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ITosicHUTENBLHAA 3aNIHCKA

Pabouas mporpamMma IMCHMIUIMHBI (MOJYJSl) COCTaBJi€HA B COOTBETCTBHHM C TpPeOOBaHUSIMH
®I'OC BO no nanpasiennto noarotoBku 44.03.05 Ilenarorudyeckoe oOpazoBanue (¢ AByMs mpodu-
JSIMH TTOJITOTOBKH ), HAIIPAaBIECHHOCTH (podmis): Pusnka u Mudopmatuka.

PIT npexncrapnsieT co00i COBOKYIMTHOCTh AUIAKTHUECKUX MAaTEPUAIOB, HAIIPABICHHBIX HA pPeau-
3alUI0 COAEPKATENbHBIX, METOAMUECKUX U OPTaHU3AlIMOHHBIX YCIOBUM MOATOTOBKH 1O HAIPaBIICHUIO
noarotroBku 44.03.05 Iemarorudyeckoe oOpa3oBanue (¢ AByMs MPOPUISIME TIOJTOTOBKH ), HATIPaBIICH-
HOCTh (poduis): Ousuka u Mapopmaruka.

JlucuuIuiiHa OTHOCHTCS K JIUCIMILIMHAM BapuUaTHBHON 4acTu Onoka | y4eOHOro IuiaHa o
HanpasieHuio nmoarotoBku: 44.03.05 Ilegarornveckoe oOpazoBanue (¢ AByMs IPOPHISIMHU MOATOTOB-
KH), HaIllpaBJIeHHOCTh (Mpoduis): @usnka u MHbopmaTuka.

Jyis oCBOEHMS IUCIUILTHHBI (MOAYIIsl) HEOOXOAWMBI 3HAHUS, YMEHUS M BIAJCHUS, CHOPMHUPO-
BaHHbIC B XOJIC M3YYCHUS CIICIYIOIUX JUCIUIUIMH M MPOXOXKICHHUS TPaKTUK: 00Ias hu3nka.

TpynoeMKOCTh IUCHUIUTUHEL: 7 3.€./ 252 u.;

KOHTaKTHas pabora:

3aHATHA JIEKIIMOHHOTrO THIIa — 16 4.,

3aHATHUS CEMUHAPCKOTO TUIA (IPAKTUYSCKUE 3aHATHS) — 32 .,
KOHTPOJIb CAMOCTOSITEIbHOM paboThl — 2 4.,

WMHas KOHTakTHas pabora — 0,3 4.,

KOHTpOJIHpyeMas nmucbMeHHas padora — 0 d.,

CP -140 u.,

KOHTpOJb — 61,7 4.
KnroueBsle cioBa: 3KoJorus, MaTeMaTuyeckas MOJelb, YHCIEHHbIE METObl, AU epeHuanb-
HBbIE YpPaBHEHUs, CUCTEMBI, Moaenu Mainbryca, Jlortku-BoasTeppa.

CocraButens: B.b. TnsdueB, 1okTop (Qu3.-MaT. HayK, JOLEHT, Mpodeccop Kadeapsl TeopeTHye-
CKOH (pU3UKHU.

1. Heau u 321244 AUCHUIIMHBI (MOYJIs1).

N3ydeHnne qUCHUIIIMHBI HAMTPABIEHO HAa (HOPMUPOBAHHE CIASAYIOIINX KOMIETCHIIHIA:

- CITOCOOHOCTBIO HCIIOIB30BaTh COBPEMEHHBIE METOBI M TEXHOJIOTHH O0YUYEHUS U TUarHOCTUKHU
(ITK-2);

- CITOCOOHOCTBIO MCITOJI30BaTh BO3MOXHOCTH 00pa30BaTENbHON CpPEebl ISl JOCTHXKEHUS JTHY-
HOCTHBIX, METaIIPEIMETHBIX U MPEIMETHBIX PE3yIbTAaTOB 00YUEHHs M OOECTIieueHH sl KauecTBa yueOHo-
BOCITUTATEIHLHOTO Tpoliecca CpeicTBaMu IpenoiaBaemMoro yueonoro npeameta (I1K-4).

eas IMCHMIIMHBI:

- 1aTh 0a30BbIE 3HAHMS M MPECTABICHUS O BO3MOKHOCTSIX MaTEeMAaTUUECKOTO MOJISTTUPOBAHUS B
HKOJIOTHH, OCHOBHBIX MOJIENeH U 0071acTH UX MPUMEHUMOCTH, TI0Ka3aTh, HA KaKue MPUHIIMITHATIHHBIC
KaueCTBEHHBIEC BOITPOCH MOXKET OTBETUTh MaTeMaTHIECKasi MOJICNIb B BUIE KOTOPOU (hopMaTu30BaHbI
3HaHUS O MPOTEKAIOIIEM Mpolnecce. BO3MOXKHOCTH MaTeMaTH4eCKOTO MOJIEIMPOBAHUS UILUTFOCTPUPY-
I0TCSI MPUMEPAMU MOJIEJIEH, KOTOPBIE MOKHO CUMUTATh KJIACCUUECKHMH.

3agaum AMCHUIIHHBI:

- YCBOGHHE TTOHATUN U TPUOOPETEHNE HABBIKOB, HEOOXOUMBIX JJIsI PEIICHUS TTPAKTHICCKUX 3a-
Jla4 MOJICTUPOBAHMS;
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- IOCTPOCHUEC MaTeMaTHYeCKOM MOJZCIIN ITpoIECCa;

- MCTOAbI UCCIICAOBAHHA MAaTCMAaTUYCCKUX MOI[GHCﬁ B OKOJIOTHUH,

- IOHSATHE AICKBAaTHOCTU MOJIEJIN M aHAJIN3 PEIICHUS C TOYKU 3PEHUS MPAKTUYECKUX MPUIIOKE-
HUH.

2. O0beM AUCHUNIMHBI (MOAYJIs1) MO BHAaM YuyeOHOH padoThbl.

Tabmuma 1. O6beM TUCIUIUTMHBI (MOTYJIsA) 001ast TPYIOEMKOCTD: 7 3.€

Bcero Pacnpenenenue
Bunast yueOHoI paboThI 4acoB 10 CEMECTpaM B 4a-
cax
v
OO61mas TpyA0eMKOCTh AUCHIUTIIMHBI 252 252
KonTakTtHas pabora:
AyIUTOpHBIE 3aHATHS 50,3 50,3
3aHITHS JIEKIIMOHHOTO TUIIA 16 16
3aHTHSI CEMUHAPCKOTro TUIA (CEMUHAPHI) 32 32
KOHTPOJIb CAMOCTOSITEIbHOM pabOThHI 2 2
WHasg KOHTaKTHas paboTa 0,3 0,3
KOHTPOJIpyeMasi MMCbMeHHast paboTta
KOHTPOJIb 61,7 61,7
CamocrositensHas pabora (CP) 140 140
KypcoBas pabota (npoekr)
Bun npomexxyTouyHOT0 KOHTPOIIS (3a4eT, IK3aMeH, Aud. 3a- IK3aMeH
4er)
3. Conep:xkanue TUCHUILTUHBI (MOIYJIS).
Tabnuia 2. Pacipenenenue 4acoB o TeMaM M BUJIaM y4eOHON paboThl
Howmep HaumenoBanue pazzienon O6npem B yacax
paznena Y T€M JUCIUTUTUHBI (MOIYJIs1) Bcero | JI I3 | KCp | CP | UKP
1 OCHOBBI PKOJIOTHHA. MaTeMaTUYECKOE 14 2 4 0,5 20 0,3
BBeneHue. [lonsatue ycroiunsoctu. da-
30BBIN MMOPTPET CUCTEMBI Ha TUIOCKOCTH.
budypxarnmonnas tuarpamma.
2 [Ipocreiine MaTeMaTHYECKHE MOIEIIH 19 4 6 0,5 20
MONYJIALIMOHHON AMHAMUKH. /leMorpa-
(duueckas moziens pocta ManbTyca
(>kecTkas U MsTKas).
3 JluHaMuKa MOIYJISLUU IIPU BHYTPUIION Y- 15 2 4 20
JISIIMOHHOM arperupoBaHMH.
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4 JlunaMyKa 4UCIIEHHOCTH TOMYJISIIIUU B 15 2 4 0,5 20
orpanndeHHou cpene (Depxronbcra-
[lepna).

5 Mopenb «XHIIHUK-KepTBay. Moiensb 15 2 6 0,5 20
JloTTku-BonbTeppa.

6 Moenpb IMUIEMUN. 15 2 4 20

7 Mognens Konmoroposa (XMIIHHUK- | |5 2 4 20
KEPTBAY.

HUroro | 252 |16 | 32 2 140 | 0,3

Conep:xaHue ¥ MeTOAMYECKHE PEKOMEHIAIUM 110 HEKOTOPbLIM TeMaM AU CIUNIHHBI.
9JIeMeHTHI JJeKIINOHHBIX 3aHATHI

B nacrosimee Bpemst cpopMHUPOBAIOCH IBa OCHOBHBIX HAIPABJICHUS HCCIECIOBAHUN: YKOCH-
CTEMHO€ U NonyJsiiuoHHoe. [Ipruem npu u3y4eHuu pacTUTENbHBIX COOOIIECTB Yallle UCIO0Ib3yeTCs
HKOCHUCTEMHBIH MOJIXO0JI, @ COOOIIECTB HA3EeMHBIX KUBOTHBIX U ITHUI] — HOMYJSIIMOHHBIN. CoolIiecTBa
BOJIHBIX OPraHU3MOB CIIy’KaT 0OBEKTOM Ui 000UX 1M01X0/0B. K MareMaTHuecKUM KIIFOYEBBIM CJI0BAM
OBUIM OTHECEHBI Ha3BaHUS CTATUCTUYECKUX XapaKTEPUCTUK, METOIOB MPEOOpa30BaHMst U 00padOTKH
JaHHBIX, IAKETOB IPUKJIAJHBIX IIPOrpaMM. Beiaensercs necTb CMbICIOBBIX TPYIIT MaTEMaTUYECKUX
TEPMUHOB:

I. CrannapTHble CTaTUCTUYECKHE METO/IbI;
II. MHOTOMEpHBIE METOIbI (MHOXKECTBEHHAS peTrpeccusi 1 MHOTO(AKTOPHBINA AUCTIEPCHOHHBIN

aHanus);
III.  OTkJIOHEHHE OT HOPMAJIBHOCTH, HETTAPAMETPUUCCKHE METO/IBI;
IV.  TaOnuiiel CONpsHKEHHOCTH U MHOXKECTBEHHBIC CPABHEHHSI,

V. MapKoBCKuU€e Cily4aiiHbI€ IIPOLECCHI;
VI.  JIuddepenunanbrble ypaBHEHHUS.

I'pynmst 11 u 111 xapakTepusyroT 6ojiee MpOABUHYTHIE (CI0XKHBIE) METO/IBI I10 CPABHEHUIO C
rpynnoii I. I'pynny III xapakrepu3ytoT METO/IbI, B KOTOPBIX, B OTJINYKME OT 0a30BbIX, HE BBIIIOJIHAETCS
HPENoI0KEeHnEe 0 HOPMaJIbHOCTH JJaHHBIX, a B Tpynne Il npencraBieHsl MHOTO(aKTOPHbIE METO/IBI.
['pynmer IV xapakTepu3yeTcst akileHTOM Ha JUCKPETHYIO Tpupoay (hakropos. Hakonen, rpymmsl V u
VI cBsA3aHBI ¢ TOCTPOCHUEM JUHAMUYECKUX MOJENIEH — BEPOSATHOCTHBIX U JIETEPMUHUCTCKUX.

