[loKyMeHT NoAnucaH NpoCToil 3NeKTPOHHOM NOANMUCHI0
NHbopmaums o Bnagenbue:

OHO: Crpros Cepreit Fukonacsits N[yrgyrcrepcTBO HAYKH M BBICIIErO 06pa3oBanus PD
[lomKHOCTb: BPMO pexTopa

Nara noancarms: 19.02.2025 09-2F BOY BO «TBepckoi ToCy1apCTBEHHBII YHUBEPCUTET»
YHUKanbHbI MPOrpaMMHbIA KIKOY:
69e375c64f7e975d4e8830e7b4fcc2ad1bf35f08

PaccMoTpeHO U peKOMEHI0BaHO «YTBEPXJIAIO»:

Ha 3acelaHuU Y4EeHOIo COBETa PykoBogurens OOIT
(akynpTeTa MIPUKIATHONH MaTeMaTHKH

u kubepHeTukHy npotokon Ne 4 ot 31.10.24

IIporpamma rocyiapcTBeHHOM UTOTOBOI ATTeCTAIMHU

ATTCCTaHI/IOHHOG HUCIIBITAHUC

«HO}IFOTOBKa K ¢Aave 1 c1avda rocyiapCcrB€eHHOI0 3K3aMEHa»

Hanpagnenue noarotoBku
01.04.02 ITPUKJIAJHAS MATEMATHUKA 1 UHOOPMATHKA

Hamnpasnennocts (mpoduib)
CucTeMHbIN aHaIU3

Tepb 2024 r.



Il. HOACHUTEJIBHASA 3AITMCKA

DK3aMeH SBIIETCS MEXIUCIMINIMHAPHBIM, IPOBOJUTCS B COOTBETCTBHH C
rpagukoM yuebHoro npouecca. Llenp 3x3ameHa - mpoBepKa OB ICHUS
BBIIIYCKHUKOM OCHOBHBIX KOMIIETEHIIUH, TpeOyeMbIX B IPOPECCUOHATBHON
NEATEIbHOCTH.

JIK3aMeH BKJII0YaeT 3a1aHus 110 CJIeYIOLUM AUCHUILIHHAM:
1. MHoroxkpurepHuajJbHbie MO/Je/JIH BbIOOPA pelieHHil B YCJIOBUIX

HeoIpeIeJJeHHOCTH.

2. CucTreMHbIil aHAIM3.
3. MeTtoabl MAaTEMaTHYe€CKOT0 MO/1eIMPOBAHMSI.
4. CoBpeMeHHbIe PO0JeMbl MATEMATHKH U HHPOPMATHKH.

DK3aMeH MPOBOJIUTCS B MUCHbMEHHOHN (opMe.

[Ipu HEOOXOIMMOCTH JAOIYCKAETCS MPOBEAEHUE TOCYIAPCTBEHHOTO
sk3ameHa ¢ npuMmeHernrem J0 u JIOT B cooTBercTBHH ¢ «llostoxkeHnemM o
IIPOBEICHUH I'OCYJaPCTBEHHOM UTOMOBOM aTTECTAllMU [0 OCHOBHBIM
oOpa3oBaTeNbHBIM IIPOrpaMMaM OakaiaBpuaTa, MarucTpaTypsbl, ClIEUAINTETA B
TeI'Y.

DK3aMEHALMOHHBIE 33JJaHUSI COCTABJICHBI B COOTBETCTBUU C MIEPEUYHEM
HEOOXOMMBIX KoMmIieTeHIni. Ha sk3aMeH BBIHOCSTCS 10 2 3aJJaHus 110 KaXa01
JUCLUIIIMHE, BKJIFOUEHHON B UTOTOBBIN 3K3aMeH. Bpems npoBeneHus sK3aMeHa -
4 yaca.

OueHka pe3yabTaTOB UTOTOBOIO TOCYIapCTBEHHOIO AK3aMEHa MTPOBOUTCS
Ha ocHOBe [lo0keHus, yTBEPKIEHHOTO JJEKaHOM (DaKyJIbTeTa.

J11s1 0OOBEKTUBHOM OIIEHKU YPOBHSI OCBOEHHUSI KOMIIETEHIIMM BBITYCKHHUKA
TE€MaTHKa K3aMEHAIIMIOHHBIX BOIPOCOB U 33IaHUM SIBISIETCS KOMILJIEKCHOM U
COOTBETCTBYET pa3/ieiaM YUEOHBIX IIUKIIOB.

Komnerenuuu, ypoBeHb ¢cGOPMHPOBAHHOCTH KOTOPBIX 0y1eT OLIEHMBATHCS
HA JK3aMeHe:

[ToaroToBka K cjaye v c1ada rocy1apCTBEHHOIO 3K3aMEHa.

4 ceMecTp, PK3aMeH, 3eT 3, Bcero 108, koHTakTHBIE 6, C/p 75+27 KOHTPOJIb,
aexknus 6. Kommerennuu: OIIK -1.1, 1.2, 1.3, IIK—1.1, 1.2, 1.3, 1.4.

Kon HanmenoBanme KoMneTeHIUA

KOMIIeTeHIINH

OIIK-1 Cnocoben |OIIK-1.1 OuenuBaeTr akTyalbHOCTh MATEMATUUYECKHUX
pemiaTh 3a1a4

aKTyajbHbIE OIIK-1.2 Pemaer 3anauu pyHAaMEHTAIBHON MaTEMaTUKH
3aaun OIIK-1.3 Pemaer 3aga4uu npuKiIagHON MaTEMAaTUKH
dvHIAMEHTATBLHO




