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IMosicuuTeIbHAA 3aNIHCKA

PaGouas mporpamma TUCIUIUIMHBI COCTaBlieHa B cooTBeTcTBUU ¢ TpeboBanusimu GI'OC BO no
HanpasiieHuto noarotosku (PI'OC 3+) 03.03.02 dusuka, HanpaBieHHOCTh PyHIaMEHTalIbHAs PU3U-
Ka (kBanugpukanus (ctenenb) «bakamaspy).

PIT mpencraBinsieT coO0W COBOKYITHOCTh JUIAKTUIECKAX MAaTEpPHAJIOB, HAIIPABICHHBIX HA peallu-
3aLMI0 COJIePKATEIbHBIX, METOJANYECKUX M OPraHU3allMOHHBIX YCIOBUH MOATOTOBKU MO HAIPABJICHUIO
noarotroBku 03.03.02 dusuxa.

Pabouas nmporpamMma OpUEeHTHPOBaHA HA PEAIM3ALNI0 KOMIIETEHTHOCTHOIO MOAX0Ja B 00y4e-
HUMU.

Z[I/ICI_H/IHJ'II/IHa OTHOCHUTCA K BapI/IaTI/IBHOI‘;I JaCcTu JUCIHUIIINH 110 BBI60py yqe6H0r0 IJ1aHa.

TpyaoemkocTs aucuuruinabl: 3 3.e./_108 4.
KOHTaKTHas padora:

3aHATUS JICKIIMOHHOrO Thma — 16 4.,
nabopaTopHble 3aHATUS — 16 .,

KOHTPOJIb CAMOCTOSITEIbHON paboThl — 2 4.,
KonTpons — 26,7 4.,

HKP (unas xoHtakTHast padora ) — 0,3 4.,

CP —47 u.

KitoueBble cioBa: 3KOJOTHs, MaTeMaThdeckas MOZENb, YHUCIEHHbIE METOJbl, Mu(QepeHIn-
albHBIE YPaBHEHUs, CUCTEMBI, MoJienu Mainbryca, JIorTku-Bonbreppa.

CocraBurens: Tnsges B.b., 1.¢.-m.H., 10o11€HT.

1. Heau u 3a1a9u AUCHUATIJIMHBI

W3y4eHne qTUCIUILTMHBI HAMTPABICHO Ha (DOPMHUPOBAHKE CIASAYIONINX KOMIETCHIIHIA:
- CITOCOOHOCTBIO HMCTIONB30BaTh B MPO(ECCUOHATBLHON JACSITEIHPHOCTA 0a30BbIe €CTECTBEH-
HOHAYYHbBIC 3HAHUS, BKIIIOYAsi 3HAHUS O MpelIMeTe U 00beKTax M3yueHUs, METO/Iax HcCle-
JIOBaHHMSI, COBPEMEHHBIX KOHIICTIIIHSX, JOCTHKCHHUSIX U OTPAHUYCHHUSX €CTECTBEHHBIX HAYK
(mpexne Bcero xumuwn, 6uonorun) (OIIK-1);
- CIIOCOOHOCTHIO HCIONB30BaTh B MPO(ECCHOHAIBHON JEATEIBHOCTH 0a30BbIC 3HAHUS
(yHIAMEHTAIBHBIX Pa3/IeIOB MAaTEeMATHKH, CO3/1aBaTh MAaTEMaTHUYECKUE MOJICITU THITIOBBIX
po(heCCHOHANIFHBIX 3aJ[a4 M HHTEPIPETUPOBATH MOJYYCHHBIC PE3ybTaThl C YYETOM TIpa-
HuU1 ipuMeHuMocT moaenei (OITK-2);
- CIIOCOOHOCTBIO TIOHUMATh W TIPUMEHSTh HAa TIPAKTHKE METOJBI YIPaBIeHUsS B chepe mpu-
ponononib3oBanus (ITK-8).

ean AMCHUNIMHBIL

- 1aTh 0a30BbIC 3HAHUS U MPEICTABICHUS O BO3MOXXHOCTSIX MAaTEMaTHYECKOTO MOJICIMPOBAHUS B
9KOJIOTMH, OCHOBHBIX MOJIENEH U 00JIacTH MX MPUMEHUMOCTH, MTOKa3aTh, HA KaKUE MPUHIUIHAIBHBIC
Ka4eCTBEHHBIE BOIIPOCHI MOXKET OTBETUTh MaTeMaTHUYeCKasi MOJENb B BUJIE KOTOPOH (popMan30BaHbI
3HaHUA O MPOTEKAOIIEM Ipolecce. BO3MOXXHOCTH MaTeMaTUYECKOTO MOJICTHPOBAHUS WILTIOCTPUPY-
IOTCSI MPUMEPAMH MOJIEJICH, KOTOPhIE MOXHO CUUTATh KJIIACCHUECKUMHU.




HUMH.

3agaum AMCUMILIMHBI:
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- YCBOCHHUE MOHATUH U proOpeTeHNe HaBBIKOB, HEOOXOIUMBIX JIJIsl PELICHUS TPAKTHYECKUX 3a-
Ja4 MOJEIUPOBAHHS;

- HOCTPOCHUC MaTeMaTHYeCKON MOoAeIn mpormnecca,
- METOAbI UCCIICAOBAHUA MAaTCEMAaTHYCCKUX MOHGHGP'I B O5KOJIOTUU,

- IIOHATHC aICKBATHOCTU MOJCIN U aHAJIN3 PCIICHUA C TOYKH 3PCHUA TMPAKTUYCCKUX IPUITIOKCE-




2. O6beM AuCUMIIMHBI (MOYJI51) 10 BUAM Y4eOHOI padoThI

Ta6muma 1. O6beM TUCIUTITAHBI (MOTYJIS)

(oGmmast Tpy10eMKOCTh B 3aueTHbIX enuHunax: 3 3ET)

Bcero Pacnpenenenue
Bunel yueGHoI paboTh 4acoB 0 ceMecTpam B ya-

cax

I\
OO6m1ast TpyJ0€MKOCTh AUCIUILUIHHBI 108 108
KonrakTHas pabora:
AynuTOpHBIE 3aHITHS 34 34
3aHATHSA JIEKIIMOHHOT'O THUIIA 16 16
3aHATHUSI CEMUHAPCKOTO THTIA (CEMUHAPHI) 16 16
KOHTPOJIb CAMOCTOSITEIbHOW PaObOThI 2 2
HMHas KOHTaKTHas pabora 0,3 0,3
KOHTpOJIMpyeMasi MUCbMEeHHas padoTa
KOHTPOJb 26,7 26,7
CamocTtosarenbHas padora (CP) 47 47
KypcoBas pabota (mmpoekr)
By mpoMeXyTOYHOTO KOHTPOJIA (3a4eT, IK3aMeH, Aud. 3a- 3auyer
4eT)

3. Coaep:xkanue TUCHUIIMHBI (MOYJIs1)

Tabmmia 2. PactipeienieHne 4acoB 10 TeMaM M BHJIaM Y4eOHOM paOOThI

Howmep HaumeHnoBanue pasienos O0BeM B yacax
pasnena U TEM JUCITUTUTHHBI (MOTYJIs) Bcero JI 113 KCP | CPC
1 OcHOBBI 3K0JIOTMH. MaTemMaTHu4ecKoe BBe- 14 2 2 1 9
nenne. Y CTOMYMBOCTL MHOrowieHoB. das3o-
BBIH TIOPTPET CUCTEMBI HA INTIOCKOCTH. bu-
dypKaoHHas [uarpaMma.
2 [Ipocreiiine MaremMaTHueCKUE MOJIETH TIO- 19 4 4 1 10
MyJSIITAOHHOW JTUHAMUKH. [[eMorpadude-
cKasi MoJiesb pocta MajbTyca (JKecTkas u
MSATKast).
3 JlnHaMuKa nomyJsiuny IIPU BHY TPUIIOITYJIS- 15 2 2 1 10
IIMOHHOM arperupoBaHMM.
4 JlnHamMuKa YMCIEHHOCTH MOIYJISLHUH B 15 2 2 1 10
orpannyeHHoM cpene (Pepxronbcra-Ilepna).
5 Mogenb «XuIHuK-xepTBay. Moaenb JIoTT- 15 2 2 1 10
ku-BonbTeppa.
6 Mopenb S1uaeMun. 15 2 2 1 10
7 Monens KommoropoBa «XUIIHUK-KEPTay. 15 2 2 1 10
Hroro | 108 16 16 7 69




Conep:xaHue 1 MeTOAMYECKHE PEKOMEHIAIUH N0 HEKOTOPBHIM TeMaM JUCIHUIINHBI.
DJIeMEHTHI JeKIMOHHBIX 3aHATHNA

B nacrosmee BpeMsi chOpMUPOBAIOCH /IBa OCHOBHBIX HAIpaBJICHUS HCCIIEIOBAHUI: 3KOCHU-
CTEMHOE€ U IomyJisAsnuoHHoe. [Ipuyem npu u3ydeHUn pacTUTEIbHBIX COOOIIECTB Yallle UCIOIb3YETCs
9KOCUCTEMHBIH MOJIX0[I, @ COOOLIECTB HA3EMHBIX KUBOTHBIX U NTUL — NOMYJIAUUOHHBIN. CoobiiecTBa
BOJIHBIX OPraHU3MOB CIIy>KaT 0OBEKTOM ISl 000uX o1X0A0B. K MaremMaTHuecKuM KIIIOUEBBIM CIIOBaM
ObUIM OTHECEHBI HAa3BaHMS CTATHCTUYECKHUX XapaKTEPHCTUK, METOA0B IpeoOpa3oBaHUs U 00pabOTKU
JAHHBIX, TTAKETOB MPUKIIAAHBIX IIpOrpamMM. Beliensercs mecTb cMBICIOBBIX IPYMI MaTeMaTHYECKUX
TEPMHHOB:

I. CranpapTHble CTaTUCTUYECKHE METO/IBI;
II. MHOTOMEpHBIE METOBI (MHOKECTBEHHAsI PETPECCHsl © MHOTO(AKTOPHBIN JHCTIEPCUOHHBIH

aHaju3);
I1I. OTKJIOHEHHE OT HOPMAJIBLHOCTH, HEMAPAMETPUUECKUE METO/IbI;
IV.  Tabuuupl cOnpsKEHHOCTH U MHOXKECTBEHHBIE CPABHEHMUS,

V. MapkoBckue ciaydaiHbIe IPOLECCHI;
VI. Huddepennmanbapie ypaBHEHUS.

I'pynmnsr II u III xapakTepusyror Gosiee IpOABUHYTHIE (CIOKHBIE) METOJIBI 10 CPABHEHMIO C
rpynmnoii I. I'pynmy III xapakTepu3yroT MeTO/bl, B KOTOPBIX, B OTJIMYKE OT 0A30BbIX, HE BBIOIHICTCS
MIPEINOJIOKEHUE O HOPMAJIbHOCTH JaHHbIX, a B rpynne Il npencraBiensl MHOro(GakTOpHbIE METOIBI.
I'pynmer IV xapakTepusyercss akIeHTOM Ha JUCKPETHYI0 npupoay ¢axrtopoB. Hakoneu, rpynmns V u
VI cBsI3aHBI C IOCTPOCHUEM TMHAMUYECKUX MOJIEIEH — BEPOSATHOCTHBIX U JETEPMUHUCTCKUX.

