demepanbHOEe TOCYAapCTBEeHHOE OIOKeTHOE YUPEeKIeHHE
« HanpoHAIBHBIA MeJHIMHCKHN HCCIEN0BAT &/IhCKHH HeHTp iMeHn B.A. AiiMasoBa)
MuHHCTEPCTBA 34paBooXpaHeHH I Poccriickon Deeparii

(OI'BY «HMHII mm. B.A. AmmvazoBa» MuH3paBa Poccrm)

HMHCTUTYT MEJUITMHCKOI'O OBPA3OBAHNUA

COI''TACOBAHO YTBEPXJAIO
3aMeCTHTEIIL JHPEKTOPa JIUpeKTop
HMHCcTHTYTa MEIMITHHCKOr0 00pa3oBaHMsI HMHCcTHTYTa MEIMITHHCKOr 0 00pa30BaHMsI
110 YUeOHOH H MeTOAHYECKOH padorTe, OI'bY «HMHWUIL] um. B.A. AiMazoBa»
JeKaH JIeyeOHoro (paxKyinpTeTa Munsapasa Poccuu
I'.A. Kyxapuuk E.B. IlapMoH
«20» sauBapsa 2026 T.

PABOYAZA ITPOI' PAMMA

JIHCITHIIJTHHA METO/IbI OIITUMM3AIININ

CroenuaJMrer mo
CIIeNHAJIBHOCTH

HaHMEHCEaHF & JHCITHITITHHEI

30.05.03 MemmuHckas KHOepHeTHKA

Kadeapa/moapasaeienue

Koo ClIeqHAlIBEHOCTH H HaHMEHOEAHHE

Kadeapa MaTeMaTHKH, 0OHO(PH3HKH H HHPOPMANNOHHbIX
TEXHOJIOr HH

HaHMeHOBaHHe Kad epblTIogpazaeIeHHA

dopma o0yueHHA OYHAs
Kypc 3
Cemecrp S
3aHATHA JIEKIIHOHHOI0 THIIA 26 4ac.
3aHATHA CEMHHAPCKOI0 THIIA 44 1ac.
Bcero ayuropHoi padoThbl 70 1ac.

CamocTosTe/ibHAA padoTa (BHeayauTopHas) | 38 vac.

dopma NPOMEKYTOYHOH AT TECTAIHH 3auer

Oodoman TPYAOEMKOCT b THCIHILTHHbI 108/3 (uac/3a4. en.)

Cankr-IleTepOypr
2026




Pabouas ITpOoIrpaMMa JHCIHIUIIHBI pﬂBpﬂﬁﬂTﬁHﬂ B COOTBCTCTBHIH C:

—IIprnkazom MHHHCTEPCTBA HAVKH H BEICIIEro oOpaszoBaHMSA Poccurickon @Deaepaiin Ne
1006 ot 13.08.2020r. «O0 yTBRepXAcHHH (ellepalbHOIO TOCYJapCcTBEHHOIO 00pa30BaTEIIbHOIO
CTaHJapTa BBICIIErO O0pa30BaHHS — CIEHHAIHTET IO cIelHaIbHOCTH 30.05.03 MemumnmuHcKas

KHOEePHETHKA»;
—IIpukasom MuHTpyna Poccrm ot 04 aerycra 2017 Ne6l0H «OO0 yrBEpKICHHH
IIpo)eCCHOHATIBPHOI O cTaHAapTa «Bpay-KHOepHETHKY,
— JIOKAJIb HBIMH HOPMAaTHBHEIMH aKTaMH [[eHTpa AJIMa30Ba,;
— yue OHBIM IUIAHOM ITO crierfHanbHOCTH 30.05.03 MeamimHcKas KHOepHETHKA.

CocraButeu pado4yeil NporpaMMbl

Yuyenas
Ne dOaMHIINA, HM4,
CTelleHb, 3aHnMaeMas 10JIZKHOCT b MecTo padoThI
/11 OTYECTBO
3BAHHe
1. Koporeepa Onecs K.T.H., JOLIEHT | 3aBeIYIOLHH KadeIpoi OI'bY «HMHAIL]
BragumMupoBHa MaTeMaTHKH, Onodu3uky 1 | M. B.A. AnmazoBay
HH()OPMAITHOHHBIX Munsapasa Poccnu
TEXHOJIOTHI
2. | Ammupora AHHa - aCCHCTEHT Ka(eIpeI OI'bY «HMHI]
IleTpoBHa MaTeMaTHKH, Onodu3uky 1 | M. B.A. AnmazoBay
HH()OPMAITHOHHBIX Munsapasa Poccun
TEXHOJIOTHI

PaGouyas rporpamMma paccMoTpeHa H oJjo0peHa Ha 3aceJaHHH KadeIphl MaTeMaTHKH, OHO(DH3HKH H
HH(OPMAI[HOHHBIX TeXHOJIOTHH «1 1» Hosg0ps 2025 1., mporokoir Ne3.
3aBe A yIOIIHH Kadeapoi O.B. Koporeera

JIMCT COI'VJIACOBAHHUA

COI'JTACOBAHO
JlexaH 11e4eCHOr o (pakyIbTETa " A. Kyxapunk
3aBe VIO IIEHTPOM Pa3BHTHI 00pa3oBaTelbHOH cpeabl MHCTHTYTA
MEIHIIHHCKOTO 00pa3soBaHH H.H. Iletpora
3aBeayronpiil yueOGHO-METOAHYECKHM OTIETIOM LIEHTPA Pa3sBUTHI
0o0pazoBarellIbHOH cpeabl MHCTHTYTA MEAHITHHCKOrO 00pa3soBaHHI M.A. OpeukHHa
3aBeayronmi OHOIHOTEKOH MHCTHTYTA MEAHITHHCKOI O 00pa3oBaHHsI E.A. Heyaera

PaGoyas mporpamMma paccMoTpeHa M oxo0peHa Ha 3acelaHHH Y4eOHO-METOMHYECKOrO COBETA
HMHucTturyTa MeguimiHcKoro odpasoBanusa OI'EY « HMHUIL] mm. B.A. AnmaszoBay MuH3sapasa PoccHu
«20» stBaps 2026 r., mporoxkor Ne 01/2026.



Coxpaimenus

[{leHTp AmmazoBa — QellepalbHOe TOCYJapcTBeHHOE OFOKeTHOe yupekacHHe «HaloHamsHBIH
MEQUIIMHCKIIT  HCCIIEMOBATENILCKHH  IIeHTp HMMeHH B.A. Amvmasopay»  MHHHCTEpPCTBa
3paBoOXpaHeHH s PoccHiickon Depepalinm

[II] — rmpakTHYecKas IIoAroTOBKa

Komier eHmumn:

YK — yHHBepcanbHasI KOMIIETEHIH S

OIIK - obmenpodeccHoHanbHAS KOMITETeHI[HS
[TIK — rpodeccrnoHanmbHasa KOMITETEHIHS

MK — HHAHKATOP JOCTIDKEHHS KOMITETEHI[HH

OneHouHbIe MATEPHAIDI:

KB — KOHTPOILHEIE BOIIPOCHI

T3 — TeCTOBEIE 3aJaHH

K3 — KOHTPOJIbHEIE 3alaHHs]

[IH — rpakTHYeCcKHe HaBBIKH

C3 — CHTYaI[HOHHEIE 3aJaul

Wb — ucropus 6omesHn

J1 — TEMBI JIJIS TTOATOTOBKH YCTHOT'O JTOKIIaJa C ITpe3eHTal[HeH
P — TemBI 11 MOATOTORKH pedepaTa



IloscHHTE/IbLHAA 3alIHCKA K pﬂﬁﬂ‘lﬂﬁ InmporpamMmMe 1THCIHILTHHDbBI

Pabouas IporpaMmMa 110 JHCIHIIIIHHE «MeToapl OIITHMH3AIHH IIPpEAHA3HAUYCHA [JIA
IIOATOTOBKH CIIELHAIMCTOB B 00IacTH MeIHI[HHCKOH IGI@EPHETI]IC[I H HAaIICJICHA Ha QJDPMIPDEEIHIIE
CHCTEMHBIX 3HaHHIH MU IMPaKTHYCCKIIX HABBIKOB IIPHMCHCHHA MATCMATHYCCKOI'O AallllapaTa
OIITHMH3AIlHH I PCIICHHA 3aJ144 Me THIHHCKOH AHATHOCTHEH., IUIdHHPOBAHHA JICHCHIA,
YIIPABJIICHHA PECYPCAMH 31PaBOOXPAHCHHA H aHAJIH34 OHOIIOrHYECKHX CHCTEM.

OCOOEHHOCTBIO IPOrpaMMBI SBISETCS €€ ITPHKIAJHAs OPHEeHTHPOBAHHOCTh Ha 3aJayH
MeTHITHHCKOH KHOepHETHKH: OT ONTHMH3AI[HH ITapaMeTPOB JHATHOCTHYECKHX MOJIeNIeH H peKHMOB
TepalliH J0 PellleHHs 3aJay ONTHMAJIbHOrO TUIaHHPOBAHHS B OHOMEIHIHHCKIX HCCIIEJTOBAHHIX H
KIIHHHYECKOH ITpaKTHKe. B XoJle OCBOeHMs JHCIMIUIHHBI CTYJIEHTHI ITOIy4YaT OITBIT PalboTHl C
COBPEMEHHBIM ITporpaMMHEIM oOecrnieueHneM (Python, criermanmnsupoBaHHBIE OHOIHOTEKH) IS
YHCIIEHHOI'0 PelIeHN s OIITHMH3aIMOHHBIX 3a0a4.



1. HEJIb H 3AJTAYN U3YYUHEHUA JINCIHAITJINHDBI

Il esb H3yYeHHA JUCIHILIAHBLI: c(POPMHPOBATh Y 00YYarOIEerocs CriocoOHOCTh (POPMYIIHpPOBATh H
pelIaTs 3aJavyd ONTHMH3AI[HH, BOSHHKAIINHE B IIPO(QeCCHOHAIbLHOH JAeSTeIbHOCTH MeIHIIHHCKOT O
KHOepHEeTHKA, HCITOIIb3YSI COBPEMEHHEBII MaTeMaTHYECKHII aIlllapaT i BEIYHCIIHTEIBHEIE

HHCTPYMEHTHI.
3amavn H3y4YeHH A T CIHILIHHbI:

1. CdopmipoBars ITIOHHMaHHE OCHOBHEIX KIIACCOB OINTHMH3AI[HOHHBIX 3aJa4 (JIHEHHEIE,
HeIIMHeHHbIe, JHCKPETHBIE, MHOTI OKPHTEPHAIIEHEIE) H METOJIOB HX PeIlIleHHS.

2. OOy4YHTH OCHOBAM aHAIHTHYECKHX METOJIOB ITOHCKa SKCTpeMyMa (MeTO MHOKHTeIIeH
Jlarpanxa, ycnonsa KyHa-Takkepa).

3. JlaTh HaBBIKH IIPHMEHEHHS YHCIIEHHBIX METOIOB OITTHMH3AIHH (IpaJHeHTHBIE METOJIBI,
CHMITIEKC-METOJ, METa3BPHCTHYECKHE alll OPHTMBI) C HCIIOIb30BaHHEM ITPOr PAMMHBIX
ITAKETOB.

4. Pa3BUTh YMEHHE CTPOHTH H aHAIM3HPOBATh MaTeEMaTHYECKIE MOJIEIN MeIHUIIHHCKIX H

OHOIIOTHYECKHX IMPOHECCOB KdK OIITHMI3AIITHOHHBIX 34/J4'.
5. OCBOHTH METOIBI Iv]HGI‘DI{pIITEpIIElJILHDﬁ OIITHMH3AIlHH H ITPHHATHA pEI_T_[EHI[[uI B YCIIOBIUIX
ITPOTHBOPCHIBBIX TpEﬁGEﬂI—HIﬁj XAPaKTCPHBIX JJIA MeTHKO-0HOIOTHYeCKHX CHCTEM.

Illnanapyemblie pe3yabTarbl 00yUeHHA [0 JUCIHILINHE:
B pesynemame uzyuenus npozpammul OUCHUNILHBL V 00VUaOUe20cs QopmMUpYVIOmcs cledyioujile

KOMRenmeHyLL.
OIIK-1.2 HUcrnomp3yeT (pH3HKOXHMHYECKHE, MaTeMaTHUYeCKHe H eCTeCTBEeHHOHAYUYHBIE MEeTOJbI
HCCIEJOBAaHHS B PelIeHHH CTaHJAPTHBIX H HHHOBAI[HOHHBIX 3aJad ITIPOQeCcCHOHAIbHOM
IESTEIIBHOCTH,
[IK-9.1 Ilmanmpyer MeaHKO-OHOIOIHYECKHE HCCIIENOBaHHI, OOpadaThIBacT Pe3YIIbTAaThl H
3KCIIEPHMEHTANBHBIE JTAHHBIE C HCIIONIb30BAHIEM CTAaTHCTHYECKHX ITAKETOB, METOIOB OOpabOTKH

OOIBIIHX JaHHBIX, JOKa3aTelIbHON MEAMIMHEI, a TAK/KE TEXHOIOTHI OTKPBITEIX JaHHBIX,
1IK-9.2 BHeapseT pesynbTaThl MeAHKO-OHOIOrHYECKHX HCCIIeJOBAHMI B AKCIIEPHMEHTAIBHYIO H

KIIHHHYECKYIO IIPAKTHKY,
[1K-9.3 Ctpout n BepH(pHIHpPYET MaTeMaTHUYeCKHe MOJEIN H3ydaeMbIX OOBEKTOB Ha OCHOBE

MeIHKO-OHOIIOTHYEeCKHX HCCIIeOBaHHH H JaHHBIX JINMTCPAT YPEI.

2. MECTO JUCHUIIJIMHBI B CTPYKTYPE OGPA30BATEJILHOH ITPOI'PAMMBI

JlucrpmnmHa BXOAHT B birok 1. « J[MCIMITIHHBI (MOIYIIH)» Y4eOHOIO IUIaHa 10 CITeI[HATbHOCTH
30.05.03 MemummHCKas KHOePHETHKA, B €70 YacTh, (DOPMHPYEMYIO Y4aCTHHKAMH
00pazoBaTEIbHBIX OTHOIIIEHH.

JlucIMIIIIHA H3Y4aeTCsI Ha OCHOBE PaHee OCBOEHHBIX JHCIHILINH/TIPAKTHK Y4eOHOr O ITJIaHa:
—  «MareMaTHYeCKIHH aHAIH3)
—  «/lucKkpeTHass MaTeMaTHKa H MaTeMaTHUe CKasl JTIOTHKa

— «B CPOATHOCTHBIC MCTOJbI dHAJIH3d H INTAHHPOBAHHA MEIJHITHHCKOI'O 3KCIICPHMEHTa»
l[HCI_[I]]'[J]I]HEl obecrieunBacT H3YUYCHHE ITOCIICAYIOITHX r[[H'.C‘FI_[I]]'[.'I]IIH;"'rl'[pE?L'['FZ'.[‘I]:['FZ }fIIEﬁHGI‘G ILIIaHA.

—  «HayuHo-uccnegoparensckas paboran
—  «ManmnuHoe 00yUyeHHEN
—  «OCHOBEI KHOEPHETHKI



3. TPEBbOBAHNI K PE3YJIbTATAM OCBOEHUA JHCIHHHUIIJIMHDBI

B pe3ynsTare 0CBOEHHS IPOrPaMMBI AU CIUIUIHHEL Y 00 YYArOIIEr ocs (POPMHPYIOTCS CIE YEOIIHE
KOMITETEHIHH, YCTAaHOBIIEHHBIE ITPOTPAMMOI CITEIHAINTETA:

OneHouYHLIe
Il1anupyemMblie pe3yJbTaThl MaTepPHAJbI,
Koa 1 HaHMeHOBaHHe Koa 1 HaHMeHOB aHHe : '
00y4eHHs (MOKAa3aTeH s [IpPOBEePpAOIIHE
KOMIEeTeHI[HH HIK
OlleHHBAHHA) pe3yabTaThl
00yuyeHHus
OIIK-2. CriocoGeH OIIK-1.2 Mcmone3yeT 3HaeT: OCHOBHEIE KIIACCHI 171 TEKVIIETO
HCIIONB30BATE H (PH3HKOXHMHYECKIE, OITTHMH3AI[HOHHEIX 3a]1a4, KoHTpomd: C3, KB
I[PHMEHSTE MAaTeMaTHUECKHE H IIPHHIMIIEL TTOCTPOEHIA Ja
€CTeCTBEHHOHAYUHEBIE MAaTeMAaTHUeCKHX MOJIETIEH, IIPOMEKYTOUHOH

(VHIaMeHTATbEHEIE H

METO ORI HCCIIETOBAHILA B

YCIIOBHA OIITHMAITBRHOCTH JIJIA

TIPHKIIA/THBIC PEIeHHH CTAHJAPTHEIX H | 3a7au ¢ OrPaHHuYeHHsIMH H 6e3.
Mg THITHHC K€, HHHOBAIIHOHHEIX 3a/1au VmeeT: dopMaIH30BATh
€CTeCTBEHHOHAYUHEIE podecCHOHATBHOI IPHKTAJHYEO 3a0auy H3
3HAHHA P IIOCTAHOBKH IeSTeIbHOCTH 00IIaCcTH Me THITHCKOIT

H PEMICHA CTaH TdPTHRIX
H HHHOEBAITHOHHEIX 3a1a4

KHOe pHE THKH KaK 3aJady
MATEMATHUECKOI OITTHMI3AI[HI,
BEIOHpATh aJieKBaTHBII METO/I

arTecTairs:. 13

IpodecCcHOHAIb HOIT
PEIIeHHT Ha OCHOBE aHAaI3a
ACATCIILHOCTH IIOCTAHOBKH 3 JTauH.
IIK-9 CriocobeH I1IK-9.1 IImammpyet 3HAeT: UHCIEHHBIE METO/EL JI1A TEKVILETO
paspabarsiBaTh HOBHIE Me THKO0-OHOJIOTHUYECKHE OIITHMH 3aI[HH (T Pa/IHeHTHhIE, KoHTpoud: C3, KB
Me JHI[HHCKHE U HCCIIeOBAHIA, CHMIUTEKC-METO/), TIPHHIHITEL s
OHOIOr HUeCKIe MOENH oOpabarsBaeT paboTsl ¢ GHOIMHOTEeKAMH ITPOME K YTOYHOI
H METOEI H BHEAPATE HX pe3yIsTaTkH H orrriMIr3arui (SciPy, Pul.P). arTecTargml: T3
B KIITHHIYECKVIO 9K CIIEPHMEHTATBHEIE YMeeT: IIPHMEHATE
IPAKTHKY H YIIPABIIEHIE TaHHBIE C IIPOTrpaMMHEIE CPEJICTBA I
3IPaBOOXPAHEHHEM. HCIIOJIb30BAHH EM pelleHN I THIIOBBIX

CTATHCTHUECKHX IIAKETOR,
MeTOJIOB 00paboTKH
OOMBEIIMX JAHHEIX,
IOKA3aTelb HOH
Me THITHHEL, a TaKkKe
TEeXHOIIOT Il OTKPHITHIX

OITTHMI3AIHOHHEIX 3a]a4
(IHHEeIHOe ITporpaMMHpPOBaHHE,
IIO00P ITapaMeTPOB MOJIEIH ),
aHATH3HPOBATh IO yYe HHEIE
pellleHHs Ha aJIeKBATHOCTS.

TAHHEBIX.
IIK-9.2 BHe mpseT 3HaeT: MeTOIEI JI1 TEKVIIETO
PE3YIBTATEI METHKO- MHOTOKPHTEPHAIH HOMH KoHTpola: C3, KB
OHOIIOTHYECKHX OIITHMH3AIIHH H ITPHHATHS JI
HCCIIE JOBAHIIL B PEIeHHIT (MEeTOT B3BEIIIBAHIA, ITPOME KYTOUHOM

SKCIIePHMeHTALHYEO H
KIIMHITYECKYIO IIPAKTHKY

MeTO/, HIeallb HOH TOUKH,
aHanH3 110 [TapeTo).
YMeeT: CTPOUTE H
aHaIM3HpoBaTh IlapeTo-ppoHT
LA 3a7a4 ¢ HECKOJTBKIIMI
I[eJIeBEIMH () VHKIHLAMIT
(HarprMe P, 3¢ GeKTHBHOCTh
TeUeHHd VS. TOKCHUHOCTS,
CTOHMOCTE VS. JOCTYITHOCTB ).

arrecTaiol. 13




I1IK-9.3 CTtpoHT H
BepPHHITIPYET
MAaTeMaTHUe CKIHE MOJIEIH
H3y4yaeMbIX OOBEKTOB HA
OCHOBE MeIHKO-

OHOIOr HUeCKIX
HCCIIEOBAHMIT H TAHHBIX
THTEPATYPHL

3HaeT: MeTOIbI HellHHeHOI
OITTHMI3AIIH I KaTHOPOBKI
ITapaMe TPOB CIIOKHEBIX MOJenel
(MeTOJ HaH MeHBIIIX
KBaJpaTOB, SBOIOI[HOHHEIE

AT OPHTMEI ).

VMeeT: CTABHTH H PeIlaTh
3a/Iaul ITapaMeTpHUe CKOIT
HIeHTH()HKAI[HH

OHOMe THITHHCKHX MoJellel KaK
3a]Ia4ul Y CIOBHOI
OITTHMH3AI[HH, OI[eHHBATH
VCTOIYHBOCTE H aJeKBAaTHOCTE
TIOTYUEHHOTO PeIlleHH .

71 TEKYIIET O
KoHTpona C3, KB
1
IIPOMEKYTOUHOH
arTecTaHu: T3




4. COJAEPKAHHUE JUCHHUIIJINHLBI,

CTPYKTYPHPOBAHHOE IIO TEMAM

(PASJIEJIAM) C YKA3ZAHHUEM OTBEJAEHHOI'O HA HHX KOJ/IMYHECTBA

AKATEMUYECKHNX YACOB 1 BUJIOB 3AHATHH

4.1 OdpeM JAHCOHILIHHBI B AKAJEMHYCCKHX YAC4AX, BbBIACJICHHDBIX HAd KOHTAKTHYH pﬂﬁﬂ'l‘}'

ﬂﬁ}"lﬂlﬂllﬂlxﬂﬂ C HnpenojgasarejieM H Ha

CAMOCTOATC/IBHYHO BHCEAYIHTOPDHYH pﬂﬁﬂTF

odyJaronmmxcs
TpymoemkocTh Ko/m1iecTBO
. B JaCcoB
By yueOHoI padoThI
' aKaJeMHYECKHX Kypc-3
yacax ceMeCTp - S
KoHTakTHasi padora o0y4arImxcs ¢ NpenoaaBarejieM =0 20
(BCero)
M3 HHX:
3aHATHS JIEKIITHOHHOIO THIIA 26 26
3aHATHI CEMHHAPCKOro THITA 44 44
CamocroAaTeIbHAS BHEAYIUTOPHAaA padora (Bcero) 38 38
[IpoMeKyTOUYHAS aTTeCTalHs — 3a4eT
O0nias Tpya0eMKOCTh JHCIHILIHHbI 108 108
M3 uux Ha I1I1 (13 yuebrnoco nnana) 0 0

4.2 Coaep:kaHne JHCHHILIHHbIL, CTPYKTYPHPOBAHHOE 10 pa3JejiaM ¢ YKa3aHHEM OTBeJIeHHOI0
HA HHX KOJIHYeCTBAa AaKaJeMHIeCKHX YaCOB H BH/I0B 3aHATHII

KonrakrHas padora,
CamocrofiT eJILHA
HaumeHoBaHue aKageM. 4
i | 3 Hnx
pasaesioB Janarua Janaruga Bceero
BHeAYIHUTOPHAA Ha L1111
M CIHUIJINHBI JEKITHOHHOTI | CeMHHAPCKOT
padoTa
0 THIIA 0 THIIA
Kypc - 3 cemecTp - 5
Paszmen 1. Bremenrie B
MaTeMaTHYEeCKVIO 6 8 10 24 -
OITTHMIT3AITHIO.
Pazmen 2. JIiHelHOe H
HETTOUHCIIEHHOE 8 12 10 30 2
ITp OrPpaMMHpPORAHHE.
Pazmen 3. HemmmHeiriaa 1
MHOTOKPHTEPHAILHAS 8 16 10 34 2
OITTHMIT3AIHA.
Paznen 4. CorpeMeHHEIE
METOIBI H ITPHIIOKEHI B 4 8 8 20 2
METHI[HHE.
HUToro 3a cemecTp: 26 44 38 108 0




4.3 Temaru4vecknil IVIAH 3aHATHIL JIEKIIMOHHOIO0 THIIA (710 ceMecmpam)

O11eHOYHDbI
IlepevyeHb KOI0B o
N/IK,
Ne | HamMeHoBaHHe MAT epHAJI
Yacel | Kparkoe coaepkaHHe 3aHATHSA ¢dopMHpPYEMBIX B
II/I1 | TeMbl 3AHATHA bl I
nmpoigecce TeKVIIero
OCBOEHH A TeMbI y
KOHTPOJIA
Kypc - 3 cemectp - 3
Paznen 1. BregeHre B MaTeMaTHYESCKYEO OITTHMH3ALHIO.
OCHORHEIE
TTOHSITHSI.
Kitaccuduxarps
eleBas (PYHKI[HA, 4 OITyCTHMO®
OIITHMI3AI[HOHH A P > H}L
MHOJKECTBO, ITT00aNLHELT H
bIX saat JTOKAIILHELT SKCTPEM [IprMephr
1.1 | (6esycosmas/yc | 2 PEMYN. 2 LPHMED OIIK-1.2 KB, C3
3a/1ayu M3 MEIHIHHEI (MHHHMI3 Al
JIOBHA, TO3EI, MAKCHMH3AIHI
TTHHEIHAST HeTTHH ’
. s(ppexTHBHOCTH).
eifHas,
ITHCKpeTHAas/Hell
pPEPBIBHAS).
AHamHTHUeCcKHE
METOJIEI:
HeoOXoaHMOoe H
TOCTATOYHOE ['pagueHT, maTpHia ['ecce.
CIIOBHA Y CIIOBHEI 5KCTpE . Pertrenrie
12 |2 2 - TPEMYM OIK-1.2,TIK-9.1 | KB, C3
0e3yCIIOBHOIO ITp OCTeHIIHX 3aau KaTHOPOBKH
SKCTpeMyMa. Mo/ eleii.
MeTtog,
MHOKHTelner
Jlarpaxxa.
Brmyximeie
MHOJKECTBA H Kpurepun BeirmykimoctH. CRoficTRa
(O VHKT M. pellle i BEOTYKIIEIX 3aj1au.
1.3 | 3amaua 2 3HaUeHHe BBHIMTYKIIOCTH 1 rapanTtHH | OIIK-1.2 KB, C3
BBIITYKJIOTO HAX0IeHHS ITI00aILEHOTO
IIpOrpaMMHpPOB A OTITHMYMA.
HHS.
Pazgen 2. JInHelHOe H IETTOUYHCIIEHHOE IPOrpaMMHPOBaHHE.
KaHoHIueckasa H
CTaHJapTHas
(hOpPMEI 3aauH
T ITocTpoeHrie MHOTOIpaHHHKA
2.1 ' 2 pelIeHHii. bazHCHBIE peleH s . 1IK-9.1 KB, C3
| eoMmeTpHUecKas
AJITOpHTM CHMIUIEKC-MeTO/A.
HHTEePIIPEeTAaITHA.
CHnMITIEKC-
METO]T.
Teopus
IBOHCTBEHHOCTH .
g JIpoiicTBeHHAAd 3a/aya. 1T eopeMel
B JTHHEHHOM -
OTDAVMIDOR A IBOMCTREHHOCTH. [IpHMepEI B
20 | POIP P 2 3paBOOXpaHeHHH: IpsaMad 3agauya — | [IK-9.1, [IK-9.2 KB, C3
HHH. -
MHHHMIT3AI[H 3aTpaT, ABoiicTEeHHAasd
DOKOHOMHUeCcKasd att pat, A
— OILIEHKAa PECYPCOB.
HHTEPITPeTaLlHsI
ITBOHCTE EHHEIX




IIEPEMCHHBIX.