MPUKJIATHON

MaTeMaTHKH
K-1 [IK-1.1 ITpoBoaMT aHamM3 COCTOSTHUSA Pa3pabOTOK MO TEME
CnocodHoCTh UCCIIENYEMOM 3aJJa4M U BBIJIEISAET aKTyaIbHbIE TPOOIEMBI
IPOBOANUTH [1K-1.2 OcymecTBaseT GpopMalIbHYIO TIOCTAHOBKY
Hay4YHbIe UCCIIEyEeMOH 3aa4n

ucciaenoBanusa u | [1K-1.3 O6ocHOBBIBaeT BEIOOP, COBEPIIICHCTBYET WU
MOJy4aTh HOBBIE | pa3paldaThIBa€T HOBBIA METO]I PEILICHUS 3a1a4u
HAy4YHbIE U [1K-1.4 ITpoBoAMT aTTECTALIMIO PE3YJIHTATOB HAYYHBIX
NPHUKJIAHbIE UCCJIEJOBAaHUN

pe3yJbTaThl B
obJiacTun
npogeccunoHaNbHO
i

eATeJbHOCTH

IMoka3zaTesn U KpUTEPUHU OLIEHMBAHNSI KOMIIETEHIIHI, IKAJIbI OLIEHUBAHMSI.
MakcuMalibHasi OIleHKa 3a KaXIyl0 3a7auy cocTaBisier 1 6an.
Juckpernzanus
TaHHOM olieHKH coctasieT 0.1 Gauia.
Pesynbrat penienus Kaxxaoi 3a/1laqu OLIEHUBACTCS CJIETYIONTUM 00pa3oM:

* TIpU PEUICHHUH 33/1a4M MOJYUYEH MPaBUIbHBINA OTBET, PEIICHUE U3TI0KEHO MTOJTHO
Y TIPABUJIBHO, B JIOTHYECKOM MOCIEA0BATEIBHOCTH, TOUHO UCIIOIb3YETCS
npodeccHoHalIbHAs TEPMUHOIOTHS - 1 Oa;

* PpEIICHHE 3a]]a4 U3JI0KEHO TOJIHO, B IOTHUYECKOHN MOCIIe0BaTEIbHOCTH, TOUHO
UCIIOJIB3YyeTCs MpodeccuoHanbHasi TEPMUHOJIOTHS, HO JOIMTYIIEHbI
HE3HAUUTEIIbHBIEC MOTPEIIHOCTH - MAKCUMaNbHBIN 0amt ymeHbinaeTcs Ha 0.1
Oajia 3a KaXKIyl0 HE3HAYUTEIbHYIO MOTPEITHOCTh, HO CYMMapHO OlLIEHKA He
MO>KET OBITh MeHbIIe, ueM 0.6 Oanna;

* PpEIlCHME 3a]]a4U U3JI0KEHO YaCTUYHO, MaTepHall U3J1araeTcs B 1eJIOM
IPaMOTHO C UCTOJIb30BAaHUEM MPO(PECCHOHATBLHON TEPMUHOIOTHH, HO AOIMYIIEHbI
CYIIIECTBEHHBIC HETOYHOCTH - MAaKCUMAaJIbHBIN Oaul ymeHpimaercs a0 0.5 6anna u
CHHUMAaeTCs JoMOoJHUTENbHO 110 0.1 6ara 3a KakIyro CYIIeCTBEHHYIO
HETOYHOCTh, HO CYMMapHO OIIEHKa HE MOXKET ObITh MeHblIIe, ueM 0.2 O6ana;

* pEllIeHHE OTCYTCTBYET WJIM MaTepHall U3J1araeTcsi HeMmocaeq0BaTEIbHO,
U3JI0KEHHE PEIICHUs JEMOHCTPUPYET HETIOHUMaHKe CYITHOCTH - (0 Gaios.
baiel 3a penieHue 3a1a4 CyMMUPYIOTCS, U UTOTOBasi OLEHKA BBICTABIISIETCS B
3aBUCUMOCTH OT CYMMbI HAOpaHHBIX OAJIJIOB:

JMarna3oH HaOpaHHBIX 0aJIJIOB OIIEHKA

<20 HEYJOBJIETBOPUTEIHHO
[2,0; 4,0] yIIOBJICTBOPUTEIIHHO
[4,1, 6,0] XOPOIIIO




[6,1; 8,0] OTJINYHO

[Ipu ouienke ypoBHs c(HOPMUPOBAHHOCTH KOMITETEHIIUNA:

IToporoBslii - COOTBETCTBYET OLICHKE «YOBJIETBOPUTEIHLHO
JlocTaTO4HBIN - COOTBETCTBYET OLIEHKE «XOPOIIO»
[IpoABUHYTBIN - COOTBETCTBYET OLICHKE «OTIIMYHO.

HepequL BOIIPOCOB, JIUTEPATypa AJA MOATOTOBKH K 9K3aMCHY

1. MHoOroKkpuTepHaabHbIe MOJEJH BHIOOPA PelIeHUi B yCJIOBHAX

HEONPEACTCHHOCTH.

1.

o b

OCHOBHBIE NOHATHA: HCXOJHASI MOJEIb 3a]a4M IPUHATHS PELICHUH,
byHKIHS BBIOOpA, KPUTEPH, CYOBEKTHI, YIaCTBYIOIIHNE B MPOIECCE
IPUHATHUS PELICHUN U UX poiib. [Ipumepsl.

Knaccudukanus 3agad npuHATHS pELISHUN IO CTENIEHU UCXOIHOM
MH(POPMUPOBAHHOCTH 00 UX KOMIIOHEHTAaX, M0 YUCIY YUUTHIBAEMBIX
CBOICTB PEIICHUH, IO CTENIEHU OINPEICIICHHOCTH MOCJIEACTBUIN PEIIEHUMN.
Knaccudukanusa Mozaenei NpuHATUS PELLICHHM.

MHnozokpumepuaivHvie MOOeIU NPUHAMUA PEUIEHUTL 6 YCT06UAX
onpeoeeHHOCHU.

AnpuopHbIE MOJIENN BEIOOPA PEIIEHU.

[ToHsiTHE ONTUMAJIBHOCTH IO OMHApHOMY OTHOLIEHUI0. HopmanbHble
dbynkuuu BeiOOpa u ux coiictBa. OtHomenue [apeto; [Tapeto-
ONTHUMAJIbHBIE PEIICHHUS.

Knaccer ¢pynkimii Beioopa. YTBEpKIEHNE O CBS3H HOPMAIbHBIX (QYHKITAN
BbIOOpA ¢ KJIaccaMu (PyHKLUH, YTOBJIETBOPSIIOIIUX YCIOBUSIM
HACJIEIOBAHMS U COTJIACHS.

