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¥
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AHHOTaUMA

MeToanyeckne ykasaHus npegHasHadeHbl ans 6akanas-
pOB MO HarpasneHuto noarotoskn 221700 CtaHgapTusa-
UMS U METPOSIOrUS.

MeyaTaeTcs No pewweHnto METOANYECKON KoMmuceum da-
KynbTeTa «[pnbopocTpoeHne n TeXHNYeCKoe perynmpo-
BaHUe».

ABTOpBDI

JoueHT kadenpsl «YnpasneHne kavectsom» AMTY, K.T.H,
3ybpunuHa EneHa MuxannoBHa;

3aBeayolmnn kadeapon «OBLLETEXHUYECKUE AUCLMNIN-
Hbl» BenCXA, A.T.H., npodeccop [lacTyxoB AnekcaHap
['eHHaabeBwnY;

3aBeayomnn kadpeapon «YnpaeneHue kadectsom» ArTY
A.T.H., npodeccop Anmutpos Banepuii MeTposuy.
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CucTeMHbIN aHanu3
1 BBEAEHME

Uenb paGOTbI - I'IpMO6p€CTM KOMNETEHUMN MOAENNPOBaAHUA
MapKOBCKUX CﬂyanIHbIX NnpoLeCCoB Ha OCHOBE pacCyeETa Mnpouecca
«rmbenu un pa3MHOXEHUA» N LMKITNYECKUX NpoLeCCoB.

2 Mpouecc «rnbenn n pasMHOXKEHUS»

CxeMa «rmbenu v pasMHOXEHMs» CBSi3aHa C pelleHVeM 3aaay
61onornM, B KOTOPbIX pacCMaTpMBaETCS MPOLECC M3MEHEHWUS YMCIIEH-
HocTK nonynsumn. OgHako Moaenb noaobHOro npouecca NpUMeHMMa
BO MHOMMX ApYyrux obnacrsx.

pad COCTOSIHMIA CUCTEMbI, OMUChIBAEMON CXEMON rubenu u
pa3MHOXeHUs, npeacTasieH Ha puc. 1. Kaxpaoe 13 cpefHux cocTosi-
HUN (S5, ..., Sp-1) CBA3AHO MPSAMON U 0BPATHOMN CBA3bIO C KAXKAbIM U3
COCE[IHNX COCTOSIHUI, @ KpaliHUE COCTOSHUA S; U S, — TONbKO C 0A-
HWUM COCEZIHMM COCTOSIHUEM.
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Puc. 1 — Cxema rpada npouecca «rmbenm n pasmMHOXeHUs»

ANns TakoW cucTeMbl, pelnB anrebpanyeckue ypaBHEHVSI Ans
BEPOSITHOCTEN COCTOSIHWSI, MOXHO MOSlyUYMTb CripaBeanvBbie Mpu fto-
60M umncne cocTosiHuii chopMynbl ANs OnNpeaeneHust npeaenbHbIX Be-
POSITHOCTEN COCTOSIHUS:
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Aoine
— n-1,n ;)12 pl. (1)
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Kak BMAHO M3 BbipaxxeHuin (1), 3Ha4YeHne p; NosyyeHHoe U3
nepBov hopMysibl, UCMONb3YETCH BO BCEX OCTasbHbIX.

Py

Mpumep 1.

Tpu aBTOMO6MNSA B CNOXHBIX AOPOXHBIX YCMOBMSIX MEPEBO3AT
rpy3bl. KaXablil U3 HUX MOXET BbINTU M3 CTpOsi. MOTOK OTKa3oB Mpo-
CTENLWNA, cpeaHee BpeMs 6e30TKasHOW paboTbl KaXkaoro aBToMobumns

to =10 cyTok. Bblweawmnin n3 cTposi aBTOMOBUNb CPasy e HauuHaloT
pPEMOHTMPOBATb, CpeaHee BPeMsi peMOHTa =2 CyTOK. 3aKOH pacnpe-
JENIEHNS] BPEMEHU PEMOHTA MOKa3aTesbHbI (MOTOK BOCCTAHOBJIEHWUN
npocTenwmi).

Haiitn cpeaHee BpeMsi npebbiBaHMSl CUCTEMbI U3 TPEX aBTOMO-
6unei B KaXxloM U3 BO3MOXXHbIX COCTOSIHUM.

PeweHue.

