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1. Uenun n 3agaum gucumnnuHbl

Llenbto ocBoeHuss gucuunnuHbl  (mogyns) «MartemaTtuyeckoe MoaenvpoBaHue
Buonormyecknx npoueccoB» ABNAeTca opMmmpoBaHme KomneTeHuumn obydarouierocss B
obnacTtu npogeccrnoHanbHoOM AeaTenbHOCTU U cdepe NpPodeCcCUoHanbHON AeATENbHOCTY:

- 22 lvweBas NPOMbIWNEHHOCTb, BKMOYas MNPOM3BOACTBO HanUTKOB M Tabaka (B
chepe TEXHOMNOMMN KOMMIEKCHON nNepepaboTKn MSACHOIO U MOSIOYHOIO ChipbS);

- 40 CkBO3Hble BMAbI NpodheccnoHanbHON OesaTenbHOCTH.

B pamkax OCBOeHusi nporpaMmmbl MarMcTpaTypbl BbIMYCKHUKM MOFYT FOTOBUTLCSA K
peweHnio 3agady  nNpodecCuoHanbHOM OEeATENbHOCTM  Crnefylowmx TUNOB:  Hay4yHO-
uccriedogameribCKUU; 3KCrepmHo-aHaaumu4yeckud.

lMporpamma cocTaBneHa B CcOOTBeTCTBUM C TpeboBaHusammn denepanbHOro
rocygapCTBeHHOro obpasoBaTenbHOro ctaHgapTa BbICLIEro o6pa3oBaHMsi MO HanpaBfeHUIo
noarotoBku 06.04.01 Bronorus (ypoBeHb 06pasoBaHus - MaructpaTtypa).

2. Tepe4yeHb MNMaHMpPyeMbiX pe3ynbTaToB OOy4YeHUSA, COOTHECEHHbIX
C NNIaHUpPyeMbIMU pe3yribTaTaMU OCBOEHUS 06pa3oBaTeribHOM NpPorpaMmbI

Ne Kon HanmeHoBaHune Koa n HanmeHoBaHMe nHankatopa LOCTUKEHMS KOMMNETEHLNN
n/n | KomMneTeH KOMneTeHumm
Lun

1 OrlK-8 CnocobeH UO-1onks — MNMprMeHseT pasnnyHbie BUAbI COBPEMEHHON
NCnonb30BaTb nuccnegoBaTenbCKon annapaTypbl Y BbIMUCNUTENBHON TEXHUKM
COBpPEMEHHYHO OIS peLLeHns MHHOBALMOHHBIX 3a4a4 B MpodecCcnoHanbHom
nccnenoBaTeribCKyo 0eaTenbHOCTU
annapaTypy u NA-20nks — [eMoHCTpupyeT 3HaHusA B 06racTv npuMeHeHus
BblYUCIIUTENBbHYIO CoBpeMeHHON nccriegoBaTesibCkon annapartypbl U
TEXHVKY AN pelleHnst | BbIYUCTIMTENbHOW TEXHUKM B CBOEW NPOeCccoHanbHom
MHHOBALMOHHbIX AEeATEeNIbHOCTU
3agjay B
npodeccroHanbLHON
[eaTenbHOCTH

Koa n HanmeHoBaHue nHgukaropa Pe3ynbTaTthl 06y4YyeHUs (nokasaTenu oueHMBaHUA)
A[OCTUXKEeHUSA KOMMNeTeHLUN
NO-1onke — MprmeHseT pasnuyHble 3HaeT: pasnuyHble BMAbl COBPEMEHHOW WCCredoBaTeNbCKOM

BUAbl COBPEMEHHOWN NCCrefoBaTeNbCkon | annapaTypbl U BbIYUCIIUTENTBHON TEXHUKN
annapartypbl U BbIMUCITUTENbHON TEXHUKN | YMmeeT: NPUMEHATb pasnuyHble BUAbI COBpPEMEHHOM

Ansi pelenns MHHOBaUMOHHbIX 3aaa4y B uccrnegoBaTenbCkon annapatypbl U BbIYUCANTESNBHON TEXHUKM
npoeccroHanbHoN AeATenbHOCTM ONs pelleHnss MHHOBAUMOHHBLIX 3aday B npodheccroHanbHom
[eaTenbHoCTU

Bnageet: MeTtogamy MaTeMaTUYECKOro MOAENnVMPOBaHWS B
cthepe 6vonorMm npu opraHu3auMum NPOU3BOACTBA MPOAYKTOB

nMTaHus
NO-20nk.s — OdeMOHCTpUpyeT 3HaHNA B 3HaeT: CcOBpeMeHHOe uccnegoBaTenbckoe M nabopaTopHoe
obnacTn NnpMMeHeHUs COBPEMEHHOM obopynosaHue
“ccnefoBaTerbCKov annapaTypel 1 YmeerT: npoBOAUTbL  MCCregoBaHus Ha  COBPEMEHHOM
BbIYMCNUTENIbHON TEXHUKM B CBOEN nccnegoBaTenbCKon annapaType U BblYUCTIUTENBHOW TEXHUKE
NpocheCccMoHanbHoOW AesTENbHOCTH Bnageet: HaBblkaMW MPUMEHEHMSI 3HaHWA B  obnacTtu

NPUMEHeHNsi COBPEMEHHOW MCCrneaoBaTeNbCKOW annapaTypbl U
BbIYMCNIUTENBHOMW TEeXHWKM B CBOEN npodeccnoHasribHON
OesiTenbHOCTH

3. Mecto aucuunnuHbl (Moayns) B cTpyktype Ol BO

OuncumnnuHa oTHocuTCA K obazaTtenbHon Yactn «ducumnnuubl/mogynuy» bnoka 1 Of1.
OucumnnuHa senseTtca 06a3aTenbHON K U3YYEHUIO.

M3yyeHne aucumnnmHbl OCHOBAHO Ha 3HAHUAX, YMEHUAX N HaBblKkaX, NOMYYEHHbIX Npw
n3ydyeHun obyyawowmmmnca avcumnnuH: CospemeHHble rnpobnemsl 6uonoauu, Vicmopus u
memodosioeusi buonoauu, Yd4eHue o buocgepe.



OucumnnuHa aBnsieTcs NpeALwecTBYOWEN ANa U3YyYeHUs AUCUMNIMH U NPaKTUK:
OcHosbl Hay4yHOo-uccrieogamersibCKoU OesmersibHocmu, KoMriblomepHble mexHoo2uu 8
buonoauu, YuyebHas npakmuka, O0O3HaKomumesnbHas rnpakmuka, [lpou3dsodcmeeHHas
npakmuka, rnpedounsioMHas rnpakmuka, 8 mom 4Jucse Hay4Ho-uccriedosamesibckas paboma,
rnpakmu4eckol rno020moeKu, nod2omoeke K rnpouedype 3awumsl U 3awuma 8blryCKHOU
KearnugukayuoHHoU pabomel ripogedeHusi 2ocydapcmeeHHOU umoao8ol ammecmauuu.

4. O6bem gucumnnuHbl (Moayns) n BUAbl y4ebHon paboThbl

O6Lwaga TpyaoeMKoCTb ANCLMNNNHBI (MOAYNS) COCTaBNseT 2 3a4eTHble eguHULbI.

PacnpeneneHue
- Bcero TPYAOEeMKOCTU Mo
Buabl yuebHoM paboThl aK. y cemecTpam, ak. u
2 cemecTp
O6Lasa TpygoeMKOCTb AUCLMIMIIUHBI (MoayIs) 72 72
KoHTakTHas paboTa B T. 4. ayAUTOPHbIE 3aHATUS: 36,1 36,1
Jlekuumn - -
8 mMoM yucrie 8 hopme rnpakmudeckol nod2omosKku - -
MpakTnyeckne/nabopaTopHble 3aHATUS 36 36
8 mMoM yucrie 8 hopme rnpakmudeckol nod2omosKu - -
KoHcynbTaumm Tekywue - -
Bud ammecmauyuu (3a4em) 0,1 0,1
CamocTosiTenbHasa paboTa: 35,9 35,9
[MpopaboTka MaTepmanor No nekuymsaMm, y4ebHukam, ydebHbIM nocodmsm 12 12
lMoaroToBKa K NpakTU4eckMm/nabopaTtopHbIM 3aHATUAM 12 12
[JomaluHee 3agaHuve, pedepar 11,9 11,9

5 CopepxaHue aucuunnuHbl (Moaynsl), CTPYKTYypUMpoBaHHOe NO Temam
(paspenam) ¢ ykazaHMeM OTBeAEHHOro Ha HUX Konu4yecTBa akageMWYeCKUX 4acoB U
BMAOB Y4€OHbIX 3aHATUMN

5.1 CopgepxaHue pa3fgenoB AUCLUUNIUHBLI (MoAaynNSA)

Tpygoemk
Ne HanmeHoBaHue CopepxaHue pasgena OCTb
n/n | pasgena aMCumMnivHbI (yka3biearomcesi membl u Qudakmu4deckue eOUHUUbI) pasgena,
ak.4
MoHaTne mogenun. OObeKThI, LenM U METOAbI MOAENNPOBAHMUS.
Mogenu B pasHbIx Haykax. KoMnbloTepHbIE 1 MaTemaTnyeckue
mMoaenu. Nictopus nepsbix mogenen B buonornn. CoBpemeHHas
BeeneHue. Knaccudukauma mogenen 6nonormyecknx npoLeccos.
1 MaTtemaTtnyeckue PerpeccnoHHble, UMUTAUNOHHbIE, KAYECTBEHHbBIE MOLENN. 24
Moaenu B Guonoruu MpUHUMNBbI UMUTALNOHHOTO MOAENNPOBAHUS U NPUMEPDI
moaenen. Cneumdurka MogennpoBaHns Xusbix cuctem. Bugpl
COBpPEMEHHbIE MCCIiefoBaTENbCKON annapaTypbl U
BbIYMCINIUTENbHOW TEXHUKN.
Mopenu Mopgenu, npusogswmne kK ogHoMy guddepeHumnanbHOMY
OVOnOrMyecKnx CUCTEM, | ypaBHeHUKO. [oHATME pelleHns 0QHOr0 aBTOHOMHOIO
onuvcbiBaemMble oa- anddepeHumnanbHoro ypaBHeHns. CTaunmoHapHOe COCTOosIHME
o | HUM (cocTosiHMe paBHOBECKST). YCTONYMBOCTb COCTOSIHUS 24
anddepeHumanbHbIM paBHoBecus. MeTobl OLIEHKM YCTOMYMBOCTU C NPUMEHEHMEM
ypaBHEeH1eM nepBoro COBpEeMEHHOW nccneaoBaTenbCKoM annapaTtyphbl 1
no- BbIYUCNUTENBHON TEXHUKN. PelueHne nuHenHoro
psagka anddepeHUnansHOro ypaBHeHus.
HenpepbiBHbIE MOAENN: 3KCMOHEHUMANbHbLIA POCT,
Mogenm NOMMCTUYECKUIA POCT, MOOENN C HAUMEHbLUEN KPUTUYECKON
YnmcneHHocTblo. Mogenu ¢ HenepeKpbIBaOLWLMMNCS
Guonorneckux nokoneHusmun. [JuckpeTHoe NorncTnyeckoe ypaBHeHMme.
cUcTeM, onunckiBaemble N
3 CHCTEMON HOwarpamma 1 nectHuua Jlamepes. Tunbl pelieHnin Npy pasHblX 23,9
3Ha4YeHMAX NapameTpa: MOHOTOHHbIE U 3aTyXaloLMe peLleHus,
OunddepeHumanbHbIX
YpABHEHMI LIMKNbI, KBA3MCTOXACTNYECKO® MOBeAeHMe, BCMbILUKM
yncrneHHocTn. MaTpuyHble Mogenu nonynsaumi. Bnnsinme
3anasgblBaHus.
Bud ammecmauyuu (3a4em) 0,1




5.2 Paspgenbl gucumninHbl U BUAbI 3aHATUNA

Ne Jekuun, M3 (C), | CPO, ak.
HanmeHoBaHue pasgena ancUUnInHbI
n/n akK. 4 aK. 9 Y
BeegeHne. MaTtemaTtuyeckue mogenu B buonornm - 12 12
Mopenun 6uonorn4yecknx CMCTeM, OnUchbIBaeMble of- - 12 12
o | HAM audpepeHymanbHbiM
ypaBHeHneM nepBoro no-
psiaka
Mopenun buonormnyeckmnx - 12 11,9
3 | cuctem, onuckiBaemble cuctemon JuddepeHumanbHbIX
ypaBHeHUM
Bud ammecmauuu (3a4em) 0,1
5.2.1 Jlekunn He npedycMompeHbI
5.2.2 [NpaKkTnyeckne 3aHATUA (CeMUHapsbI)
T -
Ne HanmeHoBaHue pasgena T o pyno
emaTuKa NpakTUYEeCKMX 3aHATUN €MKOCTb,
n/n ONCLMNITUHBI ak. 4
CoctaBneHune anddepeHumnansHoro ypaBsHeHus. Peluenune
BeegeHue. <
NUHenHoro guddepeHUManbHOro ypaBsHeHus obLuero suaa.
1 | MaremaTtndeckne mogenu B ~ 12
P CTraumoHapHoe COCTOsIHME. YCTOMYMBOCTb CTaLMOHApPHOrO
cocTosiHus. Popmyna Tennopa
Mopaenun 6uonormn4yeckux AHanus HekoTopbIX Moaenen pocta nonynauui. Mogenb
CUCTEM, OMNUCbIBaeMble 01- ManbTyca. Mogenb ®epxtonbscta. Mogenb NpoTOYHOro
2 | HuUM gnddbepeHUnanbHbIM KynuTusaTopa. 12
ypaBHEeHWeM nepBoro no-
psiaka
Cuctema oByx aBTOHOMHbIX NIMHEVHbIX YpaBHEHNI
Moaeny 6Uonorm4eckix anddepeHumnansHbiX ypaBHeHunn. Ux peweHne. Tunbl
0cobbix Toyek. CucteMa ABYX aBTOHOMHbIX
CUCTEM, ONMnCbIBaEMbIE 9
3 | cuctemoit anddepeHumnansHbiX ypaBHeHUin. ®aszoBas NNOCKOCTb. 12
M30knuHbl. MNMocTpoeHne ¢a3oBbIX NOPTPETOB.
OndepeHumnansbHbIX - o
g VccnegoBaHue yCTOMYMBOCTM CTaLMOHAPHbBIX COCTOSIHUI
ypaBHEHUM
Mogenb BonbTteppa. KonebatenbHble cuctembl. Mogenb
BptoccensTopa.
5.2.3 JlabopaTopHbI NPaKTUKYM HE rpedyCMOompeH
5.2.4 CamocTosTenbHas paboTta obyyaroLmxcs
No HaunmeHoBaHue pasgena Bug CPO Tpyno-
rvﬁ OVCLMNITUHBI €MKOCTb,
yac
BeeneHue. MpopaboTka MmaTepmanoB Mo nekuusMm, ydebHukam, 4
1 MaTtematnueckme mogenm y4eBHbIM nocobusam
B 6uonorum MoaroToBKa K NpakTudecknm/nabopaTopHbIM 3aHATUSM 4
[omalwHee 3agaHune, pedepar 4
Mogenn 6uonornyecknx MpopaboTka mMaTepmanoB Mo nekuusaMm, YydebHukam, 4
cuUCTeM, onucbiBaemble oa- | y4ebHbIM nocobusam
2 HUM anddepeHumansHblM | MoaroToBka K NpakTUYeCcKMM/nabopaTopHbIM 3aHATUAM 4
ypaBHEeHneM nepBoro no- [omawHee 3agaHune, pedepar 4
psiaka
Mogenn buonornyecknx MpopaboTka maTepmanoB Mo nekuusaMm, YydyebHukam, 4
CUCTEM, ONMUCbIBaEMbIE y4ebBHbIM nocobusam
3 | cuctemon [MoaroToBka K NpakTudeckm/nabopaTopHbIiM 3aHATUSM 4
AndbdepeHumnanbHbIx JomaluHee 3anaHve, pedepar 3.9

ypaBHEHWUN




6 YuyebHO-meTOAMYECKOEe U UH(poOpMaLMOHHOE obecnevyeHne AUCLUNINUHBI
(mopyns)

[na ocBoeHna ancLmMnIMHbl 06yYaloLWMNCa MOXET MCNOMb30BaTh:

6.1 OcHOBHasa nuTepartypa

Pusnunuenko, . KO. MatemaTtuyeckoe mMogennpoBaHue OMOMNOrm4Yeckux MpoLLECCOB.
Mogenn B 6uocusnke n akonoruu : ydebHoe nocobue anst By3oB . — 2-e u3g., nepepad. n
pon. — Mockea : N3gatenbcTtBo KOpanTt, 2023. — 181 c. https://urait.ru/bcode/512499

Mamaganuesa, J1. H. MatemaTtuyeckoe mogenuposaHne 61MonorMyecknx NpoLeccos :
yyebHoe nocobue. — Mawnkon : MI'TY, 2019. — 148 c. https://e.lanbook.com/book/204878

Mpoxopoea, H. B. Matematnyeckoe mogenuvpoBaHne B OMONOrMM M 3KONOrnu
yyebHoe nocobme. — Camapa : Camapckun yHuBepcutet, 2021. — 64 c.
https://e.lanbook.com/book/256877

6.2 [lononHuTenbHaa nuteparypa

Ncaesa, H. M. MartemaTtudyeckoe wmogenuposaHme B ©Ouonorum : y4ebHo-
meToaudeckoe nocobue. — Tyna : TIT1Y, 2018. — 63 c. https://e.lanbook.com/book/113619
Mpuxogbko, M. A. MaTemaTtnyeckoe mogenunposaHme . — Owmck : Omckunn TAY, 2014.

