTBEHHO 3aKAHUMBAETCS
€¢ peMmoHT), qu60 HAUMHAETCH pPOCT H3 HYAS OJIHOM 21y Zijry
zyjn. [lpu sTOM cooTeercTBylomue £;, 1), [] MOryT U3MEHATLCA

Ha eIUHHLY. ,
[ns nioTHoCTed BePOSTHOCTEH COCTOSTHMI MOMKHO GBRIIO OH
BBIBECTH COOTBRTCTBYIOILME HHTErpo-auddepeHuHanbube ypasHe-
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uusg, OOHAKO OHH MMEIOT OUeHb CJOXKHBIM BHI M HX Aydllle JIas
KaxKAOM KOHKDeTHO! 3a7au¥ BHIBOAMTH 3aHOBO. MBI OTpPAHHYHM-
csl 3Iech JHIb CChITKOM Ha paboty Kokca [82]. On BuinHcan o6-
IWHH BUI YpaBHEeHUH ¥ rpaHUYHLBle YCJAOBHS A4 3alaiy MaccoBOT0
0BCaYKUBAHNA, UX BHJ HAEHTHUEH TEM, KOTOPEIe HAM HAXO OBLAO
6Bl BBIBECTH ANs CHOPMYJHPOBAHHON BBIINE 3aLayH. 3aMETHM,
YTO BOSHHKAIOLLHE TIPY 3TOM MapKOBCKHE NPOLECCHl OKa3BIBAOT:
cs [3, 48], xak npaBusi0, 3PTOAHYECKHMH. BO3MOKHOCTH moJayye-
HUS pelleHMsl 3ajayd B aHAJNUTHYECKOH ¢opme, TIO-BHIHMOMY,
[I0Ka HCUEPIIbIBAIOTCSA ABYMS CJAYUASIMHU,

B nepsom caydae [37, 38] umeeTcs HeoTpaHHYEHHOE UUC/IO pe-
MOHTHPYIOWHX YcTPOHCTB, Bo BTOpoM [3] JHUIL OGHO PEMOHTH-
pyroLee yCcTpoHCTBO.

B nemamnux crateax Iefiepa [99], B. B. I'negenxo [12, 13},
A. 1. Cososbesa [58] ncenenoBanoch BJAMSHHE BOCCTAHOBJIEHHS
Ha 3¢ GheKTUBHOCT, PaBoTh AYOAHPOBAHHEIX cHCTEM. B crathsx
b. B. Tuenenxo u A. J1. ConoBeesa Gbla1 J0KA3AHB! NpedesbHbIe
TEOPEeMBl OTHOCHTENbHO AJUTENLHOCTH Ge3oTkasnolt pafoTsl nyo6-
JIHPOBAHHBIX CHCTEM TIPH YCJOBHH, UTO JJIHTENbHOCTH BOCCTAHOB-
JIEHHS B CPeJIHeM MaJa 10 CPABHEHMIO C JIJUTENbHOCTBIO Ge30T-
KasHoH paboThl OTNESbHOr0 YCTPOHCTBA.

T. I1. MapobsHosuuy [37] nosayuna BeIpaXKeHUe IJIs BEPOSITHO-
cTell COCTOSIHUE p;; B CTALHOHADHOM perKHMe, KOTHA B f-KaHallb-
HO¥ CHCTEMe MaccOBOro OOGCNYXKUBAHMS C OTKA3aMH, HA BXOHI KO-
TOPOH MOCTyNaeT NYAaCCOHOBCKHH MOTOK BBEISOBOB, KaHa/Jbl caMy
MOrYT BO BpeMs OGCJAY:KMBAHUS BHIXOAHTE H3 CTPOs, a 3aTeM
BOCCTAHABAXBATECA ({ KaHaNoB 3aHATO OOCHYKMBAHHEM, a | Ka-
HAJIOB peMOoHTHpYerca). BpeMs BLIX0OLa H3 CTPOA UMEET (BYHKIHIO
pacnpenenenus H(f), BpeMs BoccTaHoBjenuss — G(f), BpeMs
obeay:kuBanua — F(t). T1pu atom ,

M+ jaiply -1
Pog = [ E i ;
i,j=0
M 4 jalpiy
Pij=—p57  Poos
rue

a-—*f [1— F (x)]dx; p=.§ [1— F )] [1— H(x)] dx;
1= {[1—0(n)dx,

a A ~— MHTEHCHBHOCTHL BBIXOASIIEro NOoToKa TpeBoBaHHUM,
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T. I1. Mapeanosuy [38] paccmorpes Tak»Ke chaydai, KOrfa u3
n+m- r OZHOTHOHBIX OJNOKOB 7 Haxonsircs B pabore, m—
B OGJIerueHHOM pPesepBe, a r B HEHarpy:KeHHOM pe3epBe.

3axoHy BHIXOZA GJOKOB M3 CTPOs TIPH paboTe C HarpyKeH-
HEIM DE3epBOM SIBARIOTCS NOKA3aTEJbHBIMH CO CpPeXHUMH A7l M
A1 BpeMs BOCCTAHOBAEHHS HEHCIPABHBIX OJOKOB uMeeT (yHK-
muio pacrnpeenenus F ().

B atom cnyyae pj — BEPOATHOCTL TOrQ, YTO B CTAUHOHAp-

HOM pEXHME& B MOMEHT [ OKayKyTcsl HEHCIPAaBHBIMH DOBHO K
€G10KOB .

)\1 )\Zk
pp— TR
O<k<r+1)
. k—r—1
A A
o= LEIITT [T (a4 (m—s) 4] po
s=1

(r+1<km+r+1)

— 1)k, + mr) ! -
pom e el 4 o

s=1

(m+r4+1<b<m+n+r),

Py HAXOJIUTCH H3 YCJAOBHSH HODMHDOBKH

mntr
2 p=1
j=0

H A — HHTEHCHBHOCTh OTKA30B 3JEMEHTOB, [ — UHTEHCUBHOCTH
BOCCTAHOBJEHUS.