Bo3MOXHbIE COCTOSIHUSI CUCTEMBbI:
S; — BCe Tpu aBTOMOBMNS NCNPaBHbI;
S, — OAMH aBTOMOBMNb PEMOHTUPYETCS, ABa UCMpPaBHbI;
S3;— [Ba aBTOMOBUNS PEMOHTUPYIOTCS, OAMH UCNPaBEH;
S;— BCe Tpu aBTOMOBWISA PEMOHTUPYIOTCS.

lpad cocTosiHMMA nokasaH Ha puc. 2. PasmeTtum 3toT rpad.
CTpenkamy BNpaBO MOKaXXEM MHTEHCMBHOCTW MOTOKa OTKa30B, BNEBO

— BOCCTaHOBJ/1IEHUA.
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Puc. 2 — F'pad cuctembl «Tpy aBTOMObBMNS Ha NepeBO3Kax»

Tak Kak NOTOK OTKA30B MPOCTENLLIMIN, TO NPOMEXYTKU BPEMEHM
Mexay OTKasaMu B 3TOM MOTOKe pacnpegeneHbl Mo nokasaTeslbHOMY
3aKOHY C napaMmeTpoM Ay=1/t o. CnegoBaTenbHO, WHTEHCMBHOCTb OT-
Ka30B paBHa - Ag=I/t ¢=1/10 cyT™.

MHTEHCMBHOCTb MOTOKA BOCCTAHOBMIEHWUN 6yaeT - Ag=I/t g=1/2
1

eyt

Ecnn cuctema HaxoamuTcs B COCTOSIHUKM Sy, TO paboTaloT Tpy as-
TOMOOUNS, KaXAablA U3 HUX MOABEpPraeTcs MOTOKY OTKa30B C WHTEH-
CUMBHOCTbIO A,. CnepoBaTenbHO, Ha BClO cucTeMy (Tpu paboTtatomx
aBTOMO6MNSA) MOTOK OTKA30B AEMCTBYET, C WHTEHCMBHOCTbIO B Tpwu
pasa 6onblueit: A;;=3Ay=3/10 cyT™.
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CoOOTBETCTBEHHO, €C/IM CUCTEMA HaXOAMTCA B COCTOsSIHUKM S,
(aBa MCnpaBHbIX aBTOMOBUNS), TO Ax3=2Ao=2/10 cyT?,

1 eCcv B COCTOSIHWM S5, TO Ass=Ao==1/10 cyT™.

AHanorMYyHo paccyxxpaas, noSy4YMM WHTEHCMBHOCTb MOTOKOB
BOCCTaHOBJIEHUIA:

Ms=3Ag==3/2 cyT™,

A=2Ag==2/2 cyT’},

)\21=)\B==1/2 CYT_l.

Monb3ysack ¢opmynamm (1), HaxoaMM npeaenbHble BEPOSATHO-
CTW COCTOSIHWUIA:
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BuiBoa:

S; — ncnpasHbl Bce Tpu aBToMobunsa — 57,9% BpemeHu;

S, — 0avH aBTOMOOMSIb PEMOHTUPYETCH, ABa WCNpaBHbl —
34,7% BpeMeHu;

S3; — OBa aBTOMObWIISI PEMOHTUPYHOTCS, OAMH UcnpaBeH — 6,9%
BpEMEHMU;

S, — BCe Tpu aBTOMO6MNS PEMOHTUPYIOTCS, BCE HEUCMPaBHbI —
0,5% BpemeHu.

3 Liuknuueckuin npouecc
Ecnmn cocTosHmns cucteMbl CBS3aHbl B KObLO (UMK) C OA4HOCTO-

POHHMMKM nepexodamu (puc. 3), NpoLecc, NpoTeKawLWwnii B TaKon cu-
CTEME, Ha3blBAETCH YMKITNYECKHM.
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Puc. 3 — 'pad umknnyeckoro npouecca

BeposATHOCTU COCTOSIHMIA CUCTEMBI AN LMKJIMYECKOTO NpoLecca
HaxoasTcs no dopmynam (2).
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Ecnum 3apaHbl cpeanue t 5, t 5, ..., t , NpebblBaHNs cMCTeMbI S B
cocTtosiHuax S1, S2, ..., S, To npeaenbHble BEPOSTHOCTU COCTOSIHUIA B
LIMKSIMYECcKon cxeme onpeaensitotcs no cdopmynam (3):



LleHTp AMCTAaHIIJMOHHOTO 06y4YeHus ¥ MOBBIILIEHUSA
KBaJIUbUKALUU

CuCTeMHbIM aHanu3

P, = 4
R AR
t
P, =="2 =
L+t 4+ 4+t
1 2 n (3)
t,
Pr = f+0, +..+0
Nnn B 0bwwem cnyyae:
t
Py = nk ,(k=12,...,n). (4)
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Mpumep 2.