TpaHcropTHas
3a7aya M 3aj1aya

IlocTaHoBKa 3agau. MeTox
IOTeHIHAaIOB. [IprMeHeHHe It

2.3 | 0 HAa3HAYEHILIX. OTITHMAJILHOTO PacIIpeeIeHIsT I1IK-9.1, 1IK-9.2 KB, C3
MeTomer ITal[HEeHT OB, 000PYA0BaHHA,
PEeIeHHs. MEIHIHHCKOTO TIePCOHAlA.
3agaun
I[ETIOYHCIIEHHOT O
HeoO0X0ogHMOCTE 1[eJIOUHCIIEHHOCTH.
HIPOTPAMMITPOEd ATIropHTM BeTBell H I'PaHHI[ Ha
2.4 | ma. Metog MEDE TATAIL O R [IK-9.1 KB, C3
BETBEH I IPAHHII EEIGD Ie) Temﬂﬂ o
(Branch and Pe 1P '
Bound).
Paznen 3. HemHeliHast H MHOTOKpHTepHATLHAS OITTHMI3AL[HA.
YncneHHbIe
METO/bI
0e3yCcIIoBHOI
Hpesa urepaTHBHBIX METO/OB.
onTHMHsar (1- CKOpPOCTh CXOJTHMOCTH
3.1 | rowu2-ro P A : I1K-9.1 KB, C3
opsTKa): [IpaxTHUecKkIe acTieKTEL: BEIOOP
. 1Iara, KpHTepHH OCTaHOBKH.
IrpagHeHTHEIT
CITYCK, METO/I
HeroTOHA.
MeToabl
YCIIOBHOH
OITTHMI3AL[HIH:
v [IpeoOpazorarntie 3agaumn ¢
METOJT TIPOEeKITHH OTOARIMCHISIMIT B
3.2 | rpammenTa, P M ITK-9 1 KB, C3
METOI TII0CIIeIOBATEIFHOCTE 3a7ay Oe3
OT'PaHHYEHHIT.
ITpadHBIX
(byHKIREE H
OapLePOB.
3agaur
Iir{;; ORPHTEPHAT [Iapero-dpont. CramsspH3aips
MHOTOKPHTePHAILHOIM 3a1aumH:
3.3 | OIITHMIT3AIHH. KPHICP . a [IK-9.2 KB, C3
METOJ B3BEIIeHHOIT CYMMEI, MET O]
[ IpHHIpT .
HJleaJIbHOI TOUKH.
ITaperto-
OITTUMAJIbHOCTH.
MeTombr
TIPHHATH Anams nepapxuii (AHP), meTon
3 4 | PELIEHM Ha TOPSIS. HPIMEPL£ B KIIHHIMECKOM | rre- g 5 KB, C3
OCHOBE TIPHHATHH PellleHHIi H VIIPaBIIeHHH
MHOTOKpPHTepHall MEIHIHHCKHMH TEeXHOIOTHAMH.
BHOT'O aHaJIH3Aa.
Pasges 4. CoBpeMeHHbIE MeT0/Ibl H NPUIOKeHH A B MeJHI[HHE.
MeTtasBpHcTHUEC
KIHe aJlTOPHTMEI
P 1. ITprrips padotel. O0macTH
(reHeTHUECKHE
TIPHUMEHEHHA. OITTHMIT3aIHA (DOPMEI
aJITOPHTMEL,
4.1 poeBoft 03Bl O0ITyUeHH:, ITIAHHPOBAHHE I1IK-9.1 KB, C3

HHTEJUIEKT ). X
POIIE B PEIIeHHH
CIIOKHBIX

JKCIICPHMEHT 4., AHAJII3
OHMOJIOTHUECKIIX CeTell.
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MeEJTHI [HHCKIX

3a7au.

OmrTHMIT3 aIfHg B

MAIITHHHOM
o0OyUeHHH H

dHAIII3C JaHHBIX.

3aaui OITHMH3AIHH Kak Aapo ML
(MIHMMIT3 A1 (PYHKIHH TTOTEPE,

4.2 2 [IK-9.1, IIK-9.2 KB, C3
CB3B C perymapmsaips). OIITHMI3aIH
3aJauyamMH THIIepITapaMeTPOB MOJIeNeid.
MeTHIHHCKOH
KHOepHETHKH.
Bcero 3a 20
ceMecTp
4.4 TemaTH4ecKkHil IIJIAH 3aHATHH CEMHHAPCKOro THIIA (10 cemMecmpan)
Onenou
dopma IlepeueHb .
HbIE
nposeae NJK,
Haumeno | Yacel, MaTepHA
HHUSA dopmupy
No BaHHe B TOM JbI JJIfA
3AHATHA KpaTtkoe coaepkaHie 3aHATHA €MbIX B
TeMbI ceMEHap TeMbI qHCJIe apomecce TeKYIler
sanaTua | Ha II1I 0
CKOTo OCBOCHH A
. KOHTPO.I
THIA TeMbI
1
Kypc - 3, cemectp - S
Pazmen 1. BregeHrie B MaTeMaTHUECKVEO OTITHMIT3AINHIO.
O opmarmi3 KB, C3
arqis
TIPHKIIA H
BIX 3aJ1au N
ME,[[IEH{-: Pabota ¢ keficaMH: ITOCTaHOBKA
11 JlabGopar off 1 1ieneBoii pyHxImM 1 orpanmuentii g1 | OIIK-1.2,
' OpHas 3a71a4 o0 opa J0351, ITIAHHP OB aHHsI [TK-9.1
P KHOepHEeTH v ADOPA AO3BL P
pacIrmcaHHA, YIIPaBIIEHHs 3aIlacaMH.
KH KaK
3a7auy
OTTTHUMI3 al]
HH.
Peiertie KB, C3
3a7a4 Ha
VCIIOBHEII
SKeThE Pelrere 3a1au KaHOPOBKH ITPOCTHIX
1PeM] OHOMeIHITHHCKHX MOJIeIefi
IIpakTHu | aHaJHMTHUe ..
1.2 4 (HampHMep, SKCITOHeHIHAILHEIT poct | OIIK-1.2
©¢ . I10 11 KJIETOK) ITPH
ITocTpoeHn HYIBI P
OrpaHHUEHHsIX Ha ITapaMeTpHI.
€ M aHaII3
(b YHKI[HH
Jlarpamxa.
Pazgen 2. JInHelHOe H 1[eJIOYHCIIEHHOE MPOrpaMMHPOBaHHE .
Pertenrie KB, C3
3a7auy
JTHHEIHOT 0 [TocTaHOBKA H pellreHHe 3agau
51 Jlabopar | mporpaMm A OIITHMAJIFHOTO PacIIpe] eJIeHHA K-9 1
' OpHas HPOBaHHA pecypcoB (Koek, 00OpyIOB aHTA, '
B Python ¢ OIojIKeTa) MEKTY ITOAPa3/ eleHHSIMH.
HCIIOJIL30B

dHIHEM
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OHOITHOTEK

SciPy.optim
1ze.lmprog H
PuLP.
Perenrie KB, C3
aHCITOPT
P - P ONTHMH3aIHA JTOTHCTHKH
HOMH
JlaGopar MEIHI[HHCKIX I'PY30B, COCTABJIEHHE IIK-9.1,
2.2 3a]auH | 4
OpHas SATAMI O ONITHMAJILHBEIX I'Pa(hHKOB JIEKYPCTB C IIK-9.2
eTOM KBaJTH(PHKAIHH.
HazHAYEeHH Y (rixcary
SIX.
Pertenrie KB, C3
3aau
IeJIOUCIIE
HHOTO
orpaMM
HPOIP [TpakTHUecKas MOATOTORKA:
HpPOBaHHA
4 m3 3agaua BrIOOpa Habopa
IIpakTHu METO OM
2.3 9 HUX 2 | THArHOCTHYECKHX TeCTOB MM 3aKyIrkH | 11K-9.1
ecKasd BeTBeH H
Ha [III | obopymoRanHIsI IIpH OrpaHHYEHHOM
TPaHHL OIOI KeTE.
(BPYUHYIO
HC
HCIIONB30B
aHHeM
[10).
Pazmen 3. HemHeliHass H MHOTOKpHTEepHAIIEHAS OITTHMI3AL[HA.
Peamirzaim KB, C3
i
IrpaJHeHTH
Or0 CITyCKa
1y Harmicanrie xoma o711 MeTOIOB 1-To H
Jlabopar 1 Me1oda 2-Tr0 nmopganka. CpaBHeHHe CKOPOCTH
3.1 P HeroToHa 4 PALRA. AP P [1K-9.1
OpHast - CXOTHMOCTH HA TECTOBBIX (DYHKIHIX H
NIEIIMIGA IIPOCTHIX 3ajiayax perpeccHIL.
ITHH
() VHKIHI
TIOTEPS.
Peittiertie KB, C3
3a]auH
HEIIHHEHHO
I
.. KamiOporka rmapaMmeTpos
JlaGopar Y CIHOBHOH (hapMaKOKHHETHYECKOI MOJIEITH C
3.2 OITTHMIT3AIl 4 [TIK-9.1
OpHast - orpaHHYeHHsIMH Ha 00/IacThb
OITY CTHMBIX 3HaUeHHIL.
MeTO/ 0M AOTY
IITpapHBIX
(b yHKIHIT
(SciPy).
[Tocrpoenn 3aj1aya TTIaHHpPOB aHHA JIEUEHHA:
e [lapero- A 113 5P eKTHBHOCTE VS IT000UHEIE
JIabopar OHTA 3 PeKTEI.
33 P bp w2 | 299 | I1K-9 3 KB, C3
OpHast IS vea TIT [TpakTHUecKas IOATOTOBKA:
MHOT OKPHT [TocTpoenme ¢ppoHTa H BEIOOP
epHaJIFHOH KOMITPOMHCCHOT'O PEIleHHS.
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3aauH.
MeTomrl

CKarLIpH3a
1015058
IIprmeHeH

HE METOda
dHaII1=a

HepapxHit CTpyKTypHpORaHHE 3aJauH BEIOOpa
[Ipaktiu | (AHP) ma TaKTHKH JI€UEHHsI, TIOTIapHOe [IK-9.2

ecKasd TIOIEP KK CpaBHEHHE KpHTepHEeB, CHHTE? [1K-9.3
H IIPHOPHTETOB.
KIIHHHYECK
oro
pellleHHs.
Pasnen 4. CoBpeMeHHbIE MeTOAbI H NPHUJIOKEHH S B MeIHITHHE.
IIprmeHeH KB, C3
He
TeHEeTHUeC
KOI'0 OTruMH3aIMA ToPsAIKa ITPOR ]l EHHA
alIropHTMa TECTOB HIIH MapIIpPyTH3aI[HH
(DEAP Wi ITAITHEHTOB B JHAaIrHOCTHYECKOM

JIab ) 43 eHTpe
abopar aHAJIOTH i 2| LEHTPe. | K9 1
OpHas TITTST [IpaxTHUecKas ITOATOTOBKA:

P ELIIEHTIST ra L1 pellleHHe 3ajiaul KOMOHHAT OpPHOIT
3aJauH OITTHMI3 Al [HH.

KOMOHMHATO
PHOMH
OTITHMIT3aI]
M.

Pazbop KB, C3
COBPEMEHH
BIX
HayUHBIX
CTaTeH ITOo
IIPHMEHEH KosuTleKTHBHBIT aHAII?3 1Ty OJIHKAITHIT: K-9 1

HIO TTOCTAHOBKA 33/(a‘H, HCIOMB30BAHHBI | 111- ¢ 5
METOIOB METOJ ONTHMH3ALIHH, HHTEPIPETALIL | rr- g 3
OTITHMIT3aI] pe3yIbLTaTOB.
HH B
onoHHpop
MAaTHKeE H
CHCTEMHOH

OHOJIOTHH.
Bceero 3a cemectp 44

* Dopmul npoeedeHUA 3AHAMUIL CEMUHAPCKOZ0 MUNA:
npaxkmuyeckoe 3anamiie, ceMuHap, 1abopamopHas paboma, cCUMYIAYLIOHHO0e 3aHanmiie, KIlHUYeckoe 3anamile,

HAVHHO-HPARKNUYECKOE 3daHANLE, Pg_'?yé’ﬂblﬁ CHoJl, Macmep-rKidcc, KOJJIOKGLYVM.

3.4

4.1

4.2 CeMIHap
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4.5 Coaep:kaHie BHeAYIHTOPHOI cCAMOCTOAT eJIbHOM PadOThI

Ne
m/
| |

T eMBI
MHCITHILIHHbI

KoJn4ect
BO YACOB

Coaep:raHue CaMOCTOAT eJILHOH
padoThI

Ilepeyenn
HJIK,
dopmMupyem
bIX B
mpouecce
OCBOEHH A
TeMbI

OuneHoun
bIe

MATEPHAT
bl V1A
TERYIIET O
KOHT POJId

Paznen

1. Beegedrie B
MaTeMaTHYeCKYIO
OITTHMH3AITHIO.

10

Teopernueckoe

n3yueHHe. KOHCITEKTHpOBaHIE
MaTepHAIIOB 10 KiIacCH(pHKAITHH
OTTTHMHM3 aI[HOHHBIX 3aJau H YCIIOBHAM
OIITHMAaIFHOCTH. PellleHue

3aJad4. PellleHHe THITOBEIX 3a7ay Ha
HAX O eHHe 0e3YCIIOBHOI0 3KCTpeMyMa
(OVHKI[HH MHOTHX ITepeMEHHBIX H
YCIIOBHOT'O HKCTpeMyMa MeTOI0M
MHOKHTeIIeH

Jlarpanxa. AHaIUTHYeCKas

paboTra. Axamis 2-3 HayYHBIX TE3HCOB
WIH CTaTeH C I[elIbI0 BEIABIIEHH H
(hopMarI3aI[MH OIMHCAHHOM B HHX
MeJTHKO-0HOJIOTHUeCKOH ITpoOIeMBI KaK
3aJ]aud OTTTHMH3 al[HH.

OIIK-1.2

KB, C3

Pasznen

2. JInHeiHOE H
IIeTIOUYHCIIEHHOe
TIporpaMMHpPOBAH
He.

10

Peiienne 3agau. Perrerrie 3agau
JIHHeTHOT0 ITPOorpaMMHpPOB aHHS
CHMITIEKC-METO/IOM BPYUHVIO (JIJII 3a7au
MaIoH

pazMmepHocTH). IIporpammupoBanue. Ha
ImHcaHHe CKpHITTa Ha Python, xoToprrit
CUHMTEIBAaET ImapaMeTprl 3agauH JI11
(11e1eBYI0 (DYHKI[HIO H OI'p aHHUEHHS ) H3
(paiiTa M pelraeT ee C ITIOMOIIBIO
OmOmHoTekH PuLP i SciPy. Kelic-
aHajau3. Paz6op myOmumoro Kefica I11o
ONTHMH3AI[HH JIOTHCTHKH JIeKapCTBEeHHBIX
CPeNCTE HIIH PacIHCaHHA pad oTEHI
JTHATHOCTHUECKOT'0 00 0PV OBAHHA.

[IK-9.1

KB, C3

Pasznen

3. Hemmmedinasa 1
MHOTOKPHTEepPHAIIE
HAast

OITTHMH3 aITHA.

10

HccinegoBaTenbcKkas

paboTta. CpaRHHTEILHEIT aHAI3 MeTO]TOB
IpajiHeHTHOTO CITycka H HeloToHA:
HAITHCAHIEe OTYETa O CKOPOCTH
CXOTHMOCTH, YyBCTBHT€JIbHOCTH K
HAYAITLHOMY ITPHOJIMIKEeHHIO Ha IIpHMepe
MOOenbHOH

¢yuxamm. IlpoexTuporanne. PazpaboTka
MaTeMaTH4YeCKOiT ITOCTAHOBKH
MHOTOKPHTePHATTLHOI 3aauH 1111
KOHKPETHOH KIIHHHYECKOH TIIEMMEL
(HarTpHMep, BEIOOP MEXIY arpeCcCHBHBIM
H Iaa s TeueHHeM). [locTpoenne
cxeMBI KoMItpomicea (trade-

off). Peurenue 3agau. Perenne 3agau

OIIK-1.2,
[TK-9.1, TTK-
0.2.

I1K-9.3.

KB, C3
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KaIIHOPOBKH ITapaMeTPOR ITPOCTOit
MaTeMaTHYeCKOH MOl eI I10
SKCITEpHMEHTATLHEIM TaHHBEIM METOI0M
HAHMEHBIITHX KBaJIPaTOB.

Kpurnueckuii ananus. Harmicarnrie
pelleH3HH-aHHOTAI[HH Ha COBPEMEHHYIO
HAYUHYIO CTaThIO (I3 XKYPHAJIOB II0
OnomHpopMaTHKe HWIH CHCTEMHOIT
OHOJIOTHH), B KOTOPOit KIIFOUEB VIO POk

Pasznen HI'paeT MeTO]I
4. CoppeMeHHEbIEe orrruMIBaIi. CHcTeMaTH3ALHA
METOILI H sHaHHii. Co31adie HTOTOBOI CXeEMEI- [IK-9.1, IIK-
4. | IIPHIIOKEHH B 8 ITAMSITKH. «ATTOPHTM BRIOOpa MeToa 9.2, KB, C3
MeTHI[HHE. OIITHMH3 aI[HH B 3aBHCHMOCTH OT THIIA [IK-9.3
Ilogroroeka K MeIHITHHCKOH 3aJau»
3aUeTy. (TmHefiHas/HeIHHeHAs, HAJIHUIe

OTrpaHHYEeHHIL, JHCKPETHOCTh, KOJTHUECTB O
KpuTepHeB). [logroroBka Kk MTOrOBOMY
KOHTPpoJ1o. [IoBTOpeHHe TeopeTHIECKHX
BOITPOCOB H THITOBEIX 3aJa4 IT0 BceM
pazjenam.

Bcero: | 33

Oo0pa3zoBaTesibHbIE TEXHOJIOTHH, HCI0JIb3YeMble NPH H3YY€HHH JHCIHILIHHDL:
1. TpagminoHHBIe 00pa30BaTEIbHEIE TEXHOJIOTHH
2. JlucTaHIiHOHHEBEIE OOpa30BaTEIbHEIE TEXHOJIOTHH, B TOM YHCIE C BO3MOKHOCTBIO CHHXPOHHOIO M
ACHHXPOHHOI'O B3aHMOIEHCTBHS ITOCPEACTBOM CETH MIHTEpHET»
3. HMH}opmalimoHHBIe TeXHOIOIHH (0a3a ¢ 3IeKTPOHHOH OHOIMHMOTEeKOH/MEeTOAHYECKHIE MaTepHalIbl 110
mucimiuinHe B cucTeMe MOODLE/TectupoBanne B cucteMe MOODLE u ap.)
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5. OPTAHM3AIINA TEKYHIETO KOHTPOJIAA 1 ITIPOMEXYTOUYHOH ATTECTAITNH

5.1 1IpoBeaeHHe TeKYILIEro KOHTPOJIA Mo TeMam/pasaeaM JHCIHILUIHHbI

Tema/pasaen Koapbl OneHo4yHbIe )
NPOBEPHAEMBIX | MaTepHAJbI Pe3yJ/ibTaTbl BHIOJIHEHHNA 32JAHHHA 110
AL KOMIIETEHIIMH | JUISI TEKYIIEro Teme/pasaenay”
ol n U1K KOHT Po.ifl
Pazmen 1. OIIK-1.2, KB [IpeacraBiieH KOHCITEKT JIEKI[HH U JP.
Beenenrie B [TK9.1, TIK-
MarematHuec | 9.2 [IK-9.3
KYI0 OIIK-1.2, C3 CHTyal[HOHHA 3a/iauya pelleHa
OIMTHMITSalHIO | TTK9 1, TTK-
9.2, 1IK-9.3
Pazmern 2. OIIK-1.2, KB IIpemcraBiieH KOHCIIEKT JIEKIIHI U IP.
JIunefinoe n | I11K9.1, 11IK-
rermouriciiend | 9.2, [1K-9.3
oe OIIK-1.2, C3 CHTyal[HOHHAS 3a/]avya pelreHa
nporpammupo | [TK9.1, TIK-
BaHHE. 9.2, IIK-9.3
Pazmen 3. OIIK-1.2, KB IIpemcTraBiieH KOHCIIEKT JIEKIIHIL H IP.
HemrmeiiHas ITK9.1, 1IK-
H 92,1IK-9.3
MHorokpurep | OIIK-1.2, C3 CHTYyal[HOHHAS 3a/1auya pelleHa
HaJlbHAasA [1IK9.1, IIK-
orrrHMIBarig. | 9.2, [1K-9.3
OIIK-1.2, KB IIpemcTraBiieH KOHCIIEKT JIEKIIHIL H IP.
Pazmen 4. T1K9 1. TIK-
CoBpeMeHHEI 07 HI:'{-Q.B
IETPI‘;[;E;;IHI; %E;{-l | %f}{ C3 CHTYyal[HOHHAS 3a/1aya pelleHa
PHETEE 190 TIK-9.3

*Tema/pazoen cuumaemcs 0CcEOCHHOIL NPIL GLINOIHeHIILL 6CeX 3A0aH Il

S.2 ll1poBeaeHHe NPOMEKYTOYHOH ATTECTAIMH MO JUCIIHILTHHE
DopMa NPOMEKYTOYHOM ATTECTAIHH 110 JUCIHILINHE — 3a4ent.
JTanbl NPoBeAeHU A IIPOMEKYTOYHOM ATTECTAIHA:

T'ecmoeunlii KOoHMPOoaL NO 6cem pazoenam OUCLUNILHbL

S.3. Kpurepnu oneHHBAHHA NMPOMEKYTOYHOH aTTeCTAIHH

Bua 3aganus «He3auer.» «3aver»
T3- 69 % H MeHee IPaBHIILHEIX OTBETOB | 70% m Oonee IMpaBIILHBIX OTBETOB
OlLIEHKa BBITIOIHEHH S
TECTOBOI'O 3aJaHHS

Tunosbie 3axaHnsa 1 nposepku popmuposanus K Ha npoMeXyTOYHON aTTeCcTa NN

JagaHne ITAJIOH OTBETA IIposepsiembie /1K
IIpouumaiime mexcni 1 NPOOOINCUNE NPEO0NCEHLIe
KDAMKUM OTNEEeNnoM € LUMEHLINEIbHOM Naodedce
P HyIIeBas OIIK-4.3
eOLHCINEEHHO0?2 0 YLICII.
['HIIoTe3a, KOTOpas IMpearonaraeT oTCyTcTBHe 3¢ deKTa HIH
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pasOiuHsd MeXIY IPYIOIaMI, HAa3bIBAETCA
THITOTE30H.

IIpouumaiime mexcni 1 IPOOOAXCLUINE NPeOSIONCEHLIE
KDAMKUM OINEen1om 6 LUMeHUMelbHOM Nadexice
eOUHCINBEHHOZ 0 YLICTICL.

Ecmm ¢pyuxam puddeperimpyemMa H HMeeT TOKATEHEIT
MHHHMYM BO BHYTpPEHHEH ToUKe JTOITy CTHMOTO MHOJKECTRA,
TO €€ TPaJTHEeHT B STOH TOUKe PaBeH

OIIK-1.2

IIpouumaiime mexcm, YCIAHOBUNE NPAGLTLHY IO
nocnedoeamenibHoCmy U 3anuiunie yu@pst 6e3 npobenoe u
3HAKO0G NPEertiHAHLA.

YcTaHOBHTE ITOPAAOK pelneHHd 3agaur JIII ¢
HCITOIb30BaHHeM 0HOmioTexH PulLP B Python:

1. Ornpenermrs repeMeHHEIE

2. JloG6aBHTE OrpaHHYEHHS

3. UmmopTHporars 0HOMMoTEKY PuLLP

4. 3amaTh 11eJIeBYI0 (DYHKIHIO
5. Bereats pernrarers

31425

1IK-9.1

IIpouumaiime mexcmni 1 evlbeprinie HeCKO0NbKO NPAGUTbHBLX
omeenioe i 3aniuiine ux 6e3 npobenoe i1 3HAK 08
HpenLHAaHLA.

Kaxue 13 repedrciIeHHEIX METO/ OB OTHOCSTCA K
YHCIIEHHBIM MeTOaM OITTHMIT3al[Hi’

a) MeToa HaHCKOpeFIIero crmycka

b) Crvaniekc-MeTof

¢) Metoa mHoxkHTeNIeit Jlarpamika (aHaTHTHUe CKIIT)

d) Metog HeroToHa

abd

I1IK-9.1

IIpouumaiime mexcmi 1 YCIMAHOBUNE COONIGENICNIGLEe
MeHCOY MANOM PAbonivl ¢ MOOeNbI0 U 20 COOEPHCAHLIEM.
Sarmuunime e mabmiryy evlopantvle 6YKesl noo
COOMEGEIICINEG VIO UJLMLL HOMEPAMLL

1. Bammmara monemm

2. Kammbporka MojTen

3. Bepudmuxarnis Moem

a) IIpopepka, IMpaBIIILHO JIH MOJIE]Th PeaI30B aHa

b) O1eHKa criocoOHOCTH MOJIEH ITPeCcKa3bIBaTh HOBEIE
TaHHEIE

c¢) Ilogronka rmapaMeTpoOB MOJIEIH ITOJ HMEIOITHECT JaHHEIE

1b, 2c, 3a

11K-9.3

OneHo'HbIe CpeACTBA MO JHCIHHILINHE (TIPHIIOKeHHE 1 K pabouei IporpamMmMe ).
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6. XAPAKTEPHCTHKA MH®OPMAITHOHHO-OBPA3BOBATEJILHOH CPEJBI

B MO co3maHa H pyHKITHOHHPYET 3IeKTPOHHAS HH(] OpMaI[HOHHO-00pa3oBaTelIbHasd cpejia (Janee
- DUOC), BkIrovaronas B ce0s 3IeKTPOHHBIE HH(POPMAIFIOHHBIE PECYPCHI, JIEKTPOHHBIE 00pa30BaTeIbHEIE
pecyperl. SHMOC obecrieynBaeT OCBOSHHE O0OYVYAOIIMMICSA 00pa30BaTEIbHAIX IIPOrpaMM B ITOIHOM O00BeMe
HE3aBHCHMO OT MeCTa HaXOXKJIeHHS OOYYalOIXCS ONeKTPOHHBIE OHOIMOTEKH OOECIEYHBAIOT JOCTVII K
nmpodeccHOHAIbHEIM ~ 0a3aM  JaHHBIX, CIIPABOYHBIM H TIOHCKOBBIM CHCTEMAaM, a TakKXke HHBIM
HH()OpMAaIHOHHBIM PECYPCaM.

