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Hacrosiire MeToiuueckrue yka3aHusl MpeJHA3HAYEHbI [ CTY/ICH-
ToB HampasiieHus 15.03.04 — ApromaTu3zanusi TEXHOJIOTMYECKUX MPO-
IECCOB U Mpou3BOACTB. OHM pa3pabOTaHbl B COOTBETCTBUU C (hesepaib-
HBIM TOCYJIapCTBEHHBIM OO0pa30BaTEIbHBIM CTaHAAPTOM M 00pa3oBa-
TEJIbHOW MPOTPaMMOM HAIIPABIICHUS.
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BBEJAEHHUE

Hucuunnraa «CUCTEMHBIN aHAM3 U YIPABJIEHUE)» CTAaBUT CBOCU
1eab0 popMUpOBaHUE CIASAYIONIUX KOMIIETEHIIMH Oy1ylero 6akaaaBpa
110 HarpasJieHU0 noaArotoBku 15.03.04 — ABToMaTH3a1Ms TEXHOJIOTH-

YECKHUX MMPOICCCOB U ITPOU3BOACTB.

Kona, dbopmynupoBka
KOMIIETEHIINH

Kon, dbopmynupoBka
MHJUKAaTOpa

[limanupyemeble
pe3yJIbTaThl O0yYEHUS
10 JUCHUIIIINHE
(Momyt0),
XapaKkTEepU3yIOIINE
ATaIbl POPMUPOBAHUS
KOMIICTCHIIUM,
WHJIMKAaTOPOB

VK-1. CnocobeH
OCYIIECTBIISTh MTOUCK,
KPUTUYECKUN aHAJIN3
U CUHTE3 UH(OopMa-
LM, IPUMEHSTH CH-
CTEMHBIN MOAXO IS
pellIeHUs TTOCTaBJICH-
HBIX 3a7a4

NJI-1yx-1 Beigenser
npoOJIEMHYIO CUTYa-
IIUFO, OCYIIECTBIISICT
¢¢ aHaJIu3 U JUarHo-
CTUKY Ha OCHOBE CH-
CTEMHOT'0 MMOAX0/1a

[IpumensieT cucrem-
HBIM MMOAXOJ IIPU aHa-
JM3€ TPOOJIEMHOM CH-
Tyaruu

NJ1-3yx-1 Onpenenser
U OLICHUBAET PUCKHU
BO3MOKHBIX
BAPUAHTOB PEIICHUN
po0JIEMHOM
CUTYaIluH, BEIOMpaeT
ONTUMAJILHBIN
BApPUAHT €€ PEIICHUS

OueHuBaeT pucKu
BO3MOKHBIX PELICHUMN
npoOJieMbl, BHIOMpAET
ONTUMAaJIbHBIN
BApUAHT €€ PEIICHUS

OIIK-11. Cnocoben
IPOBOJIUTH HAy4YHBIC
AKCIIEPUMEHTHI C UC-
I10JIb30BAaHUEM CO-
BPEMEHHOT 0 UCClie-
JIOBATEJILCKOT'0 000-
PYJAOBaHUS U TPUOO-
POB, OILICHUBATh pPe-
3yJAbTAThl UCCIIETOBA-
HUMH.

HI[']-OHK-ll HHaHI/Ipy-
€T HAYYHbIC OKCIICPH-
MCHTbI 110 U3YUCHUIO
XapPaKTCPUCTHUK
Cp€ACTB U CUCTEM aB-
TOMAaTHu3alnuu

CocraBisieT IIaHbl
IKCIIEPHUMEHTA 110
M3YyUYCHUIO XapaKTe-
PUCTHK CPEICTB M CH-
CTEM aBTOMAaTHU3ALUHU

I/II[-ZOHK-H OpraHI/I-
3yeT U IPOBOJUT
Hay4YHBIE€ DKCIICPU-
MCHTbI 110 U3YUYCHUIO

Peanusyer metoguku
MIPOBEICHUS DKCITE-

PHUMEHTOB 10 3apaHee
pa3paOOTaHHBIM ILIa-




XapaKTEPUCTHUK
CPEJACTB U CHUCTEM aB-
TOMAaTU3AL N

HaM [0 U3YUYCHUIO Xa-
PAKTEPUCTUK CPEJICTB
Y CUCTEM aBTOMAaTH-
3alU1

NJ1-3onk-11 [TpoBOIUT
MaTeMaTHYECKYIO U
CTaTUCTUYECKYIO 00-
pabOTKy OMBITHBIX
JAHHBIX O XapaKTepH-
CTHUKaX CPEJICTB U CHU-
CTEM aBTOMAaTH3AIUH.

[IpuMeHsieT METOIbI
KOPPEJSIIIMOHHOTO 1
pPETPECCUOHHOTO aHa-
JIM3a, JUHEHHOr 0 U
HEJIMHEWHOTO TIPO-
rpaMMUPOBAHUS IS
MaTeMaTHYECKOM U

CTaTUCTUYECKON 00-
pabOTKM OMBITHBIX
JAHHBIX O XapaKTepu-
CTUKaX CPEJICTB U CHU-
CTEM aBTOMAaTH3AIUU

['maBHBIMU 33a9aMU TUCIHUILIMHBI SBISIOTCS: MPUOOPETCHUE U CO-
BEPIICHCTBOBAHNUE HABBIKOB CHCTEMHOIO IMOAXOAAa K PEIICHUIO IPHU-
KJIQJHBIX 3a7a4, GopMUpOBaHUE B3IJIA/1a Ha O0OBEKThl PEAbHOI'0 MHpPa
KAaK Ha CJI0HbIE MHOTOKOMIIOHEHTHBIE CUCTEMBI, JIOITYCKAIOIINE MOIIa-
TOBYIO JICKOMITO3UIIMIO U MOCJIEN0BATEIILHOE YCIOKHEHUE METOJIOB aHa-
JIM3a.

B pesynbrare 0CBOCHUS NUCUUILIUHBI CTYIEHT TOJIKEH:

® 3HATh OOIME NMPHUHIUIIBI CUCTEMHOTO MOAXO0JIa K aHAJIU3y CH-
CTEM; OCHOBHBIC TOHSATHS U 3aKOHOMEPHOCTA CUCTEMHOI'O aHaJn3a; OC-
HOBHBIE CITOCOOBI OITMCAHUS CII0KHBIX MHOIOKOMITOHEHTHBIX CUCTEM;

® yMETh COCTaBJIATh MaTEMAaTHUYECKHUE MOJICIN CHCTEeM; (popmyIu-
pOBaTh U pemiaTh ¢ momoiblo IBM TUIIOBBIE 3a1a4l MaTEMATUYECKOIO
MOJIETTMPOBAHUS;

® BJAJACTh METOJAMKOW HCHOIb30BaHUA (DUIOCOPCKUX 3HAHHUH B
npo€CCHOHAIBHON JIESITeIbHOCTH; HaBbIKAMH CHCTEMHOI'0 MOJX0/Ja K
pEeIICHUI0 TMPUKIAJHBIX 3aJay; HaBbIKaMU (POpMaIn30BaHHOIO U He-

dbopMaTM30BaHHOTO OMKMCAHUS CUCTEM.



Metoauueckue ykazaHus NpeJaHa3HA4YeHbl JJIsl JTa0OpaTOpPHBIX pa-
0ot nmo aucuumuiiHe «CHCTEMHBIA aHaIW3 W YIPaBICHHUE» C YUYETOM
tpeboBanuit ®I'OC BO s nanpaBinenus noarotoku 15.03.04 — As-
TOMAaTH3alUSI TEXHOJIOTMYECKUX MPOLIECCOB U MPOou3BOJACTB. OHU CIlO-
COOCTBYIOT JIy4IIEMY YCBOEHUIO CTYJEHTAMU OCHOB TE€OPUHM CUCTEM U
OCHOB OIIEHKH CJIOKHBIX CHCTEM; OOECIEeUMBAIOT MPHUOOPETEHHE TpaK-
TUYECKUX HABBIKOB HCMOJIb30BAHUS MAaTEMaTUYECKUX METOJOB HCCIIe-
JIOBaHUS CJIOKHBIX CHUCTEM, METOJIOB CUCTEMHOI'0 aHaJIN3a, MOCTPOCHUS
MOJEJIEN OCHOBHBIX ()YHKIHUM YIIPaBIECHUS.

BrinonHenue nabopaToOpHBIX padOT MO3BOJAET 3aKPEHMUTh TEOPETH-
YECKME 3HAHUS O MOCTAaHOBKE 3a/1a4 CUCTEMHOrO aHaju3a, MOCTPOEHUH
MOJEJIEN CUCTEM M OI[€HKE UX NapaMeTpPOB.

K naGopaTopHbiM paboTam CTYACHT JOKEH IOJATOTOBUTHCS CaMo-
CTOSITEJILHO: U3YyUYHUTh COOTBETCTBYIOIIME pa3jieibl Kypca U BBHITTOJIHUTH
npeABAPUTEIbHBIE PACUETHI.

[IpoBepka MOATOTOBICHHOCTH CTYJICHTA K OUEpPEIHOUW Jaboparop-
HOM paboTe OCYIIECTBISCTCS MpenojaBaTeieM B WHIWBHUIyalbHON Oe-
cene. Ecnu cTyieHT He 3HaeT cofepkaHus peCcTosIel 1adbopaTopHoi
paboTHI, TO OH MOXET OBITh HE JIOMYIIEH K €€ BBITTOJHECHUIO.



TEMA 3. OIIMCAHUE CUCTEM
JIABOPATOPHAS PABOTA Nel. MOAEJINPOBAHUE
OJHOINIOTOYHbLIX CUCTEM

[lenp pabOThl — YCBOEHHME OCHOBHBIX MPABUJI MOCTPOCHUS UMUTA-
IIUOHHBIX JUHAMHYECKUX MOJICJICH CHCTEM.

ConepxaHue paOOThl — MOJNYyYEHHUE OJIHOYPOBHEBOM MMHTAIIMOH-
HOM MOJIeNH, TPECTaBICHUE MOTYUYEHHBIX PEe3yIbTaTOB B (hOpMe OTUETA

N 10KAa3aTCJIbCTBO UX IIPABUJIbHOCTH.

1 TEOPETUYECKASA YACTD

1.1 OcHOBHBIE MHOJIOZKCHHA TECOpHUHU HMUTAOUOHHOI'O
MOAC/IUPOBAHUA

[Ipy1 moCcTpOEHUM UMUTAIMOHHOM MOJIENIM CUCTEMA MPEACTABISETCS
B BHUJIC CJIOXHOU CTPYKTYpPBI, DJIEMEHTHI KOTOPOM B3aMMOCBSI3aHbI U
IIOJIBEPKEHBI B3aMMHOMY BIIUSHUIO. XapakTep BHYTPEHHErO B3auUMO-
JEWCTBUS 3JIEMEHTOB OMPEIEIISIET PEAKIIUIO CUCTEMbI Ha BHEINIHHUE BO3-
JIEUCTBUSA U TPAEKTOPHUIO €€ BEPOSITHOTO JIBUKECHHUS.

CBsi3U 3JIEMEHTOB MOTYT OBbITh MPOCTHIMU WM KOHTYpHbIMH. [lpu
HAJIMYUHA KOHTYPHBIX CBSI3€M NMEPBUYHBIC U3MEHECHUS B DJIEMEHTAX BJIU-
AIOT HA UX COOCTBEHHOE MOBE/IEHUE.

CBsizu 371€MEHTOB 001aAar0T MOIsIpHOCTHIO. [Ipu monoxutenbHON
CBSI3M U3MEHEHMSI OJHOTO JJIEMEHTA CTUMYJIMPYIOT U3MEHEHUS APYTOro,
a IIpU OTPULATEIBHON — IPOTUBOACHCTBYIOT d3TUM U3MEHeHUsM. [lo-
JSIPHOCTD CBSI3U JABYX DJIEMEHTOB OIPEAECISIETCS TOIBKO XapaKTEPOM UX
COOCTBEHHOIO B3aUMOJICHCTBHS U HE 3aBUCUT OT UX CBSI3€H C IPyrUMU
3JIEMEHTaMU.

[TonsIpHOCTH CHOMKHBIX CBSI3€U OMPENEIAETCS KOJIMYECTBOM BXOS-
IMX B UX COCTaB OTPULIATEIIbHBIX CBS3EH.

. 4 7}
Honsprocms cnosicnoii ceazu = (— 1) orrwemen ot (7 1
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Pucynoxk 1.1 — I1omApHOCTB CIIOKHBIX CBSI3€ U KOHTYPOB

Ecmu wumMuTHpyeTCS peanbHas CHUCTEMA, TO B MOJIENb JOJKHBI
BKJIFOYATHCS AJIEMEHTBI, 00J1aJlatolIue unepyuoHHocmoio. X noBegeHue
OMpeneIIsieT 3ana3AblBaHUE IIEPEJAUn YIIPABICHUS 10 KOHTYpaM CBSI3H.

[Ipn mocTpoeHHM MOJEIW HEOOXOIWMO OIMPENENIUTh CIEAYIOIINE
apameTpsbl.

1. YpoBuu LEV (ot anru. level — ypoBenb) — mokasartenu, xa-
PAKTEpU3YIOIIME HAKOIUIEHME HEKOTOPBIX napamerpoB. KommuectBo
YPOBHEM OIPENEIISET IMOPSATOK HMUTAIIMOHHON THHAMHYECKON MOJIEIIH.

[Iycts umeercs Tpu auckpeTHbix MoMmeHTa Bpemend |, J u K (coot-
BETCTBEHHO MPOLIEAINNA, HAacTOSAMKA 1 Oynymuid). KaxaoMmy u3 HUX
Oy/leT COOTBETCTBOBaTh CBOE 3HAaucHUE YypOBHsA (CM. pucyHok 1.2).

MG)KI[y JIFOOBIMH ABYMS MOMCHTAMH BPEMCHU YPOBHH CHUTAKOTCA I10-

CTOJAHHBIMU.
0 | J K Bpems
@ ® * ® >
LEV.] LEV.J LEV.K Vposnu
' RT.1J iRT.JKi Temnoi

Pucynok 1.2 — YpoBHM U TeMIIbl B IUCKPETHBIE MOMEHTBI BPEM €-

HHU

M3meHeHne ypoBHSI MPOMCXOAUT CKAYKOOOpPa3HO B JUCKPETHBIC
MOMEHTHI BpeMeHU. HoBoe 3HaueHne ypoBHS OINPEAEISAETCS YEPE3 €ro
BEJIMUYMHY B MMPEANIECTBYIOMNNA MOMEHT BPEMEHU U TIPUPALLCHUE



LEV.J=LEV.I£LEV.1J. (1.2)

2. IloTrokn — (HakTophl, OMPEACIIONINe U3MEHEHNE YpoBHEH. OHuU

OBIBAIOT JIByX BUJIOB:

— MAaTCPUAJIbHBIC IIOTOKHU,

— uHOOPMAIIMOHHBIE TOTOKHU, CIYXKAIue Uil TPUHATHS
pereHus.

Kaxnaplii motok xapakrepusyercs temnom RT (ot anrn. rate —
TEMIT), KOTOPBIA OMPEACNISIETCS KOJIMISCTBOM MapaMeTpa, IepeHOCHM O-
ro B €IMHUILY BPEMEHH.

Mexny 1ByMst 1100BIMH MOMEHTAMU BPEMEHH TEMITbl TOTOKOB CUH-
TAlOTCSl HEM3MEHHBIMHU. V3MEHEHUs TEeMIIOB B AMCKPETHHIE MOMEHTHI
BPEMEHU MIPOUCXOJIUT CKauKOOOpa3HO.

3. BeomorartesibHbIEe 3JIEMEHTBI — OTJICIIbHBIC MapaMeTpPhl WU
KO2(pDUITUEHTHI, BIUSAIONIMX HA TTOBEJICHHUE MOJICIH.

1.2 MeToanka MMUTAIIMOHHOT0 MO/IEJIUPOBAHUA

Paznuuarotr npsimoe u oOpatHoe MojenupoBanue. IlpsiMmoe moae-
JIMPOBAaHHUE BEJETCS OT 3aJJAHHOTO COCTOSIHUS B HACTOSIIIIEM K Oyayle-
My. [Ipu 3TOM MOXKHO OINpeaAeInTh, Kakue OyAyT MoKa3aTelun (yHKIHO-
HUPOBAHUS CUCTEMBI MPHU 33JaHHBIX HAYAJIBHBIX yCI0BUsIX. OOpaTHOe
MOJeJIMPOBAHME BEJCTCS OT 3aJaHHOTO COCTOSIHUSI B OyaylieM K
HacTosmeMy. Mcmonb3ys €ro, MOXXKHO OIPEACIUTh, KAKUMU JOIKHBI
OBITh MOKa3aTenu (YHKIHMOHUPOBAHUS CHUCTEMBbl celuac JUIis JOCTHKE-
HUS 33IAHHOTO COCTOSIHUSA B OyAyIIEM.

NmuTaninoHHOE MOJICIIMPOBAHUE IMPEAYCMATPUBAECT BBINOJHEHUE
CIEAYIOIUX JECHCTBUM.

1. AHaau3 CJI0BEeCHOr0 (Bep0aJibHOI0) ONMMCAHUS CUCTEMBI C IIe-
JIbIO BBISIBJICHMS ITPaBUJI B3aUMOJICHCTBUS €€ DJIEMEHTOB.

2. TlocTpoenue auarpaMMbl NMPUYMHHO-CJEACTBEHHBIX CBsi3eil
— rpaduyueckoro oToOpakeHHsI OTHOIICHUM MEXIY OTACIbHBIMH dJIe-

MCHTAMHU KaK MCKAY NPUYINHAMU U CICACTBUAMMU.



3. IlocTpoenne nuarpaMMbl MOTOKOB M YPOBHel — rpaduiecko-
ro U300pakKeHUs MOJICNIA B BUJI€ YPOBHEU U CBS3bIBAIOIIMX UX MTOTOKOB.

4. IlepeBox numarpamMMbl NMOTOKOB M YPOBHEHd B MaTeMaTH4e-
CKYI0 (popMy — MOTyYECHUE CUCTEMBl YPABHEHUNW MOJIEIIH.

S. Bepudpukauusa Mogeau — NPUBEICHUE MOJIEIIN B COOTBETCTBUE
C MOJIETUPYEMOM CUCTEMOMU.

JIjist opraHu3zanu mpoiecca MOACIUPOBaHUSI HEOOXOIUMO 3aJaTh
napameTp DT — wae modenuposanus. Im cantaeTcss MHTEPBAI MEXITY
JTMCKPETHBIMU MOMEHTAMU BPEMEHH.

Buvibop napamempa DT cywecmeenno énusem na pezyromamol mo-
oenuposanus. Ha pucynke 1.3 cxeMaTM4HO MOKa3aHO, KaK yYBEJIUYEHUE
JUITMHBI 111ara MOJICTUPOBAHUS C 7 10 27T UCKaXKAET 3aBUCUMOCTh YPOBHSI

oT BpeMeHHU (Oonee rpybast XxapaKTepucTHKa HM300pakeHa IyHKTHPHOU

JIMHUECH).

RT | | T
| | | | |
| : | | :
| | | | |

0 ¢
LEV| +
1 T
Lo Lo
I I | peee-d
| | po==q====t |
e
O ] ] ] ] ] ] ]

2t 4r 67 ¢

Pucynok 1.3 — BrusHue BenwuMHBI IIara MOJACIUPOBAHUS Ha

TOYHOCTb MOJAEIUPOBAHUS
1.3 MoaenupoBaHnue OAHONMOTOYHBIX CHCTEM
JluarpamMma NpPUYMHHO-CIICACTBEHHBIX CBSI3€H M JguarpamMma MoTo-

KOB U YPOBHEW 11 OJJHOIIOTOYHOW CUCTEMBI C HEYIIPABJISIEMBIM BXOJA0M
Y HEYINPABJISIEMBIM BBIXOJI0M MOKa3aHbI HAa pUCyHKe 1.4.



RT1 > LEV «— RT2 i» LEV i»

Pucynok 1.4 — Jluarpamma OpUYMHHO-CIEICTBEHHBIX CBS3€M U

JyarpaMma IoTOKOB U YPOBHEM TSI OAHOIMIOTOYHOW CUCTEMBI

Bxoasmuii moTok ¢ MoJoXKUTENbHBIM TemnioM RT1 mpuBoauT k
YBEIUYCHUIO YPOBHS, a UCXOASIIUN MOTOK C OTPHUIATEIHHBIM TEMITOM
RT1 — x ero yMeHbIICHUIO.

CucreMa ypaBHEHUM TEMIIOB U YPOBHEH UMEET B/

LEV .K = LEV .J + DT -(RT1.JK — RT 2.JK),
RT1.JK =VARL, (1.3)
RT2.JK =VAR2,

rae VAR1 u VAR2 — nepeMeHHbIE BETUYMHBI.
AHAJIUTUYECKOE PEIIEHNE CUCTEMbl YPABHEHUN MOTOKOB U YPOBHEHN

NOJIy4aeTcs CIEAYOINUM 00pa3om

LEV K -—LEV.J = DT -(RT1.JK = RT 2.JK),
d[LEV (t)] = [RT1(t)- RT 2(t)]dt,

LEf(t) LEV (r)dz = j[RT 1(r)- RT 2(r)ld7, (1.4)

LEV(0)

LEV (1) = |_Ev(o)+i[RT 1(z)- RT2(z)ldz.
0
Ecmn RT1(t)= RT1=CONST, RT2(t)= RT2=CONST , 10
LEV(t)= LEV(0)+(RT1-RT2)-t. (1.5)

[ToBenenue cucremsbl 3aBUCUT OT cooTHouieHus RT1 u RT2 (3To
IIOKa3aHo Ha pucyHke 1.5).



RT RT1 2T RT1

LEV

LEV(0)

) 0)

Pucynok 1.4 — IloBenenne oqHOYPOBHEBOM CUCTEMBI, KOT1a BXO-
HOM MOTOK MHTEHCUBHEW BBIXOJHOIO (@), U KOrJla BHIXOJHON MOTOK MH-
TEHCHUBHEH BXOAHOIO (0)

2 ITOPAOK BBIITOJIHEHUSA PABOTbI

Jlo BbIMONHEHHST pabOThl HEOOXOAMMO CAMOCTOSITEIbHO H3YYUTh
OCHOBHBIE€ MOJIOKEHUSA TEOPUH MUMHUTAIMOHHOTO JUHAMUYECKOTO MOJE-
JUPOBAHUSA W TpaBUia IOCTPOCHHS HWMUTAIMOHHBIX MOJEIEH OIHO-
YPOBHEBBIX CUCTEM C 3aIa3/IbIBAHUEM.

[1pu BeIOTHEHUHU PaOOTHI HEOOX OJIUMO:

® [IOCTPOWTh UMHUTALIMOHHYIO JUHAMHUYECKYIO MOJEIb OJHOYPOB-

HEBOM CHCTEMBbI C HEYIPABISIEMbIM BXOJOM, HEYMpPaBJISIEMbIM
BBIXOJIOM U 3aIa3]/IbIBAHUEM;

® HCCIIENOBAaTh NOBEACHUE CUCTEMBI B JUHAMUKE.

ConepxaHue oTuera o JabopaTopHO padoTe:

e 00I1as% NOCTAaHOBKA 3a/1a4H,

e JMarpamMMma NPUYUHHO-CJIEICTBEHHBIX CBA3ECH;

e JMarpamMMa NOTOKOB U YPOBHEM;

® CHUCTEMA YPAaBHEHHUU TEMIIOB U YPOBHEM;

® pE3yJIbTAaThl MOJCIUPOBAHUS CUCTEMBI.

BapuanTe 3aganuii npuBeaensl B Tadnuie 1. [Ipu dopmupoBannu
MOJENIN HEOOXOUMO MPEAYCMOTPETh Pa3yMHbIE OIpaHUYEHUS Ha Mapa-



METphl cHUCTEeMbl. Bpemsi MojenupoBanusi JOJKHO ObITh BBIOpAaHO Tak,

YTOOBI IMPOABUIIMCH OCHOBHBIC 3aKOHOMCPHOCTH ITOBCACHUA CHCTCMBI.

[Iar moxenupoBaHus AOKEH OBITH MOAOOpaH Tak, YTOOBI HE MCKaXKa-

JIUCh PE3YIbTATHl MOJAECIUPOBAHHS.

Tabmumna 1 — BapuaHTsl 3agaHuii JUsl BBITTOTHEHUS J1a0OpaTOPHOM

paboTHI

No RT1 RT2 DEL | M RT1 RT2 DEL
1 | sin(t) | cos(t) 1 | 11 | sin(t) | exp(-t) | 1
2 | cos(t) sin(t) 2 | 12 | cos(t) | exp(t) | 2
3 | exp(t) | exp(~t) | 3 | 13 | exp(t) | cos(t) & 3
4 | exp(-t) t? 4 | 14 | exp(-t) | sin(t) | 4
5 t? exp(t) | 5 | 15 t? sin(t) | 5
6 | sin(t) | exp(t) | 1 | 16 | sin(t) t? 5
7 | cos(t) t? 2 | 17 | cos(t) | exp(-t) | 4
8 | exp(t) | sin(t) 3 | 18 | exp(t) t? 3
9 | exp(-t) | cos(t) | 4 | 19 | exp(-t) | exp(t) | 2
10 t? exp(-t) | 5 | 20 t? cos(t) | 1

KOHTPOJIBHBIE BOITPOCHI

1. KakoB oOmuit moaxoa K MOCTPOCHUIO UMUTAIIMOHHON JTUHAM H-
YEeCKOU MOJIEIIN CUCTEMBL?

2. KakxoBbl OCHOBHBIE DJIEMEHTHI AUHAMUYECKOU MOJEIIN ?

3. Tlo xakoW METOAUKE BBLIMOIHACTCS MUMHUTAIMOHHOE JUHAMUYE-
CKO€ MOJIeTTUPOBaHUE?

4, Kak moaenupyercs OJJHOYPOBHEBBI OOBEKT C HEYI PaBIISIEMbIM
BXOJIOM M HEYHIPABIsIEMbIM BBIXOJIOM?

5. Kak monenupyercst 00bEKT ¢ 3ama3ablBaHUEM ?




JIABOPATOPHASA PABOTA Ne2. MOJAEJIMPOBAHUE CUCTEM
C CAMOBBIPABHUBAHUEM

[lenp paboOTHl — HCCIEIOBAHUE MMOBEJICHUSI CUCTEMBI, 00Naaronien
CBOMCTBOM CaMOBBIPABHUBAHUSI.

Conepxanue pabOThl — MOJIYYEHHE UMUTAIMOHHONW MOJENH CH-
CTEMBbI, MPEACTaBICHUE TMOJIYYEHHBIX pE3yJbTaTOB B (opme oTuera u

A0Ka3aTCJIbCTBO UX ITPABHUJIBHOCTH.

1 TEOPETUYECKASA YACTD

CamoBbIpABHMBAHHME — CBOMCTBO CUCTEMbI IPUXOJIUTH B COCTOSI-
HHUE PAaBHOBECHSI, TOJTHOCTBIO ONPEACIIEMOE €€ CBOMCTBAMMU M BHEIIIHU-
MU BO3JICHCTBUSIMHU.

JlnarpamMmMa NMpPUYUHHO-CIICACTBEHHBIX CBA3EH M JHarpaMma IOTO-

KOB H ypOBHeﬁ A1 CUCTEMbI C CAMOBBIPABHHUBAHUCM I1OKA3dHbI HA PHU-

cyHke 1.1.
RT1 —» LEV sz 5 LEv 2
- |
. s
\\\__//”
C —» RT2% _@_ c
Pucynox 1.1 — JluarpaMma NpPUYUMHHO-CJIEICTBEHHBIX CBA3EH U

AruarpamMma IOTOKOB U ypOBHeﬁ L CUCTEMBI C CaMOBBIPABHUBAHUCM

[Torok ¢ mocrostHHbIM TeMnoM RT1 Bxoaut B ypoBens LEV. Otpu-
IaTeTbHBIA TEMN HCXOoAsIero moroka RT2 Oyaer mpsMo mpomopiuo-
HajieH ypoBHIO (C — koadpuureHT nponopuuoHaibHocTn). Harpysou-
Has XapaKTEepPUCTHKa CUCTEMBI TTOKa3aHa Ha pucyHke 1.2.



RT RT1
....... .4.?(:
0 e Ej ...... LEV
RT2
Pucynox 1.2 — Harpy3ouHas XapaKTEpUCTHKAa CHCTEMBI C

CaMOBbLIPaBHHBAHHUCM

Touka mepeceyeHrus: CYMMApHOW HArpy304HOW XapaKTEPUCTUKHU C
TOPU30HTAIILHOW OCBIO OMPEAENSET KOOPAUHATHI PABHOBECHOT'O COCTOS-
HUs cuctembl EQ.

Cucrema ypaBHEHUM TEMIIOB U YPOBHEW UMEET BUJ

LEV K = LEV .J + DT -(RT1.JK — RT 2.JK),
RT1.JK = RT1=CONST, (1.1)
RT2JK =C-LEV J.

AHanUTHYECKOE ONMMCAHHE CHUCTEMBI C CaAMOBbBIPABHUBAHHUECM I10J1Y-

4aeTcs CIEIYIONMM 00pa3oM

LEV K = LEV .J + DT -(RT1JK —RT2JK) =
= LEV.J+DT-(RT1-C-LEV.J),

LEVK-LEV.J _ - d[LEV()]
RT1I-C-LEVJ ' RT1-C-LEV()
d[RT1-C-LEV(H)]_ . (1.2)
RT1-C-LEV(t) |
-cle O d[RT1-C-LEV(r)] .

=—C.|d ’
RT 1-C-LEV(0) RTl—CLEV(T) ‘(')‘ g

LEV(t)= LEV(0)+[RT1-T - LEV(0)]: {1— exp(%)},




rae T =1/C — mocrosHHass BPEMEHH CHUCTEMBI (32 DTOT HHTEPBAI
YPOBEHb U3MeHseTcs Ha om0 1—1/e = 0,632 oT pa3HOCTH MEXKIY paB-

HOBCCHBIM U NOCTUTHYTBIM 3HAYCHHUCM ypOBH}I)..
HOBCI[CHHG CUCTCMBI C CAMOBBLIPABHUBAHUCM B 3aBUCUMOCTH OT CO-

otHomeHust TemnoB RT1 u RT2 noka3zano Ha pucynke 1.3.

RT RT1 RT RT1

) S — t oo RT2

LEV
EQ
LEVQ)f-----
0 t 0 t
a) 6)
Pucynok 1.3 — Ul3MeHeHue TeMmna W YpPOBHA B CHCTEME C

CaMOBBIpaBHMBAHHUEM, KOIJla HAYaJIbHBIA YPOBEHb HUKE (a) U BhIIIE (0)

TOYKH PaBHOBCCHA

Eciu RT1>RT2, To ypoBeHb HaumHaeT pacTu. OIHOBPEMEHHO
BO3pACTaeT TEMI UCXOJIAIIETO MOTOKA, YTO MPUBOJUT CUCTEMY B PaBHO-
Becue mpu RT1 = RT2. Ecmm RT1 < RT2, To ogHOBpEMEHHO CO CHUKeE-
HUEM YpOBHS yMeHbIaerca TeMn RT2, u cucrema Takke MPUXOIUT B
PaBHOBECHOE COCTOSTHUE.

2 IMTIOPAJOK BBIITOJIHEHUSA PABOTDI

I[O BBIITIOJIHCHU A pa6OTI>I HCO6XOI[I/IMO CaMOCTOATCIIbHO HU3Y4YUTb
IMpaBHJIa IMOCTPOCHUA HUMHUTALVMOHHBIX MOI[CJIeﬁ CUCTEM C CaMOBBIpaB-

HUBAHUECM.



[Ipu BBITIOJTHEHUHU PAOOTHI HEOOXOUMO:

® TIOCTPOUTh UMHUTAIIMOHHYIO JUHAMHYECKYIO MOJIENIb CHCTEMBI C
CaMOBbIPABHUBAHUEM,

® HCCJIEIOBAaTh MOBEICHUE CUCTEMbI B TUHAMUKE,

® DOKCIIEPUMEHTAIIBHO ONpeAeianuTh 3HaueHne koddduimenta C,
Ipy KOTOPOM CHCTE€Ma MEPEXOJUT B PAaBHOBECHOE COCTOSHHE 32
BpeMs tp.

Coneprxkanue otdeTa 0 J1abopaTOpHON padoTe:

e oO0uas NOCTaHOBKA 3aJ1a4u;

® JuarpaMMa NpUYUHHO-CIEJCTBEHHBIX CBS3CH;

® JMarpamMMma OoTOKOB U YPOBHEW;

® CUCTEMA YPAaBHEHUM TEMIIOB U YPOBHEM;

® pE3yJbTaThl MOJICIIUPOBAHUS CUCTEMBI.

BapuanTel 3aganuii npusegensl B tadnuue 1. [Ipu dopmupoBannu
MOJENIN HEOOXOUMO MPEAYCMOTPETh Pa3yMHbIE OI'paHUYEHUS HA Mapa-
METpBI CHUCTEeMBbl. Bpemsi MojenupoBaHusi JOMKHO OBITh BBIOPAHO Tak,
YTOOBl MPOSIBUIIMUCH OCHOBHBIE 3aKOHOMEPHOCTH MOBEJICHUS CHUCTEMBI.
[ITIar moaenupoBaHus JTOIKEH OBITH MOA00paH Tak, 4TOObI HE HCKaXka-
JUCH Pe3yJIbTaThl MOJICIIMPOBAHUSI.

KOHTPOJIBHBIE BOITPOCHI

1. Yto noHMMaeTcs noj CaMOBbIPABHUBAHUEM CHCTEMBI?

2. Kak crpoutcs nquarpaMma MpUUYUHHO-CIEACTBEHHBIX CBSI3EH IS
CUCTEMBI C CAMOBBIPABHUBAHUEM?

3. Kak crpoutcss nuarpamma NMOTOKOB M YPOBHEW JUIsi CUCTEMBI C
CaMOBBIpaBHUBAHHUEM ?

4. Kakoil BUJ MMEET CUCTEMa YpaBHEHUU TEMIIOB U YPOBHEH s
CHUCTEMBI C CAMOBbIpABHUBAHUEM?

5. Kak aHalIWTHYECKH OINMUCBHIBAETCS MOBEICHUE CUCTEMbI C CaMo-
BBIPABHUBAHUEM ?



Tabmuna 1| — BapuaHTbl 3a1aHU JU1sl BBITIOJIHEHUS Ta00PATOPHOM

paboThI

M RTL LEV(Q) t M RTL LEV(Q)| tr
1 1 2 10 |11, 5 1 9
2 2 4 12 (12| 4 3 8
3 3 6 14 |13 3 5 7
4 4 8 16 |14 2 7 6
5 5 0 18 |15 1 9 5
6 5 1 20 [16] 1 2 5
7 4 3 19 [17] 2 4 6
8 3 5 17 [18] 3 6 7
9 2 7 15 |[19] 4 8 8
10 1 9 11 |20 5 0 9




JIABOPATOPHAS PABOTA Ne3. MOAEJIUPOBAHUE CUCTEM
C DJIEMEHTAPHBIMU KOHTYPAMMUW OBPATHOU CBA3U

[lenp paboOThl — HCCIENOBAHUE MOBEACHUSA CUCTEM C KOHTYpaMH
MOJIOKUTEIBHON U OTPULIATEIbHON 00OPaTHOM CBSI3H.

Conepxanue pabOThl — MONYyYEHHE UMUTAIMOHHONW MOJENH CH-
CTEMBbI, MPEACTaBICHUE TMOJIYYEHHBIX pE3yJbTaTOB B (opme oTuera u

A0Ka3aTCJIbCTBO UX ITPABUJIBHOCTH.

1 TEOPETUYECKASA YACTD

JlnarpamMma NpPUYMHHO-CIIEACTBEHHBIX CBSI3€M M JAuUarpamma IOTO-
KOB U YPOBHEU IJii CUCTEMBI C 3JIEMEHTApHBIM KOHTYpPOM OOpaTHOM
CBS3U MOKa3aHbl Ha pUCyHKE 1.1 (3HaK «IIIOC» COOTBETCTBYET MOJIOKHU-
TETBbHOW OOPATHOM CBSI3U, 3HAK «KMUHYC» — OTPUIIATECIBLHON).

t LEV sz | LEV
(*) "

/
N P

C — RT¥, c-@-

Pucynok 1.1 — JluarpamMmma NpUYMHHO-CIEICTBEHHBIX CBA3CU U

qyuarpaMma IIOTOKOB W YPOBHEHW [UJII CHCTEMBI C JJIEMEHTapHBIM
KOHTYPOM OOPaTHOM CBSI3U

B ypoBens LEV BxoauT eguHCcTBEHHBINM MOTOK. byjieM cuuTath, 4TO
ero Temn RT mponopuuonanexn ypoBHio (C — koadduimeHt mpormop-
IIMOHATBbHOCTH). Harpy3odnass xapakKTE€pUCTHKa CHUCTEMBI HWMEET BU/
npsIMOM JTUHUM (CM. PUCYHOK 1.2).



RT RT| ) LEV
" C>0 ' C<0
0 : LEV

a) 6)

Pucynoxk 1.2 — Harpy3ouHasd XapakTEpUCTUKAa CHCTEMBI C
MOJIOKUTENIBHOM (a) B oTpuriaTeabHou (0) 00paTHOM CBSI3bIO

Cucrema ypaBHEHUM TEMIIOB U YPOBHEH UMEET BU/T

LEV K = LEV.J+ DT -RT.JK, 1)
RTJK=C-LEV.J. '

AHaJIUTUYECKOE OMMCAHUE CUCTEMBbI C KOHTYPOM OOpaTHOM CBSI3U

MOJIy4aeTCsl CIAEAYIONIMM 00pa3omM

LEV K =LEV.J+DT-RTJK = LEV.J+C-DT-LEV.J,
LEVK-LEVJ . - d[LEV(t)]

LEV .J " LEV()
O d[LEV (7))

(1.2)

LE\J;(O) LEV(T) —C'_([di',
LEV(t)= LEV(0)-exp(C - t) = LEV(0)- exp(_ll_).

YToObl B cHCTeME HaOII0MAIOCh W3MEHEHUE YPOBHS, 3HAYCHHE
LEV (O) TOJKHO OBITH OTJIMYHO OT HYJIA.
OCHOBHBIE XapaKTEPUCTUKU KPUBOW HSKCIIOHEHIIMAIBHOIO POCTa
(3aTyxaHusl) CIeayIolIHe:
e T =1/C — nmocrosHHas BpeMeHHU (3a DTOT MHTEPBAIl YPOBEHD
U3MEHSIETCS B € Pa3);
o T,=T- In(2) — BpeMsd yABaWBaHUS YPOBHA JUIsl CUCTEM C MO-
JOKUTEIbHOH 00paTHOM cBs3bi0 (0T anri. double — yaBoeH-
HBIH);
o T, =T- In(Z) — BpeMsl YMEHbIIIEHUS YPOBHS BABOE VISl CUCTEM

C OTpHIATeIbHONW 00paTHO# cBsA3bi0 (0T aHri. half — momosu-



Ha).
[loBeneHne CUCTEMBI C MOJIOKUTEIBHOM U OTPUIIATEIBbHOW 00paT-

HOW CBSI3bI0 MTOKA3aHO Ha pUcCyHKe 1.3.

0 t
LEV LEV
LEV(0)
LEV(0)
0 t 0 t
Q) 0)
Pucynok 1.3 — H3MmeHeHue TeMmna u YpPOBHS B CHCTEME C

MOJIOKUTEIILHOM (a) ¥ OTpULIATENhHOM (0) 00paTHOM CBSA3BIO

JIro0oe BHEIIHEE BO3MYILIEHHUE BBIBOAUT CHUCTEMY C MOIOXKHUTEN b-
HBIMUA OOpaTHBIMHU CBS3SMH W3 PaBHOBECHS, UTO JIEJAET €€ HEeYCTONYH-
Bo. UTOOBI yIIpaBisiTh CUCTEMOM, HEOOXOAMMO YCHIIUTh B HEH BIUSHUE
OTPULIATENBHBIX (KOHTPOJIUPYIOIINUX) OOpaTHBIX CBSI3€H, MOAABISIONIUX

AKCIIOHECHIIMAJIbHBIN POCT.
2 IMTIOPAJOK BBIITIOJIHEHUA PABOTDI

Jlo BbITIONMHEHHUST pabOThl HEOOXOAMMO CaMOCTOSTEIbHO H3Y4YUTh
[IpaBUJIa MOCTPOCHUS MMUTALUMOHHBIX MOJEJIEH CUCTEM C JJIEMEHTAP-
HBIMU KOHTYpaMHu OOPaTHOM CBSI3U.

[Ipu BBITIOTHEHUHU PAOOTHI HEOOXOAUMO:

® [OCTPOUTh UMHUTALIMOHHYIO JTUHAMUYECKYIO MOJEIb CUCTEMBI C

CHCTEM C KOHTYPOM OTpHUIIATEILHON 00paTHOMN CBSI3H;

® HCCICAO0BATDh ITOBECACHUEC CUCTEMBI B JTUHAMUHKCEC,



AKCIIEPUMEHTAILHO ONpeAeanuTh 3HaueHue koddduimenta C,

I[P KOTOPOM I10 UCTEYECHUU BPEMEHU lx 3HAUEHHE YPOBHS HE

oynet npespimath 9% ot LEV (O)

ConepxaHue oTyera o Ja00paTOpHON padoTe:

o0111as IMOCTaHOBKA 3aJayH,

JyarpaMma MpUYuHHO-CIIEACTBEHHBIX CBS3EH;
JyarpaMma MoTOKOB U YPOBHEW;

CUCTEMA YPABHEHUU TEMIIOB U YPOBHEH;

PE3YJIbTAaTbl MOACIINPOBAHUA CUCTCMBI.

BapuanTsl 3aganuii npusegensl B tadnuie 1. [Ipu dopmupoBannu

MOJENIN HEOOXOIUMO IPEAYCMOTPETh Pa3yMHbIE OIPaHUYEHHS Ha Hapa-

METpbl CHUCTEMBbl. Bpemsi MOoJenpoBaHus JOJKHO ObITh BHIOPAHO TakK,

YTOOBI NPOABUIIMCh OCHOBHBIC 3aKOHOMCPHOCTH ITOBCACHHUA CHCTCMBI.

[ITar MmoaenupoBaHus OIKEH OBITH MOA0OpaH Tak, 4TOObI HE MCKaXka-

JIUCh PE3YIbTATHl MOJAEIUPOBAHHS.

Tabauna 1 — BapuaHTbl 3aaHUI 171 BBINIOJIHEHUS J1a00opaTOpHOU

paboThI
Ne LEV(0) tk Ne LEV(0) t
1 2 10 11 1 9
2 4 12 12 3 8
3 6 14 13 5 7
4 8 16 14 7 6
5 10 18 15 9 5
6 1 20 16 2 5
7 3 19 17 4 6
8 5 17 18 6 7
9 7 15 19 8 8
10 9 11 20 10 9

KOHTPOJIBHBIE BOITPOCHI

1. Kak crpouTtcsa quarpamMma NpUYUHHO-CIIEACTBEHHBIX CBS3EH IJIs




CUCTEMBI C KOHTYPOM OOPaTHOMN CBSI3U?

2. Kak crpoutcs nuarpamMma MOTOKOB M YPOBHEW JUIsl CUCTEMBI C
KOHTYPOM 00OpaTHOM CBSI3U?

3. Kakoii Bua uMeer cucreMa ypaBHEHUN TEMIIOB U YpOBHEH s
CUCTEMBI C KOHTYPOM OOpaTHOMU CBSA3U?

4. Kak aHaTUTUYECKU OMHUCHIBAETCS MOBEJCHNUE CHCTEMBI C KOHTY-
POM OOpaTHOM CBSI3U?

5. B uem nmpuHIUNManbHOE OTIWYKE B MOBEJEHUM CUCTEM C IO 0-

KUTEJTBbHOW U OTPULIATEIILHON OOPAaTHBIMU CBSI3SIMU?



JIABOPATOPHAS PABOTA Ne4. MOJAEJIMPOBAHUE
CUCTEM, CTPEMAINUXCS K HEJIN

[lens paboOTBl — HCCIICAOBAaHUE TOBEACHHUS CHCTEM, JJIS KOTOPBIX
3a/1a”a 11e1b () YHKIIMOHUPOBAHUHL.
ConepxaHnne pabOTBI — IONYyYCHHE WMUTAIIMOHHONW MOJICIH CH-

CTEMBbI, MPEACTaBICHUE TMOJIYYEHHBIX pE3yJbTaTOB B (opme oTuera u
JI0Ka3aTeIbCTBO UX MPABUIIBHOCTH.

1 TEOPETUYECKASA YACTD
1.1 MoaenupoBaHue CHCTEM, CTPEMSIIIMXCH K LeJIH

JlJis TakuX CUCTEeM W3BHE 3aJlaeTcs riiolaibHas 1enb pa3Butus GL.,
Yem nanpliiie cucTeMa OT IEIH, TeM OOJbIINE 3aTPaThl HEOOXOUMBI IS
ee JocTuxeHus. Pazuuiy mexay GakTH4eCKUM U JKeJIaeMbIM COCTOSIHU-
em cucreMbl onpeaensier nuckpumuHadnT DISC. Jluarpamma npuynHHO-

CIICACTBCHHBIX CBsI3EH U AuarpaMma I10TOKOB U ypOBHeﬁ JIs1 CUCTEMBI,

S

CTPEMHIIENCS K LIEJIH, ITOKa3aHbl HA pUCYHKE 1.1.

+ LEV

[0 )

C—>RT_ DISC«-GL ¢
+

<|>B4

GL

Pucynok 1.1 — JluarpamMma NpUYMHHO-CIEACTBCHHBIX CBS3CU WU
Jrarpamma IMOTOKOB M YPOBHEH JJIsI CUCTEMBI, CTPEMSIIEUCS K LEIH

Harpy3ouHas XxapakTepucTUKa CUCTEMBI UMEET BUJ NIPSIMOW JINHUU



(cm. pucyHok 1.2).

RT

~E

Pucynox 1.2 — Harpy3ouHas XapakTEepUCTHKA CHCTEMBI,

CTpEMSILIENCS K LENU

Ecnu LEV < GL, TO nMeeT MECTO IMOTOK C MOJOKUTEIbHBIM TEM-
oM, BXoasamuid B ypoBeHb. Eciu LEV > GL, To Temn ucxomsmiero u3
YPOBHS IIOTOKa OTpuIaTelbHbIi. Ero abcomroTHas BeIWYMHA IPOMOP-
IIMOHAJbHA yaalleHuio cucTteMbl oT nenu (C — xodhPuumeHT mpomop-
nuoHanbHOCTH). PaBHOBecue nocruraercs npu yciaosuu LEV = GL,

CucreMa ypaBHEHUI TEMIIOB U YPOBHEN UMEET BU /T

LEV K = LEV .J + DT -RT JK,
RT.JK =C-DISC.J, (1.1)
DISC .J =GL - LEV J.

