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1. INIEPEYEHb IINTIAHUPYEMbBIX  PE3YJBTATOB OBYYEHHUA 11O
AACHUIIIMHE, COOTHECEHHBIX C IIJIAHUPYEMBIMH PE3YJbTATAMH
OCBOEHMHSA OBPA3OBATEJIbBHOMU ITPOI'PAMMBbI

Buj 1eATeJJbHOCTH BBIIYCKHUKA

JlucuyiuinHa OXBaTbIBA€T KPYr BOIIPOCOB, OTHOCAINUXCS K HAyYHO-UCCIIECNOBATEIbCKUM U
IIPOEKTHO-KOHCTPYKTOPCKUM BUAaM MpPO(PECCHOHATBHON JEATEIIbHOCTH BBIIYCKHHKA B
COOTBETCTBUM C KOMIIETEHIIMSIMUA U BUJIAMH 1€ TEIbHOCTH, YKa3aHHBIMH B yU€OHOM IJIaHE.

Meab AMCIUATIMHBI

[TproOperenue cTyneHTaMH IpPEICTABICHUM, 3HAHUH, HABBIKOB M YMEHHUH NpHU pPELICHIMU
WH)KEHEPHBIX M MPUKJIAJHBIX 33/1a4 UCHTU(UKAIIUHN U JUATHOCTUKH TEXHUYECKUX CUCTEM.

3aga4u AUCHHUILIMHBI

DopMHUpOBaHUE IIPEACTABICHUM M 3HAHUM CTYACHTOB IIPU U3YYCHUHU TEOPETHUYECKOM YacTH
JUCLUIUIMHBL, B YACTHOCTH, OCMBICIIEHHOE IOHUMAaHUE CBSI3U MEXIY (PU3MUYECKON MHTepIpeTanuen
Y MaT€MaTUYECKUMU MOJEISIMU U3Y4aeMbIX IIPOLIECCOB.

[IpoBeneHue CUCTEMHOIO CHHTE3a W aHalu3a NPOOJEMHBIX CUTyalMid Ipu (GopMHUPOBaHUU
MOJIeNIel M TPOBEPKE WX aZeKBATHOCTH Ha JICKIIMOHHBIX, TPAKTUYECKUX U JTa0OPATOPHBIX 3aHATHSIX.

[TpuBHBaHUE CTylE€HTAMHM HABBIKOB M YMEHMH 10 (GOPMUPOBAHMS MOJEIEH pealbHbIX CHCTEM
(TporieccoB, SBICHUH), UX UACHTU(GUKAIMA U JUATHOCTHKH Ha MPAKTUYECKUX M JIAOOPaTOPHBIX

3aHATHUAX.

Kon Copnepxanue Ilepeyens nuIaHNpyeMbIX pe3yJIbTATOB 00y4eHH s
KOMIIeTeHIIUH KOMIIeTeH Ui 10 JUCHMILIHHE
ITK-1 CriocoOHOCTD BBHITIONHATE | 3HATH:
9KCIEPUMEHTHI Ha - OCHOBHbIE IPUHLUIIBI U METO/Ibl IIOCTPOCHUS U
JEHCTBYIOIUX 00bEKTaxX UCCIIEIOBaHMs MAaTEMAaTHYECKUX MOJIENIEN cucTeM
0 33JJaHHBIM METOJIMKaM | YIpaBJIeHHs U peoOpa3oBaHus JUIs Lenen
1 00pabaTeIBaTh yIIpaBJICHU,
pe3ysbTaThl C YMmern:
IPUMEHEHUEM - Ucnonp30BaTh HHCTPYMEHTAJIbHBIE IPOTPAMMHbIE
COBPEMEHHBIX CpezcTBa B Mpoliecce pa3paboTKU U 3KCILTyaTalluu
UH(POPMAIIMOHHBIX TEXHUYECKUX CUCTEM;
Biaagern:
- HaBbikamu pa®oThl ¢ COBpEMEHHBIMU
anmnapaTHbIMU U IPOTrPaMMHBIMH CPeJICTBAMU
HCCIIEIOBaHUS U MPOSKTUPOBAHUS TEXHUUECKUX
CHCTEM.
[TK-2 CnocoOHOCTh MPOBOANTH | 3HATD:

BBIUMCIIUTENbHBIC
SKCIICPUMCHTEI C
HCIIOJIb30BaHUEM
CTaHJApPTHBIX
MPOTPaMMHBIX CPEJICTB C
HENBI0 TTOyYCHUS
MaTeMaTHUYECKUX MOJeNen
MIPOIIECCOB U OOHEKTOB
ABTOMATHU3AIHNH U
yIIpaBJICHUS

- bazoBoe ycTpoiCTBO NEPCOHATBHOTO KOMITBIOTEPA.
Ymernb:

- Mcnonb30BaTh NEPCOHATBHBIN KOMIBIOTEP JUIS
CaMOCTOSITEJIbHOW PabOTHI.

Biaagern:

- HOCTaTOLIHBIM YPOBHEM HCIIOJIB30BaHUA
YHUBEPCAIbHBIX MAKETOB IMPUKIIAIHBIX
KOMITBIOTEPHBIX IIPOrPaMM.

2. MECTO JUCHMIIJIMHBI

IHPOI'PAMMBI

Hucummmua  B1.B.JIB.7.1

OTHOCHUTCA K JUCIUIIIMHAM I10 BBI60py.

B CTPYKTYPE OBPA3OBATEJBbHOH

Nnentndukanyus ©u AMArHOCTUKA TEXHUYECKUX CHCTEM

Hucuunnuna WaeHTuukanus M AUMArHOCTHKA TEXHUYECKUX CHUCTeM Oaszupyercs Ha
3HAHUSX, MOJyYEHHBIX NpU U3ydeHun qucuuiivd b1.5.16 Teopust aBToMaTHUECKOTo yIpaBlIeHHUs,
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b1.B.OJ1.9 IludpoBeie  cUCTEMBI  yIpaBJCHUS,

UH(POPMALIMOHHO-YIIPABIISIONIUE CUCTEMBI.

b1.B.O/1.14  ABTOMaTH3UpPOBaHHBIC

OcCHOBBIBasICh Ha U3YUYECHUU MEPEUMCICHHBIX NUCHUIUIMH, UneHTuduKanus 1 1uarHocTuka
TEXHUYECKUX CUCTEM IMPEJCTABISET OCHOBY JUIsl u3yueHus aucuuiuind: b2.I11.3 npousBoacTBeHHas
(mpeanuIIIOMHas) MpaKTUKa U MOATOTOBKH K b3 rocynapcTBeHHON HTOrOBOW aTTECTALIUU.

Takoe CHCTEMHOE MEXIMCLUIUIMHAPHOE

U3y4CHUE

HaIpaBJICHO Ha JOCTHKCHHC

tpedyemoro ®I'OC ypoBHS MOATOTOBKH MO KBaTU(UKAIIMN OaKaIaBp.

3. PACITPEJEJEHUE OBBEMA JUCHUIIVINHbI

3.1. Pacnipenesienue od0beMa TUCHUIJIMHBI 10 (hopMam 00ydeHUs

Tpyooemkocms OuCUUNIUNDL 8 HACAX Kypcosan
paooma
~ | X (npoexm),
2|3 s KOHmpobHas
o s Q ) 2 Buo
Dopma N = 3 = S paboma, .
- 2 2 X g HPOMEIHCYMOUHOU
00yueHus S 2 2 $ Dpecpepam,
S = S S 3 ammecmauuu
) S I S o 2R Pre
S S S| = |8 3 3 g 3
o| S| 8 § S |55 S § S
SIS 3|2/ 81SS 28 | 8¢
| Oo|lma | TINR] KRS O s
1 2 3 4 5 6 7 8 9 10 11
Ounas 4 |1 8 |108|48 | 24 | 12 12 60 - 3auer
3aouHnas 4 | -1108|14 | 6 | 4 4 90 - 3auer
3aounasn 2 | - |108|10| 6 | 2 2 94 - 3ager
(ycxopenHoe
00y4eHue)
OuHo-3204yHasg | - | - - - - - - - - -

3.2. PacnipenesieHue 00beMa JMCUMILIMHBI 10 BUAAM Y4eOHBIX 3aHATHI H TPYI0EMKOCTH

6 m.u. ¢ Pacnpedenenue no
UHMEPAKMUE | cemecmpam, 4ac
Tpyoo- | noii, akmuge-
Buo yueonwvix zanamuii eMKocmb | HOWl, UHHO8A-
(uac.) UUUOHHOU 8
dopmax,
(uac.)

|. KonTtakTHasi pa6oTa 00y4aomuxcs ¢

npemnoaaBaresieM (Bcero) 48 11 48
Jlekiuu (JIk) 24 3 24
JlaboparopHsie padotsl (JIP) 12 4 12
IMpakTryeckue 3austust (I13) 12 4 12
WnnuBuayanbHble (IPYNIOBBIE) KOHCYIbTALIMH + - +
I1.CamocTosiTe/ibHAsA padoTa 00y4aI0IMXCS 60 ) 60

(CP)
IMoaroroBka k nabopaTopHbIM padboTaM o5 R 25
[loaroToBka K MpakTHYECKUM 3aHATHIM 25 25
[ToaroToOBKa K 3a4eTy 10 - 10
I11. IIpomMexkyTOUHASI aTTECTALMSA 3a4ET + - +
OO61ast TpyI0eMKOCTh AUCHMILIHHEI .. ..... Yac. 108 - 108

3a4. efl. 3 - 3




4. COAEP) KAHUE JUCIIUITVINHBI

4.1. PacnipeesieHue pa3iesioB JMCUMILUIMHBI IO BUAAM YUeOHBIX 3aHATHI
- 11t 04HOM GopMBbI 00yYeHUs:

Buowt yueonwvix 3anamuii, 6kirouan
No CaMOCmMOAMENbHYI0 padomy 00yuaruuxca u
pas- Haumenosanue Tpyooem- mpyooemKocmbs; (vac.)
odenau pazoena u Kocmb, yueOHbIe 3aHAMUA camocmos
memul mema OucCyunIUHbL (uac.) 5 npakmuye ngz*’:l“:
AR ;:6(;”1”1‘:’:”01’”"’e 3aftli(1lrfu}l 56y “ao-
wuxcsa
1 2 3 4 5 6 7
1. NnenTudukamus cucTreM 54 12 6 5 30
ynpasJjeHus
1.1. | AHanuTtuyeckuii METO 6 5 i i 4
uACHTH()UKAIIH
1.2. Metox Cumaro 8 2 2 - 4
1.3. | Unentudukamnus
JTUHAMUYECKOTO oObeKTa 7 9 9 i 3
yIOpaBiIeHUS MO UMIYIbCHOM
XapPaKTEPUCTUKE
1.4. Wnentuduxarus
JTUHAMUYECKOTO o0OBeKTa 9 9 9 5 3
yIpaBIeHUS YaCTOTHBIM
METOJIOM.
1.5. Nnentudukanys 00BEKTa
yIIpaBICHUS METOJI0M 7 2 - 2 3
PErpeCCHOHHOTO aHaIu3a
1.6. Unentuduxarms 00BEKTOB
yIpaBIECHUS METOJI0M 7 2 - 2 3
KOPPEJSIIMOHHOTO aHaN3a
2. TexHuueckasi JAHATHOCTHKA 54 12 6 6 30
CHCTEM
2.1. I/Iepavaml JIMarHOCTUYECKUX 18 4 5 5 10
MoJIeei
2.2. Krnaccudukanus oTka3zoB 18 4 2 2 10
2.3. MaremaTruyueckasi TMOCTaHOBKa
3a7a91 TEXHUYIECKOTO 18 4 5 5 10
JIMarHOCTUPOBAHUS o0BbeKTa
(cucTeMbl ynpaBiIeHUs)
UTOI'O 108 24 12 12 60
- 1J11 32049HOM (pOPMBI 00yUCHHS:
Buowl yueonwvix 3anamuil, éKknrouan
Ne CAMOCHOAMEIbHYI0 PAdOmy 00yUarouuxca u
pas- Haumenosanue Tpyooem- mpyooemKocmy; (1ac.)
denau paszoena u Kocmb, yueoHble 3aHAmMUA camocmos
memol mema OuCUUnIUHbL (uac.) 5 npakmuue '”ZZZ’;":
wuxcs
1 2 3 4 5 6 7
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1. HNpenTnduxanus cucTeEM 68 A 2 2 60

ynpaBJieHus

1.1. AHaTUTHYECKUH METOJI 12 2 ) ) 10
UIeHTU(DUKAITIN

1.2. Metox Cumaro 12 2 - - 10

1.3. | Unentudukanus
JMHAMHUYECKOT'O 00BEKTa 10 i i i 10
VIOpaBJICHUS 110 HMMIYJIbCHON
XapaKTEPUCTHKE

1.4. Wnentuduxarus
JIMHAMHUYECKOT'O 00BEKTa 12 i 5 i 10
YIIPaBJICHUS YaCTOTHBIM
METO/IOM.

1.5. Nnentudukanus 00BeKTa
yIIpaBICHUS METOJI0M 10 - - - 10
PErpPEeCCHOHHOTO aHaIn3a

1.6. Unentudukamnms 00BEKTOB
YIIpaBJIECHUA METOJ0M 12 - - 2 10
KOPPEJSIIIMOHHOTO aHATN3a

2. Texunyeckass AUATHOCTHKA 36 ) ) 5 30
CHCTEM

2.1. I/IepapXI:m JUarHOCTUYECKUX 12 9 ) ) 10
MoJelei

2.2. | Kmaccudukanus oTka3oB 10 - - - 10

2.3. Marematuueckasi IMOCTaHOBKA
3a7a4u TEXHUYECKOTO 1 i 5 5 10
JINarHOCTHPOBAHUS 00BeKTa
(cucTeMbl ynpaBeHus)
UTOTO 104 6 4 4 90

- 1151 32049HOi hopmMbl 00ydyeHusi (YCKOpEeHHOE 00y4eHune):

Buowl yueonvix 3anamuil, 6Kkouas

No CamMOCmMoAmMenbHYI0 padony o0yuarouuxca u
pas- Haumenosanue Tpyooem- mpyooemKocmby; (1ac.)
denau paszoena u Kocmb, YyueoHble 3aHAmuUA camocmosn
memul mema OuCyUnJIUHbL (uac.) npaxkmuuye me’é””‘”’
aooma
nexuuu nabopamopnvle cKue P6
padomul sanamus ooyuaio-
wuxcs
1 2 3 4 5 6 7
1. eHTHUKATUSA cucTemM
Hxentifuican 68 4 2 . 62
ynpaBJieHHus
1.1. | AHamuTHYECKHIA METO,
A 12 2 - - 10
uAeHTU()UKAIIH
1.2. Meton Cumaro 12 2 - - 10
13. | Unentudukamms
JTUHAMHYECKOTO 00BEKTA 10 10
yIOpaBiIeHUS TO UMIYIbCHOM
XapaKTePUCTHKE
14. | Unentudukanus
WHAMHYECKOTO 00BbeKTa
A 12 - 2 - 10
yIpaBIeHUS JaCTOTHBIM
METOJIOM.




1.5.

Unentuduxamnms o0BeKTa
yIpaBIeHUS METOJIOM
PErpEecCHOHHOTO aHAIIN3a

10

10

1.6.

Nnentndukanus 00BEKTOB
yIpaBICHUS METOJIOM
KOPPEJISIIIMOHHOTO aHAIN3a

12

12

TexHn4veckas AUATHOCTHKA
CUCTEM

36

32

2.1.

WNepapxusgs  OUarHoOCTUYECKUX
MoJeen

12

10

2.2.

Knaccudukanus oTka3zoB

12

12

2.3.

Maremarnueckass IOCTaHOBKa
3a7a4un TEXHUYECKOTO
JMarHOCTUPOBAHUS  OOBEKTa
(cucreMbl ynpaBJIeHUs)

12

10

HUTOIro

104

94




4.2. Cogepxanme TUCUMILIMHBI, CTPYKTYPHPOBAHHOE 110 pa3/iejiaM U TeMaM

1. MAEHTUOUKALIUA CUCTEM YIIPABJIEHUA.

[Ton wunpeHTHdUKanMedl  MOHMMAIOT  ONpEAENCHHE CTPYKTYphl W IapamMeTpoB
MaTeMaTHYeCKOM MoJenu, 00eCHeuMBaIOIIUX HaWIydllee COBIAJEHUE BBIXOIHBIX KOOpPIMHAT
(cMrHAJIOB) MOJIENH M 00BEKTa MPU OJMHAKOBBIX BXOJHBIX BO3ACHCTBUAX (curHamax)tt.

Camo0 MaTeMaTH4ecKOE€ MOJICJIMPOBAaHUE — 3TO IMPOLIECC YCTAHOBIIEHUS COOTBETCTBHUS
JAHHOMY peaIbHOMY 00BbEKTY HEKOTOPOT'0 MaTeMaTHYECKOT0 00BEKTa — MATEMAaTUIECKON MOEIIH.

B HacTosniee BpemMsi MaTeMaTHYECKHUE MOJIENIN MCIOJB3YIOTCS OYEHb LIMPOKO B PAa3HbIX
obnactsx: TAY, craructuke, MEOUIMHE, TEOJOTUH, METEOpPOJOruu H 1p. JlocTomHCTBa
MaTeMaTHYECKUX MOJIENIEH:

a) BO3MOXHOCTH OBICTPO TPOBECTH PsiJ SKCIIEPUMEHTOB HAa MAaTEMaTHYECKOW MOJENH C LENbIO
IIOKCKA ONTUMAJILHOI'O TEXHOJIOIMUYECKOI0 PEXMMA WIIM MaKCUMAJIbHO JOCTOBEPHOIO IIPOrHO3a MpU
MUHUMAaJIbHBIX 3aTpaTax BPEMEHU U MaTepUaAIbHBIX PeCcypcoB. B mpakTuke 3KkCIulyaTalMu Ha 3TH
OIBITHI YLLK OBl TOABI U AECATUIIETHS.

0) BO3MOYKHOCTb Ha MOJEJIM 33/JaTh YCJIOBUS 3KCIUTyaTallid, HEBO3MOXKHBIE B PEAJIbHOCTH, IS
IPOBEPKH ONTUMAIIBHBIX PEKUMOB.

B) MaremMaTrhyeckas MOJeNb M0 pa3padOTaHHBIM METOAMKAM (METOJ KPYTOTO BOCXOKICHWS,
IPAaAMEHTHBIA METOJ M Jp.) IO3BOJIAET OBICTPO HAWTH ONTHUMAIbHBIE YCIOBHS BEIECHUS
TEXHOJIOTUYECKOT0 IpoLeCca.

MaremaTtuueckass MoOZeNb — dYalle BCEro 3TO WIM OAHO YpPaBHEHHUE MaTeMaTHYeCKOH
B3aMMOCBS3M BBIXOJHOTO CHUTHaja OObEeKTa (CHUCTEMbI) C BXOJHBIM, WJIM CHUCTEMa YypaBHEHUU
B3aMMOCBSI3H BBIXO/IHBIX CUTHAJIOB C BXOAHBIMU. Tak 1 0THOMEPHOTO (OJIMH BXO/ U OJMH BBIXON)
JMHAMUYECKOTO 00beKTa (cucTembl) 3To auddepeHnnanbHoe ypaBHEHHE CBSI3U BBIXOJIA C BXOJOM
WIN €ro nepefaTovyHas GpyHKIUs, KOTOPYIO MOJIyYaroT uxX AuddepeHInalIbHOro ypaBHEHUs IyTeM
npeobpa3zoBanus Jlamnaca.

X Yoy
—til* W(p)os i

' Anch.ypaBHeHe
obbekra---

Puc. 1. Cxema uccnedosanus oovexma ynpasieHus.

Jns  MHOrOMEpHOTO O00BEeKTa (HECKOJNBKO BXOJHBIX M BBIXOJAHBIX  CHUTHAJIOB)
MaTeMaTh4yecKasi MOJIe]Ib MOXKET OBbITh 3aJ]JaHa B MAaTPUYHOU (hopme.

K‘] BX X18bix
X2ex X 28mix
—— [W(p)os]
IBx X3ekx
e b

Puc. 2. Cxema uccnedosanus mmocomepHo2o 06vekma ynpasieHus.

(X | = WD) 51 X, ]

lebIX
rae [X Wx] =| X,,,, | — MaTpHLa (BEKTOP-CTOJ0EI) BEIXOIHBIX CUTHAJIOB,

x36 bIX



Xlsx

[X“] =| X,,, | —Marpuna (BeKTop-cToa0€1) BXOAHBIX CUTHAJIOB,
X

36x
Wit Wi Wy
[WP),;l=|W,, W, W,;| —xBagpatnas |3x3| MaTpuna nepesaTouHbIX QYHKIUI
Wi Wi Wy

CBSI3€M BBIXOJ-BXOJ] CUTHAJIOB, HAIIPUMEpP: W23 — CBSI3b 2-T'0 BBIXOJA C 3-UM BXOJIOM.

1. HyxHO yTOYHHTB, 4YTO, TOCKOJIBKY B CAY 00BEKT ymnpaBlIeHHsI SBISICTCS HAaMMEHEE
M3YYEHHBIM 3JIEMEHTOM, TO UMEHHO €ro MaTeMaTH4ecKas MOJEJb SIBISETCS LIENbIO
UACHTUQUKAIME OOBEKTa KAaK B JIMHAMHUYECKOM (Korja OOBEKT BBIBOJUTCS U3
COCTOSIHUSI paBHOBeCHUs), TaKk U B CTaTMYECKOM (HOpPMajJbHOE TEUYEHUE
TEXHOJIOTUYECKOr0 Ipoliecca) pexuMax paboTel. MaTemaTudeckass MOJENb
JUHAMUYECKOTO peXrMa paboThl 00BEKTa — OJJHO WK cucTeMa A depeHInanbHbIX
YpaBHEHMI; MaTeMaTH4yecKasi MOJIeJIb CTaTUYECKOr0 PeXHMa — OJHO WM CUCTEMA
anreOpanyecKnx ypaBHEHUH.