MaTtemaTuueckasi MoJeab pocta MajbTyca (sKecTKast M MsrKast) '

[Ipocreiias Mozaenb pocra X =kx npenioxena ManbTrycom (Juist pocta HaceneHust 3emin). OHa
BEJIET, KaK XOPOILIO U3BECTHO, K DKCIIOHEHIIMAILHOMY (OYeHb OBICTPOMY) POCTY HACEIEHMs X C Tede-
HUEM BpeMEHHU. SIBIIEHHs HACBILIECHUS NMPOUCXOAAT B JHOOOH MOMYJSAIUH (M, BEPOSTHO, BCKOpE MPO-
M30MAYT C YeJIOBEYECTBOM B II€JIOM): KOI'Jla HACEJIEHUE CTAHOBUTCS CIUIIKOM OOJBIIUM, MAJIbTYCOB-
CKasl JKeCTKasi MOJIeJIb C MOCTOSIHHBIM K03(uLIneHTOM pocTa k mepectaeT ObITh npuMeHuMoi. Ecre-
CTBEHHO, MPHU CIUIIKOM OOJIIIUX X KOHKYPEHIHUS 3a pecypchbl (IUILY, TPAHThI U T. JI.) IPUBOJIUT K
YMEHBIICHUIO k, U )KeCTKast Mojiesib ManbTyca JoJKHA ObITh 3aMEHEeHa MATKON MOJEIIbIO

' o matepuanam kuuru B.U. Apsonsa. O6bikHOBeHHbIE qubdepeHmaIbHble ypaBHeHHs: Yue6. mocobue s By30B.
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®=k(x)x
C 3aBHCSIIUM OT HaceleHus kodddumrenrom pasmHoxkeHus. [IpocTeiimmmM npumMepom sBIseTCs
BBIOOD k(X)=a-bx, 9TO TPUBOAMT K TaK HA3bIBACMOM JIOTHCTHYECKOH Moaean (puc. 1):

. 2 . 2
¥=ax-bx", nanpumep, ¥ =x-x".

Bb100pOM CHCTEMBI €MHMIL X U { MOXHO TIpeBpaTtuTh K03 duuuentsl a u b B 1. [lomyepkny, on-
HAKO, YTO BBIBOJBI, KOTOPHIE OYIyT CAENaHbI HIKE, OCTAIOTCS (C TOYHOCTHIO J0 YMCIIOBBIX 3HAYCHHM
KOHCTaHT) CIPaBEJIMBBIMU U TPH JHOOBIX 3HAYCHUSX KOIPPHUIMEHTOB a U b U JaKe ISl IIHPOKOTO
KJ1acca MOJIeNel ¢ pa3uIHbIMU (YOBIBAIOIIMMHE C X) GYHKIUAME k(x). IHBIME cllOBaMu, JallbHEUIIIHE
BBIBOIBI OTHOCSITCSI KO BCEH MATKOM MOJICINH, & HE K CIICUAIbHON KECTKOM JIOTHCTUIECKON MOJICIIH.

Xy X X | “JECTIOHE HIHAIEHA A
EPHEBAX

e Naooal

Puc. 1. Jloructuyeckast MOIENb.

Ha puc. 2 cneBa nzobpaxen rpaduk GyHKIUHU k(X)x, TOIOXUTEIHHONU MKy Toukamu A u B. B
[EHTpe U300paKEHO BEKTOPHOE TOJIe (MMEHHO, B KaXI0H TOUYKE, N300pa)Karolieil COCTOSHUS, MTPUIIO0-

KEH BEKTOpP CKOPOCTH M3MEHEHUS ATOr0 COCTOSHUSA, T. €. ¥) Ha M300pakarolieil BCeBO3MOXKHBIE CO-
CTOSIHMSI CUCTEMBI OcU X. OHO yKa3bpIBaeT CKOPOCTh BOJIIOIIMM COCTOsIHUA. B Toukax A u B ckopocTh
paBHa HYJIIO: 3TO CTallMIOHApHbIE COCTOSIHUSA. Mexay A u B cKOpoCTh MOJIOKUTEIbHA (HaceleHne pac-
TET), a 32 TOUKOU B - oTpunatenbHa (HaceneHnue yosiBaer). CripaBa nu3o0paxeHa pe3ynbTUpYoIas 3a-
BHCHUMOCTb HACEJIEHUsI OT BPEMEHU IPU Pa3HbIX HayalbHBIX YCIOBHUSX.

Mopenb npeackasplBacT, YTO ¢ TEYEHUEM BPEMEHH YCTaHABIMBAETCSA CTAllMOHAPHBIN PEXUM B,
KOTOPBIH yCTOMUUB: OoJiblilee HACEJIeHUE YMEHbBIIIAETCs, MEHbILIEE - YBETMUNBACTCS.

Jloructudeckass MOJIeNIb yJOBJIETBOPUTEIBHO ONMUCHIBAET MHOTOYHUCIICHHBIE SIBJICHUS HACHIIIE-
Husa. Bomusu A, korja HaceleHHe Mallo, OHa OYeHb OJIM3Ka K MajbTy3uaHcKoi mojaenu. Ho mpu mo-
CTaTOYHO OOJNBIIMX X (TMOopsaKa //2 npu HaiieM BbiOope K03 pHineHTOB) HaOI01aeTCsl pe3Koe OTIH-
Yue OT MaJIbTY3MaHCKOTO pocTa (0003HAYEHHOTO Ha PHUC. 2 MYHKTHUPOM): BMECTO yXOJia X Ha OecKo-
HEYHOCTh HaceJIeHUe MpUONIMKaeTCsl K CTallMOHapHOMY 3HadeHuto B. Hacenenue 3emiu ceifuac mnpu-
onmxkaercst Kk 6 MusuinapaaM. CtanioHapHOe 3HaueHue (M0 pa3HbIM olleHKaMm) 16-20 mMuiuapioB ye-
JIOBEK.

Jloructuyeckas MOJieNb SBJISIETCS OOBIYHON B HKOJIOTUU. MOXKHO cebe Mpe/CTaBUTh, HallpUMeED,
YTO X - 9TO KOJIMYECTBO PhIO B 03€pe WJIM B MUPOBOM OKeaHe. [IocMOTpuM Terepp, Kak CKaKeTCsl Ha
cyab0e 3TUX pBIO pHIOOJIOBCTBO C MHTEHCUBHOCTBIO C:

. 2
X=x-x"-c.
Breraucnenus 1mokassIBalOT, YTO OTBET PE3KO0 MEHACTCS NP HEKOTOPOM KPUTHYCCKOM 3HAUYCHHUU

KBOTHI BBUIOBA, c¢. JIJIsl Halen KeCTKOM MOJIEN 3TO KPUTHYECKOE 3HAYE€HHUE €CTh ¢= [/4, HO aHaJlo-
TUYHBIE SBJIICHUS UMEIOT MECTO U JIJIsl MATKOW MOJENIH
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®=x-k(x)x-c
(KpuTHUYECKOE 3HAUYCHHUE C B 3TOM CIydae MaKCUMyM QYHKIIUU k(X)x).

x X %
—
J / c=1/4
(@) A o a 4
o
k) | %\\“\r
(8) ! X 14
Ffxix 1 .t
Ta X X \\
[ Eﬁ\
(E) A X c=1/4
ek 4

~1
Puc. 2. Henonos (a), nepesnos (6) u ontuMuzanus (B) ppI00IOBCTBA.

X071 PBOJIONNM YHUCIIA PBIO X ¢ TEYCHUEM BpeMeHU ¢ n3o0paxkeH Ha puc. 3. Eciau kBoTa ¢ Mana,
TO U3MEHEHUs (10 CPaBHEHHUIO CO CBOOOTHON MOMymsiuel, A KoTopoi ¢ =0) cOCTOAT B CIEIyIO-
IEM.

Cucrema uMeeT JIBa paBHOBECHBIX cocTosiHusA, A U B. CocTosiHue B yCTOWYMBO: MOMYJIAIHS B
ATOM cllyuyae HeCKOJIbKO MEHBIIIE, YeM HeoOJIaBIuBaeMasi, HO OHa BOCCTAHABIIMBAETCS MPU MaJbIX OT-
KJIOHEHHSIX X OT paBHOBECHOT'O 3HAYCHUS B.

Cocrosinue A HEYCTONYHMBO: €CIM BCIEACTBHE KAKUX-JTMOO MPUYUH (CKakeM, OpakOHbEepCTBa
WM MOpa) pa3Mep MOMYJISIUK YIIaJeT XOTh HEMHOTO HHUXKE YPOBHS A, TO B JajbHEHIIIEM MOMyIsUs
(XOTS1 M MEJICHHO, €CIIM OTJINYNEe OT A HEBEIMKO) OyleT YHHYTOXEHA TOJHOCTHIO 32 KOHEUHOE Bpe-
M.

Br16op 3HaueHus nmapameTpa ¢ SBISETCS Ype3BbIUYAHO BAYKHBIM MOMEHTOM YITPaBJICHUS SKCILTY-
atanedd momyssiuu x. CTpeMsCh K YBEIMUYEHUIO KBOTHI IKCIUTyaTallud ¢, pa3yMHasl TUIAHUPYIOIIAs
OpraHu3aIys He JOHKHA MPEBOCXOIUTh KPUTHYECKUI YpoBeHb (B Hamiem ciydae c¢?1/4). Onruvusa-
1MsI TIPUBOJNUT K BHIOOPY MMEHHO KPUTHUYECKOTO 3HA4YCHHS c= [/4, Ipu KOTOPOM DKCIUTyaTHpyemast
MONYJISILUS €I1le HE YHUUYTOXKAETCS, HO JI0XO0J1 OT IKCIUTyaTallly 32 €IMHUILY BPEMEHH JOCTUTaeT MAK-
CHMaJIbHO BO3MOYKHOTO 3HaUCHUsI ¢ = [/4 (0ONbIINiA 1OXO B HAIIEH TIOMYJISINY 8 medeHue Oumeb-
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HO20 8pemeHuy HEBO3MOXKEH, TaK KaK MaKCUMaJlbHasi CKOPOCThb IIPUPOCTA Jake U HEeIKCIUTyaTHpyeMon
HOMYJISIMM €CThb 1/4).

W3 HikHEel yacTy puc. 2 Mbl BUJIUM, YTO MPOU3OMIET MPH TaKoM "onTHMaibHOM'" BBIOOpE, c=
1/4. KakoBa Obl H1 ObLIa HaYaJIbHAS MONYJSAIUs X > [/2, C TEYCHUEM BPEMEHH OHA BBIMIET Ha CTaIlU-
OHapHBII pexxuM A=B = [/2. Dta cranoHapHasi NOMYJISIUs, OHAKO, HeycToiunBa. Hebompioe ciy-
YaifHO€ YMEHBUIEHUE X IPUBOJUT K IOJHOMY YHUUTOKEHHIO MOMYJISLUHU 32 KOHEUHOE BpeMsl.