®yHKIMS BEIOOPA, peaTu3yrolas MEeTO 1 U1eadTbHOM TOYKU, U €€ CBOMCTBA.
Mogenb BbIOOpa pelieHnid ¢ y4eTOM YKciia JOMUHUPYIOUIUX KPUTEPUEB U
ee coiicTBa. TypHupHas pyHKUMs BEIOOpA.

AnocTepropHbIE MOJENH BBIOOPA PEIICHUIA.

AKCHOMBI palnoHanbHOTO noBeneHus JIIIP B MHOrokpruTeprambHbIX
3a/layax BbIOOpa. TeopeMa cylecTBOBaHUSI MHOTOKPUTEPHAIBHON
byHkuuu nonezHoct. PopMyaupoOBKa 3a/1a4u TOCTPOCHUS
MHOTOKpPUTEPUATBHON (DYHKIIMH MOJE3HOCTH.

10.TToHsITHS YCIIOBHOTO TIPEANIOYTEHUS, HE3aBUCUMOCTH U

B3aMMOHC3aBUCHUMOCTH KPUTCPHUCB 110 IIPCAIIOYTCHULO. TeopeMa
CymeCTBOBaHUA aﬂHHTHBHOﬁ



11.mHOTOKpUTEpHATEHON (PYHKLIMHU MTOJIE3HOCTH. Teopema 00 ocinabiaeHuu
YCJIOBUI HE3aBUCUMOCTH TIO MPEATIOUTEHUIO U €€ CIEeICTBHE.

12.Bua u anroput™ BbisBiIeHUS HHPopMaruu o npeanoutenusx JIIP na
MHOTOKPUTEPHUATBHBIX aIbTEPHATUBRAX (3a]]a4a KOMIICHCAIIUU U aJITOPUTM
ee pemeHust). O01Ias cxema NOCTPOEHUSI MHOTOKPUTEPHUATBHON (DYHKIITUU
MOJIE3HOCTH.

13. IlprMepbl MHOTOKPUTEPHAIBHBIX 331a4 U WJUTFOCTPALIMS Mpolecca u
METOJIOB X PEIICHUS C UCIIOJIH30BAHUEM allOCTEPHUOPHBIX MOJIEIICH.

14. A nanTUBHBIE MOJEIIH BBIOOpA PEIICHUI.

15. Anroput™m BBISIBIICHHSI TPAJUCHTHOTO HAMIPABIICHUS HA OCHOBE PEIICHUS
3a/1a4u KOMITCHCAIIUH.

16.lHTepakTHBHBIC TPATUEHTHBIC METOIbI ONITUMHU3AIINN HEM3BECTHON
(YHKLIHHU MTOJE3HOCTH.

Mooenu npunamus peuwieHuil 8 yci08uax HeonpeoeaeHHOCmU.

17. AnpuopHbie OJHOKPUTEpUATBHBIC MOJCIIN IPUHSATHUS PEIICHUI B
YCIIOBUSIX MOJIHOW HeompeeaeHHOCTU. Moenu Yype3MepHOro neccCuMmu3Ma
(Banpaa) u upesmepHoro ontuMuszmMa. Mojiens ONTUMHU3Ma-TIeCCUMU3Ma
(I'ypBuia). Mozenb HAaUMEHBIIIETO COXaleHUs WK pucka (CaBumka).

18. AnpropHbIe OJHOKPUTEPUATHHBIC MOJCIIN IPUHSATHUS PEIICHUI B
YCIIOBUSIX CTOXAaCTUUYECKOU HEeOmpeneaeHHOCTH (pucka). Moiens
MaKCUMyMa OXHJaeMOTO0 BRIMTPHINIA. Mo1e]Th MUHUMYyMa CPETHETO PUCKA.
Mopens BeIOOpa penieHui Mpu “4acCTUYHO’” U3BECTHOM BEPOSATHOCTHOM
pacnpeeneHud UCXO0B.

19. AntocTepropHBIC OTHOKPUTEPUATHHBIC MOICIIN IPUHATHUS PEIICHUA.

20. Jlorepes, nBy3HauyHas jotepes, jotepes S0 Ha 50, moTepes ¢ onopHOI
TOUYKOM. OXKNIaeMBbIi BBIUTPHILI, 0)KUAAEMAs MTOJIE3HOCTb,
JIETEPMUHUPOBAHHBIN IKBUBAJICHT JIOTEpEU, HaJ0aBKa 3a PUCK K JIOTEPEeE.

21. Axcuowmebl parmonanasHoro noseaeHus JIIP. Teopema o cymecTBoBaHUM
OJIHOKpUTEPHAIbHON (HYHKIIMH 10Ie3HOCTH. DOpMyTUpOBKa 3a/1a4u
MOCTPOEHUS OTHOKPUTEPUATHHON (DYHKITMH MOJIE3HOCTH.

22 .1lousartus ckinonHocTH U HeckionHocTH JITIP x pucky. CBoiicTBa
BBINTYKJIOCTU (BOTHYTOCTH) (DYHKITHI TIOJIE3HOCTH CKIIOHHOTO
(aeckiionHoro) kK pucky JIIIP. Teopembl 00 OTHOIICHHUSIX MEXTY
O’KHJIa€MBIM BBIMTPBIIIEM JIOTEPEN U €€ TeTCPMUHUPOBAHHBIM
ADKBUBAJIEHTOM ISl CKJIIOHHOTO U HECKIIOHHOTO K pucky JIITP. Teopema o
3HaKe Ha/I0aBKU 32 PUCK ISl CKIIOHHOTO U HECKJIOHHOTO K pucky JIITP.



23. CtpaTternuecky 3KBUBAJICHTHbIE (DYHKIIUU MOJIE3HOCTH. Teopema o CBA3H
CTpaTEeTUYECKU SKBUBAJICHTHBIX (QYHKIMMA 1MOAe3HOCTH. DyHKIIHS
JIOKaJIbHOW HECKJIOHHOCTH K PUCKY U €€ CBOMCTBA.