Kpome Toro, MaTemaruueckas MOJeJb TAKOTI'O Kacca OTHOCUTCS K OOBEKTaM €
COCpEOTOYEHHBIMU (KOMIIAKTHO Pa3MEIICHHBIMU B IPOCTPAHCTBE) ITapaMeTpaMu, U BXO/IHbIE-
BBIXOJIHbIE CUTHAJIBI UMEIOT JETEPMUHHUPOBAHHYIO (OIPEENICHHYIO, HE CIIy4ailHyI0 IpUpoay),
ABJIAIOTCS HENIPEPHIBHBIMU (aHAJIOTOBBIMHU), C TMHEHMHON XapaKTEPUCTUKON B CTATUYECKOM PEXUME
IPU MaJIbIX U3MEHEHUSX BXOHBIX-BBIXOJHBIX CUTHAIOB. Takue I0MyIIeHUs! MOT'YT OBbITh C/IE€TaHbI
JUISL MHOTUX TIPOMBILUIEHHBIX O0BEKTOB.

Jiis Takoro kjaacca 00bEKTOB MCIIOJIb3YOTCS:

1) aHAIMTHYECKUH METO] IMOJIyYCHHUS] MATEMAaTHYSCKON MOJICIIH O0BEKTa;

2) JKCHePHMEHTATBbHO-AaHAIMTHYECKHIT METO/ C HCIIOJIb30BAaHUEM THUIIOBBIX

BO3MYILAIOLIMX BO3/IEUCTBUM, MpUMEHSs MaTeMaTuueckuil annapar TAY B Buze

TUIOBBIX JUHAMHUYECKUX 3BEHbEB.

Jnsa unentudukanuu oOBEKTOB, Y KOTOPBIX KaKOH-TMOO BBIXOJHOW CHTHAN 3aBHCHUT OT
HECKOJIbKUX BXOJIHBIX CUTHAJIOB, HUCIOJIb3YETCS:

3) MeTon PperpeccCMOHHOr0 aHaJM3a, KOIJa MaTeMaTHYecKas MOJCIb — YypaBHCHHE

perpeccuu 1-ro unm 2-ro nopsiaxa.

[Tpu ucnoap30BaHUU 3TOTO METOJA MPUMEHSETCS] TEOPUSI MATEMAaTUUYECKOTO TUIAHUPOBAHUS
IKCIEPUMEHTA.

Jns  oOBEKTOB, y KOTOPBIX BXOJHBIC-BBIXOJIHBIE CHTHaJbl HOCAT  CIy4ailHbIN
(cToXacTUYeCKHii) XapaKkTep, UCIOIb3YETCs:

4) MeTol KOPPeISIHHOHHOT0 AHAJIU3A JUTS WICHTH(UKAIIMY 00BEKTA.

Heckonbpko 060CO0IEHHO CTOMT METOJ]l UACHTU(DHUKAIMM 00bEKTAa U CUCTEMBI C TTOMOIIbIO
UMUTALMOHHBIX MoJesei. WMuTtanmonHass MojJenb 3aJaeTcsi HE B BHJE CHCTEMBI
MaTeMaTUYECKUX YPaBHEHUH, a B BUAe nporpammsl Ha OBM. C noMomuipto MMUTalMOHHONW MOAEIN
C HCIIOJIb30BAaHMEM TEOPHUM MAaTEMaTHYEeCKOro IUIAHWPOBAHMS HKCIIEPUMEHTa MPOUTPHIBAIOT Ha
OBM pa3nuuHble BapHaHThl OIBITOB JUId TOMCKAa ONTHMAJIBHOTO YIPABICHHUS OOBEKTOM
(cuctemoii). [1o cyTn, UMUTAIIMOHHAS MOJIENTH — ATO AJITOPUTM, PEATH3YIONIUN MOJIENb TIpoliecca u
BOCIIPOM3BOSIIMI Mporece (yHKIIMOHUPOBAHUS CUCTEMBI BO BpeMeHU Ha OBM.

Kak MHe kaeTrcsi, pa3BUTHEM HMUTAIMOHHBIX Mojeneld OyayT BHMPTYaJbHble MOJeE/H
00BEKTOB M cHcTeM, Korja Ha OBM OyneT BBINOIHEHO BUPTYaJbHOE HM300pakeHHe (PU3NYECKUX
napaMeTpoB 00bEKTa U CUCTEMBI, U UX MOBEJIEHHWE BO BPEMEHH MOXKHO OyzeT HaOJIrodaTh Tak, Kak
ceifuac HabMIOAaI0T OOBEKTH B KOMITBIOTEPHBIX UIPaX.

[Tpu ucnonp3oBaHUU JIOOOTO0 METOJA UACHTU(PHUKAMU 00BbEKTAa WIH CUCTEMbI HE00X0IMMO
PELINTD CIEAYIOINE 3aJaUn:

a) BBIOOp CTPYKTYpPHI MAaTEMATHYECKON MOJIETTH U METO/1a UICHTU(DHUKAIINN;

6) BBIOOP MH(OPMATUBHBIX BXOAHBIX M BBIXOJHBIX IEPEMEHHBIX (CUTHAJIOB);

B) OLIEHKA CTENeHH CTAalMOHAPHOCTH (HEM3MEHHOCTH BO BpPEMEHH), JHMHEWHOCTH
XapaKTEPUCTHK 00BEKTa;



T') OlIEHKA CTETICHU ¥ ()OPMBI BIIMSHUS BXOJHBIX MIEPEMEHHBIX (CUTHAJIOB) HAa BBIXO/IHBIC.
PaccMmoTpum nonpoOHee nmepedrcieHHbIe METOAbl UASHTH(UKAITUH.
1.1. AHanuTH4yecKuil MeTo HaeHTH(PUKAIHN.

AHaTMTHYECKHIA METOJ] BHIBOJIAa MAaTEMATUICCKON MOJICIN MICHTHYHOMN (COBIAIAIONICH) 1O
XapaKTePUCTHKAM C HCCIAEAyeMbIM OOBEKTOM TPUMEHUM TOT/A, KOraa (U3UKO-XUMHYECKHE
MIPOIIECCHI, IPOUCXOSIMKNE B OOBEKTE, XOpomo wu3ydeHbl. K TakuM o0OBEKTaM OTHOCSATCS
MEXaHHYECKUE CHCTEMBbI, TOBEJICHUE KOTOPHIX B CTAaTHKE WM JMHAMUKE TOTYHHSICTCS 3aKOHAM

HBI-OTOHa, HCKOTOPBIC XHUMHYCCKHUEC PCAKTOpPbI C€ IPOCTEIMHU XHUMHYECKMMHU PpPCaKIUsAMU,

NPOTEKAIIMMHI B HUX. [IpumMepoM Takoro o0beKTa MOXKET CIYKUTh 0ak, M300paKeHHBINH Ha PHC.
1.3.

IIpumep 1.

xBH= >
== Q J N i
1
b,
H

1n
Q,
>
oL W) oo ,
T H= g

Puc. 3. Cxema uccneoosanus obvexma ynpaejieHus adnaiumu4ecKum MemoooM.

CratnuecKkuil pexuMm: Qf = Qg ;
0
Q. =Q; +4Q,
0
Q,=Q, +4Q,

JIMHaMHUYECKUI peKUM:

Q —Q,=Q)+4Q,-Q; —4Q, =4Q, - 4Q, =
_d(av)_d(F-aH)__ d(4H)
odt dr dr

W3 rugpasnuku: Q, = a-H wm JUTSL MaJIBIX AQZ =a-AH .

Torna: AQ, —a-AH =F %
T

dH

HITH, TIEPEXO0/1s K GECKOHEeUHO MaitbiM npupamennsam: F - ——+a- AH = Ql
T
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umm — +H=—- Ql
a dr a
O0603HaYUB B OTHOCUTEIILHOW Pa3MEpPHOCTH:
H Q F o1
= X@btx; = X(«ix’ - = O T~ k06
H HOM QH om a a‘
MOJTYYUM:
dx
TO : - + XB’blx = k06 ' sz
dr
Ipumep 2.
DNEKTPUYECKHA TBUTATENh C Harpy3KOi omuckiBaeTcs nudepeHnaIbHbBIM YPABHCHHEM
do
‘] ._:M()suz_ conp.
T

J — MOMEHT uHepIuH,
M gur., Mconp — MOMEHT Ha BaJly 1 MOMEHT COIIPOTHBIICHHUS.

27
w = — —yacToTa BpaI_I_IeHI/ISI BaJjia ABUT'AaTCJIA.

3KCH€pI/IM€HTaHBHO-aHaJII/ITI/IquKI/If/'I METOL I/II[eHTI/I(bI/IKaIII/II/I.

CyTb METO/1a 3aKJIIOYAETCS B CIIEAYIOIIEM: Ha JEHCTBYIOIIEM 00BEKTE 10 BXOJHOMY KaHaly
MOJIAeTCs OJTHO U3 TPEX THUIMOBBIX BO3MYIIAIOIIUX BO3ACHCTBUIA:

a) TUIA «EAUHUYHOTO CKAYKa»

B) B BUJI€ CHHYCOUJAJIbHBIX KOJI€0aHUH pa3InYHON 4aCTOThI

11



BX

O T

T

Puc. 4. Tunosvle sozmywarowue 6030eticmeaus.

X ) (.
= a W(P)os e

b r
YPAaBHeHWe _ _./__ marematudeckas __ AMHaMW4ecKan
B2aMMOCBA3IM ~— Mojenk T XapakTepuCcTUKa

Puc. 5. Cxema nonyuenus mamemamuuecxou mooenu odvekma.

Yaire Bcero MCIOJb3yeTCsl BO3MYIIEHUE TUIA «EIMHUYHOTO CKauka». Peakius oObekTa Ha
TaKoe BO3MYIICHHE — TpadMK W3MEHEHHUS BO BPEMCHH BBIXOJHOTO CHTHAJIA OOBEKTa HA3BIBACTCS
JIKCIEPUMEHTAJILHONH KPUBOM Pa3roHa.

Janee mpuMeHSIETCS CHENUANIbHBIM, YHUKAJIbHBIA  (TOnbko B TAY) matemaTmyeckuit
amnmapar — COBOKYIHOCTb IIECTH TUIIOBBIX JUHAMUYECKUX 3BEHBEB.

Ecnu paccmartpuBaTh OOBEKT KaK «YEpHBIN AIIMK», T.€. CUYUTATh, YTO HAM HUYETO HE
U3BECTHO O (PU3UKO-XUMHUYECKHX IMpolieccax, MPOUCXOIANIMX B HEM, TO OKa3bIBAaeTCs, 4YTO
pasIUYHBIE [0 TPHPOJE TEXHOJOTHYECKOro Ipolecca, 00beMy M KOH(PUTYpAaHH OOBEKTHI
yOpaBieHUS B JWUHAMHUYECKOM peXHMe pabOThl MaTeMAaTHUYECKH OINMCHIBAIOTCA  (MMEIOT
MaTEeMaTUYeCKyl0 MOJIeJib) B BHJE OJHOTO W TOTO >K€ THUIIOBOTO YPaBHEHHUS B3aMMOCBS3U
BBIXOJHOTO CUTHajia oObekTa ¢ BXoAHbIM. B TAY Obutn momoOpaHbl Bcero 6 THUIOB ypaBHEHUMN
B3aMMOCBSI3M BBIXOJIHOTO CHUTHAJIa O0BEKTa C BXOAHBIM CUTHAJIOM, KOTOPbIE Ha3BAIM THMOBBIMH
AUHAMUYECKUMHU 3BeHbsIMU. [locKonbKy B IHHAMUYECKOM peXuUMe padoThl O0BEeKTa, KOrjaa
HapyIIeHO PaBHOBECHE MEXY MPUTOKOM M CTOKOM DHEPTUM WJIM BEIIECTBA B 0OBEKTE, BXOIHOM
W/WIA BBIXOAHOW CHTHAIBl H3MEHSIOTCS BO BpPEMEHH, TO OONBIIMHCTBO THIIOBBIX ypaBHEHUN
B3aMMOCBSI3M THUMOBBIX AuHaMu4eckux 3BeHbeB (T/3) sBustores nuddepeHuuanbHbM, T.€.

X, =a+b-x,  (anredpa), a % =a+b-x, (1ud. ypaBHeHHE).
T

Meroanka ucnonb3oBaHus MareMaruueckoro ammapata TAY — coBokynmHoctu T3 —
3aKJIFOYAETCA B CIEAYIOIIEM: KaXKJI0€ TUIIOBOE NMHAMUYECKOE 3BEHO, KpOME TUIOBOTO YpPaBHEHUS
B3aMMOCBSI3M BXOJHOI'O ¥ BBIXOJHOI'O CUTHAJIOB, UMEET CBOI THIIOBYI0 KPHBYIO Pa3sroHa U psl
JIPYTUX TUIIOBBIX XapaKTepHUCTHK. [loyueHHYI0 Ha JEUCTBYIOIMIEM OOBEKTE SKCIEPUMEHTAIBHYIO
KPUBYIO pa3roHa CPaBHHUBAIOT ¢ HAOOPOM IIECTH THIOBBIX KpUBBIX pa3roHa T/[3 u mo coBmaaeHuo
XapakTepa U3MEHEHUsI BO BPEMEHHU SKCIEPUMEHTAIbHOW U KaKOM-INOO TUIIOBOM KPUBOW pa3roHa
MPOBOAT 3aMeHy (ammpOKCUMAIIUI0) MCCIEAYeMOro O0bEeKTa JAaHHBIM THIIOBBHIM JHUHAMUYECKUM
3BeHOM.  Torja TuIMOBOE ypaBHEHHWE B3auMOCBs3u d3Toro TJI3 CcTaHOBUTCS YypaBHEHHUEM
B3aMMOCBSI3M BBIXOJHOTO CHUTHalla 00bEKTa C BXOJHBIM HIIM HCKOMOM MaTeMaTUYeCKOW MOJENbI0
obbekTa. Benmnunny k03¢ GUIIMEHTOB, BXOIANIMX B JJaHHOE TUTIOBOE ypaBHeHHe TJI3 HaxomsT 1o
AKCIIEPUMEHTATILHOW KPUBOM pa3roHa 00beKTa.

IIpumep 1.

HYCTL Ha 00BbEKTE MOoJIy4YCHa Ccicayromas S5KCIICpUMCHTAJIbHAA KpHUBas pa3roHa.
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1
>
4 T
" xBI:I'H
) ﬁ#;:;#f’f
k TT3KCMOHEeHTa ",’;‘;‘;'rgﬁgsa“
L >
T
. To -

Puc. 6. 3KcnepwweHmaJleaﬂ Kpueas pad3coHa cmamu4ecKkoco obvexma.

Ota KpHBas Ha3bIBA€TCs HIKCIIOHEHTOM U MO XapaKTepy U3MEHEHHsI BO BpDEMEHHU COBIAJIAET C
TUIIOBOW KPUBOHM pa3roHa arnepuojuyeckoro (MHEpLHOHHOro, cratudyeckoro) T/I3. 3HauuT, Takoin
O00BEKT MOXHO 3aMEHUTh (anmpokcuMHupoBath) anepuoguueckum TJI3. Ero Ttumnosoe
muddepeHImaIbLHOe YpaBHEHHUE:

dx
6 bIX — k.
Tb——;—a—x =Kk-x,,

6 blX

X@hlx( p) — k
sz( p) T0p+l

O6a kospdunuenta: K u Ty — nmerko Hailtu u3 rpaduka SKCIEPUMEHTAIHHOW KPUBOM
pasrosa.

a nepenaroynas pyHkuus — W (p) =

Ipumep 2.
HYCTL Ha OOBEKTE MOJIYUCHA ClIeayromas S5KCIICpUMCHTAJIbHAA KPpHUBasd pa3roHa.
A
xBx ¢
1
-
4 T
"' X EblX
3KC. KPMBAA
pasroHa
ol
-
T

Puc. 7. 9KcnepumeHmanbHaﬂ Kpueas pazcoHa acmamu4decKkozco obvexma.

OTa »SKCHepuMEHTalbHas KpUBas pa3roHa IMOX0Ka Ha THUIOBYIO KPHUBYIO pasroHa
acraruueckoro (uurerpupytomiero) T3 ¢ nuddepeHaabHbIM ypaBHEHHUEM:

13



1
T L = X, ¥ nepenatoyHoi pynkuuein W(p) = XeulP) =

dz x.(p) Tp
Koaddumuent T nerko onpenenuTs Mo SKCIEPUMEHTAIBHONW KPUBOW pa3roHa 1o yriry o

1
tga=—.
g T

AHAJIOTUYHO JIETKO MPOBECTU HJCHTH(PUKALUIO TUHAMHYECKOTO OOBEKTa IO COBIMAICHUIO
SKCIIEPUMEHTANIbHOM W THUIIOBOW KPHUBBIX pa3roHa [Js 3aMeHbl (AammpoKCHMallMK) OObeKTa
YCHIIMTENBHBIM, peallbHbIM AuddepeHnupyomuM 1 3ama3apBaommM TJ3. TunoBbsie KpHUBBIC

pa3roHa 3TuX 3BCHLEB TAKUEC!

F'y F A
Xpx + Xpx ¢ Xpx ¢
1 1 1
A rT A r"[ + T
A thIX Jk
xBI:I)( Jk
| :[_ SKCNOHEeHTa +
7| N
k To 1
L . L I. - . -
T T 4 T
To7— B Taan -

Puc. 8. Kpusvie pazeona ycurumenvhozo, peaivHo2o  Ougpgepenyupyioweco u
3anazovieaoweo T/I3.
A mepenaTounbie (YHKIIUU TaKHUE:

Xy (P) k-p X, D) -pr
W — Tsbix :k, W — , W an — Zebix =e PTsn .
(p)ycujl um xex(p) (p) peanrougp. TE) . p + 1 (p) xgx(p)
BCJ'II/I‘H/IHy KOB(i)(bI/IHI/ICHTOB B OTHX THUIIOBBIX IICPCAATOYHBIX Q)YHKHI/IHX Tak)Ke JIETKO HAaUTHU

10 rpadukam 3KCIEpUMEHTAIbHBIX KPUBBIX pa3roHa (cM. puc. 1.8.).
CrnoxHee HallTM MaTeMaTUYECKYIO0 MOJENIb MUAECHTU(PHUUHUPYEMOro 00bEKTa, €ClIU MOIy4YeHa

CJIeIyIOIIasl SKCIIEPUMEHTAIbHASL KPUBAs pa3roHa:

BEblX

T
JKC. KPMEAaRA
pasiroHa

k
| -
T

Puc. 9. Dxcnepumenmanvuas Kpusas pazeona anepuooutecko2o 36eHa 6mopoco NopsoKda.
Ha HepBLII\/II BSFJ'ISI)I, TaKasd BKCHepI/IMeHTaJ'H)HaSI KpI/IBaSI pa3r0Ha ITIOX0>XXa Ha TI/IHOByIO
I(pI/IByIO pa3r0Ha anepno;:u/lqecxoro 3BCHA 2-I‘O Hop;uuca C HCpCI[ElTO‘IHOfI (I)yHKI.IPIefIZ
‘xgbzx(p) — W — k
= =W(p)=
x,.(p) Ip”+T,p+1
OJTHaKO TOuHOE onpeneneHue kodppuuuentos Th u T, B atoit W(p) 3aTpyaHeHo.
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s 6onee TOYHOM HIAECHTH(HUKAIIMKM TaKOro OOBEKTAa HCIOIL3YIOT MeTol CHUMOI0, WIH
«METOJI, IUIOIIAIEH .
1.2 Metoa Cumoro

[Ipy HWCHONB30BaHUU 3TOTO METOJA HMCXOIAHYIO ASKCICPUMEHTAIbHYIO KPHBYIO pas3roHa
NIEPECTPANBAIOT B KOOPAUHATAX Oyyy(7), TIE

o xabtx (T) _ bilx (T)
oo xmx(oo)=k k
Y TIOJIYYArOT TTOI00HYI0 MCXOTHOM XapaKTepUCTHUKY.
A
Tgrix
1 Fy
] T
T_.-
AT
ATl T

Puc. 10. Ilpeobpazosanue s3xcnepumenmanbHOU KPUBOl pazeona anepuooutdecko2o 36eHd
8MOP020 NOPSAOKA NPU UCNOb308aHUU Memoda Cumaro.

I/ICKOMy}O MAaTe€MaTUiYCCKYI0 MOJCJ/Ib 3allMChIBAOT B O6HI€M BUJC KaK OTHOIICHHC
IIOJIMHOMOB OT P — oIeparopa Jlannaca:

b,-p" +..+b,-p+1 B o,.(p)
W(p), = pn P+l _B(p) _ p)
a,-p"+..+a,-p+1 A(p) x,.(p)
OO0bryHO MOTMHOM A(P) OrpaHUYUBAIOT 3-MM HOPSIKOM:
A(p)=a,-p°’+a,-p°+a,-p+1.

