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Jlekums 1 Kipicne

Makcarbl: Jseknusga 0Oi3  Keneci  mpoOiemanmap MeEH — MocenelepAl  KapacThIpy:
UACHTU(HUKATTAY OMICTEpPiHIH JaMmMybl MEH KaJlbINTAacybl Typajbl KbICKAalla aHBIKTaMa;
MOJICNBJICYAIH (QUIOCOQHIIBIK aCIeKTTUIepi; Oackapy YpAicTepiHaeri WIACHTU(UKATTAY;
MOJCIBACP MEH OJapAbl KYPYy OMICTEpi Typalibl HETi3Ti TYCIHIKTEp; HAKThUIBI OOBEKTICH
CaJIBICTBIPFaHIa MOJIENb/I1 KapanaiibiMiayiaH 0acTapTy MYMKIH €MECTIri; MOAEIbACY MaKCaThl
YIIIH MaHbI3[bl OOJIaThIH OOBEKTTIH KacHUETTEepiH OeifHeney; aJeKBaTTBUIBIK MOHE MOJEIb
aJICKBATTHUIBIFBIHBIH KPUTEPUIATIEPI.

Te3ucrep

XKyite cunaTramanapblH HIEHTU(PHUKATTAY MACEIECIH KYyHeH1 6acKapy MaceleciHe KaTbICThI
TyallbJIbl  peTiHAE KapacTelpyFa Oosanel. JKylie anaplH ana HeMmece Oackapy OapbIChIHAA
uneHTu(UKaTTaIMaran 00Jjica OHbI 0acKapy MYMKIH €eMecC.

byn monne uaentuduxarray MojenbiaepiH OepydiH Typii ¢opManapblHa HerizIeiareH
UICHTUQUKATTAYABIH TYPIl 9JICTepl KapacThIpblIaabl (MbIcaibl, AU QepeHuanipl TeHaeyIep,
allbIpBIMJIBIK TEHEYIIEep, OepuTic GyHKIMsIIAP, TPATUEHTTIK OPHEKTED KOHE C.C.).

KapactoipbinaTsin opicTepiin Oipae Oipey »kyienepaiH O0apiblK TYpJepiH uIeHTUhUKATTay
YIIiH jxapamMaiiibl. OmapIsIH OpKANCHICHIHBIH 03 Malanany aschl 0ap.

Nnentuduxarray Teopuscel 0ackapy TeOpHUsChIHA OallaMabl, TOTIPEeK alTKaHa, AyasibIbl.
backapy TeopusiceiHma Oackapy KarenmikTepi (kyde wuIaeHTH(HUKATTaNFaH) Keieci Oackapy
YPAICIH JKaKcapTy YIIiH MMai1aJaHbLIa b,

Kanmer aliTkanma, ojap YIIIH 3€pTTEYJIEPiH TYPil oficTepl KakeT OojaThIiH OipHerie
Karaaimapapl aXbipaTaabl. BipiHIIIIEH, CHI3BIKTHI JKOHE OCHCHI3BIKTHI KYHENIep Il aXbIpaTabl,
COHBIMEH KaTap ChI3BIKTHI KYHenepal uaeHTUUKATTAY KEeHUIILY, ce0edl oap Cyneprno3HIus
KacueTiHe ue. ExiHmIiieH, crandoHapibl >KOHE CTAllMOHAPIbl eMec jKyhenep (COHFBICHIHBIH
KaTapblHa YyaKbIT OapbIChIHAA IapaMeTpiiepl e3repeTimkKyHhenep kaTaipl). YIIIHIIICH, Kol
JKarIai1a xyhHeaep IUCKPETT1 JKOHE Y3AIKCI3 O0JbI skikTenemi. JKIKTeyMiH TOPTIHIII HYCKaChl
0ip Hemece OipHele Kipic acepiiepi Oap xyiesnep YIiH uaeHTU(UKATTay 91ICTePIH aKbIpaTabl.
JKikTeynin OeciHIi HYCKAchl ACTEPMHHJII HEMECE CTOXACTHKAJIBIK YPIICTEPAl HACHTU(DUKATTAY
MYMKIHAINH Kke3aeiiai. JKiKTeymiH alThIHIIBI, €H MaHbI3bl, ObIpaK XKy3ere achbipybl KHUBIH
HYCKAChl — KY€ Typajbl anpuOpIIbl aKMapaTThiH O0yblHA TOYeNli UACHTUPHUKATTAY 9lICTEPiH
KikTey. MneHTudukartayaplH Ke3 KelIreH 9ICIHAC Kalbll-KYl BEKTOPHIHBIH OJIIIEMi )KOHE 1K1
OaiimaHbICTap/IbIH HEMece OCMCHI3BIKTHIK TAOUFATHI TYpasbl OUT1IM MaHBI3/IbI.

HNnentudukarray sicTepiHin 1aMybl MeH KAJbINTACYbI TYPaJbl KbICKAIIA AHBIKTAMAa

MartemaTtukaiblK MOJENbJAEp aJaMHBIH KOpILIaFraH oJeMJeri KyObUIBICTapblH TaHyFa
apHaJFaH HEri3ri acmanTapblHbIH Oipi Ooibin TaObUIaAbl. MaTeMaTHUKaNbIK MOJAETBACp el
3epTTENeTIH KYObUIBICKA TOH HETI3rl TOyeNlJulikTep MeH OainanbicTapabl TyciHeai. Onap
dopMynanap HeMece TEHACYIEp, MaTeMaTUKaIbIK (opMana OelHEICHTeH epexkenep Hemece
KeJiciMIep JKUBIHTBIFBI 00Jybl MYMKiH. Ejxenri 3amanHan Oepi mareMaTHKaa, MEXaHUKaJa,
¢buznkana xoHe 6acKka Ja xKapaThbUIBICTAHYABIH 9] FHUIBIMAAPBIH/IA 3€PTTENETIH KYObLIbICTAP IbI
cUmnarTay YIIiH MaTeMaTUKaJblK Mojenbiaep naiinamanraH. Conpaii ax, HpioToH 3aHmapsl
wanetanapasiH  KyH affHamachblHAa KO3Faly ©aHIBUIBIKTAPBIH TOJBIFBIMEH AHBIKTAWIBL.
MexaHUKaHbBIH HETI3T1 3aHJapblH MaliJallaHbIl FaphIll anmnapaThlHbIH, Mbicalibl, JKepaeHn Aiira
Kapail KO3FaJbICBIH CHUIATTAUTBhIH TEHACYJIEpAl Kypy KHUBIH eMec. BbIpak, ojapJbplH IIEHIiMiH
KapamaiieiM  dopMynamap TypiHIe aly MYMKiH emec. Fapeim — anmaparTapbiHBIH
TPACKTOPUSIIAPBIH €CENTEY YIIiH KOMIBIOTEpIIep MalJaiaHbLIa bl
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Mojens KypaMmblHA aHBIKTAIYBl THIC OOJIATBIH KONTEreH IIaMajiap Kipeai, ajx ol
IIamMaJiapJIblH ©3/1epi KONTEreH allHbIMAIIbI )KOHE TYPAKTHI TapaMeTpIIepre TOYeIIIi.

Hakrtbutel ypaicrepmin Monenbaepi OCWYBI3BIKTEI  OoJbIT  TaObuIaAbl. KiacCHKaIBIK
MaTeMaTHKaIBIK (DM3MKa armaparbl CHI3BIKTHI MOJICBICPMEH KYMBIC ICTeyre OCiiMIenTeH.
Bripak, OeHCHI3BIKTBI MOZETBACP/Il HICHTy YIIiH CYNEprIo3UIUsuIay MPUHIHUII KapamMansl 1a
JKaJIbI IIEMIMAL KypyFa apHaiFaH anroputmiaep koK. CoHJIbIKTaH, OEHCBI3BIKTBI MOJEIbAEP
YIIH asgKTaaFaH TEOPUSIIBIK HOTHKEIIEP IIaMalTbl.

MaTeMaTHKaJIBIK MOJICIbICY METOJIOTUSCHIH OChI FRIIBIMHBIH HETI31H KaIAyIIbl aKaJeMHK
A.A. Camapckuil KpIcKamia '"MoOJEIb - aJrOpUTM - Iporpamma’ Jen TYKbIpbIMJaraH. byn
METOJIOTHS ©3 JIaMybIH "ecenTey 3KCHepUMEHT" TYpIHAEri TexHosorusaa tantsl. On Taburu
OKCIIEPUMEHT ©OTe€ KbhIMOAT HeMece Kypaeni OOJaThIH KaFjaijiapia KOpIIaraH oJeM7eri
KYOBUIBICTAp/IbI 3€PTTEYTe apHAJIFAaH aKIMapaTTHIK TEXHOJIOTUSIIAPABIH Oipi.

EcenTey »skcnepMMEHT TaOWFH OSKCIIEPUMEHTAILI KOHJABIPFBIIApFA KaparaHja Kenoip
MoceleNiepli 3epTTey OaphICBIHIA ANBIHFAH HOTIDKENEPIli KUHAKTAI, all OJaH KEWiH OJapJbl
MyJiieM Oacka cajagarbl MOCeJeNiep/i MIelry VIIH JKbUITaM JKOHE MKEeMI TaiinamaHyra
MYMKIHTIK Oepeni. bynm kacmeTke KomaHbBICTarbl omMOeOam MaTeMaTUKAJIBIK MOJCIbIED He.
Mpicanbl, OEMCHI3BIKTHI JKbUTy OTKI3Y TE€HJEYl TeK KbUIy YPIICTepiH FaHa eMec, ajl COHbIMEH
karap 3aT Ju(G@Y3UACHIH, KEp AaCTBHIHAAFBI CYJapJblH KO3FAIBICBIH, YCaK KYbICTapbl Oap
opTayiapaarbl ra3abiH GUIBTPALUSICHIH CUIIATTAY YIIIH /1€ JalbIKThI. TeK OChl TEHHAEYre KIpeTiH
mamMasap/ by (PU3UKaJIbIK MaFbIHACHI FAHA ©3Tepei.

Mopeabaeyain puiaocopusiibIK acneKTTepi

Kazipri ke3ge Moaenpaey omicTepi naijataHbIMAWTBIH a1aM TIPIIUIITiHIH CaJlachlH aTayra
OonMaiinel. Ocipece OyJI albIHFaH aKMapaTThIH HETI3IHAE MIemiMaepal Kaobuigay ypaictepi
Heri3ri OoJbINT TAaOBUTATBIH TYPJI KyHenepai Oackapy camachlHa KaThICTBL. Moaenbaeyin
dbumocopuANBIK aCIEeKTTEpiHe, ajl JoJIipeK aWTKaHIa MOMACIBICYIH JKAJIbl TEOPUSICHIHA
TOKTAaMbIK.

MopenbaeyaiH MeTOUIOTHSUTBIK Heri3l. AaM TIpIIUIIri OarpITTaaFraH OapibIK HOpCE OOBEKT
nen aranmanel (mat. objection — mpeamert, 3atr, Hopce). MeTOMOJIOTHSHBI Kypy Oi3miH caHa-
ce3iMi3ZieH ThIC Oap 0OJIaThIH, ©3apa KOHE KOpIIaFaH OpTaMEH e3apa OPEKETTECETIH 0OBEKTTEep
Typasbl aKIaparThl ally )KOHE OHJEYIl peTTeyre OarbITTalFaH.

FouipiMu  3epTreynepne yIKEH pOJbIl TUOOTE3alap, SFHHU, TOXKIpHOETIK JepeKTepre,
Oakplnaynapra, OoJpKaMmIapra HeriuenreH Oenruil Oip >KopaMmanaan aTtkapaibl. ¥ ChIHBUIFaH
TUNOTe3aNapasl apHaibl KOWBUIFAH SKCIEPUMEHT OapbhIChIHIA TE3 JKOHE TOJIBIK TeKcepyre
Oomanpl. ['unorezanapsl TYKBIPbIMIAY JKOHE AYPBICTHIFBIH TEKCepy OapbIChIHIA MIKIp Kacay
OMiCl peTiH/Ie aHaJIOTHUSIHBIH (YKCACTBIK, YHJIECTIK) MaHBI3BI 30D.

Amnanorus gen eki 0OBeKTTIH Kellip *KeKe YKCACTBIFbl Typallbl MiKIpi aTaifjibl, COHBIMEH
Karap OHJAal YKCACTHIK MAaHBI3bI JKOHE MAaHBI3ChI3 OONybl MYMKIH. ¥KCaCTBHIKTHIH
(alfBIpMAITBUTBIKTBIH) MaHBI3AbUIBIFEI a0CTpaKIUSIIAY ICHI€iliHe TOYeIN Il )KOHE KaIIIbI JKaFaaiia
KYPri3iIeTiH 3epTeydiH COHFbl MakcaThlHa OalnaHbIcThl. Ka3ipri 3aMaHfbl FBUIBIMM TMIIOTE3a
o/leTTe TIKiprbee TeKCePIITreH FhUTBIMU KaFuAaTapMeH aHaIOTHsI OOMBIHINIA KYPhLIaIbl.

HaxTbiabl, 0I0OBEKTHBTI Typae Oap OosiaThlH oneMjli OciHeNeWTiH rumore3ajap MeEH
AHAJIOTUAJIAP KOPHEKUIIKKe He 0ONybl HeMece 3epTTey YIIIH BIHFAMIIbI JOTUKAIBIK CXeMallapra
KeNTIpUTlyl THIC; OM-MIKIpJIepi >oHE JOTMKAJIBbIK KYpPBUIBIMIApAbl JKEHUIETeTIH HeMece
KYOBbUIBICTApIbIH TAOMFATBIH JANIIKTEHTIH 3KCIEPUMEHTTEPl KYpridyre MyMKiHAIK OepeTiH
MYH/Iall JIOTHMKAIBIK cXxeMajaap MOJeNbaep Nen aranansl. backa ce3beH aliTkaHaa, MoJaemb (Jart.
modulus — mepa) — o1 OpUTHHANIBIH KeHOIp KacHEeTTepiH 3epTTeyAl KamTaMachl3 €TeTiH
00BEKT-OPUTHHAIABIH 00BEKT-OphIHOACAPHI.
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Mogensaeyain aHblKTamachl. OOBEKT-MOAETh ApPKbLIbI OOBEKT-OPUTHHAIIBIH MaHBI3IbI
KAacHeTTepl Typaibl aKmapar ajly MakcaThlHAa Oip OOBEKTTI CKiHIII OOBEKTIEH alMacTBIPy
Mozenbaey nen arananbl. COHbIMEH, MOJENbICYAl OOBEKTTIH MOJENIMEH SKCIEPUMEHTTEpPl
KYPTi3y apKbUIBI COJI OOBEKT Typalibl aKmapar ajy YIIiH OOBEKTTI MOJIENb apKbUIbl OciHeney
perinae aHbIKTaNybl MYMKiH. bip oObekrrepai (opurmHammapabl) Oacka OOBEKTTEpMEH
(MOJIeNTbIEPMEH) AIMACTHIPY XKOHE OOBEKTTEPAIH KACHETTEPIH MOJCIbIACPC 3EPTTEY TCOPUSCHI
MOJIENIbJICY TEOPHSCHI Jer aTanaasl [5, 36, 46].

Erep wmoxenpney HOTHKENEpl [ONENACHCE JKOHE 3€pPTTENETIH OOBEKTTEp/le OTEeTIH
ypaictepai 0oJpkay YIIIH HET13 peTiHAe KbI3MET aTKapa ajaThiH 00Jica OHJa MOJENb OOBEKTKE
QJICKBATTHl JIeT alTanel. by ke3qme MoIeNb/IiH aJIeKBaTTBUIBIFBI MOJICIBICY MaKCaTTaphl MCH
KaObUIaHFaH KPpUTEpUIIepre Toyemai.

Kannputanran TypAe MOJENBACYAl 3€pTTENeTiH OOBEeKT-OpUTHHANT EeKIHII OOBEKT-
MoOJeNbMEH KelOip colikecTikTe 00JIaThIH, COHBIMEH KaTap, TaHy YPAICIHIH KeHOip Ke3eHIepiH e
MO/IEJTh OPUTHHAJABl AIMACThIpA AJIAaTHIH JKaFAaiIaFrbl TaHy OICI PETiHAC aHBIKTayFa OOJaIbl.
OchbIHalt aIMacTRIPy OPBIH AJaTHIH TaHY KE3CHJIEPi, COHBIMEH KaTap MOJIe]h MEH OPUTHHAIIBIH
colikecTiK (hopmanapbl OpTYpIal 00JIybl MYMKIH:

1) Mozmenbaey TaHy YpAiCl pPeTiHAE — OHBIH IMIIHJE OPbIH ajaTbhlH KYOBUIBICTAP TYypasbl
CBIPTKbI OPTaJIaH KeJlill TYCEeTIH aKnapaTThl ©HJIeYy/l KaMTUIbl, OHbIH HOTHKECIHJIE caHa-ce31M/e
00BeKTTEpre coiikec OeliHenmep maiga OoJianel; 2) opurHHAN-KYHeMeH (OipiHIi xKyie) Oenriii
01p YKCacTHIK KaThIHACTaphIMEH OalIaHBICKAaH KeHOIp MOJCIb-)KYyHeH] (€KIHII KYHeH1) KypyaaH
TYpPAaThIH MOJAETBICY.

®dunocoduss ko3 KapachlHaH MOJEIbACY — TaOWFATThl TaHYABIH THIMII KYpabl.
Mogenbney ypaici 3epTTeNeTiH OOBEKTTIH; OHBIH aJJblHA HAKThl Mocelie KOWBbUIFaH
3epTTEYIIIHIH; KOWBLUIFAaH MOCEJEHI IIeNly VIIH KaXeT OO0JIATBIH JKOHE OOBEKT Typalibl
aKMmapaTThl ally YIIiH KypbUIATBIH MOJCHbIIH Oap OomyblH Oospkaiinel. COHBIMEH Kartap,
3epTTeyIIl MOJIENbIe KATBICThI SKCIICPUMEHTATINI OOJbIM TaObUTaNbl, ObIpak OyJI Karmaiaa
OKCIIEPUMEHT HaKThUIBI OOBEKTIEH €MeC, al OHBIH MOJICIIMEH Kypri3uvieai. MyHnai
AKCIEPUMEHT MHXKEHEP YILIH YHBIMIACTBIPY-TEXHUKAIBIK Mocelenep Al TiKeneil miemry acrnadbl
00JIBIIT TaOBLIAIEL.

Bbackapy ypaicrepinae uageHTugukarray

BbackapynbiH Kazipri 3aMaHfbl TEOPHUSCHl MEH NPAKTUKACBIHBIH €H MaHBI3bl Moceleci
O6ackapy OOBEKTICIHIH MOJENiH KyYpy, SFHH, OOBEKTTIH JKYMBIC jKacay 3aHIbLIBIKTapbIH
dbopmanay Oosnbin Tabbuiagel. Ocbl MOJENBIAIH HET3iHAE OacKapy >KYHECIHIH KYPbUIbIMBI,
AIrOPUTMICpPl MEH TMapameTpiepi aHbIKTaNabl, KYHEHI >Ky3ere achIpyJblH  annaparThIK-
[IporpaMManbiK Kypajiapbl TaHAanm anbiHaabl. Kypaemi oOBeKTTIH MOIENIH KYPYAbIH THIMII
onmicrepiniy Oipi uneHTU(UKATTAy OOJBIN TaObIIAIbI.

backapy ymiiH eH angbIMeH HeHl OacKapbITBIHBIMBI3ABI OLTY Kepek, SFHH, OJ1 apKbLIbl
OoymKaManaTelH 0ackapy cajJapblH «OHWHATBIN KOPIM» OJIapAbIH €H >KaKCHICBIH TaHJAM alyFa
0omaTbiH 00BEKTTIH MojenNi kKepek. COHIBIKTaH OChIHAAH MOJAENbACY OapbhIChIHIA €H alIbIMEH
6ackapy KaKeTTUIIrH KaHaFraTTaHAbIPAaThIH MOJIEIIbA1 KYpy Kepek.

ApHaiibl 6ackapy KaKeTTUIIr YIIIH CHHTE3JeJINeH MYHJail MoJenb TaHy MOJeJi YIIiH eTe
Ka)KeT 0oNaThlH KYOBUIBICTBHIH IIIKI MeXaHU3MIEpiH OeitHenemece ne 6onaapl. OraH 0OBEKTTIH
Kipici MEH UIBIFBICH apachlHIAFbl Oenrini Oip Qopmanbapl OalgaHbICTEIH 0ap 00MybIH
KOHCTaTaIMsIIay KETKUTIKTI.

Ocpiran OaiimaHbICTB «OacKapy» VFBIMBI JIeNl HEH1 TYCIHY KepeK koHe ol 6acKapblIaThIH
OOBEKTTIH MOJENb/ey OaphICHIHAA albIHATBIH MOJIENbre KaHAai TanantapAbl KOWSTHIHBIH
aHBIKTAy MaKCATKa JIAWBIKTHI.
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Backapy nenm HoTmkeme OOBEKT KOWBUIFAH MakKcaTTapabl OpbIHAAyFa OacKapyaaH
OYpBIHFBIMEH CAJIBICTBIPFaHAa Oenrimi Oip MarblHANA «OKAKbIHIAY» OOJIBII KAIAThIH OOBEKTKE
OCBIHJIall MaKcaTKa JIAWBIKTHI dcep TUT3y YpAiciH Tycinemi. 1.1 cyperre 0ObeKTTI OacKapyabIiH
YKAITITBI CXEMAChl KOPCETUITEH.

X Y
Cpeoa OGpexr Cpeoa
4
U
VYnpasnstoee
YCTPOUCTBO
A A
Anroputm Lens

X- bacKapbUIMalThIH, ObIpaK OakplIaHATHIH Kypamzaac; U - 6ackapbeliaTelH KypaMiac,
Y- 00BEKTTIH KYH1 Typasibl 0acKapyIibl KYPBUIFBIFA KOJI )KETEPJIIK aKmapar.
Cypet 1.1 — O0BeKTTi GacKapyabIH KaJIIbl CXEMaChI

backapynel cuHTE3ACy YUIIH €H anabiMeH Z MakcaThlH, SIFHHM OOBEKTKE ocep THTIRY
OapbIChIHIA OacCKapyIlbl KYPBUIFBI HETE€ «YMTBUIYBI» THICTI €KEHIH, OacKapy Ke3 KapachblHaH
O00BEKT KaHJal JOJybl THUIC €KEHIH aHBIKTay KepeK. beipak, Oyi1 KETKUTIKCi3, OChl MaKcaTkKa
KaJiaii yKeTyre 0OJIAThIHBIH KOPCETETIH 0acKapy airOpuTMi A KaKeT.

ConbIMeH, 6acKapy Kellecl TOPTEYIIK apKbLIbl ’KY3€Te achIpbLIaIbL:

<U,I=<X,Y>AZ>,
myHaarel U — Gackapymbl acep; [=<X,Y> - opta MeH 00BEKT KaJIbII-KYHIepi Typajibl aKmapar;
A- anroput™m; Z — 6ackapy MakcaThbl.

Z wMakcaTbl ONapIblH OpbIHAaTYbl A anmroputM kemeriMen U — Oackapymibl acepii
YUBIMIIACTBIPY JkOHE Y apHa OOMBIHIIA aKMapaTThl KUHAY apKbUIBI KaMTamachl3 eTuieni. X meH
U Y kanein-kyiire Kanaii ocep erertinid, srHu, Y=F(X,U) mozaensre ne 6onmait U 6ackapyibl
aHBIKTay MYMKIH eMec.

Unentudukarray xoHe MOJEIbACY TEOpPHUSACHI — Oackapy oOBEKTUIepi MeH Oackapy
KyHenepliH MOJAENbAEPIH Kypy MocesenepiMeH aiHajibIcaThlH JKOHE COJI MOJENbAEpaiH
napaMmeTpiiepid Oaranay npoOaeMachlH HICHIETIH FhUTBIMU-TEXHUKAIBIK MOH.

KopsIThIHABLIAD

Wnentudukanmsnay oficiH TaHgayFa Oip MarblHaJbl Kenyre Ooimaiipl, ceGedi ecen
KOUBUIBIMBIHBIH ©31HJIE aJJblH ajla aHBIKCBHI3ABIK OomkaMaanFaH (0OBEKT Typaibl OLTIMAEPAIH
TOJIBIK €MECTIr1, OOBEKTTI YaKbIT OOiibIHIIA OakblIaylarbl IIEKTeylaep, OOBEKTTIH Kipicli MeH
HIBIFBICHIHIAFbI CUTHAILAAP/IBI OJIIICY IIH /1)1 eMECTIr1 )KOHE C.C.)

OOBEKTTIH MOJIENIH UACHTUGHUKAIMIAYAa eCeNTep KelleH] 9fieTTe YII Ke3eHre OeiHe

- OipiHIII Ke3eHJEe OOBEKTTI 3epTTey HOTIKeJepl Hemece Oap OONaTBIH arpHOPIIbI
MaJTiMeTTep OOMBIHIIIA MOJENBIIH KYPHLUTBIMBI TAHIAT aJIbIHAIBI,

- eKIHII Ke3eHJIe — MOJIeTIb MEH OOBEKTTIH >KaKbIH/BIK (YKCACTBIK) KPUTEPUI,
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- YUIHIOI Ke3CHJIe TaHJall ajblHFaH KPUTEPHUHIe CYWEHII, SKCIECPUMEHTAIBIbl JICPEKTEP
OOMBIHIIIA MOJICTTBIIH TapaMeTpIIepi aHBIKTAJIAIBI.

bakbLiay cypakrapbl

1 colikecTeHIIpy SICTEPIH JAMBITY JKOHE KAJIBIITACTHIPY;

2 MOJENbCYIIH (PHIOCOPHUSITBIK aCTICKTUIEPI;

3 Mozenbaep MEH OJlapibl KYpy 9icTepl Typalibl HET13T1 YFbIMIap;
4 MoIenbIIH KETKUTIKTUIIrT MEH KpUTEpHUiiiepi,;

5 Gackapy mpolecTepiHaeri COUKeCTeHAIPY.

onedounerTep
Herisri ageduer
1. CosgetoB b.41., fAxoBneB C.A. MoaenupoBanue cucreMm. — M.: Boiciiast mkona. 2001
2. Agspees 1. ®. ®unocodus napopmanmonHoi musmwmmzanun. — M.: BJIAJIOC, 1994
Kocbimia ageduer
3. T'pon J. Meroas! unentudukanuu cuctem. - M.: Mup, 2009.
4. Ditkxodd I1. OcHoBa naeHTH(GHUKANN CHCTEM yripaBieHus. - M.: Mup, 2015.
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Jleknusi 2 MaTteMaTHKAJBIK MOJeJbAEP TYPaibl KAJNbl MAFJYMATTapP KOHE OJIAPJbIH
KJIaCcCH(PUKANUACHI

Makcartbl: by nekmus keneci Mmacenenep MeH npoOieManap OOMBIHINA MIONY-TEOPHUSITBIK
MaTepuaabl KAMTY: MaTEMaTUKAJIbIK MOJEIbIEP Typajbl XKaJIIbl MarjlyMaTrTap >kKoHE OJapblH
KJIacCU(UKAIMACH, MOJCTBACP KUBIHBI, MOJEIBIACDP KYPBUIBIMBI, CHI3BIKTBIK MOJENbICP MEH
CBI3BIKTBIK MOJENBIAEP JKUBIHBL, Oepulic (QYHKUMSIIApIbIH MOJENbJAEP TOOBI, KaJbIN-KYl
KEeHICTITHICT1T MOJENbIEP, NapaMmeTpiepl TapalfaH MOJETbIEP, YaKbITTBIK CHUIaTTaMmaiap,
JUCKPETTI MOJIETBACP, KaJIbI-KYH KEHICTIMHICT1 JUCKPETTI MOJICTIBAEP.

TesicTep

MaTteMaTHKAJBIK MOJIeJIbeP KJIacCHPUKAIUICHI

OOvbekTiiep MeH Kyhenepal KiaccupuKauusaayIblH TYPJl 9MICTEPl YCHIHBIIYbl MYMKIH,
OJIAPJIBIH apachIH/Ia HETI3TUIEPIH KapacThIPabIK.

duzukaablKk  Moaeabiaep. Krmaccupukanmsuiay Heri3iHe  OpPUTHMHAIIAH — MOJEIBI1
a0CcTpakmusiiay Jopekeci KOWBLIFaH. AJJbIH-asia OapiibIK MOJEIBACP/l €Ki TOTKA JKIKTeyre
Oomanpl: MaTepuanablK (GU3MKAIBIK) )KOHE a0CTpaKkTLll (MaTeMaTHKaIbIK). OJIeTTe (PU3NKAIBIK
MOJIeNb JIeNl OpWUTrMHaJiFa SKBUBAJEHTTI HEMECe YKcac JKyiHeHl, HeMece >KYMBIC jkacay YypaAici
OpWTHHAIAAFbIAN JKOHE (DU3MKAIBIK TaOWFAThl NIOJ COHJAl HeMece Oacka OOJaThIH JKYHEHi
ataiapl. DOU3MKAIBIK MOJCIBACPIIH KeIecli TypJenip epekmieneyre OoJiampl: HaTypad,
KBa3uHaTypaJl, MaCIITa0THIK KOHE aHAJIOTTHIK.

Hatypan moaeabaep — OJ HAKThUIBI 3€pTTENETIH >KyHenep. Omapabpl MakeT HeMece
TOKIpUOENK ynuriiep aen artaiasl. Hatypanm Monenbiep >KyHe-OpUTrHHAIMEH TOJBIFBIMEH
aZICKBATTHI, COHJIBIKTAH OJ1 MOJENBACY HOTHIKEIIEPIHIH JKOFaphl JQJIIUIINT MEH IIBIHAWIBIFBIH
KamTamacel3 eteai. EcenTeyim skyienepai »obanay ypaici keOiHece TOXIpHOENIK yiariuiepal
ChIHaKTayMeH askranajpl. KBazunatypai Mozenbaep HaTypall ’KoHE MaTeMaTUKAIIbIK MOJEIIbICD
YKUBIHTBIFBI OOJIBIT TaObLIabl. Momenbaep i Oy Typi KyHeHiH Oip OeiriHiH MaTeMaTHKaIbIK
MOJIeNll KaHaFraTTaHAPJIBIKChI3 OOJIFaH JKaraaiiapaa (MbIcalbl, afaM-Oreparop Mojeni) HeMmece
XKy#eHiH Oip Oeiri 6acka GeikTepMeH ©3apa dpeKeTTeCyiHae 3epTTeyl THIC, ObIpaK ojap oje
JKOK HEMece OJIap[bl MOJENbIe KIpICTIpy KHBIH HeEMece KbhIMOaT OoJiFaH jKarjaiiapa
naigananeuiaabl. KBasuHatypan MoJenbAepliH MbICallbl PETiHAe oJiapAa Typil >KyhenepaiH
MPOrpaMMalblK KaMTaMachl3 €TUTyl OPBIHIAIBIN TEKCEPUIETIH ecenTeyill MOJIUTOHAAp HeMece
Colikec OHIIPICTEPIiH MAaTeMaTHKAJIBIK MOJEibAepl MeH Oipre 3eprreneTiH HakThuibl ABXX
KbI3MET aTKapa ajajbl.

MacmTadThIK MoaeJab — 0J1 (PU3UKAIBIK TaOWFAThl OPUTHHAIIBIH TaOUFaTBIMEH OIpJIcH,
ObIpak OJlaH albIPMAIIIBUIBIFBI MAacIITa0Ta OOJATHIH XKYyie. MaciTaOThIK MOJCIB/IIH 9IICTEMETIK
Heri3i YKcacThIK Teopus Oomnbil TaObuTagbl. ON OpUTMHAI MEH MOJIENbIH TE€OMETPUSIIBIK
YKCACTBIFBIH YKOHE OJIap/IbIH TapaMeTpliepl YIIiH Colkec MaciITa0Tap bl CaKTayabl KO3ACH/I1.

AHAJIOTTBIK MoOJeJibJep JAen (QU3uKaiblK TaOWFaThl OPUTHHANIAH e3remie  ObIpak
OpUTHHAJIMEH KYMBIC jKacay ypaAicTepi yKcac xyhenepi ataiel. by xarnaiiaa MiHIETTI mapT
— 3epTTeNIeTIH OOBEKT IEH OHBIH MOJICNHIH MapaMeTpliepiHiH apachlHIAaFrbl Olp MOHALTIK
COMKeCTIK, JXOHE COHBIMEH KaTap, oJiapja OTETiH YPHICTEpAIH OJIIeMCi3 MaTeMaTHKaIbIK
CUMATTANyJapbIHbIH  OipAeininiri 6oibim  TaObUIaAbl. AHAJIOTTBIK MOJENBIAI Kypy YIIIH
3epTTENETIH JKYWEHIH MaTeMaTUKaJblK CHIATTAIYBIHBIH 0ap OOMybl KaxeT. AHaJIOTTBIK
MOJENBACP  PETIHAEC  MEXaHWKANbIK,  THAPABIMKAIBIK, MMHEBMATUKAIBIK  KyHenep
naiganaHeiafbl, ObIpaKk €H KeH KOJJIAHBICKA OJJCKTPIi JKOHE OJJIEKTPOHMABIK aHAJIOTTHIK
Mojienbiep ue 6ol Onapaa TOK KyLli Hemece KepHey TaOuFaThl 6acka 00yaThlH (PU3MKAIBIK
[IamManiap/iblH aHaJIoOTrTapbl OONBIN TaObLIabl. AHAIOTTHIK MOJEIbASP/IIH EpPEeKIIeNiri oapabiy
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MUITIITITD JKOHE MOJEJBACHETIH JKYHEHIH cularraMaiapbl MEH IapaMeTpiepiHiH CaHJIBbIK
MOHJIEpIH eJIIeyre JoHE e3repyiHe OeliMaeny KapanalbIMABUIBIFEI OOJBIT  TaObLIaIbI.
AHANIOTTBIK MOJENBACPAlI €CENTeyilll TeXHHKa KYpalJapblH JIOTHKAIBIK SJIEMEHTTED KOHE
ANMEKTPIIi TI30€KTEep JCHTeHiHae 3epTTey OApBICHIHAA JKOHE COHBIMEH Karap, KYWCHIH YKYMBIC
acay MbIcalbl U hepeHINaABIK HeMece alnreOpasblK TeHICYICPMEH CHUTIATTATIAThIH )KYHeIiK
JEHreiIe naijanaHaibl.

MartemaTuKaJIbIK MOJebAep. MaTeMaTHKalIbIK MOIEb KYWEeH1 a0CTPaKTUIl T apKbLIbI,
KEKe JKaFJaiina, JKyHeHIH >KyMbIC )acay YpAICIH OeiHeneHTIH MaTeMaTHKajblK KaTblHacTap
KoMeTriMeH (opMallaHFaH CHUIaTTay OOJIBIN TaObLIabl. MoJenb/Ii KypacThIpy YIIIH Ke3-KeJITreH
MaTeMaTHKaIbIK Kypanjaap[sl Maijananyra Oonafsl — anreOpanbik, U depeHnnanibl KoHe
MHTETPAIIBIK €CeNTeyli, JXUBIHIAP TEOPHSCHIH, aNTOPUTMACD TEOPHSCHIH XKoHE c.Cc. Ken
MarblHaJa OYKUT MareMaThka OOBEKTTEp HeMece YPIAICTEPAIH MOJAENbACPIH KYPACTHIPY KOHE
3epTTey YIUIH KYpbUIFaH.

CoHbIMEH KaTap, JKyiesepiai aOCTpakTili cumarray Kypanjgap KarapblHa XUMUSIIBIK
dbopmynamap T, cxemanap, cel30amap, Kaprajgap, aAdarpammainap JKHe c.C. kaTaapl. Momaens
TYPIH TaHJIay 3€pTTENeTiH >KYHEeHIH epeKIleTiKTepiHe >KOHE MOJeNbJey MakcaTTapblHa
OaiimaHbICThl, ce0ebl MOJENbal 3epTTey Oenrini cypakTap TOObIHA jKayan ajlyFa MYMKIHIIK
Oepeni. backa akmapaTTsl aiy yIIiH MOJEIBIIH 0acka Typl KaXeT 00Jybl MYMKIH.

Monenbaey mMakcaTTapbl MEH OpPUTHMHAJFa TOH CHUIATTap KOPBITHIHABIAA MOJIENbIIH Oip
Karap ©0ackKa epeKIIeNIKTepiH >KOHE OJapibl 3epTTEY OMICTEpiH aHBIKTAlABl. MpIcabl,
MAaTeMaTHKaIBIK MOJCIBACPIAl JACTCPMUH/I KOHE BIKTUMAIBIK (CTOXAaCTHUKAIIBIK) TypJepre
XKikTeyre Oomnaapl. bipiHmiiepi MomenbAiH MapaMmeTpiepi MEeH cumaTTamanapbl apachlHIa
OIPMOHIIUTIK COMKECTIKTI OpHATAbI, aJl EKIHIIUIEPl — COJI IIaMajiapIblH CTaTHCTHUKAIIBIK MOHAEPI
apacblHa. Mozens TYpiH TaHAAay Ke3ACHCOK (aKTopiapbl €CenKe aly KaXEeTTLIIK JopeKeciHe
Toyenai. MaremMaTHKanblK —MOJENbIEp apacblHAa oJapAbl 3epTTey oJici  OOWbIHIIA
AQHAJIMTUKAJIBIK, CAHJIBIK KOHE UMHUTALUSIIBIK MOJIENIbIEP/Il epeKIeseyre 0oiapl.

AHATUTHKAJIBIK MOEJb Jien Oenriii 6ip MaTeMaTUKAJIBIK almmaparThl Makianada OThIPHIIL,
TEHJIeY MIeNIiMiH alKbIH TYyplie alyFa MYMKIHJIK OepeTiH >KyHeHiH (opManaHFaH CHUIIATTATybIH
aTaibl.

CanjbIK MoJieJib HaKThUIbI 0ACTanKpl MAPTTap MEH MOJEIBAIH CaH/bIK MTapaMeTpiepl YIliH
TEeK JKeKe CaH/bIK HIemiMIepiH TabyFa MyMKIHIK OepeTiH TOCNAUTIKIICH CUTIaTTaIa bl

NMuTauusaiabiKk MoJejb — OJ KYWEHIH CHMATTalybl MEH CBIPTKBI dCEpIepiH, KYHeHIH
AKYMBIC kKacay alrOpUTMIEPl HEMece CBHIPTKBI JKOHE 1IIKiI O0ereT acepiiepAiH bIKMalbIHAH JKYHe
KaJIBINI-KYHIHIH ©3Tepy epexesep >KUBIHTBIFBL. byl anroputmaep MeH epexenep aHaTUTUKAIIBIK
KOHE CaHJBIK IIEUTy[diH MaTeMaTHKaIbIK olICTEepiH MaiganaHyra MyMKIHIIK Oepmeiiai, Obipak
KYHMEHIH JKYMBIC Kacay YpIICIH MMHTaLUsJIayFa KoHE KaXKeTTI cUIaTTaMmalapjibl eJlieyre
MYMKIHIIK Oepei.

OnapaplH KypbUIBIMABIK-(DYHKITMOHABBl YUBIMAACTHIPBLUTYbIHIA KOPIHETIH Kyilenep MeH
00BEKTTEp/IIH KON TYPJUIIrL TYpJi MOJENBAEP KUBIHAAPHIH Naiiiananyasl aHbIKTai el Ogapabt
Kejeciiaepre Toyen i Kiaccupukanusiayra 6oaaisl:

1) 3epTTeneTiH KYHEHIH KYMBIC XKacay cCUIaTTaMachlHa:

- JeTepMUHJI, )KYMBIC jKacaybl JeTEePMUH/I IIaMalapMEH CHUITaTTala/lbl,

~ CTOXaCTHKAJbIK HEMeCe bIKTUMAJABIK, JKYMBIC >Kacaybl Ke3JeWCOK IlaMalapMeH
cUMaTTaIaIbl.

2) 3epTTeNeTIiH XKYieae oTeTiH YPAICTep/IiH culaTTaMachiHa:

- Y3MOIKCI3, YpAICTep yaKbIT OOMBIHINA Y3HIKCI3 aFajibl,

- JIUCKPETTIK, YPAICTEP YaKbITThIH JUCKPETTIK MOMEHTTEPIHJIE 63 KYHIIEpIH e3repTei.
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3) 3epTTeNeTiH KYhe Typabl 0aCTanKbl IepPEeKTEP IiH IIBIHAWIBIK JOPEIKECIHE:

- ampuopJibl Oenriti mapamerpiepi 6ap;

- mapamerpiepi Oenricis.

4) KyHeHIH )KYMBIC JKacay pexKHMIHE:

~  CTalMOHApIIBI, CHITaTTaMaJaphl YaKbIT OapbhIChIHIA ©3TePMENIi;

- CTalMOHApIIBI €MEC, CUIaTTaMalaphl YakbIT OapbICHIHAA ©3Tepeli.

5) TaraiipIHATybIHA:

- KYWEHIH KypaMbl MCH KYPBUIBIMBIH OCHHEICUTIH CTATHKAIBIK HEMECE KYPBUIBIMIBIK;

- OKYWEHIH YyakpIT OapbIChIH/IA >KYMBIC jKacayblH O€iHeNnedTIH IUHAMUKaJbIK HeMmece
(yHKIIMOHAJIBABIK;

~  3epTTeNeTIH XYHEeHIH KYPBUIBIMJBIK *KOHE KYMBIC jKacay epeKIIeNiKTepiH OelHenenTiH
KYPBUTBIMTBIK-(YHKITHOHAITB JTBI.

6) Oeiinerney (cumarTay) )oHe XKy3ere acblpy TICLTIHE:

-  KOHIENTYaJbJbIK  HEMECe Ma3MYHIBIK, 3€pTTEJCTIH  KYHEHIH  KYPBUIBIMJIBI-
(GYHKIMOHAIBABIK ~ YUBIMIACTHIPBUIYBIHBIH €H MaHBI3[bl EpeKIIeNIKTepiH cumarray (eH
KaparaiibIM Kar/1ai1a co30eH cUnaTTay);

- (U3MKANBIK HEMEce MaTepUalbIbIK — OpPWTHHAIFAa JKBUBAJICHTTHI HEMece yKcama
MoJenbaep (MakeTTep) Hemece OJIapJbIH JKYMBIC jKacay YpHAiCi OpHTHHAIJAFbIIal HKOHE
(hM3UKaIBIK TAOMFATHl COHNIall HEMece 0acka,

- MaTeMaTHKaJbIK HeMece aOCTpakTiLT, aOCTpakTLIl TUT KOMETIMEH, >KeKe >Karmaiija,
YKYHEHIH JKYMBIC JKacay YpIICIH OCHHEICUTIH MaTeMaTHKAIBIK KaThIHACTAp KOMETIMEH KXYHEHIH
(dhopmManaHFaH CUTIATTAITYHI;

- TporpaMMaiblK  (aIropuTMIiK, KoMmbioTepiik), ET  Kypammapein maiiganaHyra
HEri3JeNTeH KOHE 9/IeTTe MPOorpaMMaliblK KellleH OOJIbIN TaObUIAThIH KOHE UMHUTALIMUSIIAy HEMECe
3epTTeNeTIH O0OBEKTTI CUIATTAUThIH MAaTEMAaTUKAIBIK TOYCIIUTIKTepAl IpaduKaIbiK OciHeney
apKBUIBI 3ePTTEICTIH 00BEKTTI KOPHEKI xKoHE dDPEeKTTLIl OeiHeneyre MyMKIHIIK Oepei.

Bynan apbl Herizri Hazap KypAesl TeXHUKAJBIK KyHenaep/i 3epTTeye KeH MaijaiaHbuIaThIH
MaTeMaTHKaJIbIK MOACTbACYTE ayAapbliaibl.

bipneit 6ip oObexkTTEpAl KYypAeniairi OOWbIHIIA SPTYpiAl MaTEMaTHUKAJBIK MOJACIbIECPMEH
cumarrayra Oonaznpl. by ke3ge TaHmayablH HETI3TT KPUTEPHi OHBIH 3EPTTENCTIH OOBEKTKE
aJeKBATTBLIBIFbI OOJIBIN TaObLIAIBI.

CTaTHKAJIBIK 00beKTiIepAiH MaTeMaTHKAJIBIK Moaeabaepi (COMM)
OObeKTTep/AiH CTAaTUKANBIK CUIATTapblH MOJIENbICY JKOHE WICHTHUKANUsIay —ecell
Ko#bUIBIMBI (2.1 cyper).

............................................. >
X Y !
.g § X —: BACKAPY Y- LIBIFBIC
..bz g )(.k ....................... : OB’BEKTICI —_—
=y >

Cyper 2.1 Cratuka 00ObEKTICIHIH KYPBIIBIMBI

CratukanplK cumarTamaigap OapibIK eOTHedl YpAicTep asKTalFaH HeMece OJNpAb
eckepmeyre OoJIaTbIH, KYWJIepl KaJIbINTACKaH JKaFlaiarsl *KyHenep/l ecentey Hemece 3epTTey
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OapbIChIHAA KeH Naiinananbiiansl. CTaTUKaHBIH MAaTeMaTHKAIBIK MOJCTIHE TOH €PeKIIENiK —
oJlap/ia yaKbITTaH TYbIH/bIHBI )KOK OOJTYbIH/IA. .

XKanmbel Typ/ie 00BEKT CTATUKACBIHBIH MaTeMaTHKAILIK Mojeri (MM) — CBIpTKBI acep V|
BEKTOPBIHBIH 0ap OOMyBIHAA Kipic TTapameTpliep/ii MBIFBIC MTapaMeTpiepMeH OalIaHbICThIPATHIH
Y=p(X1, Xz,..., Xk) kaitapbiM (yHKIHACHI 00JbIN TaObLIaabl. CTATUCTHKAIBIK diCTEpIi
KOJIaHFaH/Aa cratukanblH MM  onerrte perpeccust TeHueyl TypiHae OeliHenenuienl (@
(YHKIUSCHI KIKTEIIHETIH MOJIUHOM, TeNHIop KaTapbIHbIH KECIH1C):

Y:bo+ibi~xi+zk:bii-xi2+zk: Zk:bij-xi-xj (2.1)
i1 =)

i=L j=itl
MYHJIaFbl Y - IIBIFBICTBIH €CENTENTEH MOHI; X; - KipicTep; V - CBIPTKbI dCEpIIEP/IiH BEKTOPHI (1I1y,
Oereynaep); N, n — Toxipubenep canbl; No, No , — mapawiens (KalTalaHAThIH) TOXIpUOETep
HEMECE J>KOCIMap OpTaJbIFBIHAAFEl TOKIPUOCNEPIH CaHbl, M — Mapaulellb TIXKIpUOenep
CepHsUTapBIHBIH CaHbl;, K - KipicTep canbl ((akTopnap, moauHOM Adpexeci); Nex — JKOCHapabiH
ToXipubennik HykTenepiHiy canbl, L; Lmar — perpeccust TeHeyiHIer colikeciHiie 6apblK jKoHe
MarbIHaJIbl KOYPPUIIMEHTTEP CaHbI;

by, by, b,,b5,... - HAEHTU(UKALINMATIAY HOTUXKECIHAE aHBIKTAJIAThIH PErPECCUSHBIH CYPBINTATFaH
ko3 durmentrepi;

b, - perpeccus TeHICYiHIH 00C MyTIIeci;

by, b,,b;,... = CBIBBIKTBIK AP deKTTEp; by1,b,0,055,... - KBAIPATTHIK dddeKTep;

By, 053,0;5,... = KYIITBIK ©3apa opekeTTecyaepain 3pdexrrepi;

By111, D929, 0333, = YIIEYITIK ©3apa opekeTTecynepaid dpdexrrepi;

Meicainsl, k=3 (L =10) yuriH TeHIeyaiH XeKe Typi:

Y =by+by - Xy +by - Xp +by - Xy +byy - X7 +byy - X5 +byg- X3
+Dpp - Xy Xy +byge Xy - Xz +Dp3- Xy - Xg+Byp3- Xq - X5+ Xg

CoHbIMEH KaTap, 3€pTTENETIH KYOBUIBIC HeMece OOBEKTTIH (U3UKAIBIK TaOUFaThIH
ocitneneiitin CMM-HIH Oacka Typsepi e MainanaHbUTybl MYMKIiH. (2.2) Typaeri Mojaenbii
TaHnay ce0ebl — OHBIH KapanmalbIMIBUIBIFbIHA KOHE 3€PTTEICTIH TOYSIAUTIKTEPIl CUTIATTAYIbIH
KOFapbl JSJAUIINHE Heri3genredH. MaTemMaTHKaNbIK MOJAETbAl (perpeccus TEHACYIH) TaHIayra
OaiinmaHpicThl KochiMIa eckeptynep. Hoctypni (1) Typ maiimanansiianel, KaxeT Oolica (erep

(2.2)

TEHJEY PKCHEPUMEHTTI aJIeKBaTThl €MEC CUIlaTTaca) bi-Xi3, b i “X{- X, X5 KOHE C.C. TypIeri

MYyIIesep KOChUTYbl MYMKKIH.
Onerre (1) Typaeri TeHuey mnainanaHbLIaabl, KaxeT Oosca (TEHOEY SKCIEPUMEHTTI

aJIeKBATTBI CHIIATTamaca) bi-X:, b;-X;-X,-X; XkoHe c.c. Typaeri Mymenepai Kocyra Gonajsl.

byn ke3ne perpeccus TeHueyiHiH Di  koadduimeHTTepiHIH MOHAEPIH aHBIKTAy/la CIIKaHIal
ecernTey KUbIHABIKTaphl Maiga 0osMaiiibl, Oblpak, anmpoOKCUMAIUIIAY apajbIFbIHAH THIC JKOHE
SKCIIEpUMEHTANb/Ibl TaOBUIFaH HYKTEJNEP/AIH apachlHAa KOFapbhl peTTi (yHKuMsS IpaduriHig
TOPTIOIH OOJKayFa MYMKIH €MecC.

ChIBBIKTBIK JHHAMHUKAJIBIK 00bEKTTEp MeH KyleJepaiH MaTeMATHKAJIBIK MOJeJbAepi
(AMM) xoHe onap/IbIH apachIHAarbl OailIaHbIC.

JAMM Typni aBTOMaTTaHIBIPY KYHeJIepiH Taljay MEH CHUHTEe3JeyJe KeH IMaiaalaHblLIalbl
(2.2 cyper). IMM mnapamerpiaepiH yakbIT OOIBIHIIA ©3repyiH CHIATTaiIbl, OJIApIbIH
OpHEKTEpIHJIe MIHJCTTI TYpZA€ YakKbIT OOWBIHIIA TYbIHJbLJIAp HEMEce OJlapFa HSKBUBAJICHT
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napamerpiiep Oap Oomysl THic. OTe kWi (HET3AENTeH Xarmaimapaa) ChIBBIKTHIK JIMM-mi
nagaIaHaabl.

u(t) X(t)
R N\, S Ob0vexkr |—

Cyper 2.2 — lunamuka o0BEKTIC1

Kipic ocepnep Bektopein U opimnmieH (6ackapy), HMIBIFBIC dcepiiep BEKTOpbiH X (Ky#iep)
Hemece Y opinmeH (IIbIFbICTap), Oerer ocepiep BeKTOpblH V opinmeH (2.2 cyperre
KOPCETUIMETeH) Oenriiey KaObUIIaHFaH.

Bapneik JIMM-nb1 knacctapra 6esryre 0oJabl.

1 Y3nikeci3 xyiiesiepai cunarrayra apHajFaH Mojesibaep

Co3bikThl Auddepenumnanasl Tenaeyaep (UT) nuaHamMukanpl cUNaTTayldblH €H Kbl
(dhopmacsl, ObIpak, oap/Ibl HHXKEHEPJIIK TOKIPUOEe Mmaiianany Kol Karaainapaa Kypaemi.

JT-ni a3yaslH €H Kbl TYpi:

n m
aml%h.+a2%+a1x:bm+1?jt—#+...+b23—:+blu (2.3)

Bepinic ¢ynxkuusnap (b®). IMM  wumxenepnik Toxipubene xui  b® Typinge

nalananbpUIagsl. O31H-031 TEHECTIpeTiH 00bekTTep yiniH bd xanmsl Typae:

m
W(p)=C- 2t Protos Py piry. (n2m) (2.4)
a1+a2’ p+...+an+l' p

«Aynannap oniciny nagamanranga (bl=al=1)[ |

W(p)=C- by+b,-p ~-exp(-p-7), HEMece (2.5)
a+a-p+az-p
W(p)=C- o exp(—p-7) (2.6)

a1+a2-p+a3-p2+a4-p3

backa Typaepi, Mpicasbr:
C-exp(-p-r
W(p)=S X(=p-7)

[Ta+T-0
i=1

b®-upiH kemriryi Oap anepuoauKaiblK OybIH TYpIHIEr1 BIKIIAMJAIFAaH OPHEriH KWl
naiagaHaabl:

JKOHE C.C. (2.7)

W (p)=

LT p PP (2.8)

O3iH-031 TEHEeCTIpMEHTIH OOBEKTTep YIIIH KaIMbl >KaFfaiina kejeci typaeri b®
nangajgaHalbl:

D +b,-p+...+b - p™
W(p)=| 2-c. BrbP m“-pn}enx—pw) (2.9)
p a1+a2'p+...+an+l'p

(MyHa MHTErpanb/Ibl Kypama 0ediri — 1/p mamaccsl 6ap eKeHIIriHe Hazap ayaapblHbI3)
HeMece 031H-031 TEHECTIPMENTIH 00BEKTTEp YIIIH BIKIIaMIAIFaH epHEKTep:

c \
W(p):m'exp(—p-r) HEMECE: (2.10)

mup)=;?5enx—pw) (2.12)
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W(p)-HbIH HAKTBLIbI TYpi aJCKBATTBHUIBIK IICH €CENTEeY BIHFANIBIFBIH KaMTaMachl3 €Ty
HIapTHIHA TOYEN/II TAHJAI aJTbIHA/IBI.

MarteMaTHKAJBIK MOJEJIbIAIH aleKBATTBLIBIFbI, MbIcalbl, (2.12) dopmyna OoiipHIIA
OaranmaHbuTybl MYMKiH. Ochl popmyia OoifbiHIIa TaObUTFaH O MoHI 3-7 % maH acmailTeiH OoJica,
OHJIa MOJIEJb aJIeKBATThI OOJIBII CaHaa bl

N 5
5:100%'in—x. (2.12)

N i=1 X

AN
(2.8) Typaeri TeHaey YIIIH BBIXOA X; IIBIFBIC Kelleci popMysia OOMBIHIIA aHATUTHKAIIBIK
aHBIKTAJIA]IbI.

X (ty=C-AU ~[1— exp(—t;—r)} (t>7 Goaranma) (2.13)
X(t)=0 (Gosrranma t<r) (2.13A)
an (2.7) Typueri W(p) yurin n=2 GosraHma :
W(p)= C'EXP(_p'T)
Q+T-p)-A+T,-p)
X(t)=C-AU -[1—L.e>qo(—t_—’)+T—2.e>p(—t‘_7)J (2.14)
Tl _T2 Tl Tl _TZ TZ

Kanmeutay sxarmaiima OepuireH ecenTi IIenry OapbhICBIHIA COMKECTIK KPUTEPHl PETiHIC
KeJleCl Typ/ieri KpUTEPHII1 ajabl.

min(Fs), F(ai){”:(xi _Qijz (2.15)

j=1

MYHJAFbl X; — OKCIIEPUMEHTAIbIbI MOH; )A(i — €CENTENreH MOH.
ai ko ureHTTepiH Taldy YIIiH Kejaeci TEHACY/Tl KYpabl.
F _o
0a;

CoHbIMEH, OHBI IICIly apKbUIbl & —A1 aHbIKTayFa OOJaThIH TEHJIEYJIEp JKyHheci mainma
0oJIaIbl.

CrarukaHbplH Taiiga OOJFaH MaTEMaTHKAJIBIK MOJIEIbACPIHIH aJACKBATTBHUIBIFEIH Duriep
Kputepui OodibiHma Tekcepitemi [1] (bkoHe Keneci NeKUMSHBI KapaHbi3). by yIIiH KOChIMIIA
pIHFalIbLIAay R-kBagpar (metepMmuHAIMS KOIPUITHEHTI) KYBIKTAy KapaMIbLIbIFbIHBIH
KpUTEpHiH Maiifananyra 0osaabl [5], 07 OCHCHI3BIKTHI MOJENIBACD MIAUIICIH Oaranay yIIiH
nanananbUIagsl. R-KBaapaT KpUTepri TEK HOJbAEH Oipre ACiiH MoHIepAl KaObuiIai anajsl, oJ1
Oipre >KakbIHAaFaH CaiblH MapaMeTpIIiK MOIeh OACTaNKbl IePEeKTeP/Il )KaKChlIay KYbIKTAUIbI.

Onpl anpikray ymiH amaeiMeH SSE  (Sum of squares due to error) — xkatenep
KBa/IpaTTapbIHBIH KOCBIHBICHI Keneci popMysa OOMBIHIIA ecenTeneli:

n
SSE :ZWk (Y —9k)2 )
k=1
MyHAaFbl Wk - canMakrap (Oi3me onap OepiaMmereH, Oipiikke TEH AEN caHalanbl); Yk - op

(2.16)

TOXIpUOe YIIiH JepeKTepiH IKCIePpUMEHTaNb/Ibl (0acTarKkbl) MOHEPI; Vi - op TaxipuOe yIIiH
nepekTepAiH ecenrteneTin (OomkamaanraH) moHmepi, (1) dopmyna OoifbiHINA anbiHFaH; N -
HKCIIEPUMEHTANIb/Ibl MOHAEP/IIH caHbl (MbIcalibl, n=20).
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R-kBampar xputepui (apbl kKapait R pmen OGenrinenreH) SSR perpeccusira KaTbICTBI
KBaJpaTTap CYMMACBIHBIH KBaxparTapAblH TodblK (SST) cymMmaceiHa KaTblHac peTiHIE
aHBIKTAJIA/bl, SIFHU:

n n
SSR=>"We-(Jx V)% SST = We-(¥i— %)
k=1 k=1
MYHIaFbI Y - 9KCIIEPUMEHTAJIbIbI (0acTankpbl) JePEKTEP/IiH OpTa MOHI.

R SSR L SSE
SST SST

R-xBagpaT KpuTepHilAiH aJbIHFAaH MOHJEPIHIH OIpJIIKKE >KAKbIHABIFBI AKCIEPUMEHTTIH
YKOFapbl JOIAUTIKIIEH CUNATTAJIFaHbl JKOHIHAE OUIIipeai, Mbicaibl (2.2) Typaeri epHEKIIEH.
Ojerre ToXKIpuOe YIIH KEeTKUTIKTI Jen  R-kBazgpar kputepuiiaiH 0.9 naH »orapbl MOHI
caHaWIbI.

by kepceTkinn KenmICIMHIH CTaTUCTHKAJIBIK ©iIeMi OoJbIl TaObLIabl, OHBIH KOMEriMeH
perpeccusi TEHIEYIHIH HAKTBUIBI JIEPEKTEepPre KAHIIBUIBIKTBI COWKEC EKEHIIrl aHBIKTaIabl.
Herepmunarus koddurmenti 0 nen 1 neitin apansikta e3repeni. Erep on 0-re ey 6oiica, oHma
OJI PErpecCHsUIBIK MOJEINb/IH alWHBIMAJBUIAPBIHBIH apachlHAa OalJIaHbIC KOK EKEHIIITH KOHE
OHBIH OpHBIHA IIBIFBIC AWHBIMAIBIHBIH MOHJEPIH Oarajay YIIH o7 COHJAM COTTUIIKIICH
OaKpUTAHATBIH MOHJIEP/IH Kall opTa MOHIH maiananyra 0oJaTeIHABIFEIH Outmipesni. Kepiciuie,
erep nerepmuHanus kodpduimenti 1-re TeH 0osca, o GakbUIayABIH OapibIK HYKTEIEpl JoI
perpeccusi ChI3bIFBIH/A KATAThIH, SSFHU OJIAPJIBIH aYBITKYJIAp KBaIpaTTapbIHBIH KOCBHIHIBICH 0-re
TeH 00JaThIH HeaIbIbl MOJIETbIe colikec. Toxipubdene erep nerepmunanus kodddumuenTi 1-re
YKaKbIH 00JICa, OJ1 MOJIETh OTE YKAKChI )KYMBIC ICTEHTIHAINH (FKOFapbl MOHAUTIKKE Me) eKEeHIIT1H
oinmipeni, an erep 0-re >kakplH 0O0JiCca, OJI MOJETBIIH TOMEH MOHAUIITIH Ourmipesni, Kipic
alHbIMaJbl IIBIFBIC AWHBIMANIBIHBIH TOPTIOIH Hamap "TyciHaipeni", sFHU OJIApJBIH apachlHIa
CBI3BIKTBIK TOYENIIIIK )KOK. MyHIali MoAenbIiH THIMaUTiri TomeH. COHbIMEH KaTap, aOCOIOTTIK
MIEH CaJBICTBIPMAaJIbl KaTeJIep/iH KOCBIHJIbUIAHFaH MoHEp1 OOMBIHIIA YKOHE op TIHKIpUOe YIIiH
IIBIFBICTBIH AKCIIEPUMEHTAIB/IbI TaObUFAaH MOHJICPI MEH €CeNTEIreH MOHJEPIHIH CaIBICTHIPY
rpauKTepiH Taay apKbUIbl SKCIIEPUMEHT HOTIDKEIEPIH alllPOKCUMAIIHMSIIAY JOJIUIITT TypaTbl
KOCBIMIIIA TIKip KacayFa 00JIaJIbl.

Keiine 6aiiiaHbIC THIFBI3IBIFBIHBIH KOPCETKIMITEPiHE canajblK Oara 6epyre 6onanbl (Yemmox

IIKaJIaChl):
BaiinaHbic THIFBI3ABIFBIHBIH CAHABIK balIaHBIC  THIFBI3ABIFBIHBIH,  CalajbIK
eJIemi CHITaTTaMachl
0,1-0,3 A3
0,3-0,5 Opraia
0,5-0,7 Eneymni
0,7-0,9 Korapsl
0,9-0,99 OTte KoFapsl
Moni 1-re TeH OonraHma (GYHKIMOHANBIBIK OalimaHbic Maiga Oomamel, anm OalIaHBICTHIH
KOKTbIFBl — 0. baiimaHbIC THIFBI3IBIFBIHBIH KepceTkimTepiHiH 0.7 AeH Kimi MoHAepiHIe

nerepMuHans  kKod(hduIMeHTiHiH wmwamackl opaaiibiM 50 % gaH TemeH. O HOTHXKEINIK
KOPCEeTKIIITIH ©3repylHe ocep THUT3ylll MOAEeNbJe €CKepUIMEereH KajiraH (akTopiaapMeH
calpICThIpFana (PaKTOPIIBIK Oenruiep BapualMsIapblHbIH YJIeCiHe a3 0elliri KeJleTiHiH Oulipei.
MyHpaii mapTTap/ia KypbUIFaH perpeccusiiblK MOJAEIbAEPAIH TOKIpUOeTik MaFbIHACHI TOMEH.

Kuinik cunarrap (AKC). CpI3BIKTHI )KYIHEHIH KipiCiHEe KeJeci CHIHaJIIbI OepreHe:
U(t) = A, sin(at) = A, -exp(jat) (2.17)
HIBIFBICTAFbl CUTHAI:
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X (t) = Acsin(at + ) = A, -exp(jat + ), (2.18)
an ADXC Typi:
b+b, - jo+. . .+b - jo"

W(jo)=C . —-eXp(— jo-7) = Alw) -exp( j¢(w)) = ReW (@) + ImW (o)
a+a,- jo+..+a - jo
(2.19),
MYHIAFBL  A(w) =/ [ReW (@) P + [ImW (o) P (2.20)
K [ImW ()]
o(w) =arctan —[ReW(a))] (2.21)
CoHbIMeH Katap, 3iiemMe (canmak) pyHkuusaap:
t t
X0 = [g(t-)y()dz =[ gyt -r)dr (2.22)
0 0

Kone Kyijiep KeHIiCTIriHIH MATPUMUAJIBIK CBI3BIKTBI TeHJeyJep >KyHernepi e
nainajadelIagbl.
Kyiinep napamerpiiepiHiH KeHICTIMHAET1 MOJIENb:
X = Ax+bU
y=C'x '
MyHgarel: U — KIpICTIH BEKTOPBI, X — KYWJIEp aWHBIMAJIBUIAPBIHBIH BEKTOPBI;, Y — JKYHE
IIBIFBICBIHBIH, BEKTOP; A — Kyiie IMHAMHKACBIHBIH MaTpHIackl; B — 6ackapy marpunacsr; C' -

eJey (Ce3rii Kypajiaap) MaTpUIiachl
HEeMece

(2.23)

Xx=A-x(t)+B-u(t); -~
y({t)=C-x(t)+D-uf(t) (2.24)
2 JIuckperTi xKyiesepai CUIIATTayFa apHAJIFaH MOJIeJbaep
ChbI3BIKTHI AHBIPBIM/IBIK TEH/IEYJIep
Canzplk Oackapy >Ky#esnepiHae MaTeMaTHKaJbIK MOJCNBICP PEKKYPEHTTIK aNbIPBIMIBIK
TEHJIeyJIep TYPIHIIE JKa3bUIaIbl.
Erep Ttexnonorusuieik 6ackapy o0bekrTiH (TBO) matematukanbik moxeni (2.8) Typaeri
Oepinic QpyHKIMSIMEH OCHHEIECHIeH >KOHE HOINbIIK PeTTi (uKcartop maiigananraH Oojica, oHIA
YaKBITTBIH T; MOMEHTI YIIIiH OOBEKT WIBIFBICHI CAHIBIK TYPJIC KENECiNeH aHbIKTaIaIbl:

X;=A-Xj1+B-Ujp (2.25)
MyHJaFbl: A=—exp(-To/T), B=(@1-A)-C, D=[¢/T,]
(2.25) tenney yakpITThIH j = 1, 2, 3, ... TUCKPETTI MOMEHTTEpi YIIiH OOBEKTTIH Y3MIKCi3

(2.8) TenaeyiHIH albIPHIMIBIK SKBUBAICHTI O0IBIT TaObLIAIbI.