CnenoBatenbHO, onmumuzayus napamempos niaua moxcem npusooums (U NPUBOAUT BO MHO-
TUX CIIy4asX, U3 KOTOPBIX Hallla MOJENb - JUIIb MPOCTEHIINNA MPUMEP) K HOAHOMY YHUYMONCEHUIO
NIAHUPYEMOLL CUCTEMbL 8CLeOCMBUE BOSHUKAIOWEL U3-3a ONMUMUZAYUU HEYCIMOUYUBOCIU.

DTa Msrkas MoJielb, IPU BCEH CBOEH OYEBHIHOW MPUMHUTUBHOCTH, MO3BOJISET, OJHAKO, MPEIb-
ABUTH CII0CO0 OOpbOBI ¢ yka3zaHHBIM 3710M. OKa3bIBaeTCs, YCTOWYUBOCTh BOCCTAHABIMBACTCS, €CIH
3aMEHUTH JKECTKOE IJIAHUPOBaHUE OOPaTHOM CBA3BIO. VIHBIMU clOBamMu, pelICeHUE O BEITMYUHE IKC-
TuTyaTanuu (KBOTHI BBLIOBA, HAJOTOBOIO Mpecca U T. [.) CIENyeT NPUHUMATh HE TUPEKTHUBHO
(c=const), a B 3aBUCUMOCTU OT JJOCTUTHYTOT'O COCTOSIHUSI CUCTEMBI:

c=kx,
rne mapametp k ("muddepennnanpaas KBoTa'") MOUICKHUT BEIOODY.

X by Ty
Y=k
R
Bs B
4
x4
F=r-x
F  JY A -7

Puc. 3. YcToliuuBas cucrema ¢ 00paTHOM CBS3bIO.

B sToMm ciyuyae Mozaens npuHUMaeT BUj (puc. 3)

% =x-x°-kx.

IIpu k<1 ¢ TeueHHeM BPEMEHM YCTAHABIMBAETCS CTAl[MOHAPHOE COCTOsIHME B, KoTOpoOE ycToii-
yuBo. CpeHuit MHOTOJIETHUH "TOX0" ¢ =kx B 3TOM COCTOSIHUU ONTHUMAJICH, KOTJIa TIpsiMasi y=kx Tpo-
XOJMT Uepe3 BepIIMHY MapaboiIsl y = x-x°, T. . npu k = 1/2. TIpu 5ToM BeIGOpe An(QepeHIHanbHOi
KBOTHI k cpenuuii "noxon" c= 1/4 nocturaet MakCUMaJIbHOTO BO3MOXXHOTO B HaIllel CUCTEME 3Haue-
Hus. Ho, B OTiMuMe OT XKECTKO IUIaHUPYEMO# CHCTeMBbI, CUcTeMa ¢ OOpaTHOW CBSA3BbIO yCTOWYHMBA U
IIpU ONTUMAJIBHOM 3HAU€HUU KO3 Puienta k (HeGoabpIIOe CTydyaliHOe YMEHBIIEHHE TI0 OTHOILIEHUIO
K CTAallUOHAPHOMY YPOBHIO X=B INpPUBOAUT K aBTOMAaTHMYECKOM BOCCTAHOBJIEHHIO CTAallMOHAPHOTO
YPOBHS CHJIaMU CaMOM CHCTEMBI).

Bbonee toro, Hebosbioe OTKIOHEHHE KO3 (ULIMEHTa OT ONTUMAJIBLHOTO 3HaUeHus k= [/2 npu-
BOJIUT HE K CAMOYHUUYTOKEHUIO CUCTEMBI (KaK 3TO ObLIO MpU HEOOIBIIOM OTKJIOHEHHH OT ONTHUMAllb-
HOTO KECTKOTO TIJIaHa ¢), a JIUIIIb K HeOOJIBIIIOMY YMEHBIIEHUO "moxoma".

Uraxk, esedenue oopammoii ceazu (m. e. 3a8UCUMOCMU NPUHUMAEMbBIX PEULEHULI OM PealbHO20
cocmoanus 0el, a He MOJLKO OMm NAAH08) CMAOUIU3UpYem cucmemy, Komopas 6e3 oopamuou cea3u
paspywunacs 0vl npu ONMUMU3AYUY NAPAMEMPO8.

Bce cka3zanHOE BBINIE OCTAHETCS CIIpaBCAJIUBBIM W JJIsA MSTKOMH MOJACIIN (C COOTBCTCTBYIOIIIUM
nepecucToM KOS(I)(I)I/II_II/IGHTOB). CHC,Z[}/CT MNOAYCPKHYTh, YTO UMCHHO 3Ta HC3aBUCHUMOCTH OT JeTalei
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JKECTKOM MOACIN (KOTOpBIC, KakK IIpaBUJIO, HEC CIMIIKOM XOpOLIO I/IBBCCTHBI) JA€J1a€T BBIBOAbBI MSAT'KOT'O
MOACIINPOBAHUA ITOJIC3HBIMU.

MartemaTudeckasi MojeJib MeKBHI0BO 00pbObI Depxribera-Ilepaa.

Peanu3zauus moaeieii B MAPLE
Pemenue B 00111eM BHUIE:
with(DEtools):
with(plots):
dsolve(diff(x(t),t)=(a-b*x(t))*x(t));

a

b+e " Cla

x(t)=

PaccmoTpuM Moziens ¢ Ha4aIbHBIM YCIOBHEM U K03 punmenTamu;
with(DEtools):

with(plots):
dsolve(diff(x(t),t)=x(t)-x(t)2);

X(t)=——"+—"
1+e " _cI

PaccmoTtpum pemenus:

> with(plots):

with(DEtools):

phaseportrait(D(x)(t)=0.2%x(t)-0.001%x(t)"2,\
x(t),t=0.1..100,[[x(1)=10]],x=0.1..700,linecolour=cos(t*Pi/2),stepsize=1);
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> with(plots):

with(DEtools):

phaseportrait(D(x)(t)=x(t)-x(t)"2,\
x(t),t=0.1..10,[[x(1)=4]],x=0.1..10,linecolour=green,stepsize=1);
> with(plots):

104

8 -

6 -

x(t)

4 -
L h |
¥
~

with(DEtools):

phaseportrait(D(x)(t)=0.2%x(t)-0.001%x(t)"2,\
x(t),t=0.1..10,[[x(1)=4]],x=0.1..10,linecolour=green,stepsize=1);
wy J S0 7 0777

VAV AV

Ty

R

AR W
NN RN N
NN O O N N
NN
B T
AR N
N NN NN
3NN NN

+— Y T T "
I T R I e G

i P S S S G S S G S S S G G G g

L 7 H B 8 10
t

OO0benuHUTH TpaduKu MOKHO ¢ TomoIpio komanabl DISPLAY

> with(plots):

with(DEtools):

rl:=phaseportrait(D(x)(t)=x(t)-x(t)*2,\

x(t),t=0.1..10,[[x(1)=4]],x=0.1..10,linecolour=green,stepsize=1):

r2:=phaseportrait(D(x)(t)=0.2*x(t)-0.001*x(t)*2,\

x(t),t=0.1..100,[[x(1)=10]],x=0.1..700,linecolour=cos(t*Pi/2),stepsize=1):
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Pabouas mporpaMma AUCHUIUIMHBL (MOZYIIS)
CMK. OII-2/PK-7.3.3

display({r1,r2});
MaremaTtudeckas Mmoaesb Jlorku-BoabTeppbl

> restart:

with (plots):

# sanmcmBaeM cucTeMmy

al:=5:

bl:=6:

cl:=3:

dl:=4:

sysl:={diff (x(t),t)=al*x(t)-cl*x(t)*y(t) diff(y(t),6t)=-
bl*y (t)+dl*x(t)*y(t)};

# HavaJNbBHEIE YCJIOBHUS

IC 1:={x(0)=0.1,y(0)=1};

# umcnenHo pemaeM cucremy anbdepeHUMANBHEX YPaBHEHUM

ansl:=dsolve(sysl union
IC 1,{x(t),y(t)}, numeric,output=listprocedure) ;

# cTpomM rpapmk BaBMCHMMOCTM X OT Yy
pl:=odeplot(ansl, [x(t) ,y(t)],0..2*%Pi,numpoints=50,color=green) :

a2:=1:
b2:=3:
c2:=1:
d2:=2:

sys2:={diff (x(t),t)=a2*x(t)-c2*x(t) *y(t) ,diff(y(t),6 t)=-

b2*y (t)+d2*x (t) *y (t) };

IC 2:={x(2)=1,y(2)=2};

ans2:=dsolve (sys2 union

IC 2,{x(t),y(t)}, numeric,output=listprocedure) ;
pP2:=odeplot(ans2, [x(t) ,y(t)],0..2*Pi,numpoints=50,color=black) :

a3:=2:
b3:=4:
c3:=2:
d3:=3:

sys3:={diff (x(t), t)=a3*x(t)-c3*x(t)*y(t) ,diff(y(t),t)=-
b3*y (t)+d3*x(t) *y(t) };

IC 3:={x(0)=1,y(0)=1};

11
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ans3:=dsolve (sys3 union
IC_3,{x(t),y(t)}, numeric,output=listprocedure) ;

p3:=odeplot(ans3, [x(t) ,y(t)],0..2*%Pi,color=red):
# BIHBOAOUMM rpadmkyM BaBUCHMMOCTEN B OLHOM CHUCTEMe KOOPAMHAT
display ({pl,p2,p3});

Mopaean dnuaeMun

x =axy —bx
y =—axy
7 =bx

> restart:

#xosddmumenTsr a m b,alfa<l

a:=6:b:=5:

#cucrema

sysl:={diff (x(t),t)-a*x(t)*y(t)+b*x(t)=0,

diff (y(t),t)+a*x(t)*y(t)=0};

with (DEtools) :

#rpadmx pewenus

DEplot([diff(x(t) ,t) = a*x(t)*y(t)-b*x(t),

diff (y(t),t)=-a*x(t)*y(t)],[x(t),y(t)],t=-7..7,

idemii’ ,linecolor=black,method=rk£f45) ;

sysl = {(; y(t)] +6x(1)y(t)=0, (; X(t)] —-6x(1)y(t)+5x(t)=0}

[[x(0)=1,y(0)=.7],[x%x(0)=1.2,y(0)=1.2]],stepsize=.02,title= model ep-

12
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model epidernii

e T T T T T, T T T Ty T T T T T T T
s e e T T o, e e e e T T e T Ty T

}‘H.IR}'}H!.’

> restart:

#xonsddbuumenTn a m b,alfa<l

a:=2:b:=2:

#cucrema

sysl:={diff (x(t),t)-a*x(t)*y(t)+b*x(t)=0,

diff (y(t),t)+a*x (t)*y (t)=0};

with (DEtools) :

#rpapux pemenmus

DEplot([diff(x(t) ,t) = a*x(t)*y(t)-b*x(t),

diff (y(t),t)=-a*x(t)*y(t)],[x(t),y(t)],t=-7..7,
[[x(0)=1,y(0)=.7],[x(0)=1.2,y(0)=1.2]],stepsize=.02,
title="model epidemii’ ,linecolor=black,method=rkf45) ;

sysl = {(gt x(t)j -2x(t)y(t)+2x(t)=0, (gy(t)j +2x(t)y(t)=0}
model epidemii
3.

e o e e e e e e e e T ey ey e e e " e
T e T T T T T T T T T T T T T T

£
3
5

2.