Ecnu a) Xp,x=0 npu =0, To momuxom B(p) Oyaet 2-ro mopsjaka u, Ciie0BaTeIbHO,
b,-p’+b, -p+1 c,.(D)
W(p)()6 = j ; = .
a,-p’+a,-p +a,-p+1 x,_(p)

dy,

Ecmm a) Xgx=0 mpu =0 m —*==0 mnpum =0, 49ro uMeer MeCTO Jis JaHHOU

IKCIIEPUMEHTAILHOW KPUBOM pa3roHa, To moiuHoM B(p) Oyaer 1-ro mopsaka, a uckomas
MaTeMaTu4YecKast MOJEeIb UMEET BUJL:

bl..p+l _O-gblx(p)
a,-p’+a,-p°+a,-p+1 x,(p)
3amaua WAEHTH(GUKAIME CBOIUTCA K ompeeneHuio B 31oit W(p) xodddummentos by, as, as,

W(p),=

ai.
Jlns perieHust 5TOM 3a7ayd KPUBYIO PasroHa, MEPEeCTPOCHHYIO B KOOPIMHATAX Oguy(7) Ha
otpeske 0—T pazouBatoT Ha T/At yacteil, uToObI 66110 20-30 KOOpAUHAT: O1 + O3.
3areM aiis ciydas 0), koraa
b, -p+1 o
W(p)y=—s it = ZaalP),
a,-p +a,-p"+a,-p+1 x,.(p)
pelasi CHCTeMY alireOpanvecKux ypaBHEHH, HaX01AT K03 GUIIEHTHI D1, a3, 2, a3
a,=F,+b,
a,=F,+b,-F,
a,=F,+b,-F,

F,=f(o;7)

rac
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n=30
F, = LT (1-o0)dt = Z( 1—-o0,; )Atr — 3aMeHa MHTErpaia Ha CyMMY IIJIOINAIEN;
i=1

F —FZIT I—c)(1-0)df, e 6=
2 = 1 0( O-) ) ,Fﬂe _Fl,
2

T
F,=F| (1-0)(1-20+=-)d6;

oy g 00O
F,=F, L (1-0) 7 F12¢9+ 8.
Yrobsl Bepuyts W(p),,; = M K W (p)= M, HY>KHO TIEPBYIO
X (P) Xox(P)

YMHOXHTH Ha K:
'xehm(ly) — k([h_'194‘1) .
X, (p) a3-p3+a2-p2+a1-p+1
Ecmu b, <1, %/a_gl<\/a_2 u a,, o W ;(p) Oyner:

x@blx(p) k k
p¢7(17) = = 2 = 2 *
X.(p) ayp +a-p+l T-p +T,-p+l

W(p)=

1.3.UnenTpuranusa TMHAMUYECKOT0 00bEKTA YNPaBJeHUs 10 UMITYJIbCHOM
XapaKTepucTHKe.

WNHorna 1o TeXHOJIOrMYECKUM YCIIOBUSAM HEJb3sl IJIMTEIbHOE BpEMsI IepKaTh «EAUHUYHBINA
CKauoOK» Ha BXoje o0bekTa. Torma mojaeTcss BO3MYIICHHE THUMA «EAMHUYHOTO HMITYIIBCAY,
JUIMTEIIBHOCTh ~ KOTOPOTO  JIOCTAaTOYHA JUIsl 3aMETHOIO H3MEHEHHs BBIXOJHOIO CHUTHAaJja.
[IpakTHYECKN «EAMHUYHBIA UMITYJbC» PACCMATPUBAECTCS KAK JIBA MOCIIEIOBATENbHBIX «EAUHUYHBIX
CKauyka», TOJbKO TMepBbIii umeeT 3HaueHue (+1), a Bropoi — (-1). IMonyueHHas Ha OOBEKTE
IKCIIEPUMEHTAIbHAS UMITYJIbCHAS XapaKTePUCTHKA — TpadUK U3MEHEHUS BO BPEMEHH BBIXOJIHOTO
CUTHaJla OO0bEeKTa IyTeM HECJIOXHBIX Trpaduueckux mpeoOpa3oBaHUN JIOCTpauMBaeTcs M0
AKCTIEpUMEHTAIBHON KPUBOH pa3roHa W Jajiee TIOMCK MaTeMaTuieckoil moaenu — W, . (p) uaer mo

yKa3aHHOMY Bbllle myTd. llepecTpoiika MMIyJIbCHOM  XapaKTEPUCTUKH OOBEKTa 10
JKCIIEPUMEHTAIILHON KPUBOM Pa3rOHa UJET TaK:

& J{IBI
1
1
L -
AT T
& |
a biIr& —
4 o7 .
a; | .,f 3KCNEepPHMEHTANEHARA
l /| KPHEAA pazroHa
a1 a, a3 &
Ay
|
A '.--'""_T'""'--...‘n HMMNYNLCHAA
1 I | |\ XapakTepHCTHEA
a
|1 ! | ?-Hq_hq_-u-‘J‘//
| 1 1

k4
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Puc. 11. Cxema npeobpazosanus 5KCnepumMeHmanibHOU UMNYIbCHOU XAPAKMEPUCMUKU 8
KpUBYI0 pa32oHda.
1.4 UnenTudpukanusi ITMHAMHYECKUX 00bEKTOB YNIPABJIEHHUSI YACTOTHBIM METO/I0OM.

Xax XBbix
—»| OBBEKT [—

Puc. 12. Cxema IKCnepumenmaibHoco UCCIe008anUsl 0ObEKMA YaACMOMHbIM MEeMOOOM.

T

Puc. 13. Bxoonvle u 6vbix00Hble CUHYCOUOATbHbIE KONEOAHUS NPU UCCIE008AHUU 00bEeKma
YACMOMHBIM MEMOOOM.

DTO TaKke 3KCH€pI/IM€HTaJII>HO-aHaJII/ITI/ILIeCKI/Iﬁ MCTOH, KOrga B JSKCICPHMMCHTC Ha BXOA
00BeKTa MMoAarTCsd CUHYCOUIOAIBLHBIC KOJIeOaHMS paanquﬁ HaCTOTBI U C aMHHHTy,HOﬁ A. Ha
BBIXOJC 00BEKTa TaKKe YCTaHAaBJIMBAKOTCSA CUHYCOWAAJIbHBIC KOJICOAHHSI TOHM K€ YacCTOTHl HIIM

27T
nepuona ( €O = ? pan/cex), HO JApYrod amIiuTyabl Bj, CABHHYTble BO BpEeMEHU Ha
2x - At
0Tpe30K At uiu yroi cisura paz ¢ =w- At = —

8blx "

3anumieM x,, ¥ X

X, =A-sin(w,-7),

X =B Sin(@, - 7—@, ).

Ha mpaktuke nnama3oH M3MEHEHHs 4acTOTHI OYEHb y30K, He oT 0 1o o, a or @ =0 10
@ = @,41,;» KOTIa OOBEKT MEPECTAET PEATUPOBATH HA CHHYCOUIATBHBIE KOJIEOaHNS.

CuHycoOuJaIbHBIE U KOCHHYCOUJAbHBIE KOJNEOAaHWS MOXKHO 3alucaTh B MOKa3aTeNbHOM
dbopme, UCTIONB3YS ACHCTBUTEIBHYIO YacTh (hOpMYJIBI Ditiepa:

cosa+i-sina=e'"",
T.e. X, =A-e""
— i{or—p;) _ ot —i-g;
X, =B, € =B,-e™ e

Pasnenus x_ [ x

xlswc(p) — ﬁ . e—i"PI
Xu(p) A

MOy YUM:
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N3mensis 9acToTy BXOJIHBIX KosiebaHuit ot 0 10 @

cpesa’

MOJIy4aeM aMIUIUTYIHO-YaCTOTHYIO

xapakTepucTuky (ADX) oObekTa B Buze B—A': = f(w), pa3o-uacTOTHYI0 XapaKTEpPUCTHKY OOBEKTa

(PUX) @, = f(®), a Takke aMIUIUTYJHO-()a30BYI0 YACTOTHYIO XapakTepucTHKY (ADUX=ADX)

oobexkTa — W ( jw), KoTOpas siBiseTcss BEKTopoM, a rpaduk ADX — rogorpad 3Toro BeKTOpa Ipu
M3MEHEHUH 4acToThl oT 0 10 o,

cpesa’®

rie

— B,

M( jo )‘ — JUTMHA BEKTOpA, paBHAs e

YroJI @, — yroJl cABHra (a3bl BEIXOAHONW CHHYCOU/IBI.

B — B )
—tleos( g )=i-sin(py )| = ADX W (jo)= ke =

B . B, . .
=j-cos(qu)—t-j"-sm(goK)zmk—mk

iN

Puc. 14. Amnaumyono-ghazosasn uacmommnas xapaxmepucmura ucciedyemozo 00veKkma.

[Tonryuenue sxcnepuMenTanbHoi ADPX — nnurenbHbld npouecc. OJIMH AKCIEPUMEHT — OJJHA
Touka Ha Tpapuke ADPX, HO TOYHOCTb AaNNPOKCHUMALMU BbINIE, 4YeM HpPU CHATUHU
AKCIIEPUMEHTAJIbHON KpUBOH pa3roHa. DxkcrnepuMeHTanbHyo ADX cpaBHUBAIOT ¢ TUIOBbIMU ADX
3BEHbEB U MPOBOJAT aNIPOKCUMAIIMIO (3aMEHY) 00BbEKTa Ha OJJHO WJIM cOBOKynHOCTh T/13. 31ech
Takke MOXHO wucnoyib3oBaTh JIAUX u JIOUX — norapudmuyeckue amIuuTyaHO- U ¢azo-
YaCTOTHBIEC XapAKTEPUCTHKH.
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Annpoxcumayust CIOHCHbIX 00bEeKMOo8 — 3ameHa Ha Heckowko T/[3.

IIpumep 1. 3amena Ha 1Ba nocjaea0BaTeIbHO coequHeHHbIX T/[3: 3ana3npiBaHus
U anepuonvecKoe.

&
xBH ¢
1
5 "t
"' thIH
S ;H
3JKC. KPUEAR
/ pPairoHa
k _J_Tq e
-
T
T E2ME
T sgn“"“‘\ - Lsan
oBw
TGEI‘I

Puc. 15. Dxcnepumenmanvhas Kpueas paszeoHa ClOHCHO20 00beKma, annpoKCUMUPYEMO20
Ha 3anasovisarowee u anepuoouyeckoe T/[3.

 — X
Xax | W e
L"‘I W(P)san o W(P)anep =
I
[ 00beKT JI

Puc. 16. Cxema obvexma, cocmosiwe2o u3z 08yX NOCIE008AMENbHO COCOUHEHHBIX
3anazovleanue2o U anepuoouiecKko2o 36eHbes.

“PTsan 06

[lepenarounas ¢pynkuus oowvexra: W(p), , =e
Iip+1
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IIpumep 2. 3ameHa (ANNPOKCUMALMA) HA IBA MOCJI€I0BATEIbHO COeINHEHHBIX
TA3: 3ana3abIBaHus U acTaTHYeCKOe (MHTErPUPOBAHHOE).

A
xBX ¢
1
i >
A Xewix
3KC. KDUBaRA
pasroHa
1
tgo = T
o
-
TTp ] TEMI( T
san | T T 3an
oBw
Tzan

Puc. 17. Dxcnepumenmanvhas Kpusas paszeoHa CLOACHO20 00beKma, annpoKCUMUPYemMo20
Ha 3anasoviearowee u acmamuyeckoe 1/[3.

[ ————— ]
Xax | ) T
—>] W(P)san —»{W(p) acrar |_’
I
[ 00beKT JI

Puc. 18. Cxema obvexkma, cocmosawe20 u3 08yxX HNOCI€008AMENbHO COCOUHEHHbIX
3anazovleauieco U ACMamuyeckoe0 36eHbes.

1
[epenatounas pyHkums oovekra: W(p),, =e "™ "
p

1.5. UnenTudukanus o0beKTa ynpaBjaeHUs METO0M PerpecCHOHHOI0 aHAJIN3A.

B COBPCMCHHBIX CJIOKHBIX 06”I)CKTaX, KakK mnpaBuiIo, BBIXOI[HOﬁ CHUTHAJI 00BHEKTa 3aBUCUT HE
OT OJHOI'0 BXOJHOI'0 CHUTHAaJIA, KaK B ClIydac C KpHBOfI pa3roHa, a OT HECKOJIbKUX BXOIHBIX
CHUIHAJIOB, T.C. 00BEKT YIpaBJICHUA HUMCECT CIOXHOC MCPCIINICTCHUC B3aHMOCBSI3¢H BXOJHBIX H

BBIXOJAHBIX CUTHAJIOB.

X1gx X186

Xo X
Bx OEBEKT ZEbLIX

X2ex X 3B
—_—

Puc. 19. Cxema 06’b€Kma, cocmoiyyeco U3 HeCKONbKUX 63AUMOCEA3AHHbIX 6XOOHbIX -
BbIXOOHDIX CUCHATLOB.

I[J'IH I/I,Z[CHTI/I(I)I/IKaI_II/II/I TaKUX CII0XHBIX OOBEKTOB HUCTIOJIB3YCTCA MCETOJA PErpeCCUOHHOTO
aHajiM3a C TIPOBCACHHUEM AKTHBHOI'O OKCICPUMCHTA Ha 0aze TEOpHUU MATEMATHUYCCKOI'O

IJIAaHUPOBAHUA SKCIICPUMCHTA.
20



Ha3naueHuwe 3TOil TEOpUU — 3HAYUTEIHHO COKPATUTHh KOJHMYECTBO AKCIEPUMEHTAIHHBIX
OTIBITOB M YIPOCTUTH PacyeThl, HECOOXOAMMEBIE /ISl TTOJIYyUYEHHUSI YPABHEHHUS B3aUMOCBSI3U BBIXOJHOTO
CUTHAJIa C HECKOJIILKUMH BXO/JHBIMU CHUTHAJIAMH — YPABHEHHUsI PerPecCcHH.

CokpamieHre 4YHuclia HEOOXOJUMBIX JKCIEPUMEHTOB B TEOPUM MAaTEMaTHYECKOTO
TUTAHUPOBAHMSI SKCIIEPUMEHTA JIOCTUTACTCsl 32 CUYET OJHOBPEMEHHOT0 M3MEHCHHUS BCEX BXOIHBIX
CUTHAJIOB ((paKTOPOB), a YIPOIIIEHUE PACUETOB MOJIYUASTCs 32 CUET TOTO, YTO H3MEHEHHE BXOTHBIX
cUrHayIoB ((hakTOpOB) HOPMHUPYETCS, T.€. BeHUUHbl + Ax, = +1 .

Iycrs x,, = f(Ax,, s Ax,,. ) — 3aBUCUT OT 2-X BXOJHBIX ()aKTOPOB.

leBx
e
| | +AX
2
| o | o
_ i
| |
I I | "AXopy
| | |
"ﬁxmx +‘ﬂx1gx
-
x1Bx

Puc. 20. Cxema uccredosarnuss oOvekma MemoOOM pecpecCUOHHO20 aHanusa Oisi 08yX
BXOOHLIX CUCHANI08 ((hakmopos).

Touka O — HOMUHAJIBHBIA pexuM padboThl 00bekTa. Hopmanu3auuss npoucxoauT 3a cyUeT
TOr'0, 4TO HAa4aJl0 KOOPAMHAT nepeHocutcs B Touky O Ha + Ax, ==+1.

‘.xEBx

[5+112 —— — + —— 1]

| |

| |

- >

| |

0

: l x1Bx

[1;1]3 - ———1——— 3 4[+1;-1]

Puc. 21. Cxema yenmpanvHoeo niama nOAHO2O (HAKMOPHO20 IKCNEPUMEHMA Ol 08)YX
BXOOHbIX CUCHANIO08 ((hakmopos).

3nech (puc. 21) u300paxkeH IJIaH NPOBEIEHUsS OIBITOB Ul M3Y4YEHUs 3aBUCHUMOCTHU
x,,. = f(Ax,, ;s Ax,, ). Uucio ombITOB paBHO 4=2% — monHbIA (akTopHEIA dKcrepuMent; st K
BXOJIHBIX (DPAKTOPOB YHCIIO OTBITOB B (PAKTOPHOM IKCHEPUMEHTE:! N=2%. IMpu k=3 N=8; k=4, N=16
U T.J.

Ha mnpuenenHom Bbimie puc. 21. n3oOpakeH LEHTpalbHBIM (Touka O — B LEHTpE)
OpPTOTOHAJIBHBINA MOJIHBIN (DaKTOPHBIN TIaH SKCIIEPUMEHTA /Ui 2-X BXOJHBIX (PAKTOPOB.

Ta6mumal. TlonHblil GpakTopHBI SKCTIEpUMEHT At K=2.

NoombIta | X, | X550 | Xeux
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1 +1 | +1 | x!
2 1|+ | Xk,
3 1 -1 x:
4 +1 |-l x:

CBOWCTBO JIaHa, KOT/a, HA3bIBACTCSI OPTOrOHAJIBLHOCTHIO MJIAHA.
Ta6numa 2. TTonHbI#i GakTOpHBINH 3KCIIEpUMEHT st K=3.

Neombita | X;00 | Xp0 | Xipr | Xour
1 +1 [+l | +1 x!
2 -1 +1 |+l | x),
3 -1 -1 +1 | x) .
4 +1 -1 +1 x!
5 +1 | +1 |-1 X
6 -1 +1  |-1 x5
7 -1 -1 -1 x!
8 +1 |-l -1 x?

B momHOM (akTOpHOM TUTAHE 3KCIEPUMEHTOB YHUCIIO OIBITOB PE3KO BO3pacTaeT B
3aBHCHUMOCTH OT yrciia BXoAHbIX (pakropos: k=4 N=16; k=5, N=32; k=6, N=64 ormbIra.

[ToaTroMy i COKpaleHHs 4YHCJIa OINBITOB C MHHHUMAIBHOW MOTepel HHQOpMAIH
NPUMEHSIOTCSI COKpAIICHHBIC TUIAaHBI — JAPOOHBbIe PemuKu. Eciu 1uaHbl copepikaTr MOJIOBUHY
OTIBITOB IOJTHOTO (DaKTOPHOTO KCIIEPUMEHTA, TO TAKOW TJIAH HOCUT HA3BAHKE MOJIYPENIHKH.

Ta6muua 3. [pumep nonyperuuku it k=4 (IIOI=16)

Neombita | X0 | Xo0c | X360 | Xyex
+1 +1 +1 +1
+1 -1 +1 -1
-1 +1 +1 -1
-1 -1 +1 +1
+1 +1 -1 -1
+1 -1 -1 +1
-1 +1 -1 +1
-1 -1 -1 -1

O NOO|OTHDWIN -

W Ccronb3ytoT Takke Y4 PEIuTHKH OT MOJHOTO (haKTOPHOTO 3KCIIEPUMEHTA.

VpaBHeHHE B3aWMOCBSI3M BXOJHOTO M BBIXOJHOIO CHTHAIOB — ypPaBHEHHE PETPECCHH —
3aITUCHIBACTCS B BUJIE aIreOpanveckoro mojiuHoMa 1-oif u 2-0if cTerneHu B CleIyIoeM BUJIE:

1-011 cTEeNEHU: Xgpx = Do +D1X1+02X0;

C YYETOM B3aUMOJICUCTBHSI BXOAHBIX (DAaKTOPOB JTst 2-X BXOAHBIX (DAKTOPOB X1 U Xo:

Xewex = Do + D1X1+ DaXo + D1oX1 Xo .

[TonMHOM BTOPO# CTETICHN — yPaBHEHHUE PETPECCHH:

X, =b, +b,x, +b,x, +b,x,x, +b, X} +b,,x3

BBbIX

EctecTBeHHO, 3TO ypaBHEHHE O0j€€ TOYHO OIMUCHIBAET B3aMUMOCBS3b Xgyw — (QYHKIIHH
OTKJIMKA — C BXOAHBIMU (paKTOpaMu (CUTHATIAMU) OOBEKTA.
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3amaua uaeHTUUKAIMU Oo0BbekTa ympabieHus (OY) METOIOM pPErpecCHBHOTO aHaln3a
CBOJUTCS K BBIOOpPY MOpPSAKA MaTeMaTHUECKOW MOJETH — yPaBHEHUSI PETPECCUU — U OTPEICTICHUIO
koadunuentoB by, by, by, b1y uT.A. B 3TOM ypaBHEHUHU perpeccun.