24. Onpepenenust 0e3pa3inyus, TOCTOSHHOM, YObIBaIOIEH U BO3pacTarouiei
HECKJIOHHOCTH U ckJIoHHOCTH JIIIP k pucky. Teopema o kiaccax
CTpaTeru4eCcKy SKBUBAIICHTHBIX (PyHKIM oje3Hoctu JITIP,
0e3pa3IMYHOr0, MOCTOSIHHO HECKJIIOHHOTO M MOCTOSTHHO CKJIOHHOTO K
pucky. Teopema 0 cTpaTernuecku SKBUBAJICHTHBIX (PYHKIMSIX OJIE3HOCTH,
OTPaKaIOIIUX YOBIBAIOIYIO HECKIIOHHOCTD K PHUCKY.

25.Bun u anroput™ BeIsIBIEHUS HHPopMaIu o npeanouteHusx JIIP,
UCITIOJI3yEMOM ISl HIOCTPOCHHSI OJHOKPUTEPHUATIEHON (DyHKIIMH
noJsie3HocTH. Bun ¢pynkimonana 6xauzoctu npeanourenuit JIINP u
peANnoYTeHU, MOpokaaeMbIX PpyHKIHei. OO1as cxema NoCTPOSHUS
OJTHOMEPHOU (OTHOKPUTEPHAIIbHOMN ) (PYHKLINU TOJIE3HOCTH.

26. ATIprOpHBIE U alIOCTEPUOPHBIE MHOTOKPUTEPUATbHBIE MOJEIH MPUHSITHS
pelIeHUH B yCIOBUAX HeonpeaeeHHOCTH. O000IIeH s allpUOPHBIX
MOJIEJIEH B YCIIOBHSIX ITOJTHOM U CTOXAaCTUYECKOM HEONPEIEIEHHOCTH Ha
MHOTOKPUTEPHUANIBbHBIN cityyail. O000IIEeHHS alloCTEPUOPHBIX MOJIENEH B
YCIIOBHSIX CTOXACTHYECKOW HEONPEAEIEHHOCTH HA MHOTOKPUTEPUAJIbHBIN
CIIy4au.

Jlureparypa
OcHoBHas nuTeparypa:

1. Xaputonosa U. B. OcHOBbI TeOpUU NPHUHSITHS YIIPABIECHYECKUX PEIICHUN:
yueOnuk / 1.B. Xapuronosa; @unuain B r. Kopsskme ApxaHrenbCcKon
ob0nactu, MunuctepcTBo oOpazoBanus u Hayku Poccuiickoit denepanyu,
Cesepnbiit (ApkTuueckuit) ¢eaepanbHblil yHuBepcuteT nMenu M.B.
Jlomonocoga. - Apxanrensck: CADY, 2015. - 155 c.: ni., cxem., TadII. -
bubmuorp. B KH. - [DIEeKTPOHHBIN pecypc]. -

Pexum JIOCTyIA:
http://bibhoclub.rikindex.php?page=book&id=436414

2. bonmonypuna 1. Cuctemusiii ananus: yueoHoe nocodue / U. bonoxypuna,
T. TapacoBa, O. Apanosa; MuHucTepcTBO 00pa30BaHUs U HAYKU
Poccuiickoit @enepanuu, OenepaibHOE TOCYAAPCTBEHHOE OI0KETHOE
o0pazoBaTeIbHOE YUPEIKIESHUE BBICIIETO TPOQPECCUOHATEHOTO
oOpa3oBanus «OpeHOYyprcKuil rocy1apCTBEHHbIA YHUBEPCUTETY. -
OpenoOypr: OI'Y, 2013. -193 c.

[DnexTponnsiii pecype]. -  Pexkum J0CcTyna;
http: //biblioclub. ru/index. php?page=book&id=259157
JlomomHuTEBHAS IUTEPATYpa:

1. I'peizuna H.}O. MaTeMatudyeckue METObI UCCIICAOBAHMS OINEepalivii B

AIKOHOMUKE [ DNEeKTPOHHBIN pecypc]: yueoHoe mocodue / H.1O. I'prizuna,

N.H. Mactsesa, O.H. CeMeHuxuHa. — DJIEKTPOH, TEKCTOBBIC JaHHbIC. —
M.:



http://biblioclub.ru/index.php?page=book&id=436414
http://biblioclub.ru/index.php?page=book&id=259157

EBpazuiickuii OTKpbIThII HHCTUTYT, 2009. — 196 c¢. — Pexum pocryna:
http: //www. iprbookshop. m1/10773. html.

2. Pxesckuii C.B. VccnenoBanue onepanuii [ DIeKTpOHHBIN pecypce]: yueo,
nocobue — DneKkTpoH, nan. — Cankr-IlerepOypr: Jlans, 2013. — 480 c.
— Pexxum noctyma:_https://e.lanbook.com/book/32821.

3. T'opmau b. A. MccnenoBanue oneparuii: yaeonoe nocodue / b. A. I'opnau.
— Camnkr-IlerepOypr: Jlanb, 2022. — 448 ¢. — ISBN 978-5-8114-1430-
7. — TexcT: anexTpoHHbIH // JIaHb: 2MeKTPOHHO-OMOIMOTEYHAs CHCTEMA.
— URL.: https://e.lanbook.com/book/211085 (nata obparmienus:
10.10.2023).

2.CucTeMHBIH aHAJIH3

OcHOBHBbIE IOHATHS TEOPUH CUCTEM.

Cucrema, mmojcucTema, CJI0KHasi CUCTEMa, KIIACCU(PUKALIHUS CUCTEM.

@dopMbI PEICTABICHUSI CUCTEM.

CBoiicTBa cCUCTEM.

JIeKOMITO3UIIUS U arpeTUPOBAHUE CUCTEM.

Knaccuduxkanus cucreM 1o cnoco0y rnpeoOpa3oBaHus BXOTHBIX

BO3/ICCTBUM.

AHanu3 ¥ CUHTE3 KaK OCHOBHBIE METO/IbI UCCIICIOBAHUS CHCTEM.

CnocoObI UcciIeT0BaHUA CUCTEM.

HccnenoBanue cucTeM METOAAMH ONIEPAIMOHHOTO UCUHUCITICHHUS.

. IIpeoGpazoBanue Jlamnaca u ero cBOMCTRBA.

10 [lepenarounast GyHKLHS CUCTEMBI.

11.0OnepanmoHHble ypaBHEHUS.