AHanmuTHYeCcKOE OIMCaHUE CUCTEMBI, CTpGMHIHGﬁCH K OCJIH, II0JIY-

qacTCiAa CICAYIOINUM 06p2130M

LEV K = LEV.J+ DT -RT.JK = LEV.J +C-DT -(GL-LEV J),

LEVK-LEVJ . o d[LEV (1)] _cdt.
GL-LEV.J GL-LEV(t)
dlcL-LEV(t)] _ _Cdt, GL‘LJEV(‘)d[GL— LEV(z)] _ c -jdr, (1.2)
GL-LEV(t) sLtevo) GL—LEV(z) 0

LEV (t)= LEV (0)+[GL - LEV(0)]- {1 — exp(%)}.

3necs T =1/C — mocrosHHas BpeMeHH (3a 3TOT MHTEPBAIl YpoO-



BEHb M3MeHseTcs Ha 10110 1— 1/e ~ 0,632 OT pa3HOCTH MEKIY IENBIO 1
JTOCTUTHYTHIM 3HAYCHUEM YPOBHS).

[ToBenenne cucrtembl misi cayyas LEV<GL wu npna cayuas
LEV > GL noka3ano Ha pucyske 1.3.

RT RT t
0 t
LEV LEV
GL [ === LEV(O)\\ ““““
LEV(O)/ _______ GL F-—cooo T
0 t 0 t
a) 0)
Pucynok 1.3 — U3MmeHeHue TeMmMIia U YpPOBHS B CHCTEME,

CTpeMSIIEHCs K IeNH, KOTJa HadajJbHBIH ypOBEHb HHXKE Ienu (a) u
HavyaJbHbIA YPOBEHD BhIIIIE 1ETH (0)

1.2 MoaeupoBaHue CUCTEM €O CTPYKTYPOH S-00pa3HOro pocra

B Takux cucremax 3HaK oOpaTHOM CBSI3M MEHsETCA. B HadaiabHBIN
MEpUOJ BPEMEHU OH IOJIOKUTENIbHBIM, U YPOBEHb 3KCIOHCHIIUAIBHO
HapacTaeT. [Ipu JOCTHKEHHH cHCTeMOol HekoToporo yposHs LEV™ 3nax
00OpaTHOM CBSA3M CTAHOBUTCS OTPUIIATEIBHBIM, U YPOBEHb ACUMIITOTHYE-
cku mpuommkaetcs k menu GL.

Harpy304Hoil XapakTepUCTUKOMN SIBISECTCS JIOMaHas JIMHUS (CM. pH-

cyHOK 1.4). Cuctema ypaBHEHUN TEMIIOB U YPOBHEW UMEET BUJ

LEV K = LEV .J + DT - RT .JK,
RTJK =C-LEV.J, LEV.J<LEV", (1.3)
RTJK =C-[GL-LEV .J], LEVJ > LEV".
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Pucynox 1.4 — Harpy3ouHasd XapakTepUCTMKa CHCTEMBI CO

CTPYKTYpOr S-00pa3HOro pocra

N3-3a cnenuduueckoir popmMbl 3aBUCUMOCTH YPOBHS OT BpPEMEHU
Ha3bIBAETCSI CUTMOIAIbHOM WJIM JIOTUCTUYECKON (CM. pUCYHOK 1.5).

RT RT

0 0
LEV LEV
GL GL

*

LEV
LEV(Q)
0

Pucynok 1.5 — IloBeneHne cucTeMsl CO CTPYKTYpoi S-00pa3HOTo
pocTa TpU OTCYTCTBUM IMEPEPEryJupoBaHuss (a) W TpU HAJTUYUH

nepeperyiaupoBanus (0)

2 ITOPAIOK BBIITOJIHEHUSA PABOTbBI

I[O BBIITIOJIHCHU A pa6OTI>I H€O6XOI[I/IMO CaMOCTOATCIIbHO HU3Y4YUTH

ImpaBuJia MOCTPOCHUA UMHUTAIIMOHHBIX MOHCHCﬁ CUCTEM, CTPCMAIIUXCSA K



uenu. [lpu BelmosHeHnU padoThl HEOOXOAUMO:

¢ MNNOCTPOUTH UMHUTAIIMOHHYIO JUHAMHUYCCKYIO MOJACIb CUCTCMBI CO

CTPYKTYpOH S-00pa3zHOro pocra, CTpeMsiencs K 1eiu;

® JCCICAOBATH ITOBCACHHUEC CUCTCMEBI B IMHAMUHKCE,

® DHKCIIEPUMEHTAIBHO OMpeAcanTh 3HadeHus kodddunuentor Cl

u C2, mpu KOTOPOM CHCTEMa JOCTHTAET LIEIH 3a Bpems {p.

Coneprxkanue oTdera o JJabopaTOpHOM padoTe:

e 00IIasg NOCTAHOBKA 3a/1a4H;

¢ JHarpamMma IpuinHHO-CIICACTBCHHbIX CBHSGﬁ;

e JMarpamMma NOTOKOB U YPOBHEM;

® CHUCTCMA ypaBHeHI/Iﬁ TEMIIOB U yp0BHeﬁ;

¢ PE3yJibTaTbl MOACIUPOBAHUSA CUCTCMBI.

BapuanTel 3aganuii npusegensl B tadiuie 1. [Ipu dopmupoBannu

MOJENIN HEOOXOUMO MPEAYCMOTPETh PA3yMHbIE OIpaHUYEHHUS HA Mapa-

METpbl CHUCTEMbl. Bpemsi MojenupoBaHusi AOJIKHO OBITH BBHIOPAHO Tak,

YTOOBI NPOABUIIMCh OCHOBHBIC 3aKOHOMCPHOCTH ITOBCACHUA CHCTCMBI.

[ITar moaenupoBaHus JOIKEH OBITH MOA00paH Tak, 4TOOBI HE HCKaXka-

JUCh PE3YIbTAThl MOJAEIUPOBAHHS.

Tabauna 1 — BapuaHTbl 3a1aHUM 171 BBITTOJHEHUS J1a00paTOPHOM

paboTHI

M| LEV() [LEV'| GL | tp M LEV(0) LEV' GL | t
1 1 3 7 |10 j11] 1 4 7 9
2 2 4 6 | 12 |12] 3 5 8 8
3 3 5 8 | 14 [13] 5 6 8 7
4 4 6 9 | 16 (14| 7 11 | 15 | 6
5 5 7 | 12 | 18 |15] 9 12 | 17 | 5
6 5 7 |11 | 20 |16] 2 4 6 5
7 4 8 | 10 | 19 |17 4 5 9 6
8 3 7 | 12 | 17 18] 6 8 | 11 | 7
9 2 6 | 14 | 15 |19 8 10 | 14 | 8
10 1 5 8 | 11 [20] O 2 5 9




KOHTPOJIBHBIE BOITPOCBI

1. Kak crpouTtcsa quarpamMma NpUYUHHO-CIIEACTBEHHBIX CBS3E€H IJIs
CUCTEMBbI, CTPEMSIIEHCS K LIeJIH ?

2. Kak crpoutcs guarpaMma MOTOKOB M YpPOBHEH ISl CUCTEMBI,
CTpPEMSIICHUCS K IeIn ?

3. Kako#i Buj uMeer cucreMa ypaBHEHUN TEMIIOB U YpOBHEW IS
CUCTEMBI, CTPEMSIIIEHCS K 11eJTH ?

4. Kak aHaJUTHUYECKH OMHUCHIBACTCS MOBEJICHUE CUCTEMBI, CTPEMSI-
mieics K 1enu?

5. Kak monmenupyercs cucrema co CTpyKTypor S-00pa3Horo pocra?

6. Kak nmpousBoguTcst oOpaTHOE MOIETUPOBAHUE CUCTEM ?



JIABOPATOPHASA PABOTA NeS. MOAEJIMPOBAHUE CUCTEM
C BOBMYUW EHUAMUAU

[lenp pabOThl — HCCIIEI0BAHUE TTOBEJEHUS CUCTEM, MOABEPHKEHHBIX
BJIUSTHUIO BHEITHUX BO3MYIIICHUH.

Conepxanue pabOThl — MONYyYEHHE UMUTAIMOHHONW MOJENH CH-
CTEMBbI, MPEACTaBICHUE TMOJIYYEHHBIX pE3yJbTaTOB B (opme oTuera u

A0Ka3aTCJIbCTBO UX ITPABHUJIBHOCTH.

1 TEOPETUYECKASA YACTD

I[I/Ial“paMMa IMPUYIHUHHO-CICACTBCHHBIX CBsI3EH U ArarpamMma I10ToO-
KOB H ypOBHCfI L CUCTCMbI C BHCIHIHUM BO3MYIICHHUCM IIOKA3aHbI Ha

pucynke 1.1.
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Pucynok 1.1 — Jlmarpamma OpUYMHHO-CIEACTBEHHBIX CBS3€H H
ayarpaMma MoTOKOB U YPOBHEM IJISI CHCTEMbBI C BO3MYIIICHUEM

Ha mortok ¢ temnom RT1 cucrtemMa MOXeT Oka3blBaTh BO3JCHCTBUE
0 KOHTYpPY OTpUIIaTEIbHOW 00paTHOU cBsi3U. Ha nOMOMHUTENbHBIN I10-
TOK ¢ TeMnioM RT2, KOTOpbIli MOXKET ObITh KaK BXOJSAIINM, TaK U UCXO-
JSIIAM, CUCTEMA BJIUATH HE MOXKET, MO3TOMY OH UI'PAET POJb HEKOH-
TPOJIMPYEMOTrO BO3MYIICHUS.

Harpy3ounas xapakTeprcTHKa CHCTEMBI TTOKa3aHa Ha pucyHke 1.2.



Pucynok 1.2 — Harpy3ouHass xapaKTepHCTHKa CHCTEMBI (a) C

MOJIOKUTENIBHBIM U (0) OTpULIATENBHBIM BO3MYIIIEHUEM

[IycTh B Ha4aIbHBI MOMEHT BPEMEHHU CHCTEMA HAXOJIUTCS B COCTO-
sar paBHOBecusi GL (TemMm cymMmMapHOro MOTOKa IMPU 3TOM paBeH HY-
o). Ilycth 3a OECKOHEYHO MallbIi MPOMEXKYTOK BPEMEHHM HAauYWHACT
JeCTBOBAaTh BO3MYIleHHEe — TOTOK ¢ TemniomM RT2. Eciiu RT2 >0, to
TEeMII CyMMapHOT'O ITOTOKa Bo3pacraeT, a eciiu RT2 <0, To ymeHbIaeT-
csa. KommeHcupoBaTh 3TO M3MEHEHHE MOXHO TOJIBKO ITYyTE€M COOTBET-
cTByromiero u3menenus: temmna RT1. B mobom cinyyae cucrema nepexo-
T B HOBOE COCTOSIHHE PaBHOBECHS

NGL=GL1%2=GL1 RT2-T. (1.1)

CucreMa ypaBHEHUM TEMIIOB ¥ YPOBHEN UMEET BU L

(LEV K = LEV.J + DT -(RT1.JK £ RT 2.JK),
RT1JK =C-DISC.J,

DISC.J =GL-LEV J
|[RT2JK = RT2=CONST.

(1.2)

AHaIMTHYECKOE ONMCAHUE CHCTEMBI IMOJIYHaCTCs TaK KC, KaK U JJIA

CUCTEMBI, CTpeMsIIIecs K LeNn
LEV(t)= LEV(0)+[GL£RT2.T - LEV(0)]: {1- exp(%)}. (1.3)
Eciu RT2 >0, To ypoBeHb HaUMHAET PACTH. DTO BBI3BIBAET UCXO-
mai motok ¢ temnoM RT1 <0, xoTopelit yBenuuuBaercs mo abdco-



JTIOTHOW BenuuuHe ¢ poctoM napamerpa LEV. Cucrema npuxoaut B co-
crosiHue paBHoBecus, kormga RT1 = —RT2 (cm. pucyHok 1.3 (a)).
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Pucynoxk 1.3 — IM3MeHeHHEe CcyMMapHOrO TeMIa W YPOBHS B

CUCTEME TIpU IIOJIOKHUTEILHOM (a) W TIpu oTpuuareabHoM (0)
BO3MYIIICHUU

Eciu RT2 <0, To yMeHbIlIeHME CyMMapHOrO MOTOKa KOMIIEHCUPY-
ercs yBenundeHueMm temma RT1 (cm. pucynok 1.3 (a)).

2 ITOPAIOK BBIITOJIHEHUSA PABOTbBI

Jlo BhIMONMHEHMS PaOOTHI HEOOXOIWMO CaMOCTOSITEIHHO H3YUHTh
IpaBujia MOCTPOCHUS UMUTAIMOHHBIX MOJENEH CHCTEM C HEeyIpaBiisie-
MBIMU BO3MYIIICHUSIMU.
[Ipu BBITIOTHEHUHU PAOOTHI HEOOXOAUMO:
® TIOCTPOUTH UMHUTAIIMOHHYIO JUHAMHYECKYIO MOJENIb CUCTEMBI C
HEYIPaBJIIEMbIM TOCTOSIHHBIM BO3MYIIICHUEM;

® HCCJEIOBATh MOBEICHUE CUCTEMbBI B TUHAMUKE;

® DOKCIIEPUMEHTAIBHO ONpeAeianuTh 3HaueHne koddduimenta C,
Ipy KOTOPOM OTKJIOHEHHE HOBOTO cocTosiHUsl paBHoBecusi NGL
OT cTaporo coctosinus paBHoBecusi GL He npesbiiaeT 5%.



ConepxaHue oTyera o Ja00paTOpHOU padoTe:

e 00I1as% NOCTAaHOBKA 3a/1a4H,

e JMarpaMMma NPUYMHHO-CJIEICTBEHHBIX CBA3EH;

e JMarpamMMa NOTOKOB U YPOBHEM;

® CHUCTEMa YPaBHEHUM TEMIIOB U YPOBHEMH;

® pE3yJbTaThl MOJCIUPOBAHUS CUCTEMBI.

BapuanTtsl 3aganuil ipuBeaeHsl B Tadmuie 1. Ilpu popmupoBanum
MOJIEJIM HEOOXOUMO MPEAYCMOTPETh Pa3yMHbIE OIpaHUYEHUS Ha Mapa-
METpBI CUCTEMbl. BpeMsi MojenupoBaHusi JOKHO ObITh BBHIOPAaHO Tak,
9TOOBI MPOSIBUIIUCh OCHOBHBIE 3aKOHOMEPHOCTU TOBEICHUSI CHUCTEMBI.
[IIar moaenupoBaHus AOJKEH OBITH MOA0OpaH Tak, YTOOBI HE MCKaXa-
JIVCh PE3YJIbTAThl MOJECIUPOBAHMUSL.

Tabmuna 1 — BapuaHTsl 3a1aHuii U1l BBIMOJIHEHUS J1a00paTOpHON

paboThI
Ne LEV(0)  RT2 Ne LEV(0) RT2
1 2 1 11 1 1
2 4 —1 12 3 —1
3 6 2 13 5 2
4 8 —2 14 7 —2
5 0 3 15 9 3
6 1 —3 16 2 —3
7 3 2 17 4 2
8 5 —2 18 6 —2
9 7 1 19 8 1
10 9 —1 20 0 —1

KOHTPOJIBHBIE BOITPOCBI

1. Kak cTpouTtcs auarpamma MpUYUHHO-CICACTBCHHBIX CBSI3CH IS
CUCTEMBI C BO3MYILIEHHEM ?

2. Kak crpoutcs nuarpamma MOTOKOB M YPOBHEW Jisi CUCTEMBI C
BO3MYIIICHUEM ?




3. Kakoil Bua umMeer cucrteMa ypaBHEHUW TEMIIOB U YPOBHEH IS
CUCTEMBI C BO3MYILIEHHEM ?

4. Kak aHaTUTUYECKH OMHUCHIBACTCS MOBEIACHUE CUCTEMBI C BO3MY-
HICHUEM ?

5. Kak Bener cebst cucrema 1o BIMSHUEM BO3MYIIEHUM pa3HOTO
3HaKa?



JIABOPATOPHASA PABOTA Ne6. MOAEJIMPOBAHUE CUCTEM
C 3AIIA3/1IIBAHUEM

[lenb pa®OTBl — HCCEIOBAaHUE MOBEICHUS CUCTEM, O0JIaJaroIuX
TPAHCIOPTHBIM 3aIla3/IbIBAHUEM.

Conepxxanrue paOOThl — MONYyYEHHE MMUTAIMOHHOM MOJIEIU CH-
CTEeMBI, TIPEJICTaBICHUE TMOIYyYEHHBIX PE3yJbTaTOB B (hopMme oTdeTa U

A0Ka3aTCJIbCTBO UX ITPABHUJIBHOCTH.

1 TEOPETUYECKASA YACTD

3ana3abIBaHMe — CBOMCTBO pealibHBIX CUCTEM, KOTOPOE MPOSBII -
€TCS B TOM, YTO BJIMSHHE JIIOOOr0 BXOJAIIETO IOTOKA CKa3bIBaeTCs Ha
BBIXOJIE HE Cpa3y, a 4epe3 HEKOTOpPOE BpeMsi, HEOOXOIUMOE MJi IMPO-
XO0XJICHUSI CUTHAJIa 4yepe3 cucreMy. JlnarpamMa moTOKOB U YPOBHEM ISt

00BEKTa ¢ 3ama3pIBaHUEM TIEPBOro MOpsiIKa TToKa3aHa Ha pucyHke 1.1.

V: » LEV !
-@- DEL

Pucynok 1.1 — JlmarpamMma NOTOKOB M YpPOBHEH isi OOBEKTa C

3ala3JbIBAaHUECM

Ha pucynke 1.1 0003Hau€HbI: TOTOK, BXOJISIINI B 3aMa3/IbIBAHUE C
temioM |IN; moTok, BeIXoaamui u3 3ana3asiBanus ¢ Temnom OUT; 00-
iee KOJIMYECTBO MapaMeTpa, Haxojsieecs B 3amna3asiBanuu LEV; Bpe-
M 3anazabiBanuss DEL, 3a koTopoe TeMIIbl BXOJSIIETO U BBIXOISAIIETO
IIOTOKOB CpaBHMBAKOTCH, a 3HaueHre LEV cTaHOBUTCS MMOCTOSIHHBIM.

Cucrema ypaBHEHUH TEMIIOB U YPOBHEN UMEET BUJ]



LEV K = LEV .J + DT - (IN .JK - OUT .JK),
IN.JK = IN = CONST, (1.1)
OUT .JK = LEV .J/DEL.

Jns monydeHus 3ara3/iblBaHus MOPSAJIKAa N MOCIEI0BATENBHO CO-
CAUHSIOT N 3ama3ablBaHUM TIEPBOro MOPSAIKAa U COOTBETCTBEHHO (POpPMU-
PYIOT CUCTEMY M3 N YPAaBHEHUU.

2 ITOPAIOK BBIITOJIHEHUSA PABOTbI

Jlo BhIMONMHEHMS PabOTHI HEOOXOIWMO CaMOCTOSITEIHHO H3YUHTh
OCHOBHBIE TIOJIOKEHUS TEOPUM UMHUTAIIMOHHOTO TUHAMHYECKOTO MO/l e-
JUPOBAHUS U TpaBUiia MOCTPOCHUS MMUTAIIMOHHBIX MOJEIEH OJIHO-
YPOBHEBBIX CUCTEM C 3aMa3/IbIBAHUEM.

[Ipu BITIOTHEHUHU PAOOTHI HEOOXOAUMO:

® [IOCTPOUTh UMHUTAIIMOHHYIO JUHAMUYECKYIO MOJIENIb OJHOYpPOB-

HEBOW CHCTEMBI C 3ama3blBAHUEM;

® UCCJIEIOBAaTh MOBEJICHUE CUCTEMbI B ITMHAMUKE.

Cogaeprxkanue oTdera o JJabopaTOPHOM paboTe:

e oO0uas NOCTaHOBKA 3aJ1a4u;

® JuarpaMMa NpUYUHHO-CIEJCTBEHHBIX CBS3CH;

® JMarpaMMma IOTOKOB M YPOBHEH;

® CHCTEMa YPABHEHUM TEMIIOB U YPOBHEMN;

® pE3yJabTaThl MOJICIUPOBAHUS CUCTEMBI.

BapuanTtsl 3aganuil ipuBeaeHsl B Tadnuie 1. [lpu popmupoBanuu
MOJEIN HEOOXOUMO MPEAYCMOTPETh Pa3yMHbIC OTpaHUYEHUS Ha IMapa-
METphl CHUCTEeMbl. Bpemsi MojenupoBaHusi JOMKHO OBITh BBIOPAHO Tak,
YTOOBl MPOSIBUIIUCh OCHOBHBIE€ 3aKOHOMEPHOCTU TOBEICHUSI CUCTEMBI.
[Iar moxenupoBaHus AOKEH OBITH MOAOOpaH Tak, YTOOBI HE MCKaXKa-

JMCh PE3yJbTAaThl MOJICTMPOBAHMS.



Tabmuna 1| — BapuaHTbl 3a1aHU JU1sl BBITIOJIHEHUS Ta00PATOPHOM

paboThI

Ne RT1 RT2 DEL | Ae RT1 RT2 DEL
1 sin(t) cos(t) 1 | 11 | sin(t) | exp(-t) | 1
2 | cos(t) sin(t) 2 | 12 | cos(t) | exp(t) | 2
3 | exp(t) | exp(~t) | 3 | 13 | exp(t) | cos(t) | 3
4 | exp(-t) t? 4 | 14 | exp(-t) | sin(t) | 4
5 t? exp(t) | 5 | 15 t? sin(t) | 5
6 | sin(t) | exp(t) | 1 | 16 | sin(t) t? 5
7 | cos(t) t? 2 | 17 | cos(t) | exp(-t) | 4
8 | exp(t) sin(t) 3 | 18 | exp(t) t? 3
9 | exp(-t) | cos(t) 4 | 19 | exp(-t) | exp(t) | 2
10 t? exp(-t) | 5 | 20 t? cos(t) | 1

KOHTPOJIBHBIE BOITPOCbBI

1. KakoB oOIMil MOJX0J K MOCTPOCHUID UMUTAIIMOHHON JTUHAMHU-

YEeCKONU MOJIEIN CUCTEMBI?

2. KaxoBBI OCHOBHBIE DJIEMEHTEHI I[I/IHaMI/I‘-ICCKOI\/'I MOI[CJII/I?

3. Ilo xakom MCETOAUKE BBIITOJIHACTCA HMMHUTALIMOHHOC AWMHAMHYC-

CKOE MOJIETMPOBAHUE?

4. Kak mojaenupyercst 00bEKT ¢ 3ara3ablBaHUEeM ?




JIABOPATOPHAS PABOTA Ne7. OBPATHOE
MOAEJIUPOBAHUE CUCTEM

[lens paboOThl — HKCClEOBAaHUE MOBEJECHUSI CUCTEM IOTEEM oOpaT-
HOTO MOJICTTUPOBAHUS.

Conepxanue pabOThl — MONYyYEHHE UMUTAIMOHHONW MOJENH CH-
CTEMBbI, MPEACTaBICHUE TMOJIYYEHHBIX pE3yJbTaTOB B (opme oTuera u

A0Ka3aTCJIbCTBO UX ITPABUJIBHOCTH.

1 TEOPETUYECKASA YACTD

B cucremax ¢ orpunaTeabHON 0OpaTHOM CBSI3bI0O MOKHO OpraHH30-
BaTh MPOIECC 0OPATHOTO MOJEIUPOBAHUS, KOTOPOE MO3BOJISIET 1aTh OT-
BET HA BOMPOC: KAKUMHU JIOJIKHBI OBITh TEKYIME MoKa3aTenu (hYyHKIHU O-
HUPOBAHMS CHCTEMBI, 4TOOBI B OyJyIlleM OHa JOCTUTJIA 3aJJaHHOTO CO-
CTOSIHUAL.

JUiss monydeHuss cXeMmbl OOPaTHOrO MOJCIUPOBAHUA HW3MEHUM

HaIlpaBJICHUC OTCUCTA BPECMCHHA

LEV .J = LEV .K = DT - RT .KJ,
RT.KJ =C-DISC.J, (1.1)
DISC.J =GL - LEV J.

YT0OBI MOMYYNUTHh TPACKTOPHIO IBIKCHHUS W3 OYyIyIIero B HACTOS-
niee Heooxoaumo, uToObl LEV.K # GL. D10 BoigHe BO3MOXHO, TaK Kak
TEOPETUUSCKH YPOBEHB JIUIIb CTPEMHTCS K I[€IU, HO HE JOCTUTAET ee.

N3 (1.1) MOXXHO HalTH

RT.KJ=C-[GL-LEV J]=C-[GL-(LEV K - DT -RT KJ)),

C-[GL-LEV.K] GL-LEVK (1.2)
1-C.DT ~ T-DT

RT .KJ =

VYpaBuenue (1.2) onpenensier KpUTepUil yCTOMUMBOCTU MOJIENU OT-
HOCHUTEJIBLHO 11ara MOJICJTMPOBAHMUSL.



[Ipu DT < T TpaekTopusi 0OpaTHOrO IBUKEHHS — HEMPEpPbIBHAS
MOHOTOHHas crpemsimiasica K uenu kpusas. [lpu T <DT < 2T mopens,
HECMOTPS Ha OOJIBIIIYIO YYBCTBUTEILHOCTD, ABJISIETCS ycToHuuBOM. [1pu
DT = 2T moaens HeycroitunBa B goctuxenuu nenu. [pu DT > 2T mo-
JIeIb HEYCTONYMBA B MTOJTHOM CMBICIIE.

[Ipu DT =T o0paTHOE MOJETMPOBAHUE HEBO3ZMOXKHO O€3 MPUMEH e-
HUSI CTICIIUAJIbHBIX METOJIOB, & TPACKTOPUSI OOPAaTHOTO JBHKEHUS MPE]I-
CTaBJIAET cOOON CTynmeH4aTryro (YHKIIUIO, COOTBETCTBYIOIYIO MTHOBEH-
HOMY JTOCTHKEHUIO IEJTH.

Pa3nuunpie  BapuaHThl  OOpAaTHBIX  TPACKTOPUM  CHUCTEMBHI,
COOTBETCTBYIOIIME PA3IUYHBIM 3HAUCHUSM IIara MOJCIIUPOBAHUSA,
noka3aHbl Ha pucynke 1.1.

LEV T<DT<2T LEV
GL GL
0 |
0 t
a)
Pucynok 1.1 — BrusHue BeIMYMHBI IIara MOJEIUPOBAHUSA Ha

TPACKTOPHUIO OOpPATHOTO JABMXKEHUS CHCTEMbI IS YCTOMYHBBIX (a) M
HEYCTOWUYUBBIX (0) Mozenen

2 ITOPAOK BBIITOJIHEHUSA PABOTbDI

Jlo BbITIOMHEHUST pabOThI HEOOXOAMMO CaMOCTOSATEIbHO H3Y4YUTh
paBUJia MOCTPOCHUSI UMUTALIMOHHBIX MOJCIICH CUCTEM, CTPEMSIITUXCS K
uenu. [lpu BoinmosHeHnn padoThl HEOOXOAUMO:

® [IOCTPOUTH OOpPaTHYI0O UMHUTAILMOHHYIO AUHAMHYECKYIO MOJIEIb

CUCTEMBI, CTpeMsIIIeiics K 1elu;

® HCCICAO0BATDh ITOBECACHUEC CUCTEMbI B ITMHAMUMKCE.



ConepxaHue oTyera o Ja00paTOpHOU padoTe:

e 00I1as% NOCTAaHOBKA 3a/1a4H,

¢ JHarpamMma INpuiInHHO-CICACTBCHHbBIX CBHSGﬁ;

e JMarpamMMa NOTOKOB U YPOBHEM;

® CHUCTEMa YPaBHEHUH TEMIIOB U YPOBHEM;

¢ DPE3YJIbTATbl MOACINPOBAHUA CUCTCMBI.

BapuanTel 3aganuii npusegensl B tadnuue 1. [Ipu dbopmupoBanuu

MOJIEJIM HEOOXOUMO MPEAYCMOTPETh Pa3yMHbIE OIpaHUYEHUS Ha Mapa-

METPBI CUCTEMBI. Bpemsi MOoAenMpoBaHus JOJKHO OBITh BBHIOPAHO TakK,

YTOOBI MPOABUIIMCh OCHOBHBIC 3daKOHOMCPHOCTH ITOBCIACHUA CHCTCMBI.

[Iar MOJCIIMPOBAHUA TOJIKCH OBITH noz[06paH Tak, yTOOBI HE MCKaXKa-

JIUCh PE3YIbTATHI MOJAEIUPOBAHHS.

Tabmuna 1 — BapuaHTsl 3a1aHuii U1l BBIMOJIHEHUS J1a00paTOpHON

paboThI

M| LEV(D) |[LEV' GL | tp | M| LEV(D) |[LEV'| GL | tp
1 1 3 7 |10 j11] 1 4 7 9
2 2 4 6 | 12 |12] 3 5 8 8
3 3 5 8 | 14 |13] 5 6 8 7
4 4 6 9 | 16 |14 7 11 | 15 | 6
5 5 7 | 12 | 18 |15] 9 12 | 17 | 5
6 5 7 | 11| 20 |16] 2 4 6 5
7 4 8 | 10 | 19 |17 4 5 9 6
8 3 7 | 12 | 17 18] 6 8 | 11 | 7
9 2 6 | 14 | 15 |19] 8 10 | 14 | 8
10 1 5 8 | 11 |20] O 2 5 9

KOHTPOJIBHBIE BOITPOCBI

1. Kak crpoutcst nuarpaMma NpUYMHHO-CIE/ICTBEHHBIX CBSI3€H MpHU

00paTHOM MOJIEIIMPOBAHUU CUCTEM?

2.  Kak cTpouTcsi quarpaMma MmoTOKOB M YPOBHEU mpu 0OpaTHOM

MOJICIIMPOBAHUMN CUCTEM?




3. Kakoit Bua uMeeT cucreMa ypaBHEHHUI TEMIIOB U YPOBHEH MPH
00OpaTHOM MOJEIIUPOBAHUU CUCTEM ?

4. Kak aHaJIUTUYECKU OMUCHIBACTCS IMOBEICHUE CHUCTEMBI MpHU
00paTHOM MOJIEIIMPOBAHUU CUCTEM ?

5. Kak nmpousBoauTcs oOpaTHOE MOJIETUPOBAHUE CUCTEM?
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MaTEeMaTHYECKYIO U CTa-
TUCTUYECKYIO 00pabOTKy
OTIBITHBIX TJAHHBIX O Xa-
PAKTEPUCTUKAX CPEICTB
¥ CUCTEM aBTOMaTH3a-
IHH.

KOPPESLIMOHHOTO U pe-
IPECCHOHHOI0 aHAJIN34,
JIMHEHMHOI'O Y HEJIMHEH -
HOT'0 MPOrpaMMHUPOBAHUS
JUI MaTEMaTUUECKON U
CTaTUCTHYECKOI 00pa-

OOTKM OTBITHBIX TaHHBIX
0 XapaKTEePUCTUKAX
CPEIICTB U CUCTEM aBTO-

MaTHU3aluu

['maBHBIMU 3ajlayamMy  AUCHUIUIMHBI SIBJISIIOTCSA: MPUOOPETEHUE U
COBEPIICHCTBOBAHME HABBIKOB CHUCTEMHOIO IMOJXO0Ja K PEMICHUIO MPH-
KJIQJHBIX 3a7a4, GOpMHUPOBAHUE B3TJIAAA Ha OOBEKTHI PEaIbHOTO MHPA
KaK Ha CJOXHBIE MHOIOKOMIIOHEHTHBIE CHCTEMBI, JOIYCKAIOIIUE II10-
IaroBYI0 JIEKOMITO3UILIMIO U TOCIEA0BATEIBHOE YCIOKHEHUE METOJIOB
aHaJIn3a.

B pe3ynbrate 0CBOCHUS AUCHUIUINHBI CTYICHT JOJKEH:

® 3HaTh OOUIME NPUHIUMBI CUCTEMHOTO MOJXO0Ja K aHalu3y CH-
CTE€M; OCHOBHBIE MOHATHUS U 3aKOHOMEPHOCTH CUCTEMHOIO aHaJn3a; OC-
HOBHBIE CITOCOOBI OMUCAHUSI CII0KHBIX MHOTOKOMITOHEHTHBIX CUCTEM;

® yMETh COCTABJIATh MAaTEMATUYECKUE MOJECIU CUCTEM; (DOPMYIIH-
pOBaTh M pemiaTh ¢ MomMoibo IBM THUMOBBIE 3a/1a4 MATEMATUYECKOTO
MOJIETTUPOBAHUS;

® BJIAJACTh METOAUKOW HCHONB30BaHUS (UIOCOPCKUX 3HAHUU B
poecCUOHAIBHON AEATEIbHOCTH; HaBbIKAMU CHCTEMHOTO IMOJX0/Ja K
pElICHUIO MNPUKIIAIHBIX 3a]1a4; HaBbIKAMH (POPMaIM30BaHHOIO U He-
(dbopMann30BaHHOT'O ONMKUCAHUS CUCTEM.

Mertonuueckue ykazaHHsl MPEJHA3HAYCHBI I NPOBEACHUS IpaK-
TUYECKHUX 3aHITUU MO TUCHUILUINHE « CHCTEMHBIN aHAJIU3 U YIIPABICHUE
¢ yueroM TpeboBanut ®I'OC BO jns HampaBiaeHUsS MOATOTOBKH
15.03.04 — ABTomMaTH3amus TEXHOJOTHYECKUX MPOIIECCOB M TPOM3-
BOACTB. OHM CMOCOOCTBYIOT JyYIIEMY YCBOEHUIO CTYACHTAMH OCHOB

TCOpHUHU CHCTEM M OCHOB OIICHKH CJIOXKXHBIX CHCTEM, 00eCIIeYnBaIOT



NpUOOpETEHNE MPAKTUYECKUX HABBIKOB HMCIOJIb30BAHUSI MaTeMaTH4e-
CKMX METOJIOB MCCJIEIOBAHUS CIIOKHBIX CUCTEM, METOJOB CUCTEMHOIO
aHalr3a, TOCTPOCHUS MOJIeNIe OCHOBHBIX (DYHKITUN yIIpaBIICHHUS.

[IpakTyeckne 3aHATHS MO3BOJSIOT 3aKPENUTh TEOPETUUYECKUE
3HaHUs O NOCTAHOBKE 3a7a4 CUCTEMHOI'O aHAJIN3a, IOCTPOCHU U MOJIENEH
CHUCTEM M OLIEHKE MX MapaMeTpPOB.

K npakTtuueckuM 3aHATUSM CTYIEHT JOJKEH IMOATOTOBUTHCS CaMO-
CTOATENBHO: U3YYUTh COOTBETCTBYIOIIME pPa3/eiibl Kypca U BBIIIOJIHUTH
PEABAPUTEIBHBIE PACUYETHI.

[IpoBepka MOATOTOBIEHHOCTH CTYAEHTA K OUYEPEIHOMY IPAKTUYE-
CKOMY 3aHSTHUIO OCYLIECTBIISIETCS NMPENOJAABATEIIEM B WHIWBUIYAIbHOU
Oecene. Ecam cTyneHT He 3HAET COAEPKAHUSA MPEACTOSIIEMY MpPAKTHU-
YECKOMY 3aHSITHIO, TO OH MOXET OBITh HE JIONMYIIEH K €T0 MPOBEICHHUIO.



IIpakTtuyeckoe 3ansitue Nel. Pacnpenenenue pecypcoB H
ylnpaBJieHHE 3anacamu

Heab 3aHsATHS: U3yUCHHE MPABUJI OCTAHOBKU TUITOBBIX 3aJ1ay CH-
CTEMHOI0 aHaJIM3a — 3a7ay paclpeiesICHUs] PeCypcoB M YIPaBJICHUS
3amacamu.

AKTYaJIbHOCTh TeMbl 3aHATHSI: YMEHHUE MPABUIBbHO (PopMalin3o-
BaTh 3a/lauy — 0O0s3aTEIbHBIN 3Tall CHCTEMHOIO aHaJIM3a, ¢ KOTOPOTO
JOJDKHA HAYMHATHCS TPOIEypa CO3JaHUSI CUCTEMY YIPABJIEHUS C 3a-

JAHHBIMU XapaKTEPUCTUKAMH.
1. TEOPETUYECKASA YACTb

1.1. 3apaua pacnpeaesieHus pecypcoB

Besikyro 3amauy pacnpeneneHuss MOXXHO c(hOpMYyIMpOBaTh Kak OIN-
TUMU3AIMOHHYIO, TPU PELUICHUH KOTOPOM TpeOyeTcs:

a) TM00 MAaKCHMM3UPOBATh 3KOHOMUYECKHI pe3ynbTaT MpU 3aJaH-
HBIX pecypcax;

0) TMOO0 MUHMMHU3UPOBATH UCIIOIb3YEMBIE PECYPCHI MPU (PUKCUPO-
BAHHOM 3KOHOMHYECKOM pe3yJIbTaTe.

OO0was MaTemMaTH4eCKass MOJIENb 3aa4U PACIIPENEIEHHS PECYPCOB C
YUCJIOM MEPEMEHHBIX N1 U OTPAHUYEHHUN M UMEET CIEIYIOIUN BUA

f (g, %1, x5) = Xj_4 ¢jxj » max(min), (1.1)

IIPY OTPAHUYCHUSAX

j=10ix; < b, i=1--m
xj=20,j=1-n (1.2)



rae ¢j — Kod(GQUUMEHTHI LEeNeBON QYHKINM, ;j — HOPMa pacxojia -ro
pecypca AJisl BBIyCKa €IUHUIIEI j-W MPOAyKIHH, b; — 00BbeM umerolie-
rocst [-TO pecypca, Xj — HCHU3BECTHAsl TIEPEMCHHasI, OMpeestonas Be-
nuurHy (00bEeM) BBIITYCKA |-i TPOIYKIUH.

B monenu (1.1) — (1.2) HeusBecTHbIE NEPEMEHHBIE BHICTYNAIOT B
IIEPBOM CTEINEHU, XaPAKTEPU3Ys JIMHEUHYIO 3aBUCUMOCTh. [loaTomy 3Ty
MOJIEIb HA3bIBAIOT 33aJa4€ll JIMHEMHOro mporpamMmupoBanus. i pe-
HICHU 3a]]a4 JIMTHEHHOr 0 MPOrpaMMUPOBAHUS pa3padoTaH crielUalbHbIN
METO/I, Ha3bIBA€MbI CUMILIIEKC-METOOM.

[Iporiecc mocTpoeHUs: MATEMAaTHYECKOW MOJEIN ONTUMH3AI[MOHHBIX
3a7a4 pacupeleseHUusI PECYPCOB JIOIKEH OTBETUTH Ha CIEAYIOIINE BO-
MPOCHI:

e Jlns onpenesieHUs KaKUX BEIUYUH CTPOST MOJACIIH?

o Kakue orpaHuyueHusi ciaeayeT HAJIOXKHUTh HA CTPYKTYypYy MHOXKe-
CTBA JOMYCTUMBIX PEIICHU?

o Jlna mocTwKeHHMS KaKOW IeIM BBIOMPAIOTCS 3HAYCHHS JONY-
CTUMBIX TEPEMEHHBIX, COOTBETCTBYIOIINE ONTUMAIBHOMY PEIICHUIO
3amau’

PaccMoTprM KOHKPETHBINM PUMEP U HA €r0 OCHOBE clieslaeM 0000-
IIAIOIIME BBIBOJBI O MPHUHIMIIAX MOCTPOCHHUS MOJEIN U METOAUKE €€

HCCICAOBaAHMA.

Ipumep

Dupma uzeomosnsem osa euoa uzoeauu: F u H. Ilpooyxkyus oboux
81006 nocmynaem 6 onmosgyio npooasicy. /nsa npouzeoocmea npooyKyuu
ucnoawvzylomes 0éa muna coipbsi — A u B. Makcumanono 6o3mooichbvie
CYMOUYHble 3anacel (pecypcol) d3mux npooyKkmog cocmasusiiom 6 u 8 m
coomeemcmeenHo. Pacxoovt A u B na o0ny mouny coomeemcmeyroujeu
npooyKkyuu npuseoenvl 8 maoauye 1.



Tabmuna 1

Buo ceippst | Pacxoo cbipbs Ha monHy npooyKyuu Pecypc cvipbs,
Hz0enue H, m H3zo0enue F,m MOHHbL

A 1 2 6

B 2 1 8

U3 ananuza pvinka covima cmano uzeecmHo cieoyruee:

® Ccymoumwvlli cnpoc Ha uzoenue F He npegviuaem cnpoca HA U3-
Oenue H bonee uem Ha 0OHY MOHHY;

e cnpoc Ha uzdenue H nuxozcoa ne npesviuuaem 08e moHHbL 8
CYMKLU.

® onmogvie yeHvl 00OHOU MOHHLL NPOOYKYUU PABHbL: 3 mulc. pyo.
ons uzoenust H, 2 moic. py6. ons uzoenus F.

Kakoe xonuuecmeo uzdenuti kaxcoo2o 6uda 00JAHCHA NPOU3BOOUND
Gabpuxa, umobsvl 00X00 om peanuzayuu NPOOYKYuu Ovll MAKCUMALb-
HBIM?

Mamemamuueckasn gopmynuposka 3adadu c600umcs K onpeoeie-
HUIO 00beM08 NPouU3B00CMBA KAMCO020 U3 U008 NPOOYKYUU, MAKCUMU-
3UPYIOUWUX 00X00 OM Peanu3ayuu npu 02PAHUYeHUsIX Ha CNPOC U PAcxoo
CbIPBAL.

Ilocmpoenue modenu HauuHaemcs ¢ UOeHMUPUKAYUU NePEeMEHHBIX C
NOCNeOVIOUWUM POPMUPOBAHUEM YeaU U OSPAHUYEHUL 8 8Ude MamemMa-
mu4eckux QyHxyutl.

3aoaua Haxoxcoeruss ONMUMANBHLIX 00beMO8 NPOU3B00Ccmaea Gop-
MAIU3ZYEMCsL C NOMOUWbIO CLeOVIOUWUX NePEMEHHBIX U PYHKYULL.

Heuzsecmnvie nepemennvie: X1 — cymounwlii 06veM npou3800Ccmad
uzoenut H, x, — cymounwiii 06vem npouzsoocmea uzoenuti F.

Llenesas ¢hynxyus onpedensem odwuti 00X00 Oom pearu3ayuu u3-

oenutt X1 U X
fxq,x5) = 3x1 + 2x,.

Ozpanuuenusi Ha pacxoo cobipvs




{xl + ZXZ < 6,
2x1 + ) < 8.

OzpanuueHnus Ha cnpoc NpooyKyuu

xl—xzs:l,
XZSZ

Kpome mozo, o6vemul npouzgoocmea npooykyuu xq U X He MO2ym

npuHuUMams ompuuamelbHble SHA4YE€HUA

{xl >0,
) > 0.

Heobxo0umo onpedenums o0bvemvl npouzsoocmea X1 U X, , npu

KOMOPBIX 00CMU2ACMCA MAKCUMAILHOE 3HAYEHUEe UeNe60U (QYHKYUU
f(xq,x5) = 3x1 + 2x, » max.
NpU 02PaAHUYEHUSX

(X1 + 2x, <6,

2x1 +XZS8,

X1 —xp <1,
Xy, <2,
x1 =0,

. x, = 0.

A

Jlannasa mooenb — 3mo 3a0aua JAUHEUHO20 NPOSPAMMUPOBAHUS C
08YMST HEU3BECMHBIMU NePEMEHHBIMU U YeMbIPbM 02PAHUYEHUAMU 00-
weeo 8uoda.



1.2. 3apauya ynpaBJieHusl 3aiacaMu

3agava ynpaBiieHHUs 3allacaMyd BO3HUKAET, KOTJa HEOOXOAMMO CO-
3/1aTh 3amac MaTepUalibHBIX PECYpPCOB WM MPEIMETOB MOTPEOJICHUS C
LEIbI0 YIOBJIECTBOPEHHUS CIIPOCA HA 3aJJaHHOM MHTEpBalie BpemeHu. J{iis
obecrieueHrst HeMpePHIBHOTO U d(PHEKTUBHOTO DYHKIIMOHUPOBAHUS Op-
raHuzaluy HeoOXo UMbl 3amackl. B 3a/aue ynpaBiieHus 3amacamu Tpe-
OyeTcst ompeneauTh KOJIMYECTBO 3aKa3blBAEMOW MPOAYKIUH U CPOKH
pa3MelIeHusl 3aKa30B.

Copoc MOXHO YJIOBJIETBOPUT:

® IIyTEM OJHOKPATHOI'O CO3/JaHUs 3amaca Ha BECh paccMaTpUBae-
MBIU TIEPUOJ] BPEMEHU;

® TIOCPEACTBOM CO3JIaHMS 3amaca JJisl KaKI0W €TMHHIbI BpEMEHU
ATOrO MEePUO/Ia.

DT ABa ciiydas COOTBETCTBYIOT u3Ouimounomy 3amacy (1Mo OTHO-
IICHUIO K €MHUIIC BPEMEHHU) U Hedocmamoyromy 3anacy (1o OTHOIIe-
HUIO K TIOJTHOMY TIEpU Oy BPEMEHHU ).

[Ipu uzb6eimounom 3amace TpeOyroTcs OoJiee BBICOKHUE YJEbHBIC
(OTHECEHHBIE K €IUHUIIEC BPEMEHU ) KAaITUTAJIbHBIC BIIOKEHUS, HO TE(PUIIUT
BO3HHUKACT PEXKE M YaCTOTa Pa3MEIICHUS 3aKa30B MEHBIIIE.

[Ipu nHedocmamoynom 3amnace yJeiabHbIE KalUTaIbHbIEC BIIOKEHUS
CHUIKAIOTCS, HO 4acTOTa pa3MEIEHUsI 3aKa30B U PUCK JeduIuTa BO3-
pacraror.

JIist 5TUX ciydaeB XapaKTEpPHbI 3HAYUTEIbHBIC SKOHOMUYECKHUE TT0-
Ttepu. Takum oOpa3oM, perieHus OTHOCUTEIIBHO pa3Mepa 3akaza U Mo-
MEHTa €r0o pa3MEIlEHUsI MOI'YyT OCHOBBIBATHCS HA MUHHMHU3ALUHU COOT-
BETCTBYIOIIEH (PyHKIMHM OOIIMX 3aTpaTr, BKIIOYAIONIMX 3aTpaThl, 00y-
CJIOBJICHHBIE TIOTEPSMH OT U30BITOYHOTO 3amaca u aeduiura.

Mopens ynpaBieHus 3amacaMu JI0J1Ha JaTh OTBET Ha JBa BOIPOCA:

1. Kakoe konn4ecTBO NPOAYKIHUU 3aKa3bIBaTh?

2. Korpna 3aka3pIiBaTh?

OTBeT Ha MepBBI BOMPOC BbIPAXKAETCS Uepe3 pa3Mep 3akasa, ornpe-
JICJISIONIETO ONMTHUMAJbHOE KOJIMYECTBO PECYPCOB, KOTOPOE HEOOXOAMMO



NOCTaBJIATh BCSKHUI pa3, KOrJa MPOUCXOIUT pa3MellleHue 3akaza. B 3a-
BUCHUMOCTH OT PacCMaTpUBAEMOW CHUTYallMU pa3Mep 3aKa3a MOXKET Me-
HATHCSI BO BPEMEHU.

