dbenepanbHOE TOCYAAPCTBEHHOE OI0JPKETHOE 00pa30BaTEIbHOE YUPEIKICHHE
BBICILIETO 00pa30BaHUs
«TONBATTUHCKUI TOCYIAPCTBEHHBIN YHUBEPCUTET»

b1.B.JIB.10.02

(wugp oucyuniurwt)

PABOYAA NTPOI'PAMMA JUCHHUII/IUHBI
CUCTEMBI HOAAEPKKN NH)KEHEPHBIX PACUETOB

(Haumero8aHue OUCYUNIUHDBL)

IO HAITPABJICHUIO ITOATOTOBKH (CHCHI/IaJIBHOCTI/I)

15.03.05 KOHCTPYKTOPCKO-TEXHOJIOI'MYECKOE OBECITEYEHUE
MAHIINHOCTPOUTEJIBHBIX ITPON3BO/ACTB

(KOO u HaumMeHOoBaHUe HaNpasieHus N0020moeKu, cneyuanshocmu ¢ coomeememeuu ¢ ®I'OC BI10/ @I'OC BO)

[MPOEKTHUPOBAHUE TEXHOJIOI'MYECKUX ITPOLECCOB

(nanpaeaennocms (npoguis))

dopma 00ydeHHs: 3a09Has

I'on Habopa: 2017

Pacnpenesnenne 4acoB TUCHMIJIMHBI 10 ceMeCTPaM U BHIAM 3aHATHI (10
yueOHOMY ILIAHY)

Koumnuecrso 3ET 2
Yacos no PYII 72
Buabl KOHTpoOJIS HA IK3aMeHbI 3ayeTnl Kypcosbie Kypcosbie KO“T%"H"H"
Kypcax NPOEKThI padoTeI (ﬂﬂ;;a;::;ﬁ
¢opmbl 00yueHnus)
3)
NeNe kypca
1 3 4 5 6 HTroro
3ET no kypcam 3 3
Jlexkuun 4 4
JlabopaTopHbie
I[IpakTH4yeckue 8 8
KonTakTHast pabora 12 12
Cam. pabora 56 56
KonTtpoan 4 4
Hroro 72 72

Toasarru 2017




Pabouas mporpamma cocraBieHa Ha ocHoBaHuM PI'OC BO u y4yeOHOro miaHa HampaBICHHS
noarotoBku  (cnenuanbHOCcTH)  15.03.05  KOHCTPYKTOPCKO-TEXHOJIOTHYECKOE OoOecreueHue

MAaIMMUHOCTPOUTCIIBbHBIX IPOU3BOJACTB
(K00 U HauMeHOBaHUe HANPAaBeHUss NOO20MO8KU, cneyuarbHocmu ¢ coomeememeuu ¢ @®I'OC BO)

PeuensupoBanue padoueil nporpaMMbl AU CHHUIIIMHbBI:

X OtcyrcTByeT

Vyebnast (pabGouast) mporpamMmMa oJ00peHa Ha 3acelaHuu  Kadempbl
X "O6opyoBaHUE U TEXHOJOTMH MAIIMHOCTPOUTEIBHOIO IPOU3BOACTBA" (IIPOTOKOJ

3acemanus No ot «  » 20 1))
Penienzent
(OonaicHocmsb, yuenoe 38anue, cnmenets) (noonucw) (U.0. Pamunus)
« » 20 I
Cpok aeiicTBHusi padoueii mporpaMMbl JUCHUILUIHHBI 10 «___» 20 r.

HNudopmanus 06 akryanusanmun padodeid mporpaMMbl IMCHUTIINHBI:

[TpoToxoi 3acenanus kadeapor Ne OT «__» 20 T

[TpoToxoi 3acenanus kadeapor Ne OT «__» 20 T

[IpoToxkou 3acenanus kadeapbr Ne OT «__» 20 T

[IpoToxkou 3acenanus kadeapbr Ne OT «__» 20_r.
YTBEPXIAIO

3aBenyromuii kadeapoit

«O6ODVI[OB&HI/IC U TCXHOJOTHMHY MAITMHOCTPOUTCIIBHOI'O ITPOU3BOJACTBA»
(8vinyckarowell HanpagieHue (CneyualbHoOCmy))

«__ » 20 . H.1O. Jlorunos
(noonucy) (U.0. Pamunusa)




AHHOTALIUA
AUCUMILIUHBI (Y4e0HOI0 Kypca)
b1.B./IB.10.02 CucreMbl NOAIePKKH HHKEHEPHBIX PACY€TOB

(MHzAEKC ¥ HAaMMEHOBaHMUE AVCIUIUINHEI (Yy4eOHOro Kypca))
1. Heab u 321241 U3yYeHUs1 JUCUUILIUMHBI (Y4eOHOro Kypca)

enbs — chopmupoBaTh y oOydarolmuxcs 3HaAHUS, YMEHHS U TpUOOpeTeHHe
OMbITa TPUMEHEHUS METOJIOB MaTeMaTUYECKOro MOJACIUpoBaHus (pa3paboTka
MaTEMaTUYCCKUX MOJICICH, TPUMEHCHHE YHUCICHHBIX METOJO0B PEHICHUS Pa3IuYHBIX
3aJ1a4, MCIOJIb30BaHNE COBPEMECHHBIX MaTEMATHYCCKUX MAKETOB ISl PEIICHUS 3a1ad
MAaTEMaTHYECKOTO MOJCIUPOBAHUS) TIPH CHHTE3¢ M HUCCIICJAOBAHMA CHUCTEM
ABTOMATHUYECKOTO KOHTPOJIS M YIIPABJICHHUS TEXHOJIOTHICCKUMHU MPOIIECCAMH.

3amaun:

1. Jate 3HaHuUA 1O OOIIMM TPUHIUIAM W TEHJSHIUSIM TOCTPOCHUS
MaTEeMaTHYECKUX MOJICJIEH TEXHUYECKUX CUCTEM, OOBEKTOB U MPOIECCOB.

2. OCBOWTH YHCJICHHBIC METOJIBI JJISl TPOCKTUPOBAHUS TEXHOJIOTHUECKUX
CUCTEM.

3. O3HaKOMUTb C COBPEMEHHBIM MPOTPAMMHBIM  OOECIEUCHUEM ISt
aBTOMAaTU3UPOBAHHOIO MPOEKTUPOBAHUSI.

4. OOyuyuTb HaBBIKAM pa3pabOTKX MAaTEMAaTUYECKUX MOJIETIEH OTIEIbHBIX
MOJCUCTEM U UX MPOTPAaMMHON peanuzaiuu Ha DBM.

2. Mecto nucumiuiuibl (yaedHoro kypca) B crpykrype OIIOII BO

Jannas mucrurimHa (y4eOHBI Kypc) oTHocHuTes K bioky 1 «/ucrumimns
(Monmymnm)» (BapuaTHUBHAS YacTh, TUCIUILUTHMHBI IO BBIOODY).

Jucturuiiael, ydyeOHbIe KypChl, HA OCBOCHHMHM KOTODPBIX Oa3upyeTcsi JAaHHas
muciuiuinHa (yaeOHbIN Kypc) — Bricmas marematnka, OCHOBBI MH(POPMAITMOHHOM
KyJabTypbl,  @usuka, ABTOMarh3alusg  TEXHOJOTMYECKUX  IPOLECCOB B
MalIMHOCTpOeHUH,  Teopus  aBTOMATHYECKOTO  YyMpaBieHUs,  [E€XHOJOTHs
MaIIMHOCTPOECHUSI.

Juctumuinabl, y4eOHbIe KypChl, JIJII KOTOPBIX HEOOXOAMMBI 3HAHHS, YMEHUS,
HABBIKU, TIPHOOpETaeMble B pe3ysibTaTe M3YUYCHHUS NaHHOW JUCIMIUIUHBI (Y4eOHOTO
Kypca) — JJIS BHITOJTHEHHSI CTYJICHTAMU BBITTYCKHOW KBaTU()UKAITMOHHON PabOTHI.

3. Ilnanupyemble pe3yabTaTbl 00y4YeHHs MO AUCHUIIUHE (Y4eOHOMY
KYPCY), COOTHECEHHble ¢ IUIAHUPYEMbIMH  Pe3yJbTATAMH  OCBOCHUA
o0pa3oBaTeJIbHON NPOrPaMMBbI

®opmupyembie H I[lnannpyembie pe3yabTaThl 00y4eHHsI
KOHTPOJIUpYyeMbIe
KOMIIETEH U

— CIIOCOOHOCTD peniaTh | 3HATh:




CTaHAAapPTHBIC 3aJa4u

npodeccuoHaNbHON
NEeATeNIbHOCTH  Ha
OCHOBE
MH(pOpPMAIIMOHHOM

U
oubnuorpaduyeckon
KYJIbTYPBI C
MPUMEHEHUEM
nH(pOpMAIIMOHHO-
KOMMYHHUKAITHOHHBIX
TEXHOJIOTU U 151 c
y4eToM

OCHOBH
BIX
TpeboBaHUM
uH(OPMaIIMOHHON
oe3omacuoctu (OITK-2)

OCHOBHBIC IMOHATHA, 3a1a4X U TICJIN MOACIUPOBAHUA,

KJIacCU(PUKAIUIO MOJIeNIel U BUI0OB MOJICIIMPOBAHUS;
METOIbI MOCTPOCHUSI MaTEMaTUYECKOTO
onucanusa 00bEKTOB.

YMeTh:

MCIIOJIb30BATh OCHOBHBIE 3aKOHBI €CTECTBEHHOHAYYHBIX
JNUCIUAIUIAH JJIS1 COCTABJIEHUSI MaTEMaTHUYECKOTO
OTHUCaHUs 00BEKTa MOICIIMPOBAHMS.

Bnanets:

COCTaBJICHUS MOJIHOW CTPYKTYPHOM CXEMbI BEIIECTBEHHO-
SHEPreTUYECKUX MOTOKOB TEXHOJOTMYECKOTO Mpoliecca
MPOTEKAIOIIETO B TEXHOJIOTUYECKOM O0BEKTE
yIpaBIICHUS,

pa3pabOTKN TMHAMUYECKUX U CTATHUYECKUX
MPOCTPAHCTBEHHO-PACTIPEICICHHBIX MATEMATUUYECKUX
MOJIENIe TEXHOJIOTHYECKUX MPOIECCOB.

— CIHOCOOHOCTH
BBITIOJTHATH PAOOTHI 11O
JIUArHOCTHKE
COCTOSIHUS
00BEKTOB
MaITHHOCTPOUTEIIBHBIX
IIPOU3BO/ICTB c
UCIOJIb30BAHUEM
HEOOXOIUMBIX METOIOB

M CPEICTB aHaIU3a
(TIK-12)

JAWHAMHKHN

3HaTh:

® YICJICHHBIE METObI PEIICHUS PA3TUYHbIX 3a1aY;

® METOJIbI BOCCTAHOBJICHUS AMIUPUIECKHUX
3aBUCHUMOCTEH;

O MCTOAbI AHAJIUTUICCKOI'O MOJCIINPOBAHUA
O MCTOAbI UMHUTAIIHOHHOI'O MOACIINPOBAHUA.

YMeTs:

epeliath COCTaBJICHHBIC ypaBHECHUS (cucremsl
YpaBHEHUW) MOJEJIM C TIOMOIIbIO  COBPEMEHHBIX
MaTeMaTHYEeCKUX ITaKETOB.

Bnaners:

e METOJIaMU MaTeMaTHU4YeCKOTO aHajgn3a u
MO/JICJIMPOBAHUSA B TEOPETUUECKHUX u
SKCIIEPUMEHTAIbHBIX  HCCJICJAOBAaHUIX B  00j]acTu

paspabotku ACY TII ¢ ucnonb30BaHHEM COBPEMEHHBIX
MaTEMATUYECKUX TTAKETOB.

TemaTnueckoe cogepkaHue TUCHUIIMHBI (Y4e0HOT0 Kypca)

Pazngen, monyanb

IMoapasaesn, Trema

OO0mue BOITPOCHI
MaTeMaTHYECKOTO
MOJICTUPOBAHUS

O6HII/IG BOIIPOCHI MAaTCMATHYCCKOI'O MOACINPOBAHNA

Nurtepnonsiuust mo obuieit popmyne Jlarpanxa

Nutepnionsiuust TaONMMYHBIX JaHHBIX 1O  (QopMmylam
Jlarpanxxa

[Iporniecc mocTpoeHUsI MaTEMaTHYECKONW MOJEIIH

[TonunomuanbpHas AllIIpOKCHUMalvsA




UeOnliieBcKast anmpoKCUMAIIHS

CyTb KOMIOBIOTEPHOTO MOAECIUPOBAHHUS

OKCITIOHEHIIMAJIBHASL PETPECCUS

ITonnHOMMaNBHAs perpeccus

Paznuunrbie METObI
peLIEHUs] HEJIMHENHBIX
ypaBHEHUH

PaznuuHble METOBI pELICHUS HEJIMHENHBIX YPAaBHEHUN

Jluneiinas perpeccus o01iero Buaa

Henuneitnas perpeccust o01ero Buja

BreruncnurtenbHbIe OKCIICPUMCHTBI ¢ MATEMATHUYCCKUMHA

MOJENSAMU, HWMUTUPYIOUIMMHA TOBEJEHUE  PEaJIbHBIX
00BEKTOB, TPOLIECCOB WM CUCTEM

[IpeoGpazoBanue Jlamnaca

CrnydaiiHple BETUYMHBI M COOBITHA, METOABI HUX

TCHCpaAlIUu U 00J1aCTh UX IMPUMCHCHUA

JIMHEMHOE Crila)KMBaHME I10 IISITH TOUKaAM

HenuHenHoOe critia)XxuBaHUE IO CEMU TOUKAM

[Ipo6iembl momyyeHus
Ha OBM cnyualiHbIxX
YHCIIOBBIX
MOCJIEe/IOBATENILHOCTEH
C 3aJ]aHHBIMU
BEPOSTHOCTHBIMU
XapaKTepUCTUKAMHU

[Tpo6nemsl monydenus Ha DBM ciydailHbIX YUCIOBBIX
MOCJIEIOBATEIILHOCTEN € 3aIaHHBIMU BEPOSTHOCTHBIMU

XapaKTEPUCTUKAMHU
Beluncnenne  XapakTEpUCTUK ~ CHUCTEMBI MO €€
OTEePAaTOPHON XapaKTEPUCTUKE

ANTOpUTMBI W METOJBI  TE€HEpallud  PaBHOMEPHO

PacCpCaACiICHHbIX CﬂyqaﬁHLIX YHCCJI

MopenvupoBaHue JIOTHUECKUX (PYHKITHI

Metronq U aiaropuT™M pENIEHUST CHUCTEM JIMHEHHBIX
ypaBHEHUH MeToJI0M [ aycca

Konebanus u pe3oHaHC B MEXaHHMYECKOM CHCTEME

Krnaccuueckunil CieKTpaJIbHBIN aHAJIN3 U CUHTE3

OO0mas Tpy10eMKOCTh TUCHUILIMHBI (YueOHoro kypca) — 2 3ET.




