


1 O0uue nmoyioxKeHUst
1.1 Heab nporpamMmmei:

Llens mporpaMmbl — H3y4€HHE HAay4HO-METOAWUYECKOIrO ammnapara MOJECIUPOBAHUS H
CHHT€3a MHOTOMEPHBIX M pPAaCHpPENENeHHbIX CHUCTEM YIPABJIEHUs, IOCTPOCHHsSI CUCTEM
pacrno3HaBaHUsl U MPOTHO3UPOBAHUS, OBJIAAEHUE METOAOJOTMEe TEOPUM MPUHSTHUS PELICHUH B
YCJIOBUSIX HEOMPENEICHHOCTH, METOAUYECKUM aNnapaToM IMHAMUYECKOrO NPOrpPaMMUPOBAHUS,
MIOJTyYeHHE HaBBIKOB MMPUMEHEHUS] HHYOPMALIMOHHBIX TEXHOJIOTUH B YIIPABICHUH.

1.2 OcHoBHBIE 321a4H POTrPAMMBI

[TonyueHne ONMOJHUTENBHBIX 3HAHUHA B 00JaCTH:
- CHHTE3a CUCTEM aBTOMATUYECKOIO YIPABJICHUs TEXHOIOTHYECKUMHU NPOLIECCAMY,
- MOJEIMPOBAHMS U CUHTE3a PACIPEIEICHHBIX CUCTEM YIIPABJICHUS,
- IPUHLIUIIOB MTOCTPOSHHS U AJITOPUTMOB 00yUEHUs] HEHPOHHBIX CETEH;
- CHHEPreTU4YeCKUX METOJOB YIIPABJICHHUS],
- IOCTPOEHMSI CUCTEM NMArHOCTUKH U PACTIO3HABAHMSI,
- IPUHATHS PELIEHUN B YCIOBUAX HEOMPENEIEHHOCTH,
- OLICHKH Ha/IeXKHOCTH (DYHKIIOHHUPOBAHUS CHCTEM,
- CUCTEM YIIpaBJieHHsI 0a3aMu TaHHbIX
- CUCT€M aBTOMATU3UPOBAHHOI'O TPOEKTUPOBAHMSI.

1.3 KaTeropus ciaymareJiei:

CTy,[[eHTbI U  acCIIMPAaHTHI, O6yLIaI'OH_II/IeC$I no TEXHUYCCKHUM HalpPaBJIICHUAM MOATIOTOBKH,
CBA3aHHBIM C TIPOCKTHUPOBAHUEM W MPUMCHCHHUEM ABTOMATHYCCKUX W ABTOMATHU3UPOBAHHBIX
cucteMm, o0OpabOTKOW ™ aHajau30M UWHPOpPMAIMU, B TOM HYHCIE C IENbI0 MPUHSATHS
YHOPaBICHYCCKUX peLHeHI/Iﬁ " ONITUMU3AIIHUU TCXHOJOTMYCCKUX MTPOLECCOB.

1.4 Ilnanupyembie pe3yJibTaThl 00yUeHHs

Ilepeyerp  MOMOMHHUTENBHBIX  NMPO(ECCHOHANBHBIX  KOMIETEHLHH, KaueCTBEHHOE
U3MEHEHHE KOTOPBIX OCYIIECTBISIETCS B PE3YJIbTATE PEAN3aLUU POrPaMMbl OOYIEHHUS:

- CIIOCOOHOCTD TPOBOUTD BBIYUCIIUTEIBHBIE SKCIIEPUMEHTHI C FICTIOIB30BAHIEM MPOTPAMMHBIX
CPEICTB C LIENBIO MOJYYSHUs] MATEMAaTHIEeCKUX Mojesiell OOBEKTOB M MPOLIECCOB aBTOMATH3ALMU H
yTIPaBIICHNS;

- CIOCOOHOCTH BBISBIISITH €CTECTBEHHOHAYYHYIO CYIIHOCTb MPOOJieM, BO3HHMKAIOLIUX B
xonle MPO(ECCHOHANBHON NEsTEeIbHOCTH, NPUBJIEKATh M HX PELICHHS COOTBETCTBYIOLIMN
METOAOJOTHYECKHI anmapar,

- CIOCOOHOCTh NMPOU3BOAUTH PAacUeThl M NMPOEKTUPOBAHUE OTHEIBHBIX OJIOKOB CHUCTEM
aBTOMATH3ALMH U YIIPABICHNUS,

- CHOCOOHOCTh NPHUHUMATh HAyYHO-OOOCHOBaHHBIE pELIEHHs Ha OCHOBE METOJOB
CHUCTEMHOTO aHaJIN3a 1 TEOPHH yIIPaBIICHUS,

- cnocoOHOCTh TMPUMEHSATh METOIbl CHCTEMHOIO aHajin3a, TEXHOJOIMH CHHTE3a U
yIPaBJIEHUS AJIs1 PEIICHUS IPUKIIATHBIX TPOEKTHO-KOHCTPYKTOPCKUX 3a/1ad,;

- CIOCOOHOCTBh OCYINECTBIIATH O00palOTKy M aHanu3 HMHGOPMALMHM U3  Pa3IUYHBIX
UCTOYHUKOB U 0a3 MaHHBIX, MPEACTaBNsATL ee B Tpedyemom (dopmare ¢ HCHOIB30BAHUEM
UH(POPMALIMOHHBIX, KOMITBIOTEPHBIX M CETEBBIX TEXHOJIOTHIA.

1.5 TpeGoBaHus K pe3yJIbTATAM OCBOEHUSI MPOrPAMMBI:

C uenpro TOCTIKEHHS YKa3aHHBIX B M. 1.410MOJHUTENBHBIX MPOPECCHOHATBHBIX KOMIETEHLIUH,
CIyLIaTeau B Ipouecce 0CBOeHUsA KpaTkocpoYHOM NporpaMmel AOJKHBIL
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Iony4uTh 3HAHHSA MO BONIPOCAM:

® IPUHLIUTIOB cOOpa U aHAJIN3a UCXOIHBIX JAaHHBIX Ul pacyeTa U MPOECKTHPOBAHUS CHCTEM
U CPEJCTB aBTOMATHU3aLUU U YIIPABIICHHUS,

® OPraHU3aLUKM BBIUUCIUTENIBHOIO HKCIEPUMEHTAa C HCHOJBb30BAHUEM CTaHIAPTHBIX
NPOTPAMMHBIX CPEICTB C LENBIO MOTYUEHHs] MATEMATUYECKUX MOJEJIEeH MpoueccoB U 0ObEKTOB
ABTOMATU3ALIUU U YIIPABJICHUS,

® MOJICJIMPOBAHMS, AHAIN3a U CHUHTE3a CUCTEM YIPABJIEHUS MJI PELUCHHs MPUKIAIHBIX
MIPOEKTHO-KOHCTPYKTOPCKHUX 3a7a4,

® aHAJIN3a U CHHTE3a CHUCTEM aBTOMATHYECKOTO YIPaBJIEHHsS 11 OOBEKTOB U IPOLECCOB C
pacripeneNieHHbIMH TTapaMeTpaMH, OCHOB IIOCTPOEHHUS, AJTOPUTMOB OOy4deHHs H olOnactel
MIPUMEHEHUS] HCKYCCTBEHHBIX HEHPOHHBIX CETEH,

e ONTUMM3ALUMM W TEOPUM MPUHATUSA pELIeHUH, METONOJOTUH HNPOTHO3UPOBAHUS
HAJIe)KHOCTU NPUOOPOB U CUCTEM,

® HKCIIEPUMEHTATIbHO-CTATUCTUYECKOTO  MOJEIUPOBAHUSI MHOTOMEPHBIX OOBEKTOB U
CHUCTEM.

Pa3Butb ymenus:

®BBISIBJIAITD  €CTECTBEHHOHAYUHYIO CYLIHOCTh MpoOyieM, BO3HHUKAIOIIUX B  XOIe
npodeCcCHOHATBHON NesTeIbHOCTH, MPHUBJIEKATD U X PEIIEHHs] COOTBETCTBYIOIIUIN (HU3UKO-
MaTEeMaTUYECKHUI anmnapar,

® [IPOBOJIUTh  BBIYMCIHUTEIbHBIE SKCIEPHUMEHTBI C HCIOJNb30BAHUEM CTaHIAPTHBIX
NPOTPAMMHBIX CPENCTB,

® IPOM3BOAUTH PACUYEThl U MPOESKTHPOBAHHE OTHENBHBIX OJIOKOB M YCTPOWCTB CHUCTEM
aBTOMATH3aLUU 1 YIIPABJICHNUS,

e pemaTh 3aJavdl yNpaBJICHHUs IPOU3BOICTBOM C HCIIOIB30BAHHEM METOHOJIOTHYECKOro
amrapara TEOpUU Ur'p U IUHAMHYECKOTO MPOrPaMMHUPOBAHUS,

® OCYIIECTBIIATH MMOCTAHOBKY M BBIMIOJHSITH HKCIEPUMEHTHI TI0 TIPOBEPKE KOPPEKTHOCTH U
3¢ (HEeKTUBHOCTH MPHHUMAEMBIX PELICHUH;

e peraTh 3a7a4u MOHUCKA, XpaHeHHs, 00paboTKN M aHann3a MHGOPMALMU U3 Pa3IMYHBIX
UCTOUYHUKOB U 0a3 [aHHBIX, MpPencTaBisATh HHPopMauuio B TpedyemoMm dopmare ¢
UCTIOJIb30BaHNEM WH(POPMATMOHHBIX U CETEBBIX TEXHOJIOTHH.

IIpuobpecTu HaBbIKHU:

¢ [IPOBCACHUA BBIUUCIUTECIIbBHBIX SKCICPUMCHTOB C HCIOJB30BAHUEM CTaHAAPTHBIX
NPOrpaMMHBIX CPEOCTB;

¢ CUHTEC3a CUCTEM YIIPABJICHUSA TEXHOJOTHYCCKUMUA NTIPOLECCaMU,

® MOZICTUPOBAHUS TMPOCTPAHCTBEHHO-PACTIPENCIEHHBIX OOBEKTOB M CHUCTEM C IIENBIO
MPOrHO3UPOBAHUA HUX COCTOAHHA TIPU  PAa3JIMUHBIX 3HAYCHUAX MAPaMETPOB  BHECIIHHUX
BO3JICUCTBUI;

.paSPa6OTKI/I CUCTEM OUArHOCTUKU W PACIO3HABAHUSA IJIA MHOT'OMEPHBIX O6’beKTOB u
CUCTEM;

® IPUMEHEHUS KJIIACCUYECKUX U MPOU3BOJHBIX KPUTEPUEB MPUHATHUS PELIEHUN B yCIOBHSIX
HEOIPENETIEHHOCTH,

¢ pa3paboOTKU TPEXMEPHBIX KAPKACHBIX, TMOBEPXHOCTHBIX M MOHOJHUTHBIX MOAENEH ¢
NMOMOLIbIO CUCTEM daBTOMATHU3UPOBAHHOI'O IPOCKTUPOBAHUA.
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25.
26.
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34.
35.
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37.
38.
39.
40.
41.
42.
43.
44.

45.
46.
47.
48.
49.
50.

51.
52.
53.
54.
55.

56.

Kak nepeiitu ot nudepeHnatpHOro ypaBHEHNs K OepaTOpHOMY ?

Haiite onpenenenue nepeaaToYHoN QyHKIUH.

Kak no nuddepeHnarbHOMy ypaBHEHHIO 3B€HA HANTH €ro nepenaTouHyo (PyHKLINIO?
Uro Takoe AUHAMUUYECKOE 3BEHO U €r0 XapaKTepuCcTHKa?

Haiite onpeneneHue YCTOWYUBOCTH CHUCTEMBI ¢ (DU3MUYECKOH M MATEeMaTHYECKOH TOYEK
3peHusl.

Kaxoii xapaktep umeeT nepexoaHbIi NpoLecc B yCTONYMBON U HEYCTOWYMBOI cucTemax?
Uro Takoe KpUTepUH yCTONYMBOCTHU?

JaiiTe moHsTHE KauecTBa pabOThl CUCTEMBI yIIpaBieHus. YeM OHO onpenensercs?

Kakum o00pasoM B3KCIEpUMEHTaIbHBIM MMyTEM MOXKHO OLCHHUTh KadeCTBO pPalOTHI
CUCTEMBI?

. KaxoBa posnp MozenupoBaHusi CUCTEM YIIpaBJIeHUsI?

Kaxas CAY cuurtaercss HelnuHeNHHON!?

Kax onpenensercs: «IpUHLUN CyNIEPIO3ULIUN?

B u4em 3akmrodaercs MeTO[ AHAJIUTUYECKOTO KOHCTPYMPOBAHUS ONTHMAJIbHBIX
perysTopos?

Uro Takoe (ha3oBast TpacKTOpHUs?

Uro Takoe $a3oBbiii mopTpeT?

N3 kakux 3J€MEHTOB COCTOUT UCKYCCTBEHHAs HEMpOHHasI ceTh?

Omnwuiure npornece GyHKIMOHUPOBAHUS HCKYCCTBEHHOTO HEHPOHA.

IIpuBeauTe 3aBUCUMOCTH, KOTOPBIMH OIHCBIBAETCS MaTeMaTUUYECKasl MOJle]Ib HeHpoHa.
Kakne QyHKIIMM aKTUBAIIMY TPUMEHSIOT B UCKYCCTBEHHBIX HEHPOHHBIX CETSX?
[Tepeuncnure OCHOBHBIE 0OJACTH MPUMEHEHNST UCKYCCTBEHHBIX HEHPOHHBIX CETEH.
Ilepeuncnure OCHOBHbIE PAa3HOBUIHOCTH APXUTEKTYpPbl HCKYCCTBEHHBIX HEHPOHHBIX
ceTen.

HazoBute ocHOBHBIE crTOCOOBI 0OyUEHNST HEHPOHHBIX CETEH.

Onwuiure anroputM o0y4YeHHs OHOCIOWHON HEHPOHHON CEeTH.

Kakoii anroputm npumMeHstoT Ayt 00y4eHHsT MHOTOCJIOIHOTO mepienTpoHa?

Onwuiure anroputM 0OpaTHOrO PACIIPOCTPAHEHUS OLTHOKH.

JlaliTe onpeneneHyre CUCTEMBI C PaCpeeIeHHbIMU TapaMeTpamMu.

Kak ocyuecTsisieTcss KOHEUHOMEpPHas amnmpoOKCUMAlUsl CHUCTEM C paclpefeleHHbIMU
napaMeTrpamu’?

KakoBa mepenarounast (QyHKIHS HIEAIBHOTO NMPOCTPAHCTBEHHO-IU(PEPEHINPYIOLIETO
3BeHa’

KakoBa nepenarouHast QyHKIUS IPOCTPAHCTBEHHO-U30APOMHOTO 3BeHA?

Kaxoa nepenarounast GyHKLIHS MPOCTPAHCTBEHHO-(POPCUPYIOIETO 3BeHA?

N3 xakux 3BEHbEB COCTOUT PACTIPEAEICHHBIN BBICOKOTOUHBINA PEryIsITOp?

Kax peanusyercs 4acTOTHBIH METOA CHHT€3a CHCTEM C paclpeleleHHbIMU
napaMeTpaMu’?

U3 Kakux 3JIEMEHTOB COCTOHT pacIipefesieHHasi CUCTeMa Tepenayn nHpOopMaIin?

Moayb 2. «IKCNEPUMEHTAIbHO-CTATHCTHYECKOE MOAETHPOBAHHUE: METOHOJIOTHUSI H
NPaKTHYEeCKHE MPUITOKEeHHS

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

0.

Haiite onpenenenue GyHKIUN paCIPEASICHUS CITyYaitHON BETMYHHBI.

Kaxue cyiiecTByoT BUAbI pacipeaeneHuil ciyuyalHbIX BEIUUNH?

Uro Takoe BapHallMOHHBIN psia?

Uro Takoe MaTeMaTHYeCKOe OKUAAHKE CIyYaiiHON BEIHMUHUHBI?

Uro Takoe gucnepcus CiydaiiHON BEIUUUHbBI?

Uro Takoe cpemHeKBaAPATHUECKOE OTKJIOHEHHUE (CTaHapT) CAyYaliHOW BEJIMYNHBI?
Uro xapakTepusyeT BapMallMOHHBINH pazMax?

Uro xapakTepusyer acuMmeTpus’?

UYro xapakTepusyer s3kcuecc?

Uro Takoe MearaHa BapuallMOHHOTO psfa?
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11.
12.

13.
14.

15

16.
17.
18.
19.
20.

21

22.
23.
24.

25.
26.
27.
28.
29.

30.

31

32.
33.

34.

35

Uro Takoe MOzia BApUALIMOHHOTO psiga?

Jnsg onucaHus pacnpeneNieHHs KaKuX BEJMYHH MOXET OBbITh  HCIIOJIb30BAHO
pacnpenenenue Ilyaccona?

B ueM 3akiouaeTcs «IpaBUIIO TPEX CUTM»?

Kak ocymecTsisiercsi cTaTUCTHUYECKast OLIEHKA [apaMeTPOB paclpeneIeHus ?

. Kak ocyiecTBnsiercst mpoBepKa CTaATUCTUYECKON THIOTE3bI?

Uro xapakTepusyer KO3pPUIHEHT KOppesiun?

Uro xapakTepusyeT noka3aTeslb MHO)KECTBEHHO! Koppensiuuu?

Uro xapakTepusyeT noka3aTesb NapLyalbHON Koppensnuu?

KakoB nuana3oH BO3MOXKHBIX 3HaUeHHH K03 (pduLinenta koppensaum?

KakoBo Ha3Ha4YeHNE PErpecCHOHHOTO aHaINU3a?

. Kax 3anuceiBaercs ypaBHeHHe€ MHOTOMEPHOM JTMHEHHON perpeccuu?

Kak o1eHuTh JOCTOBEPHOCTD MOJYYEHHOTO YIIPABJICHUS perpeccun’?

Uro xapakTepu3yeT MoKa3aTelb IeTePMUHALNY Ul YPABHEHHS PETPEeCCHH’?

Kak ouneHuth AOCTOBEPHOCTh KAXKAOrO M3 KO3(P(UIMEHTOB YpPaBHEHHUS JMHEHHOM
perpeccun’?

KakoBo Ha3HaYeHNE TUCKPUMHHAHTHOTO aHaImn3a?

Uro xapakTepusyeT KaHOHWYeCKast TUCKPUMUHAHTHAs (PyHKIuA?

Uro xapakTepusyeT MaTpuLia KOBapHaLuii?

Ucxonst u3 dero ompeneistorcs Kod(pUIMEHThl KAHOHMYECKUX IUCKPUMHHAHTHBIX
byHKUIMI?

Ucxonst w3 dbero onpeaenstoTcss Ko3(GQUIMEHTb MPOCTBIX KJIACCHYULIUPYIOMNX
byHKUM?

Uro npencTaBisitoT coO0i coOCTBEHHBIE 3HAUEHHS] U COOCTBEHHBIE BEKTOPA MATPHLIBI?

. UTo XapakTepu3yrT CTAaHIAPTU30BaHHbIE KO3 (PUIIMEHTHI AUCKPUMHHAHTHON (PyHKIIUN?
Uro xapakTepU3yIOT MOJHbIE CTPYKTYPHbIE KO3 PUIMEHTH AMCKPUMHUHALITN?

Kaxoii kpuTepuii O3BOJISIET OLIEHUTDb Pa3JINYNe KJIACCOB (TPYIIN) HAOMIOIEHUH B LIEJIOM,
0e3 y4yera UX KOre3uBHOCTHU?

Kakum o6pa3oMm ocyliecTBIsIeTCsl ONpeneIeHne MPUHAMIEKHOCTH 00BEKTa K TOMY WJIH
HMHOMY KJjaccy?

. Kakum o0Opaszom orieHnBarOT 3¢ HEeKTUBHOCTD PACTIO3HABAHUS?

MO)_Iy.]'lb 3. «MeTO)_]bI CHCTEMHOI0 aHaJH3a, ONTHMHU3AIIMH H TEOPHH NPUHATHHA
peleHuii»

1.

X N

10.
I1.
12.

13

14.
15.
16.
17.

Kakxum 00pa3oM cocTaBisieTcss MaTpULIA PEIISHUI?

Uro npeacrasisieT coOoit oreHouHast PyHKIHsI?

Ilepeuncnure  kiaccudeckue  KPUTEPUHM  NPUHATHS ~ pPELIEHMH B YCJIOBHUAX
HEOTpeAeIEHHOCTH.

Ilepeuncnute  NpOU3BOAHBIE  KPUTEPUU  MPUHATUS  pelleHud B YCJIOBHUAX
HEOTpeAeIEHHOCTH.

Kaxum 00pa3om ocymecTBiseTCst MPUHATHE PEIIEHUS 10 MUHUMAKCHOMY KPUTEPHEO?
Kaxum obpa3om ocymecTBisieTcst IPUHITHE pelneHus 1o kputepuro batieca-Jlamaca?
Kaxum oOpa3om ocymecTBisieTcst IPUHATHE pelneHus o kputepuro Casumka?

Kaxum oOpa3om ocymiecTBisieTcst IPUHATHE PeIleHus o kputepuro 1 ypeuna?

Kaxum oOpa3om ocymiecTBisieTcs IPUHATHE PEIIeHHs 110 KpuTepuro Xomxka-Jlemana?
Kaxum oOpa3om ocymiecTBisieTcs MPUHATHE PEIleHHs 110 KpuTtepuro 1 epmetiepa?

Kaxum 00pa3om ocymecTBiseTCst IPUHATHE PEIIEHUsS 110 KPUTEPUIO TPOU3BEACHUT?
Kakxum 00pa3oM cocTaBisieTcs IIaTeKHasi MaTpULla UTPOBOH 3a0auu’?

. Uro xapakTepusyeT IiaTexHasi MaTpuLia UrPOBOI 3anaun?

Uro Takoe cTparerust urpoka’?

Uro Takoe yucTas cTpaTerus Uurpoka?’

Uro Takoe cMelleHHas CTpaTerus urpoka?

ITo KaKUM KpUTEPUSIM KJIACCH(PULINPYIOT UTPOBBIE 3a1a4HN7?
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18.
19.
20.
21.
22.

23

34.

35

40.

41.

42.

43.

44.

45.

46.
47.

48.
49.
50.

51

52.

53.
54.

Kaxnm 06pa3om kiaaccupuupyroTcs Urpbl IO XapaKTepy BbIMTPHIIIEH?
Kaxum o6pa3om kiraccupuuupyroTcss Urphl 0 BUAY (PYHKIIUN BBIUTPHIIIA?
Uro Takoe Urpoii ¢ HyJIeBOH CyMMOM?

Ilepeuncnure OCHOBHBIE 3TaIlbl TOCTPOEHUSI MOAENEH TEOPUU UTP.

Kak ocymmecTsisieTcst peLieHne MaTpUYHBIX UTP B UUCTBIX CTPATETHAX ?

. UTo xapaxkTepu3yeT HMKHSAS YUCTasl LieHa UTphl?
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.

Uro xapakTepusyeT BEpXHssl YUCTasl LIeHa UTPhI?

UYro Takoe ceasoBast Touka?

B ueM cyTh NOHSTHS TOMUHUPOBAHUS CTpaTeruii?

Kaxyro crpaTteruto Ha3bIBalOT JOMUHUPYIOLIEH?

Kaxyto crpaTteruio Ha3bIBalOT JOMUHHUPYEMOI1?

Kax peanusyercs MeTo AOMUHUPOBAaHUsA?

Kax ocyiecTsisieTcs peleHre MaTPUUHBIX UTP B CMEIIAHHBIX CTPaTerusx’?
Uro npeacrasiisieT coOOM cMeIIaHHas CTPaTeruss Urpoka?

Onuiunre METO HEMOCPEICTBEHHOIO PELIeHNs] MATPUYHOMN UIPbI.

Kak ocymectBisieTcs pelieHue MaTpUYHONW UIPbl MyTEM CBEACHUS K 3a/1ade JIMHEHHOIO
IporpaMMupoBaHus’?

Ilepeuncnnre MeTOABI peLIEHUS 3a1a41 JUHEHHOIO IPOrPaMMHUPOBAHMS.

. IlpuBeauTe anropuTM pean3alii MOAEIECH TEOPUU UTP.
36.
37.
38.
39.

Uro Takoe ONTUMAaNIbHOE yIpaBieHue?

Cdhopmynupyiite npuHimna ontuMmanbHocTr P. bennvana.

H3noxure MeTOA IMHAMUYECKOTro nporpaMMupoBanus P. bennmana.

Onuinre npUMeHeHHe NPUHLKIIA ONITUMAIbHOCTH IS 334a4 ONTUMU3ALUN AUCKPETHBIX
JNETEePMUHUPOBAHHBIX CUCTEM.

Jnsg  peleHuss KakuxX 3a7a4  MOXKeT OBbITb MPUMEHEH MEeTOJ JAWHAMHUYECKOTO
porpaMMupoOBaHus’?

IlpuBeaute anroputTM pelleHUs 3a4ad  YOpPaBJIE€HUS IPOU3BOJACTBOM METOIOM
JUHAMHYECKOTO POrpaMMHUPOBAHUS.

ITepeuncnure OCHOBHBIE KOJMYECTBEHHBIE XAPAKTEPUCTHKU HAAEKHOCTH NPUOOPOB H
CHUCTEM.

Kak ocymecTsasercss omnpeneieHHe KOJUYECTBEHHBIX XapaKTEPUCTUK HaJeKHOCTH
npuOOPOB U CUCTEM IO CTATUCTHYECKUM JTaHHBIM 00 OTKa3ax WU3JeNuii?

Kax ocyuiectBisercss aHaJIUTHYECKOE OINpeAesieHHe KOJIMYECTBEHHBIX XapaKTEePUCTUK
HAJIe)KHOCTU PUOOPOB U CUCTEM?

Kax ocyuecTsisiercss onpeaeneHne KOJMUYECTBEHHBIX XapaKTEpPUCTUK HAEKHOCTH MpHU
MOCJIEA0BATENBHOM COEMHEHUH JIEMEHTOB B CUCTEMY?

Kax ocyiecTBisieTcst paciyeT HaJeKHOCTU CUCTEMBI C TIOCTOSIHHBIM pe3epBUpPOBaHUEM?
Kak ocymecTBasercss pacdeT HaAE€KHOCTH BOCCTaHABINBAEMbIX PE3EPBUPOBAHHBIX
cucrtem?

Kaxum oOpa3om cocrasnsiercs rpad) COCTOSTHUN BOCCTAHABIMBAEMON CUCTEMBI?

Kaxoii ciy4aiiHbll AUCKPETHBIN MpOLiecC Ha3bIBAIOT MAPKOBCKUM?

B uewm cyTb npenenbHoii Teopembl A.A. Mapkosa?

. Kakum obOpaszom cocraBisiercss cucTteMa JHHEHHBIX Iu(epeHIHaNbHbIX ypaBHEHUN

A H. Konmoroposa?

Omnurure AJITOPpUTM  pPCHICHUA 3adadu pacdHeTa HaACKHOCTU BOCCTAHABJIIMBACMBIX
PE3EPBUPOBAHHBIX CUCTEM.

Kakue ypaBHEHUs HA3BIBAIOT JUHEHHO HE3ABUCUMbBIMU?

Kak Beraucisiercs 3HaueHue ko3¢ PUIMEeHTa TOTOBHOCTH CUCTEMBI?

Moayanr 4. «llpumeHenne HH(POPMALMOHHBIX  TEXHOJOIHH B PEIIEHHH 3a4a4
aBTOMATH3ALIMH, YIIPABJEHHS, 00Pa0OTKH U NpeacTaBaeHus1 HHGoOpMALHI»

1.
2.

JlaliTe onpeneneHre aBTOMaTU3UPOBAHHOMY MTPOEKTUPOBAHUIO.
Uro npeacrasisieT coOOM aBTOMaTHYECKOE IPOSKTHPOBaHNE?
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e

he

10.
I1.
12.
13.

14.

15.
16.
17.

18.

19.
20.
21.
22.

23

31.
32.
33.
34.
35.

36.
37.

38

42.
43.
44.
45.
46.
47.
48.

Uro npencrasisier codoit CAITP?

B gem ocobennocts CAIIP CuCVy?

Uem obycrnoBieHa BO3MOXKHOCTh ucrnonb3oBarus CAIIP CuCy?

U3 xakux coctaBHbIx yacteli cocroutr CAIIP?

ITepeuncnure oCHOBHBIE METObI BBOAA TpexMepHbIX koopauHaT B CAIIP AutoCad.

Kak coznmatorcst kapkacubsie mogenu B CAIIP AutoCad?

Kaxkumu cniocobamu MoryT ObITh co31anbl MOHONUTHBIE Moaenu B CAITP AutoCad?
Kakue onepanny MOXKHO BBITTOJTHATE ¢ MOHONMUTHBIME MozensiMu B CAITP AutoCad?
Kak nactponts napamerps! nuHamuueckoro Beosna B CAIIP AutoCad?

Kaxoii cucreMHoii mepeMeHHOH 3aaaercs yposeHb uepuenus B CAIIP AutoCad?

Kakas mepemenHas onpenesnsier, OyneT I UCIOIb30BaThCS NMpUBs3Ka K ypoBHIO B CAITP
AutoCad?

Kak ocyuiectBisercs 3afaHue MONb30BAaTENbCKONH cuctembl koopauHats CAIIP
AutoCad?

Kaxkumu cniocodamu MoryT ObITh co3nanbl nmoBepxaoctu B CAITP AutoCad?

Kak ocymectsisiercst ynpasnenune BunoBbiMu 3xpaHamus CAIIP AutoCad?

Kakue BHM3yasnbHBIE CTHIM MOTYT OBITH MPUMEHEHBI K MojensM, co3gaHHbiM B CAIIP
AutoCad?

Kakoli kxOMaHON CO3Mat0TCsl TUIOCKUE BUABI AJI TPEXMEPHBIX MOAENEH, CO3JaHHBIX B
CATIP AutoCad?

Uro npeactaBisitoT coO0H MOACHCTEMBI POSKTUPOBAHUS?

HazoBute nmpumMepsl MPOSKTUPYIOIIUX MTOICUCTEM.

[IpuBenuTe mpuMeps! OOCTYKUBAOIIUX MTOICUCTEM.

U3 Kaknx KOMIIOHEHTOB COCTOST MOJCHCTEMBI?

. Pacckaxxure 00 ocobeHHOCTSIX aBTOMAaTH3UpOBaHHOTO MonenupoBanus CuCy.
24,
25.
26.
27.
28.
29.
30.

HazoBuTe OCHOBHBIE 37IEMEHTBI MO3ULMOHHOM CIEASAIIEN CUCTEMBI.

B 4yeM cynrHOCTh aHUMAIIOHHOTO MOAETHPOBAHUS?

Uro npencrasisier codoit cenexrop CSS-npasumna?

Uro npencrassier codoit 6ok oOobsiBnennit CSS-npasumna?

Uro npexncrasisier codoii cenekrop kiacca?

Uro npeacrasisier codoit ID cenextrop (uaenrudukarop)?

Onumure HazHaueHWe W (QYHKOMHM 0Oa3bl JAHHBIX M CHUCTEMbI yIpaBjieHus Oa3amu
TaHHBIX.

Onwumure pasnuuns 6a3bl JAHHBIX U CHCTEMBI YIIPABJICHUS 0a3aMU JTaHHBIX.
ITepeuncnure ocHoBHbIe Buabl Mogenein CYB/L.

OxapakTepu3yiTe OCHOBHBIC TIOHSATHS MOJIEH JAHHBIX «CYLIHOCTh-CBS3bY.

[IpuBenuTe OCHOBHBIE MOHATHS U XapPAKTEPUCTUKU PEJISIMMOHHBIX 0a3 TaHHBIX.

Kakoe mnoHsATHE HCHIONB3YIOT i1 OOO3HAUEHUs] MHOXKECTBA OOBEKTOB MMPEIMETHOM
obmactu?

Uro Takoe sk3eMIusp o0beKTa?

Uro 03HaUaeT aganTUBHOCTD U PaCIIUPAEMOCTh Oa3bl TaHHBIX ?

. Uto 03Ha4aeT KOHTPOJIb 32 LEJIOCTHOCTHIO TaHHBIX B B/1?
39.
40.
41.

UTo OTHOCST K KOMIIOHEHTaM OaHKa JaHHBIX?

Uro npeacrasisieT coOoit cTpykTypa nHdopmanmnm?

Kaxk naszpiBaroT onucanue bJ1 mpu nomoru sizeika kKoHkpeTHol CYB/I ¢ ncnonpzoBannem
MaTEMATUYECKUX BbIpAKEHUH?

Uro npeacrasisier coOOOM CTPYKTypa NaHHBIX?

Ha uTo yka3bIBaeT JOru4ecKkoe NpeaCTaBIeHUE JaHHbIX ?

Uro onpenensier pusndeckoe MpeacTaBiIeHHe TaHHBIX?

Kaxue noHsATHsI BXOIST B TPEXYPOBHEBYIO MOJEIb MPEAMETHON 00acTH?
Uro 03Ha4aeT JTOTHYECKask HE3aBUCUMOCTD JaHHBIX?

Uro o3HauaeT pusndeckasi HE3aBUCUMOCTh JaHHBIX?

Uro JIeKUT B OCHOBE KOHLIEMIINY 0a3 NaHHBIX ?
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[Tpodeccopcko-npenoaaBaTeNbCKUil COCTaB MPOrPaMMBbl

[TepByxun Boennas aptusnnepuiickas npodeccop Astop Oonee

JAmutpunt axkanemust um.M .1 Kanununa Kaenpsl 200 nay4HbIX

AnHaronbeBn4 | (AUTUIIOM CHUCTEMHOTI'O padoT, B TOM
J-1 No 038457 ot 22.06. 1979), aHaJu3a u gucie 10 pador,
DnexTpoodopyaoBaHue yIpaBleHus, UHJIEKCUPYEMBIX
JIeTaTeJIbHBIX alapaToB, BOEHHBIN CaHnkr- B 0a3ax aHHBIX
WHXKEHep-3JIeKTpUK;, (nuriom YB ITerepOyprckmii | Scopus u
Ne 658377 ot 24.06.1991), TOPHBI WebofScience,
WH)KEHEPHAsl ONepaTUBHO- YHUBEPCUTET, 40 naTteHTOB U
TaKTUUYECKasl PaKeTHBIX BONCK U I-p TEXH. HAYK, | CBUAETENbCTB
apTUILIepuH, opHUIep ¢ BHICIIIM npodeccop,
BOECHHBIM 00pa30BaHUEM; Oonee 18 ner
I-p TeXH Hayk, (auruiom JIK Ne
003483 ot 26.05.2000);
npodeccop (arrecrar I[TP Ne
013113 ot 20.07.2005)

Kyxaposa IIsTuropckuii rocyjapCTBEHHBIN ACCUCTEHT Astop 6onee 50

TatpsiHa IYMaHUTapHO-TEXHOJIOTHYECKU I Kagenpsl HAYYHBIX U

BanepreBHa yausepcureT, 2011, pakynbrer CHUCTEMHOTI'O yueOHo-
UH(POPMALIMOHHBIX CHCTEM U aHanuza u METOUYECKUX
TEXHOJIOTUH, UH)KEHEep 10 yIpaBleHus, nyONuKanuiB
crienaibHOCTU «MHKeHepHOe Cankr- TOM 4ucie 3
J€JI0 B MEAUKO-ONOIOTHIECKOM IerepOyprckuii | yaeOHBIX
npakTukey» (murmiom BCA Ne TOPHBII nocoowuit, 2
1013915 o1 30.06.2011); YHUBEPCUTET, pador,
Cesepo-Kaskasckuii penepanbHblii | KaHA. TEXH. HAYK, | HHIEKCHPYEMBIX
yHuBepcurert, 2017, uHxeHepHbIN CTa)X HAy4YHO- B Scopus u
(bakyJIbTeT, MarucTp 1Mo nenarornyeckoii | WebofScience,
HanpasyieHutonoarorosku 27.04.04 | pabotel Oonee 5 | 11 pabor,
«YnpaBieHne B TEXHUUECKHUX Jer BXOISIIINX B
cucreMax», (nuriom Ne 102624 nepeueHb BAK,
1582309 ot 08.07.2017); 1 maTeHTa Ha
KaHza. TexH Hayk (aurom KHJL Ne n3zo0pereHue
022771 ot 06.07.2016)

MapTtupocsiH Cesepo-Kaska3zckuii penepanbHbIil ACCUCTEHT Astop 6onee 50

Anexcannap yHuBepcurer, 2013, cnenuanuct no Kagenpsl Hay4HbIX U

Buraneesnu HamnpasyeHuro «lIpuknagnas CUCTEMHOTO yueOHo-
UH(POpPMATHKA B IKOHOMUKE» aHanuza u METOUYECKUX
(murutom OK Ne 64157) yIpaBleHus, nyOIuKanuiB
FOsxHbIi penepanbHbIi CaHkr- TOM 4HCJIE 6
yHuBepcutet, 2015, Mmaructp no [Terepbyprckmii | pabor,
HanpasyieHHI0 «CUCTEMHBIN aHaIN3 TOpHBIN UHJIEKCUPYEMBIX
U yIIpaBJIeHHE» YHUBEPCUTET, B Scopus u
KaHJI. TEXH. HayK IO KaHJ. TexH. Hayk, | WebofScience,
crenuaibHoctu 05.13.01 CTaX HAy4YHO- 10 pabor,
«CucTemMHbIN aHaNW3, yIpaBieHue | MeJaroruueckoil | BXOISIIMX B
u oOpadoTtka napopMaum» pabotei bonee 3 | mepeuenb BAK,

Jer 3CBUIETENLCTB

O perucTpanuu
MIPOrpamm st
OBM
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59.
60.
61.
62.
63.
64.
65.
66.
67.

68.
69.
70.
71.
72.
73.
74.
75.
76.
77.
78.
79.
80.
81
82.
83.
84.

85.
86.
87.
88.

89.
90.
91
92.

93.
94.
95.
96.
97.
98.
99.
100

101.
102.
103.
104.
105.

HazoBute BUIBI aBTOMAaTUYECKUX YCTPONCTB.

[lepeuncanTe NPUHLNIBI YIPABJICHUS U MOSICHUTE UX.

Hazosute ocHoBHBIE 311eMeHThI CAY.

[losicHuTe Ha3HAYEHHUE PETYJIISATOPA.

[MosicHuTe Ha3HaUYeHUE OOPATHON CBSI3U.

[losicauTe Ha3HAYEHUE NaTUHKA.

ITo xakuM NpU3HAKAM KJIACCU(PUITUPYIOTCS CHCTEMBI YIIPABIICHUS?
Kakue MeToabl yCTONYUBOCTU BaM U3BECTHBL.

Uem omnnuaercs peryjJupoBaHUE «IIO OTKJIOHEHUIO» OT PEryJUPOBAHUSL IO
BO3MYILEHUIO»?

Uro Takoe MHOromepHbie CAY?

Uro Takoe CUCTEMBI C CAMOHACTPONKON CTPYKTYPBI?

UYro Takoe ynpasisiemMasi moacucrema’?

Urto Ha3BIBAETCS COCTOSTHUEM CUCTEMBI?

Kaxue ocobeHHOCTH MapaieIbHOrO COSAUHEHHS 3BEHbER?

Kaxkue ocobeHHOCTH COeTMHEeHUsI ¢ OOPATHOH CBSI3bI0?

Uro Takoe cTaTudecKas XapakTepuCTHKa?

Uro Takoe yCTaHOBUBLIEHCS pexum?

Kakne MeToapl UCTIONB3YIOTCS [JIsl HAITUCAHUS CBOMCTB CUCTEM?
KakoBo Ha3HaueHHE MATEMAaTHUYECKOTO OMUCAHUS CUCTEM?

Yro Takoe AUHAMUKA CUCTEMbI?

Uro npeacrasisieT coOoi ycoBre (GU3NMUECKON Pean3yeMOCTU CUCTEMBI?
Kak nepetitu ot nuddepeHnnaapHoro ypaBHEeHUs K OIIepaTOPHOMY?

. HMaiiTe onpenenenne nepenaTouyHon (PyHKINH.

Kak no nuddepeHunanbHOMy ypaBHEHHIO 3B€HA HAMTH €ro MepeaaTovHyo GpyHKIu0?
Uro Takoe AUHAMUUYECKOE 3BEHO U €r0 XapaKTepuCcTHKa?

Haiite onpeneneHre YCTOWYUBOCTH CHUCTEMBI ¢ (DU3MUYECKOH M MATEeMaTHYECKOH TOYEK
3peHwusl.

Kaxoii xapaxktep numeer nepexoaHbIil Npolecc B yCTONYMBON U HEYCTONUNUBOMN cucTeMax?
Uro Takoe KpUTEepUU yCTONUYUBOCTH?

JaiiTe moHsTHE KauecTBa pabOThl CUCTEMBI YIIpaBieHUs. YeM OHO onpenensercs?

Kakum o00pasoM B3KCIepUMEHTaIbHBIM MYTEM MOXKHO OICHHUTh KadeCTBO pPalOTHI
CUCTEMBI?

KaxoBa ponp MozienupoBaHusl CUCTEM yIpaBJIEHUs?

Kaxas CAY cuurtaercss HeluHEHHON!?

. Kax onpenensiercst «ipuHLNI CYNIEPHIO3ULIUNY»?

B d4em 3akmrodaercs MeTO[ AHAJIUTUYECKOTO KOHCTPYMPOBAHHUS ONTHMAJIbHBIX
PerysiTopon?

Uro Takoe (a3oBast TpacKTOpHUs?

Uro Takoe $a3oBbIii mopTpeT?

N3 kakux 371€MEHTOB COCTOUT UCKYCCTBEHHAs HEMpOHHAsI CeTh?

Onwuure npornece GyHKIMOHUPOBAHUS HCKYCCTBEHHOTO HEHPOHA.

IIpuBeaunTe 3aBUCUMOCTH, KOTOPBIMH OIHCBHIBAETCS MaTeMaTUUECKasl MOJle]Ib HEHpOoHa.
Kakue ¢pyHKIIMM aKTUBAIIMY NPUMEHSIOT B UCKYCCTBEHHBIX HEMPOHHBIX CETSX?
ITepeuncnure OCHOBHBIE OOJIACTH MPUMEHEHHSI UCKYCCTBEHHBIX HEHPOHHBIX CETEH.

: Ilepeuncnure OCHOBHbIE  Pa3HOBUAHOCTH  apXUTEKTYpPbl  HCKYCCTBEHHBIX
HEHPOHHBIX CETEH.

HazoBute ocHOBHBIE crTOCOOBI 0OYUEHNST HEHPOHHBIX CETEH.

Onwuiure anroputM o0y4YeHHs OHOCIOWHON HEHPOHHON CEeTH.

Kakoii anroputm npumMeHsroT 111 00y4eHHs MHOTOCJIOHHOrO neprenTpoHa?
Omnwuiure anroputM 0OPaTHOrO PACIPOCTPAHEHUS OLTHOKH.

JlaliTe onpeneneHyre CUCTEMBI C PaCpPeeIeHHbIMU TapaMeTpamMu.
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106. Kak  ocywectBiasercss ~ KOHEUHOMEpPHAs  ANMNpPOKCUMALMs  CHUCTEM  C
pacnpeneneHHbIMU NTapaMeTpamu?

107. Kaxkosa nepenaToyHas byHKUMSA UJI€AIBHOTO MPOCTPAHCTBEHHO-
mddeperumpyromero 3peHa’?

108. KakoBa nepenarouHast QyHKIUS TPOCTPAHCTBEHHO-U30APOMHOTO 3BeHA?

109. Kaxoa nepenarounast GyHKIHS MPOCTPAHCTBEHHO-(POPCUPYIOLIETO 3BeHA?

110. W3 xakux 3BEHbEB COCTOUT PACTIPEAEICHHBIN BBICOKOTOUHBINA PETyISITOP?

111. Kak peanusyercs 4aCTOTHBIA METON CHHTE3a CHCTEM C pPaCHpeneIeHHBIMHU
napaMeTrpamu’?

112. N3 kakux 3J1IEMEHTOB COCTOUT pacIpeieieHHas CUCTeMa repenayu nHpopMaruu?

5. YuebHO-MeToan4YecKoe ob0ecneueHHe MOAYJIS:

1. Aadunaros B.C. Cucremnsiii ananu3 B ynpasiaeauu / B.C. Anpunaros, A A.
EwmenpsnoB, A.A. Kykyumkun; nox pen. A A EMenpsHoBa. — M.: @uHaHCh! U cTaTucTHKa, 2002,
- 368 c.

2. MonenupoBaHHe CUCTEM U MPOLIECCOB. YIEOHHUK IS aKaleMUIecKoro OakanaBpuara /
B. H. Bonkosa [u np.] ; nox pen. B. H. Bonxosoii, B. H. Koznosa. — M. : M3natenscTBO
IOpaiit, 2017. — 450 c.

Pexxum nocryma: https://www.biblio-online.ru/viewer/E7D370B9-3C64-4A0F-AF 1B-
F6BDOEEEBCDO#page/1

3. Yopasnenue B ycioBusix HeonpenenenHoctu / [log pea. mpod. A.E. I'opreukoro. —
CII6.: CIIGI'TY, 2002. — 398 c.

4. UrnateeBa A B. Uccnenosanue cucrem ynpasienus / A.B. UruateeBa, M.M.
MakcumioB. — M.: FOHWUTH, 2006. — 156 c.

5. Kykymkud A.A. Teoperuueckre OCHOBbI aBTOMaTU3MPOBAaHHOTIO yripasieHus: Y. 1.
OcHOBBI aHaNIN3a U OLIEHKH CIOKHBIX cucteM. — Open: U3n-so BUIIC, 1998. — 258 c.

6. MonenupoBaHue cucteM [DIeKTpOHHBIN pecype] : yued. mocobre — DNEeKTPOH. AaH.
— Mocksa : I'opnas xaura, 2006. — 295 c.

Pexxum nocryna: https://e.lanbook.com/reader/book/3511/#1

7. Myxun B.W1. UccnenoBanue cucrem ynpasienusi / B. M. Myxun, A.H. Manus. — M..:
Ox3amen, 2006. — 382 c.

8. Pactpurun JI.A. CoBpeMeHHBIE IPUHLIUIIBI YITPABIEHHS CIOKHBIMH 00BEKTaMU. — M.
Panmuo u cBsizp, 1980. — 228 ¢.

9. Poroxun C.B., Poroxuna T.B. Mccnenosanue cuctem ynpasnenusi: yuebnuk / C.B.
Poroxun, T.B. Poroxxuna. — M.: Dk3amen, 2005. — 286 c.

10. ®umoctun A E. CtpykTypsl cuctem ynpasierus. — CI16.: MO P®, 1995. — 120 c.

6. MaTepuanbHO-TeXHH4YeCKoOe o0ecreueHue
MaTepnanbHO-TEXHHYECKO0€ OCHAIIICHHE AYAUTOPHH:

CneunanusupoBaHHblE ayJUTOPUH, HUCIIONb3yeMble T[pPU TPOBEACHUM  3aHATUH
JIEKLIMOHHOI'O TUIIA OCHAILLEHBbl MyJbTUMEIUNHBIMU MPOEKTOPAaMH U KOMILUIEKTOM amnmapaTypel,
MO3BOJISIIOINEH  AEMOHCTPHPOBATh TEKCTOBBIE W rpaduyeckue MaTephaibl. AyIUTOPHH,
UCIIOJIb3yeMble Il TMPOBEACHUs MPAKTUYECKUX 3aHSATHH, OCHAIIEHbl [ePCOHAIBbHBIMU
KOMITBIOTEPAMH.
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64. Ucxongst w3 bero OmnpenensroTcss KO3(QUIHMEHTb MPOCTBIX KJIACCHOULIUPYIOMNX
byHKUM?

65. Uro npencrasisitoT cobol cOOCTBEHHBIE 3HAUEHUS] U COOCTBEHHBIE BEKTOPA MATPHLIBI?

66. Uro xapakTepu3yrOT CTAaHAAPTU30BaHHBIE KO3 (OUIIMEHTbI TUCKPUMUHAHTHON (PYHKLIUN?

67. Uro XapakTepHU3yIOT MOJIHbIE CTPYKTYPHbIE KO3 PUIIHMEHTH AUCKPUMHHALITN?

68. Kakoli kpuTepuii MO3BOJISIET OLEHUTh Pa3jinyure KJIACCOB (TPYII) HAOMIOACHHA B LIEJIOM,
0e3 y4yera X KOre3UBHOCTH?

69. Kakum 00pa3oM OCYLIECTBIISIETCS OMpeNeIeHHe MPUHAMIEKHOCTH OOBEKTa K TOMY HIIH
HMHOMY KJjaccy?

70. Kakum obpa3om oneHnBaroT 3 (HeKTHBHOCTD PaCIO3HABAHUSA?

5. YueOHO-MeToaN4YeCcKOE 00ecneueHHe MOAYJIS:

1. MonenupoBaHHe CUCTEM H ITPOLIECCOB | YUEOHUK [JIsl aKaJeMIUecKoro Oakanaspuara /
B. H. Bonkosa [u np.] ; mox pea. B. H. Bonkosoii, B. H. Koznosa. — M. : MU3naTenscTBO
FOpaiit, 2017. — 450 c.

Pexxum nocryma: https://www.biblio-online.ru/viewer/E7D370B9-3C64-4A0F-AF 1B-
F6BDOEEEBCDO#page/1

2. buprokosa JI. I'. Teopust BeposSITHOCTEH U MaTeMaTH4yeckasi CTaTUCTUKA: YueOHoe
nocobue / buprokosa JLT'., boopuk I 1., Matsees B.I., - 2-e uzn. - M..HUL| UH®PA-M, 2017.
-289c.

Pexxum goctyma: http://znanium.com/catalog. php?bookinfo=76845

3. Byuxos U, bosikuesa JI., Canaxos E. IlpuxnagHoii mTuHeHbIH perpeccHOHHbIN
anamus / U. Byukos, JI. bosmxuena, E. Canakos. — M., 1987. — 456 c.

4. T'ycapos B.M. Cratuctuka: yued. mocobue mist By3os. — M.: KOHUTHU-JTAHA, 2003.
—463 c.

5. Obmas Teopus craructuku: yueoHuk /Ilon pen. 1.1, Enucesoit. — M.: ®UHAHCH U
craructuka, 2010. — 656 c.

6. CraTucTHUeCKUi aHAIN3 TaHHBIX, MOJESIUPOBAHIE U HUCCIIEIOBAHUE BEPOSTHOCTHBIX
3akoHoMepHocTel. KommeroTepHsiii moaxon / b 10. Jlememko, C.b. Jlememxo, C H. ITocroBanos
u np. - M.: HUL] TH®PA-M, 2015. - 890 c.

Pexxum mocryma: http://znanium.com/bookread2.php?book=515227

7. Makaposa H.B. Cratuctuka B Excel: yue6. mocodue / H.B. Makaposa, B 4.
Tpodumen.— M.: ®uHaHCH U cTaTicTUKA, 2006. — 368 C.

8. MonenupoBaHue cUCTEM [DIEKTPOHHBIN pecypc] : yued. mocodue — DIeKTPOH. aH.
— Mocksa : I'opnas kaura, 2006. — 295 c.

Pexxum moctyna: https://e.lanbook.com/reader/book/3511/#1

9. ®umoctuH A E. CtatucTrdeckue MeTobl OTOPaKOBKH aHOMAJIBHBIX PE3YJIbTATOB /

A E. ®unroctun, K. A. 3notaukos. — CII6., 1993. — 348 c.

10. Yetrpipkun E.M. CtaTuctudeckrie METONbI MPOTHO3UpPOBaHus. - M3n. 2-e, mepepald. u

norm. — M.: Ctatuctuka, 1997. — 200 c.

6. MaTepuanbHO-TeXHHYeCKOe o0ecnieueHue
MaTepnanbHO-TEXHHYECKO€ OCHAIIICHHE AYAUTOPHH:

CneunanusupoBaHHblE ayJUTOPUH, HCIIONb3yeMble TMpPU TPOBEACHUM  3aHATUHN
JIEKIIMOHHOI'O TUIA OCHALEHbI MyJIbTUMEOUNHBIMU MPOCKTOPAMH U KOMIUIEKTOM alnaparypsl,
MO3BOJISIFOINEH  JE€MOHCTPUPOBATh TEKCTOBbIE U rpaduyeckue MaTepuanbl. AyAUTOPUH,
UCIIONB3yeMble JJI1 IPOBENECHMs] MPAKTHYECKMX 3aHATHH, OCHALIEHbl NEPCOHAIBHBIMU
KOMITbEOTEPaMHU.
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69. Uto Takoe uncTas CTpaTerust urpoka’?

70. Yto Takoe CMelIeHHasl CTpaTerus urpoka?’

71. ITo KaKMM KPUTEPHSIM KJIACCUYHULIUPYIOT UTPOBBIE 3a1a4H?

72. Kakum 00pa3oM KIacCupULMPYIOTCS UTPHI TI0 XapaKTepPy BbIMTPHIIIEH?

73. Kakum 00pa3oM KIacCU(ULHMPYIOTCS UTPHI IO BUAY (PYHKIIUN BBIUTPHILIA?

74. Yto Takoe Urpoi ¢ HyJIeBol CyMMOIi?

75. Ilepeuncnute OCHOBHBIE 3Tallbl TOCTPOCHUS MOAEIEH TEOPUU UTP.

76. Kak ocy1iecTBIsS€TCs pellieHne MaTPUUHbIX UIP B YUCTBIX CTPATErHsix?

77. Yto XapakTepu3yeT HUXKHsS YUCTasl LieHa Urpbl?

78. UTo XapakTepu3yeT BEPXHsIsl UUCTasl LIeHa UTPhI?

79. Uro Takoe cenyopas TOUKa?

80. B ueM cyTbh NOHSTHS TOMUHUPOBAHUS CTpaTeruii?

81. Kakyro cTpaTeruto Ha3blBalOT JOMUHUPYIOLIEH?

82. Kakyro cTpaTeruio Ha3blBalOT JOMUHHUPYEMOI1?

83. Kax peanusyercs MeTO AOMUHHUPOBAaHUsA?

84. Kax ocyiecTBisieTcs pelleHre MaTPUUHBIX UTP B CMEIIAHHBIX CTPaTerusx’?

85. Uro npexacrasisieT coOOM cMeIIaHHasi CTPaTerusl Urpoka’?

86. OnuuInuTe METOl HEMOCPEACTBEHHOIO PELIEHUs] MATPUYHON UTPBL

87. Kak ocylecTBiIseTCsl pelIeHrue MATPUYHON UIPhl IYTEM CBEACHUS K 3a/1a4e JIMHEHHOIO
porpaMMupoBaHus’?

88. Ilepeuncaure METOABI PELIEHUS 3a1a41 JJUHEHHOTO MPOrPaMMHUPOBAHUS.

89. IIpuBeauTte arOPUTM peanu3allui MOAENEeH TEOPUH UTP.

90. Yto Takoe onTUMaNbHOE yIIpaBieHue?

91. Copmynupyiite npuHUMIa onTuManbHOCTUP. bemnmana.

92. U3n0xuTe METOA AMHAMUYECKOro nporpammupoBanus P. bennmana.

93. OnuiuuTe NpUMeHeHNe NPUHLUIA ONTUMAIbHOCTH IS 3a/1a4 ONTUMHU3ALUU JTUCKPETHBIX
JNETEePMUHUPOBAHHBIX CUCTEM.

94. na pewieHUss Kakux 3a7a4  MOXET ObITh MNPUMEHEH METON IHHAMUYECKOTO
IporpaMMupOBaHus’?

95. IlpuBeaute anropuTM pELICHWs 3a7ad  YOPABJICHHWS IPOU3BOACTBOM METOIOM
JUHAMUYECKOrO MPOrPaMMUPOBAHUS.

96. IlepeuncnuTe OCHOBHBIE KOJMYECTBEHHBIE XAPAKTEPUCTHKH HAACKHOCTH NPUOOPOB H
CUCTEM.

97. Kak oOCyleCTBIsETCS OINpPENeNIeHHE KOJUYECTBEHHBIX XapaKTePUCTUK HAJIEKHOCTU
npuOOPOB U CUCTEM IO CTATUCTHYECKUM JAHHBIM 00 OTKa3ax u3menuii?

98. Kak OCylIeCTBIAECTCA AHAIUTHYECKOE ONpPENeSeHUE KOJINYECTBEHHBIX XaPaKTEPHUCTHUK
HAJIe)KHOCTU PUOOPOB U CUCTEM?

99. Kak OCyIeCTBIAETCsS ONPEACICHUE KOIMYECTBEHHBIX XAPAKTEPUCTUK HAJEKHOCTHU MPHU
MOCJIEA0BATENBHOM COEUHEHNH 3JIEMEHTOB B CUCTEMY?

100. Kak ocymecTBiasgercss pacdyer HaIeKHOCTH CHCTEMBI C  IMOCTOSIHHBIM
pe3epBUpPOBAHUEM?

101. Kak OCYILECTBJISAETCS pacyer HAJIEXKHOCTU BOCCTAHABIIMBAEMBIX
PE3ePBUPOBAHHBIX CUCTEM?

102. Kaxum obpaszom cocrasnsiercsi rpad) COCTOSHUN BOCCTAHABIMBAEMON CHCTEMBI?

103. Kaxoii ciy4aiiHblli AUCKPETHBIN MpoLiecC Ha3bIBAIOT MAPKOBCKUM?

104. B uem cyTb npenenbHoli TeopeMbl A.A. Mapkosa?

105. Kakum oOpasoM cocraBisiercss cHCTeMa JIMHEHHBIX —AuddepeHnnanbHbIX
ypaBHenuiit A H. Koamoroposa?

106. Onuiunre anropuTM pellieHys 3a7auu pacdeTa HaJeKHOCTH BOCCTaHABJINBAEMBbIX

PE3ePBUPOBAHHBIX CUCTEM.
107 Kakue ypaBHEHUs Ha3bIBAIOT JIMHEHHO HE3aBUCUMbBIMU?
108 Kak Bbraucisiercst 3HaueHue Ko3(pPUIMeHTa TOTOBHOCTH CUCTEMBI?
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5. YueOHO-MeTOAMYeCcKOe o0ecniedeHne MOAYJIsI
OcHoBHas JquTepaTypa:

1. Teopust cuCTEM M CUCTEMHBIH aHAN3 ;| YIEOHUK M MPAKTHKYM JJIs1 aKaJJeMHUUECKOTO
OakamaBpuata / M. b. Anekceesa, I1. I1. Berpenko. — M. : MU3natensctBo FOpaiit, 2017. — 304
C.

Pexxum noctyma: https://www.biblio-online.ru/viewer/B791EB3D-7CD9-48 A7-B7DD-
BEB4670DB29E#page/1

2. I'onuk E.C. MareMaTuueckyie METO/IbI CHCTEMHOT'O aHAJIN3a U TEOPUH NMPUHATHS
pewenwuii: yueb. mocobue: Y. 1. /E.C. I'onuk [u ap.]. — CI16.: U3n-o C3I1H, 2004. — 54 c.

3. T'omux E.C. MatemaTnueckne METOIbl CHCTEMHOT'O aHAJIN3a U TEOPUU MTPUHSITUS
pewenwuii: yueb. mocobue: Y. 2. — CII6.: U3a-so C3TYV, 2005. — 100 c.

4. T'omuk E.C. Teopust u meToasl nporHozupoBanus: yued. mocobue. — CI16.: M3a-Bo
C3TY, 2008. — 148 c.

5. Vopaenenue B ycinoBusx HeonpeneneHHoctu / [lox pen. mpod. A.E. I'opneukoro. —
CII6.: CIIOI'TY, 2002. — 398 c.

6. Hertsapes 0. CucremHblil aHanu3 u uccnegosanue onepauuii. — M: Beicinas
mkona, 1996. —335 c.

7. Mymuk J. MeTonbl NPUHATHS TEXHHUECKHUX perneHuii / J. Mymuk, I1. Mrosnep. — M.
MMUP, 1990. — 368 c.

8. HanesxHocTh 1 3¢ (hEeKTUBHOCTD B TEXHUKE: CrIpaBoUHUK: T.3. DPPeKkTHBHOCTD
texHudeckux cucreM / Ilon. obm. pen. B.®@. Ytkuna. — M.: Mammnaoctpoenue, 1988, — 328 c.

9. ®arxyrnuHoB P.A. Ynpasnenueckue pemenus. — M.: MTHOPA-M, 2002.-312 c.

10. Unprues A .B. D hekTHBHOCTD MPOSKTHPYEMOM TEXHUKH: OCHOBBI aHaIH3a. — M.
Mammnnoctpoenue, 1991. — 335 c.

6. MaTepuanbHO-TeXHHYecKOe o0ecriedyeHue
MaTepnanbHO-TEXHHYECKOE OCHAIICHHE AYAUTOPHH:

CneunanusupoBaHHblE ayJUTOPUH, HCIIONb3yeMble T[pPHU TPOBEACHUM  3aHATUH
JIEKLIHOHHOTO TUIA OCHALLEHbl MyJbTUMEIUNHHBIMHU MPOEKTOPAMHU M KOMILJIEKTOM ammapaTyphbl,
MO3BOJISTIOINEH  IE€MOHCTPUPOBATh TEKCTOBbIE M rpaduyeckue MaTepuanbl. AyaAHTOpHUH,
UCIIOJIb3yEMBblE ISl TPOBEACHMS] IMPAKTUYECKUX 3aHATUH, OCHALIEHbl MEePCOHAIbHBIMU
KOMITBEOTEPaMHU.

PaGouasi nporpamma moay.Jisi
«IlpuMeHeHHe HH(POPMALIMOHHBIX TEXHOJIOTHIl B pelIeHHH 32124 AaBTOMATH3ALIUH,
ynpasJjieHHsl, 00pa0oTKH M nmpeacTaBjaeHHus1 HHpopmManuu»

1. Hean u 3aaa4u MoayJis

Henabr Moayass — npuoOpeTeHNEe TEOPETHYECKUX WM MPAKTUYECKUX 3HAHWUN B 00JacTH .
NPUMEHEHUA I/IH(bOpMaL[I/IOHHbIX TEXHOJIOTUH B peUICHNH 3a4a4 aBTOMaTU3alllK, YIIPABJIICHUA,
00paboTKH U mpencTaBiIeHus] HHQOPMALIH.

OcHoBHBIE 32024

— MOJIy4eHUe JOTMOJHHUTENbHBIX MPAKTUYECKHMX YMEHUH M HAaBBIKOB B  O0JACTH
pa3paboTKu TPEeXMEpPHBIX KAPKACHBIX, TMOBEPXHOCTHBIX M MOHOJUTHBIX Mmoxeneli B CAIIP
AutoCAD;
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75. Kakve BU3yasibHBIE CTHJIA MOTYT OBITh MPUMEHEHBI K MonelsiM, co3maHHbiM B CAIIP
AutoCad?
76. Kakoil KOMaHAON CO3JAKOTCS MJIOCKHUE BHUJBI IJIs1 TPEXMEPHBIX MOJENEH, CO3MaHHBIX B
CAIIP AutoCad?
77. Uto npeacTaBisiIoT cO00M TOACUCTEMBI TPOSKTUPOBAHUS?
78. HazoBute npuMepbl NPOSKTUPYIOIIUX MOACUCTEM.
79. IlpuBenure mpuMepsl OOCITYKUBAIOIINX MOJCUCTEM.
80. 13 kakux KOMITIOHEHTOB COCTOSIT TTOACUCTEMbI?
81. Pacckaxkure 00 0cOOEHHOCTSIX aBTOMAaTH3UpOBaHHOTO MonenupoBanus CuCy.
82. Ha30BUTE OCHOBHBIE 3JIEMEHTbI TO3ULIMOHHOM CIESIIEH CUCTEMBI.
83. B ueM CylIHOCTh aHMMAIIMOHHOTO MOJIEINPOBaHNUsA?
84. Uro npexncrasisier codoit cenexrop CSS-npasuna?
85. Uro mpexncrasisier codoii 650k obbsasnennii CSS-npasuna?
86. Uro npencrasisier coOoil cenexTop kiacca?
87. Uro npencrasisier codoit ID cenexrop (uaenrudukarop)?
88. Onumure HasHaueHue W (yHKOUM 0a3bl JAHHBIX M CHUCTEMBI YIpaBIeHUs Oa3amu
JAHHBIX.
89. Onmure pa3nuunst 0a3bl JAHHBIX U CUCTEMBI YIIPABJICHUS 0a3aMU TaHHBIX.
90. Ilepeuncaure ocHOBHbIE Buabl Moaesneit CYB/L.
91. OxapaxkTepu3yiTe OCHOBHBIE MTOHSATHUS MOAEIN JAHHBIX «CYLIHOCTb-CBS3bY.
92. IIpuBeauTe OCHOBHBIE MOHITHS U XapPAKTEPUCTUKU PEIISIMMOHHBIX 0a3 JaHHBIX.
93. Kakoe TOHATHE HCIOJNB3YVIOT AJii OOO3HAUEHHss MHOXKECTBA OOBEKTOB MMPEIMETHOM
obmactu?
94. Uto Takoe 3k3eMIuisip oObekTa?
95. Uro 03HauUaeT aJanTUBHOCTD U PACIIUPSEMOCTD Oa3bl TAaHHBIX ?
96. UYto 03HauaeT KOHTPOJIb 32 LIEJOCTHOCTHIO JaHHBIX B B/1?
97. UTo OTHOCSIT K KOMIIOHEHTaM OaHKa JaHHBIX?
98. Uro mpexncrasisier codoit crpykTypa uHpopManuu?
99. Kak nazeiBatoT onucanue b/l nmpu momomu si3bika konkpetoii CYB ] ¢ ucnonb3oBanuem
MaTeMaTUYECKUX BbIPAXKEHUN?
100.YTo mpencrasisier coO0l CTPYKTypa NaHHBIX?
101.Ha uyTo yka3bIBaeT JIOTHYECKOe MPEACTABIECHNE TAHHBIX?
102.Yro onpenensier HpuU3nIeCKOE MPEACTABICHNE TAHHBIX?
103 Kakue moHATHS BXOAAT B TPEXYPOBHEBYIO MOJEIb MPEAMETHON obnacTu?
104.Yto o3Ha4aeT Toruueckasi He3aBUCUMOCTD TaHHbBIX ?
105.Yrto o3HavaeT Ppu3nyeckas HE3aBHCUMOCTD TAHHBIX ?
106.YTo j1e3kUT B OCHOBE KOHIIETINH 0a3 JaHHBIX?
107 Yto BKIIFOUAET B ceOst OaHK TaHHBIX?
108.Yto siBNISIETCS TTIABHOM OTJIMYUTENILHON 4epTOoit 0a3 JaHHBIX?
109 Kakwue Tumbl 0aHKOB TAHHBIX BBIIEISIOT 1O (hOpMe TpeacTaBisieMol nHpopMaum?
110.Yem obecrieunBaeTcs COKpalieHne H30bITOYHOCTH TaHHBIX, COBMECTHOE HCIOJIb30BAHUE,
pasrpaHUYeHHEe AOCTYMa K JAHHBIM U UX LIEIOCTHOCTD?
111.KakoBo Ha3HaueHue KypHasa TPaH3aKLHil?
112 B gem 3akmodaercst KoHIenus Qaitnosoro cepsepa?
113 Kakast Mozienb OCHOBBIBAETCSI HA OOBbEIUHEHUH B TPYIIBI JAHHBIX MPEAMETHOH 00nacTu
NPU HAJIMYUHU Y HUX OOIMNX MPU3HAKOB MJIH CBOHCTB?
114 Kak ocyuiecTisieTcss apXMBUPOBAHHE M BOCCTAHOBJIGHHME 0Oa3bl JaHHBIX C
KOPPEKTHUPOBKOMN LIETOCTHOCTH?
115.Yro monywaroT mnpu mnpeoOpa3OBaHMM TUIMH3UPOBAHHBIX JAHHBIX B MAIIUHHOE
npenacTasieHue?
116.Yem onpenensercs HEOOXOIUMOCTb UCIOJIB30BaHUS OAHKOB JMaHHBIX B COBPEMEHHBIX
UH(POPMALIMOHHBIX CHCTEMAX?
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5. YueOHO-MeTOAMYeCcKOe o0ecniedeHne MOAYJIsI
OcHoBHas JquTepaTypa:

1. Araneos B. I1. ba3br nannbix. B 2-x kH. Kaura 2. PacnipeneneHHble U yaajgeHHbIC
0a3bl nanHbIX | yueOHuk / B.I1. Arameios. — M. : U]l «®OPYM» : UTHOPA-M, 2017. — 271 c.

Pexxum moctyna: http://znanium.com/catalog. php?bookinfo=652917

2. beno B.B., UuctskoBa B.M. ANroputMbl M CTPYKTypbl JAHHBIX. y4eOHUK. —
M.:KYPC, HULl UHDPA-M, 2016. — 240 c.

Pexxum moctyma: http://znanium.com/bookread2.php?book=551224#

3. 'omuupiaa O. JI. MakcumoB H. B. ITonos M. 1. ba3el nanssx: YueOHOE mocodue /
O.JI I'onuusina, H.B. Makcumos, M.U. Tlomnos. - 2-e u3a., ucnp. u gomn. — M.: ®opym: UHDPA-
M, 2007. — 400 c.

Pexxum mocryna: http://znanium.com/catalog. php?bookinfo=126407

4. T'ypuxos C. P. Unrepner-rexnonorun: YueOHOoe mnocobue/l'ypukos C. P. — M.:
@®opym, HUL] UHOPA-M, 2015. — 184 c.

Pexxum moctymna: http://znanium.com/catalog. php?bookinfo=488074

5. HonroB A.M. AnropuTMmusaiusi NpPUKJIaIHBIX 3aaad [DIEKTPOHHBIN pecypc]: yuel.
nocodue. — M.: @nunTa, 2011. — 136 ¢.

Pexxum moctyma: http://znanium.com/bookread2.php?book=406093#

6. IIpoexTupoBarne nHPOPMAMOHHBIX cucTeM: YdeOHoe mocobue / H.H. 3aboruna. —
M.: HULl Undpa-M, 2013. - 331 c.

Pexxum mocrtyna: http://znanium.com/bookread2.php?book=371912

7. UBmun B.IIL, Ilepyxun M.IO. CoBpemeHHasi aBTOMaTHKa B CUCTEMax YyIpaBlIEHUS
TEXHOJIOTUYECKUMU mporieccamu: yued. mocodue. — M.: HUL] UIH®PA-M, 2016. — 400 c.

Pexxum mocryma: http://znanium.com/bookread2.php?book=551226

8. Kysun A. B. Kommetotepueie cetn: Yuebnoe mocodue / A.B. Kysun. - 3-e m3n,
nepepad. u non. — M.: ®opym: THOPA-M, 2011. — 192 c.