K]

b Y
A N e
Ry
R
VA S

=
Dll‘f.:'\ =

> restart:
#xosddmuumenTsr a m b,alfa<l
a:=2:b:=5:

#cucrema
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sysl:={diff (x(t),t)-a*x(t)*y(t)+b*x(t)=0,
diff(y(t),t)+a*x(t)*y(t)=0};

with (DEtools) :

#rpapux pemenust

DEplot([diff(x(t) ,t) = a*x(t)*y(t)-b*x(t),

diff (y(t),t)=-a*x(t)*y(t)]1,[x(t),y(t)],t=-7..7,
[[x(0)=1,y(0)=.7],[x(0)=1.2,y(0)=1.2]],stepsize=.02,
title="model epidemii’ ,linecolor=black,method=rk£f45) ;

sysl = {(aat x(t)) —2x(t)y(t)+5x(t)=0, (aaty(t)J +2x(t)y(t)=0}

model epidemii

o T T T T T e e T e T T T T T T T e
fo e gy e T T e e Ty s e T, T T T, T T T
e T s e s e T e T T T Ty ey, e T, e e T T

=
?! }!P?F’F}IJ'D.:I

Conep:xxaHue NPaAKTHYECKUX 3aHATHI

TUYECKUE MOJIEINU TO-
NyJISAIUOHHON JUHAMHU-
ku. [lemorpaduueckas
MOZEIIb pocTa MainbTy-
ca (JKecTKasi U MsTrKas).

Howmep Howmep pasnena HaumenoBanue u xpatkoe conepxanue 113 O6Bem
I13 U TEMBI B ya-
cax
1 Maremartnueckoe BBe- AHaIUTUYECKUI METO/ UCCIIEJ0OBAHUS HAa AaCHUMIITO- 4
JieHue. Y CTOM4UBOCTb TUYECKYIO yCTOMUYMBOCTh. Meron JIamyHoBa. I1o-
MHOTO4WIEHOB. Da30- cTpoenue (pa3zoBoro moprpera U OuypKanrmoHHON
BBII IIOPTPET CUCTEMBI | AMArpaMMBbl ITMHAMUYECKON CUCTEMBI, ITpaBas 4acThb
Ha TIocKocTU. budyp- | koToporo MHorousieH BTopoii ctenienu. Kommerorep-
Kal[MOHHAs JuarpaMma. | Hele mporpammsl P5 1 Maxima noctpoenus gpa3oBbix
IIOPTPETOB.
2,3 | lpocreiinme marema- 1. U3 okciepuMeHTa U3BECTHO, YTO CKOPOCTH pas- 6

MHOXEHHS OaKTepHii IpU JOCTATOUHOM 3ariace Mu-
I PONOPIIMOHAIBHA UX KOJMYECTBY. 3a Kakoe
BpeMs KOJINYECTBO OaKTepuil YBEIUUYHUTCA B M pa3 1o
CPaBHEHHMIO C UX HAYaJIbHBIM KOJIUYECTBOM?

2. IToryonieHre CBETOBOTO MOTOKA TOHKUM CJIOEM
BOJIbI PONIOPLMUOHATBHO TOJIIHUHE CI0S U MIOTOKY,
MajaroIeMy Ha ero MoBEepXHOCTh. [Ipu mpoxoxe-
HUU Yepe3 ciioil TonmuHoi 1 M nmornomaercs 1/4
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MEepPBOHAYAILHOTO CBETOBOT0 NoToKka. Kakas yactsb
CBETOBOTO MTOTOKA 0 1eT /10 TITyOuHBI h?

3. 1 HeKOTOpOW TpyMIbl HACEIEHUS YCTaHOBJICHO,
YTO BEPOSATHOCTb POXKACHUSI B €AUHUIY BpEMEHU
BbIpaxkaeTcst popmyIoit

(0.2+0.01N7), %,
a BEPOSATHOCTL CMEPTU B €AUHUILY BPEMEHU paBHA
0,027,¢7 L,

[IpuHsB HAYAIBHYIO YUCIICHHOCTh HACEIICHUS

NO paBHoi#i 5, mocTpoiiTe rpaduK pemeHus aeTep-
MUHHCTUYECKOT0 ypaBHeHUs. OIpenesinTe ycTaHo-
BUBIIIEECS PEIICHUE.

4. PaccMoTpuM MoJielib ManbTyca, yYUTHIBAIOLIYIO
HECTallMOHAPHOCTh CPE/IbI:

AN
(5) — = e(ON@). N(O) =Ny

[TycTth KO3 duMenT npupocta g(t) sIBISIETCS MepH-
oanueckoit pynkuueii ¢ nepuonom, pasubm T (T >
0), T.e.

et+TN=&t), Ye=0

O0603Ha4nM cpeHee 3HauYeHHE KO PUIMEHTA MTPH-
pocTa £(t) Ha mpomexyTke BpeMeHu anuHoi T yepe3
i+
- 1
(6) £=— [E(r}dr
T -
1) ITokaxwure, 4TO HYyHKIMS

(7) @) = exp [ [E(r) — E‘]a’r}

0

SBJISICTCS IEPUOIMYECKOM ¢ riepuoaom T.

2) Breisicaute, obnagaet nu pemenue N = N(t) ypas-
HeHus (5) cBONWCTBOM NMEPUOTUYHOCTH.

3) Ilycth cpenuee 3HaueHne kodh UIIMEeHTa TPUPO-
CTa Ha IPOMEXYTKe BpeMeHH anuHoi T paBHo 0.
Byner i1 BepHBIM paBEHCTBO CPETHETO 3HAUCHUS
YUCJICHHOCTH TOMYJISINHN Ha MPOMEXYTKE BPEMEHHU
JnuHOM T 3HAYEHUIO HaYaJlbHOM YMCIIEHHOCTH I10-

MYJSIIAN?
4 Jlunamuka nonyisgun | 1IYCTh THHAMUKA [OMYIIAIHA OMHICHIBACTCS ypaBHe-
Ipyu BHyTpHIIOnyasiiu- | HAEM
OHHOM arperupoBaHUH. dN . K-N
perap — =aN(N - 1) . a»0,K>L>0
4
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rie L - HIKHSS KpUTHYECKas IJI0OTHOCTh MOMYJISIUU
(npu HavanbHOM 3HaYeHUU N(0) < L momysnsius 00-
pedeHa Ha BeIMUpaHue), K - cTallnoHapHas IioT-
HOCTb, QHAJIOTUYHASI EMKOCTH CPE/Ibl B JIOTHCTHYE-
ckoit mozenu. [locTpoiite UHTErpalIbHBIE KPUBBIE
YpaBHEHUS, XapaKTEPUIYIOUIUE JUHAMUKY YHCIICH-
HOCTHU TMOMYJISILIUH.

5 JlnHaMuKa 4MCICHHO-
CTHU TIOMYJISILIUU B Orpa-
HUYECHHOU cpelie
(Depxronbera-Ilepna).

Haiinute pemienue ypaBuenus @epxronbcra-Ilupna
(-IT)

an
— =(e-aNIN, &.a—const >0,
dt

YIOBIIETBOPSIONIEE YCIOBHIO

N(0) = N,

[TocTpoliTe nHTErpajibHbIE KPUBbIE ypaBHEHUs. Jlaii-
T€ OMOJIOrMYECKYI0 UHTEPIIPETALINIO MOEIIN. 3Has
HavyaJbHYIO TNIOTHOCTH Ny, ipuueM Ny < K/2 (K =
€/ - EMKOCTh CpeJibl), BEISICHUTE, B KAKOW MOMEHT
BpeMeHH OyJieT HaOII0JaThCsl MAKCUMAIIbHBIH MpH-
POCT YHCIICHHOCTH TOIYJISIIIUH.
3ameuanue: [lycts napametp K - eMKOCTb Cpe/bl,
toraa ypaBHenue O-I1 moxxHO 3anucaTh B BUAE
AT nT
dN &N ( 3 Nj

& K

6 Mojenb «XUIIHUAK-
*KepTtBa». Mozens JIoT-
TKu-Bosnbereppa.

ITycts (N1(7), N> (1)) - mepuoguvecKOe perieHne
ypaBHEHUH THNA "XUIIHUK-XKepTBa" (Moaens JIOTKu-
BonbTreppsl):

dN. aN,

1 T T Fe T T

— =lg — 1 N- IN;, =l—&y + 1 Ny N5,

O - = PRI

TJIC €, Y i - TIOJIOXKUTEILHBIC TOCTOSHHBIC, [ = 1, 2.

Omnpenenum cpennee 3HadeHue GpyHkuuu N; (t) Kak
r

— 1
;-"lllr.' = — ;-""lr-; Iarf.
. T‘L (.

rae T - nepuon konebanuii. [lokaxute, 4To

£ &
N, = 2 N, = =2
20N

[Tpenmoiokum, 9T0 JTHHAMUYCCKUE YPABHCHHS MO-
TU(HUIMPOBAHEI, T.€. 100aBICHBI WieHBI -o;V;, (0 >
(0), COOTBETCTBYIOIINE U3BATUIO YACTH TOITYJISIIHH:
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v,
dt

Y
2 = I:— g4 + :f'n:""-rl :L:""-T"I — Oy N5 .
dt - - -

= (& — nNL)N] — g Ny,

Takas MmoaudUKaI¥s BOSHUKACT, HAIPUMED, TPH
OIMCAHUU BIUSHUS PHIOOJIOBCTBA HA MOIMYJISIUN
PBIO WIIM MHCEKTUIUIO0B IIPH U3YYCHHUH TTOMYIISIIHH
HaceKkoMbIX. Kakoe BrusiHue 100aBIICHHBIC B ypaB-
HEHUS YICHBI OKA3bIBAIOT HAa CPSIHUE 3HAYCHUS
¢yskuii Nj u N,?

YcranoBute MpuOIMHKEHHYIO PopMy (a3oBBIX Tpa-
eKTOpui Kiaaccuueckoit moaenu Jlotku-BosibTeppa u
nepuoy KoJieOaHuii BOIM3U HEHYJIEBOTO TIOJIOKEHUS
PaBHOBECHS.

7 Monens snunemMun.

Brimmacats MAaTCMaTUYCCKYIO MOJCJIb SIITUACMHUUA U
HCCJIICOOBATh €€ Ha YCTOﬁqHBOCTB.

8 Mogens  Koamoroposa
«XHIIHHK-XKEPTa».

Monens «XHITHUK-)KepTBa» B 001memM cirydae (6e3
ydeTa BO3pacTHOW CTPYKTYPbI) UMEET CIICTYIOLIHIA
BU:
"dN,
dt
dN,

= BNV

= Fy(NM. NN,

[Tpu aTom F; yobIBaeT ¢ poctoM N (Takue ycioBUs
IIO3BOJISIET YYECTh BHYTPUBUAOBYIO KOHKYPEHIIUIO
MOMYJISILIMM KEPTBHI), F» BO3pAcTaeT ¢ pOCTOM

N| (XUIIHUK MTUTAETCS TOJIBKO )KEPTBOM).

bynem paccmarpusate Monens Koamoroposa cie-
JAYIOIIETO BHUJIA:

.—d‘?ﬁir T T T T
L= I (NN — LINN,
dt
D dan.
2 = Iy (N}) N,
— =Rk (V)N

L(N,) - Tpoduueckast pyHKIUS, KOTOpast HE 3aBUCHUT
OT YUCJIEHHOCTH XHIIIHHKA, YTO COOTBETCTBYET OT-
CYTCTBHIO BHYTPUBHI0BOM KOHKYPEHIIMH MTOMYIIS-
WU XUITHUKA; ki(N}) - koadduumeHT npupocra
JKEPTBBI B OTCYTCTBHE XUIIHUKA. [loenanue sxepTBBI
XUITHUKOM yUuThIBaeTcs ciaaraemMbiM L(N|)Ny. ko(Ny)
- KOO GHUIHMEHT NPUPOCTA XUIIITHUKOM, HE 3aBUCH-
it ot N, (3HaYUT, HET BHYTPUBUAOBON KOHKYpPEH-
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MU B MTOMYJIAIAK XUITHUKA).

