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HPEANCJ/IOBHUE

Hacrosimue Meronuyeckue peKOMEHIAUMHU aIpPECOBAaHbI CTYACHTAM,
noJiyJarouuM KBaludukanuio OakajgaBp IO HaMpaBIE€HUSM IOJATOTOBKHU:
01.03.02 TIlpuknagnas wmaremaTuka W uUHbOpPMATHKA, NPOdUIH
«MaremaTH4ecKoe MOJEIMPOBAaHWE W HH()POPMALMOHHBIE TEXHOJOTUU» U
02.03.03 Maremarnueckoe  oOecriedeHHe W AJMHUHHUCTPHUPOBAHUE
uHPOpMaIMOHHBIX cucTeM, npoduwib «lIporpaMmHOe M MaTemMaTHYECKOE
oOecrieueHre WH()POPMALIMOHHBIX TEXHOJIOTHI» W HalpaBJeHbl Ha OKa3aHUE
MOMOIIM CTYJIEHTaM B MOJIFOTOBKE K BBINOJIHEHUIO KOHTPOJIbHBIX PaboOT MO
teMaM «IloToku coObITHI», «CnydailHBIA MPOLIECC U €r0 XapaKTEPUCTUKH.
BeiOpockl  ciiywaliHbIX TporieccoB» U «HecTallMoHapHBIN  CIIy4YalHbINA
nporiecc  (BpeMEHHOW psijt)» JUCHUILIMHBI  «CiydaliHble MPOIECCHl U
UMHUTAMOHHOE MOJEIUPOBAHUE.

ITpu U3YUYEHHUH Pa3IMYHBIX ABJIECHUN NEWCTBUTEIBHOCTH
UCCIIEIOBATENIA 3a4acTyl0 CTaJKUBAaIOTCA C MPOLECCaMH, NPEACKA3aTh
TEUCHUE KOTOPBIX 3apaHee HEBO3MOXHO. OIHAKO MOXKHO HW3y4aTh
3aKOHOMEPHOCTH, MPUCYIIME MHOXXECTBY 3HAYEHWM, MPUHUMAEMBIX
ciyyaiHoM (QyHkumei. ChaydailHbI TIpoIecC SBISAETCS MaTeMaTHYeCKOM
MOJENBIO ISl ONUCAHUS CIYyYalHBIX SIBJICHUM, PA3BUBAIOIINXCS BO BPEMEHM.
Teopust ciaydallHBIX MPOLECCOB HU3YYaeT MOCIEAOBATEIHLHOCTH COOBITHIA,
YOPaBISEMbIX BEPOSTHOCTHBIMM 3aKOHAMH, HAXOJUT MHOTOYUCIEHHBIE
NPUJIOKEHUS B (PU3UKE, TEXHHUKE, OWOJOTUM, MEAUIMHE, MCUXOJOTHH,
MaTeMaTUKE U B JPYTUX JUCIUILUIMHAX.

JlaHHBIE =~ METOJMYECKHE  MaTepualbl  MO3BOJSIIOT  CTYJIEHTY
MOATOTOBUTHCA K MPAKTHYECKUM 3aHATHSM W BBIIIOJHEHHIO KOHTPOJBHBIX
paboT MO COOTBETCTBYIOIIUM TeMaM. MeTOquYecKrue peKOMEHIAlluu MOTYT
OKa3aTbCid TIOJIE3HBIMM TPU HAMHMCAHUU KYPCOBBIX M  BBIITYCKHBIX

KBaJIU(HUKAIIMOHHBIX Pa0oT.



1. MOTOKH COBBITUN

1.1 TEOPETUYECKHUE CBEAEHUS

Ilomok cobbimuii — 5TO TOCIENOBATENFHOCTh OJHOPOIHBIX COOBITHH,
CIEAYIOIINX OJHO 32 IPYTUM B CIIy4aliHbIE MOMEHTBI BDEMEHMU.

[Ipn paccMOTpeHHH MPOLECCOB, MPOTEKAIOIINX B CUCTEME C JTUCKPETHBIMU
COCTOSHUSIMH U HEMPEPBHIBHBIM BPEMEHEM, 4acTO ObIBaeT YIOOHO MpPEICTaBUTh
npolecc TakK, Kak OyJITO TMepexo/ibl CHUCTeMbl M3 COCTOSHUS B COCTOSIHUE
MIPOUCXOJSIT MO JEHCTBUEM KaKWX-TO TIOTOKOB cOObITHH. [l0aTOMY MMeeT cMBICI
pPaccMOTpeTh MOAPOOHEE TOTOKU COOBITUI M MX CBOWCTBA.

byaem u3zo0paxkath MOTOK COOBITUN IMOCIEIOBATEILHOCTHIO TOYEK HA OCH
Bpemenn Ot, mpruyeM MOJOKEHHE Ka)XI0W TOYKM Ha ocH abciuce ciydaiHo (puc.
1.1). Ha pucyHke M300pakeHa JIMIIb OJHA U3 peaju3aluid MOTOKa. Tj — HHTEePBaJ

MCIKOY C06BITI/I$IMI/I, CquaﬁHaH BCINYHMHA.
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Pucynok 1.1 —oTok cirydaliHbIX COOBITHI

Humencuenocmo nomoxa codvtmuii . — 3TO CPEIHEE YUCIO COOBITUIA,
MPUXOJISIIIEECS] HA €IUHULY BPEMEHHU.

[ToToK COOBITUI HA3BIBACTCS PeYyaAPHBIM, €CIU COOBITUS CIEIYIOT OJTHO 3a
JIPYTUM 4epe3 CTPOro ONpeIeICHHbIE TPOMEKYTKHA BPEMEHH.

Cmayuonapnocms — OJHOPOJHOCTH IO BpPEMEHHU, T.€. CPEAHEE UMCIIO
COOBITUH B €AMHUILY BPEMEHH — BEJTMYMHA MTOCTOSTHHAS.

[ToTok COOBITHII HA3BIBACTCS CHIAUUOHAPHBIM, €CIIA  BEPOSTHOCTH
MOTMaJaHusl TOTO WM WHOTO YHCIa COOBITUHA HAa yYacTOK BPEMEHU JJIMHOW T
3aBUCHUT TOJBKO OT JJIMHBI YYacTKa W HE 3aBUCUT OT TOTO, rie UMeHHO Ha ocu Ot
PaCIIOJIOKEH 3TOT YYaCTOK.

Hamnpumep, moTok BbHI30BOB, MOCTYMAIONIMX Ha TeaedOHHYIO cTaHIuio ¢ 12



10 13 gacoB sBisieTcst cranroHapHbIM. OTHAKO MOTOK BBI30BOB, MOCTYIAIONINX B
TE€YEHHUE CYTOK, HE OYJIeT CTAI[MOHAPHBIM.

Opounaprnocmov — cOOBITHSL B TIOTOKE MPUXOAT MO OJHOMY, a HE IapaMu,
TPOMKAMHU U T.J.

IToTok COOBITHII HA3bIBACTCS OPOUHAPHBIM, SCITH BEPOSITHOCTh MOMaJdaHUs
Ha 3JIEMEHTapHBIM yYacTOK JBYX WJIU Ooyiee COOBITHM MpEeHEeOpeKUMO Malia IO
CPaBHEHUIO C BEPOSTHOCTHIO MOTAAHUS OJTHOTO COOBITHS.

Hanpumep, mNOTOK KIMEHTOB, HANpaBISIOMIMXCS B MapUKMaxepCKyro
OpAVHApPEH.

Omcymcmeue nocnedeiicmgeuss — CcoObITHsS, oOOpasylomuye TOTOK,
MOSABJISIFOTCA B TTOCJIEI0BATEIbHBIE MOMEHTBI BPEMEHH, HE3aBUCUMO JPYT OT JpyTa.

[ToTox cOOBITHII HA3LIBAECTCA MOMOKOM 0€3 ROCHeOeucmeus, €CiIu I
JIOOBIX HETEPECEKAIIINXCS YYACTKOB BPEMEHHU YKCJIO COOBITUM, MOMaIatonuX Ha
OJINH U3 HUX, HE 3aBUCHUT OT TOTO, CKOJIbKO COOBITUH IOMNAJI0 Ha APYTOM.

Hanpumep, moTok maccaXxupoB, BXOASIIUX Ha CTAaHIUIO METPO, SIBISETCA
MOTOKOM 0€3 MOoCJIeIeUCTBYUSA, T.K. MPUUUHBI, 00YCIOBUBIIIHE MTPUXOJ OTAEIHLHOTO
Naccakhpa UMEHHO B JIAHHBI MOMEHT, KaK MpPaBUJIO, HE CBA3aHbI C MPUUYMHAMU
JUJISL IPYTUX TACCAKUPOB.

['pynima oqHOBpEeMEHHO MPUXOAAITUX COOBITUI HA3bIBACTCS HAKEHOM.

Ilpocmeiiwiuii nomox — TIOTOK, OONANAOMIMA TpeMs CBOWCTBAMH —
CTallMOHAPHBIN, oe3 MOCJICAEUCTBHUS, OpPAVUHAPHBIN (cTarpioHapHbIH
IyacCOHOBCKHH MOTOK). NHTEHCHMBHOCTH A=CONSt.

Hecmayuonaphulii nyaccoHo6CKuil NOMOK — OTOK COOBITUI, KOTOPBIN HE
MMEET MOCIEICUCTBUS, OpJIMHAPEH, HO HE CTallMOHAPEH. ITHTEHCUBHOCTH 3aBUCHUT
ot BpeMeHH A= A(t).

Ilomok Ilanbma — TOTOK C OTPAHUYEHHBIM IMOCIEICUCTBUEM — MOTOK
COOBITHI, y KOTOPOTO TMPOMEKYTKM BpPEMEHH MEXAYy IOCIeA0BaTEeILHBIMU
cooprtusimu Ty, T, ..., Tj mpeactaBmsitoT coOOW HE3aBUCHUMBIE, OJIMHAKOBO
pacupeaeeHHbIEC CIIy4YailHbIE BEJIMUUHBI.

Ilpocmeitwiuii nomok — >TO 4acTHBIM ciiydad nortoka Ilamema: B HeMm
6



pacctostaust  Tp, Tp, ...,Ti mnpencraBisoT co0O#l Ciy4ailHbIe BEJIIMYWHBI,
pacrpeieJIEHHbIE IO OJTHOMY U TOMY K€ I0Ka3aTeJIbHOMY 3aKOHY.

Jlns  mpocTeiiiero MOTOKa ¢ HMHTEHCHBHOCTBIO A BEPOSATHOCTH Py (t)
HacTyIuIeHusI K coObITHIA 32 BpeMs t Beraucisiercs mo gpopmyie 1.

AD*
k!

B 4gacTHOCTH, BEPOSITHOCTH TOTO, YTO 3a BpeMs t HE MPOU30MIAET HU OAHOTO

pr(t) = 1)

coobitust (k=0), Beraucinsiercs mo gopmye 2.
po(t) = e™*. 2)
Haiinem pacnpenenenue uHTEpBama BpeMeHH 1 MEXAYy  AByMS
IPOM3BOJIBHBIMU COCETHUMHU COOBITHSIMH MPOCTEHIEro NoToka. B coorBeTcTBUM €
dbopmy0ii 2 BEpOSITHOCTh TOrO, YTO HA YYaCTKE BPEMEHHU JIJIMHOU t HE MOSBUTCS
HU OJTHOTO COOBITHS, MOKHO BBEIYHCIIUTH 110 hopmyrie 3.
p(T 2t) =e™*. 3
BeposTHOCTh MPOTUBOMOJIOKHOTO COOBITHS, T.€. (DYHKIMS pacrpeiesieHUs
CIIy4aiiHOM BEJIMYUHBI BEIYUCISETCS 10 hopmyie 4.
FO=p(T<t)=1-—eM, (4)
[1710THOCT, BEPOSATHOCTH CIAYyYalHOW BEIMYMHBI MPEICTABISIET COOOM
IPOM3BOIHYIO ee (yHKIMU pactipenencHus (Gopmyna 5).
fO=F@)=2-e* )
PacnpenencHue, 3agaHHOE IUIOTHOCTHIO BeposSTHOCTH (5) wiu QyHKIuMeH
pacnpenenenus (4), sBisgeTcs MOKa3aTedbHbIM (IKCIOHEHIIMANBHBIM). Takum
o0pa3oM, HHTEpBaJl BPEMEHH MEXIy JABYMS COCEIHHUMH MPOU3BOJIbHBIMU
COOBITUSIMU MTPOCTEUILIETO MOTOKA UMEET MTOKA3aTeNIbHOE PACTIPEIEIICHHE.
MaremaTuueckoe OXHIaHUE, JUCHEPCHUS U CPEAHEKBAAPATUUYECKOE

OTKJIOHEHHE NMPOMEXYTKa T BBIYUCIISIIOTCS IO popMysiam 6-8.

co

M=jt-f(t)dt=ft-/1-e"1'tdt=%, (6)

0



[ee] oo

1 1
D=]tz'f(t)dt—Mzz=ftz-/l-e"l'tdt—/l—z=/1—2, (7)
0 0
1

3agaya 1.1. CpenHee 4dYHMCIO 3aKa30B TaKCH, TOCTYMAOUIUX Ha

JVCIIETYEPCKUM ITYHKT B OIHY MUHYTY, PaBHO TpeM. HaliTu BEpOSATHOCTH TOTO, YTO
3a 2 MUH TIOCTYIIUT. a) YEThIPE BbI30Ba; 0) MEHEE YETHIPEX BBHI3OBOB; B) HE MEHEE
YETHIPEX BHI30BOB.

Pemmenue: no ycnosuio 3agauu A=3.

(3:2)* o372 1296

a) mo hopmyie 1 Haiimem p,(2) = " ==, 0,002 = 0,134,

6) BCPOATHOCTDb TOI'O, YTO IOCTYIIUT MCHCC YCTLIPCX BBI3OBOB, COCTOHT M3
CYMMBGI BCpOHTHOCTGfI IMOCTYIUICHUA OJHOTO BBI3OBA, JIBYX, TPCX U BCPOATHOCTH
OTCYTCTBHSA BBI3OBOB.

.2\0
po(2) = (302,) e32 =1.0,002 ~ 0,002,

2\ 1
p.(2) = (312,) e=32 =2.0,002 ~ 0,015,

.9\ 2
p,(2) = (322,) =32 =22.0,002 ~ 0,045,

.9\3
ps(2) = £ e732 = 22. 0,002 ~ 0,089,

p=0,002+0,015+0,045+0,089=0,151.

B) BEPOSATHOCTH TOTO, YTO TOCTYNMHT HE MEHEE YETHIPEX BBI3OBOB — 3TO
BEPOSITHOCTh TOT0, YTO MOCTYMHUT 4 U 0o0Jiee BBI30BOB. DTy BEPOSITHOCTb MOKHO
HaAWTH, 3Has BEPOSTHOCTh MOCTYIUICHHS] MeHee 4 BHI30BOB:

p=1-0,151=0,849.

3amaya 1.2. Jlan npocTeduii MOTOK C mapameTpoM A=2 TpeOOBaHUU B
MUHYTy. HaiiTm BEpOATHOCTH TOTO, YTO [JIMHA HWHTEpPBATA MEXIAY IBYMS
COCeHUMHU COOBITUSIMU cocTaBisieT T ot 1 10 2 MUHYT.

Pemienuwe:  cimywaiiHbld  WMHTEpBal  BpeMeHH I Mexay — ABYMA

IoCJICA0BAaTCIIbHBIMHA COOBITHSIMH HMMEET IOKa3aTeJIbHOE pacopeaciicHuc ¢



napamMeTpoM A U (PYHKITHIO pacipeneneHus, Kotopas 3amaercs Gpopmyioit 4.

N3 xypca «Teopust BEPOSITHOCTEN M MaTeMaTHYECKasl CTATUCTUKA» 3HAEM,
BEPOSATHOCTh TOTO, YTO CilydaiiHas BenuumHa t momager B mpoMexyTok (ti;tr)
MO>KHO BBIYHMCIIUTH 110 hopmyrie 9.

P(ty St <t;) =F(ty) — F(ty). 9)

Torna, noacrasus B (9) Beipaxenue (4) moaydum:

Pty<t<t)=1—-elt—(1—eMt)=e Mt — et
Pl1<t<2)=e?1—¢22=¢"2—-¢"%%~0,135-0,018=0,117.

[Ipu o6veounenuu nByx NPOCTEHIINX MOTOKOB OOpaszyercs MpOCTEHIIN

MOTOK C MHTEHCUBHOCTHIO A1+ 4,. Torma BeposITHOCTh HACTYIUICHHSI N COOBITUH 32

Bpems t Beruncnsgercs no gpopmyse 10.

(A +4;) )"
n!

pn(t) = e~hitda)t, (10)

IIpn  pasvedunenuu  TNOCTYNAOIIETO  NPOCTEUINEr0  IOTOKA €
WHTEHCUBHOCTBIO A Ha N HaNpaBJICHUH TaK, YTO KAKJI0€ M3 COOBITUN HCXOIHOTO
moToKa ¢ BeposaTHOCThIO Py (X1, p; = 1) mocTymaer Ha i-e HampaBJeHHe, TOTOK i-
r'O HalpaBJICHUS TaKKe OyAeT MPOCTEHIINM C HHTEHCHUBHOCTHIO (11).