4. CTpyKTypa M cofepkaHue JMCUMILVINHBI (Y4eOHOoro Kypca) CucteMbl MOAACPKKH HHKEHEPHBIX PacueToOB

Kypc uzyuenus 5
Pasne IMoapasaen, Tema Buabi yue6Hoii pa6oThI HeoGxogumbie | ®opmbl | Pexomen
Ja, AyIHTOPHBIE 3aHITHS CaMocrogTeabHast MaTepuaJbHO- | TeKymie | ayemasi
MOy (B yacax) padoTa TeXHUYECKHe ro Jurepar
ab BCEro ;= | ©®opMbI IpoBeIeHuUs dopmbI pecypcsl KOHTPO | ypa (N\e)
: JEeKIHH, OpraHu3anuu JIst
o o E JIa0OpaTOpPHBIX,
= 2 2 g NPAaKTHYECKUX w | CAMOCTOATEJILHO
= = S | = E_ 3aHATHH, METOIbI § i
2| 5 2 = 2 o0yueHusi, - padoThI
S| 2| g = peajusylonue a
E % = NMPUMEeHsIEMYIO0
= o0pa3oBaTejibHYI0
a TEXHOJIOTHIO
1. 1.1. O6mme BompoCsI 1 2 pabora ¢ myinbTUMenauiinbel | [loeepka | 1, 2, 3,4
MaTEMaTHIECKOTO pa3IaTOYHBIM € CpelcTBa KOHCIIEK
MO/ICITUPOBAHUS. MaTepHAIOM Ta
Brimonnenue JIEKITAM
KOHTPOJIbHOM
paboTHI.
1.2. UnaTepnossinus 1o JlaGoparopnas padora | 2 pabora ¢ KOMITBIOTEPHBIH otuerB | 1,2,3,4
oO1en bopmyre Nel ¢ npumeHeHHEM pa3laTOYHBIM KJ1ace AIEKTPO
Jlarpanxa. KOMITBIOTEPHON MaTepuaIoM HHOM
TEXHUKHU BHJIC
1.3. WNuTtepnonsuns Jlaboparopnas pabota | 2 paboTa c KOMIbIOTEpHBIM | otueTB | 1,2, 3,4
TaONMMYHBIX JAHHBIX 110 Nel ¢ mpumeHneHuem pa3aaToyHbIM KJ1acc AIIEKTPO
dbopmynam Jlarpamxa. KOMITBIOTEPHON MaTepuaIoM HHOM
TEXHUKU BHJIC
1.4. IIpouecc 1 JlaGopatopHnas pabora | 2 pabora ¢ KOMIbIOTepHBI | oTueTB | 1,2, 3,4




MOCTPOCHHS Nel ¢ mpumenennem pa3gaTo4HbIM KJ1acc AIIEKTPO
MaTeMaTHYECKOU KOMITBIOTEPHOU MaTepUaIioM HHOM
MOICIIH. TEXHUKH BUJIC
1.5.IlonuHOMHUaNBHAS Jlaboparopnas padota pabora ¢ KOMIIbIOTEepHBIA | oTueT B | 1,2, 3,4
anMmpOKCHMAITHSI. Ne2 ¢ mpumenennem pa3gaToYHbIM KJ1acc DIIEKTPO
KOMIIBIOTEPHOM MaTepHaioM HHOM
TEXHUKH BUJIC
1.6. YeObIieBcKas Jlaboparopnas paboTa paboTa ¢ KOMIBIOTEpHBIH | oTueTB | 1,2, 3, 4
anmpoKCUMaIus. No2 ¢ mpumeHnennem pa3IaTOYHBIM KJ1acc BJIEKTPO
KOMIIBIOTEPHOU MaTepHaIOM HHOM
TEXHUKHU BUJIC
1.7. Cytb Jlaboparopnas pabota paboTa c KOMITIbIOTEepHBIA | oTueT B | 1,2, 3,4
KOMITBIOTEPHOT'O Ne3 ¢ npumenennem pa3gaTo4YHbIM KJ1acc JIIEKTPO
MO/IETTUPOBAHUS. KOMIIbIOTEPHOH MaTepuaIoM HHOM
TEXHUKHU BUJIC
1.8.OxcroHeHIanBEHA JlaGopartopnas pabota pabora ¢ KOMITBIOTEPHBII ortuerB | 1,2,3,4
sl perpeccus. Ne3 ¢ nmpumeHeHnuem pa3aaTOuYHBIM KJIacc AIEKTPO
KOMIIbIOTEPHOH MaTepualoM HHOM
TEXHUKHU BUJIC
1.9.ITonmHOMMATBHAS JlaGopartopnas pabota pabora ¢ KOMMbIOTEpHBIH | otueTB | 1,2, 3,4
perpeccusi. Ne3 ¢ npumeneHnem pa31aTOYHBIM KJ1acc IIEKTPO
KOMIIbIOTEPHOH MaTepualoM HHOM
TEXHUKHU BUJIE
2.1. Paznuunsie JlaGoparopnas pabota pabora ¢ KOMIIBIOTEPHBIN | oTueT B | 1,2, 3,4
METO/TBI pelieHust Ne4 ¢ npumenennem pa3IaToOYHBIM KJ1acc AIIEKTPO
HEJIMHEHHBIX KOMIIbIOTEPHOI MaTepualoM HHOM
ypaBHEHUH. TEXHUKH BUJIC
2.2. JIuneiinas JlaGopatopHas paboTa pabota ¢ KOMIIBIOTEPHBIA | oTueTB | 1,2, 3,4
perpeccust o01ero Ned ¢ npumenennem pa31aTOYHBIM KJ1acc AIIEKTPO
BUJIA. KOMIIbIOTEPHOM MaTepualoM HHOM
TEXHUKHU BUJIC
2.3. Henunelinas JlaGopatopHas pabota pabota ¢ KOMIBIOTEpHBIH | oTueTB | 1,2, 3,4




perpeccus oOriero Ne5 ¢ mpumenenunem pa3IaToYHbIM KJ1acc 3JIEKTPO
BHUJA. KOMITBIOTEPHOU MaTepUaIioM HHOM

TEXHUKH BHJIC
2.4 .BoruncnuTenbHbIC 1 pabora ¢ mynbTuMeaniiael | [loBepka | 1, 2, 3, 4
IKCIIEPUMEHTHI c pa3IaTOYHBIM € cpeacTBa KOHCITEK
MaTeMaTHICCKHUMHU MaTepHaIOM Ta
MOJICIISIMH, Brinmonnenne JIEKIIUHU
UMUTHPYIOIIAMHE KOHTPOJIBHOU
MOBEJICHUE PEaTbHBIX paboTHI.
00BEKTOB, IPOIIECCOB
WJTH CHCTEM.
2.5.IIpeobpazoBanue JlaGoparopnas padota | 1 pabora ¢ KOMIIbIOTEepHBIA | oTtuerB | 1,2, 3,4
Jlannaca. No5 ¢ mpumenennem pa3aaTOYHBIM KJIacc ANEKTPO

KOMITBIOTEPHOMN MaTepHuaIoM HHOM

TEeXHUKH BUJIE
2.6. Crnyyvaiiabie 10 paboTa c MYJIbTUMEANIHBI | ycTHBIN | 1,2, 3,4
BEJTMYUHBI U COOBITHS, pa3aToyHbIM € cpeAcTBa ompoc
METO/Ibl UX TeHepaluu MaTepUaIoM
u obmacTb ux Brimonnenue
MIPUMEHEHHSL. KOHTPOJIBHON

paboTHI.

2.7. Jluneiinoe JlaGoparopnas padora | 1 paboTa ¢ KOMIbBIOTEpHBIH | otuerB | 1,2, 3,4
CTJIQKUBAHHUE IO IISTH Ne6 ¢ mpumeHeHuem pa3aaToYHbIM KJ1acc AIIEKTPO
TOYKaM. KOMITBIOTEPHOMN MaTepHuaIoM HHOM

TEXHUKH BU/JIE
2.8. Henunetinoe Jlaboparopnas paborta | 1 paboTa c KOMIIbIOTEepHBIA | oTtueTB | 1,2, 3,4
CTJIQ)XMBAHUE IO CEMU Ne6 ¢ mpumeHneHnem pa3aaToyHbIM KJ1acc AIIEKTPO
TOYKaM. KOMIIBbIOTEPHOI MaTepuaIoM HHOM

TEXHUKH BH/JIE
3.1. [IpoGnembr 10 paboTa c MYJIbTUMEANIHBL | ycTHBIN | 1,2, 3,4
nonyueHuss Ha DOBM pa3aaToYyHbIM € cpeAcTBa oTpocC
CIIy4aiHBIX YMCIIOBBIX MaTepHUaIoM




MOCJIeI0BATEILHOCTEHN Brimosnenue
c 3a/laHHbIMU KOHTPOJIBHOU
BEPOSITHOCTHBIMU paboTHI.
XapaKTePUCTHKAMHU.
3.2. Briuucnenue Jlaboparopnas pabora | 1 paboTa ¢ KOMIIbIOTEepHBIA | oTueTB | 1,2, 3,4
XapaKTePUCTHK Ne6 ¢ mpumeneHrEeM pa3IaToYHBIM KJ1acc AJEKTPO
CUCTEMBI TIO €€ KOMITHIOTEPHOM MaTepuaioM HHOM
ONIEPATOPHOU TEXHUKU BUJIC
XapaKTEePUCTHKE.
3.3.  Auroput™MBl U Jlaboparopnas paborta | 1 paboTa c KOMIIbIOTEepHBIA | oTtueTB | 1,2, 3,4
METO/bI reHepalyn Ne7 ¢ npumenennem pa3laTOYHBIM KJ1acc ANEKTPO
PaBHOMEPHO KOMIIBIOTEPHOM MaTepHaIOM HHOM
pacrmpeneneHHbIX TEXHUKH BHJIE
CIy4alHbIX YHCE]L.
3.4.MonenupoBaHue JlaGopartopnas padora | 1 pabora ¢ KOMITBIOTEPHBII ortuer B | 1,2,3,4
JIOTHYECKUX (DYHKITHH. No7 ¢ npuMeHeHneM pa3gaToOuYHbIM KJ1acc AIEKTPO
KOMITBIOTEPHOMN MaTepHuaIoM HHOM

TEXHUKH BUJIE
3.5. Merona 1 anroputm JlaGoparopnas padora | 1 paboTa c KOMIbIOTEpHBIM | otueTB | 1,2, 3,4
pelieHus CUCTEM Ne7 ¢ npumenennem pa3aToyHbIM KJ1acc AIIEKTPO
JIMHEMHBIX  YpaBHEHUU KOMITBIOTEPHOM MaTEepUAIIOM HHOM
Meto oM ["aycca. TEXHUKH BH/JIE
3.6. Konebauus wu JlaGopartopnas padora | 1 pabora ¢ KOMIIBIOTEPHBIN | oTtueTB | 1,2, 3,4
pPE30HaHC B Ne8 ¢ npumenennem pa3laTOYHBIM KJ1acc AIEKTPO
MEXaHUYECKOU KOMITBIOTEPHOMN MaTepHuaIoM HHOM
CUCTEME. TEXHUKH BU/JIE
3.7. Knaccuuecknit Jlaboparopnas paborta | 1 paboTa c KOMIbIOTEpHBIM | otueTB | 1,2, 3,4
CHEKTPaIbHBIA aHaIHU3 Ne8 ¢ mpumeHeHnem pa3aaToyHbIM KJ1acc AIIEKTPO
U CUHTE3. KOMITBIOTEPHON MaTepuaIoM HHOM

TEXHUKH BHJIE

Hroro: 56
72
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5. Kputepun u HOpMBbI TEKYyIIero KOHTPOJIS U MPOMEKYTOYHOM aTTecTauuu

DopMbI TEKYILIET0 KOHTPOJISA

YciaoBus gomycka

Kputepuu 1 HOpMBbI OLICHKH

3amnura oTuéTa 1o
nabopatopHoiipaboTe Nel-
No20

Brimonnenue
COOTBETCTBYIOIINX
n1abopaTopHBIX paboT Npu
HaJIU4uH OTYETOB 0
npojielaHHOW  pabore B
peKoMeHyeMoi Gpopme

PaboTs! onieHMBarOTCS 10 OMHAPHOM cucTeMe (oTpaboTaHa / He
oTpaboTaHa).

Kputepun orneHkw:

o MIOJTHOTA ¥ TOYHOCTD BBITIOJIHCHHS JTAOOPATOPHBIX PaboT;
o COOTBETCTBHE BBIITOJIHCHHBIX pa0OT BBIJIAHHOMY 3aJIaHHIO.

3aiura KOHTPOJIBHOM paboThI

Brinosinenue
KOHTPOJBHOM paboThl B
pexoMmeHryemoi hopme

Pabora oneHuBaeTcs 1m0 OuHapHOW cucreMe (3auteHo /[ He
3a4TEHO).

Kpurepuu oreHku:

o MIOJTHOTA U TOYHOCTH BBITIOJTHEHUSI KOHTPOJIBLHON pabOoTHI;

o COOTBETCTBHE BBHIMIOJHCHHONU pPa0OTHI BBIIAHHOMY 3a/IaHUIO.

dopma npoBeaeHUA

YcioBus 10myckKa

KpuTtepuu u HOpMBbI OLIEHKH

MPOMEKYTOYHOU
arTecTalMu
3au€r 1ToO TeopeTrnueckomy | BeimonHeHue BCEX «3a4TECHO» [loHnmaHne  CTyAEHTOM  MaTepuala
MaTtepuany JTUCUUILIAHBI IPEAYCMOTPEHHBIX Kypca:
1abopaTopHBIX paboT ¢ o CTYAEHT TPAMOTHO, C IOHUMAaHHUEM,

OIIEHKOM «0TpaboTaHa»
Bremonnenue
KOHTPOJBHOW paboOThI C
OLICHKOM «3a4TECHO»

OTBEYACT HA I[IOCTABJIEHHBIE BOMPOCHI,
OPUEHTUPYETCS B TEPMUHOJIOTHH Kypca; B
CITPABOYHBIX MaTepuagax

«HE 3a4YTCHO» HCI[OCTaTO‘-IHOG IIOHHMMAHHUC MaTcpHraia

Kypca:
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o CTYAECHT TEPSAETCS B TEPMHUHOJIOTUU
Kypca, HE OPHUEHTHUPYETCS B OCHOBHBIX
MOHATUSX, 3aTPYAHACTCS MPU OTBETE HA
BOIIPOCHI, HE MOXKET BECTHU T'PaMOTHBIN
JMAJIor 110 3a/1a4yaM U MpoOljemam,
paccMaTpUBaEMbIM B JUCIUIUINHE
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6. Kputepun u HOpMBbI OLIEHKH KYPCOBBIX PadoT (POEKTOB)

He npenycmMoTpeHo yueOHBIM TIIaHOM

/. IlpumepHasi TeMaTHKa NHMCbMEHHbIX PpadoT (KYypcoBbIX, pedepaTos,
KOHTPOJIbHBIX, pac4eTHO-TpaguYecKux M Jp.)

