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rHo-EEpOneiorl HHUPHEN NEpeoeELs TEHHOAOTUT

Huama. IIpeanosioxkumM, 4to u3MeHeHue y(t) 3aBUCHT
TOJbBKO OT BO3AEHCTBYIOIWNX (AKTOPOB B MEPUOJ U3-
Mmenennsi. Torna MoxkHO BBecTH Ha MHOKecTBe X (yHK-
nronas apdexra

D(x(b)ityty) =y (t)-y(ty).

B cBsa3u ¢ TeM, 4TO pu POPMUPOBAHUH PEAKIIMH Opra-
HHM3Ma Ha CTPeCCOp COeAUHAITCA IIPOLIECChl KyMYJISIIIUH,
ajanTanuu 1 penakcannu, o gynkmuonan O(x(t)t,t,)
e Gyzet 061a1aTh CBOACTBAMMU 1030BOT0 (yHKIIMOHAIA.
Byzem Ha3pBaTh Dy HKIMOHAJ 3aBUCS UM OT 03B, €CJIN
CylIecTBYeT TO3MTHBHbBIN 1030Bbli M QyHKIMsA g(z) Ta-
KHe, 4T0 [t‘,t,] <Q,.x(t)c X nmeer mecto

Dx (1) 4,1,) = Y(Dx(0); 4,1,))-

TeopeTnueckn BO3MOXKHO WIMPOKOE pa3Hoobpasne
dynkunonanos apdexra. OaHaAKO 1O JUTEPATyPHBIM
naHHbM [57] dakTHuecKku A ONMCAHUS Pa3JIMYHBIX
00EKTOB 0CTaTOYHO OrpaHuYeHHoro Habopa mozeJeii.
K HUM OTHOCATCS JMHelHble Mozies, Mofienb Bombrep-
pa, mozeab IamMepmireiina. B Kax/ayio U3 HUX BXOIST
Becosble (GYHKUHU. Bbigesnm Hyzesble YJIeHbl B Teiso-
POBCKOM Pa3JoxeHHH BecoBbX (yHkumit. OnHoMepHas
nnHeiiHas Mojiesb by HKIMOHaMa addeKTa MeeT BUI

ot

O(x(tht,t;)= | oB)x(t,~t)ds
0

TIpumenns popmyny Teitnopa k pyHKUMHK W(T) B TOuke
ty: 0 <t,<t, -t noayuum
Takum o6pasom,
P 0y

D) 1,1) = 0(1) [x(6 -0 det [0 (0%)x (-0 e
0 o

Cor1lacHO BBIIIEH3JI0KEHHbIM YTBEPKIACHUAM
2=ty

o(ty) J x(t,-t)dt= D(X (t);tw‘-;) —/1030BBIii HyHKIUHOHAL.
0

CuieoBaTesibHO,
]

D(x(t),t,t,) = DEOit, )+ [ QET)x(t, ~7)de
0

Tpu MHUIUMEPHUI MUAC
24

DEEtut,)= | "! 0,(8)%,(0)x,(t, ~D)dt
=

Tpumenns pazjioxenue Teitsopa anst byHKUMI Wi
COOTBETCTBEHHO B TOUKAX t); , Oy UM

®;(0)=0;(T;) T Q) j=1.. ., n

Torna
D (E)tot, )= D0ty [ x,(t,-)dr+
= 0

12t n

+ j Y QT )x,(t, ~D)dr .
=t

B aTOM ciiyuae COrIacHO yTBEPHKAEHUSAM BEeJTMYHHbI
t=h
D(x (t);t,,t,)= j x;(t, 1) dt - no30Bbie GyHKUKOHATBL
0
Tak KaK IPOCTPAHCTBO J030BbIX (PyHKIHOHAIOB JHHEH-
HO, TO JIMHeHast KDMéﬂﬂﬂuﬂﬂ

D(x (03t,,) = 36,(5)) Dy(x(O)3t,1t,)
=

TakXe siBJsieTcst 1030BbIM GyHKunonasom. Cienosa-
TeJIbHO,

D(x(t)tyt, )=DE (ML, )1

+j > Qi(n1y)x,(t, —1)dt
=

TaknuM 06pa3oM, N0y 4aeTcst, 4TO 1030Bbli hyHKILKO-
HaJl SIBJISICTCS NEPBBIM NMpPUOIMKeHHeM (yHKIMOHAIA
abdekra. Buano, 4uto npejckasanue WK MPOrHO3 COCTO-
SIHMS] OPraHU3MA MOJKET IIPOBOMTHCSI KAK € OMOIIbIO 60-
Jiee TOYHO# OLEHKH C UCIIONb30BAHMEM JIMHEHHOH Mojienu
JIMHAMHYECKOl CTOXACTHYECKOii Mojesn, Tak u Goee rpy-
60 — C IOMOIILBIO BbIYKCIIEHHUsE 103b1. BbiGOp MeTo1a 3aBucuT
MPEX/IE BCEro OT TOYHOCTH U3MEPEHMSI TTAPAMETPOB CPE/Ib
pabouero Mecta. C 1eJ1b0 alpoOUPOBAH st I1PEATIOKEHHOM
Mozie i Gbijia IIPOAHAIN3NPOBAHA PEAKIIUS CePAEYHO-CO-
CYIHMCTON CHMCTEMbl Ye/0BeKa Ha COBMECTHOe AeiicTBUe
3IeKTPOMAr HUTHOTO 3.1y YeHHS M NOBbILIEHHON Temiepa-
Typbi Bo31yxa. [lanHble 06 YCI0BHSIX TPy/a MHTEPIIONUPO-
BaJIHCh Ha MEPHOI MeXIy cMeHaMu 3HadeHnem [II13 =0 u
3HauyeHHeMm TemnepaTyvpsl Bosayxa = 20 °C. /lanHblie 0 na-
pameTpax @CO HHTEPNO.THPOBATKCH [0 METOAY DiiTKeHa-
Jlarpanxa. C.1e1o0Bate.1bHo, ObL1H 110J1y4YeHbl BpEMEHHbIE
PAIBI 115 HCCIeIVeMbIX 1apaMeTpoB. 3aTeM Moy YeHHbIe
BpeMeHHble PA1bl Gb.1H OTHEeHTpHpOBaHbL. Ha ux ocHoBa-
Huu 110 hopmy.iam (4) u (5) OGN BBIYUCIIEHBI 3HAYEHUS
KOppe/isMOHHBIX MaTpuu-pynkuuit R (1) u R (7).
Peienne ypaBuenus Bunepa-Xomnda npoBoaunaocs nyTeM
€ro IMCKPeTH3ALHMH H CBEIEHUS K YETHIPEM CUCTEMaM JIU-
HeliHbIX ypaBHenHit. Kax1as cucrema umeet Bua

Ry R |[on] - [ Rk
Rz o,

R,y R ]
rae (R,,), - MaTpuua passepa NxN.
O = (@ (0.0, (N =DAN)T;

Ry )i = (R (0))0een (R (N DA T,

1,2,3,4

3gece N-1 - uucio unTepsasios pasGueHnsi OTpesKa,
At — uckpeTHOCTb pazbuenms Bpemen, T — 3HaK TpaHC-
NOHUPOBaHUsl MaTPHIbl. CHCTEMbI IMHEHHBIX ypaBHEH M
pewannch MetooM laycca ¢ BbIGOPOM TJIaBHOTO aJe-
MeHTa. B obumem ciyyae HabMIOAAIOTCS sIBJIEHMs 3a1a3-
AbIBaHHsl, HaKomIeHus dhheKTa u IKCIOHEHINATBHOrO
BOCCTAHOBJICHHSI.

TIpoueaypa BbIGOpa PeMAOUIMX NPABUI ISt
(byﬂl(ullol(a)lbllblx 3a/1a4 NOJICHCTEMbI ynpasJjeHus
YCJOBHSIMH TPYAA

B o6iem ciyyae 3aBUCHMOCTb BEKTOP — (yHKIMK y(t)
napamerpoB @CO ot BexTOp — hyHKIUMY X(t) TAPaMETPOB
BpeAHBIX (HaKTOPOB Cpeibl paboyero Mecta MOXKeT ObITh
onucana ¢ noMouibio npeobpasosanns R :

¥(® =R x(S)
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ATRCHICTE L

JLnst Ka 104 KOMIIOHEHTHI Y, BEKTOPA y MOXHO Orpe-
JeJIUTH TPAHUILY Y™, TIepexo]l KOTOPOi 03HAYAeT BBIXON
DCO u3 coorBercTBYyOUIEH 06MacTH (HapUMep, KOM-
dboprroi). Takum 06pasoM, pemaioliee IPaBUJIO TPH-
HUMaeT BUA:

Vi Rx@)<y™ (6)

B Tom cayuae, ecnin R~ npeo6pasoparue, Hocsiuee
CJyyaiHbIi XapaKTep, peliaioliee NPaBujIo UMEET BUL

Py, {(Rx(®)) >y} <P,

rae P {C} - Beposrnocts cobuitus C; P, — sananusie
BEPOATHOCTH. Yalle BCero CToXacTHYECKyI0 3aBUCHMOCTh
MOXHO CBECTH K BUIY

V(O =Rx(S)+8,(t) (@)

rae Rl — JeTepMMHHpPOBaHHOe mnpeobpasoBaHue;
By(t) —caydaiinas GyHkuus, He 3aBucsias ot x. O6b14HO
NPUHUMAETCH TUIIOTE3a O TOM, YTO (Sy(t))‘ - CTallMOHap-
HbIN TayccoBblii cayyaitHbiil mpouecc. B Takom cayuae
pelapoiiee TIpaBUJIO UMEEeT BUJ

RX(S)N<F™,

ey = ym* -6 Takum 06pasom, He Hapymas 0GUIHOCTH
Mbl MOJKEM ONMPAThCs Ha Bbipaxenue (6).