MaremMaTn4eckas Mojeab pocTa Majbryca (kecTKasi M Markas) !

[Ipocreitmast Mmogens pocta ¥ =kx npepioxkena Manbrycom (mis pocta Hacenenust 3emun). OHa
BEJIET, KaK XOPOIIO M3BECTHO, K HDKCIIOHEHIIMATLHOMY (04eHb OBICTPOMY) POCTY HAaCEJIeHMS X C Teye-
HUEM BpeMeHH. SIBIeHMS HACBIIIEHHS MPOUCXOAST B JII0OOH MOMyssiiuu (U, BEPOSITHO, BCKOPE MpPO-
U30MIyT C YeIOBEUECTBOM B LIE€JIOM): KOTJla HAaceJIeHHUE CTAHOBUTCS CIMIIKOM OOJIBIIMM, MalbTyCOB-
CKasl JKeCTKasi MOJIeNIb C MOCTOSSHHBIM KO3 (GUIIMEHTOM pocTa k mepectaeT ObITh puMeHnMoil. Ecte-
CTBEHHO, TPH CIIMIIKOM OOJBIINX X KOHKYPEHLUS 3a pecypchl (MHUILY, TPAHThI U T. JI.) MPUBOJUT K
YMEHBIICHHUIO k, ¥ )KeCTKas Mo/iesIb MainbTyca JoJKHA ObITh 3aMEHEHA MSATKOM MOJIEIBIO

X=k(x)x
C 3aBHCSIIUM OT HacesieHus: koddduurenTom pasmMHoxeHus. [IpocTeilum npumepom siBasieTcs
BBIOOp k(x)=a-bx, 4TO MPUBOAMT K TaK Ha3bIBAEMOH JIOTHCTHYECKOI Moaenu (puc. 1):

¥ =ax-bx?, nanpumep, %=x-x.

Br100opoM cucTeMbl €IMHUIL X U f MOXHO IpeBpaTuTh ko3¢ duiuentsl a u b B 1. [loquepkny, on-
HAaKO, YTO BBIBOJIbI, KOTOpPbIE OYIyT CAENaHbl HIKE, OCTAIOTCS (C TOYHOCTBIO /10 YUCIIOBBIX 3HAUEHUM
KOHCTaHT) CHPaBEUIMBBIMU U MPH JIIOOBIX 3HAYEHUAX KOI(POUIMEHTOB a U b U Jake s IIUPOKOTo
KJ1acca MoJIeNiel ¢ pa3nuYHBIME (yOBIBAIOIIMMU C X) QyHKUIUSAME k(x). IHBIMH cllOBaMu, JTajbHEUIIHE
BBIBOIbI OTHOCSITCSI KO BCEH MATKOW MOJIEINH, a HE K CIIeLUaIbHON JKeCTKOM JTOrMCTUYECKOM MOIENH.

! Tlo marepuanam kuuru B.W. Apronsi. OObIKHOBEHHBIE qu(depeHIHaTbHbIE YpaBHEHHUs: Yuel. NocoOHe 1Jis By30B.
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Puc. 1. Jloructuueckast MOIEIb.

Ha puc. 2 cneBa nzo0paxen rpaduk GyHKIUH k(X)x, TOJIOXKHUTEIHLHOU MKy ToukamMu A u B. B
[EHTPE U300paKEHO BEKTOPHOE MM0JIe (MMEHHO, B KaXIOW TOUYKE, H300paKarOIIeH COCTOSIHUS, TIPHIIO-

KEH BEKTOpP CKOPOCTH MU3MEHEHHS 3TOr0 COCTOSIHUS, T. €. ¥) Ha M300pa)arolieil BCeBO3MOXKHBIE CO-
CTOSIHUA cUCTEMBI ocu X. OHO yKa3bIBa€T CKOPOCTb IBOJIIOLIMU COCTOsIHUSA. B Toukax A u B ckopocThb
paBHa HYJIIO: 3TO CTallMOHAPHBIE COCTOSIHUS. Mexay A u B CKOPOCTh MOJIOKUTEIbHA (HaceJIeHue pac-
TET), a 32 TOUKOU B - oTpunatensHa (HaceneHnue yosiBaet). CripaBa n3o0paxeHa pe3yiabTHPYOIIas 3a-
BUCHMOCTb HAaCEJIEHHsI OT BPEMEHHU IIPU Pa3HbIX HauyaJIbHBIX YCIOBHUSX.

Mozerns mpencKka3bpBaeT, YTO ¢ TEYCHHEM BPEMEHH YCTaHABJIMBACTCS CTAI[HOHAPHBIA PeXuM B,
KOTOPBIN yCTOHYMB: OOJIbllIee HACEIEHNE YMEHBIIAETCS, MEHBIIIEE - YBEIUYUBACTCS.

Jloructuyeckass MOJieNIb yJIOBJIETBOPUTEIBHO OINMCBHIBAET MHOTOUYMCIICHHBIC SBJICHUS HAachIIle-
Hus. Bommsu A, korja HaceJaeHUE Majio, OHa OYeHb OJM3Ka K MajbTy3uaHcKou Mmozaenu. Ho mpu mo-
CTaTOYHO OOJNBIIKX X (MOpsaKa //2 mpu HameM BeiOope K03(hduLmeHToB) HabI01aeTcs pe3Kkoe OTIIN-
Yue OT MaJIbTY3MAaHCKOTO pocTa (0003HAYEHHOTO Ha PHUC. 2 MYHKTHUPOM): BMECTO yXOJla X Ha OecKo-
HEYHOCTb HaceJIeHUe MpUOIMKaeTCs K CTalluOHapHOMY 3HadueHuto B. Hacenenue 3emnu ceifuac npu-
onmmxaercs Kk 6 MuuinapaaM. CtaniMoHapHoe 3HaueHue (10 pa3HbIM olieHKaM) 16-20 muimuapoB ve-
JIOBEK.

Jloructuueckast MoJieib SIBISETCS OOBIYHON B AKOJOTHH. MOXHO cebe mpeAcTaBUTh, HAIPUMED,
YTO X - 3TO KOJIMYECTBO PHIO B 03€pe WM B MUPOBOM OKeaHe. [locMOTpuM Temeph, Kak CKaKeTCs Ha
CyZIb0O€ 3TUX PBIO PHIOOIOBCTBO C HMHTEHCUBHOCTHIO C:

¥ =x-x°-c.
BhlunciIeHns IOKA3hIBAIOT, YTO OTBET PE3KO MEHSAETCS IPU HEKOTOPOM KPMTHYECKOM 3HAUYECHUH

KBOTBI BBUIOBA, c. {15 Haliew >KeCTKOW MOJENIH 3TO KPUTUYECKOE 3HAYEHHUE €CTh ¢= [/4, HO aHaJyo-
THUYHBIE SBJICHUS UMEIOT MECTO U JIJIsl MSTKOU MOJIEIH

X=x-k(x)x-c
(KpUTHYECKOE 3HAYEHHUE C B ATOM CITydae MaKCUMyM (QYHKIHH K(X)x).
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Puc. 2. Hegonos (a), nepenos (0) u ontumu3zanus (B) ppi00JIOBCTBA.

Xoa »BOJIIOLIMY YKCTIa PBIO X C TEYEHHEM BpeMeHHM ! u3o0pakeH Ha puc. 3. Ecinu kBoTta ¢ Maina,
TO M3MEeHeHus (10 CPAaBHEHHUIO CO CBOOOTHOW MOMyIsALUEeH, AJig KOTOpoi ¢ =0) COCTOAT B CIEIYIO-
ieMm.

Cucrema umeeT JBa paBHOBECHBIX cocTOsHUA, A U B. CocTosiHMe B yCTOMYMBO: MOMYJISUS B
3TOM CJIy4ae HECKOJIbKO MEHbIlE, YeM HeoOJaBluBaeMasi, HO OHa BOCCTaHABIMBACTCS MPH MaJIbIX OT-
KJIOHEHUSX X OT PAaBHOBECHOI'O 3HAYEHHUS B.

CocTosiHne A HEYCTONYMBO: €CIM BCJEJICTBUE KAKUX-TMOO0 NpUYUH (CKakeM, OpakOHbEpCTBa
WM MOpa) pa3Mep MOMYJISLUHN yHaJeT XOTb HEMHOTO HUXKE YPOBHA A, TO B JajbHEMIIEM MOIYJIALNS
(XOTS1 ¥ MEIJICHHO, €CIIA OTIINYHE OT A HEBEIUKO) OyJeT YHUUYTOKEHA MOJHOCTHIO 32 KOHEYHOE Bpe-
M.

Br10op 3HaueHus napamerpa ¢ SABISETCS YPE3BBIYAHO BaKHBIM MOMEHTOM YIIPABICHHS SKCILTY-
atanueil nomynauuu x. CTpeMsACh K YBEJIMUYEHHUIO KBOTHI AKCIUIyaTalliu ¢, pa3yMHas IUTaHUPYIOIas
OpraHM3anys He JOJDKHA IPEBOCXOAUTh KPUTUYECKUI YPOBEHb (B HameMm ciaydae c¢?1/4). Onruvusa-
1115 TPUBOAMT K BHIOOPY MMEHHO KPUTHUECKOTO 3HaueHus c= [/4, mpu KOTOPOM 3KCILTyaTHpyemasi
MOMYJISALMS €I1e HE YHUUYTOXKAETCS, HO TOXOJ OT JKCILIyaTalliy 3a €IMHULy BPEMEHH JIOCTUTaeT MaK-
CUMAaJIbHO BO3MOYKHOTO 3HaUeHUsI ¢ = [/4 (OONbIUi JOXO/ B HAIEH TOMYJISIUN 8 meyeHue ONUmensb-
HO20 épemMeHU HEBO3MOXKEH, TaK KaK MaKCHUMaJIbHasi CKOPOCTh MPUPOCTA JaKe M HEAKCIUTyaTUPYyEMOU
MIONYJIALMY €CTh 1/4).

W3 HmxHEN yacTu puc. 2 Mbl BUAMM, YTO IPOU30iIeT IpU TakoM "onTumanbHOM' BeIOOpE, C=
1/4. KaxoBa Obl HU ObUTa HayaJbHAs MONMYJSIMA X > /2, ¢ TEYeHHEM BPEMEHHU OHA BBII/IET Ha CTalu-
OHApHBIN pexxuM A=B = [/2. Dta cranmoHapHas NOMyJISIIMS, OAHAKO, HeycTounBa. HeGonbiioe ciy-
YallHOE€ YMEHBIIIECHHUE X IPUBOIUT K IIOJIHOMY YHUUTOKECHUIO MOMYJISALUY 38 KOHEYHOE BpEMs.

CrnenoBatenbHO, OnmMuMU3ayus NApAMempos niana modxrcem npugooums (U MPUBOAUT BO MHO-
TUX ClIy4asx, U3 KOTOPBIX Halla MOJENb - JIUIIb MPOCTEHIINNA TPUMEP) K HOTHOMY VHUUMONCEHUIO
NIAHUPYeMOTl CUCIEMbl 8Cle0CMBUe 8O3HUKAIOWell U3-3d ONMUMUZAYUU HEYCIMOUYUBOCU.