YacTHbIM NpeanpuHMMaTeSb-aBTOMOBUIIUCT, 3aHUMasiCb py30-
BbIMW NEpPeBO3KaMu, MPOM3BOAUT MOMCK 3aka3umka ANS TPAHCMOPTW-
pOBKM rpy3a, Morpy3Ky rpysa 1 ero nepeBo3Ky B 3aAaHHbIN NMyHKT CO

caQuen rpysa npeanpusaTuio, 3aTeM LMKN noBTopseTca. NHTEHCMBHO-
CTW NOTOKOB COBLITUN A1z, Az, Asi.

HaiiTi npeaenbHble BEPOSTHOCTU COCTOSIHMIN CUCTEMBI.
PeweHue.

Pa3meueHHbIV rpad COCTOsIHMIA NOKasaH Ha pwc. 4, rae:
S; — MOUCK rpysa 1 3akntoveHne JoroBopa Ha nepeBo3Ky;
S, — norpyska rpy3a;

S;— nepeBo3Ka rpysa u caada Ha npeanpusTum.

Mo A3

)

Mgy

Puc. 4. I'pad cocTosiHMI cucTeMbl S

Ncnonb3ys ¢opmynbl (2), NOAy4nM npeaenbHble BEPOSTHOCTU
COCTOSIHUIA:
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TOT e pe3ynbTaT MOXHO MNOSy4YuTb, PYKOBOACTBYSICb O6LMM
NpaBuIOM onpeaeneHns npeaenbHbiX BEPOSITHOCTEN COCTOSIHUN.

[Ans 3TOro BHayane coCTaBNsSieM ypaBHEHWs KonMoroposa ans
BEPOATHOCTEN COCTOSHWIA:

j d
c?tlz_ﬂifpﬁﬂsl'ps; (§)t2=_,123,p2+/112.p1;
d

(?:—%l,p3+123.p2_

MpUpaBHSAB HyMIO NEBbIE YacTV YPaBHEHMIA, NONyYnM anrebpa-
MYecKne yYpaBHEHUS ANs NpeaesibHbIX BEPOATHOCTEN COCTOSIHUIA:

ﬂiz' plzisl' Ps;
/123' P, :A’.LZ' P1s
ﬂ?l' pszlza' Py,

pelleHne KOTOopblX, MpY HOPMUPOBOYHOM YCNOBUWU pPi+pPr+p3=1,
[ACT TOT Xe pe3ynbTaT, YTO U peleHune no dopmynam (2).

PEKOMEHAYEMASA JINTEPATYPA

1. Kupnnynukos A.M. MeToabl NpuUKIagHON TEOPUM MaccoBOrO
obcnyxunaHusa / A.M. Knpnmynnkos — KasaHb. M3a-Bo KasaH. yH-Ta.,
2011. - 199 c.

BOMPOCHI AJ1i1 CAMOKOHTPO/JIA

1. [daWTte onpeaeneHue Npoueccy «rmbenm n pasMHOXKEHUS».

2. B kakux obnacTsix Haykv MpUMEHSIOT NOHATUE NPOLIECCOB «rnbenn
N pPa3MHOXeHNs»?

3. K onpegeneHuio Kakux BeIMYMH CBOAAT pacyeT CMCTEM C npouec-
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camm «rmbenun n pasMHOXeHUs»?
4. [aliTe onpeaeneHne LMKINYECKoro npoLecca.
5. KakoBbl OTAMYMS CUCTEM C NMPOLECCOM «TMBENN N Pa3MHOXEHUS» U
LIMK/IMYECKOro npouecca?
6. W306pasuTte npumep rpacda Ans CUCTEMbI C TPEMSI COCTOSHUSIMU U
NpOLIECCOM «TMBEnM U pasMHOXKEHNUS».
7. TloKaxknTe cxemMaTuyeckun rpad cucTeMbl C UMKIMYECKUM npouec-
COM.
8. BO3MOXHO N1 NPUMEHEHMWE A pacyeTa BEPOSITHOCTEN COCTOSIHUIA
CUCTEMbI B LIMKIIMYECKMX NpoLeccax M npoueccax «rmbenm n pasmHo-
XeHus» ypaBHeHU KonmMoroposa?
9. B ueM 3akntoyaeTcst hM3nMYECKUiA CMbICT 3HAYEHNI BEPOSITHOCTEW
HaxX0XXAEHNS1 CUCTEMbI B ONpeAeneHHbIX COCTOSHMSX MO OTHOLIEHWIO
KO BpPEMeHN?
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