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[Mpaktuyeckoe 3ausTre 1. MOJYUYEHUE CJIYUYAHWHBIX YUCEJ HA DBM

|. TEOPUA
1. Metoanst MonTe-KapJio u ciyyaiiHble BeJTHYHHBI

Memooamu Monme-Kapio Ha3pIBaIOTCSl YUCICHHBIE METOJIBI PEIICHUS MAaTeMaTHUECKUX
3a/1a4 MpU MOMOILIM MOJCIHUPOBAHUS CIy4alHbIX BenudyuH. Kak mpaBumiio, B KauecTBE CTaH-

JAapTHOW BBIOMPAIOT HENPEPBIBHYIO CIIyYaiiHYIO BEIMYHMHY ), PABHOMEPHO PACHPEAEICHHYIO B

unTepsane (0, 1). OCHOBHBIC XapaKTEPUCTUKH STOH BEIMYHHBI: IIOTHOCT [, (x) =1, pynx-

1
oM pacHpeaciicHus F}, (x] = X, MaTeMaTH4eCKOC OXXHuJaHHue M(}"] = 5’ Jaucrepcus

D(y) =3

NHorpa B kauecTBE CTaHAAPTHOM MCHOJIB3YIOTCS JUCKPETHAs CIy4yalHas BEJIWYWHA £,
MPUHUMAIOIIIAS C OJIMHAKOBOM BEepOSITHOCTHIO 3Hauenus 0,1,2,...,9. Bennuwna £ Ha3bIBacT-
cs cay4aiHoM nudpoH, a BeaUMYnHA } - CllydalHbIM 4nuciIoM. CBA3b MEXIy ¥ MU £ yCTaHaBIIU-
BACTCs Pa3JIOKEHUEM YKclia ¥ B OECKOHEUHYIO IECATUYHYIO IPOOb:

Y= DJEIJEEJ---JEL: uim ?ZZF;“:lEk. lﬂ_k' (1)

CrnpaBeyInBO yTBEPXKACHUE: €CIU [ - IPOU3BOJIBHOE 1IEJIO€ TOJIOKUTEIBHOE YHUCIIO, TO
ciyuaiinas Benmunna { = J(gy) pasnomepno pacnpenenena B unrepsaie (0,1), roe J(X) —

IpoOHas 4yacTh unucia X .

2. Crioco0bl moJTy4YeHusl CAy4aiiHbIX BeJTMYHH
2.1. Mertoa tabauu. Ocymectsinsior [N HE3aBUCHUMBIX OIBITOB, B PE3YIbTaTe KOTOPHIX

nonyyaror N ciyualiupix wudp: £4,&,, ..., . 3amucas 51U UKUOPbI B HOPAIKE MOABICHHS B

TaOIUIly, TOJY4arOT TaOmuIly ciaydaHelx mudp. JlocTomHCTBa MeToAa: OIHOKpaTHas
MPOBEpPKa, BO3MOKHOCTh BOCHPOM3BOANTH 4Kclia. HemocTaTku: orpaHHMYEHHBIN 3amac 4uced,
Tabnuia 0oNbIIOro 00beMa 3aHMMAaeT MHOTO MECTa B HAKOMUTENE. DTOT METO] UCTIOIb3YIOT
TJIaBHBIM 00pa3oM TMpU pacueTax BpPYYHYIO; JUIsl pacyeToB Ha DBM UM MpakTHYecKH He
MTOJIB3YIOTCHA.

2.2. Metoa naTunkoB. ['eHepaTopamu, UK JaTYNKAMHU, CIYYAHBIX BETMYUH HA3BIBAIOT
pa3IMYHbIC TEXHUYECKHE YCTPOWCTBA, BRIPAOATHIBAIOIINE CITyJYaiHbIE BEJIMUMHBL. Yarie BCero
JUIS TIOCTPOEHHS JAaTYMKa HCIONB3YIOT PaJMOdJIEKTPOHHBIE MPUOOPHI (AMOIbI, TUPATPOHHI,
ra3oTpoHbl U Ap.). [IpocTeHIMM TaTIYMKOM JBOWYHBIX MU(P SBISCTCS CUCTUUK, BBITAFOIIHIA

gncno V(mod2), r.e. 0 npu yetHom V 1 1 npu HeyetHOoM V. OOBIYHO JATYMKH CIydaiHBIX
YKCceN ColAepKaT T TeHepaTopoB OMKMCAHHOIO THIA, PAOOTAIOIIMX HE3aBMCHUMO, TakK, 4TO

JaT4YuKaM BbIJacCTCsa HpI/I6J'II/DKeHH06 cnyqaﬁHoe =050 (0) ']f = U, fIl, wany ﬂ'.m, 3allMCaHHOC B

dbopme mM-pa3zpsaHOI ABOMYHOM ApoOM. DTOT METOJ B OCHOBHOM IpPHUMEHSETCS B CHCTEMax
ABTOMATHUYECKOTO PETYIUPOBAHUA W aHAJIOIOBBIX BBIYHMCIUTCIIBHBIX MallWHAX, 3HAYHUTCIBHO
pexxe — B Meronax Monrte-Kapno. JlocToMHCTBa MeTOJa: HEOTpaHMUYEHHBIM 3amac 4uced,
CBEpXOBbICTpOE HUX MOJy4EHHE, 3alac 4YUCel HEe 3aHMMAaeT MHOIO MecTa B HAaKOIUTEle.
Henocratku: mnepuoandeckas IpoOBEpKa, HEBOCIPOM3BOJUMOCTH  YHUCEN, Tpedyercs
CHELUAaJIbHOE YCTPOUCTBO.



2.3. Mertoa cayuyaiinbix 4ucena. IlceBmocmyuyailHBIMM YHCIaMU Ha3bIBAIOT YHUCIIA
¥1s¥2s -=s ¥y, KOTOPBIE BBIYMCIIAIOTCS MO KaKOM-IMOO 3aiaHHON (opmylie U MOTYT OBITH

HUCIIOJB30BaHbl BMECTO CHy‘-Iaf/’IHBIX YUCCl IMPpU PCHICHUMU HCEKOTOPBLIX 3ajady. I[OCTOI/IHCTBa
METOJ1a: OJTHOKpaTHas MPOBEpPKa, BOCIPOU3BOJAUMOCTh YHCEI, UX OBICTpOEe MOJy4YeHHE, 3amac
qucell 3aHMMaeT MaJlo MecTa B Hakonurene. HegocraTku: 3amac yucesn orpaHuueH. DTOT METO
— caMmblii yIOOHBIH C IPAKTUYECKONW TOYKHM 3PEHHUS U SBISETCS OCHOBHBIM IMpPU pacueTrax
MetoioM Moure-Kapio.

3. AJrOpuTMBI MOJYyYeHHS] TMCEBAOCHAYYAWHBIX 4YHCeJ. BONBIIMHCTBO aaroOpUuTMOB
MIPEJICTaBISAIOT CO00M pEeKyppEeHTHBIE (POPMYJIBI IEPBOTO MOPSIIKA

]’rﬂ+1 = d)(}’nj, (2)
I1€ HAaYaJIbHOE YHCIIO } 3a1aHO.

3.1. Metoa cepenunbl kBaapara (Heiimana). Uucno ¥, npeacrasistor 2K -3Ha4HbIM:
Vo = 0,a, a, ... .
YTOGHI ONYYHT YHCIO ¥y, 4 1, HATIO ¥y, BO3BeCTH B KBampat: ¥, = 0,b; by ... by, a

3atem otobpath cpeanue 2K uudp sroro kBagpata: ¥y, 41 = 0,05, 11 bypio - bap.
DTOMy METO/ly COOTBETCTBYET (DYHKIIUSL
®(x) = (10724 11(10%* x?)] (3)
WM (4TO TO KE caMoe)
@(x) = 1072FJ[10%* 7(10% x?)], 4)
rae IJ(x) — uenas yactp uncna X.
HexocTaTkoM 3TOr0 METO/a SBJIAETCS Haluuue OOJIbIIE, YeM HYXKHO, MAJbIX YHCEIL
Kpome 3TOro, mpu HEKOTOPHIX ¥, HAOIIONAETCS BBHIPOKIECHHE MOCIENOBATENLHOCTH, T.€.

¥, = 0mpun > ny.

