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Llenb paboThl — pazpaboTKa COBPEMEHHOTO METO/Ia OLEHKH TEXHUYECKOrO yPOBHSI KOCMUYECKHX allapaToB
nucraHuuoHHoro 3oHaupoBanus 3emun (KA J133) Ha OCHOBE MOACPHH3MPOBAHHOTO aBTOPAMU CTATbH METOMA
uepapxuii T. Caatu. Co3qaHne METOANYECKOro 00ecredeHns] KOPPEKTHON OLIEHKU TEXHHYECKOTrO YPOBHS HOBOMU
TEXHUKH OOYCIIOBJICHO BaYKHOCTBIO 3HAYEHHUS TOrO MOKa3aTelsl NPU OLIEHKEe KOHKYpPEHTOCIIOCOOHOCTH pa3paba-
TBHIBAEMOU PaKeTHO-KOCMHYECKO# TeXHHKHU. B cTaThe onucan 0OOOIICHHBIH METO/] OLCHKH TEXHHYECKOT0 YPOBHS
M3AeNUH PaKeTHO-KOCMHYECKOH TEXHUKH U €ro ACTAIN3alHs INPUMEHHTENBHO K 3a/ade OLEHKH TeXHHIECKOTOo
ypoBusi KA J133. IlpuBeneHHbIi MeTO/] ObLT UCIIONB30BAH s OLCHKU TexHu4eckoro ypoBHs KA "Ciu-2M" npu
pa3paboTKe TEXHHIECKOTO MIPOEKTa.

Merta poboTH — po3po0Ka Cy4acHOrO METO/Y OLIIHKU TEXHIYHOTO PiBHS KOCMIUHHX anapaTiB JUCTaHIIHHO-
ro 3ouayBanus 3emui (KA J133) Ha ocHOBI MOaepHiI30BaHOTrO aBTOpamMu cTarTi Metoxy iepapxiit T. Caari. CtBo-
PEHHSI METOJIMYHOTO 3a0€3MeUeHHS] KOPEKTHOT OL[IHKHM TEXHIYHOTO PiBHS HOBOI TEXHIKM OOYMOBIICHO BaXKJIUBICTIO
3HAYECHHS LFOTO MOKA3HHUKA [P OL{HI{ KOHKYPEHTOCIPOMOXKHOCTI PaKeTHO-KOCMIYHOI TEXHIKH, IO PO3POOITIO-
€TbCs. Y CTATTi OIMCAHUH y3araJbHEHHH METOJ] OLIHKH TEXHIYHOIO PiBHS BUPOOIB PaKETHO-KOCMIYHOI TEXHIKH i
ioro geramisailis oo 3agavi ouiHku TexHiuxoro piBHs KA JI33. HaBenenwuii meron OyB BHKOPHCTAHHU s
owiHku TexHiyHoro piBHsA KA "Ciu 2M" mpu po3poO1i TEXHIYHOTO IIPOEKTY.

The research objective is to develop a modern method of an engineering evaluation of Earth remote sensing
spacecraft based on an updated hierarchy T. Saati method. Creation of methodic support for a correct engineering
evaluation of the state-of-the-art technology is motivated by the importance of this factor for evaluating the com-
petiveness of the rocket and space technology under development. The paper presents a generalized method of the
engineering evaluation of rocket and space products and its specification related to the issue of an engineering
evaluation of Earth remote sensing spacecraft. The method under consideration has been employed for an engi-
neering evaluation of the Sich-2M satellite in the development of the technical project.

Knwouesvie cnosa: oucmanyuontoe 30HOUposanue 3emiu, KOCMU4eckutl an-
napam, Memoo aHAIU3A UePapxuil, paKemHo-KOCMULEeCKasi MeXHUKA, MexHU4ecKull
YposeHb.

Texunueckuit ypoBeHb (1Y) sABIsieTcd OJHUM U3 OCHOBHBIX TEXHHKO-
9KOHOMHYECKHX MOKa3aTenel ONBITHO-KOHCTPYKTOPCKOH paboTel. Hapsiay c 3a-
TpaTamMH Ha pa3paboTKy M AKCIUTyaTalHio Mokazaresb TY omnpesenser KOHKYpeH-
TOCITOCOOHOCTh BHOBBH CO3/1aBa€MOT'0 TEXHHYECKOTO M3JIENIUsl MM CHCTeMbl. Bo-
MPOC OLEHKH TEXHWYECKOTO YPOBHS H3IENUN paKeTHO-KOCMHYECKON TEXHHKHU
CTaJl 0COOCHHO aKTyalbHBIM B pe3yJbTaTe BOZHUKHOBEHHS MHUPOBOTO PhIHKA KOC-
MUYECKON TMPOAYKIIUU U KOCMUYECKHX YCIYT.

B 80-e romet 20-ro Beka B CCCP BeImOnHSAIACH KOMIUIEKCHAs Hay4dHO-
uccnenoBarenbekas padora (HUP) "YpoBeHs", KOHEUHOW HEIbI0 KOTOPOH OBLIO
CO3/1aHHE METOJIMK OLEHKH TEXHUYECKOTO YPOBHS M3JENUNA paKeTHO-KOCMHYECKOM
texHukd (PKT). Cyng mo oTKpBITEIM myOIuKanusM nociennux jaet [1 —4], B oc-
HOBY 3THX METOJWK OBLIM MOJIOKEHBI "MeToinyeckne yKa3aHus Mo OIEHKE TeX-
HUYECKOTO YpOBHS MpoMmblieHHoi npoaykiuu PJI 50-149-79". B ocHoBY MeTO-
JIUK OLIEHKH TexHuueckoro ypoBHs usnenuii PKT, paspaboTaHHBIX B Iporecce
HUP "Yposens" (ronosuas opranmzanusa LIHUVMALILI), monoxeH KOMIUIEKCHBIH
meton [5]. Paspabortannsie B mpouecce HUP "YpoBeHs" MeTonnkn HE yAOBIETBO-
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PSTOT HBIHEITHUM TpeOoBaHMIM [3], 1 Ha CETOMHS OCTaeTCS aKTyallbHOHM 3ajada
CO3/IaHUSI METOIUYECKOTO 00ECIeYeHHs OIEHKM TEXHUYECKOTO YPOBHS H3IENUil
PaKeTHO-KOCMHYECKON TEXHHKH C YyYEeTOM KOMMEpPIHaIu3ali pPaKeTHO-
KocMmueckoit otpaciu [1 — 3].

