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AHHoTanus. Paccmorpena npobnema MoaenupoBaHus (yHKIHMOHAIBHOM ASATEIbHOCTH YenoBeka-oneparopa. OCHOBHBIM I110-
KasareseM ero (pyHKIMOHUPOBAHUS BIZEICHA TPOM3BOIUTEILHOCTD JACATEILHOCTH 3a BpeMs pabouell cMeHbI. 3aaya pelieHa B
KJIacce aJINTHBHBIX MHTEPBAJIBHBIX KyCOYHO-IIOIMHOMMAIBHBIX BPEMEHHBIX TpeacTaBineHui. [IpeanonokeHo, 4To GopMUpyOT
pEabHYIO NIPOU3BOAUTEILHOCTD TPy/a YeJIOBEKa-OIeparopa TPH B3aMMOCBSI3aHHBIX IIpolecca: BPaOATHIBAHMS, YCTAaBAaHUS U
BOCCTAHOBJICHUS (DYHKIIOHAJIBHBIX BO3MOKHOCTEH. PekpeaTHBHBIN HHTEpBa, BBIIEICHHBIN U1 BOCCTAHOBICHHS YTPaYCHHBIX
CHJI B TE€UEHHE NIEPBOI OJIOBHHBI paboyueii CMEHBI, YIIaJ0K KOTOPBIX BBI3BAaH YCTAIOCTHIO, HAKAILUIMBAEMOH 3a IIEPBYIO HOIyCcMe-
Hy, aBTOpaMH pacCMOTPEH Kak CHCTeMHbIH (akrtop. [Ipu momydeHnH MOnenH y4TeHBI: MHTEPBAILHOCTb HWHIMBUIYaJIbHBIX
CBOJCTB Y€JIOBEKa-0NepaTopa, YTo MO3BOJIAET HaHOoIee TIOJITHO U a[JIeKBATHO OIUCHIBATH (DYHKIMOHAIBHYIO JICATEIBHOCTD Yeo-
BEKa-0NepaTopa; BO3MOXKHOCTH KYCOYHO-TIOJIMHOMHAIBHOTO IMPEACTABICHHS, YTO MO3BOJIMWIO JIOCTAaTOYHO aJeKBATHO ONHUCATh
MIPOU3BOJUTEIBHOCTh €r0 JEATENbHOCTH, MHHYS CJOXKHBIC aNPOKCHMAIMOHHBIC MPEICTABICHUs, KOTOPbIC HAKAIUIMBAOT
OIIMOKH UTOTOBBIX OLICHOK PE3YJIBTaTOB JEATEIBHOCTH YelloBeKa-omneparopa. I[TonydeHHas HHTepBalbHAs A[UIUTHBHAS KyCOYHO-
MOJIMHOMUAJIbHAS! BpEMEHHAsI MOZISIIb ETENIBHOCTH YelIOBEKa-0Ieparopa B KBa3UCTaTHUECKON (DyHKIMOHAIBEHON cpefie T03B0-
JIMNIA aHAIU3UPOBATh €€ U MPOTHO3HUPOBATH MEPHI 110 YIIPABICHHUIO 3 (PEKTHBHOCTHIO ASSITEIBHOCTH (DYHKIMOHATIBHOM AesTelb-
HOCTH YeJIOBEKa-0Neparopa B MPOU3BOJACTBEHHOH KBa3HCTaTHUYECKOH cpere.
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Abstract. We consider the modeling problem for the human-operator functional activity. Productivity is selected as the main
indicator of his function during the working shift. The problem is solved in the class of additive interval piecewise
polynomial time views. Real labor productivity of human-operator is suggested to be formed by three interrelated processes:
warming-up, tiredness and functionality restoration. Recreational interval for restoration during the first half of the working
shift after cumulative tiredness over the first half-shift is considered by the authors as a system-related factor. The model
takes into account: interval character of the human-operator individual properties. This gives the possibility to describe more
fully and adequately the functional activity of the human-operator. Piecewise polynomial representation made it possible to
describe adequately his performance, without complex approximation representations that accumulate errors of final grades
for the human-operator performance. Obtained interval additive piecewise polynomial time operation model of human-
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operator activity in the quasi-static environment has given the possibility to analyze and predict functional measures for
performance management of human-operator functional activity in manufacturing static environment.

Keywords: human-operator, functional activity, warming-up, tiredness, recreational interval, productivity, piecewise
polynomial approximation, additive models with interval parameters.
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BBeaenue