[Tpu ompeneneHun dTUX KOAPGHUIMESHTOB UCIIONB3YETCS MEeTO] HAHMEHbIINX KBAIPATOB,
B KOTOPOM OIIpENeNsIeTCs HAaMMEHBIIass CyMMa OTKJIOHCHHWH B KBajpare (2-OW CTEIEHU) MEXIy
pPCAIbHO MOJYYCHHBIM B OKCICPUMCHTC BBIXOJAHBIM CHIHAJIOM UM BbIXOJAHBIM CHIHAJIOM,
paccUuTaHHBIM (IIPEICKa3aHHBIM) [0 YPaBHEHHUIO PErPECCUU, T.€. UITYT MUHUMYM (YHKIIUU:

n
D= (x = XL )? > min
i=1
Munumym ¢yHkun @ gocTUraeTcst B TOM Cllydae, KOTJa IepBas 4acTHas MPOWU3BOAHAs
(TaHTeHC yria HAaKJIOHA K BIIaJIMHE) PaBHA HYJIIO, T.€.
oD 00 o0 0P _

ab, by "ob, "aby,

Ipumep.

n
IKC pezp 2 -
Z( x; o —XxLr ) —> min
i=1
PaccMoTpuM ipuMep MCIIOIB30BaHUS METOa HANMEHBIITNX KBaIPaTOB.
[Tycte BbIXOAHOM curHan ((QYHKIUS OTKJIMKA) 3aBUCHUT OT OJHOTO (akTopa (BXOTHOTO

n n
CUrHana). AKTHUBHO MpPOBEAEHO N SKCIEPUMEHTOB. 3ajaHa in’;;” U MOJNydYeHa Zx,.’“';fx
i=1 i=1

PEIYIBTATOB SKCIICPUMECHTOB.
OOmwmit BUI YpaBHEHUA PErPECCUU 1-ro IopsAaaKa ojid mpuMepa.
Xevix = bO + blxl
MeTo10M HaUMEHBIINX KBaJApaToB UIIEM MUHUMYM (1)yHKI_II/II/I @:

n n
_ ke __ pep 2 __ IKe _ 2
o= Z (xi({blx Xigux _Z (xisblx b0 bI Xigx )
i=1 i=1

Jnsa nonmyuyeHuss MuHuMyma 3Tod @ mnpupaBHUBaEeM K HYJIIO YacTHbIE INPOU3BOIHBIE
oo oo
—=0,—=0
ob, ob,

Jns yno6cTBa noaydeHHs YaCTHBIX IPOU3BOHBIX BBEAEM (PUKTUBHYIO MEpEMEHHYIO0 Xo=1 u
bynkuuto O 3anumiem:

n
_ IKC 2
D= Z(xim -b,x,—b,x,, )", Torna
i=1

2 (D "
0 =Zz(x:a’:x —-b,x, _blxiex)2 X, =0
Job, &

oD & ,

=2 (x2 = byx, = b,x,, )+ X, =0
\abl ;( iebix 070 1 mx) iex

Xo=1 moxHo yopats. Torna

( n n
_ IKC
b0 "h+ Zblxiax - inBbe
i=1 i=1

n n n
2 _ IKC
b0 ) Z Xiox + bl Z Xigx = Z Xigoox * Xiox
L i=1 i=1 i=1

Pemras sty cucremy anredpandeckux ypaBHeHU# (MoxHO MeTooM Kpamepa), Haxoanm:
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=
=
S

=
=

IKC IKC
n- Z xiBblx : xisx - Z xiex ' Z xisbtx
i i=1 i=1
n

n
2 2
n- inﬂx - (Z xisx)
i=1 i=1

[TpoBepka HACHTUYHOCTH MaTEMATHYECKOW MOJICIH — YPaBHEHHS PErPECCHH HCCIIETyEeMOTO
00BEKTa IPOBOJIUTCS IO HECKOJIBKUM KPUTEPUSM aJICKBATHOCTH M UICHTHYHOCTH MOJICTIH.

[TockoybKy pe3ysbTaThl ONBITOB B 3KCIIEPHUMEHTE 3apaHee TOYHO NpecKa3aTh HEBO3MOXKHO,
TO 00paboTKa W camMH pPe3yabTaThl CBS3aHBl C HEOMPEICIICHHOCThI0 WM BEPOSTHOCTHIO.
BepositHOCTh M3MeHsieTcst B npenenax: 0 — coObiThst ObITh HE MOXeET, 1 — cOObITHE MPOU30HAET
00s13aTenbHO (IeHb-HOYB). [Ipy OONBIIOM YHMCIE MapalljiebHBIX (OJUHAKOBBIC YCIOBHS) OMBITOB
BEPOSITHOCTh MOXKET OBITh 3ajlaHa B BUJIe QYHKIIUU pacrpeelieHUs BEPOsSTHOCTEH (puc. 22.):

4 P(n)

-
My n

Puc. 22. Cxema nopmanbHozo (2aycco6cko2o) 3aKkoHa pacnpedeneHus 6eposamHoCmell.

Ha mnpakTtuke uamie BCero HCIOJIb3YeTCS TaK Ha3blBaeMO€ HOpMalbHOE (TaycCOBCKOE)
pacnpeneneHre BEpOSITHOCTE.

Cnyuvaiinas Benuunna (x’

B8bIX

) HMECT HCCKOJIbKO YHCIIOBBIX XapaKTCPHUCTHK, HanOoJee

Ba)XXHBIC U3 KOTOPBIX — 3TO MATEMATHYECCKOC OKHUTAHUEC 1 TUCIICPCHUS.
MareMaTHdecKkoe OXKHIaHuE — 3TO CpE€AHEC B3BCIICHHOC 3HAYCHUC CHy‘IﬂﬁHOfI BCIIMYHUHBI

n
wax = Z xieblx : p(xisblx)
i=1

Jucnepcusi xapakTepusyeT pa3dpoc 3HAYEHMH CiIydailHOW BETMUYMHBI OTHOCHUTEIIBHO €€
MaTeMaTUYECKOTO OKUIAHMUSL.

i(nﬂ.x) = M[xisbl.x _M(xsblx )]2 = Z['xi(nﬂx _Mxmx ]2 'p(xisblx)'
i=1

[TpoBepka 3HAUMMOCTH YpaBHEHMsI PETPECCUU MPOBOAUTCS MO Kpurepuro Pumiepa win F-
KPUTEPHIO.
[TpoBepka 3akitoyaeTcs B OIpENEiIeHHM, 3HAUMUMO JU (0oJblle OIIMOKH H3MEpEeHus)

pep
6bIX

D(x

— pexp __ .cpeo
=b, + b,x,, oTINUacTCA OT ypaBHEHUs X, 7 =Xx

6bIX 6bix '

MIOJIyUEHHOE YpPaBHEHUE X

21.]'[5[ OTOI'0 BBIYUCIIAIOT AUCTIEPCUIO OTHOCUTECIIBHO CPEAHECTO 3HAYCHUS BBIXOAHOTO CUIHaJIa:
n
ke __ L.cped )2
Z (xiablx xawc )
— =1
v n—1=f,

S fp =D , f1 — ancio cremneneit cBOOOIRI,
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IKC
Z xiBblx

re xcpe() — i=1

6bIX n—1= fI
A TAKXXC OCTATOYHYIO AUCIICPCHUIO:
n
ke __ . pep )2
Z (xieblx xiebvc
— i=1
ocm n-2= f2

Bennuuny kputepust Gumepa (F-xputepwuii) onpenenstoT nmo hopmyie:

D

, fo — uncno creneneit cBOOOLI.

(TOKHO OBITH).

maonuunoe

D,
F = >F
D

ocm

3HaurMMOCTh KO3 (GUIIMEHTOB D ypaBHEHHs perpeccud ONPENeNsioT Mo t-Kputeputo
(xputepun CTBIOJICHTA):

r= > tmaénulmoe > TAC

D,

i

Docm'n
Db

= n n '
2 2
h- inax - (Z xiax)
i=1 i=1

1.6. UnenTudukanus 00beKTOB yNIPaBJIeHUsI METOI0M KOPPEJISIHOHHOT0 aHAJIN3A.

Merton KOppPCIEINUOHHOTO  aHAaJIM3a HUCIIOJIBb3YCTCA  AJIA I/I,HGHTI/I(I)I/IKEII_II/II/I 00BEKTOB

yrnpaBJICHHUSA B TOM CJIy4dac, €CJIM BXOIHBIC W BBIXOJHBIC CHUTHAJIbI SBJISIFOTCA CJ'Iy‘lﬁfIHHMPI
BCIIMYHNHAMMU.

Xex Xebix
——p OBLBEKT ———»

Puc. 23. Cxema uccnedosanusi 06vekma KOppensyuoHHbIM MemoOOM.

ITpu KOppENALMOHHOM aHAIN3€ UCIIOJIB3YOTCH:
— aBTokoppenaunoHHas pyHkius (AKD) u
— B3auMokoppensanuonHas yHkius (BKD).
AK® xapakrepusyer 3aBHCHUMOCTb MOCJIEAYIOIIMX 3HAYEHWH CIIy4alHOM BEJIMYMHBI OT
IPEIBINYIINX, HAXOJAINXCS HA PACCTOSHUU AT.

Xex ®
ran

AT

|- T T

Puc. 24. I'pagux usmeHnenus 6Xx00HOU CIYHUAUHOU BENTUHUHBL — 6XOOHO20 CUSHANA.
1 T
AK®: R, (r)=71x6x(r+Ar)- x, (7)-dz . Ilpu At -0 — Tounee.
0

B3aumoxoppensiimonHas GyHKIHsI CBS3BIBAET JABE BEIMUMHBI, OTCTOAIIUE APYT OT Apyra Ha
AT.
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BK®: R,

6x 3 X gux

IT
(T)=;_!xmx(r+Ar)-xax('r)-dr.

C AK® u BK® cBsazansl (uepe3 npeodpazoBanue Oypbe, KOrJa BXOHOW-BIXOIHONW CUTHAII
packJiiagsiBaeTcs B psag Dypbe, COCTOSIINN U3 CYMMbl CHHYCOMIANIBHBIX KOJIEOAHUM C pa3IMuHON
— PSJl TApMOHMUK) CIIEKTPAJIbHBIE TNIOTHOCTH CIyYalHBIX BETHYUH.

S, (w)= IRxKx(r)-e_i“’T-dr — st AKD

(t)- At -dv — nnsa BKO.

xﬁ’X ’xllbL\’ 6x xﬁ’hlx

(co)=TRx

dusznyecku Sx (0)) IIOKa3bIBACT, KaKasi A0Jd MOIIHOCTH cnyqaﬁHoﬁ BCIIMYHHBI

MPUXOIUTCS HA JAHHYIO YaCTOTY.
Yepes ciekTpaibHYIO MNIOTHOCTh HaxoauM ADYX oObekTa:
— S. .. (w)
AQYX =W (iw) = —""——.
Sxxx (a))
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2. TEXHUYECKASA JUAT'HOCTUKA CUCTEM

2.1. Mepapxusi IMarHOCTHYECKUX MOJeJIeH

TexHuuyeckasi IMArHOCTUKA — HAyKa O PACMIO3HABAHUU COCTOSIHUSI TEXHUYECKOH CHCTEMBI.
Huarnosuc (Tp.) — pacno3HaBaHHE.

O0beKT TeXHMYECKOr0 IHATHOCTHPOBAHMSI — W3JEIHE U €ro COCTaBHBIE 4YacTH,
TEXHUYECKOE COCTOSIHME KOTOPBIX MOJUIEKUT ONPENCIICHHUIO C 3aJaHHOH TOUHOCTBIO.

Texnu4eckoe cOCTOSIHME — COBOKYITHOCTh CBOWCTB OOBEKTa, XapaKTepu3yeMas B JTaHHBIN
MOMEHT BPEMEHHU IIPU3HAKAMH, YCTaHOBJIEHHBIMU TEXHUYECKON TOKyMEHTAIelH Ha OOBEKT.

TeXHUYECKOE COCTOSIHUE MOXKET OBITh:

— HCIpaBHOE-HEUCIPABHOE;
— paboTocrnocoOHOe-HEPAOOTOCTIOCOOHOE;
—  (YHKUMOHHUPYIOLIEE NPAaBUIBHO U HEMPABUIIBHO.

JlnarHocTupoBaHue Mo AJrOPUTMY — 3TO COBOKYITHOCTH IMPEANMCAHUNA C UCTIOIb30BaHUEM
JMarHOCTUYECKUX MTPU3HAKOB.

CucreMa TeXHMYECKOr0 MATHOCTHPOBAHMS — COBOKYIHOCTH CPEICTB U OOBEKTa
JMAarHOCTUPOBAHMSA, a TaKKe M HCHOJHUTENeH, OCYIIECTBISIIOIUX IUarHOCTUPOBAaHHUE IIO
npaBUjaM, YCTAaHOBJICHHBIM COOTBETCTBYIOIIEH JOKyMeHTanued. CucremMa TEXHHUYECKOU
JMarHOCTUKY OIPEJEIIsieT COCTOSTHIUE TEXHUYECKOT0 00BEKTa, XapaKTep ero N3MEHEHHsI ¢ TeUeHUEM
BpPEMEHH, I10 ONPEACICHHBIM JHArHOCTHUYECKUM MPHU3HAKAM.

Teopernueckuil pyHIaMEHT TEXHUUYECKONW TUArHOCTUKU — TEOPHs Paclo3HaBaHUs 00pa3oB,
pa3paboTKa aaropuTMOB paclo3HaBaHMs, CO3/1aHUE JTUATHOCTHUECKUX MaTEMaTU4YECKUX MOJEIEH,
YCTAQHABJIMBAIOLINX CBSI3b MEXAY COCTOSHUSMM TEXHHUYECKOM CHUCTEMbl U MX OTOOpaKCHHEM B
NPOCTPAHCTBE JHWArHOCTUYECKHX TMPH3HAKOB (cUrHanoB). JIMarHO3pl — KJacChl THITMYHBIX
(THTOBBIX) COCTOSTHUH.

Baxxnast 9acTh pacrio3HaBaHUS — IPaBUJIA IPUHATHS PEIICHHUH (pelIaronie MpaBuia).

JluarHocTuka B pexxuMe paboThl 0ObEKTa Ha3bIBACTCS (PYHKIMOHAJIbHBIM TeXHHYECKHM
JANATHOCTHPOBAHUEM.

JluarHocTuka, Korja HpOBOJATCS TECTOBbIE BO3JCHCTBHUS — TeCTOBas TeXHUYeCKas
JANATHOCTHKA.

B TexHHueckol NMAarHOCTHKE BBEAEHO IOHATHE IJIyOMHBI MoMcKa JedekTa, 3a1aBaeMoe
YKa3aHWEM COCTAaBHON 4YacTH OOBEKTa JUAarHOCTUKU, C TOYHOCTHIO, /10 KOTOPOM OIpeaesnseTcs
MecTo Aedekra. OObIYHO 3TO MOAYJb MK OJIOK, HHOTAa Aake Mukpocxema (JIOMUKOHT).

AKTyaTbHOCTh TEXHUYECKOH JIMAarHOCTHKH TOATBEPXKIACTCS CICHYIOIIMMHU HUppaMu: B
CIHA wuccrnenoBaHusl MoKa3ajld TEXHHYECKOE OOCITY)KMBaHME M PEMOHT camoiera B 3-4 pasa
00JIbIIIE €T0 CTOMMOCTH, PEMOHT M O0CITY)KMBaHHE paJuoTeXHUUecKkoro odbopyaosanus — 1200% ot
ero croumoctd. B CCCP (mo 1981 r.) peMOHTOM M 0OCITy>KUBaHHEM METAIJIOPEKYLIMX CTAaHKOB
3aHMMAaNUCh B 4 pa3a Oosbllle padoyuX, 4eM H3rOTOBJIEHHEM 3TOro obopynoBaHusi. CTOMMOCTh
3aBozckoro pemonTa B BBC CIIA B 1987 r. cocraBuna 15 mapa. 1ot., 4to B 2 pa3a Oosibliie, 4eM
B 1980 .

TenneHuus pocra YOBITKOB, CBS3aHHBIX C OTKa3aMH TEXHUKH, UMEET MECTO BO BCEX
pa3BuThIX cTpaHax. OTKa3bl, HEUCIIPABHOCTH, IMOJOMKH, COOHM, OUIMOKM M Ja)ke KaTtacTpodbl —
Hen30exkHble (PaKTOPHI, AECTAOUIM3UPYIONIUE IPOLIECC HOPMATBHOTO (PYHKIIMOHUPOBAHHS 00bEKTa
U CHCTEMBI ynpasieHus. limeercst 3 mpu4nHbBI 0TKa30B U KaTacTpod:

a) MPUMEHEHHE MAJIOU3yYEeHHBIX (PU3UUECKUX SABICHHUH I CO3JIaHUs U3ICIUH;

0) HecoONoeHNe NMPUHLUIIA CUCTEMHOCTH MPHU MPOEKTUPOBAHUU HM3JENUN; NPUMEHEHHE
HECOBEPIICHHBIX U HEAJEKBATHBIX PACUETHBIX CXEM;

B) «4eloBeYECKUM (akTop» B pa3pabOTKe, MPOU3BOJACTBE M DKCIUTyaTallud W3ACIIANA
(«3ammuTa OT TypaKka).

Tak, HampuMep, HEIOCTaTOYHAsi M3YyYEHHOCTh CBOWCTB MaTE€pPHaOB M HECOBEPIICHCTBO
pacuetoB npuBenu k karactpope B CIHIA peakTtuBHOro maccaxupckoro camoinera «Komeray,
KOTOPBI pa3Baiwiics B Bo3ayxe. [IpuunHa — mMpsSMOyroibHbIE WILTFOMHHATOPHI, B yIIIaX KOTOPHIX
BO3HHKJIa KOHLIEHTPAIUS HAIPsDKEHUH, YTO MPUBEJIO K Pa3pyILICHUIO KOpPITyca caMoJIeTa.
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Bropoit mpumep. B 1967 1. BO BpeMs Ha3eMHBIX HCHBITAHUA KOCMHYECKOTO KOpaoiis
«Amnomuon» CIIA BO3HHMKIO KOPOTKOE 3aMbIKaHHE B MPOBOJE IOJA KPECIOM KOCMOHaBTa —
MT'HOBEHHBIH 1T0Kap B N30BITKE KUCIOpOJ1a — Oru0iIu 3 yenoBeka.
B CHIA noacuntano B 1956 r., uTo n3-3a OmMOOK pabounx M CIYKAIMX BO3HUKIO 2 MITH.
OTKa30B IPOMBIIUICHHOIO 000pYAOBaHMs, 4YTO CTOMJIO 2 MipJA. Jaoiul. Ilpmumba OGosplivMHCTBA
aBUAKATACTPO(d — «UeOBEUECKUI (pakTop».
OOBEKTUBHOCTh «UYEJIOBEYECKOTO (PAKTOpa» M HEOOXOAUMOCTh €ro ydyeTa OTpakeHa B
IIYTOYHBIX 3aKOHaX Mbapdu:
1. HWuctpymeHT nagaer Tyna, rie MOKeT HaHeCTH HauOOJIbIINH Bpes.
2. Jlrobas TpyOKa Mpu YKOPaYMBAHUU OKA3bIBACTCS CIUIIKOM KOPOTKOH.
3. Tlocne pa3bopku u cOOpKU Kakoro-iubo yCcTpoicTBa HECKOJIBKO JIeTalle OKa3bIBAIOTCS
JUIITHAMH.

4. KonuuecTBO HMMEIOIMIMXCS B HAJIMYUM 3amyacTedl  oOpaTHO IPONOPLMOHAIBHO
OTPEOHOCTH B HUX.

5. Ecmm kakas-nmu0o0 yacTh yCTpOWCTBAa MOXKET OBbITh CMOHTHPOBAaHAa HENPABUIIBHO, TO
BCErJla HaliIeTCsl KTO-HUOY b, KTO TaK U CAEJAcT.

6. Bce repMmernyeckue CThIKM POTEKAIOT.

7. Tlpu nrobom pacuere 4MCIO, TPABUIBHOCTh KOTOPOTO JJISi BCEX OYEBHJIHA, CTAHOBUTCS
UCTOYHHUKOM OIINOOK.

8. HeoOxoamMocTh BHECEHHS B KOHCTPYKLHUIO MPUHIUIHAIBHBIX U3MEHEHUH BO3pPAcTaeT
HENPEPHIBHO M0 Mepe NPUOIMKEHHSI K 3aBEPILIEHUIO POEKTA.

Heo6xoauMocTh B pa3paboTke HayYHO 00OCHOBAHHBIX METOJIOB TEXHUYECKON AMArHOCTHKH
U TEXHUYECKUX CPEACTB JUISl PeaIU3alui JUATHOCTHUECKUX CUCTEM U KOMILUIEKCOB MOATBEPXKIAIOT
pe3yabTaThl UCCIIEAOBAaHUH, IO KOTOPHIM YCTaHOBIJIEHO, YTO CHEIHAIHCT 25% BpeMEHH TPAaTUT Ha
Olpe/ieIeHHble YacTU H3JeNus, [Ae MPOU30IIa HEUCHPaBHOCTb, 62% — Ha ompeaerceHHe
HEHCIIPaBHOH J1eTaiu 1 TOIbKO 13% BpeMeHHN — Ha BOCCTAaHOBJICHHE OTKA3aBIIEH JETaIH.

TexHuueckoe IUarHOCTUPOBAHME HCHOJIb3yeT TEXHUUECKUE MaTeMaTUYeCKHe MOJIEINH.
OTnuune TUarHOCTHYECKUX MOZENeH OT OOBIYHBIX MaTEMaTHYECKHX MOJIENIEH, KOTOPBIE OTPaKAIOT
HOMUHAJIBHBIA peXUM (YHKIMOHUPOBAHUS OOBEKTA WMJIM CUCTEMBI YNPAaBJIEHUS COCTOMT B TOM,
YTO JMATHOCTUYECKas MOZETb ONKCHIBACT CYIIECTBEHHBIE CBOMCTBAa aBapUIHBIX PEKHMOB,
BBI3BaHHBIX pa3IMYHBIMU OTKa3aMu. OOBEKT WIM CHUCTEMa IpH pa3pabOTKe JAMArHOCTUYECKOH
MOJIENIA pacCMaTPHUBAIOTCS 110 cieayrolen cxeme (puc. 25.):

BHELLUHME | 5 D — BHyTp.
EO3MYLLEHNA BO3MYLLIEHNA-0TKA3kI
Xex OOBEKT. Xeww
s ; >
cy

A+A) — MapameTpel,
B+AH XapakTepusyliue BUaL
< 0TKa3 0B

HEWZMED AeMEl & Xx+Ax(1) —
KO3DDULMEHTEI YACTUYHO M3MEpPAEMEIE
MOOENK nepemMeHHsle (CUrHAnNG)

Puc. 25. Cxema pazpabomxu ouaenocmuueckoi mooenu 00bekma uiu CUCmemovl YNPAGIeHUs.
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Hepapxus nuarnoctudeckux moaesei (JAM)

NuHrenctyeckan (TekcToean)
Mogens

v

Beenenune chopmanmaaumm
CTPYKTYPbI MOOENN

'

CrpyxTypHan, dyHKUMoHAaNbHAS,
NPUHUMNWMANBHAA CXEMbI MOAEMK

)

BeensHne BXOOHBIX-BBIXOOHBIX
CHIHAMNOE, TEXH. COCTOAHWI,
OWArH.MpW3HaKos

¥

DYHKLNOHANbHO-NOTMYECKNE,
rpadoeble, MHOOPMAaUWOHHBIE

M
¥

Yyer OMHAMWYECKWX CEORCTE

)

Beoa and.ypaerennin; W(p),
anrebpandecKkmx ypasHeHWR

v

BBB,EI,BHI-"IF} NapaMeTpoB OTKa308,
y4eT HeDﬂDeﬂeﬂeHHmTeﬁ

v

OnucaHWe B NpOCTaHCTEE
COCTOAHMA, And.ypaBHEHWA C
yucn. napametpamm, W(p)

Puc. 26. Uepapxus ouacnocmuueckux mooeneti.