Onenka texandeckoro ypoBHs m3aenuii PKT mo cBoeit cytu siBisercs 3ama-
Yyel MHOTOKPUTEPHUATIBHOW ONITUMU3AIINH.

Ha ocHoBe aHamm3a CyIIECTBYIOIIMX METOJOB PENICHHS MHOTOKPHTEPHAIb-
HBIX 3aJlad ONTHUMHU3aIUA ChOpMHpOBaHA OOOOIIECHHAS JIOTHUYECKasl cXeMma perle-
HUS 33729 OIEHKH TexHm4deckoro ypoBHs m3penuii PKT (pakeTrHo-kKoCcMHIUecKHx
KOMIUIEKCOB, KOCMHYECKHX CHCTEM H T. JI.), IPeICTaBJICHHAs Ha puc. 1.

D¢ dexTUBHOCTD,
koHKypeHTocnocobHocts PKK, KC

/\

3arparsl Ha OKP, nsroroBneHue IMonesnslii 3dpext
M 9KCILTYaTanuio OT 9KCILTyaTaluu

\/

TexHuvecknit ypoBeHb

A

COBepIICHCTBO KOHCTPYKIHU YpoBeHb KauecTBa MoJIy4aeMoit
npoaykiuu (yeuyr)

Hens:

Puc. 1 — Jloruueckas cxema pelieHus 3a1ad OLeHKU
TexHuueckoro yposHs PKT

[MpuMeHHTENFHO K KOCMUYECKOH cucTeMe HaOmrogeHus 3eMii U3 KOoCcMoca,
3G PEKTUBHOCTD JKCIUTyaTal[il KOTOPOW ONpeAessieTCs] TEXHUYECKUM YPOBHEM
KOCMMYECKOIO arlapara, JOrH4ecKasl CXxeMa peleHus 3a1auu oueHku TY npuHu-
MaeT BUJI, IPUBEICHHBIN Ha puC. 2.

Kocmudecknit anmapar auctaHimoHHoro 3ouaupoBanus 3emnn (KA J133) ssis-
€TCsl TEXHUUECKON CUCTEMOM, KOTOpasi MMPOU3BOIUT U JIOCTABJISIET Ha 3EMITF0 KOCMHYe-
CKYIO MPOJYKIIMIO B BHJIE CHUMKOB 33/IaHHBIX y4aCTKOB MOBEPXHOCTH 3eMJIM B 3a/1aH-
HBIX CHIEKTPAJIbHBIX JINaNa30Hax ¢ TpeOYeMbIM IPOCTPAHCTBEHHBIM pa3pelICHHEM.

Kocmuueckue ammapatst [[33 sABASAIOTCS YHUKATHHBIMH TEXHUYECKUMHU H3JIE-
musivu. Cpeau MHOKeCTBa (TPYIIIBI) OJMHAKOBBIX (OJHOPOIHBIX) MO (PYHKIUO-
HaJILHOMY Ha3Ha4YeHWI0 KA, Kak mpaBuiio, He CYIIECTBYET H3JENusi, KOTOpoe Tpe-
BOCXOJMIIO OBl IO CBOUM TEXHHUYECKHM XapaKTEPUCTHKAM BCE OCTANbHBIC armapa-
1. [ToaTOMY B KauecTBe 0a30BOro 0Opaslia CpaBHEHHMsI 11€JIECOO0PA3HO MPUHATH
runoretndeckuii KA ¢ caMbIMH ITy4YIIUMH TEXHUYECKUMHU XapaKTEPHCTHKAMH W3
TPYIITBI OTHOPOAHBIX M3euid. [Tociie 3aBepiieHus pacyeTa TEXHHIECKOTO YPOBHSI
(110 OTHOIIIEHUIO K THIOTETHUECKOMY 00pasily) 3a 0a30BbIi 00pa3el] IpUHUMACTCS
KOCMHYECKHI ammapar, y KOTOPOro MMEeT MECTO HauOoIblliee 3HaUeHUE MOoKa3a-
TEJIST TEXHIUYECKOTO YPOBHSI 10 OTHOIICHHUIO K THIIOTETHIECKOMY 00pasiy. 3Hade-
HUS TEXHUUYECKOTO YPOBHsI OCTANBHBIX KA MPHUBOMSATCS K YPOBHIO BHIOPaHHOTO 32
0a30BBIN 00pa3el] peaTbHOTO U3/IEITHS.
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Texunyeckas 3pdextuBHOCTs KA Kak HpOM3BOIAIICH KOCMHYECKYIO IPO-
OYKIHIO (CHUMKH) CHCTEMBI OIpeNessieTcss OCHOBHBIMH IOKa3aTeNsIMHU: IIPOU3BO-
TUTEHHOCTHIO, KadecTBOM (TY) KOCMHYECKMX CHUMKOB W HAJCKHOCTHIO (TrapaH-
TUWHBIA CPOK DKCIUTyaTanuu). TakuM oOpazoM, ¢ y9eTOM TOKa3aTewsl MepUuoIud-
HOCTH TIOBTOPHOHM CheMKH, TexXHH4Yeckuit ypoBeHb KA JI33 mo oTHOMmEHHIO K Oa-
30BOMY 00pasiy MOXKET OBITh TpEACTaBIIeH JIMHEHHOW (aJAWTHBHOI) CBEPTKOI
YKa3aHHBIX [TOKa3aTeNIeH:

-1
CH C

K r
KTYk =0L1-—p0L2-—+0L3-—”+0L4- y (l)

I,; = K I 1.5

rae: Kpy, —TexHuueckuil ypoBeHb KA mo oTHomeHuro k 0a3oBoMy oOpasmy;

11, —cpennecyrounasi npoussopurensHocts KA J133; I7,; — cpeanecyroqHas

MPOM3BOJUTENBHOCTE 0a3zoBoro obpasua; K., — KOdQQHUIUEHT KauecTBa (TEXHU-
YEeCKUH ypOBEHb) KOCMUYECKUX CHUMKOB; K, ; — KO3 HUIMEHT KauecTBa KOCMU-
YeCKUX CHUMKOB 0a3oBoro obpasua ( K,,; =1, Tak kak 6a30Bblii 0Opa3en o0nana-
€T HAaWBBICIIMMH TEXHHUYECKUMH XapakTepucTukamu cpeau rpynmnsl KA 133, ox-
HOPOJIHBIX 1O (PYHKIIMOHATBHOMY Ha3HAa4YeHHIO); /', — MPUBEACHHBINA CPOK rapaH-
TUWHHOMN dKCIUTyaTtanuu (Cpok ciryk0b1) KA, KOTOpEIH ompenenseTcs Kak Mpou3Be-
JICHHE CPOKa CIYXObl Ha ypOBEHb BEPOSITHOCTHOW TapaHTUH €ro 00ecleueHHUs;
"5 — TapaHTHIHBINA CPOK IKCIUTyaTalluu 0a30Boro odpasua; [/, — nepuogudHOCTh
MOBTOPHOH CHhEMKH OJJHOTO M TOTO € OOBEKTa Ha MOBEPXHOCTH 3eMIIM B 3a/laH-
HOM JHara3oHe reorpa(uyeckux MHpoT; o= (al, Oy, O3, a4) — BEKTOP BECOBBIX

ko3¢ guiueHToB. BekTop o ompenensercs Mo CrenuaibHOH METOJIUKE, NpPUBE-
JEHHON HIKE.
Tlokasareinb CpeHECYTOUHOM NPOU3BOAUTENBHOCTH 1, 0ObennHseT B cebe

TaKue MOKa3aTeNu TeXHUYECKOoro ypoBHs KA, kak cpegHecyTouHast MOIHOCTh CU-
CTEMBI JIEKTPOCHAOKEHUS, OTIEpATUBHBIN 3ar1ac YHEPrOEMKOCTH U MaKCHMaJbHas
MOIIIHOCTh CHCTEMBI AJIEKTPOCHA0KEHHUS, CKOPOCTh Tepeaadun 1eneBoi nahopma-
WU, €MKOCTh OOpPTOBOTO 3allOMHHAOIIETO YCTPOHCTBA IS XPaHEHHS JaHHBIX
133, mmmprHa CHUIMaeMOT0 y4acTKa, IIMPUHA 3axXBaTa (II0JIOCH 0030pa).

ITokazaTenp kadecTBa (TEXHHYECKOTO YPOBHS) KOCMHUYECKHX CHUMKOB K.,
SIBJISICTCS. QJIMTUBHOM CBEPTKOM TaKHWX YaCTHBIX I[IOKAa3aTeliel TEXHUYECKOIO
YPOBHS, KakK: IMPOCTPAHCTBEHHOE pa3pelIeHHe, PaJUOMETPUUECKOE pa3peEIIEHUE,
YHUCJIO CIIEKTPAIBbHBIX KaHAJIOB, OTPEUIHOCTh ONpPEIeICHMsI KOOPIUHAT 00BEKTOB
Ha KOCMHUYECKHUX CHUMKAX U T. 1.

IToka3zarens nmpuBEeNEeHHOTO cpoka ciyx0b1 KA [, Bkmrouaer B ceOs Takue
YacTHBIE TIOKa3aTelld TEXHHIECKOTO ypoBHs KA, Kak TapaHTHIHBIN CPOK CITYkKOBI,
YPOBEHb BEPOSTHOCTH OOECIEeUeHUs JOCTIDKEHHUS 3aJJaHHOTO CPOKa CIyXOBI U
YPOBEHb BEPOSITHOCTH O€30TKa3HOCTH pabOThI OOPTOBOH ammapaTypebl.

[Mokazarenb NEPHOAUMIHOCTH ITOBTOPHOU CheMKH [/, BKJIIOYAET B ceOs Takue
YacTHBIC IMOKA3aTeNIM, KaK: IIUPHUHA M0JI0ChI 0030pa, yroj IMepeHaleIMBaHus 1Mo
KpPEHY | YTJIOBas CKOPOCTh mepeHanenuBanus KA.