Ne n/m Tembl

1 Crny4aliHble BEJIMYUHBI U COOBITHSI, METOJIbI UX T€HEpPALMU U 00JaCTh UX
PUMEHEHUSI

2 [TpoGnembl [OJIYYEHHUS Ha OBM CIIy4alHBIX YUCJIOBBIX
NIOCJIEI0BATEIILHOCTEN c 3aIaHHBIMU BEPOATHOCTHBIMU
XapaKTEPUCTUKAMHU

3 [IpeoGpazoBanue Jlamnaca

4 BoluncneHnne XxapakTepUCTHK CUCTEMBI 110 €€ ONEepaTOPHOU
XapaKTEPUCTUKE

5 ANTOpUTMBI M METOJbl TEHEPALMM PABHOMEPHO pPaCIHpENEIICHHBIX
CIIy4YalHBIX YHCEII

6 MopenvupoBaHue JJOTHYECKUX (PYHKIIHI

8. Bonpocsl Kk 3aueTy

Ne /it Bomnpochr

1 OO61ue BOmpoCchkl MATEMATHIECKOTO MOJICIIUPOBAHMUS

2 NmuTtarmonssie Moienu

3 WNuteprionsius no obmieit hopmyie Jlarpanxka

4 HNuTteprionsaius TabIuYHbBIX TaHHBIX IO popmyiiam Jlarpanxka

5 [Iponecc mocTpoeHust MaTeMaTHYECKON MOAEIHN

6 [TomuHOMUATBEHAS AaNIITPOKCHUMAIIHS

7 YeOnImeBcKast anmpoKCUMAIIHS

8 CyTh KOMIBIOTEPHOTO MOACITUPOBAHUS

9 DKCIOHEHIIUAJIbHAS perpeccust

10 | [lonmuHOMMAaNBHAS peTrpeccus

11 | PaznuuHble METOIBI PEIICHUSI HETMHEUHBIX YPABHEHUM

12 | Jlunetinas perpeccus o0OIero Buaa

13 Henuneiinas perpeccus o01iero Buaa

14 | BeiuncinuTenbHble AKCIIEPUMEHTBI C MaTEMaTHYECKUMHU  MOJICIISIMH,
UMHUTHUPYIOIIUMU MOBEJAECHUE peaIbHBIX 00BEKTOB, MPOIIECCOB MIJIM CUCTEM

15 | JIuneliHOE cria)kMBaHME IO TATH TOUYKAM

16 | HemuHelHOE criaXMBaHUE TIO CEMU TOYKAM

17 | Cnyuaiinble BEIMUMHBI M COOBITHS, METOAbI UX FEHEPAI[MH ¥ 00J1aCTh UX
MIPUMEHCHUS

18 | IIpoGmembr MOJTyYCHUS Ha O9BM CIIy4ailHbIX YUCIIOBBIX

HOCHGHOB&TCHBHOCTCﬁ C 3aJaHHbIMHA BCPOATHOCTHBIMHU




XapaKTCpUCTUKaMu

19 | Ilpeo6pa3oBanue Jlamnaca

20 | BeruuciieHne XapakTepUCTUK CUCTEMBI 110 €€ ONepaTOPHOI
XapaKTePUCTUKE

21 | AnropuT™MBl M METOABI TEHEpAIlMd PaBHOMEPHO pacIpeIelICHHBIX
CIIy4alHbIX YUCEN

22 | MonenupoBaHue JOruyeckux GyHKIUN

23 | 3aryxaroliye U HapacTawlue KojaeoaHus

24 | MeTol 1 aNropuT™M pelIeHUs] CUCTEM JIMHEHHBIX YpaBHEHUN METOI0M
lNaycca

25 | KonebGanus u pe3oHaHC B MEXaHUYECKON CHUCTEME

26 | Kimaccuyeckuii CrieKTpaibHBIM aHAIN3 U CHHTE3

27 | CyTb KOMIIBIOTEPHOTO MOJCIIUPOBAHUS

28 | MopenupoBaHue TEXHOJIOTUIECKUX MPOIECCOB

29 | MaTtemaTnueckoe obecrieueHne npu aBTOMaTU3aluN

30 | MoaenupoBaHue CUCTEM aBTOMATHYECKOI0 yIpaBICHUS
TEXHOJOTUYECKUMH TPOIICCCaMu

31 | O6ume BOmpochl MaTEMaTUYECKOT0 MOJIEITHUPOBAHUS

32 MNmurtannoHHbsie MOaEIHN

33 | UaTepnonsamnus o obmiei popmyse Jlarpanka

34 | UnTepnonsiuus TaOIMYHBIX TaHHBIX 110 ¢hopmyram Jlarpanxa

35 | [Ipouecc nmocTpoeHuss MaTeMaTu4ecKon MOJENIN

36 | [lomuHOMMANIbHAS ANIIIPOKCUMAITHUS

37 | YeOnImmeBcKas anmpoKCUMaIus

38 | CyTh KOMITBIOTEPHOT'O MOJICTTUPOBAHUS

39 | ODKCnIOHEHIMaIbHAS PEeTpeccus

40 | INonmHOMMANBHAS perpeccus

41 | PaznuuHble METOABI PEIICHUS HETMHEUHBIX YPaBHEHUI

42 | JIuneitHas perpeccust o0IIero Bua

43 | Henunelinas perpeccus o0Iero Buaa

44 | BoluucnuTenbHbIE OKCHEPUMEHTHI C MaTeMaTHYeCKUMU  MOJEIISIMH,
UMUTHPYIOIIUMHU MTOBEJIEHNE PEATbHBIX 00BEKTOB, IPOIIECCOB WIIM CUCTEM

45 | JIu"eitHOE CTiIa)KWBaHUE IO MATU TOYKaM

46 | Henuueilinoe crinakuBaHUE MO CEMHU TOYKAM

47 CnyuaiiHble BETUYUHBI U COOBITHS, METOJIbI UX T€HEPAIIMHU U 00J1aCTh UX
IPUMEHEHUS

48 | [IpoGnemsr MOJIyYEHUS Ha OBM CIIy4alHBIX YHUCJIOBBIX
TIOCIIeIOBATEIIBHOCTEH C 3aIaHHBIMU BEPOSITHOCTHBIMHU
XapaKTePUCTUKAMU

49 | [IpeoOpazoBanue Jlammaca

50 | Beruucienne xapakTepUCTHK CUCTEMBI 110 €€ OTIepaTOPHOM

XapaKTePUCTUKE
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9. ®oHA OLEHOYHBIX CPEeICTB /JJIsl TPOBEAeHUS TPOMEKYTOYHOM
arrecTaluy 00y4YaIOIMXCH 110 AMCUHMILIHHE

9.1. ITacnopT (poHIA OLIEHOYHBIX CPEACTB

Ne
n/n

KonTposupyemsbie pa3aeibl
(TeMbl) TUCHUTLTHHBI

Kon
KOHTPOJIMpPYyeMoil
KOMIIeTEeH N H
(nJIn ee 4acTH)

HaumeHnoBanue

OLICHOYHOI'O CPEJIACTBA
1

Mopynb 1. O61ue Borpocsl
MaTEMATUYECKOTO
MOJICITUPOBAHHSI.

OIlK-2, T1K-12

OT4eT 10 BHIOJTHESHUIO
MPaAKTUYECKOTO
3agaHus 1

«OcHOBBI  paboOTBl ¢
IIPOrpamMMou
«MathCAD». Otuer o
BBITIOJTHCHUIO
MIPaAKTUYECKOTO
3aaHus 2

«PemieHue
YPaBHEHUN».

OT4eT 1o BBINOJTHEHUIO
MPaAKTUYECKOTO
3agaHusa 3
«HTepnonamnus u
MPEICKA3aHUEC)

Monayns 2. Paznuynbie
METObI PELICHUS
HEJIMHEVHBIX YPaBHECHUM.

OIIK-2, I1K-12

OTyeT 110 BBITTOJTHEHHIO
MPAKTUUYECKOTO
3ananus 4
«MaremaTuueckas
o0paboTka
pe3yJbTaTOB
AKCIIEPHUMEHTAIBHBIX
JTAaHHBIX).

OTyeT 110 BBIITOJIHEHHIO
MPaAKTUYECKOTO
3agaHusa 5

«Yuciaennoe
WHTETPUPOBAHUE n
nud pepeHnrpoBaHme.
OTyeT 110 BBIITOJIHEHHIO
MPAKTUYECKOTO
3aanus 6

«Pemenne

! Pekomen tyeMblIii TIEpeYEHb OLIEHOYHBIX CPEJICTB TPEICTABIIEH Ha caiite YMY
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OOBIKHOBEHHBIX
G pepeHInanbHbIX
YPaBHEHUNY.

Monyinb 3. [TpoOnembl OTyer 1o BBINOJIHEHUIO
IIOJIYYEHHUS Ha OBM [IPAKTUYECKOTO
CIIy4YalHBIX YHCJIOBBIX 3aanug /
IIOCJIEA0BATEIILHOCTEN C «Pemenue
3a1aHHBIMHU BEPOSTHOCTHBIMU nuddepeHmanTbHbIX
XapaKTEPUCTUKAMU. OIK-2, TIK-12 YpPaBHEHU B YACTHBIX
MIPOU3BOJHBIX).
OT4eT Mo BBINOJIHEHUIO
MIPaAKTUYECKOTO
3aaHus 8
«CrneKTpaJIbHBIN
aHaJIu3 U CUHTE3.

9.2. TunoBble KOHTPOJIbHBIE 3aaHUs] WM WHbIE MAaTePUAJIbI, HEO0OX0IUMbIE
AJIs1l OUEHKH 3HAHWI, YMeHHWiIl, HABBIKOB W (MJIH) ONBITA [esITeJIbHOCTH,
XapaKTepu3yKIUX J3Tanbl (OPMHPOBAHHA KOMIETEHIMH B Mmpouecce
0CBOEHHA 00pa30BaTeJbHOI MPOrPaAMMBbI.

KoMmiekT npakTuueckux 3ajanui

IIpakTuyeckoe 3ansitue Nel
«OcHoBbI padoTsI ¢ nporpammoii «MathCAD»

1. leap 3ansTus: DopmupoBaHue oOMIEro MPEACTaBICHUS PaOOTHI C
nporpammoii «MathCAD».

2. AJITOPUTM BBINIOJIHEHHS MPAKTHYECKOT0 3a1aHUA

3aganue 1.
Brrauciuth:

1) v100; 2) |-10| =; 3) 10! = .

DTO0 U BCce OCTaNbHbIC 3aJJaHUSI CHAOUTh KOMMEHTapUSIMH, UCIIOJNIB3Ys KoMaHabl “Text” —
Create Text Region” unmmn "Text” — "Create Text Paragraph”.

3amanue 2.

1) Onpenenuts MepeMeHHbIE:

a:=3.4;b:=6.222; ¢c = 0.149; (npuueM MEPEeMEHHYIO ¢ — rII00ATBHO).

2) BBIYnCIINTh 3HAYEHHSI BHIPAKCHHUS:

7 = 2ab + % ‘N = eSi”C . COS_a .

J@ +bee) ¢ b
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3) C momomipto komauasl "Math” — "Numerical Format” — “Displayed
Precision” UW3MEHHTb TOYHOCTh OTOOpPAKEHHS PE3YJIbTATOB  BBIYUCICHUS
r7100aIbHO.

3amanue 3.
BeiBecTr Ha 5KpaH 3HAYCHUE CUCMEMHOU KOHCMAHMbL T ¥ YCTAHOBUTH MaKCUMAaJIbHBIH (opMaT
e€ 0TOOpaKCHHUS IOKATLHO.

3aganue 4.
BI)IHOJIHI/ITI) CJIGILYIOHH/IG onepaum/l C KOMIIJICKCHBIMH YUCJIAMU .

Z:=-3+2i;|Z| =;Re) = I(2) = ; arg@) =; NZ = ; -5=; 2Z = 71:=1+2i; 22:=
3+4i; Z1+722 = ;721 -722=;71-72=;71/22 =.

3amanue 5.

BrInosHUTE creayromme onepanu:

. : : o 2 ctg2x o
i = 1. 10 Yi=; [I(i+D)= [%®-lg(x+2)dx=; [ (Gimaxpd= x:=2;
i i 0 0,8

o X°=; isin( X) =.
dx dx

3ananue 6.
Omnpenenuts Bektopbl d, S u R yepe3 muckperHsiii aprymenT i. OtoOpasuTh rpadpuyecky,

tabauuno 3amanusie Gynkuuu Ri(di) u Si(di), ucrmonssys komanay Graphics — Create X-Y —

Plot. Yto6s1 ohopMuTh rpaduk, HEOOXOMMO BBITTOJHHUTD CIIEAYIOIINE KOMaH/IBI.
[ di Si Ri
0 0,5 3,3 2
1 1 5,9 3,9
2 1,5 7 4,5
3 2 6,3 3,7
4 2,5 4,2 1,2

1) IllenkHyTh MBIIIBIO Ha TpaduKe, YTOOBI BBIACIUTH €r0, HPU ITOM
MathCAD 3amenut menro Graphics va menio X-Y Plot.

2) Boiopate X-Y Plot — Format (mostBuTcst nuajgoroBoe okHo "Formatting
Currently Selected X-Y Plot") u ordopmatupoBaTh rpapuk Tak, 4TOOBI B Kax 10k
y3nmoBoi Touke rpaduka ¢pynkmuu Si(d) crosn 3Hak Buaal(Traces — Symbol —
box), a rpadux ¢pyskmmm Ri(di) oroOpasute B Buie rucrorpammsl (Trace — tupe
— bar).

3) Hanectn nuauu cetku Ha rpaduk (X-Y Axes — Grid Lines) u oToOpa3uTh
nerenny (Traces — Hide Legend).

3ananue 7.
[ToctpouTts nexaptoBsl (X-Y Plot) u monspusie (Polar Plot) rpaduku cnexyromux GyHKIui:

X (&) =cos(e) - sin(x);

Y (a) =1.5cos(x)? —1;

P(a) :=cos(«).

J171s 5TOrO0 HEOOXOIMMO OMPENIENUTD ¢ KaK TUCKPETHBINA apryMeHT Ha uHTepBaje oT 0 10 2z ¢
mrarom 7/30.

Omnpenenuts 1o rpaduky X-Y Plot koopauHathl 11000it U3 Touek nepeceueHus rpadukoB Y(a) u
P(a), s 3TOro HE0OXOIUMO:

1) Beiaeauthb rpaguk u Bpiopars X-Y Plot — Zoom (mosiButcst 1uajioropoe okHo ""X-Y
Zoom'") nJis1 yBeIn4eHusi 4acTH rpadguka B 00/1aCTH TOYKH NepeceyeHus ;
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2) Ha yepreixe BBIICIUTD MYHKTUPHBIM MPSAMOYTOJIBHUKOM OKPECTHOCTh
TOoUuKHM nepeceueHus rpadpukoB Y(a) u P(a), KOTOpYIO HY)KHO YBEIIUYHUTh.

3) HaxxaTth kHONIKY Z00OMm, 4TOOKI TEPEepHCOBAThH rpaduK.

4) YtoObI cienaTh 3TO U300paXKeHHE MMOCTOSHHBIM, BBIOpaTh AcCept.

5 Briopats X-Y Plot — Trace (mosiButcst auanorooe okHo "X-Y Trace").

6) BayTpu uepTexka Ha)KaTh KHOMKY MBIIIN U TIEPEMECTUTh YKa3aTeIb MBIIIN
Ha TOYKY, YbH KOOPJAMHATHI HY)KHO YBUJICTb.

7) Beiopats Copy X (wiu Copy Y), Ha cBOOOHOM TI0JIe JOKYMEHTa HaOpaTh

Xper = (unu Yper =) u BoiOpaTh NyHKT MeHI0 Edit — Paste.
8 Borunciuth 3Hauenus Gpyuakuii X(a) u Y(o) npu a:= 7/2.

3ananwue 8.
Ucnonp3ys komangy Math — Matrics co3mare marpuity Q pasmepom 6 Ha 6, 3alOJHUTH €€
MIPOM3BOJILHO U 0TOOPa3UTh rpaduuecku ¢ nomouipro komanasl Graphics — Create Surface Plot.

3amganue 9.
[Toctpouts rpaduk nmosepxHoctu (Surface Plot) u xapry nuuuii ypoBHsa (Contour Plot) mist
(GYHKINU IBYX IEPEMEHHBIX:

X(t,a):=t-cos(a) -sin(a) .

1) Onpenenuts Gyukuuio X(t, a).

2) 3amath Ha ocsx nepeMeHHbiX t U a mo 41 Touke (i:=0..40, j:=0..40): mis
nepeMeHHoM ti co 3HaAYEeHHSIMM, U3MEHSIOUUMHCS OT —5 10 S5 ¢ marom 0.25
(ti :== -5 + 0.25i), a st mepemennoit aj — ot 0 10 27 ¢ marom /20 (g5 := 7/20 j).

3) Onpenenuts matpuity M; j := X(ti, 0j) 1 oToOpa3uth e€ rpadudecky.