3.2. Meron cpaBHenmii (Jlemepa). B ostom wmerome @(x) = J(gx), re.

m,
Yn+1 = Jﬂg}’n), rae g - Oonbmoe nenoe yucio. Ecim 3amate Vg = ED , THC MMy U M -

OCJIbIC YHCJia U M B3aMMHO IIPOCTO C g, TO BCC '}’n 6y,HYT HECOKPATHUMbIMU I[pO6HMI/I BuUIa

i
Yn = ?n, I'JIe YUCIIUTENN ONPEeIIAIOTCS o popmyIie
My = gmy,(modM) . (5)
Ilocnennsas 3anmuch O3HAYaET, YTO 1M,y PABHO OCTATKY, ITOJIyYEHHOMY IIPH JIEIEHUU
gm, ua M.

Ha npaxTuke 06b14HO HCHONB3YIOT (hopMmyny (5). Bompoc o nmpuroaHoctu nceBnociy-
YailHBIX YHCEll, B KOHEYHOM CUeTe, perraeTcest smmupraecku. [pu vekoropsix g, M, m nomny-
Yaf0T yIOBIETBOPUTEIBHBIE MTOCIENOBATEIHPHOCTH, TIPU IPYTHX — TUIOXHE.

3.3. Metoa Kopobosa. [IceBnociyuaiinbie yncna }; BEIYUCIAIOTCS 110 hopMyIie
T

Yi = , (6)

m



e ?; = ?hi_l; ho=1h,_, =1_, —mi{(r:]; i=1,2,...n;

M - NpoCTOE YMCIIO BUAA T = Zml +1 (1M4- TOXE MPOCTOE YUCIIO0); N - YHCIIO NCEBOCIY-
YJaWHBIX TOYEK.

1. SAXAHUE

[Tomy4yuTh mecsATh NMCEBAOCIYyYaHBIX TOYEK, PABHOMEPHO pPaCIpE/ICICHHBIX Ha HHTEPBa-
ne (0,1), merogamu Heiimana, Jlemepa u Kopo6oBa. HeoOxomumbie [1si BBIMUCIICHUN 3HAYCHUS
napaMeTpOB YKa3aHbl B BApUaHTaxX 3a/1aHus (TabiuIa).

[1l. KOHTPOJIBHBIE BOITPOCHI

1. JIatp ompeneneHus CIy4aHOMY YHCIY W CiIydaiiHOW nudpe. YKazath CBSI3b MEXIY
HUMH.

2. Kakue cymecTBylOT crmocoObl MONy4YeHHUs CIydaiHbIX yucen Ha DBM? Otmeruth
MIPEUMYIIECTBA U HEAOCTATKU KaXA0Ir0 U3 ITUX CIIOCOOOB.

3. YKaxxure MeTo/bl MOJyYeHUs MCEBIOCTYYailHBIX YKcel. B ueM cocTosST HeAOCTaTKu
METO/]1a CEpEeHbI KBaipaToB?

IV. PEKOMEHJIYEMAS JIMTEPATYPA

1. ITaBnoBckuii KO.H. UMuTanmonnoe moaenupoBanue: yued. mocooue s By3os / FO.H.
[TaBnosckuii, H.B. benotenos, FO.1. bpoackuii. — M.: Akagemus, 2008. — 236 c.

2. Co6ons .M. Yucnennsie metoasl MonTe-Kapio. — M., Hayka, 1973, c. 10-29.

3. .Iomnsk FO.I'. BepositHoctHoe MoaenupoBanue Ha OBM. — M., CoBetckoe paauo,
1971. - 210 c.

V. ITPUJIOKEHUE

BAPUAHTBI 3AJIAHUS

No Merton Heitmana Merton Jlemepa Meroxn Kopo6oBa
BapI/IaHTa TI} mc, g M ml

1 0,50 0,2 5° 2° 1

2 0,75 0,4 5° 2° 3

3 1,00 0,6 6° 210 5

4 1,25 0,8 73 ol 7

5 1,50 1,0 5 212 11

6 1,75 1,2 6* 213 13

7 2.00 1,4 7t 214 17

8 2,25 1,6 5° 21° 19

9 2.50 1,8 6° 216 23

10 2,75 2.0 7° 21 29

11 3,00 2.2 5% 218 31

12 3,25 2.4 6° 219 37

13 3,50 2.6 78 220 41

14 3,75 2.8 5’ 22t 43

15 4,00 3,0 6’ 222 47

16 4,25 3,2 77 228 53
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17 4,50 3,4 58 2% 59
18 4,75 3,6 6° 22° 61
19 5,00 3,8 78 226 67
20 5,25 4,0 5° 227 71
21 5,50 4,2 6° 228 73
22 5,75 4,4 7° 229 79
23 6,00 4,6 510 230 83
24 6,25 4,8 610 23t 89
25 6,50 5,0 710 232 91




[MpakTudeckoe 3ausiTue 2. CTATUCTUYECKAS IPOBEPKA
CJIYYAHUHBIX UACEJI

|. TEOPUA

Crnyuaiinblie uncia, oaydeHHbIe TI0ObIM U3 Tpex crocoboB (Heiimana, Jlemepa, Kopo-
0oBa), HEOOXOIUMO MPOBEPATH. J{JIsl TAKOMH MPOBEPKHU CYIIECTBYIOT Pa3IMYHBIC KPUTEPUH.

1. Kpurepnii cornacusa Y 2. IlycTh MMeeTcsi KOHKPETHAS THIIOTE3a O 3aKOHE
pacrpenenenus ciayvaiiHeix BemuuuH ¢. B pesymbrate N He3aBUCHMBIX 3KCIIEPUMEHTOB
nonyaensl N 3Hauennii &, ..., &y oroil Benmmunnsl (N mocTarouno Benuko). YCTaHOBHM, He
nporuBopedar ju >th N 3HaueHuii Hameil runotese. s 5TOro BhIOEpEM KaKoe-HUOYIb
YECIO0 T M pa3OMeHHe MHOXKECTBA BO3MOXKHBIX 3HAUEHHH X CIydailHOW BenMuMHBI £ HA T
IOIIAPHO HETEPECEKAOMMXCA MHOXECTB X = X4 + ++++ X,.. Mcxons U3 Haled TUIOTE3bl,
BBIYMCIISIEM BEPOSITHOCTH F:r =P{{ € xj}. Io 3na4eHusM &, ..., &, BBIYHCISIEM BEJINYHHBI

Vi, -, ¥y (3TOT 3TaIll HA3BIBACTCS TPYIITMPOBKOiT 3HAUCHHIT) U BEMHUMHY ¥ > 110 (hopMyITe
2 r (rj=NPj?
An = =17 N, (1)
BbIOpaB JI0BEPUTENBHYIO BEPOATHOCTH 3 10 Tabu. 1 (CM. MPHUIIOKEHUE), HAXOIAT 3HA-
senne ¥2(r— 1,1 — ). Eem x5 < x*(r— 1,1 — ), 1o sror pesyubrar He mporuso-
peunt Hameii runotese, npudem npu f = 0,95 snauenue ¥ % HA3BIBAETCS [IOUTH 3HAYUMbIM,

npu § = 0,99 - snaunmeiv, a pu § = 0,999 - Boicoko 3HaunMbIM. B mpoTHBHOM citydae
TUIIOTE3a J0JDKHA OBITH OTOPOLIEHA.
2. Kputepuii @®. PaccMOTpUM OIHOMEPHYIO CilyuaiiHyro BetuunHy & ¢ (yHKIMEH

pacnipenenenns F(X). BoiGepem N neszaBucumbix snauernii &, ...,&y dTOM BenMuuHBI U
MIOCTPOUM SMITUPHUUECKYIO (BBIOOPOUHYIO) (PYHKIIMIO pacipeeeHUs

Syix
Fy(x) =22 )
e Sy (X) paBHO KONMMYECTBY 3HAYECHMIT, MEHBIINX, YeM X.
B kauectse Mepsi otkitonenns Fp (X) or F(X) ucnonssyercs Bemmumna
2 - 2
Wi =N |__[F(x)— Fy(x)]*dF (x). €)
KpuTepuii cornmacus > OCHOBaH Ha CIEIYIONIEM yTBEp)KICHHH: [ MOOOH CIydaii-
HOIi BenuumHbl & ¢ HenpepbIBHON QyHkumel pacnpeaenenus F (x) npu x = 0
lim, .. Plwy < x}= a;(x), 4
e Gynkuus @4 (X) or & He 3aBucur.