6.1 IIporpammnoe obecnevenne, npodeccnoHaIbHbIe 0a3bl JAHHBLIX, HHPOPMALIHOHHbIE CIIPABOYHbIE
CHCTeMb], pecypchbl HHPOPMANHOHHO-TEJIeKOMMYHHKAITHOHHOMH ceTH «IIHTepHeT», HeoOXoqUMbIE 151
OCBOEHH A U CIHILTHHbI

1. IIporpammHoe odecneyeHne, HCIOJIb3yeMoO€e MPH OCYHIECTBJIEHHH 00pPa30BaTeJIbHOIO Ipomecca 1o
THCHHUILTHHE:

OrnepanpoHHas cucTeMa Astra Linux

[Taker OpenOffice

[Taker LibreOffice

NETOP Vision Classroom Management Software

OO6pasoparenbHeIH moptan CI'bY «HMMUIL] . B. A. Anmazosa» Munsapara Poccuu
https://moodle-new.almazovcentre.ru

CAEB «HMpOuc 64» - cucTeMa aBTOMaTH3aIl[HH OHONHOTeK. OneKTpoHHEI Karanor APM «Uurarens» n Web-
HpOuc

2. lIpojeccnonayibHble 0a3bl JAHHBIX, HCIOJb3YeMble IPH OCYHIECTBJIEHHH 00pa3oBaTeIbHOIO
mporecca no JMcuuILIHHE:

OnekTpoHHas OubnuoreyHas cucrema «MenminHckas oudnunoreka « MEDLIB. RU»

(www. medlib. ru)

CHUC «MedbaseGeotar» (https://mbasegeotar.nu/)

OBC «byxkary (https://www.books-up.ru)

OBC «IOpaitr» (hitps://urait. 1u/)

OnexrponHas 6uonnorteka «IIpodu-JIné CrerJInty» (https://speclit. profy-lib.1u)

OBC «JIanp» (hitps://e.lanbook.com/)

US National Library of Medicine National Institutes of Health (https://pubmed.ncbi.nlm.nih. gov/)
Hayunas snexTponHasg 6unomioreka (http://elibrary. ru/)

3. Pecypchbl HH(popMAIIHOHHO-TeJIEKOMMYHHKAIHOHHOH ceTH «HTepHeT», He00X0qHMbIE 11
OCBOEHH A JHCIHILTHHBL

ITonckoBrie cHcTeMmbl Yandex (http://www.yandex.ru/)

MyIIETHMEIHIHBIH CIOBaph MepeBoa cIoB oHIaiiH MymbsTHTpaH (hitp://www.multitran.ru/)
YHuBepcHuTeTcKas HH) opMaroHHas cuereMa POCCH A (hitps://wsrussia.msu.u/)

[Tyommkaiipm BO3 Ha pycckom si3eike (https://www.who.int/mu/publications/i)

MexayHapoaHble pyKoBoAcTBa o MeauiuHe (hitps:/www.guidelines.gov/)

DenepanbHasg NMeKTPoHHAI MeamHHcKasa ouonmnoreka (DOME) (http://www . femb.1u)

Bong u ee neyeHne (Www.painstudy.ru)

US National Library of Medicine National Institutes of Health (www.pubmed.com)

Pycckii MeIHITHHCKHI JKypHaI (WWW.IIm].1u)

MHHHCTepcTBO 3apaBooxpaHeHHI Poccuiickoil Depepariiy (www.rosminzdrav.rw/ministry/inter)
KubepJlenmtka — »To HayyHas 3leKTpoHHasg 6nomnoreka (https://cyberleninka.ru)

Poccuiickas rocynapcTBeHHass OHOMHOTeKa (Www.rsl.1ru)
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6.2 Ilepevyenn yueOHOM JIUT epaTyphbl, HE00X0JHMOMH ISl 0CBOEHH S JHCIIUILIHHDL:

1. T'onuapos, B. A. MeTtoasl onTuMu3aImy ;| yieOHHK 71 BY30B / B. A. ['oHuapoB. — MocKk®Ba :
M3patenscTBO IOpaiit, 2025. — 191 ¢. — (Bricimee obpazoBanme). — ISBN 978-5-534-16112-0. —
Tekcr : anexkTpoHHBIH // OOpa3oBaTenbHas IaT@opMma KOpaliT |calir]. —

URL: https://urait.ru/becode/559424

2. Kympseries, K. S1. MeToasl onTHMH3aIHH | yueOHOe rmocoOHe a11g By30B / K. S1. Kyapssiies,

A. M. IIpymankoB. — 2-e m31. — Mockpa : U3garensctBo FOpaiit, 2025. — 114 ¢. — (Briciee
obpazoBaHme). — ISBN 978-5-534-21189-4. — TekKcT : aneKTpoHHBII // O0pa3oBaTelnbHasl
matdopma FOpaiit [caiiT|. — URL: https://urait.ru/bcode/559518

3. MeToapl ONTHMH3AIHH ;| Y4eOHHK H ITpakKTHKYM 11 By30B / . I1. Bacuises, M. M. IloTamnos,
b. A. bynmak, JI. A. Aprembera ; rmox pegakipien @. 1. Bacwisera. — Mocksa : H31aTeIscTBO
IOpaiit, 2025. — 375 ¢. — (Bricmee oOpazoBanme). — ISBN 978-5-9916-6157-7. — TekcrT :
ANeKTpOHHEIH // O0pazoBarenbHas mardopmMa IOpaiir [caitt]. —
URL: https://urait.ru/becode/560070

4. Toxkapep, B. B. MeToapl onTHMH3aIHH ;| Y4eOHHK 17151 By30B / B. B. TokapeB. — MocKBa :
M3patenscrBo FOpaiit, 2025. — 440 ¢. — (Bricmee o6pazoBanne). — ISBN 978-5-534-04712-7. —
Tekcr : anexTpoHHBIH // OOpa3oBaTenbHas IaT@opMma KOpaliT |cair]. —
URL: https://urait.;u/becode/563479

5. MeToabl ONITHMH3AIHH. 3aJauHHK | ydeOHoe 1mocoOne a1 By30B / B. B. Tokapes, A. B. Cokomnos,
JI.T. EropoBa, II. A. Memmxaic. — Mocksa : U3gatenbcTBo IOpaiit, 2025. — 292 ¢. — (Bricmiee
oOpazoBanue). — [SBN 978-5-534-10417-2. — TekcT : 3neKTpoHHBI // O0pa3oBaTenbHas
riaTgopma IOpaiit [caiit]. — URL: https://urait.ru/bcode/565575

6. MeToabl OINITHMH3AIHH: TEOPHS H allTOPHTMEI : YueOHHK J711 By30B / A. A. UepnHsk, JK. A. UepHIK,
IO. M. Metensckun, C. A. borgaHoBu4. — 2-e H3/., HCIIP. M J1oI. — MocKBa : M31aTeascTBo
IOpaiit, 2025. — 354 ¢. — (Bricmiee oOpazoBanue). — ISBN 978-5-534-04103-3. — Teker :
ANeKTpOoHHEIH // O0pazoBarenbHas rardgopmMa IOpaiir [cait]. —
URL: https://urait.mu/bcode/559380

7. Kouerypora, E. A. TeopHs H MeTOJIbI ONITHMH3AIHH ;| Y4eOHHK JI7I1 By30B / E. A. Koueryposa. —
Mockpa : U3garenscTBo Opaiit, 2025. — 133 ¢. — (Bricmiee o6pazoBanne). — ISBN 978-5-534-
10090-7. — Tekct : snekTpoHHHIH // O0pa3zoBarensHas rartdgopMa FOpalir |caiit]. —

URL: https://urait.ru/bcode/561181
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7. YHEBHO-METO/IMYECKOE OBECIIEYEHUE JUCIHHAIIJIMHBI

YuyeOHO-MeTOAHUYECKHE MaTepHallbl IIpeJiCTaBlIeHhl Ha CTPaHHIlE JHCIHIUIHHBL 00pa30oBaTelIbHOIO
noprana https://moodle-new.almazovcentre.ru

8. MATEPHAJIbHO-TEXHHYECKOE OBECIIEYHEHHE JNCIIUILJINHBI

Jlnga ocyiectBiIeHHsS 00pa30BaTEIbHOIO Ipolecca IO AUCHIIUIMHE «MeToabl OITHMH3AIH
IIpOrPpaMMBl  BBEICIIIETO OOpa3OBaHHS - CIelnHaimuTeT 10 crernuanbHocTH  30.05.03 MeanmuHckas
knoepHernka llenTp AnmMa3oBa pacliojaraeT MaTepHaJIbHO-TEXHHYECKOH 0a30H, COOTBETCTBYIOIIEH
NEHCTRYIOINM ITPOTHBOIOKAPHEIM ITpaBINIaM M HOpMaM H OO€CIeUMBArOMIEH ITPOBEIEHHE BCEX BHIOB
TUCIIHMIUIHHAPHON H MEXIHUCIHIUIMHAPHON ITOATOTOBKH, ITPAKTHYECKOH H HAYYHO-HCCIIEI0BATEbCKOH
pabor o0Yy4YarOIMXCS, ITPEAYCMOTPEHHBIX YUeOHOH JTHCIHMIUTHHOMI.

[IoMerneHHs IIpeAcTaBIsIOT COOOH Y4ueOHBIE ayAHTOPHH MJIS IIPOBEJcHHS VYYeOHBIX 3aHSTHH,
IPEAYCMOTPEHHBIX ITPOrPaMMON JHCIIHIUIMHEL «MeTOIBl ONTHMH3AIlHH», OCHAIIlEHHEIE O00PYIOBAHHEM H
TEXHHYECKHMH CpeJcTBaMH OOVYeHHS, COCTaB KOTOPBIX ompefensgercd B I[IpmmoxeHmn 2 k pabouen

IIPOrPaMME.

[IoMereHHsa I caMOCTOSTENBHOH padoThl OOYYAKOIIHXCSA OCHAIEHBI KOMITBEOTEPHOH TEXHHKOH C
BOSMOXKHOCTBIO TIOAKIIOUEHHS K ceTH «MHTepHeT» H ol0ecniedyeHHEM JOCTYIIA K BIeKTPOHHOH
HH(]popMaIHOHHO-00pa30BaTeIbHON cpejie I{eHTpa AMa3zoBa.

9. KA/IPOBOE OBECIIEYEHHUE JIMCITUIIJINHBI

Peanmzamuss  JHCHMIUIMHBI — «MeTogbl  OoNTHMH3aIMKy  oOecIleuHBaeTcs  IIeJarOorH4eCKHMHI
padoTHHKaMH l[eHTpa AMa30Ba, a TakKe JIHIIAMH, ITPHBJIEKaeMBIMH [[eHTpoM AIIMa3oBa K peajlH3alii
ITHCIIUIUIHHEL HA HHBIX YCIIOBISIX.

10. OCOBEHHOCTH OPI'AHHM3AIINHN OCBOEHHUA JUCIHHIIJIMHBI VI HHBAJIMITOB H
JINI] C O’ PAHHYEHHBIMH BO3IMOKHOCTAMM 3/10POBBA

OcCBOeHHE THUCIHILIMHBEI HHBAIHJAAaMH H JHIAMH C OrPaHHYEHHBIMH BO3MOXKHOCTSIMH 3J0POBBS ITPH
HEOOXOJHMOCTH OCVINECTBILIETCS Ka(eOpoH ¢ HCIOIb30BAaHHEM CIIEIIHAIBHBEIX MeTOJOB OOy4YeHHS H
TUTaKTHYSCKIX MAaTepPHalIOB, COCTABIIEHHBIX C YYETOM OCOOEHHOCTEH IICHXO(H3HYECKOTO Pa3BHTHSL
HHIUBHYaJIbHBIX BO3MOKHOCTEH H COCTOSHHS 30POBbS TAKHX 00y4arOIHXCs (00y4aroIIerocs).
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IHACIIOPT
OIHEHOYHLIX CPEJICTB

o gucipnumie «METO/AbBI OIITUMMA3 AL

B pesyabrare H3y4eHH A JHCHHILIMHbI Y 00y 1aromerocs (JopMHPYIOTCH CJIeAYIONIHE KOMIIET eHIHH:

OIIK-1.3, [IK-9.1, IIK-9.2, 1IK-9.3

IIpoBepsiembIe
Kputepun onieHHBaHHA 00pa3oBaTeJIbHbIX MeTtoabI OneHo4HbIe
komnereHumn u /1K
pe3yJibLTaToB KOHT PoJis MATEePHAJIbI
(KoabI)
OIIK-1.2 Vcroms3yer 3HaeT: OCHOBHEBIE KIIACCHI OITTHMI3aI[HOHHEIX
q}IﬂIﬁCDHMIﬂECH{Ej 3agat, ITPHHITHITEL ITOCTPOCHIHA MATEMATHYCCRIX
.. TecTupoBaHue
MATEeMATIIECKIE H MOJI elleii, YCIIOBHS OITHMAILHOCTH JIJIS 3a7au C T3
€CTeCTBEHHOHAYUYHEIE OIpaHHYEHISIMH H 0€3. CobeceloBaHHe
METOAEI HCCIIEIOBAHI B - KB
— MeeT: (popMal30BaTh IIPHKIIAHYEO
pelleHHH CTaHTapTHBIX H op 1P a’,[,[
3a7ady M3 00J1aCcTH MeTHIHHCKOI 3
HHHOBAHOHHBIX 3d71ad KHOEePHEeTHKH KaK 3ajauy
PO eCcCHOHAIBHO MAaTEeMATHUECKOI OITTHMI3ALHH,
ACATCJIbBHOCTH BEIOMPATE afl eKBATHLIT METO/ PEILEHH
Ha OCHOBe aHalIH3a ITOCTAHOBKH 3ajJayH.
[IK-9.1 Ilmanupyert
MeTHKO-OHOIOTHYECKHE
HCCIIeJOBAaHHA,
OGpalaTbIBacT 3HaeT: YHCIIeHHBIE METOABI OITTHMI3al[HH
pe3yJIbTalbl H (rpagHeHTHBIE, CHMIUIEKC-MET O ), IIPHHIHITEI
OKCIICPHMCHTAJIbHBIC paboTEI ¢ OHOIIHOTEeKaMH OITTHMI3 allHH
TaHHBIE C | (SciPy. PULP). TecTHupoBaHue T3
HCITOJIb30BAHHEM Coi KR
CTATHCTIYE CKIIX YMeeT: TIPHMEHATH IIPOrPaMMHBIE CPEICTRA I OLECEAOBAHHE
AKETOR METOIOB | PEIICHHS THITOBBIX OTITHMH3AI[HOHHEBIX 32124 3
3
06paGOTKH 60ITE [IIIIX (JmHHEeFHOEe TTporpaMMHpPOBaHHE, ITOI00p
JTAHHBIX ITapaMeTPOB MOJAEIH), aHATTH3HPOBATE
a2
. TIOJTyUeHHEIe pellleHHsd Ha aJeKBaTHOCTh.
JIOKasaTelIbHOH P aa
MeJHI[HHBI, a TaKXe
TEXHOJIIOTHH OTKPBITEIX
JTaHHBIX
3HaeT: MeTOIEI MHOTOKPHTEPHATFHOI
[IK-9.2 BHeapser OITTHMI3AI[HH H IIPHHITHS pellleHHii (MeTo
e3VIIbTaThl MeIHKO- B3BEIIHBAHHS, MeTOJI HAeaILHOH TOUYKH, aHAIH?3
pesyll A ’ ’ TecTuporaHie T3
OHOIIOIrHYECKHX 1o ITapero).
HCCIIeIOBAaHHH B CobeceioBaHHE KB
—  ¥YMeeT: CTPOHTh H aHAJIH3HPOBATH
SKCITEPHMEHTAIIEHYIO H
[TapeTo-dpoHT 1114 3a0aU ¢ HeCKOJILKHMH 3

KIIHHIYECKYEO
ITPAaKTHKY

I[eTIEBEIMH (PYHKIDIIMH (HAITpHMED,
5(pPEKTHBHOCTEL TTeUEHHS VS.
TOKCHYHOCTE, CTOHMOCTE V.

JIOCTYITHOCTB).
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[IK-9.3 Ctpounr u

3HaeT: MeTObI HEITHHEHO OITTHMIT3AI[HH I
KaJIHO POBKH ITapaMeTPOB CIIOKHBIX MOJeTIeit

BepH(DHIHPYET
(MeTO]T HAHMEHBIIHX KBaJIPaTOR, SBOFOI[HOHHEIE
MATEMATIUECKIE TecTupoBaHue T3
ATITOPHTMBEI).
MOJETH H3YYAEMBIX CoBeceTOBaHTE KB
OOBEKTOB Ha OCHOBE — VMeeT: CTaBHTh H pellaTh 3aJauH
Me JIHK O-OH OO Ye CKIX ITapamMeTpHUeCcKoit HIeHTH(HKAIHH C3

HCCIIeJOBAaHHIH H
JTAHHBIX INTEPaTyPHI

OHMOMETHITHHCKHX MOJIelel KaK 3aauH
Y CIIOBHOM OITTHMH3AIHH, OI[eHHBATh
YCTOHYHMBOCTE H aJIeKBaTHOCTE
ITOITYUEHHOTO PeIleHHs.

O EHOYHBIE MATEPHAJIBI /IUVIA TEKYHIEI'O KOHTPOJIA

KpuTtepHun olneHNBAHMSA:

Bua zazanunsa «He zauTeHO» «3auTeHOoY

C3-

OI1leHKa BBITOITHEHH
CHTYAIIHOHHBIX 3444

09 % 1 MeHee IMpaBHIILHEIX OTBETOB | /0% 1 OoJiee IIpaBHIILHEIX OTBETOR

KB - 69 % H MeHee IIPaBHIILHEIX OTBETOB | /0% H Golnee IIpaBHIIbHBIX OTBETOB
Ol1leHKa BBITIOJTHEHHA
KOHTPOJILHEIX BOIIPOCOB

Tema | «Pa3zgen 1. Beegenne B MaTeMaTHUECKYIO OIITHM H3A1IHIO »

[ IpoBepsemeie komrieTeHITMH H MJIK (komer), hopmupyemelie pH H3ydyeHHH TeMbl: OIIK-1.3, [TIK-9.1, ITK-

9.2, IIK-9.3

KGHTP'DHLHBIE BOIIPOCHI ITO TEME.

Ne i/

Jaganue

IIpoBepsieMmbIe
HJIK

Bonpoc: Jlafite ornpemerneHie 3aJaul MaTeMaTHIECKOI OITTHMH3 aLlHH.
Ha3zoBHTe ee OCHOBHEIE AIIEMEHTEL.

DTaJloH 0TBeTa: 3amaya MaTeMaTHUeCKOH ONTHMIM3AI[MH — 3TO 3a7ayda
HaXO0KIeHH:A SKCTpeMyMa (MHHHMYMa HIH MaKCHMYyMa) IieIeBoii (DYHKITHH Ha
HeKOTOPOM JIOITYCTHMOM MHOKecCTBe. O CHOBHEIE 3JIEMEHTHI: IelleBast (PYHKITHS
{(x), BexTOp NMepeMeHHBIX X = (X1, X2, ..., Xn), JOITyCTHMO€E MHOXecTBO D
(3agaeTcss CHCTEMOI OrpaHHYeHHIi-paReHCTB H/IJIH HepaR eHCTB ).

OIIK-1.2

Bonipoc: Chopmyrmpyiite HeoOX0aHMOE YCIIOBHE ITIEPBOI0 IOPSIKA IS TOUKH
JTOKAJILHOI'O MHHHMYMa B 3a/iaue 0e3yCIOBHOI OITTHMIT3al[HH.

OTajoH oTBeTa: Ecim dyuxam {(x) muddeperinipyema B TOUKe X, Komopas
Ae142enca MOYKoll IOKATbHO20 MUHLUMYMA, MO 2PAOUeHN] (DYVHKLULL 8 311011
mouke paeer Hyiw0. Vf{x) =0. 3To cTalHOHapHA TOYKA.

OIIK-1.2
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BDH[]DC: B yeM 3axmouaeTcs I‘EDMETPH‘IECI{IH?I CMBEICII MHOXKHTEIEH .HE]I‘PHI—DI{H
B 3aJa4c }FCHDBHDﬁ OITTHMIEAIlHH C DI‘PHI—[H‘IEI—H{H}H{-IJHEEHCTBHI\-H{?

JTaJoH oTBeTa: MHOXKHTEIH ﬂﬂI‘pﬂHH{ﬂ IIOKASEBIEAIOT CROPOCTE HE3MCHCHIA
OIMTHMAIEHOI'O 3HAUEHH LIETIeBOH (b}THCLHﬂ{ ITPpH MaJIOM H3MEHCHITH HPEIBDﬁ
HACTH COOTBECTCTBEYVHOICTO OI'PaHHYCHHA. OHH XdPaKTCPH3VIOT «IICHHOCTE » FLJIH
{GRECTKOCTE» OI'PAaHHYCHIA B TOUKE OIITHMYMA.

OIIK-1.2

Bonipoc: ChopMmyrmpyiiTe KpHTepHit BEOTYKIIOCTH (DYHKIHI, 3aaHHOIT Ha
MHOXKecTBe R™'n.

OTanaol orBeTra: J[Hddepertmpyemasa ¢pyHKIH {X) sSBIsgeTca BEOTYKIION Ha
BEITYKIIOM MHOKecTBe D © R”n Torjga M TOIRKO TOTa, KOIT A AT TOOBIX TBYX

TouekK X, v € D pemronmsaeTcs HepaseHCTBO: {(y) = f{x) + V)T (v — ).

OIIK-1.2

Bomnpoc: Kakoe xroueBroe CBOHCTBO HMEIOT 3aJayH BEOTYKIIOTO
TIpOrpaMMHpPOBAHHA ]

JTaJoH oTBeTa: B 3ajiaue BEITIYKIIOTO ITPOrpaMMHPOBAaHIA (BEITYKIIAs
1ereBas (PyHKINI H BEOTYKIIOE TOITY CTHMO€e MHOKeCTRO) JTF0 00ft ToKaIbHEIIT
MHHHMYM SIBJIIETCS TaKKe TTI00abHEIM MHHHMYMOM. 3T0 rapaHTHPYeET, UTO
HalfleHHOe pellleHIe SBRIAeTCS HAITY UM Ha BCeM JOITyCTHMOM MHOJKECTRE.

OIIK-1.2

Bompoc: Ilepeuricimiite oCHOBHEIE KIIACCHI OTITTHMM3AI[HOHHEBIX 3aay I10 BHAY
1[eJIeR O (DYHKIIMH H OrpaHIHUEHIIA.

OTajioH oTBeTa: 1) JInHeiiHoe mporpammipopaHie (1leteBast pyHKIHA H
orpaHHuYeHHI JTHHeHHEI). 2) HemrrHeliHoe mporpaMMIpoBaHHe (1e1eBast

(OYHKIHA WM orpaHHYeHHs HelTHHe HED ). 3) IlemouricieHHoe/ THCKPEeTHOE
IIpOrpaMMHpPOBAHHE (TIepeMeHHEIe TIPHHHUMAIOT IeJIbIe HITH JHCKpPEeTHEIE
3HAaueHHs). 4) BrInykitoe mporpaMMHpoBaHHe (UaCTHBIH CITyuaii HeJTHHEHHOr0 ).

OIIK-1.2

BDH[]DC: Yto s1BIIsIeTCI OCHOBHBIM TIPHHITHITIOM pHGDTLI I'PagHEHTHOI'O METD,[[H?

OTajioH oTBeTa: OCHOBHOI ITPHHIIHIT — ABIHJKEHHE B HAITPARIIEHHI,
ITPOTHRBOITOJIOKHOM IPaJHEHTY LeNeR0i (PYHKIIH (71T 32 aUH MHHHMIT3 aI[HH ),
TaK KaK I'paJlHeHT YKa3hIBAeT HAIIpaRJIEHHEe HAHCKOPEIIero pocta (pyHKIHH.
Urteparmionnsrii mporece: X {k+1} =x k-a k Vi(x k), rme o k — Bermnoima
IIara.

[IK-9.1

BDH[]DC: ILJIH PEIICHIA KAKHX 3ada'y ITPHMCHACTCA CHMIDICKC-MCT D,[[?
OIMHIIHTE ero OCHOBHVYHD HICHD.

JTaJIOH oTBeTa: CHMITIEKC-METO/, IIPHMEHsIeTCs AJI PelleHs 3aay
JIHHEHHOT 0 IIporpaMMHpoBaHHa. OCHOBHAA HIed: TI0CIIel0BaTeIIbHELN ITepex o]t
IT0 BEPIIHHAM (YITIOBBEIM TOUKAM) MHOTOTPAHHOIO JOITYCTHMOIO MHOJKECTBA OT
OJHOF TOITy CTHMO# Oa3MCHOI TOUKH K JIPYT O, IIpH KOTOPOM 3HAUeHHE

1[elIeB 0t (DYHKITHH YIIYUIIIaeTCs, 10 TeX IT0p, IToKa He OyIeT JOCTHIHYT
OITTHMYM.

1IK-9.1
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Bonpoc: B yueM coCTOHT IMPHHIIHIT ITOCTPOEHH MHOKecTBa [lapeTo Ay
MHOTOKPHT €pHAIILHOM 3aadum’

OTalioH oTBeTa: Touka X* mpHHaITeXHT MHOKecTBY [lapeTo (smBsgeTcs
[IapeTo-onTHMaILEHOIT), €CITH He CYIIeCTBYET APYIoii Oy CTHMOI TOUKH X,
KoTopas ObUTa ORI He Xy2Ke IO BceM KPHTEPHAM H CTPOTO JIYUIIe XOTS ORI IT0
OIHOMY. TO eCTh, YIIyUIlleHHe OJTHOT'O KPHTEPHSA BO3MOZKHO TOJIBKO 3a CUeT

VXVIIIEHH APYTOTO.

1IK-9.2

10

Bomnpoc: Kak ctaBHTCA 3aaua rmapaMeTpHUecKO M eHTH(pHKAIHH
(KarmMOPOBKH) MaTeMaTHUYeCKO MOJIeIH B TEPMHHAX OIITHMH3ALIHH?

OTalloH oTBeTa: HIeTcsa Takoit BEKTOP HEH3B eCTHRIX ITapaMeTPoB MOJIENH P,
yTOORI BEIXOI MojielH (i, p) HarTyurmiM oOpa3zoM (B BEIOpaHHO MeTpHKeE)
COOTBETCTBOBAII SKCITEPHUMEHTAJIbHBIM IaHHEIM ¥ exp(t). Yalre Bcero sTo
3aadya MHHHMH3aIllHH cyMMEI KBagparoB HeRT30k (MHK): min p X 1 (y(t 1, p)

— v exp(t 1))"2.

1IK-9.3

CHT}*'&I_[HGHI{BIE 3adaYH ITO TCME:

Ne /i

Jaganue

IIpoBepsieMmble
HJIK

3apaua: IIpu pazpaborke NpoTOKoOJIa pagHOTepariH HeoOX0IHMO IMOA00paTh
103y 00IyUeHHI TaK, YTOOERI IIPOIIEHT YHHUTOMKEHHBIX OITyXOIEBLIX KIIETOK
OBIIT MAaKCHMAITLHEBIM, HO ITPH 3TOM J0III IopaKeHHBIX 37T OPOBEIX TKaHeH He
npesennana 5%. Ilpenimoxmre hopMaH3aIiIo JaHHOH 3aJauH KakK 3a/auH
YCIIOBHOIT OTTTHMH3 aI[HH.

OT1anaol peuienus: Ieneras pyuknusa: f{D) =-P tumor(D) — min (rom
MakcHMI3Hpoearhk P tumor(D)), rme P tumor(D) — nmpolieHT YHHUTOKeHHBIX
OITyXONEBEIX KIeTOK OT A03kI D. Orpanuuenue: P healthy(D) < 5%, rme

P healthy(D) — nporeHT ropakeHHBIX 310PORLIX TKaHefi. lonmycTumoe
MHoskecTBO: D = 0. 3ajaua HeJTHHeHHAs, YCIOBHAA (C OrpaHHUYeHHeM-
HepPaBEeHCTBOM).

OIIK-1.2

3agaua: J[119 armmpoKCHMAIIHH TaHHBIX pocTa 0aKTepHAILHOM KOTOHHH
npemoskeHa Mofels N(t) = NO * exp(r*t). Ilo skcmepHMeHTATEHEIM TAHHBEIM
(t 1, N 1) HeoOxommmo o1leHHTE IMapaMeTprl NO M 1. 3aroanuTe 3agauy MeToa
HAHMEHBIITHX KBaPaTOB JIJIS STOI MO eIIH.

OT1ajoH peineHnn: Ieneras pyHkinsa (cymma KBaapaToB HeBs30k): F(NO,
1)=2 {1=1}*{m} | NO * exp(r*t 1) = N 1 |*2 — min. Ilepemennsnie: NO
(HayaThbHAs ITOITYJIALR), T (CKOPOCTh pocTa). 3agaua Oe3ycIIoBHOMH
HeTHHEeHOH OITHMI3aIHH (MOJKHO CBECTH K JIHHEHHOMH, TorapH(pMHPYsI, eCIIH
HeT OIIHOOK B H3MEPEHIIX).

OIIK-1.2

3agaua: Bam HeoOXOMMO pelHTE 3aady ITHHeITHOTo IIPOrpaMMHPOB aHHS:
MaKCHMI3HpOBaThk 3xX1 + 2x2 mpu orpanmueHisax: x1 +x2 < 4, 2x]1 +x2 <5, x1

I1TK-9.1
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>0, x2>0. Kakofi MeTof1, BEI BEIOEpeTe H roueMy? OITMIIIHTE ITePREIE IIIarH ero
IpHMeHeHHs (03 ITOJIHOTO PeIleHHs).

OTalioH perleHus: Boidbop meToga: CHMITIeKC-MeTO/[, TaK KaK 3aaua
SBRIIIEeTCSA KaHOHMUecKoit 3agaueii roHefiHoro rmporpammupoBanms. Ilaru: 1)
[IpHBecTH 3amauy K KAaHOHHYECKOMY BHAY, BBeJIs JOITOTHHTEIIhHEIE
repeMeHHEbIe s1, 82: x1+x2+s1=4, 2x1+x2+s2=5. 2) HaiiTh HauambHOe
morrycTiMoe 0azmucHoe permenne: (x1=0, x2=0, s1=4, §2=5). 3) CocTaBHTH
IIePBYI0 CHMIUIEKC-Ta0JIMITy H HauaTh HTePaI[HOHHBIH ITpoliecc IIPOBEePKH
ONITHMAILHOCTH H ITOHCKA BeIYINero 3JIeMeHTa.

3agaua: Hcnomp3ya 6nbmnorexy SciPy (Python), kakyro ¢pyHKIIO BEI OBI
TIPHMEHIITH IS pellleHHs 3a4auH 0e3yCI0BHO MHHHMH3aI[HH I Koit

HermHelHo# pyHxapm? IIpHBegHTe IIpHMeEp BEI30BA.