4) C momoripio koman el Graphics — 3D Plot Format BeizBats guanorosoe okuo "3D Plot
Format" u n3menuTs:

— xapakTepuctuku npocmotpa (View — Rotation — Tilt),
— nBera u uHun noBepxHoctu (Color&Lines — Shading),
— napameTpsl oceit (Axes),

— BUJ 3arojioBka rpaduka (Title).

3aganue 10.

Ucnonwsys nepemennyio FRAME u komanay Animation — Create, co31aTh aHUMAITMOHHBIC
KITUIIBI C TOMOIIBIO JaHHBIX TPUBEICHHBIX B TAOIUIIE:

BapuanTel 3aganus 10

Ne [IepemenHble OyHKIUU FRAME Tun rpaduka
BapuaHTa
1 x:=0,0.1..30 f(x):= x + FRAME ot 0 o | monspusIid (Polar
20 Plot)
2 i= gi:= 0’5-i-cos(i) or 0 10 | TpexMepHbIH
0. FRAME+1 hi:= isin(i) 50 TOYEYHBIN
ki:= 2i rpacuk

(3D Scatter Plot)
rpaHUIBI HA OCAX
Min Max
x-50 50
y-50 50
z0 50

3 i:=0..20 f(x,y):=sin(x>+y>+FR |oT0 10 |rpadux
J:==0..20 AME) 50 HIOBEPXHOCTU
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Xi:= —1,5+0,15i (Surface Plot)
yj:=-1,5+0,15j
4 r'= FRAME, Xmn:= (R+r |or O po|rpapux
R:=6 coS(Vn))" *cos(Wm) 11 rapaMeTpu4ecKon
m :=0..20 mn:=(R+rcos(vn)) sin(Wm TIOBEPXHOCTH
n:=0.20 )z/m,’n::(r sin(vn)( )) sin(Wm) (Surface Plot)
(rpaHMIIBI Ha BCEX
OCSIX YCTaHOBUTD
or—11 no 11)
5 |ri=FRAME, Xmn:=(R+r cos(va))[~ cos(Wm) |oT 10 | rpaduk
R:=6 Ymn:=(R+r cos(vn)) sin(wm) |11 apaMeTpUIeCcKOn
m :=0..20 Zmp:=1T  SiN(Vn) MOBEPXHOCTH
n:=0.20 (Surface Plot)
(rpaHMIIBI Ha BCEX
OCSIX YCTaHOBUTD
or—11 no 11)

3. Oxupaemblii (e) pe3yabTar (b1): ohopmiaeHue oTdera B Buje (aitna popmara

«MathCAD»
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IIpakTHyeckoe 3ansaTue Ne2
«PemieHue ypaBHeHHID»

1. Heas 3anaTus: opmupoBanue yMeHHs peniaTh OObIYHBIE YPABHEHUS U
cucteMbl ypaBHeHui B mporpamme «MathCAD».

2. AJITOPUTM BBINIOJTHEHHUS MPAKTHYECKOI0 3a1aHUA

3aganue 1.

1) Tocrpouts rpaduk ¢pyakuuu f(X) 1 NpUOIU3UTETFHO ONPEACIUTH OJNH U3 KOPHEH

YPaBHEHUS.

2) Pemuts ypauenue f(X)= 0 ¢ Tounoctsio ¢ = 10 ~4:
— C IOMOIIIBIO BcTpoeHHoU pyHnkiuu Mathcad root;
— MmetoaoM HbroToHa (KacaTellbHBIX), UCTIONB3Yys GyHKIHo until;

— METOJIOM UTepallyii, UCTIoNb3ys GpyHkmuto until.
3) OnpeaenauTh YKCIO0 UTEPALHA B KaXKIOM METO/IE, C MOMOIIbi0 GyHknuu last.
Bapuantel 3amanus 1

No f(x) Ne f(x)
BapHWaHTa BapuaHTa
1 3sin+/x + 0,35x —3,8x; 9 e — X —2:
x €[2;3] x €[0;1]
SE AV 10| V1-x-tgx;
3+5sin3,6x x e[0:1]
x €[0;1]
3 arccosx — /1 —0,3x3; /22 +1,2 - cosx - 1;
x €[0;1] x €[0;1]
4 J1—0,4x% — arcsin x; 12 Tcos = '-2sin T 4T
x €[0;1] LXJ LXJ X
x €[1;2]
° 3x— 14 +eX —e7; 13 0,1x* —x - In x;
x €[1;3] x e[1:2]
6 0,253 + X — 2; 14 1-x+sinx—In(1+x);
x €[0;2] x €[0;2]
2
7 - 1 —;X 15 el _yx3_x:
X —x x €[0;1]
x €[2;3]
8 | 3x—4Inx-5;xe[2;4]
3aganue 2.

Jlns onmHOMa ¢(X) BBITIOJHUTE CIICAYIOIINE ICHCTBHYS:

1) C nomormisio koMaHbl Symbolic — Polynomial Coefficients co3nats

BekTop V, conepxkaiinii ko3 PUIUEHTH TOJTMHOMA.
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2) Pemnthb ypaBHenue g(X) = 0 ¢ momoipro Gpynkmuu polyroots.

3) Pemuth ypaBHEHHE CHMBOJIBHO, UCTIOIB3Ys KoMaH 1y Symbolic — Solve
for Variable.

4) pa3noKUTh Ha MHOXHTENH, UCTIONB3ysl Symbolic — Factor Expression.

BapuanTsl 3ananus 2

Ne g(x) Ne g(x)
Bap Bap
HaHTa HaHTa
1 X*—2x3+ x2—12x + 20 9 X+ x3— 17x%— 45x —
100
2 x*+ 6x3+ x2— 4x — 60 10 X*—5x3+ x?— 15x +
50
3 x*— 14x°— 40x — 75 11 X — 4x3— 2x%— 20x +
25
4 X*—x3+ x>—11x + 10 12 X*+ 53+ Tx?+ 7x —
20
5 X*—x3— 29x% — 71x 13 X*— Tx3+ 7x°— 5x +
100
6 X+ 73+ 9%+ 13x — 14 x* + 10x3 +36x° +70x+
30 75
7 x*+ 3x3— 23x>— 55x — 15 x* + 9x3+ 31x%+ 59x+
150 60
8 X*— 6x3+ 4x%+ 10x +
75
3agadue 3.

Pemuth cuctemy TUHEMHBIX YpaBHEHUM:
1) ucnone3ys pyukuuu Find;
2) MaTpUYHBIM CIIOCO00M, HCIoNb3ys GyHkuuio Isolve.
Bapuantsl 3aanus 3

BapuaHT Cucrema JIMHEHHBIX BapuaHT Cucrema JIMHEHHBIX
ypaBHEHUH ypaBHEHUH
1 r +Xo+ 2X3+ 3X4=8; 9 71+ Xo— BXa+ Xa= 4
~+ 3X3=6; — 32— 6x4= -1,
1_—X2+3X4:4; Q 2— X3+ 2X4 = 2;
+ 2Xo— X3+ 2X4 = 4. X1+ 4X2— TX3+ 6X4= 2.
2 2%+ 3Xz+ AXa = 22; 10 r+ 2X2+ 3X3 + 4xa = 26;
1+ 3xo+ X3+ 2x4= 17; L+ 3x2+ 4X3 + x4 = 34;
£ +Xot+x3—X4=38; 1L+4X2+x3+2X4 =26;
— 2X3—3Xa4=—T. L FXe+ 2X3+ 3x4= 26.
3 r1+ 10X2 — 7X3— X4 = 23; 11 ;"\'i — 8X2 — 3X3 —2x4=-18
1—X3—Sxa= 37; —2x2+ 3X3— 2x4= 28;
< 1 —2X3 + Xa=22; { +x3+ xs=10;
1+ X2+ 2X3+ 3x4 = 26. [X2 + X3+ 2X4 = 21.
\, \
4 71— X2+ 10X3— x4 = 158; 12 71— X2 + 4X3 + Xa = 66;
1+ Xo+ 10x3+ 7x4=128; 92— BX3 + x4 =—63;
< 1—2X0— 2x3—Xa =T, < 1— 3X2 +6x3-5X4 =146;

\
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X1— 12X+ 2X3— X4 = 17.

2X1— TX2 + 6X3— X4 = 80.

5 X1 — 2X2 + 6X3+ X4 = 88; 13 2x1— 3X3— 2Xa = —16;
5x1+ 2X3— 3x4 = 88; 2x1—X2 +13x3 +4x4= 213;
7x1— 3X2 + 7x3+ 2X4 = 181; 3x1+ X2+ 2x3+ X4 = 72;

3X1— 7X2+ Bxz+ 2x4 = 99. X1 — 12X3— 5x4 = 159.

6 X1 — 2X2— 8X4 = —T; 14 7x1+ TX2— 7x3— 2Xa = 5;
X1 + 4Xo— 7x3 + 6x4= -8; 3x1+ 4X2 + S5x3+ 8x4 =60;
Xy + X2o— 5x3+ X4 = -10; ox1+ 2X2 + 2x3+ X4 = 27;
ox1— X2+ 2X4=1T. ox1— 2X3— X4 = —1.

7 2X1+ 2X2 + 6x3+ X4 = 15; 15 6x1— X2 + Sx3+X4=124 ;
—X2+ 2X3 + x4 = 18; Tx2— Sx3— x4 = —54;
4Ax1— 3X2 + x3— 5X4 = 37; 5X1— 5X2 + 2x3+ 4X4=83;
3x1—5X2 + X3—x4= 30. 3x1— 92 + x3+ 6X4 = 45.

8 4x1— 5Xo+ TX3 + 5x4 = 165;
2X1+ Xo— 3x3— x4 = -15;
Ox1 + 4X3— X4 = 194;
X1 — X2 — 2x3— 3x4 = —19.

3amanue 4.

1) IlpeoGpa3zoBaTh HeIMHEHHBIE YpaBHEHHUS cucTeMbl K Buay f1(X) =y u fo(y)= x.
2) TlocTpouTh MX rpadMKK U ONPEETUTh HAYaIbHOE NPUOIMKEHHE PEILCHHUSL.
3) Pemuts cucTeMy HEJMHEHHBIX ypaBHEHUH, Hcnonb3ys GyHkimio Minerr.
Bapuants! 3ananus 4

X—2y =1,
!1(y—1)+x:1,3;

BapuaHT CucreMa HEJIMHEHHBIX BApUAHT CucreMa HETMHEHHBIX
YpaBHEHUH ypaBHEHUH

1 Sinx + 2y = 2, 9 Siny + x =-0,4,
Cos(y—1) +x=0,7; 2y —Cos(x + 1) =0;

2 Sin(x+0,5)-y=1, 10 Sin(x+2)-y=1,5;
Cos(y—2) +x=0; Cos(y —2) + x=0,5;

3 Cosx +y=1,5; 11 Cos(x +0,5) -y =2;
2x — Sin(y - 0,5) = 1; Siny — 2x =1;

4 Cos(x + 0,5) +y=10,8; 12 Cos(x—2) +y=0;
Siny — 2x = 1,6; Sin(y +0,5) —x=1;

5 Sinx-1)=13-y; 13 Cos(x+0,5) +y=1;
x —Sin(y + 1) =0,8; Sin(y +0,5) —x=1;

6 Cos(x +0,5) +y=1; 14 Sinx — 2y = 1;
Siny — 2x = 2; Cos(y +0,5) —x=2;

7 sin(x+1)+y=0,8; 15 2y — Sin(x - 0,5) = 1,
{1(3/—1) +x=13; Cosy + x=1,5;

8
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3aganue 5.
CI/IMBOJIBHO peH_II/ITB CUCTCMBI ypaBHeHI/If/'I:

( t 4y = a,

{+y:b.
(' —7z=a4a,
,'—Z:b;
I+ X=C¢C.

3. Oxxupnaemuplii (e) pe3yabrat (bl): ohopmieHre oTyeTa B Bujie (aiina popmara
«MathCAD»
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IIpakTyeckoe 3anaTue Ne3
«MHTEepHONSALMS U IPEACKAZAHUE)»

1. Heab 3ansiTusi: PopMUpPOBAHUE YMEHUS TPOBOAUTH UHTEPIIOISALUIO U
npecKa3aHue pe3yIbTaToB dKCIEpUMEHTOB B iporpamme «MathCAD».

2. AJITOPUTM BBINIOJTHEHHUS NPAKTHYECKOI0 3a1aHUA

3ajnanue 1.
BLII{I/ICJII/ITI))?,HatIeHI/Iﬂ 3aganHoi GyHkuuu yi = f(Xi) B y3nmax unTepnossinuu xi = a + hi, rae
—a
h=___ ,i=0,1,..,10, maorpeske [a, b].
10

Bapwuants! 3anannii 1...7

Neo f(x) [a; b] Ne f(x) [a; b]
BapHaHTa BapHaHTa
1 Sinx? [0; 2] 9 x-Cos(x + In(1 + x)) [1; 5]
2 Cosx? [0; 2] 10 10 - In 2X [1; 5]
1+X
3 gsinx [0; 5] 11 Sinx?.e ®/2) [0; 3]
4 1 [0; 2] 12 Cos(x + Cos’x) [0; 2]
0,5 + x?
5 glx+Sinx) [2; 5] 13 Cos(x + e°%) [3; 6]
6 1 [0; 4] 14 Cos(2x + x?) [0; 1]
(1+e™)

7 Sin(x + ™) [0; 3] 15 eCo*.Cosx® [0; 2]
8 g (x+1/x) [l; 3]

3ananue 2.

[To BerYMCIIEHHON Tabuie (Xi, Yi) TPOBECTH MapabOJINIECKYO HHTEPIOJISIIIHIO.

1) Jlnsa HaxoxaeHus K03GOUIMECHTOB KCKOMOTO TojrHOMa (3.1) HEOOX0IMMO COCTaBHUTh
CHCTEMY JIMHEHHBIX anredpandeckux ypaBHenuii (3.3).

2) CucreMy ypaBHCHUH PEIINTh MATPUYIHO C KCIOJIb30BaHueM (yHkiuu ISolve.

3) INocTpouTs rpadvk MHTEPHOIALUMOHHOIO MHOTOUIEHA U OTMETHTh Ha HEM Yy3JI0BbIE TOUKH (Xi,
yi)-

3ajanue 3.

1) Jliast BBIYMCICHHOH TAONUYHOW (DYHKIIMH COCTaBUTh (POPMYITY HHTEPIOJIAIIHOHHOTO
MHOrowieHa Jlarpamxka, WCIOJIB3ysS OIEpPaTOpbl CYMMHUpPOBaHHS U IEPEMHOXKEHHS IO
JMCKPETHOMY apryMEHTY, a Takxke QyHKIHIO if.

2) IlocTpouTs rpaduk MHTEPNOJIALMOHHOIO MHOTOYJIEHA U OTMETHThH Ha HEM Y3JIOBBIE TOUKH (Xi,
i)-

3ananue 4.

1) TlpoBecTH UHTEpPHOIMPOBAHHE 3aJaHHOW (YHKIHU C TOMOIIBIO MEPBOW W BTOPOW
HMHTEPIOJSIITHOHHBIX popmyn HproToHA.

2) TToctpouTth rpaduKu HHTEPIOIAIUOHHBIX MHOTOWICHOB U OTMETHTh Ha HEM Y3JIOBBIE TOUKH
(Xi, Yi)-

3amanue 5.

1) IlpoBecTH JNHMHEHHYIO WHTEPHOJSAIHMIO 33JaHHOW (YHKIMKM C TOMOIIBIO BCTPOCHHOM
MHTEPIOJISIIMOHHON QyHKImu linterp.

2) Moctpouts rpaduk GpyHknuu liNterp 1 oTMETUTH Ha HEM Y3T0BBIE TOUKH (Xi, i).
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3aganue 6.

