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AnHoTanusi. AkmyanoHocmo u yeau. COBpeMEHHBIC YCIOBUS BECHHs OOCBBIX ACUCTBHIA YKECTOUMIN TPeOO-
BaHMSA K ITOJIHOTE MH(POPMAIIMOHHOTO 00ECTIeUeHH s ITPOIIECCOB yNPABICHNUsI 00EBBIMU ACHCTBUSMH U, KaK CIIE/ICTBHE,
paclIMpWINCh BpeMEHHBIE TPEOOBAaHUS K aBHAIMOHHBIM CHCTEMaM Kak ITOCTaBIIMKaM HH(GOPMAaIMH O MPOTUBHHKE
B MH(OpMALIMOHHBIE CETH CHCTEM YIPaBJIEHHs BOMCKaMK. B 1es1X MUHUMHU3aIMK TIOTEPh JMYHOTO COCTaBa B OOEBBIX
JeHCTBUSAX, @ TAKXKE aBTOMATU3AIMH [IPOIIECCOB BBHIMOJIHEHNUS 3a7jau UCIIONIb3YIOTCSI OECIMIOTHBIE JIETaTeIbHbIC all-
napatsl (BJIA), o6beannennsie B rpynnsl BJIA 1t ycremHoi peann3anuy MoJeTHOTO 3aJaHus B YCIOBHSIX IUQ-
(hepeHIMALINY KaXXIOTO JIETATEIBHOTO ammapara Mo ero Benymied QyHkiuu. [Ipumenenue takoit rpynmnsl BJIA B
XOJI€ BBINOJIHEHNUS PAa3HOPOJHBIX 3aJad 10 MpeJHa3HAuYCHUIO TPeOyeT OLIEHKU OIEPaTMBHOCTU M KadecTBa B yCIO-
BUSX MH(OPMAIMOHHO-TEXHUYECKOTO BO3/ICHCTBHS, yIeTa BPEMEHH, 3aTpayiBacMOT0 Ha IPOTHO3UPOBAHNE UCX01a
coOBITHI1, cPOPMUPOBAHHEIX B pe3yJbTaTe MPOTEKAHMS BCEX 3TAIOB Ipolecca PyHKIMOHUPOBaHUs rpynmoit BJIA,
MO3BOJIAIOIIEH TIOJyYUTh CTAaTUCTHYECKUE AaHHbIE O BPEMEHM ero IpoTeKaHus. Takoil mporecc BKIIOYaeT B ceds:
aHanm3, 0000IIeHNe U MPUHATHE PEIICHUS IpH TPeOyeMoil TOYHOCTH M3MEpPEeHNH N MUHUMAJIBFHO HEOOXOIUMOM
KOJIMYECTBE OTIBITOB C COXPAHEHNUEM CTAaTUCTHUYECKOH JOCTOBEPHOCTH PE3yJIbTaTOB dKCIepuMenTa. Llenpro Hayy-
HOW CTaThM SIBISETCS pa3paboTKa METOAMKH OIEHKH ONEPaTHBHOCTH PAOOTHI CHUCTEMBI MOIAEPIKKH MPUHITHS
pemenns (CIIIIP), pasmemaemoii omHOBpeMeHHO Ha OopTy Beaymero BJIA-mumepa w Ha Ha3eMHOM IYHKTE
YIpaBJIeHUS TOJETaMH C [ENbI0 CHHXPOHHU3AIUH JIeHCTBUI ollepaTopa ¢ aBTOHOMHBIM ITOBE/IEHUEM TPYNITHPOBKU
B BO3Jyxe. BBejeHne B oO0MmMN LUK yHpaBIeHHsS TaKOW CHCTEMbI 00YCIIOBIMBAET MOBBINIEHHE () ()EKTUBHOCTH
pabotsl cucremsl «BJIA-nmuaep — oneparop» U MO3BONSIET COKPATUTh BPEMsI, 3aTpaulBaeMOE Ha BBIIIOJIHEHUE 3a-
Jlau¥ 10 TpeHA3HAYeHHIO 3a cUeT paclapajuleIMBaHMs MPoLeccoB cOopa 1 00paboTKN MHPOPMAINH, IPOTEeKa-
IONIMX B KOHTYpe cHUCTeMBbl. Vcronb3oBaHHe BBICOKOCKOPOCTHOTO CIIELBBIYMCIHTENS B CUCTEME YIpaBICHHS
BJIA no3BossieT ONTUMH3HPOBATH BBIYMCIMTENBHBIE 3aTPAThl M PEaN30BaTh BBICOKOI((EKTHBHEIE ANTOPUTMEL,
3alI0KeHHBIe Ha 00pT. Mamepuaner u memoodst. cxons u3 GpU3MvecKoil MHTEPIPETAlN paccMaTPpUBaeMON 3a1a-
Y COKpAalleHHsi BPEMEHHOI'0 IoKa3aTesisd MPHU ydyeTe pasiiuyHbIX (akTOpOB, BIUSIOIIMX Ha Pe3yibTaT OOIIero
pEIIeHus, UCIIOJIb3YETCsl METOJ JAOJIEBOI0 Y4YacTHs, YCTaHABIMBAIOIIMH IOJII0 BIUSHUA Pa3IMYHBIX (aKTOPOB
Ha 3¢} dexTuBHOCTD TpemmaraeMoil MmeToanku. KputepueM omeHkH 3QPEKTHUBHOCTH pPaccCMaTPUBAEMON METOIHKH
SBIISIETCS OTEPAaTHBHOCTh, a IIOKa3aTeleM — BpeMs, 3aTpauyMBacMoe Ha BBHINOJHEHHWE MOJETHOTO 3aJaHus.
Peszyromamei. B cTarhe mpencTaBieHbl pe3yJbTaThl CHCTEMATU3aMKM M aHali3a WHPOpPManuu, o0padaTeiBaeMoii
CIIIIP Ha 6opty Bemymero BJIA, a Taxke mpoBeOeHBI pacyeTsl MoKa3aTels 3QPeKTUBHOCTH IpeIaraeMoi MeTO-
JIUKW U CpaBHEHHE MX C CYIIECTBYIOUIMMHU. Buigodwul. Vcxons u3 (puzndeckoil MHTEpIpeTanuy paccMaTpuBaeMon
3aJ]aun COKpAIleHUs] BpEMEHHbBIX T0Ka3aTesiel MU y4eTe pa3sIndHbIX (JaKTOPOB, BIUSIOMINX Ha Pe3yJIbTaT 00IIero
pemieHus (Ha OCHOBE M3Y4YEHHsS METO/A JOJIEBOTO Y4acTHs), yCTAHOBJIEHA JOJI BIMAHUSA KaXJOTo MOKa3aTessl Ha
3¢ GEeKTUBHOCTD IIpeyIaraéMoi METOANKH.