Hoxkazaremn 17, , K., I',, II, SBISIOTCS IPYIIOBBIMH, [I03TOMY COCTaB-

JIAIOIIME UX YaCTHBIC IMOKa3aTC/In OTACIIbHO YYUTBIBATE HE HAJO0.
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Taxum o0pa3om, K03 HUIIUEHT TEXHHYECKOTO YPOBHS KOCMUYECKOI0 armnapa-
ta Ky TpencraBiser coOoi TMHEHHYIO CBEPTKY CUCTEMBI IPYMIIOBBIX MOKa3aTe-
J€H, a MOoKa3arenb KadyecTBa KOCMHUYECKMX CHHMKOB K., SBIIETCS aJlJUTHBHON

CBEPTKOU IMATH YACTHBIX (OJWHOYHBIX) M OJHOTO I'PYMNIIOBOTO TOKazaTens. I 'pyr-
MOBOM TIOKa3aTellb IOTPENTHOCTH OIPEIeIeHNs KOOPANHAT 00heKTOB G BKITFOYaeT
B ceOs 4acTHBIC TOKA3aTeld, TAKUE KaK: MPEJeNibHAs MOTPEIIHOCTh YIPABICHUS
OpHUEHTaNKel ¥ TOYHOCTh CTAOMITU3AIUH.

Merton ouenku Texunyeckoro yposust KA JI33. Texunueckuii yposenr KA
ABJsieTcsl QYHKUMEH OT TaKTUKO-TEXHHUYECKHX XapaKTEPHCTHUK KOCMHUYECKOTO aIl-
napaTa T

4
Kryk = F({Ti })= Zoci P (2
i=1

rae {Pzi} — MHOXECTBO T'PYNIOBBIX TOKa3areneit (2-1 ypoBeHb UepapXun); {oci } -
MHO>KECTBO BECOBBIX KO3()(PHIIUEHTOB.

-1 -1
Pop =Ky =By =5 | +Bo| 2 | +Bg| —2 |+Ba| — | +Bs| — |+Bs| > |, (3)
16 T26 T36 O6 Ts6 T6o

rIe T, — MPOCTPAHCTBEHHOE pa3pelieHHe; T, — CHEKTPAJIbHOE paspelieHue; Ty —
YHCIIO CIEKTPAIBHBIX KAHAJIOB; G — MOTPEHIHOCTh KOOPIAWHATHOW MPUBS3KH; Ts —
MOTPEHIHOCTh opueHTauu KA 1Mo yriioBEIM CKOPOCTSIM Ha Y4acTKax MPOBEACHUS
CBEMKH; Tg — OTHOIICHHE CHTHAJI/IIIYM.

Ecnu 661 monesnsiit adpdexr 710 (r) ot npumenenus: KA /133 mor ObITh npen-

CTaBlieH SIBHOH (DYHKIHMEH OT COBOKYMHOCTH TaKTHKO-TEXHHUUYECKHUX XapaKTepu-
CTHK ’EZ{TK}, TO BECOBBIE KO(PPHUIIMEHTHI {oci} MOTTH OBl OBITH OJHO3HAYHO

OMPEACIICHBI U€PE3 CUCTEMY YACTHBIX IMPOU3BOAHBIX

arr(x) (@)

1
K = {TOK }
rae {‘EDK} — MHOXXECTBO 3HaYEHUH TAaKTUKO-TEXHUYECKUX XapaKTEPHUCTHUK.

Bripaxxenue (4) ompenenser u3MeHeHHE (4yBCTBUTEIHHOCTH) BEITMUMHBI T10-
ne3noro 3¢dexra 110 (r) ot ucrosb3oBanusa KA JI33 no HazHadueHHto npu Bapua-

UM KOHKPETHOW TEXHHYECKOH XapaKTepHUCTHKH KOCMHUYECKOTO amlnapara B TOUKe
To ={T,c}. MHOXECTBY 3HAYCHMI TAKTHKO-TEXHHYECKHX XapaKTEPHCTHK { T,

COOTBETCTBYET 3HAaYeHHE BHIOPAHHBIX B TIPOIECCE MPOEKTUPOBAHUS TAaKTHKO-
TEXHMYECKUX XapakTepucTk KA mpH paccuMTaHHBIX 3aTpaTax Ha BBIMOJIHEHHUE
OKP.

AHaNOruYHasi CUTyalys UMEET MECTO U B CIy4yae ONpPEIENICHUSI CHCTEMBI KO-

3 purmenToB {[3]}

OfHaKo B CBSI3M C HEBO3MOXXHOCTBIO Ha MPAKTUKE MPEACTABUTH IOJIC3HBIN
s dext 173(r) B BUJIC SBHOW (PYHKIIUW OT MEPEMEHHBIX {rK}, a TaKkXKe B CHITY
yaukanbHOCTH KA (OTCyTCcTByeT HeoOxomumasi CTaThCTUYecKas WH(opmaims),
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BecoBbIe KOI((HUIMEHTHI {oci} u {B j} MOTYT OBITh OIpEAeNIeHBl TOJBKO C MpH-

BIICYEHHEM 3KCTIEPTOB I (HOPMHUPOBAHUS HEOOXOAMMBIX UCXOIHBIX JTaHHBIX.

CylIecTBYIOIINE CETOHSI METOJIbI OIICHKH TEXHUYECKOTO YPOBHS HOBBIX 00-
Pa3oB M3AETNI MaITMHOCTPOCHHS JJIS BRIYUCIICHUS 3HAUE€HUI BECOBBIX K03 (]u-
[MEHTOB UCTIONB3YIOT METOBI OAJUTHHBIX OIIEHOK I paHXKHpoBaHHA. Takum 00-
pa3oM, PKCIEPTHl HANPSMYIO BIUSIOT HAa 3HAYEHUS BEeCOBBIX K0d(dummenTos. Mc-
MIOJI30BaHUE ATHX METOJIOB JJISI ONPEENIeHUsI BECOBBIX KO HUIMEHTOB KpaiHe
HEeXXeNaTeNbHO TPH OIeHKe TexHmdeckoro ypoBHsI KA J[33 m3-3a BBICOKOI cTere-
HU CyObEKTHBH3MA, 00YCIIOBICHHOTO YEIOBEYECKIM (PaKTOPOM.

