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AHoTaunis. B crarTi npeacraBieHo aHaii3 HAyKOBUX

MOCTIKeHb, SKI  COpPAMOBaHI Ha  3a0e3MeYeHHs
HAIIHHOCTI CHCTEM <«JIIOJUHA-MAIIIHHAY.
Po3pobniena maTeMaTHYHAa MOJENb  HAAIHHOCTI

€ProTHYHOI CUCTEMH (JIFOJMHA-MAIIMHAY JUIS BUSBIICHHS
BIUIMBY II mapamMeTpiB Ha JIUHaMIuHI XapaKTePHCTHKH
HagiHOCTi. [lOKa3HWKHM BCTAHOBIICHI TPH MOCTYIIOBiH
BTpPaTi CHCTEMOIO CBOIX TIOYaTKOBHX ITapaMeTpiB.
[MobymoBano po3MmiueHWit Tpad CTaHIB 1 TEpexomiB
CHCTEMHU <(CTIOJMHA-MaIlMHAa» B PI3HI MOMKJIMBI CTaHM.
Cucrtema MOXeE 3HaXOJWTHCh y ABOX OCHOBHHMX CTaHaX:
mpare3faTHOMy 1 Hempane3gatHomy. st cHpoIneHHS
PO3B’SI3Ky 3aBJaHb MaTeMaTHYHOTO OIUCY IOBEIIHKU
€proTHYHOI CHCTEMH JI0JaTKOBO BBE/ICHI (DIKTHBHI CTaHH.
ITpn MaremMaTHYHOMY MOJEIOBaHHI OMHCY POOOTH IS
cucTeM NpUIHATI HacTynHI npuiynieHHs. [loTokn BixMoB
1 BITHOBJICHP € MPOCTIIIUMH MAaPKiBCbKUMHU, BiTHOBICHHS
CHUCTEMH TIIOYMHAETHCS 3pa3y K Micias 1 BiIMOBH,
BIJIHOBJIEHa  CHCTeMa He  IOCTYNA€TbCs  CBOIMHU
XapaKTepUCTHKAMHU HOBIiH, BKIIIOYEHHS B pOOOTY CHCTEMH
BiIOyBaeThCsA BiApa3y K IICIA 3aBEPUICHHS HPOILECY
BiTHOBJICHHS.

Mozenp onucaHa CTOXaCTUYHUMU Tr(epeHIiiHIMA
piBHAHHAMHU OajaHCy WMOBIPHOCTEH CTaHIB 1 MEPEXOAiB
Konmoroposa. Bupilents cucteMu PiBHAHb MPOBEIEHO
y nieperBopeHHsx Jlamtaca-Kapcona. VimoBipHOCTI cTaHiB
y ¢opmi TepexoniB Big OpHUTiHAIIB 1O 300pakeHb
3HaiimeHi srimHO mpaBmna  Kpamepa.  OcHOBHUIA
BU3HAYHHK CHCTEMH pIiBHIHb BKIIOYaE KOMOIHAIIO
XapakTepUCTHK 1 € HEOOXITHHM  PO3PaxXyHKOBUM
€JIEMEHTOM JIJIsl BU3HAUCHHS TUHAMIYHHUX XapaKTePUCTUK
HaJliHHOCTI.

KiarouoBi cioBa: HafiiiHicTh, CHCTEMA, JIIOJMHA-
MalIlliHa, BiIMOBA, BiTHOBJICHHS.