KaioueBble ciioBa: SKCIIEPUMEHT, CTaTUCTHKA, OLIEHKA OTIEPaTHBHOCTH, OSCITMIIOTHBIH JIETaTeNbHBIN armapar,
cUcTeMa MOAJEPKKU MPUHATHS PEICHUI
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Abstract. Background. Modern conditions of warfare have tightened the requirements for the completeness of
information support for the management of combat operations and, as a result, the time requirements for aviation sys-
tems as suppliers of information about the enemy in the information networks of the command and control systems
have expanded. In order to minimize the losses of personnel in combat operations, as well as to automate the processes
of performing tasks, unmanned aerial vehicles (UAVs) are used, combined into groups of UAVs for the successful
implementation of a flight task in conditions of differentiation of each aircraft according to its leading function. The
use of such a group of UAVs in the course of performing heterogeneous tasks for their intended purpose requires an
assessment of efficiency and quality in the conditions of information technology impact, taking into account the time
spent on predicting the outcome of events formed as a result of the course of all stages of the process of functioning by
a group of UAVs, which allows to obtain statistical data on the time of its course. Such a process includes: analysis,
generalization and decision-making with the required measurement accuracy and the minimum required number of
experiments while maintaining the statistical reliability of the experimental results. The purpose of the scientific article
is to develop a methodology for assessing the efficiency of the decision support system (DSS), which is placed simul-
taneously on board the leading UAV leader and at the ground flight control station in order to synchronize the opera-
tor's actions with the autonomous behavior of the grouping in the air. The introduction of such a system into the gen-
eral control cycle leads to an increase in the efficiency of the "UAV-leader — operator" system and reduces the time
spent on completing the task for its intended purpose by parallelizing the processes of collecting and processing in-
formation flowing in the system circuit. The use of a high-speed special calculator in the UAV control system makes it
possible to optimize computational costs and implement highly efficient algorithms embedded on board. Materials
and methods. Based on the physical interpretation of the considered task of reducing the time indicator, taking into ac-
count various factors affecting the result of the overall solution, the equity method is used, which establishes the share
of the influence of various factors on the effectiveness of the proposed methodology. The criterion for evaluating the
effectiveness of the technique under consideration is efficiency, and the indicator is the time spent on completing the
flight task. Results. The article presents the results of systematization and analysis of the information processed by the
DSS on board the leading UAV, as well as calculations of the efficiency indicator of the proposed methodology and
their comparison with existing ones. Conclusions. Based on the physical interpretation of the considered task of reduc-
ing time indicators, taking into account various factors affecting the result of the overall solution (based on the study
of the equity method), the share of influence of each indicator on the effectiveness of the proposed methodology is es-
tablished.
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BBeaeHne

B kauecTBe uccienoBaTeNLCKOW aBTOpaMM Oblla MOCTaBjIeHA 3ajJava Mo pa3paboTKe METOIAMKH
OLIEHKH ONEepPaTHBHOCTH (PYHKLIMOHHPOBAHUS CUCTEMBI mojaepkku npunstus pemenus (CIIIIP) ¢ nensio
COKpallleHHs BPEMEHH, 3aTPauMBAEMOI0 Ha BBINOJIHEHHE 337ad U ONTHMHU3ALNN BBIYHCIMTEIBHBIX BO3-
MokHocTel Ha 60pTy BJIA. OCHOBHBIM COIEpXKAHUEM HCCIEAOBAHUS SIBUICS aHAJIN3 OTAEIBHO B3SITHIX
BpPEMEHHBIX POMEXKYTKOB TIpoliecca coopa u 00padoTKH HHPOPMALIMH B XO/€ PELICHUS 3a1a49H.