B pa6ote 1O. K. Beasiea [3] paccmatpuBanach ofuiasa Merto-
JHKa pacueTa HaLeXXHOCTH CHCTEM C OJHUM BOCCTAHABJIHBAOUIHM
YCTPONCTBOM M TOKA3aTEJNbHBIM XapakTepoM OQYHKIMHM Dacmpe-
Nlesienuss 0TKasoB 6/10K0B. B kawecTBe mpuMepa B paboTe AaHbl
MeTOJE! pacueTa HafeXXHOCTH paluopesefHON JHHHU ¢  JOGHIM
YHCJIOM pe3epBHbIX OJIOKOB, a TakxKe pacueT pasJnyHLIX Xapak-
TEPUCTHK HAHEKHOCTH CHCTEMBI, COCTOALIEH H3 JBYX HIEHTHUHBIX
MallHH, OfHa W3 KOTOPHIX HaxomuTcs B ropsyeM pesepse. Ilpu
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9TOM OKa3blBAeTCs, B 4ACTHOCTH, YTO CpPejHee BPeMs OO NEPBOTO
OTKa3a pPaBHO
3—2¢(\)
A [1—9N)] "

rie A — WHTEHCUBHOCTh OTKA30B, a4

o«

o () = \ear (1)

0
F(t) — ¢yuxuns pacnpepesedusi BpeMeHH peMOHTA.

To 06CTOATENLCTBO, YTO COBPEMEHHBIH YPOBEHBH aHAJHTHUE-
CKOr0 anmapaTa TeOPHH CHCTeM HHTerpo-auddepeHuassybg
ypaBHeHHH He T103BOJSIET pellaTh 3aZauH HafesKHOCTH CI0K-
HBIX cHcTeM B o0lieM BHAE, NoOYXKAAeT pa3sBMBATH aCHMNTOTH-
yeckHe MeTOAb!, HAIOIHEe BO3MOXKHOCTbL [PHOJHKEHHO OlleHH-
BaTh HaeXKHOCTb CJOXHBIX CHCTeM,

O6wuit nmonxon K pelleHHIO 3TOHN 3azaud TPeAJIONKEH B
cratee M. H. KoBasnenxo [26]. D1oT moaxox COCTOHT B CJe-
aytomeM. MHTEHCHBHOCTH OTKA30B 9JEMEHTOB CJOKHOH CHCTEMb
NPeJCTABJAITCA B BHAE A, ==Aje, rae A —-HOPMHPYIOILLLHE MHO"
KHUTEJNU, e -— Maablil mapametrp. Torpa HaAEKHOCTh CHCTEME
MOXCHO TIPDEACTaBHTL B Buie P =1 Pl P2 .. Koagp-
(UHUMEHTHl JAHHOTO DPA3JIOKEHHS MOXHO MOACYHTLIBATH TO pe-
KYPPEHTHEIM (popMysaM. Cxewsl, IJd KOTODHX YJlaeTcs Ha-
NHCATh fIBHLIE BBIPAXKEHHSA TIJIABHBIX YJIEHOB ACHMITOTHYECKOTO
pasJioXKeHus, SBJATIOTCA HAMHOro Gosee OOGIUHMH, uYeM JOouy-
CKaloUIMe aHaJu3 JIpPYTHMH MeTojsamMM. B nocaennee Bpews
1. H. Kopanesxo wnaumien cnoco® BHUMC/IEHHST NOCTOAHHRIX
PO PR ¢ nomoiubio Mertoma Mourte-Kapao, M rpH TOM
B Gosee OGLIMX NPEANOJOKEHUAX: A, = Aje’l, Tae 7=1, 2,. ...
DTa BO3MOXHOCTb TNMPOHCTEKAET M3 TOrC (pakTa, YTO YKa3aHHLE
KO9()(UIUEHTE MOXKHO HHTEDIPETHPOBATH KaK MaTeMaTHUECKHE
0XKMAAHHA KYCOUHO-JHHEHHHIX (YHKLUHHA OT OrPAHHYEHHOTO UMC/Ia
C/YYalHLIX BEJHIMH C 3aJaHHBIM pacnpeneseHHeM.

B xauectBe mpuMepa MpHMeHeHHA MOLOGHOTO MeToda K pe-
LIEHHIO KOHKPETHOH '3aZauydl TEOPHH PE3epBUPOBANHA  yKarKeM
Ha crarnio B. A. Usuuukoro [21].

Bpenenne Masnoro napaMeTpa £ B XapaKTEPHCTHKH HaexHo-
CTH CHCTEM [TO3BOJISIET TOJYYATh TeopeMbl 0 NpeAe/bHOM Xapax-
Tepe MOTOKA OTKa30B B CJAOJKHBIX Pe3epBHPOBAHHBIX CHCTEMAX.
B caMoe nocsnenHee BpeMsl BLIMOJHEHO HECKOJBKO paBoT, B Ko-
TOPBIX JOKA3BIBAIOTCS pasJuuHble NpelejbHble TEODEeMBI O CXO-
numocti k notoky Ilyaccona u GoJee CJIOKHBIM TIOTOKAM.

Boapwyio NoNL3y MPH pacuere HaAeXHOCTH = CJIOMKHEIX CH-
CTEM TPHHOCHT MOJIEJNHPOBAHHE HX (YHKUKOHHDOBAHHA C NDPHMe-
HEHHEM CTATHCTHUECKMX HcnulTauuB. J[lerasipHOe Hec/AefoBaHHE
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MozeJ/iedl, Hd KOTOPHIX MOIKHO H3Yy4aTh HAJEKHOCTb CJI0KHBIX
cucteM, npoussefieHo B KHure H. Il. Bycmesko (mpu yuacTuu
3. W. Iaparuxnoi) {7]. B padore H. Il. Bycaenko [8] npepnoxen
oflui MNOAXO0A K MaTeMaTHYeCKOH cxeMaTH3alHM pealbHbIX
CMIOXHBIX CHCTEM C YYeTOM HAaJeXHOCTH UX syeMentoB. Kiacc
C/IOXHBIX CHCTEM, HONYCKAIOWHX BO3MOXKHOCTE HCCIELOBAHHS
METOJAaMH  MapKOBCKHX  [IpOlleccoB, uayued B paborax
H. H. Kosasenko [27, 28].