W3 cxemnl BUJHO, YTO AUArHOCTUYCCKUE MOJCIN MOIyT OBITh pa3HH‘IHOﬁ CJIOXKHOCTH: OT

IMMPOCTBIX OMUCATCIIBHBIX (TCKCT) JI0 MaTEMaTHYECKHUX MOJIENIEll BEICOKOTO YpPOBH:.

2.2 Knaccugukanus 0TKa3oB

a) IO CTCIICHU BJIMAHUA: ITIOJIHBIC, HaCTHYHBIC,

0) 1Mo XapakTepy MPOSBIICHHS: OKOHYATEIbHBIE, IEPEMEKAIOIINECS,

B) 10 CTCTICHU CBA3U: 3aBUCUMBIC, HC3aBUCHUMBIC,

F) I10 4aCTOTEC MPOABJICHUA: OJHOKPATHBIC, MHOT'OKPATHBIC,
I[) 10 XapaKTCpy BO3BHUKHOBCHH A BHC3AITHBIC, TIOCTCIICHHLIC,
e) M0 MaTEMaTHYCCKUM MOJCIIAM: MapaMETPUICCKUEC, CUTHAJIBHBIC,

) MO BHJAM MpPOSBICHUSA: OOPHIBBI, KOPOTKHME 3aMbIKaHUsA, Jpeld, mepeopHeHTarus,

U3MeHeHue 3PPEeKTUBHOCTH.

3amaun TUarHOCTUPOBAHUS TI0 clenyrolei cxeme (puc. 27.):
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Kex 06 bexT, Kpen

—., =-
CY
napameTphi .
P el = > oD HapyKEeHWE OTKa308
» CI
=
Adj+ 7y i > NONCK MECTa OTKa3a
» O
m |
o » yCTaHOBMEHWe Knacca oTKasa
xapaktepuaylolwme| @
» =
*  onpegeneHWe Buaa oTKasa
EWObI OTKA30B pea a

Puc. 27. Cxema ouacnocmupoganusi no Omxazam.

JIJIsl TUarHOCTUKY MOJICICH HMCIIONIb3yeTcs (CM. KJIacCH(DUKAIMIO) MHOXKECTBO (DHU3HUECKUX
BUJIOB OTKA30B — IMarHOCTUYECKHUX MTPU3HAKOB.

B KQ4ECTBE MPAMBIX JHArHOCTUYECKUX MPU3HAKOB COOTBETCTBYIOIIETO OTKAa3a MCIOIb3YIOT
AAi = Ai - Aigow — OTKJIOHEHHE IUArHOCTHYECKOrO MapaMeTpa A OT HOMUHAJIBHOTO 3HAYCHHS.
KocBeHHble AMAarHOCTUYECKUE TPU3HAKH OIICHUBAIOT 4Yepe3 OTKIOHEHHE BETHUYHUHBI Xpyx
BBIXOHOT'O CUTHAJIa 00BEKTa (CUCTEMBI).

Pa3paboTka nuarHocTU4eckoro o0ecreueHus: CUCTEMbl YIIPABICHUS WM 00bEKTa UJIET IO
cienyroien cxeme (puc. 28.):

O6veKT
c.Y.
MHOXEeCTB0 OTKa308 »| MNocTpoexme guarn.monenn (OM)
obpaborka
{ mogens O aHHbIX
| MonyJYeHne OUEeHOK AWarH. NPUSHaKos
Mogens
HOMMHAN. Npouecca AMarH.| NPHIHaKK
Onpegenex e oTKNOHEHWA
NpH3aHaKoB
obGHapysenne
& OTKNOHEHKUA oTKas o8
Asapuisie > KowTpone gonyckos
npoueccu v poreA

+ daxr oTkasa

Onpegenedne MECTa OTKasa
4 MecTo oTkasa AAEHT WDHKaL WA

0oTKa308
YeTaHos neHWe NpWYMHLI OTKasa

1, AWarHos ¥

Puc. 28. Cxema paspabomku ouacHocmuyecko2o obecneyeHus cucmemol ynpasieHus uiu obvekma.
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2.3. MaTtemaTn4eckasi HOCTAHOBKA 321a4¥ TEXHHUYECKOI'0 IMATHOCTUPOBAHUS 00beKTa
(cucTeMbl ynpaBJieHHS)

ITycTs:

a) 3aJaHa CUCTEeMa JIMHEWHas ¢ TIOCTOSIHHBIMU XapaKTePUCTHKAMHU Ha OTACITBHOM OTPE3Ke
BPEMEHH CTallMOHapHasi, paboTaroiiasi B HOMUHAIBHOM PEKUME;

0) 3aJ1aHO MHO>KECTBO KOHTPOJIBHBIX TOYEK;

B) 337]aHO MHO>KECTBO (PU3UUYECKHUX OTKA30B C XapaKTEPUCTHUKON OTKA30B;

T') 3a/1aHO MHOXXECTBO TECTOBBIX U pabOUUX CUTHAJIOB YIIPABJICHHUS;

1) 3agaHo Bpems nuarnoctupoBanus OV (CY).

Tpebyercs:

[IpoBectn TexHmueckoe auarHoctupoBanue OV (CVY) B 1ensix KOHTPOJSI TEXHUYECKOTO
COCTOSIHUS — OOHapyXEeHHE OTKa30B, MOHMCK MECTa U OIpe/esieHHe MPUUUH OTKa3a.

[Ipy BEpOATHOCTHBIX METOAAX pACHO3HaBaHUS TEXHUYECKOTO COCTOSIHUS CHCTEMBI

BEPOSTHOCTb IOCTaHOBKM amarHosa D, =P(D,)=—-, rae Ni — uncino cocrosiHuii 06bekra u3

obmero umcna cocrosHuil N, y koropeix umen mecto auarao3 Dj, a P(kj/Di) — BeposrHocTh
HOSIBJICHHS ANArHOCTHYECKOro npu3Haka Kj y oobekra ¢ quarnozom Di. Eciu cpenn Nj cocrosunii
00beKTOB, UMeromux auar€o3 Di, y Njj mosiBuiics npusHaxk K;, To

o)

BeposiTHOCTh MOSIBICHHS TMarHOCTUYECKOTO NMpH3HaKa Kj BO Bcex cocTosHMAX oObexTa N
HE3aBHCHMO OT UX JIMarHo3a ¢ y4eToM TOro, uTo Kj mosBisiercs Toabko B Nj cOCTOSIHHAX 00BEKTa,
paBHa:

P(k N,

( j) - W

W3 13510)KEHHOTO BBILIE BBITEKAET, UTO BEPOSITHOCT COBMECTHOIO IOSIBICHUS CIEAYIOLINX

coObITHil: Hanmmuus y o0bekTa quarnosa Dj u muarHoctiuyeckoro npusHaka Kj — paBHa:

PO )= P(D)- ()= (k)P )

Otcrozna:

P5)
P( / )=P(D,)- — ¢opmyna baiieca.
P(k))

®opmyna balieca HETOUHO OTpa)kaeT peaabHOE MOJIOKEHHE MPH MOCTAaHOBKE AMarxHosa Di
MIPU HAJIMYHMK JHArHOCTHYECKOTO npu3Haka kj. Jleno B ToM, uTo B 3T0M (hopmyne ampuopHo (0e3
JI0Ka3aTenbCcTBa, 3apaHee) MPHHATO, 4YTO BCE JIUArHOCTUYECKHE TPU3HAKKM HMEIOT pPaBHYIO
BEPOSITHOCTH TOSIBJICHUSI B PEATbHBIX YCIOBHAX PAOOTHI CHCTEMBI, NPH STOM HE YYHUTHIBACTCS
UH(OPMALMOHHAS LIEHHOCTh TOT'0 MJIM MHOTO TUarHOCTUYECKOTO MPHU3HAaKa.

WNudpopmannoHHass IEHHOCTh IHAarHOCTHYECKOTO MPHU3HAKA OIPEACISIETCS KOJIUYECTBOM
UHpOpPMalLlUK, KOTOPO€ BHOCHUT JAHHBIA JHAarHOCTUYECKUH MPU3HAK B OMHMCAHUE TEXHUYECKOTO
cocrosiHus o0bekTa ynpasienus (OY) unu cucremsl ynpasieHus (CVY).

KonnyectBo wuHpoOpManuu cBs3aHO C SHTpPONMENH (CTENEHbIO HEOIpPEIeIEHHOCTH)
COCTOSIHUSI CHCTEMBI, YeM BBIIIE OIMPEIEIIEHHOCTh COCTOSHHS CHCTEMBI (MEHBIIE SHTPOMHS), TEM
MeHbIIe HHPOPMALUU MBI TIOJTYYUM, U3ydas (JUarHOCTHPYS) 3Ty cUCTeMy (O Hel M Tak MOYTH BCe
W3BECTHO).

OHTponus (CTEeNeHb HeolpeeseHHOCTH) cucteMbl no llleHHOHY (pa3paboTyuk Teopuu

uH(popMaLun) HaXOJISIT 1o (bopMyJIe‘
H(A)= ZP(A.) log ———=-> P(A)-logP(A),
P( A ) =
rae H(A) — sutponus cuctemsr A; P(A;j) — BeposTHOCTB Aj COCTOSIHUSI CHCTEMBI A.

KonuyectBo wuHbOpManuu omnpenensercs Kak pa3HOCTh HHTPONUU CHCTEMBI B 2-X
Pa3IMYHBIX COCTOSIHUSIX:
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J= H(Aj_) - H(Az),
rne J — koimyectBo nHpopmanuu, H(A;) — suTponus 1-ro cocrostausi, H(Az) — sHTpOnHS
2-TO COCTOSIHMSI CUCTEMBI.
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4.3. JlabopaTopHbie padoThI

Buo
3aHamus 6
Ao Homep ) Obven uHmepaKmm;vnoﬁ,
W pazoena Haumenosanue nabopamopnoii padomot (wac.) AKMUGHOI,
oucyunIunbl UHHOBAUUOHHOU
dopmax,
(uac.)
1 1. ABTOMaTHU3UPOBAHHBII JIOTHKO- 3 PaGora B ManbIx
BEPOATHOCTHBIN pacuer HAJIC)KHOCTH rpymmax (1)
MapajuleNIbHO TOCJIEIOBATEIbHBIX CTPYKTYP
TEXHUUYECKUX CHCTEM
2 1. ABTOMaTHU3UPOBAHHBII JIOTHKO- 3 PaGora B ManbIx
BEPOATHOCTHBIN pacuer HAJEKHOCTH rpynnax (1)
MOCTHKOBBIX CTPYKTYP TEXHHYECKHX CHCTEM
3 1. ABTOMAaTU3UPOBAHHBIN JIOTUKO- 3 Pabota B Manbix
BEPOATHOCTHBIN pacuer HAJIC)KHOCTH rpymmnax (1)
TUTIOBBIX CTPYKTYP TEXHUYECKUX CUCTEM
4 2. ABTOMaTHU3UPOBAHHBIN JIOTHKO- 3 Pabota B manbix
BEPOATHOCTHBIN pacuer HAJICKHOCTH rpynnax (1)
TEXHUYECKHX CUCTEM C KOMOMHHPOBAHHOU
CTPYKTYpOM
HUTOro 12 4
4.4, TlpakTH4ecKue 3aHITHA
Buo
3aHaAmus 6
N Homep ) Obvem unmepakmuevnoﬁ,
n/n pasoeﬂa Haumenoeanue mem npaKmu4ecKux 3anamuu (uac.) AKmueHou, )
OuCyuUnIUHbL UHHOBAUUOHHOU
dopmax,
(uac.)
1. Wutepnossinus B cucreme Matlab 6 Pabota B ManbIx
rpymmax (2)
2. Ornpenenenne TMHAMUYECKIX 3 Pabota B Mmanbix
XapaKTePUCTHK aBTOMAaTHYECKOTO rpymmax (1)
yIpaBJIeHUS.
2. AHanu3 ¥ CUHTE3 aBTOMaTHYECKOTO 3 PaGota B ManbIx
yIIpaBJICHUS rpymmax (1)
HUTOIo 12 4

4.5. KoHTpo/1bHbIe MEPONIPUSITHSA . KYPCOBOI MPOEKT (KypcoBasi paboTa), KOHTPOJIbHAs

padora, PI'P, pedepar

Yuebnvim nnanom ne npedycmompero.
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5. MATPAIIA COOTHECEHUSA PA3JIEJIOB YYEFHOM JUCIATIIMHBI K ®OPMUPYEMbBIM B HUX
KOMIIETEHIHUAM U OEHKE PE3YJbBTATOB OCBOEHUA JUCHUIIJIMHBI

Komnemenyuu Komnemenuyuu
Ne, Haumenoé Kon-60 IIK > Buo Ouenka
Pazoenoe OuCUUNIUHbL wacoe KOMIL. tcp’ uac .V"eﬁ’"’vf pe3yibmamos
5 3auAmuil
1 2 3 4 5 6 7 8

1. Unentudukanus cucteM yrpaBieHUs 54 + + 2 27 JIx, JIP, 113, 3AYET
CpPC

2. TexHuueckast TMAarHOCTUKA CUCTEM 54 + + 2 27 JIk, JIP, 113, S3AYET
CpPC

6cezo uacoe 108 54 54 2 54
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6. INEPEYEHb VYYEBHO-METOJAMYECKOI'O OBECHEYEHUA JJIA
CAMOCTOSATEJBHOM PABOTBI OBYUAIOIIUXCS IO JUCIHUIIJINHE

1. 'nymenko, I1. B. Texuunueckas nuarHoctrka. MojienupoBaHue B AMarHOCTUPOBAHUU U
MIPOTHO3UPOBAHUHN COCTOSIHHUSI TEXHHUECKHX 00BEKTOB : yueOHoe nmocodbwue / I1. B. I'mymenko. -
Mocksa : By3osckas kaura, 2004. - 247 ¢

2. JIysrun, B. B. Metoasl nieHTUPUKAIMHA U TUATHOCTUKU TIPOMBIIIUICHHBIX O0OBEKTOB :
monorpadus / B. B. Jlysrun, A. JI. YabsHaoB. - bparck : bpl'Y, 2017. - 146 c.

3. AnekceeB, A. A. nenTudukanus 1 TMarHoCTHKa CUCTEM : yueOHUK / A. A. Anekcees, 0. A.
Kopo6aes, M. 0. Llecronanos. - Mocksa : Axkagemus, 2009. - 352 c.

/. IIEPEYEHb OCHOBHOM ¥ JONOJHHUTEJIBHOW JHUTEPATYPBHI,
HEOBXOJIMMOMU J1JIA OCBOEHUA JUCHUITJINHBI

Buo Koauuecmeo
N Haumenosanue us0anus 3a::l;z- IKzemnaapos | Obecneuen-
é HOCMb,
MUA | guonuomere, | (3k3./ ueun.)
IT.
1 2 3 4 5
OcHoBHas IuTEparypa
1 l'onoropckuid, E. I'. DkcrutyaTanus 1 peMOHT
000pyI0BaHUS MPEANIPUIATUN CTPORUHTYCTPHH :
yuebnuk / E. I'. 'onoropckuii, A. U. louenko. - 2-e JIk, T13, 29 1
u3., nepepad. u goim. - Mocksa : BACTET, 2016. - JIP,CPC
504 c. - (Bricuiee npodeccuoHanbHOEe 00pa3oBaHUE:
OakajaBpuaT, CICIIHAIHTET).
2 Manxkun, B.C. TexHuueckas JUarHoCTHKA [ DIEKTPOHHBIH
pecypc] : yueoHnoe nocooue / B.C. MankuH. — DJIEKTPOH. Hlel:[ 3, p 1
nan. — Cankr-IletepOypr : Jlaup, 2015. — 272 ¢. — Pexxum CPé
nocryna: https://e.lanbook.com/book/64334.
JlonoJIHUTe/IbHASA JIUTEpPaTypa
3 JnarsHoctrupoBaHue THAPOUMINHAPOB IMOTbEMHO-
TPaHCHOPTHBIX, CTPOUTENBHBIX U JTOPOKHBIX MAILIWH 3. 1P
10 TTapaMeTpaM HeCyIIe ClTOCOOHOCTH : cPC | 65 1
Metonudeckue ykazanwus / 1. FO. Ko63oB [u np.]. -
Bpatck : bpl'VY, 2009. - 24 c.
8. HEPEYEHD PECYPCOB NH®POPMAIMOHHO -

TEJEKOMMYHUKAIIMOHHOM CETH «AHTEPHET» HEOBXOJIAMBIX
11 OCBOEHMS JUCIUTIINHBI

1.OnexkTpoHHbIN Karajor oubnmorexu bpl'y
http://irbis.brstu.ru/CGl/irbis64r_15/cgiirbis_64.exe?LNG=&C21COM=F&I21DBN=BOOK&P21
DBN=BOOK&S21CNR=&Z211D=.

2. DnextpoHHas oubnuoreka bpl'yY

http://ecat.brstu.ru/catalog .

3. DnekTpoHHO-OMONMOTEYHas  cucTeMa  «YHHBepcHTeTcKas  Oubnuoreka  online»
http://biblioclub.ru .

4. DnexTpoHHO-OMbIMoTeuHas cuctema «M3narenbeTBo «JIaHb»

http://e.lanbook.com .

5. Nudopmamnmonnas cucremMa "EnmHoe OKHO JocTyma K oOpa3oBaTelbHBIM pecypcam”
http://window.edu.ru .

6. Hayunas snextponnas 6ubnuoreka eLIBRARY.RU http://elibrary.ru .

7. YuuBepcuterckas  wumHpopmamwonHas cucrema POCCUA (YUC  POCCHUA)
https://uisrussia.msu.ru/ .
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8. HanmonanpHas snexkTponHast oubiamorexka HOb
http://xn--90ax2c.xn--plai/how-to-search /.

9. METOIMYECKHUE YKA3AHHUS JUIS OBYYAIOIIUXCSA 1O OCBOEHUIO
TACIHATITAHBI

I[aI-OTCH PEKOMEHAAIHHU ITPU ITOATOTOBKE K J'Ia60paTOpHBIM H IIPAKTUYCCKHUM pa60TaM.

9.1. Meroauyeckue YKa3aHUsl Uil OOyYAIOIIMXCH IO BbBINOJHEHHIO Ja00PATOPHBIX
padoT/mpaKkTHYeCKUM padoTram

JladopaTopuas padora Nel

ABTOMATU3UPOBAHHBIN JIOTHKO - BEPOSITHOCTHBIN pacyeT HAJe:KHOCTH Mapa/LIeJIbHO
MOCJIeJ0BATEIbHBIX CTPYKTYP TEXHHYECKHUX CHCTEM

[lenb paGoTHI:

N3yuuTh METOAMKY aBTOMATU3UPOBAHHOTO JIOTUKO-BEPOSITHOCTHOTO pacyeTa HaI€KHOCTH IS
pa3IMYHBIX MapauIeIbHO-MIOCIEA0BATEIbHBIX CTPYKTYP. ONpenenuTs pe3ynbTUPYIOMU
BEPOSATHOCTH 0€30TKAa3HOU pabOThI M IPYTrHe MOKa3aTean 0€30TKa3HOCTH 10 3aJaHHON
CTPYKTYpHOM cxeme.

3ajaHue:

1. C nomompro IIK moacuutars pe3ynbTHpyIOIME BOp [ KaXKIOM BBIIEICHHOMN
snemenTapuou [1I1C,

2. TlocTpouTh SKBUBAICHTHYIO CTPYKTYpHYIO CXEMY HAJEKHOCTH Ha BTOPOM YpOBHE U
BbIJIEJINTh CHOBA 31eMeHTapHble III1C, s koTophIxX Takke MoJ00paTh COOTBETCTBYIOIINE
BapuaHThl\Ecii Obl CTpyKTypHas cxema pacuera HaaexHoctu TC comepikana Oosbiice
KOJINYECTBO 3JIEMEHTOB, TO NOBTOPUTHh M.l M 2 10 TeX HOp, MOKa HE OCTAHEeTCS OAMH
HKBUBAJIEHTHBIN JIEMEHT, HaJIe)KHOCTh KOTOPOI'O0 COOTBETCTBYET HaJle)KHOCTH Beer TC;

3. Hcnonb3ys npuBeseHHbIE COOTHOLIEHUS JUIsl TIOKa3aTeneld 0€30TKa3HOCTH IpU MOCTOSHHON
MHTEHCUBHOCTH OTKAa30B, BBIYUCIUTH 3a ompeaeneHHoe Bpems t = 100- N, ocraibHble
HoKa3aTeau HaJeKHOCTU: BEPOATHOCTh OTKA30B; YACTOTY OTKa30B; HHTEHCUBHOCTh OTKA30B
U CPEJHIOI0 HapaOOTKy Ha OTKa3.

4. TlpoaHanu3upoBaTh YpPOBEHb TOJIY4YEHHOW pe3yibTupytomeid HaaexHocth TC u
IPEJJIOAKUTH BO3MOXKHBIE BAPHAHTHI €€ MOBBILLICHUS.