IMocranoBka npodJjemMu

CyuacHmifi  CTaH  pPO3BUTKY  MeXaHizamii i
aBTOMaTH3allli BUPOOHWYMX TPOIECIB, a TAKOXK HAYKOBa
OpraHi3amisi eKCIUTyaTallii TeXHIKH XapaKTepPH3yeThCS
CYMIiCHOIO €()eKTHBHOIO POOOTOIO K JIFOJIMHH-OTIEPaTopa,
[0 YOpPAaBIs€ TEXHIKOI, TaK 1 CTAHOM CaMoOl TEXHiKH.
Taka  B3aemomis, 10 Hependayae  JIONMOBHEHHS
KBaiQikarii i yMIiHHS JTIOJAHA CTAHOM 1 MOXKITHBOCTSIMH
MaliH 0e3yMOBHO CHPHSIE€ JOCSTHEHHIO OLTBII BaroMmx
MOKa3HUKIB NMPOAYKTUBHOCTI, SIKOCTI BUKOHAHHS POOIT i

HaIlIMHOCT1
MallluHa.

Eprotnuni cucremu, sKi OpraHiuHO IIOB’SI3yIOTh
pOJb JIIOAMHM 1 MOXJIMBOCTI MallWH, 3HAWIIIM CBOE
BUKOPHCTaHHS y 0araThbOX Trajy3sX HPOMHCIOBOCTI: B
aBTOMOOITBHOMY  TpaHCHOpTi, aBiamii, ymIpaBiiHHI
OKPEMHMH CKJIAQJHMMH MallMHAMH 1 X KOMIUIEKCaMH Ha
IOOYBHUX 1 TepepoOHMX MiANPHEMCTBAX, a TaKOX B
CLTBCHKOMY TOCTIOIapCTBI.

MpH  eKCIUTyaTallii CHCTeM <JII0JMHA-

AHAaJIi3 0CTAHHIX TOCTiTKEeHb

OpmHak, HE3BaKAIOYM Ha TEBHI JOCATHEHHS, SKi B
OCHOBHOMY CIIPSMOBaHI Ha IiJBUINCHHS TOKA3HUKIB

TEXHIKM,  TakKWX, 5K  INPOAYKTUBHICTb,  HHTOMI
€HEeproBUTPaTH, AKICTh HPOJYKIIT, TOIIO, B
JOOCTIDKCHHSX ~Malo yBarM NPHIUICHO HHTaHHIM

HAJIMHOCTI BUKOPUCTAHHS MAIIIHH.

3 mo3uIiil HAOIMHOCTI BHCBITJICHI TITBKHA OKpeMi
mo3umii 3abe3medeHHs TOBHOTO pPIiBHA TIpare3laTHOCTI
eproTUYHUX CHCTeM. B TOH ke bac, BiZoMi IPYHTOBHI

mpami 10 CHCTEMHOMY IMOXOXy TpPH JOCIiIKEHHI
HajidHOCTI  BWKOHaHi  Ymakosum . A, [1],
Iomosko A. M. [2], Pymenxo 0. H. [3],

Ps6iniaum 1. A. [4], JleoutheBum JI. T1. [5].

B ToOlf e dwac, Ha cydacHOMY piBHI pO3pOOOK,
eKcIuryartarii i oOCIyroByBaHHS MAIIMH ICHOPYBAaTH
BIUIMBOM OIIEpaTopa YHM peajJbHUM CTaHOM TEXHIKH Ha
HAIIAHICTP ii BUKOPUCTAHHS CTAE HEAOMYCTHUMUM.

Meta gocixkeHb

Metoro nmaHOi poboTm € po3poOka MaTeMaTHIHOI
MOJleNi HAIiHOCTI eproTHYHOI CHCTEeMH <(TFOJHHA-
MallMHa» [UIsl BUSABJICHHS BIUIMBY ii BJIACTUBOCTEN Ha
JTUHAMIYHI XapaKTePUCTUKU HAIIMHOCTI MPH MOCTYIOBii
BTPaTi CHCTEMOIO CBOiX MOYATKOBHUX MapaMeTpiB.