PaccMOTpUM Telepbh KOHKPETHU3ALMIO PelIalominX
npasua B ITY YT B 3aBUCHMMOCTH OT KOHKPETHO#H (yHK-
LMOHAIbHOM 3a/1a4y, BUJA MOJIe/IM ¥ XapaKTepa n3MeHe-
HUs BEKTOP — hyHKIMM X(t).

C 370ii 11e/1b10 B KaYeCTBE OCHOBbI IPUMEM JIHHEHHYI0
JAMHAMUYECKYIO CTOXaCTUYECKYIO MOJIeIb

-t

YO=y,+ [ o@®x(c-1)dt, ®

311€Cb Y, — BEKTOP NapaMeTPOB, COOTBETCTBYIOMMI HOP-
MaJbHOMY (CpeaHeMy) COCTOSIHMIO OpPraHu3Ma;t; — Mo-
MEHT HayaJia CMEHbI.
B03MOXKHbI ClIeyIoIHe YACTHBIE CAyYan. 3aBUCUMOCTH
BeKTOp — QyHKIKHU y(t) OT BeKTOp — DyHKIMH X(t) He AB-
JasieTcs ﬂYlHaMPl'-leCKOﬁ, T.e.

(O =7(x(t))
Jl1s monesiu (8) Takoe ycJ0BHe 03HAYAET, YTO

o) (t) =1} 0 (1),

rae 0 (t) — 6 — dynkius;

T,
= f o (t)dt
0

H n
(L)), = Y rx(0) -
=
Torza pemaroiee paBuJIO UMEET BHA
VoI (y(x(6)), Sy
Hian

Voi Y nx(H<ay™,
=]

rae Ay™* = y™ — (y,), — OrpaHuyYeHyue NpUpalleHus
Gynxunn y(t). [Ipu naaHupoBaHMK HOPMATHBHBIX Na-
PaMeTpOB yCIOBUI TpynAa, Te OLEeHUBAETCH MMHMTH-
poBaHHOe MHOXecTBO {xX(t)} BekTOp — (yHKUMii ma-

pameTpoB paboueit cpenbl pabouero Mecra, pemarniiee
NpaBuUJIO NIPUMET BUJ
@GO <™,
= TIpM MHAMBMYaJbHOH IPOBEPKeE KaXI0M peasn-
saunu xk (t), nam

max

max mlax(y(xk(t)))‘ Sy

- npu rpynnoBoil nposepke peanusaunii. C npu-
MeHeHHEM JIMHEHHOW MOJIeJIM 3TH pellaiouiue npasuia
TIPMMYT BUI

.
3 i<y
F=i

uin

n
max mfxeruxJk(t) <y
=
BaskHBIM YAaCTHBIM CJIy4aeM sIBJIAIOTCSA TEXHOJIOIHYeC-
KHe NIPOLECCHl C IIOCTOSIHHBIM YPOBHEM BDEIHBIX (HaKTO-
poB. [lJ1s1 HUX MOXKHO IIPUHATD
o {01
pr=ro
Pelalonue npaBuia pyu UCIOJAb30BaHN K MozesiH (8)
MMEIOT BUL
n =t
ZXJ j o (dr<sAy™.
= 0
TIpu n1aHMPOBaHMM HOPMATHBHBIX TAPAMETPOB YCJIO-
BHIi TPyZa M NIPU OLIEHKe H3MepPeHHbIX apaMeTpoB:
n Lty
Yxt [ o (vdusayr
=R
HITH W Ut
max max Yok j o (t)ydt<Ay™,
I 0
e t, — MOMEHT okonuanus cMensl. Ecan ®CO xapak-
TepU3YeTCsi OAHMM I1aPaMeTPOM U BJIMsHHUE CPE/Ibl B pac-
CcMaTpHBaeMblif IepHO/I BDEMEHU HMEEeT TIPEUMyeCTBEH-
HO KyMYJISTHBHBIN XapaKTep, TO K OIleHKe yCJIOBHH Tpy/a
NPUMEHHUM JI030BbIi MOAXOA.
I[Ipu ucrosib3oBaHuu Mozesu (8) NIPUMEHMMOCTD 110~
30BOTO NO/IX0/Ia O3HAYAET, YTO
@) [GE] ,, j=1.,n

B ofuiem ciyyae npUMEHMMOCTD JI030BOTO TIOAXOAA
03HAYaeT, YTO

[tot,]eQu Ryx(S)=R,x(S)=D(x(t)it, t,) —
J1030BbIH (yHKIMOHAJ. 31eCh pelraoiee MPaBuiIo s
OLIeHKH UBMEPEHHBIX YCIOBUii TPyAa IPUMET BUA

D(x(t)ityt) SAY,™,

rae Ay,™ - orpanudenue npupamenus Gpynxmun y,(t).
CoOTBETCTBEHHO IS IMHEHHON MOIeN

o
Y6,/ x@dicay™.
=t ty

Pematouine 1npasuJia npyu N1aHAPOBAHUN HOPMATUB-
HBIX IAPAMETPOB YCJIOBUH TPyAa NPUMYT BH/I:

D(x*(t);tg,t,) S Ay
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i TEHHOAOTO

oHo-BEponedorUd HHUpHS Mepe

A npu ucrnonb3oBaHuM Moziesn (8):

.
Zm,,fx,(x)drs Ay
=t

t

Kpome Toro, npu niaHMpOBaHWH MOTYT OBITH MpH-
MEHEHbI I030BbIE I1PaBHJIa, OCHOBAHHBIE HE HA FeHepaLuy
MHOXeCTBa peanu3aunit yHkiun x(t), a Ha BBIYUCICHUN
CpE/IHEro 3HayeHusi CyMMAapHOi 103bl BPEIHOTO BO3Jeil-
crBus. CooTBeTcTBYIOIIEe pemaolee NPaBUJIo MpuMer
BUIL

Z-tsay, ©

rie D - onenka cpejneir cyMMapHO# 103bl BPEJ/IHOTO BO3-
NeRCTBUSL [UIsi TEXHOJIOIMYECKoro mpouecca; T - ouen-
Ka Cpe/IHeil JUITesIbHOCTH Tpolecca. IIpumMeHuB coot-
wowmenre (9) B ciyyae BO3NEHCTBUS OAHOTO (akTopa,
MOXHO IOJYYUTh pelaioniee NnpaBujio, He CBA3AHHOE
HENOCPEJCTBEHHO C PEKUMOM CaMOOBYYEHNUSI, & HCTIOIb-
3yiolee HOpMaTUBHOE 3HAYEHHe CPEIHErO YPOBHS Bpel-
Horo ¢akropa. [Ipy HalMYKMK TaKMX IAHHBIX pelnaoiee
11paBUJIO NPUMET BUI

<x,m

=H|o

IIpumepoM TAaKOro pemaiouiero npaBu.1a MOKeT C.1yv-
JKMTb OLEHKa /IS MJIOTHOCTH [OTOKA IHEPTHH 371€KTPO-
MarHUTHOTO U3JTyYeHHs.

< 25 MkBt / em?

=]

Pel.ualoluee npaBuJIO B 06LLl€M cjay4ae 3aBHCUMOCTH
BeKTOP — QYHKIMK OT BEKTOP — (YHKIHH PUBEJICHO B
HavaJie HacTosiuero paszeJa. [List moxesu (8) npu ouetke
M3MEepEeHHbIX [TapaMeTPOB OHO IIPUMET BUL

n
> I o (Dx;(t-1)dT< Ay,
P

IIpy maHMpOBaHMH MapaMeTPOB YCIOBUH TPyaa OHO
npuUMeT BUA:
[

> | wgoxfe-odesayr,
0

=
uin

n Gl

mflxmfixz{ j o, ()x"(t-t)dTsAy™ .
[

BriBobI

B pauHoit paGote pelieHa akTyasbHas Hay4HO-TEXHH-
YecKas 3ajaqa paapaﬁo-n(u Molleneﬁ aBTDMaTMSHpOBaHHOﬁ
MOJICMCTEMBI  yIIDaBJIECHUSA YCJIOBUSIMM TpyZAa Ha p360‘l€M
MecTe OIeparopa IPH HCIBITAHMM M HACTPOMKE paguo-
9JIEKTPOHHBIX CPEICTB. BBINOJIHEHHBIN aHAIU3 MOKa3al,
4TO aKTyaJbHbIMU SIBJISIIOTCS. BONPOCHI CO3MAHMS CHCTEMbI
yIpaBJeHHUs yCJIOBUSMU TPY/a, NpeIcTaBsouel coboit
NH(OPMALMOHHO-COBETYIONIYI0 CHCTEMY OPTaHM3aLUOH-
HOTO ynpaBJieHusi, KoTopas obecieunBana Obl B peasb-
HOM MacmTaGe BpPEMEHU M IIPOrHO3MpOBaJIa YCJIOBUS NJIsA
Ge3onacHoro, 6e3BPeHOr0 U BBICOKOIPOU3BOUTEIBHOIO
TpyAa Ha paGoyeM MecTe Ha OCHOBAHMHM (YHKIMOHAJIBHO-
TO COCTOSIHUS YeJIOBeKa-orneparopa.