Jlns pemenus 3amad MHOTOKPHTEPUATLHON ONTHMHU3ANNKU HamOomee 3¢ dek-
THBHBIM SIBIIIETCS METOJ IMoTapHbIX cpaBHeHuit T. Caatu [6].

B metoge CaaT 3KCHIepTHI BBITIONHSIOT BCIIOMOTATENbHYIO paboTy, KOTOpas
3aKJIFOYAETCsl B TIOCTPOSHUM MATPHIIBI IAPHBIX CPaBHEHHWH W, TAKUM 00pa3oM, He
MOTYT HampsAMYIO BIHATh Ha YHCICHHBIE 3HAYEHIS BECOBBIX KO PHUIIMEHTOB, KaK
3TO UMEJI0 MECTO B CITydae HMCIIOIb30BAaHUS METOMOB OAUTFHBIX OIEHOK U PaHKH-
poBarma. Meton CaaTu B Te4eHHE TOCTEIHUX JIBYX ACCSITUIICTHN MOKAa3al BBICO-
Ky10 3(h(pEeKTHBHOCTH ¥ TIO3BOJISET CYIIECTBEHHO CHU3HUTH BIUSHUE YEJIOBEUECKOTO
(hakTOpa Ha KOHEUHBIE PE3YIBTATHI, TO €CTh HA YHCIICHHBIE 3HAYECHUS BECOBBIX KO-
3¢ HUIMeHTOB.

W3 mpuBeneHHOTO BHINIE CIENYeT, YTO I 0oJiee KOPPEKTHOTO BBHIYMCICHUS
BECOBBIX KOA((DHUITMEHTOB {oci} " {B j} rexecoo0pa3Ho UCIONB30BaTh MeTox To-

maca Caartu.
MHOeCTBO BECOBBIX KO3(PPUIMEHTOB ompezernsercs mo Metoxy CaaTu kak

KOOPIMHATHI COOCTBEHHOT'O BEKTOPA MATPHIIbI TAPHBIX CpaBHEHHN A = [{:’ti j]

Oy AQ189p...8 | O 0y
Oz | |@28p-.-8p7 || Q2 | 5| @2 (5)
Oy anl ar12 ann ay ay

TJIe O — CTENEHb BIMAHMA |-ro (akTopa Ha NoKasarenb >QQEeKTHBHOCTH; O —

CTENEHb BIUSHUS | -ro (pakTopa Ha mokaszarenb 3)(HEeKTHBHOCTH.

a.
Ecmn a;; = —b, To MaTpunia A 3al0JHEHA KOPPEKTHO (3JIEMEHTHI MATPUIIbI
o

COTJIACOBAHBI).
OJeMeHTHI &;; MaTpuubl A TIPEJCTaBISIOT cOOOM YKcia, KOTOPbIE ITOKa3bIBa-

0T, BO CKOJIBKO pa3 BIMsHHE | -T0 (hakTopa Ha 3Ha4YeHusl mokasaress 3pHeKTHBHO-
cTé (WM IPyroro KpUTepHsi) CUIIbHEE, YeM BIHsSHUE | -ro (hakTopa, Mo3ITOMY Mart-

puna A mpencraBisieT codoi Habop KOIPPHUIIMEHTOB OTHOCUTEILHOTO BIIHSHHUSI.
Marpuiia A SIBISETCS TIOJOKUTENBHO ONpeneNeHHoi (Bce & >0) u oGpaTHo

CHMMGTpH‘-IHOfI aji =—, a 3JIECMCHTHI, CTOAININUC HAa TJIaBHOM JuyaroHajin, paBHBI
a::
1

emunnne (; =1, mpu i=j).
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Takum oOpa3oM, IOCTPOCHHASI MaTpPHUIIa SBIISICTCS HEPUBOAMMOM. M3 Teope-
™Mbl [leppona—®pobennyca [6] ciaemyeT, 94To IS HEMPUBOIAUMON HEOTPHUIIATEIIb-
HOM MaTpuisl W cyliecTByeT eMMHCTBEHHOE MaKCUMAIbHOE AEWCTBUTEIBHOE T10-
JIOXKUTEJBHOE COOCTBEHHOE 3HAYEHUE Apay . COOCTBEHHOMY 3HAYECHUIO MATPHLBI

kmax COOTBCTCTBYCT eI[I/IHCTBeHHHﬁ HeOTpI/IHaTeJII)HI)Iﬁ COOCTBEHHBIH BCKTOp

n
W= Wy, Wy, W, } TaKOW YTO BBITMOJIHAETCS YCIOBUE Zwi =1.
i=1
3amaya COCTOUT B TOM, YTO, IIPOU3BOJIS TAPHBIC CPABHEHHSI CTCIICHU BIIUSHUS
IBYX (pakTopoB f; (oci) u f i (oc J-) Ha IMoKa3aTeNb 3PHEKTUBHOCTH, SKCIIEPTHI OIIpe-

a.
JCISIFOT HE 3HAYCHHE 3THX (DAKTOPOB, @ MX OTHOLICHHE (YHCIA ) =—L). D10

&
3HAYUTENILHO OoJiee MpocTas 3ajaya, YeM ONPEICIATh SKCICPTHBIM IyTeM CaMH

3HaYCHUs O M O . [lapHble CpaBHCHNUS BIHMSHNUS (AKTOPOB POM3BOLSTCS HCXOS
U3 CyOBEKTHBHBIX OLICHOK JKCIEPTAMU BEIUYHH ajj .
OnperenieHre YUCICHHBIX 3HAYCHUH BEIMYNH &j; NPOU3BOIMTCS SKCICpPTaMu