Pexxum mocryna: http://znanium.com/catalog. php?bookinfo=249563

9. Xpamenkos B.I'. ABroMaTuzauus ynpaBlieHHUS TEXHOJOTMUECKMMHU IpPOLIeCCaMu
Oypenust HererazoBbix ckBaxkuH: yued. mocobue. — Tomck: Usn-so TITY, 2012. — 416 c.

Pexxum nocryma: http://znanium.com/bookread2. php?book=701911#

10. IMlycroa JI. HU. TapakanoB O. B. basel npannbix: YueOnux/IlycrosaJl.H.,
TapakanosO.B. — M.: HUL] UH®PA-M, 2016. -304 c.

Pexxum mocrtyna: http://znanium.com/catalog. php?bookinfo=491069

6. MaTepuanbHO-TeXHHYecKOe o0ecnieueHue
MaTepnanbHO-TEXHHYECKOE OCHAIIICHHE AYAUTOPHH:

CneunanusupoBaHHblE ayJUTOPUH, HCIIONb3yeMble T[pPU TPOBEACHUM  3aHATUH
JIEKIIMOHHOI'O TUMNA OCHALLEHbI MYJIbTUMEIUNHBIMU MPOCKTOPAMHU U KOMILIEKTOM amnmnaparypel,
MO3BOJISTIOINEH  IE€MOHCTPUPOBATh TEKCTOBbIE M rpaduyeckue MaTepuanbl. AyAUTOPUH,
UCIIONBb3yeMble JJI1 NPOBENECHUs] MNPAKTHYECKUX 3aHATHH, OCHALEHbl IEPCOHAIBHBIMU
KOMITBIOTEPaMHU.
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IIpunoxenne 2

K 0o0pa3oBaTe/IbHOMN Nporpamme —

«MexxayHapoaHasi cieuaAIbHAasi KPATKOCPOYHAS

IIporpamma noa 3rugoii Me:xxaynapoanoro uenrpa FOHECKO
«CHCTeMHBIH aAHAJIN3, YIIPaBJeHHe H HHPOPMALMOHHBIE
TEXHOJOTHH B PelIeHHH NPUKJIATHBIX 34129

Y4eOHo-MeToANYEeCKHE MATePHAJIbI IS o0ecniedenust MexkayHapoaHOi
00pa30BaTeJIbHOM CIENHATBHONH KPATKOCPO4YHO NPOrpaMMbl IO STHA0H
Mexaynapoanoro uearpa HOHECKO

HaunmenoBanue nporpammbl: «CHCTEMHBIII aHAIN3, YIIPABJICHHE H
HHPOPMANMOHHBIC TEXHOJOTHH B PEIICHUH NPUKJIATHBIX 32129

Cankr-llerepOypr
2019
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JlaHHble y4eOHO-METONWYECKHE MaTephasibl TNPEeNHa3HA4YeHbl [JIs1  oOecredeHus
MexnyHaponHOH 00pa3oBaTeNbHON CHENHMaJbHOH KPAaTKOCPOYHOH MpOrpaMMbl IO 3THIOH
Mexnynaponsaoro nenrpa FOHECKO «CucteMHbli aHanus, yrnpasjieHne W WHPOPMALMOHHbIE
TEXHOJIOTUU B PELICHNH MPUKJIATHBIX 3a1au4». B yueOHO-MeTonn4yecknx MaTepranax mpUBEIeHbI
KpaTKhe KOHCIEKThbl JIEKUWH, 3aJaHusl [Nl TPAKTHUYECKUX M CaMOCTOSITEBHBIX padorT,
o0ecrieunBaOIIMe MaTepuaibl IO KaXKIOMY W3 YETbIpeX MOAYJIEH, KOTOpbIE OTPaKaKOT
OCHOBHYIO CYTh H OCHOBHYIO HH(POPMALHIO, HEOOXOIUMYIO ISl H3JIOKEHHUS Ha 3aHATHUSX.

Kpatkas naOpMarus mo MoayisiM, MPenyCMOTPEHHBIM K OCBOSHHIO.

Kypc cocrout uz 4 Moaynei, CBsI3aHHBIX MEXIY COOOM.

Bo Bemenuu omnucaHbl MOHATHSA O CHUCTEMAax, CHCTEMHOM aHalu3e, YIpPaBI€HUU HU
cucreMax ympasneHus. llpuBemeHbl 0ONACTH  MPAKTHYECKOTO  NMPUMEHEHHUs]  TEOPHH
aBTOMATUYECKOTO YMPAaBJIEHUS M METOAOB CHCTEMHOIO aHajlu3a, OCHOBHBIE IPUHLUIIBI
ynpasieHus1, 00OpabOoTKH U MpeaCcTaBIeHUs HHPOPMALIUH.

Moayne 1 “ MeTtoapl aHanu3a M CHUHTE3a CHCTEM YIIPaBJIEHMS] TEXHOJOTMUYECKUMHU
mpoleccaMu ~ COCTOUT U3 5 JIEKIMOHHBIX 3aHATUH W 4 mOpakTH4YecKuxX 3aHsTuil. B manHom
MOJyJie PacCMaTPUBAIOTCS OOJACTH TNPUMEHEHUs M OCHOBBI TOCTPOCHHS HCKYCCTBEHHBIX
HEHpPOHHBIX  CeTei., cQeppl MNPUMEHEHUs] W METONOJIOTHSl MPOEKTHPOBAHUS  CHUCTEM
aBTOMAaTUYECKOTO YyIPAaBJIEHUs, CHHEPreTH4YeCKHe METOAbl TEOPUM YIpaBJeHMs, BOMIPOCHI
aHalM3a U CHHTe3a CHCTeM C pachpefeneHHbIMU napaMmerpamu. IlpakTudeckue 3aHATHA
MOCBALIEHb!  IrOpuTMaM OOy4YeHHs] HEHpPOHHOW CETH, CHHTe3y CHCTEMBbl YIPAaBICHUS
TEXHOJOTMYECKHM IMPOLIECCOM, IMOCTPOEHHIO (Pa30BBIX TPAaeKTOPUH M (Ha30BBIX MOPTPETOB,
MOJIEJIMPOBAHUIO IIPOCTPAHCTBEHHO-PACIIPEeIeHHbIX 00BEKTOB Ha npumepe
THAPONIUTOCHEPHOrO IIacTa.

Moaynp 2 «OKCHepUMEeHTalbHO-CTaTUCTUYECKOE MOJEIUPOBAaHUE. METOAOJOTUS U
MIPaKTUYECKHE MPUIIOXKEHHD» COCTOUT U3 | JIEKIMOHHOIO 3aHATUA U 2 MPAaKTUUYECKUX 3aHSTUH.
Jlexuust TaHHOTO MOZAYJSl COAEPXKUT WH(pOpMAImio o0 00NacTsSX NPUMEHEHUS U OCHOBHBIX
METOaX CTATHCTUYECKOro aHann3a. lIpu BBIMOJHEHWH MPAKTUYECKHX PadOT JAHHOTO MOIYJIS
oOyuarormuecs: mpuoOPETatOT HABBIKM MPOEKTUPOBAHMS CUCTEM OLICHKH COCTOSIHUSI YPaBHEHHEM
JUHEHHOW perpeccur M pa3padOTKH CHUCTEM MIUArHOCTUKHM M PACIIO3HABAHUS METOIOM
JUCKPUMHUHAHTHOIO aHaJIN3a.

Mogaynb 3 «MeToabl CUCTEMHOIO aHAJIN3a, ONITUMHU3ALUN U TEOPUH IPUHATUS PELLIEHUN»
BKJIFOUAET 4 JIEKLHH, B KOTOPBIX PaccMaTpHUBAETCs MPOLIECC MPUHATUS PELIEHUI B YCIOBMSIX
HEOTPEIeIEHHOCTH, OCHOBHBIE MOHSTHS W METONOJIOTHsSI TEOpUH WIp, MpOLecC MNPUHATHSA
pelIeHHi B 3a1a4ax yIpaBJICHUs MPOU3BOACTBOM M METOIMKA OLIEHKH HaJEKHOCTU MPHOOPOB U
cucreM. B pamkax Monyns NpenyCMOTpeHbl 4 MpakTUYECKUX 3aHATUsA, TOCBALIEHHbIE
IIPUMEHEHHUIO KJIACCUYECKHUX M IPOU3BOJAHBIX KPUTEPUEB MPUHATHUS PEIICHUN, COCTABJIEHUIO
IJIaTEeKHBIX MaTpPUL[ U PELIeHUI0 UIPOBBIX 3a]ad, OLIEHKE HAaJEeKHOCTH PE3epBUPOBAHHBIX U
BOCCTAHABJIMBAEMbIX CHCTEM.

Monyne 4 «lIlpumenenne WHPOPMALMOHHBIX TEXHOJIOTUH B pELICHUM 33134
aBTOMATH3AlMH, YIPaBJICHUs, 00paOOTKH U MpeACcTaBIeHUsT HHOOPMALIUI» COAEPIKUT 3 JIEKLIHH
U 5 mpakTHYeCKMX 3aHATHH. llepBas nexuus MOCBSILEHA CHCTEMaM aBTOMAaTHU3UPOBAHHOIO
NPOEKTUPOBAHUS, BTOpas — CHUCTEMaM YIIpaBlieHHs] Oa3aMU JaHHBIX, TPETbs — HHTEPHET-
TeXHOJOrusM. Ha mpakThyecknx 3aHATHSIX O0ydaroImuecs: MpUoOpeTaroT HaBBIKK pa3paboTKu
TPEXMEPHBIX KApKACHBIX, IMOBEPXHOCTHbIX W MOHOJUTHBIX Monened B CAIIP AutoCAD,
co3nanus 3anpocoB B Microsoft SQL Server u co3nanus annmanun cpencrsamu CSS.
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Jlekuus Ne 1. CucremMHbIH aHATN3, YIPaBJieHHe H HH(POPMALIMOHHbIE TEXHOJIOTHH B
pellieHHH NPUKJIAAHBIX 3a1a4. (2 ak. yaca).

Cucmemmnuiii n0OX00 O3HAYAET CTPEMJICHHE M3YYHTD SIBJIEHHE MM OOBEKT C YUETOM €ro
BHYTPEHHUX CBSI3¢H M BHEINHHUX (DaKTOPOB, OMPEAEISIOINX (PYHKIHOHUPOBAHHE OOBEKTA, TO
€CTb CTPEMJICHHE U3YYUTh €r0 BO BCEH NMAJEKTHYECKOH CIIOXKHOCTHU, BCKPBIB BCE BHYTPEHHHE
npotuBopeurst. Takoi MoaXoA MO3BOJISIET UCCIEN0BATh PAa3HbIE 110 CBOSH MPUPOE U CIOKHOCTH
OOBEKTBI C €IMHOW CUCTEMHOM TOYKH 3PEHUS, TAeT OCHOBY JJISI IPEACTABJICHUSI BHYTPEHHUX U
BHEINHUX (PAKTOPOB B BUIE €AMHOIO MHTETPHPOBAHHOTO LIEJOTO M BbIIENEHHUs Hanboiee Cy-
IIECTBEHHBIX (PaKTOPOB.

Cucmemmnulii ananu3— 3TO METOIOJOTHS HCCIEIOBAHUS JIFOOBIX OOBEKTOB MOCPENCTBOM
NPEACTABIICHUS UX B BU/IE CHCTEM.

Oco0eHHO BENMMKO 3HAYEHNE CHCTEMHOTO TIOAXO0/1a M CHCTEMHOTO aHAIN3a pU pa3paboTke
U SKCIUTyaTauuyd OOJBINNX YENOBEKO-MAIIUHHBIX cUCTeM. CHCTEMHBIH MOAXON U CHCTEMHBIN
aHaJM3 OCHOBaHbI Ha psine (PyHHAMEHTANbHBIX MOHATHH W IOJIOKEHHH, CpPeAd KOTOPBIX
OCHOBHBIMH SIBJISIFOTCSI TIOHSITHSI CHCTEMBI, CPEIbl, CTPYKTYPBI, HEPAPXHUH, YIIPABICHHS, TIOTOKOB
UH(pOpPMaLIUH.

[lepBUuHBIM TOHATHEM SIBISIETCSl TOHATHE cucmemvi. B obmiem ciydae mon CHUCTEMOM
MOHUMAETCS. MHOXKECTBO 3JIEMEHTOB BMECTE€ CO CBSI3SIMH MEKAY HUMH U HX CBOHCTBAaMHU,
OOBEIMHEHHBIX OOLTHOCTBIO Lenu. Takum oOpa3oM, cucreMa (PYHKIHOHHUPYET Kak €JuHOe
LeJIOe, U KaXKIbIA 3JIEMEHT CHUCTEMBbI AEHCTBYET B MHTEpPECaxX €IMHOM LeNd, CTOsIIEH Mepen
CHUCTEMOH B LIJIOM.

PaccmoTpuM TepMUHBI, BXOASINNE B ONPENEICHHE CHCTEMBL JJEMEHThI — 3TO YacTH
CHCTEMBI, OTPAXKAIOLIUE B KAKAOM KOHKPETHOM CIIydae MOCIEHUHN HTal ee NeIeHUs.

CBsi3u OOBEIUHSIIOT HJIEMEHTHI CUCTEMBI B euHOe Liejoe. 11o cyimecTBy, TOJIBKO HaIUUNe
MHOTHX BUIOB CBSI3H (NMPUYHHHBIX, JIOTUYECKHUX, CIYYalHBIX U T.J.) J€JaeT MOHATHE CHCTEMBI
noJie3HbIM. CBSI31, MOANIEKAIINE PACCMOTPEHUIO B JTAHHOM MHOJKECTBE 3JIEMEHTOB, 3aBUCAT OT
CTOsIIEH Tepen CHCTEeMOH 3aJadyd: BaXKHblE CBSI3U BKJIIOYAIOTCS B PACCMOTPEHHE,
HECYIIECTBEHHbIE HCKITFOUAOTCS.

CBoiicTBa 3JIEMEHTOB [AlOT BO3MOXHOCTb OIHCBHIBATH JJIEMEHTHI KOJHYECTBEHHO,
BBIPAKas MX B €IMHULAX, UMEIOLINX ONPEAENICHHYI0 pa3MEPHOCTb, THOO Ka4eCTBEHHO, €CJIN OHU
HE MOJIIAI0TCS U3MEPEHUIO.

B 3aBucMMOCTH OT TPUPOABI BJIEMEHTOB pA3HYAIOT CUCTeMBbl (u3uueckue W
abctpakTHple. DHU3NUYECKUMHU HA3BIBAIOT CHUCTEMBI, COCTOSIIIME U3 €CTECTBEHHBIX WITH
HCKYCCTBEHHBIX 3JIEMEHTOB. B aOCTpakTHBIX CHCTEMAax 3JIEMEHTBI NMPEICTaBICHbI CHUMBOJIAMU.
Jns u3yueHust PU3NUECKON CHCTEMBI €€ OMUCHIBAIOT C MOMOLIBI0 MATEMATHYECKUX 3aBHUCHMO-
CTEH, BBIPAKAIOIIMX COOTHOIIEGHUS MEXKAY OJJIEMEHTaMH Takol cuctembl. Cucrtema
MaTeMaTUYeCKUX 3aBUCUMOCTEH MpeAcCTaBiisieT coOol abCTpakTHYH cuctemMy. AOCTpakTHBbIC
CHCTEMBbl MOTYT TAaK)K€ ONHCHIBATb COOTHOLICHUS MEXAY TNOHATHSIMH, HE HWMEIOIIUMHU
bu3nIeCKOro cConepKaHus.

CucremMbl CyIIeCTBYIOT B OKpyKamolied wx cpene. s maHHOW CHUCTEMBI cpedd eCTh
MHOXKECTBO BCEX 3JIEMEHTOB BHE CHCTEMbI, U3MEHEHHE CBOHCTB KOTOPBIX BIIUSET HAa CHCTEMY, U
CaMHU CBOWCTBA KOTOPBIX M3MEHSIOTCS BCJIEACTBHE TIOBEACHUSI CHCTEMBL. Ba)kHO OTMETHTB, YTO
¢u3nueckne CHCTEMBI HE TMPOCTO CYILIECTBYIOT B OKPYXXEHHU CpPeIObl — OHH CYIIECTBYIOT
Onarogapst OKpPy>KEHHUIO CPEIbL.

Kakyro COBOKYMHOCTH 3JI€MEHTOB IPHHATH 32 CHCTEMY M KaKyl0 OTHECTH K Cpele B
KOHEYHOM CYeTe OIpEeIeNseTcsl XapakTepoM pelaeMoil 3amaud, LesIMH  HCCIeIOBAHMUS.
Hanpumep, nponsBoacTBeHHOE O0OBEAMHEHHE MOXKHO pPacCMAaTpUBaTh Kak CHCTEMY, TOTAA
NPOM3BOJCTBEHHbIE U aJIMUHUCTPATHUBHbIC OPTaHU3ALUH, C KOTOPbIMU OOBEIUHEHHE CBSI3aHO,
OyAyT U1 HEero MpencTaBiIATh cpeny. YToOsl ykazaTh cpeay NOTHOCTBIO, HEOOXOAUMO 3HATh BCE
(bakTOpBl, BO3AEHCTBYIOINE HA CUCTEMY WJIM HCIBITHIBAIOIINE BO3NEHCTBHE C €€ CTOpPOHBL B
CHCTEMY W CpPEAy BKJIOYAIOT 3JIEMEHTBl M CBSI3H, SIBISIOLINECS Hauboee BAXHBIMU C TOUYKH
3peHus permaeMon 3a1a4n, mpeHedperas TeMH, KOTOPbIE HE UTPAIOT CYINECTBEHHOMN POJIHL.

35



W3 omnpeneneHust CUCTEMBI, €€ D3JIEMEHTOB U CpEeAbl CIeNyeT, 4YTO BCsKas CUCTEMA
IOMyCKaeT JanbHeilinee pa3OueHne Ha MOACHCTEMBI. OJIEMEHTHI, IpPUHAIJIEXAMNe OIHON
MOJCHCTEME, MOXKHO PacCMaTpHBaTh KaK 3JIEMEHTHI Cpeabl Apyroi moxcucremsel llepexon x
MOJICCTEME, €CTECTBEHHO, BEAE€T K BO3HUKHOBEHHIO HOBBIX CBS3€H. 3aMETHM 31€Ch, YTO
pa3OneHne CHCTEeMbl Ha TOACHCTEMBI BBIPAJKAET CBOWCTBA MEPAPXHUECKON YHOPSIOYEHHOCTH
cucteM. MOXHO CKa3aTh, YTO MOACUCTEMBI — 3TO CUCTEMbI HU3MIETO MOPSIKA 10 OTHOLIEHHIO K
cUCTeME, B KOTOPYIO OHU BXOJISAT.

B pesyibraTe mMOCTYNMaTeNbHOTO pPa3BUTHUA BO3HHMKIN KAa4€CTBEHHO HOBBIE CJIOXKHBIE
MPOM3BOICTBEHHO-KOHOMHUYECKHE, TEXHUYECKHE, HaydHble, BOEHHbIE U MPOYHE KOMIUICKCHI.
[TonsiTue «OomnpInasi CUCTEMa» BBEISHO KaK BBIPAXKEHHE CHCTEMHOIO MOAXOAA K IMOCTAHOBKE H
PELIeHHIO 3a7a4 YIPABISHHSI TAKUMH CIOXKHBIMH KOoMIUiekcaMu. OTaeNbHbIE OTPACId U 3BEHbS
SKOHOMUKH, TPOMBIIIJICHHBIE MIPEANPUSITHS U TEXHUIECKHUE OOBEKTBI, TIPOTrPaMMBbI pa3paboTKH U
OCYIIECTBIIEHHS] KPYITHBIX MPOEKTOB, BUABI TEXHUKH, CUCTEMbI CHAOKEHHsI MEraroiIucoB U T.1.,
KOpOd4e roBopsi, OecunciIieHHOe MHOroo0Opa3ue KOMILIEKCOB MOXKHO PacCMaTPUBATh Kak OOJbIIne
CUCTEMBL

B Hacrosimee BpeMst eme HE CIOXWIOCH OOMENpHHATOEe (OPMAIbHOE U CTPOroe
ompeneneHue Oonpmioll  cucrembl. B psame pabor  chopMymHpOBaHBI  XapaKTEpHBIE
OTJIMYUTENbHbIE TPU3HAKK OOJBIIMX CHCTEM, KOTOPBIE IMO3BOJIIOT HA HAYYHO-TEXHUYECKOM
YPOBHE BOCHPUHUMATb IOHATHE OOJBINONW CHCTEMbI JOCTaTOYHO OfHOooOpasHo. HaubGonee
BaKHBIMH OTJIMYUTENbHBIMU MPU3HAKAMH SIBJISTFOTCSI:

- LEJICHAIPABICHHOCTb M YIPABIIEMOCTb CUCTEMBL, TO €CTh HAJIWYHE Y BCEH CHCTEMBI
obmell menmu u OOLIErO HA3HAUEHMs, 3aJaBAEMBIX U KOPPEKTUPYEMBIX B CHCTeMax Oouee
BBICOKOTO YPOBHSI MJIM B CAMOI CHCTEME;

- MHOTOIIAHOBBIA XapakTep 3a4a4y, B PELUIEHHMH KOTOPBIX YYacTBYIOT OoJblune
KOJUIEKTUBBI CIIELMAINCTOB Pa3HbIX o0nacTeil.

UroObl o0ecrieunTh IieNIeHANpaBIeHHbIE NEHCTBUA 3THUX KOJJIEKTHBOB, OPTaHU3YETCS
IPOLIECC YIIPABIIEHUS] CUCTEMON;

- CIIOJKHAs MepapxXu4eckas CTPYKTypa OpraHH3alldd CHCTEMBI, TO €CThb ONpeAeieHHAs
COMOMYMHEHHOCTb  IMOJICUCTEM  Pa3INYHBIX YPOBHEH, MNpenNyCMaTpHUBAKOLIAsi COYETaHUE
LIEHTPAJIM30BAHHOTO YIIPABJICHUS C aBTOHOMHOCTBIO OT/ACTIBHBIX YaCTeH;

- Han4ne (PyHKUMOHAJIBHBIX NoacucteM. PopMaibHO JIF00Oast COBOKYITHOCTD 3JIEMEHTOB
TAHHOH CHCTEMBI BMECTE CO CBSI3IMH MEKAY 3THMHU 3JIEMEHTAMH MOXKET PacCMaTPHBATHCS Kak
ee noacuctema. OQHAKO BBIAEIEHHE MOACHCTEMBI LENIeCOOOpPa3HO B TeX CIIydasix, KOrja OHa
npencrasisier cobolt OoJiee MM MEeHee CaMOCTOSITENbHO (PYHKIIMOHUPYIOIIYIO YaCTh CUCTEMBI C
OTIPENEICHHOW IeNbl0 (PYHKIHMOHUPOBAHMS, NMPHYEM MOXHO OLeHMBAaTh 3((EKTUBHOCTH €€
(YHKIMOHUPOBAHMS,

- HAJIM4He CIIOKHBIX MHQOPMAILIMOHHBIX CBA3EH BHYTPH CUCTEMBbI (MEKAY MOACHCTEMAMHU U
BHYTPH K&)KIOW IMOICHUCTEMBI), MaTEPHUATBHBIX U SHEPTETUYECKHX CBSI3EH, a Takke CBszeH C
OPYTUMH CUCTEMaMH (BHELITHEH Cpenoii);

- CBOMCTBa apanTalii W CaMOOPTaHU3aLMH, CHOCOOHOCTH BBIOOpa Hambojee
11e51eco00Pa3HOr0 MOBEACHUS B YCIOBUSAX CIyYaHHBIX M KOH(IMKTHBIX CUTYalUi 1 BO3JEHCTBUS
BHEIIIHUX U BHYTPEHHUX BO3MYINAKOLINX (PaKTOPOB;

- MHOromepHoctb. OrpoMHblli 00BeM mnepepadaTeiBaeMoli WHpOpMauuu (HopMaIbHO
OIHCBIBAETCS] MATEMATUYECKIMHU 3aBUCUMOCTSIMH, COAEPIKALIIMH OOJbIIOE YHCIIO TEPEMEHHBIX,

- BBICOKAsl CTENEeHb aBTOMATH3ALUH, IIHPOKOE NMPUMEHEHHE BBIYUCIUTEIBHONH TEXHHKH,
PE3KO PacLIMPHUBIIEH BOSMOXHOCTH PEATH3ALMH CIOKHBIX CUCTEM YIIPABIICHUS.

Takum oOpa3om, OOJBLINE CHCTEMBI BBICTYNAKOT, KakK MPaBUJIO, B BUAE LEJIOCTHBIX
YEJIOBEKO-MAIINHHBIX ~CHUCTEM C LIEHTPAJIN30BAHHBIM  YIIPABICHHUEM, IIEJICHANPABIECHHO
(YHKIMOHHUPYIOIUX W COBEPUICHCTBYIOIIUXCS B YCIOBHSX BO3MYLIAIOIIUX BHEMIHUX U
BHYTPEHHHUX BO3IAEHCTBUI M KOH(PJINKTHBIX CUTYaLUH.

B coBpemeHHBIX yCIOBHSX Oojbline cUCTEMbl MOTYT 3((eKTHBHO (PYHKIIMOHHUPOBATH
TOJIbKO TP MCIIOJIb30BAHUN aBTOMATH3HUPOBAHHBIX CUCTEM YIIPABJICHUS.
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B crpykrype Oombuioli cHCTEMBI, KaK U BCSIKOW YIPABISIEMOH CHCTEMBI, BBIACISIFOT IBE
OCHOBHBIE TOJCHUCTEMBL. YIIPABISIEMYIO TOACHCTEMY (OOBEKT yNpaBICHHs) M YIPABISIOIIYIO
noncuctemy (opran ynpasieHus). O0e MOACUCTEMBbI TECHO CBS3aHBI MEXKIy COOOW KaHaJlaMu
NPSIMOH U OOPaTHOH CBSI3ML.

VYnpasnsgemas NOJACHUCTEMA SIBIISIETCSA, MO CYIIECTBY, MCIOJHUTEIbHOM 4YacTbiO BCel
CUCTEMBI, IPUHUMAIOLIEI Ha CBOM BXOJbI-BBIXO/bI YIIPABISAIOLIEH MOJCUCTEMBI U BO3EHCTBUS
cpensl. IMEHHO OHa peanu3yeT IeNH, MOCTAaBJIeHHbIe Tiepen Bcel cucreMoil. Takum obpasowm,
OCHOBHO€ Ha3HaueHUe yIpaBisseMOl MOACUCTEMbI — pean3aliisl Liejiel, BBeJEHHBIX B CUCTEMY
u3BHE, THOO CHOPMHUPOBAHHBIX BHYTPH HEeE.

VYnpaBisiromasi MOACUCTEMa TpEeNHa3HadeHa IUIsl BbIOOpa weieid u uid (hOpMHUPOBAHMS
nporiecca, 3aJar0IIero xKenaeMoe (C TOUKU 3peHHst BBIOPaHHBIX LieNiel) MOBeIeHNe YIIPaBIsieMOH
nojacuctemMe. Bxonamu, BIMSIIOIIMMU Ha MPOLECCH] B YIIPABIISIIOILEH CUCTEME, SIBJSIOTCS BBIXO-
Ibl YIPABJISIEMOMN MOACUCTEMBI U BO3JICHCTBUE OKPYKAIOIIEH CPEeabL.

HeoOxogumMo OTMETHTB, YTO BCJIEACTBHE HEPAPXUYHOCTH CTPYKTYPBl Kakias U3
PACCMOTPEHHBIX TIOJICUCTEM MOKET B CBOK OdYepelb COCTOSITb W3 JBYX IOJICHUCTEM —
yIPaBJISIEMON U YIPABISIOLIEeH O0Jee HU3KOTO YPOBHSL.

I'maBHast 0COOEHHOCTH CUCTEMHOTO MOIX0AA 3aKIIF0YAETCs] B TOM, YTOOBI yUECTh:

- CJIOKHOCTb YIIpPaBJISIEMON CHCTEMBbI, HaJIM4YHe BBIJENAEMbIX HacTeH, CBSA3aHHBIX APYT C
JPYTOM CIIO>KHBIMHU B3aUMOJI€HCTBUSAMU;

- HEOIpeleJIeHHOCTb MOBEICHUS STUX YacCTel, SIBJISIIOLIYIOCS Pe3yJbTaTOM yuacTus Jroae
B (PYHKLMOHMPOBAHUHU CHUCTEMbI HJIM JNEHCTBHS CIyYalHBIX BO3MYIIEHHH, KOTOPbIE HE MOTYT
OBITh UEaTHPHO CKOMIIEHCHPOBAHBI YIIPABJISIOLTIMI BO3EHCTBUSMY,

- CBSI3M PACCMATPUBAEMOH CUCTEMBI C APYTUMH CUCTEMaMHU (C OKPYIKaroIiel cpenoi).

Knaccupukaumss OOMBIINX CHCTEM MOXKET NMPOU3BOAUTHCS HA PA3JIMYHONW OCHOBE U IO
pa3nu4HbIM npu3HakaM. OHAKO BCJIEACTBHE CIOXXHOCTH U MHOrooOpasust OONBLIMX CHUCTEM
paszeneHue UX Ha KJIAcChl HE SIBJISIETCS] CTPOTMM U MOAYEPKUBAET JHIIb Pa3jIMUuls B OCHOBHBIX
NPU3HAKAX, OJIOKEHHBIX B OCHOBY KJIaCCH(pHKAINH.

B 3aBucmMocTHm OT Xapakrepa yOpPaBIsieMbIX OOBEKTOB pAa3IMYAIOT YIIPABJIECHUE
TEXHUYECKHMMU CHUCTeMaMH (HampuMep, TEXHOJOTHYECKUMH JIMHUSMH) U YIIPaBJIEHUE
OpPraHU3alMOHHBIMHU CUCTEMAMH.

Ilon opraHu3allMOHHBIMU TOHHUMAIOT CHUCTEMBI, BKJIOYAIOIIME HAapsALy C TEXHUKOH U
MaTepHaJbHBIMHU CPEICTBAMU OOJBIINE YEIOBEUECKHE KOJIEKTUBBL

K opraHM3allMOHHBIM  OTHOCATCS  aJMUHUCTPAaTHUBHbIE  CUCTEMbI,  COLIUAJIBHO-
SKOHOMMYECKHE, MPOU3BOACTBEHHbIE U Ap. HecMoTps Ha CXOACTBO NPOLECCOB YIPaBJIEHUS
TEXHUYECKMMU M OPTraHM3alMOHHBIMHU CHUCTEMaMH, 3aKJIOYAIOIeecs] B OOLTHOCTH OCHOBHBIX
MIPUHLIUIIOB YIIPABJIEHUS, UMEETCSI U CYIECTBEHHOE pa3inyue.

IIpu ynpaBieHUH TEXHUUECKMMU CUCTEMaMU U3BECTHBI YCIOBUs MPOTEKAHUs POLIECCOB B
CHCTEME U TPEAYCMOTPEHBI CIOCOObI HOPMAJIM3ALUU TOBEIEHUSI CUCTEMBl B 3aBHCHUMOCTH OT
Bo3MylueHuil. IlosTomy mpouecc ympaBieHHs MOXKeT ObITh, AJITOPUTMU3MPOBAH U, CIENO-
BaTEJIbHO, aBTOMATU3UPOBAH [0 KOHLIA.

IIpu ympaBneHUM OpPraHU3ALMOHHBIMM CHCTEMaMH MOXET OTCYTCTBOBaTb 4acTb
HeoOxonuMol HHPOPMALMK U BO3HUKAET CIIOJKHASI TEOPETHUECKas U MpakTH4Yeckas mpodiema —
NPUHSATHE PEIIEHHUs] B YCJIOBHUSIX HENOJHOTHl MH(POPMALMM, WM, KaK TOBOPST, B YCIOBHAX
HEOTpPEeENEeHHOCTH,; HE HCKJIYeHa MPOTUBOPEUYUBOCTb Lieed BCEM CHUCTEMBbl U JIOKAJIbHBIX
Lenei ee MOJACHUCTEM M DJJEMEHTOB, BO3MOXKHBI pPa3jIMUHbIE BapUaHTBl AOCTHUXKEHMS LeJu,
npudeM BbIOOp HanboJee MPEeATIOYTUTENFHOTO BAPHAHTA HENb3s1 0OOCHOBATh MATEMATHYECKIMH,
(dopmMann3oBaHHBIME MeTOIaMU. BeneacTBue 3TOro mpouecc yrnpaBlieHUs] OpraHU3aluOHHBIMU
CHCTEeMaMH HE€ MOXXeT ObITb (POpPMAM30BaH, AaJTOPUTMHU3UPOBAH M aBTOMATU3MPOBAH MO
BBICIINX YPOBHEH HepapXUH, Ha KOTOPBIX MPOUCXOANT BHIPAOOTKA U MPUHATHE PELICHMUS.

MOoOXHO yKa3aTb CIEAYIOIIUE OCHOBHBIE MPHYUHBL, OOYCIOBJIMBAIOIINE HEMOJHOTY
uH(pOpMaLnH:

1) UCXOJIHAs CTATHCTHYECKast MHPOpMaLMs HENOCTATOYHO TOJTHA U TOCTOBEPHA,
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2) CyliecTByeT Ooubluasi rpynmna siBieHud u (pakTopoB, MHPOpManHs O KOTOPBIX
MOJKeT OBITh OLIEHEHA JINIIb C TOMOIIBIO BEPOSITHOCTHBIX MIOKa3aTeNeH;

3) uactep wuHpOpMAIMM HWMEET KA4YeCTBEHHBIN XapakTtep H JuUOO HE MOIAAETCS
KOJINYECTBEHHBIM HM3MEPEHHsIM, JIMOO MOXeT OBITh BBIpA’KEHa KOJWYECTBEHHO Cyrybo
NPUOTNKEHHO,

4) MOTryT BO3HHUKHYTb CHTyallUH, Korna WH(OpMamuss B MPHHLUINE MOXKET OBITh
JIOCTAaTOYHO TOYHO OMperesieHa U U3MEPEHa, HO B MOMEHT BbIPAaOOTKU M MPUHSTHS PELICHUS ee
MPOCTO HET.

Jlanee paccMaTpuBaeM BOIMPOCHI YITPABIEHHSI OPTaHU3ALMOHHBIMUA  CUCTEMaMHU.

B ofmem ciyuae mpouecc ynpaBieHHs] COCTOUT U3 BBIMIOJHEHUS CIEAYIOLUINX OCHOBHBIX
byHKIMIA:

- MIOCTAHOBKA 3a/1a4H;

- BbIpaOOTKA ¥ MIPUHATHE PEILCHMS,

- IUITAHUPOBAHUE ICHCTBUI,

- OpraHu3aLus IeUCTBHIA,

- KOHTPOJIb BBIMOJHEHUS IPUHSITOTO PELICHUS.

K BeimonHeHHI0 QyHKIMI OOBIYHO MPUCTYMNAIOT B MPUBEACHHON MOCIENOBATEIBHOCTH, B
JanbHEHIeM OTAENbHBIE 3TaIlbl MPOLIECCa YIPABICHUs, COOTBETCTBYIOIIHME IEPEUHCICHHBIM
¢byHKuMAM, HEOOA3aTEIBPHO MOTYT COBIIAAATh BO BPEMEHH M HEOOS3aTENbHO 3aKaHUUBATHCS B
TOM K€ MOPSIIKE.

llocmanoeka 3a0auu. JIns OTbICKaHUS pemIeHus Jr000# 3anaun HeOOXOANMMO CHavaia ee
MOCTaBUTh U CHOPMYJIHPOBATH, MPUYEM CIENATh 3TO HY)KHO TaK, YTOOBI NMPUHSATHE PELICHUS
OCHOBBIBAJIOCh HA HAYYHBIX METOAAX.

Jns Toro ke, 4ToObl MPABUJIBHO IMOCTAaBUTh U CHOpMymupoBaTh 3amady, HEOOXOIUMO
3HaTh, B Y€M OHA 3aKJIFOYAETCS.

[TonsiTre 3a1a4n UMEET OUEHb IUPOKUH TUAITa30H IPUMEHEHHS.

TepMuH «3ama4a» MMPOKO HUCHOJIB3YETCS KAK CHHOHUM TePMHUHA «IIpoOIeMay, U B 3TOM
CJIyyae IOA MOCTAaHOBKOM 3a/1a4l B CUCTEMOTEXHUKE MOHUMAIOT (POPMYJIUPOBKY MPOOIIEMBI.

ITocTaHOBKa 32124 3aKIIFOYAETCS] B TOM, YTOOBI OTIPEAEIIHTS:

- uenu (pe3ynbTaThl), KOTOPBIE HOJUKHBI OBbITh JOCTHTHYTBl, MU HMX OTHOCHTEIBHYIO
3HaYUMOCTE;

- YCIIOBHSI Cpenpl, B KOTOPOH (PYHKIIMOHUPYET CHUCTEMa HIIM, IPYTHMMH CIIOBAMH, KaKue
UMeroTCs  (PaKTOPBl, KOTOPBIE MOJDKHBI OBITH YYTEHBL, HO Ha KOTOPbIE BJIMATH HEJb3s
(HeynpaBIsieMble TapaMeTpPhI),

- BO3MOJKHBIE CITIOCOOBI NIEHCTBUS U (PAKTOPBI, HA KOTOPBIE MOXKHO BJIUATH (YIIPaBIIsieMble
napaMeTpel),

- Kputepuii BbIOOpa Hauboyee MNPEenroYTHTEIBHOrO crocoba naedcTBus (KpUTepuit
ONTHMAJILHOCTH).

ITocTaHOBKY 3a1a4u MOXKHO Pa3fesuTh Ha JIBE YaCTH: VSICHEHUE 3a/1a4H U BBIOOP LIEJIEH.

VscHeHne 3afadd  eCTh BBIIEJICHHE U CBs3bIBAHUE JAPYr C JAPyroM (akToOpoOB,
XapaKTEPU3YIOIIHNX CHCTEMY M OKPYXKAIOIIYIO €€ cCpedy. YsCHEHHE 3a7adil MOXKHO ONpPEIeNUTh
Kak cOop, aHanm3 W OOOOINEHHE MAaHHBIX, OMHCHIBAIOIINUX YCJIOBHUS (PYHKIMOHMPOBAHUS
CUCTEMBI, TPeOOBAHMS BBIIECTOSALIEH MHCTAHLIMH, SKOHOMUYECKHE COOOpakKeHUsl, BO3MOXKHBIE
CJTy4ailHbI€ BO3ICUCTBHS U T.A.

VYsicHeHne 3a/1a4 — MPOLEeCcC He MEHee TBOPUYECKHUH, 4YeM UX PELICHHE W YMEHHE CXBaTHTh
CyTh 3a/1a4d, OTHIEJHTH IJIABHOE OT BTOPOCTENEHHOTO, CYLIECTBEHHOE OT HECYLIECTBEHHOTO,
NPEACTABISIET XaPAKTEPHYIO YEPTY TBOPUECKUX JINUHOCTEH.

Beibop wmemeli ecTb JIOrHUECKOE 3aBEpIIEHHE YSICHEHUS 3anadd. BelOpaHHBIE LETH
HAMPABJBIIOT MOUCKU aJIbTEPHATUBHBIX PEIICHUI U NAIOT KPUTEPUH U BHIOOpA ONTHMAJIBHOTO
peLIeHMs.

Breibop neneit umeer nBa acrnekra. OAMH acreKT CBs3aH C ONPEAEJICHUEM U OLIEHKOM
1esieli, KOTOpble NOJUKHBI ObITh AOCTUTHYTBI. Takoe ompeneneHue CONPsDKEHO C OLEHOYHBIMU
CYXXIIEHUSIMH, U 3TO OOBSACHSAET BTOPOH acmekT (pyHKUMH BbIOOpa menei. Jleno B TOM, 4TO
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OLICHOYHBIE CY>K[IEHHMs], OMNMUCBHIBAKOLINE KAadeCTBO LENeH, NPEeanosiaraloT CylleCTBOBaHUE
CHUCTE€MBI PA3HOPOJHBIX LEHHOCTEH, pa3sHOPOAHBIX MOKa3aTenei. Bo3HukaeT TpyaHas U BakHas
npobJeMa yCTaHOBIEHHSI HepapXHUH LEHHOCTEH, Kaibl mpuopuTeToB. Kak com3smepuTs, Hanmpu-
Mep, KadeCTBO M CTOMMOCTb, CJIO)KHOCTb M HAAEXKHOCTh? DTO — TpyaHeimas mnpobiema
M3MEPEHUs U CPaBHEHUS] MHOTHX Pa3HOPOIHBIX NEPEMEHHBIX.

Paccmotpum mpumep. Ilycth paspadaThiBaeTcs TEXHUUECKUNM KOMITIEKC. D(P(HEKTUBHOCTh
KOMILJIEKCA OIpeneNseTcss HaOOpOM TEXHMYECKHX, KOHOMHYECKHX M JKCIUTyaTallMOHHBIX
CBOHCTB. DTH CBOMCTBA B CBOIO OUEPEIb MOXKHO BBIPA3UThb PSNIOM IMOKa3aTENIeH: CTOMMOCTD Pa3-
paOOTKH, W3TOTOBJIEHUS U SKCIUIyaTalliM, HWCIONb30BAHUE HEASPHUUUTHBIX MAaTEepPHAaJIOB,
BO3MO)KHOCTb MOJEPHU3ALIUH, HAJE€XXHOCTb, MOMEXO3aLIUIEHHOCTb, TOYHOCTb, HAJbHOCTb
NEUCTBUS U T. 1.

OdeBUIHO, YTO MHOTME IIOKa3aTeld B3aUMHO MPOTUBOPEUUBBI B TOM CMBICHIE, YTO
yJIYUIIEHNE OJHOTO MOKA3aTeNs BhI3bIBACT YXYAIeHHe APYrux. TouHo chopMyInupoBaTh, KAKIM
KOMILIEKC JOJDKeH ObITh, BBIOpPAaTh MOKA3aTeNd, YCTAHOBUTh HMX 3HAYUMOCTb, OIPENENIUTh
JOMUHHUPYIOIIHE, COTJIACOBATh BBIOPAHHBIE MMOKA3ATENN MEXIy COOOH M C peallbHbIMA BO3MOXK-
HOCTSIMH M HAWTH Pa3yMHBIH KOMIIPOMHUCC — B 3TOM IO CYIIECTBY U 3aKJIIOYAETCS BBIOOD LEJIEH.
OTcroza BUIHO 3HAYEHHE 3TOM YaCTH MOCTAHOBKH 33aJ1a4i: HETPABUIIbHO BbIOPATH LENb — 3HAYHT
HENPaBUJIbHO PEIINUTH 3a7a4y.

OTnpaBHBIM TYHKTOM TPH  BBIOOpE LeJeil  sABIAETCS  BBIOPAHHBIH  KpUTEPUI
s¢pexTuBHOCTH. IMEHHO KPUTEPHl AaeT UCXOAHBIE MOCHUIKU AJISl OLEHKH HEOIPENeIEHHOCTH,
YCTAHOBJIEHHs] 3HAYUMOCTH OTJIENIbHBIX TMOKa3aTeNel, X COTJIAaCOBaHMS MEXAY COOOMH, MoucKa
Haubosee 1eaecooOpa3HOro pemeHuss W BOOOIIE TIOCTAHOBKHM 33a4dl  ONTUMH3ALINU.
PaccmoTpeHHBINI mnpuUMep MOKa3bIBa€T, KAaKOW BBICOKUH YPOBEHb 3HAHUHM, TBOPYECKUX
CHOCOOHOCTEH U OMBIT TPeOyeTCsi OT PYKOBOAMTESI MPH BBIOOPE KPUTEPHUSL.

Buipabomxka u npunsmue pewtenus. Ilpu moctaHOBKe 3amaun (GOpMYJIHUpPYETCs, B HeM
COCTOUT 33/1a4a M 4eMy OHa CJIY’KUT, KaKhe eI JOJUKHBI ObITh JOCTHUTHYTHI B PE3YyJIbTaTE €€
pemennsa. Ha stane BpIpaOOTKM W NPHUHSATHS PELICHUs ONPENENIeTCs, KaK PeLIuThb 3a1ady
HAMTYYIIUM, OTHMAJIbHBIM 00pa3oM.

BeipaboTka M TpHUHATHE PEMICHUS 3aKIIOYAeTCsl B ONMCAHWU BO3MOXKHBIX DPELICHHI,
MIPOTHO3€ U OLEHKE PEe3yJbTaTOB KAXAOTO0 M3 PEUIeHUH, B CPABHEHUU 3TUX PE3YyJbTATOB C
NOCTaBJIEHHBIMH ~ LeJsIMH W BblOOpe  Hambojiee  MPENNouTUTEIBbHOrO  PELICHHUS.
IIpeanodTuTenbHOCTh ONpeaenseTcss C MOMOLIbI0 HEKOTOpPOro Kputepus. B coorBercTBum ¢
5TUM BbIpaOOTKAa W TPUHATHE PELICHUs BKJIIOYAIOT TPHU IOCIENOBATEIbHBIC OIEpPaLiH,
COOTBETCTBYIOIIME O0IIeMy XOAy pelieHus 3aaa4 B 000 obmacTu:

- CUHTE3 aJbTEepPHATUBHBIX PELIEHUIL;

- aHau3 c(pOPMYJIHPOBAHHBIX AJBTEPHATUBHBIX PEIICHUN,

- BBIOOp W MPHUHSTHE ONTHMAIBHOTO PELICHUS.

OOmiast enp CUHTE3a — COCTAaBUTHh OOMIMPHBIN (B MACATBHOM CIly4dae HCUEPITbIBAIOLIUIN)
NepeveHb PEeIIeHUH, CIIOCOOHBIX OCYIIECTBUTH IIEJH, MOCTABJICHHbIC MPU MMOCTAHOBKE 3aJa4uH.
Kaxxpas anprepHaTHBa NOJDKHA pa3padaThIBaThbCs  AOCTATOUHO MOAPOOHO, YTOOBI €€ MOXKHO
OBLIO OLIEHUTD TAK)KE C TOUKU 3PEHHUS PEATBHBIX BO3MOXKHOCTEH €€ peaTn3aLiii.

Metoas! cuHTe3a KOJIEOIOTCS] OT YUCTO JIOTHYECKHUX, MATEMAaTHIECKH (POpMaI3yeMBbIX 10
YHCTO MCUXOJIOTMYECKHX, TBOPUECKHUX, HepopMmanm3yeMblx. CylLiecTByeT MHOTO 3a/1a4, KOTOPbIE
MO’KHO TIOJTHOCTBIO (hOpMann30BaTh U pemnTh ¢ nmomompio [I9BM. Takue 3agauu pemaroTcs
METOJaMH HCCJIEIOBaHMsI ONepalyil, a CHHTE3 BO3MOKHBIX PELIeHUNH CBOAUTCS K MOCTPOEHHIO
MAaTeMaTHYECKOW MOJENM W TPOM3BOAUTCA, Kak IMPaBUJIO, IyTeM BbIOOpa W3BECTHOH
MaTEMaTUYECKON MOMENH, MPUTOAHOMN U1l AAHHOW 3aa4H, WU MOCTPOCHUEM HOBOM MOJEIH.

ITpu yIpaBjeHUuU OoIBIINMH TEXHUUYECKUMH, CHeLHalIbHO-TEXHUYECKIUMU,
SKOHOMHYECKUMH M OPTaHMU3aLMOHHBIMU CHCTEMaMH BO3HHMKAIOT MpoOJIeMbl, OCOOEHHO Ha
BEPXHUX YPOBHSAX HEPApXUH YIPABICHHs, KOTOPBIE HENb3sl ONHcaTh (HOPMaNTN30BAHHBIM
MaTeMaTU4eCKUM SI3bIKOM. B 3Tux ciydasx CHHTE3UpOBaTh AajbTePHATHBHBIE PpELICHUs
MO3BOJISIFOT TOJIBKO HE(pOpPMaU3yeMble METOABI MBIIIJICHUSI — OIBIT, TBOPUYECKHE CIIOCOOHOCTH,
UHTYULHUS.
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B ofmem cnyyae cHUHTE3 albTEPHATHUBHBIX PEIIEHHI OCHOBBIBACTCS Ha OOBEAMHEHUH
bopManzyeMbIxX (MaTeMaTHYECKUX ) 1 He(pOPMAaIU3yeMbIX METOIOB.

AHanu3 anbTepHATUBHBIX pELIEHUII COCTOMT B BBIBEJEHUU BCEX CYLIECTBEHHBIX
CJIECTBUHN, BBITEKAIOIIUX M3 PELIEHUNH. DTU CIEACTBUS CPAaBHMUBAIOTCS C LEISIMH, KOTOpbIE
HY>KHO JOCTHUYb.

Henb3s npuHATE HE TOJBKO ONTHUMAJIBHOE, HO MPOCTO PA3yMHOE PELICHHE, HE YUUTHIBAs
SJIEMEHTAa HEONPEAENIEHHOCTH WJIM HEJOCTOBEPHOCTH B HEKOTOPBIX CJEACTBUAX. OJTH
HEONPEIEIEHHOCTH BO MHOTHX CJIy4asX YYMTBIBAIOTCSI C NMOMOIIBIO BEPOSITHOCTHBIX CY>KACHUN
00 ncxonax. BeposTHOCTH IS TAKMX CY>KACHUH WHOT/A MONTYyYar0T OOBEKTUBHO — MyTeM cOopa
U O0pabOTKH OIBITHBIX NaHHBIX, WHOINA K€ CYOBEKTHBHO — IyT€M HWHTYHUTHBHOH OLICHKH.
CyOBeKTHBHO NOJY4YE€HHAs! BEPOSITHOCTD €CTh MTPOCTO CTENIEHb YBEPEHHOCTH.

IIpunatue pemeHus sABIAETCA KyJIbMHUHALMOHHOW TOYKOH BCEro NMpouecca YNpaBJICHUs.
OT NpUHATOrO peIeHusl B KOHEYHOM HUTOTe 3aBUCHUT 3((PEKTUBHOCTb BCEH CHUCTEMBI, OyneT Ju
JOCTUTHYTA NOCTABJIEHHAs L€Jb U KAKOW LIEHOM.

[IpuHsTHE perIeHus 3aKIFYaeTcsl B BbIOOpe Hanbosiee MPenrnoYTUTEbHON albTepPHATHBBI.
IIpennodTuTeNnbHOCT ONPENENseTCs, Kak YK€ TOBOPUJIOCh, C TOMOUIBIO YCTaHOBJIEHHOTO
KPUTEPU.

Korpma Bce cimenctsust BCeX albTEPHATUBHBIX PEIICHUN AOCTOBEPHBI, HE3aBHCUMBI U
WU3MEPUMBI 110 OJHOM LIKaje LIEHHOCTEW M 3HAYECHMs] KPUTEPHUs] ONTUMAIBHOCTU BBIPAXKAKOTCS B
€UHULAX TOM K€ LIKaJbl, MPOLeaypa NPUHATHS PELICHHs MPOCTA. CONOCTABIISIOTCS CIAEACTBUS
BCEX PELICHUI U BBIOMPAIOT TO, KOTOPOMY OTBEYAET SKCTPEMAaJIbHOE 3HAUEHUE KPUTEPHSI.

Kornma cnencrBusi HEIOCTOBEPHBI, B3aUMO3aBHCUMBI M TPEOYIOT HECKOJBKUX Pa3JIMYHBIX
IIKaJl LEHHOCTeH (BO3MOKHO TaKKe, YTO HEKOTOPBIE CIEACTBHS HOCIT CyObEKTUBHBIN XapakTep
U TPYIHO H3MEPUMBI MJIH BOOOIIE HEM3MEPUMBI), CUTYaLlUs] CTAHOBUTCS HEONPENENCHHONH U
CJIMIIKOM CJIOXKHOM, YTOOBI MOXXHO OBUIO yKa3aTb OOIIYI0 MPOLEAypPy NPUHITHS PEIIeHHs,
CYLIECTBYIOT JIMLIb OTAENIbHbIE TPUEMBI AJI OT/EJbHBIX KJIacCOB 3a7a4. AKT NPUHSTUS peLleHUs
B TaKHUX CJIy4asiX COCTOMUT IIPOCTO B MPSIMOM CY>KAEHHUH, ONMUPAKOIIEMCS HA OMBIT, UHTYHULUIO,
TBOPYECKHE CIIOCOOHOCTM W KOJHYECTBEHHbIE PEKOMEHAAUNH, IOJYYEHHbIE C ITIOMOLIBIO
METOOB HCCIENOBAHUS ONEPALUL.

OCHOBHBIMH TIPUYHHAMH, 3aTPYIHSIIOIUMH TOCTAHOBKY 3aJa4H, BBIPAOOTKY M NPUHSITHE
pelIeHus, sIBJII0TCS !

- HENOJIHOTA UCXOAHOM NH(pOpMALHH,

- Hannume (HaKTOPOB, KOTOPBIE HE TIOANAIOTCS] KOHTPOJIO;

- HEBO3MOXXHOCTb ~ TOYHOIO  IPENCKa3aHWsi  MOCIEACTBUUI CHUHTE3UPYEMBIX U
MPUHUMAEMBIX PELICHUN,

- HENOBTOPSEMOCTb W HEBO3MOXHOCTb 3KCIIEPUMEHTAJIbHON MNPOBEPKH PE3YJILTATOB
MPUHUMAEMBIX PELICHUN.

U3 BCero M3NoKEHHOTrO BUIHO, YTO MPOLIECC MOCTAHOBKH 337a4d U BBIPAOOTKH MPUHSTHS
peLIeHn UMeeT HECKOJIBKO Y€TKO Pa3IMYUMBbIX 3JIEMEHTOB!

1) mepeuens nenei;

2) nepeveHb albTePHATHBHBIX PELICHHI;

3) MeTonel AN MPEACKa3aHMs CIEACTBUH PEIIeHUH M ONpPeNesIeHUs] BEPOSITHOCTH (eciu
OHH CYIIECTBYIOT) HACTYIUICHHSI STHX CJIEACTBUL;

4) cucteMy LIEHHOCTEH ISl OTpeAeSIeHUs] 3HAYMMOCTH CJICACTBHIA,

5) kpuTepwii pelIeHus], YKa3bIBAOIIUN, KaK MO MEPEUNUCICHHBIM 3JIEMEHTaM OIpPeNeTUTh
HAWUJTy4IlyO albTePHATHUBY.

lnanupoeanue. Tlo omnpeneneHuro IUIAH €CTh HaMeueHHbIH o0pa3  meicTsus,
CIIeNOBATENbHO, IIJIAHUPOBAHUE O3HA4YaeT YCTAHOBJEHUWE TOrO, 4YTO HAAO JAeJaTb s
BBINIOJIHEHMS] IPUHSTOTO PELIEHUs, A1 JOCTHUXKEHUS TIOCTABJICHHON LIEJIH.

Ilepeunciaum HEKOTOPBIE U3 BAXKHEUIINX CBOMCTB IUIAHUPOBAHMUS:

- IUTAHUPOBaHHWE OOECIeYNMBAECT OPTaHW30BAHHBIE U LIEJICHANPABICHHbIE IEHCTBUS
CUCTEMBI,

- IJJAaHUPOBAaHUE MpEeNyCMAaTpUBAeT TPYAHOCTH M MPEAyNpexnaeT 3aiepXKKH B
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(YHKIIHOHUPOBAHHUH 3JIEMEHTOB CHCTEMbI 1 CUCTEMBI B LISJIOM,;

- TUIAHUPOBAHME AT JIOTHYECKYK) OCHOBY Ui KOOPAWHALIMA M KOHTPOJIST NEHCTBHIA
OTHENBbHBIX MMOJACUCTEM U DJIEMEHTOB CUCTEMBI.

B 3aBucuMOCTH OT XapakTepa pellaeMbIX 3a1a4 — CTPATerHYeCKUe WIIM TaKTUYeCKUe —
Pa3IMYaIOT ABA BUAA TUIAHUPOBAHHUSL CTPATETUYECKOE, WITH MIEPCIIEKTUBHOE, 1 TAKTHUYECKOE, HIIN
TeKyIIee.

Crparerndeckue 3amayll MOYKHO XapaKTePU30BaThb TPEMs OCOOEHHOCTSIMU. OOJbIIUM
BPEMEHHBIM TUANAa30HOM, OOJIBIIMMH MAacIITadaMu U HEOOXOMMMOCTBIO OMPEAENSiTh KOHEUHbIE
U MMPOMEXKYTOUHBIE [N U MOALENH (B TAKTHUECKUX 337a4aX OHU, KaK MPAaBUJIO, U3BECTHBI WUJIH
3a1Al0TCS U3BHE).

[Ipumepom cTpaTernueckod 3amadyul SIBISIETCS pa3pabOTKa HOBBIX KOMIUIEKCOB HIJTH
00pa3oB BOOPYKEHHSI.

Crparerndeckue 3a/1a4u CBsI3aHbI ¢ IEPCIEKTHBHBIM (JIOJITOBPEMEHHBIM ) TNIAHUPOBAHUEM.

OCHOBHBIMH HWCTOYHUKAMH HEOMPENCICHHOCTH MpPH CTPATErHYeCKOM IJIAHUPOBAHUH,
CBSI3aHHOM C 3aJja4yaMH HayYHO-TEXHUYECKOro Mporpecca BOOOINEe W Mporpecca B Pa3BUTHU
UCCJIETyEMOU CHCTEMBI B YaCTHOCTH, SIBJISIFOTCSI:

- CTpaTeruyeckas HEOMPENeNIEHHOCTh, BO3HHUKAIOMIAS BCJEACTBHE HEBO3MOXKHOCTH
MpeacKa3anus Bcex (PaKTOPOB, KOTOPBIE MOTYT OKa3aTh B OyAyIIEM BIIHSHIE HAa Pa3BUTHE HAYKH
U TEXHUKH,

- TEXHUYECKasi HEOMPEICICHHOCTh, BOSHUKAIOIIAs U3-32 HEBO3MOXKHOCTH TOYHOH OLICHKH
XapaKTePUCTUK TEXHUKH OYyIIEero, CPOKOB U 3aTPaT Ha €€ CO3/IaHuUE,

- CTaTUCTUYECKAsl HEOMPENEJICHHOCTD, SIBJISIFOIIASICS CIEACTBHEM BEPOSITHOCTHOMN MPUPOIBI
MHOTHX MPOLIECCOB.

Crparerndeckyro 3amady MOXKHO pPACUJICHUTh HAa MHOJKECTBO B3aMMOCBS3aHHBIX
TakTHuecKuX 3ama4. COOTBETCTBEHHO, CTPATErHMYECKUI MJIAH MOXKHO pa30UTh Ha TaKTHYECKUE
miaHbl. TakTUYeCKOe TUIAHUPOBAHUE OPUEHTHPOBAHO HA JOCTHKEHHE MPOMEKYTOUHBIX Heei
(momueneii), mpu 3TOM CPEACTBA, PECYPCHI, MOCIEAOBATEIPHOCTb, CPOKH U CIOCOOBI pPEIIeHHS
3a1a4dl OMPEAENSIOTCS AETalbHO, W YeM HHUXKE YPOBEHb TAKTHUECKOH 3amadyu B HepapXuu
CUCTeMBI, TeM OoJjiee eTaTbHO OHA MJIAHUPYETCS.

[To mpusHaky peryisipHOCTH NEWCTBUS TUIAHBI AEJAT Ha PAa30BbIE W MOCTOsTHHBIE. Pa3oBbie
onpeaensoT odpa3 AeHCTBHIA TSl HEKOTOPOH YaCTHOM CUTYallMU U UCUEPIBIBAIOTCS, KOTIA LEH
NOoCTUTHYTHL. K pa3oBbIM MOXXKHO OTHECTH IUIAHBI OTAENBHBIX Omepanuii, pa3paboTKu HOBBIX
oOpa3oB TexHUKH U Ap. llocTosTHHBIC MIaHbL, OyAy4Yd OMHAXABI Pa3paOOTaHbl, MPUMEHSIOTCS
MOBTOPHO ¢ HeOONBIIUMH M3MEHEHUsSIMU WM BOBCe 0Oe3 Hux. K MOCTOSTHHBIM MOKHO OTHECTH
IJIAHBI, CBSI3aHHBIE C OmNepaTUBHbIMEH pacderamu MUC, miaHbl TPOBENEHUS TMOJUTOHHBIX
UCTIBITAHUH OOPa3IOB BOOPYKEHHUS] U TEXHUKH IO ONMPEAENICHHBIM IMOKA3aTessiM (HOPMaisiM).
Pasymeercs, cyliecTByeT MHOXKECTBO TAKUX IJIAHOB, CPEAH KOTOPBIX Pa3OBbIE U TMOCTOSHHBIC
MPEICTABISIFOT JIUIIb KPaHUE CITyYau.

Opeanuzayusa. OpraHu3alnus 3aKTI0OYaeTCs B OOBENUHEHWH MATePUATbHBIX M JIFOICKUX
pPeCypcoB BO B3aMMOCBSI3AHHYIO CHUCTEMY, B pacrpenesieHud (pYHKIUH, mpaB u 00si3aHHOCTEH
MEXKIy YacTSIMH CUCTeMbI TakuM 00pa3oM, 4ToObl obecrneunTsh 3((PEeKTHBHOE YIpaBIeHUE W
JNOCTUKEHHE MOCTABJICHHBIX IEJICH.

3a Bpems, HeOOXOmUMOE ISl peau3aldd PEIISHUs,, COCTOSIHUE CHCTeMbl M BHEIIHEH
Cpeabl MOXKET CYIIECTBEHHO W3MEHHUTHCS. OJTH H3MEHEHHsT MOTyT OBITh TaKOro poza, 4To
MOBJIMSIIOT HAa XapakTep 3aJadd, CJIEAOBaTeIbHO, W Ha 3(P(PEeKTHBHOCTh ee pemieHus. K HuM
OTHOCSITCSI:

- I3MEHEHHE MOJIC3HOCTH MOJIyYaeMbIX PE3yJIbTATOB, BIUSIONIEE HA BHIOOP KPUTEPUS,

- I3MEHEeHre Ha0opa yIpaBisieMbIX MEPEeMEeHHbBIX. Tak, HapuMep, B CUCTeMe 00eCTIeYeHHSI
METarojMCOM MOTYT BBIATH W3 CTPOSl OTHENbHbIE TYHKTHI OTIPABJICHUS, HAa3HAYCHUSI,
KOMMYHUKAINH,

- U3MEHEHHE OTPAaHWYCHHI, HAJIO)KEHHBIX Ha YMpaBiisieMble TiepeMeHHble. Hampumep,
MOTYT U3MEHSIThCSI CPOKH TOCTABKU MPOAYKIIMH, TOTOBHOCTH, TPAHCIIOPT;

- U3MEHEHHE COCTaBa HEYMPABJSIEMBIX IEPEMEHHBIX (MOSBJIEHHE HOBBIX (DAKTOPOB
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BHEIIIHEH cpenbl);

- I3MEHEHHE PA3JINYHbIX TAPAMETPOB CUCTEMBIL,

- U3MEHEHUSI B CTPYKTYPE CUCTEMBI.

BcenencrBue Takux W3MEHEHHMH METOABI M IUIAHBI pPeAH3aLiH, pa3pabOTaHHbIE Haxe
CaMbIM TIIATEJIBHBIM U ONTHMAJIBHBIM 00pa3oM, HEM30EKHO TEPSIOT CBOK 3()(HEKTHBHOCTS.
[TosroMy  mOMWKHBI ~ OBITP  NPENyCMOTPEHBI  CIELUANBHBIE  MPENyNpPenuTeNIbHbIe |
KOPPEKTHPOBOYHbIE Mepbl. HeT HeoOXOomMMOCTH MOMYepKHUBATh, HACKOJIBKO 3TO BAXKHO B
SKCTPEMAJIBHBIX CUTYalUsIX, KOTJIa CUTYalLUsl MEHSETCSl O4eHb OBICTPO, & BPEMEHHU ISl IPUHSATHS
KOPPEKTHPOBOYHBIX Mep OYEHb MAJIO.

KOHTpOb BBIMONHEHHS MPUHSITOTO peIIeHus: o0ecrneynBaeT (yHKITHOHUPOBAHUE CHCTEMBI
B COOTBETCTBUHU C TPHUHITHIM pEIICHHEM M HAMEYEHHBbIM IUIAaHOM. KOHTpONb 3akiovaercss B
NEPUOIUIECKOM HIIH HEMPEPHIBHOM CPAaBHEHUH (PAKTHUYECKH MOTYUYEHHBIX PE3yJbTaTOB C 3aIlia-
HUPOBAHHBIMU U B NOCJIEAYIOLIEH KOPPEKTUPOBKE NEUCTBU.

Moayar 1. Metoabl aHaJu3a M CHHTE3a CHCTEM YNPABJICHHS TEXHOJIOTHYE€CKHMH
NPOLECCAMH.

Jlekuuss 1. HckyccrBeHHble HeiipoHHble ceTH. OO0JacTH NpUMeHEHHST H OCHOBBI
nocrpoenus. (1 ak. gac).

HHTennexkryanbHble CHCTEMBbl Ha OCHOBE HCKYCCTBEHHBIX HelpoHHbIX cereii (MHC)
MO3BOJISIFOT € YCIEXOM pelaTh MpoOJeMbl Pacro3HaBaHUs OOPa30OB, BBIIOJHEHUS MPOTHO3OB,
ONTUMU3ALNH, ACCOLIMATUBHON MaMsITH U ynpaBieHus. FI3BeCTHBI 1 HHBIE, OOJiee TPaTuLIHOHHbIE
MOJXOABI K PEIICHUI0 3THX MpobyieM, OAHAKO OHU He 00nanaroT HeOOXOOUMOH T'MOKOCTBIO 32
npenenamu orpaanyeHHbIx yenosuil. MHC narot MHOrooG€emaomue ambTepHaTUBHbIE PELICHMUS,
¥ MHOTHE TIPUJIOKEHUS BBIUTPBIBAIOT OT X UCIIOJIb30BAHUS.

JUTMTENbHBIA MEePUON SBOJIIOLIMM TPUAAT MO3TY YeJOBEKa MHOIO KadecTB, KOTOPBIE
OTCYTCTBYIOT KaK B MallMHaX C apxurekrypoil ¢oH HeliMana, Tak W B COBpPEMEHHBIX
napajuieNIbHbIX KoMIbtoTepax. K HUM oTHOCATCS:

* MaCCOBBIN NapaJIeNIN3M,

* pacmpenesIeHHOe MPeACTaBIeHHe HHPOPMALIUN 1 BBIYUCIIEHHS,

* cIOCOOHOCTh K OOYYEHUIO U CIIOCOOHOCTH K 00O0IIEeHHUIO,

* aJaNTHUBHOCTb,

* CBOICTBO KOHTEKCTyaJbHOI 00padoTku nHpopmauuy,

* TOJIEPAHTHOCTD K OIIHUOKaM,

* HU3KOE 3HEPronoTpedieHne.

MOXHO TPEANONIOKUTh, YTO TPUOOPHI, MOCTPOCHHbIE HAa TEX K€ NPUHIHUMAX, YTO U
Ounonornyeckre HeHpoHbl, OyayT 0OIanaTh MePeUNCIEHHBIMI XapaKTePHCTHKAM.

CoBpemMeHnHble IH(POBBIE BBMUCIUTENbHBIE MAIIUHBI MPEBOCXOIAT YEJIOBEKa I10
CNOCOOHOCTH MPOU3BOAUTD YUCIIOBBIE M CHMBOJIbHBIE BhIMUCIIEHHUs. OTHAKO YENIOBEK MOXKeT Oe3
YCHJIMH pelIaTh CIOXKHBbIE 3a7aud BOCHPHUSTHS BHEIIHUX [AHHBIX (HAmpuUMep, y3HABaHHE
YeJIOBEKA B TOJIE TOJBKO IO €ro MPOMENbKHYBIIEMY JIMLY) C TAKOH CKOPOCTBIO U TOUHOCTHIO,
YTO MOLTHEHIITNIA B MUPE KOMITBIOTEP MO CPABHEHUIO C HUM Ka)KeTCst O€3HAIEIKHBIM TYTOAYMOM.
B dem mpuumMHA CTONB 3HAYUTENBHOIO PA3IHYUsl B MX NPOU3BOAMTENBHOCTU? APXUTEKTYpa
Ononornyeckoll HEHPOHHON CHCTEMBI COBEPIICHHO HE MOXO0XKAa Ha apXUTEKTYpy MAaIluHbI (PoH
Hetimana (Tabanua 1), cymecTBeHHO BIMAET Ha TUIBI (DYHKIHHA, KOTOpbIe Oojee 3¢ ¢EeKTUBHO
UCIIOJIHAIOTCS KaKIOW MOJIETIBIO.

IMonobHo Owuonormueckoit HelipoHHoU cucteMe HMHC sBIsieTCsl BBIYUCIUTEIBLHOM
CHUCTEMOH C OTPOMHBIM YHCJIOM MapajuielbHO (YHKIMOHUPYIOIUX MPOCTHIX MPOLIECCOPOB C
MHO>kecTBOM cBsizeil. Monenu MHC B HEKOTOpOIi cTeneHn BOCIPOU3BOAAT “OpraHu3alluOHHbIE”
NPUHLUIBI, CBOWCTBEHHBIE MO3TY dYesnoBeka. MopenupoBaHHe OWONIOTHYECKOW HEHPOHHOU
cucreMbl ¢ wucronpzoBaaneM MHC MokeT Takke CnocoOCTBOBATH JyYIIEMY ITOHHUMAHHIO
Ononornyecknx ¢ynkiuid. Takwe TexHomornu mnpoms3BoacTBa, kak VLSI (cBepxBbicOKHit
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YPOBEHb HHTETPAIMM) U ONTUYECKHE anmapaTHble CPEACTBA, AENAT BO3MOXKHBIM MOAOOHOE
MOZIETUPOBAHHE.

I'nybokoe m3yuenne MHC tpebyer 3HaHuMs HEHpODU3MONOTHM, HAYKH O IO3HAHUMU,
NICUXOJIOTHH, (PU3UKU (CTATUCTUYECKON MEXaHWKH), TEOPUH YIPABJICHUS, TEOPUN BBIYHCICHHH,
npoOjeM HCKYCCTBEHHOTO HHTEIUIEKTAa, CTATHCTHKH/MAaTEMAaTHKH, paclo3HaBaHHUs 00pasos,
KOMIIBIOTEPHOTO ~ 3PEHHs],  MapajUIeJIbHBIX  BBIUUCICHWH M amllapaTHbIX  CPENCTB
(ungposbix/ananorossix/ VLSI/ontrueckux). C apyroit cropons;, MHC Takxe CTUMyTUPYIOT
5TH AMCUUIUIMHBEL, oOecreunBass MX HOBBIMH HHCTPYMEHTAMU M TPEACTABICHUSMH. ITOT
CUMOM03 JKU3HEHHO HEOOXOIMM AJIs1 UCCIENOBAHUN MO HEHPOHHBIM CETSIM.