PaapaboTana u HAEHTHHUUHMPOBAHA MATEMATHYECKas
MOJeJ/ib OLUEHKHU BJAUSAHUSA BpPEAHBIX d)aKTOpOE Ha opra-
HM3M YeJI0BeKa-0NepaTopa /l/isi aHaIM3a yCJIOBUiA Tpyaa ¢
Y4ETOM KOMIIJIEKCHOTO BJINSIHMS (DAKTOPOB M U3MEHEHH sl
UX BO BpEMEHH.

Tlpu aHanuse pe3ynbTaToB MACHTHDUKALMM [04-
TBEPAMJIUCH MPEATIOJIOKEHUS O HAJIMYNU 3alia3/IbiBAHUS
PeakKUnu, KyMyJIsILMM U 9KCIIOHEHLMAIBHOTO y6biBaHMsI
a¢dekra. [laHo onpeneneHne MOHATUS <1033 BPELHOTO
Boaneﬁc-rnmv. Bb.l}]e]leﬂbl XapaKTepuCTU4YeCKue CBOW-
CTBa /103bl — AANTHBHOCTh K HHBAPUAHTHOCTH BO BpeMe-
HH, MOJIOKUTEJTIbHOCTb.

Paspaborana mpoueaypa BbibOpa pemauux npa-
BMJI /LISl KQ4eCTBEHHON OLEHKH yCJIOBUii Tpyaa. BbiGop
NPOU3BOAUTCA B 3aBUCHUMOCTH OT nesiei HOpMUpOBa-
Hust (pyHKIUMOHAIBHOM 3a/1a4y MOACHCTEMbI VITPABJICHUs
YCJIOBUSIMU TPYJIa), XapaKTepa M3MEHEeHU s YCI0BHI TPyAa
B T€YE€HUE CMEHbI U BU/1a Ilp"HﬂTOﬁ MOJ€.14 3aBUCUMOCTH
atdexTa oT BO3a€EHCTBHS.

COBOKYMHOCTb Pe3y.1bTaToB PaboThl sIB/ISETCS. OCHO-
BOIi /151 pa3pabOTKH M CO31aHWs AaBTOMATH3UPOBAHHOM
[OACHCTeMbl VIIPABIEHHS VCIOBHAMM TPY/A B KOHKpPET-
HBIX YCIOBHSIX PaIHOTEXHHYECKOTO IIPOM3BO/ICTBA U JIPY-
THX OTpac.1ax.
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Hotl Oeamenvrocmu» 6 obueii
cucmeme nodzomoexu 6Gydy-
WUX 6OEHHBIX CNEUUATUCTOB
u npeonoscenv. Hexomopbvie
nymu noeviuenusn eé spPex-
muenocmu.

Beenenne

C cepennubl 70-X r0O10B aBTOMATH3NPOBAHHBIE CHCTE-
MBI YNIpaBJEHUs NOJYYHIHU WIKPOKOE Pa3BUTHE B NPHU-
6OPOCTPOEHNH, CTPOUTENBCTBE, MAIIMHOCTPOECHUH, 006-
Pa3oBaHUM, JETKOH MPOMBINIIEHHOCTH. B 910 %e Bpems
TOABUJIUCh W TIepBble CUCTEMbl YylNpaBJIEeHUS oxpaﬂoﬁ
Tpyaa (CYOT). IlosiBrenne HOBbIX MHGOPMAIMOHHBIX
TEeXHOJIOTHH OTPAa3HJIOCh Ha 3ajlayaXx OXpaHbl TpyAa M
112710 TOJNYOK Da3BUTHIO aBTOMATH3MPOBAHHBIX CHCTEM
ynpasiaenus oxpaHoit Tpyna (ACY OT). B nacrosimee
BpeMs TUIIHYHas aBTOMaTHU3WpOBaHHas CHCTEMA yl‘lpaB-
JIEHMST OXPaHOI TPy/ia IpescTaBisieT co6oii MHPOPMAIHOH-
HO - COBETYIOILYIO CUCTEMY OPraHHU3allMOHHOIO yIIpaBJIeHHUs,
KOTOpasi OXBaTbIBaeT CJeAyIollue CTa/iuM: MOATOTOBKa
nepsuYHO MH(OPMALMK; ee epepaboTKa;Bbi1aya CTaTH-
CTAYECKUX /IaHHBIX, B yIlOﬁHOM BUJIE 17151 UCTIOJIB30BAHUSA
Ha Pa3JIMYHBIX YPOBHAX YIPaBJIEHUs YCIOBUSAMU TPyHa.
Ilpumenenye COBpeMEHHBIX METOAOB M CPEACTB cbopa
JIaHHBIX, NIEPCOHAJIPHBIX KOMITBIOTEPOB AJISA UX 06p360T-
KM J1a€T BOBMOXXHOCTD PelleHHs 3a/a4 OXPaHbl TPyAa Ha
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MOJIE/IU ABTOMATU3UPOBAHHOM
NOACUCTEMbI YNPABJIEHUA
YC/IOBUAMU TPYAIA OMEPATOPA
PAAHUOINIEKTPOHHbIX CPEACTB

6.B. 130HA310K
[.7.H., npochbeccop, 3aBeAytowunin kadepoin™

H.H. Cepawok
AccucTeHT kaeapbi®

*Kacbepa oxpaHbl TpyAa XapbKoBCKOro
HalMOHaNbHOTO YHUBEPCHTETa PafMO3/IEKTPOHHKH

HOBOM Ka4yeCTBEHHOM YPOBHE. OIlHaKO CyulecTyoiee
MareMaTuyeckoe u nporpammuoe obecrneuenne ACY OT
He MoxeT 6bITb IpuMeHeHo npu paspaborke ACY ycio-
BUSIMHU TPY/a, TAK KaK OHO pa3pabaTbiBaoch 1ub0 myTem
neperoca na 9BM dopm n meronos CYOT, nubo unrep-
nperalueil MeTofoB ACY npeinpuaTHeM JJisl pemeHus
3ajza4y OXpaHbl TpyAa. B mepBoM ciyyae HemOCTaTOYHO
IIPUMEHSIICST «TPUHIMI HOBBIX 3azads [1], a Bo BTO-
POM— HEOCTATOYHO YYUTHIBAIHCh OCOGEHHOCTH TIPEIMETHOM
o61acTH — OXpaHbl TPy/Aa i 06beKTa ynpasieHus. Batux
yCa0BMAX 6GOJBUION TEOPETHYECKHIl M NpaKTHYECKUi
HHTepec NpejcTaBisieT pa3paboTKa aBTOMATH3MPOBaH-
HOWM CHCTeMBbI yNpaBJieHHMs yCJIOBUAMH TPyAa, KOTOpast
6Bl OpPMEHTHPOBANACh HA KOHKPETHbIE KJACCHI yCJIOBUH
TPYAa, TEXHOJIOTMYECKUX ITPOLECCOB U T.1.