— 108 c. https://e.lanbook.com/book/60683

KawTaesa, C. B. MatemaTtnyeckoe mogenvpoBaHue : yyebHoe nocobue. — lNepmb :
MrATY, 2020. — 112 c. https://e.lanbook.com/book/156708

6.3 lepeyeHb y4yebOHO-MeTOAMYECKOrOo oObecne4vyeHMA ANsi CaMOCTOATENIbHOW
paboTbl obyyarLwmxcs

JTabopaTopHbIN NPaKkTUKYM K BbIMNOMHEHMIO nabopaTopHbix paboT no gucumnianHam:
«OcHoBbI MogenupoBaHus Buonornyeckux npoueccoB M cuctem» u «MaTtematnyeckoe
MoAennpoBaHme BMonorMyecknx NPoLeccoB u cuctem» : yuebHoe nocobue / coctaButenu 3.
A. AnveB, . M. [lupbygaroB. — Maxaukana : AITY, 2019. — 150 c.
https://e.lanbook.com/book/145814

KysHeuoB, KO. A. MaTtematnyeckoe mogenupoBaHue OMONOrMyeckmx MpoLEecCoB :
yyebHo-meTogmyeckoe nocobue. — HwxkHui Hosropog : HHIYY um. H. WN. Jlo6ayesckoro,
2015. — 72 c. https://e.lanbook.com/book/153522

6.4 [llepeyeHb pecypcoB WHMPOPMALNOHHO-TENIEKOMMYHUKALMOHHOMN CeTU
«MHTEepHeT», HeOOXoAUMbIX AN OCBOEHUA AUCLMNIIUHLI (MoAayns)

HanmeHoBaHue pecypca cetu «IHTepHeT» ONEKTPOHHbIV agpec pecypca
HaydHas anekmpoHHas 6ubriuomeka http.//www.elibrary.ru/defaulttx.asp?
ObpasosamernbHas nnamgopma «HOpadim» https.//urait.ru/
36C «JlaHb» https.//e.lanbook.com/

AUNBC «Mezallpo» https://biblos.vsuet.ru/MegaPro/Web
Caim Mu+Hucmepcmea HayKu U 8biclie20 http.//minobrnauki.qgow.ru
obpasosaHusi PO

AnekmpoHHasi UHhopmMayUuoOHHO-0b6pa3osameribHasi http://education.vsuet.ru

cpeda ®I60Y BO «BI'ynTt

6.5 [lepevyeHb WHPOPMALUOHHBLIX TEXHOSNONMW, WUCMNONb3yeMbIX NpU
ocyuwiecTBNeHun obpasoBaTenbHOro npouecca no AucuunivHe (moaynio), BKIKOYan
nepeyvyeHb MNpPOrpaMMHOro obGecne4yeHusi, COBPEMEeHHbIX npocdeccuoHanbHbIX 6a3
AaHHbIX U MHPOPMALIMOHHbLIX CMPABOYHbIX CUCTEM

[Mpu  u3yyeHuu  OucuyurniuHbl  UCMOb3yemcsi  rnpoepaMmmHoe  obecriedyeHue,
COBPEMEHHbIE rpoheccuoHarnbHble 6a3bl 0O0aHHbIX U UHQOPMaAUUOHHbIE CrpagoYHbIe
cucmembl: INOC yHusepcumema, 8 moM 4yucrsie Ha b6ase rnpoespamMMHoU 1amgpopmbl
«Cpeda anekmpoHHo20 obyyeHus 3KL», aemomamu3upoeaHHas UHghopmauyuoHHas 6asa
«MlHmepHem-mpeHaxepsbl»,  «MMlHMepHem-sk3ameH» U np. (ykadamb  cpedcmaa,
Heobxo0uMmebl O peanusayuu OUCUUauUHbI).

NMpn ocBoeHUM [UCUMNNUHBLI UCNONb3yeTCA JIMLUEH3UOHHOe U OTKpbITOoe
nporpammHoe obecneveHue:




Mporpammbl

JInueHsnn, pekBU3UTbLI NOATBEPXKAAIOLWEro AOKYMeHTa

Adobe Reader XI

(6ecnnatHoe IN0O)
https://acrobat.adobe.com/ru/ru/acrobat/pdf-reader/volume-distribution.html

AnbT ObpasoBaHne

JnueHsna Ne AAA.0217.00
€ 21.12.2017 r. no «beccpoyHo»

Microsoft Windows 8

Microsoft Windows 8.1

Microsoft Open License

Microsoft Windows Professional 8 Russian Upgrade Academic OPEN 1 License
No Level#61280574 o1 06.12.2012 1.
https://www.microsoft.com/ru-ru/licensing/licensing-programs/open-license

Microsoft Office
Professional Plus 2010

Microsoft Open License

Microsoft Office Professional Plus 2010 Russian Academic OPEN 1 License No
Level #48516271 ot 17.05.2011 r. https://www.microsoft.com/ru-
ru/licensing/licensing-programs/open-license

Microsoft Open License

Microsoft Office Professional Plus 2010 Russian Academic OPEN 1 License No
Level #61181017 ot 20.11.2012 r. https://www.microsoft.com/ru-
ru/licensing/licensing-programs/open-license

Microsoft Office 2007
Standart

Microsoft Open License

Microsoft Office 2007 Russian Academic OPEN No Level #44822753 ot
17.11.2008https://www.microsoft.com/ru-ru/licensing/licensing-programs/open-
license

Libre Office 6.1

JnueHsuna Ne AAA.0217.00
€ 21.12.2017 r. no «beccpoyHo» (BkntoveH B yCTAaHOBOYHbIV MakeT
onepauunoHHom cuctembl Anbt O6pasoBaHue 8.2)

CnpagoYyHo-ripasgosbie cucmemMbl

Mporpammbl

JInueHann, pekBU3UTbLI NOATBEPXKAAIOLWEro AOKYyMeHTa

CnpaBo4yHble npaBoBas
cuctema «KoHcynbTaHT
Mnocy

[orosop o coTpyaHudecTBe ¢ “UHPopMCBA3b-YepHO3eMbe”, PermoHanbHanbHbIn
NMHPOPMALIMOHHBIN LLeHTP 0BLLEepPOCCUACKON CETU pacnpoCcTpaHeH st NPaBoOBON
nHpopmaumm KoHcynbtaHT MNntoc Ne 8-99/RD ot 12.02.1999 1.

7. MaTepuanbHO-TeXHMYeCcKoe obecrnevyeHne AUCLUNIUHDI

YyebHasn ayautopus ans
npoBeaeHus y4eOHbIX
3aHaTum Ne403

Hoytbyk, mynbTumegumiiHbin npoektop ACER, skpaH. Komnnektel Mebenu ans
y4ebHoro npouecca. Anbt ObpasoBaHue 8.2 [JinueHsms Ne AAA.0217.00 r. no
«BbeccpouHo»], Libre Office 6.1 [JuueHaunsa Ne AAA.0217.00 ¢ 21.12.2017 r. no
«beccpoyHo» (BknioveH B yCTaHOBOYHbIV NaKeT onepaunoHHOW CUCTEMBI
AnbT O6pasoBaHue 8.2)].

YyebHasa ayautopusa ana
npoBeAeHnA y4eOHbIX
3aHATUM Ned34

KomnbloTep, HOYTOYK, MynbTuMeaunHbin npoektop ACER, akpaH. KomnnekTbl
mebenu ans yyebHoro npouecca. Anbt ObpasosaHue 8.2 [JluueHaunsa Ne
AAA.0217.00 r. no «beccpoyHo»], Libre Office 6.1 [IluueHana Ne AAA.0217.00
¢ 21.12.2017 r. no «beccpoyHo» (BknioveH B yCTaHOBOYHbIV NnakeT
onepauunoHHou cuctembl Anbt O6pasosaHue 8.2)].

MomeweHue ansa
caMmocTosiTeNilbHOMN
paboTtbl Ne 416

KomnbloTepbl - 2 WT., HOYTOYK, MynbTuMeaunHeii npoektop ACER, akpaH.
Komnnektbl Mmebenu ansa ydebHoro npouecca. Anbt Ob6pasoBaHue 8.2
[JTnuensna Ne AAA.0217.00 r. no «beccpouHoy], Libre Office 6.1 [JlnuueHansa Ne
AAA.0217.00 ¢ 21.12.2017 r. no «beccpoyHo» (BkrtoueH B yCTaHOBOYHbIN
nakeT onepaunoHHon cuctembl AnbT ObpasoBaHue 8.2)].

8 OueHo4Hble MaTepuanbl ANA MPOMEXYTOYHOW aTTecTauum obyvarwmxcsa no
aucuunnuHe (Moayno)

OueHouyHble maTtepuanbl (OM) Ansa AncumnnIIvHbl (Mo4yns) BKIOYaoT:
- nepeyeHb KOMMETEHUWUA C YKa3aHWEM WHOUKATOPOB [OCTMXKEHWUS KOMMETEHLUUNR,
3TanoB Ux OpPMUPOBaHNA B NpoLiecce OCBOEHNS 0bpa3oBaTenNbHON NporpamMmmbl;



- ONMcaHue LWKan OUeHUBaHUS;

- TUNOBbIE KOHTPOSbHbIE 3a4aHUs NN MHble MaTepuanbl, HEOOXoaUMbIE AN OLLEHKW
3HaHWN, YMEHWUIN, HABbLIKOB;

- MeToguyeckMe mMaTtepuansl, onpegensiowume npoueaypbl OUEHUBAHUA 3HAHWUMN,
YMEHWUN, HAaBbIKOB U (UNK) OnbiTa OEeATENbHOCTH.

OM npencraBndaTCcA OTAENbHBIM KOMMMNEKTOM U BXOAAT B COCTaB pabouen
nporpaMmmbl AUCUMNIINHBLI (Moayns).

OueHouHble MmaTepuanbl opmupytotca B cootsetcTBum ¢ 1 BIYUT «lMonoxeHne o6
OLIEHOYHbIX MaTepuanax».



NMPUNOXEHUE
K pabo4yen nporpamme

1. OpraHM3auMoHHO-MeToANYECKME AaHHble AUCLUUNIIUHbI AN O4YHO-3a04YHOW

copmMbI 06yUHeHus

1.1 OOBLembI
COOTBETCTBUMU C YY4E€OHbIM NSIaHOM

pa3nuyHbiX ¢opmMm y4yebHOM paboTbI

M Buabl

KOHTpONnA B

O6Lwaga TpyaoemMKoCcTb ANCLMMMNHBI (MOLYNS) COCTaBNSET 2 3a4eTHblE eQMHULbI.

PacnpeneneHue
- Bcero TPYyAOEMKOCTH No
Buabl yueb6HoOM paboThl aK. 4 cemecTpam, aK. 4
3 cemecTtp
O6Lasa TpygoeMKOCTb AUCLMIMIIUHBI (MoayIs) 72 72
KoHTakTHas paboTa B T. 4. ayAUTOPHbIE 3aHATUS: 16,1 16,1
Jlekuumn - -
8 mMoM yucrie 8 hopme rnpakmudeckol nod2omosKku - -
MpakTnyeckne/nabopaTopHble 3aHATUS 16 16
8 mMoM yucrie 8 hopme rnpakmudeckol nod2omosKku - -
KoHcynbTaumm Tekywue - -
Bud ammecmauyuu (3a4em) 0,1 0,1
CamocTosiTenbHasa paboTa: 55,9 55,9
[MpopaboTka MaTepmanos No nekymsaMm, y4ebHukam, ydebHbIM nocodmsm 18 18
lMoaroToBKa K NpakTU4eckMm/nabopaTtopHbIM 3aHATUAM 18 18
[JomaluHee 3agaHuve, pedepar 19,9 19,9




OLIEHOYHbLIE MATEPUAIIDI
AnA NPOMEXYTOYHOU ATTECTALUUN

no aucuunniunHe

MaTtemaTunyeckoe mMogenunpoBaHue Guonorm4yecknx npoueccosB



1 NepeyeHb KOMNEeTEHUUN C YKazaHMeM 3TanoB ux chopmmpoBaHus

Ne Koa HauvmeHoBaHue Koa n HanmeHoBaHWe MHAUKaTopa AOCTUXEHUA
n/n | Komnerte KOMNeTeHLMm KOMMeTeHLun
HLUMK

1 Or1K-8 CnocobeH WO-1orks — [lpMMeHSAeT pasnuyHble BuAbl COBPEMEHHOW
nucnonb3oBaTb nccnepoBaTenbCKoW annapaTtypbl Y BbIYUCAUTENBHON TEXHUKU
COBPEMEHHYIO AN pelleHns MHHOBALMOHHBIX 3aday B nNpodecCUoHanbHown
nccnenoBaTenbCKyo OEesATenbHOCTH
annapartypy v | WO-20nks — OeMOHCTpUpyeT 3HaHUA B obnactn npumMeHeHus
BbIYUCTTUTENTbHYHO COBpPEMEHHOM nccnepoBaTesibCKon annaparypbl "
TEXHUKY [OnSA peLleHUs | BblYUCIIUTESNTbHONM TEXHUKM B CBOeW nNpodheCcCUOHaNbHON
WHHOBALMOHHbIX 3a4ad | AeATenbHOCTU
B  npodeccrnoHanbHon
[eATenbHOCTU

Koa n HanmeHoBaHue
MHAUKaTopa AOCTUXEeHUNA

Pe3synbTaTtbl 06y4YeHus (nokasaTenu oLueHMBaHUA)

KOMNEeTeHLMU
NO-1onk-s — [NpumeHsieT | 3HaeT: pa3nuyHble BUObI COBPEMEHHOW MCCMeaoBaTeNnbCKOM annapartypbl u
pasnnyHble BUAbl | BbIMUCIINTENTbHON TEXHUKN
COBpeMEHHON YMeeT: NPUMEHSATb pasnnyHblie BUAbI COBPEMEHHOM UCCreaoBaTeNbCKON
uccnegoBaTtenbCKomn annapatypbl U BbIYUCTIUTENBHOW TEXHWUKN ANs1 peLleHUs1 UHHOBAaLMOHHbIX
annaparypbl n | 3agad B npodheccroHanbHOn AeaTenbHOCTU
BbIYMCIIMTENBHON  TEXHUKW | BrnageeT: MeTogaMu MateMaTMYeckoro ModenupoBaHus B cdepe Gronorum
ansa peLeHns | npu opraHM3aLmm NPON3BOACTBA NPOAYKTOB NMUTAHUS
WHHOBALMOHHbIX 3ajay B
npod)eccuoHarnbHomn
[esATenbHOCTU

NO-20mks — HemoHcTpupyeT

3HaeT: coBpeMEHHOE nccrnegoBaTenbckoe 1 nabopatopHoe obopygoBaHme

3HaHuA B obnactu | YmeeT: NpoBOAMTb UCCNENOBaHNSA Ha COBPEMEHHOM 1ccrneqoBaTenbCKoi
NPUMEHEHUSI  COBPEMEHHOW | annapaType W BbIYUCIIUTENbHON TEXHUKE

nccrnenoBaTenbCKom Bnageet: HaBblkamMu NPUMEHEHNS 3HaHWIN B 06N1acTN NPUMEHEHMS
annapaTtypsbl W | coBpeMeHHOWN uccrnenoBaTenbCKon annapaTtypbl U BbIYUCANTENBHON TEXHUKM
BbIYVCINUTENIbHON TEXHUKM B | B CBOEW NPOGECCMOHAaNbHON AEATENbHOCTH

cBoen  npodeccrnoHanbHom

0edATeNnbHOCTH

2 [MacnopT OLuEeHOYHbIX MaTepuanoB No AUCUMUNIINHE

Ne Paspensbl NHupekc OueHo4YHble cpeacTBa TexHonorus/npoueaypa oLeHnBaHus
n/n | OUCUMNAWHBLI | KOHTPOMWP | HaumeHoBaH NeNe (cnocob KoHTpons)
yemowm ve 3agaHun
KOMneTeHL,
i (unn ee
yacTu)
Tect 1-50 KomMnbloTepHOe TeCcTUpoBaHue
MpoueHTHasa wkana. 0-100 %;
0-59,99% - HeyOOBNETBOPUTENBHO;
60-74,99% - yooBneTBOPUTENBLHO;
75- 84,99% -xopoLuo;
85-100% - oTnnyHo.
CobecepoBa
BeegeHne. e MpoBepka npenogaBaTenem
1 MaTemaTude OnK-8 (BOMpOCH! 51-60 OtmeTka B cucteme
Ckue Mopgenu «3a4YTEHO — HE 3a4TEHO»
B 6uonorum AN 3auera)
CobecenoBa KomnbloTepHoe TecTnpoBaHue
Hue MpoueHTHasa wkana. 0-100 %;
(3apaHus 61-70 0-59,99% - HeyoOBRNETBOPUTENBLHO;
ans 60-74,99% - yooBneTBOPUTENLHO;
nabopaTopH 75- 84,99% -xopoLuo;
on paboTbl) 85-100% - oTnnyHo.
Pedepart/[o 71-90 [NpoBepka npenogasatenem