Dta Msrkas Mojielb, IIPU BCEH CBOEH OUYEBUAHOW MPUMUTHUBHOCTHU, MO3BOJSET, OJIHAKO, MPEAb-
SABUTH CIOCO0 OOpbOBI ¢ yKa3aHHBIM 3710M. OKa3bIBaeTCs, YCTOMYMBOCTh BOCCTaHABIMBAETCS, €CIIH
3aMEHUTh KECTKOE IJIaHUPOBaHUE 00paTHOM CBA3BIO. IHBIMU CllOBamMU, pellleHHE O BETUYUHE HKC-
IUTyaTanuu (KBOTHI BBUIOBAa, HAJIOTOBOTO Mpecca M T. J.) CleNyeT NPUHUMAaThb HE TUPEKTHBHO
(c=const), a B 3aBUCUMOCTH OT IOCTUTHYTOI'O COCTOSIHUSI CUCTEMBI:

c=kx,
rne napametp k ("muddepennnanbHas KBOTa') MOIEKUT BEIOOPY.
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Puc. 3. YcroitunBas cucrema c 00paTHOM CBA3BIO.

B sTom ciyuyae mojenb npuHUMaeT BuJ (puc. 3)

¥ =x-x>-kx.

IIpu k<1 ¢ TeueHneM BpeMEHH YCTaHABIIMBAETCS CTAllMOHApPHOE cocTosiHue B, koTtopoe ycroii-
yuBo. CpegHuil MHOTOJETHUH "10X01" ¢ =kXx B 3TOM COCTOSIHUM ONTUMAJICH, KOTJa npsiMas y=kx Mpo-
XOIMT Yepe3 BEPUIMHY apaboisl y = x-x%, T. €. npu k = 1/2. Tlpu stom BeIGOpE AuddepeHmanbHONn
KBOTBI k cpennuii "noxon" c= 1/4 nocturaer MakCMMajabHOTO BO3MOXXHOT'O B HAIlIE CUCTEME 3Haue-
Hus. Ho, B oTiiM4me OT JKECTKO IUIAaHUPYEMOM CUCTEMBI, CUCTEMa ¢ OOpaTHOM CBSI3bIO0 YCTOWYMBA U
MIpH ONMTHUMAJILHOM 3HAaYeHHH KOodPduirenta k (HeOOoIbIIoe CllydaliHOe YMEHbBIIEHUE M0 OTHOIICHUIO
K CTallMOHAPHOMY YPOBHIO X=B NPHUBOJIUT K aBTOMATHYECKOM BOCCTAHOBJICHHUIO CTAI[MOHAPHOTO
YPOBHS CUJIAMU CaMOM CHUCTEMBI).

Bosiee Toro, HeGombIIOE OTKIOHEHHE KO3 PULIMEHTa OT ONTUMAIbHOTO 3HaueHus k= 1/2 npu-
BOJUT HE K CAMOYHUYTOKEHHUIO CUCTEMBI (KaK 3TO ObLIO MpU HEOOJIBIIOM OTKJIIOHEHHH OT ONTHMAajb-
HOTO >KE€CTKOTO TUIaHa ¢), a JIIIb K HeOOMbIIOMY YMEHbIIIEHUIO "moxoaa".

Utak, esedenue obpammuoil cea3u (m. e. 3a8UCUMOCIIU NPUHUMAECMBIX DEUleHUll OM PedalbHO20
cocmosinus 0ell, a He MOJILKO Om NIAH08) cmabunuzupyem cucmemy, Komopas 6e3 oopamHoul cesa3u
paspyuwiunacs 6l npu ONMUMUAYUY NAPAMEMPOS.

Bce ckazaHHOe BBINIE OCTAaHETCS CIPABEUIMBBIM U JIJISI MATKOM MoOJEH (C COOTBETCTBYIOIIUM
nepecyeToM KodhdumuenTon). Caeayer MOTIEPKHYTh, YTO UMEHHO 3Ta HE3aBUCUMOCTH OT JeTajei
KECTKOW MoJienH (KOTOpbIe, KaK MPaBUJIO, HE CIMIITKOM XOPOIIO U3BECTHBI) JENAeT BHIBOABI MITKOTO
MO/JIETTUPOBAHMS TTOJIE3HBIMH.

MartemaTtudeckasi MoJeJib MeKBUA0BOH 00pb0bI epxroibera-Ilepaa.

Peanuzanus moaenaeii B MAPLE
Pemrenne B 00meM Bue:
with(DEtools):
with(plots):
dsolve(diff(x(t),t)=(a-b*x(t))*x(t));

a

b+e " Cla

x(1) =

PaccMoTpuM MoJIenb ¢ Ha4aabHBIM YCIOBHEM U KOA(hDUITUEHTaMU;
with(DEtools):

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




X(t)y=——+—
1+e " _cI

PaccmoTpum pereHus:

> 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);
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> with(plots):

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);
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OO0bequHUTH rpa@uKK MOKHO ¢ ToMoIIbi0 koMaHabl 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):

display({r1,r2});

Maremarudeckas Mmoaesab Jlorku-BoabTeppsbl

> restart:

with (plots) :

# sanmciBaeM 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),t)=-
bl*y (t)+dl*x (t) *y(t)};

# HauanpHIE YCJIOBUS

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

# umcneHHO pemaeM cucreMmy anbbepeHUMANBHEIX YPaBHEHMUM
ansl:=dsolve (sysl union

IC_1,{x(t),y(t)}, numeric,output=listprocedure) ;

# cTpoumM rpadmk BaBMCHMMOCTM X OT Yy

pl:=odeplot(ansl, [x(t),y(t)],0..2*Pi,numpoints=50,color=green) :

a2:=1:
b2:=3:
c2:=1:

11




d2:=2:

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

p2:=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};

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):

# BHBOOMM I'padmMkyM BaBMCHUMOCTEM B OIHOM CHUCTEMEe KOOPAMHAT
display ({pl,p2,p3});

Mopenab anuaeMun

X =axy —bx
y =—axy
7z =bx

> restart:

#ixondduumenT a m b,alfa<l

a:=6:b:=5:

#icucrema

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

12




13
diff (y(t),t)+a*x(t)*y(t)=0};

with (DEtools) :

#rpadpux pemenms:

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 ep-
idemii ,linecolor=black,method=rk£f45) ;

sysl _{(8 y(t))+6x(t)y(t) 0, (atx(t)]—6x(t)y(t)+5x(t)=0}

model epidernii

T T T T T T T T T T T T T T T T T
s e e e T T e T T T T e T e T T T

hd
AR

> restart:

#xonsdduumenTs 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 := {( x(t)j -2x(t)y(t)+2x(t)=0, [gt y(t)) +2x(t)y(t)=0}

model epidemii

p e e e T T e T T T T T T T T T T T

"

NN
AR
Sl E L
i




> restart:

#ixondduumenT a m b,alfa<l

a:=2: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) :

#rpadpux pemenus

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=rk£f45) ;

0 0
sysl = {(at x(t)j —-2x(t)y(t)+5x(t)=0, (at y(t)) +2x(t)y(t)=0}

model epidemii

e T T T e e e e e T e T T e T T T

g
]
4
-
]
]

B
]
.
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4. Conep:kaHue MPaKTUYECKUX 3aHATHH

Ta6muma 4. Coaeprkanre 1 00beM NMPAKTHUECKUX 3aHATUI

15

Homep Howmep paznena HaumenoBanue u kpatkoe conepxkanue 113 O0Bem
113 Y TEMBI B Ya-
cax
1 Maremarnueckoe BBe- | AHAJIIMTUYECKHUIM METO]] UCCIIEIOBAHMS HAa ACUMIITO- 2
JIeHHE. Y CTOMYMBOCTD TUYECKYI0 ycTOoMUnuBOCTh. Meton JlsimyHona. [1o-
MHOTrO4wIeHOB. dDa3o0- cTpoeHue Pa3zoBoro moprpera u oudyprarmoHHON
BBIIl MOPTPET CUCTEMBI | IMAarpaMMbl THHAMUYECKOW CUCTEMBI, MpaBas 4acThb
Ha TIOCKOCTH. budyp- | KoToporo MHOrOUYIEH BTOpOU cTenern. Kommbrorep-
KallMOHHasl [uarpaMma. | Hble mporpammsel PS5 1 Maxima noctpoenust pa3zoBbix
MIOPTPETOB.
2,3 | llpocreiimme MaTema- 1. 13 akcniepuMeHTa U3BECTHO, YTO CKOPOCTH pa3- 4

TUYECKHE MOJIEIH T10-
NYJISIIMOHHON TMHAMH-
ku. Jlemorpaduueckas
MoJIeNb pocTa MaibTy-
ca (JKecTKasl U MsATKas).

MHO>KEHUs1 OaKTepuil IpU JOCTATOYHOM 3arace IMu-
Y [IPOTIOPLIMOHAJIbHA UX KOJIMYECTBY. 3a KaKoe
BpEeMsI KOJIMYECTBO OAKTEpU yBEIIMYUTCS B M pa3 1o
CPABHEHMIO C UX HAYAJIbHBIM KOJIMYECTBOM?

2. IloraomnieHue CBETOBOrO IIOTOKA TOHKHUM CII0EM
BOJIbI ITPOTIOPITMOHAIBHO TOJIIIUHE CJI0S ¥ TIOTOKY,
MaJarolleMy Ha ero noBepxHocTh. [Ipu npoxoxe-
HUU 4epe3 CJIoN ToMuHou 1 M mormomtaercst 1/4
MepBOHAYAILHOT'O CBETOBOIO 1MoToKa. Kakast yacTh
CBETOBOT'O MOTOKA AOWUIET A0 rTyOuHbI h?

3. 1715t HEKOTOPO TPYMIbl HACEJIEHUSI YCTAHOBIICHO,
YTO BEPOSTHOCTD POXKICHUS B €UHUILY BPEMEHHU
BhIpaXkaeTcst popmyioit

(0.2 +0,01N), ¢,
a BCPOATHOCTHL CMEPTHU B CIMHUIY BPEMCHU PAaBHA

002N, 7L

[IpuHsB HaUaTBHYIO YUCICHHOCTh HACEJICHUS

NO paBHoOi1 5, mocTpoiiTe TpaduK pemeHus aeTep-
MUHHUCTUYECKOTO yYpaBHeHUs. OnpeaenuTe ycTaHo-
BUBIILIEECS PELLICHUE.

4. PaccMoTpuM Mojieis ManbTyca, yUUTHIBAIOIIYIO
HECTAallMOHAPHOCTh CPE/IbI:

&)

[Tyctp k03¢ urmeHt npupocTa &(t) ABIIETCS NEepH-
oanueckort pynkimen ¢ nepuoaom, paBapiM T (T >
0), T.e.

ert+TN=&lr), Ye=0

O603HaunM cpeaHee 3HaueHue K03 PUIEeHTa IPH-
pocTa £(t) Ha MPOMEKYTKE BpeMeHHu JuTinHoM T yepe3

daN
— =£ONE, N =N
& (D) N(2). (0) 0
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1 i+I
(6) £= T [ e(T)dT

1) [Mokaxkute, 4TO PYHKITUSI
(7 @(f) =exp [ [iE(r) - E'jafl‘_'}:-
1]

ABJISIETCS] IEPUOJUYECKOM ¢ mepuoaom T.