B Hacrosimeit paboTe paccMaTpuBaeTCs aBTOMATH-
3MpOBaHHAs CUCTEMa yTpaBJieHUus yCJIOBMAMH Tpy/a Ha
pabouem MecTe OllepaTOpa NpU HACTPOIKe U UCITBITAHUIO
pannoasnekTporHbix cpeacts (POC). Bribop ompenenen
ClIe/lyIOIMMHU TIPUYMHAMK: cylnecTBenHast poib POC B
[POMBILIJIEHHOCTH, TPaHCIIOpTE, 000POHe, CBA3H, OBITY;
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[10BbILIEHHAs] OMIACHOCTh U HEONpeeIeHHOCTh, KOTOPOii
XapaKTepuayIoTCsl MPOLECChl UCHBITAHUS M HACTPONKM
POC; cI0KHOCTD HAYYHOIT 1POGIEMbI BAUSHUS KOMITIEK-
ca BPe/(HbIX IPOU3BO/ICTBEHHBIX (PaKTOPOB, B TOM YHCJIE 1
971eKTPOMArHHTHOIO M3JIyYeHHsI CBEPXBbICOKOH YacTOThI
(9MU CBY), Ha OpraHM3M 4eJ0BEKa;

AHauu3 1y GaHKanuit

B nutepatype [2, 3, 4, 5, 6] npeanaraioTcs pasany-
Hble METOJbI OLEHKH YCJOBMiA TPY/a, YPOBHS OXPaHbl
Tpy/a, KOTOPble OCHOBBIBAIOTCS JHOO HA IKCHEPTHBIX
ouenkax, 1160 Ha CTaTUCTHYECKO oOpaborke MHpOp-
MallM{ O HECYACTHBIX CJIyYasX, 1POheccHoHa bHbIX 3a-
6oseBanusix u 1.4, CenoBaTe/1bHO, ONPe/IeJIeHHE Y POBH S
OXpaHbl TPYJa I10 CYIECTBY OIUM METOAMKAM IIpejlycMma-
TPUBAET OTHOCHTEJIBHYIO CTAaOMIBHOCTD yCIOBHI TPyAa,
MO3BOMIAIONLYI0 cOOPaTh HEOOXOAMMBIN CTATHCTHYECKHA
MarepuaJ 3a AOCTAaTOYHO JJIMTEbHBIH Neproa u cgop-
MHPOBaThCS ONBITY dKCrepToB. Mcnonb3oBanue 1aHHOrO
NOIXO/a MOApPa3yMeBaeT HeOGXOANMOCTh PACCMOTPEHUS
1POLECCOB yNpaBJIeHUs yCJIOBUAMHU TPyAa He KaK Bhije-
JenHoro Habopa MepONpPHSITHIi, HAMPABJICHHBIX HA OXpa-
Hy 340poBbsi pabOTAONIMX, & KAK HEOTHEMJIEMOH YacTH
npouecca obecneden st HOPMaibHOH MPOU3BOACTBEHHON
JeSATEeNbHOCTH MPEANPUSATHS i €r0 IKOHOMUYECKOTro Hiia-
rononyuus. Hanbosee aphekTuBHbIM Iy TEM yayyLieHus
KOJMYECTBEHHBIX M KaueCTBEHHbIX I0Ka3aTesei paboTol
NPeANpPUATHS B IEJIOM SIBJISIETCS MOBBIIEHHE CKOPOCTH
M KauecTBa NPUHATHs YIPaBJICHYECKUX PEIIEHHH, mo-
3Bosisionlee NPeANpPHSTHIO ajeKBAaTHO PearupoBaTh Ha
M3MEHSIONLYI0CS PHIHOYHY IO CHTYAIHIO.

JlasbHeiiliee pasBUTHE MATEMATHYECKOTO MOAEIHPO-
BaHMs ¥ BHIYUCHMTENBHOR TEXHUKH JaeT BO3MOKHOCTD
cosznanua ACY oxpaHoil Tpyaa Ha KOHKPETHOM pabouem
MecTe ¢ y4eTOM HOBbIX MH(POPMAUMOHHBIX TEXHOMOTH
u cnenudukn yciosuit Tpysa. Takyio cucremy npums-
TO Ha3bIBaTh CHUCTEMOH YINpaBJIEHUs YCIOBUSMM Tpyaa
(CYYT). [Ina npenorBpaulleHUsi HECYACTHBIX CJy4aes,
aBapyil, M MPeayNpekKAeHHns Pa3BUTHUS MTPODecCHOHab-
HbIX 3a60JI€BaHUI MMEET CMBICJA CO3JaHHE aBTOMATH-
3MPOBAHHOM CHCTEMBI yNpPaBJEHHs YCJIOBHUSIMH Tpy.a,
KOTOpasi Npe/iHa3Hayanach Gbl 1 KOHKPETHOro pabo-
yero mecta. OAHAKO OTCYTCTBHE METOJAOB aHaJIM3a pa-
6ouero mecta kak o6bexta ynpasaenust ACY YT, mare-
MaTHYECKUX MOJEJICH BIUSHUS HA OPraHM3M KOMIIJIEKca
BpeaHbIX (AKTOPOB, KPUTEPHEB OLEHKH YCIOBUI Tpyaa
Ha OCHOBaHMM (DYHKIHMOHAIBHOIO COCTOSHMS YeNOBeKa,
aJICOPUTMOB JUIsl PEain3alui STUX KPHTEPUEB sBJISET-
€S CyLIECTBEHHDBIM IIPENSTCTBHEM JIJIsl CO3JaHHs TaKHX
cucTeM. DIUI0AMYHOCTD IPUMEHEHHMS MATeMaTHYeCKUX
METO/I0B TPOrHO3UPOBAHMS B OXPaHe TPy/la MPUBOAUT K
3HAYMTEJLHOMY 3aMa3/bIBAHHIO OPraHM3alHOHHBIX pe-
weHHi ¥ He BHIMOJHsAET (GYHKUMN NpeaynpexaeHus
HECYACTHBIX CJ1y4aeB, aBAPUIAHBIX CUTYAlUNH, BOBHMKHO-
Benust 1pod3aboseBaHMit.

[IpuMeHeHne COBPEMEHHBIX METO/IOB U CPEICTB chopa
JlaHHBIX, [1€PCOHATBHBIX KOMIIBIOTEPOB /LISt HX 0OpaboT-
KM /1aeT BO3MOXCHOCTb PEUIeHWsl 3a/1a4 OXPaHbl TpyAa U
6€3011aCHOCTH JKM3HEAESATENIBHOCTH Ha HOBOM KayecTBeH-
HOM yposHe. B aTux yc0Brsix 601b1110i TEOPeTHYECK Mt 1
[PaKTHYECKHii MHTEPEC MPE/CTaBIseT Pa3paboTKa aBTO-
MaTH3WPOBAHHON CUCTEMbl yIIPaBJICHHs YCAOBUSMU TPY-

112, KOTOpast Gbl OPUEHTHPOBAIACH HA KOHKPETHbIE KIACCHI
yCJI0BMIt TPYAQ, TEXHOJIOTMYECKUX [TPOIIECCOB H T.J.

Iles1b ¥ IOCTAHOBKA 3324

Ha ocHOBaHMH BBIIEU3TIOKEHHOIO MOXKHO CHOPM yIIH-
poBars LeJb nammﬁ pa6oTu: IOCTPOE€HUE COBOKYITHOCTH
MojieJiei, NpeJHa3HadeHHbIX /U HCIOJIb30BAHMS T1PH
pa3paboTKe aBTOMATH3UPOBAHHOI IOACHCTEMbI yIpaBJIe-
HUsl YCJIOBMAMMU TPYZa Ha paboyeM mMecTe oreparopa npu
HaCTpOﬁKB M MCIBITAHUU PAAMO3JIEKTPOHHBIX CPEJICTB.
ﬂJlﬂ JIOCTUIKEHU A llaHHOﬁ 1ejau B pa60're IOCTABJIEHDbI WU
peuleHbl Caeayume 3aiadun:

1. Ananus cnenuduKyM NMOCTPOEHUS MOJACHCTEMBI
yIpaBJIEHUs! YCIOBUSIMU TPy/a Ha pabodyem MecTe onepa-
TOpa NP HACTPOHKE M UCHBITAHUU PALMOAIEKTPOHHBIX
CPEACTB.

2. PaspaboTka MareMaTH4yecKO#H MOJeNN OUEHKH
503}19171(31'3”” KOMIIJIEKCA M3MEHAIOMHMUXCA BO BpEeMEHH
BPEIHBIX TPOU3BOACTBEHHBIX (AKTOPOB Ha (yHKUKO-
HaJbHOE COCTOsIHME YeJsIOBeKa-ollepaTtopa AJisi aHaJu3a
ycnoBuit Tpysa.

3. Pa3paboTka MaTeMaTHYECKOil MOJeJaH omnpene-
JIEHHs1 103bl BPEJAHOTO BO3/IEWCTBHSI TEXHOJIOIHYECKOTO
mpotecca.

4. PaspaGorka npouenypbl Boi6Opa pelaoimux
npaBuJ LA q.)yll](uﬁoﬂa."lbhblx 3a/1a4y NOICHCTeMbI VIIpaB-
JIeHU S YCJIOBUSIMU TPy/a;

Hasnauenue, uesib 1 QyHKIHOHAIbHbIE 32124
IO/ICHCTEMbI YNIPABJIEHHs YCIOBHAMH TPyaa Ha paboueM
MecTe

CucreMy ynpaBJieHUsl YCTOBUSAMK TPY/1a CIe1yeT pac-
CMaTpUBATh KaK AOMONHUTEIbHYIO MOACHCTEMY K VIKE CY-
HIECTBYIONIEH HA MPOMBILIJICHHOM MPEANPUSTHH CHCTE-
Me yIpaBJeHHus OXPaHOH Tpyaa, Kak HOBYIO. OpraHW4YHO
MHTErPUPOBAHHYIO YACTh €r0 OPraHU3ALMOHHON CTPYK-
Typbl. OGBEKTOM YNpaBJeHusi JJsi paccMaTtpHsaeMoil
CcHUCTeMBI ABJsieTCs: paboyee MecTo (KaK CyliecTBYollee,
TaK ¥ MPOEKTHPYEMOe UJIH MOIEPHU3MPYEMOE), B KOTOPOE
BXOJIMT ONEPaTOop NpHU HACTpoiike U ucnbitannu PIC, rex-
HOJIOrH4eckoe 06opynoBatye, OCHAIEHHOe CPeICcTBaMM
orobpaxenusi MHGOPMAIMM ¥ OPraHAMM yTpaBIeHUs, A
TaK)Ke [POU3BOACTBEHHAN CpPela paboyero mecra — Co-
BOKYMHOCTb (DaKTOPOB BHENIHEH Cpe/bl, BK.II04aolas
dusnyeckue, XuMuyeckue, HHOOPMaLMOHHBIE, GHOJI0TH-
yecKHe, COLMAJIbHO-TICHXOJIOTHYECKHE W 3CTeTHYeCKHe
CBOMCTBA BHEIIHEH CPe/bl, BO3/EHCTBYOLIeH Ha Ye.10Be-
Ka-oneparopa..