DTajaoH peuieHus: 11 0e3ycIoBHOM MHHHMH3AIHH ITIagKOH (PYHKIHH B
S c1Py MOJKHO HCITOIB30BaTh scipy.optimize.minimize ¢
MeTomoM BFGS i CG. IIpumep: result = minimize(rosen, x0, method="BFGS',

jac=rosen_der), rje rosen — 1eneras pyHrIp (pyrramsa Pozendopoka), x0 —
HayaTbHOE IIPHOIIDKEHHE, rosen_der — (DYHKIHS, BEIUHCIIIONIAS TPAaIHEHT

(ssx0OHaH).

1IK-9.1

3agaua: [IpH BeIOOpe cXeMEI JIeUeHHS eCTh ABa KpHTepHd: 3 dexTHRHOCTE (E,
MAaKCHMIT3HPOBATE) H TOKCHYHOCTS (T, MHHMMIT3HpOBATE ). [IpemnoxmTe, Kak
MOJKHO CBECTH 5Ty MHOTOKPHTEPHAILHYIO 3aauy K OJHOKPHTEPHAILHOH C
TTOMOIIIBEO METO/IA B3B EIITHE AHHS.

DTaJlOH pellleHUus: BBeCTH CKaILIPHYIO I[eTIeBYIO (PYHKIHIO KAaK B3BEIIeHHYIO
cymmy: F(w)=w * E(x) — (1-w) * T(x) — max, rme w € [0,1] — Becopoit

K03 (pHIMEHT, OTPaKarOIIIit BaKHOCTE 3()(peKTHRHOCTH OTHO CHTEILHO
TOKCHUHOCTH. [Tpn w=0 MHHHMI3HpPYETCS TOIIBKO TOKCHUHOCTE, IIPH W=1 —
MAaKCHMI3HPYeTCS TOJIBKO 3 pexTHRHOCTE. Perrras 3agauy 111 pa3sHBEIX W,
MOJKHO ITOCTPOHTE IIPHOJIHIKEHIe MHOXecTea [lapero.

1IK-9.2

3agaua: /a4 1RyX cxXeM JTeueHHsI A H B H3BeCTHEBI OLIEHKH IT0 TPEM KPHTEPHIM
(1-mmyuame, 3-xyake): CtommocThk (A:2, B:1), 2ddextrrHocTs (A:l, B:2),
YnooGcereo (A:1, B:3). MoxxHo 7 Ha ocHOBe NpHHIIA [[apeTo oTOpOCHTE
OHH 13 BApHAHTOB?

DTajoH petneHua: Anaamns: CpaeureaeM A(2,1,1) u B(1,2,3). Bapuaur B
myurre A 1o ctonMocTH (1 vs 2), Ho Xyake 110 apdexTHrHOCTH (2 ve 1) 1
ymobcTBy (3 vs 1). Bapuaur A myurre B o 53 pekTHBHOCTH H y10OCTBY, HO
XYy2Ke 110 CTOMMOCTH. HH ofHH BapHaHT He JOMHHHPYET HaJ APYITHM IT0 BCEM
KPHTEPHIM OTHOBPEMEHHO (YIIyullleHHe B OJHOM BefleT K YXYAIIEeHHIO B
npyrux). Beisog: Oba papHaHTa SBIITEOTCS IlapeTo-onTHMaTEHEIMH B JTAaHHOI
Tape, HH OJTHH Helb35S OTOPOCHTE.

I1TK-9.2

3agaua: Ilapamerpr! dhapmakokHHeTHUecKoH Mogem V d (o0bem
pacripenerieHIa) M K e (KOHCTaHTa SJIMMHHALINI) JTOJDKHEI OBITE
ITOJIOKHT eMLHBEIMH. Kak (popMam30BaTh 3TO OrpaHHYEHHE ITPH ITOCTAHOBKE

11K-9.3
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3aaul KaTHOPOBKH MO e’

DTaJIOH pelleHus: DTO OrpaHHYeHHs THITa HepaBeHCTR Ha rmapaMeTphl. OHH
TTOTDKHEI OBITE JOOABIEHE! K 3a/laue MHHHMH3AIIHH CYMMBI KB aJ{PaTOB HEBT30K:
min 2(y model(t 1,V d,k e)—vy exp(t 1))"2, mpu ycnmornn: V d >0,k e=0.
Ha rpakTHKe 4acTo HCIIONIL3YIOT ITpeoOpazoranme p = exp(0), rme p —
HCXOIHBIT ITapaMeTp, a 0 — HoBasI HeorpaHHUeHHAs IIepeMeHHast, UTO
ABTOMATHUYECKH rapaHTHpyeT p=>0.

33,[[.‘:1'—1:’:1: Ilocme PEIICHITA 3al] atii KEIJ'JI{GP OBEKH MOICIIH ITOJIIVHCHEI ITAPaMETPEI.
HPEI[JIDH{HT € JBa IIOOX00a K IIPOBEPKE dICKBEATHOCTH H }FCTDI':'[‘-H{BDCTH
TIIOJIVUCHHOI'O PEIIICHIA.

DTajoH peineHuna: 1) AHaans HeBA30K: [[poBRepHTE, UTOOEI pa3HOCTH MEXKTY
MOJI€IBI0 H TaHHBEIMH (OITHOKH ) OBIITH CITy4aifHBEIMH, a He CHCTeMaTHUeCKHMH
(mocTpoHTE rpadHK HeRI30K). 2) O1leHKa YCTOHUNBOCTH
(UYBCTBHUTEIBHOCTH): BEIUMCIHTE MATPHILY KOBapHAITHH OI[EHOK ITapaMeTpoB
IJTH TIPOB €CTH aHAIIH3 UYBCTBHTEIILHOCTH, CJIeTKa BapbHpP Vs JaHHbIe HITH
HadaThbHBIe ITPHOIIDKeHHI. Marnas THcrepcHs ITapaMeTpoB H CXOIHMOCTE K
O3 KM 3HAUEHHSIM ITIPH Pa3HBIX HAYATHbHBIX VCIIOBHAX TOBOPHT 00
YCTOHMUMBOCTH.

ITK-9.3

3agaua: J[71g roraHHpoBaHHA paboTHl JHATHOCTHUECKOI'0 000PYI OBAHHS HY KHO
COCTAaBHUTh pacIlMCcaHHe Ha JeHb, MHHHMI3HP VIOIIlee ITPOCTOI armrapara.
I1MeeTcs CITHCOK IMAIHEHTOR C TIpeIoIaraeMbIM BpeMeHeM IIp Oy Pl H
BpeMeHeM TIOATOTOBKH. Kakoii KiTacc oITTHMI3aI[HOHHBIX 3a7au 3eCh
BO3HHKAET?

DTAJOH pellleHU: JTO 3aauya JUCKPeTHOH ONMTUMM3AIIUH, a HMEHHO —
3amada maaHupoaHus (scheduling) i 3agaya yrmopsagounBaHus
(sequencing). Ee MoxHO0 chopMyIHpoBaTh KaK 3aauy LeJI0UHC/IeHHOT 0

JIUHeiiHOro MporpaMMUpoBaHNA (¢ OHHAPHEIMH ITepeMeHHBIMH X 1] = 1, eciH

ITaI[HeHT 1 Ha3HAYaeTCs B CIIOT |) WIH pelllaTh ¢ TOMOIILIO CITEI[HATHHEIX
SBPHCTHYECKHX IIH MeTa3BPHCTHUECKHX alTOPHTMOB (HaIllpHMep,
reHeTHUECKHIT alropHTM). KpHTepHit — MHHHMI3a1[HI BpeMEHH ITPOCTOS HITH
MaKCHMH3aI[HA 3arPy3KH.

OIIK-1.2, ITK-9.1
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3agaua: 3amaua nogdopa Mo3kI MpelapaTa ¢popMaI3oBaHa Kak 3ajiaua
BBEITYKJIOH OITTHMIT3AIfHH. [[oueMy 53TO BajXKHO ¢ MTPaKTHUECKOH TOUKH 3PeHHs

DTaJoH peuieHns: BaxxHocTs BEOIYKIOCTH: 1) 'apaHTHs riodaabHoro
ontuMyma: HalimeHHBIT alropHTMOM JIOKAIbHEII MHHHMYM OyIeT
HAWTYUIITHM pPelleHHEeM H3 BCeX BO3MOXKHEIX. 2) D dpeKTHBHASA
pazpernMocThb: CYIIeCTBYIOT HaJleKHBIe H 3 (peKTHBHbIe UHCIIEHHBIE
MeTOMAEI (HaIlpHMep, BHYTpeHHel TOUKH) I pellleHHs BRITYKILIX 3a]1ay.

3) ¥YcToiiunBocTh HHTepHipeTaliun: PelreHie OyaeT cTaOMILHEIM H
TIIpeicKa3yeMbIM ITPH HEOONMBITHX H3MEHEHHAX BXOIHBIX JaHHBIX (TTapaMeTpPOB
MOJIEITH). DTO JTaeT YBEPEHHOCTh B PEKOMEH/TAIAX I KIIHHHYEeCKOFH
TIPAKTHKH.

OIIK-1.2, ITK-9.3
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3aaHIs U1 CAaMOCTOSTEIRHOH PabOTEI

Bornipoc: CpasHuTe 3aj1aun 0e3yCIOBHOI H YCIIOBHOI onTHMIT3aI[HH. B uem
TIPHHILMITHATTbHAA Pa3HHI[A B TIOX0aX K ITIOHCKY SKCTpeMyMa’?

JTaJoH oTBeTa: B Oe3ycrnoBHOIT 3aaue SKCTpeMyM HINETCSA BO Beeit 00macTH
onpefeTeHHsI (PYHKIHH, a HeOOXOAHMEIM YCIIOBHEM SBIISIETCI PABEHCTRO HYIIIO
1 rpagHeHTa. B ycroBHOI 3ajaue SKCTpeMyM HIIeTCA Ha IT0IMHOKeCTBE, OIIK-1.2
3aaHHoM orpaHHueHHsIMH. [logxoner: 1) Metox MuoxxuTeneit Jlarpamxa (s
orpaHHYEHHIT-paBeHCTR ) — ITIOMCK CTAaI[HOHAPHEIX ToueK (pyHKIHH Jlarpanixa. 2)
MeTopbl, YUHTEIBAOIIHE OTPaHHUYEHHs B alropHTMe (ITpOEeKIHH IpaiHeHTa,
mrpaduble QYHKIHH, OaphepHbIe METOIEI) — A1 00IIero ciayyas. Y CIIOBHBIT
HKCTPEMYM MOJKET JOCTHTaTLCA He B CTAI[HOHAPHOH TOUKe IeTIeBOoit (DyHKIIHH.

Bonpoc: O0bsacHHTE, TTOUEMY B IpalHeHTHOM METO/Ie BajKHO ITPaBIILHO
BEIOMpaTh BeluHHY Iara (o k). K ueMy MokeT ITpHBECTH CIIMIIIKOM OOJIBIITOf
I CITHIIIKOM MareHBbKHIT mar?

OTaJoH oTBeTa: CJOHUIIIKOM DoJbIIoi mar: MeTolI MOKET CcTaTh
2 HEYCTONUYHBEIM, HTePALMH HAUHVT (TIepPellphIfHBaTh» uepe3 TOUuKy MHHHMyMa, | IIK-9.1
IIPHBOJIA K PACXOIHMOCTH HIIH OCITUULIIAM. CJAHIIKOM MaJeHb KUl

mnar: CXoIHMOCTE MeToja OyJeT oueHs MeJJIEHHOH, IToTpedyeTcsa OoIbInoe
YICJIO MTEePAaIfii AJI1 JOCTHKeHHsI TpeOyeMoit TouHoCTH. HeanbHELT 11ar
YACTO HAXOMHTCS C ITIOMOIILEI0 METOIOR OTHOMEPHOIT OITTHMIM3AIMH (JIHHEHHEBIIT
ITOMCK) Ha Ka K 0 HTepallHH.

Bomnpoc: Uto Takoe «IBoficTBeHHAs 3ajayay B JIMHEHHOM ITpOrpaMMHpPOB aHHH?
Kaxyro rpaxriuecKkyro HH(OPMAIHIO HECYT JBOHCTBEeHHEIE ITepeMeHHEIE
(shadow prices)?

OTajioH oTBeTa: /11 mro0ofi 3agaun JIHHeHHOT 0 IIpOorpaMMHPOBAHHS (TTpsAMoit
3 3alauH) MOYKHO TIOCTPOHTE ABOMCTBEHHYIO 3a/lauy Ha OCHOBE TeX JKe JTAHHBIX. 1IK-9.1
JIBoficTBeHHBIE TTepeMeHHEIe (Y 1) COOTBETCTBYIOT OrpaHHUEHHIM TpsMOit
3amaul. X onTHMabHEIe 3HaUeHH (TeHeBRIe 1IeHBI) ITOKA3EIBAI0T, HACKOIBKO
H3MEHHTCS OIITHMAILHOE 3HAUeHHe 11eJ1eB off (DYHKITHH ITpsIMOit 3aTauH ITpH
VBEIIMUEHHH IIPaB O YaCTH COOTRBETCTRYIOIIEr0 OrPaHHYEHH Ha €IHHHITY. JTO
Mepa LIEHHOCTH pecypca, OITHCHIBAaeMOr0 OrpaHHUYEHHEM.

BDH[]DC: B uem Pa3HHIA MEEIY METOOOM B3BCIIHBAHHA H METOIOM HOeallbHOH
TOYRH IJIA MHOT'OKPHTCPHAIIEHBELIX ’321,[[3,15[?

JTaJoH oTBeTa: MeTog B3pelmmMBaHuA: CBOJIHT MHOTOKPHTEPHAIIEHY IO
4 3aady K CKaJIIpHOIT ITyTeM 3a/laHHA BeCOBBIX K03(h(PHITHEHTOB IS KAk 0ro [1K-9 2
kputepHs. [lo3Bomnsaer HaiiTH ogHy Touky Ha [lapero-dpomnTe,

COOTBETCTBVIONIVIO TIpearoureHsiM JIIIP. Metoa ngeanbHoi

TOYUYKH. OHPE,[[EJIHET CH HIcallIbHAaA (}TD]’[H‘IECI{HH) TOUEKA, I'TE BCEC KPHT CPHIL
IIPHHHMAIOT HAIJIYUIIHE SHaAYCHITA (IIHCT O HEl DCTIfDI{Iﬂ*IHH). 3aTeM HIMMETCA

Touka Ha [lapeTo-(ppoHTe, HarMeHee yaaneHHasa OT HIealbHOIT B BEIOpaHHOIT
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MeTpHKe (HaImpuMep, eBKIIMAoBoit). OH MeHee 3aBHCHM OT BECOB, HO TpedyeT
3aaHHA METPHKH.

Bomnpoc: Ilouemy rmpH KalIHOPOBKe CIIOKHBIX OHOMEIHIIHHCKHX Mo eneit
HHOI7Ia TIPeATIOYTHT eJIbHEE HCIIOL30BAaTh He I'PajlHEHTHRIE METOJIEL, a
SBOJIFOLHOHHEIE allTOPHTMEI!

DTaJ0H 0TBeTa: OB OIOLHOHHEIE aIropHTMEI (I'A, nud depeHIHAILHAS
HBOITIOLHA ) IIpeAIIOUTHTEILHee, Koria: 1) I{eneBasi pyHKIIUSA Heraaakas,
HMeeT IIYM WK pa3pbiBbl 2) IIpocTpaHcTBO MapamMeTpoB MHOTOMEPHO H
HMeeT MHOT0 JIOKAJdbHbLIX MHHUMYMOB (["A MeHee CKIIOHHEI K
«3acTpeBaHHION). 3) TpyaAHO MU HEBO3MOYKHO BBIUMCJIUTh FPajHeHT
(PYHKIIHH (HAIIpHMeP, MOJIelIh ITPe/iCTaBlIeHa «UePHBIM SIITHKOM) HIH
crokHOoi cumyTraieii). 4) TpebyeTcsa HaliTH He 0JHO, 2 MHOYKECTBO
XO0pOILMX pellleHUi (TTOMyIIIHOHHEL IToaxox). HemocraTok — OonpIimie
BEIUHCITUTEIILHBIE 3aTPaThL.

ITK-9.3

3agaua: BaM HY>XHO peIlMTh 3aauy JIMHEeHOT o IporpaMMHpoRaHHs ¢ S0
repeMeHHBEIMH H 100 orpanruensMH. [loueMy HCITONIB30BaHHe OHOTHOTEKH
PuLP (Python) mpexamoururensHee pyuyHOoi peam3algii CHMITIEKC-MeToma?
OrommTe 1o1aH aericteidi ¢ PulLP.

OTtanol pemienus: IIpuunna: PulP npegocrapigeTr nurepdeiic o
yI0OHOI'0 OITHCAHIS 33 aull, BEI3LIRAET BEICOKOOIITHMIT3HPOBAHHEBIE COJIBEPEI
(CBC, GLPK, Gurobi1), uro HagexHee H s3pekTHRHee pyuHOit

peamnarpH. ILnan: 1) Uvmoptuporars PulP. 2) Co3gats 3agauy (LpProblem).
3) OmnpegemTs riepeMeHHEIe (LpVariable). 4) Jlo0aBHTE 1eeRyI0 QyHKIFIO. 5)
JlobaRHThH OrpaHHUeHHs B I[HKIIEe HIIH IT0 OTHOMY. 6) BEI3RATh perarens
(problem.solve()). 7) 13BIeus H IIpoaHAII3HPOBATE PE3YIILTATEL

[IK-9.1

3agaua: PaccMoTpHTe 3aauy ITPOEKTHPOBAHHS BAKI[HHEI C JIBYMI
KPHTEPHIMH: HMMYHOT'€HHOCTE (Inax) H pHCK ITo0 ouHEIX 3] dekTor (min). Kak,
HCTIOJIB3YA aHAIH3 110 [lapeTo, CY3HTEh KPYT IEPCIIEKTHBHEIX BAPHAHTOR JIJIS
KITHHHY€CKHX HCTILITAHIHTT?

DTtajoH pemnenus: [laru: 1) g xaxgoro BapHaHTa BaKI[HHEI-KaHIHIaTa
KOIIHUECTBEHHO OIIeHHTE IBa KpHTepHs. 2) [locTpouTs JHAarpaMMy pacCesHHS B
0CSX (PHCK, HMMYHOT€HHOCTE). 3) BEIIBHTEL MHOKecTBO [lapeTo — BapHaHTHL,
TeKalHe Ha «BepXHei TeBofty rpaHmie (BRICOKAs HMMYHOT€HHOCTE TTIPH
HIT3KOM pHcke). 4) OTOpOCHTE Bce JOMHHHPYeEMEIe BapHAHTEI (Te, 1 KOTOPBIX
CyIlleCTBYeT APYroii BapHaHT JIyUllle H IT0 HMMYHOT€HHOCTH, H TT0 PHCKY). 5)
JI119 oKOHUYaTeILHOIO BEIOOpa 13 IlapeTo-oNTHMaIbHEIX BApHAHT OB ITPHBIIEYD
TOTIOJTHUTEILHEIE KaueCTBeHHbIE (PaKTOPEI HIIH MHEHIe S KCITePTOB.

1IK-9.2

3agaua: [IpH KamHOpoOBKe MO EITH AITHAeMHH SIR MeTo0M HaHMeHE IITHX
KBa/IPaTOB ITOIVUeHEI ITapaMeTpEI B (CKOPOCTE 3apakeHHs) H ¥ (CKOPOCTh
BEI3OPORJIeHHs ). Kak MOJKHO KOIIHYeCTBEHHO OIIEHHTEL HEeOIIpelelIeHHOCTh
3THX ITapaMeTPOoR’?

DTajoH peineHnsa: MeToabl olleHKH HeonpeaeaeHHOCTH: 1) AHanu3

11K-9.3
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JOBepHUTEJbHBIX HHTePBAJOB: Hcrnomp3ys nHdopMalpzo 3 reccHaHa
(MaTPHILI BTOPBIX ITPOM3BOAHEBIX) 1ie1eB0it (PYHKIHH B TOUKEe MHHHMYMa,
MOJKHO TIOCTPOHTH ACHMITTOTHUYECKHE JOBEPHT €JIbHEIE HHTEPBATIBI I
rmapaMeTpoB. 2) Byrcrpen: MHorokpaTtHo pemnats 3agauy MHK s
TIICEB]TOBLIO OPOK, CreHePHPOBAHHEBIX M3 HCXOIHEIX JAaHHBIX C IIOBTOPEHHMI.
PacripenernieHre 1oryyeHHEIX OIEHOK ITapaMeTPOB TacT OLIEHKY HX JHCITePCHH
H JOBepPHTEILHBEIE HHTEPBAIIBL. ByTcTpert Oosee HajekeH IPH HAPYIITEHHAX
TIPeITIONI0KEHHIT 0 HOPMAJIbHOCTH OIITHOOK.

3agaua: /714 372Ul ONTTHMAIIFHOTO PacIIpe/ieIeHHsI OrpaHHYeHHOT0 OI0/KeTa
Me KTy HeCKOJILKHMH HCCIIe0BaTe IhCKHMH ITPOeKTaMH ¢ Pa3HOH 0K aeMOoit
3 (p(pEeKTHBHOCTHIO H CTOMMOCTBIO ITPEJITIOKHUTE, KAKYI0 OITTHMIT3aI[HOHHYIO
IIOCTAHOBKY (KJIacc 3ajlauM) cledyeT HCIIOIL30BaTh, €CIIH: a) OIOIIKET MOKHO
TPOOHTE IIPOH3BOJILHO, 0) OIOIKET MOYKHO BBIAEISITEH TOIBKO IIeTThIMH
ITPOeKTaMH.

DTaJoH pellleHHA: a) BromkeT ApoduTCcA: 3TO 3a7aua HeNpepPhIBHOI
ONTHUMM3AINH (JIMHEHHOI 0 HWIH HeJTMHEeHHOT 0 ITPOrPpaMMHpPOBAHHS).
Ilepemenrrie — mom (bHHAHCHPOBAHM Ka kg oro rmpoekra (o1 0 1o 1).
OrpaHHUeHHe — CyMMa pacxooB < OrokeTa. I{emepas QyHKIHA — cyMMapHas
oxrmaeMasi 3ppeKTHBHOCTE. 6) Be16op HeNbIX IpoeKTOB: DOTO

3aaua 1eJaoducjeHHoro (0MHapHoOTo0) JHHeiiHOT 0

NporpaMMHUpOBaHHs IIH 3aa4a o prok3ake. [lepemennsie X 1 € {0,1} —
(bHHAHCHPOBaTh/He (PHHAHCHPOBATE IMPOeKT 1. OrpaHmnueHHe: X (CTOMMOCTE 1 *
X 1) < OromoxeT. lems: Z (acpdpexTHBHOCTE 1 * X 1) — max.

OIIK-1.2, ITK-9.1
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3agaua: [IpegnoxxuTe cTpaTeTrHIO pellleHH: 3aJauH MaKCHMH3aI[HH ITPHOBLTH
OT ITPOM3BOJCTBA IBYX JIEKAPCTB, €CITH 3aBHCHMOCTE IIPHOBUTH OT 00beMa
ITIPOM3BOJICTRA HeJTHHeliHa (HaIlpruMep, H3-3a SKOHOMHH Ha MacIlTade), a
OrpaHHUYEeHHsI Ha PeCYPCHI (ChIphe, BpeMsl) THHEHEL.

OTagoH peuienns: Ctpaterus: 1) Popmanuzanusa: 310

3a/laua HeJIMHEHOr o MporpaMMHPOBAHUS € THHEHHBIMH OTPAHHYEHUSIMH.
[Teneras pyurxipra {(x1, x2) — HemmHelHAsI (BOTHYTasA, €CIH €CThL 3KOHOMHS Ha
Macirade). OrpanrueHnsa: A*x < b, x = 0. 2) Anaau3s: Tak KaK orpaHHYeHHs
TTHHEeHHEI (BRIITYKIIOE MHOMKECTRO), a 1ielekast (pyHKII BorHyTa (JJIs1
MAaKCHMIT3aI[HH ), 3a/iaua SBIISIeTCS BEITYKIION. 3T0 rapaHTHPYET, YTO

Haifl eHHEIT JIOKAILHEIT MakCHMYM OyeT rimodamsHeIM. 3) MeTtoa

pereHus: MoKHO ITPHMEHHTE IPaJHeHTHLIT METO/I, ¢ IIPOeKIfHeH Ha

TTOITY CTHMO€ MHOYKECTB O HIIH MeTOJ, BHYTPeHHeH ToukH (0aprepoB),
HCIIONIB3 YA, HATIPHMED, scipy.optimize. minimize ¢ COOTBET CTBYIOIIHMH
HaCTPOHKAMH JJIS yUeTa OrpaHHUYeHHI.

ITK-9.1, T1IK-9.3

Tema 2 «JIu"efiHoe M 1eJI0UNCIeHHOE TIPOrPAMMHUPOBAHNE )

ITpoBepsiembie komrieTeHIIHH H MK (koxsr), (popMHpyeMble ITPH H3YyYeHHH TeMbI: iepedyeHb OIIK-1.3, TIK-
9.1, [IK-9.2, TIK-9.3

KGHTPGHLHBIE BOIIPOCHI ITO TEME.
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Ne /i

Jaganue

IIpoBepsieMmbIe
HJIK

Bomnipoc 1. ChopMmyrmpyiiTe 3amauy JIHHEHHOTO IIpOorpaMMHPOBAHHS B
CTaHAapTHOIT M KaHOHHYecKoi (popmax. Kak ocyIecTBHUTE ITepexo]i OT OHOit
(hOpPMEI K Apyrofi?

DTaaoH orBeTa: CtaHgapTHasa ¢hopma 3agaun JIII: MakcHMH3HpORATE (HITH
MHHHMH3HPORATE ) 1eJIEBYI0 (PYyHKIIIO £ = cTx TIpH

orpanmueHIX Ax = b u x = 0. Kanonmueckas dopMma:
MaKCHMIT3HpoBaTh £ = ¢’ x mpu Ax = by x = 0. [Jepexoy 0T CTAHAAPTHOI K

KaHOHHYECKOI OCYIIECTRIIAETCS BRE€HHEM JIOTTOIIHHT €JIbHBIX
HeOTpHI[aTeILHBIX ITepeMeHHbIX B HepaBeHCcTRa THIIA "'<". JI71s1 HepaBeHCTB
THIIA "=" TOIIOHHTeILHYIO TIEPpeMEeHHVIO BBIUMTaroT. /711 Imepexoma oT

KaHOHHYEeCKOH K cTaHAapTHOI ypapHeHHe Ax = b 3aMeHIIOT Ha JIBa

HepaBeHCTBA: Ax < bu —Ax < —b.

OIIK-1.2, ITK-9.1

Bormpoc 2. B uém 3akimouaeTcs reoMeTpHUecKasi HHTepITpeTarHs 3agaqH
TIHHEeITHOT 0 MPOrpaMMHPORAHHMS HA TUIOCKOCTH! UTO Takoe YIJIOBas TOUKa
ITOITY CTHMOI'0 MHOKeCTBA H KaK OHA CBI3aHa ¢ 0a3HCHEIM pelleHHeM?

OTaJioH oTBeTa: Ha ITIOCKOCTH JTOITy CTHMOE MHOJKeCTBO (MHOTOIPaHHHK
peliieHit) m300pa’kaeTcs B BHje BEITYKIIOT0 MHOTOYTOIIBHHKA, OTPaHHUeHHOTO
IIPSMBIMI, COOTB €T CTRYIOIIHMH IIHHEHHBEIM OTpaHHYEHHAM. Y TTIOBAs TOUKA
(BepIIHHA) 3TOT0 MHOT'OYTOJIbHHKA COOTBETCTRYET 0a3MCHOMY JOITY CTHMOMY
PEIIEHIIO CHCTEMEI YPaBHEHHIT, TIONTYUEHHOH H3 OI'p aHIUEHHI B KAaHOHHYECKOH
dopme. CormmacHo TeopeMe, eCIIH OITTHMAIILHOe PellleHHe CYIIeCTRYET, TO OHO
TOoCTHraeTcs, o KpafiHei Mepe, B ofHOIT yIIoBoit Touke (6azHCHOM

TTOTTY CTHMOM PeIIEHHH).

OIIK-1.2, ITK-9.1

Bomnpoc 3. Ormimre oCHOBHOH aJITOPHTM CHMIUIEKC-MeToa. UTo Takoe
pazperraoniii cToI0el H pa3pelraroias cTpoka?