IIpencraBum HekoTOpble MpoOneMsl, pemaeMble B koHTekcTe MHC u mpencrasnstomme
UHTEPEC AJIST YICHBIX U MHKEHEPOB.

Knaccupuxauusi odpa3zos. 3agava COCTOMT B YKA3aHUM TMPUHAAJICKHOCTH BXOIHOTO
obpaza (Hampumep, peYeBOro CUTHaja WM PYKOMHUCHOTO CUMBOJIA), IPEACTABICHHOTO BEKTOPOM
NPU3HAKOB, OTHOMY WJIM HECKOJBKUM IPEIBAPUTENBHO ONpeneeHHbIM KiaccaM. K u3BecTHbBIM
NPUIIOXKEHUSIM OTHOCSITCSL pacrio3HaBaHUe OyKB, pacIiO3HABAHKE PEYH, KJacCH(pUKanms CUrHajga
3JIEKTPOKAPAUOTPAMMBI, KJIaCCU(UKALINS KIETOK KPOBH.

Kaacrepmzauusi/kareropuzanus. [Ipu pemmeHun 3amauu  KjiacTepu3alMM, KOTOpas
U3BECTHA TaKXKe Kak Kiaccupukanus oOpa3oB “0e3 yuuresas’, OTCYTCTBYeT oOOydYaromas
BBIOOpPKA C METKaMH KJIacCOB. AJITOPUTM KIJIACTEpU3aLMU OCHOBAaH Ha momoduu oOpa3oB u
pa3mentaer Onm3kue oOpasbl B OAMH KiacTep. 3BeCTHBI Ciiydyan MpUMEHEHHs KIacTepU3aluu
111 U3BJICUEHHSI 3HAHUH, CXKATUS TAaHHBIX U UCCIIEIOBAHUS CBOWCTB TaHHBIX.

Anmnpoxcumanus ¢yakouu. IIpennonoxum, uto umeercss oOydaromias BbIOOpKa
((x1,y1), (x2,y2)..., (xn,yn)) (mapbl JaHHBIX BXOI-BbIXOM), KOTOpAsi TEHEPUPYETCS HEU3BECTHOMN
¢byHKUMeH (X), UCKAKEeHHOH IyMOM. 3a/ada ammnpoKCUMAIMH COCTOMT B HAXOXIEHUH OLIEHKH
HeM3BeCTHON (QyHKkIMU (X). AmnmpokcuManus (QyHKOMA HeoOXoouma TpH  peIleHuu
MHOTOYHCIICHHBIX HH)KEHEPHBIX U HAYYHBIX 33/1a4 MOJIEITMPOBAHUSI.

Ipeackazanue/nporuos. Ilycts 3agansl m quckpeTHbIx oTcueTos (y(tl), y(t2)..., y(tn)} B
MOCJIeIOBATEIbHbIE MOMEHTHI BpeMeHH tl, t2..., tn. 3agaya COCTOUT B MpPENCKa3aHUH 3HAYCHUS
y(tn+l) B Hekoropwiii Oyaymmii Moment Bpemenu tn+1. Ilpenckasanme/mporHoO3 HMEIOT
3HAYUTEIbHOE BIMSHUE HA MPUHSTHE PElIeHNi B On3Hece, Hayke U TexHuke. [Ipenckazanue nexH
Ha (OHOOBOH OHMpIXKE W TMPOTHO3 MOTOAbI SIBISIOTCS THIWYHBIMH TPWIOKEHUSMH TEXHUKH
NpeacKa3aHust/ IPOrHO3a.

Ontumusanusi. MHOTOUHCIIEHHBIE NMPOOJIEMBbl B MaTEMaTHKE, CTAaTHCTUKE, TEXHHUKE,
HayKe, MeIULTHE U SKOHOMHKE MOTYT PacCMaTpPUBATHCA KakK MPoOJeMbl ONTUMHU3ALMH. 3anadeit
NTOPUTMA ONTUMH3ALMU SIBIIIETCS HAXOXIEHHE TAaKOrO PELICHUs, KOTOPOE YAOBJIETBOPSET
CHCTEME OTrpaHWYEeHUN W MAKCUMHM3HPYET WIM MHHUMHU3UPYET LeJeByr (QyHKOHIO. 3amaqda
KOMMHUBOSKEPA, OTHOCSINAsACAd K Kiaccy NP-TIONHBIX, SIBISIETCS KJIACCHUECKHUM MPHMEPOM
3a/1a4y ONTUMH3ALHH.

IamsaTe, agpecyemass mo coaep:xkanuw. B wmonmenn Berucienuii ¢on Heifimana
oOpalneHne K NaMATH IOCTYITHO TOJIBKO IOCPENCTBOM ajpeca, KOTOPBIA He 3aBHUCHT OT
comep:kaHus namsiTH. bosnee Toro, ecnu pomyiieHa omMOKa B BBIMHCIEHHH aapeca, TO MOXKET
ObITh HailileHa COBEPIIEHHO HHas HH(opMarys. ACCOLHMATHBHAS MaMsITh, A IaMSTh,
azpecyemasi Mo COIEpPIKaHHI0, JOCTYITHA MO YKA3aHUIO 3aJaHHOro conepskanus. Conmepikumoe
NaMATH MOXKET OBITh BBI3BAHO AAXKE MO YaCTUYHOMY BXOIY HJIM MCKAKEHHOMY COAEPIKAHUIO.
AcconaTtiBHasT MaMsAThb 4YPE3BbUANHO IKeNlaTelbHA TPH  CO3MAHUU  MYJIBTHMEIHHHBIX
UH(POPMALIMOHHBIX 0a3 TaHHBIX.

Ynpasiaenue. PaccMOTpUM THHAMHYECKYIO CHCTEMY, 3aaHHYIO COBOKYIHOCTBIO {u(t),
y(t)}, re u(t) sABNAETCS BXOMHBIM YVIIPABJISIOMIUM BO3AEHCTBHEM, a Y(t) - BBIXOAOM CHUCTEMBI B
MOMEHT BpeMeHHU t. B cucremax ympaBieHHs C 3TaJOHHOHW MOZAENBI0 LEJBI0 YIPaBJICHUS
SABJISIETCS PacdyeT TAaKOro BXOAHOTrO BO3AeHcTBHMA U(t), NMpPH KOTOPOM CHUCTEMa CIIEAYeT II0
JKETaeMON TPACKTOPHUH, AUKTYEMOW STAJOHHOW MOAeNblo. lIpuMepoM sABIsSeTCs ONTUMAaIbHOE
yIPaBJICHUE IBUTATEIIEM.

43



Mopaenb TEXHHYECKOT0 HEHpPOHA

MakKammok u [IuTTC NpenioXuau HCIoNb30BaTh OMHAPHBIA TOPOTOBBIA 3JIEMEHT B
KauecTBE€ MOJENM HCKYCCTBEHHOIO HelMpoHa. DTOT MaTeMaTudeckuil HEHPOH BBIYUCISAET
B3BELICHHYI0 CYMMY I1 BXOAHBIX CHUTHAJOB Xj, | = 1, 2... n, U $OpMHUpPYyeT HA BBIXOAE CHUTHAI
BEJIMUUHBI 1, eciiu 3Ta CyMMa MpeBbILIAaeT ONpeesIeH bl nopor U, u 0 - B IPOTUBHOM Ciy4ae.

Yacto ynoOHO paccMaTpHUBaTh U KaK BECOBOH KOA(D(UIMEHT, CBSI3aHHBIN C MOCTOSHHBIM
BxogoM Xo = 1. IlomoxkuTenbHble BecCa COOTBETCTBYIOT BO30Y)KHAOIIUM CBS3SIM, a
oTpuuarenbHble - TopMo3HbIM. MakKamnok u IIutre nokasanu, 4TO NMPU COOTBETCTBYHOLIUM
o0pa3oM MOJOOpaHHBIX BECaX COBOKYIMHOCTb MapauIebHO (YHKIMOHHPYIOUIUX HEHPOHOB
noJO00HOrO THMa CrnocoOHAa BBIMOJHITH YHHUBEPCAJIbHBIE BBIYHCICHUS. 31ech HaOMOaeTcs
OTpeNeIeHHas] aHaJorusg C OWOJOrMYeCKUM HEHpOHOM: mepenady CUTHaja U B3aUMOCBSI3U
UMHUTHPYIOT aKCOHBI U ICHAPHUTHI, BECA CBSI3€H COOTBETCTBYIOT CHHAIICAM, & IIOPOroBasi (PyHKIUsS
OTpakaeT aKTUBHOCTb COMBI.

ApXHUTEKTYpa HeHPOHHOI1 ceTH

HNHC moxer paccMaTpuUBaThCS KaK HANpaBJICeHHBIH rpad cO B3BEIIEHHBIMHU CBSI3SIMH, B
KOTOPOM HCKYCCTBEHHblE HeHpOHBI sBisitoTcs y3iamu. Ilo apxurexrype csszeit MHC moryt
OBITH CIPYNIUPOBAHBI B [1Ba KJacca: CETU NPSIMOTO PACIpOCTPAHEHMs, B KOTOPBIX rpadbl He
UMEIOT IETeNb, H PEKYPPEHTHBIE CETH, WIN CETH C OOPATHBIMHU CBSI3SIMH.

B Haubonee pacnmpoCTpaHEHHOM CEMEWCTBE CeTell MEepBOro Kjacca, Ha3bIBAEMbIX
MHOTI'OCJIOMHBIM MEepPLENTPOHOM, HEMPOHBI PACIIONIOKEHBI CIOSMU U UMEIOT OJJHOHAIpaBJIeHHbIE
CBA3M Mex1y ciossMu. Ha puc. 2 mpencrasiieHbl TUIIOBbIE CETH KaXao0ro kiaacca. Cetu npsiMoro
pacnpocTpaHeHHUs! SBJAIOTCS CTATUYECKUMH B TOM CMbICJE, YTO Ha 3a/JaHHbIIl BXOA OHHU
BbIPaOATHIBAIOT OIHY COBOKYITHOCTH BBIXOAHBIX 3HAUEHWH, HE 3aBUCSAIINX OT MPEABIAYINETro
COCTOSIHUSI CeTU. PeKyppeHTHbIe CeTH SIBISIFOTCS TUHAMUYECKMMH, TaK KaK B CHIIy OOpaTHBIX
CBsi3ell B HUX MOAM(DULIMPYIOTCS BXOIbI HEHPOHOB, YTO NMPHBOAUT K M3MEHEHHIO COCTOSIHHS
CeTH.

OO0yueHue HCKYCCTBEHHOI HEHPOHHOI ceTH

CrnocobHOCTh K 00y4eHuto sBIsieTCs] (yHIAMEHTAIbHBIM CBOMCTBOM Mo3ra. B koHTekcTe
HNHC npouecc o0y4deHHss MOXKET pacCMaTPUBATHCA KaK HACTPOHKA apXUTEKTYpPbI CETH U BECOB
cBsizell 1 3((QEKTUBHOrO BBIMOJHEHUs CrieluaibHOH 3amauu. OObMHO HEHpOHHAst CeThb
IOJDKHA HACTPOUTH Beca CBsizell Mo mMerolneiicss oOy4aromeil BeiOopke. D@yHKIIMOHUPOBAHHE
CETH yJIYYIIAETCs 10 MEePEe UTePATHBHOM HACTPOMKHU BeCOBBIX KO3(duimeHToB. CBOHCTBO ceTH
oOy4aTbCcs Ha MpUMepax AeNlaeT ux Oojee MPHUBIEKATEIbHBIMU 10 CPABHEHHMIO C CHCTEMaMH,
KOTOpBIE CIENYIOT ONpENeNIeHHOH CHCTeMe INMpaBil (PYHKLUUOHHPOBAHUS, CHOPMYIHPOBAHHON
JKCIepTamMu.

JUil KOHCTPYyHMPOBaHUS mpoLecca 00y4eHHs1, IPEXKIe BCEro, HEOOXOIUMO UMETh MOZEIb
BHEIHEH cpenbl, B KOTOPOH (PYHKIMOHHMPYET HEWPOHHAs! CETh - 3HAaTh AOCTYIHYIO Ul CETH
uHpOpMaLIMIO. JTa MOAENb ONpeAenseT mapagurMy oOydeHus. Bo-BTOpbIX, HEOOXOAUMO
MOHATh, KaK MOAM(ULMPOBaTH BECOBBIE MapPaMETPbl CETH — Kakue IpaBwia OOy4YeHUs
YIOPABISIFOT TPOLIECCOM HACTPONKH. ANTOpUTM OOy4YeHMs O3HA4aeT MpOLenypy, B KOTOPOH
UCTIONB3YIOTCS paBmia OOYYEeHUs AT HACTPOHKH BECOB.

Cy1iecTBYIOT TpH NapagurMbl 0OydeHus: “C yuutenem’, “0e3 yuurens (camooOydeHwue)
U cMelnlaHHas. B mepBoM ciyuyae HeHpOHHas CeTb pacrojaraeT MpaBUIbHBIMU OTBETaMHU
(BBIXOZAMHU CETH) Ha KaXAbI BXONHOW mnpumep. Beca HacTpamBaroTcsi Tak, 4TOOBI CETh
NPOM3BOIMJIA OTBETHI KaKk MOXHO Oonee ONM3KME K M3BECTHBIM NPABHIIBHBIM OTBETAM.
Y cuneHHbIH BapuaHT OOY4YEeHUsI C YUUTENEM MPEAIONAraeT, YTO U3BECTHA TOJNBKO KPUTHYECKAs
OLIEHKa MpPaBUJIbHOCTH BbIXOa HEHPOHHON CEeTH, HO HE CaMM IpPaBUJIbHbIE 3HAUEHHUs BBIXOJA.
OOyuenne 0Oe3 yumrenss He TpeOyeT 3HAHHMS NPABUIBHBIX OTBETOB HA KAXKABIH NpUMEp
oOyuaromieli BbIOOpKH. B 3TOM ciiyuae pacKpbIBaeTCs BHYTPEHHSISI CTPYKTypa AAHHBIX MU
KOppeNsuu MeXay oOpa3laMH B CHCTEME HAHHBIX, YTO MO3BOJSIET PACHpPEneTuTh 00pasibl 1Mo
kareropusiM. [Ipu cMemaHHOM 00y4€HUH 4acTh BECOB OIMPENENSIETCS MOCPENCTBOM O0yUEHHS C
YUUTENIEM, B TO BPEMsI KaK OCTAJIbHAs ITOJIyHaeTCs C IIOMOIIBIO CaMOOOyUeHHsI.
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Teopuss oOyueHus: paccMarpuBaer TPH (PYHIAMEHTAIbHBIX CBOWMCTBA, CBSI3aHHBIX C
o0y4eHHeM IO MPUMEPaM: €MKOCTb, CIOKHOCTh OOpa3LiOB M BBIYUCIUTENbHAS CIOKHOCTD. Ilox
€MKOCTBIO TTOHMMAETCs, CKOJBbKO OOpa3loB MOXKET 3allOMHHUTBb CE€Th, U Kakue (YHKIUH H
IPAaHMULIBI TPUHSATHS peLIeHnid MOryT ObITb Ha Hell cdopmuposanbl. CIOXKHOCTH 00pa3LOB
OTIpeneNsIeT YUCIO 00yUarOINX MPUMEPOB, HEOOXOIUMBIX IJIsI JOCTHXKEHHs CIIOCOOHOCTH CEeTH
K 0000menno. CINIIKOM Majioe YUCIIO MPUMEPOB MOXKET BBI3BATh “Tepeo0yYeHHOCTh CETH,
KOrZla OHa XOpomo (YHKIHOHHPYET Ha IpuMepax oOydwaromeid BbIOOPKH, HO IUIOXO - Ha
TECTOBBIX MPHUMEPAX, MOAYNHEHHBIX TOMY JK€ CTATHCTHUECKOMY pacmperneneHuro. M3pecTHs! 4
OCHOBHBIX THIA TpPaBHJI OOy4YeHMs: KOppEeKUus No omudKe, MamuHa bojbiMana, mpaBuio
Xeb6a u o0yueHne METOIOM COPEBHOBAHUSI.

IIpasmno xoppekuu no omubOke. Ilpu oOydeHnn ¢ ydureneM sl KaXXKAOTO BXOJHOTO
npuMepa 3amaH kenaembiii Beixon d. PeanpHBIA BBIXOA CETH y MOXKET HE COBMNAIaTh C
xKenmaeMbIM. [IpHHLIMN KOppeKIuM Mo omuOKe npu OOyYeHHH COCTOMT B HCIOJIb30BAHWUU
curHana (d-y) ans monudukau BeCoB, 00eCIeYHBAIOIIEeH MOCTENEHHOE YMEHbIIEHHE OITHOKY.
OOyueHne uMeeT MEeCTO TOJIBKO B Cllydae, KOrAa MepuenTpoH omudaercsi. U3BECTHBI pa3anyHbIe
MOAU(PHUKALIMH 3TOTO aJIrOpuTMa 00yUEHHS.

Ob6yuenne bonpnmana. IlpencraBmsier coOOH CTOXAaCTHYECKOE MPABHIO OOyUEHHUS,
KOTOpOe ciefyeT W3 MH(YOPMAILMOHHBIX TEOPETUYECKUX W TEPMOAMHAMHYECKHUX IPHHIUIIOB.
Lenpto oOyuenus: bonbliMaHa sIBIs€TCS Takas HACTPOKa BECOBBIX KOX(PHUIMEHTOB, IMPH
KOTOPOH COCTOSTHHSI BHIMUMBIX HEHPOHOB YIOBJIETBOPSIFOT JKEJIAEMOMY PAaCIpPEIesIEHHIO
BepositHOcTel. OOyuenne bonbliMaHa MOXKET paccMaTpUBATBCS Kak CIELHATbHBIA CIydail
KOppeKIMH 1Mo ourudKe, B KOTOPOW IMOJA OIIMOKOW TMOHMMAETCS PACXOXKICHHE KOPPEIsLUi
COCTOSIHUM B IBYX PEKHMAX.

IIpasmno Xeb66a. CambiM cTapbiM 00yHaIOIIMM MPABUIIOM SIBJISIETCSA TIOCTYJIAT OOyYeHHUs
Xebba. Xeb60 onmpascs Ha cienyroime HedpodU3no-IOrHiecKre HaOMIOIeHUs . €CITH HEHPOHBI ¢
00X CTOPOH CHHAIICA AKTUBH3HPYIOTCS OTHOBPEMEHHO H PEryJIIPHO, TO CHJIA CHHANITUYECKON
CBsI3U BO3pactaer. BakHONW OCOOEHHOCTBIO 3TOr0 MpaBHJa SIBISIETCS TO, YTO HM3MEHEHHE
CHHAINTHYECKOTO BECa 3aBUCHT TOJBKO OT AKTUBHOCTH HEWPOHOB, KOTOPBIE CBSA3aHbI JAaHHBIM
CHHAIICOM. DTO CYIIECTBEHHO YIPOINaeT Lenu ooydeHus B peannszauuu VLSL

OOGyuenne meromoMm copeBHOBaHMA. B oriamume ot oOydeHuss XeOGba, B KOTOpOM
MHOXKECTBO BBIXOJHBIX HEHPOHOB MOTYT BO30YKAAaThCsl OMHOBPEMEHHO, NP COPEBHOBATEIHHOM
00y4YeHUN BBIXOJHBIE HEHPOHBI COPEBHYIOTCS MEXIy COOOH 3a aKTHBU3ALMWI. DTO SIBJICHHUE
U3BECTHO Kak mpaBmwio “mobdemutens Oeper Bce”. IlomoOHoe oOydeHMe uMeeT MeCTO B
Ouonornyecknux HEHPOHHBIX cersax. OOyueHWe MOCPENCTBOM COPEBHOBAHMS ITO3BOJISIET
KJIACTEPU30BaTh BXOIHBIE JaHHbIE: MOJOOHBIC IPUMEPHI TPYIITUPYIOTCA CEThIO B COOTBETCTBHH
C KOPPEeUUAMH U MPEACTABISFOTCS] OTHUM 3JIEMEHTOM.

ITpu obyueHun MoaupUUUPYIOTCS TONBKO Beca “nodenusiuero” HelipoHa. dddext sToro
NpaBUJIa JOCTUTAETCS 38 CUET TAKOro U3MEHEHHsI COXPAHEHHOIO B CEeTH oOpasia (BEeKTOpa BECOB
cBsi3ell moOeaMBIIETrO HEHpPOHA), MPH KOTOPOM OH CTAHOBHUTCS YYyTh OJIMDKE KO BXOMHOMY
pUMepy.

MOXXHO 3aMETHTb, YTO CE€Th HMKOIZIAa HE IepecTaHeT OOydaThbCs, €CIIH IapaMeTp
ckopoctu oOyueHust He paBeH 0. HekoTopriit BXOgHOM 0Opas3er] MOXKeT aKTHBHU3HUPOBATh IPYTOi
BBIXOJJHOH HEHPOH Ha MOCIENYIOLUX UTEPAalUsIX B IMpouecce 00y4eHHs. ITO CTaBUT BOMPOC 00
ycToHYnBOCTH OOyuaromeld cucrteMbl. CHUCTeMa CUMTAETCs YCTOWYMBOW, €CIM HU OAWH U3
npuMepoB oOydaromiel BbIOOPKHM HE U3MEHsIET CBOEH NPUHAIJICKHOCTH K KaTErOpuH IMOCHe
KOHEYHOTO 4Mcia wurepanuii obydaromero mpouecca. OnnH U3 CcHoco0OB  JOCTHIKEHUS
CTa0MJIBHOCTH COCTOMT B IOCTENEHHOM yMeHblIeHHH 10 0 mapamerpa CKOPOCTH OOyYeHHs.
OnHaKo 3TO HCKYCCTBEHHOE TOPMOXKEHHE OOYUEHHSI BBI3BIBAET APYTYIO MPOOJIEMY, HA3bIBAEMYIO
IUIACTUYHOCTBIO M CBSI3AHHYIO CO CIIOCOOHOCTBEO K aJanTaldl K HOBBIM JaHHBIM. OJTH
ocoOeHHOCTH OOy4YeHHs] METONOM COPEBHOBAHUS M3BECTHBI II0JI HA3BAaHHEM JHJIEMMBI
crabmbHOCTU-TIACTUYHOCTH | pocchepra.

Passurue MHC BbI3BaJO HEMano 5HTy3uMa3Ma U KpUTHKU. HekoTopble cpaBHUTENbHBIE
UCCIIEIOBAHNS OKA3aJIUCh ONTHUMUCTUYHBIMH, APYTHE - MECCHMUCTUYHBIMU. [l MHOTHX 3a1ad,

45


















WD - WCHOMHUTENBHBIM 3JIEMEHT, CIYXKHUT [Jis [EePEeMEIIEHUs PeryJHUPYIOIIero
oprana OV B HampaBlleHUH KOMIICHCAIlMM CHTHajla PacCOrIacOBaHMA, NPeoOPa3OBAHHOTO
YV (perynsaropom),

PO — pabounii (perynupyrouiuii) opras,

OY — 0o0BeKT ynpaBieHHs — TEXHHUECKOE YCTPOWCTBO, mNpeodpasyroliee OAWH BUA
SHEPrUH B IPYTrOfl W COBEpIIArolIee MOJEe3HyK padoTy;

II3B — mpeobpa3oBaTenbHbI 3JIEMEHT BO3MYINEHHS, CIYXHUT Ui IpeoOpa3oBaHUs
OCHOBHOI'0 BO3MYLUEHHSI B CHUTHAJ, BO3ACUCTBYIOIWIHMA Ha YV,

OMOC — sneMeHT MeCTHOH OOpaTHON CBSI3W; CIYXKUT Ui TPUAAHUA CHCTEME
TpeOyeMbIX TUHAMUYECKHX CBOKCTB;

UD — 4yBCTBUTENBHBIA 3JIEMEHT, CIYXXHUT IJIsI U3MEPEHHS OCHOBHOTO BO3MYIUEHHS.

CAY ycnoBHO COCTOMT U3 [BYX KaHajoB. KaHanl | — kaHam mpsiMON CBs3W,
COIEPIKUT BCE SJEMEHTHI, INpeodpasyromue CHUrHail B OXHOM (MPsIMOM) HampaBieHUU (OT
32 k OVY); xanan II — xaHan oOpaTHOH CBs3H, HECET MHQPOPMALMIO O PEryJIHPYEMBIX
napamerpax IJisl CpaBHeHHs ux Ha Bxoge cucrembl (ot OV k 32C).

Knaccudpuxanus CAY

B Teopuu aBTOMATHUECKOrO yNpaBJICHUS MPHUHATA CIEAYIOMAs KJIAaCCU(PHUKALUS CUCTEM
aBTOMAaTUYECKOTO YIIPaBJIEHUS.

1. ITo Ha3HaueHUIO (TIO XapaKkTepy U3MEHEHUS 3aaHus):

o crabmwmmupyromas CAY - cucrema, anropuTM (QPyHKLIHOHUPOBAHUS KOTOPOH COAEPIKUT
NpeanucaHie TMOANEPKUBATh pEryJUpyeMyl0 BEJIUYMHY HAa TIIOCTOSHHOM 3HA4YeHHUH
(x = const);

e mporpammuas CAY - cucrema, airoputM (PYHKUMOHHPOBAHUS KOTOPOH COAEPIKUT
MpeanucaHie U3MEHSTh PEeryjupyeMyl0 BeJIMYMHY B COOTBETCTBMM C 3apaHee 3aJaHHOMN
byHKUMEH (X U3MEHSeTCs MPOTPaMMHO);

o craemsamas CAY - cucrema, anroput™ QyHKIHOHUPOBAHHUS KOTOPOH COMEPIKUT MPENITUCaHNe
U3MEHATH PEryJIUPYyEMYIO BEIUUYMHY B 3aBUCHMOCTH OT 3apaHee HeM3BECTHON BEJIMYMHBI Ha
Bxone ACP (x = var).

2. Tlo Buay (Tomojoruu) (yHKIUOHAIBHOW CXeMbl (IO CTENEHH CBSI3aHHOCTH
NpOIECCOB B OOBEKTE U CTENEHHU CIOXKHOCTH CTPYKTYpbl OOBEKTa  YIIPaBIICHHS)
pa3NIUYaroT:

e onHOkOHTypHBle CAY —C OOHOW peryaupyeMoil BEeIHMUHWHON (CHCTEMBl BKJIIOYAIOT B
ceOs omMH KaHanm OOpaTHOH CBs3M),

e wMHOrokoHtypasle CAY — ¢ onmHOHW perynupyemMod BeIMYMHOHN (BKIIOYAIOT B cels
ONMH KaHaJ TJaBHOW OOpaTHOW CBSI3M WM HECKOJBKO KAHAJOB MECTHOW oOpaTHOMU
CBsI3N),

e wmHoroMmepHbele CAY - MHorokoHtypHsie CAY ¢ HECKOJIbKUMH peryJupyeMbIMU
BEJINYMHAMHU  (COAEPIKAT HECKOJBbKO PEryJMPYeMbIX BEJIMYUH, HECKOJbKO KaHAJOB
IJIaBHBIX OOPATHBIX CBSI3eH M TaK)kK€ MOTYT OBITh MECTHbIE OOpaTHBIC CBSI3H).

3. Ilo uncny perynupyemMbIX BEJIUYUH:

e OIHOMEpPHBIE - CUCTEMBI C 1 perynupyemMoil BeTM4INHOMN,

® MHOIOMEpPHBIE - CUCTEMBI C HECKOJIBKUMHU PEryJINPYEeMbIMHU BEIUINHAMU.

Mmuoromepsbsie ACP B cBOIO ouepenb NOApa3AesoTCs HA CUCTEMBI:

a) HECBSI3aHHOT'O PETYJIMPOBAHUS, B KOTOPBIX PETYJSATOPBI HEMOCPEACTBEHHO HE CBS3aHbI
U MOTYT B3aUMOJIEHCTBOBATh TOJILKO Uepe3 OOl It HUX OOBEKT yIpaBJICHUS,

0) CBSI3aHHOTO PETYJIHPOBAHUS, B KOTOPBIX PETYJSITOPHI PA3JIMYHBIX NAPAMETPOB OIHOTO
U TOTO K€ TEXHOJIOTHYECKOr0 MPOLIECCca CBA3aHbI MEXIy OO0 BHE OOBEKTA PEryJIUPOBAHUS.

4. ITo (pyHKIIMOHAIBHOMY Ha3HAYEHUIO!

ACP temniepatypsbl, 1aBl€HUs, pacXxoa, yPOBHS, HANPSKEHUsS U T.A.

5. Ilo xapakTepy UCIOJNB3YEMBIX AJIS YIIPaBJIEHHs CUTHAJIOB!

® HEMNpepHIBHbBIE,
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® UCKpEeTHBIE (peneiiHble, UMIYJIbCHBIC, TH(POBHIE).
4. Ilo xapakTepy MaTeMaTHYE€CKUX COOTHOLIEHUN:
e JIMHElNHBbIe, AJI1 KOTOPBIX CIPABEIUB MPUHLUI CyEPIIO3ULINY;
HEJINHEIHBIE.
7. I1o BUAy UCOAB3YEMOM AJ1s1 pEeryJUPOBAHUS SHEPTUU!
MTHEBMAaTUYECKHE,
rUJIpaBIMYECKUE,
3JIEKTPUUECKHUE,
MeXaHUYeCKHe U JIp.
8. Ilo npuHIMINY peryaupoBaHus:
® [10 OTKJIOHEHHIO:

[Tonapmnsiromee OONBLIIMHCTBO CHCTEM TOCTPOCHO MO MPUHLUIY OOPaTHOW CBS3H -
pPeryJUpoOBaHUs IO OTKJIOHEHUIO.
® 110 BO3MYILEHHUIO.

JlaHHBIE CHCTEMBI MOTYT OBITH HMCIIOJB30BAHBI B TOM CIIy4ae, €CIIH €CTh BO3MOXKHOCThb
U3MepeHus: Bo3Mmylnaromero so3aeiicteus (cM. puc. 1.8). Ha cxeme obo3Hauen K - ycunurens ¢
ko3 puunenrom ycunenus K.

e KOMOWHHPOBAHHBIE - COUETAIOT B cede ocobernocTu npeapiayux ACP.

JaHHBI CrmoOcoO AOCTHraer BBICOKOIO KAadecTBA YIPABJICHHUS, OJHAKO €ro
NPUMEHEHHE OrPaHUYEHO TEM, YTO BO3MYyILAKOIIee BO3AeHCTBHIE f HE Bcerna MOXKHO H3MEPHUT.

9. Ilo creneHd CaMOHACTPOMKH, AANTALIMH, ONTUMHU3ALWA W WHTEJUIEKTYAJIU3aLHH:

e DkcTpeManbuble  cucteMbl — 3T0 CAY, B KOTOpPBIX 3HA4Y€HUE pEryJUpPyeMOou
BEJIMYMHBI ~ aBTOMAaTHMYECKU  [OAJEPKUBAETCS  HAa  HKCTPEMAIbHOM  3HA4YeHUU
(MakcuMyMe, MHHMMYyM€) MpPH Pa3JIMYHbIX 3HAUYEHUSX BO3MYLIAIOIIUX BO3JEHCTBUI
f(t), 3apaHee HEM3BECTHBIX.

e CucteMbl C CaMOHACTPOIKON MapaMeTpoB — 3TO CHCTEMbI, B KOTOPBIX aBTOMAaTHUYECKH

B 3aBHCHMOCTH OT NEPEMEHHBbIX 3apaHee HEW3BECTHBIX BHEINHUX YCJIOBUH (IO /.8
) yCTaHaBIMBAIOTCS ONTUMAJbHBIE 3HAUYCHUS MapaMeTPOB CHUCTEMBI.

e CHucTeMBl C CaMOHACTPOHKOH CTPYKTYpPBI —3TO COOCTBEHHO CAMOOPTaHHM3YIOLIHECS HWIIN
CaMOAJITOPUTMHU3UPYIOIINECS] CUCTEMBI, B KOTOPBIX B 3aBHCHUMOCTH OT IME€PEMEHHBIX,
3apaHee HE ONpEeAeNEHHBIX, BHEUIHUX YCJIOBUM MPOU3BOAUTCA  ONTUMAJbHAs
HACTPOHKA CTPYKTYpPBhI CHCTEMBI TaKHUM OOpa3oM, 4YTOOBI peryiaupyemas BeIUYHHA
Ha BBIXOAE€ M3MEHsUIACh IO HAUBBITOAHEWIIeMy (ONTUMAJbHOMY) 3aKOHY B
COOTBETCTBHUHM C 3a/JlaHHBIM KpuTepueM KkauectBa J (B mpocreiiiieM criydae,

HATIPUMEP, MUHAMYMOM OLIMOKH yIpaBieHus & * = min ).

e CucreMbl KOMOMHHUPOBAaHHOTO THIA C CAMOHACTPOHKON CTPYKTYphl M MapaMeTpoB,
oOBEeoUHSIOINE B CBOEM  COCTaBE€  ONpEnNeiEéHHble  HAeHHble  (pparMeHTHI
paccMOTpeHHbIX CTPYKTyp. Bee atu CAY sBasitoTcst takke u ontuMaibHbiMu CAY.
Wnrennexryanbhbie cucremsl ynpasienus (MCY). ICY HOBOro mokojieHUs CTPOSITCS

Kak camMooOy4arommecs, CaMOHACTPAMBAIOIIUECS] CHUCTEMbl C THOKMMH MpOLEeaypaMu
NPUHATUS peleHnil 00 yrpaBlieHNH (HEUEeTHOE YIpPaBIEHHE), KaK CHCTEMbl, OCHOBAHHBIE Ha
3HaHMAX ®  (QopMynupyrolipe  HOBbIE  3HAHUS B MPOLECCe  YNPaBJICHUS |
(YHKIMOHUPOBAHUSI.

®opmbl 3anucu JupdepeHHAILHBIX ypaBHeHuiT CAY

IIpoueccel, mnporekatomue B CAY, npunsato onuceBath aupdepeHunanbHbIMU
YPaBHEHUSIMH, KOTOpBIE OIpPENeNsiOT CYIIHOCTb IPOUCXOASAIIMX B CHUCTEME IPOLIECCOB
HE3aBUCHUMO OT €€ KOHCTPYKUMH U BbIMONHSAeMbIX (yHkiuil. Pemms [V, MoxHO HaiTh
XapaxkTep U3MEHEHUs peryjupyemMoil NMepeMeHHOH B NMEePEXOAHbIX U YCTAHOBUBLIMXCS PEKUMAax
IIPU Pa3JMYHBIX BO3JEHCTBUSIX HA CUCTEMY.
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llepsas cmanoapmuas CUMBONIUYECKAS gopma 3anucu  JTUHEHHOTO
1 epeHIUaNbHOTO YPABHEHUS (g, p° +ap+a,)y = (byp +b,)x HMEET BUI!
(Tzzpz+7]p+l)y:k(Tp+l)x,
rre
T, :ﬂ;Tzz :a_O;T:_'k:_
2 aZ 1 aZ .
3nece 7 — MOCTOSHHBIE BPEMEHH 3BEHA, U3MEPSIOIUECS B CEKYHIAX, XapaKTEePHU3YIOT
WHEPLIOHHOCTh 3BEHA; k — rmepenaTouHblii ko3(uuneHT 3BeHa.
Orta ¢opma OTpaxkaeT ONEepPaTOPHO-CTPYKTYPHOE OIMMCAHHME - HA SI3bIKE ONEepPaTopoB
3BEHBEB U CTPYKTYpPBI CBS3M.
Bmopas  cmanoapmuas  ¢opma  3anucu  nuddepeHIMAaTBPHOTO  ypaBHEHUs- Yepes
nepefaTouHyr0 (QYHKLHIO 3BEHA:

b b

X(p) a0p2+a1p+a2 Tzzpz""T1p+1j

rne  W(p) xapakrtepusyeT OTHOleHHe u3zoOpakeHnit (mo Jlammacy) BBIXOAHOM
BEJINYMHBI 3B€HA K BXOAHOW NPU HYJIEBBIX HAYaJbHBIX YCJIOBUSX M PABEHCTBE HYJIO BCEX
BHEIIHUX BO3MYILECHUI.

Ipemvs  cmanoapmmuas  ¢opma  3anucu  1uhPEPEHUUANTPHOTO  YPaBHEHHS
NPUMEHSIETCS. OTHOCHUTENIBHO TEePEMEHHBIX COCTOsiHUS, korna CAY ommchiBaeTcst BEKTOPHO-
MaTpUUHBIM U (HEepeHIHANBHBIM YPaBHEHUEM.

OcHoBHBIE crI0CO0bI COeIHMHEHHS 3BEHbEB
CTpyKTypHBI€ CXeMbl
Ilpn aHanu3e W CcHUHTE3€ CHUCTEM aBTOMATHYECKOrO YIPABJICHUs IIHPOKO
UCIIOJIb3YETCsl CTPYKTYPHBIN aHaJIN3, OCHOBHBIMH MOHATUSIMHU KOTOPOTO SIBJISIOTCS.

1. CrpykrypHast cxema sBisieTcs rpadudeckuM uzoOpakeHHeM AuddepeHInaaIbHOro
ypaBHeHHs 00beKTa 1 00J1aJaeT IMIaBHBIM JOCTOMHCTBOM JIFOOOTO TpadiuecKoro mpeacTaBieHus
— HarJsIAHOCTBIO.

2. DJleMEeHTbl CTPYKTYPHOH CXE€Mbl Ha3bIBAIOTCS 3BEHBSIMH, KaK YK€ H3BECTHO, U
u300paKarOTCsT B BUAE MPSIMOYTOJILHUKOB, BHYTPH KOTOPBIX 3alMCHIBACTCS MNEPEAaTOvHast
(byHKLUS 3BEHA.

3. B3anmocBs3p Mexny 3BEHBSIMH W300pakaeTcs JUHUAMU C6A3U CO CTPEIIKAMH,
yVKa3blBAIOLMMHU HaIlpaBjieHUe Tnepenadu curHana. Han auHMed cTraBuTCS  yCIOBHOE
0003HaueHNe CUrHaja.

4. Touka Ha JUHWM CBSA3U, B KOTOPOM MPOUCXOIMUT PA3BETBJICHUE JIMHUH, HA3BIBACTCS
V3I0M.

5. AunreOpanydeckoe CIOKEHHE HECKOJBKHX CHTHAJIOB M300paskaercs B BUAE Kpyra Ha
JIMHUM CBSI3U U HA3bIBAETCS CYMMAMOPOM.

CocraBiieHue CTPYKTYpPHOI CXeMbl SIBJIS€TCS OJHUM M3 NEPBbIX 3TANOB UCCIENOBAHUS
CJIOKHBIX OOBEKTOB YIPABJICHHSI, OHA MOXKET OBbITh COCTaBJIEHA HA OCHOBAaHUH MaTEMAaTUYECKOTO
OIHCAHMSA, & TAKXKE HUCXOAS U3 (PHU3NIeCKON Moaenu 0ObeKTa.

Kaxoti Ob1 cnoxxHOH HM ObUTa CTPYKTypHasl CXeMa, B Hel BCerja MPUCYTCTBYIOT TOJIbKO
TPU THUIA COEAMHEHUWH: NapajuleNibHOE, TOCJIEAOBATEIbHOE W C OOpaTHOW CBA3BIO. 3amavei
pacCMOTpPEHHUsl TUIIOB COEOUHEHUH SIBJISIETCS IMOJyuYeHHE COOTHOLUEHUS MEXIY IepeaaTOuHON
byHKUMEl coennHEHNs U TIepeNaTOYHBIMHI (DYHKIIUSIMH OT/IEJIbHBIX 3BEHBEB.

IapanenbHoe coeAHeHUE 3BEHBEB
IIpn mapannenpHOM COENWHEHHHM CHIHAJbl BXONAa BCEX 3BEHbEB OIMHAKOBBI U PaBHBI
CHUTHAJIy BXOJa CUCTeMBI X(t), a BBIXOA y(t) paBeH CyMMe CUTHAJIOB BBIXOAOB 3BEHBEB.

W(p)=W(p)+W,(p)+W;(p)
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Taxum obpaszom, nepenarodHasi GyHKLIUS CUCTEMBI MAPAJUICTBHO COSTUHEHHBIX 3BEHBEB
paBHA CyMMe MepenaTouHbIX (PYHKIMA OTAENbHBIX 3BEHBEB.

MMocnenoBartesibHOE cOeTHHEHHE 3BEHbEB
HpI/I NnoCJICAOBATCIIBHOM COCAUMHCHUN BBIXOA NPECAbIAYINCTO 3BCHA MOAACTCA Ha BXOA
MOCJIEAYIOLIETO.

BeixomHOW cuUrHan IIOCJIeOHErO 3BE€HA SBJISIETCS BBIXOAOM BCEH CHCTEMBI, a
nepenaToyHasi yHKIUST CHCTEMbI COTJIACHO OMPEAENIEHUI0 UMEET BHU]T

W(p)=W.(p)-W,(p)-W,(p)

Takum oOpa3om, mepemaTodyHasi (PYHKOHSI CHCTEMbI IOCIIEIOBATELHO COSIHMHEHHBIX
3BE€HbEB PaBHA MPOM3BEACHUIO MEPEAATOUHBIX ()YHKLNH OTHAEbHBIX 3BEHBEB.

CoennHeHue ¢ 00paTHOMH CBS3BIO

OOpaTHO#1 CBsA3BIO HA3BIBAIOT IEpelady CHUTHaja C BBIXOAA 3BEHA HAa €ro BXOA, TIe
CUTHaJ OOpaTHOH CBs3M anreOpandeckl CYMMHPYETCs C BHEIIHMM cHurHayioM. CTpyKTypHas
cXeMa COeMHEHHsI C OOPaTHON CBSI3bI0 N300paKeHa HA PUCYHKE.

Ilepenarounast GyHKIMA UMEET BUL:

W)=

1+ W,W,

«+» cooTBeTcTBYeT oTpUnarenbHoi OC,

«-» - IOJIO>KUTEJILHOM.

Ha nmnpaktnke Haubomee pacnpoCTpaHEHHBIMH  SIBIISTEOTCSI  CHCTEMBI  C
OTPHLATENLHON 00paTHON CBA3BIO, K HUM OTHOCSITCS, HAIIPUMED, BCE OMHOKOHTYPHBIE CUCTEMBI
ABTOMATHYECKOTO PETYJIUPOBAHUS, IPUYEM B IPSIMOM IIETIH PACIIONOXKEH OOBEKT, a B 0OpaTHOH —
PeTyJsITOop.

Jlns ompeneneHus MepenaToOYHbIX (PYHKIUH OOBEKTOB, HMMEIOMUX OoJiee CIIOXKHBIC
COCIMHEHUSI 3BEHbEB, HCIONB3YIOT JIMOO TMOCIEeNOBATEIbHOE YKPYIMHEHHE CXeMbl, JIHOo
npeodpasyroT no Gopmyie Me3ona.

IlepenaTounbie pynkuuu ACP

Jna uccinenoBaHuss W pacdera CTPYKTypHyro cxemMy ACP mnyTeM SKBUBaJEHTHBIX
npeoOpa3oBaHuil MPUBOIAT K MPOCTEHIIIEMY CTAHAAPTHOMY BUAY «OOBEKT - PETYJIISITOPY.

D10 HeoOXOaUMO, BO-TIEPBBIX, MAJII TOrO, YTOOBI OMNPEAEUTH MAaTEMATHYECKUE
3aBHCHMOCTH B CHCTEME, M, BO-BTOPBIX, KaK MpPaBUJIO, BCE WH)KEHEPHBIE METOIbl pacyera H
ONpeneNeHnuss MapaMeTPOB HACTPOMKU PEryJsiTOpOB MNPUMEHEHBbl AJIsI TAKOH CTaHAAPTHOMU
CTPYKTYPBIL.

B obmem cnyuae nmrobasi onHomepHass ACP ¢ rnaBHOH 0OpaTHOH CBS3BIO MyTEM
MIOCTETIEHHOT'O YKPYITHEHHUS 3BE€HbEB MOXKET ObITh PUBEIEHA K TAKOMY BHIY.

Ecnu BBIXOA CHCTEMBI y HE MMOIABaTh HA €€ BXOJ, TO MbI MTOJYYHUM Pa3OMKHYTYIO
CUCTEMY PEryJUpPOBaHMUs, TepenaTouHast (QyHKIHS KOTOPOH ONpenessieTcs: Kak MPOU3BeNeHHE:

Wp)=W,(pW,(p)

(W, - TI® perynsaropa, Wy - [1® obbekra yrpasneHus).

To ecth mocienoBaTeNnbHOCTD 3BeHbEB W, 1 Wy MOXKET OBITh 3aMEHEHA OTHUM 3BEHOM C
W.

[Tepenarounyro QyHKIMIO 3aMKHYTOMH cHCTEMbI 0003HaYnM Kak W,(p). OHa MOKeT OBbITh
BBIPAKECHA uepe3 W

w.(p)= 9 WP

X 1+W(p)

(manee OynmeMm paccMaTpHBaTh TOJIBKO CHCTEMBI C OOpaTHOH OTPULATENBHOH CBS3BIO,

MOCKOJIbKY OHU UCTIOJIB3YIOTCS B TIoAaBJIsiFoeM OonbinnacTBe ACP).
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Hannass mepenarounas (GyHkuus Ws(p) ompenensieT 3aBUCUMOCTh y OT X U
HA3bIBACTCS MEePENaTOYHON (PYHKIMEH 3aMKHYTOH CHCTEMBI IO KaHATy 3aJar0IIero BO3ACHCTBHS
(Mo 3amanuio).

IIpaBuia npeodpa3oBaHusi CTPYKTYPHBIX CXeM

Peanpable  00BEKTBI  O0NAMAIOT  CIIOKHOW  CTPYKTYypOH.  YMpOLIeHWe  BBIBOJA
nepenaTouHbIX (PYHKUUH CIOXKHBIX OOBEKTOB B CX€MaxX JOCTHraeTcs 3a CUeT ImpeoOpa3oBaHUs
UX CTPYKTYPHBIX CX€M K TPEM OCHOBHBIM THIIAM COEIMHEHUI.

Kpurepuii npaBunbHOCTH mpeoOpa3oBaHusl CTPYKTYPHOH CXEMBI 3aKJIIOYAETCS B TOM,
9YTOOBI BXOJHBIC U BBIXOAHBIE CUTHAJBI MPEO0Pa3yeMoro y4actka 10 U 1ocie mpeoOpasoBaHus
OBLITH OMHAKOBBI.

Ha npakTuke peako BCTpeuyarOTCs CXEMbI, B KOTOPBIX MOXHO Cpa3y K€ BBbIIEIUTb TOT
WA MHOM TUIN COEIMHEHUH, KaK MPaBUJIO, UMEIOTCs, TaK Ha3blBaeMble, IIepeKpecTHbIe CBsA3U. B
3TOM Clly4ae BO3HHKAeT HeOOXOAMMOCTb NMEPECTAHOBKHU M NMEPEHOCA CYMMATOPOB H y3JIOB.

1. IlepeHoc y31a uepes y3er OCyIEeCcTBIseTCs 0e3 TONMOTHUTENbHBIX Peodpa3zoBaHui

2. ITepeHoc cymmatopa Hepe3 CyMMAaTop MNPOM3BOOUTCS O€3 JOMOJHUTENbHBIX
npeoOpa3oBaHuil (OT IEPEMEHBI MECT CIAraeMbIX CYyMMa HE U3MEHSIETCS)

3. Ilpu mepeHoce y3ja 4yepe3 CyMMAaTOp MO HANpPAaBJICHUIO CUTHaja B OOKOBOU BETBH
npeoOpa3oBaHHOIO YYACTKA IMOSBISIETCS] AOMOJHUTENIBHOE 3BEHO C IMEePeNaTovyHON (yHKunen
D

4. Tlpu mepeHoce CyMMaTopa depe3 y3eJ IO HalpaBJICHUIO CUTHajia B OOKOBOH BETBU
NOSIBIISIETCS] 3BEHO € TepenaTouHON PpyHKuumei +1

5. IlepeHoc cymMmaropa uepe3 3BEHO IO HAIPABJIEHHUIO CHUTHAja COIMPOBOXKIAETCS
NOSIBJICHHEM JIOTIOJTHUTENILHOTO 3BeHA C repenaToyHoil Gpynkuuein W(p)

4. Ilepenoc cymmaropa uepe3 3BEHO MNPOTHB HAMNPABJIEHUs CUTHAjJa MNPUBOAUT K

1
TOSIBIIEHHUIO JIOTIOJIHUTENBHOTO 3BEHa ¢ NepenaTodHoi Gynkuei " (#)

7. llepeHocC y31a 4epe3 3BEHO IO HAMNPABJICHUIO CUTHANA OPUBOAUT K IOSBJICHUIO
1

JOTMOJTHUTEIBHOTO 3BEHA C IepenaTouHON PpyHKIueH mp)
8. Ilpu nepeHoce y3na 4Yepe3 3BEHO MNPOTUB HANPABJICHUS CUTHAIA MOSBISAETCA
JOTIOTHATEIFHOE 3BEHO C MmepenaTouHoi pynkuueit W(p)

9. BpIHeceHHe 3JIEMEHTA U3 HpﬂMOfI CBA3U NPUBOAUT K MOABJICHUIO JOMOJHUTEIIbHBIX
1

3BeHbeB, B psiMoii nenu 7 (P) u B nononnutensHoii W2(p)
10. BHecenue snemeHTa B NPSIMYK) CBSI3b CONPOBOXKIAAETCS MOSABJICHUEM B OJHOU U

BTOPOH MPSIMBIX LIETSIX 3BEHbEB C MepenaToyHoil pyHkuued W2(p) u B JOTIOIHUTENBHON LIEMH —
1

3BeHa ¢ nepeaaTodHoil gpynximeii” (P
11. BreiHeceHHe 3MeMeHTa U3 OOPATHON CBSA3H COMPOBOXKAAETCS MOSIBIEHHEM B MPSIMOK
LeNH 3JIeMEHTa ¢ mnepenarouHoi (yHkuueid W2(p), a B NONMOJHUTEIBHOH IeNMU — 3BEHA C
1
nepenaTouHoi pynkuueir ¥ (P)
12. BaeceHue 3eMeHTa B OOPATHYIO CBSI3b COIPOBOXKAAETCS MOSIBIIEHHEM B OOpaTHOMN

CBSI3M 3B€HA ¢ mepenmatouHoil pyHkumeir W2(p), B mpsMOil Lienmn — 3BE€HA C MePeraTOdHOMN
1

dynxumeii "2(P) | B nononHuTENBHOI — 3BeHa ¢ TIepenaTouHOM GyHKIHEH W2(p)

XapaKkTepHuCTUKH 3J1E€MEHTOB H CHCTEM
B TAY ucnonp3yroTcsi MaTeMaTU4eCKUE METOAbI ONMUCAHUS CBOICTB CUCTEM:

® CTaTHUYECKUE XAPAKTEPUCTUKHU,
® JUMHAMUYECKHE XapaKTEPUCTHUKH,
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o nuddepeHmanbHBIE YPABHEHMUS,
e repenarovHble QyHKIIHH,
® YACTOTHBIC XaPAKTEPUCTUKHU.

Ilon BauAHMEM 3TUX BO3ACHCTBUI BBIXOAHAs BEJIUYMHA MOXKET M3MeHAThCsS. [lpu 3TOoM
MpYU TIOCTYIUIEHUH Ha BXOA CHUCTEMbI HOBOTO 3aJaHHUsl OHA JOJUKHA OOECIEeUuTh ¢ 3aJaHHOMN
CTEMEHBI0 TOUHOCTH HOBOE 3HAYEHHE PETyJIUPYEMOil BEIMUHMHBI B YCTAHOBUBIIEMCS PEXKUME.

Y CTaHOBUBIIMICS PEKUM - 3TO PEXKUM, IPU KOTOPOM PACXOKAECHUE MEKIYy UCTUHHBIM
3HAYEHUEM peryJupyeMOil BEIMYUHBI U €€ 3aJaHHbIM 3Ha4YeHHeM OyleT MOCTOSHHBIM BO
BPEMEHU.

CraTnyeckoil XapaKTepUCTHKOM 3JIEMEHTa Ha3bIBa€TCS 3aBUCUMOCTDb YCTAHOBUBLINXCSI

3HAUYEHUHN BBIXOAHOHN BEJIMYMHBI OT 3HaUEHUs BEJIMUMHBI HA BXOJE CUCTEMBL, T.€.
Yyer = O(X)

CraTuyeckMM Ha3bIBae€TCs 3JIEMEHT, Y KOTOPOrO IpU IOCTOSHHOM BXOAHOM
BO3JEIICTBUU C TEYEHHEM BPEMEHH YCTaHABJIMBAETCS IOCTOSIHHAs BBIXOJHAS BEJIMYMHA.
Hampumep, npu nomaude Ha BXOA HarpeBaTeNsl Pa3IMYHBIX 3HAUEHHWH HAIpPsDKEHHs OH Oyaer
HarpeBaThCs 10 COOTBETCTBYIOLIMX STUM HaNpsKEHUSAM 3HAUEHUNH TeMIepaTyphl.

AcCTaTHYeCKHMM HAa3bIBA€TCs DJIEMEHT, Yy KOTOPOrO TMpPU IIOCTOSHHOM BXOJHOM
BO3/ICIICTBUU CHUTHAJI Ha BBIXO/I€ HENPEPBIBHO PACTET C MOCTOSIHHON CKOPOCTBIO, YCKOPEHUEM U
T.I.

JIMHeHHBIM CTATHYECKHMM 3JIEMEHTOM Ha3blBaeTcs OE3MHEPLHMOHHBIH 3JIEMEHT,
obnamaromuil TMHEWHOH CTaTUYECKON XapaKTePUCTHKOM:

Yyer = Kx + ag

Kax BungHO, cratuyeckas XapakTepUCTHKA 3JIEMEHTA B JAHHOM Cllydyae UMeeT BUJL
npsMoii ¢ ko3 duumentom nHakona K.

JluHeliHbIe CTaTUYECKHE XapaKTePHCTHUKU, B OTJIMYHE OT HEJNWHEHHBIX, Oosee ymoOHBI
s u3ydeHust Omaromapsi cBoeil mpocrore. Ecim monenb oObekTa HeMUMHENHHA, TO OOBIMHO ee
npeoOpas3yIoT K JIMHEHHOMY BUAY IyTeM JIMHEAPU3ALHH.

CAY Ha3bIBaeTCsl CTATHYECKOM, €CIIU MPH MMOCTOSITHHOM BXOJHOM BO3JeHCTBUU OMIMOKa
YIIPaBJIEHUS € CTPEMUTCS K IOCTOSTHHOMY 3HAU€HUIO, 3aBUCSILEMY OT BEJINYMHbBI BO3JEHCTBUS.

CAY Ha3bIBaeTCsS ACTATHYECKOI, €CIIH ITPH MOCTOSTHHOM BXOIHOM BO3JEHCTBUU OIINOKA
yIIPaBJIEHUS CTPEMUTCS K HYJIIO BHE 3aBUCUMOCTH OT BEJIMUYHHBI BO3AEHCTBUS.

JlHHAMHYeCKHe XAPAKTePHCTHKH

ITepexon cuCTeMBl OT ONHOTO YCTAHOBHBILEIOCS PEXHUMAa K OPYroMy MPH KaKUX-THOO
BXOIHBIX BO3ACHCTBHSIX HA3bIBACTCS MEPEXONHBIM mporeccoM. [lepexonHpie Mpomeccel MOTYyT
u3o0paxarbcst rpadudecku B BUIE KPUBOH y(t).

To ecTp, mepexoAaHbIl MPOLIECC XapaKTepU3yeT NUHAMHYECKHE CBOMCTBA CHCTEMEI, €€
MIOBEJICHHE.

ITockonbKy BXOAHBIE BO3IEHCTBHA MOTYT H3MEHSThCS BO BpPEMEHH, TO U
NEepeXOAHbIE XaPAaKTEPUCTHUKU OyIyT KaKAbIA pa3 pasHble. i1 MPOCTOTHI aHAIW3a CHCTEM
BXOIHbBIE BO3JEHCTBUS MPUBOIAT K OJHOMY M3 THIIOBBIX BHIOB.

B 3aBucHMMOCTH OT BHAAa BXOJHOTO BO3AEHCTBHs (PYHKIUS y(t) MOXKET UMETh Pa3HOe
obo3HaueHue:

Hepexoaunoii xapaktepucruxkoii h(t) HaspBaercs peakiuss oObekTa Ha EIUHHUYHOE
CTyIeHYaTOe BO3IEHCTBHE MPH HYJIEBBIX HAUAJIBHBIX YCIOBUSAX, T.€. ipu x(0) =0 u y(0) = 0.

NmnyabcHOl XapakTepuCTHKOH ©(t) Ha3blBaeTCs peakuus oObeKTa Ha O-PYHKLIHIO
NIPU HYJIEBBIX HAYaJbHBIX YCIOBUSX.

IIpn nmomaue Ha BxoA OOBEKTa CHHYCOMIAIBHOIO CHTHAJA HAa BBIXOJE, KaK MPaBHIIO, B
YCTAHOBHBIIEMCSI PEXHME IIOJNy4aeTCs TaKXKe CHHYCOMAAJbHBI CHTHAJ, HO C JApPYrou
aMIuTUTYA0H U pazoi: y = Agsin(@*t + @), rue Agyx - aMIUIUTYA, O - YaCTOTA CUTHAJA, (O -
dasa.
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YacroTHoii xapakTepucTukoii (UX, A®X u np.) Ha3pIBaeTCs 3aBUCUMOCTb aMIUIUTY b
U (a3pl BBIXOAHOTO CHUTHAJA CUCTEMBI B YCTAHOBUBLIEMCS] PEXXHME NP MPHJIOKEHHUH Ha BXOJE
FAPMOHHUYECKOIrO BO3ECUCTBUS.

YacToTHBIC XAPAKTEPUCTHKH

U3BecTHO, YTO OUHAMHUYECKHE MPOLECCHl MOTYT OBITh MPEACTABICHBI YaCTOTHBIMU
xapakrepuctiukamu (UX) myrem paszioxenus GyHkunu B psag Pypoe.

[Ipenmonoxum, uMeeTcs: HEKOTOPbIH 00BeKT W Tpedyercst ompenenutb ero UX. Ilpu
SKCIIEpUMEHTATbHOM CHATHH UX Ha BXon oObBeKTa NOAAeTCs CHHYCOWNANBbHBIN CHUTHAN C
aMIUIUTY 10 Agx = 1 1 HEKOTOPOI YacTOTOH O, T.€.

x(t) = Agsin(ot) = sin(ot).

Torna mocie MPOXOKACHUS MEPEXOAHBIX MPOLECCOB HA BBIXOAE Mbl OyIEM TaK)Ke UMETh
CHHYCOUIAJIbHBIN CUTHAITOH JK€ YaCTOTHI (O, HO APYTOH aMITTUTYIbI Apy,x U Pas3sl ¢:

y(t) = Apsin(ot + @)

Ipu x,-const (1) ammmtyzna yy, u $asa ¢ yCTaHOBUBLIMXCS KOJeOaHUH Ha BBIXO/E 3BEHA
3aBHCAT OT YacCTOThl KojeOaHWH. YBenuuuBas OT HYJsI O (@ —© HacTOTy KoyebaHui u
ompenessisi yCTAHOBUBIINECS 3HAYEHUS aMILUTUTYABI U (a3bl BEIXOJHBIX KoJieOaHUH (U1 pa3HbIX
9aCTOT), MOJKHO MOJYYUTh 3aBHCUMOCTb OT YaCTOThI OTHOLIEHHS aMIUTUTYA

A (0) = yul®) / Xs(@)

U caBura (a3 BbIXOJHBIX U BXOAHBIX YCTAHOBUBIIHUXCS KojeOaHuid p(w )

(D(CO) = (06‘be' ¢3x-

IIpu pa3HBIX 3HAUEHHSIX (0 BETUUUHBI Agyx M (9, KAK PABUIIO, TAK)Ke OyIyT Pa3IMIHBIMHU.
JTa 3aBUCHMOCTb aMIUTUTYABI B (a3bl OT YaCTOTHI HA3bIBAETCS YAaCTOTHOM XapaKTEePUCTHKOMN.

Bunawer UX:
JAX, JIAUX - norapudpmuueckne AUX.
AUX - A (w) - 3aBUCIMOCTb aMIUTUTYAbI OT YaCTOTHL,
DUX - p(w) - 3aBUCUMOCTD (ha3bl OT YaCTOTHI,
A®X - 3aBUCUMOCTb aMIUIMTYAbI U ()a3bl OT YacCTOTHI (M300pakaeTcsi Ha KOMILJIEKCHOM
TJIOCKOCTH);

Ha xoMIjiekCHOM MIOCKOCTH BXOMHAS BEJIMYMHA X = Agc'sin(ot) A KaKIOro MOMEHTa
BPEMEHHU t; OnpenessieTcss BEKTOPOM X Ha KOMIUIEKCHOM TUIOCKOCTH. DTOT BEKTOP UMEET JJIHHY,
paBHYIO Agy, ¥ OTJIOKEH IOA YIJIOM Ot; K nercTBuTenbHON ocH. (Re - neficTBurenbHas ock, Im -
MHUMAasI OCb)

Torna Bemu4rHY X MOKHO 3aITUCaTh B KOMILIEKCHOM (hopme
x(t) = Apf(cos(ot) + jsin(ot)),

raej = J-1. MHHMasi €IMHULIA.

Wnu, ecin ncnons3osats Gopmyity Jiinepa €' = cosol + j'sino, TO MOKHO 3amucaTh

x(t) = Apce®

BoixonHoi curaan y(t) MOXHO aHaJIOTUYHO TIPENCTABUTH KaK BEKTOP

Y(t) = Ay @@,

B nomsapueix koopauHatax APX umeer BUA (HA KOMIUIEKCHON IUIOCKOCTH)

W)= A (o) &%,

A®X MOXHO TIOCTPOMTH H B MPSIMOYTOJbHOW CcHUCTeMe KoopauHart (Ha
KOMIUIEKCHOH TutockoctH). Ilpu 3tom koopamHatamu Oyayr mnpoekumn U(w) u V(o)
BekTopa A(w) Ha coorBercTByOmMe ocH, 3aBucuMoctTd U(w) u  V(w) Ha3bpBaOTCA
COOTBETCTBEHHO JAEHWCTBUTENBPHOH W MHHMOH 4YacTOTHBIMH Xapakrtepuctukamu (BUX wu
MUX).

Torma B anrebpaudeckoii ¢opme:

W({o)=Re W(jo) +j Im W(jo) =U(w) + ] V().

CBsi3p MEXIy YaCTOTHBIMU (PYHKLHMSMH CIEAYIOLIAS:
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3agaHue Ha NpaKTHYeCKYI0 padoTy
s oObekTa, mepenaTodHast GyHKIHS KOTOPOTO OMUCHIBAETCS B BUJIE:

i
=7

-7-p

- €
>

rae p — oneparop Jlamnaca.

BrimonaHuTs crenyromuye 3aqaHus:

1. OcymecTBUTh CHHTE3 CTATUYECKOTO 3aKOHA yIpaBieHus (3amac yCTOHYMBOCTH IO
dbaze Ap = 1/6);

2. OcCyIecTBUTb CHHTE3 MPOIOPLHOHOIBHO-UHTErpAbHO-AN(PepeHINaTbHOTO 3aKOHA
yIpaBieHus (3amnac yCTolduBoCcTH 110 paze Ag = 7/6).

3. Tloctpouts rpaduku NEPEXOOHBIX TPOLECCOB 3aMKHYTOH CHCTEMBI (BXOZHOE
BO3zeiicTBue F' = 1).

HcxoaHble faHHBIE /151 BLINOJHEHHUS 3AJAHHS:
Kosthduument ycunenus k = 10,

ITocTosiHHas BpemeHH anepuoaudeckoro 3seHa /' = 0.15,
IToctosiHHas BpeMeHH 3BeHa YMCTOro 3anasabiBanus T = 0.03

Moayar 1. Metoabl aHaIM3a H CHHTE3Aa CHCTEM YNPABJECHHSI TEXHOJOTHYeCKHMH
MpoLecCaAMH.
Jlexuus 3. CuHepreTuyeckue MeToAbl TEOPHH ynpaBjeHus. (2 ak. yaca).

CymecTByromasi T€OpUsl YIPABICHUS BECbMa YCIIEUTHO OCBOMJIA METOIbI JOBOJIBHO
rpy0oro BHELUIHErO BO3IEHCTBHS HA Pa3IMYHbIE OOBEKTHI, OIHAKO, MHOTHE YUEHbIE PUXOMST K
HEOOXOIMMOCTH NEPECMOTpa CHJIOBBIX MOJXOIOB B 3ajadax YIPAaBIeHHs M IEpPexoja Ha UIeu
camoopraHuzanuu cuHepreTuku. OTCIOa BBITEKAET HACyIIHAas MOTPEOHOCTh TMOWCKA MyTeHl
LIEJIEBOTO BO3ICHCTBUS HAa TMPOLIECCHl CAMOOPTaHW3ALMH B HEJIMHEHHBIX JUHAMUYECKHX
cucreMax. JIpyrumu ClioBaMH, BO3HUKJIA HEOOXOIUMOCTb CO3JJaHHsI CIIOCO0OB (POPMHUPOBAHUS U
BO30Y)KIEHHs BHYTPEHHUX CHJI B3aUMOJAEWCTBUS, KOTOpbIE MOIIIM Obl MOPOAUTH B (pa3oBOM
NPOCTPAHCTBE CHUCTEM JUCCHITATUBHBIC CTPYKTYpPBI, aJE€KBAaTHbIC (PH3MUECKOW (XUMHYECKOH,
OMOJIOTHYECKOl) CYITHOCTH COOTBETCTBYIOIIEH cucteMbl. B ¢unocodpckom mmiane Takoro pona
MOAXOJ K 3aJaydaM YIPAaBJICHUS COMNIACYeTCsl ¢ APEBHEKUTANCKUM MPUHLUUNOM /lao, KOTOpBIH
NPU3BIBAET ACHCTBOBATH B 3TOM MUPE B COOTBETCTBUH C IPUPOAOH.

B cymectByromeidi Teopuu yrpaBJeHHs MaTeMaTWU4ecKuid (opMajanu3M BO MHOTOM
nojaBisieT (U3NYECKOE CONEpXKAHWE 3anadyd  yhpaBleHHs. B 3TOH  CBA3M BO3HUKAaeT
¢dbyHnameHTanpHas npobyieMa MoWcKa O0mUX OOBEKTHUBHBIX 3aKOHOB YIIPABICHHS, KOTOpas
CBOOUTCA K MAaKCHMaJbHOMY YY€Ty €CTECTBEHHBIX CBOHCTB OOBEKTa COOTBETCTBYIOLIEH
¢dusndeckoil (XUMUUECKOH, OMOJOTHUYECKOH) MPUPOILL. ITa MPUHIMIIMAIBHO HOBasl mpobiemMa
TEOPUH YIIPABJIEHUS] TMOPOXKIAAET KPYIHBIE CAMOCTOSTENbHBIE 3aJadd B TEX IPEIMETHBIX
00MacTsIX, K KOTOPBIM TNPUHAIJIEKUT COOTBETCTBYIOLIMH OOBEKT ympasieHus. IlocnenHue
pe3yibTaTel OOIIEeH TEOpUM Pa3BUTHUS M CHHEPTeTUKH TO3BOJSIIOT HAAESTHCS, UTO TEOPHS
yIpaBJICHUs, KaK U Pyrue HayKu, CriocOOHA TIOHTH MyTeM €CTECTBEHHOCTH C LIENIbI0 Iepexona
HA HOBBIE KOHLIENTYAJIbHbBIE OCHOBBI.

Cuneprerndeckass KOHIETILUSI B TEOPUH YIPABJICHUS ONMUpaeTcst Ha (pyHmaMeHTaapbHOe
CBOWCTBO CAMOOPTaHU3ALNHN PUPOAHBIX TUCCUITATUBHBIX CHCTEM. JTa KOHLEIILHS, BbIIBUHYTAs
B Havasie 80-x romos, oOCy:kAanach u mojydmia ogoOpenne Ha ceccusx OtaeneHus mpodiem
MAIIMHOCTPOEHHUS, MEXaHMKH U rmpoueccoB ynpasinenus PAH (1994, 1997, 2000), Ha
koHpeperunu PAH u MOP® «Cunepretuka u mnpoOnembl ynpasinerus» (1995), Ha
koHpepermmsax B CIOA (1997, 1998, 1999) mo mpobremaMm yhpaBi€HUs MOIIHBIMU
aBTOHOMHBIMU 3HEProcUCTeMaMH, a Takke Ha llepBoil MexkayHaponHOW KOH(epeHIHH IO
YIPaBJICHUIO U CAMOOpPTraHu3alUuu B HeJInHEHHbIX cuctemax (Ilonbma, 2000) u ap. BeinBunyTas
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HOBasi KOHLEMIMS B TEOpPUU YIMPaBIEHHUs BbI3Bajla IOBBILIEHHBIH HHTEpEC POCCHUHCKON U
MEXKIYHAPOAHON HayYHOH OOIEeCTBEHHOCTH.

B nocnennee Bpemst B Hayke Bce Ooublliee BHUMaHHUE yAeIsieTCs mpobyieMe BBIIBICHUS
ryOOKOH CBS3M JETEPMHHHPOBAHHOTO TIOBENCHUS CIOXHBIX HEJIUHEWHBIX JUHAMHYECKHX
cucTteM ¢ MHPOPMALMOHHBIMU MPOLIECCAMHU, BOHUKAIOIIMMHU B 3THX CUCTEMaX B PE3yJbTaTe HX
B3aUMOJIEHCTBUA C BHeEIHeH cpenod. Tak, »Tol BaxHOH mnpoOnemMe NOCBALICHA HEAABHO
onyOJIMKOBaHHAs MHTepecHass MoHorpadus kpynHoro ¢usmka, akagemuka PAH BB
Kanomuesa. Ilepeiinem k paCCMOTPEHUIO MOBEAEHUSI TAKUX CUCTEM.