PaccmarpuBatorcsi nmpo0iaeMbl MOJEIBHOTO IIPEACTaBICHHsT (YHKIIMOHAIBHON NESTeIbHOCTH 4YeIOBEKa-
omeparopa (UO)' B kBasucTaTHUCCKOH Cpeie MPH OOCTYKUBAHMM POU3BOACTBEHHBIX MOIIHOCTEH, 3a(HKCHPO-
BaHHBIX B MPOCTpaHCTBE. [Ipu pelleHnn MOCTaBICHHOM 3aJauM y4UTBIBAJICA HAKOIJIEHHBIH onbIT [1-11] cne-
LUAJIMCTOB IO YIPABICHUIO CUCTEMAaMH C YEJIOBEKOM-OIEpPaTOpoOM B UX cocTase. IIpu 3TOM B OCHOBHOM Macce
TIEPEYNCICHHBIX PA0OT HE YUHUTHIBAICS TOT (BakT, uTo npu mogoope YO mo nx MHIMBHIYaJIbHBIM CBOWCTBAM I10-
CJIEIHUE BCETAa XapaKTEePU3YIOTCsS 3aMETHBIM pa3dpocom. K 3ToMy Hamo mpHCOBOKYNHTH, YTO CBOWCTBA KOH-
kpetHoro YO B 3aBHCHMOCTH OT €T0O TEKYILIETO COCTOSHHS Takke OyIyT pa3nnyarbesi. B cBs3M co cka3aHHBIM
aBTOPBI IpeyIararoT (OpMHPOBaTh HpefcTaBieHHe (YHKIHOHANBHOH IesrensHocTH YO C HCMOIb30BaHHEM
MaTeMaTHYECKUX MOAENEH ¢ MHTEPBAJIbHBIMU TapaMeTpaMu. J{OTIOMTHUTENBHO HA0 OTMETUTh, YTO B IIPUBOAHU-
MBIX BBIIIE PabOTax MCIOIb3YETCS TPAAUIIMOHHBIA TUBHICHIHO-MYIIBTUILTUKATUBHBIN MTOAXO/ JJISI MOCTPOCHUS
nepeaaTouHol (YHKIMU — MaTPHIIbI, 0a3UPYIONIHICS Ha JIAMIACOBBIX 00pa3ax BBIXOAa U BXOAa CHUCTEeMbI [12],
IPY ATOM MO3BOJISIONINH YUUTHIBAaTh cr1ocoOHOCTh YO ynpexaaTh-dKCTparoiupoBaTh pa3BUTHEe HHPOPMAIIMOH-
HOTO TIpoliecca M IMPOSBIATh (OPCUPYIOIINE CBOMCTBA, MHEPLUHOHHOCTD MpOIiecca BOCIPUATHS MH(GOPMAIHH,
BBI3BaHHAs HECOBEPLICHCTBOM €€ MPEACTaBICHMsS U BPEMEHEM aJalTallly ONepaTopa K Hel, WHEpIUOHHOCTh
MOTOPHOH peaklny, BbI3BaHHAs HEPBHO-MBIIICYHON JMHAMUKON (PU3MOIOTHUECKOTO OpraHa oreparopa, U 4uc-
TO€ 3ana3bIBaHKe, ONIPEJCIIEHHOE €r0 TPEHUPOBAaHHOCTBIO, HO, K COXKAJIEHUIO, HE YUHUTHIBAIOLIEE MPOLECC YCTa-
BaHMSA OIleparopa.

UccnenoBannem YO, 3a1efiCTBOBAaHHBIX B MPOM3BOACTBEHHON (DYHKIIMOHAJIBHON CTaTHYeCKOH cpene, B
OCHOBHOM 3aHSTHI CHIEIHAINCTHI 110 HAyYHOH OpraHU3alny TPy/Ja, INIAHNPOBAHUIO TIPON3BOACTBA M SPTOHOMHKE
[4, 6, 7]. Ana HUX, KaK MpaBWIIO, MPEACTABIAIOT HMHTEpeC rpaduKd, WLTIOCTPHPYIONINE MPOIECC M3MEHEHUS
HPOU3BOIUTENBHOCTH (YHKIIMOHAIBHOU NEATENbHOCTH (TpyAa) B TeueHue paboueil CMEHBI, BIMSHHE Ha HEro
(hakTOpa ycTaNOCTH, OPTraHU3aINN PAOOYMX MECT, PEKPEaTUBHBIX MEPONPHUIATHHA U T.1. PaKTHUECKUH CTAaTUCTHU-
YeCKH MaTepHrall, OCHOBAHHBIA Ha XPOHOMETpaXxe eATeIbHOCTH U 3proHOMUYecKuX nccienoBanusax YO aroro
THMa J0cTaToyHo obmmpeH. Crenyer 3aMeTUTh, 4To (opmanuzanus nesrenbHoctH YO Ha ypoBHE MOJIETBHBIX
TIpE/ICTaBIICHUH [6, 7] OKa HaXOANTCS HA 3a4aTOYHOM ypoBHE. IIpu 3ToM 0OHapy)HUBaeTcss BO3SMOXKHOCTD IIPE/I-
craBieHus aesTeabHocTH YO B KBa3MCTaTHUECKoi cpene B opMme aJJJUTHBHOM BPEMEHHOIH MOJENN HAa OCHOBE
WCIIONIb30BAaHMS Q/IIUTUBHBIX CBOMCTB CHTHAJIOB, (DOPMUPYEMBIX B CElapaTHBIX BPEMEHHBIX KaHaJaX, Kak dJe-
MEHTOB JITHEWHOTO ()YHKIIMOHAIBHOTO MpocTpancTsa [13].

ABTOpaMHM y4UTHIBAJICA TOT (PAKT, UTO BCAKAs alNPOKCHMANHs MIPUBOAMT K TOMY, YTO NIPU WHTEpBaIN3a-
UM 3aJ1a9M OCYIIECTBISETCS MHTEPBAIN3AIMS HE UCXOOHBIX MTapaMeTPOB MPOIECCOB, a MAPAMETPOB AIIIPOKCH-
MUPYIOLIEH MOJEIH, YTO MOXET NPUBOJANTH K HAKOIIJICHUIO MTOTPEIIHOCTH HHTEPBAIbHBIX NIPECTABICHHH.

MoTuBanMOHHBIM HA4aJOM JUIs HAITMCAHUSI CTaThH MOCIYKWIIO JKEJIAHUE 3allOHUTh OOHAPYKECHHBIN CHC-
TEMHBIH Ipo0Oes, TaK Kak, 0 MHEHHIO aBTOPOB, HAJIWIHE MATEMaTH4YECKUX MOJAENEH C MHTEPBAJIbHBIMHU I1apa-
MeTpaMu mpezacTaBieHus nesrensHocTd YO B (yHKIMOHANIBHOM CTaTHUECKOH cpele JacT CHEelHUaINCTaM IIo
Hay4YHOW OpraHM3aluy TpyAa, IUIAHUPOBAHUIO NMPOU3BOJICTBA M 3PTOHOMHUKE MOOWIBHBIH MHCTPYMEHT AJIS pe-
HIEHHUs OOJIBIIOTO Kpyra MPakTHYeCKHUX 3aJa4 Npu (GOPMHPOBAHWU TPYIOBBIX KOJJICKTUBOB M OpraHH3alldH WX
TpyZAa ¢ anpuopH 3aJaHHBIM pa3dpocoM MHANMBUAYalIbHBIX cBoiicTB UO. [locTaBneHHas 3a1ada pemaercs B J1Ba
JTama: Ha MEpPBOM JTale CTPOUTCS MEAMaHHass Mojenb jaedarensHocTd YO ¢ HCHOIb30BaHUEM KyCOYHO-
MOJIMHOMUAJIBHBIX MIPEJCTABICHUN, Ha BTOPOM dTale MapaMeTphl ATOTO MPEACTABICHUs UHTEPBAU3UPYIOTCS B
COOTBETCTBHH C NIPAaBHJIaMH HHTEPBAJILHOM MaTeMaTHKH.