DTa/IOH 0TBeTa: AJITOPHUTM HAUHHAETCS ¢ HAaXO0KIeHHs HaualIbHOr0 0a3HCHOT O
morycTHMoro perreHrsa. Ha kaxqrom 1rare: 1) [Iporepka oNnTHMATEHOCTH: €CITH
BCe OLleHKH (K03 (QHITIEHTEI B I[eJIEROIT CTpOoKe A1 HeOa3HCHEBIX ITepeMeHHEBIX )
HEeTIONIOKHTEILHEI (JIJI 3aJaui MAaKCHMIT3aI[HH ), pellleHHe OITHMAILHO. 2)
Br10op BBogHMOIT B Oa3HC ITepeMeHHO: TTlepeMeHHAasa ¢ HaHOOJIbITelt

TIOJIOJKHT €JILHOH OIleHKOI (pa3pelnaronriii cronbelr). 3) BeiOop BEIBOAMMOIT H3
0azrca nmepeMeHHO: 10 MHHHMAIFHOMY CHMIUIEKCHOMY OTHOIIIEHHIO
(OTHOIIIeHHe 3HAUYeHHs Oa3HCHOIT ITepeMeHHO K TTOJI0KHT eJTIhHOMY

ko3 rammeHTy B pazpernarorieM cTond1le). COOTBETCTR VIOIIAs CTPOKA —
pazpemarornas. 4) [lepecuér Bceit cumImiekc-Ta0HIEI MeTogoM JKopmaHa-
["aycca.

I1TK-9.1

Bonpoc 4. ChopmymmpyiiTe IBOHCTREHHYIO 3aauy IJII IIPOH3BOIBHOM 3aauH
JTHHeITHOTr 0 MporpaMMHpOBaHHs. B uéM 3aKmoyaeTcsa S5KOHOMHYeCKast
HHTePITpeTaIHs IBOHCTBEeHHBIX TIepeMeHHBIX I 3aauH OITTHMAILHOTO
HCITOIb30BaHIA PeCYPCOR?

I1IK-9.1, 1IK-9.2
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JTaJoH oTBeTa: /11 rpaMoii 3agaud Ha MAKCHMYM ITPH OTPpaHHUYeHHsIX '<"
B OHFICTBEHHAs 3ajaya CTPOUTCSI Ha MHHHMYM. |lepeMeHHBIe BOHCTBEHHOI
3aaul COOTBETCTRYIOT OTPaHHUYEHISIM TIPSIMOI. DKOHOMHUYECKH, B 3ajiaue
MaKCHMI3al[MH BEIOTYCKA IIPH OIPaHHYeHHEBIX pecypcax, ABOHCTBeHHAs
IlepeMeHHas V'; II0Ka3hIBaeT, Ha CKOJIBLKO BO3pacTeT MaKCHMAIIbLHAS ITPHOLITE

TIPH YBEJTHUEeHHH 1-T0 pecypca Ha OTHY eTHHHILY (TeHeRas, HIH 00 heKTHBHO
o0OycroBIeHHas, olleHKa pecypca). OHa oTpakaeT ITpeAelbHYIO TT0JI€3HOCTE

pecypca.

Bompoc 5. Ormmrmmire ocHOBHEIE 3TaITBl PellleHHs TPaHCIIOPTHOI 3a1aun
METOIOM ITOTEeHIHAJIOB. UTO TaKoe IHKII [lepecuéra H I Uero OH
HCIIOIb3YyeTCs?

OTajioH oTBeTa: 1) [locTpoeHrie HAUATHLHOTO OITOPHOTO IUIaHA (HAITPHMED,
MeTO0M CeBepO-3araHoro yIia HiIH MeToa MHHHMAILHOIO AIIeMeHTa). 2)

IIpoBepka I1aHa Ha OIITHMAIBLHOCTE: BEIYHCIIEHHe TTIOTEeHIIHAIIOB (1t - ITIT
ITOCTABIIHKOB, 17; AJLT TToTpeOHTeNeit) H OLIEHOK A, PTG T (e, + u}.:] N b |
CBOOOIHEIX KIIEeTOK. ECITH BCe A ; = (0, ro1aH onruMalieH. 3) Ecimi ecTs

OTPHLIATeIIEHAs OLIEHKA, TUIaH MOKHO YIIYVUIIHTE. [[JIs1 COOTBeTCTRYIOIIEH
CBOOOHO KIIETKH CTPOST IHKII IIepecuéra — 3aMKHYTYE JTOMaHVIO C
BEPIITHHAMH B 3aHITHEIX KIIETKAX H YITIOM B BRIOpaHHOH cRobomHoi. []HKT
TI03BOJIAIET TIepepacpeelIiTh TPY3, YBEIHUHB 00hEM B BEIOpaHHO KIIeTKe H
CKOPPEKTHPOBAB 00hEMEI B BEPIIHHAX I[HKIIA, UTOOLI OaTaHC COXPaHIIICS.
[IOBTOPSIOT IO OIITHMAIEHOCTH.

I1IK-9.1, 1IK-9.2

Bomnpoc 6. B uéMm 3aximodaeTcs crielfH(pHKa 3a1au IeJIOUHCIIEHHOT 0
rporpaMMHpoBaHia? [IpuBeauTe IIpHMep MeIHIHHCKOI 3afaur, TpeOyromeit
I[EeTTOUHMCIIEHHOT' O PeIeHHA.

OTajioH oTBeTa: CrielfH(HKa B TOM, UTO Ha ITepeMeHHbIe HAaKIaILIBAETCS
TpeOoBaHHe IENMOUYHCIIEHHOCTH, UTO JTeIaeT 3aiauy CYIeCTREHHO CII0JKHEE,
yeM oObmuHas JIII, Tak Kak oITHMAalkHOe pellleHHe He 00sT3aTelIbHO OyIeT B
BEPIIHHE HEITPEPLEIBHOTO JOIMYCTHMOI0 MHOKecTBa. [Iprmep: 3amaua BEIOOpa
Habopa HeJleIHMBIX ITPOEKTOR 3aKYTIKH 000PYI0BaHHA ITIPH OrPaHHYeHHOM
Oroj1keTe (ITepeMeHHAas = 1, ecJIH IpoeKT BEIOpaH, 1 0, eCIIH HeT) IJIs1
MaKCHMI3aI[HH CYMMapHOH "Iorme3HoCTH" .

I1TK-9.1

Bonpoc 7. O0BsICHHTe OCHOBHYIO HAeI0 MeToaa BeTBeii 1 rpanmil (Branch and
Bound) g permenrsa 3agay HeI0YHCIIEHHOT0 IIPOrpaMMHpPOBaHHsI. YTo Takoe
BETRIIEHHE H UTO TaKoe rpaHmHIa?

DTajgoH oTBeTa: Mesa: mocienosaTelbHOe pazOHeHHe (BeTRJIEHIE) MHOMKECTBA
TOITY CTHMBIX pellleHHIT Ha ITOJMHOKeCTBa H BEIUHCIIEHHE I Ka K Oro
ITOJIMHOKECTBA OILIEHKH (IpaHHIBEI) 3HAUEHH 1eJIeBoi (PYHKIMH. BeTpreHHe:
BELIOOD ITepeMeHHO#, v KoTopoii B perrenrH 3agaur JIII (pemakcalii) 3HaueHHe
HelleJIoe, H CO3/laHHe BYX HOBBIX ITOA3aau ¢ JoOaRIeHHeM

OTpaHHYeHHH * = [x,|Hx = [x,] 'parrma: a1 3agaus MaKCHMH3 ALTHH

I1TK-9.1
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BepxHeii rpaHHIIeii SBIsIeTCA 3HaAUEeHHE I[eleRoit (PYHKITHH B pellleHHH
peraKkcarii, HHXHell — ITydllliee HalffileHHOe 1[eJIOUYHCIIEHHOe pellleHHe.
[Tog3amaur, y KOTOPEIX TPaHHIA XYJKe TEeKYINero JIVUIIEero IeJIOYHCIIEHHOTO
pellleHHsI, OTCeKaroTC (He HCCIIeTYIOTCA JalbIIIe).

Bonpoc 8. KakoBkI 0CHOBHEIE ITPHHITHIIEI TIOCTPOESHHSA MaTeMaTHUeCKOH
MOJI eJIH 1711 ITpHKTTagHoH 3agaur? Kak ¢jopMa3oBpaTh 3agady OITTHMAILHOTO

pacliipeciICHHA KOCHHOI'O (bDH,I[ﬂ MEHERIY l'-:,'lT,[[EJI'IEI—[[*L'EIIW[FI':-.7l

OTaaoH orBeTra: [Iprrnnnien 1) Bermenenne e (ieteBas (QyHKIHT —
MaKCHMH3aI[HA KOJIHYeCTBA ITPOJIeYeHHBIX ITal[HeHT OB, MHHHMH3AI[HI
rpoctoeB). 2) OmnpeeneHne yIIpapIsIeMbIX IlepeMeHHBIX (KOIHYeCTBO KO€eK,
BEIIEIIIEMBIX KaKTOMY OT/IeJIeHHIO ). 3) BrIaeienre orpanmueHii (oO1ee
YIHCII0 KOeK, MHHHMAaJTbHBIe/ MaKCHMAaJIbHbIe KBOTHI JJI ITPO(IUTHHBIX

OTZeJleHHi1, TpeOoBaHm 10 KajgpaM ). Dopmamaiga: [IycTs x; — KoH4yecTBO

KO€EK B 1-M OTAelleHHH. 1] elb: MaKCHMIT3HPOBATh CYMMAPHYEO
5(p(pEeKTHBHOCTE }.€; * X;, e €. — 3 (PeKTHBHOCTL KOKH B OTHEeIIeHHH.

OrpaHrueHus: 2x; = B (obupdt ¢onn), L; = x; = U, (HopMaTHBEI),

BO3MOMXEHO, IPVITHCE JTHHEHHEIE OI'PpaHHYCHIA.

OIIK-1.2, I[IK-9.1

Bomnpoc 9. Uto takoe llapeTo-oInrrmMansHOCTE B 3ajauyax
MHOTOKPHTepHAIIbHO# orruMIarii? Kak eeirmeaguT [lapeto-dpoHT At
3alaul BEIOOpa MeTo/[a JJeUeHHs, ITle KPHTepHH — 3(P(eKTHBHOCTE H
MHHHMAaJIbHASA TOKCHYHOCTE !

JTaJIOH oTBeTa: PelreHre Ha3pRaeTcs [lapeTo-orrHMansHEIM

(HEJOMHHHP yeMEIM ), €CITH He CYII[eCTRYET APYTOro JOITyCTHMOIO PeIleHH,
KOTOpoe OBITO OBI He Xy2Ke IO BCeM KPHTEPHSIM H CTPOTO JIyUIlle XOTS ORI ITO
ogHoMy. IlapeTo-ppoHT — MHOXecTBO BceX IlapeTo-onTHMAIBLHEIX pelleHIit B
IIpOCTpaHCcTRe KpHTepHeB. {1 3amaun "5 peKTHRHOCTE VS TOKCHUHOCTE"
[TapeTto-dpoHT OyaeT npeacTaBIaTh co0 0 KpHBYIO (HIIH HaOOp TOUEK) B
KOOPAHHATaX "TOKCHUHOCTh-3(P(EeKTHRHOCTE", ITle YITyUIlleHHe OJHOTO
KPHTePHA BO3MOIKHO TOIBKO 3a CUET YXYALIEeHH Apyroro. IgeamsHasa Touka
(MaKcHManbHaA 3 PpGeKTHBHOCTh, MHHHMAILHAA TOKCHUHOCTD ), KaK ITPaBHIIo,
HEeOCTHIKIMA.

I1TK-9.2

10

Bonipoc 10. B uéMm cyTh 3agaun rmapaMeTpHuecKoii HaeHTH(HKAITHH
OmomenHIHHCKOM Momerm? Kak eé MoxHO copMyIHpORaTE KaK 3aauy
YCIIOBHOH OITTHMH3 Al !

JTalioH oTBeTa: CyTh — Mo 00paTh 3HAUEHH TTapaMeTPOB MOJIeIIH
(HarmpHMep, KOHCTAaHT CKOpOCTei peaKiiii B Mo el MeTa00 I3 Ma), UTOORI eé
BBLIXOJTHEIE JTaHHEIE HAIJTYUIIHM 00pa30M COOTBETCTBOR AT
HKCIIEPHMEHTAIILHEIM H3MepeHHsM. D opMyIHpoBKa KakK 3aJauH OITTHMH3 al[HH:

HaliTH BeKTOp ITapaMeTPOB P, MUHHMH3HPVIOITHIT IlelIeRyI0 (PYHKIHIO (Ualre

BCET0 CYMMY KBAJAPATOB OTKIIOHEHHIT MOJIEIH OT
okerieprMenta) F(p) = Z(Vimoaat (Pot) = Vaup (1)), mpnBosmosremx

L

OTPaHHYEHHSX Ha MapPaMeTPEL (P ey = P = Puyper ), OTPANKAOIIIX

1IK-9.3
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(bHZHOJIOTHYECKHIL CMEICIL. DTO 3ajlaya HEJTMHEHHO YCIIOBHOM OITTHMIT3aI[HH
(MeTOJ HAMMEHBIIHX KBaIPaTOB).

CHT}"&I_[IIGHI{E:IE 3ad4a9H 110 TEME.

Ne i/

JagaHue

IIpoBepsieMmbIe
HJIK

3agaya 1. KimiHHKO-IHATHOCTHUECKHIT LIEHTP ITUIAaHHPYET 3aKyIHTh JBa THIIA
aHATHTHYECKHX CHCTeM: A (BBICOKAs IMTPOM3BOAHTEILHOCTE) H B (cpemHsa
IIPOM3BOAHTEJIbHOCTE ). CHCcTeMa A ¢TOHT 5 MiH pyo0., cHcTeMa B — 3 MurH pyo0.
Ha zaky1niky pergeneHo 60 v py0. [[11a pasMmertens cucteM A TpeOyercsa 20
KB.M., cHcTeM B — 15 xB.M. O0mrasa goctyrmas roromaas 300 xe.m. 1o
ITPOTHO3Y, CHCTeMa A ITO3BOJIMT BBITIOIMHATE 2000 HCcceqoBaHIii B IEHb,
cucreMa B — 1200. CkonbKO CHCTEM KajKI[0r0 THIIA CIIEAYET 3aKyIHTE, UTOOEI
MAaKCHMIT3HPOBATh OOIIYI0 CYTOUHYIO MPOH3BOAHTENRFHOCTE? Chopmymipyiite
3aauy Kak 3aauy JIHHEHHOIO ITporpaMMHPOBAHIA.

JTaJIOH OTBETA: H}FCTL X4 — KOJOMHECTBO CHCTEM A:, X> — KOJIHHUECTBO CHCTCM

B. Ileneras QpyHKIMA:
makcHMizHpoBars £ = 2000x, + 1200x., (vccrmemoBaHHil/JeHs ).

Orpanruerri: 1) [To 6romxery: 5xy + 3x5 = 60 (v py0). 2) Ilo
roromagy: 20x, + 15x, = 300 (xk8.M.). 3) HeorpHiaTensHOCTE H

= 0 H 1emeIe. OTO 3agaya IeIOUHCIIEHHOTO

[ETIOYHCIIEHHOCTE: X 4, X~

JIMHEHOT 0 ITPOrPaMMHPOBAHHS.

I1IK-9.1

3agada 2. boJIbHHMIA ITOITyUaeT eKeHeelIbHbIe IIOCTaBKH ITIa3MEI KPOBH TPEX
rpyrmi (1, I1, IIT) B o0sémax 100, 150 1 80 muTpoB cooTBeTCcTBeHHO. [Inazma
pacrpefielseT cs MeXXIY IBYMsS OTAelneHHsIMH ( XHpYpPrHIecKHM H
PearrvaroHHEIM ). XHpPYprHUecKoe OTHAelleHHe TpedyeT He MeHee 120 jmHTpOR
B cymmMme, PeaHrmarionHoe — He MeHee 90. CTOMMOCTE ocTaRKH 1 mmrpa
T1aMel IpyImiel [ B XHpyprauueckoe oTaenenHe — 50 pyo., B PeanrmMalnioHHoe —
70 py0. s rpyroae! 11: 60 1 80 py06. Jma rpyrms: 111: 90 1 100 py6. CocraBbTe
MaTeMaTHYeCKYI0 MOJAEeIb II1 MHHHMIT3al[HH 3aTpaT Ha JIOTHCTHKY, KOTOpas
oITpefiersieT, CKOIBKO JIMTPOR ITIa3MBI KAk O IPYIMIEI HAIIPaBHTE B KaKI0e
OT/eJIeHHE.

. — KOJOTHECTEO JIHTPOE IUId3 MBI 1-If

JTaJloH 0TBeTa: BBeIEM IIepeMeHHEIe: X

rpyroel (1=1,2,3), HarmpariasgeMoii B 1-e oTaeneHne (=1 — Xupypriudeckoe, 1=2 —
Pearmmvaigionnoe). Ilels: MHHHMI3HPOBATH
3arpatel £ = 50xyy + 70x, + 60x, + 80x,, + 90x5, + 100x,.

Orpanruenys: 1) [To Hammmurzo
IUIa3MEBL X 4y + X, = 100; x5y + x5, = 150; x5, + x5, = 80. 2) Ilo

MHHHMAJILHBIM ITOTPe0HOCTSIM
OTHEeNIeHHIT X,y + X5y + Xgy = 1200 x o + Xo0n + X5, = 90.3)

HeoTpHiiaTembHOCTE: BCE x . ;=0 JTO TPaAHCITOPTHAJ 3a7aya C

ITK-9.1, 1IK-9.2
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orpaHHYeHISIMH "He Ooree" 1o cTpokKaM H "He MeHee" IO cTOIOI[aM.

3agaua 3. [IpH roraHHpoOBaHHH HCCIeTOBaHIT TpedyeTcs rmogoopaTs K03y
Trperapata (p) H BpeMs ero BBemeHr (1) 1711 MaTeMaTHuecKO Mo/ el
OITyXOJIEBOIO pocTa. I]emb — MHHHMIT3HPOBAThL KOHEUHBIT pasMep OIyXOIH
uepes 30 pueit (T (p, t)) 1 ob61myro TokcHuHoCcTh (5(P,1)).

OKcIepHMeHT allbHEBIE TaHHBIE H MOJIEIb ITOKA3EIR AlI0T IPOTHBOPEUHE STHX
KpHTepHeB. [IpenmoxuTe IMOAX0 T A1 aHAIH3a STOi IBYXKPHTEPHAIILHOH
3alaud M BEIOOpa palfHOHATILHOTO KOMITPOMHCCA.

OTalioH oTBeTa: HeoOXogHMO IMPHMEHHTh METO LI MHOTOKPHTE PHAIILHOIT
orrrrvinzaii. Crnenyet: 1) I[loctpours Ilapero-(gpoHT, BEIUHCITHE MHOKECTBO

HeJOMHHHp yeMbIX pemterrii {(T(p.t), S(p.t))} pu BappHpoBaHHH p H t B

TOITY CTHMEBIX ITpefiertax. 2) [IpoaHam3HpOBATh ITOTYUeHHEIT (PPOHT.
Harrprmep, HCITOMB30BaTh METOJT, HAeaTbHOH TOUKH: HaffTH Touky (min T,

min ) 1 BeIOpaTk Ha IlapeTo-dpoHTe pellieHne, Oymnkaiilnee K Hefi 110

BLIOpaHHOM MeTpHKe. 3) AIILTEpPHATHBHO, MOYKHO CBEPHYTHL KPHTEPHH B OJHH C
TIOMOILBIO B3BEIIHBAHHA: MHHHMH3HPOBATh W * T + (1 —w) - §, BappHpy4

BEC W, UTO TakHE ITO3B OJIHT ITOJIVHHTE TOYKH HﬂPETD-(prHTﬂ. OKoHYaTeILbHBIIT

BBLIOOD TpedyeT SKCIepTHOM OIeHKH KITHHHIHCTA.

1IK-9.2

3agaua 4. /11 mogermH srmgeMHH SIR H3BeCTHEI 1aHHEIe 0 KOJIMYECTRe
HH}rporaHHeIX I(1) 3a meperie 10 gHeit. Mojgens BKIIIOUAeT TTapaMeTpEI: 3 —
CKOPOCTE 3apakeHHsI, ¥ — CKOPOCTH BEI3IOPORIeHHA. OIHIIIHTEe, KaK
chopmymporath 3agauy KaIHOPOBKH IMapaMeTpoR MojenH ([3, v) Ha OCHOBe
STHX JJaHHBIX KaK 3aauy Oe3yciIopHOI onrHMIrzaiiii. Kakoit UHMcIeHHBII
MeTOJI, MOYKHO HCTIONIL30BATE I €€ pellleHHs H IoueMy?

STaJ0H 0TBeTa: 3amaua KaTHOPOBKH: HANTH rapaMeTpel p = (5.} ),

Lﬂfﬂﬂfﬂhﬂﬂl{p}"}ﬂm{E C}’MIVI}’ ICEEI,[[I)HTDE HEBAZ0K I1|.-![l'.3}1{,1_'|;}r HaHHEBEIMIM MOIOCEII H
10 -
EI{CHEPIMEHTH: F[:ﬁ, F] = E 1:21[: II'J"II'J'I!'L'EI: [:I-J.::J'IEJ F] o IEI_:l:'i'J (tk]) K BTD 3ajada

HeITHHeHOr0 MeTo/la HAHMEHBIITHX KBapaToR (0e3yCciIoBHAs, €CITH HeT
aITPHOPHBIX OrpaHHUYeHTHIt Ha 3, v). JIJ1 peleHs MOKHO HCIIOIL30BaTh
rpaJHeHTHBIe MeTO kI (HarmpumMep, JleBeHOepra-Mapkeap/Ta), Tak KaK OHH

5 ((peKTHBHEI 171 3a]a4 HAUMEHBIITHX KBaJpaToR. Ecim QYHKIMA ClIoKHASI H
MO’KeT HMETh JTOKaJTbHEIe MHHHMYMBI, MOJKHO ITPHMEHHTH THOPMITHELI TTOIXO]T:
HAYaTh C SBOIIOI[HOHHOIO alTOPHTMAa (TeHeTHUYECKHIT allTOPHTM) JJI
r100aIbHOTO TTIOMCKA, a 3aTeM YTOUHHTE pellleHHe IPalHeHTHRIM METOIOM.

ITK-9.3

3agaua 5. TpebyeTcs cocTaBHTE rpadHK JeKyPCTB Bpadeii Tpéx
crierabHoCTel (A, B, C) Ha Hegemo. Kaxanli meHr TpeOyeTcsa He MeHee 2
Bpaudeii A, 3 epaueii B 1 1 Bpaua C. B pacriopsoxerzni 10 Bpaueit A, 15 Bpaueit
B 1 5 Bpaueii C. Bpau He MoKeT IeXYPHTh ABa AHSA IMoApAxn. llerms — cocTaBHTE
rpadHK, MHHHMIT3HP VIOITHIT CyMMapHOe KOJIMYECTRO IeKYPCTE (IUTH
MaKCHMAJIbHYIO Harpy3Ky Ha OTHOTr0 Bpaua). YKaxwuTe THII 3agaud (JIII, ITJIII,
Tp.) H KIIFOUEBBIE TTepeMeHHEIe H OrpaHIeHHs.

JTaJ0H 0TBeTa: JTO 3aJaua 1eJIOUHCIIEHHOI'0 JIHHEAHOT O IpoIrpaMMHPOBAaAHIA

I1IK-9.1, 1IK-9.2
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(rm KOMOHHATOPHOI OITTHMIT3 Al ). MOJKHO BBeCTH OHHApHEIE

IiepeMeHHEIe X, ; ;, T7le 1 — HHAeKC Bpaya (C yUETOM CITeIHAIbHOCTH), | —

ifd>
CIIELHATIBHOCTB, d — meHb HemerH (1..7). x; ia = 1, ecrmi Bpad 1 crielHaIbHOCTH

] mexypHT B meHb d. Orpanruenia: 1) ExerHeBHOe TOKPEITHE MOTPEOHOCTH TTO
CIIEIHAITBHOCTSIM: },;  (TI0 BpauaM CIIell. ) X; id = TPEE}.. 2) 3arpeT Ha Ba

IUHSL TIONPAN,: X5 + Xy50441) = L Ama Bcex 1, ], d. 3) Kauelii Bpayu 1 exypHr He

0omee N pa3 3a Hefiemro (MUIH IieneRas (PYHKIHI Ha MHHHMH3AI[HI0 CYMMBI BCEX
X). 3ajaua KpyIIHAs, YacTO pelraeTcs C IIOMOIIBIO CIIEIHAIIT3HPORAHHBIX
aJITOPUTMOB HITH CPENCTR TTIaHHPOBAHHS.

3agaua 6. lIMeercsa HaOop M3 5 NMOTEeHIHAIILHBIX JHATHOCTHYECKHX TECTOR JIJIT
BEIIBIIEHHS 320 oneBaHM:A. I13BeCTHEI HX CTOMMOCTE (€;) H UYBCTBHTEIILHOCTD

(5.). brogxeT Ha 3aKyIIKy orpaHHuyeH cyMmoii B. TpeOyercs BEIOpaTE

ITOAHAOOpP TECTOB, UTOOEI MAKCHMIT3HPOBATEH CPEIHIOI0 UYBCTBHTEILHOCTD
KOMITUTIEKTA ITPH YCIIOBHH, UTO OH OV eT HCITOIL30BaThCs MOCIed0RaTETHhHO
(I mapaJuiebHO — YCIIoBHe yTounsieTcsd). ChopMympyiiTe 3aauy Kak

3a[lady IeTOUYHCIeHHOro (OMHAPHOI0) MPOrPaMMHPOR aHHS I CITyYasT
ITapaUIelIbHOIO HCITOIE30BaHIs (00JIe3HE OIpeiesIsaeTcs, eCIH ITOI0KHTeIIeH
XOTs OBI OTHH M3 BEIOPAHHEIX TECTOR).

JTaJ0H 0TBeTa: I[JIH IapajuieIIscHOT'O HCITOJIE3 OBAHHA ECPOATHOCTE

oOHapy KeHH (eCIIH TeCTHI HE3aBUCHMEI) P = 1 — ]:[ (1 —s5;). 310

EEIODEHHER |
HelHHeHaA QYHKIPE. Y IIPOIIEHHO MOXKHO MAKCHMI3HPOBATE CyMMY
UYBCTBHT€IILHOCTEH HIIH MHHHMIH3HPOBATE CYMMY [:l—sf] . Beegém OnmapHEIe
nepeMeHHbIe v; = { 0,1}, yka3pIBaroliHe, BEIOpaH M 1-i TecT. Torma 3agayva:
MaKCHMI3HPOBATh }.5, * ¥V, (VIIPOIIEHHAS JIMHEHAT aImTPOKCHMATIHS) HITH

MaKCHMH3HPOBATh JIMHEHHYI0 KOMOHHALHIO. [IpH orpaHrueHHi: 2o, - yv; = B

Bonee TouHas HemHeiHas pOpMYIHPOBKA:
MakcrnvirzHpoeark 1 — [I(1 — s; )t mpH ToM ke OIOMIKETHOM OIPaHHYEHTI.

ITO 3aJ1aya HeJIMHEeHHOI O I[eJIOUHCIIEHHOT 0 ITPpOTPaMMHPOE aHHA.

I1TK-9.1

3agaua 7. {1 ripssvoi 3aqaul IIHHEHOT 0 ITporpaMMHPOBaHHS:
MakcummupoBats £ = 33X, + 3X, IIpH

OTpaHHYEHMIX: Xy = 4 2x, = 12 3x, + 2x, = 18, x,x, = 0.
OrnrHMarneHoe peliieHe: x; = 2, x, = 6, Z° = 36. Chopmyrmpyiite

IBOIICTBEHHYIO 3a7auy. [IpoHHTepIpeTHpYITe 3HAUEHH BROIICTBEHHEIX
TIepeMEHHBIX, €CJIH ITpsiMasi 3aj/laua OIHCHLIBAET ITIaH IPOM3BOICTRA IBYX

IPOAYKTOR C IIELF0 MaKCHMIT3al[HH ITPHOLITI, a OrpaHHYeHHs — 110 pecypcaM
(oOopynoranne THIIa A, o6opymoBaHHe THIIA b, CEIPEE).

JTaJIOH oTBeTa: /[BOIICTREHHAA 3aJaya:
Murrvorzaporate W = 4yy + 12y, + 18y, mpu

OrpaHHUeHIIX: Vy + 3V = 3, 2v, + 2V3 = 5, v, V», V3 = 0.

JOKOHOMHYeCKAsI HHT EPIIpeTalHAa: Vy — TCHEBAA IIEHA eIHHHIIEI PEecypca

[IK-9.1, IIK-9.2
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"oOopynoranme A", ¥, — pecypca "obopynoranme b", y; — pecypca "cBIpré".