Ilesbio ynpaB/IeHNs /ISt CHCTEMBI YIIPABICHH S VCJIO-
BHSIMU TPY/1a ABJISETCS CO3/1anue Ge30nacHbix, 6.1aronpu-
SITHBIX YCJIOBHA JUIST TPYZIOBOI JI€SITEIBHOCTH Ye.10BEKA.
Bonpoc Bbibopa kputepusi ynpasienus (0606ueHHoro
moKasareJisi yPOBHsI OXPaHbl TPy/aa) NOAPo6HO paccMar-
puBaeTcst B auteparype. IIpakTHyecks Bo Bcex ee HC-
TOYHHMKAX YKa3bIBACTCS HA TECHYIO CBS3b VPOBHS OXPaHbI
Tpyaa Ha paboyeM MecTe € cocTosinneM paboTHuka. [Ipn
9TOM YYMTHIBACTCS KaK HEIPEPBIBHOE H3MEHEHHE COCTOS-
Hue paboTHMKa (0K AeHCTBHEM BPEHBIX HaKTOPOB), TAK
M JMCKpPeTHoe M3MeHeHHe (IPH HEeCHACTHBIX CIy4asix).
VYiupapasionue BO3eCTBUs HATIPAB.ICHb Ha H3MEHEHHE
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cocTosnns paboyeil Cpeiibl, YaCTOTHl M NMPOLOJIKHTEb-
HOCTH BO3IeHCTBHA BPeIHBIX (haKTOPOB Ha paboTaromero,
CTPYKTYPbI TEXHOIOTHYECKOTO polecca. YpapJsiioye
BO3€/CTBUSA MOTVT HOCUTb CTPYKTYPHBIii XapakTep (u3-
MEHATDb COCTaB 060PYN0BaHMS, YCTPOUCTB 3AUMTHI U T.1.)
MM QYHKUMOHAIbHBIA XapakTep (M3MEHSITh PEXMUMBI
MM IOPANI0K (DY HKIIHOHMPOBAHMUS 3IEMEHTOB CHCTEMBI).
BoaneicTBMA MOryT —OCYINECTBISITCS TEXHHYECKHMMU
CpeacTBaMHu CHCTeMBb! (HAalpuMep, aBapuilHOE OTKJIO-
4yeHue TCXHMKM), OlnepaTUBHBIM TNEPCOHAJIOM CHUCTEMbI
(Hampumep, MacTep Ha OCHOBaHMM pexomengauuu 11V
YT 3amenser pabouero, nojiyyuBuero 6OJbLIYI0 103y
BPCANOrO BOSACHCTDHA) HJAH APYTHMH ABTOMATHIMPO-
BaHHBIMU CHCTeMaM¥ (HalpuMep, CUCTEMA aBTOMATHU3H-
POBaHHOTO POEKTHPOBAHNUSI UBMEHSIET IPOEKT 060PyI0-
BAaHUS UM 1€ATEJIBHOCTH oneparopa rno peKoMeHa1aluH,
noayyennoi or ITY YT).

HasnaueHue MOACHCTEMBI yNpaBJeHUs YCIOBHUSIMH
Tpy/a — OleHKa (IPOrHO3MPOBaHME) B peajbHOM Maclil-
Tabe BpeMEHM COCTOSIHHMS olepatopa W npu Hebiaro-
NPUSATHOM MPOTHO3e — ONepaTUBHAs KOPPEKTHPOBKa
venoBuit Tpyna. Takoi IMOAXOX AaeT BO3MOXKHOCTB, He
npuﬁerax K CJIOKHBIM CHCTEMaM U MeTOJAaM Henocpen-
CTBEHHOH OIEHKH COCTOSIHMSI ONEpaTopa, KOTOPbIe Me-
waioT eMy B paboTe, IPeAOTBPATUTh pasBuTHE IPOdec-
CHOHAJIbHO OGyC}IOBJICHHle saﬁonesaﬂuﬁ, pOCT 4yucaa
omuboynbix AeiictBuit u T.n1. [loacucrema ynpasienus
YCJ0BUAMH TPyZa Ha pabo4yeM MecTe MOXeT SBIASTHCS
HCTOYHUKOM HHCbOpMauP"/l nnsa COOTBCTCTByK)lﬂeﬁ CH-
CTeMbl YNpaBjieHMs YCJIOBMSMM TPyla liexa, yyacTka,
NpeaAnpusaTus. OﬁLUHMVl CBOMCTBaMH TIOACUCTEMBI 5B-
JAK0TCA:

*  9BPUCTUYHOCTD;
. caMo06y4aeMoCTh;
. APrOHOMMUYHOCTD.

BBPHCTM'{HOCTb 3aKJ4YaeTrcsa B TOM, YTO COOT-
BETCTBYWOIIHE quHKL[HOHaJ]be!E 3ajjayyd He 10JI-
HOCThI0 (HOPMAJIM3OBAHBI ¥ PEIAIOTCS B AMAJIOTe
se108ex — OBM. Ilpnuem, komnbotep obpabarsiBaeT
HHGDOPMAIUIO B COOTBETCTBHHU C MMEIOIMMCSI aJITOPHT-
MOM M 3aIpamuBaeT y yesoBeka (cnenuanncta B o6aa-
CTH CHCTEeMbl yNpaBJIEeHUS yCJIOBUSAMHU prlla) OTBETHI
Ha BO3HHMKalolne y Hero Bonpockl. ClieflyeT OTMETHTh,
470 QVHKIMM He CTONBKO pasjeseHsl Mexay IBM u
4€.10BEKOM, CKOJIbKO Da3/ieJIeHO MX yYacTue B peasu-
321K Kaka0# GyHKIMM, 4TO, COOCTBEHHO, ABJIAETCS
CYIIECTBEHHBIM OTJIMYMEM OT CYLIECTBYIOUIUX CUCTEM
vIpasienus, rae cy6bekTOM (YHKIMHA ynpaBIeHHs
3ceria ssiseTcs uyesoBek. Pacnpenernenue GyHKIMR
mexay weiosekoM U OBM nomkno onpenenaTbcs He
CTOABKO 3HayeHHUeM 3TOH (YHKIMM B CUCTEME ynpas-
JI€HHA. CXOIBKO BO3MOXKHOCTBIO U 11€J1eCO06Pa3HOCThIO
€€ 2 ITODHTMH3AUMH.

Ca%006yuaemocTh OCHOBaHA Ha TOM, 4YTO BBIGOP M
ZIeSTHOWXAUWS 33T0XKEHHBIX B HUX MaTeMaTMyecKHux
»CxeTeR TPOM3BOINTCA HA OCHOBAHMM M3MEPEHHMS Ila-
FaMEeTDOB. X2paKTEePH3VIOIIMX COCTOSIHUE Cpellbl U CoC-
ToEme oneparopa. MaTemaruyeckasi MOJ/b BIMSTHUS
$2xT0D03 BHEWHeH cpelbl Ha (PYHKUMOHATBHOE COCTO-
£=®e 0T€DATODA NpHMEeHseTCs 18 peunleHus 3ajaay nou-
faCTeM N

IDrOEOMHIHOCTL 3aK.1I04aeTCS B TOM, YTO OCHOBOW
L11E BCEX O€HOK YC.IOBMil Tpyaa siBJsieTcs: (hyHKLHO-
=2 Y530€ COCTOsIHHE OlepaTopa.

Tloacucrema umeeT 1Ba pesknMa GyHKIIMOHMPOBAHHS:
PEXUM CaMOOBYUEHUS M PEXKUM HENOCPEACTBEHHOI Pabo-
Thl. B pexnme caMo06yyeHnst TpOMCXONUT HACTPOHKA CH-
CTeMbl Ha KOHKPETHbIE YCJIOBUsI TPy/la M HHIMBHU/YaJIbHbIE
0CO6EHHOCTH KaX/10r0 PabOTHHMKA, JJIsSl 4Ero NPOM3BOIMT-
Csi IEPMO/IMYECKOe U3MEPEHHE NTapaMeTPOB, XapaKTepuay-
IOIIMX COCTOSIHUE CPeJibl, U MapaMeTpPOB, XapaKTepHu3yo-
mHX GyHKIUHOHAIBHOE COCTOSHUE Ye0BeKa.