12.Tunsl >IeMEHTAPHBIX 3BE€HHEB B CUCTEMAX.

13.Tlepenarounbie PyHKIIMHN dJIEMEHTAPHBIX 3BEHBEB.

14.Cxema uccneoBaHus CUCTEM € HCIOJIb30BaHUEM MpeoOpa3oBaHus
Jlarmmaca. MoaeupoBaHue CJI0KHbBIX CHCTEM.

15.Knaccuduxkaius cucteM ¢ TOUYKH 3pEHHS ydeTa TMHAMHUKHU MTPOIIECCOB B
HUX.

16.Ilunamudeckue npeodpazoBarenu. [IpeodbpasoBarenu 3ama3apiBaHus U
3aJICPIKKH.

17.IMuTalluOHHOE MOJETUPOBAHUE CIIOKHBIX CUCTEM.

18.MeTox cTaTUCTUYECKUX UCTIBITaHU. MeToa 00paTHON (QyHKIHH.

19.01meHKa XapaKTepUCTUK CUCTEMBI Ha €€ HIMUTAITMOHHOW MOJICIIH.
NudopManuoHHbIe acCEeKThI HCCJIET0BAHUS CJIOKHBIX CHCTEM.

20.0OcHOBHbIE TOHATHUSI TEOPUU UH(DOPMAIUY.

21.2HTpOMMS CUCTEMBI M KOJIMYECTBO WHMOpMAITHS.

22.0OTHOCUTEBHAS YHTPOIIHA.

23.Cxema niepeau ”HPOPMaIUA MEKy CUCTEMaMH.

24.Cnioco0sI KoIupoBaHUs UH(HOPMAIIHIH.

25.Cnioco0s1 KoIMpOBaHUs, UCTIpaBiIsitoiue omuoku. HageskHocTh cucreM.

26.Pa3nuaHbIe TOAXO0/IbI K OTIPEICTICHUIO HAJIEKHOCTH CUCTEMBI.

bR

©o0o~NP


http://www.iprbookshop.ru/10773.html
https://e.lanbook.com/book/32821
https://e.lanbook.com/book/211085

27.CBsI3b HAJIE)KHOCTH CUCTEMBI C HAJIE)KHOCTBHIO €€ MOJICUCTEM.
28.Tunsl pe3epBUPOBAHUS B CUCTEMAX.

Jluteparypa
OcHoBHas nuTeparypa:

1. Xapurtonosa, . B. OCHOBBI T€OpHUH MPUHATHS YIIPABICHUECKUX PEIICHUM:
yueOHuk / Y. B. Xapuronosa; CeBepHbliii (ApkTudeckuit) dheaepaibHbIi
yHusepcuteT uM. M. B. JlomonocoBa, @unmain B r. Kopstxme
ApxaHnrenbckoi o0nactu. — Apxanrenbek: CeBepHbIN (ApKTUYECKUIN)
denepanbubiii yauBepcutet (CADY), 2015. — 155 c.: un., cxem., Tabi. —
Pexxum pgocrymna: mo nmoamnucke. —

URL.: https://biblioclub.ru/index.php?page=book&id=436414 (nara
obOpamenus: 10.10.2023).

2. Kucenes, A. A. [Ipunsitre ynpaBieHUYECKUX PEIICHUIN: YICOHUK IS
Maructparypsl: [16+] / A. A. Kucenes. — Mocksa; bepnun: {upexkr-Menua,
2019. — 182 c.: un., Tabis. — Pexxum toctyna: 1o mojamnucke. —

URL.: https://biblioclub.ru/index.php?page=book&id=562648 (nata
oOpamenus: 10.10.2023).

3. 3arpanoBckas, A. B. CuctemHbIi aHa)IN3: yueOHOE Mocooue s By30B /
A. B. 3arpanosckas, FO. H. Diiccaep. — Mocksa: U3narensctBo FOpaidr,
2023. — 424 c. — (Bwicmiee obpazoBanme). — ISBN 978-5-534-13893-1.
— Texkcrt: anexTponsslii / ObpazoBarenbHas mwiatdopma FOpaitt [caiiT]. —
URL.: https://urait.ru/bcode/519739 (nata oopamenus: 10.10.2023).

4. Kyszuenos, B. B. CuctemHbIi aHaIn3: y9eOHUK U MPAKTUKYM JUIS BY30B /
B. B. Ky3nenos, A. lO. [llatpakoB ; moa o61ieit penaxiuei
B. B. Ky3nemnosa. — 2-e u3n., nepepad. u qon. — Mocksa: M3narenscTBo
FOpaiit, 2023. — 333 c. — (Bricmiee obpazoBanue). — ISBN 978-5-534-
16199-1. — Tekcr: anexTponHsbIit // O0pa3oBaTenbHas miargopma FOpait
[cafiT]. — URL: https://urait.ru/bcode/530604 (mata oOpareHus:
10.10.2023).

5. bonmonypuna, U. I1. Cuctemnslii ananus: yuebHoe nocodue /

W. 11. bonogypuna, T. Tapacosa, O. C. Apanosa; OpeHOyprckuii
rocyAapCTBeHHBIA yHUBEPCUTET. — OpeHOypr: OpenOyprekuii
roCyJ1apCcTBEHHbIN yHUBepcuTeT, 2013. — 193 c. — Pexxum gocrymna: nmo
MOAMUCKE. —
URL.: https://biblioclub.ru/index.php?page=book&id=259157 (nara
obpamenusi: 10.10.2023).

JlomoysiHUTENBHAS TUTEPATYpa:

1. I'pezuna, H. FO. MaTtematuueckue METO bl UCCIICIOBAHUS OTIepaIiuii B
skoHOMUKe: yueOHoe mocobue / H. 1O. I'peizuna, U. H. Mactsena, O. H.
Cemenuxuna. — MockBa: EBpa3uiickuil OTKpbITbIH UHCTUTYT, 2009. —
196 c. — ISBN 978-5-374-00071-9. — Texkcr: anmexTponsslii // [ludposoit
obpazoBarenbHbIi pecypc IPR SMART: [caiiT]. — URL:
https://www.iprbookshop.ru/10773.html (mata oopamenus: 10.10.2023).
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2.