Pe3yabTaTh n10CaiTKeHb

EproTnuni cuctemu, sKi YTBOPIOIOTbCS 3 TICHOIO
B3AEMOJIEIO JIFOAMHHU 1 TEXHIKM € JTOCTATHLO CKJIATHUMU
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JUIsl BUBYCHHS 1 MOXXYTh (Di3MYHO 3HAXOAUTHCH Y PI3HUX
cTafisiX (YHKIIOHYBaHHS, NOYMHAIOYM 3 HAPOIYBaHHS
MOTEHLIHNX MOXJIMBOCTEH 1 3aKIHUYIOYM CTapiHHAM 1
JIerpajialli€ro.

[leBHUIT HayKOBO-TIPAKTHYHUH 1HTEPEC MPEACTABIIIE
co00r0 peanbHAa CHUTYyalliss, KOJNM TEXHIKa CTapilodd
BTpayae CBOIO HAMIWHICTh, a TEpCOHAJ, SKUI YIpaBIsie
MaIlnHAMH, 3HWKYE CBOE NOAWIMBE BiTHOUICHHS IO Hei,
BTpavae yBary npy HaKONTWYEHHI BTOMJICHOCTI 1 3HIDKCHHI
peaxiii 10 MpaBWIIBHUX YIPAaBIIHCBKUX [if, OCOOINBO B
MOXJIMBUX HECTAHAAPTHUX Cl/ITya]_IiﬂX.

OcHoBolO ~ MarTemMaTtuyHoi  Qopmamizamii  npu
JIOCHI/DKEHHI JaHoi cuTyanii Moxke OyTh mnoOynoa
po3miueHoro rpady CTaHIB 1 MEPEexXOIiB CHUCTEMHU

WITIOIMHA-MAIIIHA» B Pi3HI MOXJIMBI cTanu (puc. 1).

% h

Puc. 1. Posmivenuii rpad craniB 1 mnepexoiB
CHUCTEMHU <«TIOJHA-MAIllMHa» Y PI3HI MOJXIIUBI CTaHU:
,,0”— mpanesgatauit craH; ,,1”— HenpanesmgaTHUH CTaH
(ycynenns BigmoB); ,,(0)” ,,(0")” — mpomixni (pixTHBHI
CTaHM); /1,0' /'l'O’, /1’1, /11 - IHTEHCHBHOCTI, 11 (0)
XapaKTepu3yloTh (OPMYyBaHHS BiJ]MOB, | — IHTEHCUBHICTb
BiTHOBJICHHS.

[IpaBoMipHO  JOMYCTHUTH, IO CHCTEMa MOXE
3HaXOJUTHCH Y ABOX OCHOBHHUX CTaHaX: MpaIe3aTHOMY -
,,0” 1 HempauesmatHoMmy - ,,1” (BIIHOBICHHS, PEMOHT i
T8 micnsg BigMoewu). ®iktuemi cramu ,,(0)” ,,(07)”
BBOJISITBCS I0JIATKOBO JUISI CIIPOIIEHHS PillIeHHs! 3aBJaHb
MaTEeMaTUYHOTO ONMCY MOBEAIHKH €pProTHYHOI CHUCTEMH,
NepeBOASYM HEMapKiBCbKI IHpoliecH ii IepexoniB B
MapkiBcbKi. [lepenbauaerhcs, MmO MiCAs  KOXHOTO
BIJIHOBJICHHSI, CHCTeMa Ha0yBa€ BIACTHBOCTI Taki X SIK 1
HOBa. TakuM YHHOM, TIpolec (YHKIIOHYBaHHS €proTHY-
HOI CHCTEMH PO3TILIJAETHCS SIK TTOCIIAOBHICT MEPEXO0/IiB
MIX ITpane3JaTHUM 1 Hempare3JaTHUM CTaHaAMH.