2) Beisicaute, oomanaet au pemenne N = N(t) ypas-
HeHUs (5) CBOWCTBOM MEPUOTUIHOCTH.

3) [lycTe cpennee 3HaUCHHE KOYPDUIIUESHTA TPUPO-
cTa Ha IpOMEXKyTKe BpeMeHu JuinHou T paBHo 0.
Bynet nu BepHBIM paBEHCTBO CPEIHETO 3HAYCHUS
YUCJIEHHOCTHU MOMYJIALIMYA HAa IPOMEXYTKE BPEMEHHU
mnmuHOM T 3HaUeHHWI0 HAYaAILHOM YHMCIIEHHOCTH II0-
MYJISIUU?

JluHaMuKa nomynsauuu
IIPY BHYTPHIIOIYJISIU-
OHHOM arperupoOBaHUU.

HYCTI) AWMHAMHKaA NOIMYJIAIUH OIIMCBIBACTCA YpaBHE-
HUEM

dN

K-N
dt i

=aN(N-L) >0 K>L>0
rze L - HIKHAS KpUTHYECKas IUIOTHOCTD MOITYJISALUH
(npu HavanbHOM 3HaueHuH N(0) < L nomynauus 00-
peueHa Ha BeIMUpaHue), K - ctaliuoHapHast IIoT-
HOCTb, aHAJIOTUYHAs1 EMKOCTHU CPE/Ibl B JIOTMCTUYE-
ckoit mogenu. Iloctpolite MHTErpabHbIE KPUBBIE
YPaBHEHMSI, XapaKTePU3YyIOIUEe TUHAMUKY YUCIIECH-
HOCTH MOITYJISLUH.

JluHaMuKa 4MCIeHHO-
CTH IOIYJIALIMH B Orpa-
HUYEHHOM cpenie
(Depxronbera-Ilepna).

Haiinure pemenue ypasaenusa Oepxronbcra-Ilupia
(@-1D)

dN

> = I:E - ﬂ;-"l.-'];"l.-: £, — const > 0,
Tt

YIIOBIIETBOPSIOIIEE YCIOBUIO
N({0) = Ny.

ITocTpoliTe MHTErpaIbHBIE KPUBBIE YpaBHEHMs. [lali-
T€ OMOJIOTHUECKYI0 MHTEPIIPETALMIO MOIEIH. 3Has
HavyaJIbHYIO MIIOTHOCTH No, mpuueM No < K/2 (K =
€/0 - eMKOCTb Cpe/Jibl), BBIICHUTE, B KAKOW MOMEHT
BpeMeHH Oy/ieT HabI01aThCsl MAKCUMAJIbHBIHN MpU-
POCT YHCIEHHOCTH TOIYJIALHNH.
3ameuanue: [Tycts napamerp K - eMKOCTb CpEJIbL,
torga ypasHeHue @-I1 moxHo 3anucats B BUIE

dN &N

—_ K_‘f\,‘."
ot KI: J

Mopenb «XHUIIHHK-
*KepTtBa». Moznens JIoT-
TKA-Boneteppa.

[Tycte (Ni(?), N2 (1)) - mepuoANYECcKOe perieHne
ypaBHEHUI TUNA "XHUIIHUK-kepTBa" (Moaens JIoTku-
Bonbteppsl):
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dNy dN,
dt dt

TIE €i, Y i - MOJOKUTEIbHBIC TOCTOSHHBIC, I = 1, 2.
Onpenennm cpennee 3HaueHue QyHKmu Ni (t) Kak

= (&, — 1 N7 )NV,

- l‘T
‘_"l,.."‘. = —_ ‘_"h."; Iﬂrr.
. r{ (0.

rae T - nepuon xonebanuii. [lokaxxute, 4ro

£ £
;-"l.rl =, N~ = —1
20N

IIpeanonoxum, 4To JTMHAMUYECKUE YPABHEHUS MO-
JU(QULIHMPOBAHBL, T.€. 100aBJIEHbI WIEHBI -0ilVi, (i >
0), COOTBETCTBYIOIIME UIBATHIO YACTU TOMYJISAIIH:

dn,
— = — 1 NS N, — N,
i (51 1§ | _J 1~ GV
aN~

= =|— -\+"'\£"'|.'r :"n'r'\— _'\;"n'r'\_
s (E‘ 2 1J_ tva

Taxas Moau¢uKkays BO3HUKAET, HAIIPUMED, IIPU
OIMCAHUH BIHMSHUS PHIO0JIOBCTBA HA MOIYJISAIIH
PbIO WIIM MHCEKTUIMJIOB IPU U3Y4YEHHUHU HOILYJIALUH
HacekoMbIX. Kakoe BiusiHIE 100aBIEHHBIC B ypaB-
HEHUS WIEHB! OKA3bIBAIOT HA CPEJIHUE 3HAUCHUS
bynkunit N1 u N2?

VYcranosute npuOIMKeHHYI0 GopMy (Pa3oBBIX Tpa-

eKTOpuH Kinaccudyeckon moaenu Jlorku-Bonbreppa u

Mepuo/1 KojeOaHui BOIM3M HEHYJIEBOTO MOJIOKECHHS
PaBHOBECHSI.

= =(-& + NN,

Mogens SIUASMUN.

Beinucats MaTeMaTU4ECKY0 MOJEIIb SIIUAEMUN U
WCCIIE0BATh €€ Ha YCTOMYHUBOCTb.

Mopnens Koamoroposa
«XUITHUK-KEPTay.

Mozenp «XMITHUK-KEPTBay B 0011eM cirydae (6e3
ydeTa BO3pacTHOM CTPYKTYPhI) UMEET CJIeIyIOIIHi
BH/I:

N At v ar

— = F(N. NN,
dt
i,

— = F—- ‘_"h." .:I'l-r-. ..'1I'I-'T-|

—2 = B(N.N)N,

[Tpu sTom F1 yObIBaeT ¢ poctom N1 (Takue yciaoBus
MIO3BOJISIET YYECTh BHYTPHUBHOBYIO KOHKYPEHIIHIO
HOIYJISILIUM KEPTBBI), F2 BO3pacTaeT ¢ pocToM

N1 (XUIIHUK TUTAETCS TOJIBKO KEPTBOM).

Bynem paccmarpuBaTth Moaens Konmoroposa cie-
JYIOIIETrO BHJA:
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"ﬂr‘:\"r T T T T
—1 =g (M) Ny — L(NN,
dt

=k 2 (‘1"?1 } :l"rl

L(N1) - tpodpuueckas pyHKIIMSA, KOTOpas HE 3aBUCUT
OT YUCJICHHOCTH XHIIHUKA, YTO COOTBETCTBYET OT-
CYTCTBUIO BHYTPHUBHI0BOI KOHKYPEHIIMH MOIYJIs-
Uy XUHuKa; k1(N1) - kKoadduimeHT npupocra
JKEPTBHI B OTCYTCTBHE XUIIHUKA. [loenanue skepTBbI
XUITHUKOM yUHUThIBaeTCs ciiaraeMbiM L(N1)N2. k2(N1)
- K03(pULIMEHT NpUPOCTa XULITHUKOM, HE 3aBUCS-
1w OT N2 (3HaYUT, HET BHYTPUBUAOBON KOHKYpEH-
IIUU B TIOIYJISAIAN XHUITHUKA).

W3yuuth cBOMCTBA TpopuuecKor QYyHKIUH.

HUroro 16

Ha nmpakTrdeckux 3aHATHIX UCHOIB3YIOTCS WH(POPMAIIMOHHO-TIOUCKOBBIE CHCTEMBI U 0a3bl J1aH-
HBIX:

1. HWudopmannonno-nonckonas cucrema «lIporpammHo-TexHHUECKOe oOOecreueHne
yueTa O00BEKTOB, OKa3bIBAIOIIMX HETAaTHMBHOE BO3JEHCTBHE Ha OKpyxaromryto cpexy» (IITO
YOHBOC: URL https://onv.fsrpn.ru/ )

2. HWudopmanmonHo-cnpaBoyHas cucreMa «Oco0o oxpaHsieMble MPUPOIHBIC TEPPUTO-
puun Poccum» (OOIIT Poccun). URL: http://oopt.info/

3. HudopmanumonHo-nouckosas cuctema «EcoWars». URL: http://ecowars.tv/

4. Craructuueckas Oaza TAHHBIX OOH o neMorpadum. URL:
https://unstats.un.org/unsd/demographic/products/default.htm

5. Enunas MexBenoMcTBeHHas WH(popMannoHHO-ctatucTrueckas cuctema (EMUCC)
Poccun. URL: https://www.fedstat.ru/

6. HWHdopmannoHHO-MOMCKOBBIN HAIIMOHAJIBHBIA MOpPTaN — KarTajor pPecypcoB IO
oxpane npupoas! «IIpupona Poccum». URL: http://priroda.ru

7. HWntepuer-katanor BioDat-pecypcos. URL: http://biodat.ru/catal2.html

4. 1. Tunbl KypcoBbIX padoT (MPOEKTOB)

4. 2. IlepedyeHb y4eOHO-METOAMYECKOI0 o0ecmeveHusl JAJIs1 CAMOCTOATEIbHOI padoThl 00Yy-
YaOIINXCH.

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

IBC «YHuBepcurerckasi 6mdanorexa oHaaiin» www.biblioclub.ru

Pecypc conepxut ydeOHUKH, yueOHbIe TTOCOOHS, MOHOTpadru, IEPUOTUIECKIE U3IAaHHS, CIIpa-
BOUHHKH, CIIOBApH, SHIMKIONEeIUU. B Hacrosee Bpems BkiatodaeT 6onee 130 Thic. HAMMEHOBaHMH.
Pexxum noctyna: i 3aperucTpupoOBaHHBIX MOJIb30BATENIEH.

9BC AI'Y ©a mwiatrdpopMe ammapatHo-iporpamMmHoro  kommiekca OOO KAV
http://adygnet.bibliotech.ru

Pecypc comepkuT 351eKTpOHHBIE aHAIOTH TPy IoB npenonanareneit AI'Y. OGecneunBaer JoCTyn
K HEOOXOIMMBIM JUIsi 00pa30BaTEeNILHOTO Tpolecca M3JaHUsIM. Pexum JocTyma: Uit 3aperucTpHpo-
BaHHBIX MOJIb30BaTEICH.

000 «HayuHnas 31ekTpoHHas Oudanorexka» (HI3b) www.elibrary.ru



https://onv.fsrpn.ru/
http://oopt.info/
http://ecowars.tv/
https://unstats.un.org/unsd/demographic/products/default.htm
https://www.fedstat.ru/
http://priroda.ru/
http://biodat.ru/catal2.html
http://inion.ru/resources/bazy-dannykh-inion-ran/
http://www.biblioclub.ru/
http://adygnet.bibliotech.ru/
http://www.elibrary.ru/
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Poccutickuit nHOOpMAITMOHHO-aHATTMTUYECKUIA TIOPTAT B 00JIACTH HAYKH, TEXHOJOTUU B 00-
pa3oBaHus, B TOM YHCIe 3JeKTpoHHbIe Bepcun 0onee 3900 poccuiicKuX HayyHO-TEXHUYECKUX JKypHa-
JI0B, 13 KOTOpbIX Oosiee 2800 XypHAIOB B OTKPBITOM JIOCTYTIE.