OTBeT Ha BTOPOM BONPOC 3aBUCUT OT TUIIA CUCTEMbI yIpPaBICHUS
3anacamu. Eciau cuctema npenycMaTpuBaeT MEPUOAUYECKUN KOHTPOIb
COCTOSTHHUSI 3armaca depe3 paBHBIC MPOMEXKYTKH BpeMEHHU (EKEHEIETbHO
WU €KEMECSYHO), MOMEHT MOCTYIUICHUSI HOBOTO 3aKa3a OObIYHO COB-
najaeT ¢ HaAyajJoM KaXKJIOro MHTEepBaja BpeMmeHHU. Ecium ke B cucreme
OpEeAyCMOTPEH HEMPEPBIBHBIN KOHTPOJIb COCTOSIHUS 3araca, TOUKa 3aKa3a
OIIpENIENSAETCA YposHeM 3anaca, Tpu KOTOPOM HEO0OXOAUMO pa3MelaTh
HOBBIM 3aKas3.

Takum 00pa3om, perieHre 00OOIIEHHOW 3ajlauyv YIpaBJieHUs 3ara-
caMu OMpeneNsieTcs CIeAYIOMNUM 00pa3oM:

1. B cayuae nepuoouueckoeo KOHMpOs COCMOAHUS 3aNaca Clenyer
o0ecrneunBaTh MOCTABKY HOBOI'O KOJMYECTBA PECYpCcOB B 00ObeMe pas-
Mepa 3aKa3a 4epe3 paBHbIC TPOMEKYTKH BPEMCHHU.

2. B cnyuae HenpepvigHO20 KOHMPOJISL COCMOAHUSL 3aNaca HEO00X0-
JMMO pa3MeliaTh HOBBIM 3aKa3 B pa3Mepe oOvema 3anacd, KOorja €ro
YPOBEHb JTIOCTUTAET MOUKU 3aKA3A.

Pa3mep u Touka 3akaza OOBIYHO ONPENEISIOTCS U3 YCIOBHN MUHH-
MU3AIUU CYMMAapHBIX 3aTpaT CUCTEMBbI YIIPABJICHUS 3amacaMu, KOTOPhIE
MOKHO BBIPa3UTh B BUAE (YHKIUH 3THX JIBYX MEPEMEHHBIX.

CyMMapHbi€ 3aTpaThl CUCTEMbI YIIPABJIEHUS 3al1aCAMU BBIPAXKAKOTCS

B BHUJIC (1)YHKI_[I/II/I HX OCHOBHBIX KOMIIOHCHT

CymmapHvie
YMMAP 3ampa- 3ampamel 3ampa-
3ampamaol Ilomepu
_ mblHa Ha mul Ha
cucmemvl = + + +  om Oe-
npuoo- ogopmie- XpameHue
YNpaeieHus: Quyuma
pemeHue HUe 3aKa3a 3axkaza
3anacamu

3aTpaThl Ha IPHOOPETCHUE CTAHOBATCS BaXKHBIM (haKTOpPOM, KOrjaa
IIEHa €IUHUIIBI MPOAYKIIMHA 3aBUCHUT OT pa3Mepa 3akasza, 4To OOBIYHO



BBIpA)XAeTCs B BUE ONMOBbIX CKUOOK, KOT/Aa 1IeHa €AMHUIIBI TPOTYKITUH
yOBIBaeT C BO3pacTaHHEM pa3Mepa 3aKasa.

3aTtpaTel Ha oopMIIEHHE 3aKa3a MPEACTABIISAIOT MOCTOSHHBIE pac-
XOJIbI, CBSI3aHHBIC C €ro pa3MernieHueM. [Ipyu yaoBiIeTBOpeHHH crpoca B
TEUEHHE 3a/JJaHHOTO MEPHOJIa BPEMEHHU ITyTeM pa3MeEIeHHus Ooiiee Mell-
KAX 3aka30B (OoJiee 9acTo) 3aTpaThl BO3pACTAlOT 110 CPAaBHEHHIO CO
cllydaeM, Korja CHpOC YJIOBJIETBOPSETCS IOCPEIACTBOM pa3MEIICHUS
OoJiee KpYIHBIX 3aKa30B (U, CIIEIOBATEIIBHO, PEXKE).

3aTpaThl HAa XpaHEHHWE 3amaca MPEACTaBILIIOT PAcXobl Ha COACP-
’KaHUWE 3araca Ha CKJaje (3aTpaThl Ha epepaboTKy, aMOPTH3aIlMOHHbBIE
pacxoibl, SKCIUTyaTallMOHHBIE PAacXOibl) K OOBIYHO BO3PACTAIOT C YBE-
JTUYCHUEM YPOBHS 3armaca.

[Torepu oT neduUTa MPEACTABISIOT COOOH Pacxoibl, O0YCIOB-
JICHHBIC OTCYTCTBHEM 3aItaca HeoOX0IMMOMN MPOAYKITHH.

OnTuMansHBIH yPOBEHB 3allaca COOTBETCTBYET MHHHUMYMY CYM-
MapHBIX 3aTpar.

Mopnenpb yrpaBlieHHs 3armacaMu He 00s3aTeNbHO BKIIFOYACT BCE Ue-
TBIPE BHUJA 3aTPaT, TaK KaK HEKOTOpPhIE W3 HUX MOTYT OBITh HE3HAYH-
TETbHBIMH, & YYET BCEX BUJOB 3aTPaT YCIOKHAET () YHKIIUIO CYMMAapPHBIX
3arpar.

PaznooOpasue Mojenel 3TOro Kijiacca OIpeaeNseTcss XapaKTepoMm
crpoca, KOTOPBI MOXET OBITh JETCPMUHHUPOBAHHBIM (JIOCTOBEPHO W3-
BECTHBIM) WJIM BEPOATHOCTHBIM (3a7aBaE€MBbIM IIJIOTHOCTHIO BEPOSTHO-
CTH).

Jlemepmunupoeannsviti CIPOC MOXKET OBITh CTAaTHYCCKUM, B TOM
CMBICJIC, YTO WHTCHCHBHOCTH IMOTPEOJICHUS OCTACTCS HEU3MEHHOU BO
BPEMCHH, WM JTUHAMUYECKUM, KOrJa CIPOC M3BECTCH JOCTOBEPHO, HO
U3MEHSETCS OT BpEMCHHU.

Beposmnocmuulti  cIpoC  MOXET OBITh CTallMOHAPHBIM, KOT/Ia
CI)YHK]_II/IH IJMIOTHOCTHU BCPOATHOCTHU CIIPOCA HCU3MCHHA BO BPCMCHH, U
HECTaIlMOHAPHBIM, KOTJa (YHKIHS IIJIOTHOCTH BEPOSTHOCTH CIIpoca

HN3MCHACTCA BO BPpCMCHHU.



B peanbHBIX YCIOBHUSIX XapaKTep CIpOca MOXKET ObITh OMHMCaH IO-
CPEACTBOM BEPOSITHOCTHBIX HECTAIIMOHAPHBIX paclpeaeICHU .

XO0Ts XapakTep crpoca sIBJISETCS OJJHUM U3 OCHOBHBIX (haKTOPOB MPH
MOCTPOCHUU MOJIETM YIIPaBJICHUS 3arlacaMu, UMEIOTCS Apyrue GakTopsl,
BIIUSIONIME HAa BBIOOP TUIIA MOJIEIIH.

1. 3anazovieaHus nocmasok uiu CpoKu 8blnoIHeHus 3akazos. Ilocne
pa3MelIeHus 3aKka3a OH MOKET ObITh MOCTaBJIECH HEMEJIEHHO WM IO-
TpeOyeTcsi HEKOTOpOE BpeMsi Ha €ro BblloidHeHue. MHTepBal BpeMeHU
MEXAYy MOMEHTOM pa3MEIIeHUs 3aKa3a W ero MoCTaBKOW Ha3bIBACTCS
3ama3/blIBAHUEM TOCTaBKM WJIM CPOKOM BBINIOJHEHHS 3aKasza. OTa
BEJIMYMHA MOXKET ObITh JETEPMUHUPOBAHHOMN UJIU CITy4alHOM.

2. Illononnenue 3anaca. XOTa cUCTEMa YIPaBICHUS 3allacaMyd MO-
KEeT (PYHKIMOHUPOBATH MPU 3aMa3IbIBAHUU MOCTaBOK, MPOIECC MOIMOJI-
HEHUsI 3araca OCYIIECTBISETCS MTHOBEHHO MJIM PaBHOMEPHO BO BpeMe-
HU. MTHOBEHHOE MOIOJHEHUE 3armaca MOXXET MPOUCXOJUTh MPHU YCIIO-
BUM, KOTJIa 3aKa3bl MOCTYINAIOT OT BHEIIHEr0 NCTOYHUKA. PaBHOMEpHOE
MOMOJIHEHUE OyIeT ToTIa, Korja 3amacaeMasi MpOAYyKIIUs ITPOU3BOIUTCS
caMmoi opranuszanueii. B obmem cinyyae cucreMa QyHKIHMOHUPYET MPU
MOJIOKUTEIIBHOM 3ala3IbIBAHUN MOCTABKU U PABHOMEPHOM IO OJTHECHHUH
3amaca.

3. Ilepuoo eépemenu omnpenensieT UHTEPBaJ, B TEUEHHE KOTOPOrO
OCYIIECTBIACTCS pEeryJupoBaHUE YpoBHS 3amaca. B 3aBucuMocTu OT
OTpe3Ka BPEMEHHU, HA KOTOPOM MOKHO HaJI€KHO MPOTHO3UPOBATH, pac-
CMaTpUBAEMBbI/ MEPUO]T TPUHUMAETCSI KOHEUHBIM WJIM O€CKOHECUHBIM.

4. YHucno nyHkmos HakonjieHusi 3anacos. B cucremy ynpaBlieHHsS
3amacaMM BXOAUT HECKOJIbKO IMYHKTOB XpaHEHUs 3amnaca. B HeKOTOpbIxX
CIIy4dasiX 9TU MMyHKTHl OPTaHU30BaHbI TAKUM 00Pa3oM, YTO OJWH BBHICTY-
naeT B KaYeCTBE IMOCTaBUIMKA JIJIsl APYroro. JTa cXxemMa MHOIAa peaiu-
3yeTCsl Ha Pa3IMYHBbIX YPOBHSX, TAK YTO MYHKT-MOTPEOUTENH OJHOIO
YPOBHSI MOXET CTaTh MYHKTOM-TIOCTABIIIMKOM Ha JIPyroM ypoBHe. B Ta-
KOM CJIy4ae TOBOPAT O CUCTEME YIPABJICHUS 3alacaMU C Pa3BETBICHHOM

CTPYKTYpPOH.



5. Hucno 6uooe npodykyuu. B cucTteMe ylpaBieHUs 3anacaMu
MOXKET (QurypupoBaTh 0o0Jiee OJHOTO BUJA MPOAYKUUH. DTOT (HAKTOP
YUYUTBHIBACTCS TP YCIOBUHM HAJIWYUSI HEKOTOPOW 3aBHCHUMOCTH MEXKIY
pa3IUYHBIMU BUJAMU TPOAYKUUH. Tak, I Pa3IWyHbIX U3JETUNA HUC-
MOJI3YETCSI OJIHO U TO € CKJIAJCKOE MOMENIEHUE WA K€ MX MPOU3-
BOJICTBO OCYIIECTBIISIETCS MPU OTPAaHUUCHHUSAX HaA OOIUe MPOU3BO-
CTBEHHBIE ()OHJIbI.

Upe3BbIUualiHO TPYJIHO MOCTPOUTH OOOOIIEHHYIO MOJENb YIpaBie-
HUS 3amacaMM, KOTopas y4YuThiBajga Obl BCE Pa3HOBUIHOCTH YCJIOBUH,
HaOII0/IaeMBbIX B peajbHbIX cUCTeMaX. PaccMOTpuM MoOjenu, COOTBET-

CTBYIOIIMC HCKOTOPBLIM CHUCTCMaM YIIPABJICHUA 3allaCaMU.

JleTepMHUHUPOBAHHbIE MO/IEJIH

OO0HONPOOYKMOBasi CMamuyeckas Mooejlb

Mogenp ynpaBiaeHUsl 3amacamMu IIPOCTEHIIErO0 THUIIA XapaKTEpPU3y-
€TCSl MOCTOSTHHBIM BO BPEMEHU CIPOCOM, MTHOBEHHBIM TOMOJHEHUEM
3amaca U OTCyTCTBHEM Jeduiuta. Takyio MOAEIb MOXXHO MPUMEHSTH B
CIIEAYIOIIUX CUTYalUSIX:

1. Hcmonp30BaHWE OCBETUTEIBHBIX JIAMII B 3JJaHUH.

2. Hcnonp3oBaHne KaHLEIAPCKUX TOBapoB (Oymara, OJOKHOTHI,
KapaH/Iallil) KPYImHOU GUpPMBI.

3. HUcnonb3oBaHne HEKOTOPHIX MPOMBINIJIEHHBIX W3JEIUN, TAKUX
KaK FaiKyd ¥ OOJITHI.

4. TlotpebGieHrue OCHOBHBIX MPOAYKTOB MUTaHUs (Hampumep, xiaeda
1 MOJIOKA).

Ha puc. 1 noka3zaHo u3MeHeHue ypoBHsI 3aaca BO BPEMEHHU.
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Pucynok 1 — 3aBUCMMOCTb U3MEHEHMSI YPOBHS 3amaca OT BPEMEHHU

[Ipennonaraercs, 4YTO MHTEHCUBHOCTh CIIpoca (B €ITMHUILY BPEMEHH )
paBHa . HauBeicmiero ypoBHSI 3amac JIOCTUTAa€T B MOMEHT IOCTaBKU
3aKasza pazMepoM Yy (Mpeanonaraercs, 4ro 3amna3/JblBaHUE MOCTABKU SIB-
JsieTcs 3aJJAHHOM KOHCTAHTOM). Y pOBEHb 3amaca JOCTUTAeT HYJIsl CIyCTs
y/B enuHuIl BpeMeHHU IMOCJC MONydeHus 3aka3a pasmepom y. C omHoM
CTOPOHBI, YEM MEHBIIIE pa3Mep 3aKas3a y, TEM 4allle HYKHO pa3MeIlaTh
3aka3pl. OIHAKO MpPU 3TOM CpPEJAHUN YpPOBEHb 3armaca OyJIeT yMEHb-
matbca. C Ipyrod CTOPOHBI, C YBEIUYEHUEM pa3Mepa 3aKa30B YPOBEHbB
3amaca MOBBIIIAETCS, HO 3aKa3bl pa3MeIllaroTcs pexe. Takas cuTyauus
IPEACTaBICHA Ha puC. 2.

Huszkasa 9acToTa
pa:sluemenna 3AKa30B

/

Bricokaa gacToTa
PasMel[EHHA 3aKa20E

AANAW A

Bpewms

popRMM ToHomoT

PucyHok 2 — Pa3nuyHble 4aCTOTHI pa3MEIICHUS 3aKa30B

Tak kak 3aTpaThl 3aBUCAT OT YaCTOTHI pa3MEIICHUS 3aKa3a U 00bema
XpaHUMOI'0 3amaca, TO BEJIMYMHA Y BHIOMpAETCs U3 YCIOBUsL olecreue-
HUs COAIAHCUPOBAHHOCTH MEXY JIByMsI BUJAMHU 3aTpat. ITO JIEKUT B
OCHOBE ITOCTPOEHHUSI COOTBETCTBYIOIIEH MOJIENIA YIIPABJIEHHUS 3aI1aCaMHU.



[lyctb K — 3aTpaThl Ha odOpMIICHHE 3aKa3a, UMEIOIIUE MECTO
BCAKUM pa3 MpU €ro pa3MelleHuu, h — 3aTpartbl HaA XpaHEHHUE €IUHULIbI
3aKka3a B eauHully BpeMmeHu. ClenoBaTelbHO, CYMMAapHbIE 3aTpaThbl B

CAMHUIY BPECMCHH MOXHO ITPCACTABUTHL B BUJIC

3aTpaThl Ha 0)OpMIIEHUE 3aKa3a,

ell. BpeMEeHH \!
3aTpaThl Ha XpaHEHUE 3a1aca,
ell. BpEMEHHU

[TpoOIKUTENBHOCTh [HKIA JBMIKCHHS 3aKa3a COCTaBSIET tp =
y/[B; cpenHuii ypoBeHb 3amaca paBeH y /2.

OnruManbHOE 3HaYEHHE Y TOIYIAETCS B PE3YIbTaTe MUHUMHU3AIMH
C(y) o y. Takum 00pa3om, B MPEAMONOKCHHUH, YTO Y — HEMPEPhIBHAS

INEpEMCHHAA, UMCCM

acly) _ KB | h _
- y2+2—0, (1.3)

OTKYJda OIITUMAJIbHOC BBIPAKCHHUEC 3dKa3a OIIPCACIIACTCA BbIPAKCHUCM

o [
= 52 (1.4)

MoKHO H0Ka3aTh, 4TO V™ cocTasiseT MuauMyM C(y), moKasas, 4TO
BTOpas IPOM3BOAHAS B TOUYKE Y~ CTPOTO MOJIOKUTEIIHHA.

Bripaxxenne (1.4) HaszpiBaroT (HOpMyToOll SKOHOMHUYHOTO pa3Mepa
3aKasza Y MJICOHA.

OntumanbpHasl cTpaTerydss MOJESIN MPEeayCcMaTpUBaeT 3aKa3 Yy~ eIu-

HUII TPOAYKIIUH Yepe3 KaxKable ty = Y*/f eauHUI] BpEMEHH.



Ontumansabie 3aTpathl C(y*) = /2K[fh noiaydeHbl MyTeM HEIOo-
CPEICTBEHHOM ITOJICTAHOBKH.

JI1s1 peanbHBIX CUTYyalluil CylIeCTBYET (IOJOXKUTEIbHBIN) CPOK BbI-
MOJIHEHMS 3aKa3a (BpEMEHHOE 3ama3jblBaHue) L OT MOMEHTa pa3Melle-
HUS 3aKa3a J0 €ro ACHCTBUTEIbHOW MOCTaBKU. CTpaTerus pa3MeeHus
3aKa30B B MPUBEJCHHOW MOJIENU JIOJHKHA OMpPEAEisiTh TOUKY BO30OHOB-
JIEHUS 3aKa3a.

Ha puc. 3 nokazaH ciydail, Korjga TO4ka BO30OHOBJIEHHS 3aKa3a
NOJKHA ONepekaTh Ha L enuHWI] BpEMEHU OXKHAAEMYKO IOCTABKYy. B
NPAKTHYECKUX LEIAX 3Ty MHPOPMALHUI0 MOXHO MpeoOpa3oBaTh, Ompe-
JeIMB TOYKY BO30OHOBJICHHUS 3aKa3za 4epe3 ypOBEHb 3amaca, COOTBET-
CTBYIOIIIMH MOMEHTY BO300HOBJICHHUIO.

ToukH 20200HOBNEHAA SAKa%0B

U"E‘I‘lwl:"dld
~
*

o PpHd@po

Bpems

Pucynok 3 — Touka BO300HOBJIEHHUS 3aKa3a OMEPEKACT 0KUIAEMYIO
IIOCTaBKY

Ha mnpakthke 3TO peanu3yercss NMyTeM HENPEPbIBHOIO KOHTPOJIS
YpOBHS 3araca 10 MOMEHTa JOCTHKEHHUSI OYEPEIHON TOUYKH BO300HOB-
neHus 3akaza. [lo 3Toil nmpUuYMHE TaKyr MOJIEIb HA3bIBAIOT MOJEIBIO
HEIMPEPBIBHOIO KOHTPOJISI COCTOSHMS 3aka3a. Cieayer 3aMeTUThb, 4TO
CPOK BBITIOJHEHUS 3aKa3a L MOXXHO TPUHATH MEHBIIE MPOIOJIKUTEIb-

HOCTH IIMKJIA {.



Ipumep

Eaiceonesnuiii cnpoc na mosap b cocmasnsem 100 eo. 3ampamel Ha
pasmeujernue Kasxcoozo 3anaca K nocmosinnol u pasner 100 Oen. eo.
Eorceonesnvie 3ampamel Ha xpauenue eounuywvl 3anaca h cocmasnsiiom
0,02 den. ed. Onpedenums d3KOHOMUUHDBLI pazmep NAPMUU U MOYK)Y 3a-
Ka3a npu cpoke 8bINOJHeHUsl 3aKa3d, pagHom 12 ousm.

U3 popmynvl Yuncona nonyuaem

. ,2x1oo><1oo _
Y= "0z = 1000 ep,.

OnmuMClJZbHCl}Z npOOOﬂOfCMmeﬂbHOCWlb yuKia cocmaessiem
te = y*/f = 1000/100 = 10 zH.

Tax kax cpok 6blnoJHeHUs 3aKa3a pagen 12 OHAM u npoooJicu-
menvHocmy yukia cocmasnsem 10 OHell, 80300H08IEHUE 3aKA3A NPOUC-
xXooum, Ko20a YpogeHb 3anaca 00cmamoueH OJisi YO0081emEopeHuUs.
cnpoca na 12 — 10 = 2 aH. Takum obpazom, 3axaz pasmepom y* =
1000 epg., koeoa yposenv 3anaca oocmueaem 2 X 100 = 200 eg.

Moorcno cuumamo, ymo 3¢pghekmusHbvIll CPOK BbINOJIHEHUS 3AKA3A
pasen L — ty npu L >ty u pasen L 6 npomuenom cayyae (30eco L —
3A0aHHbBLU CPOK BbINOIHEHUS 3AKA3A).

s paccmampusaemozo npumepa onpedeiums MOUKY 3aKA3d 6
CAeOYIOWUX CAYHAasX. a) cpox ewvinonanenus 3axkaza L = 15 pH. (omeem
500 eo.); 6) cpox evinoanenus zakaza L = 23 gH. (omsem 300 e0.); 6)
cpok evinonnenusi 3akaza L = 8 gH. (omeem 800 ed.); 2) cpox ewinoi-
nenusi 3axaza L = 10 gH. (omseem 0 e0.).



2. MPAKTUYECKAS YACTbH

3agava 1. CymecTByrOT ABe PUPMBI IO M3TOTOBJICHHIO IIJIACTHKO-
BbIX OKOH. ®dupma A moxer 3a mecsi u3roroButh 1000 kB. M crekia X ¢
TpexkaMepHbIM mpoduiieM u 600 kB. M cTekia Y ¢ MATUKaMEpPHBIM
npoduiiem. @upma B 3a TOT ke nepuoj BpeMeHr n3rotoBuT 700 KB. M
crekia X u 1500 kB. m crekna Y. [lpogaxHas croumocts npoduns X
coctapisier 300 py0O. 3a kB. M, ctouMocTh mpoduis Y cocrasuser 500
py0. 3a kB. M. Ctexna X u Y U3roraBiInMBarOT U3 OJHOTO U TOTO K€ ChIPHA.
Jns uzroroBneHus | kB. M crekna X TpeOyercss 5 KB. M ChIpbs, I
crekina Y — 8 kB. M cbipbs. KonuuecTtBo cbipbsi y hupmel A pasao 5000
KB. M, Y hupmbl B — 8000 kB. M. OnipesieinTh MakKCUMaJIbHOE 3HAUYCHUE
npuos Gupm A U B ipu yCIOBUM MOCTOSIHHOT'O YCTOMUYMBOTO CIIpoca

Ha IJIaCTUKOBBIC OKHA.

3amaua 2. TpeOyercs omnpenenuTh IUIaH (parMoOHAIBHYIO IIPO-
rpaMMy) BBIIIYCKa YeThIpeX BUJIOB mpoaykuuu Py, Py, P; u P, ans u3-
TOTOBJICHUSI KOTOPBIX HEOOXOIUMBI PECYPCHI TPEX TUTIOB

Tun pecypca Bun npoagykunn Pacnonaraemsrit
Py P, Ps Py pecypc b;

1 1,5 3,0 4,5 6,0 60

2 9,0 7,5 6,0 4,5 165

3 6,0 9,0 120 |18,0 |150

['panuiia BeITyCKa, 1/8 |0/— |2/— |3/3 |—

HUKHSS / BEPXHSIS

[TpuGbLIB, 100 |110 120 130 |—

JIEH. €]I. 3a eJl. MPOAYKIINH

[Iporpamma, X1 Xo X3 Xy —

KOJI-BO €]1. IIPOTYKITHH

3a1at0TCs KOHKPETHBIE 3HAYEHMA A;j U b; (CM. TabaMIly) ¢ y4eToM
MPOrpaMMBbl BBIITYCKa MPOJYKIMU X; U BO3MOXKHOM NPHOBLIA OT peasiu-
3aIlUM NPOAYKIUM (B JEHEKHBIX €AuHMIax). TakuM oOpa3oM, JJis TOTO

YTOOBI BBINYCTUTH EIUHMILY Tpoaykuuu P, TpeOyercs 3,0 eIuHUIIBI




epBoro tumna pecypca, 7,5 — Btoporo u 9,0 — Tperbero. Mckomas

palMoHalibHasi MporpaMma B KOJIMYECTBE €AMHUIl NPOAYKIUU (IITYK)

0003HavaeTcsa X1, X7, X3 U X4 COOTBETCTBEHHO.

3agaun 3-13.

Tun Bun nponykunu Pacnomaraem | ['panuna [TpuObLIH

pecypca | P, P, bIii pecypc b; | (min/max) | P,
Py P,
P,

3agaua 3

1 1,5 6,0 21,0 1/— 4,5

2 4,5 6,0 27,0 0/— 8,2

3 9,0 3,0 40,5

3agaua 4

1 12,0 13,0 90,0 1/— 6,0

2 1,2 3,0 18,0 0/— 4,6

3 6,0 2,5 30,0

3agava S

1 2,0 6,0 37,0 0/0,7 23,5

2 8,0 4,0 40,0 0/23 14,0

3 30,0 26,0 180,0

3agaua 6

1 38,0 55,0 450,0 0/— 7,0

2 9,0 20,0 140,0 1/34 16,0

3 16,5 13,5 180,0

3amaua 7

1 39,0 12,0 240,0 1/— 5,5

2 27,0 26,0 210,0 0/— 6,5

3 6,0 20,0 120,0

3agaua 8

1 30,0 50,0 375,0 1,3/ — 16,2

2 21,0 15,0 120,0 0/— 8,8

3 2,0 0,5 10,0

3agauya 9

1 15,0 5,0 50,0 0/— 11,2

2 2,0 4,5 17,5 0,8/— 4,9

3 32,0 35,0 160,0




3agaua 10

1 3,5 3,0 18,5 0/— 4,2
2 8,0 20,0 90,0 0/— 3,8
3 24,0 10,0 100,0

3agaua 11

1 4,0 21,4 94,0 0,7/3,4 6,6
2 55 9,6 48,0 0/— 4,3
3 3,6 2,2 24,0

3agaua 12

1 12,5 25,0 137,0 0/— 9,3
2 3,5 4,7 35,0 0/4 4,6
3 3,0 9,0 45,0

3. KOHTPOJIBHBIE BOITPOCHI

B dyem cmbich 3a1aun ynipaBiIeHUs 3amacaMmu’?
Kakumu meronamu peraeTcs 3ajiadya yrpaBieHUs 3aracamu’?

B ueMm 3akirouaeTtcs 3a/1aua pacrnpeaeaeHus pecypcoB?

W e

Kakue cyiiecTByroT METOAbI PEHICHUS 3aJauyd pacHpeacICHUS
pecypcoB?

o

Kaxkue ObIBaroT MOJICIN yIIPABJICHUS 3amacaMu’?
6. Kak xnaccuduuupoBats onucanue cnpoca?
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http ://www.iprbookshop.ru/52188. — 3BC «IPRbooks», mo mapouro.

2. Teopust uHOPMAITMOHHBIX MPOLIECCOB U cUcTEeM : YueOHuk / Ilon
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3. Cmonenues B.II. Ynpaienue cucteMaMd H MPOLECCAMH :
Vuebunk. — M. : Akagemus, 2010.
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IpakTuueckoe 3aHsitue Ne2., AHanu3 pucka M 0e30MACHOCTH
HCIO0JIb30BAHUS HOBBIX TEXHOJIOT I

Heap 3aHATHA: U3yyEHUE MPABUI MOCTAHOBKU THUIIOBOM 3aJadu
CUCTEMHOT0 aHaJIN3a — 3aJayd aHajau3a pucka U OE€30MacHOCTH HC-
MOJIb30BAHUSI HOBBIX TEXHOJIOTHIA.

AKTYaJIbHOCTh TeMbl 3aHATHSI: YMEHHUE MPABUIBbHO (PopMalin3o-
BaTh 3a7a4y — OOSA3aTENbHBIM 3Tall CHCTEMHOI'0 aHaJu3a, ¢ KOTOPOTO
JOJDKHA HAYMHATHCS TPOIEypa CO3JaHUSI CUCTEMY YIPABJIEHUS C 3a-

JAHHBIMU XapaKTEPUCTUKAMH.
1. TEOPETUYECKASA YACTb

AHanu3 UHQOPMAIMOHHBIX PHUCKOB IMO3BOJSIET 3A(PEHEKTUBHO
yIIPaBIAATh HHPOPMAITMOHHON O€30MaCHOCThIO TIpeanpusaTus. [{js aToro
B Hadaje pabdOT MO aHajJnu3y PHUCKOB HEOOXOAMMO OMNPEACIUTh, UYTO
MMEHHO MOJICKHUT 3allUTE HA MPEINPUITHH, BO3JACHCTBUIO KAKUX YTIPO3
9TO TOJABEPIKEHO, U BHIPA0OTaTh PEKOMEHIAIMU IO MPAKTUKE 3aIUTHI.
AHanmu3 pucKOB MPOW3BOJUTCS MCXOJS U3 HEMOCPEACTBEHHBIX IIENEH U
3a/1a4 Mo 3alUTe KOHKPETHOTO BUAa HHPopMaIuu KOH(QUACHIIUAIBHOT O
xapaktepa. OqHa U3 BaXKHEUIINX 33a/1a4 B paMKax 3alluThl HHPOpMaLNU
— oOecrneueHue ee [eJTOCTHOCTU U ToCTynHOoCcTU. YacTo 3a0bIBaeTcs, 4To
HapylUI€HHUE UEIOCTHOCTH MOXET IPOU30UTH HE TOJIbKO BCIEACTBUE
npeAHaMEPEHHBIX JEHCTBUM, HO W MO pANYy APYrUX MOpPUYMUH: COOEB
000pyA0BaHUsl, BEAYIIUX K MOTEPE WIM MCKaKEHUIO UHpopmanunu; du-
3UYECKUX BO3JCHCTBUIN, B TOM YHUCIE B PE3yJabTaTe CTUXUNHBIX O€I-
CTBUM; OIIMOOK B MPOrpaMMHOM OOecrneYeHur (B TOM YHCIIE HEHAOKY-
MEHTUPOBAHHBIX BO3MOXHOCTEN). [loaTOMy MO TEpPMUHOM «aTaka
OyneM MOHMMAaTh HE TOJIBKO YEIOBEYECKHE BO3JICUCTBUS HAa MH(pOpMa-
LIUOHHBIE PECYPCHI, HO U BO3JCHUCTBUS OKPYXKAIOLIEH CPEIbl, B KOTOPOM
GYHKIIMOHUPYET cucTemMa 00padoTKU MH(OpMAIIUU MPEATPUSITUS.



AHanu3 pucka MOXHO IPOBOJUTH MO CLIEHAPHIO, U300pa’KEHHOMY Ha

pucyHke | (Kaxaplii U3 IIECTU ATaloOB aHaJIM3a PUCKA JOJKEH OBITh

KOHKPETU3UPOBAH).
M3 Teperirs HudopMalHOHHDI
S (bol:)ecsgc; :
MecTa XpaHeHHS HH(OPMaLIHK
ADXHTERTVDE :I/I\ ¥aner popManeHoH 06paboTEH
P ACOI'i P ¥31e1 nepepaboTKH HHpOpMalHH
Kanamer repenaYvil JaHHEIX
Kanamst
Vrposst S — JOCTYIA, YTEMKH WIH BOIEHCTBHA
HA HHJOPMALHIO
BepoarHbie Cnocobel H cpeacTBa obecnedeHHs
VABHMOCTH (¢ :— HHPOPMANHOHHOH Ge30MacHOCTH
i B 060])01'[6 (B COOTBETCTBHH € HETHMH 3AINHT. l:l)
YA3BUMOCTH
TI0 KAKI0H <: Cnocodb H CPeICcTEA NPEOIONCHHA
¥rpose JALIHTHI
Pawampo-
BAHHBIH cﬁnm]-\' <:: Yinieps oT HeMPaBOMEPHOTO M0CTYMA
yrpos K HHOOPMALHOHHBIM PeCypcamM

Pucynok 1 — Dtansl anannsa pucka

Ha nepgom u emopom smanax onpenensitorcsi CBEICHMS, COCTaB-
JSOIIKME AJI NPEANPUSITUS KOMMEPUYECKYIO TailHy, KOTOpPbIE€ PEJICTOUT
3aIMIIATh.

Takue cBeneHUs XPaHSATCS B OINPEICICHHBIX MECTaX M Ha KOH-
KPETHBIX HOCUTENSX, IEPE/Ial0TCs M0 KaHallaM CBSI3U U 00pa0daThIBAIOTCS
B COOTBETCTBHU C OMpPEJEICHHBIM perjiaMmeHToM. [Ipu sToM omnpenens-
I0IUM (PAKTOPOM B TEXHOJIOTUHM OOpaIeHUs] ¢ HUHPOpMAIUEH SBIISIETCS
apxuTekTypa kopropaTuBHbiXx nH(popMannoHHbix cuctem (KHUC), xo-
TOpasi BO MHOTOM OIpEENseT 3alHUIIEHHOCTh WH(POPMAIIMOHHBIX pe-

CYpPCOB IIPEAIPUATHSA.



B cBs3u ¢ 3TUM HEO0XOIMMO elle pa3 MOJYEPKHYTh, YTO CTENEHb
MH(QOPMAITMOHHON OE€30MaCHOCTU OMpPEAENSeTCS HE TOJIBKO (a MOXKET
OBITh M HE CTOJIbKO) CPEICTBAMH U CIIOCOOAMH 3alUThl, HO U 0COOCH-
HocTssmu noctpoenuss KMC. U korpa roopar o KMC B 3ammnieHHOM
UCIIOJTHEHUH, PEeUb UJIET, MPEXJAEC BCETO, O BHIOOPE TAKON apXUTEKTYpPHI
(Tomosoruu) cucTeMbl 00pabOTKM MH(OOPMAIIMH, TAKOTO PACIIONOKEHUS
CpeacTB 00pabOTKM KOH(UAEHIIMAIbHON HHGOpMaIUK, BbIOOpa CIIOCO-
OOB €€ XpaHEHUsI U Tepe/lauu, KOTOPhIE CYIIECTBEHHO YMEHBIIAT YU CIIO
BO3MO>HBIX TOUEK JOCTYIA K UH(OpMALIH.

Tpemuii sman aHanu3a pUCKa — IMOCTPOCHHUE CXEM KaHaJOB J0-
CTymna, yTE€YKM WM BO3JEUCTBUS HAa HMHGOPMAIMOHHBIE PECYPCHI OC-
HOBHBIX y310B KMC. Kaxzaplii kaHal AOCTyna XapaKTepHU3yeTcs MHO-
KECTBOM TOUECK, C KOTOPBIX MOXKHO “CHSITH uHPopmaiuio. UMeHHO OHU
U TIPEACTABIISIOT YSI3BUMOCTU W TPEOYIOT MPUMEHEHHUS CPEICTB HENO-
NYIIEHUs HEXENATENbHbBIX BO3ICHUCTBUIM HA HHPOpMAIUIO.

AHanmmM3 crnocoOOB 3aITUThl BCEX BO3MOXKHBIX TOYEK aTaK COOTBET-
CTBYET II€JISIM 3aIlIUThI U €T0 PE3yIHTATOM JIOJIKHA OBITh XapaKTEPUCTUKA
BO3MOXXHBIX «Opelieil B 000poHe», B TOM YKCIIE U 3a CUET HeOIaromnpu-
STHOT'O CT€YEHHUS 00CTOATENLCTB (4-11 oman).

Ha namom smane, ncxoas u3 M3BECTHBIX HA JTAHHBIM MOMEHT CITO-
COOOB U CPEJCTB MPEOJ0JICHUS OOOPOHUTENBHBIX PYOeKel, onpesens-
I0TCSI BEPOSITHOCTH pea3alluy yIpo3 MO KaXKJI0H U3 BO3MOKHBIX TOUEK
aTax.

Ha sakniouumenvrnom smane npou3BOAUTCS OLEHKa yuiepda opra-
HU3AlUM B ClIy4ae pealn3alliy KaKJIOM U3 aTak, KOTOpbI BMECTE C
OLIEHKAMU YSI3BUMOCTH TO3BOJISIET MOJYYUTh PAHKUPOBAHHBINA CIHCOK
yrpo3 nHHOPMALIMOHHBIM pecypcam.

Pe3ynbTaThl pabOThl MPEACTABISIOTCS B BHJAE, YAOOHOM Uil KX
BOCIIPUATHS U BbIPAOOTKH PELICHUN MO KOPPEKIMU CYIIECTBYIOIIEH CH-
CTeMbI 3amuThl WHpopMaruu. [Ipu 3ToM Kaxapiii WHOOpPMAIIMOHHBIN
pecypc MOXKET ObITh MOJBEP>KEH BO3JACHCTBUIO HECKOJBKUX MOTEHIU-
anbHBIX yrpo3. [IpuHIMNUANbHOE XK€ 3HAUCHUE MMEET CyMMapHas Be-
POSITHOCTH JIOCTyna K WH(GOPMAIIMOHHBIM pecypcam, KOTopasi CKIIaJbl-



BAETCA M3 DJIEMEHTAPHBIX BEPOSITHOCTEN NOCTYNA K OTAEIBHBIM TOYKaM
MPOXOXKJCHUS MH(POpMAITUHY.

Benmnunna nHGOPMAIMOHHOTO PHUCKA MO KaXJIOMY PECcypcy Ormpe-
NENSETCA KaK MPOU3BEICHUE BEPOSITHOCTH HAIMaJEHUsI HA PECypC, BEPO-
ATHOCTH pealii3allui yrpo3bl U yiiepda oT MHPOPMAIMOHHOTO BTOP-
*eHus. B 3ToM npou3BeAeHNH MOTYT MCIOIb30BAThCS PA3JIMYHBIE CIIO-
COOBI B3BEIIMBAHUS COCTABJISIONINX.

OObeMHEHNE PUCKOB MO BCEM pecypcaM JaeT OOIIYyI0 BEIUYUHY
pucka nipu npunaTor apxurekrype KMC u BHEAPEHHON B HEE CUCTEMBI
3aIUThl UHHOPMAIIUH.

Bapbupyst BapuaHThl TOCTPOEHUSI CUCTEMBI 3aIIUThl HH)OPMAITUU U
apxutekTypbl KIIC, BO3MOXHO NIPEACTaBUTh PA3IMYHbIC 3HAUEHHUS PUCKA
3a CYET M3MEHEHHS BEPOSITHOCTH pPeaau3alliv yrpo3. 371eCh BAXKHBIM
I1aroM SIBJISICTCS BHIOOP OJHOTO M3 BAPUAHTOB B COOTBETCTBUM C BHI-
OpaHHBIM KPUTEPUEM MPUHSATUS pEIICHUS. TaKuM KpPUTEPUEM MOMKET
OBITH OMyCTUMasl BEJIMYMHA PUCKA WJIM OTHOIIICHUE 3aTpaT Ha olecre-
YeHre NHQOPMAITMOHHON 0€30MaCHOCTH K OCTATOUYHOMY PHCKY.

[Ipu nmocTpoenuu cucteMm obOecrnedeHus HHPOPMALMOHHOW Oe3-
OMAaCHOCTH TaKXXE HYKHO OMPEACTUTh CTPATETHIO YITPABICHUS PUCKAMU
Ha MPEANPUSTHH.

Ha ceroaHst n3B€CTHO HECKOIBKO MOAXOAOB K YIPABICHUIO PUCKA-
Mu. OquH U3 Haubonee pacnpoOCTPAHEHHBIX — YMEHBIIEHUE PHUCKA ITy-
TEM HCIOJIb30BaHUSI KOMIUIEKCHOM CHUCTEMbl KOHTPMEp, BKIIIOUYAIOIIEH
IPOrpPaMMHO-TEXHUYECKUE W OPraHU3alMOHHBIE MEphl 3alluThl. biaus-
KHM SIBJISIETCS MMOAXO/JI, CBSI3AHHBIM C YKIIOHEHUEM OT pucka. OT HEKo-
TOPBIX KJACCOB PHUCKOB MOXKHO YKJIOHUTHCS: HalpUMEp, BBIHECEHUE
Web-cepBepa opranm3zanuu 3a IMpeneibl JOKAIBHOH CETH IO3BOJISIET
n30€KaTh PUCKA HECAHKIIMOHUPOBAHHOI'O IOCTYIIA B JIOKAJBbHYIO CETh CO
croponsl WWeb-KIneHTOB.

B HekOTOpBIX clyyasx JONYCTUMO MPUHSITHE PUCKA. 37€Ch BAXKHO
ONPENEIIUTHCA CO CHEAYIOLIEW NUIEMMOM: YTO Uil NPEANPHUSITUS Bbl-
rojinee — OOPOTHCS C PUCKAMH UJIM K€ C UX MOCIeACTBUSIMU. B 3TOM
clydae NPUXOJUTCS peliaTh ONTUMHU3ALMOHHYIO 33a/1a4y.



[locne Toro kak omnpejeneHa CTpaTerusi yIpaBiICHUS PUCKAMH,
MPOU3BOJIUTCS OKOHYATEIbHASI OL[EHKA MEPONPUATHI MO 00ECHEUEHUIO
nH(POPMAITMOHHON OE€30MMaCHOCTU C MOJATOTOBKOW SKCIEPTHOTO 3aKJIIO-
YeHUs O 3allMIIEHHOCTH MH(pOPMAIMOHHBIX pecypcoB. B skcnepTHoe
3aKJII0OUYCHUE BKIIOYAIOT BCE MaTEpHasbl aHAIN3a PUCKOB U PEKOMEH1a-

IOUH 110 UX CHHUIKXCHHIO.

IIpumep oneHKM PUCKOB 110 ABYM (haKTOpam

B Matpuiie uiau Tadinie MOKHO HarJISIAHO OTPA3UTh CBA3b (DAKTOPOB
HEraTUBHOI'O BO3JEWUCTBUS (MOKa3aTeleld pecypcoB) M BEPOSTHOCTEH
peann3anuy yrpos3bl ¢ y4€TOM I10Ka3aTenel yA3BUMOCTEN.

Ha nepBoM 11are oneHuBaeTcsi HEraTUBHOE BO3JeCTBUE (ITOKa3a-
TEJIb pecypca) Mo 3apaHee ONpeeIeHHON 1Kane, Hanpumep ot 1 1o 5,

VIS KaXJIOro pecypca, KOTOPOMY YIpOXKaeT ONAaCHOCTh (KOJIOHKa B B
Taoi. 1).

Tao0mnuia 1

Jeckpunrop [Tokazarenn Bo3moxHuocts | [Tokazarens Panr pucka
YT pO3bl HETaTUBHOIO | pealn3aluu pucka

BO3JICMCTBUSA | YTPO3bI

(pecypca) B (cyObeKTHUBHAsS

orieHka) C

Yrpoza A 3) 2 10 2
Yrposa B 2 4 8 3
VYrpoza C 3 3) 15 1
Yrpoza D 1 3 3 5
Yrpoza E 4 1 4 4
VYrpoza F 2 4 8 3

Ha BTopoMm miare mo 3apanee 3aJaHHOM 1Kaje, HanpuMmep ot 1 10 5,
OLICHUBAECTCS BEPOATHOCTD PEAIM3ALNU KAXKIOU yIPO3bI.

Ha TpeTtpem miare BeIYHCIISIETCSA MOKA3aTeIb pUCKa. B mpocreiem
cllydae 3To jenaercs nmyreM yMHoxkeHus (B X €). OmHako HE00X0IuMOo
IIOMHUTB, YTO OINEPALMs YMHOXKEHUS ONPEAECICHA ISl KOJTUYECTBEHHBIX

IHIKalJl. I[J'IH PaHTOBbIX (K&‘ICCTBGHHBIX) [IKaJlI U3MCPCHUSA, KAKOBLIMU




ABJISIFOTCSI TTOKA3aTENIb HETAaTUBHOTO BO3JACHUCTBUS U BEPOSITHOCTH pea-
JU3alUU yTPO3bl, K IPUMEPY, COBCEM HE 00s3aTENIbHO MMOKA3aTENb PUCKA,
COOTBETCTBYIOLIMHI cinydyalo B = 1; C = 3, OyJieT SKBUBAJICHTEH CIy4dalo
B = 3; C = 1. CooTBeTCTBEHHO JOJKHA OBITH pa3paboTaHa METOIMUKA
OLICHMBAHUS IOKA3aTelIed PUCKOB NMPUMEHUTEIBHO K KOHKPETHOM Op-
TaHU3AIUH.

Ha 4detBepTOM 1Iare yrpo3bl paHXKUPYIOTCS MO 3HAUYCHUSIM UX (ak-
TOpa pUCKa.

B paccmarpuBaemoM mnipumepe Il HAMMEHBIIETO HETraTUBHOIO
BO3JICMCTBUS U HAMMEHBILIEN BO3MOKHOCTH PeaInu3aliy yrpo3bl BEIOpaH
nokazarensb 1.

JlaHHas npoiieypa mo3BoJisieT CPABHUBATh U PAHXKUPOBATH YTPO3BI C
pa3IMYHBIMH HETaTUBHBIMHU BO3JCHCTBUSIMH W BEPOATHOCTSIMU PEaJv-
3anuu. B onpeneneHHbIX ciiydasix JOMOJHUTEIbHO MOTYT HPUHUMATHCS

BO BHUMAHHUEC CTOMMOCTHBIC I1OKAa3aTCJIN.

Pa3jejieHne pUCKOB Ha MpHeMJieMble U HellpreMJieMble

Hpyroii cnoco0 OllEHMBAaHUS PUCKOB COCTOUT B pa3/eliCeHUU HX
TOJIKO Ha TpueMJieMble U HempuemiieMmbie. [1oaxon ocHOBBIBaeTCS Ha
TOM, YTO KOJIMYECTBEHHBIC TOKA3aTEd PHUCKOB HCIIOJIB3YIOTCS TOJIBKO
JUIsL TOTO, 4TOObI WX YIOPSAJIOYUTH W ONPENETUTh, KaKUe IeUCTBUS
HEO0OXOUMBI B TIEPBYIO ouepenb. Ho 3TOro MokHO HOCTUYD U C MEHb-
IMMU 3aTpaTaMHu.

Martpunia, uconb3zyemasi B JaHHOM MOAXO0/JIE, COJEPKUT HE UnClia, a
TONBKO CUMBOJIBI J[ (puck momyctum) u H (puck HeIoImyCcTuM).

Borpoc 0 TOM, Kak HNpPOBECTH T'PaHULY MEXKIY MPUEMIIEMbIMUA U
HEMPUEMJIEMBIMU PHUCKAMU OCTACTCS HA YCMOTPECHHE aHAIMTHKA, TO/I-
TOTABJIMBAIOIIETO JAHHYIO TaOJMIly W PYKOBOSIIUX CIEIHAINCTOB B
obnacti HHOOPMAITMOHHOIN OE30MaCHOCTH.