[Ipr MaTeMaTHIHOMY MOJENIOBaHHI OmMHCY poOoTH
JUISL CUCTEM, SIKi JOCIIKYIOThCSI TPUHMAIOThCS HACTYIIHI
NPUITYILEHHS:

- NOTOKM BIIMOB 1 BIIHOBJEHb € NPOCTILIMMHU
MapKiBCbKHMU;

- BIJTHOBJICHHS CUCTEMH MOYHHAETHCS 3pa3y XK MiCIs
i BIiIMOBH;

- BIIHOBJICHA CHCTEMa HE TIIOCTYMA€ThCS CBOIMHU
XapaKTePUCTHKAMHU HOBIH;

- BKJIIIOYEHHST B pOOOTYy CHCTeMHU BiZOyBa€eThCs
BiJ[pa3y K MicIIs 3aBEPIICHHS MPOLIECY BiTHOBICHHS.

TakuM YMHOM, IUIAXOM BBEAEHHS JIOJATKOBHUX
(IKTUBHUX €TamiB i NPUBEICHUX IPHUITYIICHb, MOJICIH
(YHKIIOHYBaHHS CHCTEMH (JIIOIMHA-MAlIMHA» MOXE
OyTH TpencTaBieHa  HACTYHHHMH  CTOXaCTHYHHMH
mudepeHIiiHIMA  PIBHSAHHIMU 0OajaHcy WMOBIpHOCTEH
crauiB i mepexois (piBastHHsIMH Kosmoroposa) [1, 2]:

= Po(t) = —AoPo(t) + Py (t) — APy (t);
S Py () = =Xy Po(t) + Py (E) + A Po(8);

d . , @)

x 0 (£) = =21 Py (t) + A9 Py (8);

k EPO (t) = _Aopo(t) +/10P0(t)-
ne Py(t) - #MoBipHicTe mepeOyBaHHS  CHCTEMH B

npanesnaTHoMy ctani; Py(t) - iiMOBipHICTb mepeGyBaHHs
CUCTEeMH B  TpOMDKHOMY  ((iKTHBHOMY)  cCTaHi,
00OyMOBJICHOMY 3HIDKCHHSM yBard omneparopa [0
texuiku; Py (t) - HIMOBipHiCTh MepeGyBaHHS CHCTEMH B
npoMixkKHOMY ((hiKTHBHOMY) CTaHi BHACKIIOK IIPUPOTHOTO
crapinas mammau; P (t) - WMOBipHiCTD mepeGyBaHHSI
CHCTEMH B HETIpalne3aTHOMY CTaHi.

HopmyBanbHOIO  yMOBOIO HMOBipHOCTEH
€proTHYHOI CHCTEMH € HACTYITHA CyMa:

Po(t)+ PL(t)+Po(t) + Py () = 1. @)

3a MoyaTKoOBy yMOBY MOKHA MPUHHSATH CHUTYAIIiIO,
KOJIM CKJIAJOBI IJCHCTEM «IIOJMHAY» 1 «MalIrHa»
3a0e3neuyroTh podOTy CHCTEMHM 1 BOHa nepedyBae y
npare3gatiomy ctani. Takum uuHOM, s 4acy t=0,
fiMoBipHicTs Py (t) = 1. BianosimHo #MOBIpHOCTI iHIITHX
CTaHiB JJOPIBHIOIOTH HYJIEBI:

P(t)=0; Py(t)=0; P,(t)=0.

Bupimenns cucremu piBHAHE (1)  AOIINIBHO
MPOBOAWTH B TiepeTBopeHHsx Jlammaca-Kapcona [5]. Toxmi
3 ypaxyBaHHSM IPHUBEACHHX I[OYATKOBHX YMOB MOJKHA
3aIrUCaTH:

S@o(S) — 1 = =2990(S) + 1p1(S) — 299 (S);
$¢1(S) = Ao9o(S) — 11 (S) + Aoy (S);
L SPo(S) = —2A190(S) + A9 (S);

590(8) = =290 (S) + 2090 (S)-
JlominbHO Apyre piBHSAHHS CUCTeMH (3) 3aMiHUTH Ha
HOopMoBaHy yMoBY (2). Tomi micinst ynopsaKyBaHHS