MalLHee OTmeTka B cucteme
3agaHvie «3a4YTEHO — HE 3a4YTEHO»
Tect 1-50 KomMnbloTepHoOe TeCcTUpoBaHue
MpoueHTHasa wkana. 0-100 %;
0-59,99% - HeyOOBNETBOPUTENBHO;
60-74,99% - yooBneTBOPUTENBLHO;
Monenm 75- 84,99% -x0poLLO; 85-100% - OTIMYHO.
Buonornyeck c
obecenoBa
UX CUCTEM, Hine lMpoBepka npenogasaTenem
onucbiBaembl (BoMpOCHI 51-60 OTmeTka B cucteme
e oa- ans 3adeta) «3a4YTEHO — HE 3a4TEHO»
2 HIAM Ork-8 Cobecenosa
auddepeHy, e KomnbloTepHoe TecTupoBaHue
narnbHbIM (3anaHms MpoueHTHasa wkana. 0-100 %;
ypaBHEHNEM ans 61-70 0-59,99% - HeyoOBRNETBOPUTENBLHO;
nepeoro no- naGopaTopH 60-74,99"? - y/:l,osneTBopMTejngo;
psaka ol paBoTbI) 75- 84,99% -xopowo; 85-100% - oTnunyHo.
Pedepat/[o 71-90 [NpoBepka npenogasatenem
MallHee OTmeTka B cucteme
3agaHvie «3a4YTEHO — HE 3a4YTEHO»
Tect 1-50 KomMnbloTepHoOe TeCcTUpoBaHue
MpoueHTHasa wkana. 0-100 %;
0-59,99% - HeyOOBNETBOPUTENBHO;
60-74,99% - yooBneTBOPUTENLHO;
75- 84,99% -xopowwo; 85-100% - OTNMYHO.
Cobecepnosa n
Mogenu e poBepka npenogaBaTenemM
BVONOMMYecK (BOnpoch! 51-60 OTmeTKa B cucteme
«3a4YTEHO — HE 3a4TEHO»
UX Ons 3adverta)
cucTem, CobecenoBa K
3 ONNCLIBAEMbI OnkK-8 e OMMblOTEPHOE Tecrwpqsane
N MpoueHTHasa wkana. 0-100 %;

e cheTemon (sananns 61-70 | 0-59,99% - HEy[OBNETBOPUTENBHO;
nudbdepeH nns ,99% HeyOoBneTBOPUT an. ;
NATBHBIX NaBopaTopH 60-74,99% - yooBneTBOPUTENBLHO;

N . 75- 84,99% -xopowo; 85-100% - oTnunyHo.
ypaBHEHUM on paboTbl)

Pedepat/[o 71-90 [NpoBepka npenogasatenem
MallHee OTmeTka B cucteme
3agaHvie «3a4YTEHO — HE 3a4YTEHO»

Pedepart/[o 71-90 [NpoBepka npenogasatenem
MalLHee OTmeTka B cucteme
3agaHve «324YTEHO — HE 3a4TEHO»

3 OueHoYHbIe MaTepuanbl AN NPOMEXYTOYHOW aTTecTauum.

TunoBble KOHTPONbHbIE 3aAaHUA WU UHbIE MaTepuanbl, Heobxoaumbie Ans
OLleHKM 3HaHWW, YMEHUWN, HaBbIKOB U (MNKN) onbiTa AEATENbHOCTU, XapaKTepu3yrLwmx
atanbl (OpMUPOBAHUA KOMMETEHUMA B nMpouecce OCBOEHUSA obpasoBaTenbHOWM
nporpamMmmbi

[Ona oueHkn 3HaHWWA, YMEHWW, HaBbIKOB CTYAEHTOB MO OMCUUNMNHE NPUMEHSeTCs
BGanbHO-penTMHroBas cuctemMa oueHkn cOopMMPOBAHHOCTU KOMMNETEHLNA CTYAEHTA.

BanbHO-penTuHroBas cucteMa OLEHKM OCYLLECTBNAETCA B TeYEeHMe BCEero cemecTpa
npy nNPoOBEAEHUN ayaUTOPHbIX 3aHATUA U KOHTPONSA  CaMOCTOATENbHOW  paboTbl.
Mokasatenammn OM gaBnalTCSA: TEKyWwMin onpoc B Buae cobecenoBaHust Ha nabopaTopHbIX
paboTax, TeCToBble 3afaHMs U CaMOCTOATENbHO (AoMaluHee 3agaHue, pedepat). OueHkn
BbICTaBMSATCHA B COOTBETCTBMM C rpadPrKOM KOHTPOSS TEKyLlenh yCrneBaeMoCTU CTYAEeHTOB
B aBTOMaTMU3MPOBaHHyt cuctemy 6a3 gaHHbix (ACYB[) «PedTuHr ctyaeHToB».

Ob6yuyatowmnncsa, HabpaBwmn B cemectpe 6onee 60 % OT MakCcMManbHO BO3MOXHOW
6anbHO-PENTMHIOBOW OLEHKM paboThbl B CEMECTpe, Nony4vaeT 3a4eT aBTOMaTUYEeCKu.

CtyneHT, HabpaBLumMi 3a Tekylyo paboTy B cemectpe meHee 60 %, T.K. He BbINOSTHUI
BClO paboTy B cemectpe M0 OObEeKTMBHbIM npuynHam (6onesHb, oduumanbHoe



ocBoOOXaeHVe M T.M.), AonyckaeTcsa [0 3adeTa, OOHAKO eMy [OMNOSIHMTENbHO 3ajaloTcs
BONPOCLI Ha cobeceaoBaHMM NoO pasgenam, BBIHOCUMbIM Ha 3a4yeT.

ATtTecTtauma obyvarowerocsa no AUCLMNIIMHE NPOBOAUTCA B (hOpMe TECTUpPOBaHUA Wt
npegycMmatpmBaeT BO3MOXHOCTb  nocregywouwero cobecegoBaHnsa  (3aveTa).  3avet
NPOBOANTCA B BUAE TECTOBOrO 3aJaHu4.

Kaxabih BapuaHT Tecta BKNoYaeT 15 KOHTPOIbHbIX 3a4aHUN, N3 HUX:

- 5 KOHTPOJIbHbIX 3a4aHNN Ha NPOBEPKY 3HAHUN;

- 5 KOHTPOSIbHbIX 3ajaHU Ha NPOBEPKY YMEHUN;

- 5 KOHTPOJIbHbIX 3a4aHUN Ha NPOBEPKY HABbIKOB;

B cnyyae HeynoBRneTBOPUTENBHOW COayu 3a4veTa CTyAEeHTY NpeaocTaBnaeTcs npaBo
NOBTOPHOWN cAavn B CPOK, YCTAHOBIEHHbIN ANS NMUKBUOALMU akageMN4eCcKon 3a0/MKEHHOCTH
no wutoram CcooTBeTCTBywWen ceccun. [lpu NOBTOpHOM cOaye 3adyeTa KONMYeCcTBO
HabpaHHbIX CTyaeHTOM 6annoB Ha NpeablayLem 3a4eTe He YYUTbIBaeTCs.

3.1 Tecmbl (mecmoebie 3adaHusl)

3.1.1 lWughp u HaumeHOBaHUE KOMemeHyuu
OlK-8 CnocobeH ncnonb3oBaTb COBPEMEHHYIO MCCNEeAOBaTENbCKYO annapaTtypy v BblYUCIUTENBHYIO
TEXHWKY ANs pelueHns MIHHOBAaLMOHHbIX 3a4a4 B NPOod)eCCUOoHanbHON AeATENbHOCTY.

Ne TecToBoe 3ajaHue C BapmaHTaMy OTBETOB U NPaBUIbHbIMU OTBETaMU
3agaHunsa

1. Mopenb obbekTa — 3T0...
- NPegMeT NOX0XUn Ha 06 bEKT MOAENMPOBAHNS,

- 0OBbEeKT - 3amecTuTeslb, KOTOPbIM Yy4uUTbiBaeT CBOWCTBa OOBbeEKkTa, HeobGxogumble AnNA
OOCTWXKEeHUSA Lenu,

- Konusa obbekTa,
- WabnoH, No KOTOPOMY MOXHO NMPOU3BECTM TOYHYHO KOMMIO 06 bEKTa.

2. OO6beKT, 3aMeHSAIOLWNIN pearnbHbIA NpoLecc, NpeamMeT U ABNeHne U Co3gaHHbIn ANna NOHUMaHUS
3aKOHOMEPHOCTEN OO BbEKTMBHOW AENCTBUTENBHOCTU, HA3bIBALOT ...

- 00OBbEKTOM,

- MoAenbio,

- 3aMeHuTenemM,

- BCe BbillenepevyunucrieHHble BapMaHTbl cnpaBegsimBbl.

3. MogenupoBaHue — 3710 ...

- npoLecc co3aaHua moaenen,

- hbopmarnbHOEe onucaHme NPoLEeCcCoB U SIBMEHWMN,

- MeToA NO3HaHUS, COCTOSALLUM B CO304aHUUN U UCCIeAOoBaHNN Mofenen,
- HabnogeHwe moaenen.

4. OcHoBHasi 3aja4a MOLENU COCTOMT B TOM, YTOD®I ...
nonyyYnTb MHpOpPMaLMIO O MOAENMPYEMOM OObEKTE,
0TO6pPa3nTbL HEKOTOPLIE XapaKTepUCTUYECKue NpmM3Hakm obbekTa,

nonyuntb WHdOpMaUUIld O MoAeNUMpyeMoM OOLeKTe WU oTo6pasuTb HeKoTopble
XapaKTepucTuyeckue npusHakm o6bekTa,

BOCMPOM3BECTM hn3nyeckyro popmy obbekTa.

5. MogenupoBaTb MOXHO ...

- 00BEKTHI,

- npouecchl,

- SIBNEHWUs,

- BCe Bblllenepe4vncrieHHble BapuaHThbl cnpaBeinmBbl.

6. Mo,u,envlposaHme MCNonb3ywT, KOraa...

- OpurnHan He cyLiecTByeT Unm ero CrnoXxHo nccnenoBartb HeENOCpenCcTBEeHHO,
- uccregoBsaHmne opurnHana ooporo Unm onacHo Ansa XXW3Hu,

- UHTEePEeCYOT HEKOTOPbIE CBOWCTBA opurnHana,

- BCe Bblllenepe4vuncrieHHble BapuaHTbl cnpaBeasinBbl.

7. MaTtemaTtunyeckne Moaenu OTHOCATCS K Kraccy...
- n3obpasntenbHbiX Moaenen,
- nparmaTn4eckux Mogenen,




- Mo3HaBaTeNbHbIX MOAENeN,
- CUMBOJIMYECKUX MOAernen.

MoXXeT N1 0auH 1 TOT K€ OOBbEKT MMETb MHOXECTBO MOJenen?
MHoroa moxerT.

- Oa.

- Her.

HeT npaBunbHOro oTeeTa.

MoryT nu pasHble 06bEeKTbI ONUCLIBATLCA OAHON MOAENbIO?
- UHoraa moryr.
- [a.
- Her.

HeT npaBunbHOro oTeeTa.

10.

MaTemaTtunyeckon mogenbto o6bekTa Ha3bIBaloT. ..

- onucaHue o6bLEKTa MaTeMaTuiecKumMmm cpeacTtBamMu, no3ponsouwee BbiIBOAUTbL CyXAeHUe

O HEKOTOpPbIX ero CBOMCTBax Npu nomolum hopManbHbIX Npoueayp,
- NoBy0 CUMBOMNMYECKYHO MoZesb, CoAepKallylo MaTeMaTMyeckne CUMBOJIbI,
- npeacTaBreHne CBOWCTB 06beKTa TONbKO B YMCIIOBOM BMAE,
- nobyto hopmanunsoBaHHy Mogerb.

11.

Mo cnocoby npeactaBneHns Moaenu AensT Ha ...
- MaTepuanbHble (MPeAMETHbIE) U UHOPMALMOHHbIE,
- 3HaKoBble U BepbanbHble,
- MaTtepuanbHble 1 BepbanbHble,
- 3HaKoBble M MHOPMALMOHHbIE.

12.

Bce nHdopMaumnoHHble Mogenu OensT Ha ...
BepbarnbHble 1 cneumarnbHble,

3HaKoBble U TabnnyHbIE,

noruyeckue u BepbanbHble,
BepOanbHble U 3HAKOBbLIE.

13.

MeTogamn maTeMaTM4eCckoro MOAENNPOBaHUS SBMAOTCS ...
- aHanNUTU4eCcKuM,
- 4YNCroBOW,
- aKCMOMaTUYECKUN N KOHCTPYKTUBHbIN,
- VUMUTALMOHHbIN.

14.

padomuyeckune, TabnuyHble, MaTemMaT4eckue, Normyeckue, cnelmnanbHbie — 3To BCe MoAenu. ..
- MaTepuarbHble,
- BepbarnbHble MHOPMaLMOHHbIE,
- 3HaKoBble UH(POPMALIMOHHbIE,
- HeT NpaBUIIbLHOro oTBeTa.

15.

Kakve mogenv BocnponsBoadaT reomeTpuyeckune, usnyeckne 1 apyrme CBomcTtea 06bEKTOB B
MaTepuanbHon popme?

- WHdopmauymnoHHsble.

- Wepapxuyeckue.

- lMpeameTHble.

- Bce BbllwenepeyvmcneHHble BapyMaHThbl CNPaBeavBbl.

16.

Kakas q)opma MaTemMaTtuyeckor Mmoaenu 0T06pa>|<aeT nocnegoBaTtesibHOCTb HeKOTOpOI7I CUCTEMBbI
onepau,w7| Haa NCXOAHbIMU OAaHHBbIMU C LeNblo Nony4yeHuns pe3yanaTa?

- AHanuTun4eckas.
- pacbmyeckas.

- Uudbposas.
- Anroputmunyeckas.

17.

Mogenu no d)aKTopy BpeMeHn noapasfendarnTcda Ha ...
CTOXacTnyeckume n guHamMmmyeckume,

cTaTn4yeckue n guHamMmm4ieckue,

cTaTn4yeckme n petTepMmmHnpoBaHHbIE,

- HeT npaBW1bHOIo OTBeTa.

18.

Mogenwu no xapakrepy cBs3el noapasaensoTcs Ha ...




cTaTn4yeckme n guHamm4eckune,
BEPOATHOCTHbIE U ANHaMU4yeckune,

- BEPOATHOCTHbIe U AeTePMUHNPOBAHHbIE,
- HeT npaBW1bHOIo OoTBeTa.

19.

OB61bekT, CoCToALLMM U3 BEPLUMH U pebep, KoTopble Mexay cobon HaXxoaaTCsl B HEKOTOPOM

OTHOLLIEHUN, Ha3bIBAIOT...
- cucrtemon,
- YyepTexom,
- CTpyKTypon obbekTa,
- rpacom.

20.

Mopgenu, onucbiBatoLwmMe COCTOSAHNE CUCTEMbI B OﬂpeﬂeﬂeHHblﬁ MOMEHT BpeMeEHW, Ha3blBalOTCA ...

- AMHaMUYECKUMU,
- cTaTU4YecKumm,

- NpeaMeTHbIMU,

- HeT NpaBWUbLHOro OTBEeTA.

21.

O PeKTMBHOCTL MaTEMaTUYECKOM MOLENN onpeaensieTcs ...
OLIeHKOM TOYHOCTU MoAenu,

byHKUMEN 3PEKTUBHOCTM MOSENMN,

COOTHOLLEHMEM LIEHbI M KayecTBa,

- NPOCTOTOM MOJenu.

22.

B OeTeEPMNUHNPOBAHHBLIX Moaensax...
CBA3N Mexay BXOAHbIMU U BbIXOOHbIMU BENTUYNHAMMU XKECTKO 3adaHbl,

pe3ynbTarhbl,
- BCe BbllLienepeyncrieHHble BapuaHTbl crpaBeanuBbl,
- HeT NpaBUJIbHOMO OTBETA.

npu OAMHAKOBbLIX BXOAHbIX AadHHbIX KaXXablin pa3 nony4yarwTCcA oOOUMHaKOBble

23.

Kakne nporpaMmHble cpeacTBa NOMOratT co3aaBaTb TabnuyHble Mmogenun?
- MS Word.
- Paint.
- MS Excel.
- MS Access.

24.

AnekBaTHOCTb MaTeMaTU4eCcKon moaenu n obbekta — 3710 ...

HeobGxoaMMa Ans AOCTUXKEHUA Lenu MmoaenpoBaHus,
nosfHoTa oTobpaxeHus 00beKTa MOAENMPOBaHMS,

- 06BEKTUBHOCTb pe3ynbTata Mo4eNnpoBaHus.

KOnmM4yecTBO MHbopmMaLmm 06 o6bekTe, Nony4yaemMoe B NpoLiecce MOAenMpoBaHus,

NpaBUIILHOCTbL OTOGpPaXeHUA B MOAENu CBOWCTB OObEKTa B TOM Mepe, KoTopas

25.

MHdopmaLMoHHON ModenNbio Kakoro Tuna aeBnsieTca dannosas cuctema komnbiotepa?

Uepapxunyeckoro.
Tabnun4yHoro.
CerteBoro.
Jlornyeckoro.

26.

Cuctema — 370 ...
Habop OTAEeNbHbIX 3NIEMEHTOB,

CUCTEMBI,
COBOKYMHOCTb OTAESbHbIX MHOXECTB,
HeT NpPaBWUbLHOro OTBEeTA.

COBOKYNMHOCTb B3aUMMOCBA3aHHbIX 061bEeKTOB, KOTOpbleé Ha3biBakwTCA J3JieMeHTaMu

27.

CocTosiHMe obbekTa onpeaenseTcs ...

BpeMeHM OTHOCUTENbHO 3aA4aHHOM Lienu,
TONMbKO PU3NYECKUMU JaHHBIMK 06 06bekTe,
napameTpamMu OKpyXarlLuen cpeapl.

KONM4YecTBOM MHGOPMALUK, NOSNTYYEHHON B (PUKCUPOBaHHbIA MOMEHT BPEMEHM,
MHOXECTBOM CBOWCTB, XapaKTepusywlum OO0bLeKT B (PUKCUPOBAHHbLIN

MOMEHT

28.

BaxHeMLWnM nprsHaKoM CUCTEMbI ABMSETCS ...
- ee CTPYKTypa,




- B3aMMOCBSI3aHHblE OOBHEKTHI,
- uenocTHoe (*)yHKLIMOHMPOBaHMe,
- CNoBO «cucrtemay.