OtnenbHble 3ajaum cM. Takxe B paborax [5, 23]. B sakiio-
YeHHe OTMETHM uHTepecHyo pabory M. Tomxo [60]. DTor aBTOp
HeenenoBad  (PYHKUHOHHPOBAHHE CHCTEMBI, OOJamatoied cay-
YaHHLIM PEecypcoM HafeXXHOCTH, YOLIBAIOUIMM C.PaaJHuHOA CKO-
pOCTbIO NPH Pa3/IMYHBIX peXHMax paGoThL.

§ 7. MPOPHIAKTHKA U TECThHI

[Ipu sxcryyaTalHu y»Ke CO3RAHHBIX CHCTEM H 3JEMEHTOB BO3-
HHMKAI0T BONPOCH], CBA3aHHBle ¢ HawboJee DALHOHAJBHEHIMH Me-
TopamMH oBciayxuBaHufA. K H3BecTHEIM W Haubosee pacnpocTpa-
HeHHEIM METOLAM OTHOCATCA NpPOdHIaKTHUecKHe paBoTel H Ie-
pHOZMYECKOe HCNOJB30BAHHME TECTOB IIPOBEPKH KauecTBa 0060py-
JOBaHHA.

B o6nactH npodu/IakKTHKH BaXHEHIIMM #ABJAAETCs BOIPOC
0 MPOrHO3HPOBAHMKH MOMEHTOB OTKa3oB djeMmenros. Hamo HaiTH
croco0Obl, NO3BOJSIOLIHE [0 COCTOSHMIO 3JI€MEHTa ONpPelelsTh,
BBHIEJET JIM OH M3 CTPOR B OJMKaHIIH{ M[epHOA 3KCIJIyaTalHH.
Ilia pelueHHs TOro Bonpoca CJAeAYeT rayfoKo H3ydMTh PHIHUE-
CKHe TPOIECCH, NPHBOAAILHE K OTKazam. [[J1d npuMepa OTMETHM
pa6oty C. M. Jlesutuna {35], B xoTopoli yKxasaHo, 4TO y psaja
3JIeKTPOHHBLIX JaMIl He3a[oJro L0 O0TKAa3a pe3ko Bo3pacTaer
YpOBeHb BHYTPEHHHX LIYMOB.

Kaxk y:xe oTMeuaJsiock B § 3, OTKa3bl B N€PBOM NMPHOMHAKEHHH
MOXHO DPa3jeJUTb Ha ABe OOJbilIHe rPYNNbI: BHE3aMHbIE OTKA3LI
U NOCTeleHHBIE OTKAa3Hl, BLI3BAHHBIE cTapeHHeM. [lo-BupuMOMY,
HanGoJee MepCHeKTHBHBIM SBJSETCA [IPOr'HO3MPOBAHHE IHOCTE-
neHHbIX 0TKasoB. Hecmorpsa Ha BaxkHocTh 3TOH mpoBaeMaTHKH,
K HacTOfILlEMY BpPeMeHH ONyOJUKOBAHO JHIIb HE3HAUKHTENBHOE
yucto pador [35, 89).

ITpodunaxthxa OCHOBAHA HA METO/JAX [POCHO3HPOBAHMS OT-
Ka3oB. B cymwHOCTH, MPO(HAAKTHKA — 3TO CHCTEMA MEpOMpHA-
THH, OCYLIeCcTRAsSEMasl B ONpele/leHHble HHTEpPBa/bl BPEMEHH, CO-
€TOALLAsA B MOACTPOHKe MAIUMHBI H YAAJeHHW Kak HerofHbIX
3JeMeHTOB, TaK H 3JIEMEHTOB (a HHOTHA ¥ MALIHHE B LEJOM),
AO03pEBAEMbIX B TOM, YTO OHH KalyT OTKA3 B GamxKalmem 6y-
Aywewm. Ilpodunaktika mMoxer GbTh uacTHUHOH H nosuoil. [Ipr
3aJaHHOH CHCTeMe NpPaBHJl, ONpPeNeNAOIINX NpOoQHUIaKTHKY,
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TpebyeTcs ONpeNesINTL 4acToTy ee HoBTOpeHHs. Haorma npu
TOM HAJO YYHTBIBATb YCJOBHA paboThl H HHTEHCHBHOCTH OTKa-
30B (pasnaxKeHHocTh MamHHbl), OcoOblfl HHTepec NpeACTaBJAeT
HaXOXAeHHe ONTHMAaJbHOTO rpaduka NpoQHIAKTHK AJS CHUCTE-
MBI, COCTOALLER H3 MHOIMX MaLIHH, KOLLA BCE MAILHHBL OJHOBDE-
MEHHO CTaBHTb Ha MOPOGPHIAKTHKY HeXedaTelbHO MO KaKHM-
an6o coobpaxkeHuaMm. Kpuatepun 31ecs MOTYT ObITh pasHyHBIE,
HanpuMep, Ko3hOHIHEHT HCIIOAL30BAHHA, 3P eKTHBHOCTL U T. II.