MeananHasi aiAIMTHBHAS KYCOYHO-NIOJIMHOMHUAIbHAS. BpeMeHHAsA MOJe/b JeATeIbHOCTH
4eJIOBEKA-0IepaTopa B KBa3UCTaTH4YeCKoH (hyHKIIMOHAJIBLHOI cpene

Jlns moctpoeHus aATUTHBHON MHTEPBAIFHON Moneny QyHKIMOHAIBFHON nesitensHocTH YO B mMpom3Boa-
CTBEHHOIl CTaTHM4YecKol cpese oOpaTuMcs K KpUBBIM IpousBoautesnibHocTH YO 3a nosiycMeny, THIoBon Bup [7]
KyCOUHO-TIOJTMHOMHUAIBbHON anmpoKCUMAalUi KOTOpOH MpHUBEAEH Ha puc. 1.

Ha kpuBoit (puc. 1) MOXXHO BBIACTUTH CIEIYIOIINE XapaKTePHbIe TOUYKH U WHTEPBAJIbI U3MEHEHHS TIPOU3-
BoguresnpHOCTH Tpyaa YO: (0) — crapt paboueii cMeHsI; (£, ) — TOUKa PEealbHOTO Havajaa TPYJOBOW NESITEbHO-

CTH, XapaKTepUusyromasiacsa nepesoaoM B pa60qee COCTOSAHME NPOU3BOACTBCHHBIX MOHIHOCTeﬁ; ([12 ) — TOYKa J0C-

TiokeHuss YO MmenuaHHON HOMMHAIBbHOM IPOM3BOAMTENBHOCTH TPYAa; (f; ) — TOYKA Hadajla IpolLecca ycTaBa-

' TOCT 26387-84. Cucrema «Ue0BeK-MalmHay. Tepmunsr u onpeaencaus. M.: Crarmaptuadopm, 2006. 6 c.
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HUSI, XapaKTEepU3YIOIIasicsi OKOHYaHHEM MHTEpBaja JESTEIbHOCTH C MEIMAHHONH HOMHHAJIBHON ITPOM3BOIUTEIb-
HOCTBIO; (£, ) — Touka kputuueckoil ycranoctu (TKY), copnanaromas ¢ okoHUaHUEM [EPBOH MOIYyCMEHBI U Ha-

4aJoM peKpeaTuBHOro uHTepBaina; (0—¢, ) — HHTEpBaJ, 3aHATHINA MOATOTOBUTENBHBIMU OTepauusiMu; (¢, —f,, ) —
MHTEpBaJ BpabaThIBaHKS B MEANAHHYIO HOMUHAIBHYIO IPOU3BOAUTENBHOCTD K ; (f,, —t,, ) — MHTEPBAJ Iporpec-
CHPYIOILIET0 yCTaBaHUsl, XapaKTePH3YIOIIHUICS MaeHueM POU3BOAUTENLHOCTU TPY/a, 3a(MKCUPOBAHHBIH B TOU-
ke «TKVY» Ha ypoBHE (1 - Ay)k = 0,7 k Tak, 4o PaKTOp YCTAIOCTH OLCHUBAETCS MEANAHHBIM 3HAYCHHUEM I0KA-
3arenst yeranoctd A, = 0,3 . BbiieneHHbIe HHTEPBaJIbl KPUBOH (pHC. 1) 10 JaHHBIM [7] B 3aBUCHMOCTH OT HH/H-

BHIyalbHBIX CBOMCTB YO MOTYT OBITH OXapaKTepH30BAaHBI CICTYIOIIMMI MEAMAHHBIMH OIICHKAMH HX IIPOIOI-
xutensHocTH: (0—¢,,) — 12 muH (0,2 u); (¢,,—¢,, ) — 21 mun (0,35 v); (¢, —¢,; ) — 147 muH (2,45 4). Ot Benuuu-

HbI B ,uaanef/imeM HCIOJIB3YIOTCA KaK 0a3oBEIe IIpyu NOCTPOCHNUU MCANAHHOI'O MOACJIbHOI'O NPEACTABICHUA 4q0.

h(t)

E Jﬁ\‘.

't tp 13 ty BpeMH

Puc. 1. Tunosas kpueasi Tekyluel npoussoautensHocTn Tpyaa YO B TeyeHne paboyert NonycMeHsbl

JIng mocTpoeHust KpUBOH MPOU3BOAUTENBHOCTY TPYAA, aHAJOTMYHOM MPUBEICHHOMN Ha puc. 1, i BTOpoit
paboueii OyCMEHBI HEOOXOAMMO PacCMOTPETh MPOIIECC BOCCTaHOBIEHHs paborocnocodHoctr YO B pekpea-
TUBHBIH nHTEpBaN. {1 3TOr0 BOCHoOIb3yeMcsl HH(pOpMAIHel, MpUBeIeHHON B [7], B COOTBETCTBHM C KOTOPOH
npouecc /i, (t) BOCCTaHOBIICHNSI pabOTOCHOCOOHOCTH B MEIMAHHOM IPEACTABICHUN MOXKET ObITh OXapaKTepH-

30BaH KPUBOW, IPUBEICHHOHN Ha puC. 2.
hy(?)
0,9
0,8
0,7
0,6
0,5
0,4
0,3
0,2
0,1

=
1

0 0,5 1 1,5
Aty

Puc. 2. KpuBasi BoccTaHOBRNeHUs paboTocnocobHOCTM B pekpeaTuBHbIN MHTepBan

Kpusas (puc. 2) mo3BoJsieT OLCHUTh CHTYalUH, XapaKTepH3yOIIUecs Mapoi YuceN «IPOLOJDKHTENIBHO-
CTH MHTepBala pexpeauun (Af,) — CTEICHb BOCCTAHOBICHH (1 - A)k », KOTOpbIE CBEJIEHBI B Ta0I. 1.