B TexHudecknx cucTeMax CHTHaJl yIPaBJICHUS OOBIMHO OYEHb MaJl 1O CPAaBHEHUIO C
CHJIOBBIM BO3ACHCTBHEM Yepe3 YCUIIMTENb MOIIHOCTH Ha COOTBETCTBYIOIIUN 00BekT. Jliist 3amau
yIOPaBJICHUS Ba)KHa HE CTOJBbKO MOINHOCTb CHTHAJA YIIPaBJIEHWs, a B OoJbluell Mepe ero
CMBICJIOBOE  COZIEpKaHHWe, OTpakaeMoe WH(POPMAUMOHHBIMH cuMBojamMu. CuHepreTuka
MoKa3ana, 4YTO AaHAJOTHYHbIE WH(GOPMAIMOHHBIE NPOLECCHl TMPOTEKAOT HE TOJNBKO B
HCKYCCTBEHHO CO3JJaHHBIX CHUCTEMax YIpaBlieHUs, HO U MOTYT BO3HHMKAaTb B €CTECTBEHHbIX
($U3NYECKNX CUCTEMaX, HAXOMSIIUXCS Ha TPaHULE YCTOWYMBOCTH. MaJIOMOIIHBIE CHTHAJIBL,
IEMCTBYIOINE HA TAKWE CUCTEMbI B TOUKaX MX OM(ypKauil, MOTYT MPUBECTH K 3HAUYNUTEIbHBIM
U J1a)Ke KaTaCTPOPHUECKUM MOCIEACTBUSAM. DTO TaK HA3bIBAEMBIE CIIOXKHBIE OTKPBITHIE CHCTEMBI,
KOTOpBIE, MOTNAaB B 00JIACTh HEPABHOBECHOCTH, MOKA3BIBAIOT CIIOKHOE THHAMUYECKOE MTOBEIEHUE,
B TOM 4YHCIIe U XaoThuyeckoe. [l Takoro poja CUCTEM CYLIECTBEHHO Ba)KHO IBOICTBEHHOE
paccMOTpEHHE UX MOBENEHUs: KaK C TOUKH 3PEHUs JUHAMMKH, KOrja JIOMHUHHUPYIOLIYIO POJb
UTPaeT PHEPTUs, TaK U C TOYKHU 3PEHHs MPOTEKAIIUX B HUX WH(POPMALMOHHBIX MPOLECCOB,
KOI'Zla OCHOBHYIO POJIb UTPaET «CMBICIIOBOE» COZEpKaHNe CUTHAJIOB yrpasieHus. MHaue rosops,
BO3HHUKAET KPYITHas MpoOsieMa MCCIEOBAHUS COBMECTHOTO BO3IEHCTBHS HEPTUH, BELIECTBA U
UHPOPMALIUM B CIIOKHBIX HEJMHEHHBIX CHUCTEMaxX B YCJIOBUSIX WX TEPMOIMHAMHYECKOM
HEPaBHOBECTHOCTH M BIMsIHUS Ouypkauuii. B Takux ycioBHsAX B CHCTEME MOXKET BOSHHKHYThb
camoopraHu3aius, korga oda mnporecca - 3HePreTHUeCKUi U, CIe0BATENbHO, TMHAMUYECKUH U
UHPOPMALMOHHBIN - 00pa3yIOT HEPa3pbIBHOE €IWHOE LEeJOoe, MPHUBOASALIEE K KOTePEHTHOMY
MOBEEHUI0 OFPOMHOIO YMCJIa IEPEMEHHBIX HEJIMHEHHON CUCTEMBL

Urak, BO3HHMKAaeT HOBas akTyajbHas npodjemMa H3y4eHUs HEJIMHEWHBIX IMPOLIECCOB B
CJIOKHBIX (PM3MUYECKUX OTKPBITBIX CHCTEMaX, 4Yepe3 KOTOPbIE MPOTEKAIOT IMOTOKH HHEPIHH,
BeIIecTBa 1 HHpOpMannu (HErSHTpONHK). B Takux crucTeMax MOTryT BO3HHUKATh CIOXKHbBIE

JUCCUMNIATUBHbBIE CTPYKTYpPbl U MPOTEKaTb KOONEPATUBHBIE MPOLIECCH], T.€. MPOSBIATHCS
CBOMCTBO CaMOOpraHu3alyu. B OTKpBITOI CUCTEME CO CIIOKHON BHYTPEHHEH CTPYKTYPOU MOXKET
NPOM30WUTH pa3leeHNe Ha JIBE MOJCUCTEMbI. TUHAMHYECKYIO (CHUJIOBYIO) M MH()OPMAILMOHHYIO
(YnpaBIsFOINYI0), KOTOpBIE TECHO B3aUMOIEHCTBYIOT IPYr C IPYrOM. YKa3aHHOE SIBJICHUE
paccioeHusi €IWHOW CHUCTeMBl CYTb CIEIACTBHE CYIIECTBEHHOH CIIOKHOCTH ee (hpa30BOro
MOpTpeTa, KOrja rnapameTpbl MOPsAAKa, ONUCHIBAIOIINE MOBEIEHUE CHCTEMbl B HEPaBHOBECHOMN
o0JacTu, HaXONATCS B CIIOKHOW HENMHEHHOW 3aBHCHMOCTU Ipyr OT Apyra. B stom ciydae
TPACKTOPUU CHUCTEMBI MOTYT OBITh UYPE3BBIMAIHO YYBCTBUTEIbHBI K MaJbIM (DIFOKTYALHSIM,
MPOXOAs MOCIENOBATEIbHO MHOTHE TOYKH Oudypkanuu. B pesynbrare m3oOpaskaromas TOYKa
(UT) cucrempl Oyner Jerko mepeOpachIBaThbCsl ¢ OJHOW TPACKTOPHU HA APYTYIO BCIEACTBUE
OEeHCTBUS MaJIbIX BHELTHUX BO3MYIIEHUH UM HEOONBIINX CTPYKTYPHBIX U3MEHEHHH B CHCTEME.

VYuuteiBasgs BO3MOXKHOCTb YKa3aHHOIO CTPYKTYPHOI'O paslefieHHs, B TaKUX CHUCTeMax
11e51eco00Pa3HO BBIICIUTh B OTACIBHYIO CTPYKTYPY YIPaBJICHUS T€ OJIOKH, KOTOPBIE OKA3bIBAIOT
CHWJIPHOE BIMSIHHE€ HAa AMHAMHUKY CHUCTEM C IOMOIUBI0 MajibIX HH()OPMAIMOHHBIX CHTHAJIOB.
OTcroza crnenyer, 4To CIOKHBIE (PU3NUYECKHE CHCTEMbI MOTYT CaMH COOOW pas3nensTbCs Ha IBa
UEPapXUYEeCKUX YPOBHSA. BO-TIEPBBIX, OSHEPreTHUYECKUH (IMHAMHYECKUI) M, BO-BTOPBIX,
uHpopMaunoHHO-ynpassromuii. [Ipu 3ToM, BooOIIe roBops, B KaUueCTBE BTOPOH yIpaBJIsFoIeit
MOJCUCTEMBl MOXET BBICTYNaTh Bechb BHEIIHWH Mup. bonee mnoapoOHO 3T mpobseMbl
MOBEJICHHUSI €CTECTBEHHBIX (PU3NYECKUX CHUCTEM H3JIAaratoTcs, B 4acTHOCTH, B [2]. [lna Hac xe
BAKHO MCIIOJIB30BATh 3TH 0a30BbIE MOJOKEHUS] COBPEMEHHON HETMHEHHON HAYKHU Ui PA3BUTHUS
CHUHEpPreTH4ecKol KOHLENLUH YIIPaBIIEMOro JAMHAMHUYECKOrO B3aUMOJEHCTBUS OSHEPIUH,
BEIIeCTBA U WH(pOpPMAINU, KOTOpast MOXKET OBITh IOJIOKEHa B OCHOBY HOBOTI'O TOAXOMA MJIS
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peleHns CIOXKHOH COBPEMEHHOH NpoOJeMbl CHHTE3a OOBEKTHUBHBIX 3aKOHOB YIPAaBJICHUS
HEJIMHEHHBIMHA OOBEKTAMH C YUETOM MPOTEKAIOIINX B HUX TOHKUX (PU3NYECKHUX MPOLIECCOB.

IlepeitneM Kk pacCMOTPEHHMIO HEKOTOPBIX MOJIOKEHHMH 3TOW KoHuenuuu. lIpu 3amanumn
NEPEMEHHBIX COCTOSIHUSI CIIOKHOW (PU3NYECKOH CHCTeMBl (HampuMep, €€ KOOpAWHAT U
UMITYJIbCOB) C HEKOTOPOHW TOYHOCTBEO MbI MOXKEM OINpPEIETUTh KOJUYECTBO MHYOPMALUH. JTO
O3HA4aeT, YTO B TAKUX CHCTEMAax, IMOMHMO IMHAMHUYECKHX, T.€. CHUJIOBBIX, B3aUMOIEHCTBHI,
CYIIECTBEHHOE 3Ha4YeHHe MpuodperaeT MHPOPMALMOHHAS KOMIIOHEHTA, CBA3aHHAS C 3aJaHHEM
KOOPIMHAT HAYaJIbHOTO COCTOsIHUSA. Toraa ¢pa3oBble TPACKTOPUN MOXKHO U3MEHSThH C TIOMOLIBIO
MaJIOMOIIHBIX CHUTHAJIOB IyTE€M CO3JaHMs YNPABJSIIOLIEH 4YacTH, KOTOpasl CIEOUT 3a TEKyILIeH
TPAeKTOpUEH W HaIMpaBisieT €€ B HY)XXHYI0 HAaM CTOPOHY C IOMOIIBIO HH(OPMALIMOHHBIX
CHUTHAJIOB YIIPABJICHUSI.

B nenom, ucrnonb3ysi MOHATHE SHTPONUH, MOXKHO JIaTh CIEAYIOLIYI) HHTEPIPETALIHIO
KOHLICTILINN «IOPSIIOK - Oecropsimok», KOTopas o0pa3yeT CBOEro poaa «MOCT» MEXAY
MHUKPOCKOTIMYECKIM U MAaKPOCKOMMYECKUM ITOAXOJaMH TPH OIMHCAHWUU CJIOXKHBIX cucTeM. M3
CTaTUCTHYECKONW MEXaHUKH M3BECTHO, YTO SHTPOIHS CUCTEMBI paBHA JorapupmMy JOCTYITHOTO e
obpema (a30BOrO MPOCTPAHCTBA, MEPOH KOTOPOrO SIBNSETCS dYHUCIO N BO3MOXKHBIX
MHKPOCOCTOSIHUI cuctembl. OTCIOa Clienyer, 4To OeCHOpsIOK, BHOCHMBIH B MaKpOCHCTEMY,
MPOTNIOPLIHOHAJIEH YBEIMYEHHUIO YUCIIA €€ MUKPOCOCTOSTHHHN.

OtHOCHUTENBHBII poCT (YMEHBbIIEHHE) 4YHCJIAa BO3MOXHBIX COCTOSIHUA CHCTEMBI
NPONOPLMOHAJNIEH YBEIWYSHNUIO (YMEHbIIEHUI0) Oecropsinka 3Toi cuctembl. OTCIOZ1a BBITEKAET
OYEBHIIHBbIH U TPOCTON CMBICT COOTHOLIEHHsI HETIOCPEIACTBEHHO CBS3aHHOTO C HAeeH CHKaTus
¢dazoBoro obbema ympaBisieMbIx CUCTeM. Ecnmu mon aeiicTBueM ympaBieHHs 4ducio N ee
BO3MOYKHBIX COCTOSIHUN YMEHBINAETCS, T.€. CKUMaercs ee (pa3oBblii 00beM, TO B 3TOU CHCTEME
YBEJIIMYMBACTCS MOPSAAOK. B mpezene, korma B CUCTEME BO3MOKHO JIMIIb ONHO coctosiHue (N =
1), ee sHTponms oOpamaercs B HyJb. Takwe CBOIHCTBa MPHUCYINH YIPABJISEMBIM CHCTEMam
OO0 TTPUPOIBL.

OueBuAHO, UTO U1  YOPABICHHUS  CJIOXKHBIMH ~ CHUCTEMaMH,  OOJagaroIuMHU
Ou(ypKaLMOHHBIMM W XAOTHYECKUMH CBOHCTBaMH, HEOOXOOUMO WMETh JOCTOBEPHYIO
uHPOPMAIMIO O CTPyKType ux (pasoporo moprpera. B mmccunmaTuBHBIX cuctemMax (Ha3oBbId
MOPTPET pa3fessieTcss Ha OOJIAaCTH MPUTSDKEHHS K COOTBETCTBYIOIIMM aTTpakTopam. IlosTtomy
s nepesopa UT cuctemsl OT OZHOTO aTTpakTopa K IpyroMy HeOOXOOMMO «IepeOpoCHTh» 3Ty
TOYKYy B COOTBETCTBYIOIIYIO O0JAacTh MPUTSDKEHHs. J[JIs1 Takoro mepeBofa Ba)KHOE 3HAUEHHUE
npuodperaeT He CTOJNBKO BEJIMYMHA SHEPreTHYecKoro (CHJIOBOrO) BO3NEHCTBHS, a B
CyIIECTBEHHO Oonbineii Mepe WHPOPMALMOHHAS XapPaKTEPUCTHKA CIOKHOW cucrembl. Camo
co0oil pasymeercs, 4TO sl peanbHOro «mepedpoca» MT ¢ omHOro arrpakropa Ha Apyroi
notpedyeTcst onpeneNeHHoe KOJINYECTBO SHEPTHH, HO 3TO KOJHYECTBO OyAeT MHHUMAJIbHBIM
IUISL PELICHUS 3a/1a49H YIIPABICHUS.

H3BecTHO, YTO AMCCUNATHUBHBIE CUCTEMbl MMEIOT BHYTPEHHHME CTEIIEHH CBOOOIBI, WU
napamMeTpbl TOPSAKA, COOTBETCTBYIOIIHME €€ BHYTPEHHHM aTTPAKTOpPaM, T.€. HEKOTOPBIM
MYJIBTUCTaOUIIBHBIM COCTOSTHUAM. OTCIOA CIIENYET, YTO BBIOOP COOTBETCTBYIOINEH TPaeKTOPUU
OBUKEeHMS B OU(YPKAIIMOHHBIX TOYKAX CHCTEMbI OYAET OMpenessiThCsl COCTOSSHUEM BHYTPEHHUX
CTerneHel CBOOOMBI, T.€. MapaMeTPOB MOpsAKa. Toraa Takyl CHCTEMY MOXKHO NPEACTABHTH Kak
CHUCTEMY C YIOpaBJICHHEM, KOTOPOE 3aBUCHUT OT COCTOSIHUSI BHYTPEHHEH JIUHAMHYECKOH
(cunoBoil) moxacucreMel. B 3TOM M COCTOMUT CyTh MH(POPMALMOHHOTO ITOBENEHHUS CIIOJKHBIX
($U3NIECKUX CUCTEM, UTO MO3BOJISIET CAENATh BAXKHBIE METOJOJOTHYECKUE BBIBOIBL:

* BO-TIEPBBIX, €CJIU B CHCTEME OPraHM30BaTh HY)XHYIO HaM OOpPAaTHYIO CBS3b MEXKIY
OUHAMUYECKHMU W BHYTPEHHUMH CTETEHSIMH CBOOOJBI, TO TaKas CHCTeMa MOXeT ImpuoOpecTu
HOBBIE U BECbMa HEOOBIYHbIE CBOMCTBA CBOETO MOBEICHHUS M PEAKIIMN Ha BHELTHUE BO3ICHCTBHS,

* BO-BTOPBIX, IUIsl PACIIMPEHHS BO3MOKHOCTEH CHCTEMBbI CieayeT cpopMHpOBaTH e
YOPAaBSIIOIYI0 YacTh TakuM o0Opa3oM, dYroObl B HEH MOITIM BO3HHKHYTb HOBBIE,
JOTIOJTHUTENBHBIE CTENIEHH CBOOOABI, MIIN MapaMeTPhl MOPSAIKA, B PE3YJIbTATE MOSBICHHSI HOBBIX
Ouypkauuii, 4TO O3HAUAET pACIIMPEHHE pa3MEpPHOCTH M oObeMa (Ha30BOTO MPOCTPAHCTBA
CHCTEMBI.
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B wurore, B cucreMe MOIyT BO3HMKHYTb KOIE€PEHTHBIE NIPOLIECCHI U  SIBJICHUS
camoopranusauuu. M3nokeHHas 374€Ch KOHLENLHs YNPAaBJIAEMOrO B3aUMOAECHCTBUS 3HEPTHHU,
BemecTsa W uHpopManuu OyneT nanee MOJOKEHa B Ka4deCTBE HIIEOJOTHYECKON OCHOBBI
pa3BUBAaEMOM CUHEPTeTHYECKONW TEOPUH YIIPABJICHUS.

Bnnore 10 mnocnenHero BpPEMEHM Hayka yJhessja OCHOBHOE BHHMMAHHME H3YYEHHIO
€CTEeCTBEHHO-3HEPIeTUYECKONW OpraHu3allid MNPUPOAHBIX CHCTEM, OCTaBJIsAsi HECKOJIBKO B
CTOPOHE TaKyI0 BAXKHYIO UX OCOOCHHOCTD, KaK YIPAaBIEHHE C [EIbI0 CAMOCOXPAHEHHS, TPUYEM B
MAaKCUMaJbHO BO3MOXXHOM cTeneHH. B Hacrosdmee BpeMs BO3HUKJIA HACTOSATENbHAs
HEOOXOIMMOCTD BBISIBJICHHSI MEXaHU3MOB YIIPABICHHS, IEUCTBYIOIINX B IPUPOAHBIX CHCTEMAxX U
JEeKAIIUX B OCHOBE WX (YHKIMOHUpOBaHMA U pa3BuTHs. llpencraBisiercs ITOCTaTOYHO
OYEBU/IHBIM, YTO YKa3aHHbIE MEXaHHM3Mbl JOJDKHbI 0a3MpPOBATHCS HA JUHAMUKE YIPABISIEMOTO
B3aUMOJIEHCTBHS BEIIECTBA, SHEPTHH U MHPOPMAIINH B 3THX CUCTEMAX.

B paborax I'. Xakena u M. IlpuroknHa u HMX IOKOJN MOJy4YeHBI (PyHAAMEHTAJIbHBIC
HAy4YHbIE pPE3yJbTaThl B OOJACTH HCCIEJOBAHMUSA NPOLECCOB, MO CYIIECTBY, CTUXHHHOU
CaMOOpTaHU3alMH B CHUCTEMax pa3NIu4HON ¢usndeckod mnpupoasl. OmHAKO, HECMOTPs Ha
BBIAAKOIINECS AOCTHXKEHHsI COBPEMEHHOH CHHEPreTUKH, KOHLEMNIUs YHpPaBI€HUs U
CaMOYTIPaBJIEHHs HE TOJy4YMIa B HEW TOJDKHOTO Pa3BUTHs U OOOOINEHUs U, CIeN0OBATEIbHO, HE
3aHssIa MONO0AI0IEro MecTa, XOTS BO MHOIOM U OIPEAeNseT CaMyl CYIIHOCTh IPOIECCOB
camoopranuzaiun. B coorBercTBHM ¢ 0a30BBIMH  TOJIOKEHHSIMH ~ CUHEPTETHKH €€
OTJIMYUTENbHOW OCOOEHHOCTBIO SIBJISIETCS] CTUXUHHAS CaMOOPTAaHU3ALMs], & WCTHHHBIA CMBICI
BO3HHUKAIOIIKUX MPH 3TOM KOOMEPATUBHBIX MPOLECCOB 3aKIKYEH BO BHYTPEHHUX MPUYUHAX BO
MHOTOM  HEMpencKa3yeMOH CaMOOpraHM3allMd CHCTEM. OJTO - MNPUYMHHBIA  Crocod
CaMOOpraHu3aluK, OTKpbITHE KOTOporo no3soauino I'. Xakeny, M. IIpuroxkuny u ux mkosam
TOOUTBCS BBINAIOIIUXCS PE3YJIbTATOB B MCCICIOBAHMUN KOOMEPATHUBHBIX SIBICHHH B CHCTEMax
Pa3INYHON NPUPOABL

Onnako nist 3¢ pexkTHBHOrO NMPUMEHEHHs! el CUHEPTreTUKH B MpoOIeMax YIpaBIeHHs
NPUYIHMHHOTO CIIocoba caMOOpraHu3alyy emme ObUIO SIBHO HEAOCTATOYHO M TPeOOBAaJICs HOBBIH,
MPUHLUMNAIBHBIA 1Iar B NIOHUMAaHUKU CYIIHOCTH NMPOLECCOB YNPABJIECHUS U CaMOYNPABJICHUsS B
CHUHEpreTHKe. JTOT HOBBI 1Al COCTOUT B NEPEX0/Ie OT HENpPEeACKa3yeMOoro MOBEAeHUs] CUCTEMbI
MO QJIrOPUTMy IUCCUNATUBHOW CTPYKTYPbl K HANPAaBICHHOMY ABUXXEHUIO BAOJb >KEIAEMBIX
WHBApUAHTHBIX MHOTO00pa3Wil - aTTPaKTOPOB, K KOTOPBIM TMOACTPAMBAIOTCA BCE JPYyrHe
MEepeMEHHbIE NUHAMHUYECKOW cucTembl. KHade roBopsi, B HEIMHEHHBIX CHUCTEMAaxX ClEayeT
pas3nu4aTh MPUYMHHBIA U LeJIeBOH (HAIPaBJICHHBIH) CIOCOOBI CAMOOPTaHU3ALIHH.

B cBoiicTBe caMOyNIpaBIsIEMOCTH H LIEIEBOM CITOCOOE CaMOOPTaHU3ALMH TUCCUTIATHBHBIX
HEJIMHEHHBIX CHCTEM MPOSIBISIETCS HOBBIM B3I HA MPOOJIEeMy yNpaBJICHUs, BUAHA TEHASHIUS
nepexoaa OT KJIACCHYECKHUX METOOB KHOEPHETHKH K COBPEMEHHBIM METO/aM CHHEpPreTHKU. B
STOW CBSI3M TPEACTABISIETCS BECbMa MNEPCHEKTUBHBIM JUIl TMOMCKA OOBEKTUBHBIX 3aKOHOB
YIPaBJEHUS W, CJIENOBATEIbHO, BBIIBIEHUSI HOBOIO MyTH Pa3BUTUS COBPEMEHHON NMPUKIAIHON
TEOPUH YTPABJICHUS] OCYINECTBUTH IMOMBITKY IMEpeHOca Oa30BbIX CBOHCTB CHHEPreTHUYECKUX
CUCTEM Ha KOHCTPYHpPYEMblE CHCTEMBl YIpPaBICHHS JAMHAMHYECKMMH  OOBEKTaMU
COOTBETCTBYIOLIEH MPUPOAbL. Il TaKOro MepeHOCa BBIACIHUM CIENYIOLNUE METONOJIOTHYECKUe
MOJIOXKEHHUST CUHEPTeTUKH, NPUHIMIHAILHO BaKHBIE Uil (OPMHUPOBAHHS CHHEPTETHYECKHX
OCHOB COBPEMEHHON MPUKJIATHON TEOPUH YIIPABICHUS:

* BO-TNIEPBBIX, ABUXXEHUE CUCTEMBbI NOJDKHO, KaK NMPABHIIO, MPOTEKAaThb B HEIMHEHHOU
obnacTu ee MpOCTPAHCTBRA,

* BO-BTOPBIX, CUCTEMA JAOJDKHA ObITh OTKPBITOH, YTO PAaBHOCUIBHO OOMEHY SHEprueil mim
BEIIECTBOM (1, BO3MOXKHO, HH(OpMaIueil) ¢ BHEIIHEH Cpenol;

* B-TPETBbUX, KOTEPEHTHOCTb NMPOTEKAIOIIHUX B CUCTEME MTPOLIECCOB;

* B-UETBEPTHIX, HAJTUYKNE HEPABHOBECHON TEPMOAMHAMUYECKON CUTYaLlUH, KOTJ1a IPUTOK
SHEPTHH K CHCTEME JTOJKEeH OBITh TIOCTATOYHBIM HE TOJIBKO JJISI OTAIleHHs pOCTa SHTPOIHH, HO
U JJI €€ YMEHBIIEHUs, YTO YCUIMBAET MOPSAOK B CUCTEME;

* B-TIITBIX, B CHCTEME MMEETCS] HECKOJIbKO MyTeH 3BOJIONHMU Ha (PMHUIIHBIX 3Tarax ee
JBIDKEHMS, ONTUCBIBAEMBIX TUIIMYHBIMU YPAaBHEHUSIMUA OTHOCUTEJIBHO NAPaMETPOB NMOPsAIKA.
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BrinenenHble 37€ch OCHOBHblE IIPU3HAKM CAMOOPraHH3allMM  IIOKa3bIBAIOT, UTO
CHHEPTeTHKA UMEET AeJIO C HEKJIACCHYECKUMH MPOLECCaMH U SBJIEHUSIMA (PU3UKH, B TOM YHCIIE
U Teopuu ynpasieHus. CuUHepreTuka, B YaCTHOCTH, I03BOJISIET JAaTh SICHBIM OTBET Ha
METOZIOJIOTUYECKUN BOIIPOC, MOYEMY JTOCTATOYHO MPOCThIE 3aKOHBI (PHM3UKU OTMEHHO paboTar0T
B OKpYy’KalollleM Hac BECbMa CIIO)KHOM MHpPE M TE€M CaMbIM JAal0T BO3MOKHOCTb BIIOJIHE
IOCTOBEPHO ONMHCATh PasHOOOpasHble (PpHu3MUecKHe sBICHUS. Bce meno B TOM, UTO B CIOXKHBIX
IMHAMUYECKUX TPUPOAHBIX CHUCTEMaxX, HUMEIOIIUX MHOIO CTerneHedl CBOOOABI, MPOUCXOAMT
camoopranuzanys. Ee cyTb cOCTOMT B TOM, 4TO B (PU3NUECKUX (XMMHUYECKHX, OHOJOTHYECKUX )
npoIeccax BBIIEISIOTCS HECKOJBKO TJIABHBIX CTENeHell cBOOOABI, Ha3bIBAEMBIX IMapaMeTpaMu
MOpsIKa, K KOTOPBIM uepe3 HEKOTOpPOe BpeMs «(IOACTPAUBAIOTCA» BCE OCTaJbHbIE CTENEHU
cBOOOMBI CIIOKHOW MPUPOAHON cucTeMbl. UMEHHO 1IeeBOi Crioco0 caMOOPTaHU3aLNU MTOJIOKEH
B OCHOBY HOBOM CHHEPIeTHYECKONU TEOPUH YIIPABJICHUS.

WHBapuaHTel, caMOOpraHu3alys, HEJIMHEHMHOCTb, KOT€PEHTHOCTb M KACKagHBbIH CHUHTE3
ABJISIFOTCST  0a30BbIMH MOHATHUSIMH Pa3BHBAEMOW CHHEPreTUYECKOH TEOPHUH YIIPABJIECHHUS,
OTpeAeAI0IMMY €€ CYIIIHOCTb, HOBU3HY U COJep>kaHue. B OCHOBE CHHEpreTu4eckoro noaxoaa
Jaexxar naBa (YHOAMEHTAIbHBIX TNPHHOWINA €CTECTBO3HAHHMS - 3TO, BO-TIEPBBIX, NPUHIHI
UHBAPUAHTHOCTH (COXPAaHEHUs]) M, BO-BTOPBIX, MPHHLMUI PACIIUPEHHUs] -CxaTus (Ha3oBOro
0o0beMa B JUCCHITATUBHBIX TUHAMHYECKHX CHCTEMax MPOM3BOJBHON mnpupoasl. KoHkpeTHO
0a30BbIMH TIOJIOKEHUSIMHU 3TOTO MOIXOAA SBISIFOTCA:

* BO-TIEPBbIX, B CHHEPreTHMUECKUX CHUCTEMax B I[IPOLlECCE€ CaMOOpPraHU3alud U
00pa3oBaHUsl JUCCUTIATHBHBIX CTPYKTYp (aTTPAaKTOPOB) NPOHMCXOAUT YMEHBIICHHE dYHCIa
CTereHe CBOOOABI TyTEM BBIACNIEHHUS JIMIIb HECKOJbKUX KOOPAWHAT, K KOTOPBIM
MOJCTPauBAIOTCSl OCTalbHble. B pe3ynbraTe NpPOUCXOAUT AMHAMUYECKAs EKOMITO3ULUS
(a30BOro MPOCTPAHCTBA, MPUBOALIAA K BBIASICHUIO NAPAMETPOB MOPSAKA MAKPOIIEPEMEHHBIX,
K KOTOPBIM [IOICTPanuBAOTCsl OCTaJIbHbIE KOOPAUHATHI CUCTEM;

* BO-BTOPBIX, CIIEACTBHEM TIIpoIlecca CaMOOPTaHHU3AlMU SIBISIETCS OOpa3oBaHUE
aTTPaKTOPOB - MHBAPUAHTHBIX MHOrooOpasuii = 0, K KOTOPbIM NPHUTSITHUBAIOTCS TPACKTOPUHU
cuctembl. Takoe NMoBefieHNE CUCTEMbI TIO3BOJIIET [TOCTaBUTh BOMPOC O HAIPABJIEHUH MIPOLIECCOB,
00 mx memsix. YKa3aHHbIE aTTPAKTOPbI MMEIOT Pa3MEPHOCTb, BCETZIa MEHBIIVIO Pa3MEPHOCTH
UCXOIHOW CHCTEMBI, YTO O3HAauaeT «3a0bIBAaHME)» HAYaJbHBIX YCIOBUH, OTKyJa HAYMHAIOTCS
TPAEKTOPUH IBIDKEHHS K aTTpakTopy. CieacreuemM 3Toro siBisieTcst 00pa3oBaHHe HHBAPHUAHTHBIX
pewmeHnii HENMHEHHBIX Au(depeHInaNbHbBIX ypaBHEHHH CHCTEM, MPEACTaBISIOMUX COOOH
ACHMITTOTHKY OOJIBIIOrO KJIacca APYTUX PELICHHUI,

* B-TPETBbHX, KAXKIBIH AaTTPaKTOpP HMEET CBOK 00JacTb MNPUTSDKEHHS B (Pa3oBOM
NPOCTPAHCTBE W IOSTOMY MOXKHO BBIIEIHUTH TPaHULly, pasfessouryro 5ta obdmactu. Torma
IOCTaTOYHO Majio€ HW3MEHEHHE HA4albHbIX YCIOBHH, HaXOASIIUXCS BOJM3M yKa3aHHOH
TPAaHULIBI, MOXKET MPHUBECTM K KA4E€CTBEHHO pPA3JUYHOMY IOBENCHHUIO BCEH HEJINHENHON
cucreMbl. JTo OyneT O3HadaTh, YTO, MpHiaras K CHUCTEME JOCTaTOYHO Majible BO3JEHCTBH,
COTJIACOBAHHBIE C €€ BHYTPEHHHUMM CBOWMCTBAMH, MOXKHO OO0€CII€YHTh Ka4eCTBEHHO HOBOE
NOBEZICHNE HEJIMHEWHOW CHCTEMBI BIOAIM OT €€ TOJOXEHHS paBHOBecHs. Takoe HEOObIMHOE
CBOMCTBO, 00BbsCHsAeMOE 3(DPEeKTOM CaMOOPTaHU3ALUU B TUCCUTIATUBHBIX CHUCTEMAX, OTKPBIBAET
HOBbIE BO3MOKHOCTH B PEIICHUH 3a/1a4 YIPABJICHUS HETMHEHHBIMA JHHAMUYECKUMH O0bEKTaMU
pPa3sHOU MPUPOABL

Ha ocHoBe cuHepreTn4eckoil KOHLENINH BIIEPBbIE pa3padOTaH MPUHLHUITHAIBHO HOBBIHA
WHBapPUAHTHO-TPYIIOBOMN MOAXOJ K AHAJIUTUYECKOMY KOHCTPYMPOBAHUIO MHOTOCBSI3HBIX CUCTEM
yIPaBJICHUS] HETMHEWHBIMA MHOTOMEPHBIMH ITHHAMHYECKUMH OOBEKTaMH, ONMHUPAIOIIHMICS Ha
U/ICI0 BBEACHUS MPUTSATHBAIOIINX WHBAPHUAHTHBIX MHOTrOOOpasuil - aTTPakTOPOB, HA KOTOPBIX
HAMIY4IIUM 00pa3oM COTJIaCyIOTCSl €CTECTBEHHBIE (SHEPreTHUECKHe, MEXaHUUECKHE, TEIUIOBbIC
U T.J1.) CBOicTBa OOBekTa M TpeOOBaHUS 3amaud yrpasiieHHus. Takue aTTpaxTopsl (CHHEPTUN)
(bOopMHUPYIOT BHYTPUCHUCTEMHBbIE IUHAMHYECKHE CBsI3HM, B pe3yibrare 4ero B (pa3oBoM
IIPOCTPAHCTBE CHCTEMbl BO3HUKAET KOTEPEHTHOE KOJIJIEKTUBHOE NBW)KEHHE. JTO IO3BOJSET
peann3oBaTh LEJEeBYIO (HANPAaBICHHYI0) CaMOOPTaHU3ALMI0 KOJJIEKTMBHOTO COCTOSIHMSA B
JUHAMHUYECKHUX CHCTEMax pa3jIM4HON MPUPOIBL.
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Moayar 1. Metoabl aHaJu3a M CHHTE3a CHCTEM YINPABJICHHS TEXHOJIOIHYE€CKHMH
npoueccamu.
Jlexkus 4. Cucremsbl ¢ pacnpeaejeHHbIMU NapaMeTpaMi. AHAJIU3 U CHHTe3. (2 aK. yaca).

IIpouecchl, B OKpyskarolell Hac cpefe, HepPa3pbIBHO CBSI3aHbl C MPOCTPAHCTBEHHBIMU
KOOpAMHATaMM M, Kak TMPaBUJIO, HUX MOJAEIN ONUCHIBAIOTCA YPaBHEHUSIMH B YaCTHBIX
NPOM3BONHBIX. be3yCIOBHO, CHCTEMHBIN aHaNIN3 TakKUX (paclpeneNieHHbIX) IMPOLECCOB CBSI3aH
YCJIOKHEHHEM MaTeMaTH4eCKOro amrapaTta, HO IOJYUYEHHbIN BBIMIPBILI CTOUT TOro. Yaaercs
HCCJIENIOBaTh U HCIOJB30BaTh A MPAKTUYECKUX Iiesiell HOBble CBOWMCTBA pPacCcMaTpPUBAEMBbIX
NPOILIECCOB, TOCTPOUTh CHUCTEMbI  YIPABISIOIIME IMOJNAMH (YHKIMHA BbIXOHa. be3ycloBHO,
pacnpeneneHHble CUCTEMBl — 3TO OOJBINOE MOJEe NMPUIIOKEHHUs CHJI HccienoBatenell. B stom
HAINPaBJICHUH UMEIOTCS CYLIECTBEHHbIC JOCTHIKEHHUS B OOJIACTH aHAINM3a U CHHTE3a JINHEHHBIX
pacrpeneneHHbIX CUCTEM YIIPABJIECHUs], OTHAKO U OCTAETCS MHOTO | Mpobiiem.

Ha ceromHsmHuil fAeHb MOXKHO BBIIEIUTH [JIBa HANpaBIEHUS HCCIENOBAHUS
pacnpeaeNieHHbIX TPOLECCOB (CUCTEM):

- nepeéoe nanpasejienie OCHOBBIBAETCS HAa TOM, YTO CYIIECTBYET aHAJIUTUUYECKOE peLIeHHe
MaTeMaTU4YECKON MOJENH, OMMUCHIBAEMON PAaCCMAaTPUBAEMbII MPOLIECC.

U3 Teopun M3BECTHO, UTO ISl HAXOXKACHUS PELICHUST MAaTEeMAaTHYECKOW MOJIENIN O0BEKTa
(ompeneneHust peaknuuu OOBEKTA), ONMUCHIBAEMOTO YPABHEHMUSMU B YAaCTHBIX NPOMU3BOIHBIX,
UCTIONB3YIOT Pa3jIOKeHHE N0 COOCTBEHHBIM BEKTOp - (YHKUMAM omeparopa oObekta (1o
HEKOTOPOMY OpToroHaibHOMYy Oasucy). Ilpm 3TOM coOcTBeHHBIE BeKTOp - (YHKUUU
(mpocTpaHCTBEHHBIE MOZBI) (POPMHUPYIOTCS C YUETOM I'€OMETPHUECKUX MapaMeTpoB OOBEKTa U
ero rpaHuuHbIX ycnoBuid. Ilpm paspaboTke METOmOB aHaiIM3a M CHUHTE3a paCIpeesIeHHbIX
CHCTEM YIpaBJIeHHsI OOBIMHO UCTIOJB3YIOT CIEAYIOIIHE TOAX O/IbI:

Memoowsr ananusa obvexma ynpasnenusi u CuUHmesa pPAacnpeoeneHHbIX pe2yisimopos
YUumuwleaiowie 6eco 6eCKoHeunslli CHeKmp NPOCMPAHCIMEEHHBIX MOO.

K Takum meronam oTHOCATCS:

- aHaNUTUYECKO€ KOHCTPYUPOBaHHE ONTUMAJbHBIX pEryJATOpPOB sl CHCTEM C
pacnpenenenubiMu niapamerpamu (AKOP nns CPII), koTopoe OCHOBBIBAETCS HA TMPHUHIIUIIG
ontuManbHOocTH bemnvana m npunnune makcumyma Ilontpsiruna. O6uum Bonpocam AKOP
IUTA CHCTEM C pachpeAesieHHBIMH MapamerpaMmu mnocsmieHsl padorsl CupazernuHosa T K. |
Herrspesa I'.JI., Eroposa A U. , a Taxke padotsl Eljai A., Khargonckar P.P. and Poolla K. u np.

B paborax CupazermmnoBa T.K u EropoBa AWM. npuBeneH BBIBOA HHTErpo-
muddepeHaIbHOro YpaBHEH!S THIIA PUKKAaTH MPU KBAaAPATUYHOM KPHUTEPUH KA4eCTBa, a Tak
K€ BBIBOJ MHTErpo-anp(PepeHLnanbHOr0 ypaBHEHHs THIIA PHUKKATH Ui CTOXaCTHYECKUX
CHCTEM TIPH HETIOJIHOM H3MepeHUH (PYHKIMH COCTOSIHUS cHCTeMbl. [lpwm 3TOM monaraercsi, 4To
OOBEKT OMNMCHIBACTCS CHUCTEMOH JUHEHHBIX IU((EepeHINANbHBIX YPaBHEHHH B YaCTHBIX
MIPOU3BOJHBIX BTOPOrO MOpsiika. I paHUYHbIE YCIOBUS CUUTAIOTCS OAHOPOAHBIMU U HYJIEBBIMU.
OcHoBHbM npensitcTBueM Ha myTH npuMeHeHust AKOP nns CPII sBisiercst TpyAHOCTD pelleHus
uHTerpo-nudpepeHanbHOro ypaBHeHns tuna Pukkatu. Jlaxke ecnm yaanoch IOCTPOUTH
pereHue uHTErpoO-nuddepeHnaIpbHOrO YypaBHEH!SI HA OCHOBE COOCTBEHHBIX BEKTOP-(PYHKIIHIA,
OCTaeTCs HESCHBIM, KaK alMpPOKCHMHPOBATh KOHEYHBIM 00pa3oM OECKOHEUHYI0 CHCTEMY
muddepeHanbHbIX YPaBHEHUH, K PELICHUI0 KOTOPOW CBOIMTCS PEIICHHE YPaBHEHHs THIIA
Puxkatn. Cnenyer Take OTMETUTb TPYOHOCTb BBIOOpPa BECOBBIX (PYHKUMH (PyHKLHMOHAJA
ONTUMU3ALNH U CIIOKHOCTD PEIIEHUs 3a1a4H HaOII0IeHUS.

Jns BBRIpaOOTKM YIPABISIFOINETO BO3JAEHCTBHA PEryJIATOPOM, CHHTE3UPOBAHHBIM IIO
merony AKOP, HeoOXomuMo 3HaTh COCTOsIHHME OOBEKTa YIIPABIEHHS, a HM3MEPEHHIO, Kak
NPaBUJIO, JOCTYITHO COCTOSIHUE OTPaHWYEHHOTO YMCJAa TOYEK paclpenelIeHHbIX OOBEKTOB (Kak
NPaBUJIO, O5TO TOYKHM YCTAHOBKH IAaTYMKOB), MO3TOMY BO3HHUKAET 3a/1a4a BOCCTAHOBJICHUS
(YHKIIUU COCTOSTHUS O0BEKTA, WK 3a/1a4a HAOIIOACHHS 10 Pe3yJIbTaTaM U3MEPEHHIA.

- CTPYKTYpHBII MeTOA aHalM3a CHUCTEM C paclpefesNeHHbIMU IapameTpamu
paccMOTpeHHbIH B pabotax byTkoBckoro A.I'. M ero mIKOJbI, a TaK e B paboTax
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J. 5. Pamonopra u ero y4eHHWKOB, a Tak e B pabdorax IlycrbuibHukoBa JIM.,,
KyOsbiukun B.A., @unsaruaa B.1., Uybapos E.IL, MartinJ. — C. E.

DTOT METOA OCHOBBIBAETCSI Ha TOM, YTO peakUus OOBEKTa Ha JAenbTa - (PYHKIHIO,
NPUJIOKEHHYI0 B HEKOTOPOHW TMPOCTPAHCTBEHHOH TOYKE OOJACTH BXOTHOTO BO3ICHCTBUS B
HEKOTOpBIi MOMEHT BPEMEH IpencTaBisieTcss B BuAe (yHKOMM ['pUHA HMIM HUMITYJIBCHOM
nepexonHoi GpyHKuuH. BBeneHo MmoHsTHE paclpeneseHHOro OJoKa - yCTPOWMCTBA, B KOTOPOM
BBIJICJIEHbl BXOJHAsl pacnpeneneHHass (yHKUMA W pacnpeneieHHas (QyHkuus Beixoma. s
OMUCAHHUA  CJIOKHBIX  B3aMMOCBSI3aHHBIX  CHCTEM C PpacHpeAeSiCHHBIMH IapaMeTpaMu
OTIpeNeNICeHbl ONepPallud COEAMHEHHUS! OTACIBbHBIX OJIOKOB, a TaKXKe IOJyYEHBbI NMEepeaaTOuHast
(byHKUMS 3aMKHYTOH pacrpeneneHHol cuctembl. IIpobiema moucka peryisiTopoB B 3TOM
cilyyae pelaercs C HCIOJb30BAaHMEM METONa MapaMeTpPHUYEcKOro CuHTe3a. Mcmonp3ys 3TOT
METOJ, B JINTEpAType MOKa3aHO pelleHHst OONBLIOro Kjacca MPAaKTUYeCKH 3HAUYMMBIX 3ajad,
OJHAKO OCHOBHOW NpoOJIeMOi NPUMEHEHHS METO[a IapaMeTPHUEcKOro CHHTE3a  OCTaeTCs
npobjemMa CyIEeCTBOBAHUS MapaMeTPOB PETYJSITOPa BBIOPAHHON CTPYKTYPBI, pa3peruaroinx
MOCTABJICHHYIO 3371a4y yIPaBJICHUS.

- YaCTOTHBI METOI CHHTE3a pAaCIpEleeHHBIX PEryJsaTOpPoOB, pa3paboTKa KOTOPOTo
CTHMYJIUPOBAJNaCh  HEOOXOIUMOCTBIO  Pa3BUTHUS  METOJOB CHHTE3a pEryJATOPOB IS
pacripeneneHHbIX OOBEKTOB, MOJENN KOTOPBIX OMNpPEHENSIOTCS C  HCIOJIb30BAaHUEM
SKCIIEPUMEHTAIBHBIX JaHHBIX. DTOT METON, NOAPOOHO PacCMOTPEHHBIH HUXke, 68 yacmu I. OH
pa3paboTaH sl Kjlacca JIMHEHHBIX OOBEKTOB, PEIIEHHE MAaTEMAaTHYECKHUX MOAENEH KOTOPBIX
pacnanaercs no COOCTBEHHBIM BEKTOp — (YHKIUSIM ormeparopa o0bekTa (1Mo
MPOCTPAHCTBEHHBIM MOJIAM).

Ha srame TexHWuecKoW peajM3alMd CHHTE3UPOBAHHBIX PACIPEIENIEHHBIX CHUCTEM
yIPaBJICHUS, YIIPABISIOIIEe BO3AEHCTBHE U (DYHKIHS BBIXO/IA PEATU3YIOTCS B BUIE JHCKPETHBIX
[0 TMPOCTPAHCTBEHHbIM KoopawHataM (QyHKuuA. Hampumep, 11 TEIUIOBBIX MPOLIECCOB
yIPaBJSIONIEe BO3ACHCTBUE PEANN3YETCs C MOMOILIBIO CEKI[MOHHBIX HarpeBaTeneil, a (pyHKuus
BBIXOJIa U3MEPSIETCS NaTYNKAMH B KOHEUHOM 4Hciie Touek. Uem Gosbine CeKIUil y CeKIIMOHHBIX
HarpeBaresell, TeM TOYHEeEe MOXKET ObITh PEaJM30BaHO BXOIAHOE BO3AEHCTBHE Ha OOBEKT
ynpasieHus: (TeM OoJbliee YHCIO MPOCTPAHCTBEHHBIX MO 3a/1eHiCTBOBAHO B  (hOPMHUPOBAHHUU
BXOIHOI'O BO3IEHCTBHsI HAa 00BEKT ynpasieHus). Ho B moOom ciydae, 4nCiIo 3a1€iCTBOBAHHBIX
MPOCTPAHCTBEHHBIX MOJI, B PEAIbHOM MPOLIECCE YIPABICHHS, OCTAETCS KOHEUHBIM. AHAJIOTUYHO,
yeM OOJNbIIE YCTAHOBJIEHO AATYHKOB, U3MEPSIOUINX (PYHKLHIO BBIXOAA, TeM OoJbliee YHCIIO
NPOCTPAHCTBEHHBIX MO (PYHKLHH BBIXOAA MOXET OBITh BOCCTAHOBJIEHO C HCIOJB30BAHHEM
pe3yibraTtoB u3MepeHuil. I1OCKONBKY Ha 3Tare aHajn3a M CHHTE3a TAaKUX CHUCTEM YIPaBJICHUS
YUUTBIBAJICS BECh OECKOHEYHBIH CHEKTP MPOCTPAHCTBEHHBIX MO, TO HWCIHOJb30BAHUE B
peaJbHOM TPOLIECCE YNPAaBJICHUS KOHEYHOrO 4YHCJA MOJ BIHSIET TOJBKO HA TOYHOCTH
peanmzanMy Lejed yhpaBiIeHUs. YCTOHYMBOCTBD IpoOLIECCa YIPABICHHS OOeCIeYrBaeTCs
NPOILENY PO CUHTE3a, YUUTBIBAIOLIEH BeCh OECKOHEUHBIN CIIEKTP MPOCTPAHCTBEHHBIX MO,

- @mopoe Hanpae/ieHHe WCIONb3YET METOABl AaIMPOKCUMAIMA  MAaTeMaTHYECKUX
MOJIeJIel pacTpeaeseHHbIX OOBEKTOB.

Memoowr ananuza o006vekma yYnpaeienus i CUHME3A PACHPEOeNeHHbIX pPe2yisimopos
YUUmMsIBAI0WUe KOHeUHslli CHeKmp NPoCMpancmeennsix Moo. B 3ToM ciyyae pacnpeneeHHbIH
O00BEKT (CHCTEMa) yCEeKaeTCs, MCIONb3ysl B MPOLEAYPE aHAIN3a U CHHTE3a KOHEYHOE HHCIIO
IPOCTPAHCTBEHHBIX MOJ. PacripeneneHHblil peryisaTop peainsyercs B BUie KOHEUHOro uncia (n)
YCIOBHO «COCPENOTOYEHHBIX» PEryJSTOPOB MO BBHIOPAHHOMY YHCIY MPOCTPAHCTBEHHBIX MO,
IIpn TexHHUYECKOW peann3alii TaKUX CHCTEM YIIPABICHHUS HCIIONB3YIOTCA CIIELHAbHbIE
(GUIBTPBI,  BBIIEISAIOIINE U3 pacmpemeNeHHONM (YHKIMHM BBIXOJAA 3aJaHHOE YHCIIO
MPOCTPAHCTBEHHBIX MOJI.

Memoowr ananuza 06vekma Ynpaeienus U CUHME3A PACHPEOeNeHHbIX pPecyIamopos
VUUmMuI6QIOWle KOHEUHbIHl  CHEKMpP NPOCMPAHCMGEHHBIX MOO, NpU 2MOM  Nepeoamoumnbvle
dyHryuu obvexma ynpasieHust o KA@COOl NPOCMPAHCMBEHHON MoOe, 3anUCbIBaeMble 6 GUOe
OMHOWEHU. OECKOHEYHBIX NOJUHOMOS, HNPeOCMAGIAIONCA 6 6U0e  OMHOULEHUS KOHEYHbIX
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noaunomos. PazoBoe MPOCTPAHCTBO KAXKAOW NMPOCTPAHCTBEHHOW MOIBI, OECKOHEUHOMEPHOE,
3aMEHSIETCS] KOHEYHOMEPHBIM.

Meronbl KOHEYHOMEPHOM AaIMpOKCUMAallMd PAacCMOTPEHbI B JIUTEpaType AOCTaTOYHO
nonpoOHo (Hanmpumep B paborax Baneesa KI'.m Xaytbikosa O.A).

MHorue npakTU4ecKH Ba)KHbIE 3a/ladH, C UCIIOJIb30BAHHEM METOJ0B aNMpOKCHUMALUU
MaTeMaTHYECKUX MOJENell pacrpeneieHHbIX OOBEKTOB, YCIEUTHO permaroTes B paborax Kosans
B.A. u ero yueHHUKOB U BHEIpEHbl B IPAKTUUECKUX CUCTeMax ynpasieHus. (OnHako B TeOpuu
METOAOB KOHEUHOMEPHOH anmpoKCUMAIN PACIPEaeIeHHbIX OOBEKTOB U CUCTEM €CTb €IlIe Psif
HE PELIEHHBIX BONPOCOB, IO3TOMY IOJIb30BAThCsl AMMPOKCUMALIMENH CUCTEM C pacIpeeeHHbIMU
napaMeTpamu clefyeT BeCbMa OCTOPOKHO. I1o cyTH, MBI epexoauM K UCCIIeIOBAaHUIO IPYroro
o0BeKTa.

Illpumep. Tlonoxkum, dYTO wHMeeTCs OOBEKT, MaTeMaTH4ecKas MOJAETb KOTOPOTo
OIMCBHIBAETCS B BUIE

or(x.y.57) _ | {amx, v.50)  OT(ny.z0) Tz, T)j

ot ox? 2 oz’
X , (1)
0<x<xz, O<y<yr, 0<z<z,
rae T(X’ Y.z T) - TEeMIepaTypHOe TOJie TUIACTUHBI, X, ), Z, - MPOCTPAHCTBEHHbBIC
KOOPIUHATHI,
a — 3amaHHbIi KOG PULUEHT; X, V7, Z7, - 3aJaHHbIE YNCIIA.
I'paHu4HBIC U HaYATBHBIE YCIOBHS ISl ypaBHEeHUs (1) UMEIOT BUA:
T(O,y,z,r): T(x,O,z,T): T(xL,y,z, T): T(x,y,z,r): 0
5“L%Qﬂ_0
0z : (2)

T(x,y,zL,T):U(x,y, T)
7(x,,2,0)=0.
* * *

Oyukuueir Boixoga siisercs Gynkuus 7(x,y,z=z,7), THe z - 3amAaHHoe uucio (0<Z

<z1).
Iepenarounas (yHkuust oobexkra mo 7>/ ('7 4 :l’oo) MOJIE BXOIHOTO BO3IEHCTBHS
NMECT BUO.
_ * * *
T77,7/ X, V,z2=2,8 exp ,877’7,-2 + exp —,6’,7’7,-2
Wony(5)== : = =
" Cyy (5)-sinlyy -x)sinl@, -y) exp\By, 21 )+ el 5y, 'ZL)’ 3)
(77,7 = 1,00))
T X, V,2,8 T
rie 77’7/( ».2.5) - mpeobpasopanHas mno Jlamnacy (yHKIUs ny (.2, T),

|
s 2 ~24
Py = STV 0y

V= ey BT (=T

2
IMonaras B (3) s=j®, MOJYyYUM KOMILIEKCHBIH mepenatodHbii koddduument. Ecnm

W —> X vonyns

exp(Bm, zj + exp(— By zj

Wo,, (10) = eXp(Bn,y . ZL)+ eXP(_ Py 'ZL)

~exp(-P,, - (2, 7)) >0
, )
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V
1 2
| Jo 2 2

IB my T, 0,

rre

Jror (akT Xopomo u3BecTeH (U3NKaM U OOBACHSAETCS Ui TEIUIOBBIX IPOLIECCOB

JUCCUTNIALIEN TEMNJIOBOW SHEPIUH.

a

W, \s=jo -
Uccnenyem nosenenue hassr 77 (s = jo) @ >

JU1s 3TOTO NMPEencTaBuM [, B BUIE

npu

Jjo 2, =2 " ) .
,BW = 74‘1//,7 + @, =M -cos(p)+ j-M -sin(p),

M=fo v w; +<ﬁf>2]”4><ﬂ=°~5'ar°ta“(% Wy + 7). ®)

Ioncrasnss (5) B (4) u npeobpaszyst, NOTYIHM
Woyy 2@P(=h,, (2, —2) =ep(H(z; =2)-M-cos(9) = j-(z;, =2)-M-sin(p)) ¢,

D >
Wcnonesys (6) onpenenum usmenenue daszel (™ ), nmpu >

D,  =—(z,—z)-M-sin(¢p) —> 0 .

s Y
Kak usBectHo, QyHkunu exp(B, , -2).5,, = (— + l//,f + gpfj MOTYT OBITh MPEICTaBICHBI
’ ’ a

B BUe O€CKOHEUHbIX MOJMHOMOB. [IpencraBum nepenarounyro GyHkumto (3) B BUIE

_ 11,05
0.17,7 (S) = m

H’777 (S) = Z HW:%V (S) M77>7 (S) - ZM77>7>ﬂ (S)
rae v=l , #=1 - LIeJIbIe AaHATUTUYECKUE (PYHKIIHH.

AnmpokcuMupysi OECKOHEYHbIE MOJMHOMBI KOHEYHBIMH ITOJIMHOMAaMH CTETIEHH « N »
(mepexons oT O€CKOHEUHOMEPHOTo (ha30BOro MPOCTPAHCTBA OOBEKTa K KOHEUHOMEPHOMY) U
BBIYHUCIISIST MOZYJTb VVO’” a3 ]a)) npu € T 2 nonyuum, 4TO, OH PABEH OTHOLICHUIO
K03()(PULIMEHTOB MPH CTAPIINX CTEMEHSX IOJUHOMOB YHCIHUTENS] U 3HAMEHATENS — KOHEYHOMY
yycay, 4TO TMpOTUBOpedHT ¢usuke mnpouecca. Ilpum 3ToM U u3MeHeHHe (asbl MO KaKAOH
NPOCTPAHCTBEHHOH Moze OyaeT Takke paBHO koneunomy uwucay. 1lo cyTH, anmpoxcHManus
NPUBOIUT K U3MEHEHHIO THHAMUYECKHX XapaKTePUCTHK 0ObekTa. B 3TOM ciiyyae KOMIUIEKCHBIN
nepenaTouHblii K03((UIIMEHT ONMUCHIBAET HE TEIJIOBOM, a IPyroii mporecc;

Crnenyer OTMETHTD YTO, B CYLTHOCTH, YHCJICHHOE PEIleHHe YPAaBHEHUIH B YaCTHBIX
NPOM3BOIHBIX Oasupyercs Ha HCHOJIb30BAHWN KOHEYHOMEPHOW ANIpOKCHUMALUH, W TO3TOMY
€CTeCTBEHHO Cpa3y almpoKCUMHPOBATb CHCTEMY C paclpeAesieHHbIMH IapaMeTpaMu
crenuanbHbIM  00pa3oM TOAOOpaHHOHW CHCTEMOH OOBIKHOBEHHBIX AH((epeHIHnaNTbHBIX
ypaBHeHUH. sl TOsSCHEHMs #Mpodiem, BO3HUKAKOLIMX TPU  alIPOKCUMAIMH HCXOIHOTO
00BEKTa, PACCMOTPUM TPUMEDP.

PaccmoTpuMm npuMeHeHre KOHEYHOMEPHON aNmpOKCUMANU K OOBEKTY, ONTUCHIBAEMOMY
ypasaerneM (1), (2). ITonoskum, 4TO YHCIIO TOYEK AUCKPETHU3aLUu 1Mo ocu X paBHO I, mo ocu Y
pasHo J, a mo ocu Z pasHo K. Torna (1) MoxkeT OBITh 3aMHCaHO B BUAE CIEAYIOMIEH CHCTEMBbI
YPaBHEHUI:

Tk a T = 2T i + T 4 T = 2T o + T N T = 2T 0 + Tijuen

(7)

i i, i

ot Ax> Ay? AZ>
Y , (8
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(i=LL j=LI k=LK,
rae Ax,Ay,Az - 11aru JUCKPETU3aLMU COOTBETCTBEHHO I10 OCSIM X, ), Z.
T

I'pannunble 3HaUeHUS QyHKIUHA T k1 OIPENEISIIOTCS C YUeTOM

ok Trjws Lo Lo
ycnoBHii (2) .
Ecnu nonydennyto cucremy (6) 3anucatb B BEKTOPHOH popme

X=A*X+B*U 9)

TO pasmepHocTb Bektopa X, Gyner M=1*J*K 3 yarpuypr A=m#*m

Kax u3BecTHO, permnenue ypaBHeHus (1) mpu rpaHUYHBIX YCIOBUAX (2) MPENCTaBIsSETCS B
BUae OECKOHEUHOW COBOKYITHOCTH COOCTBEHHBIX BEKTOp - (YHKIHH orepaTropa oObeKTa, Nmpu
5TOM (ha3oBasi TPACKTOPHSI KAKAOH COOCTBEHHON BEKTOP - (PYHKLIMK MOXKET OBITh MPENCTaBIeHA
B OeckoHeuHO MepHOM (hazoBoM mpoctpaHcTBe. llepexons ot ¢opmbl 3amucu (1) k dopme
3anmcy (6) MO CyTH, MBI IEPEXOIUM OT OECKOHEYHOMEPHOTO ()a30BOr0 MPOCTPAHCTBA OIUCAHUS
00BEKTa K KOHEUHOMEPHOMY, 3aMEHsIsSI PaclpeeIeHHbI OOBEKT COCPENOTOUEHHBIM.

Pasnocte muHammku momenedt (1) m (7) Qusmuecku OOBSICHAETCS CIETYIOIIUM:
uH(POpPMALIUA O TIPOIECCe OT OAHOTO 3JieMeHTapHOro odbvema (kyOuka ¢ rpaHsMu Ax, Ay, Az ) K

apyromy (psaoM JiexameMy) B Monenu (7) IPUHUMAETCS, YTO TepeAaeTcss MTHOBEHHO (Kak OT
TOUKH K TO4Ke). [Ipr 5TOM He yuuThIBa€TCS AMHAMUKA PACIIPOCTPaHEHHUst HHQOPMALIUN BHYTPU
3JeMeHTapHOro o0vema. B mocienHee BpeMst MOSIBISIIOTCS. pabOThL, B KOTOPBIX PEKOMEHAYETCS
YUUTBHIBATh UHAMHKY 3JEMEHTapHbIX OOBEMOB C IOMOIUBIO AOMOJHUTEIBHOIO BBEICHHS
IUHAMUYECKHUX 3BEHBEB B CHCTEMY YPAaBHEHHH. BONBIIMHCTBO YHCIEHHBIX MOJENel OOBEKTOB C
pacrpeneneHHbIMU MapaMeTpaMu npenctasisitores B une (7). Ilpu 3ToM craTuka pe3ysbTaToB
MOJIEIUPOBAHUS, C UCIOJIB30BAHUEM YUCIICHHBIX MOJEINEH, XOPOLIO COrIacylTCs CO CTATHKON
HATYPHBIX HCIBITAHUI Ha peasbHOM 00bekTe. OmHako mpodneMa CXOAMMOCTU ypaBHeHUi (7)
(mpu Ax, Ay, Az —0) k ypaBHernto (1), 3arparuBaromasi JUHAMHUKY OOBEKTa, HA CErOMHSIIHUN

JIeHb He pelleHa.
Crnenyer OTMETHTD, 4TO B 00JIACTH UCCIIENOBAHMS HEJTMHEHHBIX PACTIPENENIEHHBIX CUCTEM
yIIpaBJIeHUs MOKA ClleaHbl TOJbKO MepBbIe LIaru.

Moayar 1. Metoabl aHaJM3a M CHHTE3a CHCTEM YINPABJICHHS TEXHOJIOTHYE€CKHMH
Nnpoueccamu.

[pakTuueckoe 3ansaTue 4. Moae1upoBaHue NPOCTPAHCTBEHHO-PACIIPeleJIEHHbIX 00bEKTOB
HA nmpuMepe ruapoJurochepHoro miacra. (2 ak. gaca).

MaremaTudeckast MOJACIIb TPEX TUAPOMUHEPAJIbHBIX (IIJIACTOB» 3alMUCBIBACTCA B BUAC!

> (1)







3anaHue HA MPAKTHYECKYI0 padoTy
OcymiecTBuTh MOIEIMPOBaHHE OOBEKTa YHCICHHBIMH Meropamu. [lomyuuts rpaduku
NEePEXOAHBIX MPOIIECCOB.

Moayar 1. Metoabl aHaqM3a M CHHTE3a CHCTEM YNPABJICHHS TEXHOJIOIHYE€CKHMH
NMPoLECCAMH.

Jlekuua S. IIpuMeHeHusi TeOpHH CHCTEM C pacHpeAeJeHHbIMH MapaMeTpPaMH.
Pacnpenenennbie cucTembl nepenadu nagpopmanuu. (1 ak. gac).

Kak u3BeCTHO, pacmpoCTpaHEHHE CUTHAJIOB B CIUIOMIHBIX CpeJax MaTeMaTHUYeCKH
ONMHUCBHIBAETCSI  YPAaBHEHUSIMH B YaCTHBIX  MPOU3BOAHBIX, IpPU  3TOM  CHUTHAJIBI,
PacTpOCTPAHSIOIINECS] B CIUIOIIHBIX Cpelax, M3MEHSIOTCS He TOJbKO BO BPEMEHH, HO U B
npocTpaHcTBe. B cucteMHOM aHanmm3e Takne OObEKThI HA3bIBAIOTCS PACTIPEICIICHHBIMI.

[TonoxxuM, 9TO MBI UMEEM BO3MOXKHOCTD IE€PEaBaTh CUTHAJBI, 3aBUCAIINE HE TOJIBKO OT
BPEMEHH, HO M OT MPOCTPAHCTBEHHBIX KOOPAUHAT. J{JIs peanu3aiuu nepenadn pacupenaeaeHHOro
CHUTHaja BbIOEpEM OpPTOrOHANBHBIA 0Oa3uc (MpOCTpaHCTBEHHBbIE (OpMBI, B KOTOpbIE Oyner
yIaKOBAaH MOJIE3HbIA CUTHA).

ITycte Tpebyercs nepenars noje3nbie curHajibl CA(t), (i = 1,...,N), KOTOpbIe comepKaT
UHPOPMALIMIO, HAJIOKEHHYI0 Ha MHOXECTBO Hecymux dvactoT. Kaknmas Hecymas udacrora —
OTHENbHBIA KaHad nepenaun nHpopmanmm. Hanpumep, nmonesnsiii curHan CA7) MoxeT ObITH
chOopMHUpOBaH B BUAE :

M
C.(r)= Z C,:(r)-sin(@; -7), rae M - 3aaHHOE YMCIIO (YMCIIO KAHAJIOB),

é=1
¢ - HECYILIIast 4acToTa &-TO KaHaja.
ITonoxxuMm, 4TO B Ka4decTBE OPTOrOHAIBHOrO Oa3uca BbIOpaHBI GYHKIHM Sin(y;X), rae

Lo . NPOCTPAHCTBEHHBIE YaCTOTHI; L, - 3aJaHHOE YHCIIO.

IIpu mpoctpancTBeHHOH Moayssiunu curHail Cj(T) yMHOXKAeTCsl Ha COOTBETCTBYIOIIMN

opTOoroHanbHbIH 6a3uc. Takum 00pa3oM, CO3AAOTCS MArkCTPAIHU Mepenadn HHPOPMaLnH.

CyMMupys BCce MarucTpau nepefadn HHGOpMauuy, NOTyUIUM CUTHA
N

Ufxz)=3C,(2)-sin(y, - x)
=1

[onyuennstii curnan U(x,7) sSBIsIETCS OAHOMEPHBIM, MOCKOJBKY OH 3aBHCHUT OT OIHOMU
NPOCTPAHCTBEHHONW KOOPAMHATHI X. AHAJIOTUYHO MOXET ObITh COPMHPOBAH M MHOTOMEPHBIN
curnan U(x;...x,,T), Toe #-3a1aHHOE YUCIIO.

Jnst mpueMa HEOOXOAMMO pPacCHpeneNeHHOe YCTPOHCTBO, KOTOPOE IMO3BOJISET MPUHSTH
curHan U(x,7), Ha KOTOpBIA HanokeHa nomexa f(x,7). IIpu 3TOM mpUHUMAEeMBbIii CUTHAT MOXKET
ObITh COPMHUPOBAH M3 TAKUX >K€ NMPOCTPAHCTBEHHBIX MO, YTO U TEpedaBacMblil CHIHAJ.
Brinenenne marmcrpaneii nepenaun MHGOPMALUN B MPHUEMHUKE OCYINECTBIISIETCS C MOMOIIBIO
NPOCTPAHCTBEHHBIX (UIBTPOB. J{JIs1 HACTPOWKHM NPOCTPAHCTBEHHBIX (HIBTPOB HCIIOJIB3YIOT
NPOCTPAHCTBEHHBIE CKAHEPHI — YCTPONCTBA, MO3BOJISIIOIINE ONPENEIUTh TpeOyeMble apamMeTphl
MPOCTPAHCTBEHHBIX (PUIBTPOB IO KAKAOH BHIOPAHHON MaruCTpalIH.

Moayap 2. JKCnepMMeHTAJTbHO-CTATHCTHYECKOE MOJEJHMPOBAHHE: MeTOJO0JOrusl H
NpPaKTHYeCKHe NMPUJI0KeHHS.

Jlekuus 1. CratucTuyeckuil aHaau3: 00JacTH NpUMeHeHHsI U OCHOBHBbIe MeToabl. (1 ak.
yac).

JlesTenpHOCTD JIF0Iei BO MHOXKECTBE CIIy4daeB MPeATonaraeT padoTy ¢ JaHHBIMH, a OHA B
CBOIO Ouepelb MOXeT MOApa3yMeBaTb HE TOJbKO ONEpHUpPOBaHHME HWMH, HO U HUX HU3yUYEHUE,
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obpabotky u aHanu3. Hampumep, korga HY>KHO YIUIOTHUTb HH(OPMALMIO, HAHTH KaKHE-TO
B3aUMOCBSI3M WJIM OIMpPEHeSUTb CTPYKTypbl. M Kak pa3 ajisi aHAJIUTHKU B 3TOM Cliy4ae O4YeHb
yaoOHO TMOJIB30BATBCS HE TOJIBKO Pa3HBIMM TEXHHKAMH MBIILUIEHHS, HO W MPUMEHATH
CTATHCTHYECKHE METOIbI.

OCOOEHHOCTBIO METOOB CTATHCTHYECKOTO AaHajIM3a SIBISIETCS HMX KOMILIEKCHOCTD,
oOycnoByieHHass MHOroobpasuem (opM CTATUCTHUECKUX 3aKOHOMEPHOCTEH, a TaKxKe
CJIOKHOCTBIO TIPOLIECCa CTATUCTUYECKUX MCCIEIOBAHUH.

CrarucTHdeckoe HCCIENOBAHHE MOXKET IPOBOIUTHCS TOCPEACTBOM  CIENYIOIINX
METOIHK:

CraTuctuueckoe HaOMIOAEHHE;

CBoaka ¥ IrpynnupoBKa MaTEpUAIOB CTATHCTHYECKOrO HAOMIOACHHS,

AOCOJIOTHBIE I OTHOCUTEJIbHBIE CTATHCTHYECKHUE BEJHYNHBI,

BapuanmonHssle psnel,

Bribopka;

KoppensuuonHslil 1 perpecCUOHHBIN aHAIN3,

Psinel nuHAMUKH.

PaccmoTtpum kaxblil u3 HUX Ooee moapoOHo.

Craructudeckoe HaOOeHNE

Craructudyeckoe HaOJIOAEHHE SIBJISETCS I[UIAHOMEPHBIM, OpPraHM30BaHHBIM U B
OONIBIIMHCTBE Cy4aeB CHUCTEMATHYeCKUM COOpPOM HMH(pOpPMALMH, HAMPABIEHHBIM, [JIABHBIM
o0pa3oM, Ha sIBJICHUS] COLMAJbHOW >XM3HU. Peanusyercsi MaHHbI METOA 4epe3 PerucTpariuio
NpEeBAPUTENbHO OMpEAETIeHHbIX HauOojee SIPKUX MPU3HAKOB, IeJb KOTOPOl COCTOUT B
MOCJIEAYIOLIEM MOTy4YEeHHH XapaKTePUCTUK U3YYaeMbIX SIBJICHUIL.

Craructudyeckoe HaOJIONEHHE MOKHO BBIMOJHATHCS C YYETOM HEKOTOPBIX Ba)KHBIX

TpeOoBaHuil:
o OHO IOMKHO MOJHOCTBIO OXBATHIBATH H3Y4aEMbI€ SIBJICHHUS,
o Tlony4yaembie maHHbBIE HOJKHBI OBITH TOYHBIMH U JOCTOBEPHBIMU,;
o Tlony4yaembie naHHbBIE AOKHBI OBITH OMHOOOPA3HBIMH U JIETKOCOMIOCTABUMBIMH.

Taxoke craTucTuueckoe HaOIIOIeHHE MOJKET HMETh J1B€ (POPMBIL:

o OTtueTHOCTH — 3TO Takas (opMa CTATUCTHYECKOro HAOMIOAEHUS, TAe HHGPOpMAIHs

MOCTYMaeT B KOHKPETHbIE CTATUCTUYECKHE MOApA3IeIeHHs OpraHu3alui, yupeaeHuit

WM IPeAnpHsiTUil. B 3TOM ciiydyae naHHbIE BHOCSITCS B ClIELIHAJIbHBIE OTUETHI.

o CrenuanpHO OpraHM30BaHHOE HaOMIONIEHHEe — HAOIIOACHHE, KOTOPOE OPraHU3YeTCs C

OIpeeeHHON LeJbI0, YTOObI MONYYHTh CBEICHUS, KOTOPBIX HE UMEETCS B OTYeTaX, WIN

K€ JJIsl yTOUYHEHUS M YCTAHOBJIEHHs JOCTOBepHOCTH WH(popmaumu otueroB. K 31oit

(hopMe OTHOCATCSI OMPOCHI (HATPUMEP, OMPOCHI MHEHUH JIFO/CH), TePenrch HACEICHUS U

T.1L.