A = A p;. (11)

3agaua 1.3. Ilorok MaiuH, WAYHIMX [0 IIOCCE B OJHOM HAaIpaBJieHUH,

IpeCTaBIsieT OO0 MPOCTEHIINK MOTOK C MHTEHCUBHOCTHIO 8 MAaIllMH B MUHYTY.

[Mocce umeeT pa3BUIIKy B TpU HampaBiieHHs. BeposTHOCTh ABMXKEHHS] MalllUH B

nepBoM HampasieHun paBHa 0,12, Bo Bropom — 0,68, B tperhem — 0,20.
Omnpenenutb UHTEHCUBHOCTH JIBM)KEHUS aBTOMOOMIIEH B Ka)KIOM HaIPaBIICHUU.

Pemenue: npu pa3beIUHEHUU MPOCTEHIIEr0 MOTOKAa OOpa3yloTcs TpH
IPOCTEHIINX TMOTOKA, HHTEHCUBHOCTU KOTOPBIX MOXHO BBIYHCIUTH MO (opmyIie
11:

AA=21p,=8-0,12 =0,96,
Ay =A-p, =8:0,68 = 5,44,

1,3:).'193:8'0,20:1,6.



ITomoxku DOpnanza — TOTOKH, KOTOpbIE OOpa3ylOTCs B pe3ylbTare
«IIPOCEUBAHMS» MPOCTEHINNX MTOTOKOB.
PaccmoTrpum Ha ocu Ot mpocreiitmii motok coobitii (prc. 1.2)u coxpanum

B HCM HC BCC TOYKH, a TOJIbKO KaXXKAYIO BTOPYIO, OCTAJIbHBIC BLI6pOCPIM.

I IIIII I

t

Pucynok 1.2 —npocreiinmii ToOTOK COObITUI

B pesynpraTe Takoi omepany «IPOPEKUBAHUA» WM IPOCCHUBAHUI»
cHOoBa oOpa3yercs HOBBIH MOTOK coObithid (puc. 1.3), KOTOpBI Ha3bIBaETCA

ITOTOKOM SpHaHra BTOPOI'O IMOpsAaKaA.

e e

t
Pucynox 1.3 —1oTok DpiaHra BTOporo nopsiaka

ITomox Opnanca K-20 nopsadka — TOTOK, TOJNYYAIOUIMICS €CITU B
MPOCTEUIIEM MTOTOKE COXPAHHUTh KaXIyI0 K-10 TOUKY, @ OCTaJIbHBIE BEIOPOCHTb.
XapaKkTepuCTUKU 3aKoHa DpiiaHra (MaTeMaTHYECKOe OKUIAaHUE, TUCTICPCUIO

U CPEIHEKBAIPATUYCCKOEC OTKIOHEHHE) MOKHO HalTh 1mo ¢dopmynam 12, 13u 14

COOTBCTCTBCHHO.
m =2 (12)
M =2 (13)
o0 =k (14

Bce xapakTepucTHKU BBIpaXXEeHbI 4epe3 WHTEHCHUBHOCTH A MOPOXKAAIOIIETO
HNOTOK DpiaHra mpocteimero notoka. O003HauuM Ay — MHTEHCUBHOCTh IIOTOKA
OpiaHra, KoTopasi CBsi3aHa ¢ MHTEHCUBHOCTb A MOPOKAAIOIIEr0 MOTOK DpIiaHra

IpOCTEHIIero moroka Beipaxkenuem (15).

Ak = E (15)
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Torma mo ¢opmynam 16-18 momyunM XapakTEpHCTUKH IMOTOKAa DpJaHra,

BBIPA’KCHHBIC YCPE3 MHTCHCUBHOCTL ITIOTOKA 9pnaHra.

1
(k) _
mt = z, (16)
1
(k)
D) = —
¢ Kz (17)
1
ol = (18)

t - "
VkAy
[110THOCTH BEPOSTHOCTH Uil IMOTOKAa JpilaHTa MOXHO BBIYUCIHTDH II0
dopmyne 19.

L2 \k
fi @) = —((Ili _/1'1))' kot gk, (19)

3agaya 1.4. B pesynbrare CcTaTUCTUYECKOW OOpaOOTKM HMHTEPBAJIOB

BPEMEHU MEXIy COOBITUSIMH B HEKOTOPOM IIOTOKE TIOJYYEHBI CIIEAYIOIIHe
XapaKTepUCTHKHU. CpelHee 3HaueHuWe UHTepBaJla M=2 MHH, CpeaHee
KBaJIpaTuueckoe oTkioHeHne nurepBaia 0;=0,9 mun. Tpebyercst momgodpaTh MOTOK
Oprnanra, obianaouyii TpuOIU3UTENIEHO TEMHU K€ XapaKTepUCTUKAMU, HAUTH ero
WHTEHCUBHOCTH Ay ¥ TIOPSZIOK K.

Pemienue: u3 popmysibl 6 BIpa3uM HHTEHCUBHOCTD MOTOKA DpJIaHra;

1 1 COOBITUH
Ay =—===05——"-
m, 2 MUWH

[Totok IlanbMa ¢ HEKOTOPHIMU MPUOTMKEHUSIMH MOKHO 3aMEHUTH MOTOKOM

Opnanra k-ro mopsaka, rme K MoxkHO BbIpasuth u3  ¢Gopmynsl  18:

1
\/Elk -

Ot

1\ 1
ke = ( ) =72
Ay Ot Ayof

k = 4.938.

~ 0.52-0.92

bmmwxaiimee nenoe k=5, 3HaunMT, MaHHBI TOTOK MOXXHO NPUOIIKEHHO
3aMEHUTH MOTOKOM Dpianra 5-ro nopsnaka. [lo ¢opmyne 19 Berarcium mioTHOCTD
BEPOSITHOCTH MMOTOKA DpJIaHra S-ro nopsaka:
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. 5
(5-0.5)° .

2 4 e—5-0.5t = 4.069 - t4 . e—2.5t

fs(t) =

3agaua 1.5. B pesynprare 0OpabOTKM CTATUCTUYECKUX JAHHBIX IO

MHTEpBaJIaM MEXay COOBITHSIMH B moToke [lanbma momyyeHsl 3HaUeHUA M=2 MUH
u 6=1,5vuH. [Togo6paTh NOPAIOK COOTBETCTBYIOLIETO MOTOKA DpJiaHra.
Pewenue:

1 1 COOBITHU
-—=05——

m; 2 MUWH

= () = e = 1778
-~ Ao/ 052-1,52° 7

Ommxkaiiimmee 1enoe K=2, TakuM 00pa3oM, JaHHBIA IIOTOK MOXKHO

HpI/I6JII/I}KCHHO 3aMCHUTH IOTOKOM BpHaHra 210 nopsaka.

3agaya 1.6. B pesynprate 00pabOTKM CTATUCTHUECKUX JaHHBIX TIO

HHTCPBaJIaM MCEKIY coOpITHsAMH B oTOKe Ilambpma IMOJYYCHBI 3HAUCHHA m=1 MMHH

u 6=0,33vuH. [TonoOpaTh MOPsIIOK COOTBETCTBYIOMIETO MOTOKA DpIaHra.

Pemenue:
1 1 COOBITHM
}{k = —_—= == 1—
m, 1 MUWH
= () =y = 9183
Mo,/  12-0332 7

Ommxaiiimee 1enoe K=9, TakuM 00pa3oM, JaHHBIH TIOTOK MOXKHO

MPUOJIMKEHHO 3aMEHUTDH MTOTOKOM JpJianra 9-ro mopsaka.

1.2 BAHK 3AJIAHUM K KOHTPOJbHOM PABOTE Ne 1 11O
PA3JIEJTY «IIOTOKH COBBITUI»

1. Cpennee uucno BbI30BOB, nocrynatomux Ha ATC B ogHy MHUHYTY,
paBHO AByM. HaiiTu BEpOATHOCTB TOTO, 4TO 3a 4 MUH IIOCTYNUT TpHU BbI30Ba [IoTOK
BBI30BOB IIPEATIOJIAracTCs MPOCTEHIINM.

2. Cpeanee uucio BbI30BOB, nmocrynatonmx Ha ATC B ogHy MUHYTY,
paBHO AByM. HailTu BepoSTHOCTH TOro, 4To 3a 4 MHUH IOCTYIUT MEHEE TpeX

BBI30BOB. I10TOK BBI30BOB npeamnoJaaracTcs HpOCTCﬁH.II’IM.
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3. Cpennee uncno BbI30BOB, nmoctynatomux Ha ATC B ogHy MHHYTY,
paBHO ABYM. HaifTu BEepOATHOCTH TOrO, 4TO 3a 4 MHUH MOCTYNHUT HE MEHEE Tpex
BbI30BOB. [I0TOK BBI30BOB IPEANOIAraeTcsi HPOCTEHILNM.

4. CeaHc JanbHEH CBA3M NOJABOAHOW JoAkW miutca 45 cekyHn. Ilpu
ATOM HaOJII01al0TCa aTMOC(EPHBIE IOMEXH B CpeHEM KoamuecTBe / B yac. Haiitu
BEPOATHOCTH TOT'O, UTO 3a BPEMs ceaHca IIOMeX He OyJeT.

5. CeaHc panbHeil CBs3M MOJABOAHOW JoAKW miutcsa 45 cekyHn. Ilpu
ATOM HaOJII01al0TCa aTMOC(EPHBIE IOMEXU B CpeHEM KoamuecTBe / B yac. Haiitu
BEPOATHOCTH TOTO, UTO 3a BpeMs ceaHca OyeT XOTs Obl 0JJHa ToMexa.

6. CeaHc ganpHed CBsI3M MOABOJHOW JOAKK AnuTcs 45 cexynn. llpu
ATOM HaOJII01al0TCa aTMOC(EPHBIE IOMEXH B CpeHEM KoamuecTBe / B yac. Haiitu
BEPOATHOCTH TOTO, YTO 3a BpeMsi ceaHca OyIeT pOBHO OJHA IOMEXa.

7. CeaHc panpHed CBsI3M NMOABOAHOW joaku anutcs 45 cexynna. Ilpum
ATOM HaOII01al0TCa aTMOC(EPHBIE IOMEXH B CpeAHEM KoamdecTBe / B yac. Haiitu
BEPOATHOCTH TOTO, UTO 3a BpeMs ceaHca OyleT pOBHO 3 IOMEXH.

8. B cmpaBouHoe Oropo oOpamaroTcs B cpeaHeM 2 yenoBeka 3a 10
MuHyT. HaliTn BeposTHOCTH Toro, uto 3a 30 MHHYT 3a crpaBkoil oOpatsatcs 4
4esI0BeKa.

9. B cmpaBouHoe Oropo oOpamaroTcs B cpeaHeM 2 yenoBeka 3a 10
MuHyT. Haiiti BeposTHOCTH TOTO, uTO 3a 20 MUHYT 3a CIpaBKOW 0OpaTATCS HE
MeHee 3 YEJIOBEK.

10. B Owopo oOcnmykuBaHus B cpeiHeM mnocTymaeT 12 3asBok B Hac.
CunTasi IOTOK 3aKa30B MPOCTEUIIUM, ONMPEAEIUTh BEPOSITHOCTH TOro, uTo 3a 1
MUHYTY HE [IOCTYIIUT HU OJHOIO 3aKa3a.

11. B Owopo obcnmykuBaHus B cpeiHeM mocTymaeT 12 3asBok B Hac.
CunTasi MOTOK 3aKa30B MPOCTEUIINM, ONPEIEIUTh BEPOSITHOCTh TOTO, yTo 3a 10
MUHYT NOCTYIIUT HE 00JIee TpeX 3aKa30B.

12. Ha ATC noctynaeT mpoCTeHIInii MOTOK BBI30BOB C HHTEHCUBHOCTHIO
1,2 Bb130BOB B MUHYTY. HaliT BEpOSITHOCTB TOTO, YTO 32 2 MUHYTHI HE MPOMIET HU

OJHOI'O BbI3OBA.
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13. Ha ATC mocTymaer mpoCTeUInii TOTOK BBI30BOB C MHTEHCUBHOCTHIO
1,2 BbI30BOB B MUHYTY. HaliT BEpOATHOCTH TOTO, YTO 32 2 MUHYTHI IPUIET POBHO
OJIMH BBI30B.

14. Ha ATC noctynaetr npocTelInii NOTOK BBI30BOB C MHTEHCUBHOCTBIO
1,2 BbI30BOB B MUHYTY. HaliTu BEepOsITHOCTH TOTO, UYTO 32 2 MUHYThI IPUAET XOTS
OBbI OJIUH BBI3OB.

15. B 0Owopo obcmyxkuBaHus B cpefHeM moctynaeT 12 BbI30BOB B Hac.
CuuTasi MOTOK BBI30BOB MPOCTEUIINM, ONPEAEIUTh BEPOSITHOCTH TOTO, 4TO 3a 1
MUHYTY HE MOCTYMUT HU OJHOTO BHI30BA.

16. B 0Owopo obcmyxuBaHus B cpefaHeM moctynaeT 12 BbI30BOB B Hac.
CuuTas MOTOK BBI30BOB MPOCTEUIINM, ONPEACIUTh BEPOSITHOCTh TOro, uto 3a 10
MUHYT MOCTYIUT HE 00Jiee TPEX BHI30BOB.

17. B cmpaBouHoe Oropo oOpamiaroTcs B cpeaHeM 2 yesnoBeka 3a 10
MuHyT. HaliTu BepoaTHOCTh TOrO, uTo 32 30 MUHYT 3a cIipaBKOM oOpatsTcs Ooliee
4 4eNoBeK.

18. B cmpaBouHoe Oropo oOpamiaroTcs B cpeaHeM 2 yesnoBeka 3a 10
MuHYT. HaliTi BeposTHOCTH TOTO, uTO 32 20 MUHYT 3a CIIpaBKOW 00OpaTITCS MEHEE
3 4yenoBexK.

19. Cpennee umcno 3aka3oB TAKCH, MOCTYMAIOIIMX HA JAUCIETYEPCKUN
INYHKT B OJHY MHUHYTY, paBHO TpeM. HailiTu BeposSTHOCTH TOTO, 4YTO 3a 2 MHUH
MOCTYIUT YETHIPE BHI30BA.

20. Cpeanee uucCiO 3aKa30B TaKCH, MOCTYMAOIIUX HAa JHUCIETYEPCKUN
INYHKT B OJHY MHUHYTY, paBHO TpeM. HaliTu BeposSTHOCTH TOTO, YTO 3a 2 MHUH
MOCTYIUT MEHEE YETHIPEX BHI30OBOB.

21. CpenHee 4YMCIIO 3aKa30B TAaKCH, MOCTYMAOIINX HA JAUCTIETYCPCKHMA
OYHKT B OJHY MHUHYTY, paBHO TpeMm. HaiiTu BeposTHOCTH TOro, 4To 3a 2 MHUH
MOCTYIUT HE MEHEEe YEThIPEX BHI3OBOB.

22. B 61opo obcinyxuBaHusi B cpeqHeM moctynaeT 12 BbI30BOB B Hac.
CuuTasi MOTOK BBI30BOB MPOCTEUIINM, ONPEAEIUTh BEPOSITHOCTH TOTO, 4TO 3a 1

MHHYTY HC IOCTYIIUT HAU OAHOT'O BBI3OBA.
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23. B 61opo obcinyxuBaHusi B cpeqHeM moctynaeT 12 BbI30BOB B Hac.
CunTasi TIOTOK BBI30BOB MPOCTEUIINM, ONPEAETUTh BEPOATHOCTH TOrO, yTo 3a 10
MUHYT MOCTYIUT HE O0Jiee TPEX BHI30BOB.

24. B TedyeHne yaca KOMMYTATop Moiy4aeT B cpenHeM 60 BBI3OBOB.
KakoBa BeposTHOCT, TOrO, 4YTO 3a BpeMs 45 cek., B TEYCHHE KOTOPHIX
TeneOHUCTKA OTIy4YnIach, He OyAeT HU OJTHOTO BHI30BA?

25. [lo xeme3Holt popore MHMO HaOMIOAaTENs] IBUKETCS B OIHOM
HANpaBIIEHUU TPOCTCUINUN TMOTOK TOe3M0B. FI3BeCTHO, HYTO BEPOSTHOCTH
orcyTcTBHs moe3noB B TeueHue 10 munyt paBHa O,7. HaiiTu BeposTHOCTH TOTO,
yT0 32 20 MUHYT MUMO Ha0IIOAATENS MPOiIeT He OoJiee OJTHOTO MOe3/a.

26. Ilo mocce mMuMoO HaOMrOAATeNs IBKIKETCS B OJIHOM HaIpaBIICHUU
MPOCTEUIINN MOTOK MamuH. M3BECTHO, YTO BEPOSTHOCTH OTCYTCTBUS MAIlIMH B
TeueHue S MuHyT paBHa 0,5. Tpebyercs HalTH BEpOATHOCTH TOTrO, uTo 3a 10 MuH
MUMO Ha0Jr01aTes sl MpoieT He OoJiee ABYX MAIUH.