D — eH >xakplH YJIKeH OYTIHIre JEHiH JOHreNeKTeNreH caH, cypay nepuoarapasiH To OyTiH
canbiHa OeitHenenreH THO-bIH Keuriryid aHbIKTai bl

j <D ymna: X j=A-Xj1 Xj, - BBIXOJ 00BbeKTa B MOMEHT BPEMEHU YaKbITTHIH Ti-To

MOMEHTIHJIET1, SIFHU CYpay/IblH OCBIFaH AEHIHI1 KaAaMbIHIAFbl OOBEKTTIH HIBIFBICHI.
U p - YakbITTBIH T;-D MoMenTinzeri 6ackapy ocep (PETTETIUTIH MIBIFLICHI).

Juckperrik Oepisic pynknusaap:
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Cy(@)  bpz " +by 2™ by

W(z) = =
U(z) a,z"+a,,27"Y+.3, (2.26)
Kyiisnep napamerpJiepiHin KeHicTirinaeri moaeJb
X(k+1)=A*x(k)+B*U(k)
(2.27)
y(k)=Ct*x(k)
CaHJpIK alibIpBIMIBIK PEKYPPEHTTIK TeHaeyaep:
X] :A.Xj—l—i_B'Uj—D
(2.29)
3 BeiicbI3BIKTHI KYiiejiep/li cunaTrayra apHaJjFal Mojaeibaep (cyper 2.3)
u®=s(t) y(t)=o(t)
y(t) = Iw(r) U(t=r)dr
0
y(©) = [ [0l 72)-u(t-7) - u(t-r,)drdz, (2.30)
00
y(t) = H j o(717575) -U(t —71) Ut — 7,) -U(t — 73)d 7 d 7,0 75 (2.31)

000

—> (1)

\4
A 4

y(®)

o(T1,T2)

u(t)

\4
A 4

©(T1,72,13)

P | (D(Tla---a'fn)

Cyper 2.3 — tuHaMHKaHbIH O€ChI3BIKTHI MOJEIbAEPI

4 CroxacTHKAJBIK MoJeJbaep. belch3bIKThl  KyileHlH BoabTep  saponapslH
naiinananateid Mozeni. lllymaper 6ap Mopenbaepneri KyObUIbICTAp/bl KapacTeIpy OapbIChIH/A
HIyJlap/blH UWACHTU(HUKATTAY YpAICIHE THUTI3€TIH OCepiH aBTO- JKOHE e3apa- KOPPEIALMSUIBIK
GyHKIMsIap YFBIMJAAPBIH MaiifanaHy apkbuibl Oaranay kKaObuiganral. LlymapabiH oceprepi
Oaranayra 0oJa/ipl, erep LIyJlap/abl CUNIaTTay YPAICIH KeJleci TeHAeyMEeH cHuIarTaca:

Ruy(7) = j o(t)R,, (t - 7)dt (2.31)
0

Ruu- Kipic curHaiibIH aBTOKOPPEISILUSIBIK (DYHKIMACH! (6-1111 JeKIUIaH KapaHbI3) ;

Ruy- Kipic »oHe HIBIFBIC CUTHAJIIBIH ©3apa-KOPPeHsUIBIK (QYHKIMACHI.

Erep u(t) — xe3nelicok cramuoHapiabl yplic koHe y(t) oy aa conmail Oosica, oHIa Oy
yFbIMZIAPIBl TaiianaHa oTeIphill, Ru MeH Ruy Ke3nelcok KypaMIblH HIamMachlH Oaraiayra
MYMKIHJIIK OEpeTIHIrH ecKepMeiill, OCbl MHTErpajb/abl TEHACYHl IIENly apKblUIbl Kipic >KoHE
HIBIFBIC OereTTepal eckepin Oaramapnsl amyra Oosiaabl. Erep kipic curHamabl “aOCcomtoTTi” oM
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enieyre 00JIaThIH, aJl IIBIFBIC CUTHAM 06TeYUIAIH OapIIbIK aANTUBTI KYpaMIacTapblH KAMTUTBIH
IapT opbIHIaJIca OyJT ecenTiH memimi oap.

CoHbIMEH, HICHTU(PUKATTAIATEIH MOJECIBIIH TYpi OOWBIHIIA epeKmieneyre Oomaibl:
CBI3BIKTHI JKOHE OCHCBI3BIKTBI; JETCPMUH[I JKOHE CTOXACTHUKAIBIK, YaKBITHI Y3[IKCI3 KOHE
JMICKPETTI; CTAIIMOHAPIIBI KOHE OeHCTaIllMOHAPIIBI, OIpeIIIIeM/ Il )KOHE KOTIOJIIIeM/Ti; CTATUKAIIBIK
KOHE JMHAMUKAJIBIK; TapaMeTpiepi J>KMHAKTalraH »>koHe TapanraH. CTyIoeHT ochiHaai
00BEKTTEepre MbICAIl KeNITipe OuTy1 THIC.

WNnentuduxarray Kacuerrepi: 0acKapbUIbIMABIK, OaKblIaHYIBIK, HICHTHU(PUKATTAIAH YIIBIK.

BackapblIBIMIBIK — Xyie 0acKapbUIBIMIBI 00Ja/Ibl, €rep YaKbITThIH Ke3-KEJITeH MOMEHTI
YIIIH Ke3-KeJIreH KyWiepJe *KyHeHIH OacTankbl KYWIH COHFbI KYHIe aybICTBIpaThiH U OacKapy
Oap OoJica.

u, =|B; AB;..A™ 8]
MyHaFbl: N — KyHeHIH peTi; A — X-TiH JKaHbIHAAFbl KO3 (OULIUEHTTEpIHIH MaTPUIIACHI,

B — r -1iH )xaHBIHIAFBI KOYDPUITUEHTTEPIHIH MATPUIIACH;.

XKyiienin 6ackapbLTIMIBIK IapThl detUy Hebre TeH 00JIMayHbI.

Bakbl1anyJabIK — Kyiie OaKbUTaHBUIAIbI, €rep OHBIH Ke3-KelTeH HeMece OapiblK KyHiIepiH
JKYHEHIH HIBIFBIC BEKTOPHI OOMBIHIIIA TIKEJIEH HEMece kaHaMa TYPJe aHbIKTayFa 00JaThiH 0oJica.

u =[CT;CTAT;..CT(A YT,
MyHaFbl: C — IIBIFBIC MATPUIIACHI, Y-1H KaHBIHAAFbI KOADOUITHSHTTED.
Keminae 0ip MuHOp Hembre TeH 00Maybl THIC, COJT XKaFaan/1a Kyhe OaKblIaHbLIA b,
HnenTudgukarrajganyblK — Xyile wHICHTUPUKATTATaHAABI, €rep JKYHEHIH Kyiiep
KOOPJAMHATTAPBIHBIH ©3repysiepi OOMbIHIIIA OHBIH TTApaMEeTPIIePiH aHBIKTay MYMKIH 0oJica.
ID =[MO),A™V (0);..A™ ()],

myHAarbl: V(0) — 6acTtankpl mapTTap BeKTOpbl; A" — eTylep MaTpuIiachl.
A" =AR 41,

myHarel: AR — keHeifrinren marpuna; 1 — 6ipaik MaTpuia.

XKyite unentudurarrananansl, erep det #0.

JAuHaMuKaJbIK oKyiedepai uaeHTudukarray. [(uHaMuKanplKk Kyle Keleci Typaeri
Oepiric GyHKUMSIMEH CUTIATTAIFaH OOJICHIH:

W(p)- bop: +blp’::ll+...+bm_1p+bm
ap"+ap" T+ +a, p+ay

N — TeHaeyNepaAeH TypaThiH OipiHIIi peTTi quddepeHnnanbabpl TEHASYIep KYHeCiH anaMbl3:

dx
i AX (t)+BU (t)

Y () =CX(t)
MYHJaFbl: Y — HIBIFBIC altHbIMabu1ap, U(t) — kipic aitHpiManbuiap, X — ilIKi ailHbIMAaJIbLIap.
byn xyiieni kanait anyra 0osiaap1?

. a)yw(p)=2P ) p-2
YW= 0 P=g
d n-1 d n-2
t—n—i/ =Yu W_zy =Y2
B) AMHBIMAJIBIHBI AYBICTBIPY gt 42

r) Auddepentmanbasl TeHASYIEpAiH N—PeTTi KYHeciH aJaMbl3.
Kyiisnep kenicriri sgicrepi kemerimeH.
2. Iuddepenunanbipl TEHACYIEPAEH albIPbIM/IBIK TEHACYIepre oTeMi3:
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V(k+1) =0 (ToV (&)
Y (k) = CV (&)

myngarel: V =[U  X]' - Kannbiiama BEKTOP.
3. OTynep MaTpHIACHIH aJIaMBI3:

D7) =V (e + 0T () (VT ()]
Oy karnaiga e emmeynepae V(K) keneci MoH KaObLIIaiIbl:

Vl.(l) V1(2) Vl.(e)

vi(e+1) v,(e+1) - v,(e+1)
Erep O(T,)=VT (k+)VT (K)V(K)V' (K] OGoica, onma
_V1(2) Vv, (3) Vg (e +1)
V(K+1)— V1(2) V2(3) Vn(e:"'l)

@) @) - e+

eJIIIIeYJIep CaHbl CBI3BIKTHI PErpeccUsUIbIK Tajjay YHIiH ykcama ¢opMyna OOWbIHINA
aHBIKTAJIA/IbI.

bakbuiay cypakrapbl

1 MaTtemMaTHKaIBIK MOACIBICD TYPaIbl JKAJIIIBI MATIMETTED YKOHE OJIap IbIH KIKTEIYi;

2 KOITereH MOICIbACD, MOJCIbACP KYPhUIBIMBIL;

3 CBI3BIKTBIK MOJICIIBJIEP XKOHE KONTEIeH ChI3BIKTHIK MOJICNBICD, Oepitic OyHKIUSICHIHBIH
MOJIeNbAep TOOBI, KyH KeHICTIriHAET1 MOIEbACD;

besninren napamerpiepi 6ap 4 Mojielnb, yakpIT CHITaTTaMallaphbl,

5 JluckperTi Moaenbaep; Kyi KeHICTIMIHET1 JUCKPETTI MOJCIIbICD;

6 perpeccusiHbl 0acKapy TYPIHACT1 CTATHKAIBIK JKOHE TUHAMHUKAIIBIK MOJIEJIBCP.

JjneduerTep
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2. IlpakTMKyM 1O aBTOMAaTUKE M CHUCTEMaM YIPaBJICHUS MPOU3BOJCTBEHHBIMU IPOLECCAMU:
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3 nexuusi Perpeccusi Tenaeyi TypiHaeri cTaTUKAJIBIK KOHEe JHHAMHKAJBIK MO/EJIbIEP
(1-mxi 6e1im)

MakcaTbl: Jekiusaa 0i3 bIKTHMABIKTAp TEOPUSICHI MEH ChI3BIKTBI areOpa TeOPHSIChIHBIH
HET13r1 TeopusuIbIK OemnimMaepiH KapacTelpy. Bynm momiMmertep Oisre Kejeci JIGKOMSIap MEH
3epPTXaHAIBIK JKOHE MPAKTUKAIBIK Ca0aKTapiblH TAlChIPMANapblH OPBIHAAY YIIIH KaXeT.
Mathcad xone MATLAB cuskTel >xyHenepai maimanany Oyl MaTepuaibl ToXipuOeae
nananany/bl €19yip KeHUTeTEe 1.

Te3ucrep

Perpeccusnbik Tangay Kazipri Ke3jie KJIaCCHUKaJIbIK CTaTUCTHKAIBIK 9JiC OOJbIN TaObLIA IbI.
O3iHIH KEeH MYMKIHIIKTePIHIH apKachlHAa TYPJl PErpecCHUsUIbIK Mpolieaypaiap YypaicTepai
uaeHTU(UKaTTay YIIH WHXEHEPIIK TIKIpuOeae CoTTI Naijamannangsl, ObIpaK —oOJiapibl
YaKbITThIH HAaKThIJIbl MacIITaObIHJA KOMeJIIeM Il YpAICTEepAl WACHTHU(PHUKATTayFa KOJAAHY TEK
KBUIAAM XKYMBIC ICTEHTIH KOMIIBIOTEPJIEP/IH AaMybl MEH €HIIPUTYiHEH KeHiH MYMKIH OOJIJIbI.

En ximi xBaapaTTap omiCiH MalJalaHbIl PETPECCHSUIBIK TIpolleypaiapra HeETi3eNreH
uaeHTU(UKATTAy OMICTEP/Il CHI3BIKTBI MEH KaTap OCHMCBI3BIKTHI YpIICTepre ae TaijaaHyra
0omanpl koHe oylap Olp Mesruize OipHemie KipicTep OOMHbIHINIA HAEHTU(UKATTAYIbl KYPri3yi
xkeHuaereni. OHBIH YCTIHE, PErpecCHsUIBIK OJICTep VaKBITTBIH HAKTBIJIBI MAaCIITa0bIH/A
uaeHTU(DUKATTAY bl JKYPri3yre MYMKIHIIK Oepexdi, ce6ebl onap >KYHEHIH KaJbIMThl KYMBIC
Kacay OapbIChIHAA ajlyFa MYMKIH OOJaThIH KIPIC JKOHE IWIBIFBIC CHUTHAIIAPbBI OJIIICYJIepe
HET13IeIreH.

Perpeccusinblk naeHTu(UKATTay YUIIH OJIICYNEp >Kacalbll >KaTKaH MEepUOJ apalbIFbIHAA
WIeHTU(DUKATTANATHIH YPIICTIH MapamMeTpiiepl CTallMOHAPJIbl HEMECe KBa3MCTAIIMOHAPIBI €Till
KaObu1nanaael. byt mepuoa MT -man kem 60aMaybl THIC, MYHAAFBI T — OJIIIIEY apajIbIFhl.

bIkTUMANIBIKTAP TEOPUACHIHBIH dJieMeHTTepi. Heri3ri yreIMaap MeH aHbIKTaMaJiap.

blkrumanapikTap TEOpPUSCHIHIA OKHFA, BIKTUMAJIBIK, KE3[IEHCOK IMIaMa YFhIMIAphl KEeH
naiganaHblIaabl.

Okura — TOXKIpUOCHIH HOTHMIKECIHJIE OpBIH alybl HEMECE ajMaybl MYMKIH OOJIaThIH Ke3-
KenreH (akT.

OKWFaHBIH BIKTUMAJIJBIFBI — COJI OKUFAHBIH OOBEKTHUBTI MYMKIHIIK JOPEKECIHIH CaHIBIK
mommepi. KeiiGip A oxura Oomybl Hemece OoyiMaybl >KaFfaiffa Toyenai OoJiaThIH Kehoip
TOXKIpHOE HEMeCe KYObLIbIC KapacThIPhLIATBIH OOJICHIH.

Erep Oipnmeit xone Oip-OipiHe TOyeJlCiH ChIHAYNapAblH OYKUI CEpUACHl  XKy3ere
achIpbLIATBIHIAN TOXKIpUOEHIH IIApTTapblH KOl peT yJAaibl eHIIpy MYMKIH Oojca, oHAa A
OKUFAHBIH BIKTUMAIIBIFBIH: P(A) = m / n popmyna GolibiHIIa ecenTeyre 601aabl, MyHIAFbl N —
0ip-0ipi H e3apa OOJFBI30AWTHIH HOTWIKEIEPIIH JKAJIbl CaHbl; M — A OKHFAChIHBIH Iaia
0OJTyBIHA OKETIETIH HOTHXKETep.

blkrumanneik O nen 1 geiiin moHaepni KaObuinail amanel. blktumanasirel 0-re TeH OKura
MYMKIH €MeC OKHFa, all bIKTUMAJJBIFbl 1-Te¢ TeH OKWFa IIbIHAMBl OKWFa 1en aTanansl. Erep
TOXIpUOCHIH HOTHIKECIH/IE MIHIETTI TypAe oJapAblH kemiHzae Oipeyi maiaa Goysl THic 6oica,
OHJlail OipHemle OKWFaJap TOJBIK TONTHI Kypailnel. Erep osapnsiH ekeyi Oipre maiina Ooia
arMaca OHJai OipHelle oKuFajapbl Oyl Taxipubene yineciMci3 okurainap aen araiiael. Erep
OCbl OKuFanap/bH Oip e OipeyiHiH oOBEKTHBTI Maijga 00y MYMKIHZIIN OacKachIHBIH Maiiga
00Jly MYMKIHJIIT'IHEH acmaiThiH OipHelle OKuFanapasl Oysl Toxipubene MyMKIHAIKTepl Oipaeit
nen araiiapl. Erep onapapiy OipeyiHiH maiiga 60mysl Oacka OKUFaiIapAbIH Maiiia OoJIFaHAbIFbIHA
Toyenal bomMaca OHJIall OKUFaIap TOYeNCi3 OKUFaiap e aTalajbl.

Anneia-ana Oenriciz keibip MoH/1 KaObLIIai amaThiH IIaMa Ke3JeHCOK 1amMa Jer ataaajbl.
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Kesneticok mamanapabiy €Ki Typi 60Jybl MYMKIH:

- IMCKPETTIK (Y3IIKTi), oJlap/pl ajIbIH-aja HeMipiieyre 00aThiH Oip-OipiHeH aXKbIpaThUIFaH

MOHJICp/i FaHa KaObU1Iai aiajsl,

- Y31iKCi3 (aHAIOTTHIK), KeHOIp apaibIKTarbl Ke3-KeJITeH MOH/II KaObLUIIai aajpl.

Keiine nmuckpertik TaburaTka w#We OOJATBIH KE3[CHCOK Iamaiap Y3IIKCi3 peTiHae
KapacThIpbLIaJabl. MyHIal anmMacTeIpy Ke3[IeHCOK maMa Oip-OipiHeH albIpMAaIIbUIBIFBI IIAMAITBI
raHa OOJaThIH MOHJEpJl KaObUITANTBIH >KaFdaiiapla OpBIHIBI, SIFHU JUCKPETTI Ke3JeHCOK
amMaHbl y3/1KC13 IIaMaMeH aJIMacThIpy €cenTey HOTHKEeIepiHe acepiH TUri3oen 1. Mbicainsl, Oip
omepanus OPBIHJATYBIHBIH OPTa YaKbITHIH OPBIHIAJATBIH OTEpalusiap CaHblHA KOOEHTIHIICI
peTiH/le aHBIKTAJIAThIH, JUCKPETTIK Ke3JeHCOK IaMa OOJIbIN TadbLIaThIH MPOLECCOpAa €CEemTI
HIENTY YaKbIT 9JETTE HOJIbJIEH MIEKCI3IKKE MEHIH apaibIKTa ©3repeTiH Y31KCI3 Ke3/eMCOK Iama
peTiH/Ie KapacThIPbLIAIbI.

Kesnelicok mamanapapl kui 0ac opinTepMeH, aj oJlapIblH MYMKIH OOJaThIH MOHIEPIH
ColikeciHIIe Killl apinTepMeH Oenruieinl. Mpelcanbl, ecenTi mienly OapbIChIHIA MarHUTTIK
JTUCKUIEpTe KaTblHACY caHmaphl — ke3nercok X mama x1=0, x2=1, x3=2, x4=3, ... moHaep/i
KaObLIAaybl MYMKIH.

Kesneiicok mamanapabiy Tapairy 3anaapsl. x1, X2,...,Xn MOHIEP/11 KAaOBIIAANTHIH TUCKPETTIK
KE37ICHCOK IaMaHbl KapacThIpalbIK. X IIaMa OChl MOHACP/IH oOp KaWCBICHIH Keroip
BIKTUMAJIJIBIKIIEH KaObuimaysl MyMKiH. Kesgeiicok X 1mama Xi MOHAI  KaObUITaWTHIH
BIKTUMAJIJIBIFBIH P1 apKbUIbl Oenrimerik: pi = Pr(X = xi) (i = 1, n). Erep ToxipubeHin
HOTWOKeciHIe X IIamMa OChl MOHJAEPAiH TeK OipeyiH FaHa KaObLugaca, OHAA YiiieciMci3
OKHUFaJIap/IbIH TOJBIK TOOBIHA He 00JIaMbI3, )KOHE Ke3/IeHCOK IIaMaHbIH O0apiIbIK MYMKIH 00JIaThIH
MOH/IEPIHIH BIKTUMAJABIKTAPhIHBIH KOCBIHABICHI |1-T€ TEH.

Byn KochiHIbUIaHFaH BIKTUMAJABIK KeWOIp TypAe jKeKe MOHJEep apachlHla TapaliFaH.
Kesnelicok 1miamMa BIKTUMaJAbIK KO3 KapachblHAH TOJBIFBIMEH CHIIATTalajbl, erep 013 OChl
Tapaiynbl OepeTiH, SFHU Tapally 3aHbIH aHBIKTAUTHIH 00JICaK.

Kesnelicok mamanblH Tapaity 3aHbl Jel Ke3eiCOK MaMaHblH MYMKIH 00JaThlH MOHIEP1 MEH
coJlapFa COMKEC BIKTUMAIIIBIKTAPhl apachbiHAaFbl OalIaHbICThl AHBIKTAWTHIH KATHIHACTHI aTaiiIbl.
Kesnelicok mama Typabl 0J1 OChI Tapaily 3aHbIHA OAFbIHBILITHI JACT alTaabl.

JuckperTik Tapaily 3aHiapbl. JIMCKpeTTIK Ke3JeCOK IaMaHbIH Tapally 3aHbl (MCKpPETTIK
Tapaily 3aHbl) KeJeci Tocuiiepain 6ipeyiMeH Oepityi MyMKiH:

- QHAIUTUKAIIBIK - Ke3eHCOK IIaMaHbIH MOHIHE BIKTUMAJIBIKTBIH TOYENIUIIriH OeiiHenenTiH
MaTeMaTHKaIbIK OPHEK TYPIHIE;

- KeCTeNIK - Ke3[IeHCOK IIaMaHbIH MYMKIH OOJaThlH MOHAEpl XKoHE OJlapra Ccoiikec
BIKTUMAJIJIBIKTAp CaHAKTaJIFaH Ke3/IeHCOK IIaMaHbIH Tapaly KaTapbl TYPIHJE;

- TpaduKanbIK — adciuccanap eci OOMbIHINA Ke3ACHCOK IIIaMaHbIH MYMKIH 00JIaThIH MOHEPI,
aJl OpAWHAT oci OOWBIHIIA COJI MOHACPIIH BIKTUMAIIBIKTAPBl CAIBIHFAH Tapady KeMOYPBIIIbI
TYpiHE.

Kesnmelicok miamanapiaplH CaHIBIK cumnartapbl. CaHIBIK CHUMATTap Ke3[AeHCOoK Iama
TapalyblHbIH €H MaHBbI3/Ibl CpeKUIeNIKTepiH CBhIFbUIFAH TYpAe OeifHenmeyre MyMKIHIIK Oepeni.
Ken xarmaiinapnia ke31eHCcOK I1aMa TapadybIHBIH MaHbI3/bI )KaKTaphlH KeHOIp Topexere OeiiH
CUMNATTAUTHIH TEK JKEKE CaHIBIK MapaMeTpiiep/li FaHa KOPCETKEH JKETKUTIKTI 0ofaasl. MbIcambl,
OHBIH JKaHBIHJIA Ke3/ICHCOK IaMaHbIH MYMKIH OOJaThIH MOHJIEp1 TONTAacaThIH KEeWOip opTa MoOH;
OCBbl MOHJIEPAIH OpTa MOHTE CalBICTHIPMAlbl BIIBIPAY TOPEKECIH CHMATTAWTHIH KEHOIp caH;
TapanyJblH aCUMMETPUSICHIH (HeMece “KUFAIITHIFBIH’) CHUMATTAWThIH CaH; TapalyIblH ‘“TiM-
TIKTIT1H”, SIFHU TOOECIHIK YIIKIPIIriH HEMECe JKaINaKThIFbIH CUMIATTANTHIH CaH KoHE C.C.
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blktumanpIikTap TEOpUSChIHAH KOMNTETEH CaHJIBIK CUIATTap NanjaiaHbuiaabl. Onapabiy
IIIIHeH TYpJi peTTi OacTamKbl JKOHE OPTAIBLIK MOMEHTTEP ©H Kui maimamanbuiaabl. Omapabig
OpKAMCHICHI TapallyJblH KeHOIp KAacCHETIH CHIIaTTaiabl. bacTamkel MOMEHTTEp KOOPIMHATTAP
0acblHa CANBICTBIPMAJNIBI, aj OPTAJIBIK MOMEHTTEp MaTeMATHUKAJIBIK KYTIM, SFHU TapalyIbIH
OpTaNBIFbIHA CATBICTBIPMAITBI KaPACTHIPHLIATHL.

CaHgplK cuUTIATTapApl TalganaHy KeNTereH BIKTUMAIIBIK €CeNTepai eIyl eadyip
JKEHUIACTETI.

X NUCKPETTIK KEe3JEHCOK maMa X1, X2,...,Xk MOHICPIH KaObUIIAW ajaThiH OOJICHIH ACHIK.
Onpa: X=xi OKUFaHbIH Naiia 0oy )KULIIrt (KUUTIK = min) — ojapaa X Xi MOHIH KaOblIAaFaH mj
TOXipuOesep CaHbIHBIH KAJIbI N TOKIpUOEsep CaHbIHA KATHIHACHI.

X=Xj OKMFaHbIH BIKTUMAABIFBI [P(X=Xj) OenruieHeni] o1 n ©CKeH CallblH Min-Fa YMTHIIa/IbL:
pi=P(X=xi)~ min

Ko1MOropoBThIH BIKTUMAJABIK TEOPUSICHIHBIH AKCHOMAIAPBI

1) Kesneiicok A okuraHbIH Maiiaa 001y BIKTUMAJIBIFEL — Tepic emec cad: P(A) >0
2) UlIeiHaiibl (ce3ci3 opblH anaTtbiH) U okuranblH bIKTUMaAbIFs! Oipre TeH: P(U)=1; an Oosysl
MYMKIH eMeC V OKHUFaHBIH BIKTUMAABIFEI HOMTbTe TeH: P(V)=0, nemex 0 <P <1
3) bipueme yineciMciz okuramapaeiH  AitAot...+An keminge Oipeyi maiiga 0OonaThIH
BIKTUMAJJIBIFBI OChI OKAFAJIAP BIKTUMAJIBIKTAPBIHBIH KOCHIHIBICHIHA TSH (BIKTUMAJIBIKTAPIBI
Kocy TeopeMacsl): P(A1+Axt...+An) = P(A1) + P(A2) + ... + P(An)
4) OxwranapabiH (A1+Ac+...+An) KOCBIHIBICKI — Ai OKWFalapIblH KemiHae Oipeyl maima
OoJrybiHA (OpPBIH ANATHIHIBIFBIHA) COMKEC OKUFa, aJl KOOCUTIHIICI — OapyiblK Aj OKHUFaIApIbIH
naiaa OoJFaHbIHA COMKEC OKHUFA.
5) Kesneiicox mamMaHbIH MYMKIH OOJIATBIH OAPIIBIK MOHICP BIKTUMAJIIBIKTAPBIHBIH KOCHIHIBICHI
Oipre TeH.
6) Erep onmapabIH OpKalCBHICHIHBIH BIKTUMAJABIFBI KaJFaH Ke3-KENTCHIHIH Maiiga OOoJIFaHbI HE
OoJiMaraHbIHA TOyelci3 0OoJica, OHAA MyHJAll OKHWFajap Toyelci3 Jen artamanbl. bipHemre
TOYeJNCi3 OKHUFajap KOOCHTIHMICIHIH BIKTHMAIBIFBl OChl OKWFAJIApP BIKTUMAIILIKTAPBIHBIH
KOOEHTIHAICIHE TEH

P(Ar-Az...-An) =P(A1) - P(A2) - ... - P(An).
7) Erep A oKurachIHBIH BIKTUMAJIILIFBI B OKuFaHbIH maiia 0oJIybIHA TOYENAl ©3repeTin OoJica
oHzaa A okuracel B okuraceiHa Toyeni. B okurachl OpbIH anFaH MiapThl OOMBIHIIA €CENTENTeH
A OKUFaHBIH BIKTUMAJIBIFBl — A OKHFAaHBIH IIAPTTHl BIKTUMAIIBIFBL a.a., oin P(A/B)
oeruieHenl.

Toyenni oxkuranap yIIiH €Ki OKUFaHBIH KOOEUTIHHICIHIH BIKTUMAJABIFBI — OIPIHIIICI OpPBIH
alfaH IapThIHJIA E€CENTEIreH  eKIHIIICIHIH  IMapTThl  BIKTUMAJJIBIFBIH  OIpIHIIICIHIH
BIKTUMAaNIbIFbIHA KoOeiTiHaiciHe TeH. P(AB) = P(A) - P(B/A). Ocsl cusikThl, erep B okuracel A
OKUFACHIHBIH aJIJIbIH/IA TIaii1a OOJIBIN OFaH acep eTeTiH 6oca, onaa P(AB)=P(B)-P(A/B).

Mplicas. OpKaichIChl ICTEH MIBFYbl MYMKIH OOJIaThIH Ti30€KTENIN KOCBUIFaH YII 3JIEMEHTTEH
TYpaThIH aBTOMATThl OacKapy >KYHECiHIH CEHIMJLUIINH aHbIKTay KaxkeT OoJchiH. OnapIbiH
OPKAMCHICHIHBIH ICTEH INBIKIMAad JKYMBIC ICT€y BIKTHMAIBIFBI colikecinme: P(A1)=0,9;
P(A2)=0,85; P(A3)=0,82. KebeiiTy TeopeMachiHa coiikec P(A1-AxAz)=
P(A1)-P(A2)-P(A3)=0,9-0,85-0,82 = 0,6273

MartemaTuKAJBIK KYTiM 3KOHe [HMCHepPCHsi, OJapAblH Oarajmapbl MeH Kacuerrepl. X
aifHBIMAJILIHBIH MAaTEeMAaTUKAJIBIK KYTIMIHIH Oarachl (my HeMece X OenriieHeml):
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n

>
X =i (3.1)

n

N — ToKipuOenep caHbl
X' aiiHBIMAJIBIHBIH JUCTIEPCHUACHIHBIH Oarachl (o3 He S Genrinenei):

n [—
D (X =X)?
S)Z( _ =l -

Epkinpik gopexenep canbl T = [enmmeynepin kanmbl caHbl] — [OCBI euieyiep OOHBIHIIA
ecenTesreH )XoHe arbIMIBIK (opMysiaza NaijaJaHbuiFan Oaranap caHbl]. Byt sxarnaiiaa anibiH-

(3.2)

aJIa ECENTEJIreH KIHE KOJJaHpIicTarel mama X , memexk f =n-1.

Sy =+/SZ , oprama KBaJpaTThl aybITKY (KaTe, CTaHAapT).
Y ynaiiel oHIipyaiH quCTIEpCUsCHIHBIN Oarackl (o2 Hemece S¢ OenrineHeni):

072
=1

e 3.3
YAA no _1 ( )
m N B
DD =Yy
HEMECE g2, . _ddid
YAd ——

(3.3A)
S L L Sz B _ . . . v . .
vAd. =+ SYAd TOXKIpUOEHIH Kareci (yOaiibl eHIIpy Kareci, opTaiia KBaJpaTThl KaTe,

opramia kBaapatThl aybITKy - OKA). [1, 37 6et]
Y Kangplk qucriepcusiHbiH Oarachl (aJeKBATTHIK UCTICPCHSICHI ):

>0V
SEAEA :hln——L (3.4)
0

Y - IIBIFBICTBIH €CENTeNren MoH1; L — perpeccus TeHaeyiHiH K03QQUIHEHTTEp CaHbI;
L (X=X)?

Hopmass Tapaiy. 9 = e 2% (o< X< 0)

1
Sy V271
(3.5)

CThIOIEHT KpUTepHi perpeccus TeHACYiHIH bDi Kod(hPUIMEHTTEPIHIH MaFbIHAIBIFBIH
aHbIKTayFa MYMKIHJIK Oepeni. (ko3(pduLueHTTepliH MaFbIHAIBIFbl TUIIOTE3aChIH TEKCEPY YUIIH
naiigananpuiansl). byn ymriH L koadduumenTTepai opkaiceichl bi yumiiH keneci dopmysia
OOMBIHIIA:

i Sbl
(3.6)
ecenreneni. Erep t, >teag(f), omma bi MarbmHambl OonbIn caHamajbl, Kepi jkapmaina o

MarbIHACKI3 00JIa/IbI 1a, HOJIBIe TEHECTIpieTIi.
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2
Sp, = SY% =SY%, Svad =/S¥ad (3.7)
S, - PerpeccusHbIn b ko3 QuIMEnTTEPiH aHBIKTAY IAFbI OpTAIa KBAIPATThI KaTe;
tkec(f) - on f=no— 1 Hemece f=m-(No— 1) neri CThIOAEHT KPUTEPHIHIH KECTEIIK MOHI;
Keiine bi wmarbiHacei3 OosiraHbl Oacka cangapaapiad Ja OoOJybl MYMKIH, MbICAJIbI,
OKCTIEPUMEHTKE JaspiiaHy OapbICBIHIAFEl (hakTopiapAbl ©3repTy apalbIFbl JTYPHIC TaHAAIl
anbiHOaraHAbIKTaH. CThIOJIEHT KPUTEPHIH Maiijanany Mbicaisl. [ 1, 164 Ger.]
CrprofleHT KpuTepul OoifblHIIA perpeccust TeHaeyl KOIPPHUIMEHTTEPIHIH MarblHAIbIFbIH
Oaranay:
Bacranksl ko3pdunuentrep: b’ =(8.5 2.5 -0.5 3.5 -0.5 0.5 -1.5 -0.5)
3 mapamnens Toxipude xyprizinren: Y01=8 Y0,=9 Y03=8.8
n=3 i=1.n0 L=8 j=1..L

no
(£r)
Marem kyTiM YO= Y Oopr= i=l—0, YOopr= 8.6
n

¥ naiibl OH1IpYy AMCTIEPCHSICBHIH Sp aHBIKTAY

' :[iwom—yo)ﬂ S

m=1 S
2

. S=4%2, S, == S2=0.28; S=0.529; S, =0.187

[12.71]

430 | & f=2 Gosranma
3.18 4.30
2.78

2.57
2.45
2.37
2.31
2.26

12.23 |

Stud =

b.

T; :|S—J| T'=(45.434 13.363 2.673 18.708 2.673 2.673 8.018 2.673)
b

¥ naiibl eIy TUCTIEPCUSICHIHBIH EPKIH/IIK Aopexenep canpl f=n0-1, f=2

bj = if [Tj < Stud, 0, bj]

Marbinanst kosdduimentrepi b'=(8.5 25 0 35 0 0 -1.5 0) CoHbiMeH Gy MbIcana:

LMaf = 4

Koxpen xkpurtepui ToxipubenepliH yAaibl eHAIPUTYIH TeKcepy YIIIH Maii1anaHbliabl
(ToxipubenepAiH ynailtbl OHIIpLTY THIIOTE3aChIH TEKCEPY YILIIH):

2
S MAX

28!
i=1

Gag =

(3.8)
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nemek, ecentenred Gpec MoHI amcriepcus OaralapblHBIH CH YJIKEHIHIH TaObBUTFaH Oapiibik
aucriepcusiiap OaragapbIHBIH KOCBIHABICHIHA KATBIHAC PETIHJIE AHBIKTAJIA/IbI.

Erep ecenrenren Gpec > Ggec, oHma amcrepcusuiap OipTeKTi emec, aAeMek, Y MoHuepi
TapajdydblH HOpPMalb 3aHbIHA OarbIHOAABI, ay ToXipuOenep yaalbl OHAIPUIMEHTIH OO0JIbI
TaOBUIAIbL. S&ay - CYPBINTAY JUCTIEPCHsUIAp OaFaapbIHbIH €H YIKEHi;

No — CalBICTBIPBUIATBIH  JUCTIEPCHSUIAPIABIH ~ Kaumbel  caHbl  (mapamuienb  (1y0sn)
TOKIpHOETep/IiH CaHbl);

Ny

Zsf - nucrepcusiapiblH 0apiblK OaranapblHbIH KOCBIHABICH. Cepusiaarbl TOxipuOenepaix

i=1
caHbl Oipzeit Oomysl THIC, Kepi xardaiiga baptiert kputepuin maigananyra 6onaael. N0 MeH
epkinaik mopexenep canbiH T = n0-1 Oimy kaxer. Erep ToxipuOenep yaaiibl eHIIpUTMEHTIH
0oJica, oHIA yaailbl OHIIPUIMEYAIH Ke3aepiH (0ereTTepiH) aHBIKTAm, JKOIOFa OPEKeT jKacayra
0omanpl, ejlley ASJAINH KOFapblIaThlll koHE c.c. Erep ynaiiel eHIipynl KamTamachl3 €Ty
MYMKIH OoOjMmaca, OHJa S3KCIIEPUMEHTTIH HOTWXKellepl Kejleci MaTeMaTHKalblK eHJey YIIIH
naianaHbuybl MYMKIH eMec. Mpicanbl, (KecTeHi Kep), opKaiichichiHaa eki (N0=2) mapasiens
TOKIpUOECH OTKI3IETIH yIll cepusiiad TypaThiH (M=3) sKCIEepUMEHTTI KapacTheipaitbik. Onap/a
Y misiFbickl X1 MeH X2 ekl (hakTopra Toyenii.

HoMepa MapannenbHble OnbIThI Ancnepons Y=
cepun YcnoBus onbIToB Bbixoapl IYi2cpeaH%q S
onbiToB | X1rp.C X2 % Yil % Yi2 %
1 24 45 35 36 35,5 0,5
2 24 55 39,3 38,1 38,7 0,72
3 25 45 31,8 33,4 32,6 1,28
Cymma = 2,5

Koxpen kputepuinin ecenrenred Mmoui Geer = 1.28/2.5 = 0.51, xecrene (M=3 xone f=n0-1=1
boneanoa) Grec = 0.967 tabambi3, Grcr < Ggre, OONFaHABIKTaH TIKIpUOEIEp yaaibl
OHIIPIM/IL, aJI IUcTiepcusiaap OaraapbiH OIpTEKT1 JAen caHayra 00Jabl.

¥ naiibl OHAIPY AUCTICPCHUSICHIHBIH OaFachlH J]a eCeNTeHiK:

> -2
:i:ln—l =(0.50 + 0.72 + 1.28)/3 = 0.83, MyHbIMEH EpKIHIIK

0
mopeskenep cansl OaitmanbicTel f =m«(n0 - 1) = 34(2-1) = 3.

2
SYad

®umep kpurepui. Perpeccus  TeHIEyiHIH ~ aJeKBATTBUIBIFBIH  TEKCEpy  YIIIH

nmanajIagbUIaIbL.

2
SEAEA
2.. s
YAA

duiep KpUTEPUIHIH €CENTENETIH MOHIH KeJleciiel aHbIKTalabl: Fagy =

Kanapik aucnepcusiHblH OarachlH  (aACKBATTBUIBIK JUCIIEPCHUSICBI):  S2,.; ==t

n—Liaa
dopmyna GoiiblHima ecenmelai Y - MarbiHaNbl KO3(D(QUIMEHTTEPIH HeTi3iHae perpeccus
TeHaeyl OoiipiHIIa ecenrtenreH Y-TiH MoHIEpl. Erep Fagi < Fgsy MIAPTHI OpbIHAATCA, OHAA
perpeccusi TEeHIEYyi IKCIEPUMEHTAIBIK JCPEKTeP/li aleKBaTThl CHUMATTalabl. Fxec epKiHIIK
nopexenepinin fl anbimbr 2 Gemimi yirin Oenrini MOHACPIH/IE aHBIKTAJIA/IbI.
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fl =n— Lyur xone f2=n0-1. Opmerre MarbIHAIBIK AcHrell p=0,05 naiiganaHblIaIbl.
KoppeassnusinbiH cypbinray ko3¢ @uiuenTi:

> lo-xpu-vf >l - xp ¥

r=——id HEMECE Fyy =-=

et [1,121 Ger]

[1, 164 Getre] kenripinren mpicanapl Mathcad-ta kapacTeipaiibik:

Perpeccus TenaeyiHiH aaekBarTbulblFbIH Duiiep kpuTepui OONBIHILIA TEKCEPY
MarsiHans! koddpduuentrepi: b' =(85 25 0 35 0 0 -1.5 0)

Yri = br-Xix + b2 Xiz + b3-Xiz + ba-Xia + bs-Xis + be-Xi + b7-Xi7 + bg-Xig

¥ naiibl OHIipy TUCTICPCUSICBIHBIH EPKIH/IIK qopexkenep canbl 2 =no—1, =2
Kanaslk mucniepcustHbIH epKiHaik qopeskenep canbl fi: =N -4, fi=4

= Kanapik gucnepens = S3 =2

f1
1 2
164.4 1995 2157 224.6 230.2 6 6
- i 18.50 19.20 19.20 19.30 19.30 g g
\ sz Fisher ={10.10 9.600 9.300 9.100 9.000 Y, = 1 Y = 10
7.700 6.900 6.600 6.400 6.300
6.600 5.800 5.400 5.200 5.100 ;6 18'8
13 12

Fisherr, 1 = 19.3 F=7.143
F < Fisher OonrannbIKTaH, TEHACY SKCIIEPUMEHTT] aJICKBATThI CHUIIATTAMIbI.

MaTtpunaabik ajaredpa Herizaepi (MaTpuuajapMeH KacajJaThiH oNepanusiap)

Marpunia — cangap (HeMece CakdHa »JJEMEHTTEPIHIH) TIKOYPBIITHI KECTeCl TYypiHIe
YKa3bIJIATBIH JKOHE ©31 MEH JKOoHe 0acka ykcama OOBEKTTEp apachlHIa ainreOpaiblik (Koci, aly,
KeOelTy) omepauusanapapl OpBIHIAyFa pYKCAaT €TeTIH MAaTeMAaTUKAIbIK OOBEKT. OJeTTe
MaTpuiagap exiemmeMi (TIKOYpBIIITHI) KecTelaep apKbpUIbl OcitHeneHemi. MarpunaibiK
anmaparThl TaiJallaHy ChI3BIKTBI MATEMAaTHUKAIBIK MOJENbIEP/l TailaNiaHaThlH ecenTey
oTepalusIapblH €Y KEHUIAETyre MyMKIHAIK Oeperi.

MarpuiianbliH 9p 3JEMEHTIHIH €Ki TeMeHIT uHaekci 0ap (ajj) — OIpiHIm «i» 3JIEeMEHT
OpHaJacKaH >KOJIJIbIH HOMIPiH, all eKiHII «j» — OaFaHHBIH HOMIpiH Oenriieiai.

«OnmeMi M x N MaTpuia» Jen MaTpuia m Karap MEeH nh OaraHHaH TYPaThIHBIFBIH
TyciHeMi3. MyHzmaii MaTpuiaga sieMeHTTepaiH wuHaekctepi 0 < 1 < M mapTeiH
KaHaraTTaHIsIpajbl, (erep MHAEKcTep 1-meH Oacram caHaigateiH Oosica) Hemece 0 < i < m
IIapTHIH KaHaFaTTaHAbIpabl, (erep nnaekctep 0-meH 6acran caHalaThIH 00Jica).

Marpuianapra KOJIaHbUTATBIH ONeparsiiap. aij — A MaTpHUIaHbIH 37eMeHTTepil, an bjj - B
MaTpHIIAHBIH 3JIEMEHTTEP1 OOJICHIH.

ChI3BIKTHI oTiepanusiap (071 canra KoOeHTy, KOCy kKoHE aly).

A Matpunansl A caHblHA KeOelTy (OenriieHyi: AA) MaFblHachl — 3JEMEHTTepl A
MaTpPHIIAHBIH 9P JEMEHTIH OChl CaHFa KOOEHTy apKblIbl alblHFaH B Marpumansl Kypy, srau, B
MaTpULAHBIH 9p JEMEHTI: bij = Adij
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A + B Marpunaniapael Kocy — 3JeMeHTTepi A MeH B maTtpumanapisiH OapiiblK colkec
AIIEMEHTTEPIHIH KYITHIK KOCHIHIBICBIHA TeH OosiaThiH C MaTpuiiansl Taby onepanuscel, ssau, C
MaTpUIAHBIH 9P JIEMEHTI:

Cij = aij + bjj
2 0 - 310 2+3 0+1 -1+0 51 -
A+B= + = =
130 8 2 3) \1+8 3+2 0+3 9 5 3

Meicangap:
A—Bz(z 0 —1]_(3 1 0]=(2—3 0-1 —1—0j=(—1 -1 - ]
130 8 2 3 1-8 3-2 0-3 -7 1 -3
Beitch3pIkThI Onepanusiiap (071 MaTpULiaapabl KeOeUTy, Aopexeney, TpPaHCIIOHUpPIEY, Kepi
Matpulianbl Tady). Marpunanapasl keOeity (oenruienyi: AB, keiine kebelity TanOaMeH A x B)
— DoJeMeHTTepl OipiHIIl KOOSHTKIMITIH COWKEeC KaTapblHIA KOHE eKIHII KOeOEHTKIMTIH

OaraHBIHJAFBl DJIEMEHTTEP KOOCUTIHAUIEPIHIH KOCHIHABICHIHA TeH OosaTeiH C MaTpuIlaHbl
€CenTey OIepaIusChl, SIFHU:

n
Cjj = z ik by
k=1

Bipinmi kebeTkimTeri 6arangap caHbl eKIHIIIIET1 KaTapiaap caHbIiHA TeH 00Jybl THiC. Erep
A MarpumanslH esiemMi M x N, B-ueiH emmemi N x K, 6onca, oHma ogapapiH KOOSHTIHTiCIHIH
AB = C emmemi: m x K. bys npoueypansit cxemacs 3.1 cyperre Kkepceriirexn

Cyper 3.1 — Matpunanapsl KoOelTy cxeMachl
Marpuianappl KeOeHTy MbICaIaphl:
a d _ (a-g+d-h) (a-i+d-j) (a-k+d-I)
FL=|b e x[ﬁ ( J: (b-g+e-h) (b-i+e-j) (b-k+e-l)
c f C-g+f-h) (cii+f-j) (ck+f-1)

(2 3 (1 2)_(2:(-D+3:(-2) 2:2+3:3) (-8 13
"5 7)%(=2 3)7 () +7-(2) 5.247.3) |-19 31

BA -1 2 2 3 -1.2+2-5 -1.3+2.7 8 11
= X — =
-2 3)\5 7 -2-2+3-5 -2-3+3.7 11 5

1 2 3 5 4 -3 20 46 18 -2 24 6
A=|-15 0| B=|0 9 6 A-B=|-5 41 33| B-A=|-3 57 18
1 2 3 58 3 20 46 18 0 5 24

Tek KBaaApaT MaTpuajiapAbl raHa J9PCiKEICYTre 60.718.,[[},1, MBbICAJIbI:
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12 3 —4 118 42 —4 118 42
A=|-15 0 Al=|-32 97 -27 A-A-A=|-32 97 -27
12 3 —4 118 42 4 118 42

Matpuuansl Tpancnonupiey (6enrizenyi: AT) — MaTpuianbl 6ac IHATOHANBIHA KATHICTHI
OeiiHeney OMepausChl, SFHH, aj, =aj;

Erep A — emmemi Mxn Matpuna 6oica, ouaa AT — enmemi NxM Matpuia.

Marpunanapra KOJIaHBIIATEIH ONEpaUsIapAblH KaCHETTEePi:

- Kocy accormatuBTiniri: A+ (B+C)=(A+B) +C.

- Kocy KommyTaTuBTUIiri: A+ B=B + A.

- kebeiity accormatustiniri: A(BC) = (AB)C.

Kanmsl aliTkanAa MaTpuLianapIel keoeiTy kommyTaTuBTi emec: AB # BA

Kocy amanbina canbicTeipmansl kebeitTyain quctpudyrustuniri: A(B + C) = AB + AC; (B
+ C)A=BA + CA.

Matpunanapasl TpaHCIIOHUpIey onepanusHblH Kacuertepi: (AT)T = A; (AB)" = BTAT:
(AHT = (AL, (erep xepi marpuria A 6ap 6onca); (A+B)T = AT +BT; detA = detA”

Erep marpumanelH Katapiap caHbl OaraHmap caHbIHA TeH 0oJica, OHAal MaTpuIla KBajpaT
MaTpuia Aen aranagsl. KBaapar Marpumanap YOIH Ke3-KelIreH MaTpullaHbl OFaH KeOeHTy
HOTWKETe ocep ermeurtinneH, sskan: EA = AE = A Gipnik maTtpuia 6ap (canmapasl KeOeuTy
omeparnus yiiiH O1pJiKTiH yKcaMmachl). bipiik Marpuiiaga 6ipiikTep Tek 6ac AuaroHaib OOMBIHIA
OpHaJIaCKaH, KaJIFaH 3J€MEHTTEp1 HOJIbI'€ TEH.

10 00
0100
00010
0 001

Keit6ip kBamparT Marpuianap yiIiH Kepi MaTpunansl TaOyFa Gomamel. Kepi matpuma A
COHJIai, erep MaTpUIIaHbl Kepl MaTpUIlara KeOeHTce HOTHXKeae OIpIiK MaTpHIla maima 0oJiajsl:
AA™ = E. Onap ymiin kepi MaTpunacsl 6ap MaTpuuangap esreme emec (perymispisl), ajl onap
YIIIH Kepl MaTpUIAchl >KOKTapbl — e3remie (CUHTYISpibl) MaTpHlla Jemn araiaasl. Marpuia
e3rele eMec, erep OHbIH OapibIK KaTapiapbl (0araHaapbl) BEKTOPIJIAP CHUSKTHI ChI3BIKTBI TYpPIE
Toyenci3 0osica. ChI3BIKTHI TYpAE TOYeNCi3 KaTapiaplblH (OaraHIapblH) MaKCUMAJbIbl CaHbI
MaTpUIIAHBIH PaHT1 AeM artanajabl. MaTpullaHbIH aHBIKTAYBIIIBI (IETEPMUHAHT) JeT MaTpUIlaHbIH
OaraHmapelHIarel  BajgeHTIri  (p; 0) OomarblH ~ HOPMaJaHFaH  KUKAIICHMMETPHSUTBI
(aHTHCHUMMETPHSIIBI) TOJMUCHI3BIKTHI (DOpMaHbIH MoH1 aranajibl. CaHABIK ©pICTIH KBaapaTThI
MaTpPHIIACHIHBIH aHBIKTAYBIIIBl HOJbIe TeH OosiFaHaa rFaHa oj e3remie Oonaabl. CHHTYISIPIBI
MaTpPUIIAHBIH aHBIKTAYBIIIBI HOJIBIE€ TEH HEMECE HONbIE JKYBIK. OIETTE 0JI MaTpHIla JIEMEHTTEp1
6ip-OipiHeH enoyip (ken ece) albIpbIKIIaTaHFaH KaF/1aii1a OpbIH aJlajbl.

MatpuiiaHblH CHHTYISPIIBIFBI PETPECCUSITBIK TaNIay JKOHE TeHICYNepAl Menryre MyMKIiHIIK
oepmeiini.

ChI3BIKTBI  TeHZAEYJep KyHe Kod(h(UIMEHTTepiHIH »a30ackl peTiHAeri Marpuia. n
Oenricizaepi 6ap m TeHAeyIep KyHeciH:

Ay Xq FapXy +. X, =by
Qg Xy + 899Xy +... 8y Xy =by
A Xy +a8maXy ...t 8y Xy =Dy,

MaTpHUIAIBIK TYpAe OeiiHeneyre 0oapl:
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a;p @y 0 4y X b,
a a - a X b
Aadt AT . 60 XA AR BR| 7
Ap Amp  8pyy Xp I:)m

Onpa Oykin xkyheni: AX = B jmem jka3yra Ooyianel, MyHOa: A TEHICYJIEp >KYHECIHIH aij
K03 uIMeHTTep KeCTeCIHIH MarblHackiHa He. Erep m = n xkoHe A Marpuua peryisipiisl 0oJica,
oHfa Oyn Tewjeyai memy kepi A7 matpuuansl Tabyna, ce6ebi TeHmeydiH eKi OemiMiH OChHI
MaTpuLara coJ kakraH kebeiitkenae: ATAX = AB  A™A — 6ipnix E marpuiara aitnanaspl.
Byn Tenzneynep TyOipiepiHin GaraHbIH alyFa MyMKiHzik 6epeni: X = A™7B.

BekTopuaap. bi3 Bekropabl — OlpenmeMi MaTpula, SFHU, BEKTOp OaraH MarblHAchbIHJA

naigananamel3. Bekropel Olp KaTapra ’ka3y/bl bIHFaiaTy YIUiH Keljae B= jxa3ynblH opHbIHA
B™= rypmeri xasyael maiimananansl. BekToprnap yIIiH KOFapblga KeNTipilreH MaTpHUlanapra
KOJIZTAaHBUIATHIH OTIepaIsIIapAbiH OapIIbIK epeskenepi 911, MbICAIIB:

ca

1 5 5 4 7
X=|2| v=|4| XY=32 vYX=3 XY =108 14 X'y =34
3 7 15 12 21
bakbuiay cypakrapbl

1 BIKTUMAaNABIK TEOPUSACHI MEH CBI3BIKTBIK JIT€OPaHbBIH HETI3T1 TEOPUSIIBIK O0IIMIeDi;
2 KoaMoropoB BIKTUMAJIIIBIK TEOPUSCHIHBIH aKCHOMAJIAPHI;

3 Koxpen kpurepuu;

4 OuirepaiH KPUTEPUH.

Herisri anedouer

AxnazapoBa C.JI., Kadapo B.B. Metonpl onTUMuU3amuu SKCIIEPUMEHTA B XUMHUYECKOU
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Brercmas mkona, 2015. -327¢.
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I'port 1. Metoasr unentudukanuu cucrteM. - M.: Mup, 2009
Oitkxop¢ I1. OcHoBa naEHTUGHUKAIIMK CUCTEM YyIpaBieHus. - M.: Mup, 1975.




ONTUSTIK-QAZAGSTAN SOUTH KAZAKHSTAN
MEDISINA MEDICAL
AKADEMIASY ACADEMY
«OHTYCTiK HasaKcTad MeauUMHA aKanemMuachis AK AQ «HMHO-KasaxcTaHCKAA MEAMUMHCKAR aKaaeMMAs
«MmkeHepiik noHaep» Kadeapacs 76/11

«XHMUS-TEXHOJIOT USUTBIK IIPOIIECCTEPIi MOJICIbACY» ITOHI OOMBIHIIIA 44 Gerrin 1 Geri

JIOpiC KemIeHi

4 nexuusi Perpeccusi Tenjaeyi TypiHaeri craTHKaIbIK KOHE THHAMHKAJIBIK MOJeIbep
(2-1i 6e1iM)

Makcarbl: Jekuusga 0i3 perpeccusi TeHIEyl TYPIHAET! CTaTHKAIBIK JKOHE JIMHAMHUKAIIBIK
MOJIENBJIEPi ATy YIIIH MailaaHblIaTEIH PETPECCUSIIBIK TANAY 9JICTepiH KapacThIpy.

Te3ucrep

Moneabey HITHKeTEPiH KOPPETIUUSIIbIK TAJAay

Koppensuusinplk  Tangay KeMeriMeH 3epTTeylli HaKTBUIBI S JKYHeHI MOJenbieyne
OaKpUIAaHATHIH JKOHE (UKcAMsUTAaHATBIH €Kl (HeMece OJaH Kem) Ke3/eHCOK IaMaliap
apachlHJarbl OalIaHBIC KAHIIAIBIKTHI THIFBI3 ©KCHJINH aHBIKTail anangel. Mojaenpaey
HOTIDKENIEPIH KOPpENSIUMSUIBIK  Tajifay 1) MOHIEpPAIH opTama Y MOHIe CcalblCThIpMalbl

HIalbIpayblH Oaranayra, SFHU, KOppeNsUUsUIbIK OailiaHpic KylliH Oaranayra kenripuieni. On
OailinmaHbIcTapblH Oap OOJIYbIH 3JKOHE OJapAblH THIFBI3IBIFBIH  KOPPEISALUSIBIK — Tajujay
y=M [77 / E= X]cxeMacm YIIIH 3€pTTENETIH 1IamMalap apachlHAa ChI3BIKTHI OaillaHbIC OPBIH

aNFaH/Aa JKOHE OJIapAbIH Oipiecin Tapalybl KalbINThl OOJIFaHIAa KOPPEIsSUus KOA(PPHUIUMEHT1
apKBUIBI OpHEKTEYTe 00IaIbl.

a) Toa) | g) | 2)
o
o ¥ o
c o o od;dpo \ Ogoggooo
2 ° Qoo 000 880 °
) ° X 000 0000 v ooo®
0 g x 0 x ¢ X

Cypert 4.1 AitHpIManbUIapIbIH KOPPEIAIUIAHYBIHBIH TYPJI1 XKaF aiIapbl

S KylieHi MOJIeNIbJICy HOTIKENIEPIH OHJIey e alIbIHFaH sy, OaraHblH JOJIrH Oaranay YIuiH
KapacThIpyFa:

W=In[(1+rg;)/(1-r£)]/2

K03 PHUITMEHTTI CHII3TeH JKOH, COHBIMEH KaTap, W opTa MoHI MEH JHMCICPCHUSICH Keleciaen
00JIaThIH TaycC TapallyblHA JKYBIKTAIl OaFrbIHA b

#yy =1 l(1+ Fen )/(1—!’5,7) 2
ow =1/(N -3)

Mogenbney — OGapbICBIHAAFBI  Ky3ere  acelpynapiblH N CaHBIHBIH — KOPpEISIus
K05(Q(ULUUEHTIHE TUTI3ETIH ocepiHe OalmaHblcThl 0<r, <1  M,. MOJEIbIIH 3€pTTEICTIH
alfHBIMAJIBIIAPBIHBIH apachlHAA CTATUCTUKAJIBIK MarblHAIBI KOPPEISALMUIBIK TOYSNJUIIKTIH Oap
eKEeHJIIN'H IIbIHAlbl OelHeNnelTIHIHE KO3 KeTKi3y Kepek. MyHbI Ho TUIIOTe3aHbl TEKCEPY apKbLIbI
icreyre Oosazpl: rg=0. Erep Tangay OapeicbiHna Ho rumore3a OKKa LIBIFApbLICA, OHAA
KOPPEJSALUSIIBIK TOYENAUTIKTI CTATUCTUKAIBIK MaFbIHAIbI JIeNm MoOMbIHAaiabl. Fg= 0 OonraHna
KapacThlpyFa EHTI3UINreH W KO3((UIMEHTTIH IpiKTelareH Tapanybl iy = 0 HONBIIK OpTaIIachl
xKoHe o2 =(N-3)" mucnepcuscel 6ap raycc Tapaaybl 60JaThIHBI CO3CI3.

S kyiieHl MoJenbAey HOTIDKEIEpiH Tajjayjaa €Ki alHBIMAJIbIHBIH apachlHIAFbl THIFBI3
TOYENIIUTIK aHbIKTAIFaH OoJjca 7a, OJlaH OJIapJblH cebern-cangapibl €3 apa IIapTTacThIFbIH
TIKEJIEH TYXKbIpbIMJIayFa OOJMaNTHIHABIFBIH €cKepreH MaHbI3/bl. Keneci skarmall OpbIH aybl
MYMKIH — Ke3Jlelicok & xoHe 77 mamanap S xKyie yiiH ceben TypiHJe Tayenci3 0oiica ga, ojaap
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CTOXACTHKAJIBIK TOYeNi 00iybl MyMKiH. CTaTHCTUKAIBIK MOJACTBACYAC OCBIHIAW TOYCNILTIK,
MBICAJIBI, X TEH y MOHJEpIH ecenTey Heri3iHe KOHBUIFaH OKHFalapIbl MMHUTAIMsUIAY YIIiH
MaigaaHbUIATBIH TICEBIOKE3ICHCOK CaHAAp Ti3OCKTUTIKTEPIHIH KOppeNsiusuiaHnFad ceOeOiHe
0alIaHBICTHI OPBIH ATYBl MYMKIH.

CoHBIMEH, KOPPEISIUSIBIK Tajigay MAIIWHAJIBIK MOJEIBIIH 3epPTTEICTIH Ke3IeHCOK
allHBIMAJIBIAPBIHBIH ~ apachlHJarbl  OaWJAHBICTBI  AHBIKTAWABI KOHE COJI OalIaHBICTHIH
THIFBI3JIBIFBIH OaFasaiiibl. beIpak, OChIFaH KOCBIMIIIA MOJICB/ICY HOTIKEIICPIH OHJICYICH KEeHiH
QJIBIHFAH TOYEJAUIIKKE 1e OOJIFaH KeH.

2 Mopenbaey HOTHKEIEPIH PErPeCCUsUTBIK TaIIay

Pecpeccusnviyx manoay S xyiiemeH >XYpri3ulreH MalIMHAIBIK IKCIEPUMEHT OapbIChIHIA
QJIBIHFAH JIEPEKTEep XUBIHTHIFbIHA €H JKaKChl Coiikec OOJaThIH MOJAENBAl KYpyFa MYMKIHIIK
Oepeni. EH »kakchl colikecTik Aen OoJpKamJanaTblH MOJENb MEH SKCIEePUMEHTTIH JepeKTepl
apachlHAarbl aillbIppIM OOJATHIH KATEHIH MHMHUMM3alMsUIaHFaH —(YHKUMSICHIH — TYCIHIAL.
Perpeccusinplk  Tanmmayna KaTeHiH MyHJal (QYHKIUSACH OOJIBITT KaTelep KBaJpaTTaphbIHBIH
KOCBIHJIBICHI KbI3MET €TE/Ii.

3 Mojenpaey HOTHKEICPiH JUCTICPCUSITBIK TalIay

Mogenbiey HOTHXKENEPIH OHJLY JKOHE Talaay OapbhIChIH/A OpTalla IpIKTeyIepAl CATBICThIPY
Maceneci xui maiina Gomanel. Erep MyHmaii Texcepy HoTikecinme kesmeiicok (M} P2 .
{y} aifHEIMaNBITAp SKMBIHTHIKTAPBIHBIH MAaTeMATHUKAIEIK KYTIMIAEPiHiH aWbIPMANIBUIGIFSI
mamMaisl 00Jica, OHJa MOJICTBACY HOTHKECIH/IE ajbIHFAaH CTAaTHCTHKAIBIK MaTEPHAIIbI OIPTEKTI
Jen caHayra Oosambl (ajmFaliKel €Ki MOMEHTTEPIHIH TeH OoJFaH >KarmaibiHaa). byn Oapibik
KUBIHTBIKTAPIbI OIPIKTIpIM, 3€pTTENeTIH MOAenb M,, )KOHE COHIBIKTaH S KYHEHIH KacHeTTepi
TYpaJIbl aKMapaTThl €0yip apTThIPYFa MYMKIHIIK Oepe/ti.

PerpeccusiibIK KoHe KOPPeJAUUSIIBIK OOBEKTTEPAIH CTATUKAJIBIK KOHE IMHAMMKAIIBIK
CUNATTapbIH UACHTU(PUKATTAYAAa KeH MaiiganaHblIabl.

WUnentudukarray ecebi: perpeccust TeHAEYIHIH TypiH Oepim (Mbicanbl, (2.2) Typ),
TEHIEYMEH OCpUIreH KHCBIK OKCIICPUMEHTAJIBIbl CHIATTaMaHbl JKCTKUTIKTI JIOJIIUTIKIICH
CUTIATTaN Il JIETEH IIAPTTaH COJI TEHACYIH OeNrici3 KoAhUIIMEHTTEPIH aHBIKTay KepeEK.

by ecenTi menryae COMKECTIK KPUTEPUl PETIHIE Keleci TYpAeTi KpUTEPHIIl alapl:

min(Fbi), Fo) - vy~ vaF (4.1)

MYH/Oa: ij — DKCIICpMMCEHTAJIbJAbI MOH, y6j — CCCIITCIII'CH MOH.

bi kosdhdunuenTTepin Taby yiiH Keneci TeHACYAi Kypabl:
F o
ol
CoHbIMEH, OHBI IIelly apKelabl Dj —1i aHbIKTayFa OOJaThIH TEHICYNIEp JKyheci maiaa
0omaabl.
Hakrtbuibl jkarmaiia, TOMWHOM TYpiH TaHAAy YIIIH JKCIEPUMEHTANbIbl CYPBINTAYIbIH
rpadukanbiK 6eliHeIeHYIH )KOHe COHBIMEH KaTap, alpuopIibl xKaHaMma JIepeKTep i maiqanaHabl.
Perpeccus Tenneyi: y; =h,+b,-x KBaapaT MOJMHOM TYPIHAE TaHJAM albIHFAH YKaraail yIIiH
OCBI 9JIICTI Maii1aJlaHy MBICATIbIH KPACThIPANBIK.

(4.2)

Bip napameTrpaeH CbI3BIKTBHIK perpeccusi.
Byn ozmic xeMeriMeH Typl 3KCIIEPUMEHTAAbI Yi KOHE eCeNTelIreH Y MOHIEpP apachlHAarbl

allbIpMaNapbeIHbIH KBaJpaTTapbIHBIH KOCBIHIBICHI 00iaThiH (4.1) (QYHKUUSHBIH MUHUMYMBI
13JeNiHel;
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¥i = F(x) =Dy +by - X; (4.3)
|(bi)=Zn:[F(Xi)—Yi]2 — min (4.4)
i-1

MunnMuzanusuiay b ko3(hQUIHEHTTEpIH ©3repTy apKbUIbl ICKEe aChIPBLIAJbI, SFHU, OJapabl
teraeyre koiranaa I(b) muamManael OGonateiHmaii bo mMeH br i3menimiz. (b)) yHKIUACH
MUHHUMYM OOJIybIHA KaKE€TT1 IIAPTHI - KEJIEC] IAPTTHIH OPbIHJAJIFaHbI:

OF (x:)
L2 ¥ IR -yl -
0o -1 (4.5)
K N e IS Bl L
b, o Vi T

byn exi Genriciz mymieci 6ap eki TeHAey kyieciH menty onapaa [(b) muaumanapr 6om1aTeiH
bo MeH by yurin epHekTepai TaOyFa MYMKIHIK Oepeti.
oF(x5) OF (x:)

=% JKOHE !