Kpome Toro, cratucruyeckoe HabMIOAEHNE MOXKET OBITh KaTErOPU3UPOBAHO HA OCHOBE
IBYX TMPHU3HAKOB: JHOO HAa OCHOBE XapaKTepa PEerHCTPallMy JAaHHBIX, JUOO HAa OCHOBE OXBaTa
enuHUL HaOmoneHusi. K mepBoii KaTeropuu OTHOCSITCS OMPOCHI, JOKYMEHTHPOBAHHUE M MPSIMOE
HaOJIIOIeHNE, a KO BTOPOH — HaOJFOICHNE CIUIOLIHOE U HECIUIOLTHOE, T.€. BBIOOPOYHOE.

JUJ1s1 ONTyYeHUs! JAHHBIX MTPH MOMOLIH CTATUCTHYECKOr0 HAOJFOIEHHS MOYKHO MPUMEHSITh
TaKue CrocoObl KaK aHKETUPOBAHUE, KOPPECHOHAEHTCKAs esITeNbHOCTh, CAMOHCUYHUCICHUE
(korma HaOmomaemble, HampuMep, CaMd 3aMOJHAOT COOTBETCTBYIOLIME JOKYMEHTbI),
SKCIEIULNHU U COCTABICHHE OTYETOB.

CBonka v rpynnupoOBKa MaTEepHAJIOB CTATHCTHUECKOTO HAOIOACHHSI

I'oBopst 0 BTOPOM MeTOZAE, B NEPBYIO Odepenpb CiedyeT cka3aTb O coake. CBoaka
npeacTaBisier coOoil mpouecc 00pabOTKH OMNpeNeNieHHBIX EIUHUYHBIX (DAKTOB, KOTOpBIE
00pa3yroT OOIIy0 COBOKYITHOCTb [NaHHBIX, coOpaHHBIX mpu HaOmoaenmn. Ecam cBomka
MPOBOIUTCS IPAMOTHO, OTPOMHOE KOJIMYECTBO €IUHMYHBIX JAHHBIX 00 OTOENbHBIX OOBEKTax
HaOJIFOCHUST MOXKET MPEBPATUTHCS B LIENbIA KOMIUIEKC CTATHCTHUECKUX TaOJHUI] U Pe3yJIbTaTOB.
Taxke Takoe HCCIENOBaHHME CIOCOOCTBYET ONPEAENICHHIO OOIMMX YepPT U 3aKOHOMEPHOCTEH
HCCIIEy€MBIX SIBJICHUM.

0O 0 O O O O
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C yderoMm mokasareseil TOYHOCTH U TNIyOMHBI M3YYE€HHS MOXKHO BBIIEIUTBH MPOCTYIO H
CJIO’KHYIO CBOJIKY, HO JIF00ast M3 HUX JOJDKHA OCHOBBIBATHCS HA KOHKPETHBIX 3Tarax:
o BeiOupaercs rpynnupoBOYHBII MPU3HAK;
o Ompenensercst mopsAOK GOPMUPOBAHHS TPYIIIT;
o PaspabatriBaeTcst cucrema mokaszaresiel, MO3BOJIIOIIUX OXAapaKTePH30BATh TPYIIY H
0OBEKT WU SIBICHHE B 1IEJIOM;
o PaspabatriBatoTcst MakeTnl TabnuLy, rae OyayT NpeacTaBIeHBI PE3yJIbTaThl CBOKH.

BaxHO 3aMeTHTD, UTO €CTh U pa3Hble (POPMbI CBOIIKH:

o LlenTpanmu3zoBaHHast cBOxKa, TpeOyrommas mepefaydl IOJYYEHHOrO  MEePBUYHOTO

MaTepHala B BbIIIECTOS NN LEHTP Uil ocienyomeil 00padoTky;

o JleumeHTpanu3oBaHHAsl CBOMKA, IN€ H3YYEHHE IAHHBIX IPOUCXOAUT HA HECKOJBKUX

CTYNEHSIX MO BOCXOASALLEH.

BeInonHATBCS K€ CBOAKA MOKET MPH MOMOIIH CHEHATH3UPOBAHHOTO 000pPYyIOBAHMA,
HAIpuMep, ¢ UCTIOIb30BaHUEM KoMIbroTepHOro 110 unm BpyuHyto.

Uro ke Kacaercs TPYNIHUPOBKH, TO O3TOT TMPOLECC OTINYACTCS pa3felieHHeM
UCCIIENyeMbIX JAaHHBIX Ha TIpymmbel 1o  npusHakaM. OcoOEHHOCTH  MMOCTaBJIEHHBIX
CTATUCTHYECKUM aHAJIM30M 3a7ad BIMSIOT HAa TO, KAaKOW MMEHHO OyJeTr TIpyIIUpOBKa:
THUIOJOTUYECKON, CTPYKTYPHOM WM aHaIuTU4eCcKOH. MMEHHO mNOo3TOMy [Isi CBOAKM H
IPYNIUPOBKA OO TpuUOEraroT K yciIyraM Y3KONMPO(WIbHBIX — CIELHUAIUCTOB, JIHOO
NPUMEHSIOT KOHKPETHBIE TEXHUKU MBILILIECHHS.

AOCONIOTHBIE U OTHOCUTEJIBHBIE CTATHCTUYECKNE BETMIUHBI

AOCONMIOTHBIE BENWYMHA CUWTAIOTCA CcaMOH mepBoi  (opMOH  MpencTaBJICHUS
CTaTUCTHUECKMX JaHHbIX. C ee TOMOINBI yOaeTcs MpHuAaTh SBJIEHHSIM pa3MepHbIE
XapaKTEPUCTUKH, HAIIPUMEP, TIO BPEMEHH, MO MPOTSHKEHHOCTH, MO 00BEMY, MO TUIOIIAIH, IO
Macce U T.7.

Ecnu tpeOyercst y3HaTh 00 MHAWBUAYAIbHBIX a0CONIOTHBIX CTATUCTUYECKUX BEJINYHHAX,
MO>KHO MPHOETrHYTh K 3aMepaM, OLIEHKE, TIOACYETY I B3BELIMBAHUIO. A €CITH HY)KHO TOJIyYUTh
UTOTOBbIE OOBEMHBIC ITOKA3aTeNH, CIIEAyeT HCIOJb30BAaTh CBOAKY M TpynmupoBky. HykaO
UMETh B BHJY, YTO a0COJIOTHBIE CTATUCTUYECKHE BEIMYMHBI OTIMYAIOTCS HAIWYHEM €IUHHL]
u3Mepenus. K TakuM enuHuIaM OTHOCAT CTOUMOCTHBIE, TPYIOBBIE H HATYPAJIbHBIE.

A OTHOCHTENIbHBbIC BEJIMYUHBI BHIPAKAIOT KOJUYECTBEHHBIE COOTHOLICHHUS, KaCAtOIIUECs
SIBJIIEHUI COLIMAIbHOMN KM3HH. UTOOBI MX MOJMYYHTh, OJHH BEJIMYHHBI BCETAA ENSATCS Ha APYTHE.
ITokazaTenb, ¢ KOTOPbIM CPAaBHUBAIOT (3TO 3HAMEHATENb), HA3BIBAIOT OCHOBAHHEM CPABHEHHMS, a
NI0Ka3aTelb, KOTOPOH CPAaBHHUBAOT (3TO YUCIUTEID), HA3bIBAIOT OTYETHON BEITMIMHON.

OTHOCHUTENBHBIE BEJTMYUHBI MOTYT OBITh Pa3HBIMHU, YTO 3aBUCUT OT HUX COAEPIKATEIbHOM
yactu. Hanpumep, CyliecTBYIOT BEIUYHHBI CPABHEHHS], BEIMYUHbI YPOBHS Pa3BUTHS, BEJINIHHBI
MHTEHCHBHOCTH KOHKPETHOT'O TPOLECCa, BETMUNHBI KOOPAUHALIMH, CTPYKTYPbI, TUHAMUKH H T.JI.
U T.IL

Uro0bl M3YyYUTHh KaKyKO-TO COBOKYITHOCTh MO Iu((EpeHLUPYIOMUMCS NpPU3HAKAM, B
CTaTUCTHYECKOM aHaJM3€ MPHUMEHSIOTCS CPEeOHHE BENIUYMHbI — 0000IIaroIine KaueCTBEHHBIE
XapaKTEPUCTUKH COBOKYITHOCTH OJTHOPOJHBIX SIBJICHUN o KaKOMYy-JIH00
nuddepeHIIPYIOIIeMyCsl IPU3HAKY.

KpaiiHe BaXHBIM CBOWCTBOM CPEJHUX BEJIWYUH SIBJISIETCS TO, YTO OHH TOBOPSAT O
3HAYEHMSIX KOHKPETHBIX MPU3HAKOB BO BCEM MX KOMIUIEKCE €IMHBIM ducioM. Hes3upas Ha To,
YTO Y OTHENBHBIX €IUHUL MOXKET HaONIOaThCsl KOJMUECTBEHHAs PAa3HULA, CPEIHUE BETUUYHUHBI
BBIPAKAIOT OOINME 3HAYEHUs, CBOHCTBEHHBIE BCEM EIUHHIIAM HCCIEIyeMOro KOMIUIEKCA.
[Tonyuaercs, YTO TPU TOMOIIM XaPAKTEPUCTUKH HYEro-TO0 OIHOTO MOXKHO IOJyYUTh
XapaKTEPUCTUKY LIEJIOTO.

Crnenyer umeTh B BHIY, YTO OJHHUM U3 CAMBIX BaJKHBIX YCJIOBHH NMPUMEHEHUS CPEIHUX
BEJIMYMH, €CIM TPOBOAMTCS CTATUCTHYECKHI aHalN3 COLMANbHBIX SBJICHWUH, CUHUTAETCS
OJTHOPOJHOCTB UX KOMILIEKCA, ISl KOTOPOT'O M HY)KHO Y3HATh CPEHIOK BEIMYHHY. A OT TaKkoro,
KaK MMEHHO OyAyT NpenCTaBICHbl HAYaJIbHBbIE JAaHHBIC AJISI UCUHUCIICHUs] CPEeIHEel BEeNNYHHBI,
Oyznet 3aBuceTh u HOpMyJia ee OnpeaeTICHUs.
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Bapuanuonnsie psael

B HEKOTOpBIX Ciydasix MaHHBIX O CPEOHHUX IOKA3aTeNsAX TE€X MM HMHBIX H3Y4aeMbIX
BEJIMYMH MOXKET OBbITh HETOCTATOYHO, YTOOBI MPOBECTH 00pabOTKY, OIEHKY U ITyOOKUH aHaH3
KaKOro-TO SIBJICHUsI MU Tpolecca. Toraa BO BHUMaHHE clienyeT OpaTh BapUaLlUio UIH pa3dpoc
NOKa3aTesel OTAENbHBIX SAMHHLL, KOTOPBIA TOXKE MPEACTABISET COOOM BAXKHYIO XaPAKTEPUCTUKY
HCCJIeyE€MOM COBOKYITHOCTH.

Ha unamBunyanpHblE 3HAUYEHUS BEJIMYHMH MOTYT BO3AEHCTBOBaTH MHOTHE (DAKTOPBI, a
CaMH H3y4aeMble SIBICHUS] WJIM MPOLECChl MOTYT OBITh OY€Hb MHOTOOOpa3Hbl, T.e. 00yanaTh
Bapuanei (3To MHOroobpasue M €CTb BapUALMOHHBIE Psifibl), NMPUYHHBI KOTOPOH cCiemyeT
UCKaTh B CYLUTHOCTH TOTO, YTO M3Y4aETCs.

BerleHa3zBaHHBIE a0COMOTHBIE BETMYMHBI HAXOSTCS B HEMTOCPEICTBEHHOH 3aBICUMOCTH
OT €IMHUI] U3MEPEHUs MPU3HAKOB, & 3HAYUT, AENAIOT MPOLECC U3YUSHHs], OLIEHKH M CPaBHEHUS
aByX W Ooyiee BapHALIMOHHBIX PsiIOB OoJiee CIOKHBIM. A OTHOCHTENBHBIE NOKA3aTeIH HYKHO
BBIYUCIISITh B KAUECTBE COOTHOIICHHUS a0COMFOTHBIX U CPEAHUX MTOKa3aTeNeH.

Bribopka

Cwmpbicn BbIOOpOYHOrO MeTofa (MJM Tpome — BBIOOPKHM) COCTOMT B TOM, YTO IIO
CBOWCTBaM OIHOHN YaCTH OINpPENENSIOTCS YHCICHHbIE XapaKTEPUCTUKU LIENIOro (3TO HA3bIBAETCS
reHepaJbHON COBOKYMHOCTBHIO). OCHOBHOW BBIOOPOYHOrO METOJA SIBISIETCS BHYTPEHHSS CBSI3b,
O0BEIUHSIOIAS YaCTH U 1IeJI0e, €IUHUYHOE U odiee.

MeTton BBIOOPKH OTJIMYAETCS PSAAOM CYLIECTBEHHBIX MPEHMYINECTB Mepel OCTAIbHBIMH,
T.K. Onarogapsi yMEHbLICHHIO KOJIMYECTBA HAOMIOACHUN MMO3BOJIIET COKPATUTh OOBEMBI PaOOTHI,
3aTpavyuBaeMble CPEACTBA M YCHIIHSA, & TAK)KE YCIEUTHO MOJy4aTh JaHHbIE O TAKHUX MPOLECccax M
SBJICHHSIX, T7I€ JIMOO Herenecoo0pasHo, TMO0 MPOCTO HEBO3MOYKHO MCCIIEAOBATD HX MOJHOCTHIO.

CooTBeTcTBHE XaPAKTEPUCTUK BBIOOPKH XapAaKTEPUCTHKAM HM3Y4a€MOTO SIBJIICHHS WJIH
nporecca OyneT 3aBUCETh OT KOMILJIEKCA YCIOBHM, U B MEPBYIO O4Yepenb OT TOrO, Kak BOOOIIe
OyzmeT peaan30BbIBATHLCS BHIOOPOUHBIA METO HA MPAKTHKE. DTO MOXKET OBITh KaK IJIAHOMEPHBIN
orOOp, MAYIIMH TO TMOATOTOBJIEHHOH CXeMe, TaK M HEIUIAHOMEPHBIH, Korga BbIOOpKa
MPOM3BOIUTCS U3 TEHEPATbHON COBOKYITHOCTH.

Ho Bo Bcex cnyvasix BBIOOPOUYHBINA METOA NOJUKEH OBITh TUITMYHBIM U COOTBETCTBOBATH
KpUTEpHsiM OOBEKTHBHOCTU. JlaHHBIE TpeOOBaHUS HY)KHO BBINOJHATH BCETAA, T.K. UMEHHO OT
HUX OymeT 3aBUCETh COOTBETCTBHE XapPAaKTEPUCTHK METONAa M XapaKTEPUCTHK TOTO, 9YTO
MOJIBEPraeTCsl CTATUCTUYECKOMY aHAIIU3Y.

Takum obpasom, nepen oOpaboTKOIl BHIOOPOUHOrO MaTepuaja HeOOXONMMO MPOBECTU
€ro TLIATEJBHYID NPOBEPKY, H30aBUBLIMCH TEM CaMbIM OT BCEr0 HEHYXXHOTO U
BTOpOCTENeHHOro. OIHOBPEMEHHO C 3THM, COCTaBISSl BBIOOPKY, B OOsI3aTENBHOM IOPSIKE
HY>KHO OOXOZIUTh CTOPOHOH JIFOOYIO CaMOZIEATENIbHOCTD. JTO O3HAYAET, YTO HU B KOEM Cllydae He
clefyeT aenarb BBIOOPKY TOJNIBKO M3 BAaPHAHTOB, KAXYIIMXCS TUIHYHBIMH, a BCE APYrue —
OTOpachIBaTh.

OddexTuBHAT W KadeCTBEHHas BBIOOPKA MJOKHA COCTABJSITBCS OOBEKTHUBHO, T.€.
MPOU3BOAUTH €€ HYKHO TakK, 4TOObI ObUIM HCKJIIOYEHBI JIIOObIE CYOBEKTHUBHBIC BIIHSHHS U
npens3saTele MoOyxnaeHus. M 4rodbl 3T0 ycnoBue ObUIO COOMIOAEHO AOIDKHBIM 00pas3oM,
TpeOyeTcst NpUOETHYTh K NPUHLOMIY PAaHAOMH3ALMH HIIH, TPOLIE TOBOPS, K MPHHLHUIY
CITy4alfHOTO OTOOpa BApUAHTOB M3 BCEH MX T€HEPATbHON COBOKYITHOCTH.

[IpencraBneHHBIN NPUHIUII CITY>KUT OCHOBOH TEOPHH BEIOOPOYHOIO METO/IA, U CIIE0BATh
€My HYKHO Bcerna, korma TpeOyercst co3math 3(PQeKTHBHYIO BBIOOPOUYHYIO COBOKYITHOCTB,
NpUYeM Cllydad IIIAHOMEPHOTO 0TOOpa UCKITFOUEHUEM 3/1€Ch HE SIBIISIFOTCS.

KoppensiuuonHblii U perpecCHOHHBIN aHAIN3

KoppensiunoHHbI aHanu3 W PEerpecCHOHHBIA aHAN3 — 3TO JBAa BBICOKO3(PEKTHBHBIX
METO/a, MO3BOJSIFOIINME MPOBOAUTH AaHANM3 OONbUIMX OOBEMOB HAHHBIX [UIA H3YYEHUS
BO3MOYKHOH B3aUMOCBSI3U ABYX WJIH OOJBINETO KOJMYECTBA MOKA3aTEIeH.

B cnydae ¢ KOppensLMOHHBIM aHAIN30M 33/1a4aMU SIBJISTFOTCS

o M3MepuTh TECHOTY UMEIOIIEHCs CBsI3U MU depeHIUPYIOMNXCs MPU3HAKOB,
o Omnpenenutb HEU3BECTHBIE IPUUNHHBIE CBS3H;
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o Ouenntb (axTopel, B HauboNbimeld CTENEHW BO3ACHCTBYIONIME HA OKOHYATEIBHBIN

MIPU3HAK.

A B cilydae ¢ perpecCHOHHBbIM aHAJIU30M 3aJaul ClielyIolIne:

Omnpenenutsb popMy CBsI3Y;

Y CTaHOBUTB CTENEHb BO3ACHCTBUS HE3aBUCUMBIX ITOKA3aTEJEeH HA 3aBUCUMBII;

Onpenenuts pacueTHbIe 3HAYEHUS 3aBUCUMOTO ITOKA3aTeIsl.

Uro0b! pemnTh BCe BBIIEHA3BAHHBIE 3a/1a4H, MPAKTHUECKH BCETa HY)KHO MPUMEHSTh U
KOPPEJALMOHHBIN U PErPECCUOHHBINA aHATIN3 B KOMILIEKCE.

Psinpl nuHaMUKHA

ITocpencTBoM 3TOrO MeTONA CTAaTHCTHUUECKOTO aHajn3a O4YeHb YAOOHO ONpenessiTh
WHTEHCUBHOCTb HJIM CKOPOCTb, C KOTOPOM Pa3BUBAKTCS SBJICHMs, HAXOAWTb TEHIACHLIUIO HX
Pa3BUTHSL, BBIAENATh KOJEOAHWs, CPAaBHHUBATh JUHAMUKY Pa3BUTHS, HAXOAWUTH B3aMMOCBS3b
Pa3BUBAIOIIMUXCS BO BPEMEHH SIBJICHUI.

Psa nuHaMuKH — 5TO TaKOH Psifi, B KOTOPOM BO BPEMEHH MOCJIENOBATENBHO PACTIOIOKEHBI
CTaTUCTUYECKHE T[IOKA3aTENHM, W3MEHEHHs KOTOPBIX XapakTEpU3YIOT NPOLECC pPa3sBUTHUS
UCCIIETyeMOT0 OOBEKTa WITH SIBJICHUSI.

Psin nunamuky Brmtouyaet B cedsi ABa KOMIIOHEHTA:

o llepnon nunm MOMEHT BPEMEHH, CBSI3AHHBIA C UMEIOIIMMUCS NTAHHBIMY,
o YpOBEHb WIH CTATUCTUYECKHI NTOKA3ATENb.

B COBOKYNMHOCTH 3TH KOMIIOHEHTBI IPEACTABIISIIOT COOOI /1Ba WieHa psiga TUHAMUKH, TIe
NepBbIA 4YjieH (BpEMEHHOH nepuon) oOo3Hauaercss OyKBOW «t», a BTOpOH (ypOBEeHb) — OyKBOU
«y.

Hcxonst W3 OIUTENBHOCTH BPEMEHHBIX IPOMEKYTKOB, C KOTOPBIMH B3aUMOCBS3aHBI
YPOBHH, pSABl AMHAMHUKHA MOTYT OBITb MOMEHTHBIMH M HMHTEPBAJIbHBIMU. MHTEpBaNbHBIE PSIbI
MO3BOJISTFOT CKJIQ/IBIBATh YPOBHHU ISl IOJYYEHHUs OOIIeH BEJIMYHHBI TEPHONIOB, CISIYIOMNX OIUH
3a IPYyTUM, a B MOMEHTHBIX TAKOH BO3MOXKHOCTH HET, HO 3TOTO TaM U He TpedyeTcs.

Psanpl AMHaMHMKKM Takke CYIIECTBYIOT C PaBHBIMHU M pasHbIMU HUHTepBanaMu. CyTb ke
WHTEPBAJOB B MOMEHTHBIX W HHTEPBAJIBHBIX pPsAax Bcerga pasHas. B mepsom ciydae
WHTEPBAJIOM SIBJIIETCSA BPEMEHHON MPOMEKYTOK MEXKAY AAaTaMH, K KOTOPBIM IIPUBS3aHbI NaHHbIE
i aHanu3a (yooOHO HCIMONB30BAaTh TAKOH PpsA, HAampuMep, U ONpeNeNIeHHs KOJHYECTBA
IeNCTBUH 3a MeCAL, rOJ U T.I.). A BO BTOPOM CJIy4ae — BPEMEHHOH MPOMEXYTOK, K KOTOPOMY
NPUBS3aHA COBOKYMHOCTh OOOOINEHHBIX [aHHBIX (TAKOH ps MOXHO HCIOJB30BATH IS
OTIpPENEeJICHNs] KaUueCTBa TeX K€ CaMbIX IEHCTBUH 3a MecsL, Tox u T.1.). MHTepBanbl MOryT OBITh
PaBHBIMU U Pa3HBIMH, HE3ABUCUMO OT THIIA PAJA.

Moayibs 2. JKCHEPUMEHTAJBHO-CTATHCTHYECKOE MOJAEJHPOBAHHE: METOAOJOTUS H
NPaKTHYeCKHe MPUJI0KEHHUS.

pakTuyeckoe 3ansitue 1. IlpoekTHpoBaHHEe CHCTEM OLEHKH COCTOSIHHSI CHCTEMBI.
YpaBHeHue JinHeiiHo# perpeccuu. (3 ak. yaca).

HccnenoBaHue 3aBUCHMOCTH COMPSKEHHBIX HAOJIOACHMN, Korna Tabmuna JaHHBIX
MOJKEeT OBITh mpencraBieHa Oojiee uYeM JABYMs psgaMHu, Kak TPABUJIO, OMHPAETCS Ha
MPENCTaBICHHe T.H. "KOPPESILMMOHHOW MaTpuibl', 0Opa3OBaHHOW W3 3HAYCHHN MApHOHN
KOPPEJISIUK, BBIPAXKAOIINX CBS3b KAKIOTO C KAXKIBIM M3 HCCICNyeMbIX PSOOB HAOIONCHUN.
DTO, OYEBHIHO, KBaJpaTHAs MATPUIA, CAMMETPUYHAs] OTHOCHTENIbHO TJIABHOH AWAaroHa/d, U
TJIaBHAsI TUArOHAJb 3aTOJIHEHA €IWHUIIAMH, TIOCKOJIBKY Koppessius "camoro ¢ coboil" paBHa
eIMHHULIE:

1 r, n3 ... n,
Iyy 1 1y oo 1y,
Fp Tz Tuz 1



Koadpdunment napuoit xoppemsinum bpasaiica-Ilupcona moxer ObITh HaiaeH 1O
cnenyroiei popmye:

> [(x, — ), — 7]
i=1

S -0 (3 - 5)°
i=1 i=1

, rme

V=

X;, i — CONPs>KCHHbIC 3HAUYECHU psAfoB X U Y,

¥> Y _ cooTBeTCTBEHHO, UX CpenHUE;
11 — YUCJIO MAPCONPSKEHHBIX HAOIIOIEHUH.

3asucumocms 3nauenuii OOHO20 psOA Om 3HAYEHUT OPY2UX PAO08 MOICHO GbIPA3UNY 6
JUHENHoIl hopme ypasHeHuem pecpeccui:

yi = alxil +a2xi2 +.. '+anxin

2
r7e pe3yJNbTHUPYIOIUN mapaMeTp, MPEACTABICHHBI BEKTOPOM HAOMIONEHHH Y, JIETKO
NOJYYUTh HCXOAS M3 MaTpulbl HaOmoneHnid X, oOpa30OBaHHOW 3HAYCHMAMMUX;. 3HAYCHUS
a;BeKTOpa KO3 (PUIIHEHTOB PErPECCHH — & MOTYT OBbITh BBIYUCIICHBI CIETYIOIIUM 00pa3oM:
a=(X'X)"XYy
2
a 00 uUX JOCTOBEPHOCTH MOXKHO CYAHTb, 3HAs, YTO MNPHUHAICKHUT PACIPEIEIECHHUIO
CTerofeHTa ¢ m — 1 CTeNeHs MU CBOOOABI BETMYNHA

1= 4

, Yy—aX'y
Y m—n

, TOC

_ ' -1
Z;; — AIUAaroHaJIbHbIC 3JIEMCHTBI MaTPHLIbI z _(X X) ,
m — 4UCJIO 3HAYEHUH B Ka>XIoM psanay,

1 — YUCTIO PSIOB.

OueHUTh TMOJYYEHHOE YPABHEHHE PErpecCHd MOXKHO I10 BEJIMYMHE TOKa3aTels
IeTEepPMHUHALNH:

2 B alxly
RY(X) ’
yJy )
3HAs, YTO
B 2
FR_m n R :
n 1-R

NPUHAANEXKUT pactpenenennto @uwmepa F(n, m — n).
3agaHus Ha NpaKkTHYeCKyI0 padoTy

1. TlonyuuTe M NPOMHTEPHPETHUPOBATH KOPPEISALMOHHYIO MATpPHIy, XapaKTepU3YIOIIYIO
B3aMMOCBSI3b I0KA3aTeNel KPOBU.

2. IloayunTp W NOPOUHTEPHPETUPOBATb YpPABHEHUE JIMHEHHON pPErpeccuu IJjsi OLECHKH

peakiinu CO CTOPOHBI CUCTEMbBI KPOBETBOPCHHS HA NMUIICBLIC ,[[O6aBKI/II

OrueHka peakiuy OpraHu3Ma Ha MUILIEBbIe JOOABKH

79



O\O

=

5 = g 2 2 3

3 g e 5 = =

S = 2 © . 2

z = S 2 = 2 Q

oz e 2 = & 2 O
0,009246 | 132 34,7 128 4,05 8.3 9
0,000865 | 162 43,7 128 5 5,5 7
0,00189 115 32,4 204 4,45 4,7 8
0,188323 | 119 33,6 224 4,94 5,4 7
0,0144 131 37,8 189 4,18 6,7 6
0,000106 | 133 39,4 206 4,38 5,1 7
0,003748 | 119 35,3 250 4,63 5,5 15
0,017778 | 141 44,9 182 4,87 5,7 9
0 131 40 232 4,58 6,7 14
0,005665 | 144 41,8 200 4,67 4,7 6
0,000772 | 159 43,6 188 5,32 8,5 10
0,024532 | 133 373 197 431 3,9 8
0,00381 146 42 221 4,99 12,1 12
0,018121 | 130 36,6 275 4,49 8,9 5
0,000319 | 113 34 320 3,79 5,6 27
0,012346 | 138 39,6 273 4,5 6,5 10
0,020149 | 146 40,9 261 4,88 6,7 14
0,0016 140 41,4 268 4,85 6,1 5
0,015625 | 150 43 295 4,94 5,5 5
0,0225 150 43,6 254 5,19 9,3 5
0,071111 | 161 45,8 318 5,35 7,5 5
0,00263 143 41 308 4,82 7,5 12
0,053254 | 139 406 284 5,04 82 20
0,016068 | 151 44,5 205 4,71 5,8 7
0,022706 | 141 40 221 4,8 3,8 6
0,000269 | 141 44,8 306 5,12 8,8 10
0,00263 143 41 308 4,82 7,5 12

3. OueHHTh JOCTOBEPHOCTD MOJYYEHHOTO YPABHEHUS PErPECCHH.

Moayap 2. JKcnepMMeHTAJIbHO-CTATHCTHYECKOE MOJEJHMPOBAHHE: MeTONO0JOrusl H
NPAKTHYeCKHe NPHJI0KEHHS.

IIpakTnueckoe 3ansiTue 2. Pa3zpaGoTka cucTeM JHATHOCTHKH H PACHO3HABAHHUSL.
JAMCKPUMHHAHTHBIA aHAMHN3. (3 aK. yaca).

WnTepriperansi  OTIMYMA I CTPYIITUPOBAHHBIX  HAOIONEHUH, ONHMCHIBAEMBIX
ONHOBPEMEHHO HECKOJIbKUMHU NapaMeTPaMH, COCTABJISIET NPEAMET AUCKPUMHUHAHTHOIO aHAJIU3a,
U B OCHOBY €ro NOJIOXKEHO MpPEICTABICHHE O BO3MOXKHOCTH Al i-r0 OOBeKTa A-Of TpyIIIbI
OOBEKTOB BBIPA3UTh COBOKYITHOCTH MapaMeTpPoOB X1, X2, ..., X; , ..., X, JJUHEHHOW KOMOWHAIHEH.
DTO MMEEeT CMBICI, KOTIa HEOOXOAUMO YCTAaHOBHUTD MPHHAMIEKHOCTh HEKOTOPOTo 00bEKTa TOMY
WIA WHOMY KJIacCy OOBEKTOB C LEJbI0 JUATHOCTHUKU WMJIHM PACMO3HABAHUS, WIIM K€ BO3HHKAET
HEOOXOIMMOCTh BBIICHUTH, CKOJb HAAEKHA KiacCH(pUKanms, OCHOBAaHHAs Ha AarlpHOPHOM
IPYIIITUPOBAHUN HEKOTOPOH COBOKYIMHOCTH HAOMNIONEHHH, CKOJb BEJIUKA MEXKIPYIIIOBbIE
(MEXKJIaCCOBBIE) OTIIUYHSI.

OTtHOCS1 OOBEKTHI K TOMY HJIH HHOMY KJIACCy, T.€. IPU PACIIO3HABAHHUU WJIM TUATHOCTHKE,
Yare BCEro UCIOJb3YIOT MPOCThIE KiacCUPUIUPYIOIe QYHKIIHUHU:
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2

b r

—1= = .

The a; = (N—q)z Wi Xk > o = —O.SZajkxjk,
m=1 j=1

w,, - DIIEMEHT MAaTpHULbl, OOPaTHOH K BHYTPUIPYMIOBOM MaTpHIE CyMM HOMapHBIX

mj
q

HPOI/I?’BeﬂeHI/H\;I wmj = Z Z (ximk - )_ka )(xijk - xjk )’

k=11=1
T
Z ximk
_i=l

X, = ’T — CpeaHee 3HaYeHUe M-ro napamerpa k-ro Kiacca;
k
Tk
Z Xijk
— i—1 .
Xy = ’r— — CpeaHee 3HaUEHUE j-Tro mapamerpa k-ro Kjacca,
k

¢ — YUCIIO KJIACCOB WJIM TPYIII,
7;, — 4UCI0 0OOBEKTOB B k-OM KJacce;

P — YHCIIO TIapaMeTPOB, OMUCHIBAIOLINX OTAEIbHBINA OOBEKT;

N — o61iee unciio 0OBEKTOB.

O6’beKT CUUTAKOT HpI/IHaI[J'Ie}KaH_[I/IM Knaccy C MAaKCUMAJIbHBIM 3HAYCHHUECM h

06 »>¢dexkTuBHOCTH pACMO3HABAHUS, OYEBHIHO, MOXHO CYIWUTb, COOTHOCS YHCIIO
YCIIEIIHbIX Y3HABAHHWHA C OOLIUM YHCIIOM KJIACCU(HUIIMPOBAHHBIX OOBEKTOB. JTO COOTHOLICHHE
NPUHSTO HAa3bIBATb UHOEKCOM HAOEICHOCMU PACHOZHABAHUSL

a="c
N
2
q
N=>n
rae k=1 — ob1ee YUCI0 OOBEKTOB;

M, — YMCIIO TPABWIIBHO KJIACCH(PULIMPOBAHHBIX OOBEKTOB;

Ho, cnenyer yuuTeiBaTh M TO, YTO y3HaBaHHE IJIsI OJHHUX KJACCOB MOMKET OKa3aTbCs
Jqydlle, 4eM IUid IPYTUX, Aa U BEPOSITHOCTb NPABHIIBHOTO TNPENCKA3aHUs TNPH CIyYailHOM
OTHECEHMH OOBEKTa K HEKOTOPOMY KJIACCy MOJKET OBbIThb HE TAaKOW, Kak NMPH OTHECEHHH K
npyromy kiaccy. ITostomy npencrasisiercss 6osee CTporoi 1 HeOOXOIUMOIT ISt MPAKTHUECKHX
NPUIIOXKEHUH T.H. B-cmamucmuka owubox kiaccupurayui:

q
n, _Zpknk
ﬂ: k=1

q
N_Zpknk

k=1
2

i€ ¢ — YHUCJIO KITaCCOB;
1y, — 9UCIIO0 OOBEKTOB B k-OM KJ1acCe;

q
N = an
k=1 — o0Iee YUCI0 OOBEKTOB,;
M — YUCIIO TPABUIIBHO KJIACCH(PULIMPOBAHHBIX OOBEKTOB;
P — BEPOSITHOCTh MPABWJIBHOTO MPENCKA3aHuUs MPH CIIyYaifHOM OTHECEHUH OOBeKTa B A-
BIF KJIacC.

3aganue Ha npaKkTHYeCKYI0 padoTy
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[Monyunte  mpocThle  kinaccupuuupyromue  GYHKOMA Ui PaclO3HABAHUS
MPUHAAJICI)KHOCTHU O0OBEKTOB K OOHOMY U3 YCTBIPEX KJIACCOB. HCXOI[HbIe AAHHBIC TIPUBCACHBI B
tabn. 1. PaccuntaTh WHOEKC HAAEKHOCTH pPACMO3HABAHMS M [-CTATHUCTUKY OLIMOOK
KJIacCU(PUKALIIH.

Tabauna 1
Ne Ne ITapametp

KJacca oObekTa A B C D E F
1 1 20,2 1,0 -66.3 7.0 46,4 -19.6
1 2 85.0 27.5 18,1 55.7 -10,7 20,0
1 3 79.3 8.9 11,2 31,4 452 29.6
1 4 82.7 10,0 12,9 68,3 30,7 -19.3
1 5 91,4 28.8 36.6 55,7 20,3 20,1
2 1 46,5 1,0 62,1 543 46,4 143
2 2 66.7 2.6 70,2 51,4 62.6 22.4
2 3 81.8 9.9 14,2 -89.5 37.9 27
2 4 51,9 4 -88.5 15 57.6 220
2 5 20,0 4.0 96,1 12 59.2 24.4
2 6 77 18,4 10,2 15,6 322 11,8
3 1 80,5 93 14,6 76,1 45,5 23,7
3 2 20 7.9 -96.1 40,4 52.2 75
3 3 80,4 9.8 1.8 473 54 02
3 4 10 1 -98.9 -89.2 67.3 230
4 1 83.0 24.7 20,2 8.9 17,4 0,0
4 2 20,0 9.5 -96.0 -88.7 453 3.6
4 3 83.2 9.8 20,6 55.6 44.8 23.1
4 4 82.1 11,8 18,0 32 40,3 29.9
4 5 86.8 8.5 33,7 9,7 46,1 30,1

Moayanb 3. MeToabl CHCTEMHOI0 AHAJIN3A, ONTHMH3ALHMH H TEOPUH NPHUHSATHS PEelIeHHH.
Jleknus 1. IlpunsTue pemieHui B yc10BHsIX HeonpeaeJeHHocTH. (1 ak. yac).

[IpussATHE peIeHHs MpeacTaBiseT coOOH BBIOOP OOHOIO M3 HEKOTOPOrO MHOMKECTBA
paccMaTpuBaeMbIX BapwaHTOB: [, € /. B mampHeimem mbl OyneM m3y4arh Haubojiee 4acTo
BCTPEYAIOLIUIICS HAa MPAKTHKE CIydyad KOTAa WMEETCsl JHUIIb KOHEYHOE, YHCIO BapHUAHTOB
ELE,. E,,. . . FEm, npudeM OObIMHO HEOOIBIIOE, XOTS MPUHLHITHAIBHO MBICIUMO U O€CKOHEUHOe
MHOKECTBO BapuaHTtoB Fy,F,.. . [.,.. . Ilpy HeoOXOOMMOCTH Halle paccMOTpeHue Oe3 Tpyaa
NEPEHOCUTCS Ha 3TOT Hanboee oOuuii cy4dai.

YcnoBUMCs Tpexe BCEro, YTO KaXKIbIM BapHaHTOM/,; OJHO3HAYHO ONPEAEISieTCs
HEKOTOPBIA Pe3yJIbTaT €;. ITH Pe3yJbTaThl JOJUKHBI TONMYCKATh KOJIMYECTBEHHYIO OLICHKY, U MBI
OymeM ISl TPOCTOTBI OTOXKIECTBJISATh 3TH OLIEGHKH C COOTBETCTBYIOLIMMH pPe3yJIbTaTaMH,
0003Hauast UX OOHUM U TEM K€ CHMBOJIOM €;.

MpbI uimeM BapHaHT C HauOONBIIMM 3HAYEHHEM pe3yJIbTaTa, TO €CTh LEJNbI0 HAIlero
BbIOOpa sBisieTcss maxe,. [Ipm 3TOM MBI CUMTaeM, YTO OLEHKH €; XapaKTepPH3YIOT TaKHe

i
BCJIMYHHBIL, KaK, HANPpUMEP, BbLIUIPHILI, TMOJC3HOCTbh WM HAACKHOCTD. HpOTHBOHOJ’IO)KHYI'O
CUTyallUrd C OLIGHKOfI 3aTrpar HWJIHM TOTECPb MOXHO HCCICAOBATH TOYHO TaK KE IYTEM
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MUHUMHM3AUU OLCHKKU HJIM, KaK J3TO ACJacTCad 4Yale, ¢ TIOMOIIbKO PAaCCMOTPCHUA
OTPULATCIIbHBIX BECJIUYNH MOJIC3HOCTHU.
Taxum 06pa3om, BEIOOP ONTUMAIBHOIO BapUaHTa MPOU3BOIUTCS C MOMOLIBIO KPUTEPHs
Ey={Ey | Ey e Eneg :ml_axei} (1)

OT0 mpaBUIIO BBIOOPA YUTAETCS CIEAYIOIIUM O0pa3oM: MHOXKECTBO [4) ONTHMAJIbHBIX
BApUAHTOB COCTOUT M3 TEX BapHaHTOB Fj, KOTOpbIE MNPHHAIJIERKAT MHOXKECTBY F BCex
BAPUAHTOB M OLIEHKA €;,)KOTOPBIX MAaKCHMaJbHAa CPENU BCEX OLCHOK e; (JIOrM4ecKui 3Hak /\
YUTAETCA KaK «» U TpeOyeT, 4ToOBI 00a CBA3BIBAEMBIX UM YTBEPKACHUS ObLTH HCTUHHBI).

Br16op onTrManibHOTrO BapuaHTa B COOTBETCTBHHU ¢ KpurepreM (1) He siBysieTcst, BooOIe

roBops, OAHO3HAYHBIM, ITOCKOJIBKY MAaKCHMaJIbHBIN pesyapTaT maxe; MOXKET HOCTHUIaTbCA B
i

MHOXKECTBE BCEX PEe3yJIbTATOB MHOTOKpaTHO. HeoOXomuMocTh BBIOMpATh OMHO M3 HECKOJIBKHX
OJIMHAKOBO XOPOIIUX PELIECHHUH HA MPAKTHKE OOBIMHO HE CO3JA€T AOMOJHUTEIbHBIX TPYIHOCTEH.
[TosTomy B manpHEHIeM Mbl JHUIIb YIIOMHHAEM 00 3TOH BO3MOXKHOCTH, HE 3aHUMAsICh €10 Ooee
noapoOHO.

TonbKkO 4YTO PacCMOTPEHHBIH Clydail NPUHATUS PELICHWH, NPU KOTOPOM KaKAOMY
BApUAHTy PpELICHUS COOTBETCTBYET EIWHCTBEHHOE BHEIIHEE COCTOSHHE (M TEM CaMbIM
OJHO3HAYHO ONpPENeNsIeTCs] AMHCTBEHHBIN Pe3yJbTaT) M KOTOPBIH Mbl Ha3bIBa€M CIy4aeM Jie-
TEPMUHHUPOBAHHBIX PEIICHHUH, C TOYKH 3PEHUs] €ro MNPAKTHYECKUX IPUMEHEHUH SIBJSAETCS
MPOCTEHINMM M BE€CbMAa YaCTHbIM. Pa3yMeercs, Takue 3JIEMEHTApHbIE CTPYKTYpPBI JIEXKAT B
OCHOBAHUH pEANIbHBIX MPOLEAYP NPUHATHS peuieHuid. B 6ojee CIOKHBIX CTPYKTYpax KakKIOMy
JOMYyCTUMOMY BapUaHTy pelieHus f; BCIEACTBHE pA3IUYHbIX BHEIIHUX YCJIOBUM MOTyT
COOTBETCTBOBATh PA3JINYHBIC BHEIIHHE YCIOBHs (COCTOSHUSI) [, W pe3yJbTaThl €;; PEIICHHM.
Crenyromuil npuMep UUTIOCTPUPYET 3TO MOJOKEHUE.

Ilycte w3 HekoTOporo marepuaia TpeOyercs H3TOTOBUTH H3ZENHE, IOJTOBEYHOCTH
KOTOPOrO IMpH JONYCTHMBIX 3aTPAaTax HEBO3MOXHO OINpenenuTb. Harpysku cuurtaroTcs
U3BECTHBIMH. Tpebyercs pemuTbh, Kakue pasMepbl AOJDKHO HMETh H3JeNue M3 JaHHOTO

MaTtepHala.
BapuanTe! pelieHnii TaKOBBI:
[y — BbIOOp pasmepoB U3 COOOpakeHHH MaKCHMAJIbHOW JOJTOBEYHOCTH, T. €.

U3TOTOBJICHHE W3JENIUSI ¢ MUHUMAJIbHBIMU 3aTPaTaMH B MPEAIONOKEHUH, YTO MaTepuai OyneT
COXPaHSTh CBOM XaPaKTEPUCTHKH B TEUCHUE JJTUTEILHOTO BPEMEHU,

E,, — BBIOOp pa3MepoB B MPENIONOKEHIH MUHIMAJIBHON TOJITOBEYHOCTHY,

L, —poMeXyTOYHBIE peIIeHUsI.

VYcnosus, TpeOyromue pacCMOTPEHNUS, TAKOBBI:

1 — ycnoBus, obecrieunBaronne MakCHMAJIbHYIO TOJTOBEYHOCTB;

I, ycnosust, o0ecrieynBaroIine MUHUMAJIBHYIO TOJTOBEUYHOCTD;

I — mpoMe Xy TOYHBIE yCIIOBHSL.

ITon pe3ynbTaTOM peLICHHS €; 3[4eChb MOXKHO IMOHMMATh OLEHKY, COOTBETCTBYIOIIYIO
BapuaHTy F; W yCIOBUSAMF;, W XapakTEpU3YIOMIYIO SKOHOMHUYECKUH 3¢dekT (mpudbLib),
MOJIE3HOCTh WJIM HAJEKHOCTDb M3Aenusi. Mbl OyneM Ha3bIBaTh TaKOH PE3yNbTaT HONE3HOCHIbIO
peutenus.

CemeiicTBO pemeHuil onuckBaeTCs HEKOTOpoi MaTpureit (Tadn. 1). YeenuueHue obbema
CEMENCTBA M0 CPAaBHEHMIO C PACCMOTPEHHON BBIIIE CUTyallMel NeTePMUHUPOBAHHBIX PELICHUN
CBSI3aHO Kak C HeJOCTaTKOM HH(OpPMAIMK, TaK W C MHOroo0OpasueM TEeXHUYECKHX
BO3MOKHOCTEH.

KoHCTpYyKTOp 1 B 3TOM Cilydae cTapaercs BRIOpaTh PELICHNE C HAMTYyUIIUM PE3YJIbTaTOM,
HO, TaK KaK €My HEM3BECTHO, C KAKUMHYCJIOBHAMHU OH CTOJIKHETCSI, OH BBIHY>K/I€H IPUHUMATb BO
BHUMaHHE BCE€ OLGHKH e€;, COOTBETCTByIOIIHe BapuaHTy F; IlepBoHavanpHast 3amada

maxe,
Makcumuzauuu — / cornacHo Kpureprntoo (1) momwkHa OBITH Temepb 3aMeHEHa APYIOH,
NOAXOIAIINM 00pa3oM YUHTHIBAIOIIEH BCE TIOCIEACTBHA JIOOOTr0 M3 BAPHAHTOB PEIleHUsL,.
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OcHoBHas popmabHast CTPYKTYpa MPUHATHS PEIIEHHI

Tabmunal
Martpuna pemeHuti |le; ||
I3 I I F r,
Iy e e €13 ey €1n
1) €1 € ex €y €2
I €31 €32 €33 €3 €3,
E,- ¢l (47} €3 €y E€mn
Em Eml €m2 €m3 Emj E€mn

5TOM MaTpulla peUIeHuin

Ouenounas GpyHKIUSA

UroObl mpUHATH K ONHO3HAYHOMY M TIO BO3MOKHOCTH HAWBBITOAHEWIIEMY BapUaHTY
pelleHus Jake B TOM Cllydae, KOorja KakUM-TO BapUaHTaM peLIeHMi/; MOT'yT COOTBETCTBOBATH
pasnu4HbIe YCIOBUS [, MOKHO BBECTH NOIXOMALINE OLEHOYHble (umenesble) QpyHkumu. [lpu

|lei||cBODTUTCET K OmHOMY

cronbuy. Kaxmomy

BapUaHTYL;

MIPUMHICHIBAETCS, TAKUM 00pa30oM, HEKOTOPBINA Pe3yJbTaT €;, XapaKTePU3YIOINA, B LEJIOM, BCE
MOCJICAICTBYSI STOTO perieHns. Takoi pe3ynbTrar Mbel OyJeM B JaibHeHeM 0003Ha4aTh TeM Ke
CHUMBOJIOM €.

MO3ULIUH KPATHEN OCTOPOKHOCTH.

ITocTpoeHue OleHOUHBIX (PYHKINH

E 1 €1n
s €
E3 €3n
Em emn

Tabnuua 2

[Ipouenypy BeIOOpa MOKHO TETIEPh MPEACTABUTD 10 AHAJIIOTUH C IPUMEHEHHEM KPUTEPHs
(1). BozHuKaeT, 0HaKO, BOMPOC, KAKOH BIOXKUTb CMBICH B OLIEHOYHYIO (PYHKIHIO(PE3YIbTAT €;;).

MuHHMAKCHBIN KPUTEpHH
Munnmakcublil kpurepuii (MM) ucnonp3yer OLeHOUHY0 (PYHKIHIO, COOTBETCTBYIOIIYIO

IIpu

L = Maxe,,
51

e, =mine;

J

CIIPpaBCAJIMBO COOTHOLICHUEC
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E, = {EZ.O | Lol ney = m_axm_lnel.]}

i J

TT€Z, — OUEeHOUYHast QyHKIMs MM-kpuTepus.

ITockonbKy B OOJNACTH TEXHUYECKHX 3a/1ad MOCTPOSHHE MHOXECTBa /X BapUAHTOB yKe
camo mo cebe TpeOyer BecbMa 3HAUUTENBHBIX YCHUJIHMH, MpPHYEeM HHOTAA BO3HHMKAET

| E,eE
HEOOXOIMMOCTD B UX PACCMOTPEHHUH C 'Pa3IMYHBIX TOYEK 3peHHs, ycioBue 7 BKJTFOYa-
ercs BO Bce kputepud. OHO AODKHO HANOMHHATH O TOM, YTO COBOKYITHOCTH BapHaHTOB
HEOOXOUMO UCCJIEIOBaTh BO3MOXKHO Ooyiee MONHBIM 00pa3oMm, 4ToObl Obuta obecrneueHa
ONTUMAJIBHOCTh BBIOMPAEMOT0 BAPHAHTA.

IIpaBmno  BeIOOpa  pewmeHMs B COOTBETCTBUM ¢ MM-xputrepueM  MOMKHO
HUHTEPIPETHPOBATH CIEAYIOIINUM 00pa3oM:

Martpuna pemeHuii |le;|| momomHsiercs eme ODHUM CTOJNONOM W3 HaWMEHBIINX
PE3yJIbTATOB €, KaXXOOW CTPOKU. BhIOpaTh HaanmeXuT Te BapwaHThl Fj), B CTPOKAX KOTOPBIX
CTOSIT HANOOJBIINE 3HAYECHUS €; STOTO CTONOLA.

BriOpannbIe TAKUM 00pa30M BapUAHTHI MOJIHOCTHIO UCKJIFOYAOT PUCK. DTO 03HAYAET, YTO
NPUHUMAOIIUI peIleHHe He MOKET CTOJKHYTHCS C XYIIIMM PE3YJIbTaTOM, YeM TOT, Ha KOTOPBIH
oH opueHTupyercs. Kakue Obl ycoBust F; HU BCTPETHIINCH, COOTBETCTBYIOLIHMHA PE3yJbTAT HE
MOJKET OKa3aTbCsl HUXE ZMM. ITO CBOWCTBO 3aCTaBis€T CUUTATb MUHHUMAKCHBIN KpUTEepUi
OIHUM U3 (pyHAaMEHTaIbHbIX. [I03TOMY B TEXHHYECKHUX 3a/la4ax OH NMPUMEHSETCS Yalle BCEero,
KaK CO3HATENbHO, TaK M HEOCO3HaHHO. OIHAKO TMOJIOXKEHHE OO0 OTCYTCTBHHM PHCKAa CTOUT
pa3u4HbIX oTepsh. [IponeMoHCTpUpyeM 3T0O Ha HeOObIIOM TipuMepe (Tadit. 3).

Xotsi BapuaHT Fj Kaxkercs usnajgu Ooyiee BBIFOOHBIM, COTIacHO MM-kputepuro
ONTUMANIbHBIM cienyeT cumutath Fo={E,}. IlpuHATHE peleHHs MO 3TOMY KPHUTEPHUIO MOXET,
OJTHAKO, OKA3aThCs eIe MEHEee Pa3yMHBIM, €CITH

— cocrosiHue F; BCTpevaeTcs 4ale, 4YeM COCTOSTHUE f, U

— pelIeHue pean3yeTcsi MHOIOKPATHO.

Tabnuma 3.
IIprmep BapuaHTOB perneHus O0e3 ydera pucka
Fy ) €ir maxe;,
i
I 1 100 1
1) 1,1 1,1 1,1 1,1
Beibupast Bapmant F;, .npenmuceiBaeMbliMM-kpurepueM, Mbl, Ipasna, uzderaem

HEyJauHOTro 3HadeHus 1, peanusyrollerocs B BapuaHTe [ NpU BHEIIHEM COCTOSHUU [,
MOJIy4asi BMECTO HErO MPU 3TOM COCTOSSHMM HEMHOTO JIy4INUi pe3yabTarT 1,1, 3aTo B cocTOAHUN
F, tepsem Bpmrpeimn 100, momyuas Bcero tombko 1,1. DTOT mpumep mnokasbiBaeT, 4TO B
MHOTOUUCJIEHHBIX MPAKTUYECKUX CUTYaLUsAX MECCUMM3M MHMHHMMAKCHOIO KPUTEPUS MOKET
OKa3aThCsl OUEHb HEBBIMOJHBIM.

IIpumenenne MM-kpurepuss ObIBa€T ONPaBAAHHO, €CIH CHTyalHs, B KOTOPOM
NPUHUMAETCS PeIIeHUEe, XapaKTePU3yeTCs CIEAYIOLUTUMH OOCTOATENbCTBAMH:

— 0 BO3MOXXKHOCTH TOSIBJICHHSI BHEIIIHUX COCTOSIHUH f; HIYETO HE U3BECTHO,

— IPUXOJUTCS CUUTATBCS C MOSBJIEHUEM Pa3JINYHbIX BHELIHUX COCTOSHUN /);

— PeLIEHUE PeaNn3yeTCs JMIIb OUH Pas,

— HEOOXOIMMO MCKITFOUUTh KaKOH OBl TO HU ObLIO PUCK, TO €CTh HU MPH KaKUX YCIOBHIX
F; He nonyckaeTcs Moy4aTh pe3ybTaT, MEHbIINH, YeM Zmm.

KpuTtepnii Baiieca — Jlannaca
IIpu mocTpoeHnu oLeHOYHOH PYHKIMH Z)(cornacHO MM-KPUTEPHIO) KaKAbIi BApUAHT
Ei mpencraBieH NULIb OXHAM U3 CBOUX PE3YNIbTATOB ¢, =mine, . Kpurepuil baiieca—Jlamnaca
J

(BL), HanpOTHB, YYUTBIBAET KAXKI0€ U3 BO3MOXKHBIX CIIEICTBHI.
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IlycTb ¢; — BEpOSITHOCTD MOSABJIEHHUS] BHELIHETO COCTOsIHUA 5, Toraa st BL-kpurepust

2

Ly =maxe,

1

n
¢r = 2054,

=1

n n

Eo=vE|EoeE ney, :m_aXZeijqj /\qu =1

LA =1

CooTBeTcTBYIOIIEE PABUIIO BEIOOPA MOKHO HHTEPIIPETHPOBATH CIEAYIOIINM 00pa3oM:

Martpuna peweHuddl |ley]| momomHsieTcs eme OOHUM  CTOJOLOM, COXEpIKAIlUM
MaTeMaTHYeCKOe OKHaHWE 3HAUeHWH KaXIoW W3 CTpok. BriOuparorcst Te Bapuantsl Fjo, B
CTPOKAaX KOTOPBIX CTOUT HaUOOJIbIIIeE 3HAUECHUE €;, STOTO CTOJIOIA.

IIpn sTOM mpenmonaraercs, YTO CHUTyalHs, B KOTOPOH NPUHUMAETCS peEIleHHE,
XapaKkTepU3yeTcs CIEAYIOIUMHI 00CTOATEIbCTBAMU!

— BEPOSATHOCTH TOSIBJICHUSI COCTOSIHUHN [} N3BECTHBI M HE 3aBUCST OT BPEMEHU,

— pelIeHue peannu3yeTcs (TeoOpeTHIeckn) OECKOHEUHO MHOTO a3,

— IUJTsl MAJIOTO YMCJIA PEATM3aLNN PEIICHHUS TOMyCKAETCs HEKOTOPBIH PHUCK.

IIpn noctaTo4HO OOJNBIIOM KOJHYECTBE PEATU3ALMM CPEeIHEee 3HAUEHHE IOCTEIeHHO
crabunmusupyercs. I[losTomy mnpu mnonaHOH (OECKOHEUHOH) peanu3aluy KakoH-muOo PHCK
NPAKTUYECKH UCKITFOUEH.

HcxonHas nosunus npumeHsitolero BL-kputepuil ONTUMUCTUYHEE, YeM B ciydae MM-
KPUTEPHs, ONHAKO OHAa MpeAdrnonaraer OoJjiee BBICOKHI YpOBEHb HH(OOPMHUPOBAHHOCTH H
IOCTaTOYHO JUTMHHBIC PEan3aLiiu.

Kputepuii Casuaxka
Paccmorpum Gomee mnoppobHO kputepmit Coumxa (S-kpurepuii). C  mOMOIIBIO
0003HaueHH

aij = ml_axel.j - eij

Hu
¢, =maxa, = max(maxeij - el.jj
J J
dopmupyercst oLeHOYHAsE QyHKITHS
L= mine; = ml_ln[mjax(ml_axeij —e; )J
U CTPOUTCSI MHOZKECTBO OINITUMAJIbHBIX BAPUAHTOB PELICHUS
L= Eg|E,eEne,= ml_inel.,

JUii  TOHMMAaHUsT 3TOTO  KPHUTEPHsS BEIUYHMHY, ONPEAENSEMYI) COOTHOLICHHEM
a, =maxe; —e; . . .

i , MOY)KHO TPaKTOBATh KaK MAKCHUMAJIbHBIHN TOTIOHUTENbHBINA BBIUTPHILI, KOTOPBIH
JIOCTUTAETCSA, €CIIM B COCTOSIHUM [ BMECTO BapHwaHTa fv; BBIOpATh IPYroi, ONTUMAIbHBIA IS
3TOTO BHEIIHETO COCTOSIHUSL BapHaHT. MbI MOXKEM, OIJHAKO, HHTEPIIPETHPOBATD ¢, U KaK IMOTEPH
(mTpadbl), BOZHUKAKOLINE B COCTOSIHMM [; IPU 3aMEHE ONTHMAJIBHOTO Il HEro BapuaHTa Ha
BapuaHT F;. Torma BennumnHa e, MpeACTaBIseT COOON — NMPU MHTEPIIPETALUH ¢;; B KAYECTBE I10-
TE€Pb — MaKCHMAaJIbHbIE BO3MOXKHBIE (II0 BCEM BHEIIHUM COCTOsIHUSM [, (j=1, ..., n) morepu B
ciyudae BbiOOpa BapuanTa F;. Tenepsb, 5TH MaKCUMaJIbHO BO3MOXKHBIE TIOTEPH MUHUMH3HPYIOTCS
3a c4eT BbIOOpa MOAXOAIIEro BapuaHTa F;.

CootBeTcTBYyIOIIEE S-KPUTEPHIO MTPABHIIO BHIOOpA TENEPh HHTEPIPETHPYETCS TaK:

KQXIbIH 3JIEMEHT MATPHULbl PEIIeHUil ||le;|| BpuMTaeTCsT M3 HaMOONBLIErO pe3yJbTaTa

max e;,
i COOTBETCTBYIOIIETO CTOJIOMA.
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PasHocTr a;; 0OpasyroT MaTpumy OCTaTKOB ||ay||. DTa MarpuLa MOMOJIHSETCS CTOJIOLOM
HanOONBIINX pa3sHOCTEH e;,. BrpiOmparoTcss Te BapwaHTBl [, B CTPOKax KOTOPBIX CTOHT
HaMMEHBIIIee JIJIsl STOrO CTONONA 3HAUCHHE.

Takum o0Opa3oM, OLEHMBAETCS 3HAYEHHE pE3yJbTATOB TEX COCTOSHUH, KOTOPBIE,
BCJIACTBUE BbIOOpAa  COOTBETCTBYIOLIETO  PACIPENENCHUS  BEPOSTHOCTEH, OKAa3bIBAIOT
OJMHAKOBOE BIMsHHE Ha perneHue. C TOUKM 3pEHUs] PE3yJIbTATOB MATPHULEI |le;|| S-kputepuit
CBsI3aH C PHUCKOM, OJHAKO, C MO3WIMH MaTPHULHI ||y, OH oT pucka cBoboneH. B ocranmbHOM K
CUTyallUd TIPUHATHS PEIIEHUH NPEAbSBISIFOTCS T€ ke TpeOoBaHus, 4To U B ciydae MM-
KPUTEPHS.

Kputepnii I'ypsuna

Crapasice 3aHiTh HanOOJee YPABHOBELICHHYIO MO3UINIO, [ ypBUIl NPEIIOKUI KPUTEPHIA
(HW), onenounast pyHKLUS KOTOPOTO HAXOIUTCS I7IE-TO MEKAY TOUKAMHU 3PEHUsS NPEAETHbHOTO
ONTUMHU3MA U KPAHEro NeCCUMU3MA!

Ly = maxe.,

e, = cmjinel.j +(1-0¢) mjaxel.j
Torna
L, = {EI.O |E,eLne, = m_ax[cm_ineij + (l - c)maxel.j } A0=c< 1} ,

4 J J

r'7ie ¢ — BECOBOI MHOXKUTED.

[IpaBuno BeidOpa cornacao HW-kputepuio GopMyHPyeTCs HAMHU CIEAYIOIHM 00pa3oM:

Martpuna perieHuil |le;|| momonHseTcss cToaOLOM, COAEpKAIIUM CpPEIHHE B3BEILICHHBIC
HAMMEHBIIEr0 U HAHOOJBINEro Pe3yIbTaTOB ISl KaXI0H cTpoKu. BeiOuparoTcst Te BapuaHThI £y,
B CTPOKAX KOTOPBIX CTOSIT HAMOOJBIINE 3JIEMEHTHI €;- 3TOT0 CTON0NA.

Hnsac=1 HW-xpurepuii npespamaercs B MM-xpurepuil. [{na ¢=0 oH mpespaliaercs B
KpuTepuil azapTHoro urpoka. OTcrofa sICHO, Kakoe 3HaueHHe MMeeT BECOBOIl MHOuTenb ¢. B
TEXHUYECKHUX MPIIOKEHHSIX MPABIIIBHO BBIOPATh STOT MHOXKHUTENb OBIBAET TAK XK€ TPYIHO, KaK
NPaBUIBHO BBIOpaTh KpuTepuil. Bpsn a1 BO3MOXKHO HAlTH KOJHMUYECTBEHHYIO XaPaKTEPUCTHKY
I TeX A0Jed ONTUMH3Ma U MEeCCHMHU3Ma, KOTOPble NMPUCYTCTBYIOT NPHU MPUHITHHU PELUEHUS.
ITosTomy uame Bcero BecoBOW MHOXHUTENb ¢=0,5 0e3 BO3pakeHWH NMPUHUMAETCS B Ka4eCTBE
HEKOTOpOH «cpemHel» Touku 3peHus. Ilpm oOocHOBaHMM BBIOOpAa NPUMEHSIOT OOpPaTHBIN
MOPSANOK NeUCTBUH. JIJI1 NPUIIISIHYBIIETrOCs PELICHUST BBIYUCIISIETCS] BECOBOH MHOXKUTENb C, U OH
UHTEPIPETHPYETCS KaK MOKa3aTeNlb COOTHOLIEHHsI ONTUMI3MA U meccumusma. Takum o0paszom,
MO3ULNK, UCXOAS U3 KOTOPBIX MPUHHUMAIOTCS PELIEHUs,, MOXXHO PaccOpTUpPOBaThb MO KpailHei
Mepe 3aJHUM YHUCIIOM.

B tabn. 1 mpencraBneHa MaTpHUIa PelIeHHWH, W3 KOTOPOH XOPOIIO BHIHO, YTO BBIOOP B
COOTBETCTBUM C H W-kputepueM MOXKET, HECMOTpsI Ha BIIOJIHE YPaBHOBELIEHHYIO TOUKY 3pEHUs,
NPUBOIUTE K HEPALIMOHATIBHBIM perneHusiM. [Ipuvep mocTpoeH Tak, 4To ONTHMaIbHOE (COTJIaCHO
HW-xputepuro) pemenue £ ectb F] HE3aBUCUMO OT BECOBOTO MHOMKHUTEJIS.

Tabmuua 1
IIpumep MaTpuLbl pelIeHUH B COOTBETCTBUHU
¢ HW-kpurepuem
S L BE fa Sl Jr2
I 10000 1 1 1 1 1
1) 9999 9999 9999 9999 9999 0,99

HW-xpurepuii npenbsiBiseT K CHUTyalluM, B KOTOPOH NPUHHUMAETCsl peLIeHHUe,
crenyomue TpeOOBaHMS:

— O BEPOATHOCTAX MOABJICHUSA COCTOSIHUM F_}', HHUYECTO HE U3BECTHO,

— C MOSIBJICHHEM COCTOSTHUIT /; HEOOXOANMO CUHTATBCS,
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— peanu3yeTcs JIMIIb Majloe KOJIMYECTBO PEIIECHUMN,
— JOIMYCKAETCsl HEKOTOPBIM PUCK.

Kputepnii Xoaxa-Jlemana
Kpurepuit Xomxa-Jlemana (HL)onupaercs omHoBpeMeHHO Ha MM-xpurepnii u BL-
kputepuil. C mNOMOLIbIO TapaMeTpa V BbIPAXKAETCS CTENEHb AOBEpPUS K HCIOJB3YEMOMY
pacnpeneneHuto BepossTHOCTe. Eciu 3To goBepue BeNUKO, TO akLeHTupyercs: BL-kpurepuii, B
IIPOTUBHOM clly4ae npeanouterue otaaercsa MAM-kpurepuro.
OuenouHast PyHKLUS ONPEIENeTCs] PABEHCTBOM
Ly = maxe,, ,
"
e, :vZeijqj +(l—v)m_inel.j, 0<v<l,
=l /
a MHOecTBO HL-onTuManbHbIX pelieHnii 3ar1ucelBaeTcsl B BUe
0
E,=<E,|E,e Ene, = ma vZeijqj -I—(l—v)mjineij AnO<v<l
Jj-0

IIpaBmo BBEIOOpA, COOTBETCTByIOINEE HL-KpUTEPHIO, (OPMYIHUPYETCS CIEAYIOIIUM
obpazom:

Martpuna pewmenuil |le;|| momomHsieTcs CTONOIOM, COCTaBJICHHBIM M3 CPEIHUX
B3BELICHHBIX (C TIOCTOSHHBIMH BECAMH) MATEMAaTHYECKOrO OXHUJAHUS M HAaUMEHbIIEro
pesyabrara Kaxaou crpoku. OTOuparoTcst Te BapUaHThI petieHni Fy, B CTPOKAX KOTOPBIX CTOUT
HanOoublIee 3HAYEHHE STOr0 CTOJIONA.

Hna v=l HL-xpurepuii nepexonut B BL-xputepuii, a mis v=O0mpespaimaercss B MM-
KPUTEPUI.

CreneHb YBEPEHHOCTH B KaKOH-TMOO (YHKLUHU paclpeneneHus] NPaKTHYeCKH He
nopnaercst ouenke. CaM KpUTEpHUIl TOXKE HE AaeT AN 3TOr0 TOUKH omopbl. Takum obpaszom,
BBIOOp Mapamerpa VvV TMOABEPKEH BIHUSHUIO CyObekTuBM3Ma. Kpome Toro, 0e3 BHHUMaHUs
ocraercss M 4Huciao peanuszauuu. [lostomy HL-kputepuii He NPHUMEHSETCS TNPH NPUHITHU
TEXHUYECKUX PELICHUM.

Crnenyromue CBOWCTBA CHTyallUH, B KOTOPOW NMPUHUMAETCS PEIlEHHUE, MPEaIoIararTcs
paccMaTpUBaeMbIM KPUTEPHEM:

— BEPOSITHOCTH TIOSIBJICHHUSI COCTOSTHUI [} HEM3BECTHBI, HO HEKOTOPBIE MPEATIONOKEHHS O
pacrpeneneHusIX BEpOsITHOCTEH BO3MOKHBI,

— IPUHSTOE PeleHNe TEOPETUIECKH AOITyCKaeT OECKOHEYHO, MHOTO peaslu3aliny;

— TIPU MaJIbIX YHCJIAX PEaN3alni TOMYCKAeTCs HEKOTOPBIA PHUCK.

Kputepnii I'epmeiiepa

Otnpasisisice or moaxona l'epmeliepa K OTBICKAHMIO 3()()EKTUBHBIX M IMPHUTOJHBIX K
KOMIIPOMHCCY peIleHuil B 00JacTy MONMMONTUMH3ALMHA — TO €CTh BCEX PEIleHHH, KOTOpbIe HE
CUMTAIOTCSI 3aBEJOMO XYAIIMMH, YeM APYTHE, — MOXHO MNPENJIOKHUTH eIle OAMH KPUTEPHi,
obnamaromuii B HEKOTOPOM OTHOLIEHUH OMpPEAETeHHOH 3y1acTudHOCTe0. OH ¢ camMoro Havasa
OPUEHTHPOBAH HABEJIMYUHBI IIOTEPh, TO €CTh HA OTPHULIATENIbHBIC 3HAUECHHS BCEX €.

B kauectBe oueHOUHON (PYHKIIMU BBICTYIIAET

Zg =maxe,,

7
e, = mjlnel.jqj .
Cam kpuTepuii IJ1aCHUT, TAKHM 00pa3oM,
E, = {El.o |EyeEne,= ml_axmjmeijqj ney; O} :

ITockonbKy B XO3AMCTBEHHBIX 3aJadax NPEUMYLIECTBEHHO HMEIOT €0 C LEeHAMH U
3arparamu, ycioBue e;<0 OObIYHO BbIMONHSETCS. B ciydae ke, Korma cCpeau BENUYHMH €
BCTPEYAIOTCS W TMOJOXKUTENIbHbIE 3HAYEHUS, MOXHO MEPEeHTH K CTPOro OTPHULATEIbHBIM
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3HAYEHHUSIM C MOMOILBIO MPeoOpa3oBaHUs €;-d MPU MOAXOASIIUM 00pazoM nopodbpaHHOM a>0.
(Cnenyer, oqHaKo, UMETh B BUAY, YTO ONTHMAJIbHBIN BAPUAHT PELICHHUS 3aBUCHUT OT d.)

IIpasmno BeEIOOpa cormacHo kputepuro Iepmeiiepa ((G) dopmynupyercs Tenepb
CIEYIOIUM 00pa3oM:

Martpuna pewmeHui |je;|| AomomHseTcs eme OMHUM CTOJOLOM, COAEepIKALINM B KaKIOH
CTPOKE HAaWMEHbLIEEe TPOM3BENCHUE HMEIOINErocsi B HEH pe3yibTaTa Ha BEPOSTHOCTh
COOTBETCTBYIOLIETO COCTOSIHUSL [, BpiOupatorcss Te Bapuantbl [, B CTPOKAaX KOTOPBIX
HAXOIUTCS HauOOoJbIIee 3HAUEHHUE €;, 3TOr0 CTONIONA.

B wusBectHOM oOTHOmeHuUN G-kpurepuii ob0obmaer AMM-kputepuii. B ciyuae
PaBHOMEPHOTO pacnpeseneHust ¢, =1/n, j=1,..,n OHU CTAHOBATCS HACHTHYHBIMHU.

VYcaoBus ero NPUMEHUMOCTU TAKOBbBI:

— BEPOATHOCTHU MOABJICHUA COCTOSIHUU E HU3BCCTHHI,

— C NIOABJICHUEM TEX HJIN HUHBIX COCTOﬂHHﬁ, OTACJIBHO WM B KOMILIEKCE, HeO6XOI[I/IMO
CUUTATBCA,

— IOTYCKAETCsI HEKOTOPBINA PHCK;

— pelLlIeHre MOXKET Peasn30BaThCsl OUH MM MHOTO Pas.