1) INpoBecTH CrutaitH-UHTEPIOJISAINIO C TIOMOIIBIO QYHKIUI [spline, pspline, cspline u interp.

2) ITocTpouTs
3azanue 7.

rpaduk GyHKIHK INtErP 1 OTMETHTH HA HEM Y3JI0BbIC TOUKH (Xi, Yi).

1) Beruucnuth 3HaueHus 3axaHHoi GyHkimu yi = f(Xi) B Toukax xi = a + i/10, rme, 1 = 0, 1, ...,
10(b — a), Ha otpe3ske [a, b].
2) C wucnonszoBanueM (yHknuu predict BHINONHUTL HpeAcKa3aHUe (PKCTPAIOJIALHUIO)
MOJIydEHHOTO BEKTOpa JaHHBIX Yi B mocienyonmx 10 Toukax mo mocieaHuM 7 3HAYCHHSIM

byHKINH.

3) Oro6pasuth rpaguuecKky MMEIOLIMECS NaHHbIE, NPEICKa3aHHbIEC JAHHbIE U UCTHHHBIA BHJI

¢byukiuu f(X).

3. Oxugaemblii (e) pe3yabrtat (bI): opopmMiieHre oTueTa B Buje ¢aiina
dopmata «MathCAD»

IIpakTuyeckoe 3ansitue Ne4
«MaremaTu4eckas 00padoTKa pe3yJbTaTOB IKCIEPHUMEHTAIBHBIX JAHHBIX»

1. Heas 3anaTusa: GopmupoBanre yMeHUs MPOBOIUTH MATEMATUUYECKYIO
00paboTKy IKCIIEPUMEHTANBHBIX TaHHBIX B Tporpamme «MathCAD».,

2. AJITOPUTM BBINIOJIHEHHS MPAKTHYECKOT0 3a1aHUSA

3agadue 1.

Co3znaiite TaOIMIy SKCIIEPUMEHTAIIbHBIX TAHHBIX:

xiza+h,i=0,1,...10 h=

b-a

, Ha oTpeske [a, b].

BapuanTe! 3aganus 1

Ne yi [a; b]
BapHaHTa

1 2,86; 2,21; 2,96; 3,27, 3,58; 3,76; 3,93; 3,67; 3,90; 3,64, 4,09 [0; 1]

2 1,14;1,02; 1,64; 1,64; 1,96; 2,17; 2,64, 3,25; 3,47; 3,89; 3,36; [-1; 1]

3 4,70; 4,64; 4,57, 4,45; 4,40; 4,34, 4,27, 4,37, 4,42; 4,50; 4,62 [2; 4]

4 0,43;0,99; 2,07; 2,54, 1,67; 1,29; 1,24, 0,66; 0,43; 0,35; 0,70 [2; 4]

5 1,55;1,97; 1,29; 0,94, 0,88; 0,09; 0,02; 0,84; 0,81; 0,09; 0,15 [1; 4]

6 3,24;1,72; 1,95; 2,77, 2,47, 0,97; 1,75; 1,55; 0,12; 0,70; 1,19 [0; 4]

7 2,56; 1,92; 2,85; 2,94, 2,39; 2,16; 2,51, 2,10; 1,77; 2,28; 1,70 [-1; 2]

8 1,77;0,92; 2,21; 1,50; 3,21; 3,46; 3,70; 4,02; 4,36; 4,82; 4,03 [-1; 3]

9 1,53; 0,45; 1,68; 0,12; 0,68; 2,36; 2,58; 2,53; 3,45; 2,70; 2,82 [4; 8]

10 2,50; 3,90; 3,54; 4,63; 3,87; 5,25; 4,83; 3,24; 3,08; 3,00; 4,70 [0; 5]

11 2,95; 3,38; 2,71; 2,37; 2,29; 2,75; 2,76; 2,74; 2,57; 2,40; 2,99 [1; 5]

12 -0,23; -0,03; -0,98; -0,97; -0,43; -0,91; -0,27; -0,19; 0,88; 1,06; 0,72 [2; 4]

13 2,36; 0,03; -0,38; -1,33; 0,25; -1,36; 0,95; 3,16; 4,03; 4,92; 4,20 [0; 2]

14 3,82; 4,07; 3,53; 4,83; 5,53; 5,04; 5,09; 5,87; 5,53; 4,72; 4,73 [3; 4]

15 2,35; 2,16; 2,39; 2,39; 2,18; 2,09; 2,44; 2,56; 3,35; 3,22; 2,65 [-3; 4]
3amanue 2.
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1) AnnpokcMMHUpOBAaTh MHOTOWICHAMH 2-0d W 6-0ff CTENEHU IO METONY HAWMEHBIIMX
KBagpaToB (yHKIMIO, 3aJaHHYI0 TaOnuueld 3HAUYeHWH Xi W Yi W CpPaBHUTHb KadyeCTBO
NpUOIINKESHUH.

2) IoctpouTs rpadku MHOTOUICHOB M OTMETUTH Y3JIOBBIE TOUKH (Xi, Yi).

3ajganue 3.

1) Jlyis npuBeICHHBIX B TAOJUIIE YKCIICPUMEHTAIBHBIX AaHHBIX (Xi, Yi) ONPENCIUTh MapamMeTphbl
JTUHEWHOM PErpecCHy ¢ UCIOJIb30BaHUEM BCTPOCHHBIX (GyHKIMiT Mathcad slope u intercept.

2) Oto0pa3uTh rpadMuecku COBOKYITHOCTh TOYEK BEKTOPOB Xi U Vi U PE3yJbTaThl MPOBEICHHON
JIMHEWHOM PETpecCum.

3aganue 4.
1) AnnpoKCUMMHPOBATH JAHHBIC U3 BEKTOPOB Xi U Vi :

— MOJMHOMOM 4-0M CTCTICHH MPH IMOMOIIY (YHKIHI regress uinterp;
— HabopaMH MOJMHOMOB BTOPOT'O MOPS/IKA ¢ TIOMOINBIO GyHKIni [0ess u
interp (mpu span pasxom 0,5 u 2,5).
2) Oto6pasute rpadUUecKH pe3yabTaThl AMMPOKCUMAIIHH.,
3ajganue 5.
1) AnmnpoKCHMHUpPOBATH SKCIICPUMEHTATIbHBIC JaHHBIC U3 TAOIUI] 3HAYCHUH Xi U Vi IHHEWHON
KOMOWHAIMen QyHKITHI:
f(x) = a1 fu(x) + a2 f2(x) + as fa(x).
2) Kos¢puuumenTsl BekTopa a Haiiti ¢ nomoinsio Gyrkuun linfit.
3) Oro0pa3uTh rpauecku COBOKYITHOCTh TOUEK BEKTOPOB Xi M Yi M PE3YJIbTAaThl IPOBEICHHON
JTUHEWHOMN perpeccuu oOIIero Buia.
BapuanTel 3aganus 5

No f1(x) f2(x) f3(x)
BapHaHTa
1 ex 1 Sin x
\i + 2Cos 2 x
2 1 e Sin (3x)
1+ x?
3 1 e sin X X
1+ x?
4 arctg x In In x Sin x
5 e—x 2 1 e—x
X
6 1+x Cos X Cos X
2+Xx 10
7 1 / 2 Cos X
- 1+x
1+ eX
X _ . X
8 Cos 2 - Cosx Sin”
2 2
1+ eX
10 In(x + 5) \/m Sin x
11 1 V1 +x 1
X X 2
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12 Cos x 1 1

1+ X+ X2 1+ X

13 eX Cos 4x —ex/2
14 A+ e e Sin?(3x)

X X
15 # Cos__ Cos__
1+ X+ X2 10 10

3aganue 6.

1) AnnpokCHMHUPOBATh SKCIEPHUMEHTAIbHBIC JaHHBIC U3 TAOIUII 3HAUCHUN Xj U Yi PyHKIUCH
BHJIA:

. . 2
f (X) — eU0+U1 x+U,-x .
2) TlapameTpsl BeKTopa U HaiiT ¢ momorusio Gyrkuum genfit.
3) Oro0pa3uTh rpauuecKu COBOKYITHOCTh TOUEK BEKTOPOB Xi M Yi M PE3YJIbTAThl IPOBEICHHON
HEJTMHEHWHOM perpeccuu o0IIero Bua.

3ajganue 7.
1) BBINOJAHUTH CrIIQKUBAHUE SKCTIEPUMEHTATBHONW QYHKIIMHU, 3aJaHHOM TaOIUIeH 3HAYCHUN Xj U

Yi, ¢ TOMOIIIBIO BCTpoeHHBIX QyHKIuit Mathcad: medsmooth, ksmooth u supsmooth.
2) Pe3ynbTaThl CrIaKUBAHKSA OTOOPA3UTh TPa(QHIECKH.

3. Oxugaemblii (e) pe3yabrtat (bI): opopMiieHre oTueTa B Buje ¢aiina
dopmara «MathCAD»

IIpakTyeckoe 3ansaTue NeS
«YHucaeHHoe uHTEerpupoBanue u audQepeHuupoBaHue»

1. Hean 3anaTus: GopMuUpoBaHUE YMEHHS YUCICHHOTO HHTETPUPOBAHUS U
nuddepennupoBanus B mporpamme «MathCAD».

2. AJITOPUTM BBINIOJIHEHHS NPAKTHYECKOT0 3a1aHUA

3ananue 1.
Omnpenenutsd ¢yukiwpio f(X) Tabnuuno, Beruncius 3HaveHus yi = f(Xi) B Toukax xi= a + hi;

i=01,..8;

h= b—a Ha oTpe3ke [a, b].
BapuanTe! 3aganus 1
Ne f(x) [a; b] [c; d]
BapHUaHTa
1 1 [0,4; 0,8] [2, 2;1]
tg2x+1
2 Cos3x [0,8; 1,6] [-1;-0,9]
(1 —Cos3x) - 2
3 1 [0,18; 0,98] [0,5; 0,6]
XA/ X3 + 4
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4 Sinx [0,8; 1,6] [2;2,1]
1 + Sinx
5 x219(x+2) [0; 0,4] [1,5; 1,6]
6 x2-arctg (x/3) [0,8; 1,6] [1;1,1]
7 e**-Sin3x [0,4; 1,2] [2;2,1]
8 ctg 2x [0,8;1,2] [1,11]
(Sin2x)?
9 (x + 1)-Sin x [1; 5] [1;1,1]
10 5x + x:Igx [0,2; 1] [1,3; 1,4]
11 (2x + 3)-Sin x [0,4; 1,2] [0,5; 0,6]
12 Cosx [0.4;1,2] [1;1,1]
2X+5
13 1 [0; 4] [2; 2,1]
1+ X+X%2
14 1+X [0,4;0,8] [1,5; 1,6]
2+x
15 N [0.4; 1,2] [0,5; 0,6]
3ananue 2.

b

BBIYHCIINTE MHTETPA: I f (x)dx:
a

1) ¢ MOMOIIBIO BCTPOCHHOTO OTlepaTOpa HHTETPUPOBAHUS;

2) 110 (hopMyIie IPSIMOYTOJIbHUKOB;

3) mo popmyne Cumncona,

4) ¢ TIOMOIIBIO BCTPOSHHOTO OIEPAaTOpa HHTEIPUPOBAHKS U UHTEPIIOJIAIIUCH
TaOIUYHON QYHKIMK KyOnueckuM craitnoM (dbyukiuu cspline u interp);

5) MeTomoM  HEOMpeneiCHHBIX  KOI(Q(OUIMEHTOB I YHCICHHOTO
UHTETPUPOBAHHSI.

3agadue 3.
b

BrruuciauTs uaTETpan I f (X)dXMeTO,ZLOM MounTe-Kapio. J1jis 3Tor0 He00X0AUMO:
a

1) onmpenenuTh quana3oH ciaydaitHbIx uncen, Hanpumep | = 0...1000;

2) ompeaenuTh ¢ moMoIIsio GyHKIMK rNd paBHOMEPHO pactpeie/ICHHYIO
CIly4aiiHyI0 BEJIMYHHY #j HA OTPE3Ke UHTErpupoBaHus [a, bi;

3) coznath Bektop Fj = f(#;);

4) ¢ moMoIIbI0 PYHKIIMH Mean BEIYUCIUTH HHTETPaL.

3ananue 4.
Haiiti nepBooOpa3Hyro aHanmuTHuecku 3ananHoi ¢pynkiuu f(X), ucnonp3ys komanay Symbolic
— Integrate on Variable.

3agaHue 5.
BbIunciuTh 3HaueHUs MepBOi U BTOPOii Ipou3BoIHBIX GyHKIMHU f(X) B Touke X = c:

1) ¢ momomsto onepaTopos nuddepenuposanus Mathcad;
2) METOJIOM  HEONPEICICHHBIX  KOI(D(PHUIIMEHTOB I  YHCICHHOTO
nudpepeHurpoBaHuUs.
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3) Omnpenenuts Gpynkimio f(X) TadimyuHo, BeIUKUCIUB 3Ha4YeHUs Vi = f(Xi) B
toukax xi =c + hi,1=0,1, .., 10, h=0,01 Ha orpeske [C, d].
3ananue 6.
OmnpenenuTb CHMBOJIPHOE 3HaYCHUE MIEPBOW ¥ BTOPOM MPou3BOaHbIX f(X), HCmONb3ys KoMaHLy
Symbolic — Differentiate on Variable.

3. Oxugaemblii (e) pe3yabrtat (bI): opopMiieHre oTyeTa B BUje ¢aiina
dopmata «MathCAD»

IIpakTyeckoe 3anaTue Ne6
«PemeHue 00bIKHOBEHHBIX AU epeHIHATbHBIX YPABHEHU D

1. Iear 3ansaTusa: PopMUpOBaHUE YMEHHUS pellaTh OOBIKHOBEHHBIE
nuddepennmanbabie ypaBaeHus B mporpamme «MathCAD».

2. AJITOPUTM BBINIOJTHEHHS MPAKTHYECKOT0 3a1aHUSA

Samanue 1.

Pemuts 3anayy Komm: ? = f(X,Y),y(0)=1, c marom h=0,1 Ha otpeske [0; 1]:
X

— METOJIOM DilJiepa;
— metonoM Pynre-Kyrra (koaddurrerts! Ki 3a1ath kak GyHKIMHA OT X H Y);
— MeToa0M Anamca;

— ucnonb3ys pyuknuto rkfixed.
BapuanTe! 3aganus 1

Ne f(x, y) Ne f(x, y) Ne f(x, y)
BapHaHTa BapHaHTa BapHaHTa
1 X+y 6 2y — Cos2x 11 2y + 3e*
2 2X% + 2y 7 y—e2+2 12 Y ox
2
3 e*— 3y 8 3y —2:Sin x 13 Cosx
y+——
3
4 y — Sin x 9 eX—y 14 y—4x+5
5 X 2 10 2:Sinx+y 15 2% _X _eX
3 3
3aganue 2.

[TocTpouts Tpaduku pemieHui, MONMYy4eHHBIX MeTrojamu Jinepa, Pynre-Kyrra, Anmamca u c
nomoipio ¢yakuun rkfixed. Beraucnute B Touke x = | OTHOCHUTENBHYIO MOTPEIIHOCTH IS
KaX/10T0 METOo/1a.

3ajnanue 3.

Haiitu ananutudeckoe (tounoe) pemenue O/1Y u3 3amanus 1 ¢ momouipio npeodpa3zoBaHuit
Jlamnaca (komanzael Symbolic — Transforms — Laplace Transform u Inverse Laplace Trans-
form).

3aznanue 4.