MexkayHapoaHble 0a3bl JAHHBIX HAYYHbIX U3aHU I
Web of Science https://apps.webofknowledge.com Haykomerpudeckas pedeparuBHas 0aza
JAHHBIX JKypHAJIOB 1 KoHpepeHmid. Pexxum nocryna: IP anpeca ynusepcurera

Scopus https://www.scopus.com/search/ — 310 HaykomeTrpudeckas pedepaTuBHas 0a3a JaH-
HBIX, BXonsmas B 6a3y nanHbix SciVerse komnanuu Elsevier. SciVerse o0beauHseT B cede MaTepua-
JIbl U3 KOJUJIEKIIMM PELEH3UPOBAHHOM JuTepatypbl SciVerse Scopus, coOpaHusi MOJIHOTEKCTOBBIX CTa-
tei SciVerse ScienceDirect. Pexxum nocryna: IP anpeca ynuBepcurera.

zbMATH https://zbmath.org/ PedepatuBras 6a3a maHHBIX MO YUCTON M MPUKIIATHON MaTreMa-
THUKE.

HNuTepHeT-pecypebl 0TKpBITOro Aoctyna (Open Access)
(MudopManiioHHO-TIOUCKOBBIE (CIIPABOYHBIE) CHCTEMBI)

HNudopmanuonnas cucrema «EauHoe OKHO J0cTynma K o00pa3oBaTejbHBIM pecypcam»
http://window.edu.ru/ Pecypc obecnieuriBaeT CBOOOIHBIN JOCTYIT K HHTErPATLHOMY KaTajiory oopaso-
BaTeJIbHBIX HHTEPHET-PECYPCOB, K NEKTPOHHON OMOIMOTEKEe YUeOHO-METOUYECKIX MAaTePHAIOB IS
o0mero u nmpodecCHOHATBFHOTO 00Pa30BaHUS M K PeCypcaM CUCTEMBI (heliepaibHBIX 00pa30BaTEIbHBIX
MOPTANOB, OObEIUHSET B €IMHOE NH(POPMAITMOHHOE MTPOCTPAHCTBO NEKTPOHHBIE PECYPCHI CBOOOIHO-
0 JIOCTyNa Juis BceX ypoBHEH oOpazoBanus B Poccun.

YHuBepcurerckas nHpopManuonHas cucrema Poceust uisrussia.msu.ru

S. CamocrosiTesibHast padoTa 00y4aromuXcst

Kaxxmoe 3ajanue mpeanoiaracT HaMMCcaHue OOYYArOIIMMCS POTPaMMBbl B OJHOW U3 Cpejl Ipo-
rpamMmmupoBanus Maple, PS5, Maxima u 3amuta ee. [Ipu HeoOX0IMMOCTH MPOBECTH HCCIEAOBAHUE T10-
JTYy4EeHHOW MOJIENIH TyTeM H3MEHEHUS MMapaMeTpOB 3a/ay. 3a BBHITIOTHCHHE 33JaHUS O0YYaIOIIHIACS
MOJTy4aeT ONpeeIeHHOE KOJUYecTBO 0amioB. OTHOTUITHBIC 3aJaHUsI COOpaHbI B Pa3eIbl.

Jliist monmy4yeHus 3a4eTa B ceMecTpe Heooxoaumo HabpaTh 70 GaysioB, BHIOJIHUB XOTs ObI 11O Of1-
HOMY 3aJJaHUIO U3 KaXJ0To pasjaena. TeKcT 3alaHnii MPUBEIEH HUKE.

JIJ1st caMOCTOSITEIPHOM TIOJITOTOBKH PEKOMEHTYyeTCsl UCTIONB30BaTh CIIEAYIOIINE MaTepUaIbI:
MareMaTnuecKre MOJIETTH B DKOJIOTHH: TEKCTO-TpaUuecKuii SIIEKTPOHHBIN Y4eOHO-METOINIECKUNA
koMIuiekc [Dnekrponnsrit pecypc]/ E. C. Ueprnosa; KemI'Y. — Dnekrpon. nan. — KemepoBo: KemI['V,
2011. Pexxum nocrymna:
http://www.math.kemsu.ru/kmk/subsites/E.S.Chernova MATHEMATICAL MODELS IN_ECOLO
GY/umk/index main.htm; CalT 1y CaMONIOATOTOBKHU CTYJIEHTOB. Jluciumninna «MaremaTuueckue
METO/IbI B 3KoJoTum». Pexum poctyna: http://math-eco.cs.karelia.ru/index.html

Ta6muma 6. ComeprkaHne CaMOCTOSITEIIbHON pabOThI CTYJICHTOB

Ne | Bua camocTosTeIbHOM PabOTHI Paznenbl niam Tembl dopma 0TYETHOCTH
n/n paboueii mporpaMmbl
1 Hnousuoyanvroe oomawnee Mopeans ManbTyca. KommbrorepHas Mosensb.
3adanue. AJNTOPUTM U TEKCT IPO-
Hanucars nporpamMmy, mone- I'paMMBl.

JHUPYIOIIYIO MATKYIO MOJIEIb
Manbtyca. Ha pabodyem oxHe
MporpaMMBbI H300pa3uTh rpa-
(UKU TPACKTOPHH BEKTOPHOTO



https://zbmath.org/
http://window.edu.ru/
http://uisrussia.msu.ru/
http://www.math.kemsu.ru/kmk/subsites/E.S.Chernova_MATHEMATICAL_MODELS_IN_ECOLOGY/umk/index_main.htm
http://www.math.kemsu.ru/kmk/subsites/E.S.Chernova_MATHEMATICAL_MODELS_IN_ECOLOGY/umk/index_main.htm
http://math-eco.cs.karelia.ru/index.html
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noJisi, Ga30BOM TPaeKTOPHUH.
HccnenoBate MOJEND € pas-
JUYHBIMH HaYaJbHBIMU YCIIO-

BUSIMU.
2 [TocTponUTh KOMIIBIOTEPHYIO JlnHamuka yncieHHOCTH no- | KomnerotepHas MOJens.
MOJIE€NIb IMHAMUKH YUCIIEHHO- | IyJIALIMM B OTPaHUUYEHHOU ANTOpUTM U TEKCT MPO-
CTH MONyJsALUHU B orpannyeH- | cpene (Pepxronbcra-Ilepna). | rpaMmsbl.
HOM cpezie, yUUTBIBAIOILYIO
[IOCTOSIHHBIM HEKOTOPHBIN (hak-
TOp B Ka4E€CTBE I1apaMeTpa.
[HocTpouts 6udpypKaMOHHYIO
Juarpammy.

3 Peghepam Mopenu B3auMooTHOIIEHUsT | TekcT pedepaTa, Bbl-
apa3uT-X0351MH. CTYIUICHHE.

4 Jloknao BepostHocTHbIe MOfenu o- | TekceT nokiana, npe3eH-
NyJSIIUNA ¥ Tpo0iieMa reHe- | Talus, BBICTYIIJICHHUE.
pPaTOPOB IICEBIOCITyYalHbIX
quces.

CamMocTosTenpHas pa60Ta B3aMMOCBsA3aHa C aYHHTOpHOﬁ U KOHTPOJUPYCTCA IPLIIOAaBaTCIICM.
Ha nexmmsax npeajararoTcs ajist CaMOCTOATCIIBHOI'O UCCIICA0BAHUA HEKOTOPBIC 3aa4u. Ha IMpaKTU4C-
CKHX 3aHATUAX JAalOTCA 3adaHUA )11 CaMOCTOATCIIbHOI'O UCCIICAOBAHMA.

Ka>1<110My O6yanOHIYMyCH BBLIAIOTCA MHAUBUAYAJIBHBIC CECMCCTPOBBIC 3aJaHHA, JJIs BBIIIOJIHEC-
HUSA KOTOPBIX Tpe6yeTC5I CaMOCTOATECIIbHAsA pa60Ta.

TeMmbl CEMECTPOBLIX MHIAUBUAYAJBHBIX 3aJaHuM

03N N KW

(NS T NG I NG T NG T NS T NG T NG T NG T g e S gy Sy S S S S ()
NN P W= OOV DWW —O

. DKOJIOrn4yecKkoe 3HaueHUe eCTECTBO3HAHMS.

. OcHOBHBIE TIPOOIIEMBI SKOJIOTHUU M POJIH CPEIIBI IS )KU3HH.

. 3aKOHOMEPHOCTH PA3BUTHUS IKOJIOTHUECKON CUCTEMBI.

. 'mobanpHas muHammueckas moaens Poppecrepa.

. 'moGanbHas mozaens Ouochepsl.

. IIpoGiema oxpaHbl BOAHBIX PECYPCOB.

. MoJenb IMHAMHUKHU HAaCeJIEHUs B IBYX BO3PACTHBIX TpyIIax.
. Mopens TMHAMUKH HAaCEeJIEHUS B 3aBHCUMOCTH OT BO3pacTa.

. Knaccudukanus B3aumosieiicTBuil 1ByX BUI0B MEXIY COOOH.

. Moiens B3aMMOOTHOIIIEHUH THUIAa XUIIIHUK-KEPTBA.

. Mojens THIa XUIIHUK-KEePTBa MIPU HAIMYUH yOSKHUIIA JIs )KEPTBHI.

. Mozienb KOHKYpPEHIIMN MEXKY BUIaMU.

. Bunipl, ocnapuBaronue oHy numty.

. Buasl, noxxuparomue apyr apyra.

. JInHaMUKa CUCTEMBI peCypc-oTpeOUTENb.

. Ciyyau uctpebieHne BUI0B.

. TennokpoBHbIE XUIITHUKH.

. Mozenb B3aMMOOTHOILIEHHUS [TAPA3UT-XO35HH.

. MonenupoBaHue OTJI0Ba.

. DKCTpeMaJbHbIE CBOMCTBA YKOJIOTMYECKUX CHUCTEM.

. MaremaTHueckoe MOJIeIMpOBaHNE TUHAMUKYA HHPEKIIMOHHBIX 3a00JICBaHUM.
. MoJienp BEpTUKAJIBHOTO paclpeieneHusl PUTOINIAHKTOHA B OKEAHE.

. Moniens 3arpsi3HEHUs BOABI OPraHUYECKUMU OTXOJaMHU.

. lnnaMuKka momyssiui B CJI0KHON Tpodrueckoi cpee.

. MonenupoBaHue OMOJIOTUYECKHUX MOMYJISIIUNA C y4€TOM CBOMCTB OTAEIBHON 0CO0H.
. BepoATHOCTHBIE MOIEN TOMYJISALUNA.

. MaTemaTnueckne MOJIEIH B TEHETHKE.