Jiist mpoBeieHNs OLIEHKH OTEPaTUBHOCTH Mpoliecca cOopa 1 00padOTKH MHPOPMALMH YUUTHIBAETCS
BpeMs ¢ MOMEHTA MOATOTOBKU U PA3BEPTHIBAHMS 10 BBIIIOJIHEHUS IIOJETHOTO 3a4aHMSL.

Jl1g npoBeieHUs OLIEHKH ONEPAaTUBHOCTH MTPOLECCAa IPUHATHS PELIECHHs YUUTHIBAETCS BPEMs, 3aTpa-
YMBAEMOE Ha IPOTHO3UPOBAHMUE MCXOZa COOBITHH, CHOPMUPOBAHHBIX B PE3yJIbTaTe MPOTEKaHUS BCEX ITa-
OB Tporiecca (GyHKIMOHUPOoBaHus Tpynibl BJIA.
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B pabote npeminoxkeHa KOJIMYECTBEHHAs U Ka4yeCTBEHHAsI OI[EHKA OMEPAaTHBHOCTH Ipoliecca coopa u
00paboTKu HH(OPMAIINH 32 CUET BKJIIOYCHHUS B KOHTYP YIPaBJICHUS CHCTEMBI ITOIICPKKH TPHHSATHS pPellie-
Hus Ha 60pTy BJIA. Takas cucreMa MOXKeT OBITH pa3MelieHa B 00pTOBOM cucTeme ynpasiieHus bJIA B Bume
MPOrPaMMHO-AITOPUTMHIECKOTO KOMILIIEKCA.

1. [locranoBka 3amauu. [lo AByM HE3aBUCHMBIM MAJIBIM BBIOOPKaM, OOBEMBI KOTOPBIX COOTBET-
CTBCHHO paBHbI 7 U m, U3BJICYCHHLIM M3 HOPMAJIbHBIX T'€HEPAJIbHBLIX COBOKyrIHOCTeﬁ X n Y, HaI\/'I)Z[eHI)I

BBIOOPOYHBIE CPEHUE X, Y U UCIPABICHHbIC AUCHEpCHH S, U S, .
TpeOyeTcs HalWTH: IPU YPOBHE 3HAUUMOCTH O IPOBEPUTH HYJEBYIO runoresy H, : 7. 5, (X)= Ty, V),

npy KOHKypupyiomei runorese H, : Ty (X) # Ty (Y).

OrpaHuueHus U JOITyIIEHUS:

— B IPOLECCE BBIINOJIHEHHSI SKCIIEPUMEHTA UCNOIb3yIoTca jerkue BJIA ¢ manoil u cpenneit npono-
JKUTENBHOCTBIO MOJIETA;

— JUI BBITIOJIHEHUS DKCIIEPUMEHTA MPUBJIEKAIOTCS IKCTIEPThI, UMEIOLIHE OMBIT B 00IaCTH Pa3paboTKH
Y 3KCIUTyaTalluu cucTeM ympasieHus bJIA;

— IIpU MPOBEIEHUH MOJEINPOBAHUS MIPUHATO, YTO HAINPABJICHHE BETPA yCTONUMON HANpaBICHHOCTH
COBIAJACT ¢ HampaBicHUEM mojeTa bJIA.

Ha ocHoBe mpoBeaeHHOTO aHaM3a Tporecca GyHKITMOHNpoBaHus bJIA, ciocoOHBIX (pyHKITOHUPO-
BaTh B COCTaBE I'PYMIbl, B XOJI¢ PELICHUS Pa3BEIbIBATENbHBIX 3a/1a4 ONPEAEISIOTCS OCHOBHBIE 3TaIlbl MIPO-
1ecca, COCTOSIINE U3: aHaIu3a, 0000meHNs HHPOPMALIUK U TIPUHATHS pelIeHHs. 3a IPUHITHE PEeIICHU Ha
6opty BJIA otBeuaer cuctema noaaepxku npunstus pewenus (CIIIIP), paccmoTtpennas B pabdore [1].

[okazatenu u kputepun. [lokazaresem B JaHHONW MeTOIMKE OyJaeT SBIATHCS BPEMsi, 3aTPauyuBaCcMOC
Ha 00paboTKy MH(OpMAIMK C TMPUMEHEHHEM CHCTEMbl MOJIEPKKU MPUHATHS PELICHHs] ONepaTopoM, a
KPUTEPUEM BBICTYIIAET ONEPATUBHOCTh MpOLECCa MPUHATHS PELICHMS], ONUChIBAEMAasi COOTBETCTBYIOIIUM
YpPaBHEHUEM:

T

crp —

T ,+T +1T

an2 mp.pent 0600611

— min, (1)

rae Ty — BpPEMs, 3aTpauMBaeMoe Ha 0OpabOTKy MH(MOPMAalMU C NPUMEHEHHEM CHUCTEMBI HMOIJIEPKKH
MPUHATHS PELIEHHS OIIEPATOPOM.