Cxema HCIOJIb30BaHUS 3TOTO KPUTEPHsI aHAJIOTMYHA CXEME HCIOIb30BAaHUS KPUTEPUS
X 2: puKCHpyeTCs TOBEpHTENbHAS BEPOSITHOCTD [3; u3 ypaBuenus al(xﬁ] = [ ¢ nomomuisio

Tab1. 2 (CM. IPHIIOKEHNE) HAXOJUTCSL COOTBETCTBYIOLIEE 3HAUCHUE Xg.

2
Boruncnsiercs Wy mo dpopmyie



K- 1,-’2] (5)

wj; =_+ZK l[F(%-H]_

12N

KoTopas crenyeT u3 hopmyist (3) mpu Fp (x) = HfN (K=0,1,..,N).

Ecmn w? = Xg , TO THIIOTE3y OTBEPracMm.

3. IpoBepka nceBaOCHYYAIHBIX unceN. [IPOBEPSIOTCS TEPBBIE NECATHYHBIE LUMPHI
g = H(10yk) nceBmocnywaiinbix uncen ¥y, Va,---,¥y - B ClIy4ae HCIOIb30BAHHUS

Kputepus ¥ 2 moms3ytores popmyioii (1). Ecim mpoBepsiercss paBHOMEPHOE pacipe/iesieHue,
TO B 3TOM popmyiie

1 ..
B=2(=12.,7).
bonee neranbHas mpoBepka pacnpefeneHus 4ucen ¥y, ¥a, ..., ¥y OCYLIECTBIAETCS C

IIOMOIIIBKO KPUTEPUA mz. B »Tom CclIydyac 4YucCiia pacrojararoT B BapI/IaLII/IOHHHﬁ pAan

Yo =Y = =Y Us (1)0pMyJILI (5) BBITEKAET, UTO

wy = + X R=1 (}!{K:] — = 1,-’2) : (6)

12“\-

[To cpaBHEHUIO ¢ KpUTEPUEM ,’J{ KPHUTEpHii (> MMEeT CIeIyIoIIee IPEHMYIICCTBO: He
Hy)KHa TPYNINHPOBKAa 3HAYEHUI (HE Hago0 BBOAUTH mapamerp T). Hemocrarok: mpu OYeHb

OOIBIINX N MMOCTPOCHUC BApUAITUOHHOTO piAid BECbMaA TPYIOCMKO.

1. 3BAZIAHUE

C NOMOIIBIO KPHTEPHEB ¥ > U (> MPOBEPUTH, SBJIACTCA JIM 3aKOH PACIPE/ICIICHHS CITy-
YaliHBIX BEIMYMH, IIOJy4EHHBIH B 1abopaTopHoii pabore Nel (s Kaxmoro u3 Tpex METOIOB),
paBHOMepHBIM. Jyist Beex BapuaHToB (BapuanThl 3a1anus npexnue) f = 0,95, 1 = 4.

[1l. KOHTPOJIBHBIE BOITPOCHI

1. Kakue cymiecTBYIOT criocoObl MPOBEPKH CIyYailHBIX uncen?
2. B kakoMm ciydae THIOTE3a O paclpelesieHHH CIyJalHBIX YHCEN CUYHTACTCS
CIpaBeJIuBOU?

3. YKakuTe MpeuMylIecTBa U HEJJOCTaTKU KPUTEPUEB ¥ nw?.

IV. PEKOMEHAYEMAS JIUTEPATYPA

1. [TaBnoBckuit FO.H. UMuTtanmmonnoe moaenupoBanue: yued. mocodue s By3os / FO.H.
[TaBnoBckuit, H.B. benorenos, O.U. bponackuii. — M.: Akagemus, 2008. — 236 c.

2. Cobonp .M. Yucnennsie metoasl Monrte-Kapio. — M.: Hayka, 1973. — C. 30-43.

3. bycnenko H.IL., lpeitnep FO.A. Meton cratuctudeckux ucnbeitanuii (MonTe-Kapio)
u ero peanuszanus Ha OBM. — M.: ®usmarrus, 1961. - 310 c.

4. bonbues JI.H., CmupuoB H.B. Tabnumsl matematuyeckoit cratuctuku. — M.: Hayka,
1965. - 215 c.



V. ITPUJIOKEHUE

Tabmuma 1
3uavenus ¥ (r— 1,1 — )

r B
0,50 0,70 0,90 0,95 0,99
3 1,4 2,4 4,6 6,0 9,2
4 2,4 3,7 6,3 7,8 11,3
5 3,4 4,9 7,8 9,5 13,3
6 4,4 6,1 9,2 11,1 15,1
7 53 7,2 10,6 12,6 16,8
8 6,3 8,4 12,0 141 18,5
9 7,3 9,5 13,4 15,5 20,1
10 8,3 10,7 14,7 16,9 21,7
13 11,3 14,0 18,5 21,0 26,2
15 13,3 16,2 21,1 23,7 29,1
17 15,3 18,4 23,5 26,3 32,0
19 17,3 20,6 26,0 28,9 34,8
21 19,3 22,8 28,4 31,4 37,6

Tabmumna 2
3nauenus GyHkyy a4 (X)

X 0,12 0,18 0,35 0,46 0,74
a, (x) 0,50 0,70 0,90 095 099

10




[pakTHdeckoe 3ansitue 3. MOAEJIUPOBAHUE CJIYUYAHMHBIX YUCEJ
HA 9BM

|. TEOPUA

ITpeobpa3oBanus, NO3BOJIAIOIINE C MOMOLIBIO CIyYaiHBIX YMCE] ) BBIYMCIUTH 3HaYe-
HHUe 1000ii ciydaifHOW BeanuuHBI £, HA3bIBAIOT MOJCIMPOBaHHeM ((OPMUPOBAHHEM, pa3bir-

pBIBaHHEM) CITYYailHON BENMIUHBI £ .

1. MoaeaupoBanne JUCKPETHBIX CAYYAWHBIX BeJHYUH. PaccMOTpuUM JTUCKpPETHYIO
CITy4aiiHyIO BEJIMUUHY ¢ C paclpejieieHueM

Xy Xo..Xn
(Pi Fz..Py )’ (1)
e p; =P {f = Ii}. Jlnist BeraucieHnst 3Hadenus & pasgenum uatepsat (0,1) Ha HHTEpBABI

A;, takue, uro umua A; pasHa p;. Pacuer npousBoaurcs o Gopmysie

f = xi! }, = 'ﬁi' (2)
1

Ecnu Bce 3HaueHMsa Xq,Xs, ..., X;,, PABHOBEPOATHBI (P = ..=PB = ;) , TO yclio-

Bue ¥ € A; pasnocumsro yenosuio [ — 1 < ny < 1 wm L(ny) =i — 1. Toraa Bmecto
dbopmybl (2) nMeeM

E=x;, tnei=1+1(ny) 3)

2. MopequpoBaHue HeNpepbIBHBIX CJIYYAHHBIX BEJIMYHH MeTOAOM O0O0paTHBIX
dynxumii. [lycrs ciydaiiHas BenmuunHa ¢ ompenesieHa B MHTepBane @ = X <. b u umeer

mwiotHocTh (X ). Oynkuums pacnpenenenus £ npu @ = X << b
X
PO = [7 pwydu

Torza ciyyaiinas BenuuuHa ¢ ONPENENAETCS U3 ypaBHEHHS
F§)=vy (4)
B ciyuae, korna ypaBHeHue (4) aHAIUTHYECKH PA3pElNIUMO OTHOCHTENBHO ¢, UMeeM
aBHyio popmyny &€ = (V) ans paseirpeiBanus ciiydaitnoit enuuunsl &, tae G () - o6par-
Hast QYHKIHS 110 OTHOLICHHIO K V' = F (x). B npyrux ciydasx ypaBHeHHe (4) permaercs umc-
JIEHHO.

I1. 3AJIAHUE
Hcnonp3ys nceBaocaydaitHbie Yrciia, OJyYeHHbIe B 1abopaTopHoil padote Nel meto-
nom KopoOoBa, cMoienupoBaTh 3HaUEHUS AUCKPETHOU (3a/aH psJl paclpeaeneHus) U Hempe-
PBIBHOH (33J1aHa TUIOTHOCTB PacIpe/IeIICHNs) CITYYaiHON BEJTMIMHBI B COOTBETCTBHUU C BapHaH-
Tamu 3a7aHus (Tabauma).
[1l. KOHTPOJIbHBIE BOITPOCHI

1. Yto Ha3pIBaeTCs MOACIINPOBAHUCM CJ'Iy‘-I&fIHBIX BCIMYUH?
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2. VYKaXuTe METOJAbl MOJEIHPOBAHUS IUCKPETHBIX W HEMPEPhIBHBIX CIy4aifHBIX
BEJIMYMH.