Pemnts 3amauy Komn ms cuctemsr OJ]Y nipu 3agaHHBIX HaYaldbHBIX YCIOBHSX Ha oTpeske [0;
2] ¢ marom h = 0,2. Pemats ¢ momomkto ¢pynkmu rkfixed. ITocrpouts rpaduku ¢pyskimii U(t) u

v(t).
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Bapuants! 3ananus 4

No Cucrema 0OBIKHOBEHHBIX HauvanrnHaeie
BapuaHTa mddepeHnnanbHbIX ypaBHEHUH yCIIOBUSA
u(0) u’(0) v(0) v'(0)

1 T=2v+uU; 15 15 1 1
{’ = 4v - 2u.

2 T=-v+ 3u; -1 1 -15 3
{’ =Vv-2u.

3 (' =2v-u; 1,5 1,5 1 1
{’ =4v +u.

4 ( =5v, 1 1,5 0 2
{’ =v+2u+t

5 (' =v+ u+tt 0,5 1,5 -1 2
{’ =v+2u-t.

6 (' =2v+tu+t 0,5 2 1 2
{’ = 4v.

7 (' =-V+t 5 5 -1 1
{’ =5v - 7u.

8 (' =v-5u; 1,5 1 3 1
{ =2v+u+t

9 ( =05+ 2 0 -1 1
{’ =4—-u+t

10 (' =—V+t -1 2 -15 0
{’ =v+3u

11 (' =v-u-—t 1,5 1,5 -1 -1
{’ =2v+u

12 ( =5v+t; -1 1,5 0 -2
{’ =3v+u

13 (' =v+u 0,5 1 -1 2
{’ =v+u-t

14 ( =2v-u; 0 ) 0 2
{’ =4v+t

15 ( =v-2t 3 3 -1 1
{’ =v+3u

3agaHue 5. <

Ha otpeske [a; b] ¢ ucnonn3oBanuem ¢ynkiuii load, score u shval mpeobpazoBaTh KpaeByto
3aj1a4y:

d?y
dx?
pemienne 3amanaoro OJ[Y B 10 mpoMexyTo4HBIX TouKax ¢ moMoiipio dhyukiuu rkfixed.

BapuanTe! 3aganus 5

=f(x, y, y’), npu rpannuHbIx ycinoBusx y(a) = 4, y(b) = B k 3agaye Kouu u HaliT

Ne f(x, y, ) ['paHu4YHBIC YCIOBHS
BapHUaHTa a b y(a) y(b)
1 e’y + cos x 1 2 0 0
2 ysinx+e™ 2 3 1 0
3 y COS X + tg X 0 1 0 0,45
4 X3y + Cos X 0 1 1 0
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5 X +eXy 2 4 1 0,14
1-x
6 X2y+1 1 3 0 0,17
1+x
7 y COS X + COS %X 1 2 0 0
8 (2 +x)y + arctg x 0 3 0 0,22
9 5-x)y+x 2 4 0 -1,2
10 eXy+2e™ 0 1,5 2,4 0
11 ey -3 -2 3 0
— 2+ X
X
12 @+ ys T 2 3 0 0
X X2
13 (10-x)y +x -1 0 2 0
14 y 1 3 15 0
——+ X
2
15 ylnx+1+x 7 8 0 0

3. Oxugaemblii (e) pe3yabrtat (bI): opopMiieHre oTueTa B BUjIe ¢aiina

dopmara «MathCAD»

IIpakTnueckoe 3ansaTue Ne7
«Pemenne nudPpepeHINAIbHBbIX YPABHEHUH B YACTHBIX MPOU3BOAHBIX»

1. Heasn 3anusatusa: GopmupoBanre yMeHus pemath quddepeHimanbHbIe
ypaBHEHUS B YaCTHBIX IMPOU3BOAHBIX B mporpamme «MathCAD».

2. AJITOPUTM BBINIOJIHEHHS MPAKTHYECKOT0 3a1aHUA

3ananue 1.
BapuanTsl 3aganus |
Ne f(x) a b c
BapHaHTa
1 )4 1 0,1
2 7 T = 2 0,1
3 | 4 0,2
4 | 6 0,3
5 [ 8 0,4
I
l
l
0 b =
6 X(x 2 —1)
7 sin (mx ?)
8 Sin(mx) cos x
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9 X- sin2(x —1)
10 4x3-(x — 1)
11 J4 1 0,1 0,2
12 a 3 0,2 0,4
13 | | 5 0,4 0,6
14 | | 7 0,6 0,8
15 : : 9 0,8 0,9
L)
g b X

Pemuts 3a1auy 0 Kos1le0aHUU CTPYHBI €AMHUYHOM JUIMHBI C 3aKPETJIEHHBIMUA KOHIIAMHU:

fu ., o

—=a" . ___ =1

ot? ox2’ ’

C HAYAJIbHBIMU YCIIOBHUSIMMU:

u(x, 0) =f(x),

_E@Q)z0,0SxSh

ot

U HyJeBbIMH IpaHnvHbIMU yeroBusamu: U(0, t) = u(l, t) = 0.

Jlns pemieHus 3aadd NOCTPOUTH ceTky u3 11 y3moB mo X (i = 0, 1, ... 10) u mpoBectu

Bbruncienus it 16 cinoés mo t (j = 0, 1, ... 16). Beruncienust BHINOJIHUATE ¢ 1marom h 1o x,

paBubIM 0.1 1 marom 7 no t, pasabiM 0,05. OToOpa3uTh rpaduyecku pemeHue 3agauu Ha 0-m, 5-
M, 10-M 1 16-M BpEMEHHBIX CIIOSIX.

3agadue 2.
Haiitu pemenne U(x, ) 1j1s1 ypaBHCHHS TEIUIOTIPOBOAHOCTH C TIOCTOSHHBIME KO3 PHUIIMEHTAMH:

ou ou
——a_—a=1
ot OX

C HaYaJIbHBIMHU YCIIOBHSIMHU:
u(x, 0) =f(x), 0<x<1;
1 TPAaHUYHBIMH YCJIOBUSAMH:

u(0,t) =a,
u(l,t)y="h.
Jlns pemieHus 3a1add NOCTPOUTH ceTky m3 11 y3moB mo X (i = 0, 1, ... 10) u mposectu
Bbruncienus it 12 cinoés mo t (j = 0, 1, ... 12). BelunciaeHus: BBIIOAHUTL C ImaromM h mo x,

paBHbIM 0,1 1 marom 7 o t, paBueimM 0,005. OT0Opa3uTh rpaduyecku penieHue 3aaadu Ha 0-om,
4-oM, 8-oM u 12-0oM CIOSX U TOCTPOUTH HHTErPajbHYI0 TOBEPXHOCTh pacCHpeleIeHUs
TEeMIIepaTyphl B CTepxKHE ¢ moMolIbio komanabl Graphics — Create Surface Plot.

BapuanTtsl 3ananus 2

Ne f(x) a b Ne f(x) a b
BapHaHTa BapHaHTa
1 X (x—1) 0 0 9 (x> +0,5)-cos(2m x) 05 | 15
2 X3+ x2-x 0 1 10 Sin(m x)-cos x 0 0
3 x*(1 —X) 0 0 11 x-sin(2(x — 1)) 0 0
4 x*(1 —X) 1 0 12 In(0,5 + x)-(x — 1) 0,7 0
5 x-sin(2m x) 0 -0,3 13 x-sin(4( x — 1)) —x 0 -1
6 (x — 1)-sin’x 0 0 14 x-cos(2mx) 0 1
7 4x*(x — 1) 0 0,5 15 x-e X(x* - 2) 0 | 04
8 10x3(x — 1) 0 0,5
3aganue 3.
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Haiitu crannonapHoe pacrnpeeneHrue TeMIepaTypbl B KBaIpaTHOM MIACTUHE CO CTOPOHOM 1,
onuceIBaeMoe ypaBHeHueM Jlamaca:
2 2
a_u + a_u — 0;
ox%  oy?
C KpaeBBbIMHU yCIOBHUSIMH BHJIA:
u(0, y) =fu(y), (0 <y <1);
u(l,y) =fay), (0 <y <1);
u(x, 0) =f3(x), (0 <x <1);
u(x, 1) =fa(x), (0 <x <1).
Perrats 3a1auy ¢ momorisio GpyHkiuu relax. J{ist pemenus 3agaun mocTpouTh ceTKy u3 11 y3mos
moX(i=0,1,..10)uu3 11 ya3nosmo y (j =0, 1, ... 10). OToOpa3uth rpaduuecKu ¢ MOMOIIBIO
komaHabl Graphics — Create Contour Plot cranmonapHoe pacmpeneneHue TeMIepaTrypbl B
IJIaCTHHE.
Bapuants! 3ananus 3

Ne fi(y) fa(y) fa(x) fa(x)
BpHAHTa
1 y cosy + (2 — X 1+x
—cosl)y
2 e/ — ey’ y 1-x3 X2
3 1-y? y sinx+1-— - X
x3(1 + sinl)
4 0 y sin x— x°sinl X
5 +yi(l-e) -1 y 0 x
6 y? cosy+ (3 - x3 1+ 2x
—cos 1)y
7 0 ¥ sin x— x3-sinl X
8 2ey—(1+ + —y 1-x3 X—2
2e)y’—1
9 —10y’—8y +6 | —10y?>— 30y + 22 x>+ 7X + 6 Ox?— 15x — 12
10 —7y>-5y+3 —7y°— 21y + 13 6X* + 4X + 3 6x°—12x -9
11 1 y+1 1 1+x
12 1 ey 1 ex
13 —y>—5y 4 + 5y —y? X? + 3x X2+ 3x + 4
14 3-7y 7—06y 4x + 3 o5x—4
15 0 siny 0 sin x

3. Oxkunaemblii (e) pe3yabTar (bl): opopmiieHre oT4eTa B BUE (aiina
dopmara «MathCAD»

IIpakTuyeckoe 3ansitue Ne§
«CrneKkTpajJbHbIH aHAJIHU3 U CUHTE3»

1. Henab 3anarus: DopMHpPOBaHUE YMEHHS NPOBOJUTH CHEKTPAIbHBIN
aHaym3 1 cuHTe3 B iporpamme «MathCAD».

2. AJIFOpI/lTM BBIINNOJTHCHHUA MPAKTHYICCKOI'0o 3aJaHUA

[Topsiiok BHIMOTHEHHSI TPAKTUIECKOM paboThl No§
3aganue 1.
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1) BeruricauThb nepsBbie miecTsb nap Ko3QGUIHEHTOB pa3ioxenus B psaa Pypoe dynkiuu f(t) Ha
orpeske [0, 27].

2) IMoctpouTts rpaduku 1, 2 u 3 rapMOHUK.

3) Beinonnuth rapmonnueckuii cuntes Gynkiuu f(t) mo 1, 2 u 3 rapmonukam. PesynbraTsl
CHUHTE3a 0TOOpa3uTh IrpadUIecKu.

BapuanTs! 3aganus 1

Ne () No () Ne (0)
BapHaHTa BapHaHTa BapHaHTa ( )
1 Cost 6 Cost-Cos|Sint| 11 Sin /1412
1+ Cos? 2t )
2 Sin t 7 arctg(Cos0,5t) 12 Cos m
1+ Cos? 2t
3 Sin2t + Sin? 3t 8 sin’ 13 o 10(t -7
3+ Sint+ Cos2t e 3
4 Sin3t 9 Sint + |Sin2y| 14 cos'
Sin t| +|Cost| o 3
5 | sin3t 10 t\2 15 cost
Cose . .
Sm(—j e 2Cos(Sint)

3ananue 2.
1) BBIMOJHUTE KIACCHYCCKHIA CIICKTPAIbHBIN aHanu3 u cuaTe3 pyukiuu f(t).

2) OTto06pa3uth rpadUUECKH CIIEKTPHI aMIUTHTY/ U (Da3, pe3yabTaT CIEKTPaIbHOIO CHHTE3a
byukuu f(t).

3ananue 3.

1) BBIMOIHUTE YUCIICHHBIN CIIEKTPaIbHbBIN aHanmu3 u cuute3 Gyukiuu f(t). s storo

HE00X0IMMO 3a/1aTh UcxoaHyro (yrkimio f(t) auckperHo B 32 oTcuérax.
2) OT06pa3uTh rpadUUecKu CIIEKTPHI aMILTHTY/ U (a3, pe3yibTaT CIIeKTPaIbHOIO CHHTE3a
byukuu f(t).

3ananue 4.
BoInoaHuTh criekTpanbHblil aHaau3 u cuates Gyukiun f(t) ¢ momomsio BII®. s storo

HEO00XO0IUMO:

1) 3agate ucxoganyr yuknuto f(t) quckperno B 128 orcuérax;

2) BeIOHUTE TpsiMoe BII® ¢ momompio ¢yakmuu fft u oroOpazuth
rpadMIeCKU HalIEHHBIC CIICKTPHI aMIUTUTY T U (a3 MEePBBIX MIECTH TAPMOHHUK;

3) BeImosHUTHE 0OpatHOe BII® ¢ momonisio ¢pyrkiuy ifft 1 orodpasuth
rpaUIecKu pe3yibTaT CeKTpabHOro cuHTe3a pyHknuu f(t).

3ajaHue 5.
Beimosnuute Gunbrpanuto Gyskimu f(t) ¢ momomnipto BIID:

1) cunreswpoBath ¢yHkuuo f(t) B BHIe IOJE3HOrO0  CHUIHAIA,
NpeacTaBiIeHHOro 128 orcuetamu BEKTOpa V;

2) K TOJIG3HOMY CHUTHANy V MPUCOCIUHUTHL IIyM C IMOMOIIBI0 QyHKIuH rnd
(rnd(2)-1) u chopmupoBath BekTOp U3 128 0TCUETOB 3aMTyMIICHHOT'O CUTHAJIA S;

3) mpeoOpa3oBaTh CUTHAJ C IIIYyMOM S U3 BPEMEHHOW 00JIaCTH B YacCTOTHYIO,
ucnoib3ys npsmoe BII® (pynkuus fft). B pesynbrate nmomyuurcst curnan f u3z 64
YaCTOTHBIX COCTABIISIIONINX;
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4) BBIIONHUTH (QUIBTPYIOIIEE MPEOOPA3OBAHUE C TIOMOIIBIO (PYHKIMU
Xesucaiina (mapameTp GUIbTPALUU o = 2);

5) ¢ momomkto ¢pyrknuu ifft BeimoHuTE 00paTHOE BIID U MONYYIUTH BEKTOP
BBIXOJHOr0 curHania h;

6) mocTpouTh TpadUKH MMOJIE3HOTO CUTHAJA V U CUTHAJIA, TIOJTyYEHHOTO
(GuIbTpaIMei 3aTyMICHHOTO CUTHAIA S.

3. Oxugaemblii (e) pe3yabrtat (bI): opopMiieHre oTyeTa B Buje ¢aiina
dopmata «MathCAD»

Kpurtepuu ouenku:

- OIICHKA «3aYTEHOY» BBICTABIISICTCS CTYACHTY, €CJIM OH MPAaBWJIBHO BBITOTHUI
paboty 1 0hOpMUI TIOJIHBIN OTUET;

- OLIEHKA «HE 3aYTEHOY» €CJIM OH HEMPABUIHHO BBIMOJIHUI PaboTy ¥ 0POpMILI
MOJIHBIM OTYET, BBINOJIHWI padOTy, HO HE O(OPMIII OTYET WM HE BBITOTHUII
paoory.