=1 ecKepe OTBIPHII, TEHALYIEP JKyheci Kemeci Typ/ i KaObL1Ian Ib:
n

2 (g +by - x; = ¥7)-x]=0
i=1

n
Z'Z[bo +b; - x; - y;]=0
i=1
HeMece (oap/sI menty apkeuibl b0 MeH bl TaGaTeIiH HOpMab TEHACYIIEP KYyHeci):
bo ‘in +b1'zxi2 :in Yi
(4.6)
bo 'n+bl'zxi :Zyi

by = DY -HZZXSZX; _Z (in X% Xi Y (4.7)

by = n- %X.th—_z(z“x;)zz“ Yi (4.8)

HeMece OJIaH Jia OHal, aJIpIMeH b1 TayblIll alibll, OJaH COH by =Y —b; - X 0CBI TeHIEYAeH b1

OCBIJJaH

KOHE

MeH bo apacblHIa KOPPESIMUIBIK TOyenAunik Oap exeHAiri kepiHeni. ChI3BIKTHIK OaliaHbIC
KYIIH Oaranay YIIiH KOPPesIUsSHbIH CYphInTay KodhdUIUEeHTTIH ecenteyre 00iaabl:

2

[Mafiganany meicansi [1, 130 6et]

I’=b1~

KublHABIK Koppessinus daici OipHemte kipictepi 6ap (k — kipictep (¢dakTopnap) caHsl)
oOBeKTTEpl HAeHTU(UKaTTayna mnaigananeimaasl. k=1 Oomranma — (2.1) TeHIEY CHI3BIK
rpa¢uri, k=2 — xa3bIKThIK Ipaduri, k=3 — runepkeHicTik

bacrankpl CTaTUCTUKAIBIK MaTepuan keneci kecreae kentipiireH. OHbiH N KaTtapbl jKoHE
k+2 Garans! Oap.

Kecre 4.1
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k-xipictepi 6ap MaTeMaTHKaJIbIK MOJICJIB/II a1y YIIIiH OacTanKbl IepeKTep

Ne | X, X, X5 Xg | ... | Y
1 | Xp=1| Xq1 X12 Xi3 [ --- | Y2
2 | X1=1| Xo1 | X2 Xz | -o- | V2
3 | Xa1=1l| Xa1 | Xa X3z | .- | Y3
4 [ X41=1| X4 Xa2 Xaz | --- | Ya
N Xn1:l Xn1 Xn2 Xn3 e . yn

Xo — 6ipre TeH xanraH (PUKTUBTI) alfHBIMAJIBI, OJ1 JKa3ybl bIHFAWIATYy YIIIH €Hri3UIreH. Xi
OaraHbl — HeMIp1 1-111 KipiCTiH MoHAEp1, X2 OaraHbl — HOMIP1 2-1111 KIPICTIH MOHAEP1 KoHE c.c. Y
6araHbl - N onmbITTapIbIH 9pKaNChICHIHAAFBI HIBIFBICTAPBIH MOHEPI.

N onbeITTapAblH  CaHbl OKETKUIIKTI Typae kem 06omyel  Tuic. OmnbITTap CaHbIH
AKCIEPUMEHTTEP/1 XKOCTapiay 9IICTEPIH MaljalaHbIl a3aiiTyra 60Jaabl (KeJect JeKIHs).

Hopmansas! TeHaeYIEp KYHeci ChI3BIKTHI JKaFaaiira ykcama (4.10) Typre ue.

bon§ +blzX0X1+bZZXOX2+-oo+bkzxoxk:ZXOY
bOZX1X0+blZX12 +bZZX1X2+---+kaXle:ZXlY
bo > XoXo+b1 Y XoXg+by > X5 4B D Xy Xy = D X,Y

bo > Xy Xo +by Y X Xq+b, 3 Xy Xy 40 +b Y XE =D XY

(4.10)

Baitkanein TypraHmai, Oy TeHAEYNEp XKyHeci peTTeNnreH KypbhUIbICKa He, COHIBIKTaH k
(hakToprapabIH Ke3 KeIreH CaHbl YIIH OHal KypbuTybl MYMKiH. byn k+1 Genricizaepi 6ap k+1
TEeHIEYJIep JKYHECIHIe op TeHACYIiH coJ *arbiHaa k+1 koceurrbimrapsl 6ap. Erep peti 6ip nen
YKOFaphl TIOJMHOM TYPIHJIETT MOJICNb NMaliJalaHbUIFaH JKaFai/1a, perpecCUsIHbIH ChI3bIKTHI €MeC
MyIIeNnepi ©31H1K alHBIMAJIBUIAP PETIHIE KAPACTHIPHIIAIbI.

k=2 xone

Y =bg+by - Xy +by - Xy by - XE +byy - X2 4By, - X, X,

(4.2

TYPIEri TeHAeY MOJIeNbiH KO3PPUIIUEHTTEP1 13/1e1IHETIH MbICaJ/Ibl KapacThIpanbIK.
BazanbIk periHe Kelieci Moie/b allbIHa/IbI:
1 2 3 4 5 6

Y =by - Xg+by- X +by - Xy +byy - Xg+byy - Xy +byy - Xs

(4.12)

Bacrankpl CTaTHCTUKAIIBIK MaTepHall KelleCl KeCTeIe KeATIPLIreH:
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T e A= ]
Xo| X1 | Xz 3

LT 2 2 O\

ottt VG DY Dt
Xig | Xiz| XuXi2| Xqp | X'gp [V
Kot [ Xog | XarXoz| X o1 | X2p | Y2
R SN 2 | w2 [
X3 | X33 | Xa1X52| X731 | X732 | V3
Rar|Rap[XarXao| X a1 | X a2 [ Y2

Alw |k
RlRr|(kR R

200 N > > B
N 1 Xag [ %02 XnXnz | X0 | X502 10

MyHaa KecTeHIH epeKIIeJeHreH OOJiri — HaKThUIBl JKCIEePUMEHT, KECTEHIH KaJFaH O0eJIiri
ecenTeyep apKbUIbl TOJTHIPHIIA/IbI.
Hopmans Tenaeynep xKyneciHiH TYpi alIbIHFBI JKaF/IaiiFa yKcac:

b D XE by Y XoXy +by )" XXy + by Y XX 7+
+D D" XoX3 +biy ¥ XgXi X, = D XY
b D X Xo+b D XT 4+ D X Xy +by Y X XP +

+by D Xy X5 by Y XX = )XY (4.13)

bo D XoXiXp 4B D XX, by XyXZ by D XX, +
by XiX3  +byy > XXE =D TX XY

bi koaddumeHTTepi OCHI KYHCHI ey apKbUIbl TaObLIaabl, OHbI MAaTPHIAIBIK (Gopmaaa
Kacay KEHUIACY.

Martpunansik popmaaarsl perpeccusiibik Tamaay. ([1] 146 6.)

Marpunanslk GopMaHbl TalfaidaHy >Ka3bUIyAbIH ©3IMEH Karap perpeccus TeHICYiHIH
ko3 duUIMeHTTepiH aHbIKTay eceOiH Imiemyal ae kem oHainaranel. Kemeci Oenruteynepai
eHrizenik (4.1 keceHi Kapa):

1) Toyenciz X aiiHbIMaJbUIAPBIHBIH MATPHUIACHI — OACTANKbl CTATUCTUKAIBIK MaTepHAIIIbI
KaMTH/bI (JIbIHFBI TAaKBIPBINTAFbl KECTCHIH COHFBI OaraHbIHAaH OacKajapblH Kapa) OJI )KepJe n —
01 )koHe k+1 Oaran Oap:

2) bakpinaynap matpunacel (BekTop) Y (BeKTOp — 0araH): OHBIH h — >KOJIbI 0ap.

X skoHe Y MoHAepl KyprizuireH OenceH/i eMec ToxXipuoe HOTHKECIHEH Oenrifi.

3) Perpeccust tenneyiHin B koaddunuentrep matpunace! (Bekrop): on k+1 — skomman
TYpajbl.

Maxkcatbimbi3z 6enriti X ned Y apksuibl (4.15) popmyna GoiibiHia B aHbIKTay.

Kecre 4.1

Perpeccusiblk Tangayaa MaTpUIAIIbIK ka30a dJIeMeHTTepi
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X01 X1 Xk1 Y1 bo Coo  Co1 Cok
X X X b W c o Cc
¥ —| %02 X12 k2 |y _| Y2 ||g_| ™ (xT .x)t=|"0 " 1k
| Xon  X1n Xen || LYn. by (Cko  Ck1 Ckk |
Martpuua BXoa0B — BekTop BekTop | KoBapuaumonHasi MaTpuua, MaTpuma
(akTopsl, He3aBUCHMBIE | BBIXOA0B | KO3 (Pun omnooK
napaMeTpsbl (Habawone | MEeHTOB
HUi)

(XT -X) MarpuiachiH aKmaparTelK (MH(GOpPMAIMOHHAS) MaTpHUIA JEN aTaijasl (MOMEHTTED
MaTpHIackl), ai (X' - X)™ Karenep MaTpUIIaChl HeMece KOBApUAIHSIIBIK MaTPHIIA.
Hopwmans Tenneynep xyiieci MaTpuLaiblK popMaaa Keaeciien xKa3bluiabl:

XTXB=XTY (4.14)
byn renney memiminig TYpi:
B=(X"X)*xTy (4.15)

(4.15) Ttemmeyi omail »ky3ere achipbliaabl, Mbicaasl Mathcad-ta >xoHe COHBIMEH KaTap,
SKCIIEPUMEHTT] KOCTapiiay oICTepiHAe KEHIHeH Tmalganansuiansl. beipak, keiine B

KOG PUIMEHTTED BEKTOPHIH (X' -X) MaTpUIAHBIH O3relleleHyiHe OalIaHbICThl  €CenTey
MYMKIH emec. MyHmai >kaFjqail OpbIH alybl MYMKIH, erep X MaTpUIIaHbIH d3JeMeHTTepi Oip-
OipiHEH ©Te KATThl albIpMaIlbLIaHATRIH OoJica. Meicanbl, snementrepaiy Oipeyi 0.00005, an

exigmrici 100000.0 tey 6osica.
Kanaplk qucrnepcusiHbl aHBIKTAY YIIIH OaraH-MaTPUIIAHbl aHBIKTAM bl

A

Y=X-B (4.16)
Kanapik qucnepcusiHbIH aJIbIMBIH Kesieci popmyria OOMbBIHIIIA aJla bl
N
(=¥ ) - =v)=> b -¥f (4.17)

i=1

Y kipici skoHe Oip WIBIFBICHI Oap (2.2) TypAeri MareMaTHUKaidblK MOJENbIl Kypy YIIiH
PErpecCUsUIBIK TalIay bl Ak 1alaHy MbICAJIbIH KapacThIPAUbIK:

\A(=b0+bl-X1+b2-X2+b3-X3+bll-X12+b22-X22+b33-X32

(2.2)
+hyp - Xq - Xp +by3- Xy Xg+by5- X - Xg+bypg- Xy - X5 - Xy
Hemece keneci Typae:

+D0g - Xy - X5 +0g - Xy - Xg+Byg- Xy - Xg+byy - Xy - Xy X5
MareMaTHKalIBIK MOJENbJl Kypy YIIiH Oacrankbl aepekrep 4.2 KecTele KeNTIpUIreH.
DkcnepuMeHT Heri3inae 2 6aran (Y — HMIBIFBICTBIH MOHIEP1) skoHe 4-6 Garanmap (X1, X2 xxoHe X3
KiipcTep/AiH MAHJEp1) TOAThIpbUIFaH. byl MoHAep KecTeie KaJIbIH IPU(TIEH epeKILeIEeHTeH.
3-m1i G6araH 1-re TeH MoHzepMeH, an 7-13 Oaranmap 4-6 OaraHap HeTi3IHAE ecenTenreH
MOH/IepMEH TOAThIpbUIFaH. 20 ToxiprOe Kypri3uireH.

Kecre 4.2

MareMaTHKaJIBIK MOJIENb1 KYPY MbICAJIbl YIIIIH OacTanKsl JepeKTep

N Y- |

Bxonsr - X

YCiaoBHEIE BXOJbI, paCCUNTAHHBIC HAa OCHOBC BXOJ10B X ‘
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o Brixo

o o |Xo| Xi Xo | Xz | X2 | X2 X342 X1*Xo X1*X3 Xo*X3 | X1 X2X3

(1

)12 B @4 B |6 | @6 | 9 (10) (11) (12) (13)
43,0 10800,00

1 1| 90 3 | 120 (8100| 9 14400 | 270,000 0 360,000 | 32400
44,0 13200,00

2 1] 110 3 | 120 {12100 9 14400 | 330,000 0 360,000 | 39600
40,0 10800,00

3 1| 90 7 | 120 | 8100 | 49 | 14400 | 630,000 0 840,000 | 75600
38,0 13200,00

4 1| 110 7 | 120 [12100{ 49 | 14400 | 770,000 0 840,000 | 92400
45,0 13500,00

5 1| 90 3 | 150 [8100| 9 22500 | 270,000 0 450,000 | 40500
43,0 16500,00

6 1| 110 3 | 150 {12100{ 9 22500 | 330,000 0 450,000 | 49500
44,0 13500,00

7 1] 90 7 | 150 | 8100 | 49 | 22500 | 630,000 0 1050,000| 94500
42,0 16500,00

8 1| 110 7 | 150 (12100| 49 | 22500 | 770,000 0 1050,000(| 115500
44,0 11229,30

9 183,18 |5,00| 135, 6918,9) 25 | 18225 | 415,900 0 675,000 | 56146,5

1 41,0 15768,00

0 11116,8|5,00| 135 (13642 25 | 18225 | 584,000 0 675,000 | 78840

1 43,0 13500,00

1 1| 100 |1,64| 135 {100002,6766| 18225 | 163,600 0 220,860 | 22086

1 37,0 13500,00

2 1] 100 |8,36| 135 [10000(69,955 18225 | 836,400 0 1129,140| 112914

1| 45,0 12049,4 10977,00

3 1| 100 |5,00(109,7(10000| 25 5 500,000 0 548,850 | 54885

1 48,0 25673,6 16023,00

4 1| 100 |5,00(160,3{10000| 25 5 500,000 0 801,150 | 80115

1 47,0 13500,00

5 1| 100 5 | 135 (10000| 25 | 18225 | 500,000 0 675,000 | 67500

1| 45,0 13500,00

6 1| 100 5 | 135 (10000| 25 | 18225 | 500,000 0 675,000 | 67500

1 46,5 13500,00

7 11| 100 5 | 135 (10000 25 | 18225 | 500,000 0 675,000 | 67500

1| 455 13500,00

8 1| 100 5 | 135 (10000| 25 | 18225 | 500,000 0 675,000 | 67500

1 46,7 13500,00

9 1| 100 5 | 135 (10000| 25 | 18225 | 500,000 0 675,000 | 67500

2 46,0 13500,00

0 1| 100 5 | 135 (10000| 25 | 18225 | 500,000 0 675,000 | 67500
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ConbIMeH, Keyeci MoHaepre ue 0oyiaThiH Y BekTOpaAbIH (OaraH 2) jxoHe X MarpuiaHbi (3-
13 Garanmap) MoHAEpi OepiIreH:

V. 1 2 3 4 5 6 7 9 10 11 12 13, 14 15 16 17 18 19 20

1 43| 44| 40| 38| 45| 43| 44| 4| a4 4 43 37 45| 48| 47| 45| 465| 455| 467 46
1 2 3 4 5 6 7 8 9 10 11

1 1 90 3 120 8100 9| 14400 270 10800 360 32400
2 1 110 3 120 12100 9| 14400 330 13200 360 39600
3 1 90 7 120 8100 49| 14400 630 10800 840 75600
4 1 110 7 120 12100 49] 14400 770 13200 840 92400
5 1 90 3 150 8100 9| 22500 270 13500 450 [ 40500
6 1 110 3 150 | 12100 9| 22500 330 16500 450| 49500
7 1 90 7 150 8100 49| 22500 630| 13500 1050 94500
8 1 110 7 150 12100 49] 22500 770 16500 1050 115500
9 1| 8318 5 135 | 6918.912 25 18225 415.9] 112293 675| 56146.5

X="l10 1| 1168 5 135 | 13642.24 25| 18225 584 15768 675| 78840
11 1 100 1636 135] 10000 2676] 18225] 163.6| 13500| 220.86| 22086
12 1 100| 8364 135] 10000| 69.956| 18225| 836.4| 13500| 1129.14| 112914
13 1 100 5| 109.77] 10000 25 [12049.453 500| 10977| 548.85| 54885
14 1 100 5| 160.23| 10000 25 [25673.653 500| 16023 801.15| 80115
15 1 100 5 135 10000 25| 18225 500 13500 675| 67500
16 1 100 5 135 10000 25| 18225 500 13500 675| 67500
17 1 100 5 135 10000 25| 18225 500 13500 675| 67500
18 1 100 5 135 10000 25| 18225 500 13500 675| 67500
19 1 100 5 135 10000 25 18225 500 13500 675| 67500
20 1 100 5 135 10000 25 18225 500 13500 675| 67500

Opnan Keifin Mbicansl, Mathcad-ta (4.15) dopmyna Goiibiama B = (X' X)™X'Y ecenren, B

ko3 durmenTTepaiH OHOIP MOHIEPIHIH BEKTOPHIH aJlaMbI3.

gl - 1 2 3 4 5 6 7 8 9 10 11
1| -207.44742 3.94528 19.67478 0.74521 -0.01372 -0.56344 0.00019 -0.18750 -0.00875 -0.09583 0.00125

Hotmwxkenepi 4.3 kecrtere TycCipuUlireH TeKcepyal opbiHaayra Oomansl. (2.2A) dopMynaHbl
Hemece (4.16) Typaeri: Y=X-B OHbIH MaTPULANBIK YKCAMACHIH IAialaHbIl MIBIFBICTHIH
ecenTeareH Y MoHIiH anyra Gonaznpl. Ilaiina GonFaH MaTeMaTHKAIbIK MOJENbII aeKBATThI Jell
ca”ayra Oounazpl, cebedi R?=0,9724 KPUTEPHUIIIH MOHI OIpJTIIKKE KETKUTIKTI TYP/AE JKaKbIH.

Kecre 4.3
MareMaTHKaJIbIK MOJICIIBIIH aJICKBATThUIBIFBIH TEKCEPY HOTHIKEC]

No | BxonHble mepemMeHHbIe Brixon ITorpentHocTh (O1IMOKA)
omeiTa| X1 Xs X3 Y Q abcoJiroTHast | oTHOCHUTENLHAS %o
1 120,00 3,00 |120,00|43,000 |43,5514 -0,5514 -1,2823
2 120,00 3,00 |120,00| 44,000 |44,3277 -0,3277 -0,7448
3 120,00 7,00 |120,00| 40,000 |40,2128 -0,2128 -0,5321
4 120,00 7,00 |120,00| 38,000 |37,9892 0,0108 0,0285
5 150,00 3,00 |150,00| 45,000 |45,3582 -0,3582 -0,7959
6 150,00 3,00 |150,00| 43,000 |43,1345 -0,1345 -0,3127
7 150,00 7,00 |150,00| 44,000 |44,0196 -0,0196 -0,0446
8 150,00 7,00 |150,00| 42,000 |41,7959 0,2041 0,4858
9 135,00 5,00 |135,00| 44,000 |43,4885 0,5115 1,1625
10 |135,00| 5,00 [135,00| 41,000 41,0205 -0,0205 -0,0499
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11 |135,00| 1,64 {135,00|43,000|42,3519 0,6481 1,5072
12 |135,00| 8,36 [135,00| 37,000 |37,1570 -0,1570 -0,4243
13 ]109,77| 5,00 [109,77| 45,000 |44,5247 0,4753 1,0562
14 1160,23| 5,00 [160,23|48,000 (47,9842 0,0158 0,0329
15 |135,00| 5,00 {135,00|47,000|46,1306 0,8694 1,8497
16 |135,00| 5,00 [135,00| 45,000 |46,1306 -1,1306 -2,5125
17 |135,00| 5,00 [135,00| 46,500 |46,1306 0,3694 0,7943
18 |135,00| 5,00 {135,00| 45,500 |46,1306 -0,6306 -1,3860
19 |135,00| 5,00 [135,00| 46,700 |46,1306 0,5694 1,2192
20 135,00, 5,00 |135,00] 46,000 |46,1306 -0,1306 -0,2840
Cymmapnas ommbka =|  1,0851E-07 -0,2330

Cpennee 3HaueHue ommoOkn =|  5,4256E-09 -0,0117

3naueHue kpurepusi Rkaapar = 0,9724

ChI3bIKTHI JHHAMHMKAJBIK Kylejaepai naeHTHQUKATTAYABIH perpeccusibik dici (Ex
KillIi KBajjpaTrap oJIici)
Keneci Tenneyni KapacThIpailbIK;

d3x(t) _ d3x(t)
a
o ar?

va, O dxt(t) +agx(t)=bsin(ct),

Tenneyae TybIHABIHBI aKbIPJIbl albIPHIMMEH aJIMACTBIPANbIK

d*x _ Xirp =3y 3% — Xy

dt® A ’
%X _ X1 =25 + X

dt? At

aX _ X=X

dt At

(4.22)-(4.24) epuekrepmi (4.21) TeHaeyre KOSMBbI3:

Xitp—3Xi g+ 3% — X _ Xiyg — 2% + Xi_ Xi g — X
i+2 i+1 i i 1+31 i+1 i i 1+a2 i+1

At At? At

¥YKcac Mymienaep/ai KeNITipill, KeJIeCciHl ajJlaMbl3.

(4.26)-ubI Keneci Type OeiiHeneniK:

Xip2 = 0pXi tagX t X tagu,

i -
+a3X =U,

Xz = (B- aAt - a,At ., — (3 2a,At —a,At% — agAr i + (1— ayAt iy +uAt,

MYHJIA: o = (3—a1At—a2At2); o= (3—2a1At—a2At2 —a3At3), a, =(1-aAt), az=At.
WnenTndukarrayiblH KapacThIPbUIATBIH OMICI €H Killli KBaJgpaTTap 9JICIH KOJJIaHAThIH
PerpeccusIbIK IpoleypajapFa Heri31eireH.
Keneci Tenaeymen OepiiareH >xyiieHi KapacTblpamMbl3:

Xir2 = QoXi1 t g% +apX  +U

MunuMu3anysiIaHaTBIH Q)YHKLII/IH Keleci TYpre ue.

(4.28)

n
4 2
F= Z(an = (aXis1 + 0% + Xy +U))
-1

(4.21)

(4.22)

(4.23)

(4.24)

(4.25)

(4.26)

(4.27)

@;-A1 TabyFa apHajJFaH TeHJEylep KYHEeCiH >a3alblK, 01 YIIIH AepOec TybIHIbLIApIbI
TabaMbI3!
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oF e

Fy —22 (X2 = aoXiyg — X =X —agl)Xiyy =0
@ -1

oF P

LY —22 (X2 = @oXi g — X =Xy —agu)X; =0

ooy Y

oF e

FP —ZZ(Xm — Qi — X — A% q —a3U)Xi 1 =0
2 )

oF -

= —ZZ(Xm — QpXi41 — 1% = ApXiq — Ul =0
a3 i-1

n n n n n
2

Z Xi2Xis1 — aoz Xia — 0‘12 XX~ azz Xi1Xi1 — a3ZUXi+1 =0
i-1 i-1 -1 i=L i-1

n n n n n

2

z Xis2Xj — aozxmxi N 0512 X —szz B —aszuxi =0

i=L i=1 i=1 i=1 i=1

n n n n n

2
in+2ui —aozxmui _alzxiui _aZZXi—lui _aSZui =0
-1 -1 -1 i1 i1

Kytieni maTpunansik popmaaa xKa3anblK:

n n n n ] [ n ]
2
Z Xii1 Z XiXi1 in—lxi+1 Zuixm z X 2Xit1
i-1 i-1 i-1 i-1 i=1
n n ) n n ao n
mexi zxi in—lxi Zuixi in+2xi
i1 i1 i1 i1 & i1

n n

n n n
2 a;
inﬂxi—l zxixi—l in—l Zuixi—l o anzxi&
i=1 i=1 3 i=1

i=1 i=1
n

n n n n
2
ZXHIUi inui in—lui Zui in+2ui
I i-1 i-1 i1 =

X-a=y=a=X"1.y
AnbiHFaH o-1ap OolbIHINA aj K03 PUIMeHTTepiH TabaMbl3:
a l-a, S _2+o,—ay ot tay-1
1= v 92 = 2 y 03 = 3 :
At At

At

bakbliay cypaKkrapbl

1 Mozienpiey HOTHXKETIepiH KOPPESILUAIIBIK Tallay;

2 perpeccusIbIK MOJIEIIbIeY HOTHIKENEPIH Tajlaay;

3 Mojienbey HOTHXKENEePIH AUCIEePCHSIIBIK Tajllay;

4 Gip mapaMeTp/ieH CBI3BIKTBIK PErpeccHs;

5 mMaTpunansiK GopMagarsl perpecCHsIIbIK Taujay;

6 CBI3BIKTBIK JTUHAMUKAJIBIK KYHEIep/li aHbIKTAYAbIH PErpecCUsiIbIK dJIiCi.

Heri3ri onedouer

n n n n n
2
Z Xip2Xi = aoz Xy Xiq — 0512 XX~ 0‘22 Xia X — 0‘32“’%4 =0
i-1 i—1 i-1 -1 i1

(4.29)

(4.30)

(4.31)

(4.32)
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AxnazapoBa C.JI., Kadapos B.B. Metonsl onTuMU3anuyu 3KCIEPUMEHTA B XUMHUUYECKOU
TEXHOJIOTUHN: Y4eOHOe mocoOue i By30B. - 2-¢ W3[A., mepepad. W JONOJIHEHHOe. -M.:

Bercmias mikona, 2015. -327c¢.

[TocTpoenne maTeMaTHYECKUX MOJEIEH XMMHKO-TEXHOJOTHYECKHX ImpoiieccoB. llox pexn.

Hynuuxosa E.I". - JI.: Xumus, 1970. 312 c.

HpaKTI/IKYM II0 ABTOMATHUKEC U CUCTECMaM praBJIeHI/ISI HpOI/I3BOI[CTBCHHI>IMI/I HpOIICCCElMI/II
yue0. mocobue s By30B /mof pea. M1.M.MacnennukoBa. -M.: Xumusi, 2016. -336¢.

Kocbimma aneduer

Tomuee B.O., Sroakuna T.B. Metonsl wuaeHTHGUKANUN JTUHEHHBIX OJHOMEPHBIX

IMHAMHAYecKuX cucteM. -M.: M3n-so MOU, 2007
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5 nexuus Perpeccusi TeHjaeyi TypiHJeri CTAaTHKAJIBIK KdHe TUHAMHKAJIBIK MOJIeJIbAep
(3-1xi 6e1iM)

Makecarbl:  JeKOHsna — HASCHTH(UKAIMIAY ~ €CeNnTepiH  TOXKIpUOemik  menryne
naliJaJaHbplIaTelH  JUCIEPCUSNIBIK Tajlay, Ke3JIeHCOK IIamalapiblH Tapaly IapaMeTpliepid
CTaTUCTUKAJIBIK Oarayay »oHE CTAaTUCTHKAJBIK THIOTE3aJappl TEKCEPY TEOpHs SJIEMEHTTEPiH
KapacThIpy.

Te3ucrep
WNnentuduxarrayna naijjananbliaThlH TajNAay SICTEpPIHIH TaraillblHAaMachlH KbICKaIlla aTar
IIBIFANBIK;

. JAucnepcusiibIk Tajaaay oip HEeMece OipHee canabIK
aHbIManbIapaAbiH - (akTopnmapapiH)  Olp TOyenal MOJIIEpiK aWHbIMaJbIFa
(KalTapbIMFa) TUTI3€TIH 9CEpIH 3€pPTTey YLIIH Mai1aaHbUIa Ibl.

o YakbITTBIK KaTapjapabl TAJIay Keke Hemece 0alaHBICKAaH YaKbITTBIK
KaTapyiapfa MNaiJanaHblIajbl JKOHE YaKbITTBIK YPAICTEPIIH NEPUOITHUIBIFBI MEH
e3apa ocepJIepiHiH Typil (GopManapblH epeKIieneyre, COHbIMEH KaTap, YaKbITTHIK
KaTtapeiH Oojamnrak TopTioiH OoJpKayFa MyMKIHIIK Oepe/tl.

. Perpeccusiibik nmpoueaypajiap keildoip TEHIEyMEH CUIATTAJIaThIH KOHE
SKCIEPUMEHTAJIbAbl MOJIUIEPIIK alHbIMANbUIap apachIHAAFbl  (YHKIMOHAIBABIK
TOYENIUTIKTI OCHHENCHTIH MOJETb/l €cenTeyre MYMKIH/IK Oepel, »oHe COHBIMEH
Karap, MOJENb/IH SKCIEPUMEHTAIBAbIK JEpPEeKTepre aAeKBaTTBbUIBIFBI  Typallbl
TUTIOTE3aHbI TEKCEPEi.

J KoppeasiuusabIK Tajaaay — oJ CyphITayaap apachlHIarbl KYPhUIBIMIIBIK
TOYENIUTIKTEP/Il aHBIKTAayFa KOHE MaTeMAaTUKAIBIK TypAe OciiHeneyre OarbITTaFaH
CTaTUCTUKAJIBIK JICTEP TOOBI.

. Kaacrepaik Tangay oOwekrrepai  Oip-OipiHeH  KaIIbIKTAaThUFaH
KJIaccTapAblH OCpUIreH CaHbIHA KIKTEYAl ICKEe achIpajibl, KOHE COHBIMEH Kartap,
oJIapApl  TomTapra (KJacTepiiepre) HUepapXusulblK OIpIKTIpY apKbUIbl OOBEKTTEP
KJ1acCU(pUKAUSIIaAPbIHBIH aFalIblH KYPa/bl.

° dDaKkTOpJabIK  TajggayiablH  Heridri ecebi  Oacramkel  (MoHIEp1
IKCIIEPUMEHTTE TIPKEJICTIH) alHBIMAJIbUIAPABIH KOIeIeM 1l KeHICTITIHAE CKIHIIi
allHpIManbpUIapablH  (akTopiapaplH) KbICKapThUIFaH —KyieciH Taby  OoubIm
TaOBLIAIbL.

° Cananbpl 0akbliaay oficTepi ©HIM callachblHBIH TOMEHICYIHE OKEJeTiH
OHJIIPICTI YHBIMIACTBIPYAAFbl KOHE TEXHOJIOTHSUIBIK YPHAICTEpIeri Tap Kepiepii
KoHE OY3bUIBIMAAPIbl aHBIKTAY MaKCaThIH/A IIBIFAPBIIATHIH OHIM/II OaKblIay YIIiH
apHaJFaH.

JucnepeusiabiK Tanaay (nareiHma Dispersio — mambipay / arbuiiibiHIIa Analysis Of
Variance - ANOVA) 0ip Hemece OipHemie canaislk aifHbIManbuiapAbiH ((akTopiapapiH) Oip
TOyeNnJi MeJIIepNiK alHbIManbliFa (KaWTapblMFa) THUTI3€TIH ocepiH  3epTrey  YIIiH
NEVHIENEL IS0 ENISE

JlucniepcusutbIK TajayaslH Herisinae Oip ailHbIManbliap cebentep periHzae (hakropiap,
Toyenci3  aHbBIManbuIap), aj  eKiHIIlepi camaap (Toyenai  alHbIMalblIap)  peTiHge
KapacThIPbLIYbl MYMKIH OOJIaThIH O0JKay *kaTblp. Toyenci3 aifHpIManbuIapabl Keilie peTTeneTin
(bakTopiap nien ataiTbiH ce0edi, SKCIIEPUMEHTTE 3epTTeYI OJlap/bl ©3repTim, naiaa 6oJaThiH
HOTWKEHI Talai anassl.
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JlucriepcusuTbIK  TajjayablH OacThl MakcaTbl — JHUCIIEPCHSIIapAbl CANBICTHIPY (Tayngay)
apKbUIBI OpPTa MOHJAEP/IIH apachlHAAFbl albIPMAIIBUIBIKTAP/IBIH MaFbIHAIBIFBIH 3epTTey. JKammbl
JMCTIEpCUSIHBI  OlpHeme Ke3Aepre JKIKTey TONTapblH apachlHAAFbl albIPMAIIbUIBIKTaH
TYBIHIBUIAFAaH  JUCTIEPCHSIHBI  TONTApAbIH  IMIIHAETI  ©3repyIMIUNIKTeH  TYBIHIbUIaFaH
JMCTICPCUSIMEH CaJIBICTRIpyFa MYMKIHIIK Oepemi. Hembaik (6ac >KMBIHTBIKTAH TaHJAI alIbIHFAH
OakpLIayIapAsIH OipHEIIE TONTAPBIHIAFEI OpTa MOHACPMIH TEHIIr Typajbl) THIOTE3a aKHKAT
OonFaH[a TOM IIIIHJET1 ©3repylIUTIKIeH OailaHbICThI qucrepcusi Oarachl TONTAP apachblHIArbl
Tuctepcus 6arachl Ha )KaKbIH OOTYBI THIC.

F— ®umep kputepui apKbLIbl IUCHEPCHUsS KOMIIOHEHTTEpiH Oip-OipiMeH cajbICThIpa
OTBIPBIT, HOTHXKENl OCNTIHIH O KaJINbl BapHALMSUIBIFBIHBIH ~ KaHJaW  yJIeCl  peTTeNeTIH
(akTopaapIbIH dCEPIMEH HETI3AENTEeHIH aHbIKTayFa 00J1a/Ibl.

JucnepcusuiplK  Taymgay yuriH Oacranksl Martepuan  OOJBINT  YII KOHE OJIaH  Kell
CYpBINITAYJIApIIBI  3epTTEYNIEp JEpeKTepi KbI3MET aTKapalabl. AHBIKTAIATHIH PETTEICTIH
(dakropnap/IblH caHbl OOWBIHINIA AUCIEPCHSUIBIK Tanaay OipdakTtopiblk (Oyi1 skarmaiga Oip
(akTOpIBIH SKCIEPUMEHT HOTIKEJIEpIHE THUTI3E€TIH ocepl 3epTrenell), eKipakTopiblK (exi
(bakTOpPIIBIH 9CEepiH 3epTTeyAie koHe Ken(aKTOpabIK (9p (aKTOPIbIH JKEKe THTI3€TIH dcepiMeH
KaTap OJIap/IbIH ©3apa SpeKeTTeCYNIEpiH /i€ aHbIKTayFa MYMKIHJIIK 6epe/ii) 00J1ybl MYMKIH.

JlucriepcrsuTbIK Talaay MapaMeTpiliK 9iCTep KaTapblHa JKaTalabl, COHABIKTAH OHBI Tapaiy
KAJIBIIITHI €KEHIrH J9JeereHie FaHa naiiaiany Kepek.

Teopusiabik Herizmep. Kes-kenreH skcnepuMeHTTE OaKbUIAHATHIH IIaMaTapJbIH OpTaiia
MOHI JKCIIEPUMEHT MIAPTTAPbIH aHBIKTAYIIBl Kipic (aKTOpiapablH >KOHE COHBIMEH KaTtap,
Ke3aeicok (akroprmapaplH (OereyuinepaiH) e3repyiHe OaimanpicThl o3repeni. Cosl CHAKTHI
(hakTopIapIbIH opTalia MOHIAEPAIH ©3repuTiMiHe THUTI3ETIH dCepJIepiH 3EPTTEY AMCIEPCHSITBIK
TaJgay/IbIH MOceneci O0JIBIT TaObLIATbI.

JlucriepcusuiblK  TalfayAblH MarblHAChl — 3€pTTENETIH KEe3JeHCOK IIaMaHbIH e3repyiHe
OKeNeTiH Jkeke akTopiapisl epekiieney xkoHe Oaramayna. On  yIIiH KOCBIHAbUIAHFAH
CYpBINITaMajbl JUCIEPCUSHBI TOYeNci3 (akTopiaapMeH HEri3elreH Kypamaactapra KIKTey
OPBIH/IATA]IBI.

bepinren ¢akrop ocepiHiH MaFbIHAJIBIFBIH aHBIKTAy VIIIH Ke3JeHCOK (akTopiapra
Heri3AeNreH yaaiibl eHAipy OUCIEPCUSIChIHA COMKEC COMKEeCIHIEe CyphINTaMallbl AUCIIEPCHUSIHBIH
MarbIHAJIBIFBIH OaFanay Kepek.

DKCIEPUMEHTTIH HOTIKECI TYpil n MOHAEPAl KaObUIAAWTHIH (N-OMBITTApAbIH CepUsiap
caHbl) KerOip xeke A (akTopra Toyesai O0JICHIH. OMBITTAPABIH 9p CEPUSICHI YIIIH KalTalaHaThIH
nap m OakbUIaynap >Kyprizuiesii, oJapblH HOTHKEIepiH Keslecl Typ/e ka3yra 00iabl:

Y11 Y12 Y1z ... Yim
Y21 Y22 Yo3.... Yom
Y31 Y32 Ya3... Yam
Y1 Yn2 Ynz ... Yom

AJNBIHFaH CTATUCTUKAIIBIK IEPEKTEPAIH HETI31HAE op HAKThUIbI CEpUs YIIIH MaTeMaTHKaIbIK
KYTIMJEp/iH TEHIIr Typasibl TUIIOTE3aHbl TeKcepy Tajam eriieni. Erep TekcepineTiH runoresa
aypbIc Gojica, oHIa OapibIK cepusiap YIIIH opTama apu(MeTHKalbIK MOHAEpAiH Oip-OipiHeH
aliTapibIKTall allbIpMAIIBUTBIFEI JKOK, Kepi JKaraaiiga OoJpKaMIalaThlH TUIIOTE3adaH 0ac TapTy
KepeK.

Y, apKbUIbI ONBITTAPJBIH I-IIi CEPUACHIHBIH OpTalmla MOHIiH, an Y apKbUIBl OapJbIK
OakplIayaap opraiia MOH/I Oenriieiik:
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_ 1 &
V==Y,
L3 6
_ 1 n m
¥ S y
ji
m-n 1:1;
n m _ n m _ n 4 _ (5.2)
Q= Z(Yij-Y)Z = ZZ(Y,j —Y))? +{m-Z(Yi _Y)Z}
i=1 jo1 i1 1 =

JlucriepcusuTbIK  TaNJayIbIH MaFbIHACHl — JKeKe Yij —IiH JKaIIbl OpTaliajaH aybITKyJlap
KBaJIpaTTapBIHBIH KOCBIHIBICHIH €Ki KOCBIHIBIFA )KIKTEYIE.
Q - op ombrTTeIH (Yij) MOHIHIH OpTaIIaIaH KAl AyBITKYBIH aHBIKTAIIBI,
Qa - A daxTOp/ABIH dCEpiHEH TYBIHABUIAFAH IIANIBIPAY/Ibl CUITATTal/Ib! (€KIHII (PUTYpPaTBIK
YKaKIaJapaarkl OpHEK);
Quann — Ke3NelcoK OereyunmepaiH OCepiHeH TYBIHIbIIAFaH IIAMIBIPAyIbl CHITATTANIBI
(OipiHIII hUrypasbIK KaKiiauapiarbl OPHEK).
AYBITKyNap KBaJIpaTTapblHbIH KOCBIHIBICHIH COMKECIHIIE EepKIHAIK Jopexenepine Oeutirl,
KeJiecl Iucnepcusyiap bl ajJambl3:
c?=Q/f
2
O-A:QA/fl (53)
2
Oéaea = Qeaea ! T2
Epkingik gopexenep cansl: f=m'n-1; fi=n-1; f, =n(m-1)
JINCIIEPCHSIIBIK TAIAYIbI OPBIHIAY MaFBIHACH - G4 KOHE 0l OarajapblH CABICTHIPY/IA.
Erep op cepust ymiiH MaTeMaTHKabIK KYTiMIEpP TEH Typalbl THIOTE3a AyphIC 6ojca, OHAA o4
044 ~TaH KOII acraysbl THiC, o1 Ouinep KpuTepuiii 60MbIHIIA TEKCEPLTETi.

on'/leo'gaéa (5.4)

Erep F < Fip GoJica, OHIA o2 KOHE 0Zs APACHIHIAFBI aWBIPMANIBUIBIKTHL MAHbI3IbI EMEC

Jen caHayFa Oonazapl, sFHH, A (akTOpabIH ocepi Ke3AeHCOK OereyuinepaiH ocepiMeH
CaJIBICTBIPMAJIBI.

2 ApACBIHIAFbl albIPMAIIBITBIK MAHBI3/IbI, SIFHA, A

Erep F > Fip Ooiica, oHa o KoHE o
(hakTOp IIBIFBIC IIaAMaFa 9CEeP TUTI3E/I.

Fip MoHiH o ("anbda') MarblHANBIK JeHreiinae xoHe fi MeH f2 epKiHIIK IopexenepiHie
®uiep TapaybIHbIH KBAHTHIIbACP] OOWBIHINA AHBIKTAN]IBI:

Ke3neiicok mamanap mnapaMerpiiepiH CTaTHCTHKAJBIK Oaranay. ['mmore3anapiabl
TeKcepy

Cratuctukanbslk rumote3a (statistical hypothesyS) — ox nepekrepaid OakbUIaHATHIH
CYpBINITAY HETI31H/I€ JKaTaThIH BIKTUMAIABIKTAP/IbIH Tapaybl Typaiibl Oenrii 0ip Oomkam.

CratucTukanblK rHoTe3a Tekcepy (testing statistical hypotheses) — o KapacTbIpbUIaTBIH
CTaTUCTHUKAJIBIK TUIIOTE3a JIepEeKTep/IiH OaKblJIaHATHIH CyphITaMachiHa KaHIIbIIBIK 001y-001May
TypaJisl memimM Kadbuigay ypaici. CTaTUCTHKAIBIK TECT HEMECe CTaTUCTUKANIBIK KPUTEPU — 01
OOMBIHIIA CTAaTUCTUKAJBIK THUIOTE3a KaObUIAaHATBIH HeMece KaObulJaHOaMThIH — KaTaH
MaTEeMaTUKAJIbIK epexe.

CraTUCTUKANbIK THUIOTE3a CYPBHINTAyIbIH HET3IHAE TYXKBIPHIMAANATBHIH  Ke3JeHCOK
[IaMaHBIH Tapally 3aHbl HEMECE COJI 3aH/IbIH ITapaMeTpIiepi Typaibl keibip 6omkam

CanpICTBIpbUIATBIH CHIATTaMajiap apachlHAa aWbIpMAIIbUIBIK JKOK, ajl OaKbUIaHATHIH
aybITKyJIap OJapAblH HETi3IHIE CaJbICTBIPY JKYPTi3UIETIH CYpbINTAaylapaarbl Ke3JelcoK
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TepOeicTepMeH FaHa TYCIHAIPUIE ] AeT TY)KBIPBIMIAWTHIH TUTIOTE3a HOJBAIK (HET13r1) THIIOTe3a
Jen aranaabl, oHbl Ho nen Oenriteitmi. Herisri MeH Karap oraH Oamamansl (Oacekenec, Kapchl)
runoTe3anbl H1 Kapacteipaasl. Erep Henmpik runore3a Kadbuinanbaca, oHia 6amaMaisl THIIOTE3a
OPBIH AJTafIbl.

I'urote3ansl Tekcepy OaphIChIHIA HOTHIKEIICPIIH TOPT HYCKachl 00JIybl MyMKiH, KecTe 5.1.

Kecre 5.1
HormxenepiiH TopT HYCKachl
['unoresa Ho Pemenue BeposiTHOCTD [Ipumedanue
Bepna [Tpuanmaercs 1-a /ToBepuTebHask BEPOSITHOCTh
OTBepraercst o BeposaTHOCTB OMIMOKYU MIEPBOTO poja
HesepHa [Tpuanmaercs B BeposTHOCTH OmMOKH BTOPOTO pojia
OTBepraercs 1-B MOIIHOCTh KpUTEPHS

Mpicansl, 0 mapameTpiH KeiOip bIFbICIIaFaH Oarachl KejeMi N cypwiitama OoifblHIIA

ecenTesreH KOHe 0J1 OaFraHbIH Tapaiy ThIFbI3AbIFbI f(0) OosFaH *karmaiipl KapacThIpailbIK, CypeT
5.1
G), S CBnacTe MpHHATHA

Tnomane pagaa 1- o

OBnacTs oTHIOHEHHA OBIacTE oTEICHEHHA
IInomans paeua oA Ilnomane paeua o A2
—ﬂ’_r_T_'T’ | -TT""I‘-'F- & »
B oz T Bz

Cypet 5.1 — ['unoTte3ansl KaObLIAAY KoOHE KaObLIIaMay ayMaKTapbl

barananateiH mapaMerpnid akuxat MoHi1 7-fa TeH neilik. Erep 0 =T tennuiri typansl Ho
TUINOTE3aChIiH KapacThIpaThlH 0O0JICaK, OHJA OChbl THUIOTEe3aHbl KaObuUigamay yuriH 6 men 7T
apachIHIaFbl aWBIPMAIIBUIBIK KAHIIAIBIKTB YJIKEH Ooiybl THIC. By cypakka »ayantel 6
napaMeTpAiH CYphIITaMalbIK TapalybIHbIH HeTi3iHae O MeHn T apacbiHaarsl Oenrini Oip 6epiirex
afBIPMAIIBUIBIKKA KOJI XKETKI3Y BIKTHMAJIIBIFBIH KAPACTIPHII, CTATHCTUKAIBIK MaFbIHaIa Oepyre
OoJ1aIbl.

0 mapameTpiHiH apalbIKThIH TOMEHT1 KOHE >KOFApPFhI HIEKTEPIHEH IIBIFY BIKTUMAJIbIFbIHBIH
MoHepiH Oipaelt nen Oospkay »keH. OHmall jxopamall Kell jKarjailiapjia CeHIMJI apaibIKThl
MUHUMH3ALUATIAYFa, SFHU TEeKCepy KPUTEPUHIIH KyaTbIH XOFapbllaTyFa MYMKIHIIK Oepeni. O
napameTpi mexkapanapbl 0 1 2 KoHE 0 o 2 OONATHIH apasbIKTaH MIBIFBIN KETYIHIH KOCBIHIBI
BIKTUMAJJIBIFBI O IIaMaHbl Kypaiapl. by mm1aMansl apaibIKTaH MIBIFBIT KETY BIKTHMAIIBIFBl 6T€
TeMeH OojaTbIHIal eTinm TaHaay kepek. Erep mapamerpnin Garachl OepuIreH apaiblKKa Tycce,
oHza OyJI >kaFdaiijia TeKCepiIeTiH TUIIOTe3aFra KYMOH 00y Heri3i ’KOK, COHABIKTaH 0 =7 TeHairi
Typasibl THUIOTE3aHbl KaObUINay KepeK. bhIpak, erep cypbInTayabl anfaHHaH KediH Oara
OpHaTBIIFAH IIeKapantapAaH MIBIFaThIH OoJica, oHIa Oy skarmaiaa Ho rumoTe3anan 6ac TapTyra
MaHbI3Abpl Heri3 Oap. CoHABIKTaH, OIpiHIII TEKTI KaTeHi >Ki0epy BIKTUMANIBIFBI O -Fa TEH
(KpUTEpUiiAIH MaFbIHAIBIK ACHI€HiHE TEH).
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Erep, MbIcasibl, mapaMeTpliH akuxaT MOHI mbIHbIHAA 7+d TeH aen Ooimkampaacak, ouga 0 =T
TEeHIIri Typaibl Ho runoreszara colikec 0 mapameTp Oarachl THIIOTE3aHbI KaObUIIay ayMarblHA
TYCETIH BIKTUMAIIIBIFHI 3 -HBI KYpaiipl, cyper 5.2.

Sia 4
Fputuuecran Fputuuecran
oBIacTe IInomane = ObnacTe

ﬂr—rﬂ/—ﬂ—ﬁ“f?(

= iT =R
Cypet 5.2 — AymakTap/slH Taparybl

h ja

0L MaFBIHAJIBIK JIEHI€WIH a3aiThII, CypbINTay/AblH OepiIreH KejeMmiHjae OipiHII TEKTiI KaTeH1
K10epy BIKTUMAJIBIFBIH a3aiiTyFa Oonanel. beipak Oyn ke3ne [0 exiHIII TEKTI KaTeHIH
BIKTUMAJIJIBIFBI ©cell (KpUTEepUNIIH KyaThl a3zasibl). ¥KcaMma MIKIpJepl MmapaMeTpiaiH akuxaT
MmoHi T — d TeH GoraH *araai YIIiH fe »acayra 00apl.

EKi BIKTUMAIIBIKTBI 18 a3aWTYyIbIH KAIFBI3 TOCUT CYpPHINTAY KOJIEMIH apTThIpy (IapaMeTp
OaracbIHBIH Tapayly THIFBI3ABIFEI Oy ke3ae "eHcizaey' Oosamer). KyaikTi aymakTsl TaHmayaa
Heiiman — Ilupcon epexeciHe cyieHel: erep THIOTe3a IYpPhIC 00jica KYIIKTI ayMakThl o
BIKTUMAJIJIBIFBI a3 OOJIATBIHAAM €Tim, JKOHE Kepl jKaFjaiiga yakeH OoyaThlHOAW eTim TaHaay
KepeK. Bplpak o-HBIH HAaKTBUIbI MOHIH TaHJAay cajbICThIpMaibl Typne epkid. [laiimananarein
monziep 0,001 men 0,2 nmediin apanbikra skataabl. KoJiMeH ecenTeyiaepai )KEeHUIASTY MaKcaThlHa
O.-HBIH THIITI MOHJEPI JKOHE KPUTEPUUII KYPYIBIH TYPJIi Tociimepl ymiH 0 14 2 koHE O o 12
nieKapanapbl 6ap apanblKTap KecTenepi KYpblIFaH.

TekcepineTiH rUMOTe3aHbIH MaFblHACHIHA JKOHE cUNaTTama OarachIHBIH OHBIH TEOPHSUIBIK
MOHIHEH alBIpMAIIBUIBIK OJIIIeMICPIHEe TOyeNIi TYpJl KpuTepuiiaepai maimamanansel. Tapamy
3aHIapbl  Typaidbl Typaibl THIOTE3ajJapAbl TEKCepy YILIIH €HXWI NaiijaiaHbUIaThiH
KpuTepuiinepaiy KarapbiHa xu-kBagpaT [lupcon, Koamoropo, Musec, Buikokcon
KpUTEpUIATIEP], all apaMmeTpiepAiH MaHaepi Typaibl Ouiiep, CTbIOASHT KpUTEPUNTIEPI )KaTaIbl.

Tapany napaMmerpliepiH CTaTUCTHKaJbIK Oaraiay oiCiH MNaiJalaHyJIblH MPAKTUKAIBIK
omicreMeciH Kapacteipaiiblk. Kesgeiicok mama (KILI) tapanyblHbIH HeEri3ri mapaMeTpiepiHiH
TOJIBIK OPHBIKTHI (J0JIeiIl) JKOHE BIFBICIIAaFaH OaraylapblH (MaTEMATHKAJIBIK KYTIM Mx JKoHE
mucnepens [ox[1?) keneci popmysanap 60ibIHIIA alyFa GONaIb:

S N
1 < -
ok ZE';(Xi_X)Z (5.6)

MYH/JIa: N — CYPBINTAY KOJIEeMi.
Kesneiicok X xoHe Y mamanap apacbIHIArbl KOppesauus Kod(hOHUIMEHTTIH Keeci
(dopmyna GONBIHIIA AHBIKTANRIbI:

. iZﬂ)(xi—ﬂ(Yi -Y) (5.7)

n-1 Oy "oy
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(5.5) - (5.6) Oaranmapabl KeJieMi MIEKTEITCH CyphilITaMa OOWBIHIIIA aHBIKTAWTHIH OOJIFaHaH
OJIApJIbIH CTATUCTUKAIBIK IIBIHANIIBIFBI )KOHE JOIIAUTIN TYpalbl CYPaK TYBIHBLIANIEI.

Bi3ai KBI3BIKTBIpATHIH MapameTp OaracklH O nem Oenriteriik. OHma OaraHBIH IIBIHANIIBIFGI
MEH JIIIUTIIH aHBIKTay ece0i mapaMeTpIaiH Oenrici3 akuxaT MoHI OChI apaJIbIKTa JKaTa bl el 1-
o (myHma: o — okerkumikti Typme a3, 0.1, 0.05, 0.01,... TeH mIama) BIKTUMAJIBIKIICH
TYKBIppIMIayFa OonarbiHgai erin, 0 mapamerpnai kamTuthiH (01,0] 02) apanbIKThl aHBIKTayFa
kentipuieai. (01,00 02) apanbIKThl CEHIMI1 apaiblK Jem, ajl 1-0 BIKTUMAJIBIKTHI CEeHIM/II
BIKTUMAJIJIBIK JICTT aTaiIbl.

X 11amMa bBIKTUMAIJIBIK THIFBI3IBIFBI:

Gt (5.8)

9 =

e

00JIaTBIH TapaTyAbIH KaJbIITHI 3aHBIHA Fe OOJIATBIH KaFIaiIbl KapaCThIPANBIK.
1- o BIKTUMAIIBIKIEH My-Thl KAMTUTHIH MAaTeMATHKAIBIK KYTIM YHIH X —&, X +& CeHiMi
apaJIbIKTHI KeJIeCl IIapTTaH TabaIbl:
P[X—s <My <X +&]=1-a
OHBI Keeci Typ/ie OeitHeneyre 60aapl:
PIX —My| <O]=1-a (5.9)
V = n - 1 epkinaik popexenepi 6ap CreroaeHTTIH [-TapamybiHa He OO0JIaTBIH Keleci
rapamMeTp/Ii eHri3eHiK:

t=[(X-M Yoy ]-+n (5.10)
oHza (5.9) TeHAIK Keneci Typ/ie KalTa Ka3blIabl.
P:{\Y—MX\<t(a,v)<%}:1—a (5.11)

myHza: t(a, V)-ubl CTBIOJEHTTIH Tapaly KecTeci OOMBIHINA 0 BIKTUMAABIK IeH V=N-1 epKiHIiK
TOpEKENEPIHAC aHBIKTANUIbL. 1-00 CEHIMI BIKTUMAJIBIKKA COMKec OoJslaThiH MX VIIiH CeHIMI1
apaJIbIK KeJeciieun:

{Y_t(a,v)-ax ;Y+t(a,v)-ax :| (512)

n N

Jlucniepcust YIIIH CEHIM1 apajibIKThl aHBIKTAY YIIIH KeJiecl TeHJKTI KaHaFaTTaHIbIPAThIH
o2 [ %oHe o5 apabIKTHIH HIEKapalapblH aHbIKTAY KEPEK:
Plo? <o% <of]=1-a (5.13)
Kanpinter Tapanran X yIIiH epKiHAIK Jopexenepi v=n-1 00JaTbiH IIaMaHbIH Tapaixy 3aHbl
oenriui:
72 =(0-1)-0%/c° (5.14)
MYHJa: o4 - CYypBINTAMAIIBIK JUCIEPCHs, o - CyphINITaMabIK JUCIIEPCUSHBIH aKUXaT MOHI.
Plo} <o?]=Plo} > o3]=al2 mapreinaa, (5.14) -1i (5.13)-Ke KoiraHHaH KeMiH:
Ply°(A-al2,v)<(n-1)-0% /06 < y*(al2,v)]=1-a.
7i0-al2,v)=(n-1)-03/c? mamanbl IIUpCOHHBIH Tapalny Kecteci OGoiibiHma 1-0/2
BIKTUMANJIBIKTA KoHE V=n-1 epKIHAIK Jopexeynep CaHbIHIA, aj gz(alz, V)= (n—l)'o-f< /0'12
[IaMaHbl 0/2 BIKTUMAJIIBIKTA JKOHE V=n-1 epKiHIK A3peKeTep CaHbIH/IA aHBIKTANIBI.
CoHpbIKTaH, 1-0, ceHIM/Ii BIKTUMAIIBIKKA COMKEC % JUCIIEPCHS YIIIH CEHIMII apabIK;
|:(n—l)-o->2< . (-D-ob } (5.14)

2 (axl2,v) yPA—al2,V)
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CraTucTUKAIBIK THIOTe3aJapAbl Tekcepy ajaropurMi. CraTUCTHKalbIK TUIOTE3a
tyciniri KL Tapary Typi HeMece OHBIH TapalybIHbIH KeOip mapaMeTpi Typabl )KopaMaiIayabl
Oinmipeni. I'mmoTe3aHpl TeKcepyniH MarblHACHI OepiireH cypeinTay OOMBIHINIA eCenTeIreH
Oenrimi Oip CTaTUCTHUKAIBIK KOPCETKIIITI (MaFbIHAIBIK KPUTEPHUIiH) TEKCEepileTiH rumoresa
IypbIc OOJIATHIH MIAPTTa TEOPHSIIBIK TAOBUIFAaH MaFbIHAJIBIK KPUTEPUIMEH CaJIbICTBIPY/Ia,

1) Mx = C Typajbl THUIIOTE3aHbl TEKCEPyJAC KPUTCPHI pETiHAE Kelieci [IaMaHbl
nannaiaHabl.

t=(X-C)-n oy (5.15)

by mama runotesa aypsic gereH maptra V=n-1 epkinaix nopexenepi 6ap CTblOACHTTIH t-
tapanybiHa ue. Erep (5.15) KatbiHac OoiibIHIIA ecenTenreH t MoH1 a0COJIIOT maMackl OOMbIHIIA O
MaFbIHAIBIK JCHTCUIHIE XKOHE V EPKIHAIK JopekeNep CaHblHAa t-Tapaily KecTeci OoWbIHIIA
TaOBLTFaH KYMIKTI tp=t(0, V) MOHHEH acmaiThiH Oosica, oHga Mx=C Typaisl TrHIoTe3a
KaObLUIIaHa Bl KEP1 JKaFaaiiaa KaOblTIaHOAM TbI.

2) Kespeiicok X »xoHe Y mIamMaliapblH KeJieMJIepi N1 KoHE N2 €Ki CyphINTaMaliaphl
OOMBIHILIA €CeNTENreH €Kl MaTeMaTUKAIbIK KYTIMIAEpiH TeHairi Mx = My Typaibl THIOTE3aHbI
TeKcepy/l Kejecl Kpurepuit OoiibIHIIa KYpri3ei:

t=(X-Y) oy y (5.16)

ol =J(n1+n2)-[(n1-1>-ai +(n-1)- 071 517)

Np-Ny-(Np+ny-2)

t KpUTEpH EPKIHAIK AopekeNnep caHbl v=ni+Nz-2 6onaTthiH CTHIONCHTTIH t-TapalyblHA HE.
['mmoTte3anbl Tekcepy anAbIHFbI XKaFaalIaFblIail OPBIHAANUIBI, SFHY, [t{|[<=tkp OoJFaHIa TUMOTE3a
KaObUIAaHA B, al |t|>tx, OosnFanaa KaOpLTAaHOAN B

3) 0% koHE oy Oaramapbl KeJeMmIepi N1 JKOHE N2 €Ki cypelnTamanapbl OOWBIHIIA

aHBIKTAIIFAH €Ki Ke3lelcok X jkoHe Y ImaMallap[blH JUCIEPCUSIIAPBIHBIH TEHJIT TYypalibl
TUTIOTE3aHbl TEKCEPYAl aJbIMbI YIIIH EPKIHAIK Adpekeaep caHbl vi=Ni-1 xoHe OemiMmi yIIiH
EPKIHJIIK JopeKenep caHbl Vo=Np-1 @umiep TapanybiHa W€ O00JIATBIH KeJieci KpUTEPUIIi
naianany apKbUIbl XKYPri3ei:
F=c%/l0¢, (5.18)

(5.18) xputepwmii OolbIHIIA anbIHFaH MOHI KYaikTi Fkp=F(a, V1, V2) MOHOEH CcallbICTBIpaIbI.
Erep F<Fkp Oosca, onna HempIik rumoTe3agaH 0ac TapTyFa HEri3 »KOK, Kepi karjaiina, Gac
JKUBIHTBIKTA 04 > ov €Il KaObLIIaiMbI3.

4) Exi KII apacbiHIa KOPPENSIHUSHBIH JKOKTBIFBI Typaslbl THUIIOTE€3aHBI TEKCEpyle Keieci

KaTBIHACTHI TTaliIaIaHa bl

t=Ryy /oR, (5.19)
MYHJa: Ryy - (5.7) GoiibIHIIA TaOBUTFAH KOppesiuus K03 UIHEHTIHIH Oarachl,

ok =[A-R%y)/(n-2)]

t mama epkiHAIK gopekenep caHbl V=N-2 6GonatelH CTbIOJEHTTIH t-TapamybiHa ue. Erep
(5.19) kartpiHac Oo¥BIHIIA ecenTenreH t MoHI aOCOMIOT Imamachl OOWBIHINA O MaFbIHABIK
JICHI'efiH/Ie JKOHE V epKIHJIK J9peKesiep caHbIH A t-Tapaity Kecteci OoMbIHIIA TaOblUIFaH KYMIKTI
tw=t(0,, V) MOHHEH acmaiTeiH 00JIca, OHJA OAC KUBIHTBIKTA KOPPEISIUSIHBIH KOK OOYbI TYpasIbl
rUroTe3aial 0ac TapTyFa Heri3 oK, Kepi xarjaiga X meH Y mamaiap apacblHAa KOppessus
0ap jmemn KaObUIAANMBI3.

bakbliay cypakrapbl
1 nucniepcHsIIbIK Tangay TEOPUSCHIHBIH AJIEMEHTTEp1;
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2 Ke3/IeHCOK IaMasapAblH Tapajly apaMeTpiiepiH CTaTUCTHKAIBIK Oaranay;

3 CoWKeCTeHIIpy ecCenTepiH NPaKTUKAIBIK MIEMyIe KOJAAHBUIATHIH CTaTUCTHKAIIBIK
TUIIOTE3aIap bl TEKCEPY;

4 cTaTHCTUKAIBIK TUIIOTE3aJIapAbl TEKCEPY aITrOPUTMI.

Herisri ageduer

1. Axwnazaposa C.JI., Kadapo B.B. Meroasl onTMMH3aIuM SKCHEPUMEHTAa B XUMHUYECKOM
TEXHOJIOTUHU: Y4YeOHOe IMOoCOOMe i BY30B. - 2-¢ W3, mepepad. W JOmNoJiHEeHHOoe. -M.:
Bricmias mikona, 2015. -327c¢.

2. TlocTpoeHne MaTreMaTH4YeCKMX MOJETeH XMMHKO-TEXHOJOTHYecKuX mporeccoB. [lox per.
Hynuauxosa E.I". - JI.: Xumus, 1970. 312 c.

3. IlpakTHKyM MO aBTOMAaTMKE W CHCTEMaM YIIPABJICHHUS TPOM3BOACTBEHHBIMH IMPOIECCAMU:
yuae0. nocobue /uig By30B /moa pen. 1.M.Macnennukosa. -M.: Xumus, 2016. -336c¢.

KocbiMia aneduer
4. Tomuees B.O., Arogxmna T.B. Meroapl wuaeHTU(DUKAIUN JHUHEWHBIX OJHOMEPHBIX
IWHAMHYeCcKuX cucteM. -M.: M3n-so MOU, 2007
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6 nexuus Perpeccusi TeHjeyi Typineri CTaTHKAJIBIK KdHe TUHAMMKAJIBIK MO/1eJ1b/1ep
(4-661im)

MakcaTbl: JIeKIUsAAa perpeccusi TEHJACYl TYpPIHIETI OOBEKTUIEpIiH CTaTHKAJbIK >KOHE
JMHAMUKAIBIK MOJIENb/ICPIiH aHBIKTay/a MaidaJaHbUIaThIH SKCIEPUMEHTTI )Kocnapiay daicTepi
KapacTeIpy.

Te3ucrep

Knaccukanblk perpeccusiiblK — TanJayldblH HETI3r1 KeMIIUIKTepil:  Ko3dduuueHrrep
apachblHJAaFbl KOPpEJAIMsA; KaTeHl Oaralaylarbl KUBIHABIKTAp; KON ToKIpuOenepi OTKi3y
KKETTUIIr1; bi KoahOUIIMEHTTEPIH KOJIMEH €CeIITel aHbIKTAaYAbIH KUBIHIBIKTAPHI.

ToxipuOeHni craTucTukanbIk xocnapiay (9)K) onictepiHiH Heri31HAe GaKTOPIBbIK KEHICTIKTE
HYKTEJIEp/AIH OpHAJIACybIHBIH PETTENreH JKOCHApblH MaijalaHy »MoHEe >KaHa eJIlIeMci3
KOOpIMHATTAap JKyHeciH mnaijanany xatanel. DK omicTepiH maiiiagaHy perpeccusibIK
TaJ/iayAblH JepiiiK OapJbIK KEMUIUTIKTEPIH )KOOFa MYMKIHJIIK Oepe/tl.

DKCIIEPUMEHTTI JKOCIapiiay 9JIICTEP] CTATUKAJIBIK JKOHE TUHAMUKAJIBIK MOJIEIbAEPAl KYpyFa
MYMKIHIIK Oepenl. OmnapAplH €Ki TYpiH Ji€¢ aHAJIWTUKAIBIK JKOHE OKCIEPHUMEHTasbbl-
CTATUCTUKAJIBIK OJICTEPMEH aHBbIKTayFa Ooisiagpl. MMUTANMSUTBIK MOMAETBIACYIIH JAaMybIHBIH
QFAIKBl KE3CHIH/IE ONITUMAJIB/IBI SKCTIEPUMEHT TEOPUSICHI HETI31H/IE CTAaTUKAIIBIK OOBEKTIIEPIiH
MOJENbCPIH KypyAa MNaiaanaHbuirad. J(MHaAMHUKaNbIK MOAENbACPAl KYpyFa KaTbhICTBI KYpy
omictemeci uaeHTU(HUKATTAy OOBEKTTIH KAJIBINITHI XKYMBIC jKacay PEKUMIHIE XYpPri3uleTiH
MaCcCUBTI AKCIIEPUMEHTKE HET13/eNTeH. bripak, apHaibl TeCTUIEyIll CUTHAIAAPAB KOJIJTaHYMEH
uaeHTU(UKATTAyIbIH O€JICeH I oAicTepl Ne ’kaimanm maimanaHa Oactanbl. OHmaill curHamgap
peTiH/Ie TICEBIOKE3ICHCOK CUTHAIIIAP b TaiijailaHFaH.

Herisri yreimmap: dakropnap (Kipictep, ocepiep — oJlap KOoppesiusiianOaybl THIC,
neHreiep (dakropiap KaObUITAWTBIH TUCKPETTI MoHIEp), DK maTpumacsl (kocnapiblH 31),
MaTEeMaTHKAJIBIK OHJICY dJIiCTepl.