20.

Mogzenwu no CTpykType noapasaenstoTcs Ha ...
- Tabnu4yHble, uepapxmyeckue, ceTesble,
- TabnuuyHble, ceTeBble, rpadpbl,
- TabnuuHble, rpadbl, cneyunansHble,
- HeT NpaBUIbLHOro OTBETA.

30.

M3meHeHne cocTosiHMA obbekTa oTobpaxaeTcsl B BUAE ...
CTaTU4Yeckon Moaenu,

AeTepMUHMPOBAHHON Moaenu,

AVWHaAMU4YecKon moaenw,

CTOXaCTMUYECKON MOAENN.

31.

Kakasi 3 npmMBegeHHbIX HWKe Mogenemn siBnseTcss MMUTaLUoHHON?
- [paduk nsmeHeHuss TemnepaTypbl BO3Ayxa B TEYEHME OHS.
- Marematnuyeckoe MmogenmpoBaHue GUONOrMYECKMX CUCTEM.
- WcTopusa 6onesHu.
- ®otorpadus.

32.

®a3oBoe NPOCTPAHCTBO ONpeaensercs. ..

MHOXXEeCTBOM COCTOSIHMI 06beKTa, B KOTOPOM KaXJoe COCTOsIHMe onpenensieTcs TOUYKOn
C KoopAuHaTaMu 3KBUBaNeHTHbIMU CBOWCTBaM O6beKTa B (PUKCUPOBAHHLIA MOMEHT
BpeMeHu,

KoopAuHaTamu CBOMCTB 00bekTa B PUKCUPOBaAHHLI MOMEHT BPEMEHMN,
OBYMEPHBLIM NPOCTPAHCTBOM C KOOpAMHATaAMM X,Y,
JNIMHENHBLIM NPOCTPAHCTBOM.

33.

CKOmMbKO OCHOBHBIX 3TanoB pa3paboTku 1 nccreqoBaHmsa Mogernen Ha komnototTepe?

34.

NHCTpyMEHTOM A5si KOMMNBIOTEPHOTO MOAENUPOBAHNUSA ABMSETCS ...
- MOHUTOP,
- CKaHep,
- KoMnbloTep,
- MpuHTep.

35.

dasoBasi TpaekTopusi — 3TO ...
- BEKTOp B MOMSIPHON C1CTEME KOOpAMHaT,
- cnep oT nepemelleHus ha3oBon TOUKU B (ha30BOM NPOCTPaAHCTBE,
- MOHOTOHHO yObiBatoLLas PyHKUMS,
- CuHycouganbHas KpyBasi C paBHbIMU aMNNnTyaamMmn 1 YacTOTOW.

36.

MaTepuanbHon MOAenNbIo ABnseTcs ...
- KapTa,
- MaKeT caMoreTa,
- guarpamma,

YyepTex.

37.

3HakoBoOW Mogenbio ABNAETCS ...
aunarpamma,

rnobyc,

OETCKUE UTPYLLKM,
Mogzernb kopabns.

38.

Touka Gudypkauum — 370 ...
- TOYKa ba30oBON TPAEKTOPUN, XapaKTepPU3ytoLLas MU3MEHEHNE COCTOSIHUS OB BbEKTA,
- TO4YKa Ha TPaeKTopWMK, XapakTepusytoLlasi COCTOSIHUE MOKOS,

- Touyka pa3oBOM TpaeKkTopuu, npeAlecTBYOWAsA pPe3KoMy W3MEeHEeHUK COCTOSIHUA
o0BbeKTa,

- TOYKa paBHOBECUA.




39.

npl/l n3y4vyeHumn obbekToB peaanoﬁ OEeNCTBUTENBbHOCTU MOXHO co3aarth ...

OOHY eAMHCTBEHHYIO MOAETb,

HECKOJIbKO pa3Jin4HbIX BUOOB mMopernen, Kaxagaa us3 KOTOPbIX OTpaxaeT Te U UHble
cyuwecCTBeHHbIe NPU3HaKu,

OfHY MOZESb, OTpakaloLLyto COBOKYMHOCTb NMPU3HaKoB 06bekTa,
HeT NpaBUIbHOro OTBeTA.

40.

[Mpouecc nocTpoeHns Moaenu, kak NpaBuno npeanonaraer ...

onu1caHue BCexX CBOWCTB MUCCrieqyeMoro o6beKTa,

BblaeneHne Haumbonee CyLWECTBEHHbIX C TOYKU 3pPEeHUsi pellaeMon 3ajavyn CBOWCTB
obbekTa,

BblOerneHne CBONCTB 06bekTa 6E30THOCUTENBHO K LIeNAM peliaeMoit 3agayu,
BblaeneHve He Gornee Tpex CYLLEeCTBEHHbIX NPU3HAKoB 06bEKTA.

41.

Jekomnosnymsa — 3To ...

npoueaypa pasfoXeHUs Lesioro Ha 4acTyu C LieNlbo ONMCaHUA O6bekTa,
npouenypa obbeanHeHns Yacten o6bekTa B Lienoe,

npoueaypa U3aMeHeHust CTPYKTYpbl 0ObeKTa,

npoueaypa CopTUMPOBKN YacTeln obbeKTa.

42.

MHdopmaLMOHHOM MOAENbI0 HENBL3A cyYnUTaTh ...

onucaHue oGbeKTa-opurmHana ¢ NoMoLLb0 MaTeMaTUyeckmx dopmyn,

OPYror OOGBLEeKT, He OTpaXalliunh CYLIEeCTBEHHbIX NMPU3HAKOB U CBOMCTB OOBLEKTa-
opuruHana,

onucaHue oGbeKkTa-opurmHana Ha eCTeCTBEHHOM UI hopMarbHOM si3bIke,
COBOKYMHOCTb MareMaTnyeckmx hopmyn, onuchiBalLLMX NoBedeHe o6bekTa-opuruHana.

43.

YCTaHOBMEHME paBHOBECUS MEXAY MPOCTOTOM MOAEenuM U KavyecTBOM oOTobpaxeHuss obbekTa
Ha3blBaeTcs...

[OuckpeTnsaunen mogenm.
AnroputMmnsaumen mogenu.
JInHeapusauymen mogenw.
Upeanusaunen mogenw.

44,

TabnuyHas nHpopmaumnoHHas Moaernb npeacTaBnaeT cobom ...

Habop rpadnKoB, PUCYHKOB, YePTEXEN, CXEM, Anarpamm,

onncaHMe OOGLEKTOB (UMM UX CBOMCTB) B BuAE COBOKYMHOCTM 3HA4YeHUW,
pasmewiaembix B Tabnuue,

cUCcTeEMy MaTemMaTu4ecknx opmyr,
onucaHue nepapxmndeckon CTPYKTYpbl CTPOEHUS MOAENMPYeMOro o6beKTa.

45.

PucyHku, KapTbl, YepTexu, guarpamMmmbl, CXeMbIl, rpaddukn NpecTaBnatoT cobon ...

TabnunyHble moaenu,
MaTemaTudeckne Moaenu,
rpadmueckue mogenm,
nepapxuieckme Moaenu.

46.

MMuUTauuoHHoe MoaenupoBaHue ...

BOCMPOM3BOAUT (PYHKLNOHMPOBaHME 0ObEKTa B MPOCTPAHCTBE U BPEMEHW,

peanusyeT Moaenb, NPOM3BOAALYI0 npouecc (PYHKUMOHMPOBAHUSA CUCTEMbl BO
BpeMeHU, a TaKKe UMUTUPYET 3NieMeHTapHble siIBfieHUsl, CocTaBnsoLwWwue npouecc,

BOCMPOM3BOAUT TONbKO huanyeckne npoLeccsl,
3aMeHsieT oGbeKkTaMu-aHanoraMmu pearnbHble CBOMCTBa 06beKTa.

47.

B 6uonorun knaccudmkaumsi npeacTaBuTesnen )XMBOTHOMO Mnpa npeacraBnseT cobon ...

TabnnyHyo Moaens,
rpaduyeckyto Moaenb,
MaTeMaTU4ecKyo Moaenb,
Mepapxmveckyro mogenb.

48.

C nomoLubto KOMMNbOTEPHOIo MMUTALUMOHHOIO MogenmpoBaHNA Hemnb3a U3Yy4nThb ...

aemMorpacdhmyeckme npoLeccsl, NpoTekarLlne B coLpanbHbIX cUcTemax,
TENnoBble NPOLIECChl, MPOTEKalLmne B TEXHUYECKUX CUCTEMAX,
MpOLIeCChI MCMXONOrMYeckoro B3anmMmoaencTeuns y4eHKoB B Knacce,
HeT NpaBUNbLHOro oTBeTa.




49.

OuckpeTnsauma mogenu — 3To npoueaypa...
- OoTODBpaxeHUs COCTOSAHWI 0ObeKTa B 3aJaHHbIE MOMEHThLI BPEMEHM,
- npeobpa3oBaHusi HENPEPLIBHOM MHGOPMAaL MK B OUCKPETHYIO,
pasferneHns Lenoro Ha yacTu,

npuBeAeHUsi AWMHaAMM4YeCKOro nmnpouecca K MHOXECTBY CTaTU4Y4eCKMX COCTOSIHUMN
o0BbekKTa.

50.

"eHeanormyeckoe AepeBO CeMbU SBMSIeTCS ...
- Tabnu4yHon Mopaenbio,
- MepapxXuvecKon mMoaenblo,
- CeTeBOW MoAernblo,

- CJIOBECHOW MOJErblo.

KpuTepuun 1 wkanbl oLeHKu:

MpoueHTHas wkana 0-100 %; oTMeTka B cucteme
«HeyAoBNeTBOPUTENbHO, YAOBNEeTBOPUTENIbHO, XOPOLUO, OT/IMYHO»
0-59,99% - HeyOOBNETBOPUTENBLHO;

60-74,99% - yooBNeTBOpPUTENBHO;

75- 84,99% -xopowo;

85-100% - oTnnyHo.

3.2 CobecenoBaHue (Bonpochbl AnNA 3a4eTa)

3.2.1 lWughp u HaumeHoOBaHUEe KOMemeHyuu
OlK-8 CnocobeH ncnonb3oBaTb COBPEMEHHYIO MCCNeAOBaTENbCKYO annapaTtypy v BblYUCIUTENBHYIO
TEXHWKY ANS pellueHns MIHHOBAaLMOHHbIX 3a4a4 B NPod)eCCnoHanbHON AeATENbHOCTY.

Ne
3ajaHus

TekcT BOnpoca

51.

MoHATHA Mmogenu u MmogenvpoBaHus. VigeanbHoe 1 maTtepuanbHoe MoaenupoBaHme.

lMoHATHME Mogenu Kak WMCKYCCTBEHHOrO obbekTa, KOTOpbIA B HEKOTOPbIX OTHOLUEHUSX UMeeT
CXOOCTBO C OOBLEKTOM-OPUIMHANOM W CIYXWUT CPeACTBOM OMUCaHUs U OOBACHEHUs, a Takke
NMPOrHO3MPOBaHNs NOBEAEHNS OpUrMHana.

Mogenb — MaTtepuarnbHbii UM MbICIIEHHO MNpPEACTaBnsieEMbli OOBEKT, KOTOPLIA B npouecce
N3y4yeHns 3amellaeT OOBbEeKT-OpUrMHasn, COXpaHsas Mpu 3TOM Haubonee BaXHble ANS OAHHOTO
NCccrneagoBaHns ero CBoOMcTBa.

Mogenb nos3BonseT HayyutbCA MNPaBUITBHO YMpPaBnsaTb OOBEKTOM, anpobupysa pasnuyHble
BapuaHTbl ynpaBreHus Ha Mogenu aToro obbekTa.

MpoLecc nocTpoeHns Moaenn HasbiBaeTcsl MOAENUPOBaHUEM.

Opyrumun cnosamu, MogenupoBaHue - 3TO NpPoLeCcC U3ydeHns CTPOEHUSA 1 CBOWCTB OpurMHana c
NMOMOLLIbIO MOAENN.

Pasnuuyalotr matepuanbHoe 1 ngeanbHoe MoaenMpoBaHue.

MaTtepuanbHoe MoOAenupoBaHue, B CBOK ouvepelb, AenuTcs Ha (pu3nmyeckoe U aHanorosoe
MoAenvpoBaHue.

®dusnyeckMM MNpPUHATO HasbiBaTb MOAENWPOBaHWEe, MNpu KOTOPOM peanbHOMY OOBbeKTy
NMPOTUBOMOCTABNAETCA €ro  yBENMYEeHHass WU yMEHbLUEHHas  Konws,  JonycKaroLllas
nuccnepoBaHue (Kak npaBuro, B JabopaTopHbIX YCIMOBUSIX) C MOMOLLbIO MOCMEeAyHLEero
nepeHeceHns CBONCTB M3ydaeMblX NPOLLECCOB U SIBNIEHWI C MOAENN Ha OOBEKT Ha OCHOBE TeOpUU
nogobus.

[Mpumepsbl: B aCTPOHOMWY - NaHEeTapuN, B apXMTEKTYPe - MaKeTbl 34aHUIN, B CaMONETOCTPOEHNN -
MoZenu netaTerbHbIX annapaToB U T.M.

AHanorosoe MofenvpoBaHWe OCHOBaHO Ha aHanorMmM npoueccoB W SBMAEHUW, UMEHLLUX
pasnuuHyo r3n4eckyo NpUpoay, HO OANHAKOBO OMUChIBaeMbIX (POpMaribHO (OOHUMU U TEMU XKe
MaTEMaTUYECKUMUN YPaBHEHUSIMMN).

OT npeaMeTHOro MoAenupoBaHUA MPUHUMNWANBHO OTNAMYaeTcs uaeanbHOe MOAenupoBaHue,
KOTOpOEe OCHOBaHO He Ha MaTepuanbHOW aHamormm obbekTa U MOJenu, a Ha aHanorum
naearnbHOW, MbICITUMOMN.

OCHOBHbLIM TUMOM MAeanbLHOr0 MOgENMPOBaHMSA ABMSETCH 3HAaKOBOE MOoAenvpoBaHue. 3HaKOBbIM
Ha3blBaeTCq MOAENMPOBaHMe, UCMOMb3YyHoLLee B Ka4eCcTBe MOAeNen 3HakoBble Npeobpa3oBaHus
Kakoro-nnbo Bnaa: cxembl, rpadoukm, YepTexu, popMyrbl, HAOOPbI CMMBOJIOB.

BaxHenwmm BMOOM 3HAKOBOrO MOAENWPOBAaHMSA SBMNSETCA MaTtemaTuyeckoe MogenupoBaHue,
npM  KOTOPOM  uUccnefoBaHMe  obbekTa  OCYLLIEeCTBRASieTCA  MOCpeacTBOM — MoAenwu,
CchOpMYNMPOBaHHON Ha £3blke MaTemMaTukn. Knaccudeckum npumepomM MaTemMaTU4ecKoro
MO EenNMpOoBaHNs ABMSIETCA OnucaHue 1 uccnegoBaHme 3aKoHOB MexaHUKM HeloToHa cpeacTesamu
MaTeEMaTUKN.

52.

O6beKTbl, Lenn n MetToapl MoaernmpoBaHuA.




Mpouecc MogenupoBaHMs COCTOUT U3 CNeYOLLMX 3Tanos:

O6bekT - Mogensb - MayvyeHne mogenu - 3HaHusa 06 obbekTe

OO6bekToM MofenMpoBaHnst MOXET cTaTb Ntobas Guonornyeckasa cuctema.

OcHoBHOM 3agayen npouecca MOOENMPOBaHMS SABMsieTCA BbIOOp Hambonee agekBaTHOM K
opurMHany Mogenu u nMNepeHoc pe3ynbTaToB MWCCrenoBaHusi Ha opuruHan. CyuiecTtByloT
AOCTaToyHO oOwme meToabl U cnocobbl MopenupoBaHus. MogenupoBaHve GUONOrMYecKux
CUCTEM — 3TO HanpaBrieHne B OMOMOrMyeckomMm MoAenupoBaHMU, a UMEHHO MPOLECC COo3haHus
Mopenen 6MoNorMYecknx CUCTEM C XapaKTePHbIMU UM CBOMCTBAMM.

Llenn mogenupoBaHus:

BbisicHeHMe MexaH3MOB B3anMOAeNCTBUS 3NEMEHTOB CUCTEMBI

MaoeHTndukaums n sepudmkalmns napaMeTpoB Moaenm no skcnepumMeHTanbHbIM AaHHbIM.
OueHka ycTtonWumBocTM cuctembl (mogenu). Camo noHATME  ycToMdMBOCTM  TpebyeTt
dopmanumsaumn.

lMporHo3 noBedeHWs CUCTEMbI NMPU PasfMYHbIX BHELLHUX BO3OENCTBUSAX, PasfiMYHbIX crnocobax
yrpaBreHns 1 npou.

OnTumanbHOe  ynpaBfeHMe CUCTEMOW B  COOTBETCTBMM C  BbIOpaHHbIM  KPUTEPUEM
ONMTMMarbHOCTW.