IIpuMepHBIi NepeYyeHb TeCTOBLIX 3aJaHUM

3apaHue Ne1

CraTtuctuueckue MOACIN OTINYAOTCA OT APYTUX MATCMATUYICCKUX MOI[@J'IGﬁ B
3aBUCHUMOCTHU

Bbibepute oguH 13 5 BapnaHToB oTBeTa:

OT XapaKTepa IMPUMCHACMOIo METO4a MOACINPOBAHNA NIINU
HCIIOJIb3YyCMOI'O MATCMATUYCCKOI'O allllapaTa

oT crioco0a uiau OPMBbI UX MPECTABICHUS

)

3) OT CTEIEHU OTPAXKEHUSI COOTBETCTBYIOIINX CBOMCTB 0OBEKTOB
) OT CTETEHU OTPAXKEHUS ONPEIETICHHOM MOTHOTH OOBEKTOB
)

oT Hpe,HMeTHOﬁ o0nacT 1 3a1a4 MOACIMPOBAHUA

3apaHue No2

TeopeTHKO-MHOKECTBEHHBIE MOJICJIM OTJIMYAOTCS OT APYTUX MaTEMaTHYECKUX
MOJIEJIEN B 3aBUCUMOCTH

BbiGepute oanH us 5 BapMaHToB OTBETA:

OT XapakKTcpa IPUMCHACMOI0O MECTOda MOACIIMPOBAHUS UIINU
HCIIOJIb3YyCMOI'O MATCMATHUYCCKOI'O allllapara

oT crioco0a unu GOpMbI UX MPEACTABICHUS

)

3) OT CTEIEHU OTPAKEHHUSI COOTBETCTBYIOIINX CBOMCTB OOBEKTOB
) OT CTETIEHU OTPAKEHUS OMPEICIICHHON MOJHOTHI 00BEKTOB
)

oT Hpe,HMeTHOﬁ obiacTu u 3aa4 MOACINPOBAHUA

3apgaHue Ne3
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AbcTpakTHO-anreOpandeckue MoAeIu OTIUYAIOTCS OT IPYTUX MaTEMaTUHYECKUX
MOJIEJIEN B 3aBUCHMOCTH

BbibepuTte oavH 13 5 BapMaHTOB OTBeTa:
OT XapakKTepa NPUMEHSIEMOr0 METOIa MOICIIMPOBAHUS WIIU
UCIIOJIb3YEMOI0 MaTEMaTUYECKOIO amnmapara

2) oT crioco0a uiau (OpMbI UX MPECTABICHUS

3) OT CTEINEHU OTPAXKEHUSI COOTBETCTBYIOIINX CBOMCTB OOBEKTOB
4) OT CTETICHU OTPAXKCHUS OMPEICIICHHON MOJHOTHI 00BEKTOB

5) OT MPEIMETHOM 00JIaCTH U 3aJ1a4 MOJIEITUPOBAHUS

3apgaHue Ned

HeueTkue MOICIA OTIIMYAKOTCA OT APYTUX MATCMATUUICCKHUX MOHCHCﬁ B
3aBUCUMOCTHU

BbiGepute oavH u3 5 BapraHToB OTBETA:
OT XapaKTepa NPUMCHACMOIo MCTO4a MOACIUPOBAHUA NIINU
HCITIOJIb3YyCMOI'0O MATCMATUYCCKOI'O allllapaTa

1)

2) oT crioco0a unu GopMbl UX MPEACTABICHUS

3) OT CTETICHH OTPAKCHHSI COOTBETCTBYIOIINX CBOMCTB 0OHEKTOB
4) OT CTENEHU OTPaXKEHUsI ONIPEIEICHHOM MOIHOTHl 00BEKTOB

5) OT IIpeIMEeTHON 00JaCTH U 3a]1a4 MOAEIUPOBAHUS

3apaHue Ne5

ABTOMATHEBIE MOJICIIN OTIIMYAKOTCA OT APYTUX MATCMATHUICCKHUX MOI[CJ'IGfI B
3aBUCHMMOCTH

Bbibepute oguH 13 5 BapnaHToB oTBeTa:

OT XapakTepa NPUMEHSIEMOr0 METOa MOICIIMPOBAHUS WIIH
UCIIOJIb3YEMOI0 MaTEeMaTUYECKOI0 amnrapara

oT crioco0a unu GopMbl UX MPEACTABICHUS

OT CTEIMEHU OTPAXKEHUSI COOTBETCTBYIOIINX CBOMCTB OOBEKTOB
OT CTEIEHU OTPAXKEHUS OMPENEIECHHON MOTHOTH 00BEKTOB

OT MPEAMETHON 00JIaCTH U 3a]1a4 MOJICTUPOBAHUS

3apaHue N2203

VKaxkure BCKTOP m CJ'Iy‘-IElfIHBIX YuCeJl, MMCIOIINX 3KCIIOHCHIIUAJIBHOC
pacnpeaciiCHuc.
BbibepuTte oanH 13 6 BapnaHToB OTBETA:

1) reverse(v)
2) rexp(m, r)
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YKaxkure BEKTOp M CIy4anHbIX YUCET, UMEIOIIUX pacupeneinenue duiiepa.

1)
2)
3)
4)
5)
6)

VYkaxure BEKTOp M CﬂyqaﬁHBIX qUCCJI, UMCHOIINX I'aMMa-paCIpCaCICHUC.

1)
2)
3)
4)
5)
6)

rE(m, d1, d2)
rgamma(m, s)
rgeom(m, p)
rhypergeom(k, n, M, N)

3apaHue N2204

BbibepuTte oanH 13 6 BapnaHToB OTBETA:
reverse(v)
rexp(m, r)
rE(m, d1, d2)
rgamma(m, s)
rgeom(m, p)
rhypergeom(k, n, M, N)

3apaHue Ne205

Bbibepute ognH n3 6 BapMaHToB OTBETA:

reverse(v)

rexp(m, r)

rE(m, di, d2)
rgamma(m, s)
rgeom(m, p)
rhypergeom(k, n, M, N)

3apaHue Ne206

YKaxuTte BEKTOp M CIy4anHbIX YUCEIl, UMEIOIINX FT€OMETPUIECKOE

pacipeneicHue.
Bbibepute oguH 13 6 BapnaHToB OoTBETa:

1) reverse(v)

2) rexp(m, r)

3) rE(m, di, d2)

4) rgamma(m, s)

5) rgeom(m, p)

)

rhypergeom(k, n, M, N)

3apgaHue Ne207

VYxkaxuTe BeKTOp K cirydailHBIX YMCeN ¢ THIIEPreOMETPUICCKUM PACIPEICTICHHEM.

1)

BbiGeprTe 0aVH 13 6 BapuaHTOB OTBETA:

reverse(v)
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rexp(m, r)

rE(m, d1, d2)
rgamma(m, s)
rgeom(m, p)
rhypergeom(k, n, M, N)

38



10. O0pa3oBaTe/ibHbIE TEXHOJIOTHMH U METOAUYECKHE YKA3AHUS 110 OCBOCHHIO
AUCUMILVIUHBI (Y4e0HOI0 Kypca)

OcHOBHOI 00pa3oBaTeIbHON TEXHOJOTUEHW NpPU HM3YYEHUU JUCLUIUIAHBI
ABJIAETCS IPUMEHEHHUE TEXHOJIOTUU TPAAUIIMOHHOTO 00yUYEHUSI.

Ha 06aze, mnoiydyeHHBIX Ha JEKUUSAX TEOPETHUYECKUX 3HAHUM, pu
MPOBEJICHUN MPAKTUYECKUX 3aHSITHI BBISIBISIOTCA U MPUMEHSIOTCS HEOOXOIUMBIE
CBS3M MEXKAY TEOPETUYECKMMM 3HAHMSAMM UM KOHKPETHBIMHU  HaBBIKAMU
IIPUMEHEHMS ITUX 3HAHUM Ha IIPAKTHUKE.

MeTOI[l/I‘leCKI/Ie PEKOMEHIAIUMA 110 U3YYCHUIO TUCHUILJTUHBI

Cucremsl HNOAACPKKH MHIKCHEPHBIX PACYETOB

Moayns 1 [TpakTrueckoe 3anarue Nel
OcHoBsl paboThl ¢ mporpammoit «MathCAD»

Mogyns 1 [IpakTrueckoe 3ansTue Ne2
Pewienne ypaBHeHU

Mogyns 1 [IpakTueckoe 3ansTue Ne3
NHuTtepnionsuus v npeacka3aHue

Monayns 2 [IpakTrueckoe 3anarue Ned
Marematuyeckas o0paboTka pe3yIbTaTOB
AKCIIEPUMEHTATBHBIX JAHHBIX

Monayns 2 [Ipaktnueckoe 3anstre NoS
UuclieHHOE MHTETpupoBaHue u qudepeHnpoBaHue

Mopynsb 2 IIpakTrueckoe 3auartue Nebo
Pemenrie oObIKHOBEHHBIX TH((DEepEeHIINATBHBIX YPaBHCHHI

Mogynsb 3 [Ipaxktnueckoe 3ansitue No7/

IMPOU3BOAHBIX

Pemenne nuddepeHIMaIBHBIX ypaBHEHUH B YaCTHBIX

Mogynsb 3 [Ipaktrueckoe 3anstue Ne§
CnexkTpaiabHbIi aHATU3 U CUHTE3

Monyan 1

Tema. OOmre BOIpOCkl MAaTEMaTHYECKOTO MOJIETUPOBAHMUS.

ge.]'lb H 321291 U3VICHUSA.

Hean — MOJIyYCHHUE TEOPETUYECKUX 3HAHUM o OCHOBHBIM
OCHOBOIIOJIAraloIIuM MMOHSTHIM MaTeMaTHYECKOTO MO/JICJTUPOBAHUS
T€XHOJIOTHYECKHUX MPOLIECCOB.

3agaum:

1. O3HakoMUTbCSI C OCHOBHBIMM TEpPMHHAMU U  ONpPEACIICHUSIMU
MaTeMaTU4eCKOro MOJICTUPOBAHUS.

2. [lonmy4yeHne mpakTHYECKUX HABBIKOB MATEMATHIECKOTO MOJICITMPOBAHMUS.

N3yunB naHHBIH MOAYJb, CTYAEHT H0JIKEH:
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HMeTh TpeAcTaBJIeHHe O BO3MOXKHOM BHUPTYaJTbHOM MOJIEIUPOBAHUM PAOOTHI
TEXHUYECKOTO YCTPOWCTBA M TOMyUYE€HHUE HEOOXOAMMBIX €r0 XapaKTePUCTHUK JIJIst
Han0Oosee ONTUMAIILHOTO MMPOESKTUPOBAHUSI.

3HATh METOJbl U CPEJCTBA T€OMETPUUECKOTO MOJCIUPOBAHUS TEXHUUECKUX
00BEKTOB; METOJIOJOTUYECKHUE OCHOBBI (PYHKIIMOHMPOBAHUS, MOJEIUPOBAHUS U
CHHTE3a CHUCTEM; OCHOBHBICE METOAbl aHaIW3a BO BPEMEHHOW M YaCTOTHOMU
0071aCcTAX, CITOCOOBI CHHTE3A.

yMeTb CTPOUTh MaTEMaTUYECKUE MOJEIU OOBEKTOB M CHUCTEM; MPOBOJUTH
aHajgu3, OIICHUBAaTh CTAaTUCTUYECKHWE M JUHAMHYECKHUE XapaKTCPUCTHUKH;
BBITIOJIHSITh @HAJIU3 TEXHOJOTUUECKUX MPOIIECCOB Kak 0OBEKTOB.

BJaJeTh HaBbIKaMu OQGOPMIICHUS TPOCKTHOW U  KOHCTPYKTOPCKOM
JIOKyMEHTalnu B cooTBEeTCTBUU ¢ TpeOoBanusiMmu ECK]I; HaBbIkamMu NpuUMEHEHUs
AJIEMEHTOB aHaJIM3a ATANOB KU3HEHHOTO ITUKJIA MPOTYKIIUH.

Ilpu oceoenuu memot HeOOXO0UMO:
® HU3Yy4YUTh yUeOHBI MaTepuas.
¢ BBINOJHUTH MPAKTHYECKHUE 32JaHUS 10 TEMe.

Moayasb 2.
Tema. Pa3nuunbie METObI PELICHNS HEJIMHEMHBIX YPABHEHUMN.

eas 1 3a1aun U3yYeHU.

eap — O3HaKOMJIGHHE U OBJIAJICHUEC METOAUKAMH KadeCTBEHHON U
KOJIMYECTBEHHOM OIIEHKUA TEXHOJIOTMYECKHUX CUCTEM.
3axaumn:

1. M3ydeHue paznuyHbIX MOJXO0I0B U METOJIUK pacyeTa KaYeCTBEHHOU U
KOJIMYECTBEHHOM OLICHKHU.

2. lTlomydyeHwe TNpaKTUYECKHMX HABBIKOB C TOMOIIBIO  BBITIOJHEHHUS
NPaKTUYECKUX 3aJJaHUI J1J1s1 3aKPEIJICHUS] U3YYEHHOTO MaTepuara.

HN3yunB 1aHHBIA MOYJIb, CTYACHT JO0JI2KEH:

HMeTh TpecTaBJIeHne O BO3MOXKHBIX CIIOCO0axX pacyeTra KOJIMYECTBEHHOU U
KaueCTBEHHOM OLICHKH TEXHOJIOTHYECKUX CUCTEM.

3HATH TCHCHIIMHA Pa3BUTHs KOMIBIOTEPHOUW rpauKu, €€ posib U 3HAUCHHE B
WH)XEHEPHBIX CHUCTeMaxX U TMPUKIAJHBIX [pPOrpaMMax; THUIIOBbIE MAKEThI
MPUKIAIHBIX MPOrpaMM aHajlu3a JAWHAMUYECKHX CHUCTEM; KHHEMAaTUYECKYIO
CTPYKTYPY U KOMIIOHOBKY CTaHKOB.

YMETh pPacCUUTHIBATH OCHOBHBIE KAauE€CTBEHHBIE I10KA3aTEJIM, BBINOJHSITH:
aHajau3, CHUHTE3; pa3padaTbiBaTh aIrOPUTMbI LEHTPATU30BAHHOTO KOHTPOJIS
KOOPAMHAT TEXHOJIOTMYECKOTO0 OOBEKTAa; COCTaBIIATh CTPYKTYPHBIE CXEMbI, HX
MaTeMaTUYeCKue MOJeNN KaK OOBEKTOB; WCIIONh30BAaTh OCHOBHBIE METOJBI
IIOCTPOEHUSI MATEMATHUYECKUX MOJEIENW NPOLECCOB, CHUCTEM, HX BJIEMEHTOB M
CUCTEM.

BJIQ/eTh. HAaBbIKAMHU TMOCTPOEHUS TEXHOJOTUYECKUX CHUCTEM; HaBBIKAMU
HaJaJKW, HACTPOWKH, PETYyJIUPOBKU, OOCITYKUBAaHUS TEXHHUYECKUX CPEACTB U
CUCTEM.

Ilpu oceoenuu memot Heo6x00umo:
® HU3YYUTh YUeOHBbII MaTepuaJ;
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¢ BbINNOJHUTD IPAKTHYCCKHUE 3aJaHUA 110 TEME.

Moavas 3.
Tema. IIpoOnembl nonydyenus Ha OBM  ciaydallHBIX — YHCIOBBIX

MOCIIEIOBATENLHOCTEN C 3aIaHHBIMUA BEPOSITHOCTHBIMU XapAKTEPUCTUKAMMU.

Ieap ¥ 32124y U3YYeHUS.

Ieapb — M3ydyeHune 1 0CBOCHUE BO3MOKHOCTH MTPOBEJICHUSI CHHTE3a U aHAJIU3a
TE€XHOJOTUYECKUX CUCTEM.

3apaum:

1. VBy4yuTh METOAUKY MPOBEJCHUS CUHTE3a U aHAJIN3a TEXHOJIOTUYECKHUX
CHUCTEM.

2. IlomyueHne mNpPaKTUYECKUX HABBIKOB C TIOMOIIBIO BUPTYaIbHOTO
AKCIIEPUMEHTA.

N3y4yuB faHHBIA MO1YJIb, CTYIEHT J0JI5KEH:

HMETh NMPeACTABJIEHHE O TAKUX KJIIOYEBBIX MOHSATUSIX B MaTEMaTUYECKOM
MOJICTTMPOBAHUY KaK CUHTE3 U aHAJIU3.