Aty 4 0,25 0,5 0,75 1,0 0
(1-A)k 0,75 k 0,9355 k 0,9844 k 0,9961 k 1

Tabnuua 1. 3aBUCUMOCTb CTEMNeHN BOCCTaHOBMEHNS (I—A)k HOMWHanbHOW NPOVU3BOANTENLHOCTM

4O oT NpoAOMKNTENLHOCTY MHTEpBana pekpeaumm ( Az, )

W3 nomyuyenHoi Tabn. | BUAHO, YTO HpPU peanbHBIX HNPOAOKUTEIBHOCTSAX PEKPEaTHBHOTO HHTEpBala
IIOJIHOTO BOCCTAHOBJICHUSI IIPOU3BOIUTEIBHOCTH TPYyAa HE MPOUCXOAUT, TaKUM 00pa3oM, NpH (pOpMHUPOBAHUH
KPHUBOW NMPOU3BOAUTEIBHOCTH IS BTOPOH MOJIyCMEHBI, 3HAY€HHE MEIHAHHON HOMHMHAJIBHOM IPONU3BOANUTEIHHO-

CTH AOJIXKHO COCTAaBJIATH BCIIMYMH aBHyl0 (1—A) ot Me[{HaHHOfI HOMMHAJILHOM IT OU3BOAUTCIBHOCTH IIC BOI1
b
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nosrycMeHbl. TakiuM 00pa3oM, THITOBasi KpHBas U3MEHEHHs peallbHOU NPOM3BOAMTEIbHOCTH Tpyaa YO B TeueHue
paboueif cMeHbI IPHHUMAET BU, IPEACTABICHHBIN Ha puC. 3.

h() b

(1-A)k

1
1
1
1
I
I
I
1
1
1
1
1
1
I
I
I

L

~

| B
TR L3 b by DpeMi

n

Puc. 3. Tunosas kpuBasi U3MEHEHUs1 Npon3BoaMTeNbHOCTM Tpyaa YO B TeueHne paGoyeil CMeHbl pearnbHbIM
BOCCTaHOBJIEHWEM €€ B pekpeaTUBHbIN MHTepBarn

Ha ocHoBe KpuBBIX (puC. 3) BBIIEAIOTCS CENapaTHble BPEMEHHBIE KaHANbl JJIs ONUCAHUS JIEATENbHOCTH
B KBa3MCTAaTUUYECKOH MPOU3BOACTBEHHOM cpene. Tak, mpoussoauTensHocTh Tpyaa YO B nepsoil nomycmeHe Oy-
JIET ONMCHIBATHCS HIDKECISAYIOUHMMH aUINTHBHBIME KoMroHeHTamu. Hauanbubii narepsan (0—¢,) paboueit

CMCHBI, 3aHSATBIN TIOATOTOBUTEIBHBIMHU ONI€PpAUAMH, XaPAKTEPUIYETCA MAaTEMATHICCKUM ITPEACTABICHUEM IIPO-
H3BOAUTEIIBHOCTH TPYAA B BUAC HYJIEBOI'O IIOJIMHOMA HYJIEBOT'O ITOPsAKA:

hO,H(t):0~{1(t)—1(t—t”)}. (1)
HaanLHLIﬁ I/IHTepBaJ'I CMCHJICTCA I/IHTepBaJ'IOM (t“ _tlz) IIJIABHOT'O Bpa6aTblBaHl/I${, 3aKaHYMUBAKOUINMCS

JOCTHXKCHUEM MeI[HaHHOﬁ BEJIMYUHEI k HHI[HBHHyaHLHOi/‘I HOMHHAJIEHOU MMPOU3BOAUTECIIBHOCTU TpyJad, U XapaKTe-
PU3YyETCA MAaTEMAaTUYCCKUM NIPEACTABICHUEM TPONU3BOAUTEILHOCTH TPyAda B BUJC ITOJIMHOMA IIEPBOTO IMOPAAKA

ko (z):%(r—tn)-{1(:—112)—1(1—111)}. )

12 11

Wnrepsan (f,, —f,,) B NPEINONOKEHUH OTCYTCTBHs ycTaanus YO XapaKTepusyeTcs MaTeMaTHIeCKHM
MPEACTABJICHUCM MMPONU3BOAUTCIILHOCTH Tpyda B BUAC ITOJIMHOMA HYJIEBOI'O ITOPsAKaA:

By () =k-{1(t—=1,)=1(t—1,)} - 3)

VYuer mpouecca ycTaBaHUs, KOTOPbIM HauMHAETCS B TOYKE (7, ), YAOBIETBOPAIOILEH HepaBeHCTBaM
ti, Sty <1, M YCIOBHIO f; =34, XapakTepU3yeTCs majeHueM Al , (t) npoussoauTensHocTH Tpyaa YO, ma-

TEMATUYCCKHU MPEACTABIAEMBIM B BUJIE ITOJIMHOMA IIEPBOTO ITOPAIKA:

A, -k
_ By
Ah13,14(t)——(t_tl3)'{l(t_fm)_(t_tm)}s “)
Ly — 13
rae Ay — MAKCUMAJIBHOC MMaJACHUC HpOI/l3BOﬂI/ITeﬂbHOCTI/I prﬂa K KOH]_Iy HOﬂyCMeHLI C MCAHWAHHbBIM 3HAUYCHUCM
Ay =0,3.