27. KommbioTepHBI Kiacc cBsa3aH ¢ kaHamom Muteprer uepes 10-
KaHaJbHBIA KOHIIEHTPaTOp. IHTEHCUBHOCTH Mepeaadn JaHHBIX 10 Kaxaomy u3 10
KaHaJoB paBHbI cooTBeTcTBeHHO 540 6mt/c, 120 6wmt/c, 40 6ut/c, 170 6ut/c, 350
our/c, 60 our/c, 742 6ur/c, 153 our/c, 500 o6ut/c, 100 our/c. TIoTOK HAHHBIX
NOMYUHICTCSI  ITyaCCOHOBCKOMY  3aKOHY  pacmpeneneHus.  OmnpenenuTtsb
WHTEHCHUBHOCTH TIepeIaur JaHHBIX B KaHasie IHTepHET.

28. 3akycouynas Ha A3C wumeer OJMH TIPUIABOK. ABTOMOOWIIU
npuOBIBAIOT B CPEIHEM C MHTEHCHBHOCTHIO 2 aBTOMOOWIS 3a S5 MuHyT. Haiitu
BEPOSITHOCTH TOTO, YTO 3a 4YerBepTh dYaca mocTynut 11 BezoBoB (IToTok
IyaCCOHOBCKUI).

29. 3akycounas Ha A3C wumeeT OIUH TPUIABOK. ABTOMOOWIU
NpUOBIBAIOT B CPEAHEM C MHTEHCHUBHOCTHIO 2 aBTOMOOWIS 3a 5 MuHyT. Halitu
BEPOSTHOCTh TOTO, YTO 3@ YETBEPTh Yaca MOCTYMHUT XOTs Obl oauH Bb30B ([ToTOK
ITyaCCOHOBCKUH).

30. 3akycounas Ha A3C wuMmeer OJMH TPUIABOK. ABTOMOOWIU

npuOBIBAIOT B CPEAHEM C MHTEHCHBHOCTHIO 2 aBTOMOOWIS 3a S5 MuHyT. Haiitu
15



BEPOSTHOCTH TOTO, YTO 3a YETBEPTh Yaca HE MOCTYIHUT HU OJHOTro Bhi3oBa ([ToTok
ITyaCCOHOBCKUH).

31. KommbloTepHbIli KjacC CBsi3aH ¢ KaHaioM MHTepHer uepe3 5-
KaHAJIBHBIN KOHIIEHTpaTop. IHTEHCHBHOCTH TIepeaun JaHHBIX MO KaXIOMY U3 5
KaHaJo0B paBHbI cooTBeTcTBeHHO 541 0mt/c, 1100wut/c, 44 6ut/c, 171 6ut/c, 356
out/c. TIOTOK MAaHHBIX MOTYMHSETCS IMYyaCCOHOBCKOMY 3aKOHY paclpeIeiiCHHS.
OnpenenuTs MHTEHCUBHOCTD TIEpeIaur JaHHBIX B KaHase HTepHET.

32. Ilo »xene3HoW gopore MHUMO HAOJIOAATENs JBHXKETCS B OJIHOM
HAIIpaBJIICHUM IIPOCTEMIIMM IIOTOK MOe3740B. M3BECTHO, 4YTO BEpPOATHOCTH
orcytcTBusl moe3noB B TeueHue 10 munyr paBua 0,8. TpeOyercs Haifitu
BEPOSTHOCTHh TOTO, uTO 32 20 MUH. MUMO HaOIIOJATENs MPOUAET He OoJiee Tpex
MTOE3/T0B.

33. B pesynbrare 00pabOTKM CTAaTUCTUYECKHX JAHHBIX 0 HHTEpBajaM
MEXIYy COOBITUSIMH B mOTOKe IlambMa monmydeHsl 3HaueHUss M=1 MuH u
0:=0,33unn. IlomoOpaTh MOPSAOK COOTBETCTBYIOIIETO TMOTOKa OpJaHra.
Omnpenenuth IUJIOTHOCTh pacIpeneseHus, MOCTPOUTh TpaduKH WMCXOAHOH U
OpIIaHrOBCKOM IJIOTHOCTEN paclpeeiaeHUs .

34. B pesynbpTaTe CTaTUCTUYECKOM OOpaOOTKH MPOMEKYTKOB MEXKIY
3assBKAMH B TIOTOKE IIOJIYYCHBI OIEHKM JJIsi MaTeMaTHYeCKOTO OXUIAHHUS H
mucepenn BemmamEbl T: M=2 mux u D= 0,8 mun®. Ilomobpats mOPSmOK
COOTBETCTBYIOIIIETO MTOTOKA DpJIaHra.

35. B pesynpraTte 00pabOTKM CTATUCTUYECKUX JAHHBIX MO WHTEpBajIam
MEXIy CcoObITHssMH B moOTOKe I[lampma mosydeHsl 3HadYeHMss M=1 MuH u
06=0,33wuH. IlomoOpaTh TOPSJOK COOTBETCTBYIONIEIO IIOTOKAa pJiaHTa.
OnpenenuTs TUIOTHOCTh pAacTUpeneieHus], MOCTPOUTh TpaduKu HUCXOTHON U
DpIIaHTOBCKOM MJIOTHOCTEH pacmpeaesieHusI.

36. B pectopan npuObiBaer B cpeaHeM 20 mocetutenedr B yac. Cuuras
MOTOK TIOCETUTENIEH MPOCTEUINM, W 3Hasi, 9TO pectopaH oTkpsiBaercs B 11.00,
OTIPE/ICJINTE BEPOSTHOCTH TOro, uTo B 11.12B pecropan npuaer 20 mocerureneit

npu ycinoBud, yto B 11.07ux 6pu10 18.
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37. B pectopan mpubsiBaer B cpeqneM 20 moceruteneit B yac. Cumras
MOTOK TIOCETUTENIEH MPOCTEUINM, W 3Hasi, 9T0 pectopaH oTkpsiBaercs B 11.00,
OTIPE/ICIIUTE BEPOSITHOCTH TOTO, 4To Mexay 11.28u 11.30B pecTtopane okaxercs
HOBBIN [TOCETUTEb.

38. Bpemss oOcioyxuBaHUS [ amnmapaToB HEKOTOPOW  CHUCTEMBI
MacCOBOT0 OOCITYKHBaHHs paclpeiesieHo Mo MoKa3aTeabHOMY 3akony F(t) = 1 —

e—lEt

, e t - Bpems B MuHyTax. HaliTH BEpOSITHOCTH TOTO, YTO OOCITYy)KHBaHHE
npoanutcs He 6ojee 15 muH.

39. Bpems oOcayxuBaHusi [ anmapaToB HEKOTOPOM  CHUCTEMBI
MacCOBOT0 OOCITYKHBaHHs paclpeiesicHO Mo MoKa3aTelbHOMY 3akony F(t) = 4 —

e—lbt

, tne t - Bpems B muHyTax. HaliTu BEpoOSITHOCTH TOTO, YTO OOCITYKMBaHUE
poJIUTCs He O6oJiee 8 MuH.

40. Tlorox wMamwuH, UAYOMX IO 1IOCCE€ B OJHOM HAaIMpaBICHUH,
MPEACTABISIET COOOW MPOCTEHINHIA TOTOK C HWHTEHCUBHOCTHIO 4 MaluWHBI B
muHyTy. Illocce mmeeT pa3BuwiKy B JiBa HampaBieHHUs. BeposTHOCTH JBUKEHUS
MaluH B TiepBOM HampasieHuu paBHa 0,12, a Bo Bropom - 0,88. Ompenenutb
WHTEHCUBHOCTH JBUKEHUSI aBTOMOOUIIEH B 000MX HANpPaBIICHUSX.

41. Tlorok wamuH, UWAYIIAX [0 1IOCCE B OJHOM HaIpaBJICHHH,
MPEACTABISIET COOOW MPOCTEHINMIA TOTOK C HWHTEHCUBHOCTHIO / MAaIIWHBI B
MunyTy. Illocce mmeer pa3BuwiKy B JiBa HampaBieHHUs. BeposSiTHOCTH JIBUKEHUS
MaluH B TiepBOM HampasieHuu paBHa 0,21, a Bo Bropom - 0,79. Ompenenutsb
WHTEHCUBHOCTH JABUXEHUSI aBTOMOOUIIEH B 000MX HANpPaBIICHUSX.

42. TloTok MalMH, UAYIUMX IO 1I0CC€ B OJHOM HAIpaBJIEHUH,
MPEACTABISIET COOOW MPOCTEHINMIA TOTOK C HWHTEHCHUBHOCTHIO 9 MammHBI B
munyTy. Illocce mmeer pa3BuwiKy B JiBa HampaBieHHUs. BeposTHOCTH JBUIKEHUSA
MaluH B TiepBOM HampasieHuu paBHa 0,53, a Bo Bropom - 0,47.Omnpenenutb
WHTEHCUBHOCTH JBWXEHUS aBTOMOOUIIEH B 000MX HAPaBIICHUSX.

43. Yemy paBHa HHTEHCUBHOCTH OOCITY)KUBaHHUS |1, €CIIA OOCITYKUBAIOIIIEE

yCTpOHCTBO 0OpabaThiBaeT 4 makera 3a S MUHYT?
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44, Yemy paBHa WHTCHCHUBHOCTh TIOCTYIUICHUS A, €CIM Ha BXOJ
00CITy>)KMBAIOIIETO YCTPONCTBA MOCTYMa0T 13 makeToB 3a 15 MuHyT.

45. YemMy paBHa MHTEHCUBHOCTh TMOCTYIJIEHUS A, €CIM Ha BXOJ
00CITy>)KMBAIOIIETO YCTPONUCTBA MOCTYIAIOT 3 MTaKeTa 3a 5 MUHYT.

46. B NOyHKT TEKYLIEro OTIAEJIOYHOTO PEMOHTa BAarOHOB IMOCTYIMAIOT
TpeboBaHuss Ha peMOHT. [loTok TpeboBaHMII MOXXHO CUMTATh MPOCTEUIIUM C
uHTeHCMBHOCTHIO 0,517. HaiiTn BepoOsSTHOCTH TOTO, YTO 3a YaC MOCTYHNUT OIHO
TpeboBaHue (BaroH) Ha PEMOHT.

47. B NOyHKT TEKYLIEro OTIAEJIOYHOTO PEMOHTA BArOHOB IOCTYIAIOT
TpeOoBaHUs Ha peMOHT. [loTok TpeboBaHMII MOXXHO CUMTATh MPOCTEULINM C
uHteHcuBHOCThIO 0,307.HailiTu BeposSTHOCTH TOrO, YTO 3a 4Yac HE MOCTYNUT HU
0JIHOTO TpeOOoBaHUs (BaroHa) Ha PEMOHT.

48. B NOyHKT TEKYLIEro OTIEJIOYHOTO PEMOHTa BAarOHOB IMOCTYIMAIOT
TpeOboBaHusi Ha peMOHT. [loTok TpeboBaHMII MOXXHO CUMTATh MPOCTEUIIUM C
nHTeHCMBHOCTHIO 0,617. HaiiTn BepOsSTHOCTH TOTO, YTO 3a Yac MOCTYHNUT OIHO
TpeboBaHue (BaroH) Ha PEMOHT.

49. B cnpaBodHOe 0r0po oOpariaercs B cpenneM 2 yenoBeka 3a 10 MuHyT.
Haiitu BeposiTHOCTB TOTO, 4TO 32 30 MUHYT 3a CIipaBKoOM oOpaTuTcs 4 yenoBeka.

50. B cnpaBouHoe 0r0po oOpataeTcs B cpeHeM 2 yenoBeka 3a 10 MUHYT.
Haiitu BeposiTHOCTB TOTO, 4TO 32 30 MUHYT 3a CIIpaBKON 0OpaTUTCS HE MeHee 3-X
YeJIOBEK.

51. B arenpe mocTymaer B cpemHeM 3 3aka3a B JeHb. CumTas MOTOK
MPOCTEUIITNM, HAUTH BEPOATHOCTH TOTO, YTO B TEUEHHE ABYX OIDKAUIIUX JTHEH
YHUCJI0 3aKa30B OyIeT HE MEHee O.

52. K xoMIproTepy MOCTYIAIOT 3aJaHusl ¢ MHTEHCUBHOCTHIO 1,5 3amanuit
B cekyHay (MOTOK 3agaHuil mpocteiimii). HaliTu BepoSTHOCTH TOro, YTO 3a JIBE
CEKYH/Ibl HE MMOCTYNMUT HU OAHOTO 3aJaHUSI.

53. K xoMmproTepy MOCTYIAOT 3aJaHusl ¢ MHTEHCUBHOCTHIO 1,5 3amanuit
B cekyHay (MOTOK 3agaHuil mpocteiimii). HaliTu BepoSTHOCTH TOro, YTO 3a JIBE

CEKyH/JIbl TOCTYITUT POBHO OJTHO 3aJIaHUE.
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54. K xoMIbOTepy MNOCTYIMAIOT 3aJaHusl ¢ MHTEHCUBHOCTHIO 1,5 3ananuii
B cekyHny (MOTOK 3ajaHuii mpocteimuii). HailTh BeposSTHOCTH TOTO, YTO 3a JIBE
CEKYH/IbI IOCTYMUT XOTsI ObI OJTHO 3aJJaHUE.

55. [locerutenu npuxoasaT B Kade CO CKOPOCTHIO D UEJIOBEK B MUHYTY U
OKHUJIAIOT B CpPEAHEM BBINOJHEHUS 3aka3za D MUHYT. [lpuem mumm TpelOyeTr B
cpeaneM 20 munyT. HaliTu cpeHee yuciio moceTuTeNneil B pecTopaHe.

56. [locerutenu npuxonsaT B Kade CO CKOPOCTHIO D UEJIOBEK B MUHYTY U
OXKHMJIAIOT B CpPEAHEM BBINOJHEHUS 3aka3za D MUHYT. [lpuem mumm TpeOyeTr B
cpennem 20 MuHyT. HaliTn cpenHee yncio moCceTUTENe B pecTopaHe.

57. B 6ropo obcnyxuBanus B cpeaHeM mocTymaer 12 3asBOK B dac.
CuuTasi MOTOK 3aKa30B MPOCTEHIINM, ONMPENEIUTh BEPOSTHOCTh TOro, 4To 32 1
MUHYTY HE MOCTYIUT HU OJHOTO 3aKa3a.

58. B 0Oropo oOcnyxuBaHMs B cpelHeM IocTtynaer 12 3asBOK B dac.
CuuTasi MOTOK 3aKa30B MPOCTEHIINM, ONpPENETUTh BEPOSITHOCTh TOTO, uTo 32 10
MUHYT NOCTYIUT O0Jiee TPeX 3aKa30B.

59. Ilo mocce MuMo HaOIOATENsl JBUXKETCA B OJHOM HalpaBICHUU
MPOCTEUIINN MOTOK MamuH. M3BECTHO, YTO BEPOSTHOCTH OTCYTCTBUS MAIlIMH B
TeueHue S MuHyT paBHa 0,5. Tpebyercs HaWTH BEpOATHOCTH TOTO, uTo 3a 10 MuH
MUMO Ha0JIt01aTeNst MpouIeT He OoJiee IByX MalllMH.

60. Ilorox w™amuH, HWAYMHUX [0 IIOCCE B OJHOM HaIPaBJICHUH,
NPEACTaBISIET COOOW MPOCTEHIIMIA IMOTOK C HMHTEHCUBHOCTHIO 2 MaIIMHBI B
MUHYTY. UenOBEeK BBIXOAMT HA IIOCCE, YTOOBI OCTAHOBUTH MEPBYIO MOMABIIYIOCS
MallMHy, WAYIIyl0 B JaHHOM HampaBieHud. HailTu 3akoH pacmpeneneHus
BpeMeHHU T, B TeUeHHe KOTOPOTo eMy MPUAETCS KaTh MAlIUHY .

61. [lotok MammuH, HWAYMHMX MO IIOCCE B OJHOM HANpaBICHHH,
NPEACTaBISIeT COOOW MPOCTEHIINIA TMOTOK C HMHTEHCUBHOCTHIO 2 MaIIMHBI B
MUHYTY. YenoBeK BBIXOJMUT Ha LIOCCE, YTOOBbl OCTAHOBUTH MEPBYIO MOMABIIYIOCS
MallMHy, HWAYIIYI0O B JaHHOM HampasieHuu. Onpenenutb MaTeMaTH4ecKoe
O’KHJIaHUE U CPEeIHEE KBAJPATUUYHOE OTKJIOHEHHE.

62. JlaH IyacCOHOBCKMiI MOTOK ¢ mapamerpoM 2 wmuH . Haiitn
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BEPOSITHOCTh TOTO, YTO JJIMHA HWHTEPBATa MEXAY COCETHUMHU TpPEOOBaAHUSMU
coctapisieT oT 1 10 2 MUHYT.

63. Ilorox MamuH, HAYNMX MO IIOCCE€ B OJHOM HalpaBJICHUH,
MPEACTABISIET COOOM MPOCTEHINMIA TOTOK C HWHTEHCUBHOCTHIO 4 MaIluWHBI B
muHyTy. Illocce mmeer pa3BwiKy B JiBa HampaBieHHUs. BeposTHOCTh JBUKEHUS
MallliH B mepBoM HampasieHuu paBHa 0,2, a Bo BtropoM — 0,8. Onpenenuthb
WHTEHCUBHOCTH JBWXEHUSI aBTOMOOUIIEH B 000MX HAPaBIICHUSX.