N3yunTh cBOMCTBA TPOPUIECKON HYHKIIUH.

HUroro 32
Ha npakTudecKkux 3aHATHSAX UCIOJIB3YIOTCSA HHPOPMAIMOHHO-TTOMCKOBBIC CUCTEMBI M 0a3bl IAHHBIX:

1. adopmarnmonHo-nouckoBas cucrema «lIporpaMMHo-TexHHUECKOe oOecrieueHue yueTa 00bek-
TOB, OKa3bIBAIOIINX HETaTUBHOE BO3JIEHCTBHE HAa OKpYy:xaroiyto cpeay» (IITO YOHBOC:
URL https://onv.fsrpn.ru/ )

2. MadopmanmonHo-crnpaBouHas cucrema «Ocobo oxpaHsieMble TPUPOIHBIE TeppuTopun Poccum»
(OOIIT Poccum). URL: http://oopt.info/

3. UndopmannonHo-nounckonas cucrema «EcoWars». URL: http://ecowars.tv/

4. Craructrueckas 6a3a ganaeix OOH o nemorpaguu. URL:
https://unstats.un.org/unsd/demographic/products/default.htm

5.Enunas mexsenomMcTBeHHast uHGopmarronHo-cratuctuueckas cuctema (EMHUCC) Poccun.
URL: https://www.fedstat.ru/

6. lHpopMaIImOHHO-TIOMCKOBBIM HAIMOHATBHBIN MOPTAT — KATAJIOT PECYPCOB 10 OXpaHe MPUPO/IbI
«IIpupona Poccum». URL: http://priroda.ru

7.Wurepuet-karanor BioDat-pecypcos. URL: http://biodat.ru/catal2.html

4. CamocrosiTesqbHasi padoTa o0y4yaromuxcs.

Kaxnoe 3ananue npennosiaraeT HanucaHue oO0y4arolUMCs IPOorpaMMbl B OJTHOW U3 cpel Mpo-
rpamMMmupoBanust Maple, PS5, Maxima u 3amuTa ee. [Ipu HeoO0XxoquMocTy IPOBECTU UCCIIEI0BAHUE T10-
JY4YEHHOM MOJeNnu IyTeM HM3MEHEHHs NapaMeTpoB 3aJayd. 3a BBIIOJIHEHHE 33JaHus oOydarouuics
MOJTy9aeT OIpeIesIEHHOE KOTUIeCTBO 0ayutoB. OHOTHITHEIE 3aJaHus COOPAaHbI B Pa3/ieibl.

Jlnis monmy4eHus 3ayera B cemecTpe HeoOXxoauMo HabpaTh 70 6asioB, BBIOIHUB XOTS ObI 110 OJ1-
HOMY 3aJJaHHIO U3 KaXJ0ro pas3zaena. TekcT 3ajlaHuil IpuBeIEH HIKE.

Js caMOCTOATENbHOW IOATOTOBKM PEKOMEHIYETCS HCIOJIB30BaTh CIEAYIOUIME MaTepHalIbl:
MaremaTnueckue MOJEIHU B SKOJOTMH: TEKCTO-rpauuecKuil 3JE€KTPOHHBIM y4eOHO-METOANYECKHM
komruieke [DnektponHsblit pecype]/ E. C. Uepnosa; KemI'Y. — DOnekrpon. nan. — Kemeposo: KemI'VY,
2011. Pexxum noctyma:
http://www.math.kemsu.ru/kmk/subsites/E.S.Chernova MATHEMATICAL MODELS IN ECOLO
GY/umk/index main.htm; Ca#T st caMOMOJATOTOBKH CTyAeHTOB. JuciurummHa «MartemaTudeckue
MeTOo/bI B 3KoJorun». Pexxum nocrtyna: http://math-eco.cs.karelia.ru/index.html

Tabnuua 3. ConepxaHue caMOCTOSTETbHON pabOThl 00yHarOIIUXCsI

Ne | Bua camocTosTeIbHOM paboThI Paznensl nim Tembl dopma OTYETHOCTH
n/n paboueii mporpaMmbl
1 Hnousuoyanvrnoe domawnee Mopeas ManbTyca. KomnbrotepHas Mozens.
3a0anue. ANTOPUTM U TEKCT IPO-
Hanwucars nporpamMmmy, mozue- I'PaMMBI.

JUPYIOIIYIO MATKYIO MOJIEIb
Manbtyca. Ha pabodyem okHe

pOrpaMMbl U300pa3UTh Ipa-
(KU TpaeKTOPUN BEKTOPHOTO
noJist, pa3oBOIl TPACKTOPHUH.
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HccnenoBath MOAEIb C pas-
JMYHBIMHU HayaJIbHBIMU YCJIO-
BUSIMU.

2 | [locTpouTh KOMITBIOTEPHYIO Junamuka yncieHHOCTH o- | KommnberoTepHast MOeb.
MOJIeJIb IMHAMUKU YUCIEHHO- | IMYJSLUU B OTPaHUYEHHON ANTOpUTM U TEKCT NpO-
CTH MOMYJsAUU B orpannyeH- | cpene (Depxronbera-Ilepna). | rpamMmbl.

HOM cpejie, yYUTHIBAIOIYIO
MTOCTOSTHHBIA HEKOTOPBIN (haK-
TOp B KaUECTBE MapaMeTpa.
[TocTpouTh OHpypKAITMOHHYIO
Juarpammy.

3 Pegpepam Monenu B3aumooTtHoueHus: | Tekct pedepara, Bbl-
MapasuT-X0351H. CTYIUJICHHE.

4 | Hoknao BepostHocTtHble Mosienu 1o- | Tekct qokmana, mpe3eH-
nyJasuui ¥ npobjema reHe- | Tauusl, BHICTYIUICHHUE.
pPaTOPOB IMCEBAOCTYyUaHHBIX
qucel.

01N DN WM =

CamocrosTenbHas pa60Ta B3anMMOCB:A3aHa C aYHHTOpHOﬁ U KOHTPOJIUPYECTCS MNPCIIOAABATCIICM.
Ha nexmusx npeaiararoTcsa ajd CaMOCTOATCIbHOIO UCCIICA0BAHUA HEKOTOPLIC 3aa4u. Ha IMpaKTHU4c-
CKHUX 3aHATHUAX OJAKOTCA 3aJaHUA 1 CaMOCTOATCIIbHOI'O UCCIICA0OBAaHUA.

Ka)KIIOMy O6yanOIHYMYC$[ BbIJAIOTCA MHAUBUAYAJIbHBIC CCMCCTPOBLIC 3alaHUA, OJI BBIIIOJIHC-
HHA KOTOPBIX Tp66yeTc;1 CaMOCTOATCI/IbHAsA pa60Ta.

Tembl CEMECTPOBBIX HHAUBHUAYAJIBHBIX 3aJaHUH

. DKOJIOTHYeCKOE 3HAUCHHE €CTECTBO3HAHUSI.

. OcHOBHBIE TIPOOJIEMBI SKOJIOTHH U POJIb CPEIbI AJIS )KU3HU.

. 3aKOHOMEPHOCTHU Pa3BUTHUS IKOJIOTHUECKONW CUCTEMBI.

. 'mobanbHas nuHamudeckast mozaens Poppecrepa.

. 'mobanpHas Mozens Guocgepsl.

. IIpoGriema oxXpaHbI BOJAHBIX PECYPCOB.

. Mozens TMHAMHMKH HaceJleHHs B IBYX BO3PACTHBIX TPYIIaXx.
. Mozaens TMHAMHKH HACENICHHs B 3aBUCUMOCTH OT BO3pacTa.

. Knaccugukanus B3auMoaeicTBHM IBYX BUJIOB MEX]y COOOM.

. MOI[GJ'II) B3aMMOOTHOIIICHUI THTIA XUIIHUK-KCPTBA.

. Mozens THIa XUIIHUK-)KEePTBa IPU HATUYUU YOSKHUIIA JJIs1 )KEPTBHI.
. Mosienb KOHKYPEHIMH MEXIY BUIAMU.

. Buzpl, ociapuBaromue oaHy nuamy.

. Buzpl, noxxuparomue qpyr apyra.

. JlnHaMHKa CUCTEMBI pecypc-oTpeOUTENb.

. Ciiyqan uictpeOiieHre BUIOB.

. TenaokpoBHbIE XUIITHUKH.

. Mozens B3aMMOOTHOIIIEHHSI TTapa3UT-X 0351 H.

. MogenupoBaHue 0TJI0Ba.

. DKCcTpeMalbHBIE CBOMCTBA DKOJIOTHUECKUX CHUCTEM.

. MaremaTtuueckoe MOJeTMpOBaHNE JMHAMUKY HH(DEKIIMOHHBIX 3a001€BaHUi.
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22. Mopenb BepTHUKaIbHOTO pacrpeaeacHus GUTOIIAaHKTOHA B OKEaHe.

23. Mopenb 3arpsi3HEHUs: BOAbl OPraHUYeCKUMH OTXOAaMH.

24, JlunaMyKa MOIMYJISIITUHN B CII0KHON Tpo(HUuecKou cpeje.

25. MoaenupoBaHre OMOTOTHYECKUX MOMYIISIIIAA ¢ y4€TOM CBONCTB OTICIIBHON 0COOU.
26. BeposiTHOCTHBIE MOJIETN MOMYJISAIIAM.

27. MareMaTU4eCKHE MOJIEJIU B TEHETHKE.

4.1. TeMmbl KYpCcOBBIX padoT (IPOEKTOB).
He npengycmoTpeHsl.

4.2. [lepeueHb yueOHO-METOAUYECKOr0 o0ecneyeHHs /I CaMOCTOSITeIbHOIl padoThl 00Y-
YaouuXxcs.

IIpodeccnonanbubie 6a3bl JAHHBIX
Ba3el nanneix UHUOH PAH http://inion.ru/resources/bazy-dannykh-inion-ran/

IBC «YHuBepcurerckas 6M0JanoTexa oHaaitn» www.biblioclub.ru

Pecypc comepxut y4yeOHuKH, ydeOHBIE mOcoOuWs, MOHOTpaduu, MEPUOJUUECKUE H3aHUs, CIIpa-
BOUHHKH, CJIOBApH, SHIMKIONEeIUN. B Hacrosee Bpems BkiatouaeT 6osee 130 Thic. HAMMEHOBaHUH.
Pexxum noctyna: ajis 3aperucTpupoBaHHBIX MOJIb30BaTENEH.

9BC AI'Y Ha mnargopme  ammapaTHoO-porpamMmHoro  komiwiekca OO0 KV
http://adygnet.bibliotech.ru

Pecypc coaepuT 351eKTpOHHBIE aHAIOTU TpyaoB mpenojaBateneit AI'Y. OGecneunBaer 10CTyn K
HEO0OXOIUMBIM Uil 00pa30BaTEIbHOIO Ipolecca U3AaHuAM. Pexum noctymna: ais 3aperucTpupoBaH-
HBIX T10JIb30BaTeNeH.