X onrTHMarbHEIe 3HAUeHHS (KOTOPBIE MOYKHO HAITH, IO/ CTABHB
ONITHMAILHBIT 0a3HC ITPSAMOTT 3a1auH) TMTOKA3EIBAIOT, HA CKOILKO YBEIIHUHT CS
MaKCHMaJIbHasI IIPHOBUTE (7.) TTPH YBEITHYEHHH JOCTYITHOIO KOJIMUeCTBa

COOTBETCTBYIONIETO pecypca Ha ofHy equHHIry. Harprmep, ecrm ¥; = 1.5, To

yBeIIHUeHHe 3aItaca ChIpbdI Ha | eJHHHITY TTO3BOJIMT YBEIHYHTE IIPHOBUTE Ha 1.5
yciI. efl. Pecypchl, orpaHiieHHsA KOTOPBIX B OIITHMAIFHOM PellleHHH He
aKTHRHEI (ocTaToK >0), OYIYT HMETh HYJIEBYIO TEHERVIO IIEHY.

3agaua 8. IIpn onrmvomzaipm paboTEI IMPOLEAYPHOr0 KabHHeTa BpeMs
MOATOTOBKH TatenTa (T, o) 1 Bpemst camoii riporetypsr (T ,,,,) OTHCHIBAIOTCS

pacripefeneHHsaMH. TpedyeTca HaHTH Takoii pexrM padoTHI (HarpHMeDp,
HHTEPBAJI MEXIY HasHAUEHHSIMH MaIfHeHTOR D), KOTOPBIiT MHHHMIT3HPYET
cpefiHee BpeMs ITpeOLIBAHIMA ITalfieHTa B CHCTEMe H IMPOCTOH MeIIepCOHAIA.
Kakoii Kk71acc MeTOJIOR OITTHMH3allHH ITIPHMEHHM 3/[eCh H IT0YeMY HeJIb34
HCIIONL30BAaTE 00BIuHOe JITI?

DTaJioOH OTBeTa: OTO 3ajjaya OITHMIM3AIHH CTOXAaCTHUeCKOIT CHCTeMEI
(cHcTeMEBI Maccoporo obcnykuBanns). O0wsruroe JIII HermpHMeHHMO, TIOTOMY
YTO IleJIeBble (PYHKIHH (CpefHee BpeMs OXKHIaHHI, BepOSATHOCTE ITPOCTOS) He
SBIISTEOT CSI JTHHEFHBIMH (YACTO HEJMHETHEI H TajkKe He aHAIHTHYECKH 3a]laHE])
(GVHKIFAMH YTIpaBiIsieMoro mapaMeTpa D, a caMa CHCTeMa OITHCLIBAETCS
BEPOSTHOCTHRIMH 3aKOHAMH. [[pHMeHHMEI METOIBI HMHTAI[HOHHOTO

MOJI ETHPOBAHHS (CHMYTISI[HH) B COUETAHHH C METOJaMH OITTHMH3aI[HH, TAKHMH
KaK MeTOJI CITy4afHOr o ITOMCKa, MeTO/EI IIOREPXHOCTH OTKIIMKA HITH JTaKe
HBOJIFOIHOHHEIE aITOPHTMEL. CTPOHTCSI HMHTAI[HOHHASI MOJEITh, KOTOpas IIpH
3alaHHOM D BEITAET OIEHKY I[eNeBBIX (PYHKIHIT, H OIITHMH3aI[HOHHEIH
aIITOPHTM HIIET ITyurree D.

OIIK-1.2, ITK-9.1

3agaua 9. Meerca Mmogens hapMaKOKHHETHKH "ofHa KaMepa C

BHYTPHBeHHEIM BeefeHHeM": C(t) = E exp(—k - t) . DxcIrlepHMeHTaIBHO

HE3MEPCHBI KOHIICHTPAIIMH IIPETIapaTa B KPOEH B MOMCHTEI BPEMCHIL I-E'

OMNHIIHTe IIark 1o olleHKe ITapaMeTpoB V (00LEM pacmpenerreHIsl) H k
(KOHCTaHTAa 3JIMMHHAI[HH) C HCIIONIEL30BaHHeM METO/Ia HaHM eHBIIHX KBaIpaToR.
Kaxk rmpoBepHTE aJleKBaTHOCTh ITOIYUEHHOH MO eITH?

OT1ajgoH orBeta: Illarm: 1) JIorapudmupyem
mopenb: IN(C(2))=In(D)— In(V)— k-t . Oro muHeiHAT MO e
OTHOCHTENLHO rapameTpos In(V) u k. 2) IIprMeHsaeM MHHeHHLIT MeTO

HAaHMeEHBIITHX KBAZIPAaTOB K IIPe00pa3oBaHHBIM JIaHHEIM
(In(C,,, (t;)) OTHOCHTEIEBHO t;) AIIT OLEHKH KO3 HIHEHTOB. 3) [lepexomim

oOpaTHo K nmapameTpaM V u k. J[711 rpoRepKH ajieKBaTHOCTH: a) AHAaII?3
OCTATKOB (pa3zHOCTeH Me KTy MOJEITLHEIMH H SKCTIePHMEHT aJTbHBIMH
3HaueHIsIMH C(1)) — OHH JOIKHEI OBITH CITy4YaiHBEIMH, Oe3 TpeHaa. 0)
BrruricrieHre kos dbramenTa feTepmrHarrm R, B) [IpoBenerme

CTATHCTHUECKHX TECTOB (HAIIpHMep, KpHTEePHIT XH-KBaJpaT Ha COOTBETCTBHE).

1IK-9.3
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r) BimyampHoe cpapHeHHe rpadHKOB MOJTeTH M JaHHEBIX.

10

3agaua 10. MegHIMHCKOMY CcTapTary HEOOXOTHMO pacITpeelnTh
OrpaHHYEHHBIH OI0/KeT Ha MapKeTHHT Me K1V 4 KaHaIaMH ITPOIBH KEHHS.
O¢eKTHBHOCTE KaKI0ro KaHamia (KOJIHUEeCTR O IIPHBIIEUEHHBIX KIIHEHTOB Ha |
py0.) HemMHeHO YOBRIBAET C POCTOM BJIOJKEHHIT. YTIPARIITIOIHIL XOUeT
MAaKCHMIT3HPOBATE 00IIee YMCciIo KIMeHToB. Kak MoXHO ITIpHOIIIKEHHO
CMOEIIHPORATE 3TV 3a/iady Kak 3aJauy JIHHEHHOr 0 IIporpaMMHPOBAHHA !

JTalioH oTBeTa: HemiHeiiHyro GyHKIDmO 3QPEeKTHRHOCTH MOYKHO KYCOUHO-
JIMHEHO aImTIpOKCHMHPORaTh. JIId KaKaoro KaHaia 1 pa30HBaeM BO3MOIKHEI
ITHara30H HHBeCTHIHI Ha HECKOIILKO oTpe3koR. Ha KasK1oM oTpe3Ke | BBOITHM
IIePEMEHHYIO X, ; — CYMMY, HHBECTHPYeMYIO B KaHaI 1 B THAITa30HE ], H

cuntaeM >(ppeKTHBHOCTE e, ; TIOCTOSTHHOI (cpenHeit Ha 5ToM oTpe3Ke). Torma

00I1I[ee UHCIIO KIHEHTOR ~ E E e Xy OrpaHHyeHHs: A7 KaXKIoro
. J
[

1: Z X;; = Max, (Makc. pasyMHas CyMMa [JI KaHaia)

d

H E E x; i = E}Dmﬁfﬂ:. I[DHDJ]HHTEJ]LHD MOZKHO BBECTH OI'PaHHUEHHA,
. i
L

yTOORI IEHEIH B KaHAaJI paclIpedelIsyIich 110 OTpe3KaM IT0CIIe0BaATEIHLHO
(crielHanIbHEIE YITOPSI OUHBAOIIHE OTPaHHYEHHS HIH HCIToIb30BaHHe S(OS2).
[Tomyuaetcs 3amaua JIII.

ITK-9.1, 1IK-9.2

3aaHHu A 1L CaMOCTOSTEIIBHOH PadOTEI

Bomnpoc 1. Kakue cylecTByIOT crioco0bl HAX0XKIEHH HAaUaJIbHOTO Oa3HCHOTO
TOITy CTHMOI'O PellleHIs I CHMITIEKC-MeTO/[a, eCIH 3a/iaya H3HAYaIbHO He
COlep KHT OueBHHOro Oa3mca’

OTalioH oTBeTa: OCHOBHOIT METOJ] — BBEJI€HHe HCKYCCTBEHHBIX ITepeMeHHBIX
(M-Mmeron, 1w MeToy Oompimx mTpadgoB). B xaxoe ypapHeHHe
orpaHHYeHHs, I7le HeT Oa3zHcHoit mepeMenHHoit (¢ KoaddHigieHToM +1),
mo0arIAeTcsa HeOTpHIlaTelIbHAas HCKYCCTBeHHas IlepeMeHHasi. B 1ieleBpyto
(DVHKIQHIO 5TH IIepeMEHHEIE BRBOJSITCS C OUeHb OONBIIMHM Koadg dHimeHToM M
(co 3HaxoM "-" 714 3amaul MaKCHMIT3aI[MH | "+" IJIT MHHHMIT3aI[HH), YTO
rapaHTHpyeT MX BEIXOJ M3 0a3Hca B ONTHMAIbHOM PelleHHH, eCITH HCXOIHAS
3aaua pazpenmma. AJTbTepHaTHRA — ABYX(a3HEIT CHMITTIEKC-METO/, T/Ie Ha
IepBoii haze MHHHMI3HPYETCSI CyMMa HCKYCCTBEHHBIX TTepeMEHHBIX.

1IK-9.1

Bonipoc 2. B uém pazHHIa MexIy 3ajiaueil 0 Ha3HAUCHIIX H TPaHCIIOPTHOH
zamaueii? [Jouemy A1 3aaun 0 HA3HAUEHHAX BEPHO, UTO JIF000€ JOITYyCTHMOE
0a3HCHOe peIleHHe SBJIIETCS BRIPOKIeHHBIM?

IJTaJ0H oTBeTa: TpaHCIIOPTHAA 3ajlaua HMeeT IIPOH3BOJIbHEIE 3aITackl H
1oTpeOHOCTH, a 3a/iaua 0 Ha3HAUEeHHIX — YaCTHBI CITydaii TpaHCIIOpPTHOI, I7e

1IK-9.1
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YICIIO "TIOCTABIIHKOB" (HCITOIHHTeNEH) paBHO uHcITy "moTpedureneii” (padot),
H BCe 3arackel U moTpeOHocTH paBHEI 1. JIroboe gormycrivoe 6a3HCcHOe pelleHHe
3alaud O HasHAUYeHHSX SRIIIETCSA BRIPOIKIEHHBIM, IIOTOMY YTO B

cucreMe m + 1 — 1 = 2Zn — 1 ypaBHeHHit (TIpH m=n) POBHO N ITepeMeHHBIX

OyayT paBHEI 1 (HazHaueHHs), a ocTallbHEIe (211 — 1 — n = n — 1) Ga3ucHBIe

repeMeHHBIe OyayT paBHEI 0. Hamnire HyJIeBBEIX 0a3HCHBIX ITepeMeHHBIX —
TIPH3HAK BBRIPOIKT €HHOCTH.

Bonpoc 3. UTo Takoe "UyBCTBHTENLHEI aHa3" (aHAIM3 HA YCTOHUHBOCTS)
peleHHd 3aJayuH JIMHEeHOr 0 IIPOrpaMMHPOBaHHA H 71 Yero OH IPHMeHAeTCA !

DTaJIOH OTBeTa: 3TO aHAIIM3 TOr'0, KaK H3MEHHTCS OIITHMAILHOE pellleHHe
(Oazmc M 3HaUeHHe IIeJIeROIT (DYHKINH) ITPH HeOONBIIHX H3MEHEHHIX HCXOTHBIX
MAaHHBIX: K09((HITMEHTOB LieneBoit GYHKIMHH (¢;) HITH IIPAaBBIX YacTei

orpanmuenHii (b;). IIprmeHseTcs a1 OIleHKH PHCKOB H YCTOHUHMBOCTH TUIaHA B

YCIIOBHSIX HeollpeelnéHHOCTH. [103BoIser oIpele/IuTh JHaIta30Hbl H3MEeHEHHIT
ITapaMeTPoB, B KOTOPRIX TEKYIMHIT OITTHMAIILHEI O0a3HC 0CTaéTCA HE3MEHHEIM
(MHTepBaJIEI YCTOMUMBOCTH). Ha 0CHOBe 3TOr0 MOJKHO JelIaTh BEIBOJIEI O
KPHTHUYECKHX pecypcax (¢ Y3KHM HHTEPBaIOM YCTOHUHBOCTH ITO &) H

HEKPHTHUYHOCTH TOUHOT'O 3HAHHSA HEKOTOPEIX CTOMMOCTEH (¢ IIHpOKHM
HHTEPRAIIOM II0 r;'}.).

I1IK-9.1, 1IK-9.2

Bornpoc 4. Kakue npenmyInecTBa H Hel OCTAaTKH HMEIOT I'PpaJJHEHTHEIE METO/EI
OIITHMIT3AI[HH TI0 CpaBHEHHIO ¢ Oe3rpaJHeHTHEIMH (HaIlpHMep,
HBOIIFOIHOHHBIMH AJITOPHTMAaMH) B KOHTEKCTe KaTHOPORKH CIIOKHBIX
OHOMEeTHITHHCKHX Mojesefi?

JTaJjgoH oTBeTa: I paguenTHbie MeToabl (HeroTOH, JIM): [Ipemmyimectra:
BBLICOKAS CKOPOCTh CXOIHMOCTH B OKPECTHOCTH MHHHMYMAa

(KBagpaTHUHAas/ IHHelHas), TOUHOCTh. HegocTaTki: TpeOyIOT BEIUHCIIEHHS
rpagHeHTa/TecCHAHA (UTO MOYKET OBITEH CJIOMKHO), MOT'YT CXOJTHTELCI K
TOKaJIbHOMY MHHHMYMY, UYBCTBHT€NIbHEI K HAUaILHOMY

IIPHOIIKeHHIO. DBOJIIHOHHBIe aaropurMsel (I'A): IIpenmyinecrra: He
TpeOyIOT HH(pOPMALHH O IIPOH3BOAHEIX, CIIOCOOHEI HAXOAHTE ITI00 albHEIT
MHHHMYM Ha CJIOKHOM pelbede, yeToMUHBEI K yMy. HegocTaTki: Me/IeHHas
CKOPOCTE CXOIHMOCTH (TpeOyIOT MHOI'O BEIUHCIIEHHI (DVHKIQHI), MeHee
TOUHEIH HTOTOBEII OTBeT. B KammOpoRKe Mojlerneit 4acTo HCIOIB3YIOT THOPHT:
['A nsa rpydoro rimo0ansHOro IToHCKa, 3aTeM I'paJHeHTHEIH MeTO]T ITTs TOUHOMH
TTOB OJTKHL.

ITK-9.3

Bomnpoc 5. [IpureguTe mpuMep MeTHITMHCKOI 3a/Taul, KOTOpas €CTeCTBEeHHBIM
oOpazom popMmymHpyeTcs KaK 3ajjaua MHOTOKPHTEPHAIILHOI OITTHMIT3aI[HH.
Kak MeToj1 B3BeIHMBaHHA KPHTEPHER ITO3BOIIIET ITOIyUYHTE [lapeTo-dpoHT?

OTaJioH oTBeTa: [IprMep: IITaHHpOBaHIe JTyuepoit Teparmi. KpurepmHi:
MAaKCHMI3AI[H J03BI B OITyX0JH (3(p(peKTHRHOCTE ) H MHHHMI3AIIH 10351 B
3OPOBEIX TKAHAX (0e30rmacHOCTE). MeToy B3BelTHBaHHA: (POPMHpPYeETCS

CKaJsIpHAs LeleBast QyHKns F = wy - [—Dm,,:m,;:] T W5 - Doropenres

[IK-9.2
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rme w, , w, =0 - BecCa, OTpaaloIllHEe BEA K KHOCTE KPHTCPHER. Mensisa

COOTHOIIIEHHE BeCOB (HAIPHUMep, W / W) H pelras 3ajauy OITHMH3AIHH JIJIT

KaXxIoro Habopa BeCcOB, ITOIYYArOT pa3IHUHEIe TOUKH Ha [lapeTo-¢poHTe.
HemoctaTtok MeTomga: MoKeT "IpoITycKaThk' TOUKH HAa HEBBINMYKIIEIX YUACTKaX
[IapeTto-dponTa.

3agaua 1. Ucrtome3ysa Python n 0ubmorekxy SciPy (Mogyis scipy.optimize),
HAITHIITHT e KOJT 71 PellleHHs CIIe[ IO et 3 a1 auH:
MaKCHMI3HPORATh £ = 44X + 3V IIpH

orpaHHueHHIX: 2x + vy = 20, x + 2y < 20; x, v = 0. Hafigure

OITTHMAJIEHEIC SHAYCHIA IICPEMEHHEIX H IICTICE OH @}TIICLH{H.

JTaJIOH OTBeTa (TIpUMep Koaa):

python <br>from scipy.optimize import linprog <br># 3agaua Ha MHHHMH3ALHIO, [TO3TOMY
K03 (p(HLIHEHTHI LieneBoH (PYHKIIHH OepéM ¢ OTpHIIATENbHBIM 3HaKOM <br>c =[-4, -3]
<br=A =[[2, 1], [1., 2]] <br=b =[20, 20] <br>x_bounds = (0, None) <br>y bounds = (0,
None) <br>result = linprog(c, A ub=A, b ub=b, bounds=x bounds, y_bounds],
method="highs") <br>print('OnmrmanbHbie 3HaueHH::', result.x) <br=print('MakcHMaIbHOE
3HaueHHe Z:', -result.fun) <br>

Ozxknpgaemblil pesyabTaT: OINTHMAIIBLHOE
perreHe: X = 6.67,y = 6.67, £ = 46.67.

I1TK-9.1

3anaua 2. HMcenemoraTenns Xouer HD,I[DGPH,TL ITapaMeTpPEI a H b MO eI
K
ltexpi—a(t—b))

JIOTHCTHYECKOT 0 pocTa oIyxomH ¥ (t) = , UTOOBI HAMITYUIITHM

DGPH’E OM COOTBETCTEORBATE SKCIICPHMCHT AJIEHBEIM TaHHBIM. Hp COJIOIITC
KOHEKPETHYH IEIICB VIO (b}THﬂHﬂD AT MIHMI3 Al H OIDMIIHT €., KaK MOMKHO

peaH3oBaTh 5TV MOATOHKY C ITOMOIILI0 (DYHKIMH curve fit 13 SciPy.

OTalioH oTBeTa: [[eneras pyHKIHA — CyMMa KBaJpaToR

oTkitoHen it X (V, (taa, &) — Voo, (t;))". Peammmsars:

nodel

python <br=import numpy as np <br=from scipy.optimize import curve fit <br>def
logistic_model(t, a, b, K): <br=return K / (1 + np.exp(-a * (t - b))) <br>#t data, V data -
MAaCCHBBI 3KCITEpHMeEHTaIBHbIX JaHHbIX <br># K MokHOo mHb0 (pHKCHP 0BaTh, THOO
OLIEHHBATh KakK napameTtp <br=>p0 =[0.1, 10, 100] # HauanpHOoe NMpHOMLKeHHe A [a, b, K]
<br>params opt, params cov=curve fit(logistic model, t data, V data, pO=p0)

<br>a opt, b _opt, K opt =params_opt <br>

OyHrIp curve_fit perraeT 3agady HeITHHEHHOT0 MeTOa HaHMEHBIIIHX
KBaJIpaToB.

[1K-9.3

3anauga 3. [TlomMKIIMHHUKA JOIKHA OTIPEIEeTHTh OITTHMAThHOe KOJIHUECTRO
TAJIOHOB K TPEM CITel[HaINCTaM (TepalleBT, KapHOJIOr, HERPOJIOT) Ha Helello.
I13BecTHEI cpeqHee BpeMs IIpHEMA, TIOTOK ITAI[HEHTOR H IITpadEl 3a
TIepeHaIrparjIeHHe K IPyruM crielHamcraM. Kak MoKHO HCITOJIB30BaTh
TPaHCIIOPTHYIO MOJIeNTh A1 3Toft 3amaun? OrmimTe, KTo OyaeT
"TIocTaRIMKaMH", a KTO — "1oTpedHTesIMH" B TaKOit MOJI €JTH.

JTaJoH oTBeTa: "llocTaBImHKaMH" MOKHO CUHTATE ITOTOKH ITAIHEHTOR C
IIpeIBapHUTeIFHBIMH JHATHO3AMH HIIH H3 OITpee/IEHHBIX HCTOUHHKOB
(yuactkop). "IloTpebHTemsavi" — BpeMeHHEIE CIIOTEI IIPHEMA Y KaXKI 0TI 0

ITK-9.1, I1IK-9.2
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CITEIHAIHCTA (FIIH CAMH CITEI[HAJIHCTRI, €CIIH BpeMs ITPHEMa YHH(HITHPOBAHO ).
CTOMMOCTE "TIepeBO3KH" ¢ OymeT KomOHHaITHeit BpeMeHH/3(p(peKTHBHOCTH

ITpHéMa MaIfHeHTa JaHHOT0 THITAa TaHHBIM CIIEIHAIIMCTOM H miTpada 3a
HEeCOOTBETCTRHe. AIILTEPHATHBHO, IMTOCTABIIHKH — Yackl pabOTEI CITEI[HAIIICT OB,
IOTpeOHTENH — KaTeTOPHH TMAI[HEHTOINIOTOKOB. [[eIh — MHHHMIT3HPOBRaTh
CyMMapHEIe "3 ep KK HEOIITHMAILHOTI'O paciipefierieHHs. Tpedyercs
aJaIITHPOBATh KJIACCHUECKYIO0 TPAHCIIOPTHYIO 3a4auy, BO3MOKHO, C
IOTIOJTHUTEILHBIMH OTPaHHYEHSMH.

3agaua 4. J[71a 3agaun 13 BoImpoca 7 caMOCTOSTeNIbHOI paboThI (aHAIII?
YCTOHUHMBOCTH) ITPEAIIONO0KHM, UTO KO3 (HITHEHT IIPHOBUTH OT ITPOoAyKTa X1
(c1=3) moxeT Konebarrsca. Kak, He pelrras 3agauy 3aHOBO, OITPEeIHTE
THara3oH H3MeHEeHHs ¢ 1, ITpH KOTOPOM ONTHMAILHBIT ITTaH ITIPOH3BOJICTRA
(x1=2, x2=6) ocTaHeTCca HEH3MEHHEIM?

JTaJ0H OTBeTa: I[JIH COXpPaHCHIHA OIITHMAJIEHOI'O Oaszmca HEDGKDI[I*H\*ID: YTOOEI
OLIEHEI] BCEX HeOa3HCHEIX TICPEMEHHEIX OCTABAIINCE HETIOJIO A TCIIEHEIMI (,I[JIH
3a/1auri MHKCIMTRHLHH{). 13MeHeHHe £y BIOIAET Ha OLIEHKH HeOa3HCHBIX

IlepeMeHHEBIX, KOTOPEIE B TeKYIIeM Oa3Hce SBIITIOTCSI OcTaToUHBEIMH (slack)
TTepeMEeHHBIMH I aKTHBHBLIX orpaHiueHHi. Hy kHo 3armicaTh yCIOBHA

HETIOTI0KHTEITFHOCTH STHX OI[EHOK Uepe3 HOBBIT ImapaMeTp ¢ . Permas
TI0JIyUYeHHbIe HepaBeHCTBA, HaIEM HHTepBaJl [’31:.:-“-5;-' r:luwm.]. KoHkpeTHEIE
3HAUEHHs HAXOAATCA H3 JIBOHCTBEHHBIX COOTHOIIIEHHIT: ONITHMAaJIbHEIEe

B OIICTREHHEIE TIepeMeHHBIe ¥ OCTA0TCH, a YCIIOBHE JOITOIHSTOI el
HEe)KeCTKOCTH JaéT CBA3b. B maHHOM IipHMepe, IIpH H3MeHEeHHH C,,

B OIiCTBEHHOE orpaHHueHHe A7 X1 (KoTopoe B 0a3Hce) CTaHET paBeHCTBOM, a
711 HeOa3HCHBIX — HepaBeHCTBaMH. PelllHE cHCcTeMy, MOJKHO HaifTH HHTepBall
(HammprmMep, ot 2.5 10 5).

1IK-9.1

10

3agaua 5. IIpu pa3zpaboTke HOBOIO JHATHOCTHYECKOI'0 KOMIUIEKCA HY JKHO
BLIOpATEL OJHH M3 TPEX alTOPHTIMOB 00padoTKH m300pakeHtii (A, B, C) no
IBYM KPHTEPHIM: TOUHOCTEL (MAaKCHMH3HPORATH) H BpeMs 00pad oTKH
(vzrvorsHporath). OneHkH: A(0.95, 2¢), B(0.98, 5¢), C(0.90, 1¢). IlocTpoiire
MHOKecTBO [lapeTo-onTHMaIsHEIX perreHHii. Kakoe perrerre OygeT BEIOpaHO
10 METOAY HAealnbHOH ToukH, eciH Haean — (1.0, Oc)? Hcnoms3yiiTe

EBKIIHIOBY METPHKY.

JTaJjgoH oTBeTa: IlapeTo-onmruManbHbIe pemeHus: CpapHieaeM A H B: B
JIyUIIIe 10 TOYHOCTH, HO XyJKe IT0 BpeMeHH. HH 0THO He JOMHHHPYET IPYIroe.
CpaBHrBaeM A H C: A JIydille 110 TOUHOCTH H XVKe IT0 BpeMeHH. HH ogHO He
moMHHHpYeT. CpaBHHBaeM B u C: B myurme 1o TOUHOCTH, HO XYK€ TI0
BpeMeHH. Bce TpH peleHHs ABIIaroTcA [lapeTo-onTHMaIbEHEIMH, TaK KAk I
KaXXI0I0 HAaHI €TcA KpUTEePHii, IT0 KOTOPOMY OHO JIyulle apyroro. Metona
naeanabHoil Touku (1.0, 0): BerumcmiM paccTosHIA 10 Haeana
(IIpegRapHTeILHO HOPMHPOBAB KPHTEPHH, HATIPHMeEp, Pa3lellHB TOUYHOCTE Ha 1,
a BpeMs Ha 5, HIIH HCIIOIB3 YA MAaHX3TTeHCKOe PacCTOSHIE AT IIPOCTOTHL). [IpHn
Erxmmopoit MmeTpHKe Oe3

1IK-9.2
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HopMupoexi: d, = ,/(0.05)% + (2)* ¥ 2.0006;
dg = ,/(0.02)* + (5)* & 5.0000; d, =,/(0.10)*+ (1)* & 1.005.

MurrmvamsHoe PaCCTOMHIEC ¥V PCIIICHIA C. O,[[HHI{D 3TO IIOKASBEIBACT HEJOCTATOK

MeToa 0€3 HOPMHPOBKH — BpeMsI JOMHHHpYyeT. C HOPMHPOBKO# (HarrpuMep,
IeJIMM OTKJIOHeHHe IT0 TOUHOCTH Ha 0.1, 1o BpeMeHH Ha 5) pe3yiIbTaT MOKET
H3M EeHHTECH.

Tema 3 «HenmnHenHasa H MHOTOKPHTEPHAIbHAS OIITHMI3AL[HIS)

ITpoBepsieMbie xkomrieTeHIIHH H UK (koxmsr), (hopMHpyeMble ITPH H3YyYeHHH TeMbI: iepedyeHb OITK-1.3, TIK-
9.1, I[IK-9.2, TIK-9.3

KGHTPGHLHBIE BOIIPOCHI ITO TEME.

Ne i/

JagaHue

IIpoBepsieMmbIe
HJIK

Bomnipoc 1. Ormormite o01yI0 cXeMy HTepaTHBHBEIX METO 0B Oe3yCIIoBHOI
OITTHMI3AI[HH. YTO TaKoe CKOPOCTE CXOJAHMOCTH MEeTOa H KaKHe THIIBI
CXOIHMOCTH (JIMHeiiHasd, KBaJipaTHYHas1) BEI 3HaeTe?

JTagaoH orBera: O0IIasa cxeMa: x,,, = X, + &, * P, I7e X, — TeKyllee
IIPHOIIIKeHHe, P, — HaIlpaBJIeHHe JIBHIKeHI (HaIlpHMep,

aHTHTPAIHEHT), ¢, = 0 — permiHa mara. CKOPOCTh CXOIHMOCTH
XapaKTePH3YeT, KaK OBICTPO IOCIIeOBATEIBLHOCTE {X . } TIPHOIIDKAETCS K
pemerzo X . JIuHetHas cxoguMocTh: || Xy —x° I€ o[l 2, — x|,

rre 0 < ¢ < 1. Keagparruras cxogpmocts: || xp oy — x° 1€ C [l x,, —x° -,

rne C = 0. KpagpaTHUHAs CXOIHMOCTE OBRICTpee JIHHEHHOH.