2. TIPAKTUYECKAS YACTb

3agaua 1. PazpaboTaTh mpeiosKeHHbBIN MIaH MPOSKTa U MOJACYNTATh
€ro NOJHYIK CTOMMOCTh M pa3Mep OTBJIICYECHHBIX CPEJICTB:

e (Co03/1aTh CUCTEMY JIUCTAHIIMOHHOTO OOYYEHUS B BY3€.
e (Co3/1aTh CUCTEMY YIIPABICHUYECKOTO yYeTa Ha MPEANPUSITUH.

g CO3I[21TI) CUCTCMY MCHCI)KMCHTA Ka4YCCTBAa Ha IIPOHU3BOJACTBCH-

HOM MPEANPUATHUM.

e (Co3nath CUCTEMY MAaCCOBOr0 OOCITY>KMBaHUS (KIMEHT-CEPBEPHOIl
apXUTEKTYPBHI).

e (Co3gaTe CHUCTEMY DKOJIOIMYECKOTO MEHEKMEHTa IPOU3BOJI-
CTBEHHOI'O PEIIPUSITHUSA.

3anaua 2. 3an0dHUTH TAOJHITY MO MPEAT0KESHHOU BBIIIE METOIUKE.

Bapuant 1
Heckpunitop | [lokazarens Bo3MoxxHOCTB [Tokazarenn Panr pucka
yIPO3BI HETaTHUBHOTO | peayn3aliuu pucka
BO3JIEHCTBUS | yTpo3bl (CYOB-
(pecypca) B €KTHUBHAs OIICH-
ka) C
VYrpoza A 1 8
Yrposa B 2 6
VYrpoza C 9 9
Yrpoza D 6 4
Yrpoza E 4 1
Yrposza F 7 2
Yrpoza G 3 3
Yrpoza H 3) 7
Yrpoza I 7 9)
Bapuant 2
Heckpunrop [Tokazarens Bo3MoxXHOCTB [Tokazarens Panr pucka
yIPO3BI HEraTUBHOTO | peajun3aluu pHuCKa

BO3JICHCTBUS | YIPO3bI (CyOh-
(pecypca) B EKTUBHAs OICH-
ka) C




¥Yrposa A

Yrpos3a B

Yrposza C

Yrpoza D

Yrpoza E

Yrposza F

Yrposza G

Yrpoza H

Yrpoza I
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Bapuant 3

Jleckpunrop

yI'PO3BbI

IToka3arenn
HETraTUBHOTO
BO3/E€HCTBUS

(pecypca) B

Bo3MoxHOCTE
peanun3anuu

yrpo3sl (Cyob-
CKTHUBHASI OIICH-

~
o
Nand”

Iloka3zarens
pucka

Panr pucka

Yrposa A

Yrpo3a B

Yrposza C

Yrpo3a D

Yrpoza E

Yrposza F

Yrposza G

Yrpoza H

Yrposa I
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Bapuanr 4

Jeckpunrop

yI'PO3BbI

Iloka3arenn
HETraTUBHOTO
BO3/CHCTBUS

(pecypca) B

Bo3MoxHOCTE
peanus3annu

yrpo3sl (cyob-
CKTHUBHAsI OIICH-

=
o
NasZ

Iloka3zarenn
pHUCKa

Panr pucka

Yrposza A

Yrposa B

Yrposza C

Yrpoza D

Yrposza E

Yrpoza F

Yrposza G

Yrpoza H

Yrposa I
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Bapuanrt 5

Jeckpunrop [Tokazarens Bo3MoxHOCTB ITokazarens Panr pucka

YTpO3bI HETaTHBHOTO | pear3aliu pHuCKa
BO3/ICHCTBUS | YIpO3bl (CyOh-
(pecypca) B €KTUBHAs OLICH-

ka) C

VYrpoza A 9 1

Yrpoza B 1 6

VYrpoza C 8 8

Yrpoza D 7 4

VYrposza E 6 9

VYrpoza F 5 5

Yrposa G 2 3

Yrpoza H 3 7

Yrpo3sa I 4 2

3. KOHTPOJIBHBIE BOITPOCHI

B w e

Kaxkue cyiiecTByloT ypOBHH PUCKOB?

Kakue cyiiecTByloT ypOBHH ySI3BUMOCTEM ?

Yto Takoe TaOIMYHbIE METOIbI OIEHKHU PUCKOB?

Kakue cymecTByrOT 3Talbl aHaJIu3a pUCKOB?
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1. Kasuer B.M. BBenenne B aHanu3, CHHTE3 U MOJIETIUPOBAHUE CH-
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IIpakTnueckoe 3ansaTue Ne3. IIpoBepka agekBaTHOCTH MojeJIei
CJIO’KHBIX CHCTEM

Heab 3aHATHA: U3YyYECHUE MMPABWI NPOBEPKU aJEKBATHOCTU MOJIE-
J€H, aHaln3a HEONPEJEIEHHOCTA U YYBCTBUTEIIbHOCTH.

AKTYyaJIbHOCTh TeMbI 3aHATHUS: YMEHUE IPAaBUIBHO OLEHUTH
aJICKBaTHOCTb MOJIYUYE€HHBIX MOJIeNIeN — 00s3aTeIbHbIN ITAll CUCTEMHOTO
aHam3a, C KOTOPOro JI0JKHA HAYMHATHCA IMPOLEeaypa CO3AaHUS CUCTEMY
yIpaBIIEHUS C 3aJaHHBIMU XapaAKTEPUCTUKAMH.

1. TEOPETHYECKASA YACTD

JIrobast MmaTeMaTudeckasi MOJICIb HE SIBJISIETCA TOYHOM, BCerja Cy-
HIECTBYET BEPOSITHOCTh BO3HUKHOBEHUS OLIMOKHU MPU MPOBEICHUU pac-
4eTOB. MOTyT BO3HUKHYTHh OIIUOKH TPU OKPYIJICHUHU, UCIIOIb30BAHUU
HETOYHBIX WJIM MPOTUBOPEUMBBIX JAHHBIX U T. M. J|jIs1 TOro 4TOOBI OI1e-
HUTb, HACKOJIBKO XOPOIIO WJIM MJI0XO MOZAENb MPEIACTABIACT PEabHBIN
IPOLIECC, UCMIONB3YIOT KPUTEPUH OLIEHKU. B gaHHOM paznene paccmar-
pUBAIOTCS MPOBEPKU HA aJICKBATHOCTh PErPECCUOHHBIX MOJIEIICH.

Cpennsisi omudKa annpoKcuManuu (aJ1€KBaTHOCTb MOJICIIN )

A=y | 7| 100%, (1.1)

r7ie Y — peallbHbI¢ JaHHbIC, Y — JaHHbIC, PACCUYNTAHHBIC 10 MOJICIIH.
JlonmycTuMbIi ypoBeHb 3TOro kputepusi — oT S5 10 10%. Ecnu 3na-
YEHHUE KPUTEPHUS BBIIIIE, TO MOJEIb HE CIIEAYET IPUMEHSTh IPU pacyeTax.

Ko puuueHT 31aCTUHIHOCTH

!

3=9 (1.2)
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rae X Uy — cpelHue 3HadeHus (s TUHEWHOH Moaenu); §' — mpous-

BOJHAS (PYHKIIMU MOJIEIH.

Ilpumeuanue. B cnyuae numeiinou mooenu npouz8oOHAsi PAGHA
KoHCmanme npu Gaxmopuou nepemerHou. Jlaunolii Kpumepuii NOKAa3bl-
saem, Ha CKOJILKO NPOYEHMO8 8 CpeOHeM NO Cell COBOKYNHOCMU U3Me-
DEeHUll U3SMEHUMCs pe3yibmam y om c80el CPeOHel BelUYUHbl NPU U3-
Mmenenuu axmopa x Ha 1% om ceoezco cpedHe20 3HaueHUs, M. e. YY8-

CMBUMENbHOCMb MOOEJIU.

Cpennee oxxuxaeMoe 3HA4YEHUE MIPEJICTABISAET COOOM 000OIIEHHYIO
KOJIMYECTBEHHYIO XapakTepucTuky. Ero paccumteiBaloT mo dopmyie
cpeaHelt apupMeTHIecKoi B3BEIIICHHOM

o X
X = ln—n_’ (13)
i=1"'"
rac X; — OXHUAACMOC 3HAYCHUC IAJId KaXXJI0ro ciydad; n; — 4YUCIIO ClIy-

yaeB HaOJIOeHUs (4acToTa).

Takxe HEOOXOAUMO OMPEACIUTH MEPY KOJIEOIEMOCTH BO3MOMKHOIO
pesynbTata. Konebaemocms NPEACTaBISET COOOM CTENEHb OTKIOHEHUS
OKMJIAEMOT'0 3HAaueHUS OT cpeaHero. J[isi ee OIEHKHM Ha TPaKTHKE
OOBIYHO MIPUMEHSIOT JIBA OJIM3KO CBSI3AHHBIX KPUTEPHUS — JUCIEPCUIO U
CpenHee KBaJpaTUYHOE OTKJIOHEHHE.

Jlucnepcusi €CTh CPEHEB3BEIICHHOE 3HAUYEHUE KBAJIPaTOB OTKIIO-

HEHUU M CTBUTEIBbHBIX PE3YIBTATOB OT CPEIHUX OKUAAEMBIX

n — 2.
Sz — 21=1(19f1 X) nl’ (14)
i=1 M

CpenHee KBaIpaTHYHOE OTKJIOHEHHE S €CTh KOPEHb U3 YKA3aHHON
BenunHbl. CpellHee KBAAPATUYHOE OTKIOHEHHE — HWMEHOBAHHAs BeE-

JIMYWHA,; YKAa3bIBACTCA B TCX XK€ CAMHHIAX, B KAKUX U3MCPACTCA BAPbU-



pYIOLIMKA NpuU3HAaK. Jlucnepcuss U CpeliHee KBAJAPATUUYHOE OTKIOHECHUE
SBJISIFOTCSI M€paMu aOCOJIFOTHOM K0J1e0JIEMOCTH.

Ko3dpuuueHT nerepMHUHALNMMA MOKA3bIBACT, KaKas JOJA JUCIIEP-
CHUU PE3YJbTaTUBHOI'O IMpHU3HAKA OOBSICHIETCS BIMSHUEM HE3aBUCHUMBIX
IIEPEMEHHBIX

L i—f)?
RZ=1- m, (1.5)

r7ie Y; — BBIOOPOYHBIE JaHHBIE, a f; — COOTBETCTBYIOIIUE UM 3HAUYCHHS
MOJETIH.

Ilpumep. Buviuucnenue 0oeepumenbHO20 UHMEPBANLA C YPOBHEM
snauumocmu 0,05

Buvibopka 3nauenuti uzmepsemou enuyunvl X umeem HOPMAlbHbLU
3aKOH pacnpeoeiieHus eeposmuocmeu. X, = 2,55; x, = 2,32, x3 =
2,39; x, = 2,15; xc = 2,54; x¢ = 2,44; x;, = 2,25; xg = 2,28.

Paszmepnocms vibopku. n = 8.

3aoanue yposnus suauumocmu’. a = 0,05.

Cmenenw dosepus: 1 — a = 0,95.

Buviuucnenue cpedHeeo SHAYEHUA 6bl60pl<u usmepﬂemoﬁ 6e/lUYUHDbI
1

OL;eHKa 3HAYeHU: cpedﬂekeac)pamuqnoeo OMKIIOHEeHUA
feq (xi—%)?
S, = [ — =0,141.
n-—1

Onpeoenenue 0oeepumenvbHo20 uHmepeala
Kosgppuyuenm Cmorooenma
t(a,n) = 2,365.

Abconromnasn ciyuainas no2peunocms
_ Sx _
Ax. = t(a, n)\/ﬁ = 0,118.

Bepxnuss epanuya 0ogepumenbHo2o uHmepsaa
Xeg = X + Ax..



Huorcnsas epanuya 0osepumenvro2o unmepeaia
Xey = X — Ax,.

Yuem npuoopnwix nocpeminocmei
lIpubopnas noepewnocmo

Ax, = 0,1.

Abconomuas noepewHocms

Ax = /(Ax)? + (Ax)? = 0,191.

Omuocumenvhas nocpeutHocmos

sx =2 = 0,081.
X

Bepxusas epanuya 0osepumenvrozo unmepasana
Xy = X + Ax.
Huorcnsas epanuya 0osepumenvho2o unmepeaia
Xy = X — Ax.

g aHanu3a pe3yJibTaTOB MOJAECIMPOBAHUSA, KAK MPABUIIO, UCITIOJIb-
3yI0T KoO3(puument Bapuamuu. OH TpeacTaBiseT cOOOM OTHOIIECHHUE
CpPEIHEro KBaJpPaTUYHOTO OTKIOHEHHUS K CpeaHEMY apu(PpMETUUYECKOMY
3HAYEHUIO M ITOKA3BIBAET CTEIEHb OTKJIOHEHMS IMOJIYYCHHBIX 3HAYCHUMN
OT peajbHbIX

1S

vV=—
x

100%. (1.6)

Koapdumment moxer uamenstecss or 0 1o 100%. Yem OGosnbiine
Kod(PUIIMEHT, TeM cuiibHee KoJsiebaeMocTh. [IpuHsTa ciaemyromas Ka-
YECTBEHHAs OLICHKA PAa3JIMYHbIX 3HAYEHUU KO3 PUUHEHTA BapHallUu. 10
10% — cmabas xonebimemocts, 10-25 % — ymepennas, cBoime 25% —
BbIcOKas. [IpeamouTeHue oTaaeTcss TeM MOJENSIM, IO KOTOPHIM 3HAYCHHUE
kod(pdurreHTa sBiasgeTcsa 0ojgee HU3KUM.

Hecmotpst Ha HECTOXKHOCThH BBITIOJTHECHHUSI MAaTEeMAaTHYECKUX pacye-
TOB, JIJISI UCTIOJIB30BAHUS JAHHOT'O METO/Ia HEOOXOAMMO OOJIBIITOe KOJIH-
4ecTBO MH(OpMAIIMU U JTAHHBIX 3a JUIUTENbHBIN MEpUoj BPEMEHHU, UTO

ABJISACTCA €10 OCHOBHBIM HCIOCTATKOM.



KpomMe Toro, onrcaHHbI€ BbIIE XapaKTEPUCTUKU MOXKHO IPUMEHSITh
K HOpPMaJbHOMY 3aKOHY paclpeleieHusi BeposiTHocTel. OH MIHUPOKO
UCIIOIB3YETCS, TaK KaK €ro Ba)KHEWIIHNE CBOWCTBA (CUMMETPUYHOCTH
pacripe/ieiecHus OTHOCUTEJIbHO CpPEIHEH, HHUUYTOXKHAasi BEPOSITHOCTD
OOJBIINX OTKJIOHEHUU CIydyaliHOM BEJIMYMHBI OT I[EHTpa €€ paclpee-
JICHUS, TIPaBUJIO TPEX CHUTM) MO3BOJISIIOT CYIIECTBEHHO YIPOCTUTH aHa-
mu3. OJHAKO HE BCerja pe3yiabTaThl MOJCIMPOBAHUS MOMAUYUHSIOTCS
HOPMAQJIBHOMY 3aKOHY, MO3TOMY HCIOJB3YIOT JOTOJIHUTEIbHBIC Mapa-
METpbI, Takue, Halnpumep, Kak Kod(DPUIMEHT acuMMETpUu (CKoca),
JKcIecC (BEpIIMHHOCTD) | T. .

2. TIPAKTUYECKAS YACTb

3amaya 1. HekoTopblid mporecc OpeacTaBieH PEerpecCHOHHBIMU

MOJCISAMHA
~ 1,
a)y—a+bx,

0) ¥y = a + bx;

B) Y = a + x?;
r)y =a+ b~

Paccuutath B 00meM Buae KOA(DPUIIMECHT 3MACTUUHOCTU JJISI KaX-

JI0M MOJICIH, €CJI M3BECTHO Cpe/iHee 3HaueHHe (haKkTopa X.

3agaua 2. Ha tepputopusx pernona Obljia coOpaHa CTaTUCTUKA T10
aByM (Qaktopam: 1 — pacxojibl Ha TOKYIIKY MPOJIOBOJILCTBEHHBIX TOBA-
pOB, 2 — cpeHeIHEeBHAs 3apa00THAs 11aTa OJHOTrO pabOTAalOIIETO.

Teppuropus 1 2 3 4 5 6
dakrop 1 68,8 61,2 59,9 56,7 55 54,3
daxrop 2 451 59 57,2 61,8 58,8 47,2

[IpoBepuTh, UTO NAHHBIN MPOIIECC OMHMCHIBACTCS YpaBHEHUEM Y =
76,88 — 0,35x. Ouenuts 3HaueHus paxtopos (1) u (2) asst 3T0i1 MoAeNH.
MOoXHO 1 TaHHYIO MOJIENIb UCITOJIB30BaTh ISl TPOTHO3UPOBAHUS?




3amava 3. /y11 3agaHHOTO psAlla ONMPEAEIUTHh €r0 JTOBEPUTEIbHBIN
UHTEPBaJ ¢ ypoBHEM 3Haunmoctu 0,05.

Bapuant X1 Xo X3 Xy Xs Xe X

1 1003,4 |1000,0 |1000,67 | 1005,2 |1004,2 |1003,7 |1001,6
2 0,432 0,5632 | 0,843 0,245 0,4647 |0,9634 | 1,34

3 67 54 58 60 65 95 62

4 68,8 61,2 59,9 56,7 95 54,3 49,3

5 15,59 13,91 14,06 8,16 11,18 12,69 15,84
6 9,74 9,34 6,37 10,38 10,78 8,17 14,21
7 13,06 14,02 7,75 12,79 27,17 6,46 25,56
8 45,1 59 57,2 61,8 58,8 47,2 55,2

3. KOHTPOJIBHBIE BOITPOCHI

Kakumu meToaMmu MOKHO ONpeAeInTh aAeKBaTHOCTh MO ?
Kak BbITIOIHSETCS aHAIM3 YYBCTBUTEIBHOCTH MOJICIIH ?

Yto Takoe paboTocrocoOHas MOJIEIb?

KakoBbI kKpUTEpHU PEATMCTUIHOCTH MOJICIIH ?

YTo Takoe HEONPEAEIEHHOCTh MOJIEIIM ¥ YEM OHA BbIpakaeTcs’?

A e o A

Uto Takoe ko3P OUIIMEHT 2TACTUYHOCTH U B 4YEM €ro PU3UUECKUM

CMBICJT?
JUTEPATYPA

1. Kazuer B.M. BBenenue B aHanu3, CHHTE3 U MOACIUPOBAHUE CH-
CTeM. — OJIEKTPOH. TEeKCT. JaH. — M. : HtepHer-YHuBepcuret MH-
dbopmanmonnsix Texnonmorui (MHTYWUT), 2016. — Pexum noctyna :
http ://www.iprbookshop.ru/52188. — 3BC «IPRbooksy, mo napoiro.

2. Teopus nabOPMAIIMOHHBIX MPOIIECCOB M cUcTeM : YueOHuk / Ilon

pen. b.4. CoseroBa. — M. : Akaaemus, 2011.

3. Cwmonenue B.II. YnpaBinenue cucteMamMd W MNPOLECCAMU :
Vuebuuk. — M. : Akagemus, 2010.



http://www.iprbookshop.ru/52188

IpakTuyeckoe 3anaTue Ne4. Arperuposanue

Heab 3aHATHSA: U3yUYEHHE OCHOBHBIX BHUJOB arperaToB: KOH(UTY-
paTopoB, OMEPATOPOB, CTPYKTYP, CIIYHYANHBIX MPOLECCOB.

AKTYaJIbHOCTh T€MbI 3aHATHSA: arPETUPOBAHNE — 00s13aTEIHHBIN
ATan CUCTEMHOIO CHHTE3a, KOTOPBIM JIOJKHA 3aKaHYMBATHCS MPOLEAYypa

CO3/1aHUs CUCTEMY YIIPABJICHUs C 3aJaHHBIMU XapaKTEPUCTUKAMU.
1. TEOPETUYECKASA YACTb

ArperupoBaHHEM Ha3bIBA€TCS MPOLECC, OOPATHBIA JAEKOMIIO3UIINH,
KOTOPBIM NPEYyCMAaTPUBACT YCTAHOBJIECHUE OTHOLICHWM Ha 3aJaHHOM
MHOECTBE 2J1IeMeHTOB. [Ipu arperupoBanuu 351eMeHThI OOBEIUHSIOTCS B
€ANHOE LIeN0€.

BaxHeliiee CBOWCTBO arperupoOBaHHBIX CUCTEM — IMEPIKEHT-
HOCTh, T. €. BOBHUKHOBECHHE B PE3yJIbTaTe OOBEAMHEHUS HOBBIX Kadye-
CTBEHHBIX CBOMCTB, KOTOPHIMU HE 00JIaiall HU OJIMH U3 UCXOJHBIX dJie-
MEHTOB (Hampumep, aBTOMOOWJIb MOXKET MPHOOPECTH KadeCTBO CaMo-
CTOSITEJILHOTO MEPE/IBUKECHUS JIMIIb MOCIE TMOJHOW COOPKH BCEX €ro
y3JIOB).

B 3aBucMMOCTH OT 1IeNeld arperupoBaHUS BO3MOXHBI Pa3JINYHbIC
BAPUAHTHl PEIICHHS 3aJad arperupoBaHusd. [[ios CHUCTEMHOro aHammsa
IIMPOKO IPUMEHUMBI CIEIYIOLIUE arperarTsl.

Arperarbl-KOH(UIypaTopbl

B psne cnyyaeB jyuisi MOJIETMPOBAHUS CIOKHBIX SIBICHUM TpeOyeTcs
Pa3HOCTOPOHHEE arperupOBAHHOE ONMCAHUE CUCTEMBI C Pa3JIMYHBIX TO-
YeK 3pEeHUs. ArperaToM-KOH(PUIypaTOpPOM Ha3bIBAETCS HEKOTOpasi ar-
peraTHas MoOJieib, KOTOpasi BKJIIOYAeT B ce0s MUHUMAJbHYIO COBOKYII-
HOCTh KaYECTBEHHO PAa3JIMYHBIX S3bIKOB, JOCTATOYHYIO JUII MOJEIUPO-

BaHUA CUCTEMBI.



Ilpumep. Kongpueypamop ons ¢hopmuposanus moodenu npubopa
gKII0OUAem mpu npeocmasieHusl.

® 0On0K-cxemy;

®  NPUHYUNUATILHYIO CXEMY),

® MOHMASINCHYIO CXEM) .

Ilpumep. Konguecypamop o0nsa 3a0anus mouku 8 -MepHOM Npo-
cmpancmee — COBOKYNHOCMb ee Koopounam. Baoichel oxeusanerm-
HOCMb PA3HLIX CUCMeM KOOPpOUHAm (pAasHbulX KOHDUSypamopos) u Ha
npeonoumumenbHOCHb OPMO2OHANbHBIX CUCHEM, 0AIOWUX HE3ABUCUMOe
ONUCAHUE HA KAHXCOOM «A3blKe» KOHpuUeypamopa.

Ilpumep. Kongueypamop 01 onucaumus no8epxXHOCMU 00020
mpexmepHo2o meid Ha «NJIOCKOCMHBIX» A3bIKAX — COBOKYNHOCMb Mpex
OPMOCOHANILHLIX NPOEKYUU, NPUHAMAS 8 MEeXHUUYEeCKOM YepyeHUuu u
HawepmamenvHol ceomempuu. Badichbim sensemcs HeB803MONCHOCHb
VYMEHbUIeHUSL YUCIA NPOeKYull U HA U30bIMOYHOCMb 0O0NbUe20 YUCIA

«(MOYEK 3PEHUAN).

Arperarbi-onepaTopbl

Ha npakTuke 70CTaTOYHO YacThl CUTYyaI[MU, KOTJla HEOOXOAUMOCTD
arperaliid BO3HHUKAET MO MNPUYUHE YPE3MEPHOM MHOTOYHMCIECHHOCTH
JAHHBIX, CYIIECTBEHHO 3aTpyJHSAIONIEH X 0030p u aHanmu3. B Takom
clay4ya€ IPUMEHUMBI arperaTbl-onepaTopbl. ATrperaroM-oneparopom
HA3bIBAETCS arperar, B paMmKax KOTOPOrO W3 4YacTE€W WM DIIEMEHTOB
dbopMupyroTcst 00beAMHEHUS A1 YMEHBIIICHUS Pa3MEPHOCTH.

[Ipocreiimmuii cmocod arperupoBaHUs COCTOMT B YCTAaHOBJICHUH OT-
HOILIEHUSI SKBUBAJCHTHOCTH MEXIY arperupyeMbIMUA 3JIEMEHTAMHU, T. €.
o0pa3zoBaHus KjaaccoB. C MPaKTUYECKONH TOUKH 3PEHHSI OJHOW U3 BaX-
HEUIUX SBIsIETCS pobiieMa onmpeAeeHus, K KAKOMY KJIacCy OTHOCUTCS
JAHHBIA KOHKPETHBIM 3JIEMEHT. ATrperupoBaHue B Kjacchl — 3¢ dek-
THBHAsA, HO JAJIEKO HE TPUBHAIBHAS mpoueaypa. Eciau mpeactaBUTh



KJIacC KaK pe3yJbTaT JEHCTBUS arperara-omnepaTopa, TO TaKOW OIepaTop
UMEET BUJT

«ECJIN <ycnoBus Ha arperupyemsie npusHaku>, TO <ums kiacca>.

Ipumep. Aepecuposanue OaHHLIX NPU CAMUCIUYECKOM AHATU3E.
Cpeou pa3nuyHviX azpe2amos, HA3bleAeMblX 8 IMOM Clyuae Cmamu-
cmuKkamu, m. e. QYHKYUsAMU 8b100POUHBbIX 3HAUEHUL, 0C0O0e Mecmo 3a-
HUMAOMmM 00CMamovtvle CIMAmucmuKy, m. e. makue azpe2amsl, KOmo-
pble U381eKarom 6CH0 NOJE3HYI0 UHopmayuro 0O unmepecyroujem Hac
napamempe u3 co8oxKynHocmu Habmooderul. OOHaKo npu azpecuposaruu
nomepu uHgopmayuu o00blYHO Heu3bedCHbl. Baoicnvbl onmumanvbHble
CMamucmuxy, Komopwvie NO0360JIAAI0M C8ECMU HeU30edHCHble 8 IMUX
VCOBUAX nomepu K MUHUMYMY 6 HEKOMOPOM 3A0AHHOM CMbICTE.
Haenaounwiu npumep cmamucmuuecko2o azpe2uposanusi npeocmasisiem
cob0oll (pakmopHbvlll aHaAIU3, 8 KOMOPOM HECKOJIbKO NepeMeHHbIX CB0-

o0smcst 8 00UH (haxmop.

Arperarbi-CTPYKTYpHbI

Baxunelimen popMoii arperupoBaHusi IPpU CUHTE3€ CUCTEM SIBIISIETCS
oOpa3oBanue cTpykryp. IIpu cunTese pa3padOTUUK CUCTEMBbI HABS3bIBAET
CTPYKTYPY HPOEKTUPYEMOW CHCTEME, HMCXOAA W3 LEIEHh, COCTABHBIX
JJIEMEHTOB U CBA3€M. B KadecTBe THUIOB CTPYKTYp, Ha3bIBAEMBIX arpe-
raTamMu- CTpyKTypaMu, IPUMEHUMBI CETH, MATPULIBL, IEPEBbs U 1P.

IIpy mpOEKTUPOBAHUU CUCTEMBI BAXKHO 3aJaTb €€ CTPYKTYpPHl BO
BCEX CYLIECTBEHHBIX OTHOWIEHUSIX. COBOKYIHOCTh BCEX CYIECTBEHHBIX
OTHOLIECHUN OMpeAeNnsieTcss KOHPUTYpaTOPOM CUCTEMBI, U OTCIOJIa BbI-
TEKAaEeT, YTO MPOEKT 000N CUCTEMbI JOJKEH COAEPKaThb pa3padOTKy
CTOJIBKMX CTPYKTYP, CKOJIBKO SI3bIKOB BKJIIFOUEHO B €€ KOH(PUTypaTop.

Ilpumep. Ilpoexm opeaHU3aYUOHHOU CcuUCmeMbl O0JHCEH cooep-
JHcamsv CmMpyKmypbl.

g pacnpedeﬂeHuﬂ ejaacmu,



® pacnpedeietuss OMEeMCMEeHHOCMIL,
® pacnpedeneHus uHGopmayuu.

Imu cmpykmypsvt Mo2ym 00CMamo4yHO CUTbHO OMAUYAMbC MONO-

J02UHYEeCKU.

B CcOBpeMEHHBIX CUCTEMHBIX HCCIEIOBAHUAX IIMPOKOE BHUMAHUE
VIAEISETCd CEMAaHTUYECKUM  CETSIM, Ha3bIBAEMBIM  TAaKXE€ JIOTHU-
KO-JIMHTBUCTHYECKUMU MoAensiMu. OHU HaXOAAT OOJBIIOE MPUMEHEHHE
B CUTYALlMOHHOM YIIPaBJICHUU, CUCTEMAX UCKYCCTBEHHOI'O MHTEIIEKTA.
VYKka3zaHHbIE MOJEIH OTOOpa)XarT CTPYKTYpPY YEIOBEUECKUX 3HAHUU,
BBIpa)KaE€MbIX Ha €CTECTBEHHOM SI3bIKE, ITPUYEM 3TO OTOOPAKEHUE MOKET
OBITh OCYLIECTBIIEHO cpeacTBaMu DBM.

Jns mpeacraBiieHUsl CUCTEM C Pa3IMYHBIMUA LUKIAYECKUMU Ollepa-
MU 3P HEeKTUBHO mpuMeHenne ceted I[lerpu. 1o oaMH U3 UHCTPY-
MEHTOB MOJEIMPOBAaHUs AUCKPETHBIX IPOLECCOB. B Hacrosiee BpeMs
UCIIOIB3YIOTCA UX pa3iinuHble MOJIU(PUKAIMH, BKIIIOYasi BPEMEHHBIE CETU
Ilerpu, usetnsie cetu Ilerpu, E-cetn u 1. 1. Maremaruueckass MOIEIb
OMMCBIBAEMOro ceThio IleTpu mporecca AOCTaTOYHO HArJsIAHA, JErKO
anropuT™MuU3MpyemMa s mojenupoBanuss Ha DBM, He TpeOyer 00b-
IIOTO JOMOJHUTENBHOIO0 00BbEMa 3HAHUM OT UCCIEA0BATENS.

Arperar-ciay4auHbIid IpPoecc

Ecnu nponecc GyHKIIMOHUPOBAHUS PEATbHOM CIIOKHOM CUCTEMBI 10
CBOEMY CYLIECTBY HOCUT XapaKTep CIy4alHOro mpouecca, sl arperara
KaK MAaTEMaTHU4YECKOW MOJEIU CUCTEMBI MCIOJIb3YIHOTCS OCHOBHBIE IT10-
HATUS TEOPUHU CIYYaWHBIX IpoueccoB. CiaydalHbIA POLECC, MPOTEKa-
IOIMH B JIF000H (hU3MUECKON CHCTEME, IIPEJICTaBIICT cOOOH ClyJalHbIC
NepexXobl CUCTEMbI U3 COCTOAHUA B COCTOsSIHHE. COCTOSHUE CHCTEMBI
MOKET OBITh OXapPaKTEPU30BAHO C TOMOIIBIO YN CIICHHBIX IEPEMEHHBIX: B
MPOCTEHUIIIEM CITydae — OJHOM, B 00JIEE CITOXKHBIX — HECKOJIbKUMHU.



2. TIPAKTUYECKAS YACTb

3agaya 1. CoctaBuTh OJIOK-CXEMY:

1)
2)
3)
4)
5)
6)
7)
8)
9)

MOCTYIUJICHUSI B YHUBEPCUTET;

MOJIOTOBKH K JIJAOOPATOPHBIM 3aHSITHUSIM;
II0X0J1a B MAara3uH 3a MOKYIKaMH;

MOJITOTOBKHU B SKCIIEIUIINIO;

pa3pabOTKK MPOTPaMMHOI0 00eCTeueHus;
MTOJIOTOBKH TEXHUYECKOW TOKYMEHTAINH;
YCTAaHOBKHU ONEPAlMOHHOM cucteMbl Ha [1K;
MOJIYYECHHUS 3apIUIaThl B KACCE OPraHU3allvu;
pa3pabOTKKU MPOIECCHON MOJIENIM ITPOU3BO/ICTBA;

10) 3a1UTHI BBIMTYCKHOW KBaU(PUKAITMOHHONU paOOTHI.

3amaya 2. OmnmcaTh COCTaBJIEHHYK) CXEMYy OIEpaTopaMu

«Ecmm...Toy, «Iloka...I{lukn» u T. 1.

3. KOHTPOJIBHBIE BOITPOCHI

1.
2.

YT0 noHMMaeTCs O arpeErupoOBaHUEM U SMEPAKEHTHOCTHIO?
KakoBbl BapuaHTBl 3aJa4 arperupoBaHUs IIPU HUCCIIEAOBAHUU

CHUCTEM yNIpaBJICHUS ?

3.

KakoBo Ha3zHaueHHe arperaToB-KOH(PUTYpAaTOPOB MPU HCCIEH0-

BaHHUHU CUCTCM VYIIPaBJI eHus?

4.

KakoBo Ha3HaueHUe arperaToB-ONepaTOpPOB MPHU MCCIEIOBAHUU

CUCTEM YIIPaBJICHUS ?

5.

KakoBo Ha3HaueHHE arperatoB-CTPYKTYp MpPH HCCIECIOBAHUU

CUCTEM YIIPaBJICHUS ?

6.

KakoBO HazHaueHME arperatoB-CIy4YalHbBIX IPOLECCOB IPU HUC-

CIIEJOBAaHUU CHCTEM YIIPABIICHUSA?



JINTEPATYPA

1. Kazuer B.M. BBeneHne B aHain3, CHHTE3 U MOJECIUPOBAHUE CHU-
CTeM. — OJIEKTPOH. TEeKCT. JaH. — M. : HrepHer-YHuBepcuret MH-
dbopmanuonnsix Texuonorud (MHTYUT), 2016. — Pexum goctyna :
http ://www.iprbookshop.ru/52188. — 3BC «IPRbooksy, mo napoiro.

2. Teopus nuHdOpPMAITMOHHBIX MPOIIECCOB U cUcTeM : YueoHuk / I1on

pen. b.4. CoseroBa. — M. : Akaagemus, 2011.
3. Cwmonenue B.II. YnpaBineHune cucremMamMum W MPOLECCAMH :
Vyebnuk. — M. : Axkagemus, 2010.
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HpaKTI/I'-IeCKOC 3aHaTHe Ne5s. MeToabl IKCHEPTHBLIX OLICHOK

Heab 3aHATHSA: W3YYECHUE OCHOBHBIX BHUJIOB 3KCIIEPTHBIX OLIEHOK:
MIapHOr0 CPAaBHEHHMS, MHOKECTBEHHOTO CPAaBHEHUS, IMOCJIEI0BATEIBLHOIO
CpaBHEHHS.

AKTYaJIbHOCTh Te€Mbl 3aHATHS: HKCIEPTHOE OlIEHMBAHUE — 3(]-
(EeKTUBHBIN METO]T UCCIEIOBAHUSI CUCTEM, OCHOBAHHBIN Ha UHTYUIINU U
OMBITE CIEIUAIKNCTOB. BriajeHne TEXHOJIOrMel AKCIEePTHOTO OlICHUBa-
HUS 00s13aTEIBHO IS CIIeIIMAIUCTa B 00JaCTU aBTOMATH3aIIN Y.

1. TEOPETHYECKASA YACTD

['pynma MeTOAOB AKCIEPTHHIX OI[EHOK HaWOoJiee 4acTO HMCIOJIb3Y-
eTcsi B MPAKTUKE OLICHUBAHUA CIIOKHBIX CHCTEM Ha Kauye€CTBEHHOM
ypoBHE. T€pMHUH «3KCHEPT» MPOMCXOIUT OT JIJATUHCKOrO ClIoBa eXpertus
— onbITHBINA. [Ipr MCMIOIB30BAaHUM IKCIIEPTHBIX OIEHOK OOBIYHO Tpe/I-
MOJIaraeTcsi, 4YTO MHEHHUE TPYMIIbl SKCIEPTOB HAJEKHEE, YeEM MHEHHUE
OTZIEJIbHOTO DKCIepTa.

OKCIIepTHBIE OLIEHKA HECYT B Ce0€ KaK Y3KOCYObEKTHUBHBIE YEPTHI,
OPUCYIINE KaXIOMY IKCHEPTY, TaK U KOJUIEKTUBHO-CYObEKTUBBIE, MPH-
CyIHe KOJUJIETHHU AKCIEPTOB. M ecnu mepBbie YCTPAHSIIOTCSA B MPOIlecCce
00paOOTKM MHIMBUAYAJIBHBIX SKCHEPTHBIX OIEHOK, TO BTOpbIE He-
yCTPaHUMBI, Kakue Obl CI10CO0bI 00paOOTKHU HE MIPUMEHSITUCH.

Dtanbl SKCHEPTU3bl cieayonme: GopMUPOBaHUE LETH, pa3padoTKa
IpOLIEAYPHl AKCIEPTU3bI, (POPMHUPOBAHME TPYIIBI IKCIEPTOB, OMPOC,
aHanu3 U o0paboTka uHGOpMaIIHH.

[Ipu popmynupoBKe LENH AKCOEPTU3Bl Pa3paOOTUUK JOJKEH BbI-
paboTaTh YETKOE MPEJCTaBIECHUE O TOM, KEM U JUIsl KAKUX ejIel OyayT
UCITOIb30BaHbI PE3YIbTATHI.

[Ipu 06paboTKe MaTepuaIoB KOJUIEKTUBHON HSKCHEPTHON OIEHKHU
UCIIOIB3YIOTCA METOJAbl TEOPUU PAHTOBOM Koppensuuu. s komuye-
CTBEHHOM OIICHKHA CTETIEHW COTJIAaCOBAHHOCTH MHEHHUM 3KCIEpPTOB IpH-

MeHsieTcst Ko puImeHT KoHKopaauu W, KOTopblil O3BOJISET OLCHUTD,



HACKOJIBKO COIJIACOBAaHbl MEXAY COOOH psAAbl MPEANnOYTUTEIbHOCTH,
MOCTPOEHHBIE KAXKJIBIM 3KCIIEPTOM. ET0 3HaUE€HHE HAXOAUTCA B IIpeAenax
0<W <1, rne W = 0 o3Ha4aeT NMOJHYIO NPOTUBOIIOJIOKHOCTh, & W =
1 — monHoe coBnajeHHE paHKUPOBOK. [IpakTHueckn TOCTOBEPHOCTH
cunraercs xopomeu, ecmu W = 0,7 --- 0,8.

JUIs HarmsaIHOCTH TPEICTaBIEHUS O CTENEHU COrJacOBAaHHOCTHU
MHEHHH IBYX 3KCHepTOB A n B ciykHUT KO3 (PUIHUEHT MApHOW PaHTOBOMI
KOppensduu p, oH npuHuMaeT 3HaueHud —1 < p < +1. 3Hauenue p =
+1 cOOTBETCTBYET MOJIHOMY COBIIQJICHUIO OLEHOK B PAaHrax JIBYyX JKC-
nepTOoB (MOJIHASL COTJIACOBAHHOCTh MHEHUU JIBYX DKCIEPTOB), 4 3HAUYCHHE
p = —1 — nBYM B3aUMHO MPOTUBOIOJIOXKHBIM PaHKUPOBKAM BaKHOCTH
CBOICTB (MHEHHE OJIHOTI'O JKCIEpPTa MPOTHUBOIMOJIOKHO MHEHUIO APYro-
o).

Tun wmcnonb3yeMbIX NPOLENYp DKCHEPTU3bl 3aBUCUT OT 3aJ1aud
OLICHUBAHMUA.

K naubonee ynoTrpeOUTENbHBIM MPOIElypaM 3KCIEPTHBIX U3MEpE-
HUM OTHOCSITCS:

® PaHXHPOBAHUE;

® [IapHOE CPaBHEHUE;

® MHO>XECTBEHHbBIE CPDABHEHUS;

® HENOCPE/ICTBEHHAS OIIEHKA;

e Mero Uepumena-Akodda (mocieqoBaTeIbHOE CPAaBHEHHUE).

[{enecooOpa3HOCTh MPUMEHEHHS TOIO WIIA UHOT'O METO/Ia BO MHOTOM
OIpEeNIENAETCA XapaKTepoM aHaJM3UPyeMOoil HH(OpMaIIKH.

Pan:xxupoBanue

Meton mpencraBiasgeT coOOM MPOLEAYPY YHOPSAIOUYCHHS 00BEKTOB,
BBITTOJTHIEMYIO dKcriepToM. [1ycTh cpenr 00beKTOB HET SKBUBAJICHTHBIX.
B sTOoM ciiyuae Mexk1y HUMHU CYIIECTBYET OTHOIIEHUE CTPOrOro MopsiIKa.
B pesynbpTare cpaBHEHHS BCeX OOBEKTOB IO OTHOIIEHHUIO CTPOTOTO I0-
pAKa COCTaBJISIETCA  YHOPSJAOYEHHAs IIOCIEA0BATEIbHOCTh Qg >
a, > -+ > ay, rie oObeKT C IEepBbIM HOMEPOM SBJIAETCS HauoOoJee



IPEINOYTUTEIBLHBIM U3 BCEX, CO BTOPHIM HOMEPOM MEHEE MPEAOYTH-
TEJICH, YeM IEPBBI OOBEKT, HO MPEANOYTHTEILHEE BCEX OCTAIBHBIX U
T. 1. [lonyueHHast cucrema 0ObEKTOB 00pa3yeT MOJHBINA CTPOTUMl TOPS-
noK. 7 9TOro OTHOIICHHS JOKa3aHO CYIIECTBOBAHHWE YHUCIOBOH CH-
CTEMBI, 2JICMCHTAMH KOTOPOW SIBJISIOTCSl JCHCTBUTEIBHBIC YKCIIA, CBS-
3aHHBIC MKy COOOI OTHOIIICHHEM HepaBEHCTBA «Ooubimey (>).

B mpakTuke paH)XHPOBAaHUS Yallle BCEro NMPHUMEHSCTCS YHCIOBOC
IPEICTaBICHUE ITOCIEA0BATSILHOCTH B BUC HATYPAJIbHBIX YUCEN, T. €.
UCIIONB3YETCS YMCIIOBas IMOCIICAOBATEIbHOCTh. [IpUMEHEHHE CTPOTHX
YHCIICHHBIX OTHOIICHHH «OobIe» (>), «MeHbe» (<) Wik «paBHO» (=)
HE BCETJIa TT03BOJISICT YCTAHOBUTH MOPSJIOK MEX Iy 00bekTamu. [ToaTomy
Hapsy ¢ HUMH WCIIOJIB3YIOTCS OTHOIICHUS JIJIsl ONpe/IeCHHs O0JbIei
WJTH MEHBIIICH CTEIEHN KaKOro-TO Ka4eCTBEHHOI'0 IIPU3HaKa (OTHOIICHHSI
JaCTUYHOI'O ITOPsIJIKa, HAIIPUMEp I0JIE3HOCTH ), OTHOIIICHUS TUIIA «0oJee
OPEANOYTUTEIBHO» (>), «KMEHEE MPEAIOUTUTEIBHO» (<), «PaBHOICHHO
(=) wm «6e3paznuaaoy (~).

JIiiss OTHOIIEHHS HECTPOroro JUHEHHOro MOpsAIKa JI0Ka3aHO CYIIe-
CTBOBaHHWE YHCIIOBOM CHUCTEMBI C OTHOIICHHSIMHU HEPAaBECHCTBA U PABCH-
CTBa MEXJY YMCIIaMH, OMMCHIBAIOIIMMH CBOMCTBa 00beKTOB. Hanboiee
IPEANOYTUTEILHOMY OOBEKTY MPHCBAUBACTCSA PAHI, PABHBIM CAMHHMIIC,
BTOPOMY IO TPEAMOYTUTEIIBHOCTH — PAHT, PaBHBIA JBYM, W T. Ja. s
3KBUBAJICHTHBIX OOBEKTOB HA3HAYAIOTCS OJMHAKOBBIC PAHTH, PAaBHBIC
cpeaHeapu(pMETUICCKOMY 3HAYCHUIO PAHTOB, NMPHCBAMBACMbBIX OJIMHA-
KOBBIM 00ObeKTaM. Takue paHrd Ha3bIBAIOT CBSI3aHHBIMU PAHTaMHU.

CBsi3aHHBIC paHTH MOTYT OKa3aThCs APOOHBIMU yuciamu. [Ipemno-
YTUTEIHLHEE UCIOJb30BaTh CBSA3AHHBIC PAHTH, TaK Kak cymMmma paHroB N
O00BEKTOB paBHA CyMME HATypaJbHBIX YHCENI OT eauHHILI g0 N. Ilpu
9TOM JIt0ObIe KOMOMHAIIMK CBSI3aHHBIX PAHTOB HE M3MCHSIOT 3TY CYMMY.
JlaHHOE OOCTOSTENIBCTBO CYIICCTBEHHO YIPOINAaeT o0pabOTKy pe3yib-
TaTOB PaHXHUPOBAHMUS ITPU TPYIIIOBOM IKCIICPTHOM OICHKE.

[Tpu rpynmoBoM paHXHPOBAHUH KaXJIbIH -1 SKCIEPT MPHUCBANBACT

KaXJIOMY j-My OOBEKTY PaHr Tjs. B pesynbTaTe npoBeaeHus SKCIEPTU3bI



MOJIy4aeTCsd MaTpulla PaHroOB ||TJS|| pasmeprocta Ny, rae k — uwucio

skcrieptoB; N — uucio o0bexkToB; S = 1--k,j = 1---N. Pe3yabraTsl
TPYIIIOBOrO YKCIIEPTHOIO PaHXKHUPOBAHUS YIOOHO IMPEACTABUTH B BHC
TaOJIMIIHI.

JIOCTOMHCTBO paHXHPOBAHUS KaK METOJIa dKCIIEPTHOIO M3MEPCHUS
— MPOCTOTa OCYIIECTBICHUS MPOIEAYp, HE TpeOyromas TPYI0eMKOro
o0yueHus skcrnepToB. HegocTaTkoM paHXMpPOBaHUS SBJISIETCS MPAKTH-
YecKasi HEBO3MOXKHOCTh YIOPSI0UYCHUS OO0IBIIOro unciia 00bekToB. Kak
MOKa3bIBACT ONBIT, NpU 4YHciae 00beKToB, OombieMm 10-15, skcrmepTs
3aTPYAHSAIOTCS B OCTPOCHUHU paHKUpoBaHUs. IIcuxomorus yrBepxmaer,
YTO MaMATh YEJIOBEKa MMO3BOJISET ONMIEPHPOBATh B CPEIHEM HE Oojiee YemM
7 £ 2 oObekTamMu OAHOBpeMeHHO. IloaToMy mpH paHKXHPOBAaHHHU OOJIb-
IIOTO 4YHCJia OOBEKTOB HKCIEPThl MOTYT JOMYCKAaTh CYIIECTBEHHBIC

OILIINOKHU.