C y4eToM aJIUTHBHOTO XapaKTepa MPOIeCcCOB BpadaThIBAHNS U yCTaBaHH Ha OCHOBAHHH COOTHOLICHUH
(1)~(4) MOXHO TIPEUIOKUTH AJVINTUBHOE KyCOUHO-TTOJIMHOMHAIBHOE MAaTEMaTHYECKOE MTPEACTaBICHNE TIPON3BO-
JINTEBHOCTH (yHKIMOHANBHOM AestensHocTd YO /i, (¢) 3a mepByo moTycMeHy:

ho,14 (t) = ho,n (t)+h11,12 (t)"’ h12,14 (t)_Ah13,14 (t) =

! (=t {1t =1, )= 1(t =)} +{1(t = 1,,) —1(t = 1,)} -

by — 1y . (5)
A

(=) {1(t =)~ (=1}

Ly —l
OueBUIHO, IMHAMUKA U3MEHEHHUS TPOU3BOJUTEILHOCTH (QyHKIMOHAIBHOH AesTeapHocTH YO BO BTOPOI
HOoJyCMeHe OyleT IMPOUCXOANTD 0 CXeMe aHAIMTHYECKUX npeacTaBnenuit (1)—(4) ¢ Toit pasHuei, 4To HHANBU-
JTyaJlbHas MaKCHMallbHasl MPOU3BOIUTEIBHOCTD Tpyaa Oy[eT JOCTUTaTh MEHBIIETO 3HAYCHUsI, PABHOTO k(l —A) ,

rac A — BennuuHa HEJOKOMIICHCAINH YCTAJIOCTHU YO 3a MEPBYIO MOJTYCMCHY B TCUCHUEC PEKPCATUBHOI'O MHTEP-
BaJia, IpCACTABJICHHAA 3HAUCHUSAMU B Tabn. 1. B urore 6yZ[CM HUMCTb MAaTEMATUYCCKOC MMPCACTABJICHUC TPONU3BO-
AUTCIBHOCTHU TPYyJa Ha HHTEPBAJIax:
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(ty=ty) : by (1) =0-{1(=1,)~1(t =1, )} 5 (6)
(tzl_tzz): h21,22 (t):L;A)(t_tzl)'{l(t_tn)_l(t_tzz)}; (M
(tyy=ty): Iy (1) =k-(1=A)-{1(t =1, ) =1(t = 1,,)} . ®)

VYuer nponecca ycTaBaHUs BO BTOPOI IIOIyCMEHE, KOTOPbIH HAaYUHAETCS B TOUKE (7, ), YAOBIETBOPSIO-
el HepaBeHCTBAM f,, < f,, <f,, W YCIOBHIO f,, =f, +34, Xapakrepusyercs mageHueM Ah,,,, (t) MPOU3BOH-

TEJIBHOCTHU TPpyHAa I‘IO, MATEMATUYCCKU MTPEACTABIACMBIM B BUJIC ITOJIMHOMA IIEPBOTO IMMOPAIKA

M (£) :%(:A)(t—tn)~{1(z—t23)—(t—t24 ). ©)

B cootHomenusx (1)~(9) 1(¢—¢, )— caBunyras Ha f, enuuuuHas Gynxuus [12].

C y4eToM aJIMTHBHOTO XapakTepa MpoLeccCOB BpadaTbiBaHUs U yCTaBaHHs HA OCHOBAHUHM COOTHOLICHUI
(6)—(9) MOXHO TIPEIIOKUTH ATAUTUBHOE MTOJTMHOMHATBHOE MaTeMaTHIECKOE TIPEACTaBICHUE TPON3BOIUTEIHHO-

cTu QyHKIMOHAIBHOH AestensHoct YO A, ,, (t) 3a BTOPYIO II0JYCMEHY:

l/’14,24 (t) = h14,21 (t)+ h21,22 (t)+ h22,24 (t)_Ah23,24 (t) =
! (t=ty,){1(t =1, )= 1(t =ty )} + {1(t = 1yy) —1(t 1, )} -

t,, —t
—k-(1-4) 2 "y
_tz4A—y 2 (t_t23)'{1([_[23)_(t_t24)}

(10)

Coornormienus (5), (10) mo3BossoT chopMUpOBaTh AATUTHBHOE KYCOYHO-TIOIMHOMHAIILHOE MaTeMaTuye-

CKOE IIPEJICTaBIICHIE MTPOU3BOAUTENBHOCTH (QYHKIIMOHATEHOH nesrensHoctd YO /) ,, (t) 3a TMOJIHYI0 pabovyro
cMeHy B opme

1

P— (t=t,,){1(t=1,)=1(t =1, )} +{1(t =1,,) =1t =1, )} -

h0,24 (t) = h0,14 (t) + h14,24 (t) =k- +

e ) (-0.)
by it21 (t_tzl)'{l(t_tzl)_1(t_t22)}+{1(t_t22)_1(t_t24)}_
+k-(1-A)- A ‘ (v
_lz4 i3 (t_t23)'{l(t_tﬂ)_(t_tﬂ)}

[Tepeiinem Temeps K MOCTPOSHUIO MOJEIBHOTO IIPEICTABICHUS TIporiecca (GOPMHUPOBAHUS PE3YIIBTATOB
¢yHKIMOHANBHOU esiTenbHOCTH (BhIpaboTku) YO, xapakrepusyronieiicst npeacrasienueM (11) ee npousBoau-
TenbHOCTH. OYEBUIHO, KBA3UCTAaTHYECKAs! CYLIIHOCTh TEXHOJOTHYECKOr0 00OpYyIOBaHUS ITO3BOJISIET IIPHIHCATh

€My TpH OIIeHKE Pe3ybTaToB (PyHKIMOHATBHOHN nesTensHocTH YO y(t) CBOMCTBO MHTETPHUPYIOILETO 3BeHA. B
UTOTe KOJMYECTBEHHO PE3yJbTaT (yHKIMOHAIBHOH nesrensHocTH YO y(t) MO>XHO BBIYHMCIIMTH KaK MHTETPAl
10 BPEMEHH OT IPOU3BOJUTEIBHOCTH €ro JCSTENbHOCTH /) ,, (t) (11). ITpu >TOM, €clii OPraHU3aTOPOB MPOU3-

BOJICTBA MHTEPECYET BBIPAOOTKA HA MPOU3BOJIBHBI MOMEHT BPEMEHH ¢ = ¢*, TO IPH MOJICIIbHOM MPEACTABICHUH
(11) peanbHOI TPON3BOANTEIBHOCTH TPYJa HEOOXOJMMO B TEUEHHE PAO0UETO JHS BBLICIUTDH IIECTh BPEMEHHBIX
HWHTEPBAJIOB:

1 4, <t'=t,+A" <t,

A" A" O,Sk 2
y014 I }’014 dt— J. hlll2 _(t —; )(At) :0,5k(t12—t“); (12)
t t 12 11 N*:ﬁz—fu
2. b, <t =t, + A <t
t+A o+
y014 _[ }’014 dt OSk( 2 11 J }112,13(t)dt:0a5k(t12_t11)+k(At*) =

I L+ At (13)
=k(t13 -0,5(t, +t12));
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3. 1, St =t +AC <8,

t3+AL" fo+t Hy+AL
J’o14( J h014 dt—k( %j‘" I h13,14([)d[:k(t13_Oas(tu+t12))+k(t14_t13)_
I * LE) (14)
Ak f3+AL ‘m*:r.m}
- {0,502~ 1,1} =k-{(1-0,54, )4, +0,5A 1, - 0,5(z,, +1,)}
14~ 43 ts
4. t, St =t, +At"<t,,
b+
Vuan 0] =H{ 0.8, 015, =0,5(t, +1, )|+ [ Iy (1) =F-{ (120,58, )1, +0.508, ~0.5(1, +4, )} +
: (15)
b+
[ By (0)dr=k|(1-058, 1, 0,508, ~0.5(s, +1,) +0.5(1-8) (1, 1, )|
by
5. 1, <t =t, +At" <t,,
e
ol j s (1) =Fe{ (10,58, )1, 0,571, ~0.5(2, +,) +0.5(1-8) 1, 1, )| +
byt
[ (1) A =H| (10,58, )1, +0, 501, =0,5(s, +2,) +0.5(1-A) (1, =1, )| + (16)
n
(-, = | (10,5, ), 0,501, ~0.5(1, +1, )+ 1) (1 =0.5(t, +1,) )
6. 1, <t =t,+At"<t,
Yl j T )l = (1-058 ), 405~ )41 105t ) +
oy
17)

.
byt

+ }m‘(t)d{ :k{(l—(),SAy)tlﬁO,SA}B—O,S(tH+t12)}+k(1—A){(1—0,5Ay)t +O3AL, 058, + )}

B mpuBenennsix Boipaxkenusx (12)—(17) meauanHoe 3HaueHHe & TPOH3BOAMTEIBHOCTH ICATEIBHOCTH
YO dopmupyercs B ity yCIOBHUS

k=arg{ (kA Aty by iyt =4yt s 1, =8)

B =1} . (18)

HNurepBanu3zauus ajiMTUBHON MeJUAHHOM KyCOYHO-IIOJIMHOMHUAIbHONH MO (PyHKIIMOHAIbHOM
JeATeIbHOCTH YeJl0BeKa-onepaTopa

[Ipexxne yeM permaTth 3amady MHTEpBAIU3AIMK aJAJUTHBHOM KyCOUHO-TIOJIMHOMHUAIBHOM MoIenu (pyHK-
IMUOHANBHOW AesrenbHocTH YO, MOCTPOEHHON B MpEABIAYIEM pasjieie, NauM HEKOTOPYIo HMH(OpMAaImi 00
WHTEPBAJILHBIX TPEJCTABICHUAX YHCIOBBIX MapamMeTpoB. B COOTBETCTBUM € CYIECTBYIOIIUMU MPEICTABICHUS-

Mmu [14] unTtepBanbHOe uucino (MY) [a] — 9TO Iapa Yucell (g,&) , 3aJJal0IUX COOTBETCTBEHHO €r0 JIEBYIO U
MPaByIO TPaHUYHBIE (YIJIOBBIE) PEATH3aIlH TaK, YTO OHO HOJIy4JaeT NPEACTaBICHNE

[a]:[g,a] (19)

N4y [oc] MOXKET OBITh TaKKe 3anucaHo [15] B BUIe TPOWKHM Yuce

[(x] =a,+ [Aoc] =, +[&,E] , (20)
Iae o, [Aa] — COOTBETCTBEHHO MEIMaHHAas U UHTEpBaJIbHasA cocTapisitoniie MY ¢ paBHBIMU IO MOJYIIIO JIEBOM

(Aa co 3HaKOM «MHHYC») U MIPaBoOil (E €O 3HAKOM «ILTIOCY») YIIIOBBIMH peanu3auusamu. [Ipencrasnenus (19),
(20) uHTEpBANBHBIX YHCET MTO3BOJISIOT 3aMIUCATh CUCTEMY COOTHOLICHUH
o =0,5(a+3);A0 =00y A0 = G- . (21)
Coortromenus (20) u (21) MO3BOJSIOT BBECTH TaKylo XapakTepuctuky MY, kak omeHka 9, ((x) OTHOCHU-

TeNnbHOM nHTepBasnpHOCTH MY [a] , 337]aBA€MYI0 COOTHOILLIEHUEM

8, () = Aaja, =—Aa/a,. (22)
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B cBoto ouepesb, cootHowenne (22) nospousier sanucars MU [o] B popmax

[a] = o +[ —y8, (at),c8, () | = @, {1 +(F9, (oc))} : (23)

ClleJtyeT 3aMETHTh, 4TO TIPH apU(PMETHUECKUX NEHCTBUAX ¢ HHTEPBATLHBIMU YHCIAMH POUCXOUT POCT
OTHOCHTENBHOH HHTEPBATLHOCTH MOTY4aEMBbIX HHTEPBATLHBIX UACEN B PE3yJbTaTe dTHX JelicTBui. B oToii cBsi-
3u GyzieT nosesHa MHMOPMAIUS O POCTE OTHOCUTENBHOI HHTEPBATLHOCTH PE3y/IbTATOB MIPOCTEHIINX ONeparuii
Ha/l MHTEPBATLHBIMU YMCIaMU: OOpAIlEHHe, TIEPEMHOKEHHE, JEJEHHE M MX KOMIO3MIMS, NPHUBEJICHHAS B
Tabm. 2.