OIIK-1.2, ITK-9.1

Bomnipoc 2. B uéMm 3aximouaeTcs M e IpaJHEeHTHOIO MeToa (MeToja
HANCKOPeHIIIero cIrycka) At MEHHMI3alrH gyskrpm f(x)? Kak BeiOHpaeTcs

HAIIPpABJICHHE H IIal' B KIIACCHYCCKOM BapPHAHT e?

OTaJloH oTBeTa: Mnes: MBIDKeHHe B HallpaRIIeHHH HaHCKOpeiinero yorIBaHHA
(QyHKIIMI, KOTOpOe 3afaéTcs aHTHIpagHeHToM —V [ (x, ).

Hamparnenwe: p, = —Vf(x, ). Ilar @, MokeT BRIOHPATHCS OTHHM H3
criocobor: 1) ITocrosumsri (prxcHporaHHsLi). 2) Hanckoperiomt

CIycK: ¢, = argmin ., f(x, + ap,) . 3) Merox npobnerns (backtracking),

YTOOKI BRITIOHSIIOCE YCIIOBHE JOCTATOYHOI'0 VORIBAHHA (HAITPHMED, YCIIOBHE
ApMHXO0).

I1IK-9.1, IIK-9.3

Bomnpoc 3. 3armmnmre dopmyiy a1 ogHoro 1mara Meroga HeroToHa

MHHHMI3AIHH GYHKIHH [ (% ). B 4éM ero oCHOBHOE MPEHMYIIIECTBO H

HEIOCTATOK IIO CPABHCHIID C I'PadHCHTHEIM CH}FCI{DM?

IIK-9.1, IIK-9.3
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StaoH oTBeTa: Lllar MeToxa HeroToHa: X,., = X, — [V2F(x, )] 1 VF(x, ),
rae V- f(x,) — reccuan (MaTpHIIa BTOPHIX MPOM3BOIHEIX). [IpeHMYIIeCTRO:

KBadpPaTHYHAA CKOPOCTE CXOTHMOCTH B OKPECTHOCTH PCIICHHA. HEI[DCTHTICHZ

HED'SKD,[[IE{[DCTL BEIYHCIICHITA H DGPHI[[EI—[[H I'eCCHaHa Ha EaEKA0M Iare
(ELIIH{CJ'H{T €JIEHO ,I[DPDI‘D):. CXOOHMOCTE TOJIEKO IIPH XOPOIIEM HaYalIbHOM
l'[pHGJ]H}I{EI{[{H: MOJKeT CXOOHTECA K CEIJIOBOH TOUKeE.

Bomnipoc 5. B uéM ocHOBHAas Hjies MeTOAOB IITpadpHLIX (PYHKIHIT IJ1I pellleHHs
3aay YCIIOBHOI onTrMusarpH min f (x), x € D | roe D — MHOXKECTBO

OrpaHHYeHHIT!

OTalloH oTBeTa: e rmpeobpazoBaTs HCXOTHYIO 3a/lauy C OrpaHHUYEHHIMH B
ITOCIIel OBAaT€ILHOCTE 3a7au 0e3yCIIOBHOH OITTHMIT3AIHIL 100aBHB K IIeJIeBOii
(byYHKIH mTpad 3a HapyIlleHHe orpaHryeHmii. CTpouTces mrpadHas

yrxiwst P(x ), KoTopast paBHA HYIFO IIpH X € [ M monoskuTensHa mpu X & 0.
3aTeM MHHHMI3HPYeETC BCIIOMOTraTelThbHAs

byuxrma @(x, 1) = f(x) +p - P(x), rome ¢ = 0 —mmapamerp 1urpada.

[Ipu p — oo pemenne 3agaun §(x, ) CTPEMHTCS K PENEHHIO HCXOTHOI

3 auH.

ITK-9.1, T1IK-9.3

Bomnpoc 6. /laiite ommpegenenrrie [lapeTo-onTHMaIEHOCTH AJIA 3aauH
MHOTOKPHT € pHAIILHOTH
orrreverzari N (fy (%), fa(x)evees [, (X)) mpu x € D. Yto Takoe Ilapero-

dbpont?

DtanoHn oTeeTa: Touka x* € [ HaseiBaeTcs ITapeTo-onTHMAaILHOI, €CITH He
CYyILIECTBYET APYyroit ToukH x € D Takoit, uto f,(x) < f.(x7) gna
Bcex i = 1,...,™ H X0T4 OBI JISI OMHOTO J BEITIOITHIETCS CTPOroe

HepaBeHCTBO f,(x) =< f;(x"). llapeTo-ppoHT — 5TO MHOXeCTBO 3HAUSHHH

I[eTIeBBIX (PYHKIHIT BcexX [IapeTo-onTHMaTEHEIX TOUEK B ITPOCTPAHCTRE
xkpurepres B™: {1 (x )., f, (™)) | x* — [lapero-onTeManeHa},

1IK-9.2

Bonpoc 7. Oroimire MeTo[T B3BeIIeHHOH CYMMBI 111 CKAILIPH3al[HH
MHOTOKPHT€pHAILHOMH 3agaun. KaKoBEI ero orpaHH4YeHH:?

OTajoH oTBeTa: MeTop: 3agaroT Beca W. = (1, }w. = 1, H MHHHMI3HPYIOT

B3BEIEHHYIO CYMMY KpPHTEpHER: Iin ., 272, w, - f:(x) . Menss Beca,
TIOJTYYalOT pa3IHuHbIe TOUKH [lapeTo-¢gponra. Orpanuuenus: 1) He
IT03BOJIsIET HAXOHUTh TOUKH HA HEBLOTVKITRIX yuacTkax [lapero-dponra. 2)
PapHOMepHOe H3MeHeHHe BeCOB He TapaHTHPYET PaBHOMEPHOT'O ITOKPLITHA
(bponra. 3) Beibop BecoB cyOLEKTHRBEH.

1IK-9.2

Bomnipoc 9. Ormimre 0CHOBHEIE 3TAITEl MeToa aHama Hepapxuii (AHP) na
TIOJJTEe P KKH TTPHHATHA pellleHHii. UTo Takoe MaTpHIla TIOTIAPHBIX CPpaBHEeHHI H
KaK H3 Heé IT0IIy4YaroT Beca KpHTepHeR?!

OTalioH oTBeTa: OCHOBHEBIE ATAILI: 1) CTPYKTYypHpOBaHHe ITPpo0JIeMEI B BHIE

1IK-9.2
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HepapxXHH (11eJ1b, KPHTEePHH, albTepHaTHREI). 2) [lonmapHoe cpapHeHHe
5JIEMEHTOB KaXJ[0T0 YPOBHSA OTHOCHTEIIHHO HII€MEHTA BLIIIECTOSIIETO YPOBHA C
HCITONL30BaHHeM IIKAIEI 0T 1 (paBHAs BajkKHOCTE) 10 9 (abcomoTHas
BKHOCTB). Pe3ynbTaT — MaTpPHIIBI IIOMIAPHEIX CpaBHeHMH A = (a, ),

rae a; &~ w;/w;. 3) [t ka0 MaTPHITE! BEIYHCIIIETCS BEKTOP IIPHOPHTETOB

j
(BecOB) W, KaK COOCTBEeHHEII T BEKTOP, COOTBETCTBYIOIIHIT MaKCHMATTLHOMY

CAw = A w. 4) IIpoBepka corinacoBaHHOCTH

meax FFLaSE

COOCTBEHHOMY YHCITY A

(pacuét nHgexca CI i oTHoIeHH: coritacoBaHHOCTH CR). 5) CHures
r1100aIEHEIX IMMPHOPHTETOB allbTePHATHE .

Bomnpoc 10. Kakorsr ocHOBHEIe 11ard Merofa TOPSIS mia parkipopaHis
alTbTePHATHB 10 HeCKOJIBKHM KPHT epHsIM?

OTajioH oTBeTa: 1) [locTpoeHrie HopMamIr30BaHHOI T MATPHITLI PeITeHHIT
(HOpMHpOBKA OIeHOK allbTepPHATHB IT0 KpHTepHsM ). 2) ITocTpoeHHe
B3BellleHHOIT HOpMAaJTII30BaHHOH MaTpHIfEI (YMHOKeHHe Ha Beca KpHTepHER). 3)
OrnpeperieHne HealbHOIo MonokHTembHoro (PIS) 1 HaeamsHOro
orpHiaTebHOro (NIS) pemenrii. PIS cocToHT M3 JIyUIIIMX 3HAYEHHIT 110
KaKIOMY KPHTEPHIO (MHHHMYMOR JIJIS 3aTPaTHBIX, MAKCHMYMOR JTJIS
1oJIe3HEIX ), NIS — 13 xyaumix. 4) PacuéT paccTosHibi oT KaxKIoit
anbTepHaTHREL 10 PIS 1 NIS (00BIurHO eBKIIHAO0BO paccToAHHE). 5) Pacuér
OTHOCHTEILHOIT OIM30CTH KAk 0it albTepHATHREI K HIealIbHOMY

pemenmto: €, = d.' /(d" + d""*). 6) ParxupoBaHye ambTepHATHE TI0

yOBRIBaHHIO ;.

1IK-9.2

CHT‘_’;*'&I_[IIGHI{BIE 3ad4a9H 110 TCME:

Ne /11

CHTyal[MOHHAs 3aj]a4ya

IIporepsemeie
K

agaua 1. {1 pyrxapm f(x) = ¥ <+ 4X; BLOIOIHHTE OJHY HTEPALHIO METO/A
HAHCKOPEHILIero CITyCKa, HAUHHAS € TOUKH Xy = [l,ljr. Hcnonk3yiiTe TOUHBIH

OSHOMEPHEIT ITOHCK Iara (MHHHMIBHpYiiTe f(xy — aV f(x,) ) mo ).

SrtanoH orBera: 'paguent: Vf(x) = (2x,, 8x.)". B

Touke xp: VF(x5) = (2,8)". Hampasnerme: py, = —VfF(x,) = (—2,—8)".
Touxa Ha Tyue: X, + ap, = (1 — 2a,1 — 8a)’. [TogcrarmsieM

B f: fla) =(1—2a)’+ 4(1—8a). Haxonum

ITPOH3BOTHYIO:

fila)=2(1 —2a)(—2)+ 8(1 — 8a)(—8) = —4(1 — 2a) — 64(1 —8a) =
5200 — 68

. [Ipuparurpaem k Hymo: 220 — 68 = 0,

oTKyAa ag — 68/520= 17/130~* 0.1308. Horas

TOYEA:

IIK-9.1, IIK-9.3
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x, =(1—2=(17/130),1— 8= (17/130)) = (1 —34,/130,1 — 136/130)
(48/65,—3/65) & (0.7385,—0.04615)

3agaua 2. /{11 3agayi MHHIMIT3A1[HH
byrxrpm fF(x) = (x, — 2)* + (x; — 2x5)° BHITIONHHTE OJHY HTEePAIHIO

meTofa Her0TOHA 13 HavamsHoit Touxw x5 = (0,0)7

JTaJoH oTBeTa: BrIUHCIIIEM I'padfHEHT H

_ (Ax — 207 4+ 2(x, — 2x,)
reccHal. Vi(x) = ( _a(x, — 2x.) )

V3f(x) = (12(11 :f)f + 2 —;}_ R

Ho8) 20~ 0)) _ (=32)

Touke Xy = (0,0): Vf(x,) = [ —4(0— 0) 0

?:f(xﬂjz(iziq:q:_l‘z —;Jz(fli —;

MaTpHIIA:
(P2 (x0))7" =

HrroToHa:

). ObpartHas

4 50/

1 {E 4} 1 {E 4 (E;“EBdL 4/384

s00-16 \4 50/ 4/384 50{354)' Har

S84

1. (8/384 4/384\,;—32\ [(8/384)%32\ (2
dx = —(V7f) vf__(a:fzast 5n;354){ 32]_((4;354]#32)_(1

Hopas touxa: x, = x, + Ax = (2/3,1/3)"

I1IK-9.1, [IK-9.3

3agada 3. PaccMoTpHTe 3aqady VCIIOBHOIA

ONTHMI3AIHH: min f(x) = :rf + :rg IIPH OTPaHHYEeHHH X, + X, = 1.
SarmnuTe mWTpadHyo (PYHKIHIO KBaJpaTHUHOIO ITpada a1 mpeodpa3opaHd
9TOI 3agauH B 0€3YCIIOBHYIO.

DTalloH oTBeTa: BeenéM mtpad 3a HapyIeHHe

orpannueHHs g(x) = 1 — x; — x, < 0. OYHKIMI KBaIPaTHUHOTO
mrrpada; P(x) = (max{0, g(x)})* = (max{0,1 — x, — x,})* . Torna
BCITOMOTraTeTbHAS (PYHKI[H 151

vpmronamns Q(x, p) = x; + x5+ p (max{0,1 —x, —x, )",

rae g == 0 — mmapaMeTp mrpada.

IIK-9.1, IIK-9.3

3agaua 4. IIpH roTaHHpOBaHHH XHMHOTEPaITHH PacCMaTPHBAIOTCS IBE IieJIeBEIe
qyHxiHE: f, — oTpHIATEeNbHAST 3PPEeKTHBHOCT (MHHHMH3HPOBATS), fo —

TOKCHYHOCTh (MHHHMH3HPOBATE). {719 TPEX CXeM JIeUeHHT TOTyYeHEI
ycpenHéHHEIe olleHKH: Cxema A: (0.8, 0.4), Cxema B: (0.5, 0.7), Cxema C: (0.9,
0.3). OnpenermiTe, KaKHe CXeMBI SBIITIOTCA [apeTo-onTHMaTbHEIMIM, H

300 pazuTe MpHMepHELi [lapeTo-dpoHT.

JTaJoH oTBeTa: CpaBHHBaeM CXeMBI ITorapHo. A ve B: A XyxKe 110
s¢dextneHocTH (0.8 > 0.5) 1 myurie 110 TOKCHUHOCTH (0.4 < 0.7) — HI ofTHA He
ToMHHHpYeT Apyryio. A vs C: C xyke 1o spdexrrrHocTH (0.9 > 0.8) M myure

I1TK-9.2

45




110 TokcHuHOCTH (0.3 < 0.4) — H1 ogHa He goMmuHHpyeT. B vs C: C xXyKe 110
sddextneHoCcTH (0.9 > 0.5) M myurie 1o ToKCHUHOCTH (0.3 < 0.7) — HM ofHa He
TOMHHHpYeT. Takrm o0pa3oM, Bce TPH CXeMEI sSBIsroTes ITapeTo-
ONITHMAILHBIMH, TaK KaK HET SBRHOT0 JOMHHHpoBaHHA. [lapero-dpoHT Oyger
COCTOATE M3 TpéX Touek (0.5,0.7), (0.8,0.4), (0.9,0.3) B xoopmuHarax ({1, 12).
OH OymeT mMeTh (pOpMY «JIeCEeHKH», HaITlpaBJIEHHOIT BHH3 H BII€BO (ITOCKOIBKY
o0a KpHTepHsI MHHHMITZHPYIOTC).

3agaua 5. J[1a 3amaun 13 nipeapiayieii 3agaun (cxeMsl A, B, C) mprmeHmTe
METO]I, B3BEIIIeHHOIT CYMMBI JIJIS TTOJIYUEHHS KOMITPOMHCCHOTO pelleHH. IIycTh

Bec s3pdexTHBHOCTH Wy = 0.7, Bec TOKCHUHOCTH w, = 0.3. Brrumcrmre

B3BENIEHHYI0 CYMMY JITII KK 0 cXeMBI H BRIOEPHTE HAIITYUIIIYIO.

JTajJoH oTBeTa: B3pellleHHas cymma: 5 = wy - f; + wy + o, Jlia
A5, =07+084+03+04=056+4+0.12=0.68. Ina
B:5;=07*0.5+03*0.7 =035+ 0.21 = 0.56. iz
C.:5-=07%#0.9+03+0.3=0.63 +0.09 = 0.72. MuuHMaIbHas

B3BeleHHas cyMMa y cxeMbl B (0.56), 3HaUMT, 10 JaHHOMY B3BEITHBAHHIO
BBLIOHpaeTcsa cxema B.

I1TK-9.2

3agaua 6. ]I 3amaun BEIOOpa ITpeltapara 13 Tpéx ampTepHaTHR (X, Y, Z) 110
KpHTepHsM «D(PpPpekTHEBHOCTE» (MAaKCHMH3IHPOBATh) H «CTOHMMOCTE Kypcay
(MHHHMIT3HPOBATH ) SKCIIEPTOM COCTaBJIeHAa MaTpPHIA ITOTTAPHEIX CPpaBHEHHIT IS
KPHTepPHEB OTHOCHTEILHO I[eTTH « BEIOOp ONTHMAaNMRHOTO IIperapara:
S¢dexrnrHocTs vs CTOHMOCTE: 3 (3(ppeKTHBHOCTE YMEPEHHO BasKHee
CTOHMOCTH).

[TocTpoiiTe MaTpHITy MOINAPHEIX CpaBHEHHIT H OI[eHHTE BEKTOP BECOB
KPHTEPHER METOJIOM CPETHET0 TeOMeTPHUECKOTO.

OTaaoH orBeTa: Matpria A pazmepoMm 2x2. Kpurepmit 1 — 3¢ dheKTHRHOCTE,

kpurepHii 2 — Ctommocts. [lo ycrmormro: @y, = 3 (BaxkHocTs 1 Hax 2).
1 3

1/3 1

CpeHero reoMeTpHYeCKOro: BEIUHCIIHM I'eOMeTpHUeCKOe CpeTHee JIJI KajK Ot

CTPOKH: 1] = Vi=3=y3~1732 r, = ":,'*f[l,.IE] 1 = Jl—ﬁ}% 0.577.

Cyvma: 1.732 + 0.277 = 2.309.

Beca: w, = 1.732/2.309 ~ 0.75, w, = 0.577/2.309 & 0.25. Taxim

Torma sy = 1/3. Ha quaronamm 1. Matpmia: 4 = ( ) Meton

oOpazoM, Bec 3pdexTHBHOCTH = 0.75, Bec cTomMocTH = (.25,

1IK-9.2

3agaua 7. Ucntomp3ysa metog TOPSIS, Be1bepHTe JIyUllyIo albTePHATHRY H3
TPEX BApHAHTOR METHIHHCKOI0 000V OBAHH IT0 JBYM KPHTEPHSIM:
«TouHOCTE» (MaKCHMIT3HPORATh, Bec 0.6) 1 «I]eHa» (MHHIMIT3HPOBATE, BEC
0.4). Hanuwie: O6opymoranne 1: (95%, 200), Obopymorante 2: (80%, 150),
OGopymoranne 3: (90%, 180).

OTajioH oTBeTa: 1) HopMammzyeMm MarpHIly (HCIIOIB3YeM eBKIHIORY HOPMY ).
BekTopr! 3HaueHwHit: o TouHoctH (95, 80, 90), mo mene (200, 150, 180).

1IK-9.2
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HopMer:
Y952 L 80% + 902 = /9025 + 6400 + 8100 = /23525 & 153.38.

V2002 + 1502 + 180% = /40000 + 22500 + 32400 = /94900 ~ 308.06
. Hopmam3 opaHHass MaTpHIfA:

O1: (95/153.38, 200/308.06) = (0.619, 0.649)

O2: (80/153.38, 150/308.06) = (0.521, 0.487)

03: (90/153.38, 180/308.06) = (0.587, 0.584).

2) BapenmBaeM: yMHOKaeM IepBrIi cTondel Ha 0.6, BTopoii Ha 0.4.
Ilomyuaem:

O1: (0.371, 0.260)

02:(0.313,0.195)

03: (0.352, 0.234).

3) UpeampHeie pemrenss: PIS = (max 1o TouHocTH, min 1o IeHe) = (0.371,
0.195), NIS = (min mmo TourHocTH, max 1o 1eHe) = (0.313, 0.260).

4) PaccTosHIA 10

PIS: di® = /(0371— 0.371)% + (0.260 — 0.195)% = 0.065;

ds” = /(0313 —-0.371)% + (0.195— 0.195)% = 0.058;
dfs = /(0352 -0371)7 + (0.234— 0.195)% = /0.000361 + 0.001521

PaccTosriisa mo

NIS: di"® = /(0.371 —0.313)% 4 (0.260 — 0.260)> = 0.058

M = /(0313 —0.313)2 + (0.195 — 0.260)* = 0.065;

dy™ = ,/(0.352 —0.313)% 4 (0.234 — 0.260)% = V0.001521 + 0.000676
5)
Brooctw: €, = 0.058/(0.065 + 0.058) = 0.058/0.123 ~ 0.472;

€, = 0.065/(0.053+ 0.065) = 0.065,/0.123 &~ 0.528,
C, = 0.0469/(0.0434 + 0.0469) = 0.0469/0.0903 &~ 0.519.

6) Parxmporarme: C, = C; = C,. JIyummas amsTepHatHBa — Obopymosarntie 2.

3agaua 8. Harmommte pparment koga Ha Python ¢ nenmons3opanmem
onOmoTekH Sc1Py, KoTopei peaymzyeT MHHHM3AIIEO ()YHKIHH
Pozentpoxa f(x) = 100(x, —x{)° + (1 — x4)” MeToOM IpaHEHTHOTO
CITyCKA C ITOCTOSHHEIM ImaroM « = 0.001 u KpHTepHEM OCTAHOBKH IT0 HOpPMeE

rpagHeHTta < 0.01.

JTaJIOH OTBETA:

python <br=mmport numpy as np <br>def rosenbrock(x): <br> return 100*(x[1] -
X[0]**2)**2 + (1 - x[0])**2 <br>def grad rosenbrock(x): <br> dfdx1 = -400*x[ 0] *(x[1] -
x[0]**2) - 2*%(1 - x[0]) <br> dfdx2 = 200*(x[1] - x[0]**2) <br> return np. array (] dfdxl1,
dfdx2]) <br>x =np.array([-1.5, 2.0]) #HauanrHasA Touka <br>alpha = 0.001 <br>eps = 0.01
<br>max_iter = 10000 <br>for 1 in range(max_iter): <br> g = grad rosenbrock(x) <br> if
np.linalg norm(g) < eps: <br> break <br> x=x - alpha * g <br>print(" OnmrmanbHas
Touka:", X) <br=print("3HaueHHe ¢yHKIpH:", rosenbrock(x)) <br=prmt("Hopma
rpagHeHTa:"”, np.linalg.norm(grad rosenbrock(x))) <br>

ITK-9.1, T1IK-9.3
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3agaua 9. [Ipx xamHOporKe mapaMeTpoB ¢papMaKOKHHETHYECKOH MOJTEITH
He0OXO0IHMO MHHHMH3HPOBAThE CYMMY KBaJpaToB OTKIIOHEHHIT ITPH YCIOBHH,
YTO IapaMeTphl (KOHCTAHTEI CKOPOCTH) HEOTPHIATENLHEL Kakoit MeTo
YCIIOBHOH ONITHMH3AIHH 13 OHOMMoTeKH S c1Py BEI OBI HCITONMB30BAIH H
rouemy? [IpHBeguTe IIprMep BEIZ0BA (PYHKIIII.

DTaJoH oTBeTa: J[1I 3a7aul ¢ OrpaHHUYeHHIMH-HepapeHCTBaMH (bounds)
roaxonut Metod SLSQP (Sequential Least Squares Programming) mam MeTop
trust-region ¢ orpanmueHHsIMH (trust-constr). OTH MeTOIBI peaf30BaHEIL B
(bVHKIQMH scipy.optimize. minimize. [IpHMep a1 IBYX ITapaMeTPOR:

python <br>from scipy.optimize import minimize <br=mmport numpy as np <br>def
objective(p): <br> 7 p =[kl, k2] <br># ... BeIuHcJIEHHE CyMMBI KBaZ[paTOB HEBA3ZOK ... <br>
return error <br># HauyaneHoe nMpHOmLKeHHe <br>p0 =[0.1, 0.05] <br># orpaHHueHHs: p 1
>= (0 <br>bounds =[(0, None), (0, None)| <br>res = minimize(objective, p0,
method=SLSQP', bounds=bounds) <br>print(res.x) <br>

Metox SLSQP xXopoIrio moaxoaHT AMA 3aad ¢ OTPaHHUYEHHSIMH B BHIE

PAECHCTE H HEPABCHCTE, d TAKMKE bounds.

I1IK-9.1, [IK-9.3
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3agaua 10. /111 3agauyd MHOTOKPHTE PHATILHOM OTITHMI3AINHH C ABYMA
MHHHMH3HPYEMBIMH KPHTEPHAMH [, H f, HM3BeCTHHI AT [lapeTo-

onTHMAaJIbHEIX Touek: (1, 8), (2, 5), (4, 3), (6, 2), (9, 1). UgeamsHas Touka: (0,
0). Hcrone3ys MeToJ HIeanbHOH TOUKH C ERBKIII0BOIH MeTPHKOH H paBHBIMH
BeCcaMI, OIIpeJlelINTe, Kakas H3 STHX TOUeK SRILIeTCS HAIIIyulleit
KOMITPOMHCCHOH.

DTag0H oTBeTa: PaccrosaHiie no mgeampHOoit ToukH (0,0) 171 KaiToft TOUKH:
d1l = sqrt((1-0)"2 + (8-0)"2) = sqrt(1+64) = sqrt(65) = 8.062

d2 = sqrt((2-0)"2 + (5-0)"2) = sqrt(4+25) = sqrt(29) = 5.385

d3 = sqrt((4-0)"2 + (3-0)"2) = sqrt(16+9) = sqrt(25) =5

d4 = sqrt((6-0)*2 + (2-0)*2) = sqrt(36+4) = sqrt(40) = 6.325

d5 = sqrt((9-0)"2 + (1-0)"2) = sqrt(81+1) = sqrt(82) = 9.055

MrirrvanbpHoe paccTosHHe YV TOUKH (4, 3). CliemoBaTeIbHO, OHA SBIISIETCS
HAWTy4llleil KOMITPOMHMCCHOIT I10 JJaHHOMY METOIY.

1IK-9.2

3aiaHIs UISL CaMOCTOSITEIIRHOH pabOThI

Bomnipoc 1. B uém 3aKimouaeTcss MeTOT IIPOeKIHI IpajJHeHTa 1A 3a/1au
YCIIOBHOI OITTHMH3AIIHH C ITPOCTHIMH OIpaHHUYeHHAMH (HaAITpHMeED,
IIPSAMOYTOIMBHEIMHI)? OIHIIIHT e ITIar MEeTO/IA.

DTaj0H oTBeTa: MeToJ ITpHMeHseTcd K 3afade min j (x) rpu x € D, rae D —

BBITYKJIOE 3aMKHYTO€ MHOKeCcTBO (HallpHMep, Napariernertes ). [1lar
MeTOofa: X, = Pplx, — &, Vf(x,)), Tne P,(y)— mpoexipia TOUKH ¥ Ha

I1IK-9.1, IIK-9.3
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MHOKecTBO [J, @, = 0 — mar. ITpoekia HaXOAHUTCs KaK pelleHHe 3aJaqyH
MHHHMH3AI[HH PACCTOSHHSA 10 MHOXKecTBa: Pp(y) = argmin_., lz—¥ |l .

JI11 TIPSAMOYTOIIBHEIX OTPAaHHYEeHHI [; = X, < 1, [IPOEKIH BEIYHCIIET Ca

L., y. < .
ITOKOMITOHEHTHO: (F'E [:}rjjé =1 ¥ E:‘ < ¥; < Uy
L ¥V, = U,

Bomnipoc 2. Uto Takoe MeTon OaphepHBIX (PYHKINI (MeTO BHYTpeHHe TOUKH)
I 38124 ¢ OrpaHHYeHIsIMH-HepaBeHcTBaMH? [IpHBeHTe IprMep OaphepHOoit
(OVHKIHH I orpaHHueHHsa ¥ = (.

OTajgoH orBeTa: MeToJ rpeobpazyeT 3ajauy ¢ OrpaHHYEHISIMH B

ITOCIIel OBAaTeILHOCTE 3a7au 0e3 orpaHHueHHi, 100aBIsLI K 1elIeBOH (PYHKITHH
Oaprep, KOTOPEIH pe3Ko BO3pacTaeT IMpH ITPHOIMIKeHHH K TpaHHIIe JOITy CTHMOIT
oOmacth. baprepHass pyHKIRHS ormpegerieHa BHYTPH JOITYCTHMOI'O MHOJKECTRA.