64. Ilo >xene3Hoil jgopore MHUMO HaOJIOIATENs JBHXKETCS B OJIHOM
HAIIpaBJICHUM IIPOCTEMIIMM IIOTOK MOe3740B. M3BECTHO, 4YTO BEpPOATHOCTH
orcyrcTBusl moe3noB B TeueHue 10 munyr paBHa 0,8. TpeOyercs Haiftu
BEPOSTHOCTh TOro, uto 3a 20 MUH. MUMO HaOIOJaTeNs Mpouaer Oosee Tpex
MO€3/10B.

65. JlaH IyacCOHOBCKHMII MOTOK ¢ mapamerpoM 1 wmun". Haiitn
BEPOSITHOCTh TOTO, 4YTO [JIMHA HWHTEpBajia MEXIY COCEIHUMU TpeOOBaHUSIMU
COCTaBIIsIeT OT 2 10 4 MUHYT.

66. Ilorox MamuH, HAYNMX MO IIOCCE€ B OJHOM HalpaBJICHUH,
IpeCTaBIsieT OO0 MPOCTEHIINK MOTOK C MHTEHCUBHOCTHIO 8 MAIllMH B MUHYTY.
[Mocce umeeT pa3BUIIKy B TpU HampaBiieHHs. BeposTHOCTh NBMXKEHHS] MalllUH B
nepBoM HarpaBiiennu paBHa 0,12,B0 Bropom - 0,68,B Tpetbem - 20. Onpenenuthb
WHTEHCHUBHOCTH JBUKEHUS aBTOMOOMIICH BO BCEX HAMPABIICHUSIX.

67. Ilorox MamuH, HAYNMX MO IIOCCE€ B OJHOM HalpaBJICHUH,
IpeCTaBIsieT OO0 MPOCTEHIINN MOTOK C MHTEHCUBHOCTHIO 6 MAaIllMH B MUHYTY.
UenoBek BBIXOAUT HA IIOCCE, YTOOBI OCTAHOBUTH MEPBYIO MOMABIIYIOCS MAIIWHY,
UIYyIyl0 B JaHHOM HarpaBieHuu. HailTu 3akoH pacnpenenenuss BpemeHu T,
KOTOpPO€ €My MPHUIETCS KIaTh, ONPEICIUTh €ro MaTeMaTU4YecKOe OXKHUIaHHe U
CpenHee KBaJpaTUUYHOE OTKJIOHEHHE.

68. B myHKT TeKylero OTAEIOYHOTO PEMOHTA BaroHOB MOCTYHAOT
TpeOoBaHusT Ha peMOHT. [loTok TpebOoBaHMII MOXXHO CUMTATh MPOCTEULINM C
uHTeHCUBHOCTHIO A = 0,307.HaiiTi BeposSTHOCTH TOTO, YTO 3a Yac HE MOCTYIUT HU

0JIHOTO TpeOOoBaHUs (BaroHa) Ha PEMOHT.
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69. B myHKT TeKymero OTAEI0YHOrO0 PEMOHTa BaroHOB TOCTYIMAaeT
TpeOoBaHue Ha peMOHT. [loTOK TpeOoBaHMI MOKHO CUUTATh TMPOCTEULINM C
uHTeHCHBHOCTHIO A = 0,51.HaifT BEposITHOCTB TOTO, YTO 32 YaC MOCTYIUT OJJHOTO
TpeOoBaHUE (BaroH) Ha PEMOHT.

70. Bpems oOcmyXwBaHHS [UJIsl ammapatoB HEKOTOPOW  CHCTEMBI
MAacCOBOTO  OOCIY)XMBAaHHsI ~ PAcCIpeAeNieH0 IO  IOKa3aTeIbHOMY  3aKOHY
F()=1-€°* rme t - Bpems B MuHyrax. HaifTH BEpOATHOCTH TOrO, YTO
00cCTyKMBaHUE IPOJIUTCS HE O60Jiee S5 MuH.

71. IlpousBogutcsi pa3dUeHHE CIy4ailHOrO MPOCTEHIIero MOTOKa
COOBITUI C MHTEHCHUBHOCTBIO A = 4,9 Ha Tpu moroka. BeposTHocTH momanaHus
COOBITHI B TOT WJIM MHOM MOTOK COOTBETCTBEHHO paBHbI P;=0,2, p=0,54, p=0,26.
OnpenenuTh WHTCHCHBHOCTH KaXKIOTO IOJIYYUBINErOCS TOTOKA B PE3yJbTaTe
pa3oueHus.

72. Bpemss oOciyXWiBaHHSI [UJIsl  ammapatoB HEKOTOPOW  CHCTEMBI
MAacCOBOTO  OOCIY)XMBaHHMSI ~ PACIpEAENeHO MO  IOKa3aTeIbHOMY  3aKOHY
F()=4-€“® rme t - Bpems B MuHyTax. HaiiTH BEpPOSTHOCTH TOrO, HYTO
obOcmy>)kuBaHUE POUTATCS HE Oosiee 8 MUH.

73. B TyHKT TEKymero OTAEIOYHOTO PEMOHTa BaroHOB IMOCTYMAOT
TpeOoBaHUS Ha peMOHT. [loTOK TpeOoBaHMII MOKHO CUMTATh MPOCTEUIINM C
WHTEHCUBHOCTHIO A = 0,617.HaiiT BEpOATHOCTH TOTO, YTO 32 YaC MOCTYIUT OJHO
TpeboBaHue (BaroH) Ha PEMOHT.

74. TlpousBogutcsi pa3dueHHE CIy4ailHOrO MPOCTEHIIero MOTOKa
coOBITUH ¢ WMHTEHCHBHOCTHIO A = 1,6 Ha 2 moToka. BeposiTHocTH momamaHus
COOBITMM B TOT WJIM WHOM MOTOK COOTBeTCTBeHHO paBHbI P1=0,44, p2=0,56.
OnpenenuTh UHTEHCUBHOCTU KaXJOTO TOJYYHUBIIETOCS B Pe3yJibTaTe pazOueHus
MOTOKA.

75. Ha Bok3ayn npuObIBacT MyacCCOHOBCKUM MOTOK MOE3/I0B, B CPEAHEM 2
noe3na 3a 5 munyt. Haiitu BeposiTHOCTH TOrO, uTO 3a 15 MuHYT npubyayt 3

rmoe3/a.

21



76. Ilo mocce mMuMO HaOIOAATENsl JBHXKETCS B OJHOM HaIlpaBICHUU
MPOCTEUIINN MOTOK MaluH. M3BECTHO, YTO BEPOSTHOCTH OTCYTCTBUS MAIlIMH B
teueHue 5 MuHYT paBHa 0,5. TpeOyercs HailTu BeposTHOCTH Toro, yro 3a 10
MUHYT MUMO HaOJI0IaTeNs MPOHIET He O0iee IByX MAIllvH.

/7. Ha  B37IETHO-MOCAJOYHYIO  MOJOCY  a’pojapoMa  MpUOBIBAET
IIyaCCOHOBCKUM IMOTOK CAaMOJIETOB, B cpelHeM 2 camoJieTa 3a S MUHYT. Haiitu
BEPOSITHOCTH TOTO, YTO B TeUeHUE 15 MUHYT MPOU3BEAYT MOCAKY 3 CaMOJIeTa.

78. Tlapukmaxepckas obOciyxuBaeT B yac 12 kiaueHTOB. B yackl muk B
CpemHEeM TPHUXOAWT TATh MoceTuTene B dac. CumTas TOTOK TOCETHTENEH
MPOCTEUIITNM, OTIPEJETUTh BEPOSITHOCTH TOTO, YTO KJIMEHTAa HAYHYT OOCITYKHUBATh
cpasy.

79. B myHKT TEKyIIero peMOHTa OPTTEXHUKH MOCTYMNalOT TpeOOBaHUS HA
peMoHT. TloTok TpeOOBaHMI MOMKHO CUMTATh MPOCTEUIIMM C WHTEHCHUBHOCTBHIO
A=0,307. HaifTu BepoOATHOCTH TOrO, YTO 3a Yac HE MOCTYNUT HHU OJHOTO
TpeOOBaHUS HA PEMOHT.

80. B nyHKT TEKylIero peMOHTa BaroHOB METPO MOCTYMNarT TpeOOBaHMUS
Ha peMoHT. [loTok TpeboBaHMIT MOKHO CUMUTATh MPOCTEUIITUM C HHTEHCUBHOCTHIO
A=0,61.HaiiTi BepoSITHOCThH TOrO, YTO 3a Yac MOCTYIHUT OJHO TpeOoBaHue (BaroH)

Ha pCMOHT.

1.3 OCOBEHHOCTHU OHEHUBAHUSI KOHTPOJIBHOMN
PABOTHI B BAJVIBHO-PEMTUHI'OBOU CUCTEME

Kontponbuast pabora mno pazgeny <«lloToku coObITHII» —sBIAETCA
MPOMEXKYTOUHON (HOPMOIN KOHTPOJISI 3HAHUU CTYACHTOB W TMPEACTaBIsECT COOOMU
NMCbMEHHOE BBINOJHEHUE OIpPEAENICHHbIX 3anaHuidi. OHa mNpegHa3HayeHa s
IPOBEPKHU 3HAHUM CTYIEHTOB MO y4eOHOH nuciuruinHe «CiydaiHble MPOLECcChl U
MMHTAIMOHHOE MOEIUPOBAHUE, @ TAKKE CIYKUT I 3aKPEIVIEHUS MOJTyYEHHBIX
3HaHWW, YMEHUN M HaBBIKOB. B KOHTpoONbHOI paboTe CTyAeHTaM MHpejiararoTcs

3ajJa4u, C(I)OpMy.TII/IPOBaHHLIC Ha OCHOBAHHMH MaTcpualia, U3J1I0KCHHOT'O B JICKIHIX,
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pOpabOTaHHOTO HAa MPAKTUYECKHUX 3AHSATUSAX WM CaMOCTOSITEIIBHO H3yYEHHOTO
CTyJICHTAMH.

[lepen TeM Kak TPUCTYNMHUTH K BBINOJHEHUIO KOHTPOJIBHOW pabOTHI,
CTYJIGHTaM CJIeyeT 03HAKOMHTHCS C TEOPETHIECKUM MaTEPHAIIOM U Pa300paThes ¢
pa300paHHBIMU B HEM THIIOBBIMH 33/1a4aMH.

BapuanTsel KOHTpOJIBHONH pabOTHl coCcTOAT U3 9 3amaHuil M GOPMUPYIOTCA
cy4ailHBIM o00pa3oM W3 TIPENCTaBICHHBIX B pasaene <«baHk 3amaHuii K
KOHTpoJbHOM padoTe Ne 1 no pazneny «[loToku coObITHI».

Cucrema OICHMBAaHMS 3aJaHUN KOHTPOJBHOW pabOTHI MpeacTaBicHA B
tabmure 1.1.

Tabnuma 1.1.OnennBanue koHTpodbHOM padboTsl Ne 1 8 BPC

Kpurtepun onenuBanus 3ananus KonnuectBo
0ayIoB
JlornyHo 1 MOCIEN0BATENBHO BBINIOJIHEHBI BCE IIATH PELICHHS, 1

paccy X IeHus UMEIOT YeTKOe 0OOCHOBAaHHWE, MOJy4YEeH BEPHBIN
OTBET.

XoJ pelleHus 3aJaHusl BEPHBIM, HO apryMEHTAaIUsl HEMoJIHas 0,5
WM W3-3a BBIYMCIUTEIBHONW OIMMOKK TOJy4eH HEBEPHBIN
OTBET.

Hapymiena Jorudeckass Ilenodka pacCyXJICHHH, pEIICHUE 0
HEMOJIHOE, OTBET HEBEPHBIM.
MakcuMaibHOE KOJIMYECTBO 0AJLIOB 3a 9

KOHTPOJIbHYIO paboTy Ne 1

Odopmiierre KOHTPOJBHON pabOTHI JOHKHO COOTBETCTBOBaThH IIpaBmiiam

odopmiteHnst yaeGHbIX paGoT cTyaeHToB , mpuHsTeiM B HOU KemIY.

! Cm. pasgen «Jlureparypa ams ohopMIeHHs YueBHBIX PaGOT» B CIHCKE PEKOMEHIYEMOil THTEPaTyphI
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2. CIVYAUHBIN MPOLECC U ET'O XAPAKTEPUCTUKMN.
BBIBPOCBI CJIYYAHHBIX MPOLIECCOB

2.1 TEOPETUYECKHUE CBEJIEHUA

Teopus citydailHBIX MPOLIECCOB BO3HHKJIA CPABHUTEIBHO HEAABHO — B XX
Beke. M3HayanbHO MOJIENU CIy4YalHBIX MPOILIECCOB MPUMEHSIIUCh CTATUCTUKAMU K
W3YUYEHHUIO JUHAMHUKHU TE€X WJIM MHBIX SKOHOMHUYECKUX MOKa3aTeIel. 3aTEM UHTEPEC
IIPUJIOKEHUN CIIy4alHBIX IPOLECCOB CMECTUICA OT OJKOHOMHMKH B CTOPOHY
(bu3uKy.

Cayuaitnwtit npoyecc —>To npoliecc u3MeHeHus Bo BpeMeHu X(t) cocTosiHus
WJTM XapaKTEPUCTUK HEKOTOPOU CHUCTEMBI IO BIMSTHUEM CITy9ailHBIX (PaKTOPOB.

[Ipu »TOM mpenmnosaraeTcs, YTO COCTOSHHUE MPOLECCA B TEKYIIMHA MOMEHT
BPEMEHU — cllydaiiHas BEJIMYHMHA.

Oonacms  onpedenenusa npoyecca — MHOXKECTBO 3HaueHH {,
MIPUHAJIC)KAIMX YACIOBOU ocH T.

daszoeoe npocmpancmeo npouyecca — NPOCTPAHCTBO X, TIE CIydalHbIE
BEJIMYMHBI TPUHUMAIOT 3HAUYCHUS.

Cmayuonapuwlii cay4aiinplii. npoyecc — TAaKOW Ciy4alHbBIA TmIpoliecc,
BEPOSATHOCTHBIE XApPaKTEPUCTHUKA KOTOPOTO B MPOCTPAHCTBE HE MEHSIIOTCS CO

BpemeHeM (puc. 2.1).

“wie)

Pucynok 2.1.CrarmoHapHsIi ciiydaiHbIN TTPOIECC

[IpumepaMu CTaMOHApPHOIO CIIY4alHOrO IIpoLecca MOXKHO Ha3BaThb
KoJIe0aHUsI caMoJieTa Ha YCTAaHOBUBIIEMCSl PEXHMME TIOPU30HTAIBHOIO II0JIETA,

KojeOaHusi HampsOKEHUS B DJIEKTPUUYECKONM OCBETUTEIBHOW CETH; ClyyalHbIe
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IIYMbI B paIMOIIPUEMHUKE; MPOIIECC KAYKU KOpaOIs.
Hecmayuonapuuolii cayuaiinwlii npoyecc — TaKOW CIIYYalHBIM IpoOLECC,

BEPOSTHOCTHBIE XaPaKTEPUCTUKH KOTOPOTO MEHSIFOTCS BO BpeMeHH (puc. 2.2).

Y

Pucynok 2.2.HecramnmonapHslii ciiy4aiiHbIN TIpo1iecc

[IpumMepamMu HECTAMOHAPHOIO CIYYallHOTO IMPOLECCa MOYXKHO Ha3BaTh
Koje0aHusl caMoJieTa B PeKUME MUKUPOBAHUS; MPOLIECC 3aTyXaOIUX KoJeOaHui
B DJIEKTPUYECKOW LENH; IMPOLECC TOPEHHUsI MOPOXOBOro 3apsiia B PEaKTUBHOMU
Kamepe.

Cnyuaiinwtii npoyecc ¢ OUCKPDEMHbIM 8PDEMEHeM — TaKOW Cly4alHbIN
IOPOLIECC, KOTOPBIA MOXKET M3MEHATh CBOE COCTOSHHE TOJBKO B CTPOrO
ONPENEIICHHBI MOMEHT BPEMEHU.

Hanpumep, yucino mnaccaxupoB B TPAHCIOPTE H3MEHSAETCS TOJIBKO B
ONPENEIICHHBIM MOMEHT BPEMEHM — HAa OCTAHOBKAX.

Chyuaiinwlii npoyecc ¢ Henpepvl6HbIM 6PeMeHeM — TaKOW ClydailHbIi
IPOLIECC, TP KOTOPOM MEPEXO] CUCTEMBI U3 COCTOSIHHS B COCTOSIHUE BO3MOYKEH B
1000, 3apaHee HeM3BECTHBIH, CIyJailHbIi MOMEHT BpeMeHH 1.

Hanpumep, namMeneHue teMreparypsl BO3ayXa.

Cnyuaiinwtii npoyecc ¢ OUCKPEMHBIM COCHOAHUEM — TAKOW CIIydalHbIN
MPOLIECC, KOTOPHIN B JHOOOW MOMEHT BPEMEHHU MPENCTaBISET COOON TUCKPETHYIO
CIIy4YalHYIO BEJIUYUHY.

Hanpumep, namMenenue yucna noxkynarejaen B Mara3uHe.

Cnyuaiinwlii npouecc ¢ Henpepvl6HbIM COCHOAHUEM — TAKOW CIIydalHBII
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IPOIIECC, COCTOSTHUE KOTOPOTO MOXET MEHSTHCS HENPEPHIBHO, IJIABHO M HENB3S
BBIJICITUTH JIBA COCETHUX COCTOSTHUS.