6.
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Y4eb6HO-MeTOoAMYECKOE OOecTieueHHe TUCUMILINHBI (MO1YJIs1)

Tabmuua 7. OcHOBHAs aUTEpaTypa

Haumenosanwue, 6ubnuorpaduueckoe

OIIMCaHHuEC

Kapnenkos, C.X. Dxonorus: yueOHUK /7151 By30B : B 2 kH. / C.X. Kaprienkos. — 2-¢ u3.,
nepepad. u gomn. — Mocksa ; bepnun : lupexr-Menua, 2017. — Ku. 2. — 522 c. : wi. — Pe-
»xuM nocryna: — URL: https://biblioclub.ru/index.php?page=book&id=454237

Kononoga, 3.A. Komnbrorepnoe monenupoBanue: dxosorus / 3.A. Kononosa, C.O. Anty-
x0Ba, [.A. BopoOreB; JIunenkuii rocy1apcTBEHHBIH MeJarornueckuii yHUBEpCUTET UMEHU
I1. I1. CemenoBa-Tsau-1llanckoro. — JIunenk: JIIIT'Y um. I1.I1. Cemenona-Tsan-Illanckoro,
2018.-4. 1,2 - 101 c. — Pexxum noctyna: — URL:
https://biblioclub.ru/index.php?page=book&id=576947

Okonorus: yuebunk / C.M. Pomanosa, C.B. CrenanoBa, A.b. SIpomesckuii, N.I". [Iaiixu-
eB; KazaHCkuii HallMOHAIBHBIN UCCIIEIOBATEILCKUI TEXHOJIOTMYECKUI yHUBEpCcHUTET. — Ka-
3anb: KHUTY, 2017. — 340 c. — Pexxum goctyna: — URL:
https://biblioclub.ru/index.php?page=book&id=500685

I'aBpumiioBa, JI.B. MaremaTnueckoe MoaeIMpOBAaHUE BOJHBIX 3KOCUCTEM : yueOHOe nocodue
JI.B. T'aBpuiioBa, JI.A. Komnanuen, B.E. Pacnionos; Cubupckuii ¢peaepanbHbIii YHUBEPCUTET
denepanbHOE areHTCTBO HAYYHBIX opranuzanuii, KpacHospckuii HayuHblii nentp Cubup-
ckoro otaenenust PAH. — Kpacuospck: Cubupckuii penepanpubiii yausepcutet (CDOY),
2016. — 202 c. — Pexum — URL: https://biblioclub.ru/index.php?page=book&id=497152

(OBC) YuauBepcurerckue 6mbmmotekn onnaitH. Banosa (Komsinora), B. JI. Dxomorus
[DnexTponHsIii pecypc] : yueOnuk / B. JI. Banosa (Komsuiosa). - M.: Jlamkos u Ko, 2012. -
360 c. - 978-5-394-01752-0. Pexxum noctymna:
http://biblioclub.ru/index.php?page=book&id=115790

Ta6muia 8. JlonmosHUTENbHAST TUTEpATypa

HanmenoBanue, Oubnmorpaguyeckoe ONUCaHHUE

Pusnnuenko I'.1O. buopusnueckas auHaMuKka mpoIyKIIMOHHBIX POIEcCoB. - M.; MkeBek :
Wu-T komnbproTep. ucciuen., 2004. - 464 c.

2 Puznanuenko I'. FO. Maremarndeckue Moenu B OMOPU3HKE U IKOJIOTHH. — MOCKBa-.
WxeBck: MHCTUTYT KOMIBIOTEPHBIX HccaenoBanuii, 2003. 184 c.
3 | ObC YuuBepcurerckue 6ubmmnoTexu oryaiH. JXKypHan « 9KOJ0THs U KU3HBY. Pexum mo-
ctyna: http://biblioclub.ru/index.php?page=book&id=132506
4 | Mowucees H.H. Dxonorus yenoBevecTsa riiazaMu MaTeMaTHKa : (YeIOBEK, IpUpoia u Oyay-
mee uBuan3anyn). - M. : Mononas reapaus, 1988. - 254 c.
Tabnuia 9. DnekTpoHHbIE HTHPOPMAITMOHHBIE PECYPCHI
No HazBanue (agpec) pecypca
n/m
1 «Okonorus u xu3Hb» HaydHo-nomynsapHbIid U1 00pa3oBaTenbHbIN KypHaI. Pexum noctyna
— URL: http://www.ecolife.ru/
2 [IIutuxoB B.K., Pozenbepr I'.C., 3unuenko T./. KonnuecTBeHHAs! THIPOIKOJIOTHSI: METO-



https://biblioclub.ru/index.php?page=book&id=454237
https://biblioclub.ru/index.php?page=book&id=576947
https://biblioclub.ru/index.php?page=book&id=500685
https://biblioclub.ru/index.php?page=book&id=497152
http://biblioclub.ru/index.php?page=book&id=115790
http://biblioclub.ru/index.php?page=book&id=132506
http://www.ecolife.ru/
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nb1 cucteMHoi uaentudukanuu. — Tonpsartu: UOBB PAH, 2003. — 463 c. Pexxum nocty-
na: URL: http://www.ievbras.ru/ecostat/Kiril/Library/Book1/Content0/Content0.htm#Ref

3 | MaTemaTu4eckne MOJIETTH B 9KOJIOTUHU: TEKCTO-TpaUIeCKUid JIEKTPOHHBIN yaeOHO-
Metoanyeckuit kommuieke [DnektponHsli pecype]/ E. C. Uepnosa; KemI'Y. — Dnextpos.
naH. — Kemeposo: KemI['V, 2011. Pexxum nocryna:
http://www.math.kemsu.ru/kmk/subsites/

E.S.Chernova. MATHEMATICAL _MODELS _IN_ECOLOGY/umk/index_main.htm
4 Caiit 1711 caMONOArOTOBKY CTYIeHTOB. JuciuminHa «MaremaTtuueckue METO/Ibl B 9KOJIO-

run». PexxuM gocrtyna: http://math-eco.cs.karelia.ru/index.html
5 | CereBoe usnanue «Jkonorus Pernonos» https://ekovolga.com/contact-us

7. MaTepuajibHO-TEXHUYECKOe o0ecrieyeHne TUCUUIINHbI

[TpakTHdeckue 3a/1aHus BBIMOTHIIOTCS B JIAOOPATOPUH KOMITBIOTEPHOTO MOJICIIUPOBAHUS (Ay/I.
328) ¢ 1OCTYNOM K JIOKaJIbHOM CETH YHUBEPCUTETA U BbIX0J10M B MHTepHeT. JIekiuu conpoBoxKaat0T-
Csl IPE3CHTALUSIMU, MPEJICTABISIEMBIMU Yepe3 MEAUAIPOCKTOP U HHTEPAKTUBHYIO JJOCKY.
[Tporpammuoe obecrieuenue [1K ayn. 328 u HOyTOyKa 17151 TTpEe3eHTAIINN:

ﬂub;equHHoe npozpamvmHoe obecneuenue

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

— oucuerit maket nporpamm Microsoft Office 2007 Russian Academic OPEN. Microsoft Open
License No 45084044

€80000HO-pacnpocmpansemoe npocpammHoe obecnedenue:
Maxima — cucTteMa CUMBOJIBHBIX BBIYUCIICHUN U MAaTEeMAaTUKH;

Scilab — makeT npuKIaAHBIX MATEMATUYECKUX TTPOTPAMM.

8. AKTHBHbBIEe H MHTepakTHUBHBIe GopMmbl 3ausaTuil (11 PI'OC)

B cootrBerctBun ¢ TpeboBanusmMu PI'OC peanuzanuss KOMIETEHTHOCTHOTO MOAXOJA JOJKHA
peaycMaTpUBaTh IHUPOKOE MCIIOIB30BaHUE B Y4EOHOM IMPOIIECCEe aKTUBHBIX M MHTEPAKTHBHBIX (hopm
3aHATHUH, BKIIOYAaTh MacTep-KIAcChl SKCIIEPTOB U BEAYIIMX CIIELUATUCTOB B TOM UM HHOW 001acTH.

VYaensHBIN BeC 3aHATHH, NMPOBOAMMBIX B aKTHBHOM M MHTEPAKTHBHOH (opme, Ormpenensercs
®OI'OC no HanmpaBJIECHUAM MOJATOTOBKH.

Ta6mmma 10. AKTUBHBIEC U HIHTEPAKTHBHBIE (hOPMBI 3aHATHIA

Bun Tema dopma poBeICHUS 0O0BeM
3aHSATHUSA B yacax
JI Hemorpaduueckast Mmogens pocta | [IpobnemHas nekmust (IpoOIieMbl 2

ManbTyca (3KecTKas ¥ MsTKas). repexo/ia OT KECTKOU K MATKOM

MOJIETU B onpe/ieNieHust Kodhdu-
IUCHTOB-TIAPAMETPOB)

I13 Mopnens ®Oepxronscra-Ilepna Komnsrorepusie cumynsiuuu B PS5, 2
Maxima
JI, 113 | Marematuueckas moneinb JIoTku- | I'pynmoBble TUCKYCCUU; BUIEO- 4

Bonbsreppsl aHau3



http://www.ievbras.ru/ecostat/Kiril/Library/Book1/Content0/Content0.htm#Ref
http://math-eco.cs.karelia.ru/index.html
https://ekovolga.com/contact-us
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CP Jlekuuu 1 TeCTOBBIE 3aJaHUs Pabota Ha >1eKTPOHHOII M1aT-
dbopme CI1O Moodle

9. TpeOoBaHUsI K YPOBHIO OCBOEHMS IMCHUILIUHBI (MOIYJIf1), OLEHKA Ka4yeCcTBA 3HAHUI

Kputepuu oneHku 3HaHUN CTYJIEHTOB. B KOHIIE cemecTpa 1o Kypcey npoBoautcs 3adet. Mmeercs
TECTOBOC 3aaHUC. KpOMC 9TOro, CTyACHTaM BbIAAIOTCA MHAWBUAYAJIbHBIC CEMCCTPOBLIC 3alaHUA, NJIS
BBITIOJIHEHUSI KOTOPBIX TPEOYIOTCSI HABBIKU PAOOTHI C JTUTEPATYPOM.

CTyI[eHT JOJDKCH YCBOUTHb OCHOBHLIC ITOHATHA, YMETb CTPOUTH HpOCTGfIH.IPIG MOJCIHN, Kadc-
CTBEHHO HCCJIEIOBaTh CUCTEMbI YPABHEHUM, OMMCHIBAIOIINX JUHAMHUKY JBYX BUJIOB, BJIAJETh HABbIKA-
MM MaTEMATUYECKOTO MOJCIIMPOBAHUS.

TpeboBanus 115 MOTYUYEHUS 3a9eTa:

- TIOCCIICHUE JICKIIHA,

- TIOCENIECHUE MPAKTUYECKUX 3aHITUH,

- BBIIIOJIHEHUE CEMECTPOBOTO 3aJaHus,

- BBIIIOJIHEHHE TECTOBOI'O OHJIAMH 3aJaHHS.

10. MeToanyeckue peKOMeHAAIUH MPENoIABaTe/I0 1 MeTOAUYEeCKUe YKa3aHUsl
00y4aIMMCH M0 JUCUHUILINHE (MOTYJIIO0)

MeToanuyeckne peKOMeH AN J1JIsl penoaaBareJiei

B kypce «MaTteMaTHuecKue MOJEIU B DKOJIOTHMY PACCMAaTPUBAIOTCSl MOZEIH, ONKCHIBAIOIINE B3au-
MOOTHOIIICHHSI TIPUPOBI U OOIIECTBA, XapaKTEPH3YIOIIUE BIMSHUAE XO3SHCTBEHHON NEATEIbHOCTH YeNo-
BEKa Ha OKPYKAIOIIYIO CpPely — TaK Ha3blBA€MbIE SKOHOMMKO-IKOJOIMUYECKHE MOZIEIH. AKTYaJIbHOCTb
IIpeMETa BBITEKAET U3 OCTPOTHI CTOSALIMX MEpes OOLIECTBOM 3KOJOTMYECKHX HpOOJIEM U HACYIIHOW
HEOOXOIMMOCTH UX KOMIUIEKCHOTO pereHus. [IpuMeHeHre MaTeMaTHueckuX METO/I0B TO3BOJISIET Ha OC-
HOBE TOYHOI'O0 MaTEMATUYECKOI'0 allapara OLUEHUTb COCTOSIHUE OKPYIKAIOLIEH CPeibl U XapaKTep BIMSHUS
Ha HEE 4YEJIOBEYECKOW JIEATENBHOCTH, C IOMOIIBI0 MOJENEH NPOAHAIN3UPOBATH IOBEICHUE CHUCTEMBI
«TIpHUPOAA — OOILIECTBOY» B PA3IUUHBIX OOCTOSITENBCTBAX U BBIOpATh HAWITYUIINI BAPUAHT Pa3BUTHSI.