Jyis onpe/iesieHnst ONepaTUBHOCTH 00pabOTKH JTAaHHBIX C MCIOJIh30BAHUEM CYIICCTBYIOIICH METOIH-
KH [2] MOZIEITb MOKHO TIPEACTABUTH B CIICIYIOIICM BHJIC:

TB3 = ]wpaz& + T;abum, + 7:31'13 + TaHl + TKoppAor, + ]:30313}), + TaHZ + TnpApemA + 7:)606].& H (2)
rae 1y; — Bpemsi, OTBEACHHOC Ha BBINMOJIHCHHC 3a1aHUSI B yCIIOBHSX PEANbHOTO BpeMeHH; T, — BpeMms, 3a-
TpaunBaeMoe Ha pasepreiBanue BJIA; 7, ~— — Bpems, 3arpaunBaemoe Ha noauatue BJIA B Bosnyx; 7, —

BpeMsi, OTBEJEHHOE Ha BBIIIOJIHEHUE MOJETHON 3anaun; 7T,

anl

— BpEMs, 3aTpauyuBacMOC Ha MPOBCACHUC 10-

IMOJIHUTCJIbHBIX PACUCTOB U INOATOTOBKY PCIICHUS 110 HAIIPABJICHUIO ,I[aJ'IBHefIIHPIX HeﬁCTBHﬁ; T — Bpe-

KOpp.Or.
M, 3aTpadynuBacMOC Ha ICPCCUHCT KOOPAWHAT TOYKU IIPULCIIMBAHUSA W HABCACHUC OpPYKHA HaA ICJIb,
T — BpEMs, 3aTpavrBaACMOC Ha BO3BPALICHUC I'PYIIIIbL BJIA mociie BEIIOIHEHHUS ITOCTaBICHHOMN 3aaa4u,

BO3BP.

T,

aH2

— BpEMs, 3aTpavuuBACMOC Ha MPOBCACHUC NOIOJHUTCIBHBIX pPAaCHYCTOB ITOCJIC BBIIIOJIHCHUS OCHOBHOH

YacTU MOCTaBICHHOM 3ajaun; T

mp.pent.

— BpeMs, 3aTPaurBAEMOE Ha IPHUHATHE PELICHMS 10 AAIBHEUIIUM

nercrBusam; T, — BpeMs, 3aTpadyrnBaeMoe Ha MMOABEACHUE UTOTOB MTPOBEICHHON OTIEPAINH, COCTaBICHNE

600mI.
HE0OX0MMMOHN JOKYMEHTAINU U JOKJIA] KOMaHANPY (HAYAIbHUKY ).

Jiis ompeneneHns BpeMeHH, 3aTpavyuBaeMoOro Ha 0OpabOTKYy NaHHBIX C HMCIIOJIIb30BaHUEM pa3pado-
TaHHOW METOJMKH MOEIh MOXHO TIPEJICTABHUTH B CIEAYIONIEM BHIE:

Iy=T,, +T. . +T +T + T+ Tommp- (3)

pass. BBIIB. BII3 KOpp.OT. BO3B.

B Takoii Mozenu UCKITI0Yal0TCs TPH COCTaBIIAOIMUE T, B COOTBETCTBUU ¢ popmynoi (1).

2. BeiiBuxenue runoressl. B paMkax mpoBeCHHBIX UCCIIEIOBAHUI BBIIBUIaeTCs CIEAYIOLIAs THIIO-
Te3a: «lloBbllIeHNE ONMEpPaTMBHOCTH YIpPAaBJIEHUS cMellaHHOW rpynnupoBkod BJIA Bo3MokHO ocyme-
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CTBUTH 32 CUET pacrapauleTMBaHMsI IPOLIECCOB BBHITOJIHEHHUS TOJIETHOTO 3aJ]aHNs, aBTOMATH3aLUU TIPOIIeC-
ca NMPUHATHS PEIIEHUH U YMEHBIIEHNU KOJIMYECTBA ONBITOB ITPOBECHUSI IKCIIEPUMEHTA.

Br1iBuHYTYI0 THIOTE3y HEOOXOAMMO JOKa3aTh, Ul 3TOTO MepeiaeM K MaTeMaTHUECKOH HHTepIpe-
Taluu chOpMyIUPOBAHHON TUIIOTE3BI U IOCTPOUM €€ Ha OCHOBE TEOPHH MaTeMaTU4eCKOM CTATUCTUKH.

B pabote paccmaTpuBaroTcsi 1B€ METOIMKH pacdeTa BPEMEHH, 3aTPadyuBAEMOr0 Ha BBIMOJIHEHHUE T10-
netHoro 3aganus rpynnoid BJIA. Tlepas meToauka npeaycMaTpuBaeT CYLIECTBYIOIIUN MOIXOM, peaau3y-
FOIAN anTopuTM paboThl pacdera BJIA, B cocTaB KOTOPOTO BXOAWT HAYAIBHHUK pacdera, OIepaTrop W Ko-
MaHIUp NOApa3AeICHuUs, KOTOPBIM pealn3yeT ynpaBisionyio (pyHKIHIO.

Wnes paccMaTpuBaeMoil paboThI 3aKII0UAETCS B HCKIIIOUEHUH Y€JIOBEYECKOro (hakTopa U3 mpouecca
cbopa, 00paboTku 1 0000IIeHNs HHPOPMALIUK U €T0 aBTOMATH3AIHA 32 CUET paclapaieTuBaHus MpoIiec-
COB U IIOCTPOEHUS aBTOMATH3UPOBAHHBIX aIrOPUTMOB, BXoAmuX B cocta CIIIIP.