IKcnepuMeHTTI kocnapaayabiH (J7K) Heri3ri npuHIunTepi.

IMaccuBTI KCIEPUMEHT JIeTT KOChIMIIIA dcepIiep/Il TUTi30ei, Kipic KOHE MIBIFBIC IePEKTePAl
TIpKeY JKYMBIC PEKUMJIC OPBIHIAIATHIH SKCIIEPUMEHTT1 ataipl. OJ MOJIENTb KYPBUIBIMBI JKAKChI
Oenrurl JKOHE OHBIH AaJICKBATTBUIBIFBI KYMOH TYABIPMAMTHIH Karmaiiapaa (mapamMeTpIaik
uaeHTU(PHUKATTAY ecenTepi WeHIieTiH KaFqaiia) naiiananbuaibl.

BesiceHai dKCIEpUMEHT 3epTTEYICpAIH HOTHXKenepi OOMBIHIIA MOJENb KYPHUIBIMBIH
KOChIMIIIa OarajayFa MyYMKIHIK OepeTiHel Oakpliayaap/Ibl )KYPri3yAiH epeKiie IporpaMMachiH
(>kocriapipl) Ke3 e ai.

Bencenai skcnepuMeHTTIH (pakTopaapbl jen onap OolibiHIIA OacKapylbsl SKyprizyre
00JIaTHIH JKOHE OJIap MOJEIBII KYpyFa KaThICAThIH (Xi) alHBIMAIbLIAPAbI aTalIbl.

daxTopaapbIH OpKANCHICH JeHreliep Ien aTanaThlH TYpJii MOHIAEp/l KaObLiaail anajipl.
Toxipubene, AeHreiaep caHbl — OJ1 IIEKCI3 MeJIIIEp HEMece JAEHTeWnepaiH Y3AIKCi3 KaTapbl
X; €| Xoi» Xni |. BeJceHmi BKCIEPHUMEHT TeopHsACHIHAA OyJl Karap MCKPETTENeldi Je, KeKe
JIeHreinep TaHAaM albIHAIBL | Xio, Xig, Xiz |.

JleHreiinep/iH OEKITUITeH KUBIHTHIFBI (PAKTOPIAPABIH KYil €T aTanabl.

XKocmap — Gaprabik (akTopnapabl GapibIK AEHrelnIepae naijanaHyra MYMKIHAIK OepeTiH
SKCMEPUMEHTTI KYPri3y mporpammacel. Erep sxocmap dakropnap MeH AeHreinepaiH OapibiK
MYMKiH 00JaThIH TepyaepiH KAMTUTHIH 00JIca, OHJIal KOCIap TOJIBIK KOCHap JEM aTtaiaibl.

Erep p — neHreinephiH Kammbl caHbl; K — (QakTopiapAblH CaHbl 0oJica, OHJa
SKCIIEPMMEHTTIH TOJIBIK KOCHAPhI SKCIEPUMEHTTEP/IIH Keleci Monmepin kamTuas: N = p*
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DX  omicrepinme koaranFaH (enmieMci3) mapaMmerpiiep naimanansiagel.  Omap

KOOPAMHATTAPIABIH OachlH 2]  HYKTGCiHE - IKOCHAp OpTAIbIFbIHA (HEri3ri JeHrei)
TachIMaJIJAFaHFa COUKEC.
max min
2™ 42" _
29 =l A 12k (6.1)
! 2
z; oc1 0o¥bIHIIA (haKTOP MOHIH ©3rePTy apalbIFbl Kenecl Gopmyna OOMbIHIIA aHBIKTAIAIbL:
max mn
2

®usnKaIbIK (TaOWFK) Z; alHBIMAJIBLIAP/IAH OJIIIEMCI3 X; KOOp/JMHATAJIAPBIHA OTY YIIIIH:
] J
X = 6.3
OpHEKTI NaiianaHabl, aj KalTaJaH Kepi Ty YIIiH
_ 50
Z; 2t XA (6.4).

Mbicansl, 2™ =200°N z™ =100°N GOJICHIH,

_ 50
OHIa Az =50°C, 20 =150°C x, =12,
Az4
7, =2" —=100°N Gousranma x, = % =-1.

Tonbik axTopinsik sxcriepuMentTe (TDD) enmemci3 alfHBIMAIBLIIAP YIIIH XKOFAPBI JEHTEH
+1, am TeMeHri —1 TeH, JXOocmap OPTAJBIFBIHBIH KOOPJAWHATTApPhl HOJbIe TeH. Keibip
Kocnapyiapiaa (TOMEHIpeK Kapa) (HakTopiapiblH OJIIEMCI3 X; =+ MOHIEP] TalJanaHbLIapbl,

HATypaJl KOOpAMHATANAPaFbl OapFa COlKeC MOHIACPHI Z; =z] +a-Az; epHeri GoiibIHIIA Ta0ablL.

Kenripinren meicanna a =1.4 6omranna, z1 = 150+1.4-50 = 220°C

KoopaunatrapapiH enmeMci3 KYHECIH €HTI3y HOTHDKENEepIl KOJIMEH OHICY/I >KeHUIIETY
YIIIH FaHa SHTBUITeHIH eckepy Kepek. Erep mremrimai imey yurid (4.15) MaTpunaiblk TEHACYA1
nalganancak, onjaa OipjaeH TaOuru ((U3MKaIbIK) MacmTadTa TaObUTFaH KOAY(PPUIMEHTTEPMEH
LIENIM/]l aJlaMBbI3.

Tonwik ¢dakropnsik sxcnepumentre (TDD) daxkTopmapabiH MOHAEPIHIH MYMKIH OOJaThIH
OapibIK TepynepiHie e3repTyaiH OaplibIK JeHTeinepinae Toxipudenepal )Kyprizy KamTamachl3
eTiteni, pakTopaapablH TeK +1 xoHe —1 TeH MoHIepi FaHa KoaaaHblIaabl. TAD Toxipubdbenepain
Ka)KETT1 CaHbl:

N = (Ngenreiiner)X, (6.6)
Niexreiiier = 2 KWl MaijganaHagbpl, OHJA TOXIpUOEIepAiH KaKeTTi caHbl 6.1 kectene
KOpCEeTUIreH:

Kecre 6.1

TOXIpUOeNIep iH KaKETT1 CaHbl
daxkTopiap cansl — K 3 4 5 6 7
Toxipubenep cansl — N 8 16 32 64 128
CBI3BIKTBIK MOJIEb KO (UIIMEHTTEPIHIH caHbl - L 4 5 6 7 8
Epkinzik gopexenep casl - f 4 11 26 57 120

X; X, X, ym ¢akrop yuriH TDD marpunacel emmemci3 typae (Y — WIBIFBIC, TOXIpHOSHI

OTKI3y HOTHXKeCi) 6.2 KecTele KOpCeTUIreH:
Kecre 6.2
Y dakrop yurin TOD marpunacel




ONTUSTIK-QAZASSTAN =L SOUTH KAZAKHSTAN

MEDISINA MEDICAL
AKADEMIASY ACADEMY
-

«OHTYCTIH KasakeTaH MeiMUMHA aKafeMUachis AR AQ «IOWHO-KasaxcTaHCKad MEAMUMHCKAR aKaaeMnas

«MmkeHepiik noHaep» Kadeapacs 76/11

«XHMUS-TEXHOJIOT USUTBIK IIPOIIECCTEPIi MOJICIbACY» ITOHI OOMBIHIIIA 44 Gerrin 1 Geri

JIOpiC KemIeHi

Toxip. No,  Xo X1 X x y
6 +1 &\§\§§&\?\\§§§&\\\§x\: s

DKCIIEpUMEHTTIH *OCTapblH Oblall TyciHeal. Mbicasl,

Gipinnm Toxkipube yurin: z; =™ z, =z)" z; =z, TOKIpUOEHIH HOTHKECT Y, ,

eKiHmi ToKipube yuin: z, =™ z, =z)" z; =z, TOKIpUOEHIH HOTHKECT Y, HKIHE C.C.

X, Oaranbl xanraH ((QUKTUBTI) AEM aTalaThiH X, =+1 alHBIMaIbIFa COMKEC, OJI TOMEHE
KeJTIPUITeH OPHEKTePiH IIbIFapy/Ibl bIHFAWIATY VINIH FaHa KaxkeT. Perpeccust TeHACyiHiH D
koo dunmentrepin Oenrimi (5.14) epHerinin B=(X'X)'X'Y wHerisinge ecenreiini. Beipak
KecTelle KeATIPUIreH MaTpHIla KOJIMEH €CEnTey )KYMBICHIH JKCHUIACTETIH Oip KaTap KacHeTTepre

uc.
N

qui ‘X =0;u# j; U, j=01.., k- OPTOTOHAJBIBIK KACHETI; (6.7)
i
N
iji =0;j=1..k;j#0 (6.8)
i1
N
foi =N;j=01..k; (6.9)

i-1

Xocnapnay MaTpULACBIHBIH OPTOrOHAIBUIBIFEL (X' X) MaTpUIaHBIH JAHACOHAIIBIBIK
0O0JIybIHA OKeNeMdi, COHBbIH HoTkeciHae (X' X)™ KonmmeH onail Tabbutamsl ([1], 162 Ger].), an
perpeccus Tenaeyinid bi kosdduimentepi keneci Gopmysa OoibIHIIA TAOBLTA B

N
b; :%ini y, (6.10)
i=1

6.2. xecrege kentipuireH DXK  MaTpuuacel  pPErpecCUsiHbIH  CBI3BIKTBIK — TEHJAEY
K03 (UIIMEHTTEPIH aHBIKTayFa MYMKIHIIK Oeperi:
¥ =bg +b;x; +byX, +bsxs -
Herizinne, 6ap 60aThIH epKIHAIK Aopexenepi
Y =Dbg +b1X; +byXy +D3X3 +b1pXg X +bigXy X3 + DagXsXg + 03X X5 X3 (6-11)
TYpPIEri e3apa opeKeTTecy JocepiiepiH ecKepil, perpeccus TeHICYIHIH Kod(hUIIUESHTTepiH
aHBIKTayFa MYMKIHJIIK Oepei.
On ymin 2K martpunacbiH (6.2 KECTe) xX,, X X3, XoX3 KOHE X X,X; YLIIH aKmapaTThbl
KaMTHUTBIH XKaJFaH OaraHaapMeH TOJBIKTBIPY Kepek (6.3 kecreci). MbIcambl: X, - X, = xx, = (—
1.—1)=+1. byn ke3z1e KOchIMILIAa TOKIPUOETEPAl KYPIizy KEpek emec.

Kecte 6.3
Td3 xocnapsl
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Toxcip. N |~ %, X, X, Xs XX, XX X, Xs XXXs |y
. 2 3 4 5 6 7 8 9 | 10
L Vo &\X\&\:\\\\\z\ +1 +1 +1 -1 v,
2 +1 &\\\\\\\\\\\\\\ -1 1 1 1 "
3 o &\k\\\&\\\\\\\\\ 1oy Rl 9L |y
u +1 &\\\\\&\\\\\\\\\\ +1 -1 1 1 ”
5 +1 &\\\\\\\\\\\\X\ +1 1 1 11 ;.
RS EunChE TR
: um @ R 1 |
8 |7 8 . ] H |y

Koaddunmentrepain MarblHANBIFBI MEH perpeccusi TeHICYIHIH aJAeKBaTThUIBIFBIH KOFapblaa
auTBUIFAHJAl aHBIKTAWABI. Perpeccusi TeHIEyiHIH COHFbI TYpl aHBIKTaJIFaHHAH KeuiH (6.5)
TEeHJeYyJl TailfanaHblll, KOJTaJfaH  aWHbIManbUIapiaH (U3UKANbIK alHbIMalbUIapFa ©Tyre
0omapl.

BeuekTi GpaKTOPJIBIK IKCIIEPUMEHT

backa aramybl — OemmiekTi peruukanap ofici. TdD-te ¢akropiap caHbl ©CKEH CalbIH
TOXKIpHOENep CaHbl MEH EPKIHIIK Aopexkesep caHbl KypT ecerdi (6.1. kecteni kep). Jemek, TOD-
T€ TOKIpUOENEep CaHbl O/ICTTE AHBIKTAIATHIH KOA(h(UIIMEHTTEp CaHbIHAH acanabl, aemMek, TDT
TOXKIpuOenepAiH apThK OonybiHa ue. bemmekti daktopasik 3xcnepumeHTTe (BDD) TDI-re
KaparaHia 3epTTeNeTiH (aKTopyiap AEHreHIepiHiH MYMKIH OOJIaThIH TepyJaepaAiH OapibIFbIH
navganan6ainel. OnapablH KeiOip Tepynepi Tactam kKerviedi. JleHrewnepai CypbhInTaybiH
KBICKApYbl OpJaiibiM aKmaparTblH Oip OeJiriHiH jkKorandybiHa okeneni. b®DD skocmapel ObLiai
KYpbUIaJibl, CBI3BIKTBIK MOJENb aldyAbl KamMTaMmachbl3 €Ty VIIIH JKocmapiay MaTpHIachl
OPTOTOHAJIBJBIK KACHETIH cakTam Kaiybl Tuic. KapacThIppliaThlH OICTIH MaFbIHAChl —
MaTeMaTHKaJIBIK CUIIaTTay el any yuiiH TdD-1H Oip Oediri maipananbuiaasl. Meicansl, 4 Gaktop
YIIIiH HET13 peTiHae yul pakTopFa apHAJIFaH OoCTap ajlbIHAbI, aJl TOPTIHIII (aKTOp YIIIH e3apa
OpEKETTECY dcepiepiH KaMTUTHIH OaraHajapablH OipiHe colKec jkocmap mangamanblianbl (6.3
Kecrecingeri 6-9 Oarananap). Erep daxrtopmapapiH e3apa opeKeTTecyJepiHiH MaFbIHAJIBIFbI
Typaibl MaJliMET 0oJIMaca, OHAA X, = X X,X; HEMECE X, = —X;X,X; YIICYIIK ©3apa dpeKeTTecylepre
coiikec 9 OaraH/Ibl TaHTaFaH AypbicTay. MyHIall KaThIHACTap reHepalusiIayIibl KaTbIHACTAp JeM
aTtanazpl, ce6ebi onap O6IIEeKTI peruiMKaHbl TeHepanusuiaiapl (Kypaasl). ['eHepupanusiayibl
KATBIHACTBIH €Ki OOJIMIH A€ X, KOOSHTIN | = xX,X3x, adaMbl3. OJ aHBIKTAaylllbl KOHTPACT JAell

aTanajpl. JKCIIEPUMEHTTI xocmap OolbIHIIA XKyprizeai (kecte 6.4):

Kecre 6.4

b®? xocnapsl

Toxipubde Ne Xo X X, x3 Xy y
(1) ) Q) 4) (6) (")

1 +l &\\\\\\\\\\\\\\\\\\\\\\\\\\\\ -1 %
+1 &\\\\\\\\\\\\\\\\\\N\\\\\\\\ +1 Y2
+1 &\\\\\\\\\\\\\\\\\\Q\\\\\\\\\\ +1 Ys
A oaaa 4 Ya
+1 AlallllllllllL L A Ys

gk lwnN
+
[IEN
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6 1 A Ys
7 2 ... a1 ¥y
8 +1 ALl A Ys

By xocnap 6oiipIHIIa, MBICaIBI OipiHII TOXKIpHUOE YIIIiH:

2,=2" z,=20" z,=2y" z,=2]", TOKipUOEHIH HOTHXKEC Y; .

WKocnap T®D-nin 2% ToxkipubenepiHiH KapThICHIH KAMTHIBI [a, KapThLIall peILIhKa
(momyperniuka) gen  artanangsl. COHbIMEH Kartap, Y4 peIUIdKa, Y perjMKa oHe T.C.C.
naitnananagel. b®D 2%p Typinme Genrineneni, myHnarsl K — daxropnap caHsl, p — OGeNmEKTi
pennukanap casbl, 6i31iH Mbicanaa o 2%-1. Perpeccus ko3>(pQUIMEHTTEPIH ecenTey, oaap by
MarbIHaJBIFBIH TeKcepy TPD-ke apHanFaH ¢popmysanap OOHbIHIIA OPbIHAATAIbI.

TaxkipnGeHi opTOroHabAbI KOCHAPIAY

backama atanysl - bokc-Yuicon xkocnapiapsl. OpTOroHaIbIBIK OPTAIBIK KOMITO3UIUSIIBIK
xocrnapaapasl  (OKXK) kypy yImiH KYIIBI3ABIK HIK TN  aTalaThlH o TaiiajaHbUIa bl
(OKYIIBI3IBIK HYKTEEep UbIFbI). Byl KOChIMIIIA )KYPri3ijieTiH Toxipudenep, Mbicalbl, (k<5 yuin)
T®D xocnapeiHa Hemece (k>5) OenmIeKTi kocmapbiHa. 6.2 KeCTeCIHJErl )ochapra »KacajlFaH
OCBIHJIall KOChIMIIA 6.5 KECTECIHAE KENTIpUIreH

Kecre 6.5
6.2 KecTeCiHIeT1 )KocTapFa kacaJiFaH KOChIMIIIa
Toxipnode No Xo X X, Xs y
9 +1 —0 0 0 Yo
10 +1 +a 0 0 Y10
11 +1 0 —0l 0 Y11 PKynnael3ablk HyKTenep
12 +1 0 +a. 0 y12 |(2K HYKTE)
13 +1 0 0 —a Y13
14 +1 0 0 +ao V14
15 +1 0 0 0 y15  DKocnap optanbirsl No HyKTe

Toxipubenep iy Kambl caHbl Kesecy Gpopmysa OOHbIHIIA aHBIKTATa IbI!
N=2%+2.k+N, (k<5 Gonranma) (6.12)
Erep T®D-te amexkBarThl MaTeMaTHKAJIbIK MOJEIbBII aly MYMKIH 0OoiMaca JKoHE
AKCTPEMYMT€ JKAKbIH alMaKTap bl 3ePTTErCH/IC 9ICTTE KYJIIBI3ABIK HYKTEIEP MCH OPTAIIIKTAFbI
HYKTenepai Kocaapl. MyHaal aiMakTap/pl CUMaTTay 0apbIChIHIA SKIHIII PETTIK MOJTMHOMIAPIbI

KeHiHeH mainananaapl. OKXK  oproroHampapl  emec, ObIpak, o TaHIAy apKbLIbI
oproronanbaputbikka (OOKIXK) onaii kenripineni. a Mauaepi 6.6 kecreae kenripinren ([1]., 181,
183 Ger.)
Kecte 6.6

No k=2 k=3 k=4

1 a=1,000 a=1,476 a=2,000

2 o=1,160 a=1,650 a=2,164

3 o=1,317 a=1,831 a=2,390

X1 s

Koadduuuentrepai ecentey yuron nainanansarsia OOKXK yinin sxocnapiay MaTpuacht
X, ...0aFaHJIapMEH TOJBIKTBIPBUIaALL. Mbicansl, k=2 sxone No=1 ymiin 6.7 Kecrene
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N
.. * _ 1
KenTipinred Marpunansl anambi. Kecrene x| =x§-x?=x? ——foi OPTOrOHAJIBIBI MATPULIAHBI
N
aJIy YIIiH CHI131ITeH.

Kecre 6.7

Tox Ne | x, Xy Xy X X5 X X, y

1 2 | 3 | 4 |6 8 9 10
OSSO,

1 +1 &\\\:\\&\\&\E\x\\ +1 | 40,333 | +0,333 Yy

2 +1 &\\%&\\& -1 +0,333 +0,333 Y,

3 +1 &\%{‘\§&\\§\§ +1 | +0,333 | +0,333 Ys
N

4 #1 NN\ 1 | 40,333 | +0,333 | y,

5 +1 +1 0 0 +0,333 | -0,667 Ys

6 1| 1| 0 | 0 | +0333 0667 | vy,

7 +1 0 +1 0 -0,667 | +0,333 | vy,

8 +1 0 -1 0 —0,667 +0,333 Vs

9 +1 0 0 0 -0,667 -0,667 Yo

Kocmapiay mMaTpuIiaHblH OpTOTOHAIBABI OOJIYBIHBIH apKachiHIa OapibiK KOd(h(HIueHTTep
Oip-OipiHe Toyenci3 keneci hopmysa OOUBIHIIIA €CENTEIIE/II:

N
zxji'yi
_ =l

bj_ N '

2
2%

i=1
an K03 GUIHUESHTTEPIIH AUCTICPCHUSIIAPHI.
2

8 = —andt (6.14)
PR
i=1

6.7 kecteneri maTpuiia 6oibiHIIa ecenrey HoTHReciHae OOKIK perpeccus TeHaeyiHiH Typi:
Y =bg +byXy 0% + DX +DipX X Dy gy X X o+ BgX o+ Dy X

(6.13),

Konimri sxa3zyra eTy yiIiH by kerneci epHeK OOWbIHIIIA aHBIKTAMIbI:

by = by — by X ...~ D X¢

v Q2 2 T2\2.2 v2\2.2 2
KIHE! 8, =S +(X)7sp, +..+(XC) s, AUCTIEPCUSIMEH Oarayraiapl.

¥ naiiel eHAIpY IUCHEPCUSICBIH OLTIN, KO3(PPHUIMEHTTEp MarbIHAJBIFBIH YKOHE perpeccus
TeHJCYIHIH aJIeKBaTThUIBIFBIH TEKCEPEIL:
? = bo + blxl + b2X2 + ...kak A blle)(Z S T+ b(kfl)kxkflxk +..+ bllxlz + A bkkxf
AJIeKBaTTBUIBIKTBl JIUCIIEPCUSIIAP/IBIH KAThIHACKIH Kypbil, Pumiep kpurepui OoibIHIIA
s

2 bl
OATIA

TeKcepei: Fagai = ANEKBAaTTBUIBIKTBUIBIK  MAPTHL: Fagay < Fyp(fy, f,),  MyHna:

fi="faa =N-L 5= fosix -
KoaddunuenTtrepain MarbIHaIBIFBIH KeJieci (hopMysta OOMBIHINA aHBIKTAaM b1

b
t; = o\, erep t; >tean (f,)601ca, OHMA b; MarbIHAIIBI OOJIBIN CaHATIA/IBI.
b
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OOKK-zma b; opTypJii HoJIiliKIIeH aHbIKTaIaThiH OoJFanbIKTaH, onja (K<5 Gosrranna):

_ SoAiia
sbo \ \/ﬁ )
SOATIA .
Sy =——, j=12.., Kk
b2k 1202

SOTIA . :

Sbuj = T u,] 21,2,.., k, u=j
S, [

Soy = Sl ,i=12,..,k

J2X@-%2)2 +2(a —X2)? + (Ng + 2k — 2)(%2)?

JKcnepuMeHTTI poraTadebai xocnapaay (IPK)

Exinmi atanys! - bokc-Xanrtep sxocnapiapbl. OpTOroHanbsl *Kocmnapiap poTaTadenbauTiK
kacuetine ue emec. DPXKocmapnay OKXXocnapiayMeH canbICThIpFaHga ITIPEK MaTEMATUKAIBIK
MOJENbIl alyFa MYMKIHIIK Oepeni. byn skocmap opraiblFbIHAAFrbl TXipuOenep CaHbIH
KOOEUTYMEH >KOHE JKYJIIBI3AbIK O WBIFbIH apHailbl TaHJay apKpUIbl icke acbipblianbl. DPXK
cumarramanapsl 6.8 kecrene KenTipiireH.

Kecte 6.8.
ToxipuOenep CaHbIH €CenTey
Cansbl o MOHI
(dhakTopmap - TOXKIprOEnep
k TDD KYIIABI3IBIK JKOCap OpTachIHAal OapJIbIFHI -
HYKTEJepie —No N

2 4 4 5 13 1,414
3 8 6 6 20 1,680
4 16 8 7 31 2,000
5 32 10 10 52 2,378

Perpeccus  TenmeyiHiH ~ kdhduIHMEeHTTEpi  ©3apa  KOPPENSLMsUIFaH,  COHJBIKTaH,
B=(XTX)XTY Marpunansix (5.14) epHekTi naiianana oTeIPhIN ONapasl Tabyra 6oJabl, SFHU,

(XTX) MarpunaHbl alHaIABIPY aMalbiH OPBIHAAY KepeK. BhIpaKk OChbl MaTPUIaHBIH €PEKILE

TypiHe GaitnansicTsl DPXKocnapnayaa perpeccust TeHaeyiHiH K03((UIIMEHTTEPIH jKoHE OJIap/IblH
THMCTIEPCUSIIAPBIH ECETITEeY YmiH aHaJ'II/ITI/IKaJ'ILIK epHeKTeszi anyra 6onazapl. OnapablH TYpi:

bO_alZyl azzzxpy“ j a3zley|1 =12.., k

j=1 i=l

byj = a42xuixjiyi; u#j ju=12.,k (6.15)

i=1

aSijlyl +a6zzley| +a7zy|

j=1 i=l
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2 o2 2 a2 2 22, 2
Sh, = @Sy Sp, =S, Sp =Sy Sp = (a5 +ag)sy

(6.16)
MYH/IaFbI 3 MOHAEPI 6.9 KecTene KenTipiIreH.
Kecte 6.9
K N No o ar az Az as as as az
2 13 5 1,412 | 0,2000; 0,1000f 0,1250| 0,2500{ 0,1251| 0,0187| 0,1000
3 20 6 1,682 | 0,1663| 0,0568| 0,0732| 0,1250] 0,0625/ 0,0069| 0,0568
4 31 7 2,000 | 0,1428 0,0357| 0,0417| 0,0625| 0,0312| 0,0037| 0,0357
5 32 6 2,000 | 0,1591| 0,0341] 0,0417| 0,0625/ 0,0312| 0,0028| 0,0341

¥naiibl  eHAIpY AMCIEPCHSCHIH JKOCIAp OPTAJBIFBIHIAFBl  TOXKipuOenep OoibIHIIA
AHBIKTaUIBI:

No
D8 -v%)?
_u=l

NO
0
z Yu
0 u=1

Sl Uzt go_u=l forime = (Nna—1).
OATIA Ng -1 y N, osiia = (No —1)
Kanneix qucnepcus kenect popmysa O0MBIHINA aHBIKTATA b
N 2
Z(yi - i)
§2.., ==L f.... =(N=L).
EAEA N_L EAEA ( )
Perpeccus TenneyiHiH a1eKBaTTHUIBIFBIH Duiiep KpuTepui OOMBIHINA aHBIKTAN/ B
S
Faai = — )
OATIA

MYHJIaFbI 3JIeKBATTBUIBIKTBIH JIUCTIEPCHUACHL:
2 2
g2, _ Seaea feaen ~Somma fomma o o L
AR = o AR = Teaea — Tokiia
AA

Erep Fapar < Fp(fy, ) Oosca, myHaa: f,=faz f, = foaa - TEHACY aeKBaTThI O0OIaIBI

Koaddumuentrepain MarbiHaIbIFbIH CTHIOJICHT KPUTEPH1 OOMBIHINA aHBIKTAWIbI, OBIpaK,
erep KBaJpaTThIK KpUTepuiliepiH Oipeyl MarblHAchl3 OOJBIN Kajica, OHAAa OHBI ajblll
TacTaraHHaH KeWiH perpeccus TeHACYiHIH K03 PUIIMEHTTepIH KaiiTa ecenTe MIbIFY Kepek.

bakbuiay cypakrapbl

1 SKCIIepUMEHTTI )KOCMapay/IblH HET13T1 MIPUHIIUNTEPI;
2 Gemiek (haKTOPIIBIK IKCIICPUMEHT;

3 9KCMEePUMEHTTI OPTOTOHANIB/IBI KOCTIAPIIAY.

Herisri ogeduer

1. Axnazaposa C.JI., Kadapor B.B. Meroasl onTuMu3aiuu 3KCIIEpUMEHTa B XHMHUYECKOH
TEXHOJIOTUH: YueOHOe mocobue s BY30B. - 2-€ M3A., nepepad. U JOMOJIHEHHOoe. -M.:
Bricras mkoma, 2015. -327c.

2. TloctpoeHue MaremMaTH4YecKMX MOJETIeH XMMHKO-TEXHOJOormueckux mpoueccos. Ilonx pen.
Hynuuxosa E.I'. - JI.: Xumus, 1970. —312 c.

KocbiMia ageduer
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HpaKTI/IKYM M0 aBTOMATUKE W CUCTEMaM YHpPaBJICHHUA NPOU3BOJACTBCHHBIMHU IMPOLCCCAMM:
yue0. mocobue st By30B /mox pen. U.M.Macnennukosa. -M.: Xumus, 2016. -336¢.

Tomuees B.O., Sfroaxmna T.B. Meroasl

IUHAMHAYECKUX cucteM. -M.: M3n-so MO, 2007

I/II[CHTI/I(i)I/IKaIII/H/I JIMHEUHBIX OJHOMCPHBIX
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7 nexkuus UneHTudurkanusiayabin xKajanbl Macesenepi. Herisri ansikramasap.

Makcrasl: JEKUUSa  YaKbITTBIK — KarapiapIslH ~ HErisri  cHUIarTaMaliapbiH,
UACHTU(PUKATTAYIBIH KBl MOCENENepiH, HEri3ri aHbIKTaManapiel, 0acKapy OOBEKTUIepiH
KOPPEISIHSIIBIK TATAAY SAICIMEH HACHTU(DHUKAIMSIIAY Bl KAPACTHIPY.

Te3ucrep

YakbITTBIK KaTapJapAbIH HETi3ri cunaTraMasiapbl

Tonerreipak ([ 1-4] kapa). Herizri Tycinikrep: ke3neicok mama (KII) »xone ke3aeicox ypaic
(KY), yakpirroik katap (¥K), xysere acoipy, ancamOib, crauroHapisl KY, sprogukansik KY,
Oara. Crarmmonapiiel KY MareMaTukaiblK KYTiMi MEH JUCIIEPCHUSICH TYPAKTHI.

YakbITTBIK KaTap (HeMece AMHAMMKa KaTapbl) — OJ1 Keil0ip epkiH alfHbIMaJbl IIaMaHbIH
yakpIT OOWBIHINIA pETTENreH MOHAEPIHIH Ti30ekTiniri. COHBIMEH, YaKBITTBIK KaTapiblH
JEPEeKTEPAIH KAl CypbhINITaMachlHAH aWbIPMAIIBUIBIFBl MAHBI3/IBI. bepuireH aiHBIMABIHBIH Op
JKEKE MOH1 YaKBITTBIK KaTap/IbIH €CETKE albIHYbI (CaHaFhl) (DIIEMEHTTEp JSHTCil1) Ien aTanabl.

CoHbIMEH KaTap, cypbinTay — Oenriri Oip mpoieaypa apKbUIbl 3epTTEyre KaTbiCy YIIiH Oac
KUBIHTBIKTAH TaHJAN aJBIHFAH JKaFJaiJIapIblH JKUBIHTBIFB (CBIHAKTATATHIH OOBEKTTED,
OKHWFayap, yJiruiep).

VYakbITTBIK KaTapjap/Isl TAJAAy — YaKbITTBIK KaTapJiapIblH KYPBUIBIMBIH aliKbIHIAYFa HKOHE
oJlapail  OoJpKayFa apHaJFaH MaTeMaTHKa-CTATHCTHKAIBIK TaJay OMICTEPIHIH KUBIHTHIFBI.
BynapnsiH KatapeiHa, KeKe jKaraaia, perpeccusUiblK Tajfay oJICTepl >KaTaabl. Y aKbITTBIK
KaTap/blH KYpPbUIBIMBIH alKbIHAAY TalAaHATHIH YaKBITTHIK KaTapAblH Ke31 OOJIbIN TaObLIaThIH
KYOBUIBICTBIH MAaTeMaTHKAJIBIK MOJETIH KYPY VIIIH KaKeT. YaKbITTHIK KaTapblH OoJialiak
MOHJIEpiH O0JrKay MmenriMaep Il THIM T KaObu11ay YIIiH Mmai/1a aHbuIa b,

— e —— p-—— — r -, A

R R m e R
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Cyper 7.1 — YakbITTBIK KaTap MbICaJIbI

VYakbITTBIK KaTapiap eKi 3JIeMeHTTEpACH TYPabl:
e Con apayblKTa HeMece coJl Me3riuiieri Ky OOWbIHIIA CAaHIBIK MAHIEP KeNTIpUIeTiH
YaKBITTHIH TTEPUO/IBI;
o KarapapiH neHreinepi Aemn aTanaTblH KeiHOip KOPCETKIMITIH CaHIbIK MOHIEPI.
VYakbITTBIK KaTapiap keneci Oenrinepi OOMbIHIIA JKIKTEIeI1:
e JeHreinepni OeitHeney Typiepi GoHbIHIIA!
o abCoJIIOTTI KOPCETKILITep KaTapiapsl,
o  caJBICThIPMaJbl KOPCETKILITEP KaTapiaphl;
o opTala mamMaiap KaTtapiaapsbl.
e VakpITTBIH 9p MOMEHTIHJE OJiap YIIiH JCHIeisiepi aHBIKTAaJaThlH KOPCETKIIITEP CaHbI
OoWbIHIIIA: OipeIIIeM Il XKoHEe KOMeIIeM/ i YaKbITThIK KaTapiap;
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e VYakpITTBIK MapaMeTpiH CHIAThl OOWBIHIIA: MOMEHTTIK OHE MHTEPBAIIBIK YaKBITTHIK
Karapiaap. MOMEHTTIK YakbITTBIK Karapiapiaa JACHTeiep yakbITThIH Oenriti  Oip
MOMEHTTEpIH/IeT1 Kyl OOMBIHIIA KOPCETKIMITIH MOHIEPIH cUmarTaiipl. HTEpBAIIBIK
KaTtapjapaa JeHreisiep yakpITThIH Oenrini Oip meproATapbhlHAa KOPCETKIITIH MOHIEPiH
cUmarTaipl. AOCONIOTTI IIaManapAblH WHTEPBANIBIK ~ YaKBITTHIK KaTapJiapbIHBIH
MaHBI3/Ibl CPEKINEINIri OapIbIK JCHIeHIepIi KOCBIHIBIIAY MYMKIHAUTIIHAE. AOCONIOTTI
miamMajiap/iblH MOMEHTTIK —KaTapiapblHbIH JKEKe JeHreliepl KaiTtamanm —ecenrtey
SIIEMEHTTEPIH KaMTUIbl. Byl MOMEHTTIK KaTapiapiblH ICHICHIEpiH KOCBHIHIABLIAYIbI
MarbIHAChI3 €TEe/I.

e JlaTamap MeH yakbIT MHTEpBaJAapbl apacblHJarbl apa-KaluIbIKThIK OoibIHIIA Oip-OipiHEH
apa-KalIbIKTBIKTaphl Oip/iel — TipKey HEMece NepUOATAPAbIH asgKTaly Aarajapbl OlpiHEH
KeiiH Oipi Oipaeit MHTEepBaNIapMEH UleceTiH OOJFaH/a; >KOHE TOJBIK eMec (Oip-OipiHeH

apa-KalbIKTBIKTAphl Oipaeil emec) — Oipjaedl MHTepBanAap NPUHLHUII CaKTaJMaraH
JKarmanma;

e  OTKI3IN aJbIHFAH MOHJAEPAIH Oap 00ybl OOMBIHIIA: TOJBIK KOHE TOJIBIK €MEC YaKbITTBIK
KarapJjap;

e VakKbITTBIK KaTapilap JETEPMHUHII JKOHE Ke3JeHCOK Ooyanel: OipiHmIuUIepai Kehoip
Ke37eHCOK emMec (PYHKIMS MOHAEPIHIH HETi31He ananasl (algarbl KYHAEpP CaHbl Typabl
TI30EKTENreH JCPEeKTep KaTapbl); EKIHMIUIepi KeHOip Ke3AeHCOK IaMaHbIH JKY3ere
ACBIPBLTY HOTHXKECI.

e HEri3ri TEHJEHIUSHBIH Oap OOJlyblHA TOYyeNAl CTANMOHAPJIBI KaTapiapJsl — oJiapaa
opTaiia MoH KOHE IUCIEpPCUSl TYPaKThl KoHE OelCTallMOHAPJIbI - TaMyJbIH HErizri
TEHJACHLUACHIH KAMTUTBIH KaTapjaap/bl epeKIIeneiai.

YakpITTBIK KaTapJjapra mbicaaaap (cyper 7.1). YakpITTBIK KaTapiap, 9JeTTe, Kenoip
KOPCETKITI OJIIIey HOTHKECiHAe Tmakjga Oosagel. OJiap TEXHUKAIBIK — KYHElIepiH
KOpCETKITEpIMEH (CUIaTraMajiapbl) Karap TaOWFU, OJICYMETTIK, SKOHOMHKAJIBIK >XKOHE C.C.
KYHeNnepaiH KopceTKimTepl (MbIcaibl aya-paibl Typasibl JepeKTep) O0Jybl MYMKIH. Y aKbITTHIK
KaTapJblH THOTIK MBICAIBl PETIHAC OMpPIKAIBIK OarbIMbl OOJYbI MYMKIH, OHBI Tajjay apKbLIbl
JAMYIbIH HETi3r1 OaFbITBIH (TEHICHITMS HEMECe TPSH/IT1) aHbIKTayFa ThIPBICAIBI.

VYakpITTBIK ~ KaTapiapAbsl Talfaydbl CTATUCTHKANBIK TalAayldplH Oacka TypiepiHeH
epeKILeIeHTIH Heri3ri O0enri Oakpuiaynap >KYpPri3uleTiH PeTTIH MaHBI3AbIFbl OOJBIN TaObLIAdbI.
Erep xemtereH ecenrtepiae Oakpuiaynap CTaTUCTUKAIBIK Toyencid 0ojca, OHAA YaKbITTBHIK
Karapiiapia ojap, oJeTTe, TOYyeNJi JKOHE OChl TOYeNIUIIKTIH CHUMAaThl TI30EKTLTIKTEr1
OakplIayaapJblH  OPHBIMEH aHBIKTalIybl MYMKiH. KartapaslH TaburaTel >KOHE KaTap.ibl
TYBIHIBLIAYIIBl YPIICTIH KYpPbUIBIMBL TI30EKTUIIKTIH KYpbUTy TOPTIOIH (pETiH) ajablH-aia
aHBIKTal ajiajbl.

Keiine Oeficrammonapabl kesgeiicok ypaicti (KY) 0j TeMEHXMUIIKTIK aAJUTUBTI

KypaMJachlH (TpeH/, Ipeii¢) albll TacTar, MbICalbl, TOMEHE KenTipuireH ThIoKH CIEeKTpaIbbl
Tepe3eciH MaifAagaHaThIH KOFaphl )KULTIKTEp (PUIBTPIH HaiJalaHbII,:
m
yi = Zhigi— i
j=—m
1 1 jr
MyHAa hy =1-—— h:=h_; =———|1+cos(—— 7.1
EXSS m+1 170! 2(m+1){ (m+1)} (7.1)
(UIBTPIIH KUBII TACTAy KMUIIri fC OHBIH M PETIMEH JKOHE YaKBITTBIK KaTapiblH fgc o3repy
KUUTITIMEH OalnanbICThL: f, = fec/2m.
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YakbITThIK KaTapablH (YK) oprama monin (Matematukaabik kyTiM, MK) kenecineid

aHBIKTayFa 00JIa bl
2

m, = M[x@®)]= Tm% [xwet,

- 1x
MK 6arachl i, :Nzﬂ:xi (7.2).

(N emmeynep OoibIHIIA OpTaiia, CyphINTaMalblK opTama, YK-bIH TYpakThl BIFBICYBIH
CHITAaTTal/Ibl, KE3ICHCOK eMec Iama, ctarroHapisl KY yiria m, = const ).

TY ABX xarmaitnapeiana onerre MK-mi HakThIIbl yakpIT (online) peXuMiHIE aHBIKTAY
ece01 Typaapl. O YIIiH peKyppEHTTIK GOopMyIIaHbl MaiagaHyra 00J1a b

X = >_<i—1+71(xi—)_(i—1)v (7.3)

myHzaa: X; MK-iH aFeIMzarsl MOHI, X_,- alAbIHFBI Kajampa aHeikTanraH MK; Xj  x-Tig
arbpIMJIaFbl MOHI1 (TATYMKTEH KEJIETIH CUTHAM).

dopmynaHblH 0acka Typi: X = (1-a)¥% 4 +ax , MyHaa 0<a<2.

VK-ubiH aucnepcusicbl X(t)-HbIH opTamia MOHHEH aybITKybl KBajpaTbiHbiH MK 0Oosbin

TaOBLIAIBI:
N 2

Df =5 =0 D (6 -0 = ;(xi) 1 (7.4)

dopmynanapAplH SKIHIIICI ajjbplH-aJia X; aHbIKTayael Tajan erneiml. (7.4) dopmyma —
CYphINTaMaJbIK bIFbICIaran jaucnepcus, erep N-1 —ni N-re aybIcThIpcak, OHJIa BIFBICKAH

aucrnepcus yuiH dopmynara ue O6osiambi3, yinkeH N ymiiH osiap 6ipaeit. Keiine nucrnepcusiHbl

NaibI30EH OpHEKTEH L. o, = D, = /o2 - oprama ksagpartsl Katenik (beccens Gpopmyiack!).

TY ABX —ne (online) pexumae aUCHEPCHSHBI PEKYPPEHTTIK (QopMymanap OOMbBIHIIA
ecenTeyre 0oJab:
X =1-a)% +ax X =(1-a)X>+ax’ of =X —(%)? (7.5)
ABTOKOppeassuusIbIK pynkuusa (AK®) (cyper 7.2a)
AK® X(t) —HbIH Kelteci MOHAEPIHIH aJIabIHFBI MOHAEPIMEH OaiilaHbIC IOPEXKECIH KOpPCETE i,
yakpITThIH t Mep3iMinge X1 moniHe me GonateiH X(t) QyHKuMACH t+7 Mep3iMae X2 MoHre ue
00JIaTBIH BIKTUMAJIIBUIBIFBIH aHBIKTAM IbI:

Y, 1 T N
Ru “NoI _([X(t)'X(HT) =miZ:llXi “Xigl (7.6)

myHzaa: X(t)=x(t)-m,, X=X —X - opTajmblkKa KeNTIpuIreH (LEeHTPUPOBAHHBIN) YaKBITTHIK
karap; | — | kamamra bIFbICYBI (J1ar). HakThUTBI YPAICTEPIE Xi HCoHe Xi+| apaapbIHIarbl OaiIaHbIC
BIKTUMAJIJIBIFBI a3asiibl 1a, Rxx 2.1 cyperrte kepcetuire Typre ue 6omnanapl. AK®D xyn GyHkums
00JIBITT TaOBLIAABI, OHBIH Ipaduri He FYPIBIM KYPT TYCETiH 0oJica, coll FYpibM x(t) MeH x(t+71)
apallapbIH/IaFbl OallaHbIC QNCi3ney koHe KepiciHme; ak myapiH AK®-cer o-pynkuwms; =0
oomranna Rxx = o2,

O3apa xoppeasiuusiibiK pyHknusa (OK®D)
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OK® yakpITThIH t Mep3imineri KipicTid X(f) MoHIEpiHIH t-7 yaKbIT MEp3iMiH/ICT1 IIBIFBICTHIH
y(t-7) MoHIEpiMeH OaitTaHbIC TOPEKECIH KOPCETE/I.

o 1 A&
Ry “No E[X(t)')’(tJrT) =méxi “Yidl s (7.7)

Rxy(r) Tax ¢ynkuus, oubiH rpaduri AK® rpadurine ykcac, ObIpak OOBEKTTETi KeEIIiry
YaKbITBIHA OH YKaKKa BIFBICKAH.

A Rxx(‘[) A Sxx((U)
v \V/\ oy /
) 5)

<

a
Cypet 7.2 (a) ABTOKOPpETANMSUIBIK ()YHKITUSHBIH KOHE (0) CTIEKTPAIbIBIK THIFBI3IBIKTHIH
rpaduxTepi

CrnexrpanabiK ThIFbI3ABIK (CT) AK® — nen ®@ypbe Typrienaipyi 6ombin Tadbbiians:, AKD-
naH Hemece ke3zaeicok ypaicTiH (KY) icke achIpbUlyblH MaTEeMaTHUKAIBIK OHJICY/ICH aJIbIHYBI
MyMkiH. On KY KyaTbiHbIH KaH#gail yieci OepuIreH J>KULIIKKE KeJIETIHIITH KepceTe/l,
00BEKTIHIH KUUTIK KaCHETTEP1 Typasbl MIKip kacayra MyMKIHAIK Oepexi. Tuntik rpaduri 7.2.0.
cyperre kenripiired. Kem karmaiima Rw — ThI  anmeiH-asia  Oip  OpHEK  apKBLIbI
ANMPOKCUMALIUSIIAI Sxx() - THl AaHATUTUKAIBIK TYPAC allajIbl.

S, (@) = 2] R, (r)-cos(wr)dr = 2j Ry (r)-e 1" dz (7.8)
0 0

Ry (7) = % j S, (@) -cos(wr)dz = %fsxx (0)-e 17 dr (7.9)
- 0

©3apa CreKTpaIbl THIFBI3IBIK Sy/() YUIIH Je OpHEKTEp YKCaMa TYpJIe jKa3bUIabl.
Nnentuduxanusanayma keieci epHEKTEpAl MaiiaaiaHa b
Sy (jw)=W(jaw) Sy (jo) (7.10)

Sy (j®) = Sy (j0)- W (joof* (7.11)

Erep Si(w) ypaicTiH Y MOHI JXKHUTIKTIH -00 JIeH oo JeHiH OYKiI apaibiFblHaa Oipaei Oip
MoHTe ue Oonca, onaa Oyn ak my (AILl) nen aTtanmaTeiH, OHBIH Ke3-KedreH KediHri x(t) MoHi
anapIHFbL X(t)-MeH Oaitnanbicniarad uneanasl KY. Ak my yuiis Ry (r) =S,,-5(r) , MYHIAFBI d(7) -
nenvra-¢pynknus. Kenm karmaiinia ak IIyIblH OpHBIHA TYPAKThl JKOHE TEPUOAUKAIIBIK
KYpaMJIacChl3 CTAaTUCTUKAJIBIK CUITaTTaphl Kenecineit 6onarein KY maiinananassi:

2uD

Pt

AK® xone OK® rpadukrepiH TY3yHAiH €Il KUBIHIBIFBI XKOK. bbipak, maeHtudukarrayma
ecemnrTeylnep VIIIH O[eTTe aHAIWTHUKAIBIK OpHEKTepHi maiiianaHansl. YeObIIeBTHIH
MOJIMHOM/IAPBIMEH ~ aNMpPOKCUMANMsIIAaypl  Taiinamanygan Oacka Toxipubene AKD-ubI
KOPCETKIIITIK KoHe 0acka (GYHKIUSIApMEH anpoKCUMAaIIMsIay/abl Taii1anaHabl.

Ry (7) = Dxe’”‘r‘ XKoHe S, (w) =

(7.12)
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1) Ry (r)=D,e ™ (7.13) (7.2 cyper), mynma: o = const, Gacbuly mapamerpin xoHe D, -
JMCTIEpPCUsIHBI TpaUKTI anmpoxcuManusuiaygan Tabanel. CIEKTpadbAbIK THIFBI3IBIK YIIiH
AQHAIMTUKAIIBIK OPHEKTIH TYPi:

Dy _a (7.14).
T a +w

Koppensuusnsik gynkuus Ruw (@) rpadurinin typine (cyper 4.10) Toyenni oHBI Keneci

epHEKTEep/IiH OlpeyiMeH annpoKCUMAaIUsIIal bl

Sxx (a)) e

R (7) g 7a|r|
R, (7)=R(0)e
a)
R, ()
A, 2
R, (7)=R(0)e “*
6)
R, (7)
$ R, (t) = R(0)e I Cos(wr)
\J \V/
R(T) Sx(w)
d Re(T)<D5 €™
Rx(@)=Dx Sx=2Dy ¢ f(o6 e t)
-
0 T 0 w
Cyper 7.3 — ADC xone KY annmpokcumanusiay
2) Ry (r) = Dxe’“‘r‘ oS (wy7) (7.15)
(cyper 7.3 ), MyH/a: o = CONSt — pEe30HAHCTHIK HKULTIK, O/aH:
2D, B+’ 2. 2
S ~ . B = .
w(@) Vs ﬂ4 + 2(0:2 —a)g)a)2 +o* p=at+ap (7 16)
3) Ry(r) =D,e “M(coseyr) +-sin(me) (7.17)

Kes-kenren AK® nmonmikTiH Kke3-kenreH mopexecinae (7.15, 7.16, 7.17) tenapeynepnix
CBI3BIKTBIK KOMOMHAIMSICBIMEH CUTIATTATYBl MYMKIH €KEHJIIT' JJIENICHY/IC.
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JlokasbiBaeTcsi, yto Jnobas AK®D moxker ObITh ¢ JIIOOOW CTENEeHBbIO TOYHOCTH OMHCAHA
TUHEIHOW KoMOuHanuen ypasaeHuit (7.15, 2.16, 2.17).

CraTucTUKANBIK HAeHTHPUKATTAYABIH KAJNBI Moceaenepi. JKyiiemepai Monenbraey
TOXKIpUOECiHae ©3IHIH J>XYMBIC Kacay OapbhICBIHIA CTOXAaCTHKAIBIK JJIEMEHTTEPI KaMTHTBIH
HEMECE CBIPTKBI OPTaHBIH CTOXACTUKAIIBIK dCEPIIEPIHE YVITBIPAUTHIH OOBEKTTEPMEH TIPIIIK jKacay
xui  ke3geceni. COHIOBIKTAH  OCBHIHAAW  CTOXACTUKAIBIK  JKYHENEPAiH  WMHUTAIHSIIBIK
MOJENBCPIHIH KOMEriMeH HOTWKEIep/l allyAblH HEri3ri oiicl TEeopHsulbIK 0Oa3za peTiHae
BIKTUMAJIJIBIKTAP TEOPHUSACHIHBIH IIEKTIK TeopeMallap sl MmaiaianaTeiH DEMle CTaTHCTUKAIBIK
MOJIENBICY 9/11C1 OOJIBIN TaObLIA B,

CTaTHCTHKAJBIK MO/eJIb/ey JIICiHIH KaJnbl cunarramMachbl. MaivHa bIK MOJIEIbACPI1
(aHATMTHKAJIBIK )KOHE UMUTAIMSUIIBIK) KYPY JKOHE XKY3ere achlpy OapbIChIHIA KYHeIepai 3epTTey
KOHE KoOaslay Ke3eHIHIe CTaTUCTHKAIBIK chiHakTay (MoHnTte-Kapiio) omici keH maiiianaHbuiajb.
On onic Ke3eHCOK CaHIap/ibl, SIFHH BIKTUMAJIIBIKTAPIbIH Tapalybl OepuIreH Kehoip Ke3IelCcoK
[IaMaHbIH MYMKIH OOJIaTBIH MOHJAEpIH MaijanaHyra Heri3jaenreH. CTaTUCTHKAIBIK MOJCThILY
MOJIENBICHETIH JKYHeIe OTETIH YPAICTep Typajbl CTaTUCTUKAIBIK aepekrepai DEM kxemerimeH
any apici 6oxabin Tadbu1anbl. CeipTKbl E OpTaHbIH ocepiiepiH eckepe OThIPbIMN, MOJAEIbACHETIH S
KYHe CUNaTTaMajlapblHBIH KBI3BIKTHIPATHIH OarajapblH ally YIIiH CTaTUCTUKAIBIK JEpEKTep
MaTeMaTHUKAIBIK  CTAaTUCTHKA  OMICTepiH  MaijallaHy  apKbUIBl  OHJETedl  JKOHE
KIaccu(puKaIysIaHabI.

CraTucTHKAJIBIK MOJeJbAeYy JAiCiHiH MaHbI3bl. COHBIMEH, CTATUCTUKAIBIK MOJECIIBACY
OMICIHIH MaHBI3BI 3€PTTEINICTIH S )KYHUEHIH )KYMBIC X)Kacay YPAICl YIIIH Ke3IeHCOK Kipic acepiiepai
KOHE CBIPTKBI E opraHblH ocepiepiH ecKepim JKyhe DJJIEeMEHTTEpIHIH TopTidi  MeH
©3aPadPEKETTECYIH UMHUTAIMSIIANTBIH KeWOIp MOJICIBACYIII aNrOpUTMIH Kypyra kone DEM-HiH
MPOrpaMMa-TEXHUKAIBIK ~KypalJapblH TNaiilajJaHbll OChl aJITrOPUTMIlI JKYy3€re achlpyra
KeNTIpLIedi.

CraTUCTHKAIBIK MOJEIBICY 9/IICIH NaiAaNaHy IbIH €Kl CaJachlH aXKbIPaTa lbl:

1) croxacTUKaNbBIK KYyHeIep 1l 3epTTey YIIiH;

2) neTepMUH/II €CeNTep Il IIENTy YIIIiH.

CTaTUCTUKAIBIK MOJICINIB/ICY SICIMEH ACTEPMUH/II €CENTEP Il MUy YIIiH Mai aJaHbuIaThlH
HETI3r1 ues - ACTePMHUHII ecenTi KeHOip CTOXAaCTHKAJIBIK XYHEHIH AKBHUBAJICHTTI CYJIOAChKIMEH
aJIMACTBIPY, COHFBICHIHBIH IIBIFBIC CUMIATTAphl AETEPMUH/1 €CEeNTi IICIy HOTH)KECIMEH COMKec
Keneail. OpuHe, MYHJA alMacThIpya €CeNTiH A9 HICNIIMIHIH OpHBIHA JKYBIKTAJFaH IIEHIM
naiga Oonazpl xKoHe chiHakTaynap N caHbl (MOJIENbACYII AITOPUTMHIH JKY3€Tre achlpyliap CaHbl)
©CKEH CalbIH KaTelliK a3asiibl.

S KyieHi CTaTUCTHKANBIK MOJENbJCYy HOTWKECIHAE I13AENIHeTIH IIaMalap/blH HeMmece
GYHKIMSUIApABIH JKEKe MOHJIEPIHIH CepUschl Maiia 0omalibl, OJIapAbl CTATUCTHKANBIK OHJCY
HAKThUIBI OOBEKTTIH HeMece YPHICTIH YaKbITTBIH E€pKIH MOMEHTTEpIHAEri TopTiOi Typassl
MaNiMeTTepAl ainyFa MyMKiHIIK Oepeni. Erep skysere aceipymnap canbl N JKeTKUTIKTI TYpAe Kenl
0osca, OHAA >KYHEHI MOJENbIACYIIH albIHFAaH HOTHIKENEpl CTATUCTHKANBIK TYPAKTHUIBIKKA
uelleHin, S JKyHeHIH JKyMbIC ’acay YpJic cunaTTaMallapblHbIH 13/IeJIiHETIH Oaranapbl peTiHae
KETKLUTIKTI ASJALTIKIICH KaObUIAaHYbl MYMKIH.

Kyitenepni JEMae cTaTUCTUKAIBIK MOAETBACY 9/1iCIHIH TEOPUSIIBIK HET131 BIKTUMAIIBIKTAP
TEOPUSICHIHBIH MIEKTIK TeopeManapbl 00JbI TadbUIanbl. Ke3neicok KyObUThICTap IbIH (OKUFaIap,
[raMasiap) SKUBIHIApBl OJIApABIH TOpTIOiH Ooypkay MeH Karap Oenriai 6ip TYpakKTBUIBIKTHI
Ou1IpeTiH Keibip opTalia cunaTTaManapblH MeJIIepIlik Oaranayra MyYMKIiHAIK OepeTiH Oenrimi
0ip 3aHABUIBIKTapFa OarblHAIbl. TOH 3aHJBUIBIKTAp 9cepiiep >KUBIHAAPBIH KOCBIHIbIIAFaHIa
KYpBUIATHIH KE3JCWCOK IIamMallapblH TapaiylapblHaa Aa Oaiikanaabl. bysl 3aHIBUIBIKTap MEH
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opTama KOpCEeTKITEepAiH OPHEKTeNyl BIKTUMAIIBIKTAD TEOPUSCHIHBIH HIEKTIK TeOopeMaliapbl
6ombin TaObuiaabl. LIexTik TeopemanapiblH NPHHLIMIUAIBIAB MaFbIHACKI — CHIHAYJIApIbIH
(>ky3ere acwIpynapJbpiH) caHbl N Kell OoJiFaHIa OJlap CTATUCTUKAIBIK OaFajapiblH KOFaphl
caracelHa KenuIaik Oepei.

Backapy o0bexTijiepiH KOppeassuMsJIbIK Tajajaay diciMeH ujaeHTUUKATTAY

backapy oObexTuUiepiH HAEHTU(UKATTAy YILIIH KOPPESILMUIBIK Tajujgay ofici erep Kipic
YKOHE IIBIFBIC CUTHAJIIAP KE3[CHCOK Iamasnap OONaThIH XKardaiaa naiganansiiaasl. AKD xone
OK® nerizinae ADXKC aHbIKTay MbICaIbIH KapacThIPabIK.

inpic Xmmrm
—»| OBBEKT [—

Cypert 7.4 — OObeKTT1 KOpPENALUUsIIBbIK 9JIICTIEH 3epTTeY CYJI0achl

Koppensmusuiblk Tanay/a >Korapbljaa CHIaTTaFaH
e apTOKOppesausuIbIK GyHkuus (AK®D) xone
e o3apakoppensuusuibiK GyHknus (OKD).
nainagaHblIaabl.
Ecke Tycipeitik, AK® ke3aeiicOK MaMaHbIH aJIbIHFBI MOHACpPIHEH AT apa-KalIbIKTHIKTa
OpHaJIAaCKaH KEHIHT1 MOHACPIHIH TOYEIIUIITIH CUTIATTANIBI.

calf w
AT
.
|- T T

Cypert 7.5 — Kipic ke3ieficok mamMaHbIH — KIpiC CHTHAJIIBIH e3repy Irpaduri
T

AK®: R, (7)= Tijxéa(r +AT) Xg5(7)-dz. AT —0 ymMTBUTFaHIA — JATIpEK.
0
OzapakoppensauusuibiK QyHKIUsA 0ip-0ipiHeH AT apa-KallbIKTHIKTa OpHATACKaH €Ki IaMaHbl

OailJIaHBICTHIPAIBI.
\

OK®D: R, ., (1) =T£J‘X305(T+Ar)-xéﬁ(r)-dr .

a6: Xa06
0

AK®D xone OK® (kipic-IIBIFBIC CUTHAT TYpJli ® Oap cuHycoMmJaibel TepOemicTepiy
KOCBIH/IBICBIHAH — TapMOHMKajlap KaTapblHaH TypaThlH Dyppe KaTapblHa skikTeneTiH dypwe
TYPJIEHAIPY1 apKbUIbI) Ke3/1€HCOK IIaMaapAblH CIIEKTPaib/Ibl THIFbI3IBIKTaApbIMEH OaiilaHBICKaH.

Sy, (@ = [Ry, (7)€" -dz — AK® ymin

(w) = '[R . (7)-Ar-d7 — OK® ymin.

®u3MKaIbIK TYPFbIIA S, (@) KE3MSHCOK mIamMa KyaTbIHbIH KaHJai yJeci OepuireH KHULTIKKe

KeJETIHIIrH KepceTe/i.
CrexTpaib/ibl THIFBI3IBIK apKbLIbl 00beKTTIH 13ae11HeTiH ADIKC TabambI3:
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fa T — S, ., (o
AOLEN :W(iw)zw_
Sxéé(w)

NnenTudurarrayablH aHATMTHKAJIBIK daici. Cumarramanapbl OONBIHIIA 3€pPTTEIETIH

oOBekTIeH Oipeit (coiikec) 00MATHIH MAaTEMATHKAIBIK MOICIbIL

LIBIFAPYJbIH AHATUTHKAIBIK

omiCiH OOBEKTTe OTeTIH (U3NKA-XUMUSIBIK YPIICTEp JKaKChl 3€pTTENreH JKarnauiapra
naigananyra Oonanpl. MyHmail OOBEKTTEpIH KaTapblHA CTaTHKa >KOHE JWHAMHKaJga TOPTIOl

HproTon 3aHmapeiHa OaFrbIHATBHIH MEXaHMKAIBIK XKyHenep, ojapnaa
OTETIH KeHOIp XUMUSUIIBIK peakTopiap *kartajipl. MyHIail 0ObeKTTIH
7.5 cypeTTe KepceTureH OaKThl KapacThIpyFa 00JIajIbl.

Kal XUMMSUIBIK peakuusiap
KapanaiblM MbICAJIbI PETIHJIE

Xpx = Q) -
! LV H= Xguix
-"'l‘ll Ak — l_F_
lil
Q,
MK
Q,
——» W), g
Xpy = Q_I H=—h
Xenix

Cypert 7.5 — backapy 00ObEKTICIH aHATUTHKAIIBIK 9JIICTICH 3€PTTEY CYJIOACHI

Ochl 00BEKTTE OTETIH KYOBUIBICTAPIBI CUITATTAUBIK,
Crarukansik pexuM: Q¥ =Q) (KyHblLly aFblll IILIFYFa TEH);

Q =Q10 +AQ
Q,=Q)+AQ,

[[I/IHaMI/IKaJ'ILIK PECKUM! {

d(Av) _d(F-AH) __ d(aH)

Q-Q, =Q +AQ; —QF —AQ, =AQ, —AQ, =

Tunpasnukanan: Q, =a-vH HeMece MAFbIHAAP YIIiH: AQ, =a-
Onpga: AQ—a-AH =F -—d(dAH)
T

. . L dH
HEMCCC, MICKC13 IIarblH ©CIMIICIICPI'C OTIII. F -d—+ a-AH=Q,
T

F dH 1
HeMece — —+H=—-0Q,
a dr a

CanpICThIpMaIbl OIIIEMIUTIKTE Oenriiern:

dt dr

dr
AH .
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H :
o e

H Qi
KeJIeCIH1 ajlaMBbI3:

=Xuz, —=T5, —=ks
€9 a 0 a [E}

dx,,
gu (.
To- +Xg0  =Kig - Xasa
dr

Ocsl 13/1eIHreH MaTeMaTHKaJbIK MOJENb, OJ1 oMOeban cumartka ue (CTaTUCTUKaJIbIKTapFra
Kaparanja). OHbl naiinanaHyaa KOMbLIAThIH Tajman — OapiblK Oenricis alHbIMaibUiap Oepulyl
THIC.

Bbakbli1ay cypakrapbl

1 yakpIT KaTapiapblHbIH HET13I1 CUIIaTTaMaaphl;

2 ABTOKOPPEIAIUSIIBIK (QYHKIIHS;

3 CHEKTPIIIK THIFBI3/IBIK;

4 CTaTUCTUKAJIBIK MOJCIB/ICY 9IICIHIH MOHI;

5 CTaTUCTUKAJIBIK COMKECTEHAIPY/IIH >KaJbl MIHAETTEPI;

6 KOppensUsUIBbIK Tajlay SAiciMeH 0acKapy 0OBbeKTUIEpiH CoOlKeCTEHAIPY;
7 aHaJIUTHUKAIIBIK COMKECTEHAIPY oiCi.

Herisri oneduer

1. Axnazapoa C.JI., Kadapor B.B. Meroasl ontuMm3anuy 3KCIEPUMEHTa B XUMHYECKOM
TEXHOJIOTHH: Y4eOHOoe mocobue ajisg BY30B. - 2-€ W3M., mepepad. W JOMOJIHEHHOe. -M.:
Bercmag mkona, 2015. -327¢.

2. IlocTtpoeHne MaTeMaTHYECKUX MOJENel XHUMHUKO-TEXHOJOTHUeCKHX mporeccoB. [lom pen.
Hynnukosa E.I". - JI.: Xumus, 1970. -312 c.

3. IlpakTUKyM IO aBTOMAaTHKE M CHCTEMaM YIPAaBJICHHS IPOM3BOJACTBEHHBIMH IPOIIECCAMHU:
yue0. mocobue st By30oB /o pea. .M. MacnennukoBa. -M.: Xumus, 2016. -336¢.

KocbimMiia ogeduer
4. TomueeB B.O., Arogxuna T.B. Meroapl wuaeHTU(UKAIMN JIMHEHHBIX OJHOMEPHBIX
JIMHAMHYEeCcKUX cucreM. -M.: M3n-so MOU, 2007
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8 ekuusa Ormelni cunarramanapiabl aHbIKTAy

Makcrabpl: JIeKIusSAa KapamaibiM —TeCTUIeylli CHTHANJApAblH HerisiHme Oackapy
OOBEKTUICpIH HISHTHU(HUKATTAY OJIiCTEepi KapacThIpbUFaH. bysl omictep HAoCTypii Typae
WHKCHEpIiK  ToxkipuOene maiimamanpuianbl. OOBEKT  KipiciHe  perymsapibl  (opMaaarbl
YUBITKYTapAbl ~ TYCIpreHJeri  oTHeli  cUmarramaiapibl  aHbIKTay  JKOHE  YaKBITTHIK
CHIIaTTaMalapbl alPOKCUMAIHSIIAY SIICTEPi KapacThIPy.

Te3ucrep

CHHYCOUAAJIBI, CATHUIbI KOHE HMMIIYJbLCTIK CHTHAJJAAp KeMeriMeH uaeHTHU(UKATTAY
anicrepi

Bbackapy »yilenepiHzne anfamkel OOJBIN KY3€Te AachbIpbUFaH HJEHTHU(UKATTAy oAicTepl
KULTIK, CAThUIBI )KOHE MMITYJIBCTIK ocepJiepl Maiiananyra Herizaenren. by omicrepaiy kebici
CBI3BIKTHI YpJICTEpre maigalaHyMeH MIeKkTeneal. Erep curHammapiasliH ACHTEWsIepl YJIKeH
0oJsMaca oJIapJbl CHI3BIKTANIFAH XKYyHenepae ae nangananyra 0onanbl (1 KOChIMIIaHBI KapaHbI3).
by omicTep apHaiipl Kipic CUTHAJIAPABI Tajam eTefl, aTan alTKaHaa: caThbUIbl CUTHAIIAPIBI -
eTreni QyHKIMs (caThlIbl ©THeN QyHKIMA) OONbIHIIA HACHTU(UKATTAY YIIIH; UMITYJIBCTIK Kipic
CUTHAJAApAbl — MUMIYJNbCTIK oTHeNni (yHKIUS OoMbIHIIA WACHTUPHUKATTAY YIIIH KOHE TYpIl
KUUTIKTepl Oap CHUHYCOMAANbl KIPIC CUTHAJNAAPAbI — JKUUIIK CHUIATTapAbl aHbIKTAy YILIH.
JKYMBICTBIK KaJBINITHI PEXUMIHE COHWKeCc OO0JaThiH KIPIC CUTHAJIIAPABIH OpHBIHA >KOFaphlaa
KOPCETUITeH apHaiibl CUTHAIJAp TaJlall eTLTyiHe OaiaHbICThl Oyil omicTep Oackapy ypaiciHeH
ThIC uAeHTHUKATTayAbl Ko3nehai. COHIBIKTaH KOPCETUITeH 9MICcTep KipiC CHUTHAIIAPABIH Oip
THITI YIIIH aJbIHFAH KIPiC/IIBIFBIC KaTBIHACTAP KIpIC CUTHAIIAPABIH OapiiblK 0acka TUNTEP1 YIIiH
JIe CaKTaJaThlH ChI3BIKTHI CTAIL[HOHAPIIBI YPIICTEpPre FaHa KOJIJAaHbLITYbl MYMKIH.