[Ipodunaxruxe wocssawern pan pabor. Benxep [148] paccma-
TpuBaeT ciaydail NpodHIaKTHUeCKOH 3aMeHBl 3/JeMeHToB, [lycTh
3JeMeHTBbl OJHOTO THIA BLIXOAAT H3 CTPOS uepe3 cayualiHoe Bpe-
Ms1, uMelolllee (DYHKIHIO pacnpepesnenns F(x). B cayuae orcyt-
CTBHS MPOMHAAKTHKH 3JEMEHTb SaMEHTIOTCH N0 MEPE HX Bbl-
xozna u3 crpost. CrouMocTh KaxnoH 3amenbl pasHa K;. [lpu Ha-
JUUHH NpoQHIAKTHKY KaKable 2 4acOB MPOH3BOIUTCA MJIAHOBAN
zaMena 3JeMenta, Koropasi cToHT Ky (< K;). OTbicKnBaerca ua-
CTOTa 2, IPH KOTOPOH Pacxoibl B eNMHHLUY BPeMEHH MHHMMAaJb-
Hbl. B manvueiimiem [149] sTor momxol OblA HCMOOAL3OBaH AJA
0BOCHOBAHHUSL IOBBILIEHUS CTOHMOCTH 3JEMEHTOR C YAYUINeHHDI-
MH XapaKTepHCTHKAMH HAaJEeXHOCTH,

[lpodunaxruka 3/eMeHTOB, a TaKXKe H CHCTeMa 0JHOPAa30BO-
TO HCNOJML3OBAHHA paccMarpHBagack B paborax [71, 89, 115,
146]. Opmaxo GOMbIUIHK HHTEPec NMPEACTAB/SIOT BOMNPOCK! MpodH-
JIAKTHKH CHCTEM, COCTOSILUMX M3 MHOTHX 3J€MeHTOB, B KOTODLIX
TONLKO OTKa3aBILHe 3JeMeHTH 3aMeHsIoTcs HOBBIMH. Hexoro-
poie cooBpaXkeHusr Mo TOMY BOMpOCYy HMeloTcs B crartee [71]
MOKHO OTBICKMBATL ONMTHMAJBHOE pacnucanue AJs nooyepesHoH
NOCTAHOBKH Mallui Ha mnpoduiaktuky. Okasasoch, uTo NpH
BechMa OOIMX MNPeLNOJIOKeHHsIX HaxOoJee BBIFOLHO CTaBHTh
MallnHbl Ha NPOHIAKTHKY [0 OuepelH Uepe3 paBHbIe HHTEPBa-
Jul BpeMend. Murtepsan BpeMenn nopbepaeTcs, HCXOAS H3 Mak-
cHUMyMa KO03(h(pHUHEHTA HCIOJNb30BAHUS CHCTEMDI. '

3acayxuBaer BHHMaHHe pabora [86], B KOTOPH# HCMOML3YIOT-
Cfl HepaBEHCTBA, CBA3AHHLIE C [MOJyMapTHHraJaMH, WIS OTbICKa-
HHSI ONTHMAaJBLHOTO MOMEHTA OCTaHOBKM MallHHLl Ha [Mpo-
PHIAKTUHKY.

K aro#i mpo6nemartuke npumbikaior paborter E. F0. Bapauio-
Brua [1, 2], B KOTOpPBIX HCCJEAyeTCcs ONTHMAaJbHBIE MeTon IIpo-
(MUIAKTHKH aBTOMAaTHUECKHX Pe3epPBHPOBAHHBIX CHCTEM.

Wurepecna noctaHoBka 3ajaud, pelieHHo# B HemaBHel paso-
te Ilopra [132]. ‘

Vmeerca oguH OCHOBHOH H r > (0 HeBoccTaHaB/JHBAaeMHX pe-
3epBHLIX 3JeMeHTOB. PesepBHble 3JeMeHTh OTKazaM He TOABep-
skeHbl. OcHOBHOH 3/eMEHT MOXeT HAXOJAHTbCH B OJHOM H3 Tpex
COCTOSTHHH: 0 — cOCTOSIHHE OTKasa, | — 3sjeMeHT HCOpaBeH H BLl-
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KJIOUeH, 2 —3]eMedT HCOpaBeH M HaXORUTCA B HArPYKEHHOM
cocroannu. CocTosiHKHe OCHOBHOrO 3ieMeHTa Habiofaerca B MO-
MeuTnl BpeMmenu 0, I, 2, . . . EcousnemenT HeucnpaBen U UMeeT-
¢l B HaJIW4YHH De3epB, Mb MOXEeM [PHHATH pelleHHe BRJ/AIUHTbH
pesePBHLIA 5JeMeHT; 3TO 3aliMer ciydaliHoe BpemMst X ¢ AHCKDET-
HEIM pacmpefnefenteM. Ecauw sjeMedT HaXOAHTCA B COCTOAHHH
! nnm 2, moxXer GblTh NPUHATO pelleHHe O BKAIOUeHHH (BLIKAIO-
YeHHH) . BhIKMIOUeHHe NPOMCXOAHT MTHOBEHHO; BK/IIOUEHHE 3aHH-
MaeT eAMHHIY BpeMeHH. Ipu BK/IOUEHHH SJEeMEHT MOXKeT OTKa-
3aTh ¢ BeposTHOCTEIO 1 — @, Harowen, Haxofsch B COCTOSHMH 2,
JIEMEHT 32 €NUHUIY BPeMEHHM MOXKET OTKAazaTh C BEPOATHOCTLIO
| —B. Pemaerca 3apaua 06 ONTEMAaJbHOM pexuMe padoThl
B CMBICJE MakKCHMasallMd BEPOATHOCTH TOTO, YTO B (DHKCHDPOBAH-
HBII MOMEHT BPEMEHH 7. 5JIeMeHT HaXONHTCHA B COCTOSIHHE 2. AB-
TOp COCTABWJ DeKYPpPEHTHHIE YPAaBHEHHS JAMHAMMYECKOrO MpO-
rpaMMHPOBAHHA, ONpeAeNsIloue ONTHMAABHYI0 HpOLenypy. JTH
ypaBHEHHA JIeTKO PeayHsyIOTC B BBIHHCAHTENHHOM OTHOUICHHH. -
Hast ciiyuad, KOTAa BpeMs HepexiiiodeHus X MOOCTOSHHO, aBTOPY
yIanoch DelliHTh 3TH YpaBHEeHHS! B SBHOM BHIE.