ChopmynupyeM runoTesy Ha si3bIKe MaTEMAaTHYECKOH CTATUCTHKK MIPUMEHHUTENBHO K HAIlleH 3afayqe.

I'nnotesa H,,: cpenuee Bpems Ty (X), pacCYMTaHHOE B COOTBETCTBHUH C 1-if METOAMKOM, 3aTpayn-

BaeMO€ Ha IPOLECC BBIIIOJHEHUS MOJETHOrO 3aJaHus rpynnupoBkoi BJIA, 3HauuTensHO OTiaM4aercs: oT
cpennero BpeMenu Ty (Y), pacCYMTaHHOIO 10 2-H METOMKE NPH MCIIOJIb30BAHMH B PACYETE JIBYX HE3aBH-

CHUMBIX BEIOOPOK, C(HOPMHUPOBAHHBIX B MPOIECCE PEATTU3AIUN METOIUKH:

Ty (X)# Ty (Y). 4)

3. Jloka3aTenbCTBO BBEIABUHYTON THIOTE3BL. [IpoBeneM MpoBEPKY BBIIBHHYTOW CTATHCTHYECKON TH-
MOTE3bI HA KOHKPETHOM TIpUMeEpE.

Wnnroctpanust mporecca ONTUMU3ALUKA BPEMEHHBIX PECYpPCOB Ha OCHOBE IMpeajiaraéMoid METOIUKU
npeJicTaBlieHa Ha puc. 1.
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Puc. 1. l"pa(bnqecxaﬁ WIITIOCTpanusA rnmpouecca OornTuMu3alnu
BPEMCHHBIX PCCYPCOB Ha BBINIOJIHCHUEC IMOJICTHOI'O 3aJaHNUA

3aa MM TOYHOCTB, PaBHYIO O, =14, KOTOpas sBIsETCS aOCONMIOTHOM BEINYMHOI OTKIOHEHHUS BBIOO-
POYHOI cpeqHEeH OT TMIOTETHYECKOM I'eHepalbHOM CpEeAHEH COBOKYMHOCTH, T.€. BEJIMYHMHY, B PaMKaxX KO-
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TOpOH Cpe/iHee 3HaYeHUe, pacCUUTaHHOE C IIOMOLIbIO METOJMK, UMEET IIPaBO OTKIIOHATHCS OT HEU3BECTHOM
CpedHel TeHepalbHOM COBOKYIIHOCTH, W3 KOTOpOW Oblia MpeicTaBieHa BHIOOpOYHAs COBOKYIHOCTb JUIS
oueHKU MeTonuK. Cuurasi, 4TO BEIOOPOYHbBIE COBOKYIHOCTH MOKHO alIIPOKCHMHPOBATH HOPMAaJIbHBIM pac-
npezeeHneM, HaliieM YiCII0 UCIBITAaHNH, HEOOXOAUMBIX Ul JOCTHKCHHUS 3a/laHHOM TOYHOCTHU B YCJIOBH-
SX pacdera BEIOOPOYHOW COBOKYITHOCTH I10 TIEPBOM U BTOPOI METOIHKE.

st pacyeTa HEOOXOAUMOTO KOJIMYECTBA OIBITOB (72,/1) 1 TOUHOCTH () Bocromnb3yeMcst popmyioit (1)
Y TIOJYYUM

n= (a;k)S3s, /18] =11

;{ByCT p.
2 _
m= J]ByCT Kp. (a k)ST632 /82 -

Brruucnenus mokasanu, 4To Ui JOCTHKEHHS Harepel 3aJaHHOW TOYHOCTH IO MEpPBOH METOAMKE
TpeOyeTcst MeHbIIIee KOJINYECTBO UCTIBITAHHH, YeM 110 BTOPOH, CII€I0BATENILHO, IIPU OAMHAKOBOM YHUCIIE UC-
IBITAHUHA TOYHOCTH PacyeTOB C TOMOIIBIO TIEPBOI METOJUKH 00JIee BHICOKASL.

ITo yposaio 3Haunmoctu O.=0,05 ompenensercs 4uciao creneHerd cBoOoasl k=n+m—2 [2] (Tak
KaK KpUTHYeCKas 00J1acTh JBYCTOPOHHSS) CICAYIONUM o0pa3oMm: k=11+9=18.

Kputnueckass obnacte ¢ (ouk) HaxomguTcss Mo TabJMIE KPUTHYECKUX 3HAYCHUH KPHUTEPHS:

(0,05;18) = 2,1 [3].

HJ’IH HaXO0XICHUA I/ICHpaBJ'ICHHOI/I AucCrepcun S

JIBYCT.Kp
;uzyc-r Kp

Z.,; BOCIIONb3yeMcs ceayromeit GopMyoi:

D-n
ST2631 = > &)
n—1

rae D =T, ~(T; )’

PaccuutaeMm 3HaueHue ST263’. JJIsL Ka)KZ[Oﬁ MCTOIUKH B OTACIBHOCTH:

SM:Y—(D”j 233,56¢; S5, =1 = (ij=ll9,69c.
n— m—
Beraucnum 3navenns D,, D, nwnomyunm: D, =212,33 u D, =106,40.