Ecnu ¢pyHk1mst pacnpeneseHnss H3BECTHA HE OYEHb HAIEXKHO, a YMCIIaA Pear3alii Mabl,
TO, crnenys G-KpUTEpHIO, MOJy4YaroT, BOOOLIe rOBOpPs, HEOMpaBAaHHO Oosbiuoi puck. Takum
o0pa3oMm, 311eCh OCTaeTCsl HEKOTOpasi CBoOoAa MJisi CYObEKTHBHBIX TeHCTBUM.

KpuTepnii npousseneHui

B Teopun HeweTKMX MHOXKECTB KpUTepuil mpomsBeneHuil (P) ciyxut mia Gumprpanun
uHpopmanmu. C camMoro Hadana 3TOT KPUTEPHIl OPMEHTHPOBAH HA BEJIMYUHBI BBIUTPHIIIEH, TO
€CTb Ha MOJIOKUTEJIbHBIC 3HAUCHUS €.

OnpeneanM ONEHOYHYIO (PYHKIHIO:

Z, =maxe,,

1
e, =[Te, -
i
Torna

E,=1E,|E,€Ene, :ml_aXHel.j ne; >0
J

[IpaBuno BeIOOpa B 3TOM Ciy4dae GOPMyTHUPYETCS TaK.

Martpuna peleHuil ||e;||1omoNHAeTCs] HOBBIM CTOJNOLOM, COIEPIKALIUM IPOU3BEACHHS
BCEX PE3yJbTATOB KAXIOW CTPOKH. BriOmparoTcst Te BapwaHTBI F0,B CTPOKAaX KOTOPBIX
HAXOZATCS] HAUOOJbIINE 3HAYEHHUS 3TOr0 CTONIONA.

[IpumeneHne 3Toro Kpurepust 00yCIOBICHO CIENYIOIIUMH O0CTOSITEIbCTBAMU!

— BEPOSATHOCTHU MOSIBJIEHUsI COCTOSIHUN [} HEU3BECTHEL,

— C MOSIBJIEHHEM KaXXIIOTO U3 COCTOSIHUH F; TI0 OTENbHOCTH HEOOXOIUMO CUUTAThHCS,

— KpUTepHUil IPUMEHUM U MPU MAJIOM UHCJIE pealn3allii PelleHus,

— HEKOTOPBINA PUCK AOMYCKAETCSI.

Kak yxe ynmomuHanoch, P-kputepuil nmpucrnocobiieH B MEPBYK O4Yepenb ISl CIyvaes,
KOI'/1a BCE ¢;; MOJIOKUTENbHBL. Eciu yka3anHoe yCaoBUe HapyLaeTcs, a P-kpurepuii npuxoauTes
NPUMEHATb U B 3TOM cCjydae, TO CJeIyeT BBIIOJHUTb HEKOTOPBIH CABUT €;,+a C HEKOTOpOM
KOHCTAHTOHN a >| rrl_li_ne,.j |. Pasymeercs, pe3ynbTaT NPUMEHEHUS KPUTEPHUs CyLIECTBEHHO 3aBUCUT

OT 3TOro 3HadeHus . Ha mpakTuke B KauecTBE 3HAYCHMsIA OXOTHO MCNOJB3YIOT BEIUYHUHY
mine, |+1. Ecnu jxe HMKakas KOHCTaHTa He MOXET ObIThb MPU3HAHA MMEIOIIEH CMBICH, TO K
7

5

TaKUM TpodneMam P-KpUTepHil He MPIUMEHUM.

Beibop onTUManpHOrO pemIeHUs] COTJIAaCHO P-KPUTEPUIO OKa3bIBAECTCS 3HAUUTEIBHO
MeHee MEeCCHMHCTHUYECKUM, 4YeM, Harpumep, BelOOp B coorBercTBum ¢ MM-xpurepuem. Ero
TECHasi CBSI3b C HEUTPAJIBHBIM KPUTEPHUEM YCMAaTPHUBAETCs, HANpUMEpP, U3 CIEAYIOLIEro
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paccyxxaerns. I3 cTporoit MOHOTOHHOCTH JIOrapu(MUIECKOH (QYHKIMH CIENyeT, YTO 3HAUEHHE

n
e, :Heij, paccMaTpuBaEMoOe B 3aBHCHUMOCTH OT 7, MAKCUMAJbHO B TOYHOCTH TOINA, KOT/Aa
=1

lne, .
MaKCUMAaJIeH TPUYEeM Mbl MPEAIoNaraeM 31ech, uto e;~>0 aJsi Bcex 7 1 /.

n
Tenepb umeeM Ine, =) Ine,, W 3Ta BEJHYMHA, OYEBMJHO, NOCTHIaeT MAKCHMyMa
j=1

1 1 &
OI[HOBpeMeHHO —lnel.r =— E lnel.j. HOCJ’IGI[HGG Xe Bpra)KeHI/Ie B TOYHOCTU COOTBeTCTByeT
n n<-1

J

HeWTpaibHOMy BL-KpuTepuio, eciu TOJbKO BEJIHYHHBI €; — B HEM 3aMEHHUTb Ha JIorapuQpmbl
In e,

Takum o0Opa3oMm, B pe3ynbTaTe NPUMEHEHHUS P-KpUTEpHs NPOMCXOANT HEKOTOpOe
BbIPABHUBAHNE MEXIy OONBLUIMMU U MAJIbIMH 3HAUEHHUSIMH €;, ¥, YCTAHABJINUBAS ONTHUMAJbHbINA
BAPHUAHT PELIEHHs C MOMOIIBI0 P-KpUTepHs, Mbl MOXKEM MpH (PUKCUPOBAHHBIX COCTOSHUSX [
NOJYYUTh OOJBLIYIO BBITOAY, Y€M IPH HUCMOJIb30BaHUU MM-KpuTepus, HO MPH 3TOM JIOJDKHA
YUMUTBIBATLCS BO3MOKHOCTb MOSIBJICHMSI U XYALIUX pe3ynbTaToB. ClieayeT OTMETUTh, YTO IpHU
UCTIOJIB30BAHUHU 3TOTO KPUTEPUS HU YHUCIIO peajH3alvd, HU WHPOpManMs O pachpeneieHuu
BEPOSITHOCTEN HE MPUHUMAIOTCSI BO BHUMAaHHE.

Ecnn onTumanbHbIN pe3ynbTaT, MOJY4YEHHBIH COrJacHO P-KpUTepHio, OIpenessiercs
MPEUMYIIECTBEHHO MAaJbIMH 3HAYEHMSIMU PpEe3yJbTaTOB, 3TO YKAa3blBAET HA NOBOJBHO-TaKH
MEeCCUMHUCTUYECKUI TMOoAXoA, aHamoruuHeli MM-kpurepuro. Ilpu BO3pacTaHuM MOJIE3HOTO
s¢ppexkTa MeCCUMUCTUYECKHH aKIEHT CHIDKAETCS M MO CYIIECTBY IMPOUCXOIUT BCe OoJbluee
cOMmpKeHNe MaHHOTO KPUTEpHs C HEUTpampHbIM. TeM caMbIM JOCTHraeTrcs, IpaBJa,
ONpENENCHHOE BBIPABHUBAHUE MEXKIY MNECCUMHUCTHYECKOW M HEUTPAJbHOM TOYKAMH 3PEHU,
OJTHAKO 3TO BBIPABHMBAHHUE HE €CTb PE3YJIbTAT KaKOW-THOO ONMpeneseHHOW XapaKTepUCTUKU
CUTyallMM, B KOTOPOM NPUHUMAIOTCS pELICHHs, a CKopee oObscHseTcsa Oojee WM MeHee
CilydaliHbIM HAOOPOM BO3MOJKHBIX PE3YJIbTATOB.

Moaynb 3. MeToabl CHCTEMHOI0 AHAJIN3A, ONTHMH3ALHMH H TEOPUH NPHHSATHS PelIeHHH.
IIpakTHuyeckoe 3ansitue 1. IlpuMeHeHHe KIACCHYECKHMX W NPOU3BOAHBIX KPHTEPHEB
NPHUHATHS peieHui. (3 ak. yaca).

U3 1peOoBaHuii, NpenbsIBISIEMbIX PACCMOTPEHHBIMU KPUTEPHSIMH K aHAJIU3HPYEMON
CUTyaluH, CTAHOBUTCSA SICHO, YTO BCJIEACTBUE UX KECTKUX UCXOMHBIX NO3ULIUNA OHU NPUMEHHUMBbI
TOJNIBKO U1 WACAJIM3MPOBAHHBIX NPAKTHYECKMX permreHud. B crmyuasx, korma TpeOyercs
CIMIIKOM CHJIbHAs MIEAIN3alHsi, MOKHO OJHOBPEMEHHO NPUMEHATH MOOYEPENHO Pa3IUYHbIE
kpurepun. Ilocie 3Toro cpean HECKONbKUX BApPUAHTOB, OTOOPAaHHBIX TAKUM 00Pa3oM B Ka4eCTBE
ONTUMAJIbHBIX, MIPUXOIUTCS BCE-TAKU BOJIEBBIM 00OpPA30M BBIIENATH HEKOTOPOE OKOHYATEIbHOE
pemenue. Takol MOAXO MO3BOJIAET, BO-NEPBbIX, JIy4lle IPOHUKHYTh BO BCE BHYTPEHHHUE CBA3U
npoOsIeMbl IPUHSITHS PELICHUH 1, BO-BTOPBIX, OCNabIseT BIUsSHIE CyOBEKTUBHOTO (hakTopa.

3agaHus Ha NpaKTHYeCKyI0 padoTy

OnpepenuTe THUN  3JIEKTPOCTAHLUHM, KOTOPYHD  HEOOXOOUMO  MOCTPOUTH  AJIS
yIIOBJIETBOPEHUS] HHEPTETUYECKUX TOTPEOHOCTEH KOMIUIEKCa KPYIHBIX IPOMBIIUIEHHBIX
npeanpusaThii. MHOXECTBO BO3MOXKHBIX CTPATETHH B 3aa4€ BKJIFOYAET CIEAYIOIINE NapaMeTPhL

R1 — coopyzxaercs rugpOCTaHLINS,

R2 — coopy:kaercs TeriocTaHus;

R3 — coopy:xaercs aTOMHast CTaHLIMS.

OxoHoMuYeckasi 3(PEKTHBHOCTb COOPYKEHHS 3JIEKTPOCTAHLIUU 3aBUCHT OT BIIHSHUS
ciydaiiHbIX (pakTOpoB, 0OPA3YIOLUINX MHOXKECTBO COCTOSIHUN MPUPOABI S;.
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PesynbraTe! pacuera sSkoHOMHYeCKOH 3(h(HEeKTUBHOCTH pUBEAEHbI B Tadmmue 1.

Tabmnna 1
Tun cra”nuuu CocrosiHre MPUPOIbI
S1 S2 S3 S4 S5
R1 40 70 30 25 45
R2 60 50 45 20 30
R3 50 30 40 35 60

Onpenenure MpeanOUTUTENbHBIN TUIT 3JIEKTPOCTAHLIUN C HCIOJIb30BAHUEM:

- KJJACCUYECKUX KPUTEPUEB MPUHATHUS PELISHUIA;

- kputepus ['ypsuna npu ko3 dunmente neccumnsma 0,75,

- KpurepusXomxka-JleMaHa TpuU PaBHOBEPOATHBIX MPOTHO3UPYEMbBIX COCTOSHMSIX
MPUPOABI U CTENEHU JOBEPHsI K UCIONB3YyEMOMY paclpeneeHut0 BeposiTHocTen 0,5,

- kpurepusl epmeiiepanpy paBHOBEPOSITHBIX POTHO3UPYEMBIX COCTOSIHUSIX ITPUPOJIBI,

- KpUTEPHUsI IPOU3BEACHUIN.

ITo BL (MM)-kpuTepuro ONpenennTe BO3MOKHBIE PUCKU U BEJTMUNHBI BBIUTPBILICH NPU
MPUHATUHN albTEPHATUBHBIX PELICHUN.

CocraBbTe TaOdMIy BHIOOpPA BApHUAHTOB B 3aBHCHUMOCTH OT NPHUMEHSEMOrO KPUTEPHS.
IIpuBeauTe apryMeHThbl B IIOJIb3Y MPUHATHUS PELIEHUS 10 TOMY WJIH HHOMY KPUTEPHIO.

3agaua 2. [lekapus mneuer xyed Ha mnpomaxy MarasuHaMm. CebecTOMMOCTb OTHOM
Oyaku cocrapnsier 30 pyOneii, ee mpogaroT 3a 40 pyOneit. B Tabnmuie 2 nmpuBeneHbl NaHHBIE O
cripoce 3a nocienuue S0 gHen:

Tabmuna 2
Cnpoc B AeHb 12 13 14 15 16
Yucno nHen 5 10 15 15 5

Ecnu Gynka ncneueHa, Ho He MpozaaHa, To YObITKU cocTtaBaT 20 pyOuel 3a ITyKy.

Hcnonp3yst KnaccUuecKne U MPOU3BOAHBIE KPUTEPHH MPUHATHS PELICHUN (TSI KpUTEPHUs
I'ypuna npuHATH cinenyromue 3HadeHust koddpuipenTos: 0,4 — BEPOSITHOCTh MaKCHMAJIbHOM
nokynky, 0,6 — BEpOATHOCTb MMUHUMAJIbHONW NOKYIKH, I KpuTepus Xopxka-Jlemana creneHs
JOBEPHSI K UCTIOIB3YEMOMY PaCIpeieNICHHIO BEPOSITHOCTEH MPUHATE paBHOI 0,75), onpenenwure,
CKOJIBKO OYJIOK HY’KHO BBINEKATDb B I€Hb.

CocraBbTe TabdMIy BHIOOpPA BApHUAHTOB B 3aBHCHUMOCTH OT NPHUMEHSEMOrO KPUTEPHS.
IIpuBenure apryMeHTHI B OJIb3Y NPUHATHSI PELICHUS 10 TOMY WM HHOMY KPUTEPHIO.

3apauya 3. Komnanusi BeIOUpaeT, Kakoi BUI MPOAYKLUHU LENecO00pa3HO MPOU3BOAMTD.
NwmeroTcst yetbipe Buna npoaykuuu Aj. OmnpeneneHa npuObUTb OT MPOU3BOACTBA KXKIOTO BUAA
NPOAYKIMH B 3aBUCHMOCTH OT COCTOSTHHI SKOHOMHUECKOH cpenbl Bi. 3HaueHus npuObutu mist
PA3IMYHBIX BUAOB MPOAYKLMH U COCTOSTHUM MPUPOBI IPUBEAEHBI B TaOM. 3.

Tabmmna 3
Bun nponykuun CocTosiHue 5KOHOMHUYECKOH CpeIbl
B1 B2 B3
Al 40 52 45
A2 58 45 89
A3 45 36 65
A4 36 89 45
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Pemnre 3amady ¢ MOMOIIBIO KJIACCHUECKUX M TMPOU3BOAHBIX KPUTEPHEB TNPUHSITHUS
pewennii. CocTaBbTe TaONUIy BEIOOPA BAPHAHTOB B 3aBHCUMOCTH OT IPUMEHSIEMOTO KPUTEPHUSI.
[IpuBenuTe apryMeHTHI B O3y NPUHATHS PEIIEHHS [10 TOMY HJIH HHOMY KPUTEPHIO.

Moayanb 3. MeToabl CHCTEMHOI0 AHAJIN3A, ONTHMH3ALHMH H TEOPHH NPUHSTHUS PeIIEHHH.
Jlexnus 2. Teopus urp. (1 ak. yac).

Kon¢aukTHas cutyauust — CUTyalysi, B KOTOPOH HHTEPECHl OTACNbHBIX JIUL (MM TPy,
CTOPOH) MPSIMO MPOTHUBOIIOJIOXKHBI THOO HE COBMANAIOT.

JAnsg  KOHQNUKTHBIX CHUTyalWid  XapakTepHO, 4YTO 35(P(PEKTUBHOCTh  pEIIEHHH,
NPUHAMAEMBbIX B XO[€ KOH(IMKTAa KaKIOW M3 CTOPOH, CYIIECTBEHHO 3aBHCHUT OT AEHCTBUI
apyroit cropoHsl. llpu >TOM HM OAHa M3 CTOPOH HE MOXKET MOJHOCTBIO KOHTPOJHPOBATH
NOJIOXKEHHE, TaK KaK U TOW M APYrod CTOPOHE PEIleHHs NMPUXOAMTCS MPUHUMATH B YCIOBHSAX
HeomnpeneneHHocTH. Hampumep, B 3KOHOMHKE [OXOX MPEANpPUATHS OT MPOAAKU H3IENUSI
3aBHCHT HE TOJBKO OT YCTAHOBJICHHOW Ha HEro LEHbl, HO U OT KOJHYECTBA KYIIEHHBIX
NOKymnarejleM HW3JeINid WIA TpPU ONpeneleHud OoO0beMa BBIMYyCKA NPOAYKIMH Ha OJHOM
NPEANPUATHN HENb3s HE YUUTBIBATh OOBEMBI BBINYCKA AHAJIOTWYHON MPOAYKIUH Ha JAPYTHX
NPEANPUATHSX U T.II.

Pasmen wmaremaTuku, W3y4arOIUH KOH(PJIUKTHBIE CHTyallMd HAa OCHOBE HX
MaTeMaTHYeCKUX MOAEeNeH, Ha3biBaeTcs: Teopuel urp. HeoOxomumo OTMETHTH, YTO METOABI U
PEKOMEHALMK TEOPUH HUrp pa3padaThIBalOTCS NPUMEHUTEIBHO K TAaKUM CHElU(HYECKIM
KOH(JIMKTHBIM CHUTYaLlUsIM, KOTOpble OOJIaAar0T CBOWCTBOM MHOTOKPATHOW IOBTOPSIEMOCTH.
Ecnu koHbnukTHas cuUTyanus peanu3yercsl OJHOKPATHO WJIM OTPAaHUYEHHOE YHCIIO pPas, TO
PEKOMEHALINU TEOPUH UIP TEPSIOT CMBICII.

Urpa — ymporueHHass matemMatndyeckass Monenb KOH(pmukTHONW cutyauuu. CyTh WUTIpHI B
TOM, YTO KaXXIbI M3 YYACTHUKOB MPUHUMAET TAKUE PELICHHUS B Pa3BUBAIOIICHCS KOH(IMKTHOM
CUTyallM, KOTOpbIe, KaK OH IoJlaraer, MoryT obecrneduntb emy Hawrydmmid ucxon. Ot
pearbHOro KOH(PIMKTA OHA OTJIUYAETCS TEM, YTO BEIETCS 110 ONPEAEIICHHBIM ITPABIIIAM.

CTtopoHbI, y4acTBYIOIIHNE B KOH(INKTE, HA3bIBAIOTCS UTPOKAMH.

Crpareruss — COBOKYITHOCTh MPABWJI, OJHO3HAYHO OMPENESIIOIUX MOCIEN0BATEIbHOCTD
NEeNCTBUI UrpOKa B KaKJOM KOHKPETHOM CUTyalluH, CKJIaJbIBarolleicss B MPOLEcce Urpbl. JTU
IpaBUIIa OTIPEENSIOT:

® BAPUAHTHI NEUCTBUI UTPOKOB;

e 00beM HHPOPMALINH KAKIOTO UTPOKA O TIOBEACHUHN MTAPTHEPOB;

® BBIMIPHIN (WIM TMPOUTPHINI), K KOTOPOMY MPHUBOAUT KaXkaasi COBOKYITHOCTH
TNEHUCTBUM.

Crtparernn ObIBalOT YHCTBIMH M CMEIIAHHBIMU. UwWcCTas CTpaTeruss —CTpaTerys,
OPUEHTHPOBAHHAS HA ONPEAENICHHOE MOBENEHNE NTPOKA-NPOTUBHUKA. CMeIIaHHas CTpaTerus —
CTpaTerusi, OPHEHTHUPOBAHHAS HA HECKOJBKO BO3MOXKHBIX CTpATeruii MOBEACHUS HIPOKa-
NPOTHBHHUKA.

UmncnoBble XapaKTePUCTUKH, BBIPAKAIOLINE HMHTEPEChl UTPOKOB — 3HAUEHUS IUIATEKHON
¢ysxkunu (PyHKUMH BBIMTPBILIA WU IIPOUTPHIIIA), KOTOPAst 3a1aeTcsl MaTpuLeH (TabIudHO) Win
AHATUTHYECKH.

Urps! kaccuUUupyroT MO pa3HbIM MPU3HAKAM:

1) 1o uncy UrPOKOB — MAPHBIE U HETIAPHBIE,

2) 4uciy cTpareruil — KOHeUYHbIe 1 OECKOHEUHBIE,

3) obwemy umeroineiicst HHGOPMALMH — ITOJIHbIE U HETIOJHBIE,

4) xapakTepy BBIUTPBILIEH — UTPBI C HYJIEBOH CYMMOH M HEHYJIEBOH CyMMON;

5) Buay QyHKIUH BBIMIPHINA — MATPUYHBIE, OMMAaTPUYIHBIE, HEMPEPHIBHBIE, BHITYKIIBIE,
cenapabeNbHbIEe U AP .;

6) xapakTepy B3aUMOOTHOIIEHHH UTPOKOB — OE3KOATUIIMOHHBIE H KOAINLHOHHBIE.

ITapHas urpa Has3pIBaeTCsi UIPOM C HYJEBOW CYMMOMW, WJIM AHTAarOHUCTUYECKOH, €CIn
BBIMTPBIII OJJHOTO UTPOKA PAaBEH MPOUTPHILIY APYTOTO.

92

























































Puc. 4. CCH cucremsl ¢ IOCTOSIHHBIM OOIIUM Pe3€PBHUPOBAHNEM KPATHOCTH mM=2

Puc. 5. I'pad cocTosiHuii cuctemsl, n300pakeHHON Ha puc. 4

CocrosiHus Ha rpade UMEIOT CIASTYIOIIHA CMBICT:

Gy — OCHOBHAs1 U JIBE PEe3EPBHBIE CHCTEMbI paOOTOCTIOCOOHBI,

(G1 — omHa U3 cucTeM (OCHOBHAs WJIM Pe3epBHAs) OTKa3asia, a OCTAJIbHBIE JIBE CHCTEMBbI
paboTOCOCOOHH!,

(52 — OTKa3aJIM ABE U3 TPEX CUCTEM, a O/THA cHcTeMa paboToCoco0Ha;

(33 — OTKa3aJ1M OCHOBHasI U 00€ pe3epBHbIC CUCTEMBL

3HaueHne 3|l O3HA4YaeT, YTO 3Ta CHCTEMa SIBIISIETCA CHUCTEMOH C HEOrpaHHYEHHBIM
BOCCTaHOBJIEHHEM (padOTaIOT OJJHOBPEMEHHO TPU PEMOHTHBIC OpUTAIbI).

3HaueHne 3A COOTBETCTBYET TOMY, YTO MOTYT OTKa3aTh. WJIM OCHOBHAs, MJIH OfHA W3
PE3epPBHBIX CUCTEM, WU IPYTasl.

Cryyaiinotii Ouckpemuuiii Npoyecc HA3bLIBACMCA MAPKOBCKUM, €CIU 1 TF000r0 MOMEHTa
BPEMEHU / BEPOSITHOCTH BCEX COCTOSIHUN CHUCTEMbI B OyyIEM 3aBHCST TOJBKO OT €€ COCTOSIHUS
B HACTOSIILIEM U HE 3aBHCAT OT TOTO, KOTZIa M KaK 3Ta CUCTEMa Mepela B 3TO COCTOSHUE.

Ecnu moTokm OTKa30B M BOCCTAaHOBJIEHUH, MEPEBOIALINE CHCTEMY H3 COCTOSHHS B
COCTOSIHHE SIBJISIFOTCS. OPAMHAPHBIMH W 0€3 IOCHENCTBUS, TO €CTb IIYaCCOHOBCKHMH, TO
CIy4YalHbBIN OPOLIECC €CTh MAPKOBCKHUH.

MapxkoBckuii CIIy4aiiHbIi pouecc OIHACHIBAETCS CHUCTEMOI1 JIMHEWHBIX
middepeHManbHbBIX  ypaBHeHHMH, KOTOpyro mnpemnoxkun akagemuk A.H. Kommoropos.
Huddepenunanbabie ypaBHeHHs A JIEOOOH BOCCTaHABIMBAEMOH Pe3epPBUPOBAHHON CHCTEMBI
10 U3BECTHOMY Tpady COCTABIISIOTCS MO CIENYIOIIUM IPABUIIAM:

1) umcno nuddepeHunanbHEIX YPaBHEHUI PABHO YHUCITY COCTOSTHUI rpada,

2) mpou3BOIHAs BEPOSITHOCTH HAXOXKIACHHS CHUCTEMBI B KaKOM-JHOO COCTOSTHUH
paBHa anredbpanyecKoi CyMMe TaKOTO YHCIIa CIAraeMbIX, CKOJBKO CTPEJIOK CBSI3aHO C
STUM COCTOSIHHEM,

3) kaxmoe ciaraeMoe pPaBHO TNPOM3BENEHHIO HWHTEHCHBHOCTU TIOTOKA COOBITHI
(OTKa30B WJIM BOCCTAHOBJICHMI), MEPEBOMSIIEH CHUCTEMy IO AaHHOW CTpeJKe, Ha
BEPOSITHOCTh TOTO COCTOSIHUS, M3 KOTOPOTO UCXOIUT CTPEIIKA,

4) cmaraemMoe MMEET 3HAK «-» , €CJIU CTPENKa MCXOAMT U3 AAHHOTO COCTOSHUS, U
3HaK «+», €CIIN CTPeJIKa HalpaBJieHa B JAHHOE COCTOSTHUE.

3amumem cuctemy nudQepeHIuanbHbIX YpaBHEHUH s rpada, MpeacTaBIeHHOro Ha
puc. 2:
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Ha MOCJICAHEM STare pacdHera OCYWECCTBIIACTCA CPABHCHHUEC BBIYHUCJICHHOTO 3HAYCHUA
KOB(l)(l)HLIHeHTa TFOTOBHOCTHU C 3aJdaHHBIM 3HAUCHUEM B COOTBETCTBUC C HCPABCHCTBOM!

er kr 3aj - (5 )

Ecnu HepaBeHCTBO (5) HE BBINOJHAETCS, TO YBEIUYHUBAIOT KPATHOCTD PE3EPBUPOBAHUS M1
Ha €JUHMIYY W pacydeT HaJeKHOCTH IMPOBOAUTCS IOBTOPHO.

Meronnka ~— pelmeHuss  3amayd  pacdyeTra  HaAeXKHOCTH  BOCCTaHABIMBAEMBIX
Pe3epBUPOBAHHBIX CUCTEM CJICAYIOLIASL.

B kauecTBe HCXOMHBIX NAaHHBIX MPH pacyeTe 3aAar0TCs:

1) cioco6 pe3epBUPOBaHUS U KPATHOCTh PE3EPBUPOBAHUS 1,

2) 3amaHHOE 3HaUeHue KO3 (PpuIrieHTa TOTOBHOCTH Ky 50y,

3) cnoco® BoCCTaHOBJIEHUS pabOTOCIIOCOOHOTO COCTOSIHUSI CHCTEMBI (OrPaHUYEHHOE HUITH
HEOTPAaHUYEHHOE BOCCTAHOBJICHHE).

Tpebyercs BbMUCINTD 3HAa4YeHHE KO3((ULIMEHTa TOTOBHOCTH K, W CpPaBHHUTH €ro ¢
3alaHHBIM 3HAUYEHUEM.

Pemenne naHHOM 331241 MPOU3BOAMTCS B CIENYIOIIEH TOCIEA0BATENIbHOCTH!

1) uzobpaxxaem CCH u rpad cocTostHHIA CHCTEMBIL,

2) 3ammUCBIBAEM CUCTEMY JIMHEHHBIX anreOpanvyeckux ypaBHEeHUH Buaa (2);

3) mpuBOAMM CHCTEMY ypaBHEHHH (2) K cHCTeMe JHMHEHHBIX HE3aBUCHMBIX YPaBHEHHI
3);

4) cocrasyisiem onpenenurenu D u D; (i=0, 1, 2);

5) BbIUHCIISIEM BEPOSTHOCTU HAXOXKACHHSI CHCTEMbI B i-X COCTOSIHUSX Pi(1) mo dopmyrne
(4);

6) BbruuCIsAeM KO3(QQUIMEHT rOTOBHOCTU k; Kak CyMMy BEpOSITHOCTEH HaXOXIEHUS
CUCTEMBI B Pa0OTOCIIOCOOHBIX COCTOSTHUSX;

7) MPOU3BOAKMM CpPaBHEHUE BBIYHCICHHOTO 3HAYCHUS K; C 3aJaHHBIM 3HAYEHUEM K 5oy
[Ipu HeBBIMONHEHNHN HEPaBEHCTBA (5) KPaTHOCTh PE3EPBUPOBAHUS /7 YBEIMYUBAEM HA CAMHHILY
U TIOBTOPsiEM BbIUMCIIEHUE KodduimenTa k.

3agaHus Ha NpaKTHYeCKyI0 padoTy

Jaoaua Ne 1. Cucrema aBTOMATHKHM HMEET IIOCTOSIHHOE OOINee pe3epBHpPOBAHUE
kparHoctu m=1 (puc. 1), rpad cocrossHMN KOTOpOH M300pakeH Ha puc. 2. CpemHee Bpems
HapaOOTKU 10 OTKa3a Hepe3epBUPOBAHHOUW cuctembl paBHO 1;=1000 4., a cpemHee Bpems
BoccTaHOBNieHUs 1,=10 4. BraucauTh:

— 3HAYEHHs] THTEHCUBHOCTEH OTKAa30B A U BOCCTAHOBJICHUH K,

— 3HaueHus onpenenurtene D, DO, DI, D2 u BepOoATHOCTEN HAXOXXKICHHUS CUCTEMBI B
cooTBeTcTBYOIUX coctossHusx PO(t), P1(t), P2(t);

— 3HaYeHne KO3 (ULIMEHTa TOTOBHOCTH K.

3ananHOe 3HaUYeHue KO3 UIIeHTa TOTOBHOCTU PABHO Ky 307 = 0,999.

3aoawa Ne 2. Cucrema TeneymnpaBieHHs MABIDKEHHEM TI0€310B HMeeT oOriee
pe3epBUPOBAHME 3aMEIIEHUEM KpPaTHOCTU m=1. MHTE€HCUBHOCTb OTKa30B HEPE3EPBUPOBAHHOMN
cuctembl paBHa A=0,001 1/4., a mHTeHCHMBHOCTH BoccraHoBieHuss 4=0,1 1/1. Heobxommmo
BBIYUCIUTD KO3()PHUINEHT rOTOBHOCTH Pe3epBUPOBAHHON CUCTEMBI Ky, €CITH 3alaHHOE 3HAYCHHE
ko3 unmenTa TOTOBHOCTH paBHO K;1,,=0,999, a BoccraHoBiaeHne paboTOCHIOCOOHOTO
COCTOSIHHUSI CHCTEMBI SIBJISIETCS] OTPAHUUEHHBIM.

3aoaua Ne 3. Anmapatypa 3JE€KTPONUTAHUSI CUCTEM aBTOMATHKH U TEJIEMEXaHUKU HMEeT
olmiee pe3epBUPOBAaHUE 3aMEIEHNEM KPaTHOCTH m=2. Berauciantb K03(pPUIHEHT FrOTOBHOCTH
pe3epBUPOBAHHON CUCTEMBI Ky, €CITH:
— 33JaHHOE 3HAYeHNE KO3 (PULIMEHTA TOTOBHOCTH PABHO Ki 33,=0,9999;
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— BOCCTAHOBJICHHE padOTOCTIOCOOHOTO COCTOSTHUSI CUCTEMbI OrPaHUYE€HHOE,
— UHTEHCUBHOCTh O0TKa30B A=0,01 1/u;
— UHTEHCUBHOCTH BoccTaHOBNeHUsT 1=0,2 1/4.

Moayar 4. IIpumenenne HHPOPMALHOHHBIX TEXHOJOTHH B  pelIeHHH  3aAa4
aBTOMATH3ALMHU, YIIPABJEHHs, 00pa00TKH U NpeacTaBJeHus1 HHpopmanum.
Jlexuus 1. CucremMbl ABTOMATH3HPOBAHHOTIO NpoekTHpoBaHus. (1 ak. yac).

IIpoexTupoBaHUe — 3TO MPOLECC CO3MAHUS OMMCAHUS, HEOOXOIUMOTrO ISl IIOCTPOCHUS B
3alaHHBIX YCIOBHSIX €IIe HEeCYIIeCTBYIOWEro oObekra. lIpoexkTupoBaHne HAuWHAETCS MpU
HAJIMYHMN BbIPAKEHHOH MOTpeOHOCTH 001ecTBa B 0OBEKTE MPOSKTHPOBAHMSI.

B ocHoBe neficTBHUll MPOEKTHPOBLIMKA JIEKUT HEKMH crocod wiam mpuHuun. KM ecnn
cnoco0 AelCTBUS MaIlMHBI (KOMITBIOTEpPA) YAAETCs MPEeNBUAETh NTOCTATOYHO TOYHO, TO BBIOOP
crioco0a IeHCTBHSI YeJIOBEKa He SIBJIIETCS] CTOJIb JKe OIpenesieHHbIM. B HacTosimee Bpemsi, koraa
B MPOEKTUPOBAHUH BCe 0OJiee aKTHUBHO NMPHUMEHSIOTCS KOMIBIOTEPHAS TEXHHKa M TEXHOJIOTHS,
MOXXHO TOBOPUTH O cmocobax © [eHCTBHSX '"JdelOBEeKO-MAaIIWHHBIX' cucreM. B ocHOBe
OCO3HAHHOTO PAIIMOHAJIBHOTO CIIOco0a NeHCTBUS YeIOBEKA JIEKUT METOI.

Jlnis CyIecTBOBaHUS METO1a HEOOXOTUMBI:

- IpaBUJIA TIOBEICHHUS KaK OMHUCaHUEe criocoda NefCTBHS;

* OCO3HaHHUE UCTIOJB30BAHUS METO/IA KAaK OCHOBBI ICHCTBUS,

* CTPOroe MOAYNHEHNE TPaBUIaM TTOBEICHNS,

* ONMCaHNe CUTYalnH, B KOTOPBIX Liesiecoo0pa3eH JaHHbBII METO.

AHanM3Mupys MPOEKTHYIO ESTENbHOCTD € MO3UIMY YaCTHOTO M OOINEro, MOXHO CKa3aTh,
YTO B €€ OCHOBE JIEJKAT:

IeNCTBUS — CIOCOOB! (IPUHIIUITBI) — METOABI.

B 3aBucmMocTH OT TOro, Kakue CperncrBa Jisl pPean3aldd TBOPUECKHUX eHCTBHN
NPUMEHSIET IPOSKTHPOBIIUK, PA3IHYAIOT:

* BBPUCTUYECKUE METOIIBI,

* aJITOPUTMHYECKHE METOIBL.

B sBpucTHUECKHX METOAX ONpPeNeNsoee 3HAYCHHE HMEIOT:

* aCCOLIMATHBHBIE CIIOCOOHOCTH,

* IHTYUTUBHOE MBIIILJICHHE;,

* C1IOCcOOBI YIPABICHUS MBILLIEHHUEM.

DBpPUCTUYECKIE METObI OCHOBAHBI HAa MCIIOJIb30BAHIH OOLINX MPABUI U PEKOMEHAALNH.
OHM TIOMOTalT NPH TOUCKE PA3IUYHBIX MOHATHH W YTBEPIKIEHHH, KOTOPBIE MO3BOJSIOT
Onmaromapst CIy4aiHbIM HJIM JIOTUYECKMM AaCCOLMALMSIM OTKPBITH HJIM CO37aTh a0CTPaKTHOE
COOTHOIIEHHE, CTIOCOOHOE 1aTh PEIIEHUE 3aJaUH.

AJNTOPpUTMHYECKHE METONIbI OCHOBBIBAIOTCS HA aJITOPUTME, KOTOPBIH MOXKHO OIPENEIUTh
KaK TOCJEIOBATENbHOCTh YKa3aHUH, KacaloUIUXcsl mnpoueayp (omeparuii), MO3BOJISIOLINX
pewmnTs 3a1a9y. MOXKHO BBIAEIUTH JIOTHUECKUE aJITOPUTMBbI M MATEMATHIECKUE AJITOPUTMBIL.

[IpoexTupoBaHNE MOKET OBITH:

* Py4HBIM — 0€3 MPUMEHEHHsT KOMITBIOTEPA;

* aBTOMAaTU3UPOBAHHBIM — Ha OCHOBE B3aMMOJCHCTBHS 4YEJOBEKa M KOMIIBIOTEPA,
KOTJa BPUCTUUECKUE  ACHUCTBUS  NPOEKTUPOBILIMKA  JOMOJHAIOTCS  BBIUYHUCIUTEIbHBIM
BO3MOYKHOCTSIMA KOMIIBIOTEPA, PEATHM30BAHHBIMHU IIOCPEACTBOM ONPEAEISHHBIX AITOPUTMOB,

* aBTOMATHYECKMM — 0e3 yd4acTusl ueloBeKa Ha MPOMEKYTOYHBIX  OSTarax
NPOEKTHPOBAHUSI.

IIpoexkTupoBaHNE CIOXKHBIX TEXHHYECKUX OOBEKTOB, K KOTOPBIM OTHOCATCS U
aBTOMOOWJIbHBIC TIOPOTH, BBITIOJIHSAETCS, KaK MPAaBUJIO, aBTOMATU3UPOBAHO, TO €CTh C TIOMOLIBIO
CAIIP — cucrem aBTomatusupoBanHoro npoektuposanusi (CAD — Computer Aided Design).

Cucmema a6momMamu3upo6anno20 nPoOEeKMUPOBARUA — OPTaHU3ALHOHHO-TEX HUYEeCKast
chUCTeMa, COCTOsImas W3  KOMIUIEKCA  CPENCTB  aBTOMATH3ALMHM  MPOEKTHPOBAHMS,
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B3aMMOCBSI3aHHOTO c NOAPa3eICHUSIMH MPOEKTHOH OpTaHu3aLIH u
BBIMOJIHSIOIAsI ABTOMATH3HPOBAHHOE MPOEKTHPOBAHHUE.

Takum obpazom, CAIIP cienyer MOHMMATh U KaK KOMITBIOTEPHYIO MPOTPaMMy, H Kak
OPTaHHU3aLUOHHO-TEXHUYECKYIO CUCTEMY B IIUPOKOM CMBICIIE.

ABTOMaTH3aIMsI TPOCKTUPOBAHUS 3aHUMaeT 0codoe MecTo cpenu HH(POPMALMOHHBIX
TEXHOJIOTUH, SIBISSCH COOCTBEHHO CHHTETUYECKOH NMCLHUIUIMHOHN, BKIIIOYAIOINEH MHOXKECTBO
UHPOPMALIMOHHBIX 3JIEMEHTOB. OT BBIUHUCIUTENBHBIX CETE€Hl M TEeJeKOMMYHHKALIMOHHBIX
TEXHOJIOTUH 10 MEPEAOBbIX METOOB BBIUUCIUTEIbHON MaTEMATHKH U CPEICTB MOIESIUPOBAHHUS
TPEXMEPHOU BUPTYaAIbHON PEATIbHOCTH.

Knaccupuxaumro CAIIP ocymecTBAsSIOT 1O pa3sHbIM IPU3HAKAM, HAmpuUMep, IO
NPUJIOKEHUIO, LIEJIEBOMY Ha3HAYEHMIO, KOMIUIEKCHOCTH peIlaeMbIX 3a1ad, Xxapakrepy 0a30Boi
MOJICUCTEMBI.

o npunosicenunam nanbonee akTyaJIbHbBIMU U ITUPOKO PA3BUTBIMHU SIBIISTFOTCA:

- CAIIP mammHOCTpOeHMUS,

- CAIIP paguosneKkTpOHUKH;

- CAIIP apxXuTeKTypbl U CTPOUTENLCTBA.

ITo yenesomy naznauenuio paznnuarot noxcucremel CAIIP, obecneunBaromme pasHble
acmekThl mpoekTupoBanus. Tak, Hampumep, mox TepMuHOM CAD 00BIMHO TNOApPa3yMeBaroOT
IPOLENYPBl TEOMETPHUECKOTO MPOSKTHPOBAHMUSI.

Pacyersl mpo4HOCTHM, YCTOWYHMBOCTH, HOJTCOBEYHOCTH W APYTUX  ACHEKTOB
(YHKIMOHAIBHOCTH OOBEKTOB NpoekTHpoBaHusi BeMONHIOT B mnoacucteme CAE (Computer
Aided Engineering). IIpu nmpoextupoarun mopor k 3ampadam CAE crenyeT OTHECTH: pacdeTsl
TOPOXKHBIX ONEKI Ha IMPOYHOCTh, MOPO30YCTOHYMBOCTb, CIOBUT M HW3IHO; pacueTbl OCAIKU
3eMJITHOTO TIOJIOTHA Ha CJAObIX OCHOBAHMAX M YCTOWYHBOCTH OTKOCOB, THAPOJIOTHUYECKHE
pacueTbl OTBEPCTHH MCKYCCTBEHHBIX COOPYKEHHUI, MOAEIUPOBAHNE TPAHCIIOPTHBIX MOTOKOB H
zp.

PacueTsl, CBsI3aHHBIE C TEXHOJIOTMYECKOW MOATOTOBKOW MPOM3BOJCTBA, PEATU3YIOT B
noncucreme CAM (Computer Aided Manufacturing). K 3amavam CAM B DoposkHO# oTpaciu
MO>KHO OTHECTH: MOJATOTOBKY Pa30MBOYHBIX BEIOMOCTEH, TEXHOJIOIHYECKHX KapT MPOU3BOICTBA
pabot; pa3paboTKy CXeM OpraHHM3alM{ ABW)KEHUS TPAHCIOpTa MpPH TNPOU3BOACTBE pador,
COCTaBJICHUE JIMHEHHO- KaJleHNapHbIX rpadukoB padboT u ap.

ITo komniekchocmu  pewsaemovix  3a0ay pa3nuyarOT OTAENbHBbIE MOJACHCTEMBI U
KOMILIEKCHI U3 U3J0KeHHbIX Bhiie noacucreM: CAD/CAE/CAM.

BaXHBIM KOMIIOHEHTOM KOMIUIEKCHBIX CHUCTEM B IIOCIEIHEE BPEMsl CTAHOBSITCS
noacucteMel ynpasienus: fanibiMd PDM (Product Data Management), KOTopble 00eCrieqnBar0T
KOJUIEKTHBHYIO PaOOTy HaJ MPOEKTaMH, LEJIOCTHOCTb NAHHBIX M CIIOCOOCTBYIOT pPeajH3alliu
3(}(EKTUBHBIX CHCTEM YIIPABJICHHUS] KAUECTBOM.

CrocoOHOCTh  KOMITBIOTEPHBIX ~ TEXHOJIOTHH  TOANEPKUBaTh  (PYHKIHOHUPOBAHHUE
OOBEKTOB OT CTaIUHU MPOEKTHPOBAHUS O MX YTUJIM3ALUU B €IUHONW HH(POPMALTMOHHOH CHCTEME
nopoawna konuenuo PLM (Product Lifecycle Management), koTopasi sIBISI€TCSI YpE3BBIYAHO
NEePCIeKTUBHON | JUIsl OyAyIIero TOpOKHON OTPACIIH.

Haubonee TOYHO CYIIHOCTH 3TOM KOHLENIMH NMPUBENEHA B CIENYIOIEM ONPENCIeHHH:
"PLM — 3TO crpaTernyeckuil TOAXOA K BEASHUIO OW3HECa, KOTOPBIA HCIONB3yeT Habop
COBMECTHUMBIX PELICHUH Ui MOANEPKKH OOIero mnpeacraBiieHus HH(POpPMAUU O MPOAYKTE B
npoIecce ero CO3MaHUs, peajH3alud U SKCIUTYaTalliH, B CPee PACIIUPEHHOrO MPEaNpPUATHS —
HAYMHAsi OT KOHLEMIUY CO3/IaHus MPOAYKTA M 3aKaHYMBAs €r0 YTHIN3ALNeH — MPU HHTErPaIiu
JEOACKUX PecypcoB, mporeccoB U undopmanuu”. Crenyst goruke 3toro omnpeneienus, PLM —
sto He cucrema (tuna CAD) m nHe kmacc cucrem (tmma CAD/CAM/CAE), a crparerus
NPOM3BOJICTBA C TNPUMEHEHHEM KOMIUIEKCHOW KOMIBIOTEPU3ALMH, KOTOpas Oasupyercss Ha
equHOM mpencrasieHun nHpopmarmu o0 wu3menuu (TMPOAYKTE) HA BCEX CTAOUAX €ro
JKU3HEHHOTO LUKJIa. DTa MHpOpMauus MOXeT (M JOJDKHA) COBMECTHO HCIIONB30BAThCA BCEMU
yYaCTHUKAMH PACIIUPEHHOTO MPEANPHUSITHSL, K KOTOPBIM OTHOCSATCSI OCHOBHOH IMPOU3BOAUTEID,
MOCTABIIHKH, CYyOIIOAPSAYNKY, 3aKa34UKH U TIOTPEOUTEIH.
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OcHoBHbIE CBeeHNsI 0 MOCTPOEHUH TpexMepHbIX MoaeJeii B Canp AutoCAD

Jlns mpencraBieHus peanbHbIXx 00bekToB B CAD-cucreMax HCHONBb3YIOT TPH OCHOBHBIX
THIAa TPEXMEPHBIX MOJEIEH.

KapkacHpie Monienu. HanmoMHHAIOT CO31aHHBIE U3 COSNMHEHHBIX MEXAY COOOH OTPE3KOB
npoBosiok. Kasknast mpoBosioka npencrasisieT pedpo peanbHOro oobekra. [loBepxHOCTH 00BEKTA
(rpaHun) He oIpenesieHbl; TOJIBKO UX IPAaHHLBI IPEICcTaBleHbl pedpamu. Mozens npo3pavHa.

HosepxHoctHble Mopenu. OOecrieunBarOT JIydlee ONMucaHue OOBEKTa, YeM KapKacHBIE,
NIOTOMY YTO B HHUX ONpeneseHbl U pedpa u nmopepxHocTd. OQHAKO, BHYTPH MOZENIN HUYErO HET,
OHa NMeeT 00beM, HO HE UMEET MaCChlL.

MOHOIUTHBIE MONEAU. DTO CaMblil CJIOXKHBIA TUN Moaenu. He TONbKO HaeT MOJHYIO
UHPOPMALIMIO O BHEIIHUX IOBEPXHOCTSIX M pedpax o0beKkTa, HO TMO3BOJSET OIUCATb €ro
BHYTPEHHUE OCOOEHHOCTH. B criy TOro, 4ro Monenb MOHOJHMTHAS, OHA UMEET MacCy M MOXKET
COJIEP>KaTh XapaKTEPUCTUKU MaTepHaa.

Bce koopauHaTel TOUeK IpU BBOAE U BBbIBOJE OIpPENENsSIOTCS OT Haudaja TeKylleH
noJb3oBarenbekoit cuctemsl koopauHat (IICK). Msmenuts nmonoskenue Ttexymeit [ICK wmu
CO3/1aTh HOBYIO MOXKHO C IIOMOIIBIO TPYIIbI KOMaH/, Haxofsuielcst B MeHo «CepBucy.

Ecnu nns Touky, pacnosioKeHHON B MPOCTPAHCTBE, YKa3bIBAIOTCS TOJNIBKO KOOPAUHATHI X
1 Y, TO KOOpAHHATA Z 3TON TOYKU NPUHUMAETCA PABHOW TOMY 3HAYEHHUIO, KOTOPOE YCTAHOBJIEHO
komannoii ELEV (YpoBeHb). DTO 3HaueHHWE KOOPAMHATHI Z HAa3bIBAETCS YPOBHEM U He
U3MEHseTCs IIPU Nepexofie K APYroi Nojab30BaTeIbCKOH CUCTEME KOOPAUHAT.

YnpasieHne Ha3HAYEHNEM KOOPIMHATHI Z BHOBb CO3aBa€MbIM OOBEKTaM IMpPU MPUBSI3KE
K TOYKaM IUIOCKHX, YK€ IOCTPOCHHBIX OOBEKTOB BBINNOJHSETCS MPU MOMOIIHA CHCTEMHOHN
nepemeHHO OSNAPZ, koropas npuHumMaeT 3HaueHue 0 unu 1.

Ecnn OSNAPZ = 0, To B kauecTBe KOOPAUHATHI Z UCIONb3yeTCs] KOOPAUHATA TOW TOUKH,
K KOTOPOH MPOU3BOAUTCS MPUBSI3KA MPU NOCTPOSHUU OOBEKTA.

Ecmu xe mpucsoure OSNAPZ = 1, To B KkauecTBe KOOPAMHATHI Z HCIOIB3YETCS
3HaueHue ypoBHs, 3ananHoro komaunoit ELEV (YPOBEHD).

VYpoBeHb HCMOJb3yeTCA A 4YepyueHUs] Haj WIM MOJ IUIOCKOCThI0 XV M MO3BOJsET
3a/7aBaTh pas3JuYHble 3HA4YeHUs] KOOpAuHAaTe Z, B KOTOPOH BbIUEPUMBAETCS OCHOBaHUE
TpexMepHOro o0bekTa. J{Jisi BHOBb CO3/1aBaeMbIX OOBEKTOB YPOBEHb YCTAHABINBACTCS KOMAaHION
ELEV (YPOBEHb), koTopasi BBOOUTCA € KJIaBHATYPBl. JDTOH K€ KOMAaHIOW MOXHO NPUAATH
tockuM oobvexToM U BeicoTy THICKNESS (Bricota).

[Ipunanne TUIOCKUM OOBEKTaM BBICOTHI TO3BOJSIET CO37aBaTh Pa3HOOOpa3HbIC
MOBEPXHOCTH C TOJILIMHOH, PaBHOH TONIIMHE NCXOAHOTO oObekTa. Onepanus NpuaaHus BbICOTHI
IUIOCKOMY OOBEKTY Ha3bIBaeTCs gvroaenusanuem. IIpu BbIIaBIMBAHUU CTPOUTCS NMOBEPXHOCTD,
COOTBETCTBYIOLIAst KOHTYPY TUIOCKOTO OOBEKTA.

Vke BberdepueHHbIM oObekTaM ypoBeHb ELEVATION (YpoBeHb) U  BBICOTY
THICKNESS (Bwicotra) MokHO 3amaBaTh Ha mnanutpe cBoicTB oObekta PROPERTIES
(Croiictna).

MOHONIUTHBIE MOJENN KOHCTPYHPYIOTCS IMyTEeM CO3[aHUS MPOCTHIX Tes (CTaHAapPTHBIX
reOMETPHYECKUX TPEXMEPHBIX (POPM THIIA MapauIeIeUIeIOB, KOHYCOB, KIMHbEB, [IFIIUHIPOB U
T.1.) 1 GOPMUPOBAHUS M3 HUX COCTABHBIX TEJI C MCIIOJIB30BAHUEM TEOPETHKO-MHOMKECTBEHHBIX
onepaunii 00beTUHEHNS, BBIMUTAHUS U MIEPECEUEHUs. ITO CPABHUTEIBHO OBICTPBIN U MOHATHBIN
METOJ] MOJENIUPOBAHMSI, UMUTHPYIOLIUI NPOU3BOICTBEHHBII MpolLiecc.

TexHuKa cO3AaHNs] MOHOJIIMTHBIX MOJIeNiel OCHOBaHA Ha YeThIpex MpHeMax:

- CO371aHNE MOAEIIeH TPEXMEPHBIX MPUMHTHUBOB JINOO IBYMEPHBIX (POPM € TOCIEAYIO LM
UX NPEBPALICHHEM B TPEXMEPHBIE ITyTEM BbIIABJINBAHUS HJIM BPAIIECHUS,

- pasMelleHrne MPUMUTHBOB OTHOCHTENBHO APYT Apyra JuOO Ha 3Tame CO3maHwus, JHOo
MyTeM NepeMeLIeHM s,

- FICTIONIb30BaHUE TEOPETUKO-MHOKECTBEHHBIX Omneparuii (00beInHeHNEe, BEIYUTAHUE FITH
nepeceueHre) ¢ HeNbio (OPMUPOBAHUS U3 TPUMUTHBOB COCTABHBIX TEI,
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- mpeoOpa3oBaHHE MOAENEH COCTABHBIX TEJNI C IOMOLIBIO PAa3HOOOPA3HBIX CPEACTB
penaxkTupoBaHus, npeaocTasiseMbix komanao SOLIDEDIT.

Paznuynble BO3MOXHOCTH Ui TPOCMOTPAa TPEXMEPHBIX OOBEKTOB MPENOCTaBIIACT
komanga SHADEMODE (Tens). Ee onuu MOXHO BBI3BaTh BBOJOM B KOMaHAHYIO CTPOKY, Ha
Bkianke Bung (VIEW) B mMeHro «BusyanmpHble CTHIIM» W KHOINKOH «Jlucmerdep BH3yasbHBIX
CTUJIECIY.

Onmun komarer Shademode:

1. 2D Wireframe (2D kapkac) - B 3TOM pekuMe OTOOPaKArOTCS JIUIIb OTPE3KH M KPUBBIE.
TpexmepHass KOH(UTypamusi ONpPEneNseTcs] TONbKO pedpaMu, NPEenCTaBIIIOMUMHI TPAHHLBI
noBepxHocTel. TN U BeC JTUHMIA, a TaKXKe pacTpoBble 00BEKTHI oToOpaxkkaroTcs. Kak mpasuiio,
3Ta OMNIMS UCTIOIB3YETCs B IBYMEPHBIX YEPTEXKAX.

2. 3D Wireframe (3D kapkac) - npuMeHsieTcsi OOBIMHO AJIi OTOOPaKEHUST TPEXMEPHOU
KOHpHUrypanuu B KapKacHOM NpeAcTaBieHHU. PeOpa Monenu mpencTaBieHbl OTpPe3KaMu U
KpUBBIMH. THIT U BEC IMHUIN HE YUUTBHIBAETCS.

3. Hidden (CkpbiTre nmuHuii) - pexxum noxok Ha 3D Wireframe, ofHakO CKpBIThIE JTHHUN
TPEXMEPHBIX OOBEKTOB HE OTOOpaXKarOTCs, TO €CThb pedpa, CKPBIThIE HENMpPO3pPavyHBbIMU
MOBEPXHOCTSIMHU, CTAHOBATCSI HEBUAUMBIMHU. JTa OMLMS yJIy4IIaeT BU3YaJIbHOE MPEICTABIICHHE,
HO HE O4YeHb yI0OHA /ISl CO3aHMs U MPABKH OOBEKTOB, MMOCKOJBKY HEKOTOpPBIE pedpa Ha 3KpaHe
HEe 0TOOpaKaIOTCS.

4. Flat Shaded (TonuwpoBaHHBIN) - BBIIOJHSIETCS 3aJIUBKA IMOBEPXHOCTEH IIBETOM,
KOTOPBIH ompenensercss 00beKTOM, CIoeM Ui MaTtepuajoM. [IoBepXHOCTH OTTEHSIOTCS TaK, Kak
OyATO B TOUKE pa3MeElIeHHs HAOIFOAaTeNsl IMEETCsl ICTOYHUK CBETA.

5. PeanucTHUHBIA — NPU UCHONB30BAHUU JAHHOM OIMIUH IJIS 3aKpalINBaHUs OOBEKTOB
npumMensiercs Meton ['ypo. IToBepXHOCTH B 3TOM Cilydae BBINJISAIAT CrIIA)KEHHBIMH, a [[BETOBBIC
nepexoabl IIABHBIMU.

Moayanr 4. Ilpumenenue HMH(POPMALMOHHBLIX TEXHOJIOTHH B  pelIeHHMH  3aga4
aBTOMATH3ALIUM, YIIPABJIEHHS], 00pa00TKH M npeacTaBjaeHus1 HHGoOpMALHH.

IIpakTnueckoe 3ansitne 1. Pa3spafoTrka TpexMepHbIX KAPKACHBIX M MNOBEPXHOCTHBIX
moaesieit B CAIIP AutoCAD. (3 ak. uaca).

PaccmMoTpuM HEKOTOpBIE U3 METOIOB BBOJA TPEXMEPHBIX KOOPAMHAT.

1.  Cosnaiire B AutoCAD HOBBII uepTek. Y craHoBUTE B MeHIO «Bumy pexum mpocmorpa SW
Isometric (FO3 uzomerpust). BeizoBute komanny Otpesok (Line) u ucronb3yiire MeTonbl
BBO/Ia A0COJIFOTHBIX U OTHOCHUTENbHBIX KOOP/IMHAT.

Command: line

Specity first point: 70,60,0

Specify next point or [Undo]: #70,90,0

Specify next point or [Close/Undo]: @140,0,0

Specify next point or [Close/Undo]: @0,-20,0

Specify next point or [Close/Undo]: @0,0,80

Specify next point or [Close/Undo]: @-30,0,0

Specify next point or [Close/Undo] : 3

Quivmpst mouex
QOubTpaLys TOUEK IMO3BOJISIET 33/1aTh KOOPIUHATHI, KOMOUHHUPYS BHIOOP TOYEK MBILIBIO H
BBOJI 3HAYEHUH C KJaBUATyphl. Yamme Bcero ucnomib3yercs Gpuptp . XY — B miockoctu XY TOUKA
BBIOMPAETCS MBIIIBIO, & BHICOTA (KOOPAUHATA MO OCU Z) BBOIUTCS C KJIABHATYPHL
1.  HayepTtum B NpOCTPAaHCTBE OTPE30K, MPOXOASIINNA HA 2 MM BBILIE OTPE3Ka, HAXOASILIETOCs
B IJIOCKOCTH XY U ONPOXOISIIErO NapajjeIbHO EMY.

2. Haueptute npous3BOJbHBIN OTpe3ok B miockoctd XY. Bxmouute pexxum ITPHUBA3KA
(OSNAP).
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3.  Bemosure komanay Otpesok (Line). B orBer Ha 3anpoc nepsoii Touku BBeaute .XY 1 Ha
Borpoc (of) IeNKHATE MBIIIBIO HA OJJHOM M3 KOHLIOB UMEFOIIErocs OTPe3Ka.
4. B otser Ha Bompoc nporpammel (need Z) BBeaure mudpy 2 .

5. AHaNOru4HO 3a7aiTe BTOPOM KOHEI] OTPe3Ka.
6.  YBenuubTe H300pakeHHEe M yOEOUTECh, YTO NEPBBbIH OTPE3OK pPACIIONAraeTcsl BBILIE
BTOpOTO.

7. TlpembsiBUTE Pe3yabTaThl PAOOTHI MPETIOAABATEINIO.

IHpumep.

ITocTpoum nupamMuay u3 oTpe3koB. Y cTaHoBUTE pexkuM npocmotpa FOB usomerpus. Hapucyiite

ocHOoBaHue nupamuabl 1-2-3-4 B mnockoctu XVY. CroponHa 1-2 pomkHa pacnojaraTbest

napasuieibHO ocH X.

Jnsa moctpoerusi pedpa, COCOMHSIOMETrO Yroll OCHOBAaHUS M BEPIIMHY NMHUPAMUABI Ha BBICOTE

Z=50 oT €€ OCHOBaHMs, BOCMOJb3yEMCS CACAYIOLINUM METOAOM.

1. Bwnosure komanay Otpesok (Line).
Ha 3anpoc nepsoii Touku HaGepure . X u Haxmure Eker.

3. 3areM, HCHOJB3ys OOBEKTHYIO MNPHBS3KY K CEPEAMHE OTpPEe3Ka, INEJIKHUTE MBIIIBIO Ha
cepenuHy oTrpeska 1-2. DTuM Bbl 3a71a1uTe; KOOP/IMHATY BEPIIHHBI THPAMUIBI TIO OCH X.

4. Ha npennoxxenue BBeCTH YZ Hanumute .Y .

IIlenkHKUTE MBILLIBIO HA cepeuHe OoTpe3ka 1-4. DTuM Bbl 3a1aqUTe KOOp%(I/IHaTy BEPLINHBI 110

ocu Y.

6. Ha mpemnoxenue 3amatb Z BeeautTe 50. Bbl mony4@inm TOYKy, B KOTOPOH HAXOIMUTCS
BEPIIMHA TUPAMUJIBL.

7. CoenuHuTe «PE3UHOBYIO JIMHHUIO» C OJJHUM U3 YIJIOB OCHOBAHUS.

8. Tlomp3ysch OOBEKTHON MPUBSI3KOH K KOHEUHOHW TOYKE, COCAMHUTE BEPIINHY C OCTAIBHBIMU
CTOPOHAaMU MPSIMOYTOJIbHUKA.

wn

Co31aHHe NOBEPXHOCTHBIX Mo eJei

B sTOM ynpa’kHEeHHMH HY)KHO MOCTPOUTbH KapKacHYK MOJejb CTyJla, a 3aTeM HaTSHYTb
MOBEPXHOCTU Ha CO3[aHHBbIM KapKac, BOCIOJIb30BAaBLIMCh KOMaHIAaMHU pacKpalluBaHUS AJis
MIPOCMOTpA MOJTYYEHHONH MOJENH.

1. Cospaiite HOBbIN uepTexk. C nomouibto koMaHabl Popmat/JIUMUTBI YepTeka
3apaiite rpanunbl 60 Ha 40 Mm. YcTaHOBUTE wWIar ceTkH 2. Pa3BepHUTE 4epTek HAa BECh SKPaH.

2. BbpBoBuTe KOMaHIy MOCTpOoeHHs mnpsMoyrojibHuka (PucoBars/IIpsiMmoyronbHuk) u
3anmaiire Bepmmabl 0,0,20 u 40,15 (koopnuHata Z Oepercsi o YMOTYAHUIO).

3. CnenaiiTe KOMUIO MPSIMOYTOJIbHUKA HA 2 €UHULIBI BBIIIE HCXOAHOIO:

— B mento «Penaktuposarby Bbidepute komaHay «Konuposatsy;
— Brimenute npsMOyrosbHMK, Haxkmure Enter, a B KkauecTBe 0a30BOW TOUYKH
BO3bMUTE OJIUH U3 YIJIOB,;
— DBseaute nepemerenue no ocu Z Ha 2 €AMHHULBI C MOMOLIBK) OTHOCHTEIBHBIX
koopauHar @0,0,2.
4. Ycranosure Bup 03 nsomerpus.
5. Co3paiiTe NE€BYIO HIKHIOK HOXKKY
— CoenuHHUTE OTPE3KOM JIEBYIO HIDKHIOIO TOYKY BEPXHEro MpsSIMOYrOJIbHUKA
(bmkaliiuuii k BaM yrod), ucnodib3ys npuss3ky Endpoint (KonTouka) ¢ Toukoi
(0,0,0).
— Coenunnre Touku (0,0,0) u (1,0,0);
— W, nakonen, coegunure Touku (1,0,0) u (1,0,22).

6. CxommpyiiTe MOCTPOEHHYIO HOXKY (3 oObekTa) Ha 39 emmHMI] BIpaBo 1Mo ocH X
(@39,0,0).

7. Beinenute 00e HOXKKH U CKONupy#Te nx mo ocu Y Ha 15 equnanu (@0,15,0).

Co3nanue CIMHKY KapKaca
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1. YMmenbmuTe Ha 15 enuaun no ocu X JUIMHHYIO CTOPOHY Kapkaca:
— Bribepure u3 meHo «PenakTupoBaThy NyHKT «PacTsHyThY;
— Brimenure cexyieil paMKol MpaByrO CTOPOHY Kapkaca (8 oObeKkToB);
— VYkaxkure 0a30Byr0 TOYKY MpPHBSI3KM, NPUBA3aBUINCH KoMaHmoil Endpoint
(KonTouka) k m000¥H TOUKE MPaBOil CTOPOHBI,
— Bsenure @-15,0,0 ans BTOpO# TOUKH.
2. IIpoBenute Tpu OTpe3Ka AJsl KOHTypa CIIUHKU!
— BpzoBute komanay OTpesok;
— VYkaxwure npusszkoit Endpoint (KoHTOUKa) IEBYIO BEPXHIOK TOUKY KapKaca,
— Bsenure B komaHnHOM cTpoke pubtp . XY
— IloBTOpHO yKakurte Ty e TOUKY;
— Bsenute xoopauHaTy Z, paBHyIO 45;
— Bsenure koopauHaTHBINA GHIBTP .YZ;
—  VYkaxwure npusszkoit Endpoint (KoHTOUYKa) KOHEIT TOCTPOEHHOTO OTPE3Ka;
— Vkaxure NpaBylO BEPXHIOIO TOUKY KapKaca JJIs 3aaHHsl KOOPIAUHATHI X;
— Vkaxure eui€ pas 3Ty Touky 1 Haxxmute Enter.
3. IIpoBeauTe OTPE30K Uepe3 CEpeANHbI BEPTUKATIbHBIX JIUHUN CITUHKU.

Hamasazueanue nosepxnocmu na Kapkac
1. HatstHuTE NOBEPXHOCTE HA BEPXHIOK YaCTb CIIUHKH CTYJIA:
— Bribepure u3 menro Pucosanne — Monenuposanue — Cetu — 3D-rpasb.
— VYkaxwure npusszkoii Endpoint (KoHTouKa) 4eThIpe TOUKH IO yIilaM CITUHKH CTyJja
u HaxxmuTe Enter;

2. HarsHure TOBEPXHOCTH Ha cHIOCHbe, 4 OOKOBHUHBI W HOXKHA CTyja. llpwm
HEOOXOIMMOCTH YCTaHABIIMBANTE HY)KHBIH N30METPUUECKUIN BUII.

3. YcraHOBHTE PEATMCTUYHBINA WM TOHHPOBAHHBIM BU3YAJIbHBIA CTUJIb U yOEOUTEChH B
TOM, YTO TOBEPXHOCTH CO3aHBIL.

4. ITpocmoTpute pucyHok koMmannoit Bug — OpOura - CBoGoaHast opoura.

5. PackpacbkTre cHIeHbe B 3€NEHBIH LBET, OOKOBHHBI — B KpPACHBIA, a HOXKH — B
KOPUYHEBBIN, BOCMOJIB30BABIINCH BBIMANAIOIUM CIHHUCKOM LBETOB Ha MAHEIW HHCTPYMEHTOB
Properties (CotiicTBa).

6. CoxpanuTe pUCyHOK mmox nMeHeM Wire.dwg.

Co3oanue nosepxnocmmuuix mooeieil

Ilocmpoenue cemeii

Cetp 0Opa3yer ceTKy BEpLINH C 33JaHHBIMU 3HAUEHUSIMH B IBYX HAIPABJICHUSX.

1. Komanna PucoBats — IloBepxHoctm — TpexmepHas sveiika TpeOyer 3amaHus
KOJINYECTBA BEPIIMH B OOOMX HANpPaBJEHUSX W KOOPAMHAT KaXaoW w3 Hux. Ilostomy
MOCTPOSHHE CEeTHU Jaxke HeOONBLIOro pa3Mepa MOXKET OKa3aThCs CIHIIKOM TPYIOEMKHM,
MO3TOMY IO BO3MOKHOCTH HY>KHO HCIIOJIB30BaTh APYrUe CPEICTBA.

2. TloBepxHocTh coenmHeHHUs: (JIuHeiuaras MOBEPXHOCTb) HATSATUBACTCS Ha JBA
3alaHHBIX NPUMHTHBA. MU MOryT OBITH OTpEe3KM, TOYKH, IYTH, KPYTH, IOJWIMHUU H
TpeXMEpHBIE NONWINHUN. B kauecTBe ONHON U3 rPaHULl MOXKET UCIIOJIb30BAThCs TOUKA, 4 APYrou
— 3aMKHYTasi WIK PA30MKHYTasi KPUBasl.

— HauepTure okpyxHOCTE paanycom 40 ¢ nierTpoM B Touke (90,90);

— Kowmannoit ELEV nepenecure yposeHb Ha BbICOTY 50.

— Bbnosure xomanny Ellipse ¢ onmueit L{enTp, 3amaiite HeHTP 3JUIAINICA B TOW Ke
TOYKE, UTO U LIEHTP KPYra, Ha BBICOTE, PaBHOH TeKyIemy ypoBHIo (50);

— HanpasbTe ykazaTtenb MpIIIN NapafienbHO Ocu X U 3ajaite AuHy ocu 40,

— HanpasbTe ykazaTtenb MpIIIN NAapaJJIeNbHO OCH Y U 3ajaite AuHy ocu 90,

— Ilepeiinure B pexxum H03 nzomerpus.
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11. BxmouuTe peanuCTUYHBIA BHU3yaJbHbIH CTUJAb W MPOCMOTPUTE MOJYYEHHOE
n3o0pakeHne ¢ mnomomplo MeH Bup — Tpexmepuoie Bumbl — OB usomerpus. 3arem
OTKJIIOUUTE 3aTEHEHUE.

Pucosanue ocnoganusn kpviuiu

1. BepHutechb K IUIOCKOMY HM300pak€HHIO B MHUPOBOH cucTeMe koopauHat (Bum —
Tpexmepnsie Bunel — Bun B mnane - MCK).

2. Cospnatite HoBbi cioit FOUND kpachoro neera ¢ nunueit Continuous (Crutorisas) ¢
CHENalTe €ro TeKYIIUM.

3. OTKII0YUTE BUAUMOCTD CJIOsT Step.

4. YcraHoBuTe ypoBeHb, paBHbii 90, komannoi ELEV.

5. Hapucyiite npssMOyroibpHUK ¢ KoopauHatamu yrios (10,10) (150,150).

6. YCTaHOBUTE BBICOTY MPSIMOYTOJIBHUKA 5.

Pucosanue kpviuiu

1. Cospaiire HoBbIH ciioti ROOF 3enenoro ugera ¢ nunued Continuous (CrutoriHas) ¢
CHEJIalTe €ro TeKYIIUM.

2. Otkmounte BUAUMOCTb ca0ss FOUND.

3. YcranoBuTE ypOBEHB 95.

4. Tlpoenute oTpe3ku NpsMbIX (KkomaHaa Line), kak ocHOBaHNE OOKOBUH KPBIIIH, Yepe3
toukn (0,0) (160,0) (160,160) (0,160), 3aMKHMTE TOJYYEHHBIH MPSIMOYTOJbHHUK. YCTAHOBHUTE
O3 uzomerpuro.

5. Ilepemecture TICK Ha 95 emunun no ocu Z B Touky (0,0,95) xomannoii Cepsuc/
Hosas IICK /Hauaio.

6. I[Tosepuute ee BOkpyr ocu X Ha 90 rpaaycos (Cepsuc / Hosas [ICK/X u 3atem BBeCcTH
yTOJI IOBOPOTA).

Ipucsoiite IICK nms A, BOCHIOIH30BABIINCH AUATOroBbIM OKHOM Cepsrc/MIMeHOBaHHBIE
IICK.