53. Mogenu B pasHbIx Haykax. Pusnyeckme n MmaTeMaTu4ecKne Moaenu.
MogenupoBaHue - 3TO OAUH N3 OCHOBHbIX METOLOB MO3HAHUS, KOTOPbI
3aKNto4aeTCcsi B TOM, YTO, BBMAY OONbLUON CMOXHOCTM pearbHbIX CUCTEM U
npoLLeccoB, NCCREeaYTCHA NX YNPOLLLEHHbIE KONUKU, CXeMbl 06pasbl, 3aMeHnTenu
W1 aHanoru, KOTopble N Ha3bIBaOT MOAENSMM.
[(maBHOEe CBOMCTBO MOAENN — afeKBATHOCTb, T. €. COOTBETCTBUE
MoaenvpyembiM 0CO6EHHOCTAM opurMHana.
Ot mogenu He TpebyeTcs AOCTOBEPHOCTU, UHAYE NOSYYNTCH HE MOAENb,
a konusi. CTeneHb COOTBETCTBUSA ONpPeaensieTcst LensiMm MogenupoBaHus.
M3nniwHee CXOACTBO C OpuUrMHanom Takke 6ecnonesHo, kak n HeJOCTaTOYHOE.
CTporux npaBun NoCTPOEHNsT MOAENN CHOPMYNMPOBaTL HEBO3MOXKHO,
OAHaKo, YeroBe4YeCTBO HAKOMUIo 6oraTbiv ONbIT MOLENTMPOBAHUS Pa3NINYHbIX
00BbeKToB 1 nNpoueccoB. MOXHO cka3aTb, YTO BCe 0Opa3oBaHue - 3TO U3y4YeHne
TEX WM MHbIX MOZENEN, a Takke NPUEMOB MX UCMOSb30BaHKS.
- Camonet B aspoguHamudeckon Tpybe. lNMomellas camoneT B aspoavHaMunyeckyto Tpyby u
UCNbITbIBasi €ro B pasfnuyHbIX BO3QYLIHbIX NOTOKaX, pellaeTcs 3agavya B3auMoaencTBMS CUCTEMbI
C BHeLLHen cpenon.
- AkBapuym sBnsietca npuMepoMm (u3nMYecKoro MoaenupoBaHua. B akBapnyme MOXHO
MOLEenuMpoBaTh BOAHYK 39KOCUCTEMY — PEYHYHO, 03EpHYI0, MOPCKYIO, 3acernuTb ee HeKoTopbiMu
Bngamm GUTo- M 300MNaHKTOHA, pblibamun, noadepkuMBaTb ONpPenerieHHbI CocTaB BOAbI,
TemnepaTypy, AaXe TeYEHUs.
- BblgeneHHble 13 nUCTbeB xmoponnacTel. Ha BblAeNEeHHbIX CUCTEMaX YacTo U3yyatoT NPOLLECCHI,
npoucxogsiine B XMBOW CUCTEME, B 3TOM CMbICNe dhparMeHT SBMSETCA MOAENbIO Lerion XNBOW
cuctembl. BelgeneHne 6onee NpocTom cucTeMbl NO3BONSAET NCCNEAOBaTb MEXAHU3MbI NMPOLIECCOB
Ha MOJEKYNSPHOM YPOBHE T.4.
KomnbloTepHble mMogenu cogepXaT «3HaHua» 0B obbekTte B BuAe MaTemaTudeckux opmyn,
Tabnuu, rpadukos, 6a3 AaHHbIX U 3HaHMW. OHU NO3BONSAIT M3y4aTb NOBEAEHWE CUCTEMbI NpU
NU3MEHEHNN BHYTPEHHUX XapaKTEPUCTUK U BHELLHMX YCIOBWIA, NpoOUrpbiBaTh CLieHapuu, pellaTb
3apayvy ontummsaumm. OgHaKo Kaxxaasi KOMNbIoTepHast peanusauns COOTBETCTBYET KOHKPETHbIM,
3agaHHbIM napameTpam cuctembl. Haunbonee obwmmum ©n abCTpakTHbIMKM  ABMAOTCSA
MatemaTudeckne Mogenu.
MaTtematmnyeckne mMogenuM OMnUCLIBAKT LEMblA KacC MpoLEecCoB WM SIBMEHUA, KOTopble
obnagalT CXoOHbIMM CBOWCTBaAMW, UNU SABMSKTCS M3oMopdHbIMU. Hayka koHua 20 Beka —
CYHepreTMka, nMokasana, uYTO  CXOOHbIMW  YPaBHEHUSIMW  OMUCHLIBAOTCA  MPOLIECCHI
caMoopraHu3auum camoW pasHoOW npupodbl: OT 00pa3oBaHUSA CKOMMEHWA ranakTuk o
00pasoBaHWs NATEH NITAHKTOHA B OKEaHe.

54, VicTopnsi MOgennpoBaHusl B OMONOrMm n aKOSTornmn.

Hayka koHua 20 Beka — cuHepreTuka, nokasana, YTo CXOZHbIMU YpaBHEHWSIMW OMUCHIBAOTCS
npoLeccbl caMoopraHM3aLUuy caMmoii pasHoi nNpupodbl: OT 06pa3oBaHMs CKOMMEHWI ranakTuk 4o
o6pasoBaHuUs NATEH NNaHKTOHa B OKeaHe.

Ecnu ynaeTtca ccopMynupoBaTh «XOpOLLIYO» MaTemaTU4eckylo Mofenb, ONs ee uccrieqoBaHus
MOXHO MPUMEHUTb BECb apCeHarn Hayku, HaKOMMEHHbIA 3a TbicadeneTus. Hemapom mHorue
KIacCcuKM He3aBMCUMO BbICKasblBanu ogHy U Ty XXe MyApYlo MbICMb:

«O6nacTb 3HaHMSA CTAaHOBWUTCA HaAyKoW, Koraa oOHa BblpaXxaeT CBOM 3aKOHbl B Buae
MaTeEMaTNYECKUX COOTHOLLIEHMIN»




C aTOM TOYKM 3peHusi caMasi «HayydHas» Hayka ? cdwusmka. OHa ucnonb3yeT matemMaTuky B
KayecTBe CBOEro €eCTEeCTBEHHOro s3blka. Bce dwmanyeckme 3akoHbl BblpaXalwTcsa B BuAe
MatemaTudecknx opmMyn nnu ypaBHeEHUN.

B xummnio matemaTtuka npuwna B Tpuguatble rogbl 20 Beka BMeCTe C XMMUYECKON KMHETUKOW n
dusnveckorn xummen. Cendac KHUrM MO XUMUW, B OCOBEHHOCTM MO XUMWYECKON KUHETUKE,
13NYECKO XMMNN, KBAHTOBOW XMMMM MOJSTHbI MaTeMaTUYECKMMMU CUMBOSIAMU U YPaBHEHUSIMMU.
Uem Oonee CNoXHbIMU SABMSKOTCA OOBEKTbI M MPOLIECCHI, KOTOPbIMM 3aHMMAETCsl Hayka, TeM
TpyaAHee HanmTu maTemaTuyeckue abcTpakumu, noaxoasiive Ans onucaHusi 3TUX OBBbEKTOB U
npoueccoB. B 6uonoruto, reonornio 1 gpyrne «onucaternbHble Hayku» MatemaTuka npuwina no
HacTosLLeMy TOMNbKO BO BTOpow nonosuHe 20 Beka.

[MepBble MOMbLITKM MaTemMaTMYecku onucatb Omonornyeckme npoueccbl OTHOCATCSA K MoOensm
nonynauMoHHON AnHaAMUKKU. OTa obnacTb MatemaTuyeckon buonormm n B gansHemnLwem cnyxuna
MaTemMaTU4eCKMM MONMIMIOHOM, Ha KOTOPOM «oTpabaTbiBanuncb» MaTemaTudeckue moaenu B
pasHbix 06nacTsx ouonormn. B Tom umMcne mogenu 3BONOLUK, MUKPOOMONOrMM, UMMYHOMNOMMA 1
apyrux obnacTten, CBA3aHHbIX C KNETOYHbIMW MONYNsILUSMMU.

Camasa nepBasi M3BecTHasd MoAenb, copMynupoBaHHas B OMOMOrM4ecKko MOCTaHOBKE, 7
3HaMeHuTbIN psag PnboHayum, KOTopbIv NpuBOAUT B cBoeM Tpyae JleoHapao us Musbl B 13 Beke.
OT0 psAf umucern, onMCbiBaloLWLMIA KONMMYECTBO Nap KPOJIMKOB, KOTOPbIE POXOAKTCS KaXKabl MecsL,
€CNN KPONMKM HauYMHAT pasMHOXaTbCs CO BTOPOro Mecsila M Kaxabli Mecsl, 4alT NOTOMCTBO B
BMAe napbl KPOJIMKOB.

55.

MaTtemaTtnyeckoe MogenMpoBaHve 1 HayyYHble 00acTy ero NPUMEHEHMSI.

KomnbloTepbl B COBPEMEHHOM MWPE CTanu MPUBLIYHLIMU AN YENOBEYECKON OEeATENbHOCTU: B
dmHaHcoBoOW chepe, B BU3Hece, NPOMbILLNIEHHOCTH, obpa3oBaHuKn, cepe aocyra. bnarogaps
KOMMNblOTEPAM 3anafHOW LMBUMM3AUUM YAANOCb CYLIECTBEHHO MPOABMHYTLCS B CregylLmx
HanpaeneHnsXx.

ABTOMaTM3aUNSa TPyLOBOW AEATENBHOCTU BO BCEX cdhepax

UudopmaumoHHasa pesoniounsi. Bo3MOXHOCTb XpaHWUTb M CTPYKTYpMpOBaTb OrPOMHbIE U CaMmble
pa3HOoOOpasHble MaccuMBbl MHGOPMALMU U MNPOM3BOOAUTL ObICTPbLIA U 3DPEKTUBHBLIN MOUCK
HeobxoauMOon MHopMaLnW.

MporHosupoBaHve. KomnbioTep No3BoNseT CTPOUTb MMUTAUMOHHBIE MOLENN CIIOXHBIX CUCTEM,
NpoUrpbIBaTh CLEHapuy 1 genatb NPOrHo3bl.

OnTtmmsauus. Niobas venoBeyeckass OeATENbHOCTb, B TOM 4ucre oOblgeHHas XusHb TpebyeT
NMOCTOSIHHON ONTUMU3auun gencTeuin. B npouecce asonoumm cpopmmpoBanuce bruonormuyeckmne
CUCTEMBI, KOTOPbIE OKa3bIBATCSA ONTUMAsbHBIMU B TOM UM MHOM CMbICIE, HAaNpUMep, B CMbICIe
Hambonee 3KOHOMUYHOIO UCMONb30BaHMSA 3Heprnv. Onsa Toro 4Tobbl hopManu3oBaTth LIENEBYHO
OYHKLUMIO, TO €eCTb OTBETUTb Ha BOMPOC, YTO Xe SBMSETCSs AN CUCTEMbl ONTUMarbHbIM,
HeobxoaMMo chopMynupoBaTb MoAernb ONTUMU3UPYEMOro NMpoLuecca U KpUTepum onTuMu3aumm.
KomnbloTep no3BomnsieT NpoeKkTMpoBaTh U peann3oBaTb PasnmyHble anropuTMbl ONTUMMU3ALNN.
KomnbtoTep paboTaet He C caMON CUCTEMOW, a C MOAENbIO.

56.

MaTtemaTnyeckoe mogenupoBaHve B GMOOrMu 1 SKOMOTUun.

Ceityac 6GuonornyeckMe XypHamnbl MOMHbl MatemMatudeckummn opmynamm 1 pesynbTaTtamu
KOMMNbIOTEPHbIX CUMynsuMin. MmerTca cneuvanbHble >KypHanbl, MOCBsILLEHHble paboTam B
obrnactn matemaTtudecknx mogenen: Theoretical Biology; Biosystems; Mathematical Ecology,
Mathematical biology, Biological systems etc. PaboTbl no matemaTnyeckoMy MoAeNMpPOBaHUIO
neyaTalTCA MNpPakTUYECKM BO BCEX POCCUMUCKUX BGuonorudeckmnx xypHanax: Obuwas Guonorus,
Buodumsmka, Skonorusa, MonekynspHasa 6uonornsa, dusmonorus pacTeHnn n Apyrux.

B OCHOBHOM, MoAenu SBMASKOTCA MHCTPYMEHTOM U3YYEHUS KOHKPETHbIX CUCTeM, U paboTbl Mo
MOLENMPOBaHMIO NevaTalT B XypHanax, MOCBSILLEHHbIX Ton obnactm 6uonoruu, K KOTOpou
OTHOCUTCA OOBEKT MOOEenuMpoBaHWs. JOTO O3Ha4yaeT, YTO MoAernb AoMmKHa ObiTb MHTEpecHa,
nornesHa 1 NoHsATHa cneunanuctam-buornoram. B To e Bpemsi oHa JOrmkHa OblTb, ECTECTBEHHO,
npodeccnoHanbHO caenaHa ¢ TOYKU 3peHUst MaTemMaTurku.

Haubonee ycnewHble mogenu cgenaHbl B COAPYXeCTBe CrneuvanucToB MaTemaTuKoB, WUIn
¢u13nKoB, 1 BUONOroB, XOPOLLIO 3HAKLWUX 0O6BbEKT MogenupoBaHus. MNpn aTtom Hanbonee TpyaHas
YacTb COBMECTHOM paboTbl ? 310 dopmanu3aumns 3HaHui o6 ob6bekTe (kak npaBuro, B BuAe
CXeMbl) Ha si3blke, KOTOpbIN MOXET 3aTeM ObiTb nepedOopMynMpoBaH B MaTeMaTUYecKyl Wnuv
KOMMbIOTEPHYI0 MOAENb.

YcnoBHO Bce Martematuyeckue mogenn 6GUOonormyeckux CUCTeEM MOXHO pasgenntb  Ha
perpeccuoHHble, Ka4eCTBEHHbIE U UMUTALVOHHbIE.

PerpeccroHHble 3aBUCUMOCTM - 3TO (POPMYbl, OMUCLIBAIOLLME CBA3b Pa3fiMYHbIX XapakTepucTuk
CUCTEMbI, He MpeTeHaya Ha PU3NYeckuin unu GMonornyecknin CMbICn 3TUX 3aBucumocTen. [Ans
NMOCTPOEHUSI PErpecCroHHOW MOAEenuM OOCTAaTOYHO CTaTUCTUYECKU OOCTOBEPHbIX HabniogeHHbIX
KOppensuMn mexagy nepemMeHHbIMU Unv napamMmeTpamMmu CUCTEMBI.

57.

Cneunduika MoaenMpoBaHus XXUBbIX CUCTEM.




Ha npoTsokeHMnM Bcen WCTOpuMM 3anagHOW Hayku CTOSN BOMPOC O TOM, MOXHO 5v, 3Hasi
KOOpAMHaTbl BCEX aTOMOB W 3aKOHbl WX B3auUMOLEWCTBUSA, onucaTtb BCE MPOLECCHI,
npoucxogsawme Bo BceneHHon. Bonpoc He Hawen cBoero ogHo3HayHoro oTBeTa. KBaHToBagd
MexaHuKka yTBepauna MOHATUE HeonpenerneHHOCTU Ha MukpoypoBHe. B nekuumsx 10-12 mbl
YBMAMM, YTO CYLLECTBOBaHME KBA3UCTOXACTUYECKMX TUMOB MOBEOEHUS B OETEPMUHUPOBAHHbBIX
cuctemMax genaeTr  MpakTUYecKM HEeBO3MOXHBbIM — MpeAcKasaHue MOBefeHUs  HEKOTOpbIX
OEeTEPMUHNPOBAHHBIX CUCTEM U HA MaKPOYpPOBHE.

CneactBnemM nepBoro BOMpoca SABNSETCS BTOPOW: BOMPOC «CBOAMMOCTM». MOXHO nn, 3Hasd
3aKOHbl (PU3UKKN, T.e. 3aKOHbl OBMXEHUST BCEX aTOMOB, BXOASLMX B COCTaB OMOMNOrn4eckmx
CUCTEM, W 3aKOHbI X B3aUMOAENCTBUS, onucaTb NoOBeAEHUE XUBbIX cuctemM. B npuHumne, Ha aToT
BOMPOC MOXHO OTBETUTbL C MOMOLLBI0 UMUTALMOHHOW MOAENM, B KOTOPYIO 3anoXeHbl KOOpAMHaTbI
N CKOPOCTW OBWXEHUS1 BCEX aTOMOB KakOM-NMBO XMBOW CUCTEMbI U 3aKOHbI X B3aMMOLEUCTBUA.
Ona nwobon XMBoM cCUCTEMbI Takasd MOAENb [OOSMKHA coaepXaTb OrpoOMHOEe KOJMYEeCTBO
NepeMeHHbIX 1 NapamMeTpoB U MPaKTUYEeCKU HEOCYLLUECTBMMA, HO MOMbITKU MOAENUpPoBaTb C
MOMOLLIbIO Takoro noaxoda MYHKUUMOHUPOBAHUE 3MIEMEHTOB XUBbLIX CUCTEM ? BGMOMaKpOMOIEKYI
JenarTcst, HaymHas ¢ 70-x rogos.

HecmoTpsi Ha pa3HooOpasune XMBbIX CUCTEM, BCE OHM 00MadarT CrieayLmMmmn cneymdunieckumMmm
yepTamm, KOTOpble HEOBXOANMO YUUTLIBATL NPU MOCTPOEHUN MOAENEN.

1. CnoxHble CUCTEMBI. Bce ovonoruyeckue cuUcTeMbl SIBMSIOTCSA CNOXHbIMU
MHOIOKOMMOHEHTHbIMW, MPOCTPaHCTBEHHO CTPYKTYPUPOBaAHHbLIMU, 3NEeMEHTbl KOTOpPbIX obnaaatoT
MHAUBMAYanNbLHOCTLIO. [1pn MoaenupoBaHUKM Takmx CUCTEM BO3MOXHO ABa noaxoga. lNepBbini —
arpernMpoBaHHbii, ¢eHomeHonorndyecknn. B cCooTBETCTBUMM C 3TUM MOAXOAOM BblOENATCSA
onpefenspolne XapakTepucTukm cuctemMbl (Hanpumep, oOWas YMCNEHHOCTb BUAOOB) U
paccMaTpMBalOTCA KayeCTBEHHblE CBOWCTBA MOBEAEHUA 3TUX BENIMMMH BO  BPEMEHU
(ycTonumeocTb CTauMoHapHoro COCTOSIHMSA, Hanuyne KonebaHun, CyLLIECTBOBaHMe
NPOCTPaHCTBEHHOW HEOAHOPOAHOCTM). Takon noaxon ABNseTCA UCTOPUYECKN Hanbonee OpeBHUM
N CBOMCTBEHEH AUHAMWNYECKOM TEOPUN NOMNYNSALNIA.