JList Hax ok IeHnsT HaOJromaeMoro 3HadeHus kpurepus Cteronenra 1)

Hab

BOCIIOJIE3yeMCsI (POpMY IO

x—y +m—2
HaGn x2 z 5 nm(n +m )22,1182; (6)
\/(nsx+msy n+m
2,1182>2,];
T en >t

Habn JBYCT.Kp *

Tak xkak T

Hab

>t HYJIEBYIO TMIIOTE€3Y O PaBEHCTBE I'€HEPAJIbHBIX CPEJHUX OoTBepraeM. pyru-

JIBYCT.Kp °
MU CJIOBaMU, BBIOOPOYHBIE CPETHUE PA3IHUYAIOTCS 3HAYMTEIHHO, 3TO B CBOIO OYEPEe/(b 03HAYALT, UTO pa3pa-
0OoTaHHAs METOJIUKA YYUTHIBACT (PAKTOPBI, BIUSIONIUE HA CPEAHEE 3HAUCHHUE CITyYaliHON BETUYMHBI, CIIEI0-
BaTeJIbHO, HE SIBJISICTCS aHAJIOTOM IPEAIISCTBYIOICH METOUKH.

4. CpaBHHTENIbHASI OIICHKA PE3YJIbTATOB, MOJYUYECHHBIX HA OCHOBE M3BECTHOMN M pa3paboTaHHON METO-
JIUKH OIIEHKH OTIEPaTUBHOCTH MpOIlecca MOJICPIKKU MPUHATHS perieHus. Tak kak ObUIo BBIACHEHO paHee,
YTO METOJIMKH B CPEITHEM Pa3iIMYHbI, HEOOXOUMO H3YUUTh (DAKTOPHI, 3aJI0)KEHHbIE B 00€ METOJNKU H UX
BIIMSIHUC HA TIOKA3aTEeN HCCIIeyeMoro kpurepus [4].

B psine ciyyaeB i onpeeNieH s BETHYUHBI BINSHYS (PAKTOPOB HA OTKIOHEHUE PE3ybTUPYIOIIETO
MOKAa3aTelisi MOXKET OBbITh UCIIOB30BaH METO] JIOJIEBOTO YUaCTHSI.

CyTb MeTo/a AOJIEBOTO YYaCTHsl 3aKJI0YaeTCs B ONpENeNIeHUH JO0NH Kaxaoro (akropa B oOuien
CyMMe€ UX IIPUPOCTOB, KOTOpAsk 3aTEM YMHOXKAETCSA HA OOINUH MPUPOCT COBOKYITHOTO ITOKA3aTEIs.

B ciydae ogHOoypoBHeBol Monenu Tuna (Y =a+b+c) pacueT npou3BOAMTCS IO CIEAyrOIUM (op-

MyJIaM:
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— Axi
Ax, +Ax, +...+ Ax,

Ay i Ay ooy > (7)

rae Ay, — 10 BIMSHUS KaXKI0ro GakTopa;

Ay, =220.100%, (8)

Yo

rae Ay, — OOIIMI NPUPOCT COBOKYITHOTO MOKA3aTEls.

Bripaxenus (7), (8) MOTYT BBITIOTHATHCS TOJBKO IIPH YCIOBHH CYIICCTBOBAHHS CIICAYIOIIETO COOT-
HOIIICHUA:

Ayo6m = ZAy, ’ (9)
i=1

re n — KOJTUIEeCTBO BEIOPAHHBIX (DAKTOPOB.

Hcxons u3 Gpusnyeckoll HHTEpIpeTalMy pacCMaTPpUBAeMOM 3a7auyd COKpAIeHUsT BPEMEHHBIX IOKa-
3aresiei Mpu y4eTe pa3indHbIX (PAaKTOPOB, BIMSIOIIMX HA PE3yJbTaT OOLIETO PENICHUs, POBEAEM pacueT
JIOJTM BITMSTHUS KQXKJIOTO ITOKa3aTens Ha 3(pPEeKTHBHOCTH MpeaiiaraeMoi METOTUKH [5].

WcxonHble TaHHBIE IS pacdeTa IPUBEACHBI B Ta0I. 1.

Tabmuna 1
CpaBHUTENIbHAS OICHKA BIMSHUS PA3JIMYHBIX TTOKa3aTelel Ha OOIIHi pe3yIbTaT PelIeHUs 3a1a4l
[Toxa3zaTtens, Cym. Pa3zpaborannas | AOGcomoTHOE Ax, Houst BIHAHHS
Ha pe3yabTaT mpeil.
¢axTop METOJINKA, C METOJINKA, C OTKJIOHEHHE, C Ax +Ax, +...+Ax, °
n METOAUKH, %o
an, 135 105 -30 -0,077 -0,163
T, 425 375 =50 -0,275 -0,582
T pem 905 820 -85 -0,601 -1,273
T o6 120,5 64 -56.5 —-0,047 -0,099