B cOBpeMeHHBIX CJI0XKHBIX KOMIJIEKCAX DPAAHOIEKTPOHHOTO
000pynoBaHUA HMeercsd Cepbe3Has OHNACHOCTh BO3HHKHOBEHHS
HeABHBIX OTKA30B, BLIBOAALLUX cHCTeMy M3 cTpod. He Bcersa o7-
Kasbl COTNPOBOXKAAIOTCA NOTepeli HaAUPSIKEHWUS, ABIMOM HAY ADY-
MMM BHEUIHHMH NPH3HaKaMH. BBuay oco60 BaHBIX (YHKUHH
CHCTEM MPHXOLHTCA CHCTEMATHYECKH NPOBepATh obopyloBanHe
Ha ero HCIPaBHOCTb MNYTEM IpONycka TecTOB. TecT —3TO cre-
LHaJbHO NOROOPAHHEIA 3TANOHHBEIH peXXKHUM paboThl CHCTEMEl, pe-
3yJABTAT KOTOPOTO H3BECTEH 3apaHee. TecTel MOTYT WUMETh pas-
JIHUYHYIO IJIATEJBHOCTH H MOIYT MpOoBepsATh pafoTy KOHKPETHHIX
OTHEJBHBIX (BYHKUHOHAMLHBIX OJIOKOB, SUeeK WJH [Jae OTAeNb-
HEIX 3/ieMeHTOB. KOHKDETHBIH BHA TECTOB 3ABHCHT OT KOHMCTPYK-
HHH MamuHel. TecThl ABAAIOTCS TOA OCHOBOH, Ha KOTOPOH AOJXK-
HO CTpPOHTLCA ABTOMAaTHUecKoe OGHApy)KeHue HeHcmpasHoCTel.
Jas KaxaoH KOHKPeTHOH MaWlMHLI HAJLO HMMETh LEJYI0 CHCTeMy
pAasMTUYHBIX TECTOB, TPOBEPAIOUIHX Da3J/HUHblE PYHKHHM paboThl
MawHHel. Teopuio TECTOB, OCHOBAHHYIO Ha IIOHATHAX MATEMATH-
yeckoH JOTHKH, MOXKHO HalTH B pabote [4]. Pomcrsennoll rpym-
no#l BOMPOCOB SIBAAIOTCA MPOBJEMBl, CBA3aHHbe ¢ HauGosee GbI-
CTPBIMH H 5KOHOMHYHBIMH crocofamy oOGHAPYKEHHS BO3HHKAIO-
wHx HexcnpasHocTeH. [lompo6HO STH  BONPOCH  H3JOKEHBI
B cTaThe {4]. 3aMeTHM, UTO BpeMd DEMOHTA COCTOMT H3 MNOHCKA
M ycTpaHeHHs HeucnpasHoctd. B paGore [133] ykaswiBaercs,
YTO BpeMs NOHMCKa HeucnpaBHOCTER MoxKeT  OHITh NpPUGTHIKEHO
CyneplOSHIMel MOKasaTelbHOro M HOPMAJBHOrO —pachpefene-
HHH. MeTomaM TIOCTPOEHHS CHCTEM TECTOB, NDPHBOAALIMX K CKO-
pefilieMy OTLICKAHHIO HEHCNPABHOCTEH, NOCBALIEHH paboThl
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[114, 151]. Poncreennsle 3agauu paccMoTrpensl B {72, 142]. Orme-
taM takxe padory JI. A. Iluenunuesa {47], rie nmoHcK Heucnpar-
HOCTH paccMaTpUBaeTCs Kak [orJoujamowas enb Mapkoza.

JAKJIFOYEHHE

Teopust HAJEMKHOCTH HAXOLUTCH B HAaYaJNbHOM MEPUOLE CBOE-
rO PasBuUTHSA H I03TOMY nepel] Heli CTOHT MHOMKECTBO HEOTJIO-
HBIX 3ajay, TPeOyOUHX NOJHOIeHHOro pewmwenua. Cpeau Takux
3aflay CJAELyeT OTMETHTb XOTsl Obl HeckosbKo. HexoToprie ua HHX
HOCAT B NepByK oyepelb (DH3HKO-XHMHUECKHH Xapakrep, Apy-
THe JKe HYKJaloTcAd B paspaboTke COOCTBEHHO MaTeMaTHUECKHX
MeTOJ0B.