ITopsA 10K BBIOIHEHHUS:

1. 3apucoBaTh CTpyKTYpHYIO cxemy Hajie:kHOCTH TC B COOTBETCTBUU C PUCYHKOM, OOLIYIO JUISI
BCEX BapUaHTOB, MPOU3BECTH pa3douBKy Ha aneMeHTapHble [II1C, BBIAETUB UX MyHKTUPHON
JIMHUEHN, U IPOHYMEPOBATH;

2. TlonoOpaTh MO PUCYHKY COOTBETCTBYIOIME BAPUAHTHI IS BBIJENEHHBIX AJIEMEHTAPHBIX
II1C;

3. Hcxonnble naHHble Ui KaXJIOTO BapuaHTa HAMTH, MCIONB3Yys CIEIYIOLIUE YCIOBHBIC

COOTHOIIICHHUA:
Pi(I=1,2,..,20) = (0,60 +i/100) + 10-3 - N;
APi(i=1,2,..,20)=10-5-i-N,

rae N — Homep BapHaHTa COOTBETCTBYIOIIUN JBYM MOCIEIHUM IIU(PpaM HOMEpa 3a4ETKH;
| - HOMep >IIeMeHTa B CTPYKTYypHOU cxeme HajexxHocTn TC.
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CTpyKTypHBIE CXEMBI HaJI)KHOCTH AeMeHTapHbIX [1T1C
Popma OTYETHOCTH:
Otuer HaOupaeTcs Ha KOMIBIOTEpE M CHAE€TCs B IEYaTHOM BuAE. B oTdyere JOIKHBI
MPUCYTCTBOBATh:
1. Howmep Bapuanra

2. llenb paboTsl

3. 3amaunune

4. TlosTamHoe BBINOJHEHHE BCEX 33JaHUI BapuaHTa
5. BreBoa.

3aaHus Ui CaMOCTOSITEIbHOW PaOOTHI:
[TpenycMOTpEHbBI BapUaHTOM CTY/IEHTA.

PexoMmeHgalny Mo BRINOJTHEHUO 3aJaHUI U HOATOTOBKE K J'Ia60DaTODH01>i pa60Te
O3HaKOMHUTBCSI C TCOPCTUYCCKM MaTCpraioM, IMPEACTABICHHBIM B IICPBOM pPa3aciic }IaHHOfI
JUCHUITIIUHBI.

OcHoBHast muTeparypa
1. Tomoropckuii, E. TI. Oxkcruyaramuss W peMOHT OOOpYJIOBaHUS MpPEIIPUSTHIA
crpoitmaayctpuu : yaeonuk / E. I'. Tomoropckwii, A. U. JlonieHko. - 2-¢ u31., mepepad. u
noi. - Mocksa : BACTET, 2016. - 504 c. - (Beicuiee mpodeccnonansnoe oOpazoBaHue:
OakayiaBpuaT, CIIEIUAINTET).
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2. Mankun, B.C. TexHuyeckas AMarHOCTUKA [DNEKTPOHHBIA pecypc] : yuebuoe mocobue / B.C.
Mankun. — OnekrpoH. naH. — Cankr-IletepOypr : Jlanb, 2015. — 272 ¢. — Pexxum poctyna:
https://e.lanbook.com/book/64334.

JlomoHUTEIbHAS JTUTEPATypa
1. /IuarHocTHpOBaHHE T'MJIPOLMUIMHAPOB MOIBEMHO-TPAHCIIOPTHBIX, CTPOUTENBHBIX U
JOPOXKHBIX MAIKH 10 MMapaMeTpaM HECYIIeH CIOCOOHOCTH : METOAMYCCKUE yKa3aHHs /
J. 0. Ko630B [u ap.]. - bpatck : bpI'Y, 20009. - 24 c.

KOHTDOJIBHLIC BOITPOCHI AJI1 CaMOIIPOBCPKHU

1 Kakue nokazarenu Haaexxunoctu TC Bam u3BecTHbI?

2 Conepxanue (GyHKIIMOHAIBLHBIX ONEpaTopoB, BXoasAux B anroput™ JIBP nagexxnoctu TC?

3 Iousarue o Haaexxnoctu TC u o IIIIC. Yro nonumaercs noa snementapuoi [TIC?

4 Pacckakute O MOCTaHOBKE 3a7auu aBToMatuznupoBaHHoro JIBP nanexxunoctu I1I1C.

5 BeiBenuTe BBIpaXEHUE IS ONpeAesieHus pesynbrupytomeid BOp snementapuoit IIIC i-ro
BapHaHTa.

6 Conepxanue anropurma apromaruzupoBannoro JIBP nanexunoctu ITIC.

7 Iosicuute cxemy anroputma nporpamMmmbl NADP.

8 Kak mpoBepuTh NMpaBHIILHOCTH paOOTHI IPOTPAMMBI?

JlaGopaTtopnas padora Ne2
ABTOMATH3HPOBAHHBIN JTOTMKO-BEPOSITHOCTHBIH PacyeT HAAEKHOCTH MOCTHKOBBIX CTPYKTYP
TeXHHYEeCKHX CHCTEM
[{enb paGOTHI:
N3yunth MeToauKy aBToMatusupoBaHHoro JIBP HajexxHOCTH MOCTHUKOBBIX CTpYKTYp. OnpenenuThb
pE3yJIBTUPYIOLIUE II0KA3aTeIu HAJSKHOCTH IO 3aJlaHHOM CTPYKTYPHOH CXEME C MOCTHUKOBBIMHU
CTPYKTYpaMHu.

3angaHue:
JlaHa WM CcaMOCTOSITEIbHO COCTaBJIEHAa CTPYKTypHas cxema HaiexxHocTtu cioxkHoud TC.

CrpyKTypHas cxema HaJIe)KHOCTU COOTBETCTBEHHO COCTOMT M3 OOJIBLIOIO KOJIMYECTBA 3JIEMEHTOB C
M3BECTHBIMHU MCXOAHBIMH 3HAYCHUSIMHU BOp 1 HAOOpa 3JIeMEHTapHBIX MOCTHKOBBIX CTPYKTYD.
Tpebyercs ¢dopmanu3oBaTh C HcHojgb30BaHMEM OBM HaxoxaeHue pe3ylbTUpPYROIe
CTpYKTypHOU HaznexHocTu Takod TC, T.e. oOecneunTh €€ HaXOXJAECHHE B aBTOMATU3MPOBAHHOM
pexxume. CoorBercTBeHHO Takod JIBP Hane:xHOCTM Ha30BEM aBTOMATH3MPOBAaHHBIM M JUISL €rO
peanu3any HeoOX0IMMO COCTaBUTh AJITOPUTM U IIPOrpaMMy.
I1opAAOK BBINOJIHEHUS:
1 Pa36uth 3amanHyr0 CTpyKTypHyr0 cxemy TC Ha psa dSJIeMEHTapHBIX MOCTHKOBBIX
CTPYKTYpP U UX IIPOHYMEPOBATh.
2 TlocnempoBarenbHO TOMOOpATh JUIsl KaXKJAOW BBIJICIEHHOW 3JIEMEHTAPHON MOCTUKOBOM
CTPYKTYpHI L1erecoobpasublii Metos JIBP HanexxnocTu.
3 Beectu B OBM wu3BecTHble BOp BceX MATH 3IEMEHTOB Pi A KakIoW 3meMeHTapHOMN
MOCTHUKOBOM CTPYKTYpBI, @ TAKKE€ COOTBETCTBYIOIIMI IIar ©3MEHEHHs] BOp ITHUX 3JIEMEHTOB
A Pi. Kpome Toro, nocnenoBaTenbHO BBOAUTh B OBM HOoMep BapuaHTa, COOTBETCTBYIOIIUN
BbIOpaHHOMY MeToay JIBP HanexHocTH.
4 CuyutsiBath ¢ auciuies OBM 3HaueHus pe3yapTUpyoLeil BOp A Kax/10i 3JeMeHTapHON
MOCTHUKOBOM CTPYKTYpPBI, HAIIpUMEP, MUHUMAJIbHBIE, CPEAHUE U MAKCHMAJIbHBIC 3HAUCHHS.
5 CocTaBUTh 3KBUBAJIEHTHYIO CTPYKTYPHYIO CXEMY pacdeTa HaJeKHOCTH.

dopma OTYETHOCTH:
Otuer HaOWpaeTcss Ha KOMIBIOTEpE W CHAeTCs B IIEUYaTHOM BHAE. B oTdYeTe OIKHBI
IPUCYTCTBOBATH!

1. Howmep Bapuanra

2. llens paGoThl

3. 3amaunue

4. TlosTamHoe BBINOJHEHHE BCEX 33aHUI BapuaHTa
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5. BemBom.

3aaHus UL CAaMOCTOSATEILHOM pa0OTEL:
IIpenycMOTpeHBI BAPUAHTOM CTYICHTA.

PexoMeHmanMy 1O BBIIOJIHEHHUIO 3aJaHUM M IOANOTOBKE K jaboparopHoii pabore/ ceMuHapy/
[IPAKTUYECKOMY 3aHATHIO

O3HaKOMI/ITbCSI C TeOpeTI/I‘-IeCKI/IM MaTepI/IaJIOM, HpeI[CTaBJIeHHBIM B HepBOM pa:mene IIaHHOﬁ
JACIATIIINHEI.

OcHoOBHas uTepaTypa
1. Tomoropckuii, E. TI. Oxkcruyaramuss W peMOHT OOOPYAOBaHHS HPEANPUATHN
crporinaaycTpun : yueonuk / E. I'. Tonoropckwii, A. U. [lonienko. - 2-e u3a., nepepad. u
not. - Mocksa : BACTET, 2016. - 504 c. - (Bsicmiee nmpodeccnonanbsHoe 00pa3oBaHue:
OakajaBpuaT, CIICIIUAIHTET).

2. Mankun, B.C. TexHuyeckas IMardocTHKa [DJeKTPOHHbIH pecypc] : ydeOHoe mocobue / B.C.
Mankua. — OnekrpoH. naH. — Cankr-IletepOypr : Jlanp, 2015. — 272 ¢. — Pexxum poctyna:
https://e.lanbook.com/book/64334.

JlononHuTenpHas tuTeparypa
1. /JlmarHocTHpoOBaHHE THIPOLUUIMHAPOB MOIBEMHO-TPAHCIIOPTHBIX, CTPOUTENbHBIX U

JIOPOKHBIX MAIIMH TI0 TapaMeTpaM HeCYIIeH CIOCOOHOCTH : METOJMYECKHE yKa3zaHus /
J. 0. Ko6308 [u ap.]. - bpatck : bpI'Y, 2009. - 24 c.

KoHTpoabEHBIE BOIPOCHI JIUISL CAMOIIPOBEPKH

1 Ha3oBute kosmyecTBeHHbIE NTOKa3zaTenu 0e3oTkazHoctu TC.

2 Tlonstue o HagesxxkHoctu TC 1 0 2JIEMEHTapHON MOCTUKOBOM CTPYKTYpE.

3 CymHOCTb METO0/1a Pa3IoKEHHs 110 6a30BOMY HJIEMEHTY.

4 TlonsaTHe 0 METOJIe TIPeoOPa30BaHUS Y3IIOB CIIOKHON KOH(PUTYpAIUH.

5 Pacckaxute o JIBP HaneXHOCTH MOCTHMKOBBIX CTPYKTYp HpeoOpa3oBaHUEM: a) TPEyrojbHHMKa
AJIEMEHTOB B 3B€3]1y; 0) 3B€3/1bI 3JIEMEHTOB B TPEYTIOJIbHUK.

6 IlocranoBka 3a7aun aBTomMaTu3upoBanHoro JIBP Hajne:)xHOCTH MOCTHKOBBIXCTPYKTYD.

7 ConepxaHue anropurMa aBromatusupoBaHHoro JIBP Hafge:xHOCTH MOCTHKOBBIX CTPYKTYD.

8 ITosicaute cxemy nporpammsl NADM.

9 Kak oleHuTh NpaBUIbHOCTh PadOTHl IPOrpaMMBbl?

JlaGopaTopnas pagora Ne3

ABTOMATH3HPOBAHHBIN JJOTMKO-BEPOSITHOCTHBIH pacyeT HaeKHOCTH THUIOBBIX CTPYKTYP
TeXHUYECKHX CHCTEM.
[{enb pabOTHI:
N3yunTh METOUKY aBTOMaTH3MpoBaHHOro JIBP HasexkxHOCTH TUMOBBIX CTPYKTYp. OnpenennTh
PEe3yABTUPYIOIINE ITOKA3ATEIN HAIE)KHOCTH 110 33JaHHOU CTPYKTYPHOH CXEMe, CoAepKallen
pa3sHOOOpa3HbIE TUIIOBBIE CTPYKTYPHI.

3amaHue:
JlaHa WM CaMOCTOSITENIPHO COCTaBlIEHAa CTPYKTYpHas CXe€Ma HaJIe)KHOCTH, COCTOAIAs M3

OOJIBIIIOr0 KOJMYECTBA DJIEMEHTOB HAJIEKHOCTH C M3BECTHBIMH HCXOJHBIMH 3HAYEHHUSMHU BOD.
['pynnupoBKa 3J€MEHTOB pacueTa HaJECKHOCTH CTPYKTYPHOM CXEMBI MPUBOIAUT K Pa3IudHbIM
TUIIOBBIM CTPYKTYpaM.

Tpebyercs ¢dopmanuzoBaTte ¢ ucnoinb3oBaHueM OBM HaxoXIeHHE pe3ylbTHPYIOIIeH
HaznexHoctu TC, T.e. obecrieunTh ee HaxOXJAEHUE B aBTOMAaTU3UpPOBaHHOM pexxkume. Takoi JIBP
HAaJKHOCTH TUIIOBBIX CTPYKTYp Ha30BEM aBTOMATH3UPOBAHHBIM M JUISl €70 PEaTU3alMi COCTaBUM
QJITOPUTM U NIPOTrpaMMy.

ITopsIAOK BBINOJHEHUS:
1 Pa30ute 3aJaHHYIO CTPYKTYPHYIO CXeMY Ha psJ THUIOBBIX CTPYKTYp, HUX BBIACTUTH H
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IIPOHYMEPOBATh.
2 [ocnenoBareabHO MOAOOPATH I KaX/10H BBIICICHHOM THIIOBOM CTPYKTYPbl HOMEp BapUaHTA.
3 Beectn B OBM wucxonnbie 3HaueHus BOp Pi msaTu mnm mecTu 37I€MEHTOB U KaXIA0W TUIIOBOU
CTPYKTYpHI, a TAK)KE€ COOTBETCTBYIOLIUH IIar u3MeHeHust BOp APi 3Tux 31eMeHTOB. 3aTeM BBECTH B
OBM u HOMEp BapuaHTa, COOTBETCTBYIOIIUM TUIY OUYEPETHOMN BbIICICHHOW TUIIOBOM CTPYKTYPHI.
4 CuutsiBaTh ¢ auciuiess OBM 3HaueHus pe3ynbTUpyolel BOp s KaX10il TUIIOBOW CTPYKTYpBHI,
HalpuMep, MUHUMAaJIbHbIE, CPETHUE U MAKCUMAJIbHbIE 3HAUECHUSI.
5 CocraBUTh SKBHUBAICHTHYI) CTPYKTYPHYIO CXEMY HAQJCKHOCTH, HWCXOJHBIC 3HAUYCHHUS BOp
3JIEMEHTOB B KOTOPOH B35ITh COrJIacHo 1. 3.4.4 JaHHOTO aJIrOPUTMA.
6 Ilpoananu3upoBaTh MOJYYEHHBIA pPE3yJAbTAaT B Clydae, €CJIM OCTaJCsA OJIMH SKBUBAJICHTHBIN
9JIEMEHT, WM MoBTOpATH . 3.4.1 - 3.4.5 nmo Tex mop, Moka He OynaeT HalaeHa HCKoMas
PE3YNBTUPYIOIIAS HAJIEKHOCTh BCEH CXEMBI.
PopMa OTYETHOCTH:
Otuer HaOupaeTcss Ha KOMIBIOTEpE H CHACTCA B TIEYaTHOM BHUAC. B oT4eTe JOIKHBI
IIPUCYTCTBOBATH:

1. Howmep Bapuanra

2. llenb paboThl

3. 3amanue

4. TlosTamHoe BBHINOJIHCHHE BCEX 3aJaHMi BApHaHTa
5. BeBog.

BaﬂaHI/Iﬂ JUISL CaMOCTOSITCILHOMN Da6OTI)I:
HpeHYCMOTpeHH BApHUAHTOM CTYJCHTA.

PexoMeH1a1inu 1o BEIMOJHEHUIO 3aJaHUi U IOATOTOBKE K J1a00paToOpHOU paboTe
O3HaKOMUTBCA C TEOPETUYECKUM MaTepHaJIOM, MPEACTABICHHBIM B BTOPOM pasjieie JaHHOU
JIUCLIUILINHEL.

OcHoBHast TuTepaTypa
1. Tonoropckumii, E. I'. DOxcrulyatauuss U peMOHT OOOpYyIOBaHUS MpPEANPUATUI
ctpoituaayctpuu : yuebnuk / E. I'. Tomoropckuii, A. U. Jlonienko. - 2-e u3., nepepad. u
nom. - Mocksa : BACTET, 2016. - 504 c. - (Beicuiee npodeccronanbsaoe 00pa3oBaHue:
OakayiaBpuaT, CIICIIUAINUTET).

2. Mankun, B.C. TexHuyeckas IMarHocTHKa [DJeKTpoHHbIH pecypc] : ydeOHoe mocobue / B.C.
Mankua. — OnektpoH. naH. — Cankr-IletepOypr : Jlanb, 2015. — 272 ¢. — PexxuMm goctyna:
https://e.lanbook.com/book/64334.

JlonmonHuTenpHas TUTEpaATypa
1. /JImarHocTHpOBaHHE THIPOLUUIMHAPOB MOIBEMHO-TPAHCIIOPTHBIX, CTPOUTENBHBIX U
JIOPOKHBIX MAIIMH M0 TapaMeTpaM HeCyIel CIOCOOHOCTH : METOJIUYECKHE YKa3aHus /

J. }O. Ko630B [u ap.]. - bparck : bpI'V, 2009. - 24 c.

KOHTDOJ'II)HI)IC BOITPOCHI AJId CaMOIIPOBEPKHU

1 HazoBuTE TUIIOBBIE CTPYKTYPHI.

2 BriBenuTe BhIpaskeHUE AJIs OTPEeieNieHUs] pe3yIbTUPYIOIIei BOp i-ro BapuaHTa.

3 PacckaxuTe 0 MTOCTaHOBKE 3a/1a4l aBTOMATU3UPOBAHHOTO JIBP HameKHOCTH TUMIOBBIX CTPYKTYP.
4 CopeprkaHue anroputMa aBromaTuznpoBanHoro JIBP Haie’KHOCTH TUIIOBBIX CTPYKTYP.

5 losicaurte cxemy nporpammbel NADT. Kak onieHUTh MpaBUILHOCTD €€ paboThI?

6 [lepeuncnute BOZMOXKHBIE CIIOCOOBI MOBBIIICHUS HAICKHOCTH 33JaHHOU CTPYKTYPHI.

7 HazoBuTe noka3zaTesin 6€30TKa3HOCTU CUCTEM.

JlabopaTopnasi paGora Ne4
ABTOMATH3MPOBAHHBINA JIOTMKO-BEPOSITHOCTHBIM PacyeT HAJE/KHOCTH TEXHHYECKHX
CHCTEM ¢ KOMOMHMPOBAHHOM CTPYKTYPOM.

[{enb pabOTHI:
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N3yunTh METOANKY aBTOMAaTU3UPOBAHHOI'O JJOTUKO-BEPOSITHOCTHOTO pacyeTa HaJeKHOCTH
CHCTEM YIPAaBJICHUS C KOMOMHHUPOBAHHOM CTPYKTYpoil. HaydnThcsi COCTaBIATH CTPYKTYpPHBIE
CXEMBI pacyeTa HaJe)KHOCTH, OIIPEENIATh PE3yIbTUPYIOIINE TOKa3aTeu 0€30TKa3HOCTH 1
AQHAJIN3UPOBATh UX U3MEHEHUS.
3ajaHue:

[lo ¢QyHKOMOHATFHOW CXeMe aBTOMAaTH3allihd COCTaBISIETCS CTPYKTypHas cxXema pacdera
HaaACKHOCTH PICCJ'IC,Z[yeMOﬁ CHUCTEMBI, COCTOdAINAasA, KaK IIpaBUJIO, H3 OOJIBIIIONO KOJIMYECTBA 3JIEMEHTOB
pacueta HAACKHOCTU C HU3SBCCTHBIMHU 3HAYCHUAMU B6p HCO6XOI[I/IMO MOJIy4YUTh PE3YJIbTHPYIOLINEC
IoKasatenn 0€30TKa3HOCTH B ABTOMATU3UPOBAHHOM PECIKHUMCE.

I1OpsAOK BBINOJHEHUS:

1 Pa30uth 001IyI0 CTPYKTYpY CHUCTEMBI Ha 3JIEMEHTapHbIE CTPYKTYpHI, cocTosmue u3 5-6
3IIEMEHTOB C YUETOM PEaIbHBIX HHKCHEPHBIX COOOpaKeHUIA;

2 Pacnio3HaTh TUIT KaX0U BBIJEICHHON 3JIEMEHTAPHON CTPYKTYpPbl U3 YKCIIA MApAIIIEIBHO -
IIOCJIE0BATENbHBIX, MOCTUKOBBIX WJIM TUIIOBBIX CTPYKTYP;

3 CBepHYTH KaXIYIO 3JIEMEHTAPHYIO CTPYKTYPY € MOJIyYEHUEM Pe3yIbTHPYIOIEl BOD;

4 CocTaBUTh HOBYIO 3KBUBAJIEHTHYIO CTPYKTYPHYIO CXEMY, B KQUE€CTBE 3JIEMEHTOB KOTOPOH
BBICTYIIAIOT BBIICJICHHBIE PAHEE 3JIEMEHTAPHBIE CTPYKTYPHI;

5 3areM 1O aHAJOTMU BCE MOBTOPUTH Ha CIEIYIOIIEM YPOBHE U TaK CBOpAaYMBaTh 1O TEX
nop, Toka He OyJeT HaliieHa pe3ylbTUPYIOIlas BEPOITHOCTh 0e30TKa3HON pabOThl BCEil CHCTEMBI
yIpaBieHUs.