IV. PEKOMEHJAYEMAS JIMTEPATYPA

1. [TaBnoBckuii KO.H. UMuTtanmonnoe moaenuposanue: yued. mocooue s By3os / FO.H.
[TaBnosckuii, H.B. benotenos, F0.W. bpoackuii. — M.: Akagemus, 2008. — 236 c.

2. Co6onps .M. Yucnennsie metoasl MonTe-Kapimo. — M.: Hayka, 1973. — C. 30-43.

3. bycnenko H.II., Hlpeiiaep FO.A. Meton cratuctudeckux ucnbsitanuii (MonTe-Kapio)
u ero peanuszanus Ha OBM. — M.: ®usmarrus, 1961. - 310 c.

4. T'onenko /.M. MoaenmupoBanue ¥ CTaTUCTUYCCKUN aHAIIM3 TICEBIOCITYYAHHBIX YHCET
Ha OBM. — M.: Hayka, 1965. — 265 c.

V. ITPUJIOKEHUE

No IImoTHOCTH
Psn pacnipenenenus pacrnpeneneHus
f(x)
1 Xj|0,66|042|085(088|0,89|052|0,76 | 0,04 |0,87| 0,84 3sin3x
p;10,03(0,09]|0,12|0,17|0,19 0,17 | 0,12 | 0,03 | 0,03 | 0,05 %c‘: x = g
2 Xj|0,86]0,69|041|/086|0,72|094|091|053|0,12| 0,14 e X

P;|0,05|0,35|0,10 | 0,15 | 0,06 | 0,04 | 0,12 | 0,03 | 0,07 | 0,03 | (0<X <o)

3 xi 10,89]0,49/0,89|097/0,14/090)0,03]|042]|0,47 (0,93 1 e

e
Pi| 0,03 0,18 |0,10 | 0,12 | 0,16 | 0,08 | 0,10 | 0,14 | 0,07 | 0,02 N2z
(—o0 < X < 00)
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[IPAKTUYECKOE 3AHATHE Ne 4. MOJEJIUPOBAHUE CJTYUYAHHBIX
BPEMEHHBIX PA/10B

|. TEOPUA

MHuorue HaOIOACHUS TPUPOJHBIX MPOIECCOB MPUBOAST K BPEMEHHBIM 3aBUCHUMOCTSIM.
BpemenHbIe MOCIIEIOBATEIFHOCTH M3MEPEHUsST TaKUX BEJIMYMH, KaK TeMIepaTypa, CTOK pek,
KOJMYECTBO OCAJKOB MJIM TOJIIIMHA KOJIEI[ JIEPEBhEB, MOKHO MCCIIEOBATh C TOMOIIbIO Memo-
0a HOPMUPOBAHHO20 pasmaxa, Wi memooa Xepcma. Taxkue MOCIEIOBATEIBHOCTH U3MEPEHHIMA
XapaKTEePU3YIOTCS MOoKazaTeseM Xepcra H . 3amuch u3MepeHuit nmpencrapiseT co00i KPUBYIO
dpakranpHOl pasmepHocty D=2—-H .

Meton XepcTa OCHOBaH Ha UCIOJIb30BaHUM Oe3pa3MepHoro otHomeHuss R/S, rme R —
pa3Max, S — cpeaHee CTaHAAPTHOE OTKJIOHEHUE (KOPEHb KBAJAPATHBIN U3 TUCIIEPCUN).

[Mycte X (t, 7) — HakomuBIIEeeCs 3a BpeMs t OTKIOHEHHE HaOoqaeMoit BenmuanHbl & (t)

OT CPeAHETr0 3HAYCHUS <§>T 3a IePUOJ 7 :

X(t 9= YLEW ()}, )
rie B
(&), =7 240, @
Pasmax R ompenensiercs o ¢popmyiie
R(z7) = max X(t, 7) —rLQtiSrT\ X(t, 7). (3)

CTaHI[apTHOC OTKJIIOHCHHEC MOXKHO OLCHUTH 110 Ha6JIIOII€HI/I$[MI

s :Gi{i(t)—@}zj - “)

XepCT I[moKasaJji, 410 JJIs1 MHOTI'MX BPCMCHHLBIX PsAA0B Ha6J'II-0,Z[aeMLIﬁ HOpMHpOBaHHHﬁ
pasmMax R/S ouens XOpomo OIMHUCBIBACTCA OMIITMPHUYCCKHUM COOTHOICHHUCM

R/IS=(z/2)". (5)
JIist MHOTHX €CTeCTBEHHBIX mpoiteccoB H >1/2. Ecnu BpeMeHHbBIE PSAIbI CBI3aHBI CO
CIIy4allHbIMH IPOLIECCAMHU C HE3aBUCUMBIMU 3HAUYEHUSIMHU U KOHEUHOU JUCIIEPCHUEH, TO

R/S =(xr/2)". (6)

Jlnst MOZIeTMPOBaHUS CIy4ailHBIX BPEMEHHBIX PSIIOB U MPOBEPKU COOTHOIIEHHS (6) nc-

noab3yem Metoa Monte-Kapro. J{ist MoenupoBaHus Ciry4aiiHOTO Tpoliecca ¢ He3aBUCUMBIMU

3HAYEHHUSIMU BBINIOJHUM OpocaHue N MOHET 7 pa3 M BBIOEpEM B KauecTBE CIlydallHOW mepe-

MEHHOW & =(YHCII0 «OPJIOB»-YHCIIO «perieKk»). BeposTHocTs TOro, yTo mpu OpocaHuu N Mo-

Het Beimager K opnos, pasua (1/2)"(n!/ k!(n—k)!). Ilpu Gonbimkx 7 ¥ N OUHOMHAILHOE
pacnpeneneHue nproIkaeTcss K HopMaiabHoMY. [1st aToro nporecca

R= /%nr—l, s=4n.

B npenene npu Gonpux 7 moiyyaeM COOTHoIeHue (6).

1. SAJAHUE

13



1. CmonenupoBaTh ciay4allHbIN MPOLIECC C HE3aBUCHMbBIMU 3HAYEHUSIMUA Ha KOMITBIOTEPE,
HCIIONB3Ys TEHEPATOpP CIYYaHBIX YHCEN, KOTOPBIA BBIOMpAeT -1 muiam +1 ¢ paBHOM BEpOSATHO-
cTbt0. CUUTATh, UTO «OPJbI» COOTBETCTBYIOT +1. 3Hauenus napamerpos: N =10, 7=2500.

2. Tloctpouts 3aBucumocth &(t), coemunuB smHUsSMH  Touku  (tf, £(t)) wm
((t-12), &(t-1), t=1, ..., 2499.

3. Tocrtpouts 3aBucHMOCTh X (t) HAKOIUICHHOTO OTKJIOHEHHS OT CPEIHEro, COCIMHUB
nuHUSIMU oTaedabHbie Touku (t, X (1)), mpeacraBnsromue co0oi 3amuch HaOOpa 3HAUCHHIA,
[IPUHUMAEMBIX CIIy4alHOU IIEPEMEHHOM.