8. Hapwucyiire nyry mo 3-m Toukam: (0,0,0) (80,15) (160,0). IIpu 3amaHum KOOpAWHAT
IBYX MOCJEIHUX TOUEK KOOPAUHATY Z MOXXHO HE YKa3bIBaTh.

9. Ilepemectute IICK Ha nMpOTHUBOIONIOKHYIO CTOPOHY Kpbiuu (koopauHata 0,0,-160) u
MPUCBONTE el ums B.

10. Hapucyiire 1yry no Tem ke TpéM TOUKaM.

11. IloBepHuTe MONB3OBATENBCKYIO CUCTeMYy koopauHat B Ha yron -90 Bokpyr ocu Y,
MPUCBONTE el Ha3BaHue BY u mocTpoiite Ayry no TeM ke TPEM TOUKaM.

12. ITepemecture IICK BY no ocu Z Ha -160 egunun, HazoBute €€ C U mpoBenuTe B HEl
AYTY IO TeM e TPEM TOUKaM.

13. Tlepeitnute k MCK (Cepsuc / Umenosannbie IICK / Muposas CK), a 3arem x 03
HU30METPUU.

14. Tloctpoiite 4 GOKOBUHBI KPBIIIN PU TOMOLITH JTUHEWYATOH MOBEPXHOCTU C TIOMOLIBIO
komaHael (Pucosanne/Mopnenuposaane/ Cern / CeTb COenUHEHHMsT), BbIIENSAS MOMAPHO JIMHUM,
KOTOpBIE€ HY>KHO COEIUHUTb.

15. Iloctpoiite Kpbllly IO YeTbIpEM JAyraM, BOCIHOJB30BABLUINCh IOBEPXHOCTHIO,
3anmaBaeMoi ueTelpbMst KpoMkamu (PucoBanne/ Monenuposanue/ Cern/ Cetb 1o kpomkam). Ipu
5TOM, YTOOBI BBIJENUTH IyTH, YBEIUYbTE H300paKeHHE, T.K. JIMHUH OOKOBOW IMOBEPXHOCTU H
OYTU NPOXOAAT PSAOM U BaXKHO MONagaTh MMEHHO Ha AyTH.

Ilocmpoenue kynona

1. Ilepeiinure xk muposoii IICK, ecnu Haxoautech He B HEM.

2. Ioctpoiite IICK B Touke (80,80,110).

3. IlocTpoiiTe LUIMHAPUYECKYIO 4YacTb OCHOBAHHUs KyIoyia BbBICOTOH 20 M paguycoMm
ocaoBauus 45 (Pucosanme/Monenuposanune/Cern/[IpumutuBel/L{unnHAp) ¢ LEHTPOM B TOUKE
(0,0,0).

4. TlocTpoiite chepuveckyro 4acTh MOBEPXHOCTH OCHOBaHUS KymnoJjia nuamerpom 90 u ¢
LIEHTPOM B TOUKe (0,0,20) B MECTHOMN IICK
(Pucosanne/Monenuposanune/Cern/IIpumutussy/11ap).
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5. Iloctpoiite chepy nuamerpom 20 ¢ neHTpOM, uMeroIuM koopauHary (0,0,75).

6. IlocTpoiiTe KOHYC C IMaMETPOM HIDKHEro ocHoBaHus 10, koopauHaTaMH LEHTpa
(0,0,80) u BBICOTOI 20.

7. IlpocmoTpuTe n300paskeHUe KPBILIH B U30METPHH, BKIFOUHUB 3aTEHEHNUE.

Ilocmpoenue ecnomozametbHbIX TUHUIL OIS CO30AHUSA KOJIOHH

1. Bkirounte MCK (MucTpymenTer/meHoBaTe UCS/Muposast).

2. Bepraurecs k mnockomy Buay (Bun/Tpexmepnsie Bunsl/Bun mmana/Muposast UCS).

3. Cospaiire cnoit CONSTR kpachoro nsera ¢ nunueir Continuous (CrutomrHast) ass
MOCTPOCHHSI BCIIOMOTATENbHBIX JJMHUN U CAENANTe €ro TeKYLIUM.

4. Bxmounte Bumumoctb ciosi STEP, a 3arem 3a0mokupyiite ero (akTHBU3HpYHTE
3aMOYeK B OKHE MEHeIXKepa CJIOEB).

5. YcraHoBuTe ypoBeHb 15.

6. IIpoBenuTe ropU3OHTAIBHBIN O0Tpe3ok depe3 Touku (0,20) u (160,20), pa3MHOXKBTE €ro
MacCHUBOM BBepX (3 psma uepes 15 mm), a 3arem BCro rpymnmy — emé pas (2 psaa uepes 90 mm).

7. IlpoBemuTe BEpPTUKANbHBIN OTpe3ok uepe3 Ttouku (20,0) m (20,160), a 3arem
Pa3MHOXKBTE €T0 BIIPABO aHAJIOTHYHO MPEAbIAYIIEMY MTyHKTY.

Co3zoanue xonoun

1. Co3paiite HoBeIi croit COLON skentoro usera ¢ qunHueii Continuous (Crutomnas) u
CAENalTe ero TeKYyIIUM.

2. IIpoBenuTe OCh KOJIOHHBI, BbI3BAaB KOMaHAY YEPUEHUS] OTPE3Ka M BBENS KOOPAHHATHI
aByx Touek (20,20,15) (20,20,90)

3. Cospaiitre IICK nns mocTpoeHMsi KOJOHHBI U pa3MelleHHs €€ B OCHOBAaHUM OCH
cummetpun: nepenecure Hadano IICK B Touky (20,20,15) u nosepaure Bokpyr ocu X Ha 90
rpanycos. Coxpanute I[ICK non umenem STOLB.

4. ITocTpoiite 00pa3yroLIyO KOJOHHBI MOJMIMHUEH, BBEAS] KOOPAMHATHI ABYX TOUEK (5,5)
(5,75).

5. Cozpalite TIOBEPXHOCTh KOJOHHBI BpamleHHeM e€ oOpasyromeld BOKPYT OCH
cummetpun (Pucosanne/Ilosepxuoctu/IloBepHyTast MOBEPXHOCTD).

6. Boseparurecr B tuockuii Bun MCK (Bun/Tpexmepnsie unel/Bun miana/MCK).
Ycranosure Tekyueii IICK STOLB.

7. MHOTOKpaTHO pPa3MHOXXbTE HWKHIOIO JIEBYIO KOJIOHHY, HCIIONB3ysl TPHBSI3KY K
HepeCcedeHHIO.

Ilpocmomp uzobpasicenun

1. Cnemnaiite Bce cion, kpome BeriomoraTtenbHOro cyiosi CONSTR, BuanMbIMH.

2. YcTaHOBHTE HW30OMETPUYECKHH BHJ B MHUPOBOH CHUCTEME KOOpPAWUHAT M CKPOHTE
HesuanMbIe JTMHUU (Bun/CKphITh).

3. 3arenure noxydenHoe uzodpaxkenue (ILmockoe, ¢ TeHAMH, Kpast BKIFOYEHBI).

4. ITpocMoTpuTe M300pakeHre, BOCIIONB30BABIINCH KOMaH0i TpexmepHas opbura.

5. Coxpanute yepTex noxa HazBanueMm Besedka.dwg.

Moayabr 4. IIpumenenne HHPOPMALHOHHBIX TEXHOJOTHH B  pelIeHHH  3aAa4
aBTOMATH3ALMHU, YIIPABJEHHS, 00pa00TKH U NpeacTaBaeHus1 HHopMAaLHH.

IIpakTuueckoe 3ansitue 2. Pazpadorka TpexmepHbIX MOHOJUTHbIX Mmoaeneid B CAIIP
AutoCAD. (2 ak. gaca).

Jns  co3maHUsi MOHOJHUTHBIX  OOBEKTOB HCHOJB3YIOTCS KOMAaHAbl W3  MaHENIH
UHCTPYMEHTOB MoOpennpoBaHue, KOTOPYHO MOXKHO BbI3BaTh Ha BKiaake Bunx B MeHro
[Tonb3oBarenvckuii untepdetic/ [lanenn HHCTPYMEHTOB.

1. CospaiiTe HOBBIM YepTexX C METPUYECKUMH YCTAHOBKAMH M COXPAHUTE €ro B MAalke

«Mou AOKYMEHTBD.

2. 3apaiite opuentanuto SE Isometric (FOB u3omerpust) u yBenuubTe n300paskeHue.

Haueprum napamienenunen, KOTOpbIid co3naercs komanaoin Ky6 (Box).
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3. Bemoute komanay Box (Aummk) m moctpoiite mapamienenunen. HauanbHblid yroi
IOJDKEH pacnionaratbest B Touke (100,50,0).
Komanoa: _box
Yeon ampura unu [I[{enmp] <0,0,0>: 100,50,0
Yeon unu [Kyo//[nunal: o
(HampaBbTe MBIIIb B HanpasieHuu ock OX st 3a1aHUs HAPaBJIEHUS! JJINHBI)
Jhuna: 80
(HampaBbTe MBILIB B HanpasieHnu oc OY 1l 3aaHus HAPaBJICHUS [IUPUHBI)
Hlupuna: 40
Beicoma: 50
4. Boposute xomanay Cone (KoHyc) m co3nmaiiTe ¢ ee MOMOIIBIO MPSMOI KOHYC, CIenyst
ykazanusMm: Komanga: _cone
Tekymas mioTHocTh Kapkaca: ISOLINES=4
LenTpasbHas TOUKA OCHOBAHMS KOHYCA Wi [diumuntudeckuii] <0,0,0>: 250,70
Pagnyc ocHoBaHusi koHyca uau [[Inamerp]: 15
BeicoTa konyca niu [Bepmunal: S0
OOparure BHHUMaHHE, YTO y MOJYYEHHOro KoHyca 4 wusonuHum (obOpasyromue). Mx
KOJINYECTBO 3aBUCUT OT 3HaueHMs nepemenHoit ISOLINES. Tlo ymonuaHuio oHO =4, HO BbI3BaB
3Ty KOMaHIy B KOMaHJHON CTPOKE, MOXKHO 3a1aTh HOBOE 3HAUCHHE.
5. Beosure komanny Cylinder u mocrpoiite nuanHAp:
Command.: cylinder
Corner wire frame density: ISOLINES=4
Specify center point for base of cylinder or [Elliptical]<0,0,0>: 80,200,0
Specify radius for base of cylinder or [Diameter]: 20
Specify height of cylinder or [Center of other end]: 50

6. Brosute komanny Kinun (Wedge) u coznaiite MOHOTUTHBIH KJIUH:
Komanpa: wedge
Hepsbiii yroa kauna uau [Hentp] <0,0,0>: 150,180,0
Yroa wn [Kyo/donunal: a
Jauna: 80
HInpuna: 40
Beicorta: 50
7. Haueptum cdepy. Ycranosure 3HaueHue nepemennoii ISOLINES pasubim 6 (Beemute
€€ Ha3BaHUE B KOMaHIHYIO CTPOKyY, HakmuTe Enter, 3anaiite 6 u Haxkmute Enter).
8. Bwrosure komanay Cdepa (Sphere) u coznmatite cepy, 3a1aB ee HEHTP U paaRYC.
Komanpa: sphere
Texymas nioTHocth Kapkaca: ISOLINES=6
HenTp mapa <0,0,0>: 330,70,25
Pagnyc mapa nau [[{namerp]: 25
Top cozmaercs komannoit Top (Torus). Ilpu 3TOM HEOOXOAUMO yKa3aTh paguyc TPyObl U
paanyc OKPY>KHOCTH C LIEHTPOM Ha OCH TOpa.
9. 3apaiire nis nepemernHoit ISOLINES 3nauenue 20.
10. BezoBute xomanay Torus u moctpoiite Top paguycom 40 mm, 3anaB nuamerp TpyOsr 20
MM.
Komanoa: _torus
Texymasi niioTHOCTH Kapkaca: ISOLINES=20
Lenmp mopa <0,0,0>: 280,260,25
Paouyc mopa unu [/luamemp]: 40
Paouyc nonocmu unu [/luamemp]: 20

Komanae! nepemenienus ten
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1. Pa3smectuMm KIMH Tak, 4TOOBI OH NMPHUMBIKAN K mapajuieienuneny. [ns 3Toro MoskHO
UCTIONb30BaTh KoMaHAay Move. Kak mpaBuiio, OHa HCHOJB3yeTCs Ui NepeMELIeHHs
o0BbeKTa B OJHOW IMJIOCKOCTH (MapajieibHOTO mepeHoca). Ho ecnu cnenath akTUBHOMU
NPUBS3KY K OOBEKTaM HJIM BBECTH TPU KOOPIAMHATHI, MOJKHO NepeMelaTh MPUMHUTHBBI U
B TpPEXMEpPHOM mpocTpancTBe. BrizoBute komanny Move (Ilepemectuts) u neiicTByiite
TakK:

Command: Move

Select objects: (Bvibepume xiun)

Select objects: (Haxemume Enter)

Specify base point of displacement: 150,180,0
Specify second point of displacement: 100,10,0

Peoaxmupoeanue mononumnsix mei

1. dIns Toro, yToObl OOBEAVMHUTH KJIWH U MapajUIeIeNIe]], Ha TaHEIU WHCTPYMEHTOB
MonenupoBanue BoiOepute KHONKY OObeTUHEHNE.

2. Beimenure oba oOwbekta u Haxkmute Enter. MoHOJMUTHBIE OOBEKTHI OOBEIUHATCS B
onuH, 00Jiee CIIOMKHBII.

3. BezoBute komanny Move (TiepeMecTuTh), 3a1aiiTe B kKauecTBe 0a30BOM TOUYKH LIEHTP
HUKHETO OCHOBAHHWS IIWJIMHAPA W TMEPEMECTHTE €ro Tak, 4TOObl OH COBHAN C CEPEeIUHOU
KOPOTKOH CTOPOHBI MapauIeNieunena, CIeayoimuM o0pa3om:

4. Ha maHeny WHCTPYMEHTOB MOAEIUPOBAHHUE BBIOEPUTE KHOMIKY BerunTanme.

5. Beigenute napasuienenumnen, OObeAMHEHHBIN C KIMHOM, HaxkmuTte Enter.

6. Beigenure nunuaap u Haxxmure Enter. [lonydure pe3yiapTaT BBIYMTaHUS LUJIUHIPA U3
CJIOXKHOTIO Tea:

Bxmounte Peamuctnunblii BusyanbHbIi CTUIB W NPEeIbSBUTE PeE3yJbTaT pPabOTHI
IIPENOAABATEIIIO.

MOHONIUTHBIE MOJENN KOHCTPYHPYIOTCS MyTEeM CO3/aHUs MPOCTBHIX TeNl (CTaHNapPTHBIX
reOMETPHYECKUX TPEXMEPHBIX (POPM THIA MapauIeIeUIeIOB, KOHYCOB, KIMHbEB, [IFJIUHIPOB U
T.1.) 1 GOPMUPOBAHUS M3 HUX COCTABHBIX TEJI C MCIIOJIB30BAHUEM TEOPETHKO-MHOXKECTBEHHBIX
onepaunii 00beTUHEHNs, BBIMUTAHUS U MIEPECEUEHUS. ITO CPABHUTEIBHO OBICTPBIN U MOHATHBIN
METOJ MOAENUPOBAHUS, UMUTUPYHOLIUN TPOU3BOACTBEHHBIN MPOLIECC.

TexHuka co3gaHusi MOHOJUTHBIX Mojesneil ¢ momoinbto ACIS ocHOBaHa Ha weThIpex
npueMax:
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- CO3IaHMEe MOJENeH TPEeXMEpPHBIX MPUMUTHBOB JUOO ABYMEPHBIX (OPM C MOCISTYIOLIMM
UX MPEBPALICHUEM B TPEXMEPHBIE MyTEM BbIIABIUBAHHS UM BPALLEHUS,

- pa3MelleHHe MPUMHUTHBOB OTHOCHTENIbHO OPYr Apyra jJu00 Ha dTare CO3JaHus, JIOo
NyTeM TepeMeIleHHS;

- HCIOJIb30BaHHE TEOPETUKO-MHOXKECTBEHHBIX omnepauuii (00bennHeHHE, BbIUUTAHUE HIIH
nepeceueHre) ¢ HeNbio (OPMUPOBAHUS U3 TPUMUTHBOB COCTABHBIX TEI;

- mpeoOpa3oBaHHEe MOAEJEH COCTABHBIX Tel C IOMOLIbIO Pa3HOOOPAa3HBIX CPEICTB
penakTUPOBAHMSI, MPENOCTaBNIsIeMbIx koMaHaon Solidedit.

5L,

1. CospaiiTe HOBBIN 4epTexk, ycTaHOBUTe rpaHuibl 80x60 u mar cetku 2. Bxmouure
CeTKy. Y CTaHOBMTE BUJ] Ue€PTEKa Ha BECh DKPaH.
2. Beosute komanny Amuk n3 MeHw PucoBanue / MopmenupoBaHue WIH BBOIOM B
KOMaH/IHYIO CTPOKY.
3. Ha 3anpockl KOMaHAHON CTPOKH BBEUTE MOCJIECIOBATENBHO:
—  Koopaunary Bepurnnsl napamienenuneana (0,0,0);
—  Omuwro [ ([lmuna);
—  Jmmny (Brons ocu X) 60, mupuny (Brnonb ocu Y) 40, BeicoTy (BRods ocu Z) 40.
4. ITpocmotpure mapatenenunen (FO3 nzomerpus).
5. Ucnionw3ys npussizky Endpoint (KonTouka), mpoBenuTe 1o 2 AHaroHaiy Ha BEPXHEM H
HUKHEM OCHOBaHMH.
6. CoenuHuTE OTPE3KOM CEpPEAHHBI TUATOHANEeH OCHOBAHWM MPU MOMOIIHA OOBEKTHOMN
npussizku Midpoint (Cepenmnna).
7. BHyTpu mnapajuiesienunena NOCTPOUTe emé OAWH MapajulesieNUIe]] OTHOCUTEIBHO
HeHTpa odbema;
— Bemosure komanny Box (Amuk);
—  C noMo1p0 JUHAMUYECKOT0 KOHTEKCTHOTO MEHIO BbiOepuTe onuuio LleHTp;
—  Hcnonp3ys npuBs3Ky, YKaKUTE CEPEANHY BEPTUKAIBHOIO OTPE3Ka;
— Bsenurte OTHOCUTENbHBIE KOOPAWMHATHI BTOPOrO yIjla mapajuienenumnena (@-
20,10,20.
8. Ynanure BcrioMorarejbHble AMAarOHajlud Ha OCHOBAHUSX U BEPTUKAJIbHBIH OTPE3OK B
cepeauHe.
9. CospaiiTe BHYTPEHHIOIO IIOJIOCTb, BbIYMTas BHYTPEHHUI MNapajulejenunesn us
BHeIHero koMaHnoi Penaktuposars/Penakruposanue Tena/Breranranue.
10. IIpocmoTtpure pe3yapTaT NOCTPOEHUS Teja, UCMOJb3Ys TOHUPOBAHHbBIA BU3YaJIbHbIN
CTHUJIb.
11. Bepaurech k kapkacHol Mozeny, Bkiatrouute F03 uzomerputro.

Ilocmpoenue enympenneii noiocmu
1. Coszpaiire IICK Ha Oombmieit GokoBoil rpanu mnapamienenunena (Cepsuc/Hosas
[ICK/3Toukn):
— Hayvano pasmerure B Touke 0,0,0;
—  C nmomotipro mpuBsSI3KH OCh X MPOBEANTE Yepe3 KOHEI HIKHETO (KOPOTKOro) pedpa
TPaHM;

— Ocb Y npoBenuTe Yepe3 BepTUKAIbHOE peOpo rpaHu.

2. CoxpaHuTe cucTeMy KOOpAUHAT nmoa umMenem FR.
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3. Ycranosute QppoHTaIBHBIN BU B co3aaHHOM cucteme (Bun/3D-Bunsl/Criepenn).

4. IlpoBenuTe BCIOMOIaTENbHbINA OTPE30K MO JUATOHAIN MPAHU C TOMOILUBIO TPUBSI3KU.

5. IlomecTuB LEHTp OCHOBaHMs LMJIMHApPA HA CepeluHEe MOCTPOCHHON JuaroHau,
noctpoiite muuHApP paguycoM 10 u BeicoTol -50 (och Z HampaBjeHa Ha HAC, a LWJIHHIP
CTPOUTCS] BHYTPH TEJIA).

6. Yoanure BCIIOMOraTelbHYIO JUArOHajb U BBIYTUTE LIUIUHAP U3 Napajuiesenunena
NOMOIIBI0 KOMaHAb! PenaktupoBats/PenakrupoBanne Tena/Beranranne.

7. Ycranoute MCK (Cepsuc/Hosast IICK/MCK).

8. Ycranosure FO3 nzomerpuro.

Co3zoanue mena

1. Jopucyiite mnapamuienenunes BbiCOTOM 20 K TMpaBold CTOPOHE BHELIHErO
napajiesenunena:

— Bpposure komanay Box, yKaxuTe NOpPUBSI3KOH NEPBBI  YrojJ  HOBOTO
napawienenunena (Touka 60,0,0 — naapHUIA epeaHuil yromn),
—  YKaXuTe OTHOCHUTENBbHYI0 KOOPAMHATY BTOporo yria @15,15 u Beicoty 20.

2. Cozpaiite eguHyI0 MOJIENb Tena, BbIOpaB B MeHIO PenmakTuposarh/PenakTupoBanue
tena /O0penMHUHEHHE.

Ilpocmomp mooenu

1. Beibepure komanny Bun/ Opbura/ 3aBucumast opdbura u Bpamaite Moaenb, OyKCUpys
Kypcop.

3. Boccranosure Bup O3 nzomerpus.

4. Beibepure peanucTUUHBINA BU3YaJbHBIN CTHIIb U 3a/1aliTe eMy LBeT S1.

5. IlpocmoTtpure Monenb, HCMONb3ys TpexmepHyr opOuty, 3arem ycraHosure O3
HU30METPHIO.

6. IIpocMoTpuTe MOAEND B PEKUME BPALLCHUS:

—  Bribepure komanny Bun/ Opbura/ HeripepriBHast opOuta
— Ilomecture Kypcop B LEHTP MOJEIH, HAXMHUTE JIEBYKD KHOIKY MBIIH U
neperamuTe Kypcop BieBo. OTIyCTUTE KHOIKY MBILIH, MOZIENIb HAUHET BpallaThbCsl.

7. Boccranosure Bup O3 nzomerpus.

Cexywiue niockocmu
Bribepure komanny Penakruposats / 3D-onepanyn / Ceuenue.
Brinenure o0nekT 1 Haxxmute Enter.
3. Bribepure cioco® mMOCTpoOeHHs CEKYIIeH IUIOCKOCTH «3 TOYKW» U 3amaiTe 3 TOYKH,
JeKalye Ha cepeinHax pedep, mapaienbHbIX ocH Y.
4. Ha 3anpoc «YKaKuTe TOUKYy C HY>KHOU CTOpOHBD) BBeauTe «O0e».
[Tepemecture ONIKHIOK YacTh OOBEKTA C TIOMOINBIO BBOAA OTHOCHUTENIBHBIX
koopauHaT  (@0,-50,0.
6. Tlocmotpure pe3yibTaT paboThl C MOMOIIBIO HENMPEPHIBHONH OPOUTHL
7. BoccTaHOBHUTE UCXOIHBIN BUO MOIEIIH.

N =

wn

Cospaiite 4 BunoBbIx 5kpana (Bun/Bunossie skpans/4 BOkpaHa).

Bribepure neBblif HUXKHUN BUAOBOH 3KpaH. 3aiaiTe BU3yalbHbIH cTHIb «Kapkacy.

11. BoiOepure neBblii BepXHHMI BHIOBOH 3KpaH. 3amaiiTe peaqrCTUYHBIN BU3YyaJbHBIN
CTWb.

12. B mpaBoM BepXHEM BHUIOBOM JKPaHE HCMOJIB3YHTE BU3YaJbHBIA CTHIb
«ToHUpOBaHHBIN, C KPOMKAMUY.

13. Bpimenure mnOpaBplii  HIDKHUN  BUACODKPAH, 3afalTe BU3YaIbHBIH  CTHIb
«IIpocseunBanuey.
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1. CoznaliTe HOBBIN uepTek U ycTaHOBUTE rpaHulpl 420x297, mar cetku 10. Bxmouure
CEeTKY.

2. YcraHOBHUTE BUJ PUCYHKAa HA BEChb BKPaH U 3ajalTe Ba BEPTHUKAJIbHBIX BUAOBBIX
3KpaHa.

Botuepuusanue kopnyca

1. Cospaiite cnoii BcromorarenbHblx JuHUM VSPOM cO CHIOIIHBIMM JIMHUSAMU
KpPacHOTO LIBETa U TOJIIHUHOM N0 yMomdanuto. CaenaiTe ero TeKyLuMm.

2. Bxmouute pexxum OPTO u npoeauTte B 30He uepueHUs MO LEHTPY FOPU3OHTAIbHbIN
OTPE30K U MPUMEPHO Yepe3 €ro CEPeIUHY BEPTUKAIBHBIN OTPE3OK.

3. Komanpoii OFFSET (ITomobue) pa3mMHOXbT€ TOPU3OHTAJBHBIA OTpPe30K Ha 12.5
€[IUHULl BBEPX M BHU3, & BEPTUKAJbHBINA OTPE30K BIPABO HA 35 €AMHUL, a 3aT€M MOJYYEHHBIN
OTPE30K BJIEBO U BIPABO OT cedst Ha 5 u 16 eamHML (BCEro TOJKHO NMOIYYHTHCS O BEPTUKAIBHBIX
OTPE3KOB).

4. B Touke nepecedeHysi FOPU30HTAIIBHOIO OTPE3Ka C YETBEPTOU MO CUETY BEPTUKAIBHON
JIMHUEH, €CJIU OTCYET BECTH CJIEBA, IPOBEAUTE OKPYKHOCTB paguycom 10.

5. Tlompexpre OTpPE3KHM M OKPYXKHOCTb TakK, 4TOOBI 0Opa3oBasicsi KOHTYpP KOpImyca
MONIITUITHUKA (CM. PUC.):

FanY
Nra

6. Cozpaiire cnoit RING 3eneHoro uBera co CIUIOIIHON JuHMeH TommuHon 0.3 nns
pasMelleHts B HeM Mojienu fetanu. Chenaiite ero TeKyLum.

7. Ilepenecute Ha cnoit RING KOHTYp kopryca NOAIMUITHUKA.

Co3zoanue Koiey NOOWURHUKA

1. IlpeoOpa3syiiTe KOHTyp KOpIyca MOMIIMIIHUKA B 3aMKHYTYIO MOJWJINHHUIO
(PenaxtupoBars/O0bexT/[IonuianHaNs, BBIACTUTb OJUH OTPE30K, a 3aTeM NOO0aBUTh K HEMY
octajbHbIe. Tak jke MOCTYIUTh CO BTOPOIA IMOJIOBUHOM).

2. CoszpaiiTe BpallleHMEM KOHTypa BOKPYI OCH CHUMMETPUM BHYTPEHHEE M Hapy>KHOE
kojbla noxmunHuka (PucoBanne/Moaunuposanne/Bpamnars). B kadecTBe ocH HCHONB3YITE
KpaiHWi JIEBBIN OTPE30K.

3. Ilepeiinure Ha BHIEOIKPAH C W3OMETPHUECKHM H300pAKEHHEM IETATH U CKPYIIIUTE
paguycoM 2.5 Bce Hapy>KHbIE KPOMKH KOJIEL.

4. TIlosepuure Ha 90° mONy4YeHHYIO [eTajb BOKPYI TOPU3OHTAJIBHOM OCH
(Penaxtuposars/3D-oneparun/3D-1oBopoT).

Pasmewenue mapuxos mesncoy Koivyamu

1. Cpenaiite HeBunumMbIM cioii RING.

Cospatite cnoii SHAR uBera Cyan (I'oy0oii) co crutomHol juHuel Tommuaon 0.3
IUI pa3MelleHys B HeM IIapuKoB noamunauka. Crenaire 3TOT CIOH TeKyLIUM.

3. Tlepefinute Ha JeBbI BUACOIKPAH C IUIOCKUM BUJAOM H co3daiite B HeMm cdepy
paguycom 10 B TOUKe TE€peceUEHHs] TOPU3OHTAIBHOTO MW OCTaBLIErOCs
BCIIOMOTaTEJIbHOTO BEPTUKAJIBHOTO OTpE3Ka.

4. BemonHuTe pasMHOXeHHE chepbl KPyroBbIM MaccuBoM Ha 10 mapukos, BbIOpaB
onepaunto Penakruposars/Maccus/ Kpyrosoii maccus.

Ilpocmomp mooenu

1. YcranoBure BUANMBIME BCe CJiou, Kpome VSPOM.

2. YCTaHOBUTE PEATUCTUYHBIN BU3YAJbHBIM CTHJIb U MPOCMOTPUTE MOJEIb C MOMOILBIO
TPEXMEPHOH OPOUTHL.

3. Co30anue nomeuieHus U3 06yX KOMHaAM
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1. Coznaiite uepresx, yctaHoBute rpadutibl 20000x20000.

2. YcraHOBUTE 1Ba BEPTUKAJIBHBIX BUIOBBIX 3KPaHa.

3. Ycranosure mar cetku 1000.

4. BeiBeAUTE CETKY B Mpeaeax 3KPaHoOB.

5. CoznailiTe TpU HOBBIX CJIOS:

— STENA - 3eneHoro nsera 1jisi CTEH IMOMEIeHUST,
— POTOLOK - kpacHoro 1sera;
— POL - cunero usera.

6. Ycranosure B npasoM okHe O3 uzomerpuro.

Bce mnocTtpoeHuss BBINONHAKTCA B JIEBOM OKpaHe, a MpPaBblii HCHOJB3YETCA IS
MIPOCMOTPA MOJYYEHHBIX PE3YJIbTATOB.

Pucosanue konmypa nona

1. Cnenaiite Tekyuum cioit POL.

2. BbI30BHTE NONMIMHHUIO W HAYEPTHTE 3aMKHYTYI0 (QUIYpYy CO CIEAYIOIIUMHU
KOOPJAMHATAMH:

- 6000,6000

- (@9000,0
@0,8000
@-9000,0

— 3 (3aMKHYTB).

3. HapucyiiTe npsAMOYroJbHHUK IO CIEAYIOIIUM TOYKAaM: KOOPAWHATHI MEPBOro yria
OTIpPeNeNIUTE MPHUBS3KOW K NMPaBOMY BEPXHEMY YIJy CO3QAHHOW MOJIIMHHUH, a BTOpOro ((@-
4000,-4000) ot nepsoro.

Pucoesanue cmen

1. Ycranosure Tekyimum cioii STENA.

2. Hapucyiite xomannoii Box (Amuk) crensl nmomerenus BoicoToit 3000 u TOMIUHON
300, nepByl0 KOOpAWHATY 3a[aBasi MPUBSA3KON K yIJIaM BHELIHErO MPsIMOYIOJIbHUKA, & BTOPYIO
CIENYIOINYIO:

— Ot BepxHero snesoro yria @300,-8000,3000;
— Ot HmxHero nesoro @9000,300,3000;
— Ot =mmxHero npasoro @-300,8000,3000;
— Ot BepxHero npasoro (@-9000,-300,3000.
3. Manpime HeoOXOAMMO HAPHCOBATh BHYTPEHHUE CTEHBI MOMeleHust ToamuHon 100:
— Ot BepxHero yrina @ 100,-4000,3000;
— Ot HmxHero @4000,100,3000.

Tenepp Hy’)KHO OOBEIUHUTH CTEHBI MEHBIIETO MTOMEIIECHUS.

4. Bkmouure cioii POL, 00beqMHNTE HUKHHE CTEHBI MEHBIIETO ITOMEIIEHHUSI.

5. Coszpaiite cTo0Bl B HapyXHBIX yIJIaX MOMEIISHWH MPU MOMOIIN HOMMIMHUN. J{Jist
sToro 3afanrte BbicoTy 3000, 3aTeM MONMJIMHAEH HApUCYWUTE B JIEBOM BUAOBOM OKHE KBaApaThl
IO yIJIaM B MECTax MePEeCeueHusi CTEH.

6. BepHuTECh K HYJIEBOH BBICOTE€ OOBEKTOB.

Co3zoanue noia u nomoika
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1. Beixmrounte cnoit STENA. Cnenatite Texkymum cioii POL.

2. BeimaBuTte o Ha BbICOTY -100, BEIOpaB KOMaHAY.

3. Ckommpyiite mon Ha BbicoTy (@0,0,3100. Ilepenecure CKOMMPOBAHHBINA TOJ B CJIOH
POTOLOK.

Co3zoanue npoemoe 011 0KoH U 0gepeil

1. Beikmtounte Bungumocts cioes POL u POTOLOK.

2. Bxkmouure Bugumocts cioss STENA, nepeiinure B 1eBbIi 3KpaH.

3. Cospaiite mapanjenenunes Ajs BbIpe3aHUs] ABEPHOTO MpoéMa cjeBa OT MOJEINU.
[TepBbrIit yron 3amaiiTe MpoOU3BOJIBHO, a BTOpo# (@600,1200,2100.

4. CxonupyiiTe MOCTPOSHHBIN MapajuieJenune] Ha MPaByl0 U JIEBYIO CTE€HbI MEHBILIETO
MOMELLEHUS.

5. AHaJOru4YHO co3naiiTe mapajuieNenunes st OKOH pazmepom @2000,600,1200.

6. Komangnoii Move (IlepemecTits) NOTHIMHUTE OKHO Ha BICOTY (@0,0,500.

7. KonnpoBaHueM yCTaHOBUTE OKHA Ha HY)KHbIE MeCTa (CM. PUCYHOK).

8. BripekpTe OKHA U ABEPU BBIYUTAHHEM OOBEKTOB.

9. Bxmouute BuauMocTs ciost POL. YcTaHoBUTe peanucTUUHbIN BU3YalbHbIA CTUIIb.

Moayanr 4. Ilpumenenne HMH(POPMALMOHHBLIX TEXHOJIOTHMH B  pelIeHHMH  3aga4
aBTOMATH3ALIUM, YIIPABJIEHHS, 00pa00TKH U NpeacTaBjIeHus1 HHPOpMALHH.
Jleknus 2. Cucremsl ynpasJieHust 6azamu JaHHbIX. (1 ak. gac).

OcHoBHbBIE MOHATHUS
CyliecTByIOT pasnu4Hble omnpeneneHus nmoHstus oOasza oaunvix (bJl). Yame Bcero mox bJ]
MOHMMAETC MOMMEHOBAHHAS COBOKYIMHOCTb CTPYKTYPUPOBAHHBIX MAAaHHBIX, OTHOCSIIUXCS K
HEKOTOpOi mpeamerHoi obmactu. OpgHako B 3TOM ciydae bJl BecbMa TpyIHO OTIMYHUTH OT
OOBIYHOH KapTOTEKH WJIN apXHBa JOKYMEHTOB.
MoO3KHO BBIIEJIUTE TPU CBONCTBA, KOTOpbIe OTAn4aroT b/l OT mpocToii COBOKYMHOCTH AAHHBIX:
1. B/l xpanurcs u obpadaTeiBaeTCs B BBIUUCINUTENBHON CUCTEME.
2. annble B bJI X0poIo CTPyKTypUPOBAaHbI, T.€. BbIIEIEHbI OCHOBHbBIE 3JIEMEHTHI, UX THUIbI U
CBS3M MEKAY 3JIEMEHTaMHU, a TAK)Ke OrPaHUUYEHUs Ha JOMYCTUMBbIE ONEpaLH.
3. OOecneunBaercs MOUCK U 0OpadOTKa TaHHBIX.
Hawubonee pacnpoctpaneHHbM TUoM bJ] SBISIFOTCS pensiuonHble 0a3bl JaHHBIX. PaccMoTpuM
OCHOBHBIE CTPYKTYPHBIE 3JIEMEHTBI PeJIALIMOHHOMN b/
1. Ilone — snemeHTapHas eAMHULIA OPraHMU3ALUM AaHHBIX. JIJId ONMUCAHUS MOJSI UCIONB3YIOT
XapaKTEPUCTUKHU: UMsL, THII, IJIMHA, TOYHOCTD U T.A4. COOTBETCTBYET CTOJOLY B TabnuIe.
2. 3amuch — COBOKYITHOCTb JIOTHUECKH CBsI3aHHBIX NoJiei. COOTBETCTBYET CTPOKE B TaOIHUIIE.
3.  CobcrBeHHO, Tabnuia(OTHOIICHUE).

Cucrema 0a3 JaHHbBIX
Cucrema ©6a3 gpanHbix (CBJ[) — 93TO  KOMIBIOTEPU3UpPOBAHHAS  CHCTEMa
CTPYKTYPUPOBAaHHBIX ~ JAaHHBIX, OCHOBHAas LEJb KOTOPOM XpaHeHHWe UHPOpMaLUU U
IpefoCTaBIeHNEe ee NOTPEeOOBAHMUIO.
Pa3nuuaroT 0HOMOb30BATENbCKUE U MHOTOMOJIb30BATENbCKUE CUCTEMBI.
Oonononvzoeamenvckas cucmema (Single-user system) — 3To cucreMa, B KOTOPOH B OTHO
U TO k€ BpeMs K b/l MOkeT NOoIy4uTh OCTYN TOJABKO OAUH MOJIb30BATENb.
Mnuoeononvzosamenscrkasn cucmema (Multi-user system) — 3TO cuctema, B KOTOpOi B
KaKAbIH MOMEHT BpeMeHU K B/l MOryT mony4uTth JOCTYI HECKOJIBbKO Nojb3oBaTeneil. OcHOBHAas
3ama4a TaKOH CHCTeMbl — TIO3BOJIUTh MOJbB30BaTemr0o padorate ¢ BJ[ kak ¢
OJTHONOJIb30BATENbCKOM.
O6buHO B CB/] BBIAENSIOT YETHIPE OCHOBHBIX 3JIEMEHTA!
1. JlanHbIE.
2. AnmmapatHoe obecrieueHue.
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3. Ilporpammuoe obecneuenue (110).
4. ITonb3oBarenu.

IIporpammHoe oGecrieuenue
OcnoBHas gactb [10 — 310 cuctema ynpasienus 6azamu nanusix, CYBJ] (DBMS — Data

Base Management system — nucnieraep bJ1).

OcnoBHas ¢pyakuust CYB/] — npenocraBieHne Mojib30BaTEN0 BO3MOXKHOCTH paboTaTh ¢

b/l, He BHMKAas B feTaNy HA YPOBHE alnapaTypslL

Pasnuuatot Tpu rpynns! nonas3zosatenein Cb/I:

1. Ilpuknanable mporpaMMuctsl. Jist menell pa3paboTKH MPHKJIAAHBIX MPOrPamMM, KOTOPBIE
UCTIONB3YIOT 0a3bl JAaHHBIX, MPUMEHHMbI Pa3JIMYHbIE SI3bIKHM M CPEAbl MPOrPAMMHUPOBAHMA
Visual Basic, C++, Java, C# u npyrue. IlpukianHbie mporpaMMbl MOJIYy4arOT AOCTYN K Oase
TAHHBIX IIOCPENCTBOM BbIHauM cooTBercTByromero  3ampoca k CVYBJ[ (oObHO 3TO
onepaTopeiSQL).

2. Koneunrele (psimoBble) mosp30BaTedn. KOHEUHBIM MOJB30BATENb MOXKET IMONIYyYaThb JOCTYH K
0a3e [MaHHBIX, MPHUMEHSS OIHO U3 HWHTEPAaKTHBHBIX mnpuinoxkennii. Muorme CVYB]]
NPEIOCTABIISIOT HE TOJBKO CPENCTBA Ul BBINOJHEHMs1 3ampocoB SQL, HO u rpaduueckue
YTHIIUTBI, TO3BOJISIIOIINE CO3aBaTh 3anpockl 0e3 3HaHusaSQL.

3. Anmunuctparopsl B/, 3annmarorcs ynpasnenneM padotsl cepsepab/l.

Opranusauus 1aHHbIX B BJ{

B B/l nansble OOBIMHO HA3BIBAIOT HOCMIOSHHGIMU, XOTS OHM KOHEYHO HE SIBIIOTCS
TAKOBBIMH B OOIIENPUHSATOM IMOHMMAaHUH. Tak WX Ha3Bajd B CPABHEHHUH C W3MEHYHBBIMU
TaHHBIMH — Mpan3umusivy (IPOMEKYTOUHBIE PE3YJIbTAThI, BXOAHBIE, BHIXOIHBIC TaHHbBIE).

Bxoonvie oannvie — 310 nHbOpMaIHsA, IEpeaaBaeMasi CHCTEME C TEPMUHANA WK padoUeit
cranuun. Korna sta nagopmanms coxpaneHa B TabJIHMIaxX, OHA CTAHOBUTCS YaCThEO TTOCTOSIHHBIX
TAHHBIX WK BIIEYET 32 COOOH M3MEHEHUsI ITIOCTOSHHBIX JaHHBIX.

Buvixoonvie oannvie — 370 COOOIIEHUS M PE3yJIbTATHI, BblIABAEMbIE CUCTEMOH Ha 3KpaH,
neyaTh U HHOE YCTPOHMCTBO BBIBOJA.

O0bexTbI

B pemsiunonnsix B/l — 310 mabdauye: (npyroe Ha3BaHUE — OMHOWIEHUS), OTIUCHIBAOLITIE
HEKOTOpbIe OOBEKTHI peasibHOrO MHpa. PensauuoHHble 0a3bl JAHHBIX XPAHST BCE AaHHBIC TOJBKO
B TaONHIAX.

Caszu

Cesi3um  OTOOpa)aroT 3aBUCHUMOCTH Mexny oObektamu. Kak mnpaBuio, OoHH ObIBAIOT
aBycTOpoHHUMH. JlomycTuM, ecTb aBa oObekta Studentsu Groups, 1Mo CBSI3HM MEXAYy HUMHU
MOYKHO OTBETHTb Ha J[Ba BOIIPOCA:

1) Kaxkoi rpynne npuHaaIeXuT JaHHbINA CTYEHT,
2) Kaxkwue cTyaeHTbl BXOIAT B JAHHYIO TPYIILY.

Cxema, Ha KOTOpOH MpeACTaBlIEeHbI OOBEKTHI U WX CBSI3U, Ha3biBaeTCsl (Cxema 0Ovexm-
omuoutenue Wy Jfuaepamma odvekm- omHoutenue.

B cxeme moryTt OBITH CBSI3M, YKa3bIBAIOIINE HA OAWH MU TOT Xe TN oObekTa. Hampumep,
NpenojaBarTeb SBISETCS HACTABHHUKOM MOJIOAOrO mperonaBaTens. B koHkperHoMm Habope
OOBEKTOB MOXKET OBITh J000€ KONMYECTBO CBsi3eil. Mexny aBymsi TabmuIaMu MOXKET OBITh
Oonee OHOM CBA3H.

CaoiicTBa

Bce o00ObexkTel M CBA3M MMEIOT OMNpeneseHHble cBoiicTBa. CBoiCcTBA OOBEKTOB
BBIPAKAOTCS MOJSIMH TaOnuubl. CBOWCTBA CBSI3€H BBIPAXKAIOTCS B HUX XapaKTEPUCTUKAX TPU
bopmMupoBaHHUH.

Buabl moaeJieit AaHHBIX.
Anpom mroboit BJI siBisiercss Monenp HaHHBIX. Modens OaHHBIX — 3TO COBOKYIMHOCTH
CTPYKTYPBI JAHHBIX U onepanuii ux odpadboTku.
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Kpatko paccMOTpuUM OCHOBHbIE BHIBI MOJENEH JNaHHBIX WU BBIIBUM HX OCHOBHBIE
NPEeUMYyLIeCTBa W HENOCTaTKH, NMPH 3TOM OyAeM YYHUTHIBaTh (DAKTOPBL, XapakTepU3YIOIIHe
NPUHLUIHAIbHBIE OCOOEHHOCTH MOJENeH, a Takke (PakTopbl, CBsI3aHHBIE C pean3aluel dTHX
Mozeseil Ha O9BM.

1. Hepapxuueckasi moaesib JaHHBIX. [Ipencrasisier co0oOif COBOKYIHOCTb 3JIEMEHTOB,
CBSI3aHHBIX MO CTPOrO ONpeAeieHHbIM mnpaBuiaM. OOBEKTHI, CBA3aHHBIE HEPAPXUIECKUMU
OTHOIIEHUSIMH, O0pa3yrT OpueHTUpOBaHHBIA rpad. OCHOBHBIMH MOHSITHSIMH HEPAPXUIECKON
MOJIEIN JAHHBIX SIBJSIFOTCS. ypPOGeHs, y3en (WM s7emeHm) W c643b. Takas MOHIeNb TaHHBIX
o0Jamaer CleayLUMMHA CBOMCTBAMH:

- Kaxnplit y3en cBsi3aH TOJBKO C OJJHUM BBILIECTOSLIUM Y3JI0M, KPOME BEpLINHEI,

Hepapxuueckast MOZIENb JaHHBIX UMEET TOJIBKO OIHY BEPIIUHY, y3€I]l He MOAYHUHEH Oojee
HUKaKHUM y3JiaM,

OT KaX70ro y3a CyLecTByeT €AMHCTBEHHBII NMyTh K BEPILIUHE;

CBs13b HE MOXKeT OBITh YCTAHOBJIEHA MEXIY OOBEKTaAMH, HAXOMSALIMMHUCS Y€Pe3 YPOBEHb;

CBs13b Mexly y3J1aMu IIEPBOTO YPOBHSI HE OIpEeseTcs.

IIpumepsl

1. @aiinoBast CTPyKTypa OpraHU3aLuy HHPOpMaLIUH.

2. Crpykrypa opraHuzauuu (ZUPEKTOp, 3aMECTUTENb, PYKOBOIUTENIH OTAEJOB,
COTPYIHUKH.

IIpenmymiecTsa:

1. IIpocrora.

2.  MuHUMaNbHBINA PacXof NaMsITH.

Henocratku:

1. OrcyTcTBHE YHUBEPCATBHOCTH — HE BCSIKYH0 HH(POPMALMIO MOXKHO BBIPa3UTh B
HepapxuecKoil MOJENN AaHHbIX.

2. HcKiro4yuTenbHO HABUTALMOHHBIN NPUHLMUIT JOCTYyNA K JaHHBIM.

3. JloCcTyn K AaHHBIM TOJBKO 4epe3 KOPHEBOU JJIEMEHT.

2. CereBasi MoAe/Ib JAHHBIX. JJEMEHTaMU 3TOH MOJAENHU SIBJISIIOTCS: YPOBEHb, Y3€ll,
cBi3b. OTNMYMA B TOM, 4YTO BJEMEHT OJHOIO YPOBHS MOXET OBITh CBSI3aH C JIOOBIM
KOJIMYECTBOM 3JIEMEHTOB COCEAHEr0 YPOBHsI, U HE CyLIECTBYeT MOJYMHEHHOCTH YPOBHEH Ipyr
ApYyTY.

CaoiicTBa ceTeBol MoJENH
- CBs13b HE MOXKET OBITh YCTAHOBJIEHA MEXIY OOBEKTaAMHM, HAXOSIIUMHUCS Yepe3 YPOBEHb

-CBsI3b MEX/1y Y3JIaMU IIEPBOIO YPOBHS HE OIpeaessieTcs

Apxurtexktypa B/I

CymectByer apxurektypa bJl, mnpenjokeHHass HCCIIENOBATENbCKOW  IPYyMIION
ANSI/SPARC u HazwiBaercs apxumexmypoit ANSI/SPARC.

Kaxnast cucrema 0a3 nmaHHBIX HE 00si3aHa COOTBETCTBOBATh 3TOMY OINPENEICHUIO,
HAIpUMep, «Mallble» CHUCTEMbl, BECbMa BEPOSTHO, He OyayT NOAAEpKHBaTh BCE (PYHKLUUU
NPEIJIOKEHHONH apXUTEKTypbl. TeM He MeHee, pacCMaTpHBaeMash apXHTEKTypa € JOCTATOYHOHN
TOYHOCTBIO OMUCHIBAET OOJIBIIMHCTBO CUCTEM (M HE TOJIbKO PEISIIMOHHBIX ).

IIpunsaTO BBIAENATH TpU YpOBHS B apxutekrype CYB/L.

1.  Buympennuii ypoeens (Ha3blBaeMbIi TaKxkxe @usuueckum) Haubojee ONU30K K
(u3IUecKOMY XpaHIIUIY UH(POPMAIUH, T.€. CBSI3aH CO CIIOco0amMu XpaHeHHs] HHPOpMAIUU Ha
¢dusnueckux ycrpoiicTBax. BHyTpeHHMIT ypoBeHb oTOoOpakaeT (PU3MYECKHE 3JIEMEHTBI st
xpaHeHust nHpopmanmu. OH mpeacTaBisieT co0ol OECKOHEUHOe aapecHOE MPOCTPAHCTBO, U3
KOTOPOTo MH(OPMALHS TPOSLUPYETCs] HA BHEITHIE HOCUTEIH.

2. Bnewmnuii yposenv (Ha3bIBa€MbIH TaKXKe HOIb306ameNbCKUM) Hanbonee ONMM30K K
MOJIb30BATENSIM, T.€. CBSI3aH CO CHOCOOAMHM TPEACTABICHUS [AHHBIX JJISI  OTHENbHBIX
MOJIb30BaTeNel (TMIPHUKIAAHON TPOrPAMMUCT WJIM KOHEUHBIA TOJb30BaTENb). JlIsi Kaxmoro
MIOJIb30BAaTENsI MOXKET cylecTBoBaTh cBOM sA3blk CYDB /I, [l mpukIaziHOro NporpaMmMucTa — 310
SI3BIK TIPOTPAMMHUPOBAHMS, a JUIsI KOHEYHOTO MOJIB30BATENSI — 3TO S3bIK, OCHOBAHHBINH Ha MEHIO,
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dopmax u T.1. Ho BCe 3TH SI3bIKM BKIIIOYAKOT SI3bIK AaHHBIX, BCTpoeHHbIn B CYBJ Jlns
KaXXJIOTO OTJIEJIbHOTO IMOJIb30BATENsI MOXKET ObITh MHTEPECHA HEKOTOpasi OTnenbHast 4acth b1
Taxue gacTu, ¢ KOTOPbIMH PadOTAET MOJIb30BATEINb, HA3BIBAKOTCS HEULHUM HPEOCMABIEHUEM.

3.  Konyenmyansnviii  ypoéens  (Ha3blBa€MbI  TaKXKe  JO2UYECKUM)  SIBISIETCS
IPOMEKYTOYHBIM» YPOBHEM MEKAY ABYMs IIEPBBIMU. DTO MPEACTABICHHE BCeH HMH(POpMAIIN
BJI B Oonee abOcrpaktHOil Qopme. Ha >TOM ypoBHe XpaHATCS COOCTBEHHO JaHHBIE,
HE3aBUCHMBbIE OT (OpMBI MX MNpencrasiieHus. KoHLenTyanibHOE MpPEACTABICHHWE COCTOUT W3
MHOJKECTBA 3K3EMIUIIPOB JAaHHBIX. JlaHHBIE 371€Ch MPENCTaBICHBI B BUAE KOHIENTYaJbHON
cxempl. KpomMe camMux [aHHBIX B 3Ty CX€MBl MOTYT OBITb BKJIIOUEHBI OIpPENeICHUs
TOTIOJIHUTEBHBIX CPEICTB, HAIPUMEP, MpaBiiia 00ecneueH s HeIOCTHOCTH.

Knaccuduxanus B/{

Bba3pl qaHHBIX KIACCUPUIMPYIOT MO PAa3IUYHBIM MPHU3HAKAM, PACCMOTPHM OCHOBHBIC U3
HUX.

1. Ilo TexHomoruu 0O6padbOTKH.

- lleHntpanu3zoBaHHble. XPAHIATCSA B NaMATH OJHOW BBIYUCIUTEIbHON CUCTEMBL.

- Pacnpenenennbie. COCTOSAT M3 HECKOJbKHX, BO3MOXKHO IEPECEKAIOLIMXCsl YacTew,
XPaHSILUXCS B PA3JIMUYHBIX y3J1aX BBIYUCIUTEIbHON CETH.

2. Ilo cnocoOy nocTyma K JaHHBIM.

- C noxanbHbIM JOCTYNOM. XapakTepuszyercs: TeM, u4To K Takoi b/l mmeercs moctyn
noJib30BaTeNst ofHol OBM.

- C ynaneHHbM (ceTeBbIM) HOCTYIIOM. JIOCTYITHO ISt BCEX MOJIb30BATENIEH CETH.

3. Ilo apxurextype.

- Qaiin-cepBep. llpeanonaraer BblneNeHWE OAHOM MAalIMHBI B CE€TU B KadyeCTBE
neHTpaibHOU (cepBep (aiioB), Ha HeH XpaHUTCS IeHTpanuzoBaHHas bJl, koropas
HCIIOJIb3YETCsl COBMECTHO

Kmuent-cepsep. Ilpennonaraercs soinenenue cepsepa bJl, KOTOpBIA KpoMe XpaHEHUs
ocymecTBisier o0padorky naHHbIX. Cucremy bBJl MOXHO paccMaTpuBaTh Kak CHCTEMY,
COCTOSIIIYIO M3 ABYX 4acTeil: cepep u HaOop kiueHToB. Cepsepom bJ] HazpiBaeTCs: COOCTBEHHO
CYB/, a kruenmamu — pa3nudHble IPUIOKEHUS, KOTOpbIe BIONHAI0TCS Hajy CYDB /I

4. Tlo copepkuMOMYy.

- Teorpagpuueckue.

- Hcropuueckue.

- HayuHnere.

- MynpTuMenuiHbIE.

Moayar 4. IIpumenenne HHPOPMALHOHHBIX TEXHOJOTHH B  pelIeHHH  3aAa4
aBTOMATH3ALMH, YIIPABJEHHS, 00pPa00TKH U NpeacTaBJeHus1 HHpopmanum.
IpaxTuueckoe 3ansiTue 4. Microsoft SQL Server. (3 ak. 1yaca).

N3yuurte yruauty SQL Server Configuration.
Ykazanus k evtnoanenuio:

1. Ha cepsepe zamycture yruauty SQL Server Configuration Manager U ¢ ee MOMOIIBIO
OTIPENeNIUTE CITUCOK 3aIyIIEeHHBIX Ha cepBepe CIyk0. 3amuIInTe 3TOT CIHUCOK B OTYET.

2. 3ameuanue. JlonmoJgHHUTENbHbIE BO3MOXKHOCTH 10 YIpPaBIEHHIO paboTol  Ciryk0
MpenocTaBisieT yruiuTa anMuauctTpupoanuss Windows XP Services, TOCTyI K KOTOpPOH
OCYIIECTBISIETCSI ¢ MOMOIIBIO nanku [Tanens ynpasnenus — Administrative Tools.

3. Ha cepsepe ¢ ycranoBneHHbiM MS SQL Server 2014 ¢ moMompio yTHIUTHI Services
ompeaenuTe mapameTpsl 3anycka cinyk0 MS SQL Server u 3anumute ux B otder. (Ecnu
HeT goctyna k yrunute Services, To npu nomoru SQL Server Configuration Manager).
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2.
3.

- BbIOEpuUTE B BhinanaromeM crnucke AdventureWorks2014.
ITpu nomomu GpyHkunu object id monyunm unenrudukarop radnuus Product.
Oyukius Permissions Bo3Bpamaer 32-OMTOBYIHO MacKy, B KOTOPOH KaXnablii OHT
O3Ha4aeT NPaBO TEKYIIEero NOJb30BaTeNsl Ha ompeneneHHoe aeicrsue. [Ipu >ToM
3HaYeHHe OUTa 3aBHCUT OT MapaMeTPOB, C KOTOPBIMU Oblia BbI3BaHA QyHKIUSA. DyHKIHS
Permissions MosxeT ObITh BhI3BaHA OMHUM U3 TPEX CIIOCOOOB:
- 0e3 mapaMeTpoB — BO3BPAINAET CIHCOK Pa3pElIeHHBIX ACHCTBHIA TOJB30BATEIS,
KOTOpPBIE OH MOKET BBINOJHSATH B TeKyuiel b/I;
- ¢ OOHHUM mapameTpoM obect id — BO3BpamaeT CHUCOK JOMYCTUMBIX AEUCTBHIA HAl
00BEKTOM, HAaIIpUMep, Hall TabIUIIeH;,
- ¢ aByMms mapamerpamu: object id u arpubyT — BO3BpaIiaeT pa3pemeHHbie TeHCTBHS
HaJT aTpUOyTOM.
B Tabnmue mpuBeneH CIHMCOK pPa3peIleHHBIX ACHCTBHA B COOTBETCTBHH C pPa3HBIMU

criocobamu BbI30Ba GyHKIMU Permissions. /s kaskgoro qefdCTBUS yKa3aH HOMEP U NECATUIHOE
3HaY€HHE COOTBETCTBYIOLIETO OHUTA.

B nannOM cny4ae Hac uHTepecyeT muaaumii (Hynesoii) out — npaso Ha SELECT ALL.
ITpumep Bb130Ba GpyHKINN Permissions:
SELECT Permissions (object id(‘production.product’))
Jns ompeneneHuWst TOroO, 3a4aH JHM HHTEPECYIOIIWH HAc OUT, MOXHO HCIHOJBb30BATH
ourosyro oneparuio «M» (&), Toraa KOHEUHbIH BapuaHT OyAET BBITIISAAETD CIEAYIOIIUM
obpazom:
IF Permissions (object id(‘production.product’))&1=1

SELECT 'Ectb mpaBo BeIOOpKH'
ELSE

SELECT TIpasa BbIOOpKH HET'
Bwmecro oneparopa SELECT mokHO Bocnonb3oBaTbesi onepatopoM PRINT, kortopsiit
NPOCTO TMO3BOJISIET BBIBOAWTH JAHHBIE B BHIE TEKCTa, a HE B BHAE TAOJNMLBI, KaK 3TO
nenaer SELECT. Toraa kox Oyaer BBITJISIIETh TakK:
IF Permissions (object id(‘production.product’))&1=1

PRINT 'EcTb npaBo BeIOOpKH'
ELSE

PRINT Tlpasa Beibopku HeT'
A pesynbTar Oyzer BbIBeleH HE Ha BKIAAKy Results, a Ha Bknaaky Messages.

3ananue 7. BoiBecTH HMSI KOMIILIOTEPA, HA KOTOPOM BbINoJiHsAeTcsA KoMaHaa. Ecan

HMsI KOMNIBIOTePa 0oJiee 1eBATH 0YKB, TO BBIBECTH TOJIbKO NMePBble MIeCTh O0YKB.

—

(9%

Ykazanus k evtnoanenuio:
JLst mostyueHus UMeHH KoMibroTepa ucnogis3yercs Gyakuus HOST NAME().
Jlnis onpeneneHust [UTMHBI CTPOKU MOXKHO BOCTIOJIB30BaThes (pyHkiueit DataLength.
IIpuMep BBINOTHEHUS 3a1aHUS:
IF (DATALENGTH(HOST NAME())/2>9)
SELECT LEFT(HOST Name(), 6) +"..!
ELSE
SELECT HOST Name()
3ameuanue. OOpature BHUMaHue, uTo pe3yibrar (yHkumun DATALENGTH wmbl

paznmenmiu Ha nBa. D710 obycnosneno tem, uto HOST _NAME() Bo3spamaer tun nvarchar, B
KOTOPOM IO/ KaK/IbIii CHMBOJI OTBOJUTCS ABa Oaiira.

3ananue 8. llocuntaTh KOTHYECTBO LH(PP B YHCTE.

Ykazanus k evinoanenuio:

OnvH U3 BO3MOXKHBIX BAPUAHTOB PEIISHHUS JAHHOM 3ama4u (cM. puc.2.5):
DECLARE (@num int, (@cnt int

SET @num = 19
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IF (@num = 0) SET @cnt =1

ELSE BEGIN
SET @cnt =0
WHILE (@num <> 0) BEGIN

SET @cnt = @cnt + 1
SET @num = @num / 10
END
END
SELECT @cnt AS Konudecto 1udp'

Bbi0opka naHHBIX
3ananue 9. lloakawunrtech K cepepy MyServ ¢ nomombio yruautbl Management

Studio.

1.

2.

Ykazanus k evtnoanenuio:

Zanyctute SQL Server Management Studio yepes mento [lyck —IIporpammer — Microsoft
SQL Server 2014.

Bribepure Tun ayrentuduxannu: SQL Server Authentication. Ykaxkute User name: sa, u
Password: nycroit u Haxxmurte kHoriky Connect.

3ananue 10. [Mosyuyure CIHCOK CTPAH € YKa3aHHEM HX KOAAa M MOCJeIHEH IaThI

u3MeHeHus1 3anucu u3 Tadauubl CountryRegion BJI AdventureWorks2014.

(9%

Ykazanus k evinonnenuio:

Jlns BBIMOSMHEHUs 3amaHust HaM notpedyroTest atpudytel CountryRegionCode, [Name],
ModifiedDate w3 tabmuuel Person.CountryRegion. O0patute BHHUMaHUE, 4YTO Nepen
Ha3BaHHEM TaOJIUIIbI UCTIONB3YETCS €lle Ha3BaHUE CXeMbl Person, mpegHa3HaueHHOH At
yIpaBJIeHUs] OObEKTaMH, CBA3aHHBIMH C paOOTHUKAMH U JIeNIapTAMEHTaMH.

J51sl meperMEeHOBaHUS CTOJIOLOB BOCTIONB3YEMCSI KJIFOUEBBIM CIIOBOM AS.

Yo6enurecs, uro b1 Adventure Works2014 siBnsieTcsi TeKyel, U BBITIOJHUTE CIEAYIO U
3ampoc:

SELECT CountryRegionCode AS 'Kon', [Name] AS 'Ctpana/,

ModifiedDate AS '[Tata n3meHeHus'

FROM Person.CountryRegion

3ananue 11. IlosyunTre CNHCOK COTPYAHHKOB C yKa3aHueM (aMHJIMH U NepBOro

CHMBOJIA MMEHH, a Tak’Ke ero HAeHTU(PUKAUMOHHOro Homepa. CHHMCOK A0JKeH ObITh
yHnopsiao4eH no (paMuIuM 1 HUMEHH COTPYAHHUKA.

(9%

4.

Ykazanus k evinonnenuro:

ITepseiii cTonber Mbl TOJBKHBI OyAeM MePeuMEeHOBATh MPH MOMOIIHU oneparopa AS, Tak
KaK B HeM He0OXonuMo OObeIMHUTE JaHHBIC U3 ABYX CTOJNOUOB: LastName v FirstName.
JLiist mosTydeHus: TOJIbKO TepBOi OyKBBI IMEHH BOCTIONIb3yeMcsi pyHKIHel Substring.

JList COPTHPOBKU Pe3YIbTHUPYIOIIEH TaOIUIbI HEOOXOAMMO BOCIIOJIB30BATHCS PAa3AEIIOM
ORDER BY.

BrmonnauTe cienyroumni Koa:

SELECT LastName+’  ‘+Substring(FirstName,1,1)+’.> as [Hms corpyagHukal,

BusinessEntityID FROM Person. Person

ORDER BY [Mwms cotpynHuKa]
3ameuanue. 1lo yMOJTUaHHIO COPTHPOBKA OCYIIECTBIIIETCSI IO BO3PACTAHMIO, YTO

COOTBETCTBYET 3ape3epBUpoBaHHOMY clioBy ASC (MOKET He YKa3bIBaThCs), AJIsi COPTHPOBKHU B
yObIBaromeM nopsinke ykaspisaercsi — DESC.

3ananue 12. [loayuuTe CNHCOK TOBAPOB, IIEeHA KOTOPBIX HAXOAUTCH B AHANA30HE OT

$12 no $20, oTrcopTHPOBAB €ro MO LEHe.

1.

Vrkazanusa x evtnonnenuio:
JLnst BBIOOpA 3amuCeil MO 3aJaHHOMY KPUTEPHIO HEOOXOIUMO BOCIIONB30BATHCS Pa3AeiioM
WHERE.
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2.

MO’KHO UCTIONB30BATh COCTABHOE YCIIOBHE, TOTAA KOJ OYAET BBITTISAETh TaK:

SELECT [Name], ListPrice From Production. Product

WHERE (ListPrice>=12) and (ListPrice<=20)

ORDER BY 2

Jlpyroli BapuaHT: 3aMEHHUTH JBA ONEPATOpPa CPABHEHUS OJHUM JIOTHYECKUM OIEPaTOpOM
BETWEEN, ¢ nomMompl0 KOTOPOrO MOKHO MOJYYWUTh OTBET HA BOIPOC, JICKUT JIU
BEJIMYMHA B YKa3aHHOM JUaNa30He:

SELECT [Name], ListPrice From Production.Product

WHERE ListPrice Between 12 and 20

ORDER BY ListPrice

3ananue 13. BoiBequTe HMEHA COTPYJAHHUKOB H HX J0JIKHOCTEH, MPOKUBAIOIIHUX 32

npeaeaamu USA.

1.

Ykazanus k evtnoanenuio:

Jns momcka mo 1malioHYy CHUMBOJBHBIX CTPOK HCIIONB3YETCS JIOTHUECKUH OrepaTop
LIKE, xOTOpBIi 4Yalle BCEro NMPUMEHSETCs B CUTyalMsX, KOTJa HE M3BECTHO TOYHOE
COBIIQICHHUE.

B mabnone Ham notpedyercst ykaszaTh CiykKeOHbII cuMBON %, KOTOPBIN TOAPa3yMeBaeT
JIOOYIO CTPOKY, cocTosmyro u3 0 u 6ojiee CUMBOJIOB.

Ucnone3ys Tabmuuy HumanResources. vEmployee coctaBuM 3ampoc:

Select LastName, JobTitle From HumanResources.vEmployee

Where CountryRegionName Not Like ‘%United States%o’

3ananue 14. IlosyunTe CNUCOK TOBAPOB, Y KOTOPbIX He YKA3aH LBET.

Ykazanus k evinoanenuio:

Jns  TmpoBepKH  OTCYTCTBUS ~ 3HAYEHUs]  WUCHOJB3yeTcss  (PyHKUMS  BBIOOPKHU
ISNULL.

CocraBum cnenyromuii 3anpoc no tabnuue Product:

SELECT [Name] FROM Production.Product

WHERE Color IS NULL

XpaHumble Ipoueaypbl
3ananue 15. Co3naiiTe XpaHHMYIO POLEAYPY, KOTOPAs BHIBOAUT HMS KOMMNbIOTEPA,

HA KOTOPOM BBbIMOJIHACTCHA KOMaHAA. Ecain ums KOMIIBIOTEPA 0oJiee AECBATH 6yKB, TO
BbIBE€CTH TOJIBKO INEPBLIC HIECTH 6yKB.

1.
2.

bl o

Ykazanus k evtnonnenuio:

JLyist mosTyueHus UMEHHU KOMITbIoTepa Bocnosb3yirech Gpynkuneii HOST NAME().
Jlns co3aanust MpoLeayphl BHIMOJHUTE CIEAYIOLUIUN KOA:

CREATE PROCEDURE Test AS

IF (DATALENGTH(HOST NAME())/2>9)

SELECT LEFT(HOST Name(), 6) + *..."

ELSE

SELECT HOST Name()

3ameuanue. Xpanumas nporenypa OyaeT co3naHa B TeKylued 0a3e TaHHBIX.
Y6enurech, 4TO XpaHUMas poneaypa Oblia Co3aaHa.

Br13oBUTE CO31aHHYIO XPAaHUMYIO ITPOLIEAYPY, BBIIOJHUB CIEAYIOUN KOA:

TEST

3ananue 16. Co3aaiite XxpaHuMyl0 npoueaypy, NPHHHMAKIIYI0 YHCJI0 B KayecTBe

AeJIUTe/Isl U BO3BPALIAIOIIYI0 KoJinyecTBO udp B HeM yepes napamerp OUTPUT.

1.

Ykazanus k evinonnenuio:
Cozpaiite xparumyro npouenypy DigitCount ¢ 1Bymst mapaMeTpamu:
CREATE PROCEDURE DigitCount

@num int,
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@cnt int OUTPUT
AS
IF (@num = 0) SET @cnt =1
ELSE BEGIN
SET @cnt=0
WHILE (@num <> 0) BEGIN
SET @cnt = @cnt + 1
SET @num = (@num / 10
END
END
2. Beposute npouenypy DigitCount u ydenurech, 4To 0OHa paboTaeT BEpHO:
DECLARE @num int = 1249
DECLARE @cnt int
EXEC DigitCount @num, @cnt OUTPUT
SELECT @cnt
3ameuanue. ObOpatute BHUMaHHE, YTO B JAHHOM Cly4ae HCIOJb30BAHUE KIIFOUEBOTO
cinoBa EXEC o0s3arenbHO mepen BbI30OBOM XPAaHHMOM MPOLEAYPHI, T.K. XPaHUMAs MPOLETYPhI
ykazaHa B Onoke npyrux SQL komaHz, a He BBINOJIHAETCS OHA.

Moayanr 4. Ilpumenenne  HMH(POPMALMOHHBLIX TEXHOJIOTHMH B  pelIeHHMH  3aga4
aBTOMATH3ALIUM, YIIPABJIEHHS], 00pa00TKH M NpeacTaBjaeHus1 HHpoOpMALHH.
Jlexuus 3. Uatepuer-Texnoyoruu. Kackagupie Tadiuusbl cruieit. (1 ak. gac).

Ctuin 4 Ta0auubl CTHIEH

Ha camom mpocToMm ypoBHE, CTHJIb SIBJIIETCS MPABUIIOM, COOOIIAOIUM Opay3epy, Kak
uHTepnperupoBath otaenpHble Terk HTML. C kaxabIM Terom cBsi3aH psii CBOHCTB, 3HaUEHUs
KOTOPBIX OINpPENENSIIOT €ro BUA MpU BeiBoAe OpaysepoM. Tak, Hampumep, y OONBIIMHCTBA TETOB
(<P>, <TD>, u 1. 1) ectp cBoiictBo COLOR, 3HaueHHe KOTOPOro ONpeAessieT LBET,
UCTIOJB3YEMBIH IJIs1 OTOOpaKEHUsT COAEPKUMOTO Tera.