CTaHiB

3)

3amnucy cucreMa JQepeHIifHIX PiBHSIHB
NPE/ICTABISIETHCS HACTYITHUM YHHOM:
(S + 20+ 20)po(S) —pps(S) =15
Spo(S)+=S5¢1(S) + Spo(S) + Spe(S) = 1; @)

L —2000(S) + (S + A1) 9o (S) = 0;

—2000(S) + (S + 21) o (S) = 0.
[Ticns mpoBeneHUX TEPETBOPEHh MA€EMO CHUCTEMY

anreOpaiuanx  piBHAHB.  KoediumieHTn  HeBimommx
YTBOPIOIOTH BiIIIOBIIHY MaTpHULIO:
?%(S) @S  9,(8) s
(S+4+2) —u 0 0
S S S S
—2, 0 (S+4) O
~2 0 o0 (S+4,)
BLIbHIYNCHU
1
1 (5)
0
0
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BusHauHMK MaTpHIl Ma€ YETBEPTHH TOPSIOK 1 €
OCHOBHHUM JUIsl TIO/IAJIBIIOTO OTPHUMAHHS XapaKTePUCTUK

HaIIHHOCTI.
S+A4,+4, -u O 0
S S S S
A= . . (6)
-2 0 S+4 0
—/1; 0 0 S+ /11
JloCATHEHHSAM  TIOCTAaBJICHOI METH  JIOCHIIKECHb
BBKAETHCS  3HAXO/DKEHHS  WMOBIPHOCTEH  CTaHIB

eproTUYHOl CHUCTEeMH JUIi BH3HAYCHHS BiINOBITHUX
NOKA3HHUKIB HasiiiHOCTi. MMOBipHOCTI CTamiB y Qopmi
Nepexo/iB BiJ OpPHUTiHATIB O 300paKeHb MOXYTh OyTH
3HaiizeHi 3rigHo npasuia Kpamepa:

9i(8) =3 ©)

3 ChoiBBIZHOIIEHHS BHIHO, IO /I BCTAHOBJICHHS
Oy/ab-SKOTO 3 TIOKA3HUKIB HAIIHHOCTI 1 3HAXOKEHHS IS
BOro ¥MoBipHOCTEH ;(S) HEOOXimMHO MaTH pillleHHS
OCHOBHOT'O BU3Ha4HUKa (6).

PaiioHabHUM  [UISXOM  BHUPIIIEHHS OCHOBHOI'O
BU3HAYHHMKA € IIOYATKOBE MOHMXEHHS WOro MOPSIKY.
IMpoBeneMo Take MOHWKEHHS METOJOM PO3KIIaJaHHS
BUPA3y HABKOJIO MEPIIOT CTPOUKH . Tomi IpeCTaBIsIeEThCS
MOKJIMBICTh 3AIIMCATH:

s S S
A= (S + A+ A) (D10 S+ 0 |+
0 0 S+
Aa A6
S S S
(WD |2 S+4 0 )
—2y 0 S+

Otpumani BW3HAYHHKH Aa 1 A6 MaroTh TpeTiit

MOPSAOK 1 BHPINIYIOTBCS 33 JOMOMOTOIO  IIpaBHIIA
Capproca:
S S S
Aa=[0 S+4 0 [=5(S+2)(S+1)=
0 0 S+

S(S?+ SN + 418 + 3A))

Pe3ynbraT MOMHOXEHUIT HA TMEPIIMH CITIBMHOXHHUK
Bupasy (8) nae

(S+ 2+ A) - S(S%+ SA{ + 4,5 + 434;) =
(S + SAeS + 26S)(S? + SA; + ;S + 4 41) = S* +
S3AL + 2,83 + 132,52 + 1,53 + 1,520, + 1,524, +
A0S + 29SA3 4083 + 20822y + AS2A; + AoSA 2y =
ST+ S3(A + A5+ Aodo) + S (A, + AA + ApA; +
oAy + A9A1) + S(ApAi Ay + AoA341) =0