Cpemnee BpeMs Bcero mporiecca 00padoTku MHGOPMAIIMH, PACCYNTAHHOE B COOTBETCTBUHU C CYIIE-
CTBYIOIIIEH MeTonuKOM, coctaBuio 10685,5 ¢, a paspaborannoii — 10464 ¢, Ha OCHOBE NMPOBEIICHHBIX pac-
YETOB OIpeAesIeTCs 00U MPUPOCT COBOKYITHOTO TTOKA3aTeIIs:

AV = 222100 % == 2,117,

0

rae Ay, —3HaueHue abCOIIOTHOrO OTKJIOHEHUs OJTHOTO U3 Moka3arenei (pakropos).

st mpoBeieHNs CpaBHUTENBHON OLeHKH 3()(hDeKTUBHOCTH IByX paccMaTpHBaeMbIX METOAUK pacue-
Ta BPEeMEHH, 3aTPaulBaEeMOr0 Ha BBIIIOJIHEHHE NOJETHOro 3axanus rpynmnoi bJIA, HeoOxonumo mposectu
aHaJM3 pe3yJbTaToB, MOJYYCHHBIX MPH UX TecTHpoBaHUK. Hanbonee yacto HCoabp3yeMbIM OAXOI0M MPU
OLIEHKE JIBYX METOJUK SIBJISIETCSI METOJI pacueTa Ko (UIHUEHTOB, TOKA3bIBAIOLINX, HA CKOJIBKO OJIHA METO-
JTUKA SBJISIETCS IPEUMYIIECTBEHHEN APYTOM MO0 KAKOMY-JTN00 KPUTEPHIO [6].

B xagecTBe Takoro Kpurepusi, OLEHUBAIOLIETO YPPEKTUBHOCTL paccMaTpUBAEMOro Ipouecca, B pa-
00Te UCIOJIL3YETCsl ONIEPATHBHOCTD TPOIIecca MPUHSATHSL PEICHHUs] HAa OCYLIECTBICHHE ACUCTBUHA TPYIION
BJIA.

PaccmoTpuM vacTHbIH noKasaTens — Ko3puuuent oneparuBHocTd K - B Buje
T..-T
_ Toym. npet. 0
o ST 100 %, (10)
CyIIL.
rae T, — BpeMsd, 3aTpaunBacMoe Ha YacCTHYIO 0OpabOTKy ¢ MPUMEHEHHEM Pa3pabOTaHHOW METOIMKH;
T, . — BpeMs, 3aTpaunBacMoe Ha YacTHYI0 00padOTKy MpHU HCIIOJIb30BAHUH CYIIECTBYIOIINX METOIUK.

cym
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Wmest ucxomHple NaHHBIC AJIsl YCIOBUS Impolecca obpabotku mHMopManuu o QyHKIMOHUPOBAHHU
rpynnsl BJIA, pou3BoAATCS BBHIUMCIIEHHUS YaCTHBIX IMOKaszaTeneil KodQQHUIHUEHTOB ONMEepaTUuBHOCTH MpPO-
1ecca MPUHSATHS PelIeHus 110 pa3paboTaHHOM MeTouke [7]:

T -T
onep anamsa _ amamsa cym, aHayM3a mpeaut. 100 % =20 % : (1 1)
aHATM3A CYILL.
T -T
K i opoqy =~ SIS 1) 0= 0 0 (12)
0000611, cym.
T -T
__ " npun. pew. cym, IIPHH. EN. IPEL. _
omep. IpHH. pemr. -100% =10% . (13)

TPUH. PEIL. CYII.

OreHka OMepaTUBHOCTH MOIYYEHHBIX PE3yJIbTaTOB XapaKTepU3yeTCs] 3HAUEHHUEM KOMIUIEKCHOTO I10-
KazaTeJisl OIePaTUBHOCTH IPoLiecca MPUHATHUS PELICHNUs, IPEACTaBIAIONIEro co00i KOMOMHAINIO YaCTHBIX
MoKa3aTesiell ONepaTuBHOCTU. J{Js BBIYMCICHHS 3HAYEHHsS] KOMIUIEKCHOTO TMOKa3aTensl ONEepaTUBHOCTU HC-
MoJIB3yeTCs cienyromas popmyna [8]:

+K

v 0 v
— KOHCP. aHalamsa omep. 060611.(. + KOHCPA IIPHH. pel. _ 20 A) + 9 A) + 10 A)
KOMILL. 06p. uud. N -

=13%. (14)

CrnenoBaTtenbHO, KOMIUIEKCHBIN TTOKa3aTeb ONIEPAaTUBHOCTH Ipoliecca MPUHATHUS pelieHus 0 (QyHK-
IUOHNpOBaHUM Tpynmsl BJIA npu ucnons3oBaHUU pa3pabOTaHHONW METOMUKH mMoBbimaercs Ha 13 % B oT1-
JMYUE OT CYLIECTBYIOIIMX 3a CUET pacHapaIeIMBAaHUS MPOLECCOB NPHUHATHUS PEIICHHUS U YMEHbIICHUS
00BbeMa BEIOOPKHU IO CPABHEHHIO C CYIIECTBYIOIIEH METOIMKOW OIICHKH OTIEPaTUBHOCTH Ipoliecca coopa u
00paboTku nHpopMauuu rpynnupoBkoi BIIA.