Xorsl pazpafoTKe METOJOB pacuera HaJeWHOCTH CJOMXKHBIX
CHCTEM 32 MOCJeJHHE TOAB ObIJIO YAENEHO OUeHb OO0JLILNOE BHH-
MaHHe, 3LeCb BHIHA HeoOXOIWMOCTh JanbHehlnefl yrayGieHHo#H
pabotbl. Eciy Mbl B3ryIsiHEM Ha PeKOMEHAALlMH, KOTOPHIE COpep-
JKaTcst B CYLLECTBYIOIIMX MOHOTpPadHAX N0 TEOPHH HANEXKHOCTH,
TO YBHAMM, 4YTO I[IOCTOSIHHO ABHO HJM HesIBHO IPEATNOJIaraercs
HEe3aBHUCHMOCTb BEIXOJa H3 PaBouero COCTOSAHHA OTAGJNLHBIX V3-
JIOB M 3JIeMEHTOB CJOXKHBIX cHcTeM. CHCTeMaTHUecKoe HCCJaefo-
BaHNe B3aMMO3ABHCHMOCTH 3JeMeHTOB B palCTe ellle He cAena-
Joch npaBujoM. Jlajee B pacuer HaleKHOCTH HeoOXOLHMO cMe-
Jlee BHEADATbL PasJHYHOrO POAa aCHMITOTHUECKHE MEeTOJb W pe-
3yJBTAThl, MOCKOJLKY ZAJSL CAOMKHBIX CHCTEM TOYHBIE (DOPMYJIbE
CAOXKHB M He NMO3BOJAIOT JeNaTh BHIBOLOB O TeHIEHUHSAX, CBOH-
CTBEHHBIX YCTPOHCTBAM I[IpH M3MEHEHMM TeX HJM HHBIX rapamer-
poB. B mocsienHee BpemMs [OKa3aH PAL ACHMIITOTHUEGCKHX pe-
3yJILTATOB, HCNOJNL3YIOLHX WM TO 06CTOATEeNLCTBO, 4TO Ge3or-
Ka3HOCTh 3/JEMEHTOB B TEUeHHe 3a]aHHOro cpoka OYeHb BEJHKA
HAM JKe T0, YTO BOCCTAHOBJEHHE YCTPOHCTBA 3aHMMAeT HHYTOXK-
HO MaJloe BpeMsl [0 CPABHEHHIO C IJIHTeJLHOCTbIO 0e30TKazHoH
paBotel (B cperuem). To nojso)Kenue, uTo NOTOK OTKa3oB GJH-
30K K MyaCCOHOBCKOMY JUISI C/0KHBIX CHCTEM, COCTOAILHX H3 Bbl-
COKOHAMENKHBIX 35JEeMEeHTOB, B HACTOsillee BPeMs OOILIENPHHSTO.
TeopernueckuM O0O6OCHOBaHUEM AJf 3TOro ABJSIOTCS TEOPEMH
A. 8. Xunuuna, I'. A. Ocockosa, B. M. T'pureanonnca u np. Oxn-
HAKO HeNlb3s 3a6LIBATH, UTO BCE 3TH TEOPEMbl OCHOBAHBLI HA mpej:
ITONOXKEHUH O He3aBHCUMOCTH IIOTOKOB OTKA30B COCTABJSIOLLHX
yacrefl ycrpoficrea. Heo6xonuMo pacnpocTpanuTs 5TH TeOPeMBl
Ha cJayyall B3aMMHO 3aBUCHMBLIX C/laraeMblX NOToKoB. Ecian 3aBH-
CHMOCTE GYRET He CAMUIKGM CHJbHA, TO B IIHPOKUX IPEAHOJO-
KEHHSIX MOXKHO OXHIATh IJs CyMMapHOro NOTOKa Takxe G6JH-
30CTH K nyaccoHoBckoMy. MemospzoBanue 3/JeKTPOHHLIX BEIUHC-
JIHTEJNBHBIX MaIldH HJs pacyera HaJeXHOCTH 3ac/AyKHBAeT Bce-
CTOpPOHHEro M ry6okoro uayuenHs. K coxxaneruio, cefiuac He-
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PEenKO HCXOOAT H2 TMIOTE3Bl, YTO COBPEMEHHbIe BbIUHC/AHTENbHBIE
cpelcTBa OCBOGOMKAAIOT HCCAELOBaTeNst OT HeoOXoZuMoCTH Tula-
TeJABHOTO NPENBaPUTENBLHOND anadu3a CTOAUIEH [epel HMM 3aja-
Yy 1 4TO GBICTpOLEeHCTBHE MALIWHBI B COCTOSHHH HCIHPABHTH HeE-
JOCTATKH IPOTPAMM PACUETOB HJH Xe CXeMBl MOJAeNHPOBaHHI.
Ha camom e jeJse, 0Ipu MOLENHPOBAHHH PAGOTHl CHOXKHHIX CH-
CTEM C OUeHb HAJEXHBIMH 3JIeMEHTAMH IJA I[OJyYeHHs HOCTO-
BEPHBIX PE3yJALTATOB HeobxoaumMo Oo/blIoe BPEMs, eclH TOJbKO
He HCMNOoJB30BaTh CHeUH(UKY 3alauyd M He HCI0Jb30BaThb Npei-
BAPHTENBHO AaCHMITOTHYECKHE PAa3JoKeHHs.

Meroabl pacuetTa Heo6XOIMMOTO KOJHYECTBA 3alacHBIX dYa-
crefi (3MI1a) past HopmMasbpHOR 3KCIMyaTalluy 000pyAOBaHUd HA~
XOZATCA B KpaliHe samylieHHoM cocTosHuH. CylllecTBYIOLME TPa-
JHIHOHHBIE METOALl NPHKUAKH He OTPaXKaloT XapaKTepHBIX 0CO-
Oennocredl 3ToM 3ajaud. Pacuer IDPOBOAHTCH ONMHAKOBO, KaK
npy ofecrnevyeHHH 3alacHbIMEM UYACTAMH MajlblX XO3AHCTB, B KO-
TOPHIX HAXOMHUTCS JBE — TPH MAlUMHLL ONPENEJeHHOH MapKH, TaK
H OrPOMHBIX XO03fHCTB, COAEpPIKAILIMX COTHH H THICAYH OAHHAKO-
BBIX MawnH. Dojiee TOTo, 5TH Xe METOABL yIOTpebadroTcad AJad
pacyera IPOHM3BOACTBA 3amacHHIX wacTell B Macwrafax CTpaHbl.
B pesyarwraTte Hepenko monydaercsl Tak, UTO IJISl OTAEJAbHBIX Ma-
INUH BBAENAETCA H3JHIIHee KOJUYECTBO 3alacHBIX yacTeH, a A/
psla XO3AHCTB HE OCTAeTcs MmouTH Hudero. Ecau e yuecTs, uTO
3HII aauvacTyo paccuuThBaeTCl H KOMIIEKTYETCsl He [JIA BCEro
H3[eJHA LENHKOM, a JUIg OTHEJbHBIX €rc KOMIIOHEHT, TG B pe-
3y/JbTaTe OJHOHMMEHHBIE 3aNacHble YacTH BBIAEJNAITCS MHOTO-
KPaTHO B KOJIMUECTBaX, HAMHOTO NDPEBOCXOIAIIMX JAeHCTBUTEJb-
HYI0 HOTPeBHOCTS.