BpaxoByrooum, 10 IHTCHCHBHOCTI BIIMOB IO CBOIid
¢Gi3uuHIi  TpUpoai  BENMYMHM JOCTATHRO —Maui, IX
JI06YTKOM TPEThOTO CTYTEHIO MOKHA 3HexTyBatu A =~ 0
Toxi, B crIpolieHOMY BUIVISIII NEPIIy CKIIaJOBY PiBHSHHS
(8) MoxHa 3amucaTH:

S*+S3(A + A1+ A + Ag) + SNy + Aody + Aoy
+ Aoy + A9A1)

Hpyra ckiamoBa BKIIOYa€ BUZHAYHUK AO, pillICHHAM

SIKOTO €!

s s s
A=A S+A4 0 |=5(s+2)(S+
—A 0 S+

1) = (=26 )eS — (5 + 1) (~A0)S == S(S + 1,)(5 +
A1)+ SAo (S+21) +SA(S + ;) = S(S2 + 52, +
S + A1) + S2 g + SAA g + S22y + S = S% +
S2A; + SN, + SA A, + S%Ay + S Ay + %Ay +

SAgd; == S+ S2 (A + A1 + A + A) + S(A1A; +
Mg + A1)

TakuM uMHOM, JpyTa cKia0Ba CyMH (8) AOpiBHIOE:
u[S3+S2(A + A + A9 + A) + S Ay + A2 +
A7)

[lincTaBuBIIM OTpPHMaHI CKIIQZOBI B 3arajJbHUMN

Bupa3 (8) U1 BCTAaHOBIEHHS OCHOBHOTO BHU3HAYHWKA A
MaeMo:
A=S*+S3(A + 2, + Ay + )
+ S22 + 202 + AAy + AgAy
+ Aoly)
+u[S?+S2(A; + A1 + Ag + Ao)
+ S(A3A1 + 434 + Ap27)]
=S*+S3(A + A, + Ao + 4o)
+ SH (A1 + 202 + AA;y + AgAy
+ Aody) + S3u 9
+ S2(uAL + pAy + pdo + pdo)
+ Sy + pAi Ao + pdohy)
3BiJICH OTPUMAEMO:
A=S*+S3(A 4+ 2 + A + A+ ) +
S2(A A + Ay + Ay + Ay + Aoy + udy + pdy +
Ao + o) + S(uA Ay + pAi Ao + pAgly)
3Beprae Ha cebe yBary Te, mo KoedilieHTaMHu MpHu
HeBioMiil €  crmomydeHHss A, XapaKTEPUCTHK.
[lo3HaumBmIK U1 CKOPOYEHHS KOE(]Ii€eHTH HACTYITHUM
YHHOM:
M+ +A +Ag+u=a;
LAy + Aoy + AAy + AgAy + Aoy + pdy + pdy +
Wotulg =6 -
B2y + udy Ao + uAody =y,
piBHSHHSA (9) B KOMINAKTHOMY BHIVISAI MOXKHA 3aIlMCaTH
TaK
A= S*+ aS3+ BS?+ S (10)
Sk migKpecHoBaJOCH  paHille,  BaKJIMBICTb
OTpPHUMaHHS PIllIEHHS T'OJIOBHOTO BH3HAYHHMKA MOJIATAaE B
TOMY, IIO BiH BXOIWTH HEBiJ €MHOIO CKIIQJOBOIO y BCi
CHIBBIZHOIIECHHS ISl pO3paxyHKy MMOBIpHOCTEH CTaHIB
epProTUYHOI CHCTEMH, IO PO3TIigaeThes. Ha ocHOBI mux
WMOBIpPHOCTEH BCTAHOBIIOIOTHCS IMOKA3HUKU HAMIHHOCTI 1
(yHKIiOHANBHI  3aNMeXHOCTI  IX 3MiH  Bim  dacy
eKcIuryartarii, ToOTO  JAWHAMIYHI  XapaKTCPUCTHKH
HaJiitHOCTi. BU3HaueHHs BKa3aHMX MOKA3HUKIB 1 QpyHKIiN
X 3MIH € IPEIMETOM IT0JANIBIINX JOCIIJKEHb.