[Iprvep mima orpanmuenys x = O morapH@MHIUe CKHIt

6apeep B(x) = —In(x) (mpu ¥ = 0). Torma BcrroMoraTebHas
byuxagot: G(x, 1) = f(x) +pu- B(x), roe p > 0 — mapametp 6aprepa,
KOTOPLIH CTPEMHTCS K HYIIFO. [IpH YMEHBIIEHHH £t P eIIIeHHE

3amaun Min  (x, () cTpeMHTCS K PEIeHHE0 HCXOIHOM 3aTalH.

ITK-9.1, T1IK-9.3

Bomnpoc 3. [louemy MeTOJT B3BEIIeHHOI CYMMEI HEe MOJKET 00HAPYKHTE BCe
ToukH [[apeTo-(ppoHTa 11 HERBIITYKIILIX MHOKECTR JOCTHKHMOCTH?
[IporrurocTpHpyHTE Ha IIPHMEpe.

OTaJIoH oTBeTa: MHOKECTBO JOCTIDKHMOCTH — 5TO MHOKECTBO 3HAUEHHIT
I[eNIeBBIX (PYHKIMIT BCeX AOITYCTHMEIX pellleHHit. EcITH oHO HEBBOTYKIIO, TO
MHHHMI3AIHI B3BeIIeHHO CYMMEI MOJKeT HAHTH TOILKO TOUKH HA BEOTYKIIOH
000JI0UKe 3TOro MHOKeCTBA (TOUKH, JIeXKall[He Ha «BBOTYKIILIX)» yyacTKax
rpanmifel). [Iprmep: mmycts Ilapero-gpoHT cocTonuT M3 Touek (1,5), (2.3), (3.2),
(5,1), Ho Mmexny (2.3) 1 (3,2) eCTh «BOTHYTOCTh» (HEBBITYKIIOCTE ).
B3pelreHHass cyMMa C ITOIOKHT eJIbHEIMH BecaMH 0 yIeT MHHHMI3HPORATh
TTHHEHHYI0 (PYHKIHIO, H €€ MHHHMYM BCerma OyaeT Ha KpaffHHX TouKax
BBLIOTYKIIOHN 000IOUKH, IT0O3TOMY TOUKA, JIeXKall[as BO BITAJIHHe, He Oyaer
HaHIeHa.

1IK-9.2

Bonpoc 4. Kak B MeTojie aHamiza Hepapxuii (AHP) npopepserca
COTTIaCOBAHHOCTE 3KCIIEPTHRIX CYyKIeHHi? UTo Takoe HHIeKC
cornacoBaHHOCTH (CI) 1 oTHomIeHHe cornacoBaHHOCTH (CR)?

JTaJ0H 0TBeTa: I[JIH ITPOB €PEKH BEIHMHCITACTCH MAKCHMAJIEBHOEC coOCTBeHHOE

YHCIIO A MAaTPHIIBI TIOTIAPHEIX CpaBHeHHi. HHekc

[ep X e

Ay —M
m—1 7

cf

corimacoraHHocTH, LR = = TAE RI — cpegHIMii HHI eKC COTTIaCORAHHOCTH JIJIA

cormacoBaHHOCTH: L] = Ime 1 — pasMepP MaTpPHIIEL OTHOIIIEHHE

CIIyUaiHBIX MATPHI[ TOTO JKe ITopsAaKa (TadIuHoe 3HAUeHHE).
Ecrmi CR << 0.1 (sumi 0.2 B MeHee CTPOTrHX CITy4asx), TO COITIACOBAHHOCTh

1IK-9.2

49




CUHTaeTCcs MpHeMIIeMOH. B IIpOTHRHOM clIyuae 5KCIIePTY PeKOMEeHIVIOT
IIepeCcMOTPETH OIIEHKH.

Bomnpoc 5. Kakie ocHoBHEIE oTimHurA MeToga [ OPSIS ot meroga AHP? B
KaKHX CHTYaIL[IIX IPeNIIoOYTHTEIbHEee HCIIOIB30BaTh KaKABI H3 HHX!

JT1aqgoH orBeTa: AHP ocHOBaH Ha IOITapHEIX CPaBHEHIAX KPHTEPHER H
allbTepPHATHB, TpeOyeT OT AKCITepTa CyOheKTHRHEIX OIIEHOK OTHOCHT€IFHOH
BaKHOCTH. [I03R0OIIsIET yUeCcTh KaueCTBeHHbIE (HEUHCIIOBEIE) KPHTEPHIL, HO
IIPOIECC TPYAOEMOK ITPH O0JIbIIIOM uHclIe aTbTepHAaTHR. TOPSIS paboraer ¢
KOIIMYeCTBeHHLIMH JJaHHEIMH, TpeOyeT Beca KpHTEPHeB H MaTPHILY pellleHHit
(OIIeHKH alIbTepHATHR 10 KpHTepHsaM). OH ITpolle B pean3alii H
BBLIUHCIIEHISIX, HO MeHee THOOK /I yueTa KaueCTReHHBIX (pakTopor. Beibop:
AHP mipegrioururensHee, KOorja KPpUTepHH KaueCTBEHHEIe, CPABHEHHA I1ap
ITpolie, yeM IpsamMele olleHKH. TOPSIS — Korma ecTh 4éTKHe KOITHUeCTRBeHHBIEe
TaHHEIe, H HYKHO OBICTPO MOJIYUHTE PaHKHPORAHHE.

1IK-9.2

3agaua 1. Peamyiite Ha Python ogHy HTepalnio MeToma MpoeKIHH
rpagmenTa At 3agaurr min f(x) = (x; — 3)° + (x, — 2)° mpu
orpaHHueHIX 0 = xy < 2,0 < x, = 1. HavanpHasa Touka x, = (1.5,0.5),

mrar & = 0.5,

Otanon orBera: I'paguent: Vf(x) = (2(x; —3),2(x, —2)). B

Touke Xp: Vf = (2#(1.5—3),2* (0.5 — 2)) = (—3,—3). Cnenaem mrar
IPaIHEHTHOTO

CITyCKa!

y =xy—aVf=(1505)—05*(—3—-3)=(1.5+1505+ 15)=(3.0
. Tereps TIpoeKTHPYEM ¥ Ha MIPSIMOYTOJILHHK: ITPOEKIIHS 10 X . OTPaHHYeHHe
|0,2], mosTomy P, = min(max(3.0,0),2) = 2.0 . Ilo x,: orpanmuense [0,1],
mosTomy P, = min(max(2.0,0),1) = 1.0 . ITonyyaem x, = (2.0,1.0).

ITK-9.1, T1IK-9.3

3amaya 2. [t 3agaun min f (x) = If + :-f:E IIpH
OrpaHHUEeHHH X, + X, = 1 nocTpoiiTe baprepHYO (PYHKITHIO
norapudMIyeckoro dapbepa M 3aIHIINHTe BCIIOMOraTellbHYIO
byrxagro (X, jt).

OT1anaol orBera: Orpanmuenne: g(x) = 1 —x, — x, = 0. Jlorapudmiieckiii
Oaprep AJIA OrpaHHUYeHHs-

HepaBeHcTBa: B(x) = —In(—g(x)) = —In(x; + x, — 1) (mpnu

yCIoBHH X, + X5 = 1). Torma Q(ox, i) = x;{ + x5+ p (=In(x; + x, — 1))

MuHrMiaima @ (x, i) TIpH g — O 1aéT pellleHHe HCXOTHOH 3a1adH.

IIK-9.1, IIK-9.3

3agaua 4. SKCIepT CpaBHHBAET TPH KPHTEPHI BRIOOpa JHATHOCTHUECKOH
cructeMbl « TouHocTe» (T), «BricTpopgefictere» (B), «CtommocTte» (C).

MaTpHija ImormapHLIX CpaBHEeHHIA:
TvsB:2, TvsC: 5, Bvs(C: 3.
ITocTpoiiTe IMOIHYIO MAaTPHITY H OL[EHHTE BEKTOP BeCOR MeTOAOM CPeTHEro

[IK-9.2
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HPHCI)METH‘-IECI{DFD HOPpMaIni3 OBaHHEBEIX CTDHGI_[DB.

JTaJoH oTBeTa: Matpiifa 3x3. 3agagum mopsgok: 1, B, C. M3
VCIIOBHH: 5 = 2, 0y3 = 3, ag = 3.

Torma: @,y = 1/2, a5y = 1/5, @y, = 1/3. Jluaronamns 1. Marpmria:

1 2 5
A =(1;2 1 3).
1/5 1/3 1

HopMmamyeM cTo01p! (cymMma Kaxkgoro crondia = 1). Cymma 1-ro
crombma: 1+ 1/2+1/5=14+05+02=1.7 2-

ro.2+1+1/3=2+1+0333=3.333.3ro:5+3+1=9

HopmupopaHHas MaTpHIIA:

[Ieperrii cTomberr: (1/1.7,0.5/1.7,0.2/1.7) = (0.588, 0.294, 0.118)
Bropoit: (2/3.333, 1/3.333, 0.333/3.333) =(0.600, 0.300, 0.100)
Tpetmit: (5/9, 3/9, 1/9) =(0.556, 0.333,0.111)

CpenHee apH(pMeTHUECKOe IT0 CTPOKAM:

w T =(0.588+0.600+0.556)/3 = 1.744/3 = 0.581

w_ B =(0.294+0.300+0.333)/3 =0.927/3 =0.309

w C=(0.118+0.100+0.111)/3=0.329/3=0.110

Htoro eeca: T~0.58, B~031,C~0.11.

3agaua 5. Harmmmmte xop Ha Python ¢ Herons3opanmem
OHOmoTeKH pymedm (FUIM aHATTOIHYHOMH) JIJI pelleHs 3agauH BEIOopa 13 4
ansTepHaTHB 110 3 KpuTeprsM metomoM TOPSIS. Beca xpurepnes: [0.5, 0.3,

0.2]. MaTtpmiia peleHHii (Bce KpHTePHH MaKCHMIT3HPYIOTCS):
Altl: [7,9, 6], Alt2: [8, 7, 8], Alt3: [6, 8, 7], Alt4: [9, 6, 9].

JTaJOH oTBeTa: |IpHMep Koga ¢ HCIIOIB30BaHHEM pymcdm:

python <br=import numpy as np <br=>from pymecdm.methods import TOPSIS <br>from
pymcdm.helpers import rwz <br>matrix = np.array([[7, 9, 6], <br>[8, 7, 8], <br> [6, 8, 7],
<br>[9, 6, 9]]) <br>weights = np.array([0.5, 0.3, 0.2]) <br>types =np.array([1, 1, 1]) # Bce
KpPHTEPHH MakcHMH3HpYI0TcA <br>topsis = TOPSIS() <br>preference = topsis(matrix,
weights, types) <br>ranking = rwz(preference) <br=prmt("IIpemnoureHua:", preference)
<br=>prnt("Panru (1 - nyumnii):", ranking) <br>

Be3 OHOMMOTEKH MOJKHO pealH3oBaTh BPYUHYIO IT0 IIIaraM, Kak B 3ajaue 7
TEKYIIEeH aTTeCTaI[HH.

[IK-9.2

Tema 4 «Pasnes 4. CoppeMeHHbIE MeTOIbI H NPHJIOZKEHHA B MeJUIIHHE)
ITpoBepsiembie komrieTeHIIHH H MK (koxsr), (popMHpyeMble ITPH H3YyYeHHH TeMbI: iepedyeHb OIIK-1.3, TIK-

9.1, IIK-9.2, TIK-9 .3

KGHTPGJ]I:I{BIE BOIIPOCEHI ITO TEME.

Ne /i

Jaganue

IIpoBepsieMmble
HJIK

BDH[]DC 1. Yto Takoe META3IBPHCTHHUCCEKHE aJTIOPHTMEIL H B YEM HX OCHOBHOE
OTIIOMHE OT KJIACCHUCCEILX METOJ 0B OITTHMIS EH_H{H? HazoBHTeE ABE OCHOBHEIC

OIIK-1.2, ITK-9.1
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ITPHYHHEI HX HCIIOJIIBE30BAHITA B CIIOKHEBEIX METHITHHCEIX 3aaidax.

ITaJ0H oTBeTa: MeTasBpHCTHKH — 3TO BEICOKOYPOBHEBLIE AllTOPHTMHYECKHE
KOHIIETIIHH, KOTOPBIE YITPABIIIIOT ITPOI[ECCOM ITOHCKA ITPHOITHKEHHBIX
PEIIeHII CIIOKHBIX 3aad OIITHMH3alHH. B oT/miure oT KiIacCHUeCKHX MEeTOI0B
(HarlpuMep, CHMIUIEKC-METO0/Ia HIIH I'PaJJHEHTHOIO CITyCcKa), OHH He
rapaHTHPYIOT HAXOXKIeHH IT100aTbHOI0 OIITHMYMa, HO CITO COOHBI

s exTHRHO HccTemoBaTh OOIMMPHEIE H CIIOKHEBIE IIPOCTPAaHCTRA ITOHCKa. B
MeIHI[HHE HX HCITOJIB3YIOT ITOTOMY YTO: 1) MHOTHe OHOMEIHIIHHCKHE 3a/lauH
nmeroT N P-TpyniHyo IpHpoy, HeIIHHEHEI, MHOTOMO/IAIIFHEL H He ITOJTaF0TCA
KIIaCCHYECKHM MeTOo/aM, 2) OHH ITO3ROJIIIOT padoTaTh C HETIOTHEBIMH,
3allYMJIEHHBIMH JaHHBIMH H HAXOAHTE YA OBIIETBOPHTEIILHEIE PEllleHH A 3a
TIpHEMJIEMO€e BpeMs.

Bomnpoc 2. Ormommre 6a30ByI0 cXeMy padoTEI IIPOCTOr0 TeHeTHYECKOT 0
arropurMa (I'A). Uro npefcTaBIstoT co00 OCHOBHEIE OIIEPATOPEI: CETEKIIHA,

KpOCCOBep H MyTallHs1’

JTaJIOH oTBeTa: ['A HaUHMHAaeTcA CO CIIyUYaiiHOH reHepalHH HaualbHOI
TTOITYJISIIIHH XPOMOCOM (KOJHPOBAHHEIX pelllerHHit). Ha KamoM IoKOIeHHH:

1) Cenexnus: ocoOH oTOMparOTCs A1 pa3MHOKEHHA C BEPOSATHOCTEIO,
ITPOMOPIHOHAIILHOI HX ITpHcITocobneHHOCTH (fitness). 2) Kpoccorep
(ckpelMBaHHe): BEIOpaHHEIe ITaphl "poguTeneii” oOMeHHBAIOTCS YaCTIMH
XpPOMOCOM, ITopoKmas "moToMxoB". 3) MyTanus: y IIOTOMKOBR ¢ Manoit
BEPOATHOCTLIO CIIYUAHO H3MEHAIOTCS HEKOTOPEIe T'eHBI, UTO BHOCHT HOBH3HY.
3arem popMHpyeTCA HOBAS ITOMYIIIIIA, YACTO C IIPHMEHEHHEM 3JTHTH3MA
(coxpaHeHHs IIYUIIIHX pelreHHit). [Ipoliecc MoBTOpsIeTCI A0 CXOTHUMOCTH HITH
TOCTH)KEHHs JIMMHTA HTePaIHii.

[IK-9.1

Bornpoc 3. KakoBbI THITHUHEIE TIPHMEPEI TIPeACTARIECHIS PEIlleHHS
(KOTHPOBKH) B TeHETHUECKOM aJITOPHTMe JJIA 3aad; a) OITTHMIT3 al[HH
pacrmcaHis, 0) rmogdopa BellleCTRBEHHRIX ITApAMETPOR MOJIEITH?

OTaJoH oTBeTa: a) J[111 3a/1ayu pacImicaHNA (HaIIpHMep, TTOPsTKa TECTOR)
HCITOIIB3YeTCd MopsaaKoRas (permutation) koqupoBKa. XpoMocoMa — 3TO
BEKTOP, COMlep KaIHIT [TepecTaHOBKY HOMEPOR 3a/iau HIH MarfHeHToB. 0) J[
1o 0opa BeIeCTBEHHEIX ITapaMeTPOR (HarmpHMep, Ko3(pGHIHEHTOR MOJIEITH)
HCIIOJIB3VeTC BelllecTBeHHas (real-valued) kogupoeka. XpomMocoMa — 5TO
BEKTOP YHCe C IUIaBaroleil 3arsIToll, e KaKIbli I'eH COOTBeTCTBYET OJHOMY
rapaMeTpy. AITBTepHATHBHO, MOJKeT HCIIOIIb30BaThCA IBOHUHOE KOJHPOBaHHe
C ITOCIeIyroIe TeKOAHPORKOI B BEI[eCTBEHHBIT JHAlla30H.

ITK-9.1, T1IK-9.3

Bomnpoc 4. Uto Takoe poeroii nHTertexT? I[IpHBeqHTe ITpHMephl aIlTOPHTMOR,
OCHOBAHHBIX Ha 3TOM IIPHHI[MIIE, H KPATKO OITHIIHTE HIEK OFHOI'O H3 HHX
(HampuMep, aJropHrMa yacTtHif — PSO).

JTaJioH oTBeTa: PoeRoH HHTEIUIEKT — 5TO ITapaJHIMa, OCHOBAHHASA Ha
KOJUIEKTHBHOM IIOB €[l €HIHH [ eI[eHTPaIH30BaHHbIX, CAMOOPTaHH3 VIOII[HX CS
CHCTEM, MOJIEJTHPYEMBIX areHTaMH (JaCTHI[aMH, areHTaMH). [IprMepsr:
ornrTHMIT3 IS poeM yactHil (PSO), orrrHmMIf3aIs MypaBbHHOI KOITOHHeT

[IK-9.1
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(ACO), aropHTM HCKYCCTBeHHOIT miemrHoi kononrH. Maea PSO: Kaxmas
JacTHIIA B poe IpeicTaBRIsIeT co00i MoTeHIHATLHOE PellleHHe H IBHKETCA B
IIPOCTPaHCTBe MoHCcKa. E€ IBHIKeHIHe KOPPEKTHPYETCSI Ha OCHOBE
COOCTBEHHOIO IYUIIIET0 HAHIEHHOI0 ITOJI0XKeHH (pbest) H myurrero
IT0JI0KeHMsI, HafimeHHoro BceM poeM (gbest). CkopocCTh H IT0JI0KeHIHe YaCTHIIBI
0OHOBJIIIOTCA 10 (pOpMYyJIaM, BKIIFOUAIOIIHM CIIydaiiHeIe (paKTOPEI, UTO
IT03BOJISIET HCCIIeOBATh ITPOCTPAHCTBO H B HTOT'e€ CXOTHUTHCS K XOPOIIEMY
PEIIeHHIO.

Bomnpoc 5. B uém cocToMT 33aua OITTHMH3AI[HH THITEPIIapaMETPOR MojIeneit
MarrHHHOTo o0yuertsa? [louemy eé Henlmb3s 5(p(heKTHRBHO pellaTh ITPOCTHIM
rtepedbopoM 1o cetke (Grid Search) g cimoKHEIX Mojeseii?

OTaJioOH OTBeTa: ['HITeprapaMeTpEI — 5TO IapaMeTPEL, KOTOPEIE 3aIal0TCs 10
Hauyarna oOyueHHs MOJelnH (HallpuMep, CKOPOCTh 00yueHH:, ITTyOHHa JIepera,
KOJTHYECTBO HeHpOHOR B cj1oe). X omnrTHMIr3aIgisI HaIpaRIeHa Ha ITOHCK TaKHX
3IHAYEHHI, KOTOPEIe MAKCHMIT3HPYIOT IIPOH3E OHTEIILHOCTh MOJIENTH Ha
BaHIAI[HOHHELIX JaHHEIX. [[omHELT rtepedop mo ceTke HeappeKTHBEH H3-

3a MPOKJAATHS PA3MePHOCTH: KOIIHYECTBO KOMOHHAIHIT pacTET
HKCITOHEHI[HAIILHO C YBeJIMUeHHeM YIclIa THIIepIiapaMeTpoR. DTo TpedyeT
OIrPOMHBIX BEIUHCIIHTEIBHEIX PECYPCOB H BpeMeHH. [103TOMY ITPHMEHSIOT
OoJlee yMHBIe MeTOARI: ciyuaiiHbni rmouck (Random Search), Oafiecor ckyro
OITTHMHM3AI[HEO, OITTHMI3AI[HIO HA OCHORE HBOIIOIHOHHBIX alllOPHTMOB.

I1IK-9.1, 1IK-9.2

Bonpoc 6. Kaxora pors dyuxinm rmoteps (loss function) 8 o0yueHrm moperneit
MarrHHHOTo 00yuenma? Cdhopmyrmpyiite 3agauy 00yUeHHS MOIETH KaK 3aauy
MHHHMIT3aI[HH.

OTalloH oTBeTa: OYHKIHA IT0TEPh KOIIHMUYECTBEHHO H3MEPSET OITHOKY MOJIEIIH,
TO €CTh HECOOTBETCTBHE MEXIY €€ TIpeICKa3aHHIMH H HCTHHHEIMH
IHAYEHISIMH (I1eNIeRoii mepeMeHHO#t). Polk: OLBITE 1ienepoft (pyHKIE A1
TIIpolecca ONTHMH3AIHH. 3agaua o0yueHHs (popMaTH3yeTcs KaK ITIOHCK BeKTopa
ITapaMeTPOB MOJIEITH W, KOTOPELIT MHHHMH3HPYET CpeaHee 3HAUeHHEe ()YHKIIHH

. .1 N
II0TepPh Ha oOy4yaromeii BEIOOpPKe: min,, — Z . L(f(x,w),y,) +AR(w),
rne L — yHximsa moteps, f — MOJIeNs, X, V; — TaHHbIe, R (w) —

PEryISIPH3aTOP ¢ K03 PPHIHEHTOM A.

ITK-9.1, T1IK-9.3

Bomnpoc 7. Uto Takoe peryisipH3aiiiisa B MAIlTHHHOM 00 yUeHHH H KaKyIo
ONITHMIT3AIITHOHHYIO 3a1auy oHa MogudHIpyer? [IpuBenTe mpHMepEI
METOJIOB peryILIpH3al[HH.

JTaJIOH oTBeTa: Peryisipu3aligii — 5TO TeXHHKA AJIA IPeIoTBPalleHHs]
Iepeo0yUeHHsI MOJIeNH ITyTEM Jo0aBIeHH mTpada 3a CI0KHOCTh MOJIEH K
HCXOMHOH QYHKIFH roTeps. OHAa MOTH(HITHPYeET 3a/1auy OITTHMIT3 al[HI,
T00aBIIIsI K MHHHMH3HPYeMOMY (PYHKIHOHAIY ciaraeMoe AR (w), koTopoe
OrpaHHUYHBAET BEIIHUHHY ITapaMeTpoB. [Iprmepsr: L2-peryrsapuzaigia
(Ridge): R(w) =]l w |I§; L1-perymspmsarms (Lasso): B(w) =| w ||,; ux

xoMmOmHaIm: (Elastic Net). OTo 3acTarmaeT Moaess OBITE Oolnee "rimagkoit" Him

ITK-9.1, T1IK-9.3
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pazpesKeHHOI, yiryurnas eé o000IalOIYI0 CITOCOOHOCTE.

Bonpoc 8. Kak M0KHO IIpHMEHHTE T€eHeTHYECKHI allTOPHTM JJIA 3a{auH
OITTHMAJIbHOI MapIIpyTH3AIl[HMH ITAIIHEHTOR B JHATHOCTHYECKOM LIeHTpe?
OrHImmTe KIIFOUeBEIe 3JIEMEHTEI: TIpe/lCTaRIeHHe pellleHHsT, (DYHKITHEO
TIPHCITOCOOIEHHOCTH H OIIEPaTOPEI.

JTagoH orBera: IIpeacraBaenne: [lopagkorasda KoguporKa. XpoMocoMa —

ITIOCIIEN OBAT €IIbHOCTE HOMEPOR ITAI[HEHTOR, OITPEIeILIr0IIas ITIOPAA0K HX
obcmyxmpannsg. PyHkuusa npucnocodaeHHoctH (fitness): Od6paTHO

ITPOITIOPIHOHAJIEHA I'-:l'':’:‘,i'H_[EEIH#.[}r BPEMCEHH, KOTOPOE IIAITHEHTEIL ITPOBOOAT E CHCTEME

(cymMa BpeMEH OKHIaHHI H 00CITyXKHBaHIA ), HIIH ITPOITOPIIHOHAILHA
KOIIHUECTBY 00 CIIYKeHHEIX ITAaI[HEHTOR 3a cMeHYy. MoJKHO Takke ITpadoraTs
3a HapyIIeHHe TpHOpHTeTOR. OnepaTopbl: CeleKId — MeTOJ] PYIeTKH HIIH
TypHHpHELI. Kpoccorep — ymopagouenHsni (OX) HIIM YaCTHUHO-
otobpaxkaeMmerit (PMX) mmsa coxpaHeHH: epecTaHOBKH. MyTalpiss — odMeH
ITBYX CITyYaiHBEIX TeHOB HITH HHBEPCHS CErMeHTA.

ITK-9.1, I1IK-9.2

Bomnpoc 9. Ormmmite, B UéM 3aKIIOYAETCA 3a7aua OITTHMIT3AIHH (DOPMEI /T 03I
o0JTyueHIsI B TyueBoii Teparmi (paJHOXHPYPIHH) H ITOYEMY JITIA e€ pellleHH:
YACTO MTPHMEHSIIOT MeTasBPHCTHKH.

OTalloH 0TBeTAa: 3amaua; mogoopaThk TakHe MapaMeTPHI ITYUKOB H3ITyUeHHS
(VITIBI, HHT €HCHBHOCTE, (popMa KOJUIMMATOpa), YTOORI 1034, ITOITIONIEHHAS
OITyXOJIbIO, OBIIIa MaKCHMAITLHOM H OTHOPOIHOIL, a 034 B OKPYIKAFOIIHX
3TOPOBBIX TKAHIX H OpraHax pHCKa — MHHHMAIILHOM (HHKe JOITYyCTHMBIX
IIOPOTOB). DTO CIIOKHAS MHOTOKPHTEePHAJIBEHAS, HETTHHEHHAS 3aqaua C
MHOKe€CTBOM OrpaHHUeHHT. MeTasB pHCTHKH (reHeTHUYECKHE alTOPHTMEL,
AITOPHTMEI POS YACTHIL) IIPHMEHSIIOTCS, TaK KaK ITPOCTPAHCTRO ITOHCKA
OrPOMHO H HMeeT MHOTIO JIOKAJILHEIX OITHMYMORB, a TPeOOBaHMI K IUIAHY
TIEUEeHHSI OUeHb KECTKHe H ITPOTHROpeurBEle. OHH IMO3BOJITIOT (P eKTHBHO
HCKATE IIPHEMIIEMBII KOMITPOMHCCHBIH TTTAH.

I1IK-9.2, IIK-9.3

10

Bonpoc 10. Kakme ocobeHHOCTH OHOITOrHUeCKHX ceTeil (HarpHmMep,
MeTa0oIIueCKHX HIIH CHTHAJIbHEIX ) IeJIaf0T 3ajauy HX aHa3a ’
MOJT eJTHPOBAHHA TTOJ XOIAIINEH I IIPHMEHEeHHA MeTO/[OB OITTHMH3AI[HH

OTa/loH oTBeTa: bHOIOrHUeCKHe CeTH ITPeCTARIIIIOT co0 0 CII0KHEIE
CHCTEMEI C OONBIITHM KOIIHUYECTBOM KOMITOHEHTOB (TeHOB, OEIIKOR,
MeTabOIIMTOR) H HelMHeNHEBIX B3anMoieiicTeHii. OcobenHocTH: 1) HemommoTa
TaHHBIX (TIPOIyIIeHHBIe B3aHMO/IeHCTRHA, MapaMeTpEl). 2) BruHcIHTeILHAS
CII0’KHOCTh aHaIl3a H3-3a pazMepa ceTH. 3) 3ajaun, TaKHe

KaK BOCCTAaHOBJEeHHE CETH M3 JaHHBIX HIH ONTUMH3AIUsA MOTOKA B
MeTa0oIIuecKoii ceTH, eCTeCTBEHHO (POPMYIIHPYIOTCS KaK 3aJaul
ONITHMIT3AIMH (HATIPHMEP, MAaKCHMIT3aI[Hs COOTBETCTBHS ITpe]] CKa3aHHit
HKCIIEPHMEHTaM ITPH MHHHMAILHOI CJI0KHOCTH ceTH). MeTasBpHCTHKH H
MeTO/LI BEITYKIOH OITTHMH3aI[HH IT03BOJIIIOT HAXOHTh ITPaB/IoIT0f00HEIe
CTPYKTYPHI H ITapaMeTPEI CeTeld.

11K-9.3
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