Tloacucrema Brioyaer B ce6s caeayiomue hyHKIKHO-
HaJbHbIE 3a1a4N:

. TIJIaHMPOBAHUE HOPMATHBHBIX IIaPAMETPOB yCJIO-
BUI TPyZa;

- oneparupEi yuer

a) yueT mapaMeTpoB OKPYKaloliei Cpeibl;

6) yuer mapameTpoB (DYHKIMOHAIBHOTO COCTOSIHMSI
YesIoBeKa;

. KOHTPOJIb ¥ aHAJIU3;

a) KOHTPOJIb (YHKIIHOHAJIBHOTO COCTOSHUSA YesoBe-
Ka;

6) aHa/IM3 1apaMeTPOB IIPOU3BO/ICTBEHHON CPEIbl;

B) OLleHKa yCJIOBUii Tpy/a;

. onepaTMBHOE peryjupoBaHue (OnepaTuBHas
KOPPEKTHPOBKA yCJIOBUIf TPy/la HA OCHOBAHU U NPUHSATHIX
peleHnit).

[nanupoBaHMe HOPMATHBHBIX NapaMeTPOB YCJIO-
BUH Tpyna pemaercsi MyTeM OLIEHKHM Mepbl BPEIHOCTH
TEeXHOJOrHYeCcKoro mpoiecca. DTOT mMOKa3arejb MOXHO
CpaBHMBAaTh C TAKHUMH [OKa3aTesjsiMd, KaK CTOUMOCTb,
JHEProeMKOCTh, MAaTEPHAJNIOEMKOCTD, TPYAOEMKOCTb. On
XapaKTepu3yeT CyMMapHoe BpeIHOe BO3JeiiCTBMe, OKa-
3bIBaEMOE Ha MEPCOHAJ TNIPU TEXHOJOPMYECKOM Ipolec-
ce. B kauecTBe Mepbl BpeaHOTo BoajeicTBus Gynem muc-
T0.1b30BATh MaTeMaTHYeCKoe OHM/aHHe J103bl BPEAHOTO
BO3JEﬁCTBHﬂ. (DyHKuHOHaJIbHaﬂ 3ajaya «IJlaHupoBaHue
HOPMATHBHbBIX TAPAMETPOB YCJIOBUI TPyAa» QyHKIMOHHU-
pyeT B 1uaJjore CHUCTEMOM TEXHOJIOTHYECKOi IOATOTOB-
KH IPOU3BO/ICTBA, CHCTEMO IPOEKTHPOBAHUS U T.11. [Ipo-
ecc obmena uHGopMaleil TPOUCXOAUT UTEPATUBHO 10
AOCTHXEHUs pe3yJsibTaTa, yAOBJIETBOPAIOIIEro BHEUIHIO
CHCTEMY NTPOEKTHPOBAHM S TEXHOJOIHYECKUX MPOLECCOB.
Jl1s1 3TOr0 MCHOJB3YETCs CYUIECTBYIOUIMIA aHaJIOT yCl0-
BUil TpyAa paboyero Mecta. BoiGpanHblii aHaior 10/1KeH
COOTBETCTBOBATh OLEHMBAEMOMY NPOEKTY TI0 COCTaBy M
YPOBHsM BpeAHbIX (hakTopoB. B nmpoTuBHOM Ciyuyae Bo-
1IPOC O A0NYCTUMOCTH UCIIONb30BAHUS UJTU DKCTPAIOJISA-
LM U [10J1y YEHHOMN MOJIeJI PeIIaeTCs I0NOTHUTeNbHO. [Lst
pelueHus] aHHOH 3a/lauy MOJeNb HOCUT 0606IIeHHbIH
XapakTep U JIOJIXKHA CTPOUTCSA 110 YCPEAHEHHBIM JIaHHbBIM
penpe3eHTaTMBHO BbIGOPKH OMepaTopoB. 3zech He pac-
CMaTPHBAETCS MOCTPOEHHE MOIeIN HHAMBHAYAIbHO s
Kaxaoro omeparopa. OueHka ycJoBHil TpyJaa MpOM3BO-
JIMTCS HA OCHOBAHMM IIPOTHO3a M OIIEHKH /103bl BPEAHOTO
BO3/IEHCTBUS, 0KMAEMOTO OT AaHAJIM3UPYEMOTO TEXHOJIO-
ruyeckoro npoiuecca. OnepaTHBHbIN y4eT 3aK1i04aeTcs
B CJIeXEHUH 32 GaKTUYECKHMH lapaMeTPpaMu COCTOSHUS
NIPOM3BOJACTBEHHOM Cpeabl M TapameTpamMu (yHKIMO-
HAJBHOTO COCTOAHMS paboTalouero yenoseka. B pamkax
OIIEPATHBHOIO y4eTa OCYIIeCTBJISIeTCs CPaBHEHHE 3Haue-
HUIi MoKa3aTesielf, 3alaHHBIX NPH TJAHUPOBAHUM HOP-
MAaTMBHBIX 1aPAMETPOB YCJIOBUIT TPyaa ¢ haKTHUECKUMU
M mepejaya faHHOH MH(pOpManMu AaA ee ananusa. Ha
OCHOBaHMH COOpaHHOW MHGOPMALMU TIPOBOAUTCS T0-
CTPOEHHEe MaTeMaTHYecKoil MOeNM BJIUAHUA (HaKTOPOB
TPOU3BOACTBEHHOM Ccpejbl Ha (yHKIMOHAIbHOE COCTOs~
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Hue yesnoseka. Ha Gase nosiyyenHoil maremaruyeckoit
MOJIeJIN HAaCTPAHBaKOTCs aJITOPUTMBI OLUEHKH COCTOSTHUS
onepaTopoB (KOJMYECTBEHHAsS OLEHKA COCTOSIHUS) U
(hopMHpPYIOTCS pelIalolue TPaBu/ia KayecTBEHHOM OlleH-
ku ycioBuil Tpyaa. Takum o6pa3oM, NOArOTaBIMBAETCS
BbINOIHEH e (hy HKLMOHAIBHOM 3a/[aYM <OIIeHKa yCII0BUil
TpyaAa». B pewaiouynx npaBuiax MoryT ObiTh HCIIOJIb30Ba-
HbI TIpe/ieJIbHO IONYCTUMBIE YPOBHH NOKa3aTesneit hyHk-
LIHOHAJIbHOTO COCTOSIHU S YeJI0BeKa; Ipe/1eJIbHO 10IyCTH-
Mble yPOBHM BPe/IHbIX (PaKTOPOB; NPe/IeJIbHO A0NyCTHMAst
71032 BpeAHOro Bo3jeiicTsusi. Mcxoas M3 IaHHBIX aBTO-
MaTHUY€eCKOro NnepruojiHYeCKOro U3MepeHus rnapamMeTpos,
XapaKkTepU3yIOUMX COCTOSIHUE CPeJibl, 3alaueil «olleHKa
YCJIOBUH TPy/a» IIPOU3BOJAMTCH KOJIMYECTBEHHAS U Kaye-
CTBEHHas OlleHKa yC}lOBHﬁ Tpy/Za Ha OCHOBAHHWH IMPOTrHO3a
M OUEHKH ¢)yHKIlHDllaﬂblIOFO COCTOsIHUS 4YeJiOBEeKa-orne-
paropa (PCO). Pesynbrarbl 9TOii OLEHKM HEpPeAAOTCS
3ajaye «ONnepaTHBHAs KOPPEKTUPOBKA yCIOBMI Tpyna».
[Ipu onepaTuBHON KOPPEKTUPOBKE YCJIOBHI TPyAa MOTYT
MPUHAMATBCS CJIE/YIONIME PElleHyst:

. BKJIIOYMTH YCTPOMCTBO 3aiuThl (KOHAMIKOHED,
BEHTHJISATOP U T»H-);

. OTKJIIOYUTH UCTOYHUK BO3/lelicTBUA (reHepaTop

CBY);
L YAQIUTH OonepaTtopa U3 30HbI nedcTBUST BpPEAHBIX
dakTopos;

. NIepeBECTH OIePaTOPa Ha ONlpe/ie/IeH bl 1epruos
Ha paboTy, He CBA3aHHYIO C BPEIHOCTDHIO.

B 3aBHCMMOCTH OT CTENeHH aJrOPUTMHU3ALMH MPo-
HeAypbl NPUHATHS PEIICHHs OHO MOXET NPUHUMAThCS
KaK aBTOMATHYECKH, TaK 1 YEJOBEKOM — PyKOBOJAUTENeM
paboT, a TakXKe CHCTEMOJi yIpaBJIeHHs IPOM3BOACTBOM.
Bonpoc o Beibope Mep MO onepaTHBHON KOPPEKTHPOBKe
YCJIOBHIA TPyZa U NOPsi/IKe NPUHATHUS PellieHuii onpese-
sisieTesi pa3paboTYNKOM TIOACHCTEMbI yIIPABIEHUS YCI0-
BUSIMM TPY/la B KaX10M KOHKpeTHOM ciiyuae. [Toacucrema
OKa3bIBaeT yIpaBJisiiollee BO3ACHCTBHE, KAK HA TEXHHUKY,
TaK u Ha nepconan. CyGbeKTOM yNpaBJeHUs AJsi MOA-
CHCTEMBI MOXET ABJATBCS KaK KOMILIEKC TeXHMYECKUX
CPE/ICTB CHCTEMBI, TAK M aIMMHUCTPATUBHBII TePCOHaL.