BucnoBku

1. 3ampomoHoBaHWK po3MideHWH Tpad cTaHIiB i
MEPEXOMIiIB  CHUCTEMH  <JTIOJIMHA-MAIlIMHA»  BiJIOBiIa€
¢i3ugHIA CyTHOCTI MONiH, KOJMM MAallMHA MOCTYIIOBO
BTpadae IMpane3faTHICTh BHACHIJOK  «CTapiHHM» i
€JeMEHTIB 1 BY3JiB, a TaKOX BTpPaTH piBHA
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npane3aTHoCTI NepcoHaly  IIpM  HApOLIyBaHHI
BTOMJICHOCTi, 3HWKEHHs yBaru 1 ksamidikamii mnpu
YIIPaBJIiHHI CKJIaJHOIO TEXHIKOIO.

2. YMOBM (YHKUIOHYBaHHS CHUCTEMH <JIFOJIMHA-
MaIlIiHa TPUBEIEH] 10 MapKiBCHKHUX ITOTOKIB PO3MOILTY
gacy poOOTH 1 BIOHOBIEHHS [UIIXOM BBEICHHS
OATKOBUX (DIKTHBHUX CTaHIB.

3. OcHOBHHMII BW3HAYHUK CHCTEMH pIiBHAHB, IO
OIMCYIOTh €Talld 1 IIePeXOAU CHCTEMH <UIIOAMHA-
MAaIlliHa» B Pi3HI MOXIHUBI CTaHM BKIIOYa€ KOMOIHAIIO
A, U -XapaKTepUCTUK 1 € HEOOXIJHUM pPO3PaXxyHKOBHM
€JIEMEHTOM ISl BU3HAUCHHS JUHAMIYHHUX XapaKTepUCTUK
HaAifHOCTI.
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OBOBIIEHHASI MATEMATHUYECKAS MOIEJIb
HAIEXXHOCTU CUCTEMBI «<4HEJIOBEK-MAIIIMHA»
TP CHXKEHNU DODPEKTUBHOCTU EE PABOThI

A. Y. Botixo, A. B. Hosuuyxuii

AHHOTamusi. B craThe TpeACTaBICH aHAHU3
HAYYHBIX WCCICIOBaHHWN, KOTOpPBIC HANpaBIICHHl Ha
oOecrieucHHEe HaIe)KHOCTU CHCTEM «YeJIOBEK-MaIluHa.

Pa3zpaboTana maremMatmyeckas MOJENb HAJIC)KHOCTH
9PraTUyeckol  CHUCTEMBl  «YEJIOBEK-MAIlMHa»  JJIA
BBISIBIICHHSI BIMSHUS €€ IapaMeTpoB Ha JWHAMHYCCKHE
XapaKTepUCTHKH HaleXHOCTU. [loka3zaTenn ycTaHOBJICHBI
pu MOCTETNIEHHON rnoTepe CHUCTEMOM CBOUX