B COOTBETCTBHU C TpeOOBaHUSMH (YHAAMEHTAIBHON IIKAIbl OTHOCHTEIBHOTO
MPEBOCXOCTBA (BecoB), mpuBeneHHOH B [6]. Tomac CaaTi peIoKiiT TaKKe Me-
TOJ JUIS YACTHYHOTO BBISIBICHWS MPOTUBOPSUUBOCTH 3AIOJHEHUS UM MATPHIIBI
napHbeIX cpaBHeHUH. CTENeHb MPOTHBOPEUYUBOCTH OMPEACISCTCS Yepe3 HHICKC
COTJIACOBAHHOCTH SJIEMEHTOB &

Amax — N
Icz%’ (6)

I7e Amax — MAKCUMaJIbHOE COOCTBEHHOE 3HAYEHUE MAaTpHLbl A, KOTOpOE ompese-

JsieTcsl pelieHueM 3a1auu (5) Ha HaxOoXkJIeHHe COOCTBEHHBIX 3HaYeHHWH; N — pas-
MEpPHOCTb KBaJIpaTHOW MaTpuLbl A .

WHneke cornacoBaHHOCTH 3JIEMEHTOB MaTpHIbl A TMO3BOJISET OLEHUTH KaYyeCTBO
PaboThI FKCTIEpTa NP 3aTI0JIHEHUH UM MaTpHULbl HApHBIX cpaBHEHMI. MHIeKe corna-
COBaHHOCTH JIOJDKEH OBITh MpUMEpHO paBeH Hylto |, =0, HO Ha MpaKTHUKe TOOUTHCS

3TOr0 HEBO3MOJXKHO, CUMTASTCS JIOIYCTHMBIM 3HAUYCHHUEM HWHJICKCA COTIACOBAHHOCTH
4KcIo, He TpeBblmaromee 3HadeHne 0,1 (I ¢ < 0,1). [pu 3amomHeHNH MaTPHIBI T1ap-

HBIX CPaBHEHUH YaCTO BO3HHUKAIOT IPOTUBOPEUUBBIE JAHHBIE, TAK, HATIPUMED, YACTO HE
COOJIFO/ACTCs! YCIIOBHE TPAH3UTHBHOCTH BUJA: €CIIM & > &jy , &y > 8jp , TO 005138~

TCJIBbHO JOJKHO BBIITOJIHATHCS YCIIOBUC aij > aip . KpOMe TOI'O, IIPYU 3ar0JIHCHUH MaT-

PUILIBI TIAPHBIX CPAaBHEHMI HCIIOJNB3yeTcsl MUCKpEeTHas IuKaia (coryacHo (yHmameH-
TaJIbHOH IIKAJIC OTHOCUTENIBHOCTH BaKHOCTH).

HecmoTpss Ha mmpokoe pacnpocTpaHeHHE W NPUBJIEKATENBHOCThH METOna
T. Caath, ocTaeTcs 4O HACTOSILETO BPEMEHHM HEpPELICHHBIM BOIPOC obecreueHus
HENPOTUBOPEYUBOCTH (COrJIaCOBAHHOCTH) MaTPULBI IIAPHBIX CPABHEHHH.

B pabote [7] npeanoxeH ynpoIIEHHBIH METOJ 0OecreueHHs COTIacoOBaHHO-
CTH MaTpHIIBI NapHBIX cpaBHEHUI. CyTh 3TOr0 METO/Ia COCTOUT B TOM, YTO SKCIEPT
3aIoJHSET TOJBKO OJHY CTPOKY MaTpuipbl A, a oCTalIbHBIE CTPOKH (POPMUPYIOTCS
ABTOMATUYECKH MCXOJS M3 YCJIOBUSA JOCTIKEHUS MHJEKCAa COINIACOBAaHHOCTH
I, =0. B sToM ciiyuae mpoBepka dKcIepTa Ha MPOTHBOPEYHBOCTH JAaHHBIX HE
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MPEeJCTaBISIETCS] BO3MOXKHOW. JTO CyNMIECTBEHHBIN HEJOCTATOK TPEIIONKEHHOTO B
[7] meroma. CobcTBEHHO TOBOPS, MpoOiIeMa HEKOPPEKTHOCTH M MPOTHBOPEUNiA
TaKUM ITyTEeM HCKIIOYCHA M3 PACCMOTPCHUSI.

Metoa popMHpOBAHUA HENPOTUBOPEYUBOIi MATPHUIl MAPHBIX CPABHEHUIA.
CaMbIM CyIIeCTBEHHBIM HEIOCTATKOM CYIIECTBYIOMIETO MeToj/ia (hOpMHUpPOBAHUS
MaTpHIIbl TAPHBIX CPaBHEHHUU SIBIIETCS OTCYTCTBHE (POPMATM30BAaHHOTO CIIOCO0a
yCTpaHEHUs HapyIIeHUsI MpaBWUiIa TPAH3UTUBHOCTH. Y CTpPAaHEHHE 3TOTO HEJAOCTaT-
Ka JOCTUTAETCS 32 CUET MOCTPOCHHUS Ha 33JJaHHOM MHOXKECTBE (paKTOPOB BCIIOMO-

raTejbpHOl OuHapHOW Matpuibel B = [bij] . OmemeHThl by mpuHMMarOT 1Ba 3HaYe-
HUA {0 1 }; bjj =1, ecim BimsHKe -0 hakTOpa HA MOKA3ATENb PABHO MM TIE-
BOCXOJIUT BIIMSHHE | -TO (paKTopa, B mpoTHBHOM ciy4ae by =0 . Dkenepr 3anomnuser
Ounapuyto matpuiy "0" niu "1", Ha IMAroHamM JOIKHBL CTOATH 1; by =1, ecnm
i=j.