ITapHoe cpaBHeHUe

DTOT METOJI MpeACTaBIsICT COOO0M MPOIEAYPY YCTaHOBJICHUS TIPEI-
MOYTEHUSI OOBEKTOB IIPH CpaBHEHHMH BCEX BO3MOXHBIX map. Ilpu cpas-
HEHHUH T1apbl 00bEKTOB BO3MOXKHO JIMOO OTHOIIIEHUE CTPOroro Mmopsjka,
au00 OTHOIIEHHE HKBUBaJeHTHOCTH. OTcioma cieayer, 4To IapHOoe
CpaBHEHHE TaK )K€, KaKk U paH)XHPOBAHUE, €CTh U3MEPEHHE IO MOPSIKO-
BOM IIKAJIE.

B pesynbrare cpaBHEHUsS Mapbl 00BEKTOB @;, 4; IKCIEPT YIOPSI0-
YMBAET €€, BbICKA3bIBask MHEHHE YTO KOO a; > a;, mbo a; < a;, 1bo
ai~aj.

B npakTuke mapHOro cpaBHEHMS HCIOJBb3YIOTCS CIEAYIOIIUE YHC-
JIOBBIE MIPE/ICTABIICHUS

1,ecnu a; > a;,
{0, eciu a; < aj, (L.1)

njiin



2,ecnu a; > a;,
1,ecu a;~a;, (1.2)
0,ecinu a; < a;

roe i, j =1---N.

Pe3ynbpTathl cpaBHEHHS BCeX Map 0ObEKTOB YJI00HO MPEACTABIATh B
Buje Marpullpl. [lycTth, HampuMep, UMEIOTCS TSITh OOBEKTOB A4, A5, A3,
A4, s ¥ TIPOBEJICHO MApHOE CPaBHEHHME ATUX OOBEKTOB IO MPEIOUYTH-
TenbHOCTH. Vcnionb3ys uncimoBoe npeactaBierue (2.1), coctaBum Mat-
pHIly H3MEpEHHUs Pe3yabTaTOB MapHbIX cpaBHEHU (Tadi. 1).

Tabmuna 1
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B Tabn. 1 mo puaroHanu Bceraa OyIyT pacHOJIOKEHbI €IUHULIBI,
MOCKOJBbKY OOBEKT PKBUBAJIEHTEH ceOe.

[IpencraBnenue (1.2) xapakTepHO i OTOOpa)X€HUsI PE3YyJIbTaTOB
CHOPTUBHBIX COCTSI3aHUM. 3a BBIMIPBINI JAIOT JIBA OYKA, 33 HUYBIO —
OJIHO ¥ 33 MPOUTPHIII — HOJIb OYKOB ((hyTOon, Xokkel u T. 1.). [Ipen-
HNOYTUTEIBHOCTh OJHOTO OOBEKTAa Mepel APYTrUM TPAKTYETCS B JTAHHOM
cllydae Kak BBIMIPBIII OJHOr0 YYacTHUKA TypHuUpa y Apyroro. Tabiauna
pE3yIbTAaTOB U3MEPEHUSI TPU UCIOJIb30BAHUH YUCIOBOT'O MPECTaBICHUS
HE OTJMYaeTCs OT TaOJuLl Pe3yJbTATOB CHOPTUBHBIX TYPHUPOB 32 HC-
KJIIOYEHUEM 3JIEMEHTOB JUaroHaiu (OOBIYHO B TYPHHPHBIX TaOIWIIax
AJIEMEHTHI IMaroHaj M 3allTPUXOBaHbl). B kauecTBe mpumepa B Tadi. 2
OPUBEIEHBI PE3YJIbTATHl U3MEPEHUS MSATH OOBEKTOB C UCHOIb30BAaHUEM
npeactasienus (1.2), coorBercTByrommue tad. 1.



Tabmuna 2
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Bmecto npeacrtaBnenust (1.2) 4acTo MCMONB3YIOT SKBUBAJIECHTHOE
€My IPEJICTaBICHUE

+1,ecnu a; > a;,
0,ecsau a;~aj, (1.2)
—1,ecnu q; < q;

roe i, j =1---N.

Ecnu cpaBHeHne map OoOBEKTOB MPOU3BOAMTCS OTACIBHO IO pas-
JUYHBIM MTOKa3aTesAM WA CPABHEHUE OCYUIECTBIISIET IPyIiNa 3KCIEPTOB,
TO MO Ka)XKIOMY TTOKa3aTEeNI0 UM 3KCIEPTY COCTABISIOT CBOIO TaOJHUILY
PEe3yIbTaTOB MapHBIX CpaBHEHUN. CpaBHEHHE BO BCEX BO3MOXHBIX IMapax
HE JaeT MOJIHOTO YHOPSA0UYCHUSI 0OBEKTOB, MOITOMY BO3HUKAET 3ajadya
pPaHXHUPOBAaHUS OOBEKTOB MO PE3yIbTaTaM MX MAPHOTO CPAaBHEHUS.

OpmHako, Kak MOKa3bIBACT OIBIT, KCIEPT JAJeKO HE BCET/Ia MOCiie-
JIOBaTEJICH B CBOUX MpPEANOYTEeHUsIX. B pe3ynbraTe uCrnonab30BaHUus Me-
TO/JAa TAPHBIX CPAaBHEHHH SKCHEPT MOXKET yKa3zaTh, UTO OOBEKT a4
OPEANOYTUTENBHEE Ay, A, MPEANOYTUTENBHEE A3 U B TO K€ BpEMs dg3
OPEANOYTUTENbHEE Ay .

B cnydae pa3OueHus 00beKTa Ha KJIACChl SKCIEPT MOKET K OJTHOMY
KJIACCY OTHECTH Taphl a4 U Ay, Ay U A3, HO B TO K€ BpeMsi OObEKTHI a4 U
(3 OTHECTU K Pa3IMYHBIM KilaccaM. Takas HEmocCiaeq0BaTeIbHOCTh IKC-
nepra OOBSICHSETCS pa3IMYHBIMU TMPUUYMHAMU: CIOXHOCTBIO 3ajjayH,
HEOYEBUIHOCTHIO MPEANOUYTUTEIHLHOCTH 00bEKTOB MU pa30UEeHUsI UX Ha
KJIacChl (B MPOTUBHOM CiIydYae, KOTJa BCE OYEBUJIHO, MPOBEICHUE JKC-
NepTU3bl HE00A3aTENBHO), HEIOCTATOYHON KOMIIETEHTHOCTHIO SKCIIEPTa,



HEJIOCTaTOYHO YETKOM MOCTAaHOBKOW 3aJ1a4ud, MHOTOKPUTEPHUATBHOCTHIO
paccMaTpuBaeMbIX OOBEKTOB U T. JI.

HenocnenoBarenbHOCTh 3KCOEPTA TPUBOAUT K TOMY, YTO B PE3YIlb-
TaT€ MapHBIX CPABHEHUW MpPHU ONPENCICHUM CPABHUTEIBHOU IPEIIO-
YTUTEIBHOCTU OOBEKTOB MbI HE MOJy4aeM PaHKUPOBAHUSA U JakKe OT-
HOIIIEHWI YaCTUYHOI'O MOPSIIKA, HE BBIOJHEHO CBOMCTBO TPaH3UTHB-
HOCTH.

Ecnu nenpro skcnepTussl MPU ONPEICICHUN CPABHUTEIBHON TpEI-
MOYTUTENBHOCTH OOBEKTOB SIBISIETCS IMOJIYYEHUE PAHXKUPOBAHUS WU
YACTUYHOI'O YMOPSIIOUCHUS, HEOOX0ANUMa UX JOMOJHUTEIbHAS UJCHTU-
duxanus. B 3TuX ciaydasix UMEET CMBICI B KAYECTBE PE3yJIbTHUPYIOIIETO
OTHOILIEHUSI BBIOMPATh OTHOLICHHE 3aJIaHHOIO THUIA, OJWKaiilliee K mo-
JYYEHHOMY B SKCIIEPUMEHTE.

MHoskecTBeHHbIE CPABHEHMS

JIaHHBII BUJI CPABHEHUU OTJIMYAETCS OT NAPHBIX TEM, YTO IKCIIEpTaM
MOCJIEIOBATEIbHO TPEABSBISIIOTCS HE Mapbl, a TPONMKH, YETBEPKH, ...,
N-Kd 00BEKTOB. DKCHEPT UX YIMOPSATOYMBACT MO BAXKHOCTH WA Pa30ou-
BACT Ha KJIACCHI B 3aBUCUMOCTH OT LIENEU IKCIEPTU3bl. MHOKECTBEHHBIC
CpPaBHEHMSI 3aHUMAIOT MPOMEKYTOUHOE MOJIOKEHUE MEXKIY MapHBIMU
CpaBHEHHUSIMH W pamxupoBaHueM. C OJHON CTOPOHBI, OHU TTO3BOJISIOT
UCIIOJIb30BaTh OOJBIINHI, YEM MPHU MAPHBIX CPAaBHEHUAX, 00bEM UH(GOP-
Maluu Il ONPENENICHUs] SKCIIEPTHOrO CYX JICHUS B PE3ylbTaTe OJHO-
BPEMEHHOI'O0 COOTHECEHUsI 0ObEKTA HE C OJHUM, a C OOJBIIUM YHCIOM
00bekTOB. C Ipyroil CTOPOHBI, IPU PaHKUPOBAHUU O0BEKTOB UX MOXKET
OKa3aThCsl CIUIIKOM MHOT0, UTO 3aTPYJHSET pabOTy dKCIEepTa U CKa3bl-
BAETCsl Ha Ka4eCTBE PE3YJbTATOB AKCIEPTU3bl. B 3TOM ciiyyae MHOXe-
CTBEHHBIE CPaBHEHHMS MO3BOJISIIOT YMEHBIIUTh JO Pa3yMHbBIX MPEIEIIOB
00bEeM MOCTyMNAIOIIEH K SKCIEPTY HHPOPMAIIUH.

HenocpeacrBeHHasi OleHKA
MGTO}I 3aKJIHO9AaCTCA B IIpUCBAMBAHHUUN 00BbEKTaM YHUCIIOBELIX 3Haye-
HUM Ha IIKajie UHTEPBAJIOB. DKCIEPTY HEOOXOIUMO MOCTaBUTh B COOT-



BETCTBUE KaXIOMY OOBEKTY TOUKY Ha OMPEIECTICHHOM OTPE3KE YHCIOBOU
ocu. Ilpu 3TOM HEOOXOAMMO, YTOOBI IKBUBAJICHTHBIM OOBEKTAM MpH-

IINCBHIBAJIMCh OJJMHAKOBBIC YHUCJIA.

Ilpumep. Oyenusanue namu 00beKmos8 (UCNONL3YEMCS OMPE30K

yucnosoti ocu [0,1]).

OueHiBaeMble Likana ‘
ObLeKTI oTHOWeHWii 1.0
- 09
“ - 0.8
Q4 =07
- 0.6
& - 0.5
a —0,4
—ant0,3
a \_ 02
- 0,1
- 0,0

Pucynox 1 — Ilpumep cpasnernus namu 06vekmos no wxane

Ilockonbky 3a mawano omcuema 6vlOpawna HYNe8As MOYKA, MO 8
OaHHOM NpumMepe usmepeHue npPou38oOUMcs 8 wiKale OmHoOueHul. IKc-
nepm coeouHsiem KaxMcovlil 00vbexm JUHUel ¢ MOYKOU YUCI080U OCU U

nonyuaem cieoylowue 4uciosvle npeocmasienus oovekmos. ®(a,) =
0,28; ®(a,) = ®(ag) = 0,75; ®(a3) = 0,20; ®(a,) = 0,50.

W3mepenust B 1IKajie UHTEPBAJIOB MOTYT ObITh JOCTATOYHO TOYHBIMU
Ipy TOJTHONM MHPOPMUPOBAHHOCTH IKCIIEPTOB O CBOMCTBAX OOBEKTOB.
OTH yCI0BUS HA MPAKTUKE BCTPEUAIOTCS PEAKO, TOITOMY JIJIs U3MEPCHHUS
OPUMEHSIOT OalbHYIO OmeHKy. [Ipu 3ToM BMECTO HENmPEpHIBHOTO OT-
pEe3Ka YMCIIOBOM OCH PacCMaTPUBAIOT YYaCTKH, KOTOPBIM MPUIUCHIBA-
I0TCST OQJLITHL.

DKCNepT, NPUMUCHIBasi 00BbEKTY 0asll, TEM CaMbIM U3MEPSET €ro C
TOYHOCTBIO JIO OIPEAEICHHOI0 OTPE3Ka YMCIOBOU OcH. [IpumMenstorcs 5,
10 n 100-6a/TbHBIE TIIKATIBI.



Metoa Yepumena-Axkopda (nmociaeaoBarejibHOE CPABHEHHUE)

MeTton OTHOCHUTCS K 4YHCIy HauOosee MOMYJISpPHBIX TMPH OILEHKE
anpTepHATHB. B HeM mnpeamnosaraercss MmocieoBaTelibHAsg KOPPEKTH-
POBKa OIIEHOK, YKa3aHHBIX Kcrnepramu. OCHOBHBIEC MPENOIIOKEHUS, HA
KOTOPBIX OCHOBAH METOJ, COCTOAT B CIEIYIOIIEM:

e ka0 aimbTepHaTHBE A; (I = 1+ N) CTaBUTCSA B COOTBETCTBHE
IEeWCTBUTENIbHOE HeoTpuliaTenbHoe unuciao P (a;);

¢ CCJIKM alIbTCPHATHBA A; NPCAIIOYTUTCIIbHCC aJIbTCPHATHUBELI a]-, TO

d(a;) > CIJ(aj) , €CIU K€ albTepPHATUBLl 4; U Q; PABHOLEHHBI, TO
CD(al-) = q)(a]),,

o ccu ©(a;) u CD(aj) — OLIGHKM aNlbTepHATHB a; U a;, To P(a;) +
CID(aj) COOTBETCTBYET COBMECTHOH peanu3aluy albTepPHATHB a; U d;.

Haunbosiee CHIIBHBIM SIBJISICTCS TOCICIHEE MPEANOIOKCHHE 00 aj-
JTUTUBHOCTH OICHOK aJIbTEPHATHB.

Cornacno merony Uepumena-Akodda anbTepHaTUBLL A1, Ay, ..., Ay
PAaHXHUPYIOTCS 10 MPEANOYTHTEABHOCTH. ITyCTh M1 ymo0CcTBa M3II0Ke-
HUSI aIbTEPHATHBA A4, HauboJIee MPeIOYTHTENbHA, 3a HEH CIeayeT d, U
T. 1. DKCIEPT yKa3bIBaeT MpeABapUTEIbHbIE YnciaeHHbie onenku P (a;)
JUIS. KaXJI0M W3 anbTepHaTuB. MHOrma HamOosiee MpearoyuTUTEIbLHON
albTEPHATHBE MPHUITMCHIBAETCS OleHKa 1, OCTalbHBIC OIEHKH Pacoja-
ratotcs Mexay O 1 1 B COOTBETCTBUH € MX MPEAIMOYTHTETHHOCTBIO. 3aTeM
9KCIIEPT MPOU3BOIUT CPaBHEHUE AIbTEPHATHBBI (; U CYMMBI ajbTepHA-
THB d, ..., Ay.

Ecinu anbrepHaTHBa 4, OKa3bIBACTCS MCEHEE MPEAMOYTHTEILHOM, TO
IUIS1 YTOYHECHHS OI[EHOK OHA CPABHUBAETCS 110 MPEAMOYTCHHUIO C CYyMMOI
albTCPHATHB Ay, ..., Ay U T. A. [locie TOro Kak ajabTepHaTHBA 4 OKa-
3BIBACTCSA MPEANOYTUTECIIBHEE CYMMBbI allbTepHATHB Ao, ..., Ay (kK > 2),
OHA MCKIF0YAaETCs M3 PACCMOTPEHHS, & BMECTO OI[CHKH allbTCPHATHBHI g
paccMaTpUBAETCS M KOPPEKTHPYETCS OIEHKa albTePHATHBHI d,. IIpo-
[eCC MPOIOIKACTCS 10 TeX IOp, MOKa OTKOPPEKTHPOBAHHBIMHU HE OKa-
KYTCS OLIEHKH BCEX aJbTEPHATHUB.



[Ipu nocratrouHo OonbiioM N NPUMEHEHHE METOJa CTAHOBUTCS
CIMIIIKOM TPYJIOeMKHM. B 3ToM ciydae memecooOpa3Ho pa3OUTh ailb-
TEPHATUBBI HA TPYIINbI, & OJHY U3 AJIbTEPHATUB, HAIPUMEP MAKCUMAITb-
HYI0, BKIIFOUUTH BO BCE TPYIIIBI. JTO MO3BOJSET MOJYYUTh YUCICHHBIE
OLICHKH BCEX aJIbTEPHATHUB C TOMOIIBIO OIICHUBAHUS BHYTPU KaXKJIOU
TPYIIIBIL.

Meton Yepumena-Akodda siBrsieTcss OIHUM U3 caMbIX 3(PhEeKTUB-
HbIX. Er0 MOXHO YCIENIHO HCIIOJIb30BaTh MPU HU3MEPEHUSIX B IITKAIIC
oTHOIIeHUM. B 3TOM cityuae onpezensercs HauboJsiee npenoYTUTEIbHAS
aJbTEpHATHUBA (. EM mpucBamBaeTcss MakCUMasbHas oueHka. J{ims Bcex
OCTAJIBHBIX AIbTEPHATUB DKCIEPT YKA3ZBIBAET, BO CKOJIBKO pa3 OHU MEHEE
OPEANOYTUTENbHBI, YeM 4. 1 KOPPEKTUPOBKH UYHMCIEHHBIX OLIEHOK
aNbTEPHATUB MOKHO HCIIOJB30BaTh KaK CTAHJAPTHYIO MPOLEAYPY Me-
tona Yepumena-Akodda, Tak U monapHOe CpaBHEHUE MPEATOUYTUTEb-
HOCTH aJIbT€pHATUB. ECiu 4nClieHHbIE OLIEHKU aJbTepHATUB HE COBMA-
JAI0T C TMPEACTABICHUEM JKCIepTa 00 UX MPEeAMOUYTUTEILHOCTH, TTPOU3-
BOJUTCS KOPPEKTUPOBKA.

2. TIPAKTUYECKASA YACTb

PanxrpoBaTh ONMCAaHHBIMU BBILIE METOAAMHU CIEAYIOIIUE AIbTEp-
HATHBBI TI0 CTETIEHU MPEANOYTeHNs (HE MEHee MSITH BapHaHTOB albTep-
HATHB).

1. DK3aMeHBbI IO CAABAEMBIM IIPEIMETAM.

[IpocMOTp paznuyHbIX (PUIBMOB.

bbITOBAs TEXHHKA U3BECTHBIX MPOU3BOIUTEICH.
KommbroTepHbie Urphl.

Ilorona B paznuyHbIE BpeMEHA IoAa.

OTapIX HA pa3IuyHbIX KypopTax.
KoMIbroTepbl/HOYTOYKH pa3IuyHbIX TPOU3BOAUTENCH.
Pa3nuuHbie My3bIKaJIbHbBIE UCIIOJHUATEIH.

© 0N o gk 0N

KomIbroTepHbIE aHTUBUPYCHI.

10. IIpoaykThl MUTAHUS.



3. KOHTPOJIBHBIE BOITPOCHI

1. Kakue MeTOoapl 3KCHEPTHBIX OLEHOK CYUTAOTCS OCHOBHBIMH?

2. B uyeM 3akmrodaercs CyIIHOCTh METO/IA PAHKUPOBAHUS?

3. Uto Takoe METOJ NONapHOr0 CPABHEHUS U B UEM €r0 OTJIMYUE OT
METOJIa paHKUPOBAHUS?

4. B dem 3akiro4aeTcs METOJ MHOXECTBEHHOI'O CPaBHEHUS ?

5. UTo Takoe HEMoCpeICTBEHHAs OLIEHKA?

6. B yem 3axmrouaercs METOA NOCIEAOBATEIIBHOTO CPABHEHHS, W

KaKHe ero OCHOBHBIEC OTJINYUTEIbHBIE OCOOEHHOCTH ?
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pen. b.A. CoeroBa. — M. : Axkagemus, 2011.
3. Cmonenue B.II. YnpaBienue cucteMamMyd U MpPOLECCAMHU
VyeOonuk. — M. : Akagemus, 2010.
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IIpakTuyeckoe 3ansitue Ne6. OueHUBaHHe CJIO0KHBIX CHCTEM B
YCJOBHSIX ONPeAeJTeHHOCTH

Ieap 3aHATHA: H3YYEHHE OCHOBHBIX METOJOB pEIICHUS 3aJa4
BEKTOPHOM ONTUMU3AINM.

AKTYaAJILHOCTh T€MbI 3aHSATHA: ONTUMU3AIUIA — O00sI3aTEIbLHBIN
ATan CMHTE3a CUCTEM C 3aJJaHHBIMU XapaKTepucTukaMu. BiageHnue tex-
HOJIOTHUEN OITHMH3AIUUA 00A3aTEILHO I CIIeUajucTa B 00JaCTH aB-

TOMAaTU3ALMH.
1. TEOPETHYECKASA YACTD

1.1. 3agaua MHOTOKPUTECPHAJTBHOI'O MaTeMaTHI€CKOI'o

NMPOrpaMMHUuPOBAHUSA

3amaya MHOTOKPHTEPHAIBHOIO MAaTEMaTHUYeCKOr0 IIPOrpPaMMHPO-
BaHUS (BEKTOPHON ONTUMH3AIINHI) UMEET BT

extr{f,(x) = F1},
extr{f,(x) = F,},

extr{fi(x) = Fy},

npu x € X,
rie X — MHOXECTBO JOMYCTUMBIX 3HAYECHUM MEpEeMEHHBIX X ; k —
9uCIO0 1eeBbIX QyHKUMM (Kputepues); F; — 3HaUeHUE -TO KpUTEpHUs

(ueneBoil pyHKIUN); extr — O03HAyYaeT, YTO JaHHBIN KPUTEPUMN JOTKEH
OPUHATH IKCTPEMAJIbHOE 3HAUYCHHE (€r0 HY)KHO MaKCUMH3UPOBATH WIIU
MUHUMU3UPOBATH).

MHorokputepuraibHas 3ajaya OTJIMYAETCS OT OJHOKPUTEpPUATIbHOU
3a/1a4d ONITUMU3AIMNA HATMIHNEM HECKOIBKHUX IIEJIEBBIX (PYHKITUNA BMECTO

OJHOM.



IIpu HanMMUUM B MHOTOKPUTEPUAIIBHOM 3aJ1a4€ KPUTEPUEB C Pa3HOU
pPa3MEPHOCTHIO MCHOJB3YIOT HOpMaiu3anuio KputepueB. CrocoOsbl
HOPMaJIM3aIMU MPe/ICTaBIeHbI B Ta0m. 1.

Tao0mnuia 1

Hopmanuzanus MaremaTH4eCcKoe BhIPAKECHUE
Ceenenue x 0e3pasmMepHbIM BemuuaaM | f(x|y)/p ( f (x| y))
[puBenenne Kk omuoit pasmepuoctH | f(x|y)/a(y)
ple] plf (xly)] = pla()]ple]
CMeHa UHTpeINCHTA —f(x|y)

1/f(xly)
EcrectBennas Hopmasmsaus 4;(x|y) f (xly)—min(f (x|y))

max (f (x|y))-min(f (x1y))
Hopmanuzanus cpaBHEHHs fxly)/ m&x( f(xly))

X

Hopmanuzamus Casumka m&x( f(xly)) — f(xly)

X
Hopmanuzanus ocpeaHeHms fxly)/ Zyey f(x]y)

B nannoil Tabnuue y — snemMeHT npoctpancTtBa G, G — npocTpaH-
CTBO DJIEMEHTOB IIPOM3BOJIBHON IIPUPOJbLI, HA3bIBAEMBIX I[EIEBBIMU
TepMaMH (B KOHKPETHBIX HHTEPIIPETAIIUAX STO COBOKYITHOCTb, IEPEUCHD
WIIH HyMEpAIUs KaueCTBEHHBIX CBOMCTB) 2JIEMEHTOB X € X.

CBepTkol KOMIOHEHT MHOTOIIEIEBOro Tokasarens f € F Ha3biBa-
eTcs orobpaxkenue g € {F — R'}, koropoe mpeobpasyeT COBOKYIIHOCTb
KOMITOHEHT MHOTOIIEJICBOTO MTOKa3aTels f, COOTBETCTBYIOIINX IIEICBBIM
TepMaM Yy €Y , B cKaJspHBIA 1eneBoi mokazarens g[f(x|y)] =
glf (x|y),y € Y] € R OcHoBHBIE BUIBI CBEPTOK — IMHENHBIE, MUHH-
MH3AIMOHHBIE, MaKCMMH3aLMOHHBIE, Pou3BeacHus u (yHkunn Kob-

0a-Jlyriaca ciueayromero Buia




A

(g(f(x|y) = Zyey aOf (xly),
g(fxly) = minfa ()f (x1y) + BB

9(f (x1y)) = max[a(f (xly) + B

9(f*1y) = Myer a@f (xly),
L (f @) = [yerlaG)f (xIY)]FD)

[Ipobsiembl 00OCHOBaHUS CBEPTOK COCTABISIOT OCHOBHOE HaIpaBs-

JeHue Teopuu none3Hoctu. K HacrosimemMy BpeMeH:n chOopMyIupOBaHbI

OCHOBHBIE MTPUHIIUIIBI BHIOOPA THUIIA CBEPTKHU, IPUBEACHHBIE B TA0I. 2.

Tabmuna 2

[TpuHumn BeIOOpa

VY cioBrue onTUMAaaIbHOCTH

NomuuantHoctH R4°™ | f(x°|y) = f(x|y)vx € X

YacTHaHOM Y, Y f(x°y) = f(x|]y)VxeEXyeY,

JOMUHAHTHOCTHU

[Tapeto R4°o™ dx € X:{f(x]y) = f(x°|y)Vy e Y}n
N{3y° e Y:f(x°]y) > f(x°|y°)}

Crneiitepa dx € X: {f(x]y) = f(x°|y)Vy € Y}

CoOCTBEHHO dx € X: {f(x|y) = f(x°|y)Vy € Y}

apdexruBHOCTH [XKeppu

Fxly)—f(x°ly)
: <
M >0 fxly)=f(xlyn —
Vy €Y, Vx € {x € X: f(x|y) > f(x°|y)}
vy ' e{y €Y: f(xly) < f(x°|y)}

Hecob6cTBenHo
s dexruBHOCTH NKeppu

Ix € X: {f(x]y) = f(x°|y)Vy € Y}

AM > 0,3x € {x € X: f(x|y) > f(x°|y'")}
f(xlyrm)—f(x°|yrr) <M

f(xelyn—f(x|yn

vy'e{y €Y:f(xly) < f(x°|y)}

PaBencTBa f(x°ly") = f(x°|ly")vy,y' €y

CymmapHoit Zyer f(X°y) = XLyer f(x]y) VX € X

s pexTuBHOCTH

Hbura [lyer f(x°]y) = [1yer f(xly) VX € X
Kommpomucca Ja(y) € A: Lyey a(y)f (x°ly) = max a(y)f (x]y)
JIOMMHHPYIOLIETO max f(x°|y) = max f(x|y) Vx € X

pe3yJbTara ey Yy

["apanTHpOBaHHOTO min f(x°|y) = min f(x|]y)Vx € X

pe3yJbTara yev yEer

Haumenbiero f(x® =) <If(x=f")|vxeX




[TpuHn BIOOpA Y coBue ONTUMAIILHOCTH

YKIIOHCHHSI fF =" O0}yer
f7() =maxf(xly)vy €Y
A-KpUTEpHs xX° € Xpo:A° =maxiA|lX; =1

X, = {x € X: 4;(x|]2) = Avy e Y}

a-kputepus ['ypeuna

Ry (f)

o . ; (+0 (40
x° € X: [arjr}el;ll](x |y)+r)r}1g;cﬂ,(x Iy)] >

> [a min&;(xly) + (1 - @) max Aj(xly)] vx € X

Makcumyma GyHKIHH x° € X:H[f(x,)]| = H[f(x)]Vx € X
HEOTIPEIEIEHHOCTH

B 3agauax BwiOOpa pemieHus, (popManin3zyeMmbiXx B BHAEC MOJEIU
BEKTOPHOM ONTHMU3ALNU, IEPBBIM [IArOM CIIEAYET CUUTATh BBIICICHUE
o0JacT KOMIPOMHUCCOB (WM PpEIIeHUH, onTUMaidbHbIX 1o Ilapero).
Bekrop HazpiBaeTcs ontuMaibHbIM 1O [lapeTro pemienueM, eciim He Cy-
IIIECTBYET TAKOT0, YTO BBHIMONHSIIOTCS HepaBeHCTBa f (x|y) # f(x°|y) u
fxly) = f(x°|y)vy €Y.

O6nacTei0 KOMIPOMUCCOB ['x Ha3pIBaeTCsi MOAMHOMXECTBO JOIY-
CTUMOT'0 MHOKECTBA pelieHui X, 00Jaar01ero TeM CBOMCTBOM, UTO BCE
OpUHAJIeKAIIUE €My PELICHUS HEe MOTYT ObITh YIy4YIIEHBl OAHOBpE-
MEHHO MO BCEM JIOKaJIbHbIM KPUTEPUSIM — KOMIIOHEHTaM BEKTOpa 3(-
dbextuBHOCTU. ClieqOBATENIBHO, NI JIIOOBIX JIByX PEIICHUH, MpUHAIe-
xanmx obmactu [x(x',x"" € Tx) o6s3aTenbHO MMEET MECTO IPOTHBO-
peure XOTs Obl C OAHUM M3 JIOKAJIBbHBIX KPUTEPUEB. JTO MPUBOIUT K
HEO0OXOMMOCTH TPOBOJANTH BHIOOD pelieHust B ['x Ha OCHOBE HEKOTOPOU
CXEMBI KOMIIPOMUCCA, YTO U TOCIYKUJIO MPUYUHOMN ISl HA3BAHUS 3TOTO
MOJAMHOKECTBA 00JaCTbI0 KOMIPOMUCCOB. ONTUMAIILHOE PpEIICHHUE,
BBIOMpPaEMOE Ha OCHOBE MHOT'OKPUTEPUAIIBHOTO MTOAX0/1a HE3aBUCUMO OT
n30UpaeMoro MpUHIMIIA ONTHUMAJIbHOCTU, BCErJa JOJKHO MHpUHAJIe-
XKaThb 00JacCTH KOMIPOMHUCCOB. MHAue OHO MOXET OBITh YJIYYIIEHO H,
CJIeIOBATEIbHO, HE SABJSIETCS ONTUMAaIbHBIM. Takum oOpa3zoM, o0JacThb
KOMIIPOMHUCCOB €CTh 00JIaCTh MOTEHI[MAIbHO ONTUMAJIbHBIX KOMIIPO-
muccoB. OTCro/a clielyeT, YTO MpPU BBIOOPE PEIIEHUS MO0 BEKTOPHOMY
KpuTepuio 3(PGHEKTUBHOCTH MOXHO OTPAHUYUTH MOUCK ONTHUMAJIBLHOIO




penieHust 00J1acTei0 KOMIpoMuccoB ['x, KoTopas, Kak MpaBUIIO, 3HAYU-

TEIBHO yKe BCEl 00J1acTH BO3MOXXHBIX peleHuit X.
1.2. MeToabl MHOTOKPUTEPHUATIBLHON ONITUMHU3ALMH

IIpuHUMI cpaBeAIMBOr0 KOMIPOMHUCCA

[lycTh Bce NOKaJIbHBIE KPUTEPHH, 00PA3yIOIINE BEKTOP 3(PPEKTUB-
HOCTH, UMEIOT OJIMHAKOBYIO BaXXHOCTh. Cnpasednusvim OyaeM CUHUTATh
TaKOW KOMIIPOMHUCC, IIPU KOTOPOM OTHOCHUTENIbHBIN YPOBEHb CHUXKECHUS
Ka4yecTBa MO OJHOMY WJIM HECKOJbKHUM KPUTEPHUSM HE MPEBOCXOAUT OT-
HOCUTEJIBLHOT'O YPOBHS MOBBIINIECHUS Kau€CTBA MO OCTAJIbHBIM KPUTEPHUIM
(MEHbIIIE WK PaBEH). DTOMY MPUHIUANY MOXHO JIaTh CICAYIOUIYIO Ma-
TEeMaTU4eCKyl0 uHTeprnperaiuoo. [lycts B obmactu kommpomuccoB ['x
JaHbBI JBa PENICHM X' U X', KAYECTBO KOTOPBIX OLIEHMBAETCS KPUTEPH-
avu F; (x) u F,(x). Pemenue x' IpeBOCXOIUT pELIEHUE X 1O KPUTE-
puto F;, HO yctynaer no kputeputo F,. Heo0XoaumMo CpaBHUTH 3TU pe-
IIEHUs W BbIOpATh HAWUJY4YIIME HA OCHOBE MPUHIIUINA CIIPABEITUBOIO
KoMITpoMucca. {7 cpaBHEHUS pEeIIeHU BBEAEM MEPY OTHOCUTEIBHOTO
CHIDKCHHSI KauecTBa PEIICHUS IO KaXJIOMYy M3 KPUTEPHEB — IICHY

YCTYIIKHA X

X, = AF (x'x'") o = AF,(x'x'") (1.1)

maxx' x"F () 7% T maxx'x"Fy(x)’

rae AF; u AF, — a0CoMIOTHBIE CHM)KEHHUS YPOBHSI KPUTEPUEB TP Tie-
pexoze or pemieHus X' K pemenuo X' (s kpurepus F;) u npu obpart-
HOM mnepexojie (mysg kputepusi F, ). Eciin OTHOCHUTENbHOE CHUXKEHUE
kputepust F; Oonbuie, yuem kputepus F,, To cieayer oTAaTh Mpeamno-
YTEHHE PELICHHIO X . DTO CIEAyeT W3 CPaBHEHHS ILIEHBI YCTYIKH I10
KOKJOMY KPUTEPUIO.

AJITOpUTM pEIIEHUS 3a/1a4¥ BEKTOPHOW ONTHUMU3AIMNA, OCHOBAHHBIN
Ha TPUHLHUINE CIPABEIIMBOIO KOMIIPOMHMCCA, BKJIFOYAET CIEAYIOIINE
Iard.



[Ilar 0. Beioupaem x' u x'’' € Dx,

[lar 1. Bsruucasem mo ¢popmynam (1.1) x; u x,

Ilar 2. Ecam x; > X,, TO BEIOMpaeM X', MHa4e BEIOMpaeM X' .

[Ilar 3. Ecnm He CymecTBYeT BEKTOpa X€X MPEAIOYTUTENbHEE X WU
X,, TO pElIeHUe OCTaHABJIMBAETCS, MHAYe BHIOMpPAEM HOBBIU

BEKTOp X3 M MEPEXOINM K mmIary 1.

Mopnens ompeneneHus 00JIaCTH KOMIIPOMHCCOB, a TaK)Xe MOJENb
CIIPaBeUIMBOTO KOMITPOMHCCA WHBApPHAHTHBI K MacImTaldy H3MEpeHHs
KpuTepueB. Maes cnpaBeiinBOro KOMIpoMucca MoxeT ObITh OlpaBaaHa
B Clly4ae HOPMaJIM30BAaHHOI'O MPOCTPAHCTBA KPUTEPUEB, KOrAAa BCE JIO-
KaJIbHbIE KPUTEPUU UMEIOT CIMHBIA MaciTad u3MepeHus. boinbImHCTBO
OPUHITUTIOB HOPMAaJIM3allii OCHOBBIBACTCSI HA BBEJCHUU HJCAITBHOTO
pelIeHus], T. €. pelIeHus, 00JaJalolIero uaeaibHbIM BEKTOpOM 3 dek-
TUBHOCTU Fu. DTO uaeanbHOE PEIICHHME MOXKHO almpUOpHO IPEANoo-
KUTh UCXOIs M3 MH(popMammu 00 00bEKTe, a MOXKHO PEIIUTh 3aJady
ONTUMM3AINH ISl KAXJO0TO JTOKAJILHOT'O KPUTEPHUS U COOTBETCTBYIOIIEE
ATUM pENICHUSM 3HadeHHe BEeKTOpa 3(P(HEeKTUBHOCTU NMPUHATH 3a HJIe-
anbHbIA BekTOp APdextuBHOocTU Fu. Torga BIOOp ONTUMAIBLHOIO pe-
IICHUS CTAHOBUTCS PAaBHO3HAYHBIM HAWIYYIIEMYy HPUOIMKEHUIO K
3TOMY HacanbHoMy BekTopy Fu = (Fuq, -+ Fu,).

B sToM ciydae BMECTO ACHCTBUTENHHOIO 3HAYEHUS KPUTEPHUEB
paccMaTpUBAIOTCS UJIM UX OTKJIOHEHUE OT UCaTbHOT0 3HAUCHUS

dF; = Fu; — F; (1.2)

Jo
nJIIN UX 663p33MCpHOC OTHOCUTCJIIbBHOC 3HAYCHUC

F; = F;/Fu;. (1.3)



[Ipu pemieHun naHHOW 3aJla4M KCIOB3YIOTCS 00a criocoba HopMa-
nu3anuu. TakuM o0pa3oM, ycrenrHoe penieHrne npo0aeMbl HOpMain3a-
M1 BO MHOTOM 3aBHUCHUT OT TOTO, HACKOJIBKO TOYHO M OOBEKTHUBHO ya-
eTCsl ONpPEeNeNIuTh UacanbHOe KauecTBO pelieHus. [locie HopManuzanuu
KpuTepueB 3(PGHEKTUBHOCTU 3ajladya BbIOOpa pelIeHUs] MPUoOpeTaeT sic-
HBI MaTEMaTHYECKUM CMBICI. B T€OpeTHKO-MHOKECTBEHHOM OTHOIIIE-
HUM OHA CTAHOBUTCA 3aJadeil yHmopsIOYMBaHUS OrPAaHUYECHHBIX BEK-
TOPHBIX MHOXKECTB, a C TOUKHU 3PEHUS TCOPUU MPUOIMKEHUIN — 3a7adeit
NpUOJIM>KEHUS B METPUUECKOM KOHEYHOMEPHOM ITPOCTPAHCTBE. DTO JAET
BO3MOXXHOCTh TPOBOJAUTHL OOOCHOBAHHBIM BBIOOP MPUHIIMIIOB OITH-

MaJIbHOCTH U BBISBJISITH X JOTHYECKUM CMBICII.

Hpunuun caadoi ontumaabHocTH 1o Ilapeto

Bekrop x! € X HasbiBaeTcs cnabo onTuUManbHBIM 110 IlapeTo pe-
meHueM (ontuMmanbHbiM 1o CrelTepy), €clii He CYIIECTBYET BEKTOpa
x! € X takoro, uro f(x|y) = f(xl|y)vVy €Y.

[ycts x,i = 1---m ecThb ONTUMAJBHBIC PEIICHUS IS OOBIYHBIX
CKAISIPHBIX ONTHMHU3ALMOHHBIX 33J1a4, KaXJas U3 KOTOPbIX MaKCUMH-
supyet Kommonenty F;(x) sexropa F(x)

TgXxP}-(x) ,Jj=1--m. (1.4)

Ecii OHHM SBJISIOTCS MaKCUMAJbHBIMHM PEHICHUSAMHU IS KaXKIO0ro
3HAYEHHS j, TO CUYMTAEM, UYTO Fj(xf) > Fi(xj),i =1--m, roe xjo —
ONTUMaJIbHOE pereHue 3aaaun (1.4).

[Tomoxum, 4TO S]-O n300pakaeT MHOXKECTBO PEIICHUH, KaXXI0€ M3

KOTOPBIX COOTBCTCTBYCT KOMIIOHCHTY F y A

7 = {x|F (%) « (7)) + a5}, (1.5)



1€ aj IPEICTABIACT JOMYCTUMOE KOJMYECTBO OTPAaHUYEHHH COOTBET-
CTByIOLIEH o0nacTu mo oTtHoweHuto K Fj. Torga onrtumanbHOe nocTa-
TOYHOE PEUIEHHWE 3TO TAKOE PEIICHUE, MPU KOTOPOM MHUHHMAJbHbBIN
KOMITOHEHT (HAUXYAIINI KOMIIOHEHT) MAKCUMHU3UPYETCI HA MHOXKECTBE,
YIOBJIETBOPSIIOIIEM JOCTATOYHOMY YCIOBHIO X € X M X € SY X 59 X

-+ X §2 . OHO MOXKET OBITh CHOPMYIIUPOBAHO KaK

max z, (1.6)
X,z

npu ycnosusx Fi(x) = z; Fi(x) = F}-(xf) —aji=1--m;x€X.
3nech 3amava (1.6) HepaspemnMa, €Civ @; HE HACTOJNBKO BEIUKO,
YTO IIEPECEUCHHE {Sjo} HeImycTo. BenuuuHbl a; N0MKHBI OBITH ONpesie-
NeHbl Ha OcHOBe 3HaudeHui Fj(x°) wiu ananusa To4HOCTH. MOXKHO 110-
Ka3aTh, YTO ONTHMalIbHOEe perienne 3agaun (1.6) ects omrmManbHOE

pewrenue no Ilapero.
AJITOPUTM pENIECHUS 3a7a4u UMEET CIEAYIOIIHNE IIary.

[ar 1. Tlomaraem [ =1 u pemaeM 3agadyy maxz TpuU YCIOBHUSIX
X

Fi(x) 2z, Fi(x) =2 P}-(xjo) —aj,i=1-m;x€X.
Brei3biBaeM HMCXOJHOE pEIICHHE X; U OILICHUBAeM IIEJIEBYIO
dynxumio F(xq).

Iar 2. Korpga x; 3agaHo, packiagsiBaeM F(x;) Ha yIOBIETBOPUTEIb-
HbI€ U HEYJOBJIETBOPUTEIIbHbIE KOMIOHEHTh. O003HAUUM UX
COOTBETCTBEHHO depe3 S; u S;. Eciu S; = @, To sTa 3amaya
cunTaercs Hepaspemmmon. Ecim S§; # @, To x; — ONTHMAIIb-
HOE, OTBeUarollee TpeOoBaHUsIM pelieHue. Eciau S#0Qu S1 #
@, To mua j € S; onpenenserca a;; > 0, OMyCTEMOE MO OTHO-

menuto K F;(x) (paBenctso a;; = 0 03Hayaer, uTo -A LejeBast

¢ynkuus fj(x) He MOXKET NPUHUMATH 3HAYEHHE, OTIUYHOE OT

fj(xl))-



Ilar 3. Pemaem 3agady maxz npu ycnosusx Fi(x) €z,j€S ;

Fi(x) = P}-(xf) —a;,j €S, x €X.

Bri3piBaeM ncxomHoe perienue x;.1. Eciom X344 = X, TO 3a71aua
OylneT Hepa3penuMMon; MpU 3TOM AJITOPUTM 3aKaHYMBAETCH.
Ecmm x;44 # x;, T0o momaraem [ =1+ 1 u Bo3BpamaemMcs K
mary 2.

IIpuHun npudJM:KEeHUS MO BCEeM JIOKAJbHBIM KPHUTEPHUSIM K
UACATbHOMY pPeLICHHIO

B 0CHOBY TaHHOrO MOJAX0/1a MOJIOXKEHA Uesl TPUOINAKEHHUS IO BCEM
KPUTEPUSIM. IIyctp JTaHa 3ajava MHOTOKPUTEPUAITBHOT O

IIPOrpaMMUPOBAHHUSA

max{f; (x) = F},
max{f,(x) = F,},

max{fi(x) = F}, x € X, (1.7)
IIPH OTPaHUYEHHSIX
Aq1X1 + AqpXy + -+ + AgnXy = Bo (@ =1-1), (1.8)
Artp1X1 T ApipoXo t o+ ArypnXn = ,87”+B
B=1-m-r), (1.9)
X1 > O,Xz = O, Xn > 0. (110)

Cpenu pemenunii cucteMsl (1.7)-(1.10) TpeOyercs OTBICKATh TaKoe
3HavyeHue BekTopa x* = (Xi,X5,**,X5), IPH KOTOPOM JIOKAJIbHbIE KpPH-
TEpHH MPUMYT 0 BO3MOKHOCTH MaKCHMallbHOe (MHHHUMAlbHOE) 3Ha-
YeHHEe OTHOBPEMEHHO.

PaccMOTpUM Kaxayro OTAelbHYI0 QYHKINIO f;(X) U JOIMyCTUM, YTO
IS KaKI0ro (pUKCHMpPOBaHHOTO [ = 1 -+ m pelieHa 3aada MaKCHMH3a-



OHuH. HYCTL COOTBCTCTBYIOIIUC OIITUMAJIBHBIC IIJIAHBI XdPAKTCPU3YHOTCA

BEKTOPAMHU
x{ = (x9,x9,-,x8),i =1--m. (1.11)

Ha »Tux onTumanbHBIX IJIaHAX OoIpcACiInM 3HAYCHUS KPUTCPHCB

COOTBCTCTBCHHO
F = (R, F(R), - (), i=1m,  (L12)

EcrectBeHHO, uTo BekTOpHI (1.11), onpeaensitoniyue BEKTOPbl TOUKH B
IPOCTPAHCTBE MEPEMEHHBIX (Xq,Xy, **,X,) € Q, OyAyT pa3HBIMHU: HE-
KOTOPBIE U3 HUX MOTYT COBIAAATh JAPYT C APYTOM.

Paccmotpum Bekrop F(x) ¢ kommonentamu F(x)|FP u3 (1.11) u co

CTaBUM KBaJpaT €BKJINJI0BON HOPMBI
R(x) = |IF (x) — F°I%, (1.13)

BekTopa F(x) — F°, onpeneneHHOro ajs Bcex X € ().

3ameruM, uto F° OyaeT nmpeacTaBisaTh cOOOH €TUHUYHBIA BEKTOP B
npoctpadcTBe Bekropa F(x). Ha3oBeM ero wuiacalbHBIM 3HAYCHHEM
BekTopa F (x). IlocraBiennas 3amada tenepb GOPMyIHPYETCs Tak: JaHa
cuctema I1eneBbix GyHknmi (1.7) u gansl yenosus 3amgaun (1.8)-(1.10).
TpeOyercs onpenenuts TOUKy X € £, B Kotopoi ¢pyHkuus R(x) mocru-
racT MUHUMYMa.

Takum 00pa3oM, OThICKAHHE BEKTOPHO-ONTUMATIBHOIO MiaHa X € ()
B JJAHHOM 3ajladye CBeJCHO K onTumu3auuu BoipakeHus (1.13) na permie-
HUSAX cHCTeMbl JHHEHHBIX HepaBeHCTB (1.8)-(1.10). ITockonbKky BbIpa-
xenne (1.13) mpencraBisier co0Oil KBaJApaTUUYHYIO (DYHKIHIO Iepe-
MEHHBIX Xq,Xq, ", Xy, TO 3aJlada OTHICKAHUS BEKTOPHO-OINTHMAIBHOI'O

IJ1ada CBCJIACh K 3a1a4C BBIITYKIIOIO IIPOIrpaMMHUPOBAHUA.