JKorappia alThUIFaH KipiC CUTHAIIAPABIH YII TYPJEPIHIH IMIIHE CaTBLIbI KIipiC CHUTHAJ
nananany yIiiH eH KapanaibIM OOJbIl TaObuTaabl (0J1, MBICAJIBI, KIPiC KJIalmaHHBIH allbLTyblHA
HeMece KaObUTybIHa, HEMECE KIpiC KEPHEY/l KOCY HeMece aXKbIpaTyFa CorKec). AJl CHHYCOHIAJIbI
KIpiC CUTHANABl Oepy YIIIH CHHYCOMJIANbI Scepiiep/li KaJbINTACThIPY KOHE COMKec AuanazoHja
KULTIKTI ©3repTy Tanan eruiefi. MMnynscTik ocep OoibIHIIA HMACHTU(UKATTAYda HUMITYIbCTIK
KIpIC CHUTHaNAapAbl KAJBINITACTHIPY JKOHE TMaiamaHyMeH OailllaHbICTBI  TEXHUKAJBIK
KUBIHIIBUTIBIKTAp Taiina Oonafpl. by omicTi ChI3BIKTaNFaH JKylenepre KoJAaHyFa OoJMaiibl,
ce6eb1 UMIYJIbCTIH aMILTUTYAAachl aHbIKTaMa OOMBIHINA [IAFBIH 00yl MYMKIH €Mec.

byn xepme 613 0O0BEKT AMHAMHKAChl MaTEMaTHKAIBIK MOJETIH HASHTU(DUKATTAY
npoOieMachiH KapacTeipambi3. KapanaiibiM TecTinieyini curHangap HeriziHae uaeHTU(UKaTrTay
o/licTepiH MaiiiajgaHyna 3epTTeeTiH OOBbeKT KipiciHe Oenriri Oip Typaeri KelOip YHBITKYIIbI
ocep Oepineni. OmpaH KeiiH *KYHEHIH OChl CUTHAJIFA KaWTapaThlH KaUTapbIMbl YaKbIT (QYHKIUSCHI
CUSIKTHI TipKenedil. Apbl Kapail Kipic CHTHaJIIbl MaTeMaTUKAaJIbIK OHJEY OpbIHIaNa bl. MyH/ail
OHJICY IIH MaFbIHACHI KeTecine. 3epTTeNneTiH 00BEeKT KeiHoip Oenrici3 MaTeMaTUKaIbIK MOIeIbMEH
cunarTanaapl aeiik. OHna etneni ypAicTiH naiina 6onran rpaduri 6eiriti 0acTanksl mapTrapia
KOHE KIpiC CHUTHaNAbIH Oenruvli  MaTeMaTUKalblK MOJENiHAe OOBEKTTI CUNATTAWTHIH
muddepeHnnanapl TeHASYIiH menriMi 6onaapl aen canayra O6onaabl. by kepi gen atanaTei
ecer, aHbIKTamMa OOMBIHIIA OJ1 KHCHIHIBI (KOPPEKTLTl) KOMBIIMaFraH ecenTep KiIachblHa KaTajbl,
ce0e0l OHBIH MISHIIMAEP JKUBIHBI MIeKCi3. MyHIail ecentep peryispu3alMsHbl Tajam eTell,
MBICaJIbl, 00OBEKT Typasbl KeHOip ampuopiibl akmapaTKa CYHeHil, I37eJiHeTIH MaTeMaTHUKaJIbIK
MOJIeNBJIH Oenriti Oip KypbUIBIMBI MEH TYpiH TaHaay. Toxipubene oOBEKTTIH KacueTTepi
KoapuuueHTTepi TypakThl (2.3) TypAeri KQIIMIi ChI3BIKTHI JuddepeHIanibl TeHaeyIepMeH
KETKLUTIKT1 TypJie A9 CUTATTaNaabl IS KUl aMaial b
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a d_”x+ +a %+ax—b ﬂ+ +b %+blu
n+1 dt" Zdt 1 m+1 dt™ 2 dt
Hemece 0OBEKTTIH afeKBaTThl MaTeMaTUKAIBIK Moxaeni Oombmn (2.8) Ttypaeri Oepimic

¢bynkuus Hemece OHbIH (2.25) TypAeri albIpBIMIBIK SKBUBAJICHTI:
Cc
W(p)=———exp(—p- N
(P =1 77, &P7) *)

HeMmece Kypaenuiey (2.4) typueri (erep oObeKT ©31H-031 JeHreiecTipy KaOuieTiHe ue 0osca)
HeMece ©31H-031 JeHrenaecTipMelTiH o0bekT yuiH (2.9 — 2.11) Typneri Tenueynep KbI3MET
aTKapybl MyMKIH

(*) epHEKTIH KapamnailbIMIBLIBIFBIHA KapaMacTaH OJI IIaFbIH aybITKYJap KarJaiiapbiHaa
O0OBEKTTEP/IIH KEH KIACBIHBIH JAMHAMUKACHIH JKETKUIIKTI TypJe Jon cunartaiasl. backapy
KyHeclH mainanany okarjaiiapeiHaa (*) Hemece xui (2.25) Typaeri MojaenabAEpAIH
kodbunmenTTepin  OediMaenik  (aAanTUBTI)  KOPPEKTUPOBKACBIH  XKY3€re  achlpaTblH
ajanTamnusiay anroputMaepioap.

ChI3BIKTBI JKYW€ YIIIH CYNEpIIo3WIUs TPUHINII SJiI, OHBIH MAarblHACHI — Ke3-KeJreH
YUBITKYTapAblH ~ KOCBIHIBICBIHA  OPKAMCHICHI  COMKEC OCEpMEH  aHBIKTAIATHIH  HIBIFBIC
peakuusIapAblH  KOCBIHJABICBIHA COMKec; OHBIH (opMachlH e3repTheil Kipic YHBITKYIb
©3repTKEH/IE LIBIFIC Iama J1a (OpMachIH ©3repTHel 1o COHAal e3repicKe YIIbIpanibl.

Cynepno3unusi TPUHITUIIL dJIEMEHTapJIbl YUBITKYIapaAelH Oenrial Oip TypiHe KaWTapaThiH
peakiusi apKpUIbl JKYHEHIH Ke3-KeNreH YHBITKyFa KalTapaTblH pEaKIUsChIH ©pHEKTeyre
MYMKIHAIK Oepeni. On yHIiH epKiH YHBITKYIbI TaHAAN aJIbIHFaH THITET1 dJIeMEHTapIIbl ocepiiep
apKBUIBI OcitHeney KeTKUTIKTI. TUnTiK YHBITKYaap peTiHae Oipiik cekipMmeni QyHKIUIHBI, OIpITiK
AMITYJIBCTIK  (DYHKIUSHBI, OIpIIK CBI3BIKTHI (YHKIUSHBI, OIpJIIK TapMOHHKAIBIK TeOETICTI,
KE3JIEHMCOK EKUIIK CUTHAJIIBI JKQHE C.C. KU1 HaigaiaHabl.

1 Bipaik cexipmesni ¢pynkuus keitbip ocepain 0 geH 1 AeHiH MIYFBUT ©3T€PYIH CUTIATTANIBI
(cyper 8.1).

fa

G-

0

Cyper 8.1 - bipnik cexipmeni GyHKIus
AHaIUTUKAIBIK TYpAE ceKipMeni QyHKIUIOHBI Keeciei jKka3a bl

=0 t=-0a&aid t<04lédaiaa
F() =1(t) = -

(8.1)
=1 t=+0@&aia t>0aiédaida

SIFHU, 0J1 Kenecl TypJeri caTbulbl OIpiIik acep:

1t>0
f(t)=1(t)={0tt><0

2 BipJjik uMnyabcTik pyHKIMA KbICKAa MEP3IM/i UMIYJIBCTIK TYTKI CUIIAThIHA He 0OJaThIH
KbICKa Mep3iM/ii YHBITKYIbI cunartaiins! (cyper 8.2 ).
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»
»

0| t
Cyper 8.2 - Bipiik uMIynbCTiK QYHKITHS

O - Jlupak GyHKIMACKH (AenbTa — (PYHKIUHKS) JeN aTalaThiH OipaiK UMIYJIbCTIK ()YHKIHS
O1pJIik cexipMmel PYHKIUSHBIH OIpIHII TYBIHABICHI OOJIBIT TAOBLIAIbI
s =10 =220 (8.2)
dt
JKOHE OJ1 IIEKCI3 MOH/I KaObUIMaWThIH t=0 Oacka OapJbIK >KepJie HOJbIe TeH, COHBIMEH Karap
t =0 KAMTUTBIH Ke3-KeJIreH MHTepBas OOMBIHIIA OJaH aJbIHFaH MHTErpaj OipJikKe TEeH IIapThbl

OpBIHHaHaHBI.
j S)dt=1 (8.3)

S(t) = oo,t =t
St)=0t=ty
MyHpaaii kKacuerTepre ue OoJaThiH (QYHKIMSHBI COJ HMMIYJILCTIH Y3aKTBIFBI HOJBIe

YMTBUTFaHJa OIpJIiK aymaHra ue OOJIaThIH OHTAaHOAIBI TIKOYPBIIITHl UMITYJIBCTIH IIETr1 PETiHIe
amyra 6omaapl (cypet 8.3).

Srun: 6(t)=6(t) = {

f4

S(=1)r—0
/ h—>x
X 2 s—1
h

y >t

0
Cyper 8.3 — bipunik cexipmeni QyHKIUS TYCIHIHE
3 k=1 Oomranpaarsl f(t)=kt Oipiik CbI3BIKTHI QYHKIUSHBI PAMOAIBIK YHBITKY JIEM T
aTaiinel (cypet 8.4).

f4 tgar =1

a »
0 t

Cyper 8.4 - bipiik cbI3bIKTHI (pyHKLIHS

MyHail YUBITKY OaKbUIAyIIBl PETTEY JKYHenepl YIIiH TUOTIK OOJIbIN TaObLIaabl.
4 bBipaik rapMoHMKAJbIK YHBITKYAbl JXHUI JKarnaija CHHYCOHUJANIbI 3aH OOUBIHIIA
©3repeTiH (PYHKIUS CUAKTHI jKa3ajpl (Cyper 8.5)
f(t) =sin et = el (8.5)
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St

h 4

Cyper 8.5 — Bipiik rapMOHUKAJIBIK YHBITKY

¥YiipiTKynapasiH MyHaai Typid APXK skuinik tannay oficTepinie naijaniaHajbl.

YUBITKYIIBI
Keibipeynepi 8.1 kecTene KenTipiIreH.

ocepiep peTiHAe THUNTIK GYHKUUSUIap NaiinanaHysl

MYMKIH, OJapJbIH

Kecre 8.1
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Wnentudukarrayna naigagaHbUIaTBIH €H KapamaibiM Kipic CHTHAJ - CaTBhUIBI CHUTHAIL.
MyHaali curHaABl KYHEHIH KipiciHAe, MBICANbl, KIpIC KJamaHIbpl KEHET ally Hemece kaly,
HeMece 0acKapylibl KepHEY/TOKTHI KOCY HEMECEe aKbIpaTy JKOHE C.C. apKbUIBI KAJIBIITACTBIPYFa
Oomanpl. Mmeanmpapl caThUTbl CHUTHAIIBIH ©CY YaKbITBI HOJbIE TEH, O (DM3MKAJIBIK TYPFBIIA
MYMKIH emec, ce0e0i MyHmall jkarmaiiia ecy >KbUIJaMIIBIFBI IIEKCi3 YIKeH OOybl THIC.
CoHIBIKTaH, Ke3-KeJIreH HaKTBhUIBI CaThUIbl KIpiC CHUTHANl WACANbJbl CaTBhIIBl CHUTHAJIBIH
aNMpPOKCUMAIUACH FaHa OOJBIN TaObuIanbl. BeIpak, erep CHTHAIIBIH ©Cy YaKbIThI €H JKOFaphbl
TapMOHUKAHBIH TEPUOJIBIHAH endyip a3 OoJica, OHNA WACHTH(HKATTAY KAaTeCy MarbIHACHI3
Oonanel. bereyimaepi 6ap ypaicTepae HeMece eJeyiep MIyabl KaMThiFaH (ToXIpuOeae xui
OpBIH aJIaThIH) JKaFAalIap/a Iyapl COMKECIHIIEe GUIBTPIIEY KepeK.

Otneni QyHKIUS KOMeriMeH WuaeHTU(uKaTrTay Oackapy YpAICIHEH ThIC, aBTOHOM/bI
KYprizuieai, COHABIKTaH OHbI TEK CTAllMOHAPJIBl YpAICTEepre FfaHa nainananyra 6omaabl. beipak,
caTbUIbl YUBITKYJIAp ICKE KOCY Ke31HJIe HeMece KaJbINThI )KYMBIC jkacay OapbIChIHA KYHenepIiH
KeOiciHe ocepiH THUTri3yiHe OaiylaHBICTBI ©THENl (YHKUUSIAPbl JKYHE KYMBICHIHBIH KaJIbIIThI
pexxumiH Oy30aif sxa3yra Oosansl. KapacThIpbllaThlH 9ICTIH KOCBIMIIA apPTHIKIIBUIBIFEI OCBIH/A.
CoHBIMEH KaTap, CaThUIBI CHUTHAJIBIH aMIUIUTYyJAdap JUAra3OHBIHAA JKYHE CBI3BIKTHI OOJIBII
KOpamaJiaHa/Ibl.

Perrenerin 0OBEKTTIH YaKBITTHIK JAWHAMUKAIBIK CHUIIATTAMAChlH ajly YIIIH apHaubl
9KCIEPUMEHT YHBIMAACTBIPbLUIAbI.

JKYMBICTBIH OPHBIKTBIPBIIFAH PEKUMIHACTI PETTENETIH OOBEKTKE YaKBITTBIH KEHOIp
MOMEHTIHJIE KeHOip YHBITKYIIBI 9cepi THUTI3eAl /€ OJaH KEWiH PETTENIeTiH IIaMaHBIH OHBIH
KaJIlblHA KEJIT€H MOHIHE JEWIH aybITKYJapblH YakKbIT OapbIChIHAA COMKEC eJlley acHanThiH
KOMETIMEH TIpKEHIi.

OkcnepuMeHTTI Oactamail TypbIl peTTeNeTiH OOBEKT JKYMBICTBIH OpPHBIKTBIPbUIFaH
peXKUMIHIC CKHIITIHE KO3 KETKI3y KepeK. PeTTeneTiH mIaMaHBIH OJIIIEHTeH aybITKYJIapbl
IIBTHAMIIBI O0JTYBI YIIIH TOXIpHOEHi 2-3 peT KaiTanay Kepek.

OKCIIEpUMEHT apKpUIbl TaObUIFaH OOBEKTTIH JMHAMMKAJBIK CHUIIATTaMachblHa OOBEKTTIH €3
CHUIIaTTaMachl MEH OIpre TIpKEyIll aCHaNThIH CUIIATTaMachl KOChUFaH.

Ocbiran 0GaiinaHbpICThl  (DU3MKANBIK LIaMajapAblH OJIApJbIH HOMHHAIbABl MOHJAEPIHE
aybITKyJIapbIHBIH JaTUYUKTEpl peTiHae OepiireH (u3uKaiblK HIamMaHbl KeHOip MoHAE ycTam
TYPaTBIH PETTEYI1 KYPBUIFbIHBIH eJIlIey OJ0TrbiHA KIPETIH AaTYMKTEp/l NailalaHFaH kKeH.

OOBEeKTTIH AMHAMMKAIIBIK CUNATTAPBIH aHBIKTAy YIIIH ToXKipuOene Kol arnaiaa eTmeni
cUIaTTamabl aily ojicTeMeciH mnaijanaHajsl. OOBEKTTIH AMHAMUKAIBIK CHIATTApbIH OHbBIH
oTIIeNl cumarTamachl (yAey KHUCBHIFbI) OOMBIHIIA aHBIKTayla KipICKe CaThbUIbl CHIHAK CHUTHAJIbI
HeMece TIKOYpBIITHl WUMITYyAbC Oepineni. Exinmi sxarmaiina ertmeni cumarrama (KaWTapbiM
KUCBIFBI) COMKECIHILE Y7eyl KUChIFbIHA AEHIH KYPBUTYBl THIC. OTIEN1 YpAIC Typaibl IepeKTepre
CYeHiI, 00BEKTTIH O6epislic GYHKUMACHIH ally ypAici 00BEKTTI HACHTU(UKATTAY €M aTanabl.

OTneni cunarramaHbl any OapbicbiHAa 8.2 KecTele KepceTuireH Oip KaTap IIapTTap.ibl
OpBIHJAY Kepek:

Kecte 8.2

OTneni cunaTTaMaHsl aJly HapTTapbl
No [aptTap
Erep TeXHOJOTHANBIK MapaMeTp/i TYpaKTaHIbIpy >Kykeci )kobagaHaTeIH 60Jica, OHJIA OTIeN]
cUIIaTTama YPIICTIH KYMbIC HYKTECIHIH aiiHaJachIHIa TYCiplyl THIC.

OTneni cunarramanapisl 0acKapylllbl CUTHAIIBIH OH KOHE Tepic CeKipMesepiHae TYCIpY)|
KEpeK.
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KuceikTapapiH Typi OOWbIHIIA OOBEKTTIH acCHMETpPHUs IopeXkeci Typaibl MIKip jKacayra)
0onaabl. AcCHUMETpUsCHl a3 0oJica peTTerimn OanTayiaapblH ecenteyai Oepiric GyHKIUsIIap
MapaMeTpiIepiHiH OpTallajJaHfaH MoHJEepl OOWBIHINA >KYPrisy YCHIHBIIAIbL. CBI3BIKTHIK
ACMMETPUsT OacKapyIbIH JKBUTYIJIBIK 00BEKTUICPIH I K11 OPBIH allafbl.

[[lynanran IwbIFEIC O0ap OOJATHIH KaFmaiiiaa OipHemIe oTmeni cunarramanapiasl (yaey
3 |KHCBIKTapbBIH) TYCIpil, OJaH KeiiH ojapabl Oip-OipiHe KabaTTAaCTBHIPBIN, OpTaIIajJaHFaH
KHUCBIKTHI aJIFaH JKOH.

OTnesni cunarramansl Tycipy OapbIChIHAA YPHAICTIH €H TYpPaKThl PEKUMIEPIH TaHAay Kepek,
4 IMbICcasbl, CHIPTKBI KE3/1E€HCOK YHUBITKYJIAp/bIH 9CEp TUTI3y BIKTUMAJABIFBl ©T€ a3 00JIaThIH
TYHT1 ayBICBIMIAPIbI.

OTneni cumarraMaHbl Tycipy OapbIChIHA ChIHAK KIPIC CUTHAJIJBIH aMIUIMTYJAchl, Oip
PKaFbIHAH, TIyJap/blH >KaHBIHIA OTIENl CUNaTTaMa aHBIK EPeKIIeNCHETIHACH MKETKUTIKTI
TYpJE YJKEH OOJybl THIC, ajl eKIHII1 JKaFblHaH, TEXHOJOTUSIIBIK YPAICTIH KaJbIIThI JKYPICIH
0y30ay yIIiH KETKUTIKTI TYp/i€ HIaFbIiH OO0JIYbI THIC.

O3in-03i aeHreiiectiperin 0ackapy O0BEKTIHIH JAMHAMHUKAJBIK CUNATTaMajlapbiH
OHbIH OTHeJi cunarramacbl OoiibIHIIA aHBIKTay. Perrey OOBEKTIHIH AMHAMHKAIIBIK
KaCHETTEepPIH aHBIKTayJa CaTbUIbl VHBITKYIIBI dCEpJl OTe Kl MaiganaHaabl, SFHUA, OOBEKTTIH
orneNi (GYHKIUACBIH JKCIepUMEHTanbasl Tabaasl (cyper 8.6). Perrey ypaiciHiH e3iH-63i
JEHTeIIeCTIpyl e Kipic MEH HIBIFbIC apachIHAAFbl TENETCHIIK Oy3bUTFaHHAH KEHIH peTTeIeTIH
O00BEKT aJaMHBIH HEMece€ PeTTETIITIH KaThICYbICHI3 COJI KaJIBINTHl KyWre KaiiTa opasiaTbiH
KACHETIH aTaiapl. ©31H-631 JEHreHIecTipy peTTeNIeTiH MaMaHbl KbUIAaMIay TYpPaKTaHIIbIpYyFa
BIKITAJIBIH TUT13€/1, )KOHE COHJIBIKTAH PETTETINITIH KYMBICBHIH )eHuiereal. bip kipici xone 61p
HIBIFBICEI  0ap OOBEKT KapacThIpbUIAJbl, OHBIH KAaCHUETTepi: CTAIllOHAPJBIK, CBI3BIKTHIK,
rmapameTpJIepiHiH KUHAKTBUIBIFEL. Kipicke caThlibl ocep Oepiie/li )KOHE MIBIFBICTA Y/IeY KHUCHIFBI
tycipiteni. Kepi ecenti memy xkepek: Oenriii yAey KHCBHIFbI OOMBIHIIA TEHICYIH
K03 puIueHTTEPIH aHBIKTAy KEpPEK.

X4
/gs(t)
—— A
ol. 7, ; Xk 1
< Y > T

Cyper 8.6 - bipauik cexipmeni QyHKIUSA

bizai (*) Typaeri TeHIey KaHaFaTTaHIBIPATHIH XKaFai/1a OHbIH MapaMeTpiepin Taby oHaii:

o . . X
e KyluelTy ko3¢ ¢unuenti — popmyna OoibiHIa: C =ﬁ, MyHJa: Xy - IIBIFBICTBIH

TYpaKTaJFaH MoHI, all AU — OOBEKTTIH KipiCIHIET1 YIBITKY;
® yakbITTbIH T TYpPaKTBICBIH — Y€y KUCBHIFBIHBIH WUy HYKTECIHIET1 >KaHaMaHBIH
npoeKIuschl petinae (cypet 8.6);
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e Kimipy 7 yakbIThl — 0 HYKTe[EH Y€y KMCHIFBIHBIH HLTYy HYKTECIHJIETi KaHaMaHBIH
YaKbIT 6CIMEH KUBUIBICY HYKTECIHE JCHIHT1 apa-KallbIKThIK peTinae (cyper 8.6).

AIeKBATTBUIBIKTBI Tekcepy. byn mpoOnemansl memry ymriH oObeKTTiH (*) TypiHzmeri
Oepinic (YHKUMACBIHIA IIBIFBIC (QYHKIUSHBI MOJENbICY Kepek. SlFHu, Oip Kipici koHe Oip
IIBIFBICEL  0ap OOBEKT KapacThIPbUIAAbI, OHBIH KAaCHETTEpi: CTAI[MOHAPJBIK, CBI3BIKTHIK,
napaMeTpIiepiHiH KUHAKThUIbIFbI. Kipicke caThlibl acep Oepiyiesil XoHE LIBIFbICTA Y/AEY KUCHIFbI
tycipineni. Typa ecenTi menty kepek: oenriii Oepuitic GyHKIUSACH OOMBIHIIA Y€y KHCHIFbIHBIH
rpadurin aHpIKTay Kepek. bys kapanasim Meicania (2.13) Tenaeyni naijanany KeTKUTIKTL:

>A((t):C-AU ~{1—exp(—t;—r)} (t>7r Oonranma)
>A((t)=0 (t<z) bonranaa

8.7 cyperreri Mathcad xyiiecinae menriareH Mpicaaabl KapaHei3. Erep kemeci dopmyna
OolibIHIIIA TaOBLIFaH O MAHI 3-7% acmalTeIH 00Jica, OHJIa MOAENEL aJeKBATThI OOJIBII CaHAIAIbI:

o

~100% ZN:xi—f(i

N i=1 Xi

Erep & kareHiH MoHiI eTe ylKeH 0oJica, oHJIa rpaUKTeri >kKaHaMaHbIH OPHBIH aybICTBIPY
Kepek (0J WiTy ChI3BIFBIHAH OTyl MIHAETTI emec). byn ga xopmem Oepmece, oHma Oepiiic
GYHKIUSHBL aTyABIH JNIPEK OMICIH MaijanaHy Kepek, MbIcanbl aymganmap oniciH (Cumoro
OMICIH).

O3iH-63i geHreiJiecTipeTiH 00beKTiJIEPAIH TMHAMUKAJBIK CUNIATTAMAJIAPbIH ayJIaHAap
Jnicimen uaenTudurarray. byn oxic 6ackapy oOBEKTUIEPIHIH TUHAMHUKAIBIK CHTIaTTaMalapblH
UIeHTU(DUKATTAYIBIH HHXKCHEPIIIK 9icTepinin Oipil 6osbin Tabbutanbl. by omic SEMae xy3ere
achIpy YIIiH 1€, KOJIMEH €CenTeyre Ji¢ BIHFAWIbl KOHE TOKIPHOe YIIIH KaHaraTTaHAPIIbIK
IQIIUTIKKE HE.

Oic 6ackapy YpAICIHEeH ThIC WACHTU(UKATTAY bl Ko3aen i, ceoeoi o1 ABXK-Hbl KaJbITIThI
nalananyiarel OJIIeYyIepIiH HOTHKENIECPIH Maimananoanapl, aix oOBEKT KipiciHe OepuieTiH
caTblUlbl YHBITKYFa KaWTapabITH OOBEKTTIH KaWTapbhIM KHUCBIFBIH TyCipy OOWBIHINA apHaibl
SKCIEPUMEHTTEpAl OTKi3yai Taman eteni. OCbl 3KCHEPUMEHTANb/bl aJblHFaH YAEY KHUCBHIFbI
OoMbIHILIA KeJlecl TypAeri Oepitic GyHKIUSHBIH KO3QPUIHUEHTTEP1 aHbIKTAIa IbI:

W(p)=C-W".e P& (8.10)
MYHJarbl:
M "
by + Zbi+lpl
W* = i=1 M<N (8.11)

S
1
a +Zai+1p
i=1

O31H-631 JeHreinecTipeTiH 00BEKTTIH KYMENHTK KO3 UIMEeHTI keneci popmyna GoHbIHIIA
ecenTene:
oo X
AU
OicTi ©31H-031 IeHreiIecTIpMENTIH 00BEKTUIEP IiH YILIH Je naiaananyra 601abl.
Tasa kemnry yakpIThl 7; YA€Y KHUCBIFBIHBIH TI'paduriHeH YHBITKyAbl OepreH MOMEHTTEH
O0OBEKT LIBIFBICHIH/IA PEAKLUSHBIH MMaiia 00IybIHA IeHIH OTKEH YaKbIT PETiH/Ie aHBIKTAJa/bl.

(8.12)
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Aynannap omici (8.11)-re xipetin ai, bi, M, N koadduumentrepai aHpIKTayra MYMKIHJIIK
oepemi.

Temenzeri cyperre KepceTUIreH TYpHAEri KYphUIBIMIBIK cXeMmara me OomareiH Oip Kipici
XOHE OIp IIBIFBICHI 0ap CTAIMOHAPIBI CHI3BIKTHI OOBEKTTIH MAaTEMATHKAIBIK MOJCIIH aHBIKTAY
YILIiH ayaHap oMiCiH maiaanaHy MBICAJIBIH KapacThIPAbIK:

u() X(®
—> O0BvekT —

8.8 cypeTTe SKCHEpUMEHT HOTHIKECIH/E aJbIHFAH Y€y KHUCBIFBI KOPCETUIreH. OHIey YIIiH
yakpIT OOMBIHIIA At KaJaMMEH OepuIeTIH HIBIFBICTBIH Xi JIUCKPETT1 MOHJEpIMEH OeiHeNneHreH
YaKbITTBIH t =7, MOMEHTIHEH OacTajfaH yJey KUCHIFbIHBIH 06l maiJananbuiajpl. t =73 HYKTE
KOOPJIMHATTAPAbIH jkaHa 0achl peTiHae KaOblIaaHa bl.

Ecenteynepae HopmanmanraH TypJeri yJey KHUCBIFBI NaiiianaHbliazibl, OJ1 OacTankblIaH
Keneci popMysia OOMBIHINIA aTTBIHAB:

Zi = 1-Xil Xk (8.13)
Aynannap oxicinin mareiacsl (W*)? GyHkimsabl p 1opexenepi GoiibIHIIA KUBIK KaTapra
KIKTEyre KeNTipiiaeal, SFHU KeJecl XKIKTeIyre:
N
wEt=—t =1+ R (8.14)

W (p) i1
(8.14) kiperin Fi uaTerpansapik aynanaap kemeci popmMyianap OOHBIHINA ecenTene/:

F = jZ(t)dt (8.15)

0
F, = TjZ(t)dtz =F? = TZ(t)(l- 0)do (8.16)
00 0
S
00

t 0 92
jza)oltf5 —F3 = j Z((1-20+ =)0 (8.17)
0 0
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( t) \ n -éfee+Aioal of+aé edeaié dacaiia n=20 i=1.n
X VicxoaHble AaHHble X
Ne | t-Bpems x - Bbixog, | N - 81y00L68AI0 6fieeaiey T41A80a c=-_ c-047
1 2,10 88,86 0,00 10
2 4,80 88,86 0,00| = - adaly caiacataaiey audéoa T:=75
3 1,43 el 0311 o - notyiiay acdiaie  Tauaeoa T:=10
4 10,18 89,96 1,10 . A
5 1322 90.81 To5| Endiaiay eeaay dacalia aiisieneiesodony iaaasiiai
6 16,25 T, 57| 010&RAN a AidoeTae+anell cadia i iA0aAAsHie O6ieoeae:
7 18,83 92,02 3,16 IS
8 20,86 92,31 345 Wipl= T exp(—p- T} & 1RBAGTAIG IBIGARRN:
9 23,94 92,68 3,82
10 28,11 93,03 417 s - 1 ss
11 30,10 93,19 233 XH=Cal | 1-exp(=——) y tzT
12 32,92 93,27 4,41
13 34,16 93,36 4,50 _(t_ _ 1—)
14 38,20 93,46 4,60 X, = if|:t_ <1,0,C-10- {1 < exp|: ! ﬂ:|
15 42,17 93,53 4,67 ' \ T
16 43,00 93,54 4,68] ik rmanr e
17 2400 93 55 269 I61aadéa aaaéaaoiifioe:
18 45,00 93,56 4,70 X — X % — X.
: : : 100 100
19 46,00 93,56 4,70] &= (sz ('—X') 81 ::(T)Z M &1 =6.773
20 47,00 93,56 4,70 s’ O 1 i 5 Abdss
Niglgiay eeiey - endiaiay édeaay dacaiia, ivieoediay eeiey - dadcoeioao aidieneiacee
5
Xn
4.5
4
35
3
X
+=+ 55
X
+—
2
15
1
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O L
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t

Cypert 8.7 — AeKBaTThIIBIKTEl TEKCEPY MbICAIIBI

Fi mamanapbl caHABIK MHTETpalay 9IICTepIMEH aHBIKTanaabl. MbICaNbl, erep Tpamneuusiap
QIiCIH IMaiganaHcak, OHJa:
F1 = At (S5:-0.5) (8.18)
Fo = F1 At (S2-0.5) (8.19)
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Fs = F12 At (Ss-0.5) (8.20)
Fi=F/'" At (S-0.5) (8.21)
MYHIarbl:
k
=22 (8.22)
i=1
k
S,= 2 Z-6) (8.23)
i=1
k 9_2
S5 = ;Zi (1-26,+=-) (8.24)
k 2 3
Nz B _ R, 0 67
S4 -;z.(ﬁs F2O Gy (8.25)
N 26" "7 GRle)
S _;Zi((l—l)!+(l—2)!+§ Fll_j_l i ) (8.26)
6, =tilF1 (8.27)

ConbiMeH Zi1, Z7, Zx MoHzepiHe ue 00abIK, Fi —1bp1 ecenTey KubIH emec.
bepinic dynkusapiH N peTiH Keneci mapTTaH aHbIKTayFa 0oJazsl: erep Fii—Te kaparanaa
Fi a3 6oiica, Hemece erep Fi < 0, onga N=i-1.
M 1m1amachl Keneci mapTTapJaH aHbIKTa a bl
Erep X(0)=0, an X’(0)#0, onga M=N-1
Erep X(0)=X"(0)=0, onma M<=N-2
Erep X(0)=X’(0)=X"’(0), onma b2=b3=b4=...=0
bi xome ai xoddduIMEHTTEPAIH MOHIACPI KejeCi TeHiaeyJaep KYHECiH ey apKbLIbI
TaOBLIAIBL:
ar=1; bi=1
a=F1+h
az=Fa+bs+boF1
as=F3+ba+bsF1+boF (8.28)

-1
a=Frat+hb+ ZzbjFl_j
j=

byn xkyitene >N+1 skone j>M+1 Goaranma op ai Hemece b opHbIHA HOJbAEPIi KOMBII
IIBIFBIT, OJIaH KEeHiH & MeH Dj —Fa KaThICTHI IIeIry Kepex.
Konmen ecentey 6apricbinna onerte Fi1, F2, F3 ecenteymen mekrenin, erep F3<0, Hemece
erep X’(0)#0, onma M=1, N=2 nen kabwuinaisl, sau W*(p) Gepinic pyHKIMSIHBIH TYDi:
W (p) = b, +b,p (829)

a; +a,p +agp?
myHzarel 01=1; bo=-Fs/F2; a1=1; a;=F1+hy; as=F+b,F
an erep X’(0)=0xone F3>0, onga M=0 ,N=3, an 6epinic pyHKIUSIHBIH TYPI:
1 (8.30)

a1+a2p+a3p2 +~‘-14P3
myHma: b1=1; a1=1; ax=F1; as=F2; au=F3
(8.31)

W (p) =
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Cypert 8.8 a — OOBEKTTIH KipiCiHIET1 YHBITKY
X B Xkl C X(t)
X6~ X
G X5
x4
X
X2
X0 X1 &
A D

tO tl t2 t3 t4 t5 t6 tkfl tk

Cypert 8.8 0 - O3iH-031 IeHreinecTipeTiH 00bEKTTIH Yy KHUCHIFbI

V()
X
5 Yk-1 C / X0 vy
g / v
<T2> Y4 Y‘E‘)"“ )(k-]j
x5 7”7
X0 2 A
X a D

P
Totitataty ts e g ty t

Cypert 8.8 B - O3iH-031 JCHI €iJIECTIPMENTIH 0OBEKTTIH Y€y KUCHIFBI

Konmen ecenreyie HOTHX)KeNEPi Keyleci TypAeri KeCTere TYCIPreH bIHFaIIbI .
Kecre 8.4.

ti Xi Zi gi 1- gi Zi(l' ei ) 1-2 9i +[] Qi 2/2 Z|(1'2 0i +[] Qi 2/2)

1 2 3 4 B 6 Il 8

byn kecre K karapasl kamMTuabl. AJIBIHFBI €Ki OaraHa OacTamkbl JEpPEeKTEpIi — YaKbIT
HYKTEJIEpi MEH HIBIFBICTaFbl MOHIEPI KAaMTUABI. 4 GaraHIaFbl CaHIapAbIH KOCBIHIBICH S1 MOHIH,
6 OaraHHBIH KOCBIHJIBICHI - S2, 8 GaraHHBIH KOCBIHIBICH - S3 Oepei.

CoHbIMEH KaTap, ©31H-631 JEHreusaecTipMelTiH e0beKTTep ne KapacTelppliran NeS [3]
3epTXaHaJbIK KYMBICTA KEJITIPUIreH MblCAIApAbl KapaHbI3.

BackapyablH JIMHAMHKAJBIK O0OBEKTICIH MMIYJbCTIK cuUmarraMa OOHMBIHIIA
uaeHTuguKarray. Keiine TeXHOJOTHsNBIK MmapTTap OOMBIHIIA OOBEKT KipiciHAe «Oipiik
CEeKIpICT» y3aK YakpIT ycTanm TypyFa Ooamaiapl. OHZA Y3aKThIFBl IMIBIFBIC CHTHAJIBI
OalfkanaTelHIal ©3repTy VIIIH >KeTKUTIKTI OONaThIH «OIpIiK HMIYJIbC» THUITErl YHBITKY
Oepineni. ToxipuOenik Typrbiga «OIpiliK HMMITYJIbC» Ti30€KTeNreH exi «Oipiik cekipicTep»
peTiHme KapacThIpbLiansl, Tek Oipinmrici (+1), anm exinmrici (-1) monre ue. OOBEKTTE ambIHFAH
OKCMEPUMEHTAIb/Ibl HUMITYJIbCTIK CHMATTaMa — OOBEKTTIH IIBIFBIC CUTHAJBIHBIH YaKbIT
OapbIChIHA ©3repy rpaduri rpapuKagblK TYpIASHAIPYIEp apKbUIbl 3KCIIEPUMEHTANBIBIK YACY
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KHCBIFBIHA JICWIH KYpbUIAJIbI J1a apbl Kapaid W, (p) - MaTeMaTUKaIBIK MOJACIBII 13/1ey JKOFaphlia
KOPCETUIreH JKOJIMEH jkacanaabl. OOBEKTTIH UMITYIbCTIK CHUIATTAMACHIH 3KCIICPUMEHTAIBIBIK
Y€y KUCBIFbIHA JICHIH KaliTa Kypy KeJecineld opbIHaaia bl

$ Xax
1
1
L .
AT T
4 |
X Brix
a, | o K
as | o IKCNepUMeHTanLHanA
l /| KpUBas pasroHa
a1 a, a3 @
i
|
.y '.--"""‘l"""'--...u HMNYNLCHaA
1 I | XapaKTepucTHKa
aq | /
| 1 L 1

T

Cypert 8.6 - DKCIIepuMEHTAIBIBIK UMITYJIBCTIK CHIIaTTaMaHbI YIey KUCBIFbIHA TYPIACHAIPY
cyJ10achI

bakbuiay cypakrapbl

1 cHHYCOMIAITB/IBI, CATBIIBI XKOHE UMITYJILCTIK CUTHAIIAPMEH COMKECTCHIIPY dJIiCTepi;

2 eTIeN CUIaTTaMaHbl bl TACTay IapTTaphl

3 ©Oackapy OOBEKTICIHIH JWHAMHKAJIBIK CHIATTaMaJapblH OHBIH OTIEIl CHIaTTaMachl
OOMBIHIIA ©3/IMHEH TETICTEY apKbLIbl AaHBIKTAY;

4 aymaHAapAblH OICIMEH ©3JIIrHeH Tericrey apKbpUibl OOBEKTUIEPAIH AMHAMMKAIIBIK
CHIaTTaMaJIapbIH COMKECTEHAIPY;

5 TMHAMHKAIBIK 0ackapy OOBEKTICIH UMIYIbCTIK CHUIIaTTaMa OOUBIHILIA COMKECTEHIIPY.
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9 sexkumsa Kuinik cunarramajapabl aHbIKTAy

MakcaThl: JeKIusIa KapamnaibiM TECTUICYII CUTHAJAAP HeTi3iHae Oackapy oObeKTiIepiH
UACHTU(UKATTAY OiCTepi KapacThIpbUIFaH. by omictep ASCTYpii TypAe WHXKEHEPIIK
ToxipuOene mnaipananpuiagpl. OOBEKT KipiCiHE TEPHOATHIK CHIATTaFrbl  YHBITKYJIapIbl
OepreHzieri KMUTIK  CHUIAaTTaMalapAbl  AHBIKTAY JKOHE  OKCIEPUMEHTAIAbl  JKUUTIKTIK
CHUIIaTTaMaIap bl alpoOKCHMALUSIIAY KapacThIpy.

Te3ucrep

JAuHaMUKaJBIK OYBIHHBIH KHIMIKTIK cunmarramjapsl. JIuHaMUKaIbIK OYbIHHBIH
KUUTIKTIK CHMaTTamachl Jien Oepiiic (yHKIMS OpHETIHIET1 P- HbBI jo-Fa (OopMalbJbl TYPAE
QJIIMACTBIPY apKbUIbI AJIBIHFAH KEUICH 11 j© apTyMEHTTIH (YHKIUSACHIH aTalIbl.

XKorapsiga KapacteipburFad (2.19-2.21) dopmynanap XKuuUIK cUOaTTaMaiapblH 9pTYpIi
TYpJEpi apacbIHAAFbl OailIaHbICThl CUIATTaN/IbI.

Ecke Ttycipeitik, NUHAMHUKAIBIK OYbIHHBIH JKHUTIKTIK CHIIATTaMAaChlH IIBIFBIC CHUTHAT
cnekTpiHiH (Pypbe TypJeHIIPYiH) Kipic CUTHAJ CIIEKTPIHE KAaThIHAC PETIHC aHBIKTayFa 00JIajIbl.

ByBIHHBIH KHUIIKTIK CHIATTaMachlH OULy Kipic CHEKTp OOMWBIHINIA IIBIFBIC CHEKTPIl
aHbIKTayFa MYKIHAIK Oepei.

9.1 cyperte Keibip AMHAMHUKAJIBIK OYBIHHBIH )KUUIIKTIK CUIIaTTamMallapbl KOPCETUITEH.
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Cyper 9.1 — XKuinikTik cunarramanap

CBI3BIKTHI XKYHEHIH KipiCiHe Keseci Typeri CUrHam oepiice:
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U(t) = A, sin(at) = A, -exp( jat) (9.1)
LIBIFBICTA KeJIEC1 CUTHAJ 00J1a bl
X(t) = Acsin(at +¢) = A -exp(jat +¢), (9.2)

OchIlaH HAaKTBUTBI (1 JKULTIK YIIH CBI3BIKTHI JHHAMUKAIBIK OybIHHBIH, 0OBEKTTIH HEMece
Oackapy >KYMeCiHIH XHUUIIKTIK CHIaTTaMaJIapblH SKCIEPUMEHTAJbIbl aHBIKTAYIBIH KapanaibiM
QITOPUTMI IIBIFA/IbL:

- OOBEeKT KIpICIHE MKHUUIIKTI ®1 >KOHE aMIUIMTYAachl TYPAaKThl OOJAaThIH CUHYCOMIAJbI

CUTHAJ/IBI Oepy;

- OTIeN YPAICTIH epKiH KypaM/IaCchbIHbIH 0aChUTYBIH KYTY;

- IIBIFBIC CUTHAJIJIBIH aMIUIMTYAAChIH JKOHE KIpIC CUTHAlFa CajbICThIpMaibl OHBIH (¢a3a

OOMBIHILIA BIFBICYBIH OJILICY.

HIpIFpIc TypaKTadfaH CHUTHaJl aMIUIMTYIACBIHBIH KIpiC CHUTHaJl aMIUIMTYJAchlHAa KAaTbIHACHI
®1 KUUTIKTET1 )KUUTIKTIK CUITaTTaMAaHBIH MOJTYJTiH aHBIKTANIbI.

Kipic curnanra cajbiCThIpMaibl MIBIFBIC CUTHAI (Da3achIHBIH BIFBICYBl (1 SKHLTIKTErl
KHUUTIKTIK CUTIaTTaMaHbIH OYPBIIIbIH (ApTyMEHTT1) aHBIKTAN/IbI.

Ocer  amroputval 0 JeH MIEKCI3MIKKE JEHIH KUUTIKTEp VIIIH KOJJIAHBIN, HAKTHUIBI
KYPBUIFBIHBIH JKUUTIKTIK CHUIIAaTTaMachlH 3KCIIEPUMEHTANIbJbI JKOJIMEH aHbIKTayra OoJajpl.
JKuinikTik  cumarramManapabl  TYCIpyre  apHajlFaH — OKCIIEPUMEHTAJIbIbl  KYPBUIFBIHBIH
(YHKIIMOHAIBIBI CYJI0ACHIHBIH TYP1 9.2 CypeTTe KOpCeTUIreH.

A =const &y =var

Ay sin{ 1) Ay sinf @r + @)

Tenepartop

CHHYC o HIATEHELX WeTpoHcTES
CHHANCE

2-% mydep0 o comnorp ab

) BxOp |

(O BEOfg 2

Cyper 9.2 — XKuiniktik cunarramaiapsl Tycipy

®1 JKUUTIKTE epKiH KypamJachl OachUIFaHHaH KeWiH ociuiorpadThlH 3kpaH OetiHae 9.3
cyperTe KepceTiireH OeifHeHi anambi3. EckepTy, JKMUTIKTIK cHIaTTamaiapibl TYCipy
mporexypachl — y3ak Ipoueaypa, coedi 6ip Toxipudene — 9.3 rpagukTiH Tek Oip HyKTeci FaHa
aITBIHA/IBL.

i 3

> @y
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A —Kipic A, sin(ot) CUTHAIIBIH aMILTUTYIACH;
B - wbiFbIC A, sin(wt + ) CUTHAIABIH AMIUTUTYIACHI;

¢ - daza Oo¥BIHIIA BIFBICY
Cypet 9.3 — XKuinikTik cunarramanap/sl TYCIpyAeri Kipic KOHE IIBIFBIC CUTHAIAAP

ANBIHFaH ~ JIepeKTepiH Heri3iHAe KeImIeHAl Ka3bIKTBIKTa KYPBUIFBIHBIH  JKUUTIKTIK
cUIaTTaMachlHa KaThICTbl HYKTEH1 KypyFa Oo0jajibl, ajl )KUUIIKT1 HOJIbJEH LIBIFBIC TYpaKTaJFaH
CUTHAJIbIH aMIUIMTyJachl ©Te IIaFblH I1aMa OoJiFaHFa JEeWiH e3repTKeHJAEri HYKTelep
KUBIHTBIFbl aMIUIMTyJanbl-Ga3aiblK kUUTIKTIK  cunatrama (A®XKC) Oosbmm  TaObLIABI.
CypeTTeH KepiHeTIHAeH, Oy nepekTep OOMBbIHIIA KYPBUIFBIHBIH Ke3-KEJITeH KaXKeTTI KULTIKTIK
CUIATTaMaChIH KypyFa 00Jabl.

Im
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B
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Cypet 9.4 — A®XKC rpaduri

Typai oOBEKTTEpAIH XKHUUIIK CHUIIATTaMajlapblH KCIIEPUMEHTAIBIbl ally YIIH HHKCHEPIIK
ToxipuOene apHaiibl acmanTapAbl KOJIaHAIbl, all COHFBl Ke3[epl MyHJail MakcaTTap YIIiH
apHaibl eHri3y-LIbIFapy IUIaTATapblMEH oHE KOJJaHOalbl MporpaMmalap IMakeTTepiMeH
xaOIpIKTaNFaH 1epOec KOMIBIOTEpIIep KeH MaijaiaHbluIabl.

Korapbiga alThUIFaHHBIH OOpIH €CKepEe OTBIPHIN, JKUUIIK CHIATTAMaHbIH (U3UKAIIBIK
MarbIHACHI Ja aHblK 00saabl. O TypakTalraH pexuM/Ie )KYMBIC KaCaUThIH TUHAMHUKAIBIK OybIH
(KYpBUIFBI) KUALTIT ® KIpiC CHHYCOUIAaHBIH aMIUIUTYIAChIH HEIIE €Ce ©3TePETIH/IIrH KoHE Kipic
CUHYCOHIaHbI (pa3a OOMbIHIIA KaHAal OYPBHIIIKA BIFBICTHIPATHIHIBIFBIH KOPCETEI1.

AKuitiktik cunmarramajapsl 0oiiblHIIA 00BEKTTIH Oepiic (PYHKIMSACHIH AHBIKTAY.
Ecenteynep vymiiH Oip Karap SKETKUIIKTI TYpA€ KypHeni oicTep JKOHE IKHUUIIKTIK
cunarTaManap/pl OHAeyre apHajFaH ecenTeyill KYphUIFbIIap 6ap.

Onicrepaid OipeyiH KapacTblpailblk. Vnentudukarrayapiy Oyl ofici mapamerpii emec
omicTep KaTapblHA JKaTajbl, ce0e0i alabIMEH DKCIIEPUMEHTAIBABI TYpPJe OOBEKTTIH MKHULIIKTIK
cUmarTaManapblH TycCipeldi, ajd oOJaH KeHiH alblHFaH »SKCIEePUMEHTAIbAbl CHIATTaMalap
OoibiHIIa Oepimic  (GYHKUMAHBI  ecenTeiifl. ODKCIEepUMEHTTepAl  JKYpri3yleri — Herisri
KUBIHIIBUTBIKTAD — OKUUTIKTEPIiH JKYMBICTHIK JHAMa30HbIH AaHBIKTAy JKOHE OOBEKTTIH
HIBIFBICBIHAAFBI TepOernicTep ociHiH aped¢i. XKui kargaiga >KYMBICTBIK S>KUUTIKTEpP ayMarbl
mamanan Oepineal Ae €H YJIKeH KOHUI Kipic JKOHE IIBIFBIC TapMOHUKAIBIK CUTHAJAAP
apachIHarsl (aza GolibiHma bIFbICY 1800 6omaThIH apanbIKKa ayIapbLIabl.

Kuiniktik cunarramanapiasl  Tycipysle OOBEKTKE acep THUTBYAIH Typil OIICTepiH
naimagaHabl.

Cunyconsanbel TOJKBIH 9fici OOBEKTTIH KipiciHe TapMOHHUKANIBIK TepoemicTepai Oepyi
ke37ell. JKyYMBICTBIK TUarna3oHHbIH IMIIHEH TaHAaIl ajJbIHFaH opOip KHUUIIKTE KeKe Taxiproe
Kyprizuneni. 3eprrereTiH OOBEKTTIH KIpiCiHAE TaHJAN anblHFaH KUUIIKTIH TepoOemicTepi
KO3JbIpbUTaasl. TepOernicTep ypaici TypakTadFaHHAH KeiiH yoHe TepOeicTepAiH oci, 0JIapIbIH
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dbopMackl MEH aMIUIMTYJAchl ©3TepPMEWUTIH OOJFaHIa KIpic KOHE IIBIFBIC TepOeTicTepain
aMIUTUTYAaJIapbl MEH OJIApJIbIH apa3blHAAaFbl (ha3anblK bIFbICYAB! emmeial. [breic TepbenicTep
aMIUTMTYIaChIH Kipic TepOeicTep aMIUTUTyJachiHa OemymiH OemiHAICi ajblHFaH >KULTIKTET1
KHUUTIKTIK CHUIATTaMaHbIH aMIUTUTYNAchiH, anl (a3a OOMBIHIIA BIFBICY — (Pa3aiblK JKUUTIKTIK
CHITaTTaMaHbIH OpJMHATACHIH Oepei.

By onicti maiimananyaarsl HETi3T1 KUBIHIIBUIBIK — AYPHIC CHHYCOHMIANIBI (hopMara ne yJIKeH
KyaTTbl TepOesicTep/ii KO3AbIpY KaKeTTUIIr.

CoHIIBIKTaH KU1 KaFJaiia «TIKOYPBIIITED) TOJKBIH OMICIH MaimanaHansl. byn skarmaiiga
OOBEKTTIH KIpiC IIaMachblH OJIIEHTIH acnan OOMBIHIIA OChl IIAMAaHbl ©3repTETIH PEeTTErIIl
MYIIEHIH YII >KaFJaiibl rpaaynpoBKaiaHaabl. Opragarbl KyH chIHaylapAblH OacblHIa OOBEKT
MKYMBICBIHBIH PEXHUMI TYpaKTaJaTbhlH KIpIC IIaMaHbIH MOHIHE colikec (TepOernicTep ecl); KaiFaH
eKeyIHIH apaKalllbIKTBIFbl OpPTAHIIbI KarjgaiiiaH ekl »akka Oipaeil. ToxipubeHi OacrtayJbiH
aNJplH/IA PETTEylIl MYIIe OpTaHIUbl JKaFjaififa OpHATBUIBIN, OOBEKTTE TYPAKTHl PEKUM
OpHaTBUIFAHIIA COJ Kyizae ycram Typbuiafbl. OfaH KeiliH peTTeylll MyLIle YaKbITThIH Oipieit
TaHJan ajblHFaH >KUUIIKTIH >KapThl NEpHOJbIHA COWKEC apajbIKTapbhl cailblH Oip MIeKTI
KarJaiblHaH EKIHILIICIHE >XOHE Kepl aynapbuiaabl. by aybICTHIPBII-KOCHUIYIAp OOBEKTTIH
LIBIFBICBIHAAFBI Y(t) TepOenicTep TypakTanraH (opMaHbl KaObUIaFaHIla JKaJFacTeIpbliIa Oepel.

OOBEKTTIH IIBIFBICBIHAAFEI TEPOCTICTEPAIH aIbIHFAH OCIIJLIOTpaMMalapAblH HETI3IH/IE,
OIpiHIII >KOHE YVIIIHIII TapMOHUKAJapAblH aMIUIMTyAaJap MeH da3ajapblH eCcenTeyMeH
MIEKTEJIM, 0JIAPIBIH TAPMOHUKAIBIK TAJAybIH KYPri3ei:

17 27 )
b =~ j y(t)cos(k?tjdt,

Cp = 1 I y(t)sin(k zT—ﬂtjdt; (9.3)
T
a, = b2 +c?;

)
@, = arctg| =
Cy

MyHaa: T — TepOemicTepaiH MepruoIbl; K — TapMOHUKAHBIH HOMIpI.
Erep wibIFbIc IMIaMaHbIH MOHAEPI TEK YaKbITTBIH apaJIbIKTapbl Oipiei, TUCKpPeTTi
MOMEHTTEpiHIe FaHa Oenriii 6osca, onna (9.3) uHTEerpanIap KOChIHABLIAPMEH aIMaCThIPbIIa/IbL:

18 ik
b, =— .cos| 27— |;
N (an

15 ik
C=— ) yisinl 2r— |, 9.4
k N ; Yi ( N J ( )
MyHJa: N — IIBIFBIC CUTHAJIJBIH JTUCKPETTEP CAHBI.
Kipic TiKOYpBIIITH CUTHAJBIH FTAPMOHUKAJIBIK TAJIJAYbl KEJIecl OpHEKKE oKeNe/i:

u(t):ﬂ{sin(z—”tj+lsin(sz—ﬂtj+lsin(52—ﬂt]+..} (9.5)
V4 T 3 T 5 T
MyHJAa: A — TIKOYPBIIITHI TOJKBIHHBIH aMITTTUTYAACHI.

Kipic xoHe MIBIFBIC TapMOHUKAIBIK KypaMIacTapAblH aMIUTUTyAalapbl MeH (azaiapbiH
ecenrten, OOBEKTTIH  MIBIFBICBKI MEH  KIpICIHIeri TapMOHHUKAJIBIK  KypamaacTap/blH
aMIUTUTYIapbIHBIH KAThIHACHI PETIHJE TaHJaIl allbIHFAH >KUUTIKTETr1 aMILTUTYIAlbI-)KHUTIKTIK

CUIAaTTaMaHbIH MOHJEpPIH JKOHE CcolikeciHme @k (azanblK BIFBICY peTiHae (a3za-KUUTIKTIK
CHUITaTTaMaHbIH MOH/IEPIH ecenTeyre 00aibl.
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KuinikTik cumarramanapbl aHBIKTAYAbIH IQJIIUICH JKOFapbUIaTy YIIiH TapMOHHUKAIBIK
Tangayaa TeK OipiHIi TapMOHUKAHBI FaHA KOJAAaHY YChIHBLIAIBI.

OKCIEPUMEHTTI 9[IETTE KipiC JKOHE IIBIFBIC CHTHAIIAP apachlHAArbl (a3aliblK BIFBICY TT-Fa
TeH OoNaThiH KuUUIiKTe Oactaiipl. OFaH TMO3WIMSUIBIK PETTETITIH Ce3IMTaABIKChI3bIHBIH
HOJIBIIK 30HACHIHJA JXKOHE Tepic Kepi OaimanHbicta Koi keTkizimemi. Tepic kepi Oaiinmanbicta
CEe3IMTAJIIBIKCBI3 30HACHIH YIIKCUTY apKbUIbI aBTOTEpOETicTep KHUUTIriH a3zaiTanbl. OHTAaHOAIBI
Kepl OaiiaHpIcTa CE3IMTAJIBIKCHI3 30HACBIH YIKEHTY apKblIbl aBTOTEpOenicTep >KHUUITIH
YIIKEUTE/I1.

DKCNEPUMEHTTEPIIH HOTIKEIEP1 TIKOYPHIIITH TOJIKBIH JICIHACT1IeH OHICIEII.

KaapcTelpblnran oMICTEp/iH HEri3ri KeMUIUTIKTEpl — SKCIEPUMEHTTIH Y3aK Mep3iMi, OJI
yakpIT  HETI3IHJAE TepOeniCTep[iH TYpakTalfaH peXKUMIH KYTyre OSKOHE  IKHUIIKTIK
cunarraMaiap/pl annpoKCUMalusuIay YIIIH JKETKUIIKTI O0JIaThIH OpAMHATaTapbIHBIH MOHIEPIH
ayra Kymcanaapl. DKCIEpUMEHTTEPAl KbUIIaMAATY YIIIH Keie 00BeKTTIH KipiCiHe KULTIKTep1
opTYpsi O0JATBIH TAPMOHHUKAIBIK KYpaMIacTapAblH KOCBIHIBICH Oepinesni. IIbFpic mamMaHbiH
TypakTajdFaH TepOemiCTepiH A€ TAPMOHMUKANBIK TaJJaWIbl JKOHE COJI COTTE IKHUUIIKTIK
cunarTaMaHbly OlpHelle opAMHATajdapblH Tabanabl. beipak, Oy ’karAaiijia HOTMTapMOHUKAJIBIK
ocepyiepAiH apHabl Ko31 )KOHE 00BEKTTIH ChI3BIKTBUTBIFBI KAXKET.

Kuinikrik cunarramanap OoliblHIIA OepiTic PYHKIMSHBIH aHATUTUKAJIBIK OpHETiH OipHele
TOCUIACPMEH aHBIKTayFa 00JIa/ibl. TUCKPETTIK OpJMHATajIapbl OOMbIHIIA OepiTic (YHKIMS YIIiH
OPHEKTI aHATUTUKAJIBIK €CeNTeyre MYMKIH/IIK OepeTiH TocuIaepAiH OipeyiH KapacThIpalbIK.

bepinic hyHKIMS YITiH ©pHEKTI Kejleci KaTap TYpiHIe 131enMi3:

. k
1 1
wm=2&ﬂ—ﬂ (9.6)
OHpa keseci OpHbIHA KOKOJIbI OPBIHAI:

tg[gjw (9.7)

HAaKTBUIbI )KUUTIKTIK CUTIaTTaMa YIIiH 6pHEKTI KeJieci Typ/ie ®aszyra 00s1abl:

uw=i&w%m (9.8)

k=0

Erep eHjii sKCiepuMEHTANIb/IbI AJIbIHFAH HAKTBLIBI JKULTIKTIK CHIIaTTaMaHbl FapMOHHUKAJIBIK
Tajjay Jkacacak, OHJia HoTkee Oepiic GyHKIUSHBIH Oenrici3 Ax Kod(hOUIUEeHTTep1 albIHAIbI.

(9.8) karapnaplH MarblHAJBl MYIIENEPIMEH IIEKTeNiNn, OObEeKTTIH Oepinic (QYyHKUUSCHIHBIH
epHeriH (9.6) Type xxa3yra 0onapl.

bepinic ¢pyHkusHbl ecenteyaiy Oy oficiH Maijananyra KOWbLUIATBIH IIEKTEYIep ©31H-631
JEHI'CHIIECTIPETIH, TYPAKThI )KOHE MUHUMAJIb/IBI eMec-(ha3allblK 00beKTTepre KaTbicThl. OOBEKT
Oy1 TamanTapipl KaHaFaTTaHABIPMAWTHIH Oo0Jica, OHAA HAKTBUIBI KUUTIKTIK CHIATTaMaHbI
ecenTey OapbICBIHIA OCHl CHIIATTaMaHbIH TYpiHE HWHTErpUpIEyIli OybIHAAD MEH Kemliry
OybIHIap/AbIH TUTI3€TiH 9CEPiH €CKepY KepeK.

Kemriryai komneHcanusiiay Kejaeci OpHEKIEeH JKy3€ere achbIpbLIajbl:

U;(w) =U(w)coswr -V (w)sin or (9.9
al UHTerpupieyii OybIHIap bl KOMIICHCAUSIAY:
Us (@) =2 (9.10)
@
myHma: U(®w) xoHe V(®) - D3KCHEPUMEHTANbIbl HAKTBUIBI KOHE IKOpaMal IKHUIIKTIK

CHUIlaTTaMaJiap.
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Meican.  bepimic  QyHKOuscel  Kenecinedl  00JaTbiH  OOBEKTTI  MACHTHU(HKATTAYIbI
OPBIHIAUBIK;
2.5
YRS (p+0.1)(p? +6p +25)
Wnentudukaray remenae kentipiired MATLAB nporpamMmmacsIMeH KYpri3uireH:
k=2.5;p1=-.1;p2=-3+4*i;p3=-3-4*i,
p=[p1 p2 p3];
wo=zpK([],p.k);
%wo=tf(1,[1 2 1]);
f=0:180/30:180;
w=tan(pi*f/360);
H=freqresp(wo,w);% OObeKTTIH aMILTHIyAaIbI-)KUUTIKTIK CUIIATTaMaChIH €CEeNTey
H=squeeze(H);
U=real(H);% OOBeKTTIH HAKTHLIBI CUTIATTAMAaCHIH €CeNTey
n=length(U);
u=[U(n:-1:2);U];
ab=fft(u)/(n-1); % HakThUIEI cunaTTaMaHbl Dypbe-TypieHaIpy
f=angle(ab);
a=abs(ab);
a(1)=a(1)/2;
wO=tf([-1 1],[1 1]);
ws=a(1);nun=a(1);
pp=[1 1};pm=[-1 1J;
den=1;d=1,
% (9.6) GoiibIHIIa 0OBEKTTIH O€piTic (PYHKIIUSICHIH ecenTey
for j=2:(n+1)/2
den=conv(den,pp);
d=conv(d,pm);
nun=conv(nun,pp)+a(j)*d;
ww=tf(nun,den)
end
ww=minreal(ww)% Bepinic GyHKIHMSHBIH MHHAMAJIb/IBI )KY3€re aChIPbUTYbIH ATy
step(ww,wo)
pause
bode (ww,wo)
pause
[wb,g]=balreal(ww); )% bepiiic GyHKIUSHBIH OalaHCTaIFaH *KY3€re achlpbUIYbIH ally
wm=modred(wb,[4:(n-1)/2]);
step(wm,ww,wo)
ww=zpk(tf(wm))
9.5 cyperre KXUUIIKTIH ¢ = 2arctg(w) CalbICTBIpMaIbl MOHAEP] YIIIH OOBEKTTIH albIHFaH

(9.11)

HAKTBUIBI JKULTIKTIK CHTIATTaMachl KOPCETLIreH
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Cyper 9.5 — OOBEKTTIH HaKTBUTBI )KHUTIKTIK CHITATTaMaChl

9.6 cyperTe rapMOHHUKAIAPABIH AK aMIUTUTYAIaphIH Ta0yFa MYMKIHJIIK OepreH HaKTBLIBI
KHUUTIKTIK CUIIaTTaMaHbl TAPMOHUKAJIBIK TaJljay HOTHKEJIEp1 KOPCETUIrEeH.

CNEETR BALECTER YD MACTOTHIN & 30 BCTERRCTURY
oig T T T T T

7| ] P, o SRR\ @ SN - SRRy I W, S

(=]

i
T

e

=

SMNIHTYL N FAWIHRY
o
2]

'
>
'

o
=

[=]
E
T
-

B EEt ST ETI PESEPEE

N
Homuep rapwomien

Cypet 9.6 — AJbIHFaH HaKTBUIbI )KULTIKTIK CUTIATTaMaChlH TAPMOHUKAIBIK TAJIJIay HOTHIKEC]
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(9.6) MmoaenbiH OamaHCTaIFaH )kY3€re achIPYbIHBIH YIII KypamaacTapbiH ycTan Typhi (9.6)
dhopmya 6otibiHIIA 6epiTic GYHKIUSIHBI €CETeY Keleci OpHeKT1 Oepei:
W () = ~00%8723 (s—2.923)(s2 +1.2386 5+ 0.04178)
(s+0.1553)(s? +0.2452 s+ 0.03147 )

(9.12)
WNnentudukarray HOTHXKECIHIE ajblHFAaH OacTamKbl MOJENb MEH OHBIH MOJEINIHIH ©TIemnl
cunarramanapsl 9.6 cyperre kepcetuireH. KapacTeIpbulFaH oficTiH HAEGHTU(UKATTAY KaTemiri
YIIKEHJIeY, acipece 00beKTTiH Oepitic K03(pPUIIMEHTIH aHBIKTaY/A.
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Cyper 9.3 — bacrankbl 00BEKTTIH KOHE OHBIH MOJICIIHIH OTIENI CHITaTTaMaIaphbl

bakbuiay cypakrapbl

1 TMHAMWKAIBIK OAMIaHBICTHIH KULTIK CUTIaTTaMallaphbl;

2 KHMUTIK cUmaTTamanapbl OOWBIHIIA O0BEKTIHIH OeplTy QYHKIMICHIH aHBIKTAY;

3 KIpic XOHE IIBIFBIC TAPMOHUKAJIBIK KOMIIOHEHTTEPIH aMIUIUTYIackl MeH (a3ackiH

ecenrey

4.

5.

gneduerrep

Herisri onedouer

AxnazapoBa C.JI., Kadapo B.B. MeToapl onTUMuU3auu SKCIIEPUMEHTA B XUMHUYECKOU
TEXHOJIOTHH: Y4eOHOe mocoOue misd BY30B. - 2-€ W3[., mepepad. W AOMOJIHEHHOE. -M.:
Brrcmas mkona, 2015. -327¢.