5,[(#)] % 0 5 10 15 20 25 30 50
5,[(*)] "% 0 5 10 15 20 25 30 50
3, {[()][(*)]}% 0 5 198 | 2933 | 3846 | 47,05 | 5504 80
3, {[(-)][(*)] . } % 0 10,25 21 3225 | 444 | 5625 69 125
5, {[(o)][(-)][(*)} B } % | 0 1578 | 333 | 5276 | 6132 | 9849 | 1251 | 2625

Tabnuua 2. PocT 0THOCUTENBHOMN MHTEepBaribHOCTU pe3yribTaToB NPOCTENLUNX onepaunin Hag UHTEpPBanbHbIMU

OneHka OTHOCUTENIFHOM HHTEPBAIBHOCTU HECET OOJIBIIYIO COEPIKaTeIbHYI0 Harpy3Ky, TaK Kak IO3BOJLI-
€T OLICHUTD T€ MpeJeNIbl OTHOCUTEIBHOW MHTEPBAJIBHOCTH IAPaMETPOB, NPU KOTOPBIX (AaKT ydyeTa WM He ydeTa
VX MHTEPBAJIHHOCTH OKa3bIBAETCSI KOPPEKTHBIM M 00sI3aTeNILHBIM (B TaOMMIE 3aTEMHEHHBIE yYaCTKH COOTBETCT-
BYIOT HEJIOITyCTHMBIM 3HaYE€HHUSM POCTa HHTEPBAIHHOCTH).

OO6parumMcst K mpobieme (OPMHUPOBAaHMS HMHTEPBAIBHBIX HPENCTABICHUH ONHMCaHMS (yHKIHOHAIHHOM
nestenpHocTH YO B yCIOBHAX ABYX IONYCMEH, pa3deleHHBIX PEKPEaTHBHBIM MHTEPBAJIOM, B BUJE COOTHOIIE-
Huit (14) u (17), mprdeM nepBoe UCHONB3yeTcs KaK KOHTPOIBHOE 110 pe3yIbTaTaM MEepBOH IMOTyCMEHBI, a BTOPOE
— KaK HTOTOBOE 3a Bech paboumii 1eHb. VHTepBanbHOE NpeACTaBIeHHe ONUCaHu QYHKINOHAIBHON IesTebHO-
ct HO B dopme (14) u (17) cTpouTcs ¢ UCTIONB30BaHUEM 3aIMCH MHTEPBaJIbHOTO uKcia B Gopme (23). B pe-
3yJBTaTe MOTYYHM HHTEPBAJIbHBIE TIpecTaBieHus cooTHomeHmi (14) u (17) Bunga

(1 -0,5A, {1 + (TFSI (Ay ))})t14 +

y0q14(t)|t:4:k{1+($81(k))} +0,5Ay{1+($61(Ay))}t13 {1+($61(t13))}— . (24)
O,S(t11 {1 +(¥9, (4, ))} +1, {1 +(73, (tlz))})
i), =K{1+(, (8 (1‘0’5%{“(151(%))})’14+°SA {1+(+51 VARG
s 4),5(1“{1+($61(t“))}+ )

(1 ~0,5A {1+(+51( ))})z24+ 25)

{1+(78, 1)) 1-{1+(8, ()] 050, (78, (8 e 138 02))} -
~0,5(4+1, {147, (1)} +4+4, {1+(35, (1))}

Jamum xoMMeHTapuil BeipaxkeHusiM (24) u (25), npeacTapisiionmM co0oli HHTEPBAIM3UPOBAHHBIE MIPE/I-
CTaBJICHUS] UTOTOB (pyHKIMOHANBbHOHU AeaTensHocTH YO 3a mepBylo MOJIOBUHY pabodeil CMEHBI [UIMTEILHOCTHIO
4 4 1 3a BCIO CMEHY JUIUTEIILHOCTBIO 8 4. B HUX He MHTEpBaIU3UPOBaHbl BpeMEHa OKOHYAHHS IIePBOH ITOJOBUHBI
CMEHBI U BCEH CMEHBI B LI€JIOM, IOTOMY YTO 3TH IapaMeTphl He CBA3aHbI ¢ MHAUBUIYaIbHBIMU cBoiicTBaMu YO.
BpemeHna BTOpOil 1OJIyCMEHBI NIPE/ICTABIEHB] B BUIE CYMM I, =4+1¢,; t,, =4+1,; t,, =4+1,, IIpU dTOM HUH-
TEPBAJIU3UPYIOTCS BTOPBIE KOMIIOHEHTHI PEICTaBICHUM, YTO MOXKET OBITh CIETaHO HE3aBHCHMO OT EPEMEHHBIX
C TaKMMH K€ HHIEKCaMU U3 IEPBOH MOITyCMEHBI paboyero IHs.

IIpuMmeps! HCHOB30BaAHUS AJIUTHBHOI HHTEPBATBHOMH KYCOYHO-NIOJIMHOMHAIBLHONH MOJeIH
(pyHKUIMOHAIBLHOM JeITeJIbHOCTH YeJIOBeKa-0IlepaTopa B NPOU3BOACTBEHHOM CTaTHYeCKOH cpe/e

B stom pasgene paccMarpuBaercsa Tpu npumMepa YO npu pa3IHuHBIX COUETAHUSAX MHTEPBAJbHBIX Hapa-
METPOB UX MOJIENIFHBIX Npe/ICTaBIeHNH. Bo Bcex nmprMepax 3aMKCHpOBaHbl BETMUUHEI ITOKa3aTelel yCTaloCTH
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A =03 u 1—A|A oot = 0,9844 BocCCTaHOBICHUA MPOU3BOAUTEIBLHOCTU NEATEILHOCTH 32 BpeEMs PEKpeaTuB-

HOTO MHTEPBasa (00EAEHHOTO [IEPEPhIBA) JUIMTENBHOCTBIO Af, =45 Mun = 0,75 4 , KoTopas B cuity yciosus (18)

MpPUHUMAET 3HaYeHUue k = 0,1451(q)'1 . 3aUKCHPOBaHHON BENMYMHON HAa BCEX NMPUMEPAX SIBISIETCS TaKKe MO-
Jyb OLIEHKHM OTHOCUTEIBHON HMHTEpBaJbHOCTH [UI1 BceX mapameTpoB Moaenun YO Ha ypoBHE 3HaueHHS
|3, ()] = 0,1(10%) .