NogakowodpE

Pxesckuii, C. B. UccnenoBanue oneparuii: yuednoe nocooue / C. B.
PxeBckuit. — Cankrt-IletepOypr: Jlans, 2022. — 480 c. — ISBN 978-5-
8114-1480-2. — TekcT: 31eKTpOoHHBIH // JIaHb: 37IeKTPOHHO-0MOIMOTEUHAS
cucrema. — URL.: https://e.lanbook.com/book/213248 (nata obpartieHus:
10.10.2023).

I'opnau b. A. UccnenoBanue onepanuii: yueoHoe mocooue / b. A. ['opnauy.
— Camnkr-IlerepOypr: Jlanb, 2022. — 448 ¢. — ISBN 978-5-8114-1430-
7. — TexcT: anexkTpoHHbIH // JlaHb: 2eKTPOHHO-O0MOIMOTEYHAs CHCTEMA.
— URL.: https://e.lanbook.com/book/211085 (nata obparieHus:
10.10.2023).

3.MeTOIlbI MaAaTEMAaTHYE€CKOT0 MOACJIUPOBAHUA

[IpeameT u 3amauun kypca. [[puHIUIIBI ¥ METOIBI MATEMATUYECKOTO
MOJICJIMPOBAHUS

Mopaenu conuanbHO-AeMOorpaduyecKux MpoIeccoB
DKOHOMETPUYECKUE MOJICNIN IEPBUYHOTO U BTOPUYHOTO PHIHKA YKHIIbSI
[TocTpoenue Mmoneneit 1eHoo0pa3zoBaHus

MopenupoBaHue ONTUMAIBHOTO 3aKa3a.

MopenupoBaHue 3aKyIloK Mara3uHa

Jlureparypa

1.

1.

2.

OcHOBHas IuTEpaTypa:
MaremaTuieckoe 1 UMUTAIIMOHHOE MOJCIMPOBaHUE: yueOHOe nmocooue /
A.N. be3pykos, O.H. AnekcennieBa. — M.: UHOPA-M, 2017. — 227 ¢. —
[DNEKTPOHHBIM pecypc|.—Pexum

nocryma: http://znanium.com/go.php7icH811122
Pemmun, b.U. UMutannmoHHOE MOAETUPOBAHUE U CUCTEMBI YIIPABIICHUSA .
yaeOHo-npakTudeckoe nmocooue / b.M. Pemmun. - MockBa-Bosora:
Nndpallwxenepus, 2016. - 74 c.: ui., Tabm., cxeM. - bubnuorp. B KH.. -
ISBN 978-59729-0120-3; [ DnexkTpoHHbIi pecypc]. -Pexxum noctymna:
http://biblioclub.ru/index.php?page=book&id=444174
CanoBHukoBa, H.A. AHanu3 BpeMEHHBIX PAJIOB U POTHO3UPOBAHUE:
yueonuk / H.A. CanoBuukoBa, P.A. I1ImoiinoBa. - M.: MockoBckuii
(brHaHCOBONIPOMBIIICHHBIN YHUBEpcUTET «Cuneprus», 2016. - 152 c. -
(YuuBepcuretckas cepus). - budmuorp. B k. - ISBN 978-5-4257-0204-3;
[DnexkTpoHHBIN pecypc]. - Pexxum gocrtyna:
http://biblioclub.ru/index.php?page=book&id=429533
JlomoysiHUTENBHAS TUTEPATYpa:
AiiBazsiH, C. A. DKOHOMETpUKA - 2: MPOJABUHYTHIN KypC C IPUIOKEHUSIMU B
¢unancax: YueOnuk / C.A. AitazsH, J[. @anTarmmau: MocKoBCKas 1Ko
skoHOoMUKH MI'Y um. M.B. Jlomonocosa (MIII3). - MockBa: Maructp:
HUIL UHDPA-M, 2014. - 944 c. ISBN 978-5-9776-0333-. - Tekcr:
anektporHbIi. - URL: https://znanium.com/catalog/product/472607
HNHTennekTyanbHbld aHAJIN3 BPEMEHHBIX PSAI0B [ DJIEKTPOHHBIN pecypc]:
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VYyeOnoe nocobue / H.I'. SIpymikuna, T.B. AdanacneBa, U.I'. [lepduibena.
- M.: UJI ®OPYM: UH®OPA-M, 2012. - 160 c. - Pexxum goctyna:
http://znanium.com/go.php?id=249314

3. Tumodee B.C. DxoHomeTpuka [DnekTpoHHBIN pecypc]: yueOnuk / B.C.
Tumodeen, A.B. ®anneenkos, B.1O. [llexonaun. - HoBocubupck: HI'TY,
2014. - 345 c.: Tabn., rpad., cxem., ui. - (Yueouuku HI'TY). - bubnuorp.:
c. 306-312. - ISBN 978-5-7782-1222-0; To xe [ D1eKTpOHHBII pecypc]. -
Pexum nocryma:_http://biblioclub.ru/index.php?page=book&id=436285

4. DxoHOMETpHKA [ DIEKTPOHHBIN pecypc]: yueoHuk / B.A. Komemaes. - M.:
NH®D®PA-M, 2017. - 160 c. - Pexxum noctyna:

http://znanium.com/RO.php7icH768143

4.CoBpeMeHHbIE PO0JIeMbl MATEMATUKH U HHPOPMATUKH.

1. Bo3MmoxHOCTHOE mpocTpaHcTBO. (BoWMCTBA MEp BO3MOXHOCTH H
HEOOXOTUMOCTH.

2. Bo3MmoxHOCTHas (HedeTkasl) BEIMUYMHA U €€ (YHKIUS paclpeaesieHus.
CaoiicTBa QYHKIMH pacpeIesICHuUs.

3. @DyHKUUU HEYETKUX BEJIMYMH.