PopMa OTYETHOCTH:
Otuer HaOupaeTcs Ha KOMIIBIOTEpE M CHAETCA B IE€YaTHOM BuAe. B oTdyere JOKHBI
MIPUCYTCTBOBATh:

1. Howmep Bapuanra

2. llenb paboThl

3. 3anmanue

4. TlosTamHoe BBIOJHEHHUE BCEX 3aaHUN BapuaHTa
5. BeBog.

BaﬂaHI/Iﬂ JUISL CaMOCTOSTCILHOMN Da6OTI)I:
HpeHYCMOTpeHH BApHUAHTOM CTYJACHTA.

PexoMeHaanmu 1o BBIMOIHEHUIO 33/JaHUH ¥ MOATOTOBKE K JIabopaTopHOii paboTe
O3HaKOMUTBCA C TEOPETHYECKUM MaTepualioM, MPEACTaBICHHBIM BO BTOpPOMpa3ieiie JTaHHOU
JUCITUTIAHBI.

OcHoOBHas nuTeparypa
1. Tonoropckmii, E. I. DOxcruyatauuss U peMOHT OOOpYyIOBaHUS MpPEANPUATUI
ctpoitmaayctpuu : yuebuuk / E. I'. Tomoropckuii, A. U. [louieHko. - 2-e u3., nepepad. u
nom. - Mocksa : BACTET, 2016. - 504 c. - (Beicuiee npodeccronansuoe 00pa3zoBaHue:
OakayiaBpuaT, CIICIUAINUTET).

2. Mankun, B.C. TexHuyeckas IMarHocTHKa [DJeKTpoHHbIH pecypc] : ydeOHoe mocobue / B.C.
Maunkua. — DnektpoH. naH. — Cankr-IletepOypr : Jlanb, 2015. — 272 ¢. — PexkuMm gocTyna:
https://e.lanbook.com/book/64334.

JlononHuTeNbHAS TUTEPATYpa
1. /ImarHocTHpoBaHHE T'MJIPOLUIMHAPOB MOJBEMHO-TPAHCIIOPTHBIX, CTPOUTENbHBIX U
JOPOKHBIX MAIIMH MO TlapaMeTpaM Hecylleld CIIOCOOHOCTH : METOJIWYECKUE YKa3aHUs /
J. ¥O. Ko6308 [u ap.]. - bparck : bpI'VY, 2009. - 24 c.

KOHT]:)OJ'IBHBIG BOIMPOCHI 1JI1 CaMOIIPOBEPKHU

1 Conepxanue anropurma aBroMaruzupoanHoro JIBP nagexuoctu TC.

2 IlonsTue o HapexHoctu TC u MeTOAax €€ MOBBILIEHUS.

3 Kak CcOCTaBIAIOT CTPYKTYPHYIO CXEMY pacyeTa HaJe)KHOCTH?

4 TosicHuTe cxeMy IManoroBoro Bzaumojencteus ¢ 9BM B npornecce aBToMatuzupoBanHoro JIBP
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Hanexuoctu TC.
5 Iosicaute cxemy nporpammel NADSU
6 Kak orieHuTh MpaBUILHOCTH Pa0OTHI TPOTPaAMMBI?

IIpakTHyeckoe 3aHsaTue Nel

HuTepnoasinus B cucreme Matlab
[lenb paGoTHI:
[TomyunTh aHAIMTHYECKOE BhIpaXXeHNE (PYHKIIMOHAITBHON 3aBUCUMOCTH OT apryMEHTa, 3aIaHHOTO
AHATUTUYCCKU WIIH TPadUuKOM.

3amanue:
1. Tlo3HaKOMHUTBCS C OCHOBHBIMH METOAaMU HHTEpIosInuu B cpene Matlab

ITopsA 0K BBIOIHEHHUS:
W3 npusnoxeHuid BeIOpaTh TaOJIMYHBIC 3HAYCHHUS WIM MOJMYYUTh M3 TpapUKOB M PELIUTH 33aqady
MHTEPIIOJISALIANA OJHUM U3 MeTO0B. [lony4unTs pe3ynbTaT 1 COCTaBUTh OTYET.
PopMa OTYETHOCTH:
Otuer cpaercs B IEYaTHOM BUAE. B oTueTe NOJKHBI IPUCYTCTBOBATD:
1. Ilens paboTsl
2. 3amanue
3. TlosramHoe BBHIMOTHEHHE BCEX 33aHUI BapuaHTa
4. Brison.

3ajaHus JUIs CaMOCTOSITeJIbHOW PabOThI:
IIpenycMOTpeHBI BAPUAHTOM CTYICHTA.

Pexomenanuy no BBITOJIHEHUIO 3aJaHUH M NOJTOTOBKE K IPAKTHYESCKOMY 3aHSITUIO
O3HaKOMUTBCSI C TEOPETHUUYECKUM MAaTEepUaJIOM, MPEACTaBICHHBIM B TIEPBOM paszjeie JTaHHOU
JYCHUIIINHEL

OcHoBHast TuTepatypa

1. Tonoropckmii, E. I. Dxkcruyatauuss ¥ peMOHT OOOpYIOBaHUS NIPEINPUITUN
crpoitmaayctpuu : yueonuk / E. I'. Tomoropckwii, A. U. JlonieHko. - 2-¢ 3., mepepad. u
nor. - Mocksa : BACTET, 2016. - 504 c. - (Bsiciiee mpodeccnonansnoe o0pa3oBaHue:
OakanaBpuaT, CIICIIUAIHITET).

2. Mankun, B.C. Texnuyeckas IMarHOCTHKA [DNeKTpOHHbIA pecypc] : yuebHoe mocobue / B.C.
Mankun. — OnektpoH. naH. — Cankt-IletepOypr : Jlanb, 2015. — 272 c. — Pexxum poctyna:
https://e.lanbook.com/book/64334.

JononHurensHas IuTeparypa

1. JlmarHOCTUpOBaHHWE THAPOIMIMHAPOB TOIBEMHO-TPAHCIIOPTHBIX, CTPOUTEIBHBIX H
JOPOKHBIX MAIlIMH MO MapaMeTpaM Hecylleld CIOCOOHOCTH : METOJIUYECKUE YKa3aHHs /
J. }O. Ko630B [u ap.]. - bparck : bpI'V, 2009. - 24 c.

KoHTpoJabHBIE BOIPOCH! JJIS CAaMOIIPOBEPKH

1. Yto Takoe nHTEepHOIALHUS?

2. Kakoe npumeHeHne MoxxeT uMeTh uHTepronsauus B ACYTII?

3. U3 xakux JeHCTBUM COCTOUT KOMIBIOTEPHAs TEXHOJIOTHS HHTEPIIOSIUN?
4. Korga MOXHO TPUMEHSITh TOJTMHOMHUAIIBHYIO HHTEPIOJISNIO?

IIpakTuuyeckoe 3ausiTue No2
Onpenenenue TUHAMUYECKUX XaPAKTEPUCTHK ABTOMATHYECKOI0 YIIPaBJIeHHS.

[{enb pabOTHI:

Onpenenutb TUHAMUYECKHE XapaKTEPUCTHKU O0BEKTa YIIPaBICHHUS.
3ajanue:
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JluHaMuueckre XapakTepUCTUKM CHHUMAJIWCh [0 KaHaly JaBJCHUsS Ha JIMHUM, KOTOpPOE
PEryInupoBalIOCh MyTEM U3MEHEHHS X0/a PEryIupyolIero oprasa.

N3mepenns npousBoaniv myTtéM nepemenieHusi PO B NpOLEHTHOM COOTHOIICHUH.

ITopsAI0K BBINOJHEHUS:

1. OToOpaskeHue aHATM3UPYEMbIX JaHHBIX B rpaQuecKoM BUJE.

2. IlocTpoenuie KpUBOIl 1Jisi paccMaTPUBAEMOM 3aBUCUMOCTH.

3. AHanu3 NoJiy4eHHON KPUBOM JIsl pacCMaTPUBAEMOI 3aBUCUMOCTH.

4. BeiBoBI O TIpO/IETIaHHOM paboTe.

PopMa OTYETHOCTH:
Otuer cpaercs B Ie4aTHOM BUZE. B oT4eTe NOIKHBI IPUCYTCTBOBATH:
1. Iens paboTsl
2. 3ananue
3. TlosramHoe BBINOTHEHNE BCEX 33aHUI BapuaHTa
4. 3akioueHue.

3ajaHus JUIs CaMOCTOSITEJIbHOW PabOThI:
IIpenycMOTpeHBI BAPUAHTOM CTYICHTA.

Pexomennanuu no BBITOJIHEHUIO 3aJaHUH M HOJTOTOBKE K IPAKTHYESCKOMY 3aHSITUIO
O3HaKOMUTBCSI C TEOPETUUYECKMM MAaTE€pUAJIOM, IPEIACTABICHHBIM BO BTOPOM pazjeiie JaHHOU
JYCHUIIINHEL

OcHoBHast TuTeparypa
1. Tonoropckmii, E. TI. DOkcruyatauuss W peMOHT OOOpYyIOBaHUS MPEANPUATUI
crpoiinnayctpu : yaeonuk / E. I'. Tonmoropckwuii, A. U. lonenko. - 2-e u3n., nepepad. u
noi. - Mocksa : BACTET, 2016. - 504 c. - (Bsiciee npodeccnonansnoe o0pa3oBaHue:
OakanaBpuaT, CIICIIHAIHTET).

2. Manxun, B.C. TexHuueckas IUarHOCTHKAa |[DJIEKTpOHHBIH pecypc]| : ydeOHoe mocobue / B.C.
MankuH. — OnektpoH. naH. — Cankt-IletepOypr : Jlanb, 2015. — 272 c. — Pexxum poctyna:
https://e.lanbook.com/book/64334.

JlononHuTenpHas 1uTeparypa
1. /ImarHocTHpoBaHHE T'MJIPOLUIMHAPOB MOJBEMHO-TPAHCIIOPTHBIX, CTPOUTENbHBIX U

JOPOKHBIX MAIlIMH MO MapaMeTpaM Hecylleld COCOOHOCTH : METOJIWYECKUE YKa3aHHs /
. ¥O. Ko6308B [u ap.]. - bparck : bpI'VY, 2009. - 24 c.

KOHTDOJ'II)HI)IC BOITPOCHI AJId CaMOIIPOBEPKHU

1.Yto Takoe qUHAMHUYECKHUE XapaKTEPUCTUKU 00bEKTa yIpaBIeHUs?
2. Kak omnpenensercst NpaBUIbHOCTb NOJYyYEHUS] JTMHAMUYECKUX XapaKTEPUCTHK?

IlpakTuuyeckoe 3ausiTue Ne3
AHAJIW3 ¥ CHHTE3 ABTOMATHYECKOT0 YIIPABJICHUS.

[{enb pabOTHI:

W3yuenus yClIOBHI 3KCIUTyaTalllN YK€ IIOCTPOCHHBIX CUCTEM aBTOMATHYECKOTO YIIPABIIEHUS, TaK
KaK TOJIbKO Ha OCHOBAHUH TAKOTO M3YYEHHUSI MOXKHO MPABUIIbHO C(HOPMYITUPOBATh KOJIMYECTBEHHBIE
OILICHKH, KOTOPbIE MOT'YT OBbITh MCIIOJIb30BaHbI B IPAKTUKE MPOEKTUPOBAHUS U pacyeTa HOBBIX
CUCTEM.

3ajaHue:

B kadectBe 00bBeKTa MCCIEIOBAHUS BBICTYHNAIOT JHHEWHBbIE (JIMHEAPH30BAHHBIEC) TUHAMUYECKHE
CTallMOHApHBIE CUCTEMBI YIPABIEHUS C OJHUM BXOJOM M OJHHMM BBIXOJAOM. IIpm 3TOoM MoOznens
onHoMmepHoil CAY 3amaHa B BuAE KOMIUIEKCHOH mepenaToyHOM (YHKIMH, 3aMMCAaHHOW Kak
OTHOILIEHHE ITOJINHOMOB

I1OpsAOK BBINOJIHEHUS:
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1. [TomyuuTs IepeaTouHy0 GYHKIIMIO PA30MKHYTOM CUCTEMBI.
2. Iloay4uTh nepeaTouHyko (QYHKIMIO 3aMKHYTOH CHCTEMBI.
3. Onpenenuth NOIIOCA U HYJIN NEPEAATOUHBIX (DYHKIUH.
4. IToctpouTts rpaduku NepexoaHON QyHKIHH.
5. IlocTpouts norapupmMuyecKrie 4aCTOTHbIE XapaKTEPUCTUKH.
6. ITocTpouts yacToTHBIN ronorpad HaiikBucra.
Popma OTYETHOCTH:
Otuer cpaercs B I€YaTHOM BUJE. B oTueTe N0JKHBI IPUCYTCTBOBATD:
1. Ienb paboTsl
2. 3ananue
3. TlostanHoe BBINOJHEHHE BCEX 33aHUIN BapuaHTa
4. 3akiouyeHHue.

3agadus Ul CAaMOCTOSATEILHOM pa0OThL:
[TpemycMOTpEHBI BApUAHTOM CTYJICHTA.

PexoMeH1aliiu 10 BEIMOJHEHHUIO 3aJJaHUH U MOJATOTOBKE K IMPAKTHYECKOMY 3aHSIITHIO
O3HaKOMUTBCA C TEOPETHUYECKMM MaTepHualioM, MPEICTaBICHHBIM BO BTOPOM pasielie JAaHHOU
JIUCILIUILINHEL.

OcHoBHast TuTepaTypa
1. Tonoropckumii, E. I'. DOxcruyatauuss U peMOHT OOOpYyIOBaHUS MNPEANPUATUI
ctpoitmnayctpuu : yuebnuk / E. I'. T'omoropckuii, A. U. [louenko. - 2-e u31., nepepad. u
nom. - Mocksa : BACTET, 2016. - 504 c. - (Beiciiee npodeccronansuoe o0pa3oBaHue:
OakajaBpuaT, CIICIIUAIHTET).

2. Mankun, B.C. TexHuueckasd QuarHocTHka [DIeKTpoHHBIH pecypc] : ydeOHoe mocobue / B.C.
Maunkua. — OnektpoH. naH. — Cankr-IletepOypr : Jlanp, 2015. — 272 ¢. — PexkuMm goctyna:
https://e.lanbook.com/book/64334.

JlonmonHuTenpHas tuTeparypa
1. JlmarHocTHpOBaHHE THIPOLUUIMHAPOB MOIBEMHO-TPAHCIIOPTHBIX, CTPOUTENbHBIX U

JOPOKHBIX MAIIIMH TI0 TlapaMeTpaM Hecyleld CIIOCOOHOCTH : METOJIWYCCKUE YKa3aHUs /
J. 1O. Ko630B [u ap.]. - bpatck : bpI'Y, 2009. - 24 c.

KoHTpOoJabHBIE BOIPOCH! JJIS CAaMOIIPOBEPKH

1. IToxyunTs nepenaToyHyto GyHKIHMIO PA30MKHYTOMH CHCTEMBI
2. [lonyunTs nepeaaTouHyo (PyHKIHIO 3aMKHYTONH CUCTEMBI.
3. Onpenenuth NOIOCA U HYJIM NEPeAaTOYHBIX (PYHKIUI.

4. IocTpouTh rpa@uKu NEPEeXOTHBIX (QYHKIIHIM.

5. IlocTpouts norapupmMuyeckre 4aCTOTHbIE XapaKTEPUCTUKH.
6. IToctpouts yacToTHBIN ronorpad HaiikBucta 1 pyHKuumii.

10. IEPEYEHb HH®OPMAIIMOHHBIX TEXHOJIOT U, UCMOJIb3YEMBIX ITPU
OCYHIECTBJIEHUU OBPA30OBATEJIBHOI'O NPOLECCA IO JUCHUIIJINHE

NudopmannonHo-kommyHnukanuonnsle Texnonorun (MKT) — mpenonaBarens HCoib3yeT

pIRIE

b HOJ'Iy‘IeHI/IH I/IH(l)OpMaIII/II/I HpI/I IIOATrOTOBKE K 3aHATHUAM,

o CO31aHus MPE3CHTAINOHHOTO COITPOBOKACHU A HCKHI/Iﬁ;

hd I/IHTepaKTI/IBHOFO O6H1€HI/I$[;

. OC Windows 7 Professional;

. Microsoft Office 2007 Russian Academic OPEN No Level ;

. AHTHBHpYCHOE nporpaMmHoe obecrieueHne Kaspersky Security
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11. OMUCAHHUE MATEPHUAJIBHO-TEXHUUYECKOM BA3bI, HEOBXOJIUMOM

JJIS1 OCYIIECTBJIEHUSA OBPA3OBATEJIBHOI'O ITPOLECCA ITO JUMCIUITJIMHE

Buo Haumenosanue Ilepeuenv ocnosnozo
3auamus ayoumopuu iﬁopydoeauuﬂ N JIP wau 113
1 2 3 4
JI3 JIeKInOHHbIHI - -
KaOMHET/IUCIUIEHHBII
KJacc
JIP JleKunoOHHBII [TepconanbHbIe JIP 1-10
KaOMHEeT/ U CTUICHHBIN KOMIIBIOTEPHI
KJacc
I13 JlexumoHHBIN IlepconanbHble I13 1-3
KaOMHET/IUCIUIEHHBII KOMITHIOTEPBI
KJacc
CP 433 - -
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IMpunoxenne 1

®OHJ OHEHOYHBIX CPEJNCTB JIJI5 IPOBEAEHWA
[TPOMEXYTOUYHOUN ATTECTALIMN OBYUAIOIIINXCA 11O JUCLHUIIJIMHE

1. Omnucanue GoH/Ia OIICHOYHBIX CPEICTB (TIACTIOPT)

Ne
KOMIIET JuemenT Paznen Tema DPOC
JU— KOMIIeTEeHIIUH
Croco6HOCTE 1. 1.1. AHaTHuTHYECKUH MetoJ | Bopoc k
BBITIOJIHSATh Unertudukamus | uaeHTHQUKAITUT 3a4ery.
SKCIIEPUMEHTBI Ha | CUCTEM 1.3. Wnentudukanus | Bonpoc
NENUCTBYIOLIUX YIPaBJICHUS JTUHAMUAYECKOTO 0o0BEKTa | 3a4YeTy
0o0BeKTax o yIpaBiICHUS [0  UMITYJbCHOM
3a/IaHHBIM XapaKTEPUCTUKE
METOAUKaM " 1.5. Unentudukamuss  oObekTa | Bompoc k
TK-1 o0OpabaThIBaTh YIPaBJICHHS METOJIOM | 3a4eTy
pe3yabTaThl c pPErpecCUOHHOr0 aHajan3a
IPUMCHCHUEM 2. Texanueckas 2.1. UWepapxuss auarHoctuueckux | Bompoc k
COBPEMEHHBIX AarHOCTHUKA MoJieel 3a4eTy.
WH(OOPMAIMOHHBI | crcTeM
X 2.3. Maremaruueckasi moctanoBka | Bormpoc k
3a/1a4u TEXHUYECKOTO | 3a4eTy.
JMAarHOCTUPOBAHUS 00BEKTa
(cucteMsbl ynpaBlieHus)
Crnioco6HOCTH 1. 1.2. Merox Cumaro Bomnpoc
MIPOBOJIUTH Unentuduxanms 3a4ery.
BBIYMCIIUTEIIBHBIE | CHCTEM 1.4. Wnentudukanus | Bonpoc k
SKCIEPUMEHTBl  C | YIIPABJICHUS JTUHAMHAYECKOTO Oo0BEKTa | 3a4eTy.
KCIIOJIH30BaHUEM YIPABJICHHS YaCTOTHBIM METOJIOM.
CTaHJAAPTHBIX 1.6. MHWnentudukanms o0beKTOB | Bompoc k
MPOTrPaMMHBIX YIIPABJICHUS METOJ/IOM | 3a4eTy.
CPEICTB C LEJbIO KOPPEJSLIMOHHOTO aHAJIN3a.
[IK-2 | HOTyYeHus 2. Texuuueckas 2.2. Knaccudukanus oTka3oB Bormpoc
MAaTCMAaTHICCKNUX JUarHocTUKa 3a4eTy.
MoJereit CHCTEM
MIPOLIECCOB u
00BEKTOB
aBTOMAaTU3alMU U
yIpaBiaeHUS
2. Bompocsl k 3a4erty
Kommereruuu Ne 1 HaUMeHOBaHM e
Ne Bomnpocsl k 3a4ety B
w/m pasaena
Kon Onpenesenune
1 2 3 4 5
CrocoOHOCTh 1. AHaIUTHYECKUHI METOL
1 [K-1 | BPTOIHATE UACHTU(DUKAIIH 1.  Upentuduxanus
JKCIIEPUMEHTHI Ha | 2.  MneHTudukanus JUHAMUYECKOTO | CUCTEM YIPABICHUS
NENCTBYIOIINX 00BEKTa YIMpaBJI€HHs] IO HMITYJIbCHOMN
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00BEeKTax 0 | XapaKTEPUCTUKE