Kak ykasplBajoch BbllUe, NOACHCTEMA YIPaBIEHUS
YCJIOBMSIMU TPY/a BKJIIOYaeT B cebsl pemaoniue npasmia
JUIsi OLEHKM M3MEPEHHBIX 1apaMeTPOB BHEIIHEH Cpesbl.
OTH npaBuia CTPOSITCH Ha Oa3e NMOJNYYEHHBIX B PEXUME
caMo00yyeH st MO/ie Iel 3aBUCHMOCTH (hy HKLIMOHAIBHOTO
COCTOSIHMSI OIEPATOPaA OT COCTOsIHUSI Cpe/ibl paboyero me-
cra. Kpome Toro, Heob6xoauma undopMauus o rpaHunax
obnacreit usmenenunss @CO. [lannsblit Bonpoc ocsewascs
B MEJMIMHCKON# M 9PrOHOMMYECKO# JuTepaType, rie B
psijie paboT HPUBOAMJIMCD OLEHKM I'Panuil KompOpTHOIA,
AMCKOMMOPTHOM 1 onacHoi obiacrei. AHaau3 juTepa-
TYPHBIX AaHHBIX [7, 8, 9] AaeT OCHOBAaHME CYUTATD BJeK-
TpomaruuTHOe u3nydenne CBY u nosbrmennyio reMnepa-
Typy (11U yPOBHSIX, CyIIECTBYIOUMX Ha PabOuMX MecTax)
HecnenupuIecKMMH CTPECCOPAMHU, MEXaHU3M JeHCTBHS
KOTOpPBIX Ha OPraHM3M YesIOBeKa He BBISICHeH /10 KOHUa.
IToaToMy, MOJIeJIb BINSIHMS TPOM3BOACTBEHHBIX (akTO-
POB Ha OPraHU3M YeJOBEKa-ONepPaTOPa A0JIKHA ABJISITHCS
MMHTAIMOHHOM B TOM CMbICJIe, YTO TJIaBHAS 3a/[a4a ee 110-
CTPOEHHsI - He PACKPhITHE MEXaHH3MOB BO3AEHCTBHUS ak-
TOPOB OKPYKaloMIel cpe/ibl, a heHOMEHONOrHYECKH i Tpo-
rHo3 a(heKTa JaHHOro BO3EHCTBHS C LeJIbIO BBIPAGOTKH
Mep 10 CHMXXEHHIO BPEIHOro BO3ACHCTBUS 3THX (BaKTo-
pOB. Mbl IIPHXOAMM K HEOOXOAMMOCTH OIMCAHMS CHCTe-

Mbl, BXOJAHBIMU BO3/ICHCTBUAMU JUISI KOTOPOI SIBISIOTCS
M3MEHSIOIHMECs BO BPEMEHH XapaKTePUCTHKH OKPYXKalo-
weit cpezbt (yposens I1119, TeMneparypa, BiaxHOCTD), a
BBIXOHBIMY — IAPAMETPBI, XapaKTepuayouine Gu3noo-
TUYECKOe U NCHXO(pU3MONOTHYECKOe COCTOSIHME YeN0Be-
Ka, [IPUYeM 3aBUCUMOCTb MEX/1y YKa3aHHbIMU by HKIIMS-
MM BPEMEHH sIBJIAETCS AMHAMUYECKOI, CTOXaCTHYECKOH,
HenpepbiBHOI U HeinHeHOM. [luHaMuyecknit xapakrep
MO/Ie/IM BBI3BAH TEM, UTO BPEMEHHbIE XaPAKTEPUCTUKHI
CBSI3U BO3/EHCTBUS M PEAKIMU 3aBUCAT OT 3aMasibl-
BaHUs MOPAXKEHUsT U BOCCTAHOBJIECHUS, PUTMUYHOCTH
(hYHKUMOHUPOBAHUS 3ATPOHYTHIX GHOJIOTNYECKUX CH-
crem u apyrux daxropos. CroxacTuueckuil xapak-
Tep M3y4Yaemoil 3aBUCHMMOCTH OOBSICHSETCS ¢ OAHON
CTOPOHBI TE€M, YTO Ha COCTOSIHME YeJ0BEKA OKa3bIBaeT
BJIMSIHHUE Psi/l HEyYTEHHbIX HaKTOPOB, CBSA3AHHDIX C €I0
MHIAMBULYaJbHOCTHIO U HEKOHTPOJIMPYEMBIMHU OCOOEH-
HocTsiMM K u3HH. C IPYTOit CTOPOHBI, CJIEAYeT OTMETHTh
HaJMYME CIy4YailHO# MOTPEmHOCTH NPH U3MEPECHUN
KaK BXOIHbIX, TAK M BBIXOAHBIX TAPAMETPOB CHCTEMBI.
Byznem npubiniKeHHO CYMTaTh PACCMATPUBAEMYIO 3a-
BUCHMOCTb JIMHEHOM. Bo-1iepBoIX, nuHeiinble MOfEIN
HaXo[AAT NIMPOKOE MPUMEHEHHE MPU HCCIIeJOBAHUN
CHCTEM M, B YACTHOCTH BO3AEHCTBHUS HAa HUX BPEIHBIX
GakTOpoB OKpyxkaiomeii cpeast [6]. Bo-BTOpHIX, npo-
sABJIEHMEe HeJMHeHHOCTel OIOKHPYETCs MOrPEIHOCTS-
MM JIOCTYIHBIX MCXOAHBIX JAaHHbIX. Hanpumep, npu
M3MEPEHNH YPOBHS DJIEKTPOMArHUTHBIX M3JIYdeHU it
CBY-1nana3oHa MorpemrHoCTH M3MEPUTEbHBIX [PH-
6opos nocturaior 30%. B-TpeThuX, HHAMBU YA bHbIE
peakiuu OpPraHu3Ma, 0COOEHHO MPU HUIKUX YPOBHIAX
BO3/€ACTBUSI, BECbMA BapuabebHBbI.

Takum 06pa3oM, MOrpemIHOCTb 3a CYET JMHEapH-
3aIMM MOJEJN J0JUKHA OBITh CYLIECTBEHHO MEHbIIE
cyMMapHOii u3MepuTebHOM morpemnocTh. IToaTomy
JIMHEeHHas MO/le/ib aleKBATHO ONMCBIBAET MPOLECC B
paMKaX UCXOJHBIX JaHHBIX.

Moztesib OLeHKH BJIMSIHUS KOMILIEKCA BPEAHBIX 11PO-
M3BOACTBEHHBIX (haKTOPOB Ha DYHKIUMOHAIBHOE COCTOS-
HHe YeJI0BeKa-oneparopa

Iycts Y — MHOXeCTBO BeKTOpP—(YHKUMII coCTOs-
HMsI OpPraHu3Ma 4YeoBeKa-onepaTopa, a X — MHOXeCTBO
BeKTOP—(YHKIUIT COCTOSIHMS BHELIHEH cpeibl paboyero
MecTa oneparopa. Bekrtop-dyuxunu u3 Y umeor pas-
MEpHOCTb M, a BeKTOp—dyHKIMK U3 X — padMepHOCTb N.
Ilycts

(x1 (t)x, (t))T =x(t)eX,
(1 ©yn O =y )X

B nanHOM ciiyyae MOXHO MPHHSITh MATEMaTHYECKYIO
MOJieJib BJAMSAHNUS B BUAC

y(O)=v()+3, ()
x(t)=u@©)+3.() ()
v(t)=jm(1)1(t—1)d1: ,
3/1ech v(t)nn u(t) — AeTepMUHUPOBAHHBIE COCTABIISIONINE
y(t) 1 x(t) coorsercTBenno, dy(t) u dx(t) — croxacTuyec-

Kue cocTassoime y(t) n x(t), w(t) — uMmnyabcHas nepe-
XO/tHasi MaTpUIa-QyHKIUS Pa3MEPOM mX.
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Mepexcas B (1) K 1MCKPETHOMY BPEMEHH, MOJIYYUM
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- ID@IOIMM K VDaBHEHHIO MHOXXECTBEHHON perpeccuu
o OTCTRDOMMH 10 BpeMeHM (JIarOBBIMM) IepeMeHHbI-
wz Oc=osHbM METOI0M pelleHHs 3a/a4i HAXOKAEHUS
TEDEXOIEOR QVHKUIHH (MATPHLBI) SIBJISIETCH COCTABJIEHUE
yoasaesus Bunepa-Xonda. B oxnomepHom cayuae oHo
EreeT 3U

T,
R, (0= [0(®R, (t-1)dt,
o

2e T_ — 3BDHCTHYECKH OolpeiesisieMasi BeJIMYHHA HHTEP-
3212 BpEMEHH.