4. YeTkue U HEUETKUE OTHOLICHUS MEXI1Y HEUETKUMU BETMUMHAMM.

5. T-HOpMBI, Kak MaTeMaTUYECKUMH amnmapar Uil arperdpoBaHUs
BO3MOKHOCTHOM MH(OpPMALIMU U UX CBOWCTBA.

6. HcuucneHue HEUETKUX BEJIMYMH.

7. IlpyHIMOBI TPUHATHS PEIICHWH B YCJIOBHUSAX BO3MOXHOCTHOM H
CTOXaCTUYECKON MH(POPMALIIH.

8. IlocraHoBKH 3a1a4y BO3MOYKHOCTHOTO 17} CTOXACTUYECKOIO
IIPOrpaMMUPOBAaHUS U UX COJEpkKaTENbHasi HHTEPIIPETaL.

9. 3amaya MaKCUMH3allUd BO3MOKHOCTH (HEOOXOIUMOCTH) JOCTHIKCHHS
HEYETKOM [EJM NpPU IOCTPOYHBIX OrPAaHUMYEHHUSAX [0 BO3MOXKHOCTH
(HEOOXOIUMOCTH).

10. 3amaya MakCMMU3aLMH BEPOSITHOCTH BBINIOJIHEHUS LIEJIH IPU TOCTPOUHBIX
OTrpaHUYECHUSX 110 BEPOSITHOCTH.

11. B03MOXHOCTHas MOJ€Nlb YPOBHEBOW ONTHUMM3AUMU (MaKCUMaKCHas
MOJIENh).

12. CroxacThueckas MOJIe]Ib YPOBHEBOW ONTUMHU3ALINH.

JIuteparypa

1. S3enun A.B. OcHOBHbIE OHSTHS TEOPUU BO3MOxHOCTEM / A.B. SI3eHuH. -
Mockga: ®uzmatiut, 2016. - 142 c. [DnekTponHslil pecypc]. - Pexum
nocryna:_bttp://bibboclub.ru/index.php?page=book&id=469649.

2. TlanTenees, A.B. MeToasl ONTHMHU3AIKMK B IpUMEpax M 3aadax
[DnexTpoHHbI pecypc]: yaeOHoe nocobue / A.B. Ilantenees, T.A. JleToBa.
— Onektpon, gaH. — Cankt-IlerepOypr: Jlanp, 2015. — 512 c. —
Pexxum noctyna: http://e.lanbook.com/books/element.php?pl 1 id=67460
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3. Kommuenosa, H.B. BeraucnurenbHnast MaremMatrka B IpuMepax v 3agadax
[DnekTpoHHBIN pecypc]: yuedHoe nocobue / H.B. Konmuenona, 1.A. MapoH.
— OnextpoH, aaH. — Caunkrt-IlerepOypr: Jlanb, 2009. — 368 ¢. — Pexum
noctyma: http://e.lanbook.com/books/element.php?pll cid=25&pll id=198

4. Tlantuna, U. B. BeruuciautenbHas MmaTemMaTHKa [ DIEKTPOHHBIN pecypc]:
yueOHuk / U. B. Ilantuna, A. B. Cunuykos. - 2-¢ u3j., nepepad. u Jaorl. -
M.: MOITY Cuneprus, 2012. - 176 c. - (YHuBepcurerckas cepusi). - ISBN
978-5-4257-0064-3. —Pexum noctyna:
http://znanium.com/go.php7icH451160

5. Mypowmues, JI.}O. MeToasl ONTUMHU3ANMKT U TPUHSATHAE MPOEKTHBIX
pelieHui: yuebHoe mocodue uis MarucTpaHToB 1o Hanpasienuto 11.04.03 /
J.YO. Mypomues, B.H. [llamknn; MuHHCTEPCTBO 00pa30BaHus U HAYKU
Poccuiickoit @enepanuu, OenepaibHOE TOCYAAPCTBEHHOE OI0KETHOE
o0pa3oBaTeIbHOE YUPEKIECHUE BBICIIETO MPOohecCHOHATBHOTO 00pa3oBaHus
«TaMOO0BCKMI1 TOCYIapCTBEHHBIN TEXHUUYECKU YHUBEPCUTET». - TaMOOB:
HznarensctBo PI'BOY BIIO «TI'TY», 2015. - 80 c.: ni., Tadi., cxem. -
bubmuorp. B kH.. - ISBN 978-5-8265-1451-1; [OnexktponHbiii pecypc]. -
Pexum nocryma: http://biblioclub.ru/index.php?page=book&id=444652

Ipumepsl 32124 K KBAIH(PUKALNOHHOMY IK3aMeHY

MHorokpuTepuajJbHble MO/IeJIH BHIOOPA pellleHuil B yCJI0BHSAX
HeonpeaeJJIeHHOCTH.

HaHo:

- MHOXKECTBO X = {X1,X2,X3,X4} BOBMOXHBIX PEIICHUI
MHOTOKPUTEPUAJIbHOM 3a/1a4H;

- YHUCJIO YUYUTHIBAEMbIX KPUTEPUEB (CBOMCTB) PEIICHUM MPU UX
aHaJu3€e M BBIOOpE paBHO m = 4,

MHOTOKpUTEpHUATbHBIC (BEKTOPHBIC) OIICHKH PEIICHUI PABHbI
f(X1) =(27,93,17,44); f(x2) =(19,92,34,40); f(x3) =(41,92,34,41); f(x4) =
(40,90,34,41).

Haiitu: noctpouts rpad orHomenus [lapeto (P) Ha MHOXeCTBe X U BBIJICIIUTD B
HeM [lapeTo-onTuManbHbIEC PENICHHS C UCTIOIb30BaHueM (PYHKITMHU BbIiOOpa (P
(mpeaBapUTEIbHO AaTh onpeeneHus oTHomeHus [Tapeto u pyukiuu CP).