000 «Hayunasi 3s1iekTpoHHasi 0ubmorexka» (HIb) www.elibrary.ru

Poccuiickuil nHGOpPMALMOHHO-aHAIUTHYECKUI OPTal B 00JaCT HAyKH, TEXHOJIOTUU U 00pa3oBa-
HUS, B TOM 4HCII€ J1eKTpoHHbIe Bepcuu 6osee 3900 poccuiickuxX Hay4HO-TEXHUUYECKUX KYPHAJIOB, U3
KOTOpbIX Oosiee 2800 KypHaJIOB B OTKPBITOM JIOCTYIIE.

Mexaynapoanbie 6a3bl JaHHBIX HAYYHBIX W3AAHUI
Web of Science https://apps.webofknowledge.com Haykomerpuueckas pedeparuBHas 6a3a naH-
HBIX KypHaJoB U KoH(pepenuuid. Pexxum noctyna: IP angpeca ynuBepcurera

Scopus https://www.scopus.com/search/ — 5To HaykomeTpuueckas pedepaTuBHas 0aza JaHHBIX,
BxoJsmIas B 0a3zy maHHbIx SciVerse kommnanuu Elsevier. SciVerse o0beanHseT B cebe MaTepuasbl U3
KOJUICKIIMU PELICH3UPOBAaHHOW nuTeparypbl SciVerse Scopus, coOpaHUs TOJHOTEKCTOBBIX CTaTei
SciVerse ScienceDirect. Pesxum nocryna: IP agpeca ynusepcurera.

zbMATH https://zbmath.org/ PedepatuBHas 6a3a TaHHBIX 10 YUCTON U MPUKIATHON MaTeMaTHKe.

HuTepHeTr-pecypcesl oTKpbITOro Aocryna (Open Access)
(MudopMaIimoHHO-IOUCKOBBIE (CITPABOYHBIE) CHCTEMBI)

Nudopmanuonnas cucrema «EauHoe oOkHO faoctynma K 00pa3oBaTe/IbHBIM pecypcam»
http://window.edu.ru/ Pecypc obecrnieunBaeT cBOOOIHBIN JOCTYI K MHTErPATLHOMY KaTaory o0paso-
BaTeNIbHBIX UHTEPHET-PECYPCOB, K DJIEKTPOHHOI OMOIHNOTEKEe Y4eOHO-METOANYECKIX MaTepUaloB JJis
obmero u mpodeccuoHaTBFHOTO 00Pa30BaHMS M K PECypcaM CUCTEeMBI (hellepaTbHBIX 00pa30BaTEIIbHBIX
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MOPTAJIOB, 0ObEIUHSIET B €AUHOE HH(POPMAIIMIOHHOE IPOCTPAHCTBO AJIEKTPOHHBIE PECYPCHI CBOOOIHO-
ro JIOCTyNa Juis BceX ypoBHEW oOpa3oBanus B Poccun.

YHuBepcurerckasi HH(popmanuonHnas cucrema Poceus uisrussia.msu.ru

5. YueOHO-MeTOAMUYECKOE O0ecTieueHne TMCUMILTUHBI (MOIYJIA).

Tabnuma 4. OcHOBHAs TUTEpaTypa

Ne

n/n

HaumenoBanwue, 6ubnuorpaduueckoe

OIIMCaHHEC

1

Kapnenkos, C.X. Dxonorus: yueOHUK A5 By30B : B 2 kH. / C.X. Kaprienkos. — 2-e u3n.,
nepepad. u gon. — Mocksa ; bepaun : lupexr-Menua, 2017. — Kn. 2. — 522 c. : ui. — Pe-
»kuM jocryna: — URL: https://biblioclub.ru/index.php?page=book&id=454237

Kononoga, 3.A. KomnsrotepHoe moaenupoBanue: sxkonorus / 3.A. Kononosa, C.O. Anry-
xoBa, [.A. BopoOseB; Jlunenkuii rocy1apcTBEHHBIH MeJarorn4eckuii yHUBEPCUTET UMEHH
I1. I1. CemenoBa-Tsau-1lanckoro. — JIumenk: JITII'Y uM. I1.I1. Cemenoa-Tsu-11lanckoro,
2018.-4. 1,2 - 101 c. — Pexxum noctyma: — URL:
https://biblioclub.ru/index.php?page=book&id=576947

Okonorus: yuebuuk / C.M. Pomanosa, C.B. CrenanoBa, A.b. SIpomesckuii, U.I". [laiixu-
eB; KazaHckuii HallMOHAIBHBIN UCCIIEI0OBATEILCKUM TEXHOJIOTMYECKU yHUBEpcUTeT. — Ka-
3anb: KHUTY, 2017. — 340 c. — Pexxum nocryna: — URL:
https://biblioclub.ru/index.php?page=book&id=500685

["aBpuiioBa, JI.B. Maremaruueckoe MOAEIMpPOBaHUE BOIHBIX 3KOCUCTEM : yueOHOE 1mocodue
JI.B. T'aBpuiioBa, JI.A. Komnanuen, B.E. Pacnionos; Cubupckuii ¢penepanbHblii yHUBEPCUTET
denepanbHOE areHTCTBO HAYYHBIX opranu3anuii, Kpacnosipckuit Hayunsiit ientp Cubup-
ckoro otaenenus PAH. — Kpacnosipck: Cubupckuit dpeaepanbubiii yausepcuret (COVY),
2016. — 202 c. — Pesxum — URL: https://biblioclub.ru/index.php?page=book&id=497152

(OBC) Yuausepcurerckue 6ubimoreku onnaiti. Banosa (Komsinora), B. JI. Dxonorus
[DnexTpoHHbIH pecypc] : yuebnuk / B. JI. Banosa (Konsuiosa). - M.: Jlamkos u Ko, 2012. -
360 c. - 978-5-394-01752-0. Pexxum nmoctyma:
http://biblioclub.ru/index.php?page=book&id=115790

Tabnuna 5. JlononHuTensHas JuTeparypa

Ne HaumenoBanue, Oubnanorpaguyueckoe onucaHue
n/m
1 Pusnnuenko I'.}O. buodusnueckas auHaMuKa NpoIyKIIMOHHBIX MpoueccoB. - M.; MkeBck :
WH-T komnbroTep. uccnen., 2004. - 464 c.
2 | Pusnuuenko I'. FO. Marematuyeckue Mojienu B OMOPHU3UKE U HKOJTOTHH. — MOCKBa-.
WMkeBck: MHCTUTYT KOMIIBIOTEPHBIX HecnenoBanui, 2003. 184 c.
3 | ObC YHuepcurerckue 6nbmnorexu ornaiH. JXKypHai «9KONOoTus 1 KU3HbY. Pexum no-
cryna: http://biblioclub.ru/index.php?page=book&id=132506
4 | Moucees H.H. Dxonorus yenoBeuecTBa riiazaMi MaTeMaTuKa : (4€JI0OBEK, MPUpoa U OyIy-
niee rmuBuIu3anyn). - M. : Mononas reapausi, 1988. - 254 c.
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Tabnuia 6. Pecypcbl nHGOpMamoHHO-TeIEKOMMYHUKAIIMOHHOM ceTn «HTepHEeT»

No HazBanue (aapec) pecypca
n/m

1 «IKoJ0THs U KU3HB» HaydHo-monyisipHbIi 1 00pa3oBaTeabHbIN XypHaAI. Pexxum noctyma
— URL: http://www.ecolife.ru/

2 [utukoB B.K., Pozen6epr I'.C., 3undenko T./][. KonudecTBeHHas THAPOIKOJIOTHS: METO-
1wl cuctemuon uaeHtudukamnun. — Tonbsitru: UOBB PAH, 2003. — 463 ¢. Pexum nocry-
ma: URL: http://www.ievbras.ru/ecostat/Kiril/Library/Book 1/Content0/Content().htm#Ref

3 MatemaTtuyeckue MOJIEIH B SKOJIOTHH: TEKCTO-TpaduiyecKuil 3JIeKTPOHHBIN yueOHO-
MeTOouYecKuil komruieke [DnekTporusbiid pecype]/ E. C. Uepnoa; KemI'Y. — DnekTpoH.
naH. — Kemeposo: KemI'V, 2011. Pexum gocryna:
http://www.math.kemsu.ru/kmk/subsites/

E.S.Chernova MATHEMATICAL_MODELS_IN_ECOLOGY/umk/index_main.htm

4 CaifT st caMOTIOITOTOBKY CTYIEHTOB. JluciumuinHa «MareMaTuiuecKiue METOIbI B IKOJIO-
runy». Pexum nocryna: http://math-eco.cs.karelia.ru/index.html

6. MeToauyeckue peKOMeHIAIUN MO TUCHUILIHHE (MOAYJIIO).
MeToanyeckue peKOMeHIANUH [IJIsI penoaaBaTeiei

B kypce «MatemaTueckue MOJEIN B DKOJIOTUNY PacCMaTpUBAIOTCSl MOZEIH, ONKCHIBAIOIINE B3au-
MOOTHOIIICHHUS TIPUPOJIBI U OOIIECTBA, XapaKTEPH3YIOIIHE BIUSHNAE XO35ICTBEHHOH NEATETbHOCTH Yei0-
BEKa Ha OKPYXAIOILYI0 Cpely — TaK Ha3bIBAEMbIE SKOHOMHUKO-IKOJOIMYECKHE MOZAEIH. AKTYyallbHOCTb
IpeMeTa BBITEKAET M3 OCTPOTHI CTOSIIMX Iepesl OOIIECTBOM SKOJOTMYECKMX MpoOJIeM M HaCYIIHOU
HEOOXOIMMOCTH MX KOMIUIEKCHOTO peleHus. [IpuMeneHne MareMaTHyeckux MeTO/I0B TO3BOJISET Ha Oc-
HOBE TOYHOI'O MaTEMaTU4ECKOTI0 aIapara OLEHUTh COCTOSIHUE OKPYKAIOLIEW CPEJbl M XapaKTep BIMSHUSA
Ha HEE YeJIOBEYECKOM NEATEIbHOCTH, C IOMOLIBI0 MOZEIEH IMPOaHAIU3UPOBATh IOBEIAECHUE CUCTEMBI
«IIpUpOAA — OOILIECTBO» B PA3JIMUHBIX OOCTOSITENBCTBAX U BHIOPATh HAWITYUIINIA BAPUAHT Pa3BUTHSI.

N3noxenue npenMera oNnupaeTcst Ha TAKKE pa3elibl MaTeMaTHKH, Kak «lccienoBanue onepanuii,
«Teopus urp», «MeToasl onTUMuU3aun», «Teoprs ONTUMAIBHBIX IPOLIECCOBY, «MareMaTndecKkas KO-
HOMHKa», «CHCTEMHBIH aHalINW3» U MOXET, B CBOIO OYEpENb, CTaTh OCHOBOHM I psiia CHELKYPCOB,
Hanpumep, «MaremaTuaecKkue Mo II100aIbHOTO PA3BUTHSIY.