[TocTpoeHre MaTeMaTHYECKHUX MOJEICH XMMHKO-TEXHOJOTHYECKHX IMporieccoB. [lox pen.
Hynnukosa E.I'. - JI.: Xumus, 1970. 312 c.

[IpakTKyM MO aBTOMAaTUKE U CHCTEMaM YIPABJICHUS MPOU3BOJCTBEHHBIMU IPOIECCAMH:
yue0. mocobue asis By30B /noa pea. U.M.MacnennukoBa. -M.: Xumus, 2016. -336c¢.

KocbiMiia ageduer

Tomuee B.O., Sroakuna T.B. Metonbl uaeHTHGUKAIMK JTUHEHHBIX OJHOMEPHBIX
IMHAMHYEeCcKUX cucteM. -M.: U3n-so MOU, 2007

CemenoB A./l., Apramonos /I.B., bproxaues A.B. backapy oObekTinepin aHbikray: OKYyJbIK.

xopaeMaksl. - [lensa: [lenn Gacnacel. kyi Yausepcurert, 2003.- 211 6.

6.

NukoB A.M. backapy 00beKTiIepiH MOJENbLY )KOHE COMKeCTeHAIpY. ApHaiibl CTyIEHTTEpre

apHaJIFaH 3epTXaHAJBbIK )KYMBICTAP/Ibl OPbIHAYFa apHAIFaH dicTeMenik Hyckaymap. 050702,
[IemMkentT, OKMY, 2010, -78 6.
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10 nekumnsa UnenTuuxanmusaiay ypAaiciHiH xKaJanbl cya10achl

Makcatbl: HICHTUOUKAIMAIAYABIH HET3r1 Ke3eHJEepi, ampHOPIbl KOHE aroCTEPHOPIBI
aKnmapaT YFBIMJAphbl, HICHTU(UKAIMAIAY CarnachlHBIH KOPCETKIITEpi MEH KpHTEpUiIepi,
UACHTH(GHUKANMAIAY QNICTEPIH KIacCH(PHUKANUsIAy, KYPBUIBIMIBIK KOHE IapaMeTpiliK, aKTHBTI
YKOHE TTACCUBTI WACHTHU(UKALMSIIAY TPUHIUIITEP] KApaCThIPbLUIFaH.

Te3ucrep

Nnentudgukarrayabin KedeHaep Ti3imi. TexHHKanbIK KyHenepAali MaTeMaTHUKAIbIK
MO/IENB/ICY TEXHOJIOTUSICHI KA KaF1aii1a KeJIecl HeT13T1 Ke3eHIep Il OpbIHAAY/IbI KO3CHI1:

1 Makcarapabl TYXKbIpbIMAAY. MoJenbliey TpOOJIeMaChIHBIH Ke3-KeJITeH MOCEIeCiHIH
Heri3iHae 01371 KaHaal TOYeNAUTIKTED KBI3BIKTHIPATHIHBI, OHBI TAalJalaHy MaKcaTTapbl TYpaJibl
aKmapar ockatajasl. bysnm MonmiMeTTep eTe JKybIKTaluFaH OoJybl MYMKIH, ObIpak, opaaibiM
MOJENbJCY MaKcaTTapblH THIMII TY)XbIPbIMJAY YIIIH >KETKUIIKTI OOJaThIH OHBIH KeHOip
KacueTTepin OeifHenell. OperTe MOJENbICY €ecenTepiHle MAaKCaTThIK (YHKIHS TYpiHAe
OepiieTiH KehHOip KpUTEpUHII MaKCHMU3AIUIAy HEMEeCe MHUHUMU3AIMSIIAY apKbUIbl MaKcaTKa
KOJI JKETKI31Ie 1.

2 O0bekTTi 3epTTey. By Ke3nme ereTiH ypAicTi TYCiHYy, KOpIIaraH opTa MEH OOBEKTTIH
1ieKapajapblH aHbIKTay Tanan etuieal. COHbIMEH Karap, Oyjl Ke3eHJe 3epTTey OOBEKTICIHIH
OapiBIK KIpIC JKOHE IIBIFBIC TapaMeTpiiepiHiH Ti3iMi KOHE MOJETbJCy MaKcaTapblHa KOJ
YKETKI3yre OJIapJIbIH THTI3€TIH 9Cepl aHbIKTaJIabl.

3 CunarraMajbiK Mojaesibaey (KOHIETTYalIbIbl MOJEIBIl KETUIAIPY) — OOBEKTTIH Kipic
YKOHE TIBIFBIC MTApaMETPIICPiHiH HET13T1 OaiIaHBICTAPBIH aHBIKTAY KoHE CO30¢H (UKcalusIay.

4 MareMaTHKAJBIK MojeJiblaey (MaTeMaTHKaIbIK MOACIb/II KETUIAIPY) — CHIaTTMalablK
MozenbIl hopMaIbabl MaTEMaTUKAJIBIK TUITE ayaapy. Makcar oleTTe MaKCaTThIK /el aTajaTbiH
dbyHkuus TypiHae skasbutanbl. OOBEKTTIH TOpTiOI KaThIHACTAp apKbLIbI CHMATTAanbl. by
Ke3eHJe 3epTTeeTiH MPOOJEeMaHbIH KYpJSTUIiriHe Toyenai Oip KaTap Ta3a MaTeMaTHKaJIbIK
ecentep maiina Oosrybl MyMKiH. Onap: MaTeMaTHKajblK I[pOrpaMmaiay, ChI3BIKTHI anreodpa,
g depeHnnanbabl )KOHEe HHTErPaIbJIbl €CENTEYNEp KIHE C.C.

5 EcenTi memy aicin Tanaay (Hemece Kypy). by ke3enae naiiga 601FaH MaTeMaTHKAIBIK
€cCen YIIIH JIAWBIKTBl OJNiC TaHJANl alblHaAbl. MyHmail omicTi TaHmay OapbICBIHIA OJIICTIH
KYpJelirine >KoHe MaiiajaHblIaThlH e€CeNTey pecypcTapbliHa Hazap aynapy kepek. KoibuiaTein
KpuTepuiinep OOMbIHIIA JTaWbIKTHI dfic OoiMaca, OHJAa €CeNTl IMENIY/iH KaHa 9MIIiCiH KeTUIAIpy
KaXKeT.

6 KomnbloTepJik mporpaMmmajiapiabl TaHaay HeMmece ka3y. byn keseHae memymaix
TaHJam ajblHFaH OJICIH JKYy3ere achlpaThlH JalbIKTBI MporpamMma TaHAanaabl. Erep onpait
nmporpaMma 6omMaca, COHJai mporpaMMaHsbl Ka3y Kepek.

7 Ecenti komnbrorepae memy. Ecenti memy ymiH OapiablK KaKeTTi akmapaT
MporpaMMamMeH Oipre KOMIbIOTEPIIH JKaIbIHa eHri3uiei. JIalbIKThl mporpaMMaHbl aiiIanaHsbl,
MaKCaTThIK aKmapat oHJIese /1l )KoHe bIHFaiibl (hopMasa ecer MIeHiMIHIH HOTHXKeTepl anbIHabI.

8 Moaeab ageKkBaTThUILIFBIH TeKcepy (Moaeblai Bepudukanusiay).

9 IMaiiga GoaaThiH wemimai Taiagay. llemimai tangayasiH eki Typi Oap: dopmanibiasi
(MaTeMaTUKaNbIK), alblHFAH WICIIIMHIH KYpbUIFaH MaTeMaTHKaJblK MOJENbre COWKECTIrl
Tekcepineni (coiikectik OosMaraH >karjaina mporpamma, Oactamnkbl Jepekrep, DEM >kyMbichl
XKOHE C.C. TeKCepule/i) KoHe Ma3MYHBIK (9KOHOMHKAIBIK, TEXHOJOTHSIIBIK kKoHEe Oackanap),
QIBIHFAH [ICIIIMHIH MOJIEIBbJACHIeH OOBEKTKE COMKECTIri Tekcepinemi. MyHmal TannayIsiH
HOTIIKECIH/IE MOJIEIIbIe e3repicTep HeMece TANIIUIIKTeYep eHri3iilyl MYMKiH, OJlaH KeiiH OyKia
KapacTBIPBUIFAH YpAIC KaiiTamananael. Erep Monenb TaHAan alblHFAH KpUTepuil OoOMBIHIIA
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OOBEKTTIH TIPIIUTITIH JKETKUTIKTI JONIUTIKIIEH CHUNATTAWTHIH 00Jica MOJENh KYPBUIFAH KOHE
asiIKTaJFaH el caHajagsl. TeK OChlJaH KeWiH FaHa MOJENbJI ecenTeylepnae MaigalaHyFa
00a Bl

TexHHUKaNbIK JKYHenepai MaTeMaTHKAIBIK MOJEIbACY Kelleci oficTepnal mMaiijananysl
KO3Ieu/Ii:

1. aHaIUTUKAIBIK,

2. CaHIBIK,

3. CTaTHCTUKANBIK (MIMUTALMSIIBIK);
4, aHaNIUTHUKA-IMUTALUSIIBIK.

HakTpiiel Moenpaey 9/1iCIH TaHaay KelTereH (hakTopiiapra Toyel i, OHBIH IIIH/E:
MOJICITBICY MaKCaTTaphIHa,
3epTTeNIEeTIH )KYHEHIH KYpAEIUIIriHe;
TaHJAJIFaH OHbI OOJIIIEKTEY ACHI€HIMEH aHBIKTATATHIH MOJIENBIIH KYPACIUTIriHE;
3epTTEIICTIH CHITaTTaMajIapIbIH HOMEHKJIATypachlHA KOWBIIATHIH TaIANITAPFa;
QJIBIHATHIH HOTWKEIIEPIIH ASAUTIIIHEe KOWBITIATHIH TaJanTapra;
QJIBTHATBIH HOTIDKEJICPIIH JKaIIblIaMallbIiFHA KOMBUTATHIH TaJlaNTapra;
MOJIEITBICYTe JKYMCAIAThIH YaKbIT HIBIFBIHAPbIHA KOWBUIATHIH TaJIAIITAPFa;
MaTepHAIBBIK MBIFBIHIAPFa KOWBLIATHIH TaIaNTapra,
MOJIENBACYAl OPBIHAAY YIIIH apHaiibl TEXHUKAJIBIK KYpalaapAbiH 0ap 00TybIHa;
MOJIENBACY/A1 )KYPTi3eTiH MaMaHHBIH OUTIKTUTIT1HE JKHE C.C.

Mogenbey omiCTepiH camalibl ACHT e e KacalFaH CaabICThIpMalbl Tajnaay HoTmxenepi 10.1
Kectene KenrtipuireH (purypanblK JKakmiaJapMeH op KOPCETKINTIH €H JKaKChl MoHAEpi

OesriieHre ).

Kecte 10.1 Monaenbaey omicTepiH CalbICTHIPMAIIBI TAIAaY HOTHXKEIEPi
Moaenbaey OIICTIH Hotwxkenepnin [Hotmwkenepai [YakpIT Matepuan |CHHTE3IEY
omici KYPACTUIIr pKaanbUIaMalIbIF|[H ASJAUIN  [IBIFBIHAAD [MIBIFBIHIAD |[ecenTepi

bl bl bl

Ananmnrnkansik [{+} {++++} + {+} {+} {+}
CaHIIHK ++ +++ ++ ++ ++ ++
MMuTauusiplk  |[+++ + {++++} ++++ ++++ ++++
KOM6I/IHI/IpJ‘IeHre ++++ ++ +++ +++ +++ +++
H

MaremaTuKanbslK MOJENBICY €CENTepiH Hienly yIIiH OacTanksl akmapar Kaxer. OHbI
IapTThl TYpHae €Ki Typre Oejemi — ampuopisl [aprior information] sxome amocTepuopiibl
[aposterior information] akmapat. Coaiikecinie, 6y keiibip ToxiprOe Hemece 6acka amasiaap/Ibl
OpBIHZAyFa JAeiiH OoJiFaH JepeKTep, KOHEe OJapAbl OPbIHAAFAHHAH KEHiH aJIbIHFAaH MOJIIMETTep.
OzerTe OOBEKT Typalibl apUOpPIbl KOHE aFrbIMJAaFbl AKMApaTThIH TOJBIK eMec O0JIFaH >KoHe
0akpUTaHOANTHIH TYPJIl YHBITKYJIAp OPbIH ajFaH XaFaaiaapaa :KyMBbIC icTeyre MoxOyp 60a bl

Erep o0OBEeKT «Kapa ILIOIIIK» pETIHAE KapacThIpbUIaThIH 0ojica, OHJIA OJETTe TeK
aroCTEepHOPIIBI aKNapaTThl TTaliaTaHa bl

«Kapa mromrik» - OepuIreH ecentiH ayMarblHJa )KYMBIC jKacay MeXaHu3Mi Kypaedni, Oenrici3
HEMece MaHBI3/Ibl eMec Kyhenepai Oenriiey VIIH JoN FhUIBIMIApAa (CUCTEMOTEXHHKA,
KHOEpHEeTHKA JKOHE C.C.) MalJaaHblIaThIH TepMHUH. MyHaall Kylenep oieTTe aKmaparThl eHI13y
YILIH 01p «KIpICKe» JKOHE KYMBIC HOTHXKeNepiH OelHeney yIIiH O0ip «bIFbIcKa» ue. LIIBIFpICTHIH
Ky#i ofieTTe KipicTiH KyHiHe Toyemi.



ONTUSTIK-QAZAGSTAN SOUTH KAZAKHSTAN
MEDISINA MEDICAL
AKADEMIASY ACADEMY
«OHTYCTiK HasaKcTad MeauUMHA aKanemMuachis AK AQ «HMHO-KasaxcTaHCKAA MEAMUMHCKAR aKaaeMMAs
«MmkeHepiik noHaep» Kadeapacs 76/11

«XHMUS-TEXHOJIOT USUTBIK IIPOIIECCTEPIi MOJICIbACY» ITOHI OOMBIHIIIA 44 Gerrin 1 Geri

JIOpiC KemIeHi

3epTTey 00BEKT Typasibl ampUOPIIbl aKMaparThl (€rep oJl KOJDKETep ik 0osica) maimanaHy
KTl JKarnaitnapaa uaeHTudukaTTay npoOeMaHbl Menry i >KeHUTIeTe 1.

HNnentuduxarray canachblHbIH KpuUTepuiijiepi MeH kepceTkimrepi. Mopaenbaig
HAKTBUIBl OOBEKTKE a/eKBATTBHUIBIFBIH CHIIATTAWTBIH cama KPUTEPHUHIH KAJIBIITACTBIPY
UACHTU(UKATTAYIBIH HET13T1 Ke3eHAepiHiH Oipi 00BN TaObLIAIBI.

AEKBaTTBUIBIK OOBEKTTIH OepLIreH 3epTTey MaKcaTTaphbl YIIiH MaHbBI3IbI 00JIATHIH OAPIIBIK
KACHUETTEPIH KAXKETT1 TOJIBIKTBUIBIKIIEH MOJIEb apKbUIbI YIaiibl OHIPYAl KO3ACHI1.

Memepiik ( CaHIBIK) TYpAE MOJACIb MEH OOBEKTTIH aIeKBATTHUIBIK JOPEKECIH OOBEKT TIEeH
OHBIH MojeliHe Oipael Kipic ocepiiepai OepreH Ke3ae OJapiblH IIBIFBIC CUTHAIIAPbIH
CAJIBICTBIPY apKbLIbI Oaranayra 00Jiajbl.

CraTukaiblKk 00BEKT MOJIENIHIH KaTeCIHIH OarachlH ecenTeyiH KYpblUIbIMIBIK cxemachl 10.1
cypeTTe KENTIPUITeH.

—=
X i
DBRekrT
+ =
Bormcnenve | £ [ Bercnenve | & A A\ 3
—==~ abconioTHoOR NpPUEEAEHHOR CRO -
< oL 1Bk oW MK
—_
Modens b

Cypert 10.1 - Moaenb KateciHiH 0aFachlH €CenTey 1iH KYPBUIBIMIBIK CXeMacChl
OnapnelH ~ pykcaT  €TUITEH  MOHIEpIHIH D,  aymaFblHaH  KIpiC  ocepiepiiH

X i = (Xqj»Xgj,eXny) TYPIIL  JIEHIEHIIEPIHIIE | Toxipubenep OTKi3imin, OOBEKT IIBIFBICTAPBIHBIH
91. = (Yaj+ Y2j o Ynj) Kysere achIpyJIaphl JKOHE MOJEITb HIBIFBICTApPbI
Y/TA = (y1 Y yA), (i =1,1) anbIHFaH GOJICHIH.

OHbBIH aJeKBATTBUIBIFBIH Oaralay VINH MOIEOb KaTenepi A =(Ay,A,,..A,) IKOHE

5 = (8,8, 5,y KeTIeCi hopMynanap GOMBIHIIA ecenTeei:

MYHJAA: A;, &, oi- MOJENbJIH 1-11 IIBIFBICHI (i =1,m) GoiibIHIIA abCOMIOTTIK, KENTIPUITeH XKoHE
oprama KBaJpaTThl KaTelepi; Y;, yi'}" - 00BEKT TeH MOJENBbAIH j-IIi ToKipubemeri i-mri
IIBIFBICBIHBIH, MOHI (i =1,m), j=11); Ay;- D, aymarbiHaH X, (k =1n) KIpICTepIiH pYKcaT eTUIreH
MOHEPiHAEe OOBEKTTIH i-IlI1 IIBIFBICHIHBIH (i =1m) MaKCHMAaJbJIbI e3repyi.

Erep Oyn katenepfiH mamanapbl keiOip OepiireH oHTaHOanbl CaHHAH Kimli OoJjica, oHIA
MO/1eJ1b OOBEKTKE aJIeKBATTHI.

Enal auHaMuKanblK OOBEKT MOJENIHIH OaFachlH KapacTelpailblk. Waentuduxarraynan
KeiiH OipesmeMi 0ObEKTTIH Keleci ChI3BIKTH TubdepeHnanbabl TeHAeY TYPIHAeri Mojeni
aJIbIHFaH OOJICHIH:
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n k m k
3o, SO sy, du® (10.1)
o dt = dt
myaga: xm(t) — momenpain Kipic curHamsl, ym(f) — MOAEIBAIH IIBIFBIC CHUTHAIBI; N, M —
colikeciHmie ym(t) sxkoHe Xm(t) TYBIHIBUIAP/IBIH €H JKOFaphl peTTepi (m<n).

VYakbITTHIH t € [0, T]KeciHaiciHAe 00BeKTTIH XM(t) KipiCiHIH )KoHE ym(t) IIBIFBICBIHBIH JKY3eTre
achIpyJapbl aJlbIHFaH O0JICHIH, MYHJIaFbl T - JKy3€re achlpy Y3bIHABIFBI (0aKbplIay yakbIThl). EHa1
MOJIENB/IIH CaIlachlH Tikenel rpadukTe HeMece OChl CUTHAIIAP apachbIHIAFbl apa-KalIbIKTIKTHIH
Keibip hopmabapl eNeMil eHri3in ym(t) MeH ym(t) calbICThIpy apKbUTbl Oaraniayra 0oJiajibl.

Kipic curnanmaper Oipaeit 6osica Ja OOBEKT MEH MOJENBAIH IIBIFBIC CUTHAIIAPBIHBIH
albIpMaIIbUIBIKTapbl 0ap, cebedi omapabiH aud@epeHnranbapl TeHIeyaepl MEH OacTarKsbl
Kyiiepi Oipaeit emec. Mojenb MeH OOBEKTTIH aJeKBAaTTBUIBIFBIH Oarajay YIIIH IIBIFBIC
CUTHAJIAPBIHBIH albIpMalIbUIBIKTaphl OOMBIHIIA OJIApbIH >KAKbIHIBIK KPUTEPUNIH EHTI3eHIK,
sIFHU, Oipzeit 61p kipic X(t) CUTHANFa KalTapaTblH peakuusIapbl:

2
I = [Fy® - yw Ot (10.2)
0

myHaa: F(*)- nenec GpyHkims.
Kexke xarmaina:
F(y®) - yu ) = (YE) — ym (1)) (10.3)
JKanmer sxarmaiifa aneKBaTTBUIBIKTBI Oaramay Kipic x(t) CHTHaIABIH OpTypii (opmamapsl
yiriH xyprizuteai. Ocblad Kipic CHTHAIAp JKOHE OacTankpl IIapTrap OOWBIHINA OpTalianay
KOKETTUIIr Typajbl WIS IIBIKKaH, SFHU |x OaraHbBIH MaTEeMaTHKAJIBIK KYTIM OTEpaIHsChIH
eHT13Y:

]
| =MD, 1= M| [F(y® - ym Ot (10.4)
0

[IprFpic  cUTHAN  OpHEriHIH  Typl Kypaeni OoOJFaHABIKTaH oJ  [-[iH  MOJeIb
KO3 puImeHTTepiHe TOYESIAUIINH aHATUTHKAIBIK 3€PTTEeYAl KUbIHIATA Ibl, COHABIKTaH Oacka 1a
Kputepuiiaep enriziesni. JKeke »karaaiiia ecrep MoJieab TEHACYIHIH Typi Keneciaei 6osca:

n k
>a 0o, (10.5)
o dt

OHJIa MOJIeJTb MEH OOBEKTTIH KaKbIHIBIFBIH Oaranay yuiid ym(t)=y(t) maptsl cakranrana oipaei
Oip IIBIFBIC CHUTHAABI KaMTaMachl3 €TETIH MOJIeJIb MEH OOBCKTTIH KipiC CHUTHAJIAapbIHBIH
aitbIppIMbIHAH (XM(t)—X(t)) QYHKIIMOHAT BIHFAIIBL:

:
=M j F(xy (8) = x(t)dt (10.6)
0

byn xarmaiina Momens MeH OOBEKTTIH WIBIFBIC CHUTHANBIH Y(t) nmenm Oenrimeimiz. Onpaa
(10.5)-1i (10.6)-Fa KoiibI, Keecire ue 60IamMbI3:

=M ]F(Zn:a YO oyt (10.7)
= .

0

neMeK, GyHKIIMOHAT MOJENbIIH KOAPPUIMEHTTepiHe alKbIH TYpAE TOYENi, OJ1 aHATUTUKAIIBIK
3epTTey YIIiH BIHFAIIIbI.

Ocbl UaestHbl JaMbIThIN, MOJenbAiH skammbl (10.1) Typi YIIiH BIHFaiabl (QYHKIHOHAIIBI
TYKBIPBIMIayFa OOJa bl
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(Zak ch y(t) Z d X(t))dt (10.8)
Z d* y(t) Z L x(t) (10.9)
k=0 k=0

OpHEK MO/IENIb/IIH *KaJlllbulaMa KaTeci aen arananbl. F(*) dyHkuus petinne, saerre, xaimnbliama
KaTeHIH KBaJIpaThIH KaOBLI A IbI:

)
=M I A% (t)dt (10.10)
0

byn (QyHKIMOHANABIH BIHFAUIBIFEI — OJI MOJENBAIH TIapaMeTpiepiHe oHE OOBEKTTIH
eJIIIIeyre KOJDKETEPIIIK KIPIC JKOHE IIBIFBIC CUTHAIIApbIHA alKBbIH TypHe Toyenal. beipak, Oy
byHKIIMOHANABI ecenTey OapbichiHAa X(t) skoHe y(t) curHanmapabl auddepeHiuaniayra xKoHe,
COHBIMEH KaTap, MaTeMaTHUKaJbIK KYTIM ONEepalUsAChIH OPbIHAAY KaKETTLIIriHe OalJaHBICTHI
KUBIHIBIKTAp Taifna GonaneioB oObekTa. JKanmeinama KaTeHi xoHe { KpuTepuii GarachlH
d

ecenTeyAlH KypbUIBIMIBIK cxemachl 10.2 cyperre O€WHENEHIe€H, OHJaFbl p=— Jt <

muddepeHnnaniay oneparopsl.
(%) _| OBBLEKT v
- Aft) Bnox Buumc 7
k
é P + meHHA [

gf&p"’

Cypert 10.2 — Xanmbuiama KaTeHi )oHe { KpUTEpHUi OarachlH €CENTEeY/IIH KYPhUIBIMIBIK
CXEMAachI

bBeipak, (u3MKaNBIK >Ky3ere achIpblly MIApTTapbl OOWBIHINA OJAPJBIH AaJBIMBIHBIH PETI
OemiMiHIH peTiHEeH Kimi (Hemece TeH) OOoJIaThIH KYPBUIFBUIApABI FaHAa KypyFa Ooyajbl, SFHHU,
oreparopJapsl Keyecijield 00JIaThIH KYPhUIFBUIAPIBI )KY3ere achlpyFa 00JaIpl:

n m
> ap*/D(p) mome » by p*/D(p)
k=0 k=0

myHa: D(p) — mopexeci n-HeH YIIKEeH HeMece TeH KOIMYIIe; # = %

Onpa sxanmbliaMa A(t)KaTeHi oHe | KpuTepuil OarachlH €CemTeyaiH KYPBUIBIMIBIK
cxemacsl 10.3 cyperre OeiiHeneHTeH Typre ue 6omabl.
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*(%) | OBBEKT | Y(¥
iﬂk}’k Dip) 1) BmorCCnErmr-
%=1 + meHHA
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Kl

Cyper 10.3 — )Kanmnbuiama KaTeH1 ecenTey/IiH KypbUIbIM/IbI CXEMAChI

AQ) = [Zak p*/ D(p)}y(t) —(Z by p / D(p)}x(t) (10.11)
k=0 k=0

o T_2

=M IA (t)dt (10.12)
0

10.3 cyperte OeliHenmeHTeH KypbUIBIMABI cxemara 10.4 cypeTTe KeNTIpUIreH cxema
SKBHUBAJICHTTI.

*(4) | OBBEKT | Y(¥
* W1 _
Zﬂkﬁk 1 Enow EHTHEA
&0 + Rig) NEHHA
Zﬂkpk
[

Cyper 10.4 — Xanmbuiama KaTeH1 ecenTey/IiH 9KBUBAJICHTTIK KYPbUIBIMIBI CXEMACHI
CoHbIMeH, (DU3UKAIBIK TYPJE KY3€re achIpbUIAThIH KYPBUIFBLIAD KOMETIMEH OJIICHETIH

KanmbiaMa A(t) KaTeHIH JKalbuiamMa A(t) KaTelleH albIpMalllbLIBIFBI Kejecige: A(t)- Oepimic
¢yukuscsl 1/D(p) ¢unbTpMer A(t)-HbI TYpIeHAIPYIiH HOTHXKeci Oousbin TaObuiagbl. Ochbl

GUIBTPAIH OTKI3Y )KOJIAFBIHBIH aKbIPJIbI OOJIFaHBIHA OalIaHBICTHI KAIbIIaAMa KaTe CUTHAJIBIHBIH
OypMaianybl OpbIH anaabl. GUIBTPIIH OTKI3Y KOJAFbIHBI YIKEHreH cailblH Oy OypmalnaHynap
azas Oepeni.

Erep MonenbJiH KaTeJikTep mamMachl MEH XKYBIKTay KpUTepHiijep OaranapblHbIH I1aMachl
MOJIENIBJIIH calnachblHa KOWBLIATBIH TallalTap/bl KaHaraTTaHIbIPAThIH 0ojca, OHAA MOJEIb
O0OBEKTKE aJeKBATThI OOJIBIN CaHAIAAbl J1a, OHbI MOJENb/CY, ONTHMHU3ALUAIAY KOHEe Oackapy
MocesieNiepiH ey yuliH naigananyra Oonaabsl. Kepi skarnaiina KypbelIbIM ©3repTy JKOHE OfaH
eckepiIMereH (hakropiapbl €Hri3y apKbUIbl MOJEIb/I1 )KETLIIIPY Kepek.

KypbuibIMABIK K9He mNapaMeTpJik uIeHTH(UKATTay. Monenbaey (KeH MarblHaIa)
WH)KEHEPIIK TIPUIUTIKTIH TYpJi cajanapblHAa HiemiM KaObuiaay YIIH IaiiJajgaHblIaThiH,
KypJeni )KyHelnep/Iiy curnarramaiapblH OaranaylblH FRUIBIMU HETI3/1€]reH 9/ICi )KoHe OUTIMHIH
OapIIbIK canajapblH/a 3epTTEeYIEp/IiH HETi3r1 9ici O0JIbIN TaObLIa/IbI.
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Moenbaey mpoOJieMachlH TYTaChIMEH CHIATTal OTBIPHINN, MOJAETBACY €CeOiH KOIoaaH
OacTam anbIHFAaH HOTIDKENEPl HWHTEpHpeTanusiayra ACWiH KypAeli FBUIBIMH-TEXHUKAIBIK
mooyeMaap/blH YJIKSH ToObI 06ap eKeHAIrH eckepy Kepek. OnapJbplH Heri3riulepiHiH KaTapblHa
KeJICUIep/i jKaTKbI3yFa 00apl: HAKThIIBl OOBEKTTEPIlI HACHTU(DHUKATTAY; MOJCIBACPAIH TYPiH
TaHaay, MOJENBIACPAl KYpy JKOHE OJIap[bl MAIIMHAIBIK JKY3€re achlpy; MAaIluHAIBIK
HKCTIIEPUMEHT OapbICHIH/IA 3ePTTEYLIIHIH MOAEIBMEH 03apa dPEKEeTTECYi; MOJIENbCY OapbhIChIHIA
aJIbIHFAH HOTHIKEJIEP/IH IYPBICTBIFBIH TEKCEepy; MOJENbJey OapbIChIHAA 3€PTTEITeH Heri3ri
TOYEJAUTIKTEP/Il aHbIKTay. Mojenpaey OOBEKTICiHE >KOHE NalJalaHbUIATBIH MOJIENh TYpPIHE
Tayenl Oy mpoGieManapIblH MaFbIHAJIBIFBI OPTYPIIl 00JIybl MYMKIH.

HUnentuduxarray gen OOBEKTTIH KIpIC JKOHE WIBIFBIC alHBIMAIBUIAPBIH - OaKbpLIay
HOTHKenepl OoibiHIIa KypblaraH, >kydeHiH kipic (U) sxone wmbirbpic (Y Hemece X)
rapameTpJiepiHiH (PYHKIUSACHI OOJBIN TaOBUIATHIH OOBEKTTIH OeNriii Oip MarbIiHA/AAa ONITUMAITB/IbI
Am monenin (Hemece F onepatoppiH OarachkiH) TaOy/IbI aiiTaIbI.

AJBIHFaH MOJeNb, (0J1 3epTTeNeTiH OOBEKTKE ajaeKBaTThl OOJFaH jKaFjana) HEri3iHIE,
Oackapy, 00inKay, KypacTeIpy, ONTUMAITBIBI PSKUMICP MEH IIAPTTAP/AbI 131Iey, KYOBUTBICTap MEH
KYPBUIFBUTIAPAbl UMHTAIMUIAY JKOHE C.C. €CeNTep/e HaKThUIBI OOBEKTTI aJIMacThIpy YIIiH
apHaJFaH.

Nnentuduxarray ecedi aen »xylenik CHHTE3ey 1iH Kepi eceOi aTanaipl.

A, =fU,Y)
U: Y1
— —
O0BexT
- L
Un Ym

Cypet 10.2 — Unentuduxarray ecedi

Nnentudukarray ecentepinin apackiHaa €Ki TypiH (rmpobiaemanapibl) epeKiene/i:
1. KYpBUIBIMJABIK UAcHTU(GUKATTAY (CO3/IH KEH MaFbIHACHIH/IA);
2. mapametpJiik naeHTHduKaTTay (CO3/iH Tap MarbIHACHIH/IA).

KypbUTbIMIIBIK UACHTUDHUKATTAY «Kapa IISIIIKY» THIITETT MOJEIbIl KYPY/Ibl KOpaMallIaipl,
SFHU, OOBEKT Typallbl aKmaparT TOJBIFBIMEH HEMECE JKapbIM-)KapThbulall KOK. KypbUIBIMIIBIK
uaeHTuGUKaTTayAbIH 0acThl ece0l — MOJIEeNb/IIH KYPBUIBIMBIH aHbIKTay (cypeT 10.5).

Wnentuduxarray ypAiciH Keneci cyperTeriaeit Oelineneyre 00abl:
|

UepHbIN AWmK

W2 —

Cyper 10.5 — KypbUIbIMABIK HIEHTU(DUKATTAY

bipiami npoGneMa - KYpbUIBIMABIK HMACHTH(HUKATTAY Kellecl TOPT HEri3ri Ke3eHAepleH
TYpaThIH OYKUT MeJIeNbAey YPAICIHIH Heri3ri mpobiemachl 00JIbIN TaOblIa bl
ecen KOUbUIBIMBI
MO/IeJIb KYPBUIBIMBIH TaH/1ay ’KOHE OHBIH OJIOKTAphIH MaTeMaTHKAJIbIK CHIIATTAY;
MOJEIBbI1 3epTTeY;
MO/IENIb/Ii SKCIIEPUMEHTABIbI TYPJIE TEKCEPY.
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MogenbaiH KYPBUIBIMBL OJ1 9J1i MOJIENBIIH 631 eMec, KOHE OHBIH IapaMeTpiiepiH aHBIKTay
YIIiH ejmeynaep Kaxer. MoaenpaiH OepuireH KYpBUIBIMBIHAA OOBEKT JKYMBICHIH OakKblIay
OOMBIHIIIA MOJICNB/IIH TTapaMeTpJiepiH aHBIKTAay ece0lH Tap MarblHala WICHTU(UKATTay HEMece
napamMeTpIiik uaeHTu(uKaTTay aen ataiasl. Mpicaibl, KeHOip 0ObEKTTI CHIIATTAWTBIH TCHICYIEP
xyheci Oenrimi. Terneynepain Tek Kod((GHUIMEHTTEPIH FaHa aHBIKTAy KepeK. KypbhuIbIMIBIK
uaeHTuuKaTTay rnpoueaypacs! 10.6 cyperre KopceTuireH.

\_Zﬁt)
O6bexr | Y(1) Q

X(t
© Fo "
> A
Mogens Yu(t)
F

UA — unentudukarray anropurmi
Cyper 10.6 — Unentudukarray mporesypacel

Exiami nmpobiema (mapamerpJik uaeHTH(UKATTAY) MOJEIBIIH OCpUIreH KYPBUIBIMBIHAA
dhopmanuzanusiayra 00J1abl )KOHE 0J1 MOJCNIBACYAIH TOPTIHIN KE3CHIMEH TYHICe .

CoHbBIMEH, MOJEIBACY/IH KOMKE3eH Il YPAICIHE KATBICTBI >KAJIbl HACHTH(PUKATTAY OHBIH
KYMBIC JKacaybl Typajbl SKCIIEPUMEHTAIBIbI JCPEKTEP/IH HETI3IHIEe OOBEKT TEH MOJCIbIIH
KYPBUIBIMBI HEMECe TMapaMeTpJepiHiH COWKECTIrl Typasibl THUIOTE3aIapibl TEKCEpy acmalbl
peTiHAe KbI3MET aTkapaabl. byim ke3deri CoMKecCI3miK Typl MEH Jopexeci MOJICNbIi
KOPPEKTHPOBKaIay OOMBIHIIIA Ma3MyH/IbI HeMece (hopMalu3alusIaHFaH MeHIMIep I Kaobuiay
yiriH naiaanansuiaasl (cypet 10.7 sxone 10.8).

Anroputm
L] Y {

MnaHupoBka Boibop knacca [ Buibop kpuTepus
3KCMepUMeHTa Mozaenu cornacus

: !

Boibop Mogenu |

!

MoaTBEpXaEHWE HET
mozenu

Cyper 10.7 — Moaenbii uACHTU(DUKATTAYABIH KNIl CYJI0aCh]

Y
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Cyper 10.8 — Mopenb/i uieHTUGUKATTayIbIH KYPBUIBIM/IbI CYJI0achl

By cyperTe — aFpIMIIBIK AEpEKTEp MacCUB HEMece OCJICeH 1 AKCIIEPUMEHTTIH HOTHIKECIHIE
anblHybl MYMKIH. [laccuB oskcnepuMeHTTe — 3epTTeylll JepeKTepiAl Tipkey (e3repry)
MpoLeaypacbiHa ocepiH Turizoeini. benceHnl SKkcrepruMeHTTe — 3epTTeYIll 3KCIEPUMEHT
JKOCITAPBIH KAJTBITACTHIPA/IbI.

Mogenbnepai  Kypy HeriHie Oakpliay JAepeKTepeHi cyleHenmi. MareMaTuKaibiK
MOJIENTBACPl KATBIMTACTHIPYIBIH €Ki TOCLI1 ((KOHE KOMOWHAITUsIaphI) Oap.

BipiHmi Tocimae 3epTTENETIH JXyHe Kacuerrepl OYPHIHHBIH JKWHAKTAIFaH TIKIPUOCICH
Oenriti 60JaThIH 1K1 KYyHenepre kikTeneni. Ochl ki Kyhenepai GopMaibIsl MaTEMaTUKAIIBIK
OipikTipy OYKUT >KyHeHiH Mojeni Oonamel. MyHmal TOCUT MOJAENBIACY HEMECe MOJCTbACPIl
KYPYIbIH aHAJIWTUKAIBIK ofici gem aranaapl. byn jkarmaiiaa TaOWFM SKCIEPUMEHTTI KOO
MiHZETTI emec. Heri3ri Tocin ypaicTi 6J0KTaphl KaparnabiMaay JIEeMEHTTEP/ICH TYpPaThiH OJIOK-
cXeMma TypiHIe KypbUibiMaayFa kenrtipiieal. Ocbl KapamaidbiM OloOKTap OOWBIHINA JKYHEHI
KanneiHa Kentipy omerre DEM kemeriMeH opbIHAaNaAbl Aa, >KYEHIH MaTeMAaTHKaJbIK eMec
MAaIIAHAILIK MOJEIIIHE dKEJIE 1.

Mogenbnepal  KypyIOblH €KIHINI  TOCUTIHIAE OKCIEPUMEHTAIBIbI  JCPEeKTep  Tikenen
nangananeiagel. bynr skarmaiina SKyHeHIH KIpiC JKOHE INBIFBIC CHUTHAIIAPHI TIpKEIEdl >KoHE
Coiikec  JepeKkTepli eHJAeYy HOTHXKECIHAEe MOJeNIb KalbINTacThIpbuiafbl.  bynm  Tocin
uaeHTU(PUKATTAY JIET aTalafbl.

ConbiMeH, uaeHTu(UKaTTay ecel0i Kenecifed TYXKbIpbIMIANaIbl: OOBEKTTIH KipiC KOHE
IIBIFBIC AMHBIMANBUIAPBIH OaKbUIay HOTHXKeNepl OOWbIHIIA OHBIH Oenriri Oip MarbiHajga
ONTUMATBABl MOAENIH Kypy. byn ke3ge oOBEKT >KYMBIC >KacayblHBIH KAaJbINThI PEKUMIHE
Oomanpl (SFHU, Ke3[ACWCOK YHMBITKYIap MeH Oereyuinep acep turizesi). backa ce30en aifTkaHna,
erep oOwbeKkT keibip Oenricis Fo omepatopmen cunaTTanateid 00J1ca, OHJIA KIpiC TEH IIBIFBICTHIH
OJIIICHI'eH MOHJEepre ue 0oyia OTHIPBIN, OOBEKTTIH F omepaTopbhIHBIH KelOip KpuTepui
MarbIHACHIH/IA ONITUMAIb bl OOJIATHIH OaFachlH KYPY Kepek.

U Y
Opra Ofpext Fy |- Opra

Cyper 10.9 — UnentudukarranaTblH 00bEKTTIH KOPIIAFaH OPTAMEH ©3apa dpeKeTTecyi

10.9 cyperre wuaeHTHHUKATTATATBIH OOBEKTTIH KOpLIaFaH OpTaMEeH e3apa opeKeTrTecyi
KepceTinreH. byn e3apa opekerrecy U sxone Y apHanapbl OoifbiHia opeiHganaasl. U — kipic
apHachel OOHMBIHIIA KOpIIaFraH OpTa OOBEKTKE ocepiH Turizeni, an Y (WIBIFBIC) apHA OOMBIHINA
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00OBEKT KOpIIaraH oprara ocepiH Turizemi. Wnentupukarray ece6i O0OBEKTTIH Kipici MeH
IIBIFBICHIH OaMJIAHBICTRIPATHIH MOJCTBIIH F onieparopbin anbikrayra kenripineni: Y = F(U).

HNnentuduxarray amicrepin kiaaccupuxanmsiiay. Kazipri 3amarsl TeopusiFa colkec
UACHTU(HUKATTAYIBIH KeJleci Kiaccu(hUKaIusIChIH YChIHYFa 00J1aabl:

1) wuneHTHQUKATTAYABIH KOPBITBIHIBI HOTIKECI OOWBIHIIA  (KYPBUIBIMIBIK JKOHE
apaMeTpIriK);

2) uaeHTHUpUKaTTay 0OBEKTICIH 3epTTey TACcLI1 OoiibIHIIA (OesICeH 1] )KOHE TTaCCUBTI)

3) wuneHTUUKATTATATBIH MOJENIBAIH TUII OOWBIHIIA (CBI3BIKTHI KOHE OCHUCHI3BIKTHI,
JNETEPMHUH1 JKOHE CTOXACTUKAIBIK; Y3IIKCI3 OHE JUCKPETT1 YaKBITTHI; CTAllMOHAPJIBI KOHE
OelicTarimoHapibl;  OIpeJIIeMAl JKOHE KOMOJIIEeM/ll; CTaTUKAJBIK KoHE JIMHAMHKAJBIK;
napaMmeTpJiepl JKMHAKTHI )KOHE TapajiFaH).

Bencenni xoHe maccuBTi maeHTH(ukarTray. OOBEKTTI HMACHTH(PHUKATTAY COTTUIIN €Ki
(dakTopiapIbH KaThIHACBIHA TOYEJIi: OOBEKTTIH KYPBUIBIMBI TypaJlbl allpHOPJIBI aKIapaTThIiH
KeJIeM1 KOHE OJIIEHIeH akiapar Kejeml. AMNPUOPIBIK MOJIIMETTEp MOJENbJIH KYPhUIBIMbIH,
SIFHU OHBIH TYPIH (KIpICTEp MEH IIBIFBICTAp CAHbIH, OJIAP/BIH apachblHIarbl OalaHbICTap TYPIH)
aHbIKTayFa >xopaemaeceni. Unentuduxarrayapiy 0eJiCeHAi TOCUTIHE KIPICTI JKY3€Te achIpyabl
3epTTEYIIIHIH 631 OOBEKTTIH KIpICIHE CBhIHAKTAY CHUTHAJJIBIH KOJAMibl (opmachiH(cekipMeni
CUTHAJI, UMITYJIBCTIK CHTHAJ, TAPMOHHMKAIBIK, TIKOYPBIIMITHI, TPANCIUSIBIK, YIIOYPHIIIBIT KOHE
c.c. TepOemictep TYpIHAET1 CHTHaIAapAbl) Oepy apKbUIbl KalbINTacThIpanbl. OOBEKT
UIBIFBICHIHBIH JKY3€T'€ aChIPbUIYbl OHBIH ChIHAKTAy CHUTHAJIbIHA KalTapaThlH PEaKIHUSACHl OOJIBII
TabbuTanel. by ke3ne naeHTUGUKATTAYIBIH Ka3ipTri TCOPUSICHIHIA IKCIIEPUMEHTT] ONITUMAIThIbI
KOcrmapiiay omicTepi KEHIHEH TMaimanaHbuiansl. MaeHTrdukarTayaslH MacCHBTI TOCUTIHIE
O0OBEKTTIH KipiCi MEH WIBIFBICHIHBIH JKY3€Te aCBIPBLIYbl PETIHIAC OOBEKTTIH KaJIBIMTHI JKYMBIC
Kacay OapbICBIHIAFBl OJIAp/IbIH TAOUFH ©3repysiepiH KaObUI AN IbI.

10.10 cypeTTe MOaeNb/Ii KYpYAaFbl allpUOPIIbl aKmapaT (KYpbUIBIM Typalibl) 5K9HE eJIIeyiep
TYpaJibl allOCTEPUOPIIBI aKIapaT apachIHAarkl Oaiianbic KepceTiireH. CypeTTiH KOFaprbl Oeiri
appl-Kaapy CBIKTaHABIPBIN JKOHE KomiMri auddepeHmuanbapl  TeHIASyJaepre TYpJIeHIIpI
(bu3MKaNbIK 3aHIaplbl MalJanaHynblH HaKThUIbl MBICAIBI PETIHAE MOJCNbIl KYpy YPIICiH
oeiiHeneiini. Ilalima OGoJiaTbIH TEHIEYJICP MOJEIBIIH KYPBUIBIMBIH aHBIKTAHABL. Op Kagamja
Karenep naiiaa 6onaapl. CypeTTiH TOMEHT1 OOJIITHIE OJIIIeyIepre HEeTI3/IeITeH )KOHE IEPEKTePAl
OHJIeY/ll J)KoHe Oaranay alropuTMAEpIH KaMTHTBIH Oaranay mpoueaypacsl OeliHeneHreH. MyHaa
Jla KaTenepliH opTypili TYPJIepiH ecKepy Kepek.
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Cypert 10.10 - Anpuop:sl aknapat (KypbIIbIM TYPaJIbl) )KOHE JIICYIIEP Typasbl alrioCTEPUOPIIBI
aKIapar apacblHIarbl OaiiiaHbIC

bakbuiay cypakrapbl

1 ColikecTeHaipy Ke3eHAep1;

2 ColikecTeHAIpY carachIHBIH OJIIIEM/Iepl MEH KOPCETKIITEPI;
3 KypbUIBIMJIBIK KOHE TTapaMETPIIiK CORKECTCHIIPY;

4 benceH/i )koHE MACCUBTI COMKECTEHIIPY.

9eduerrep
Herisri anedouer

1. Axnazapoa C.JI., Kadapor B.B. Meroasl ontuMm3anuyd 3KCIEPUMEHTa B XUMHYECKOM
TEXHOJIOTUHM: YueOHOe MmocoOue A BY30B. - 2-€¢ W3., mepepad. M JAomoJHeHHoe. -M.:
Bricmas mkona, 2015. -327c¢.

2. TlocTpoeHue MaTeMaTHMYECKUX MOJeNel XMMUKO-TEXHOJOTH4ecknx mporecco. [loa pen.
Hynuuxosa E.I'. - JI.: Xumus, 1970. -312 c.

3. IlpakTukyM 1O aBTOMAaTHKE M CHUCTEMaM YIPaBJIEHHUS MPOU3BOJACTBEHHBIMH MPOIIECCAMMU:
yue0. mocobue A By30B /mon pen. MI.M.MacnennukoBsa. -M.: Xumus, 2016. -336c¢.
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11 nexkuusa Upentudukanusiiany npodemMachl

MakcaTel: JeKIUsAAa WACHTU(DUKAIMUIAHY TPOOJIeMachl; aXbIpaTbUFaH JKyHenepaeri
UICHTU(DUKANMSTIAHYABIH ~ JKYHENK  IIapTTaphl;  TYWBIKTAJITaH  CBI3BIKTHI  KYyHenepieri
UICHTU(DUKAIMSIIAHYABIH  KYWETIK IapTTaphbl; BIKTUMAIIBIK HWACHTU(OUKANUSIAHY —YTBIMBI
KapacTbIpy.

Te3ucrep

ChI3BIKTHI ANHAMHUKAJBIK KyieaepAiH uAeHTHPUKAIUSJIAHY IHAPTTaPBI.

Komimri  ce3bIKTBl  nuddepeHnManbapl  TEHAEYJIep  JKydecl  TypiHAe  OepuireH
MaTeMaTHKaJIbIK MOAEIBIIH apaMeTpiepiH UIeHTU(UKATTay ece0iH KapacThIpalbIK:

X=AX.
Kywenin Kyl N- emmemai IBKIMATIK KeHICTIKTIH X(t) BekTOpbIMEH OepiireH XoHe
eJIIIeyNep apKblLIbl KeJieCl BEeKTopap Oenrui:

e oo dMIx(
X(t), X(t), X, X,..., T_E) (11.1)
EcenTin MarbpIHaChl — KeJleci apTTap OpblHAAIaThIH 0OJIaThIHAal A MaTpUllaHbl Ta0y:
X = AX
X = AX
(11.2)
d"  d"x

dt"  dt"t
Kytienin 6enrini (11.1) Bekropmapmen OepiareH Kyhi uaeHTHGUKANUIaHAAB! TeHMi3, erep
ot yurin (11.2) TeHaikTep1i KaHAFaTTaHIBIPAThIH A MaTpuIia 6ap 0oJaTeIH OoJIca.
A MaTpuuaHbIH dp aj = (aj;,aj;,. 8jy) KaTapel ymin (11.2) Tenumeynep xy#ecin xa3y KMbIH

eMec:
o, ]
% ] dt
%7 d?x;
a;=| dt> | j=1,2,...,nymin (11.3)
dﬂ—lxr :
L dt"™* d"x;
L dt" |

Wnentndukarray ecebi, sramn (11.3) xyiie menriMinig Oap 0oy HIapThIH Kejecl Typre
*azyra 00abl:
dx d"x
det(X,—,., —— =0 11.4
( dt ™7 dt"?t (11.4)
(11.3) KaTeIHacTapAaH MOJIENIB/IIH TapaMeTplIepiH Kelieci popmynanap OOMbIHIIA aHBIKTAyFa
Oomajpl:
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AT
X dt
%7 dzxj
aj=|: dt?2 | j=1,2,...,n ymiH (11.5)
d" x| |°
Lt | A"
L dt" ]
(11.2) xatbiHacTsl (11.4) mapTka KoibIm, Kesieci TEHCI3AIKTI alaMbl3:
det (x, AX, ..., An-1x) =0 (11.6)

Nnentudukanusnany jxoHe OacKapbUly ecenTep apachiHaa OaljaHbIiC 0ap EKEHIIrH
KepceTeitik. by Gaitmanbic Kenmecifiel TYKbIPhIMIaIa Ibl:
® X=AX MaTeMaTUKAaJbIK MOJEIb TYpPIHAE WACHTUPHUKATTAY €Cell emIiMi 00JIybl YIIiH
e X(t) kyiimep BekTOpbiH Oakputayna A wmatpuiia MeH X(t) Bekrop o0aeH OackapbLTy
IapTTapblH KaHAFaTTaHAbIPFaHbl KETKUTIKTI:
det (b, Ab, ..., An-1b) #0:  wmynna: b = x(t).

A Marpuna aniplH-ana 0enrici3 00JFaHIbIKTaH, TOXKIpubene uaeHTU(UKaTTay MapTTapblH
(11.4) mapTTapasiH HET131HIE TEKCEPE/IL.

JIMCKpeTTi CHI3BIKTHI OacKapy >KyHenepi YIniH uAeHTU(OUKAIUATIAHYIbI aHBIKTAY KeJeciaen
TYKBIPBIMIQIAJIBI: €rep N-11I1 PeTT1 IUCKPETTI ChI3BIKTHI cTannoHapibl xyieHiH x(k), x(k+1), ...,
x(k+n) xy#nepiniH BEKTOPBIHBIH OCNTLT MOHIEp1 OOMBIHIIIA:

x(k+1) = Ax(K)

A wMartpuimanpl OacTamkbl KyWiHe KaWTa KenTipy MYMKIH ©Oojca, OH;a KyHeHl
UICHTU(PUKAIMIIAHATHIH XKYiie en aTaipbl.

Teopema. [IuckpeTTi CBI3BIKTHI JKYHEHI ACHTUUKATTAY eceOl memimre ue 001aabl, erep:

det (x(k), x(k+1), ..., Xx(k+n-1)) #0

bIkTUMANABIK HAEHTH(PUKANUAIAHY TYCIHITI.

ABTOHOM/BIK sKyiesiepaiH uaeHTuGuranusiaanybl. CbhI3bIKThl ABTOHOM/IbI JTUHAMHUKAJIBIK,
JKYy#e MOJIeTHIH TYpi:

dx/dt=Ax,
MyHJa; X — Kyisaep Bekropa (R" kenicriri), Xo=x(0).

AnbIKTaMachl. CbI3BIKTBI aBTOHOMJBI JAWHAMHUKAJIBIK JKYHe Kydi OOWBIHIIA TOJBIK
uaeHTU(QUKAIMSUIAHATRIH KYWe Jen aTanajpl erep OacTamkbl IIapTTapIblH OepuireH Xo
BEKTOPBIHIA OHBIH Mapamerpiep A Matpuiacel yakbITTBIK X=X(t) Ti30ekTinik OofibIHIIA
OIpMOHI Typ/ie KaJIblHA KeNTIpLIyl MYMKIH Oosica.

Oiirniece, Tek X=X(t) HHTErpaIbabl KUCHIKTBIH OPTAKTHUIBIFBIMEH OIPJIECKEH JKYIITAp SKABIHBI
HYKTEre asrbIHIaFraH >KarJaiifla faHa, KaJMaH AOCTypiHe coiikec, (A,Xo) KyObl TOJBIFBIMEH
uneHtudukamusuiananasl. Kepi sxxarnaiiaa kepceTuireH xymn uaeHTUGuKanusaanoanasl. Tomenae
KeNTIpUITeH WAEHTH(QUKAIMATIaHy KpUTEepHil Oackapbuly MeH OaKbUIaHy KpUTepHiliepli ecke
canajpl.

Teopema 1. (A, Xo) >KYITBIH TOJIBIFBIMEH HICHTH()UKAIMSIAHYBIHBIH KaXETTI JKOHE
KETepIiK MapThl Kenecie:

rank[Xo Axo A?Xo ... A™xo] = n,
MyHaa: N — xyieHiH peri. KBagpar jkakiamapra anblHFaH MaTPHUIIAHBI WACHTU(DUKAIMSIAHY
MaTpHIIachl Jem aTaiiMbl3 sxoHe W Genrineitmis.
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Jlonengeme. Marpunansik dkcroHeHTaHsl  €=0Y Moy (t)A¥ KOCBUIMANapaBIH aKBIPIBI
KOCBIHJIBICBIHA JKIKTEyre Heri3aeneni. MyHma: m — MHHUMAIbIBI KOIOMIBI A TIOJIMHOMHBIH
nopexeci, ok(f) — A cHekTpie aHBIKTaIFaH, KCHOHCHIMAbAbl (QyHKIUs yiuiH Jlarpamxk-
CunbBecTp MHTEPHOIISIHSIIB TOTMHOMHBIH KO PHUIUEHTTEPI.

WnaTerpanbapl KUCBIKTBIH OPTaKTBUIBIFBIMEH OipiieckeH (A,Xo) koHe (B,Xo) kymrapisiH
YpAiCTepiHiH TyBIHABUTApH Aa TeH, srHM, Ax(t)=Bx(t), mynma: x(t)=e"Xo. ox(t) (ynximsiap
YaKBITTBIH Ke3-KEeJITeH apajibIFbIH/IA ©3apa CBI3BIKTHI TOYEJICi3, 0J1 Keleci MaTpHIIAIbIK TCHICYTe
eTyre MyMKIHAIK 6epei:

(A-B)[xo Axo A% ... Am'1Xo]:O.

A MaTpulia e31HIH MUHUMAaJb/IbI JKOIOUIBI TOJIMHOMBIHBIH TYOIpi OoJbIn TaObuIa bl, M-HEH
KOFapbl OOJTATBIH OHBIH K€3-KEJTeH JIopekKeci allAbIHFBUIAPhl apKbLUIBI OPHEKTENE i, COHIBIKTaH
OH)XakKTbl MaTpulanblH panri W wuaeHTU(UKaNMsUIaHy MaTpULIAHbIH PAHTICIHE  TEH.
WNnentuduxanusiany MaTpulaHbIH paHTici TOJBIK OoJiFaH/ia FaHa MYMKIH OOJaThIH MIEHIMIEp
XubIHBI B=A HYKTere Tyiiceni. Jlonenaeme asKTaibl.

JuckperTi xyienep. Y3aikci3 xyHenepiaiH wuaeHTU(uKanusuianysl JIu KapacTelpraH
IUCKPETTI KyWenepaiH HAeHTU(UKALUIAHy CypaFblHa KeNTipuiMenal. Y3IIKCI3 JKyleHiH
MAaTPHUIIAChIH TUCKPETU3AIMIIAY HOTWKECIH/IE TMaiaa 00JIaThiH KYHWEHIH MaTpUIlachkl OOMBIHIIA
OipMoHI GacTanKbl KallblHA KeNTipy MyMKiH emec: A-Hbl e*- sxome L MoHzepi GoifbIHIIA.
CoHbIMEH KaTap, Y3/IKCI3 JKOHE MJHWCKPETTI JKyHenepre Ccolkec HACHTU(PUKAIUSIIAHY
KpHUTEpHIiepiH Tekcepy Oipieit HoTmxke Oepesi, ce6e6i W-neri A-Hpl Kke3-kenreH L ymrin e -
MAaTPHUIATBIK SKCTIOHEHTAMEH (SFHU, MUCKPETTIK >KYHEHIH MaTpPUIIACBIMEH) aJMacCThIPy OHBIH
panriciHe ocep Turizoeiai. Mnentudukarray yuiiH AepeKTepi CYPHINTAyIbl KYPYABIH KEKe
(6ipkenki)  TocUriHmE ~ JKYHEHIH  mapameTpiiepiH  Taby  MyMKiH ~ OosiMaraHzma  Ja
uaeHTU(DUKAIUSTIAHy KPUTEPUIAIH TeKcepyre 00abl.

Nnentnduxanusanany — o KYWCHIH TapaMmeTpiiepiH 0acTankpl KajalblHA KENTIPY OMICTIH
eMec, XKYyHeHiH KacueTi. by Gackapbuly skoHE OaKbLUIaHy CHSKTHI XKYHelK KacueT. bip skymbic
Kacayra KaOUIeTT1 peTTerimTi Hemece Oakpliay KYPBUIFBICBIH KYPY MYMKIH €MeCTiK 0acKachliH
Ia Kypyra MYMKIH eMecTiriH Ourmipmeiiai. beipak OackapbUIMalTBIH JKoHE OaKbLIaHOANWTHIH
XKYHemnep YIIiH oJIap/blH KaJMaH TYKbIpbIMJIaMachiH1a OacKapy >koHe Oakpliaay ecenTepiH HIenry
MyMKiH emec. [lon ocbl maeHTuU(UKAaTOpIapAbl KypyFa [1a KaTbhICTbl. TeOpHUsbIK TYpFbIIA
HICIIUIETIH XKaFAaiaa cypbInTayabl Kypy TOCUTIH ©3repTy HeMece TYbIHIbLIAPBIH OJIIICY KePEeK.

ABTOHOMIBI eMec KyiesepiaiH uaeHTudukanusaanybl. Kyiinep keHictirinmgeri
KYHenepiH TeHACYIEPIHIH >KalMbl CHUMATTATyJapblH KaMThIMAacTaH Oi3/iH KapacThIPYbIMbI3
TOJIBIK OOJIMaii/Ibl, aj oJap KeJeciien:

dx/dt=Ax+bu, y=cx(t),
MyHJa: X — OypbIaFbIIai Kyiinep Bekropsl (R" kericriri), Xo=x(0).

AHBIKTaMAaChI. ChbI3bIKTBI ~ JOUHAMMKAIBIK ~ Kylde  Kyil ~ OOWBIHIIA  TOJBIK
uaeHTH(DUKAIMSTAHATBIH JKYHe jgen aranaabl, erep X=X(t) yakbITTBIK Ti30eKTLTiK OOMbIHIIIA
OHBIH KaHOHHMKAJbIK (OakplIaHy) (opMachlH MapamerpiepiHe nedinri momaitikmen A,b,c
napameTpiepiH OacTamnkbl KaJlblHAa KenTipyre OojaThiH OacTamkbl Xo IIapTTapAblH OepiireH
BEKTOpbIH/Ia OacKkapy OoJica.

OMTnece, UHTErpaibabl X=X(t) KUCHIKTBIH OPTaKTHUIBIFRIMEH OIpIECKEH KYNTap >KUBIHBIH
KaHOHMKAJIBIK CHUIATTaFaH]a HYKTere esremesneHeTiH Oackapy Ooisica faHa ((A,b,c),Xo) Ky
TOJILIFBIMEH UICHTH(PUKAIUSTAHATBI.

Teopema 2. ((A,b,C),X0) XKYNTBHIH TOJILIFBIMEH HACHTHU(DHKAIMIAHYBIHBIH KaXETTI JKOHE
KETKUTIKTI [apThl Kenecine:

rank[xo Axo A?Xo ... A"xo b Ab A%b ... A™p] = n,
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MyHIa: N — )KYHeHIH peri. by skarnaiiia *KylieHiH 0aKbUTAHBUTYBI )KOPAMaJIaHa bl, COHIBIKTaH
Oackamma xa3yra oonaael: Rank We=n, Rank [W W¢]=n.

Jonengeme. backapbuly MaTpHUIIaHBIH OaKbUIaHY MaTPHIIACHIHA KATBICTBI aCCHMETPHSIIBI
TYpAE WACHTHUHUKANMATIAHY KpUTEpuiiiHe KipyiHiH ce0ebi MAeHTUHUKATTay KKETTUIIr YIIiH
OackapbuTy jKOHE OaKbUIaHy MpoOIeManapablH MaFbIHACKI OPTYpii OOyblHA OaiIaHBICTHI.
bakputanOalTRIH KYHesnep MmapaMeTpiepiH OacTamkpl Kyire KenTipy MYMKiH OOJIManThIH
OeIKTepl KaMTU[bl, COHJBIKTAH OaKbUIaHy KPUTEpUM1 JKEKe, ajjablH-aja IIapT peTiHle
a3bulaJpl. bakpulaHyIbIH KaHOHUKAIBIK (DOpMackl KYHIHIH BEKTOPBIH JKYHEHIH MapaMeTpiepiH
OUTMecTeH OacTamKbl KaJMbIHA KEJITIpyre O0Jaabl, MbICAJIbl, UMITYJILCTIK ocepae. KamMaHHBIH
OyadbAUTIK TPUHLIMIIH KeHeHTulin TyciHAlpy (A,b) kyObl ©Oap KyieHiH OacKapblly
npoOnemacbiH  (A,b) KynTelH wuIeHTHQUKaLUsIaHy MpobiemachlHa Kenrtipenl, cebebi
HUMITYJBCTIK CHUTHAJ XYyHeHl b kylire erkizeni. bacrankpl Kyl MeH HIECHTHU(PHUKATTAY YaKbIThI
OTKEHHEH KeW1H UMITYJIbCTIK CUTHAJ JKYHeH1 OTKI3€TIH KYIIepAiH acepiepiHiH alIuTHUBTI 00TybI
YPAICTIH aBTOHOM/IBI JKaFIai1a yKcac, ObIpaK KOpPCeTUIreH Kypama MaTpuIlaMeH aMall )KaCcalThIH
OipHelIe icKe KOCBUTyNIapbl OoMbIHIIA XyHenepal MAEHTU(UKATTAYIbIH >Kajlbl TEHACYJIepiH
KapacTeIpyFa MYMKIHJIK Oepeni. [lonenneme askranapl.

Erep ke3-kenren Oackapyaa Kyisiep BEKTOPHI TIKEJIEH OIIeyre KOJDKETepiik 0oJica, SFHU,
HIBIFBICTBIH TEHICYI )KOK OoyiFaH karmaiima Rank [W W¢]=n maptel opeiananranga ((A,b),xo)
KYNITBIH OaplibIK TapameTpliepiHe NEWIHT1 AONIIKNEH HIACHTHU(UKAIUAIaAHYbl Typasibl anTyra
0osaael. ABTOHOMIBI XKyienepae: Rank W=n.

Belicranuonapanl  kyiiesep. Erep OelicranmoHapiblK cumaTel  Oenrici3  Oouica,
OecTarroOHaPIIbl ChI3BIKTHI TUHAMHUKAIBIK JKYHEHIH MapaMeTpiepiH O0acTankpl KalalblHA KEATIPY
MYMKIH eMec, cebebi ypaicTiH Oip HyKTeci OoibIHIIA TeHACY/Iep menramenai. by xarnaina
Oackappuly MeH OakpllaHy TIpaMHaHIapblHAa YKcac WJIeHTU(UKALUATIaHy TpaMHaHHBIH
MarblHaChblHa KepceTKeH aypbic. CTallMoHapIbl >Kardaiiia 0opi aliKelH — IpaMUaHIbl HEMece
KYHETK MaTpHIaHbl Tekcepy 0opi Oip. //['pamuan — aeMeHTTEpl BEKTOpJIapAblH Map-nmapbiMeH
CKaJISIPJIBl KOOEHTIH/ICI O0JIaThIH MaTpuIa//

KBazunpentuduxanusuiany  OeHCTallMOHAPNIBI  JKOHE  CTAlMOHApNIBI  JKYHeJlepAlH
rmapaMeTpJIepiHiH KaKblH O0O0JIybIHA TINTI Kenurmik Oepmeiiai. On GacTankpl KaJIblHA KETyIiH
YKaJIFBI3 00JTybIHA KEMULIIK Oepe/ti.

KopbIThIHABI.

Backapsiiy. bakpiiany yFeIMBI JK9HE OFaH AyallbJbl 0aCKapblly YFBIMBIH anFaikbl 1960 k.
Kanman enridren. Waentuduxarray omicTepiH Tankpuiayna OaKbUIaHy YFBIMBI OacKapbLly
YFBIMBIHA KaparaHlla MaHbI3bUIAy 0oJica Ja, OJNapAblH AyalbIbsl 0ony cebebiHe OailiaHbICThI
Oipre KapacThIpbLIAJIbI.

XKyiie OackappliaThiH Kyie 00ibin TaOblIanbl AeHAl erep Kypama-y3ZiKci3 Kipic acepi
THTI3y apKbUIbl YaKbITTBIH aKbIpJibl T (1= ti —to) apanbirsinaa xyiie t=to -marsr ke3-keareH X(to)
Ky#iHeH Ke3-KkenreH 0acka Kaxerti X(1i) ky#ire eTKi3inyi MyMKiH GoJica.

XKyite GackapbUIMalTBIH XKyiie 00JbIN TaObLIaAbl, erep Oackapyusl Kipic U(t) ocep KyimiH
KeiO1p alfHbIMabIIIapbIHA OCEPIH TUT13€ alMalThIH OoJica.

ConbIMeH KaTap, OacKapbUIaThIH TYWBIK CBI3BIKTBI XKYHe Coiikec TYHBIK emec >XYHeHIH
©31H/IIK MOHJIEpiHE TOYeJNCi3 epKiH O3iHAIK MOHAepre ue 0oja anajpl.