3anmana Beinykiaas GyHkius R(x), onpenencHHas HA MHOKECTBE X €
Q. TpeOyercst oThICKaTh TOYKY X € (), 00€CIEeYMBAIOIIYIO BBIMOJIHCHUC
ycaoBust R(x*) = min R(x), x € Q.

Takum oOpa3om, anroputm perieHus 3agaun (1.7)-(1.10) cocrouT u3
IBYX OCHOBHBIX TAIlOB:

Oran 1. max F;(x),i =1---m.
Oram 2. min R(x).

MeToa KBa3MONTUMHU3ANUN JOKAJIbHBIX KpUTEpUeB (MeToa Mo-
CJIeI0BATEJIbHBIX YCTYIOK)

B maHHOM citydae OCYIIECTBIISIETCS TOMCK HE €IMHCTBEHHOT'O OII-
TUMYMa, @ HEKOTOPOH 00J1acTH pelieHu, OIM3KUX K ONTUMAIBHOMY, —
KBa3UONTUMAJILHOIO MHOXeCTBA. [Ipu 3TOM ypoBE€HBb JONMYCTUMOIO OT-
KJIOHEHUST OT TOYHOI'O ONTHMYyMa OIPEAENSCTCS C YYETOM TOYHOCTH
MOCTAHOBKM 3aJlauyd (Hampumep, B 3aBUCHUMOCTH OT TOYHOCTHU BBIYHKC-
JICHUSI BEJIMYMHBI KPUTEPUEB), & TAKIKE HEKOTOPHIX MPAKTUYECKUX CO-
oOpakenuil (HarpuMep, TpeOOBaHUN TOUHOCTH PEIICHUS 3a]]a4u ).

BHavanme npou3BOIUTCS KAaYE€CTBEHHBIM AaHaIW3 OTHOCUTEIIBHOU
BAXHOCTH KPUTEPUEB; HA OCHOBAHUHU TAKOI'0 aHaJIM3a KPUTEPUH PaCIIO-
JaraloTcsi U HYMEpYIOTCSL B TMOpAJIKE YObIBaHUSI Ba)XXHOCTH, TaK YTO
[JIaBHBIM CUYUTAETCS KpuTepui F;, mMeHee BaxkeH F,, 3aTeM cCleayroT
OCTaJIbHBIE JIOKaJbHBIE KpuTepuun Fs, F,, ..., E, . Makcumusupyercs
NEpBbIA MO BaXXHOCTU KpUTepuil F; U ompenensieTcs ero Hauboibliee
3HaueHue M; . 3aTeM Ha3HA4aeTcsd JONYCTUMOE CHUXEHHUE (YCTYIIKa)
d, = 0 kpurepus F;. OnpenenuMm HOBYIO gomyctumyro oOmacts X (1)
Kak 1mojaoosacts X BUIA

X(1) = X, {x|F,(x) = My — dy}. (1.14)

Takon MOIXOJ MO3BOJISIET CY3WUTh MEPBOHAYAIBHYIO JIOIMYCTUMYO

o0nacTe X, KOrja nepexoauM K CIeAYIIIEMY 110 BAXKHOCTH KPUTEPHIO.



[Tocne sroro HaxoauMm HaubOoJblIee 3HaYeHHe M, BTOPOro KpuTe-
pust F, va muoxecte X (1), T. €. Ipd yCIOBHH, YTO 3HAYCHHE ITEPBOTrO
KpUTEpUsl TOKHO ObITh HE MeHbIle, ueM M; — d,. CHOBa Ha3Ha4aeTcs
3Ha4YeHUE yCTYNK#u d, = 0, HO yXe MO BTOPOMY KPUTEPHIO, KOTOPOE
BMECTE C MEPBBIM HUCIOJb3YETCS MPU HAXOXKIECHUU YCIOBHOTO MaKCH-
MyMa TPEThEero Kputepus, u T. 1. HakoHel, MaKCUMU3UPYETCs MOCE/I-
HUM T10 BAXHOCTU KputTepuul F, npu ycrnoBUHM, YTO 3HAUYCHUE KAXKIOTO
kputepus F. u3 m — 1 npeapaymux A0JDKHO OBITh HE MEHBINE COOT-
BETCTBYIOIIEH BeMWYUHBI M, — d,.; TIOly4yaeMble CTPAaTEeTHU CUUTAIOTCS

ONTHMAaJIbHBIMH
X)) =X —1Dp{x|F;(x) = M; —d;}. (1.14)

Takum 00pa3zoMm, ONTUMAIBHON CUMTAETCSI CTPATETHs, SABISIOIIASICS

peUICHUCM HOCJ'IC,Z[HCI\/'I 3aJady U3 I1OoCJIICA0BAaTCIIbHOCTHU 3a1a4

1) maiitu M; = sup F;(x),x € X ;
sup F,(x),x € X;

2) HaiitTu M,
m) naittu M,,, = sup F,,(x), x € X. (1.15)

Ecmu kputepuit F,, Ha MHOXECTBE CTpPaTETHi, yAOBJIETBOPSIONINX
orpanndenusM 3amadd (m) us (1.15), He mocTuraer cBOEero HambOIIb-
mero 3HadeHuss Mm, To pelneHueM MHOTOKPUTEPUAIBHON 3aJauu CUU-
TAIOT MAaKCHMM3HPYIOMIYIO IIOCIEIOBATEIILHOCTh {X}} M3 IOCIeIOBa-
TE€JILHOCTH MHOXECTB X,,_1 C X;j_» C - C X; C X.

3HaueHus yCTynok d;, i = 1:--m mocneaoBaTeabHO Ha3HAYAIOTCS
IPU U3YUYCHUHU B3aUMOCBSI3M YaCTHBIX KPUTEPHECB.

Bnayane peiiaercsi BOIpOC 0 HA3HAUYECHUU JOMYCTUMOIO0 CHUXKEHUS
d, MepBOro Kpurepusi OT HauOoiblliero 3HadyeHus M; . 3amarT He-
CKOJIbKO BEIMYUH YCTYNOK dqq, dyq, d31,... U MIYTEM PEUICHUS 3aJauu
(1.15) ompenensitOT COOTBETCTBYIOIIME MAaKCHMaJIbHbIC 3HAUYCHUS



M,(d{1), M;(d»q1), M,(d3q),... BTOpOro kpurepus. Jlamee paccMarpu-
BalOT napy kputepueB F, u F;. BHOBb Ha3zHayalOT MPOOHBIE 3HAUYCHUS
ycTynok dq,, d,5 ,dsz, ,... M OTBICKUBAIOT HAMOOJBIINE 3HAYCHUS
M;(dy,), M3(dy), M3(ds,),... TlonmydeHnHsle AaHHBIE aHAIU3HUPYIOT,
Ha3HayvaroT d,, NEPEXOAT K CIeayroIen nape kputepues F, u F3 U T. 1.
Haxkomnern, B pe3ynbTaTe aHaIN3a B3aUMHOTO BIIUSIHUS KpUTEpUEB Fy,, 1 U
F,,, BBIOMpAIOT 3HAUCHHE TMOCICIHEH YCTYNKH d,,_1 U OTBICKMBAIOT OII-
TUMajbHBIC cTpareruu, perras 3agady (m)us (1.15) (0ObluHO Orpanu-
YUBAIOTCS HAXOXKJIECHUEM OJHOM TaKOW CTPaTErvH).

JIist pernieHrsi MHOTOKPUTEPUATIBHON 3a/1aud HYKHO TaK PaHXKUPO-
BaTh KPUTEPUM, UYTOObI MOTOM yj00Hee ObLIO BHIOMPATH 3HAUYCHUS
YCTYIIOK.

VY 100HBIM SBIISETCS CIy4Yail, KOT/Ia B pe3yJIbTaTe MPEIBAPUTEIIHLHOTO
aHaliM3a MHOTOKPUTEPHUAIbHON 3a/laud BBIACHSETCS, YTO MOXHO JIOIY-
CTUTh YCTYIKH JIMIIb B MpeJenax «MHxKeHepHon» TouHocTH (5-10 % ot

HauOOJIBIICH BEIUUUHBI KPUTEPHS).

MeToa cBepThIBAHUS BEKTOPHOI0 KPHUTEPUA B CKAJSAPHBIH
KpUTepui

OaHUM U3 PacHpOCTPAaHEHHBIX METOAOB PEUICHUS MHOTOKPUTEPH-
aJbHBIX 337144 SIBJISETCS METOJI CBEJICHUSI MHOIOKPUTEPHUAIIBHOM 3aa4u K
OHOKPUTEPHUAIIBHON MyTEM CBEPTHIBAHUS BEKTOPHOTO KPUTEPHUS B CKa-
nsapHbIA. [Ipy 3TOM KaXXIpld KPUTEPUM YMHOMKAETCA HA COOTBETCTBYIO-

i eMy BecoBOM K03 duiinenT (ko3 PUIUEHT Ba)KHOCTH )
d(x) =i a;F;i(x),a; =2 0. (1.16)

[Ipy 3TOM BO3HUKAIOT TPYAHOCTH C MPABWIHHBIM MOAOOPOM BECO-
BbIX Kod(uimeHToB «;. CyIecTByIOT pa3MYHbIe CIOCOOBI BBIOOpa
kod(dpunmeHToB . OMMH U3 HUX — Ha3HAYCHHUE & B 3aBUCHMOCTH OT
OTHOCHTEIHLHONW BaXXHOCTH KpHUTEpHEB. JIOMKHO BBITTOTHATHCS YCIOBUE

HOPMHUPOBKH ), a; = 1.



2. TIPAKTUYECKAS YACTb

3amaya 1. PemmTh ONTUMHU3aMOHHYIO 3a]1a9y
f1(X) = 43x4 + 12x, - max

f2(X) =10x; — 5x, » min

x1+xp, > 50

X1 —%x2>0

x1>0,x,>0

3ajgaua 2. PemiuTh ONTUMU3AIMOHHYIO 3a]1a4y
f1(X) =90x; + 54x, > max

f2(X) = 25x1 — 34x, » min

X1+ xp > 25

X1 — Xy <12

x1>0,x,>0

3amaya 3. PemmTh ONTUMHU3ALMOHHYIO 3a]1a9y
f1(X) = 554x; + 643x, - max

f2(X) =765x; —432x, > min

X1+ x5 > 280

X1 — Xy > 125

x1>0,x,>0

3ajgaua 4. PemiuTh ONTUMU3AIMOHHYIO 3a]1a49y
f1(X) = 34x; + 87x, » max

f2(X) =16x; — 32xy > min

X1 +xp, > 23

X1 —X2 <5

x1>0,x,>0

3ajgaua 5. PemuTh ONTUMU3AIMOHHYIO 3a]1a4y



f1(X) = 32x; + 6x, » max
f2(X) =56x1 —52x, » min
X1 +xp, > 20

X1 — Xy <12

x1>0,x,>0

3ajgaua 6. PemiuTh ONTUMU3AIMOHHYIO 3a]1a4y
f1(X) = 432x; + 764x, » max

f2(X) =542x41 — 232x, —» min

X1 +xp > 324

X1 — Xy < 127

x1>0,x,>0

3amaya 7. PemmTh ONTUMHU3AMOHHYIO 3a]1a4y
f1(X) =322x; + 46x, »> max

f2(X) =132x4 — 543x; —» min

X1 +xp, > 234

X1 — X < 167

x1>0,x,>0

3. KOHTPOJIBHBIE BOITPOCHI

1. B dem cyth onTumu3zaiuu no npuniuny [Tapero?

2. Uto Takoe CKAJSIPHBIM KPUTEPHUI, U KaKuM 0Opa3oM B HEro
MOYHO CBEPHYTb BEKTOPHBIN KPUTEPHUI?

3. UTo Takoe MeTo]] MOCIeI0BATEIbHBIX YCTYIOK?

4. B yeM COCTOMT NMPUHIMI MPUOTMKEHHUS MO BCEM JIOKAJIbHBIM
KPUTEPUSIM K HJI€aTbHOMY PEIICHUIO?

5. UYrto Takoe mpuHUMN cinaboit ontumanbHocTH o [lapeTo?

6. B dem 3axmrouaeTcst NIPUHITUIT CIIPABETMBOIO KOMITpoMucca?
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HpakTtuyeckoe 3anaTue Ne7. OueHMBaHUEe CJIO0KHBIX CUCTEM Ha
OCHOBE TE€OPHH I0JIE3HOCTH

Ieap 3aHATHA: U3YYECHUE OCHOBHBIX IIOJIOKEHUN TEOPUU IOJIE3-
HOCTH Y MPUOOPETEHHE MPAKTUYECKUX HABBIKOB OLIEHUBAHUS CIOMKHBIX
CUCTEM B YCIOBHSAX PUCKA Ha OCHOBE (DYHKIIMU MOJIE3HOCTH.

AKTYaJlbHOCTb TEMbI 3aHATHA: TEOPUA IOJIE3HOCTH LIUPOKO
NPUMEHSETCA MPU AHAJIN3E CUCTEM B YCIOBHUSX JEUCTBUS CIyYaWHBIX
(aKTOpPOB KaK OCHOBA JJIS NMPUHSATHUS pelieHuil. Bnagenue 3Toil TexHO-

JIOTHEN 0053aTeNbHO s CIEUUAINCTa B 00JIaCTH aBTOMATU3ALIMH.
1. TEOPETUYECKASA YACTb

Omepaluy, BBIMOIHAEMbIC B YCIOBHSIX PHCKA, HA3bIBAIOTCS BEPO-
ATHOCTHBIMHM. OJHO3HAYHOCTH COOTBETCTBHS MEKIY CHUCTEMaMH U FWC-
XOZaMH B BEPOSTHOCTHBIX OIEpAIMAX HAPYyMIACTCS. ITO O3HAYACT, YTO
KaXkJ10# cucTeMe (albTepHATHBE) A CTABUTCSA B COOTBETCTBUE HE OJHH, a
MHO>KECTBO HCXOJOB {y;} C M3BECTHBIMH YCIIOBHBIMH BEPOSTHOCTSIMH
nosiBieHust p(yila;). OueBuaHO, OIEHHMBATH CHUCTEMBI B OIEPAIMIX

JAaHHOI'O THUIIA TaK, KaK B ICTCPMHUHUPOBAHHBIX OIICPAIUAX, HCIIb34.

Ilpumep. HM3-3a ocparuuenHOl HAOEHCHOCMU CcemeBoco 000py0o-
BaHUsL 8peMsL nepedayll COOOWEHUsL MOJNCem MEHAMbCA CYYAUHBIM 00-
PA30M NO U36ECHHOMY 3AKOH).

Db (HEKTUBHOCTh CHCTEM B BEPOSTHOCTHBIX ONEPAIlUAX HAXOIUTCS
yepe3 MaTeMAaTHYECKOEe OXKHAaHue (YHKIMU MTOJE3HOCTH Ha MHOKCCTBE
ucxonoB K(a) = M,[F(y)]. Ilpu ucxomax y,{k~1---m} ¢ mumckper-
HBIMU 3HAYEHUSAMH ITOKa3aTeNlei, KaXIblii M3 KOTOPBIX IOSABJISACTCS C
YCIOBHOM BeposTHOCThIO P(Yi|a;) n umeer monesnocts F(yy), BBIpa-
JKEHUE JUIA ONMpE/eeHUsT MaTeMaTHYECKOro OKUIAaHUS (PYHKIIUU I10-

JIC3HOCTH 3alIMChIBACTCA B BUJIC



K(a;) = XieipQrla)F(yg), i =1-n. (1.1)

N3 Beipaxenus (1.1) kak 4acTHBIM clydaid MOKET OBITH MOJy4YEeHA
olieHKa 3(PEKTUBHOCTU CHUCTEM JJIsl JETEPMUHUPOBAHHBIX OIEpaIni,
€CJIUM TIPUHSTh, YTO UCXOJl, COOTBETCTBYIOIIMN CHUCTEME, HACTYMHAET C
BEPOSITHOCTHIO, PaBHOW E€AMHHUIIE, & BEPOATHOCTH OCTAJbHBIX MCXOJOB
paBHBI HYJIIO. YCIIOBUS OLEHKH CHUCTEM B Cilyd4ae, KOTJa IMOKa3aTeld
MCXO0/1a BEPOSATHOCTHOM OIEpalvu SIBIAIOTCS TUCKPETHBIMH BEJIMYHUHA-

MU, yI00HO 3a1aBaTh Ta0an4yHO (Taba. 1).

Tabmuna 7

a; Vi p(yila;) F(yi) K(a;)

a; V1 p(yila;) F(y1)
V2 p(y2lay) F(y,)
Vi p(yilay) F(y)

a; V1 p(yilayz) F(y1)
Y2 p(yzla,) F(y,)
Vi p(yilaz) F(y)

Am V1 p(yilam) F(y1)
Y2 p(yzlam) F(y,)
Vi p(yilam) F(y)

[Ipu ncxomax ¢ HENPEpPbIBHBIMU 3HAYCHUSAMHU IMOKA3aTEIEW Mmare-

MAaTH4YCCKOC OXUNJaHUEC CbYHKI.[PIH IMOJIC3HOCTH OIIPCACIIACTCS KAK

K(a) = [, fladF () dy,

rae f(yla;) — mIoTHOCTE BEpOATHOCTEH MCXOMOB; R — momycThMast
00JIaCTh BEKTOPHOI'O IIPOCTPAHCTBA HCXO/IOB.




Jlist oueHku 3P(HEKTUBHOCTU CUCTEM B BEPOSITHOCTHOM Omepaluu
HEO0OXO0IUMO:

® ONpPENEIIUTh UCXOBI ONEPALIUU 10 KAXKIO0N CUCTEME;

® TMOCTPOUTH (PYHKIIHIO MOJE3HOCTH HA MHOXKECTBE MCXOOB OIle-
panuu;

® HAUTHU PACHPEACIIEHHE BEPOSATHOCTEM HA MHOMKECTBE HMCXOJIOB
ornepanuu;

® paccuuMTaTh MaTeMaTUUYeCKOe OXHUJaHWE (PYHKIIUU IMOJE3HOCTH
HAa MHOYKECTBE MCXOA0B OINEpALUU ISl KaXKJI0U CUCTEMBI.

Kputepuii onTUManbHOCTH Uil BEPOATHOCTHBIX ONEpALlMid MMEET

BHJ

K(a;) = max My [F)],i=1--m.

B coorBercTBUM € 3TUM KpPUTEPUEM ONTUMAIBHOM CUCTEMOW B
YCIIOBUSIX PHUCKA CUMTAETCSI CHUCTEMA C MAKCHMaJbHBIM 3HAYCHHEM Ma-
TEMaTUUYECKOr0 OXHUJaHUsS (QYHKIIMHU MOJIE3HOCTH HAa MHOXKECTBE MCXO-
ZIOB OIIEPALMH.

OneHka cHUCTEM B YCIOBHUSAX BEPOSITHOCTHOM ONEpallud — 3TO
OLICHKA «B CpPEOHEM)», MOITOMY €M NPUCYIIA BCE HEIOCTATKU TAKOTO
NOAXO0/Q, TJIABHBIM U3 KOTOPBIX 3aKIIOYAETCA B TOM, YTO HE MCKIIOYEH
ciiy4yail BbIOOpa HEONTUMAJIbHON CUCTEMBI JJI1 KOHKPETHOM peau3aiuu
onepaunu. OIHaKO ecau onepanus OyJeT MHOTOKPAaTHO IIOBTOPSATHCS, TO
ONTUMAaJIbHAS B CPETHEM CUCTEMA IPUBEIET K HAMOOIBLIEMY yCIIEXY.

CBeneHne 3aayM OLIEHKM CUCTEM K BEPOSTHOCTHOM ITOCTAHOBKE
OPUMEHHUMO JUIsl Ollepalvi, UMEIOINUX MACCOBBIA XapakKTep, s KOTO-
PBIX UMEETCSI BO3MOXKHOCTb OIPEIEINTh OObEKTUBHBIEC MOKA3aTENN HC-
XOJI0B, BEPOSITHOCTHBIE XapaKTEPUCTUKHU MO MapaMeTpaM OOCTAaHOBKHU U
3aKOHBI PACHPENCIICHUS BEPOATHOCTEH HA MHOXECTBE MCXOJIOB OIlepa-
1105078

PaccmoTpum npuMep OoneHKA 3(PPEKTUBHOCTH CUCTEM B BEPOAT-
HOCTHBIX OIlEPALUAX 110 IPUBEICHHOMY KPUTEPUIO.



Ipumep 1. Oyenxa sapuanmos Koughueypayuu 2emepo2eHHou io-

KANbHOU BbIYUCAUMETIbHOU Cemu 061/14620 noJib306AHUAL. Hccvze@yemaﬂ

onepayus — obOMmen COO6W€HU)ZML! Me.?f(,’dy noJjivzoeamesiimu, cucmnmemda

— 6ApuUaAHmbsl pasmeuiernusl cemesoco 060py606aHu;1, nokKasamejb UuUc-

xXo0a onepayuu — YuUcCi0 nepeoaHHvlx coodueHull Ny, (OUCKpemuas ee-

auyuna). Yucnosvle danuwvie 015 oyeHKU npusedervl 8 maoil. 2.

Tabmuna 2

a; Ny p(ngla;) | F(ny) K(a;)

Bapuant 1 | 60 0,3 0,8 0,51
40 0,5 0,5
20 0,2 0,1

Bapuant 2 | 60 0,25 0,8 0,515
40 0,60 0,5
20 0,15 0,1

Pacuem noxazameneti u oyenxa s3¢pgpekmusHocmu no Kpumepuro

HPBGOC)CO@CI’HGCI nokKasvlearom, 4mo 6 Kkadvecmee ONMUMATIbHOU CUCTEMbL

00.J19iceH Obimb NPUSHAH 8APUAHM 2 KOHDueypayuu cemu

K(a;)=03x%x08+05x%x05+0,2x%x0,1=0,51;
K(a,)=0,25x%x0,8+ 0,6 x0,5+ 0,15 x 0,1 = 0,515;
K,,; = max K(a) =K(a,) = 0,515.

Kpome ontummzanum «B CpeIHEM» B BEPOSATHOCTHBIX OIEPALUSIX

VICTIOJIB3YIOTCA U IPYTUE KPUTEPUU OLIEHKU CUCTEM:

MaKCHUMYyM BEPOSITHOCTH CIIy4alHOT'0 COOBITHS;

MaKCUMyM CTEIICHH BEPOSTHOCTHON TapaHTUU JTOCTHXKEHUS pe-
3yJlbTaTa HE HUKE TPeOyeMoro ypoBHS;

MUHUMYM CpEIHEro KBajpaTa YKIOHEHHS pe3ysbTara OT Tpe-
Oyemoro;

MUHHUMYM JTUCIIEPCUU PE3YIIbTATa;

MAaKCUMYM BCPOATHOCTHO-TAPAHTUPOBAHHOI'O PC3YyJIbTAaTa,



® MUHUMYM cpeniHero (0alecoBCKOro) pucka (MUHUMYM CPEIHUX
OTEPB).
PaccMoTpenue 3TUX KpUTEPUEB COCTABISET OJMH U3 Pa3lEiIOB TEO-

PUU IPUHATHUS PELLICHUN.

2. IPAKTUYECKASA YACTD

I[J'IH NpeACTAaBIICHHBIX HWXKXC BAPUAHTOB PACCUUTATH IMOKA34ATCIU U

O CHKY 3(1)(1)6KTI/IBHOCTI/I ITO KPUTCPHUIO ITPEBOCXOACTBA.

3agaua 1

a; Ny p(nila;) F(ny)

Bapuanr 1 85 0,5 0,3
65 0,25 0,7
45 0,25 0,2

BapuanT 2 85 0,65 0,2
65 0,25 0,45
45 0,1 0,6

BapuanT 2 85 0,4 0,15
65 0,35 0,65
45 0,25 0,2

3agaua 2

a; N p(nla;) F(ny)

BapuanT 1 120 0,7 0,6
80 0,1 0,6
60 0,2 0,3

BapuanT 2 120 0,5 0,4
80 0,3 0,45
60 0,2 0,4

BapuanT 2 120 0,8 0,35
80 0,05 0,5
60 0,15 0,3




3agaua 3

a; Ny p(ngla;) F(ny)
BapuanT 1 60 0,4 0,15
50 0,1 0,65
40 0,5 0,2
BapuanT 2 60 0,2 0,6
50 0,3 0,6
40 0,5 0,3
Bapuant 2 60 0,6 0,2
50 0,15 0,45
40 0,25 0,6
3agava 4
a; My p(nila;) F(ny)
BapuanT 1 60 0,4 0,4
50 0,1 0,45
40 0,5 0,4
BapuanT 2 60 0,65 0,6
50 0,25 0,6
40 0,1 0,3
Bapuant 2 60 0,8 0,2
50 0,05 0,45
40 0,15 0,6
3agaua 5
a; Ny p(nyla;) F(ny)
Bapuanr 1 85 0,65 0,3
65 0,25 0,7
45 0,1 0,2
BapuanT 2 85 0,4 0,2
65 0,1 0,45
45 0,5 0,6
BapuanT 2 85 0,5 0,15
65 0,25 0,65
45 0,25 0,2

3. KOHTPOJIBHBIE BOITPOCHI

1. JIns Kakux 1esieid MpoOBOJUTCS OLEHKA CIIO0KHBIX CUCTEM?

2. KaxoBBI OCHOBHEBIE dTaIIbI OLI€CHUBAHUA CIIOKHBIX cucrem?




3. Kakoii Bug uMeeT KpUuTepuii ONTUMAIbHOCTH ?

4. Yto Takoe pyHKUHS OIE3HOCTH?

5. Kak ocymiectisiercst omeHKa CI0XKHBIX CHUCTEM B YCIOBHUSIX
pUCKa HA OCHOBE ()YHKIIMU MOJIE3HOCTH?

6. Kakum oOpa3zom ormpenensercs MaTeMaTUueCKOe OKHUIaHUE TIPU

MCXO0/IaX C HENPEPbIBHBIMU 3HAUYCHUSIMU TTOKA3ATEIIEN ?
JINTEPATYPA

1. Kasues B.M. BBenenue B ananus, CUHTE3 U MOJIEIUPOBAHUE CH-
CTeM. — OJIEKTPOH. TEeKCT. JaH. — M. : HrepHer-YHuBepcuret MH-
dbopmanmonnsix Texnonmorui (MHTYWUT), 2016. — Pexum noctyna :
http ://www.iprbookshop.ru/52188. — 3BC «IPRbooksy, mo napoiro.

2. Teopus nabOpPMAIIMOHHBIX MPOIIECCOB M cUcTeM : YueOHuk / Ilon

pen. b.A. CoseroBa. — M. : Akaaemus, 2011.
3. Cmonenue B.II. Ynpainenue cucteMamMyd U MpOLIECCAMHU
Vyebnuk. — M. : Axkagemus, 2010.
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IpakTuyeckoe 3anaTue Ne8. OuneHUBaHHE CJO0KHBIX CHCTEM B
YCJIOBHUAX HEOIPeAeJIeHHOCTH

IeJapb 3aHATHA: U3YYECHUE OCHOBHBIX IT0OJI0KEHUN TEOPUU IIPUSHTHUS
PELIEHUN B YCIOBUAX HEONPEIEIECHHOCTH.

AKTYaJIbHOCTHh TeMbI 3aHATHUSA: TEOPUs NPUSHTUSA PELICHUN IIU-
POKO IIPUMEHSIETCS IIPU aHAJIU3€ CUCTEM B YCIIOBUAX HEOIIPEAEICHHOCTH.
Brnanenne merononuedl NpUHATHS YNPABIECHYECKUX PEIICHUN 00s13a-
TEJIBHO JJIs CIIELUATIMCTa B 00JaCTH aBTOMATH3aLUU.

1. TEOPETHYECKASA YACTD

Cnenuduyeckrue UYEpThl OPraHU3AIMOHHO-TEXHUYECKUX CHCTEM
4acTo HE MO3BOJISIIOT CBECTH ONEPALUU, TPOBOJAUMBIE dTUMU CUCTEMAaMU,
K JETEPMHUHHUPOBAHHBIM WJIM BEPOSITHOCTHBIM. K Takum dyepram
OTHOCSITCS:

1. Hanuuue B ympaBiisieMON CUCTEME B KaUeCTBE 3JIEMEHTOB (IOJ-
CHUCTEM) II€JICHANPABICHHBIX HWHIWBUJIYYMOB W HaJIMUYUE B CHUCTEME
yrnpaBiieHus Jdia npuauMatoiero pemenus (JIIIP), ocyiecTBiusitonmx
yIIpaBJICHUE HAa OCHOBE CYOBEKTHUBHBIX MOJIENIEH, YTO U MPUBOJUT K
OOJBIIIOMY Pa3HOOOPA3UIO MTOBEJCHUS CUCTEMBI B 1IEJIOM.

2. ANroputM ynpasJI€eHHS 4aCTO CTPOUT CaMa CUCTEMa YIIPABIICHUS,
npecieaysi TOMUMO TMPEAbIBISEMBIX CTapIIe CUCTeMOU Iiened coO-
CTBEHHBIE LIEJIU, HE BCErJa COBIIAJAIOIINE C BHEIIHUMMU.

3. Ha srame OLEHKM CUTyalluu B PALE CIy4aeB HUCXOLAT HE U3
(dbakTUYeCKOM cUTyaluu, a U3 TOM MOJENH, KOoTopou mons3yercs JIITP
IpU yIIPABIECHUH O0BEKTOM.

4. B nponecce NpUHATHSL PelIeHUs OOJIbIIYIO POJib UTPAIOT JIOTH-
yeckue paccyxnaenus JIIIP, He mogmaromuecs dhopManuzaimuu Kiaccu-
YECKMMHU METOaMHU MaTEMAaTHUKH.

5. Ilpu BeIOOpe ympasisoniero Bozaeiicteust JIIIP moxer onepu-

poBaThb HCYCTKUMU IMOHATUAMHA, OTHOIICHUAMHA U BbICKA3bIBAHUAMU.



6. B Oompmom Kkiacce 3ajad  yOpaBlIE€HHST OpraHU3alMOH-
HO-TEXHUYECKUMU CHUCTEMaMH OTCYTCTBYIOT OOBEKTUBHBIE KPUTEPUU
OLICHMBAHUS JOCTWKCHUS IIEJICBOTO M TEKYIIEro COCTOSIHUU O0BEKTa
YIPaBJICHUSA, 4 TAK)KE CTATUCTUKA, JOCTATOUYHAS Il OCTPOCHUS COOT-
BETCTBYIOIIUX BEPOSTHOCTHBIX paclpe/ieNieHnil (3aKOHOB pacrpeesie-
HUSI UCXOJIOB OIEPAIMii) 1711 KOHKPETHOTO MIPUHSITOrO PEIICHHS.

Takum 00pa3oM, HECBOJUMOCTh OMEpaIyii, TPOBOJAUMBIX CIOKHbI-
MU OPraHU3alHOHHO-TEXHUYECKUMU CUCTEMAaMU K J€TE€PMUHUPOBAHHBIM
WUJIA BEPOSATHOCTHBIM, HE MO3BOJISIET MCIIOJIB30BATh ISl UX OLICHKHU JE-
TEPMUHUCTCKHE U BEPOSITHOCTHBIE KPUTEPHUH.

YcnoBust orneHku A(PGHEKTUBHOCTA CUCTEM JUIsi HEOMPEACIICHHBIX
ornepanuii MOKHO IMPEJACTABUTh B BUAE Ta0J. 1, B KOTOpOil 0003HAUYECHBI:
a;,i = 1:+m — BEKTOp YNPABIAEMBIX I[APAMETPOB, OIPEAEIAONINAN
CBOMCTBA CUCTEMBI; bj,j = 1::+n — BEKTOp HEYNPABJIIEMBIX ITapaMeT-

POB, ONpPENENAIOMIUA COCTOAHUE OOCTAHOBKM; K;j — 3HaueHUe dpPek-

THUBHOCTH CHUCTEMBI @; JUISl COCTOSHUS 00CTaHOBKH b;; K (aj) — 3 Pek-

TUBHOCTDb CUCTCMBI Q4;.

Tabnuna 1
a; b K(a;)
b, b, by
aq kqq ki, Kin
a k2 k2, kon
Am km1 km2 kmn

Kaxxmast cTpoka Tabauibpl COAEPKUT 3HaAUCHUS d(PGHEKTUBHOCTH OJI-

HOI CHCTEMBI IS BCEX COCTOSIHUM OOCTAHOBKHU b;, a KaXKIbIU CTOJIOEI] —

3Ha4YeHUs 3PHEKTUBHOCTU I BCEX CHUCTEM @; IPU OJHOM U TOM XK€
COCTOSTHUM OOCTAHOBKU. B ciydae 3amaHusi COCTOSSHUM OOCTaHOBKH O/I-
HUM MapaMeTpoM MaTpuiia 3pPeKTUBHOCTA MOXKET OBITH MPEACTaBIICHA
auarpammoit (puc. 1).



0,0 -
m n ny ny Ycnosua ny
Pucynok 1 — Jluarpamma >(p¢hEeKTUBHOCTH CUCTEM a; JJIsi yCIIO-

BUH bj

B HeonpezneneHHON orepalnii MOTYT ObITh U3BECTHBI MHOYECTBO
COCTOSIHUI 00CTaHOBKHU U 3((PEKTUBHOCTh CHCTEM JJISI KaKI0M U3 HUX,
HO HET JJAHHBIX, C KAKOW BEPOATHOCTBHIO MOXET MOSBUTHCA TO WUJIA UHOE
COCTOSIHHUE.

B 3aBuCcMMOCTH OT XapakTepa HEONPEAECIECHHOCTH ONEPALUN MOTYT
JEIIUTHCS. HA UTPOBBIE U CTaTUCTUYECKU HEOIpPEACICHHbIE. B UIPOBBIX
omnepanusax HEONPEIEIIEHHOCTh BHOCUT CBOMMM CO3HATEIbHBIMHU JIEU-
CTBUSAMHU NPOTUBHUK. |11 MCCeqoBaHUsI UTPOBBIX OMNEpAIUid UCIIOJIb-
3yeTCsl TEOpUs UTP. Y CIOBUSI CTATUCTUYECKA HEONPEAECICHHBIX Orepa-
UM 3aBUCAT OT OOBEKTUBHOM JEUCTBUTEILHOCTH, Ha3bIBAEMOM MPHUPO-
noit. [Ipupoaa paccmarpuBaeTcs Kak He3aWMHTEpecOBaHHasA, Oe3pa3iny-
Has K omepaiyu CTOpoHA (OHA MAacCHBHA MO OTHOIICHUIO K JIUILY, ITPH-
HUMAKNIEMYy penieHue). Takue onepanu MOryT UCCIEA0BATHCA C MPHU-
MEHEHHUEM TEOPUU CTATUCTUYECKUX PELICHUM.

Ecnmu onepanus, mpoBoauMasi CUCTEMOW, YHUKAJIbHA, TO IS pas-
perieHus] HEOMPEACICHHOCTH MPU OIEHKE CHCTEM HUCIOJB3YIOTCS CyOh-
eKTUBHbIE npeanourenus JIIIP.

B 3aBucumocTu ot xapakrepa npeanodrenuid JIITP nanbonee vacto

B HCOIIPCACICHHBIX OIICPAIUAX UCIIOJb3YIOTCA CICAYIOIIUC KPUTCPUU.



1. Kpurepuii cpeiHero BbIMIPHINIA

JIaHHBI KpUTEpUM MPEAIoaracT 3aJaHue BEPOSTHOCTEU COCTOS-
HU OOCTAHOBKH D).

DP(PEeKTUBHOCT, CHCTEM OIICHHMBACTCS KaK CpedHee O0XXKHIAeMOe
3HaYeHue (MAaTEMaTHUYECKOE OXKHUJAaHUE) OLEHOK 3()(PEKTUBHOCTU MO
BCEM COCTOSIHUSIM OOCTaHOBKHU

— \'n P—
K(ai) = j=1pjkij1l =1--m.
OntumanbsHOR cucteme OyAeT COOTBETCTBOBATh 3(P(HEKTUBHOCTh

Kypr = maxK(a;),i=1--m.
l

JUIs IpUMEHEHUST KPUTEPHUS CPETHEr0 BBIMTPHIIIA HEOOXOIUM, IT0
CYIIIECTBY, TIEPEBOJ] ONEpaIid W3 HEOMPEACIICHHON B BEPOSTHOCTHYIO,
IpUYEM TTPOU3BOIIBHBIM 00Pa30oM.

2. Kpurepuii Jlanjaca
B ocHoBe kpuTepust JIEKUT MPEANON0KEHNE: TOCKOIBKY O COCTOS-
HUSIX OOCTAaHOBKH HUYETO HE HN3BCCTHO, TO UX MOXHO CUUTATb PABHO-

BCPOSTHBIMM. I/ICXOI[SI Hu3 3TOroO

1 .
K(Cll') = ; ;'lzlkij’ i=1 e-m,

Kypr = maxK(a;),i=1--m.
l

3. Kpurepwuii octopoxkuoro nadawoaares (Baabaa)

OTO MAKCUMUHHBIL Kpumeputi, OH TapaHTUPYET ONpPEIEICHHBIN
BBIUTPBIII MPU HAUXYAMNUX yCIOBUsIX. KpuTepuii OCHOBBIBAETCSI HA TOM,
YTO, €CJIM COCTOSTHUE 00CTAHOBKHM HEM3BECTHO, HY>KHO MOCTYIATh CAaMbIM
OCTOPOXHBIM 00pa3oM, OPUEHTUPYSACh HA MUHUMAaJIbHOE 3HaAYEHUE (-

(PEKTUBHOCTH Ka)KJ1I0M CHCTEMBI.



B kaxnoit crpoke Marpuilbl 3Q(PEKTUBHOCTH HAXOJUTCS MHUHH-
MajibHasi U3 OLIEHOK CUCTEM IO PA3JIUYHBIM COCTOSHUSIM OOCTAHOBKH.
OnTuMaJIbHOM CUMTAETCS CHCTEMa U3 CTPOKU C MAKCUMAJIbHBIM 3HAaYe-

HUEeM 3P (HEKTUBHOCTU

K(a;) =mink;;,j=1-n,i=1--m,
J

K,y = maxK(a;),i =1--m,
l

MaKCHUMHUHHBIA KPUTEPUN OPUEHTUPYET HA PELICHUE, HE COACPKA-
iee JIEMEHTOB PUCKA: MPU JOOOM U3 BO3MOXKHBIX COCTOSTHUN oOcTa-
HOBKM BBIOpaHHasi CHUCTEMa IMOKAXXET PE3yJbTaT ONEpaluud HE XYyXKe
HAaNJCHHOT' 0 MAaKCUMUHA. TaKasi OCTOPOKHOCTD ABJISICTCS B PAJIE CIIy4acB
HEJIOCTATKOM KpUTEpUs. pyrol HEOOCTaTOK — OH HE YJOBJIETBOPSET
TpeOOBaHUIO — J100ABJIEHUE MOCTOSHHOI'O YKCIIA K KaXKJIOMY 3JIEMEHTY

cTosiOLa MaTpulbl 3QPEKTUBHOCTH BIUSET HA BEIOOP CUCTEMBI.

4. Kputepuii MaKCMMAaKCa

OTUM KpUTEpUEM NPEANUCHIBAECTCS OLIEHUBATH CUCTEMBI IO MaK-
CUMAJIBHOMY 3Ha4€HHIO 3()(EKTUBHOCTU U BBIOMPATHh B KaUy€CTBE OMNTH-
MaJIbHOTO pEelIeHUs CUCTeMy, oOmagariyo 3()GEKTUBHOCTRIO C

HaWOOJIBIINM M3 MAaKCUMYMOB

K(a;) =maxk;;,j=1-n,i=1--m,
j

Ky = maxK(a;),i=1:--m.
l

Kpurepuit Makcumakca — camblid ONTUMUCTUYECKUN KpUTepuu. Te,
KTO IPEANOYUTAET UM I10JIb30BAThCA, BCETAA HAACIOTCS Ha Jy4llee Co-

CTOSIHUE OOCTaHOBKHU U, €CTECTBEHHO, B OOJIBIION CTENEHU PUCKYIOT.

5. Kpurepwuii neccumusma-ontumusma (I'ypsuna)



D10 Kpumepuii 0606wennoco maxcumuna. COrJacHO JTAHHOMY
KPUTEPUIO MPHU OI[EHKE W BBIOOPE CHCTEM HEPa3yMHO MPOSBISITH KaK
OCTOpPOXHOCTh, TaK W a3apT, a CIEAYET, YUUTHIBAs CaAMOE BBICOKOE H
caMoe HHU3Koe 3HaueHUs A(PEPEKTUBHOCTH, 3aHUMATh MPOMEKYTOUHYIO
MO3UIIMIO0 (B3BELIMBAIOTCS HAUXYAIIUE W Haujydlide ycioBus). s
sToro BBomuTCsA Kodddunuent ontumusMa a (0 < a < 1), xapakrepu-
3YIOIIMN OTHOIIEHHE K PUCKY JHIA, MPUHUMAIOUIET0 pelieHue. -
(EKTUBHOCTh CUCTEM HAXOJUTCS KaK B3BEIICHHAs C MOMOIIbI0 KOA(-

(I)I/IHI/IGHTa a CymMmMa MaKCHMaJIbHOM M MUHHUMAaJIbLHOM OLICHOK

K(a;) = amax k;; + (1 — a) min k;;,
j j

j=1-ni=1-m0<ac<l.
VY ci1oBue onTUMalIbHOCTH 3alIUCBIBAETCS B BHUJIC

K,;; = maxK(a;),i=1--m,
l

[Ipu ¢ = 0 xkpurepuid ['ypBunia CBOAUTCS K KPUTEPUIO MAKCUMUHA,
npu @ = 1 — K KpUTEPUIO MaKCUMaKca. 3HAYEHHE (X MOXKET OMpeJie-
JATHCA METOAOM JKCHEPTHBIX OLEHOK. OYEBUIHO, UTO, YEM OIACHEE
OllCHMBaeMasi CUTyallus, TeM OJIM)Ke BEIUYMHA & JOJDKHA OBITh K €J1U-
HUIIE, KOrJa FrapaHTUPYETCS] HAMOOJbILINUN N3 MUHUMAIbHBIX BBIUTPBILIEH
WJIA HAUMEHBIINN U3 MAKCUMAJIbHBIX PUCKOB. Ha mpakTuKe Mmoyib3yroTcs

3HaueHUsIMU Kod(ddunnenta a B npeaenax 0,3-0,7.

6. Kpurepuii MunnManbHoro pucka (Casuaka)

Munumuzupyet norepu 3PpGHEeKTUBHOCTH MPU HAUXYIIINX YCIOBH-
ax. JI7s OIeHKH CcHCTeM Ha OCHOBE JAHHOTO KpUTEpUs MaTpuiia 3¢-
(heKTUBHOCTH JTOJKHA OBITH MpeoOpa3oBaHa B MAaTPHUILY MOTEPh (PUCKA).
Kaxxaplil 371eMEHT MaTpuilbl TOTEPh OMPEAENIETCA KaK pa3HOCTh MEXKY
MaKCUMAaJIbHBIM M TEKYIIUM 3HAYEHUSIMH OICHOK 3] dexTuBHOCTH B

cToJI0IIE



[Tocne mpeobpa3zoBaHus MATPUITBI UCHONB3YETCS KPUTEPUN MUHM-
Makca

K(a;) = maxAk;j,j=1-n,i=1-m,
j

K,y = minK(a;),i =1--m.
l

O kputepun CoBUIKA MOXKHO CKa3aTh, YTO OH, KaK M KPUTEpPUU
Banbga, OTHOCHUTCA K YHCITY OCTOPOXHBIX KpuTepueB. [1o cpaBHeHHUIO €
KpuTepuem Banbna B HeM MNpUIIaeTCs HECKOJIBKO OOJIbIIee 3HAYCHUE
BBIUTPBIITY, YEM ITPOUTPHILITY.

Ilpumep 1. Heobxooumo oyenums 00un uz mpex paspadoamuoléaemvix
NPOSPAMMHBIX NPOOYKMOE 05l OOpbObl ¢ OOHUM U3 Yemblpex MUnos
npocpamMmubix 6o3oeticmsuii. Mampuya s3¢ghexmuenocmu npeocmas-
JeHa 8 maobauye. 30ecv a;, L = 1++3 — (- npoepammusiiL npPooOyKm;
bj,j = 1:+4 — j-e npoepammnoe 6oz0ericmsue; k;j — oyenxa s¢pex-
MUBHOCMU NPUMEHEHUSL -20 NPOSPAMMHO20 NPOOYKMA Npu J-m Hpo-
CPAMMHOM 8030€lCMBUU.

Tabruya 1 — Mampuya 3¢pgpekmusrnocmu

b;
“ b, b, b b
aq 0,1 0,5 0,1 0,2
a, 0,2 0,3 0,2 0,4
as 0,1 0,4 0,4 0,3

Kpumepuii cpeonezo eviuzpoviuia
3aoadumcs  8epoSAMHOCMAMU  NPUMEHEHUSI NPOMUBHUKOM HPO-
epammuulx gozoeticmeuil. p1 = 0,4; p, = 0,2; p3 = 0,1; p, = 0,3. Ilo-

JAYHUM Cﬂedyiomue OYEHKU cucmem



K(a;)=04%x0,1+02x05+01x%x0,1+0,3x0,2=0,21;
K(a,)=0,4%x02+0,2%03+01%0,2+0,3 x 0,4 =0,28;
K(as;)=0,4x01+0,2%x04+0,1%0,4+0,3x0,3=0,25.

OnmumanvHoe peuleHue — cucmema Qa,.

Kpumepuii Jlannaca
K(a,) = i(o,l +0,5+0,1+40,2) = 0,225

K(a,) = i(o,z +0,3402+0,4) = 0,275;
K(as) = §(0,1 +0,4+ 0,4+ 0,3) = 0,300.

OnmumanvHoe peuilenue — cucmema asz.

Kpumepuit ocmoposicnozo naonwoamensn (Banvoa)
K(a,;) = min(0,1; 0,5; 0,1; 0,2) = 0,1;
K(a,) = min(0,2; 0,3; 0,2; 0,4) = 0,2;
K(a3) = min(0,1; 0,4; 0,4; 0,3) = 0,1.

Onmumanvroe peutenue — cucmema a,.

Kpumepuii maxcumaxca

K(a,) = max(0,1; 0,5; 0,1; 0,2) = 0,5;
K(a,) = max(0,2; 0,3; 0,2; 0,4) = 0,4;
K(a;) = max(0,1; 0,4; 0,4; 0,3) = 0,4.

OnmumanvHoe peutenue — cucmema Adq.

Kpumepuit neccumusma-onmumusma (I'ypeuua)
Kosgppuyuenm onmumusma a = 0,6.
K(a,) = 0,6 x max(0,1; 0,5; 0,1; 0,2) +

+0,4 x min(0,1; 0,5; 0,1; 0,2) = 0,34;
K(a,) = 0,6 x max(0,2; 0,3; 0,2; 0,4) +

+0,4 x min(0,2; 0,3; 0,2; 0,4)=0,32;
K(a;) = 0,6 Xx max(0,1; 0,4; 0,4; 0,3) +

+0,4 x min(0,1; 0,4; 0,4; 0,3) = 0,28.



OnmumanvHoe peuieHue — cucmema a,.
Kpumepuit munumanvnozo pucka (Creuosica)
Mampuye 3¢pghexmusnocmu 6yoem coomeemcmeosams Cledyrouas

mampuuya nomepbs.