Ha ocHoBe 3amonuenHoi Matpuisl B GopMupyercst skBuBasieHTHAsT MaTpHIa

B" = [b,:] MyTeM YNOPsIOYMBAaHUS MO BO3PACTAHHUIO CYMMBI 3JIEMEHTOB CTPOKH:
n

Q= zbij . Cymma sneMeHTOB IepBoil ctpoku Q =N, Tak Kak HAa MHOECTBE
j=L

3aannbIx (haxTopos {f;},i=1,N ecTh OMMH MM MOXKET GbITh, HECKOIBKO (aK-

TOPOB, OKa3bIBAIOIIUX MaKCHMaJbHOE BIMSHHE Ha IOKa3aTelb 3()(EKTUBHOCTH.

CTpoku MaTpuIlbl B OyayT ynopsinodeHsl 1o mpaBwiay Q; >Q;, 1 =1,n, oue-

BHUIHO, 9TO0 Q, =1, TaKk KaKk cpeny SJIEMEHTOB MHOXKECTBA {fi} HalaeTcs XoTs Obl

OJIMH DJIEMEHT, KOTOPBI OKa3bIBaeT HAMMEHBILICE BIMSHIE HAa 3HAUCHHE TTOKa3aTe-
151 3 pexTuBHOCTU. TakuM 00pa3oM, MBI TOTYIUM YIIOPSIOUEHHYIO M0 YOBIBAHUIO
*
BIMSHHS Ha TOKa3aTedb 3()(EKTHBHOCTH IOCIEAOBATENHFHOCTE (hakTOpoB f :
* * *
f, coorBerctByer 3nauenue Qp; f, — Q,; f, — Q,. Ha ocHoBanmu ¢ynnamen-
TanbHOM mKanbl CaaTy 3KCHEPT 3al0JIHAET BEPXHIOIO (II0 OTHOILICHHIO K TJIaBHOM JHa-

*
FOHaJ'II/I) YaCTb MaTpHUllbl IAPHLIX CPABHCHUU UL TTOCIICAOBATCIIBHOCTU q)aKTOpOB fi i

* *
B ciyugae, ecnu marpuisr B = [bij] u A= [aij] B3aMMHO COTJIACOBAHBI, TO

JJIsA DJICMCHTOB BerHeﬁ (OTHOCHTGJ’IBHOﬁ rJ1aBHOM ):[I/Ial"OHaJ'II/I) YaCTHU MaTpUIbL A
6yIL6T BBITIOJIHATBHCA YCJIIOBUC!

aij < ai(j+1) eclm i < J , (7)

aij > a(i+l)j €CJlIn (l +l) < J .

U3 ycnoBus (7) claeayer, 4To JIEMEHTHI | -0l CTPOKH MaTpuilbl A 00pasyroT
HEeyOBIBAIOIIYI0 YMCIIOBYIO IOCIIEIOBATEIbHOCTh, U TEM CaMbIM O0ECIIeYHMBACTCS
COTJIACOBAHME DJIEMEHTOB &j; B YaCTH BBINOJHCHMS 3aKOHA TPAaH3UTUBHOCTH. Eciu

ycnosue (7) HE BBIIOJIHSCTCS, HAPUMED JUIsl JJIEMCHTA 8y, MaTpHLbl A, TO 3KC-
IIePT JIOJDKCH YTOYHUTH 3HAYCHNE BEIMYMHBI 8y, , YTOOBI BBINOIHSIOCH yCIOBUE
(7). Ecint ke 9KCIIepT yBepeH B PABHIIBHOCTU 3HAYCHHSI BEIMYHHBI &), TO B 9TOM

Clly4ae OH JOJDKEH CKOPPEKTHPOBaTh 3HA4YEHHMs dnemeHTa Dy, marpuuer B na
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IPOTHBOMONOXKHOE: eci By, =1, To Hano samennts b, =0 u mocse sroro cre-

JIyeT CKOPPEKTUPOBATH MATPHILY B*. MeToaoM moCieI0BaTeIbHBIX uTepanyi
9KCIIEPT IOCTHTHET COTJIACOBAHHOCTH MaTpur B u A, T.e. Oymer BBIIOIHEHO
ycioBue (7) u TeM caMbIM OyZIeT yCTpaHeHO HapyIIeHHe 3aKOHA TPaH3UTHBHOCTH.
Jlns coryiacoBaHHOW Ha TPaH3UTHBHOCTH MATPUIIBI TAPHBIX CPABHEHUI BBIUWCIIS-
eTcs MaKCHUMaJIbHOE€ COOCTBEHHOE 3HAYCHUE A,y IIyTEM pelieHus 3afgauu (5) u

JOCTUTHYTBIN MHIEKC cornacoBaHHocTd | (mo coorHomenuto (6)). Eciu mapa-
metp l¢ <7,,, (V,,, — AOMYCTHMOE IPAHUYHOE 3HAYEHHE, HAIIPUMED Y, =0.1),