4. Tloctpouth B ABOMHOM JorapudmuueckoM macmradbe 3aBucumocth R/S = f (7).
BHIIOTHATE anmpoKCHManuio HabmofaeMbIX 3Hadenuii R/ S 3asucumoctsio R/S =(ar)™ n

omnpenenuTs 3HaueHus & U H . Ha ToMm ke rpaduke mocTpouTs B JBOHHOM JIOTapH(PMUIECKOM
MactTade 3aBUCUMOCTD (6) ¥ TpOaHATM3UPOBATh MOJyYCHHBIE PE3yIbTAThI.
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[IpakTrueckoe 3a"satue Ne 5. MOJAEJUPOBAHUE OBOBLIEHHOT' O
BPOYHOBCKOI'O IBUKEHUA

|. TEOPUA

Mooenuposanue 0606ujeHH020 OPOYHOBCKO20 08UNCEHUSA ISl TUCKPETHBIX MPHUPAIICHUI
MIPOU3BOJIUTCS C MIOMOIIBIO COOTHOIICHUS

n—H nt - n(M-1) L "
BH (t) - BH (t _1) = —1{ lH 1/Zé‘g[prn(M +)-i] + Z [(n + |)H 2 I " 1/2]§[l+n(M1+t)i]} ' (1)
F(H+2j ! =

3nech:
B, (t) — OpoyHOBckast (yHKIUS, KOTOpas ABISETCSA ClIydailHOW (yHKIueld BpemeHH t

(xoopauHaTa OPOYHOBCKOM YaCTHIIBI);
I'(x) — ramma-¢yHKIus;
H — mokasarens Xépcra (0<H <1);
{&} i=1 2, .., M, ... — Habop rayccoBbIX CIy4aiHBIX YHCENT C SANHUYHON aUCIepCH-

eil ¥ HylleBbIM cpeHUM; M — 4uCIiIo 1eI0YUCICHHBIX BPEMEHHBIX I1aroB;
N — YUCIIO JIeJICHUI eMUHUYHOTO HHTEepBajia BpEMEHHU.
Aneopumm nocmpoenus ppakxmanvHol OpPOYHOBCKOU KPUBOU «N06e0 U NOPANCEHULD.

Bosbmem orpesok [0, 1] u pasoGeem ero ma N wmmrepsanos. Ilycts X, =0, X; = jh,
h=0,001; j=1 .., N (x, =1). C momoupto KoMIbIOTepa 00pa3yeM IOCIECIOBATEILHOCTh
CIIy4YaiHbIX 4ucen I, j=1 ., N, O0< I, <1. Jlanee momydaem Ttouku P (X, Y,), rae
X, =k/N,y =(r-1/2)+(r,-1/2)+ ... +(r,-1/2), k=0,1 2, .., N.

2. 3AJIAHUE

1. Paccuntars 6poyHOBCKyI0 dyHkimio B, (t) m mocTpouts ee rpaduk mpH CIeIyIOIIX
3HaueHusx nmapamerpo: H =0,5; M =2500; n=8.

2. Paccumntarh W mOCTPOUTH rpaduku mpHUpamieHus: OpoyHOBCKOH GyHKIWHU ((PppakTaib-
Horo myma) AB, (t) =B, (t)—B,(t—1) mns pasueix mokaszareneir Xépcra: H =0,5; 0,7; 0,9
(M =2500; n=8).

3. Hoctpouts rpadukn 6poyHoBckoi pynkum B, (t) npu B, (0) =0 n 3HaueHnsx ma-

paMeTpoB, MPUBEACHHBIX B M. 2. OO0CHOBAaTh aHOMAJIBHO OOJIBIINE OTKJIOHEHUS! OPOYHOBCKOM
¢byHKIMHU OT Havyasa koopauHat npu H > 0,5 ¢ nmoMomkio Aucnepcuu NpupamieHui.

4. TloctpouTth (ppakTaqbHYI0 OPOYHOBCKYIO KPUBYIO «T100€]T M MTOPAKEHUID.
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[Ipaktrueckoe 3ansatre Ne 6—7/. METOJ R/S JJIS1 OBOBLLIEHHOI'O
BPOYHOBCKOI'O IBUKEHU A

|. TEOPUA

Jlnst 6poyHOBCKoit ¢pynkuu B, (t) BbImOIHSAETCS COOTHOIICHHE
B, (bt) — B, () =b"{B,, (1)~ B, (O)}, (1)
CIPaBEIIMBOE B CTATUCTUYCCKOM CMBICIIE TPH BCEX 3HAUCHMSIX MACIITAOHOTO MHOXKHTENS b .

Ecnu monoxute t=1 u At=Dbt, To npumemM K BbIBOAY, YTO HPHUPAIICHUE KOOPIHHATHI
¢bpakTanbHON OPOYHOBCKON YaCTHIIbI, pABHOE

B,, (A1) - B, (0) =|At|" {B,, @) - B, ()}~ |At", )

CTaTHCTHUYECKH MPOIOPIIHOHATIBHO |At|H :
Otcroma crieayer, uyTo pasmax R(7) mpu 3ana3gplBaHUKM 7 TaKKe SBISCTCS CIydailHON
¢byHKIMEH, KOTOopast MOAYMHSCTCS 3aKOHY MO100us
R(r)~z". 3
[TockonbKy aucepcust BBIOOPKH 3HAUCHUI HOPMUPOBAHHOHN (PpaKTaIbHOM OPOYHOBCKOM
¢byHKIMK OJIM3Ka K €IMHUIIE, OTCIOJA BEITEKAET, YTO
R(z)/S~7". 4)
Takum o6pa3om, mokaszarens Xepcra H MOXXHO OLIEHHTH, aIIPOKCUMHPYS SKCIICPUMEH-
TaJbHbIEC WU MOJIETIbHBIE PE3YJIbTAThl COOTHOLIEHUEM (4).

1. BAJAHUE

1. Ipumenuts Metox R/S k aHanu3y pe3ysibTaToB YHCICHHOTO MOJICIUPOBAHUS (PyHK-
mun B, (t) . [loctpouts B aBoiiHOM NorapupmudeckoM Macuiradbe 3aBucumocts R/ S = f(7)
st ppakranpHON OpoyHOBCKoH Gynkunu B, (t) ¢ H=0,9.

2. Ha tom e rpaduke MmokasaTh aCHMITOTHYECKYIO 3aBHCHMOCTH JUIS TayccoBa MpO-
1lecca ¢ He3aBUCHMBIMU TIpupammenusvu R/ S = (77 /2)"2.

3. BBHIMOJIHUTH ~ aNMpOKCHMAIMIO HaOM0gaeMbIX 3HadeHHd R/S  3aBHCHMOCTBIO
R/S =(ar)" u onpenenuts 3Hauenns a u H .

4. TIpoaHATM3UPOBATH MMOJYUYCHHBIC PE3YIbTATHI.
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MpakTrueckoe 3anstue 8. MOJEJbL BHYTPUBUJIOBOM
KOHKYPEHLUH B IONYJISAIUU C AMCKPETHBIM BPEMEHEM
PASMHOXEHUA

I. TEOPUA

JUig nomy siuii ¢ JUCKPETHBIM pa3MHOXKEHHEM (HEKOTOPBIE BUJbI PACTEHUMN, HACEKOMBIX
U T. J.) TIOKOJICHHUsI YETKO PAa3HECEHbl BO BPEMEHM M OCOOU pa3HbIX MOKOJEHUH HE COCYIle-
CTBYIOT). UHCIIEHHOCTh TaKOW MOIYJISILUU MOXHO XapakTepu3oBarb yuciaoM N, u cumrarh t

JMCKPETHOM BEJIMYMHOM.
OnHa u3 Mojenell BHYyTPUBUIOBOM KOHKYPEHIIMU B 3TOM CJIy4ae BBIPAKACTCS YPABHEHH-
eM

N,R
Ny =——. 1)
1+(aN,)
3nmech R — ckOpocTh BOCITPOU3BOJICTBA MOIMYIISIIUN B OTCYTCTBUE BHYTPHUBHUIOBOW KOH-
KypeHuuu (3To coorBercTBYyeT ciyyato a=0). Torna ypaBuenue (1) ompezenser mpocTo u3-

MEHEHHE YMCIEHHOCTH MOMYJISIUK [0 3aKOHy reomerpudeckoii mporpeccuu: N, = N R', rae

N0 — HadaJibHast YUCJIICHHOCTD IOITYJISINHUU.

3HaMeHaTenb B YpPaBHCHHUU OTPAXACT HAJIMUUC KOHKYPCHIHWH, Jenaroiien CKOpPOCTBb PO-
cTa TCM MCHLBIIC, YEM 0OJIbIIIE YUCIIEHHOCTD NONMyJIAUWH, a U b — nmapamMeTpbl MOACIIN.

Hcxonasie nmapaMeTpbl MOICIIN:

R - CKOPOCTb BOCIIPOU3BOACTBA IOITYJIAIUH;

N0 — HadaJibHas YUCIICHHOCTD IOITYJIAIHNU,

a — mapameTp, XapaKTepU3yIOIIH UHTEHCUBHOCTh BHYTPUBHUI0OBOW KOHKYPCHIINY;

b — mapameTp, XapakTepu3yIOLIHi BU]] SBOJIIOIINH.