Marepuan Kypca npeaycMaTpUBaeT aHaJIM3 OCOOEHHOCTEH SKOHOMHUKO-3KOJIOTHYECKOTr0 MOJIETHPO-
BaHMA, a4 TaAKIKC U3YUCHUC PA3JIMYHBIX TUIIOB MATEMATUYCCKUX MOI[GJ'ICI\/'I, YUYHUTBIBAOIIUX 3KOJIOTMYCCKUC
(akTOpbl: UMHUTAIIMOHHBIX, OAJJaHCOBBIX, ONTUMHM3ALMOHHBIX U Ap. ITomyTHO M37araroTcs OCHOBBI CH-
CTEMHOTO ITO/IX0/1a, UCIIOIB3yEMOT0 ITPY MOJEIMPOBAHNY U AHAIN3E CIOKHBIX CUCTEM, IPUMEHHUTENBHO K
KOHKPETHBIM JKOJIOTUYECKUM UCCIIEAOBaHUAM. TeopeTndeckas 4acTb COIPOBOXKIACTCA IIPUMEPAMU DKO-
HOMHKO-3KOJIOTHYECKUX MOJENIEN pa3HOro THIIA.

B ydyeGHOM mpoliecce MCMONB3YIOTCA ayAWTOPHBIE (JIEKIIMOHHBIE M JaOOpaTOpHbIC) 3aHATUS U
MpeayCMOTPEHA CaMOCTOSITENbHAs paboTa CTYJEHTOB (UTEHHE CHEeUaIbHOM JINTepaTyphl, U3y4eHue Npu-
MEpOB, pelIeHHE 3a71aY).

Ha AYAUTOPHBIX 3aHATHAX AAIOTCA OCHOBHBIC IMOHATHSA, MATEMATUYCCKHUE MOJICIIU, MECTOABI UX PEC-
IIEHHs M aHAJIM3a MOJTyYEeHHBIX Pe3yJIbTaToB, pacCMaTpUBAIOTCS pUMepbl. bosee yrimyOneHHoe U3ydeHue
IpeMeTa BEIHOCHTCSI HA CAMOCTOSITENIbHYIO paboTy. B TeueHne cemecTtpa NpoBOAUTCS KOHTPOJIbHAS pa-
60Ta, 10 UTOraM U3y4eHHsI AUCLUILIMHBI CTYJICHTHI CAAIOT 3a4eT.
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Jlns ycnenrHou cia4yu 3a4era CTYACHTHI JODKHBI [TOCeIaTh JISKIMH, akTUBHO paboTaTh Ha Jiabopa-
TOPHBIX 3aHITHUSIX, HAIMCATh KOHTPOJILHYIO PA0OTY M OTBETUTH IPABUJILHO Ha J[Ba TEOPETUUECKUX BOIPO-
ca U3 pa3HbIX pasnenoB Kypca. [Ipu HempaBUILHOM UM HEMIOJHOM OTBETE MOXKET OBbITh 3a/1aH JOMOJIHU-
TEeNBHBIA BOMPOC. B ciydae HEBBINOIHEHUS] KOHTPOJILHOM pabOTHI HA 3a4eTe MOTYT OBITh MPEIUIOKEHBI
3aJja4u, CPaBHUMBIE 10 CJIO)KHOCTU C TEMH, KOTOPBIE MPEUIarajliCh B Ka4eCTBE KOHTPOJIbHBIX 33JaHUN.
OneHka «HE3aYTeHO» CTaBUTCS NIPU OTCYTCTBUHU MPABWIBHBIX OTBETOB HA TEOPETUYECKHUE BOIIPOCHI U HE-
CIIOCOOHOCTH PEUIUTh NPAKTUYECKYIO 3aa4y.

Bce 3amaun cinenyer noapoOHO pa3dupath co CTYAEHTaMH Y JOCKH.

B xone naHHOro Kypca CTyZIEHT JIOJKEH OCBOUTH OCHOBHBIE METO/bI KOMIIBIOTEPHOI'O MOJENIH-
pPOBaHUS MPOCTEUIINX (PU3MUECKUX CHUCTEM C HCIIOJIb30BAaHMEM HamOojiee pacHpOCTpaHEHHBIX YHC-
JICHHBIX METOJIOB U aNroputMmoB. [Ipu M3ydeHMM AAHHOIO Kypca CTYIEHTBI JIOJKHBI YK€ B MOJIHOU
Mepe BIIaJETh A3bIKAMU MPOTrpaMMHUpOBaHus (TIaBHBIM oOpa3om, Pascal, Maple) u ocHoBamu 4ncieH-
HBIX METOJIOB, YMEThb HCIIOJIb30BaTh rpaduyeckue ¥ aHMMALUOHHBIE BO3MOXXHOCTH COBPEMEHHBIX
KOMITBIOTEPOB ISl PEIICHUS Pa3HOOOPa3HBIX MPUKIIAJAHBIX 3a/1a4.

MeTtoauyeckue ykazaHus CTyJAeHTaM

[Ipu camocTosTensHOM paboTe JOMyCKaeTCcsl UCIONb30BaHue 000N nuTepaTypsl U HTEpHeT-
pecypcoB: MaTeprajioB CalTOB PEKOMEHI0BAaHHBIX MPENOaBaTEIEM U PE3y/IbTATOB IIOMCKA B pa3jiny-
HBIX cucteMax. Omobpsercs obpalieHrne K MPEenoJaBaTeNio 3a KOHCYIbTalUsIMH. Marepual, 3aKoH-
CIICKTUPOBAHHBIN HA JICKIUAX, HCOOXOAUMO PETYJSPHO JOMOJHSITH CBEJICHUSIMH U3 OCHOBHBIX U JO-
MOJIHUTENIbHBIX JJUTEPATYPHBIX HCTOYHHUKOB, a TaKXke U3 ceTu MHTepHerT.

MeTtoanyeckue peKOMEeHAALUH 110 OPTraHU3aluy y4eOHOM ayIMTOPHOH 1
BHEAyJUTOPHOI CaMOCTOSAITeIbHOI padoThl CTY€HTOB

1. CoBeTslI 11O IJIAaHUPOBAHUIO U OpraHu3anui BpEMCHU, HCO6XOI[I/IMOFO IJId U3YYCHHA AU C-
OUILIIHUHBI. PCKOMCHI[yeTCH CJICAYIOIUM 06pa30M OpTraHHu30BaTh BpEMH, HCO6XOI[I/IMOG AJIL UBYUCHUA
JUCIMITIIMHBI:

N3ydyeHne koHCIEKTa JIEKIIUH B TOT K€ J€Hb nocie Jekuuu — 10-15 MunyT.
[ToBTOpEHME NIEKIUU 3a IeHb Tiepe chaeayromei aekmueit — 10-15 munyT.

N3ydeHue TeopeTnueckoro MaTepuaia 1no yueOHUKy U KOHCIEKTY — 1 yac B HEJIelto.
[ToaroroBka k 1abopaTropHOMY 3aHITHIO — | Yac.

Toraa obmue 3aTpaThl BpEeMEHH Ha OCBOSHHE Kypca CTYyICHTaMH COCTABSIT OKOJIO 2,5 4acoB B
HEJIEIIO.

2. OnucaHue nociea0BaTeNbHOCTH IEUCTBUM CTyAeHTa («CIEHAPUI U3YUEHUS AUCIUILIU-
HLI))). HpI/I I/I?,y"IeHI/II/I MaT! eMaTI/I'-IeCKOI\/II 3KOJIOTUH cnezlyeT BHUMATCIIBHO CJ'[yHIaTB " KOHCHGKTI/IpOBaTI)
MaTepuall, U3J1aracMblil Ha ayAUTOPHBIX 3aHATHUAX. /{15 €ro NOHMMAaHUS U KaUECTBEHHOI'0 YCBOEHUS
PEKOMEHYETCS CIAEAYIONIAs MOCIEeI0BaTENbHOCTD IEUCTBUN:

[Tocne okoHyaHUs y4eOHBIX 3aHITUN AJI 3aKPEIJICHUs] MaTepHalia MPOCMOTPETh U 00 IyMaTh
TEKCT JICKIIUH, IPOCITYIIAHHOM CEerojHs, pa3o0paTh paccMoTpeHHble mpumMepsl (10-15 munyT).

IIpy MOATOTOBKE K JIEKIIMU CJIEAYIOIIETO JHSA OBTOPUTH TEKCT IMPEIBIAYILEH JIEKIINH, TO1Y-
MaTh O TOM, Kakasi MOXeT ObITh cienytomias TeMa (10-15 MunyT).
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B Tedenue Henenu BeIOpaTh BpeMs IS paOOTHI € JINTEPATYPOH MO0 MaTEMaTHIECKOMY MOJIC-
JTUPOBaHUIO B 0bmacTu dkonoruu (1 gac).

3. PexoMeHanuu mo UCIoib30BaHUI0 MAaTEPUAIOB Y4€OHO-METOAMYECKOT0 KomIuiekca. Pe-
KOMEHIYEeTCs HCII0Ib30BaTh METOAMUECKUE YKa3aHUs U MaTepHUalIbl 10 KypCy MaTeMaTH4eCKUX Mojie-
JIeH B 9KOJIOTUH, TEKCT JICKIUH, a TAKXKE 3JIEKTPOHHBIC TOCOOUS, HMEIOIIHECs Ha PaKyIbTETCKOM cep-
BEpE.

4. PexomeHganuu 1o pabote ¢ nurepatypoil. TeopeTnueckuii MaTepual Kypca CTaHOBUTCS
0oJ1ee OHATHBIM, KOI'Z1a IOTIOJIHUTENIBHO K IIPOCITYIITMBAHUIO JIEKIMHA N3y4aroTCsl U KHUTH 110 MaTeMa-
TUYECKOH sKosoruu. Jlureparypy no Kypcy MOAEIHMPOBAHUS B SKOJIOTHH KeJIaTeIbHO U3ydyaTh B Ou0-
mroteke 1 yepe3 DbC. Ilone3Ho ucnonb30BaTh HECKOJIBKO Y4€OHHKOB, OJTHAKO JIEr4e OCBOMTH KYypC,
MNpUACPKHUBAACH OAHOT'O yqe6HHKa M KOHCIICKTA. PeKOMeHIIyCTCﬂ, KpOMC «3ayduBaHHA» MaTCpUaja,
JNOOUTbCA MOHUMaHMS N3y4yaeMOi TeMbl JUCUUIUIMHBL. C 3TOH LIeJbI0 1OCIIe IPOYTEHUsI OUePEeIHOM
TJIaBbI )KCJIATCIIbHO BBIIMOJIHUTH HECKOJIBKO IIPOCTBIX yrlpa)KHeHI/Iﬁ Ha COOTBCTCTBYIOLIYIO TCMY. KpO-
M€ TOr0, OYeHb I10JIE3HO MBICJICHHO 3a/1aTh ceOe U MoNpoOoBaTh OTBETUTH Ha CIIEAYIOIINE BOIPOCHL: O
YEM 3JTa I'jlaBa, KaKH¢€ HOBBIC IIOHATHS B HEeH BBCJCHLI, KAKOB X CMBICJI, AJId 4€ro CJIY’KaT U KaKUMU
CBOMCTBaMM 00J1a/1al0T UCII0JIb3YEMBbIE 3/1eCh MaTeMaTHYeCKHe MOJIeNIn U MeToIbl. [Ipu u3yyenunn
TEOPETUYECKOTO MaTeprasa BCEr/ia MOJIe3HO PUCOBATH CXEMBI HITH Tpa(HKH.