PesynpTarom pacuera Ko3QPULHUEHTOB ONEPATUBHOCTH AJISl ABYX CPABHUBAEMBIX METOAMK C YUETOM
nHpOpMaOHHO-TexHn4YecknXx Bozneiictuil (MTB) n 6e3 yuera UTB sBisieTcs mocTpoeHne 3aBUCHMO-
cTelt K03 (PUIMEHTOB ONEPATHBHOCTH OT BpeMeHH (puc. 2, 3).

I<011 1,00
Iy

A
0.95 TpeOyembrit :
YPOBEHb I 0,94
0,89 093 | *
0,9 ’
’ 0,87 431 | 0,90 |
|
0,85 : O’Sif | I l O’SSI
| | | ! : |
| |
0.8 [ | I [ I |
| .- : |
0,75 | CymectByromas | IMpennaraemas l | :
METOINKA | METOJIUKA I | |
0,7 : i | | |
| ! ' : | '
| | |
0,65 | | , I | |
| | | | l |
0,6 ; ! |
s | —
| | At=1429 c I
IAt=119 ¢ | | I |
0,55 ' | < : > |
: I | Im =1363 ¢ : |
0.5 : ' L —

)

2690 3166 4655 4774 5072 7631 7759 8175 8994 9070 9189 t, cek.

Puc. 2. 3aBucumocTh MeXy KOA(PHUIUEHTOM ONePATHBHOCTH
Y BpEMEHEM BBITIOJIHEHUS TIOJIETHOTO 3a1aHus 6e3 pnusaus ' TB
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0,99
1 s
Tpebyemblii
0,95 bevY I
YpOBEHb |
|
0.9 [0,88 0.88_ 0,92 0,91
0,86 ; | \&6 0,90 :
0.85 | 086 IAt=119 c | o,sql
| I | [
0,8 | ! ! | | |
0.75 CymecTByromas | [pemnaraemast : [ :
’ METOAUKA : METOgUKa | : I
0,7 | | i | l |
' | |
0,65 I ! | | : |
| I ! ! | !
0,6 | | I I [ [
At=132¢ I ! At=1587 ¢ :
0,55 | } | At=1513¢ | |
0’5 | | | I | ! o

2986 3515 5167 5299 5630 8471 8613 9075 9984 10067 10200 t, cex.

Puc. 3. 3aBucumocTs MeX Iy KOI(PHUIUEHTOM ONIEPaTUBHOCTH
Y BpEMEHEM BBITIOJIHEHHS TTOJIETHOTO 3a/1aHus ¢ BiusiHueM UTB

3akarouenune

Takum 00pa3oMm, BpeMsl BBITIONHEHHS 3a[Jaud B paMKax IpeJiaraéMoid METOIUKU TI0 CPaBHEHHUIO
C CyILIECTBYIOLIEN yMeHbIIMIOCHh Ha 185 ¢, T.e. ymeHbmmiIoch Ha 11,95 % oTHOCHTENBHO CylIECTBYIOLIEH,
YTO Ja)Ke IPHU BIMSHUU MHPOPMALMOHHO-TEXHUYECKUX BO3JEHCTBUII Ha IPOLIECC BBIIIOJHEHUS MIOJIETHOTO
3amanus (ymenplimioch Ha 11,98 %) moctpoeHHas cucteMa MOAACPIKKH MPUHATHA PELIeHHs OKa3ajach
YCTOMYMBOM K ATUM BO3ACHCTBUSAM U IpejiaraeMas METOANKA IIPUBENa K YMEHBIIEHUIO BpeMeHu Ha 206 c.

CoxpaTuiock BpeMsl, 3aTpauuBacMoe Ha IPOBEICHUE JONOIHUTENBHBIX PACu€TOB U IIOATOTOBKY pe-
IIEHUS 10 HATIPABJICHUIO JATBHEUINUX ACHCTBHUH, MpHUHITHE pemeHus u obodmenue Ha 0,312 u 1,87 %;
3,335 u 0,369 % cooTBeTCTBEHHO. B COBOKYIMHOCTH YMEHBIIIEHHE BPEMEHHU OTJENBHBIX ITAloB Ipolecca
BBINOJIHEHHS TIOJIETHOTO 33aHusl PUBEJIO K 00IIEMy COKpAIIEHHIO BPEMEHH BBINOJIHEHUS 3a1a4n O0e3 BIIu-
ssaust UTB — 11,95 %, a ipu Bo3netictBum POb u [1BO —Ha 11,98 %.

[MonyyeHHble pe3ynbTaThl aHan3a S(PQGEKTUBHOCTH IpelaraéMoldl METOJMKH TO3BOJISIOT YTBEp-
XKIaTh, YTO pa3zpaboTaHHas cucTeMa nojaepkku npuHatus pemenus (CIIIIP) mo3Bonmiaa cokpaTUTh BpeMs
BBINOJIHEHHUS TIOJIETHOTO 33JaHUSI U UCKJIIOUUTH BJIMSHHUE YEIOBEUECKOro (pakropa Ha NOCTHXKEHUE LeJU
MIPU PEICHUH 3a]auMl 33 CUET aBTOMATH3aLUH MPOLecca MPHUHSATHUS PEILICHHUSI.
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