3a/IaHHBIM 3. Unentudukanus oObeKTa yrpaBiIeHUS
METOJIMKaM U | METOJIOM PErPECCHOHHOTO aHATN3a
o0pabartbIBaTh 1. Mlepapxus AMArHOCTHYECKUX MOJETIEH
PE3yNbTaThI c
NPUMCHCHHEM 2. MaremaTHrueckas TIOCTAaHOBKA 3aladu | 2. Texnuueckas
COBpPEMEHHBIX TEXHHYECKOT0 JVMArHOCTHPOBAHMSI | IMArHOCTUKA CUCTEM
UH(OPMAIIMOHHBI | 00BEKTA (CHCTEMBI YIIPABIECHUS)
X
CnocobrocTs 1. Meton Cumato
MIPOBOIHTH
BBEIYMCIAUTENbHbIE | 2.  VmeHTudukanus  JTUHAMAYECKOTO
SKCIIEPHMEHTEI ¢ | 00beKTa YHIpaBJICHUA 4acToTHBIM | 1.  Wnentudukamus
HUCIOJIE30BaHuEM | MCTOJOM. CHUCTCM YIIPaBJICHUA
CTaHJApTHBIX 3. Wnentudukanms 00BEKTOB
IPOrPaMMHBIX yIpaBIeHUS METOJO0M KOPPEISLHUOHHOTO
[K-2 CPEIACTB C LIEIBI0 | AHAIN3a
MOJTyYCHUS 1. Knaccuduxamus oTka3on 2. Texuuueckas
MaTeMaTHYeCKHUX JUATHOCTHKA CUCTEM
MOZeIIen
MIPOLIECCOB U
00BEKTOB
aBTOMATHU3AINH U
YIIpaBICHUS

4, Onucanue noxkasarenei u KpUTCPUCB OLICHUBAHUA KOMHCTCHHI/Iﬁ

MporpaMMHBIE CpPEJICTBA B IIpolecce pa3paboTKu
M OKCILTyaTalluu TCXHUYCCKUX CUCTEM,
(TIK-2):
- Mcnonp30BaTh NepCOHANBHBIN KOMIBIOTED AJIS
CaMOCTOSITENILHOM pabOTHI.
Baanern
(MK-1):
— Habikamu pabOTHI C COBPEMEHHBIMU
aIrapaTHbIMU U IPOTpaMMHBIMU CPEACTBAMU
MCCIIEJIOBAaHUS U IPOSKTUPOBAHUS CUCTEM
yTIpaBIICHUS,;
[1K-2):

IToka3aresu Ounenka Kpurepun
3HaTh
(TK-1):
- OCHOBHBI€ ITPUHLUIIBI U METOJIbI IOCTPOCHUS U
MCCJICI0BAHUS MAaTEMATHUYECKUX MOJIENIEH CUCTEM
yIpaBiIeHUs U IPpeoOpa3oBaHus IS 1enei
YIIPABJICHHUI;
(TIK-2):
- ba3zoBoe ycTporCTBO NEPCOHATBHOIO
KOMITBEOTEPA.
Ymern Bo Bpems oTBeTa Ha 3auere
(MK-1): CTYACHT
- Mcionk30BaTh HHCTpYMEHTAIBHBIC 3a4TEHO MPOJIEMOHCTPUPOBAT

yBepEeHHOE 3HAHHE
MatepHajia U OTBETHII Ha
BOTIPOCHI ITPETIOIaBaTEIIs.
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— I[OCTaTO‘-IHBIM YPOBHEM HCIIOJIL30BaHUA Ha mocraBieHHEIE
YHUBCPCAJIbHBIX MMAKCTOB MPUKIIAJIHBIX BOIIPOCHI CTYACHT HEC

KOMITbIOTEPHBIX IIPOTrpaMM orBeTmi1. Ha
He 324TeHO
JIOTIOJTHUTENIBHBIE BOIIPOCHI

nmpenoaaBaTCyId TAKXKE HE
MOXCET OTBCTUTD.

4, MGTOI[I/I‘ICCKI/IC Mar€puralibl, OIPECACIAOIINUC NPOUCAYPhl OLCHHUBAHUIA 3HaHHI>i,
YMGHI/IP'I, HaBBIKOB M OIIBITA ACATCIBHOCTU

Hucuunnuna WneHtudukanuss U JUarHOCTHKa TEXHUYECKUX CHCTEM HalpaBjieHa Ha
03HAKOMJICHHE C PA3IMYHBIMU METOJIaMU WACHTU(DUKAIMA U JUATHOCTHKHU, M MX MPAKTHYCCKUM
IIPUMEHEHUEM B COBPEMEHHBIX TEXHHYECKHUX CHCTEMAaX; Ha IMOJYyYEHUE TEOPETUUYECKHUX 3HAHUU U
MPaKTUYECKUX HABBIKOB HCIIOJB30BAHMS PA3JIMUHBIX CHUCTEM JUArHOCTHUPOBAHUS, U UX
JaTbHEHIIEr0 UCIIOJIB30BAHUS B IPAKTUUECKOU I€ATEIbHOCTH.

N3ydyeHne qUCIUIUIMHBI CUCTEMBI YIIPaBJICHHs 0a3aMu JaHHBIX TPEIyCMaTPUBACT:

— JIEKLUH,

— J1abopaTtopHbIe PabOTHI,

— TMPaKTUYECKUE 3aHATHS,

— CaMOCTOSTENbHYIO padOTy CTYJEHTA,

— 3a4er,

B xone ocBoenus pasznena 1 «MneHTudukanys CUCTEM YIPABICHUS» CTYACHTHI JIOJIKHBI
U3YYUTh. AHAIUTUYECKUH  MeTon  uiaeHTHuuKauuu, wmeroa Cumaw, UIACHTHPHUKAIIIO
JTUHAMHUYECKOr0 OOBEKTa YIPaBICHUS [0 MMIYJIbCHON XapakTEPUCTHKE, HIACHTHU(PUKAIINIO
JUHAMHYECKOTO OO0BEKTa YIpaBICHHUS YAaCTOTHBIM METOAOM, HUACHTU(DUKAIHMIO O00beKTa
YIIPaBICHUS METOJIOM PErPECCHOHHOTO aHAIH3a, HICHTU(PUKAUIO OOBEKTOB YIIPABICHUS METOIOM
KOPPEJIALIMOHHOIO aHaIu3a.

B xone ocBoenusi pazmena 2 «TexHuueckass TUAarHOCTHKA CHUCTEM» CTYACHTHI JIOJKHBI
U3YYUTh. HEPAPXHUIO0 JTUATHOCTHUYECKHX MOJeNel, KilacCU(PHUKAIMI0 OTKa30B, MaTeMaTUYECKYIO
MOCTaHOBKY 3aJ]a4ll TEXHUYECKOT'O TMarHOCTUPOBAHUS 00BHEKTa (CUCTEMBI YIIPABICHHUS).

B mnpomecce mnpoBeaeHus m1abopaTOPHBIX pabOT MPOUCXOAUT 3aKpeIUICHHE 3HAHHM,
dbopMHUpOBaHHE YMEHHMM M HABBIKOB peaIH3alldd TPEJACTaBICHUs O paboTe ¢ cucreMaMu
UACHTU(DHUKAIIMN U TUATHOCTUPOBAHHUS.

B nmpormecce mnpoBeneHuss NPaKTHUECKUX pPadOT MPOUCXOIUT 3aKpeIIeHue 3HaHWM,
dbopMUpOBaHHE YMEHHUI W HABBIKOB NPOEKTUPOBAHHUS PA3TMUYHBIX CHUCTEM HJIECHTU(DUKALUU U
JMarHOCTUPOBAHUS.

[Ipy moAroToBke K 3a4eTy pPEeKOMEHAYeTcs 0co00e BHUMaHHE YAEIUTH CIETYIOIUM
BOMIpocaM: HUACHTU(UKAIUS OO0BEKTa YIpaBICHUS METOJOM PErPEeCCHOHHOTO  aHau3a,
KJIaCCHU(UKAIIUIO OTKA30B.

PaGora ¢ nuTepaTypoil SIBISETCS Ba)XXHEHIIUM DJJIEMEHTOM B TIOJYYEHUH 3HAHUHU TIO
mucruminae. [Ipexae Bcero, HEOOXOAMMO BOCIIONB30BAThCS CIIHCKOM PEKOMEHIYyeMOi Mo JaHHOH
JTUCIUIUIMHE JIATEPATypoil. [[OMONHUTENBHBIE CBEACHUS MO HM3YYaeMbIM T€MaM MOKHO HAWTH B
nepuoanyeckoi neyatu u MaTepuere.
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Ipunoxenne 2

AHHOTAIIUAS

padoueil mporpaMMbl JUCHMILIMHBI
NnenTndukanus v THATHOCTUKA TEXHUYECKUX CHCTEM

1. Heap n 32524 AMCHUTIHHBI

Ilenplo wM3ydeHHE IUCHMIUIMHBI SBISETCS: NPUOOpPETeHHE CTyJEHTaMu NpeACTaBICHUH,
3HAHUH, HABBIKOB M YMEHUH MPH PALICHUN MHXCHEPHBIX U MPHUKIAIHBIX 33124 UICHTU(DUKAIH U
JUArHOCTUKU TEXHUYECKUX CUCTEM.

3amaveil u3ydyeHUA AUCUUIUIMHBI SBJIseTcs: (opMHpoBaHUE TMPEACTaBICHUM U 3HAHHM
CTYJEHTOB IpPH H3YYEHHHM TEOPETUYECKOM YacTU [AUCLUUIUIMHBI, B YaCTHOCTH, OCMBICIEHHOE
MOHMMAaHHUE CBS3M MeXAY (GU3NYECKON MHTeprnpeTanuell U MaTeMaTHYeCKUMU MOJIEISIMU
M3Y4aeMbIX IIPOLIECCOB.

[IpoBeneHne CHUCTEMHOTO CHMHTE3a W aHaiu3a NPOOJIEMHBIX CUTyaluud Mpu (OPMHUPOBAHUU
MoJIeJIe U IPOBEPKE UX aJJEKBATHOCTH HA JIEKIIMOHHBIX, IPAKTUYECKUX U Ja00PaTOPHBIX 3aHATUSAX.

[TpuBuBaHUE CTYJACHTAMH HABBIKOB M YMEHHUH MO (OPMUPOBAHUS MOJENEH peaIbHbIX CHCTEM
(TporieccoB, SBICHUH), UX UACHTU(GUKAIMA U JUATHOCTHKH Ha MPAKTUYECKUX M JIAOOPaTOPHBIX
3AHATHUSAX.

2. CTpyKTypa IMCHUILIUHBI
2.1 PacmpenencHue TPYAOEMKOCTH 110 OTICIbHBIM BHJaM YYCOHBIX 3aHATHN, BKIIOYAS
caMmocCTosTeNbHY0 padoty: JIk — 24 yacos, JIP — 12 yacos, [13 — 12 yacos, CPC — 60 uvacos.
OO01mas TpyA0eMKOCTh JUCIUTLTHHBI cocTaBisier 108 wacoB, 3 3a4eTHBIX €IUHUIL

2.2 OCHOBHBIC pa3/ieibl TUCIUILIAHBL:

1. WneHTrduUKanus CUCTEM yIIPaBICHUS
2. TexHuueckas TUarHOCTHKA CHCTEM

3. Illlanupyemble pe3ybTaThbl 00y4eHUs! (lepeYeHb KOMIeTeH M)
[Tpouecc u3yueHus: AMCUUILIMHBI HapaBiieH Ha (popMHUpOBaHUE CIeNYIONIEeH KOMIETEHIINN:

I1K-1 - CnocoGHOCTb BBINONHATH 3KCIEPUMEHTHl Ha JACUCTBYIOIIMX OOBEKTAX IO
3aJaHHbIM MECETOJUKaM H 06pa6aTI>IBaTI> pE3YyIbTAaTBl C NPUMECHCHUEM COBPEMCEHHBIX
UH(POPMALIMOHHBIX
[1K-2 - CriocoOHOCTh MPOBOANTH BBIYUCIUTEIBHBIE YKCIIEPUMEHTHI C UCIIOIH30BAHUEM
CTaHJapPTHBIX IIPOIPAMMHBIX CPEACTB C LIEJIBIO MOJYyYEHUS] MAaTEMaTHYECKUX MOAENEeH
IIPOLIECCOB U 0OBEKTOB aBTOMATU3ALIUU U YIIPABJICHUS

4. BuJa NpoMe:KyTOYHOI aTTeCTAllMU: 3a4eT
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IMpunoxenne 3

IIpomoxon 0 0ononHeHUAX U UIMEHEHUAX 6 padoueil npozpamme
na 20 __ -20 YueoHwlit 200

1. B paGouyto nporpammy o IUCHUIUIMHE BHOCSATCS CIEAYIOUINE TOTOTHEHHUS:

2. B pabGouyto nmporpaMmy 1o AUCUUIIIMHE BHOCSATCS CIEAYIOIUE U3MEHEHUS:

IIporokon 3acenanus kadeapbr Ne OT «__ » 20 r.,

(paspabomuux)

3aBenytomuii kageapoit

(noonucs) (®.1.0.)
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IIpunoxenue 4

OOHA OLNEHOYHbLIX CPEJCTB JIA TEKYUIEI'O
KOHTPOJIA YCIIEBAEMOCTH 110 IUCHUITJIMHE

1. Onucanue (poHIa OIICHOYHBIX CPEACTB (MACTIOPT)

Ne
KOMIIET Jement Pa3nen Tema dOC
JN— KOMIIETEHI[HHI
Croco6HOCTE 1. 1.3. Nnentuduxanus | OT9eTH 110
BBITIOJIHSATH WNnentudukan | TMHAMAYECKOTO o0BekTa | 1a00paTOpHEIM
AKCIICPUMEHTHI Ha | U CHUCTEM | yOpaBJICHUS 1O  HWMIYJbCHOW | paboTam
NEHCTBYIOMINX yIpaBIeHUS XapaKTePUCTHUKE
00BEKTax o 1.5. HWnpentudukanmss o6bekTa | OTUETHI 1O
3aJaHHBIM yIpaBIeHUS METOJIOM | IPAKTHYECKUM
METOAUKaM u PErpeCCHOHHOIO aHaIn3a 3aHSATHSIM.
00pabaTbIBaThH 2. 2.1. Uepapxusa nuarHoctudeckux | OT4eTsl mo
IIK-1 | pe3ynbTaThl ¢ | Texuuueckas | MojaejeH 71a00paTOPHBIM
MIPUMCHCHHUEM JIMarHOCTHKA paboram,
COBPEMEHHBIX CHCTEM MPaKTUYECKUM
nH(pOPMaITMOHHBI 3aHATHSIM.
X 2.3. MaremaTtuueckas IocTaHoBKa | OTYETHI 10
3a71a4u TEXHUYECKOTO | JTA0OPaTOPHBIM
JINarHOCTHPOBAHMS oObekTa | paboTam,
(cucreMbl ynpaBieHus) IIPaKTUYECKUM
3aHATHIM.
CnocoOHOCTh 1. 1.2. Meton Cumaro Ot4eTsl 10
MIPOBOJIUTH Nnentuduxar 1a00paTOPHBIM
BBIYMCIIUTEIbHBIE | U CHCTEM paboram,
AKCIIEPUMEHTHI  C | YIpaBIICHUS 1.4. Unentuduxanus | OT4eTsl Mo
HCIIOJIb30BAHUEM JUHAMHYECKOTO o0BeKTa | 1a00paTOpHBIM
CTaHIAPTHBIX yIpaBIeHUS YacCTOTHBIM | paboTawm,
MIPOTPaMMHBIX METO/IOM. MPAKTHYICCKUM
CPEACTB C IENbIO 3aHSATHSIM.
MOJTy4YECHUS 1.6. Unentuduxanus o0BeKTOB | OTYETHI 11O
MaTeMaTUYECKUX yIpaBIeHUS METOJIOM | IPAKTHUECKUM
TK-2 MoJerei KOppEIAIIMOHHOI0 aHaIn3a. 3aHATHSAM.
IIPOLECCOB | 2. 2.2. Knaccugukaus oTKa3os Otuetsl IO
00BEKTOB Texuugeckas 1ab0PaTOPHBIM
ABTOMATHU3allUl U | TUarHOCTHUKA pa60TaM,
YIIpaBICHUS CHCTEM MPAKTHYCCKUM
3aHSATHSIM.
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2. Onrcanue mokasaresel U KpUTEPUEB OIICHUBAHUS KOMIICTCHITUI

YIIpaBJICHUS,

I1K-2):

— I[OCTaTOLIHI)IM YPOBHEM HCIIOJIb30BaAHUA
YHUBCPCAJIIbHBIX IMAKECTOB MPUKIIAJHBIX
KOMIIBIOTCPHBIX ITPOTI'paMM

Iloka3zaTenu Ounenka Kpurtepun
3HATDH
(TMK-1):
- OCHOBHBIC ITPUHITUIIBI K METOIbI IIOCTPOCHHMS
M WCCIEIOBAHNS MATEMAaTHYSCKUX MOJIENEH
CHUCTEM aBJIEHUS U IPeoOpa3oBaHus IS
o yrp .. peobp A Bo Bpems 3amuThl
el yIpaBJICHHH;
(ITK-2): 1ab0paTopHEIX paboT
) N U TIPAKTUYECKHUX PaboT
- bazoBoe ycTpoiicTBO MepCOHAILHOTO 324TEHO
CTYJCHT OTBETHII Ha
KOMITBEOTEPA.
[IOCTaBJICHHEIE
Ymern [IpenogaBaTeIeM
(TK-1): p
BOITPOCHI.
- Ucnonb30BaTh HHCTPYMEHTAIILHBIC
MIpOrpaMMHBIE CPEJICTBA B MPOIECCe pa3paboTKH
Y DKCIUTyaTallMd TEXHHYECKUX CHCTEM;
(TIK-2):
- Ucnosib30Bath nepcoHaNbHBIA KOMIIBIOTED JUIS
CaMOCTOSITCIIBHOW PaOOTHI.
Baagern
) Bo Bpems 3ammThl
(MK-1):
n1abopaTopHBIX paboT
— Hablkamu paboTHI C COBpEMEHHBIMU
U TIPAKTUYECKHUX PaboT
ATIIapaTHBIMUA U IPOTPAMMHBIMH CPEIICTBAMU
CTYJCHT HE CMOT J1aTh
MCCIICIOBAHMS M MIPOSKTUPOBAHUS CUCTEM
HE 324TeHO0 OTBETHI HA

IIOCTAaBJICHHBIC
nperno/aBareaeM
BOIpOCHI. JIn6o otuer
UMEET PsiJl 3aMCUAHHIA.
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[TporpammMa cocTaBieHa B COOTBETCTBUHU C (helepalbHBIM T'OCYAAPCTBEHHBIM O00pa30BaTEIbHBIM
CTaHJApTOM BBICHIEr0 OOpa30BaHUS MO HampaBieHHIO moaroroBku 27.03.04  VmpasneHnue B
TEXHUYECKUX cUcTeMax OT «20» HosOpst 2015 1. Nel1171

st Haoopa 2014 roaa: u yueOnsM mianom ®I'bOY BO «bpl'Y» s 3a04uHoit hopmbl 00yueHus
oT «3» urosist 2018 r. Ne 413

s Hadopa 2015 roaa: u yue6usM mianoM @I'BOY BO «bpl'V» ans ounoit popmbl 00ydeHus OT
«04» nexabps 2015 1. Ne 768 , 3a0unoit popmbl oOyuerus ot «04» nekadbps 2015 r. Ne 768

st Haoopa 2016 roaa: u yueOnsm mwianom @I'BOY BO «bpl'Y» mist ounolt opmbl 00ydeHus OT
«06» urons 2016 1. Ne 429 |, nnsg 3a0unoit popmsl (yckopenHoro odyuenusi) ot «06» utons 2016 r.
Ne 429

st Haoopa 2017 roaa: u yue6HbM rianoM OI'BOY BO «bpl'Y» s ouHo# hopMbl 00ydeHUsT OT
«06» mapta 2017 1. Ne 125 , 3aouHoit ¢opmbl o0yuenus ot «06» mapra 2017 r. Ne 125 nns
3a04HOM opMHbI (YckopeHHOTO 00yueHwus) oT «04» anpens 2017 . Ne 203

s Haoopa 2018 roaa: u yueOusiM mmanom ®I'BOY BO «bpl'V» miist ounolt opmbl o0yueHus ot
«12» mapta 2018 r. Ne 130, 3a0unoit popmer 00yuenust ot «12» mapra 2018 . Ne 130

IIporpammy cocraBui (u):

VabsHoB A.Jl. crapumuii npenoaasarens kagpeapsr YTC
@.1.0., oondicnocms, yueHoe 38anue, (Cmenens) (noonucw)

Pabouas nporpamma paccMOTpeHa ¥ YTBEpXkKACHA Ha 3acejaHuu Kadeapbl YTC
(coxkpawennoe naumenosanue)

oT «28» gexabps 2018 r., mpoTokoin Ne 6

3aBenyrommii kapeapoit YTC Urnarses 1.B.
(paspabomuux) (noonucw) (D.1.0.)
COI'ZTACOBAHO:
3aBenyromuii BeITycKarome kadgeapoit Urnarses U.B.
(noonucw) (.14.0.)
Jupextop OubnuoTexu Cotnuk T.®D.
(noonucw)

Pabouas nporpamma ogo0peHa MeToandecko komuccuennt JuA Qaxynbprera
(coxkpawennoe naumenosanue)

oT «28» nekabps 2018 r., mpoTokon Ne 6

[Ipencenarens MeToIMUECKO KOMUCCHHU (haKyIbTeTa VYnbsHoB AL,
(noonucw) (D.1U.0.)

COT'JTACOBAHO:

Hauvanbauk

y4eO0HO-METOIMUECKOTO YIIpaBICHUS I'.I1. Hexesen

Perucrpanmonnsiii Ne