[TpumepamMu ciydailHOTO TpoIlecca C HEMPEPhIBHBIM COCTOSTHUEM MOYKHO
Ha3BaTh JUHAMHKY Kypca BaJIIOT; U3MEHEHHE TEMIIEPATypPhl BO3IyXa.

Oonomepnutii cayuainsiii npoyecc — ¢pyakius X(t) B MOMEHT BpeMeHH {
IPUHUMAET OJTHO 3HAUCHHE.

Muozomepnutii cnyuaiinotit npoyecc — Gyaknus X(t) mpeacrasiser coboit
BEKTOpP, T.€. BKJIIOYAET HECKOJIKO CTAaTUCTUYECKH CBSI3aHHBIX MEXKAY COO0OM
napaMeTpoB.

Hanpumep, ckopocTh BeTpa B 3a/JaHHOM TOYKE MPOCTPAHCTBA BKIIOYAET
MOJIyJIb CKOPOCTH | JIB€ KOOPJAMHATHI HAPABJICHHSI.

OCHOBHBIE CTATUCTHYECKUE XapAKTEPUCTUKHU CirydaitHoro mporecca X(t):

1. maTemaTHueckoe oxuaanne M[X(t)] misa kaxxaoro 3HaueHus t;

2.  mucnepcus D[x(t)];

3.  xoppemsuonHas (aBTokoppensiuonHas ¢pyakius) K(t1,t2).

Koppensinonnyto GyHKIHIO MOXHO BEIYUCIUTH 110 dhopmyiie 20.

k(ty,t;) = M[(x(t1) - f(ﬁ))(x(tz) - f(tz))]- (20)

JUiss  cTallMOHApHBIX ~ CIy4YalHbIX —mporeccoB  (opmymy 20 MOXHO

MIPEICTaBUTH B Bue 21.
k(ty,tp) = k(t; — ty). (21)

Jlucriepcusi  CTallMOHApPHOTO  CIy4YallHOro  Mpolecca  CBA3aHa  C
KOPPEISIUOHHON (PYHKITMEH COOTHOIICHUEM 22.

k(0) = o* (22)

Ou3nYecKuil CMBICT KOPPEIALUOHHOW (DYHKIMHU COCTOMT B TOM, YTO OHA
omnpezenser creneHb cBsa3u 3HaueHuid X(f) u X(t+r), oTCTOAIMX OJAHO OT APYroro
Ha MHTEPBaJ T.

AHanmoroM  KOppensmuoOHHOW  (QyHKIMU  sBAseTcss  Kod(dduimeHt
KOPPEJISIIHN:

»  npu nperepmuHupoBaHHOW cBs3u  (t=0) — cBs3p aOcodIOTHAS,

K03 buULMeHT Koppenauu paseH 1,
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»  TIpU OTCYTCTBUH CBSI3H (T=00) OH paBEH HYIIO.
HenpepbIBHBIA HOPMAJBHBIA CTALMOHAPHBINA CJIYYalHBIN poLece

Hopmanovnutit cayuaiinwtii npoyecc — TAKOW CIIYYaHbBIN ITPOLIECC, 3HAYCHUS
KOTOpOro i JiIo0Oro 3HaueHuss | TOJYUHSIIOTCS HOPMAajJbHOMY 3aKOHY
pacrpeneneHus.

JIns  wuccienoBaHWs TOBEAECHUS CIYyYalHBIX IPOLECCOB BO BPEMEHU
KOPPEJSIIIMOHHYIO (PYHKIINIO, KaK TPABHIIO, HOPMHUPYIOT.

Hopmuposannoii koppenauuonnou Qynkyueii Ha3bIBaeTCa (QYyHKIUS,
OITHCHIBAIONIAS CBSI3b MEXIy HOpMUPOBAaHHBIMY 3HaueHUsMHU X(t) u X(t+71).

Yacto B peanpHBIX  CIy4YaWHBIX  IIPpOLECCaxX  HOPMHUPOBAHHAS
KOppeJsUOHHas: (PYHKIIUS ONMMCHIBAETCS OJHOM U3 3aBUCHUMOCTEN 23.

e . (1 + alt])

a
e~ . (cosBt + = sin B|t|)’

B

rae a —Ko3(pGUIMEHT 3aTyXaHUs KOPPEIAIMOHHON (yHKIINH,

k(t) = (23)

S — k03P HULIMEHT, XapaKTepU3YIOIIHi KojaeOaHus QyHKIIUH.

Ha npaxTrke oObIYHO HCTONB3yeTCA BTOpast U3 GyHKIUI 3aBUCUMOCTH 23.
DTO CBS3aHO C TE€M, YTO IMOYTH JHOOOM CiydyalHbIH MPOLECC «HEBOJbHO» HMMEET
HEKOTOPYIO NIEPEMEHHYIO MEPHOJUUECKYIO0 COCTaBISAIONIYI0. B 3TOM MBI yoenumcs
NPy JaJbHEUIINX CTATUCTUYECKHX HMCCIeNOBaHHUAX (Mocie mocTpoeHus rpaduka
KOPPEISAIUOHHON (DYHKIIMU CITy4alHOTO TpoIiecca).

IHocTpoenue kKOppeasiMOHHON PYHKIMHU CIAYYAHHOIO Npouecca

[TapameTppl o0 u f u3 3aBUCUMOCTeH 23 MOTYT OBITh OIpPEACIICHBI
CTaTUCTHYCCKH, IMyTeM oOpabOTKM 3Ha4yeHHi ciydaiiHoro mporecca X(f) Ha
untepaie (0;T).

AJTOPUTM NOCTPOEHUS KOPPEISALUOHHON (PYHKIIMU CIIy4alHOTO Ipoliecca:

1. WutepBan pmuuoit T pa3buBaeTcss Ha AOCTATOYHO OOJBIIOE YUCIO N
aJIeMEeHTapHbIX UHTepBaioB At. UHTepBan At BeiOupaeTcsi TakuM 00pa3oM, 4TOOBI
3HAUECHUSA Xi, Xi+1 OTIIMYAIMCHL He Ootiee, ueM Ha 5-10%. Cocrasisgercsa tabiuia,

coJiepkamias 3HadeHWs ciydaiiHoro mporecca X(f) Ha KoOHIAX 3JIeMEHTapHBIX
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MHTEpPBAIOB Af.

2.  Tlo dopmyne 24 BpruncinsieTcs: cpefiHee 3HaUeHue mpoiiecca:
n
e= ) x(t) (24)
x_n+1_0xi'
=

JlaHHBIE W3 UCXOAHOW TaOJUIBI LEHTPUPYIOTCS IS Tepexoja K HOBBIM
3Ha4YeHUsAM 1o popmyie 25.
y(t;) = x(t;) — %. (25)

B noBom mporecce y(t;) cpeanee 3HaueHne OyaeT paBHO HYJIIO.

3.  Brrumcnsiercs cpemHeKBaApaTHUECKOE OTKIIOHEHUE miporiecca (26).
n
1 2
o= |2 D . (26)
i=0

3unauenus y(t;) HOpMHUpYIOTCS JUIsi mepexona K 3HaueHusMm z(t;) (mo

bopmyne 27).

t:
2(t)) = 24, 27)
Oy
4.  Beruucnstorcs 3HaueHus K(tj) mo gpopmynam:
k(ty) =1, (28)
1 n-1
k(t) = ) 2(t) - 2(t; + At, (29)
i=0
1 n-—2
k(t)) = ——=- > 2(t) - 2(t; + 24t), (30)
" i=0
1 n—e
k(te) = T er1l Z(; z(t;) - z(t; + eAt;). (31)

®opmyna 31 —o6ob6maromas, e=1, 2, ..., 0.5n.

5.  TIlo Toukam k(1), k(2), ..., k(npcymectBisercs nocrpoeHue rpaduka
AMIUPUYECKON KOppesiuoHHoi (yHkuuu. IlocTpoeHue 3akaHuMBaeTCs, KOraa
noxy4daem K(i)<0.05.

[Tapamerpsl o0 U [ KOPpEISIUMOHHOW (PYHKIUU MOXKHO ONPENEITUThH IO
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dbopmynam 32-33,3Has BpeMsl, 4epe3 KOTOPOE OHA JOCTUTHET IMEPBOr0 MUHUMYMa

(Tmin) ¥ 3HaYeHUE QPYHKIMH B 3TOH TOUKe (Kmin).

. ln(_kmin)
T Tmin , (32)
_ o1
'8 B Tmin. (33)

B nanpheiimeMm, ucnosb3ysd (QyHKIUIO U JIpyrue HapaMmeTpbl Mpolecca,
MOKHO OTPECIUTh BEIOPOCHI CIIy9aitHOTO MPOIIecca M BEPOSITHOCTH TPEBBIMICHUS
UM 33JIaHHBIX YPOBHEM.

3agaya 2.1 [locTpouth KOpPENALMOHHYIO (PYHKIHMIO HOPMAIbHOTO

CTAallMOHAPHOTO Ccly4yaitHoro mpoiecca (puc. 2.3)

x(®)

0 2 4 3 8 10 12 14 cym.
Pucynok 2.3.HenpepbsIBHBIN HOpMaIbHBIN CTAIlMOHAPHBIN CIIyYalHbBINA MPOIECcC
Pemenue: pazoobem wmuTepBay (0;T) Ha 15 snmeMeHTapHBIX HHTEPBAJIOB.

CocTaBuM TabnMIly UCXOIHBIX JAHHBIX MO rpaduKy HEMPEPHIBHOIO HOPMAIHHOTO

CTAallMOHAPHOTO CclyyaitHoro mpoiiecca (puc. 2.3):

t 0 1 2 3 4 5 6 7 8 9 10 11} 12 18 14 1

X() | 3 3.75|/38 | 28| 3 3.5 4 36 28 25 263.35|274|3.7 | 3.65 2.9

Brraucium cpeanee 3HaueHue npoiuecca mo Gopmye (24):x = 3,23.

[To popmyne 25nonyunm eHTpUPOBAHHBIC JaHHBIE UCXOHON TaOJIUIIBL:

t 0 1 2 3 4 5 6 7 8 9 100 11 12 13 14 1

y(t) r0.2300.5z 0.57 -0.43r0.23)0.27 0.77 0.37 r0.43-0.73-0.610.1z r0.490.47 0.4z +-0.33
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Bbruucnum  cpepHekBaapaTudeckoe OTKIOHEHHe mporecca (mo gopmyne
26): 0, = 0.486.
Hopmupyewm nannsie (hopmyna 27):

t 0 1 2 3 4 5 6 7 8 9 100 11 12 13 14 1

z(t) r0.481.07 1.17 -0.89-0.480.55 [1.5¢ [0.7¢ -0.89-1.51r1.26/0.24 -1.010.9€¢ 0.8¢ +0.68

Brraucnum 3naueHust KOppeasiuoHHOW GyHKIMHU 1o ¢popmynam 28-31:

k(0) =1 k(4) = —0,169
k(1) = 0,214 k(5) = 0,132
k(2) = —0,336 k(6) = 0,048
k(3) = —0,311 k(7) = 0,017

[TocTpouM rpaduk KOppeasuuOHHON PYyHKIIUU:

Koppemaimonnas QyHKIus

1,2

1
0,8
0,6
0,4
0,2

0

-0,2

-0,4

-0,6

BusyansHo ompepenum 1o rpaduky 3HAYCHUS Tmin=2.3, Knin= -0.38,3arem
o ¢hopmysam 32u 33 HaifIeM 3HaUYCHUS 0. U 3 KOPPETSAIMOHHON (PYHKITUH.

In(0,38)
5=
TT
2,3

Bp10pochI ciiydyaiiHBIX MPOLECCOB

—1,8,

B =— =1,366.

HO,Z[ 6 blﬁpOCOM Cﬂyuaﬁuozo npouecca IIOHHUMAcCTCA qactorTa H

MPOJOKUTEIFHOCTh €ro NpeObIBaHMs 3a MpefesiaMyd KaKOW-IH0Oo JOMyCTUMOMN

30




oOnactu. Takue CUTyallMu XapaKTCPHU3YIOT OINNACHOCTb MM HECTAHAAPTHOCTHL €TI0

IMOBCOCHUS.

[Ipumep: HaBOAHEHUS, Ype3MEPHBIE MOPO3bI, eOITHI HA OUPIKE.

,ZIJmmerbuocmb 8b16p06'a — OTpPE30K BpPEMCHHU, B TCUCHHUC KOTOPOro

ciryyaiiHblii mporecc X(t) mpeBsImaeT JOMyCTUMBINA YPOBEHB.

Jlnumensnocms unmepeana mexycoy 6vlopocamu — OTPE30K BpPEMEHH, B

TEUYEHHE KOTOPOTO CiydaiHbIid iporiece X(t) He mpeBbIIIaeT TOMyCTUMBIH YPOBEHb.

Ha pucynke 2.4u300pakeH ciy4aitHbii mporece X(t).

X(2) A i
Hm

C e

O\

To

T ¢ > T

C)

Pucynok 2.4.Cny4aiiHbiii iporiecc

H- noxanbHBIM MAKCUMYM IIPOLECCA;

34.

H - abGComoTHBIN MaKCUMYM;

m

7, MOMEHT NIEPBOTO BBIOpOCa;

7- IITUTEIHLHOCTH BHIOpOCA;

C- NOMyCTUMBIA YPOBEHb.

N T+
~Y

CpenHo MpoJ0KUTENBHOCTh BBIOPOCAa MOXKHO BBIUMCIHTH MO (Qopmyrie

(a—%)*

T-e 20%
5 P

o
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rne ®(y) — wunrerpan BepostHocTH, k(0) — BTOpas MPOM3BOMHAS

KOPPENSALUOHHON (PyHKIIMHU 110 BpemeHu npu 1=0.

y | -2 |-1,7%-1,5-1,2 -1 |-0,79-0,5]-0,28 0 |0,25 0,5|0,75 1 |1,25 1,5|1,75 2 |2,25
d(y) |0,02/0,04|0,07,0,11/0,16|0,23/0,31| 0,4| 0,5| 0,6 | 0,690,77/0,84/0,89/0,93/0,96/0,98/ 0,99

Ecnmu 3nauenns @(y) HaxXoIsATCS B MHTEpBaje MEXIY TAOIMYHBIMHU, TO HX
MOKHO pacCUMTaTh MPUONMIKEHHO, YUUTHIBAsI, YTO HAa IPAHMLAX HMHTEpBaJla OHU
COOTBETCTBYIOT TaOJIMYHBIM.

YactoTy BRIOpOCA MOXKHO BRIUUCTUTH TI0 hopmyiie 35.

1 Bt
la=—-e 2% - [—k(0). (35)

BeposaTHOCT TOro, 4YTro 3HAYEHHsS CIy4aMHOTO MpoLecca IPEBBICAT

BEITMYMHY @@ > X BhIUUCIsIETCS 10 hopmyiie 36.

pla) = 3 (B 1a). (36)

3agaua 2.2. HopmupoBaHHas KoppeisiuoHHas (YHKIMS CIy4aitHOTO

nporecca umeer Bux k(t) = e 7. (cospfr + % -sin B|t]|), rme mapaMeTpsl

0=0,55 cyT'l, =1,2 cyT'l, x=3,26, 0,=0,4. HaiiTu MHTEHCUBHOCTH BHIOPOCOB
npoliecca 3a YpoBeHb & = X + 0, ¥ CPEIHIO0 MTPOJIOJHKHTEIILHOCTD BEIOPOCOB.

Pemienne: HanaeM MPOM3BOAHYIO BTOPOrO IOPsAAKA KOPPEISALMOHHOU

(byHKLmR:
fe(7) = —a - el . (cosﬁr + 5 sin Blrl) + e~altl. (—Bsinﬁr + 2B - cos B|r|)=
_ _p-altl -#-sinﬁlrl,
k(1) = ae~all # - sin Bt + eI # - Beos Blt| =
= e~alt # (a - sin B|t| + Bcos Blt]),
k(0) = a? + B2

IIo YCJIOBHUIO 3aJa4U HCO6XOI[I/IMO HAWTH HWHTCHCHUBHOCTh U CpECaAHIOIO
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IPOAODKUTEIBHOCTh  BBIOPOCOB — IIpollecca 3a YpPOBEHb «a = X + 0y, TO
HEOOXOJMMO TMOJCTaBUTh 3HadeHHe ypoBHS B (opmynsl 34 u 35. Torma stu

dbopmyIibl OyIyT BBITJISIACTH CISAYIOIIMM 00pa3oMm:

(x+ax —x)? ) . %
s [ - s e

(X+ox—%)? 1
A, = %.e 2% . [—(a? + f2) =%.e—5. [=(aZ + B2). (38)

IToncraBum B hopmyisl 371 38 3HaUeHUS U3 YCIOBUS 3a]1a4u:

N

mT-e
T, = [1 - ®(1)] = 0,628,
“  J=(0,55% + 1,22)

1
o=~ e 2-,/—(0,552 +1,22) = 0,255.

CrnexkrTpajbHOe pa3JioiKeHHe CTAHOHAPHBIX CJOY4YaiiHbIX NMPOLECCOB
CnekmpaibHOll HIOMHOCMbIO CTAIMOHAPHOTO ciiydariHoro mporecca X(t)

Ha3bIBaeTCs PyHKIMS S(w), KOTOPYIO MOKHO BBIYUCIUTD 10 popmyre 39.