TO OMpejesisieM 3HaYCHHE COOCTBEHHOTO BEKTOpa O = {oci}. Heobxomumo mpoge-
n
PUTH BBHITIOJIHEHUE YCIIOBHS ZOLi =1. Ecnu 31O yciioBHE HE BBHIIOIHIETCSA, TO
i=1
n
HEOOXOMMO BBIMIOIHUTE OMEPAIUi0 HOPMHUPOBAHUS HA CyMMY Zai . Ecma BHI-
i=1
YUCICHHOE 3HaYeHue g >7v,,,, TO HEOOXOAUMO NPOBOANTH AajbHEHIIee cora-
coBaHue MaTpuubl A (HO yxe 0e3 Mcrnonb3oBaHus Marpuil B). JlanHoe cormaco-
BaHHUC JOJDKHO YCTPAHWTH NPOTHBOPEYHE CPEAH DIEMCHTOB &;j, BBI3BAHHOC JIHC-
KPETHBIMU 3HAYCHUSIMUA OTHOCUTEIHHOW Ba)KHOCTH, KOTOpEIE MpuBeacHH B [6]. B
9TOM Clly4ae MPOM3BOAUTCS Mpeobpa3oBaHue MaTpuibl A B MaTpuimy A = [aij] ,

C TIOMOILBI0 KOTOPOro OyJeT yCTpaHEHO BIMSHHE Ha COTIACOBAaHHOCTh AJIEMEHTOB
MaTpuubl A ¢dakTopa JUCKPETHOCTH (YHAaMEHTAIbHOM [IKAIIBI.

* *
OJNEeMEeHThI aij MaTpUIbI A PaCCYUTBIBAIOTCA IO CICAYIOIIMM aHaJIUTHU4C-

CKHM BBIPpAKCHUAM!

*

&jj = Cim * Cmj>
n

Zaqs
]

n
_ _ _ S
cmi‘zamq'aqj'qu Cim=——» Pg=—17, ' (8)
ol

o Zzaqs

s=1g=1

rne m=Kk: B = max{ Pq} — 32 YUCJIO M TPUHAT HOMEP CTPOKH MaTpULlbl A, IS

KOTOpO¥i mapametp P, npuHuMaeT HanGoJbLICe 3HAYCHNE.
*

*
I[J'IH MaTpHUIbl A = |_aij J IMOBTOPHO pCHIACTCA 3aJa4a Ha COOCTBEHHBIE 3HAYCHUSI:

* *
%1 oy
* *
*[ Ol = QL
AR =n| R (C))
* *
Oy Oy,

*
N3 cootHomenus (9) onpenensercs COOCTBEHHOE 3HAYEHHE A, M COOTBET-

*

o * o * * *
CTBYIOIIMH A, COOCTBEHHBI BEKTOP O =(0.1,0LZ, ...,an). Hopmuposannsie
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*

3HAYCHUA KOOpAUHAT COOCTBEHHOT'O BCKTOpa O IMPUHUMAKOTCA B Ka4YCCTBC BCCO-

BBIX KO3 (HUIIMEHTOB.

[TpuBenenHbli MeTOA (HOPMHUPOBAHUS HEMPOTUBOPEUMBON MAaTPHUIBI MAPHBIX
CPaBHEHUH SBISETCA HaJACTPOMKON HaJ METOAOM MapHBIX cpaBHeHHM Caatu. Me-
TOJ| ITO3BOJISIET HE TOJIBKO BBISIBUTH HAIMYUE IIPOTUBOPEUHS MEXKAY DJIEMEHTAMU B
MaTpHUlle TapHBIX CpaBHEHH A, HO MOKa3bIBAET 3KCIEPTY, KAKOH MMEHHO 3Jie-
MEHT B MaTpulle A HEKOPPEKTHBIHA M KaKUM 00pa3oM yCTPaHUTh HEKOPPEKTHOCTE.
Kpome Toro, MeTos mo3BoJisieT yCTpaHUTh BO3MOKHOCTh PacCOrIacOBaHUSI MaTpH-
sl A, 00yCIIOBICHHYIO AUCKPETHOCTHIO (PYHAaMEHTAIbHOM IIKAIIBI.

BoiBoabI

1. TIpuBecH HOBBIF METOA OLIEHKH TEXHUYECKOTO YPOBHS H3JCIHN paKeTHO-
KOCMHMYECKON TEXHHUKH Ha IpUMepe KOCMHUYECKOro ammapara. B ocHOBY pa3pabo-
TAaHHOTO METOJA TOJIOKEHBI TEOPETUYECKUE MOJOKCHUS METOJa aHaau3a uepap-
xuit T. CaaTu, KOTOPBIA B MOCIEIHHUE IBA ACCATHICTHS IHPOKO MPUMEHACTCS B
TEOPUH MHOTOKPUTEPUAIILHOM ONTUMU3ALMY U B TEOPUH IIPUHATUS PELLICHUMN.

2. OnucaHHBI B HacTosIIed pa0dOTe METOJ 3alOJHCHHUS MaTPHUIlbl MapHBIX
CpaBHCHI/Iﬁ MO3BOJIAACT UCKIIIOYUTH CYHICCTBCHHBIC O]_HI/I6KI/I B IIOAT'OTOBKE HUCXOI-
HBIX JaHHBIX: BO3MOJKHAS M HE 3aBHUCAIIAsA OT SKCIEPTOB HECOTTIACOBAHHOCTD ITO/I-
TOTOBJICHHBIX HCXOJHBIX JaHHBIX, O6YCJ'IOBHGHH351 JAUCKPECTHOCTHIO (l)yHI[aMCH-
tanpHOM mKanbl T. CaaTw, mpu HEOOXOAUMOCTH MOXKET OBITh MPAKTHYECKH IOJI-
HOCTBIO YCTpaHeHa.

3. Ha ocHOBaHWY NPEIOKESHHOTO METO/Ia MOXKET OBITh pa3paboTaHa METOIH-
Ka OLIEHKH TEXHHYECKOTO YPOBHS M3ACIHH PAaKeTHO-KOCMHUYECKOW TEXHHKH U Me-
TOJIMKA OIEHKH KOHKYPEHTOCITOCOOHOCTH 3TON TEXHUKH Ha MHPOBOM PBIHKE.
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