OnebuerTe xyienepaiH 0acKapbUTybIH (CoMKeCiHIIe OaKbUIAHBUIYBIH) TaNAay KpUTepuitiepi
cunarranrad. OmnapaelH OapibIFbl KYHIIH KAaHOHMKAIBIK TEHICYIH KapacThIpyFa KoHE
MOJIMTHOMHUAJIB/IBI € )KIKTeyre HeTi3/1eJreH.
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Bakblianbly. bakbuiaHbITy YFBIMBI 0aCKapbLUTy YFBIMBIH TOJIBIKTRIpaAbl. Erep 6ackapbury
KYHEHIH op KYHi KipiC CHTHAIJBIH ocepiHe ce3iMTall OOJIybIH Tajlal eTeTiH Oosica, OakbplIaHy
KYHEHIH op KYH1 eJIIICHETIH MBIFBIC CATHAIIFA 9Cep THUTI3YiH Tajlal eTe/l.

XKyiie OakputaHaqpl, erep OHBIH OapibIK KYWJIepiH XYHEHIH MIBIFIC BEKTOPHI OOMBIHIIA
TiKeJel HeMece KaHaMma aHbIKTayFa 0oJsiaThiH 0ojica. COHJBIKTAH, MIBIFBIC CHTHAJI BEKTOPHIHBIH
Oenrimi Oip Kyire ocepiHiH >KOKTBIFBI JKYHEHIH OacKapbUIMANTHIFBIH OUTIEPITCHACH CHSKTHI
Oenriuti Olp KyH (Hemece coyl KYWIIH e3repyl) LIBIFBIC BEKTOpFa ocep TUriz0ece xyiie
OaxplanOaiapl. CoHbIMEH KaTap, OaKbUIaHOANTBIH >KYMEHIH HICHTHU(PHUKAUUSIAHYbl MYMKIH
emec.

Bbakbliay cypakrapbl

1 CBI3BIKTBIK IMHAMUKAJIBIK JKYHenepl COMKeCTeHIIpY MIapTTapbl
2 aBTOHOM/IBI JKYHenep/ii COMKeCTeHIIpY;

3 BIKTUMAaJIBUIBIKTEI COUKECTEHIIPY YFBIMBI;

4 OakpuIay YFBIMBI )KOHE OFaH KocapJbl 0acKapy TYCIHIT.

ogjedouerTep
Heri3ri oneduer

1. Axnazapoa C.JI., Kadapor B.B. Meroasl ontuMm3anuyd 3KCIEPUMEHTa B XHUMHYECKOM
TEXHOJIOTHH: Yd4eOHOe mocoOue Ajid BY30B. - 2-€ W3[., Tepepad. W JOMOoJHEHHOe. -M.:
Beicmas mkona, 2015. -327c¢.

2. TlocTtpoeHne MaTeMaTHYECKUX MOJIEICH XMMHKO-TEXHOJOTHUECKHX mpoieccoB. [lox pen.
Hynnukosa E.I'. - JI.: Xumus, 1970. -312 c.

3. IlpakTukyM MO aBTOMAaTHKE M CHCTEMaM YIPAaBJICHHUS TPOMU3BOJCTBEHHBIMH IPOIIECCAMMU:
y4ae0. mocobue st By30B /moa pea. M.M.MacnennukoBa. -M.: Xumus, 2016. -336¢.

KocbiMia oneduer
4, TomueeB B.O., Arogxkuna T.B. Meroapl wuaeHTU(UKAIUN JHUHEWHBIX OJHOMEPHBIX
IMHAMHYecKuX cucteM. -M.: M3n-so MOU, 2007




ONTUSTIK-QAZAGSTAN SOUTH KAZAKHSTAN
MEDISINA MEDICAL
AKADEMIASY ACADEMY
«OHTYCTiK HasaKcTad MeauUMHA aKanemMuachis AK AD «HHO-HasaxcTaHCKAR MeAMUMHCKAS aKaneMuA:
«MmkeHepiik noHaep» Kadeapacs 76/11

«XHMUS-TEXHOJIOT USUTBIK IIPOIIECCTEPIi MOJICIbACY» ITOHI OOMBIHIIIA 44 Gerrin 1 Geri

JIOpiC KemIeHi

12 nexnus KypbuUIBIMABIK CTATHCTUKAIBIK HIeHTH(PUKANUSIAY

MakcTrabl: KYpbUIBIMJIBIK CTaTUCTUKAIBIK HACHTU(DUKALMIIAY; OailIaHbIC THIFBI3bIFIHBIH
CTaTUCTUKAIBIK ~KPUTECPUIIIEPi; MOJENb KOOPAMHATTAPBIHBIH CceOen-CcalapiiblK —KaThlHACTap
Oar TapbIHBIH TOCULACP] MEH KPUTEpPHiliepi; MOJIETh KYPBUIBIMBIH UICHTH(UKAIUIAY Ke3eHIHIeT1
mIenriMi KaObUIIayIbIH CTaTUCTHKAIIBIK MPOLEAYPACHIH YHBIMIACTHIPY KapacThIPbLIFaH.

Te3ucrep

[Tapamerpiik uneHTU(PHUKATTAY OMICTEPIH MaijanaHy ajiAblHIAa MOJETBIIH KYPbUIBIMBIH
aHbIKTay KaxeT. byl naeHTugukaTTay TEOpUSACHIHBIH HETI3I'1 MpobaeMaiapbiHbIH O1pi.

KypblabIMIBIK  MIeHTHGUKATTAYy 3€pTTeNeTIH OOBEKTTEerl YpAICTepAl CHUMATTalThIH
MaTeMaTHKaJIbIK MOJIeNb/l TaHAayFa KedaTipuieai. Moenb KypbUIBIMBIH allpHOpPJIbl TaHAay IbIH
dbopmanuzanusiiaHFaH TpoLeaypaiapbl OChl KYHre JediH *oK. OHbl KeleciIMeH TYCIHAIpyTe
0omanpl:

1) Gackapy xyienepae 00BEKTTe OTETIH YPAICTEPIIH €H MaHBI3/IbI )KaKTapbIH OeHHEIeHTIH
MaTeMaTHKaIbIK MOJebAep mainananbuiaasl. COHABIKTAH HAEHTU(UKATTAY KYyHenepinae Kapa
QMK KOHIIETIASICHI 0ACHIM/IBL;

2) ypaictepaiH TaOWFaThIH CHIIATTAy YIIH (QU3MKaNbIK 3aHaapibl TaiagaHy opeKeTi
MaTeMaTHKaJIbIK CUIATTay[bl ajly MpOLEAYpachlH eIoyip KypaeneHAipyl MyMKiH. COHJIBIKTaH,
MaTeMaTHKaIbIK MOJEIb KYPBUIBIMBIH TaHJay OpPBIHAAIMANTBIH MaKcaTKa ailHaIybl MYMKIH,
cebeb1 (m3ukanbIK 3aHmapAa OelHeJIeHyml TallaraH HeMece OTe KYpIesll MaTeMaTHKAaIbIK
OeitHeeHyre re 00JaThIH YPAICTEPAl cUnaTTay KakeT 00Jaibl.

3) ’xaHa (KETKUIIKCI3 3epTTelreH) OOBeKTTEepAl HACHTH(PHUKATTay TEK Kapa oMK
KOHLIETMIIUSChIHA HETi3/IeIe/Il, ajl OJ1 3 KaFblHAaH, allpUOPJIbl aHBIKCHI3BIKTHIH MHaiiia 6oiybIiHA
oKeleml.

4) Ke3-KelNreH HaKThUIbl OOBEKT CHIPTKbl OpTaMeH OaillaHbICKaH, COHJIBIKTaH MOJEIb
KYpbUIBIMBIH TaHJAy K€3€HIH]Ie HAKTHLIbI MIEKTEYIep/Il ECKEPY KEepeK.

MoaesbaeyaiH Heri3ri ke3eHjaepinaeri KYpbLUIbIMAbIK HAeHTH(UKATTAY.

bipiami npo6nema (KypsuUIbIMABIK HaeHTH(HUKaTTay) 10 JIeKmusga KapacThIpblIFaH Keleci
TOPT HETI3r1 Ke3eHAEPACH TYpaThlH OYKUT MeJenblAey YPAICiHIH Herisri mpobieMachl OOJbII
TaOBLIAJIBL:

® ccen KOUBUIBIMBI

®  MOJEJb KYPBUIBIMBIH TaHJAY KOHE OHBIH OJIOKTApbIH MaTEeMaTHKAJIBIK CHIIATTaY,
®  MOJEJbIi 3epTTey;

®  MOJEJb/Ii SKCIEPUMEHTAJIBIBI TYPJE TEKCEPY.

Ocbl mpobiemMaMeH MOAENbJACYIIH KeMIHAE aJAbIHFbI YII Ke3eHl TyHiceal. Hakrbuibl
O0OBEKTTEP/IIH YJIKEH 9p TYPJUIIriHe jKoHe KypaesiriHe OaiaHblcThl Oysl MpoOiIeMaHbl TOJBIK
dopmanuzanyssiay MYMKIH eMec. MyHJa 3epTTeylliHiH KociOM IeOepiliriHiH, YpAICTepIiH
¢bu3MKaNbIK MEXaHU3MIH 01Ty, MaKCaTThl AYPBIC TYXKBIPBIM/IAY KOHE €cell KOWBUIBIMBIHBIH POl
eTe YJIKEH.

IMapamerpiik uaenTudukarray. ExiHmi npobnema (mapameTpiik HAeHTH(UKATTAY)
MOJIeNbIIH OepiireH KypbhUIBIMBIHIAA (QopManu3anusiayra 0ojaasl kKoHE OJ MOJENbACYIiH
TOPTIHII Ke3E€HIMEH TYHice .

CoHBIMEH, JKallbl MOJENBbACYNIH KOIKe3eHIl YpIAiciHe KaThICThl HAECHTHU(HUKATTAY
OOBEKTTIH JKYMBIC JKacay Typasibl SKCHEPUMEHTAJbJbl JEepeKTep HETi3iHAe OOBEKT IeH
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MOJIENb/IiH KYPBUIBIMBI HEMECEe MapaMeTpiepiHiH COHKECTIrl Typasibl THIIOTEe3aJIap bl TEKCEPYIiH
acra0bl peTiHAe KpI3MeT aTKapaabl. CoHKecCi3MIKTIH cHIaThl MEH J9pexeci Oy Ke3/ie MOIeNbIl
KOppeKTipiiey OoibIHIIa MaFbIHAIIBI HeMece (hopMaliM3alMsUIaHFaH MemiMaepai KaObliay yiin
naigananeuiaabl.  KypbUIBIMABIK JKOHE TMapaMeTpiiK UACHTU(DHUKATTAy MOCENEpiH TOJBIKTAY
KapacThIPANBIK.

Mogaeab KypbLIbIMBIH HIeHTHPUKATTAY Ke3eHiHaeri memimaepai KaObLIIayIbIH
CTATUCTUKAJIBIK MPOLEAYPAChIH Yl IMAACTHIPY.

KypbuibIMIbIK naeHTHQUKATTaY Ke3eHaepl. OObeKT KypbUIbIMBIH aHbIKTay ece6l. Mojens
KYPBUIBIMBIHBIH ~ pOJIi  ©T€ MaHBI3[bl, OJI JYPHIC TaHjaam ajblHOAca  IMapameTpliik
UIACHTUPUKATTAYAbIH OapIIbIK HOTHXKENIEP1 3asiFa KeTe/Il.

OOBEeKT KYpBUIBIMBIH aHBIKTAy €CENTEPIHIH apachlHAa KeJlecuiep Al epekuieneyre 60aaibl

1. oOBEeKTTI KOpIIaraH OpTaJaH epeKIleser ary;

2. ONapJbIH COHFBI MAaKCATTBHIK KOPCETKINIKE THUTI3ETIH OCcepiHiH Jopexeci OOHbIHIIA

00BEKTTIH KIpiCTep1 MEH HIBIFBICTAPBIH PAHXKUPIIEY;

3. MojeNbJi eCKepiIeTiH OOBEKTTIH KipicTepi MEH IIBIFBICTAPBIHBIH THIMI1I CaHBIH

(MeIepiH) aHBIKTAY;
4. 0o0OBEeKT MOJENIHIH KIpiCl MEH HIBIFBICBIHBIH apachIHAaFbl OalIaHbIC CUNIATHIH, SIFHU KYie
OTIepaTOPBIHBIH TYpiH aHbIkTay. 050331500091

Och1 MocenenepaiH OpKaChICHIH KbICKAIa KapacThIPabIK.

OO0beKTTi KOpIIAFaH OPTaJaH epekiueaen aay. Ypaicti cunarray OOBEKTTI KOpIIaraH
opTaZiaH epekiesen any YpAicl, €H aJJbIMEH, ojiap YIUIH MOJENb KYpbUIATHIH MakcaTTapMeH
aHbIKTanaabl. MakcaT, MbIcasibl, OacKapyFa KaTbICThl CBIPTKbI cumatka ue. On Korapbuiay
WEPapXUsIIBIK JCHICHIe TYXBIPBIMIAIAIbl JKOHE OHBIH 0Oackapy OOBEKTICIHE KOSITHIH
TamanTapbeiH Outaipeni. COHbIMEH KaTap, MaKcaTTapJbl aHbIKTay OHBIH IMITHAE OChl MaKcaTTap
JKY3€ere achIpbUTybl THIC OOJATBIH OOBEKT Typajbl TYCIHIKTEpMEH OaillaHbICKaH, SIFHU, OacKapy
0OBEKTICIHIH MOJIeiHe e 0oJIMaii MaKCaTThl THIMII TYKBIPbIMJIAy MYMKiH emec. COHJBIKTaH,
MaKCaTThl TYKbIPBIMJAAYIBIH ajAblHAAa Oackapy OOBEKTICIH aHBIKTay YIIIH MaijaiaHblIaThIH
Keioip, JKybIKTaJIarH 0oJica Jga Mojelb 00Jybl THIC. OOBEKTTI KOpIIaFraH OpTajiaH epeKIleser
any Hemece (Kypaeini oObeKT yaFaalblH/Ia) IIKI 00BbEKTTEPre JKIKTeY OHBIH KOpIaFaH OpTaMeH
HeMece Oacka imki oObekTTepMeH (OybIHAApMEH) OalIaHBICTAp CaHbl MHHHUMYM OOJIaThIHAAM
eTil >Ky3ere achIpbllybl THIC. bys ke3ne Oip Me3riie COHbIMEH KaTtap OOBeKTTepiH KeOiciHe
TOH O3IHAIK peTTey KacHeTTepiH NaiifajaHy YIHIIH €H aKChl MapTTapAbl Kypy Tanalbl 1a
KaHaraTTaHIeIpblIafbpl. OOBEKTTI KOpIIaFaH OpTaJaH epeKlieNnen airy YpAici OOBEeKTTIH
KapanaiielM (QopmanapslHaH KypJeniiey QopmanapbsiHa Ti30€KTI TypAe Ty pEeTiHIe XKy3ere
aceIpblTybl MYMKiH. EH KapanaiibiM opma peTiHae KopluaraH OpTaHbIH KOWBLUIFaH MaKCATThIH
OPBIHJIATYBIHBIH TEKCEPY YIIIH Ka)KeTT1 aKIapaTThl TaCyIIbl 06JIriH KapacTeipyFra Oonaasl. Ogan
opi O6ackapy MakcaThl JKaKChIpaK KaHaFaTTaHIBIPbUIATHIHAAN €Till KOpILIaFaH OpTaHbIH OeiriH
KOCY apKbUIbl OOBEKTTI KeHEWUTel, MbIcalbl 0ackapy pecypchlH KEHEWTy apKbuibl. byn ypric
Oackapy MakcaTblHa THIMJ1 KOJI KETKI3UIT'eHIle HeMece OFaH KOJI )KE€TKI3yre MYMKIH €MeCTIriH
KOpCEeTKEHIIIE JIeHH KaliTanaHa 6epityi MyMKiH.

OO0beKTTi KOpIIAFaH OpTaJaH epekmiejien ajgy MbIcajbl. Mpican peTiHAe MeTaibl
KaMepajblK TMemTe KbI3AbIpY YPAICIH KapacTelpaiiblK. backapy wmaxcatel Oenriai  6ip
TemIepaTypara AediH OipKenKi >KbUIbIHFaH (OeTi MEH OpTAChIHBIH TeMIlepaTypajlapbl *aKblH
OonaTblH) naiibiHOamMaHbl amy OoJyceiH. Erep Oynm ke3ne Oackapy OOBEKT peTiHAE TeK
JabIHIaMaHbIH ©31H FaHa epeKIleNien alicak, OHJa colikec Oackapy pecypcrapbl OoMaraHbIHA
OailmaHpICThl OEpUIreH MakKcaT KOJDKETEPIIIKCI3 eKEHAIriHe Ke3 KeTKi3y oHall. byl o00beKTTiH
Kipic mapaMeTpi *KYMBICTBIH KEHICTIKTIH TEMIEpaTypachIMEH THIFbI3 OaillaHBICKAH IaibIHIaMa
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OeTiHiH TemIepaTypachl OOJIBIT TaObLIAIBI, ajl MIBIFRIC TTAPAMETP — JalbIHIAMaHbIH OpTackl. EH
KAKChl JKaFJaia, oJapJbplH aIblH-ajla aHBIKTAIMaraH JCHTCHIHAE VYaKbIT (aKTOPHIHBIH
apKachIHIa COJI TeMIIepaTypaapblH TEHeCYiHe KOJI JKeTKi3yre 0omaapl. Erep 00beKTTi KeHEHTY
ece0iHeH OHBIH KypaMbIHA >KYMBICTHIK KEHICTIKTIH TEMIepaTypachlH €Hri3ce Je mpodiema
aliTapipIKTall ©3repMmeiini, cededi COHFBICHI Toyesci3 Oackapymibl acep emec. backapy o0beKTi
peTiH/E OTBHIH KAFaThIH KYPBUIFBLIAPIBI JKOHE OTBIH OCH TOTBHIKTBIPFBIIITHIH IIBIFBIHIAPBIH
OJIIEHTIH JAaTYMKTEPMEH KOCa MEMITiH OYKUT )KYMBICTBIK KEHICTIIH KaObUIaraH araaia raHa
KoMblIFaH ecen memuieni. OOBEKTTI OChIIAM  epekiienen anraHga Oi3/iH  OwiririMizze
OacKapyIblH KOKETT1 pecypcTapsl 60Jaasl. Erep kepceTuiren MakcarieH Katap KeHIpeK MakcaT
KOWBLTATBIH 00JICA, MBICAITBI, OTHIHBI YHEMJICY KOHE KOpIIaFraH OpTaHBI JIACTAYIBI a3aiTy, OHJA
OOBEKTTIH KYpaMbIHA JKBUTYJIBI TMaiIaFa achIPaThIH KYPBUIFBUIAP/bI, Ta3 Ta3ajdayAbl KOHE TYTIH
MYPIKAChIH KOCY KEpEK, aj IIBIFBIC TapaMeTpliep PeTiHIe METAJUIIBIH TeMIIepaTypachbIMEeH KaTap
IIBIFATBIH Ta3/1apIblH XUMUSUTBI KyPaMbIH, TEMIIEpaTypachliH jKOHE NIaHIAThUIFAHBIH KapacThIpy
kepek. CoHbIMEH, OCBIHAal KapanaibIM MBICAJIaH Aa 6acKapy HemMece 3epTTey 0OBEKTTI IyphIC
epeKIlesen any KaHIIaJIbIKThl MaHbI3Jbl €KeHJIrH Kepyre Oojaabl. OpuHe, Oyn Oenriil Oip
€CelT1 LNy YIIiH KYPbUIaThIH MOJAEIbAIH KYPBUIBIMBIH TaHIayFa TiKeJlel ocepiH TUT13e1l.

Kipictep mMeH mbIFbICTAPABLI PAaH:KHpPJIEY KIHE OJIAPAbIH THIMII CaHBIH AHBIKTAY.
3epTTeyiH ajiFalliKbl Ke3eHJAEpIH/e KONYIITHIK TypiHae OeiHeneHyl MYMKIH OOJaThbiH
MOJIENB/IIH KYPBUIBIMBIH aHBIKTAY YIIIH MOJENbh KypambIHa KIPICTIpUIETIH OOBEKTTIH KipicTepi
MEH IIBIFBICTAPBIH IpiKTen anxy Oousbin TaObutamel. On yoIiH ajaabIMEH OJIapAblH KyMiepi
00BEKTTE MaKCaTThl OpbIHJAayFa (MbIcajbl, OacKkapy MakcaThiH) Oenrial Oip oCepiH THUTI3ETiH
OapaBIK KipICTEp MEH WIBIFBICTap aHbIKTanaapl. OmaH KeWiH oJjapIblH apachlHaH MOJEIIbIIH
enmemi [IxT KemymITBIKTBI KypaWThIH €H MaHbI3AbUIAPhl IPIKTEN ajdblHAAbl. MaHbI3IbI
(dakTopiapabl ipikTen any oHaW mporeaypa emec. Oy YIIiH capanTaMaibIK Oaramap omicTepi
(TiKenel paHKUpPIey, KYITHIK CAIBICTRIPYJAp dMiCi )KOHE C.C.), HAKTBUIBI OOBEKTTIH KYMBIC
JKacayblH XOHE OJIaFbl OINEPaTOPAbIH TIPIIUIIriH Oakbuiay, OOBEKTTE apHalbl >KOCHapJIaHFaH
KOoHEe YHBIMIACTBIPBUIFAH IKCHEPUMEHT MaianaHbuiagpl. MoJenb KypbUIbIMBI (KipcTep MeH
IIBIFBICTAP CaHbI) Typalbl IIenIiM KaObuimay yIimiH —OipHemie Oocekeiaec MOJEIbAep
CaNBICTBIPBIIYbl MYMKIH. Byl Ke3me eH Komaiiibl MOJeibAl TaHaay KpUTepui peTiHae Oip
JKaFblHAH OHBIH JQJUIIN €KIHIII aFblHAH KYPAETLIIrT HeMece KY3ere achbIpbLIybl OOJTYBI
MYMKIH.

Erep keiibip kybplK MOJenb HeMece Teopusi Oap OoJica, OHIa MaHBI3AbI MapaMeTpiepi
ipikTemn any ecebi enoyip KeHUaeh i,

Kipic nen mbirpic apachiHIaFbl 0aliJIAHBIC CHNIATHIH aHBIKTAy. MojebaiH Kipici MeH
UIBIFBICBIHBIH, apachIHIAFbl OaillaHbIc cumaThlH (omepatop TYpiH), sFHU [IxT KeNmymIThIKTHIH
K1 KYPBUIBIMBIH MaKcaTKa cail aHbIKTay OOBEKTTE OTETIH YPIICTEpIiH MEXaHU3Mi Typalbl
TEOPHSUIBIK TYCIHIKTEp Heri3iHae faHa MYyMKiH. Kepi karmaiija KypbUIbIMAApAbl TeK Kail
CYpBIINTAIl IIBIFY FaHa KallaJpl, all OJ1 alTapibIKTail icke amaiibl. KypslasiMaapasl CHHTE3ACYA1
dbopmanuzanusiay opekerrepi 6ap, Mpicaibl TUNTIK OybIHAAP/BI, YAIIBIKTAPIbl HEMECEe HIapTThI-
AIIEMEHTAapPIIbl  ONEPaTPOJAPAbl: HICANbIbl aApaNacThIPy, BIFBICTRIPY, AUPPY3UsSI, XUMUSIIBIK
KMHETHKA, KBUTyOepiTiC JKOHE C.C. epeKIleNney apKblUIbl. ©3apa 3aT HeMece SHeprus
arpIHIAPBIMEH adMacaThlH OChIHAAW ysmbIkTapaaH (OyblHOapaaH) KypAeni O0OBeKTTep
MOJENBACPIHIH COHKeC KYPBUIBIMAAPHIH CHUHTE3Jey YCBIHBUIAJBl. OpHUHE, MYHIAl Tocil
KapacThIPBIIATBIH €CeNTi MIeNTy i KEeHUAeTe 11, ObIpaK, HaKThUIbl 00BEKTTEP/IIH KACUETTEPiHIH
KONTYPJIUIIriH TOJBIFEIMEH TaMmaHlail anybl MYMKiH emec. COHIBIKTaH KYPBUIBIM TYpalbl
runore3anap QU3MKaNbK, (QU3NKA-XUMUSIIBIK JKOHE HAKTBUIBI OOBEKTTEp Typaibl Oacka
TEOPUSUTBIK TYCIHIKTEpP/I €CKepe OTBHIPHIN KOWBLIAAbI, ajl OChl TUIOTE3aNapAbl TEKCEepPy YILIiH
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AKCIIEPUMEHTAJIBABI-CTATHCTUKAIIBIK QMICTEPII Ak JaiaHa bl

KanasikTapasl Ma3sMYHABIK TajAay KYPbUIBIMJABIH adeKBATTHUIBIFBI  TYPAaJbl
THIOTe3aJapabl TeKcepy dici peringe. KaTenep MeH KalabIKTAPABI 3ePTTEY. &; KAIIBIKTAP
JICT TIBIFBIC TTAPAMETP/IiH HAKTBUTBI OJIIICHTCH Y; JKOHE MOJCIIb KOMETIMEH OOJDKaMIIaIFaH Y,
apachIHJIaFel aWBIPBIMAAPABIH N MOHAEpI TyCiHUIeHl. By perpeccusuiblk Hemece KaHmal 1a
OoMachlH Oacka TEHIEY apKbUIbl TYCIHAIPYre MYMKIH €MecC Iamaiap, siFHd, MOJCIIbIIH KaJlIbIK
Karenepi.

Karenepre KatbICTBl Keneci jkOpaMajiap acajajbl: KaTelep Tayesci3, HeJbAIK opTalia
[amMara, TYPaKThl JUCIICPCUSFA HE )KOHE TapaTy/IbIH KAJIBITITHI 3aHbIHA OaFbIHAIBL.

Erep Tanman ansiHaTEIH MOJIENIb OOBEKTIICH KaHAFATTAHAPJIBIK COMKECTIKTE OoJIaThiH OoJica,
KaJIIBIKTAp 013 KacaraH >Kopamayiapibl pacTaybl HEMece KEeMiHJE OJlapFa KaWIibl O0JMaybl
THIC.

Keneci cypak TyxbipeiMaanansl: «Kamapikrap 013/11H jkacaraH yKopaMmayiiap KaTe eKeHITH
nonenaen me?y

Kanapikrapapl 3epTTereHHeH KeiiH Kelleci KOPbIThIHABLIAP IbIH OlpiHe Kemayre 00mabl:

1. xopamannap, 6ankiM, Oy3blIFaH (keiOip MarbIHAAA)

2. xopamaiaap, 6anKim, Oy3bIIIMaraH.

CoHFpICHl  OI31IIH  JKOPaMaJABIKTBIH TYPBICTBIFBI Typajdbl KOPBITBIHIBIFA KEJITEHIMI3I1
Ol IipMen/Ii, IyphIC eMeC TYpallbl TYKBIPbIMIAayFa O13/11H HET131M13 JKOK.

Kartesiep MeH KaaabIKTapabl 3epTTeyldiH rpagukajbiKk npoueaypanapsl. Kajgabikrap
rpadukTepinin Herisri TypJsepi. Moxaenbai Tekcepy MaKcaThIHIA KaJABIKTApIbl 3EPTTEY
nporeaypaiapsl rpaduKabIK CUIIaTKA HE, 0J MOJICTh MEH OOBEKTTIH COMKECTIK JOPEKECIH TEK
MOJIIIIEPIIIK eMec carnaibl 1a (Ma3MYH]IbI) Tajljay *KacayFa MyMKIHJIIK Oepe/il.

Kangeikrap rpaduxTepiniy HETi3r1 TYpepi:

1. oxanmsl, MbIcajbl, Tapaly TUCTOTPAMMAchl,

2. YyakpITKa HEMece TOKIPUOCHIH HOMIpIHE TOyeli, erep ojapIblH TI30€KTLIIr Oenriti

ooJica;

3. OoJpKaMIanaThlH Y; MOHJIEPIHE TOYEII/l,

4. xipic x;; (akroprapra Toyei;

5. OepuIreH HaKThUIbI €Cell YIIIH MaKcaTKa cail 601aThIH IpaUKTIH Ke3-KeJIreH TYpl.

Kepcerinren rpadux TypiepiHid keibipeyaepiH HaKThlIay KapacTbIpanbIK.

Tapaay rucrorpammacsl. Tapany ructorpaMMachsl Kejaeciiell Kypoliaibl. ARHbIMAJIbIHBIH,
O3IIH XKaraaiina MoJenb KaTeciHiH, OYyKiin e3repy auama3oHbl abciuccanap eciHe TYCIpUIeTiH
Oipneit uatepBangap (omerre 10-15) karapeiHa OemiHe i, ajl OpAMHATTApP OCIHIC KaTeaepaiH OChI
WHTEPBAIIAP/IbIH SpKANChIChIHA TYCY KULIIri (kargainap canel) 6enruvieneni. Meicansl, 12.1,a
cyperTe OeifHeJIeHreH TUCTOrpaMMa CUMMETPUSJIBI CHIIaTKa He *koHe O311H jKopaMangapiblH
AypbIc OoJIMaybl Typajibl MIKIp JKacayFa elKaHaal Heri3 bepmeiini.

I'mcTorpaMMaHblH CUMMETpPUSIIBI €MEC CUIaThl HeMece eKiHIIl “epkemTiH” O6ap 0o0iybl
(cyper 12.1,0), momenbae Keibip Ke3HeMCOK eMec KypaMJachl €CKEpUIMEreHIiri Typalsl
KyoJaH/IbIpybl MYMKIH JKOHE MOJEJb KaTeNirH TePeHey Tajliay Kepek.

YakbITTBIK Ti30eKTUTIKTIH rpaduri. Kanasik KaTeHiH yaKbITKa HEMece KOFaphl/ia aTalFaH
Oacka (akTopiapra TOyeJNUIriHIH OipHelle epekiue Xaraaiaapel 00dysl MYMKiH. Omapabl
alJIbIMEH MbIcajibl 12.2,a cypeTTe KeNTIpireH YaKbITTBIK TOYSIAUTIK YIIiH

(0) sxarnmaiina yakpIT 3((eKTi KaTere ocep TUri30ei/ 11 )koHe MOJENbIl OJaH apbl 1aMbITYThIH
MakcaTKa cail 00JIaThIHBI Typajibl HIEUIM KaObU1Iay YIIiH eIKaHAal Heri3 GepMeii.
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(B) »karmaiija AUCHEPCHUs] TYPAKTHI €MeC, all YaKbIT OapbICBIMEH O©CE/ll, 0J1 OJIIICHICH eH Killli
KBaJ[paTTap 9JIICiH Maiiagany KaKETTUIIrH KO3IbIPaIbL.

(T) >xarmaiia yakpITTaH ChI3BIKTHI MYIIIEHI MOJIEbIe KOCKaH MaKcaTKa Cai.

() >xarmaiiia MOJENbre yaKbITTaH CHI3BIKTHI )KOHE KBAIPATThI MYIIIENepi KipicTipiryi THiC.
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ConbIMEH KaTap, KapacThIPbUIFaH XKaFJalaapAblH SpTYpii Tepysiepi OpbIH alybl MYMKIH.
Kanneikrapasle ¥, -re Toyenainik rpaguri 12.3 cypeTre KenTipiirex.
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Cyper 12.3 — HIbIFpICTHIH OOJDKaMAATIFaH MOHAEPIHE KATIBIKTAPIBIH TOYEIILTIr
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HepekrepaiH kKeOiCiHIH KOJIICHEH »OJaKKa TYCKEH1 Oi3MiH >Kopamaimap, O9JKiM, IYphIC
eKeHJIITH KyanaHapIipansl. JKopamangap akTaJMaraH >Karnaiyiap yIIiH rpaduKTep MKOFapblna
KapacTeIpbUIFanaapra (cyper 12.2,B,r,11) yKcac Typre ue 00JIybl MYMKIH.

(B) »karmaiiia AuMCHepCcHs KOopamaliFa KapaMacTaH TYPaKThl €Mec JKOHE Y, -Ke TOyelai, Ol
OJIIICHTeH €H Killl KBaApaTTap OICIH MaijanaHy >KoHe ¥; Oakpuiayigapabl TYpPICHIIPY
KQKETTUIIrHe oKkenenal. () ’karjaiija alblHFaH TEHACYACH (MOJENBbICH) aybITKyNap XKyHueml
cUmarka ue, 0J1 MOJIJIbJIe €pKIH MYLIEe aHFapMal KaJlJbIpbIll KETKEHAINH KyoJIaHIbIpYbl MYMKIH.
(1) >xkarmaii — MoJeNb aJeKBaTTBl €MeC, MOJENbre KBAaJPATTHIK MYIIENEpl JXoHE e3apa
OpEKETTECYIEP/Il €HI 13y KaXKeT.

Toyencis x; alHBIMANBLIAP/IBIH OPKAKNCHICHI OOWBIHIIA KaJIbIKTApIbIH IpapuKTepl yKcama

TYpA€ KYpbUIaJbl JXKOHE Tanjay jkacamansl. MyHpma (r) »karmail ecenTeysiepjne >KiOepulreH
KaTeJep/IiH HEMECE X; JIEH CBI3BIKTHI MYIIEH] HET13CI3 MIBIFAPBII TACTAY Caliapbl O0JIybl MYMKIH,
ai (1) Karaai — MOJIENbre X; JICH KBAJIPATThI MYILEHI EHTI3y KQKETTUIIN TYpasibl KydJIaHIbIPYbI
MYMKIH.

Backa aaicrep, THiMaiik, HbIFapbIHABLIAP.

I'padukrepain Oacka TypJiepiHiH IMIIHEH KaJAbIKTapAbl JpTYpJl arperarrap, HemrTep,
aybIcbIMIap, Opurajanap, Kbl Mep3IMiHE, OH >KOHE TepiC KaJAbIKTap CepusiapblHA JKOHE C.C.
TONTACTHIPYABI OeNrieyre 00abl.

Mogenbnepai peTiMeH >KeTUIAipy OapbIChIHIA KapacThIpyFa >KaHAa aWHBIMAJBIHBI EHTI3Y
THIMI1 601ybl MYMKIH. KapacThIpbliaTeIH MOACIBIE KipICTIpUIMEreH JKaHa alHbIMANIBIIAH &; T1H
Toyenaunik rpaduri Kypbutaabl. Erep myHmai Toyenaurik OailkamaTelH 0oJica, OHJA OCHI
alfHBIMAJIBIHBI €CETIKe aly YIIIH COMKeC MYIIeIep Al MOJIEIbI€ €HI13y MaKcaTKa cau.

Kanapikrapabl 3epTTey/e IIbIFapbIHABUIAD KbI3BIKTHIPYBl MYMKIH — OJI MapameTpiiepAiH
aHBIKTAJIFaH Tapaly 3aHbIHAH eoylp aybITKyJapel. JlepekrepaiH yiakeH aHcaMOii OOWBIHIIA
TYpaKThl OpTallla MOHAEPIH any Ke3 KapachblHaH  €Hi+3c 30HaJIaH ThIC IIbIFAPBIH]IBLIAP/IBI
(MyHma: o -opTaimia KBaapaTThl aybITKY), OJap SKCIEPUMEHTTI KOK KOHE OTKI3y OaphIChIHIA
KIOSPUITEH KaTCIIKTEPIH HOTHXKECI OOJIBITT TaOBbLIabl JETECH >KOpaMallap »acalrl, eCKepMey
YCBIHBLIAJIBI.

Erep ceGentepai anbikTay, KyObUIBICTapbIH IIKI MEXaHU3MIH amly ecedi Koblica, OHJA
UIBIFAPBIHABLIAPABI ©T€ MYKHST Tajay Kepek.

XKorappima KanabIKTapIel 3epTTEYAiH TEK Heri3iepi FaHa KapacThIpbUIFaH, OBIpaK, OJI
MOJENbAEePl Ma3MYHIBIK TaJJIAy KOHE OJIap/bl KYPbUIBIMIBIK KETUIAIPY OarbITTapblH aHBIKTAY
OapbICBIHAA OCBI OMICTIH MAHBI3ABUIBIFBIH TYCIHY YIIIH KETKLIIKTI.

Kazipri ke3ne KypbUIBIMIBIK WACHTU(DUKATTAYABIH Oip KaTap oaicTepi KapKbIHABI Jamyna,
oJIap/Ibl XUMUS KOHE Oacka cajanap/a naijanany Mblcaiaapsl 6ap.

bakbLiay cypakrapbl

1 KypbIIbIMIIBIK CTaTUCTUKAJIBIK COUKECTEHIIPY;

2 THIFBI3 OAIAHBICTHIH CTATUCTUKAIBIK KPUTEPUITIEP;

3 MoJenb KOOpAWHATTapbIHBIH ce0ern-canaapiblK KaTbIHACTAphIH Oaraapiay KpUTepuiliepi
MEH oficTepi;

4 Mojenb KYPBUIBIMBIH COHKECTEHAIPY Ke3eHIHJe WICHIiM KaObUIAayAblH CTaTHCTHKAIIBIK
PaciMiH YHBIMAACTBIPY;

5 00beKTiHI OpTaiaH 0ey/iH MbICaIiaphl;

6 KaTenep MEH KaJIbIKTap/Ibl 3epTTey/aiH TpaduKaIbIK MpoIleaypaiapsl;

7 MoAenbaep il NOHEeKT1 JKeTUIipyAeri THIMAUTIK )KaHa aifHBIMAIBIHBI KApacThIpyFa KipicIie.
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13 nexkuusa OO0beKTiIepAiH mapaMeTpJiepiH KoHe KYHiH Oarajay

MakcTabl: TaKbIPHIOBIHBIH MaTepHaIbl Keleci Mocenenepi KaMTHIbI: OOBEeKTTEepaiH
napameTpIiepi MeH Kyisepin Oaranay; Kanvan-berocu GunbTpi; mapamerpiep MeH Kyinepai Oip
yaKpITTa Oaraiay; KBa3UChI3BIKTAHIBIPY SicTEpi

Te3ucrep

OO0bexTTepAiH mMapaMerpJiepi MeH KyililepiH Oarajiay napameTpiiKk HICHTHUQHKATTAY
KE3EHIH/IE OPBIHIAIA IBI.

[TapameTpnik uAeHTU(UKATTAY €CENTepiH IIeNly YIIIH OOBEKTTEpAIH epeKIIeNIKTEepiH,
OJIApIIBIH JKYMBIC >Kacay IIapTTapblH, SKCIEPUMEHTANbIbI JIEPEKTEPl TECTUIey TOCLIl MeH
Taj/ayAblH MaTeMaTUKAJIbIK HET131H, maija OoJIaThlH MOJEIbAEPAIH TYPIH KOHE C.C. €CKepeTiH
KeITereH oaictep keruiaipuired. [lapamerprik uaeHTudUKaTTay 9JICTEPIH TYpIi OenriiepiMeH
cunarrayra 0osiajpl. 3epTTeneTiH 0O0BEKTTI TeCTUIeY TaCcIl OoMbIHIIA HACHTU(UKATTAY 9IICTEP1
OeJICeH/Il XKOoHE TTACCUBTI ICTEPTE KIKTEIE/II.

MeToabl napaMeTpuieckoii HieHTH(IKALH

I AKTHBHbBIE ITaccuBHBbIE

RO vy o o W2

JeTepMHHHpOBAH- Crarucruyeckue

HEIEC

Ol'[ep‘dTllBHble PeTpOCl’lel\‘T[lBHble

MeToabl HAeHTH(HKAIINH 00beKTOR
CTALIHOHAPHBIX, HECTAIHOHAPHBIX,
JINHEHHBIX, HeJTITHeITHbIX

C onucaHmem C omicaHieM
BO BpeMeHHOIT B YACTOTHOII
00 TACTH 00.1ACTI

Cucrembl HaeHTHHKAIIN

PazomMrHyTOr0 THIIA 3aMKHYTOT0 THIIAQ

bencenni omicrepai maiiganaHy OOBEKTTIH KipiCiHe apHailbl KaubINTACTBIPBUIFAH —
JeTepMUHAI  HeMece  Ke3[eMcOK  CcuUmaTThl  ocepiepii  Oepyai  Kopamanaaifpl.
WnentudukarraynblH OesceH i 9IICTEpiHiH apachlH/la TapMOHUKAIBIK Kipic acepiH ceOebiHeH
naiga OOJFaH 3epTTeNeTiH OOBEKTTIH TYpaKTadFaH IIBIFBIC CUTHAIIAPBIH OJIIEyre Heri3JereH
KUUTIKTIK 9JiCTep KeH KoJjaaHbicka ue 0oyiapl. ChI3BIKTEI 00BEKTTEp Il UASHTHUPHUKATTAY YIIiH
0acka Ja MepUOATHIK (TIKOYPBIIITHI, YIIOYPHIMITEI) dcepiepal, )KOHE COHbIMEH KaTap, CaThbuIbl,
UMIYNbCTI JKOHe Oacka CHUTHajjap TYPIHIErl anepuoJUKalbIK ocepiiepl MaiaaiaHabl.
Kesnelicok TecTiney cuUTHaAIgap pETIHIE ICEeBIOKE3NEHCOK eKUTK Ti30eKTiep ocipece KeH
naiganaHaabpl, OHBIH ce0ebi oapabl aly OHall XKoHe ecenTeyilll TeXHUKA Kypaiaapbl KOMeriMeH
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OHJIey BIHFAWIbl. benceHal HACHTH(PHUKATTAYABIH KYHIBUIBIFBI OOBEKT TYpalbl alpHOPJIBI
JepeKTepre KOWBUIATBIH TAANTapIbIH KAaTaH eMeCTiriHae. OKCIePUMEHTTI Kocmapiay
ozicTepiHe HEri3AeNin MyHAall wuaeHTH(UKaTTayIpl MakKcaTKa cail OpblHAayFa OoJiafpl, O
O0OBEKTTIH AalHBIMAJBIIAPBIHBIH APACBIHIAFBl TOYEIAUTIKTEPACT] 3aHABUIBIKTAPAbl AHBIKTAY/IbI
KbUIIAMIaTyFa JKOHE COFaH OalIaHBICTBI OHBI ChIHAKTAYFa >KYMCAJIATHIH YaKBITTHIK JKOHE
3aTTHIK MIBIFBIHAAPBI KBICKAPTYFa MYMKIHIIK Oeperl.

WUnentuduxarraynblH = NMAacCUBTI  OAICTEpIH  MaialaHFaHga  OOBEKT  KaJbINThI
JKarJalnapbelHIa JKYMBIC Kacaiipl. by ke3/1e oHbIH MOJIeNIHIH apaMeTpiiepl OHBbIH KIpiCl MEH
IIBIFBICBIH/IAFBl  IIAMATAPJBIH TAOUFU ©3repyliepiH OaKpUIaylnapJbl CTATUCTUKAIBIK OHACY
HOTHOKenepi OoibiHIIA 137enmiHenl. IlaccuBTiK uIeHTHUKaTTayna eJIIEeHIeH JAepeKTepl
OHJICY/IIH CTATCTUKAJIBIK MPUHIUNTEPIH MaiIananansl (KOPPEISIISUIBIK JKOHE PErpeCcCHsITBIK
Tajjay 9/icTepl, CTOXaCTUKAJIBIK allllpOKCUMalMsIIay KaHe c.c.). [TaccuBTI oficTepAiH XKeTiCTIr
— ojapApl KOJNJAHy VIIIH OOBEKTTIH KOAIMI1 JKYMBIC Kacay peXHUMJIEpIHAe FaHa
allHpIMabLIAP/IBl TIPKEY KETKUTIKTI. Bys acipece KbIMOAT KyHIbI OHIMII Y3IIKCI3 ©HIIPETIH
HaKTBUIBI ~ OHMAIPICTIK  ypaicTepal wuaeHTUUKarTayga MaHb3Abl. EKiHINI  KaFbIHaH,
UICHTH(HUKATTAYABIH TACCHBTI OJiCTEep/Ae aKMapaTThl KHHAKTAY JKOHE OHJCYTe KYMCAJaThIH
YaKbIT MIBIFBIHAAPH e0yip. COHbIMEH KaTap, 0OBEKTTIH KIPICIHAET1 ocep JKETKLUTIKTI TYpAe KeH
KUUTIK CHEKTpre ue OOJIFaH JKarjaiija FaHa oJjapibpl maimananyra Oomnazpl. COHFBI ceOemnke
OailyTaHBICTHI WIASHTU(UKATTAY AT THIH TOMEHICYIH €Ioyip a3aiTyra 0oyazibl erep 0ObEeKTTIH
TaOUFM KIpIC ocepiHe CTATUCTUKAIBIK CHIATTapbl OCpUIreH a3 JCHIeWJIl apHalbl Ke3NeHCOK
curHaimbl  Kocca. bynm karmaiima  omerte OOBEKTKE ocep THUTI3ETIH OaKplIaHOANTHIH
OereyuTaepaiH ocepi e a3asijibl.

OObexTTepai uaeHTU(UKaTTayna Oakbulay JACPEKTEPIH OHISYMIH JIEeTEPMHUHII JKOHE
CTATUCTUKAIIBIK OMICTEPIH MaijanaHanabl, OJI TajfayFa J>XaTaThblH CHUTHAJIAAPJBIH CHIIaThIHA
OaitytanpIcThI. JleTepMuHIl omicTepli TeK OenceHl MacHTU(UKATTay1a, OOBEKTTIH Kipici MEH
IIBIFBICBIH/IAFBI CUTHAJIAAP JCTEPMHH/II TYpre ue 0oJIaThIH JKaFaiia FaHa naiiagaHyra 00aipl.
bripak, HaKTBUIBI Karmaniapnaa, Oereyulep/iH KaTThl OCEpIHEH MYHJAd CUTHAIIAp KaTThl
mynanFaH. TanmayaplH Tajanm eTUICTIH JOIAIKKe Oyl JKarjaiga eHACYIIH JIeTEpPMHUHII
ANTOPUTMACP/Il aJbIHFAH HOTIDKEIEP/l CTAaTUCTUKAIBIK OpTalasayMeH (TETICTEeY) TOJBIKTHIPY
apKachIH/Ia KOJI JKETKi3yre 0oJapl. OpuHE, OYJI YIIIH JIePEKTEPi )KUHAY MAKCAThIHAa OOBEKTTI
Y3aKpakK ChIHAKTay KaxkeT.

VYakpITTHIK IIbIFaHaap Oenrici OoifblHIIA WACHTH(PHUKATTAY OIICTEpl OMEPATHUBTI KOHE
peTpocnekTuBTiiepre kikreneni. OnepatuBTi uaeHTudUKarTayna OOBEKTTIH —©3repeTiH
napaMmeTpiepiH Oakbulay KamTamachl3 eTulelni. bysl  MakcaTmeH JaepeKkTepli eHACYAiH
PEKKYPEHTT1 alrOpUTMIEPIH Maiaananajibl, oJap bl annaparThlK Kypanaap apKbLIbl 3epTTENETIH
00BEKTTE OTETIH YPAICTEPIiH >KbULIAMIBIFbIHA KAKbIH TEallleH Yy3ere acelpyra OO0ajbl.
PerpocnekTuBTi uAeHTUGHKATTayla HIACHTU(UKATTAYy €ceOlH MIelly IIapTTapblH  eadyip
KeHingeteni. bynm  okarmaiiia  KUHAKTaNFaH dKCIEPUMEHTAlbAbl  JIEPEKTepAl Kem  peT
naianaHyra jKoHe OJIap/bl TANAAYAbIH H THUIMII alrOPUTMAEPIH TaHaayFa 00Iabl.

Unentudukarray oicTepiH Kem >Karaaiimapaa Oenrini Oip KIAcCThIH JUHAMHUKAIBIK
00BEKTTEpIH 3epTTeyre OciliMeninyiH KepceTeTiH Oenri OOWbIHINA J1a aXKblpaTajbl. AJBIHATHIH
MOJENb1 00BEKTIICH CANBICTBIPY MpolleAypanapAbiH 6ap HeMece KOKTBIFbI HISHTU(UKATTAya
MaHbI3/Ibl €pPEKIIeNiK O0JIbIN TabbuIaAbl. by colikeciHle uACHTHU(DHUKATTAY KYHETepiH KYpYIbIH
MYMKIH OOJIaThIH €Ki KYPBUIBIMBIH aHBIKTAW[Ibl: QKBIPATHUIFAH JKOHE TYHBIKTAIFaH cXemalap
OoiibIHIIIA.

Wnentndukarray eceOiH IIemry HOTHXKecl OOJBIN YaKbITTBIK HEMece >KHUIIK ayMakTa
OeliHeJIeHreH MaTeMaTUKaJIbIK MOJIeNb TaOblIaAbl. byJl Ke3/1e anblHFaH MOJieNlb 00BEKTKe TOPTIO1
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OOWbIHIIA, SFHHM, WICHTH(QHUKATTAyJa TAaHJAN aJbIHFAH YKCACTHIK KpUTEpHUiire caikec
JMHAMUKAJIBIK KACHETTepi OOMBIHIIA a/IeKBATTHI.

OOBeKTTep/IiH MapaMeTpiiepi MeH KyWIepiH Oaranay camachlHaH Kei0ip HeTi3ri TYCIHIKTep/Ii
KapacThIPaMbIK.

Bunep 6aranaybl — 1ekci3 0akplIay yaKbITTa HAKbITHUIBI y(t) skoHE Kanayibl d(t) IIBIFBIC
CHTHAJIJAp apachblHJIAFbl oOpTama KBagpaTThl KAaT€HI MWHUMH3ANMAJIAUTBIH  CHI3BIKTHI
CTallMOHAPJIbl KYWEHIH MMIYJbCTIK cunarramachlH Taby ecebi. JXyileHnin kipiciHe f(t) curnan
Oepuiell, BIFBIC CUTHAN KeJIeCl OpHEKIIEH aHbIKTasa/lbl:

y(t) = j w(2)f(t -7)d7

Konmany maprrapel, curHaiagap MeH OereyuiiepAlH CcUNaTTapbl >KETKUIIKTI Typhe
TYpPaKTBIOOJBIN ~ KalaJbl, OJApJblH CTAaTHUCTUKAJBIK CHUIMATTaMalapbl a3 e3repell Jien
xopamanjaHaapl. Erep maprtrap aybicnaibl JKOHE OKYMEHIH JKYMBIC jkacay OapbIChIHIA
Oereyinmmep eneyial e3repeTiH 0OoJica, OHIA JKyile TmapamMeTpiiepiH aBTOMATTHI Typle
ONTUMM3ALMSIIAY KKETTUIIr naiga 6omaapl. byl Typiil sKkcTpeManbibl, aJalTUBTI, YHpEeHEeTIH
KyHenep/e )Ky3ere acblpbliaibl.

Bunep—Xon¢g Tenaeyi. OOBEKTTIH HUMIYIbCTIK OTHEN] (QYHKUMSICHIH aHBIKTAYIbIH
CTATUCTUKAJIBIK OMIICTEPiHIH Heri3iHae DpearobMHIH HHTErPaIbIbl TEHIIEY] (—oo <t < o0) HeMece

Bunep—Xon¢ unrerpansai tenaeyi (t>0) xaTeip:
) T
Ry(9)= [Ralr—Dg(dt ~ [Ry-g(t)dt, (BXT)
—o0 0

MyHJa: ¢(t)- OOBEKTTIH UMITYJIbCTIK CUTIATTAMaChl, CAIMAKTHIK () YHKITHSCHI.
By TenueyneH aHbIKTamFaH g(t)opralra KBaJpaTThl KAaTedIK MarbIHACBIHJA €H JKAKCHICHI

o6onbin Ttabputanel. (BXT) Ttenmeyinae OenriieHreH RXy — MmIBIFBIC TI€H KIpIiCTIH e3apa
KOPPEISIIUSIIBIK (PYHKIUACHI; RXX — Kipic CUTHAABIH KOPPETSAIUSIBIK QYHKITUSACH.

g(t)-ubl anbikTay MakcaThiga (BXT) TenaeyiH miemiyai Typii 9IICTEPMEH OpBIHIANIbI,
MBICaJIbl, OacKapbUIaThlH (UIBTPAEC HMIYILCTIK (DYHKIHMSHBIH OPAWHATTAPBIH IPIKTEN aly
omicimeH (apHaiibl ammapatypanbl Tajan ereni); (BXT) TeHmeyiH CBI3BIKTBI alreOpasbiK
TeHJeyNep KyheciHe Kenripy aaicimer; @ypbe TypiaeHAiIpyl 9/1iCIMEH.

BXT-ub1 Bunep sxone Xornd »KyJiasi3aap IiHaeri paauanusuiblK Terne-TeHiK eceOiH menry
OapbIChIHIA TamkKaH. by TeHjaey KuOepHETHMKaga Ja OHBIH IYMEH apiiackac KOCHAaChIHAH
nmaianbl  CUTHAIIBI  CpEKIIeeN  ablll, (QWIBTPIEY €CenTepiH Imenry  OapbIChIHIA
naianaHbUIa kL.

y(t) Kipici 0ap CBI3BIKTBIK OOBEKTTIH X(t) HIBIFBICHI YHIPTKI HHTETPATBIMEH aHBIKTAIATHIHBIH

€CKe caJlalbIK;
t t
X =[gt-0)y@)dz = [9@)y(t-dz (YT)
0 0

Bunep ¢uabTpi. ExiHmi ayHume oKy3UliK Ccofbic Ke3iHAe BuHep wuHTepnossmus,
SKCTPAMOJIALMS JKOHE YaKBITTBIK KaTapyaplbl TericTey OoWbIHIIA ©31HIH (yHIaMEHTaJIb/b,
Ka3ipri Ke3Je KIACCHUKANbIK OOJFaH 3epTTeyiepiH opbiHAaabl. KanMan ¢uiubTpi Kyitnep
KEHICTITIHIe TYKBIphIMJAIFaH IMIENIiMJIi amyFa MYMKIHIIK Oepexi. Bunep omiciHe kaparaHnna
Kanman ¢unbTpi OeficTaiinoHapsIbl CUTHAIAP JKaFJjaiibiHa OHAW Tapayiajbl.

Kaaman-Berocn ¢puabtpi. 1960 xputel Pynonsd Kamman nuckperti OeficTanmoHapiibl
rayccrbl Ke3feHCOK YpAICTepi CHI3BIKTBI ONTHUMAaJbAbl (UIBTPJEY €CeNTi WISy aJrOpUTMIH
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yeoiHabl. An 1961 x. P.bprocu MeH Oipre oJ1 Y3/IKCi3 yaKbIT YIIiH €Cell MEeMiMiHIH alroOpuTMiH
xapusmanpl. P. KanmMaH CBI3BIKTBI ONTHUMAalbAbl (WIBTPICY €Cell KOWBUIBIMBIH Oip mrama
e3reprTi. ON MaTeMaTUKaIbIK KYTIM MEH KOBapUalMsSHBIH OpHBIHA OarajaHaThIH KE3JEHCOK
X(t,®) ypAicTi cumarTay yIliH KaJblITacThIPYIIbl PUIBTPAI — aK raycc MIyBIMEH KO3IbIPhIIaThIH
JTMHAMUKAIBIK KYHeHI KoimaHasl. HoTmwkene enmieynepiae ak LIy OpbIH ajlaThIH JKaFaaijia
Oaranay eceOiH MICIIYAIH PEKKYpeHTTI airoputMmi maina Oommel. Amroputm DEMne xysere
achIpy YIIiH BIHFAIIIBL.

Bunep ¢unbTpnepi ypaicTepii HeMece YPIAICTEPIH KECIHIUICPIH TOJBIFBIMEH OHJACY YIIH
NalbIKTHI (OOKTHIK ©HAeY). T130eKTi TypAe eHaey YIIiH Oakpuiay OapbiChiHAa (UIBTP KIpiCiHE
KEJII TYCEeTIH aKMapaTThl €CKEpPe OTBIPBIN, dp TaKTiAE€ CUTHAIJBIH arblaFrbl Oarachl KaXKer.
Bunepnik ¢dunpTpieyne curHanapl op KaHAaH ecnke any (GuIbTpIAiH OapiblK CalTMaKTBIK
ko3¢ duIMEeHTTepIH KaliTa ecenTey i Tajan eTeTid exl. Kasipri ke3ne aganTuBTi QUiIbTpIep KeH
KOJITAaHBUTAJIBI, OJIapAa KeJill TYCETiH jKaHa akKlapaT CUTHAIIBIH epTEepeKTe )KacaiFraH OarachlH
Y3IIKCi3 KOPPEKTipiey YIIiH TaiganaHbplIaasl (pamuooKanusaga HBICAHAHBI ajbIl KYPY,
Oackapy/ia aBTOMATThI PETTEY JKYHeTepi )KOHE C.C.)

Kanman ¢uubtpi — 0ip KaTap TOJBIK €MeC >KOHE IIyJlaHFaH eJeyiepl naijganaHa
OTBIPBIN, AUHAMUKAIBIK KYyHe KYHIHIH BEKTOPBIH OaraslalThIH THIMII peKypcuBTi ¢uibTp. On
WH)KCHEPIIK KOHE OJKOHOMETPUKAJBIK KOCBIMINAJApAa: paaapiiap MEH TEXHUKAJIBIK KOpy
MYIIIECIHEH OacTam MakpOIKOHOMMKAIBIK MOJEIBACPAIH mapaMmeTpiiepiH Oarajgayra ACHIH KeH
navgananeiagsl. KanmMannik  ¢uiasTpriey Oackapy TEOPHSCHIHBIH MaHBI3IBI 06JiMi  OOJIBIT
TaObUTambI, OacKapy >KyHenepi Kypyaa YJIKeH pejb arkapanabl. bip Karap KOJI >KeTepiik
emmeynep OoibiHma Kanman ¢uinbTpi 0O0BEKT MOJETIHIH KOMETIMEH Ikl KYWmiH OarachliH
anyra MyMKIHAIK Oepeni. Kanvan GunbTpl anmpuopiibl Genriti TUHAMHUKAIBIK JKYWEHIH Kyiiep
BEKTOPBIH PEKYPCHUBTI TYyp/e KOCHIMINIA OarajiayFa apHaJFaH, SFHU JKYWCHIH aFbIMJIarbl KyHiH
€CenTey VIIIH aFbIMJIaFbl OJIIICY )KOHE COHBIMEH KaTtap (PruIbTp/iH ©31HIH aJABIHFbI KYHIH OUTY
kaxer. ConpiMeH, Kanman ¢uiabTpi kenrereH 0acka peKypCUBTI GUIBTPICP CHUSKTHI KUUTIKTIK
€MeC YaKbITTHIK OeiiHeney e )Ky3ere achblpblIFaH.

IMapameTpJiiep MeH Kyijiepai 0ip yakpITTa Oarajnay

[Tapamerpnepai Oaranay ecebOi Kyimi (QuibTpiey XoHe Oarajlay €CenTepiMEH THIFbI3
Oaiinanbic. [lalianel curHanmapabl Kajaycbl3 YHWBITKyJdapaaH (IIyJapAaH) axbIpaThlll adyFa
MYMKIHIK OepeTiH CUrHaIAapabl OHIeY cxeManapbl GUIbTPIep AeM aTalabl.

XKorapeina aranran Kanman ¢uneTpin OereyiniepmeH OypMmanaHFaH —eIIEyIepIiH
HOTHKEINIEpiH eHJeyre apHaFaH 9Jlic (anmaparypa, ecenrtey mporpammachl) peTiHae cunarTayra
Oonanpl; Oy eHAEy KeilOip allHBIMaJbIHBIH ONTUMAJbAbl Oarachl maiia OoJiaThIHIAN eTLTiI
opbIHIaTysI THIC. byn dunbTpai Oip KaTap ecentep/e maiiananyra 0oaaabl:

a) YakbITTBIK KaTapjap MeH Y3MAIKCi3 CUTHangapAbl (uiabTpiey, HHTEpPIHOJIALUIAY,
TEriCTey, dKCcTpanoyauusiay (6omwkay);

0) 00BEKTIHIH KYHiJep BEKTOPBIHBIH KelOip Hemece TINTi 6apiblK KOMIIOHEHTTEPIH TiKeslen
eJillIey MYMKiH OoJIMaraH jKafjaillapia ONTUMalbAbl 0ackapy ajJrOpUTMIEpIH XKy3ere achlpy
YILIH Ka)keT O0J1aThIH Kyl Oaranay;

B) KaTeJiKTep TYypiMeH alpbIKIIaJaHaThIH OlpHelle oJIleyill acnanTapMeH Keuoip
alHBIMANIBIHBl  ©JIIIeY HOTWXKeNepiH OipikTipy (MbIcalibl, HaBUTalUsulay ecenTepiHge —
aKkcenepomeTpiep, rupockontap, Jlonmiep s dexTin eney paanookaTopiap KoHe C.c.);

I') KYiIep BEKTOpBIHAH MapaMeTpiiep BEKTOPbIHA OTY apKblIbl MapaMeTpiep/i Oaranay.

KBa3uchI3bIKTaHABIPY daicTepi

KBa3uCHI3BIKTaHBIPY QMICIH O€HCHIZBIKTBH JU(QepeHInanbIbl TEHACYIep TEOPHUSICHIHBIH
HIETTIK €CeNTepiH HIeNly YUIiH anFamksl per bemnman xine Kanaba enrizren [1, 2]. byn amicti
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OCHCBI3BIKTBI XKYHENEpAiH NmapamerpiepiH WIACHTH(UKATTAY YIIiH Maiaanany Herizinae [3-6]
eHOeKTep/Ie KapacCThIPHLIFAH.

KBa3uChI3BIKTAaHABIPY OICi - HETI3IHAE CTAlMOHAPIIBI OOJBIN TAOBUTATHIH OCHCHI3BIKTHI
KOITHYKTEN1 MIETTIK €CENTi ChI3BIKTHI OeiCTallMOHAPIIbI ecemnKe TypieHaipy omici. byn omicti
Y3IIKCi3 Je JUCKpeTTI Je ypaicrepre maimamanyra Oosanel.  WneHtudukarTamaTeiH
mapaMmeTpiep  TYpakThl  JCM  JKOpaMaliJaHaIbl  KOHE  OCHCBI3BIKTHI  KYHEIepi
UIAeHTUPUKATTAYAbIH OapiblK Oacka onicTepiHneriieit OeHChI3BIKTBHIKTBIH TYpl Oepilyl THIC,
KeMiH/ie armpokcumanus Typinae. Erep onap naeHTHHUKATTay MPOLIEAYPACHIHBIH KUHAKTHUIBIK
AKBUIIAMJIBIFBIMEH CAJIBICTBIPFaHAa Kol e3epeTiH 0osica mapameTpiep/iH OelicTalnoHapIbIFbIH
ecKepyre 0oJazpI. [Tpouenypanbin JKUHAKTBUIBIFbI JKOFaphI 0omapl erep
UIeHTU(QUKATTAIaHATBIH TapaMeTpIIep/iiH I1aMajapblHa *KaKbIH OacTamnkpl )KybIKTay Oap Oouica.
OJic 3 MarblHAchl OOMBIHIIA MTEPAlUSIIBIK OOJBINT TaObLIa/bl, OJ1 apHailbl ChIHAY dcepiiepiH
EHT3y/l KaKET eTMEeWl, COHJBIKTAH OJ YaKbITTHIH HAaKTBUIBI MacHITaObIHIA TalJaTaHyra
JTaWBIKTHI.

Keneci TenneyMen cunaTTanaThlH O€CBI3BIKTHI KYHEH1 KapacThIpailbIK:

x=f(x,u,q), (13.1)
MYH/IA: X — emmieMi N 60JaThIH KYWIEp BEKTOPHI, U — oJmmeMi M O0JaThIH KIpIiC ocepiep
BEKTOPBHI; (| — BEKTOp MapaMETPOB CHUCTEMBbI pa3MepHOCTH eojmeMmi K OosaTeiH Kyiie

napameTpIiepiHin BeKTopsl; T — enmiemi N 6oaThiH BEKTOP-(QYHKITHA.