(00

S(w) = % f e T . k(1)dr, (39)

“oo

e e "% = coswt — i * sinwt (popmyna Diinepa).

Crammonapusenii  mporiecc  X(t) oOnamaer HyNeBBIM MaTeMaTHYECKUAM
oxunannem X=0. OTmenbHO B3ATasl pealn3alus CTAIMOHAPHOTO CIyYaiiHOTO
mpolecca — 3TO JEeTePMUHUPOBAHHAA (PYHKITHS, KOTOPYIO MOXKHO TPEJICTABUThH B
Buzie ooparHoro npeodpazoBanusi Oypee (40) ¢ HEKOTOPOIl TETEPMUHHPOBAHHOM

CHEKTPAIbHOM MIOTHOCTHIO S, (w).

(0]

x(t) = % f Sy(w) - e “Tdw. (40)

—00
Sy (w) camu ABISAIOTCS Cay4yailHBIMU (DYHKIMSAMU 4acTOThl. Takum o0pa3om,
CIIy4aiiHbIN TpoIleCC BO BPEMEHHOHN O00JaCTH MOPOXKAAET APYrol ciaydailHbIN
IPOLIECC B YACTOTHOM 00J1acTH.

Ecimu peammzamus CII mpencraBieHa B BuJie 0OpaTHOro mpeoOpa3oBaHUs
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®dyppe, TO TOBOPST, YTO OCYLIECTBIECHO CHEKTPAJIBHOE MPEICTABICHUE 3TOTO

nporiecca (41).

(0]

1 :
k(t) =—- f S(w) - e*"dw. (41)
2T
—o00
dopmynsl criekTpanbHON TUIoTHOCTH (39) M 0oOpaTHOTO TIPeoOpa3oBaHUs
dypbe  (41) cocraBnsAlOT  conepxkaHue — meopemwvl  Bunepa-Xunuumna:
KOppensuuoHHass (QyHKIUS W CHEKTpajdbHas IJIOTHOCTh CBSI3aHBI B3aWMHO
obOpatHbiMU TipeoOpa3oBanusMu Dypee.
®opmyny 39 MOKHO MPEICTaBUTh B BUAe 42, MOJACTaBUB B Hee (HOpMyIy
lw

Diinepa e '*? = coswt — i * Sinwrt.

1 (00]
S(w) = o j (coswt — i - sinwt) * k(T)dT. (42)
JlaaHyro ¢hopMyTy MOXKHO MPECTaBUTh B Bujae 43.

S(w) = % j(coswr) -k(t)dt — é j (sinwt) - k(7)dT. (43)

(sinwt) - k(1) — 210 HeueTHass QyHKIM (T.K. CHHYC — HedeTHasT (DYHKIU),
MOSTOMY BTOpasi 4acTh BbIpakeHus 43 paBHa Hym0. (coswt) - k(T)— ueTHas

(GyHKIMS, TOATOMY BhIpakeHne 43 MOKHO MPEACTaBUTD B BUJIE 44.
1
S(w) = - j (coswt) - k(T)dr. (44)
0

AnanornyHo u3 dopmynsl 41 nonmydaem Gopmyiy Uil BRIYUCICHUS

KoppesuonHon (pyHkimn (45).

co

k(t) = % - f S(w) - (coswt)dw. (45)

0

CBoliCTBa CIEKTPAIBHOM TIJIOTHOCTH
— _ 2 _ 1 © .
1. nmput=0 k(0)=o0%=_—- J_ . Sx(w) dw;

2. CHOEKTpaJbHasA IJIOTHOCTh HC MOXET UMCTh OTPHIIATCIBHBIX OpJAUHAT.
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Sx(w) = Sy (—w).
3agaua 2.3. OnpenenuTh CIEKTPAIBbHYIO TUIOTHOCTH Iporecca S(w), eciu
KoppensauuonHas Gpynkims umeer su: k(1) = e~ - (1 + a|z|).

Pemenue: o dhopmyne 39 nosydum:

(00

1 .
S(w) = o f e~ g=altl. (1 + a|t])dr =

— 00

2-ad
T (w? + a?)?

3agaya 2.4, HaiiTu KOppeISIHOHHYI0 (YHKIMIO  CTal[MOHAPHOTO

cirydaitHoro mporiecca X(t), cnekTpanbHas INIOTHOCTh KOTOPOTO

_(a, lw|<h
S (@) _{0, s 0.

Pemenue: [1o popmyne 45 nomyuum:

h
a n a
k(1) == | a-coswtdw = —* sinwt|y) = ——sinht
T T T T T
0

3agaua 2.5. OnpenenuTh CIEKTPaIbHYIO MJIOTHOCTh CIy4alHOTO Mpoliecca

S(w), ecin KoppesironHas GpyHKuust umeet Bu: k(1) = De @I,

Pemenue: o dhopmyne 39 nosnydum:

e}

S(w) = 1. j De~altl . g-iwTgr — b, f e~ altl-iwt g —
2T 2T

— 00

0 [e's)

D . . D 1 1
—- . je—alrl—zwrdr+j e—alrl—ta)r drl = [ + ]:

2T % a—iw a+iw
—0co0 0
D [a+iw+a—iw] D 2a D«a
C2m a? —i’w? C2m a?+w?  m(a?+ w?)

Bbeabiit mym
benvii wiym — 5TO CTaMOHAPHBIA CIIYYaWHBIM MPOLECC C IMOCTOSTHHOMU
CIIEKTPAJIbHON MIIOTHOCTHIO.
Tepmun «benblii mrymMm» 00pa3HO MOJYEPKUBAECT AHAJIOTHUIO C <«OENbIM»

(CCTCCTBCHHLIM) CBCTOM, Yy KOTOpPOIro B IIpcacjiaxX BHAUMOI'O AMaIlla30OHa
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HHTCHCUBHOCTDH BCCX CIICKTPAJIbHBIX COCTABJIAIOIINX HpI/I6J'II/IBI/ITeJIBHO OJMHAKOBA.

Koppemnsuonnas ¢pyHkius 6e1oro myma:

1 .
ky(7) = P f Dy - e Tdw = Py - 5(1), (46)

rae ®,- THTEHCUBHOCTH OEJIOTro IIyMa;

6 (7)- «nenpra-Pynkuus dupaka».

2.2 OBPA3EI] TECTOBBIX 3AJJAHUMH 11O PA3JIEJTY
«CJIYYAUHBIN TPOLIECC U ETO XAPAKTEPUCTHKW.
BBIBPOCHI CIYUAUHBIX ITPOIIECCOB»

1. Ilpumepom cayuaitnozo npoyecca Henv3a HA36aMb.

a) U3MCHCHHE JaBJICHUS ra3a B M30XOPHUECKOM IMPOIECCE;

0) TOBBINICHUE YPOBHSI BOJBI B PEKE;

B) KOJICOAHMS CaMOJIeTa B PEIKUME «aBTOITHIIOTY;

I) I3MEHEHUE YMCIa CTYACHTOB B ayIUTOPUH B TEUCHUE 3 MUHYT ITOCJIC 3BOHKA.
2. Dazoeoe npocmpancmeo cayuainozo npoyecca —Imo

a) MPOCTPAHCTBO X, IJIe ciydyaiiHas BEJIMYMHA PUHUMACT 3HAUCHUS,
0) MHOKECTBO 3HaYCHHUH t, mpuHaAIeKAIIUX YuCI0BOi ocu T;
B) npocTpaHcTBO T, rae ciydaiiHas BeJIMUnHA IPUHUMAET 3HAYCHHS;

') MHO’KECTBO 3HAYCHUH X, TPUHAIICKAIIX YHCIOBONH OCH X.

3. Bvioepume eepHuvie ymeeprcoeHus.

a) CIIydalHBIN TPOIIECC SBJISICTCS MATEMATHUECKOW MOJICIIBIO JUIsl OTIACAHUSI
CIIy4alHbIX SBJICHUH, PA3BUBAIOIINXCS BO BPEMEHH,

0) 3HAYEHUS] HOPMAJIBHOTO CIYYaHOTO MPOoLecca MOTYHHSIIOTCS HOPMATLHOMY
3aKOHY pacupeneneHus Jis J1to00oro 3HaueHus t;

B) M3HAYAJILHO CIIy4aifHbIC TIPOIECCHI IPUMEHSITUCH JIJIST H3yUSHUS
PKOHOMMYECKUX NOKa3aTeNeH;

T) IPUMEPOM OHOMEPHOTO CITy4aifHOTO MPOIIEcCca MOXKET CITY>)KUTh TPOIIECC

HU3MCHCHMUS 4YHCJIa HOKynaTeHeﬁ B Mara3mHe€.

36



4. Konebanusa nukupyouiezo camoiema - Ino

a) HeCTaI[MOHAPHBIN CIIyYalHBIN MPOIIeCe;

0) cTanMoHapHBIN CITyYaiHbII MTPOIECC;

B) CIIYYalHBIN MPOIECC C TUCKPETHBIM COCTOSTHHEM,;

T) CIlydaiiHBIN MPOIIECC C JUCKPETHHIM BPEMEHEM.

5. Onpeoenums, e6epno au ymeeprcoenue <«Koppenauyuonnas ynkyusn
onpeodensem cmenenv ceéasu 3navenuun x(t) u x(t+1), omcmoawux ooun om
0py2020 Ha uHmepeal T

a) BEpHO;

0) HEBepHO.

6. /[numenvnocme ev10poca cayuaiinozo npovyecca - Imo

a) OTPE30K BPEMEHH, 32 KOTOPBII MPOUCXOJANUT PE3KOE U3MEHEHUE CITydaiiHbIM
IPOLIECCOM CBOMX 3HAYEHUI, T.€. UX «BBIOPACBIBAHHUEY;

0) OTpe30K BpEMEHH, B TCUYCHHE KOTOPOTO CIYYaHBII MPOIECC MPEBHIIIACT
JOIYCTUMBIN YPOBEHB;

B) MUK Ha TpaduKe, 0TOOpaKAOIEM MTOBEICHUE CIYYaitHOTO MPOIECCa;

r) OTPE30K BPEMEHHW, KOTJa 3HA4CHHs CIY4YailHOTO IMpOIecca CTAHOBSITCS
OTpULIATETLHBIMHU.

7. Ilocmpoenue cpajuka Imnupuueckou KoOppenAUUOHHOU  QYHKUUU
3asepuiaemcs, kozoa noyueno K(1)<0.01

a) BEpHO;

0) HeBepHO.

8. 3nauenus o u f 0na OanHoU Gopmynvl MONHCHO ROIYUUMB RO 2PAPUKY

IMRUPUYECKOU KOPPETAUUOHHOU PYHKYUU

PR -(1+a|r|)

k(T) = efa\r\ . (COS IBT + %Sil’lﬂ |T|)

a) BEpHO;
0) HeBepHO.
9. Boibepume eepnoe ymeepircoeHue:.
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a) OCHOBHBIMH CTATHCTHYECKUMHU XapaKTEPUCTHKAMH CITyJalHBIX TPOIIECCOB
SIBJISIFOTCSI TOTTYCTUMBIN YPOBEHB CIIy4alHOTO TIPOIiecca U KOJTUIECTBO BHIOPOCOB;
0) JlucmepcHst CTallMOHAPHOTO CAYYaiHOTrO Mpoliecca CBsA3aHa ¢ ero
KOPPEJSIIMOHHON (PyHKIIKEH;

B) Ciy4aifHbIe MPOIECCHI MPUMEHSIOTCS TOJBKO IS U3YUCHHS CIOMKHBIX
TEXHUUYECKUX CUCTEM;

r) CnyJaifHbIe TPOIECCH BOSHUKIIN TOJIBKO B 18 Beke.

10. «Omom npouyecc ovin Hazéan no ananocuu c oeavim (ecmecmeeHHbIM)
ceemom, y KOmopozo 8 npeoenax uoumMo20 OUaAna3oHa UHMEHCUGHOCHMb 6CeX
CHEKMPANbHBIX COCHMAGNAIOWUX RNPUOIUIUMENbHO O00uHaKosa». O Kaxkom

npoyecce uoem peus?
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3. HECTAIIMOHAPHBIN CJIYUYAWHBIN ITPOILIECC
(BPEMEHHOM P51]1)

3.1 TEOPETUYECKHUE CBEJAEHUSA

B coBpemeHHOI1 Hayke BaKHYIO pOJIb B IPUHATUN PELICHUN UTPAET MPOTHO3.
JIroboe cepbe3Hoe penieHue TpeOyeT MPOrHo3a, T.€. NPEABUACHUS Pa3BUTHS
cutyaruu. s Toro, 4toObl mpeABHAETh Oyayliee, HEOOXOAMMO TIIATEIHHO
U3Y4YHUTb MPOILIOE U MPUCYIINE €My 3aKOHOMEPHOCTH.

Ecmu B TeueHWe 1OCTATOYHO MPOAOIDKUTEIHLHOTO BPEMEHHU PEryJsipHO
(UKCHPOBATh KypChI BAIIIOT, aKIIWH, IIEHBI HA TOBAPHI, TO TAKHE JaHHBIC 00pa3yoT
BpEMEHHBIE pAIbl. Takke BPEMEHHBIMU pSAAaMU SIBISIOTCS JTaHHBIE O BBITYCKE
(mproOpeTeHnn) pa3nuYHOro OOOPYAOBAaHHUS M YCIYr MO MecsIlaM, KBapTajaMm,
rogam. B nmpousBoacTBe BpeMEHHBIE Psi/ibl BOSHUKAIOT IPU U3MEPEHUHU KOIMYECTBA
U3ENHH, BBITYCKAEMBIX MOJpA3JelieHUeM MPEANpHITUs 32 Yac, CMEHY, JeKany,
IIpH OIICHKaX KadyecTsa (T.c. ypOBeHb Opaka).

Bpemennoii pao — nabop uwucen, NPUBA3AHHBIM K MOCIEIOBATEIHHBIM,
0OBIYHO PABHOOTCTOSIIIUM MOMEHTAaM BPEMEHHU.

DneMeHTHI psifia HyMEPYIOT B COOTBETCTBHU C HOMEPOM MOMEHTa BPEMEHH K
KOTOPOMY 3TOT BJIEMEHT OTHOCHTCS (T.€. 0003HauaroTes Yi, Yo, ..., Yh)-

Inemenmut (ypoeHu) — YUCHa, COCTABISIONIUE PSII M MOMYYArOIINEC KaK
pe3ynbTar HaOMIOACHUH 3a X0I0M HEKOTOPOTo Mpolecca.

Hlaz keanmosanus no epemenu (wiaz no epemeHu) — TPOMEKYTOK
BPEMEHU MEKIY HAOIIOICHUSIMHU.

[Tporuo3s, kak nMpaBUIIO, PACCUUTHIBAETCS B JIBA dTaIa!

1. IIpu momomm CTaTUCTHYECKUX METOMIOB BBISIBIISIOT 3aKOHOMEPHOCTHU
IPOIILUIOTO PAa3BUTHUS U MEPEHOCAT ero (IKCTPAroIUpyIOT) Ha HEKOTOPBIH TEepHO.
Oyy1iero.

2.  IIpomsBomuTcsi KOPPEKTHPOBKA MOJIYYEHHOTO MPOTHO3a C YYETOM
PE3YyNIBTaTOB COMIEPKATEIBHOTO aHAIN3a TEKYIIEr0 COCTOSHHUS.

Craructuueckue MCTOABLI HCCJIICAOBAHUA HCXOAAT M3 IMPCAIOIONKCHUA O
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BO3MOXKHOCTH TIPEJCTABIICHUS YPOBHEH BPEMEHHOTO psja B BHIEC CYMMBI
HECKOJIbKAX KOMITOHEHT, OTPaXKaroIIMX 3aKOHOMEPHOCTh U CIIy4alHOCTh Pa3BUTHS,
B YaCTHOCTH, B BUJIE CYMMbI KOMITIOHEHT (47).
Y)=f@t)+S()+U() +E(t), (47)
rae f(t) — Tpena pasButus (moarocpodHas TEHIACHIMS HIIM YCTOHYHMBOE,
CHUCTEMaTH4YeCKOe H3MEHEHHE MPOIIecca B TEUCHUE MPOJODKUTEIILHOTO BPEMEHH );

S(t) —ce30HHAs KOMITOHEHTA,

U(t) — uukangeckass KOMIIOHEHTA;

E(t) —ocrarounast koMrmoHeHTa.

Ce30HHasE KOMITOHGHTA XapaKTepHU3yeT YCTOHYHMBBIC BHYTPUTOIUIHBIC
Kojie0aHusl YpPOBHEH, KOTOPbIE HOCST TNEPUOAMYCCKUN Wi OJNM3KHA K HEMy
xapakrep. OHa TPOSBISIETCS B HEKOTOPHIX IOKA3aTelsfX, IPEICTaBICHHBIX
KBapTaJbHBIMU WJIM MECSYHBIMH JaHHBIMH. B Tex ciydasx, Korga TMepHOJ
KOJIeOaHMid COCTaBISIET HECKOJIBKO JIET, TOBOPST, YTO BO BPEMEHHOM psfe
IPHUCYTCTBYET MUKJINYECKAs KOMITOHCHTA.