XapakTepHas yepTa dBOJIOIUK Mpu b =1 — BBIXO/ YHCICHHOCTH MOMYJIAIUU Ha CTAIHO-
HapHOE 3HaYEHHUE MPHU JIOOBIX 3HAYEHUSIX JIPYruX mapameTpoB. OHAKO B IPUPOJIE TaK ObIBACT
He Bceryia u Oosiee oOmas Mojeib npu b =1 orpakaer apyrue, 6osee CIOXKHBIC, HO PEaTbHO
CYIIECTBYIOIINE BU I DBOJIIOIMHA. MOJIeTh OMUCHIBACT YETHIPE BUA IBOJFOIIH:

1) MOHOTOHHOE YCTaHOBJICHUE CTAIIMOHAPHOW YNCIIEHHOCTH MOMYJISAINHT;

2) xosiebaTelbHOE YCTAaHOBIICHHE CTAIIMOHAPHON YHNCIIEHHOCTH MOMYJISAIINY;

3) ycroitumBbIe MpeAeIbHbIC IIMKIIbI U3MEHEHHS YUCIICHHOCTH MOMYJISAINHT;

4) criydaiiHble H3MEHEHHUS YUCIICHHOCTH MOMYJISIIIAN 0€3 HaTMYHS SBHBIX 3aKOHOMEPHO-
CTeH (IMHAMHYECKUH Xaoc).

1. 3AJIAHUE

1. UByunts xapakTep 3BOJIOLMHU HOMYJIALNH, ONKChIBaeMON Mojenbto (1), mpu 3anas-
HBIX 3Ha4YeHUsIX mapaMeTpoB b , R, Ng B 3aBHCHMOCTH OT 3Ha4YCHUsI MApaMeTpa @ B JHANa30He
a1 £a<ay. YCTaHOBUTH HATMYHNE WM OTCYTCTBHE Ka4eCTBEHHBIX Pa3IMUUil B XapaKTepe dBO-
JIIOIMH B 3aBUCUMOCTH OT 3HAYEHHS TTapaMeTpa d.

2. V3yunTh XapakTep IBOJIOLUM MOMYJISALUH, ONKUChIBaeMoi Moaensto (1), mpu 3axan-
HBIX 3HAYEHHsIX mapaMeTpoB ¢, R, No B 3aBHCHMOCTH OT 3HaueHHs napameTpa b B nuama-
30He b1 < b <Dby. YcranoBuTh HanMuMe nim OTCYTCTBUE KAaueCTBEHHBIX Pa3IMUYMid B XapaKTepe
IBOJIFOLIMY B 3aBUCHMOCTH OT 3HaUCHHMs apameTpa b .

3. U3yunTh Xapaktep 3BOJIOLUM MOMYIISALUH, ONKUChIBaeMoi Moaensto (1), mpu 3aaan-
HBIX 3HAYCHUsIX mapametpoB @, b, N B 3aBUCHMOCTH OT 3Ha4YeHUs mapamerpa R B auarna-
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30He R1 £ R< R, . YcraHoBuTh HanmuuMe UM OTCYTCTBHE KAUECTBEHHBIX Pa3IM4Ui B XapakTe-
PEe BOJIIONUY B 3aBUCUMOCTHU OT 3HaueHus napamerpa R .

4. Ins moxenu (1) B dazoBoit mmockoctr (b, R) HaiiTu rpaHuiibpl 30H, pa3aesONIIX
PEKUMBI MOHOTOHHOTO U KOJ1€0aTeIbHOI0 YCTAHOBJICHHS CTAllMOHAPHON YHMCICHHOCTH MOIY-
TISUU U3y4aeMOU CUCTEMBI.

5. s mogenu (1) B paszosoii mockoctu (b , R) HaiiTh rpaHuIIBI 30H, pa3AeIsSOIIMX
pPEeKUM KOJeOaTENbHOTO YCTAaHOBICHHUS CTAIMOHAPHOW YMCICHHOCTH MOMYISIHUU H3y4aeMoi
CUCTEMBI U PEXKHUM YCTOWYMBBIX MPEICIbHBIX IUKIIOB.

Tabnuma 1. 3HaueHus mapaMmeTpoB MOJETH

a aq aj b b]_ bz R Rl Rz NO
Ne Bap-ta

1 1 0,1 10 1 0,1 10 1 1 4 100
2 2 0,2 12 2 0,2 11 2 2 5 100
3 3 0,3 14 3 0,3 12 3 3 6 100
4 1 0,1 10 4 04 13 4 4 7 100
5 2 0,2 12 5 0,5 14 1 1 4 100
6 3 0,3 14 1 0,1 10 2 2 5 110
7 1 0,1 10 2 0,2 11 3 3 6 110
8 2 0,2 12 3 0,3 12 4 4 7 110
9 3 0,3 14 4 0,4 13 1 1 4 110
10 1 0,1 10 5 0,5 14 2 2 5 110
11 2 0,2 12 1 0,1 10 3 3 6 120
12 3 0,3 14 2 0,2 11 4 4 7 120
13 1 0,1 10 3 0,3 12 1 1 4 120
14 2 0,2 12 4 0,4 13 2 2 5 120
15 3 0,3 14 5 0,5 14 3 3 6 120
16 1 0,1 10 1 0,1 10 4 4 7 130
17 2 0,2 12 2 0,2 11 1 1 4 130
18 3 0,3 14 3 0,3 12 2 2 5 130
19 1 0,1 10 4 0,4 13 3 3 6 130
20 2 0,2 12 5 0,5 14 4 4 7 130
21 3 0,3 14 1 0,1 10 1 1 4 140
22 1 0,1 10 2 0,2 11 2 2 5 140
23 2 0,2 12 3 0,3 12 3 3 6 140
24 3 0,3 14 4 04 13 4 4 7 140
25 1 0,1 10 5 0,5 14 1 1 4 140
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Mpaktuueckoe 3austre 9. JOTUCTUYECKAS MOJIEJIb MEXKBUJIOBOM
KOHKYPEHIINU

I. TEOPUA

B stoM ciydae uccrnemyeTcs KOHKYPEHLUS MOMYJALUM, MOTpeOasonMx oOmui pe-
cypc. IIycte N1 u N2 - uucieHHOCTM KOHKypHUpyroMX nomyssinuil. Jloructuueckas mozaens
(Ha3bIBaeMas Takxe MoJenbto JIoTku-BoabTeppbl) BelpakaeTcs ypaBHEHUSIMU

W KN,

dt K, (1)
dN, K, =N, —a, N,

_:rZ'NZ'—'

dt K,

3n1ech 'y, Fz - BPOXAEHHBIE CKOPOCTU pOCTa MOMYJSAMi; K, K,- IpelenbHbIe II0T-
HOCTHU HACBILIICHUS TMOMYJISIIHAN; Ol12, Ol21 - KOOPPHUIIMEHTH KOHKYPEHIIMH, OTPaXKaroliue HHTCH-
CHUBHOCTb MEXBUJ0BO! KOHKYPEHIIUH.

['1aBHBIN BONPOC, KOTOPBIA MHTEPECYET UCCIEHOBATENSI MEXBUIOBOM KOHKYPEHIUH, -
IIPU KaKUX YCJIOBUSAX YBEJIMYMBACTCS WIA YMEHBUIAETCS YUCICHHOCTh Kakaoro suaa? s or-
BETa Ha 3TOT BOMPOC HAZ0 NOCTPOUTH TUArPaMMBI, T/ie ObUTH OB N300payKeHBI BCE BO3MOIKHEIC
COYeTaHMs YucieHHocTell oboux BUIOB. Ha Takux nuarpamMMax 4McII€HHOCTh OJJHOTO BUJA OT-
KJIaJIbIBAIOT 110 TOPU30HTAIBHOM OCH, a APYIOro - 10 BEPTUKAIbHOM. lIpn ogHuX codeTaHusax
YHUCIEHHOCTEN OyAeT oTMeuaTbcs pocT BHIOPAHHOM 11 HAOMIOCHUs MTOMYJIALUM, IPU JPYTUX
- YMEHBIIICHHUE €€ YUCICHHOCTH. TakKe JUIsl KaXA0ro U3 BUIOB CTPOSATCA M3OKJIMHBI - JIMHWM,
BJI0JIb KOTOPBIX HE HAOII01aeTCsl HU YBEIUYEHUS, HU YMEHBLICHUS YHCIEHHOCTH.