Opyron nopgxon ? noapobHOe pacCMOTPEHUE 3SMEMEHTOB CUCTEMbI U MX B3aMMOAENCTBUMN,
pPacCMOTPEHHOE Bbille UMUTALMOHHOE MOAENMPOBaHue,. MiMntaumoHHas mogenb He gonyckaeT
aHanMTM4ecKoro UCCrneaoBaHus, HO ee NapaMeTpbl UMEIT SACHbIN PUNYECKUIA U BUONOTNYECKIIA
CMbICI, MPU XOPOLLEN 3KCNEePUMEHTANbHON N3Y4YEHHOCTU (pparMeHTOB CUCTEMbI OHA MOXeT AaTb
KONMUYECTBEHHbIN NPOrHO3 ee NoBeAEHMWS NPU PasfnYHbIX BHELLHMX BO3AENCTBUSX.

2. Pa3smHOXawLlmecs cuctembl (CNOCoBHble K aBTOPenpoayKumu). ITO BaxHelllee CBOWCTBO
KMBbIX CUCTEM onpeaensieT ux crnocobHoCcTb nepepabaTbiBaTb HEOPraHMYECKOE U OpraHM4Yeckoe
BewecTBo Ana  6uocuHTesa OBMOMOrM4eckMx MakpOMOMeKyrn, KreTok, opraHusmoB. B
(HPEHOMEHONOMMYECKMX MOOENAX 3TO CBOWCTBO BblpaXaeTCsd B HanNMuMM B YpaBHEHUSX
aBTOKaTaNMTUYECKNX YJIEHOB, OMNPEeAensitowmnX BO3MOXHOCTb pocTa (B HENMUMUTUPOBAHHbLIX
YCIOBUSIX ? 3KCMOHEHLMANbHOro), BO3MOXHOCTb HEYCTOMYMBOCTM CTaLMOHAPHOIO COCTOSIHWUSI B
NoKanbHbIX  cucTemMax  (Heobxogumoe  yCrnoBME  BO3HWKHOBEHMSI  korebaTenbHbIX U
KBA3NUCTOXaCTUYECKNX PEXMMOB) U HEYCTOMYMBOCTM FOMOFEHHOIO0 CTaLMOHAPHOr0 COCTOSIHWUS B
MPOCTPaHCTBEHHO pacnpefernieHHbIx cucteMax (ycrnoBvMe HEOAHOPOAHbLIX B MNPOCTpPaHCTBE
pacnpegeneHunii 1 aBTOBOMHOBbLIX PEXUMOB).

BaxHyt0 pornb B pasBUTUM CIIOXHbIX MPOCTPAHCTBEHHO-BPEMEHHbIX PEXMMOB UrpatoT npouecchl
B3aMMOJENCTBMA KOMMOHEHTOB (Buoxumumyeckne peakumm) W npoueccbl nepeHoca, Kak
xaoTuyeckoro (amddysms), Tak U CBA3AHHOrO C HanpasfieHUEM BHELUHUX cun (rpaBuTaums,
3ANEeKTPOMarHuTHble MNond) WMNu ¢ aganTUBHbIMU (PYHKLUMAMU KUBbIX OPraHn3MoB (Hanpumep,
OBWXeHVe LMTonnasmbl B KrneTkax noa AencTBrneM MUKpodunaMeHToB).

3. OTKpbITEIE CUCTEMBI, MOCTOSHHO Mponyckawwme vepe3 cebsa NMOTOKM BELLECTBA U 3HEPruw.
Buonornyeckue cuctembl ganekn ot TEpMOANHAMNYECKOTO PAaBHOBECKS, Y MOTOMY OMUCHLIBAKOTCS
HENMUHENHbIMW  ypaBHEHMAMU. JIMHElHble cooTHoweHus OH3arepa, CBA3bIBAKOWME CUMbl U
MOTOKW, CNpaBeANMBbLI TONIbKO BONN3N TEPMOANHAMUNYECKOTO paBHOBECKS.

4. buonornyeckne o0OBEKTbI MMEKT CrIOXKHYI0 MHOrOYpOBHEBYIO cuCTeMy perynsumn. B
OMOXMMMNYECKON KMHETUKE 3TO BbIPaXaeTCs B Hanu4mMmM B Cxemax netenb obpaTHOW CBSA3W, Kak
NOMNOXUTENbHON, Tak U OTpuuaTensHon. B ypaBHEHMsIX nokanbHbIX B3auUMOAEWNCTBUN OBpaTHble
CBSI3W ONUCHLIBAKOTCHA HENMUMHENHBbIMU (PYHKLMAMMK, XapakTep KOTOpbIX onpeaensieT BO3MOXHOCTb
BO3HWKHOBEHMSI M CBOMCTBA CINOXHbIX KMHETUYECKMX PEXUMOB, B TOM 4ucrne konedatenbHbiX n
KBa3UCTOXaCTUYECKUX.

Takve HenMHEeMHOCTM Mpu yyeTe NPOCTPaAHCTBEHHOro pacnpefeneHus U NpoueccoB nepeHoca
obycnosnuealoT NaTTepHbl CTaLMOHAPHbIX CTPYKTYP (MSATHA pasnnyHon opmbl, nepnogndeckme
anccunaTuBHbIE CTPYKTYPbl) M pasfuyHble Tunbl aBTOBOSHOBOIO MOBEAEHUS (OBWKYLLMECS
POHTLI, BeryLme BOsHbI, BegyLime LeHTpbl, ClvMparnbHble BOJHbI U Ap.)

Ha ypoBHe opraHa, opraHvMamMa, NonynsiLym xvBas cucteMa Takke SBMSeTCs reTeporeHHoNn, U 3T0
ee OCHOBoOMosarawllee CBOWCTBO HEOOXOAUMO Yy4YMTbiBaTb MPU CO34aHMM MaTeMaTU4eCcKon




mogenu. Camo BO3HMKHOBEHWE MNPOCTPAHCTBEHHOW CTPYKTYpPbl M 3aKOHbl ee (hopMMPOBaHUSA
npeacTaBnaeT oAHy M3 3agadv Teopetudeckon Guonormn. OAuH M3 NMOAXOO0B PELUEHUs Takon
3agaym ? matemartmdeckas Teopus mopdoreHesa.

58.

Bugpl mogenen B Guonorum (6uonornveckme, uNKO-XMMUYECKNE N MaTeEMaTUYECKUE).

Mogenv npoayKLMOHHOMO npoLuecca pacTeHUN.

MmMmuTaumoHHble Moaenv npoayKUMOHHOro mnpouecca pacTteHui (arpobuoueHO30B) AN pasHbIX
KynbTyp SIBNSAOTCA OAHMMU W3 MEPBbIX WUMUTALMOHHBLIX Mogenen. [paktudeckas 3agava
ModenupoBaHMs  BbIGOp  ONTMMAanbHOW CTpaTerMM nNpoBeAEHUs  CENTbCKOXO3SMCTBEHHbIX
MEPONPUSATUIA: OPOLLEHUS, NONUBA, BHECEHUS yAOBPEeHWU C Lenbio NOMy4yeHUs MakCuMarbHOro
ypoxas. CyuectsyeT 60nblIoe 4MCNO MoAenen pasHbIX KynbTyp, Kak YMNpOLLEHHbIX,
npeaHasHavYeHHbIX AN peLleHnsi KOHKPETHbIX BONPOCOB YNpaBneHusl, Tak U O4eHb Noapo6HbIX,
nucnonb3yemblX B OCHOBHOM [nsi uccnefoatenbckux uernen. lMoapobHble mMopenn uMmeroT
nepapxmyeckyro 6noyHyro cTpyktypy. Cpean OMOTUHECKMX NpPOLLEeCcCOoB BblAensoT 6nok
doTocuHTE3a, 6NOK KOPHEBOro NUTaHUA, 610K pocTa U pa3BuUTKS, BNOK NOYBEHHOW MUKPOMMOPHI,
0ok pa3BUTUSA BONE3HEN CENbCKOXO3ANCTBEHHON KyNnbTypbl U Apyrue. PaccmaTtpuBaroTcsa Takke
reogusmdeckme npouecchl: opMMpoBaHWE TEMNfOBOIO M BOAHOIO PeXMMa, KOHUEHTpauun u
nepenBwkeHNst GUOTeHHbIX Y TOKCUYECKMX cornen, koHueHTpaumm CO2 B nocese v Apyrux.
Mogernu BogHbIX 9KOCUCTEM.

BogHasa cpega ropasgo 6onee ogHopogHa, YeM CyxomnyTHble 6uoreoueHosbl, 1 UMUTALMOHHBIE
MOENM BOOHbIX CUCTEM YCMEewHo co3gatTca HaduHasa ¢ 70-x rogoB 20 Beka. OnucaHue
0BMeHHbIX MpoLEeccoB B BOOHOW cpefie BKMNoYaeT onucaHue ycBoeHus as3oTta, occopa n apyrnx
OMOreHHbIX 3NIEMEHTOB, POCT (PUTO- M 300NnaHKTOHa U aetpuTa. Npyn 3TOM BaXHO y4uTbIBaTb
rmgpobuonornyeckue npoLeccbl B paccMaTpMBaeMblX BoAoeMax, KOTopble, Kak npaBumo,
SABNAOTCA HEOAHOPOAHBLIMM U NPY MOAENUPOBaHMM pa3buBatoTcs Ha pAg KOMNAapTMEHTOB.

C nomowWpbld WMUTALMOHHOIO MOAENWPOBAHUA pellanncb BOMPOChl BbipaboTkM cTpaTernm
Oopbbbl C 3TpuduKaumern 3akpbiTbiX BOAOEMOB, B 4YacTHOCTM, ofHoro u3 Benuknx
AmepukaHckmx o3ep — Osepa 3pu. MHOMo MMUTALMOHHBIX MOAENEN MOCBSALWEHO pa3paboTke
ONTMMarbHOW CTpaTerum BbifioBa pbibbl.

59.

MaTtemaTtnyeckoe MoaenMpoBaHMe Kak CPeaCcTBO 3KOIOMMYECKOro MPOrHO3NPOBaHUS.

Yalle Bcero gMHaMn4eckMe Mogenu UCnosb3ylT A1 ONUCAHUS aHTPOMOreHHbIX BO34ENCTBUA Ha
BOAHYIO  9KOCMCTEMY. AHTPOMOreHHoe BO3AEWCTBME HA BOAHYH  3KOCUCTEMY  MOXHO
paccMmaTtpuBaTbh Kak ynpaeneHue. YnpaeneHue Afis BOOHOW 3KOCUCTEMbl WM ee MoACUCTEM
COCTOUT 1nn B cbope ypoxas (MpoMbICNE), NN B UCKYCCTBEHHOM YNpaBneHnn CUCTEMON, NN Xe
B ynpaBnsioLieM BO3LEMCTBUU Ha napamMeTpbl BHeLUHen cpedbl. BaxHbiM BMAOM ynpaBneHus
nocrnegHero Tuna sIBNSIeTCs 3arpsi3HeHME BOAHOW cpeabl.

OpaHoM 13 BaxHbIX 3a4ay MPOrHO3MPOBAHUA COCTOSIHUSA OKpyXalollen cpefbl ABNAETCH NpOrHo3
pacnpegeneHmns KOHUEHTpauui 3arpsasHsowmMx BELLECTB B MPOCTPAHCTBE M €ro M3MEHEHue co
BpemeHeM. PelweHne pgaHHOW 3agayn  npeanonaraeT  MOAENMPOBaHME  MPOLLECCOB
pacnpoCTpaHEHMs 3arpsi3HAIOLLINX BELLECTB B pPa3fiMyHbIX cpedax.

[Ona mopenupoBaHWs aHTPOMOreHHOro BO3OEWCTBUSI Ha BOAHblE SKOCMCTEMbI 3a4acTyro
NCNONb3yT MaTemMaTU4eCcKoe BblipaxxeHne 3akoHoB Puka, ypaBHeHne anddysnm B HENOABMKHOM
n gBumxyllenca cpege. [Npu coctaBneHun nogoGHbIX MoOAENen YYuTbiBAaeTCs MHOXECTBO
napaMeTpoOB, OCHOBHblE W3 KOTOPbLIX — HadaslbHOE M OCHOBHOE pa3baBneHWe CTOYHbLIX BOA,
KpaTHOCTb pa3baBneHnst 1 T.M.

Mpumepom MOXeT cnyxuTb Takne paboTbl Kak MOAEeNnMpoBaHWE npolecca nepeHoca TsXKenblX
METasnnoB B NOBEPXHOCTHbLIX BOAaAX, MPOrHO3MpoBaHNE OUHAMUKMA KOHLIEHTPALUKN 3arpsasHSOLLMX
BELLECTB B BOAE U T.4.

Ammocgpepa B maTematnyeckme mogenun atMocqepHOro Bosgyxa MOoryT y4uTbliBaTb HE TOSbKO
npupogHble ABMEHUsA, npoucxoasiume B atmMocdepe, HO W aHTPONOreHHoe BNUSIHME, W
npeAHasHadeHbl 415l NPOrHO3MPOBaHMST TOM UITN SKOJTOTMYECKOM CUTYaLIUN.

B kayecTBe npumepa MOXHO MPMBECTU MOAENb BEPXHMX crioeB aTmocdepbl. Mogenb BeluncnseT
msmyeckme napameTpbl BEpXHENn aTMoCcdepbl NYTEM YUCIEHHOTO MHTErpMpOBaHUS YpaBHEHWUN,
OpMYNUPYIOLLNX OCHOBHbIE (OU3NYECKME 3aKOHbl Ansi OKOJIO3EMHOW Cpefbl; paccyuTbiBaeT
Bapvaumm rnobanbHbIX pacnpeaeneHnii napaMeTpoB BepxHer aTmocdepbl 3eMnu Ha BbicoTax ot
60 go 100000 kKM B 3aBUCMMOCTM OT Fenmno-reopusnyecknx ycrnoBuin (BpEMEHM CYTOK, CEe30Ha,
YPOBHEN CONMHEYHOW U MarHUTHOW aKTUBHOCTU U T.M.).

Mopgenb paccunTbiBaeT cneyloLlive napaMmeTpbl BEpXHen atMmocdepbl 3emnu:

- KOHLIEHTpauumn ocHoBHbIX HenTpanbHbiX (O, Oy, Ny, H) 1 3apskeHHbIX (OZ+, NO*

,O" H, 3NEKTPOHbI) KOMNOHEHT BepxHen atmocdepbl 3emnuy;

- TemMnepaTtypy HENTPanbHOro ra3a, MOHOB U ANEKTPOHOB;

- KOMMOHEHTbLI BEKTOPOB CKOPOCTEN HENTPArbHbIX U 3apsKEHHbIX YacTul,

- NOTEHLMarn 1 KOMMOHEHTbI BEKTOPA 3M1EKTPUYECKOro Mons.

HaszemHbie skocucmembl OCHOBHOW YacTblo MOAENen Ha3eMHbIX 9KOCUCTEM ABMsieTCA Onok




NPOAYKUMOHHOIO npouecca pacTeHun. Hapagy ¢ 3TuM  HanpaBneHuem pa3BuBaeTCs
HanpaBreHne COo3[aHNsi MaTemMaTUyecKMX MOAENen, OTpaXarLmnx aHTPoNnoreHHoe BO34encTBme
Ha HaseMHble 3KocucTeMbl. Ha cerogHsWHWA MOMEHT W3BECTHO OonblIoe KONMMYeCcTBO
MaTeMaTU4ecknx MoAerien, onMcbiBaloLLMX Ha3eMHble aKocucTeMbl. K HUM oTHocATcs paboThl No
crnegywwuM HanpaBneHusM: MaTemaTMyeckoe MOLEeNMpOoBaHWe MOBeAEeHUs PaavOHYKNuAoB B
Ha3eMHbIX aKocucTemax, onncaHHoe B pabore MamumxmnHa C.B. «MexgyHapogHasa koonepauus B
obractm maTemMaTuM4yeckoro MOAENWPOBaHUS MOBEAEHUS pPaAMOHYKNMAOB B Ha3eMHbIX
3aKoCMCTEMaxX»; MaTemMaTUyeckoe MOAENMpoOBaHNE KpyroBopoTa yrrepoaa B Ha3eMHbIX U BOOHbIX
akocuctemax KpacHospcKOro kpas Ha OCHOBE 3KCNepuMeEeHTanbHbIX, MOMEBbIX U CNYTHUKOBbLIX
OaHHbIX pyKkoBoauTenem, KoTopon asnsieTca uneH.-kopp. PAH, aupektop Mb® CO PAH A. T.
Oerepmenpkn;  mogenu  pasButua  UTOLEHO3a, OAMYHOM  NPOAYKLUMW  pacTeHWU;
MaTemaTudeckas Moaenb Aemorpadudeckoro dakropa 1.4.

Takum obpasom, npoaHanuM3MpoBaB [AOCTATOMHO 6onblloe KONMUYECTBO NUTepaTypHbIX
WCTOYHMKOB MOXHO caenaTtb Cregyllui BbIBOA, YTO BCE MaTeMaTMyecKue MOAENM YCIOBHO
nogpasgensiTca Ha Mofenu, OonucbiBawolwme OuoTMdeckue M aHTPOMOreHHble MpOoLEecChl,
npoucxogswimMe B akocucTemax. Ho B CBHA3M C TeM, YTO Ha CEroAHsLWHUA MOMEHT Haubornee
aKkTyarnbHO HampaBrneHue, KOTopoe paccMmaTpuBaeT Npobnemy «4enoBek — OKpyXKatowas cpeda»
HanboNbLINI NPUOPUTET NPUODPETAKOT NocnegHue.