Tpenn, ce30HHAs ¥ MUKIUYECKass KOMIIOHEHThI HA3bIBAIOTCS Pe2yasapHbIMIU,
WJIH CUCTEMATHISCKUMU KOMITOHCHTaAMH BPEMEHHOTO PsiJIa.

CocTaBHas 4acTh BPEMEHHOTO PsiJia, OCTAIOINASCS MOCIIC BBIICICHUS U3 HETO
pEryJsSIpHOM KOMIIOHEHTBI, TPEICTABISAET COOOW cayuaiHylo, HEPETYISIPHYIO
KOMIIOHEHTY, KOTOpasi SBISICTCSI 00513aTeIbHO KOMIIOHEHTOM JTF000T0 BPEMEHHOTO
psama, T.K. CIOy4YailHble OTKJIOHCHHS HEM30€XKHO COMYTCTBYIOT JIFOOOMY
TEXHUYIECKOMY ITPOLIECCY.

[eap CTATHCTHYECKOTO AaHAJHW3a BPEMEHHBIX PSA0B. H3YYCHHE
COOTHOILICHUSI MEXIy 3aKOHOMEPHOCTBIO M CIIy4alHOCTBIO B (DOPMHUPOBAHHH
3HAUEHUN YPOBHEM PsiJia, OLICHKA KOJTMYECTBEHHOW MEPBI UX BIUSHUA.

HauOosiee BakHBIMH 3aJadyaMud, KOTOPbIC BO3HUKAIOT TPH AaHAJIM3E
BPEMCHHBIX PSIOB SBIISIOTCS:

> BBISIBIICHHME  TpeHHa  (PerynsipHON  MEIUIGHHO  MEHSIOIICHCs
COCTABJISIFOILEH), €r0 MapaMeTpOB U MEPHUOAUIHOCTD;

> OLICHKA [MapaMeTPOB CIIyYalHON COCTaBJISIONIEH.
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3aKOHOMEPHOCTH, OOBSACHSIONINE JWHAMHUKY TIIOKa3aTelss B MPOIILIOM,
WCIIOJIB3YIOTCSI JUIsl TIPOTHO3UPOBAHUS €ro 3HAYeHWH B OyaymeM, a yder
CIIy4aifHOCTH TIO3BOJISIET OMPEACIUTh BEPOSTHOCTh OTKJIOHEHHUS OT 3aKOHOMEPHOTO
Pa3BUTHS M €TO BO3MOXHYIO BETHUUHY.

[Ipn ananm3e BPEMEHHBIX PSAIOB MIUPOKO NPUMEHSIOTCS TpauuecKue
METOJIbI. ITO OOBACHIETCS TEM, YTO TAOJIMYHOE TMPEICTABICHNE BPEMEHHOTO Psiia
¥ OMNHUCATENbHBIC XAPAKTEPUCTUKU YaIlle BCErOo HE MO3BOJISIOT MOHSTH XapaKTep
mporiecca, a mo TpaduKy BpPEMEHHOTO psiia MOXHO CHeaTh ONpeAc/iCHHBIC
BBIBOJIBI, KOTOPBIE TIOTOM MOTYT OBITH TPOBEPEHBI C TIOMOIILI0 PACUETOB.
Busyanbnpiii ananmm3 rpaduka BpEeMEHHOTO pslia MO3BOJIAET CHENaTh BBIBOIBI O
CIIETYFOIIIEM:

> HaJIMYUU TPEHJIA U €r0 XapaKTepe;

»  HaIU4uy CE30HHBIX M MUKINISCKUX KOMITOHEHT;

»  CTeleHu TUTABHOCTHU 17001 PEPBIBUCTOCTH U3MEHEHU N
MOCJIETIOBATEIBHBIX 3HAUCHUN Psijla TIOCTIe YCTPAaHEHUs TPEH Ia.

PaCCMOTpI/IM ClICaYrOIIe MCTOAbl IPOTrHO3UPOBAHUA BPEMCHHBIX PSIIOB.

1. CKOJIB3SIIIUX CPEAHUX;
2. DKCIIOHEHIIMATILHOTI'O CIUIAXKUBAHUA,
3. METOJIOM HaMEHBIITNX KBaJIpPaTOB.

MeToa CKONB3SIIIMX CPEAHUX

Meton CKONB3SIUMX CPEAHUX SBISIETCA OOHAM W3 IIUPOKO H3BECTHBIX
METOJIOB CIVIA)KUBAHUS BPEMEHHBIX pPANOB. I[IpuMeHsis 3TOT MeETOA, MOXKHO
AIIMMUHUPOBATH CIyYaiiHbIe KOJIEOaHUs U MOJTYyYUTh 3HAYEHUS, COOTBETCTBYIOIINE
BIIUSTHUIO TJIABHBIX (DAKTOPOB.

CriaxxuBaHue C MOMOIIBIO CKOJB3SIIMX CPEAHUX OCHOBAHO Ha TOM, UTO B
CpEIHMX BEJIMYMHAX B3aMMHO IIOTAIIAIOTCS CIy4alHbIE OTKJIOHEHHUS. ITO
MMPOUCXOAUT BCIICICTBUE 3aMEHBI MEPBOHAYAIBHBIX YPOBHEHM BPEMEHHOTO psiaa
cpeaHei apudmeTnyeckor BETWYWHON BHYTPU BBIOPAHHOTO WHTEpBaJIa BPEMEHH.

[TomyueHHOE 3HAaYEHHE OTHOCUTCS K CEpellMHE BHIOPAHHOTO WHTEpBaJa BPEMEHU
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(repuona).

3areM TMepHOJ CIBUTaeTCs Ha OJHO HAOJIOACHHME, W pacyeT CpeaHen
nostopsiercst. Ilpu 3ToM mepuoasl ompeneiaeHusl cpeaHed OepyTcst Bce BpeMs
OJIMHAKOBbIMH. TakuMm 00pa3oM, B KaXKJOM pPacCMaTPUBAEMOM CIIy4ae CpeIHss
LIEHTPUPOBAHA, T.€. OTHECEHA K CEPEIMHHOM TOYKE MHTEpBAJIa CIVIAXKUBAHMS U
IpeJCTaBIsIET COO0M YPOBEHb JUIsl 3TOM TOUKH.

IIpy crimaxvBaHMM BPEMEHHOIO PAJa CKOJB3AIIMMHU CPEIHHMM B pacdeTax
YYacTBYIOT BC€ ypOBHHM psijia. UeM IIupe HMHTEpBaJl CIVIAXKUBaHUSA, TeM Oolee
IUTaBHBIM ToNTy4daetcs TpeH . CriiaXXeHHBIH psij Kopode MepBoHadaibHOTO Ha (N—
1) naGnromeHwii, Tae N — BeNMYMHA WHTEpBaIA CcriaxupaHus. [Ipm Oosbrmx
3HAYEHUSX N KOJIeOaHMsI CTIIAKEHHOTO P 3HAUNTEIBHO CHUKAKOTCA.

Bribop uHTepBana criakvBaHHsA 3aBUCUT OT Lenel uccienoBanus. llpu
3TOM CJENYyEeT PYKOBOACTBOBATHCSA TEM, B KAaKOW NEPHUOJ BPEMEHH IIPOUCXOJIUT
NEICTBHE, a, CIIEOBATEIbHO, U YCTPAHEHNUE BIUSHUS CIIydallHbIX (PaKTOpPOB.

JIaHHBIN METOJ UCITOJIB3YETCS PU KPATKOCPOYHOM MPOTrHO3UPOBAHUM.

AJITOpUTM METOJA!

1. BriOparh BenMuMHY WHTEpBaNa CriaxuBaHus (0OOBIYHO B KayecTBe
BEJIMYMHBI MHTEPBAJa CTIKUBAHUS BBIOUpAOT N=3).

2.  PaccuuraTh CKOJIB3SILYI CPEIHION JUIsl BCEX MEPUOAOB IO (popmyre

48 (koaudecTBO X, OyAeT Ha 2 €IUHUIBI MCHbBIIIE, YeM KOJWYECTBO HMCXOJIHBIX

3HAYCHUH).
Xi—1 +x; + Xx;
_l — -1 l l+1. (48)
n
3.  ITlocTpouTh mpOrHO3 HaA ClEayIOMUM mepuo o dhopmyie 49.
Xe41 = Xp—q1 T n (x¢ — x¢-1), (49)

rae t+1 —nporHo3Hei iepuos;
t — mepuo1, MpeAMECTBYIOIIUN TPOrHO3HOMY ITepHoay (IO, MecsIl U T.1.);
Xi+1 — IPOTHO3UPYEMBIN TOKA3aTEb;

Xt—1 — CKOJB3dAIIasA CpCaHAA 3a ABa II€pHUOoaa 10 IIPOrHO3HOIO,
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N —4KCII0 YPOBHEH, BXOASAIIMX B UHTEPBAJI CIVIAKUBAHHS,

X; — (paKTHUeCKOe 3HAUYECHHUE HCCIEAYEMOTO SBJICHUS 3a MPEAIIECTBYIOMNN
NIEPUOL;

X1 — (aKTUYecKoe 3HaYeHHE HCCIEeNyeMOro SIBJICHHS 3a JBa IMepuoja,
IIPEALIECTBYIOINX IIPOrHO3HOMY.

3amauya 3.1. J/[a"sl 3HaUeHUS YPOBHA 0e3pabOTHUIIBI 32 IECATh MECSIIEB.

A é =) = é &
Mecsix = S = S = 2 9 = \©
: |8 |& |8 |5 |8 | |8 |5 | &
SN S/ = < = ~ ~ < o O
YpoBeHb
oe3paboturel, | 2,99 | 2,66| 2,63 2,56 2,4 2,22 1,97 1,[/2 1|56
%

Paccuurtath ypoBeHb 0€3paboTHIIBI HA CIeAyIONMe 3 Mepruoa.

Pemenue: ONpCAC/IMM CKOJIB3AIIYHO CPCAHIOKO JUIA BCCX IICPUOJOB II10

dbopmyie 48:
299+ 2,66+ 2,63 _ 2,66+263+2,56
Xy = = 2,76 X3 = == 2,62
3 3
_ 263+256+24 _ 256+24+2722
4= 3 = 2,53 X5 = 3 = 2,39
24+ 222+1,97 2224197+ 1,72
. = =272 . = = 1,97
3 3
197+ 1,72+ 1,56 1,72+ 156+ 1,42
g = == 1,75 Xg = = 1'57
3 3
Paccuntaem mpornosnoe 3nauenue Ha 1141 nmepuos o popmyne 49:
1 1
X11 = x_g + § b (x10 - xg) == 1,57 + § ' (1,4‘2 - 1,56) == 1,52

[Ipexxne yeM HalTH TMPOTHO3HOE 3HaueHWe Ha 1241 mepuoj, HeOOXO0IUMO

paccuynuTaTh CKOJB3AINYI0 CPEAHIOO UL JCCATOTrO IEpHUoJa.

1,56 + 1,42 + 1,52
3 =15

X10 =
1 1
x12 = x10 + 5' (xll - xlo) = 1,5 + § ) (1,52 - 1,4‘2) = 1,53
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[Ipexxne yemM HaAWTH NPOTHO3HOE 3HAUYeHWEe Ha 1341 Tepuoj, TaKKe

H€O6XOI[I/IMO paccuynuTaTh CKOJB3AINYIO CPCIHIO UL OAMHHAAATOTO IECPUOJa.

14241524153
X11 = 3 = 1,49

W =

1
x13 == x11 + b (x12 - xll) == 1,49 + § ' (1,53 - 1,52) == 1,4‘9

MeToa 3KCIIOHEHIIHAIBHOIO CIJIAKUBAHUSA

MeTon SKCIOHEHIMAIBHOTO CriaXuBaHUs HamOonee 3(G(EeKTUBeH Mpu
pa3paboTKe CpeIHECPOYHbIX MPOrHO30B. OH mpHeMJIEM IpU MPOrHO3MPOBAHUU
TOJILKO Ha OAWH mepuoja Breped. Ero OCHOBHBIE OCTOMHCTBA IPOCTOTA
IpOLEAYPHl BEIUUCICHUN U BO3MOKHOCTH y4eTa BECOB HCXOIHOM MHPOpMAIIHH.

AJITOpUTM METOJA!

1. Onpenenuts 3HaUEHHE MAPAMETPA CIIIAKUBAHUS (.

OT BenMYMHBI O 3aBUCUT, KaK OBICTPO CHHUXAETCS BEC BIUSHUSA
npeauecTByommx HaobmoaeHuil. Yem Ooublie o, TEM MEHbIIE CKa3bIBAETCSA
BJIMSIHUE TpeauiecTByomux jer. Ecnu 3nauenne o OMM3KO K €AUHHIIE, TO 3TO
OPUBOJUT K YYETy NpU IPOrHO3E B OCHOBHOM BIMSIHMS JIMIIb IOCJIEIHUX
HaOmonenuii. Ecnu 3Hadenwe o OJM3KO K HyNMIO, TO Beca, MO KOTOPBIM
B3BEILINBAIOTCS YPOBHU BPEMEHHOTI'O Psiia, YOBIBAIOT MEJJIEHHO, T.€. IPU IPOrHO3E
YUYHUTBHIBAIOTCS BCE (MJIM MMOYTH BCE) TPOILTbIC HAOIIOICHNSI.

Takum o00pa3zoMm, eciu €CTh yBEPEHHOCTb, UYTO HadallbHble YCIOBHS, Ha
OCHOBAaHUM KOTOpPBIX pa3pabaThlBa€TCd MPOTHO3, JOCTOBEPHBI,  CIEAYET
WCTIOJIB30BaTh HEOONBIIYI0 BENMYMHY THapameTpa criaxuBanus (o—0). Korma
napaMeTp CriakWBaHUs Majl, TO uccienyemas GyHKIHUS BeAeT ce0si Kak CpeaHsis
u3 OONBIIOro YHcia MPOUUIbIX YpOBHEH. Eciu HET 10CTaTouHON YBEPEHHOCTH B
HAYaJbHBIX YCIIOBUSAX MPOTHO3HPOBAHUS, TO CIEAYET HCIOIb30BaTh OOJBIIYIO
BEJIMYMHY 0, YTO MPUBEAET K YYETy I[pU NPOrHO3E B OCHOBHOM BIIUSHUSA
NOCJIEAHUX HAOIIOACHUI.

Tounoro wmeroma s BeIOOpa ONTUMANbHOM BEIMYHMHBI IapameTpa

CrilaxuBanusi o HeT. B OTACJIBbHEBIX ClIydasX aBTOP JAaHHOIoO METOoAad HpO(I)CCCOp
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P.I'. bpayn npenmaran ompenensTs BEIWYMHY (., UCXOAS U3 JUIMHBI MHTEpBaa

crnaxuBanaus. [Ipu sTom o Beraucsiercs mo popmyse 50.

__‘ (50)
n+1
rie N —4uciao HaOIroAeHNH, BXOSAIIMX B UHTEPBAJ CTIIaKHBAHUS.
2.  Omnpenenuts HauanbHOE 3HaYeHHE Up (CpeaHee apupmMeTndecKoe Uin
TIepBOE 3HaUeHHE 0a3bl MPOTHO3A).
3. PaccuMrarh S3KCHOHEHIMAIbHYIO B3BEUICHHYIO CpPEIHIOW IS
Kax10T0 nepuoja no popmyine 51.
Upp=a ye+(1—a) U (51)
rie t — nepuoj, NpeAmecTBYIOMUNA TPOrHO3HOMY;
t+1 —nporHo3HbI epHox;
Ut+1 - IPOTHO3UPYEMBIN MTOKA3aTENb;
o - IapaMeTp CTiIaKUBaHUs;
Yi - ¢akTHueckoe 3HAYEHHWE MHCCIEeIYyeMOro IoKa3aTens 3a MEepUon,
IPEeIeCTBYIOUI MPOTHO3HOMY;
Ui - OKCHOHEHIMAaJIbHO  B3BEUICHHAs  CpeaHss I [epHuoja,

MPEIIECTBYIONIETO IPOTHO3HOMY.
4.  BpUHUCIUTH TPOTHO3HOE 3HAYCHUE.
3agaua 3.2. [lo ganubM 3agaun 3.1 paccuuTaTh ypoBeHb 0e3pabOTHUIIBI HA

OJIVH CJIEAYIOIIUHN NIEPUON.