1. JlaHO: - MHO’KECTBO BO3MOJKHBIX PEIICHUN X = {X1,X2,X3,X4} B
OJIHOKpUTEpHAIbHOM (110 MOKa3aTeN0 NPUObUIN) 3a/1aue BEIOOpA pelleHui B
YCJIOBHUSIX CTOXaCTUYECKON HEOIPEIEeICHHOCTH;

- MHOJKECTBO YCJIOBHH peann3anuu pemenuit S = {S1,52,53,51}, comepaxariee
YEeThIPE BO3MOXKHBIX  BapuaHTa C 3aIaHHBIMU BEPOSITHOCTSIAMHU
p1=0.2,p,=0.2, p3=0.5, ps =0.1 ux HacrymieHus;

- ouenku f; ;=f(xj,s;), i = 1,4;j = 1,4 pelueHuii 110 YUUTHIBAEMOMY
KPUTEPUIO 3ajaHbl MAaTPULIEH MOCIEICTBHMN

F=
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HaiiTu: npeanoyTuTenbHble pemenus B X ¢ UCIOJIb30BaHUEM MOJIEIIN
MaKCUMyMa OXHUJaeMOT0 BBIMTPHIIIA; TPEABAPUTEIHHO 1aTh ONpeIeTICHUE
npaBuiia BEIOOpA M0 KPUTEPHUIO MAKCUMYMa 0KHAA€MOTO BBIMTPHIIIA.
CucremMHbIN aHAJIN3

1. Haiftu MakCuMaibHO JOCTHXKMMBIN COBOKYITHBIN OOIIIECTBEHHBIN MPOTYKT
z(5), ecau B HauanbHbIi MOMeHT BpeMenu Z(0)=l, ais monenu JleontheBa
PaCUIMPEHHOT0 BOCIIPOU3BOICTBA C KOAD(HUIIMEHTOM MPsIMBIX 3aTtpat a=0,6 u
ko3 purreHToM MpuUpoCcTHOH GOHAOEMKOCTH K=1,3 B ClTydae MOCTOSTHHOTO
HEOTPHIIATEILHOr0 ypoBHs otpedienus W(t)=wo. Kakum ripu 3Tom Oyet WO?
2.3agava BIOOpA ONTUMAIBHOTO MapLIpyTa JUIsl NPOKIAIKA aBTOMOOHIIBHON
Tpacchl U3 Touku A B Touky C paccMaTrpuBaeTcs Kak 3aja4a MHOTOLIArOBOTO
yIpaBJeHUs - MSITh IIaroB HA BOCTOK U TPH 11ara Ha ceBep. CTOMMOCTb KaXa0To
mara (B Mip/, py0.) mpuBesieHa Ha pucyHke (a=5). TpeOyeTcs onpeaennThb
yIpaBJIECHUE HAa Ka)XXJIOM 11are, T.€. JejaTh Iar Ha BOCTOK MJIM Ha CEBEP TaK,
YTOOBI OOIIMI BEKTOP YIPABJICHUS 00eCTieYrBal MUHUMAIbHYIO CTOUMOCTh
MPOKJIAJKH Tpacchl. HaliTH 3Ty MUHMUMAaIbHYIO0 CTOUMOCTD MPOKJIA/IKU TPACCHI.

Cegep

ttfe] o]

c |

¥
v

A BocTok

MeToabl MAaTEMATHYECKOTO MO/IeJIMPOBAHUSA.

1. OmnwmcaTp aaropyuTM IMOCTPOCHUS BRIOPAHHON MOJIEIH IIEHOOOPAa30BaHUS C
TTOMOIIBIO MOIIArOBOM PETPECCUH.

2. Ommcatp aJrOPUTM MOCTPOSHHUS ONTUMAIBHOTO MOPTQEs Ha OCHOBE
TECTUPYIOIIEH TOPTOBIU C ABTOMATHYECKUM TI0100pOM MOJIESI BPEMEHHOTO
psana.

CoBpeMeHHbBIE IPO0JIEMbI MATEMATUKH U MHPOPMATHKH.

3agaua 1.

[TocTpOUTh SKBUBAJICHTHBIM YETKUI aHAJIOT 3aJ1a4l BO3MOKHOCTHO-
HEO0OXOJIMMOCTHON ONTUMM3ALIUU U PEIIUTh €r0 TPapUIECKUM METOIO0M:

kK —» max,

lf{amxl + dagox> :k}Z 1/2,

72'{6111)(?1 +a2Xo Sbl }21/2,



v{aziX| -azzxz >b,}> 1/4,

x1,x2>0,

rae ao1 € Tr(2,2), ag2 € Tr(3,3),

a1 =3, a2 € Tr(3,1), b; € Tr(6,1),

az1 =2, axp € Tr(4,6,2,1), up, (t) = max {O, min {I,I - 2 (t - 3)}}, teE™.

3agaua 2.

Nwmeem nBe HeueTkue BenmmuuHbl (L - R) tuna. ITycts L(t) = et t>0,
R(t) = max{ 0,1-t},t > o. Pacnipeeiienust paBHbBI COOTBETCTBCHHO:
X1=(3,5,1,2)Lr), X2= (4,5,2,1)(Lr). Onpenenure pacrpeneieHne HEYSTKON
BeMunHbl 2 X;+X,, HaliUTE ee @ ypoBHEBOe MHOXecTBO nipu @ = 0.7.



OueHoYHBIH JHUCT

IIpunoxenue 1

YPOBHSI CPOPMUPOBAHHOCTH KOMIETEHIINH, MPOAEMOHCTPUPOBAHHBIX

CTYyACHTOM

(®.1.0.)
Ha IroCcyaapCTBCHHOM 3K3aMCHC

no HarnpaBiienuto 01.04.02 — Ilpuknagnas maTeMaTuka U HHQOpMaTHKa,

npod b « CHCTEMHBIN aHATTN3)

YpoBeHb CHOPMHUPOBAHHOCTH
KOJ IIepedyens npoBepsEMbIX KOMIIETEHIIUN KOMIIETCHIIMN

IIOPOTOBbIH

JI0CTaTOYHBII

IIPOJIBUHYTHIN

YZIOBJIETBOD.

XOpOIIO

OTJIMYHO

OIIK-1 CiocoOeH pemaTh akTyaabHBIC 3aa9n
(yHIaMEHTAJIbHOM U NPUKJIATHON MaTEMATUKH

1IK-1 | CtocoOHOCTh MPOBOUTH HAYYHBIC UCCIICTOBAHUS U
MOJTy4aTh HOBBIC HAYYHBIC U TIPUKJIIAIHBIC PE3YIbTAThI
B 00y1acTH poecCHoHaIBLHOMN AeATEILHOCTH

Hrorosas OLICHKA:

YpOBEHBb CPOPMHUPOBAHHOCTH KOMITETCHITUMN

[Ipencenarens:

(®.11.0.)

YJ1eHbI:

(moamucek)

(®.1.0.)

Jlata

(moamucs)