60.

MmMmuTaumoHHoe mModenvpoBaHue v LenecoobpasHoCTb ero npuMeHeHus B akonornn. CTpykTypa
UMUTaLNOHHBIX MOOENEN.

[Ona wmn3yyeHus npoLeccoB, MPOUCXOAALLMX B 3KOMOMMYECKUX CUCTeMax, WCMOMb3yeTcs Kak
MaTemaTu4eckoe, Tak U UMUTaLMOHHOE MOLENMPOBaHUE.

MMmutaumoHHoe mMoaenupoBaHue MNPUMEHSIETCS ANS UCCNeAOBaHUSA CROXHbIX NOrMYeckux u
NOrnko-maTemMaTMyeckux MoJenem C HEeTOYHbIM 3afjaHuMeM WUCXOAHbIX AaHHbIX (3adaHHbIM
3aKOHOM pacnpefeneHunsi, OLLEHOYHbIMU XapakTepUCTUKamu).

B akonornyeckom mMogennpoBaHMM MOXHO BbIAENUTb 4Ba OCHOBHbIX HanpasreHus:

a) MOAenupoBaHWEe B3aMMOLENCTBUS OpPraHM3MOB ApPYyr C OPYrOM U C OKpyXalollenh cpenon
("knaccuyeckasn" akonorus);

0) MogenvpoBaHne, CBSI3aHHOE C COCTOSIHMEM OKPYKaloLLLEN cpenbl U ee oxpaHow (coumarnbHas
aKonorus).

O6a HanpaBneHus npeacTaBneHbl 60OMbLWMM KONMYECTBOM pa3paboTaHHbIX MOAENEN.
MogenupoBaHue, CBA3aHHOE C COCTOSTHUEM OKpYXaloLlen cpeabl, B CBOKO ovepenb, pacnagaetcs
Ha psi4 HanpaBneHui. HazoBeM HEKOTOpPbIE U3 HUX:

- MOAennpoBaHUe BOAHbLIX 3KOCUCTEM (TpaHCcopMaLn KOMMOHEHT 3KOCUCTEMbI, 0Bpa3oBaHms U
npeBpaLlleHns BeLLecTB, noTpebneHns, pocta u rmbenu opraHM3mMoB);

- MOAenupoBaHue NpoaYyKLIMOHHOrO npolecca pacteHu (ang Boibopa onTMManbHOW cTpaTeruu
npoBefeHUs CEeNbCKOXO3SNCTBEHHbBIX MEpPONPUATUIA: OPOLLEHUS, MOMMBa, BHECEHUSA yaobpeHui,
BbIbOpa CPOKOB MOCEBA MUIM NOCaAKN PacTEHU € LieNbio MOyYeHns MakCMMarbHOro ypoxas);

- MOOENUpPOBaHMe JEeCHbIX COOOLWECTB (MCMOMb3YTCHA Kak ANs ONUCaHUS JIECHbIX MacCUBOB Ha
GonbLINX NPOCTPAHCTBEHHbBIX U BPEMEHHbIX MacliTabax, Tak u s MOAENMpPOBaHUS NONynsuum,
B KOTOPbIX OCHOBHbIM OOBbEKTOM SBMSETCH OTAENbHOE AepeBO);

- MOJenvpoBaHue 3arps3HeHus aTtmocdepbl U MOBEPXHOCTM 3eMinn  MPOMbILLSIEHHBIMY
BblOpocaMu (nepeHoc 3arpsasHaWwux BelecTs, yuepb, HaHOCMMbIN 300POBbLI0 HaceneHus,
CenbCKOXO3SNCTBEHHbIM YroAbsM, feCHbIM MaccuBaM, MO4YBe, 3aTpaTbl Ha BOCCTaHOBIIEHUE
oKpyxatoLlen cpepl U T7.4.)

WOFOST model - JeTepMuMHMpOBaHHas MOAeNb MOAENMpPOBaHWUS Yypoxad Ha OCHOBe
HP13nONOrM4EeCcKMX NpoLEecCcoB.

MoxHo BbIgENUTL cneayloLme atansl npoLecca nMmuTauumn.

1. OnpegeneHne CUCTEMbI - YCTAHOBMIEHWE TPAHWUL, OrpaHUYeHnn 1 3hPEKTUBHOCTU CUCTEMBI,
nognexatien n3yyeHuo.

2. ®opmupoBaHMe MOLENM - Nepexon OT pearbHOM CUCTEMbI K HEKOTOPOW FIOrMYECKON cucteme
(abcTparnpoBaHue).

3. lMogrotoBka [AaHHbIX - OTOOP [AaHHbIX HeobXoAWMbIX Ansi MOCTPOEHUS MOoZENU W
npegcraBneHne nx B COOTBETCTBYHOLLEN hopme.

4. TpaHcngaums Mogenu - onucaHue Moenu Ha s3blke, NPUeMNemMoM Ans UCMNONb30BaHUSA Ha
OBM.

5. OueHka agekBaTHOCTM - MOBbLILEHHAA OO0 MPUEMMEMOro YpPOBHSI CTerneHb YBEPEHHOCTU, C
KOTOPON MOXHO CyAUTb OTHOCUTENBHO KOPPEKTUPOBKM BbIBOOOB O pearnbHON cucTeMe.

6. CrpaTternyeckoe nnaHmpoBaHue - NNaHUPOBaHWE IKCNepuUMeHTa (JaHHas TeMa BblaereHa B
oTAenbHYto rnasy yyebHoro nocobus cm. rn.4).

7. TaKTunyeckoe nraHMpoBaHue - onpegerieHne cnocoda NpoBeAEeHNsT KaXXO0W CEpUM UCTIbITAHURA,
npeacTaBreHHbIX MNITaHOM 3KCMepUMEHTa.

8. OkcnepvMeHTVpOBaHME - MPOLLECC OCYLLIECTBEHNS UMUTALMM C LIEMNbI0 MOJTyYeHUs XenaeMblxX




OaHHbIX U aHanu3a YyBCTBUTENbHOCTU.
9. NHTepnpeTauus - NOCTPOEHME BbIBOAOB MO AaHHbIM, MOMYYEHHbIM MyTEM UMUTaLMN.
10.Peanusaumnsa - npaktuyeckoe MCnonb3oBaHMe Mogenu.

11.[JoKyMeHTUPOBaHME - perncTpaums Xoga oCyLecTBIEHNA NPOeKTa N ero pesynbTaTos.

Kputepun 1 wkarsbl OLEHKU:
- OLeHKa «3a4YTeHO» BbICTABMNAETCA CTYAEHTY, eCnu OH akTMBHO y4acTByeT B cobecedoBaHWM U
obcyKaeHun, NoAroTOBUI apryMeHTbl B MOMb3y pelleHus, NpeanoXun anbTepHaTuBbl, BbICIYLIMBAN MHEHUS

APYrX;

- OLeHKa «He 3a4yTeHo», ecnv CTyAeHT BbIMOMHAN ponb HabmogaTens, He BHeC BkNaga B
cobecenoBaHue n obcyxxaeHue.

3.3 CobGecenoBaHue (3agaHusa ans nabopaTtopHbIX padoT)

3.3.1 lWughp u HaumeHOBaHUEe KOMemeHyuu

OlK-8 CnocobeH ncnonb3oBaTb COBPEMEHHYIO MCCNeAOBaTENbCKYO annapaTtypy W BblYUCIUTENBHYIO
TEXHUKY NS peLleHns MIHHOBALMOHHBIX 3234 B NpodyeccuoHansHoN AesiTeNbHOCTU.

Ne
3aaHus

TekcT BOnpoca

61.

o 5(x—32)
Ecnn x n y — TemMnepartypbl No LWKane CDapeHreMTa M No LwKane LleJ'IbCI/Iﬂ, TO Yy IT.

OnpepenuTte yHKUMIO Kak NMOAMHOXECTBO B R X R u n3obpasuTe ee Kak MOAMHOXECTBO
[EeKapTOBOW NNTOCKOCTW.

62.

B nabopatopun akonormyeckoro dakynbTeta Obiio peweHo umeTb He MeHee 100N MeH3ypok
ogHoro pasmepa U He MeHee 150N MeH3ypok pgpyroro pasmepa. M3-3a orpaHuMyYeHHoro
npocTpaHCcTBa 0obLlee YMCIO XpaHMMbIX MEH3YpoK He moxeT npesbiwate 400N. N3ob6pasute
rpacmyeckn Bce BO3MOXHbIE KOMOMHALMM 3anaca MeH3ypoK AByX pa3mepoB. (3aecb N — Homep
BapuaHTa CTygeHTa no Crucky).

63.

JlTabopaTopHOMY XMBOTHOMY NpPeAoCTaBneH BbIOOP M3 Tpex BMOOB MULLM, UMEKLWUXCA B hopme
CTaHOapTHbIX pauuMoHOB. B xoge AnuTenbHbIX HabnogeHwi GbiNO YCTAHOBIIEHO, YTO ecnu B
HEKOTOPOW MOMbITKE XUBOTHOE BblIOMPaeT Kakow-nubo BuA MuK, TO B Creaylolni pas Ty xe
caMyl nuuy OH BbibupaeT c BeposaTHOCTbiO 50%, a Apyrve BuAbl MUWM — C PaBHbIMU
BeposiTHOCTAMU B 25%. Onuwwute 3TOT npouecc Kak MapkOBCKyld Uenb W onpegenvre
nepexogHyto matpuuy. [lokaxuTe, 4TO 3a AnuTenbHOe BpeMs NoTpebnsAlTca paBHble KonMyecTBa
BCEX TPEX BUOOB NULLIN.

64.

Mpeanonoxum, 4To Ha OCTpoBe HeGOMbLLOW Nrowaan NMeeTcsl NPOCTPaHCTBO, 4OCTAaTOYHOe ANS
1000 ocobew onpegeneHHoro Buaa. B HekoTopom rogy B 3TOM nonynsauvMu Bo3HMKaeT Bornee
npucnocobneHHbINn MyTaHT. B kaxxgom nocrneytoLlem nokoneHun YNCNeHHOCTb MyTaHTa nmbo
yBenmumBaeTcs, NMbo ymeHbLIaeTcs Ha eanHuly ¢ BeposiTHoctamu 0,7 u 0,3 cooTBeTCTBEHHO. B
YaCTHOCTU, BEPOSATHOCTb WMCYE3HOBEHMS MyTaHTa B MepBoM nokoneHun pasHa 0,3. C kakon
BEPOSITHOCTbLIO MOMYNsALMS MyTaHTa BbITECHUT MCXOAHYI0 Nonynsuuno?

65.

CnocoGHOCTb pasnuuyaTb BKYC HEKOTOPbIX BELLECTB SIBNSIETCS reHeTU4eckn obycnoBneHHon. [ns
70% mopen ogHow 6onblion nonynsaumm gexHuntuomoyeBmHa (PTM) nmeeT ropbkuii BKyC, a Ans
octanbHbix 30% oHa 6e3BkycHa. CunTtasd, YTO CMOCOBOHOCTb MMM HECMOCOBOHOCTL pasnuyaTbh Ha
Bkyc ®TM KOHTponupyeTCs €eOMHCTBEHHbIM TE€HOM, OLeHWTe B 3TOW MOMNynsiuMyM 4acToTbl
AOMUWHaHTHOrO reHa, 06yCrnoBnMBaKLWEro YyBCTBUTENBHOCTb K BKycYy ®TM, 1 peLecCMBHOrO reHa,
onpenenslowero HevyyBCTBMTENbHOCTL. KakoBa B 9ToW nonynsuvMuM  Oons  WHAMBMOYYMOB,
reTepo3nroTHbIX N0 JAHHOMY reHy?

66.

MonaraloT, 4YTO KUCTO3HbLIN HUOPO3 BbI3LIBAETCA OOHUM peELIECCMBHBIM reHom. YacToTta
BO3HMKHOBEHUSA KUCTO3HOro hrnbposa oLieHmBaeTcs kak oguH cnydan u3 2500, u, 3HauuT, YactoTta
peLieccuMBHOro annens B nonynauum coctaBnget 1 k 50. CuuTtas, 4TO XKepTBbl KMCTO3HOrO
¢unbposa He JOXKMBAIOT 4O PENPOAYKTUBHOIO BO3pacTa, U npeHebperasi BO3MOXHbIMU MyTauusamu
OOMUWHAHTHOrO reHa B peLecCUBHbIN, onpeaennte, 4Yepe3 CKOMbKO MOKOMEHUW 4acToTa
BO3HWKHOBEHMUS KNCTO3HOro ¢pmnbposa coctasut 1 k 10000.

67.

PaccmoTtpute BuHoMManeHyo Moaens otbopa npu a=1. [lonycTum, 4To B NONyNSALMnN, COCTOSLLEN
n3 200 ocoben (100 camuyoB m 100 camok), 4YacToTa OAHOro annens M3MeHwnacb 3a OAHO
nokonexue ot 40 0o 49%. MoxHo nu cumTaTh Takoe konebaHme pe3ynbTaTtoM reHHoro gpenda?

68.

[Nns HeKoTOpbIX reHOB reTepO3UrOTHBIN FeHOTUN MMeeT Dornee BbICOKYH0 NPUCMOCOBNEHHOCTb,
yem nOOOM M3 TOMO3UIOTHLIX. Hanpumep, reH CceprnoBUOHO-KIIETOYHOW aHemMun [aet
reTepos3MroTHOMy WHAMBUAYYMY HEKOTOPYH PEe3VNCTEHTHOCTb K Manspun. [locTponTe mogernb
oTbopa, KoTopas y4YnTbiBana 6bl 3Ty 0COBGEHHOCTb.

69.

lMokasaTene MPUCNOCOBONEHHOCTU PELIECCMBHOIO reHoTMna MOXET MPOoSBAATb 3aBUCUMOCTb OT
YCroBWUA OKpYxatoLlen cpedbl. Hanpumep, nnogosble MyLIKM ¢ MyTaumen vestigial nonyvaiot
CenekTUBHOE MpenMyLLecTBO B BETPEHHOM apeane u TepslT ero B 6e3BeTpeHHOM.
Paspabotaiite 6onee obLiyo Mogens reHHoro otbopa, Kotopasi yumtbiBana 6bl BaprabenbHOCTb




cpegsbl.
70. MocTporiTe MoAenb pocTa M PasMHOXEHUS OOHOW MONynsiuMM Ha OCHOBE YypaBHeHun JloTku-
BonbTeppa 1 ¢ y4eToM BO3pacTHOWM CTPYKTypbl nonynsumu. (Pa3bente nonynauuto Ha gBe WU
HEeCKONbKO BO3pacTHbIX Fpynn 1 caenante ONyWweHUss OTHOCUMTENbHO TUMOB KOHKYPEHLUWU UM
Koonepauun Mexay 3TVMMV BO3pacTHbIMUK rpynnamu).

MpoueHTHas wkana 0-100 %;

85-100% - oTnM4HO (NpakTnyeckoe 3afjaHue BbINOMIHEHO B YCTAHOBIEHHbBIA CPOK C MCMONb30BaHMEM
pekomeHZauuMin npenogaBaTensi; NMoka3aH BbICOKUA YpOBEHb 3HAHUSA WM3YyYEeHHOro MaTtepuana no 3agaHHow
Teme, MPOSIBNEH TBOPYECKUIM MoOAxod, YMeHue rnyboko aHanmaupoBaTb npobrnemy u genatb obobuiarolime
NPaKTMKO-OPUEHTUPOBAHHbIE BbIBOAbI; paboTa BbinonHeHa 6e3 ownbok 1 Hego4YeToB UNKN 4ONYLLEHO He Gonee
OfjHOTO Hepo4eTa);

75- 84,99% - xopowlo (npakTuyeckoe 3afaHue BbINONHEHO B YCTAHOBMEHHbIN CPOK C UCMOMb30BaHMEM
pekomeHZaLmMin npenofgaBaTtens; NokasaH XOPOLUUA YPOBEHb BNaeHUst N3ydeHHbIM MaTepuanoM no 3agaHHown
Teme, paboTa BbINOMNHeHa MOMHOCTbIO, HO AOMYLLEHO B Hel: a) He Bonee oaHoW Herpybon owmbku u oaHoro
HegodyeTa; 6) unu He Bonee ABYX HEOOYETOB);

60-74,99% - ypoBneTBOpUTENbHO (MpakTUyeckoe 3afjaHue BbINMOMIHEHO B YCTAHOBIEHHBIN CPOK C
YaCTUYHBIM UCMOSb30BaHNEM peKoMeHZauun npenogaBaTensi; NPOAEMOHCTPUPOBaHbI MUHMMAIbHbIE 3HAHWSA
MO OCHOBHbIM TEMaM M3Y4EHHOro MaTtepuana; BbINOIHEHO HE MeHee NMOJOBMHbI paboTbl UNKN AONYLEHbI B HEN
a) He bonee gByx rpybbix ownbok, 6) He bonee ogHoW rpyboK oWKMBKN U OOHOrO HeJo4eTa, B) He bonee OoByXx-
Tpex Herpyobix owwunbok, r) ogHa Herpybass owmbka n Tpu HepgodeTa, A) NpM OTCYTCTBUM OWWIMOOK, 4-5
HeOo4eToB);

0-59,99% - HeynooBNETBOPUTENBLHO (YMCNO OWMOOK M HEeOO4YEeTOB NPEBOCXOOAUT HOPMY, NMpU KOTOPOU
MOXET ObITb BbICTaBMEHA OLIEHKA «Y4OBNETBOPUTENBHOY» UMW €CNnv NPaBUSIbHO BLINOMHEHO MEHEE MOOBUHbI
3agaHus; ecny oby4varoWmiicst He NpUCTynan K BbIMOSTHEHWIO 3a4aHUs U NPaBUIbHO BbINOMHUN He 6onee 10
NPOLEHTOB BCEX 3adaHun).