Tabruya 2 — Mampuya nomepo

b;
“ b, b, b b,
a, 0,1 0,0 0,3 0,2
a, 0,0 0,0 0,2 0,0
as 0,1 0,1 0,0 0,1

Toeoa

K(a,) = max(0,1; 0,0; 0,3; 0,2) = 0,3;
K(a,) = max(0,0; 0,0; 0,2; 0,0) = 0,2;
K(a3) = max(0,1; 0,1; 0,0; 0,1) = 0,1,

OnmumanvHoe pewenue — cucmema az. Kpumepuii munumanovrnozo

pucKka ompascaem coxcajieHue no nogooy mozo, 4mo 6blOPAHHAS CU-
cmema He OKA3aldch HAumyyuiell npu OnpeoeieHHOM COCMOSHUU 00-
cmanosku. Tak, ecau npouszsecmu 6vl00p cucmemvl Aq, A COCMOSHUE
obcmarnosKu 8 oelicmeumenvHocmu bz, mo codxcanerue, ymo He 8blOpana

Haunyywas u3 cucmem (as), cocmasum 0,3.

Takum oOpa3zoM, 3p(PEKTUBHOCTH CUCTEM B HEONPEIAECICHHBIX OIlE-
panusX MOXKET OLIEHUBAThHCA 10 LieJIoMY psiay KputepueB. Ha BbIOOp TOrO
WJIM UHOT'O KPUTEPHS OKa3bIBAECT BIUSIHUE Pl (DAKTOPOB:

® TIpPUPOJA KOHKPETHOW OMEepaIvu 1 ee 1eib (B OJHUX OINeparusix
JOMyCTUM PHUCK, B IPYTUX — HYKEH FrapaHTUPOBAHHBIN PE3yiIbTar);

® [PUYMHBI HEOMPEACIICHHOCTH (OIHO JIe7I0, KOTJa HEOoIpe/eeH-
HOCTh SIBJISIETCSI CIIYYalHBIM PE3yJIbTATOM JEHCTBUS OOBEKTHBHBIX 3a-
KOHOB MPUPOJIbI, U JPYTroe, KOT/Aa OHA BBI3BIBACTCS ACUCTBUSMH pa3yM-

HOI'0 IPOTUBHHUKA, CTPCMALICTOCA ITOMCUIATh B JOCTUXKCHUU I_IGJ'II/I);



® XapakTep JIMIa, IPUHUMAIOIIETO pelIeHue (OIHU JIFOIU CKIOHHBI
K PHCKY B HaJeXJe TOOUTHCS OOJIBIIEro ycIexa, APyrue MpearnoYnTaoT
JIEICTBOBATh BCErJa OCTOPOAKHO).

Bb160p Kakoro-To OHOTO KPUTEPHS MPUBOIAUT K MPUHSATUIO peIiie-
HU IO OOCHKC CUCTCM, KOTOPOC MOXKCT OBITH COBCPHICHHO OTJIMYHBIM OT

pEeIEHUM, TUKTYEMBIX IPYTUMH KPUTEPUSIMHU.
Ilpumep 2. Ceoonvie pe3ynomamul oyeHKU 3PghexmusHocmu cu-
cmemvl U3 npumepa 1 no paccmompeHHvlM Kpumepusim npueeoeHsl 8

mabauye (6adeneHvl ONMUMATbHbLE BAPUAHMBL CUCTEMDbL).

Tabnuya 3 — Ceoomble pe3yrbmamol oyeHKu dpgdexmusrocmu

b; K(a;) no kpumepusim

b, |b, |bs |b, |1 2 3 4 5 6

a, o1 |05 |01 |02 |0,21 |0,225/0,1 |05 0,34 |03

a, 0,2 0,3 0,2 0,4 0,28 10,275 |0,2 0,4 0,32 0,2

as o1 |04 |04 |03 |0,25 |0300 01 |04 |0,28 |0,1

Tun kputepus 115 BpIOOpaA pallMOHAIBHOTO BapraHTa JIOKEH ObITh
OFOBOPEH Ha ATalle aHaJIh3a CUCTEM, COIJIACOBAH C 3aKa3bIBaIOIIEH op-
raHu3alue U B MOCIEAYIONMNX 33/jauaX CUHTEe3a MHPOPMAIMOHHBIX U
JIPYTUX CIOXKHBIX CHCTEM MpeAmnoiaraeTcs 3aganabiM. [Ipoiecc BeiOopa
BUJIa KPUTEPHUsS [JIsi y4deTa HEOINPEIETCHHOCTH JIOCTAaTOYHO CIOXKEH.
VY cTOoHYNBOCTh BEIOPAHHOTO PAllMOHAIBHOTO BaprUaHTa MOXKHO OI[CHUTH
Ha OCHOBE aHajiM3a MO HECKOJIbLKUM KpuTepusiM. Eciu cyiiecTByeT coB-
najiecHue, TO uMeeTcsi OoJbllasi YBEPEHHOCTh B MPAaBUILHOCTH BhIOOpA
BapuaHTa.

OCOOEHHOCTBIO MaXXOPUTAPHOH OOpPaOOTKU SIBIISIETCA OMACHOCTH
BBIOOpA CUCTEMBI, HE SBIAIOMICHCS JIydIliel, HA OCHOBE MHOT'OATAITHOTO
BBIOOpA MTPU TPYIIIUPOBKE aTbTEPHATUB B KOATHUIIHH.

Takas cuTyanus oTpa)eHa Ha puc. 2, rjae 8 u3 27 CUCTeM Mo pa3HbIM
KpUTEpUsiIM OBLIN OIeHEeHBI Kak xyamwue. OIHAaKO MpU TPYNIUPOBKE B
KOAJUIIMK M OpPraHW3aIllU¥M JBYXATAITHOW MPOIEAYPhl MaXOPUTAPHOU
00pabOTKM B KaueCTBE JIyulllel Obliia BEIOpaHa OJIHA U3 XYIINX CUCTEM.
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Pucynok 2 — K yrpose MaxopuTapHOro BbIOOpa XyIIIeH CHCTEMBI
HA OCHOBE KOAaJWIWK: M — XyAlasg - CUCTeMa; O — Jydlas [-s

CHUCTEMaA

B nmo6om ciyyae mpu BBIJEIEHUM MHOXECTBA MPEANOUYTUTEIHHBIX
CUCTEM I10 Pa3HBIM KPUTEPUSIM OKOHUYATEJIbHBIN BEIOOP CUCTEMBI JOJIKEH
OCYIIECTBISATHCS JUIIOM, MPUHUMAIOMUM perieHue. [Ipu sTom B ore-
paiusx, KOTOPbIM B 3aBHCUMOCTH OT XapaKTepa COOTBETCTBYET JIMOO
noporoBasi, 100 MOHOTOHHAsI (YHKIUS MOIE3HOCTH, 3PHEKTUBHOCTH
CHUCTEM IIPAaBOMOYHO OIICHWBATh HEMOCPEJICTBEHHO IO TOKa3aTelsaM
ucxoa0B. /I AeTepMUHUPOBAHHBIX Olepanuii kpuTepueM >(PheKTrB-
HOCTH OyJeT CIyXHUTh CaM MOKa3aTelb, JJIi BEPOSITHOCTHBIX — JIMOO
BEPOSTHOCTh MOJTYYCHUS AOMYyCTUMOTO 3HAYCHUS TMOKa3atess (TpH Io-
pOTOBOM (PYHKIUM TMOJE3HOCTH), MO0 MaTeMaTUYECKOE OXKHUJAHUE
3HA4YCHUS Moka3zaTens (Mpu TMHEHHOU () YHKIIUU MTOJIE3HOCTH).

Ouenka 3¢ PpEeKTUBHOCTH CHUCTEM Ha OCHOBE ITOKa3aTeNIel NCXO0/I0B B
JIPYTUX CIy4dasix MOKET IPUBOJUTH K HEMIPABUIBHOMY BBIOOPY, TOITOMY
nepexoj K oreHke 3PpOEKTUBHOCTH cucTeM 0e3 BBeAeHUS (YHKIIMH T10-
JI€3HOCTH JI0JI’KEH BCErja COMPOBOKIATHCS OOOCHOBAHUEM.

2. MIPAKTUYECKASA YACTD

B npennoxxeHHOM BapuaHTe 3aJaHusl BHIOpaTh ONTHMAaJbHOE pe-
IIEHUE MO BCEM BBIIIENEPEUUCIEHHBIM KpUuTepusaM. CocTaBUTh TaOIUILY,

noA00HYI0 Tab. 3, ¥ MPUBECTU PUCYHOK, TOAOOHBIN puc. 2.



Bapuant 1

a; b]
l b, b, bs b,
a, 0,60 0,10 0,15 0,15
a, 0,40 0,10 0,05 0,45
as; 0,20 0,30 0,40 0,10
Bapuanr 2
b
. ]
4 b, b, b, b,
a, 0,35 0,20 0,15 0,30
a, 055 |005 |015 |05
as 0,35 0,30 0,20 0,15
Bapuant 3
bj
4 b, b, b, b,
ay 055 |005 |015 0,25
a, 0,60 0,10 0,15 0,15
as; 0,40 0,10 0,05 0,45
Bapuanr 4
b
, ]
“ b, b, b, b,
a, 0,1 0,5 0,2 0,2
a, 0,2 0,2 0,4 0,2
as 0,3 0,4 0,1 0,2
Bapuanr 5
bj
“ b b, by b,
a, 0,20 0,20 0,40 0,20
a, 0,35 0,30 0,20 0,15
as; 0,60 0,10 0,15 0,15




3. KOHTPOJIBHBIE BOITPOCHI

1. Kakue OCHOBHBIE KPUTEPUM HUCHOIB3YIOTCS I OLIEHKU CIIOXK-
HBIX CUCTEM B YCJIOBUAX HEONPEACICHHOCTH.

UYro onpenenseT KpuTepud CpeaHErO BBIUTPhIIIA?

Yro onpenenser kpurepui Jlaraca?

Urto omnpenenseT KpUTepUult 0OCTOPOKHOI0 HAOIIOJaTeNs?

Uro onpenenseT KpuTepud Makcumakca?

Uto onpenenseT KpUTEpUr NeCCUMU3Ma-onTuMu3Ma?

N o0 A W N

Uto onpenenseT KpuTepuid MUHUMAJIBHOTO PUCKA?
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BBEJAEHUE

HucunnnrHa «CHCTEMHBINM aHA3 W YOPAaBJIEHUE» CTABUT CBOEH ILENBIO
(opMupoBaHUE CIEAYIOIIMX KOMIIETEHLMM Oynyilero OakajiaBpa MO HallpaBiie-

HUIO noArotoBku 15.03.04 — ABTOMaTtu3alus TEXHOJOTHMYECKUX ITPOILIECCOB U

IPOU3BOJICTB.

Kon, popmynupoBka
KOMIIETEHITUN

Kon, popmymupoBka
WHIUKATOpa

[Inanupyemslie
pe3yabTaThl 00y4eHUs 10
JTUCHUILIMHE (MOIYIIIO),
XapaKTepHU3yollIne
3Tanbl GOPMUPOBAHUS
KOMIIETCHIIUM,
UHJAMKATOPOB

YK-1. Cnocoben ocy-
HIECTBISATH MOUCK, KPH-
TUYECKHUI aHaJIN3 U CUH-
Te3 HH(OpMaIUu, IpHU-
MEHSTh CUCTEeMHBIN MOJI-
XOJ JUIsl pelIeHus Io-
CTaBIICHHBIX 337124

N-1yk-1 Beigenset npo-
OJIEMHYIO CHUTYaIIHIO,
OCYILIECTBIISICT €€ aHAJIH3
Y JIMarHOCTUKY Ha OCHO-
BE CUCTEMHOT'0O T10/IX0/1a

[IprMeHsIeT CUCTEMHBIN
MOAXO/T IPY AHATU3E
POOJIEMHON CUTYaIUU

NJI-3yk-1 Onpenenser u
OLICHMBAET PUCKH
BO3MOKHBIX BapUAHTOB
perieHui npobeMHON
CUTYaIlH, BHIOMpPAET
ONTUMAaJIbHBIN BapUaHT
€€ pelIeHUs

OneHnBaeT pUCKH
BO3MOXHBIX PEIICHUN
npo0OsieMbl, BEIOUpaAET
ONTUMAJIbHBINA BAPUAHT
€€ peLICHUs

OIIK-11. Croco6en mpo-
BOJUTH HAYYHbBIE DKCIIE-
PUMEHTHI C UCTOJIb30BA-
HHEM COBPEMEHHOIO UC-
CJIEIOBATEIILCKOr0 000-
pPYZIOBaHUS U MPUOOPOB,
OLICHUBATh PE3YyJIbTATHI
HCCJICJOBaHUIM.

I/I,Z[-lom(-ll HJIaHI/IpyeT
HaYYHBIC SKCIICPUMCHTBI
11O U3YYCHHUIO XapaKTe-
PUCTHUK CPCACTB U CU-
CTEM aBTOMATHU3ALINU

CocraBideT mIaHbl KC-
NEePUMEHTA TI0 N3YIEHUIO
XapaKTEPUCTHUK CPEICTB
M CUCTEM aBTOMAaTHU3AllNU

NJ1-20nk-11 Opranusyer
Y TIPOBOJIUT HAYYHBIC
HKCIICPUMEHTHI 110 U3Y-
YCHHIO XapaKTCPUCTHK
CPEJICTB ¥ CUCTEM aBTO-
MaTHU3aIuu

Peanmsyer meTonuku
MIPOBEICHUS IKCIICPH -
MEHTOB 10 3apaHee pas-
pabOTaHHBIM IJIaHAM 110
U3YUCHUIO XapaKTepH-
CTHK CPEZCTB U CUCTEM
aBTOMaTHU3aluU

NJ1-3onk-11 [IpoBoaut
MaTEeMaTHYECKYIO M CTa-
TUCTUYECKYIO 00pabOTKy
OMBITHBIX TAHHBIX O Xa-

[IprMeHsieT METOBI
KOPPEJSILIMOHHOTO U pe-
TPECCUOHHOI O aHAIN3a,
JIMHEMHOI'O Y HEJIMHEH -

4




PAKTCPUCTUKAX CPCACTB HOr'o ImporpaMMupOBaHus
H CUCTCM aBTOMAaTHu3a- JJIA MaTE€MaTHYECKOU U
THUH. CTaTUCTUYECCKOM 06pa-
OOTKH ONBITHBIX JaHHBIX
O XapaKTCPpUCTHUKAX
CpCACTB U CUCTCM aBTO-
MaTHU3alluu

['TaBHBIMU 3a/ladyaMy JTUCHUTIIMHBI SIBISIFOTCS: MPUOOPETCHUE W COBEPIICH-
CTBOBAHHME HABBIKOB CHCTEMHOTO IOJXO0Ja K PEIICHUIO IMPHKIATHBIX 3a1ad, (op-
MHPOBAHUE B3IJIsI1a HA 00BEKTH PeaIbHOTO MUpPA KaK Ha CIIOKHBIE MHOT'OKOMIIO-
HEHTHBIC CUCTEMBI, JIOMYCKAIOIINE MOIIAroBy0 ACKOMITO3HITUIO U TTOCIIEI0BATEIb-
HOE YCJIIO’)KHEHHUE METO/IOB aHaJIN3a.

B pe3synbrare oCBOCHHS AUCHUIUIMHBI CTYICHT JIOJKEH:

® 3HAThH OOIIHME MPUHIIUIBI CHCTEMHOTO IMOAX0Aa K aHAJIN3Y CUCTEM; OCHOB-
HBIC TIOHATHS ¥ 3aKOHOMEPHOCTH CHCTEMHOTO aHajn3a; OCHOBHBIC CIIOCOOBI OIH-
CaHUS CJIOKHBIX MHOTOKOMITOHEHTHBIX CHCTEM;

® yMETh COCTABJISITH MaTeMaTHYECKHUE MOJICIH CHCTEeM; (pOpMyIMpoBaTh H
pemars ¢ noMoupio 9BM TUMOBBIE 33/1a4l MATEMATUYECKOTO MOJICIIMPOBAHUS;

® BJAJCTh METOJIUKOW HCIIONB30BaHMS (Pprtocopckux 3HaHUM B mpodeccu-
OHAJIBHOM JIEATEIHPHOCTH; HAaBBIKAMH CHCTEMHOTO ITOAX0JIa K PEIICHUIO TPUKIIA]I-
HBIX 3371a4; HaBbIKaMH (hOPMaITM30BAaHHOTO U HE(HOPMATTM30BAaHHOI'O ONUCAHUS CH-
CTEM.

Metoauyeckue ykazaHusl MpeIHa3HAYEHBbI JIJIi BBIMOJHEHUSI CaMOCTOSITENh-
HOM pabote mo aucnuminHe «CHUCTEeMHBIA aHaIN3 U YIPABIICHUE» C YUETOM Tpe-
ooanuit ®I'OC BO mia nanpasiaeHus noarotoBku 15.03.04 — Apromatuzarus
TEXHOJIOTHYECKUX TIPOIECCOB W MPOM3BOACTB. OHU CIIOCOOCTBYIOT JIYYIIIEMY
YCBOEHHUIO CTYACHTAMHU TEOPETHYECKUX TOJIOKEHUM U 0OecrieurBaeT MpHoOpeTe-
HUE MMPAKTUYECKUX HABBIKOB 110 MCCIICTOBAHUIO DJIEMEHTOB U CUCTEM aBTOMAaTHYe-

CKOI'0 PETYJIMPOBAHUS U YIIPABIICHHUS.



1. OBIIASI XAPAKTEPUCTUKA CAMOCTOSITEJIbHOM PABOTBHI
OBYYAIOIIUXCA ITPU U3YUYEHUU TUCIUILINHBI « CACTEMHBIN
AHAJIN3 U YIIPABJIEHUE»

CamocrositensHas padota ctyneHToB (nanee — CPC) sBisieTcst HeoTbemIie-
MOH COCTaBJISIIOIIEH 00pa3oBaTENBHOTO MpoIlecCa B YHUBEPCUTETE U SIBISETCS
oOsi3aTenbHON 115 Kakaoro cryaeHTa. OcHoBHas 1iens CPC — ocBoeHue B 1oJI-
HOM 00BbeMe o0pa3oBaTEIbHONM MPOrpaMMbl U TIOCTIEAOBaTENbHOE (POpMUpPOBaHHE
KoMrneTeHIMi A(PEeKTUBHON caMOCTOsATEIbHON MNpodeccuoHanbHONU (TIpaKTUYe-
CKOM M HAy4HO-TEOPETUYECKOH) nedarenpHOCTH. CaMocTosATeNbHas padoTa KOH-
KpETHA MO CBOEH MPEAMETHON HAMPABICHHOCTH U COMPOBOXKIAETCS HEMPEPHIBHBIM
KOHTPOJIEM U OLICHKOH €€ pe3yiIbTaToB.

KonnuecTBo 4acoB, 0OTBOAMMOE HAa CaMOCTOSITENIbHYIO paboTy, ONpeaesieTcs
y4e0HBIM IJIAHOM HampasyieHUst ToaArotoBku 15.03.04.

ConeprkarenabHO caMmocTosTeNbHAs padoTa cryaeHToB omnpenensercs OI'OC
BO HnamnpaBnenuss noarorosku 15.03.04, nporpammoil u y4eOHO-METOAMYECKUM
KOMILIEKCOM AUCUUIUTMHBI «CUCTEMHBIN aHAIU3 U YIIPaBICHUEY.

Meronuka OpraHu3aliid CaMOCTOSITENbHOW PadOThl CTYAEHTOB 3aBUCUT OT
CTPYKTYpBI, XapakTepa M OCOOCHHOCTEW AMCUUILIMHBI «CHUCTEMHBIN aHamu3 U
yIpaBlieHuEe», 00beMa 4acoB Ha ee m3ydeHue, suaa 3ananuii 11 CPC, uaauBuy-
IbHBIX BO3MOXKHOCTEH CTYJIEHTOB U YCJIOBUH yueOHOM eI TeIbHOCTH.

®opMBbl CaMOCTOATEIBHON PabOTHI CTYAEHTOB OMPEICISIOTCS COAECp)KaHUEM
IUCUUTUIHBI « CHCTEMHBIN aHAJIW3 U YIIPABICHUEY», CTEIICHBIO MTOATOTOBIEHHOCTH
cTyaeHTOB. OHM MOTryT OBITh TECHO CBSI3aHbI C TEOPETHUYECKHUM KYPCOM U HMETh
y4eOHbI WM y4eOHO-HCCIIe0BaTENbCKUM XapakTrep. PopMy caMOCTOSATEIbHON
paboTel cTyAaeHToB omnpenenstor kapeapa MCDOA npu pa3paboTke HporpaMMbl
JUCUUTUTHHBI « CUCTEMHBIN aHAIIU3 U YIIPABIICHUEY.

CamocTosiTennbHasgs paboTa MOXKET OCYIIECTBIATHCS WHIUBUIYAJIbHO WA
IpYyNIIaMH CTYIEHTOB B 3aBUCUMOCTH OT 1I€JId, 00beMa, KOHKPETHON TeMaTHKHU ca-

MOCTOSITEIbHOM paOOThI, YPOBHS CJIIOXKHOCTH, YPOBHSI YMEHUM CTYICHTOB.
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CPC, ne mpenycMoTpeHHasi 00pa30BaTelIbHON MPOrpaMMoOM, Y4eOHBIM I1Jia-
HOM M Y4€OHO-METOJUYECKUMH MaTepuajaMu, PACKPHIBAIOIIMMHU U KOHKPETHU3HU-
PYIOIIMMH UX COJEPIKaHKE, OCYIICCTBISIETCS CTyJAEHTaMU WHUIIMATUBHO, C IEITHIO
peayn3anuu COOCTBEHHBIX YIYEOHBIX U HAYYHBIX HHTEPECOB.
B yueOHOM mporiecce BBIACISIOT ayAUTOPHYIO M BHEAYIUTOPHYIO CaMOCTOSI-
TeJIbHYIO padoTy.
AynuTopHas camocTosTeIbHas padoTa o aucnuruimHe «CUCTEeMHBIN aHaIn3
U yIPaBJICHUE)» BHITIONHACTCS HA yUCOHBIX 3aHATUAX (JISKITUSIX, MPAKTHYECKUX, JIa-
OOPaTOPHBIX 3aHATHUSX M KOHCYJIBTAIUAX) MO/ PYKOBOJCTBOM IPETMOAaBaTes U 10
€ro 3a/1aHuI0.
BreaynuropHas camocTosTeNnbHas paboTa CTYJCHTOB BBIMOJHSACTCS BO BHEA-
YAUTOPHOE BpEMs IO 33JaHUI0 W TPU METOAMYECKOM PYKOBOJICTBE M KOHTPOJEC
npernojaBaTes, Ho 0e3 ero HernocpeacTseHHoro ydactusi. CPC Bkirovaer B ce0s:
® [IOJIFOTOBKY K ayIUTOPHBIM 3aHATUSAM (JICKIIMOHHBIM U MPAKTUYECKUM) U
BBITIOJTHEHUE COOTBETCTBYIONINX 3aJaHU;

e paboTy HaJ OTJEIHHBIMU TEMaMHU Y4€OHBIX TUCHHUILIUH (MOIysel) B CO-
OTBETCTBUU C y4COHO-TEMAaTUYECKUMHU TUIAHAMH,

®  BBINMOJIHCHUE KOHTPOJIBHBIX PaboT;

® TIOJTOTOBKY KO BCEM BHJaM MPOMEKYTOUYHBIX U UTOTOBBIX KOHTPOJIbHBIX

UCTIBITAHUM.

1.1. HoaroroBka K JeKIUAM

['maBHOE B mepuo MOATOTOBKH K JIEKIIMOHHBIM 3aHSATHSIM — HAy4YHTbCS Me-
TOJAM CAaMOCTOSITEJIbHOI'O YMCTBEHHOI'O TpPY/Ad, CO3HATEIbHO pa3BUBATh CBOM
TBOPYECKHE CIIOCOOHOCTH U OBJIa/I€BaTh HaBbIKAMH TBOpYECKOW paboThl. st 3TO-
ro HEOOXOJIMMO CTPOro CcoOJIOAaTh AMCHUIUIMHY y4eObl W moBeaeHus. YeTkoe

IIJIAHUPOBAHHUEC CBOCTO pa6oqero BpEMCHHN M OTHIbIXa ABJLICTCA HGO6XOI[I/IMI)IM



YCIIOBUEM JUIsl YCHIEITHOM CaMOCTOSITEIbHON padoThl. B OCHOBY €ro Hy>XHO MOJI0-
KUTh paboure MporpaMMbl H3y4aeMbIX B CEMECTPE JUCITUTIIHH.

Kaxnomy CTyneHTy CleAyeT COCTaBJISITh €KEHEACIbHBIA U CEMECTPOBBIN
TUTaHbl paboThI, a TaKXKe IUIAH Ha KaKIblid padounii nenb. C Beuepa Bcerja Haio
pacnpeaensaTh paboTy Ha 3aBTpaAIlllHUM JIeHb. B KOHIIE KaXKI0ro JHS I1e1ecoo0pas-
HO TIOJIBOJIUTH UTOT PabOTHI: TIIATEIBHO MPOBEPHUTH, BCE JIM BHITIOJIHEHO M0 HaMe-
YEHHOMY ITUIaHy, He OBbUIO JIM KaKUX-IMOO OTCTYIUICHUH, a eclii ObLIH, MO0 KaKoi
OpUYMHE 3TO npou3ouuio. HyKHO OCyIIeCTBIAThL CAMOKOHTPOJIb, KOTOPBIN SIBJISI-
eTcsi HeoOXOIUMbIM YCIIOBUEM YCHENIHOW y4yeObl. EciM 4TO-TO OCTanoch HEBbI-
MTOJITHEHHBIM, HEOOXOIUMO M3BICKATh BPEMs IS 3aBEPIICHUS 3TOW 4acTH padoTHI,
HE YMeHbIIIas 00beMa HeJIeJIbHOTO MJIaHa.

CrnymaHue ¥ 3aluch JEKIUA — CIIOKHBIA BU BY30BCKOW ayJUTOPHOU pabo-
Tbl. BHUMaTenpHOE CllylllaHWE W KOHCIIEKTUPOBAHME JICKIHUM NPEAnojaracT WH-
TEHCHUBHYIO YMCTBEHHYIO JNESTEIbHOCTh CTyIeHTa. KpaTkue 3amucu JIEKIUd, UX
KOHCIIEKTUPOBAHHUE TMOMOTAET YCBOUThH Y4eOHBIM Marepuan. KoHcmekT siBisiercs
MOJIE3HBIM TOT'/Ia, KOT/A 3alMCaHO CaMO€ CYILIECTBEHHOE, OCHOBHOE U CAEIAHO 3TO
camMuM CcTyAeHToM. He Halo cTpeMHThCs 3amucaTh JOCJIOBHO BCIO JIEKIUIO. Takoe
«KOHCTICKTUPOBAHKE)» MPUHOCUT OOJIBIIIE BpPE/la, YeM MOJIb3bl. 3alucCh JEKIIUMA pe-
KOMEHJIYETCS BECTH IO BO3MOXKHOCTH COOCTBEHHBIMU (popMynupoBkamu. JKena-
TEJIBHO 3alUCh OCYUIECTBIIATH HA OJJHOM CTpPAHUIIE, a CICIYIOIIYIO OCTABIATh JJIs
npopaboTKH y4eOHOro Marepraia CaMOCTOSTENbHO B JOMAIIIHUX YCIIOBHUSX.

KoHcrekt nekmuit gydine moapasaeisaTh Ha MyHKTHI, maparpadbl, coOmroaas
KPacHyI0 CTPOKY. DTOMY B OOJIBIION CTerneHu OyayT CloCOOCTBOBATH IMYHKTHI
IJIaHa JIGKIUU, TPEeJIOKEHHBIE MpenogaBaresisiM. [I[puHiunuansHeie MecTa, onpe-
nenenusi, GopMylibl U JPYroe CienyeT COMPOBOXKIATh 3aMEUYAHUSIMU «BAKHOY,
«0C000 BaXKHO», «XOPOIIO 3alOMHUTH» U T.NM. MOXKHO JenaTh 3TO U C MOMOIIBIO
Pa3HOLBETHBIX MapKepoB Wi pydek. Jlydmie ecnu oHu OyayT COOCTBEHHBIMH,
YTOOBI HE MPUXOJUIOCH MMPOCUTH UX Y OTHOKYPCHUKOB U TEM CAMbIM HE OTBIIEKATh
ux BO BpeMms jekuuu. llemecoobpasHo pa3zpaborarh COOCTBEHHYIO «MapKorpa-

¢duto» (3HAUKHU, CUMBOJIBI), COKpAIeHUs CJIoB. He muimHuM OyneT u u3ydeHue oc-
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HOB cTeHorpaduu. Paborass HaJ KOHCIIEKTOM JICKIIUM, BCEraa HEOOXOAUMO HC-
M0JIb30BaTh HE TOJBKO YUYEOHHMK, HO M Ty JHUTEPATYPYy, KOTOPYIO JOIMOJIHUTEIHHO
peKOMeH0BaNT JIeKTOp. MIMEeHHO Takasi cephe3Has, KpormoTiuBas paboTa C JICKIH-

OHHBIM MAaTCPHUAJIOM ITO3BOJIUT FJ'IY6OKO OBJIaJCTb 3HAaHUSAMMU.

1.2. lonroroBka K J1a60paTOpHBIM 3aHATUIM

Jlns Toro 4To6s! 1a00paTOPHBIEC 3aHATHS TPUHOCHIIM MaKCUMAIIbHYIO TOJIb3Y,
HEOO0XOMMO MOMHUTh, YTO YIPAKHEHUE U PELIECHUE 3a]ad IPOBOASTCS IO pac-
CMOTPEHHOMY Ha JIEKIIMAX MAaTEPUAITy U CBSI3aHbl, KaK IPABUJIO, C IETAJIBHBIM pa3-
OOpOM OTAEJIBHBIX BONPOCOB JIEKIMOHHOTO Kypca. Cieayer MOIYepKHYTb, YTO
TOJIBKO TOCJIE YCBOEHHSI JIEKIIMOHHOTO MAaTEPHUAJIA C ONPENEICHHOW TOYKH 3PEHUS
(a UMEHHO C TOH, ¢ KOTOPOW OH M3JIaraercs Ha JIEKIHUSIX) OH OyJIeT 3aKperisiThCs
CTYJIEHTOM Ha JJa0OPAaTOPHBIX 3aHATUAX KaK B PE3yJibTaTe OOCYXICHUS U aHaIn3a
JEKIIMOHHOTO MaTepHuania, Tak U C MOMOUIbIO0 pEIICHUs NMPOOJIEMHBIX CHUTYalUH,
3amad. llpyu 3TUX yCHOBHUSX CTYAEHT HE TOJIBKO XOPOLIO YCBOUT MaTepHall, HO U
HAy4UTCS NPUMEHATHh €r0 Ha MPAKTUKE, a TAKXKE IMOJTYYUT JOMOJIHUTEIbHBIN CTH-
My (M 3TO OYEHb BaXKHO) JIJIsl aKTUBHOM MPOPAOOTKH JIEKIIUH.

[Tpu camocCTOSITENILHOM pEIIeHNH 3a7ad HY>KHO OOOCHOBBIBaTh KaXKJIbIil Tamn
peueHus, UCX0Is U3 TEOPETUYECKUX ITOJNIOKEHUHN Kypcea. Ecau cTyneHT BUInT He-
CKOJIBKO MYTEH pelieHus npodsieMsl (3aaun), TO HyKHO CPaBHUTbh UX U BbIOpATh
caMblil panuoHaIbHBIM. [lone3HO N0 Hayana BBIYMCICHWM COCTABUTH KPAaTKHM
IUIaH pellieHust npodsemMsl (3a1aun). Pemenue npoOieMHbIX 3a7ad WIK IPUMEPOB
ClIelyeT u3JlaraTh MOAPOOHO, BBIYMCIEHUS PACIoiaraTh B CTPOrOM MOPSJIKE, OT-
JeJisisl BCIIOMOTaTeNbHbIE BHIYMCICHHSI OT OCHOBHBIX. Pelenus npu Heo6Xxonumo-
CTH HY’KHO COIPOBOXKIaTh KOMMEHTAPUSAMH, CXEMAMU, YEPTEKAMU U PUCYHKAMU.

CrnenyeT MOMHUTH, YTO pEUICHUE KaJOW Y4eOHOW 3ajaud JOJDKHO JIOBO-
JUTHCS 1O OKOHYATEJIbHOT'O JIOTHYECKOr0 OTBETA, KOTOPOIr'o TPeOYET yCIOBUE, U 11O
BO3MOXKHOCTU C BBIBOJIOM. [lomydeHHBIN OTBET ciemyeT MpOBEPUTH CIIOCOOaMM,

BBITEKAIOIMMH U3 CYIECTBA JaHHOW 3amadu. [lose3Ho Takke (€ciau BO3MOXKHO)
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peuiaTb HCCKOJIbKUMU crioco0amMu 1 CPaBHUTH IIOJYUYCHHBIC PC3YJIbTATHI. Pemenue
3ala4 JAaHHOI'O THIIA HYKHO IIPOJO0JIKATL A0 HpI/IO6pCTCHI/I$I TBCPAbIX HABBIKOB B

WX PEIICHUH.

1.3. IloaroroBKa K NPaKTHYE€CKUM 3aHSITHAM

[ToAroTOBKY K KaXXKIOMY NMPAKTUICCKOMY 3aHSTHIO CTYACHT JOJDKEH HAdaTh C
O3HAKOMJICHHSI ¢ METOJMYECKUMH YKa3aHUSIMH, KOTOPhIE BKIIOYAIOT COJEPKaHUE
pabotel. TroiarenbHOE NPOAYMBIBAHME U W3YyYEHUE BOMPOCOB OCHOBBIBAETCS Ha
MpopaboTKe TEKYIIEro Marepraia JEKLIUHY, a 3aTeM U3y4yeHHUs! 00s13aTeNIbHOM U J10-
MOJIHUTEIBHOU JUTEPaTyphl, pEKOMEH/IOBaHHYIO K AaHHOW Teme. Ha ocHOBe uH-
TUBUTyaTbHBIX TPEAMOYTCHUN CTYACHTY HEOOXOIMMO CaMOCTOSATEIHLHO BBHIOPATH
TEMY JOKJaJia 1Mo mpodiieMe U M0 BO3MOXKHOCTU MOATOTOBUTH 110 HEMY IpE3CHTA-
ITHTO.

Ecnmu mporpaMMoi AUCHUIUIMHBI MPEYCMOTPEHO BBIMOIHEHHE MTPAKTUYECKO-
ro 3aJaHusl, TO €ro HEOOXOAMMO BBITIOJHUTH C YIETOM MPEIJI0KCHHONW HHCTPYK-
1y (YCTHO WJIM TUCBMEHHO). Bce HOBbIE TOHSTHS 1O U3y4aeMOl TeMe HeOOXOIH-
MO BBIYYUTh HauW3yCTh W BHECTH B TJIOCCApUM, KOTOPHIM 11€J1€CO00pa3HO BECTH C
camMoro Hauaja u3ydeHus Kypca. Pe3ynpTar Takoit paboThl JOJKEH MPOSBUTHCS B
CIIOCOOHOCTH CTyIEHTa CBOOOAHO OTBETUTh HA TEOPETUUECKHE BOMPOCHI CEMHUHA-
pa, ero BBHICTYIUICHUH U Y4aCTUU B KOJUIGKTUBHOM OOCYXKJIEHUM BOIIPOCOB M3y4Ya-
€MOU TEeMBI, TTPABHUJIPHOM BBITOTHCHUH MPAKTUYCCKUX 33JaHUU W KOHTPOJIHHBIX
pabor.

B 3aBucHMOCTH OT cofiepskaHusi M KOJIMYECTBA OTBEICHHOTO BPEMEHH Ha U3Y-
YEHUE KaXKJOW TeMbl MPAKTUYECKOE 3aHATHE MOXET COCTOSITh M3 YETBIPEX-ISATU
4acTeu:

1. O6cyxaeHne TEOPETUIECKUX BOIPOCOB, OMPECICHHBIX MPOrpaMMOil Tuc-
ITUTITHBIL.

2. Jloxnan u/viv BBICTYIUJICHUE C TIPE3EHTAIlMSIMU 10 BBIOPAHHOMW MPOoOIeMe.

3. O6cyxaeHre BBICTYIIJIEHUM MO TeME — JIUCKYCCHS.
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4. BrinonHeHWe MPaKTUYECKOro 3ajaHusl C MOCIEIYIOIUM pa3oopoM Moily-
YEHHBIX PE3YJIbTATOB WM 00CYXACHHUE MPAKTUUECKOT O 3aJaHMsl.

5. IlogBeneHre UTOrOB 3aHIATHSL.

[lepBasg yacTb — OOCYXJIE€HHE TEOPETHUECKUX BOIPOCOB — IPOBOIUTCS B
BUJIEe (PPOHTANILHOM Oece/ibl CO BCEeU Ipynmnoi U BKIOYAET BHIOOPOUHYIO TPOBEPKY
IpernojaBaTeIeM TEOPETUUECKUX 3HAHUM CTyAeHTOB. [IpuMepHas mpoaoSKUTENb-
HOCTb — 110 15 mMuHyT. BTOpas yacte — BBICTYIUIEHHE CTYACHTOB C JOKJIAJaMH,
KOTOpBIE TOJDKHBI COIPOBOXAATHCS MPE3CHTALUSAMHU C LEJIBI0 YCUJICHHS HArjsa-
HOCTU BOCHPUATHS, TIO0 OJHOMY M3 BOIIPOCOB MPAKTHUECKOro 3aHsATusA. O0sA3aTelb-
HBIIl 3JIEMEHT JOKJIaJa — IMPEACTABICHUE W AHAIU3 CTAaTUCTHYECKUX JaHHBIX,
000CHOBaHHUE COLUATBHBIX MOCIEICTBUN JHOOOr0 YKOHOMHUYECKOTO (hakTa, sBIie-
Hus i npouecca. [Ipumepnas npogomxutensuoct — 20-25 munyt. [locne mo-
KJIaJI0B CJIEYeT UX 0O0CYXKIeHHe — JUCKYyccHsl. B Xxoae 3Toro stana npakTu4ecko-
IO 3aHATHS MOTYT OBITh 3aJlaHbl YTOUHSIOIINE BOIPOCH! K JoKiIaguukaM. [Ipumep-
Has IPOAODKUTEIBHOCT, — 110 15-20 munyT. Eciiu mporpaMMoii ipe1ycMOTpEeHO
BBITNIOJTHEHUE MTPAKTUYECKOTO 33/1aHMs B paMKaX KOHKPETHOM TE€MBI, TO MpeIoaaBa-
TEJSIMH ONPENEISETCS €r0 COACPKAHUE U AAETCS BPEMS Ha €ro BBINIOJIHEHHE, a 3a-
MeT UAET o0cyxJaeHue pe3yiabTaroB. [loaBeneHneM WTOrOB 3aKaHUMBAETCS MpPaK-
TUYECKOE 3aHATHE.

B mporiecce moAroToBKU K MPaKTUYECKUM 3aHSATHUSAM, CTYIACHTaM HEOOXOIUMO
o0patuTh 0c000€ BHUMAaHHUE HA CaMOCTOSTEIbHOE H3Yy4YEHHE PEKOMEHOBAHHOM
y4eOHO-METOJUYECKON (a TakXke HAy4HOW U MOMYJspHOIl) muTepaTypsl. CamocTo-
aTenbHas padoTa ¢ yueOHUKaMH, y4eOHBIMU MOCOOUSIMU, HAYYHOM, CIIPABOYHOMN U
MIONYJIIPHOM JIUTEPATYpPOM, MaTepualaMy IEPUOANYECKUX M3naHul u MHTepHeTa,
CTaTUCTUYECKUMU JTAHHBIMU SBJISIETCSl Hanbosee 3(p(eKTUBHBIM METOJIOM IOJTy4e-
HUS 3HAHUU, MO3BOJSIET 3HAYUTEIBLHO AKTUBU3UPOBAThH IMPOILECC OBJIAICHUS WH-
dbopmariueit, cnocooCTByeT 0oJsiee TyOOKOMY YCBOSHHUIO M3y4aeMOro maTrepuaia,
(opMHUpYET Y CTYJIEHTOB CBOE OTHOIIEHHE K KOHKPETHOM npobieme. bonee rimy6o-
KOMY PacCKpBITHIO BOIIPOCOB CIIOCOOCTBYET 3HAKOMCTBO C JIONOJHUTEIBHOU JIUTE-

paTypou, peKOMEHJIOBAHHOW IMPEINOJaBaTeIeM IO KaKIOW TEME CEMHHApPCKOro
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HJIK IIPAKTHYCCKOI'O 3aHATHA, YTO I1I03BOJICT CTYACHTAM IIPOABUTHL CBOKO MHIWBH-
AYaJIbHOCTb B paMKaX BBICTYIIJICHHA Ha AJAHHBIX 3aHATHUAX, BBIABUTDH HII/IpOKI/Iﬁ

CHEKTP MHEHUH 0 U3y4aeMoil mpodiieme.

1.4. CamocTosiTe/IbHOE U3YUEHHE MaTepuasia TeM

Koncnexkt — Haubosiee coBepilieHHass 1 Haubosee ciaokHas (popma 3amucu.
CnoBO «KOHCHEKT» MPOUCXOIAUT OT JIATUHCKOTO «CONSPECtUS», 4yTo 03HA4aeT «00-
30p, U3I0XKEHUE». B MpaBUIbHO COCTABICHHOM KOHCIIEKTE OOBIYHO BBIJEIICHO Ca-
MO€ OCHOBHOE€ B U3y4a€MOM TEKCTE, COCPEIOTOYEHO BHMMAaHHUE HAa Hambosee Cy-
IIECTBEHHOM, B KPaTKUX W YETKHX (OPMYIHUPOBKAX 00OOIICHBI BaKHBIC TEOPETH-
YECKHUE TMOTO0KCHHUS.

KoHcrnekt npezacTaBisger co00il OTHOCUTENHHO MOAPOOHOE, MOCIEI0BATEb-
HOE M3JIOKEHHUE COep)KaHUs MPOYUTAaHHOTO. Ha mepBhIX mopax menecoodpasHo B
3anmucsX OJIMKe IepKaThCA TEKCTY, Mpuberast 3a4acTyro K IpsMOMY IIUTUPOBAHUIO
aBTopa. B manmpHelem, o Mepe BhIpaOOTKH HABBIKOB KOHCIIEKTUPOBAHUS, 3aAIHCH
OyayT HOCUTH OoJiee CBOOOIHBIN U CKATHIM XapaKkTep.

KoHcrekT KHUTH OOBIYHO BEIETCS B TETpaaud. B caMoM Hauaje KOHCIIEKTa
yKasbIiBaeTcs (aMuiIMsl aBTOpa, MOJTHOE Ha3BAaHWE MPOW3BEICHUS, U3IATEILCTBO,
roJ 1 Mecto usnanus. [Ipy muTupoBannm o0s3aTeNbHAS CChIIKA HAa CTPAHUIy KHH-
ru. Eciu nurarta B3sita M3 COOpaHUs COYMHEHH, TO HEOOXOAMMO yKa3aTh COOT-
BeTcTByIomMid ToM. ClieqyeT MOMHUTH, YTO YETKas CChUIKA HAa WCTOYHUK —
HETMPEMEHHOE TPABUJIO KOHCIICKTHPOBAHMS. ECITM KOHCIIEKTHPYETCS CTaThs, TO
yKa3bIBaeTCA, I/I€ U KOTJla OHA ObLIa HarevaTaHa.

KoHcrekt mopapasnensieTcss Ha 4acTh B COOTBETCTBHM C 3apaHee MpOJayMaH-
HBIM TUTaHOM. [IyHKTHI TUTaHA 3aMMCHIBAIOTCS B TEKCTE WJIM HA IMOJSIX KOHCIIEKTA.
[Tucath ero pekoMeHyeTcsi 4YeTKO U pa300puMBO, TaK Kak HEOpEeKHas 3alucCh C
TEYCHUEM BPEMEHU CTAaHOBUTHCS MAOMIOHATHOW 1 ee aBTopa. CyliecTByer mpa-
BUJIO: KOHCIIEKT, COCTABJICHHBIN I ce€0s, TOJDKEH OBITh MO BO3MOXXHOCTH HAIH-

CaH TakK, YTOOBI €T0 JIETKO MPOYUTAT U KTO-THO0 JPYroil.
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@DopMBbI KOHCTIEKTa MOTYT OBITh Pa3HbIMU M 3aBUCAT OT €ro 1eJeBOro Ha3Ha-
yeHus (U3ydeHHE MaTepuasia B LEJIOM WM MOJl ONpPEAENICHHbIM YIJIOM 3pEHHS,
MOATOTOBKA K JIOKJIAly, BHICTYIUICHUIO HA 3aHSATUU U T.1.), @ TAKXKE OT XapakTepa
npousBeaeHus: (MoHorpadus, cTaThs, JOKYMEHT U T.1.). Ecau peub uaer mpocro
00 M3JI0KEHUHU COAEPKAHUS PaOOThI, TEKCT KOHCIEKTA MOKET ObITh CIUIOIIHBIM, C
BBIJICJICHHEM OCO0O0 B@KHBIX IOJIOKEHUHM MOAYEPKUBAHUEM WA pa3IMYHBIMU
3HaYKaMH.

B cnyuae, korna He OrpaHUYMBAIOTCS MEPEIOKEHUEM COZEPKaHUs, a (PUKCHU-
PYIOT B KOHCIIEKTE U CBOU COOCTBEHHBIE CYXIEHUS MO JAHHOMY BOIIPOCY WJIU J10-
MOJIHAKOT KOHCIIEKT COOTBETCTBYIOIIMMHM MarepHallaMH MX JIPYTHMX HCTOYHHUKOB,
cienyeT OTBOAUTh MECTO [JIsl TAKOro poja 3amuceid. PekoMeHayeTcs pa3lieliuTh
CTPaHHULIbl TETPAJIX MOIOJAM IO BEPTUKAIN U B JIEBOM YaCTH BECTH KOHCHEKT IPO-
U3BEJICHUS, a B IPABOM CBOHM JIOIIOJIHUTEIBHBIE 3aIlCH, COBMEIAs UX IO COAEp-
KAHUIO.

KoHcnektrpoBanue B Oonbliield Mepe, 4YeM Ipyrue BUbI 3alIUCE, TOMOraeT
BbIpa0aThIBaTh HABBIKU MPABUJIBHOI'O M3JI0KEHUS B MUCBMEHHOW (opMe Ba)KHBIE
TEOPETUUYECKUX U MPAKTUUYECKUX BOMPOCOB, YMEHHE YETKO UX (HOPMYIUPOBATH U
SICHO U3JIaraTb CBOUMHM CJIOBaMH.

Takum oOpa3oM, COCTaBJICHHE KOHCIIEKTa TpeOyeT BIyMYHUBON pabOTHI, 3a-
TpaThl BpEMEHH U TpyJa. 3aTO BO BpeMs KOHCIIEKTHPOBAHUS MPUOOPETAIOTCS 3HA-
HUS, co3AaeTcs POH/T 3aMUCEen.