W3noxxeHue npeamera ONMpacTcss Ha TaKUE Pa3Jelibl MaTEMaTHKH, Kak «lccnenoBanne onepanuiig,
«Teopus urp», «Metoas!l onTuMu3aum», « Teopus ONTUMAIBHBIX IIPOLIECCOBY», «MareMaTndeckas Ko-
HOMUKa», «CHUCTEMHBII aHaIM3» M MOXKET, B CBOK OuYe€pelb, CTaTb OCHOBOW Ul pAla CIELKYPCOB,
Hanpumep, «MareMaTH4ecKue MOJIENH ITI00aTBHOTO PA3BUTHS.

Marepuan Kypca npeaycMaTpUBaeT aHaJIN3 OCOOEHHOCTEH SKOHOMHUKO-3KOJIOIMYECKOr0 MOJIEITUPO-
BaHUs, a TAK)KE U3YYCHHUE PA3JIMYHBIX TUIIOB MAaTEMaTHYECKUX MOJEIIEH, YUUTBIBAIOIINX IKOJIOTMUECKUE
(axkTopbl: MMUTAIIMOHHBIX, OAJAHCOBBIX, ONTHMMHU3ALMOHHBIX M Jp. [IoMyTHO M31aratoTcst OCHOBBI CH-
CTEMHOT0 IOX0/1a, UCIIOIB3YyEMOT'0 IIPY MOJEIMPOBAHUN U AHAIIU3E CII0KHBIX CUCTEM, IIPUMEHHUTENBHO K
KOHKPETHBIM 9KOJIOTMYECKAM HCCIIEAOBaHUAM. TeopeTHuecKas 4acTb COIMPOBOXKAAETCS MPUMEPAMHU KO-
HOMMKO-IKOJIOTHYECKUX MOJIEJIEN Pa3HOro TUIIA.

B yueGHOM mpolecce HMCHONB3YIOTCS ayAUTOpHBIE (JIEKIMOHHBIE M J1a0OpaTOpHbIE) 3aHATUS U
MIPEAYCMOTPEHA CaMOCTOSITENbHAS Pad0oTa CTYIEHTOB (UTE€HHE CHEIUAIBHON JIUTEPATyphl, N3yUYEHHUE MpHU-
MEpOB, peLIeHHe 3a/1ay).

Ha ayIuTOpHBIX 3aHATUAX NAXOTCS OCHOBHBIE IOHATHS, MAaTEMaTHYECKUE MOJEIHN, METOJbI UX pe-
LIEHNs ¥ aHaJIM3a MOJTyYEeHHBIX Pe3ysIbTaToB, pacCMaTpUBarOTCs puMepsl. boree yriy0OieHHoe nzydenue
IpeaMeTa BEIHOCHTCS Ha CaMOCTOATENbHYIO paboTy. B TeueHne cemecTpa MpOBOAUTCS. KOHTPOJIbHAS pa-
60Ta, 0 UTOraM U3y4eHHs AUCUUIUIMHBI CTYJICHTHI CAAIOT 3a4eT.

Jlnst ycrnenHo ciauu 3a4eTa CTyISHTHI JOJDKHBI MTOCEIIAaTh JIEKIHH, aKTUBHO paboTaTh Ha abopa-
TOPHBIX 3aHATHUSX, HAIUCATh KOHTPOJIbHYIO pabOTy M OTBETUTH MPABUJIBHO Ha J[Ba TEOPETUUECKUX BOIIPO-
ca U3 pa3HbIX pas3nenoB Kypca. [Ipy HermpaBUIbHOM MM HETIOJTHOM OTBETE MOXKET ObITh 3a/1aH JAOMOJIHU-
TeJIbHBIA BONpOC. B ciydae HEBBITIOIHEHUs] KOHTPOJIBHOM pabOThI HA 3ayeTe MOTYT OBbITh MPEIOKEHBI
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3a71a4y, CPAaBHUMBIE 10 CIIOKHOCTH € TEMH, KOTOpPbIE MPeUIarajiich B KA4eCTBE KOHTPOJIBHBIX 3a/1aHUH.
OneHKa «HE3a4TEHO» CTABUTCS IIPU OTCYTCTBHU IIPABUIIBHBIX OTBETOB HA TEOPETUYECKHE BOMPOCHI U HE-
CIOCOOHOCTH PELIUTh NPAKTUYECKYIO 3a1auy.

Bce 3aiaun cnemyer nogpoOHO pazdUpaTh CO CTYACHTAMH Y JIOCKH.

B xozne maHHOrO Kypca CTyJIEHT JO0JKEH OCBOUTh OCHOBHBIE METOJIbI KOMIIBIOTEPHOI'O MOJEIH-
pOBaHUSI MPOCTEHIINX (PU3MUECKUX CHUCTEM C HCIIOJIb30BaHHEM HauOoliee pachpOCTPaHEHHBIX YHC-
JIEHHBIX METOJIOB M anropuTMmoB. [Ipu M3yueHHM IaHHOIO Kypca CTYAEHTHI JOJDKHBI YK€ B IOJIHOM
Mepe BJaJIeTh A3bIKaMH IporpaMMupoBaHus (IJ1aBHbIM 00pa3om, Pascal, Maple) u ocHoBamu uucies-
HBIX METOJIOB, YMEThb HCIOJIb30BaTh rpad)uyeckre M aHMMALMOHHBIE BO3MOXHOCTH COBPEMEHHBIX
KOMIIBIOTEPOB ISl PELICHUSI Pa3HOOOPA3HBIX MPUKIATHBIX 33/1a4.

MeToauuecKkue YKazaHud CTyA€eHTaM

[Tpu camocToATeNnbHOM paboTe NOMyCcKaeTcs WCHOJIb30BaHuE 000 muTeparypbl u MHTEpHET-
PECYPCOB: MaTEpHAJIOB CAiTOB PEKOMEH/IOBAHHBIX MPEIOIaBATEeNIEM U PE3yJIbTaTOB IMOUCKA B Pa3iiny-
HBIX cucteMax. OnoOpsercs: oOpamieHne K IpenoaBaTelio 3a KOHCYIbTanuaMu. Martepuan, 3aKoH-
CIICKTUPOBAHHBIA Ha JICKIIUAX, HEOOXOIUMO PETYJISIPHO JOIOJHATH CBEJCHUSIMHU U3 OCHOBHBIX U JIO-
MIOJIHUTENBHBIX TUTEPATYPHBIX UICTOYHHUKOB, a TaKXKe U3 ceTu VHTepHeT.

MeTtoauyeckue peKOMeHAALNHU 110 OPTraHU3aLMU Y4e0HOHi ayMTOPHOM
1 BHEAYIUTOPHOH CaMOCTOSITEIbHON PadoThl CTY/ICHTOB

1. CoBeThl MO TUIAHUPOBAHHUIO M OPTaHU3AIMKA BPEMEHU, HEOOXOAUMOTO JI U3YUYCHHs AUCIIU-
muHBl. PekoMmenmyercs cienyromuM oOpa3oM OpraHU30BaTh BpeMs, HEOOXOIUMOE I W3YYCHUS
JUCLUTIIUHBI:

M3y4yeHne KOHCIEKTA JIEKIIUM B TOT XK€ JIeHb nociue Jekuuu — 10-15 MunyT.
IToBTOpEHME NEKLNU 3a AEHD Nlepe cienyromen gekuueit — 10-15 munyT.
W3yueHne TeopeTHIecKoro Marepuaia rno yueOHUKY U KOHCIEKTY — 1 4ac B HeJlelo.
[ToarotoBka k 1abopaTopHOMy 3aHATHIO — | yac.

Tornma oOriue 3aTpaThl BpEMEHH Ha OCBOCHHE Kypca CTYICHTAMH COCTaBSIT OKOJIO 2,5 4acoB B
HEEIO.

2. Onmucanue MoCien0BaTeIbHOCTH JACHUCTBUN CTyACHTA («CIIEHAPUN WM3YUYEHUS IUCIUILTAHBI).
[Ipu nM3yueHnn MaTeMaTHUeCKOM PKOJIOTMH CJIEIyeT BHUMATEJIbHO CIYIIATh U KOHCIEKTUPOBATh Ma-
TepHuaJl, U3JlaraeMblii Ha ayIUTOPHBIX 3aHATUAX. /(7151 €ro moHWMaHHs U Ka4eCTBEHHOTO YCBOCHUS pe-
KOMEHJ1yeTCsl CIeAYIOIIast MOCIEA0BATEIbHOCTD JEHCTBUM:

[Tocne okoH4aHUs y4eOHBIX 3aHATHH Ui 3aKpeIyIeHHs MaTepuaia IpOCMOTpPeTh U 001ymaTth
TEKCT JIEKIMH, IPOCIYLIaHHON CeroaHs, pa3o0paTh paccMoTpeHHble ipuMepsl (10-15 MunyT).

[Tpu mOATrOTOBKE K JEKIUU CIETYIOIIETO THS MOBTOPUTH TEKCT MPEAbIAYIIEH JIEKIHH, T0AyMaTh
0 TOM, Kakasi MOXeT ObITh cienyromas rema (10-15 MmunyT).

B tedyenue Henenu BeIOpAaTh BpeMs IS paOOTHI C IMUTEPATYPOH 10 MATEMAaTUYECKOMY MOJIEITH-
poBaHuI0 B 001acTu 3xosioru (1 gac).

3. PexomeHanuu Mo MCIOJB30BAaHUIO MAaTepUAIOB y4eOHO-METOAMUYECKOro KoMmiuiekca. Peko-
MEH/]IyEeTCS UCII0JIb30BaTh METOANYECKUE YKa3aHUSI U MaTepUabl 110 Kypcy MaTeMaTHUYeCKUX MoJienein
B 9KOJIOTMH, TEKCT JIEKIIH, a TaKKe IEKTPOHHbIE TOCOOUSI, Metoluecs Ha (PaKyJIbTETCKOM cepBepe.