HcnbpiTagus Ha HageKHOCTh Bcerja OYAYT COCTABJAATE OJHH
U3 OCHOBHBIX DasfefOB TEOPHH HALEXKHOCTH. B HacTosilllee Bpe-
M XOopouo paspaboTaHbl IJIaHbl HCHBITAHUH NJs OLEHKH HHTeH-
CHBHOCTH OTKAa30B B MPeANOJiOKeHHH IKCIOHEHIHaJNbHOTO 3aK0-
Ha oTkazoB. Jia ADPYTHX pacopeleseHHil, a TakxXe AJaS ORHO-
BpeMEHHOTO OLIeHMBAHHSI HECKONBKHX IlapaMmeTpoB 5Ta paboTa
HaXOJHTCS B 3a4aTOUHOM COCTOSIHHH. MekmounTesbHBIH HHTE-
pec npeacTaBiseT oUeHKa (YHKIHHA OT GOJBIIOTO YHCIA HEH3-
BECTHHIX apaMeTpOB IO OMBITHBIM HaHHBIM. K 3Toii 3agaue cpo-
IHTCS, B 9aCTHOCTH, OLleHKa HaJeXHOCTH CHCTEMBI [0 pe3yibTa-
TaM HCHOHITAHUH ee KOMIOHEHT. B 3TOM HalpaBJeHHH HMeTCs
JIHUB HeKOTOpPHIE pPe3yJIbTaTHl.

B cBsisH ¢ noBbllleHHEM HaZeXHOCTH H3JeNui, oGbluHbe Me-
TOAB HCHBITAHHH HATAJKHBAIOTCA Ha [IPAKTHYECKH HEMNPEeooJu-
MBI TPYJHOCTH, CBA3AHHble C HEOOXOLMMOCTBIO OCYLIECTBJEHHS
YPe3BuIYAHHO MJIUTEABHbIX HCHBITAHHH H OJHOBPEMEHHO [OCTa-
HOBKH Ha HCMBITaHHs GoJibuioro yucia obpasuos. PaspaGoTka
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¢husnuecky 000CHOBAHHLIX METONOB YCKOPEHHBIX HCIBITAHHH
JIOJDKHA CYHTATLCA ONHOH M3 mepBoouepelublXx mpobaem. Ee pe-
IIeHHE He MOXKeT OBTh NOCTHTHYTO UHCTO MATEeMATHUECKHM Ny-
TeM, a4 TpefyerT rAy60oKHX (QHIHKO-XHMHYECKHX HCCAEA0BAHHH
npolecca CTaPeHHA X H3HOCA U CBS3AHHBIX C HHMH H3MEHeHuH
MONeKyasipHON (a ObITb MOXKET, W aTOMHOH) CTPYKTYPH Be-
WECTBA B 3aBHCUMOCTH OT YCJAOBHH, B KOTOPBIX 3KCHJIYaTHDPYIOT-
cs1 uzpenusi. OOHAKO OJHHX (DUSHKO-XHMMHUECKHX HCCIeJOBAHMI
HELOCTATOUHO; OLHOBPEMEHHO HeOoOXOLHMO M MOCTPOCHHE KOMH-
YECTBEHHBIX TeOpHit 3TUX mpoleccoB, De3 MOJHOLEHHBIX Mare-
MaTHYeCKHX Mognenell 3xech He o6oHTHChb. IIOKa B yKazauHoMm
HanpaBJeHud CAeNaH0 HCK/IIOYHTEIbHO Majo. Hexoropoie us
onyGIHKOBAHHBIX  pPe3yNbTATOB TPeOYIOT TILATENBHOH 3KCIEpH-
MEHTAJILHOH H TEOpeTHUYECKOH I1POBepKH.

Tpynnas u cosceMm He paspaforarnasi MnpobJieMa CBs3aHa
C HCHBITAHHAMH ONBITHEIX 06pasnoB. Takux 06pasloB cueHb
MaJjo, gauactyio Apa-Tpu. ITo HAM HYIKHO COCTaBHTh NIpPEICTaB-
JieHHe 0 Bcell Macce H3jesui, KOTOopbhle MOABATCS, €CJIH ONBITHHIE
o6pasubl GaaronosyuHo mnpoifiayr ucneitaHad. Ha ucenmiTauus
JIOXKHTCST 6osbLIAS OTBETCTBEHHOCTh, TaK Kak 110 KOJHYECTBEHHO
HENPEACTABHTENAbHBIM HCILITAHHAM HYXKHO HaBaThb 3aKJANUYEHU:d,
OT KOTOPBIX 3aBHCHT KaK cyAbOa Hageduil, Tak B cyanba onpe-
aenensoro gena. OnacHocTs NOJLCTeperaeT ¢ ABYX CTOPOH: XOpo-
mas KOHCTPYKLHA MOKeT OBITh 3a0pakoBaHa, MOCKOABKY HCILI-
THIBAJHCh HEKAUECTBEHHO H3MOTOBJAEHHBlE 00paslbl; HCHOBITAHUA
6L HeJOCTATOYHEl, B pPe3yJbTaTe uero ObLIH NPHHATHI K Npo-
M3BOLCTBY HeylauHele usjennd. [locne mepenaun aTHX usaesuft
B MaccOBOE MPOH3BOACTBO HapOLHOE XO3AHCTBO MOHECeT HENpo-
IMOPUHOHANBHO OGO/BIUKHE [OTEPH OT BHEADEHHs! B MPOH3BOACTBO
HenopaboraHHoll KOHCTPYRUMH. [IpakTHKa 3HaeT Heylaud KaiK-
IOTO H3 TOJbKO UTO yKasaHHbIX THMoB. OYeBHAHO, 4TO HeoBXo-
JuMo paspaboraTh TAKyIo METOILHKY HMCUbITaHMH, KOTOpas jaJa
66l BO3MOXKHOCTh HCHOAB30BATH Kak TMPOULIBIE ONBIT TEXHHKH,
TaK W Pe3yanLTaThl MOLEJHPOBAHHA. dra METOANK]1 ellle OXugaer
CBOEro co3paHusi.