Takum o0pa3zom, AaHHasg MOJEINb MPEACKA3bIBACT JBa PEXKUMa IBOJIIOLMU B3aUMOJIEH-
CTBYIOILMX MOIYJIALIAN:

1) ycroitunBOE COCYIICCTBOBAHUE;

2) MOJHOE BBITECHEHHE OJHON M3 HOMYJISLHUI.

Il . 3AJIAHUE

1. Peanu3oBath MOJCTHPOBAHIE MEKBUIOBONW KOHKYpEHIMH 10 dopmyaam (1) mpu 3a-
JAHHBIX 3HAUEHUSAX MapameTpoB I, Iz, Ky, Ko, 12, ao1 . [lpoananu3upoBaTh 3aBUCHMOCTD
CyAbOBI MOMYISAUN OT COOTHONICHHSI 3HAYCHNUH X HAaYaIbHOW YHCIeHHOCTH N, U NJ.

2. Peanu3oBath MOJICTUPOBAHUE MEXKBHIOBOH KOHKYpeHIUH 110 ¢popmynam (1) mpu 3a-
TAHHBIX 3HAYSHHSX mapameTpoB Iy, Iz , Ky, Kz ,N/, N?. [IpoaHamu3upoBaTh 3aBHCHMOCTh
CYIbOBI MOMYJSIIIMIA OT COOTHOIIEHUS 3HaU€HUI KO3(DPUIIMEHTOB KOHKYPEHIIUU 12 U Q1.

3. TToctpouts B (azosoii miockoctd (N, NS ) TpaHHUIIBI 30H, Pa3ACIAIONIUX KaKne-T1u00
JBa PEXUMa DBOJIIOIMK KOHKYPUPYIOUIMX MOMYJISAHA B COOTBETCTBHH ¢ Mojenbio (1).
OcTtanbHble TapaMeTpbl MOJENN BBIOPATh MPOU3BOJIBHO. YUECTh MPU 3TOM, UTO PEKUM YCTOM-
YHBOT'0 COCYIIECTBOBAHUSI MOMYIISINII MOXKET OBITh peain30BaH TOJIBKO MpU a2 - 021 < 1.

Tabnuna 1. 3naueHust mapameTpoB MOJENIN

Ne Bap-Ta 71 r2 K1 K> o2 o1 Nl0 Ng
1 2 4 180 200 0,4 0,6 90 110
2 3 3 190 190 0,5 0,5 100 100
3 4 2 200 180 0,6 0,4 110 90
4 4 2 210 190 0,65 0,45 120 100
5 3 3 200 200 0,55 0,55 110 110
6 2 4 190 210 0,45 0,65 100 120
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7 2 5 190 220 0,45 0,6 80 110
8 3 4 200 210 0,5 0,55 90 100
9 4 3 210 200 0,55 0,5 100 90
10 5 2 220 190 0,6 0,45 110 80
11 5 2 220 190 0,65 0,35 120 90
12 4 3 210 200 0,55 0,45 110 100
13 3 4 200 210 0,45 0,55 100 110
14 2 5 190 220 0,35 0,65 90 120
15 2 4 200 220 0,45 0,65 100 110
16 3 3 210 210 0,55 0,55 105 105
17 4 2 220 200 0,65 0,45 110 100
18 4 2 190 150 0,6 0,4 75 55
19 3 3 170 170 0,5 0,5 65 65
20 2 4 150 190 0,4 0,6 55 75
21 3 5 180 230 0,4 0,7 95 110
22 5 3 230 180 0,7 0,4 110 95
23 2 6 160 240 0,35 0,75 90 115
24 4 4 210 210 0,55 0,55 100 100
25 6 2 240 160 0,75 0,35 115 90
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MpakTtuaeckoe 3ausatue 10— 11. MOAEJb CUCTEMBI «XUIIIHUK-)KEPTBA»
|. TEOPUA

B sron cucreme curyanus 3HAYMTENIBHO OTJIMYACTCS OT Ipeablaymeid. B dacTtHoCTH,
€CJIH B CJIy4ae KOHKYPHUPYIOIIMX IONYJSALUNA HMCYE3HOBEHHE OJHOM O3HAa4aeT BBIMTPBIII IS
Ipyroi (AONOJHHUTEIBHBIE PECYPChI), TO MCUYE3HOBEHHE OKEPTBBI» BJIEUET 3a COOON M HCUe3-
HOBEHHUE «XMILHHKA», JUIsI KOTOPOrO B IPOCTEHIIEH MOJENHN <OKEPTBa» SBIIAETCS €JUHCTBECH-
HBIM KOPMOM.

Beenem o603HaveHus: C - YUCIACHHOCTh MONYJISIIMU XUIHUKA, N - YHCIEHHOCTH MOIY-
Uy skepTBbl. O1HA U3 U3BECTHBIX MOJEIIEH BBIPAXKAETCS CIEIYIOIMMH YPAaBHEHUSMU:

d—N:r~N—a-C~N,

©_; -a-C-N—q-C.
dt
B nepBoe ypaBHEHHE 3aJI05KEH CIIEIYIOUIHA CMBICI: B OTCYTCTBUU XUIITHUKOB (T. €. TIPU
C = 0) YUCIEHHOCTh XKEPTB PACTET PKCIMOHEHIIMATBHO CO CKOPOCTBHIO ', TaK KaK MOJIEIb HE

o dN
YUUTBHIBAET BHYTPUBHJIOBOM KOHKYPEHILIMM; CKOPOCTh pOCTa XepTB (T. €. E) YMEHBILAETCS

TeM OoJIbIlIe, YeM Yallle MPOUCXOIST BCTPEUH NpPEACTaBUTENCH BUIOB; a - KOA(QGUIMEHT 3(-
(eKTUBHOCTH MOUCKA.

Bropoe ypaBHEHME TOBOPUT O CIEAYIOIIEM: B OTCYTCTBUE KEPTB UNCIEHHOCTh XULIHU-
KOB SKCIIOHEHIIMAIBHO YOBIBAET CO CKOPOCTHIO ( ; MOJIOKUTEIHHOE cllaraeéMoe B MPaBoil 4yacTu
YpaBHEHHUSI KOMIICHCHPYET 3Ty YObUIb; f - KodppuuueHT 2PeKTUBHOCTH Tepexoa MUIM B
IIOTOMCTBO XHIIHUKOB.

Il . 3AJIAHUE

1. IIpoBecTu MOJENUPOBAHHE TUHAMHUKH YMCICHHOCTH MOMYJISIIUI B CUCTEME «XHUIII-
HUK-KepTBa» (MOJIeNb (4)) IpH 3a/IaHHBIX 3HAYCHUAX mapaMeTpos I, &, 4, No , Co . [Ipoananu-
3MPOBaTh 3aBUCUMOCTh PE3YJIbTaTOB MOJCIMPOBAHUS OT 3HaueHUs napamerpa f B nuamazone
fi<f<fh.

2. IIpoBecTu MoJeIMpPOBAHUE TUHAMUKUA YHCICHHOCTH MOMYJSIUN B CHCTEME «XHIII-
HUK-)KepTBa» (Moelnb (4)) IpHu 3aJaHHBIX 3HaUYeHHUX nmapameTpos I, a, f, No , Co . [Ipoananu-
3UpOBaTh 3aBUCUMOCTh PE3yJIbTATOB MOJEIUPOBAHUS OT 3HAYEHHS MapameTpa ( B Juana3oHe
01 < g<(a.

3. IIpoBecTn MoeIMpOBAaHUE TUHAMUKHA YHCICHHOCTH TOMYJSIUNA B CHCTEME «XHIII-
HUK-XepTBa» (Mozenb (4)) Npyu 3alaHHBIX 3HAYCHUsX mapameTpoB 4, f, g, No , Co . [Ipoananu-
3UpOBATh 3aBUCUMOCTb PE3YyJIbTAaTOB MOJEIUPOBAHUS OT 3HAUEHHUS MapaMerpa I' B Juarna3zoHe
rh<r<rjy.

4. TIpoBecTr MOJETUPOBAHUE NUHAMUKH YHCICHHOCTH TOMYJSIUNA B CHCTEME «XHIII-
HUK XepTBa» (Mojelnb (4)) mpu 3aJaHHbIX 3HaYeHusx napametpos I, f, g, No , Co . IIpoananu-
3UpPOBATh 3aBUCUMOCTDH PE3YJIbTATOB MOJEIMPOBAHKS OT 3HAUYCHMsSI MMapaMeTpa ¢ B JHUAMAa30HE
a; <ac<as.