4. PexomeHaaiuu mo pabore ¢ auTeparypoid. TeopeTnyeckuii MaTepran Kypca CTaHOBUTCS 00-
JICC MOHATHBIM, KOTrJa JOIMOJHUTCIIBHO K IMPOCIYIIMBAHUIO JIGKI_[I/Iﬁ HU3YYar0TCA U KHUT'U [0 MaTCMaTU-
4yecKoi akonoruu. JlurepaTypy Mo Kypcy MOJEIUPOBAHMS B SKOJOTHH JKEJaTeNbHO HM3ydaTh B OUO-
mroreke u yepe3 DBC. Tlone3Ho ucmonp30BaTh HECKOIBKO YYEOHHUKOB, OJIHAKO JIETYE OCBOHUTH KYpC,
MPUIEPKUBASICh OJTHOTO yuyeOHHMKA M KOHCIeKTa. PekoMeHayeTcs, KpoMe «3aydyuBaHUs» MaTepuaa,
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JTOOUTHCSI TOHUMAHUS U3y9aeMOU TeMbl TUCIUIUTAHEI. C 3TOH LENTbI0 TTOCIe MPOYTCHHS 0YepPETHOMN
T'JIaBBI KCJIATCIIBHO BBIIIOJIHUTH HECCKOJIBKO HpOCTbIX pra)KHeHI/Iﬁ Ha COOTBeTCTBYIOH_IYIO TeMy. KpO-
M€ TOT0, OYCHB IOJIE3HO MBICIIEHHO 33J1aTh ce0e U MonpoOoBaTh OTBETUTH HA CJICTYIONINE BOMPOCHI: O
YCM 3JTa IjiaBa, KaKUC HOBBIC IIOHATHUA B HeI>'I BBCICHBI, KAKOB UX CMBICJI, JJIA 4Y€TO cnyxcaT N KaKNUMH
CBOMCTBaMH OO0JAJalOT HMCIOJIb3YEeMbIE 3/€Ch MaTeMaTHYecKhe Moaelu W MeToabl. [Ipu m3ydeHun
TEOPETUIECKOr0 MaTepuasa BCera Mmojae3H0 PUCOBATh CXEMbI W TpadUKH.

5. CoBeTbl IO MOATOTOBKE K 3a4eTy. JJONOJHUTENBHO K U3YYEHUIO KOHCIIEKTOB JIEKIMI HE00XO0-
JMMO T10JIb30BaThCsl yUEOHUKAaMU 110 TEOPUH MaTeMaTU4eCKOi sKosoruu. BMecTo «3ayunBanus» ma-
Tepuaa BaKHO JOOUTHCSA MOHMMAHUS U3y4aeMbIX TeM TUCHUIUIMHEL [Ipy MOATrOTOBKE K 3a4eTy HYX-
HO OCBOUTBH TEOPHIO: pa3o0paTh ONpEAeIeHUs BCeX MOHITUN U MOCTAaHOBKU MaTEeMAaTHYECKHUX MOJe-
J€H, U3y4YUTh METO/IbI, PACCMOTPETH IPUMEPBI U CAMOCTOSTENIBHO PEIINTh HECKOJIBKO THUIOBBIX 3a]a4
u3 Kaxaoi teMsl. [Ipu pemenun 3a1a4 Bcera HE00X0AMMO KOMMEHTHPOBATh CBOU JACHCTBUS U HE 3a-
OBIBaTh O CO/ICPIKATEIILHOW MHTEPIPETALINH.

6. YkazaHus 1o opraHusalnu paboThl ¢ KOHTPOJIbHO-U3MEPUTENIBbHBIMU MaTepuanamu. 1lpu BbI-
MIOJJHEHUU KOHTPOJIbHON pabOThl HEOOXOIMMO CHayajga MPOYUTATh TEOPUIO0 U U3YUUTh IIPUMEPHI IO
Kax10i TeMe. Pemast KOHKpETHYIO 3a/1a4y, IPEABAPUTEIHHO CIIEAYET MOHATh, 4TO TpeOyercs ot Bac B
JTAHHOM CJIy4ae, KaKoll TeOpeTHYeCKUi MaTepua HY>KHO HCIIOJIb30BaTh, HAMETUTH OOl IUIaH pe-
menus. Ecnu Bel pemanu 3aiady «1mo o0pasity» pacCMOTPEHHOI'O Ha ayTUTOPHOM 3aHATHU WIH B Me-
TOJUYECKOM ITOCOOMHU IpUMEPA, TO JKEJIATEIBHO MOCIE ITOro 00AyMaTh IPOLECC PEUIEHUs U MONpPO-
00BaTh BHIMIOJIHUT AHAJIOTMYHOE 33JaHNUE CAMOCTOSITEIIBHO.

11. ObGecneyenue 00pa3oBaTEIbHOIO MpoLECCa /1JIsl JIUI C OTPAHNYEHHBIMH
BO3MOKHOCTSIMM 310POBbSl 1 HHBAJIM/I0OB

B xoxe peanmzanuu TUCIUIUIMHBI UCTIOIB3YIOTCS CIEAYIONINE JAOMOIHUTENbBHBIE METOIBI 00Y-
YeHMSI, TEKYIIETO KOHTPOJIS yCIIEBAEMOCTH M TPOMEKYTOYHOW aTTECTAIIMH OOYYArOIIMXCS B 3aBHCH-
MOCTH OT UX UHJIUBHIyalIbHBIX OCOOCHHOCTEH:

e JUISI CJIETIBIX M CJIa0OBHISIINX:

- IeKuuu 0(OPMIISIOTCS B BHJIE DJIEKTPOHHOTO JOKYMEHTA, TOCTYMHOTO C MOMOIIBI0 KOMITh-
I0Tepa Co CICIHATU3UPOBAHHBIM IPOTPAMMHBIM 00eCTICUCHUEM;

- TUChbMEHHBIE 3a/IaHUs BBITIOMHSIOTCS Ha KOMITBIOTEPE CO CTHEeIMATU3UPOBAHHBIM IPOrpaMM-
HBIM 00€CIIeYeHUEM, HITH MOTYT OBITh 3aMEHEHBI YCTHBIM OTBETOM;

- obecrieunBaeTCsl MHAUBHIyalIbHOE paBHOMEpHOE ocBelieHne He MmeHee 300 JroKc;

- JIJIs1 BBITIOJTHCHMSI 3aIaHHS IPU HEOOXOJMMOCTH TIPEIOCTABIISICTCS YBEIIMIUBAIOIIEE YCTPO-
CTBO; BO3MOXHO TaK)Ke MCIOIh30BaHHE COOCTBEHHBIX YBEIMYUBAIOIINX YCTPOUCTB;

- MUCbMEHHBIC 3a/TaHUST OPOPMITSIFOTCS YBEITUICHHBIM MIPHPTOM;

- DK3aMEH U 3a4€T MPOBOIATCS B YCTHOM (hOpMe WU BBIMONHSIIOTCS B MUCbMEHHOU opMme Ha
KOMITBIOTEPE.

e IS TIyXUX U CITa0O0CIBIIIAIIHX:

- JeKnud o(OpMIIIIOTCS B BHJIE SJICKTPOHHOTO JIOKYMEHTA, JINOO TMPEIOCTABIIICTCS 3BYKO-
YCUIIMBAIOIIAS anmnapaTypa HHAUBHIYaIbHOTO MOJIh30BaHUS;

- MUCbMEHHBIC 3a/IaHUS BBITIOJTHSIIOTCS Ha KOMITBIOTEpE B TUCHbMEHHOU (hopMe;

- DK3aMeH M 3a4€T MPOBOJIATCS B MHUCHbMEHHON (popMe Ha KOMITBIOTEPE; BO3MOXKHO MPOBEJIC-
Hue B GopMe TECTUPOBAHHUSL.

e JIJISL JIWII C HAPYIICHUSMU OTIOPHO-ABUTATEIBHOTO anmnapara;

- JeKIuu 0(hOPMIISIFOTCSL B BUE SJIEKTPOHHOTO TOKYMEHTA, JTOCTYITHOTO ¢ TTIOMOIIBIO KOMITh-
10Tepa co CIEeIHATU3UPOBAHHBIM MMPOTPAMMHBIM 00€CTICYCHHUEM;
- IMCbMEHHBIC 3aJ[aHUs BBITTOIHIIOTCS Ha KOMITBIOTEPE CO CHEIMATM3UPOBAHHBIM ITPOTPaMM-
HBIM 00CCIICUCHHEM;
- DK3aMeH U 3a4€T MPOBOJATCS B YCTHOU (pOpME MITH BBITIOHSIOTCS B TUCBMEHHOU (popMe Ha
KOMITBIOTEPE.
[Tpu HEOOXOIUMOCTH TIPEAYCMATPUBAETCS YBEIMUECHUE BPEMEHH TSI IIOJTOTOBKH OTBETA.
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[Ipouenypa mpoBeAeHUS MPOMEKYTOUHON aTTECTAIMH JUISI OOYYAIOIIUXCS YCTaHABIMBACTCS C
y4€TOM UX UHAMBHUAYAIbHBIX IcUX0pu3ndecKkux ocobeHnocteil. [IpomexxyTounas arrectars MOXeT
MPOBOJIUTHCS B HECKOJIBKO HTAIOB.

[Tpu npoBeneHnn MpoLeayphl OLICHUBAHUS pe3yIbTaTOB O0yUEHHUS MPEeayCMaTPUBAETCS UCIIOIb-
30BaHNE TEXHUYECKUX CPEICTB, HEOOXOIUMBIX B CBS3M C WHIWBHUYATLHBIMH OCOOCHHOCTSMU 00yUa-
OIUXCcsl. DTH CPEACTBAa MOTYT OBbITh MPEAOCTaBICHbl YHHUBEPCUTETOM, UM MOTYT HCIIOJIB30BAThCS
COOCTBEHHBIE TEXHUUECKUE CPE/ICTBA.

[TpoBenenune mporenaypbl OLIEHUBAHUSL PE3YJIbTATOB 00YUYEHHSI JIOMMYCKAETCS C MUCIOIb30BAaHUEM
JUCTAaHIIMOHHBIX 00pa30BaTENIbHBIX TEXHOJIOTHH.

ObecniednBaeTcst 10CTyN K HHPOPMAITMOHHBIM U Oubuorpaduyeckum pecypcam B cetu MHTEp-
HET /ISl KaXJI0r0 oOyuaromerocs B opmax, aJanTUPOBAaHHBIX K OTPAaHMYCHUSIM UX 3710POBbS M BOC-
npuATUs HHGOpMaLUK:
e JUTS CJICTIBIX M CITA0OBU/ISAIINX
- B IIe4aTHOU (hopMe YBEIMUCHHBIM HIPUPTOM;
- B popMe 3JIEKTPOHHOTO IOKYMEHTA;
- B hopme ayauodaiina.
e JUISI TIIYXUX M CIA0OCIBIIIAIINX:
- B [le4aTHOH ¢opme;
- B (hopMe 2IEKTPOHHOTO TOKYMEHTA.
e 17151 00YYAIOLIMXCS C HAPYIIEHUSIMH OIIOPHO-/IBUTaTEJILHOTO amapaTra:
- B Ie4aTHou popme;
- B (hopMe IEKTPOHHOTO JOKYMEHTA;
- B popme ayaunodaiina.

YueOHbIe ayauTOpUHN TSl BCEX BUIOB KOHTAKTHOW M CaMOCTOSITENIbHOW paboOThI, HayuHas Ouo-
JMOTEKa U MHBIE TIOMEIICHHsI ISl OOYYEeHHsI OCHAIIICHBI CIIeIUATbHBIM 000pYIOBAaHUEM M YUEOHBIMU
MECTaMH C TEXHUYECKUMH CPEJICTBAMH O0YUYCHUS.
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