Camo cofoll pasymeercs, UTo 3aJayd NOLAeDPIKAHHSI HaJexi-
HOCTH B NIPOLECCE IKCIAYATAUMU TaKXKe TPeGYIOT BCECTOPOHHETO
pasBuTHS. Mbl He CTaHeM TOBODPHTh 00 ViK€ YHOMHUHABUIHXCSH
B TEKCTe BOMpPOCAX ONTHMAJbHOH NPOQUIAKTHKH, ONTHMAaJbHOIO
noncka HerclnpasHocTed, BhiOopa pabouero pe:mxuma. 3mech 6o-
Jlee HJH MEHee SICHO, YTO ellie HYxHO JAenartb. Cefuac coBceM HeE
3atpoHyra pa3paboTka O0OOCHOBAHHBIX MeTOLOB MNPOrHO3a He-
HchopagHocTed.  YCTpPOHCTBO elle paBoTOCNOCOGHO, OHO Yy OBIe-
"TBODHTEJIBHO BBHMIONHSIET CBOH (DYHKIHH, HO NOABJALTCA MOBHI-
LIeHHAS OMacHOCTbL OoTKasa. Kak 3apaHee y/JOBHTh HACTyNJeHHE
ATOr0 MOMEHTA H CBOEBDEMEHHO OCTAHOBHTE 3KCIAYyaTALHIO
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yeTpoficTBa, 4To6bl H36exkaTh aBapHH H CBA3AHHOM ¢ HeH Kpyn-
HOH MOTEPH MaTepPHaJbHOH HJAM MOPAJBHOH.

HecomHeHHO, YTO BCe HJIH NMOYTH BCE BONPOCH TEOPHH HALEXK-
HOCTH TaK HJH HHaye CBf3aHBl C 5KOHOMHUYECKAMH (aKTOpaMH.
Ye onpelejesne TOro, A0 KaKuX TNOp Ledecoo6pasHo MOBHI-
1aTh HALEKHOCTb, HE MOKET OLITh OCYIecTB/IeHO 6es3 BhiFcCHE-
HHS 5KOHOMHYeCKOH IenecoobpasHoCTd JaJibieflliero mOBbILIe-
B HajexuocTH. Cefuac NOABWJIHCH HHTEPECHblE KHHLH M
CTaTbhy, MOCBSILIEHHbIE OleHKe NOTephb, CBA3AHHBIX C HELOCTATOY-
HON [DO/JIrOBEYHOCTBLI0 H3lenuil. DTa pabora IPOBOLUTCS B PasHbiX
acnekTax: NoACYeT NOTepbh OT HeNOCTATOYHOH IpPOH3BOAMTENDb-
HOCTH HEJOJITOBEYHBIX H3JLes]HH, MOoACUeT MOTEph OT HeoOGXOLHMO-
CTH COLEepKaTb O0JbINOR PEMOHTHHIH WITAT paBouHX, OTBJIEKATH
CTAHKH K Ipyrie TeXHW4YecKHe CPeLCTBA Ha TNDOM3BOACTBO pe-
MOHTA ¥ mp., HaMm nouTH HEHSBECTHHl HCCAENOBAHMS, B KOTOPBIX
MPOHSBOAMIIOCH Obl M3y4eHHE 3KOHOMHYECKOTo 3ddexra OT IO-
BLILIEHUA HAMEKHOCTH B NDYTHX aclekTaX -— 6e30TKa3HOCTH, 1no-
BBIIEHHOH PEMOHTHOH TeXHOJOUMYHOCTH, TLIATeTbHOH KOHCTpPYK-
THBHOHA OTAEJAKHM HA CT2AMH NMPOEKTHPOBAHHA H T. n. Kcratu jo-
6aBdM, UYTO COBCEM HET HCC/ASNOBAHHH, TIOCBSILEHHHIX BLISICHE-
HHI0 IKOHOMMUECKoro yiep6a OT HELOCTATOYHO MNPOAyMaHHbIX
H HeGPEKHO OCYLUECTBJEHHBIX HCIBITAHUH ONBITHRIX 06pasLos
uageaud. [TOHATHO, 4TO S3KOHOMMYECKHN aHaNu3 NOBBLIEHHN Ha-
JLEMHOCTH NPOAYKIHMH TaxyKe TpefyeT NPHMEHeHHs MaTeMaTHye-
CKHX CPEACTB M paspalboTKH MaTeMaTHYECKHX MOJeaefl.

Hecomuenso, uTo Haw Oerapii 0630p HepewleHHbIX npoG/aeM
MOT OTHOCHTBLCA JMIIL K HanpaBJeHHsIM HCcAefoBaHui, a He
K IIOCTAHOBKE KOHKPETHBIX 3a1ay. Dta nocaenuas Leib Tpebyer
HHOI o6CTaHOBKM W Oyjer clAenaHa aBTOpaMH B APYrHx pabo-
tTax. ECiH 2Ke TOBOPHTH O UHCTO MaTEMATHUECKHX 3ajayaXx Teo-
PHHM HaJeXHOCTH, TO, NIOMHMO YIOMSHYTHIX BOIPOCOB MaTeMaTH-
yecKoli CTATHCTHKH M NPELEJbHBIX TEOPeM NJisi CyMM ciaydalHmx
[IPOLLECCOB, HA NMepBOe MECTO BHIJBHMAETCH DA3BHTHE TEOPUH CIy-
yafHBEIX NPOLECCOB TEOPUH HAaREXKHOCTH, TIOCTPOEHHE MATEMATH-
UECKHX MOJeNell IpOLleccOB CTapeHHsl H H3Hoca H paspaboTka
TEOPHH CXEeMHOHl HaIeXXHOCTH.

HecoMHeHHO, YTO HaMeTHBHIESCH B DaAHO3JIEKTPOHMKE Ha-
npapJjeHde MHKDOMHHHMATIOPH3AINH, AOMKHO BLIABHHYTL HA Mep-
BB maan pa3paboTKy BOMPOCOB CHHTE3a HaJeXHBIX CTPYKTYP
H3 He OUeHb HaJEeKHLIX 5JE€MEeHTOB, IIPEIHA3HAYEHHLIX O/ Bhi-
nojgenus JoThuecknx onepauu#i. Hawaso Takoro nopxosa co-

AepkHUTCA B H3BeCTHHX paGorax Jox. doun Hefimana, Mypa
1 [IleHHoHa.
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