KoHcnekT MOXeT ObITh TEKCTyadbHBIM MM TeMaTHUYeCKUM. B TekcTyaabHOM
KOHCIIEKTE COXPAHSIETCS JIOTUKA U CTPYKTYpa U3y4aeMOoro Mpou3BEICHHUS], a 3allHCh
BEJETCSI B COOTBETCTBHUHU C PACIIONIOKEHUEM Marephalla B KHUre. 3a OCHOBY T€Ma-
TUYECKOI0 KOHCIIEKTa OepeTcsl He TUIaH MPOU3BEACHUS, a COJEpKaHUuEe KaKON-In0o
TEMBbI WU TTPOOJIEMBI.

TekcTyallbHbIN KOHCIIEKT JKeJIaTeJIbHO HAYMHATh IOCJE TOr0, KaK BCS KHUTA
IpoYuTaHa U IPOAYMAaHA, HO 3TO, K COXKAJICHHIO, HE BCErla BO3MOXKHO. B nepByro
ouepeb HeOOXOAMMO COCTABUThH IJIaH MPOU3BEICHUS MMCbMEHHO WJIM MBICIEHHO,

MOCKOJILKY B COOTBETCTBHM C ATUM IITAHOM CTPOMTCS JanbHeias padora. Kon-
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CIEKT BKJIIOYAET B C€0s TE3UCHI, KOTOPbIE COCTABIAIOT ero ocHoBY. Ho, B oTimuune
OT TE€3UCOB, KOHCIIEKT COJEPKUT KPATKYIO 3alIMCh HE TOJIBKO BBIBOJOB, HO M JIOKa-
3aTeNIbCTB, BIUIOTh 10 (hakTHUecKoro mMarepuana. lHaue roBops, KOHCIEKT — 3TO
pacIIMpEHHbIE TE3HCHI, JOMOJHEHHBIE PACCYXICHUSAMU M JOKAa3aTeIbCTBAMM,
MBICIIIMA ¥ COOOpPaKEHUSIMU COCTABUTEIIS 3aIUCH.

Kak npaBuiio, KOHCIIEKT BKJIIOYAET B c€0s U BBIITUCKU, HO B HET'O MOTYT BOUTH
OTJICIIbHBIE MECTa, IUTUPYEMbIE JOCIOBHO, a TakXKe (haKkTbl, MPUMEpPbI, LHUPPHI,
TaOJMUIBI U CXEMBbI, B35Thle U3 KHUrU. CiexyeT MOMHUTH, YTO paboTa Haja KOH-
CIEKTOM TOJBKO TOI/a OyIeT TBOPYECKOH, KOrJa OHa HE OrpaHHuY€Ha TEKCTOM
M3y4aemMoro npousBeaeHus. Hy)KHO JOMONHATh KOHCIIEKT JaHHBIMH U3 JPYTUX UC-
TOYHHKOB.

B koHcmekTe HEOOXOAUMO BBIIETSATH OTIENbHBIE MECTa TEKCTa B 3aBHCHUMO-
CTH OT UX 3HAUMMOCTH. MOXKHO MOJIb30BaThCs Pa3IMYHBIMU CIIOCOOAMM: MOAYEp-
KMBaHUSMH, BOIIPOCHUTEIBHBIMU M BOCKJIMUATEIBHBIMU 3HAKaMH, pPEIUIMKaMH,
KpaTKMMH OLICHKaMH, NUCaTh Ha MOJSAX CBOMX KOHCIEKTOB CJIOBA: «BAXKHOY,
«OYEHb BAXKHO», «BEPHO», «XAPAKTEPHOM.

B KoHCHeKkT MOryr momMemarbcs AuarpaMMbl, CXEMbl, TaOJHIIbI, KOTOPbHIE
OpUAATYT EMY HArJSIAHOCTb.

CocTaBJIeHHIO TEMAaTUYECKOTr0 KOHCIIEKTA MPEAIIECTBYET TIIATEIbHOE U3y4e-
HUE BCEW JUTEepaTyphl, HOJOOPAHHOMN JJIsl paCKpBHITUA JaHHOW TeMbl. beIBaeT, 4yTo
Kakas-mMb0 TeMa pacCMaTpUBAETCsl B HECKOJIBKMX IJIaBaxX WJIM B pa3HbIX MeECTax
KHUTU. A B KOHCIIEKTE BECh MaTepuall, OTHOCSIIMNICA K TeMe, OyIeT CoOCpeioToueH
B OJJHOM MecTe. B ImaHe KOHCIEKTa PeKOMEHIYETCs JENaTh IMOMETKH, K KaKUM
MCTOYHHMKAM (BIUIOTh JO CTPAaHHUIIbI) MPUIETCS 0OpAaTUTHCA AJI1 PACKPBITHS BOIIPO-
coB. TemMarnyeckuil KOHCHEKT COCTABIISAETCS OOBIYHO JJISI TOTO, YTOOBI TIyOxke
M3YYUTh OIpPENEIECHHBIM BONPOC, MOATOTOBUTHCS K JOKIANY, JEKIUHA UM BBICTYII-
JICHUIO Ha CEMUHAPCKOM 3aHATUU. TaKoi KOHCIEKT MO COJAEPKaHUI0 MPUOIHKAET-
cs K pedepaty, AOKIany MO M30OpPaHHON Teme, OCOOCHHO €ClM BKIIIOYaeT U COO-

CTBEHHBIN BKJIa/l B U3y4E€HUE MPOOIIEMBI.
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1.5. IloAroToBKAa K IK3aMeHYy

DK3aMEHAIMOHHAs CeCCUsl — OYEHb TSDKENBINA MEepHoJ] pPadOThI JJIs1 CTYJEHTOB
Y OTBETCTBEHHBIA TPY[ JJIA IIpenoaasBareneil. [ maBHas 3agadya dK3aMEHOB — ITIPO-
BEpPKA KAYECTBA YCBOCHHUS CONECPKAHUS JUCHUTLINHBIL.

Ha ocHoBe Takoil mpoBepkH olleHUBaeTCs yueOHas paboTa HE TOJIBKO CTYACH-
TOB, HO U TIperojaBarelieli: 1Mo pe3yabTaTaM dK3aMEHOB MOXKHO CYJIUTh U O Kaue-
CTBE Bcero y4uebHoro mporiiecca. [Ipu moaroroBke K 3k3aMeHy CTYJAEHTHI TOBTOPS-
I0T MaTrepuan KypcoB, KOTOpbI€ OHU CIYyIIAId U HU3y4ald B TEUEHUE CEMECTpa,
00001I1a0T MOTYYCHHBIC 3HAHMSI, BHIJEISIOT TJIABHOE B MPEAMETE, BOCITPOU3BOIST
OOIIYI0 KapTUHY JJIsi TOTO, YTOOBI SICHEE TOHSTH CBSA3b MEXAY OTICIbHBIMU dJie-
MEHTaMU JUCHIUILIAHBI.

[Ipy moAroTOBKE K SK3aME€HaM OCHOBHOE HAMpAaBJICHUE AAIOT IPOrpPaMMBbl
Kypca U KOHCIIEKT, KOTOphIE YKa3bIBaIOT, YTO B Kypce Haubosee BakHO. OCHOBHOM
MaTepuall IOJDKEH MpopadaThiBaThCsa MO y4EOHUKY, MOCKOIbKY KOHCIIEKTa HEJO-
CTATOYHO JIJIS U3yYEHUs JUCHUIUINHBL. YUYEOHUK JODKEH OBITh MpopabOTaH B Te-
YEHUE CEMECTpPA, a Mepe]] SK3aMEHOM Ba)KHO COCPEJOTOUYUTh BHUMAHHUE HA OCHOB-
HBIX, HauOoJiee CIOXKHBIX pasnenax. [oAroToBky Mo Kaxaomy pazieny cleayeT
3aKaHYMBaTh BOCCTAHOBIICHHEM B MaMATH €r0 KPAaTKOIrO COJEPkKaHUS B JIOTHYE-
CKOW MOCJIEI0BATEIIbHOCTH.

Jlo sKx3aMeHa OOBIYHO MPOBOJUTCS KOHCYJIBTALIUSI, HO OHA HE MOXKET BO3MeE-
CTUTh OTCYTCTBHUS CHCTEMATHYECKOW paOOTHI B TCUEHUE CEMeCTpa U MOMOYb 3a He-
CKOJIBKO YaCOB OCBOUTH MaTepuai, TpeOyrouuiics k sk3ameny. Ha koHcynbranuu
CTYJICHT IOJYy4YaeT JUIIb OTBEThl HA TPY/IHbIC WM OCTABIIMECS HESICHBIMU BOIPO-
col. [Tonb3a OT KOHCYIBTAIIMU OYAET TOJIBKO B TOM CiIydae, €Clid CTYJIEHT J0 Hee
npopaboTaeT Bech MaTepuayl. Hago yuuThcsi 3a7aBaTh BOIPOCHI, BbIPaOATHIBATh
IPUBBIYKY TMOJIH30BATHCS CIIPABOYHUKAMU, SHIIUKIONEAUSIMU, & HEe ObITh HA WK/~
BEHUM Yy MperojaBaTesieii, KOTOPhIM HE BCErjaa MOXKET TYT K€, «C XOIy» Ha3BaTh
Kakoi-mnoo (axt, ums, coopiTue. Ha sx3aMeHe HY»XHO MOKa3aTh HE TOJHKO 3Ha-

HHUE IMPEAMCETA, HO 1 YMCHHC JIOTUYCCKHU CBA3HO ITOCTPOUTDH YCTHBIfI OTBCT.
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[TomyuuB GuieT, HaAO BAYMAaThCsl B OCTABJIEHHBIE BOIIPOCHI JJISL TOTO, YTOOBI
IIPaBUJILHO MOHATH UX. Hepeako cTyneHT oTBedaeT He Ha TOT BOIPOC, KOTOPBIU
IIOCTABJICH, WX B IIPOCTOM BOIIPOCE MIIET CKPBITOro cMbicia. He moHaB Bompoca
U He 00JyMaB IJIaH OTBETA, HE CJIeyeT HaYuHaTh nucarh. KOHCIIEKT cBOEro oTBe-
Ta HAJO0 pacCMaTpUBaTh KaK IUIAH KPATKOro COOOIIEHHS Ha JAHHYIO TEMY U CO-
CTaBJISITh OTBET HY)KHO KpaTko. IIpu 3TOM HeoOXoauMo Moka3aTh YMEHHE BbIpa-
aTh MBICIIb YETKO U TOXOAYHUBO.

OTBeuaTh HYXHO CHOKOWHO, YETKO, MPOJyMaHHO, 0€3 TOPOIUIMBOCTH, MpU-
JIEP’KUBASICH 3aIIMCU CBOEro oreera. Ha sk3aMeHax CTyIeHT NIOKa3bIBaCT HE TOJIBKO
CBOU 3HaHUs, HO M Y4UTCS BiajaeTh coboi. [locne orBera Ha OueT MOryT cieno-
BaTb BOINPOCHI, KOTOPbIE UMEIOT LIEJBK0 BBIICHUTh IIOHMMAHHME OPYIMX Pas3zeiioB
Kypca, He Bomeamux B omier. Kak nmpaBuio, Ha HUX MOXHO OTBETUTh KpPaTKo, J0-
CTAaTOYHO I10Ka3aTh 3HaHUE CYTH BoIpoca. HacTo CTyaeHTHI IPU OTBETE HA JOIOJ-
HUTEJIBbHBIE BOIIPOCHI MIPOSIBIIAIOT IIOCIIEITHOCTD: HE IIOHAB CMBICIIA TOr0, YTO Y HUX
CIIPAIIMBAIOT, HAUMHAIOT OTBEYATh U HEPEIKO TOBOPSAT HE IO CYTH.

Crnenyer mMOMHUTB, YTO HEOOXOIUMBIM YCIOBHUEM IMPABUIIBHOIO pexuMa pa-
00TBI B MEPHOJ IK3AMEHAIMOHHOW CECCUM SIBJISIETCSI HOPMAJIbHBIA COH, MO3TOMY
MOJrOTOBKA K 9K3aMeHaM He J0JKHA OBITh B yIIiepO CHY. Y CTAaHOBJIEHO, YTO CUJIb-
HOE SMOIMOHAJILHOE HANPSKEHUE BO BPEMsI 9K3aMEHOB HEOJIaronpuaTHO OTpaka-
€TCS1 Ha HEPBHOM CHUCTEME M MHOT'ME CTYJAEHTHI M3-3a BOJIHEHUM HE CIIAT HOYM IIe-
pen sx3ameHamMu. OOBIYHO B CECCHUIO CTYACHTY HE J10 O0JE3HH, Tak KaK BECh Opra-
HU3M 03a004€H OJHMM — CAATh dK3aMeHbl. Ho 3To eme He 3Ha4uT, 4TO mOCieN-
CTBUSI HENPABUIBHO OPraHW30BAHHOIO TPYyJda W YPE3MEPHOM 3aHATOCTH HE CKa-
KyTcsl MOTOM. [103TOMyY Ka)Iplii CTYAEHT MOMHHUTH O Ba&XXHOCTH PAlMOHAIBHOTO
pacriopsiika paboudero AHS U O CBOEBPEMEHHOCTH CHATHS WM YMEHBIIECHUS yM-

CTBCHHOI'O HAITPAXKCHMUA.
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2. CPEACTBA OHEHUBAHUA YPOBHA COOPMUPOBAHHOCTH
KOMIIETEHIUI OBYYAIOIINXCS ITPU U3YUEHUU
JTACHUIIJINHBI « CHCTEMHBIN AHAJIN3 U YIIPABJIEHUE»

Bomnpocsl s codecenoBanus

Tema 1. CucTeMHBIN aHAIU3 U €70 MECTO B CUCTEME HAYYHBIX HAIIPABIEHUN

1.

w

N o g &

TCHI[GHLII/II/I Pa3BUTHUA O6IHCCTB3, ITOABJICHUC CJIOXKHBIX CUCTCM M 3a4a4

¢ 6onpIION HEOIIPCACIICHHOCTBIO.

. CucTteMHBIN aHATN3, €r0 0COOCHHOCTH, TAITbl TPOBEACHMUSI.

CyImHOCTh yIpaBi€HUs CI0KHBIMU CUCTEMaMU, TaIlbl IUKIIA yIIpaB-
JICHUSL.

OCc00EHHOCTH CIIOKHBIX CUCTEM.

O06s1acT MPUMEHEHUSI CUCTEMHOTO aHAJIN3A.

[Tyt COBEpIIEHCTBOBAHUS YIIPABIICHHUS.

[TocnenoBaTenbHOCTh MPUHATHS PELICHUS TIPU YIPABICHUH CIIOKHOU

CUCTEMOU.

Tema 2. OCHOBBI TEOPUU CUCTEM

1.

© 0o N o gk~ DN

Cucrema u ee CBOMCTBA.

Buemnsis cpena, BUIIBI Cpell, CI0KHOCTD CPEJIbI.
IToncucrema, KOMIIOHEHT M 3JIEMEHT.

CBs13b.

Llens.

Hab6mromarens.

Cocrosnue.

IloBenenue.

PasButue.

10.PaBHOBeCHE.

11.VY cToitunBOCTb, BUJIBI CUCTEM C TOUKHU 3PEHUS YCTOMYUBOCTH.
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12.OTKpBITOCTh, BUIBI POHUIIAEMOCTH CHUCTEM.

13.Benuyuna.

14.Pa3znooOpasue, ero ypoBHH.

15.CnoxxHOCT®b.

16.0Oprann30BaHHOCTb.

17.JlnanekTu4eckoe eqMHCTBO CyOhEKTUBHOTO U OOBEKTUBHOTO B MOHSI-
THU «CUCTEMay.

18.Pa3MBITOCTh TPAHUIIBI «CUCTEMA-CPEIAY.

19.I1puHIIMTT OTHOCUTENBHOCTHU MPH BBIJIEJICHUH 3JIEMEHTOB CUCTEMBI.

20.Knaccuduxamus cBsizent.

21.1TpoTUBOPEYMBOCTH TTOHITHS «IIEIBY.

22.Bo3MOXHBIE TIOJ0XKEHUS HaOIoaTens.

23.Crioco0bl 3a/1aHUs COCTOSTHUSI CUCTEMBI.

24.Crnioco0Obl 3a/1aHUsI TIOBEJICHUS CUCTEMBI.

25.TlepexoaHbIC MPOTIECCHI.

26.1leneoOpa3zoBaHue B 3aKPHITHIX U OTKPHITHIX CHCTEMaX.

27 IlpuunHbl pocTa pa3HOOOPa3Us CHCTEM.

28.YPpOBHU CIIO)KHOCTU CHUCTEM.

29.YpoBHU OPraHU30BAaHHOCTH CUCTEM.

30.IToHsATHE O CTPYKTYpPE CUCTEMBI, CIIOCOOBI 3aJJaHUST CTPYKTYPHI.

31.0nHOypOBHEBAsI CTPYKTYpa C IPOU3BOJILHBIMU CBSI3IMH U CETEBAS
CTPYKTYDA.

32.Uepapxuueckasi CTpYKTypa ¢ CUIbHBIMU U C1a0bIMU CBA3SIMU.

33.CmMmermanHast uepapxuueckasi CTpyKTypa ¢ BEpTUKATbHBIMA U TOPHU30H-
TaJbHBIMU CBSI3SIMHU.

34 . MlHBapraHTHOCTh CTPYKTYPHBIX CBSI3EH.

35.CmerianHas uepapxmueckasi CTpyKTypa ¢ BEpTUKAITbHBIMA U TOPHU30H-
TaJbHBIMH CBSI3SIMHU.

36.MHoros1enoHHas CTPYKTypa U €€ 0COOCHHOCTH.
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37.IlpeacraBieHue CTPYKTYpbl CUCTEMbI CEMEUCTBOM MOJIENEH (CTpaTH-
(duKalms) 1 CEeMENCTBOM CIIOEB.

38.1lemocTHOCTD (AMEPIIKEHTHOCTH ), MPOSIBIICHHUE IIETOCTHOCTH.

39.MHTErpaTUBHOCTb.

40.KoMMyHHKaTUBHOCTb.

41.VlepapXU4HOCTb, €€ MPOSIBJICHHUS.

42.9kBU(UHATBHOCTD.

43.Heobxonumoe pazHooOpasue.

44 .3aK0HOMEPHOCTH MOTEHITUAIBHON 3 (PEKTUBHOCTH.

45.1ICTOpUYHOCTb.

46.Camoopranu3aiusi.

47.3aBUCUMOCTD TIPEJICTABICHUS O IIeTH U €€ (POPMYIUPOBKH OT CTaIUU
MO3HAHUS CUCTEMBI.

48.3aBHCHUMOCTD 11€7TU OT BHYTPEHHHUX U BHEITHUX (haKTOPOB.

49.B03MOXKHOCTB TIPEICTABICHUS TII00aTHLHOM IENI B BUJIE CTPYKTY PbI
Lemen.

50.1TposiBeHNE B CTPYKTYpE MENeH 1ETOCTHOCTH Ha KaXJI0M YPOBHE
HUepapxuu.

51.CpaBHutenbHas OllEHKA 1IEJIOCTHOCTH.

52.0co6eHHOCTH nepapXUIeCKON B3aMMOCBSI3H.

53.Mcnonp30oBaHne 3aKOHOMEPHOCTH HEOOXOIMMOTO Pa3HO00pas3us B
YITPaBJICHUH.

54.Ctanuu pa3BUTHS CUCTEM.

55.1IpoTuBOpeyne SJHTPONMUNHBIX U HEMIHTPONUUHBIX TEHIACHIIUM.

56.3aBucUMOCTD crtoco0a MpeICTaBICHUS CTPYKTYPHI 1eJId OT CTaIUU T10-
3HAHMSI CHCTEMBI, BUJIBI 1 (JOPMBI MPECTABICHUSI CTPYKTYD Tiesei (ce-
TeBast CTPYKTYypa WM CETh, HEPAPXUUECKasI CTPYKTYpa, CTPATHI U JIIIe-

JIOHBI).

Tema 3. Onucanue CUCTEM
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O6meanredpandeckre METO/Ibl, 00J1aCTh TPUMEHEHHS, CITIOCO0 0TO0-
PaXXEHUSI CBOMCTB CUCTEMbI, MOHSATUMHBIN anmnapar, JOCTOMHCTBA U He-
JIOCTaTKH.

CrarucTryeckre MEeTobl, 00JIaCTh TPUMEHEHUS, CITOCOO OTOOpaKEHUS
CBOWCTB CUCTEMBI, IOHSITUWHBIN aIapar, TOCTOMHCTBA U HEIOCTATKH.
. Jlormdeckue MeTo/bl, 00J1aCTh MPUMEHEHHUS, CTIOCO0 0TOOPAKEHUS
CBOWCTB CUCTEMBI, TOHATUWHBIN aNIapar, JOCTOMHCTBA U HEAOCTATKH.
TeopeTnko-MHOKECTBEHHBIC METO/IbI, 00J1aCTh MPUMEHEHHS, CII0C00
OTOOpaKEHMSI CBOMCTB CUCTEMBI, TOHATUMHBIA anmapar, JI0OCTOMHCTBA
M HEJIOCTATKH.

. JIMHTBUCTUYECKHE METO/IbI, 00JIaCTh IPUMEHEHUS, CII0C00 0TOOpake-
HHUS CBOWCTB CUCTEMBI, TIOHSITUWHBIN aIapar, JOCTOMHCTBA U HEO-
CTaTKH.

I'paduyeckue u rpadoaHaTuTHYECKHUE METObI, 00IACTh IPUMECHEHUS,
croco0 0ToOpakeHUsl CBOMCTB CUCTEMbI, MOHSITUHHBIN ammnapar, J10-
CTOMHCTBA U HEJIOCTATKH.

O1ieHKa CUCTEM B YCIIOBUSIX OMPEAEICHHOCTH. AHATMTUYECKOE OLICHU-
BaHUE BapUaHTOB CUCTEMBI.

Bri0op HamtydIiero BapuanTa ¢ MCIoJIb30BaHHUEM METOI0B BEKTOPHOM
ONTUMU3AIMHU ITyTEM PEIICHUS 3a1a4ll MAaTEMATHUYECKOTO MTPOrpaMMHu-
poBaHus 6€3 OrpaHUYCHUI.

Br16op HammydIiero BapuanTa ¢ UCIOIb30BAaHUEM METO0B BEKTOPHOM
ONTUMU3AIMHU ITyTEM PEIICHUS 3a/1a4l MaTEMaTHUYECKOTO ITPOrpaMMHu-

pPOBaHHA C OIrPAHUYCHUSMU.

10.0H€HK3 CUCTCM B YCJIIOBHUAX PHCKA. AHanutnyeckoe OLCHUBAHHNC BapH-

AHTOB CUCTCMBI.

11.Bb160p HaMIIy4IlIEr0 BapUaHTA C UCIOJIb30BAHUEM METOJOB TEOPUU BE-

POSITHOCTEM.

12.Bb100p HaMIIy4dIlIero BapuaHTa ¢ UCMOJIb30BaHUEM (DYHKIIMH MOJIE3HO-

CTH.
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13.01eHKa cucTeM B YCIOBHSIX HEONPEAEICHHOCTH. AHAIUTUYECKOE Ol1e-
HUBAaHUE BAPUAHTOB CUCTEMBI.

14.Bb100p HaMIIy4IlIET0 BapUaHTA C UCIOJIb30BAHUEM SKCIEPTHBIX OLEHOK
U YCPEHSIOMINX KPUTEPUEB.

15.Bwi0op HammyuIero BapuaHTa ¢ UCIOJIb30BaHUEM SKCIIEPTHBIX OIEHOK
Y MUHUMAKCHBIX KPUTEPUEB.

16. /{51 kakux 1eaet MPOBOUTCS OLIEHKA CIOKHBIX cucTemM? KakoBbl oc-
HOBHBIE HTaIlbl OLICHUBAHUS CIIOKHBIX CUCTEM?

17.B ueM pa3Hulla MKy KOJMUYECTBEHHBIMU U Ka4E€CTBEHHBIMU METO/1a-
MH OLICHUBAHUSI CUCTEM?

18.Kakue xauecTBEHHbIE METO/IbI OIIEHUBAHUS CUCTEM Yallle BCEro Mpu-
MEHSIIOTCSI?

19.B ueM 3akir04aeTcst METOJI TUTIA «MO3TOBasi aTaKay UM «KOJJICKTHUB-
Has reHepauus uaein?

20.Kakne MeToasl OTHOCATCS K METO/IaM THUIIa ciieHapueB? I e Ha mpak-
THUKE MIPUMEHSIOTCS] 3TU METO/bI?

21.Kakne MeToabl OTHOCATCS K METOJIaM dKCTIEPTHBIX orieHOK? Kakue u3
HUX YaIle BCEro UCMIOIb3YyIOTCA?

22.B yeM cocTosT ocobeHHocTH MeTosia YepumeHna-Akodda?

23.B gem 3akimouaercs meroa Gon Helimana-Moprenmrepra?

24 Kakue metoabl OTHOCATCA K MeTonaM tumna [enbdu? B uem 3akmtoua-
eTcs mpoiieaypa 3Toro Mmeroga? KakoBbl HEJOCTaTKU 3TOr0 MeToAa?

25.B dem 3akitouaeTcsi OCHOBHAS HUjiess MOP(POJIOTHYECKUX METO/I0B?

26.Kakue metoab! Mmopdoaorudyeckoro ucciaenoBanus Bel 3Haere? I e
MIPUMEHSIIOTCS] 3TU METO/bI?

27.Kakue 0oCHOBHBIE METOAbI KOJIMYESCTBEHHON OLIEHKHU CUCTEM BbI 3Hae-
Te?

28.Kak npou3BoIUTCS OIEHKA CIIOKHBIX CUCTEM Ha OCHOBE TEOPHUH T10-

JIE3HOCTU?
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29.B uem 3akio4yaeTcs CylHOCTh METOIOB BEKTOPHOMH ONTUMHU3AIIN?
Kaxue meronb! penieHus 3a/1a4 BEKTOPHON onTuMu3aiuu Bei 3Haete?

30.Kak ocyiecTBisieTcs OI[eHKa CIIOKHBIX CUCTEM B YCIOBHSIX PHCKa Ha
OCHOBE (hYHKITUH TT0JIE3HOCTH?

31.UT0 1eKUT B OCHOBE METO/Ia CUTYAITMOHHOTO YIIPABJICHHUS ?

32.Kakue oCHOBHBIE ATaIbl OIIEHKH CUCTEMBbI HA OCHOBE 3TOTO METO/1a

MO’KHO BBIIECINUTDH?

Kpurepuu oneHuBaHusi KOMIIETEHIM I

OueHka «3a4TeHO0» BBICTABIISIETCA CTYIEHTY, €CJIM OH TBEPAO 3HAET MaTEpHU-
aJI, TPaMOTHO H I10 CYIECTBY M3JIaraeT €ro, NpaBUIbHO IIPUMEHSET TEOPETHYECKUE
MOJIOXKEHMSI TIPH PELIEHUN MPAKTHYECKUX BOIPOCOB M 3aJa4, BJIaJE€EeT HEOOXOAM-
MBIMU HaBBIKAMH W IIPUEMAMU UX BBINOIHEHUS. [[OMyCcKaroTCs HEKOTOPBIE HETOU-
HOCTH, HEJOCTAaTOYHO MpaBUJIbHbIE (HOPMYIUPOBKUA B U3JI0KEHUU MPOTrPAMMHOIO
Marepuala, 3aTpyIHEHHsI IPY BBINIOJIHEHUU MPAKTUYECKUX PaloT.

OneHka «He 3aYTeHO0» BBICTABIISIETCS CTYIEHTY, €CIIM OH HE 3HAET 3HA4u-
TEIbHOW YacTH MPOrpaMMHOr0 MarepHana, JOMYCKAaeT CYHIECTBEHHbIE OIIMOKH,

HCYBCPCHHO, C OONBITUMHA 3aTPYAHCHUAMMU BBITIOJIHACT MPAKTUYCCKHUC 3alaHNA.

Bomnpocsl kK 3k3aMeHy

Bonpocs! (3agaua, 3aganue) s IPOBEPKU YPOBHSI 00yIEHHOCTH

1. OcHOBHBIE 3a]a4U TEOPUH CUCTEM.

2. OCOOCHHOCTH CJIOJKHBIX CUCTEM.

3. IlpuMeHeHHne CHCTEMHOTO aHAIM3a TIPH YIIPABJICHUH CIIOKHBIMH CH-
CTEMaMH.

4. TepMHHOJIOTHS TEOPHH CUCTEM: CHCTEMa 1 BHEIIHSS Cpefia; dJIEMEHT U

MMOJICUCTEMA; CBSI3b; 11€J1b;, HaOII01aTelNb.
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5. TepMuHOJIOTHSI TEOPUH CUCTEM: COCTOSTHUE, TIOBEICHUE U Pa3BUTHE;
pPaBHOBECHUE U YCTONYMBOCTbD.

6. TepMUHOJIOTHS TEOPUH CUCTEM: BETMYMHA U CIOXHOCTH; pa3HOOOpa-
3M€ U OPTraHW30BAHHOCTb.

7. Ctpykrypa cucreM. CriocoObl 3aanus. Buasl cTpykTyp.

8. Ommcanue CTPYKTYphI CIIOXKHBIX CHCTEM.

9. 3aKOHOMEPHOCTH B3aMMOJICHCTBHSI YaCTH U 1IEJIOTO.

10.3aKOHOMEPHOCTH OCYIIECTBUMOCTH CUCTEM.

11.3akoHOMEpHOCTH (DYHKIITMOHUPOBAHUS U PA3BUTHSL.

12.3aK0oHOMEpPHOCTH 11e7Ie00pa30BaHUS.

13.00meanredbpanyeckue METOAbI OITUCAHUS CUCTEM.

14.CraTucTryeckue MEeTObl OIUCAHUS CUCTEM.

15.Jlorudeckue METO/IbI ONUCAHUS CUCTEM.

16.TeopeTuKO-MHOKECTBEHHBIE METObI OITUCAHUSI CUCTEM.

17.JIMHTrBUCTUYECKHE METO/IbI OMMCAHUS CUCTEM.

18.I'padoananuTdecKue METOIbI ONUCAHUS CUCTEM.

19.MeTo1b1 MO3TOBOI1 aTakwy.

20.MeTonpl ClIeHapHeB.

21.Metonpl nepeBa 1ese.

22.MeTo/bl SKCTIEPTHBIX OIICHOK.

23.Metonpl [lenndu.

24 Mop¢onorndeckue MeTOAbI.

25.011eHMBaHUE CIIOKHBIX CHCTEM B YCIIOBUSIX OIMPEICICHHOCTH.

26.011eHIBaHUE CIIOKHBIX CHCTEM B YCIIOBHUSX HEONPEACIICHHOCTH.

27.0H€HI/IBaHI/I€ CJIOXHBIX CUCTEM HAa OCHOBC TCOPHH ITOJIC3HOCTH.

Kpurepun oneHuBaHus KOMIETEH UM
OlleHKa «OTJIMYHOY» BBICTABJISICTCS CTYACHTY, €CIM OH TJIyOOKO M IPOYHO
YCBOWJI MPOTrPaMMHBIA MaTepUall, UCYEPIBIBAIOIIE, MOCIEI0BATEIbHO, YETKO U JIO-

TUYECKH CTPOMHO €ro M3JaraeT, yMEET TE€CHO YBS3bIBAThb TEOPHUIO C MPAKTUKOM,
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CBOOOIHO CIIpaBIsieTCsl € 3ajja4aMy, BOIIPOCAMH M JIPYTUMH BUIAMH MPUMEHEHHUS
3HAHMM, TPUYEM HE 3aTPYAHSETCS C OTBETOM IIPU BUAOU3MEHEHUHU 3aJaHUM, UC-
MOJIb3YyEeT B OTBETE MaTeprall MOHOIPAPUUECKOW JUTEPATYpPbl, MPABHIBHO 000C-
HOBBIBAET NPUHATOE PELICHUE, BIAJECET Pa3HOCTOPOHHUMHU HaBBIKAMU U ITPUEMaMU
BBITIOJTHEHUS TPAKTUYECKUX 3a]1a4.

OneHka «XOpoII0» BBICTABIISIETCS CTYAEHTY, €CIM OH TBEPAO 3HAET MaTEepH-
aJl, TPaMOTHO M MO CYIIECTBY U3J1araet ero, He JOMycKas CyleCTBEHHbIX HETOYHO-
CTEHl B OTBETE HAa BOIPOC, MPABUIILHO MPUMEHSET TEOPETUUECKUE TOJOKEHUS IPH
pEIICeHUH PAKTUYECKUX BOIMPOCOB U 3a7a4, BIa/IeeT HEOOXOAMMBIMU HABBIKAMH U
MIPUEMAaMU UX BBIITOJIHEHHUS.

OneHka «yaoBJIETBOPHUTEIBHO» BBICTABISICTCA CTYACHTY, €CIM OH HMEET
3HAHMS TOJIBKO OCHOBHOI'O Marepuaia, HO HEe YCBOWJI €ro JeTaiei, oIy CKaeT He-
TOYHOCTH, HEAOCTATOYHO IMpPaBHJIbHBIE (POPMYIUPOBKH, HAPYLIEHUS JOIMYECKOM
IIOCJIE0BATEIIBHOCTH B U3JIOKEHUM IPOrPaMMHOIO0 MaTepuasa, UCHBITHIBAET 3a-
TPYAHEHUS MIPHU BBINOIHEHUU IPAKTUYECKUX padoT.

OneHka «HeyO0BJICTBOPUTEJIbHO» BBICTABISIETCS CTYAEHTY, KOTOPBIA HeE
3HAET 3HAYUTEIbHOW YaCTH MPOrPaMMHOI0 MaTepHaa, J0NYyCKAaeT CYIIECTBEHHBIE
OLIMOKHU, HEYBEPEHHO, C OOJIbIIMMU 3aTPYAHEHUSIMH BBITIOJHSIET MPAKTHUYECKHE

paboTHL.

KOMHeTeHTHOCTHO-OpI/IeHTI/IPOBaHHbIe 3aJaHUd 1 3a1a9U

3ATAYA 1
Knaccupukanus cucrem
[IpoBectn KinaccupuKanuio CUCTEM (OIHOM TEXHHUYECKOW M OJHOM COLMAIbHO-
sKoHOMHUYecKoi). [IpoBecTn onucanue cucreM, NpUBOJS MOJHBIE OTBETHI Ha Clie-
JYFOIIUE TYHKTBHI:
® OCHOBHbIE LeJIH (PYHKIIMOHUPOBAHUS CUCTEMBI;
® JHAJINU3 CUCTEMBI 110 BCEM OCHOBHBIM IIPU3HAKaM;

® OIICHKA MOJIE3HOCTH (MMOTPEOHOCTH) CUCTEMBI JIJIsI OOIIeCTBa (UETOBEKA).
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3AZIAYA 2
HccienoBanne cucreM B YCJIOBUSIX ONPeaeeHHOCTH
1) st mpuroToBIeHN KOMOMKOpMA MPEANPUATHE MOXKET 3aKYITUTh 3€PHO TPEX
COPTOB, OTJIMYAIOIINXCS APYr OT Jpyra COACPKaHUEM IMUTATEIHHBIX KOMITOHEH-
ToB. JJi1 oOecrieueHusi HOpMaJbHOTO MUTAHUS )KUBOTHBIX B TEUCHHUE TIIAHUPYEMO-
O TIEpUO/Ia KOMOUKOPM JIOJDKEH CONEPKATh HE MEHEE B; €IMHUIl IUTaTENbHOrO
komroHeHTa j tuna (j = 1,n). OxHa TOHHA 3epHA -TO copTa CTOUT R; pyOnei u

COICPIKUT Q;; NOJICH TMHUTATEIBHOIO KOMIIOHCHTA j-TO THUIIA. CkJtazickue mmoMmelie-

HUS TIO3BOJISIIOT XpaHUTh He Oojiee A TOHH 3epHa. OnpenenuTh Kakoe MUHUMAITb-
HOE€ KOJIMYECTBO CPE/ICTB JIOJDKEH BIOKUTH KOJIX03 B 3aKYyIKY 3€pHA, 4TOOBI obec-
NEYUTh 3aJ]aHHYIO0 TUTATEIIbHOCTh KOMOMKOPMA C YU€TOM €MKOCTH CKJIQJICKUX IO~
MetieHnil. CKOJIBKO 3epHa KaKJI0ro copTa He0OXO0AUMO 3aKyIUTh?

2) Pemuth 3a7a4 JTMHEHHOrO0 MPOrpaMMHUPOBaHUs OOIIEro Buja rpa@uuyecKumM
crocoboM, 3atemM oT ucxonHoi 3JIII mepeiTy k ABOMCTBEHHOW, PELIUTh €€ CHUM-
IJIEKC-METOJIOM U MO PELICHUIO IBOMCTBEHHOW 3a1a4d HAUTHU PELICHUE UCXOIHOM.

3) Haiitu penieHue TpaHCHOPTHOW 3aaud JIMHEHHOTO MPOrpaMMHUPOBAHUS IO
KPUTEPUIO CTOMMOCTH METOAOM ITOTEHIINAIOB.

4) OnpenenuTh MEICBYI0 (PYHKIUIO CHCTEMbI MPH YCIOBHHU, YTO MPH CTPOHU-
TEIbCTBE HOBOI'O TOMEUIEHUSI BPEMEHHOI'O XpPaHEHUSOBUIOYCTAHOBIIEHO, YTO
HEeoOXOAUMO UMETh 110 MeHbLIeH Mepe N; Manslx (ruiomansio S;m?2), N, cpemHux
(momansio S,M?) u N, Gonpmmx (mIomanso SyM?) nomemenuii. Ipu 3ToM 00-
i 00beM BHOBBH CO3JaBAEMBIX TIOMEIIEHUI He JODKEH ObITh MeHbIne SM2. [o
pacueramM, O>KHJIaeMble 3aTpaThl HA CTPOUTENBCTBO: My ThIC. Py0. — HJIsl KaXKJ0TO
Mainoro, M,Teic. py0. — JUIsl KaXXJ0T0 CpeaHero u MsThic. pyd. — JUIsl KaXKJ0ro
6ombiioro nomenieHus. CTpouTenbHas KOMIIAHUS XOTeNla Obl OTPAaHUYUThH PacXo-
JIbl, CBSI3aHHBIE CO CTPOUTENHCTBOM, CYMMOM B MTHIC. pyo.

5) i BEIOpaHHOM pabOThl METOMKOM COCTaBHTh CETEBOM IpaduK, pacCUUTATh

€TI0 XapaKTCPUCTHKH U OIITUMHU3UPOBATL.
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6) HaiiTu ontumanbHOE pelieHue 3aau O KaluTaloBIOKEHUAX. ABTOMOOMIIb
AKCIUTyaTHUpyeTCs B TeueHue 7 jeT. B Hauane Kakaoro rojia MOXeT ObITh IPUHATO
pelIeHre O 3aMeHe MalMHbl HOBOW. CTOMMOCTh HOBOW MaluHbl 12 Thic. pyo. [lo-
clae t JeT SKCILTyaTalldd aBTOMAIIMHY MOKHO npoaaTh 1o uene 12/2%. Crowu-
MOCTh COJICpXKaHHs aBTOMOOWIS B Te4eHHEe -ro roaa paBHa 1.2(t + 1)Teic. pyo.
HaiiTu, korpaa cienyer 3aMEHUTh MAIIMHY HOBOM, YTOOBI CyMMAapHbIE 3aTpaThl Obl-
JI1 MUHUMAaJIbHBIMU.

7) Haiitu onTUMallbHOE pelIeHUE 3aJaud O KalUTAIOBIOKEHUsIX. Dupma
JO0JDKHA pa3padboTaTh KaJeHAAPHYIO IPOrpaMMy BbITYCKa HEKOTOPOrO M3/EIUs Ha
IUTAHOBBIN Mepuoj, cocrosiuidi u3 5 Mmecsaues. [lycts Cp(x;, i;) — 3arpaThl Ha t
MecHll, TJI€ X; —BBINTYCK MPOAYKIIMU B TEUEHUUE-TO MecCI1a, [; —YyPOBEHD 3al1acoOB
Ha KOHeI[ t-ro Mecsia. Paspaborats mporpammy, 06ecreqyuBaronyt0 HauOOoIbIIYIO

MpUOBLIL HA MJIAHOBBIN MEPUO/I.

3AJJAYA 3
Hccnenoanme cucremM B YCJI0BHAX HEONPeIeJeHHOCTH

1) B cooTBeTcTBUU C TEOpPHEHl MOJE3HOCTH OLIEHUTHh OXUIAEMYIO IOJIE3HOCTh
neiictBuii/l; (BbiOpath 00BekT THHA A) umm [l, (BeiOpaH oOBEeKT THMAa B) U BbI-
OpaTh onTHUMalbHOE pellleHrue. B kauecTBe (PyHKIIMU MOJIE3HOCTU PEKOMEHAYETCS
OLICHUTbh CPEJHION (0XKUIAEMYIO) MOJE3HOCTh KaXKJI0ro u3 AeictBuil. [locTpoutsb
Y CBEPHYTh JEPEBO PEIICHUM.

®opMynupoBka 3a1a4uu. B Hanuun umerotcst Ny sk3eMIuisipa oo0bekTa Tuna A u
Ng sx3emiuisipa oobekta tuna B. Hayrag 6epercst oqun u3 o0bektoB. Ecim urpa-
IOIUN yraJabiBaeT 0ObEKT TUIa A, OH moiy4aeT npu3 P, pyO., He yrajablBaeT —
nonydaet mrpad S, py6. Ecnu urpatomuii yrajgpiBaeT 00beKT THIIA B, OH mory4a-
et pu3 Pg py0., He yragpiBaeT — noiydaet mrpad Sg pyo.

2) Kakoit u3 xanagunatoB A, B unu C BeIMTpaeT BLIOOPHI JJIs1 3aJJaHHOTO pac-
npeneneHus roaocoB no merony Kongopce n mo merony bopna? IlpuBectu nosic-

HCHU:.
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3) Pemmmth 3amadyy Mo TEOpUHU MACCOBOr0 OOCHYXHBaHHSA. MyHHUIIMTAILHON
BJIACTH [IJISl OYEPEAHUKOB paiioHa BBIACISIOT B cpeaHeM 85 kBapTup B rof. CKomib-
KO C€MEl B CPETHEM CTOMT B OYEpPEIU Ha IMOIYYEHHE MYHHUIIMIAIBHOIO KUJIbS B
parioHe, €CIIM KKl MECSI] HAa YYET BCTAKOT / CEMEM.

4) Urpa 3anaHa muiatexxHod matpuieid. Mcnons3ys Teopuio Urp, onpeneauThb
YacTOThI Pq U P, NIPUMEHEHHs cTpareruii A; u A, 17 ONTUMAJIbHON CMEIIaHHON
cTpareruu urpoka A.

5) IpennpuHuMaTe b NOCTPOUTH MarazuH. OJMH U3 BO3MOXKHBIX BapUAHTOB —
MpenycMOTpeTh B HeM Kade. B o0onx cinydasx mpeanpuHUMAaTeh OIICHUBAET CBOH
maHchl Ha ycnex kak 0,6 u Ha Heymauy kak 0,4. [IpenBaputenbHbie 00CYXIESHUS
MOKa3bIBAIOT, YTO IJIaH, CBSI3aHHBIN C Kade, MOXKEeT mpuHecTH 325 ThIC. pyonei,
6e3 kade MoxkHO 3apadotarh 250 Thic. pyOneit. [loTepu B ciiydae OTKpBITHS Mara-
3uHa ¢ kade cocrapsat 70 Teic. pyosieid, 6e3 kadhe — 20 Thic. pyoOneil. Ilepen Tem,
KaK MMPUHUMATh PELICHUE, NPEANPUHUMATEND JOJKEH ONPEAEINTh, 3aKa3bIBaTh JIU
JIOTIOJTHUTENILHOE UCCIIEIOBAHUE COCTOSIHUS PhIHKA MJIM HET, TaK KaK MPeJI0CTaBIs-
emas yciyra oboiiercs B 2 Thic. pyosieit. OTHOCUTENsHO (GUPMBI, KOTOPO MOKHO
3aKa3aTh MPOTHO3, U3BECTHO, YTO OHA CIOCOOHA YTOYHUTH 3HAUYEHUS BEPOSTHO-
CTeil OJArompUsATHOTO WJIM HEOIArOmpUSATHOTO MCXo/a. Bo3MOXHOCTH (UPMBI B
BUJIC YCJIIOBHBIX BEPOSITHOCTEH OJIATOMPUATHOCTH W HEOIArOmpUsITHOCTH pPhIHKA

cObITa MpeJICTaBJICHBI B TAOJIHUIIE.

[Iporuo3 dhupmbl DaKTUYECKHU
OJIaronpUsATHBIN HEOIaronpusATHBIN

brnaronpustHbIit 0,65 0,35

Heb6maronpustabrit 0,40 0,60

[Ipeanonoxum, 4To (upMa, KOTOPOH 3aKazaid IPOTHO3 COCTOSHHS PBIHKA,
yTBEPXKIAeT:
e curyanus OyaeT 6iaronpusTHON ¢ BeposiTHOCTHIO 0,62;

e cutyanus Oyzner HeGmaronpusTHOU ¢ BeposTHOCTHIO (0,3 8.
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Bribepute anbTepHaTUBY JUisl TpEANpPUHHUMATENE HAa OCHOBE CpEIHEW CTOu-
MOCTHOM LIEHHOCTHM B KaudecTBe Kpurepus. Uemy paBHO 3Hauenne OJJO s
HAaWJIy4llIed AIbTEPHATHUBBI?

6) ®upma Npou3BOAUT XUMUYECKUE peakTuBbl. OAUH U3 MPOJYKTOB, KOTOPHIH
OHAa TIpeyIaraeT, NpoaaeTca B TeUeHue Heaenu B konuuectse Ny, N, nunu N5 yma-
koBOK. Kaxxnas ymakoBka o0xonutcsa pupme B L Thic. pyoneil. OT nponaxu Kax-
JI0M yrmakoBKH pupma moiaydaeTM Teic. pyoseit nmpubsutu. [IpogykT uMeer oueHb
MaJsiblii CPOK TOAHOCTH, ITO3TOMY, €CIIM YIIAaKOBKA HE MPOJIAHA K KOHILY HEJIEH, OHA
J0JKHA OBITh YHUUTOXKEHa, U pupma Tepser L Toic. pydreit. BepostHocTu mpo-
natb Ni, N, unu N3 ynmakoBOK B T€UEHHME HEJEJIM PaBHbI COOTBETCTBEHHO P;, P,

n P;. CKOJIBKO YIIaKOBOK MPOU3BOIUTE (prpMe JTsl TPOJAKH SKEHEICTHHO?

3. OTYETHOCTD IO JUCHUIIJIMHE

VYcneBaeMocTb CTYNEHTOB 110 JHUCHUIUIMHE OLIEHHUBAETCA B XOJE TEKYILIEro
KOHTPOJISI yCIIEBAEMOCTH U MPOMEKYTOUHOM aTTeCTaIUH.
[TpomexxyTouHast arrectauus B (opMe 3K3aMeHa MpelyCMaTpUBaeT MpoBeie-

HUE 00s3aTeNIbHON YK3aMEHAIIMOHHOW MPOLIETYPHI.
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