U JKoHE X BEKTOpJAp eJmeHemi (x skapThliail esmreHyi MyMmkiH), f BexTop-(yHKIHS
KOMIIOHEHTTEPIHIH Typl Oenrimi mem >kopamanaananbl. [lapameTrpiep BeKTopsl ( Oenrici3 ykoHE
OHBI UACHTU(UKATTAY KEPEK.

g mapaMeTpiiep BEKTOPBIHBIH KOMIIOHEHTTEP1 UJCHTU(UKATTAy UHTEPBAIbIHAA ©3repMeiil
JIETl JKOpaMaiJaiMbl3, SIFHU:

q=0. (13.2)
JKana Kyiisiep BEKTOPBIH €HII3CHIK:
e
7=|2t (13.3)
G
L |
Byt BekTOp YIIIiH Keneci TeHaey 9it:  y = ¥(x,u), (13.4)
RACADE
MyH7a: ¥ = f"(é( Y . (13.5)
| 0

Kyitnep Bextopsia (13.4) 6aranayapie N-mri urepanusicel 7, Tabbutran aeitik. Oxna, (13.5)
TEHJEYIl  jy-K€ KarblcTbl Teiyop KarapblHa SKIKTEH »OHE IIAFBIHABIFEI OIpiHIII PETTi
MYLIETIEePIiH FaHa ecKkepe OThIphII, BeKTopAbIH (N+1)-11i GarachlH anambI3:

A A - oYy , - g
Ina =P =Py +a_;(ZN+1_ZN)I (13-6)
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. oYy o v [o¥ i oW
MyHAa: —=—— Z oM |
oy Oy oy ox g
X=XN
X 0% OXq o dgy a0k
oy |0 oV, W, | sy |0V Y,
E R TR - I R
ov, ov, o, ov, 0¥, %,
L OX OXp Xn | | 00, O ogy |
(13.6) TeHuey #y.;-Ke KaThICThI CBI3BIKTBI, COHJIBIKTAH OHBI KEJIECi TYpJIe JKa3yFa 00JIaIbl:
Ant = A Vs (13.7)
MYH/Ia:
) 4 P oY S h
:6_ 1 YN T P =¥N —Auan-
ZZZJEN \ XZ:J:/N

(13.7) Tenney chI3BIKTBI OeiicTaioHapiibl. OHBIH IIEIIiMi KeJIeci Typre Te:

t
Ina®) = X (b)) + [ Xy 2V (D), (13.8)

to

HEMECE

t t
P = Xy (010) 2 to) + [ X 60 ()= [ Xy (10 Ay (2) 2 ()0 (13.9)

fo fo
mynga: Xn(t,7) — Oiprexti TeHACYAIH (yHIAMEHTA b MATPHIIACH:
Ine1 = AN (13-10)
Omiemi N+K GomaTelH y BekTOpabl Taly yimin N+K esmeynepre ue 6oy kepek. Kyiiaep
BEeKTOPHIHBIH ~ X|(tj)) KOMIIOHEHTTEepi emeHeTiH OOJCHIH  JEHiK, SFHH, YakKbITTBIH i
MOMEHTTEPIH/IET1 Ky#HJIEp BEKTOPBIHBIH |-mIi KoMmoHeHTTepi. OHma 7y.,(t;) BEKTOp Kejeci

KOITHYKTEJ MENTiK NIapTThl KaHAFaTTaHIbIPAIBL:
X;(t;)) =X n . ) Inaa (o) + 258 (&), (13.11)
Y
pin() = [ X;n 4V (D). (13.12)
to
(13.11) xone (13.12)-me Xjn() apkpiabl GyHaameHTa bapl Xn() MAaTpUI@HBIH j-1li KaTapbl
oenrinenren. Kyinep BekropbiHbIH Xj(tj) koMIoHeHTTepi Oipeit Hemece dpTYpii O0Iybl MYMKIH.
n+k emmeynep 6ap GomnraumsikraH, (13.11) Tenmeynep canbl ga N+k. Herizinge, (13.11)
TeHaeyiaep N+K aliHbIManbLIapbl 0ap CHI3BIKTHI anreOpanblK TeHAeylep OOJbI TaObLIa bl
ConbiMeH, N+K emmeynep 7y,;(t,) BEKTOpabl KypaiThiH N+K Oenricizaepi 6ap N+K ChI3BIKTHI
anreOpanslk TeHaeyaepai Oepemi. Ocbhl BekTOp i3demiHedl € JKOHE OHBIH COHFBI K
KOMIIOHEHTTEPI 13/IeJIIHeTIH (] MapaMeTpiiep BEKTOPhI OOJIBII TaObLIa bl
KBa3uChIKTaHIIBIPY QMICIMEH HACHTHU(HUKATTAYIaFbl €cenTeyiep alrOpUTMIHIH OJI0K-
cxemacel 13.1 cyperre kentipinren. 2-mi Oxokrta Xj(tj)-ai n+k emmeynepi, mapamerpiep
BEKTOPBIHBIH 0acTankpl §, *XYBIKTaIybl JKOHE KYMJIep BEKTODPBI YIIIH X,(t,) OacTamkel mapTrap
SHTI3UIe 1.
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4-mi  Onokra OipiHmI  Kagamaa Gy, X (t,) Oosbim  TaOBUIATBIH Gy 4, Xy (ty) OACTAIIKB
KYyBIKTayJapMeH TeHAeymiH memriMi iB3aemineni. [llemim [to, tmax] MHTEpBamma OpBIHIATAJIBI,
MyHIarbl: tmax — osapma Xj(fj)) emmieyaep JKypri3uieTiH tj  yaKbITTap[blH apachIH/arbl
MaKCUMAJIBICHI.

5-mi 6mokra 4-uri Omokra anbiaFad X(t) memrimi (13.11) Tenaeyneri Oaranapiasl any YuliH
(13.9) Tenneyre KOWbLIAIBI.

6-1ri 6;10KTa N+K CHI3BIKTHI anreOpanbik (13.11) Teraeynep xyheci memie i )KoHe 7y .4 (ty)
SIFHU, Gy, KOHE Xy 4 (ty) 13ACTIHE 1.

7-mi  OOKTa COHFBI €Kl KaJaMJarbl TapamMeTpiiep BEKTOPBIHBIH O KYBIKTATYJap
allbIppIMBIHBIH HOpMachl OaranaHajbl. Erep o HOopma OepiireH & ImamajaH acrnaiTelH 0oJica,
OHJIa uAeHTU(]UKATTay YpAici agkTamaisl 1a, an 9-mi OoKTa mapaMerpiiep BEKTOPBIHBIH
TaOBUTFaH MOHI IIBIFapbUIasl. Kepi xkarmaiiia Kemeci uTeparusra oTy OpbIHIaIa b,

[Tapamerpiepai GacTamkbl KYbIKTATyJlaphl aKAXaT MOHIEPTe >KETKUTIKTI TYpJEe XaKblH
0oJaThIH KaF[aiila FaHa KBA3UCHIKTAHABIPY O/ICIMEH HJEHTH(HUKATTay Mpoleaypachl akuxar
MOHJepre >KMHAaKTajgaAbl. bacTamkbl KybIKTay[bl ajly YUIIH CBI3BIKTAHIBIPBUIFAH MOJEINbI1
UICHTU(DUKATTAY HOTWXKEJIEpIH HeMece HIECHTHU(PHUKATTayblH SBPUCTHKAIBIK OAICTEPIH
nalananyra 00Jasbl.
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44 Gerrtiy 1 Oerti

1
1 Hauvano )

\ 4
Bgod 2
X(t), 7:(t0)

5
|

BbiyucneHue 4

x), teft,t..]

Y

BebiqyucrnieHue 5
Xalt,t), put)

\ 4

BbiyucneHue 6
ypagHeHull (2.85)

Y

Bbigod 9
A

Qs

Puc. 2.2. brok-cxema anropurma BbIYHCICHUN NPU HASHTH()HUKALINN
METO/I0M KBa3WIMHEapU3aLUuu

Cyper 13.1 KBa3ucbIkTanaplpy o/1iciMeH HASHTU(UKATTAYIaFbl €CeNTeysep alrOpUTMIHIH OJI0K-

cXeMachbl

KBa3uChIKTaHIBIPY O/IICIH JKY3€Te achlpy MbICATIBIH KapacThIpalbIK:
JXKeTkinikTi Typie KapanaibIM >kyiieHi KapacTblpabIK:
x=ax +bu(t).
myHzaa:  U(t) — kipic emmeHeTiH cKasapIibl QyHKIuS,
X — CKaJsip,
a, b — Taby kepek.

Kyiinep ariasimansicsia X(t1), X(t2), X(t3) ymr enmeynepi 6ap. benrineiiik:

(13.13)
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X
r=|al
b

(13.6)-ra coiikec ¢ BektopabiH (N+1)-11i 5K ybIKTaIYBIHBIH TYPI:

72N+1:‘%‘._A m (AN 2ND
=in  Oy|. .
Z=n (13.14)
a® +bu 55 [3ax% X3 u
‘i’ = y a— = 0 0 0 .
1o 0o
L (13.15)
(13.10) Tenneyre coiikec:
R 38> X u| [%
a| =| o o0 o] |a
b 0 0 0f|b],
N-+1 - (13.16)
(13.16) Tenmeynen XN(t,t0) dbynnamenTansapl MaTpuia i3aenineni. (13.7)-ra coiikec:
a%® +bu 32 £ ul [%
0 0 0 0f|b
N N

(13.17) xomne (13.13) eckepe otoipsin, Tabbuwran Xn(t,to) Oodibiama ojn(tj) i3memineni. Oman
KEWiH Keseci TeHACYJIep/ICH:
X(t) = Xygn (b, t0) Ry o (ty) + Xy (bt )ana (ty) + Xy (bt )Ba () + oy (1),
X(ty) = Xyq (to:10) &1 (t) + X (t210) AN 1 (E) + Xy (t2, o D aa (t) + oy (L), (13.18)
X(ts) = Xon (s, o) Rnaa (t3) + Xoon (3, o) AN, (ts) + Xagn (t3,t0)6N+1(t3) +pun (t3)-

A~

Ky (t), @y.ys by 13menineni. Kaxker Gosca nponeaypa KaiTaniaHasl.

ChI3BIKTBI JIHHAMMKAJBIK sKydesepai wuaeHTugukarray. YHipTki TeHaeyiHeH
CaJIMaKTBhIK (QYHKIHUAHBI AHBIKTAY

VYaKpITThIH IICKTEITCH apalibIFbIHA CBHI3BIKTHI CTAIMOHAPJIbI KYHEHIH KIpIC JKOHE IIBIFBIC
CUTHAJIapblH OakbUIay HOTHKEJIepi OOMBIHINA OHBIH CAIMAaKTBIK (DYHKIUSCHIH (MMITYJIBCTIK
eTIesni QYHKIMICHIH) aHBIKTay Kepek.

Bbixoa y(t)
U=w(t) JNInHelHasn
"l  cTaumoHapHas "
BXOA, cucrema h(t)

Cyper 13.2 — CpI3BIKTBI CTallMOHAPJIBI KYiie

Kipici MeH HebliKk OacTanKpl MIApTTap/a KYHEHIH LIBIFBIC CUTHAIIBI YHIPTKI HHTETpaJIbIMEH
OpHEKTENeII:

t
y(t) = j h(t = 2)w(z)dz (13.23)
0

r<0, w(0)=006onranga w(r) =0 Aem )KopaMaiIaHaIbl.
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Enni yakpirtein W(t) kipic GyHKUIusChIH A KagamMMmeH N HYKTelepae KypaMma-TypaKThl
GyHKIMSIMEH anmpoKCUMAaIHsIIayabl €HI3eHiK, COHBIMEH KaTap, NA =T :

w(t) *w(nA) TIpE nA <t < (n+1)A (13.24)
Beny nykrenepin apaceiHaarsl h(t) —HBI TYpaKThI eTil KaObUIIANMBI3:
NA<t<(n+1)A Oonranma h(t)~ h[zn;lAj (13.25)

t=nA OGonranma (13.23) wuHTerpam w(t) KoHe h(t) caThUIBl aANIPOKCHUMAIUSIAY
TEPMUHAEPIH/IE XK YBIKTAN KeJecl TYpe Ka3bliaibl:

n-1
y(na)=AY h[zn AU _ iAjW(iA)
i=0

2
(13.25)
Ipirsicthl (onmmiemi N) Gakbizay BektopshiH — Y'(T) = [y(A) y(2A) ... Y(NA)] xoune
CalMaKThIK (QyHKIUS MoHAEpi: h' (T)= {h[%)h(%)h(% Aﬂ ApKBUTBI OCNTUICHIK.
(13.25) Tenaeyai BEKTOPIbI-MATPULIATIBIK TYPJE KalTa )Ka3albIK;
Y(T) = AWh(T) (13.26)
W martpuiia keneci TeHIIKIEH aHbIKTaIa bl
"w(0) 0 0 0 ... 0]
w(A) w(0) 0 0 .. 0
W =| w(2A) W(A) w0 0 ... 0
(W{(N=2)A] W(N-2)A] o, w(0)

W — cou1 skaKThl YIIOyphIi Matpuiia, auaronaniamge W(0).

Enpmi ecemn (13.26) Tenneynen dbukcamusiiay HyKTeaepiHae caTMakThIK (YHKIMS MOHIAEPIHIH
h BekTopbIH aHbIKTayFa KenTipuimi. w(0)=0, OOJFaHABIKTaH W — e3remiesiecHOereH KoHe
detW = 0.

Connpikran (13.26) Tenaey menriMid GopMaliblbl Keeci Typ/e ka3yra 00J1aIbl:

h=w"y (13.27)

W MaTpuiiaHbIH COJI )KaKThl YIIOYPHIITHI (hopmaga OOybIHBIH apKachlHaa h yIliH epHEeKTI

PEKYpPPEHTTI TypJe KailTa kazyra 6onapl:

1 |Y(ha) & .
=—|———-Y h _.w(iA 13.28
nw(o){A 2 -awG) (13.28)
MyH/Ia: hn:h(zn_lA, _ Y@
2 Aw(0)
KapacTelpran ToCUIIIH KYHABUIBIFBI — Ke3-KEIIeH Kipic CUTHanmapabl TaijgaiaHy

MYMKIHZIN. ApHailbl TECTUTIK CUTHAIAp/bl MaiilanaHny KaKeTTUTIri OoJIMaraHIbIKTaH KYHeH1
KaJIBINTHI MaliJaiany YPAICIH/E allbIHFaH KY3ere achlpyIapblH Maiiananyra 00aaabl.

Erep kipic curnan 6ipiik cexipyaiH GyHKUuUsACH 0osaThiH 00sca, (13.28) anropurmi eayip
xeHiaeni. by sxarnaiiga 6apnsik 1 yiria w(iA) = 1, (13.28) keneci Typre ue 6osiasi:

na) &
h, =¥—Zhn,i .
i-1
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n-1
Hy= Zhnfi IIAMaHbI aHBIKTAI h, = y(ZA) —H, amambI3, oyi ke3ne Hn = Hn1 +hna.

i-1
CanMakThIK QYHKIHAHBI €H Killli KBaJpaTTap djici 6oiibIHIIA faraJiay
13.2 cyperTe kepceriares Oip Kipici kaHe Oip HIBIFBICH Oap JKYiHeHi KapacThlpalbiK. OObEKT
CBI3BIKTBI CTAIIMOHAPIIBI IeN skopaManganasl. JKyieHH MIBIFBICHIH Keneci Typae xa3ambi3 (13.3
CYpETTI KapaHbI3):

TS
2(t) = j h(z)x(t —7)dz +n(t) (13.29)
0

h(t) — canmakThik QyHKIHS (MMITYIbCTIK ©THENI (YHKIIHS)

X(t-1)- xipic, n(t) - ammakTeIK (Keliae ny aemn ataiipl),

Ts — TypakTaHy yakbIThl, UMIIYJIbCTIK CUTHAJIbl OEpy MOMEHTIHEH KYHEHIH peaklMsIChl €H
YJIKeH MoHIHEH 5% KypaWThlH MOMEHTKE JAEWIHI1 YaKbITTBIH min HWHTEpBaJbl pETIHIE
aHBIKTAJIA/IbI.

|

5
Cyper 13.3 - )XKyiie mbirbichiHbIH Z(t) yakpiTTan Toyenairiri — 13.29 texaey

Kipic xone mpirpic adiHbManbLIap (13.29) dopmynama e3aepiHiH MaTeMaTHKAIBIK
KYTIMJIEpiHEH aybITKYJIap TYpiHAe OCHHEICHTeH, SFHH:

X(t) =x-m,, z(t)=z—m,.
(13.29) Tenmeymi quckperTi Typae OeitHenenik:
Ng-1

2(ia) = > h(ia)x{(i— j)AJA+n;,i=01,..., Ny
j=0

HEMCECEC
Ng -1

Zi = Zhjxi_jA-H’]i, (13.30)
=0

MyHJA: Tg = NgA - TypakTaHy YakbIThl, T, =N,A - HIBIFBICTHI OJIIeY yaKbIThl, Nj— yaKbITThIH
N(iA) MOMEHTTEpiH/eT1 aMIaKTHIKThIIAPABl FaHa eMec (YHKIMSHBI anmpokcumanusiay X(t-t)
KaTeJIepiH J¢ KaMTHIBI.

Anmnpokcumanusuiay HoTmwkecinae y3aikciz h(t) dyakumsabl Garamay ecedi ho ..., hnst
napaMeTpiepAiH aKbIpibl KUBIHBIH (JUCKPETTI MMIYALCTIK OTHENl (YHKIHS Jer aTayiajbl)
OaraayMeH aJMacThIpbLIabl (MapaMeTpiIeHesl).

Beitneneyni sxeninaeti yutin (13.30) TeHaeynepin MaTpULIANbIK TYp/e Ka3albIK:
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Z, X0,0 -+ Xo,Ng -1 h,A N,
2.\ : : (13.31)

ZN, XN, 10 XNy -1Ng 1 || Png 1A || Mg 1
Martpunansik OeifHeney i CAMBOJIUKAIBIK TYP/e Ka3aMbl3:

z=AB+n (13.32)
Ecen Gepiiren A maTpulla MEH z eJlleyelep BEKTOpbIHAA [3 mapaMeTpiiep BEKTOPbIH

aHBIKTayFa KeNTIpUIeIl.

[} mapamerpiep BekTOphIH Oaranayna KpuUTepud OOJBIN  OJIIIEyeTep apajbIFbIHIA

QIMAKTHIKTBUIAPIBIH  KBAIPATTAPBIHBIH KOCHIH/IBICBIH MUHHUMU3AIUSIIAUTEIHAAN [B-1b1 ipiKTen
ary TaObLIa/Ibl.

N, -1
J= an MaTpunaablK TypAe J=n'n GoickH aeifik (13.33)
i=1

(13.32)-ni (13.33)-ke koitbin J=(z-APB)" (z-AB) anamsI3.
Keneci mapTThl KaHaFaTTaHbIpaThiHAall B~ aHBIKTay Kepek:
J'=minJ=J/, ..
B B=p

J —apl ecenTeymiH KaXETT1 MIApThl OOJBIN Kejldecl AKCTPEMYM IIAPTHIHBIH OPBIHIATYBI
TaOBLUIAIBL:
oy \
B pp =0
(13.21) Tenaeynep/i KOCBIHIABLIAP TYPIHAC JKa3albIK:
N, — Ng-1 Ng-1
J= Z‘(Zi & Zaijﬂj J[Zi — ZaikﬂkJ (13.34)
i=0 =0 k=0
(13.24) J-1i B BEKTOPBIHBIH KOMIOHEHTTEPI OOMbIHIIA qr(epeHIInAT AN BIK:
m=0,1,..., Ns—1 OoJsrauna:
o Ny, — Ng-1 Ng-1 N,-1 Ng -1
%/ﬂm:ﬁ; Ay Zol _aim{zi \ kzc;aikﬂk]"'{zi 3 Z(;aijﬂj J(_ai) =-2 Zolaim{zi 2 kz(;aikﬂkJ (13.35)
i= = j= i= =
(13.35) dopmysanbl MAaTpHIAIBIK Typie OCHHETeHIK:
a\] d T * _
%lﬁ:/f =-2A"(z-AB)=0 (13.36)
Oy TeHaey J SKCTPEMYMHBIH KaKETT1 MIapThl OOJIBIT TaObLIA IbI.

i
min J —ai ecenteyne KakeTTi mapT OOJIbII i(a—JJ / -y KBAIPAT MaTPHIAHBIH OHTaHOAIbI

op\op
AHBIKTBIFBI TAOBLIA/IBI.
Erep (13.36) dopmynanst xoHe 0ip per [ OoiibiHIna auddepeHnaniacak, oHaa KeneciHi
aJlaMbl3:

;
i(ﬂJ | —2ATA (13.37)
op\ op B=p

Erep ATA MaTpuIia — epekiie emec OoJica, sxoHe (13.37)-ne oH xarbl 3 -Fa Toyenci3 OoJica,
oHga (13.36) okcTpemMyM MmIapThl MHHUMYMHBIH KaXETTI JKOHE MKETKUIIKTI INapThl OOJIBIT
TaObLIAIbL.

(13.36) —HbI Keneci Typ/e KaiiTa jka3aibIK:
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ATAB*=ATz , oceman B*=(ATA)TATz
(13.38)
X

N ALY . X... * *
Kenecini ecke Tycipenik: A:L x}’ B :[hOA,...,hNi,lA] 7+ :[zo...sz,l].

Ysnikeiz Typae (13.38) Tenney keneci Typre ue 0onaibl:
TS Tm Tm
j jx(t—r)x(t—e)dt h*(0)d6 = jx(t—r)z(t)dt (13.39)
0]l 0 0

(13.39) — Bunep-Xondg (BXT) Tenaeyi keseci Typae KaiTa »a3blIybl MYMKIH:

TS
ijx(r—e)h*(e)dez R,, (r)
0

Tm
MyHIA: Rux(T) - aBTOKOPPENAMSUIBIK (DYHKITHS; Tijx(t—r)x(t)dt koHEe Rxz(t) - e3apa
m o

KOPPEISAIUSITBIK (DYHKITHUS.

Kesneiicok X(t) ypmicTiH aBTOKOPPEIAMMSIIBIK (YHKIUACH A€l Oa tt° MOHAEpAiH op
KyObiaaa X(t) (QYHKUMSHBIH Ke3IeHCOK KHMAachlHa COWKEC KOPPESIHSIBIK MOMEHTKE TEH
OoaThiH ekl Kyx(t,t*) aprymeHTTepaiH Ke3/1elcoK eMec (yHKIUSCHI aTala ibl:

Kad(t,t°) = M{i(t)ﬁ(t')} .

Kyiini Kanman puabTpimMen 6aranay.

Omiiey Karenirid, Kyislep BEKTOPBIH MOJETBbACY KaTeJiriH >KoHE JKyHere Kes3aencok
(hakTOpIapIbIH THUTI3ETIH 9CEpPIH €CKepy YIIIH KYHIep BEKTOpHIH Oaranay ymriH KammaHHBIH
TUCKPETTI GUIBTPIH MaiiganaHalbIK.

Kyiinep Bextopsl 6Garanapeabiy arbiMasl X(K) Mommepi mrepammsmbik epexe GolibiHma
aHBIKTAJIAIbI:

R(k +1) = R(k + 1] k) + K (k) -[y(k +D = H - %(k +1] k)]
R(k +1| k) = A(k) - X(k) + B(k) -u(k) + F(k)-g(k), X(0) =X,
K(K) = Pk +1]K)-HT -[H Pk +1]K) - HT + R, (13.41)
Pe(k +11K) = AK)- P (k [ K)- AK)T + F (k) -Q(K) - F(k)T,
Pk +1]k+1) =[1 - K(k)-H] P (k +1]k),
P,(010) =Py,

MyHza: y(.) — emmey apHacel (), H — emmey apna matpunacel, | — colikecinini emmemal
Oipnik marpuua, P, =M {(xO —%o) (X —>'<0)T} - KyHnep/iH OacTanmkbl BEKTOPBIHBIH KOBapHaIUsiap
MaTpHUIACHI.

Kyiinep BeKTOpBIHBIH KOMIIOHEHTTEpIHIH OapibIFbIH eOMIIey MyMKiH eMmec. OmnapIsiH
KeiOipeysepl KaTeliKNeH 6JIIIeHEe ], COHJBIKTAH KYHIep BEKTOpPbIHbIH MoHAepiH Kaniman
¢bwibTpiMeH Oaranaiibik. O YIIIH eJIiley apHaChlH MaiiaJaHaMbl3.

H- xeneci Typaeri marpuia 60sabl:
1000

], erep KyiiJiep BEeKTOPBIHBIH 2-1111 KOMIIOHEHTI - ©JIIIeHOeHTIH mama 6oica;

1000
H-lo 0o 1 o|>€rep Kyiiep BEKTOPHIHBIH |-111 KOMIOHEHTI - ©JIIEHOETIH mama 60Jica;
0001
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1000 . . . .
H {0 0 0 1}’ erep KYHIIEp BEKTOPBIHBIH 1-nm jkoHe 2-m1 KOMIIOHEHTTEPl —

enmeHOeHTIH Ooca.
Kyiinep Bekropein Kanman ¢QuiabTpiMen Oaramay HOTHKECiHIE Oara MOZETbACY
HOTIDKECIH/IE aJIbIHFaH KYHJIep BEKTOPBIHBIH MOHJICPIMEH alTapIIbIKTal TOJIBIK COHKEC KeleIi.

Bbakbli1ay cypakrapbl

1 OOBexTinepAiH MapaMeTpiiepi MEH Kal-KyiiH Oaranay;

2 Bunep Oaranay;

3 Bunep-Xond Tenzeyi;

4 Kanman-bycu Cys3rici;

5 KBazununaeapuzarus oictepi;

6 ChI3BIKTBIK TUHAMUKAIBIK SKydenepal aHpIkTay. JKWHAKTay TEHICYIHEH —cajMak
(YHKIUSICHIH aHBIKTAY;

7 EH a3 xBaapaTTap 9/1ici OoibIHIIA caaMakK (PyHKIUSICHIH Oaranay;

8 Kanman cy3riciMeH karaaiiapl Oaranay.

ogjedouerrTep
Herisri onedouer

1. Axnazapoa C.JI., Kadapor B.B. Meroasl ontuMm3anuy 3KCIEPUMEHTa B XUMHYECKOM
TEXHOJIOTHH: Y4eOHOe rmocoOue ajisg BY30B. - 2-¢ W3[., mepepad. W JOMOJIHEHHOe. -M.:
Bricmras mkona, 2015. -327c¢.

2. TlocTpoeHne MaTeMaTHYECKUX MOJIEICH XMMHKO-TEXHOJOTHUECKHX TmporieccoB. [lom pen.
Hynnukosa E.I'. - JI.: Xumus, 1970. 312 c.

3. IlpakTukyM IO aBTOMAaTHKE M CHCTEMaM YIPABJICHHUS IPOM3BOJCTBEHHBIMH IPOIIECCAMHU:
yue0. mocobue mist By30oB /o pea. M.M.MacnennukoBa. -M.: Xumus, 2016. -336¢.

KocbiMia oxeduer
4, Tomuees B.O., Arogxuna T.B. Meroapl wuaeHTU(UKAIMK JMHEHHBIX OJHOMEPHBIX
IMHAMHYecKuXx cucreM. -M.: M3n-so MOU, 2007
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14 nekumsa banTanarblH aganTUBTI MoJe/biepMeH HaeHTUGUKaNUsIAY daicTepi

MakcTabl: JeKOusAga KeJeci Mocelenepi KapacThlpambl3: bamranatelH  aganTuBTi
MOJCIBIACPMEH UICHTH(PUKAIUSIIAY SJICTEepl; TMHAMUKAIBIK 0O0BEKTUICPIH adalTUBTI MOJCTh
TYpJiepi; mapaMmerpiep, CUrHajugap OOMBIHIIA CHI3BIKTHI MOJEIBAEP; aJalTUBTI MOJEIbICPAi
KOJITAaHFAH/IaFbl  MICHTH(DUKANUSIIAYABIH ~ KYPBUIBIMIBIK — CYJI0anapbl; KIpiC  CHUTHAJIBIH
cUIaTTamanapbl MeH Oamrtay mpoueciHiy OaillaHbICHl, TapaMeTpiepai OanTayablH TIYeICi3aiK
iapTTapbl; MOJAEIbAl OOBEKTITe >KaKbIHAATY KpUTEPHUMJIEpIHIH TypJiepl; TMIEepTYPaKThLUIbIK
KpuTepuiiaepi MeH JISmyHOBTBIH €KIHII oAICIH KOJ/IaHy apKbLIbl MOJAEIbAECP MEH aHAJIOTTap/bl
OanTay aNrOPUTMIEPIH TPAAMCHTTIK OJICTEPMEH CHUHTE3/CY; aJalTHUBTI MOIEIbACPAl
Oarnray/iblH CUHTE3/I€IT€H alrOpPUTMIEPIH bIKIIAMIay.

Te3ucrep

AnantuBTi 0ackapy — Oackapy OOBEKTIHIH TapaMmeTpiiepiHiH HeMece Oackapy
OOBEeKTICIHE acep THUT3YIIl CBHIPTKbI YUTKYJIapIblH ©3repylHe Toyenjal peTTerimTiH
napaMmeTpiiepiH HEMece PETTErilITIH KYpPbUIBIMBIH €3repTy MYMKIHI1 O0ap Oackapy »xyienepin
CHUHTE3Jeyre MYMKIHAIK OepeTiH Oackapy Teopus ONICTEpiHIH >KUBIHTHIFBL. MyHmail Gackapy
JKYHenepl ananTUBTI Jen arajianasl. AmanTuBTI Oackapy Oackapy TEOPHSICHIHBIH KOITEreH
KOCBIMIIIAJIAPBIH/IA KeH Tl 1alaHbIIa bl

AnanTuBTi KyHesepai kiaaccupukanmsiiiay. backapyiibl KypbhUIFbIZA OpPBIH alaThiH
©3repyJIepIiH CUTIaThl OOMBIHIIIA aIalITUBTI KYHEIepi €Ki YJIKEH TOTKA KIKTeH/I1:

e O3iHAIK OanTanathiH (PETTETIU TapaMeTPICPAIH MOHAEPl FaHa e3repei);

e  O3IHIIK YUBIMAACTHIPYIIBI (PETTETIMITIH KYPBUIBIMBI ©3TepTLICI1).
OOBEKTTI 3epTTey TOCUII OOMBIHIIIA KYHenep KIKTeaeai:

® i37eCTIpyIi;

e i37ecTipyci3.

BipiHmi TomTa ocipece 3KCTpeMasibJbl JKYHEJIep TaHbIMal, OJIAPABIH Oackapy MakKcaThl
KYHEHI OOBEKTTIH CTAaTUKAJIBIK CHIATTAPBIHBIH AKCTPEMYM HYKTECIHIIE YCTam Typy OOJIbIm
TabbIaapl. MyHaai xyienepe skcTpeMyMmre Kapail Ko3raay/bl KAMTaMachl3 €TeTiH OacKapyIbl
ocepJiepl aHBIKTAy YIIIH OacKapylibl CHTHaJFa 13AECTIpYINi CHTHAIABI Kocanabl. I3aectipyci3
aJanTHBTI 6acKapy KyHesaepl peTTEeriTiH napaMeTpiepid Aajipek Oanray yIniH aKnaparty any
ToCiIi OOMBIHIIA KeJleciepre KIKTeaeIil:

e JTANOHJBIK Mojeli Oap xyuenep (OM);
e waACHTH(UKATOPHI 0ap KyHenep, oacOuerTe 9AeTTe oJapabl OanTagaThliH MOJENi Oap
Kyienep aen ataitasl (BM).

OM 06ap amanTUBTI XKyHenep KaKeTTi canara e OO0JaThIH KYHEHIH TUHAMHMKAIBIK MOJETIH
KAMTHU/IBI.

cojiepkar JMHAMUYECKYI0 MOJENb CHUCTEMbI, O00Jalalollyl0 TpeOyeMbIM KayecTBOM.
Wnentudukarops! 6ap agantusTi xkyhenep 6ackapy Tociii O0HbIHIIA Keneciiepre KiKTeaeal:

® TIKEJEH;
e xaHaMma (Tikeneit emec).

Kanamiblk aganTuBTi 6ackapyaa anasIMeH OOBEKT mapameTpiepi OaranaHapl, OJaH KeiiH
aJIbIHFaH Oaranap/blH HETI3IHIE PEeTTEerill MapaMeTpiepiHiH KaKeTTI MOHJEpl aHBIKTalabl Aa
ojapabl JAdiipek Oamray ckacamansl. Tikenmedl amanTuBTi Oackapylda OOBEKT IMEH peTTeriml
napamMeTpiepiHiH e3apa OalIaHbICHIH €CKepy apKachblHIa PETTEerill mapaMeTpiepiH Tikesen
Oarayay »OKoHe Joiipek Oamray OpbIHAANTAAbl, COHJBIKTAH OOBEKTTIH MapaMeTpiepiH
UACHTU(HUKATTAY Ke3eH1 *Kobutazpl. O31HIIK 6anTay 3¢ ¢eKTiHe KO KeTKI3y Tociai OoibIHIIA
Mojieni 6ap Kyiiesnep Kesecuiepre KiKTenei:
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e CHUTHAJBJABIK (TACCUBTI) aJlanTalUsACKI Oap KKyienep;
e mapametpJik (OenceH i) aganTanusackl oap xKyienep.

CurHanpIblK ananTaunuscel Oap kyienepae e3iHaik Oanray 3¢ dekrire OGackapyisl
KYpPBUIFBIHBIH TIApaMETpIIepiH ©3TrepTIECTeH KOMIICHCAMSIAYIIbl CUTHAJIAApD KOMETiMeH KO
KETKi3UIeal. O31HIe amanTarusyablH €Ki TYpiH Je YHIECTIPEeTiH Xyielep KOMOMHHPJICHTCH
KyHenep nmen aramansl. Omap OCHCBHI3BIKTHI KYHEHI HEMece IMapaMeTrpiiepi ayblCHallbl JKYHeHi
Oackapy YHIIH mMaijanaHbuiagel. MyHnal okyilenep KaTapblHA, MbICAJIbl, ACHHXPOH/IBI
MalIuHAJIAPAbl, MAarHUTTIK >KACTHIKTaFbl TPAHCIOPT KYpaIJapbl, MAarHUTTIK TOJITUITHUKTED
KOHE C.C. JKaTKpI3aJbpl. MEXaHMKAJBIK JKyHelep apachlHaH WHBEPCTIK MAasTHUK, KOTEpTill
TPAHCHOPTTHIK MamuHamap, poOoTTap, KagaMmam >KYpyIll MallMHamap, Cy acThIHAA JKYMBIC
yKacayllbl arnmaparrap, YIIakrap, pakerajap >KoHe OacKapbUIaThIH KOFapbl JOJJIKTI Kapy
TYPJEPIH KOHE C.C. aTayFa 00abl.

ConbiMeH, Oackapy KyienepaiH THIMIUIITIH KOFapbulaTy MakcaTblHIa alalTHUBTI Oackapy
KyHemepi HMIEAChl  KETUImipinenal.  AmanTuBTI  Oackapy OKyHeNlepiHiH  mapaMmeTprepi
(bukcanusaIaHFaH >KYHeNepAeH Heri3ri alWbplpMallbUIbIFBl — OJlap OOBEKTTEP/iH ©3repeTiH
cumaTTaMajapblHa jJKOHE OJapJblH IMIIHAE OTETIH ypaicTepre OediMueniHe amanasl (Tamipex
Oantanana anazapl) (cypet 14.1). Perrerimrepai 6anTayasiH HET13T1 €Ki ToCLT 6ap:

e Tikenel OaitnanpicrieH Oanrtay (aXbIPaThUIFaH UK OOMBIHINA alalTaIlHs);
e Kepi OaiinanbicrieH Oanrtay (TYHBIKTaIFaH [UKIT OOMBIHINA aanTamus).

Erep ceipTKBI Kipic dakTopaapra (TIKEJIeH emeyre KOJDKETEPIIK) TOyeN Il PeTTerinl Katai
OanTanysl THIC eKeHAIr1 Oenriti 6osica, oHa OanTayablH TIKeJIeH 9/ICIH maigananyra 00aIbl.

OOBEKTTIH NWHAMHKAIBIK KAaCHETTEPiH TikeJed Oaranay MYMKIH OoJIMaraH >Karjaiimapia
Kepi OainaHbIchl Oap OanTaynbl HMEMece TYHBIKTAIFaH KOHTYp OOWBIHINA ajarTaiusiiayabl
nalgananyra MOKOyp 6omamb3. by ke3ne oOBbeKT Typanbl akmapaTThIH KaKeTTI MUHUMYMBIH
KIpIC YKOHE HIBIFBIC CUTHAJIIAP/IbI OJIIIEYIep/Il OHJCY apKbUIbl alajbl. AJaNTalusIHbl NaiaanaHy
KYPBUIBIM/IBI KO3 KapacTaH eKiHIi Kepl OalaHBICTBI KOHE COMKECIHINE eKIiHII TYHWBIKTalFaH
KOHTYP/IbI €HT'13yMEH TEeH KYIIITI.

X X

A I -\ F o
A — Ganrtay anroput™i, P — perrerim, O — 6ackapy 00bekTi, W — OepiireH ailHbIMaIbIHbIH
BEKTOPHI,

8w — 6ackapy KaTemniri ew =w —Y.
Cyper 14.1 — Apantanusiiarsl KYpbUIBIMIBIK HACHTH(PHUKATTAY

Bapnplk  amanTuBTI  perTerimTepAl ekl Kjgacka — JKIKTeyre  Oomamel:  ©3IHAIK
ONTUMH3ALMIIAHATEIH PETTETIIITEP KOHE ITAIOH/BIK MOJIesi 0ap perrerimTep.

Perrerimrepi 6ap Hemece 3TaloOHABIK Mojeni Oap perrerimTepi Oap Oackapy xyitenepnae
ajanranusiay ypaici yml Ke3eHJe oTeli: OOBeKTTi (3TaJoHMABIK MOJENbAl) Hemece Oackapy
KYHeH1 TyTachIMeH HIeHTH(UKATTAY; PETTETIIITI €CeNTey; PeTTErilTi 6anTay.

TyiibIKTanraH KoHTypAa wuaeHTH(UKaTTay. TyilbIKTadFaH KOHTYpJa JIUCKPETTi
MOJIENbJIEP/l UIYFBIT UACHTU(UKATTAY epekienikTepi (14.2 cyperTe KapaHbI3).
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40 D(Zil) yU(Z)
" A@Y
eu(2) Q(z ™) u@) B(z ™) Yu(2) y(2)
’@ ™ PEh ™ ACD g

Cyper 14.2 - TyiipIKTanFad KOHTypJa HIeHTH(GUKaTTay

Ecentin MyHAail KOWBUIBIMBIHAA MOJENbII HUACHTHU(GUKATTAY TOCULACPIHIH OipHEIe
HYCKaJIapbl 00JIybl MYMKIH.
1. Backapy oObekTiciHIH kaHaMma uaeHTuukaray. Tyrac TyHbIKTaaFaH KOHTYp HapaMeTpliepi
Oaranaijipl, erep PEeTTErimTiH mapamerpiepi Oenriai 0osica, 0OBEKTTIH CHMATTaMalapbliH
AQHAJIUTUKAJIBIK TYPJICHIIPYJIEp apKblIbl aHBIKTANIbI.

2. TyiipikTanraH OOBEKTTI HISHTH(UKATTAy apalibIFBIH TacTam KeTill, O0OBEeKT MOJIENiHIH
rapaMeTpJIepiH TIKeJIeH aHbIKTal IbI.

3. XKyiieHiH TeK MIBIFBIC TApaMETpIIepi FaHa OIIICYTe KOJI KETEPIIIK.

4. yxoHe U emnmieii.

5. OOBEKTKE CBIPTKBI YUBITKY 9Cepi )KOK, OHIa YU=Y

6. OOBEKTKE CBIPTKBI YUBITKYJAp oCep THUTI3el, ObIpak HACHTU(HUKATTAy OapbICBIHIA OJIap bl

€CKepMeHIi.
7. CBIpTKbl ~ YHBITKYABIH OCEpl COHIIAJBIKTHI ~ €Jeydi, OJ MOJCIb IapaMeTpiepiH
naeHTU(UKaTTay OaphIChIHAA €CKEpiIeIi.
Ecenti xapacTeipranga 0ackapy OOBEKTT1 YIKEHJIE, aJl PETTETIll ChI3bIKTHI, CTAIIMOHAPIIBI
XoHE Oereyuaep acepine yibipamMmai/ipl e )KopaMaiaiMbI3.
O06BexTTIH Oepiic GyHKIUSIAPHL:

-1 —-mb
bz +...+bppz 7-d

1. Gp(z)= :
i) lT+az +..+ap,2 ™

-1 -md
1+0dz7 4. +dy2

2. Gpv(z)=
PR Ttz 4 +a,Z ™

Uo+9oZ “H.+ gz
1+ pz t+.+pyZ™

3. Gr(z) =

Erep kipic peringe u(z), an mbirbic petinae Y(z) kabbuigacak, oHaa Oepitic GyHKIHsIIapIb!
aHBIKTalMBI3.

WY@ __ Gwv Dz )P ™) _BEH_(n
V(Z) 1+Gr+Gp Az MHPEH+BEHRE™Y azh) (1)
I=max[ma+p, mb+v+d]
0Tao,B=[al... al B1...5r]
0a,b=F/ 0a,p /
Ecenti OipmoHaunik miemy yiriH Oenrini Oip IIapTTapAblH OpPBIHAATYBI THIC, OJap
TYWBIKTAJIFaH KOHTYpAa 00BEKTTi HACHTU(DHUKATTAY [IAPTTAPhI JACM aTajajbl.
Tyiipikranran  Oackapy  KOHTYpIbIH  KypaMblHa  KIpeTiH  OOBEKT  mapameTpii
UACHTUUKAIMTIAHATEIH OOBEKT JIeT aTanajbl, erep uIeHTU(UKATTayAbIH KeHOip 9/1iCi apKbUIbI
OHBIH ITapaMeTpIIepiHiH 631HIK OaFanapblH ally MYMKIH 0oJca:
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lim E{O(N)}=6

N >0

Ocbl  mapThl  OpPBIHAATATBIH OOBEKT YIIIH TYHBIKTQIFaH KOHTypJa OOBEKTTIH
UACHTUOUKAIVSUIAHY  [IApThl  JAEM  aTaJaThlH 2 MIApTThl  TYKBIPBIMAAyFa  OOJaJbl.
NnentudukanusuiaHaTeiH OOBEKTTIH Ma KOHE My MOJCIBACPIHIH PEeTi KOHE mp MOJEIb
QJIBIMBIHBIH, PETi aJIJIbIH-a1a OeNriii 00JTyhI THIC.

Erep Ai xone Bi Mopenpaep mnapamerprepiHiH caHbl (ma+mb) OonaTtbiH Oaranapsl
TeHJeyAeH ol -IiH |-mapamerpiepi Oo¥bIHINIA aHBIKTANATHIH OoJica xoHe D(z-1) men A(z-1)
MIOJIMHOMJAPABIH OpTaK TyOipiepi OosiMaca, oHAa OIPMOHAUIIK IIEMIIM/II aly YIIIH Kejlecl
TEHCI3IK OPBIHIATYBI KEPEK:

I >m, +m,

Omnza, maxm, +x,m, +v+d|>m, +m, HemMece maxu—my,v+d—m,|>7

v>pu—d-my—my

vxmy,—d; g>my; v>my; u=m,.

Erep 00BEKT OCHI MIapTTapasl KaHAaFaTTaHABIPATHIH 00Jica, OHJA OOBEKT MapaMeTpiepiH
xKaHama ueHTUuKaTTay eceb1 OIpMOHIUTI MEHIiTyl MYMKIH.

TyiibikTanFan KOHTypJa 0OBEKTTIH apaMeTpiepin Tikenen unenrtudukarray (14.3 cyperti
KapaHpbI3).

v D(z) Yo
"l A
w » Q(z™) u B(z™) Yo Ay
’@ ¥ P(zY) " Aaeh ¢

Cypert 14.3 — TyiipIKTaIFaH KOHTYpAa OOBEKTTIH MapaMeTpiiepiH TiKeIeH uAeHTHPUKATTAY

W=0; lw=-y
U(z) -Gr-Gpv
V(z) 1+Gr-Gp
y(z) __ Gpv

V(z) 1+Gr -Gp
y¥@) _y@N@ _ 1
U@ U(@)V(2) Gr
AJNBIHFaH MOHJIEP/II allBIPBIMIIBIK TEHJIEYJIEp TYPiHe OcitHeneniK:
Az Y(@)=B(™)-2U(@)-D(E™)V(2)
[A(z )Pz +B(z)-27°Q(z Hly(2)=D(z )-U(2)
Q(z My(2)=-P(z YU (2)
Az P )y(2)-B(z Mz Pz U(2) = D(z)P(Z )V (2)
Az )Y(@)-B(Z )7 U (1) =DV (2)
byn Tocinain aitpipmamnbibiEbl — U(Z) TyHBIKTanFaH KOHTYpJarbl OOBEKT KipiCi TYBIHBI
byHkms emec xaHe Y(Z) hyHKIus 00BN TaObLIa b
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PerTerimTiH MIBIFBICHIHAA CHIPTKBl YHBITKYJIAp OPBIH aJFaHNaFrbl TYWBIKTAJIFaH KOHTYpAA
unentudukarray (14.4 cyperre KapaHbi3)

s v Dz Yo
— G5 Az D)

w Ly Q(zY) B(z) Yu y
—>®—> P(Zfl) 1 — m —>

Cyper 14.4 — CpIpTKbI YHBITKY/Iap OPbIH aJFaHIaFbl TYWBIKTAIFaH KOHTYpAA UIAEHTU(UKATTAY

Ecenm ailbIppIMIBIK TEHJEY HET3IHIAE HIACHTHU(UKATTayFa KeNTIpiaei, COHBIMEH KaTap,

oylapabIH (popmackr 6ereynre neiinri popmanareiiai 00IaIb.
Az Hy(@)-B(z 1)z U(@) =DV (2)
U (2) =Ur(z) +Us(2)

[TonmMHOMHBIH Ke3 KeJTeH MOHJACpIHAe V JKOHE | JepeKTepP BEKTOPBIHBIH CBI3BIKTHI
KOMOMHAIMACKI OOJBITT TaOBUIMANbI, SIFHU, OOBEKTTI V MEH [L PEeTIHE TOYyelCi3 opaaibiM
uaeHTU(UKATTAY MYMKIH.

WNnentudukarraynpiy OacTanmkbl KE3CHIHJAE €H KIilll KBajapaTTap OmIiCiH, an Oenrimi Oip
TYPaKTBUIBIKKA KOJ JKETKI3TeHIe Oarajapabl alXyIblH JOJIPEK alTOPUTMIEPIH KOJJIaHATHIH
CXeMaHbI TUIM/I1 TTalJaaHyFa 00JIaIbl.

ﬁk)—} DduneTp -

MNopacTpovika ‘W Hon.

MK) d(

koadbbuumeHToB [aHHbie

-

Anropurm
ananTauyum

Cyper 14.5 — AnanTuBTi GUIABTPIH >KaIMbl KYPHUIBIMBI

baksbliay cypakrapbl

1 TenuieneTiH aqanTUBTI MOJEIBACPMEH COMKECTEHAIPY SICTepi;

2 JIluHaMuKanbIK 00BEKTUIep IiH aIaliTUBTI MOACTIBACPIHIH TYpJIepi;

3 ChI3BIKTBIK MOJIENBAEP MapaMeTpiiep OolibIHINA, cUrHaIAap OOMbIHIIA;

4 AfanTuBTI MOJEIBAEP/I1 KOJIJaHa OTHIPBII, KYPBUIBIMABIK COMKECTEHIIPY cXeMasaphl;

5 OpHary IpolLeciHiH Kipic cumaTTaMachiMeH OaiIaHBIChI, TapaMeTpiep HapameTpliepiHiH
Toyencizaix maprrapsl,

6 Moenbaepai 00beKTIre KakbIHAATy KpUTEpUIHIIEpIHIH TYpJiepi;

7 CunTe3nenren O6eiimMieny MOJenbAepiH 0anTay aaropuTMAEpiH KEeHULIETY

ojnedomnerTep
Heri3ri anedouner
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15 nexnus BelicbI3BIKTHI AMHAMHKAJBIK CHIIATTaAMANAPAbI HAeHTHQUKANUATIAY
anicrepi

Makcrabl: Jekuusga OEHCHI3BIKTBI OOBEKTUIepAl HIeHTU(UKAIMIAYFa TapMOHHUKAIIBIK
CBI3BIKTAHABIPYIbl KOJIaHy; OCHCBI3BIKTBI OOBEKTUIEPl HIACHTH(HUKALIUIAYFa CTaTHCTHKAIBIK
CBI3BIKTAHABIPY OJICIH KOJNJaHy; OCHCHI3BIKTBI OO0BEKTUIEpAi (DYHKIMOHAIBABI IOpEikKeni
KaTapiapIsl KOJJIAHBIT HASHTU(UKAIMSIAY MacenelepiH Koca OCHCHI3BIKTHI TUHAMUKAJIBIK
o0BeKTUIepAl UIeHTUPUKATTAY 9ICTEpl KapacThIpy.

Te3ucrep

BelichI3bIKThI XKYlienep/i uaeHTUuKaTTayIblH OipHele oaicTepl Oap, onapAblH Oip KaTaphbl:
1. Tikenei 3aey SMICH;

OelCBI3BIKTBUIBIKTHI ANIIPOKCUMAIIHSIIAY,

lMammeprreitn moeni,

Bunep omici;

€Kl Ke3eH/IIK MpoIeaypa;

o0BeKTuIep Al uIeHTU(UKATTay 1a TApMOHUKAJIBIK ChI3BIKTAHIBIPY/ bl KOJIIaHY;

OENChI3bIKTEl OOBEKTUIEP 11 HAEHTU(UKATTAY YIIIH CTATUCTUKANBIK CHI3BIKTAaHABIPY

OMICIH Maiiganany,

8. (yHKITMOHAJIBIBI AOPEKEIIK KaTapiap/abl MaiganaHbll OCHChI3BIKTE 00BEKTLIEP/Ii

uaeHTU(UKaTTaY;

9. OCUCHI3BIKTBI KYHenepAl HACHTU(PUKATTAYABIH T'PAAUCHTTIK OMICTEepPl KoHE

Oackanaphbl.

No o k~wd

TikesneH i3ney daicTiH MaFbIHACHI:
e  OCHCHI3BIKTHI f(X) QYHKIMSIHBI CHI3BIKTHI y(X) QYHKIUSIFA TYpJICHIIPEI];
e OJIaH opl CHI3BIKTBl JKyHenepal HUACHTU(DUKATTAYIbIH  KE3-KEIreH OICiH
naigagsaHaibl.

OOBEKTTIH OCHCBI3BIKTHI MOJIEII KeJIeCl Typre ue 00Jabl IeHiK:

BL, B2
y=agX X3,

MyHJa: X1, X2 — KIpiC TapameTpiiep, y — IIBIFBIC MapamMeTp, ao, Bi, B2 - I3MIEIIHETIH
napametpiep. Jlorapudmaeyni opbiHAan KeaeciHi alaMbl3:
Iny=Ina, +&§ Inx; +4& Inx,;
Z=Iny, g=Inx, &=Inx,, A=lnag;
Z=A+4¢e +8s,
y-TiH TEK OHTaHOAIbI MOHIEPIH FaHA KapacThIPaMbI3..

BelichbI3bIKTHIKTHI anmpokcuManusiiiay. Kecrenik typae OepinreH (aHbIK OCHCBI3BIKTHI)
(GyHKIUS TOJMHOM KOMETIMEH epKiH dJIICTeH anmnpokcumanusiianaapl. [aiina GonraH nmonmHOM
01311H OOBEKTTIH Mojeni Oonbin TabbuIagbl. llexTeynep: QyHKuus y3Aikci3 OOnybl THIC.
bapnblk  OEMCHI3BIKTBIKTapAbl  Kelecl MOJUHOM — apKblIbl — CHUIIATTayFa  OOJAThIH/BIFBIH
nonennenTin Beliepmtpace Teopemacs 6ap:

Y =ag +aX +ayX2 +& X, +8,X3
a) ChI3BIKTHI alHBIMAJIBIMEH AJIMACTBIPY JKOHE perpeccusira KenTipy;
6) Wuterpanbasl popmynanapasl naiiaanany.

I'ammepuureiin mojaei
Kipic u(t) curnan 6enrini.
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Erep f(u(t)) dbynkimonamsabl ToeNaiiK - OSHCHI3BIKTHIK TYpi Oenrini 6osca, onna Z=f(u(t))
edrizemiz. Wnentudpukarray y(t)=A-Z(t) CBHI3BIKTBI 06JiM TapaMeTpiiepiH aHBIKTayFa
KenTipiiesni.

Erep f(u(t)) dyrknuonamsapl ToCAUTIK Oenrici3 6oJica, OHAA OChI OCHCHI3BIK TOYCSIIUTIKTIH
kecreci Kypbutambl. Ocbl KecTe OOWBIHIIA Ke3-KEIreH WHTEPIPETHpICyIni (GopMyliaMeH
OEWChI3bIKTEl anmnpokcuManusuiaymsl *(u(t)) moiuHOMABI anambl3. ANMPOKCHUMAIMSIIAYLIbI
MOJIMHOM/IBIH TapaMeTpiiepiH Oute oTwIphi, Z(t) = f(u(t)) eHrizemi3 xoHe ofaH coiikec y(t)
Tycipin, uAeHTU(UKATTAay ece0iH IIememis:

| V()= AZ().
XI— a0 "+ a1 X1, GyHKIUS OEHCHI3BIKTHI.
x2 =J (xi)
Meican: XKyiie keneci Typre kentipuieni (15.1 cyperti KapaHbI3):
X Xy Xz

Cb bCb

Cyper 15.1 — XKylieH1 CBI3BIKTHI KoHE OEHCHI3BIKTHI OOJIKTEPre KIKTEY
beitch3pIkThI KYHEHIH cyi0acel. MHTEepmonsmusanay oOIIiCiH TalaadaHbIN, MTOTUHOMIBI
anMpPOKCUMAITHSIIANMBI3;
Y =8y + 8 X +aX +... 48, X"
JKanmpiama BEKTOP/IbI Kypambl3!

1 |—=a, v
X v,
| Vs
V=l x v,
x; v,
L Vs
OHpa 1371e1eTiH MaTpuIa:
A:[ar0 a, 6, 6 ,..Gm] 5
OPHEK OOMBIHIIIA AJBIHYBI
MYMKIH:
MYH/IA:
A=YVTIW'TE, Y =60 %@)...x K],
vil  ovi(k)
o O e
Vimiz@ - Viga(k)

Wnxenepiik Toxipubene Kipic KOHE IIBFBIC alHbIMANBLIAPAbIH apachlHAAFbl HAKTHLUIbI
TOYSNIUIIKTEPAl KYBIK CBI3BIKTHl TOYENIUTIKTEPMEH alIMAacThIpyFa HETI3JIENITeH JKYbIKTAay
ozicTepl KeH KOJIJaHbuIaAbl. bys Kke3ge ChI3BIKTaHABIPYAbl OYybIHAAHJIAPIBIH OCHChI3BIKTHI
KacHeTTEepPiH *KYBIK [IIaMaMeH 0oJica J1a eCKepin OpbIHAY KepEK, SIFHU, ChI3bIKTAJIFAaH 3JIEMEHTTEp
YUIH CYNepHo3ULNs TPUHIHIT OpbIHIATIMANThIHAAN eTim.

Karapra kikTey apKbLibl 0eiichI3bIKThI CHIATTAMAJIAPAbI ChI3BIKTAHABIPY MarbIHACHI
y=f(x) cunarramansl Telnop KaTtapbiHa KIKTETYIHIH aJFaIIKbl €Ki MyIlIelepiMeH aHbIKTaIaThIH
KYBIK CBI3BIKTBI TOYENIUTIKIIEH anMacTeipy. y=f(X) cumarrama nuddepeHIaniaHaTbIH JKoHE
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kipic x(f) curnanmeiH keiOip oprama X0 MOHHEH alBIPMAIIBUIBIFBI LIAFBIH OOJATHIH OOJICHI,
onya y=f(X) ToyenmiIikTi KeJeci )KYbIK TOYSIIUIIKIICH aJIMACThIpyFa 00JIa IbI:
y = f(x0) + ' (x-0) (x - x0).
(15.1)

Belch3BIKTEI  y=1(X) TOYeNALTIKTI CBI3BIKTHI TOYEIAUTIKIEH aJIMAacThIpy T€OMETPHUSIIBIK
Typrbiaa y=f(X) KUCBHIKTBI OFaH X0 HYKTECIHJE OTETiH )KaHaMa CHI3BIKIICH aJIMacThIpy OOJIBII
TaObLIa/IbI.

JlelicTByIOIMEe BHEIIHNE BO3MYIICHHS MOXHO MPEJICTaBUTh KaK CTAIlMOHAPHBIE CITydaiiHbIe
¢yHknuun X (r) € MareMaTH4YeCKUM OXHUJaHHWEM TX M UEHTPUPOBAHHOM CiydallHOU
cocTagJsitomei J(r):

x(t) mx + x(t).
(15.2)

B sTOM cityyae mpakTH4eCKH JHMHEApU3alUI0 HEIMHEHHOM XapaKTepUCTUKU 1eIeco00pa3Ho
MIPOM3BOJIUTh OTHOCUTEIBHO IEHTPUPOBAHHOIO BXOJHOIO Cly4yailHOro curHama x(t), T.e. 3a
neHTp pasnoxkerus .xX0 B (15.1) B34Th MaTeMaTHUECKOE OXKHUIAHUE TX BXOAHOTO curHana x(1). B
pe3ynbpTaTe MoJydaeTcs:

y (r) *./>¥Y + ./ (1X) X (7).
(15.3)

Takum o0Opazom, mnpuOIMKEHHAs 3aBUCHUMOCTh (15.3) JmHENWHAa TOJBKO OTHOCHUTEIBLHO
CIIyJaitHO#M cocTaBiisitoledl X(t) BXOIHOTO CHUTHAIA W HEIMHEWHO OTHOCHUTEIHLHO MaTeMaThde-
CKOTO OKUIAHUSI TX, TO3TOMY IIPUHIIMII CYTIEPIIO3UIIUY 3/I€Ch HETPUMEHHM.

Il'apmMonnueckass JanHeapu3zamusi. B 1enom psjae nNpakTUYECKUX 3afady MPUXOIUTCS
paccMaTpuBaTh BO3ACHCTBHE HA JIMHECHHOE 3BEHO TaPMOHUYECKUX KOJICOaHUIA

X(t)= Asin ot = Asin y, y=ot.
(15.4)

BbixonqHOW curHanm HEJNIMHEWHOro 3BeHa Takke OyaeM NepuoAUYecKUM, HO HE
rapMOHUYECKUM.

Wnest rapmoHuyeckoil JMHeapu3alMd COCTOUT B TOM, 4YTO BBIXOJHBIE TEPHOIUYECKUE
kojebanus y(t) pasnarator B pan Oypre u Ui JaTbHEHIINX HCCIEAOBAHUNA OrPaHUYUBAIOTCS
paccMOTpEeHUEM JUIIb MIEPBBIX TAPMOHUK 3TOT0 psiaa. B aToM ciydae HennHeHast 3aBUCUMOCTD

y= y(O)=f(Asiny),

3aMeHsIeTCs MPUOIHKEHHOM

Y (t)=a0+asin ot+bcosmt=a0+ qlx+g2x/m,

1 2r ) 1 2z ) ) l 2z )
rae: a, = — j f (Asin g)dg; g, =— j f (Asin ¢)sin gdg; q, =— j f (Asin @) cos ¢dg
27+, A A

CrarucTnyeckasi JuHeapudaumsa. Metoa npuOIMKEHHON 3aMeHBl  HEJIMHEHHOMN
XapaKTEPUCTUKNA SKBUBAJICHTHBIMU B BEPOSTHOCTHOM CMBICIIE JIMHEWHBIMU 3aBUCUMOCTSIMU
Ha3bIBa€TCS METOJOM CTAaTUCTUYECKOM JHMHeapuzaluu. B pe3ynbrare TakoW JuHEapH3aluu
HEeJIHHEeWHas 3aBUCUMOCTh y={{t) 3amMeHseTCs MPUOTUKEHHOM:

y(t)=kamx + k,x0(t).

e mx = const — MaTeMaTU4YeCKOE OXKHJAHHME CTAMOHAPHOIO CIYYalHOrO CUTrHaja Ha
BXOJIe HeNMHEeHHOoTo 3nemMenTa; X0(t) — HMeHTpUupoBaHHAs CllydaifHasi COCTaBISIONIAs BXOJHOTO
cUrHana x (t).

[IpenmonaraeTcsi, 4YTO BBIXOJHOM CTallMOHAPHBIA CIYYalHBIA CHUTHAN MOXKET OBITh Mpen-
CTaBJICH B BHUJIE:

y(t) = T1y. + y/(t)
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rae Ty — Maremarmuyeckoe oxwumanue y(t); y/(t) -IeHTpupoBaHHAs ~CiydaiHas
cocTapJsitomas y(t).

Koapduument k0 = Ty/TX Ha3bIBaeTCSl CTAaTUCTHYECKHM KOI(DOUIIMEHTOM YCHIICHHS
HEJIMHEHHOTO 3BEHA [0 MaTEMATUYECKOMY OKUIAHUIO.

Koapduuuent kl=toy/ 6 X .

Nnentudpukanusi HeJMHEHHBIX O00bEKTOB C MCHOJIb30BaHHEM (QYHKIMOHAJIbHBIX
cTeneHHbIX psigoB [IpousBoaHast QyHKIMU onpeaenseTcsl pa3HOCTHBIM OTHOIIEHUEM:
£(2) = lim f(z+Az)—f(z).
Az—0 AZ
Ecnu cymectByeT mpenen M HE 3aBHCHT OT TOro, Kak CTPEMHUTCS K HYIIO, TO (PYHKIUS
ABIISeTCA aHanuTUyecKo. CremoBaTeabHO B OKPECTHOCTH HEKOTOPOW TOUKM a MOYKHO €€
pa3noxuTh B paa Tewnnmopa:

f(2)=fa)+ =2 f'(a)+ ..+ -2 f"(a)+..
i n!
Ecnn a=0 , To monyyaem psan MakiopeHa:

@)= F(0)+ 21 (0) .t 2 £7(0) 4.
il n!
Y4auThiBas , 4TO MOCIEAYIOMIUE CIaraéMbIe BBIIIIE BTOPOTrO JOCTATOYHO Majibie BEIMYHHBI,
MOYHO 3aMEHUTH (PYHKIIUIO JIMHEHHOM YaCThIO pa3ioKeHUS
I'paguenTHBIe MeTOABI HAEHTHPUKAUMU HeJUHEHHBIX cucTreM. s obmiei 3amaun

MUHUMU3aIUN (QyHKIIMOHANA!
t

1 2
1=2 [l -yoFd (15.5), (15.6)

0
X(to) =Xo
MIPH OTPAHUYCHUSX:
x = f[x(0), p().t]
rae f — HenmMHeHast BEKTOp — (PyHKIIHS.
Cotyuaii pi - const p=0 6yaeM 3a1aBaThcs HAYANBHEIM 3HAUEHHEM P' , i- HOMEp UTEepali, 1
pemB cucteMy au(M(EpEeHIHANbHBIX YpAaBHEHHI OIEHMM BeNWuuHy (yHKIuH mrpada J'.
Crerka u3MeHss p' , JUI HOBOTO 3HAYCHHUS pj. +h; Halinem wrpad:

J'+m;, J = 1,n, N - 4KCI0 HEU3BECTHBIX KOA(DDHUIIMEHTOB
J-10 KOMITOHEHTY BEKTOpa-rpaarenTa GyHKIUK mrpada MOKHO IPUOIHIKCHHO OLIEHUTh KaK

d Q'+np-3' nj
dp}  (pj+hj)-p} N

(15.7)
IToBTOpAA ATy Ipouenypy Uil BO3MYLIEHHH pa3IM4HbIX KOMIIOHEHT BEKTOpA IIapaMeTpoB,
onpeienuM TIPHOIMKEHHOE 3HAaUeHHe BekTopa-rpamuenta dJ/dp' IlepBoe mpuparmenue BekTopa
napaMeTpoB B HAIIPABJICHUN HAUCKOPEHIIEro CIycka K MUHUMYMY QYHKIMM mTpada cOCTaBUT

i i dl
Apl S KI T v
dp'

(15.8)

u K'— BeIOHpaercs u3 ycnoBus
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min /(p' — K’ i
X dp")
(15.9)
a HOBOE PUOJIMKCHHUE JUTS BEKTOPaA MapaMEeTPOB ONPEICIIUTCS KaK:
pi+1 — pl +Api.

[IpocroTa NpUOIMKEHHOTO METOJAa TO3BOJMIIA IOJIOKHUTh €r0 B OCHOBY HECKOJIBKHX
UTEPALIMOHHBIX CXEM, OJHAKO TPYAHO OIEHUTHh OIIMOKY, CBSI3aHHYIO C TPUOINKEHHBIM
BeranciaenremM dJ/dp' (mpomemypa TOYHOTO BBIYHCICHHS CBeJach Obl K YK€ H3BECTHBIM
aIropuTMaM pellieHus AuHaMudeckux 3azaad). [IpuOmmxkeHHas mnpouenypa HPUBOIUT K
CYLIECTBEHHBIM OIINOKaM, 0COOEHHO TOT/Aa, Korjaa GpyHKIus mTpada He OUeHb YyBCTBUTENbHA K
M3MEHEHUIO BeKTopa mapameTpoB. llocienHee, K cokaleHHIO, TOBOJBHO YacTO MMEET MECTO,
€CJIM U3MEpEHHUs WM HaOIIOACHUSI WCKAKEHBI MOMEXOM M HMMEIOTCS HEU3BECTHbIE BXOJHbIE
CUTHAJIBL

Ecentey anropurmi keneciei:
1. p mapameTpiiep BEKTOPBIHBIH OacTanKel MOHIEPIH Oepemis.
2. lndbdepenimans st (2) TeHISyIepIi HeneMi3
3. Berancnsem 3Hauenus ¢pynkiuonana (1)
4.BprauciisieM KOMIOHEHTBI BeKTopa-rpaanenTa Gpynkmuonana (1) mo ¢.(3).
5.0OmnpenensieM HOBBIC 3HAYCHUS p 110 (.4 U3 ycinoBus (5)
6.Ilepexomum K 1.2 ajaropuTMa, €CIM KOMIIOHEHTBHI BEKTOpa-TpajueHTa OOJIbIIe HEKOTOPOM

BCJIIMYHWHBI €.

Erep xyiicHin ko3hGHIMEHTTEP] YaKbITTHIH (DYHKIUSIAPEI, SFHU: p = p(t) Oosica, onma p(t)
(YHKUUSHBI allpOKCUMAIMSIIAY dICTEPIH Maiiananyra 00Jabl.
1. Kypama-TypakTsl QyHKIUSTIapMEH:

p'=(pi, ")
2. 15.2 cyperTe KepceTureH Typeri Kypama-ChI3bIKThI (YHKITUSIapMEH.
p

t :
Cypert 15.2 — BeichI3bIKTBI (QYHKIMSHBI KYpaMa-ChI3bIKThI alllIPOKCUMALHSIIAY

3. [lonMHOMMANIBABIK ANITPOKCUMALIHSL.
M
Pi =zpi,ktk’ m; =t¢ /hy,
k=0
4.Cnnaita-annpokcumarus (15.3 cyperti KapaHbl3).

ml
p; :Zpi'ktk, m =t /hy, MyHza h,, <<h,
ko0

L

11

v
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Cypert 15.3 — BeiChI3bIKTHI (PYHKIHMSHBIH CIUIAMH - alllpOKCUMAIIHSCHI

Bbakbliay cypakrapbl

1 CBI3BIKTBIK €MEC JUHAMHUKAIBIK OOBEKTUIEP Il aHBIKTAY JIICTEPI;

2 CBI3BIKTBI €MEC OOBEKTLICP Il CONKECTEHIIPY Ke31He TapMOHUKAIIBIK ChI3BIKTHI KOJIJIaHY;

3 CBIBBIKTBIK €MEC OOBEKTUIEpP/l COMKECTECHJIPY YIIIH CTAaTUCTHUKAIBIK CBHI3BIKTHIK OMICT1
KOJI/IaHy;

4 ¢dynkumoHan el KyaT KaTapjapblH KOJJAaHa OTBIPHIN, CBI3BIKTBI €Mec OObeKTUIepIl
CollKeCTeHlIpYy
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