1 T-t

Rn(r)=r_1 jx(t) y(t+7)dt,

0
1 T-t
R.m=7— Jx(t) x(t+7)dr,
0
T - DD010IAHMTEILHOCTD HABMIOACHHS.

Kax suinwm. GyHKUMS ny ABJISETCS €CTECTBEHHBIM
HEoSies Hes KOpPe sl BPEMEHHBIX PSJIOB C 3aMasbl-
sa=mes CyluecTBVeT psi/l METOAOB PenleHus ypaBHEHUS!
Barmesa-Xonda. KoTOpble OCHOBBIBAIOTCS HA A IbHEH el
IApaseCTDE3AUMK 3a]aYd NyTeM pas3joxeHus o(t) no
mmasmo@ cucTeme dyHKUMH, 1160 mepexoga K JAMCK-
peTmoney BpemenH. MmeloTcs Takne MeTonbl, OCHOBaH-
wmae =2 mpEMeHeHuM npeobpasosanun Jlannaca. Iocne
arperereEHs QVHKLUMM @ MBI MOXEM OLEHHTH IapaMe-
OB CIVSaHHOrO nporecca Sy(t). OruenuBanne MOKHO
TJ®33aTh aJ€KBaTHbIM, €CJH C llOCTaTO‘lHOi;I CTeNneHbIo
IOCTOBEDHOCTH 3TOT MPOLECC SIBJSETCS CTAllMOHAPHBIM
L(0)|=0. AHanoruuHple PacCMOTPEHMS MOXKHO
TTOBECTE W B MHOTOMEDHOM cjyyae. B nanHoM ciyyae
o 7) waTpuua-QyHKUMA pasmMepa mxn. R, — MaTpnua
JE3IWEDOM N XN .

1T

[ x@x,trndt, (2)

0

(R (), =

T-t

R, - wmzTDHua-DYHKUMSA pa3Mepa mXn.

T-
(R_(7) = T1 - [x @y ende, ®)

L}

Mowsexesnse Gopmynst ana R, u R npuroa-
¥ TD® D2CCMOTPEHHH OHOM peanusauuu cnyqaﬁmﬂx
Ovaxzws x(1) W v(t). Ipu naauuuu S peanusauui,
I2EI2¥ F3 XOTODHX HMeeT IMHY T, , MOXKHO BOCTIOJIb30-
:|/WTICE QOONVIAMHM

s Ty-t

(R, =— Yy jx;‘>(z)y;*’(z+r)dz,(4)

Ya,-n* o

s Ti-t
«L«:n,z(;z _[ OO x(t+ryde. (5)
ST -t o

3mecs x4 (1) v'*'(1) - k-e peasusanuu npoueccon
® W), O<t< min T,. Onpenenarts u n1poruosupo-
=T» @VEXAROHZTbHOE COCTOSHME 4eJ0BeKa-onepaTopa

MOXHO € TOYKH 3PeHH sl IO30BOTO NOAXO0AA, T.€. C UCTIO/b-
30BaHUEM J1030BOT0O (hyHKIMOHANA.

Maremaruueckas MOJEIb ONPE/ICAEHHS J03bI BPETHOTO
BO3eHCTBUS

Ilycts BO3neiicTBME BHEIIHE Cpeibl XapaKTepusy-
ercs N-MEPHBIM BEKTOPOM IapaMeTpoB X, 3aBUCAIIUM oT
BPEMEHH, TO €CTb X = X (t). O61acTb U3MEHEH s BpEMEHN
o6osnaunm Q. Kommonenramu X (t) Bextopa x(t) Moryr
ObITh BEJWYMHBI PA3JIMYHON MPUPOALL. ITO MOTYT GbITH
XapaKTePUCTUKHU KaK OAHOPOAHBIX, TAK M Pa3HOPOAHbBIX
(haxTOpoB. OHM MOTYT M3MEHSITHCSI 1 HETIPEPbIBHO U ANCK-
perno. CymecTBeHHbIM JUlsl BeIMuuH X (t) ABAsAETCA TO,
YTO OHM XapaKTePU3YIOT BO3AEHCTBHE CPe/bl HAa COCTOS-
Hue orepaTopa B GUKCHPOBAHHBIIf MOMEHT BPEMEHH t.

Tlocne BrhiGOpa HOMEHKJIATYphI MOKazaTeseil X (t)
MOXHO OTpPEJeUTh KJAcC JOMYCTHMBIX BEKTOP-(hyHK-
uuii x(t). B nero Boitayr Bce pyHkunu x(t), y10BI€TBOPS-
IOLME MMEIOIMMCs OTPaHHYeHUsAM Ha Py HKIMH X (t) U HX
coueranust. O6o3nauum rakoit kanace X. Bexem na kiacce
X dyukumonan D. @yukuuonan D, yroBaeTBOpsOUIMil
CBOMCTBAM aJ/IMTUBHOCTY W MHBADHAHTHOCTH Ha30BeM
1030BbIM (DYHKIIMOHAJIOM, @ BEJMUYMHY — HM3MEPEHHOMH
dbynkunonaszom D 2030i BO3AEHCTBHS NpPH HHTEHCHB-
HocTH X(t) Ha uHTepBae [t,, t,]. lososbiii byHKuKOHA
D, yaoBaerBopsiiomuii CBORCTBY MOJOKUTEIbHOCTH, Ha-
30BeM MO3MTHBHBIM JIO30BBIM (DYHKIIMOHAJIOM U COOT-
BeTCTBeHHO Besinunuy D(x (t);t;,t,) 10301 BpeAHOro BO3-
aeitctBus. CBOACTBO aIIMTUBHOCTH OTPaXkaeT ToT hakT,
4TO JI03BI CyMMUPYIOTCS, @ CBOHCTBO MHBAPHAHTHOCTH BO
BpPEMEHH 03HayaeT, YTO /1032 32 MHTEPBAJl ONPENeNAeTCS
COCTOsIHMEM Cpe/lbl TOJIbKO BO BpeMsi 3TOro MHTepBaJia
M He 3aBUCHT OT npeabicropuit. CBOMCTBO MOJOXKUTENb-
HOCTH OTPakaeT CBOWCTBO 103bl /1151 BPEAHBIX DAKTOPOB.
Tycts BRIOpaHa HekoTOpasi CKaJisipHasi BenuduHa y(t),
KOTOpas XapaKTepuayeT (yHKIIMOHAJbHOE COCTOsIHUE /
yesoBeka. CyuiecTByeT JBa IOAXOAA K BbIGOPY TaKoi
BesunHbL [IepBbiii MOAX0/ OCHOBBIBAETCS Ha TOM (akTe,
YTO IIPH OTCYTCTBUHU SIBHOI TATOJIOT MY OPTaHU3Ma BCE €r0
cucTeMbl GYHKIMOHUPYIOT B3aUMOCBA3AHO, YTO BEJET K
KOppeJISIUU PA3ANYHBIX hU3NdYecKux napamerpos. [To-
3TOMY JIOCTATOYHO BBIZIEIUTD OIMH (BEeNy i) mapaMeTp,
10 KOTOPOMY MOXHO OLEHMBATh COCTOSIHME OPraHM3Ma.
Ecan Mbl BoiGupaem Benymuii napamMeTp QyHKIIHOHATb-
HOrO COCTOSIHMSI OPraHW3Ma B KOHKPETHBIX YCJIOBHAX,
TO CJIE/lyeT Ha OCHOBAHMM TUTHEHNYECKOTO aHa/IM3a BbIO-
paTh KPUTHYECKYIO /s JaHHOTO KOMIJekca (hakTopos
CHCTEeMY OpraHu3Ma.

Jlpyroit noaxoz k npo6ieme Boibopa YNCAEHHOM Be-
JIMYMHBI /IS XaPAKTEPUCTUKU (YHKIIMOHAIBHOIO COC-
TOSHUA 3aKJIOYAeTCs B KOMIJIEKCMPOBAHWHM TPYIIbL
NapaMeTpoB ¢ MOMOMbIO BHIOPAHHON (YHKIIMK MHOTHX
nepemeHHbIX. Bua Boi6npaeMoit GpyHkuun nMeer pas-
JIMYHYIO CJI0XXHOCTb, HauyMHas OT mpocTeiumeii ¢op-
MyJIbl CyMMHUPOBaHUsI 6alJIoB, 10 CAOXHBIX GYHKIKI,
TIOJTyYaeMBIX C TOMOIIBIO TPUMEHEH U METO/1a BKCTIepT-
HBIX OLEHOK, CTATHCTHYECKOi 06paboTKu rurnenunyec-
KHMX aHHBIX U PYTUX METOAUK.

Taxum 06pa3om, MOXHO BbIOpaTh MHTErpajibHbIH
uan Beaymuii napamerp y(t). Byaem cuuTaTh, 4TO B
HallleM PacCMOTPeHMM Bo3pactanue y(t) COOTBETCTBY-
€T yxyaAumeHuo (GyHKUMOHANbHOTO COCTOSAHMS Opra-