5. Mogens (4) npeacka3bIBaeT CONMPsKEHHbIE KONEOAHUS YUCICHHOCTH KEPTB U XHIII-
HUKOB. VccnenoBars 3aBUCUMOCTD 3ama3/IbIBaHUs aMIUTUTY/] KOJICOaHUH YMCIICHHOCTH XUIITHU-
KOB OT aMILTUTYJ] KOoJeOaHUN YMCICHHOCTH KEePTB B 3aBUCUMOCTH OT 3HAUEHUH Mapamerpa a.
3Ha4YeHMS OCTAIBHBIX MapaMeTpoB (PUKCUPOBATH 10 YCMOTPEHUIO.

6. Monens (4) nmpeacka3bIBaeT CONMPsKEHHBIE KONEOAHUS YUCICHHOCTH KEPTB U XHIII-
HUKOB. VccnenoBars 3aBUCUMOCTD 3ama3IbIBaHNs aMILUTATY/] KOJICOAHMI YHCIIEHHOCTH XUTITHU-
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KOB OT aMIUTUTYJ] KOJIeOaHUW YMCICHHOCTH KEPTB B 3aBUCUMOCTH OT 3HAUEHUH Mmapamerpa (.
3HaueHus OCTAIbHBIX MMAPAMETPOB (PUKCHPOBATH MO YCMOTPEHHUIO.

7. Mogenb (4) npenckaspiBaeT CONMPSHKCHHBIE KOJICOAHHS YMCICHHOCTH JKEPTB M XUIII-
HUKOB. MccnenoBarh 3aBUCUMOCTD 3ala3/[bIBAHUS aMIUTUTY KOJIeOaHUI YUCICHHOCTH XUIIHU-
KOB OT aMIUTUTY/ KOoJieOaHWi YMCICHHOCTH KEPTB B 3aBHCHMOCTH OT 3HAYCHHi mapametpa f.
3HaueHus OCTAIbHBIX MMAPAMETPOB (PUKCHPOBATH MO YCMOTPEHHUIO.

8. Mogens (4) npencka3plBaeT CONMPSHKCHHBIE KOJIICOAHMSI YUCIICHHOCTH JKEPTB U XHIII-
HUKOB. MccnenoBarh 3aBUCMMOCTD 3ala3/[bIBAHUS aMIUTUTY KOJIeOaHUI YMCICHHOCTH XUIIHHU-
KOB OT aMIUTUTY/ KOJIeOaHWI YMCIEHHOCTH KEPTB B 3aBUCUMOCTH OT 3Ha4YCHUU mapamerpa I.
3HaueHus OCTAIbHBIX MApaMeTPOB (PUKCHPOBATH MO YCMOTPEHHUIO.

9. Mogens (4) npeackaspiBaeT CONMPSHKCHHBIE KOJICOAHMSI YUCICHHOCTH KEPTB U XHIII-
HUKOB. MccenoBarh 3aBUCUMOCTD 3ala3/[bIBAHUS aMIUTUTY KOJIeOaHUI YHCICHHOCTH XUIIHHU-
KOB OT aMIUTUTY/]] KOJICOAHUI YHCICHHOCTH JKEPTB B 3aBUCUMOCTU OT COOTHOIICHHS 3HAYCHUN
HavyanbHbIX yuciennoctei nomnyasiuuid N o u Cp . 3HaueHus: OCTAIBHBIX MapaMeTpoB (PUKCUPO-
BaTh M0 YCMOTPEHHUIO.

Tabnuua 1. 3naueHus mapamMeTpoB MOAEIN

Ne pap-Ta a f r q No Go
1 0,1 0,45 4 15 90 5
2 0,15 0,5 4,5 2 100 6
3 0,2 0,55 5 2,5 120 7
4 0,25 0,6 55 3 140 8
5 0,3 0,65 6 3,5 160 9
6 0,1 0,6 4 2 80 4
7 0,15 0,55 4,5 2,5 90 5
8 0,2 0,5 5 3 100 6
9 0,25 0,45 5,5 3,5 120 7
10 0,3 0,4 6 4 140 8
11 0,1 0,35 3 15 100 5
12 0,15 0,4 3,5 2 110 6
13 0,2 0,45 4 2,5 120 7
14 0,25 0,5 4,5 3 130 7
15 0,3 0,55 5 3,5 140 8
16 0,1 0,65 6 4 150 8
17 0,15 0,6 55 3,5 130 7
18 0,2 0,65 5 3 110 7
19 0,25 0,5 4,5 2,5 90 6
20 0,3 0,55 4 2 70 4
21 0,1 0,35 3,5 2 80 4
22 0,15 0,4 4 2,5 90 5
23 0,2 0,45 4,5 3 100 6
24 0,25 0,5 5 3,5 110 6
25 0,3 0,55 55 4 120 7

3Ha4YeHHUs MapaMeTpoB Ay, ap, f1, fa, r1, Iz w1t Becex BapuanTos: a;= f1= r;=0,1; a,= f,=
r,=2.
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[Tpaktuueckoe 3ansTre 12. MOJAEJIUPOBAHUE PACITIPOCTPAHEHUS
GNMUJAEMUHN

| . TEOPUA

Onenka 3((peKTUBHOCTU KOMILJIEKCA MEPONPUATUI (IPUBUBKH, BAKIIMHBI, KAPAHTUH U
T. A.) JUId JAaHHOTO BUJA 3nuAeMHH (xoiaepa, yyma, rpuni, CIIN/ u T. 1.) ocHOBBIBaeTcs Ha
IIPOrHO3€ NpoTeKaHus snuaemMuu. OTcrona BBITEKAET 3aJada IOCTPOCHHS MOJIENH, KOTOpas
Moryia Obl CIYXHTh LEIsIM MporHo3a. CaMoil MpocToi MOJAETBIO SBISETCS OMHMCAaHUE ecTe-
CTBEHHOI'0 XO/a 3MUAeMUN 0e3 NPUMEHEHUs KaKUX-TM00 MPO(PMIAKTHYECKUX MEPONPUATHH U
HE YUYMTHIBAIOLIEH €CTECTBEHHOTO MMMYHHUTETA y 3/10POBBIX JIIOAEH K JaHHOMY 3a00JIEBAHHUIO.
Ota Mozenb onpeaensercs AuddepeHnnanbHbIM JOTHCTUYECKUM YPAaBHEHUEM.

dx

E_wx(t)'[N +1-x(t)], Q)
rae X (t) - 4ucino UCTOYHMKOB HH(PEKIUH B MOMEHT BpeMeHH t (uucino 3aboneBinx), N - duc-

JI0 3I0POBBIX JIIOJIEH K HAUaTy SMUAEMHH, & - KOO()(OUIUESHT IPOIOPLHUOHATHHOCTH.
Il. 3AJAHUE

[TpoBecTr MozeNMpPOBaHUE PACTIPOCTPAHEHUS MUIEMHUU HA OcHOBE Mojienu (1) mpu 3a-
JMaHHBIX 3HaueHusx napamerpoB N u « (cm. tabin. 1) u HavanpHbiM ycroBueM x (0) =1 (1. e. B
rpymiy u3 N 310poBbIX JIF0/Iel B MOMEHT BpeMeHH t = 0 monasaeT ouH 3a00JICBIIHIA YETOBEK).
BBISICHUTE CKOPOCTH yBEJIMYCHHS YHca OONBHBIX. Y CTAaHOBUTH MHTEPBAIBl BPEMEHHU BO3pac-
TaHUs U yOBIBAHUS CKOPOCTH 3a00JICBIIINX.

Tab6numa 1. 3HaueHus mapameTpoB MOJETH

ITapa- Ne BapuaHTa
METPHI 1 2 3 4 5 6 7 8 9 10 11 12
N 850 1100 | 1350 | 1480 | 1590 710 970 1230 | 1390 | 1440 | 1250 | 1390
-10* 0,75 (1,0 1,3 1,8 2,0 0,55 0,85 1,1 1,45 1,9 1,25 1,35
13 14 15 16 17 18 19 20 21 22 23 24
N 1670 | 1850 | 2100 570 750 840 930 1050 | 1550 | 1760 [ 1920 | 2350
a-10° 1,5 1,85 2,2 0,6 0,68 0,73 0,8 0,95 1,3 1,55 2,1 2,5
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