3HATh O0IIMEe TPEOOBAHUS K TEXHOJOTHMUYECKUM CHUCTEMaM MPOSKTHUPOBAHUS;
OCHOBBI TEXHOJIOTUUECKOTO PETYJIUPOBAHUS; CPEJICTBA JJIsI KOHTPOJISl, UCIIBITAHUM,
JTMArHOCTUKUA 00OPYOBaHUS.

yMeTb PACCUHMTBHIBATh OJHOKOHTYPHBIE ¥ MHOTOKOHTYPHBIE CHCTEMBI
NPUMEHHUTENBHO K KOHKPETHOMY TEXHOJIOTHYECKOMY OOBEKTY; paboTaTh ¢ KaKuM-
au00 M3 OCHOBHBIX THUIOB MPOrPAMMHBIX CHCTEM, IPEIHA3HAYCHHBIX IS
MaTeMaTHYEeCKOTO U UMHTAIIMOHHOTO MojienupoBanus Mathcad, Matlab.

BJa/leTh. HaBbIKAMHM AaHaIM3a TEXHOJOTMYECKUX IPOILIECCOB M BBHIOOpA
(YHKIIMOHAIBHBIX CXEM; HaBBIKAMH O(OpMIIEHUS pPE3yIbTaTOB UCCIIEIOBAHUN U
MPUHATHS PEIICHUN.

Ilpu oceoenuu memot HeOOXO0UMO:
® WU3Yy4YUTh yUeOHBIH MaTepuaJl;
¢ BBINOJHUTH MPAKTHYECKHE PadOTHI.
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11. YuyeOHO-MeTOANYECKOE |

AUCUMILVIUHBI (Y4e0HOI0 Kypca)

11.1. O6s13aTenbHAs JIMTEpPaTypa

HHGOpPMAILUOHHOE

obdecreuyeHue

No
o/

bubnuorpaduyeckoe onucanue

Tun (yueOHuk, yueObHOe
nocobwue, y4eOHO-
METOIUIECKOe

nocobue, MPaKTHKYM,

J1p.)

KomnnuecTBO
B
OudInoTEKE

benos II. C. Maremaruueckoe
MOJCIMPOBAHUE  TEXHOJOTHYECKUX
MPOIECCOB [DIEKTPOHHBIN pecypc] :
yue0. mocoOue (KOHCIEKT JIeKIui) /
I1. C. benoB ; EroppeBckuil TEXHOJ.
uH-T (punuan) MoOCKOBCKOro roc.
texHosi. YyH-Ta «CTAHKHH». -
Eropsesck : ETU MI'TY
"CTAHKHH", 2016. - 121 c. - ISBN
978-5-904330-02-6.

yuebHoe nmocodue

2BC
IPRbooks"

MemepskoBa B. b.
Meramnopexymue cranku ¢ YIIY
[DnexkTpoHHBIN  pecypc] yueo.
nocobue / B. b. Memepskosa, B. C.
Crapony6oB. - Mocksa : UHOPA-M
, 2017. - 336 c. : nn. - (Beicmee
obpaszoBanue. bakamaspuar). - ISBN
978-5-16-005081-2.

ydaeOHoe rmocobue

9bC
"ZNANIUM
.COM"

[IpoexTpoBaHKE TEXHOIOTUUECKOU
OCHACTKHU TUTSI peMOHTa u
OoOCIy>KUBaHHSI TPAHCHOPTHBIX M
TPAHCTIOPTHO-TEXHOJIOTUUECKHUX
MaIluH [DJIeKTPOHHBIH  pecypc|
npaktukyM / CeB.-KaBka3. denepain.
yH-T ; [cocT. H. }O. 3emnsanyiinoBa,
H. . FOmenko]. - CraBpomnos :
CK®Y, 2015. - 150 c.

IIPAKTUKYM

OBC
IPRbooks

Knenukos B. B. ABrtomarusanus
MIPOU3BOJACTBEHHBIX MIPOIIECCOB
[D5eKTpOHHBI  pecypc] yueo.
nmocooue / B. B. Knenukos, H. M.
Cynran-3age, A. I'. Cxuptinanze. -
Mocksa : MUTHOPA-M, 2016. - 208 c.
: wi. - (Bsiciee oOpa3zoBanue.
bakamaBpmar). - [ISBN 978-5-16-

yaeOHoe mocobue

9BC
"ZNANIU
M.COM"
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| 011109-4. |

11.2. JlomoJiHMTEJbHAA JIUTEPATYPA U yUeOHbIe MaTepHAaJIbI (AyAH0-,
BH/I€0- TOCOOUS U JP.)

e (oun HayyHoit oubauorexu TI'Y:

Ne bubnuorpaduueckoe onucanue Tun (yuebnuk, | KommuectBo
o\ yaeOHoe B
rocoowue, OnOJIMoTEKE
y4eOHO-
METOIUIECKOE
rmocoowue,
IPAKTUKYM, OP.)
bype B. M. Teopuss BeposiTHOCTEH U y4eOHUK OBbC «Jlanp»
MaTeMaTH4IecKas CTaTHUCTHUKA
[Dnextponnbiid pecypc] : [yueOnuk] / B.
1 |M. bype, E. M. Ilapununa. - CaHkT-
[letepOypr : Jlanb, 2013. - 416 c. : ui. -
(YueOHuku 115 By30B. CrieniaibHas
autepatypa). - ISBN 978-5-8114-1508-3.
bopoBkoB A. A.  Maremarudeckas y4eOHUK OBC «Jlanby»
CTaTUCTUKA [DJIEKTPOHHBIA pecypc]|
yueOHuk / A. A. bopoBkoB. - Uzn. 4-e,
2 | crep. - Cankrt-IletepOypr : Jlans, 2010. -
704 c. - (Kmaccuueckas yueOHas
auTepatypa nmo matemartuke). - ISBN 978-
5-8114-1013-2.
Tyran6aeB A. A. Teopus BeposTHOCTEH H yueOHoe OBbC «Jlanb»
MaTeMaTu4YecKas CTaTHUCTHUKA nocobue
[DnmekTpoHHBI pecypc] : yueb. mocobue /
3 | A. A. Tyran6aes, B. I'. Kpynun. - Cankr-
[letepOypr : Jlans, 2011. - 224 c. : un. -
(YueOnuku 11t By3oB. CrnernuanbHast
autepatypa). - ISBN 978-5-8114-1079-8.
COI'JTACOBAHO
JupexTop HayuyHOI OHOTNOTEKH A.M. AcaeBa

«

(noonucyv)

20 1.

MII

(U.0. Pamunusa)

43




11.3. Ilepeuyenb pecypcoB HHGOPMAIHOHHO-TEJIEKOMMYHHKAIMOHHON CeTH
"HuTepHer"

Web of Science [OnexTpoHHbli pecypc] : MyJIbTHIAWCUUILIMHAPHAS
pedeparuBHas 0a3a nanHbix. — Philadelphia: ClarivateAnalitics, 2016— . —
Pexxum noctyna : apps.webofknowledge.com. — 3arn. ¢ skpana. — 3. pyc.,
aHr.

Scopus [OnexTponHbIl pecypc] : pedepatuBHas 0aza JaHHBIX. —
Netherlands: Elsevier, 2004— . — Pexwum goctyna : scopus.com. — 3ariL. ¢
sKpaHa. — 3. pyc., aHTIL

Elibrary [OnexTpoHHblli pecypc| : HayuyHas 3JEKTpOHHAs OMOIMOTEKa. —

Mockga : HOb, 2000— . — Pexxum noctyna : elibrary.ru. — 3aru. ¢ skpaHa. —
3. pyc., aHrL
Springer Link [OnekrpoHHblii pecypc] : [0a3a  gaHHBIX]. -

Switzerland: SpringerNature, 1842— . — Pexxum noctyna : link.springer.com.
— 3ari. ¢ ’KkpaHa. — SI3. aHrI.

Science Direct [DnekTpoHHBIH pecypc] : KOJUJICKIMS AJIEKTPOHHBIX KHUT
u3natenscTBa Elsevier. — Netherlands: Elsevier, 2018— . — Pexwum goctyna :
sciencedirect.com. — 3ari. ¢ akpana. — SI3. aHri.

11.4. TlepeyeHb MPOrPaAMMHOI0 00eCTIeYeHUSA

Ne
n/n

HaumenoBanue 11O Kouunuecr PexBusuthl 10rosopa
BO (maTa, HOMep, CPOK
JIMLEH3U I neiicTBUA)

Windows 1398 Horoop Ne 690 or
19.05.2015r., CPOK
JEeUCTBUS - OECCPOUHO

Office Standart 1398 HoroBop Ne 690 ot
19.05.2015r., CpOK
JNEUCTBUS - OECCpOovHO;
Horoop Ne 727 ot
20.07.2016r., CpPOK
JEUCTBUS - OECCPOUHO

44




OCyLIeCTBJIeHHUS 00Pa30BaTEJIbLHOI0 MPOLECCa M0 JUCHHUILVIUHE (MOAYJII0)

11.5. Onucanue MaTepuaJIbHO-TEXHUYECKOI 0a3bl, HEOOXOAUMO¥ IS

n/n

HaumenoBaHue
000py10BaAHHBIX
y4eOHBbIX
Ka0MHETOB,
Jaboparopui,
MAaCTEePCKHUX U
Ap. 00bEKTOB
JJIS IPOBEACHUS
NPaKTUYECKUX U
JIa0OpaTOPHBIX

3aHATHI

Ilepeyenn
OCHOBHOI0
o0opynoBaHust

DakTHYEeCKHU
aJapec yueOHbIX
Ka0HMHETOB,
Jaboparopui,
MACTEPCKHUX M JIP.

Ilomans, M2

KoaunuecTBo
MOCAA0YHBIX MECT

KomrbrorepHslii
Kinacc. YueOHas
ayIuTopus  JUIA
IIPOBEICHUS
3aHITUN
JIEKIIMOHHOI'O
THIIA.  Y4eOHad
ayIUTOpUs IS
IPOBEACHUS
3aHITUU
CEMHUHAPCKOTO
THIA.  Y4eOHas
ayIuTOpUs  JUIS
IIPOBEACHUS
1a00paTOPHBIX
pabot. VYueOHas
ayIATOpUS  JUIS
KYpCOBOI'O
IIPOCKTUPOBAHHUS
(BBITIOJIHEHHU ST
KYPCOBBIX
pabor). YueOHas
ayIATOpUS  JUIS
IIPOBEACHUS
IPYIIITOBBIX 51
WHIUBHTYaJIbHBIX
KOHCYJIbTallUi
VueOHas
ayJIATOPHS
MIPOBEACHUS
3aHITHU

JUIS

[lepenocHou
MPOEKTOp,  DKpaH,
KOMIIBIOTEPHBIN
CTOI, CTOJI
MPENOAaBATEIbCKUM,
CTyII, JIOCKa
ayauTOpHas,  CTOJ
YYEHUYECKUMN
nByxmecTHbIU, [TIK

445020, Camapckas
00s., T. TompgarTH,
yin.  benopycckas,
16B

TTO3UIIHS
Ne9,

3 stax, (E-306)

no TII

52,9

15
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n/n

HaumenoBaHue
000py10BaAHHBIX
y4eOHBbIX
KAa0MHETOB,
Jadoparopmui,
MAaCTEePCKHUX U
Ap. 00bEKTOB
JJIS IPOBEACHUS
NPaKTUYECKUX U
JIa0OpaTOPHBIX

3aHATHI

Ilepeyenn
OCHOBHOI0
o0opynoBaHust

DaKTHYECKHIT
aJapec yueOHbIX
Ka0HUHETOB,
Jadoparopui,
MACTEePCKHUX M JP.

Iaomank, M2

KoaunuecTBo
NMOCAA0OYHBIX MECT

TEKYILETO
KOHTPOJIS 51
IIPOMEKYTOYHOHU
aTTECTALUU.

(E306)

VuebHas
ayIUTOpHs
IPOBEACHUS
3aHITUU
JIEKIIHOHHOI'O
THIIA.  YdeOHas
ayIUTOpUs IS
IPOBEACHUS
3aHITUU
CEMHUHAPCKOTO
THIA.  Y4deOHas
ayIuTOpUs  JUIS
KypPCOBOTO
IIPOCKTUPOBAHHUS
(BBITIOJIHEHHU ST
KYPCOBBIX
pabor). YueOHas
ayIATOpUS  JUIS
MPOBEICHUS
I'PYIITOBBIX 51
WHIUBHTYaIbHBIX
KOHCYJIbTAIlAM.
VYuebOnasg
ayJIATOPHS
MPOBEICHUS
3aHITHU
TEKYIIEeTO
KOHTPOJIA U
MIPOMEKYTOUYHOU

JJIA

JJIL

Cron

MPENOAaBATEIbCKUM,
CTOJIbl YYEHUUYECKHUE

JIBYyXMECTHBIC
(MOHOOJIOK) , CTYI,
JOCKa

IPOEKTOD,
porLeccop

ayJUTOpHAas
(menoBas), kadenpa,
IKpaH,

445020, Camapckas
00s., T. TompgarTH,
yin.  benopycckas,
16B
MO3ULIMS
Ne20,

3 srax, (E-309)

no TII

71,5

66
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n/n

HaumenoBaHue
000py10BaAHHBIX
y4eOHBbIX
KAa0MHETOB,
Jaboparopui,
MAaCTEePCKHUX U
Ap. 00bEKTOB
JJIS IPOBEACHUS
NPaKTUYECKUX U
JIa0OpaTOPHBIX

3aHATHI

Ilepeyenn
OCHOBHOI'0

o0opynoBaHust

DaKTHYECKHIT
aJapec yueOHbIX
Ka0HUHETOB,
Jaboparopui,
MACTEePCKHUX M JP.

Iaomank, M2

KoaunuecTBo
NMOCAA0OYHBIX MECT

arrectanuu. (E-

309)

KoMnsroTepusiit
KJ1acc.
Ilomemienne s
CaMOCTOATEIbHOU
paboTel. YueOHas
aynuTopus U
POBEACHUS
3aHATHI
CEMHUHAapCKOTO
Tuna.  YueOHas
aynuTopus Ul
KYpPCOBOI'O
POCKTUPOBAHUS
(BBITIOJIHEHHU ST
KYPCOBBIX
pabor). YuebHas
aynuTopus IS
POBEACHUS
IPYIIOBBIX u
WHJIUBUAYAJTbHBIX
KOHCYJIbTaLIH.
VYuebnas

Cron ydeHHUYECKHid,

cryn, IIK
BBIXOJIOM B
UHTEPHET

C
CCTh

445020 Camapckas
0071aCTh, T.
TonpsTTH,
yin.benopycckas, 14,
no3unus mo TII Ne
48,

4 srax, (I'-401)

4,8
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n/n

HaumenoBaHue
000py10BaAHHBIX
y4eOHBbIX
KaOMHETOB,
Jaboparopui,
MAaCTEePCKHUX U
Ap. 00bEKTOB
JJIS IPOBEACHUS
NPaKTUYECKUX U
JIa0OpaTOPHBIX

3aHATHI

Ilepeyenn
OCHOBHOI0
o0opynoBaHust

DakTHYECKUH
aJapec yueOHbIX
KaOMHETOB,
Jaboparopui,
MACTEePCKHUX M JP.

Iaomank, M2

KoaunuecTBo
NMOCAA0OYHBIX MECT

ayauTopus
IIPOBEICHUS
3aHATUI
TEKYILETO
KOHTPOJIS U
IIPOMEKYTOYHOMN
arrecraiuu. (-

401)

IS
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