NepPBOHAYAIBHBIX MapamMeTpoB. IlocTpoeH pa3MeueHHSIH
rpad) COCTOSHMM M NEpPEeXoJOB CHUCTEMBI «YEIOBEK-
Mall¥Ha) B Pa3IMuHbIe BO3MOXKHBIE cocTosiHUA. CHcTeMa
MOXXET HAXOAUThCS B JBYX OCHOBHBIX COCTOSIHUSIX
pabotocriocobHoM W HepabortocmocoOHoM.  Jlis
YOPOIIEHHUS PEUICHUS 33124 MaTeMaTHIeCKOTO OIMCAaHUSI
MOBEICHUS DPraTUIecKOd CHUCTEMBI JOTOIHHUTEIHFHO
BBEJICHBI (PUKTHBHBIC COCTOSHUSA. [Ipm MaTeMaTHUeCKOM
MOJICITMPOBAHNH OTIUCAHUS PAaOOTHI ISl CHCTEM TIPUHSTHI
CIIEAYIOIINE TPEANnoNoKeHus. IlOTOKH OTKa3oB H
BOCCTaHOBJICHUI SBJISIOTCS IPOCTEHIINMUA MaPKOBCKUMH,
BOCCTAQHOBJICHHE CHCTEMBI HAUMHAETCS Cpasy ke TMocIie ee
0TKa3a, BOCCTAHOBJIGHHAs] CHUCT€Ma HE YCTYNaeT CBOUM
XapaKTepUCTHKaM HOBOIf, BKIIIOUEHHE B PabOTy CHUCTEMBI
MIPOUCXOIUT cpa3y K€ IIOCJIe 3aBepIieHHUs Ipolecca
BOCCTAQHOBIICHHSI.

Monens omnHcaHa CTOXAaCTHIECKUMHI
g hepeHITaTbLHBIMI YpaBHEHHSIMHU Oayranca
BEpPOSITHOCTEN COCTOSIHMM W TmepexoqoB Kommoropoga.
Pemenue  cuctemMbl  ypaBHEHUH  INIPOBENEHO B
npeobpazoBanmsx  Jlammaca-Kapcona.  BepositHOCTH
COCTOSIHUH B (QopMe MepexojoB OT OpPUTHHAIOB K
M300paKEHNUSAM HalJeHbl B COOTBETCTBHM C NpaBHJIAMHU
Kpamepa. OcHOBHOM omnpenenuTeslb CUCTEMBI YPaBHEHUIT
BKJIFOYACT KOM6l/lHaLII/IIO XapaKTCPUCTUK U SABJIACTCA
HeO6XO[lI/IM]>lM PaCYCTHBIM BJIEMCHTOM Jid ONPECACTICHUSA
JAAHAMHWYCCKUX XapaKTCPUCTUK HAICIKHOCTH.

KiroueBble ci10Ba: HaJIe)KHOCTh, CHCTEMA, YETIOBEK-
MallliHa, 0TKa3, BOCCTAHOBIICHHE.

MATHEMATICAL MODEL OF RELIABILITY

OF HUMAN-MACHINE SYSTEM UNDER REDUCED
EFFICIENCY OF ITS WORK IS GENERALIZED
Boyko A. I., Novitskiy A. V.

Abstract. The article presents the analysis of
scientific research aimed at ensuring the reliability of
"human-machine" systems.

A mathematical model of the reliability of the ergot
system "human-machine™ was developed for revealing the
influence of its parameters on the dynamic characteristics
of reliability. Indicators are set when the system gradually
loses its initial parameters. The designated graph of states
and transitions of the system "human-machine" is
constructed in various possible states. The system can be
located in two basic states of workable and disabled. To
simplify the solution of the tasks of the mathematical
description of the behavior of the ergot system, fictitious
states are additionally introduced. In the mathematical
modeling of the description of work for systems, the
following assumptions are adopted. Bounces and
restorations are simpler Markovsky, system restoration
begins immediately after its failure, the restored system
does not give in to its characteristics of the new, inclusion
in the work of the system occurs immediately after the
completion of the restoration process.

The model is described by stochastic differential
equations for the probability balance of Kolmogorov
states and transitions. The solution of the system of
equations is carried out in the Laplace-Carson
transformations. Probabilities of states in the form of
transitions from the originals to the images are found in
accordance with the Cramer's rule. The main determinant
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of the system of equations includes a combination of
characteristics and is a necessary computational element
for determining the dynamic characteristics of reliability.

Key words: reliability, system, human-machine,
failure, repair.
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