IIpumep 1. Monens YO ¢ MenaHHBIMY 3HaU€HUSIMU [TApaMETPOB:

k= 0,1451(({)’1 3 4,=0,29;1,=0,559;¢,=3,09;¢, =4,0u;

t, =4,24;t), =4,554;t,, =7,0u4;¢,, =8,0 u.

Iporecc y () BHIPaGOTKH HPOMYKTa JUls STOTO Cilyyas HPECTaBIeH KpUBOi 1 Ha puc. 4, KONMYECTBEH-

HBIC TTOKA3aTCJIM 3TOr0 npouecca nMpruBeaACHbI B TaoI. 3.

y(t) T T T ] T T T . |@
1’2 I, . i T UL .. o JTL
1 B e R S ....... __,\/

04| —— WA B § - T N — i

0,2 s ;_,'_,-_: ....................... fasesnd : ciiannne i

0 1 2 3 4 5 6 7 8 9 10 ¢

Pwuc. 4. KpuBble npouecca y(t) BblpaboTkn YO npoaykTa B TedeHne paboven CMeHbI:

npy MeanaHHbIX 3Ha4YeHUsAX NapameTpoB (1); Npn HeBNaronpUATHLIX YIIOBbIX 3HAYEHUsX NapameTpos (2);
npu 6rnaronprATHBIX YINOBbIX 3HAYEHUsIX NapameTpos (3)

IIpumep 2. Mozgens YO ¢ HeOAaronpuATHHIMHA YIIOBBIMH 3HA4E€HUSIMU I1apaMETPOB, MMOPOXKIAIOIIMMHI
MEHBIIYIO IPON3BOANTEILHOCTD, OOJIBIIYIO JUTUTEILHOCT HHTEPBAJA IMOATOTOBUTEIBHBIX ONEPALUi, OONIBIIYIO
JUTNTENBHOCTH BpabaTeIBaHMs M OOJice paHHEE YCTAaBaHNUE!

(14 (=8, (k) ==0.1)) = 0,1306 () s ,, - (1+(+8, (1,) =+0,1)) = 0,22 w;

(1 (43, (£,) = +0,1)) = 0,605 u; £, - (1+(=3, () = =0,1)) = 2,7 w;

=4t (14 (43, (6,) = +0,1)) = 4,22 5 1,, = 441, (1+(+3, (1, ) = +0,1)) = 4,605 u;
by =4+ -(1+(=8, (1,) =—0,1)) = 6,7 u.

[Ipouecc y(t) BEIPA0OTKH MPOMYKTA JJIsl ATOTO CIIydasi MPEACTaBICH KPUBOH 2 Ha puC. 4, KOJHYCCTBECH-

HbIE II0Ka3aTeJId ITOT0 Hpoliecca IPUBEAEHBI B TalII. 3.

Ipumep 3. Mogenr YO ¢ OnaronpusTHBIMU YIVIOBBIMH 3HAUEHUSIMH IApaMETPOB, MOPOKIAAIOIINMH
OOJIBIITYIO TPOM3BOANTEIBHOCTD, MEHBIIYIO JIIMTEIFHOCTh HHTEPBAJIa MOATOTOBUTENEHBIX ONEPAIiid, MEHBIIYIO
JUTMTENBHOCTH BpabaTeIBaHMs U OoJiee MO3/HEe yCTaBaHue:

Je-(1+(+3, (k) = +0,1)) = 0,1596(('1)’1)_1 ;
(1 (=9, (8,) ==0,1)) = 0,18 w3 4, - (1+(=3, (4, ) = =0,1)) = 0,495 u;
t3( +(+8, (1) = +01)) 33w, =441, (1+(=5,(4,) =-0.1)) =418 x;
=4ty (14(=8, (£,) = =0,1)) = 4,495 u; 1,y = 4+, -(1+(+3, (4,) =+0,1)) = 7,3 u,

Hpouecc y( ) BLIpa60TKI/I MPOJYKTa JJI 3TOTO Ciyyas MpencTaBieH KpuBoil 3 Ha puc. 4, KOJIMYECTBEH-

HBIC ITOKAa3aTCJIK 3TOI'0 Npouccca NpuBCACHLI B Tabm. 3.
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qo | Coseramme mapuverpos [ T A A A S G
1 MEIUAHHOE 0,1451 0,2 0,55 3,0 4.2 4,55 7,0 1
2 HEOJIArompUsITHOS 0,1306 0,22 0,605 2,7 | 422 | 4605 | 6,7 0,8
3 OJIArONIPHUSITHOE 0,1596 0,18 0,495 33 4,18 | 4,495 | 7,3 1,26

Tabnuua 3. KonuyecTeeHHble NokasaTenu npoliecca y(¢) BbipaboTku YO 3a cMeHy

3akauenne

Ha ocHOBe THIOBOW KPHBOI U3MEHEHHS [TPOM3BOIUTEIBHOCTH TPY/a B TeueHHe paboyell CMEHbI ¢ IOMO-
HIBIO aMMapara aAJUTHBHBIX KyCOYHO-NOJIMHOMHUANBHBIX MOJEIEH, JOMOIHEHHOTO HHTEPBAIbHBIMY apaMeTpH-
YECKMMHU NPEJCTaBICHUAMH, IOCTPOCHO aHAJIMTUYECKOE ONMCAaHNE AEATEIbHOCTH YEJI0OBEKA-0IepaTopa B KBa3H-
CTaTHYeCKOW (yHKIMOHAIIBHOM cpejie, IPe0oCTaBIIIONIee OPraHn3aTopaM 3TOH Cpeabl MNPOKHE BO3ZMOKHOCTH
JUIsL peLLICHUs IPOOJIEM €€ COBEPILICHCTBOBAHUSI.
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