5. CoBeThl 10 MOATOTOBKE K 3a4eTy. JJOMOIHUTENBHO K U3YYEHUIO KOHCIIEKTOB JIEKLIUN HEOO-
XOJJMMO T10JIb30BaThCsl Y4U€OHMKaMU [0 TEOPUU MaTeMaTHUECKON IK0JI0TuH. BMecTo «3ayunBaHus»
MaTepuala BaKHO JOOUTHCS TTOHUMAHUS U3y4aeMbIX TEM TUCHUIUIMHEL. [Ipu moAroToBKe K 3a4eTy
HY>XHO OCBOMTb TEOPHIO: pa300paTh OIpeIeIeHUs BCEX MOHATUH M TOCTAHOBKH MaTEMAaTUYECKUX MO-
JeJIel, U3y4UTh METO/Ibl, PACCMOTPETh IPUMEPHI U CAMOCTOSITENILHO PEIINTh HECKOIBKO TUITOBBIX 3a-
Jad 13 Kaxoi temsl. [Ipu pemennn 3agay Bceraa Heo0X0AUMMO KOMMEHTUPOBATh CBOM JICHCTBUS U
He 3a0bIBaTh O CO/EPKATEIbHON NHTEPIPETALIH.

6. YkazaHus 110 OpraHu3aluy paboThl C KOHTPOJIbHO-U3MEPUTENbHBIMU MaTepraiamMu. [1pu BeI-
MOJIHEHUHU KOHTPOJIbHOM paboThl HEOOXOMMO CHavaja MpoYnuTaTh TEOPHUIO U U3YUUTh IPUMEPHI IO
Kax/10i Teme. Peras KOHKpeTHYIO 3a7auy, IpeABapUTEIbHO CIIeAYeT MOHATh, uTo TpeOyeTcs oT Bac B
JTAHHOM ClTy4ae, KaKoi TeOpeTHUeCKU MaTepuall Hy’KHO UCII0JIb30BaTh, HAMETUTH OOLIHII MJ1aH pe-
menus. Ecniu Bel pemanu 3agauy «1mo o0pasiyy» paccMOTPEHHOI'O Ha ayJJATOPHOM 3aHATUU UJIH B Me-
TOJIUYECKOM NTOCOOUH MPUMEPA, TO KEJIATEIbHO MOCIE 3TOr0 00AyMaTh MPOIECC PEIICHUS U MONPO-
00BaTh BBHINOJIHUTH AaHAJIOTMYHOE 33JaHUE CAMOCTOSITEIIBHO.

7. Obecneyenne 00pa3oBaTeIbLHOIO MPoOLECcca VIS JIUL ¢ OTPAHUYEHHBIMH BO3MOKHOCT -
MH 310pPOBbS 1 HHBAJIH/I0B

B Xonae peanmam/m JUCHUIIIINHBI I/ICHOJ'II)3YIOTC$I cneny}omne JOITOJIHUTCIIBHBIC METOObI O6y-
YEeHUsI, TEKYIIET0 KOHTPOJSl YCIIEBAEMOCTH M MPOMEKYTOYHOW aTTeCTallMi OO0YYaroIIUXCsl B 3aBHCH-
MOCTH OT UX I/IH)]I/IBI/I)IyaJ'IBHI)IX OCO6CHHOCTeﬁZ

e IS CHEMNBIX U CIIA00BUISIINX:

- TeKIUU OpOPMIISIFOTCS B BUI€ DJIEKTPOHHOTO JOKYMEHTA, JOCTYITHOTO C TIOMOIIBbIO KOMIIBIOTEpa
co CHeHI/IaJ'II/ISI/IpOBaHHBIM HpOFpaMMHBIM o6ecnequHeM;

- MUCbMEHHBIE 3aJaHUSI BBITIONHSAIOTCS Ha KOMIBIOTEPE CO CIEUATU3UPOBAHHBIM MPOTPAMMHBIM
oOecrie4eHneM, WM MOTYT OBITh 3aMEHEHbI YCTHBIM OTBETOM;

- obecrieuynBaeTCs MHAWBUyallbHOE paBHOMEpHOE ocBelieHrne He menee 300 moKc;

- JUTS BBITIOJTHEHUS 3a/IaHUS TIPU HEOOXOIMMOCTH TIPEIOCTABIISAETCS YBEIIMUUBAIOIIEE YCTPOMCTBO;
BO3MOKHO TaKKe UCIIOJIb30BaHUE COOCTBEHHBIX YBEITUYHBAIOIINX YCTPOUCTB;
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- MIMCHbMEHHBIC 33JaHusT OPOPMIISIOTCS YBEIIMYCHHBIM HIPUPTOM;

- 9K3aMEH U 3a4€T IPOBOJATCS B YCTHOM ()OpPME MIIM BBIMOIHAIOTCSA B MUCBMEHHOM (popMe Ha KOM-
nbIOTEpE.

® JUIS TJIyXHX M CJa0O0CTBIIIAIIHX:

- JIeKIUU OOPMIISIOTCS B BHJIC DJIEKTPOHHOIO JOKYMEHTA, JIMOO MPEIOCTABISICTCS 3BYKOYCHIIN-
BaIONIas anraparypa WHAWBUIYAITBHOTO MOJIb30BaHMSI,

- IMCbMCHHBIC 3a/IaHH BBITIOJIHAIOTCSA HAa KOMIIBIOTCPEC B MMUCbMEHHOU (bopMe;

- DK3aMEH M 3a4€T MPOBOJATCS B MUCHbMEHHOW (hOpME Ha KOMITBIOTEPE; BO3MOXKHO TPOBEIICHHUE B
dbopMe TecTUpOBaHMSI.

® IS JIAI C HAPYIICHUSIMH OTIOPHO-JIBUTATEIBHOTO arapara:

- JIGKIIUU O(OPMIISIOTCS] B BHJIE JIEKTPOHHOT'O IOKYMEHTA, JOCTYITHOT'O C IIOMOIIbIO KOMITBIOTEpa
CO CIICHHUAIM3UPOBAHHBIM ITPOrpaMMHBIM 06ecnequHeM;

- MACHMEHHBIC 3aJIaHMsI BBITIOJHSIOTCS HAa KOMITBIOTEPE CO CIICHUAIM3UPOBAHHBIM TPOTPAMMHBIM
00ecIIcUCHHEM;

- 9K3aMCEH U 3a4€T IPOBOJIATCS B YCTHOM ()OPME WIIH BBITIOJHSAIOTCS B TUCBMEHHOU (hOopMe Ha KOM-
nbIOTEpE.

[Tpu HEOOXOIMMOCTH MPETyCMaTPUBACTCS YBEIIMYCHUE BPEMEHH ISl TIOJrOTOBKH OTBETA.

[Tponietypa npoBefieHHs: IPOMEKYTOUYHON aTTeCTallMU AJIsl O0YYarOLIMXCsl YCTAaHABIMBAETCS C
y4€TOM MX WHAWBUIYAIBHBIX MCUXO(PU3NIECKUX ocoOeHHOCTeH. [IpoMexyToUHast aTTecTaust MOKET
IIPOBOAMTHCS B HECKOJIBKO JTAIOB.

[Tpu npoBeaeHUM NPOILENYpPbl OLIEHUBAHUS PE3YJIbTATOB OOYYEHMsI IPETyCMaTPUBACTCS HC-
HOJIb30BAaHUE TEXHUUYECKUX CPEJICTB, HEOOXOAUMBIX B CBSI3U C MHJIMBUAYaJIbHBIMH OCOOEHHOCTSIMU
o0yJaromuxcsi. DTH CPeACTBAa MOTYT OBITh NMPENOCTABICHBl YHHBEPCHUTETOM, WM MOTYT HCIOJIB30-
BaThCsl COOCTBEHHbIE TEXHUYECKHE CPECTBA.

[IpoBenenue nporeaypbl OLIEHUBAHUS PE3YJIbTaTOB OOYUYEHHS JOMYCKAEeTCsl C UCIOJIb30BAaHUEM
JUCTAHIIMOHHBIX 00pa30BaTEeNIbHBIX TEXHOJIOTHH.

ObecneunBaeTcs 10CTYyI K MHPOPMALMOHHBIM U OHOIMOorpadguueckum pecypcam B cetu MHTtep-

HeT JUIsl KaXJI0ro odyyvaromierocst B (opMax, aJanTUPOBAHHBIX K OFPaHUYEHMSIM UX 370POBbsI U BOC-
OpUATUS UHOPMAIIH:

® IS CHEMNBIX U CIA00BUIAAIINX:

- B meyaTHoO (hopMe yBeIMUEHHBIM HIPU(TOM;

- B (hopMe 3IEKTPOHHOTO JOKYMEHTA;

- B popme ayauodaiina.

® Ui TIIYXUX M CIa0OCHbIIAIINX:

- B Ie4aTHoi popme;

- B popMe 3JIeKTPOHHOTO IOKYMEHTA.

e Ui 00yYaroIuXcs ¢ HAPYIICHUSIMU ONIOPHO-ABUTaTeIbHOIO arnmapara:

- B le4aTHol popme;

- B JopMe 3JEKTPOHHOTO IOKYMEHTA;

- B hopme ayanodaiina.

VYueOHbIe ayauTopuun 1Jis1 BCCX BUI0B KOHTAKTHOM U CaMOCTOSITEIIbHOM pa6OTLI, Hay4YHas ouo-
JIMOTCKA U MHBIC IIOMCUICHUS IJId 06yquH${ OCHaIICHbI CliICcraJIbHbIM 060py)1013aHI/1eM n yqe6HBIMH
MECTaMH1 C TCXHUYCCKUMU CPEACTBAMU O6y‘-IeHI/IH.
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8. MaTepuajibHO-TeXHHYECKOe o0ecnedeHne JUCIUMIMHBI (MOYJIsl).
[IpakTudeckuie 3a1aHus BBITIOTHSIIOTCS B JIA0OPATOPUU KOMIIBIOTEPHOTO MOJISITUPOBAHHUS (AY/I.

sl IPE3CHTALMAMU, MPEJICTABISIEMBIMU Yepe3 MEANANPOCKTOP U HUHTEPAKTUBHYIO TOCKY.
[Tporpammuoe obecrieuenue [1K ayn. 328 u HoyTOyKa /U1l Mpe3eHTaIINN:

Jluyenzuonnoe npoepammuoe obecneverue

— onepannonHas cucrema Microsoft Windows Professional 7 Russian Upgrade Academic
OPEN. Microsoft Open License No 48824880;

— oducHsbIi maket mporpamm Microsoft Office 2007 Russian Academic OPEN. Microsoft Open
License No 45084044

€80000HO-pacnpocmpansemoe NPocpamMmtoe obecneyenue:

Maxima — cucTeMa CHMBOJIBHBIX BBIUMCIICHHI U MATEMATHKH;

Scilab — nakeT npuKIaAHBIX MATEMAaTHYECKUX IPOrPaMM.

328) ¢ AOCTYINOM K JIOKaJbHOW CETH YHUBEPCUTETA U BbIX0JI0M B MHTEepHeT. Jleknuu conpoBoxkaatoT-
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9. JIucT perucTpanuu u3MeHeHH i

Howmep Howmepa nmucros OcHoBanHme Hata
U3MEHEHWSI AT BHCCCHUA | TTonmues | Pacmuudposka Iata BBEIEHUS
3aMe- HOBBIX | @HHYIHMPO- | M3MEHEHUS HOIHCH HW3MEHCHHUSI
HEHHBIX BaHHBIX
IIpuBenens! B Tnaues B.b. 16.03.21 16.03.21
COOTBETCTBHE | /’/ Tnaues B.b.
orocC ~
1 20, 26
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