Tabauua (amer) cruneid CSS - Ha®op mnpaBui OTOOpaKEHHUS, NPHUMEHSEMBIX B
IOKYMEHTE, K KOTOPOMY IPUCOEIMHSETCS COOTBETCTBYOINAs Tabnuua cruwied. Bee cBoiicTaa,
UCTIONB3YIOIINECS B TAONHMIAX CTHIJIEH, YCIOBHO MOXKHO Pa3AeUTh HA HECKOJIBKO TPYII:

e  VOPaBJSIOIIKE BUAOM LIpU(Ta (TapHUTYPA, KETJb, LIBET, HAKJIOH, KUPHOCTH, .. ),
e ympaBisomue ¢popmaruposaHueM ab3zama (OTCTYN KpacHOH CTPOKH, BBIPABHHBAHUE,

UHTEPJINHBSIK, PACCTOSTHIE MEXIY CIOBaMH,..);

e ympaBsIOIIME — cBoiicTBaMuM  Ojoka  (OTCTymBl  ClieBa-CBEPXY-CIIPaBa-CHU3Y,

MECTOIOJIOKEeHUE OJIOKA B TOKYMEHTE, BUIUMOCTh OJIOKA, .. );

e npyrue (UBET CChUIOK, N3MEHEHHE BHEITHETO BHUIA KYypcopa,..).

HUcnoab3oBanue cTuiei

Onanm u3 criocoboB moakiroueHus: ctwist kK HTML-crpannne (oCTalbHBIE CIIOCOOBI
paccmarpuBaroTcss B maparpade "KackanHble TaOnHIbl CTUJIEH") SBISIETCS WCIONIB3OBAHHUE B
3aroJioBKe J0kymMeHTa koHTeliHepa <STYLE>:

<HEAD>

<STYLE TYPE="text/css">

ONHUCAaHUE CTUIIEH

</STYLE>

</HEAD>

Bxmrouenne B sToT KOHTeiHep aTtpulOyra TYPE="text/css" ykaspiBaeT Opaysepy, 4TO B
HEM COIepKuTCs omucaHue crwied. B Hacrosimee Bpemsi arpuOyt TYPE moker nmpuHMMaTh
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TOJIKO YKa3aHHO€ 3HAaYeHHE, OAHAKO €CJIU OH OyAeT OMyIleH, TO HEKOTOpble Opay3epbl MOTYT
NPOUTHOPHPOBATD BCIO TAOJIUILLY CTHIIEH.

Camo omnucaHue CTUJIA BKIIIOYAET CEJIEKTOp Tera, yKa3blBalOIIMM UM Tera, Ha KOTOPbIH
pacrpocTpaHseTcss MPaBUIIO CTHIISA, U (QUTypHBIE CKOOKH, Coaeprkalue OfHy miu Oonee map
0OBsIBJICHUH BUA "'CBOMCTBO_CTHJIsI:3HAYEHHe'', Pa3/I€IIeHHBIX TOUKOH C 3aIATOMH:

cenekTop _Teraf

cBOWCTBO cTwiis | 3HaueHuel;

CBOWCTBO CTWJISI2:3HAUYEHUEZ,

CBOWCTBO CTWJISI3 :3HAUYE€HUES,

}

Ecnu B duryprbix ckobkax yka3aHO BCEro OJHO IMPABHJIO, TO TOYKY C 3aMSATONH MOKHO
OIMYyCTUTb.

IIpumep
<HTML>
<HEAD>
<TITLE>IlepsBsiii npumep ucrnoib3oBanus cruied</TITLE>
<STYLE TYPE="text/css">
<|--
H1 {text-align: center}
>
</STYLE>
</HEAD>
<BODY>
<HI1>3aronoBok</H1>
<p>
Tekct
</BODY>
</HTML>

B nanHOM mpumepe B cexuuu 3arosioBka fokymenta <HEAD> ... </HEAD> 3anan cTuib
(mpaBUJIO), COrJaCHO KOTOpoMy Opay3ep MOJDKEH BBIPABHHBATH IO IEHTPY CTPAHUIIBI
comep:kumMoe koHTeiHepa <H1> ... </H1>: cBolicTBy text-align mpucBoeHO 3Ha4eHUE center.

OOparuTre BHUMaHHE Ha HCIOJb30BaHHE TErop KoMmMMmeHTapus (<!-- m -->). Bce
comepkuMoe koHTeliHepa <STYLE> HaxomuTcss Mexay HHUMH. OTO TO3BOJSIET CKPBITH
uHpopMaLuo o ctuie or Opay3epoB, koTopele He pacnozHatoT Ter <STYLE> (B mpotuBHOM
cilydae OHM MOTYT IPUHSTH MPAaBHJIA 38 TEKCT M BBIBECTH UX Ha SKPaH).

B tabnunax cTuneit Takke MOXKHO HCIIONB30BaTh KOMMEHMAPUY, TIO3BOJSIFOIINE OITUCATD
TO WJIM UHOE CBOHCTBO: TEKCT, PACIIOJIOXKEHHBIA MKy CUMBOJIamMu /* u */ He oOpabaTwiBaeTcs
OpaysepoM U He paccmampueqaemcs, Kak daemMenm mabauys: cmuieil (He TyTaiTe Teru
KOMMEHTapusi U KOMMEHTapuu TaOJuIl CTHJIEH, OHM HMMEIOT pPa3HBbIi CHHTAKCHC U pa3HOe
HA3HAYCHHE).

IIpumep
PaccmoTrpum npumep odopmiteHust TeKcTa. Y CTaHOBUM Oenblii LiBeT (JOHA JOKyMeHTa (CBOHCTBO
background-color), 3aTtem 3anefictByeM cBoicTBa ynpasienus upugpmon: color (user), font-
family (rapaurypa mwpudra) u font-size (pasmep wpudra), Hanpumep,

e LIBET -- CEPBIIi;

e cemeiicTBO mpudTa (rapHutypa) -- Times, mpudT ¢ 3aceUKamy;

e pazmep mwpudra -- 14 myHKTOB.

JlobaBuM CBOWCTBa, CBsS3aHHBIE C opmamuposanuem aodzaya: text-indent (orctymn

KpacHOM cTpokn), text-align (BripaBHUBaHue), padding-left (orcTymn cnesa), Hanpumep,

e  JOMNOJHUTENBHBINA OTCTYII KPaCHOU CTPOKH -- 10pt;
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e  BbIPABHUBAHHUE -- [0 LIUPHUHE AJOKYMEHTA,
e OTCTYI OT JIEBOTO Kpas -- 20pt.

YCTaHOBHUM TEMHO-KPACHBIH I[BET (CBOWCTBO color) 3arojOBKOB C MEPBOrO MO TPETHH

YPOBEHb.

JIOKyMEHT PUMET BUA:

<HTML>

<HEAD>

<TITLE>BTopoii npumep ucnonb3oBanus cruneid</TITLE>

<STYLE TYPE="text/css">

<l--

BODY {background-color: white}

H1, H2, H3 {color: red}

P
/* wpudt */
color: gray;

font-family: Times, serif;
font-size: 14pt;

/* abzan */
text-indent: 10pt;
text-align: justify;
padding-left: 20pt;
}

-

</STYLE>

</HEAD>

<BODY>

</BODY>
</HTML>

3ananne 3HaueHu

Jlns 3amaHus 3HAUEHWH B MpaBHiIax TaONUL CTHJIEH Ba’KHO HCIIONB30BaTh KOPPEKTHBIN
CHUHTAKCHC.

3amanue usera (color), Takxke kak u B Terax HTML, BO3MOXHO AByMsl criocoOamu:
HANMEHOBaHMEM U 4uciIeHHbIM 3HaueHneM. Cnenndukarus CSS1 ("Cnenndukannm KacKaaHbIX
Tabnun cruneit, yposeHb 1"), paspaborannas Koncopumymom World Wide Web (W3C(),
NEePeYnCIsieT TOJbKO 16 HaMMEHOBAaHUI IIBETOB, KOTOPHIE MOJKHO HCIIONIb30BAaTh B TaOJHIAX
CTHJIEH:

aqua gray navy silver
black green olive teal
blue lime purple white
fuchsia ~ maroon red yellow

Jlpyrue HauMEeHOBaHUsI U3 MOJHOIO CIIMCKA L[BETOB, NMPUBEACHHOIO HIDKE, TAKXKE MOTYT
MO A€ KUBATHCS] HEKOTOPBIMU Opay3epamMu.

IIpn 3amaHuM LBETa YUCIEHHBIM 3HAUY€HHEM HCIOJB3YIOT JIMOO INEeCTHAALATEPHUHOE
3HadeHue, b0 Tpoiiky Buna rgb(red, green, blue), raoe red, green u blue siBasIFOTCS YKCTaMu B
nuamazoHe ot 0 1o 255, nubo MPOLEHTHBIMU BEIUYHMHAMH, ONPEACISIOIIMU SIPKOCTh KaKION
cocrapistouei 1seta B RGB. 3nauenus 255 unn 100% ykas3piBarOT, YTO COOTBETCTBYIOINAS
COCTaBJIAIOIIAS L[BETA UMEET MAKCUMANIbHYIO IPKOCTh; 3HaueHust O unu 0% -- COOTBETCTBYIOLIAs
COCTaBJIAIOLIAs IOJHOCTHIO OTCYTCTBYET.
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IIpumep

H1 {color: #0000FF }

H1 {color: #00F }

H1 {color: rgb(27, 119, 207)}

H1 {color: rgh(50%,75%, 0%)}

Bo BrOpOoM mnpumepe HUCHONB3yeTCs TPEX3HAYHBI CHHTAKCHC, MPH HCIIOJIB30BAHUU
KOTOPOTO TPH LU PHI MPeodpa3yroTCs B IECTh MyTeM NyOJUPOBAHUS KaXKI0H U3 HUX.

IIpu 3amannu equHUL AJdUHBI (/ength) NCNIONB3YIOT YHCIIO, 32 KOTOPBIM 0e3 mpobenos
CIEyeT JBYXCHMBOJIbHOE OO0O3HA4YeHHWE eNUHHUIBI H3MEpeHus (em, e€x, in, cm u [1p.)
OO6o3HaueHus1 eAMHUL] U3MEPEHUSI €m U €X OTHOCATCS K obOmell BbicoTe mpudTa M BBICOTE
OykBbI "X" COOTBETCTBEHHO. EnmuHMIA M3MEpeHHs] PX COOTBETCTBYET BEJIMUYMHE IMHKCENTa Ha
JKpaHe, a in, cm, mm, pt ¥ pc 0OO3HAYAIOT AFONMBI, CAHTUMETPBI, MIJTUMETPBI, MyHKTHI H
LULEPO COOTBETCTBEHHO. B mroiimMe 25,4 muuMerpa unu 72,27 nyHKTa, a B LULepo -- 12
nyHKTOB. Eciii 3HaueHne paBHO HyJIF0, 0003HAUEHHE €IMHULIBI H3MEPEHHS] MOJKHO OMYCTHTb.

IIpumep

P {font-size: 12pt}

H3 {text-indent: 20em }

HekoTopele 3HaueHHst MOTyT ObITh 3amaHbl B MpoueHTax (percent). Ilpm sTOM OHH
BBIYUCIITIOTCS KAK MPOLIEHT OT JPYTOro CBOMCTBA 3JIeMEeHTa, OOBIYHO €ro pasMepa.

IIpumep

P {line-height: 120%}

Jns ykazanus mectononoxkeHus: pecypca ucnonb3yercs ero URL-anpec. B atom cinydae
nocJie KIIF4eBoro cyiosa url cpasy (0e3 mpobenoB) cienayeT OTKphIBarOIIasi Kpyrias ckoOka, a 3a
Heil - URL, 3aklOYeHHbI, NpHU KEJIAaHWW, B OJWHOYHBIC WM [IBOWHBIE KaBbIYKH, U
3aKpPBIBAIOIAS TTPaBasi CKOOKA.

IIpumep
BODY {
background: url(http://www.image.ru/image/picl.gif)
}
HakoHnen, HekOoTOpble 3HAUEHHs SBJSIIOTCS MOCJAE0BATENBHOCTBIO (/ist) npyrux
BEJIMYMH U ONUCHIBAIOTCS KaK "CIUCOK" HEKOTOPbIX 3HaueHUNH. CIUCOK COCTOUT U3 OJHOTO WM
OoJee MOMyCTUMBIX 3HAUEHUH, Pa3AeIsieMbIX 3aISTHIMIL.

IIpumep
P {font-family: Times, serif}

Kaaccel cruiei

IIpn namucanmn HTML-1OKyMEHTOB HOBOJBHO HYacCTO BCTpEYAeTCs HEOOXOAMMOCTH
KaKUM-JIU00 00pa3oM BbIIEISATH ONOKM WH(POPMALNHU, MOAYEPKUBATH MX YHHKAJIbHOCTb WU
JOTHYeCKyI0 Harpy3ky. Hampumep, B y4eOHHKE MO MaTeMaTHKe KpoMe OOBIMHOIO ONMHCAHUS
Marepuaia MOTYT MPUCYTCTBOBaThb TeOpeMbl, 3afaHusi, npumepsl u ap. Crangaptaeii HTML
NpEeNOCTaBlIsseT HaM Teru Jorudeckol pasmerku, Hampumep, Ter <BLOCKQUOTE>
NpeaHa3HadeH /Ui AJUHHBIX uTaT. CSS naeT BO3SMOXKHOCTh CAMUM NMPUAYMBIBATH JIOTHUECKUE
KOHCTPYKLMU 1 ONMUCBIBATb X BHEIIHUHN BUA.

JlomycTiM, MBI XOTHM CO34aTh CTPaHUIly, Ha KOTOpoi Oyner nBa Buaa ad3aues (Ter
<P>), mpuyem oba Buma OyOyT MOCTOSTHHO YepENOBaTbCA M YaCTO IMOBTOPSTHCA. TUIMMYHBIN
IIpUMep TaKOH CTPaHULIbl - UHTEPBBIO, B KOTOPOM 4epeAyIOTCsl BOIPOCHI XKYPHAJIUCTA U OTBETHI
HUHTepBbIOMpyeMoro. EcTecTBeHHO, NpHU CO3aHHUM TAaKOW CTPAHULBl Mbl 3aXOTHM BHU3YaJIbHO
OTIENUTb BOMPOCH! U OTBETHI PYT OT Jpyra.
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CHavana BeimennM ab3arpl (BOMPOCH! JKyPHAINCTA M OTBETHl MHTEPBBIOUPYEMOIO) C
MOMOIIBIO cejiekTopa Kiaacca CLASS.
<HTML>

<BODY>

<P CLASS="ask">Bomnpoc xypHanucra</P>
<P CLASS="answer">0OTBeT uHTepBBIOHPYEMOTO</P>

</BODY>

</HTML>

B paznene HEAD nokymeHTa 3a1a1uM CTHIIb Ka’KAOTO KJlacca.
P.ask{

font-family: Verdana, Arial, Helvetica, sans-serif;,
font-size: 12pt;

text-align: justify;

color: gray;

margin-left: 100px;

font-weight: bold;

}

P.answer{

font-family: Times, serif;

font-size: 14pt;

color: black;

text-align: justify;

margin-left: 20px;

}

Bompocs! xypHanmucra Oynyt otoOpaxarbess mpudToMm cepun sans-serif ceporo nsera,
MOJIY>KUPHBIM HadepTaHueM, pasMepoM 12 myHKTOB, ¢ OTCTynoM 100 muKCenos OT JIeBOro Kpas
CTpaHHIBI, C BbIpaBHUBaHHEM 1O mupuHe. OTBernl ke OynyT oroOpakeHs! mpugprTom Times,
pasmepoM 14 mMyHKTOB 4epHOro LBeTa, ¢ OTCTynoM 20 MHUKCENOB OT JIEBOrO Kpasi CTPAHMLIBL, C
BBIPABHUBAHHUEM T10 LIUPUHE.

BroxeHHbIe 31eMEHTBI HACJEAYIOT TIPaBUJIA, 3aJaHHBIE IJII PONUTENILCKUX 3JIEMEHTOB.
Taxk, Harpumep, eciiu B ab3all, CoAepKaIINil BONPOC KYPHAIHNCTA, BKIIIOYHTD (PParMeHT TEKCTa,
BBIJICJICHHBI KYPCUBHBIM Hau€pTaHHEM, TO 3TOT (PparMeHT mpu OToOpakeHuu Opay3epom yxe
OyZeT UMeTh BBIIECICHNE KaK KyPCUBOM, TaK U TOJYKUPHBIM HMIPUGPTOM. DTO CBA3AHO C TEM, UTO
TEKCT, 3aKJIOYEHHBIH Mekay Teramu <[> m </[>, BXOAHMT B cOCTaB a03ala U HACIEOyeT ero
CBOIICTBA.

Kackagnbie Tabannbl cTuei

OnHOM W3 OCHOBHBIX OCOOEHHOCTEH Tabniuil cruiieil siBnsieTcss kackamaHocTb. OHa
O3Ha4aeT, dro npu 00paboTke CTWIEH  UCMONB3YeTCSl  CHEIHAbHBIA  MEXaHU3M
KackaaupoBanus. JIJis OMHOTO JOKYMEHTa MOTYT ObITh 3adaHbl pa3jinuHbie mpaBuia. OmuH
HaOOp MPaBUIT MOXKET OMPENENAThCS Pa3pabOTIMKOM JOKYMEHTA, MPYyrue MpaBuUjia MOTYT ObITh
3amaHbl Tojib3oBaTenieM. Kpome Toro, B kaxmom Opaysepe umeercss Habop mpaBui,
UCTIOJIb3YEMBIX 10 YMOJYAHUI), OHU HCHOJIB3YIOTCS, €CJIH KaKoe-THOO W3 CBOWCTB SIBHO HE
omnpeneneHo. CpencrBa KacKaaupoBaHUsS COOMPAIOT M OOBEAWHSIIOT pPa3jMyYHbIe TpaBUiia, a
TaK)Ke Pa3pelIaroT BO3HUKAIOIINE TPU 3TOM KOH(IHKTHL

CBOWCTBO KaCKaJHOCTH TECHO CBSI3aHO CO crocodoMm moakmouenus cruied k HTML-
JOKYMEHTY, KOTOpPO€ BO3MOKHO OCYINECTBUTH TpeMsi criocoOamu: inline-onucanue, onucaHue
B CeKLUH 3aro0JI0BKA U MCMOJIb30BAHUE BHeIIHero (gaiina.

Cawmpbrii mpoctoit coco® -- 3TO, Tak HasbiBaeMmoe, inline-omucaHue WM OINUCAHUE,
BCTpoeHHOe B Ter. llpm momomu pomonautenpHOro arpudyra STYLE MokHO omnpenenuTb
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Hy>KHbIE CTUJIEBbIE MTApaMeTphl B IF0O0M Tere. OCHOBHOM HEIOCTATOK 3TOTO CIOCO0a B TOM, UTO
ONpeleNieHne CTUIA AEHCTBYET JIMIIb B Ipenenax oxHoro Tera. IlpencraBbre, HAaCKOJIBKO
BBIpacTeT pasMep (Qaiina, 1 HACKOJIBbKO HEYHOOHO OyET €ro UCTIPaBIIATD, €CJIH YKa3bIBaTh CTHIIb
y KaXOOro Tera. JDTOT Crnocod HE CIMIIKOM OTIMYAeTCs, K MPHUMEPY, OT MPSMOTO OIHMCAHHS
BHeLIHero Buja npu nomomu tera <FONT>.

IIpumep

<P STYLE="color:red; text-align:center;">2ToT

naparpad nepeonpenene cruiem</P>

I'opazno ynobHee 3apaHee onpeaenuTsb Bce HyKHbIE CTHIM O(QOPMIICHHS U BIIOCICACTBHU
IPOCTO MPUMEHSITh UX K COOTBETCTBYIOIIUM TE€TaM, T. €. BOCIIOJIb30BATECA CIIOCOOOM OMUCAHUS
CTHJIEl B CEeKLHH 3aroJioBKa. IMeHHO 3THM CrmocoOOM MBI TONB30BAIHCH B IMPHMEPAXx,
paccMmarpuBaromux ¢opMaTupoBaHue ad3ana u odopmiieHue WHTEPBBIO. JleHcTBUE TaOIUIIbI
CTHJIEH, IOAKJIIOUEHHOH TakuM 00pa3zom, pactpocTtpansercst Ha Becb HTML-nokymeHT.

W Hakonen, TpeTHii cnocoO, -- BbIHECEHHE OMUCAHHUSI CTHJIel BO BHEIIHUH (aiin
(BHEIIHIOW TabNuIy cTUjIei). JJis 5TOro Hy»KHO BCE OMUCAHUE CTHJICH MOMECTUTh B OTACNIbHBIM
daitn ¢ pacmmpenuem .css. B pasmen HEAD nokymeHTa BKJIFOUHTH CTPOKY, AHAJOTHYHYIO
cnenyromeis, rae arpudyt HREF comepskut umst daiina co CTUISIME:

<LINK REL="STYLESHEET" TYPE="text/css" HREF="list.css">

Jmana3oH BO3AeHcCTBUS TaOIMUIBI B 3TOM Cllydae NPOCTUpaeTcs Ha Bce (aiinbl, B
KOTOpbIE BKJIIOUEHO Takoe onmcaHue. Ecim morpeOyercss M3MEHWTb BHEIIHUN BUA TPYIIIBI
IOKYMEHTOB, TO OyIeT HOCTaTOYHO OTKOPPEKTHUPOBATh JIMIIb ONWH CTHieBOH (aiin. CpaBHHUTE
3TOT c1Oco0 ¢ MPENbITYIUMHU: B OHOM U3 HHUX MPHUIETCS MEHSTh ONMHUCAHUE CTHJIEH B KaXXIOM
JOKYMEHTE, a B IPYTOM -- Ja)Ke B KAKIOM Tere.

Ha npakTuke mpuXOOUTCS TOJB30BATHCS BCEMH TPeMs CIIOCOOAMH, M 311€Ch B HIPY
BCTYyMaeT "KacKaJHOCTb'" CTHUJIEH, MO3BOJIAIOINAS NMepeonpeaesiTe cTin. [IpuBeneHHbIN BbIle
CIHCOK CMOCOOOB IMONKIIOYEHUsT TaOJUI CTHJIEH COOTBETCTBYET MOPSAKY MNEPEOTPEHesICHHS:
BBILIEPACTIOIOKEHHBIH CIIOCO0 MOXKET MEePEOIPEnesATh HIKEPACTIONOKEHHBIN.

Hanpumep, mycTe BO BHELIHEM CTHJIEBOM (paiijie OmpeneneHo, 4To TeKCT B Tere <P>
IOoJoKeH BbIBOOUTCS wipudToMm BbicoTol 10 myHkToB. Ecmum mpu stom B pasmene HEAD
JOKYMEHTA MepeonpenenTh Ter <P>, ykasas, 4TO TEKCT JOJDKeH OToOpaxkathest mpudTom B 12
NYHKTOB, TO OH Oy/eT BbIBEEH HMMEHHO TAaKUM KEIJIeM - CTHJIb, PACIIOJOKEHHBIN B 3arOJIOBKE
IOKYMEHTA, IIEPEONPENEIUT CTHIIb BHEIIHETO (aiina.

B nenom, Gpay3sep paccTaBisieT MPUOPUTETHI TAOJHII CTHIICH CISTYIOIINM 00pa3om:

1. inline-ctunmm (BcTpoeHHble ¢ momompro atpudyra STYLE HemocpencTBeHHO B Teru
TIOKYMEHTA) -- HAaUBBICIINH MpHOpUTET; OyIyT MPUMEHEHbI Opay3epoM B JIIOOOM ciydae,
Ja’ke €CIIM BO3HUKAET KOH(IMKT C BHEAPEHHBIMU HJIH BHELTHUMHU CTHIISIMU,

2. BHeApeHHbIE CTHIH (TIepeuncieHHble B Tere-koHTeliHepe <STYLE> B paznene <HEAD>
IOKYMEHTA) - UyTh MEHBIINH NMPUOPHUTET; OYAyT MPUMEHATHCS BO BCEX CIydYasX, KPOMe
cilyyaeB BO3HHUKHOBEHHS KOH(uukTa ¢ inline-cTuiasiMu (IpU BO3HUKHOBEHHU TaKOTO
koH(puKTa OyAyT NMpUMeHeHs! inline-cTuin);

3. cBsazaHHble crtuiam (cTuim, npucoeauHeHHble k HTML-daitny mnocpencTtsom Ttera
<LINK>) - HauMeHbIINH mpuOpUTeT;, OyAyT NPUMEHEHBbI TOJBKO IMOCIE TOro, Kak
Opaysep yOemurcss B OTCYTCTBHHM AHAJOTHYHBIX IPABHJ BO BCEX OCTAJBHBIX THIIAX
CTHJIEH.
3Has1, B KaKOW IOCJIEAOBATENILHOCTH Opay3ep aHaJM3HPYeT TaONUIbI CTUJIEH, MOXKHO

3a1aTh OHY OOIIYIO CBS3aHHYIO TaOJUILY ISl BCEX CTPAHMII CaiiTa M MPH STOM THOKO yIIPaBIATh
CTWJIIMU OTHEJbHBIX CTPAHHUL M OTAENbHBIX 3JIEMEHTOB Ha cTpaHule. MMeHHO ¢ 3Toi
0COOEHHOCTBIO W CBs3aHO CJOBO "kackamuele' B HazBaHum CSS (cascading style sheets) -
HECKOJIbKO Tabmuy cruneit, npucoenuHeHHbix Kk HTML-daiiny, mnpokareiBatoTcs dYepes
aHanmzarop (Opay3ep) HeKuM "KackagoM" B MOPSIAKE UX MPHUOPUTETHOCTH.

IIpumenenue TadauL cTujIeH
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IMonrorasnmuBas Web-MaTepuan, aBTOpPBl BCEerga BCTAIOT IHepen BBIOOPOM, Kak
OpraHu30BaTh O(POPMIICHHE MaTepuaia. MOoJb30BaThcsi OObMHBIMU cpenctBamu HTML wumu
nonkiouath Tadmuiel crmiei? Ipodeccuonansubie Web-gu3aliHepsl Bcerga OCTaHABIHBAIOT
CBOI1 BBIOOp Ha Tabnuuax cruieil. Kakue ske mpenMyImecTsa UMeeT 3TOT HOAXO0A?

Bo-nepBbix, TaOauMIBl CTUJIEH TO3BOJSIOT PA3dEiUTbh CMBICIOBOE COAEPIKUMOE
nokymenta u ero odopmierne. CoriacHO HACOJNOTHH TEKCTOBOH pa3MeTKH Bce odopmieHHe
PEKOMEHNyeTCsl BBIHECTH BO BHEIIHUH CcTHieBOH (aiin. OCHOBHOH MOKYMEHT OymeT comepikaTh
TOJIbKO MH(OPMALIMIO M CCBIIKM HAa HEOOXOAMMBIE CTHIHM. TakoW MOAXOHX AaeT BO3MOXKHOCTB
KOHKPETHOMY YCTPOWCTBY IPH MOKa3e JOKYMEHTa 3a/eHCTBOBATh COOTBETCTBYIOLIYIO TaOJIHUITY
ctaneit. iy cotoBoro teneoHa M MOHMTOpPA KOMITBIOTEPA OHH, Pa3yMeeTcsi, JOJDKHBI OBITh
pasHeIMH. B mepBoM ciydae HYXXHO HCIOJB30BaTh MHUHHUMAJbHOE O(OpPMIIEHHE, KOTOpPOE
MO3BOJIUT TPEACTAaBUTh MHPOPMALHMIO Hauboyiee ONTUMAJIBHO W KOMIIAKTHO. Bo BTOpOM ke
Cllydae OMyCTHMO UCIIOIB30BaTh BCE BO3MOKHOCTH MIPU(TOBOTO U IIBETOBOTO O(POPMIICHHUSI.

Bo-BTOpBIX, Kak MBI YK€ YOSAMIINCH, pa3MeIleHHe BCel CTHIIEBOH HH(POPMALIUU B OTHOM
BHelTHeM (haiijie MO3BONSIET, U3MEHUB COAEpPKUMOe TOJabKO omHoro (!) crunesoro daiina, B
CUUTAHHbIE CEKYyH/bl CMEHUTbh IM3aiH LEeJNON Ipymmbl JOKyMeHTOB. IIpuuemM HUKakuxX Apyrux
nepefesiok He MoHanoouTes. Pasymeercs, 5TO BEpHO JIMIIb B TOM CJIydae, €CJIA BCE TOKYMEHTHI
TPYIIIBI CCHUTAIOTCS Ha OIHY U TY )K€ TaOJNHILly CTHIIEH.

B-Tperpux, TaOnuLbl CTHIIEH JOBOJBHO YaCTO MCMOJB3YIOTCS AJIST TOCTKEHUS €IUHOTO
ctinst  opopMiIeHHsT Kakoro-mubo Habopa nokyMeHTOB. Hampumep, 4UiIeHbl Hay4HOTO
coolmiecTBa, TOTOBSI Martepuaibl k mybOimkammu ux Ha WWW-cepBepe, MOTYT MOJIb30BATHCS
CTaHIAPTHBIMHU TAOJIMLIAMH CTHIIEH, KOTOPBIE [IJIsI HUX 3apaHee MoAroToBml Web-mactep.

Moayanr 4. Ilpumenenue HMH(POPMALMOHHBLIX TEXHOJIOTHH B  pelIeHHMH  3aga4
aBTOMATH3ALIUM, YIIPABJIEHHS], 00pa00TKH M NpeacTaBjaeHus1 HHPoOpMALHH.
IpakTuueckoe 3ansaTue S. Coznanne anumanuu cpeacrsamu CSS. (3 ak. yaca).

OcHoBHble koMITIOHeHThI CSS aHUManmu — CBOWCTBA transition U animation, U MPaBUJIO
@keyframes.

CaolicTBO transition npuMeHsieTCcs UIsl CO3[JaHUsl MPOCTBIX aHMMalWN, TO €CTb OHO
co3maét 3¢ eKT mepexona MeKIy IBYMsSI COCTOSTHUSIMH 3JIEMEHTA.

transition B CBOIO O4epeab MOXKHO Pa3feiuTh Ha 4 COCTABJISIOLIME, KaXaasi U3 KOTOPBIX
BIIUSIET HA OTMPEACNIEHHBIN acnekT ¢ dekra nepexoaa.

1. transition-property — ompenensieT CBOHCTBO, KOTOpoe OyIeT aHWUMHPOBATHCS.
Hampumep ecnu snemMeHT Oyaer caBuraThCsi, TO 3TO OyayT cBoiicTBa top, left, margin u T. 1.,
MeHsITh pa3mep, To width wnn height, mensaTs nBer — color mu background.

3anmuCchIBAETCS TaK:

transition-property: left;

2. transition-duration — npoaoKUTENBHOCTD 3(exra nepexona. 3agaércs B CeKyHIAX.

transition-duration: 3s;

3. transition-timing-function — ckopoctb 3ddexra nepexona. [Ipunumaer crenyromue
3HAYEHUSI:

ease — aHUMALMs MEQIEHHO HAYMHAETCs, 3aTeM YCKOPSETCs M K KOHIy OIATh
3aMeIsIeTCs,

ease-in — MeJJICHHO HAYMHAETCS, a K KOHLY YCKOPSIeTCs,

ease-out — OBbICTPO HAUMHAETCS, & K KOHIY 3aMeIAETCS;

ease-in-out — 3aMe/JIeHHe B HaYajie U B KOHLIE,

linear — mocTOsIHHASI CKOPOCTH;

cubic-bezier — 3a1aéT Bce 3HAUSHHS B YUCIOBOM BhIpakeHNH. Hanprumep 3HaueHne ease
3amuchIBaeTCs Tak: cubic-bezier(0.25,0.1,0.25,1).

4. transition-delay — 3agep:kka Hauana aHMMauWu. 3afaeTcsi B ceKyHaax. Hampumep
aHMMALIMsI MOXKET Ha4aThCsl Yepe3 OMPenesIEHHOE BPeMs MOC/e 3arpy3KH CTPAHHLIbI.
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B cokpaliiéHHOM BapuWaHTe 3amuCh aHMMAIlWH BBITJSIIUT CIEAYIOIMUM 00pa3oM — B
CBOWMCTBE transition 3a1ar0TCs BCE BbIIIETIEPEUNCIIEHHBIE 3HAUEHHSI 110 MOPSAKY Yepe3 mpodet.

transition: left 3s ease(wnu cubic-bezier(0.25,0.1,0.25,1) 3s;

[Ipumep B KOTOPOM 3JIEMEHT OyIET NIEpEMeNaThCs MPH HABEIEHHH Ha HErO Kypcopa.

Kon:

<IDOCTYPE html>

<head>

<title>transition</title>

<style>

div {

position: absolute;

top:50px;

left: 100px;

width: 200px;

height: 200px;

border-radius: 50%;

background-color: #FF3D00;

transition: left 2s linear 0.2s;

}

div:hover {

left: 200px;

}

</style>

</head>

<body>

<div></div>

</body>

</html>

CaolicTBo animation u npasuno @keyframes npuMeHsIOTCS ISl CO3AaHUs aHUMAaLUU
000 CIOKHOCTH.

CaolicTBO animation 3amaéT mMmapamMeTpbl OEHCTBUSA ISl aHUMAIMH (IJIUTEIHbHOCTD
aHMMalliH, TIOBTOPEHNE, HANIPABJICHNE, THIT IBIXKCHUS, [Iark), a B 0moke (@keyframes 3amaércs
cama aHMMaIKs 10 maraM (M3MEHEHUs BHJIA 1 MOJIOKESHHS)

CaoiicTBO animation BKJIFOYaeT B c€0s1 BOCEMb COCTABIISIFOIINX :

1. animation-name — WMsl aHUMaLMH, 3a7aETCsl MPon3BosbHO. HeoOxoanmo amnst Toro,
9yT10o0 onmpenenuTh aHUMaLuio B O5oke (@keyframes, Tak kak 1J1s1 OHOTO 3JI€MEHTa MOXKET ObITh
3a7aHO HECKOJIbKO aHMMAaLUi.

2. animation-duration — JJIUTENbHOCTh AHWMALIMM, 3aMa&TCS B CEeKyHAax (8) wid
MUJUTUCEKYHIaX (ms).

3. animation-timing-function — omnpenenseT TUN aHUMALUH U MPUHUMAET CIECAYOIINE
3HAYEHHUS:

€ase — CKOJIbXKEHHE,

linear — poBHOE IBMKEHUE,

ease-out — YCKOpPEHHUE B Ha4alle,

ease-in — yYCKOpPEHUE B KOHIIE,;

ease-in-out — 0oJjiee MIaBHOE CKOJLKEHHE, UEM €aSe

cubic-bezier — 3agaéT YHCIOBBIC MapaMeTPhl IO3BOJSIIOIINE pPeaTu30BaTh OoJee
CJIIOKHBIE THUNBI aHUMauuu. HMHCTpyMEHT s mon0opa HHCIIOBBIX MapaMmeTpoB — cubic-
bezier.com

step-start u step-end — 3a7a€T MOMIATOBYIO AHUMALIUIO (CYETUHK)

steps — 3amaéT KOJHMYECTBO INAroB 3a KOTOpbIe OyAeT BBITOJHEHA aHUMALIHS
(cexynnomep — steps(60) animation-duration -60s)
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4. animation-iteration-count — 3amaéT YHCIO MOBTOpPeHHMH aHuUMauuu. llpuHuMmaer
3HAYCHHUS:

1r000€ YUCIIO — CKOJIBKO Pa3 MOBTOPSIETCS aHUMALIHS,

infinite — GeCKOHEYHOE MOBTOPEHHE;

5. Animation-direction — 3a7aét HanpaBiIeHUe OBHXKEeHUs. [[puHIMaeT 3HaUSHYS:

normal — IBUKEHHUE CieBa Ha MPaBo;

reverse — ABIDKEHHE CIIPaBa Ha JIEBO;

alternate — TOJTHBIN IUKJ TyAa U 0OPaTHO;

alternate-reverse — MOJHBIH LIMKJI, HO HAYMHAETCS U 3aKaHYMBAETCS C KOHIIA,

6. animation-play-state — 3agaét octaHOBKY aHUMauy. I [puHUMaeT 3HaUeHUS:

running — aHUMALUS MTPOXOIUT HOPMAJILHO (IO YMOJTYAHHIO);

paused — aHMMAIUs 3aMHUPAET HA TTEPBOM IIATE;

7. animation-delay — 3amaér 3amep:kky aHUMAIMH MEpPe HAYaJIOM BOCIPOU3BEICHUSI.
Omnpenensiercst B ceKyHAaxX (S) M MHUJUTHCEKYHAAX (ms)

8. animation-fill-mode — mo3BossAET MPOUTPHIBATE AHUMALMIO BHE YKa3aHHOTO BPEMEHH
BOCTIpousBeneHus. I [puHuMaeT 3HaueHust:

none — aHuManus B paboOTaeT TOJBKO B 3aJaHHOM BPEMEHH BOCIPOHM3BENEHUS, TIOTOM
BO3BPALIAETCS HA MECTO.

forwards — aHuManMs MPOIOIIKAETCS TTOCIE OKOHYAHUS BPEMEHH BOCTIPOU3BEICHUS,

backwards — aHuManMs HaUMHAETCS A0 Ha4dasla BOCIPON3BEICHNS,

both — aHumammss pabotaer W 1O Hayaja M I[OCIHE OKOHYAHHUS BpPEMEHH
BOCTIPOU3BEICHHUS,

Hekoropble M3 3THX CBOWCTB MOHAYajy MOTYT MOKa3aThCsl aOCYpAHBIMH, HO IpH
CO3MIaHUH CJIOXKHBIX AHIMALUI OHH MO3BOJITIOT PEAIN30BATh CMEIIbIE TBOPUECKHE PEIICHUS.

Bce cBolicTBa MOXHO 3amMcaTb B COKPAaIllEHHOM BHAE, VYKa3aB B CBOMCTBE
animationToJbKO UX 3HadeHus. Hanpumep:

animation: nev 5s infinite alternate;

IIpasmio (@keyframes — BTOpOH IIar B CO31aHUU CIOKHON aHUMALIHH.

BHyTpu sTOro mpaBmia CO3Jae€TCs MOJTAMHOE BOCHPOM3BEACHHE Npeodpa3oBaHMii
MPOUCXOISAINX C SJIEMEHTOM.

Ha mpaktuke 3TO BBIIAOUT cienyromuM o0pa3oM: B TaOiuLe CTHIeH co3maéres
cenektop (@keyframes BHyTpb KOTOPOrO IOMEIIAIOTCS  CEJEKTOPBI  IOCIENOBATEIHHO
OIpeessIFoIHe COCTOSIHUE HJieMenTa. [y HeKOTOpbIX Opay3epoB Mmepea CeNeKTopoM TpedyeTcs
nobasuth npedukc -webkit.

Hanpumep, Bo3spMéM anement <div></div>, 3amagum emy Qopmy kBaapata, (HOHOBBIN
LBET, M CIenaeM 4YToObl 3TOT LBET MEHSUICS OT TMOJHOM NpOo3pavyHOCTH, K MOJHOM
HEMpO3paYHOCTH.

HTML

<div></div>

CSS

div {

width: 200px;

height: 200px;

background-color: #FF3D00;

animation: nev 5s infinite alternate;

(@keyframes nev {

from { /* Ot */

opacity: O; /* monHast mpo3pavyHoOCThb */

‘Eo {/* Do */
opacity: 1; /* momHast HempoO3pavyHOCTh */
}
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}

Cenexropamu from u to 3amaércsi nmpeoOpa3oBaHHE OT OMHOTO COCTOSIHHS DJIEMEHTa 10
APYToro.

Ho ropasmo ynoOHee 3amaBaTh W3MEHEHHE COCTOSIHMS B TPOLIEHTax. Torma d4ucio
CENIEKTOPOB MOKHO YBEJIHYUTD, U TEM CaAMbIM Pa30OUTh MPOIECC Ha OOJIbINIEE YHUCIIO ITATIOB.

Kasknomy stamy mpu 3TOM MOKHO 3a/1aTh 4TO-TO CBOE. Hampumep nmpomoKUTENbHOCTb,
rPaHMIly, pa3Mep | T.II.

[Ipumep MosiBIEHUS ¥ UCUE3HOBEHMSI KBaIpaTa;

Kon:

<IDOCTYPE html>

<head>

<title>animation</title>

<style>

div {

width: 200px;

height: 200px;

background-color: #FF3D00;

animation: nev 5s infinite alternate;

}

@keyframes nev {

0% {

opacity: 0;

border-radius: 50%;

}

20% {

opacity: 0.2;

border-radius: 40%;

}

50% {

opacity: 0.5;

border-radius: 30%;

J

100% {

opacity: 1;

border-radius: 0;

J

}

</style>

</head>

<body>

<div></div>

</body>

</html>

PaccmoTpuM BO3MOXKHOCTH CBOWCTBa transform i CO3AaHUsI aHUMALUK CPEACTBAMHU
CSS.
3a ocHOBY BO3bMEM 010K <div> IpsSIMOYTONIbHOM (hOPMBL

HTML:
<div></div>

CSS:
div {
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width: 150px;

height: 100px;

border: 2px solid #333;
border-radius: 5px;
background: #463E48;
}

YMeHblIEHUE — YBCIIUYUCHUEC

a) transform: scale(0.5); — MacmTabupyer 3JeMEHT MO TOPU3OHTAIN U BEPTHKAJIU.
Hucio 6OJ'IbLHe CAUHULBI YBCIIMIUBACT, 3JICMEHT, 4 MCHbIIC CAUHUIbl — YMCHBIIACT.

0) transform: scaleX(0.5); — macimTabupyer 31€MeHT 10 TOPU30HTAIIY,

B) transform: scaleY(0.5); — macmrabupyer 3JeMeHT 1O BEPTUKAIIH;

Haxnonst

a) transform: skewX(30deg); — HaKJIOHSET 3JIEMEHT Ha 3aJaHHBINA YroJ O BEPTUKAIH (B
naHHOM ciiydae Ha 30°). OTpuaTeibHOe 3HaU€HHE HAKJIOHSET JIEMEHT B IPYTYIO0 CTOPOHY;

0) transform: skewY(30deg); — HakJIOHSIET 3JIEMEHT Ha 33aHHBIN YTOJI 0 TOPU3OHTAJIH,

Ilepemerenne

a) transform: translate(50px); — cHBUraeT >JEMEHT Ha 3aJaHHOE 3HAYEHUE TIO
TOPU30HTAIIU 1 BEPTHKAIIH;

0) transform: translateX(50px); — caBuraer sjeMeHT Mo ropu3oHTanu. IlonoxkureapHOe
3HAa4YeHHE CABHUIAET BIPABO, OTPHLIATEIBHOE BJIEBO.

B) transform: translateY(50px); — caBuraer sneMeHT nmo BepTHKanu. IlomokuTenbHOE
3HAa4YEeHHE CABHIAeT BHU3, OTPHULIATEIbHOE 3HAYCHHE BBEPX;

Bpamenue

a) transform: rotate(45deg); — MOBOPOT 3JIeMeHTa BOKPYT LEHTpa (10 yMOIYaHHIO) HA
3aaHHBIN YOI,

0) transform: rotateY(360deg); — MOBOPOT 3JIEMEHTA BOKPYI BEPTUKAJbHOM OCH.
[Ipumensiercst B 3D u 00 3TOM HUXKE;

B) transform: rotateX(360deg); — mMOBOPOT 3JE€MEHTa BOKPYI TOPHU3OHTAJIBHOH OCH.
IIpumensiercs B 3D;

Otpaxenue

transform: matrix(); — co3naér apdexT oTparkeHus TeMeHTa.
s sadpdexra orpakenus B <div> go0aBISIOTCS Ba M300paKEHUsI, OMHO U3 KOTOPBIX
OyneT OTpasKeHUeM APYroro.

HTML.:

<div><img src="images/1.jpg" alt=""><br>
<img src="images/1.jpg" alt="" class="reflect">
</div>

CSS:

reflect {

transform: matrix(1, 0, 0, -1, 0, 0);
opacity: 0.5;

}

Bun orpaskeHust MOJKHO MEHSITh H3MEHsIs1 KOMOWHALIMIO TTEPBBIX YETHIPEX U(PP MEHSSA UX
ot 1 go -1. ITaras nudpa nBUTAaET 3IEMEHT 10 OCH X, IIecTast 1o ocH Y.

3D
transform-style: preserve-3d; — co3maér 3D sddexr.

152



HTML

<div class="main-box">

<div class="interior outer"></div>

</div>

CSS

/*Coznaém OOKC It ABYX 3JIEMEHTOB™/

.main-box {

width: 100px;

height: 100px;

border: 2px solid #463E48;

/* Tlogkmouaem cBoiicTBo transform-style mmst 3D */
transform-style: preserve-3d,

/* TlomkJIrOuaeM aHMMALIUIO JUTsl Bpatienus u od3opa */
animation: main-rotate 10s infinite linear;

}

/* Hapyxuuii kBagpart */

.outer {

position: absolute;

width: 100px;

height: 100px;

/* TIpO3pa4HOCTB [IJIs1 JIyHIIEr0 BU3yaIbHOTO BOCTIPUSITHS */
opacity: 0.7,

}

/*BHyTpeHHu# kBaapar™/

Anterior {

/* OronBHraeM BHYpb U YMEHbIIaeM MacuTad */
transform: translateZ(-5em) scale(0.8);

background: #463E48;

}

/* AHumanus BpalieHne BOKPYT BEPTUKAIBHON ocu™/
@keyframes main-rotate {

100% {

transform: rotateY(360deg);

}

}

Touka koopauHaT

transform-origin: X y z; — 3a7aéT KOOPAMHATHI TOUYKU OTHOCHUTENIbHO LEHTPA, BOKPYT
KOTOpOI1 OyZeT BpamarbCst SJIEMEHT.

B mnockocTu ncnonb3yroTes nBa 3HaueHus (X y), B 3D Tpu 3HaueHus (X y z)

Tenepp Brl MoOkeTe K 3JIEMEHTY NOAKIIOYUTH AHUMALHMIO C 33JaHHBIM BpEMEHEM
UCTIOJNIHEHUs], a 3aTeM B npasmie (@keyframes yka3aTb cBOWCTBO transform ¢ Hy»XHOH (pyHKUMEH
B HayaJie ¥ B KOHIIE [IUKJIA.

Hamnpuwmep: snemeHT OyaeT MOCTENEHHO HAKJIOHSATHCS B TEUCHUN aHUMAIAH

(@keyframes main-rotate {
0% {
transform: skewY(0);

}
100% {
transform: skewY(30deg);
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}

ITnasaromuii 6ok CSS

s coznanus apdexra nepexona Mpyu HABEACHUH Kypcopa MCMONb3YIOT ¢cBoHCTBO CSS
transition, a st 3D s¢dexra - coiicTBO box-shadow.

BenuunHa w HampaBiieHHE MEPEMEINEHUs] 3aMal0TCs CBOWCTBOM transform, npudém
U3MEHAA 3HAYUCHUA B O5TOM CBOfICTBe, MOXHO 3a4aTb HE€ TOJBKO JIMHEHHOE NEPEMCIICHUA B
1r000M HaIpaBJIEHUH, HO M HAKJIOHBI Ha 3aJaHHBIN yTOJI.

<IDOCTYPE htmI>

<html lang="ru">

<head>

<meta charset="utf-8" />

<title>/loxymeHT Oe3 Ha3BaHusa</title>

<style>

.element {

color: rgba(0, 0, 0, 0.8);

padding: 30px 5px 0 5px;

position: relative;

display: inline-block;

width: 100px;

height: 80px;

background-color: #{ff;

border-radius: 5px;

border: 2px solid rgba(0, 0, 0, 0.5);
-webkit-transition: all 0.8s cubic-bezier(0.165, 0.84, 0.44, 1),
transition: all 0.8s cubic-bezier(0.165, 0.84, 0.44, 1),
}

.element:after {

content: "";

border-radius: 5px;

position: absolute;

top: O;

left: O;

width: 100%;

height: 100%;

box-shadow: 0 5px 15px rgba(0, 0, 0, 0.5);

opacity: 0;

-webkit-transition: all 0.8s cubic-bezier(0.165, 0.84, 0.44, 1)),
transition: all 0.8s cubic-bezier(0.165, 0.84, 0.44, 1),

}

.element:hover {
-webkit-transform: translate(10px);
transform: translate(10px);

}

.element:hover:after {
opacity: 1;

}

<style>

</head>
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<body>
<div class="element">Hasenure kypcop</div>
</body>
</html>

OObparure BHIMaHHE Kak B 3TOM npumepe peanuzoBaH 3D sddexr. Tenp 3amaHHas B
nceBRO3JIeMeHTe after MpUCYTCTBYeT C CaMoOro Hauana, HO IOJHOCTBIO mpospauHas. Ilpu
HaBEeIEHNH Kypcopa Npo3padHocTh yOupaercss u 3D sddexT mosBisercs, 4To HCKIIOYAET
OTPHCOBKY JOMOJHUTEIbHBIX MO3UIHUN TPaHCHOpMALIUH.

anamnelmﬂ AJIfL CAMOCTOATEJBHOIO pEeIICHUA

3apaua 1.1. Cozpaiite Tabmunyy cruredn CSS, comepkamyro  pa3iu4HbIE THIIBI
dopmarupoBanus. Co3maiTe KIacChl CTHIICH

3agaua 1.2. Coznatite Web-cTpanuily, IEeMOHCTPUPYIOIIYIO BO3MOXHOCTH CO3aHHS
aHMMAaIlMH C TOMOIIBIO CBOWCTB transition, animation u npasuia (@keyframes.

3agaua 1.3. CkoHCTpyupyHTE 3ampoc, BO3BPALIAOIINI CIUCOK COTPYAHUKOB (Tadnuia
Employee) ¢ ykazaauem ux EmployeelD, natel poxxaenus (B popmate dd. mm.yyyy) u Bo3pacra
Ha CerOAHSLIHUN IE€Hb.

METOANYECKHUE YKAZAHUA JJIA OBYYAIOIIUXCA TO OCBOEHUIO
IMPOT'PAMMBbI

IIpoiecc  u3y4yeHuss  Marepuana  MOPOrpaMMbl  MPEAYCMATPUBAET  aKTUBHOE
UCIMOJIb30BAHHE COBPEMEHHBIX HHHOBALMOHHBIX OOpPA30BATENbHBIX TEXHOJOTHil. DOopMbI
o0y4eHUsI: MHIAUBUAYAJIbHbIE H [PYIIOBbIe. MeTonbl 00y4YeHust:

- pabora ¢ npenogaBateneM, - paboTa B KOJJICKTUBE O0yUYarOIITNXCS,

- caMoCTOsATeNbHAS paboTa.

Ilpu ocCBOEHMM [UCLMIUIMHBI HCIONB3YIOTCS CJCAYIOIIME BUAbI AKTHBHOH U
UHTEPAKTHUBHOM (popM OOyHUeHHsl [Jisi JOCTUKEHHs! 3aIUIAHMPOBAHHBIX PE3YJIbTATOB OOyUYEeHUS U
(opMUPOBaHUS KOMIETEHLIMI:

- COBMECTHOE TIOrPy’KE€HHUE B MPOOIEMHOE TI0JIE;

- 00Cy’KIeHNe CIIOKHBIX BOIPOCOB U MPOOIIeM;

- paboTa B MalbIX Tpymnmax;, - pa3dopbl KOHKpPETHbIX cuTyaumid u T.4. Ilpomuecc
OCBOEHHSI UCLUIJIMHBI IPEAyCMaTPUBAET CleyroLne padoThl:

1. KonraktHast pabora (ayauropHas padoTa: JIEKLUMOHHBIC, MPAKTUYECKHE, MacTep-
KJIACChI, KOHCYJIbTAINH);

2. CamocrosiTenbHasi padora;

3. KouTposnbHble MeponpusiTHs (IPOMEKYTOYHbIE U HTOTOBbIE aTTECTALIMN).

MeToan4yeckue yKa3aHus 1JIs1 00y YAOMINXCS MO JIEKIHOHHBIM 3AHATHSM 10
MOAY.TI0

Jlekuuss  siBsieTcss  HamOoJiee  SKOHOMHUYHBIM — criocoboM  mepenmaum  y4ueOHOM
uH(pOpPMaLIUY, T.K. IPHU 3TOM OOLIMPHBIA MaTepUas H3JIaraeTcsi KOHIEHTPUPOBAHO, B JIOTHYECKH
BBIJIEPKAHHOW (hopMe, C ydeToM Xapakrepa MpopecCHOHAIBHOH AEATENbHOCTH O0yYaeMBbIX.
Jlekumst 3akyiaibIBA€T OCHOBBI HAYYHBIX 3HaHHWH B 0000meHHOW ¢opme. Ha neKIMOHHBIX
3aHATHUAX MPETIOABATENb!

- 3HAKOMUT 00yHaromuxcst ¢ o0meld MeTonukoi padboTsl HaZ Kypcow,
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- IaeT XapaKTEePUCTHKY yYEOHUKOB M YYEOHBIX MOCOOWH, 3HAKOMUT CIyIIATeNNel ¢
00s13aTeNbHBIM CIIICKOM JINTEPATYPBI,

- pacckasbiBaeT 0 TpeOOBaHMAX K MPOMEKYTOYHOH aTTECTALINHY,

- paccMaTpUBAET OCHOBHBIE TEOPETUUECKUE TIOJIOXKEHHUS KypCa;

- Pa3BSICHAET BOIPOCHL, KOTOPBbIE BO3HHUKIN Yy OOYYarOIIUXCs B MPOLECCe HM3YUESHUs
Kypca. JIeKIMOHHOE 3aHATHE PeCIeayeT 5 OCHOBHBIX NUAAKTHYECKUX LIeNei:

- nH(OPMAIHOHHYIO (COOOIEeHNe HOBBIX 3HAHUN);

- pa3BUBAKINYIO (CUCTeMaTH3anus U 0000IEeHNEe HAKOTIJICHHBIX 3HAHU);

- BOCIIUTHIBAIOINYIO ((POPMUPOBAHHE B3IIIAOB, YOSKICHHH, MEPOBO33PEHHS);

- CTUMYJIUPYIOINYIO (Pa3BUTHE MO3HABATENBHBIX U MPOPECCHOHATIBHBIX HHTEPECOB);

- KOOPAMHUPYIOIMIYIO C APYTUMH BHIAMH 3aHSATHI.

B npomecce mpociaymmBaHuS JIEKIMH OY€Hb BAXXHO YMEHHE OOyYaroIIMXCs
KOHCIIEKTUPOBaTh Hanbosiee 3HAYUMbIE MOMEHTBI TEOpEeTHYeCKOro marepuana. KoHcmekT
NIOMOTaeT BHUMATEJNIbHEE CIIyINATh, JIy4dlle 3allOMHHATh B MPOIECCe 3arucH, oOecreunBaeT
HAJIMYHE OTMIOPHBIX MAaTEPHAJIOB MPHU MOATOTOBKE K JJAOOPATOPHBIM 3aHATHSIM M IPOMEKYTOUHON
aTrecTaimi. B 3TOH Ke TeTpaaW ClenyeT 3aluChiBaTh HEsICHbIE BOIPOCH,, Tpedyromue
YTOYHEHUS] Ha 3aHATHH. PekoMeHnyercs B TETpagW OTBECTH MECTO IS CJIOBaps, Kyda B
an(aBUTHOM TIOPSIZIKE BITMCBHIBAIOTCS CIIELHAbHBIE TEPMHUHBI U MTOSICHEHUS] K HUM.

MeToanyeckue yKa3aHus AJis1 00y4alOMUXCS M0 NPAKTHYECKUM 3AHATHUSIM IO
MOY.TI0

[IpakTHueckoe 3aHATHE— (POpMa CHUCTEMATHUYECKUX Y4UeOHBIX 3aHATHH, C IMOMOIIBIO
KOTOPBIX O0YyYaroIuecs: U3y4aroT TOT MM WHOW pasfell ONpenaesieHHON HayYHOW NUCLUIUINHBL,
BXOZsIIEH B cOCTaB y4eOHOTO IJIaHa.

Jnsg Toro 4YroOBl TNpaKTUYECKHE 3aHIATHUS TNPUHOCHIM MAaKCUMAJBHYIO IIOJIB3Y,
HEOOXOIMMO TIOMHUTD, YTO YIPAXKHEHHE U PEIleHNe 3aaHUH MTPOBOIATCS MO BEIMUTAHHOMY Ha
JEKLHMSIX MaTepUaly U CBSI3aHBbl, KaK MPABHIIIO, C AECTAIBbHBIM pa3dOpOM OTHENbHBIX BOMPOCOB
JeKUHOHHOro Kypca. Cnenyer MNOAYEPKHYTb, YTO TOJbKO IIOCIE€ YCBOEGHMs JEKLMOHHOIO
MaTepuaga ¢ OMPEISICHHONH TOUYKH 3peHHusl (4 UMEHHO C TOW, ¢ KOTOPOW OH H3J1araercsl Ha
JEKLHSIX ) OH OyZeT 3aKpeIuIAThbCs Ha MPAKTHUECKUX 3aHITHAX KaK B Pe3yJbTaTe OOCYKIEHHs U
aHaJM3a JIEKLUOHHOTO MaTepHualia, TaKk M ¢ MOMOIIBIO PEeLIeHHs MPOOJeMHBIX CHTyaluH, 3a1ad.
IIpu 3THX ycnoBusAX OOyHAOUIMICA HE TOJIBKO XOPOIIO YCBOUT MaTepuas, HO U HAyYUTCS
NPUMEHSTh €r0 Ha MPAKTUKE, a TAKXKe MOJIYyYUT JOMOJHUTENbHBIA CTUMYJI (M 3TO OYEHb BaJKHO)
IUTL aKTUBHON TPOPaOOTKH JIEKLIHH.

IIpn caMOCTOSTENTPHOM pEIIeHHH 3aJaHUuil Hy)XHO OOOCHOBBIBATH KaXKIbIH 3Tar
peLIeHHsI, UCXOAs U3 TEOPETHYECKHX IMOJIOKeHHH Kypca. Ecnu obyuarommiicss BHIUT HECKOJIBKO
nyTel pereHus npodaeMbl, TO Hy>)KHO CPaBHUTb UX U BBIOPATh CaMblil parrioHanbHbId. [lonesno
70 Hayvajia BBIMUCIEHUH COCTABUTh KPATKHUH IUIAH pereHus: npodieMel. Pemenne mpobieMHbIX
3alaHuil WM TPUMEPOB CIIEAYeT H3JIaraTb MOAPOOHO, BBIUMCIICHHUS PacIoyiaraTb B CTPOTOM
MIOPSIZIKE, OTIEJsAsI BCIIOMOTaTENbHbIE BBIUUCIEHUS] OT OCHOBHBIX. Perenus: mpu HeoOXoauMoCT!
HY>KHO COIIPOBOXKAATb KOMMEHTAPUSIMH, CXEMaMH, YEPTEKAMU U PUCYHKAMHU.

Crnenyer mOMHUTB, YTO pelIEeHHe KaKAOro y4eOHOro 3aaHusl JOJDKHO AOBOIUTBCS 1O
OKOHYATEJIBHOIO JIOTHYECKOTO OTBETa, KOTOPOro TpedyeT ycioBHE, U 1O BO3MOXHOCTH C
BbIBOAOM. [loNydeHHBIN OTBET ClenyeT MPOBEPUTH CHOCOOAMH, BBITEKAIOIIMMH W3 CYILIECTBA
naHHOro 3ajmaHus. llonesHo Takke (€caM BO3MOXKHO) pellaTh HECKOJbKUMH CIocobaMu U
CPaBHUTH MOJIyYCHHBIE PE3yJbTaThl. PelneHne 3afaHuil JAaHHOTO THUIA HY>KHO MPOAOJIKATH 10
npuOOPETEHNUs TBEPIbIX HABBIKOB B UX PEIICHHH.

Ilpy noAroToBke K NPAKTUYECKUM 3aHATUSAM CJIEAYeT MCIOJIb30BaTh OCHOBHYIO
JUTEPATYypPy M3 MPEACTABICHHOIO CIHUCKA, & TaKXe PYKOBOACTBOBATHCA MNPUBEICHHBIMU
yKa3aHUsIMH M pekoMeHpmarusimu.  Jlnst  Hambonee riiyOOKOro OCBOCHHMS —JUCLUILIMHBI
peKOMeHAyeTCcs  H3y4aTb  JUTeparypy, OOO3HAYEHHYI) KakK  «ZOIMOJNHUTENbHAs» B
MPENCTABICHHOM crucke. Ha mpakTUYeCKHX 3aHATHUAX NPUBETCTBYETCS] aKTUBHOE y4acTHE B
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0OCYKIEeHUN KOHKPETHBIX CUTYallUd, CTOCOOHOCTh HAa OCHOBE IMOJIyY€HHBIX 3HAHUH HAXOAUTH
Haubonee >(dexTuBHbIE pelIeHus] MOCTABJIEHHBIX MPOOJIeM, YMETh HAXOOUTh MOJIE3HBIH
JOMOJIHUTEIbHBINA MaTepHal MO TEMATUKE 3aHITUH.

OO0y4aroteMycsi peKOMEHIYeTCs CIIeAYI0Iasi CXeMa IMOATOTOBKH K 3aHSTHIO!

1. ITpopaboTaTh KOHCIIEKT JICKIIUH;

2. IlpounTaTh OCHOBHYIO M [OIOJHHUTENBHYIO JIUTEPATYPy, PEKOMEHIOBAHHYIO IO
WU3y4aeMOMY pasieiny,

3. OTBETUTH HA BOMPOCHI IJIAHA CEMUHAPCKOTO 3aHATHSI,

4. BpINOJIHUTD IOMAaIITHEE 3a1aHHE;

5. IlpopaboTaTh TECTOBBIE 3aJaHUSI U 3a/1a4H,

6. Ilpu 3aTpyaHEHHSIX CPOPMYIUPOBATH BOMPOCHI K TPENOAABATEIIO.

B mnpouecce moAaroToBkM HM3y4YAOT PEKOMEHIOBAHHBIE MPENOAABATENIEM HUCTOYHUKU
JUTEPATYPHI, & TAKIKE CAMOCTOSITEIbHO OCYIIECTBIISIIOT TTOUCK PEIEBAHTHON HH(DOpMALIHH.

Hoctmwkenne 1eneli  3(Q(EeKTUBHOW MOATOTOBKM OOYyYalOIUXCS W Pa3BUTHE
npodeCcCHOHATBHBIX KOMITETEHIIMH HEBO3MOXKHO 0€3 MX LeNIeyCTPEMIIEHHOW CaMOCTOSITEIbHON
pabotel. CamocrosiTenpbHasi paboTa OOy4arOIUXCS SIBJISIETCS COCTABHOW YacThlO y4eOHOMU
paboThI U UMEET LIENbIO 3aKPETUICHHE U yIiIyOJieHHe MOMYYeHHBIX 3HAHUN M HaBBIKOB, ITOMCK U
npuoOpeTeHre HOBBIX 3HAHHWI, B TOM YHCIE C HCIOJb30BAHHEM AaBTOMATH3HPOBAHHBIX
00y4arImuX CHCTEM, a TAKXKE€ BBIOJHEHHE Y4E€OHBIX 3alaHUH, MOATOTOBKY K MPEACTOSIIUM
3aHATHUAM, TEKYIIEMY KOHTPOJIFO M MTPOMEKYTOUHOH aTTeCTAlHH.

OcHOBHast LeNb JAaHHOTO BHAA 3aHATHH COCTOMT B OOY4YeHHMHM MeETOHaM
CaMOCTOSITENIbHON padoThl ¢ yueOHbIM MaTepHaioM, HOPMATHBHOIIPABOBBIMH aKTaMH, HAy4YHOU
JUTEPATYPOH, C CUTYALMOHHBIMH 331a4aMHt, PA3BUTHE CIIOCOOHOCTH CaMOCTOSATEIHHO MOBBIIIATh
ypOBEeHb NMPO(ECCHOHANBHBIX 3HAHHUHN, Peann3ysl CIelHalIbHbIe CPEICTBA U METOABI MOJY4YECHUS
HOBOIO 3HAHHUS, W HKCIOJb30BaTh MPUOOPETEHHbIE 3HAHUS M YMEHHS B MPAKTHYECKOW
nestenbHOCTH. COCTaB CAaMOCTOSITENTbHON pabOTHI:

1. IloarotroBka K JEKLIMOHHBIM U MPAKTUYECKUM 3aHATUSM:

- YTeHHe TeKcTa (yueOHHUKA, NEPBOMCTOYHHUKA, JOMOJHUTEIBbHON INTEPATypPhl U T.11.);

- COCTaBJEHHE IUIaHA TEKCTa, rpaduueckoe H300paKEHHE CTPYKTYpPbl TEKCTA,
KOHCIIEKTUPOBAHUE TEKCTA, BHIMUCKU U3 TEKCTa U T.A.;

- paboTa ¢ KOHCIIEKTOM;

- IOATOTOBKA BOMIPOCOB AJISl CAMOCTOSITENIbHOTO U3yUeHUs

2. IToaroToBka K Ja0OpPaTOPHBIM 3aHATHSIM:

- paboTa co CpaBOYHUKAMH U JIp. TUTEPATYPOI;

- (hopMHUpOBaHKE OTUETA O BHIMOJIHEHUH JJAOOPATOPHOTO 3aHSITHUS,

- MIOATrOTOBKA MyJIbTUMEINa MPEe3EHTANU U JOKJIA0B K BBICTYIUICHHIO IO PE3yJIbTaTaM
1ab0paTOPHOTO 3aHSITHSI,

3. IlonroroBka K MacTep-KJaccam:

- oOyuarommecs: JOJKHBI O3HAKOMHTBCS ¢ aHOHCOM MEPONPHUSITHS, MPenyCMOTPEHHBIX
MIPOrpamMMoON MacTep-Kiacea;

- HeOOXOAMMO TPEABAPUTEIHPHO O3HAKOMHUTCS CO CTPYKTYpPOH mpenrnpusTus, Ha Oase
KOTOpOro OyzneT MpOBOAWUTBCS MAacTep-KJIACC, OCHOBHBIMHM HAINpPaBIEHUSIMH, KOTOPBIMHU
3aHUMAaETCs MPEANPUSITHE UM KOMITaHHUS.

4. IloaroroBka x MPOMEKYTOYHON U UTOIOBOM aTTECTALUSIM:

- MOBTOPEHHUE BCEro y4eOHOro MaTeprana MOIYJIs

- aHaiuTHUecKas oOpaboTka TeKCTa, MEePHOAMYECKOro, MPONOJDKAIOIIETrOCS H3IaHHs
i cOOpHUKA KaK COCTaBHAsI YaCTh €r0 OCHOBHOT'O TEKCTA.
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MeTtoauueckue yKa3aHusi AJis 00y4AIOUIUXCS MO MPOMEKYTOYHONH H UTOTOBOM
ATTECTALMH MO JUCHUILIHHE (MOIYJIIO)

B nepuon moAarotoBkw K NMPOMEKYTOYHOH M HUTOTOBOH aTTeCTaldy OOYYaroIIUXCs
BHOBb OOpamjaroTcst K MNpOHAeHHOMY ydeOHOMy wmarepuany. IIpu 3TOM OHH HE TOJIBKO
3aKPEIUISIFOT TMOJYYEHHbIE 3HAHMS, HO WM MOJy4aroT HoBble. lloaroroBka oOydaromerocst K
aTTeCTAlNH BKJFOUaeT B cedst Tpu dTama!

- CAaMOCTOSITENbHAs padoTa B TEUEHUE KypCa,

- HENOCPEACTBEHHAas IMOATOTOBKA B [HU, NPEAIIECTBYKOIINE IPOMEKYTOUYHOH U
WUTOTrOBOMN aTTECTalMU MO TEMaM Kypca,

- IOArOTOBKA K OTBETY Ha BONPOCHL

IlogroroBka K aTTecTauuu OCYINECTBJSAETCS HAa OCHOBAHUM CIIMCKA BOMNPOCOB IO
U3y4aeMOMY KypCy, KOHCIIEKTOB JIGKLMH, yUeOHUKOB M y4eOHBIX MOCOOWH, HayYHBIX CTaTeH,
uHpopMauun cpeabl MHTEpHET. JluTeparypa Ayl MOATOTOBKH K MPOMEXKYTOYHOH aTTeCTalluu
pexoMeHnayeTcs npernoaasareneM. s monmHOTH yueOHOH HHPOpPMALUU U €€ CPaBHEHUS JIydIne
UCIIOJIB30BaTh HE MEHEe BYX UCTOUHUKOB. OOyJaroImuiicst Bpase caM MPUAEPIKUBATHCS 000
U3 MPEICTABICHHBIX B JINTEPATYPe TOUEK 3PEHHS MO COPHOH npodieme (B TOM YHCIe OTINIHON
OT MperoaBaTesisi), HO NMPU YCIOBUHU TOCTATOYHON HayYHOW apryMEHTaLNH.

OCHOBHBIM HCTOYHUKOM MOJATOTOBKU K MPOMEXYTOYHOM M WTOroBOH aTTecTaluu
SBJIIETCSI KOHCIIEKT JIEKIHH, rae y4eOHbI MaTephai AaeTcss B CHUCTEMAaTU3UPOBAHHOM BHIE,
OCHOBHBIE TIOJIOXKEHHsI €ro NEeTAIM3UPYIOTCS, IMOIKPEIUIIOTCS COBPEMEHHBIMU (DakTaMu U
uHpopMaLneH, KOTOpbIe B CHJTy HOBH3HBI HE BOIILIM B OMYyOJIMKOBAaHHBIE MEUYATHBIE HCTOYHHUKH.
B xone moaroroBku k arrecrauny o0ydarommuMcs HeOOX0auMO obpamaTe BHUMaHHE HE TOJBKO
HA YPOBEHb 3aTIOMUHAHMUS, HO M HA CTETIEHb IIOHUMAaHUS U3J1araeéMbIx mpodiem. J{Jist moaroToBku
K aTTeCTallMM [PENnoAaBaTeNb MPOBOAUT KOHCYJBTALHMIO IO BO3HUKAIOLUIUM BONPOCAM.
IIpomexxyTouyHass aTrecTauuss MPOBOAUTCA MO BOMNPOCAM, OXBATBIBAIOLIUM BEChb IMPONUIECHHBIN
marepuan. Ilo OKkOHUaHMM OTBeTa MpeNoAaBaTeNlb MOXKET 334aThb OOydaroueMmycs
IOTIOJIHUTENbHBIE M yTOYHsAIOLIME BONpochl. OLieHKAa KadyecTBa MOATOTOBKU OOYYaroIIuXcs
OCYILIECTBJISIETCS B ABYX OCHOBHBIX HAIPABJICHUSX. OLEHKA YPOBHs OCBOCHUS AWCLUIUIMH U
OLIEHKa ypOBHsS C(HOPMHPOBAHHOCTH KOMIIETEHLWH oOydvaromuxcs. llpeamerom oreHMBaHUS
SIBJISIIOTCS] 3HAHUS, YMEHUS M TPAKTHIECKHUN OTBIT O0YYarO X CS.

[TonoxxutenpHO OyAET OLIEHUBATBCSA CTPEMIIEHHE O0YUaIOIINXCsT H3JIOKUTh Pa3INIHbIE
TOUKH 3PEHHS Ha PacCMaTPUBAEMyIO NpoOJIeMy, BIPA3UTh CBOE OTHOLICHHE K HEeH, MPUMEHUTH
TEOPETHUYECKUE 3HAHUS TI0 COBPEMEHHBIM IIpodIeMaM.
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