2
Pemenne: « = — = 0,18.
10+1

1. Bo3pmMemM B KauecTBe HauanpHOoro 3HaueHus Up cpenHee
apudmernyeckoe 0a3pl Iporuosa. T.k. 3HaueHus | HaunHatoTcs ¢ 1, To BMecto Up
HavyanpHbIM ~ Oynmer 3Havenne U;=2,21. PaccumtaeM 53KCHOHEHIUATbHYIO
B3BCILICHHYIO CPEAHION0 JIJI KaXK0ro nepuojaa no gopmyse 51:

U,=0,18-299+(1-0,18)-2,21 = 2,35
Uu;=018-266+082-235=241 U,=0,18-2,63+0,82-2,41 =245
Us =0,18-2,56 + 0,82 2,45 = 2,47 Us=018-2,4+0,82-2,47 = 2,46
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U,=018-2,22+0,82-2,46 =242 Ug=0,18-197+0,82-2,42 = 2,34
Uy=018-1,72+0,82-2,34=2,23 U, =0,18-156+0,82-2,23 =2,11
PaccunTaem npornosnoe 3Hauenue Ha 1141 nmepuoa no popmyse 51:
U, =018-142+0,82-2,11 =1,99
2.  Bos3pMeM B kauecTBe HavalbHOTO 3HaUeHUs1 Uy iepBoe 3HaUeHHE Oa3bl
nporHo3a. T.k. 3HadeHus | HaumHarTca ¢ 1, To BMecto Uy HawanmbHBIM Oyer
3nauenne U;=2,99.Paccuutaem mo ¢popmyne SIkcrnoHeHIMATbHYIO B3BEIICHHYIO
CPEIHIO0 JIJIsl KaKJIOTO TEePUoIa;

U,=018-299+(1-0,18)-2,99 = 2,99
Uu;=018-266+082-299=293 U,=0,18-2,63+0,82-2,93 =2,88
Us=0,18-2,56+0,82-2,88 = 2,82 Us=1018-24+0,82-282 =274
U,=018-2,22+082-2,74=2,65 Ug=0,18-197+0,82-2,65= 2,53
U,=0,18-1,72+0,82-2,53 =2,38 U,,=0,18-1,56+0,82-2,38 = 2,23

PaccunTaeM nporno3Hoe 3Hauenue Ha 1141 nepuon:

Uy, =0,18-1,42 + 0,82+ 2,23 = 2,08

MeToa HaMMeHbIIIMX KBA/IPATOB

CyTh MeToJa HaMMEHBIIMX KBaJIpPaTOB COCTOMT B MHUHUMM3AIUU CYMMBI
KBQJIPaTUYECKUX  OTKJIOHCHMH MEXIy HaOM0MaeMbIMU W PacUYeTHBIMHU
BeIMYMHAMU. PacueTHble BETUYMHBI HAXOASTCS MO MOJAOOPAHHOMY YPaBHEHUIO —
yYpaBHEHUIO perpeccud. Yem MeHbIe paccTOSTHUE MEXIy (HaKTUYECKUMU
3HAYCHUSMH W PACUCTHBIMU, TEM OOJIe€ TOYEH MPOTHO3, IOCTPOCHHBIN HA OCHOBE
YpaBHEHUS PETPECCHUM.

TeopeTnueckuil aHanM3 CYIIHOCTH M3Y4ae€MOIO SIBJICHUSI, U3MEHEHUE
KOTOPOTrO OTOOpakaeTcsi BPEMEHHBIM pSAJIOM, CIYKUT OCHOBOM Jii BbIOOpa
KpuBOi. MHOT/Ia MPUHUMAIOTCSI BO BHUMaHHUE COOOpa)XX€HUs O XapaKTepe pocTa
ypoBHel psga. Tak, ecidm poCT BbIIyCKAa MNPOAYKIMU  OXHUAAETCA B
apu(pMETUYECKON POrpeccuu, TO CrIIAXKMBAHUE MPOU3BOJIUTCSA 1O mpsimoil. Ecnu
K€ OKa3bIBAETCS, YTO POCT UJIET B TECOMETPUUECKON MPOTPECCUU, TO CIIIAXKUBAHUE

HAJ10 IPOU3BOIUTH M0 MOKA3aTeNbHON (PYHKIINH.
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Pabouast popmyna MeTo1a HAMMEHBIITUX KBAIPATOB!
Yisp =a-X+b, (52)
rae t +1 —porHo3HBIN EPHOT;
V41— IPOTHO3UPYEMBIN TOKA3ATEb;
au b - xoapdurueHTsr;
X - yciioBHOE 0003HaYCHHE BPEMEHHU.

Pacuer koadpunmenToB au b ocymectrisercs mo Gpopmysinam 53.

a= =1 n _
X X
?leZ——( lﬁ ) (53)
p— ?=1Y_a-2?=1X
n n '

CriaxuBaHue BPEMEHHBIX PSAIOB METOJJOM HAUMEHBIITNX KBAJAPATOB CITY>KUT
JUISS  OTPaKEHUS 3aKOHOMEPHOCTH  Pa3BUTHs  HM3ydaeMoro sBjJcHHA. B
AHAJIMTUYECKOM BBIPAKCHHH TPEHIA BPEMsSI pacCMaTpUBaeTCs KaK He3aBUCHUMAs
IIEpeMCHHAsl, a YPOBHH psjJa BBICTYNAIOT KaK (YHKIMS STOW HE3aBUCHUMOU
MIEPEMEHHOM.

Pa3BuTHe sBIEHUS 3aBUCHUT HE OT TOTO, CKOJIBKO JIET MPOILIO C OTIPABHOTO
MOMEHTa, a OT TOro, Kakuhe (aKkTOpbl BIUSIM Ha €ro pa3BUTHE, B KaKOM
HaIpPaBICHUU M C KAKOW MHTEHCUBHOCTHIO. OTCIOIa SICHO, YTO Pa3BUTHE SIBICHUS
BO BPEMEHH BBICTYIIACT KaK Pe3yabTaT AEeHCTBUS ITHX (HAKTOPOB.

3agaua 3.3. [1o marapiM 3a1aun 3.1 paccuuTaTh ypOBEHb 0€3pa0OTHIIHI HA 3

CIEAYIOIIUX TIEPHoa.

Pemenue:
Mecsi Y [ X|vx | X Yo
SluBapb 299 (1 | 2,99 1 -0,17-1+ 3,157 = 2,99
despaib 266 | 2 | 532 |4 -0,17-2 + 3,157 = 2,814
Mapt 2,63 |3 |7,89 9 —0,17 -3 + 3,157 = 2,642
Anpenb 2,56 |4 |10,24 | 16 -0,17-4+ 3,157 = 2,471
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Maii 24 |5 |12 25 -0,17 -5+ 3,157 = 2,299
Uronb 2,22 |6 |13,32 | 36 -0,17-6 + 3,157 = 2,127
Hronb 1,97 |7 | 13,79 | 49 -0,17-7 + 3,157 = 1,955
ABrycr 1,72 |8 | 13,76 | 64 -0,17-8+ 3,157 = 1,784
Cents10ppr | 1,56 | 9 | 14,04 | 81 -0,17-9+ 3,157 = 1,612
OKTS0pb 1,42 |10 | 14,2 100 —-0,17-10 + 3,157 = 1,44
Cymma: 22,13 |55 | 107,55 | 385 -

107,55 — 55 -1202,13)
a= S GO —0,17
10
22,13 —0,17-55
b=—om - — o =3157

[Iporao3noe 3HaueHue Ha HOSIOph — 1,28;Ha nexadbps — 1,11 suBaps — 0,94.

Pacuyer cpenHeii OTHOCHTEIbHOM OIUIMOKH M €€ HHTEpPIpeTalUs

dopMmyna 151 BBIYUCIEHUS CPEHEN OTHOCUTEIbHON OIUOKH:

n

1 —_

a=e=—-) Do =l yp'-mo], (54)
i=1 y(1)

r1e ¥y — akTHUIecKoe 3HaUEHHE HCCIELYEMOTO SBICHHS;

Vp —PACUYETHOE 3HAYCHHUE MCCIENYEMOTO SABIICHHUS,
N —YUCII0 YPOBHEHW BPEMEHHOTO PsJIa.

WNHuTtepnperanus 3Ha4eHUN CpeHEN OTHOCUTEIHHOM OIMMUOKH JJIS OLICHKU
TOYHOCTH MIPOTHO3a TpeicTaBiieHa B Tadmuie 3.1.

Ta6nuna 3.1 —MHTeprperaniys 3Ha4€HUN CpeIHEH OTHOCUTEIIBHOM OITUOKH

CpenHsist OTHOCUTETbHAS WuTepniperanmst
omnoka, %
<10 To4YHOCTH MPOTHO3a BBICOKAS
10-20 TouHOCTB XOpoIas
20-50 TouHnocTh
yIOBIIETBOPUTEIbHAS
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>50

TouHOCTE
HEYJIOBJICTBOPUTEIIbHAS

3amaua 3.4. Ilo pesyapraram 3amaud 3.1-3.2 paccuuTaTh CPEIHIOIO

OTHOCHUTCIIbHYIO OHII/I6Ky KaXXJg0ro mMmerojaa.

Pemenue: no ¢opmyne 54 HaiiieM CpelHIOI0 OTHOCUTEIbHYIO OMIMOKY AJIs

METOJAa CKOJIB3AIINX CPCIHUX.

lx, — x5 12,66 — 2,76|
&y = x—z 100% = 766 -100% = 3,76
12,63 — 2,62] 12,56 — 2,53
&3 = 263 -100% = 0,38 £y = 756 -100% = 1,17
12,4 — 2,39| 12,22 — 2,2|
&g = 2,—4 100% = 0,42 g6 = Z,T 100% = 0,9
11,97 — 1,97| 11,72 — 1,75|
&; = 197 +100% =0 &g = 172 -100% = 1,74
11,56 — 1,57]
Eg = 156 -100% = 0,64
3,76 +0,38+ 1,17+ 042+09+0+ 1,74+ 0,64 9,01
€= 3 =5 = 1,13
T.x. 1,13%<10% BbICOKast TOUHOCTb MPOTHO3A.
JUISL METO/Ia IKCIIOHEHIIMAIBHOTO criakuBanus npu Ug=2,21:
12,99 — 2,21] 12,66 — 2,35|
& = 2.99 -100% = 26,09 &y = 266 +100% = 11,65
12,63 — 2,41] 12,56 — 2,45|
&3 = 263 -100% = 8,37 &4 = 756 -100% = 4,3
12,4 — 2,47| 12,22 — 2,46|
&g = 2,—4 100% = 2,92 &g = 222 -100% = 10,81
|1,97 — 2,42] 11,72 — 2,34]
&y = 197 -100% = 22,82 &g = 172 +100% = 36,05
11,56 — 2,23] 11,42 — 2,11]
Eg = 156 -100% = 42,95 €10 = 142 +100% = 48,59

26,09 +11,65+837+4,3+ 2,92+ 10,81 + 22,82+ 36,05 + 42,95+ 48,59 214,57

&

10

= 21,457

10

T.x. 21,457%>20% FouHOCTH IPOTHO3a YAOBJIECTBOPUTEIbHAS.



JUTSL METOJIa AKCITOHEHITHAIBHOTO criakuBanus mpu Uy=2,99:

12,99 — 2,99| 12,66 — 2,99|
&= 55— 100% =0 g = —— e 100% = 12,41
12,63 — 2,93 12,56 — 2,88|
&3 = e 100% = 11,41 ey =~z 100% =125
12,4 — 2,82 12,22 — 2,74
&g = T -100% = 17,5 Eg — 2,22 -100% = 23,42
11,97 — 2,65 11,72 — 2,53
&7 = 197 -100% = 34,52 &g = 172 +100% = 47,09
11,56 — 2,38] 11,42 — 2,23
g9 =— 5o 100% =5256 &= > 100% = 57,04
e 0+1241+11,41+ 125+ 17,5+ 23,42 + 34,52 + 47,09 + 52,56 + 57,04 _ 268,45
10 10
= 26,845

T.x. 26,845%>20% F0o4HOCTH IPOTHO3a YIOBJICTBOPUTEIIbHAS.

3.23AJIAHUSI K KOHTPOJIBHOM PABOTE Ne 2 T1IO PA3EJTY
«HECTALHIMOHAPHBIN CJIYYANUHBIN MPOIIECC
(BPEMEHHOM PS1)»

Ha caiite weatherarchive.runfm nro6om npyrom aHajaormdHOM) BBIOpPAThH
rOpoJl B COOTBETCTBHMH C BapraHTOM (Tabnuia 2.2).

Tabnuma 2.2 —BapuaHTsl U151 BHITOJHEHUS! KOHTPOJIbHOM paboThl No2

Ne BapnanTa | I'opon Ne Bapnanra | I'opon
1 Homkap-Oia 2 ApXaHTebCK
3 HpkyTck 4 SAxyTck
5 Openobypr 6 Dnucra
7 braroserienck 8 Kpacnonap
9 Marautoropck 10 Kpacnosipck
11 ApocnaBib 12 Hanpuuk
13 IIckoB 14 HaGepexnbie YenHbl

50



15 Tyna 16 MypmaHck
17 Cypryt 18 ExarepunOypr
19 Kamyra 20 NxeBck

Buectu B Tabnuily 2.3 1aHHbIE O CpPEeHEN TeMIiepaType BO3ayXa 3a JAeKary

B BbIOpaHHOM ropoje. B Tabmuiie BBeneHBI 0003HAYCHHS. | — HOMEp JCKaIbI

(naumnas ¢ 1 saBaps 2019r.), § — cpenHss Temieparypa Bo3ayxa 3a i-10 JIeKay.

Tadomnuma 2.3 —McxoaHble JaHHBIE

TE
I

10

11

12

13

14

15

16

17

18

19

2021

22

23

24

25|26|27|28|29

30

31

32

33

34

35

t,°C

[TocTpouTh IpOTrHO3 Ha 3 IeKaAbl BIEPE C MOMOIIbIO METOOB:

>
>
>

Paccuntarh cpeiHIOI0 OTHOCUTEIBHYIO OMIMOKY AJIsl KaXXA0Tro crocoda.

[TocTpouts rpaduku:

1.

HaNMMCHBIINX KBAJAPaTOB.

rpaduka 1mo 3Ha4YeHUAM CKOJIB3AIICH CpeaHE;

2.

ckoup3stIel cpenneit (mo 3, 5u 7 Toukam);

rpa(bHKa 110 3HAYCHHUAM 3KCIIOHCHIUAJIBHOI'O CIJIaKMBAHUS,

3.

PACUYCTHBIC 3HAYCHUA 110 MCTOAY HAMMCHBIINX KBAJAPaTOB.

Ha rpaduku 1 u 2 106aBUTHh COOTBETCTBYIONTYIO JIMHUIO TPEHIA.

SKCIOHEHIIHaIbHOTO criaxuBanus (Ug HailTk 1ByMs crioco0amMu);

3.3 0COBEHHOCTH OLIEHUBAHUSA KOHTPOJBHOM
PABOTHI B BAJVIBHO-PEMTUHI'OBOU CUCTEME

rpaduk, XapakTepu3ymIIUid MOBEJECHUE MPOTOKOJa HAOIMIOACHUN; 3

rpaduk, XapakTepu3yIOlUi MOBEJACHHE MPOTOKOJa HaOIOJAeHUM; 2

rpaduk, XapakTepU3yIOUIUMH TMOBEJECHUE MPOTOKOJIAa HAOIIOECHUH;

KontponwsHas pabora mo paszaeny «HecrarmoHapHBIM CIydalHBIN TpoIiecc

(BpeMEeHHOU psim)» SIBISIETCS  TPOMEXYTOYHOU

dbopMoli KOHTPOJS 3HAHUI

CTYACHTOB MW HPCACTABJISACT co00l NHCHbMEHHOE BBINOJIHCHHUE OIIpEACIICHHBIX

3amanuii. OHa mNpegHa3HayeHa JJisi MPOBEPKUM 3HAHUWA CTYJEHTOB IO Y4eOHOU
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nucuumuinie «CiiydailHble MPOIECChl U UMUTAIMOHHOE MOJICIMPOBAHUEY, a TAKXKE
CIYXUT [UI1 3aKpEIUICHHS TMOJYyYEHHBIX 3HAaHHWM, YMEHHMHM W HaBBIKOB. B
KOHTPOJILHOM paldoTe CTyJeHTaM MpeajiararoTcs 3aaadu, chopMyIHpOBaHHBIC Ha
OCHOBaHMM MaTepuaja, W3JI0KEHHOTO B JICKIUAX, MPOPabOTAaHHOTO HAa
MPAKTUYECKUX 3aHATUSAX WA CAMOCTOSATEIIbHO U3YUYEHHOTO CTY/ICHTAMM.

[lepen TemM Kak TPUCTYNUTh K BBINOJHEHUIO KOHTPOJIBHOM pPaboTHI,
CTYJIGHTaM CJIeyeT 03HAKOMHUTHCS C TEOPETHIECKUM MaTEPHATIOM U Pa300paThes ¢
pa3oOpaHHBIMU B HEM THUIIOBBIMHU 3a7ja4aMHU.

Cucrema OIGHHUBAHUS 3aJaHMil KOHTPOJBHOW pabOTHI MpejacCTaBlicHA B
tabimue 3.4.

Tabmuna 3.4.OnennBanue KOHTPoJbHOM paboThl Ne 2 B BPC

Kpurepun onenuBanus 3a1aHus KomnuectBo
0aJuioB

Cnenal nporHos:
TpeMsi METOAaMHU 3
JIBYMSI METO/IaMHU 2
OJTHUM METOJIOM 1

Paccuurana cpeHsist OTHOCHUTENbHAS OIMMOKA!
JUJISL TPEX METOJIOB

JUISL IBYX METOJIOB

JUISL OJJHOTO METO/a

RN W

[Toctpoens! rpaduku:
JUISL TPEX METOIOB
TUIS IBYX METOJIOB
JUISL OTHOTO METOJIa

Ok DNW

MaxkcruManbHOE KOJTHYECTBO 0aslioB 3a
KOHTPOJIbHYI0 paboTy No 2

Konrponwnast Bemonusiercst B makere Microsoft Office Excelu cnaercs

06y‘laIOHlI/IMC$I B 3JICKTPOHHOM BHUJIC.

PEKOMEHAYEMAS JIMTEPATYPA

OcHoBHas1 yueOHasi JuTEepaTypa
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