3.4 Pedbepar

3.4.1 Wudghp u HaumeHo8aHuUe KOMIemeHyuu
OlK-8 CnocobeH ncnonb3oBaTb COBPEMEHHYIO MCCNeaOBaTENbCKYO annapaTtypy W BblYUCIUTENBHYIO
TEXHUKY ANS peleHns MHHOBALUMOHHBIX 3a4ay B NpodeccuoHansHoN AesiTeNbHOCTU.

71. Vepapxmnyeckue ypoBHM OpraHnsaumm ynpasreHus B bnocncremax.

72. MogenumpoBaHne nNpoLeccoB camoperynsumn Bnonornyecknx cuctem (Ha ypoBHE KINETKU, TKaHMW,
OpraHuama, 3KOCUCTEMBbI).

73. MogenupoBaHue 6GMOXMMUYECKNX NpoLieccoB. PepMeHTaTUBHASA KUHETUKA.

74. MopgenvnpoBaHne NpoLeccoB 3BOSMOLIUMN.

75. MogenupoBaHue NpoLIeCCOoB, NEXallnX B OCHOBE «OUONOMMYECKMX YacoBy.

76. MHdopmaumsa n buonorndeckme cuctembl. XpaHeHne n obpadoTka nHgopmaumm B buocmcteMax.

77. MogenupoBaHue yHKLUMOHUPOBAHNS KaHAIOB CBS3W B BMONOrMYecknx cuctemax.

78. Mopgenu npogyKLMOHHOIo npouecca pacTeHUN.

79. O630p MoAenew B 3KONOTUK.

80. Mofenb «XULLHUK-XepTBa».

3.5 [lomawwHee 3agaHune

3.5.1 lWughp u HaumeHoBaHUEe KOMemeHyuu
OrMK-8 CnocobeH ncnonb3oBaTb COBPEMEHHYHO MCCIELOBATENbCKYID annapaTypy U BbIYUCIUTENBHYIO
TEXHVKY ANsl pelleHnsi MTHHOBaLMOHHbIX 3aga4y B NpoeCccuoHanbsHom 4eaTenbHOCTY.
Ne dopmynupoBka 3agaHuns
3a4aHus
81. Hanaunte Takue matpuubl A U Takue BEKTOP-CTONOLbI b, C MOMOLLbIO KOTOPbIX CrieayloLlyto
CUCTEMY JTIMHEWHbIX HEPABEHCTB MOXHO 3anucathb B Buge Ax < b.
x; +(N—2)x, — (2N — 7)x3 < 1;
(BN —6)x; +8x, — (N —3)x3 < 0;
(=N +4)x; + (N —7)x, +3x3 < 5.
(3mecy N — HOMED BapHUaHTa CTYACHTA 1O CITUCKY).

82. Hanante makcumym dyHKUMM f(x;, X,) = x; + 3x, TpPU OTPAaHUYEHUNAX 2x; + x, < 10, 3x; —
X 29,%20,x, 0.
83. BbluMCnnTE ABYXLIArOBblE NepexoaHble MaTpuLbl AN CreayoLLMX OAHOLIAroBbIX MaTpuL,.
L0 12 12 2/3 173
172 172 “P172 172 2173 273
84. aHa nepexogHas maTtpuua P:

a
0
0
1




a) OnuwMTe MapKOBCKYIO LIEMb C TaKOW NepexogHON MaTpuuen. AsnseTcsa nu P perynsapHon?

6) Bbluncnure HenoaBWXKHbINA CTOXacTUYeCKuin BekTop ans P.

B) Onpegenute TpexLaroByo NepexogHyr MaTpuuy Ans 3TOW MapKOBCKOW Lienw.

85. Y7100l NONY4YMTb €AMHMLY NULLM, TabopaTopHOE XMBOTHOE OOIMKHO BbIMONHUTL OMNpeaerneHHoe
3agaHve. BeposaTHOCTb yCMewHoro BbIMOMHEHUS 3adaHusa npu niobom MchibiTaHuu cocTaBnseT
4/5. MpepnonoxmMm, YTo XXNBOTHOE MOBTOPSET 3agaHusA OO TEX Mop, MoKa He NosyyYuT Bcero 4 ea.
niwn. OnNuwnTe 3TOT MPOLIECC Kak MOrMoLaltoLWyd MapKoBCKYH LeMnb C MSATb0 COCTOSHUSAMMU.
KakoBa ee nepexogHasi maTpmua?

86. KakoBbl onTMmaribHble CTpaTerMyM 1 LeHbl Urpbl B 3KBUBANIEHTHbLIX MaTPUYHBIX Urpax, 3aAaHHbIX
cregylowmuMm MmaTpuuammn?
1) 3 2 2) 5 4
2 -3 4 -1
87. UTo6bl NonyunTb NuLLy, NabopaTopHoe XMBOTHOE OOMKHO BblbpaTb OAHY U3 YeTbipex OoLieyek.

Mpu BbIGOPE poleykn | unum Il konuyecTBo NULKM oveHb Mano. Beibop powevek Il unu IV pgaet
ropasgo Gonblwe nuwmn. B xope HabniogeHUn ycTaHOBMEHO, UYTO €CNU B HEKOTOPOW MOMbITKE
BblOMpaeTca goweyka lll unu IV, To Ta xe camas gouedka BblIbupaeTcst U BO BCEX NOCneayoLmx
nonbiTkax. Ecnn xe BbibpaHa fouweuka | unu I, To npn cnegyrollenn nonbiTke BbIBOP BCex
yeTblpex Aolledek paBHOBeposiTeH. OnuwinTe 3TOT NPOLIECC KAk MOrMNOLLAoLLY0 MapKOBCKYH
uenb C 4YeTbipbMsi COCTOsIHMAMU. Ecnn B nepBoi nonbiTke BbiOMpaeTca goulevka |, To KakoBo
OXMAAeMOe YMCIO NMOMbITOK, NPEANPUHATLIX Npexae, Yem 6yayT BelopaHbl goweyku Il unm IV?

88. [aHna nepexogHas maTtpuua P:
0 1/2 1/2
1/2 0 1/2
1/2 1/2 0

a) OnuwwiMTe MapKOBCKYIO LieMb C TakoW NepexofHoON MmaTtpuuen. Asnsetcsa nu P perynsapHon?
6) Bbluncnure HenoaBWXHbINA CTOXacTUYeCKuin BekTop ans P.
B) Onpegenute TpexLaroByo NepexogHyr MaTpuuy Ans 3TOW MapKOBCKOW Lienw.

89. KakoBbl onTvMarnbHble CTpaTerMn U LeHbl Urpbl B 3KBMBaNEHTHbIX MaTPUYHbIX Urpax, 3agaHHbIX
crnegylwummn matpuuammn?
1 11 0 0 0
1) 2 2 3 2)1 1 2
-2 4 5 -3 3 4
90. [aHna nepexogHas matpuua P:
1/2 1/2 0
0 1/2 1/2
1/2 1/2 0

a) OnuwMTe MapKOBCKYIO LIEMb C TaKOW NepexogHON MaTpuuen. AsnseTcsa nu P perynsapHon?
0) Bbluncnure HenoaBWXHbINA CTOXacTUYeCcKuin BekTop ans P.
B) OnpefenuTte TpexLiaroByo NepeXogHyr MaTpuLly s 3TON MapKOBCKOW Lenu.

Kputepum v Lwkanbl OLeHKN:

- OLeHKa «3a4TeHO» BbICTaBMSETCA CTYAEHTY, eCnu JoMallHee 3aJaHue SIBMSEeTCS CaMOCTOSITENbHbIM,
OpUrMHasnbHbIM TEKCTOM, B KOTOPOM MPOCEXMBaETCs aBTopckasi Mo3uLus, NpodyMaHHasi cuctema apryMeHToB,
a Takke HanmyectByeT OOOCHOBaHHbIE BbIBOAbI; UCMOMNb3YOTCA TEPMUHbI, MOHATUSI NO AUCLUMMMHE, B pamMKax
KOTOPOW BbINOMHSIETCA paboTa; MOMHOCTbI COOTBETCTBYET BblIOpaHHOW Teme, Lenu W 3ajadam; TekcT
AOMaLLHero 3ajaHnsi IormMvyeckn BbICTPOEH, MMEET YeTKyl CTPYKTYpY; paboTa COOTBETCTBYET BCEM TEXHUYECKUM
TpeboBaHWsAM; JOMaLLHee 3a4aHne BbINOMHEHO B YCTAHOBMEHHbIN CPOK.

- OUEeHKa «He 3a4YTeHO», BbICTABMSETCA CTYAEHTY, €CnuM [OoMallHee 3aJaHue He ABnsieTcs
CaMOCTOSITENbHbLIM, OPUIMHAaNbHbIM TEKCTOM, B KOTOPOM He MpOCMNEeXUBaeTCA aBTopcKas Mnosuuus, He
npogymMaHa cuctema apryMeHToB, a Takke OTCYTCTBYHOT 0GOCHOBaHHbIE BblBOAbI; HE MCMOMb3YIOTCA TEPMUHBI,
MOHSITUSA MO AMCUMNINHE, B paMKax KOTOPOW BbINOSHAETCA paboTa; He COOTBETCTBYET BbIOpaHHON Teme, Lenu u
3ajla4yaM; TEeKCT JOMAalUHEro 3afaHusi KOMMO3ULMOHHO He BbICTPOEH; paboTa He COOTBETCTBYET TEXHUYECKUM
TpeboBaHMsAM; JOMaLLHEeE 3a4aHNe HE BbINOMHEHO B YCTAHOBMEHHbIN CPOK.

4. MeToauyeckue maTepuanbl, onpegensalwme npoueaypbl OLEHUBaHUA
3HaHMW, YMEHWNW, HaBbIKOB U (UNKN) onbiTa fEeATEeNbHOCTH

ﬂpou,e,u,ypbl OoLUeHunBaHUA B Xo4e U3yvyeHund ancumnimHbl 3HaHI/Il7I, ymeHvu7| N HaBbIKOB,
XapakTepuaywux atansl POpMUPOBAHUS KOMMNETEHLUNN, PETNAMEHTUPYIOTCH NOSTOXEHUSAMMU:

- M BIrYUT 2.4.03 MNonoxeHne 0 KypCoBbIX 9Kk3aMeHax 1 3a4eTax;

- M Bryut 4.1.02 lNonoxeHne 0 peNTUHIOBOW OLIEHKE TEKYLLIEN YCNEBAEMOCTH.




[na oueHKn 3HaHWA, yMEHWI, HaBbIKOB O0yYaloLMXCa NO ANCUMMINHE NPUMEHSAETCS
penTuHroBad cucrtema. MtoroBasi oueHka No AUCUUMNIIMHE ONpeaensieTcsi Ha OCHOBaHWUK
onpegeneHnsa cpegHeapm@MeTMYecKoro 3HayeHnsa 6annoB No Kaxxaomy 3agaHuio.

3ayeT no AucuMniMHE BLICTABNSAETCS B 3a4eTHYHO BEAOMOCTb MO pesynbTaTam
paboTbl B cemMecTpe nocrie BbINOSIHEHUSA BCEX BUOOB y4ebHOM paboTbl, NpeayCMOTPEHHbIX
paboyen nporpammMon OUCUUNIIMHBI (C OTMETKOM «3a4TEHO») M MONyYeHUn no pesynbTatam
TECTMPOBaHUS MO BCEM pasgenam AnNcumninHel He meHee 60%.



5. OnucaHue nokasartenemn U KpUTepmeB OLLlEHMBAHUA KOMMNETEHLMUN Ha Pa3NUYHbIX 3Tanax ux (oopMUpoBaHUA,
onucaHue LKan oueHUBaHUA AN KaX[oro pesynbTraTta o0y4yeHusi No gucumunnuHe

PesynbTathl
obyyeHns no atanam
dopmMUpoBaHus
KOMMETEHLMN

Mpeamet oueHku
(MpogyKT nnu
npotecc)

MokasaTenb oueHnBaHMs

KpuTepumn oueHuBaHus
CchOpMUPOBAHHOCTM KOMMETEHLINA

LLIkana oueHnBaHus

Axagemmnyeck
as oueHka
mnn 6annsl

ypOBeHb OCBO€EHUA
KOMneTeHunmn

Ol1K-8 CnocobeH ncnonb3oBaTb COBPEMEHHYIO MCCNeoBaTENbLCKYIO annapaTypy U BbIYMUCIUTENBHYIO TEXHUKY ANS pe

npodeccuoHanbHON AeaTenbHOCTY.

LeHNA NHHOBALUMOHHbIX 3a4a4y B

3HaTb TeopeTuyeckue M3noxeHbl cnocobbl cbopa, xpaHeHusl, 00paboTku u
3HaHuA crnocobos ManoxeHne TeopeTMyecknx | NpeactaBreHns nHpopmaumm, MHpopMaLMOHHbIE 3auteno/
cbopa, xpaHeHus1, 3HaHui cnocobos cbopa, TEeXHOMNOrMMU, NOHATUSA KYNbTYpbl UHHOPMAaLMOHHOWN 60-100 OcBoeHa (6a30BbIiA)
06paboTku n XpaHeHwusi, 0bpaboTku 1 N KOMMYHUKaLMOHHOW KyNbTypbl NPU peLLEHNN
npeacTaBnexHust npencTaBneHus 3aa4 npodeccuoHanbHOM AesTENbHOCTU
UHdopMaLuK, UHGopMaLuK, He nanoxeHbl cnocobbl cbopa, xpaHeHus,
MHOPMaLMOHHbIX MHOPMaLMOHHbIX 00paboTkM u NpeacTaBneHns nHopmaumm,
TEXHOMOMVI, KyNbTypbl | TEXHOMNOMWI, KyNbTypbl MH(OPMAaLMOHHbIE TEXHOMNOTUMW, MOHATUS KyNbTypbl
VMH(OPMaLOHHON 1 VMH(OPMaLMOHHON 1 MHEOPMAaLMOHHON U KOMMYHMKALMOHHOMW KynbTypbl
KOI\ch)F/)HVIKgLWIOHHOVI Konch)F/)HMKguMOHHOVl I'Iplilppgweﬂl/lw 3agav npo@iccwoﬁaanon yrenp He sautero/ | He ocsoera o
0-59,99 (HegocTaTOUHbIN)
KynbTypbl Npu KynbTypbl MPU peLLeHnm neaTenbHOCTH
pelleHun 3agad 3agady npodeccuoHansHom
NpogheccroHarnbLHo nesiTensbHOCTU
OesiTeNbHOCTH
YmeTb 3awwTa npaktnyeckon | MpumeHeHne cnocobos CamocTosiTenbHO  NpUMMeHeHbl  cnocobbl  cbopa,
paboThbl cbopa, xpaHeHus, XpaHeHus, 06paboTku n npeacTaBneHus
(cobecenoBaHue), 06paboTku 1 MHOopMaLmK, MHOPMALMOHHbIE TEXHOMOrU, 3auteHo/ OcBoeHa
pelleHne TEeCTOBbIX npeacTaBneHus MOHATUSA KynbTypbl MHOPMaLMOHHOMN " 60-100 (NOBbILLEHHBIN)
3a7aHui nHdbopMaLmy, KOMMYHMWKaLMOHHOW KynbTypbl NpY pelleHun 3agad
MH(*)OpMaLlVlOHHle ﬂpO(*)eCCVlOHaﬂbHOVl 0eAaTenbHOCTU
TEXHOMOMUIA, KynbTypbl HenpaBunbHO BbiGpaHbl cnocobbl cbopa, xpaHeHus,
WH(OPMaLNOHHON 1 06paboTkm M MpeAacTaBneHus  MHdopmaumu,
KOMMYHUWKaLNOHHON MHOPMAaLMOHHbBIE TEXHOMOMUW, MOHATWUA KynbTypbl| He 3ayteHo/ He ocBoeHa
KynbTypbl NpU peLueHnm MHPOPMALIMOHHON N KOMMYHUKaLUMOHHOW KymnbTypbl 0-59,99 (HeoocTaToOuHbIN)
3agad I'IpOCbeCCVIOHaJ'IbHOVI npu pewleHnn 3adad npO(beCCI/IOHaJ'IbHOVI
[eAaTeNnbHOCTU AEATENbHOCTH
Bnanetb [leMoHCTpauusi HaBbIKOB MpuBeaeHa AeMOHCTpaUns HaBLIKOB MeTo4aMU 1
BNageHns metTogamu u crnocobamu xpaHeHusi, 06paboTkn 1 NpeacTaBneHUs 3auteHo/ OcBoeHa
crnocobamu xpaHeHus, MHOpMaLmy Npu peLleHun 3agad 60-100 (noBbILLEHHBIW)

BouinonHeHve
AoMallHero
3agaHus/pecdepaTta

06paboTku n
npencraBneHns
UHdOpMaLuM Npu peLleHnm
3agay npodeccnoHanbHon
OesTenbHOCTH

I'IpO(*)eCCVIOHaJ'IbHOVI 0eATenbHOCTU

He npvBegeHa AeMOHCTpaLUsi HABbLIKOB METO4AMM
1 cnocobamu xpaHeHusi, obpaboTkn 1
npeacraBneHnst MHbopMaLMm Npu peLleHnn 3agad
npodeccroHanbHOM AesTeNnbHOCTH

He 3a4yteHo/
0-59,99

He ocBoeHa
(HeoocTaToOUHbLIN)
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